
THERAPEUTIC COMPOSITIONS The present invention relates
to compositions of compounds obtainable from Euphorbia
species and which are useful in the treatment of skin
cancers. The compound ingenol angelate can be isolated
from various Euphorbia species, and particularly from
Euphorbia peplus and Euphorbia drummondii. Ingenol
angelate exists in three isoforms; ingenol-3-angelate
(isoform 'b'), ingenol-5-angelate (isoform 'a') and
ingenol-20-angelate (isoform 'c'). The first of these
is also referred to herein as BA and has the following
structure: Ingenol angelate has been found to be
highly toxic for skin cancer cells via rapid
mitochondrial disruption and cell death by primary
necrosis, while leaving healthy cells unaffected.
US-A-6432452 discloses compounds present in an active
principle derived from plants of the species Euphorbia
peplus, Euphorbia hirta and Euphorbia drummondii,
which show selective cytotoxicity against several
different cancer cell lines. The compoundsare useful
in effective treatment of cancers, particularly
malignant melanomas and squamous cell carcinomas
(SCCs). The compounds are selected from jatrophanes,
pepluanes, paralianes and ingenanes. The preferred
compound is an angeloylsubstituted ingenane obtained
from the sap of Euphorbiapeplus. Microgram quantities
of ingenol angelate are typically therapeutically
effective. However, the tendency for isoform 'b' to
undergo rearrangement to isoform 'a' and subsequently
to isoform 'c' presents a formulation problem, where
it is desired to restrict the formulation to either a
specific isoform or to a ratio of isoforms. This is
particularly a problem with DA, as the different
isoforms have different solubilities. There is a need
for an effective, topical treatment for skin cancer,
as systemic treatments involving other drugs
necessarily result in exposure of susceptible healthy
cells, in nontarget parts of the body, to cytotoxic
chemicals, hi addition, systemic anti-cancer
treatments, whether administered orally or by
injection, have lower patient acceptance. There is a
need to provide a stable formulation of ingenol
angelate, preferably for topical administration. It
has now, surprisingly, been found that ingenol
angelate can be solubilised, substantially without
rearrangement between isoforms, in an acceptable,
aprotic solvent in the presence of an acceptable,
miscible acidic buffer. Thus, in a first aspect, the
present invention provides a formulation of ingenol
angelate for use in therapy, wherein the ingenol
angelate has been dissolved in a pharmaceutically
acceptable, aprotic solvent, said formulation further
comprising a pharmaceutically acceptable acidifying
agent which is at least partially compatible with the
solvent and which provides the formulation with an
apparent pH of no greater than 4.5. The present
invention envisages formulations of any of the
isoforms of ingenol angelate, or mixtures thereof. At
present, the preferred isoform is isoform 'b', also
referred to herein as BA. It will be understood that
references to 'ingenol angelate' and'DA' include
reference to other isoforms and mixtures thereof,
unless otherwise apparent. Ingenol angelate can be
dissolved in many solvents, and various solvents are
illustrated in accompanying Example 1. However,
ingenol angelate is generally susceptible to
rearrangement in protic solvents, and any substantial
degree of rearrangement, typically beyond about 1% for
plant derived products, but more preferably about
0.5%, is undesirable in a pharmaceutical formulation.
In aprotic solvents, which are generally solvents that
do not contribute protons to a solution, such as
polyethylene glycol, dissolution can take some
considerable time and this, together with the
temperatures required, can also lead to rearrangement
to an extent above acceptable levels. Substances such
as acetone and acetonitrile are capable of dissolving
13A, but are not generally pharmaceutically
acceptable, and may not be suitable for long term
storage. More acceptable may be substances such as
methyl ethyl ketone, ethyl acetate, or diethyl ether,
but benzyl alcohol is generally most preferred. A
number of substances are suitable to dissolve 13A, but
stability is not guaranteed, and generally
unacceptable rearrangement levels may be observed
after periods ranging between as little as 12 hours
and as much as six months or a year. In the absence of
water, or other protic solvent, there will not be a
measurable pH. Under such conditions, and especially
at elevated temperatures, rearrangement is likely.
Thus, it has been found that it is generally possible
to inhibit rearrangement by the presence of a suitable
acid. Suitable acids are generally organic acids, as
it has been established that I3A can decompose much
below about a pH of 3, while rearrangement is likely
to occur at above a pH of about 4.5. Where it is
intended to store the formulation for periods of any
length, such as a month or more, then it is preferred
that the acid be in the form of a buffer. Suitable
buffers include citrate buffer, phosphate buffer,
acetate buffer andcitrate-phosphate buffer, although
other buffers will be apparent to those skilled in the
art. In particular, it is preferred that the buffer
provides an apparent pH to the formulation of no
greater than 4.5 and no less than 2.5. A formulation
pH of less than 4 is more preferred, and it is
particularly preferred that the apparent formulation
pH be 3.8 or less, preferably around 3.5, or less. An
apparent pH of around 3 is useful. A buffer having a
pH of 2.75 has been found to be particularly
advantageous, conferring an apparent pH of about pH
3.5 to the final formulation when used in quantities
as illustrated in the accompanying Examples. A
preferred pH range of the buffer is between 2.6 and
2.85, preferably pH 2.7 - pH 2.8, and is preferably a
citrate buffer. It will be appreciated that the acid
will generally be in the form of an aqueous solution,
preferably in deionised water, unless otherwise
indicated. Citrate buffer is preferred. Where acetate
buffer is used, this may typically have a pH range of
3.5 to 5.5, while citrate-phosphate buffer may
typically have a pH range of 2.75 to 7.0. It will be
understood that a solution in which the solvent is
aprotic cannot have a pH, as this is a measurement of
the H+ ion. However, where such a solution is at least
partially miscible with an acid, or acidic buffer, and
such is present, then attempts to measure the pH will
yield a result. Preferred formulations of the
invention are made up as topical administration forms,
and will generally comprise a majority of buffer, or
ionic solution, but will always comprise aprotic
solvent, so that only an apparent, rather than an
absolute, pH can be measured, as the measured pH
relates only to the ionic component. A suitable means
for measuring apparent pH is with the Jenway 3320 pH
meter. Accordingly, the result may not have the
meaning normally ascribed to an ionic solution,
especially where the amount of acid or buffer is
small, but the significance is that, insofar as any
ionic environment is present, that environment is
acidic. As the amount of acid increases, so the
apparent pH becomes more equivalent to pH. While not
being bound by theory, it is likely that ingenol
angelate is primarily dissolved in the aprotic
solvent, as it has very low solubility in water.
Subsequent addition of the ingenol angelate solution
in solvent to an acidified ionic solution allows a
suitable, optionally aqueous, ionic solution of
ingenol angelate to be prepared, thereby avoiding
dissolution of ingenol angelate directly in a protic
solvent, which is when the greatest amount of
rearrangement appears to take place. Thus, contact
with a protic solvent can immediately result in the
formation of the other isoforms, but this can be
minimised if asmall amount of acid or acidic buffer,
which terms are used synonymously herein unless
otherwise apparent, is added. Even the act of
dissolution in protic solvents, given the length of
time and conditions necessary, can lead to undesirably
high levels of isoforms forming, such is the
susceptibility of ingenol angelate to rearrangement.
The aprotic solvent and the acid are at least
partially compatible, in that a stable preparation of
the two can be formed. The acid and solvent are
preferably miscible, and are preferably miscible at
all ratios. In particular, it is generally preferred
to add a small amount of buffer to the solvent during,
or shortly after, solubilisation of the ingenol
angelate, in order to keep the apparent pH at a
relatively low level. Subsequently, it may be
desirable to make up the solubilised ingenol angelate
in an excess of the buffer that was used during the
initial solubilisation. Stable preparations made up
with an excess of buffer are illustrated in Example 9,
below. It will be appreciated that it is preferred
that the acid and solvent be sufficiently miscible to
be able to form a single phase, although immiscible,
or less miscible, solvents and acids may be prepared
in the form of emulsions or micro-emulsions. Such
emulsions can be stable, but the provision of a
mixture of solvent and acid as a single phase
generally further minimises any risk of angelate
rearrangement. Solvents that are particularly useful
in the present invention are those which exhibit both
hydrophilic and lipophilic traits, such as ring
systems which are preferably homocyclic, and which
have hydroxy groups substituted thereon but separated
by at least one carbon atom from the ring structure. A
particularly preferred example of such a solvent is
benzyl alcohol. Although it is possible to use an acid
rather than a buffer, it is generally preferred to use
an acidic buffer to minimise the fluctuation in pH. As
such, it will be appreciated that, whilst the term
'buffer' will generally be used herein, this term also
encompasses acids and acid preparations, where
appropriate. A particularly preferred buffer is
citrate buffer, pH 3 or lower, preferably pH 2.75. In
benzyl alcohol, a 2.5% w/w quantity of pH 2.5 citrate
buffer will generally yield an unmeasurable apparent
pH but, at higher quantities, yields a pH of around pH
3. The relationship between pH of buffer andapparent
pH is explored in the accompanying Examples. At low
quantities of buffer when dissolving BA in the
solvent, it is simply preferred to keep the
environment acidic, and the nature of the preferred
buffer at these levels is similar to the nature of the
preferred buffer when subsequently diluting the
formulation for use. It is generally preferred to
acidify the solvent, preferably benzyl alcohol, with
an amount of acidic buffer, preferably between 1 and
10% by weight, more preferably between 2 and 5%, prior
to addition of BA. While the formulation does not have
to be diluted for use, it is generally the case that
BA is a potent substance, and stock solutions of BA in
solvent, preferably benzyl alcohol, may be made up for
storage, preferably at 8C or below. Such stock
solutions may then be diluted, preferably with buffer,
as desired, when making up any final formulation or
preparation. The amount of buffer used when
solubilising the ingenol angelate can vary between
about 0 and 100%. When the amount is 0, it is
preferred to add a quantity of buffer shortly after
adding the ingenol angelate to the solvent, in order
to minimise the likelihood of any rearrangement taking
place. It is generally preferred to avoid using
amounts of buffer greater than 100% by weight of the
solvent, as dissolution directly into the buffer is
generally not readily achievable. It is preferred to
employ the buffer as a means to keep the apparent pH
of the solvent at a low level, without providing any
substantial amount of protic solvent during
dissolution of the ingenol angelate. Once the ingenol
angelate has been substantially dissolved, then it is
possible, and may even be desirable, to make up the
formulation with an excess of buffer comprising, if
desired, other optionally protic constituents, such as
antibiotics, for example. Preferred levels of buffer
are in the region of 0.5%-10%, and preferably between
1% and 5%, with about 2- 3% being most preferred
during the dissolution phase. The dissolution phase
comprises dissolving at least a majority of the
ingenol angelate in the solvent, and preferably at
least 95% w/w ingenol angelate in the solvent, more
preferably at least 99% w/w. Formulations of the
present invention may be used directly, or may be
stored for future use. In addition, formulations of
the present invention may provide a base
formulationwhich can then be further modified prior to
use. For example, as described above, the formulation
may be made up in an excess of buffer or may be
formulated into a gel, for example. It has also been
found that formulations of the present invention are
generally more stable at lower temperatures.
Particularly preferred formulations of the present
invention, such as those comprising benzyl alcohol and
citrate buffer, may exhibit substantial stability at
temperatures as high as 400C but, in general,
increasing stability is observed at temperatures below
room temperature and pressure (RTP), and the greatest
stability is observed at temperatures below about 80C.
Freezing does not appear to enhance stability so that,
in general, the greatest stability is achieved simply
by placing formulations of the invention in a
conventional refrigerator at a temperature of between
about 2C and 80C. The present invention further
provides a process for preparing a solution of ingenol
angelate, comprising dissolving the ingenol angelate
in a pharmaceutically acceptable, aprotic solvent,
said formulation further comprising a pharmaceutically
acceptable acidifying agent which is at least
partially compatible with the solvent and which
provides the formulation with an apparent pH of no
greater than 4.5, said acid being added with, before,
or after the ingenol angelate. In an alternative, the
present invention provides a process for preparing a
solution of ingenol angelate, comprising dissolving
the ingenol angelate in a pharmaceutically acceptable,
aprotic solvent, said process comprising the addition
of a pharmaceutically acceptable acidifying agent
which is at least partially compatible with the
solvent and which provides the formulation with an
apparent pH of no greater than 4.5, said acidifying
agent being added with, before, or after the ingenol
angelate. The acidifying agent is preferably a buffer.
It is preferred to add the acid, or buffer,
sufficiently soon after addition of the 13A to ensure
that no more than about 1%, and preferably no more
than about 0.5%, of the 'b' isoform rearranges into
the 'a' isoform. Preferably, the acid or buffer is
added to thesolvent before adding the I3A, although
all three ingredients may be combined at the same
time. This latter is the least preferred option. This
process may also be used for the preparation of
ingenol angelate formulations using other compounds
and solvents, such as polyethylene glycol, where
direct solubilisation may be associated with an
unacceptable level of rearrangement. Although DA can
dissolve in PEG, it takes in the region of an hour at
elevated temperature, which generally leads to the
generation of unacceptable levels of the 'a' isoform.
If the BA is dissolved in buffered benzyl alcohol
first, this can then be introduced directly into the
PEG, without the prolonged exposure to heat. As only
enough benzyl alcohol is needed to solubilise the 13A,
then the total amount of benzyl alcohol in the final
PEG formulation need only be in the region of 1% w/w
or less. These formulations may be kept for sustained
periods, especially when kept at temperatures of 80C
or lower. Preferred compositions see no more than
about 1%, and preferably no more than about 0.5%,
rearrangement of the 'b' isoform to the 'a' isoform
after 3 months, more preferably 6 months. There is
further provided the use of a formulation of the
invention in the treatment of a skin cancer. The
invention also provides the use of ingenol angelate in
the manufacture of a medicament for the treatment or
prevention of a skin cancer, wherein the ingenol
angelate is dissolved in a pharmaceutically
acceptable, aprotic solvent, said formulation further
comprising a pharmaceutically acceptable acidifying
agent which is at least partially compatible with the
solvent and which provides the formulation with an
apparent pH of no greater than 4.5. Suitable cancers
for treatment in accordance with the present invention
include squamous and basal cell cancers. It will be
appreciated that 'treatment', as used herein, includes
both therapy and 



prophylaxis.The present invention also provides a
method of treating a subject suffering from a
cancerous skin condition, comprising the topical
application of a therapeutically effective amount of a
composition of the invention to the area of the
cancerous condition. Suitable subjects for treatment
are mammals, including humans, primates, livestock
animals (including cows, horses, sheep, pigs and
goats), companion animals (including dogs, cats,
rabbits, guinea pigs), captive wild animals, and
laboratory animals, such as rabbits, mice, rats,
guinea pigs and hamsters. The compositions of the
present invention are particularly suitable for the
treatment of human skin cancers. It will be
appreciated that the formulations of the present
invention may be used in any suitable cancer
prophylaxis or treatment.- Administration forms may be
any suitable, and include creams, gels, ointments,
lotions, sprays, lacquers and paints for topical
application, powders, solutions and suspensions for
the airways, solutions and emulsions for injection,
capsules, syrups and elixirs for oral administration,
and pessaries and suppositories. Other suitable
administration forms will be readily apparent to those
skilled in the art, and may include transdermal
patches, for example. In a preferred embodiment of the
present invention, the ingenol angelate formulations
are formulated for topical administration. In all
cases, the initial formulation is as a formulation of
the invention. The formulation may be made up into the
final form either just before use as soon as desired
after preparation of the formulation, but will usually
remain a formulation of the invention at all times.
Formulations may comprise additional ingredients, as
discussed below. It is particularly preferred to
employ antioxidants, as these appear to provide
enhanced stability to the formulations. Suitable
examples of antioxidants include retinol, ascorbic
acid, lycopene, butylated hydroxytoluene, and
tocopherol.The amount of ingenol angelate required for
pharmaceutical efficacy will be apparent to those
skilled in the art, and may be adapted according to
physiological parameters, such as age, weight and sex
of the patient, as well as the size of any lesion. In
general, an amount of ingenol angelate suitable to
provide between about 0.01 mg cm 2 to about 1 mg cm 2
may be employed, with a range of 0.1 mg cm 2 to about
100 mg cm 2 being more preferred. In the accompanying
Examples, a formulation providing 15 mg cm 2 was used,
but formulations of 1 mg cm 2, or less, have been
found to be effective. In the alternative,
formulations of the invention may contain BA in an
amount of from 0.001% (w/w) to 0.15% (w/w), more
preferably up to about 0.1 - 0.12% (w/w). Topical
formulations are a preferred embodiment of the present
invention. In this regard, a heretofore unrecognised
property of the ingenol angelates is particularly
useful, in that it has been found that they have
vasoconstrictive properties. Accordingly, systemic
distribution of the active ingredient is minimised,
owing to the reduced blood flow in the vicinity of
treatment. It will be appreciated that the nature of
the formulation will determine the rate of permeation
across the skin. As such, it is generally preferred
that the formulation be prepared such that a rate of
permeation of at least about 11 ng cm 2 h 1 is
achieved. There is no special upper limit, although it
is generally preferred that this not exceed around 1
mg cm 2 h 1. Topical formulations may take any
suitable form. In general, it is preferred that they
exhibit some level of viscosity, in order that they
can be targeted at the desired area without running
off. Accordingly, it is generally preferred to
formulate ingenol angelate as creams, gels, ointments,
and paints. Given the potency of ingenol angelate,
paints may be employed, as they may be applied
sparingly, depending on levels of the active
ingredient. Poloxamers may be used in preferred
formulations of the present invention. They are
co-polymers which consist of a hydrophobic
poloxypropylene (POP) molecule sandwiched between two
hydrophilic molecules of poloxyethylene (POE). Thus,
theyhave the ability to solubilise lipophilic drugs
within the hydrophobic core. Furthermore, poloxamer
based aqueous gel formulations exhibit
thermo-rheological properties, which may be
advantageous for localised, sustained delivery of
drugs. Above a certain temperature, known as the
critical micelle temperature (cmt), the viscosity of
the poloxamer gel increases dramatically. An increase
in viscosity leads to a decrease in the diffusion of
any drugs dissolved in the gel which slows down the
release of drug from the gel and leads to sustained
delivery. The increase in viscosity may also provide a
prolonged, localised 'depot' at the site of action.
The cmt is dependent on a number of variables such as
concentration of poloxamer and other additives such as
propylene glycol. Ideally, the cmt should be at a
temperature such that the formulation can be injected
into the lesion as a liquid (ease of administration)
and upon contact with body temperature a gel is formed
with the aim of achieving a localised, sustained
delivery of the drug. Five poloxamers are listed in
the USP, and include poloxamer 188 and poloxamer 407.
Poloxamer 188 has been approved as an excipient for IV
formulations (http://www.accessdata.fda.gov).
Poloxamer gels have been used for subcutaneous
delivery of insulin (Barichello et ah, 1999) and other
drug delivery systems for percutaneous use (Tobiyama
et ah, 1994). One particular copolymer, poloxamer 407
has been administered subcutaneously for the slow
release of peptides and therapeutics proteins, which
included interleukin-2 and human growth hormone
(Morikawa et ah, 1987; Katakama et ah, 1997).
Following administration, the gels slowly released the
entrapped protein molecules over a period of 1-2 days.
Furthermore, a substantial fraction of this poloxamer
eventually underwent renal excretion. Poloxamers are
generally regarded as non-toxic and non-irritant
materials. Animal toxicity studies, with dogs and
rabbits, have shown poloxamers to be non-irritant and
non-sensitising when applied, in 5% w/v and 10% w/v
concentration, to the eyes, gums and skin. In a 14-day
study of intravenous administration to rabbits, at
concentrations up to 0.5 g/kg/day, no overt adverse
effects were noted. A similar study with dogs also
showed no adverse effects at dosage levels up to 0.5
g/kg/day. Furthermore, no haemolysis of human blood
cells was observed over 18 hours at 250C, with
0.001-10%w/v poloxamer solutions (Wade and Weller,
1994). However, hyperlipidemia in rats has been
reported when an intraperitoneal (IP) injection (1.0
g/kg) of poloxamer 407 was introduced (Wasan et ah,
2003). Oils may also be used in the present invention.
The use of an emulsion based intralesional formulation
has been reported for the treatment of psoriasis (Ho
et al., 1990). Prior to administration, a vehicle,
such as polyoxyethylated castor oil, is normally
diluted with saline to form the emulsion. However, our
studies have shown that dilution of BA with normal
saline increases the conversion of isoform 'b' to 'a'.
This conversion may be minimised if the administration
time of the formulation is short. There are a number
of lipophilic products that are formulated as oily
solutions for intramuscular administrations (IM), for
example Prolixin Enanthate (Bristol Myers Squibb). The
vehicle (oil) used varies widely from vegetable oils
such as arachis oil (used with benzyl benzoate in
Dimercaprol Injection B.P.) and sesame oil (used in
depot injections of Fluphenazine Enanthate Injection
B.P). The use of oleaginous vehicles may slow
absorption due to delayed partitioning of the drug
from the oil to the aqueous body fluids (Ford, 1987).
When injected into an aqueous environment (such as
muscle tissue) a relatively lipophilic drug such as
BA, dissolved in an oil phase, will have a tendency
not to leave the oil and 'instantaneously' partition
into the aqueous phase. In this way a sustained
release effect can be achieved. Buccal formulations
may also be employed. Transmucosal delivery of
therapeutic agents is a popular administration form,
because mucous membranes are relatively permeable,
allowing for the rapid uptake of a drug into the
systemic circulation and avoiding first pass
metabolism. Transmucosal products can be designed to
be administered via the nasal route and oral/buccal
route using mucoadhesives. In the development of these
drug delivery systems, mucoadhesion of the
device/formulation is a key element. The term
'mucoadhesive' is commonly used for materials that
adhere to the mucin layer of a biological membrane.
Mucoadhesive polymers have been utilised in many
different dosage forms in efforts to achieve systemic
and localised delivery of drugs through the different
mucosae. These dosage forms include tablets, patches,
tapes, films, semisolids and powders.To serve as
mucoadhesive polymers, the polymers should possess
physicochemical features such as being predominantly
anionic with numerous hydrogen bond-forming groups,
suitable surface properties for wetting mucus/mucosal
tissue surfaces and sufficient flexibility and length
(molecular weight) to penetrate the mucus network or
tissue crevices. Diverse classes of polymers have been
reported as potential mucoadhesives such as carbomers
(polyacrylic acids), hydroxypropyl methylcellulose
(HPMC) as well as naturally occurring polymers, such
as hyaluronic acid and chitosan. Preparation of
suitable formulations is within the skill of those in
the art, and suitable excipients for inclusion in any
such formulation include, for example, gellants,
viscosifiers, penetration enhancers, preservatives,
such as antibiotics and antifungals, and cosmetic
ingredients, such as scents and colourings. Suitable
gelling agents include: water soluble cellulose
derived polymers, such as hydroxyalkyl cellulose
polymers (e.g. hydroxymethylcellulose,
hydroxyethylcellulose, hydroxypropylcellulose and
hydroxypropylmethylcellulose), carboxymethyl
cellulose, methylhydroxyethyl cellulose and methyl
cellulose, carbomer (e.g. carbopol); and carrageenans.
The gelling agent may be added in any suitable amount,
such as 1-5% (w/w). Preferred gelling agents are
cellulose derived, most preferably
hydroxyalkylcellulose, particularly
hydroxyethylcellulose. Suitable preservatives will be
apparent to those skilled in the art, and include the
parabens (methyl, ethyl, propyl and butyl), benzoic
acid and benzyl alcohol. Preservatives employed solely
for that purpose will generally form 1% (w/w) or less
of the final topical formulation. Suitable penetration
enhancers include isopropyl alcohol, sulphoxides (such
as dimethylsulphoxide, DMSO), Azones (e.g.
laurocapram), pyrrolidones (for example 2-
pyrrolidone), alkanols (e.g. decanol), and glycols
(for example propylene glycol). Preferred compositions
of the invention comprise: a) I3A;b) penetration
enhancer; c) preservative; d) gelling agent; and e)
buffer; wherein the composition has an apparent pH of
between 3 and 4, inclusive. A particularly preferred
composition comprises: a) 0.1% (w/w) I3A; b) 30% (w/w)
isopropyl alcohol; c) 0.9% (w/w) benzyl alcohol; d)
1.5% (w/w) hydroxy ethyl cellulose; and e) 67.5% (w/w)
citrate buffer pH 3, preferably pH 2.75. The invention
will now be described with reference to the
accompanying Figures, wherein: Figure 1: shows a
schematic representation of a Franz cell. Figure 2 :
Percentage of isoform 'b' in isopropanol gel (pH 6.5).
Figure 3: Percentage of I3A 'b' in 30% IPA/citrate
buffer (pH 3). Figure 4 : Percentage 13A 'b' in 100%
benzyl alcohol at 2-8 0C, RTP and 40 C. Figure 5 :
Percentage 13A 'b' in 100% phenoxythanol at 2-8 C, RTP
and 40 C. Figure 6: shows a flow chart for the
preparation of 0.1% w/w 13A Formulation 16 and the
respective placebo. *For the placebo formulation 0.25
g of benzyl alcohol was added to 24.75 g of base
formulation. Figure 7 : Relative G' and G" values for
Formulations 4, 14, 15, 16 and 17 (n=5  SD). Figure 8
: Corresponding tan d values for Formulations 4, 14,
15, 16 and 17 Figure 9 : Plot of mean amount released
after 26 h (mg/cm2) of 13A 'b' from 0.1% w/w poloxamer
gel and PEG 400 formulations, (n=3  SE). Figure 10:
Plot of mean amount released after 26 h (mg/cm2) of
I3A 'b' from 0.1% w/w oil and PEG 400 formulations,
(n=3  SE).The present invention will be further
illustrated with regard to the following, nonlimiting
Examples. EXAMPLE 1 The stability of I3A was
investigated in various solvent systems, including
acetone, acetonitrile, methanol/water, water, DMSO,
phosphate buffers (pH range 4.5 to 7) and ammonium
buffer (pH 4.5) and was shown to be stable in acetone,
acetonitrile, DMSO, phosphate buffer pH 4.5 and
ammonium buffer (pH 4.5). The rearrangement of the
ingenol angelate appeared to occur in the order of
isomer 'b' rearranging to isomer 'a' and then to
isomer 'c'. Owing to the small quantities of active
substance used, the measure of stability of the
compound was calculated as the ratio of the area of
peak 'b' to the area of peak 'a'.MATERIALS Table 1.
Suppliers of materials used in this ExampleAll
excipients used in the final formulation of BA of
compendial grade. METHODS Stability study of I3A in
solvents/excipients A stability study of 13A in the
following solvent/excipients/excipient combinations
was performed over 14 days (except where otherwise
stated) at room temperature: Acetone Acetonitrile
Methanol Methanol/ water (70/30) Water Phosphate
buffer pH 4.5, pH 5.5, pH 6.5, pH 7.0 DMSO* Mineral
oil Miglyol 810 Polyethylene glycol 300 Propylene
glycol Oleic acid 2-Hydroxypropyl-b-cyclodextrin
(Cavasol(r)/H2O) 2-Hydroxypropyl-b-cyclodextrin
(Cavasol(r)/PO4 pH 4.5) Tween 80/Span 80/H2O Tween
80/Span 80/PO4 pH 4.5 b-cyclodextrin sulphobutyl ether
(Captisol(r))/H2q ** b-cyclodextrin sulphobutyl ether
(Cartisol(r))/PO4 pH 4.5** Sodium hyaluronate (HA)/
PO4 pH 4.5 *** Sodium hyaluronate (HA)/ H2O pH 4.5 ***
10 days study 7 days study *** 2 days studyA 0.5 mg/ml
stock solution of 13A in acetonitrile was prepared.
Aliquots of 1.0 ml were transferred to individual
glass sample vials by a burette; the solutions were
dried by air jet and then 1.0 g of the respective
solvent/excipient/excipient combination was added to
the vials. On Day 0, Day 5 and Day 14, aliquots of the
stability samples were removed for HPLC analysis using
the chromatographic conditions described under
"Stability in DMSO", below. Stability was expressed as
the ratio of peak 'b' to peak 'a' (and peak V if
present), with a high ratio indicating stability in a
particular excipient. HPLC Analysis for the stability
of 13A in excipients study 



