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»5  kinase inhibitors such as gefitinib or erlotinib that act primarily as EGFR tyrosine kinase

inhibitors. We have carried out pre-clinical studies which suggest that Compound (I)
exhibits improved anti-tumour effects compared to EGFR tyrosine kinase inhibitors such
as gefitinib and erlotinib. Without wishing to be bound by theory, it is thought that the
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enconpasses all such solvated and unsol vated forns of Conpound (1)
di funutrate. We have found that a particular crystalline form of
Compound (1) difiinmarate, hereafter "Form A" is chara.cterised in that it

provi des an X-ray powder diffraction pattern substantiall ho in
Fi gure 4, ?Hé”W%éwgﬁroninent peaks of Form A aru shomanH%P§$§§P§9 , WO
2009/ 138781PCT/ 6B2009/ 050-196 5 Table 1 The nobst prom nent X-Ray Powder

Diffraction peaks for Form A Angle betd' To Intensity Count WAngle Theta
(20) 24.0 VS Intensity Count 63 7,1 S24.7 8.7 S 25.5

improved properties may result from the inhibition of the erbB3 mediated signalling by
Compound (I).

W02005/028469 indicates that the compounds disclosed therein may be prepared
in the form of a pharmaceutically acceptable salt, for example, an acid-addition salt of a

s compound of the Formula I, with an inorganic or organic acid such as hydrochloric,

hydrobromic, sulfuric, trifluoroacetic, citric or maleic acid. Nowhere in W02005/028469
is there a suggestion of a salt with fumaric 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 (I).

10 We have found that Compound (I) is crystalline with some amorphous character as
shown in the XRPD of Figure 1. Differential scanning calorimetry (Figure 2A) on
Compound (I) shows a broad endotherm with an onset of 76.2°C, which is likely to be due
to solvent loss, most likely water, followed by a melting endotherm with an onset of
126.2°C. Thermogravimetric analysis on Compound (I) (Figure 2B) shows a weight loss

15 of 1.2% between 25°C and 95°C.

Dynamic Vapour Sorption (Figure 3) shows moisture 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

20  high permeability suggest a BCS classification of Class II 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 (I) with improved properties.

25 We have surprisingly found that the difumarate salt of Compound (I) has
favourable properties compared to Compound (I). Compound (I) difumarate has a
favourable dissolution profile exhibiting, high aqueous solubility and a good intrinsic
dissolution rate. Furthermore, the Compound (I) difumarate exhibits favourable solid-state
propertics, for example high crystallinity, low hygroscopicity and/or favourable thermal

30 properties, such as a high melting point.

According to a first aspect of the present invention there is provided Compound (I)

difumarate.
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29.9 S13.4 M 30.8 14.1

WO 2009/138781 PCT/GB2009/050496

Suitably the Compound (I) difumarate is crystalline. 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 unsolvated forms

s such as, for example, hydrated forms. It is to be understood that the invention

encompasses all such solvated and unsolvated forms of Compound (I) difumarate.

We have found that a particular crystalline form of Compound (I) difumarate,
heteafter “Form A” is characterised in that it provides an X-ray powder diffraction pattern
substantially as shown in Figure 4. The most prominent peaks of Form A are shown in

10 Table 1.
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Table 1
The most prominent X-Ray Powder Diffraction peaks for Form A
Angle Intensity Angle Intensity

2-Theta® (20)| Count |2-Theta® (20)| Count
6.3 \\ 24.0 VS
7.1 S 24.7 S
8.7 S 25.5 S
10.2 M 26.1 M
10.6 M 26.4 VS
11.9 S 27.4 S
12.4 S 28.2 M
12.6 M 29.5 S
13.0 S 299 S
13.4 M 30.8 M
14.1 S 31.5 M
14.4 M 31.8 M
14.9 S 32.2 M
154 M 32.7 M
16.3 M 33.0 M
16.9 M 33.5 M
17.3 M 34.0 M
18.8 S 34.7 M
19.2 M 35.1 M
20.3 VS 35.5 M
20.5 VS 35.8 M
21.2 S 36.6 M
21.5 S 37.3 M
21.9 VS 38.3 M
22.7 M 39.2 M
23.0 S 39.7 M
23.5 S

5 In Table 1 the following 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°,
10 According 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°0r 7.1°.
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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°,14.9°%and 7.1°.

