
ORGANIC COMPOUNDS AND THEIR USES BACKGROUND OF THE
INVENTION Hedgehog (Hh) signaling was first identified
in Drosophila as an important regulatory mechanism for
embryonic pattern formation, or the process by which
embryonic cells form ordered spatial arrangements of
differentiated tissues (Nusslein- Volhard et al.
(1980) Nature 287, 795-801). In mammalian cells, three
Hedgehog genes, Sonic Hedgehog (Shh), Indian Hedgehog
(Ihh) and Desert Hedgehog (Dhh), have been identified.
Hedgehog genes encode secreted proteins, which undergo
post-translational modifications, including
autocatalytic cleavage and lipid modification
(palmitoylation) at the N-terminus and cholesterol
modification of the C-terminus. The lipid-modified
N-terminal Hedgehog protein triggers the signaling
activity of the protein pathway, and cell to cell
communication is engendered by the dispatch of soluble
Hedgehog protein from a signaling cell and receipt by
a responding cell. In responding cells, the 12-pass
transmembrane receptor Patched (Ptch) acts as negative
regulator of Hh signaling and the 7-pass transmembrane
protein Smoothened (Smo) acts as a positive regulator
of Hh signaling. At resting state, free Ptch (i.e.,
unbound by Hh) substoichiometrically suppresses
pathway activity induced by Smo (Taipale et al. (2002)
Nature 418: 892); upon binding ligand Hh protein,
however, repression of Smo is relieved, and the
resulting signaling cascade leads to the activation
and nuclear translocation of GIi transcription factors
(GIi 1, GH2 and GH3). Downstream target genes of Hh
signaling transcription include Wnts, TGF b, and Ptc
and GUI, which are elements of the positive and
negative regulatory feedback loop. Several cell-cycle
and proliferation regulatory genes, such as c-myc,
cyclin D and E are also among the target genes of Hh
signaling. Hh signaling is known to regulate a diverse
range of biological processes, such as cellular
proliferation, differentiation, and organ formation in
a tissue specific and dose dependent manner. In the
development of neural tubes, Shh is expressed in the
floorplate and directs the differentiation of specific
subtypes of neurons, including motor and dopaminergic
neurons. Hh is also known to regulate the
proliferation of neuronalprogenitor cells, such as
cerebella granule cells and neural stem cells. In the
developing intestinal tract, a low-level of Hh
signaling is required for pancreatic development,
while a high-level of Hh signaling blocks pancreatic
organogenesis. Hh is also known to play important
roles in stem cell proliferation and organogenesis in
skin, prostate, testis and bone marrow. Normally, Hh
signaling is strictly controlled during cellular
proliferation, differentiation and embryonic pattern
formation. However, aberrant activity of the Hedgehog
signaling pathway, due to mutations that
constitutively activate the pathway, for instance, may
have pathological consequences. By way of example,
loss-of- function mutations of Patched are found in
Gorlin's syndrome (a hereditary syndrome with high
risk of skin and brain cancers, also known as Basal
Cell Nevus Syndrome (BCNS)); and gain-of-function
mutations of Smo and GIi are linked to basal cell
carcinoma and glioblastoma. Basal cell carcinoma (BCC)
is the most common form of skin cancer, affecting more
than 90,000 Americans each year. Constitutive
activation of Hh has been found to promote
tumorigenesis in BCC, medulloblastoma (the most common
childhood 



brain tumor), rhabdomyosarcoma, pancreatic cancer,
small cell lung cancer, prostate cancer and breast
cancer. Besides the roles in tumorigenesis, Hh
signaling is also implicated in the metastasis of
prostate cancer. Hh signaling may be involved in many
additional types of tumors and such links are expected
to continue to be discovered; this is an area of
active research in many cancer centers around the
world. Proliferation of these cancer cells requires Hh
pathway activation, and blocking Hh signaling pathways
often inhibits cancer cell proliferation. Indeed, Hh
antagonist cyclopamine and GIi 1 siRNA can effectively
block the proliferation of these cancer cells, and can
reduce tumor size in Xenograft models, suggesting that
novel Hh antagonists could provide new
chemotherapeutic agents for the treatment of these
cancers. Hh antagonist cyclopamine has been shown to
suppress the metastasis of prostate cancer in animal
models. In addition to being involved in cancer, Hh
signaling plays important roles in normal tissue
homeostasis and regeneration. Hh pathway is activated
after the injury of retina, bile duct, lung, bone and
prostate in mouse models. Hh pathway is also
constantly active in hair follicles, bone marrow, and
certain regions of the central nervous system(CNS),
and benign prostate hyperplasia and blood vessel
formation in wet macular degeneration require Hedgehog
pathway activity. Cellular regeneration processes can
be blocked by anti-Shh antibody and cyclopamine.
Therefore, small molecule antagonists of Hh signaling
pathway might be useful in the treatment of neuronal
proliferative diseases, benign prostate hyperplasia,
wet macular degeneration, psoriasis, bone marrow
proliferative diseases and leukemias, osteopetrosis
and hair removal. Evidence that constitutive
activation of Smo results in cancers (e.g., BCC), and
that Smo may be oncogenic upon its release from
inhibition by Ptch, suggests utility of Smo
antagonists as therapeutic agents in the treatment of
such disorders. (Stone et al. (1996) Nature 384: 129).
Accordingly, molecules that modulate the activity of
the Hedgehog signaling pathway, e.g., which modulate
Smo activity, are therapeutically useful. SUMMARY OF
THE INVENTION The present invention relates generally
to novel compounds relating to the diagnosis and
treatment of pathologies relating to the Hedgehog
pathway, including but not limited to tumor formation,
cancer, neoplasia, and non-malignant
hyperproliferative disorders. The present invention
includes novel compounds, novel compositions, methods
of their use and methods of their manufacture, where
such compounds are generally pharmacologically useful
as agents in therapies whose mechanism of action
involve methods of inhibiting tumorigenesis, tumor
growth and tumor survival using agents that inhibit
the Hedgehog and Smo signaling pathway. The compounds
and methods of the present invention (e.g., a compound
of Formula I) relate to inhibiting activation of the
Hedgehog signaling pathway, e.g., by inhibiting
aberrant growth states resulting from phenotypes such
as Ptc loss-of-function, Hedgehog gain-of- function,
Smoothened gain-of-function or GIi gain-of- function,
and comprise contacting the cell with a compound of
the invention (e.g., a compound of Formula I) in a
sufficient amount to agonize a normal Ptc activity,
antagonize a normal Hedgehog activity, or antagonize
Smoothened activity (e.g., to reverse or control the
aberrant growth state). 



The present invention relates to compounds of the
formula (I):(I) and pharmaceutically acceptable salts
thereof, wherein Ri is aryl or het which may be
unsubstituted or substituted; R2 is het with at least
one heteroring atom being N, and which may be
unsubstituted or substituted; L is lower alkyl, (CH2)
i-2-A, -A-(CH2)i-2, or CH2-A-CH2, and A is O, S, NH,
or N-alkyl, wherein lower alkyl may be unsubstituted
or substituted with lower alkyl, or one or more
fluorines; X is N or CH, and at least one X is N; Y is
a bond, CH2, C(O), or SO2; R is aryl or het, which may
be unsubstituted or substituted; Z is H, lower alkyl,
lower alkoxy, oxo, C(O)OR , or -CN; in which lower
alkyl and lower alkoxy may be unsubstituted or
substituted with one or more halo, -OH, -CN, - NH , or
oxo, and two Z connected to the same atom can form a
cycloalkyl ring, and m is Oto 3; substitutions of
phenyl, aryl or het of Ri, R2, or R may be one or more
of alkyl, cycloalkyl, alkoxy, cycloalkoxy, halo, -CN,
oxo, aryl, carbalkoxy, OCF , CF3 OH, - C(O)N(R6)2,
C(O)R6, -C(O)OR6, -N(Re)2, -NHC(O)R6, -SO2(R6), -
SO2N(R )2; CH2OC(O)N(Re)2, -CH2N(R6)2, -NHC(O)OR6,
NHC(O)N(R6)2, -CH2NHC(O)R6, CH2NHC(O)N(Re)2,
CH2NHSO2(R6), CH2NHC(O)OR6 -OC(O)R6, NHC(O)R 6,
O-aryl, het, or O-het, in which alkyl, het,
cycloalkyl, cycloalkoxy, N(Re)2, aryl, carbalkoxy, and
alkoxy can be unsubstituted or substituted with one or
more halo, -OCH3, -OCF3, -OH, - NH2, alkyl, OR6, oxo,
-N(H)0-2-R6, -CN, -C(O)N(Re)2, C(O)R6, C(O)OR6,
-N(Re)2,NHC(O)R6, -SO2(R6), - SO2N(R6) , OSO2R6,
-CH2N(R6)2, -CH2NHC(O)R6, -OC(O)R6, aryl, NHC(O)(R6),
O-aryl, het, O-het, or cycloalkyl; R6 is H, alkyl,
alkenyl, aryl, het, or two R on one atom may form
cycloalkyl, aryl, or het; and alkyl, alkenyl, aryl,
het, cycloalkyl, or het may be unsubstituted or
substituted by OH, oxo, alkoxy, NR6, Nalkyl, acyl,
aryl or het group; het is a 5-7 membered monocyclic
heterocyclic ring which may be aromatic or
non-aromatic, containing 1-4 heteroring atoms selected
from N, O, and S; or an 8-12 membered fused ring
system that includes at least one 5-7 membered
heterocyclic ring which maybe aromatic or
non-aromatic, containing 1, 2, or 3 heteroring atoms
selected from N, O and S, which het is unsubstituted
or substituted; aryl is an aromatic radical having 6
to 14 ring carbon atoms, and no ring heteroatoms, in
which said aryl group may be monocyclic or fused
bicyclic or tricyclic, which may be unsubstituted or
substituted by one or more substituents; and n is O,
1, 2, or 3. In an embodiment of the present invention,
R is phenyl which may be unsubstituted or substituted,
and R3 is aryl or het which is substituted. The
present invention also relates to pharmaceutical
compositions comprising therapeutically effective
amounts of compounds of Formula I, as defined
hereinabove, or a pharmaceutically acceptable salt
thereof, and a pharmaceutical carrier therefor. The
compounds of the invention, as further described
below, include small molecule inhibitors or
antagonists of Smo synthesis, expression, production,
stabilization, 



phosphorylation, relocation within the cell, and/or
activity. The compounds of the invention include but
are not limited to compounds of Formula I . One aspect
of the present invention makes available methods
employing compounds for inhibiting Smo-dependent
pathway activation. Another aspect of the present
invention makes available methods employing compounds
for inhibiting Hedgehog (ligand)-independent pathway
activation. In certain embodiments, the present
methods can be used to counteract the phenotypic
effects of unwanted activation of a Hedgehog pathway,
such as resulting from Hedgehog gain-of-function, Ptc
loss-offunction or smoothened gain-of-function
mutations. For instance, the subject method can
involve contacting a cell (in vitro or in vivo) with a
Smo antagonist, such as a compoundof the invention
(e.g., a compound of Formula I) or other small
molecule in an amount sufficient to antagonize a
smoothened-dependent and/or Hedgehog independent
activation pathway. The compounds and methods of the
present invention may be used to regulate
proliferation and/or differentiation of cells in vitro
and/or in vivo, e.g., in the formation of tissue from
stem cells, or to prevent the growth of
hyperproliferative cells. In another particular
embodiment, contacting the cell with- or introducing
into the cell- a compound of the invention (e.g., a
compound of Formula I) results in inhibition of
cellular proliferation, inhibition of tumor cell
growth and/or survival, and/or inhibition of
tumorigenesis. Thus, another particular embodiment
provides methods for inhibiting and/or antagonizing
the Hh pathway by employing compounds of the invention
(e.g., a compound of Formula I) in a tumor cell. The
methods of the present invention may employ compounds
of the invention (e.g., a compound of Formula I) as
formulated as pharmaceutical preparations comprising a
pharmaceutically acceptable excipient or carrier, and
said preparations may be administered to a patient to
treat conditions involving unwanted cell proliferation
such as cancers and/or tumors (such as
medullablastoma, basal cell carcinoma, etc.), and
nonmalignant hyperproliferative disorders. One
embodiment of the present invention provides a
compound and method for inhibiting the synthesis,
expression, production, stabilization,
phosphorylation, relocation within the cell, and/or
activity of a Smo protein in a cell in vitro or in
vivo comprising, contacting said cell with, or
introducing into said cell, a compound of the
invention (e.g., a compound of Formula I). Another
aspect of the invention provides a compound and method
of diagnosing, preventing and/or treating cellular
debilitations, derangements, and/or dysfunctions;
hyperplastic, hyperproliferative and/or cancerous
disease states; and/or metastasis of tumor cells, in a
mammal characterized by the presence and/or expression
of a Smo gene or gene product (e.g., a Smo protein),
comprising compounds of formula (I) and their
administration to a mammal in a therapeutically
effective amount. DETAILED DESCRIPTION OF THE
INVENTIONIn an embodiment, the compound of formula (I)
further comprises a compound where R2 is selected
from: or (where N is connected to L), where U is
C(H)o-i or N, and not more than two U are N; R4 is
independently H, -N(Re)2, -OH, halo, -CN, -C(O)OR 6,
-C(O)N(Re)2, -NH2, 



lower alkyl, or lower alkoxy, in which lower alkyl and
lower alkoxy may be unsubstituted or substituted with
one or more halo, -OH, -CN, -NH2, -NO2, -C(O)NH 2, -
C(O)NH(Ci-C 6-alkyl), -C(O)N(Ci-C 6-alkyl)2 ,
-C(O)(Ci-C 6-alkyl). -NHC(O)(C 1-C6- alkyl), NH(Ci-C
6-alkyl), -N(C1-C6- yI)2, -SO2(Ci-C 6-alkyl), -SO2NH2,
-SO2NH(C 1-C6 -alkyl); R5 is H, aryl, het, lower
alkyl, lower alkoxy, or cycloalkyl, which can be
unsubstituted or substituted with one or more halo,
cycloalkyl, aryl, het, and wherein at least one R5 is
not H; and L is lower alklyl. In a further embodiment,
R2 can be selected from: orwherein W is O, NR or SO2,
and R7 is a bond, H, lower alkyl or lower acyl. In
another embodiment, the compound of formula I includes
a compound where R2 is: and R is het. In a further
embodiment, the compound of formula (I) includes a
compound where: R1 is aryl or het which may be
unsubstituted or substituted; and when Ri is het, at
least one heteroring atom is N; R is aryl or het which
may be unsubstituted or substituted; and when R3 is
het, at least one heteroring atom is N; U is C(H)o-i;
R4 is H, CH3, halo, or -CN; L is CH2; X is N; Y is a
bond; and Z is H or CH3. In yet a further embodiment,
the present invention includes a compound of formula
(I), wherein: Ri is phenyl, pyridine, or naphthyl
which may be unsubstituted or substituted; R is R4 is
H, and U is C(H)o-i, R3 is phenyl, pyridine, pyrazine,
pyridazine, or pyrimidine, which may be unsubstituted
or substituted; Z is H or CH3; and n is 1. In yet
another embodiment, the present invention includes a
compound according to formula (I) wherein: Ri is
phenyl which may be unsubstituted or substituted; and
R2 is selected from:or (where N is connected to L);
and at least one R5 is CH3. In another embodiment, the
present invention includes a pharmaceutical
composition comprising a therapeutically effective
amount of a compound according to formula I . In
another embodiment, the present invention includes a
method of treating a mammal suffering from a pathology
relating to the Hedgehog pathway which comprises
administering to said mammal in need of treatment a
therapeutically effective amount of a compound
according to formula I . In the present description,
the term "treatment" includes both prophylactic or
preventive treatment as well as curative or disease
suppressive treatment, including treatment of patients
at risk for a disorder of the invention (e.g., a
Hedgehog-related disorder (e.g., cancer)) as well as
ill patients. This term further includes the treatment
for the delay of progression of the disease. By
"suppress and /or reverse," e.g., a Hedgehog-related
disorder (e.g., cancer), Applicants mean to abrogate
said Hedgehog-related disorder (e.g., diabetes), or to
render said condition less severe than before or
without the treatment. "Cure" as used herein means to
lead to the remission of the Hedgehog-related disorder
(e.g., cancer) in a patient, or of ongoing episodes
thereof, through treatment. 



The terms "prophylaxis" or "prevention" means impeding
the onset or recurrence of metabolic disorders, e.g.,
diabetes. "Treatment" or "treating" refers to therapy,
prevention and prophylaxis and particularly refers to
the administration of medicine or the performance of
medical procedures with respect to a patient, for
either prophylaxis (prevention) or to cure or reduce
the extent of or likelihood of occurrence of the
infirmity or malady or condition or event in the
instance where the patient is afflicted."Diagnosis"
refers to diagnosis, prognosis, monitoring,
characterizing, selecting patients, including
participants in clinical trials, and identifying
patients at risk for or having a particular disorder
or clinical event or those most likely to respond to a
particular therapeutic treatment, or for assessing or
monitoring a patient's response to a particular
therapeutic treatment. "Subject" or "patient" refers
to a mammal, preferably a human, in need of treatment
for a condition, disorder or disease. "A compound(s)
of the invention" as used herein includes but is not
limited to compounds of Formula I (e.g., a compound of
Formulae (I), including all variants thereof). A
compound of the invention includes the specifically
listed compounds listed herein, including those listed
in the Examples of the present application. "Delay of
progression" as used herein means that the
administration of a compound of the invention (e.g., a
compound of Formula I) to patients in a pre-stage or
in an early phase of a Hedgehog-related disorder
(e.g., cancer) prevents the disease from evolving
further, or slows down the evolution of the disease in
comparison to the evolution of the disease without
administration of the active compound. "Hedgehog
gain-of-function" refers to an aberrant modification
or mutation of a Ptc gene, Hedgehog gene, or
smoothened gene, or a change (e.g., decrease) in the
level of expression of such a gene, which results in a
phenotype which resembles contacting a cell with a
Hedgehog protein, e.g., aberrant activation of a
Hedgehog pathway. The gain-offunction may include a
loss of the ability of the Ptc gene product to
regulate the level of expression of GIi genes, e.g.,
GIi 1, Gli2, and Gli3, or loss of the ability to
regulate the processing, stability, localization or
activity of the GIi proteins, e.g., GIi 1, Gli2, and
Gli3. The term "Hedgehog gain-of-function" is also
used herein to refer to any similar cellular phenotype
(e.g., exhibiting excess proliferation) which occurs
due to an alteration anywhere in the Hedgehog signal
transduction pathway, including, but not limited to, a
modification or mutation of Hedgehog itself. For
example, a tumor cell with an abnormally high
proliferation rate due to activation of the Hedgehog
signaling pathway would have a "Hedgehog
gain-of-function" phenotype, even if Hedgehog is not
mutated in that cell."Patched loss-of- function"
refers to an aberrant modification or mutation of a
Ptc gene, or a decreased level of expression of the
gene, which results in a phenotype which resembles
contacting a cell with a Hedgehog protein, e.g.,
aberrant activation of a Hedgehog pathway. The
loss-of-function may include a loss of the ability of
the Ptc gene product to regulate the level of
expression, processing, stability, localization,
regulation or activity of GIi genes and proteins,
e.g., GHl, GH2 and GH3. "GIi gain-of- function" refers
to an aberrant modification or mutation of a GIi gene,
or an increased level of expression of the gene, which
results in a phenotype which 



resembles contacting a cell with a Hedgehog protein,
e.g., aberrant activation of a Hedgehog pathway.
"Smoothened gain-of- function" refers to an aberrant
modification or mutation of a Smo gene, or an
increased level of expression of the gene, which
results in a phenotype which resembles contacting a
cell with a Hedgehog protein, e.g., aberrant
activation of a Hedgehog pathway. As used herein a
"small organic molecule" is an organic compound (or
organic compound complexed with an inorganic compound
(e.g., metal)) that has a molecular weight of less
than 3 kilodaltons, and preferably less than 1.5
kilodaltons. As used herein a "reporter" gene is used
interchangeably with the term "marker gene" and is a
nucleic acid that is readily detectable and/or encodes
a gene product that is readily detectable such as
luciferase. Transcriptional and translational control
sequences are DNA regulatory sequences, such as
promoters, enhancers, terminators, and the like, that
provide for the expression of a coding sequence in a
host cell. In eukaryotic cells, polyadenylation
signals are control sequences. A "promoter sequence"
is a DNA regulatory region capable of binding RNA
polymerase in a cell and initiating transcription of a
downstream (3' direction) coding sequence. For
purposes of defining the present invention, the
promoter sequence is bounded at its 3' terminus by the
transcription initiation site and extends upstream (5'
direction) to include the minimum number of bases or
elements necessary to initiate transcription at levels
detectable above background. Within the promoter
sequence will be found a transcription initiation site
(conveniently defined for example, by mappingwith
nuclease Sl), as well as protein binding domains
(consensus sequences) responsible for the binding of
RNA polymerase. A coding sequence is "under the
control" of transcriptional and translational control
sequences in a cell when RNA polymerase transcribes
the coding sequence into mRNA, which is then trans-RNA
spliced and translated into the protein encoded by the
coding sequence. The phrase "pharmaceutically
acceptable" refers to molecular entities and
compositions that are physiologically tolerable and do
not typically produce an allergic or similar untoward
reaction, such as gastric upset, dizziness and the
like, when administered to a human. Preferably, as
used herein, the term "pharmaceutically acceptable"
means approved by a regulatory agency of the Federal
or a state government or listed in the U.S.
Pharmacopeia or other generally recognized
pharmacopeia for use in animals, and more particularly
in humans. The term "carrier" refers to a diluent,
adjuvant, excipient, or vehicle with which the
compound is administered. Such pharmaceutical carriers
can be sterile liquids, such as water and oils,
including those of petroleum, animal, vegetable or
synthetic origin, such as peanut oil, soybean oil,
mineral oil, sesame oil and the like. Water or aqueous
solution saline solutions and aqueous dextrose and
glycerol solutions are preferably employed as
carriers, particularly for injectable solutions.
Suitable pharmaceutical carriers are described in
"Remington's Pharmaceutical Sciences" by E.W. Martin.
The phrase "therapeutically effective amount" is used
herein to mean an amount 



sufficient to reduce by at least about 15 percent,
preferably by at least 50 percent, more preferably by
at least 90 percent, and most preferably prevent, a
clinically significant deficit in the activity,
function and response of the host. Alternatively, a
therapeutically effective amount is sufficient to
cause an improvement in a clinically significant
condition/symptom in the host. "Agent" refers to all
materials that may be used to prepare pharmaceutical
and diagnostic compositions, or that may be compounds,
nucleic acids, polypeptides, fragments, isoforms,
variants, or other materials that may be used
independently for such purposes, all in accordance
with the present invention."Analog" as used herein,
refers to a small organic compound, a nucleotide, a
protein, or a polypeptide that possesses similar or
identical activity or function(s) as the compound,
nucleotide, protein or polypeptide or compound having
the desired activity and therapeutic effect of the
present invention (e.g., inhibition of tumor growth),
but need not necessarily comprise a sequence or
structure that is similar or identical to the sequence
or structure of the preferred embodiment "Derivative"
refers to either a compound, a protein or polypeptide
that comprises an amino acid sequence of a parent
protein or polypeptide that has been altered by the
introduction of amino acid residue substitutions,
deletions or additions, or a nucleic acid or
nucleotide that has been modified by either
introduction of nucleotide substitutions or deletions,
additions or mutations. The derivative nucleic acid,
nucleotide, protein or polypeptide possesses a similar
or identical function as the parent polypeptide.
"Inhibitors," or "antagonists" refer to inhibitory
molecules identified using in vitro and in vivo assays
for Hh pathway function, e.g., Smo antagonists. In
particular, inhibitors and antagonists refer to
compounds or agents that decrease signaling that
occurs via the Hh pathway. Inhibitors may be compounds
that decrease, block, or prevent, signaling via this
pathway. "Hedgehog-related disorder(s)" as used herein
includes disorders associated with disruption or
aberrance of the Hedgehog pathway, as well as
disorders associated with normal but undesired growth
states relating to activation of the Hedgehog pathway.
"Hedgehog-related disorder(s)" include but are not
limited to tumor formation, cancer, neoplasia,
malignant hyperproliferative disorders, and
non-malignant hyperproliferative disorders.
"Hedgehog-related disorder(s)" also include benign
prostate hyperplasia, psoriasis, wet macular
degeneration, osteopetrosis and unwanted hair growth.
As used herein, the term "cancer" includes solid
mammalian tumors as well as hematological
malignancies. "Solid mammalian tumors" include cancers
of the head and neck, lung, mesothelioma, mediastinum,
esophagus, stomach, pancreas, hepatobiliary system,
small intestine, colon, colorectal, rectum, anus,
kidney, urethra, bladder, prostate, urethra, penis,
testis, gynecological organs, ovaries, breast,
endocrine system, skin, central nervous system
including brain; sarcomas of the soft tissue and bone;
and melanoma of cutaneous and intraocular origin. The
term "hematological malignancies"includes childhood
leukemia and lymphomas, Hodgkin's disease, lymphomas
of lymphocytic and cutaneous origin, acute and chronic
leukemia, plasma cell neoplasm and cancers associated
with AIDS. In addition, a cancer at any stage of
progression can be treated, such as primary,
metastatic, and recurrent cancers. Information
regarding numerous types of cancer can be found, e.g.,
from the American Cancer Society, or from, 



e.g., Wilson et al. (1991) Harrison's Principles of
Internal Medicine, 12th Edition, McGraw-Hill, Inc.
Both human and veterinary uses are contemplated.
Cancers which are particularly amenable to treatment
by the compounds and methods of the invention include
but are not limited to gliomas, medulloblastomas,
primitive neuroectodermal tumors (PNETS), basal cell
carcinoma (BCC), small cell lung cancers, large cell
lung cancers, tumors of the gastrointestinal tract,
rhabdomyosarcomas, soft tissue sarcomas, pancreatic
tumors, bladder tumors and prostate tumors. As used
herein, the term "malignant hyperproliferative
disorder(s)" includes but is not limited to cancers,
neuronal proliferative disorders, bone marrow
proliferative diseases and leukemias. As used herein,
the term "non-malignant hyperproliferative
disorder(s)" includes but is not limited to
non-malignant and non-neoplastic proliferative
disorders such as smooth muscle hyperplasia in blood
vessels, cutaneous scarring, and pulmonary fibrosis.
As used herein, the term "aryl" is defined as an
aromatic radical having 6 to 14 ring carbon atoms, and
no ring heteroatoms. The aryl group may be monocyclic
or fused bicyclic or tricyclic. It may be
unsubstituted or substituted by one or more,
preferably one or two, substituents, wherein the
substituents are as described herein. As defined
herein, the aryl moiety may be completely aromatic
regardless of whether it is monocyclic or bicyclic.
However, if it contains more than one ring, as defined
herein, the term aryl includes moieties wherein at
least one ring is completely aromatic while the other
ring(s) may be partially unsaturated or saturated or
completely aromatic. "Het" as used herein, refers to
heteroaryl and heterocyclic compounds containing at
least one S, O or N ring heteroatom. More
specifically, "Het" is a 5-7 membered heterocyclic
ring containing 1- 4 heteroatoms selected from N, O
and S, or an 8-12 membered fused ring system including
at least one 5-7 membered heterocyclic ringcontaining
1, 2 or 3 heteroatoms selected from N, O, and S.
Examples of het, as used herein, include but are not
limited to unsubstituted and substituted pyrrolidyl,
tetrahydrofuryl, tetrahydrothiofuryl, piperidyl,
piperazyl, purinyl, tetrahydropyranyl, morpholino,
1,3-diazapanyl, 1,4-diazapanyl, 1,4-oxazepanyl,
1,4-oxathiapanyl, furyl, thienyl, pyrryl, pyrrolyl,
pyrazolyl, triazolyl, tetrazolyl, indazolyl,
oxadiazolyl, imidazolyl, pyrrolidyl, pyrrolidinyl,
thiazolyl, oxazolyl, pyridyl, pyrazolyl, pyrazinyl,
pyrimidinyl, isoxazolyl, pyrazinyl, quinolyl,
isoquinolyl, pyridopyrazinyl, pyrrolopyridyl,
furopyridyl, indolyl, benzofuryl, benzothiofuryl,
benzoindolyl, benzothienyl, pyrazolyl, piperidyl,
piperazinyl, indolinyl, morpholinyl, benzoxazolyl,
pyrroloquinolyl, pyrrolo[2,3-b]pyridinyl,
benzotriazolyl, oxobenzo-oxazolyl, benco[l,3]dioxolyl,
benxzoimidazolyl, quinolinyl, indanyl and the like.
Heteroaryls are within the scope of the definition of
het. Examples of heteroaryls are pyridyl, pyrimidinyl,
quinolyl, thiazolyl and benzothiazolyl. The most
preferred het are pyridyl, pyrimidinyl and thiazolyl.
The het may be unsubstituted or substituted as
described herein. It is preferred that it is
unsubstituted or if substituted it is substituted on a
carbon atom by halogen, especially fluorine or
chlorine, hydroxy, Ci-C4 alkyl, such as methyl and
ethyl, Ci-C alkoxy, especially methoxy and ethoxy,
nitro, -O-C(O)-Ci-C 4alkyl or -C(O)-O-Ci -C4alkyl, SCN
or nitro or on a nitrogen atom by Ci-C4 alkyl,
especially methyl or ethyl, -0-C(O)-Ci- 



Qalkyl or-C(O)-O-Ci-C 4alkyl, such as carbomethoxy or
carboethoxy. When two substituents together with a
commonly bound nitrogen are het, it is understood that
the resulting heterocyclic ring is a
nitrogen-containing ring, such as aziridine,
azetidine, azole, piperidine, piperazine, morphiline,
pyrrole, pyrazole, thiazole, oxazole, pyridine,
pyrimidine, isoxazole, and the like, wherein such het
may be unsubstituted or substituted as defined
hereinabove. As used herein, "halo" means halogen, and
includes fluorine, chlorine, bromine or iodine,
especially fluorine and chlorine. Unless otherwise
specified "alkyl", either above or in combination,
includes straight or branched chain alkyl, such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, secbutyl,
tert-butyl, n-pentyl and branched pentyl, n-hexyl and
branched hexyl, and the like. A "cycloalkyl" group
means C3 to Ciocycloalkyl having 3 to 10 ring carbon
atoms and may be, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,cycloheptyl or
cyclooctyl, cyclononyl and the like. The cycloalkyl
group may be monocyclic or fused bicyclic. Moreover,
the preferred cycloalkyl group is cyclopentyl or
cyclohexyl. Most preferably, cycloalkyl is cyclohexyl.
The cycloalkyl group maybe fully saturated or
partially unsaturated, although it is preferred that
it is fully saturated. As defined herein, it excludes
aryl groups. The cycloalkyl groups may be
unsubstituted or substituted with any of the
substituents defined below, preferably halo, hydroxy
or C1- C alkyl such as methyl. Unsubstituted is
intended to mean that hydrogen is the only
substituent. Except as described herein, any of the
above defined aryl, het, alkyl, alkenyl, alkynyl, or
cycloalkyl, may be unsubstituted or independently
substituted by up to four, preferably one, two or
three substituents, selected from the group consisting
of: halo (such as Cl or Br); hydroxy; lower alkyl
(such as Ci-C3 alkyl); lower alkyl which may be
substituted with any of the substituents defined
herein; lower alkenyl; lower alkynyl; lower alkanoyl;
lower alkoxy (such as methoxy); aryl (such as phenyl
or naphthyl); substituted aryl (such as fluoro phenyl
or methoxy phenyl); aryl lower alkyl such as benzyl,
amino, mono or di-lower alkyl (such as dimethylamino);
lower alkanoyl amino acetylamino; amino lower alkoxy
(such as ethoxyamine); nitro; cyano; cyano lower
alkyl; carboxy; lower carbalkoxy (such as methoxy
carbonyl; n-propoxy carbonyl or isopropoxy carbonyl),
lower aryloyl, such as benzoyl; carbamoyl; N-mono- or
N5N di-lower alkyl carbamoyl; lower alkyl carbamic
acid ester; amidino; guanidine; ureido; mercapto;
sulfo; lower alkylthio; sulfoamino; sulfonamide;
benzosulfonamide; sulfonate; sulfanyl lower alkyl
(such as methyl sulfanyl); sulfoamino; aryl
sulfonamide; halogen substituted or unsubstituted aryl
sulfonate (such as chloro-phenyl sulfonate); lower
alkylsulfmyl; arylsulfinyl; aryl-lower alkylsulfmyl;
lower alkylarylsulfmyl; lower alkanesulfonyl;
arylsulfonyl; aryl-lower alkylsulfonyl; lower aryl
alkyl; lower alkylarylsulfonyl; halogenlower
alkylmercapto; halogen-lower alkylsulfonyl; such as
trifluoromethane sulfonyl; phosphono(-P(=O)(OH)2);
hydroxy-lower alkoxy phosphoryl or di-lower
alkoxyphosphoryl; urea and substituted urea; alkyl
carbamic acid ester or carbamates (such as
ethyl-N-phenyl-carbamate); or lower alkyl (e.g.
methyl, ethyl or propyl). In an embodiment, the above
mentioned alkyl, cycloalkyl, and aryl groups are
independently unsubstituted or are substituted by
lower alkyl, aryl, aryl lower alkyl,carboxy, lower
carbalkoxy and especially halogen, -OH, -SH, -OCH3,
-SCH3, -CN, -SCN 



or nitro. As defined herein the term "lower alkyl",
when used alone or in combination refers to alkyl
containing 1-6 carbon atoms. The alkyl group may be
branched or straight-chained, and is as defined
hereinabove. The term "lower alkenyl" refers to a
alkenyl group which contains 2-6 carbon atoms. An
alkenyl group is a hydrocarbyl group containing at
least one carbon-carbon double bond. As defined
herein, it may be unsubstituted or substituted with
the substituents described herein. The carbon-carbon
double bonds may be between any two carbon atoms of
the alkenyl group. It is preferred that it contains 1
or 2 carbon-carbon double bonds and more preferably
one carbon-carbon double bond. The alkenyl group may
be straight chained or branched. Examples include but
are not limited to ethenyl, 1- propenyl, 2-propenyl,
1-butenyl, 2-butenyl, 2-methyl-l-propenyl, 1,
3-butadienyl, and the like. The term "lower alkynyl",
as used herein, refers to an alkynyl group containing
2- 6 carbon atoms. An alkynyl group is a hydrocarbyl
group containing at least one carboncarbon triple
bond. The carbon-carbon triple bond may be between any
two carbon atom of the alkynyl group. In an
embodiment, the alkynyl group contains 1 or 2
carbon-carbon triple bonds and more preferably one
carbon-carbon triple bond. The alkynyl group may be
straight chained or branched. Examples include but are
not limited to ethynyl, 1- propynyl, 2-propynyl,
1-butynyl, 2-butynyl and the like. As used herein, the
term "aryl alkyl" refers to a aryl group connected to
the main chain by a bridging alkylene group. Examples
include but are not limited to benzyl, phenethyl,
naphthylmethyl, and the like. Similarly, cyano alkyl
group refers to a cyano group connected to the main
chain by a bridging alkylene group. The term "alkyl
aryl" on the other hand, refers to an alkyl group
bridged to the main chain through a phenylene group.
Examples include but are not limited to methylphenyl,
ethylphenyl, and the like. As used herein, the term
lower alkanoyl refers to a lower alkyl chain in which
one of the carbon atoms is replaced by a C=O group.
The C=O group may be present at oneof the ends of the
substituent or in the middle of the moiety. Examples
include but are not limited to formyl, acetyl,
2-propanoyl, 1-propanoyl and the like. The term
"alkoxy" refers to an alkyl group as defined herein,
connected to the main chain by an oxygen atom.
Examples include but are not limited to methoxy,
ethoxy, and the like. The term "carbalkoxy" refers to
an alkoxycarbonyl group, where the attachment to the
main chain is through the carbonyl group (C(O)).
Examples include but are not limited to methoxy
carbonyl, ethoxy carbonyl, and the like. As used
herein, "oxo" referes to a double-bonded oxygen (i.e.,
=0). It is also to be understood that the terminology
C(O) refers to a -C=O group, whether it be ketone,
aldehyde or acid or acid derivative. Similarly, S(O)
refers to a -S=O group. Pharmaceutically acceptable
salts of any acidic compounds of the invention are
salts formed with bases, namely cationic salts such as
alkali and alkaline earth metal salts, such as sodium,
lithium, potassium, calcium, magnesium, as well as
ammonium salts, such as ammonium, trimethylammonium,
diethylammonium, and tris-(hydroxymethyl)- 



methylammonium salts. Similarly acid addition salts,
such as of mineral acids, organic carboxylic, and
organic sulfonic acids e.g., hydrochloric acid,
methanesulfonic acid, maleic acid, are possible
provided a basic group, such as amino or pyridyl,
constitutes part of the structure. The present
invention relates to the discovery that signal
transduction pathways regulated by Hh and/or Smo can
be modulated by the compounds of the invention. In one
embodiment, the compounds and methods of the present
invention comprise compounds of formula (I) for
inhibiting Smo-dependent pathway activation. Another
aspect of the present invention includes compounds and
methods for inhibiting Hedgehog (ligand)-independent
pathway activation. In certain embodiments, the
present compounds and methods can be used to
counteract the phenotypic effects of unwanted
activation of a Hedgehog pathway, such as resulting
from Hedgehog gain-of-function, Ptc loss-of-function
or smoothened gain-of-function mutations. For
instance, the subject compounds and method can involve
contacting a cell (in vitro or in vivo) with a
Smoantagonist, such as a compound of Formula (I) in an
amount sufficient to antagonize a smoothened-dependent
and/or Hedgehog independent activation pathway. In one
embodiment, the compounds of the invention (e.g.,
compounds of Formula I) inhibit Hh signaling by
locking the three dimensional structure of the Smo
protein in an inactive conformation or preventing Smo
from adopting an active conformation. In another
embodiment, the compounds of the invention (e.g.,
compounds of Formula I) inhibit Hh signaling by
preventing endogenous activating ligands for Smo from
binding to or activating Smo (i.e., acting via
negative cooperativity with endogenous agonists). In
another embodiment, the compounds of the invention
(e.g., compounds of Formula I) inhibit Hh signaling by
increasing binding of endogenous inactivating ligands
for Smo from binding to or inactivating Smo (i.e.,
acting via positive cooperativity with endogeous
antagonist). In another embodiment, the compounds of
the invention (e.g., compounds of Formula I) inhibit
Hh signaling by preventing Smo from localizing to the
plasma membrane. In another embodiment, the compounds
of the invention (e.g., compounds of Formula I)
inhibit Hh signaling by preventing signaling from Ptch
to Smo, in the presence or absence of Hh ligand. In
another embodiment, the compounds of the invention
(e.g., compounds of Formula I) inhibit Hh signaling by
preventing the stabilization of Smo. In another
embodiment, the compounds of the invention (e.g.,
compounds of Formula I) inhibit Hh signaling by
preventing the phosphorylation of Smo on activating
sites. In another embodiment, the compounds of the
invention (e.g., compounds of Formula I) inhibit Hh
signaling by increasing the phosphorylation of Smo on
inhibitory sites. In still another embodiment, the
compounds of the invention (e.g., compounds of Formula
I) inhibit Hh signaling by preventing Smo from
activating downstream targets, such as transcription
factor GIi. In another embodiment, the compounds of
the invention (e.g., compounds of Formula I) inhibit
Hh signaling by effecting the inactivation,
sequestration, and/or degradation of Smo. In another
embodiment, the methods of the present invention may
be used to 



regulate proliferation and/or differentiation of cells
in vitro and/or in vivo, e.g., in the formation of
tissue from stem cells, or to prevent the growth of
hyperproliferative cells.In another particular
embodiment, contacting the cell with- or introducing
into the cell- a compound of the invention (e.g., a
compound of Formula I) results in inhibition of
cellular proliferation, inhibition of cancer/tumor
cell growth and/or survival, and/or inhibition of
tumorigenesis. Thus, another particular embodiment
provides methods for inhibition and/or antagonism of
the Hh pathway by employing compounds of the invention
(e.g., a compound of Formula I) in a tumor cell. In
yet another embodiment, the methods of the present
invention employ compounds of the invention (e.g., a
compound of Formula I) as formulated as a
pharmaceutical preparation comprising a
pharmaceutically acceptable excipient or carrier, and
said preparations may be administered to a patient to
treat conditions involving unwanted cell proliferation
such as cancers and/or tumors (such as
medulloblastoma, basal cell carcinoma, etc.), and
non-malignant hyperproliferative disorders. One
embodiment of the present invention provides a method
for inhibiting the synthesis, expression, production,
and/or activity of a Smo protein in a cell in vitro or
in vivo comprising, contacting said cell with, or
introducing into said cell, a compound of the
invention (e.g., a compound of Formula I). Another
embodiment of the invention provides a method of
diagnosing, preventing and/or treating cellular
debilitations, derangements, and/or dysfunctions;
hyperplastic, hyperproliferative and/or cancerous
disease states; and/or metastasis of tumor cells, in a
mammal characterized by the presence and/or expression
of a Smo gene or gene product (e.g., a Smo protein),
comprising administering to a mammal a therapeutically
effective amount of an agent that inhibits or
antagonizes the synthesis and/or expression and/or
activity of a compound of the invention (e.g., a
compound of Formula I). It is, therefore, specifically
contemplated that compounds of Formula I which
interfere with aspects of Hh, Ptc, or smoothened
signal transduction activity will likewise be capable
of inhibiting proliferation (or other biological
consequences) in normal cells and/or cells having a
patched loss-of-function phenotype, a Hedgehog
gain-of-function phenotype, a smoothened
gain-of-function phenotype or a GIi gain-of-function
phenotype. Thus, it is contemplated that in certain
embodiments, these compounds maybe useful for
inhibiting Hedgehog activity in normal cells, e.g.,
which do not have a genetic mutation that activates
the Hedgehog pathway. In preferred embodiments, the
compounds are capable of inhibiting at least some of
the biological activities of Hedgehog proteins,
preferably specifically in target cells. Thus, the
methods of the present invention include the use of
compounds of Formula I which agonize Ptc inhibition of
Hedgehog signaling, such as by inhibiting activation
of smoothened or downstream components of the signal
pathway, in the regulation of repair and/or functional
performance of a wide range of cells, tissues and
organs, including normal cells, tissues, and organs,
as well as those having the phenotype of Ptc
loss-of-function, Hedgehog gain-of-function,
smoothened gain-of-function or GIi gain-of-function.
For instance, the subject method has therapeutic and
cosmetic applications ranging from regulation of
neural tissues, bone and cartilage formation and 



