
WO 2009/138781PCT/OB2009/050496 FUNARATE SALT OF 4- ; -CHLORO-2
--FLETOPOANILINO ) -METEOR 6 [Y -T ,) PIPER 4XI} OUINAZOL INF        The
present invention relates to a salt of
4-(3-chloro-2-fluoroanilino)-7-methoxy-6-
{[14N-methylearbarnoylmethyDpiperidin-4-yfloxy)quinazoline hereafter
"Compound (I)", more particularly to the diftimarate salt of Compound (1).
The salt is expected to be useful 5 for the treatment or prophylaxis of
conditions mediated alone or in part by erbB receptor signalling,
particularly proliferative diseases such as cancer. The invention also
relates to a pharmaceutical composition comprising the salt and to the use
thereof in the manufacture of a medicament for use in the treatment or
prophylaxis of cancer, such as breast cancer. The erbB family of receptor
tyrosine kinases, which include EGER, erbB2, erbB3 toand erbB4, are
frequently involved in driving the proliferation and survival of tumour
utAls and as such the erbB family of receptors is implicated in a number of
epithelial cancers (reviewed in Olayioye et al., EMBO J., 2000, 19, 3159),
including for example breast cancer (Sainsbury et at, Brit. .1. Cancer,
1988, 58, 458; Guerin et al., Oncogene Res., 1988, 3.21; Stanton et at,
Science, 1989, 244, 707; Kliin et at., Breast Cancer Res. Treat, 1994,
1529, 73 and reviewed in Salomon et al., Grit. Rev. Oncol Hematot 1995, 19,
183), non-small cell lung cancers (NSCI,Cs) including adenocarcinoma,s
(Cerny et al., Brit. J.  Cancer, 1986, 54, 265; Reubi et al., Int. J.
Cancer 1990, 45, 269; Rusch et al., Cancer Research, 1993. 53. 2379;
Brabender et al, Clin. Cancer Res. 2001, 7, 1850) as well as other cancers
of the lung (Headier et al., Cancer Cells, 1989, 7, 347; Ohsaki et al..
Oncot Rep. 2000, 7, 603), bladder cancer (Neal et at, Lancet, 1985, 366;
Chow et at Qin. Cancer Res., 2001,1 1957, Than et al., Mol Carcinog., 3,
254), oesophageal cancer (Mukaida et al" Cancer, 1991, 68, 142),
gastrointestinal cancer such as colon, rectal or stomach cancer (Bolen et
at, Oncogeue Res., 1987, 1, 149; Kapitanovic et at Gast:monk:rob-3y, 2000,
112 1103; Ross et al., Cancer invest., 2001, 19, 554), cancer of 25the
prostate (Visakorpi et al., Histochem. J., 1992, 24, 481; Kumar et at,
2000, 32, 73; Scher et al., J. Nail. Cancer Inst., 2000, 92, 1866),
leukaemia (Kottaka et al., Cell 1984, 37, 1035, Martin-Subero et al.,
Cancer Genet Cvtogenet., 2001, 127, 174), ovarian (Hellstrom et at, Cancer
Res., 2001, 61, 2420), head and neck (Shiga et al., Head Neck, 2000, 22,
599) or pancreatic cancer (Ovotny et at, Neoplasm, 2001, 48, 188).
30Accordingly it has been recognised that an inhibitor or erbB receptor
tyrosine kinases should be of value as a selective inhibitor of the growth
of certain carcinomas. A number of erbB tyrosine kinase inhibitors have
demonstrated clinical benefit and a number of abB tyrosine kinase
inhibitors have been approved for use in the treatment of cancer.  WO
2009/138781PCT/6B2009/050496 2 For example, Et e EGER tyrosine kinase
inhibitors gefitinib and erlotirdb for the treatment of advanced non-small
cell lung cancer and lapatinib, which has crbB2 tyrosine kinase inhibitory
activity, for use in metastatic breast cancer. Several other EGER and erbB2
tyrosine kinase inhibitors are currently in development..       Compound
(I) is disclosed in international Patent Application Publication lumber
W02005/028469 as Example 1 therein and is of the stmcture:  Compound (I)
Compound (I) is an erbB receptor tyrosine kinase inhibitor, in particular
Compound (I) is a potent inhibitor or EGER and erbB2 receptor tyrosine
kinases.       There is a growing body of pre- and clinical evidence
suggesting that, in addition to signalling via EGER and erbB2 homodimers,
cell signalling mediated by EGER, erbB2 & erbB3 heterodimers may be an
important oncogenic signalling pathway (Sergina et al., :5Nature, 2007,
445, 437; Ritter et al., Clin Cancer Res. 2007, 13, 4909; Johnston et al.,
JO), 



2008, 26, 1066). Since erbB3 does not have an intrinsic tyrosine kinase
activity, activation of the crbB3 receptor is achieved only through the
formation of heterodimerie receptor complexes with other kinase-active
receptors including particularly EGER and erb1.12 . EGER and erbB2
heterodimers formed with erbB3 are thought to drive tumour growth in 20
tumours where these receptors are expressed.         We have found in
pre-clinical experiments that Compound U) also inhibits erbB3 mediated
signalling through the inhibition of phosphorylation of erbB3 ftfllowing
rand stimulated EGFRlerbB3 and/or erbB2/erbB3 beterodimerisation.
Accordingly, Compound (I) exhibits a unique erbB tyrosine Idnase inhibitory
effect compared to other erbB tyrosine kinase inhibitors such as gefitinib
or edotinib that act primarily as EGER tyrosine kinase inhibitors. We have
carried out pre-clinical studies which. suggest that Compound (I) exhibits
improved anti-tumour effects compared to EGER tyrosine kinase inhibitors
such as gefitinib and erlotinib. Without wishing to be bound by theory, it
is thought that the  WO 20091138781PCT/CB2009/050496 improved properties
may result from the inhibition of the crbB3 mediated signalling by Compound
(1).        W02005/028469 indicates that ic compounds disclosed therein may
be prepared in the thorn of a pharmaceutically acceptable salt, for
example, an acid-addition salt of a 5compound of the Formula I, with an
inorganic or organic acid such as hydrochloric, hydrobroinie, sulfuric,
trifluoroacetic, citric or maleic acid. Nowhere in W02005/028469 is there a
suggestion of a salt with futnaric acid. Compound (I) is disclosed in.
Example 1 of W02005/028469 and is isolated as the free base. There is no
disclosure in W02005/028469 of any specific salt of Compound (0. We have
found that Compound (11) is crystalline with somephous character as shown
in the XRPD of Figure 1. Differential scanning calorimetryre 2A) on
Compound (1) shows a broad endotherm with an onset of 76.2cC, which is
likely to be due to solvent loss, most likely water, followed by a melting
ado:therm with an onset: of 126.2C. Thermogravimetric analysis on Compound
(1) (Figure 28) shows a weight loss 15of 1.2% between 25C and 95C. Dynamic
Vapour Sorption (Figure 3) shows's re uptake of approximately 1.9% w/w at
80% relative humidity, accordingly Compound (I) is moderately hygroscopic.
We have found that Compound (I) has a relatively low intrinsic dissolution
rate, particularly at pH below 6.0 and has a high cellular permeability.
The low solubility and 20high permeability suggest a BCS classification of
Class!! for Compound (I). Therefore, the dissolution characteristics of the
compound may be critical in controlling drug absorption and inter patient
variability, especially at higher doses. These findings together with the
facts that Compound (I) is partially amorphous and is hygroscopic has
resulted in the need to find alternative forms of Compound (1) with
improved properties.        We have surprisingly found that the difumarate
salt of Compound (1) has favourable propetties compared to Compound (1).
Compound (1) difumarate has a favourable dissolution profile exhibiting,
high aqueous solubility and a good intrinsic dissolution rate. Furthermore,
the Compound (1) difumarate exhibits favourable solid-state properties, for
example high crystallinity, low hygroscopicity andlor favourable thermal
properties, such as a high melting point.        According to a first
aspect of the present invention there is provided Compound (1) difumarate.
4       Suitably the Compound (I) difurnaratc is e'stal1ine. Therefore
according to a further aspect of the present invention there is provided
crystalline Compound (I) difumarate. The Compound (I) difumarate may exist
in solvated as well as unsoivated forms 5such as, for example, hydrated
forms. It is to be understood that the invention 



encompasses all such solvated and unsolvated forms of Compound (1)
difunutrate.       We have found that a particular crystalline form of
Compound (I) difiimarate, hereafter "Form A" is chara.cterised in that it
provides an X-ray powder diffraction pattern substantially as shown in
Figure 4, The most prominent peaks of Form A aru shown in icTable I,  WO
2009/138781PCT/6B2009/050-196 5 Table 1 The most prominent X-Ray Powder
Diffraction peaks for Form A Angle beta' To Intensity Count W Angle Theta'
(20) 24.0 VS Intensity Count 63    7,1 S 24.7  8.7 S 25.5 



S 2 Ni 26.1  10.6 NI  26.4 VS 1L9 S  17.4  12.4 S 28,2 lvi 6 M 29.5  13.0 S
29.9 S 13.4  M  30.8  14.1 



s 31.5 M 14.4 M 31. NI 14. S  $2.2 NI 15.4 NI  32.7  16.3 M 33.0 M 16.9 NI
33.5 NI 17.3 M 34.0 M 18.8 S 34.7 



M 19.2  M 35.1 M 203 VS 35.5 Ni 20.5 VS 35.8  Ni 21.2 S  36.6 N 21.5 S 37.3
21.9 VS 38.3 NI 22.7 M 39.2 NI 23.0 



S   23,5      5In Table 1 the followng abbreviations are used: VS = very
strong; S = strong; M = medium and W = weak.      According to a further
aspect of the invention there is provided Form A, wherein said Form A has
an X-ray powder diffraction pattern with at least one specific, peak at
about 2- theta = 26.4'. toAccording to a further aspect of the invention
there is provided Form A, wherein said Form A Agent has an X-ray powder
diffraction pattern with at least one specific peak at about 2-theta 26.4',
14.9 "or 7.1'.  According to a further aspect of the invention there is
provided Form A, Aherein said Form A has an X-ray powder diFfraction
pattern with specific peaks at about 2-theta = 26.4', 14.9 n and 7.1 e.
According to a further aspect )fthe invention there is provided Form A,
wherein said Form A has an X-ray powder diffraction pattern with at least
one specific peak at about 2- theta - 26.4', 24.0', 14.9', 12.4' or 7.1 e.
According to a further aspect of the invention there is provided Form A,
wherein said Form A has an X-ray powder diffraction pattern with specific
peaks at about 2-theta -26.4 ', 24.0', 14.9 ", 12.4' and 7.10. According to
a finther aspect of the invention there is provided FOilI A, wherein said
Form A has an X-ray powder diffraction pattern with at least one specific
peak at about 2-- theta = 26.4% 24.0', 23.0', 21.2 17.3', 15.4, 14.9,
13.0', 12.4' or 7.1.      According to a further aspect of the invention
there is provided Form A, wherein said Form A has an X-ray powder
diffraction pattern with specific peaks at about 2-theta 26.4% 24.0 , 23.0%
21.2', 17.3% 15.4, 14.9', 13.0', 12A" arid 7.1.      According to another
aspect of the invention there is provided Form A, wherein said Form A has
an X-ray powder diffraction pattern substantially the same as the X-ray
powder diffraction pattern shown in Figure 4,      Suitably Folio A is
substantially free of other forms of Compound (711) difumarate. For
example, at least 80% of the Compound (1) difiimarate is in the form of
Form A, particularly at least 90%, more particularly, at least 95% and
still more particularly at least 99% of the Compound (1) difumarate is in
the form of Form A. In a particular embodiment at least 98% of the Compound
(I) difumarate is in the form of Foto, A. Reference herein to, for example,
80% of the Compound (I) difumarate being in the form ofForm A, refer to the
(1.10 by weight of the Compound (I) difumarate.      The DSC: thermogram
for Form A is shown in Figure 5 hereinafter. Form A, shows a sharp melting
endotherm with an onset temperature of about 210.4C, as determined by
differential scanning ealorimetry (DS(2) analysis using a Mettler DSC820e
apparatus as described in the Examples. Accordingly Form A has a melting
point of about 210C. 30 We have found that Compound (1) difumarate may
exist in other crystalline forms, for example the Forms B to Q described in
the Examples herein. According to a further aspect of the invention there
is provided crystalline Compound (I) difumarate selected front any one of
Form B to Form Q described herein. Suitably each of the crystalline  



WO 2009/138781PCF/GB200910 0496 Compound (I) difumarate forms described is
substantially tree of other forms of Compound (I) difumarate, For example.
at least 80% of the Compound (I) difumarate is in the desired form,
particularly at least 90%, more particularly, at least 95% and still more
particularly at least 99% of the Compound (I) di fumarate is in the desired
crystalline fomi of the difumarate.      The crystalline forms of Compound
(I) difumarate described herein are crystalline. Suitably the degree of
crystallinity as determined by X-ray powder diffraction data is tbr example
greater than about 60%, such as greater than about 80%, particularly
greater than about 90% and more particularly greater than about 95%. En
embodiments of the toinvention, the degree of crystallinity as determined
by X-ray powder diffraction data is greater than about 98%, wherein the %
crystallinity refers to the % by weight of the total sample mass which is
crystalline. In the preceding paragraphs defining the X-ray powder
diffraction peaks for the crystalline forms of Compound (I), the term "at
about" is used in the expression "..,at about 2-theta =..." to indicate
that the precise position of peaks (i.e. the recited 2-theta angle values)
should not be construed as being absolute values because, as will he
appreciated by those skilled in the art, the precise position, of the peaks
ma:,7 vary slightly between one measurement apparatus and another, from one
sample to another, or as a result of slight variations in measurement
conditions utilised. It is also stated in the zo preceding paragraphs that
the Compound (0 difiimarate -Form A provides X-ray powder diffraction
patterns 'substantially' the same as the X-ray powder diffraction patterns
shown in Figure 4, and has substantially the most prominent peaks (2-theta
angle values) shown in Table 1. it is to be understood that the use of the
term 'substantially' in this context is also intended to indicate that the
2-theta angle values of the X-ray powder diffraction patterns may vary
slightly from one apparatus to another, from one sample to another, or as a
result of slight variations in measurement conditions utilised, so the peak
positions shown in the Figures or quoted in the Tables are again not to be
construed as absolute values.        In this regard, it is known in the art
that: an X-ray powder diffraction pattern may be obtained which has one or
more measurement errors depending on measurement oconditions (such as
equipment or machine used). In particular, it is generally known that
intensities in an X-ray powder diffraction pattern may fluctuate depending
on measurement conditions and sample preparation. For example, persons
skilled in the art of X-ray powder diffraction will realise that the
relative intensity of peaks can be affected by, for  WO
2609/1387S1PCTIGB2009/050496 8 example, grains above 30 microns in size and
non-urnuary aspect ratios, which may affect analysis of samples. The
skilled person will also realise that the position of reflections can be
affected by the precise height at which the sample sits in the
diffractometer and the zero calibration of the diffractometet. The surface
planarity of the sample may also have a small effect. Hence a person
skilled in the art will appreciate that the diffraction pattern data
presented herein is not to be construed as absolute (for further
information see Jenkins, R. & Snyder, R.L. 'Introduction to X-Ray Powder
DitTractometry' John Wiley & Sons, 1996). Therefore, it shall be understood
that the crystalline forms of Compound (l) difuinarate described herein are
not limited to the crystals that provide X-ray powder diffraction patterns
identical to the X-ray powder diffraction pattern shown in Figure 4, and
any crystals providing X-ray powder diffraction patterns substantially the
same as those shown in Figure 4 fall within the scope of the present
invention. A person skilled in the art of X-ray powder diffraction is able
to judge the substantial identity of X-ray powder diffraction patterns.
Generally, a measurement error of a diffraction angle in an X-ray powder
diffractog,ram is about 2-theta = 0.50 or less, and such degree of a
measurement error should be taken into account when considering the X-ray
powder diffraction patterns in Figures I and 4, and when interpreting the
peak positions referred to in the text above and itt Table 1. The melting
points and DSC data described herein were determined using Mettler DSC820e
apparatus, the use of which is described in more detail hereinafter. A
person skilled in the art: will appreciate that slight variations in the
melting point measured by DSC may occur as a result of variations in sample
purity, sample preparation and the measurement conditions (e.g. heating
rate). It will be appreciated that alternative readings :2 5of melting
point may he given by other types of equipment or by using conditions
different to those described hereinafter. Hence the melting point and
endotherm figures quoted herein are not to be taken as absolute values and
such measurement errors are to be taken Into account when interpreting DSC
data. Typically, melting points may vary by  0.5C or less.      The
crystalline forms of Compound (I) difurnarate, such as Form A according to
the invention may also be characterised and/or distinguished from other
physical forms using other suitable analytical techniques, for example NIR
spectroscopy or solid state nuclear magnetic resonance spectroscopy.  WO
2009/1 3W781PCT/6B2009/050496         The chemical structure of Compound
(I) difumarate of the present invention can be confirmed by routine methods
for example proton nuclear magnetic resonance (NM analysis. Synthesis of
Compound (1)  5Compound (I) may be synthesised using the methods described
in W02005/028469 or as illustrated in the Examples herein. 