According to a further aspect of the invention there is provided Form A, wherein said

s 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°, 124 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°149° 12.4°and 7.1°.

10 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°,24.0°,23.0°,21.2°,17.3°,15.4°,14.9°,13.0°,12.4%0r 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 =

15 264°240°23.0°,21.2°17.3°,154°,14.9°,13.0°,12.4° and 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 Form A is substantially free of other forms of Compound (I) difumarate.

20  For example, at least 80% of the Compound (I) difumarate 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 (I) 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 Form A.
Reference herein to, for example, 80% of the Compound (I) difumarate being in the form

25 of Form A, refer to the % 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 210.4°C, as determined by
differential scanning calorimetry (DSC) analysis using a Mettler DSC820¢ apparatus as
described in the Examples. Accordingly Form A has a melting point of about 210°C.

30 We have found that Compound (I) 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

from any one of Form B to Form Q described herein. Suitably each of the crystalline

l
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exist in other crystalline forns, for exanple the Forms B to Q described in
t he Exanpl difrimsiorpatteryscedstintigllyt thegame pg the K-14% pewder dfffragtonipatiens shewnt her e

5 B0, 3o, sl RIRGHD by D 38, L0 gy e o
Table 1. Itis 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

25 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

30  conditions (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
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(I') difumarate described herein are crgstalline. Suitably the degree of
crystallinity as determ ned by X-ray powder diffraction data is tbr exanple
greater than about 60% such as greater than about 80% particularly

great er t haamphoutair3Qowrid miofoas pesiei and han-uyitagy esptaratiosawhidboay af§8% En

enbodi nents of . the tqi nyentjan, the degree of crystallini . m ned
by 1 ay. pOWdSHs orE ek IR et e ar e B R B e RIS oo
crystal | i npd yrdcelior shd Rediftaelihbyt wiritght soiplé ks ih olcaliffiactompbter amdsbe avho ch i s
crystalline. In the preceding paragraphs. defini the X-ra owder

di ffracti offlihesig of G dtfﬁ%“%‘?lagrt aibe CFBF’H%méSPf%g ﬁ&la(lagé?%f‘Wea term"at
about” s UsQfrfdd: LG cE¥ BEGSSIkARA 1n the@kt vARAPfredatt kiR fc diffractioh Paitddali cat e
that the precise position of peaks (i.e. the recited 2-theta angle val ues)
shoul d not d#eprseamsadrhgesin w@oteiba gorues HtabsAler (o8 sBeHALEMatpL 865 ') e

appr ec at eq. i, t0RSE 8L RILedhnixDadohlen RrLRal PEwBEASITRRORREYiokh Wik & he peaks
ma:,7 vary slightly between one neasurenent apparatus and_anot her, from one

sanpl e to Sowt K6). Brerefarcait sleadlfietundgrstepd Gt the ety ptallipefosms af Gerarqupd Mg nt
conditions utilised .L{,lS. : [ 1€ RaPse6edik r@gr aphs that
t he Conpouﬁlgmjf%h%i%g ?cflh%dr%e?eelg%%glp %ﬁﬂhgﬂg\}&déefgﬁg(%r ggllﬁrpomdeﬁg}_(’j?f.f raction
patterns ' difbattianpatairsyitertiod ts theel-gy pohvdendiffepptigyonattem ste w1 indigired. Pt t er ns

shown in Figure and. h subst ant.i . oY1y (2-theta
angl e val u crgﬁ%ﬂél\ﬁmivﬁmé%ﬂg BpWRY &1?244%11 E@%ﬁ%@ggg’ ¢ ﬁg%m?a%gllﬁ%ge of the
term ' substigwn ialFigure 4 falltvhitin thont@x of its patsed inveneord edpdreon shidled at écetiat t he