repair, regulation of spermatogenesis, regulation of
benign prostate hyperplasia, regulation of blood
vessel formation in wet macular degeneration,
psoriasis, regulation of smooth muscle, regulation of
lung, liver and other organs arising from the
primitive gut, regulation of hematopoietic function,
regulation of skin and hair growth, etc. Moreover, the
subject methods can be performed on cells which are
provided in culture (in vitro), or on cells in a whole
animal (in vivo). In certain embodiments, a compound
of Formula I can inhibit activation of a Hedgehog
pathway by binding to smoothened or its downstream
proteins. In another embodiment, the present invention
provides the use of pharmaceutical preparations
comprising, as an active ingredient, a Hedgehog
signaling modulator such as a compound of Formula I, a
smoothened antagonist such as described herein,
formulated in an amount sufficient to inhibit, in
vivo, proliferation or other biological consequences
of Ptc loss-of-function, Hedgehog gain-of-function,
smoothened gain-of-function or GIi gain-of-function.
The treatment of subjects by administering compounds
of the invention (e.g., compounds of Formula I) can be
effective for both human and animal subjects. Animal
subjects to which the invention is applicable extend
to both domestic animals and livestock, raised either
as pets or for commercial purposes. Examples are dogs,
cats, cattle, horses, sheep, hogs, goats, and
llamas.The present invention also makes available
methods and compounds for inhibiting activation of the
Hedgehog signaling pathway, e.g., to inhibit normal
but undesired growth states, for example benign
prostate hyperplasia or blood vessel formation in wet
macular degeneration, resulting from physiological
activation of the Hedgehog signaling pathway,
comprising contacting the cell with a compound of
Formula I, in a sufficient amount to antagonize
smoothened activity, or antagonize GIi activity, e.g.,
to reverse or control the normal growth state. The
present invention makes available methods and
compounds for inhibiting activation of the Hedgehog
signaling pathway, e.g., to inhibit aberrant growth
states resulting from phenotypes such as Ptc
loss-of-function, Hedgehog gain-of-function,
smoothened gain-of-function or GIi gain-of-function,
comprising contacting the cell with a compound of
Formula I, in a sufficient amount to antagonize
smoothened activity, or antagonize GIi activity e.g.,
to reverse or control the aberrant growth state.
Members of the Hedgehog family of signaling molecules
mediate many important short- and long-range
patterning processes during vertebrate development.
Pattern formation is the activity by which embryonic
cells form ordered spatial arrangements of
differentiated tissues. The physical complexity of
higher organisms arises during embryogenesis through
the interplay of cell-intrinsic lineage and
cellextrinsic signaling. Inductive interactions are
essential to embryonic patterning in vertebrate
development from the earliest establishment of the
body plan, to the patterning of the organ systems, to
the generation of diverse cell types during tissue
differentiation. The effects of developmental cell
interactions are varied: responding cells are diverted
from one route of cell differentiation to another by
inducing cells that differ from both the uninduced and
induced states of the responding cells (inductions).
Sometimes cells induce their neighbors to
differentiate like themselves (homeogenetic
induction); in other 



cases a cell inhibits its neighbors from
differentiating like itself. Cell interactions in
early development may be sequential, such that an
initial induction between two cell types leads to a
progressive amplification of diversity. Moreover,
inductive interactions occur not only in embryos, but
in adult cells as well, and can act to establish and
maintain morphogenetic patterns as well as induce
differentiation.The vertebrate family of Hedgehog
genes includes three members that exist in mammals,
known as Desert (Dhh), Sonic (Shh) and Indian (Ihh)
Hedgehogs, all of which encode secreted proteins.
These various Hedgehog proteins consist of a signal
peptide, a highly conserved N-terminal region, and a
more divergent C-terminal domain. Biochemical studies
have shown that autoproteolytic cleavage of the Hh
precursor protein proceeds through an internal
thioester intermediate which subsequently is cleaved
in a nucleophilic substitution. It is likely that the
nucleophile is a small lipophilic molecule which
becomes covalently bound to the C-terminal end of the
N-peptide, tethering it to the cell surface. The
biological implications are profound. As a result of
the tethering, a high local concentration of
N-terminal Hedgehog peptide is generated on the
surface of the Hedgehog producing cells. It is this
N-terminal peptide which is both necessary and
sufficient for short- and long-range Hedgehog
signaling activities. Smoothened (Smo) encodes a 1024
amino acid transmembrane protein that acts as a
transducer of the Hedgehog (Hh) signal. Smo protein
has 7 hydrophobic membranespanning domains, an
extracellular amino-terminal region, and an
intracellular carboxyterminal region. Smo bears some
similarity to G protein-coupled receptors and is most
homologous to the Frizzled (Fz) family of serpentine
proteins. (Alcedo et al. (1996) Cell 86: 221) An
inactive Hedgehog signaling pathway is where the
transmembrane protein receptor Patched (Ptc) inhibits
the stabilization, phosphorylation, and activity of
Smoothened (Smo). The transcription factor GIi, a
downstream component of Hh signaling, is prevented
from entering the nucleus through interactions with
cytoplasmic proteins, including Fused (Fu) and
Suppressor of fused (Sufu). As a consequence,
transcriptional activation of Hedgehog target genes is
repressed. Activation of the pathway is initiated
through binding of any of the three mammalian ligands
(Dhh, Shh or Ihh) to Ptc. Ligand binding by Hh alters
the interaction of Smo and Ptc, reversing the
repression of Smo, whereupon Smo moves from internal
structures within the cell to the plasma membrane. The
localization of Smo to the plasma membrane triggers
activation of Hh pathway target genes in an
Hh-independent manner. (Zhu et al. (2003) Genes Dev.
17(10): 1240) The cascade activated by Smo leads to
the translocation of the active formof the
transcription factor GIi to the nucleus. The
activation of Smo, through translocated nuclear GIi,
activates Hh pathway target gene expression, including
of Wnts, TGF/3, and Ptc and GIi themselves. Increased
levels of Hedgehog signaling are sufficient to
initiate cancer formation and are required for tumor
survival. These cancers include, but are not limited
to, prostate cancer (Karhadkar et al. (2004) Nature 43
1:707; Sanchez et al. (2004) PNAS 101(34): 12561),
breast cancer (Kubo et al. (2004) Cancer Res.
64(17):6071), medulloblastoma (Berman et al. (2002)
Science 297(5586): 1559), basal cell carcinoma (BCC)
(Williams et al. (2003) PNAS 100(8):4616); Xie et al.
(1998) Nature 



391(6662):90), pancreatic cancer (Thayer et al. (2003)
Nature 425(6960):851; Berman et al. (2003) Nature 425
(6960): 846), small-cell lung cancer (Watkins et al.
(2003) Nature 422(6929):313), glioma (Kinzler et al.
(1988) Nature 332:371), cancers of the digestive tract
(Berman et al. (2003) Nature 425(6960):846) and
esophageal cancers (Ma et al. (2006) Int J Cancer
118(1):139. In accordance with the foregoing, the
present invention further provides a method for
preventing or treating any of the diseases or
disorders described above in a subject in need of such
treatment, which method comprises administering to
said subject a therapeutically effective amount of a
compound of the invention (e.g., a compound of Formula
I) or a pharmaceutically acceptable salt thereof. For
any of the above uses, the required dosage will vary
depending on the mode of administration, the
particular condition to be treated and the effect
desired. Human patients with Gorlin's syndrome, a
hereditary syndrome with high risk of skin and brain
cancers, also known as Basal Cell Nevus Syndrome
(BCNS) develop basal cell carcinoma (BCC) with high
frequency, and other solid tumors (e.g.,
meduloblastomas) at lower frequency, due to germline
loss of function mutations in Ptch. These patients, as
well as other, non-Gorlin's patients with BCC who have
somatic loss of function mutations in Ptch, are would
not be expected to respond to treatments associated
with Hedgehog ligands. They would, however, respond to
inhibitors of Hh signaling downstream from the Hh
ligands, such as the compounds of the invention (e.g.,
a compound of Formula I), which can act as Smo
inhibitors. Similarly, other solid tumors due to
patched or Smo mutations will not respond to Hh
ligand-related inhibitionbut will respond to Smo
blockade (e.g., by administration of the compounds of
the invention). Administration and Pharmaceutical
Compositions: The invention relates to the use of
pharmaceutical compositions comprising compounds of
Formula (I) in the therapeutic (and, in a broader
aspect of the invention, prophylactic) treatment of a
Hedgehog-related disorder(s). In general, compounds of
the invention will be administered in therapeutically
effective amounts via any of the usual and acceptable
modes known in the art, either singly or in
combination with one or more therapeutic agents. A
therapeutically effective amount may vary widely
depending on the severity of the disease, the age and
relative health of the subject, the potency of the
compound used and other factors. In general,
satisfactory results are indicated to be obtained
systemically at daily dosages of from about 0.03 to
2.5mg/kg per body weight. An indicated daily dosage in
the larger mammal, e.g. humans, is in the range from
about 0.5mg to about lOOmg, conveniently administered,
e.g. in divided doses up. to four times a day or in
retard form. Suitable unit dosage forms for oral
administration comprise from ca. 1 to 50mg active
ingredient. Compounds of the invention can be
administered as pharmaceutical compositions by any
conventional route, in particular enterally, e.g.,
orally, e.g., in the form of tablets or capsules, or
parenterally, e.g., in the form of injectable
solutions or suspensions, topically, e.g., in the form
of lotions, gels, ointments or creams, or in a nasal
or suppository form. Pharmaceutical compositions
comprising a compound of the present invention in free
form or in a pharmaceutically acceptable salt form in
association 



with at least one pharmaceutically acceptable carrier
or diluent can be manufactured in a conventional
manner by mixing, granulating or coating methods. For
example, oral compositions can be tablets or gelatin
capsules comprising the active ingredient together
with a) diluents, e.g., lactose, dextrose, sucrose,
mannitol, sorbitol, cellulose and/or glycine; b)
lubricants, e.g., silica, talcum, stearic acid, its
magnesium or calcium salt and/or polyethyleneglycol;
for tablets also c) binders, e.g., magnesium aluminum
silicate, starch paste, gelatin, tragacanth,
methylcellulose, sodium carboxymethylcellulose and or
polyvinylpyrrolidone; if desired d) disintegrants,
e.g., starches, agar, alginic acid or its sodium salt,
or effervescent mixtures; and/or e) absorbents,
colorants, flavors andsweeteners. Injectable
compositions can be aqueous isotonic solutions or
suspensions, and suppositories can be prepared from
fatty emulsions or suspensions. The compositions may
be sterilized and/or contain adjuvants, such as
preserving, stabilizing, wetting or emulsifying
agents, solution promoters, salts for regulating the
osmotic pressure and/or buffers. In addition, they may
also contain other therapeutically valuable
substances. Suitable formulations for transdermal
applications include an effective amount of a compound
of the present invention with a carrier. A carrier can
include absorbable pharmacologically acceptable
solvents to assist passage through the skin of the
host. For example, transdermal devices are in the form
of a bandage comprising a backing member, a reservoir
containing the compound optionally with carriers,
optionally a rate controlling barrier to deliver the
compound to the skin of the host at a controlled and
predetermined rate over a prolonged period of time,
and means to secure the device to the skin. Matrix
transdermal formulations may also be used. Suitable
formulations for topical application, e.g., to the
skin and eyes, are preferably aqueous solutions,
ointments, creams or gels well-known in the art. Such
may contain solubilizers, stabilizers, tonicity
enhancing agents, buffers and preservatives. Compounds
of the invention can be administered in
therapeutically effective amounts in combination with
one or more therapeutic agents (pharmaceutical
combinations). For example, synergistic effects can
occur with immunomodulatory or anti-inflammatory
substances or other anti-tumor therapeutic agents.
Where the compounds of the invention are administered
in conjunction with other therapies, dosages of the
co-administered compounds will of course vary
depending on the type of co-drug employed, on the
specific drug employed, on the condition being treated
and so forth. The invention also provides for a
pharmaceutical combinations, e.g. a kit, comprising a)
a first agent which is a compound of the invention as
disclosed herein, in free form or in pharmaceutically
acceptable salt form, and b) at least one co-agent.
The kit can comprise instructions for its
administration. The terms "co-administration" or
"combined administration" or the like as utilized
herein are meant to encompass administration of the
selected therapeutic agents to a single patient, and
are intended to include treatment regimens in which
the agents are not necessarily administered by the
same route of administration or at the same time.The
term "pharmaceutical combination" as used herein means
a product that results from the mixing or combining of
more than one active ingredient and includes both
fixed and non-fixed combinations of the active
ingredients. The term "fixed combination" means that
the active ingredients, e.g. a compound of Formula I
and a coagent, are both administered to a patient
simultaneously in the form of a single entity or 



dosage. The term "non-fixed combination" means that
the active ingredients, e.g. a compound of Formula I
and a co-agent, are both administered to a patient as
separate entities either simultaneously, concurrently
or sequentially with no specific time limits, wherein
such administration provides therapeutically effective
levels of the 2 compounds in the body of the patient.
The latter also applies to cocktail therapy, e.g. the
administration of 3 or more active ingredients.
Processes for Making Compounds of the Invention
Representative examples of synthesis of the compounds
of the invention, e.g., compounds of Formula (I), can
be found in the Examples section of the present
application. A compound of the invention can be
prepared as a pharmaceutically acceptable acid
addition salt by reacting the free base form of the
compound with a pharmaceutically acceptable inorganic
or organic acid. Alternatively, a pharmaceutically
acceptable base addition salt of a compound of the
invention can be prepared by reacting the free acid
form of the compound with a pharmaceutically
acceptable inorganic or organic base. Alternatively,
the salt forms of the compounds of the invention can
be prepared using salts of the starting materials or
intermediates. The free acid or free base forms of the
compounds of the invention can be prepared from the
corresponding base addition salt or acid addition salt
from, respectively. For example a compound of the
invention in an acid addition salt form can be
converted to the corresponding free base by treating
with a suitable base (e.g., ammonium hydroxide
solution, sodium hydroxide, and the like). A compound
of the invention in a base addition salt form can be
converted to the corresponding free acid by treating
with a suitable acid (e.g., hydrochloric acid,
etc.).Prodrug derivatives of the compounds of the
invention can be prepared by methods known to those of
ordinary skill in the art (e.g., for further details
see Saulnier et al., (1994), Bioorganic and Medicinal
Chemistry Letters, Vol. 4, p. 1985). Protected
derivatives of the compounds of the invention can be
made by means known to those of ordinary skill in the
art. A detailed description of techniques applicable
to the creation of protecting groups and their removal
can be found in T.W. Greene, "Protecting Groups in
Organic Chemistry", 3rd edition, John Wiley and Sons,
Inc., 1999. Compounds of the present invention can be
conveniently prepared, or formed during the process of
the invention, as solvates (e.g., hydrates). Hydrates
of compounds of the present invention can be
conveniently prepared by recrystallization from an
aqueous/organic solvent mixture, using organic
solvents such as dioxin, tetrahydrofuran or methanol.
Compounds of the invention can be prepared as their
individual stereoisomers by reacting a racemic mixture
of the compound with an optically active resolving
agent to form a pair of diastereoisomeric compounds,
separating the diastereomers and recovering the
optically pure enantiomers. While resolution of
enantiomers can be carried out using covalent
diastereomeric derivatives of the compounds of the
invention, dissociable complexes are preferred (e.g.,
crystalline diastereomeric salts). Diastereomers have
distinct physical properties (e.g., melting points,
boiling points, solubilities, reactivity, 



etc.) and can be readily separated by taking advantage
of these dissimilarities. The diastereomers can be
separated by chromatography, or preferably, by
separation/resolution techniques based upon
differences in solubility. The optically pure
enantiomer is then recovered, along with the resolving
agent, by any practical means that would not result in
racemization. A more detailed description of the
techniques applicable to the resolution of
stereoisomers of compounds from their racemic mixture
can be found in Jean Jacques, Andre Collet, Samuel H.
Wilen, "Enantiomers, Racemates and Resolutions," John
Wiley And Sons, Inc., 1981. EXAMPLESThe present
invention is further exemplified, but not limited, by
the following representative examples, which are
intended to illustrate the invention and are not to be
construed as being limitations thereon. The structure
of final products described herein can be confirmed by
standard analytical methods, e.g., spectrometric and
spectroscopic methods (e.g. MS, NMR). Abbreviations
used are those conventional in the art. Compounds are
purified by standard methods, e.g. crystallization,
flash chromatography or reversed phase HPLC. The
following abbreviations will be used throughout the
examples: LIST OF ABBREVIATONS BINAP ()-( 1,1'
-binaphthalene-2-2 ' diyl)bis(diphenylpho sphine) DCM
Dichloromethane DIEA Diethylamine DIPEA
Diisoproylethylamine DMF Dimethylformamide HPLC High
pressure liquid chromatography HR MS High resolution
mass spectrometry HBTU O-Benzotriazol-
1-yl-N,N,N',N'-tetramethyluronium hexafluorophosphate
HOBt 1-Hydroxy- lH-benzotriazol LC/MS Liquid
chromatography / mass spectrometry NMM
N-methylmorpholine NMP N-methylpyrrolidine RT room
temperature THF Tetrahydrofuran COMPOUND SYNTHESIS
PhthalazinesAs illustrated in Scheme 1, compounds of
Formula Ia,b,c can be prepared either via Route A,
i.e., chloride displacement from an intermediate of
Type II with a substituted amine, or via an
intermediate of Type III utilizing either Route B
(direct nucleophilic displacement) or Route C
(Buchwald amination conditions). SCHEME 1. Synthesis
of Intermediates: l-Chloro-4-(3,
5-dichloro-benzyl)-phthalazine (compound 1)In a 50 niL
round- bottom flask
4-(3,5-dichlorobenzyl)-4-phthalazin-l-one (200 mg,
0.655 mmol, 1 eq) is dissolved in dichloroethane (5
ml), and DIEA is added (101 ul, 0.721, l.leq),
followed by the slow addition Of POCl3 (67.9 ul, 0.721
mmol, 1.1 equiv). The reaction is stirred and refluxed
for 12 h at 60 0C upon which the solution is cooled on
ice and treated with a saturated solution of sodium
bicarbonate (5 mL). 



Dichloromethane (2 x 10 mL) is added and is washed
with water (10 mL). The combined organic fractions are
dried over magnesium sulfate and concentrated under
reduced pressure. The residue is triturated with ethyl
acetate and is dried under high vacuum to afford the
product as a white powder (222 mg, 44% yield).
l-(5-(Dimethylphosphoryl)pyridin-2-yl)piperazine
(compound 2) To a solution of tert-butyl
4-(5-bromopyridin-2-yl)piperazine-l-carboxylate (250
mg, 0.730 mmol) in 2.5 mL anhydrous THF was added 2.5
M w-butyllithium (320 mL, 0.80 mmol) at -78 0C under
nitrogen atmosphere. After stirring for 45 mins, the
reaction mixture was charged with dimethyl phosphinic
chloride (164.4 mg, 1.46 mmol) in 1 mL anhydrous THF.
The reaction mixture was warmed to -30 0C over 3 h.
The mixture was quenched with saturated ammonium
chloride aqueous solution and the mixture was
partitioned between DCM and brine. The organic layer
was dried over Na2SO and concentrated to afford the
crude material. The resulting solid was purified by
flash chromatography on silica gel, eluting with 20
-100% EtOAc : heptane. Fractions containing the
desired product were combined and concentrated to
afford an off white solid (100 mg, 40.3% yield). The
Boc protected title compound was dissolved in 2-PrOH (
1 mL) and charged with 4 N HCl. The reaction mixture
was heated at 70 0C for 30 min, and concentrated to
afford the titled product as a HCl salt. MS (m/z,
MH+): meas. 240.2 calc.
240.32,2,2-Trifluoro-l-(6-(piperazin-l-yl)pyridin-3-yl
)ethanol (compound 3) Triflurooacetaldehyde hydrate
(1.7 g, 14.6 mmol) was added dropwise into a stirred
mixture consisting of phosphorus pentoxide ( I g, 7.3
mmol) and 4 mL of concentrated sulfuric acid at 95 0C.
The freshly produced gaseous trifluororacetaldehyde
was trapped with a dry ice-filled cold finger and
dripped into a THF solution of tert-butyl 4-(5-
bromopyridin-2-yl)piperazine-l-carboxylate ( I g, 2.92
mmol) with 2.5 M n-butyllithium in hexanes (1.3 mL,
3.2 mmol) at -78 0C under nitrogen atmosphere. After
addition, the reaction mixture was warmed to room
temperature and stirred for 2 h. The mixture was
quenched with saturated ammonium chloride aqueous
solution at -78 0C and the mixture was partitioned
between DCM and brine. The organic layer was dried
over Na2SO and concentrated to afford a brown solid.
The crude material was purified by flash
chromatography on silica gel, eluting with 10 -80%
EtOAc: heptane. Fractions containing the desired
product were combined and concentrated to afford
yellow sticky solid (450 mg, 42.6% yield). The Boc
protected titled compound (380 mg, 1.1 mmol) was
stirred in 20% TFA in DCM (5 mL) for 10 min. The
reaction mixture was concentrated to afford the titled
product as a TFA salt (260 mg, yield 95%). MS (m/z,
MH+): meas. 262.2 calc. 262.25 1,1
J,3,3,3-Hexafluoro-2-(6-fpiperazin-l-yl)pyridin-3-yl)p
ropan-2-ol (compound 4) The gaseous
trifluororacetaldehyde was trapped with the dry
ice-filled cold finger and dripped into a THF solution
of 4-(5-bromo-pyridin-2-yl)-piperazine-l-carboxylic
acid r -butyl ester ( 1 g, 2.92 mmol) with 2.5 M
n-butyllithium in hexanes (1.29 mL, 3.2 mmol) at -78 C
under nitrogen atmosphere. After addition, the
reaction mixture was warmed to room temperature and
stirred for 1 h. The mixture was quenched with
saturated ammonium chloride aqueous solution at -78 0C
and the mixture was partitionedbetween DCM and brine.
The organic layer was dried over Na2SO4 and
concentrated to afford a light yellow solid. The crude
material was purified by flash chromatography on 



silica gel, eluting with 10 -80% EtOAc : heptane.
Fractions containing the desired product were combined
and concentrated to afford a colorless sticky solid
(450 mg, 35.9% yield). The Boc protected titled
compound (200 mg, 0.466 mmol) was stirred in 50% TFA
in DCM (5 mL) for 10 min. The reaction mixture was
concentrated to afford the titled product as a TFA
salt (150 mg, yield 98%). MS (m/z, MH+): meas. 330.0
calc. 329.25
3-(6-(Piperazm-l-yl)pyridin-3-vDoxetan-3-ol (compound
5) To a solution of
4-(5-bromo-pyridin-2-yl)-piperazine-l-carboxylic acid
tert-butyl ester (250 mg, 0.73 mmol) in 3.5 mL
anhydrous THF was added 1.6 M -butyllithium (500 mL,
0.80 mmol) at -78 0C under nitrogen atmosphere. After
stirring for 45 min, the reaction mixture was charged
with oxetan-3-one (131 mg, 1.82 mmol) in 200 mL DCM.
The reaction mixture was stirred at -78 0C for 2 h and
at room temperature for 16 h. The mixture was quenched
with saturated ammonium chloride aqueous solution and
the mixture was partitioned between DCM and brine. The
organic layer was dried over Na2SO4 and concentrated
to afford the crude material. The resulting solid was
purified by flash chromatography on silica gel,
eluting with 20 -100% EtOAc: heptane. Fractions
containing the desired product were combined and
concentrated to afford a off white solid (80 mg, 32.7%
yield). The Boc protected title compound (140 mg,
0.417 mmol) was dissolved in DCM and charged with
lutidine (194 mL, 1.67 mmol). The reaction mixture was
cooled at 0 0C, charged with trimethylsilyl
trifluoromethanesulfonate (1.25 mmol, 228 uL) and
stirred at 0 0C for 2 h. The reaction mixture was
poured into ice and the mixture was partitioned
between DCM and water. The organic layer was dried
over Na2SO4 and concentrated to afford a brown greasy
solid (70 mg, yield 71%). MS (m/z, MH+): meas. 236.4
calc.
236.36-((.SV3-Methyl-piperazin-l-ylVnicotinonitrile
(compound 6) Triethylamine (4.13 g, 3 niL, 40.8 mmol,
4 eq) is added to a solution of
6-chloronicotinonitrile (1.38 g, 10 mmol, leq),
(S)-2-methyl- piperazine (1.0Og, 10 mmol, leq) in DMF
(15 niL), and the resulting solution is stirred at rt
for 14 h. A white precipitate of triethylamine
hydrochloride forms in the course of the reaction.
Water (15 mL) and EtOAc (100 mL) are added, the
organic layer is separated, dried over sodium sulfate
and concentrated under reduced pressure to a white
residue. The solid is further dried under high vacuum
to yield the desired product as a white solid (1.4 g,
69%). 1H NMR (400 MHz, CHLOROFORM-cf) d ppm 8.38 (s, 1
H), 7.58 (d, J=9.60 Hz, 1 H), 6.59 (d, J=9.09 Hz, 1
H), 4.19 - 4.31 (m, 2 H), 3.08 - 3.15 (m, 1 H), 2.92 -
3.04 (m, 1 H), 2.81 - 2.91 (m, 2 H), 2.57 - 2.65 (m, 1
H), 1.15 (d. J=6.32 Hz, 3 H).
6-((R)-3-Methyl-piperazin-l-yl)-nicotinonitrile
(compound 7) NH / Triethylamine (5.51 g, 4 mL, 54.6
mmol, 2.7 eq) is added to a solution of
6-chloronicotinonitrile (2.76 g, 20 mmol, 1 eq),
(i?)-2-methyl- piperazine (2.0Og, 20 mmol, 1 eq) in
DMF (15 mL), and the resulting solution is stirred at
rt for 36 h. A white precipitate of triethylamine
hydrochloride forms in the course of the reaction.
Water (15 mL) and EtOAc (100 mL) are added, the
organic layer is separated, dried over sodium sulfate
and 



concentrated under reduced pressure to a white
residue. The solid is further dried under high vacuum
to yield the desired product as a white solid (2.3 g,
59%). IH NMR (400 MHz, CHLOROFORM-*/) d ppm 8.32 (d,
J=2.40 Hz, 1 H), 7.52 (dd, J =9.09, 2.27 Hz, 1 H),
6.52 (d, J=8.97 Hz, 1 H), 4.14 - 4.24 (m, 2 H), 3.01 -
3.07 (m, 1 H), 2.72 - 2.94 (m, 3 H), 2.52 (dd,
J=12.76, 10.36 Hz, 1 H), 1.07 (d, J=6.32 Hz, 3 H).
6-((2 5S 2 5-Dimethyl-piperazin- l -yl)-nicotinonitri
le (compound 8)Combine
(2.S',5i?)-2,5-dimethyl-piperazine (200mg, 1.75 mmol),
6-chloro-nicotinonitrile ( 1.75 mmol) and
triethylamine (5.25 mmol) in a 0.875 M solution of
l-methyl-2- pyrrolidinone. Microwave reaction mixture
for 30 min at 150 0C. Partition between ethyl acetate
and water, collecting organic phase. Wash aqueous
layer again with ethyl acetate and combine organics.
Dry with sodium sulfate, filter and concentrate.
Purify on preparative HPLC to give the title compound.
(9% yield) IH NMR (400 MHz, CHLOROFORM-^) d ppm 8.32
(d, ./=2.15 Hz, 1 H), 7.51 (dd, J=9.09, 2.40 Hz, 1 H),
6.46 (d, J=9.09 Hz, 1 H), 4.24 - 4.37 (m, 1 H), 3.87
(d, J= I 0.99 Hz, 1 H), 3.19 - 3.36 (m, 3 H), 2.61
(dd, ./=13.07, 3.09 Hz, 1 H), 1.48 (br. s., 1 H), 1.20
(d, J=6.69 Hz, 3 H), 1.12 (d, J=6.82 Hz, 3 H).
l-Benzyl-4-piperazin-l-vI-phthalazine ("compound 9)
1-Benzyl -4-chlorophthalazine (1.06 g, 4.18 mmol) and
piperazine (1.82 g, 20.9 mmol) are added into a
microwave vial, followed by NMP (5 ml) and
triethylamine (6.62 ml, 12.5 mmol). The vial is sealed
and irradiated in the microwave at 180 0C (high
absorption setting) for 30 minutes. Dichloromethane
(10 mL) is added to form a precipitate, which is
washed with additional dichloromethane and dried under
reduced pressure to afford the product as a white
powder (745 mg, 58% yield). 1-Benzyl -4-1
l,41diazepam-l-yl-phthalazine (compound 10) 1-Benzyl
-4-chlorophthalazine (1.1 Ig, 4.35 mmol) and
homopiperazine (2.20 g, 21.7 mmol) are added into a
microwave vial, followed by NMP (5 ml) and
triethylamine (1.84 mL, 13.1 mmol). The vial is sealed
and irradiated in the microwave at 180 0C
(highabsorption setting) for 30 min. Dichloromethane
is added and is washed with water. The combined
organic fractions are dried over magnesium sulfate,
and are evaporated under reduced pressure to afford
the title compound as a yellow oil (640 mg, 41.5%
yield).
l-Benzyl-4-((i?)-3-methyl-piperazin-l-yl)-phthalazine
(compound 11) Solid Na2CO3 (200 mg, 1.9 mmol, 1.9 eq)
is added to a solution of l-benzyl-4-
chlorophthalazine (250 mg, 0.98 mmol, 1 eq) and
(i?)-2-methyl-piperazine (400 mg, 4.0 mmol, 4.0 eq) in
dioxane (5 mL) in a microwave vial. The vial is sealed
and irradiated in the microwave at 150 0C (high
absorption setting) for 30 minutes. The reaction
mixture is filtered and concentrated, then diluted
with EtOAc (50 mL) and water (15 mL). The organic
fraction washed with water and then brine, then is
dried over sodium sulfate. The solvent is evaporated
under reduced pressure to afford the title compound as
a white solid (180 mg, 58 % yield). IH NMR (400 MHz,
CHLOROFORM-^) d ppm 8.08 (d, J=7.07 Hz, 1 H) 8.00 (d,
J=7.71 Hz, 1 H) 7.69 - 7.79 (m, 2 H) 7.34 - 7.39 (m, 2
H) 7.25 - 7.32 (m, 2 H) 7.20 (d, J=7.20 Hz, 1 H) 4.61
- 4.65 (m, 2 H) 3.76 - 3.82 (m, 2 H) 3.13 - 3.30 (m, 4
H) 2.85 (dd, ./=12.63, 10.23 Hz, 1H) 1.17 (d, J=6.32
Hz, 3 H) MS (m/z, MH+): meas. 3 19.1 l -Benzyl - fS
-methyl-piperazin- l -v -phthalazine (compound 12) 



Solid Na2CO3 (400 mg, 3.8 mmol, 3.8 eq) is added to a
solution of l-benzyl-4- chlorophthalazine (250 mg,
0.98 mmol, 1 eq) and (S)-2-methyl-piperazine (400 mg,
4.0 mmol, 4.0 eq) in dioxane (5 mL). The resulting
suspension is heated at 100 0C for 48 h. The reaction
mixture is concentrated, EtOAc (50 mL) and water (15
mL) are added. The organic fraction washed with water
and then brine, then is dried over sodium sulfate.The
solvent is evaporated under reduced pressure to afford
the title compound as a white solid (200 mg, 64 %
yield). IH NMR (400 MHz, CHLOROFORM-;/) d ppm 7.97 (d,
J=7.07 Hz, 1 H) 7.89 (d, J=8.21 Hz, 1 H) 7.58 - 7.68
(m, 2 H) 7.24 - 7.28 (m, 2 H) 7.14 - 7.22 (m, 2 H)
7.06 - 7.1 1 (m, 1 H) 3.69 (d, J=12.38 Hz, 2 H) 3.61
(s, 2 H) 3.03 - 3.20 (m, 4 H) 2.74 (dd, J=12.63, 10.23
Hz, 1 H) 1.07 (d, J=6.32 Hz, 3 H) MS (m/z, MH+): meas.
319.1 2-Chloro-pyrimidine-5-carbonitrile (compound 13)
(Prepared according to: Organic Synthesis, VoI 4, p.
182.) In a 3-necked, round-bottom flask is placed 5.4
mL of concentrated HCl (65 mmol). The solution is
cooled to 0 C and 2-amino-5-cyanopyrimidine (515 mg,
4.28 mmol) is added portion wise with stirring until a
homogeneous solution is obtained. The solution is then
cooled to -15 0C. A 100 mL addition funnel is fitted
to the flask and a cold solution OfNaNO 2 (592 mg, 8.6
mmol ) in 5 ml of water is then added dropwise with
stirring over period of 20 min. (The temperature is
kept at -15 to -10 0C.) The solution is stirred an
additional hour and the temperature is allowed to rise
to -5 0C . At this point, the mixture is carefully
neutralized to about pH 7 with a 30% solution of NaOH,
taking care that the temperature does not rise above 0
0C. The solution is extracted with EtOAc (3 x 20ml),
dried over MgSO , filtered and evaporated to give a
yellow solid (159 mg, 21.3 % yield).
l-(6-Chloropyridin-3-yl)pyrrolidin-2-one (compound 14)
To a solution of 2-chloro-5-iodopyridine (200 mg, 0.84
mmol) in 4 mL anhydrous dioxane was added
2-pyrrolidinone (60.8 mL, 0.79 mmol), K CO3 (415.6 mg,
3 mmol), CuI (15.9 mg, 0.084 mmol), and
N,N'-dimethyl-l,2-ethanediamine ( 11.8 mL, 0.083 mmol)
in a 2 dram screw-top vial. The vial is evacuated and
flushed with nitrogen. The reaction mixture was heated
to reflux for 18 h. The reaction mixture was filtered
throughcelite and filtrate was concentrated to afford
the crude material. The mixture was purified by flash
chromatography on silica gel, eluting with 50 -100%
EtOAc: heptane. Fractions containing the desired
products were combined and concentrated to afford the
desired product as a white solid (160 mg, yield:
97.4%). MS (m/z, MH+): meas. 197.1 calc. 197.64 H
-Chloropyridin-B-yDcyclopropanoI (compound 15) 9 Cl To
a suspension of methyl 6-chloropyridine-3-carboxylate
( 1 g, 5.83 mmol) in 17 mL anhydrous ether was charged
with 3 M ethyl magnesium bromide (8.5 mL, 26 mmol) in
ether and stirred for 1 h before the addition of
titanium isopropoxide (1.73 mL, 5.84 mmol) to the
reaction mixture. The mixture was stirred for 16 h
under nitrogen atmosphere. The mixture was quenched
with saturated ammonium chloride aqueous solution and
aqueous phase was adjusted to pH 3 with 1 N HCl. The
mixture was partitioned between DCM and brine. The
organic layer was dried over Na2SO and 



concentrated to afford the crude material. The
resulting solid was purified by flash chromatography
on silica gel, eluting with 10 -80% EtOAc: heptane.
Fractions containing the desired product were combined
and concentrated to afford a brown greasy solid (180
mg, yield: 18.2%). MS (m/z, MH+): meas. 170.1 calc.
170.61 2-(4- r -Butoxycarbonyl-piperazin-l-yl
')-pyrimidine-5-carboxylic acid (compound 16)
5-Bromo-2-(4-Boc-piperazin-l-yl)-pyrimidine (1.00 g,
2.91 mmol) is added to a dry 250- mL 3-necked
round-bottom flask under N2 followed by THF (20.0 mL).
A low temperature thermometer is inserted. Flask is
kept in a dry ice bath for 15 min to reach the
internal temperature -74 0C and "-BuLi (2.92 mL, 7.29
mmol) is added dropwise. The reaction is stirred for
1.5 h, and then CO is bubbled into the reaction
mixture for 45min while keeping the internal
temperature at -70 0C. Reaction mixture is then taken
out of the bath and allowed to come to 0 0C, at which
point it is quenched with water. The organics are
extracted with dichloromethane. The combined organic
layers are washed with brine and dried over Na2SO4,
filtered and concentrated under reduced pressure. The
crude compound is triturated with dichloromethane and
methanol to afford some pure product. The impure
material is purified via flash chromatography on
silica gel (0-20% methanol in CH2Cl2) to afford the
title compound (235 mg, 27% yield). 2-(4-fer
-Butoxycarbonyl-piperazin-l-yl)-pyrimidine-5-carboxyli
c acid methyl ester (compound 17) To
2-(4-ter/-Butoxycarbonyl-piperazin-l-yl)-pyrimidine-5-
carboxylic acid (150 mg, 0.486 mmol) in an oven dried
round-bottom flask is added methanol (1.0 mL) and
benzene (3.7 mL) under nitrogen, and the reaction
stirred for 10 min. Trimethylsilyldiazomethane (0.34
ml, 0.678 mmol) is added and the reaction stirred for
1 h. Glacial acetic acid (0.05 ml) is then added until
the yellow color has disappeared. The reaction mixture
is concentrated under reduced pressure and
co-evaporated with benzene. It is dried under high
vacuum to yield the title compound as a white solid
(155 mg, 99% yield) .
2-Piperazin-l-yl-pyrimidine-5-carboxylic acid methyl
ester (compound 18) 2-(4-
er/-Butoxycarbonyl-piperazin-l-yl)-pyrimidine-5-carbox
ylic acid methyl ester (140 mg, 0.434 mmol) is
dissolved in dichloromethane (3.0 mL) under N2.
Trifluoroacetic acid (0.83 ml, 10.85 mmol) is added
and the reaction mixture is stirred for 2 h. The
reaction mixture is concentrated under reduced
pressure and co-evaporated several timeswith
dichloromethane. It is dried under high vacuum to
afford the title compound as a TFA salt (130 mg, 90%
yield). 6-Hvdroxymethyl -nicotinic acid methyl ester
(compound 19) Methyl-6-(hydroxymethyl)nicotinate (500
mg, 2.99 mmol) is added to an oven dried round-bottom
flask under N2 followed by dichloromethane (20.0 mL).
Triethylamine (2.85 mL, 20.93 mmol) is added and then
the flask is kept in an ice bath for 50 min.
Methanesulfonylchloride (0.81 mL, 10.47 mmol) is added
drop-wise. The reaction is stirred for 45 min at low
temperature and then stirred at room temperature
overnight. The reaction mixture is then poured into
ice water. The organics are extracted with
dichloromethane. The combined organic layers are
washed with brine and dried over Na2SO4, filtered and
concentrated under reduced pressure. It is further
dried on high vacuum to give to afford the title
compound (365 mg, 50% yield). 