An alternate HPLC method was developed in order to
separate out a "shoulder" appearing on peak 'b' that
was seen with some preparations of BA. The
chromatographic conditions employed for the excipients
stability study were as follows: Column: Hypercarb
(ThermoQuest, Phenomenex) (S/no.3-34070) Column
length: 100 x 4.60 mm Column temperature: 25C Guard
column: C18 Columbus (Phenomenex) (S/no. 202678) Guard
column length: 50 x 4.60 mm Mobile phase: 50% v/v
phosphate buffer pH 4.5 / 50% v/v acetonitrile Flow
rate: 1.0 ml/min UV wavelength: 230 nm Injection
volume: 10 ml Run time: 35 minsPreliminary in vitro
diffusion study Once the stability of I3A in the
excipients and penetration enhancers had been
established, a preliminary in vitro diffusion
experiment could be conducted to determine the
permeation of stratum corneum by BA from some simple
formulations. The Franz diffusion cell is designed to
mimic the physiological and anatomical conditions of
skin in situ. It is an air/fluid phase static cell,
which comprises a donor compartment, receptor
compartment and a side arm sampling port (see Figure
1). Surgically excised skin is positioned between the
two halves with the stratum corneum facing the donor
compartment to allow for drug application. An initial
in vitro diffusion experiment using a simple
formulation of BA in miglyol was performed. There was
no flux of the drug at all across the stratum corneum
suggesting that the BA was not formulated at its
maximum thermodynamic activity in the miglyol. This
formulation was used in later diffusion cell
experiments as a negative control and also served to
confirm the integrity of the stratum corneum, as if
there is no diffusion of drug from this formulation,
it can be assumed that the stratum corneum remains
intact. Manufacture of formulations A formulation of
BA was prepared in phosphate buffer (pH 4.5) with
b-cyclodextrins (Captisol(r)) added with a view to
increasing the solubility and stability of BA, and the
flux of the drug. A second formulation in DMSO, a
known penetration enhancer, was also prepared for
comparative purposes, as well as a formulation in
miglyol, which served as a negative control. The
diffusion of BA across the stratum corneum from these
formulations was investigated.The following
formulations were prepared: Formulation Description 1
13A / Captisol(r) (30 mM) / phosphate buffer pH 4.5 2
Captisol(r)(30 mM) / phosphate buffer pH 4.5 control 3
I3A/Miglyol 4 Miglyol control 5 BA /DMSO /phosphate
buffer pH 4.5 6 DMSO / phosphate buffer pH 4.5 control
Table 2 shows the % w/w of each of the ingredients
present in the formulations. The ingredients were
accurately weighed out into sealable glass vials and
stirred vigorously with a magnetic stirrer bar for
several hours at room temperature.Table 2. Formulation
of I3A for in vitro diffusion studyChoice of receiver
fluid 2-Hydroxypropyl-b-cyclodextrin (Cavasol(r), 1.38
mM) in PO4 buffer (pH 4.5) was the receiver fluid used
in this study in order to try to maintain sink
conditions. A restriction on other reservoir fluids
such as ethanol/water systems was imposed since 'back
diffusion' of ethanol through the stratum corneum
might have degraded the 13A present in the
formulations. Skin preparation A fresh, surgically
excised sample of human skin was obtained directly
after an abdominoplasty. The donor was a 56-year-old
non-smoking female White Europid. Subcutaneous fat was
carefully removed from the skin sample using forceps
and a scalpel, and then the portion of skin was
immersed in water at 6O0C for 45 s. The skin was then
pinned, dermis side down, on a cork board and the
epidermis (comprising stratum corneum and viable
epidermis) gently removed from the underlying dermis.
The dermis was discarded and the epidermal membrane
floated onto the surface of water and taken up onto
Whatman no. 1 filter paper. The resultant epidermal
sheet was thoroughly dried and stored flat in
aluminium foil at -2O0C until use. A section of the
epidermal sheet (with filter paper side up) was
clamped and incubated for 4 h at 40C immersed in 0.1%
w/v trypsin solution. The skin was then further
incubated for 1 h at 370C. The stratum corneum was
physically removed by gently shaking the clamp with
lateral movements. The resultant stratum corneum layer
was washed twice with deionised water followed by 0.1%
w/v anti-trypsin solution to block enzyme activity and
further washed twice with deionised water. The stratum
corneum was dried and stored flat in aluminium foil at
-2O0C until use. Franz cell diffusion study
Individually calibrated Franz diffusion cells with an
average diffusional surface area of 0.56  0.05 cm2 and
an average receiver volume of 1.79  0.06 ml were used
to conduct the diffusion experiments. The stratum
corneum (prepared as described above) waswashed with
phosphate buffer (pH 4.5), cut with a 10" borer and
mounted onto the Franz cells (illustrated in Figure
1). The receiver fluid employed was 2-hydroxypropyl-
b-cyclodextrin (Cavasol(r))/ phosphate buffer (pH 4.5)
and this was incorporated into the Franz cell, stirred
constantly with a magnetic stirrer and maintained at
370C. The membranes were allowed to equilibrate with
the receiver phase for 30 mins before applying the
formulations. An infinite dose of each formulation was
applied onto the membrane surface using a positive
displacement Finpipette(r) and the donor chambers were
protected with Parafilm(r). Five sampling times were
investigated (1, 2, 4, 6 and 24 h) whereby 200 ml of
the receiver fluid was carefully withdrawn from the
arm of the Franz cell; each sample removed was
replaced by an equal volume of fresh (370C) receiver
fluid. Throughout the experiment, any losses in
receiver fluid due to evaporation from the Franz cell
were replaced to maintain a constant volume. Samples
were analysed via HPLC (supra). HPLC Analysis for in
vitro diffusion study The chromatographic conditions
employed were as follows: Column: Hypercarb
(ThermoQuest, Phenomenex) (S/no.3-34070) Column
length: 100 x 4.60 mm Column temperature: 250C Guard
column: C18 Columbus (Phenomenex) (S/no. 202678) Guard
column length: 50 x 4.60 mm Mobile phase: 50% v/v
ammonium buffer pH 4.5 / 50% v/v acetonitrile Flow
rate: 1.0 ml/min UV wavelength: 230 nm Injection
volume: 10 ml Run time: 35 minsResults Stability of
I3A in solvents and excipients Table 3, below,
provides an indication of stability of BA in the
various solvent systems. The stability of 13A in the
solvents and excipients after 14 days (unless
otherwise stated) at room temperature was quantified
in terms of the ratio of isoform 'b' to isoforms 'a'
and 'c', with a predominance of 'b' equating to
stability. The results are summarised in Table 3. It
is assumed that for an excipient in which 13A is not
stable, other like excipients will not be suitable.
Table 3. Summary of the results of the stability study
of I3A in various solvents and excipients10 days study
7 days study 2 days study Preliminary in vitro
diffusion study Table 4 gives a comparison of the flux
between formulations of DA as determined from the
cumulative amount of BA permeated per unit area. DMSO
is one of the earliest and most widely investigated
penetration enhancers, and it has been shown to
enhance the percutaneous penetration of many drugs in
vitro and in vivo experiments. As such, DMSO was a
useful comparator excipient to confirm the penetration
of stratumcorneum by 13A. However, given the highly
toxic nature of this solvent and the fact that it
produces irreversible skin damage, DMSO would not be
used in a final formulation. There was no permeation
of 13A observed with the miglyol formulation. A
possible explanation for this lack of diffusion of 13A
from miglyol across the stratum corneum is that 13A is
highly soluble in this excipient. Table 4. Comparison
of the flux between formulations of I3A as determined
from the cumulative amount of I3A permeated per unit
area (mean  s.e.m, n= 3 and 4, respectively) The
results show that I3A diffuses across the stratum
corneum (which forms the main barrier for the
diffusion of most drugs) at detectable levels.
Stability study at 4-8C The stability of I3A in
various solvents at 4-8C was investigated. A stock
solution of 1.26 mg of 13A was weighed out and
dissolved in 2 ml acetone. This stock solution was
used to prepare the stability samples as follows:
Aliquots of 100 ml of stock solution were transferred
to individual glass HPLC vials via a Hamilton syringe,
with careful rinsing and drying of the syringe between
each sample. The samples were dried down by air jet
and then 0.5 ml of the appropriate test solvent system
added. The solvent systems were tested in triplicate
and are listed below: 1. 100% v/v acetone2. 100% v/v
acetonitrile 3. 100% v/v methanol 4. 70% v/v methanol:
30% w/w water 5. 100% w/w water Blank samples were
also prepared in triplicate using 100 ml of acetone in
place of the stock solution. The blank samples were
then dried down and 0.5 ml acetone added to each vial.
The vials were all crimped, sealed with parafilm(r)
and placed at 4-8C for the duration of the stability
study. HPLC analysis was performed on the samples on
Day 0, Day 1, Day 5 and Day 14 of the stability study.
The samples were prepared for the HPLC assay as
described below: The stability samples were removed
from 4-80C and left at ambient temperature for 30
mins. Aliquots of 100 ml were transferred to fresh
glass HPLC vials using a Hamilton syringe, with
careful rinsing and drying of the syringe between each
sample. To facilitate drying of the samples, 0.5 ml of
acetone was added to each vial and then the samples
were dried down by air jet. The samples were
reconstituted with 1 ml of acetonitrile and analysed
by HPLC using the chromatographic conditions specified
above. Thus, I3A is stable in acetone and acetonitrile
at 4-8C, as reflected in the predominance of peak 'b'
for both solvents over the 14 days. In protic
solvents, the formation of isomer 'a' and then isomer
'c' increases rapidly. Stability at Various pH's The
stability of I3A was investigated at pH 4.5 in two
buffers i.e. monopotassium phosphate / disodium
phosphate and acetic acid / ammonium acetate for 24 h
at room temperature. HPLC analysis showed that I3A is
stable in both buffers at pH 4.5 i.e. there was still
a predominance of isoform 'b' (Figure 1) after 24
h.The stability of BA was investigated at pH 5.5, 6.5
and 7.0 over 14 days at room temperature, and was
found to decrease with an increase in pH i.e. the
formation of isoform 'a' and subsequently isoform 'c'
occurs by Day 14. Stability in DMSO BA was
investigated for stability in DMSO at room temperature
and at 370C over a 10 day time period. A control
sample of BA in acetonitrile was kept under the same
conditions as the test sample. The samples were
analysed by HPLC at the start of the experiment (Day
0), after 48 hours (Day 2) and again after 10 days.
The chromatographic conditions employed were as
follows: Column: Hypercarb (ThermoQuest, Phenomenex)
(S/no.3-34070) Column length: 100 x 4.60 mm Column
temperature: 25C Guard column: C18 Columbus
(Phenomenex) (S/no. 202678) Guard column length: 50 x
4.60 mm Mobile phase: 50% v/v Phosphate buffer pH 4.5
/ 50% v/v acetonitrile Flow rate: l.O ml/min UV
wavelength: 230 run Injection volume: 10 ml Run time:
35 mins Retention time: 15 mins, 24 mins BA appears to
be stable in DMSO at room temperature and at 37C for
10 days.EXAMPLE 2 Isopropanol gel pH 6.5 The stability
of I3A 'b' in an isopropanol gel preparation (pH 6.5)
was investigated. The protocol was as follows:
Composition of the isopropanol gel (pH 6.5) The
carbopol(r) was dispersed in the water and glycerin
and dissolved by heating to 40C in a water bath. The
propyl alcohol was then added to this solution. The
cyclomethicone was dissolved in the isopropyl alcohol
and this second solution was mixed well with the
carbopol(r) solution, and then water was added, with
stirring, to 100%. The pH of the gel was brought to
6.5 with the dropwise addition of ethanolamine. The
isopropanol gel was stored at 2-8C until use. To
investigate the stability of I3A 'b' in isopropanol
gel (pH 6.5), a 0.02% (w/w) I3A 'b'/isopropanol gel
formulation was prepared and divided into three
samples for storage at 2-8C, RTP and 4O0C. At regular
time points the samples were analysed in duplicate for
the stability of I3A 'b' in terms of the formation of
isoform 'a', with the results given in Figure 2. 13A
'b' rearranges to isoform 'a' and subsequently isoform
'c'. Thiscan possibly be attributed to the higher pH
and presence of water in the isopropanol gel
facilitating this conversion of BA 'b' to isoforms 'a'
and 'c'. I3A 'b' in 30% w/w isopropyl alcohol/citrate
buffer pH 3.0 The stability of BA 'b' (Batch no.
240902) in 30% w/w IPA/citrate buffer (pH 3) when
stored at 2-8C and 40C was investigated in duplicate,
with the results given in Figure 3. Preservatives
Various preservatives were investigated for their
suitability for use in the formulations of BA 'b' at
concentrations likely to pass a preservative efficacy
test. Initially the preservatives were prepared in
citrate buffer (pH 3) and analysed by HPLC to check
for peaks in the chromatograms that might interfere
with the assay for BA isoforms. The results are
summarised in Table 5. 



Table 5. HPLC analysis of preservatives It is not
desirable to have many interfering peaks in the
chromatograms from the preservatives, as this leads to
difficulties in the analysis of the drug in
formulations, and could necessitate the introduction
of a separate assay for the preservatives. BA 'b'
(0.05% w/w) was dissolved separately in the
preservatives selected (benzyl alcohol and
phenoxyethanol), stored at 2-8C, RTP and 40C and
checked for stabilityin duplicate in terms of the
formation of isoform 'a' at regular intervals. The
results of this stability study are given in Figures 4
and 5. The results indicate that benzyl alcohol is the
most suitable preservative of those tested.
Preparation of I3A 'b' Formulations The following
three formulations and their respective placebos were
prepared: A. 0.1% (w/w) BA 'b'/macrocetyl ether cream
with 1.0% (w/w) benzyl alcohol as preservative B. 0.1%
(w/w) BA 'bV30% (w/w) IPA/1.5% (w/w) HEC/1.0% (w/w)
benzyl alcohol/citrate pH 3 C. 0.1% (w/w) BA 'bV 9.5%
(w/w) cyclomethicone/ 9.5% (w/w) IPM/ 1.0% (w/w)
benzyl alcohol/ Elastomer 10 A stock solution of BA
'b' was prepared in benzyl alcohol (Table 6) and this
stock was used to prepare the formulations. For the
placebos, benzyl alcohol alone was used in place of
the BA 'b'/benzyl alcohol stock. The accurate masses
of the components of the BA 'b' formulations are
detailed in Tables 7-9. The formulations and their
respective placebos were prepared as follows:
Formulation A: I3A 'b'/macrocetyl ether cream The
macrocetyl ether emulsifying ointment was accurately
weighed out into a glass vial and then melted in a
water bath at 60C. Freshly prepared citrate buffer (pH
3) was accurately weighed into a separate glass vial,
warmed in the water bath and then gradually
incorporated into the molten emulsifying ointment with
constant stirring until cool. This process produced
the macrocetyl ether cream. To prepare the
formulation, BA 'b' in benzyl alcohol was accurately
weighed out into a glass vial and the macrocetyl ether
cream was gradually and accurately weighed out onto
this, with constant stirring.Formulation B: B A
'b'/30% IPA gel The I3A 'b'/benzyl alcohol was
accurately weighed out into a glass vial. The
remaining components were accurately weighed onto this
solution in the order of IPA, then citrate buffer and
then HEC, with vigorous mixing between each addition.
Formulation C: I3A 'b'/silicones The I3A 'b'/benzyl
alcohol was accurately weighed out into a glass vial.
The remaining components were accurately weighed onto
this solution in the order of Elastomer 10, then
cyclomethicone and then IPM, with vigorous mixing
between each addition. Formulation analysis The
formulations were analysed at the start of the study
to confirm the concentration of I3A 'b' (w/w) in the
formulations and were found to be ca 0.1% (w/w) 13A
'b\ Of this total I3A 'b' content, there was less than
0.7% of isoform 'a' and no isoform 'c' in the
formulations. The formulations were checked for the
appearance of isoform 'a' by the time of the
conclusion of the study and were shown to have less
than 0.3% of isoform 'a' when stored at 2-8C. Isoform
'c' was not detected in any of the formulations.Table
6. Stock solution I3A 'b'/benzyl alcohol Table 7.
Formulation ATable 8. Formulation BStability of 13A
isoforms in the assay solvent systems over 72 h The
stability of BA isoforms 'a', 'b' and 'c' in the three
sample systems over 72 h (equivalent to the maximum
possible length of time the samples might be held in
the autosampler during a long HPLC analytical run) was
confirmed as follows. Standards of the three isoforms
of DA (approximately 100 mg/ml) were freshly prepared
in acetonitrile, acetonitrile/citrate buffer (pH 3)
and acetonitrile/ammonium acetate buffer (pH 4.5) and
analysed immediately by HPLC. The standards were then
each divided into three equal volumes and placed at
2-8C, room temperature and 40C for 72 h and were then
again analysed by HPLC. The results of this study are
presented in Table 10. The largest conversion of 13A
'b' to isoform 'a' at room temperature occurred with
the sample prepared in 100% v/v acetonitrile whereas
the 13A 'b' standard in acetonitrile/citrate (pH 3)
showed very little conversion to isoform 'a' even at
40C, suggesting that this solvent system might be the
most appropriate for ensuring the samples remain
stable over the sampling time.Table 10. Stability of
isoforms 'a', 'b' and 'c' in different solvent systems
Acetonitrile Isoform 'a' Isoform 'b' Isoform 'c' lime
% 'a' % 'b' % V % 'a' % 'b' % 'c' % 'a' % 'b' % 'c' 0
96.82 2.24 0.29 0.39 99.27 0 1.28 0.41 97.30 72h 2-8C
90.63 5.71 2.55 3.94 95.45 0 1.62 0 96.69 72h RTP
86.58 7.8 3.65 5.83 93.51 0 1.55 0.27 97.19 72h 40C
16.36 47.01 35.74 15.52 83.35 0 0.6 0 97.09 O
Acetonitrile/Sodium acetate buffer (pH 4.5) Isoform
'a' lsoform 'b' Isoform 'c' Time (h) % 'a' % 'b' % 'c'
% 'a' % 'b' % % 'a' % 'b' % 0 96.65 2.16 0.23 0.34
98.88 0.01 1.34 0.45 97.02 72h 2-8C 96.47 2.83 0 0.63
99.02 0 1.41 0.27 97.17 72h RTP 95.25 4.22 0 1.16
98.41 0 0.83 0 97.97 72h 40C 82.51 16.62 0 6.35 93.13
0 0 0 97.75CHEMICAL COMPOUNDS BACKGROUND OF THE
INVENTION The invention relates to chemical compounds,
or pharmaceutically acceptable salts thereof, which
possess colony stimulating factor 1 receptor (CSF-IR)
kinase inhibitory activity and are accordingly useful
for their anti-cancer activity and thus in methods of
treatment of the human or animal body. The invention
also relates to processes for the manufacture of said
chemical compounds, to pharmaceutical compositions
containing them and to their use in the manufacture of
medicaments of use in the production of an anti-cancer
effect in a warm-blooded animal such as man. Receptor
tyrosine kinases (RTK' s) are a sub-family of protein
kinases that play a critical role in cell signalling
and are involved in a variety of cancer related
processes including cell proliferation, survival,
angiogenesis, invasion and metastasis. There are
believed to be at least 96 different RTK' s including
CSF- 1R. CSF-IR or c-fnis was originally identified as
the oncogene v-fms from the feline sarcoma virus.
CSF-IR is a member of the class III RTK's along with
c-Kit, fms-related tyrosine kinase 3 (Flt3) and
Platelet-derived growth factor receptor a and b
(PDGFRa and PDGFR b) . All of these kinases have been
implicated in the process of tumorigenesis. CSF-IR is
normally expressed as an immature 130 kDa
transmembrane protein and ultimately results in a
mature 145-160 kDa cell surface N-linked glycosylated
protein. Macrophage colony stimulating factor (M-CSF
or CSF-I), the ligand for CSF-IR, binds to the
receptor resulting in dimerization,
auto-phosphoiylation of the receptor and subsequent
activation of downstream signal transduction cascades
(CJ. Sherr, Biochim Biophys Acta, 1988, 948: 225-
243). CSF-IR is normally expressed in myeloid cells of
the mononuclear phagocytic lineage and their
bone-marrow progenitors as well as the epithelial
cells of the ducts and alveoli in the lactating, but
not normal resting, breast tissue. CSF-IR activation
stimulates the proliferation, survival, motility and
differentiation of cells of the monocyte/macrophage
lineage. The mature macrophage plays a key role in
normal tissue development and immune defence (F.L.
Pixley and E.R. Stanley, Trends in Cell Biology, 2004,
14(1 1): 628-638). For example,osteoblasts secrete
CSF-I and activate the receptor on osteoclastic
progenitors resulting in differentiation into mature
osteoclasts (S.L. Teitelbaum, Science, 2000, 289:
1504-1508). The CSF-IR axis plays an important role in
placental development, embryonic implantation, mammary
gland ductal and lobuloalveolar development and
lactation (E. Sapi, Exp Biol Med, 2004, 229:1-1 1).
Transfection of CSF-IR with or without CSF-I induces
transformation and in vivo tumorigenicity of NIH3T3
(Rat2 and ovarian granulosa cells. Autocrine and/or
paracrine signaling mechanisms have been implicated in
the activation of CSF-IR in the tumour epithelium and
tumour associated macrophage. Aberrant expression and
activation of CSF-1R and/or its ligand have been found
in human myeloid leukaemia, prostate, breast, ovarian,
endometrial and a variety of other cancers. A number
of studies have demonstrated that the overexpression
of CSF-IR is associated with poor prognosis in several
of these cancers. In addition, the CSF-1/CSF-lR axis
plays a key role in the regulation of
tumour-associated macrophage, which have been
postulated to play a significant role in tumour
angiogenesis, invasion and progression (E. Sapi, Exp
Biol Med, 2004, 229: 1-1 1). SUMMARY OF THE INVENTION
Accordingly, the present invention provides a compound
of formula (I): or a pharmaceutically acceptable salt
thereof; wherein: , wherein Ring A is aryl,
heteroaryl, carbocyclyl or heterocyclyl; wherein if
said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R ; or A is Ci-6alkyl, C2-6alkenyl, or
C2-6alkynyl, each of which may be optionally
substituted with 1, 2, or 3 substituents selected from
aryl, heteroaryl, halo, nitro, cyano,
hydroxy,trifluoromethoxy, amino, carboxy, carbamoyl,
mercapto, sulphamoyl, Ci-6alkoxy, Ci-6alkanoyl,
Ci-6alkanoyloxy, N-(Ci-6alkyl)amino, N
N-(Ci-6alkyl)2amino, Ci-6alkanoylamino,
N-(Ci-6alkyl)carbamoyl, N N-(C1-6alkyl)2carbamoyl,
C1-6alkylS(O)a wherein a is 0 to 2,
C1-6alkoxycarbonyl, Ci-6alkoxycarbonylamino,
N-(C1-6alkyl)sulphamoyl, N N-(C1-6alkyI)2sulphamoyl,
N-(C1-6alkyl)-N-(C1-6alkoxy)sulphamoyl, N N
C1-6alkyl)2ureido, Ci-6alkylsulphonylamino,
carbocyclyl-R6- or heterocyclyl-R 7-; wherein A may be
optionally substituted on carbon by one or more R8;
and wherein if said heterocyclyl contains an -NHmoiety
that nitrogen may be optionally substituted by a group
selected from R9; R1 is a substituent on carbon and is
selected from halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
C1-6alkoxy, C1-6alkanoyl, C -6alkanoyloxy,
N-(Ci-6alkyl)amino, N N-(C1-6alkyl)2amino, C
alkanoylamino, N-(Ci-6alkyl)carbamoyl, N
N-(C1-6alkyl)2carbamoyl, Ci-6alkylS(O)a wherein a is 0
to 2, Ci-6alkoxycarbonyl, C1-6alkoxycarbonylamino,
N-(C1-6alkyl)sulphamoyl, N N-(C1-6alkyl)2sulphamoyl,
N-(C,.6alkyl)-N-(C 1-6alkoxy)sulphamoyl, N N '-(C
1-6alkyl)2ureido, N' N'-(Ci -6alkyl)2ureido,
N-(C1.6alkyl)-N'N '-(C 1-6alkyl)2ureido,
C1-6alkylsulphonylamino, carbocyclyl-R6- or
heterocyclyl-R7-; wherein R1may be optionally
substituted on carbon by one or more R8; and wherein
if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R9; n is selected from 0-4; wherein the
values of R1 may be the same or different; X is absent
or is O or NRa, wherein Ra is H or C^alkyl; R2 and R3
are independently selected from hydrogen, halo, nitro,
cyano, hydroxy, trifluoromethoxy, amino, carboxy,
carbamoyl, mercapto, sulphamoyl, C1-6alkyl,
C2-6alkenyl, C2-6alkynyl, C1-6alkoxy, C1-6alkanoyl,
Ci-6alkanoyloxy, N-(C1-6alkyl)amino, N
N-(Ci-6alkyl)2amino, Ci-6alkanoylamino,
N-(C1-6alkyl)carbamoyl, N N-(C1-6alkyl)2carbamoyl,
Ci-6alkylS(O)a wherein a is 0 to 2,
Ci-6alkoxycarbonyl, N-(Ci-6alkyl)sulphamoyl, N
N-(Ci-6alkyl)2sulphamoyl, Ci-6alkylsulphonylamino,
carbocyclyl-R 10- or heterocyclyl-R1 1-; wherein R2
may be optionally substituted on carbon by one or more
R12 ; and wherein if said heterocyclyl contains an
-NH- moiety that nitrogen may be optionally
substituted by a group selected from R13 ; R4 is
selected from halo, cyano, amino, carboxy, carbamoyl,
mercapto, sulphamoyl, ureido, C1-6alkyl, C2-6alkenyl,
C2-6alkynyl, C1-6alkoxy, Ci-6alkanoyl,
C1-6alkanoyloxy,N-(Ci -6alkyl)amino, N N-(Ci
-6alkyl)2amino, Ci-6alkanoylamino,
iV-(Ci-6alkyl)carbamoyl, N,N-(Ci-6alkyl)2carbamoyl,
Ci-6alkylS(O)a wherein a is 0 to 2,
Ci-6alkoxycarbonyl, N-(Ci.6alkyl)sulphamoyl, N,N-(C
i-6alkyl)2sulphamoyl, Ci-6alkylsulphonylamino,
carbocyclyl-R 14- or heterocyclyl-R 15-; wherein R4
may be optionally substituted on carbon by one or more
R16 ; and wherein if said heterocyclyl contains an
-NH- moiety that nitrogen may be optionally
substituted by a group selected from R17 ; m is
selected from 0-2; wherein the values of R4 may be the
same or different; R8 and R12 are independently
selected from halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
C1-6alkoxy, Ci-6alkanoyl, C1-6alkanoyloxy, N-(C
1-6alkyl)amino, N,N-(C1-6alkyl)2amino, N-(C
1-6alkyl)-N-(C1-6alkoxy)amino, C1-6alkanoylamino,
N-(C1-6alkyl)carbamoyl, N,N-(C1-6alkyl)2carbamoyl,
Ci-6alkylS(O) a wherein a is 0 to 2,
C1-6alkoxycarbonyl, N-(Ci -6alkyl)sulphamoyl, N, -(C
1-6alkyl)2sulphamoyl, Ci-6alkylsulphonylamino,
carbocyclyl-R 18- or heterocyclyl-R 19-; wherein R8
and R12 independently of each other may be optionally
substituted on carbon by one or more R20; and wherein
if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R2 1; R16 is selected from halo, nitro,
cyano, hydroxy, trifluoromethoxy, amino, carboxy,
carbamoyl, mercapto, sulphamoyl, C2-6alkenyl,
C2-6alkynyl, C1-6alkoxy, Ci-6alkanoyl,
C1-6alkanoyloxy, N-(C1-6alkyl)amino,
,N-(C1-6alkyl)2amino, C [-6alkanoylamino,
N-(Ci-6alkyl)carbamoyl, N,N-(C1-6alkyl)2carbamoyl,
C1-6alkylS(O)a wherein a is 0 to 2,
C1-6alkoxycarbonyl, N-(C1-6alkyl)sulphamoyl,
N,N-(C1-6alkyl)2sulphamoyl, C1-6alkylsulphonylamino,
carbocyclyl-R 22- or heterocyclyl-R 23-; wherein R1
may be optionally substituted on carbon by one or more
R24; and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R25; R6, R7, R10, R11, R14, R15,
R18, R19, R22 and R23 are independently selected from
a direct bond, -O-, -N(R26)-, -C(O)-, -N(R27)C(O)-,
-C(O)N(R28)-, -S(O)8-, -SO2N(R29)- or -N(R30)SO2-;
wherein R26, R27, R28, R29 and R30 are independently
selected from hydrogen or C1-6alkyl and s is 0-2; R5,
R9, R13 , R17, R2 1 and R25 are independently selected
from Ci-6alkyl, C]-6alkanoyl, Ci-6alkylsulphonyl,
Ci-6alkoxycarbonyl, carbamoyl, N-(C1-6alkyl)carbamoyl,
N,N-(C1-6alkyl)carbamoyl, benzyl, benzyloxycarbonyl,
benzoyl and phenylsulphonyl;R20 and R24 are
independently selected from halo, nitro, cyano,
hydroxy, trifluoromethoxy, trifluoromethyl, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, methyl,
ethyl, methoxy, ethoxy, acetyl, acetoxy, methylamino,
ethylamino, dimethylamino, diethylamino,
iV-methyl-N-ethylamino, acetylamino,
N-methylcarbamoyl, N-ethylcarbamoyl, N,
-dimethylcarbamoyl, N,N-diethylcarbamoyl,
N-methyl-N-ethylcarbamoyl, phenyl, methylthio,
ethylthio, methylsulphinyl, ethylsulphinyl, mesyl,
ethylsulphonyl, methoxycarbonyl, ethoxycarbonyl,
-methylsulphamoyl, N-ethylsulphamoyl, N,
-dimethylsulphamoyl, N,N-diethylsulphamoyl or
N-methyl-iV-ethylsulphamoyl. In another aspect, the
invention relates to compounds of formula (I),
wherein: , wherein Ring A is aryl, heteroaryl,
carbocyclyl or heterocyclyl; wherein if said
heteroaryl or heterocyclyl contains an -NH- moiety
that nitrogen may be optionally substituted by a group
selected from R5; or A is C1-6alkyl, C2-6alkenyl, or
C2-6alkynyl; wherein A may be optionally substituted
on carbon by one or more R8a; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by a group selected from
R9a; R1 is a substituent on carbon and is selected
from halo, nitro, cyano, hydroxy, trifluoromethoxy,
amino, carboxy, carbamoyl, mercapto, sulphamoyl,
C1-6alkyl, C2-6alkenyl, C2-6alkynyl, C1-6alkoxy,
Ci-6alkanoyl, C1-6alkanoyloxy, -(Ci -6alkyl)arnino,
N,N-(C1-6alkyl)2amino, C1-6alkanoylamino,
-(C1-6alkyl)carbamoyl, 