W02005/028469 discloses as Example 1 therein the preparation of Compound
(I) as follows:         2-Chloro-N-methylacetamide (32 mg, 0,3 mmol) was
added to a mixture of
443-ehloro-2-fittoroaniiino)-7-methoxy-6-RpiperidinA-y0oxylquinazoline (120
rng, 0 3 mmol), potassium iodide (16 mg, 0.1 mmol), and potassium carbonate
(50 mg, 0.36 mmol) in acetonitrile (5 nil). The mixture was heated at
reflux for one hour. After evaporation of the solvents under vacuum, the
residue was taken up in dichlommethane. The organic solution was washed
with water and brine, dried over magnesium sulfate, After evaporation of
the solvents under vacuum, the residue was purified by chromatography on
silica gel (alarm 1% to 2% 7N methanolic ammonia in dichloromethane) to
give Compound (1) We have found that reaction of
2-chloro-N-methylacetarnide directly with 4(3
-chlom-2-fluoroanilino)-7-methoxy-6.4(jiperidim4-ypoxy]quiriazoline avoids
the use 20of potassium iodide. Eurtheimore, crystallisation of Compound (1)
from certain solvents provides Compound (I) in high purity. The new process
is therefore expected to be suitable for large-scale manufacture of
Compound (I).         Accordingly as a further aspect of the present
invenEinn there is provided a method for preparing Compound (1) comprising:
25(i) reacting 2-ehloro-N-methylacetamide with
4-(3-chloro-2-fluoroanilino)-7- methoxy-64(piperidim4-ypoxylquinazoline
dihydrochloride in the presence of a suitable base;      a) adding a
solvent selected from ethanol, water and methanol, or a mixture thereof to
the reaction mixture from step (i) to effect crystallisation of Compound
(1); and (iii) isolating the Compound (I), The reaction in Step (i) is
conveniently carried outsuitable inert solvent such as those described in
Process (c) on page 30 of W02005/028469. For example, the reaction may be
carried out using acetonitrile as the solvent. The reaction is carried out
in the  WO 2009/138781PCT/GB2009/050496 10 presence of a suitable base, for
example one of the bases described in Process (e) on page 30 of
W02005/028469, such :is triethylaimine. Suitably the reaction is carried
out at an elevated temperature, for example at about 75C.         In one
Lmbodiment in Step (ii) of the process the solvent is water. Suitably in
this 5embodiment when Step 6) is carried out in acetonitrilc the volume
ratio of wateracetonitrile is approximately 1:3.       In another
embodiment of the invention in Step (ii) of the process the solvent is
ethanol. Suitably in this embodiment when Step (i) is carried out in
acetonitrile the volume ratio of ethanol:acetonitrile is approximately
3.5:7. 10In a. further embodiment of the invention in Step (ii) of the
process the solvent is a mixture of ethanol and water. Suitably in this
embodiment the volume ratio of ethanol to water is about 20:1 to about
30:1, for examplu about 21.9;1 to 25:1.. When Step (i) is carried out in
acelonitrile suitably approximately 3.5 volumes of ethanol and 0.15 volumes
of water are added to 7 volumes of acemnitrile to effect crystallisation.
ISAs will be understood reference to a volume ratio of thr example of
wateracetonitrile being 1:3 means that I volume of water is added to 3
volumes of the aceionitrile present in the reaction vessel following the
completion of Step (i) of the process.       hi one embodiment., in Step
(ii) of the process the reaction mixture from Step (i) is cooled to about
70C and ethanol is added. The reaction mixture is then cooled to about 45C
and the water is added to effect crystallisation of the Compound (I). If
required the reaction mixture may be seeded with Compound (1) to help
initiate the crystallisation. The reaction mixture is then cooled to about
20C to complete the crystallisation. The isolation of the Compound (I) in
Step (Hi) may be carried out using sconventional methods, for example
filtration and drying of the Compound (I),       The
4-(3-chloro-2-fluoroanilitio)-7-methoxy-6-kpiperidin-4-ypoxylquinazolinc
dihydrochloride used as the starting material may be prepared as described
in the Examples herein. For example, by adding hydrochloric acid to
6-1[(1-tert-butoxycarbonyl)piperidi1F4-yl]oxyl-4-(3-chloro-2-t1uoroanilitio
)-7-methoxyouinazolinc. Conveniently the reaction is carried out in a
suitable solvent, for example ethanol, acetonitrile, letrahydrofuran, 2-
methyltetrahydroluran, nvropanol, methanol, 1-butanol, ethyl acetate,
tert-butyl acetate, isopropanol or industrial methylated spirit. A
particular solvent is ethanol or more particularly industrial methylated
spirit, 



WO 2009/138781PCT/(;B2009/050496 11        The 6- 1 -tert-butoxycarbonyl)p
Me lid n-4-y I]oxy -4 3-c Moro-2-fluoroanil ino)-7- rnettioxyquinazoline
may be prepared using the method described in Example I of W02005/028469 by
reacting 4-(3-Chloro-2-fluoroanilino)-6-hydroxy-7-methoxyquittazoline with
tert-Butyl (4-rnethanesulfonyloxy)piperidine-l-carboxylate, wherein the
reaction is canied out in the presence of cesium fluoride using DMA as a
solvent and at a temperature of 85C.        This reaction may also be
carried out in the presence of N-methylpyrrolidone (NMP) in the presence of
a suitable base such as potassium carbonate. This reaction is suitably
performed at an elevated temperature as described in the Examples herein.
However, we have found that by carrying the reaction out in the presence of
certain solvents provides the product in good form. Furthermore some of
these solvents are expected to be suitable for large-scale manufacture of
the product.        Accordingly, as a further aspect of the present
invention there is provided a process for the preparation of 6-f
[(1-tertubutoxycarbonyOpiperidin-4-yl]oxy)-4-(3-chloro-2-
tluoroanilino)-7-methoxyquiaazoline comprising: acting
4-(3-chloro-2-fluoroatnlino)-6-hydroxy-7-methoxyquinazoline with tert-butyl
(4-methanesulfonyloxy)piperidine-I-carboxylate in the presence of a
suitable base, wherein the reaction is carried out in a solvent selected
from N-methylpr-rotidone or an alcohol selected from methanol, ethanol,
isopropyl alcohol, n-propanol and industrial 20methylated spirit; and (ii)
crystallising the 6- lifl-tert-butoxycarbonyppipendvl-443-chloro-2-
fluoroanilino)-7-methoxyquirtazoline.          Step (I) of this process is
carried out in the presence of a suitable base, for example those described
in W02005/028469, such as potassium carbonate. The reaction is suitably
25carried out at elevated temperature conveniently at the reflux
temperature. If required water can be added to the solvents used in Step
(i) to aid processing, for example to increase the mobility of the reaction
mixture. In one embodiment Step (i) of the reaction is carried out in an
alcohol seiected from methanol, ethanol, isopropyl alcohol, n-propanol and
industrial methylated spirit, optionally in the presence of water. In a
further embodiment the reaction Step (0 is carried out in a mixture of
ethanol and water. When a mixture of ethanol and water is used, the volume
ratio of ethanol to water in Step fili example a volume ratio of ethanol to
water may be up to about 10:2 is such as about 10:1.  WO
2009/138781PCTICB2009/050496 12 The crystallisation in Stepthe process is
conveniently carried out by cooling the reaction mixture from Step (0 (for
example cooling to about 70C) and addine, water to the mixture to effect
crystallisation. The product may then be isolated by conventional methods
such as those described in the Examples.       Compound (I) may also be
prepared accordthg to the process illustrated in Reaction Scheme 1:    23 



64  7 Reaction Scheme I  WO 2009/138781PCT/GB2009/050496 13 Notes on
Reaction Scheme 1: Step (i): Lgl is a suitable leaving group, for example,
a halogeno, alkimesulionyloxy or arylsulfonyloxy group, for example a
chloro, bromo, methanesulfonyloxy, 4-nitrobenzenesulfonyloxy or
totuene-4-sulfony1oxy group (suitably a methanesulfonyloxy,
4-nitrobenzericsulfonyloxy or to1uene-4-sulfonyloxy group, for example Lgi
is methanesulfonyloxy).       Pg' is a suitable amine protecting group.
Such groups are well known, for example as described in one of the many
general texts on the subject, such as, 'Protective Groups in Organic
Synthesis' by Theodora Green (publisher: John Wiley & Sons). Examples of
10amino protecting groups include an acyl group, for example an alkanoyl
group such as acetyl, an alkoxycarbonyl group, for example a
methoxycarbonyl, ethoxycarbonyl or ten. - butoxycarbonyi group, an
arylmethoxycarbonyl group, for example benzyloxycarbonyl, or an aroyl
group, for example benzoyl. A particular example of lig' is
tert-butoxycarbony The reaction is suitably carried out in the presence of
a base, for example a carbonate such as potassium carbonate. The reaction
is conveniently carried out in the presence of a suitable inert solvent,
for example an alcohol such as isopropanol. The reaction is suitably
carried out at elevated temperature, conveniently at the reflux temperature
of the solvent.         Step (ii). The protecting group Pgt is removed
using conventional methods. For 20 example when Pg I is tert-butoxycarbonyi
it may be removed by treatment with a suitable acid as hydrochloric,
sulfuric or phosphoric acid or trifluoroacetic acid.       Step (iii): Lg2
is a suitable leaving group, for example, a halogeno, such as ehloro. The
reaction is suitably carried out in the presence of a suitable base such as
a carbonate, an organic amine or an alkoxide. Suitable bases include
potassium carbonate or triethanolamine. The reaction is conveniently
carried out in the presence of an inert solvent such as acetonitrile or an
alcohol such as ethanol. The reaction is suitably performed at an elevated
temperature, conveniently the reflux temperature of the solvent.       Step
(iv): Nitration may be effected using well known methods for the nitration
of aromatic rings, for example by treating the 211445-C
yano-2-methoxyphenoxy)piperidin-1 - yll-N-methylacetainide (4) with nitric
acid in the presence of sulfuric acid using well known conditions for such
reactions and as illustrated in the Examples. Step (v): Reduction reactions
suitable for reducing nitro groups to amines are well known, for example by
reduction in the presence of a suitable reducing agent such as  14
sodiumionite. This reaction is suitably carried out in the presence of an
aqueous solvent, for example aqueous methanol. The reaction is conveniently
performed at elevated temperature for example 40 to 60C. Alternatively,
reduction may be effected by hydrogenation, for example by catalytic
hydrogenation with using a suitable catalyst such as a palladium on carbon
catalyst, for example a 10% palladium on carbon catalyst. The hydrogenation
is conveniently carded out in a suitable solvent such as methanol. 



Step (vi); 244-(4-Atnino-5-eyano-2-methoxyphenoxy)piperidin-1
-yI]-Nmethylacetamide (6) is reacted with N,N-dimetbylformarnide dimethyl
acetal. The reaction is conveniently carried out in the presence of a
suitable solvent such as an ether, for example, 2-methyltetrahydrorart or
an aromatic hydrocarbon such as toluene. The reaction is suitably performed
at an elevated temperature, for example at about 70 to 105C, suitably about
76C. Step (vii)        The reaction is suitably carried out in the presence
of a suitable acid, such as one or more acids selected from acetic,
propanoie, succinic. futriarie and citric acid. In one example the acid is
acetic acid. The reaction is suitably carried out in the presence of an
inert solvent, for example an aromatic hydrocarbon solvent such as
methoxybenzene. The reaction is suitably carried out at elevated
temperature, for example from about 90 to about 120C. suitably at about
90C.        The process described in Reaction Scheme 1 forms a further
aspect of the present invention. Accordthere is provided a method for
preparing Compound (1) comprising reacting  -[4-(5-cyano-4- (
Rdimethylamino)rnethylene]arninol -2-
inethoxyphenoxy)piperidin-1-011-N-methylacetatuide (7) with
3-chlom-2-fluoroamiline in the presence of a suitable acid.       Suitable
reaction conditions are as hereinbefore described in relation to Step (vii)
of Reaction Scheme I.       Certain intermediates shown in Reaction Scheme
I are novel and form a further aspect of the present invention. Accordingly
another aspect of the invention provides a compound selected from any one
of =compounds 2, 3, 4, 5,6 and 7 in Reaction Scheme I, or a salt thereof;
wherein Pgi is as hereinbefore defined (for example tert-butoxycarbonyl).
Some of the intermediates such as compound (7) in Reaction Scheme I may
have geometric isomeric centres (E- and Z- isomers). It is to he understood
that the present invention encompasses all such geometric isomers and
mixtures thereof.  Synthesis of Compound 01 Difumarate Form
According to a further aspect of the present invention there is provided a
process for the preparation of Compound (1) difumarate (Form A) comprising:
(1) reacting Compound (I) with a sufficient quantity of fumaric acid to
form the 5 diftimarate salt; (ii) crystallisirm the Form A; and (iii)
isolating the form A. Notes on Step 01  Conveniently the reaction with the
fumatic acid is carried out in a suitable solvent, 03for example, selected
from methanol, ethanol, I -butanol, 2-hiatanol and &acetone alcohol. The
reaction may also be carried out in a mixture of suitable solvents, for
example a mixture selected from methyl ethyl ketone and dimethylformamide;
methyl ethyl ketone and tehahydrofuran; methyl ethyl ketone and methanol;
methyl ethyl ketone and isopropanot; ethanol and &methyl sutfoxide; ethanol
and tetrahydrofuram ethanol and ts isopropanob t-butanol and
dimethylformamide; 1-butanot and dirnethyt sulfoxide; hamlet and
tetrahydrofuran; 1-butanol and methanol; 1-butanol and isopropanot
ethylacetate and dimethylformamide; ethyl acetate and methanol; ethyl
acetate and isopropanob and methanol and isopropanot. In one embodiment the
reaction in Step (1) is carried out in water. 20in one embodiment the
reaction in Step (i) is carried out in a mixture of solvents comprising
methyl ethyl ketone and a solvent selected from dimethylformamide,
tetrahvdrofuran, media-not and isopropanot        In another embodiment the
reaction in Stepcarried out in a mixture of solvents comprising ethanol and
a solvent selected from dimethyl sulfoxide, 25tetrahydrotbrun and
isopropanol.        in another embodiment the reaction in Step (i) iis
carried out in a mixture of solvents comprising I -butanol and a solvent
selected from dimethylformamide, &methyl sulfoxide, tetrahydrofuran,
methanol and isopropanol.       In another embodiment the reaction in Step
(i) is carried out in a mixture of solvents comprising ethyl acetate and a
solvent selected from dimethyl formamide, methanol and isopropanol.
In another embodiment the reaction in Step (i) is carried out: in a mixture
of solvents comprising ethyl acetate and isopropanot  



WO 20991138781PC17 C 82099/050496 16 In another embodiment the reaction in
Stepcarried outmixture of solvents comprising methanol and isopropariol.
In those embodiments where Step (i) of the reaction is carried out in a
mixture solvents comprising methanol and isopropanol, the volume ratio of
isopropanol to methanol is suitably in the range of about 3.4:1 to about
1.0:1, for example about 1.5:1 to about 1.0:1. This reaction is suitably
carried out at an elevated temperature, for example at a temperature in
excess of 60C, suitably from 65C to the reflux temperature of the solvent.
Conveniently the Compound (I) is dissolved or dispersed in the isopropanol
and this mixture is reacted with a solution or dispersion of the fumaric
acid in the methanol. In those embodiments where Step (i) of the reaction
is carried out in a mixture of solvents comprising ethyl acetate and
isopropanol, the volume ratio of ethyl acetate to isopropanol is suitably
in the range of about 5.1:1 to 1.9:1, for example about 3.9:1 to 1.9:1 such
as about 2.1:1. This reaction is suitably carried out at a temperature of
about 20 to about 73C, for example at about 40C. Conveniently the Compound
(I) is dissolved or I 5dispersed in the ethyl acetate and this mixture is
reacted with a solution or dispersion of the fumaric acid in the
isopropanol. Alternatively, Compound (I) may be pm-dissolved in a mixture
of ethyl acetate and isopropanol. If required, the isopropanot may by
removed following dissolution of the Compound (I) using conventional
methods such as distillation.        When preparing the solution or
dispersion of fumarie acid in an alcohol such as methanol or isopropyl
alcohol, it may be necessary to heat the mixture to effect dissolution of
the fumaric acid. However, excessive heating and/or holding the mixture at
elevated temperature for prolonged periods of time should he avoided to
minimise ester formation.        Generally in Step (i) of the process
Compound (I) is reacted with at least 2 molar equivalents of fumaric acid,
for example from about 2 to about 3, particularly about 2 to about 2.7
molar equivalents of fumaric acid. However, tower quantities of furnarie
acid can be used in certain solvent systems. For example, when the reaction
is carried out in a mixture of ethyl acetate and isopropanol we have found
that Compound (I) difumarate can be prepared when the molar ratio of
fumaric acid to Compound (J) is greater than or equal to 1.725.  WO
2009/138781Pa/-112069/050496 Notes on Step(ii) Crystallisation of the Form
A may be effected using known methods for      allisation of a compound
from solution. For example by causing supersaturation of the solution
containing the salt. Supersaturation may be achieved by, for example,
cooling the solution, evaporating solvent from the solution or by addition
of a suitable anti-solvent to the solution.       In one embodiment
crystallisation is effected by cooling the solution. For example, when Step
(i) of the reaction is carried out in a mixture of methanol and isopropyl
alcohol, the reaction mixture is cooled to about 30C over a period of about
90 minutes and is held 19at 30C for about 30 minutes, The reaction mixture
may then be further cooled over a period of about 2 hours to a temperature
of about 0C. and is held at the temperature for a sufficient time to allow
completion of crystallisation, for example about I hour,
Alternatively, when Step (i) of the reaction is carried out in a mixture of
ethyl acetate and isopropyl alcohol, the reaction mixture is cooled to
about 20C (for example 15from about 40C to about 20C over a period of about
1 hour). The reaction mixture is then held at 20C for a sufficient time to
effect crystallisation. Suitably, the reaction mixture is held at about 20C
for at least 10 hours, for example for about 13.5 hours.        In another
embodiment when Step(i) of the reaction is carried out in a mixture of
methanol and isopropyi alcohol, crystallisation may be effected by removing
a proportion 70of the solvent to cause supersaturation of the remaining
reaction mixture. The solvent may be renurd by evaporation or distillation.
Suitably about 55 to 65% by weisrht of the solvent is %moved, for example
about 62%. If required further isopropanol may be added to the mixture
followed by distillation of approximately the same weight of solvent. For
example approximately 5010 60% of additional isopropanol may be added to
the mixture,         he % is the % by weight of the solvent remaining in
the reaction vessel following the first distillation. Following addition of
the iisopropanol a similar weight of solvent is removed by distillation.
Crystallisation may be completed by adding further isopropanol and cooling
the mixture to about 0C over a period of about 8 hours.      Generally the
Form A will self crystallise in Step (ii) of the process, but as will be
appreciated by a person skilled in the art, seeding with Form A may be used
in order to promote crystallisation. If required, seed crystals could be
prepared using the method described above and illustrated in the Examples
for the preparation of Compound (I) difumarate Form A. 