Synthesis of examples 1-38 via Route A. GENERAL
PROTOCOL FOR THE ADDITION OF AMINES TO
1-CHLOROPHTHALAZINES The desired 1-chlorophthalazine
(2 mmol, 1 eq) and amine (2.6 mmol, 1.3 eq) are added
to a microwave vial equipped with a stir bar. NMP (3
ml) is added followed by triethylamine (3.2 mL, 6
mmol, 3 eq). The vial is sealed and irradiated in the
microwave at 180 0C (high absorption setting) for 30
minutes. Water (50 mL) is then added to the reaction
mixture to form a precipitate which is isolated by
filtration, washed with additional cold water, and
then dried in vacuo. The products are further purified
by either flash chromatography on silica gel or
reverse phase HPLC. Example 1:
6-r4-(4-Benzyl-phthalazin-l-yl)-piperazin-l-vH-nicotin
onitril eFollowing the general protocol,
1-benzyl-4-chlorophthalazine (515 mg, 2.02 mmol, 1 eq)
and 6-piperazino-nicotinitrile (495 mg, 2.63 mmol, 1.3
eq) afford 430 mg of desired product as a white solid
(51% yield). 1 NMR (400 MHz, CDCl3) : d = 3.65 (m,
4H), 3.96 (m, 4H), 4.64 (s, 2H), 6.71 (d, J = 9 Hz,
IH), 7.19 ( t, J = 7 Hz, IH), 7.27 (t, J = 7 Hz, 2H),
7.33-7.36 (m, 2H), 7.67 (dd, J = 9, 2 Hz, IH),
7.73-7.82 (m, 2H), 8.02-8.12 (m, 2H), 8.45 (d, J =
2.53 Hz, IH). HR-MS (m/z, MH+): meas. 407.1987
Examples 2-38, 106-119: The following table (Table 1)
lists examples of compounds prepared by Route A in a
similar fashion to that described above. Table
1PENTAMETHINE CYANINE AZO COMPLEX DYE COMPOUNDS FOR
OPTICAL DATA RECORDING The present invention relates
to specific pentamethine cyanine azo complex dye
compounds and their use as dyes in optical layers for
optical data recording, preferably for optical data
recording using a laser with a wavelength from 630 to
670 nm. The invention further relates to an optical
layer comprising said dyes and to a write only read
many (WORM) type optical recording medium capable of
recording and reproducing information with radiation
of a red laser, which employs said pentamethine
cyanine azo complex type dye in the optical layer.
Recently, organic dyes have attracted considerable
attention in the field of diode-laser optical storage.
Commercial recordable compact discs (CD-R) and
recordable digital versatile discs (DVD-R) can
contain, as recording layer, numerous dyes based on
phthalocyanine, hemicyanine, cyanine and metallized
azo structures. These dyes are suitable in their
respective fields with the laser wavelength criteria.
Other general requirements for dye media are strong
absorption, high reflectance, high recording
sensitivity, low thermal conductivity as well as light
and thermal stability, durability for storage and
non-toxicity. For industrial application, organic dyes
in the field of diode-laser optical storage have to be
suitable for the spin coating process to prepare thin
films, i.e. they have to be sufficiently soluble in
the organic solvents generally applied in the spin
coating process. Write only read many (WORM) type and
erasable type optical recording media reproduce
information by detecting variations in the
reflectivity caused by physical deformation, by
alterations of optical characteristics as well as by
phase properties and magnetic properties of a
recording layer before and after the recording.
Recordable compact discs with a storage capabilities
up to 680 MBytes (CD-R) are an 



example of a WORM type optical recording medium.
Recently, digital versatile discs(DVD) with increased
information storage capabilities up to 4.7 GBytes and
the respective DVD-R have been commercialized. The
DVD-R technology currently adopts as a light source a
red diode laser with a wavelength of 630-670 nm.
Thereby the pit size and track interval can be
reduced, increasing the information storage capacity
by up to 6-8 times compared to CD-R' s . Blu-ray(r)
discs (Blu-ray(r) disc is a standard developed by
Hitachi Ltd., LG Electronics Inc., Matsushita Electric
Industrial Co. Ltd., Pioneer Corporation, Royal
Philips Electronics, Samsung Electronics Co. Ltd.,
Sharp Corporation, Sony Corporation, Thomson
Multimedia) are going to be the next milestone in
optical recording technology. Its new specification
increases the data storage up to 27 GBytes per
recording layer for a 12 cm diameter disc. By adopting
a blue diode laser with a wavelength of 405 nm (e.g.
by use of GaN or SHG laser diodes), the pit size and
track interval can be further reduced, again
increasing the storage capacity by an order of
magnitude. The construction of optical data recording
media is known in the art. An optical data recording
media generally comprises a substrate and a recording
layer, the optical layer. Usually discs or wavers of
organic polymeric materials are used as substrates.
Preferred substrates are polycarbonate (PC) or
polymethylmethacrylate (PMMA). The substrate has to
provide an even and uniform surface of high optical
quality. The optical layer is deposited thereon in a
thin and uniform film of high optical quality and
defined thickness. Finally, a reflective layer, e.g.
silver, gold or copper, is deposited upon the optical
layer. Advanced optical data recording media may
comprise further layers, such as protective layers,
adhesive layers or additional optical layers. To
provide for a thin and uniform film of the optical
layer, the material is usually deposited by spin
coating, vacuum evaporation, jet coating, rolling
coating, or soaking. The preferred process in industry
is spin coating to form an optical layer of about 70
nmto 250 nm thickness. For the application in the spin
coating process, the material of the optical layer has
to be highly soluble in organic solvents. For these
application in the field of optical data recording,
high lightfastness, high sensitivity, high readout
stability, good solubility in the solvents used in the
application, suitable temperature stability and
suitable decomposition temperature among other
parameters is required. EP 1 347 030 A discloses
Trimethine cyanine dyes and their use as light
absorbents. There was a need for dye compounds for
optical layers in optical data recording media, in
particular for DVD-R optical data recording media,
which meet todays technical requirements. Surprisingly
it has been found that compounds comprising certain
cationic pentamethine cyanine derivatives and certain
anionic azo metal complexes are useful as dye
compounds in optical layers for optical data recording
media, in particular for DVD-R optical data recording
media. In the following text, "halogen" represents F,
Cl, Br or I, preferably F, Cl or Br, more preferably F
or Cl, even more preferably Cl, if not otherwise
stated; "halide" represents F-, Cl-, Br- or I-,
preferably Cl- or I-, if not otherwise stated; "alkyl"
represents linear 



and branched alkyl; and "alkoxy" represents linear and
branched alkoxy; any alkyl and cycloalkyl groups being
unsubstituted, partially or completely substituted by
halogen; if not otherwise stated. Subject of the
invention is a compound of formula (I), Cat+ being a
compound of formula (II);An- being a compound of
formula (III); M represents a trivalent metal atom,
preferably selected from groups 3, 4 5, 6, 7, 8, 9,
10, 11 and 12 of the Periodic Table of the Chemical
Elements; R9 is n-butyl, allyl or propargyl; Rl
represents C1-10 alkyl; RlO, Rl 1, R12 and R13 are
identical or different and independently from each
other selected from the group consisting of H, CN,
CF3, halogen, NO , OH, SH, SO2-NR2 1R22, CO-R20,
SO2R20, CO-NR2 1R22, C1-10 alkyl, C3_i 0 cycloalkyl,
the C1-10 alkyl and the C3_i 0 cycloalkyl being
independently from each other unsubstituted or
substituted by 1 to 4identical or different
substituents, the substituents being independently
from each other selected from the group consisting OfC
1-10 alkyl, halogen, OH, CN, CF3, C6-I2 aryl and NR2
1R22, C -Ci aryl, O-C6_i 2 aryl, S-C -I aryl, the C -I
aryl and the 0-C -I aryl and the SC6- I2 aryl being
unsubstituted or substituted by 1 to 4 identical or
different substituents, the substituents being
independently from each other selected from the group
consisting OfC 1-10 alkyl, C -I0 cycloalkyl, OH, NO2,
CN, halogen, CF3, C6_i 2 aryl, O-d-10 alkyl, S-d-io
alkyl and NR2 1R22, O-Ci-io alkyl, S-d-io alkyl, O-C
3_i 0 cycloalkyl, S-C3_i 0 cycloalkyl, NHCOR 20 and
NR2 1R22; with the proviso, that if R9 is n-butyl,
then RlO is -NHCOCH 3; the R2 1 and R22 residues are
identical or different and independently from each
other selected from the group consisting of H, C1-10
alkyl, C6_i 2 aryl and Ci-12 alkyl-NR 23R24; the R23
and R24 residues are identical or different and
independently from each other selected from the group
consisting of H, C1-10 alkyl and C6_i 2 aryl; the R20
residues are identical or different and independently
from each other selected from the group consisting of
OH, Ci_6 alkyl, C6_i 0 aryl and O-Ci_6 alkyl.
Preferably, M is selected from the group consisting of
Co, Cr, Fe and Al; R9 is n-butyl, allyl or propargyl;
R l represents Ci_4 alkyl; RlO is H or -NHCOCH 3; with
the proviso, that if R9 is n-butyl, then R l Ois
-NHCOCH 3; R I l is H or NO2; R12 is NO2; R l 3 is H.
More preferably, M is selected from the group
consisting of Co, Fe and Al, more preferably Co; R9 is
n-butyl, allyl or propargyl; 



R l represents n-butyl;RlO is H or -NHCOCH3; with the
proviso, that if R9 is n-butyl, then RlO is -NHCOCH3;
R12 is NO2; RI l and Rl 3 are H. Especially, Cat+ is a
compound of formula (1); and An- is a compound of
formula (10), ( 11) or (12). (10)More especially, the
compounds of formula (I) are selected from the group
consisting of compounds of formulae (10 1), ( 11 2)
and (12 1).NComposition C A further subject of the
invention is a composition C comprising a component A
and a component B, the component A being a compound of
formula (I) as defined above, also with all its
preferred embodiments as described above, and the
component B being a compound of formula (10 20);
compound of formula (10) compound of formula (20) (10
20) with the compound of formula (10) being as defined
above.Component A comprises at least one, preferably
1, 2 or 3, more preferably of 1 or 2 compounds of
formula (I). Preferably component A is selected from
the group consisting of compound of formula (10 1), (
l l_l) and (12_l). More preferably, component A is the
compound of formula ( 11 1), or the compound of
formula (12 1), or component A consists of the
compound of formula ( 11 1) and the compound of
formula (12 1). Preferably, the ratio of the weight of
component A to the weight of component B in the
composition C is of from between 1 to 99 and 99 to 1,
more preferably of from between 10 to 90 and 90 to 10,
even more preferably of from between 20 to 80 and 80
to 20, especially of from between 50 to 50 and 80 to
20. Preferably, the composition C comprises preferably
10 to 100 % by weight, more preferably 25 to 100 % by
weight, even more preferably 50 to 100% by weight,
especially 75 to 100 % by weight, in particular 90 to
100 % by weight, based on the weight of the total
composition C, of the combined amounts of the
component A and component B. Preferably, further
components, which are present in the compositions C,
are the "further customary components" mentioned below
in the section "(d) Optical layer". Further subject of
the invention is the use of a compound of formula (I),
also in all the preferred embodiments of formula (I)
as described above, or of a composition C, also in all
the preferred embodiments of the composition C as
described above, in an optical layer, preferably in an
optical layer for optical data recording, more
preferably the use of a compound of formula (I) or of
a composition C as a dye in an optical layer for
optical data recording. Further subject of the
invention is the use of a compound of formula (I),
also in all the preferred embodiments of formula (I)
as described above, or of a composition C, also inall
the preferred embodiments of the composition C as
described above, as dye compounds in DVD-R optical
data recording media. 



Further subject of the invention is the use of a
compound of formula (I), also in all the preferred
embodiments of formula (I) as described above, or of a
composition C, also in all the preferred embodiments
of the composition C as described above, in a write
only read many (WORM) type optical data recording
medium capable of recording and reproducing
information with radiation of a laser, preferably of a
red laser at a wavelength from 630 to 670 nm, more
preferably at around 650 nm, which comprises an
optical layer comprising at least one compound of
formula (I). Preparation of the Composition C A
further subject of the invention is the use of a
compound of formula (10 20) for the preparation of a
composition C. A further subject of the invention is
the use of a compound of formula (I) as defined above,
also in all it's preferred embodiments, for the
preparation of a composition C. A further subject of
the invention is a process for the preparation of the
composition (C) comprising the components (A) and (B),
by physically combining the (individual) components
(A) and (B). The composition (C) is prepared by
physically combining the (individual) components (A)
and (B), preferably by blending or mixing, the
blending or mixing is preferably done in the solid,
molten or dissolved state of the components;
preferably the blending or mixing is done by dry
blending, by mixing the slurries or the solutions of
the components; or the mixing is done by a combination
of any of the mentioned measures. For the dry
blending, the component (A) is mixed physically with
the component (B) in a mill, in a shaker or in any
other mechanical device leading to homogeneous mixture
of components (A) and (B).For the slurry blending,
also called wet mixing, the component (A) is mixed
physically with the component (B) in a solvent. The
solvent is preferably at least one organic solvent,
water or a mixture of at least one organic solvent
with water. In the case that the components are
blended in form of their solutions, the components are
dissolved in the solvent either individually or in
form of a premixture of the components. More
preferably, the solvent is selected from the group
consisting of alcohols, chlorinated solvents and
ketones, even more preferably of methanol, ethanol,
propanol, butanol, tetrafluoropropanol,
dichloromethane, chloroform, acetone, methyl ethyl
ketone and methyl tert-butyl ketone. To obtain dry
blends from the slurry or the solution, the solvent is
removed by conventional methods known in the art,
preferably by filtration or distillation, and the
resulting presscake is dried. Preparation of the
Compounds of Formula (I) and (10 20) A further subject
of the invention is a process for the preparation of a
compound of formula (I), also in all their preferred
embodiments of the formula (I) as described above,
especially of a compound of formulae (10 1), ( 11 1)
or (12 1), by metathesis reaction between a compound
of formula (III 6), [compound of formula (III)
compound of formula (6) (III 6)| the compound of
formula (III) also being in all the preferred aspects
of the formula (III) as described above, 



and the a compound of formula (Il salts); [compound of
formula (II) anion(II) (II salts)]the compound of
formula (II) also being in all the preferred aspects
of the formula (II) as described above, the anion(II)
being selected from the group consisting of halides,
preferably chloride, bromide and iodide, even more
preferably being iodide. Preferably, the compound of
formula (Il salts) is a compound of formula ( I I).
Metathesis reaction within the meaning of the
invention signifies an exchange of ions between
different salts. The metathesis reaction is done
preferably by mixing the respective compounds of
formula (III 6) with the respective compounds of
formula (Il salts). The metathesis reaction can be
carried out in suspension or in solution, preferably
it is carried out in suspension. The solvents that can
be used for the metathesis reaction are water,
solvents and mixtures thereof. The solvents are
preferably selected from the group consisting of Ci_8
alcohols, nitriles, preferably acetonitrile, acetone,
aromatic solvents such as toluene or chlorobenzene,
DMF, DMSO, NMP. More preferred solvents are Ci_s
alcohols and nitrile, especially ethanol and
acetonitrile. The metathesis reaction is generally
done at temperatures between 200C to 200 0C,
preferably at temperatures between 500C to 1700C,
particularly preferably attemperatures between 600C to
1500C, further particularly preferably the metathesis
reaction is carried out at reflux temperature under
atmospheric pressure. The metathesis reaction is
preferably done under atmospheric pressure.
Particularly, the metathesis reaction is carried out
under reflux at the reflux temperature of the solvent
system used at atmospheric pressure. Preferably, the
reaction time for the metathesis reaction is
preferably of from 30 min to 30 hours, more preferably
of from 1 hour to 24 hours. Preferably the compounds
of formula (I) are isolated following standard
methods, usually they form a precipitate, which is
preferably isolated by filtration and dried. When the
compounds of formula (I) are prepared, and also
depending on the molar ratio between the compound of
formula (III 6) and the compound of formula (Il
salts), the cation of the compound of formula (III 6)
may not be exchanged completely against the cation of
the compound of formula (Il salts), resulting in a
mixture of compounds comprising a compound of formula
(III 6), a compound of formula (I) and possibly a
compound of formula (Il salts). Preferably, compounds
of formulae (10 6), ( 11 6) or (12 6), as specified in
table (AA), were used for the metathesis reaction.
Another subject of the invention is the use of a
compound of formula (III 6), also in all it's
preferred embodiments as described above, especially
the use of a compound of formula (10 6), ( 11 6) or
(12 6), for the preparation of a compound of formula
(I).Another subject of the invention is a compound of
formula (Il salts), also in all it's preferred
embodiments as described above, especially a compound
of formula (I I). Another subject of the invention is
the use of a compound of formula (Il salts), also in
all it's preferred embodiments as described above,
especially the use of a compound of formula (I I), for
the preparation of a compound of formula (I). The
compound of formula (10 20) can be prepared in analogy
to the procedure for the 



preparation of the compounds of formula (I), by using
the respective precursor, i.e. a compound of formula
(20_salts), instead of a compound of formula (Il
salts), and a compound of formula (10 6), lcompound of
formula (20) anion(II) (20 salts)! with the anion(II)
being as defined above. Preparation of An- The
compound of formula (III 6), also in all the preferred
embodiments of the formula (III 6) as described above,
especially a compound of formulae (10 6), ( 1 1 6) or
(12 6) as defined in table (AA), is prepared by a
complexing reaction of a respective metal salt with
the respective compound of formula (d), in the
presence of triethylamine, RlOwith R9, RlO, Rl 1, R12
and Rl 3 being as defined in formula (III), also in
all their preferred embodiments as described above.
Particularly the compounds of formulae (10 6), ( 11 6)
or (12 6) are prepared by a complexing reaction of a
respective metal salt with the respective compounds of
formulae (dl), (d2) or (d3), also called azo ligands,
in the presence of triethylamine with in situ
formation of compound of formula (6) by protonation.
(d3)The complexing reaction is preferably done using
the required stoichiometric ratios between the azo
ligands and the metal salt; each of the reactants may
be used in excess with respect to the other reactant,
preferably one equivalent of a metal salt and two
equivalents of the combined amounts of one or two,
preferably of one azo ligand, are used. Preferably,
the complexing reaction is done with a solution of one
equivalent of a metal salt and with a boiling solution
of two equivalents of the respective azo ligands.
Preferably, the complexing reaction is done with a
trivalent metal salt, more preferably Co, Fe or Al. In
another preferred embodiment, the complexing reaction
is done with a divalent metal salt, more preferably Co
or Fe, under aerobic conditions. More preferably,
particularly in case of the compounds of formulae (10
6), ( 11 6) or (12 6), the metal of the metal salt is
derived from a divalent metal, and the complexing
reaction is carried out in the presence of preferably
1 to 4, more preferably 2.5 to 4, even more preferably
2.9 to 3.2, especially 3 equivalents of triethylamine
for each equivalent of the combined amounts of the
ligands under aerobic conditions. The aerobic
condition ensures, that the divalent metal atom is
converted during the complexing reaction to a
trivalent metal atom, and that the trivalent metal
atom is incorporated into its four-fold coordination
in the complex, resulting in an anionic charge on the
final complex. The azo ligand can be added to the
metal salt or vice versa. Preferably, compound of
formula (6) is formed during the complexing reaction,
more preferably compound of formula (6) is formed
during the complexing reaction when a metal salt
derived from a divalent metal is used in the presence
of triethylamine under aerobic conditions in the
complexing reaction, with the metal salt being
especially preferably CoSO4*7H2O or FeSO4*7H2O. The
complexing reaction can be carried out in suspension
or in solution, preferably in 



solution.The solvent preferably used in the complexing
reaction is water, a non-aqueous solvent or a mixture
thereof. The non-aqueous solvent is preferably
selected from the group consisting of Ci_8 alcohols,
nitriles, preferably acetonitrile, ketones, preferably
acetone, aromatic solvents, preferably toluene or
chlorobenzene, and dipolar aprotic solvents,
preferably DMF, DMSO, NMP, pyridine and mixtures
thereof. More preferred solvents are Ci_8 alcohols,
especially ethanol, acetonitrile and pyridine. The
solvent used for the complexing reaction can be
different from the solvent used for the metathesis
reaction. It is also possible to add the metal salt
already at an earlier stage of the synthesis of the
azo ligand or their precursors, preferably before,
during or after the azo coupling reaction, more
preferably after the azo coupling reaction to the
resulting suspension or solution of the azo ligand.
The complexing reaction and the metathesis reaction
can be carried out separately in two steps, or jointly
in one step. Even more preferably, the compounds of
formula (III 6) are isolated after synthesis, and the
metathesis reaction is carried out in a separate step.
The complexing reaction is preferably done at a
temperature of from 00C to 200 0C, more preferably of
from 5C to 1700C, even more preferably of from 200C to
1500C, particularly of from 600C to 1500C. The
complexing reaction is preferably done under
atmospheric pressure. Particularly, the complexing
reaction is carried out under reflux at the reflux
temperature of the solvent system used at atmospheric
pressure. Preferably, the reaction time for the
complexing reaction is preferably of from 30 min to 30
hours, more preferably of from 1 hour to 24
hours.Preferably the compound of formula (III 6) is
isolated following standard methods, usually the
compound of formula (III 6) forms a precipitate which
is isolated, preferably by filtration, and preferably
followed by drying. The metal salt is a derived from a
divalent or a trivalent metal with the metal selected
preferably from the group consisting of Co, Al, Fe and
Cr. The salts of these metals are preferably sulfates,
halides (preferably fluoride, chloride, bromide,
iodide, more preferably chloride and bromide,
especially chlorides) and salts of organic acids,
preferably acetates, and their respective hydrates. In
case of a divalent metal the metal has to be converted
to its trivalent form. Preferably this is done during
complexing reaction at presence of triethylamine under
aerobic conditions. Preferred metal salts are derived
from Co, Fe and Al. More preferred metal salts are for
example cobalt-, iron- or aluminium-halides, more
preferable chlorides, cobalt-, iron- or
aluminium-sulfates; cobalt- or aluminium-acetates, and
their respective hydrates, especially preferably
AlCl3, Al2(SO4)S, Al2(SO4)S* 18 H2O, CoSO4*7 H2O and
FeSO4 7H2O, FeCl3*H2O, FeCl3*6H2O,
Co(acetylacetonate)3,Fe(acetylacetonate)3,
Fe2(SO4)3*xH2O or iron salts of organic acids,
preferable formate, gluconate, citrate and oxalate.
More preferably the complexing reaction is done with a
metal salt derived from a divalent metal under aerobic
conditions, with the metal salt preferably being 



CoSO4*7H2O or FeSO4*7H2O, preferably in the presence
of triethylamine. The compounds of formula (d),
especially the compounds of formula (dl), (d2) and
(d3), are preferably prepared by an azo coupling
reaction of the respective compound of formula (c),
especially the compounds of formula (cl), (c2) and
(c3), also called coupling agent, with the respective
compound of formula (b), also called diazo component;
the compound of formula (b) being preferably prepared
by diazotization reaction of the respective compound
of formula (a), also called amine compound;wherein R9,
RlO, Rl 1, R12 and R13 have the same meaning as
described above, also with all their preferred
embodiments. The diazo component has preferably
chloride Cl- as counter ion, since the diazotization
reaction of the amine compound preferably is done in
aqueous hydrochloride acid. The amine compounds are
known substances and can be prepared according to or
in analogy to known procedures. It is possible to use
more than one amine component and/or more than one
coupling agent resulting in the respective mixture of
the azo ligands. The azo coupling reaction is
preferably carried out in suspension or in solution.
The azo coupling reaction is preferably carried out in
water, non-aqueous solvents and in mixtures thereof.
Non-aqueous solvents are preferably selected from the
groupconsisting of alcohols, more preferably methanol,
ethanol, propanol, butanol, pentanol, dipolar aprotic
solvents, preferably dimethylformamide (DMF), DMSO,
dimethylacetamide or N-methyl-pyrrolidinone (NMP) and
pyridine, and waterimmiscible solvents, preferably
toluene or chlorobenzene. More preferably the azo
coupling reaction is carried out in water. The azo
coupling reaction is preferably carried out with a
stoichiometric ratio between the coupling component
and the diazo component. The azo coupling reaction is
generally done at a temperature of from -300C to
1000C, preference being given to temperatures of -100C
to 300C, and particular preference to temperatures of
-5C to 300C. The azo coupling reaction may be carried
out in an acidic as well as in an alkaline medium.
Preference is given to pH < 10, particular preference
to pH 3 to 9. Preferably, the reaction time for the
azo coupling reaction is preferably of from 30 min to
30 hours, more preferably of from 1 hour to 24 hours.
Preferably, the azo coupling reaction is done under
atmospheric pressure. Preferably the azo ligand is
isolated following standard methods, in case of a
precipitate preferably by filtration followed
preferably by washing and drying. A further subject of
the invention is a process for the preparation of the
compound of formula (c), i.e. the coupling agent, by a
condensation reaction of an intermediate amide, i.e.
of a compound of formula (c amide), with a compound of
formula (c aaester), preferably under basic
conditions; and a further subject of the invention is
a process for the preparation of the intermediate
amide, i.e. the compound of formula (c amide), by a
condensation reaction of a respective amine compound,
i.e. of a compound of formula (c amine), with
cyanoacetic acid ethylester, i.e. compound of formula
(c cyanoaaester); R9 in the formulae having the same
meaning as described above, also with all its
preferred embodiments.(c cyanoaaester) (c_aaester) (c
amide ; The compound of formula (c amine) is a known
substance and can be prepared 



according to or in analogy to known procedures. The
intermediate amide, i.e. the compound of formula (c
amide), can be isolated after precipitation or by
distillation, preferably it is not isolated and the
two steps are carried out without isolation of the
intermediate amide. Each condensation reaction
resulting in the compound of formula (c) or in the
compound of formula (c amide) respectively, is
preferably carried out in non-aqueous solvents and in
mixtures thereof. Non-aqueous solvents are preferably
selected from the group consisting of alcohols, more
preferably methanol, ethanol, propanol, butanol,
pentanol, further dipolar aprotic solvents, preferably
dimethylformamide (DMF), DMSO, dimethylacetamide or
N-methyl-pyrrolidinone (NMP) and pyridine, and further
water-immiscible solvents, preferably toluene,
chlorobenzene, hexane, cyclohexane or heptane. More
preferably the condensation reaction is carried out in
toluene or ethanol. Each condensation reaction is
preferably carried out with a stoichiometric ratio
between the compound of formula (c aaester) and the
compound of formula (c amine); and between the
compound of formula (c amine) and the compound of
formula (c_cyanoaaester) respectively. Each
condensation reaction is preferably done at a
temperature of from 00C to 2000C, more preferably of
from 100C to 1800C, even more preferably of from 25C
to 1500C.Preferably, water and/or ethanol formed
during the condensation reaction is distilled off
during the reaction. The reaction time for each
condensation reaction is preferably of from 30 min to
30 hours, more preferably of from 1 hour to 24 hours.
Preferably, each condensation reaction is done under
atmospheric pressure. The condensation reaction for
the preparation of the compound of formula (c), i.e.
for the coupling agent, is preferably carried out in
the presence of a organic or inorganic base as
catalyst, preferably selected from the group
consisting of alkaline hydroxides, preferably NaOH and
KOH, further organic aromatic amines, preferably
pyridine, further organic alkylamines, preferably
triethylamine, piperidine and lutidine, further
sodium- or potassium alcoholates, preferably sodium
methoxide or sodium ethoxide, and further basic ion
exchange resins. Preferably the coupling agent is
isolated following standard methods, in case of a
precipitate preferably by filtration followed
preferably by washing and drying, in case of a
solution, the solution is preferably concentrated
until precipitation, preferably by distillation.
Preparation of Cat+ Another subject of the invention
is the preparation of a compound of formula (Il
salts), especially of the compound of formula (I I),
by a condensation reaction between compound of formula
(Ilc salt) and compound of formula (Hd), wherein Rl
has the same meaning as described above, also with all
its preferred embodiments; and the anion(II) being as
defined above with all its preferred embodiments, more
preferably anion(II) in chloride or iodide, even more
preferably, in case of the compound of formula (Ilc
salt), anion(II) is iodide, and in case of the
compound of formula (Hd), anion(II) is
chloride.anion(II) (Ilc salt) (lid) 



The condensation reaction is carried out in
non-aqueous solvents and in mixtures thereof.
Non-aqueous solvents are preferably selected from the
group consisting of acetic acid or anhydride acetic;
more preferably anhydride acetic is used. To
neutralize the HCl of commercially available compound
of formula (Hd), one equivalent of sodium acetate was
also added. The condensation reaction is preferably
done at a temperature of from 00C to 2000C, more
preferably of from 200C to 1500C, even more preferably
of from 300C to 1200C. Preferably, the condensation
reaction is carried out under reflux at the reflux
temperature of the solvent system used and at
atmospheric pressure. The condensation reaction time
is preferably of from 10 min to 1 week. Preferably the
compound of formula (Il salt) is isolated following
standard methods, in case of a precipitate preferably
by filtration followed preferably by drying. Another
subject of the invention is the use of a compound of
formula (Ilc salt) for the preparation of a compound
of formula (Il salts). Another subject of the
invention is the use of a compound of formula (Hd) for
the preparation of a compound of formula (Il salts).
The compounds of formula (Ilc salt) are preferably
prepared by alkylation reaction of the commercially
available compound of formula (lib), with the
respective compound of formual (Ha) acting as an
alkylating agent; the anion(II cov) being selected
from thegroup consisting halogen, preferably Cl, Br
and I, even more preferably I; the Rl having the same
meaning as described above, also with all its
preferred embodiments. I cov) (lib) (Ha) The
alkylation reaction is carried out in non-aqueous
solvents and in mixtures thereof. Non-aqueous solvents
are preferably selected from the group consisting of
aromatic solvents, alcohols, ketones or acetonitrile;
more preferably from ketones or substituted benzenes,
even more preferably ethylmethylketone is used. The
alkylation reaction is preferably carried out with
excess of alkylating agent, more preferably the molar
ratio of alkylating agent to compound of formula (lib)
is of from 5 to l . The alkylation reaction is
preferably done at a temperature of from 00C to 2000C,
more preferably of from 200C to 1000C, even more
preferably of from 300C to 900C. Preferably, the
alkylation reaction is carried out under reflux at the
reflux temperature of the solvent system used and at
atmospheric pressure. The alkylation reaction time is
preferably of from 10 min to 1 week. Preferably the
compound of formula (Ilc salt) is isolated following
standard methods, in case of a precipitate preferably
by filtration followed preferably by drying. Another
subject of the invention is a compound of formula (Il
salts), wherein the compound of formula (II) is
compound of formula (1), and the anion(II) is selected
from the group consisting of halides, preferably
chloride, bromide and iodide, even more preferably
iodide; especially a compound of formula (I
I).Preparation of compound of formula (20_salts) The
compound of formula (20_salts), especially the
compound of formula (20 1), is prepared by an
alkylation reaction of a compound of formula (2Od)
with a compound of formula (2O aIk) acting as
alkylating agent, the anion(II cov) being selected
from the 



group consisting halogen, preferably Cl, Br and I,
even more preferably I . ov) (2Od) Preferably, the
alkylation reaction is carried out in suspension or in
solution, even more preferably in solution. The
alkylation reaction is preferably carried out in
non-aqueous solvents and in mixtures thereof.
Non-aqueous solvents are preferably selected from the
group consisting of aromatic solvents, alcohols,
ketones or acetonitrile; more preferably from ketones
or substituted benzenes, even more preferably
ethylmethylketone or chlorobenzene is used.The
alkylation reaction is preferably carried out with
excess of alkylating agent, more preferably the molar
ratio of alkylating agent to compound of formula (2Od)
is of from 5 to 1. The alkylation reaction is
preferably done at a temperature of from 00C to 2000C,
more preferably of from 200C to 1000C, even more
preferably of from 300C to 900C. The alkylation
reaction time is preferably of from 10 min to 1 week.
The alkylation reaction is preferably done under
atmospheric pressure Preferably, the alkylation
reaction is done under reflux and atmospheric
pressure. Preferably the compound of formula
(20_salts) is isolated following standard methods, in
case of a precipitate preferably by filtration
followed preferably by drying. The compound of formula
(2Od) is prepared by an azo coupling reaction of the
compound of formula (20a), also called coupling agent,
with a compound of formula (20b), also called diazo
component; the compound of formula (20b) being
preferably prepared by diazotization reaction of a
compound of formula (20c), also called amine compound;
(20a) (20b) (20c)The diazo component has preferably
chloride Cl- as counter ion, since the diazotization
reaction of the amine compound preferably is done in
aqueous hydrochloride acid. The amine compound and the
coupling agent are known and commercially available
substances. The azo coupling reaction is preferably
carried out in suspension or in solution. The azo
coupling reaction is preferably carried out in water,
non-aqueous solvents and in mixtures thereof.
Non-aqueous solvents are preferably selected from the
group consisting of alcohols, more preferably
methanol, ethanol, propanol, butanol, pentanol,
dipolar aprotic solvents, preferably dimethylformamide
(DMF), DMSO, dimethylacetamide or
N-methyl-pyrrolidinone (NMP) and pyridine, and
waterimmiscible solvents, preferably toluene or
chlorobenzene. More preferably the azo coupling
reaction is carried out in water, methanol or in
mixture thereof. The azo coupling reaction is
preferably carried out with a stoichiometric ratio of
coupling component and diazo component. The azo
coupling reaction is generally done at a temperature
of from -300C to 1000C, preference being given to
temperatures of -100C to 300C, and particular
preference to temperatures of -5C to 300C. Preferably,
the reaction time for the azo coupling reaction is
preferably of from 30 min to 30 hours, more preferably
of from 1 hour to 24 hours. 



Preferably, the azo coupling reaction is done under
atmospheric pressure. The azo coupling reaction may be
carried out in an acidic as well as an alkaline
medium. Preference is given to pH < 10, particular
preference to pH 3 to 9. Preferably the azo ligand is
isolated following standard methods, in case of a
precipitate preferably by filtration followed
preferably by drying.A further subject of the
invention is the use of a compound of formula (Il
salts), also with all their preferred embodiments as
defined above, for the preparation of compounds of
formula (I). Optical Layer and Optical Data Recording
Medium A further subject of the invention is an
optical layer, preferably for optical data recording,
comprising at least one compound of formula (I), with
the compound of formula (I) also in all its above
described embodiments, particularly at least one
compound of formula (10 1), ( 11 1), or (12 1),
preferably comprising a composition C, with the
composition C also in all its above described
embodiments; and the use of said optical layer for
optical data recording media. An optical layer
according to the invention comprise preferably at
least one, preferably two or three, more preferably
three compounds of formula (I). A further subject of
the invention therefore is an optical data recording
medium comprising an optical layer comprising at least
one compound of formula (I), preferably comprising a
composition C. Preferably, subject of the invention is
a DVD-R optical data recording media, which comprises
an optical layer comprising at least one compound of
formula (I), preferably comprising a composition C.
Preferably, subject of the invention is a write only
read many (WORM) type optical data recording medium
capable of recording and reproducing information with
radiation of a laser, preferably of a red laser at a
wavelength from 630 to 670 nm, more preferably at
around 650 nm, which comprises an optical layer
comprising at least one compound of formula (I),
preferably comprising a composition C. Further, the
invention relates to a method for producing an optical
layer comprising the following steps (a) providing a
substrate, (b) dissolving at least one compound of
formula (I), particularly at least one compound of
formula (10 1), ( 11 1), or (12 1), preferably
dissolving a composition C, in an organic solvent to
form a solution,(c) coating the solution (b) on the
substrate (a), (d) evaporating the solvent to form an
optical layer. (a) Substrate The substrate, which
functions as support for the layers applied thereto,
is advantageously semi-transparent (transmittance
T>10%) or preferably transparent (transmittance
T>90%). The support can have a thickness of from 0.01
to 10 mm, preferably from 0.1 to 5 mm. Suitable
substrates are, for example, glass, minerals, ceramics
or thermosetting or thermoplastic plastics. Preferred
supports are glass and homo- or co-polymeric plastics.
Suitable plastics are, for example, thermoplastic
polycarbonates, polyamides, polyesters, polyacrylates
and polymethacrylates, polyurethanes, polyolef ns,
polyvinyl chloride, polyvinylidene fluoride,
polyimides, thermosetting polyesters and epoxy 



resins. The most preferred substrates are
polycarbonate (PC) or polymethylmethacrylate (PMMA).
The substrate can be in pure form or may also comprise
customary additives, for example UV absorbers as
light-stabilizers for the optical layer. The substrate
is advantageously transparent over at least a portion
of the range from 350 to 500 nm, so that it is
permeable to at least 90% of the incident light of the
writing or readout wavelength. (b) Organic solvents
Organic solvents are selected from the group
consisting of Ci_s alcohols, halogen substituted Ci_s
alcohols, Ci_s ketones, Ci_s ethers, halogen
substituted Ci_4 alkanes, nitriles, preferably
acetonitrile, and amides, and mixtures thereof.
Preferred Ci_8 alcohols or halogen substituted Ci_8
alcohols are for example methanol, ethanol,
isopropanol, diacetone alcohol (DAA),
2,2,3,3-tetrafluoropropan-l-ol, trichloroethanol,
2-chloroethanol, octafluoropentanol or
hexafluorobutanol, more preferred
2,2,3,3-tetrafluoropropan-l-ol.Preferred Ci_s ketones
are for example acetone, methylisobutylketone,
methylethylketone, or 3-hydroxy-3-methyl-2-butanone.
Preferred halogen substituted Ci_4 alkanes are for
example chloroform, dichloromethane or 1-chlorobutane.
Preferred amides are for example DMF,
dimethylacetamide or NMP. (c) Coating methods Suitable
coating methods are, for example, immersion, pouring,
brush-coating, bladeapplication and spin-coating, as
well as vapor-deposition methods carried out under a
high vacuum. When pouring methods are used, solutions
in organic solvents are generally used. When solvents
are employed, care should be taken that the supports
used are insensitive to those solvents. The optical
layer is preferably applied by spincoating with a dye
solution. (d) Optical layer The optical layer is
preferably arranged between the transparent substrate
and the reflecting layer. The thickness of the
recording layer is from 10 to 1000 nm, preferably from
30 to 300 nm, more preferably from 70 to 250 nm,
especially about 80 nm, for example from 60 to 120 nm.
The optical layer comprises a compound of formula (I),
preferably it comprises a composition C, preferably in
an amount sufficient to have a substantial influence
on the refractive index, more preferably at least 30 %
by weight, even more preferably at least 60 % by
weight, especially at least 80 % by weight, the % by
weight always based on the total weight of the optical
layer. Further customary components are stabilizers,
for example 1O -, triplet- or luminescence quenchers,
melting-point reducers, decomposition accelerators or
any other additives that have already been described
in optical data recording media. Preferably,
stabilizers or fluorescence-quenchers are added if
desired.Stabilizers, 1O-, triplet- or
luminescence-quenchers are, for example, metal
complexes of N- or S-containing enolates, phenolates,
bisphenolates, thiolates or bisthiolates, hindered
phenols and derivatives thereof such as
o-hydroxyphenyl-triazoles or -triazines or other UV
absorbers, such as hindered amines (TEMPO or HALS, as
well as 



nitroxides or NOR-HALS), and also as cations
diimmonium, ParaquatTM or Orthoquat salts, such as
(c)Kayasorb IRG 022, (c)Kayasorb IRG 040, optionally
also as radical ions, such as
N,N,N',N'-tetrakis(4-dibutylaminophenyl)-p-phenylene
amine-ammonium hexafluorophosphate,
hexafluoroantimonate or perchlorate. The latter are
available from Organica (Wolfen/DE); (c)Kayasorb
brands are available from Nippon Kayaku Co. Ltd. In a
preferred aspect, the present invention provides for
an optical layer suitable for high-density recording
material, e.g. of the WORM disc format, in a laser
wavelength range of from 350-450nm, preferably around
405 nm. Preparation of the optical data recording
medium A method for producing an optical data
recording medium comprising an optical layer according
to the invention usually comprises the following
additional steps (e) applying a metal layer, also
called reflective layer, onto the optical layer, (f)
applying a second polymer based layer to complete the
disk, also called cover layer or protective layer. (e)
Reflective layer The application of the metallic
reflective layer is preferably effected by sputtering,
vapor-deposition in vacuum or by chemical vapor
deposition (CVD). The sputtering technique is
especially preferred for the application of the
metallic reflective layer. Reflecting materials
suitable for the reflective layer include especially
metals, which provide good reflection of the laser
radiation, used for recording and playback, for
example the metals of Main Groups III, IV and V and of
the Sub-groups of the Periodic Table of the Elements.
Al, In, Sn, Pb, Sb, Bi, Cu, Ag, Au, Zn, Cd, Hg, Sc, Y,
La, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Fe, Co, Ni, Ru,
Rh, Pd, Os, Ir, Pt, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb and Lu and alloys thereof are
especially suitable. Specialpreference is given to a
reflective layer of aluminum, silver, copper, gold or
an alloy thereof, on account of their high
reflectivity and ease of production. (f) Cover layer
Materials suitable for the cover layer include
plastics, which are applied in a thin layer to the
support or the uppermost layer either directly or with
the aid of adhesive layers. The material of the cover
layer may for example be the same as the material of
the substrate. It is advantageous to select
mechanically and thermally stable plastics having good
surface properties, which may be modified further. The
plastics may be thermosetting plastics and
thermoplastic plastics. Preference is given to
radiation-cured (e.g. using UV radiation) protective
layers, which are particularly simple and economical
to produce. A wide variety of radiation-curable
materials are known. Examples of radiation-curable
monomers and oligomers are acrylates and methacrylates
of diols, triols and tetrols, polyimides of aromatic
tetracarboxylic acids and aromatic diamines having
Ci_4 alkyl groups in at least two ortho-positions of
the amino groups, and oligomers with
dialkylmaleinimidyl groups, e.g. dimethyl maleinimidyl
groups. A high-density optical data recording medium
according to the invention therefore preferably is a
recordable optical disc comprising: a first substrate,
which is a transparent substrate with grooves, a
optical layer (recording layer), which is formed on
the first substrate surface using the compound of
formula (I), preferably using a 