N, -(C1-6alkyl)2carbamoyl, C1-6alkylS(O) a wherein a
is 0 to 2, Ci-6alkoxycarbonyl,
C1-6alkoxycarbonylamino, -(C1-6alkyl)sulphamoyl, N
N-(C1-6alkyl)2sulphamoyl,
N-(C1-6alkyl)-N-(Ci-6alkoxy)sulphamoyl, N
'-(Ci-6alkyl)2ureido, N ',N '-(C 1-6alkyl)2ureido,
N-(Ci-6alkyl)- ' N'-(C1-6alkyl)2ureido,
C1-6alkylsulphonylamino, carbocyclyl-R 6- or
heterocyclyl-R7-; wherein R1 may be optionally
substituted on carbon by one or more R8; and wherein
if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R9; n is selected from 0-4; wherein the
values of R1may be the same or different; X is absent
or is O or NRa, wherein Ra is H or C1-6alkyl; R2 and
R3 are independently selected from hydrogen, halo,
nitro, cyano, hydroxy, trifluoromethoxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, Ci-6alkyl,
C2-6alkenyl, C2-6alkynyl, C1-6alkoxy, C1-6alkanoyl,
Ci-6alkanoyloxy, -(Ci-6alkyl)amino,N,iV-(C1-6alkyl)
2amino, Ci-6alkanoylamino, N,iV-(C1-6alkyl)
2carbamoyl, C]-6alkylS(O) a wherein a is 0 to 2,
Ci-6alkoxycarbonyl, iV-(Ci -6alkyl)sulphamoyl, z -(Ci
-6alkyl) 2Sulrhamoyl, C1-6alkylsulphonylamino,
carbocyclyl-R 10- or heterocyclyl-R 1 1- ; wherein R2
may be optionally substituted on carbon by one or more
R ; and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R13 ; R4 is selected from halo,
cyano, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, ureido, C 1-6alkyl, C2-6alkenyl,
C2-6alkynyl, C1-6alkoxy, C1-6alkanoyl,
Ci-6alkanoyloxy, N-(C 1-6alkyl)amino, ,JV-(C1-6alkyl)
2amino, Ci-6alkanoylamino, JV-(C1-6alkyl)carbamoyl,
JV,JV-(C1-6alkyl) 2carbamoyl, -(C 1_6alkyl)-iV-(C
1-6alkoxy)carbamoyl, C1-6alkylS(O) a wherein a is 0 to
2, C1-6alkoxycarbonyl, V d - alkyOsulphamoyl,
JV,iV-(C1-6alkyl) 2sulphamoyl,
Ci_6alkylsulphonylamino, carbocyclyl-R 14- or
heterocyclyl-R 15-; wherein R4 may be optionally
substituted on carbon by one or more R 1 ; and wherein
if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R17 ; m is selected from 0-2; wherein
the values of R4 may be the same or different; R8,
R8a, and R12 in each occurrence are independently
selected from aryl, heteroaryl, halo, nitro, cyano,
hydroxy, trifluoromethoxy, amino, carboxy, carbamoyl,
mercapto, sulphamoyl, C1-6alkyl, C2-6alkenyl,
C2-6alkynyl, C1-6alkoxy, C1-6alkanoyl,
C1-6alkanoyloxy, N-(Ci -6alkyl)amino, L -(Ci_6alkyl)
2amino, iV-(C1-6alkyl)-iV-(Ci -6alkoxy)amino,
C1-6alkanoylamino, YV-(C1-6alkyl)carbamoyl,
JV,iV-(Ci-6alkyl) 2carbamoyl, C1-6alkylS(O) a wherein
a is 0 to 2, C1-6alkoxycarbonyl,
C1-6alkoxycarbonylamino, TV-(C1-6alkyl)sulphamoyl, -(C
1-6alkyl)- -(C 1-6alkoxy)sulphamoyl, Lz/V-(C1-6alkyl)
2sulphamoyl, , '-(C 1-6alkyl) 2ureido, '-(C 1-6alkyl)
2ureido, -(Ci -6allcyl)-iV',iV'-(C 1-6alkyl) 2ureido,
C 1-6alkylsulphonylamino, carbocyclyl-R 18- or
heterocyclyl-R 19 -; wherein R8, R8a, and R12
independently of each other may be optionally
substituted on carbon by one or more R20; and wherein
if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R2 1; R 6 in each occurrence is
independently selected from halo, nitro, cyano,
hydroxy, trifluoromethoxy, amino, carboxy, carbamoyl,
mercapto, sulphamoyl, Ci-6alkyl, C2-6alkenyl,
C2-6alkynyl, Ci-6alkoxy, C1-6alkanoyl,
C1-6alkanoyloxy, /V~(Ci.6alkyl)amino, L 7V-(C1-6alkyl)
2amino, C1-6alkanoylamino, JV-(Ci-6alkyl)carbamoyl, Lz
V-(C 1-6alkyl) 2carbamoyl, C1-6alkylS(O) a wherein a
is 0 to 2, Ci-6alkoxycarbonyl,
/V-(Ci-6alkyl)sulphamoyl, Lz/V-(Ci-6alkyl)
2surphamoyl, Ci-6alkylsulphonylamino,carbocyclyl-R22-
or heterocyclyl-R23-; wherein R16 may be optionally
substituted on carbon by one or more R24; and wherein
if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R25; R6, R7, R10, R11, R14, R15, R18,
R19, R22 and R23 in each occurrence are independently
selected from a direct bond, -O-, -N(R26)-, -C(O)-,
-N(R27)C(O)-, -C(O)N(R28)-, -S(O) -, -SO2N(R29)- or
-N(R30)SO2-; wherein R26, R27, R28, R29 and R30 are
independently selected from hydrogen or C1-6alkyl and
s is 0-2; R5, R9, R9a, R13 , R17, R21 and R25 in each
occurrence are independently selected from Ci- alkyl,
C1-6alkanoyl, Ci-6alkylsulphonyl, Ci-6alkoxycarbonyl,
carbamoyl, Lf-(C1-6alkyl)carbamoyl, iV,
-(C1-6alkyl)carbamoyl, benzyl, benzyloxycarbonyl,
benzoyl and phenylsulphonyl; R20 and R2 in each
occurrence are independently selected from halo,
nitro, cyano, hydroxy, trifluoromethoxy,
trifluoromethyl, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, methyl, ethyl, cyclopropyl, cyclobutyl,
cyclopentyl, methoxy, ethoxy, acetyl, acetoxy,
methylamino, ethylamino, dimethylamino, diethylamino,
-methyl- -ethylamino, acetylamino, iV-methylcarbamoyl,
iV-ethylcarbamoyl, L JV-dimethylcarbamoyl, L
iV-diethylcarbamoyl,
iV-methyl-JV-ethylcarbamoyl,phenyl, methylthio,
ethylthio, methylsulphinyl, ethylsulphinyl, mesyl,
ethylsulphonyl, methoxycarbonyl, ethoxycarbonyl,
-methylsulphamoyl, iV-ethylsulphamoyl, ,
-dimethylsulphamoyl, JV,iV-diethylsurphamoyl or
-methyl- -ethylsulphamoyl; wherein R20 and R24 may be
optionally substituted on carbon by one or more R50;
and R50 in each occurrence is independently selected
from halo, hydroxy, cyano, and C1-6alkoxy. Particular
values of variable groups contained in formula (I) are
as follows. Such values may be used where appropriate
with any of the definitions, claims, or embodiments
defined hereinabove or hereinbelow. ; wherein Ring A
is selected from aryl, heteroaryl, and carbocyclyl;
wherein if said heteroaryl contains an -NH- moiety
that nitrogen may be optionally substituted by a group
selected from R5; or A is C1-6alkyl; wherein A may be
optionally substituted on carbon by one or more R8a;
R5 is Ci- alkyl;R8a in each occurrence is
independently selected from halo, C1-6alkoxy, and
carbocyclyl-R18-, wherein R8a may be optionally
substituted on carbon by one or more R20; R18 is a
direct bond; and R20 is methyl. ; wherein Ring A is
selected from phenyl, pyridinyl, cyclopentyl,
cyclohexyl, and lH-pyrazolyl, wherein if said l
-pyrazolyl contains an -NH- moiety that nitrogen may
be optionally substituted by a group selected from R5;
or A is selected from ethyl, butyl, 3-methylpentyl,
2-methylbutyl, 3-methylbutyl, sec-butoxymethyl,
2-methylprop-2-yl, but-2-yl, hex-2-yl; wherein said
methyl, butyl, 3-methylpentyl, 2-methylbutyl,
3-methylbutyl, sec-butoxymethyl, 2-methylprop-2-yl,
but-2-yl, and hex-2-yl may be optionally substituted
on carbon by one or more R8a; R5 in each occurrence is
independently selected from methyl, 2-methylprop-2-yl,
and prop-2-yl; R8a in each occurrence is independently
selected from fluoro, 1-methyl-propoxy,
cyclopropyl-R18-, cyclopentyl-R 18-, and
cyclohexyl-R18-; wherein said 1-methyl-propoxy,
cyclopropyl-R18-, cyclopentyl-R 18-, and
cyclohexyl-R18- may be optionally substituted on
carbon by one or more R20; R is a direct bond; and R20
is methyl. A is selected from
3-(l-cyano-l-methylethyl)phenyl,
3-(trifluoromethyl)phenyl, 3-chlorophenyl,
3,5-dimethylphenyl,
3-fluoro-5-(trifluoromethyl)pheny1,
3-chloro-5-fluorophenyl, 3-cyclopropyl-5-fluorophenyl,
3,4-dichlorophenyl, 3-cyclopropylphenyl,
3-methylphenyl, 3-methylcyclohexyl,
2,6-dichloropyridin-4-yl, cyclopentyl,
3,4-dimethylphenyl, 6-methylpyridin-2-yl,
3-chloropyridin-4-yl, 5-methylpyridin-3-yl,
1,5-dimethyl- lH-pyrazol-3-yl, 5-methyl-
l/f-pyrazol-3-yl, 4-methylcyclohexyl,
3-(trifluoromethy l)cyclohexyl,
4,4-difluorocyclohexyl, 1-tert-buty1-5-methyl-
li/-pyrazol-3-yl, l-isopropyl-l -pyrazol-3-yl, butyl,
3-methylpentyl, 2-methylbutyl, 3-methylbutyl,
sec-butoxymethyl, cyclohexylmethyl, 2-methylprop-2-yl,
(4-methylcyclohexyl)methyl, but-2-yl, hex-2-yl,
cyclopropylmethyl, cyclopentylmethyl, and
cyclohexyl(difluoro)methyl.Ring A is selected from
aryl, heteroaryl, and carbocyclyl; wherein if said
heteroaryl contains an -NH- moiety that nitrogen may
be optionally substituted by a group selected from R5;
and R5 is C1-6alkyl. Ring A is selected from phenyl,
pyridinyl, cyclopentyl, cyclohexyl, and l -pyrazolyl,
wherein if said lH-pyrazolyl contains an -NH- moiety
that nitrogen may be optionally substituted by a group
selected from R5; and R5 in each occurrence is
independently selected from methyl, 2-methylprop-2-yl,
and prop-2-yl. Ring A is selected from
3-(l-cyano-l-methylethyl)phenyl,
3-(trifluorornethyi)phenyl, 3-chlorophenyl,
3,5-dimethylphenyl,
3-fluoro-5-(trifluoromethyl)phenyl,
3-chloro-5-fluorophenyl, 3-cyclopropyl-
5-fluorophenyl, 3,4-dichlorophenyl,
3-cyclopropylphenyl, 3-methylphenyl,
3-methylcyclohexyl, 2,6-dichloropyridin-4-yl,
cyclopentyl, 3,4-dimethylphenyl, 6-methylpyridin-2-yl,
3-chloropyridin-4-yl, 5-methylpyridin-3-yl,
l,5-dimethyl-l H-pyrazol-3-yl,
5-methyl-lH-pyrazol-3-yl, 4-methylcyclohexyl,
3-(trifluoromethyl)cyclohexyl, 4,4-difluorocyclohexyl,
l - r -butyl-5-methyl-l -pyrazol-3-yl, and
l-isopropyl-l -pyrazol-3-yl. A is selected from
C1-6alkyl; wherein said C1-6alkyl may be optionally
substituted on carbon by one or more R8a; R8a in each
occurrence is independently selected from halo,
C1-6alkoxy, and carbocyclyl-R 18-, wherein R8a may be
optionally substituted on carbon by one or more R20;
R18 is a direct bond; and R20 is methyl. A is selected
from methyl, butyl, 3-methylpentyl, 2-methylbutyl,
3-methylbutyl, sec-butoxymethyl, 2-methylprop-2-yl,
but-2-yl, hex-2-yl; wherein said methyl, butyl,
3-methylpentyl, 2-methylbutyl, 3-methylbutyl,
sec-butoxymethyl, 2-methylprop-2-yl, but-2-yl, and
hex-2-yl may be optionally substituted on carbon by
one or more R8a; R8a in each occurrence is
independently selected from fluoro,
1-methyl-propoxy,cyclopropyl-R 18-, cyclopentyl-R18-,
and cyclohexyl-R18-; wherein said 1-methyl-propoxy,
cyclopropyl-R 18-, cyclopentyl-R18-, and
cyclohexyl-R18- may be optionally substituted on
carbon by one or more R20; R18 is a direct bond; and
R20 is methyl. A is selected from butyl,
3-methylpentyl, 2-methylbutyl, 3-methylbutyl,
sec-butoxymethyl, cyclohexylmethyl, 2-methylprop-2-yl,
(4-methylcyclohexyl)methyl, but-2-yl, hex-2-yl,
cyclopropylmethyl, cyclopentylmethyl, and
cyclohexyl(difluoro)methyl. X is absent or O. X is
absent. X is O. R1 is a substituent on carbon and is
selected from halo, Ci-6alkyl, and carbocyclyl-R6-;
wherein R1 may be optionally substituted on carbon by
one or more R8; R6 is a direct bond; and R8 in each
occurrence is independently selected from halo and
cyano. R1 is a substituent on carbon and is selected
from fluoro, chloro, methyl, isopropyl, and
cyclopropyl-R6-; wherein R1may optionally be
substituted on carbon by one or more R8; R6 is a
direct bond; and R in each occurrence is independently
selected from fluoro and cyano. R1 is a substituent on
carbon and is selected from fluoro, chloro, methyl,
trifluoromethyl, 2-cyanoprop-2-yl, and cyclopropyl. R
is hydrogen. R2 and R3 are independently selected from
hydrogen, halo, Ci-6alkyl. R2 and R3 are independently
selected from hydrogen, chloro, and methyl. R2 is
hydrogen and R3 is selected from halo and Ci-6alkyl.
R2 is hydrogen and R3 is selected from chloro and
methyl. R3 is selected from halo and C1-6alkyl.R is
selected from chloro and methyl. R3 is chloro. R3 is
methyl. R4 is selected from C1-6alkyl,
iV-(C1-6alkyl)carbamoyl, 7V-(Ci-6alkyl)- -(C
1-6alkoxy)carbamoyl, carbocyclyl-R 14 - and
heterocyclyl-R 15-; wherein R4 may be optionally
substituted on carbon by one or more R16 ; R14 is a
direct bond; R15 is -C(O)-; R16 in each occurrence is
independently selected from hydroxy,
iV-(Ci-6alkyl)amino, L, N-(C 1-6alkyl) 2amino,
carbocyclyl-R 22- and heterocyclyl-R 23-; wherein R16
may be optionally substituted on carbon by one or more
R24; and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R25; R22 is -N(R 26)-; R23 is a
direct bond; R24 in each occurrence is independently
selected from methyl, methoxy, dimethylamino, and
cyclopropyl, wherein R24 may be optionally substituted
on carbon by one or more R50; R25 is C1-6alkyl; R26 is
hydrogen; and R50 is hydroxy. R4 is selected from
methyl, isopropyl, iV-methylcarbamoyl,
N-methyl-iV-methoxycarbamoyl, cyclopropyl-R 14-, and
morpholino-R 15-; wherein R4 may be optionally
substituted on carbon by one or more R16 ; R1 is a
direct bond; R15 is -C(O)-; R16 in each occurrence is
independently selected from hydroxy, methylamino,
ethylamino, dimethylamino,
iV-methyl~iV-ethylamino,azetidin-1-yl, morpholino,
piperazin-1- yl, piperidin-1-yl, cyclobutyl-R 22-, and
cyclopropyl-R 22-; wherein R16 may be optionally
substituted on carbon by one or more R24; and wherein
said piperazin-1-yl may be optionally substituted on
nitrogen by a group selected from R25; R22 is -N(R
26)-; wherein R26 is hydrogen;R24 in each occurrence
is independently selected from methoxy, dimethylamino,
cyclopropyl, cyclobutyl, and cyclopropyl, wherein R24
may be optionally substituted on carbon by one or more
R50; R25 is methyl; and R50 is hydroxy. R4 is selected
from methyl, isopropyl, -methylcarbamoyl,
(4-methylpiperazin-1-yl)methyl morpholincarbonyl,
-methyl- -methoxycarbamoyl, hydroxymethyl,
(dimethylamino)methyl, 1-hydroxyethyl,
piperidinomethyl, (methylamino)methyl,
morpholin-4-ylmethyl, 2-(dimethylamino)ethyl,
1-azetidinylmethyl, (cyclobutylamino)methyl,
[(cyclopropylmethyl)amino]methyl,
[(2-methoxyethyl)methylamino]methyl,
[4-(hydroxymethyl)piperidin- 1-yl]methyl, isopropyl,
(cyclopropylamino)methyl, and cyclopropyl. m is
selected from 0 to 2, wherein the values of R4 may be
the same or different m is selected from 0 and 1. m is
1. m is 0. n is selected from 0 to 2, wherein the
values of R1may be the same or different. n is 2,
wherein the values of R1 may be the same or different.
n is selected from 1 and 2, wherein the values of R
may be the same or different. n is 1. 



n is O. In a further aspect of the invetnion here is
provided a compound of formula (I) (as depicted
hereinabove) wherein: ; wherein Ring A is selected
from aryl, heteroaryl, and carbocyclyl; wherein if
said heteroaryl contains an -NH- moiety that nitrogen
may be optionally substituted by a group selected from
R5; or A is Ci-6alkyl; wherein A may be optionally
substituted on carbon by one or more R8a; X is absent
or O;R1 is a substituent on carbon and is selected
from halo, Ci-6alkyl, and carbocyclyl-R 6-; wherein R1
may be optionally substituted on carbon by one or more
R8; R2 and R3 are independently selected from
hydrogen, halo, C1-6alkyl; R4 is selected from
C1-6alkyl, -(Ci -6alkyl)carbamoyl,
-(C1-6alkyl)-JV-(C1-6alkoxy)carbamoyl, carbocyclyl-R
14 , and heterocyclyl-R 15-; wherein R4 may be
optionally substituted on carbon by one or more R16 ;
R5 is C1-6alkyl; R is a direct bond; R8 in each
occurrence is independently selected from halo and
cyano; R8a in each occurrence is independently
selected from halo, Ci-6alkoxy, and carbocyclyl-R 18-,
wherein R8a may be optionally substituted on carbon by
one or more R20; R14 is a direct bond; R15 is -C(O)-;
R16 in each occurrence is independently selected from
hydroxy, -(C 1-6alkyl)amino, N N-(C i-6alkyl)2amino,
carbocyclyl-R 22- and heterocyclyl-R 23-; wherein R16
may be optionally substituted on carbon by one or more
R2 ; and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R25; R18 is a direct bond; R20
is methyl; R22 is -N(R26)-; R23 is a direct bond; R24
in each occurrence is independently selected from
methyl, methoxy, dimethylamino, and cyclopropyl,
wherein R24 may be optionally substituted on carbon by
one or more R50; R25 is Ci-6alkyl; R26 is hydrogen;
R50 is hydroxy; m is selected from 0 to 2, wherein the
values of R4 may be the same or different; and n is
selected from 0 to 2, wherein the values of R1may be
the same or different. A is selected from A is ;
wherein Ring A is selected from phenyl, pyridinyl,
cyclopentyl, cyclohexyl, and l -pyrazolyl, wherein if
said lH-pyrazolyl containsan -NH- moiety that nitrogen
may be optionally substituted by a group selected from
R5; or A is selected from ethyl, butyl,
3-methylpentyl, 2-methylbutyl, 3-methylbutyl,
sec-butoxymethyl 2-methylprop-2-yl, but-2-yl, and
hex-2-yl; wherein said methyl, butyl, >
3-methylpentyl, 2-methylbutyl, 3-methylbutyl,
sec-butoxymethyl, 2-methylprop-2-yl, but-2-yl, and
hex-2-yl may be optionally substituted on carbon by
one or more R8a; X is absent or O; R1 is a substituent
on carbon and is selected from fluoro, chloro, methyl,
isopropyl, and cyclopropyl-R 6-; wherein R1may
optionally be substituted on carbon by one or more R ;
R2 and R3 are independently selected from hydrogen,
chloro, and methyl; R4 is selected from methyl,
isopropyl, JV-methylcarbamoyl, Lf-methyl-
-methoxycarbamoyl, cyclopropyl-R 14-, and morpholino-R
15 -; wherein R4 may be optionally substituted on
carbon by one or more R16 ; R6 is a direct bond; R5 in
each occurrence is independently selected from methyl,
2-methylprop-2-yl, and prop-2-yl; R8 in each
occurrence is independently selected from fluoro and
cyano; R8a in each occurrence is independently
selected from fluoro, 1-methyl-propoxy, cyclopropyl-R
18-, cyclopentyl-R18- and cyclohexyl-R 18-; wherein
said 1-methyl-propoxy, cyclopropyl-R 18-,
cyclopentyl-R18-, and cyclohexyl-R 18- may be
optionally substituted on carbon by one or more R20;
R14 is a direct bond; R15 is -C(O)-; R16 in each
occurrence is independently selected from hydroxy,
methylamino, ethylamino, dimethylamino,
iV-methyl-iV-ethylamino,azetidin-1-yl, morpholino,
piperazin-1- yl, piperidin-1-yl, cyclobutyl-R22-, and
cyclopropyl-R22-; wherein R16 may be optionally
substituted on carbon by one or more R24; and wherein
said piperazin-1-yl may be optionally substituted on
nitrogen by a group selected from R25; R is a direct
bond; R20 is methyl; R22 is -N(R26)-; wherein R26 is
hydrogen; R24 in each occurrence is independently
selected from methoxy, dimethylamino, cyclopropyl,
cyclobutyl, and cyclopropyl, wherein R24 may be
optionally substituted on carbon by one or more R50;
R25 is methyl; R5 is hydroxy; m is selected from 0 and
1; and n is selected from 0 to 2, wherein the values
of R1may be the same or different. A is selected from
3-(l-cyano-l-methylethyl)phenyl,
3-(trifluoromethyl)phenyl, 3-chlorophenyl,
3,5-dimethylphenyl,
3-fluoro-5-(trifluoromethyl)phenyl,
3-chloro-5-fluorophenyl, S-cyclopropyl-S-fluorophenyl,
3,4-dichlorophenyl, 3-cyclopropylphenyl,
3-methylphenyl, 3-methylcyclohexyl,
2,6-dichloropyridin-4-yl, cyclopentyl,
3,4-dimethylphenyl, 6-methylpyridin-2-yl,
3-chloropyridin-4-yl, 5-methylpyridin-3-yl,
l,5-dimethyl-l H-pyrazol-3-yl, 5-methyl-l
H-pyrazol-3-yl, 4-methyIcyclohexyl,
3-(trifluoromethyi)cyclohexyl, 4,4-difluorocyclohexyl
l-ter -butyl-5-methyl-l -pyrazol-3-yl, 1-isopropyl- l
-pyrazol-3-yl, butyl, 3-methylpentyl, 2-methylbutyl,
3-methylbutyl, sec-butoxymethyl, cyclohexylmethyl,
2-methylprop-2-yl, (4-methylcyclohexyl)methyl,
but-2-yl, hex-2-yl, cyclopropylmethyl,
cyclopentylmethyl, and cyclohexyl(difluoro)methyl; X
is absent or O; R1 is a substituent on carbon and is
selected from fluoro, chloro, methyl, trifluoromethyl,
2-cyanoprop-2-yl, and cyclopropyl; R2 is hydrogen; R3
is selected from chloro and methyl; R4 is selected
from methyl, isopropyl, iV-methylcarbamoyl,
(4-methylpiperazin- 1-yl)methyl, morpholincarbonyl,
iV-methy1-iV-methoxycarbamoyl, hydroxymethyl,
(dimethylamino)methyl, 1-hydroxyethyl,
piperidinomethyl, (methylamino)methy,
morpholin-4-ylmethyl, 2-(dimethylamino)ethyl,
1-azetidinylmethyl, (cyclobutylamino)methyl,
[(cyclopropylmethyl)amino]methyl,
[(2-methoxyethyl)methylamino]methyl,
[4-(hydroxymethyl)piperidin- 1-yljmethyl, isopropyl,
(cycloprorylamino)methyl, and cyclopropyl; m is
selected from 0 and 1; and n is selected from 0 to 2,
wherein the values of R1may be the same or
different.What is also provided is a compound of
formula (Ia): (Ia) or a pharmaceutically acceptable
salt thereof; wherein: R1, n, X, R2, R3, R4, and m are
ed for a compound of formula (I). What is also
provided is a compound of formula (Ib): (Ib) or a
pharmaceutically acceptable salt thereof; wherein: A
is , wherein Ring A is heteroaryl; and R1, n, X, R2,
R3, R4, and m are as defined for a compound of formula
(I). What is also provided is a compound of formula
(Ic): (Ic)or a pharmaceutically acceptable salt
thereof; wherein: A is , wherein Ring A is
carbocyclyl; and R1, n, X, R2, R3, R4, and m are as
defined for a compound of formula (I). What is also
provided is a compound of formula (Id): (Id) or a
pharmaceutically acceptable salt thereof; wherein: A
is , wherein Ring A is heterocyclyl; wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by a group selected from R5;
and R1, n, X, R2, R3, R4, R5, and m are as defined for
a compound of formula (I). What is also provided is a
compound of formula (Ie): (Ie) or a pharmaceutically
acceptable salt thereof; wherein: A is Ci-6alkyl,
C2-6alkenyl, or C2.6alkynyl, each of which may be
optionally substituted with 1, 2, or 3 substituents
selected from halo, nitro, cyano, hydroxy,
trifluoromethoxy,amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C1-6alkoxy, Ci-6alkanoyl, Ci-6alkanoyloxy,
N-(C1-6alkyl)amino, ,iV-(Ci-6alkyl) 2amino,
C1-6alkanoylamino, iV-(C1-6alkyl)carbamoyl,
JV,N-(C1-6alkyl)2carbamoyl, Ci-6alkylS(O) a wherein a
is 0 to 2, Ci-6alkoxy carbonyl,
Ci-6alkoxycarbonylamino, JV-(Ci-6alkyl)sulphamoyl, iV,
-(C 1-6alkyl) 2sulphamoyl,
-(C1-6alkyl)-iV-(C1-6alkoxy)sulpliamoyl,
Ci-6alkylsulphonylamino, carbocyclyl-R 6- or
lieterocyclyl-R 7-; wherein A may be optionally
substituted on carbon by one or more R ; and wherein
if said heterocyclyl contains an -NHmoiety that
nitrogen may be optionally substituted by a group
selected from R9; and X, R2, R3, R4, R6 8, and m are
as defined for a compound of formula (I). What is also
provided is a compound which is: 5-{[3-(l -Cyano-
1-methylethyl)benzoyl] amino} -2-methyl-iV-(2-methyl-
1,3-thiazol-5- yl)benzamide; 2-Chloro-
-l,3-thiazol-5-yl-5-{[3-(trifluoromethyl)benzoyl]amino
}benzamide; 2-Chloro-5-[(3-chlorobenzoyl)amino]-
-l,3-thiazol-5-ylbenzamide;
2-Chloro-5-[(3,5-dimethylbenzoyl)amino]-
-l,3-thiazol-5-ylbenzamide; 5-{[3-(1-Cyano-
1-methylethyl)benzoyl] amino
}-2-methyl-JV-1,3-thiazol-5- ylbenzamide;
2-Methyl-7V-(2-methyl-l,3-thiazol-5-yl)-5-{[3-
(trifluoromethyl)benzoyl]amino}benzamide;
2-Chloro-5-[(3-chlorobenzoyl)amino]-
-(2-methyl-l,3-thiazol-5-yl)benzamide;
2-Chloro-5-[(3,5-dimethylbenzoyl)amino]-7V-(2-methyl-l
,3-thiazol-5-yl)benzamide;
2-Chloro-iV-(2-methyl-l,3-thiazol-5-yl)-5-{[3-
(trifluoromethyl)benzoyl]amino}benzamide;
2-Chloro-5-{[3-fluoro-5-(trifluoromethyl)benzoyl]amino
}- -(2-methyl-l,3-thiazol-5- yl)benzamide;
5-[(5-{[3-(l-Cyano-l-methylethyl)benzoyl]amino}-2-meth
ylbenzoyl)amino]-iV-methyl-
1,3-thiazole-2-carboxamide;
5-{[3-fluoro-5-(trifluoromethyl)benzoyl]amino}-2-methy
l-iV-(2-methyl-l,3-thiazol-5- yl)benzamide;
5-[(3-Chloro-5-fluorobenzoyl)amino]-2-methyl-
-(2-methyl-l,3-thiazol-5- yl)benzamide;
5-[(3-Cyclopropyl-5-fluorobenzoyl)amino]-2-methyl-
-(2-methyl-l,3-thiazol-5- yl)benzamide;
5-[(3-Chlorobenzoyl)amino]-2-methyl-
-(2-methyl-l,3-thiazol-5-yl)benzamide;
5-[3,4-Dichlorobenzoyl)amino]-2-methyl-
-(2-niethyl-l,3-thiazol-5-yl)benzamide;
5-[(3-CyclopiOpylbenzoyl)amino]-2-methyl- -(2-methyl-
1,3-thiazol-5-yl)benzamide;
5-[(3,5-Dimethylbenzoyl)amino]-2-methyl-iV-(2-methyl-l
,3-thiazol-5-yl)benzaniide;
2-methyl-5-[(3-methylbenzoyl)amino]-
-(2-methyl-l,3-thiazol-5-yl)benzamide; 2,6-Dichloro-
-(4-methyl-3-{[(2-methyl-l,3-thiazol-5-
yl)amino]carbony1}phenyl)isonicotinamide; 2-Metbyl-5-
{[(3-methylcyclohexyl)carbonyl]amino}
-iV-(2-methyl-1,3-thiazol-5- yl)benzamide; 2-Methyl-
-(2-methyl-l,3-thiazol-5-yl)-5-(pentanoylamino)benzami
de; or
2-methyl-5-[(4-methylhexanoyl)amino]-iV-(2-methyl-l,3-
thiazol-5-yl)benzamide. What is also provided is a
pharmaceutical composition which comprises a compound
of formula (I), or a pharmaceutically acceptable salt
thereof, in association with a
pharmaceutically-acceptable diluent or carrier. What
is also provided is a compound of formula (I), or a
pharmaceutically acceptable salt thereof, for use as a
medicament. What is also provided is the use of a
compound of the formula (I), or a pharmaceutically
acceptable salt thereof, in the manufacture of a
medicament for use in the production of a CSF-IR
kinase inhibitory effect in a warm-blooded animal such
as man. What is also provided is the use of a compound
of the formula (I), or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for
use in the production of an anti-cancer effect in a
warm-blooded animal such as man. What is also provided
is the use of a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for use in the treatment
of melanoma, papillary thyroid tumours,
cholangiocarcinomas, colon cancer, ovarian cancer,
lung cancer, leukaemias, lymphoid malignancies,
carcinomas and sarcomas inthe liver, kidney, bladder,
prostate, breast and pancreas, and primary and
recurrent solid tumours of the skin, colon, thyroid,
lungs and ovaries. What is also provided is the use of
a compound of formula (I), or a pharmaceutically
acceptable salt thereof, in the manufacture of a
medicament for use in the treatment of breast,
ovarian, bladder, cervical, endometrial, prostate,
lung, kidney and pancreatic tumors; haematological
malignancies including myelodysplastic syndrome, acute
myelogenous leukemia, chronic myelogenous leukemia,
non Hodgkin's lymphoma, Hodgkin's disease, multiple
myeloma and chronic lymphocytic leukemia; and glioma,
squamous cell carcinoma of the esophagus, malignant
uveal melanoma and follicular lymphoma, in a
warm-blooded animal such as man. What is also provided
is the use of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for use in the treatment
of tumorassociated osteolysis, osteoporosis including
ovariectomy-induced bone loss, orthopedic implant
failure, autoimmune disorders including systemic lupus
erythematosus, arthritis including rheumatoid
arthritis, osteoarthritis, renal inflammation and
glomerulonephritis; inflammatory bowel disease;
transplant rejection including renal and bone marrow
allografts and skin xenograft, atherosclerosis,
obesity, Alzheimer's Disease and Langerhans cell
histiocytosis, in a warm-blooded animal such as man.
What is also provided is a method for producing a
CSF-IR kinase inhibitory effect in a warm-blooded
animal, such as man, in need of such treatment, said
method comprising administering to said animal an
effective amount of a compound of formula (I), or a
pharmaceutically acceptable salt thereof. What is also
provided is a method for producing an anti-cancer
effect in a warm-blooded animal, such as man, in need
of such treatment, said method comprising
administering to said animal an effective amount of a
compound of formula (I), or a pharmaceutically
acceptable salt thereof. What is also provided is a
method of treating melanoma, papillary thyroid
tumours, 