WO 2009/138781PCPCB20091050496 IS Notes on Step       Any suitable method
known in the art for isolating crystalline materials from a solution maybe
used in Step (iii) of the process. Suitably, the Form A is collected by
filtration. Following isolation of the Form A, the salt may be washed with
a suitable 5solvent, for example cold isopropanol. Following isolation the
Form A may be dried using conventional methods, for example vacuum drying.
Accordingly in one embodiment of the invention there is provided a process
for the pttparation of Compound (1) difumarate (Form A) comprising,
reacting a solution or suspension of Compound (1) in isopropanol with at
least 2 omolar equivalents Fumaric acid in methanol,       wherein the
volume ratio of isopropanol to methanol is from 3,4:1 to about 1.0:1, for
example about 1.5:1 to about 1.0:1,        and wherein the reaction is
carried out at a temperature of at least 60C; (ii) crystallising the Form
A; and 3 5isolating the Form A.      Suitable conditions for
crystallisation and isolation of the Form A are as hereinbefore defined.
Accordingly in another embodiment of the invention there provided a process
for the reparation of Compound (1) difutuarate (Form A) comprising: 3210')
reacting a solution or suspension of Compound (11 in ethyl acetate with at
least a 1,725 molar equivalents fumaric acid in isopropanot (suitably at
least 2 molar equivalents of fumaric acid),    wherein the volume ratio of
ethyl acetate to isopropanot is suitably from about 5:1 to for ample about
5.1:1 to 1,9:1 such as about 2.1:1 and lyvherein the reaction is carried
out at a temperature of about 20 to about 73C (for example about 40t);
(ii) cooling the reaction mixture from Step (i) to about 20C. and holding
the mixture at this temperature to effect crystallisation of the Form A,
and      (iii) isolating the Compound (1) difumarate Form A.
Suitable conditions for isolation of the Form A are as hereinbefore
defined. 30In another embodiment of the invention there is provided a.
process for the preparation of Compound (1) difumarate (form A) comprising:
19       (0 reacting Compound (I) in water with at least 2 molar
equivalents of fumaric acid (for example at least 2.05, such as about 2.1
molar equivalents of [unlade acid), and wherein the reaction is carried out
at about 85C; (ii) cooling the reaction mixture from Step (i) to about 60C;
and (iii) isolating the Compound (1) difutnarate Form A. Suitably in Step
(ii) the reaction mixture is cooled slowly to about 60C, for example at a
cooling rate of about it/minute. If required crystallisation of the Form A
can be induced by adding seed crystals of the Form A during cooling of the
mixture. Suitably the Fotur A seed crystals are added when the reaction
mixture has been cooled to about 77C. Suitable conditions for isolation of
the Form A in Step (iii) are as hereinbefore described.      Crystalline
Compound (1) di fumarate Forms B to P may be prepared by, for example, the
methods described herein in the Examples. Pharmaceutical Compositions  



According to a further aspect of the invention there is provided a
pharmaceutical composition which comprises Compound (I) difinuarate in
association with a pharmaceutically-acceptable diluent or carrier. The
Compound (1) difumarate may be used in the composition in any of the foims
described herein, for example Form A. The compositions of the invention may
be in a form suitable for oral use (for example as tablets, lozenges, hard
or soft capsules, aqueous or oily suspensions, emulsions, 20dispersible
powders or granules, syrups or elixirs), for topical use (for example as
creams, oin'nnents, gels, or aqueous or oily solutions or suspensions), for
administration by inhalation (for example as a finely divided powder or a
liquid aerosol), for administration by insufflation (for example as a
finely divided powder) or for parenteral administration (for example as a
sterile aqueous or oily solution for intravenous, subcutaneous,
intramuscular oruscular dosing or as a suppository for rectal dosing).
The compositions of the invention may be obtained by conventional
procedures using conventional phaimaceutical excipients, well known in the
art. Thus, compositions intended for oral use may contain, for example, one
or more colouring, sweetening, flavouring andlor preservative agents.  WO
20091138781PCT/G82009/050496 20       For example Compound (I) difumarate
is suitably formulated as a tablet using the following excipietas: Tablet
Core: Compound (I) difutnara (for example Form A); lactose;
mierocrystalline cellulose; crospovidone; polyvidone (PVP); and magnesium
stearate       The tablet core may be coated with a film-coating, such as
an HPINIC based film coating, which coating optionally contains one or more
colorants and/or light protective agents.       The tablets may be prepared
using conventional methods and as illustrated in the Examples. If required
the Compound (I) difumarate may be milled prior to formulation into the
tablet to provide a uniform particle size distribution of the Compound (I)
difumarate in the tablet For example the Compound (I) dithmarate may be
milled to provide an average particle size of about Sum. Suitable milling
methods are well known.        The amount of active ingredient that is
combined with one or more excipients to produce a single dosage form will
necessarily vary depending upon the host treated and the 20particular route
of administration. For example, a formulation intended for oral
administration to humans will generally contain, for example, from 0.5 tug
to 0.5 g of active agent (more suitably from 0.5 to 200 mg, for example
from Ito 30 mg) compounded with an appropriate and convenient amount of
excipiems which may vary from about 5 to about 98 percent by weight of the
total composition.        The size of the dose for therapeutic or
prophylactic purposes of Compound (I) difumarate will naturally vary
according to the nature and severity of the conditions, the age and sex of
the animal or patient and the route of administration, according to well
known principles of medicine.. In using Compound (I) difumarate for
therapeutic or prophylactic purposes it will generally be administered so
that a daily dose in the range, for example, 0.1 mg/kg to 75 mg/kg body
weight is received, given if required in divided doses. In general lower
doses will be administered when a parenteral route is employed. Thus, for
example, for intravenous administration, a dose in the range, for example,
0.1 trig/kg to 30 mg/kg body 



WO 2009/138781PCTit82009/050496 21 weight willrally be used. Similarly, for
administration by in-halation, a dose in the range, for example, 0.05 mg/kg
to 25 mg/kg body weight will be used. Oral administration is however
preferred, particularly in tablet feint. For instance, Compound (I)
difinnarate could be administered to a warm-blooded animal orally, at a
unit dose less than ig daily but more than img. Particularly Compound (1)
difumarate could be administered to a 'N arm-blooded animal, at a unit dose
of less than 250 mg per day. In another aspect of the invention, Compound
(I) difumarate could be administered to a wartn-blooded animal, at a unit
dose of less than 160 rag per day. In a further aspect of the invention,
Compound (I) difiamarate could be administered to a vvarm-blooded animal,
at a unit dose of less than 50 tomg per day. The dose of Compound (1)
difurnarate may be administered as a single daily dose or as multiple
fractions of the total daily dose. For example, the total daily dose of
Compound (I) difumaratc may be administered as two doses, which may be the
same or different. Suitably however, each fraction of the total daily dose
would be approximately equal. By way of example Compound (I) difurnarate
may be administered as a one or more oral dosage forms such as a tablet or
capsule containing 1.5, 3.7, 14.9, 59.601 149 rug of Compound (I)
difumarate (equivalent to 1, 2.5, [0, 40 or 100mg of Compound (0 free
folio). In a further embodiment a dose of Compound (1) difumarate
equivalent to 40, 80, WO, 160, 200 or 240mg of Compound (I) is administered
twice a day. In a particular embodiment a dose of Compound (I) difumarate
equivalent to 160 mg of Compound (1) is 20 administered twice a day. In a
particular embodiment a dose of Compound (I) difumarate equivalent to 200
mg of Compound (1) is administered twice a day. In another particular
embodiment a dose of Compound (1) difumarate equivalent to 240 mg of
Compound (I) is administered twice a day. Biological Assays  25The
inhibitory activities of Compound (I) and Compound (I) dilumarate may be
measured in the assays described in W02005/028469 or as described in the
Examples herein.       The compounds of the present invention possess
anti-proliferative properties such as anti-cancer properties that are
believed to arise from their erbB family receptor tyrosine kinase
inhibitory activity, and particularly a mixed erbB2/ EGF and/or erbB3/EGF
profile.       Accordingly, the compounds of the present invention are
expected to be useful in the treatment of diseases or medical conditions
mediated atone or in part by erbB receptor tyrosine kinases, i.e. the
compounds may be used to produce an erbB receptor tyrosine  WO
20091138781PCTICB20091050496 22 kinase inhibitory effect in a warm-blooded
animal in need of such treatment. Thus the compounds of the present
invention provide a method for the treatment of malignant cells
characterised by inhibition of one or more of the eibB family of receptor
tyrosine kinases. Particularly the compounds of the invention may be used
to produce an anti-proliferative and/or pro-apoptotic and/or anti-invasive
effect mediated alone or in part by the inhibition of erbB receptor
tyrosine kinases. Particularly, the compounds of the present invention are
expected to be useful in the prevention or treatment of those tumours that
are sensitive to inhibition of one or more of the erbB receptor tyrosine
kinases, that are involved in the signal transduction steps which drive
proliferation and survival of these tumour cells. Accordingly the compounds
of the present invention are expected to be useful in the treatment of
psoriasis, benign prostatic hyperplasia (BIT!), atherosclerosis and
restenosis and/or cancer by providing an anti-proliferative effect,
particularly in the treatment of crbB receptor tyrosine kinase sensitive
cancers. Such benign or maligmant tumours may affect any tissue and include
non-solid tumours such as leukaemia, multiple myeloma or 5lymphoma, and
also solid tumours, for example bile duct, bone, bladder, brain/CNS,
breast, colorectal, endometrial, gastric, head and neck, hepatic, lung,
neuronal, oesophageal, ovarian, pancreatic, prostate, renal, skin,
testicular, thyroid, uterine and vulval cancers. Where cancer is referred
to, particularly it refers to oesophageal cancer, myeloma,
2ohepatocelluiar, pancreatic, cervical cancer, Ewing's tumour,
neuroblastoma, kaposi's sarcoma, ovarian cancer, breast cancer, colorectal
cancer, prostate cancer, bladder cancer, melanoma, lung cancer non small
cell lung cancer (NSCLC), and small cell lung cancer (SCLC), gastric
cancer, head and neck cancer, brain cancer, renal cancer, lymphoma and
leukaemia. In one embodiment it refers to breast cancer, for example
hormone receptor- breast cancer. in another embodiment cancer refers to
SCLC, NSCLC, colorectal cancer, ovarian cancer and ; or breast cancer. In
another embodiment cancer refers to SCI.C. In another embodiment cancer
refers to gastric cancer. In addition, it refers to NSCLC. In addition, it
refers to colorectal cancer.. In addition, it refers to ovarian cancer. In
addition, more particularly it refers to breast cancer. In addition, more
particularly it refers to hormone receptor positive breast cancer,
especially to hormone receptor positive breast cancer in post--menopausal
women. In one embodiment it refers to early stage non-metastatic hotmone
receptor positive breast cancer, for example early stage nonmetastatic
hormone receptor positive breast cancer in post-menopausal women. Still
furthermore it 



WO 2009/138781PCl/GB2009/050496 refers to early stage non-memstatie
estrogen andlor progesterone receptor positive breast cancer, especially to
early stage nort-metastatic estrogen and/or progesterone receptor positive
breast cancer in post-menopausal women. In addition, more particularly it
refers to metastatic hormone receptor positive breast cancer, especially to
metastatic hormone 5receptor positive breast cancer in post-menopausal
women. Still furthermore it refers to metastatic estrogen and/or
progesterone receptor positive breast cancer, especially to metastatic
estrogen and/or progesterone receptor positive breast cancer in
post-menopausal women. Furthermore, it refers to bladder cancer,
oesophageal cancer, gastric cancer, melanoma, cervical cancer and or renal
cancer. in addition it refers to endometrial, 10stomach, thyroid, rectal
and or brain cancer. In another embodiment of the invention, particularly
the cancer is in a non-metastatic state. In another embodiment of the
invention, particularly the cancer is in a metastatic state. M a. further
embodiment of the invention, particularly the cancer is in a metastatic
state, and more particularly the cancer produces skin metastases. In a
further embodiment of the invention, patticularly the cancer Isis in a
metastatic state, and more particularly the cancer produces lymphatic
tnetastases. In a farther embodiment of the invention, particularly the
cancer is in a metastatic state, and more particularly the cancer produces
brain metastases. Where the treatment of cancer is referred to particularly
this is the treatment of cancerous tumours expressing one or more oferbB
family of receptors, for example o EFGR, crbB2 and/or erbB3 receptors. The
anti-cancer effect of Compound (I) difumarate according to the invention
may be measured in terms of one or more of the anti-tumour effect, the
extent of the response (for example reduced tumour volume or reduced tumour
burden), the response rate, the clinical benefit rate (the sum of complete
response, partial response and stable disease) the time to disease
progression, progression-free survival and the overall survival rate. Such
clinical, trial endpoints are well known and are described in for example
the FDA publication "Guidance for Industry Clinical Trial Endpoints for the
Approval. of Cancer Drugs and Biologics" May 2007
(www.fda.goviCbERigdInsielintrialend.hon). The anti-tumour effects of
Compound (.1) difumarate according to the invention may be for example, one
or more of inhibition of tumour growth, tumour growth delay, regression of
tumour, shrinkage of tumour, increased time to regrowth of tumour on
cessation of treatment or slowing of disease progression.       The use of
Compound (I) difumarate may also have a beneficial effect in preventing the
onset of cancer in warm-blood.ed. animals, such as man.  WO
2009/138781PCUCB2009/050496 24       According to this aspect of the
invention there is provided Compound difurnarate, for use as a medicament.
According to a further aspect of the invention there is provided Compound
(I) difumaratc, :for use in the production of an anti-proliferative effect
in a warm-blooded animal such as man.       Thus according to this aspect
of the invention there is provided the use of Compound (I) difumarate in
the manufacture of a medicament for use in the production of an
anti-proliferative effect in a warm-blooded animal such as man. According
to a further feature of this aspect of the invention there is provided a
inmethod for producing an anti--proliferative effect in a tkarm-blooded
animal, such as man, in need of such treatment which comprises
administering to said animal an effective amount of Compound (I)
difumarate.       According to a further aspect of the invention there is
provided Compound (I) difumarate, for use in the prevention or treatment of
those tumours which are sensitive to 15 inhibition of erbB receptor
tyrosine kinases, such as a combination of EGFR and eibB2 and/or EGER and
erh613, that are involved in the signal transduction steps which lead- to
the proliferation of tumour cells. According to a further aspect of the
invention there is provided the use of Compound (I) difumarate in the
manufacture of a medicament for use in the prevention 2) treatment of those
tumours which are sensitive to inhibition of erhB receptor tyrosine
kinases, such as a combination of EGER and erhB2 and/or EGER and erbB3,
that are involved in the signal minsduction steps which lead to the
proliferation of tumour 