composition C, a reflective layer formed on the
optical layer, a second substrate, which is a
transparent substrate connected to the reflective
layer with an attachment layer. The optical data
recording medium according to the invention is
preferably a recordable optical disc of the WORM type.
It may be used, for example, as a playable HD-DVD
(high density digital versatile disc) or Blu-ray(r)
disc, as storage medium for a computer or as an
identification and security card or for the production
of diffractive optical elements, for example
holograms.The optical data recording media according
to the invention may also have additional layers, for
example interference layers. It is also possible to
construct optical data recording media having a
plurality of (for example two) recording layers. The
structure and the use of such materials are known to
the person skilled in the art. Preferred, if present,
are interference layers that are arranged between the
recording layer and the reflecting layer and/or
between the recording layer and the substrate and
consist of a dielectric material OfTiO , S13N4, ZnS or
silicone resins. These optical data recording media
according to the invention can be produced by
processes known in the art. Readout methods The
structure of the optical data recording medium
according to the invention is governed primarily by
the readout method; known function principles include
the measurement of the change in the transmission or,
preferably, in the reflection, but it is also known to
measure, for example, the fluorescence instead of the
transmission or reflection. When the optical data
recording medium is structured for a change in
reflection, the following structures can be used:
transparent support / recording layer (optionally
multilayered) / reflective layer and, if expedient,
protective layer (not necessarily transparent); or
support (not necessarily transparent) / reflective
layer / recording layer and, if expedient, transparent
protective layer. In the first case, the light is
incident from the support side, whereas in the latter
case the radiation is incident from the recording
layer side or, where applicable, from the protective
layer side. In both cases the light detector is
located on the same side as the light source. The
first-mentioned structure of the recording material to
be used according to the invention is generally
preferred. When the optical data recording medium is
structured for a change in light transmission, the
following different structure comes into
consideration: transparent support/ recording layer
(optionally multilayered) and, if expedient,
transparent protective layer. The light for recording
and for readout can be incident either from the
support side orfrom the recording layer side or, where
applicable, from the protective layer side, the light
detector in this case always being located on the
opposite side. Suitable lasers are those having a
wavelength of 330-500 nm, for example commercially
available lasers having a wavelength of 405 to 414 nm,
especially semi-conductor lasers. The recording is
done, for example, point for point, by modulating the
laser in accordance with the mark lengths and focusing
its radiation onto the recording layer. It is known
from the specialist literature that other methods are
currently being developed which may also be suitable
for use. The process according to the invention allows
the storage of information with great reliability and
stability, distinguished by very good mechanical and
thermal stability and 



by high light stability and by sharp boundary zones of
the pits. Special advantages include the high
contrast, the low jitter and the surprisingly high
signal/noise ratio, so that excellent readout is
achieved. The readout of information is carried out
according to methods known in the art by registering
the change in absorption or reflection using laser
radiation. The invention accordingly relates also to a
method for the optical data recording, storage and
playback of information, wherein an optical data
recording medium according to the invention is used.
The recording and the playback advantageously take
place in a wavelength range of from 330 to 500 nm. The
compounds of formula (I), preferably the compositions
C, provide for particularly preferable properties when
used in optical layers for optical data recording
media according to the invention. They possess the
required optical characteristics, demonstrated when
used in the form of a solid film:  an advantageously
homogeneous, amorphous and low-scattering optical
layer,  a high refractive index at the longer
wavelength flank of the absorption band, which
preferably achieves n values of the refractive index
of from 1.0 to 3.0 in the range of from 330 to 500 nm,
a high sensitivity under laser radiation of high power
density and good playback characteristics in the
desired spectral range,  an enhanced photosensitivity
and stability (in daylight and under laser radiation
of low power density ) compared to dyes already known
in the art,  an uniform script width and a high
contrast,  an absorption maximum (lambda-max) in the
preferred range between 330 nm and 500 nm as being
preferred for blue laser applications, more precisely
from 380 to 460 nm,  a decomposition point (DP) in the
preferred temperature range between 1800C and 3000C,
more precisely 2000C to 2900C  a sufficient heat
release (HR) Recording performance of a compound is
related to specific parameters measured on disc like:
a low simulated bit error rate (SbER)  a low inner
parity error rate (PI error)  a high reflectivity (R)
a low laser recording power (Pw: power, or OPC:
optimum power control): the lower the better  good
readout stability at different laser reading powers
an appropriate partial response signal to noise ratio
(PRSNR): the higher the better The absorption edge is
surprisingly steep even in the solid phase. The
compounds of formula (I), preferably the compositions
C, also show a narrow decomposition temperature of 180
to 3500C, fitting with the thermal requirements.
Additionally, these compounds show a high solubility
in organic solvents, which is ideal for the
spin-coating process to manufacture optical layers.The
use of a compound of formula (I), preferably the use
of a composition C, in an optical layer for optical
data recording allows unexpectedly data recoding at
higher 



speeds than the conventional IX speed in HD-DVD and
Blu-ray-discs. As a result of the use of the dyes of
the invention, the recording media of the invention
advantageously have homogeneous, amorphous and low
scattering recording layers. Further advantages is the
light stability in day light and under laser radiation
of 0.4 mW, combined with a high sensitivity under
laser radiation of moderate, this means as low as
possible, power density (OPC preferably less than 8.0
mW for IX speed and preferably less than 11mW for 2X
speed), the good thermal and storage stability.
Especially in case of recording at higher speed, the
OPC required should be as low as possible.EXAMPLES
UV-vis For UV-vis spectra, l max and e values of a
compound are determined by using an UVvis
spectrophotometer, the compound was dissolved in CH Cl
, DMSO or in tfp. The values are obtained by balancing
the measurements performed on compound solutions at
three different concentrations. Melting point (MP) For
the determination of melting point, the compound or
the composition is incorporated in a glass capillary.
The capillary was heated using the following profile:
temperature range from 20 to 350 0C, heating rate 2
C/min. Thermal Decomposition: Decomposition point (DP)
and heat release (HR) For the determination of DP and
HR, the compound is incorporated into a sealed
aluminum pan. Analysis conditions are as following:
Temperature range from 25 to 4000C, heating rate
10C/min, nitrogen flow of 50 ml/min. Values are
determined by single measurement. Additionally,
thermal decomposition is also being observed while
measuring the melting point. Partial response signal
to noise ratio (PRSNR) A definition and the measuring
techniques of PRSNR are described in a book available
from DVD Format Logo Licensing Co., Ltd. for example,
Annex H of Version 0.9, PART 1 Physical
Specifications, DVD Specifications for High Density
Read-Only Disk. The higher the PRSNR the better.
Simulated bit error rate (SbER) A definition and the
measuring techniques of SbER are described in a book
available from DVD Format Logo Licensing Co., Ltd. for
example, Annex H of Version 0.9, PART 1 Physical
Specifications, DVD Specifications for High Density
Read-Only Disk. The lower the SbER the better.PRSNR
and SbER are measured in a state in which information
has been recorded in the adjacent tracks. Reflectivity
(R) A definition and the measuring techniques for the
light reflectivity (R) is described in a book
available from DVD Format Logo Licensing Co., Ltd. for
example, Annex D of Version 0.9, PART 1 Physical
Specifications, DVD Specifications for High Density
Read-Only Disk. The higher the R the better. Cycle
number The degree of degradation of various
parameters, e.g. of the PRSNR and SbER, due to
repetitive read out is measured. The higher the cycle
number until reaching the minimum specifications or a
comparable performance the better. 



"Ex." means example, "Comp. Ex." means comparative
example. Example 1 107.2 g of
2,3,3-trimethylindolenine and 183.9 g of butyliodide
were refluxed overnight in 160 ml of
ethylmethylketone. The temperature was cooled down to
400C and 120 ml of ethyl acetate were added dropwise.
Temperature was allowed to reach room temperature and
100 ml of ethyl acetate were again added. The
resulting precipitate was filtered and washed with 200
ml of ethyl acetate. The obtained solid was stirred in
400 ml of ethyl acetate and filtered again. The white
solid was washed with 1L of hexane and dried for 24 h
at 600C under vacuum to afford 190.7 g of compound of
formula (Ic I).20.6 g of compound of formula (Ic I)
are added to 50 ml of acetic anhydride followed by
addition of 8.0 g of compound of formula (Hd). The
obtained yellowish suspension is then heated to 1000C
until a dark-green solution is observed. 2.5 g of
sodium acetate are added to the reaction mixture which
is then heated to 1000C for 16 hours. The resulting
mixture is stirred for further 16 hours at 25C.
Temperature was cooled down to 00C, the precipitate
was filtered, washed with 100 ml of cold water and
dried under vacuum at 600C for 24 hours to afford 10.5
g of the compound of formula ( I I). Example 2 87 g of
cone aqueous HCl were added dropwise to a solution
composed of 54.7 g of compound of formula (20c) in 600
ml of methanol and 100 ml of water. Temperature was
decreased to 00C with an ice bath and 67.7 ml of a
solution of aqueous sodium nitrite (33.3% by weight)
were added dropwise while temperature was maintained
below 5C. The resulting solution was stirred at 00C
for 1.5 hour. 2 ml of a 10% aqueous solution of
amidosulfonic acid 10% were added and the mixture was
pumped into a mixture composed of 46.9 g of compound
of formula (20a), 85.9 g OfNa COs and 400 ml of
methanol. After complete addition, the mixture is
stirred for a further 1 hour at room temperature. The
brown precipitate was filtered, washed with 8000 ml of
water, dried under vacuum at 600C for 24 hours to
afford 85.9 g of compound of formula (2Od) as a brown
solid. The 85.4 g of compound of formula (2Od) were
suspended in 150 ml of methylethylketone, 95.3 g of
methyliodide were added and the resulting mixture was
refluxed for 48 hours. Temperature was cooled to room
temperature and the formed precipitate was filtered,
washed with 150 ml of methylethylketone and dried
under vacuum at 600C for 24 hours. 63.2 g of compound
of formula (20 1) were obtained as an orange solid.
Table (A4) shows the phys-chem properties of the
compound of formula (I I) and compound of formula (20
1) .Example 3a 34.65 g of ethyl cyanoacetate were
added dropwise to 17.48 g of allylamine. The resulting
mixture was refluxed for lhour. Temperature was cooled
down to 700C and 43.38 g of ethyl acetoacetate were
added dropwise followed by 48 g of piperidine and 166
ml of toluene respectively. The resulting mixture was
refluxed overnight. Toluene was distilled off, 160 ml
of water were added and the mixture was allowed to
cool to room temperature. The resulting slurry was
transferred dropwise to 150 ml of cold methanol (ice
bath). During the transfer, the pH is maintained to pH
1 by addition of 



concentrated aqueous HCl. The resulting yellowish
precipitate was filtered, washed 5 times with each 200
ml of water and dried under vaccum at 600C for 24
hours. 37.7 g of compound of formula (cl) were
obtained as a white solid. 8.68 g of
4-nitro-2-aminophenol were added to 100 ml of water
followed by dropwise addition of 16.1 g of
concentrated aqueous HCl. Temperature was cooled to
00C and 10.4 ml of a aqueous solution of sodium
nitrite (33.3% by weight) were added dropwise, keeping
the temperature below 5C. The yellow mixture was
stirred at this temperature for 1 hour. The mixture
was then pumped in a mixture containing 9.51 g of
compound of formula (cl) and 12.4 g of sodium acetate
in 200 ml of water. After complete addition, the
resulting mixture was stirred lhour at room
temperature. The resulting orange precipitate was
filtered, washed 6 times of each 250 ml of water and
dried under vacuum at 600C for 24 hours. 16.12 g of
compound of formula (dl) were obtained as a yellow
solid. 7.1 g of compound of formula (dl), 2.81 g
OfCoSO H2O and 100 ml of acetonitrile were refluxed
for 20 minutes. 6.13 g of triethylamine were added
dropwise and the resulting mixture was refluxed under
aerobic conditions for Ih 30 min. After being cooled
to room temperature, the solution was filtered and the
filtrate was distilled. Tothe resulting purple slurry
were added dropwise 100 ml of ethanol and the mixture
was refluxed for lhour. After being cooled to room
temperature, the greenish-brown precipitate was
filtered, washed with 50 ml of ethanol, 300 ml of
water and dried under vaccum at 600C for 24 hours.
8.06 g of compound of formula (10 6) were obtained as
a greenish-brown solid. Example 3b 5.14 g of compound
of formula (I I) dissolved in 100 ml of ethanol were
filtered before being added dropwise to a refluxing
mixture of 5 g of compound of formula (10 6) in 50 ml
of acetonitrile. After complete addition, reflux was
continued for four hours. The temperature was then
decreased to 5C and the formed precipitate was
filtered and washed with ethanol (50 ml). The solid
was dissolved in 250 ml of dichloromethane and
filtered through a short pad of celite. To the
filtrate was added 250 ml of ethanol and
dichloromethane was slowly evaporated. The precipitate
was filtered, washed respectively with 100 ml of
ethanol and 100 ml of water and finally dried for 24
hours at 600C under vacuum to afford 4 g of compound
of formula (10 1) as a green solid. Example 4a 5Og of
propargylamine was added in 20 minutes at room
temperature to 51.36g of cyano acetic acid ethylester
under nitrogen. The resulting mixture was stirred 12
hours at room temperature under nitrogen. The
precipitate was filtered, washed with toluene (75 ml)
and dried in vaccum at 800C to afford 48.57 g of
2-Cyano-iV-prop-2-inyl-acetamide. 51.79g of acetyl
acetic acid ethylester were dissolved in ethanol
(160ml) at room temperature under nitrogen. The
solution was cooled to 00C and 27.08g of sodium
ethylate were added. The resulting mixture was stirred
for 10 min. and 48.57g of 2-
cyano-V-prop-2-inyl-acetamide were added portionwise.
The suspension was refluxed for 15 hours while ethanol
was exchanged three times to remove the water formed
during the reaction. After being cooled to room
temperature, the mixture was dilute with ethanol, the
solid was filtered and dried in vacuum at 80 0C to
afford compound of 



formula (c2).The preparation of compound of formula
(d2) from compound of formula (c2) according to the
example 3a was done using 21.9 g of compound of
formula (c2) with regard to 2 1.5 g of the respective
amine compound to yield 36 g of compound of formula
(d2). The amine compound for diazotization was
2-amino-4-nitro-phenol. The preparation of compound of
formula ( 11 6) from compound of formula (d2)
according to example 3a was done using 17.1 g of
compound of formula (d2) with regard to 6.1 g of CoSO
-VH2O to yield 15.3 g of compounds of formula ( 11 6).
Example 4b Compound of formula ( 11 6) (2Ig), compound
of formula ( I I) (3Og) and triethanolamine ( 1Ig)
were refluxed 24 hours in ethanol (800ml). Temperature
was allowed to cool to room temperature and the
precipitate was filtered and washed with ethanol (3c
50ml). The greenish-brown solid was dissolved in
dichloromethane (800ml) and filtered through a pad of
celite. The green filtrate was concentrated under
reduce pressure until a volume of 200 ml. 200 ml of
ethanol were added and dichloromethane was removed
under reduce pressure. The precipitate was filtered,
washed with ethanol (3c40ml) and finally dried 24
hours at 600C under vacuum to afford 9.5g of the
desired compound. Example 5a 23.6 g of
2-amino-4-nitro-6-acetamido-phenol were added to 190
ml of water followed by dropwise addition of 36.0 g of
concentrated aqueous HCl. Temperature was cooled to
00C and 25.5 ml of a aqueous solution of sodium
nitrite (33.3% by weight) were added dropwise, keeping
the temperature below 5C. The yellow mixture was
stirred at this temperature for 1 hour. The mixture
was then pumped in a mixture containing 23.1 g of
compound of formula (c3) and 45.9 g of sodium acetate
in 210 ml of water. After complete addition, the
resulting mixture was stirred lhour at room
temperature. The resulting orange precipitate was
filtered, washed 8 times of each 100 ml of water and
dried under vacuum at 600C for 24 hours. 37.5 g of
compound of formula (d3) were obtained as a yellow
solid.22.9 g of compound of formula (d3), 15.O g of
CoSO 4 H2O and 1000 ml of acetonitrile were refluxed
for 20 minutes. 16.3 g of triethylamine were added
dropwise and the resulting mixture was refluxed under
aerobic conditions for Ih 30 min. After being cooled
to room temperature, the solution was filtered and the
filtrate was distilled. To the resulting purple slurry
were added dropwise 160 ml of ethanol and the mixture
was refluxed for lhour. After being cooled to room
temperature, the greenish-brown precipitate was
filtered, washed with 60 ml of ethanol, 180 ml of
water and dried under vaccum at 600C for 24 hours.
24.2 g of compound of formula (12 6) were obtained as
a greenish-brown solid. Example 5b Compound of formula
(12 6) ( 11.14 g) and compound of formula ( I I) (6.53
g) were refluxed for 5 hours in ethanol (160ml). After
being cooled to 00C (ice-bath), the precipitate was
filtered, successively washed with ethanol (2x10 ml),
water (2x10 ml) and finally dried for 24 hours at 600C
under vacuum to afford 13.4 g of the desired compound.
This latter was then dispersed in 600 ml of
dichloromethane and refluxed for 2 hours. The
suspension is then filtered while hot on a pad of
celite. The dark filtrate 



is concentrated under reduced pressure to dryness and
dried at 600C under vacuum to afford 10.4 g of the
desired compound. Example 6 9.4 g of compound of
formula (20 1) were refluxed for lhour in 150 ml of
ethanol. Temperature was decreased to 600C and the
solution was added dropwise to a refluxing mixture
composed of 10.4 g of compound of formula (10 6) and
100 ml of acetonitrile. After complete addition, the
mixture was refluxed for 4h. After being cooled to
room temperature, the precipitate was filtered, washed
with 30 ml of ethanol, 1000 ml of water and dried
under vaccum at 600C for 24 hours. 10.7 g of compound
of formula (10 20) were obtained as a brown
solid.Table (A6) shows the phys-chem properties of the
compounds of formulae (I) and compound of formula (10
20).CLAIMS 1. A compound of formula (I), An- Cat+ (I)
Cat+ being a compound of formula (II); An- being a
compound of formula (III); M represents a trivalent
metal atom, preferably selected from groups 3, 4 5, 6,
7, 8, 9, 10, 11 and 12 of the Periodic Table of the
Chemical Elements;R9 is n-butyl, allyl or propargyl; R
l represents C1-10 alkyl; RlO, R l 1, R12 and R13 are
identical or different and independently from each
other selected from the group consisting of H, CN,
CF3, halogen, NO , OH, SH, SO2-NR 2 1R22, CO-R 20,
SO2R20, CO-NR 2 1R22, C1-10 alkyl, C3_i 0 cycloalkyl,
the C1-10 alkyl and the C3_i 0 cycloalkyl being
independently from each other unsubstituted or
substituted by 1 to 4 identical or different
substituents, the substituents being independently
from each other selected from the group consisting OfC
1-10 alkyl, halogen, OH, CN, CF3, C6-I2 aryl and NR2
1R22, C -Ci 2 aryl, 0-C -I2 aryl, S-C6-I2 aryl, the
C6_i 2 aryl and the O-C 6_i 2 aryl and the SC6_ i 2
aryl being unsubstituted or substituted by 1 to 4
identical or different substituents, the substituents
being independently from each other selected from the
group consisting OfC 1-10 alkyl, C3_i 0 cycloalkyl,
OH, NO2, CN, halogen, CF3, C6_i 2 aryl, O-d-10 alkyl,
S-d-10 alkyl and NR2 1R22, O-d-10 alky S-Ci-I 0 alkyl,
0-C 3_io cycloalkyl, S-C 3_io cycloalkyl, NHCOR 20 and
NR2 1R22; with the proviso, that if R9 is n-butyl,
then RlO is -NHCOCH 3; the R2 1 and R22 residues are
identical or different and independently from each
other selected from the group consisting of H, C1-10
alkyl, C6_i 2 aryl and Ci-12 alkyl-NR 23R24; the R23
and R24 residues are identical or different and
independently from each other selected from the group
consisting of H, C1-10 alkyl and C6_i 2 aryl; the R20
residues are identical or different and independently
from each other selected from the group consisting of
OH, Ci_6 alkyl, C6_io aryl and O-Ci_6 alkyl. 2 . A
compound of formula (I) according to claim 1, M is
selected from the group consisting of Co, Cr, Fe and
Al; 



R9 is n-butyl, allyl or propargyl; R l represents Ci_4
alkyl; RlO is H or -NHCOCH 3;with the proviso, that if
R9 is n-butyl, then RlO is -NHCOCH3; RI l is H or NO2;
R12 is NO2; Rl 3 is H. 3. A compound of formula (I)
according to claim 1 or 2, M is selected from the
group consisting of Co, Fe and Al; R9 is n-butyl,
allyl or propargyl; Rl represents n-butyl; RlO is H or
-NHCOCH3; with the proviso, that if R9 is n-butyl,
then RlO is -NHCOCH3; R12 is NO2; RI l and Rl 3 are H.
4. A compound of formula (I) according to claim 1,
wherein Cat+ is a compound of formula (1); and An- is
a compound of formula (10), ( 11) or
(12).PHARMACEUTICAL COMPOUNDS This invention relates
to a pyrazole-containing aryl-alkylamine compound that
inhibits or modulates the activity of protein kinase B
(PKB), protein kinase A (PKA), ROCK kinase or p70S6K
kinase, to the use of the compound in the treatment or
prophylaxis of disease states or conditions mediated
by the said kinases, and to pharmaceutical
compositions containing the compound. More
specifically, the invention relates to a single
enantiomer of 2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol, pharmaceutical
compositions containing it and its therapeutic uses,
as well as methods for its preparation and novel
process intermediates. Background of the Invention
Protein kinases constitute a large family of
structurally related enzymes that are responsible for
the control of a wide variety of signal transduction
processes within the cell (Hardie, G. and Hanks, S.
(1995) The Protein Kinase Facts Book. I and II,
Academic Press, San Diego, CA). The kinases may be
categorized into families by the substrates they
phosphorylate (e.g., protein-tyrosine,
protein-serine/threonine, lipids, etc.). Sequence
motifs have been identified that generally correspond
to each of these kinase families (e.g., Hanks, S.K.,
Hunter, T., FASEB J., 9:576-596 (1995); Rnighton, et
ah, Science, 253:407-414 (1991); Hiles, et al, Cell,
70:419-429 (1992); Kunz, et al, Cell, 73:585-596
(1993); Garcia-Bustos, et al, EMBOJ., 13:2352-2361
(1994)). Protein kinases may be characterized by their
regulation mechanisms. These mechanisms include, for
example, autophosphorylation, transphosphorylation by
other kinases, protein-protein interactions,
protein-lipid interactions, and proteinpolynucleotide
interactions. An individual protein kinase may be
regulated by more than one mechanism. 



Kinases regulate many different cell processes
including, but not limited to, proliferation,
differentiation, apoptosis, motility, transcription,
translation and othersignalling processes, by adding
phosphate groups to target proteins. These
phosphorylation events act as molecular on/off
switches that can modulate or regulate the target
protein biological function. Phosphorylation of target
proteins occurs in response to a variety of
extracellular signals (hormones, neurotransmitters,
growth and differentiation factors, etc.), cell cycle
events, environmental or nutritional stresses, etc.
Appropriate protein kinases function in signalling
pathways to activate or inactivate (either directly or
indirectly), for example, a metabolic enzyme,
regulatory protein, receptor, cytoskeletal protein,
ion channel or pump, or transcription factor.
Uncontrolled signalling due to defective control of
protein phosphorylation has been implicated in a
number of diseases, including, for example,
inflammation, cancer, allergy/asthma, diseases and
conditions of the immune system, diseases and
conditions of the central nervous system, and
angiogenesis. Apoptosis or programmed cell death is an
important physiological process which removes cells no
longer required by an organism. The process is
important in early embryonic growth and development
allowing the non-necrotic controlled breakdown,
removal and recovery of cellular components. The
removal of cells by apoptosis is also important in the
maintenance of chromosomal and genomic integrity of
growing cell populations. There are several known
checkpoints in the cell growth cycle at which DNA
damage and genomic integrity are carefully monitored.
The response to the detection of anomalies at such
checkpoints is to arrest the growth of such cells and
initiate repair processes. If the damage or anomalies
cannot be repaired then apoptosis is initiated by the
damaged cell in order to prevent the propagation of
faults and errors. Cancerous cells consistently
contain numerous mutations, errors or rearrangements
in their chromosomal DNA. It is widely believed that
this occurs in part because the majority of tumours
have a defect in one or more of the processes
responsible for initiation of the apoptotic process.
Normal control mechanisms cannot kill the cancerous
cells and the chromosomal or DNA coding errors
continue to be propagated. As a consequence restoring
these pro-apoptotic signals or suppressing unregulated
survival signals is an attractive means of treating
cancer.PKB The signal transduction pathway containing
the enzymes phosphatidylinositol 3- kinase (PI3K),
PDKl and PKB amongst others, has long been known to
mediate increased resistance to apoptosis or survival
responses in many cells. There is a substantial amount
of data to indicate that this pathway is an important
survival pathway used by many growth factors to
suppress apoptosis. The enzymes of the PI3K family are
activated by a range of growth and survival factors
e.g. EGF, PDGF and through the generation of
polyphosphatidylinositols, initiates the activation of
the downstream signalling events including the
activity of the kinases PDKl and protein kinase B
(PKB) also known as akt. This is also true in host
tissues, e.g. vascular endothelial cells as well as
neoplasias. PKB is a protein ser/thr kinase consisting
of a kinase domain together with an N-terminal PH
domain and 



C-terminal regulatory domain. The enzyme PKBaipha
(aktl) itself is phosphorylated on Thr 308 by PDKl and
on Ser 473 by 'PDK2' now believed to be constituted
from the target of rapamycin (TOR) kinase and its
associated protein rictor. Full activation requires
phosphorylation at both sites whilst association
between PIP3 and the PH domain is required for
anchoring of the enzyme to the cytoplasmic face of the
lipid membrane providing optimal access to substrates.
At least 10 kinases have been suggested to function as
a Ser 473 kinase including mitogen-activated protein
(MAP) kinase-activated protein kinase-2 (MK2),
integrin-linked kinase (ILK), p38 MAP kinase, protein
kinase Calpha (PKCalpha), PKCbeta, the NIMA-related
kinase-6 (NEK6), the mammalian target of rapamycin
(mTOR), the double-stranded DNA-dependent protein
kinase (DNK-PK), and the ataxia telangiectasia mutated
(ATM) gene product. Available data suggest that
multiple systems may be used in cells to regulate the
activation of PKB. Full activation of PKB requires
phosphorylation at both sites whilst association
between PIP3 and the PH domain is required for
anchoring of the enzyme to the cytoplasmic face of the
lipid membrane providing optimal access to substrates.
PH domain mutations have recently been reported. The
authors provide direct evidence for the involvement of
AKTl in human cancer by means of structural,
biochemical andbiological studies and demonstrate the
oncogenic potential of the E17K mutation of Aktl. The
mutation was identified in 5 of 6 1 (8%) breast, 3 of
5 1 (6%) colorectal and 1 of 50 (2%) ovarian cancers.
( Nature 448, 439-444 (26 July 2007) |
doi:10.1038/nature05933; Received 8 March 2007;
Accepted 11 May 2007; Published online 4 July 2007 A
transforming mutation in the pleckstrin homology
domain of AKTl in cancer) Recently, it has been
reported that somatic mutations within the PI3K
catalytic subunit, PIK3CA, are common (25-40%) among
colorectal, gastric, breast, ovarian cancers, and
high-grade brain tumors. PIK3CA mutations are a common
event that can occur early in bladder carcinogenesis.
In invasive breast carcinomas, PIK3CA alterations are
mainly present in lobular and ductal tumours. The PI3K
pathway is extensively activated in endometrial
carcinomas, and that combination of PIK3CA/PTEN
alterations might play an important role in
development of these tumors. Tumours activated by
mutations of PI3 kinase and loss of PTEN will have
sustained activation of PKB and will be as a result
disproportionately sensitive to inihibition by PKA/PKB
inhibitors. Activated PKB in turns phosphorylates a
range of substrates contributing to the overall
survival response. Whilst we cannot be certain that we
understand all of the factors responsible for
mediating the PKB dependent survival response, some
important actions are believed to be phosphorylation
and inactivation of the proapoptotic factor BAD and
caspase 9, phosphorylation of Forkhead transcription
factors e.g. FKHR leading to their exclusion from the
nucleus, and activation of the NfkappaB pathway by
phosphorylation of upstream kinases in the cascade. In
addition to the anti-apoptotic and pro-survival
actions of the PKB pathway, the enzyme also plays an
important role in promoting cell proliferation. This
action is again likely to be mediated via several
actions, some of which are thought to be 



phosphorylation and inactivation of the cyclin
dependent kinase inhibitor of p21 Cipl/WAF1, and
phosphorylation and activation of mTOR, a kinase
controlling several aspects of cell size, growth and
protein translation.The phosphatase PTEN which
dephosphorylates and inactivates
polyphosphatidylinositols is a key tumour suppressor
protein which normally acts to regulate the PI3K/PKB
survival pathway. The significance of the PI3K/PKB
pathway in tumourigenesis can be judged from the
observation that PTEN is one of the most common
targets of mutation in human tumours, with mutations
in this phosphatase having been found in -50% or more
of melanomas (Guldberg et al 1997, Cancer Research 57,
3660-3663) and advanced prostate cancers (Cairns et al
1997 Cancer Research 57, 4997). These observations and
others suggest that a wide range of tumour types are
dependent on the enhanced PKB activity for growth and
survival and would respond therapeutically to
appropriate inhibitors of PKB. There are 3 closely
related isoforms of PKB called alpha, beta and gamma
(AKTl, 2 and 3), which genetic studies suggest have
distinct but overlapping functions. Evidence suggests
that they can all independently play a role in cancer.
For example PKB beta has been found to be
over-expressed or activated in 10 - 40% of ovarian and
pancreatic cancers (Bellacosa et al 1995, Int. J .
Cancer 64, 280 - 285; Cheng et al 1996, PNAS 93,
3636-3641; Yuan et al 2000, Oncogene 19, 2324 - 2330),
PKB alpha is amplified in human gastric, prostate and
breast cancer (Staal 1987, PNAS 84, 5034 - 5037; Sun
et al 2001, Am. J . Pathol. 159, 431 -437) and
increased PKB gamma activity has been observed in
steroid independent breast and prostate cell lines
(Nakatani et al 1999, J . Biol. Chem. 274, 21528 -
21532). The PKB pathway also functions in the growth
and survival of normal tissues and may be regulated
during normal physiology to control cell and tissue
function. Thus disorders associated with undesirable
proliferation and survival of normal cells and tissues
may also benefit therapeutically from treatment with a
PKB inhibitor. Examples of such disorders are
disorders of immune cells associated with prolonged
expansion and survival of cell population leading to a
prolonged or up regulated immune response. For
example, T and B lymphocyte response to cognate
antigens or growth factors such as interferon gamma
activates the PI3K/PKB pathway and is responsible for
maintaining the survival of the antigen specific
lymphocyte clones during the immune response. Under
conditions in whichlymphocytes and other immune cells
are responding to inappropriate self or foreign
antigens, or in which other abnormalities lead to
prolonged activation, the PKB pathway contributes an
important survival signal preventing the normal
mechanisms by which the immune response is terminated
via apoptosis of the activated cell population. There
is a considerable amount of evidence demonstrating the
expansion of lymphocyte populations responding to self
antigens in autoimmune conditions such as multiple
sclerosis and arthritis. Expansion of lymphocyte
populations responding inappropriately to foreign
antigens is a feature of another set of conditions
such as allergic responses and asthma. In summary
inhibition of PKB could provide a beneficial treatment
for immune disorders. Other examples of inappropriate
expansion, growth, proliferation, hyperplasia and
survival of normal cells in which PKB may play a role
include but are not limited to 



atherosclerosis, cardiac myopathy and
glomerulonephritis. In addition to the role in cell
growth and survival, the PKB pathway functions in the
control of glucose metabolism by insulin. Available
evidence from mice deficient in the alpha and beta
isoforms of PKB suggests that this action is mediated
by the beta isoform primarily. As a consequence,
modulators of PKB activity may also find utility in
diseases in which there is a dysfunction of glucose
metabolism and energy storage such as diabetes,
metabolic disease and obesity. PKA Cyclic
AMP-dependent protein kinase (PKA) is a
serine/threonine protein kinase that phosphorylates a
wide range of substrates and is involved in the
regulation of many cellular processes including cell
growth, cell differentiation, ion-channel
conductivity, gene transcription and synaptic release
of neurotransmitters. In its inactive form, the PKA
holoenzyme is a tetramer comprising two regulatory
subunits and two catalytic subunits. PKA acts as a
link between G-protein mediated signal transduction
events and the cellular processes that they regulate.
Binding of a hormone ligand such as glucagonto a
transmembrane receptor activates a receptor-coupled
G-protein (GTP-binding and hydrolyzing protein). Upon
activation, the alpha subunit of the G protein
dissociates and binds to and activates adenylate
cyclase, which in turn converts ATP to cyclic-AMP
(cAMP). The cAMP thus produced then binds to the
regulatory subunits of PKA leading to dissociation of
the associated catalytic subunits. The catalytic
subunits of PKA, which are inactive when associated
with the regulatory sub-units, become active upon
dissociation and take part in the phosphorylation of
other regulatory proteins. For example, the catalytic
sub-unit of PKA phosphorylates the kinase
Phosphorylase Kinase which is involved in the
phosphorylation of Phosphorylase, the enzyme
responsible for breaking down glycogen to release
glucose. PKA is also involved in the regulation of
glucose levels by phosphorylating and deactivating
glycogen synthase. Thus, modulators of PKA activity
(which modulators may increase or decrease PKA
activity) may be useful in the treatment or management
of diseases in which there is a dysfunction of glucose
metabolism and energy storage such as diabetes,
metabolic disease and obesity. PKA has also been
established as an acute inhibitor of T cell
activation. Anndahl et al, have investigated the
possible role of PKA type I in HIV-induced T cell
dysfunction on the basis that T cells from
HIV-infected patients have increased levels of cAMP
and are more sensitive to inhibition by cAMP analogues
than are normal T cells. From their studies, they
concluded that increased activation of PKA type I may
contribute to progressive T cell dysfunction in HIV
infection and that PKA type I may therefore be a
potential target for immunomodulating therapy.-
Aandahl, E. M., Aukrust, P., Skalhegg, B. S., Muller,
F., Frland, S. S., Hansson, V., Tasken, K. Protein
kinase A type I antagonist restores immune responses
of T cellsfrom HIV-infectedpatients . FASEB J. 12,
855-862 (1998). It has also been recognised that
mutations in the regulatory sub-unit of PKA can lead
to hyperactivation in endocrine tissue.Because of the
diversity and importance of PKA as a messenger in cell
regulation, 



abnormal responses of cAMP can lead to a variety of
human diseases derived from this, such as irregular
cell growth and proliferation (Stratakis, C.A.;
Cho-Chung, Y.S.; Protein Kinase A and human diseases.
Trends Endrocri. Metab. 2002, 13, 50- 52).
Over-expression of PKA has been observed in a variety
of human cancer cells including those from ovarian,
breast and colon patients. Inhibition of PKA would
therefore be an approach to treatment of cancer (Li,
Q.; Zhu, G-D.; Current Topics in Medicinal Chemistry,
2002, 2, 939-971). For a review of the role of PKA in
human disease, see for example, Protein Kinase A and
Human Disease, Edited by Constantine A. Stratakis,
Annals of the New York Academy of Sciences, Volume
968, 2002, ISBN 1-57331-412-9. ROCK kinases The ROCK
kinase family comprises two known members: ROCKl and
ROCK2: ROCKl. Synonyms: Rho-associated protein kinase
1; pl60 ROCK; P160 ROK; p 160 ROCK-I, Rho-associated,
coiled-coil containing protein kinase 1; Rho kinase 1;
ROK beta. ROCK2. Synonyms: Rho-associated protein
kinase 2; p i 64 ROCK; p i 64 ROK; p 164 ROCK-2;
Rho-associated, coiled-coil containing protein kinase
2, Rho kinase 2; ROK alpha. The process of metastasis
involves a restructuring of the cytoskeleton as well
as cell-cell and cell-matrix adhesions allowing cells
to break away from the tumor mass, invade local
tissue, and ultimately spread throughout the body.
These effects on cell morphology and adhesion are
regulated by members of the Rho GTPase family.
Activated RhoA is capable of interacting with several
effecter proteins including the ROCK kinases ROCKl and
ROCK2. ROCKl and ROCK2 can be activated by the
RhoA-GTP complex via physical association. Activated
ROCKs phosphorylatea number of substrates and play
important roles in pivotal cellular functions. The
substrates for ROCKs include myosin binding subunit of
myosin light chain phosphatase (MBS, also named
MYPTl), adducin, moesin, myosin light chain (MLC), LIM
kinase, and the transcription factor FHL. The
phosphorylation of theses substrates modulate the
biological activity of the proteins and provide a
means to alter a cell's response to external stimuli.
Elevated expression of RhoA and RhoC, as well as the
Rho effector proteins ROCKl and R0CK2, are commonly
observed in human cancers, including in the
progression of testicular germ cell tumours, small
breast carcinomas with metastatic ability, invasion
and metastasis of bladder cancer, tumor progression in
ovarian carcinoma. Progression of tumors to invasive
and metastatic forms requires that tumor cells undergo
dramatic morphologic changes, a process regulated by
Rho GTPases. Actomyosin contractility is a mechanism
by which cells exert locomotory force against their
environment. Signalling downstream of the small GTPase
Rho increases contractility through ROCK-mediated
regulation of myosin-II light chain (MLC2)
phosphorylation. The ROCK kinases are thought to
participate in the induction of focal adhesions 



and stress fibers and to mediate calcium sensitization
of smooth muscle contraction by enhancing
phosphorylation of the regulatory light chain of
myosin. In vivo studies have also shown that ROCK
inhibition reduced the invasiveness of several tumor
cell lines. ROCK inhibitors, such as Y-27632 or
WF-536, have been used in some studies to demonstrate
these properties. Inhibitors of ROCKs have been
suggested for use in the treatments of a variety of
diseases. These include cardiovascular diseases such
as hypertension, chronic and congestive heart failure,
cardiac hypertrophy, restenosis, chronic renal failure
and atherosclerosis. Also, because of its muscle
relaxing properties, inhibitors may alsobe suitable
for asthma, male erectile dysfunction, female sexual
dysfunction and over-active bladder I syndrome. ROCK
inhibitors have been shown to possess
anti-inflammatory properties. Thus they can be used as
treatment for neuroinflammatory diseases such as
stroke, multiple sclerosis, Alzheimer's disease,
Parkinson's disease, amyotrophic lateral sclerosis and
inflammatory pain, as well as other inflammatory
diseases such as rheumatoid arthritis, irritable bowel
syndrome, and inflammatory bowel disease. Based on
their neurite outgrowth inducing effects, ROCK
inhibitors could be useful drugs for neuronal
regeneration, inducing new axonal growth and axonal
rewiring across lesions within the CNS. ROCK
inhibitors are therefore likely to be useful for
regenerative treatment of CNS disorders such as spinal
cord injury, acute neuronal injury (stroke, traumatic
brain injury), Parkinson's disease, Alzheimers disease
and other neurodegenerative disorders. Since ROCK
inhibitors reduce cell proliferation and cell
migration, they could be useful in treating cancer and
tumor metastasis. Finally, there is evidence to
suggest that ROCK inhibitors suppress cytoskeletal
rearrangement upon virus invasion, thus they also have
potential therapeutic value in anti-viral and anti-
bacterial applications. ROCK inhibitors are also
useful for the treatment of insulin resistance and
diabetes. ROCK Inhibitor Y-27632 Adhesion of tumour
cells to host cell layers and subsequent transcellular
migration are pivotal steps in cancer invasion and
metastasis. The small GTPase Rho controls cell
adhesion and motility through reorganization of the
actin cytoskeleton and regulation of actomyosin
contractility. Cultured rat MMl hepatoma cells migrate
in a serum-dependent, Rho-mediated manner, through a
mesothelial cell monolayer in vitro. Among several
proteins isolated as putative target molecules of Rho,
the ROCK kinases are thought to participate in the
induction of focal adhesions and stress fibres in
cultured cells, and to mediate calcium sensitization
of smooth muscle contraction by enhancing
phosphorylation of the regulatory light chain of
myosin. Transfection of MMl cells with cDNA encoding a
dominant active mutant of ROCK conferred invasive
activity independently of serum and Rho. In
contrast,expression of a dominant negative,
kinase-defective ROCK mutant substantially attenuated
the invasive phenotype. A specific ROCK inhibitor
(Y-27632) blocked both Rho-mediated activation of
actomyosin and invasive activity of these cells.
Furthermore, continuous delivery of this inhibitor
using osmotic pumps considerably reduced the
dissemination of MMl cells implanted into the
peritoneal cavity of syngeneic rats. These results
indicate 



that ROCK plays an essential part in tumor cell
invasion, and demonstrate its potential as a
therapeutic target for the prevention of cancer
invasion and metastasis. VEGF induced the activation
of RhoA and recruited RhoA to the cell membrane of
human ECs. This increase in RhoA activity is necessary
for the VEGF-induced reorganization of the F-actin
cytoskeleton, as demonstrated by adenoviral
transfection of dominant-negative RhoA. Rho kinase
mediated this effect of RhoA, as was demonstrated by
the use of Y-27632, a specific inhibitor of Rho
kinase. Inhibition of Rho kinase prevented the
VEGF-enhanced EC migration in response to mechanical
wounding but had no effect on basal EC migration.
Furthermore, in an in vitro model for angiogenesis,
inhibition of either RhoA or Rho kinase attenuated the
VEGF-mediated ingrowth of ECs in a 3-dimensional
fibrin matrix. CONCLUSIONS: VEGF-induced cytoskeletal
changes in ECs require RhoA and Rho kinase, and
activation of RhoA/Rho kinase signalling is involved
in the VEGFinduced in vitro EC migration and
angiogenesis. Y -21632 can relax smooth muscle and
increase vascular blood flow. Y- 27632 is a small
molecule that can enter cells and is not toxic in rats
after oral administration of 30 mg/kg for 10 days.
Effective doses for the use of this compound are
approximately 30,uM. It reduces blood pressure in
hypertensive rats, but does not affect blood pressure
in normal rats. This has led to the identifcation of
Rho signalling antagonists in treatment of
hypertension (Somlyo, 1997 Nature 389:908; Uehata et
al, 1997 Nature 389:990).The use of a specific
inhibitor of ROCK, Y-27632 (Uehata, et al, Nature,
389, 990 994, 1997, Davies, et al., Biochemical
Journal, 351, 95-105, 2000, and Ishizaki, et al.,
Molecular Pharmacology., 57, 976-983, 2000), has
demonstrated a role for this enzyme in Ca2+
independent regulation of contraction in a number of
tissues, including vascular (Uehata, et al., Nature.,
389, 990-994, 1997), airway (Ilikuka et al., European
Journal of 30 Pharmacology., 406, 273-279, 2000) and
genital (Chitaley et al., Nature Medicine., 7(1), 119-
122, 2001) smooth muscles. In addition, Jezior et al.
British Journal of Pharmacology., 134, 78-87, 2001
have shown that Y-27632 attenuates bethanechol-evoked
contractions in isolated rabbit urinary 35 bladder
smooth muscle. The Rho kinase inhibitor Y-27632 has
been tested for the following disease applications:
Hypertension (Uehata et al., 1997 IBID; Chitaley et
al., 2001a IBID; Chrissobolis and 15 Sobey, 2001 C.
Circ. Res 88:774)  Asthma (Iizuka et al., 2000 Eur. J
. Pharmacol 406:273; Nakahara et al. Eur. J .
Pharmacol 389:103, 2000)  Pulmonary vasoconstriction
(Takamura et al., 2001 Hepatology 33:577)  Vascular
disease (Miyata et al., 2000 Thromb Vase Biol 20:2351;
Robertson et al., 2000 Br. J . Pharmacol 131:5)
Penile erectile dysfunction (Chitaley et al. , 2001b
Nature Medicine 7:119; Mills et al., 2001 J . Appl.
Physiol. 91: 1269; Rees et al., Br. J . Pharmacol
133:455 2001) 