cholangiocarcinomas, colon cancer, ovarian cancer,
lung cancer, leukaemias, lymphoidmalignancies,
carcinomas and sarcomas in the liver, kidney, bladder,
prostate, breast and pancreas, and primary and
recurrent solid tumours of the skin, colon, thyroid,
lungs and ovaries, in a warm-blooded animal, such as
man, in need of such treatment which comprises
administering to said animal an effective amount of a
compound of formula (I) or a pharmaceutically
acceptable salt thereof. What is also provided is a
method for treating breast, ovarian, bladder,
cervical, endometrial, prostate, lung, kidney and
pancreatic tumors; haematological malignancies
including myelodysplastic syndrome, acute myelogenous
leukemia, chronic myelogenous leukemia, non Hodgkin's
lymphoma, Hodgkin's disease, multiple myeloma and
chronic lymphocytic leukemia; and glioma, squamous
cell carcinoma of the esophagus, malignant uveal
melanoma and follicular lymphoma, in a warm-blooded
animal, such as man, in need of such treatment, said
method comprising administering to said animal an
effective amount of a compound of formula (I), or a
pharmaceutically acceptable salt thereof. What is also
provided is a method for treating tumor-associated
osteolysis, osteoporosis including ovariectomy-induced
bone loss, orthopedic implant failure, autoimmune
disorders including systemic lupus erythematosus,
arthritis including rheumatoid arthritis,
osteoarthritis, renal inflammation and
glomerulonephritis; inflammatory bowel disease;
transplant rejection including renal and bone marrow
allografts and skin xenograft, atherosclerosis,
obesity, Alzheimer's Disease and Langerhans cell
histiocytosis, in a warm blooded animal, such as man,
in need of such treatment, said method comprising
administering to said animal an effective amount of a
compound of formula (I), or a pharmaceutically salt
thereof. What is also provided is a pharmaceutical
composition which comprises a compound of the formula
(I), or a pharmaceutically acceptable salt thereof, in
association with a pharmaceutically-acceptable diluent
or carrier for use in the production of a CSF-IR
kinase inhibitory effect in a warm-blooded animal such
as man. What is also provided is a pharmaceutical
composition which comprises a compound of the formula
(I), or a pharmaceutically acceptable salt thereof, in
association with apharmaceutically-acceptable diluent
or carrier for use in the production of an anti-cancer
effect in a warm-blooded animal such as man. What is
also provided is a pharmaceutical composition which
comprises a compound of the formula (I) or a
pharmaceutically acceptable salt thereof, in
association with a pharmaceutically-acceptable diluent
or carrier for use in the treatment of melanoma,
papillary thyroid tumors, cholangiocarcinomas, colon
cancer, ovarian cancer, lung cancer, leukaemias,
lymphoid malignancies, carcinomas and sarcomas in the
liver, kidney, bladder, prostate, breast and pancreas,
and primary and recurrent solid tumours of the skin,
colon, thyroid, lungs and ovaries in a warm-blooded
animal such as man. What is also provided is a
pharmaceutical composition comprising a compound of
formula (I), or a pharmaceutically acceptable salt
thereof, and at least one pharmaceutically acceptable
diluent or carrier, for use in the treatment of
breast, ovarian, bladder, cervical, endometrial,
prostate, lung, kidney and pancreatic tumors;
haematological malignancies including myelodysplastic
syndrome, acute myelogenous leukemia, chronic
myelogenous leukemia, non Hodgkin's lymphoma,
Hodgkin's disease, multiple myeloma and chronic
lymphocytic leukemia; and glioma, squamous cell
carcinoma of the esophagus, malignant uveal melanoma
and follicular lymphoma, in a warm-blooded animal such
as man. What is also provided is a pharmaceutical
composition comprising a compound of formula (I), or a
pharmaceutically acceptable salt thereof, and at least
one pharmaceutically acceptable diluent or carrier,
for use in the treatment of tumor-associated
osteolysis, osteoporosis including ovariectomy-induced
bone loss, orthopedic implant failure, autoimmune
disorders including systemic lupus erythematosus,
arthritis including rheumatoid arthritis,
osteoarthritis, renal inflammation and
glomerulonephritis; inflammatory bowel disease;
transplant rejection including renal and bone marrow
allografts and skin xenograft, atherosclerosis,
obesity, Alzheimer's Disease and Langerhans cell
histiocytosis, in a warm blooded animal such as man.
What is also provided is a compound of formula (I), or
a pharmaceutically acceptable salt thereof, for use in
the production of a CSF-IR kinase inhibitory effect in
a warm-blooded animal such as man.What is also
provided is a compound of formula (I), or a
pharmaceutically acceptable salt thereof, for use in
the production of an anti-cancer effect in a
warm-blooded animal such as man. What is also provided
is a compound of formula (I), or a pharmaceutically
acceptable salt thereof, for use in the treatment of
breast, ovarian, bladder, cervical, endometrial,
prostate, lung, kidney and pancreatic tumors;
haematological malignancies including myelodysplastic
syndrome, acute myelogenous leukemia, chronic
myelogenous leukemia, non Hodgkin's lymphoma,
Hodgkin's disease, multiple myeloma and chronic
lymphocytic leukemia; and glioma, squamous cell
carcinoma of the esophagus, malignant uveal melanoma
and follicular lymphoma, in a warm-blooded animal such
as man. What is also provided is a compound of formula
(I), or a pharmaceutically acceptable salt thereof,
for use in the treatment of tumor-associated
osteolysis, osteoporosis including ovariectomy-induced
bone loss, orthopedic implant failure, autoimmune
disorders including systemic lupus erythematosus,
arthritis including rheumatoid arthritis,
osteoarthritis, renal inflammation and
glomerulonephritis; inflammatory bowel disease;
transplant rejection including renal and bone marrow
allografts and skin xenograft, atherosclerosis,
obesity, Alzheimer's Disease and Langerhans cell
histiocytosis, in a warm-blooded animal such as man.
What is also provided is a process for preparing a
compound of formula (I) or a pharmaceutically
acceptable salt thereof, comprising: Process a-1)
Reacting an amine of the formula (A)with an acid of
formula B or an activated acid derivative thereof:
Process a-2) Reacting an amine of the formula (A) with
R-N=C=O, wherein R is C1-6alkyl, aryl, aralkyl,
heteroaralkyl, or heteroaryl; Process a-3) Reacting an
amine of the formula (A) with a chloroformate or an
activating agent (e.g., carbonyl diimidazole,
phosgene, or another reagent known to the skilled
artisan), followed by ROH or RR'NH, wherein R is
Ci-6alkyl, aryl, heteroaryl, aralkyl, or heteroaralkyl
and R' is H or C!-6alkyl;Process b) Reacting an acid
of formula C or an activated acid derivative thereof:
with an amine of formula D: and thereafter if
necessary: i) converting a compound of formula (I)
into another compound of formula (I); ii) removing any
protecting groups; iii) forming a pharmaceutically
acceptable salt. DETAILED DESCRIPTION OF THE INVENTION
Definitions In this specification the term "alkyl"
includes both straight and branched chain alkyl
groups. References to individual alkyl groups such as
"propyl" are specific for the straight chain version
only and references to individual branched chain alkyl
groups such as 'isopropyP are specific for the
branched chain version only. For example, "C1-6alkyl"
includes C1-4alkyl, Ci-3alkyl, propyl, isopropyl and
-butyl. A similar convention applies to other
radicals, for example "phenylC 1-6alkyl" includes
phenylC1-4alkyl, benzyl, 1-phenylethyl and
2-phenylethyl. The term "halo" refers to fluoro,
chloro, bromo and iodo. Where optional substituents
are chosen from "one or more" groups it is to be
understood that this definition includes all
substituents being chosen from one of the specified
groups or the substituents being chosen from two or
more of the specified groups."Heterocyclyl" means a
saturated or partially saturated monocyclic, fused,
bridged, or spiro bicyclic heterocyclic ring
system(s). Monocyclic heterocyclic rings contain from
about 3 to 12 ring atoms, with from 1 to 5 heteroatoms
selected from N, O, and S, and preferably from 3 to 7
member atoms, in the ring. Bicyclic heterocycles
contain from 7 to 17 member atoms, preferably 7 to 12
member atoms, in the ring. Bicyclic heterocycles
contain from about 7 to about 17 ring atoms,
preferably from 7 to 12 ring atoms. Bicyclic
heterocyclic(s) rings may be fused, spiro, or bridged
ring systems. Examples of heterocyclic groups include
cyclic ethers (oxiranes) such as ethyleneoxide,
tetrahydrofuran, dioxane, and substituted cyclic
ethers, wherein the substituents are as specified.
Typical substituted cyclic ethers include
propyleneoxide, phenyloxirane (styrene oxide),
cis-2-butene-oxide (2,3-dimethyloxirane), 3-
Chlorotetrahydrofuran, 2,6-dimethyl-l,4-dioxane, and
the like. Heterocycles containing nitrogen are groups
such as pyrrolidine, piperidine, piperazine,
tetrahydrotriazine, tetrahydropyrazole, and
substituted groups such as 3-aminopyrrolidine,
4-methylpiperazin-lyl, and the like. Typical sulfur
containing heterocycles include tetrahydrothiophene,
dihydro- 1,3-dithiol-2-yl, and hexahydrothiepin-4-yl.
Other commonly employed heterocycles include
dihydro-oxathiol-4-yl, tetrahydro-oxazolyl,
tetrahydro-oxadiazolyl, tetrahydrodioxazolyl,
tetrahydro-oxathiazolyl, hexahydrotriazinyl,
tetrahydro-oxazinyl, morpholinyl, thiomorpholinyl,
tetrahydropyrimidinyl, dioxolinyl,
octahydrobenzofuranyl, octahydrobenzimidazolyl, and
octahydrobenzothiazolyl. For heterocycles containing
sulfur, the oxidized sulfur heterocycles containing SO
or SO2 groups are also included. Examples include the
sulfoxide and sulfone forms of tetrahydrothiophene.
"Carbocyclyl" is a saturated or partially saturated,
hydrocarbon ring containing from 3 to 6 carbon atoms,
for example, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl. Where possible, the cycloalkyl group may
contain double bonds, for example, 3-cyclohexen-l-yl.
The term "aryl" means a cyclic or polycyclic aromatic
ring having from 5 to 12 carbon atoms. The term aryl
includes both monovalent species and divalent species.
Examples of aryl groups include, but are not limited
to, phenyl, biphenyl, naphthyl, 2-chlorophenyl, 3-
chlorophenyl, 4-chlorophenyl, 2-methylphenyl,
3-methylphenyl, 4-methylphenyl, 2- methoxyphenyl,
3-methoxyphenyl, 4-methoxyphenyl,
2-chloro-3-methylphenyl, 2-chloro-4- methylphenyl,
2-chloro-5-methylphenyl, 3-chloro-2-methylphenyl,
3-chloro-4-methylphenyl,4-chloro-2-methylphenyl,
4-chloro-3-methylphenyl, 5-chloro-2-methylphenyl, 2,3-
dichlorophenyl, 2,5-dichloroplienyl,
3,4-dichlorophenyl, 2,3-dimethylphenyl, 3,4-
dimetliylphenyl, 4-trifluoromethyl and the like.
"Alkylene" means a group that is positioned between
and serves to connect two other chemical groups. Thus,
"(C 1-C6)alkylene" means a linear saturated divalent
hydrocarbon radical of one to six carbon atoms or a
branched saturated divalent hydrocarbon radical of
three to six carbon atoms, e.g., methylene, ethylene,
propylene, 2-methylpropylene, pentylene, and the like.
Aralkyl means an aryl group covalently attached to a
(C1-C6)alkylene group, both of which are defined
herein. Examples of aralykl groups include benzyl,
phenylethyl, 3-(3- chlorophenyl)-2-methylpentyl, and
the like. The term "heteroaryl" means an aromatic
mono-, bi-, or polycyclic ring incorporating one or
more (i.e. 1-4) heteroatoms selected from N, O, and S.
The term heteroaryl includes both monovalent species
and divalent species. Examples of monocyclic
heteroaryl include, but are not limited to substituted
or unsubstituted thienyl, furanyl, pyrrolyl,
imidazolyl, pyrazolyl, isothiazolyl, isoxazolyl,
triazolyl, tetrazolyl, pyridinyl, pyrazinyl,
pyrimidinyl, piperidinyl, pyrrolidinyl, piperazinyl,
azetidinyl, aziridinyl, morpholinyl, thietanyl,
oxetaryl. Monocyclic diheterocycles include, but are
not limited to, 5-imidazolyl, pyrazolyl, isothiazolyl,
isoxazolyl, triazolyl, tetrazolyl, pyrazinyl,
pyrimidinyl, piperazinyl, morpholinyl. Examples of
bicyclic and polyclic heteroaryl groups include, but
are not limited to include but are not limited to
indolizinyl, isoindolyl, indolyl, indazolyl, purinyl,
quinolizinyl, quinolinyl, isoquinolinyl, phthalazinyl,
naphthyridinyl, quinazolinyl, cinnolinyl, pteridinyl,
carbazolyl, carbazolyl, carbolinyl, phenanthridinyl,
acridinyl, perimidinyl, phenatlirolinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, benzisoquinolinyl,
thieno[2,3-b]furanyl, pyrazino[2,3- cjcarbazolyl,
furo[3,2-b]-pyranyl, pyrido[2,3-d]-o-oxazinyl,
pyrazolo[4,3-d]-oxazolyl, imidazo[4,5-d]thiazolyl,
pyrazino[2,3-d]ryridazinyl, imidazo[2, 1-b]thiazolyl,
furo[3,4-c]cinnolinyl, 4H-pyrido[2,3-c]carbazolyl,
imidazo[l ,2-b] [1,2,4]triazinyl, 7-benzo[b]thienyl,
benzoxazolyl, benzimidazolyl, benzothiazolyl,
benzoxapinyl, benzoxazinyl,
lH-pyrrolo[l,2-b][2]benzazapinyl. Typical fused
heteroaryl groups include, butare not limited to
quinolinyl, isoquinolinyl, indolyl, benzo[b]thienyl,
benzoxazolyl, benzimidazolyl, benzothiazolyl.
"Heteroaralkyl" means an heteroaryl group covalently
attached to a (Ci-C 6)alkylene group, both of which
are defined herein. Examples of heteroaralkyl groups
include pyridin- 3-ylmethyl,
3-(benzofuran-2-yl)propyl, and the like. An example of
"Ci -6alkanoyloxy" is acetoxy. Examples of
"Q-ealkoxycarbonyl" include methoxycarbonyl,
ethoxycarbonyl, n- and -butoxycarbonyl. Examples of
"C1-6alkoxy" include methoxy, ethoxy and propoxy.
Examples of "C1-6alkanoylamino" include formamido,
acetamido and propionylamino. Examples of
"C1-6alkylS(O) a wherein a is 0 to 2" include
methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, mesyl and ethylsulphonyl. Examples of
"C1-6alkanoyl" include propionyl and acetyl. Examples
of " -(Ci -6alkyl)amino" include methylamino and
ethylamino. Examples of " ,7V-(C1-6alkyl) 2amino"
include di-iV-methylamino, di-(L/-ethyl)amino and
iV-ethyl-iV-methylamino. Examples of "C2-6alkenyl" are
vinyl, allyl and 1-propenyl. Examples of "C2-6alkynyl"
are ethynyl, 1-propynyl and 2-propynyl. Examples of
"N-(Ci -6alkyl)sulphamoyl" are -(methyl)sulphamoyl and
iV-(ethyl)sulphamoyl. Examples of " -(C 1-6alkyl)
2sulphamoyl" are , -(dimethyl)sulphamoyl and
-(methyl)- -(ethyl)sulphamoyl. Examples of
"iV-(C1-6alkyl)carbamoyl" are TV-(C1-4alkyl)carbamoyl,
methylaminocarbamoyl and ethylaminocarbamoyl. Examples
of "JV,iV-(C1-6alkyl) 2carbamoyl" are ,iV-(C1-4alkyl)
2carbamoyl, dimethylaminocarbamoyl and
methylethylaminocarbamoyl. Examples of "Ci
-6alkylsulphonyl" are mesyl, ethylsulphonyl and
isopropylsulphonyl. Examples of "Ci
-6alkylsulphonylamino" are mesylamino,
ethylsulphonylamino and isopropylsulphonylamino .
Examples of "Ci -6alkoxycarbonylamino" are
methoxycarbonylamino and -butoxy carbony lamino
.Examples of W-(Cj-6alkyI)-N-(C i-6alkoxy)sulphamoyl"
are N-(methyl)-N-(methoxy)sulphamoyl and
N-(ethyl)-N-Q)ropoxy)sulpharnoyl. Examples of "N N
-(Ci -6alkyl)2ureido" are N N'-dimethylureido and
N-methy1-N -propylureido. Examples of "N' N'-(C
1-6alkyl)2ureido" are N',N'-diethylureido and N
'-methy1-N -propylureido. Example of "N-(Ci-6alkyl)-N
N '-(C 1-6alkyl)2ureido" are
N-(methyl)-N'-ethyl-N'-isopropylureido and
N-ethyl-N',N'-diethylureido. Examples of
"N-(C1-6alkyl)-N-(C1-6alkoxy)amino" are
N-(methyl)-N-(propoxy)amino and
N-methy1-N-methoxyamino. A suitable pharmaceutically
acceptable salt of a compound of the invention is, for
example, an acid-addition salt of a compound of the
invention which is sufficiently basic, for example, an
acid-addition salt with, for example, an inorganic or
organic acid, for example hydrochloric, hydrobromic,
sulphuric, phosphoric, trifluoroacetic, citric or
maleic acid. In addition a suitable pharmaceutically
acceptable salt of a compound of the invention which
is sufficiently acidic is an alkali metal salt, for
example a sodium or potassium salt, an alkaline earth
metal salt, for example a calcium or magnesium salt,
an ammonium salt or a salt with an 



organic base which affords a
physiologically-acceptable cation, for example a salt
with methylamine, dimethylamine, trimethylamine,
piperidine, morpholine or tris-(2-hydroxyethyl)amine.
Some compounds of the formula (I) may have chiral
centres and/or geometric isomeric centres (E- and Z-
isomers), and it is to be understood that the
invention encompasses all such optical,
diastereoisomers and geometric isomers that possess
CSF-IR kinase inhibitory activity. The invention
further relates to any and all tautomeric forms of the
compounds of the formula (I) that possess CSF-IR
kinase inhibitory activity. It is also to be
understood that certain compounds of the formula (I)
can exist in solvated as well as unsolvated forms such
as, for example, hydrated forms. It is to be
understood that the invention encompasses all such
solvated forms that possess CSF-IR kinase inhibitory
activity.Preparation of Invention Compounds Another
aspect of the present invention provides a process for
preparing a compound of formula (I) or a
pharmaceutically acceptable salt thereof, comprising:
Process a-1) Reacting an amine of the formula (A) with
an acid of formula B or an activated acid derivative
thereof: Process a-2) Reacting an amine of the formula
(A) with R-N=C=O, wherein R is Ci-6alkyl, aryl,
aralkyl, heteroaralkyl, or heteroaryl; Process a-3)
Reacting an amine of the formula (A)with a
chloroformate or an activating agent (e.g., carbonyl
diimidazole, phosgene, or another reagent known to the
skilled artisan), followed by ROH or RR'NH, wherein R
is Q^alkyl, aryl, heteroaryl, aralkyl, or
heteroaralkyl and R' is H or Ci-6alkyl; Process b)
Reacting an acid of formula C or an activated acid
derivative thereof: with an amine of formula D: and
thereafter if necessary: i) converting a compound of
formula (I) into another compound of formula (I); ii)
removing any protecting groups; iii) forming a
pharmaceutically acceptable salt. Specific reaction
conditions for the above reactions are as follows.
Process a) and Process b) Amines and acids may be
coupled together in the presence of a suitable
coupling reagent. Standard peptide coupling reagents
known in the art can be employed as suitable coupling
reagents, or for Example carbonyldiimidazole and
dicyclohexyl-carbodiimide, optionally in the presence
of a catalyst such as dimethylaminopyridine or
4-pyrrolidinopyridine, optionally in the presence of a
base for Example triethylamine, pyridine, or
2,6-di-a%/-pyridines such as 2,6-lutidine or 2,6-di-t
tY-butylpyridine. Suitable solvents include
dimethylacetamide, dichloromethane, benzene,
tetrahydrofuran and dimethylformamide. The coupling
reaction may conveniently be performed at a
temperaturein the range of -40 to 40 0C. Suitable
activated acid derivatives include acid halides, for
Example acid chlorides, and active esters, for Example
pentafluorophenyl esters. The reaction of these types
of compounds with amines is well known in the art, for
Example they may be reacted in the presence of a base,
such as those described above, and in a suitable
solvent, such as those described above. The reaction
may conveniently be performed at a temperature in the
range of -40 to 40 0C. Amines of formula A may be
prepared according to Scheme 1. Scheme 1 H2 /PdC An
alternative to the Scheme 1 approach commencing from
the corresponding amino compound is depicted in Scheme
2. Scheme 2 Protect A-I AmineAcids of formula C may be
prepared according to Scheme 3. Scheme 3 Wherein Pg is
an acid protecting group, for example such as those
described herein below. It will be appreciated that
certain of the various ring substituents in the
compounds of the present invention may be introduced
by standard aromatic substitution reactions or
generated by conventional functional group
modifications either prior to or immediately following
the processes mentioned above, and as such are
included in the process aspect of the invention. Such
reactions and modifications include, for example,
introduction of a substituent by means of an aromatic
substitution reaction, reduction of substituents,
alkylation of substituents and oxidation of
substituents. The reagents and reaction conditions for
such procedures are well known in the chemical art.
Particular examples of aromatic substitution reactions
include the introduction of a nitro group using
concentrated nitric acid, the introduction of an acyl
group using, for example, an acyl halide and Lewis
acid (such as aluminium trichloride) under Friedel
Crafts conditions; the introduction of an alkyl group
using an alkyl halide and Lewis acid (such as
aluminium trichloride) under Friedel Crafts
conditions; and the introduction of a halogeno group.
Particular examples of modifications include the
reduction of a nitro group to an amino group by for
example, catalytic hydrogenation with a nickel
catalyst or treatment with iron in the presence of
hydrochloric acid with heating; oxidation of alkylthio
to alkylsulphinyl or alkylsulphonyl.It will also be
appreciated that in some of the reactions mentioned
herein it may be necessary/desirable to protect any
sensitive groups in the compounds. The instances where
protection is necessary or desirable and suitable
methods for protection are known to those skilled in
the art. Conventional protecting groups may be used in
accordance with standard practice (for illustration
see T.W. Green, Protective Groups in Organic
Synthesis, John Wiley and Sons, 1991). Thus, if
reactants include groups such as amino, carboxy or
hydroxy it may be desirable to protect the group in
some of the reactions mentioned herein. A suitable
protecting group for an amino or alkylamino group is,
for example, an acyl group, for example an alkanoyl
group such as acetyl, an alkoxycarbonyl group, for
example a methoxycarbonyl, ethoxycarbonyl or
-butoxycarbonyl group, an arylmethoxycarbonyl group,
for example benzyloxycarbonyl, or an aroyl group, for
example benzoyl. The deprotection conditions for the
above protecting groups necessarily vary with the
choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or alkoxycarbonyl group or
an aroyl group may be removed for example, by
hydrolysis with a suitable base such as an alkali
metal hydroxide, for example lithium or sodium
hydroxide. Alternatively an acyl group such as a
-butoxycarbonyl group may be removed, for example, by
treatment with a suitable acid as hydrochloric,
sulphuric or phosphoric acid or trifluoroacetic acid
and an arylmethoxycarbonyl group such as a
benzyloxycarbonyl group may be removed, for example,
by hydrogenation over a catalyst such as
palladiuni-on-carbon, or by treatment with a Lewis
acid for example boron tris(trifluoroacetate). A
suitable alternative protecting group for a primary
amino group is, for example, a phthaloyl group which
may be removed by treatment with an alkylamine, for
example dimethylaminopropylamine, or with hydrazine. A
suitable protecting group for a hydroxy group is, for
example, an acyl group, for example an alkanoyl group
such as acetyl, an aroyl group, for example benzoyl,
or an arylmethyl group, for example benzyl. The
deprotection conditions for the above protecting
groups will necessarily vary with the choice of
protecting group. Thus, for example, an acyl group
such as an alkanoyl or an aroyl group may be removed,
for example, by hydrolysis with a suitable base such
as an alkali metal hydroxide, for example lithium or
sodium hydroxide. Alternatively an arylmethyl group
such as a benzyl group may be removed, for example, by
hydrogenation over a catalyst such as
palladium-on-carbon.A suitable protecting group for a
carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be
removed, for example, by hydrolysis with a base such
as sodium hydroxide, or for example a -butyl group
which may be removed, for example, by treatment with
an acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group
which may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon. The
protecting groups may be removed at any convenient
stage in the synthesis using conventional techniques
well known in the chemical art. As stated hereinbefore
the compounds defined in the present invention possess
anti-cancer activity which is believed to arise from
the CSF-IR kinase inhibitory activity of the
compounds. These properties may be assessed, for
example, using the procedure set out below. Biological
Activity CSF-IR in vitro AlphaScreen assay Activity of
purified CSF-IR was determined in vitro using an
Amplified Luminescent Proximity Homogeneous Assay
(ALPHA)(Perkin Elmer), which measures phosphorylation
of the CSF-IR substrate, biotinylated
poly-glutamine-tyrosine peptide (pEY-HTRF CisBio
6IGTOBLD), as described below. The His-tagged kinase
domain of CSF-IR (i.e., amino acids 568-912, GeneBank
ID NM_00521 1; (see page 25 lines 13-19 of WO
2006/067445 for the sequence listing)) was purified
from baculovirus infected SF+Express insect cells (1.4
x 106 cells/ml), French pressed and chromatographed
through subsequent Qiagen Ni-NTA, Superflow Mono Q HR
10/10, and Superdex 200 SEC columns. Typical yield was
322ug/l of cell pellet at >95% purity. The
phosphorylation of the CSF-IR substrate in the
presence and absence of the compound of interest was
determined. Briefly, 0.2pM of purified CSF-IR, 5nM pEY
substrate, and compound were preincubated in Ix buffer
for 30 minutes at 25C. Reactions were initiated with
addition of 90mM adenosine triphosphate (ATP) in Ix
buffer and incubated at 25C for 40 minutes and
reactions stopped by addition of 5ml of detection mix
consisting of 136mM NaCl, 102mM ethylenediamine
tetraacetic acid, 1.65mg/ml BSA,40ug/ml Streptavidin
donor beads (Perkin Elmer 6760620M), 40ug/ml pEYlOO
acceptor beads (Perkin Elmer 6760620M). Plates were
incubated at 25C for 18 hours in the dark.
Phosphorylated substrate was detected by an EnVision
plate reader (Perkin Elmer) 680nm excitation,
520-620nm emission. Data was graphed and IC5oS
calculated using Excel Fit (Microsoft). When tested in
the above in vitro assay, the compounds of the present
invention exhibited activity less than 30 mM. For
example the following results were obtained:
Pharmaceutical Formulations According to a further
aspect of the invention there is provided a
pharmaceutical composition which comprises a compound
of the formula (I), or a pharmaceutically acceptable
salt thereof, as defined herein, in association with a
pharmaceutically-acceptable diluent or carrier. The
composition may be in a form suitable for oral
administration, for example as a tablet or capsule,
for parenteral injection (including intravenous,
subcutaneous, intramuscular, intravascular or
infusion) as a sterile solution, suspension or
emulsion, for topical administration as an ointment or
cream or for rectal administration as a suppository.
In general the above compositions may be prepared in a
conventional manner using conventional excipients. The
compound of formula (I) will normally be administered
to a warm-blooded animal at a unit dose within the
range 1-1000 mg/kg, and this normally provides a
therapeutically-effective dose. Preferably a daily
dose in the range of 10-100 mg/kg is employed. However
the daily dose will necessarily be varied depending
upon the host treated, the particular route of
administration, and the severity of the illness being
treated.Accordingly the optimum dosage may be
determined by the practitioner who is treating any
particular patient. Uses According to a further aspect
of the present invention there is provided a compound
of the formula (I), or a pharmaceutically acceptable
salt thereof, as defined hereinbefore for use in a
method of treatment of the human or animal body by
therapy. We have found that the compounds defined in
the present invention, or a pharmaceutically
acceptable salt thereof, are effective anti-cancer
agents which property is believed to arise from their
CSF-IR kinase inhibitory properties. Accordingly the
compounds of the present invention are expected to be
useful in the treatment of diseases or medical
conditions mediated alone or in part by CSF-IR kinase,
i.e. the compounds may be used to produce a CSF-IR
kinase inhibitory effect in a warm-blooded animal in
need of such treatment. Thus the compounds of the
present invention provide a method for treating cancer
characterised by inhibition of CSF-IR kinase, i.e. the
compounds may be used to produce an anti-cancer effect
mediated alone or in part by the inhibition of CSF-IR
kinase. Such a compound of the invention is expected
to possess a wide range of anti-cancer properties as
aberrant expression of CSFlR and/or CSFl has been
observed in multiple human cancers and derived cell
lines, including but not limited to, breast, ovarian,
endometrial, prostate, lung, kidney and pancreatic
tumors as well as haematological malignancies
including, but not limited to, myelodysplastic
syndrome, acute myelogenous leukemia, chronic
myelogenous leukemia, non Hodgkin's lymphoma,
Hodgkin's disease, multiple myeloma and chronic
lymphocytic leukemia. Activating mutations have also
been reported in haematopoietic and lymphoid tissue
and lung cancer. Further, tumor associated macrophages
have been associated with poor prognosis in multiple
tumor types including, but not limited to, breast,
endometrial, kidney, lung, bladder and cervical
cancers, glioma, squamous cell carcinoma of the
esophagus, malignant uveal melanoma and follicular
lymphoma. It is expected that a compound of the
invention will possess anticancer activity against
these cancers through direct effect on the tumor
and/or indirectly through effect ontumor associated
macrophages. Alternatively particular cancers include
melanoma, papillary thyroid tumours,
cholangiocarcinomas, colon cancer, ovarian cancer,
lung cancer, leukaemias, lymphoid malignancies,
carcinomas and sarcomas in the liver, kidney, bladder,
prostate, breast and pancreas, and primary and
recurrent solid tumours of the skin, colon, thyroid,
lungs and ovaries. In a further aspect of the
invention, compounds of formula (I) may be also be of
value in the treatment of certain additional
indications. These indications include, but are not
limited to tumor-associated osteolysis, osteoporosis
including ovariectomy-induced bone loss, orthopedic
implant failure, autoimmune disorders including
systemic lupus erythematosus, arthritis including
rheumatoid arthritis, osteoarthritis, renal
inflammation and glomerulonephritis; inflammatory
bowel disease; transplant rejection including renal
and bone marrow allografts and skin xenograft,
atherosclerosis, obesity, Alzheimer's Disease and
Langerhans cell histiocytosis. A further aspect of the
present invention therefore includes the treatment of
one of more of these diseases, particularly arthritis
including rheumatoid arthritis and osteoarthritis.
Thus according to this aspect of the invention there
is provided a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, as defined
hereinbefore for use as a medicament. According to a
further aspect of the invention there is provided the
use of a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, as defined
hereinbefore in the manufacture of a medicament for
use in the production of a CSF-IR kinase inhibitory
effect in a warm-blooded animal such as man. According
to this aspect of the invention there is provided the
use of a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, as defined
hereinbefore, in the manufacture of a medicament for
use in the production of an anti-cancer effect in a
warm-blooded animal such as man. According to a
further feature of the invention, there is provided
the use of a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, as defined
hereinbefore in the manufacture of a medicament for
use in the treatment of melanoma, papillary 



thyroid tumours, cholangiocarcinomas, colon cancer,
ovarian cancer, lung cancer, leukaemias, lymphoid
malignancies, carcinomas and sarcomas in the liver,
kidney, bladder, prostate, breast and pancreas, and
primary and recurrent solid tumours of the skin,
colon, thyroid, lungs and ovaries. According to a
further feature of the invention, there is provided
the use of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein before in the manufacture of a medicament for
use in the treatment of breast, ovarian, bladder,
cervical, endometrial, prostate, lung, kidney and
pancreatic tumors; haematological malignancies
including myelodysplastic syndrome, acute myelogenous
leukemia, chronic myelogenous leukemia, non Hodgkin's
lymphoma, Hodgkin's disease, multiple myeloma and
chronic lymphocytic leukemia; and glioma, squamous
cell carcinoma of the esophagus, malignant uveal
melanoma and follicular lymphoma, in a warm-blooded
animal such as man. According to a further feature of
the invention, there is provided the use of a compound
of formula (I), or a pharmaceutically acceptable salt
thereof, as defined hereinbefore, in the manufacture
of a medicament for use in the treatment of
tumor-associated osteolysis, osteoporosis including
ovariectomy-induced bone loss, orthopedic implant
failure, autoimmune disorders including systemic lupus
erythematosus, arthritis including rheumatoid
arthritis, osteoarthritis, renal inflammation and
glomerulonephritis; inflammatory bowel disease;
transplant rejection including renal and bone marrow
allografts and skin xenograft, atherosclerosis,
obesity, Alzheimer's Disease and Langerhans cell
histiocytosis, in a warm blooded animal such as man.
According to a further feature of this aspect of the
invention there is provided a method for producing a
CSF-IR kinase inhibitory effect in a warm-blooded
animal, such as man, in need of such treatment, said
method comprising administering to said animal an
effective amount of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
above. According to a further feature of this aspect
of the invention there is provided a method for
producing an anti-cancer effect in a warm-blooded
animal, such as man, in need ofsuch treatment, said
method comprising administering to said animal an
effective amount of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
above. According to an additional feature of this
aspect of the invention there is provided a method of
treating melanoma, papillary thyroid tumours,
cholangiocarcinomas, colon cancer, ovarian cancer,
lung cancer, leukaemias, lymphoid malignancies,
carcinomas and sarcomas in the liver, kidney, bladder,
prostate, breast and pancreas, and primary and
recurrent solid tumours of the skin, colon, thyroid,
lungs and ovaries, in a warm-blooded animal, such as
man, in need of such treatment which comprises
administering to said animal an effective amount of a
compound of formula (I) or a pharmaceutically
acceptable salt thereof as defined herein before.
According to an additional feature of the invention,
there is provided a method for treating breast,
ovarian, bladder, cervical, endometrial, prostate,
lung, kidney and pancreatic tumors; haematological
malignancies including myelodysplastic syndrome, acute
myelogenous leukemia, chronic myelogenous leukemia,
non Hodgkin's lymphoma, Hodgkin's disease, multiple
myeloma and chronic lymphocytic leukemia; and glioma,
squamous cell carcinoma of the esophagus, malignant
uveal melanoma and follicular lymphoma, in a warm
blooded animal, such as man, in need of such
treatment, said method comprising administering to
said animal an effective amount of a compound of
formula (I), or a pharmaceutically acceptable salt
thereof as defined herein before. According to an
additional feature of the invention, there is provided
a method for treating tumor-associated osteolysis,
osteoporosis including ovariectomy-induced bone loss,
orthopedic implant failure, autoimmune disorders
including systemic lupus erythematosus, arthritis
including rheumatoid arthritis, osteoarthritis, renal
inflammation and glomerulonephritis; inflammatory
bowel disease; transplant rejection including renal
and bone marrow allografts and skin xenograft,
atherosclerosis, obesity, Alzheimer's Disease and
Langerhans cell histiocytosis, in a warm blooded
animal, such as man, in need of such treatment, said
method comprising administering to said animal an
effective amount of a compound of formula (I), or a
pharmaceutically salt thereof as defined
hereinbefore.In a further aspect of the invention
there is provided a pharmaceutical composition which
comprises a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein before in association with a
pharmaceutically-acceptable diluent or carrier for use
in the production of a CSF-IR kinase inhibitory effect
in a warm-blooded animal such as man. In a further
aspect of the invention there is provided a
pharmaceutical composition which comprises a compound
of the formula (I), or a pharmaceutically acceptable
salt thereof, as defined herein before in association
with a pharmaceutically-acceptable diluent or carrier
for use in the production of an anti-cancer effect in
a warm-blooded animal such as man. In a further aspect
of the invention there is provided a pharmaceutical
composition which comprises a compound of the formula
(I), or a pharmaceutically acceptable salt thereof, as
defined herein before in association with a
pharmaceutically-acceptable diluent or carrier for use
in the treatment of melanoma, papillary thyroid
tumours, cholangiocarcinomas, colon cancer, ovarian
cancer, lung cancer, leukaemias, lymphoid
malignancies, carcinomas and sarcomas in the liver,
kidney, bladder, prostate, breast and pancreas, and
primary and recurrent solid tumours of the skin,
colon, thyroid, lungs and ovaries in a warm-blooded
animal such as man. In a further aspect of the
invention, there is provided a pharmaceutical
composition comprising a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein before, and at least one pharmaceutically
acceptable diluent or carrier, for use in the
treatment of breast, ovarian, bladder, cervical,
endometrial, prostate, lung, kidney and pancreatic
tumors; haematological malignancies including
myelodysplastic syndrome, acute myelogenous leukemia,
chronic myelogenous leukemia, non Hodgkin's lymphoma,
Hodgkin's disease, multiple myeloma and chronic
lymphocytic leukemia; and glioma, squamous cell
carcinoma of the esophagus, malignant uveal melanoma
and follicular lymphoma, in a warm blooded animal such
as man. In a further aspect of the invention, there is
provided a pharmaceutical composition comprising a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, as defined herein before, and
at least one pharmaceutically acceptable diluent or
carrier, for usein the treatment of tumor-associated
osteolysis, osteoporosis including ovariectomy-induced
bone loss, orthopedic implant failure, autoimmune
disorders including systemic lupus erythematosus,
arthritis including rheumatoid arthritis,
osteoarthritis, renal inflammation and
glomerulonephritis; inflammatory bowel disease;
transplant rejection including renal and bone marrow
allografts and skin xenograft, atherosclerosis,
obesity, Alzheimer's Disease and Langerhans cell
histiocytosis, in a warm-blooded animal such as man.
In a further aspect of the invention, there is
provided a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein before, for use in the production of a CSF-IR
kinase inhibitory effect in a warm-blooded animal such
as man. In a further aspect of the invention, there is
provided a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein before, for use in the production of an
anti-cancer effect in a warm-blooded animal such as
man. In a further aspect of the invention, there is
provided a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein before, for use in the treatment of breast,
ovarian, bladder, cervical, endometrial, prostate,
lung, kidney and pancreatic tumors; haematological
malignancies including myelodysplastic syndrome, acute
myelogenous leukemia, chronic myelogenous leukemia,
non Hodgkin's lymphoma, Hodgkin's disease, multiple
myeloma and chronic lymphocytic leukemia; and glioma,
squamous cell carcinoma of the esophagus, malignant
uveal melanoma and follicular lymphoma, in a
warm-blooded animal such as man. In a further aspect
of the invention, there is provided a compound of
formula (I), or a pharmaceutically acceptable salt
thereof, as defined herein before, for use in the
treatment of tumor-associated osteolysis, osteoporosis
including ovariectomy-induced bone loss, orthopedic
implant failure, autoimmune disorders including
systemic lupus erythematosus, arthritis including
rheumatoid arthritis, osteoarthritis, renal
inflammation and glomerulonephritis; inflammatory
bowel disease; transplant rejection including renal
and bone marrow allografts and skin xenograft,
atherosclerosis, obesity, Alzheimer's Disease and
Langerhans cell histiocytosis, in a warm-blooded
animal such as man.According to a further aspect of
the invention there is provided the use of a compound
of the formula (I), or a pharmaceutically acceptable
salt thereof, as defined hereinbefore in the
production of a CSF-IR kinase inhibitory effect in a
warm-blooded animal such as man. According to this
aspect of the invention there is provided the use of a
compound of the formula (I), or a pharmaceutically
acceptable salt thereof, as defined hereinbefore in
the production of an anti-cancer effect in a
warm-blooded animal such as man. According to a
further feature of the invention, there is provided
the use of a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, as defined
herein before in the treatment of melanoma, papillary
thyroid tumours, cholangiocarcinomas, colon cancer,
ovarian cancer, lung cancer, leukaemias, lymphoid
malignancies, carcinomas and sarcomas in the liver,
kidney, bladder, prostate, breast and pancreas, and
primary and recurrent solid tumours of the skin,
colon, thyroid, lungs and ovaries. The CSF-IR kinase
inhibitory treatment defined hereinbefore may be
applied as a sole therapy or may involve, in addition
to the compound of the invention, conventional surgery
or radiotherapy or chemotherapy. Such chemotherapy may
include one or more of the following categories of
anti-tumour agents :- (i)
antiproliferative/antineoplastic drugs and
combinations thereof, as used in medical oncology,
such as alkylating agents (for example cis-platin,
carboplatin, cyclophosphamide, nitrogen mustard,
melphalan, chlorambucil, busulphan and nitrosoureas);
antimetabolites (for example antifolates such as
fluoropyrimidines like 5-fluorouracil and tegafur,
raltitrexed, methotrexate, cytosine arabinoside and
hydroxyurea; antitumour antibiotics (for example
anthracyclines like adriamycin, bleomycin,
doxorubicin, daunomycin, epirubicin, idarubicin,
mitomycin-C, dactinomycin and mithramycin);
antimitotic agents (for example vinca alkaloids like
vincristine, vinblastine, vindesine and vinorelbine
and taxoids like taxol and taxotere); and
topoisomerase inhibitors (for example
epipodophyllotoxins like etoposide and teniposide,
amsacrine, topotecan and camptothecin); (ii)
cytostatic agents such as antioestrogens (for example
tamoxifen, toremifene, raloxifene, droloxifene and
iodoxyfene), oestrogen receptor down regulators (for
example fulvestrant), antiandrogens (for example
bicalutamide, flutamide, nilutamide and cyproterone
acetate), LHRH antagonists or LHRH agonists (for
example goserelin, leuprorelin andbuserelin),
progestogens (for example megestrol acetate),
aromatase inhibitors (for example as anastrozole,
letrozole, vorazole and exemestane) and inhibitors of
5a-reductase such as finasteride; (iii) Agents which
inhibit cancer cell invasion (for example
metalloproteinase inhibitors like marimastat and
inhibitors of urokinase plasminogen activator receptor
function); (iv) inhibitors of growth factor function,
for example such inhibitors include growth factor
antibodies, growth factor receptor antibodies (for
example the anti-erbb2 antibody trastuzumab
[Herceptin(tm)] and the anti-erbbl antibody cetuximab
[C225]) , farnesyl transferase inhibitors, MEK
inhibitors, tyrosine kinase inhibitors and
serine/threonine kinase inhibitors, for example
inhibitors of the epidermal growth factor family (for
example EGFR family tyrosine kinase inhibitors such as
N/-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-
morpholinopropoxy)quinazolin-4-amine (gefitinib,
AZD1839), iV-(3-ethynylphenyl)-6,7-
bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib,
OSI-774) and 6-acrylamido- -(3-chloro-
4-fluorophenyl)-7-(3-morpholinopropoxy)quinazolin-4-am
ine (CI 1033)), for example inhibitors of the
platelet-derived growth factor family and for example
inhibitors of the hepatocyte growth factor family; (v)
antiangiogenic agents such as those which inhibit the
effects of vascular endothelial growth factor, (for
example the anti-vascular endothelial cell growth
factor antibody bevacizumab [Avastin(tm)], compounds
such as those disclosed in International Patent
Applications WO 97/22596, WO 97/30035, WO 97/32856 and
WO 98/13354) and compounds that work by other
mechanisms (for example linomide, inhibitors of
integrin avb3 function and angiostatin); (vi) vascular
damaging agents such as Combretastatin A4 and
compounds disclosed in International Patent
Applications WO 99/02166, WO00/40529, WO 00/41669,
WO01/92224, WO02/04434 and WO02/08213; (vii) antisense
therapies, for example those which are directed to the
targets listed above, such as ISIS 2503, an anti-ras
antisense; (viii) gene therapy approaches, including
for example approaches to replace aberrant genes such
as aberrant p53 or aberrant BRCAl or BRCA2, GDEPT
(gene-directed enzyme pro-drug therapy) approaches
such as those using cytosine deaminase, thymidine
kinase or a bacterial nitroreductase enzyme and
approaches to increase patient tolerance to
chemotherapy or radiotherapy such as multi-drug
resistance gene therapy;(ix) immunotherapy approaches,
including for example ex-vivo and in-vivo approaches
to increase the immunogenicity of patient tumour
cells, such as transfection with cytokines such as
interleukin 2, interleukin 4 or granulocyte-macrophage
colony stimulating factor, approaches to decrease
T-cell anergy, approaches using transfected immune
cells such as cytokine-transfected dendritic cells,
approaches using cytokine-transfected tumour cell
lines and approaches using anti-idiotypic antibodies;
(x) Cell cycle inhibitors including for example CDK
inhibitiors (eg flavopiridol) and other inhibitors of
cell cycle checkpoints (eg checkpoint kinase);
inhibitors of aurora kinase and other kinases involved
in mitosis and cytokinesis regulation (eg mitotic
kinesins); and histone deacetylase inhibitors; and
(xi) endothelin antagonists, including endothelin A
antagonists, endothelin B antagonists and endothelin A
and B antagonists; for example ZD4054 and ZD161 1(WO
96 40681), atrasentan and YM598. Such conjoint
treatment may be achieved by way of the simultaneous,
sequential or separate dosing of the individual
components of the treatment. Such combination products
employ the compounds of this invention within the
dosage range described hereinbefore and the other
pharmaceutically-active agent within its approved
dosage range. In addition to their use in therapeutic
medicine, the compounds of formula (I) and their
pharmaceutically acceptable salts are also useful as
pharmacological tools in the development and
standardisation of in vitro and in vivo test systems
for the evaluation of the effects of inhibitors of
CSF-IR kinase in laboratory animals such as cats,
dogs, rabbits, monkeys, rats and mice, as part of the
search for new therapeutic agents. In the above other
pharmaceutical composition, process, method, use and
medicament manufacture features, the alternative and
preferred embodiments of the compounds of the
invention described herein also apply.Examples The
invention will now be illustrated by the following non
limiting examples in which, unless stated otherwise:
(i) temperatures are given in degrees Celsius (C);
operations were carried out at room or ambient
temperature, that is, at a temperature in the range of
18-250C; (ii) organic solutions were dried over
anhydrous sodium sulphate; evaporation of solvent was
carried out using a rotary evaporator under reduced
pressure (600-4000 Pascals; 4.5-30 mniHg) with a bath
temperature of up to 60 C; (iii) in general, the
course of reactions was followed by TLC and reaction
times are given for illustration only; (iv) final
products had satisfactory proton nuclear magnetic
resonance (NMR) spectra and/or mass spectral data; 