According to a further feature of this aspect of the invention there is
provided a method for the prevention or treatment of those tumours whiat
ate sensitive to inhibition of one or more of the erbB family of receptor
tyrosine kittases, such as a combination of EGER and erbB2 andlor EGER and
erbB3, that are involved in the signal transduction steps which lead to the
proliferation and/or survival of tumour cells which comprises administering
to said animal an effective atnount of Compound (0 difumarate. According to
a further aspect of the invention there is provided the use of Compound (I)
difumarate in the manufacture of a medicament for use in providing a
combined EGER and erbB2 tyrosine kinase inhibitory effect.  WO
2009/138781PCTIGB2009/050496 25       According to a further feature of
this aspect of the invention there is provided a method for providing a
combined EGER and erbB2 tyrosine kinase inhibitory effect which comprises
administering to said animal an effective amount of Compound (1)
difumarate.       According to a further feature of this aspect of the
invention there is provided Compound (I) difumarate, for use in providing a
combined EGER and erhB2 tyrosine kinase inhibitory effect.       According
to a further aspect of the invention there is provided the use of Compound
(I) difumarate in the manufacture of a medicament for use in providing a
tyrosine kinase inhibitory effect on two or more receptors selected front
EGER, erbB2 and erbB3,       According to a further feature of this aspect
of the invention there is provided a method for providing a tyrosine kinase
inhibitory effect on two or more receptors selected from EGFR, erbB2 and
erbB3, which comprises administering to said animal an effective amount of
Compound (I) difumarate,       According to a further feature of tins
aspect. of the invention there is provided Compound (I) difumarate, for use
in providing a tyrosine kinase inhibitory effect on two or more receptors
selected from EGER, erbB2 and erbI33. According to a further aspect of the
invention there is provided the use of Compound (I) di fumarate in the
manufacture of a medicament for use in the treatment of a aocondition (for
example a tumour) mediated in whole or part, by the phosphotylation of an
erbB2ferbB3 heterodimer.        According to a further feature of this
aspect of the invention there is provided a method for the treatment of a
condition (for example a tumour) mediated in whole or part by the
phosphorylation of an erbB2lerbB3 heterodimer, which comprises
administering to said animal an effective amount of Compound (I)
difumarate.        According to a further feature of this aspect of the
invention there is provided Compound (I) difamarate, for use in the
treatment of a condition (for example a tumour) mediated in whole or part
by the phosphorylation of an erbB2./erbB3 heterodimer. According to a
further aspect of the present invention there is provided the use of
30Compound (I) difurnarate in the manufacture of a medicament for use in
the treatment of a cancer (for example a cancer selected from leukaemia,
multiple myeloma, lymphoma, bile duct, bone, bladder, brainICNS, breast,
colorectal, endometrial, gastric, head and neck, hepatic, lung
(particularly non-small cell lung cancer), neuronal, oesophageal, ovarian,
WO 20091138781PCDC132009/050496 26 pancreatic, prostate, renal, skin,
testicular, thyroid, uterine and vulval cancer and particularly a cancer
selected from breast, gastric, colorectal, head and neck, ovarian and lung
cancer, more particularly breast cancer). According to a further feature of
this aspect of the invention there is provided a 5method for treating a
cancer (for example a cancer selected from leukaemia, multiple my-elan:a,
lymphoma, bile duct, bone, bladder, brainICNS, breast, colorectal,
endometnal, gastric, head and neck, hepatic, lung (particularly non-small
cell lung cancer), neuronal, oesophageal, ovarian, pancreatic, prostate,
renal, skin, testicular, thyroid, uterine and vulval cancer and
particularly a cancer selected from breast, gastric, colorectal, head and
to neck, ovarian and lung cancer, more particularly breast cancer in a
warm-blooded animal, such as man, in need of such treatment, which
comprises administering to said animal an effective amount of Compound (I)
difumarate. According to a further aspect of the invention there is
provided Compound (I) 



difinnarate, for use in the treatment of a cancer (for example selected
from leukaemia, ismultiple myeloma, lymphoma, bile duct, bone, bladder,
brain/CNS, breast, colorectal, endometrial, gastric, head and neck,
hepatic, lung (particularly non-small cell Lung cancer), neuronal,
oesophageal, ovarian, pancreatic, prostate, renal, skin, testicular,
thyroid, uterine and vulval cancer and particularly a cancer selected from
breast, gastric, colorectal, head and neck, ovarian and lung cancer, more
particularly breast cancer).        As mentioned above die size of the dose
required for the therapeutic or prophylactic treatment of a particular
disease will necessarily be varied depending upon, amongst other things,
the host treated, the route of administration arid the severity of the
illness being treated.        According to a further aspect of the
invention there is provided a pharmaceutical composition which comprises
Compound (I) difurnarate, in association with a pharmaceutically acceptable
diluent or carrier for use in the treatment of a cancer        For the
avoidance of doubt, where the treatment of cancer is indicated, it is to be
understood that this also refers to the prevention of metastases and the
treatment of metastases, i.e. cancer spread. Therefore Compound (I) and
Compound (I) difumarate of the present invention could be used to treat a
patient who has no metastases to stop them occurring, or to lengthen the
time period before they occur, and to a patient who already has metastases
to treat the metastases themselves. Furthemore the treatment of cancer also
refers to treatment of an established primary tumour or tumours and
developing primary  WO 2009/138781PCT/CO2999/050496 27 tumour or tumours.
In one aspect of he invention the treatment of cancer relates to the
prevention of metastases. In another aspect of the invention the treatment
of cancer relates to the treatment of metastases. In another aspect of the
invention the treatment of cancer relates to treatment of an established
primary tumour or tumours or developing primary tumour or tumours. In one
embodiment the treatment of cancer relates to an. adjuvant [ream-lent In
-another embodiment the treatment of cancer refers to the neo-adjuvant
treatment of cancer. Accordingly in an embodiment of the invention the
Compound (I) difumarate according to the invention is used as an adjuvant
treatment of hormone sensitive breast cancer, particularly as an adjuvant
treatment of estrogen receptor positive io breast cancer in post-menopausal
women, In another embodiment of the invention the Compound (1) difinnarate
according to the invention is used as a neo-adjuvant treatment of hormone
sensitive breast cancer, particularly as a neo-adjuvant treatment of
estrogen and/or progesterone receptor breast cancer in post-menopausal
women. In another embodiment the Compound (I) difumarate is used to treat
advanced (metastatic) hormone sensitive (estrogen and/or progesterone
receptor positive) breast cancer, particularly advanced estrogen receptor
positive cancer in post-menopausal women. In a further embodiment the
Compound (I) difutnarate according to thee n may be used as a neo-adjuvant
therapy in the treatment of hormone sensitive breast cancer in patients. In
another embodiment the Compound (I) difumarate according to the invention
is not used as a neo-adjuvant treatment.         The term "adjuvant
therapy" refers to a treatment given following removal of the primary
tumour. Where the cancer is breast cancer, removal of the primary tumour
may be effected by; for example, surgery (thr example lumpectomy or
mastectomy) and/or radiotherapy.         The term "neo-adjuvant therapy"
refers to a treatment Riven prior to removal of the primary tumour by
surgery or radiotherapy. Herein, the treatment of cancer also refers to the
prevention of cancer per se. In one embodiment of the invention the
Compound (I) difinnarate is used in combination with an endocrine agent
suitable for use in the treatment of breast cancer. For 3a example, a
combination of Compound (I) difamarate and an endocrine agent selected from
an aromatase inhibitor, a selective estrogen receptor modulator, an LEIRli
agonist and an estrogen receptor down-regulator. For example, a combination
of Compound (I) difurnarate and an aromatase inhibitor. For example a
combination of Compound (I)  WO 2009/138781PCTICB2009/050496 28 difumarate
and tamoxi en. For example a combination of Compound (I) difumarate and
anastrozole. For example a combination of Compound (I) difumarate and
letrozole. For example a combination of Compound (I) dirumarate and
exemestane. The combination of Compound (I) difumarate and an endocrine
therapy may be particularly suitable for use in 5the treatment of breast
cancer as described herein. For example, the combination may be useful in
the treatment of metastatic estrogen andlor progesterone positive breast
cancer. Alternatively the combination may be useful as an adjuvant
treatment of breast cancer, particularly as an adjuvant treatment of
estrogen and/or progesterone positive breast cancer. The combination may
also be useful in the treatment of estrogen and/or progesterone positive
breast cancer in patients that have not received prior endocrine therapy
(for example a selective estrogen receptor modulator such as tamoxifen, an
aromatase inhibitor such as anastrozole or an estrogen receptor
down-regulator).        Accordingly, in one embodiment of the invention
there is provided a method for the treatment of advanced (metastatic)
estrogen and/or progesterone positive breast cancer in a 



!s3waini-blooded animal, such as mail, in need of such treatment, which
comprises administering to said animal an effective amount of Compound (I)
difumarate in combination with an effective amount of an aromatase
inhibitor such as anastrozole, wherein, said animal has not previously been
treated with an endocrine therapy such as for example, a selective estrogen
receptor modulator such as tamoxifen, an aromatase inhibitor such as
anastrozole or an. estrogen receptor downregulator.       In another
embodiment of the invention there is provided a method for the treatment of
non-metastatic estrogen andlor progesterone positive breast cancer in a
warm-blooded animal, such as man, in need of such treatment, which
comprises administering to said animal an effective amount of Compound (I)
difinnarate in combination with an effective amount of an aromatase
inhibitor such as anastrozole, wherein said animal has not previously been
treated with an endocrine therapy such as for example, a selective estrogen
receptor modulator such as tamoxi fen, an aromatase inhibitor such as
anastrozole or an estrogen receptor down-regulator. In this embodiment the
combination is suitably administered as an adjuvant treatment. JoIn the
above two embodiments for the treatment of breast cancer, the warm- blooded
animal is suitably a post-menopausal woman.. The term "post-menopausal"
includes women that are naturally post-menopausal and women where the
menopause has been_ induced, by for example, treatment with an LHagonist
such as goserchn. It is to  WO 2009/138751PCT/6B20091050496 29 be
understood that where herein it is stated that a patient "not previously
been treated with an endocrine therapy", it is intended that the treatment
of a patient with an LURE agonist to induce early menopause in the patient
is not considered to be "previously treated with an endocrine therapy".
Accordingly, patients that have been treated with an LURK agonist to induce
early menopause are not excluded from those embodiments that are described
herein as not being "treated with an endocrine therapy".        In another
embodiment the Compound (I) difumarate is used in combination with a taxane
such as paelitaxel or doeetaxel. This combination may be useful in the
treatment of breast cancer. For example, in the treatment of a breast
cancer (particularly tOadvanced/metastatic breast cancer) which has a low
over-expression of erbB2. The term "low over-expression of erbI42" refers
to tumours that are fler2 fluorescent in-situ hybridization (FISH)
negative. Particular turnouts that are "low over-expression of erbB2" those
that are: (0Her2 + by immunohistochemistry (IBC); and/or isHer2 ++ by MC
and Her2 fluorescent in-situ hybridization (FISH) negative: Accordingly in
a particular embodiment of the invention the Compound (I) difumarate is
used in combination with a taxime such as paclitaxel or docetaxel in the
treatment of a cancer with low over-expression of erbB2 selected from one
or more of:: a breast cancer which is Her2 FISH negative; (b) a breast
cancer which is Her2+ by IFIC; and (c) a breast cancer which is Her2-Hiby
IHC and Her2 FISH negative.        According to a further aspect of the
present invention there is provided a method for the treatment of breast
cancer with low over-expression of erbB2 in a warm-blooded animal, such as
man, in need of such treatment, which comprises administering to said
animal an effective amount of Compound (I) difumarate in combination with
an effective amount of a taxane such as paclitaxel or docetaxel. Herein,
where the term "combination" is used it is to be understood that to
simultaneous, separate or sequential administration. In one aspect of the
invention "combination" refers to simultaneous administration. In another
aspect of the invention 30"combination" refers to separate administration.
In a further aspect of the invention "combination" refers to sequential
administration. Where the administration is sequential or separate, the
delay in administering the second component should not be such as to lose
the beneficial effect of the combination.  WO 2009/138781PCTI6820091050496
30 



As will be understood the references to the use of Compound (1) difumarate
described in the methods, uses and pharmaceutical compositions described
herein, refer any of the difurnamtes described herein, for example Form A.
Legends to Figures Figure 1 shows an X-ray powder diffraction pane'RPD for
Compound (I) free form. The x-axis shows the 2-theta value and the y-axis
the counts.        Figure 2A shows a differential scanning calorimetry
trace on Compound (I) free form The x-axis shows the temperature and time,
the y-axis shows power in mIN. The text on the figure shows the onset
temperature of the endotherms and the integral (mil) of the curves. Figure
2B is a thermogravimetric trace for Compound 0form. The x-axis shows
temperature and time, the y-axis shows weight in mg. The text in this graph
shows the % weight loss and absolute weight toss from the sample for the
event between about 30 and 80C.        Figure 3 shows a dynamic vapour
sorption isotheim plot for Compound (I) free form. The x-axis shows the
relative humidity, the y-axis shows the % change in mass of the sample.
"sorp" refers to an adsorption cycle and "desorp" to a desorption cycle.
e 4 shows an X-ray powder diffraction pattern (XRPD) for Compound (I)
diflimarate Form A. The x-axis shows the 2-theta value and the y-axis the
counts.        Figure 5 shows a differential scanning calorinace on
Compound (I) difumarate Form A. The x-axis shows the temperature and time,
the y-axis shows power ininW. The text on the figure shows the onset
temperature of the melting endotherm and the integral (m.1) of the curve.
Figure 6 shows a thermogravimetric trace for Compound (I) difumarate Foto
A. zsThe x-axis shows temperature and time, the y-axis shows weight in mg.
The text in this graph shows the % weight loss and absolute weight loss
from the sample between about 30 and 80C. Figure 7 shows a dynamic vapour
sorption isotherm plot for Compound (I) difumarate Form A. The x-axis shows
the % relative humidity, the y-axis shows the % 30change in mass of the
sample. "sorp" refers to an adsorption cycle and "desorp" to a desorption
cycle.   Figure 8 shows an X-ray powder diffraction pattern for Compound
(I) difur B. The x-axis shows the 2-theta value and the y-axis the counts.
31       Figure 9 shows an X-ray powder diffraction pattern for Compound
difirrnaratc Form C. The x-axis shows the 2-theta value and the y-axis the
counts.       Figure 10 shows an X-ray powder diffraction pattern for
Compound (1) difuniarate FormThe x-axis shows the 2-theta value and the
y-axis the counts.       Figure 11 shows an X-ray powder diffraction
pattern for Compound (1) difumarate Form E. The x-axis shows the 2-theta
value and the y-axis the counts.       Figure 12 shows an X-ray powder
diffraction pattern for Compound (1) difumarate Form F. The x-axis shows
the 2-theta value and the y-axis the counts.       Figure 13 shows an X-ray
powder diffraction pattern for Compound (I) difumarare Form G. The x-axis
shows the 2-theta value and the y-axis the counts.       Figure 14 shows an
X-ray powder diffraction pattern for Compound (1) difumarate Form H. The
.x-axis shows the 2-theta value and the y-axis the counts.       Figure 15
shows an X-ray powder diffraction pattern for Compound (1) difinnarate Form
I, The x-axis shows the 2-Theta value and the y-axis the counts. Figure 16
shows an X-ray powder diffraction pattern for Compound (1) difumar e The
x-axis shows the 2--theta. value and the y-axis the counts. 



Figure 17 shows an X-ray powder diffraction pattern for Compound (1)
diturnarate Form K. The x-axis shows the 2-theta value and the y-axis the
counts.       Figure 18 shows an X-ray powder diffraction pattern for
Compound (1) difumarate Form L. The x-axis shows the 2-theta value and the
y-axis the counts.       Figure 19 shows an X-ray powder diffraction,
pattern for Compound (I) difumarate Form M. The x-axis shows the 2-theta
value and the y-axis the counts.       Figure 20 shows an X-ray powder
diffraction pattern for Compound (I) difumarate Form N. The x-axis shows
the 2-theta value and the y-axis the counts.       Figure 21 shows an X-ray
powder diffraction pattern for Compound (1) difitmarate Form 0. The x-axis
shows the 2-theta value and the y-axis the counts.       Figure 22 shows an
X-ray powder diffraction pattern for Compound (1) difumarate Form P. The
x-axis shows the 2-theta value and the y-axis the counts.       Figure 23
shows an X-ray powder diffraction pattern for Compound (I) difumarate Form
Q. The x-axis shows the 2-theta value and the y-axis the counts. Examples
The invention is further illustrated by way of the following examples,
which are intended to elaborate several embodiments of the invention. These
examples are not  WO 2009/138781TICTIGH2009/050496 intended to, nor are
they to be construed to, limit the scope of the invention. It will be clear
that the invention may be practiced otherwise than as particularly
described herein. Numerous modifications and variations of the present
invention are possible in view of the teachings herein and, therefore, are
within the scope of the invention. In the Examples unless otherwise stated
:- yields are given for illustration only and are not necessarily the ax"
attainable;       GO melting points were determined by DSC analysis using a
Mettler DSC820e apparatus; 1-- ?mg samples were accurately weighed and
analysed. in a vented sample pan; niheating was carried out at 10C/minute
from 25C to 325C; unless states otherwise melting points herein refer to
the onset temperature of the melting endotherm measured using DSC;
(iii) mass spectra were run with an electron enet g-y of 70 electron volts
in the chemical ionization (CD mode using a direct exposure probe; where
indicated ionization was effected by electron impact (El), 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 (MID' which refers to the
pmtonated mass ion; reference to he is to the mass ion generated by loss of
an electron; and reference to IVIL-IF is to the mass ion generated by loss
of a proton; 20iv) when given, NAIR data is in the form of delta values for
major diagnostic protons, given in parts per million (ppm) relative to
tetramethylsdane (TMS) as an internal standard, determined at 500 MHz using
perdeuterio dimethyl sulfoxide (DMSO-d5) as solvent unless otherwise
indicated; the following abbreviations have been used: s, singlet; d,
doublet; t, triplet; q, quartet; m, muitiplet; br, broad;        (v)
chemical symbols have their usual meanings; Si units and symbols are used;
(vi) solvent ratios are given in volume:volume (v/y) terms;        (vii)
thermogravimetric analysis was carried out using Mettler TG851 equipment [1
5mg samples were accurately weighed and analysed in an open pan; heating
was carried out at 10C/minute from 25C to 325C.        (viii) X-Ray Powder
Diffraction analysis was carried out using a Siemens D5000 powder X-ray
diffraetometer fitted with a scintillation detector; the X-Ray source was
Cu K", giving a wavelength of I .54A; data were collected over the range
2-theta 2 - 40', in  WO 2009;138781pax; B2009i050,0  33 increments of
2-Theta 0.020, with 1 second per increment and was categorised into the
categories identified in Table 2 below: 