Glaucoma (Honjo et al., 2001 Methods Enzymol 42:137;
Rao et al., 2001 Invest. Opthalmol. Urs. Sci. 42:1029)
Cell transformation (Sahai et al., 1999 Curr. Biol.
9:136-5)  Prostate cancer metastasis (Somlyo et al.,
2000 BBRC 269:652)  Hepatocellular carcinoma and
metastasis (Imamura et al., 2000; Takamura et al.,
2001) Liver fibrosis (Tada et al., 2001 J . Hepatol
34:529; Wang et al, 2001 Am. J . Respir. Cell MoI
Biol. 25:628)  Kidney fbrosis (Ohlci et al., J . Heart
Lung Transplant 20:956 2001)  Cardioprotection and
allograft survival (Ohlci et al., 2001 IBID)  Cerebral
vasospasm (Sato et al., 2000 Circ. Res 87: 195). ROCK
Kinase and Cardiovascular Disease There is growing
evidence that ROCKs, the immediate downstream targets
of the small guanosine triphosphate-binding protein
Rho, may contribute to cardiovascular disease. ROCKs
play a central role in diverse cellular functions such
as smooth muscle contraction, stress fiber formation
and cell migration and proliferation. Overactivity of
ROCKs is observed in cerebral ischemia, coronary
vasospasm, hypertension, vascular inflammation,
arteriosclerosis and atherosclerosis. ROCKs,
therefore, may be an important and still relatively
unexplored therapeutic target in cardiovascular
disease. Recent experimental and clinical studies
using ROCK inhibitors such as Y-27632 and fasudil have
revealed a critical role of ROCKs in embryonic
development, inflammation and oncogenesis. This review
will focus on the potential role of ROCKs in cellular
functions and discuss the prospects of ROCK inhibitors
as emerging therapy for cardiovascular diseases.
Abnormal smooth-muscle contractility may be a major
cause of disease states such as hypertension, and a
smooth-muscle relaxant that modulates this process
would be useful therapeutically. Smooth-muscle
contraction is regulated by the cytosolic Ca +
concentration and by the Ca2+ sensitivity of
myofilaments: the former activates myosin light-chain
kinase and the latter is achieved partly by inhibition
of myosin phosphatase. Rho signaling pathways in
vascular smooth muscle cells are highly activated in
hypertension, a condition associated with a variety of
vascular diseases, including restenosis injury and
atherosclerosis.Hypertension is a cardiovascular
disorder characterized by increased peripheral
vascular resistance and/or vascular structural
remodeling. Recently, rapidly growing evidence from
hypertensive animal models suggests that small GTPase
Rho and its downstream effector, Rho-kinase, play an
important role in the pathogenesis of hypertension.
Activation of the Rho/Rho-kinase pathway is essential
for smooth muscle contractility in hypertension. A
greater RhoA expression and an enhanced RhoA activity
have been observed in aortas of hypertensive rats,
such as genetic spontaneously hypertensive rats and
N(omega)-nitro-L-arginine methyl esterinduced
hypertension. ROCK Kinase and Neurological Diseases
Abnormal activation of the Rho/ROCK pathway has been
observed in various disorders of the central nervous
system. Injury to the adult vertebrate brain and 



spinal cord activates ROCKs, thereby inhibiting
neurite growth and sprouting. Inhibition of ROCKs
results in accelerated regeneration and enhanced
functional recovery after spinal-cord injury in
mammals, and inhibition of the Rho/ROCK pathway has
also proved to be efficacious in animal models of
stroke, inflammatory and demyelinating diseases,
Alzheimer's disease and neuropathic pain. ROCK
inhibitors therefore have potential for preventing
neurodegeneration and stimulating neuroregeneration in
various neurological disorders. The development of a
neuron requires a series of steps that begins with
migration from its birth place and initiation
ofprocess outgrowth, and ultimately leads to
differentiation and the formation of connections that
allow it to communicate with appropriate targets. Over
the past several years, it has become clear that the
Rho family of GTPases and related molecules play an
important role in various aspects of neuronal
development, including neurite outgrowth and
differentiation, axon pathfinding, and dendritic spine
formation and maintenance. One common denominator for
both neurite outgrowth inhibition and neurite
repulsion is actin rearrangements within the growth
cone. Central to the regulation of the actin
cytoskeleton in both neuronal and non-neuronal cells
is the Rho familyof small GTPases. Rho family members
cycle between an inactive GDP-bound form and an active
GTP-bound form. Several lines of evidence suggest that
manipulating the activity state of Rho GTPases may
modulate growth cone collapse and neurite outgrowth
inhibition. More recently, behaviorally, inactivation
of Rho pathway can induce rapid recovery of locomotion
and progressive recuperation of forelimb-hindlimb
coordination. These findings provide evidence that the
Rho signaling pathway is a potential target for
therapeutic interventions after spinal cord injury.
P70S6K kinase The 7OkDa ribosomal protein kinase
p70S6K (also known as SK6, p70/p85 S6 kinase, p70/p85
ribosomal S6 kinase and pp70s6k) is a member of the
AGC subfamily of protein kinases. p70S6K is a
serine-threonine kinase that is a component of the
phosphatidylinositol 3 kinase (PBK)/ AKT pathway.
p70S6K is downstream of PBK, and activation occurs
through phosphorylation at a number of sites in
response to numerous mitogens, hormones and growth
factors. This response may be under the control of
mTOR since rapamycin acts to inhibit p70S6K activity
and blocks protein synthesis, specifically as a result
of a downregulation of translation of these mRNA's
encoding ribosomal proteins. p70S6K is also regulated
by PBK and its downstream target AKT. Wortmannin and
rapamycin cause a decrease in p70S6K phosphorylation
at sites dependent of the PBK pathway. Mutant p70S6K
is inhibited by wortmannin but not by rapamycin
suggesting that thePBK pathway can exhibit effects on
p70S6K independent of the regulation of mTOR activity.
The enzyme p70S6K modulates protein synthesis by
phosphorylation of the S6 ribosomal protein. S6
phosphorylation correlates with increased translation
of mRNAs encoding components of the translational
apparatus, including ribosomal proteins and
translational elongation factors whose increased
expression is essential 



for cell growth and proliferation. These mRNAs contain
an oligopyrimidime tract attheir 5' transcriptional
start (termed 5'TOP), which has been shown to be
essential for their regulation at the translational
level. In addition to its involvement in translation,
p70S6K activation has also been implicated in cell
cycle control, neuronal cell differentiation,
regulation of cell motility and a cellular response
that is important in tumor metastases, the immune
response and tissue repair. Antibodies to p70S6K
abolish the mitogenic response driven entry of rat
fibroblasts into S phase, indication that p70S6K
function is essential for the progression from Gl to S
phase in the cell cycle. Furthermore inhibition of
cell cycle proliferation at the Gl to S phase of the
cell cycle by rapamycin has been identified as a
consequence of inhibition of the production of the
hyperphosphorylated, activated form of p70S6K. The
tumor suppressor LKBl activates AMPK which
phosphorylates the TSC1/2 complex in the mTOR/p70S6K
pathway, therefore feeds into p70S6K through a PKB
independent pathway. Mutations in LKBl cause
Peutz-Jeghers syndrome (PJS), where patients with PJS
are 15 times more likely to develop cancer than the
general population. In addition, 1/3 of lung
adenocarcinomas harbor inactivating LKBl mutations. A
role for p70S6K in tumor cell proliferation and
protection of cells from apoptosis is supported based
on its participation in growth factor receptor signal
transduction, overexpression and activation in tumor
tissues. For example, Northern and Western analyses
revealed that amplification of the PS6K gene was
accompanied by corresponding increases in mRNA and
protein expression, respectively (Cancer Res. (1999)
59: 1408-1 1 - Localization of PS6K to Chromosomal
Region 17q23 and Determination of Its Amplification in
Breast Cancer). Chromosome 17q23 is amplified in up to
20% of primary breast tumors, in 87% of breast tumors
containing BRCA2 mutations and in 50% of tumors
containing BRCAl mutations, as well as other cancer
types such as pancreatic, bladder and neuroblastoma
(see M Barlund, O Monni, J Kononen, R Cornelison, J
Torhorst, G Sauter, O-P Kallioniemi and Kallioniemi A,
Cancer Res., 2000, 60:5340-5346). Ithas been shown
that 17q23 amplifications in breast cancer involve the
PATl, RAD51C, PS6K, and SIGMAlB genes (Cancer Res.
(2000): 60, pp. 5371-5375). The p70S6K gene has been
identified as a target of amplification and
overexpression in this region, and statistically
significant association between amplification and poor
prognosis has been observed. Clinical inhibition of
p70S6K activation was observed in renal carcinoma
patients treated with CCI-779 (rapamycin ester), an
inhibitor of the upstream kinase mTOR. A significant
linear association between disease progression and
inhibition of p70S6K activity was reported. p70S6K has
been implicated in metabolic diseases and disorders.
It was reported that the absence of p70S6 protects
against age- and diet-induced obesity while enhancing
insulin sensitivity. A role for p70S6K in metabolic
diseases and disorders such as obesity, diabetes,
metabolic syndrome, insulin resistance, hyperglycemia,
hyperaminoacidemia, and hyperlipidmia is supported
based upon the findings. 



Pyrazole compounds having PKB and PKA inhibiting
activity Several classes of compounds have been
disclosed as having PKA and PKB inhibitory activity.
For example, WO 2005/061463 (Astex) discloses pyrazole
compounds having PKB and PKA inhibiting activity and
one particular compound exemplified is
2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-phe
nyl]- ethanol. This compound, the structure of which
is shown below, has a chiral centre at the carbon atom
marked with an asterisk.The compound described in
Example 84 of WO 2005/061463 is a racemic mixture of
the two possible enantiomers. According to Examples
106 and 107, the compound of Example 84 has IC50
values in the in vitro PKA and PKB assays respectively
of less than 1 micromolar in each case. WO 2005/061463
also discloses and exemplifies a number of individual
enantiomers, as follows: Isomer B WO 2005/061463 -
Example 22 WO 2005/061463 - Example 23 D WO
2005/061463 - Example 30 WO 2005/061463 - Example 31
Isomers A and B constitute one pair of enantiomers and
Isomers C and D constitute another pair of
enantiomers.Tests carried out by the present
applicants have established that Isomer A is 10 fold
more active against PKB than its antipode Isomer B in
a binding assay. Similarly, Isomer C is about 10 fold
more active than its antipode Isomer D in a binding
assay. However, in a mechanistic cellular ELISA assay,
isomers C and D are essentially equipotent. Summary of
the Invention Based on the activities of isomers A, B,
C and D described above, it might be anticipated that
the individual enantiomers of the Compound of Example
84 in WO 2005/061463 would also show a relatively
small difference in activity. However, it has now been
found most unexpectedly that the S-enantiomer of 2-
amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-pheny
l]-ethanol is 100 fold more active (as determined by a
radiometric binding assay) against PKB than the
corresponding i?-enantiomer. Moreover, whereas the
isomers C and D above are essentially equipotent in
the mechanistic cellular assay, and the S-enantiomer
of 2-
amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-pheny
l]-ethanol has good activity in this assay, the
i?-enantiomer has no measurable activity. When
compared to the properties of the known individual
enantiomers A, B, C and D above, the differences in
activity between the S- and i?-enantiomers of
2-amino-l-
(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-phenyl]-ethan
ol are very surprising and could not have been
predicted. It follows from the above that the
S-enantiomer of 2-amino-l-(4-chloro-phenyl)-l-
[4-(lH-pyrazol-4-yl)-phenyl]-ethanol has substantial
advantages over its antipode, the i?-isomer.
Accordingly, in a first aspect, the invention provides
a composition comprising (S)
2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-phe
nyl]-ethanol, wherein the composition is either
substantially free of (R)
2-amino-l-(4-chloro-phenyl)-l-[4- 



(lH-pyrazol-4-yl)-phenyl]-ethanol or the composition
contains a mixture of the (S) and (R) enantiomers in
which the (S) enantiomer predominates.The invention
also provides a composition comprising
2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol or a salt,
solvate, tautomer or Noxide thereof, at least 75% of
which is in the ^-enantiomeric form. The term
"composition" as used herein refers to a composition
of matter and includes compositions which consist
solely of 2-amino-l-(4-chloro-phenyl)-l-[4-
(lH-pyrazol-4-yl)-phenyl]-ethanol as well as
compositions which contain additional components.
According to the invention, at least 75% of all of the
2-amino-l-(4-
chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol
present in the composition must be in the
^-enantiomeric form. The compositions may be referred
to herein for convenience as "the compositions of the
invention" or "the compositions as defined herein" or
"the compositions". The amount of
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]- ethanol present in a given composition
relative to the total amount of 2-amino-l-(4-
chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol
of both enantiomeric forms present in the composition
may be expressed as the "enantiomeric purity". For
example, if 75% of the total
2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-
phenyl]-ethanol present in the composition present in
the form of the S-enantiomer, then the enantiomeric
purity is 75%. Preferably, the
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]- ethanol has an enantiomeric purity of at
least 80%, more preferably at least 85%, or at least
90%, or at least 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or 99.5%. In a preferred embodiment, greater
than 98% of the 2-amino-l-(4-chloro-phenyl)-l-
[4-(lH-pyrazol-4-yl)-phenyl] -ethanol is in the
^-enantiomeric form. In another embodiment, at at
least 99.9% of the 2-amino-l-(4-chloro-phenyl)-l-[4-
(lH-pyrazol-4-yl)-phenyl] -ethanol is in the
^-enantiomeric form. Preferably, substantially no
(i?)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-
yl)-phenyl] -ethanol is present in the composition.
The term "substantially no
(R)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]-ethanol is present in the composition" as
used in this application means that no i?-enantiomer
can be detected using the analytical methods described
herein In one embodiment, the composition is a
pharmaceutical composition containing the
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]-ethanol or a salt, solvate, tautomer or
N-oxide thereof, and a pharmaceutically acceptable
carrier. In another embodiment, the composition
consists of (5)-2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol or a salt,
solvate, tautomer or Noxide thereof, in substantially
pure form, i.e. containing less than 0.5%, more
preferably less than 0.1% and most preferably less
than 0.01% impurities. In a preferred embodiment, no
single impurity is present in the composition in an
amount corresponding to more than 0.2% by weight, and
preferably no more than 0.1% by weight. In another
embodiment, where the identity of the impurity is
known, it is preferred 



that the impurity is not present in the composition in
an amount greater than 0.5%, or greater than 0.4%, or
greater than 0.3%, or greater than 0.2%, or greater
than 0.1%, or greater than 0.05%, or greater than
0.01%. The
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]-ethanol is repesented by formula (I) below,
and may be referred to herein as the "compound of
formula (I)" or "the S-enantiomer".The
(i?)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl
)-phenyl]-ethanol may be referred to for convenience
herein as "the i?-enantiomer". The terms "R " and "S"
as used herein refer to the "R and S" nomenclature
developed by Cahn, Ingold and Prelog, see Advanced
Organic Chemistry by Jerry March, 4th Edition, John
Wiley & Sons, New York, 1992, pages 109-1 14, and see
also Cahn, Ingold & Prelog, Angew. Chem. Int. Ed.
Engl, 1966, 5, 385-415. The compositions of the
invention can be prepared by partially or fully
resolving a mixture of (S) and (R) enantiomers of
2-amino-l-(4-chloro-phenyl)-l-[4-(lHpyrazol-
4-yl)-phenyl]-ethanol, for example using chiral
chromatography, as described below. The
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]-ethanol (i.e. the compound of formula (I))
has protein kinase B (PKB) and/or protein kinase A
(PKA) inhibiting or modulating activity, and is
therefore useful in preventing or treating disease
states or conditions mediated by PKB and/or PKA. In
another aspect, the invention provides a compound of
the formula (I), i.e. (S)-2-
amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-pheny
l]-ethanol, or a salt, solvate, tautomer or N-oxide
thereof, in substantially pure form, i.e. containing
less than 0.5%, more preferably less than 0.1% and
most preferably less than 0.01% impurities.In one
embodiment, the compound is other than an N-oxide and
is selected from the free base or a salt, solvate or
tautomer thereof. In another embodiment, the compound
of formula (I) or a tautomer thereof is in the form of
the free base. In a further embodiment, the compound
of formula (I) or a tautomer thereof is in the form of
a salt. One particular salt prepared in accordance
with the invention is the salt formed with
hydrochloric acid. In further aspects, the invention
provides:  A composition or compound of formula (I),
or a salt, solvate, tautomer or Noxide thereof as
defined herein for use in the prophylaxis or treatment
of a disease state or condition mediated by protein
kinase B.  The use of a composition or compound of
formula (I), or a salt, solvate, tautomer or N-oxide
thereof as defined herein for the manufacture of a
medicament for the prophylaxis or treatment of a
disease state or condition mediated by protein kinase
B.  A method for the prophylaxis or treatment of a
disease state or condition mediated by protein kinase
B, which method comprises administering to a subject
in need thereof a composition or compound of formula
(I), or a salt, solvate, tautomer or N-oxide thereof
as defined herein .  A composition or compound of
formula (I), or a salt, solvate, tautomer or Noxide 



thereof as defined herein for use in treating a
disease or condition comprising or arising from
abnormal cell growth or abnormally arrested cell death
in a mammal.  The use of a composition or compound of
formula (I), or a salt, solvate, tautomer or N-oxide
thereof as defined herein for the manufacture of
amedicament for treating a disease or condition
comprising or arising from abnormal cell growth or
abnormally arrested cell death in a mammal.  A method
for treating a disease or condition comprising or
arising from abnormal cell growth in a mammal, which
method comprises administering to the mammal a
composition or compound of formula (I), or a salt,
solvate, tautomer or N-oxide thereof as defined herein
in an amount effective in inhibiting abnormal cell
growth or abnormally arrested cell death.  A method
for alleviating or reducing the incidence of a disease
or condition comprising or arising from abnormal cell
growth or abnormally arrested cell death in a mammal,
which method comprises administering to the mammal a
composition or compound of formula (I), or a salt,
solvate, tautomer or Noxide thereof as defined herein
in an amount effective in inhibiting abnormal cell
growth.  A method for treating a disease or condition
comprising or arising from abnormal cell growth or
abnormally arrested cell death in a mammal, the method
comprising administering to the mammal a composition
or compound of formula (I), or a salt, solvate,
tautomer or N-oxide thereof as defined herein in an
amount effective to inhibit protein kinase B activity.
A composition or compound of formula (I), or a salt,
solvate, tautomer or Noxide thereof as defined herein
for use in inhibiting protein kinase B.  A method of
inhibiting protein kinase B, which method comprises
contacting the kinase with a kinase-inhibiting
composition or compound of formula (I), or a salt,
solvate, tautomer or N-oxide thereof as defined herein
A composition or compound of formula (I), or a salt,
solvate, tautomer or Noxide thereof as defined herein
for use in modulating a cellular process (for example
cell division) by inhibiting the activity of a protein
kinase B and/or protein kinase A. The use of a
composition or compound of formula (I), or a salt,
solvate, tautomer or N-oxide thereof as defined herein
for the manufacture of a medicament for modulating a
cellular process (for example cell division) by
inhibiting the activity of a protein kinase B and/or
protein kinase A.  A method of modulating a cellular
process (for example cell division) by inhibiting the
activity of a protein kinase B and/or protein kinase A
using a composition or compound of formula (I), or a
salt, solvate, tautomer or Noxide thereof as defined
herein .  A composition or compound of formula (I), or
a salt, solvate, tautomer or Noxide thereof as defined
herein for use in the prophylaxis or treatment of a
disease state or condition mediated by protein kinase
A.  The use of a composition or compound of formula
(I), or a salt, solvate, tautomer or N-oxide thereof
as defined herein for the manufacture of a 



medicament for the prophylaxis or treatment of a
disease state or condition mediated by protein kinase
A.  A method for the prophylaxis or treatment of a
disease state or condition mediated by protein kinase
A, which method comprises administering to a subject
in need thereof a composition or compound of formula
(I), or a salt, solvate, tautomer or N-oxide thereof
as defined herein .  A method for treating a disease
or condition comprising or arising from abnormal cell
growth or abnormally arrested cell death in a mammal,
the method comprising administering to the mammal a
composition or compound of formula (I), or a salt,
solvate, tautomer or N-oxide thereof as defined herein
in an amount effective to inhibit protein kinase A
activity.  A composition or compound of formula (I),
or a salt, solvate, tautomer or Noxide thereof as
defined herein for inhibiting protein kinase A. A
method of inhibiting protein kinase A, which method
comprises contacting the kinase with a
kinase-inhibiting composition or compound of formula
(I), or a salt, solvate, tautomer or N-oxide thereof
as defined herein  A method of modulating a cellular
process (for example cell division) by inhibiting the
activity of a protein kinase A using a composition or
compound of formula (I), or a salt, solvate, tautomer
or N-oxide thereof as defined herein.  The use of a
composition or compound of formula (I), or a salt,
solvate, tautomer or N-oxide thereof as defined herein
for the manufacture of a medicament for the
prophylaxis or treatment of a disease state or
condition arising from abnormal cell growth or
abnormally arrested cell death.  A pharmaceutical
composition comprising a composition or compound of
formula (I), or a salt, solvate, tautomer or N-oxide
thereof as defined herein and a pharmaceutically
acceptable carrier.  A composition or compound of
formula (I), or a salt, solvate, tautomer or Noxide
thereof as defined herein for use in medicine.  The
use of a composition or compound of formula (I), or a
salt, solvate, tautomer or N-oxide thereof as defined
herein for the manufacture of a medicament for the
prophylaxis or treatment of any one of the disease
states or conditions disclosed herein.  A method for
the treatment or prophylaxis of any one of the disease
states or conditions disclosed herein, which method
comprises administering to a patient (e.g. a patient
in need thereof) a compound (e.g. a therapeutically
effective amount) of composition or compound of
formula (I), or a salt, solvate, tautomer or N-oxide
thereof as defined herein . A method for alleviating
or reducing the incidence of a disease state or
condition disclosed herein, which method comprises
administering to a patient (e.g. a patient in need
thereof) a compound (e.g. a therapeutically effective
amount) of a composition or compound of formula (I),
or a salt, solvate, tautomer or N-oxide thereof as
defined herein .  A method for the diagnosis and
treatment of a disease state or condition mediated by
protein kinase B, which method comprises (i) screening
a 



patient to determine whether a disease or condition
from which the patient is or may be suffering is one
which would be susceptible to treatment with a
compound having activity against protein kinase B; and
(ii) where it is indicated that the disease or
condition from which the patient is thus susceptible,
thereafter administering to the patient a composition
or compound of formula (I), or a salt, solvate,
tautomer or N-oxide thereof as defined herein .  The
use of a composition or compound of formula (I), or a
salt, solvate, tautomer or N-oxide thereof as defined
herein for the manufacture of a medicament for the
treatment or prophylaxis of a disease state or
condition in a patient who has been screened and has
been determined as suffering from, or being at risk of
suffering from, a disease or condition which would be
susceptible to treatment with a compound having
activity against protein kinase B.  A composition or
compound of formula (I), or a salt, solvate, tautomer
or Noxide thereof as defined herein for use in the
treatment or prophylaxis of a disease state or
condition in a patient who has been screened and has
been determined as suffering from, or being at risk of
suffering from, a disease or condition which would be
susceptible to treatment with a compound having
activity against protein kinase B.  A method for the
diagnosis and treatment of a disease state or
condition mediated by protein kinase A, which method
comprises (i) screening apatient to determine whether
a disease or condition from which the patient is or
may be suffering is one which would be susceptible to
treatment with a compound having activity against
protein kinase A; and (ii) where it is indicated that
the disease or condition from which the patient is
thus susceptible, thereafter administering to the
patient a composition or compound of formula (I), or a
salt, solvate, tautomer or N-oxide thereof as defined
herein .  A composition or compound of formula (I), or
a salt, solvate, tautomer or Noxide thereof as defined
herein for use in the treatment or prophylaxis of a
disease state or condition in a patient who has been
screened and has been determined as suffering from, or
being at risk of suffering from, a disease or
condition which would be susceptible to treatment with
a compound having activity against protein kinase A.
The use of a composition or compound of formula (I),
or a salt, solvate, tautomer or N-oxide thereof as
defined herein for the manufacture of a medicament for
the treatment or prophylaxis of a disease state or
condition in a patient who has been screened and has
been determined as suffering from, or being at risk of
suffering from, a disease or condition which would be
susceptible to treatment with a compound having
activity against protein kinase A.  A composition or
compound of formula (I), or a salt, solvate, tautomer
or Noxide thereof as defined herein for use as a
modulator (e.g. inhibitor) of 



protein kinase B and/or protein kinase A.  The use of
a composition or compound of formula (I), or a salt,
solvate, tautomer or N-oxide thereof as defined herein
for the manufacture of a medicament for modulating
(e.g. inhibiting) protein kinase B and/or protein
kinase A. A method of modulating (e.g. inhibiting)
protein kinase B and/or protein kinase A; which method
comprises bringing the protein kinase B and/or protein
kinase A (e.g. in a cellular environment - for example
in vivo) into contact with a composition or compound
of formula (I), or a salt, solvate, tautomer or
N-oxide thereof as defined herein .  A composition or
compound of formula (I), or a salt, solvate, tautomer
or Noxide thereof as defined herein for use in: (a)
the treatment or prophylaxis of a disease or condition
in which the modulation (e.g. inhibition) of ROCK
kinase is indicated; and/or (b) the treatment of a
subject or patient population in which the modulation
(e.g. inhibition) of ROCK kinase is indicated.  The
use of a composition or compound of formula (I), or a
salt, solvate, tautomer or N-oxide thereof as defined
herein for the manufacture of a medicament for use in:
(a) the treatment or prophylaxis of a disease or
condition in which the modulation (e.g. inhibition) of
ROCK kinase is indicated; and/or (b) the treatment of
a subject or patient population in which the
modulation (e.g. inhibition) of ROCK kinase is
indicated.  A method for the prophylaxis or treatment
of a disease state or condition mediated by ROCK
kinase, which method comprises administering to a
subject in need thereof a composition or compound of
formula (I), or a salt, solvate, tautomer or N-oxide
thereof as defined herein .  A method for treating a
disease or condition comprising or arising from
abnormal cell growth or abnormally arrested cell death
in a mammal, the method comprising administering to
the mammal a composition or compound of formula (I),
or a salt, solvate, tautomer or N-oxide thereof as
defined herein in an amount effective to inhibit ROCK
kinase activity. A method of inhibiting ROCK kinase,
which method comprises contacting the kinase with a
kinase-inhibiting composition or compound as defined
herein.  A method of modulating a cellular process
(for example cell division) by inhibiting the activity
of a ROCK kinase using a composition or compound of
formula (I), or a salt, solvate, tautomer orN-oxide
thereof as defined herein .  A composition or compound
of formula (I), or a salt, solvate, tautomer or Noxide
thereof as defined herein for use in the prophylaxis
or treatment of a disease state or condition mediated
by ROCK kinase.  The use of a composition or compound
of formula (I), or a salt, solvate, tautomer or
N-oxide thereof as defined herein for the manufacture
of a medicament for the prophylaxis or treatment of a
disease state or condition mediated by ROCK kinase. 



The use of a composition or compound of formula (I),
or a salt, solvate, tautomer or N-oxide thereof as
defined herein for the manufacture of a medicament for
the prophylaxis or treatment of a disease state or
condition arising from abnormal cell growth or
abnormally arrested cell death mediated by ROCK
kinase.  A method for alleviating or reducing the
incidence of a disease or condition comprising or
arising from abnormal cell growth or abnormally
arrested cell death in a mammal mediated by ROCK
kinase, which method comprises administering to the
mammal a composition or compound of formula (I), or a
salt, solvate, tautomer or N-oxide thereof as defined
herein in an amount effective in inhibiting abnormal
cell growth.  The use of a composition or compound of
formula (I), or a salt, solvate, tautomer or N-oxide
thereof as defined herein for the manufacture of
amedicament for the prophylaxis or treatment of any
one of the disease states or conditions disclosed
herein.  A method for the treatment or prophylaxis of
any one of the disease states or conditions disclosed
herein, which method comprises administering to a
patient (e.g. a patient in need thereof) a composition
or compound (e.g. a therapeutically effective amount)
of formula (I) as defined herein.  A method for
alleviating or reducing the incidence of a disease
state or condition disclosed herein, which method
comprises administering to a patient (e.g. a patient
in need thereof) a composition or compound (e.g. a
therapeutically effective amount) of formula (I) as
defined herein.  A method for the diagnosis and
treatment of a disease state or condition mediated by
ROCK kinase, which method comprises (i) screening a
patient to determine whether a disease or condition
from which the patient is or may be suffering is one
which would be susceptible to treatment with a
compound having activity against ROCK kinase; and (ii)
where it is indicated that the disease or condition
from which the patient is thus susceptible, thereafter
administering to the patient a composition or compound
of formula (I), or a salt, solvate, tautomer or
N-oxide thereof as defined herein .  The use of a
composition or compound of formula (I), or a salt,
solvate, tautomer or N-oxide thereof as defined herein
for the manufacture of a medicament for the treatment
or prophylaxis of a disease state or condition in a
patient who has been screened and has been determined
as suffering from, or being at risk of suffering from,
a disease or condition which would be susceptible to
treatment with a compound having activity against ROCK
kinase.  A composition or compound of formula (I), or
a salt, solvate, tautomer or Noxide thereof as defined
herein for use in: (a) the treatment or prophylaxis
ofa disease or condition in which the modulation (e.g.
inhibition) of protein kinase p70S6K is indicated;
and/or (b) the treatment of a subject or patient
population in which the modulation (e.g. inhibition)
of protein kinase p70S6K is indicated. 



The use of a composition or compound of formula (I),
or a salt, solvate, tautomer or N-oxide thereof as
defined herein for the manufacture of a medicament for
use in: (a) the treatment or prophylaxis of a disease
or condition in which the modulation (e.g. inhibition)
of protein kinase p70S6K is indicated; and/or (b) the
treatment of a subject or patient population in which
the modulation (e.g. inhibition) of protein kinase
p70S6K is indicated.  A method for the prophylaxis or
treatment of a disease state or condition mediated by
protein kinase p70S6K, which method comprises
administering to a subject in need thereof a
composition or compound of the formula (I), or a salt,
solvate, tautomer or N-oxide thereof as defined herein
.  A method for treating a disease or condition
comprising or arising from abnormal cell growth or
abnormally arrested cell death in a mammal, the method
comprising administering to the mammal a composition
or compound of the formula (I), or a salt, solvate,
tautomer or N-oxide thereof as defined herein in an
amount effective to inhibit protein kinase p70S6K
activity.  A method of inhibiting protein kinase
p70S6K, which method comprises contacting the kinase
with a kinase-inhibiting composition or compound of
the formula (I), or a salt, solvate, tautomer or
N-oxide thereof as defined herein .  A method of
modulating a cellular process (for example cell
division) by inhibiting the activity of protein kinase
p70S6K using a composition orcompound of the formula
(I), or a salt, solvate, tautomer or N-oxide thereof
as defined herein .  A composition or compound of the
formula (I), or a salt, solvate, tautomer or N-oxide
thereof as defined herein for use in the prophylaxis
or treatment of a disease state or condition mediated
by protein kinase p70S6K.  The use of a composition or
compound of formula (I), or a salt, solvate, tautomer
or N-oxide thereof as defined herein for the
manufacture of a medicament for the prophylaxis or
treatment of a disease state or condition mediated by
protein kinase p70S6K.  The use of a composition or
compound of the formula (I), or a salt, solvate,
tautomer or N-oxide thereof as defined herein for the
manufacture of a medicament for the prophylaxis or
treatment of a disease state or condition arising from
abnormal cell growth or abnormally arrested cell death
mediated by protein kinase p70S6K.  A method for
alleviating or reducing the incidence of a disease or
condition comprising or arising from abnormal cell
growth or abnormally arrested cell death in a mammal
mediated by protein kinase p70S6K, which method
comprises administering to the mammal a composition or
compound of the formula (I), or a salt, solvate,
tautomer or N-oxide thereof as defined herein in an
amount effective in inhibiting abnormal cell growth.
The use of a composition or compound of the formula
(I), or a salt, solvate, 



tautomer or N-oxide thereof as defined herein for the
manufacture of a medicament for the prophylaxis or
treatment of any one of the disease states or
conditions disclosed herein.  A method for the
treatment or prophylaxis of any one of the disease
states or conditions disclosed herein, which method
comprises administering to a patient (e.g. a patient
in need thereof) a composition or compound (e.g. a
therapeutically effective amount) of the formula (I)
as defined herein. A method for alleviating or
reducing the incidence of a disease state or condition
disclosed herein, which method comprises administering
to a patient (e.g. a patient in need thereof) a
composition or compound (e.g. a therapeutically
effective amount) of the formula (I) as defined
herein.  A method for the diagnosis and treatment of a
disease state or condition mediated by protein kinase
p70S6K, which method comprises (i) screening a patient
to determine whether a disease or condition from which
the patient is or may be suffering is one which would
be susceptible to treatment with a compound having
activity against protein kinase p70S6K; and (ii) where
it is indicated that the disease or condition from
which the patient is thus susceptible, thereafter
administering to the patient a composition or compound
of the formula (I), or a salt, solvate, tautomer or
N-oxide thereof as defined herein .  The use of a
composition or compound of the formula (I), or a salt,
solvate, tautomer or N-oxide thereof as defined herein
for the manufacture of a medicament for the treatment
or prophylaxis of a disease state or condition in a
patient who has been screened and has been determined
as suffering from, or being at risk of suffering from,
a disease or condition which would be susceptible to
treatment with a compound having activity against
protein kinase p70S6K. The invention also provides the
further combinations, uses, methods, compounds and
processes as set out in the claims below. General
Preferences and Definitions As used herein, the term
"modulation", as applied to the activity of a kinase,
is intended to define a change in the level of
biological activity of the protein kinase. Thus,
modulation encompasses physiological changes which
effect an increase or decrease in the relevant protein
kinase activity. In the latter case, the modulation
may be described as "inhibition". The modulation may
arise directly or indirectly,and may be mediated by
any mechanism and at any physiological level,
including for example at the level of gene expression
(including for example transcription, translation
and/or post-translational modification), at the level
of expression of genes encoding regulatory elements
which act directly or indirectly on the levels of
kinase activity. Thus, modulation may imply
elevated/suppressed expression or over- or
under-expression of a kinase, including gene
amplification (i.e. multiple gene copies) and/or
increased or decreased expression by a transcriptional
effect, as well as hyper- (or hypo-)activity and
(de)activation of the protein kinase(s) (including
(de)activation) by mutation(s). The terms "modulated",
"modulating" and "modulate" are to be interpreted
accordingly. 