(v) yields are given for illustration only and are not
necessarily those which can be obtained by diligent
process development; preparations were repeated if
more material was required; (vii) when given, NMR data
is in the form of delta values for major diagnostic
protons, given in parts per million (ppm) relative to
tetramethylsilane (TMS) as an internal standard,
determined at 400 MHz using perdeuterio dimethyl
sulphoxide (DMSOd 6) as solvent unless otherwise
indicated; (vii) chemical symbols have their usual
meanings; SI units and symbols are used; (viii)
solvent ratios are given in volume:volume (v/v) terms;
and (ix) mass spectra were run with an electron energy
of 70 electron volts in the chemical ionization (CI)
mode using a direct exposure probe; where indicated
ionization was effected by electron impact (EI), fast
atom bombardment (FAB) or electrospray (ESP); values
for m/z are given; generally, only ions which indicate
the parent mass are reported; and unless otherwise
stated, the mass ion quoted is (MH)+; (x) where a
synthesis is described as being analogous to that
described in a previous example the amounts used are
the millimolar ratio equivalents to those used in the
previous example; (xi) the following abbreviations
have been used: HATU O-(l- Azabenzotriazol-
1-y\)-N,N,N', iV'-tetramethyluronium
hexafluorophosphate; THF tetrahydrofuran; DMF L
-dimethylformamide; EtOAc ethyl acetate;DIEA
Lz,iV-diisopropylethylamine; DCM dichloromethane; DMSO
dimethylsulphoxide; MeCN acetonitrile; MeOH methanol;
and DPPA Diphenylphosphoryl azide (xii) "ISCO" refers
to normal phase flash column chromatography using 12 g
and 40 g pre packed silica gel cartridges used
according to the manufacturers instruction obtained
from ISCO, Inc, 4700 superior street Lincoln, NE,
USA.; and (xiii) "Gilson HPLC" refers to a YMC-AQC 18
reverse phase HPLC Column with dimension 20 mm/100 and
50 mm/250 in water/MeCN with 0.1% TFA as mobile phase,
obtained (xiv) Parr Hydrogenator or Parr shaker type
hydrogenators are systems for treating chemicals with
hydrogen in the presence of a catalyst at pressures up
to 5 atmospheres (60 psig) and temperatures to 80 0C.
Preparation of the Starting Materials Method 1
1,3-Thiazol-5-amine To a solution of
l,3-thiazole-5-carboxylic acid (728 mg, 5.6 mmol) in t
rt-BuOH (19 mL) was added Et3N (2.4 mL, 17 mmol) and
DPPA (2.5 mL, 11.3 mmol) and the resulting dark red
solution was heated to reflux for 8 hours. After
cooling, EtOAc was added, and the organic layer washed
with saturated NaHCO3 solution, water, brine, and
dried (MgSO4). Evaporation of the solvents under
reduced pressure afforded te t-butyl l,3-thiazol-5-
ylcarbamate (500 mg), which was used in the next step
without any further purification m/z: 201. To a
solution of ter t-butyl l,3-thiazol-5-ylcarbamate (500
mg) in MeOH (10 mL) at O0C was added slowly a solution
of 4N HCl in dioxane (5 ml) and the resulting yellow
solution was stirred at room temperature for 2 hours.
The title compound was isolated as a pale yellow solid
after filtration (150 mg) as its hydrochloride salt
m/z: 101.Method 2 2-Meth g l-1,3-thiazol-5-amine To a
solution of aminoacetonitrile bisulfate (6.4 g, 41.6
mmol) in anhydrous MeOH (75 ml) at O0C was added Et3N
( 11.6 mL, 83mmol). After 30 minutes, ethyl
dithioacetate (5g, 41.6 mmol) was added and the
resulting dark orange solution stirred at room
temperature for 2 hours. Half the solvent was removed
under reduced pressure. The solution was diluted with
an equivalent volume of EtOAc, washed with water, and
dried (Na2SO4) . The solvents were removed under
reduced pressure and the residue slurried in warm
EtOAc, cooled in an ice bath, and filtered to give
2.45g (52%) of a brown solid. 1H NMR DMSO-d6: 6.62 (s,
1H) 5.36 (bs, 2 H) 2.89 (s, 3 H); m/z: 115. Method 3
5-Amino-iV-methyl-1.3-thiazole-2-carboxamide To a
solution of 2-chloro-iV-methylacetamide (1.0 g, 9.3
mmol) in DMF (10 ml) was added Et3N (2.9 mL) and
sulfur (595 mg, 18.6 mmol). After 2 hours, methyl
iodide (0.6 mL, 10.2 mmol) was added and the dark
solution was stirred at room temperature for a further
3 hours. The reaction mixture was partitioned between
EtOAc and water, and the organic layer washed with IN
sodium thiosulfate solution, water, and dried (MgSO4)
. Evaporation of the solvents afforded methyl
3-(methylamino)-3-oxoethane(dithioate) (300 mg), which
was used without further purification in the next
step. To a solution of aminoacetonitrile bisulfate
(400 mg) in EtOAc (10 ml) was added Et3N (5 mL) and
methyl 3-(methylamino)-3-oxoethane(dithioate) (300
mg), and the resulting dark orange solution was
stirred at room temperature for 18 hours. The title
compound was isolated via filtration (50 mg). m/z:
158. Methods 4 and 5 The following compounds were
prepared by a procedure analogous to that of Method 3,
using the appropriate starting material.Method 6
3-(1-Cyano- 1-methylethvDbenzoic acid A solution of
3-(l-cyano-l-methylethyl)benzoic acid methyl ester
(Method 14, 5.5 g, 27.1 mmol) in 100 ml of
THF/MeOH/water (3:1:1) was treated with lithium
hydroxide (1.95 g) in 20 ml water. The mixture was
stirred at room temperature for 12 hours. The solvent
was removed under reduced pressure and the resulting
solution was diluted with water, then acidified with
10% HCl to pH ~2. The resulting white solid (4.83 g,
94%) was filtered, washed with water and dried. 1HNMR:
13.00 (s, IH), 7.95 (s, IH), 7.80 (d, IH), 7.65 (d,
IH), 7.45 (m, IH), 1.60 (s, 6H); m/z: 189. Methods 7
to 13 The following compounds were prepared by a
procedure analogous to that of Method 6, using the
appropriate starting material.Method 14
3-fl-Cyano-l-methylethyl)benzoic acid methyl ester A
solution of 3-cyanomethyl-benzoic acid methyl ester
(Method 15, 7.2 g, 41.1 mmol) in anhydrous DMSO (80
ml) was treated with NaH (60% in mineral oil, 4.9 g,
123.3 mmol). Methyl iodide was added dropwise at 0 C.
The reaction mixture was stirred at room temperature
for 12 hours, quenched with water (200 ml) and
extracted with EtOAc. The combined organics were dried
and concentrated under reduced pressure. The crude
product was purified by column chromatography
utilizing an ISCO system (hexane-EtOAc) to give 5.5 g
(66%) of a colourless oil. 1H NMR: 8.05 (s, IH), 7.90
(d, IH), 7.75 (d, IH), 7.55 (m, IH), 3.80 (s, 3H),
1.62 (s, 6H); m/z: 203. Method 15
3-Cvanomethyl-benzoic acid methyl ester A suspension
of methyl-3-(bromomethyl)benzoate (13.5 g, 58.9 mmol)
and sodium cyanide (4.33 g, 88.4 mmol) in DMF (25 ml)
and water ( 1 ml) was stirred at 75 C for 5 hours. The
reaction mixture was quenched with water (50 ml),
extracted with EtOAc (3 x 100ml) and the combined
organics were dried and concentrated under reduced
pressure. The residue was purified by column
chromatography utilizing an ISCO system (hexane-EtOAc)
to give 7.2 g (70%) of a colourless oil. 1HNMR: 7.90
(s, IH), 7.86 (d, IH), 7.60 (d, IH), 7.50 (m, IH),
4.10 (s, 2H), 3.80 (s, 3H); m/z: 175. Method 16 Methyl
5- [3- C1-cyano- 1-methylethyDbenzoyl] amino >-2-methy
lbenzoate A solution of methyl 5-amino-2-methy
lbenzoate (Method 22, 2.7 g, 16.4 mmol), 3-(lcyano-
1-methylethyl)benzoic acid (Method 6, 3.13 g, 16.6
mmol) and V5JVdiisopropylethylamine (8.67 ml, 49.8
mmol) in DMF (33 ml) at 0C was treated with HATU (9.47
g, 24.9 mmol). The reaction was stirred at room
temperature for 24 hours, quenched with water (30 ml)
and extracted with EtOAc (100 ml). The organic layer
was washed with brine (200 ml), dried (MgSO 4) and
concentrated under reduced pressure to give 5.58 g of
a reddish-brown oil. m/z: 336. Methods 17 and 18 The
following compounds were prepared by a procedure
analogous to that of Method 16, using the appropriate
starting material and methyl 5-amino-2-chlorobenzoate
Method 24. Method 19 Methyl
2-chloro-5-{r3-fluoro-5-(trifluoromethyl)benzoyl1amino
}benzoate To a solution of methyl
5-amino-2-chlorobenzoate (Method 24, 2.25 g, 12.1
mmol) and triethylamine (2.53 ml, 18.2 mmol) in DCM
(15 ml) at O0C was added 3-fluoro-5-
(trifluoromethyl)benzoyl chloride (3.02 g, 13.3 mmol).
After 1.5 hours, the reaction mixture was diluted with
DCM (100 ml), washed with IN HCl (30 ml), water (30
ml), brine (30 ml) and dried (MgSO4) . The crude
product was recrystallized from EtOAc:Hex (3 crops) to
give 3.55 g (78%) white solid.1HNMR CDCl3 8.05 (s, 1
H), 7.86 (m, 3 H), 7.79 (d, 1 H), 7.55 (d, 1 H), 7.48
(d, 1 H), 3.94 (S53 H); m/z: 374. Methods 20 and 21
The following compounds were prepared by a procedure
analogous to that of Method 19, using the appropriate
starting material and 3-(trifluoromethyl)benzoyl
chloride. Method 22 Methyl 5-amino-2-meth g lbenzoate
A solution of methyl 2-methyl-5-nitrobenzoate (Method
23; 3.4 g) and 10% palladium on carbon (672 mg) in
MeOH (20 ml) was treated with H2 for 48 hours. The
reaction mixture was then filtered through
diatomaceous earth and washed with MeOH (20 ml) and
EtOAc (10 ml). The solvents were removed under reduced
pressure to give 2.7 g of a brown oil. 1 NMR: 7.11 (d,
1 H), 6.94 (d, 1 H), 6.69 (dd, 1 H), 5.13 (s, 2 H),
3.78 (s, 3 H), 2.33 (s, 3 H); m/z: 165. Method 23
Methyl 2-methyl-5-nitrobenzoate A solution of
2-methyl-5-nitrobenzoic acid (3.9 g 21.5 mmol) in MeOH
(20 ml) was treated with HCl gas for 10 min. The
reaction was then refluxed in a sealed tube at 65 0C
for 24 hours. The solvent was evaporated giving a
cream coloured solid (4.8 g), which was dissolved in
EtOAc (200 ml), washed with water (200 ml), brine (200
ml), and dried (MgSO4) . The solvents were removed
under reduced pressure to give 3.4 g of a white solid.
1H NMR: 8.48 (d, 1 H), 8.27 (dd, 1 H), 7.60 (d, 1 H),
3.87 (s, 3 H), 2.60 (s, 3 H); m/z: 196.Method 24
Methyl 5-amino-2-chlorobenzoate Thionyl chloride (1.30
ml, 17.8 minol) was added to a solution of 5-amino-2-
chlorobenzoic acid (3.06 g, 17.8mmol) in MeOH (20 ml).
The reaction mixture was stirred for 5 16 hours,
concentrated and the residue dissolved in EtOAc ( 150
ml). The organic layer was washed with sat. NaHCO3
solution (75 ml), water (50 ml), brine (50 ml) and
dried (MgSO4) . The solvents were removed under
reduced pressure to give 2.25 g (68%) of a colorless
oil. 1HNMR CDCl3 7.18 (d, 1 H), 7.11 (d, 1 H), 6.71
(dd, 1 H), 3.90 (s, 3 H); m /z: 186. 10 Method 25
5-Amino-2-methyl- -
('2-methyl-1.3-thiazol-5-yl)benzamide A solution of
tert-bntyl (4-methyl-3-{[(2-methyl-l,3-thiazol-5-
yl)amino]carbonyl}phenyl)carbamate (Example 84, 3.4g,
9.79mmol) in MeOH was treated with HCl gas for 30
minutes. The reaction mixture was stirred for 20
hours, and concentrated. 15 The crude product was
recrystallized from MeOH to give 1.8g (74%) of a white
solid, m /z: 248. Method 26 The following compound was
prepared by a procedure analogous to that of Method 20
25, using the appropriate starting material. Method 27
5- [(fer -Butoxycarbonyl)aminol-2-methylbenzoic acid
25 A solution of methyl
5-[(fert-butoxycarbonyl)amino]-2-methylbenzoate
(Method 29, 14.8 g, 55.9 mmol) in MeOH:THF:water
(1:1:1, 300 ml) was treated with KOH (5 eq.) and
stirred for 20 hours. The organic solvent was removed
under reduced pressure, and the remaining aqueous
phase was acidified to pH = 4 with dilute HCl. The
aqueous phase wasextracted with EtOAc and the organic
layer dried ((Na SO4) and concentrated to give 12.1 g
(86%) of a white solid. 1HNMR: 9.28 (s, 1 H), 7.80 (s,
1 H), 7.36 (dd, 1 H), 7.04 (d, 1 H), 2.37 (s, 3 H),
1.45 (s, 9 H). Method 28 The following compound was
prepared by a procedure analogous to that of Method
27, using the appropriate starting material. 10 Method
29 Methyl 5-[(fer
-butoxycarbonvDamino]-2-methylbenzoate To a solution
of methyl 5-amino-2-methylbenzoate (Method 22, 4.3 g,
26.0 mmol) in 15 THF (160 ml) and water (40ml) was
added di-ter -butyldicarbonate (17.0 g, 78.1 mmol) and
K2CO3 (10.8 g, 78.1 mmol). The reaction mixture was
stirred for 16 hours, the organic solvent was removed
under reduced pressure, and the remaining aqueous
phase was extracted with EtOAc. After concentration of
the organic layer, chromatography gave 6.2 g (90%) of
a white solid. 20 1HNMR: 9.46 (s, 1 H), 8.05 (d, 1 H),
7.47 (dd, 1 H), 7.19 (d, 1 H), 3.81 (s, 3 H), 2.42 (s,
3 H), 1.47 (s, 9 H). Method 30 The following compound
was prepared by a procedure analogous to that of
Method 25 29, using the appropriate starting
material.Method 31 S-Cvclopropyl-S-fluorobenzoic acid
To a solution of 3-bromo-5-fluorobenzoic acid (0.500
g, 4.56 mmol) and cyclopropylboronic acid (0.590 g,
6.84 mmol) in toluene (15 ml) and water (0.75 ml) was
added K3PO4 (3.86 g, 18.24 mmol) and Pd(PPh3)4 (1.05
g, 0.912 mmol). The reaction mixture was heated to 100
C for 12 hours, cooled to room temperature, and
quenched with 10% aqueous NaOH (100 ml). The reaction
mixture was washed with EtOAc (100 ml) and the
resulting aqueous layer isolated and brought to a pH
of ~2 by the careful addition of 3N HCl. The resulting
precipitate was filtered, washed with water (100 ml),
and dried under vacuum for 24 hours to give 0.3 1g
(37%) off-white solid; m/z: 181. Method 32
S-Cyclopropylbenzoic acid To a solution of diethyl
zinc (12.3 ml, IM in hexanes) in DCM (20 ml) at 0 0C
was added dropwise via syringe trifluoroacetic acid
(1.40 g, 12.3 mmol), and after 20 minutes stirring,
diiodomethane (3.30 g, 12.3 mmol). After 20 minutes,
methyl 3-vinylbenzoate (1.00 g, 6.16 mmol) was added,
and the cooling bath removed. After 3 hours, the
reaction was quenched by the addition of saturated
NH4Cl solution (50 ml). The aqueous phase was
extracted with DCM (3 x 50 ml), and the combined
organic extract dried (MgSO4) and 



concentrated in vacuo to yield the crude reaction
product which was purified by column chromatography
(hexanes/EtOAc 10:1) to give 1.01 g (94 %) methyl
3-cyclopropylbenzoate as a colourless oil; m/z: 111.
To a solution of methyl-3-cyclopropylbenzoate (0.275
g, 1.56 mmol) in MeOH (10 ml) and H2O ( 1 ml) was
added LiOH-H2O (0.13 1 g, 3.00 mmol). After 3 hours
the pH was adjusted to 3 by the addition of 3N HCl,
and the aqueous phase extracted with EtOAc (3 X25 ml).
The combined organic extract was washed with brine (25
mL), dried (MgSO4), and concentrated in vacuo to yield
0.192 g (76 %) white solid; m/z:l61. Method 33
2-Isopropyl-1.3-thiazol-5-amine A solution of
2-methylpropanoic acid (2.5 g, 28.8 mmol) in
1,2,4-trichlorobenzene (5 mL) was added to a
suspension of 2,4-bis(methy
ItWo)-1,3,2,4-dithiadiphosphetane 2,4- disulfide (Davy
Reagent) (5 g, 15.85 mmol) in 1,2,4-trichlorobenzene
(20 ml) at room temperature. The resulting yellow
reaction mixture was heated to 130 C for 10 min. The
crude methyl 2-methylpropane dithioate was collected
with 1,2,4-trichlorobenzene via vacuum distillation,
which was used in the next step without any further
purification. Aminoacetonitrile (4.43 g,28.8 mmol) in
40 ml of methanol was treated with TEA (5.8 g, 57.6
mmol). The reaction was then cooled to 0 0C and methyl
2-methylpropane dithioate (-28 mmol) in
1,2,4-trichlorobenzene was added to the reaction with
an addition funnel over 15 minutes. The resulting
reaction mixture was allowed to stir to room
temperature over 2 days before being concentrated in
vacuo. The residue was partitioned between water and
chloroform, separated, and the aqueous phase was
extracted an additional with CHCl3. The organic layers
were combined, dried over anhydrous sodium sulfate,
filtered, the filtrate was concentrated in vacuo
giving the crude product. The residue was purified on
120 g of SiO2 using hexanes:EtOAc (1:1) as eluent
yielding 0.620 g (15% over two steps) of the title
compound as a brown solid. 1 NMR (400MHz, DMSO): 6.55
(s, IH), 5.30 (s, 2H), 3.00 (m, IH), 1.20 (d, 6H); / :
142. Method 34 The following compound was prepared by
the procedure of Method 33, using the appropriate
starting material.Method 35 Ethyl difluoro
(2-iodocyclohexyDacetate Cyclohexene (1.64 g, 20 mmol)
and ethyl iododifluoroacetate (5 g, 20 mmol) were
dissolved in a solvent system of water (20 ml) and
acetonitrile (20 ml). Sodium dithionite (7.4 g) and
sodium bicarbonate (3.7 g) were then added to the
solution. The mixture was allowed to stir at ambient
temperature for 12 h. The reacttion was then treated
with water (~ 100 ml), poured into a separatory
funnel, and extracted with ether (3 x 40 ml). The
combined organic layer was washed with saturated
aqueous NaCl, dried over anhydrous sodium sulfate, and
concentrated in vacuo to yield the crude product which
was purified via SiO2 chromatography using
hexane-EtOAc (9:1) as eluent to give 4.9 g (74 %) of
the title compound as a mixture of diastereoisomers.
Method 36 Ethyl cyclohexyl (difluoro) acetate A flask
fitted with a stir bar and a condenser topped with a
nitrogen inlet was charged with Zinc(S) (1.92 g, 29.5
mmol), of NiCl2.6H2O (0.354 g, 1.476 mmol), 2.5 drops
of water, and 25 ml of THF. The resulting mixture was
stirred at 25 C for 15 min, and then ethyl difluoro
(2-iodocyclohexyl)acetate (Method 35) (4.9 g, 14.76
mmol) was added and the reaction was stirred for 4 h.
The reaction mixture was then poured into a saturated
aqueous solution OfNH4Cl and extracted with ether (3 x
30 ml). The combined organic phase was dried with
MgSO4, filtered, and concentrated in vacuo to yield
the crude product which was purified via SiO
chromatography using hexane-EtOAc (9:1) as eluent to
give 1.5 g (49 %) of the title compound as a light
yellow oil. Example 1 5-{ 3 -(1-Cyano-
1-methylethyDbenzoyl]amino -2-methyl- - 2-methyl- 1
3-thiazol-5- vDbenzamide A solution of
5-{[3-(l-cyano-l-methylethyl)benzoyl]amino}-2-methylbe
nzoic acid (Method 7, 82 mg, 0.25 mmol),
2-methyl-l,3-thiazol-5-amine (Method 2, 28 mg, 0.25
mmol), HATU (101 mg, 0.275 mmol) and L
-diisopropylethylamine (0.135 mL) in DMF (0.5 mL) was
stirred for 16 hours at room temperature. The reaction
mixture was partitioned between water and EtOAc, and
the organic layer was washed with brine and dried
(MgSO4) .Purification by reverse HPLC (5%-95%
water-MeCN, 15 minutes) afforded 51mg (48%) of title
compound after evaporation of the solvents. 1H NMR
CDCl3 11.80 (s, 1H) 10.39 (s, 1 H) 8.64 (s, 1 H) 7.90
- 8.02 (m, 3 H) 7.78- 7.81 (m, 2 H) 7.60 (t, 1 H) 7.35
(d, 1 H) 2.49 (s, 3H) 2.39 (s, 3 H) 1.76 (s, 6 H); m/z
419. Examples 2-24 The following compounds were
prepared by a procedure analogous to that described in
Example 1 using l,3-thiazol-5-amine (Method 1),
2-methyl-l,3-thiazol-5-amine (Method 2),
5-amino-iV-methyl-l,3-thiazole-2-carboxamide (Method
3), 2-(morpholin-4-ylcarbonyl)- 1,3-thiazol-5-amine
(Method 4), 5-amino- -methoxy- -methyl-
1,3-thiazole-2-carboxamide (Method 5),
2-Isopropyl-l,3-thiazol-5-amine (Method 33), or
2-Cyclopropyl-l,3-thiazol-5- amine (Method 34), and
the appropriate starting material. In some cases,
alternative methods of purification were required
(column chromatography or recrystallization from EtOAc
:Hex).CHEMICAL COMPOUNDS The invention relates to
chemical compounds, or pharmaceutically acceptable
salts thereof, which possess B-Raf inhibitory activity
and are accordingly useful for their anti-cancer
activity and thus in methods of treatment of the human
or animal body. The invention also relates to
processes for the manufacture of said chemical
compounds, to pharmaceutical compositions containing
them and to their use in the manufacture of
medicaments of use in the production of an anti-cancer
effect in a warm-blooded animal such as man. The
classical Ras, Raf, MAP protein kinase/extracellular
signal -regulated kinase kinase (MEK), extracellular
signal -regulated kinase (ERK) pathway plays a central
role in the regulation of a variety of cellular
functions dependent upon cellular context, including
cellular proliferation, differentiation, survival,
immortalization and angiogenesis (reviewed in
Peyssonnaux and Eychene, Biology of the Cell, 2001,
93, 3-62). In this pathway, Raf family members are
recruited to the plasma membrane upon binding to
guanosine triphosphate (GTP) loaded Ras resulting in
the phosphorylation and activation of Raf proteins.
Activated Rafs then phosphorylate and activate MEKs,
which in turn phosphorylate and activate ERKs. Upon
activation, ERKs translocate from the cytoplasm to the
nucleus resulting in the phosphorylation and
regulation of activity of transcription factors such
as EUc-I and Myc. The Ras/Raf/MEK/ERK pathway has been
reported to contribute to the tumorigenic phenotype by
inducing immortalisation, growth factor-independent
growth, insensitivity to growth-inhibitory signals,
ability to invade and metastasis, stimulating
angiogenesis and inhibition of apoptosis (reviewed in
Kolch et al., Exp.Rev. MoI. Med., 2002, 25 April,
http://www.expertreviews.org/02004386h.htm). In fact,
ERK phosphorylation is enhanced in approximately 30%
of all human tumours (Hoshino et al., Oncogene, 1999,
18, 813-822). This may be a result of overexpression
and/or mutation of key members of the pathway. Three
Raf serine/threonine protein kinase isoforms have been
reported Raf-1 /c-Raf, B-Raf and A-Raf (reviewed in
Mercer and Pritchard, Biochim. Biophys. Acta, 2003,
1653, 25-40), the genes for which are thought to have
arisen from gene duplication. All three Raf genes are
expressed in most tissues with high-level expression
of B-Raf in neuronal tissue and A-Raf in urogenital
tissue. The highly homologous Raf family members have
overlapping but distinct biochemical activities and
biological functions (Hagemann and Rapp, Expt. Cell
Res. 1999, 253, 34-46). Expression of all three Raf
genes is required for normal murinedevelopment however
both c-Raf and B-Raf are required to complete
gestation. B-Raf -/- mice die at E12.5 due to vascular
haemorrhaging caused by increased apoptosis of
endothelial cells (Wojnowski et al., Nature Genet.,
1997, 16, 293-297). B-Raf is reportedly the major
isoform involved in cell proliferation and the primary
target of oncogenic Ras. Activating 5 somatic missense
mutations have been identified exclusively for B-Raf,
occurring with a frequency of 66% in malignant
cutaneous melanomas (Davies et al., Nature, 2002, 417,
949- 954) and also present in a wide range of human
cancers, including but not limited to papillary
thyroid tumours (Cohen et al., J. Natl. Cancer Inst.,
2003, 95, 625-627), cholangiocarcinomas (Tannapfel et
al., Gut, 2003, 52, 706-712), colon and ovarian
cancers (Davies et al., Nature, 10 2002, 417,
949-954). The most frequent mutation in B-Raf (80%) is
a glutamic acid for valine substitution at position
600. These mutations increase the basal kinase
activity of B-Raf and are thought to uncouple
Raf/MEK/ERK signalling from upstream proliferation
drives including Ras and growth factor receptor
activation resulting in constitutive activation of
ERK. Mutated B-Raf proteins are transforming in NIH3T3
cells (Davies et al., Nature, 2002, 15 417, 949-954)
and melanocytes (Wellbrock et al., Cancer Res., 2004,
64, 2338-2342) and have also been shown to be
essential for melanoma cell viability and
transformation (Hingorani et al., Cancer Res., 2003,
63, 5198-5202). As a key driver of the Raf/MEK/ERK
signalling cascade, B-Raf represents a likely point of
intervention in tumours dependent on this pathway. 20
AstraZeneca applicationWO 00/20402 discloses certain
amide derivatives which are inhibitors of the
production of cytokines such as TNF, in particular of
TNFa, and various interleukins, in particular IL-I .
The present inventors have surprisingly found that
certain other, novel, amide derivatives are potent
B-Raf inhibitors and are accordingly expected to be
useful in the treatment of neoplastic disease. 25
Accordingly, the present invention provides a compound
of formula (I): (I) wherein:Ring A is phenyl or a 5-
or 6-membered heteroaryl; wherein if said heteroaryl
contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from R5; R1
is a substituent on carbon and is selected from halo,
nitro, hydroxy, trifluoromethoxy, amino, carboxy,
carbamoyl, mercapto, sulphamoyl, d - alkyl,
C2-6alkenyl, C2-6alkynyl, d -6alkoxy, C1-6alkanoyl, d
- alkanoyloxy, N-(C1-6alkyi)amino, Ci- alkanoylamino,
N-(C].6alkyl)carbamoyl, N,N-(Ci. 6alkyl)2carbamoyl,
C1-OaIlCyIS(O) wherein a is 0 to 2, d alkoxycarbonyl,
N^d-ealkytysulphamoyl, N,iV-(Ci.6alkyl) 2sulphamoyl, d
- alkylsulphonylamino, carbocyclyl or carbon linked
heterocyclyl; wherein R1 may be optionally substituted
on carbon by one or more R8; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by a group selected from R9;
n is selected from 1-4; wherein the values of R1 may
be the same or different; R2 is selected from
hydrogen, halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, Ci^alkyl, C2-6alkenyl, C2-6alkynyl, Ci-
alkoxy, Ci- alkanoyl, d-ealkanoyloxy, N-(d..
6alkyl)ammo, N N-(C 1-6alkyl)2amino, d.6alkanoylamino,
N^d-ealkytycarbamoyl, N,N-(Ci-6alkyl)2carbamoyl, d
.6alkylS(O) a wherein a is 0 to 2, Ci- alkoxycarbonyl,
-(Ci. 6alkyl)sulphamoyl, N-(C1-6alkyl) 2sulphamoyl, d
- alkylsulphonylamino, carbocyclyl-R 10- or
heterocyclyl-R 11-; wherein R2 may be optionally
substituted on carbon by one or more R12 ; and wherein
if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R13 ; R3 and R4 are substituents on
carbon and are independently selected from hydrogen,
halo, nitro, cyano, hydroxy, trifluoromethoxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, d - alkyl,
C2-6alkenyl, C2-6alkynyl, C1-6alkoxy, d - alkanoyl,
Ci-6alkanoyloxy, -(Ci -6alkyl)amino, N,N-(d.
6alkyl)2amino, C1-6alkanoylamino, N-(Ci
-6alkyl)carbamoyl, N N-(d.6alkyl) 2carbamoyl,
Ci-6alkylS(O) a wherein a is 0 to 2, d -
alkoxycarbonyl, N-(C1-6alkyl)sulphamoyl, N
N-(C1.6alkyl)2sulphamoyl, C1-6alkylsulphonylamino,
carbocyclyl-R 14- or heterocyclyl-R 15-; wherein R4
may be optionally substituted on carbon by one or more
R16 ; and wherein if said heterocyclyl contains an
-NH- moiety that nitrogen may be optionally
substituted by a group selected from R17; m is
selected from 0-4; wherein the values of R4 may be the
same or different;R8 and R12 are independently
selected from halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, - alkyl, C2-6alkenyl, C2-6alkynyl, Ci-
alkoxy, ,N-(C 1-6alkyl) 2amino, - alkanoylamino, N-(C
1-6alkyl)carbamoyl, N N-(Ci.6alkyl) 2carbamoyl, C1-
aUCyIS(O) wherein a is 0 to 2, C^alkoxycarbonyl, -(C
1-6alkyl)sulphamoyl, N N-(C 1-6alkyl) 2sulphamoyl, d -
alkylsulphonylamino, carbocyclyl-R 18- or
heterocyclyl-R 19-; wherein R8 and R12 independently
of each other may be optionally substituted on carbon
by one or more R20; and wherein if said heterocyclyl
contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from R2 1;
R16 is selected from halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
C1-6alkoxy, Ci- alkanoyl, C^allcanoyloxy, N- - alky
amino, N,N-(C1-6alkyl)2amino, C alkanoylamino, N-(C
1-6alkyl)carbamoyl, N,N-(C 1-6alkyl)2carbamoyl, C1-
aIlCyIS(O) wherein a is 0 to 2, Ci- alkoxycarbonyl,
iV,N-(C 1-6alkyl) 2sulphamoyl, Ci-
alkylsulphonylamino, carbocyclyl-R 22- or
heterocyclyl-R 23-; wherein R16 may be optionally
substituted on carbon by one or more R24; and wherein
if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R25; R10, Rp , R14, R15, R18, R19, R22
and R23 are independently selected from a direct bond,
-O-, -N(R26)-, -C(O)-, -N(R27)C(O)-, -C(O)N(R 28)-,
-S(O) -, -SO2N(R 29)- or -N(R 30)SO 2-; wherein R26,
R27, R28, R29 and R30 are independently selected from
hydrogen or Ci-6alkyl and s is 0-2; R5, R9, R13, R17,
R21 and R25 are independently selected from C1-6alkyl,
C1-6alkanoyl, d - alkylsulphonyl, Ci- aUcoxycarbonyl,
carbamoyl, N- d - allcyrjcarbamoyl, benzyl,
benzyloxycarbonyl, benzoyl and phenylsulphonyl; R20
and R24 are independently selected from halo, nitro,
cyano, hydroxy, trifluoromethoxy, trifluoromethyl,
amino, carboxy, carbamoyl, mercapto, sulphamoyl,
methyl, ethyl, hydroxymethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino,
diethylamino, N-methyl-iV-ethylamino, acetylamino,
N-methylcarbamoyl, N-ethylcarbamoyl,
N,N-dimethylcarbamoyl, N,N-diethylcarbamoyl,
N-methyl-N-ethylcarbamoyl, methylthio, ethylthio,
methylsulphinyl, ethylsulphinyl, mesyl,
ethylsulphonyl, methoxycarbonyl, ethoxycarbonyl,
N-methylsulphamoyl, -ethylsulphamoyl,
N,N-dimethylsulphamoyl, N,N-diethylsulphamoyl or
N-methyl-N-ethylsulphamoyl;or a pharmaceutically
acceptable salt thereof; with the proviso that said
compound is not
N-{3-[(6,7-dimethoxyquinazolin-4-yl)amino]-4-
methylphenyl}-3-(trifluoromethyl)benzamide. In this
specification the term "alkyl" includes both straight
and branched chain alkyl groups. References to
individual alkyl groups such as "propyl" are specific
for the straight chain version only and references to
individual branched chain alkyl groups such as
'isopropyl' are specific for the branched chain
version only. For example, "Ci^alkyl" includes
Ci^alkyl, C1 aI-CyI, propyl, isopropyl and -butyl. A
similar convention applies to other radicals, for
example "phenylCi- alkyl" includes phenylC 1-4alkyl,
benzyl, 1-phenylethyl and 2-phenylethyl. The term
"halo" refers to fluoro, chloro, bromo and iodo. Where
optional substituents are chosen from "one or more"
groups it is to be understood that this definition
includes all substituents being chosen from one of the
specified groups or the substituents being chosen from
two or more of the specified groups. Ring A is a "5-
or 6-membered heteroaryl". A "5- or 6-membered
heteroaryl" is a fully unsaturated aromatic ring
containing 5 or 6 atoms of which at least one atom is
chosen from nitrogen, sulphur or oxygen. Suitably
values for a "5- or 6-membered heteroaryl" include
pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, thienyl,
furyl, pyrrolyl and imidazolyl. 