Table 2   % Relative Intensity'Definition 25 - 100vs (very strong) 10 -
15(strong) 3 - 10m (medium) 1 -3w (weak)     * The relative intensities are
derived from diffractograms measured with fixed slits [As previously
stated, persons skilled in the art of X-ray powder diffraction realise that
the relative intensity of peaks can be affected by, for example, grains
above ailerons in size and non-unitary aspect ratios, which may affbct
analysis of samples. The skilled person will also realise that the position
of reflections can be affected by the precise height at which the sample
sits in the diffractorneter and the zero calibration of the diffractometer.
The surface planarity of the sample may also have a small effect. Hence the
diffraction pattern data presented are not to be taken as absolute values
(see Jenkins, R & Snyder, RI. Introduction to X-Ray Powder Diffractometry'
John Wiley & Sons, 1996, for further information)];      (ix) dynamic
vapour sorption was measured using a SIMS DVS (Surface Measurement Systems
Limited, UK). Samples were analysed at 25C using a gas flow of 200 cubic
centimetres per minute. The relative humidity (RH) was increased from 0% RH
in steps of 10% RH to 80%RH with the final step of 95%12H. The sample was
then desorbed using the same RH step pattern as the sorption; this
procedure was then repeated in a second sorptionidescyrption cycle.
Equilibration at each humidity step is set such that sothe rate of change
of weight with time (minute) was 0.002%.      (x) intrinsic dissolution
rate was measured in a dissolution bath coupled to a fibre optic uv
detector. solubility in watermeasured using HPL         xii) in the
examples given below the number of moles and the yield stated refer to
ssthe raw materials and reagents at 100% i,v1w, thereby taking account of
the purity of the materials used.  34 Example A  Preparation of
4ro-2-fluoroardlino)-7-methoxy-6-111-(N-
tnethvicarbamoyimethylMiperidirt-4-viloxvI4nimmoline (COrtirItInd (I))
2-Chloro-N-mothylacetamide (3.720 kg, 34.60 ma) and 4-(3-chloro-2-
fluoroanilino)-7-methoxy-64(piperidin-4-y0oxy]quinazoline dihydrochloride
(13.70 kg, 27.25 mol), were dissolved in acetonitrile (79.2 kg). To the
stirred suspension, at ambient temperature, was added trierhylamine (17.40
kg, 172.11 mot) The resulting clear solution was heated to reflux and held
for 3 hours. The solution was cooled to 20C (product socrystallized at
50'C). Water (54.2 kg) was added to the reactor and the suspension was
stirred for a. further  2 hours at 20C. The product was filtered and washed
with water (34 kg) ibiloi,ved by cold (0C) acemnitrile (13.0 kg). The
product was recrysiallised from acetonitrite (94.6 kg), isolated by
filtration and washed with cold (0C) acetonitrile (13.2 kg), A further
reerystallisation of this product was then carried out as above from 



ISacetonitrile (75.2 kg). The solid was then dried under vacuum to give the
title product as a white solid (6.50 kg, 50%); IHNMR Snectrum: (CDCI3) 1.98
(m, 214), 2.08 (m, 2H), 2.46      214), 2.85 (in, 211), 2.87 (d, 314), 3.07
(s, 2H), 4.02 (a, 3H), 4.49 (m, 1H), 7.16 (in. 4H), 7.31 (in, 2H), 8.49 (m,
1H), 8.71 (s, ILO; Mass spectrum: MU 474.           The
4-(3-Chloro-2-fluoroanilino)-7-methoxy-6-[(piperidin-4-Aoxy]quinazoline
20used as the starting material was prepared as follows! MO it
6-Autox.v-443-elito1'o-24ThoroanItin6)-7:-methoxvtluintizolitte
tivtiroehloritie        6-Acetoxy-7-methoxyquinazolin-4-one (international
Patent Application WO 96/15118, Example 39 thereof; 21.4 kg, 89,3 mot) was
suspended in toluene (150 kg). To this was added N-ethyldiisopropylamine
(13.3 kg, 103 mol). The brown suspension was heated to 70C then phosphorus
oxychloride (36.0 kg, 228 mol) was charged. The reaction mixture was
stirred at 70C for 5 hours. Further toluene (84.0 kg) was added followed by
3-chioro- -fiuoroaniline (14,88 kg, 102 mol)" The reaction mixture was
stirred at 70C for 2 hours during which time a solid precipitated. The
suspension. was cooled to 25C and held at this temperature for 93 hours.
The reaction mixture was filtered and the filter cake sowashed with
toltiene (2 x 55.5 kg). The cake was further washed with a mixture of
ethanol (24.5 kg) and water (32.0 kg) twice, then ethanol (50.5 kg) twice
arid the solid then dried under vacuum to give the title pmduct as a beige
solid (33.4 kg, 7834) 111 NMR: 2.37 (s,  WO 2009/138781PCPC B2009/050496 35
3H), 4.00 (s, 3H), 7.34 (ddd,, 7.48 (s, 1H), 7.52 (ddd, 1H), 7.61 (ddd.8.62
(s, 111), 8.86 (s, 1H); Mass Spectrum: 362.4, 364.4. Step 2
4434.41104441tinroatillino).6-hvdr0n,7-methogvnuinaZoline
6-Acetoxy443-chloro-2-fluoroanitino)-7-methoxyquinazoline hydrochloride
from step 1(33.5 kg, 69.6mol) was suspended in methanol (198 kg). To the
stirred suspension at 25C was added water (86 kg) and sodium hydroxide
(31.5 kg, 32%). The resulting solution was stirred at 60C for 4.5 hours and
then cooled to 25C. Acetic acid (approximately 16.0 kg) was added until a
pH of 5.5-6.0 was achieved at which point the product precipitates from
solution. After the addition of further methanol (5.5 kg) the suspension
was stirred for 90 minutes. The product was filtered then washed with 25%
aqueous methanol (39.0 kg Me0H + 17.0 kg Water) and then methanol (55.5
kg). The crude solid was dried under vacuum at 40C. The crude solid was
slurried with water (145 kg) and stirred for 2 hours at 65C. The slurry was
cooled to 20C and filtered. The filter cake was washed with methanol (2 x
21.5 kg), then dried under vacuum at 40C to give a Is the title product as
a light brown solid (21.85 kg, 98%);  NMR: 3.95 (s, 3H), 7.19 (s, 1H), 7.23
(dd, 111), 7.42 (dcl, 1H), 7.50 (dd, 1H), 7.64 (s, 1111), 8.32 (s, ilf1),
9.43 (s, lit), 9.67 (br,s, 1114); Mass Spectrum, 320.4, 322.4. Step 3::
6-11(1-401Bottaxvearbonv1)piperldirt4vIloxv14--(3-01 i4-fltniroanilinn
methoxy quinazotine
4-(3-Chlom-2-fluoroanitino)-6-hydroxy-7-methoxyquimizoline from Step 2
(15.591 kg, 48,44nnol), tert-B utyl
(4-methanesulfonytoxy)piperidinc4-carboxylate (prepared as in Chemical &
Pharmaceutical Bulletin 2001, 49(7), 822-829; 16,20 kg, 57.99 mol) and
potassium carbonate (7.978 kg, 57.73 mol) were dissolved in
Nmethylpyrrolidinone (114.2 kg), and the mixture was heated to 100C with
stirring. Heating was continued at 100C (95C - 105C) for 5 hours. The
mixture was then cooled to 80C and quenched by the addition of water (216.6
kg).       The batch was stirred at 8.0C for a further 60 minutes then
cooled to 20C over 2 hours, during which time the product crystallized. The
product was isolated by filtration. The product was dissolved in hot
(reflux) methanol (200 14. To this mixture was added $0 water (20 14, which
induced crystallization. The suspension was cooled to 0C and filtered.
Vacuum drying at 50C afforded the title product, 18.80 kg (77%); 114 NMR:
1.40 (s, 9H), 1.60-1.65 (rn, 211), 1.95-2.00 (m, 2H), 3.20-3.25 (m, 211),
3.65-3.70 (in, 2H), 3.92 (s, 311),  36 4.68 (rn,7.21 (s, 111), 7.27 (dd.
1H), 7.47 (ddd, 111), 7.51 (dcl, 1H), 7.85 (s, 1H), 8.36 (s, F), 9.53 (s,
1111), Mass Spectrum: 503..5, 505.5. Sten .4:
443-chloro-2-11aoroanilino)-4-uttethO0-6-1(01kritlin-441)onltfivinlitW
dihydrochloride  



56- t [(1-tert-ButoxycarbonylAmperidioxyl -4-(3-chloro-2-fluoma n i ino)-7-
methoxyquinazotine from step 3 (18.80 kg, 37.38 mot) was suspended in
isopropanol (139.8 kg), and heated to 40C with stirring. Hydrochloric acid
(15.40 kg, -156.3 mot) was charged to the vessel over 50 minutes, allowing
an exothenn of approximately 9"C, to occur. During the charging of the
acid, the suspension dissolved to give a clear solution. toThe solution was
heated slowly to reflux over approximately 90 minutes, and then held at
reflux for a further 3 hours. The product crystallised out during this
reflux period. The thick suspension was cooled to 0C and filtered. The
filter cake was washed twice with cold (0C) isopropariet (2 x 20.6 kg). The
product was dried under vacuum at 50C to give the title product, 13.60 kg
(73%); NMR: 1.53-1.64 (m, 2H), 2.00-2.05 (in, 211), 2.64- iS 2.72 (m, 2H),
3.00-3.07 (m, 2H), 3.92 (s, 311), 4.60 (in, 1K), 7.20 (s, IF!), 7.26 (ddd,
1 7.47 (dd, 1H), 7.50 (dd, 111), 7.82 (s, 111), 8.34 (s, TH), 9.56 (s, 1H);
Mass Spectrum: 403.2, 405.2. Example K Preparation a
443-Chloro-2-duoroapitino)ff7,met-(N- methylearbamovIm
vflpiperidin-dailionlquinazoline (Compound OD
2-Chloro-N-methylacetamide (24.22 g, 223.1 mmol) and 4-(3-chloro-2-
fluoroanilino)-7-methoxy-6-[(piperidin-4-yfloxy]quinazoline dihydrochtoride
(86.0 160.9 mmol), were slurried in acetonitrilc (537 ml). To the stirred
suspension, at ambient temperature, was added triethylamine (101 nil, 723.9
mmol). The reaction was heated to 75C. held for 5 hours. The solution was
cooled to 70C and ethanol (268 tnI) added. The reaction was cooled to 45C
and water (9.6 nil) added. Compound (1) (0.42 g) was added to establish.
crystallisation and then the slurry cooled to 20C over 2 hours. After
stirring for a further 12 hours the product was isolated by 'Filtration.
The filter cake was washed twice with acetonitrile (102 mi.): ethanol (51
ml): water (1.8 ml) and then with water (153 ml). The product was dried in
vacua at 60C to give the title compound as a white solid (45.9i2, 60%); 1H
NMR (400 MHz, DMSO-d6) S ppm 1.76 - 1.87 (in, 2 FI) 2.01 -2.11 (m, 2 H)
2.35 - 2.44 (m, 2 11) 2.64 (d, J=4.74 Hz, 3 H) 2.72 - 2.80 (m, 2 if) 2.95
(s, 2 11) 3.95 (s, 3 1-1) 4.- 4.63 (n, 1 H) 7.23 (s, I El) 7.29 (td,
J=8.08, 1.29 Hz, I 11) 7.46 -7.58 (M,  WO 2009/138781PC17G132009/050496 37
1-1) 7.75 (el,z, 1,83 (s, 1 H) 8,38 (s, I (0 9.5 's.Mass spectrum. N111`
474,        The 4-(3-chloro-2-fluoroa
no)-7-methoxy-6-[(pipetidin-4-ypoxy]quirtazoli e &hydrochloride used as the
starting material was prepared as follows: Stet)
(H1(1-tertanoNvearbonvOnincridifi4vItont443-6100,2- 41ciroa1illinol,7
methoxy ouinazoline        4-(3-Chloro-241uoroannt o)-6-hydroxy-7-inethosyq
iinazoline (prepared as described in Step 2 of Example A; 60.00 g, 0.1828
mol), rem-Butyl (4- methanesulfonyloxy)piperidine-l-carboxylate (88.04 g,
0.3107 mol) and potassium io carbonate (30.31 g, 0.2193 mot) were suspended
in ethanol (584 ini) and water (58 ml), and the mixture was heated to
reflux with stirring. Heating was continued at reflux for 16.5 hours. The
mixture was then cooled to 70C. and water (234 ml) was added over 60
minutes,       The batch was stirred at 65C for a further 2 hours to
establish crystallisation. The slurry was cooled to 20C, over 6 hours. The
product was isolated by filtration. The filter cake was slurried with
aqueous ethanol (ethanol 117 ml, water 58 trin and then displacement washed
with aqueous ethanol (ethanol 117 ml, water 58 ml)" The filter cake was
then slurried with water (175 ml) and then displacement washed with water
(175 m1). The product was dried in vacuo at 40C to give the title compound
(81.5 g, 84%); I H 2.oN-MR (500 MHz, DMS0-4.) 6 ppm 1.42 (s, 9 F1)1,60 -
1.70 (in, 2 Fr) 1.96 - 2.04 (in, 2 H) 3.23 - 3.30 (m, 2 Ei) 3.65 - 3.75 (m,
2 Fl) 3.95 (s, 3 11) 4.68 - 4.75 (in, 1 14) 7.24 (s, 1 H) 7.29 (t, 1=8.06
Hz, 1 1-1) 7.49 (t,1-7.50 Hz, 1 H) 7.54 (t,,I=7.19 Hz, I H) 7.88 (s, I H)
8.39 (s, 1 H) 9,57 (s, 1 H); -Mass Spectrum: 503.5, 505.5. Stott
443-eltiore4--fluorottnilino),T.F11011.0Sv-64(piperitlin$N1
dihYdrOelikride  [(1-tert-Butoxycarbonyllpipetid in-4-ylloxy
)-4-(3-chloro-2ono)-7- methoxyquinazoline (1(400 g, 0.1879 mop was
suspended in industrial methylated spirits (95 mO, and heated to 35C with
stirring. Hydrochloric acid (6.59 mi., approximately 02891 mol) was charged
to the vessel allowing an exotheim of approximately 5.5C to occur. During
the charging of the acid, the suspension dissolved to give a clear
solution. The solution was heated slowly to 70C over approximately 90
minutes, and then held at 70C for a further 1 hour. The reaction is then
cooled to 0C over 4 hours during which time the product crystallises. The
product was isolated by filtration and then filter cake was  38 washed
twice with iadustrial methylated spirits (2 x 14 m1). The pmduct was dried
in vacua at 50C. to give the title product (9.04 g, 88%); 1H NIMP, (400
MHz, DMSO-d6) ppm 1.91 - 2.01 (m, 2 -11) 2.27 - 2.35 (m, 2 H) 3.15- 3.26
(m, 21-1) 3.26- 3.35 (in, 2 14) 4.02 (s, 3 H) 5.07 - 5.15 (m, 1 H) 7.35
(td, J=8.08, 1.29 Hz, 1 11) 7.46 (s, 1 H) 7.52 (iidd, ,J=8.03, 5.23 Hz, 1
H) 7.63 (ddd,.I-8,22, 6.76, 1.62 Hz, 1 H) 8.83 (s, 1 H) 8.91 (s, 1 11) 



9.02 - 9.13 (m, I H) 9.20 - 9.31 (m, I 11) 12.51 (hr. s., 1 H)); Mass
Spectrum: 403.2, 405.2. ExtooOlt iti.PSysitatiati (A Moto-2-11M
roithilia6)-7,Metlio(0,4411-1      met
hylearbamoylmettwlipiperidin-4-ylioxyl uinazoline (Compound (ID inCompound
(1) was prepared according to the scheme shown below:    64 Compound (I)
WO 2009R38781PCT/G B2009,460496 39 2-[4-(5-eyano-4- f[(dimethylarnin
)ylenejamino;-2- methoxyphenoxy)piperidin-hyllEN-methylacetamide (7, 7.00g,
17.71mmoles), was suspended in methoxybenzene (35.8g). Acetic acid (16.6g)
was charged and to the resulting solution was added
3-chloro-2-fluoroaniline (2.71g, 18,07mmoles). The reaction mixture was
heated. at 90C. for 20 hours then cooled to 20C. Water (37.04g) was charged
to the reaction mixture, and the organic layer discarded. To the resulting
aqueous mixture was charged isopropanol (39.00g), followed by aqueous
ammonia (20.79g, 25%). The reaction mixture was heated to 30C and seeded
with Compound (I), which induced crystallisation. The reaction was then
cooled to 0C and the product isolated by filtration. luThe filter cake was
washed twice with a mixture of water (7,28g) and isopropanol (4.68g), then
dried to afford the Compound () (5.65g, 55% yield); 'H NMR (400 MHz,
DM8046) e) ppm 1.79 (m, 2 II) 2.04 (m, 2 H) 2.38 (in, 2 H) 2.62 (d,1=4.5
liz, 3 II) 2.74 (in, 2 H) 2.94 (s, 2 1-1) 3.93 (s, 3 H) 4.56 (ti,1=8.1, 3.8
Hz, I H) 7.21 (s, t H) 7.28 (in, 1 H) 7.50 (m, 2 H) 7.73 (q, 1=4.5 Hz, 1 H)
7.81 (s, 1 II) 8.36 (s, 1 I-I) 9.56 (br.s, I 1-1); Mass Spectrum; rolz (M
-+- HY 474.2, 476.2.        The 2-1445-eyarto-4-{Rdinriethy
amino)methylerielanntio)-2- methoxyphenoxy)piperidin- I
--yll-AT-methylacetamide (7), used as the starting material was prepared as
follows; Ste 1. PrOatatio of te '1-1)fi4 - ano)l-ntetito )ftemixv)iiit)cri
20 carboxylatea)        3-hydmxy-4-methoxybenzottitrite (I, 6.00g,
39.62mmole), ten-butyl (4- methanesulfonyloxy)piperidine-1-carboxylate
(16.6g, 59.44mmoles) (Chemical & Pharmaceutical Bulletin 2001, 49(7),
822-829); and potassium carbonate (6.71g, 47,55mmoles) were suspended in
i.sopropanol (78.98g) and Ihe mixture was heated at reflux with stirring.
Additional tert-butyl (4-methanesulfonyloxy)piperldine-1 -carboxylate
(2.08g, 7.43mmoles) was added to push the reaction to completion. The
mixture was then cooled and quenched by the addition of water (I00.47g).
Seeding with tert-butyl 4-(5-
cyano-2-methoxyphenoxy)piperidine-1-carboxylate (2) followed by cooling to
0C resulted in a crystalline product, which was isolated by filtration. The
filter cake was :cowashed with a mixture of water (8.86g) and isopropanol
(6.97g), followed by water (23.64g) and then dried to give the title
compound (10.75g, 80% yield); 11-1 NMR (400 MHz, DMS0-4)  ppm 1.39 (s, 9
11) 1.48 (m, 2 H) 1.88 (m, 2 R) 3.13 (m, 2 fI) 3.67 (m, 2  WO
20091138781PCT/CB2069/050496 40 H) 3.83 (s, 3 H) 4.56 (tt, J-8,1, 3.8 Hz,
1I-I) 7.13 (d,,1=8.4 Hz, 1 H) 7.42 (dd, J-8.4, 1.9 Hz, 1 (1) 7.51 (d, J-1.9
Hz, 1 H); Mass Spectrant: raiz (M333.1. 