As used herein, the term "mediated", as used e.g. in
conjunction with a kinase as described herein (and
applied for example to various physiological
processes, diseases, states, conditions, therapies,
treatments or interventions) is intended to operate
limitatively so that the various processes, diseases,
states, conditions, treatments and interventions to
which the term is applied are those in which the
kinase plays a biological role. In cases where the
term is applied to a disease, state or condition, the
biological role played by a kinase may be direct or
indirect and may be necessary and/or sufficient for
the manifestation of the symptoms of the disease,
state or condition (or its aetiology or progression).
Thus, kinase activity (and in particular aberrant
levels of kinase activity, e.g. kinase
over-expression) need not necessarily be the proximal
cause of the disease, state or condition: rather, it
is contemplated that the kinase mediated diseases,
states or conditions include those having
multifactorial aetiologies and complex progressions in
which the kinase in question is only partially
involved. In cases where the term is applied to
treatment, prophylaxis or intervention, the role
played by the kinase may be direct or indirect and may
be necessary and/or sufficient for the operation of
the treatment, prophylaxis or outcome of the
intervention. Thus, a disease state or condition
mediated by a kinase includes the development of
resistance to any particular cancer drug or
treatment.As used herein, the terms "ROCK kinase(s)"
and "ROCK(s)" are synonomous generic terms embracing
all members of the ROCK kinase family, so including
both ROCKl and ROCK2 as species within the genus.
References inter alia to ROCK kinase inhibitors, ROCK
kinase modulation and ROCK kinase activity are to be
interpreted accordingly. The term "Rho protein" is a
term of art used to define a large family of
GTPbinding proteins that are involved in regulation of
actin organization, including RhoA and RhoC. As used
herein, the term "Rho signalling pathway" defines any
cellular signaling pathway in which one or more
members of the Rho proteins are involved. Particularly
relevant to the invention are Rho signaling pathways
in which a ROCK kinase (e.g. ROCKl and/or ROCK2) is a
proximate effector (e.g. a binding partner) for one or
more Rho protein(s), and such Rho signaling pathways
are preferred in embodiments of the invention defined
inter alia by reference to a Rho signaling pathway. As
used herein, the term "modulation", as applied to the
ROCKs as described herein, is intended to define a
change in the level of biological activity of the
ROCKs. Thus, modulation encompasses physiological
changes which effect an increase or decrease in ROCK
activity. In the latter case, the modulation may be
described as "inhibition". The modulation may arise
directly or indirectly, and may be mediated by any
mechanism and at any physiological level, including
for example at the level of gene expression (including
for example transcription, translation and/or
post-translational modification), at the level of
expression of genes encoding regulatory elements which
act directly or indirectly on the levels of ROCK
activity, or at the level of enzyme (e.g. ROCK)
activity (for example by 



allosteric mechanisms, competitive inhibition,
active-site inactivation, perturbation of feedback
inhibitory pathways etc.). Thus, modulation may imply
elevated/suppressed expression or over- or
under-expression of the ROCK, including gene
amplification (i.e. multiple gene copies) and/or
increased or decreased expression by a transcriptional
effect, as well as hyper- (or hypo-)activityand
(de)activation of the ROCK (including (de)activation)
by mutation(s). The terms "modulated" and "modulate"
are to be interpreted accordingly. As used herein, the
term "mediated", as used in conjunction with the ROCKs
as described herein (and applied for example to
various physiological processes, diseases, states,
conditions, therapies, treatments or interventions) is
intended to operate limitatively so that the various
processes, diseases, states, conditions, treatments
and interventions to which the term is applied are
those in which ROCK plays a biological role. In cases
where the term is applied to a disease, state or
condition, the role played by ROCK may be direct or
indirect and may be necessary and/or sufficient for
the manifestation of the symptoms of the disease,
state or condition (or its aetiology or progression).
Thus, ROCK activity (and in particular aberrant levels
of ROCK activity, e.g. ROCK over-expression) need not
necessarily be the proximal cause of the disease,
state or condition: rather, it is contemplated that
ROCK-mediated diseases, states or conditions include
those having multifactorial aetiologies and complex
progressions in which ROCK is only partially involved.
In cases where the term is applied to treatment,
prophylaxis or intervention (e.g. in the
"ROCK-mediated treatments" and "ROCK-mediated
prophylaxis" of the invention), the role played by
ROCK may be direct or indirect and may be necessary
and/or sufficient for the operation of the treatment,
prophylaxis or outcome of the intervention. Many
ROCK-mediated physiological processes, diseases,
states, conditions, therapies, treatments or
interventions of the invention involve the Rho
signaling pathway (as herein defined) and may
therefore, by extension, be dubbed "Rho-mediated"
physiological processes, diseases, states, conditions,
therapies, treatments or interventions. The term
"indicated" is a term of art used herein in relation
to a disease, condition, subject or patient population
to convey the clinical desirability or necessity of a
particular intervention in relation to that disease,
condition, subject or patient population. Thus,
references herein to a disease, condition, subject or
patient population "in which the modulation (e.g.
inhibition) of ROCK kinase is indicated" is intended
to define those diseases etc. in which modulation of
ROCK kinase iseither clinically desirable or
necessary. This might be the case, for example, where
modulation of ROCK kinase would be palliative,
preventative or (at least partially) curative. As used
herein, the term "modulation", as applied to the
protein kinase P70S6K described herein, is intended to
define a change in the level of biological activity of
P70S6K. Thus, modulation encompasses physiological
changes which effect an increase or decrease in P70S6K
activity. In the latter case, the modulation may be
described as "inhibition". The modulation may arise
directly or indirectly, and may be mediated by any
mechanism and at any physiological level, including
for example at the level of gene expression (including
for example transcription, 



translation and/or post-translational modification),
at the level of expression of genes encoding
regulatory elements which act directly or indirectly
on the levels of P70S6K activity, or at the level of
enzyme (e.g. P70S6K) activity (for example by
allosteric mechanisms, competitive inhibition,
active-site inactivation, perturbation of feedback
inhibitory pathways etc.). Thus, modulation may imply
elevated/suppressed expression or over- or
under-expression of P70S6K, including gene
amplification (i.e. multiple gene copies) and/or
increased or decreased expression by a transcriptional
effect, as well as hyper- (or hypo-)activity and
(de)activation of P70S6K (including (de)activation) by
mutation(s). The terms "modulated" and "modulate" are
to be interpreted accordingly. As used herein, the
term "mediated", as used in conjunction with P70S6K as
described herein (and applied for example to various
physiological processes, diseases, states, conditions,
therapies, treatments or interventions) is intended to
operate limitatively so that the various processes,
diseases, states, conditions, treatments and
interventions to which the term is applied are those
in which P70S6K plays a biological role. In cases
where the term is applied to a disease, state or
condition, the role played by P70S6K may be direct or
indirect and may be necessary and/or sufficient for
the manifestation of the symptoms of the disease,
state or condition (or its aetiology or progression).
Thus, P70S6K activity (and in particular aberrant
levels of P70S6K activity, e.g. P70S6K
over-expression) neednot necessarily be the proximal
cause of the disease, state or condition: rather, it
is contemplated that P70S6K-mediated diseases, states
or conditions include those having multifactorial
aetiologies and complex progressions in which P70S6K
is only partially involved. In cases where the term is
applied to treatment, prophylaxis or intervention
(e.g. in the "P70S6K-mediated treatments" and
"P70S6K-mediated prophylaxis" of the invention), the
role played by P70S6K may be direct or indirect and
may be necessary and/or sufficient for the operation
of the treatment, prophylaxis or outcome of the
intervention. The term "intervention" is a term of art
used herein to define any agency which effects a
physiological change at any level. Thus, the
intervention may comprise the induction or repression
of any physiological process, event, biochemical
pathway or cellular/biochemical event. The
interventions of the invention typically effect (or
contribute to) the therapy, treatment or prophylaxis
of a disease or condition. Unless the context
indicates otherwise, references herein to
(5)-2-amino-l-(4-
chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol,
or the compound of formula (I) or the S-enantiomer
include the free base as well as ionic, salt, solvate,
N-oxide, tautomeric and protected forms thereof, for
example, as discussed below. The compound may be other
than an N-oxide. For example, in one embodiment, the
compound of formula (I) is other than an N-oxide and
is in the form of a free base. In another embodiment,
the compound of formula (I) is other than an N-oxide
and is in the form of a salt. Salt forms may be
selected and prepared according to methods described
in 



Pharmaceutical Salts: Properties, Selection, and Use,
P. Heinrich Stahl (Editor), Camille G. Wermuth
(Editor), ISBN: 3-90639-026-8, Hardcover, 388 pages,
August 2002. For example, acid addition salts may be
prepared by dissolving the free base in an organic
solvent in which a given salt form is insoluble or
poorlysoluble and then adding the required acid in an
appropriate solvent so that the salt precipitates out
of solution. Acid addition salts may be formed with a
wide variety of acids, both inorganic and organic.
Examples of acid addition salts include salts formed
with an acid selected from the group consisting of
acetic, 2,2-dichloroacetic, adipic, alginic, ascorbic
(e.g. L-ascorbic), L-aspartic, benzenesulphonic,
benzoic, 4-acetamidobenzoic, butanoic, (+) camphoric,
camphor-sulphonic, (+)-(15)-camphor-10-sulphonic,
capric, caproic, caprylic, cinnamic, citric, cyclamic,
dodecylsulphuric, ethane- 1,2- disulphonic,
ethanesulphonic, 2-hydroxyethanesulphonic, formic,
fumaric, galactaric, gentisic, glucoheptonic,
D-gluconic, glucuronic (e.g. D-glucuronic), glutamic
(e.g. L-glutamic), a-oxoglutaric, glycolic, hippuric,
hydrobromic, hydrochloric, hydriodic, isethionic,
lactic (e.g. (+)-L-lactic and ()-DL-lactic),
lactobionic, maleic, malic, (-)-L-malic, malonic,
()-DL-mandelic, methanesulphonic, naphthalenesulphonic
(e.g. naphthalene-2-sulphonic), naphthalene-
1,5-disulphonic, l-hydroxy-2-naphthoic, nicotinic,
nitric, oleic, orotic, oxalic, palmitic, pamoic,
phosphoric, propionic, L-pyroglutamic, salicylic,
4-aminosalicylic, sebacic, stearic, succinic,
sulphuric, tannic, (+)-L-tartaric, thiocyanic,
toluenesulphonic (e.g. /?-toluenesulphonic),
undecylenic and valeric acids, as well as acylated
amino acids and cation exchange resins. One particular
group of acid addition salts includes salts formed
with hydrochloric, hydriodic, phosphoric, nitric,
sulphuric, citric, lactic, succinic, maleic, malic,
isethionic, fumaric, benzenesulphonic,
toluenesulphonic, methanesulphonic, ethanesulphonic,
naphthalenesulphonic, valeric, acetic, propanoic,
butanoic, malonic, glucuronic and lactobionic acids.
Within this group of salts, a sub-set of salts
consists of salts formed with hydrochloric acid or
acetic acid. Another group of acid addition salts
includes salts formed from acetic, adipic, ascorbic,
aspartic, citric, DL-Lactic, fumaric, gluconic,
glucuronic, hippuric, hydrochloric, glutamic,
DL-malic, methanesulphonic, sebacic, stearic, succinic
and tartaric acids.The compound of formula (I) may
exist as mono- or di-salts depending upon the pKa of
the acid from which the salt is formed. In stronger
acids, the basic pyrazole nitrogen, as well as the
nitrogen atom in the amino group, may take part in
salt formation. For example, where the acid has a pKa
of less than about 3 (e.g. an acid such as
hydrochloric acid, sulphuric acid or trifluoroacetic
acid), the compound of formuila (I) will typically
form salts with 2 molar equivalents of the acid. The
salt forms of the compound of formula (I) are
typically pharmaceutically acceptable salts, and
examples of pharmaceutically acceptable salts are
discussed in Berge et al., 1911, "Pharmaceutically
Acceptable Salts," J Pharm. ScL, Vol. 66, pp. 1-19.
However, salts that are not pharmaceutically
acceptable may also be prepared as intermediate forms
which may then be converted into pharmaceutically
acceptable salts. Such non-pharmaceutically acceptable
salts forms, which may be 



useful, for example, in the purification or separation
of the compound of formula (I), also form part of the
invention. The compound of formula (I) may also form
N-oxides and such N-oxides are within the scope of the
definition of the compound of formula (I). In one
general embodiment, the compound of formula (I) is not
an N-oxide. N-Oxides can be formed by treatment of the
parent amine with an oxidizing agent such as hydrogen
peroxide or a per-acid (e.g. a peroxycarboxylic acid),
see for example Advanced Organic Chemistry, by Jerry
March, 4th Edition, Wiley Interscience, pages. More
particularly, N-oxides can be made by the procedure of
L. W. Deady (Syn. Comm. 1977, 7, 509-514) in which the
amine compound is reacted with m-chloroperoxybenzoic
acid (MCPBA), for example, in an inert solvent such as
dichloromethane. The compound of formula (I) can be
prepared from a racemic mixture of the Senantiomer and
the i?-enantiomer by using a suitable separation
technique such as chiral chromatography
(chromatography on a chiral support) and such
techniques are well known to the person skilled in the
art.As an alternative to chiral chromatography, the
enantiomers can be separated by forming
diastereoisomeric salts with chiral acids such as
(+)-tartaric acid, (-)- pyroglutamic acid,
(-)-di-toluloyl-L-tartaric acid, (+)-mandelic acid,
(-)-malic acid, and (-)-camphorsulphonic, separating
the diastereoisomers by preferential crystallisation,
and then dissociating the salts to give the individual
enantiomer of the free base. The compound of formula
(I) includes variants with one or more isotopic
substitutions, and a reference to a particular element
includes within its scope all isotopes of the element.
For example, a reference to hydrogen includes within
its scope 1H, 2H (D), and 3H (T). Similarly,
references to carbon and oxygen include within their
scope respectively 12C, 13C and 14C and 16O and 18O.
The isotopes may be radioactive or non-radioactive. In
one embodiment of the invention, the compounds contain
no radioactive isotopes. Such compounds are preferred
for therapeutic use. In another embodiment, however,
the compound may contain one or more radioisotopes.
Compounds containing such radioisotopes may be useful
in a diagnostic context. Also encompassed by formula
(I) are any polymorphic forms of the compounds,
solvates (e.g. hydrates), complexes (e.g. inclusion
complexes or clathrates with compounds such as
cyclodextrins, or complexes with metals) of the
compounds, and pro-drugs of the compounds. By
"prodrugs" is meant for example any compound that is
converted in vivo into a biologically active
composition as defined herein. For example, some
prodrugs are esters of the active compound (e.g., a
physiologically acceptable metabolically labile
ester). During metabolism, the ester group (-C(=O)OR)
is cleaved to yield the active drug. Such esters may
be formed by esterification, for example, of any of
the hydroxyl groups (-C(=O)OH) in the parent compound,
with, where appropriate, prior protection of any other
reactive groups present in the parent compound,
followed by deprotection if required.Examples of such
metabolically labile esters include those of the
formula - 



C(=O)OR wherein R is: Ci-yalkyl (e.g., -Me, -Et, -nPr,
-iPr, -nBu, -sBu, -iBu, -tBu); Ci-yaminoalkyl (e.g.,
aminoethyl; 2-(N,N-diethylamino)ethyl;
2-(4-morpholino)ethyl); and acyloxy-Ci-7alkyl (e.g.,
acyloxymethyl; acyloxyethyl; pivaloyloxymethyl;
acetoxymethyl; 1-acetoxyethyl; 1-(1-methoxy-
1-methyl)ethyl-carbonxyloxyethyl; 1-(benzoyloxy)ethyl;
isopropoxy-carbonyloxymethyl;
1-isopropoxy-carbonyloxyethyl;
cyclohexyl-carbonyloxymethyl;
1-cyclohexyl-carbonyloxyethyl;
cyclohexyloxy-carbonyloxymethyl;
l-cyclohexyloxy-carbonyloxyethyl;
(4-tetrahydropyranyloxy) carbonyloxymethyl;
1-(4-tetrahydropyranyloxy)carbonyloxyethyl;
(4-tetrahydropyranyl)carbonyloxymethyl; and
l-(4-tetrahydropyranyl)carbonyloxyethyl). Also, some
prodrugs are activated enzymatically to yield the
active compound, or a compound which, upon further
chemical reaction, yields the active compound (for
example, as in Antibody-directed Enzyme Prodrug
Therapy (ADEPT), Genedirected Enzyme Prodrug Therapy
(GDEPT), Polymer-directed Enzyme Prodrug Therapy
(PDEPT), Ligand-directed Enzyme Prodrug Therapy
(LIDEPT), etc.). For example, the prodrug may be a
sugar derivative or other glycoside conjugate, or may
be an amino acid ester derivative. Synthetic
MethodsThe compound of the formula (I) and its
i?-enantiomer and mixtures thereof can be prepared by
the methods shown in Scheme 1. In Scheme 1, the
substituted benzophenone (10) is converted to the
epoxide (11) by reaction with trimethylsulphonium
iodide in dimethylsulphoxide in the presence of a base
(e.g. a hydride base such as sodium hydride). The
epoxide (11) is then reacted with ammonia in an
alcoholic solvent such as methanol, typically with
heating, to give the amine (12) as a racemic mixture
of R- and S- enantiomers. The amine (12) can be
reacted directly with a pyrazole boronate (such as
4-(4,4,5,5-
tetramethyl-[l,3,2]dioxaborolan-2-yl)-lH-pyrazole) in
the presence of a palladium catalyst (such as
tetrakistriphenylphosphine palladium (O)) under Suzuki
coupling conditions to give the racemic compound (15).
However, it has been found that reacting the
unprotected amine under Suzuki coupling conditions
gives relatively poor product yields and the product
is relatively difficult to purify because of its low
solubility. This problem is overcome by first
protecting the amino group (e.g. with a Boc group
whereby PG = Boc) to give the protected intermediate
(13) and 



then subjecting intermediate (13) to Suzuki coupling
to give the protected compound (14). The protected
compound (14) is then deprotected by well known
methods (e.g. using HCl in ether/methanol when PG =
Boc) to give the product (15) as a racemic
mixture.Scheme 1 The racemic mixture (15) can be
resolved by methods well known to those skilled in the
art, for example using the chiral chromatography
methods and other methods described herein. In another
aspect, the invention provides a process for the
preparation of a compound of the formula (15), which
process comprises the removal of a protecting group PG
from a compound of the compound (14) and thereafter
optionally separating the optical isomers of compound
(15) and isolating the S-enantiomer thereof. The
invention also provides a compound preparable by the
foregoing process, as well as a compound of the
formula (15) whenever prepared by the said process. In
a further aspect, the invention provides a process for
the preparation of a compound of the formula (15),
which process comprises (i) reacting a compound of the
formula (13) with a pyrazole derivative of the formula
(16):wherein X is a group B(OH) or a boronate ester
group (such as a 4,4,5,5-
tetramethyl-[l,3,2]dioxaborolan-2-yl group) in the
presence of a palladium catalyst (such as
tetrakistriphenylphosphine palladium (O)) under Suzuki
coupling conditions to give a compound of the formula
(14); (ii) removing the protecting group PG from the
compound of the compound (14) and thereafter (iii)
optionally separating the optical isomers of compound
(15) and isolating the S-enantiomer thereof.
Intermediates of the formula (13), particularly
wherein PG is a Boc group, constitute a further aspect
of the invention. Novel intermediates of the formula
(14), wherein PG is other than a 2-carboxybenzoyl
group, also form a further aspect of the invention. A
preferred intermediate (14) is the compound wherein PG
is a Boc group. As an alternative to the methods
described above and illustrated in Scheme 1, the
compound of formula (I) can be prepared by following
the method described in Example 84 ofWO 2005/061463
(Astex) and then isolating the S-enantiomer using the
separation methods described above and elsewhere
herein. An improved process for making the
intermediate compound (12) is illustrated in Scheme
2.(10) NaN3, H2O, Me2CO, D 100 % Scheme 2 In Scheme 2,
the substituted benzophenone (10) is converted to the
epoxide (11) by reaction with trimethylsulphonium
iodide in dimethylsulphoxide in the presence of a base
as described in Scheme 1 above, except that the sodium
hydride base is replaced with potassium t r
t-butoxide. The potassium t r t-butoxide is added to a
rapidly stirred mixture of the benzophenone (10) and
trimethylsulphonium iodide, 



typically at room temperature. The use of potassium t
r t-butoxide as the base rather than sodium hydride
confers significant advantages. Firstly, rather than
forming the dimsyl anion by reaction of base with DMSO
and then adding the other reactants, as is the case
when sodium hydride is used as the base, the r
-butoxide can be added to a preformed mixture of the
benzophenone (10), trimethylsulphonium iodide and
dimethylsulphoxide. This means that the dimsyl anion
is consumed very quickly after it is formed and
therefore only small amounts of the dimsyl anion are
present in the reaction mixture at any given time.
Thus the use of potassium tert-butoxide avoids the
formation of large concentrations of the relatively
viscous and somewhat hazardous dimsyl sodium. In
addition to improving the safety of the process, the
absence of large concentrations of the viscous dimsyl
sodium means that the reaction mixture is much easier
to stirallowing more efficient mixing of the reactants
and the avoidance of localised pockets of unreacted or
incompletely reacted materials, an advantage which is
enhanced by the fact that the tert-butanol formed
during the reaction is a good solvent for the
reactants and product. These benefits are particularly
apparent when the reaction is carried out on a larger
scale (e.g. to prepare quantities of 50 grammes or
more of the epoxide (11) where it has been found that
the use of potassium tertbutoxide gives rise to
substantially better yields of the epoxide (11) and
better purity (compared to reactions using sodium
hydride as the base). In the reaction sequence shown
in Scheme 1, the epoxide (11) is reacted with ammonia
in an alcoholic solvent such as methanol with heating,
to give the amine (12). Reactions of this type may be
carried out in a microwave reactor, typically under
pressure and give good yields and purity on relatively
small scale reactions. However, for larger scale
reactions (e.g. for producing quantities of 50 grammes
or more of the amine (12)), it has been found that
reacting the epoxide (11) with sodium azide and then
reducing the azide intermediate (17) to the amine (12)
gives better yields and greater purity. The reaction
of the epoxide (11) with the sodium azide is typically
carried out in a polar solvent, e.g. an aqueous
solvent comprising water and a water-miscible solvent
such as acetone. The reaction is usually carried out
with heating, for example to the reflux temperature of
the solvent system. Conversion of the azido alcohol
(17) to the amino alcohol (12) may be achieved by
reaction with triphenyl phosphine followed by
treatment with an aqueous acid and particularly an
aqueous solution of a substituted sulphonic acid,
preferably an alkylor arylsulphonic acid such as
methanesulphonic acid, ethanesulphonic acid,
benzenesulphonic acid, toluenesulphonic acid or
camphorsulphonic acid. The use of 4-toluenesulphonic
acid is particularly preferred. Without wishing to be
bound by any theory, the reaction is believed to
proceed by initial cyclisation to form an aziridine
followed by ring opening in the presence of the acid
to give the amino alcohol. By using an acid
(particularly 4-toluenesulphonic acid), the
amino-alcohol can be isolated as a stable, easy to
handle salt and readily purified. If an optically
active form of camphorsulphonic acid (e.g. d
-camphorsulphonic acid) is used,fractional
crystallisation of the salt can be carried out to
separate the individual salts of the two enantiomers
of the amino alcohol (12). Treatment of the salts with
base then gives the individual enantiomers of the
amino alcohol (12). 



The azide compound (17), the amino-alcohol (12) and
its individual enantiomers and acid addition salts of
the amino-alcohol (12) and its enantiomers are
believed to be novel and, as such, form further
aspects of the invention. Thus, in one embodiment, the
invention provides 2-amino-l-(4-chloro-phenyl)-l-
[4-iodo-phenyl]-ethanol and acid addition salts
thereof as defined herein. In another embodiment, the
invention provides (R) 2-amino-l-(4-chloro-phenyl)-l-
[4-iodo-phenyl]-ethanol, and acid addition salts
thereof as defined herein. In a further embodiment,
the invention provides (S)
2-amino-l-(4-chloro-phenyl)-l-
[4-iodo-phenyl]-ethanol, and acid addition salts
thereof as defined herein. In each of the foregoing
three embodiments, preferred acid addition salts are
salts formed with methanesulphonic acid,
ethanesulphonic acid, benzenesulphonic acid,
toluenesulphonic acid or camphorsulphonic acid (e.g.
d-camphorsulphonic acid). A particularly preferred
salt is the salt formed with 4-toluenesulphonic acid.
In addition to being useful as a synthetic
intermediate, the compound of the formula (12) and its
acid addition salts have activity against the kinase
PKB and, as such, should be useful in therapy, and in
particular for the uses (e.g. anti-cancer uses)
described herein for the compound of formula (I).
Pharmaceutical compositions containing the compound of
formula (12) or an acid addition salt thereof as
defined herein and a pharmaceutically acceptable
carrier, and the therapeutic uses of the compound of
formula (12) or its acid addition salts constitute
further aspects of the invention. In another aspect,
the invention provides a method of preparing an
optically active form of a compound of the formula
(12), which method comprises the
fractionalcrystallisation of an acid addition salt of
the compound of the formula (12), wherein the salt is
derived from an optically active acid (e.g. d
-camphorsulphonic acid). In another aspect, the
invention provides a process for the preparation of a
compound of the formula (12) as defined herein, which
process comprises the reaction of a compound of the
formula (17) with a tertiary phosphine such as
triphenylphosphine in a polar aprotic solvent such as
tetrahydrofuran at a temperature above room
temperature (for example at the reflux temperature of
the solvent) followed by treatment with aqueous acid,
for example a substituted sulphonic acid such as
4-toluenesulphonic acid. As an alternative to
triphenylphosphine, other tertiary phosphines may be
used and these include other triarylphosphines such as
tritolylphosphine, trialkylphosphines such as
tributylphosphine, tri-cycloalkyl phosphines such as
tricyclohexylphosphine, and tertiary phosphines
containing mixtures of aryl and/or alkyl and/or
cycloalkyl groups. However, triphenylphosphine is
preferred. As an alternative to 4-toluenesulphonic
acid, other substituted sulphonic acids may be used;
for example alkyl- and arylsulphonic acid such as
methanesulphonic acid, ethanesulphonic acid,
benzenesulphonic acid, and camphorsulphonic acid, as
described above. In another aspect the invention
provides a process for the preparation of a compound
of the formula (17); which process comprises the
reaction of an epoxide compound of the formula (11)
with an alkali metal azide (e.g. sodium azide) or 



trimethylsilylazide (TMS-azide) in a polar solvent
(e.g. an aqueous organic solvent such as aqueous
acetone), preferably with heating (for example to the
reflux temperature of the solvent). In a further
aspect, the invention provides a process for the
preparation of a compound of the formula (12), which
process comprises the steps of:(a) the reaction of a
compound of the formula (11) as defined herein with an
alkali metal azide (such as sodium azide) or
trimethylsilyl azide to form a compound of the formula
(17); (b) the reaction of the compound of the formula
(17) with (i) a tertiary phosphine such as
triphenylphosphine, followed by (ii) an acid such as
example a substituted sulphonic acid, preferably an
alkyl- or arylsulphonic acid such as methanesulphonic
acid, ethanesulphonic acid, benzenesulphonic acid or
toluenesulphonic acid, and most preferably
4-toluenesulphonic acid. In each of the above
processes involving the use of an azide, alkali metal
azides (e.g. lithium azide, potassium azide and sodium
azide) are preferred and sodium azide is most
preferred. In another aspect, the invention provides a
process for the preparation of a compound of the
formula (15),
2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-
yl)-phenyl]-ethanol; which method comprises: (1)
preparing a compound of the formula (12) by a method
as defined herein; (2) protecting the amino group of
the compound of formula (12) by a method as defined
herein to give a compound of formula (13); (3)
reacting a compound of the formula (13) with a
pyrazole derivative of the formula (16) as defined
herein in the presence of a palladium catalyst (such
as tetrakistriphenylphosphine palladium (O)) under
Suzuki coupling conditions to give a compound of the
formula (14); (4) removing the protecting group PG
from the compound of the formula (14); and optionally
thereafter (5) separating the optical isomers of
compound (15) and isolating the Senantiomer thereof.
Pharmaceutical Formulations While it is possible for
the compound of formula (I) to be administered alone,
it is preferred that the composition of the invention
is a pharmaceutical composition(e.g. formulation)
comprising a compound of formula (I) together with one
or more pharmaceutically acceptable carriers,
adjuvants, excipients, diluents, fillers, buffers,
stabilisers, preservatives, lubricants, or other
materials well known to those skilled in the art and
optionally other therapeutic or prophylactic agents.
Thus, the present invention further provides
pharmaceutical compositions, as defined above, and
methods of making a pharmaceutical composition
comprising admixing the compound of formula (I)
together with one or more pharmaceutically acceptable
carriers, excipients, buffers, adjuvants, stabilizers,
or other materials, as described herein. The term
"pharmaceutically acceptable" as used herein pertains
to compounds, materials, compositions, and/or dosage
forms which are, within the scope of sound 



medical judgment, suitable for use in contact with the
tissues of a subject (e.g. human) without excessive
toxicity, irritation, allergic response, or other
problem or complication, commensurate with a
reasonable benefit/risk ratio. Each carrier,
excipient, etc. must also be "acceptable" in the sense
of being compatible with the other ingredients of the
formulation. Pharmaceutical compositions containing
the composition as defined herein can be formulated in
accordance with known techniques, see for example,
Remington's Pharmaceutical Sciences, Mack Publishing
Company, Easton, PA, USA. Accordingly, in a further
aspect, the invention provides the composition as
defined herein in the form of a pharmaceutical
composition. The pharmaceutical compositions can be in
any form suitable for oral, parenteral, topical,
intranasal, ophthalmic, otic, rectal, intra-vaginal,
or transdermal administration. Where the compositions
are intended for parenteral administration, they can
be formulated for intravenous, intramuscular,
intraperitoneal, subcutaneous administration or for
direct delivery into a target organ or tissue by
injection, infusion or other means of delivery. The
delivery can be by bolusinjection, short term infusion
or longer term infusion and can be via passive
delivery or through the utilisation of a suitable
infusion pump. Pharmaceutical formulations adapted for
parenteral administration include aqueous and
non-aqueous sterile injection solutions which may
contain anti-oxidants, buffers, bacteriostats,
co-solvents, organic solvent mixtures, cyclodextrin
complexation agents, emulsifying agents (for forming
and stabilizing emulsion formulations), liposome
components for forming liposomes, gellable polymers
for forming polymeric gels, lyophilisation protectants
and combinations of agents for, inter alia,
stabilising the active ingredient in a soluble form
and rendering the formulation isotonic with the blood
of the intended recipient. Pharmaceutical formulations
for parenteral administration may also take the form
of aqueous and non-aqueous sterile suspensions which
may include suspending agents and thickening agents
(R. G. Strickly, Solubilizing Excipients in oral and
injectable formulations, Pharmaceutical Research, VoI
21(2) 2004, p 201-230). Liposomes are closed spherical
vesicles composed of outer lipid bilayer membranes and
an inner aqueous core and with an overall diameter of
<100 mm. Depending on the level of hydrophobicity,
moderately hydrophobic drugs can be solubilized by
liposomes if the drug becomes encapsulated or
intercalated within the liposome. Hydrophobic drugs
can also be solubilized by liposomes if the drug
molecule becomes an integral part of the lipid bilayer
membrane, and in this case, the hydrophobic drug is
dissolved in the lipid portion of the lipid bilayer.
The formulations may be presented in unit-dose or
multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried
(lyophilised) condition requiring only the addition of
the sterile liquid carrier, for example water for
injections, immediately prior to use. The
pharmaceutical formulation can be prepared by
lyophilising a compound of formula (I). Lyophilisation
refers to the procedure of freeze-drying a
composition. Freeze-drying and lyophilisation are
therefore used herein as synonyms.Extemporaneous
injection solutions and suspensions may be prepared
from sterile 



powders, granules and tablets. Pharmaceutical
compositions of the present invention for parenteral
injection can also comprise pharmaceutically
acceptable sterile aqueous or non-aqueous solutions,
dispersions, suspensions or emulsions as well as
sterile powders for reconstitution into sterile
injectable solutions or dispersions just prior to use.
Examples of suitable aqueous and nonaqueous carriers,
diluents, solvents or vehicles include water, ethanol,
polyols (such as glycerol, propylene glycol,
polyethylene glycol, and the like),
carboxymethylcellulose and suitable mixtures thereof,
vegetable oils (such as olive oil), and injectable
organic esters such as ethyl oleate. Proper fluidity
can be maintained, for example, by the use of coating
materials such as lecithin, by the maintenance of the
required particle size in the case of dispersions, and
by the use of surfactants. The compositions of the
present invention may also contain adjuvants such as
preservatives, wetting agents, emulsifying agents, and
dispersing agents. Prevention of the action of
microorganisms may be ensured by the inclusion of
various antibacterial and antifungal agents, for
example, paraben, chlorobutanol, phenol sorbic acid,
and the like. It may also be desirable to include
isotonic agents such as sugars, sodium chloride, and
the like. Prolonged absorption of the injectable
pharmaceutical form may be brought about by the
inclusion of agents which delay absorption such as
aluminum monostearate and gelatin. In one preferred
embodiment of the invention, the pharmaceutical
composition is in a form suitable for i.v.
administration, for example by injection or infusion.
For intravenous administration, the solution can be
dosed as is, or can be injected into an infusion bag
(containing a pharmaceutically acceptable excipient,
such as 0.9% saline or 5% dextrose), before
administration. In another preferred embodiment, the
pharmaceutical composition is in a form suitable for
sub-cutaneous (s.c.) administration.Pharmaceutical
dosage forms suitable for oral administration include
tablets, capsules, caplets, pills, lozenges, syrups,
solutions, powders, granules, elixirs and suspensions,
sublingual tablets, wafers or patches and buccal
patches. Thus, tablet compositions can contain a unit
dosage of active compound together with an inert
diluent or carrier such as a sugar or sugar alcohol,
eg; lactose, sucrose, sorbitol or mannitol; and/or a
non-sugar derived diluent such as sodium carbonate,
calcium phosphate, calcium carbonate, or a cellulose
or derivative thereof such as methyl cellulose, ethyl
cellulose, hydroxypropyl methyl cellulose, and
starches such as corn starch. Tablets may also contain
such standard ingredients as binding and granulating
agents such as polyvinylpyrrolidone, disintegrants
(e.g. swellable crosslinked polymers such as
crosslinked carboxymethylcellulose), lubricating
agents (e.g. stearates), preservatives (e.g.
parabens), antioxidants (e.g. BHT), buffering agents
(for example phosphate or citrate buffers), and
effervescent agents such as citrate/bicarbonate
mixtures. Such excipients are well known and do not
need to be discussed in detail here. Capsule
formulations may be of the hard gelatin or soft
gelatin variety and can contain the active component
in solid, semi-solid, or liquid form. Gelatin capsules



can be formed from animal gelatin or synthetic or
plant derived equivalents thereof. The solid dosage
forms (eg; tablets, capsules etc.) can be coated or
un-coated, but typically have a coating, for example a
protective film coating (e.g. a wax or varnish) or a
release controlling coating. The coating (e.g. a
Eudragit (tm) type polymer) can be designed to release
the active component at a desired location within the
gastro-intestinal tract. Thus, the coating can be
selected so as to degrade under certain pH conditions
within the gastrointestinal tract, thereby selectively
release the compound in the stomach or in the ileum or
duodenum. Instead of, or in addition to, a coating,
the drug can be presented in a solid matrix comprising
a release controlling agent, for example a release
delaying agent which may be adapted to selectively
release the compound under conditions of varying
acidity or alkalinity in the gastrointestinal tract.
Alternatively, the matrix materialor release retarding
coating can take the form of an erodible polymer (e.g.
a maleic anhydride polymer) which is substantially
continuously eroded as the dosage form passes through
the gastrointestinal tract. As a further alternative,
the active compound can be formulated in a delivery
system that provides osmotic control of the release of
the compound. Osmotic release and other delayed
release or sustained release formulations may be
prepared in accordance with methods well known to
those skilled in the art. The pharmaceutical
compositions comprise from approximately 1% to
approximately 95%, preferably from approximately 20%
to approximately 90%, active ingredient.
Pharmaceutical compositions according to the invention
may be, for example, in unit dose form, such as in the
form of ampoules, vials, suppositories, dragees,
tablets or capsules. Pharmaceutical compositions for
oral administration can be obtained by combining the
active ingredient with solid carriers, if desired
granulating a resulting mixture, and processing the
mixture, if desired or necessary, after the addition
of appropriate excipients, into tablets, dragee cores
or capsules. It is also possible for them to be
incorporated into plastics carriers that allow the
active ingredients to diffuse or be released in
measured amounts. The compositions of the invention
can also be formulated as solid dispersions. Solid
dispersions are homogeneous extremely fine disperse
phases of two or more solids. Solid solutions
(molecularly disperse systems), one type of solid
dispersion, are well known for use in pharmaceutical
technology (see (Chiou and Riegelman, J . Pharm. ScL,
60, 1281-1300 (1971)) and are useful in increasing
dissolution rates and increasing the bioavailability
of poorly water-soluble drugs. This invention also
provides solid dosage forms comprising the solid
solution described above. Solid dosage forms include
tablets, capsules and chewable tablets. Known
excipients can be blended with the solid solution to
provide the desired dosage form. For example, a
capsule can contain the solid solution blended with
(a) a disintegrant and a lubricant, or (b) a
disintegrant, a lubricant and a surfactant. Atablet
can contain the solid solution blended with at least
one disintegrant, a lubricant, a surfactant, and a
glidant. The chewable tablet can contain the solid
solution blended with a bulking agent, a lubricant,
and if desired an additional sweetening agent (such as
an artificial sweetener), and suitable flavours. 



The pharmaceutical formulations may be presented to a
patient in "patient packs" containing an entire course
of treatment in a single package, usually a blister
pack. Patient packs have an advantage over traditional
prescriptions, where a pharmacist divides a patient's
supply of a pharmaceutical from a bulk supply, in that
the patient always has access to the package insert
contained in the patient pack, normally missing in
patient prescriptions. The inclusion of a package
insert has been shown to improve patient compliance
with the physician's instructions. Compositions for
topical use include ointments, creams, sprays,
patches, gels, liquid drops and inserts (for example
intraocular inserts). Such compositions can be
formulated in accordance with known methods. Examples
of formulations for rectal or intra-vaginal
administration include pessaries and suppositories
which may be, for example, formed from a shaped
moldable or waxy material containing the active
compound. Compositions for administration by
inhalation may take the form of inhalable powder
compositions or liquid or powder sprays, and can be
administrated in standard form using powder inhaler
devices or aerosol dispensing devices. Such devices
are well known. For administration by inhalation, the
powdered formulations typically comprise the active
compound together with an inert solid powdered diluent
such as lactose. The compositions will generally be
presented in unit dosage form and, as such, will
typically contain sufficient compound to provide a
desired level of biological activity. For example, a
formulation may contain from 1 nanogram to 2 grams of
active ingredient, e.g. from 1 nanogram to 2
milligrams of active ingredient. Within this range,
particular sub-ranges of compound are 0.1 milligrams
to 2 gramsof active ingredient (more usually from 10
milligrams to 1 gram, e.g. 50 milligrams to 500
milligrams), or 1 microgram to 20 milligrams (for
example 1 microgram to 10 milligrams, e.g. 0.1
milligrams to 2 milligrams of active ingredient). For
oral compositions, a unit dosage form may contain from
1 milligram to 2 grams, more typically 10 milligrams
to 1 gram, for example 50 milligrams to 1 gram, e.g.
100 milligrams to 1 gram, of active compound. The
active compound will be administered to a patient in
need thereof (for example a human or animal patient)
in an amount sufficient to achieve the desired
therapeutic effect. Protein Kinase Inhibitory Activity
The activity of the compound of formula (I) as
inhibitors of protein kinase A and protein kinase B
can be measured using the assays set forth in the
examples below and the level of activity exhibited by
a given compound can be defined in terms of the IC50
value. Therapeutic Uses Prevention or Treatment of
Proliferative Disorders The compound of the formula
(I) is an inhibitor of protein kinase A and protein
kinase B. As such, it will be useful in providing a
means of preventing the growth of or inducing
apoptosis of neoplasias. The compositions of the
invention will therefore prove useful in treating or
preventing proliferative disorders such as 



cancers. In particular tumours with deletions or
inactivating mutations in PTEN or loss of PTEN
expression or rearrangements in the (T-cell
lytmphocyte) TCL-I gene may be particularly sensitive
to PKB inhibitors. Tumours which have other
abnormalities leading to an upregulated PKB pathway
signal may also be particularly sensitive to
inhibitors of PKB. Examples of such abnormalities
include but are not limited to overexpression of one
or more PBK subunits, over-expression of one or more
PKB iso forms, or mutations in PBK, PDKl, or PKB which
lead toan increase in the basal activity of the enzyme
in question, or upregulation or overexpression or
mutational activation of a growth factor receptor such
as a growth factor selected from the epidermal growth
factor receptor (EGFR), fibroblast growth factor
receptor (FGFR), platelet derived growth factor
receptor (PDGFR), insulin-like growth factor 1
receptor (IGF-IR) and vascular endothelial growth
factor receptor (VEGFR) families. The compositions of
the invention will also be useful in treating other
conditions which result from disorders in
proliferation or survival such as viral infections,
and neurodegenerative diseases for example. PKB plays
an important role in maintaining the survival of
immune cells during an immune response and therefore
PKB inhibitors could be particularly beneficial in
immune disorders including autoimmune conditions.
Therefore, PKB inhibitors could be useful in the
treatment of diseases in which there is a disorder of
proliferation, apoptosis or differentiation. PKB
inhibitors may also be useful in diseases resulting
from insulin resistance and insensitivity, and the
disruption of glucose, energy and fat storage such as
metabolic disease and obesity. Examples of cancers
which may be inhibited include, but are not limited
to, a carcinoma, for example a carcinoma of the
bladder, breast, colon (e.g. colorectal carcinomas
such as colon adenocarcinoma and colon adenoma),
kidney, epidermal, liver, lung, for example
adenocarcinoma, small cell lung cancer and non-small
cell lung carcinomas, oesophagus, gall bladder, ovary,
pancreas e.g. exocrine pancreatic carcinoma, stomach,
cervix, endometrium, thyroid, prostate, or skin, for
example squamous cell carcinoma; a hematopoietic
tumour of lymphoid lineage, for example leukaemia,
acute lymphocytic leukaemia, B-cell lymphoma, multiple
myeloma, T-cell lymphoma, Hodgkin's lymphoma,
non-Hodgkin's lymphoma, hairy cell lymphoma, or
Burkitt's lymphoma; a hematopoietic tumour of myeloid
lineage, for example acute and chronic myelogenous
leukaemias, myelodysplastic syndrome, or promyelocytic
leukaemia; myeloproliferative syndrome;
thyroidfollicular cancer; a tumour of mesenchymal
origin, for example fibrosarcoma or rhabdomyosarcoma;
a tumour of the central or peripheral nervous system,
for example astrocytoma, neuroblastoma, glioma or
schwannoma; melanoma; seminoma; teratocarcinoma;
osteosarcoma; xenoderoma pigmentosum; keratoctanthoma;
thyroid follicular cancer; or Kaposi's sarcoma. Thus,
in the pharmaceutical compositions, uses or methods of
this invention for treating a disease or condition
comprising abnormal cell growth, the disease or
condition comprising abnormal cell growth in one
embodiment is a cancer. Particular subsets of cancers
include breast cancer, ovarian cancer, colon cancer, 



prostate cancer, oesophageal cancer, squamous cancer
and non-small cell lung carcinomas. A further subset
of cancers includes breast cancer, ovarian cancer,
prostate cancer, endometrial cancer and glioma. The
compositions of the invention can also be used in
combination with other anticancer agents. Examples of
such combinations are set out below. Immune Disorders
Immune disorders for which the compositions of the
invention may be beneficial include but are not
limited to autoimmune conditions and chronic
inflammatory diseases, for example systemic lupus
erythematosus, autoimmune mediated glomerulonephritis,
rheumatoid arthritis, psoriasis, inflammatory bowel
disease, and autoimmune diabetes mellitus, Eczema
hypersensitivity reactions, asthma, COPD, rhinitis,
and upper respiratory tract disease. Other Therapeutic
Uses PKB plays a role in apoptosis, proliferation,
differentiation and therefore the compound of formula
(I) could also be useful in the treatment of the
following diseases other than cancer and those
associated with immune dysfunction; viral infections,
for example herpes virus, pox virus, Epstein-Barr
virus, Sindbis virus,adenovirus, HIV, HPV, HCV and
HCMV; prevention of AIDS development in HIV-infected
individuals; cardiovascular diseases for example
cardiac hypertrophy, restenosis, atherosclerosis;
neurodegenerative disorders, for example Alzheimer's
disease, AIDS-related dementia, Parkinson's disease,
amyotropic lateral sclerosis, retinitis pigmentosa,
spinal muscular atropy and cerebellar degeneration;
glomerulonephritis; myelodysplastic syndromes,
ischemic injury associated myocardial infarctions,
stroke and reperfusion injury, degenerative diseases
of the musculoskeletal system, for example,
osteoporosis and arthritis, aspirin-sensitive
rhinosinusitis, cystic fibrosis, multiple sclerosis,
kidney diseases. Uses associated with or arising from
ROCK kinase inhibitory activity The compounds of
formula (I) modulate (e.g. inhibit) the activity of
ROCK kinase. The compounds therefore find application
in: (a) the treatment or prophylaxis of a disease or
condition in which the modulation (e.g. inhibition) of
ROCK kinase is indicated; and/or (b) the treatment of
a subject or patient population in which the
modulation (e.g. inhibition) of ROCK kinase is
indicated; and/or (c) the treatment or prophylaxis of
a disease or condition in which the modulation (e.g.
inhibition) of the Rho signalling pathway is
indicated; and/or (d) the treatment of a subject or
patient population in which the modulation (e.g.
inhibition) of the Rho signalling pathway is
indicated. The invention therefore finds application
in relation to diseases and conditions selected from:
(a) tumour metastasis; (b) tumour invasion; (c) tumour
progression; (d) tumour adhesion (e.g. tumour cell
adhesion); (e) actinomycin contractilitydependent
tumour metastasis, invasion or progression; (f) cell
transformation; (g) ROCK-mediated tumour metastasis,
invasion, progression or adhesion; (h) ROCKmediated
actinomycin contractility-dependent tumour metastasis,
invasion or progression; (i) ROCK-mediated cell
transformation. 