A "heterocyclyl" is a saturated, partially saturated
or unsaturated, mono or bicyclic ring containing 4-12
atoms of which at least one atom is chosen from
nitrogen, sulphur or oxygen, which may, unless
otherwise specified, be carbon or nitrogen linked,
wherein a -CH 2- group can optionally be replaced by a
-C(O)- and a ring sulphur atom may be optionally
oxidised to form the S-oxides. A carbon linked
heterocyclyl is a heterocyclyl linked to the next
group via a carbon atom in the heterocyclyl ring.
Examples and suitable values of the term
"heterocyclyl" are morpholino, piperidyl, pyridyl,
pyranyl, pyrrolyl, pyrazolyl, isothiazolyl, indolyl,
quinolyl, thienyl, 1,3-benzodioxolyl, thiadiazolyl,
piperazinyl, thiazolidinyl, pyrrolidinyl,
thiomorpholino, pyrrolinyl, homopiperazinyl,
3,5-dioxapiperidinyl, tetrahydropyranyl, imidazolyl,
pyrimidyl, pyrazinyl, pyridazinyl, isoxazolyl,
N-methylpyrrolyl, 4-pyridone, 1-isoquinolone,
2-pyrrolidone, 4-thiazolidone, pyridine- N-oxide and
quinoline- N-oxide. A particular example of the term
"heterocyclyl" is pyrazolyl. In one aspect of the
invention a "heterocyclyl" is a saturated, partially
saturated or unsaturated, monocyclic ring containing 5
or 6 atoms of which at least one atom is chosen from
nitrogen, sulphur or oxygen, it may, unless otherwise
specified, be carbon or nitrogenlinked, a -CH2- group
can optionally be replaced by a -C(O)-and a ring
sulphur atom may be optionally oxidised to form the
S-oxides. A "carbocyclyl" is a saturated, partially
saturated or unsaturated, mono or bicyclic carbon ring
that contains 3-12 atoms; wherein a -CH2- group can
optionally be replaced by a -C(O)-. Particularly
"carbocyclyl" is a monocyclic ring containing 5 or 6
atoms or a bicyclic ring containing 9 or 10 atoms.
Suitable values for "carbocyclyl" include cyclopropyl,
cyclobutyl, 1-oxocyclopentyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, phenyl,
naphthyl, tetralinyl, indanyl or 1-oxoindanyl. A
particular example of "carbocyclyl" is phenyl. An
example of "C1-6alkanoyloxy" is acetoxy. Examples of
"C^galkoxycarbonyl" include methoxycarbonyl,
ethoxycarbonyl, n- and -butoxycarbonyl. Examples of
"Ci- alkoxy" include methoxy, ethoxy and propoxy.
Examples of "d- alkanoylamino" include formamido,
acetamido and propionylamino. Examples of
"C1-6alkylS(O)a wherein a is 0 to 2" include
methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, mesyl and ethylsulphonyl. Examples of
"C1-6alkanoyl" include propionyl and acetyl. Examples
of include methylamino and ethylamino. Examples of
"N,N-(Ci-6alkyl)2amino" include di-N-methylamino,
di-(N-ethyl)amino and N-ethyl-N-methylamino. Examples
of "C2-6alkenyl" are vinyl, allyl and 1-propenyl.
Examples of "C2-6alkynyl" are ethynyl, 1-propynyl and
2-propynyl. Examples of "N-Cd-ealky^sulphamoyl" are
N-(methyl)sulphamoyl and N-(ethyl)sulphamoyl. Examples
of "N-(Ci-6alkyl)2sulphamoyl" are
N,N-(dimethyl)sulphamoyl and
N-(methyl)-N-(ethyl)sulphamoyl. Examples of
"N-(C1-6alkyl)carbamoyl" are N-(C1-4alkyl)carbamoyl,
methylaminocarbonyl and ethylaminocarbonyl. Examples
of "N,N-(C1-6alkyl)2carbamoyl" are N
N-(C1-4alkyl)2carbamoyl, dimethylaminocarbonyl and
methylethylaminocarbonyl. Examples of "C
alkylsulphonyl" are mesyl, ethylsulphonyl and
isopropylsulphonyl. Examples of
"Q-ealkylsulphonylamino" are mesylamino,
ethylsulphonylamino and isopropylsulphonylamino. A
suitable pharmaceutically acceptable salt of a
compound of the invention is, for example, an
acid-addition salt of a compound of the invention
which is sufficiently basic, for example, an
acid-addition salt with, for example, an inorganic or
organic acid, for example hydrochloric, hydrobromic,
sulphuric, phosphoric, trifluoroacetic, citric or
maleic acid. In addition a suitable pharmaceutically
acceptable salt of a compound of the invention which
is sufficiently acidic is an alkali metal salt, for
example a sodium or potassium salt, an alkaline earth
metal salt, for example a calcium or magnesium salt,
an ammonium salt or a salt with anorganic base which
affords a physiologically-acceptable cation, for
example a salt with methylamine, dimethylamine,
trimethylamine, piperidine, morpholine or
tris-(2-hydroxyethyl)amine. Some compounds of the
formula (I) may have chiral centres and/or geometric
isomeric centres (E- and Z- isomers), and it is to be
understood that the invention encompasses all such
optical, diastereoisomers and geometric isomers that
possess B-Raf inhibitory activity. The invention
further relates to any and all tautomeric forms of the
compounds of the formula (I) that possess B-Raf
inhibitory activity. It is also to be understood that
certain compounds of the formula (I) can exist in
solvated as well as unsolvated forms such as, for
example, hydrated forms. It is to be understood that
the invention encompasses all such solvated forms
which possess B-Raf inhibitory activity. Particular
values of variable groups are as follows. Such values
may be used where appropriate with any of the
definitions, claims or embodiments defined
hereinbefore or hereinafter. Ring A is phenyl or a 5-
or 6-membered heteroaryl. Ring A is phenyl or a 5- or
6-membered heteroaryl; wherein if said heteroaryl
contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from R5;
wherein R5 is C^aUcyl. Ring A is phenyl, thienyl or
pyridyl. Ring A is phenyl, pyrazolyl, thienyl or
pyridyl; wherein said pyridyl may be optionally
substituted on nitrogen by a group selected from R5;
wherein R5 is C1-6alkyl. Ring A is phenyl, thien-2-yl
or pyrid-4-yl. Ring A is phenyl, thien-2-yl,
1-/-butyl- lH-pyrazol-4-yl, l-^-butyl-lH-pyrazol-5-yl
or pyrid-4-yl. R1 is a substituent on carbon and is
selected from halo, methyl, C1- aIlCyIS(O) wherein a
is 2, N,N-(C1-6alkyl)2sulphamoyl, carbocyclyl or
carbon linked heterocyclyl; wherein R1 may be
optionally substituted on carbon by one or more R8;
wherein R8 is selected from halo, cyano,
N,N-(C1-6alkyl)2amino. R1 is a substituent on carbon
and is selected from halo, Ci^alkyl, Ci-6alkylS(O)a
wherein a is 2, N N-(Ci-6alkyl)2sulphamoyl,
carbocyclyl or carbon linked heterocyclyl; wherein R1
may be optionally substituted on carbon by one or more
R8; wherein R8 is selected from halo, cyano or
N,N-(C1-6alkyl)2amino.R1 is a substituent on carbon
and is selected from fluoro, chloro, isopropyl, mesyl,
N,N-dimethylsulphamoyl, cyclopropyl, cyclobutyl or
carbon linked 2,3,5,6-tetrahydropyran; wherein R1 may
be optionally substituted on carbon by one or more R8;
wherein R8 is selected from fluoro, cyano,
N,N-dimethylamino. R1 is a substituent on carbon and
is selected from fluoro, chloro, methyl, isopropyl,
mesyl, N,N-dimethylsulphamoyl, cyclopropyl, cyclobutyl
or carbon linked 2,3,5,6-tetrahydropyran; wherein R1
may be optionally substituted on carbon by one or more
R8; wherein R8 is selected from fluoro, cyano or
N,N-dimethylamino. R1 is a substituent on carbon and
is selected from fluoro, chloro, trifluoromethyl,
1-methyl- 1-cyanoethyl, 1-cyanocyclobutyl, 4-cyano-2,3
,5,6-tetrahydropyran-4-yl, 1-cyanocyclopropyl,
isopropyl, mesyl, N,N-dimethylsulphamoyl,
dimethylaminomethyl and cyclopropyl. R1 is a
substituent on carbon and is selected from fluoro,
chloro, methyl, trifluoromethyl, 1-methyl-
1-cyanoethyl, 1-cyanocyclobutyl,
4-cyano-2,3,5,6-tetrahydropyran-4-yl,
1-cyanocyclopropyl, isopropyl, mesyl, N
N-dimethylsulphamoyl, dimethylaminomethyl and
cyclopropyl. R1 is a substituent on carbon and is
selected from 1-methyl- 1-cyanoethyl. R1 is not
trifluoromethyl. n is selected from 1 or 2; wherein
the values of R1 may be the same or different. n is 1.
n is 2; wherein the values of R1 may be the same or
different. R2 is hydrogen. R3 and R4 are substituents
on carbon and are independently selected from halo,
nitro, cyano, hydroxy, trifluoromethoxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, d - alkyl,
C2-6alkenyl, C2-6alkynyl, C1-6alkoxy, Ci-6alkanoyl,
C^alkanoyloxy, iV-(Ci-6alkyl)amino,
N,N-(C1-6alkyl)2amino, C alkanoylammo,
N^Q-ealky^carbamoyl, N-(C 1. alkyl) 2carbamoyl,
C1-OaIlCyIS(O) wherein a is 0 to 2,
C1-6alkoxycarbonyl, N-(C i-6alky l)sulphamoyl, N
N-(C\-6alkyl)2sulphamoyl, C\-6alkylsulphonylamino,
carbocyclyl-R 14- or heterocyclyl-R 15-; wherein R4
may be optionally substituted on carbon by one or more
R16 ; and wherein if said heterocyclyl contains an
-NH- moiety that nitrogen may be optionally
substituted by a group selected from R17 .R and R are
substituents on carbon and are independently selected
from halo, nitro, hydroxy, amino, carboxy, C^alkyl and
Q^alkoxy; wherein R4 may be optionally substituted on
carbon by one or more R16; R16 is selected from halo,
amino, N,N-(Ci-6alkyl)2amino, - alkoxycarbonylamino,
carbocyclyl-R22- or heterocyclyl-R23-; wherein R16 may
be optionally substituted on carbon by one or more
R24; and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R25; R22 and R23 are
independently selected from a direct bond and -O-; R25
is selected from C^alkyl and Ci- alkoxycarbonyl; R24
is hydroxymethyl. R3 and R4 are substituents on carbon
and are independently selected from hydrogen, halo,
nitro, hydroxy, amino, carboxy, Ci- alkyl and
C1-6alkoxy; wherein R4 may be optionally substituted
on carbon by one or more R16; R16 is selected from
halo, amino, Ci- alkoxy, Ci- alkoxycarbonylamino,
carbocyclyl-R22- or heterocyclyl-R 23-; wherein R16
may be optionally substituted on carbon by one or more
R24; and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R25; R22 and R23 are
independently selected from a direct bond and -O-; R25
is selected from C^alkyl and Ci- alkoxycarbonyl; R24
is hydroxymethyl. R3 and R4 are substituents on carbon
and are independently selected from fluoro, nitro,
hydroxy, amino, carboxy, methyl, methoxy, ethoxy,
propoxy and isopropoxy; wherein R4 may be optionally
substituted on carbon by one or more R16; R16 is
selected from fluoro, bromo, amino, N,N-dimethylamino,
-butoxyoxycarbonylamino, phenyl-R22-,
piperidinyl-R23-, azetidinyl-R23-, pyrrolidinyl-R23-
or morpholino-R23-; wherein R16 may be optionally
substituted on carbon by one or more R24; and wherein
said pyrrolidinyl or piperidinyl may be optionally
substituted on nitrogen by a group selected from R25 ;
R22 and R23 are independently selected from a direct
bond and -O-; R25 is selected from methyl and
-butoxycarbonyl; R24 is hydroxymethyl.R3 and R4 are
substituents on carbon and are independently selected
from hydrogen, fluoro, chloro, bromo, nitro, hydroxy,
amino, carboxy, methyl, methoxy, ethoxy, propoxy and
isopropoxy; wherein R4 may be optionally substituted
on carbon by one or more R16; R16 is selected from
fluoro, bromo, amino, methoxy, ,N-dimethylamino
^-butoxyoxycarbonylamino, phenyl-R22-,
piperidinyl-R23-, azetidinyl-R 23-, pyrrolidinyl-R23-
or morpholino-R23-; wherein R16 may be optionally
substituted on carbon by one or more R24; and wherein
said pyrrolidinyl, azetidinyl or piperidinyl may be
optionally substituted on nitrogen by a group selected
from R25; R22 and R23 are independently selected from
a direct bond and -O-; R25 is selected from methyl and
^-butoxycarbonyl; R24 is hydroxymethyl. R3 and R4 are
substituents on carbon and are independently selected
from fluoro, nitro, hydroxy, amino, carboxy, methoxy,
benzyloxy, 3-aminopropoxy, 3-morpholinopropoxy,
1-methylpyrrolidin-2-ylmethoxy, piperidin-4-ylmethoxy,
piperidin-3-ylmethoxy, azetidin-2-ylmethoxy,
azetidin-3-ylmethoxy, pyrrolidin-2-ylmethoxy,
pyrrolidin-3-yloxy, 2-(2-hydroxymethylpyrrolidin-
1-yl)ethoxy, 3-(2-hydroxymethylpyrrolidin-
1-yl)propoxy, 3-dimethylaminopropoxy, trifluoromethyl,
propoxy, isopropoxy, 3-(?-butoxycarbonylamino)propoxy,
3-bromopropoxy, 1-(
-butoxycarbonyl)piperidin-4-ylmethoxy and
1-(7-butoxycarbonyl)piperidin-3-ylmethoxy. R3 and R4
are substituents on carbon and are independently
selected from hydrogen, fluoro, chloro, bromo, nitro,
hydroxy, amino, carboxy, methyl, methoxy, benzyloxy,
3-aminopropoxy, 3-morpholinopropoxy, 2-methoxyethoxy,
1-methylpyrrolidin-2-ylmethoxy, piperidin-4-ylmethoxy,
piperidin-3 -ylmethoxy, azetidin-2-ylmethoxy, 1-
-butoxycarbonylazetidin-2-ylmethoxy,
azetidin-3-ylmethoxy, 1-/-butoxycarbonylazetidin-3
-ylmethoxy, pyrrolidin-2-ylmethoxy , 1-
-butoxycarbonylpyrrolidin-2-ylmethoxy,
pyrrolidin-3-yloxy, l -
-butoxycarbonylpyrrolidin-3-yloxy,
2-(2-hydroxymethylpyrrolidin-l-yl)ethoxy,
3-(2-hydroxymethylpyrrolidin- l-yl)propoxy,
3-dimethylaminopropoxy, trifluoromethyl, propoxy,
isopropoxy, 3-( -butoxycarbonylamino)propoxy,
3-bromopropoxy,
1-(/-butoxycarbonyl)piperidin-4-ylmethoxy and
1-(/-butoxycarbonyl)piperidin-3 -ylmethoxy. R3 is
hydrogen. m is selected from 0-2; wherein the values
of R4 may be the same or different. m is O.m is 1. m
is 2; wherein the values of R4 may be the same or
different. Therefore in a further aspect of the
invention there is provided a compound of formula (I)
(as depicted above) wherein: Ring A is phenyl or a 5-
or 6-membered heteroaryl; R1 is a substituent on
carbon and is selected from halo, methyl,
C1-6alkylS(O)a wherein a is 2, N
N-(Ci-6alkyl)2sulphamoyl, carbocyclyl or carbon linked
heterocyclyl; wherein R1 may be optionally substituted
on carbon by one or more R ; n is selected from 1 or
2; wherein the values of R1 may be the same or
different; R2 is hydrogen; R3 and R4 are substituents
on carbon and are independently selected from halo,
nitro, hydroxy, amino, carboxy, C^aUcyl and
C1-6alkoxy; wherein R4 may be optionally substituted
on carbon by one or more R16; m is selected from 0-2;
wherein the values of R4 may be the same or different;
R8 is selected from halo, cyano,
N,N-(Ci-6alkyl)2amino; R16 is selected from halo,
amino, N,N-(C1-6alkyl)2amino, C1-6alkoxycarbonylamino,
carbocyclyl-R22- or heterocyclyl-R23-; wherein R16 may
be optionally substituted on carbon by one or more
R24; and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R25; R22 and R23 are
independently selected from a direct bond and -O-; R24
is hydroxymethyl; and R25 is selected from C^alkyl and
Ci- alkoxycarbonyl; or a pharmaceutically acceptable
salt thereof; with the proviso that said compound is
not N-{3-[(6,7-dimethoxyquinazolin-4-yl)amino]-4-
methylphenyl} -3-(trifluoromethyl)benzamide. Therefore
in a further aspect of the invention there is provided
a compound of formula (I) (as depicted above) wherein:
Ring A is phenyl or a 5- or 6-membered heteroaryl;
wherein if said heteroaryl contains an -NH- moiety
that nitrogen may be optionally substituted by a group
selected from R5; R1 is a substituent on carbon and is
selected from halo, Q^alkyl, Ci.6alkylS(O)a wherein a
is 2, ,N-(Ci.6alkyl)2sulphamoyl, carbocyclyl or carbon
linked heterocyclyl; wherein R1 may be optionally
substituted on carbon by one or more R8; n is selected
from 1 or 2; wherein the values of R1may be the same
or different;R2 is hydrogen; R3 and R4 are
substituents on carbon and are independently selected
from hydrogen, 



halo, nitro, hydroxy, amino, carboxy, C^alkyl and
C1-6alkoxy; wherein R4 may be optionally substituted
on carbon by one or more R16; m is selected from 0-2;
wherein the values of R4 may be the same or different;
R5 is C1-6alkyl; R8 is selected from halo, cyano or
N,N-(C1-6alkyl)2amino; R16 is selected from halo,
amino, Ci-6alkoxy, N,N-(C1-6alkyl)2amino, Ci-
alkoxycarbonylamino, carbocyclyl-R22- or
heterocyclyl-R 23-; wherein R16 may be optionally
substituted on carbon by one or more R24; and wherein
if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R25; R22 and R23 are independently
selected from a direct bond and -O-; R25 is selected
from R24 is hydroxymethyl; or a pharmaceutically
acceptable salt thereof; with the proviso that said
compound is not
N-{3-[(6,7-dimethoxyquinazolin-4-yl)amino]-4-
methylphenyl}-3-(trifluoromethyl)benzamide. Therefore
in a further aspect of the invention there is provided
a compound of formula (I) (as depicted above) wherein:
Ring A is phenyl, thien-2-yl or pyrid-4-yl; R1 is a
substituent on carbon and is selected from fluoro,
chloro, trifluoromethyl, 1-methyl-1-cyanoethyl,
1-cyanocyclobutyl,
4-cyano-2,3,5,6-tetrahydropyran-4-yl,
1-cyanocyclopropyl, isopropyl, mesyl,
N,N-dimethylsulphamoyl, dimethylaminomethyl and
cyclopropyl; n is selected from 1 or 2; wherein the
values of R1 may be the same or different; R2 is
hydrogen; R3 and R4 are substituents on carbon and are
independently selected from fluoro, nitro, hydroxy,
amino, carboxy, methoxy, benzyloxy, 3-aminopropoxy,
3-morpholinopropoxy, 1-methylpyrrolidin-2-ylmethoxy,
piperidin-4-ylmethoxy, piperidin-3-ylmethoxy,
azetidin-2-ylmethoxy, azetidin-3-ylmethoxy,
pyrrolidin-2-ylmethoxy, pyrrolidin-3-yloxy,
2-(2-hydroxymethylpyrrolidin- 1-yl)ethoxy,
3-(2-hydroxymethylpyrrolidin- 1-yl)propoxy,
3-dirnethylaminopropoxy, trifluoromethyl, propoxy,
isopropoxy,3-(^butoxycarbonylamino)propoxy ,
3-bromopropoxy,
l-(/-butoxycarbonyl)piperidin-4-ylmethoxy and l-(
-butoxycarbonyl)riperidin-3-ylmethoxy; m is selected
ftom 0-2; wherein the values of R4 may be the same or
different; or a pharmaceutically acceptable salt
thereof; with the proviso that said compound is not
N-{3-[(6,7-dimethoxyquinazolin-4-yl)amino]-4-
methylphenyl}-3-(trifluoromethyl)benzamide. Therefore
in a further aspect of the invention there is provided
a compound of formula (I) (as depicted above) wherein:
Ring A is phenyl, thien-2-yl,
1-/-butyl-lH-pyrazol-4-yl, 1-/-butyl- lH-pyrazol-5-yl
or ryrid-4-yl; R1 is a substituent on carbon and is
selected from fluoro, chloro, methyl,
trifluorornethyl, 1-methyl- 1-cyanoethyl,
1-cyanocyclobutyl,
4-cyano-2,3,5,6-tetrahydropyran-4-yl,
1-cyanocyclopropyl, isopropyl, mesyl, N
N-dimethylsulphamoyl, dimethylaminomethyl and
cyclopropyl; n is selected from 1 or 2; wherein the
values of R1 may be the same or different; R2 is
hydrogen; R3 and R4 are substituents on carbon and are
independently selected from hydrogen, fluoro, chloro,
bromo, nitro, hydroxy, amino, carboxy, methyl,
methoxy, benzyloxy, 3-aminopropoxy,
3-morpholinopropoxy, 2-methoxyethoxy,
l-methylpyrrolidin-2-ylmethoxy, piperidin-4-ylmethoxy,
piperidin-3-ylmethoxy, azetidin-2-ylmethoxy,
1-/-butoxycarbonylazetidin-2-ylmethoxy,
azetidin-3-ylmethoxy,
1-z-butoxycarbonylazetidin-3-ylmethoxy,
pyrrolidin-2-ylmethoxy,
1-/-butoxycarbonylpyrrolidin-2-ylmethoxy,
pyrrolidin-3-yloxy,
l-/-butoxycarbonylpyrrolidin-3-yloxy,
2-(2-hydroxymethylryrrolidin-l-yl)ethoxy,
3-(2-hydroxymethylpyrrolidin-l-yl)propoxy,
3-dimethylaminopropoxy, trifluoromethyl, propoxy,
isopropoxy, 3-(/-butoxycarbonylamino)propoxy,
3-bromoproroxy,
l-(/-butoxycarbonyl)piperidin-4-ylmethoxy and
l-(/-butoxycarbonyl)piperidin-3-ylmethoxy; m is
selected from 0-2; wherein the values of R4 may be the
same or different; or a pharmaceutically acceptable
salt thereof; with the proviso that said compound is
not N-{3-[(657-dimethoxyquinazolin-4-yl)amino]-4-
methylphenyl}-3-(trifluoromethyl)benzamide. In another
aspect of the invention, preferred compounds of the
invention are any one of the Examples or a
pharmaceutically acceptable salt thereof.Another
aspect of the present invention provides a process for
preparing a compound of formula (I) or a
pharmaceutically acceptable salt thereof which process
(wherein variable are, unless otherwise specified, as
defined in formula (I)) comprises ofcProcess a)
reacting an amine of the formula (II) CI) with an acid
of formula (III): (III) or an activated acid
derivative thereof; Process b) reacting an amine of
formula (IV): (IV) with a compound of formula (V): (V)
wherein L is a displaceable group Process c) reacting
an amine of formula (VI):(VI) with a compound of
formula (VII): (VII) and thereafter if necessary: i)
converting a compound of the formula (I) into another
compound of the formula (I); ii) removing any
protecting groups; iii) forming a pharmaceutically
acceptable salt. L is a displaceable group, suitable
values for L are for example, a halo, for example a
chloro, bromo or iodo. G is a displaceable group,
suitable values for G are for example, a halo, for
example a chloro, bromo or iodo; tosyl or mesyl.
Specific reaction conditions for the above reactions
are as follows. Process a) Amines of formula (II) and
acids of formula (III) may be coupled together in the
presence of a suitable coupling reagent. Standard
peptide coupling reagents known in the art can be
employed as suitable coupling reagents, or for example
carbonyldiimidazole and dicyclohexyl-carbodiimide,
optionally in the presence of a catalyst such as
dimethylaminopyridine or 4-pyrrolidinopyridine,
optionally in the presence of a base for example
triethylamine, pyridine, or 2,6-di- / y/-pyridines
such as 2,6-lutidine or 2,6-di-fert-butylpyridine.
Suitable solvents include dimethylacetamide,
dichloromethane, benzene, tetrahydrofuran and
dimethylformamide. The coupling reaction may
conveniently be performed at a temperature in the
range of -40 to 50C. Suitable activated acid
derivatives include acid halides, for example acid
chlorides, and active esters, for example
pentafluorophenyl esters. The reaction of these types
ofcompounds with amines is well known in the art, for
example they may be reacted in the presence of a base,
such as those described above, and in a suitable
solvent, such as those described above. The reaction
may conveniently be performed at a temperature in the
range of -40 to 50C. Amines of formula (II) may be
prepared according to Scheme 1 : Scheme 1 Compounds of
formula (Ila) and (III) are commercially available
compounds, or they are known in the literature or they
may be prepared by standard processes known in the
art. Process h) and Process c) Compounds of formula
(IV) and (V) and compounds of formula (VI) and (VII)
can be reacted together by coupling chemistry
utilizing an appropriate catalyst and ligand such as
Pd2(dba)3 and BINAP respectively and a suitable base
such as sodium tertbutoxide. The reaction usually
requires thermal conditions often in the range of 80 C
to 100 0C. Compounds of formula (VI) may be prepared
according to Scheme 2 : Scheme 2 Compounds of formula
(VI) may be prepared by a modification of Scheme 2).
Compounds of formula (V), (VII) and (IVa)are
commercially available compounds, or they are known in
the literature or they may be prepared by standard
processes known in the art. It will be appreciated
that certain of the various ring substituents in the
compounds of the present invention may be introduced
by standard aromatic substitution reactions or
generated by conventional functional group
modifications either prior to or immediately following
the processes mentioned above, and as such are
included in the process aspect ofthe invention. Such
reactions and modifications include, for example,
introduction of a substituent by means of an aromatic
substitution reaction, reduction of substituents,
alkylation of substituents and oxidation of
substituents. The reagents and reaction conditions for
such procedures are well known in the chemical art.
Particular examples of aromatic substitution reactions
include the introduction of a nitro group using
concentrated nitric acid, the introduction of an acyl
group using, for example, an acyl halide and Lewis
acid (such as aluminium trichloride) under Friedel
Crafts conditions; the introduction of an alkyl group
using an alkyl halide and Lewis acid (such as
aluminium trichloride) under Friedel Crafts
conditions; and the introduction of a halogeno group.
Particular examples of modifications include the
reduction of a nitro group to an amino group by for
example, catalytic hydrogenation with a nickel
catalyst or treatment with iron in the presence of
hydrochloric acid with heating; oxidation of alkylthio
to alkylsulphinyl or alkylsulphonyl. It will also be
appreciated that in some of the reactions mentioned
herein it may be necessary/desirable to protect any
sensitive groups in the compounds. The instances where
protection is necessary or desirable and suitable
methods for protection are known to those skilled in
the art. Conventional protecting groups may be used in
accordance with standard practice (for illustration
see T.W. Green, Protective Groups in Organic
Synthesis, John Wiley and Sons, 1991). Thus, if
reactants include groups such as amino, carboxy or
hydroxy it may be desirable to protect the group in
some of the reactions mentioned herein. A suitable
protecting group for an amino or alkylamino group is,
for example, an acyl group, for example an alkanoyl
group such as acetyl, an alkoxycarbonyl group, for
example a methoxycarbonyl, ethoxycarbonyl or
-butoxycarbonyl group, an arylmethoxycarbonyl group,
for example benzyloxycarbonyl, or an aroyl group, for
example benzoyl. The deprotection conditions for the
above protecting groups necessarily vary with the
choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or alkoxycarbonyl group or
an aroyl group may be removed for example, by
hydrolysis with a suitable base such as an alkali
metal hydroxide, for example lithium or sodium
hydroxide. Alternatively an acyl group such as a
-butoxycarbonyl group may be removed, for example, by
treatment with a suitable acid as hydrochloric,
sulphuric or phosphoric acid or trifluoroacetic acid
and an arylmethoxycarbonyl group such as a
benzyloxycarbonyl group may be removed, for example,
by hydrogenation over a catalyst such as
palladium-on-carbon, or by treatment with a Lewis acid
for example boron tris(trifluoroacetate). A suitable
alternative protecting groupfor a primary amino group
is, for example, a phthaloyl group which may be
removed by treatment with an alkylamine, for example
dimethylaminopropylamine, or with hydrazine. A
suitable protecting group for a hydroxy group is, for
example, an acyl group, for example an alkanoyl group
such as acetyl, an aroyl group, for example benzoyl,
or an arylmethyl group, for example benzyl. The
deprotection conditions for the above protecting
groups will necessarily vary with the choice of
protecting group. Thus, for example, an acyl group
such as an alkanoyl or an aroyl group may be removed,
for example, by hydrolysis with a suitable base such
as an alkali metal hydroxide, for example lithium or
sodium hydroxide. Alternatively an arylmethyl group
such as a benzyl group may be removed, for example, by
hydrogenation over a catalyst such as
palladium-on-carbon. A suitable protecting group for a
carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be
removed, for example, by hydrolysis with a base such
as sodium hydroxide, or for example a -butyl group
which may be removed, for example, by treatment with
an acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group
which may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon. The
protecting groups may be removed at any convenient
stage in the synthesis using conventional techniques
well known in the chemical art. As stated hereinbefore
the compounds defined in the present invention possess
anti-cancer activity which is believed to arise from
the B-Raf inhibitory activity of the compounds. These
properties may be assessed, for example, using the
procedure set out below. B-Raf in vitro ELISA assay
Activity of human recombinant, purified wild type
His-B-Raf protein kinase was determined in vitro using
an enzyme-linked immunosorbent assay (ELISA) assay
format, which measures phosphorylation of the B-Raf
substrate, human recombinant, purified His-derived
(detagged) MEKl. The reaction utilized 2.5 nM B-Raf,
0.15 mM MEKl and l OmM adenosine triphosphate (ATP) in
40 mM N-(2-hydroxyethyl)piperazine-N'-(2-
ethanesulfonic acid hemisodium salt (HEPES), 5 mM
1,4-dithio-DL-threitol (DTT), 10 mM MgCl2, 1mM
ethylenediammetetraacetic acid (EDTA) and 0.2 M NaCl
(Ix HEPES buffer), with or without compound at various
concentrations, in a total reaction volume of 25ml in
384 well plates. B-Raf and compound were preincubated
in Ix HEPES buffer for 1 hour at 25 0C. Reactions were
initiated with addition of MEKl and ATP in Ix HEPES
buffer and incubatedat 25 C for 50 minutes and
reactions stopped by addition of 10 ml 175 mM EDTA
(final concentration 50 mM) in Ix HEPES buffer. 5 ml
of the assay mix was then diluted 1:20 into 50 mM EDTA
in Ix HEPES buffer, transferred to 384 well black high
protein binding plates and incubated overnight at 4 C.
Plates were washed in tris buffered saline containing
0.1% Tween20 (TBST), blocked with 50 ml Superblock
(Pierce) for 1 hour at 25 0C, washed in TBST,
incubated with 50 ml rabbit polyclonal
anti-phospho-MEK antibody (Cell Signaling) diluted
1:1000 in TBS for 2 hours at 25 0C, washed with TBST,
incubated with 50 ml goat anti-rabbit horseradish
peroxidase -linked antibody (Cell Signaling) diluted
1:2000 in TBS for 1 hour at 25 C and washed with TBST.
50 ml of fluorogenic peroxidase substrate (Quantablu -
Pierce) was added and following incubation for 45-60
minutes, 50 ml QuantabluSTOP (Pierce) was added. Blue
fluorescent product was detected at excitation 325 and
emission 420 using a TECAN Ultra plate reader. Data
was graphed and IC5os calculated using Excel Fit
(Microsoft). When tested in the above in vitro assay,
the compounds of the present invention exhibited
activity less than 30 mM. For example the following
results were obtained: According to a further aspect
of the invention there is provided a pharmaceutical
composition which comprises a compound of the formula
(I)5or a pharmaceutically acceptable salt thereof, as
defined hereinbefore, in association with a
pharmaceutically-acceptable diluent or carrier. The
composition may be in a form suitable for oral
administration, for example as a tablet or capsule,
for parenteral injection (including intravenous,
subcutaneous, intramuscular, intravascular or
infusion) as a sterile solution, suspension or
emulsion, for topical administration as an ointment or
cream or for rectal administration as a suppository.
In general the above compositions may be prepared in a
conventional manner using 