11 ght 1y 1 PbrBnep Arataien £ Biatay ey bR ERR PR RRY, o) o

result of glfi@hionyatidr@ i ons in measurenent conditions utilised, so the peak
posi tions shown in the Figures or qu tﬁqin.the Table)? are ain not to be
1frﬁ

construéd as abSeMly- § BcgwEement error of p gtion ARGl AN YA ROYIROWn in the art
that: an XyidYHoWde! aldlf S irGt @5 fatdend siBydepre 0bh gichRebnwWt &forhas one or
more measurenent” errors dependi ng on neasurenment oconditions (such as

equi pnent  shouldiehiekra ineadjount vhgreronsideringrthe Xray RovlendiffEactign RHGHS ® hat

| ntensi ti ey feAModal 1 PRAYGE S m&gm RAhE R IRY irf hi' Gk tidote sapendi ng
on measur ement. conditions an Igarrp e preparation. For exanple, persons
skilled i nithslait of X-ray powder diffraction will realise that the
relative intensi of. peaks ¢ f : ; tl

2609/ 1387S1PCTI @%@ngﬂz@éﬂ@ﬁé@&p ‘Iee,%gbr%gP%)sémé{)eg‘%/%ﬂ%“}%dé‘?‘é‘ﬁé‘ e ze and
non- ur nuar YDSTRPeE hppaatisphe uwhifethicely dastfilscltin awad detdiheofinadmnp) pgsonThe

skilled person wi |l al realise that the.position.of r j can be
af f ect ed bfﬁ'ﬁﬁ%“‘pt}‘%?:‘? gzlp??é)feﬁﬁtte tg?ts\kﬁ (R (gls énath% SR gl%li %@%sh’rgﬂ%?r

di f f r act ongs@T mapeecuhgs Zesut cfahiihioat inoamefe fukiey, dirfffle pepoainend tikhe sur f ace
planarity of the sanple may al so. have a s | effect. Hence a per.son
skilled i npgaurgpent gpnditions i¢-g degfing e Wﬂﬂ"‘d‘iﬂl’fﬁ”‘é‘%ﬁi‘%ﬁ% a@%{ﬁt‘é’P Reades
present ed hehRitheipsindflay bOghen BPBEEN tied o sqaRsal vt By sy cohdiribhatifferent
i nformation see §enl_<i ns, R & Snyder, R L. '|Introdyction.to X- Rax Powder

Di t Tr act onde fhpse drseribedibpieinaicrsdisace the gisiting-prist adgmdotherm gpites Auged  nger st ood
that the cnystaldhfgo bOFIEn £f abSAIRAURMEs ddd)suéli hbdsiRIBARdasRE idirdalkarei n are
not limted to the crystals that provide X-ray powder diffraction patterns

i denti cal tinotaheuit wlan ipiomtemgddISG dade t TwicaPatraadiing rosAay HerEbydrde> %, and
any crystals B oviding X-ray powder diffraction patterns substantially the
sane as thd&&&hown in Figure 4 fall within the scope of the present

inventi @n. A pehsomstsikiné foetls bhCothpouad (1) difuaragy sysbwel Eorndh fafqoading orthé s abl e

to judge the substantial identity of X-.r [ r diffracti L erns.
General |y, BYHHILHRE %l’e %t]ﬁfa&%en %/d andgr fi’fsﬁg%‘%%\é\%ﬁ%lé’lthgr P%’S%ﬁ @F?%SH‘%;MH

di f f r act og, gtieshisabR@bI i tdRriiguss, Br BAnpie NBSSectanchywe koldieterucddar a

measur enent error should be taken into account when considering the X-ray
powder di f fIPEEENOHRSPARECSPHSOPPE gures | and 4, and when interpreting the
peat positions referred to in the text above and itt Table 1. The nelting
poi hts and DSC data descri bed herein were determ ned using Mettler DSC820e
apparatus, the use of which is described in nore detail hereinafter. A
person skilled in the art: will appreciate that slight variations in the
mel ting point neasured by DSC may occur as a result of variations in sanple