Step 2. Proarallon of 4-tnetlion-3-(oiperitlio-4-vioxy)benzonitr1le (31
n-butyl 445-cyano-2-methoxyphenoxy)piperidine-l-carboxylate (2, 39.31g,
118.26mmole,Es) was suspended in ethanol (155.53g) and heated to 40C. To
this slurry was slowly added(46.61g, 573.04nimoles). The mixture was heated
to 60C and held for 3 hours. The reaction mixture was cooled to 200C and
seed was charged initiating crystallisation. The resulting solid was
isolated by filtration at 0C, washed twice with ethanol (62.21g) and then
dried to give the title compound as the hydrochloride salt. (29.84g, 77%
yield); 'LI NMR (400 MHz, DMS0-6/6) 6 ppm 1.84 (m, 211) 2.09 (m, 2 H) 3.02
(deld, J=12.7, 8.9, 3.4 Hz, 2 H) 3.20 (m, 2 IA) 3.84 (s, 3 14) 4.63
(rt"/=7.7, 3.6 Hz, 1 1-1) 7,15 (d, J=8.5 Hz, 1 H) 7.45 (dd,1.9 Hz, 17.56
(d, J=1.9 Hz, 1 El) 9.16 (hr. s, 2 11); Mass Spectrum: m/z (M +11)-- 233.2.
Sten 3. Preoaratioo of 2-14-15-evano4-methoxgrieridin-IMI- V  vlacetatrtide
(4) 4-Methoxy-3-(Tipoxy)henzonitrile hydrochloride salt (3, 28.36g,
95.82mmoles), 2-ehloro-Nmeihylacetamide (12.37g, 114.98mmoles) and
potassium carbonate (33.11g, 239.55mmoles) were suspended in acetonitrile
(161.36g). The reaction mixture was heated at reflux for 3 hours. The
reaction mixture was cooled to 20C and water (386.26g) was charged. The
reaction was heated to 75C and the volume reduced by distillation. Upon
cooling crystallisation occurred. The resulting solid was isolated by
filtration, washed twice with water (77.258 and 128.75g) and then dried to
give the title compound (27.95g, 94% yield); iff NMR (400 MHz, DMSO46) 6
ppm 1.68 (m, 2 if) 1.91 (in, 2 Ft) 2.29 (m, 2 H) 2.61 (d, J=4.7 Hz, 3 El)
2.67 (m, 2 Fl) 2.88 (s, 2 El) 3.83 (s, 3 H) '254.41 (tt, J-8.3, 4.0 Hz, 1
H) 7.11 (d,,I=8A Hz, 1 11) 7.40 (dd,J8,4. 1.9 Hz, 1 H) 7.47 (d, ,1-1.9 Hz,
1 11)7.68 (q, ,J=4.7 Hz, 1 H); Mass Spectrum: wiz (M + 11)'304.2. 8(04.
-Prethiration Of 2-1445,-Oano-24nethOxv-44iitroolitotmv)Oineridio1,
methvlacetarnide (5) 2-114-(5-Cyano-2-methoxyphenoxy)piperid
ri-l-ylPf-inethylacetamide (4, 8.78g, 26.11mmoles) was suspended in acetic
acid (22.82g, 364.87mmoles) and the resulting reaction mixture cooled to
5C. To this was added sulfuric acid (23.64g, 234.95rnmoles) maintaining the
reaction temperature below 30C. To the resulting solution was added nitric
acid (2.40g, 26.63nunoles). The reaction mixture was then heated to 35C and
held  WO 2009/13878rcricB2009/050496 41 for 3 hours. Additional nitric acid
(11.7 mg, 1.31 mmoles) and sulpluiric acid (1.31g 13,1 mmotes) were
chortled and the reaction mixture was heated at 35C. for 30 minutes. The
solution was cooled to 20nC and quenched with aqueous ammonia (92.45g 1.36
[notes), resulting in an increase in temperature to 50C. To the resulting
slurry was added, 5propionitrile (61.58g 1.12 motes) and water (19g). The
reaction mixture was heated to 80C resulting in a clear solution, which
upon settling gave two Layers. The bottom layer was remo-ved. The reaction
mixture was cooled to 20C resulting in a thick shiny. The solid was
isolated by filtration, washed with propionitrile (6,16g 112.0 mmoles) and
dried to afford the title compound (7.44g, 82% yield); in N MR (400 MHz,
DMSO-d6) 8 ppm 1.72 (at, 2 lt ) 1.97 On, 2 H) 2.35 (m, 2 10 2.61 (d, al-4.7
Hz, 3 H) 2,66 (in, 2 EI) 2.90 (s, 2 H) 3.96 (s, 3 11) 4,73 (Et, J=8.4, 4.0
Hz, 1 H) 7,71 (q",i=4.7 Hz, 1 H) 7.82 (s, 1 11) 7.86 (8, 1 H). Mass
Spectrum: trik (M + H)'349.2 :re taration of 2.-; 4- 4-amitto,,5-Ali
methylacetamide (61
244-(5-Cyano-2-metlroxy-4-nitropherioxy)piperidin- -yll-N-methylacetamide
(5, 7,42g, 19.38mmoles) was suspended in water (44.52g) and methanol
(5.35g). To this was added sodium dithionite (11.91g, 58.15rnmoles) and the
resulting reaction mixture was heated to 60C To the reaction mixture was
added hydrochloric acid (46.98g, 463.89mmolcs)), resulting in a solution,
which was held. at 60C for 3 hours. The reaction mixture was then allowed
to cool to 20C. Aqueous sodium hydroxide (15.51g 182.2 mmoles) vs as
charged followed by 2-methyltetrahydrofuran (58.0g). The reaction mixture
was heated to 60C, which upon settling gave two layers and the Lower
aqueous layer was 



discarded. The volume of the reaction mixture was reduced by vacuum
distillation, and methyl ten-butyl ether (18.54g) was added to give a
slurry which was cooled to 10C and then the solid was collected by
filtration. The solid was washed with 2- methyltetrahydrolurart (5.8g) and
dried to give the title compound (5.4g, 78% yield); 111 NMR (400 MHz,
DmSO-d6) 6 ppm 1.62 (m, 2 H) 1.82 (m, 2 H) 2.20 (m, 2 H) 2,60 (d, .1=4,7
1-1z, 3 El) 2.65 (m, 2 H) 2.86 (s, 2 IT) 3.72 (s, 3 H) 4.00 (n, .1=8.3, 4.0
Hz, 1 H) 5.66 (hr. s, 2 H) 6.39 (s, 1 H) 6.94 (s, 1 H) 7.65 (q, j=4.7 Hz, 1
H) 3oMass Spectrum: rniz (M W319.2.  42 Step 6, Preptirt lion of
2-1445-eyario-.4-liidhifeavialtliliallefilviell minot-2-
methoxyphenoxylpiperidin-1-01-N-methylacetamide (7/
244-(4-Amino-S-cyano-2--mettioxyphenoxy)pipelidin-1-y iethyl acetarn icle
(6, 18.21g, 52.05mmoks) was SIISpeMdtd. in 2-methyltetrallydrofuran
(99,62g). To this was added acetic acid (162.79tng), and
N,N-dirncihylformamide dimethyl aceted (DMF-DMA) (8.63g, 70.27mmoles) and
the resulting reaction mixture was heated at 76C for 16hours. Additional
N,N-dimethylformamide &methyl acetal (639.41 mg, 5.20rnmoles) was added to
the reaction mixture to ensure the reaction completed. The reaction mixture
was cooled to 30C during which time crystallisation occurred. The resulting
solid was isolated by ofiltration, washed with 2-inethyltetrahydrofuran
(I4.23g) and dried to afford the title compound (I 9.53g, 97% yield);
[1-1NMR (400 MHz, DMSO-di) 6 ppm 1.65 (in, 2 14) 1.86 (m, 2 H) 2.24 (in, 2
ti) 2.60 (d, .1=4.7 Hz, 3 H) 2.66 (in, 2 H) 2.87 (s, 2 14)2.95 (s, 3 H)
3.04 (s, 3 El) 3,81 (s, 3 11) 4.19 (tt,..1-8.2, 3.8 Hz, I 1-0 6.72 (s, 1
El) 7.15 (s, 1 H) 7.67 (q, .1-4.7 Hz, 1 11) 7.90 (s, li); Mass Spectrum:
rnlz (M IsBiological Activity The activity of Compound (0-was to assessed
to testability to:       a) inhibit the activation (phosphorytation) of
EGER, Etb112 and ErbB3 in ligandstimulated cells; and            19 inhibit
the basal and ligand-stimulated proliferation of MCF-7 20 (a) Compound (1)
in Ligand Driven Assay Methods: KB cells and MCF-7 cells were obtained from
the American Type Culture ConeATco and routinely cultured in RPM! 1640
(Phenol red free) + 10% Foetal Bovine Serum + 2mM L-Cilutamine, Treatment
and Lysis of Cells:  cellsKB were seeded at 5000celistwell and MCF-7 cells
at 4000cells/well in 96 well plates in RPM! 1640 media containing 10% FBS.
Cells were incubated for 72 hours before replacing the media with
serum-free RPM! 1640 media for 24 hours. Cells were then treated with
Compound (1) for 90 minutes at concentrations ranging from 0-10nM.
30Immediately before cell lysis, MCI-7 and KB cells were incubated for 5
minutes with ligand (hercgtilin ("HRCi") for the MCF-7 cells and epidermal
growth factor (" Br) for  WO 2009/138781POUG82009/050496 43 the KB cells)
at conceit futons required to increase receptor phosphorylano to 90% of max
(ED90) to allow inter-assay comparison, Measurement of p-EGFR. p-ErbB2 and
p-Erb133:  The p-EGFR status of KB cells was measured using the Human
phospho-EGFR Duoset EL1SA kit (R&D systems total EGER #DYC1854, pEGFR
ALDYC1095). The pErbB2 and p-Erb/33 content of MCF-7 cells were measured
using the Human phosphoErbB2 Duoset ELBA kit (R&D systems, D'IC1768) and
Human phospho-ErbB3 Dtioset HASA kit (R&D systems, DYC1769) respectively.
The kits measured whole cell tyrosine phosphorylation of EGER, Erb132 or
ErbE13. Assays were performed according to the manufacturers instmctions,
with 50p.1 lysate added per well. 



Results:  The results are summarised in 'fable  3 'fable 3 Compound (1)
activity against p-EGIR (in KB cells) and p-Erb132 and pErbB3 (in MCF-7
cells) Compound p-EGFR Gen Mean Ws+, (95% CIR*) p-ErbB2 Geo Mean 1050 (95%
CM) p-ErbB3 Geo Mean ICso (95% C I it) Compound (1) 0.004 (1.377) 0.003
(1.817) 0.004 (1.89)  15Confidence interval Ratio        Table 3 shows that
Compound (I) is a potent inhibitor of phosp -EGER, phosphoErbB2 and
phospho-ErbR3 in these cells.   Compound (1) in basal or IIRG-stint atilt/
MCP-7 cell pruftieration assay Methods: 20WE7 Cells were routinely cultured
in DMEM (Phenol red free) + 10% Foetal Bovine Serum  MIME-Glutamine.
Cells were seeded at 4000 cells per well in 96 well plates in DMEM media
containing 1% eharcoalidextran-trcated FRS and 2mM glutamine and allowed to
settle for 4 hours prior to treatment with Compound (1) at concentrations
ranging from 0-3p.M and 0-10itgitril respectively. Two hours following
treatment, cells were incubated with lOngirrilHRG, a concentration required
to increase MCF-7 cell proliferation to 90% of  WO
2009/138781PCT/6132009/050496 44 max (EDO. Basal wells were unstimulated
with ligand. After incubation for 4 days, cell viability was assessed using
a 3-(4,5-dimethyithiazo1-2-y 0-54 -carboxymethoxypheny1)-
2-(4-sulfophenyl)-2H-teirazolium (MTh) assay. Prior to IC50 determination
of HRG-stimulated compound-treated cells, mean basal growth at 96 hours was
subtracted from each of the readouts so that proliferation driven through
HRG-signalling was assessed. Basal IC50 values are expressed as G150 i.e.
the day 



0 plate cell number (baseline reading) was subtracted from the readout at
96 hours later. Results:  The results are summarised in Tables 4 and 5. Ui
Table 4 HRG-stimulttled proliferation IC50 value , Compound Geo Mean lC5 1
95% CIR Compound (1) 0.061uM1 2.421  Table 5Basal proliferation C150 values
isIn the KB cells, stimulation with EGF, which specifically binds to EGER,
causes phosphorylation and therefore activation of this receptor. Similarly
in the MCF-7 cells FIRG, which binds specifically to ErbB3 causes it to
form heterodimers with ErbB2 and both receptors become phosphorylated and
activated. Tables 4 shows that Compound (I) is a potent inhibitor of
HRG-stimulated MCF-7 proliferation. These effects on proliferation are
believed to be due to the activities of these compounds on Erbt321ErbB3
heterodimers, with Compound (I) being a much more potent inhibitor of this
heterodimer.        The N4CF-7 basal assays represent a situation where
there no increased stimulation or activation of erbB2lerbB3
hetetudimerisation, Table 5 shows that even in such conditions Compound (I)
inhibits MCF-7.  WO 2(109/138781PCT/G1320091050496 45 Example I
Preparation of Compound (I) Difumarate Form A: 244-(14413-Chloro-2-
fluorophenOarninol-7-metlwxyquinazolin-6-yllorylpiperidin-l-yli-Nrnethwlace
taniide di-l(2E)-but-2-enedioatei.  Form A       A solution of furnaric
acid (2.7 g, 23.22mmol) in methanol (95 ml) was added to a mixture of
244-({44(3-Chloro-2-fluoropheny1)aminol-7-methoxyquinawlin-6-
yl}oxy)piperidin-l-01-N-tnethylacetamide (Compound (I)) (5.62g at 89% wiw,
10.55 mmol) in isopropanol (100 ml) maintaining the temperature >65C. The
mixture was heated at reflux for one hour before clarification. The
reaction mixture was cooled to 0 over 90 minutes and held for 30 minutes to
establish crystallisation. The reaction was cooled to 0C over 2 hours and
held fort hour before isolation by filtration. The filter cake was washed
twice with cold isopropanol (2 x 10 mil and dried in may) at 50C to give
the title compound as a svhite solid (5.84 g, 78%), 114 NMR Spectrum:
(DMS0) 1.85     111), 2.08 (in, I H), 2.50 (in, 1H), 2.66 (d, 311), 2.83
(m, 11-1,), 3.05 (s, 2H), 3,96 (s, 3F1), 4.58 (m, 111), 6.64 (s, F), 7.23
(s, 1H), 7.28 (rit, [le, 7.46 (dcld, IL), 7.55 (m, 111), 7.70 (broad q,
111), 7.85 (s, 1H), 8.38 (s, HI). Example 2  .Preparation ofifinnarate Form
A: 2-4440-4(3t'CtilOr "
fluorophenyliaminol-7-methonnuinazolin-6-ylioxv)piperidin-l-vii-Nmethylaeet
amide di-R2E)4,ut-2-enedioatei form A        A solution of fumaric acid
(1.4 kg, 12.1mol) in methanol (26.6 kg) was added to a mixture of
2-114-(0-11(3-chloro-24luoroyl)aminoll-7-methoxyquinazolin-6- y1
oxy)piperidin-l-yll-N-methylacetamide (2.93 kg, 84.8% wily, 5.24mol) in
isopropariol 5(39 kg) maintaining the temperature >65"C. A line wash of
methanol (3.6 kg) was charged. The mixture was heated at reflux for one
hour before clarification, followed by a line wash of methanol (7 kg). The
reaction mixture was distilled at atmospheric pressure to remove 47 kg of
distillatc.s. Isopropanot (15.8 kg was added and the reaction mixture
distilled to remove 15.6 kg of distillates. Crystallisation occurred during
the distillation. 