conventional excipients. The compound of formula (I)
will normally be administered to a warm-blooded animal
at a unit dose within the range 1-1000 mg/kg, and this
normally provides a therapeutically-effective dose.
Preferably a daily dose in the range of 10-100 mg/kg
is employed. However the daily dose will necessarily
be varied depending upon the host treated,the
particular route of administration, and the severity
of the illness being treated. Accordingly the optimum
dosage may be determined by the practitioner who is
treating any particular patient. According to a
further aspect of the present invention there is
provided a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, as defined
hereinbefore for use in a method of treatment of the
human or animal body by therapy. We have found that
the compounds defined in the present invention, or a
pharmaceutically acceptable salt thereof, are
effective anti-cancer agents which property is
believed to arise from their B-Raf inhibitory
properties. Accordingly the compounds of the present
invention are expected to be useful in the treatment
of diseases or medical conditions mediated alone or in
part by B-Raf, i.e. the compounds may be used to
produce a B-Raf inhibitory effect in a warm-blooded
animal in need of such treatment. Thus the compounds
of the present invention provide a method for treating
cancer characterised by inhibition of B-Raf, i.e. the
compounds may be used to produce an anticancer effect
mediated alone or hi part by the inhibition of B-Raf.
Such a compound of the invention is expected to
possess a wide range of anti-cancer properties as
activating mutations in B-Raf have been observed in
many human cancers, including but not limited to,
melanoma, papillary thyroid tumors,
cholangiocarcinomas, colon, ovarian and lung cancers.
Thus it is expected that a compound of the invention
will possess anti-cancer activity against these
cancers. It is hi addition expected that a compound of
the present invention will possess activity against a
range of leukaemias, lymphoid malignancies and solid
tumours such as carcinomas and sarcomas in tissues
such as the liver, kidney, bladder, prostate, breast
and pancreas. In particular such compounds of the
invention are expected to slow advantageously the
growth of primary and recurrent solid tumours of, for
example, the skin, colon, thyroid, lungs and ovaries.
More particularly such compounds of the invention, or
a pharmaceutically acceptable salt thereof, are
expected to inhibit the growth of those primary and
recurrent solid tumours which are associated with
B-Raf, especially those tumours which are
significantly dependent on B-Raf for their growth and
spread, including for example, certain tumours of the
skin, colon, thyroid, lungs and ovaries. Particularly
the compounds of the present invention are useful in
the treatment of melanomas. Thus according to this
aspect of the invention there is provided a compound
of the formula (I), or a pharmaceutically acceptable
salt thereof, as defined hereinbefore for use as a
medicament.According to a further aspect of the
invention there is provided the use of a compound of
the formula (I), or a pharmaceutically acceptable salt
thereof, as defined hereinbefore in the manufacture of
a medicament for use in the production of a B-Raf
inhibitory effect in a warm-blooded animal such as
man. According to this aspect of the invention there
is provided the use of a compound of the formula (I),
or a pharmaceutically acceptable salt thereof, as
defined hereinbefore in the manufacture of a
medicament for use in the production of an anti-cancer
effect in a warm-blooded animal such as man. According
to a further feature of the invention, there is
provided the use of a compound of the formula (I), or
a pharmaceutically acceptable salt thereof, as defined
herein before in the manufacture of a medicament for
use in the treatment of melanoma, papillary thyroid
tumours, cholangiocarcinomas, colon cancer, ovarian
cancer, lung cancer, leukaemias, lymphoid
malignancies, carcinomas and sarcomas in the liver,
kidney, bladder, prostate, breast and pancreas, and
primary and recurrent solid tumours of the skin,
colon, thyroid, lungs and ovaries. According to a
further aspect of the invention there is provided the
use of a compound of the formula (J), or a
pharmaceutically acceptable salt thereof, as defined
hereinbefore in the production of a B-Raf inhibitory
effect in a warm-blooded animal such as man. According
to this aspect of the invention there is provided the
use of a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, as defined
hereinbefore in the production of an anti-cancer
effect in a warm-blooded animal such as man. According
to a further feature of the invention, there is
provided the use of a compound of the formula (I), or
a pharmaceutically acceptable salt thereof, as defined
herein before in the treatment of melanoma, papillary
thyroid tumours, cholangiocarcinomas, colon cancer,
ovarian cancer, lung cancer, leukaemias, lymphoid
malignancies, carcinomas and sarcomas in the liver,
kidney, bladder, prostate, breast and pancreas, and
primary and recurrent solid tumours of the skin,
colon, thyroid, lungs and ovaries. According to a
further feature of this aspect of the invention there
is provided a method for producing a B-Raf inhibitory
effect in a warm-blooded animal, such as man, in need
of such treatment which comprises administering to
said animal an effective amount of a compound of
formula (I), or a pharmaceutically acceptable salt
thereof, as defined above. According to a further
feature of this aspect of the invention there is
provided a method for producing an anti-cancer effect
in a warm-blooded animal, such as man, in need ofsuch
treatment which comprises administering to said animal
an effective amount of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
above. According to an additional feature of this
aspect of the invention there is provided a method of
treating melanoma, papillary thyroid tumours,
cholangiocarcinomas, colon cancer, ovarian cancer,
lung cancer, leukaemias, lymphoid malignancies,
carcinomas and sarcomas in the liver, kidney, bladder,
prostate, breast and pancreas, and primary and
recurrent solid tumours of the skin, colon, thyroid,
lungs and ovaries, in a warm-blooded animal, such as
man, in need of such treatment which comprises
administering to said animal an effective amount of a
compound of formula (I) or a pharmaceutically
acceptable salt thereof as defined hereinbefore. In a
further aspect of the invention there is provided a
pharmaceutical composition which comprises a compound
of the formula (T), or a pharmaceutically acceptable
salt thereof, as defined herein before in association
with a pharmaceutically-acceptable diluent or carrier
for use in the production of a B-Raf inhibitory effect
in a warm-blooded animal such as man. In a further
aspect of the invention there is provided a
pharmaceutical composition which comprises a compound
of the formula (I), or a pharmaceutically acceptable
salt thereof, as defined herein before in association
with a pharmaceutically-acceptable diluent or carrier
for use in the production of an anti-cancer effect in
a warm-blooded animal such as man. In a further aspect
of the invention there is provided a pharmaceutical
composition which comprises a compound of the formula
(I), or a pharmaceutically acceptable salt thereof, as
defined herein before in association with a
pharmaceutically-acceptable diluent or carrier for use
in the treatment of melanoma, papillary thyroid
tumours, cholangiocarcinomas, colon cancer, ovarian
cancer, lung cancer, leukaemias, lymphoid
malignancies, carcinomas and sarcomas in the liver,
kidney, bladder, prostate, breast and pancreas, and
primary and recurrent solid tumours of the skin,
colon, thyroid, lungs and ovaries in a warm-blooded
animal such as man. The B-Raf inhibitory treatment
defined hereinbefore may be applied as a sole therapy
or may involve, in addition to the compound of the
invention, conventional surgery or radiotherapy or
chemotherapy. Such chemotherapy may include one or
more of the following categories of anti-tumour agents
:- (i) antiproliferative/antineoplastic drugs and
combinations thereof, as used in medical oncology,
such as alkylating agents (for example cis-platin,
carboplatin, cyclophosphamide, nitrogen mustard,
melphalan, chlorambucil, busulphan and nitrosoureas);
antimetabolites (forexample antifolates such as
fluoropyrimidines like 5-fluorouracil and tegafur,
raltitrexed, methotrexate, cytosine arabinoside and
hydroxyurea; antitumour antibiotics (for example
anthracyclines like adriamycin, bleomycin,
doxorubicin, daunomycin, epirubicin, idarubicin,
mitomycin-C, dactinomycin and mithramycin);
antimitotic agents (for example vinca alkaloids like
vincristine, vinblastine, vindesine and vinorelbine
and taxoids like taxol and taxotere); and
topoisomerase inhibitors (for example
epipodophyllotoxins like etoposide and teniposide,
amsacrine, topotecan and camptothecin); (ii)
cytostatic agents such as antioestrogens (for example
tamoxifen, toremifene, raloxifene, droloxifene and
iodoxyfene), oestrogen receptor down regulators (for
example fulvestrant), antiandrogens (for example
bicalutamide, flutamide, nilutamide and cyproterone
acetate), LHRH antagonists or LHRH agonists (for
example goserelin, leuprorelin and buserelin),
progestogens (for example megestrol acetate),
aromatase inhibitors (for example as anastrozole,
letrozole, vorazole and exemestane) and inhibitors of
5a-reductase such as finasteride; (iii) Agents which
inhibit cancer cell invasion (for example
metalloproteinase inhibitors like marimastat and
inhibitors of urokinase plasminogen activator receptor
function); (iv) inhibitors of growth factor function,
for example such inhibitors include growth factor
antibodies, growth factor receptor antibodies (for
example the anti-erbb2 antibody trastuzumab
[Herceptin(tm)] and the anti-erbbl antibody cetuximab
[C225]), farnesyl transferase inhibitors, MEK
inhibitors, tyrosine kinase inhibitors and
serine/threonine kinase inhibitors, for example
inhibitors of the epidermal growth factor family (for
example EGFR family tyrosine kinase inhibitors such as
N-(3-chloro-4-fluorophenyl)-7-methoxv-6-(3 - mof
holinopropoxy)quinazolin-4-amine (gefitinib, AZDl
839), N-(3-ethvnylphenvl)-6,7-
bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib,
OSI-774) and 6-acrylamido-N-(3-chloro-
4-fluorophenyl)-7-(3-morpholinopropoxy)quinazolin-4-am
ine (CI 1033)), for example inhibitors of the
platelet-derived growth factor family and for example
inhibitors of the hepatocyte growth factor family; (v)
antiangiogenic agents such as those which inhibit the
effects of vascular endothelial growth factor, (for
example the anti-vascular endothelial cell growth
factor antibody bevacizumab [Avastin(tm)], compounds
such as those disclosed in International Patent
Applications WO 97/22596, WO 97/30035, WO 97/32856
andWO 98/13354) and compounds that work by other
mechanisms (for example linomide, inhibitors of
integrin avb3 function and angiostatin);(vi) vascular
damaging agents such as Combretastatin A4 and
compounds disclosed in International Patent
Applications WO 99/02166, WO00/40529, WO 00/41669,
WO01/92224, WO02/04434 and WO02/08213; (vii) antisense
therapies, for example those which are directed to the
targets listed above, such as ISIS 2503, an anti-ras
antisense; (viii) gene therapy approaches, including
for example approaches to replace aberrant genes such
as aberrant p53 or aberrant BRCAl or BRCA2, GDEPT
(gene-directed enzyme pro-drug therapy) approaches
such as those using cytosine deaminase, thymidine
kinase or a bacterial nitroreductase enzyme and
approaches to increase patient tolerance to
chemotherapy or radiotherapy such as multi-drug
resistance gene therapy; (ix) immunotherapy
approaches, including for example ex-vivo and in-vivo
approaches to increase the imrnunogenicity of patient
tumour cells, such as transfection with cytokines such
as interleukin 2, interleukin 4 or
granulocyte-macrophage colony stimulating factor,
approaches to decrease T-cell anergy, approaches using
transfected immune cells such as cytokine-transfected
dendritic cells, approaches using cytokine-transfected
tumour cell lines and approaches using anti-idiotypic
antibodies; (x) Cell cycle inhibitors including for
example CDK inhibitiors (eg flavopiridol) and other
inhibitors of cell cycle checkpoints (eg checkpoint
kinase); inhibitors of aurora kinase and other kinases
involved in mitosis and cytokinesis regulation (eg
mitotic kinesins); and histone deacetylase inhibitors;
and (xi) endothelin antagonists, including endothelin
A antagonists, endothelin B antagonists and endothelin
A and B antagonists; for example ZD4054 and ZD161 1
(WO 96 40681), atrasentan and YM598. Such conjoint
treatment may be achieved by way of the simultaneous,
sequential or separate dosing of the individual
components of the treatment. Such combination products
employ the compounds of this invention within the
dosage range described hereinbefore and the other
pharmaceutically-active agent within its approved
dosage range. In addition to their use in therapeutic
medicine, the compounds of formula (I) and their
pharmaceutically acceptable salts are also useful as
pharmacological tools in the development and
standardisation of in vitro and in vivo test systems
for the evaluation of the effects of inhibitors of
B-Raf in laboratory animals such as cats, dogs,
rabbits, monkeys, rats and mice, as part of the search
for new therapeutic agents.In the above other
pharmaceutical composition, process, method, use and
medicament manufacture features, the alternative and
preferred embodiments of the compounds of the
invention described herein also apply. Examples The
invention will now be illustrated by the following
non-limiting examples in which, unless stated
otherwise: (i) temperatures are given in degrees
Celsius (0C); operations were carried out at room or
ambient temperature, that is, at a temperature in the
range of 18-25 0C; (ii) organic solutions were dried
over anhydrous sodium sulphate; evaporation of solvent
was carried out using a rotary evaporator under
reduced pressure (600-4000 Pascals; 4.5-30 mmHg) with
a bath temperature of up to 60 0C; (iii) in general,
the course of reactions was followed by TLC and
reaction times are given for illustration only; (iv)
final products had satisfactory proton nuclear
magnetic resonance (NMR) spectra and/or mass spectral
data; (v) yields are given for illustration only and
are not necessarily those which can be obtained by
diligent process development; preparations were
repeated if more material was required; (vii) when
given, NMR data is in the form of delta values for
major diagnostic protons, given in parts per million
(ppm) relative to tetramethylsilane (TMS) as an
internal standard, determined at 400 MHz using
perdeuterio dimethyl sulphoxide (DMSO-d6) as solvent
unless otherwise indicated; (vii) chemical symbols
have their usual meanings; SI units and symbols are
used; (viii) solvent ratios are given in volume:volume
(v/v) terms; and (ix) mass spectra were run with an
electron energy of 70 electron volts in the chemical
ionization (CI) mode using a direct exposure probe;
where indicated ionization was effected by electron
impact (EI), fast atom bombardment (FAB) or
electrospray (ESP); values for m/z are given;
generally, only ions which indicate the parent mass
are reported; and unless otherwise stated, the mass
ion quoted is (MH)+; (x) where a synthesis is
described as being analogous to that described in a
previous example the amounts used are the millimolar
ratio equivalents to those used in the previous
example; (xi) the following abbreviations have been
used: HATU 0-(7-Azabenzotriazol- 1-yl)-N,N,N ',N
'-tetamethyluronium hexafluorophosphate;THF
tetrahydrofuran; DMF N,N-dimethylformamide; EtOAc
ethyl acetate; DIEA N, N-diisoprorylethylamine; 5 DCM
dichloromethane; DMSO dimethylsulphoxide; MeCN
acetonitrile; TFA trifluoroacetic acid; DIAD
diisopropyl azodicarboxylate; 10 MeOH methanol; 



(xii) "ISCO" refers to normal phase flash column
chromatography using 12 g and 40 g pre packed silica
gel cartridges used according to the manufacturers
instruction obtained from ISCO, Inc, 4700 superior
street Lincoln, NE, USA.; and (xiii) "Gilson HPLC"
refers to a YMC-AQC 18 reverse phase HPLC Column with
dimension 15 20 mm/100 and 50 mm/250 in water/MeCN
with 0.1% TFA as mobile phase, obtained (xiv) Parr
Hydrogenator or Parr shaker type hydrogenators are
systems for treating chemicals with hydrogen in the
presence of a catalyst at pressures up to 5
atmospheres (60 psig) and temperatures to 80 0C. 20
Example 1 4-| f2-Methyl-5-{r3-(trifluoromethyl
)benzoyl1amino|phenyl ')aminolquinazoline-7-carboxylic
acid
4-[(5-Amino-2-methylphenyl)amino]quinazoline-7-carboxy
lic acid (Method 7; 0.100 g, 0.340 mmol),
3-(trifluoromethyl)benzoyl chloride (0.062 ml, 0.408
mmol, 1.2 equiv) and 25 disopropylethylamine (0.071
ml, 0.510 mmol, 1.5 equiv) were combined in DCM (2 ml)
and stirred for 4 h at 25 0C. The reaction mixture was
concentrated under reduced pressure and purified by
reverse phase preparative HPLC (0.1% TFA in MeCN and
water). NMR: 10.58 (s, IH), 8.75 (s, IH), 8.68 (d,
IH), 8.39 (s, IH), 8.26 (m, 3H), 8.19 (d, IH), 7.97
(d, IH), 7.90 (d, IH), 7.79 (m, 2H), 7.64 (d, IH),
7.38 (d, IH), 2.18 (s, 3H); m/z 467. 30 Examples 2-3
The following compound was prepared by the procedure
of Example 1 utilizing the appropriate SMs.Example 4
3-fl-Cyano-l-methylethyl)-
N-{3-[(6,7-dimethoxyquinazolin-4-yl)amino1-4-
methylphenyl}benzamide A solution of
4-chloro-6,7-dimethoxyquinazoline (50 mg, 0.170 mmol)
and N-(3-
amino-4-methylphenyl)-3-(l-cyano-l-methylethyl)benzami
de (Method 24, 38 mg, 0.170 mmol) in EtOH (2 ml) was
heated to 90 0C for 12 h. The organics were removed
under reduced pressure. The resulting solid was
purified by reverse phase preparative HPLC (0.1% TFA
in MeCN and water) to give 82 mg of solid (95%). NMR:
11.07 (s, IH), 10.43 (s, IH), 8.73 (s, IH), 8.05 (m,
2H), 7.91 (m, 2H), 7.75 (d, IH), 7.61 (m, 2H), 7.39
(d, IH), 7.27 (s, IH), 4.00 (s, 3H), 3.98 (s, 3H),
2.17 (s, 3H), 1.74 (s, 6H); m/z 482. Example 5 The
following compound was prepared by the procedure of
Example 4 using the appropriate SMs.Example 6
3-(1-Cyano-1-methylethy I)-N-
3-[(7-hydroxy-6-methoxyquinazolin-4-yl)amino1 -4-
niethylphenvUbenzamide A solution of
N-(3-{[7-(benzyloxy)-6-methoxyqumazolin-4-yl]amino}-4-
methylphenyl)-3-(l-cyano-l-methylethyl)benzamide
(Example 5; 50 mg, 0.084 mmol) in MeOH (2 ml) and 30%
Pd/C (20 mg) was treated with hydrogen. The mixture
was allowed to stir at 25 C for 12 h before being
filtered through diatomaceous earth and concentrated
under reduced pressure. The resulting solid was
purified by reverse phase preparative HPLC (0.1% TFA
in MeCN and water) to give 30 mg of solid (71%). NMR:
11.58 (s, IH) 5 11.03 (s, IH) 5 10.42 (s, IH), 8.68
(s, IH), 8.03 (m, 2H), 7.92 (d, IH) 5 7.88 (s, IH),
7.74 (d, IH) 5 7.60 (m5 2H)57.38 (d, IH) 57.18 (s, IH)
5 3.98 (s, 3H), 2.16 (s, 3H), 1.73 (s, 6H); m/z 468.
Example 7 3-(1-CvanocvclobutvD-N-
3-[f6J-dimethoxyquinazolin-4-yl)amino1 -4-
methylphenyll benzamide A solution of
N3-(6,7-dimethoxyquinazolin-4-yl)-4-methylbenzene-l,3-
diamine (Method 8; 99 mg, 0.318 mmol),
3-(l-cyanocyclobutyl)benzoic acid (Method 17; 64 mg,
0.318 mmol) and DIEA (166 mL5 0.954 mmol, 3.0 equiv)
in DMF (2 ml) was treated with HATU (145 mg, 0.382
mmol, 1.2 equiv). The reaction stirred at 50 C for 12
h. The reaction was quenched with H2O and extracted
with EtOAc. The organics were dried with NaCl(sat) and
Na2SO4(S) and removed under reduced pressure. The
resulting solid was purified by reverse phase
preparative HPLC (0.1% TFA in MeCN and water) to give
57 mg (39%). NMR: 11.04 (s, IH), 10.44 (s, IH), 8.72
(s5 IH)5 8.07 (s, IH), 7.94 (m, 3H)5 7.71 (m, IH),7.61
(m, 2H), 7.39 (d, IH), 7.24 (s, IH), 4.00 (s, 3H),
3.98 (s, 3H), 2.77 (m, 2H), 2.67 (m, 2H), 2.30 (m,
IH), 2.17 (s, 3H), 2.03 (m, IH); m/z 494. Examples
8-19 The following compounds were prepared by the
procedure of Example 7 using the appropriate
SMs.Product and Process The present invention relates
to a novel a-galactosidase with transgalactosylating
activity capable of converting mellibiose to
a-galactobiose disaccharides. In particular it relates
to an a-galactosidase isolated from a recently
discovered strain of Bifidobacterium bifidum. The
invention particularly relates to DNA sequences
encoding the isolated a- galactosidase enzyme, to the
enzyme encoded by such a DNA sequence and to a host
cell comprising a DNA sequence or containing a
recombinant vector incorporating the DNA sequence. The
invention also relates to the use of the enzyme
encoded by DNA sequence, or of the host cell
containing a DNA sequence or recombinant vector, to
produce a- galactobiose. Bifidobacteria naturally
colonise the lower intestinal tract, an environment
which is poor in mono and disaccharides since such
sugars are preferentially consumed by the host and
microbes present in the upper intestinal tract. In
order to survive in the lower intestinal tract
bifidobacteria produce various kinds of exo- and
endoglycosidases in surface bound and/or extracellular
forms, by which they can utilise diverse
carbohydrates. Besides hydrolase activity, some
enzymes from bifidobacteria show transferase activity.
This transglycosylation activity of glycosidases is
extensively used for the enzymatic synthesis of
various oligosaccharides, which have proven to act as
bifidobacteria growth promoting factors. It is known
that members of bifidobacteria produce b-galactosidase
enzymes that are involved in the bacterial metabolism
of lactose. Moller, P.L. et al in Appl & Environ.
Microbial ., (2001), 62, (5), 2276-2283 describe the
isolation and characterisation of three b-
galactosidase genes from a strain of Bifidobacterium
bifidum. They found that all three b- galactosidases
were able to catalyse the formation of beta-linked
galactooligosaccharidesby transgalactosylation. It is
known that some species of bifidobacteria, but not B.
bifidum produce a- galactosidases as well as
b-galactosidases. a-Galactosidases belong to the group
of glycolsyl hydrolases and can be classified into two
groups based on their substrate specificity, i.e. one
group is specific for small saccharides such as
p-nitrophenyl-a-Dgalactopyranoside, mellibiose and
raffmose, and the other group can liberate galactose
from galactomannans such as guar gum, in addition to
small substrates. A strain of Bifidobacterium bifidum
has been found that is capable of producing a
galactosidase enzyme activity that converts lactose to
a novel mixture of galactooligosaccharides which
unexpectedly contains up to 35% of disaccharides
including galabiose (Gal (a 1-6) - Gal). This
disaccharide is known (see Paton, J.C. & Paton, A.W.
(1998), Clin. Microbiol. Revs., U , 450-479; Carlsson,
K.A. (1989), Ann. Reviews Biochem., 58, 309-350) to be
an antiadhesive capable of preventing the adhesion of
toxins, e.g. Shiga toxin and pathogens such as E. coli
to the wall of the gut. This strain of B bifidum was
deposited under accession number NCIMB 41171 at the
National Collection of Industrial & Marine Bacteria,
Aberdeen, UK on 3 1 March 2003. It is also described
in UK Patent No. 2 412 380. It has been found that
this strain of B.bifidum produces an a-galactosidase
that is capable of converting mellibiose to
a-galactobiose disaccharides. According to the
invention there is provided a DNA sequence which
encodes a protein with an amino acid sequence as given
in SEQ. ID NO: 2 or hybridises under stringent
conditions to the DNA sequence which encodes this
protein. The DNA sequence is given in SEQ. ID NO: 1 or
may comprise a fragment or degenerative thereof. The
phrase "degenerative" is construed to mean a DNA
sequence which is at least50% homologous to SEQ. ID
NO: 1, preferably from 50 to 98% homologous, most
preferably from 75 to 95% homologous. Such a DNA
sequence may comprise nucleotide substitutions,
additions or deletions which result in less than 60%,
preferably less than 45%, more preferably less than
25% change in the amino acid sequence shown in SEQ. ID
NO: 2. Nucleotide substitutions may result in
conservative amino acid substitutions. According to a
second aspect of the invention there is provided an
enzyme encoded by a DNA sequence as defined above.
Such an enzyme may comprise the amino acid sequence
given in SEQ. ID NO: 2 or a fragment thereof.
According to a third aspect of the invention there is
provided a recombinant vector, preferably an
expression vector, comprising a DNA sequence as
defined above. Such a vector may be incorporated into
a host cell such as a bacterial, yeast or fungal cell.
Alternatively, the DNA sequence may be incorporated
into such a host cell. A suitable host cell may be
selected from Bifidobacterium, Lactococcus,
Lactobacillus, Bacillus for example Bacillus subtilis
or Bacillus circulans, Escherichia and Aspergillus for
example Aspergillus niger. Using mellibiose as a
substrate, the enzyme encoded by the DNA sequence as
defined above produces a mixture of oligosaccharides,
in particular a-galactobiose disaccharides. The enzyme
or the host cell as described above may be used to
produce a- galactobiose disaccharides, which may form
part of a product for improving gut health. Such a
product may be selected from the group consisting of
dairy products (for example liquid milk, dried milk
powder such as whole milk powder, skimmed milk powder,
fat filled milk powders, whey powders, baby milks,
baby formula, ice cream, yoghurt, cheese, fermented
dairy products), beverages such asfruit juice, infant
foods, cereals, bread, biscuits, confectionery, cakes,
food supplements, dietary supplements, probiotic
comestible products, prebiotic comestible products,
animal feeds, poultry feeds or indeed any other food
or beverage. Alternatively, the disaccharides so
produced may be used for the preparation of a
medicament for example in tablet or capsule form for
preventing the adhesion of pathogens or toxins
produced by pathogens to the gut wall. The medicament
may be administered to a patient, for example
following a course of antibiotic treatment, which
often alters or even destroys the normal healthy gut
flora. According to yet a further aspect of the
invention there is provided a process for producing an
enzyme as defined above which comprises culturing a
host cell as defined above in a suitable culture
medium under conditions permitting expression of the
enzyme and recovering the resulting enzyme or enzyme
products from the culture. The invention is also
directed to a process for producing the galactobiose
disaccharides which comprises contacting the enzyme as
defined above or a host cell as defined above with a
mellibiose-containing material under conditions that
lead to the formation of the disaccharides. Suitable
mellibiose containing material may be selected from
commercially available mellibiose, raffinose,
stachyose or as an extract of soybeans. Brief
Description of the Drawings Figure 1 shows the
nucleotide sequence (SEQ. ID NO: 1) of Bifidobacterium
bifidum a-galactosidase with the start and stop codon
indicated in bold letters; Figure 2 shows the
nucleotide sequence of Figure 1 with the amino acid
sequence (SEQ. ID NO: 2) of the enzyme;Figure 3 shows
the first 540 amino acids of the amino acid sequence
(SEQ. ID NO: 2) of Figure 2; Figure 4 is a graph
showing the time course reaction during a-
galactooligosaccharide synthesis with the
a-galactosidase and 40% (w/w) melliboise in 0.1M
phosphate buffer at pH 6.0 as substrate; and Figure 5
shows a high performance anion exchange chromatogram
of the a- galactooligosaccharide mixture synthesized
by the a-galactosidase from B.bifidum NCIMB 4 1171
using 40% (w/w) mellibiose in 0.1 M phosphate buffer
at pH 6.0 as substrate. (GIc = glucose, Gal =
galactose, Mel = mellibiose, DP = degree of
polymerization). The dashed arrows denote the
galactooligosaccharide products. Genomic DNA was
isolated from the Bifidobacterium bifidum strain
(NCIMB 41171) using the method of Lawson et al. (1989)
Ferns Microbiol Letters, 65, (1-2), 41-45. The DNA was
digested with restriction enzymes and fragments having
a maximum size of 15 kbp were ligated with pBluescript
KS(+) vector. E. coli cells were transformed with a
vector containing insertions consisting of Pstl
digested chromosomal DNA from the B.bifidum. Clones
with a-galactosidase activity were selected on Luria
Bertani agar plates containing p-nitrophenyl
a-D-galactopyronoside and
isopropyl-b-D-thiogalactoside (IPTG). Two
a-galactosidase positive clones (pMelAl and pMelA2)
were identified. The two positive clones were digested
with EcroRl , Pstl and Bam HI and showed a similar
restriction pattern indicating that both contained the
same inserted DNA fragment. DNA sequencing of the
inserted DNA fragment MeIAl was performed using the
dideoxy chain-termination method of Sanger (Russel P.,
2002 iGenetics, Pearson Education, Inc., San
Francisco, 187-189) using the BigDye Terminator V.3.0
cycle sequencing kit (Applied Biosystems, USA). The
DNA sequence of MeIAl is shown in Figure 1 (SEQ. ID
NO: 1). The open reading frame (ORF) was located by
using the ORF finder from NCBI (National Center of
Biotechnology Information). The bacterial genetic code
was used and the frame length was determined to be 300
bp. The nucleotide sequence of Figure 1 was translated
in all six possible reading frames and one open
reading frame of 759 amino acidsencoding a putative
a-galactosidase was identified. The translation is
shown in Figure 2 (SEQ. ID NO: 2). The present
invention will be further described by way of
reference to the following examples. Example 1
Materials and Methods All chemicals and media
preparations used throughout this study were obtained
from Sigma (Dorset, UK), Invitrogen (Paisley, UK),
Oxoid (Basingstoke, UK), Qiagen (West Sussex, UK) and
Promega (Southampton, UK). Bacterial Strains The
Bifidobacterium bifidum strain (NCIMB 4 1171) was
maintained on cryogenic beads in Microbank tubes at
-70C. For later experiments, the strain was revived on
Wilkinson Chalgren (WC) agar (Oxoid, UK) and TPY
medium (trypticase phytone yeast extract medium) and
grown anaerobically (CO2 and N2 composition 80% and
20% respectively) at 37C for 48 hours. The colony
morphology and the absence of contamination were
tested by gram staining. E. coli strains Escherichia
coli strains RAl I r and DH5a used in this study were
commonly incubated under aerobic conditions at 370C in
Luria Bertani (LB) agar or broth (Sambrook J . and
Russell, W.D., (2001) Molecular Cloning: A Laboratory
Manual. Cold Spring Harbour Laboratory Press, New
York) and when necessary was supplemented with
antibiotics (lOOmg/ml ampicillin and/or 15mg/ml
chloramphenicol) and 40ml of 2% X-a- galactopyranoside
(X-a-Gal), 7ml of 20% (isopropyl- b-D-thiogalactoside)
IPTG which were applied on the surface of a pre-made
90mm agar plate.The a-galactosidase deficient strain
E. coli RAl Ir (Hanatani et al, 1983, J. Biol. Chem.
259. (3), 1807-1812) (genotype: melK B+, reck , lacZU
) is a derivative of E. coli K12 and was used in
expression experiments. E. coli DH5a strain
(Invitrogen, Paisley, UK) (genotype: F f80/ cZDM D(/
cZYA-argF)U169 recAl endAl hsdR17(r k , )phoK 