The invention also finds application in relation to
cancer (e.g. ROCK-mediated cancer), especially where
the cancer (for example being a ROCK-mediated cancer)
is selected from: (a) testicular germ cell tumours;
(b) small breast carcinomas withmetastatic ability;
(c) bladder cancer; (d) ovarian cancer; (e) prostate
cancer; and (f) hepatocellular carcinoma. Other
applicable diseases and conditions include the
invasion, metastasis and tumour progression of any of
the cancers defined herein. The invention also finds
application in relation to cardiovascular diseases or
conditions, particularly those selected from: (a)
hypertension; (b) heart dysfunction (e.g. chronic and
congestive heart failure); (c) cardiac hypertrophy;
(d) restenosis; (e) renal dysfunction (e.g. chronic
renal failure); (f) atherosclerosis
(arteriosclerosis); (g) cardioprotection; (h)
allograft survival; (i) cerebral ischemia; (j)
coronary vasospasm; and (k) vascular inflammation.
Other applicable diseases and conditions include
muscle (e.g. smooth muscle) dysfunction, for example
selected from: (a) asthma; (b) penile erectile
dysfunction; (c) female sexual dysfunction; (d)
over-active bladder I syndrome; and (e) abnormal
smooth muscle (e.g. associated with hypertension).
Other applicable diseases and conditions include
inflammation, wherein for example the inflammation
comprises or is manifest by: (a) rheumatoid arthritis;
(b) irritable bowel syndrome; (c) inflammatory bowel
disease; (d) vascular inflammation, and (e) a
neuroinflammatory disease or condition. In embodiments
relating to neuroinflammatory diseases or conditions,
these may be selected from: (a) stroke; (b) multiple
sclerosis; (c) Alzheimer's disease; (d) Parkinson's
disease; (e) amyotrophic lateral sclerosis; and (f)
inflammatory pain. Other applicable diseases and
conditions include CNS diseases or conditions,
including those selected from: (a) spinal cord injury
or trauma; (b) brain injury or trauma; (c) acute
neuronal injury (e.g. stroke or traumatic brain
injury); (d) Parkinson's disease; (e) Alzheimer's
disease; (f) neurodegenerative conditions or diseases;
(g) stroke (e.g. associated with hypertension); (h)
cerebral vasospasm; (i) inhibition of neurite growth
and sprouting; (j) inhibited neurite regeneration; (k)
compromised post-trauma functional recovery; (1)
demyelinating diseases ordisorders; (m) inflammatory
CNS diseases or disorders; (n) neuropathic pain; and
(o) neurodegeneration. Other applicable CNS diseases
or conditions include those selected from: Downs
syndrome and b-amyloid angiopathy, such as but not
limited to cerebral amyloid angiopathy, hereditary
cerebral hemorrhage, disorders associated with
cognitive impairment, such as but not limited to MCI
("mild cognitive impairment"), Alzheimer Disease,
memory loss, attention deficit symptoms associated
with Alzheimer disease, neurodegeneration associated
with diseases such as Alzheimer Disease or dementia
including dementia of mixed vascular and degenerative
origin, pre-senile dementia, senile dementia and
dementia associated with Parkinson's Disease,
progressive supranuclear palsy or cortical basal
degeneration, Parkinson's Disease, Frontotemporal
dementia Parkinson's Type, Parkinson dementia complex
of Guam, HIV dementia, diseases with associated
neurofibrillar tangle pathologies, dementia
pugilistica, amyotrophic lateral sclerosis,
corticobasal degeneration, 



Down syndrome, Huntington's Disease, postencephelatic
parkinsonism, progressive supranuclear palsy, Pick's
Disease, Niemann-Pick's Disease, stroke, head trauma
and other chronic neurodegenerative diseases, Bipolar
Disease, affective disorders, depression, anxiety,
schizophrenia, cognitive disorders, hair loss,
contraceptive medication, predemented states,
Age-Associated Memory Impairment, Age-Related
Cognitive Decline, Cognitive Impairement No Dementia,
mild cognitive decline, mild neurocognitive decline,
Late-Life Forgetfulness, memory impairment and
cognitive impairment, vascular dementia, dementia with
Lewy bodies, Frontotemporal dementia and androgenetic
alopecia. Yet other applicable diseases and conditions
include: (a) insulin resistance; (b) graft protection
(e.g. cardiovascular or inflammatory graft
protection); (c) diabetes; (d) asthma; (e) pulmonary
vasoconstriction; (f) glaucoma; and (g) fibroses (e.g.
liver fibrosis and kidney fibrosis). Other applicable
diseases and conditions include infectious diseases or
conditions, including metazoan, protozoan, fungal,
prion, viral or bacterial infestations, diseases or
infections.In such embodiments, the infectious disease
or condition may comprise pathogenmediated
cytoskeletal rearrangement. Proliferative Disorders
(including cancers): The invention also finds
application as a means of preventing the growth of or
inducing apoptosis of neoplasias. It is therefore
anticipated that the invention will prove useful in
treating or preventing proliferative disorders such as
cancers. Examples of such abnormalities include but
are not limited to overexpression of one or more of
the Rho signalling pathway members, or mutations in
said members which lead to an increase in the basal
activity of ROCK kinase(s) or the Rho signalling
pathway (which may for example be associated with
upregulation or overexpression or mutational
activation of a growth factor receptor such as a
growth factor selected from the epidermal growth
factor receptor (EGFR), fibroblast growth factor
receptor (FGFR), platelet derived growth factor
receptor (PDGFR), insulin-like growth factor 1
receptor (IGF-IR) and vascular endothelial growth
factor receptor (VEGFR) families). It is also
envisaged that the invention will be useful in
treating other conditions which result from disorders
in proliferation or survival such as viral infections,
and neurodegenerative diseases for example. The
invention therefore finds broad application in the
treatment of diseases in which there is a disorder of
proliferation, apoptosis or differentiation. Examples
of cancers which may be inhibited include, but are not
limited to, a carcinoma, for example a carcinoma of
the bladder, breast, colon (e.g. colorectal carcinomas
such as colon adenocarcinoma and colon adenoma),
kidney, epidermal, liver, lung, for example
adenocarcinoma, small cell lung cancer and non-small
cell lung carcinomas, oesophagus, gall bladder, ovary,
pancreas e.g. exocrine pancreatic carcinoma, stomach,
cervix, endometrium, thyroid, prostate, or skin, for
example squamous cell carcinoma; a hematopoietic
tumour of lymphoid lineage, for example leukaemia,
acute lymphocytic leukaemia, B-cell lymphoma, T-cell
lymphoma, Hodgkin's lymphoma, non-Hodgkin's lymphoma,
hairy cell lymphoma, 



or Burkett's lymphoma; a hematopoietic tumour of
myeloid lineage, for exampleacute and chronic
myelogenous leukaemias, myelodysplastic syndrome, or
promyelocyte leukaemia; thyroid follicular cancer; a
tumour of mesenchymal origin, for example fibrosarcoma
or rhabdomyosarcoma; a tumour of the central or
peripheral nervous system, for example astrocytoma,
neuroblastoma, glioma or schwannoma; melanoma;
seminoma; teratocarcinoma; osteosarcoma; xenoderoma
pigmentosum; keratoctanthoma; thyroid follicular
cancer; or Kaposi's sarcoma. A further example of a
hematopoietic tumour of lymphoid lineage is multiple
myeloma. Particular subsets of cancers include breast
cancer, ovarian cancer, colon cancer, prostate cancer,
oesophageal cancer, squamous cancer and non-small cell
lung carcinomas. A further subset of cancers includes
breast cancer, ovarian cancer, prostate cancer,
endometrial cancer and glioma. Another example of a
disorder of proliferation is myeloproliferative
syndrome. Immune Disorders: Immune disorders for which
the invention may be beneficial include but are not
limited to autoimmune conditions and chronic
inflammatory diseases, for example systemic lupus
erythematosus, autoimmune mediated glomerulonephritis,
rheumatoid arthritis, psoriasis, inflammatory bowel
disease, and autoimmune diabetes mellitus, Eczema
hypersensitivity reactions, asthma, COPD, rhinitis,
and upper respiratory tract disease. Other Therapeutic
Uses: ROCK-mediated physiological processes play a
role in apoptosis, proliferation, differentiation and
therefore the invention could also be useful in the
treatment of the following diseases other than cancer
and those associated with immune dysfunction; viral
infections, for example herpes virus, pox virus,
Epstein-Barr virus, Sindbis virus, adenovirus, HIV,
HPV, HCV and HCMV; prevention of AIDS development in
HIV-infected individuals; cardiovascular diseases for
example cardiac hypertrophy, restenosis,
atherosclerosis; neurodegenerative disorders, for
example Alzheimer's disease, AIDS-related dementia,
Parkinson's disease, amyotropic lateral sclerosis,
retinitis pigmentosa,spinal muscular atropy and
cerebellar degeneration; glomerulonephritis;
myelodysplastic syndromes, ischemic injury associated
myocardial infarctions, stroke and reperfusion injury,
degenerative diseases of the musculoskeletal system,
for example, osteoporosis and arthritis,
aspirin-sensitive rhinosinusitis, cystic fibrosis,
multiple sclerosis, kidney diseases. The invention may
also be useful in diseases resulting from insulin
resistance and insensitivity, and the disruption of
glucose, energy and fat storage such as metabolic
disease and obesity. The invention contemplates
ROCK-mediated intervention, treatment or prophylaxis
of any kind. Thus, the invention finds application in
relation to treatment or prophylaxis comprising: (a)
the modulation (e.g. inhibition) of ROCK kinase; or
(b) intervention at the level of the activity of ROCK
kinase; or (c) intervention at the level of the Rho
signalling pathway (e.g. at the level of RhoA and.or
RhoC). Other applicable methods include interventions
which effect: (a) muscle (e.g. smooth muscle)
relaxation; (b) vascular muscle relaxation (e.g. to
increase vascular blood flow); (c) nerve cell
modulation; (d) reduction of cell proliferation; (e) 



reduction of cell migration; (f) suppression of
cytoskeletal rearrangement upon pathogen invasion or
infection; (g) acceleration of tissue regeneration;
and (h) enhancement of post-traumatic functional
recovery. In such embodiments, the nerve cell
modulation may comprise: (a) neuronal regeneration;
(b) new axonal growth induction; (c) axonal rewiring
across lesions within the CNS; (d) neurite outgrowth;
(e) neurite differentiation; (f) axon pathfinding; (g)
dendritic spine formation; (h) dendritic spine
maintenance; (i) modulation of neurite growth cone
collapse; and (j)modulation of neurite outgrowth
inhibition. Other applicable treatments include
transplantation therapy (e.g. comprising graft
protection).Yet other applicable methods comprise a
method of diagnosis and treatment of a disease state
or condition, which method comprises: (i) screening a
patient to determine whether a disease or condition
from which the patient is or may be suffering is one
which would be susceptible to treatment with a
compound having activity against ROCK kinase; and (ii)
where it is indicated that the disease or condition
from which the patient is thus susceptible, thereafter
administering to the patient a compound according to
the invention. The subject or patient population may
be selected from: (a) those in which ROCK kinase is
dysfunctional (for example, hyperactive); and (b)
those which have been subject to diagnostic tests for
ROCK dysfunction (e.g. for ROCK hyperactivity); (c)
those in which the Rho signalling pathway is
dysfunctional; and (d) those which have been subject
to diagnostic tests for Rho signalling pathway
dysfunction. Uses associated with or arising from
p70S6K kinase inhibitory activity The compounds of
formula (I) modulate (e.g. inhibit) the activity of
protein kinase p70S6K. The compounds therefore find
application in: (a) the treatment or prophylaxis of a
disease or condition in which the modulation (e.g.
inhibition) of protein kinase p70S6K is indicated;
and/or (b) the treatment of a subject or patient
population in which the modulation (e.g. inhibition)
of protein kinase p70S6K is indicated. The invention
therefore finds application in relation to conditions
selected from: (a) cancer (e.g. p70S6K-mediated
cancer); (b) tumour metastases; (c) immune
dysfunction; (d) tissue damage (e.g. arising from
inflammation); (e) chromosome 17q23 amplification (or
conditions arising therefrom or associated therewith);
(f) Peutz-Jeghers syndrome (or conditions arising
therefrom or associated therewith); (g) LKB1
mutation(s) (or conditions arising therefrom or
associated therewith); (h) BRCAl mutation(s) (or
conditions arising therefrom or associated therewith);
(i) BRCA2 mutation(s) (or conditions arising therefrom
or associated therewith); (j) dysfunctional apoptotic
programmes; (k) growth factor receptor signal
transduction, overexpression and activation in tumour
tissue; (1) a metabolic disease or disorder;(m) those
associated with abnormal cell proliferation and/or
metabolism; and (n) neuronal disorders. In such
embodiments, the disease or condition arising from or
associated with chromosome 17q23 amplification may be
selected from: (a) primary breast tumours; (b) tumours
(e.g. breast tumours) containing BRCA2 mutations; (c) 



tumours (e.g. breast tumours) containing BRCAl
mutations; (d) pancreatic tumours; (e) bladder
tumours; and (f) neuroblastomas. The disease or
condition arising from or associated with LKBl
mutation(s) may be lung adenocarcinoma containing LKBl
mutation(s) (e.g. inactivating LKBl mutation(s)). The
disease or condition arising from or associated with
BRCA1/2 mutation(s) may be breast cancer. The
metabolic disease or disorder may be selected from:
(a) obesity (for example age-induced obesity or
diet-induced obesity); (b) diabetes; (c) metabolic
syndrome; (d) insulin resistance; (e) hyperglycemia;
(f) hyperaminoacidemia; and (g) hyperlipidmia.
Proliferative Disorders (including cancers): The
invention also finds application as a means of
preventing the growth of or inducing apoptosis of
neoplasias. It is therefore anticipated that the
invention will prove useful in treating or preventing
proliferative disorders such as cancers. Examples of
such abnormalities include but are not limited to
overexpression of p70S6K (or the other syndromes
described herein). It is also envisaged that the
invention will be useful in treating other conditions
which result from disorders in proliferation or
survival such as viral infections, and
neurodegenerative diseases for example. The invention
therefore finds broad application in the treatment of
diseases in which there is a disorder of
proliferation, apoptosis or differentiation.Examples
of cancers which may be inhibited include, but are not
limited to, a carcinoma, for example a carcinoma of
the bladder, breast, colon (e.g. colorectal carcinomas
such as colon adenocarcinoma and colon adenoma),
kidney, epidermal, liver, lung, for example
adenocarcinoma, small cell lung cancer and non-small
cell lung carcinomas, oesophagus, gall bladder, ovary,
pancreas e.g. exocrine pancreatic carcinoma, stomach,
cervix, endometrium, thyroid, prostate, or skin, for
example squamous cell carcinoma; a hematopoietic
tumour of lymphoid lineage, for example leukaemia,
acute lymphocytic leukaemia, B-cell lymphoma, T-cell
lymphoma, Hodgkin's lymphoma, non-Hodgkin's lymphoma,
hairy cell lymphoma, or Burkitt's lymphoma; a
hematopoietic tumour of myeloid lineage, for example
acute and chronic myelogenous leukaemias,
myelodysplastic syndrome, or promyelocytic leukaemia;
thyroid follicular cancer; a tumour of mesenchymal
origin, for example fibrosarcoma or rhabdomyosarcoma;
a tumour of the central or peripheral nervous system,
for example astrocytoma, neuroblastoma, glioma or
schwannoma; melanoma; seminoma; teratocarcinoma;
osteosarcoma; xenoderoma pigmentosum; keratoctanthoma;
thyroid follicular cancer; or Kaposi's sarcoma. A
further example of a hematopoietic tumour of lymphoid
lineage is multiple myeloma. Particular subsets of
cancers include breast cancer, ovarian cancer, colon
cancer, prostate cancer, oesophageal cancer, squamous
cancer and non-small cell lung carcinomas. A further
subset of cancers includes breast cancer, ovarian
cancer, prostate cancer, endometrial cancer and
glioma. 



Another example of a disorder of proliferation is
myeloproliferative syndrome. Immune Disorders: Immune
disorders for which the invention may be beneficial
include but are not limited to autoimmune conditions
and chronic inflammatory diseases, for example
systemic lupus erythematosus, autoimmune mediated
glomerulonephritis, rheumatoid arthritis, psoriasis,
inflammatory bowel disease, and autoimmune diabetes
mellitus, Eczema hypersensitivity reactions, asthma,
COPD, rhinitis, and upper respiratory tract
disease.Other Therapeutic Uses: p70S6K -mediated
physiological processes play a role in apoptosis,
proliferation, differentiation and therefore the
invention could also be useful in the treatment of the
following diseases other than cancer and those
associated with immune dysfunction; viral infections,
for example herpes virus, pox virus, Epstein-Barr
virus, Sindbis virus, adenovirus, HIV, HPV, HCV and
HCMV; prevention of AIDS development in HIV-infected
individuals; cardiovascular diseases for example
cardiac hypertrophy, restenosis, atherosclerosis;
neurodegenerative disorders, for example Alzheimer's
disease, AIDS-related dementia, Parkinson's disease,
amyotropic lateral sclerosis, retinitis pigmentosa,
spinal muscular atropy and cerebellar degeneration;
glomerulonephritis; myelodysplastic syndromes,
ischemic injury associated myocardial infarctions,
stroke and reperfusion injury, degenerative diseases
of the musculoskeletal system, for example,
osteoporosis and arthritis, aspirin-sensitive
rhinosinusitis, cystic fibrosis, multiple sclerosis,
kidney diseases. The invention may also be useful in
diseases resulting from insulin resistance and
insensitivity, and the disruption of glucose, energy
and fat storage such as metabolic disease and obesity.
The invention contemplates protein kinase
p70S6K-mediated intervention, treatment or prophylaxis
of any kind. Thus, the invention finds application in
relation to treatment or prophylaxis comprising: (a)
the modulation (e.g. inhibition) of protein kinase
p70S6K; (b) intervention at the level of the activity
of protein kinase p70S6K; (b) inhibition of
progression from Gl to S phase in the cell cycle in
vivo; (c) inhibition of cell cycle proliferation at
the Gl to S phase of the cell cycle; (d) use of a
compound of formula (I) as a rapamycin surrogate; (e)
use of a compound of formula (I) as a wortmannin
surrogate; (f) the re-establishment of appropriate
apoptotic programmes; (g) the inhibition of growth
factor receptor signal transduction, overexpression
and activation in tumour tissue; (h) modulation of
neuronal cell differentiation; (i) modulation of cell
motility; (j) modulation of cellular response(s); and
(k) enhancing insulin sensitivity.The treatment or
prophylaxis may also comprise a method of diagnosis
and treatment of a disease state or condition, which
method comprises: (i) screening a patient to determine
whether a disease or condition from which the patient
is or may be suffering is one which would be
susceptible to treatment with a compound having
activity against protein kinase p70S6K; and (ii) where
it is indicated that the disease or condition from
which the patient is thus susceptible, thereafter
administering to the patient a compound of formula (I)
as herein defined. The subject or patient population
may be selected from: (a) those in which protein
kinase p70S6K is dysfunctional (for example,
hyperactive); (b) those which have 



been subject to diagnostic tests for p70S6K is
dysfunction (e.g. for p70S6K hyperactivity); (c) those
in which chromosome 17q23 is amplified; and (d) those
which have been subject to diagnostic tests for
amplification of chromosome 17q23; (e) those in which
BRCAl mutation(s) are present; (f) those which have
been subject to diagnostic tests for BRCAl
mutation(s); (g) those in which BRCA2 mutation(s) are
present; (h) those which have been subject to
diagnostic tests for BRCA2 mutation(s); (i) those in
which LKBl mutation(s) are present; (j) those which
have been subject to diagnostic tests for LKBl
mutation(s); and (k) those which have been screened as
defined herein. Advantages of the Compositions of the
Invention Potentially the compositions of the
invention have physiochemical properties suitable for
oral exposure. The composition as defined herein
should exhibit improved oral bioavailability relative
to prior art compounds. Oral bioavailability can be
defined as the ratio (F) of the plasma exposure of a
compound when dosed by the oral route to the plasma
exposure of the compound when dosed by the intravenous
(i.v.) route, expressed as a percentage.Compositions
having an oral bioavailability (F value) of greater
than 30%, more preferably greater than 40%, are
particularly advantageous in that they may be
administered orally rather than, or as well as, by
parenteral administration. Furthermore, the compound
of formula (I) is both more potent and more selective
in its activities against different kinases, and
demonstrates enhanced selectivity for and potency
against PKB in particular. The compound of formula (I)
is significantly more potent than its i?-enantiomer at
inhibiting PKB in vitro and in cells. The IC50 for the
compound of formula (I) against the isolated PKB
enzyme in an in vitro radiometric assay is 0.01 mM
compared to 0.96 mM for the i?-enantiomer. This
approximate 100-fold difference in potency is also
observed in a cell-based mechanistic assay which
measures phosphorylation of GSK3 b, a direct
downstream substrate of PKB. The compound of formula
(I) displays an IC50 of 1.1 mM, compared to a value
for the i?-enantiomer of >50 mM. An additional
difference between the 2 enantiomers is in their
potency against the closely related kinase PKA, where
the compound of formula (I) inhibits the isolated
enzyme at 44% at 0.03 mM compared to the i?-enantiomer
which inhibits PKA at 0.25 mM. The compound of formula
(I) is advantageous over prior art compounds in that
it has different susceptibilities to P450 enzymes and
and in that it exhibits improvements with regard to
drug metabolism and pharmacokinetic properties. For
example, the compound of formula (I) has IC50 values
of greater than 10 mM against each of the cytochrome
P450 enzymes 1A2, 2C9, 2C19, 3A4 and 2D6. Furthermore,
the compound of formula (I) should exhibit reduced
dosage requirements. The compound of formula (I) is
potentially less toxic than prior art compounds.
hERGIn the late 1990s a number of drugs, approved by
the US FDA, had to be withdrawn 



from sale in the US when it was discovered they were
implicated in deaths caused by heart malfunction. It
was subsequently found that a side effect of these
drugs was the development of arrhythmias caused by the
blocking of hERG channels in heart cells. The hERG
channel is one of a family of potassium ion channels
the first member of which was identified in the late
1980s in a mutant Drosophila melanogaster fruitfiy
(see Jan, L.Y. and Jan, Y.N. (1990). A Superfamily of
Ion Channels. Nature, 345(6277):672). The biophysical
properties of the hERG potassium ion channel are
described in Sanguinetti, M.C , Jiang, C , Curran,
M.E., and Keating, M.T. (1995). A Mechanistic Link
Between an Inherited and an Acquired Cardiac
Arrhythmia: HERG encodes the Ikr potassium channel.
Cell, 81:299-307, and Trudeau, M.C., Warmke, J.W.,
Ganetzky, B., and Robertson, G.A. (1995). HERG, a
Human Inward Rectifier in the Voltage-Gated Potassium
Channel Family. Science, 269:92-95. The elimination of
hERG blocking activity remains an important
consideration in the development of any new drug. The
compounds of formula (I) has negligible hERG ion
channel blocking activity. Methods of Treatment The
composition as defined herein will be useful in the
prophylaxis or treatment of a range of disease states
or conditions mediated by protein kinase A and/or
protein kinase B and/or a ROCK kinase and/or p70S6K
kinase. Examples of such disease states and conditions
are set out above. The compositions are generally
administered to a subject in need of such
administration, for example a human or animal patient,
preferably a human. The composition will typically be
administered in amounts that are therapeutically or
prophylactically useful and which generally are
non-toxic. However, in certain situations (for example
in the case of life threatening diseases), the
benefits of administering a composition as defined
herein may outweigh the disadvantages ofany toxic
effects or side effects, in which case it may be
considered desirable to administer compounds in
amounts that are associated with a degree of toxicity.
The compositions may be administered over a prolonged
term to maintain beneficial therapeutic effects or may
be administered for a short period only. Alternatively
they may be administered in a pulsatile or continuous
manner. A typical daily dose of the compound of
formula (I) can be in the range from 100 picograms to
100 milligrams per kilogram of body weight, more
typically 5 nanograms to 25 milligrams per kilogram of
bodyweight, and more usually 10 nanograms to 15
milligrams per kilogram (e.g. 10 nanograms to 10
milligrams, and more typically 1 microgram per
kilogram to 20 milligrams per kilogram, for example 1
microgram to 10 milligrams per kilogram) per kilogram
of bodyweight although higher or lower doses may be
administered where required. The composition as
defined herein can be administered on a daily basis or
on a repeat basis every 2, or 3, or 4, or 5, or 6, or
7, or 10 or 14, or 21, or 28 days for example. The
compound of formula (I) may be administered orally in
a range of doses, for example 1 to 1500 mg, 2 to 800
mg, or 5 to 500 mg, e.g. 2 to 200 mg or 10 to 1000 mg,
particular examples of doses including 10, 20, 50 and
80 mg. The compound 



may be administered once or more than once each day.
The compound can be administered continuously (i.e.
taken every day without a break for the duration of
the treatment regimen). Alternatively, the compound
can be administered intermittently, i.e. taken
continuously for a given period such as a week, then
discontinued for a period such as a week and then
taken continuously for another period such as a week
and so on throughout the duration of the treatment
regimen. Examples of treatment regimens involving
intermittent administration include regimens wherein
administration is in cycles of one week on, one week
off; or two weeks on, one week off; or three weeks on,
one week off; or two weeks on, two weeks off; or four
weeks on two weeks off; or one week on three weeks off
- for one or more cycles, e.g. 2, 3, 4, 5, 6, 7, 8, 9
or 10 or more cycles.In one particular dosing
schedule, a patient will be given an infusion of a
composition as defined herein for periods of one hour
daily for up to ten days in particular up to five days
for one week, and the treatment repeated at a desired
interval such as two to four weeks, in particular
every three weeks. More particularly, a patient may be
given an infusion of a composition as defined herein
for periods of one hour daily for 5 days and the
treatment repeated every three weeks. In another
particular dosing schedule, a patient is given an
infusion over 30 minutes to 1 hour followed by
maintenance infusions of variable duration, for
example 1 to 5 hours, e.g. 3 hours. In a further
particular dosing schedule, a patient is given a
continuous infusion for a period of 12 hours to 5
days, an in particular a continuous infusion of 24
hours to 72 hours. Ultimately, however, the quantity
of compound administered and the type of composition
used will be commensurate with the nature of the
disease or physiological condition being treated and
will be at the discretion of the physician. The
compound of formula (I) can be administered as the
sole therapeutic agent or they can be administered in
combination therapy with one of more other compounds
for treatment of a particular disease state, for
example a neoplastic disease such as a cancer as
hereinbefore defined. Examples of other therapeutic
agents or treatments that may be administered together
(whether concurrently or at different time intervals)
with the compounds of the formula (I) include but are
not limited to:  Topoisomerase I inhibitors
Antimetabolites  Tubulin targeting agents  DNA binder
and topoisomerase II inhibitors  Alkylating Agents
Monoclonal Antibodies.  Anti-Hormones  Signal
Transduction Inhibitors  Proteasome Inhibitors  DNA
methyl transferases  Cytokines and retinoids 



Chromatin targeted therapies  Radiotherapy, and,
Other therapeutic or prophylactic agents; for example
agents that reduce or alleviate some of the side
effects associated with chemotherapy. Particular
examples of such agents include anti-emetic agents and
agents that prevent or decrease the duration of
chemotherapy-associated neutropenia and prevent
complications that arise from reduced levels of red
blood cells or white blood cells, for example
erythropoietin (EPO), granulocyte macrophage-colony
stimulating factor (GM-CSF), and granulocyte-colony
stimulating factor (G-CSF). Also included are agents
that inhibit bone resorption such as bisphosphonate
agents e.g. zoledronate, pamidronate and ibandronate,
agents that suppress inflammatory responses (such as
dexamethasone, prednisone, and prednisolone) and
agents used to reduce blood levels of growth hormone
and IGF-I in acromegaly patients such as synthetic
forms of the brain hormone somatostatin, which
includes octreotide acetate which is a long-acting
octapeptide with pharmacologic properties mimicking
those of the natural hormone somatostatin. Further
included are agents such as leucovorin, which is used
as an antidote to drugs that decrease levels of folic
acid, or folinic acid it self and agents such as
megestrol acetate which can be used for the treatment
of side-effects including oedema and thromboembolic
episodes. Each of the compounds present in the
combinations of the invention may be given in
individually varying dose schedules and via different
routes.Where the compound of the formula (I) is
administered in combination therapy with one, two,
three, four or more other therapeutic agents
(preferably one or two, more preferably one), the
compounds can be administered simultaneously or
sequentially. When administered sequentially, they can
be administered at closely spaced intervals (for
example over a period of 5-10 minutes) or at longer
intervals (for example 1, 2, 3, 4 or more hours apart,
or even longer periods apart where required), the
precise dosage regimen being commensurate with the
properties of the therapeutic agent(s). The compound
of formula (I) may also be administered in conjunction
with nonchemotherapeutic treatments such as
radiotherapy, photodynamic therapy, gene therapy;
surgery and controlled diets. For use in combination
therapy with another chemotherapeutic agent, the
composition as defined herein and one, two, three,
four or more other therapeutic agents can be, for
example, formulated together in a dosage form
containing two, three, four or more therapeutic
agents. In an alternative, the individual therapeutic
agents may be formulated separately and presented
together in the form of a kit, optionally with
instructions for their use. A person skilled in the
art would know through his or her common general
knowledge the dosing regimes and combination therapies
to use. Methods of Diagnosis Prior to administration
of a composition as defined herein, a patient may be 



screened to determine whether a disease or condition
from which the patient is or may be suffering is one
which would be susceptible to treatment with a
compound having activity against a particular target
kinase (e.g. protein kinase A and/or protein kinase B
and/or ROCK kinase and/or P70S6K kinase). For example,
a biological sample taken from a patient may be
analysed to determine whether a condition or disease,
such as cancer, that the patient is or may be
suffering from is one which is characterised by a
genetic abnormality orabnormal protein expression
which leads to up-regulation of PKA and/or PKB or to
sensitisation of a pathway to normal PKA and/orPKB
activity, or to upregulation of a signal transduction
component upstream of PKA and/or PKB such as, in the
case of PKB, P13K, GF receptor and PDK 1& 2.
Alternatively, a biological sample taken from a
patient may be analysed for loss of a negative
regulator or suppressor of the PKB pathway such as
PTEN. In the present context, the term "loss" embraces
the deletion of a gene encoding the regulator or
suppressor, the truncation of the gene (for example by
mutation), the truncation of the transcribed product
of the gene, or the inactivation of the transcribed
product (e.g. by point mutation) or sequestration by
another gene product. Alternatively, or additionally,
the patient may be screened for dysfunction in ROCK
activity (e.g. elevated or up-regulated ROCK
expression, mutations in ROCK genes or ROCK gene
regulatory elements) or Rho signalling dysfunction (as
described herein). The term up-regulation includes
elevated expression or over-expression, including gene
amplification (i.e. multiple gene copies) and
increased expression by a transcriptional effect, and
hyperactivity and activation, including activation by
mutations. Thus, the patient may be subjected to a
diagnostic test to detect a marker characteristic of
up-regulation of a kinase (e.g. PKA and/or PKB and/or
ROCK kinase and/or P70S6K kinase). The term diagnosis
includes screening. By marker we include genetic
markers including, for example, the measurement of DNA
composition to identify mutations of the kinase (e.g.
PKA and/or PKB and/or ROCK kinase and/or P70S6K
kinase). The term marker also includes markers which
are characteristic of up regulation of the kinase
(e.g. PKA and/or PKB and/or ROCK kinase and/or P70S6K
kinase) and/or other factors which lead to an
upregulation of the relevant pathways, including
enzyme activity, enzyme levels, enzyme state (e.g.
phosphorylated or not) and mRNA levels of the
aforementioned proteins.The above diagnostic tests and
screens are typically conducted on a biological sample
selected from tumour biopsy samples, blood samples
(isolation and enrichment of shed tumour cells), stool
biopsies, sputum, chromosome analysis, pleural fluid,
peritoneal fluid, bone marrow or urine. Identification
of an individual carrying a mutation in PKA and/or PKB
or a rearrangement of TCL- lor loss of PTEN expression
may mean that the patient would be particularly
suitable for treatment with a PKA and/or PKB
inhibitor. Tumours may preferentially be screened for
presence of a PKA and/or PKB variant prior to
treatment. The screening process will typically
involve direct sequencing, 



oligonucleotide microarray analysis, or a mutant
specific antibody. Methods of identification and
analysis of mutations and up-regulation of proteins
are known to a person skilled in the art. Screening
methods could include, but are not limited to,
standard methods such as reverse-transcriptase
polymerase chain reaction (RT-PCR) or in-situ
hybridisation. In screening by RT-PCR, the level of
mRNA in the tumour is assessed by creating a cDNA copy
of the mRNA followed by amplification of the cDNA by
PCR. Methods of PCR amplification, the selection of
primers, and conditions for amplification, are known
to a person skilled in the art. Nucleic acid
manipulations and PCR are carried out by standard
methods, as described for example in Ausubel, F.M. et
al, eds. Current Protocols in Molecular Biology, 2004,
John Wiley & Sons Inc., or Innis, M.A. et-al., eds.
PCR Protocols: a guide to methods and applications,
1990, Academic Press, San Diego. Reactions and
manipulations involving nucleic acid techniques are
also described in Sambrook et al., 2001, 3rd Ed,
Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory Press. Alternatively a commercially
available kit for RT-PCR (for example Roche Molecular
Biochemicals) may be used, or methodology as set forth
in United States patents 4,666,828; 4,683,202;
4,801,531; 5,192,659, 5,272,057, 5,882,864, and
6,218,529 and incorporated herein by reference.An
example of an in-situ hybridisation technique for
assessing mRNA expression would be fluorescence
in-situ hybridisation (FISH) (see Angerer, 1987 Meth.
Enzymol, 152: 649). Generally, in situ hybridization
comprises the following major steps: (1) fixation of
tissue to be analyzed; (2) prehybridization treatment
of the sample to increase accessibility of target
nucleic acid, and to reduce nonspecific binding; (3)
hybridization of the mixture of nucleic acids to the
nucleic acid in the biological structure or tissue;
(4) post-hybridization washes to remove nucleic acid
fragments not bound in the hybridization, and (5)
detection of the hybridized nucleic acid fragments.
The probes used in such applications are typically
labeled, for example, with radioisotopes or
fluorescent reporters. Preferred probes are
sufficiently long, for example, from about 50, 100, or
200 nucleotides to about 1000 or more nucleotides, to
enable specific hybridization with the target nucleic
acid(s) under stringent conditions. Standard methods
for carrying out FISH are described in Ausubel, F.M.
et al, eds. Current Protocols in Molecular Biology,
2004, John Wiley & Sons Inc and Fluorescence In Situ
Hybridization: Technical Overview by John M. S.
Bartlett in Molecular Diagnosis of Cancer, Methods and
Protocols, 2nd ed.; ISBN: 1-59259-760-2; March 2004,
pps. 077-088; Series: Methods in Molecular Medicine.
Alternatively, the protein products expressed from the
mRNAs may be assayed by immunohistochemistry of tumour
samples, solid phase immunoassay with microtitre
plates, Western blotting, 2-dimensional
SDS-polyacrylamide gel electrophoresis, ELISA, flow
cytometry and other methods known in the art for
detection of specific proteins. Detection methods
would include the use of site specific antibodies. The
skilled person will recognize that all such well-known



techniques for detection of upregulation of the kinase
(e.g. PKB and/or PKA and/or ROCK kinase and/or P70S6K
kinase), or detection of kinase variants could be
applicable in the present case.Therefore all of these
techniques could also be used to identify tumours
particularly suitable for treatment with PKA and/or
PKB and/or ROCK kinase and/or P70S6K kinase
inhibitors. For example, as stated above, PKB beta has
been found to be upregulated in 10 - 40% of ovarian
and pancreatic cancers (Bellacosa et al 1995, Int. J .
Cancer 64, 280 - 285; Cheng et al 1996, PNAS 93,
3636-3641; Yuan et al 2000, Oncogene 19, 2324 - 2330).
Therefore it is envisaged that PKB inhibitors, and in
particular inhibitors of PKB beta, may be used to
treat ovarian and pancreatic cancers. PKB alpha is
amplified in human gastric, prostate and breast cancer
(Staal 1987, PNAS 84, 5034 - 5037; Sun et al 2001, Am.
J . Pathol. 159, 431 -437). Therefore it is envisaged
that PKB inhibitors, and in particular inhibitors of
PKB alpha, may be used to treat human gastric,
prostate and breast cancer. Increased PKB gamma
activity has been observed in steroid independent
breast and prostate cell lines (Nakatani et al 1999, J
. Biol. Chem. 274, 21528 - 21532). Therefore it is
envisaged that PKB inhibitors, and in particular
inhibitors of PKB gamma, may be used to treat steroid
independent breast and prostate cancers. Detection of
ROCK may be carried out at either the mRNA or protein
level. Specific examples of methods where levels of
Rho and ROCK have been determined in clinical samples
include:  American Journal of Pathology. 2002;
160:579-584. This paper describes immunohistochemistry
performed on formalin-fixed tissues to characterize
RhoC expression in human breast tissues.  Clinical
Cancer Research Vol. 9, 2632-2641, July 2003. This
paper describes the use of Western blotting to
quantitate Rho and ROCK protein expression in paired
tumour and nontumour surgical samples from 107
consecutive Japanese patients with bladder cancer.
Pancreas. 24(3):25 1-257, April 2002. This paper
describes the expression of ROCK-I in human pancreatic
tissues by immunoblotting and immunohistochemistry.
World J Gastroenterol 2003 September;9(9): 1950-1953.
This paper describes the examination of mRNA
expression levels of RhoC gene by reverse
transcription-polymerase chain reaction (RT-PCR) in
hepatocellular carcinoma (HCC). The relevant
methodological disclosure relating to the quantitation
of the levels of Rho and/or ROCK activity or
expression contained in the above-mentioned
publications are hereby incorporated herein by
reference. Detection of p70S6K may be carried out at
either the mRNA or protein level. Exemplary methods
are described for example in J Naltl Cancer Inst
(2000): 92, pp. 1252-9 (which describes detecting the
activation of Ribosomal Protein S6 Kinase by
complementary DNA and tissue microarray analysis uses
comparative genomic hybridization (CGH) and cDNA and
tissue microarray analyses to identify amplified and
overexpressed genes). 