oIsopropanol (21 kg) was added and the reaction cooled to 0C over 8 hours
and held for hour before isolation by filtration. The filter cake was
washed with cold 50:50 isopropanol:Me014 (4kg) followed by cold isopropanol
(4kg) and dried in vactio at 50C to give the title compound as a white
solid (3.64 kg, 98%); 'H NMR Spectrum: (DIVESO) 1.85  WO
2009113g781PCl/GB2009/050496 46 (rn, I F1), 2.08 (m, EH), 2.50 (m, IH),
2.66 (d, 311), 2.83 (m, III), 105 (s, 2H), 3.9 s, 4.58 (at" 6.64 (s, 41-1),
7.23 (s, IA), 7.28 (m, 111), 7.46 (ddd, IH), 7,70 (broad q,7,85 (s,111),
8.38 (s, 1H). s Example 3  Preparation Compound (I) 1)iftunarate
Form2-14414-1(XCIdurn4-i ItnorouthenvDatu 01-!Thnethonn uthazol104-4
ftixV)pi pendia-1,41144- methylacetamide di-1(2E)-but-2-enedioatel  Form A
244-Q4-[(3-Chtoro-2-fluorophenyl)amitiot7-methoxyquin o 1-6- wyl;
oxy)piperidin-l-ylkN-methylacetamide (Compound (1)) (60.19 g at 88% w/w,
111.8 mmol) was dissolved in ethyl acetate (1550 ml). The solution was
clarified by filtration and the lifter washed with ethyl acetate (53 m1).
The solution was cooled to 40C. A clarified solution of fiamaric acid
(26.60 g, 257.0mmol) in isopropanol (408 ml) was then added over 1 hour.
The filter used to clarify the fumarie acid solution was then washed
ropanol (37 ml), After holding for 1 hour at 40C the reaction was cooled to
20C over! hour. The reaction mixture was held for 13.5 hours before
isolating the product by filtration. The filter cake was washed twice with
ethyl acetate (82 ml) : isopropanol (24 ml) and then dried in vuouo a.t 40C
to give the title compound as a white solid (72.32 g, 90%);  Fl NNIR
Spectrum: (DIAS()) 1.85 (m, 1H), 2.08 (m, 1H), 2.50 (m, 1H), 2.66 (d, 3F1),
2.83 (m, 111), 105 (s, 21-I), 3.96 (s, 311), 4.58 (in, 1H), 6.64 (s, 411),
7,23 (s, 1H), 7.28 (in, 1H), 7.46 (ddd, ad), 7.55 (in, 1111), 7,70 (broad
q, 114), 7.85 (s, 1H), 838 (s, 111). Example 4  Preparation of Compound (1)
Difutuarate Form A: 2-14-(14-1(3-Chloro-2-
11uorooltetryllarninot-1-wethoxvunittazolin-6-vlIoxv)piperidln-1-wF-Nmeiliv
laretantide d14(2E)-but-2-ertedioatet Form A
2-[4-(14-[(3-Chloro-2-fluoropheny1)amin6P-methoxymtinazolin-6- yHo
piperidinThyll-N-methylacetamide (Compound (1)) (2.75 g at assumed 100%
w/w, 5.80 mmol) was dissolved in ethyl acetate (94 nil) and isopropanol (14
ml). The solution was distilled such that 25.2 ml of distillates were
collected. The solution was cooled to 40C. A clarified solution of fumaric
acid (L38 g, 11.90 nunol) in isopropanol (21 ml) was then added over 1
hour. Compound (I) difumarate Form A seed was added (3.7 In g,  WO
20091138781PCl/G132009/950496 47 5,3The filter used o clarify the fumarie
acid solution was then washed with isopropanol (2 m1). After holding for I,
hour at 40C the reaction was cooled to 20C over 2 hours. The reaction
mixture was held for 15 hours before isolating the product by filtration.
The filter cake was washed twice with ethyl acetate (4.3 ml): isopropanol
(1.2 mt) and then dried in vacua at 40C to give the title compound as a
white solid (72.32 g, 90%); NMR Spectrum: (DMSD) 1.85 (n, 1H), 2.08 (m,
1H), 2.50 (m, 111), 2.66 (d, 3H), 2.83 (In, Hi), 3.05 (s, 2H), 3.96 (s,
311), 4..58 (m, 1H), 6.64 (s, 4H), 7.23 (s, 111), 7.28 (m, 111), 7.46 (ddd,
1H), 7.55 (in, 1H), 7.70 (broad ch 1H), 7.85 (s, 111), 8.38 (s, HI).
IttExample 5 Preparation of Compound I Difumarate Form A:
2-144144(3-Chloro-2-
11uorophenytiaminoLl-methoxyquinazolin-6-ylioaiperidin-t-vii-Nmethylacetami
de di-R2E)-but2-enedioatel Form A
2444{44(3-Chloro-2-fluorophenyl)aminoj-74n thoxyquinazolin-6-
v)piperidin-l-yll-N-rriethylacetamide (Compound (1)) (1Q, 1.86tninotes) and
fumaric acid (0.44g, 3.81mmoles) were suspended in water (4.4g) and heated
to 8.5C. The reaction tnixture was cooled to 60C at ruminute and Compound
(I) Form A seed was added when the temperature was 77C. The resulting solid
was isolated by filtration, washed twice with acetone (0.70g per wash) and
dried in. a vacuum oven at 40C to afford the title compound (0.89g, 68%
yield), 111 NMI?, (400 MHz, D.MSO-d61 d ppm 1.84 (tn, 2 11) 2.08 



(in, 2 H) 2.55 (in, 2 H) 2.63 (d, J=4.7 Hz, 3 IA) 2.86 (nn, 23.12 (s, 2 H)
3.93 (s, 3 H) 4.59 (tt, F-7.8, 3.7 Hz, 1 H) 6.62 (s, 4K) 7.21 (s7 (td,
J=8.1, 1.3 Hz, 1 11) 7.49 (m, 2 11) 7.86 (m, 2 H) 8.36 (s, 1 LI) 9.63 (hr.
s., Compound Difutnarate Form A Properties       Compound (0 difumarate
Form A is a free flowing powder. X-ray powder diffraction of Compound (I)
difuntarate (Figure 4) indicates that the material is crystalline. The most
prominent peaks from the XRPD pattern of Form A are described hereinbefore
and listed in Table 1. Differential Scanning Calorimetry shows a single
melting endotherm with an onset at 210.4C (Figure 5). No appreciable weight
losses are observed by 'Fhermogravitnetric analysis (Figure 6). Dynamic
Vapour Sorption demonstrates the compound to be non-hygroscopic absorbing
<0.5% moisture up to 95% reladve humidity with no evidence of hysteresis
(Figure 7).  WO 200911387PCT/G1320091050496 48 Cum tallson
oiAquefussQltkilitv of Ctmtumnottnd (])Difu:inarate Form A The solubility
(48 hot) 25C) of Compound (I) in a range of aqueous hurlers is sdetailed in
Table 4. Compound (I) exhibits pH dependent solubility in aqueous buffers
with high solubility at low pH (27.2mulml, pH 2.7) and low solubility at
high pH (l pH 7.9). Significant increases in solubility of Compound (I)
occur at pH band below. Th.erefbre, at low pH values the dissolution rate
of Compound (1) would be anticipated to whereas at pH above 6 dissolution
rates would be anticipated to be slow. toThe solubility (48 hours, 25C) of
Compound (1) in water is I maimi7.4 In comparison, the solubility of
Compound (1) difumarate Form A in water (48 hours) is 22.5 mg/m1 (pH 3.5).
The intrinsic dissolution rates of Compound (1) diftimaratc Form A and
Compound (1) was also been measured in a range of aqueous buffers. Compound
(1) difumarate Form A has a significantly higher intrinsic dissolution rate
in pH 6.5 phosphate isbuffer as shown in Table 6. Table 6  Intrinsic
Dissolution Rate of Compound (I) and Compound (I) difumarate Form A in
aqueous buffers at 37C CompoundIntrinsic Dissolution Rate (mgmiri1cm-2) SG
IF Compound (1)0.0119.2 Compound (I) difumaratc '515.9 Form A  tMeastired
using fibre-optic probe, X --335um, disc size 4rnm, temp 37C SUP =
Simulated Gastric Fluid 



49 Ptionnocokinetic Studies in Dogs to ComparittaContoti al litcl oninotili
II Difinnorate Form A         Both compounds were dosed to dogs as direct
compression tablets containing 100 mg Compound (I) free base, or the
equivalent thereof for the tablets containing the difumarate salt) with the
following composition: 25%wlw Compound (I) (or equivalent thereof of the
diiumarate salt); 10%.wiw miemerystalline cellulose (Avieel 102); 4%w/w
croscarmellose sodium (AeDiSol); 1%wlw sodium !amyl sulfate; Lactose to
99%wlw Magnesium Stearate to 100%w/ivy. Per tablet this equated to: 151n-eg
Compound (1): 60.4mg Avicel; 24.16mg AeDiSol;     6 &ling sodium lauryl
sulfate; 20356.36mg Lactose; and 6.04mg Magnesium Stearate. Total tablet
weight was 604ing.  WO 2009/138781PCVCB2009/050496 50       The performance
of the solid dosage fon. ts was evaluated in vitro prior to the in-vivo dog
study commencing. Dissolution of solid dosage forms in pH 4.5 media
(closest to sink conditions), at 100mg (free base equivalents) Compound (1)
loading, showed >90% release after 45minutes (Table 7) indicating the
suitability of these dosage forms for use in the dog PK study. Table
7%Dissolution of Compound (I) and Compound (I) Difumarate Form A in pH 4.5
citrate buffer. Compound%Dissolution at 45minutes Compound (1)916 Compound
(1) difumarate Form A100.3       The performance of the tablet compositions
administered orally to the dogs was compared to an intravenous injection of
a 20mg dose of compound (1) comprising 4mg.n1L-1 dissolved and made up to
volume with 25% Ws,. hydroxypropyl-betaeyelodextrin (HP-beta-CD) in water
for injection pH_ adjusted to 4 using IM HC1.  WO
200911387PCTIG82009/050496 51 The results of the dog study are shown in
Table S. Table 8Summary of Fhartnaeokinetie Parameters for Compound (1) and



Compound (I) difumarate Form A administered orally and Compound (1)
administered intravenously in Male Beagle Dogs (n=4, mean  SE) meterStudy
0383I - Compound (I) Formulation/Route (Dose) IV (Mug)Free form'
(t0Ortig)Difurnarate Form Ai (equivalent to 100mg free Form) 9.0  1.114.0
1.732.6  3.6 T( h) 0.01.6  0.8l.1 02        (h)5.3  0.28.2  0.616.9  4.0
ALJC(048) 33.4 7.7103.9  25.3190.3 46.9 (umoilt/14 CI (mi./min/kg)1.9 0.5
Hbf (mlimin)39 Vss (LAO0.6  0.1 Bioavailability615  7.0112.5  8.1 04810 (%)
Idosed as direct compressed tablet; C""", = Peak plasma concentration Trea"
= Time to maximum plasma concentration. Alit Area under curve Cl Clearance
Hbf = Hepatic blood flow Vss- Volume of distribution at steady state
Table 8 shows that bioavailability and peak plasma concentration (Cmax) of
Compound (1) difumarate Form A are significantly better than those obtained
for Compound (1) (113 % compared to 64 % bioavailability) as determined in
a paired t-test (n=4) at a 95 % confidence level.  WO 20991138781reric
B2009/050496 52 Examples 6 to 21 Crystalline Compound (I) Dilumarate Forms
B to 0  XRPD Analysis         XRPD patterns were collected using a Bniker
D-8 Discover diffractometer and Bniker's General Detector System (GADDS, v.
4.1.20). An incident microbeam of Cu Ka radiation was produced using a
fine-focus tube (40 kV, 40 mA), a Gael mirror, and a 0.5 mm double-pinhole
collimator. Prior to the analysis, a silicon standard (NIST SW 640c) was
analysed to verify the Si 111 peak position. 'The sample was packed between
3 pm thick films to form a portable, disc-shaped specimen. The prepared
specimen was loaded in a holder secured to a translation stage. A video
camera and laser were used to position lathe area of interest to intersect
the incident beam in transmission geometry. The incident beam was scanned
and rastered to optimize orientation statistics.. A beam-stop was used to
minimize air scatter from the incident beam. Diffraction patterns were
collected using a Hi-Star area detector located. 15 cm from the sample and
.processed using G.ADDS. The intensity in the GADDS image of the
diffraction pattern wab integrated using a step size of 



3 50.04' 20. The integrated patterns display ditTiuction intensity as a
function of 20. Variable temperature -XRPD         Variable-temperature
XRPD patterns (VT-XRPD) were collected using a Shimadzu XRD-6000 X-ray
powder ditTractometer equipped with an Anton Paar HTK 1200 high-temperature
stage. Prior to the analysis, a silicon standard (NI ST SRN,. 640c) was
analysed 20 to verify the Si ii 1 peak position, and vanillin and
sullapyridine standards were analysed to verify the stage temperature. The
sample was packed in a ceramic holder and analysed from 15 to 40' 20 at 3
/minute (0.4 see/0,02 step). XRPD - tricroplate analysis  XRPD patterns
were collected with a Balker D-8 Discover diffraetome er and 2.5Baiker's
General Area Diffraction Detection System (GADDS, v. 4.1.20). An incident
beam of Cu Ka radiation was produced using a fine-focus tube (40 kV, 40
inA), a (lobe' mirror, and a 0.5 atm double-pinhole collimator. The samples
were positioned for analysis by securing the well plate to a translation
stage and moving each sample to intersect the incident beam. The samples
were analysed using a transmission geometry. The incident .3r,beam was
scanned and ra,stered over the sample during the analysis to optimize
orientation statistics. A beam-stop was used to minimize air scatter from
the incident beam at low angles. Diffraction patterns were collected using
a Hi-Star area detector located 15 cm from the sample and processed using
GADDS. The intensity in the GADDS image of the  WO 2009/138781PCTIG
B200/050496 53 diffraction, patternintegrated using a step size of 0.04'
20. The integrated patterns display diffraction intensity as a function of
20. Prior to the analysis a silicon standard was analysed to verify the Si
111 peak position. Example 6 Preparation of Compound (I) Difurnarate Form B
A slurry was prepared by adding enough Compound (1) difumarat, Form A to
water so that excess solid was present. The mixture was then agitated in a
sealed vial at 4C for 7 days. Solids were isolated by vacuum Id traticm and
analysed. The XRPD pattern for the resulting Form B is shown in JO
Diffraction peaks for Form B are show Table 9 t 8. The most piorninent
X-Ray Powder Table 9:    Angie 2-The Intensity Conn 2-Theta ' 'tensity
Count 4.7 362. 



22.1 561 6.8 984 22.8  531 7.4 977 23.1 355  457 216 459  751 24.5 694  ?M.
24.7 870 13.3 473 25.2 388 13.6 375  530 



14.0 656 25.9 497 14 4 26.2 2683 14,6 377 26.7 593 15.8 579 27.0 2034 16.8
963 27.4 697 47 454 27.6 78 17.6 352 27.8 374 17.9  338 



28.3 419 19.0  1519 28.6 792 20.1 672 28,7 721 203  1165 28.9 510    388
29.4  22.0 704 30.4407  Form B is thought to he hydrate,  54 Example 7
Preparation of Compound (1) Diftimarate Form C       A slurry was prepared
by adding enough Compound (1) difumarate Form A to WA/water (90/10 Wv), so
that excess solid was present. The mixture was then agitated in a seated
vial at 15 C fin 6 days. Solids were isolated by vacuum filtration and
analysed, The XRPD pattern for the resulting Form C is shown in Figure 9.
The most prominent X-Ray Powder Diffraction peaks for Form C are shown in
Table 10: Table 10  Angk 2-Theta 0 



Intensity Count   Angle 2.-Theta intensity Count  014 19.5 3574 5.3 1016
19.7 1957 6.9 3144 20.2 1066 9.1 1820 20.6 2120 10.1 1648 21.0 204 102 919
21,9 1661 11.1 



917 22.6 1643 11.9 1221 22.9 2277 12.6  1733 23.3 1424 13.3  1185 24.1 6452
4.0 1316  24.5 1094 11,3  1081 25.1 1701 15.0 2958 25.6 1249 5.6 1009 2o 7 



917 16,0  1161 27.1 2265 7.3 886 27.8 884 17.6 897 28.0 874 18.1 941 871
28.6 826 18,3  29.5 2106 19.2  1791 33.2 912  Form C is believed:e nixed
hydrate/solvate form.  Example 8 Preparation of Compound (1) Difumarate
Form D  



A solution of Compound (1) difimiarate was prepared in acetonitrileiwater
50/50 and an aliquot was added to a microplate well The solvent was
evaporated and 2- propanollwater (90/10, v/v) was added to the well. The
plate was sonicated and then the 5solvent was evaporated under vacuum. The
XRPD pattern for the resulting Form D is shown in Figure 10.The most
prominent X-Ray Powder Diffraction peaks for Form D are shown in Table
Table 11  Angle 2-c  3.3 intensity Count 14.1 Angle 2-Theta  Intensity
Count   17.1 19.1 5.1 6.9 39.1 35 19.0 2L4   202 47.6  14.9 



21.6 39.2 10.210.5  24.2 85.2 12.0 113.6 25.8 61 14.018.9 26.7 39.6 15.0
22.5 28.1  16.2  26.3 29.8   to Example 9 Preparation of Compound
(1)Difurnarate Form E  A solution of Compound (I) Difumarate was prepared
in aectwater 50/50   /v) and an aliquot was added to a micropl ate welt.
The solvent was evaporated and tetrahydrofuran was added to the well. The
plate was sonicated and then the solvent was evaporated under vacuum. The
XRPD pattern for the resulting Form E is shown in Figure is11 .The most
prominent X-Ray Powder Diffraction peaks for Form E are shown in Table 12:
Table 12  Angle 2-Theta 0 Intensity Count 



Angle beta 0 Intensity Count 5  1.12 20.5 61.5, 6.7 13.3 219 31.4 8.7 26.7
23.8 I39.8 10,4 13.3  25.2 26 14.2 28.7  26.1 57.5 17.0 26A  27.3 23.2  WO
2009%138781PCTIG82009/050496 56 