supE44 thi-1 gyrA96 relAl l ) is an a-galactosidase
positive strain and was used for all other genetic
manipulations. The choice of E. coli strain RAl Ir,
for expression experiments, was done according to its
genotype. This strain does not encode an active
a-galactosidase due to me/A mutation on its
chromosomal DNA. However, this strain has an active
melibiose transporter which is necessary for the
transport of sugars (melibiose) into the cytoplasma
and hence the metabolism of them by active
a-galactosidases. It was not known whether the
Bifidobacterium bifidum a-galactosidase was expressed
intracellularly or extracellularly. So the existence
of an active mebiose transporter was essential for the
identification of the a- gal positive clones and hence
the isolation of a-galactosidase encoding genes.
Moreover this strain is a recA mutant which minimises
recombination of introduced DNA with host DNA, thus
increasing the stability of inserts. Genomic DNA
Extraction from Bifidobacterium bifidum Genomic DNA
was isolated from the Bifidobacterium bifidum strain
(NCIMB 4 1171) by using the method of Lawson et al
(1989). According to this method, cells were harvested
from plates in 0.5 ml of TES buffer in 1.5 ml
ependorfs. 10 ml of lysozyme/mutanolysin mixture (4:1,
lysozyme 10 mg/ml; mutanolysin 1 mg/ml) were added and
the mixture was then mixed and incubated for 30
minutes at 370C. The cells were then treated with 10
ml of proteinase K (at 20 mg/ml) and 10 ml RNase (10
mg/ml), mixed and incubated for 1 hour at 650C. After
incubation, 100 ml of 10% SDS was added and the cell
lysates were gently mixed by inversion and incubated
for a further 15 minutes at 650C, followed by addition
of 0.62 ml of phenol/chloroform andmixed by inversion
until an emulsion formed. The cell lysate was
centrifuged at 6,500 rpm for 10 minutes and the upper
aqueous layer was transferred to a clean ependorf
using a flamed, wide bore blue pipette tip. The
extraction (deproteinazation step) was repeated until
cell debris was removed completely. The DNA was
precipitated by the addition of 1ml icecold ethanol
followed by incubation for at least 30 minutes on ice
or stored overnight in a- 2O0C freezer. The genomic
DNA was recovered by centrifugation at 13,000 rpm for
5 minutes and after drying it was re-suspended in 50
ml of sterile 10 mM Tris-Cl pH 8. The extracted DNA
was analysed by gel electrophoresis and the
concentration measured at 260nm. It was stored in
-2O0C or -7O0C for prolonged periods of time and
multiple thawing and freezing was avoided in order to
reduce the possibility of degradation. Vector DNA
Preparation The vector used throughout this study was
the pBluescript KS(+) (Stratagene, North Torrey Pines
Road). This cloning vehicle was chosen because of the
lac promoter which pBluescript KS (+) encodes which is
necessary for the transcription initiation of genes
which lack their own promoter. The vector was digested
with the following restriction enzymes: Pstl, BamEI
and EcoRL according to the manufacturer's instructions
using a tenfold excess of enzyme over DNA (enzyme
units :mgr DNA equal to ten units of enzyme per one
mgr of plasmid DNA or ten enzyme units per 0.5 pmol of
plasmid DNA). After enzyme heat inactivation (20 min
at 650C) the restriction patterns were analysed by
horizontal gel electrophoresis .analysis. The vectors
were further dephosphorylated with calf intestinal
alkaline phosphatase CIAP (Promega, Southampton, UK)
according to the manufacturer's instructions. The
efficiency of the treatment was tested by
self-ligation of the vector (with Bacteriophage T4 DNA
ligase according to manufacturer's instructions)
following transformation into DH5a cells.The presence
of a single fragment in the gel indicated the complete
vector digestion and the single restriction digestion
of it. The sufficient digestion of the vector was
tested also by transforming unligated molecules into
competent E. coli DH5a cells. The number of formed
colonies on LB agar plates supplemented with
ampicillin (lOOmgr/ml) was an indicator of the
undigested molecules and the expected background
during the subsequent experiments. Genomic DNA Library
Construction Genomic DNA was partially digested with
three restriction enzymes that recognise frequently
occurring hexa-nucleotide sequences within prokaryotic
DNA. EcoRI, BamHI and Pstl are type II restriction
endonucleases specifically recognizing the sequences
5O/AATTC3, 5O/GATCC3 and 5'CTGCA/G'3 respectively, and
make double-strand breaks within these sequences
generating 5'overhangs of four nucleotides, AATT, GATC
for EcoRI and BamHI respectively, and 3Overhangs, ACGT
for Pstl. All these enzymes were active and able to
cleave DNA only in the presence of divalent magnesium
ions. These ions were the only required cofactor.
Restriction Digestion of DNA. All restriction
digestions of the genomic DNA samples were incubated
for 2 hours at 370C and finally heat inactivated at
650C for 20 minutes. The reactions were then cooled at
room temperature and the appropriate amount of loading
buffer was added, followed by gentle mixing with a
sealed glass capillary. The solutions then were loaded
into wells of a 0.8% agarose gel (power supply
4-5volts/cm for 14-16 hours) and the size of the
digested DNA was estimated with that of lkbp DNA
standards (Promega, UK) (Sambrook J . Molecular
Cloning: A Laboratory Manual (2002)). Purification of
the fragments generated after restriction digestion.
Fragment purification from the reaction mixtures and
the agarose gels was done by using the QIAEX gel
extraction kit from Qiagen (West Sussex, UK).
Protocols aredescribed with details in the
manufacturer's manual. DNA Ligation and Transformation
After purification of the DNA fragments with the Qiaex
gel extraction kit, they were ligated with
CIAP-treated pBluescript KS (+) vector. For ligation,
appropriate amounts of DNA were transferred to sterile
0.5 ml microfuge tubes as shown in Table 1. Tube DNA A
Vector (15 fmoles [~ 29.7 ng]) B Vector (15 fmoles
~29.7ng DNA) plus insert (foreign 15 fmoles ~ 69.3ng )
C pUC control (0.056 fmoles [-100 pg]) The molar ratio
of plasmid DNA vector to insert DNA fragment should be
~1:1 in the ligation reaction. The final DNA
concentration should be ~10ng/ ml. Tabic 1: Ligation
mixtures. Tube A shows the number of self-ligated
vector DNA which must be subtracted from the total
number of transformants after transformation. Tube B
shows the ligation of the vector with the DNA
fragments and tube C shows the control in order that
the transformation efficiency to be calculated. Before
each ligation the DNA fragments were warmed at 450C
for 5 minutes to melt any cohesive termini that
reannealed during fragment preparation. A molar ratio
of vectopinsert DNA of 1:1 was chosen for all ligation
reactions and the reaction assembly was done according
to Promega's instructions. To tubes A and B 1.0 ml of
1Ox ligation buffer and 0.5 Weiss units of T4 DNA
ligase (Promega, UK) were added and the ligation
volume was adjusted to 10 ml with molecular biology
grade water. To tubes C 1.0 ml of 10x ligation buffer
were added and the ligation volume was adjusted to 10
ml with molecular biology grade water. DNA fragments
were added to the tubes together with the water and
then warmed to 450C for 5 minutes to melt any cohesive
termini that were reannealed during preparation. The
DNA was chilled to O0C before the remainder of the
ligation reagents were added and the reaction mixtures
were incubated overnight at 160C (Sambrook and
Russell, 2001).After ethanol precipitation and
purification of the ligated fragments (in order to
remove the ligation mixture which cause reduction of
the transformation efficiency) transformations were
performed according to Hanahan instructions. ~50ng of
ligated DNA in 5ml solution was added to lOOml of
competent E. coli RAl Ir cells. After heat treatment
and expression of the ampicillin resistance gene the
cells were spreaded over the surface of LB plates
containing ampicillin (lOOmgr/ml), X-a-Gal (40ml of 2%
X-a-Gal) and IPTG (7ml of20%IPTG). The number of
transformants from each ligation reaction was
measured. The number of transformants commonly
obtained from tube C was 2xlO 5-lxl0 6cfu/mg whereas
from tube A was 500-600 cfu/mg. The number of
transformants in tube A was an indication of the
efficient treatment of the vector DNA. The number of
transformants in tube B was in a range from 2-4x1
04cfu/mg. Number of Transformants Ligation mixtures
with Pstl chromosomal DNA gave rise to two
a-galactosidase positive clones (pMelAl and pMelA2)
out of approximately 2500 screened transformants,
whereas with EcoRI and BamHI -treated chromosomal DNA
did not give any positive clone out of approximately
4000 total screened transformants. Positive Clone
Digestion The two Pstl positive clones were digested
with EcroKL, Pstl, BamHI, Hindill, Smal,  Kpril
restriction enzymes. Restriction enzymes EcroRI, Pstl
and BamBl showed similar restriction pattern, one
fragment of ~5kbp (gene of interest) and one ~3kbp
(plasmid DNA) indicating that these enzymes were cut
at the same positions. Hindill gave a fragment at
6.5kbp and a fragment at 1.5kbp whereas enzymes Smal
and Kpnl gave one fragment with size ~8kbp indicating
that they were cut at only one position. The similar
restriction patterns for both plasmids were an
indication that both contain the same DNA fragment
insert.DNA Sequencing DNA sequencing was performed
with the dideoxy chain-termination method of Sanger by
using the BigDye Terminator v.3.0 cycle sequencing kit
(Applied Biosystems, USA) and analysed with the ABI
Prism 3100, a fluorescence-based DNA analysis system
incorporating capillary electrophoresis. The 5'- and
3'- ends of the inserted DNA fragments were sequenced
with vector specific primers. The inserts were further
sequenced by using the Genome Priming System (GPS-I)
(New England Biolabs, Uk). GPS-I is a TN7
transposon-based in vitro system which uses TnsABC
Transposase to insert Transposon randomly into the DNA
target. The donor: target DNA mass ratio of 1:4 was
used according to the manufacturer instructions. The
number of isolated plasmids for sequencing after
insertion of the Transprimer into the target plasmid
was 25. This number was calculated according to the
manufacturer instructions and it assumes a 5-fold
depth of coverage. Unique priming sites on both ends
of the Transprimer element allowed the sequencing of
both strands of the target DNA at the position of the
insertion. The sequencing reaction mix contained
approximately 400-600ng plasmid DNA, 3.2pmol of primer
solution and 4ml of BigDye Terminator solution. Open
Reading Frame Identification The open reading frame
(ORF) was located by using the ORF finder from NCBI.
The bacterial genetic code was used and the frame
length was determined to be 300bp. The nucleotide
sequence was translated in all six possible frames and
one open reading frame of 759 amino acids encoding a
putative a-galactosidase was identified (The
translation is shown in Figure 2). The start and stop
codon was confirmed. The Bifidobacterium
a-galactosidase gene on plasmid pMelAl was expressed
in E. coli under growth conditions which would
normally repress expression from the inducible E. coli
lacZ promoter located in the flanking region of the
cloning vector. This observationindicated that
endogenous, internal bifidobacterial sequences
upstream of the a- galactosidase gene may serve as a
transcription initiation signal in E. coli. The
transcription start is indicated with bold italic
letter. The above results indicate that the gene is
controlled from its own promoter for transcription.
Example 2 Synthesis with the a-galactosidase cloned
enzyme isolated from Bifidobacterium bifidum NCIMB 4
1171 in E. coli host (strain RAl I The following
described synthesis, unless otherwise stated, was
performed with the whole E. coli RAl 1 host cells
after treatment of the E.coli biomass (collected by
centrifugation at 10,000 g) with toluene at a
concentration of 2000 ppm in order to increase cell
permeability and also to render the cells non-viable
by destroying their cytoplasmic membrane. The E-coli
biomass was prepared as described in Example 1 under
"E coli strains". Synthesis with cloned enzyme
Synthesis with a-galactosidase was performed at a
substrate concentration of 40% (w/w) initial
mellibiose concentration. The synthesis solution was
prepared in 0.1 M phosphate buffer at pH 6.0.
Synthesis was performed at 400C in shaking waterbath
at 150 rpm. The pH optimum for the specific enzyme was
chosen based on activity measurements (using
p-nitrophenyl-a-D-galactopyranoside as substrate) of a
specific enzymatic preparation at varying pH values.
For a-galactosidase synthesis 2 ml of an E. coli RAl 1
cell suspension (with an activity of 0.3 U/ml) were
centrifuged (at 10,000 g) to collect the biomass and
the supernatant was discarded. This biomass was
re-suspended with 1 g of 40% (w/w) mellibiose
substrate solution in order to perform the
synthesis.The concentrations of the different sugars
present in the mixture during synthesis are shown in
Figure 4. High performance anion exchange
chromatography coupled with pulsed amperometric
detection (HPAEC-PAD) chromatograms of
galactooligosaccharide mixtures synthesized by the
a-galactosidase cloned from B. bifidum NCIMB 4 1171
are shown in Figure 5. The galactooligosaccharide
mixture sugar concentrations at the optimum synthesis
time point are shown in table 1. Table 1. Carbohydrate
composition of a-galactooligosaccharide synthesis at
40 % (w/w) initial mellibiose concentration at the
time point where maximum oligosaccharide concentration
was observed. Synthesis GOS GOS Init. Subst. DP>3 DP=2
Mel UlC Gal % (w/w) Concentration (% of total sugars)
40 13.93 6.61 38.06 24.1 17.29 Mel: Mellibiose, GIc:
glucose, Gal: galactose, DP: degree of
polymerisationClaims 1. A DNA sequence which a)
encodes a protein with an amino acid sequence as given
in SEQ. ID. NO: 2, or b) hybridises under stringent
hybridization conditions to the sequence of a), or c)
is a degenerative of the sequence of a) or b). 2. The
DNA sequence according to Claim 1, wherein the
sequence is given in SEQ. ID NO: 1 or a fragment
thereof. 3. The DNA sequence according to Claim 1 or
Claim 2, wherein said sequence comprises nucleotide
substitutions, additions or deletions which result in
less than 60%, preferably less than 45%, more
preferably less than 25% change in the amino acid
sequence according to SEQ. ID NO: 2 or_a fragment
thereof 4. A DNA sequence according to Claim 1 or
Claim 2, wherein said sequence comprises nucleotide
substitutions which result in conservative amino acid
substitutions. 5. An enzyme encoded by a DNA sequence
of any one of Claims 1 to 4. 6. An enzyme comprising
an amino acid sequence according to SEQ. ID NO: 2 or a
fragment thereof. 7. An a-galactosidase having the
sequence as defined in SEQ. ID NO: 2. 8. A recombinant
vector comprising a DNA sequence of any one of Claims
1 to 4. 9. The vector according to Claim 8, wherein
said vector is an expression vector. 10. A host cell
comprising a DNA sequence of any one of Claims 1 to
4.11. A host cell comprising the vector of Claim 8 or
Claim 9. 12. The host cell according to Claim 10 or
Claim 11, wherein said cell is a bacterial cell, a
yeast cell or a fungal cell. 



13. The host cell according to Claim 12, wherein said
cell is selected from the group consisting of
Bifidobacterium, Lactococcus, Lactobacillus,
Escherichia, Bacillus and Aspergillus. 14. The host
cell according to Claim 13, wherein the cell is
selected from the group consisting of Bifidobacterium
bifdum, Bacillus subtilis, Bacillus circulans and
Aspergillus niger. 15. Use of an enzyme of any one of
Claims 5 to 7, or a cell of any one of Claims 10 to
14, for producing a-galactobiose disaccharides. 16.
Use of an enzyme of any one of Claims 5 to 7, or a
cell of any one of Claims 10 to 14. for producing
a-galactobiose disaccharides to be part of a product
selected from the group consisting of diary products,
such as liquid milk, dried milk powder, baby milks,
baby-formula, ice cream, yoghurt, cheese, fermented
diary products, beverages such as fruit juice, infant
foods, cereals, bread, biscuits, confectionary, cakes,
food supplements, dietary supplements, probiotic
comestible products, prebiotic comestible products,
animal feeds, poultry feeds and medicaments. 17. Use
of a host cell of any one of Claims 10 to 14, for
producing a product selected from the group consisting
of dairy products, such as liquid milk, dried milk
powder, baby milks, baby formula, ice cream, yoghurt,
cheese, fermented diary products, beverages such as
fruit juice, infant foods, cereals, bread, biscuits,
confectionary, cakes, food supplements,dietary
supplement, probiotic comestible product, prebiotic
comestible product, animal feeds, poultry feeds and
medicaments. 18. A process for producing an enzyme of
any one of Claim 5 to 7 comprising culturing a host
cell of any one of Claims 10 to 14 in a suitable
culture medium under conditions permitting expression
of said enzyme and recovering the resulting enzyme
from the culture. 19. A process for producing a
disaccharide comprising contacting an enzyme of any
one of Claims 5 to 7 or a host cell of any one of
Claims 10 to 14 with a solution of mellibiose.Sequence
listing SEQUENCE LISTING <110> Lindsay, Clare L <120>
Product and Process <130> P/13587.WO <150> GB
0525857.9 <151> 2005-12-20 <160> 2 <170> Patentln
version 3.4 <210> 1 <211> 3129 <212> DNA <213>
Bifidobacterium bifidum <220> <221> gene <222> CD
..C6) <400> 1 taaaccttca taaaaggaaa caaaagctgg
aagctccacc gcggtggcgg ccgctctaga 60 actagtggat
cccccgggct gcagctcgtg gtgatctacg ttccgttcct caactccgcg
120 ttcggcacca cgccgctcgg accgtgggca tgggtcgagt
gcatctgcct cgccgcggtc 180 gtactgatcg cctcggaaat
ctacaaggcg atcatgcgcg ccatcgaccg caagcgcggc 240
atcatggcat aacaatgcca taagcctcca ccggcagtca gggctcccgc
tctccacatc 300 ggaaaacggg agcccttctc ataccccgga
atcgctgaat atgcggtgac atgacggaac 360 gatgtcgtag
catcggaggc gaaccatata tcaatggcac gttccgaagg gattcgcaat
420 gtcactcatc gaacaattcc atggcgccgc cgccgatgga
acggaactca ccgctattta 480 tgctgagcag ccggctgctg
atgtggcgtt cgcgctggtc ttcgccggtc acggtcttcc 540
gcgcttcgtg cactggggcc gaccgctcgc ggcgccggga accgtactcg
ccgcatacga 600 cgccctgcgg ccgcagcgcg tgtccggcgc
gctggacgag accgcctggc caagcatcat 660 gcccacgcaa
agcgagtcgt ggataggggc accgcgactg gatatccggc gcgccggcgt
720 aacgccgttc tgtgcattca cggtgaccgg catcgcaatc
cgtcaggacg aacgccaagg 780 cgttgacgtg tctgacggcg
tggacggtgc cgcgcatacc gtcacgcaac aggtgccggt 840
cgtcaccgtg accgcgtcgg atgccgagca gggcgtggaa ctgtcatgga
cggccgaact 900 gttgcccggc ggactgatca gacagcgcac
cacgctgcgt aatcttccag ccggtaatct 960 tccgaccggt
gacttggaag tcggtaaagt cgaactcggc ttcccgctcc cggcacttgc
1020 cacggagata ctcaccacca ccggccatca tctgcgcgaa
cgcagcccgc agcggcagcc 1080 gctgaccgaa ggacgcttcg
agaaggtctc gatggcgggg cgcccaggtt ttgacgcctc 1140
tctgttgctt tccgcgggcg agcccggctt cgggttcgag catggcgagg
tctattcggt 1200 gcatgtgggc tggagcggca attccgtgct
gtcggcagag cgtcagccgt atacgaccgg 1260Sequence listing
tctgattggc ggcggcgagg tgctgctcgg cggcgaggcc acgctcgccc
gcggcgaaac 1320 gtacaccacc ccgtggctgt acgggtcgta
cggtgacggg ctcaacgagg tggctgcgag 1380 attccatgat
tacgtacgct cctgtcaccc ggatctcgcc gtcaagccgc gtccggtgat
1440 tctcaacacg tgggaggccg tgtatttcga ccatgactac
gacacgttga aggctctggc 1500 cgataaggcc ggggattccg
gtgtcgaacg gttcgtggtg gatgacggct ggttcggctc 1560
ccgccgagac tccacatccg ggctcggcga ctggcaaata gcgcaggatg
tgtggccgga 1620 cgggccgaag agcctcaagg cgctcgccga
ttacgtgcac ggaaaaggca tggagttcgg 1680 cctgtggttc
gaaccggaga tggtcaaccc ggattccgac gtggcccgcg cccaccctga
1740 ctgggtgctg cgcccgactg cgaaccgtct gccgatgcag
ggacgctcgc agcaagtgct 1800 cgacctgacc aatcccgacg
cctaccgata catccatgat tccatcgatg cgctggtcgg 1860
cgagttgggc atcgactaca tcaaatggga ccacaacaaa ttcgtcaccg
aggcggtctc 1920 gccacgtacc ggcaggccgg cggtgcacgg
gcagacgctc gccgtgtacc ggatgttccg 1980 tgacctcgaa
gtcgcgcatc cgggactgga gattgagagt tgcgcatcgg gcggcggccg
2040 tatcgacctg ggcatactcg aattcgccag ccgcgtgtgg
acgtccgact gcgtggaccc 2100 ggtcgagcgg gccgatattc
agcggtacac gtcgctgctc gtgccgccct gcatgatggg 2160
cgagcatgtg ggggcgagtc ctgcacattc cacgcatcgc gccacgagcc
aggagatgcg 2220 catggcgatg gcgttcttcg ggcacatggg
cgtcgaatgg aatctgctca aggagccgga 2280 cgaggcgttg
aacaagctcg gcgaatgggt cgccgaatac aagaggcacc gcgcatggtt
2340 cgcgatcgac acgtgcgtgc acgccgatat cgccgatccg
gccgtccggg tcgacggcat 2400 ggtcaagccg gatcgttccg
cggcgttcta ccggttcacg caactgacaa cgtcccagac 2460
tctccctgcg gcgccgattc gcgtgcccgg tcttgacccc gatggcacgt
accgcataca 2520 gccgttgtgg ctggatctcg atctcgacgg
gcttggtctt ggcagcggcc agtcgccgtt 2580 gggctggtgg
accaaagacg gcgtgctgat gacgggccgg gcgctgatga cctacgggtt
2640 gcgccctcca tcgctgcatc cggcgcagtc ggtgctgttc
accgccattc gccaataagc 2700 cagacggcat cgaacggagc
ataacaatgt gccggcggcc cagtcatgga gtcgccggca 2760
cattgcgtca aagaacttgg gtatcggctc tagtcgttga cgtcggcctt
gtagaagttc 2820 acgtaggaac ggctgggggt cgggccgcgc
tggccctgat aatgggagcc ggtgcccttg 2880 gagccgtaag
ggtgctcggc cggagagctg agctggaaga agcacatctg cccgatcttc
2940 atgccgggcc agagcttgac cggaagcgtc gacacgttgc
tcaactccag cgtgatatgc 3000 ccctcgaaac cggggtcgat
gaagccggcc gtcgaatgtg tgaggatgcc cagacggccc 3060
agcgagcttt tgccttccaa gcgtgccgcc accgtcgcgt cgagcttgac
ggtactcccc 3120 acgtcgagc 3129 <210> 2 <211> 759 <212>
PRTSequence listing <213> Bifidobacterium bifidum
<400> 2 Met Ser Leu lie Glu Gin Phe His Gly Ala Ala
Ala Asp Gly Thr Glu 1 5 10 15 Leu Thr Ala lie Tyr Ala
Glu Gin Pro Ala Ala Asp VaI Ala Phe Ala 20 25 30 Leu
VaI Phe Ala Gly His Gly Leu Pro Arg Phe VaI His Trp
Gly Arg 35 40 45 Pro Leu Ala Ala Pro Gly Thr VaI Leu
Ala Ala Tyr Asp Ala Leu Arg 50 55 60 Pro Gin Arg VaI
Ser Gly Ala Leu Asp Glu Thr Ala Trp Pro Ser lie 65 70
75 80 Met Pro Thr Gin Ser Glu Ser Trp lie Gly Ala Pro
Arg Leu Asp lie 85 90 95 Arg Arg Ala Gly VaI Thr Pro
Phe cys Ala Phe Thr VaI Thr Gly lie 100 105 110 Ala
lie Arg- Gin Asp Glu Arg Gin Gly VaI Asp VaI ser Asp
Gly val 115 120 125 Asp Gly Ala Ala His Thr VaI Thr
Gin Gin VaI Pro VaI VaI Thr VaI 130 135 140 Thr Ala
ser Asp Ala Glu Gin Gly val Glu Leu ser Trp Thr Ala
Glu 145 150 155 160 Leu Leu Pro Gly Gly Leu lie Arg
Gin Arg Thr Thr Leu Arg Asn Leu 165 170 175 Pro Ala
Gly Asn Leu Pro Thr Gly Asp Leu Glu val Gly Lys Val
Glu 180 185 190 Leu Gly Phe Pro Leu Pro Ala Leu Ala
Thr Glu lie Leu Thr Thr Thr 195 200 205 Gly His His
Leu Arg Glu Arg Ser Pro Gin Arg Gin Pro Leu Thr Glu
210 215 220 Gly Arg Phe Glu Lys Val Ser Met Ala Gly
Arg Pro Gly Phe Asp Ala 225 230 235 240 Ser Leu Leu
Leu ser Ala Gly Glu Pro Gly Phe Gly Phe Glu His Gly
245 250 255sequence listing Glu VaI Tyr Ser VaI His
VaI Gly Trp Ser Gly Asn ser VaI Leu ser 260 265 270
Ala Glu Arg Gin Pro Tyr Thr Thr Gly Leu lie Gly Gly
Gly Glu val 275 280 285 Leu Leu Gly Gly Glu Ala Thr
Leu Ala Arg Gly Glu Thr Tyr Thr Thr 290 295 300 Pro
Trp Leu Tyr Gly Ser Tyr Gly Asp Gly Leu Asn Glu VaI
Ala Ala 305 310 315 320 Arg Phe His Asp Tyr VaI Arg
Ser cys His Pro Asp Leu Ala VaI Lys 325 330 335 Pro
Arg Pro VaI lie Leu Asn Thr Trp Glu Ala VaI Tyr Phe
Asp His 340 345 350 Asp Tyr Asp Thr Leu Lys Ala Leu
Ala Asp Lys Ala Gly Asp ser Gly 355 360 365 VaI Glu
Arg Phe VaI VaI Asp Asp Gly Trp Phe Gly ser Arg Arg
Asp 370 375 380 Ser Thr ser Gly Leu Gly Asp Trp Gin
lie Ala Gin Asp VaI Trp Pro 385 390 395 400 Asp Gly
Pro Lys Ser Leu Lys Ala Leu Ala Asp Tyr VaI His Gly
Lys 405 410 415 Gly Met Glu Phe Gly Leu Trp Phe Glu
Pro Glu Met val Asn Pro Asp 420 425 430 Ser Asp val
Ala Arg Ala His Pro Asp Trp Val Leu Arg Pro Thr Ala
435 440 445 Asn Arg Leu Pro Met Gin Gly Arg Ser Gin
Gin Val Leu Asp Leu Thr 450 455 460 Asn Pro Asp Ala
Tyr Arg Tyr lie His Asp Ser lie Asp Ala Leu Val 465
470 475 480 Gly Glu Leu Gly lie Asp Tyr lie Lys Trp
Asp His Asn Lys Phe Val 485 490 495 Thr Glu Ala val
ser Pro Arg Thr Gly Arg Pro Ala Val His Gly Gin 500
505 510 Thr Leu Ala Val Tyr Arg Met Phe Arg Asp Leu
Glu val Ala His Pro 515 520 525Sequence listing Gly
Leu Glu lie Glu ser Cys Ala Ser Gly Gly Gly Arq H e
Asp Leu 530 535 540 Gly lie Leu Glu Phe Ala ser Arg
VaI Trp Thr ser Asp cys VaI Asp 545 550 555 560 Pro
val Glu Arg Ala Asp lie Gin Arg Tyr Thr ser Leu Leu
VaI Pro 565 570 575 Pro cys Met Met Gly Glu His VaI
Gly Ala Ser Pro Ala His Ser Thr 580 585 590 His Arg
Ala Thr ser Gin Glu Met Arg Met Ala Met Ala Phe Phe
Gly 595 600 605 : His Met Gly VaI Glu Trp Asn Leu Leu
Lys Glu Pro Asp Glu Ala Leu 610 615 620 Asn Lys Leu
Gly Glu Trp VaI Ala Glu Tyr Lys Arg His A ra Ala trp
625 630 635 ' 640 Phe Ala lie Asp Thr cys VaI His Ala
Asp lie Ala Asp Pro Ala VaI 645 650 655 Arg val Asp
Gly Met VaI Lys pro Asp Arg ser Ala Ala Phe Tyr Arg
660 665 670 Phe Thr Gin Leu Thr Thr ser Gin Thr Leu
Pro Ala Ala Pro lie Arg 675 680 685 Val Pro Gly Leu
Asp Pro Asp Gly Thr Tyr Arg lie Gin Pro Leu Trp 690
695 700 Leu Asp Leu Asp Leu Asp Gly Leu Gly Leu Gly
ser Gly Gin Ser Pro 705 710 715 720 Leu Gly Trp Trp
Thr Lys Asp Gly Val Leu Met Thr Gly Arg Ala Leu 725
730 735 Met Thr Tyr Gly Leu Arg Pro Pro ser Leu His
Pro Ala Gin Ser Val 740 745 750 Leu Phe Thr Ala lie
Arg Gin 755 