The detection of overexpressed p70S6K is described in
Int J Oncol (2004): 24 (4), pp. 893-900. This paper
describes the pharmacolgenomic profiling of the
PI3K/PTEN-Akt-mTOR pathway in common human tumours
using immunohistoochemistry to compare high p70S6K,
AKT expression to tumour sensitivity. EXPERIMENTAL The
invention will now be illustrated, but not limited, by
reference to the specific embodiments described in the
following procedures and examples. The starting
materials for each of the procedures described below
are commercially available unless otherwise
specified.Proton magnetic resonance (1H NMR) spectra
were recorded on a Bruker AV400 instrument operating
at 400.13MHz, in Me-J -OD at 27 0C, unless otherwise
stated and are reported as follows: chemical shift
d/ppm (number of protons, multiplicity where
s=singlet, d=doublet, t=triplet, q=quartet,
m=multiplet, br=broad). The residual protic solvent
MeOH (5H = 3.31 ppm) was used as the internal
reference. In the examples, the compounds prepared
were characterised by liquid chromatography and mass
spectroscopy using the systems and operating
conditions set out below. Where chlorine is present,
the mass quoted for the compound is for 35Cl. The
operating conditions used are described below.
Platform System HPLC System: Waters 2795 Mass Spec
Detector: Micromass Platform LC PDA Detector: Waters
2996 PDA Acidic Analytical conditions 2: Eluent A: H2O
(0. 1% Formic Acid) Eluent B: CH3CN (0. 1% Formic
Acid) Gradient: 5-95% eluent B over 3.5 minutes Flow:
0.8 ml/min Column: Phenomenex Synergi 4m Max-RP 8OA,
50x2.Omm Basic Analytical conditions 5: Eluent A: H2O
( 1OmM NH4HCO3 buffer adjusted to pH=9.2 with NH4OH)
Eluent B: CH3CN Gradient: 05-95% eluent B over 3.5
minutes Flow: 0.8 ml/min Column: Phenomenex Gemini 5m
2.0 x 50 mm MS conditions: Capillary voltage: 3.5 kV
or 3.6 kVCone voltage: 30 V Source Temperature: 120 0C
Scan Range: 165-700 amu Ionisation Mode: ElectroSpray
Negative, Positive or Positive & Negative In the
examples below, the following key is used to identify
the LCMS conditions used: PS-A2 Platform System -
acidic analytical conditions 2 



PS-B5 Platform System -basic analytical conditions 5
EXAMPLE 1 Preparation of (S)-2-mnmo-
1-(4-chloro-phenyl)-
1-\4-(1H-pyrazo1-4-vD-phenyllethanol IA.
2-(4-Chloro-phenyl)-2-(4-iodo-phenvD-oxirane Sodium
hydride (60% dispersion in oil, 128mg, 3.2 mmol) was
placed under N then DMSO (5mL) was added.
Trimethylsulfonium iodide (0.66g, 3.2mmol) was added
as a solid after 15 minutes, followed after a further
30 minutes by (4-chlorophenyl)-(
4-iodo-phenyl)-methanone (Ig, 2.9 mmol). The mixture
was stirred at room temperature for 24 hours then
diluted with ethyl acetate and washed with 1:2
water/brine, water and brine (c2). The organic phase
was dried (MgSO ), filtered and concentrated to give
the title compound (1.0 Ig, 97%), which was used
without further purification. LCMS (PS-A2) Rt 4.07 min
[M-H] 355. IB.
2-Amino-l-(4-chloro-phenyl)-l-r4-iodo-phenvH-ethanol
(Epoxide ring opening
reaction)2-(4-Chloro-phenyl)-2-(4-iodo-phenyl)-oxirane
(500 mg, 1.40 mmol) was dissolved in 2M NH3 in
methanol (5 ml, 10.0 mmol) and the solution was heated
in a microwave at 130 0C for 60 minutes. Upon cooling,
the solvent was removed in vacuo to furnish the
desired product. Three identical reactions were
carried out and afforded 1.55 g (98%) of the product
2-arnino-l-(4-chloro-phenyl)-l-[4-iodophenylj-
ethanol. The crude product was pure and was used in
the next step without purification. 1C.
r2-(4-Chloro-phenviy2-hvdroxy-2-(4-iodo-phenyiyethvH-c
arbamic acid tertbutyl ester (BOC protection) The
amino alcohol product of step IB (9.55g, 25.56 mmol)
was suspended in 1,4- dioxane (220 ml) and 2M NaOH
added (16.6ml, 33.24 mmol). The mixture was stirred
vigorously until homogenous. Di-tert-butyl dicarbonate
(6.14g, 28.1 1 mmol) was added and the reaction
mixture was stirred at 45 C for 20 hours. Upon
cooling, the reaction mixture was concentrated and
partitioned between EtOAc (150 ml) and water (150 ml).
The organic layer was separated and washed with Brine
(150 ml), dried (MgSO ) and concentrated to yield a
yellow oil (14.08g). The crude product was purified by
flash chromatography using a Biotage SP4 (65i column)
eluting with ethyl acetate-petrol (5% - 40% EtOAc
gradient) to afford the title compound as a white
solid (10.Og, 83%). Rt 3.73 min [M+H] 473.96ID.
r2-(4-Chloro-phenv
p-2-hvdroxy-2-r4-(lH-pyrazol-4-yl)-phenyl1-ethyl1-
carbamic acid tert-butyl ester (Suzuki coupling
reaction)
[2-(4-Chloro-phenyl)-2-hydroxy-2-(4-iodo-phenyl)-ethyl
]-carbamic acid tert-butyl ester (5g, lO. mmol) was
combined with 4-(4,4,5,5-tetramethyl-
[l,3,2]dioxaborolan-2-yl)-lH-pyrazole (4.1g, 21.1
1mmol) and potassium phosphate (tribasic, 7.88g,
37.10mmol) in a round-bottomed flask. The solids were
then dissolved in a solvent mixture of 1:1:1:1
ethanol, methanol, toluene and water (33mL of each
solvent). The solution was degassed with nitrogen and
tetrakistriphenylphosphine palladium (0) (0.612g,
0.53mmol) was added. The mixture was degassed with
nitrogen and then heated at 850C under nitrogen for 2
hours. The reaction mixture was then allowed to cool
to room temperature. Additional batches of reagents
were then added: potassium phosphate (7.88g, 



37.10mmol) and pyrazole boronate (4.1g, 21.11mmol).
The reaction mixture was degassed with nitrogen and a
further batch of tetrakistriphenylphosphine palladium
(0) (O.lOlg, 0.087mmol) was added. The reaction
mixture was degassed and then heated at 850C under
nitrogen for 17 hours. Additional batches of reagents
were added again (refer to quantities above) and
heating was continued at 850C under nitrogen for a
further 6.5 hours. The reaction mixture was then
allowed to cool to room temperature and was evaporated
in vacuo to remove the organic solvent. The residual
aqueous layer was diluted with aqueous 2N NaOH
solution (15OmL) then extracted with ethyl acetate
(15OmL). The organic layer was separated off and
washed with aqueous 2N NaOH solution (15OmL) followed
by brine (15OmL). The organic layer was separated off,
dried (MgSO ) and concentrated in vacuo. The residue
was triturated with diethyl ether. The solid was
filtered in vacuo then driedto afford the title
compound as a white solid (2.55g, 58%). LC/MS: (PS-B5)
Rt 3.05 [M+H]+ 414.18. 1H NMR (Me-d3-OD) 7.95 (2H, br
s), 7.55 (2H, d), 7.48-7.41 (4H, m), 7.31 (2H, d),
3.87 (2H, q), 1.35 (9H, s). IE.
2-Amino-l-(4-chloro-phenyl)-l-r4-(lH-pyrazol-4-yl)-phe
nyll-ethanol (BOC deprotection step) A suspension of
the BOC amine (2.55g, 6.16 mmol) in saturated HCl in
Et O (50 ml) and methanol (50 ml) was stirred at room
temperature for 20 hours. The reaction mixture was
concentrated in vacuo and diluted with 2M NaOH (150
ml) and extracted with EtOAc (200 ml) (NB - prolonged
shaking required to completely dissolve solid matter).
The organic layer was washed with IN HCl (100 ml). The
aqueous layer was then separated and basified to pH12
with 2M NaOH. The desired product precipitates from
solution and is then collected by vacuum filtration
and dried for several days (1.89g, 98%). 1H NMR (Me-J
3-OD) d 3.29-3.38 (2H, m), 7.32 (2H, d), 7.41-7.46
(4H, m), 7.55 (2H, d), 7.94 (2H, s). IF. Chiral
separation of individual enantiomers Using the chiral
LC methods described below, the compound
(5)-2-amino-l-(4-
chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol
was separated from the Renantiomer. Chiral Analytical
conditions: Eluent: MeOH + 0.1% DEA at room
Temperature Flow: 0.7 ml/min Total time: 25 minInj.
Volume: 5 uL Sample Cone: 1 mg/ml (in mobile phase)
Column: DAICEL Chiralpak AD-H; 250x4.6 mm Wavelength:
230 or 257 nm Chiral Preparative conditions: Eluent:
MeOH + 0.1% DEA at room Temperature Flow: 13 ml/min
Total time: 29 min Inj. Volume: 250 uL Sample Cone:
100 mg/ml (in mobile phase) Column: DAICEL Chiralpak
AD-H; 250x20 mm Wavelength: 230 or 257 nm 



The resulting
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]- ethanol was characterised by polarimetry,
chiral chromatography and crystallography. Polarimetry
The optical activities of both the S enantiomer and
the R enantiomer were determined using an AA- 10
automatic polarimeter (Optical Activity Limited).
-Enantiomer 22.42 mg compound dissolved in 2 mis MeOH,
Cell length = 20 cm, Reading = +0.31, 20 [a]D= +13.8
/f-Enantiomer 20.14mg dissolved in 1 OmIs MeOH (larger
dilution due to bubble problems in the polarimeter
cell), Reading = -0.03, Cell length = 10cm 20 [a]D =
-14.8Chiral Chromatography Using the chiral analytical
conditions described above and an injection volume of
5 ml), the S-enantiomer had a retention time of 15.283
minutes. Crystallography Crystallographic analysis of
the S-enantiomer in bPKA-PKB was carried out using the
method described in Thomas G. Davies et al. "A
Structural Comparison of Inhibitor Binding to PKB, PKA
and PKA-PKB Chimera," J MoI. Biol. 9 January 2007 :
17275837. The analysis indicated the presence of the
S-enantiomer bound to protein. EXAMPLE 2 Alternative
Synthesis of 2-Amino- 1-(4-chloro-phenvD-
1-r4-iodo-phenyl1-ethanol This example describes the
preparation of
2-amino-l-(4-chloro-phenyl)-l-[4-iodophenylj- ethanol,
intermediate compound IB in Example 1. NaN3, H2O,
Me2CO, D 100 % 2A.
(7?,y)-2-(4-chlorophenvD-2-(4-iodophenvDoxiranePotassi
um tert-butoxide (18.48 g, 165.0 mmol) was added to a
rapidly stirred suspension of
4-chloro-4'-iodobenzophenone (51.38 g, 150.0 mmol) and
trimethylsulphonium iodide (33.66 g, 165.0 mmol) in
dimethylsulphoxide (200 ml) and the resulting mixture
was stirred at room temperature for 3 hours. The
mixture was diluted with ethyl acetate (500 ml),
washed with water (3 x 500 ml) and then with brine
(500 ml). The organic layer was separated and the
solvent removed in vacuo to afford
(&S>2-(4-chlorophenyl)-2-(4-iodophenyl)oxirane (53.48
g, 100%) as a pale yellow oil that solidified upon
standing to afford an off-white solid. 1H NMR (DMSO-J
6) 7.76 (2H, d), 7.45 (2H, d), 7.34 (2H, d), 7.12 (2H,
d), 3.32 (2H, m). MS: [M-H] 355. 2B. (RS)-2-Azido-
1-(4-chlorophenvD- 1-(4-iodophenvDethanol Sodium azide
(13.86 g, 213.2 mmol) was added to a mixture of
(RS)-2-(4- 



chlorophenyl)-2-(4-iodophenyl)oxirane (50.66 g, 142.1
mmol) in acetone (400 ml) and water (40 ml) and the
mixture was stirred and held at reflux for 4 days.
Upon cooling to room temperature the acetone was
removed in vacuo, the residue was dissolved in ethyl
acetate (500 ml), washed with water (250 ml) and then
with brine (250 ml), the organic layer was separated
and the solvent removed in vacuo to afford
(i?5)-2-azido-l-(4-chlorophenyl)-l-(4-iodophenyl)ethan
ol (56.77 g, 100%) as a pale yellow oil that slowly
solidified upon standing to afford an off-white solid.
1 NMR (DMSO-J 6) 7.68 (2H, d), 7.44 (2H, d), 7.38 (2H,
d), 7.24 (2H, d), 6.38 (IH, br s), 3.99 (2H, s). MS:
[M-H] 398. 2C. (i?5)-2-Ammonio- 1-(4-chlorophenvD-
1-(4-iodophenvDethanol toluene-4- sulphonate
Triphenylphosphine (31.44 g, 120.0 mmol) was added to
a solution of (RS)-2-azidol-(
4-chlorophenyl)-l-(4-iodophenyl)ethanol (47.94 g,
120.0 mmol) in tetrahydrofuran (400 ml) and the
mixture was stirred and held at reflux for 5 hours
whereupon toluene-4-sulphonic acid monohydrate (22.8
g, 120.0 mmol) and water (40 ml) were added and the
mixture was stirred and held at reflux for a further
16 hours. Upon cooling to room temperature the mixture
was evaporated to dryness invacuo. Ethyl acetate (600
ml) was added and the mixture was stirred rapidly at
room temperature for 30 minutes to resuspend the
solids. The solids were collected by suction
filtration, rinsed with ethyl acetate (3 x 250 ml),
sucked dry under reduced pressure and dried overnight
at 500C in a vacuum oven to afford (RS)-Iammonio-
1-(4-chlorophenyl)- 1-(4-iodophenyl)ethanol
toluene-4-sulphonate (51.37 g, 78%) as a colourless
solid. 1Fi NMR (DMSO-J 6) 7.73 (2H, d), 7.68 (3H, br
s), 7.47 (4H, m), 7.43 (2H, d), 7.28 (2H, d), 7.12
(2H, d), 6.60 (IH, br s), 3.67 (2H, s), 2.30 (3H, s).
MS: [M+H]+ 374. The product of Example 2C can be
converted into the N-Boc derivative by the method of
Example 1C (but using an additional equivalent of
sodium hydroxide to take account of the toluene
sulphonic acid salt) and then subjected to a Suzuki
coupling reaction followed by removal of the Boc
protecting group as described in Example ID and
Example IE and the resulting mixture of enantiomers
resolved by the method of Example IF to give
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lHpyrazol-
4-yl)-phenyl]-ethanol. BIOLOGICAL ACTIVITY The
biological activity of the compound of formula (I) is
described in the following examples. In addition, the
biological properties of the compound of formula (I)
are described in the poster by John F. Lyons et al,
page 3512s, Poster Session B, Abstract B25 1,
AACR-NCI-EORTC International Conference: Molecular
Targets and Cancer Therapeutics, October 22-26, 2007,
San Francisco, CA (copy available on the Astex
Therapeutics website: www.astex-therapeutics.com or
www.astextherapeutics.
com/investorsandmedia/publications) EXAMPLE 3
Measurement of PKA Kinase Inhibitory Activity (IC o )
The compound of formula (I) can be tested for PK
inhibitory activity using the PKA catalytic domain
from Upstate Biotechnology (#14-440) and the 9 residue
PKA 



specific peptide (GRTGRRNSI), also from Upstate
Biotechnology (#12-257), as thesubstrate. A final
concentration of 1 nM enzyme is used in a buffer that
includes 20 mM MOPS pH 7.2, 40 mM ATP/ g33P-ATP and 50
mM substrate. Compounds are added in
dimethylsulphoxide (DMSO) solution to a final DMSO
concentration of 2.5%. The reaction is allowed to
proceed for 20 minutes before addition of excess
orthophosphoric acid to quench activity.
Unincorporated g33P-ATP is then separated from
phosphorylated proteins on a Millipore MAPH filter
plate. The plates are washed, scintillant is added and
the plates are then subjected to counting on a Packard
Topcount. The % inhibition of the PKA activity is
calculated and plotted in order to determine the
concentration of test compound required to inhibit 50%
of the PKA activity (IC50) . Following the protocol
described above,
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lHpyrazol-
4-yl)-phenyl]-ethanol was found to provide 44%
inhibition of PKA at a concentration of 0.03 mM,
whereas the IC50 value of
(i?)-2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol was 0.25 mM.
The results demonstrate that the S-enantiomer is
significantly more potent than the Renantiomer in the
PKA assay. EXAMPLE 4 Measurement of PKB Kinase
Inhibitory Activity (IC o ) The inhibition of protein
kinase B (PKB) activity by compounds can be determined
essentially as described by Andjelkovic et al. (MoI.
Cell. Biol. 19, 5061-5072 (1999)) but using a fusion
protein described as PKB-PIF and described in full by
Yang et al (Nature Structural Biology 9, 940 - 944
(2002)). The protein is purified and activated with
PDKl as described by Yang et al. The peptide AKTide-2T
(HA- R-K-R-E-R-T-Y-S-F-G-H-H-A-OH) obtained from
Calbiochem (#123900) is used as a substrate. A final
concentration of 0.6 nM enzyme is used in a buffer
that includes 20 mM MOPS pH 7.2, 30 mM ATP/ g33P-ATP
and 25 mM substrate. Compounds are added in DMSO
solution to a final DMSO concentration of 2.5%. The
reaction is allowed to proceed for 20 minutes before
addition of excessorthophosphoric acid to quench
activity. The reaction mixture is transferred to a
phosphocellulose filter plate where the peptide binds
and the unused ATP is washed away. After washing,
scintillant is added and the incorporated activity
measured by scintillation counting. The % inhibition
of the PKB activity is calculated and plotted in order
to determine the concentration of test compound
required to inhibit 50% of the PKB activity (IC50) .
Following the protocol described above, the IC50 value
of (5)-2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol was found to be
0.01 mM, whereas the IC50 value of
(i?)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl
)-phenyl]- ethanol was 0.96 mM. The results
demonstrate that the S-enantiomer is approximately 100
times as potent as the i?-enantiomer in the PKB assay.
EXAMPLE 5 hERG Activity The activity of compound of
formula (I) against the hERG K+ ion channel can be 



determined using the assay described in the article by
M. H. Bridgland-Taylor et ah, Journal of
Pharmcaological and Toxicological Methods, 54 (2006),
189-199. EXAMPLE 6 Determination of Potency against
Cytochrome P450 The potency of the compound of Example
1 against cytochrome P450 (CYP450) enzymes 1A2, 2C9,
2Cl 9, 3A4 and 2D6 was determined using the Pan Vera
Vivid Cyp450 screening kits available from Invitrogen
(Paisley, UK). The CYP450s were supplied in the form
of baculosomes containing the CYP450 and NADPH
reductase and the substrates used were the fluorescent
Vivid substrates. The final reaction mixtures were as
follows: 1A2100 mM potassium phosphate, pH 8, 1%
acetonitrile, 2 mM 1A2 Blue vivid substrate, 100 mM
NADP+, 4 nM CYP450 1A2, 2.66 mM glucose-6-phosphate,
0.32 U/ml glucose-6-phosphate dehydrogenase. 2C9 50 mM
potassium phosphate, pH 8, 1% acetonitrile, 2 mM Green
vivid substrate, 100 mM NADP+, 8 nM CYP450 2C9, 2.66
mM glucose-6-phosphate, 0.32 U/ml glucose-6-phosphate
dehydrogenase. 2C19 50 mM potassium phosphate, pH 8,
1% acetonitrile, 8 mM Blue vivid substrate, 100 mM
NADP+, 4 nM CYP450 2Cl 9, 2.66 mM glucose-6-phosphate,
0.32 U/ml glucose-6-phosphate dehydrogenase. 3A4 100
mM potassium phosphate, pH 8, 1% acetonitrile, 10 mM
3A4 Blue vivid substrate, 100 mM NADP+, 2.5 nM CYP450
3A4, 2.66 mM glucose-6-phosphate, 0.32 U/ml
glucose-6-phosphate dehydrogenase. 2D6 100 mM
potassium phosphate, pH 8, 1% acetonitrile, 5 mM 2D6
Blue vivid substrate, 100 mM NADP+, 16 nM CYP450 2D6,
2.66 mM glucose-6-phosphate, 0.32 U/ml
glucose-6-phosphate dehydrogenase. Fluorescence was
monitored for 20 minutes at 30 second intervals on a
Fluoroskan fluorescence plate reader. The excitation
and emission wavelengths were 390 nm and 460 nm for
1A2, 2Cl 9 and 3A4, 390 nm and 485 nm for 2D6 and 485
nm and 530 nm for 2C9. Initial rates were determined
from progress curves. The test compound was made up in
acetonitrile and tested against the CYP450s at a
concentration of 10 mM.The compound of Example 1 had
an IC50 greater than 10 mM against 1A2, 2C9, 2C19, 3A4
and 2D6. EXAMPLE 7 Cell Based Phospho-Ser9 Gsk3 b
ELISA Assay against pSer9 GSK3B The effect on
inhibiting PKB in U87MG cells is determined by the
ability of compounds to inhibit phosphorylation of the
direct downstream substrate GSK3 b on serine 9. Cells
are plated in 96 well plates and allowed to recover
overnight prior to addition of the inhibitor compound
for 1 hour. After 1 hour, cell are fixed and blocked
with 3% paraformaldehyde, 0.25% gluteraldehyde, 0.25%
Triton XlOO 



and 5 % Marvel in TBS-T. Following this cells are
incubated with primary antibody directed to the
phosphorylated form of GSK3 b (Cell Signaling)
overnight at 4C. After washing, cells are incubated
with secondary antibody using the DELFIA reagents
(Eu-Nl anti-rabbit IgG antibody) for Ih, and following
enhancement plates are read on a time-resolved
fluorescence reader at excitation 340 nm and emission
640 nm. All cells are obtained from ECACC (European
Collection of Cell Cultures). Protocol 1. U87MG cells
plated at 12,500 cells/well in 160ul media/well in a
96 well plate 2. Incubate for 24 hours at 37C 3. Treat
cells with the inhibitor and DMSO control 4. Incubate
for 1 hour at 37C 5. Media flicked from the plate and
blot on paper 6. lOOml fixing solution added to each
well (3% paraformaldehyde, 0.25% gluteraldehyde, 0.25%
Triton XlOO) 7. Incubate for 30 minutes at 37C 8. Wash
Ix with water/0.1% Tween209. Block with 100 ml 5%
milk/TBS-T 10. Incubate for 30 minutes at 37 C 11. 100
ml primary antibody diluted in 5% milk/TBS-T added to
each well (CST #9336 Phospho-Ser9 GSK3 b antibody used
at 1:250)  include a column control with no 1 ab -just
5% milk/TBS-T  can also include a column of Zymed
rabbit IgG (02-6102 - 5 mg/mL) control diluted in 5%
milk/TBS-T to the same concentration as the
phospho-Ser9 GSK3 b if required 12. Incubate overnight
at 4 C 13. Wash 3x with water/0.1% Tween20 14. 100 ml
secondary antibody diluted in Delfia Assay Buffer
added to each well (Delfia Eu-Nl anti-rabbit IgG
antibody used at 0.30 mg/ml final cone) 15. Incubate
for lhour at 37C 16. Wash 3x with water/0.1% Tween20
17. 100 ml Delfia Enhancement Solution added to each
well 18. Shake on plate shaker for 15 minutes 19. Read
on Delfia programme (excitation 340nm - emission 640
nm) = Europium counts 20. Wash Ix with water/0. 1%
Tween 20 21. 200 ml BCA solution added per well (BCA
with 1:50 Copper II Sulfate) 22. Incubate for 30
minutes at 37C 23. Read at absorbance 562 nm = protein
concentration The compound
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]- ethanol was found to have an IC50 of 1.1 mM
in the above mechanistic assay, whereas the IC50 value
of
(i?)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl
)- phenylj-ethanol was >50 mM, i.e. the i?-enantiomer
was essentially inactive.EXAMPLE 8 ROCK-II rti) Assay
Protocol 



The compound
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]- ethanol was tested in the ROCK-II assay set
out below. In a final reaction volume of 25 ml,
ROCK-II (h) (5-10 mU) is incubated with 50 mM Tris pH
7.5, 0.1 mM EGTA, 30mM
KEAKEKRQEQIAKRRRLSSLRASTSKSGGSQK, 10 mM MgAcetate and
[g-33PATP] (specific activity approx. 500 cpm/pmol,
concentration as required). The reaction is initiated
by the addition of the MgATP mix. After incubation for
40 minutes at room temperature, the reaction is
stopped by the addition of 5 ml of a 3% phosphoric
acid solution. 10 ml of the reaction is then spotted
onto a P30 filtermat and washed three times for 5
minutes in 75 mM phosphoric acid and once in methanol
prior to drying and scintillation counting. In the
assay,
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]- ethanol was found to have an IC50 of less
than 10 nM in the above assay, i.e. below the limit of
the assay. EXAMPLE 9 p70S6K Radiometric Assay The
compound
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]- ethanol was tested in the p70S6K radiometric
assay described below. Overview P70S6 enzyme is bought
from Upstate and used at 2nM in the assay. The
substrate S6 cocktail (AKRRRLSSLRA) is used at 25mM
(Km has not been determined). In the phosphoryl
transfer reaction, the 33P-g phosphate from ATP is
transferred to the serine residue. The reaction
mixture is transferred to a phosphocellulose filter
plate where the peptide binds and the unused ATP is
washedaway. After washing, scintillant is added and
the incorporated activity measured by scintillation
counting. Reagents P70S6 kinase (T412E) active from
Upstate (#14-486) S6 kinase substrate cocktail from
Upstate (#20-122) Assay Buffer 1OmM MOPS pH 7.0
O.lmg/ml BSA 0.001% Brij-35 0.5% glycerol 0.2mM EDTA
1OmM MgCl2 0.01% b-mercaptoethanol Made as a 1OX
stock, stored at 2O0C in 2ml aliquots 15mM ATP ATP
(1OmM stock) added fresh from concentrated stocks. ATP
will break down over time, keep on ice as far as
possible and use small aliquots to ensure the stock is
fresh. T33P-ATP APBiotech (BFlOOO) 12.5%
orthophosphoric acid 0.5% orthophosphoric acid 



Microscint 20 (Packard) Assay Preparation Enzyme mix
(per 1ml - 100 assay points): 743.75 ml H20250ml 1Ox
assay buffer 3.75 ml 1OmM ATP 2.5 ml enzyme Substrate
mix (per 1ml - 100 assay points): 250 ml S6 cocktail
substrate 750 ml H20 3.5 ml 33P-ATP (BFlOOO from
APBiotech) The amount Of 33P-ATP added assumes it is
on its reference date. The exact amount needs to be
adjusted with time. Compounds - prepare a dilution
curve in DMSO in a polypropylene 96 well plate to 4Ox
final assay concentration (final DMSO 2.5%). Dilute
1:8 in water (adding 5ml of compound to 35 ml water is
sufficient). Assay Setup In a polypropylene 96 well
plate add in order: 5 ml compound 10 ml substrate mix
10 ml enzyme mix Final ATP concentration is
approximately 15mM. KM for ATP calculated to 47uM
radiometrically. Controls are "no compound" (DMSO
only) and "no enzyme" (use l Oml of the enzyme mix
prior to adding enzyme). Cover with a plate seal
(TopSeal A - Packard) or plastic lid from filter plate
(moderate radiation barrier). Mix by gentle shaking.
Incubate at room temperature for 50 minutes. Stop the
reaction by adding 20 ml of 2% orthophosphoric acid.
Filtratio n stepPre-wet the wells of a Millipore MAPH
NOB plate with 50 ml of 0.5% orthophosphoric acid wash
buffer. Filter the liquid through on a Millipore
vacuum filtration unit. Transfer the whole of the
stopped reaction to the wells. Filter through. Wash
twice with 200 ml of 0.5% orthophosphoric acid wash
buffer. Vacuum to near dryness. Remove the plate
support and allow to the filters to dry further on
tissue paper. Snap the plate into an adapter for the
Packard TopCount. Add 20ml of Microscint 20
scintillant, seal with a sheet of Topseal A and count
for 30s on the TopCount. In the assay,
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]- ethanol was found to have an IC50 of 12 nM.
PHARMACEUTICAL FORMULATIONS EXAMPLE 10 (i) Tablet
Formulation A tablet composition containing a
composition as defined herein is prepared by mixing 50
mg of the compound with 197 mg of lactose (BP) as
diluent, and 3 mg magnesium stearate as a lubricant
and compressing to form a tablet in known manner. 



(ii) Capsule Formulation A capsule formulation is
prepared by mixing 100 mg of a composition as defined
herein with 100 mg lactose and filling the resulting
mixture into standard opaque hard gelatin capsules.
(iii) Injectable Formulation I A parenteral
composition for administration by injection can be
prepared by dissolving a composition as defined herein
(e.g. in a salt form) in water containing 10%
propylene glycol to give a concentration of active
compound of 1.5 % by weight. The solution is then
sterilised by filtration, filled into an ampoule and
sealed. (iv) Injectable Formul ation IIA parenteral
composition for injection is prepared by dissolving in
water a composition as defined herein (e.g. in salt
form) (2 mg/ml) and mannitol (50 mg/ml), sterile
filtering the solution and filling into sealable 1ml
vials or ampoules. v) Injectable formulation III A
formulation for i.v. delivery by injection or infusion
can be prepared by dissolving the compound of formula
(I) (e.g. in a salt form) in water at 20 mg/ml. The
vial is then sealed and sterilised by autoclaving. vi)
Injectable formulation IV A formulation for i.v.
delivery by injection or infusion can be prepared by
dissolving the compound of formula (I) (e.g. in a salt
form) in water containing a buffer (e.g. 0.2 M acetate
pH 4.6) at 20mg/ml. The vial is then sealed and
sterilised by autoclaving. (vii) Subcutaneous
Injection Formulation A composition for sub-cutaneous
administration is prepared by mixing a composition as
defined herein with pharmaceutical grade corn oil to
give a concentration of 5 mg/ml. The composition is
sterilised and filled into a suitable container. viii)
Lyophilised formulation Aliquots of formulated
compound of formula (I) are put into 50 ml vials and
lyophilized. During lyophilisation, the compositions
are frozen using a one-step freezing protocol at (-45
0C). The temperature is raised to -10 0C for
annealing, then lowered to freezing at -45 0C,
followed by primary drying at +25 0C for approximately
3400 minutes, followed by a secondary drying with
increased steps if temperature to 50 0C. The pressure
during primary and secondary drying is set at 80
millitor. Equivalents The foregoing examples are
presented for the purpose of illustrating the
invention and should not be construed as imposing any
limitation on the scope of theinvention. It will
readily be apparent that numerous modifications and
alterations may be made to the specific embodiments of
the invention described above and illustrated in the
examples without departing from the principles
underlying the invention. All such modifications and
alterations are intended to be embraced by this
application.CLAIMS 1. A composition comprising (S)
2-amino-l-(4-chloro-phenyl)-l-[4-(lHpyrazol- 



4-yl)-phenyl]-ethanol, wherein the composition is
either substantially free of (R)
2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-
yl)-phenyl]-ethanol or the composition contains a
mixture of the (S) and (R) enantiomers in which the
(S) enantiomer predominates. 2. A composition
according to claim 1 comprising
2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol or a salt,
solvate, tautomer or N-oxide thereof, at least 75% of
which is in the ^-enantiomeric form. 3. A composition
according to claim 2 wherein the
(5)-2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol has an
enantiomeric purity of at least 80%. 4. A composition
according to claim 3 wherein the
(5)-2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol has an
enantiomeric purity of at least 85%, or at least 90%,
or at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 99.5%. 5. A composition according to claim 4
wherein the (5)-2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol has an
enantiomeric purity ofgreater than 98%. 6. A
composition according to claim 5 wherein at least
99.9% of the 2-aminol-(
4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-phenyl]-ethano
l is in the Senantiomeric form. 7. A composition
according to claim 6 wherein substantially no
(i?)-2-aminol-(
4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-phenyl]-ethano
l is present in the composition. 8. A composition
according to any one of the preceding claims which is
a pharmaceutical composition containing the
(5)-2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol and a
pharmaceutically acceptable carrier. 9. A composition
according to claim 1 consisting of
(5)-2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol in
substantially pure form, i.e. containing less than
0.5%, more preferably less than 0.1% and most
preferably less than 0.01% impurities. 10. A
composition according to claim 9 wherein no single
impurity is present in an amount greater than 0.2%,
more preferably more than 0.1%. 11. A composition
according to claim 10 wherein no single known
impurity, if known, is present in an amount greater
than 0.5%, or greater than 0.4%, or greater than 0.3%,
or greater than 0.2%, or greater than 0.1%, or greater
than 0.05%, or greater than 0.01%,. 12. A composition
according to any one of the preceding claims wherein
the
(5)-2-amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)
-phenyl]-ethanol is in the form of a free base. 13. A
composition according to any one of claims 1 to 11
wherein the (S)-2-
amino-l-(4-chloro-phenyl)-l-[4-(lH-pyrazol-4-yl)-pheny
l]-ethanol is in the form of an acid addition salt.
14. A compound of the formula (I):or a salt, solvate,
tautomer or N-oxide thereof, wherein said compound is
in 



substantially pure form. 15. A compound of the formula
(I) according to claim 14 in the form of a free base
or a salt, solvate or tautomer thereof 16. A
composition or compound according to any one of the
preceding claims for use in medicine. 17. A
composition or compound as defined in any one of
claims 1 to 15 for use in the prophylaxis or treatment
of a disease state or condition mediated by protein
kinase B. 18. The use of a composition or compound as
defined in any one of claims 1 to 15 for the
manufacture of a medicament for the prophylaxis or
treatment of a disease state or condition mediated by
protein kinase B. 19. A method for the prophylaxis or
treatment of a disease state or condition mediated by
protein kinase B, which method comprises administering
to a subject in need thereof a composition or compound
as defined in any one of claims 1 to 15. 20. A
composition or compound as defined in any one of
claims 1 to 15 for use in treating a disease or
condition comprising or arising from abnormal cell
growth or abnormally arrested cell death in a mammal.
21. The use of a composition or compound as defined in
any one of claims 1 to 15 for the manufacture of a
medicament for treating a disease or condition
comprising or arising from abnormal cell growth or
abnormally arrested cell death in a mammal. 22. A
method for treating a disease or condition comprising
or arising from abnormal cell growth in a mammal,
which method comprises administering to the mammal a
composition or compound as defined in any one of
claims1 to 15 in an amount effective in inhibiting
abnormal cell growth or abnormally arrested cell
death. 23. A method for alleviating or reducing the
incidence of a disease or condition comprising or
arising from abnormal cell growth or abnormally
arrested cell death in a mammal, which method
comprises administering to the mammal a composition or
compound as defined in any one of claims 1 to 15 in an
amount effective in inhibiting abnormal cell growth.
24. A method for treating a disease or condition
comprising or arising from abnormal cell growth or
abnormally arrested cell death in a mammal, the method
comprising administering to the mammal a composition
or compound as defined in any one of claims 1 to 15 in
an amount effective to inhibit protein kinase B
activity. 25. A composition as defined in any one of
claims 1 to 15 for use in inhibiting protein kinase B.
26. A method of inhibiting protein kinase B, which
method comprises contacting the kinase with a
kinase-inhibiting composition or compound as defined
in any one of claims 1 to 15. 27. A composition or
compound as defined in any one of claims 1 to 15 for
use in modulating a cellular process (for example cell
division) by inhibiting the 



activity of a protein kinase B and/or protein kinase
A. 28. The use of a composition or compound as defined
in any one of claims 1 to 15 for the manufacture of a
medicament for modulating a cellular process (for
example cell division) by inhibiting the activity of a
protein kinase B and/or protein kinase A. 29. A method
of modulating a cellular process (for example cell
division) by inhibiting the activity of a protein
kinase B and/or protein kinase A using a composition
or compound as defined in any one of claims 1 to
15.30. A composition or compound as defined in any one
of claims 1 to 15 for use in the prophylaxis or
treatment of a disease state or condition mediated by
protein kinase A. 31. The use of a composition or
compound as defined in any one of claims 1 to 15 for
the manufacture of a medicament for the prophylaxis or
treatment of a disease state or condition mediated by
protein kinase A. 32. A method for the prophylaxis or
treatment of a disease state or condition mediated by
protein kinase A, which method comprises administering
to a subject in need thereof a composition or compound
as defined in any one of claims 1 to 15. 33. A method
for treating a disease or condition comprising or
arising from abnormal cell growth or abnormally
arrested cell death in a mammal, the method comprising
administering to the mammal a composition or compound
as defined in any one of claims 1 to 15 in an amount
effective to inhibit protein kinase A activity. 34. A
composition or compound as defined in any one of
claims 1 to 15 for inhibiting protein kinase A. 35. A
method of inhibiting protein kinase A, which method
comprises contacting the kinase with a
kinase-inhibiting composition or compound as defined
in any one of claims 1 to 15. 36. A method of
modulating a cellular process (for example cell
division) by inhibiting the activity of a protein
kinase A using a composition or compound as defined in
any one of claims 1 to 15. 37. The use of a
composition or compound as defined in any one of
claims 1 to 15 for the manufacture of a medicament for
the prophylaxis or treatment of a disease state or
condition arising from abnormal cell growth or
abnormally arrested cell death.38. A pharmaceutical
composition comprising a composition as defined in any
one of claims 1 to 15 and a pharmaceutically
acceptable carrier. 39. A composition or compound as
defined in any one of claims 1 to 15 for use in
medicine. 40. The use of a composition or compound as
defined in any one of claims 1 to 15 for the
manufacture of a medicament for the prophylaxis or
treatment of any one of the disease states or
conditions disclosed in any one of claims 1 to 15. 41.
A method for the treatment or prophylaxis of any one
of the disease states or conditions disclosed in any
one of claims 1 to 15, which method comprises 



administering to a patient (e.g. a patient in need
thereof) a compound (e.g. a therapeutically effective
amount) of composition or compound as defined in any
one of claims 1 to 15. 42. A method for alleviating or
reducing the incidence of a disease state or condition
disclosed in any one of claims 1 to 15, which method
comprises administering to a patient (e.g. a patient
in need thereof) a compound (e.g. a therapeutically
effective amount) of a composition or compound as
defined in any one of claims 1 to 15. 43. A method for
the diagnosis and treatment of a disease state or
condition mediated by protein kinase B, which method
comprises (i) screening a patient to determine whether
a disease or condition from which the patient is or
may be suffering is one which would be susceptible to
treatment with a compound having activity against
protein kinase B; and (ii) where it is indicated that
the disease or condition from which the patient is
thus susceptible, thereafter administering to the
patient a composition or compound as defined in any
one of claims 1 to 15. 44. The use of a composition or
compound as defined in any one of claims 1 to 15 for
the manufacture of a medicament for the treatment or
prophylaxis ofa disease state or condition in a
patient who has been screened and has been determined
as suffering from, or being at risk of suffering from,
a disease or condition which would be susceptible to
treatment with a compound having activity against
protein kinase B. 45. A composition or compound as
defined in any one of claims 1 to 15 for use in the
treatment or prophylaxis of a disease state or
condition in a patient who has been screened and has
been determined as suffering from, or being at risk of
suffering from, a disease or condition which would be
susceptible to treatment with a compound having
activity against protein kinase B. 46. A method for
the diagnosis and treatment of a disease state or
condition mediated by protein kinase A, which method
comprises (i) screening a patient to determine whether
a disease or condition from which the patient is or
may be suffering is one which would be susceptible to
treatment with a compound having activity against
protein kinase A; and (ii) where it is indicated that
the disease or condition from which the patient is
thus susceptible, thereafter administering to the
patient a composition or compound as defined in any
one of claims 1 to 15. 47. A composition or compound
as defined in any one of claims 1 to 15 for use in the
treatment or prophylaxis of a disease state or
condition in a patient who has been screened and has
been determined as suffering from, or being at risk of
suffering from, a disease or condition which would be
susceptible to treatment with a compound having
activity against protein kinase A. 48. The use of a
composition or compound as defined in any one of
claims 1 to 15 for the manufacture of a medicament for
the treatment or prophylaxis of a disease state or
condition in a patient who has been screened and has
been determined as suffering from, or being at risk of
suffering from, a disease or 



condition which would be susceptible to treatment with
a compound having activity against protein kinase
A.49. A composition or compound as defined in any one
of claims 1 to 15 for use as a modulator (e.g.
inhibitor) of protein kinase B and/or protein kinase
A. 50. The use of a composition or compound as defined
in any one of claims 1 to 15 for the manufacture of a
medicament for modulating (e.g. inhibiting) protein
kinase B and/or protein kinase A. 51. A method of
modulating (e.g. inhibiting) protein kinase B and/or
protein kinase A; which method comprises bringing the
protein kinase B and/or protein kinase A (e.g. in a
cellular environment - for example in vivo) into
contact with a composition or compound as defined in
any one of claims 1 to 15. 52. A method for the
preparation of a composition or compound as defined in
any one of claims 1 to 15, which method comprises
partially or fully resolving a mixture of (S) and (R)
enantiomers of 2-amino-l-(4-chlorophenyl)-
l-[4-(lH-pyrazol-4-yl)-phenyl]-ethanol. 53. A method
according to claim 52 wherein the (S) and (R)
enantiomers are resolved using chiral chromatography.
54. A compound of the formula (12): or an acid
addition salt thereof. 55. An acid addition salt
according to claim 54 which is the 4-toluenesulphonic
acid salt. 56. A compound of the formula (17):57. A
process for the preparation of a compound of the
formula (12) as defined in claim 54, which process
comprises the reaction of a compound of the formula
(17) as defined in claim 56 with a tertiary phosphine
such as triphenylphosphine in a polar aprotic solvent
followed by treatment with aqueous acid. 58. A process
according to claim 57 wherein the aqueous acid
comprises an alkyl- or arylsulphonic acid selected
from methanesulphonic acid, ethanesulphonic acid,
benzenesulphonic acid, toluenesulphonic acid and
camphorsulphonic acid, and most preferably
4-toluenesulphonic acid. 59. A process for the
preparation of a compound of the formula (17) as
defined in claim 56; which process comprises the
reaction of an epoxide compound of the formula (11):
with an azide selected from alkali metal azides and
trimethylsilyl azide in a polar solvent, preferably
with heating. 60. A process according to claim 59
wherein the azide is an alkali metal azide. 6 1. A
process according to claim 60 wherein the alkali metal
azide is sodium azide.62. A method for the preparation
of a compound of the formula (12) as defined in claim
54; which method comprises the process of any one of
claims 59 to 6 1 followed by the process of claim 57
or claim 58. 