Example 10 Preparation of Compound (1) Difumarate Form F        A saturated
solution of Compound (I) difumarate, was prepared in tetrahydrofuran at
elevated temperature and filtered through a 0.2um nylon filter into a
pre-warmed vials while stilt w ttrm. The vials were covered and allowed to
cool slowly to room temperature. The presence or absence of solids was
noted, If there were no solids present, or if the amount of solids was
judged too small for XRPD analysis, the vial was placed in a refrigerator.
Again, the presence or absence of solids was noted and if there were none,
the vial was placed in a freezer. Solids that formed were isolated by
filtration and allowed to dry prior to analysis. The XRPD pattern for the
resulting Form F is shown in Figure 12. ni The most prominent X-Ray Powder
Diffraction peaks for Form F are shown in Table 13. Table 13   Angle 2-The
Intensity o   Angle 2-Theta ') intensity Count 6.3 1491 20.1 1547 8.0 1591
fl 1327 15 1764 22.8  2683 13.9  Wgill 23.9 1397 15.0 1349 24.8 1295 



fl 1301 262 -6.   743 27.4 970  Example 11 Preparation of Compound
fltnifuntarate Form  A solution of Compound (1) difumarate was prepared in
aectonitrile/water 50/50 Isand an aliquot was added to a microplate well.
The solvent was evaporated and 2- propanollwater 90/10, was added to the
well. The plate was sonicated and then the solvent was evaporated under
vacuum. The XRPD pattern for the resulting Form G is shown in Figure 13.
The most prominent X-Ray Powder Diffraction peaks for Form 0 are shown in
Table 14. 20  WO 20091138781PCTIGB2009/050496 57 Table 14 Angle 2-Theta'
Intensity Count Angle 2-Theta 3 Intensity Count 6.9 919 20.2 1461 



446 21.6 925 10,1 259 23.2 848 12.0 488 24.1 2532 12.8 394 25.4 753 14.0
223 26.7 579  4.9 69.5 27.4 756 16.2 244 29.7 749 19.0 366 



Example 12 Preparation of Con pound (1) Difumarate Form         A solution
of Cot mound (I) difumarate was prepared in acetone/water (95/5, viv), and
sonicated between aliquot additions to assist in dissolution. Once the
mixture reached complete dissolution, as judged by visual observation, the
solution was filtered through a 0.2pm nylon filter, 'The filtered solution
was allowed to evaporate under ambient conditions in an uncapped vial. The
solids that formed were isolated and analysed. The XRPD pattern for the
resulting Form H is shown in Figure 14. The most prominent X-Ray o Powder
Diffraction peaks for Form H arc shown in Table 15: Table 15   Angle
2-Theta intensity sit Count ngle Theta C Intensity: Count 4. 7 16.9 1603 2
2 23 1786  1639 252 2564 13.2 1563 25.4 2231 



'13.8 1603 26.1 1698 15,8 1625 27.6 864 16.5 1658    Example 13 Preparation
of Compound (  Di1uuiiarate Fermi   A solution of Compound (I) difumarate
was prepared in methanot at ambient temperature. The solution was then
filtered into toluene at ambient temperature. The rcsuhing solid was
isolated by filtration and dried prior to analysis. The XRPD pattern for
the resulting Form 1 is shown in Figure 15. The most prominent X-Ray Powder
Diffraction peaks for Form I arc shown in Table 16:  58 Table 16 Angle
2-Theta  Intensity Count Angle 2-Theta ' Intensity Count 10,7 2170 17.4 



1868 11,1  1793 21,7 1947 14,3 1728 22.1 2130 14.8 2080 24.8 1688 16.0 2165
26.8 1643  Example 14 Preparation of Compound (1) Difumarate Form J
A solution of Compound 0) difumarate was prepared in methanol at ambient
temperature. The solution was then filtered into an excess of heptane at
ambient temperature. The resulting solid was isolated by filtration and
dried prior to analysis. The XRPD pattern for the resulting Point J is
shown in Fiore 16. The most prominent X-Ray Powder Diffraction peaks for
Form J are shown in Table 17: Table 17 Angle 2-Theta ' Intensity Count
Angle 2-Thel.a     



Intensity Count , 4 19.1 2165 7.6  2353 20.1 27 .7 2306 21.6 3417 10.5
2129 22.5 2094 11.9 1719 23.8 3 12.2 1802 24.4 2048 12.9 1696   25.4 



2041 14.7 2171 22 1978 16.1 1728 29.5 1501 17.4  2079     Example 15
Preparation of Compound I) Difumarale Form K         A solution of Compound
(I) difumarate was prepared in acetonitriletwa(er (50/50 v/v) and an
aliquot was added to a mieroMate well. The solvent was evaporated and
fluorobettnne was added to the well. The plate was sonicated and then the
solvent was evaporated wider ambient conditions. The XRPD pattern fur the
resulting Form K is shown in Figure 17. The most prominent X-Ray Powder
Diffraction peaks for Form K are shown in Table 18:  59 Table 18 Angle
2-The(a ' Intensity Count Angle 2-Theta  Intensity Count 10.5 32.3 23.0 



76.3 11.8 109 23.9 101 12.3 96.7 24.6 198 13.0 49.4 25.5 133 142 11.8 27.4
191 16.1 41 19.4 140 20.4 137 31.8 39.3 21.4 128 33.9 50.6 21,8  



112 34.8 69.6  ple 16 Preparation of Compoundif) Difumarate Form L A
solution of Compound (1) difumarate was prepared in acetonitrilelwater
50/50 (WV) and an. aliquot was added to a mieroplate well. The solvent was
evaporated and 1,1,1,3,3,3 hexatinoro-2-propanol was added to the well. The
plate was sonicated and then the solvent was evaporated under ambient
conditions. The XRPD pattern for the resulting Form L is shown in Figure
18. The most prominent X-Ray Powder Diffraction peaks for Form L arc shown
in Table 19: Table 19  Angle 2-Theta 0 Intensity Count Angle -Theta
Intensity Count 7.1 13.7 22.9 55.4 9.7 10.1 23.5 21.8 11.1 17.9 26.0 " 14.7
17 26.9 30.4 



18.2 20.4 27.7 24.1 18.7 15.7 28.9 42.7 19.6 14.8 29.5 19.8 21.2 25.8 33.7
11.4  11.1    Example 17 Preparation of Compound (1) Difumarate Form M
A solution of Compound (I) difumarate was prepared in acetonitrile/water
(50/50 Ws') and an aliquot was added to a mieroplate well. The solvent was
evaporated and 2- propanol/water (90/10 v/v), was added to the well The
plate was sonicated and then the solvent was evaporated under ambient
conditions. The XRPD pattern for the resulting  60 Form M is shown in
Figure 19. The most prominent X-Ray Powder Diffraction peaks for Form M are
shown in Table 20: Table 20   Angie 2-Theta 0 



intensity Count Angle 2-Theta  Jntensity Count 5.3 41,8 219 72.2 6.7 18.6
25.4 54.8 16.1 20 27.4 41.9 20.1 125 29.5 25.8  63.3    Exa tole 18
Preparation of Compound (I)  pilumarate Form N  A solution of Compound (I)
difiimarate was prepared in acetonitritelwater (50/50 %/v) and an aliquot
was added to a mieroplate welt. The solvent was evaporated and
acetone/water (60/40 v/v), was added to the well. The plate was sonieated
and then the solvent was evaporated at 4C. The XRPD pattern for the
resulting Form N is shown in 



16 Figure 20. The most prominent X-Ray Powder Diffraction peaks for Form N
are shown in Tabte21: Table 21  Angle 2-Theta  Intensity Count Angle
2-Theta  Intensity Count 5.3 59,2 13,9 28.2: 6.9 36.2 23.5 51.1 9.2 23.2
25.6 80,3 10.5 8.5 26,4 60.5  9.01 27.8 62.3 



25.1    Example 19 Preparation of Compound 0) Difumarate Form 0 A solution
of Compound (I) difumarate was prepared in acetonitrileiwater (50/50 v/v)
and an aliquot was added to a microplate well. The solvent was evaporated
and ethanollwater (30/70 %!v), was added to the well. The plate was
sonicated and then the solvent was evaporated at 4C. The XRPD pattern for
the resulting Form 0 is shown in Figure 21. The most prominent X-Ray Powder
Diffraction peaks for Form 0 are shown in Table 22:  6 Table 22 Angle Theta
0 Intensily Count Angle-Theta a Intensity Count 6.9 28.5 24.0 223 8.7 21,7
25.5 59.1 11.9 271? 26.4 562 14.9 



36.8 27.4 617 20.2 87.4 29,5 58.4  70.6    Example 20 Preparation of
Compound (I) Difumarate Form P    A solution of Compound (I) difumarate was
prepared in acetonitrilelwater (50/50 and an aliquot was added to a
microplate well. The solvent was evaporated and 2- =a/water (90110 v/v) was
added to the well. The plate was sonicated and then the solvent was
evaporated at 4C. The XRPD pattern for the resulting Form P is shown in
Figure 22. The most prominent X-Ray Powder Diffraction peaks for Form P are
shown in Table 23: Table 23  Angle -2Fheta 0 intensity Count Angle 2-Theta
0 Intensity Count  9.97 26 n 7.2 9.97 ON let 



N el el el 27.9 14.8 15.8  20.3 24.1  301?  2 25.6 29.3     Example 21
Preparation of Compound (I) Difumarate Form () Form Q was observed when
Form B was heated to 150 `'C during temperature XRPD analysis. The XRPD
pattern for Form Q is shown in Figure 23. The most prominent: X-Ray Powder
Diffraction peaks for Fotur Q are shown in Table 24:  6' Table 24 Angle
2-Theta 0 Intensity Count Angle 2-Theta " intensity Count 



8.0 91 24.9 290 12.5 210 25.9 358 17.8 130 26.3  18.9  212 27.6 HO 20.9 318
35.4 551 22 .7  219 316  272  244  Example 22 Tablet formulation of
Compound (1) Difumarate The powdered ingredients shown below were charged
to a mixer and mixed to produce a uniform distribution of Compound (I)
difumarate. A binder solution was prepared and added to the powders with
further mixing until a suitable wet mass formed. The wet mass was passed
through a screen and the resultant granules dried to an appropriate
moisture content (for example less than 2% by weight). The dried gunnies
were passed through an appropriately sized screen and blended with
magnesium stearate 



10before compressing into tablet cores using conventional tabletting
equipment. The compressed cores were then coated with an aqueous suspension
of film coating components using a conventional perforated drum coater.  63
Film-coated tablets containing Compound (1) Difumarate Form A equivalent to
2.5, 10, 40 and 100 mg of compound (1) prepared as described above are
illustrated in Table 25. Table 25  2.5 rug gibatch 10 mg gibatch 49 nag
gibatch 100Ing i-,Yibatch Tablet strength' Ingredient     Tablet core
Compound (1) Difurnarate Form A2 37.25 149.0 448.1 448.1 Lactose (450 mesh)
782.75 671.0 371.9 



371.9 Microcrystalline cellulose (P14101) 100.0 100.0 100.0 100.0
Crospovidone 50.0 50.0 50.0 50.0 Polyvidone 20.0 20.0 20.0 20.0 Magnesium
stearate 10.0 10.0 10.0 10.0 Core tablet weight 100 rug 100 tug 133 mg 333
nig Tablet coating    



Opadry White (03828460) 23.0 23.0 23.3 23.0 Hypromellose3 15.0 15.0 15,0
15.0 Titanium dioxide' 5.0 5.0 5.3 5.0 iviacrogol 3003 3,0 3.0 3.0 3.0
Purified water4 177.0 177.0 176.7 177.0 Nominal coated tablet weight 102.1
mg 102.1 mg 136.1 mg 



.140.6 mg  Tablet strengths refer the equivalent amount of Compound (1)
free base present in the tablet. 2- The Compound (1) diftmarate was
micronised prior to formulation to give an average particle size of less
than about 5pm. The hypromellose, macrogoi .300 and titanium dioxii.e are
included as Opadry White (03828460), supplied by Cotorcon. Purified water
is used as the solvent/carrier fluid during fill coating and is removed
during the coating process.  64 A suitable manufacturing process is
outlined below: COMPONENTSPROCESS    Binder solution: Potavidone Purified
water I  STAGE 2: WET MIX 1  STAGE 3; WET GRANULATION S1 AGE 4: DRYING 1
STAGE 5: DRY GRANULATION STAGE 6: BLENDING Jr STAGE 7: COMPRESSION STAGE 8:
COATING  STAGE 9: PACK INTO HDPE BOTTLES  65 



Claims  1. 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-
([1-(N-methylearbamoylmethyl)piperidin4-yl]oxy} quinazoline difumarate.  2.
Crystalline 4(3-chloro-2-fluoroanilino)-7-methoxy-6-
[1-(Nmethylcarbamoylmethyl)piperidin-4-yl]oxy} quinazoline difumarate.  3.
4-(3-chloro-2-fluoroanilino)-7-methoxy-6-
([1-(N-methylcarbamoylmethyl)piperidin- 4-yl]oxylquinazoline difumarate
Form A, wherein said Finin A has an X-ray powder diffraction pattern with
at least one specific peak at about 2-theta = 26.4', 24.00,14.9 0,12.40 or
7.1.  4. 4-(3-ch1oro-2-fluoroanilino)-7-methoxy-6-
{[1-(N-methylcarbamoylmethyl)piperidin4-yl}oxyl quinazoline difumarate Form
A, wherein said Form A has an X-ray powder diffraction pattern with
specific peaks at about 2-theta = 26.4, 14.9  and 7.1.  5.
4-(3-chloro-2-fluoroan ino)-7-methox y-6-
{[1-(N-methylcarbamoylmethyppiperi di n4-yl]oxylquinazoline difumarate Form
A, wherein said Form A has an X-ray powder diffraction pattern with
specific peaks at about 24heta - 26.40, 24.00, 14.90, 12.40 and 7.1 .  6.
4-(3-chloro-2-fluoroanilino)-7-methoxy-6-
([1-(N-methylcarbamoylmethyffpiperidin4-yl]oxylquinazoline difiimarate Form
A, wherein said Form A has an X-ray powder diffraction pattern
substantially the same as the X-ray powder diffraction pattern shown in
Figure 4.  7. 4-(3-c:hloro-2-fluoroanilino)-7-methoxy-6-
{[1-(N-methylearbamoylmethyppiperidin4-yl]oxylquinazoline difumarate Form
A, wherein said Form A has melting point of about 210C.  8. A process for
the preparation of 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-
-(NmethylearbamoylmethyDpiperidin-4-yljoxylquinazoline difumarate Form A of
claim 7 comprising:  66        (i) reacting
4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-(Nmethylcarbamoylmethyl)piperi
din-4-ylloxylquinazoline with a sufficient quantity of fumaric acid to form
the difumarate salt;        (ii) crystallising the
4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-(Nmethylearbamoylmethyppiperid
in-4-yl]oxy}quinazoline difumarate; and        (iii) isolating the
4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-(Nmethylearbamoylmethyl)piperi
din-4-yl]oxy}quinazoline difutnarate Form A.  9. The process according to
claim 8 wherein Step (i) of the process is carried out in a mixture of
solvents comprising methanol and isopropanol.  10. The process according to
claim 8 wherein Step (i) of the process is carried out in a mixture of
solvents comprising ethyl acetate and isopropanol.  11. The process
according to claim 8 wherein Step (i) of the process is carried out in
water.  12. A process for the preparation of
4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-(NInethylcarbamoylmethyl)piper
idin-4-yl]oxylquinazoline difiimarate Form A of claim 4 comprising:
(i) reacting a solution or suspension of
4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-
(N-methylearbamoylmethyl)piperidin-4-yl]oxyiquinazoline in ethyl acetate
with at least a 1.725 molar equivalents fumaric acid in isopropanol,
wherein the volume ratio of ethyl acetate to isopropanol is suitably from
about 5:1 to 1:1, for example about 5.1:1 to 1.9:1 and wherein the reaction
is carried out at a temperature of about 20 to about 73C;      (ii) cooling
the reaction mixture from Step (i) to about 20C and holding the mixture at
this temperature to effect crystallisation of the
4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-
(N-methylcarbamoylmethyl)piperidin-4-yl]oxylquinazoline difumarate Form A;
and      (iii) isolating the 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-
([1-(Nmethylcarbamoylmethyl)piperidin-4-yl]oxyl quinazoline difumarate Form
A.  67 13.A process for the preparation of
4-(3-chloro-2-fluoroanilino)-7-methoxy-6- al -(N-
methylcarbamoylmethyl)piperidin-4-yl]oxy} quinazoline difumarate Form A
comprising the steps:        (i) reacting a solution or suspension of
4-(3-chloro-2-fluoroanilino)-7-methoxy-6- {11-
(N-methylearbamoylmethyppiperidin-4-yl]oxy} quinazoline in water with at
least a 2 molar equivalents of fumaric acid, wherein the reaction is
carried out at about 85C;        (ii) cooling the reaction mixture from
step (i) to about 60C; and 



(iii) isolating the 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-
a1-(NmethylearbamoylmethyDpiperidin-4-yl]oxy}quinazoline difumarate Form A.
14.A pharmaceutical composition which comprises
4-(3-chloro-2-fluoroanilino)- 7-methoxy-6-
-(N-methylcarbamoylmethyl)piperidin-4-ylioxylquinazoline difumarate
according to any one of claims Ito 7, in association with a ph
iaceutically-acceptable diluent or carrier. 15.A pharmaceutical composition
according to claim 14, wherein the 4-(3-chloro-2-
fluoroanilino)-7-methoxy-6- {[1-(N-methylcarbamoylmethyl)piperidin-4-y1
]oxy}quinazoline difiunarate is
4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-(Nmethylcarbamoylmethyl)piperi
din-4-yl]oxy}quinazoline difumarate Form A.
16.4-(3-chloro-2-fluoroanilino)-7-methoxy-6-
([1-(N-methylcarbamoylmethyl)piperidin- 4-ylioxylquinazoline difumarate
according to any one of claims 1 to 7, for use as a medicament. 17.The use
of 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-(N-
methylcarbamoylmethyl)piperidin-4-ylioxy}quinazoline difumarate according
to any one of claims 1 to 7 in the manufacture of a medicament for use in
the treatment of a cancer. 18.4-(3-chloro-2-fluoroanilino)-7-methoxy-6-
{[1-(N-methylcarbamoylmethyl)piperidin- 4-yl]oxy} quinazoline difumarate
according to any one of claims Ito 7 for use in the treatment of a cancer.
19.The use according to claim 17 wherein the cancer is selected from
breast, gastric, colorectal, head and neck, ovarian and lung cancer. 