W2005/ 028469 di scl oses as Exanple 1 therein the preparation of Conpound
(1) as foll ows: 2- Chl or o- N- net hyl acetam de (32 ng, 0,3 mmol) was
added to a m xture of

443-ehl oro-2-fittoroaniiino)-7-nmethoxy-6-Rpiperidi nA-y0oxyl qui nazol i ne (120
rng, 0 3 n#s2009/138184ssi umiodide (16 ny, 0.1 nmol), and%&i‘ggﬂg{oﬁﬂ‘f?“car bonat e
(50 ng, 0.36 nmmol ) in acetonitrile (5 nil). The m xture was heated at
reflux for one hour. After evaporation9of the solvents under vacuum the
resi due was taken up in dichlonmrethane. The organic solution was washed
with water and brine, dried over magnesium sul fate, After evaporation of

t he sol vent s urilerchvacuismuctiizef Cogipdurel (Madifymaritf pEdtc presahmpamoography on

silica gel larm 1% to 2% 7N et hanolic a nia_in.dichloro ne) to

o ve. Compotfttimsd By /A b e ap e ekef TEab ekl L SOALEARIRS

2-chl or o- i8Ryl acetarnide directly with 4(3

-chl om 2-f] uor oani |l i no) - 7- met hoxy- 6. 4(j i peri di md-ypoxy] qui ri azol i ne avoi ds
the use ZOMFMPM& Eurtheinmore, crystallisation of Conpound (1)
fromcertain soabyiuiid Py 4l B SyrdeRREMEho thy micthotd @Rcriied it WO20D&0ZE@MO pr oCcess
is therefore expected to be suitable for |arge-scal e nmanufacture of
Conpound (#yas illustrated in the Exgrepleichiejeis a further aspect of the present

i nvenEi nn t her ewig0§4/94i486 dis@o s hB ¢ 1 BIcRRRTHE PSRRI Thripblin&@yPr i i ng:
25(i) reacti gﬁ; 2- ehl oro- N- et hyl acet am de with

4- ( 3- chl or &-follomsyor oani | i no) - 7- met hoxy- 64( pi peri di mi- ypoxyl qui nazol i ne

di hydrochl ori dey_cRiotdIR-RERPERESNI A (32 nSll D13aE]) RAS 8dded to a murdddli Ng a

sol vent sel ected from ethanol, water and nethanol,_ or a m xture téger eof to
the reaet i th-AilRed-Bugrpaindgmethyxy &l @peadip-dorlpay larmpeodng 6179618 8snpound
(1); and (in!nlol), P&QJS@H 28idt b6 GOPOMBRN( And polRGuMQRAGHARAN(S0IS0SB rirhdl) | S
conveniently carried outsuitable inert solvent such as those described in
Process (cin asetopisrgje (B0)oTha 200679846 at RHux Srapheur. Aler paaeeigrefmy be

carried ou ' [ Lri . vent. [ j-SanGarried out
in the V&%gg@%@’%@ﬁ%ﬁ“&%g6%?8%8’3@%9%0‘%3%&%%%‘5%?&% g&i dtr%atl)ll%faI base, for
exanpl e onsolafontwis voalsesvittesden dpd dring dEied oes snagadsivgmsyplatge ASer of

W2005/ 028469 uch.:is. triethylaimn I t . ' ' rried
out at 'an &Y%&0% I%Ibloﬁtg%oé‘r’eélksuurng%/r F 8%“%)?%%#%“%%%&@? d f}’g%&&ﬁl%gﬂaﬁhyc n one
Lnbodi nment silita & épudni:ilye @f2% e nptienelssartienis o dieibroimsthart) ér givSui t ably in
thi s 5enbodj ment v@en Step 6) is carried out in acetonitrilc the volune
ratio of watBPEEYtOnitrile is approxi mtely 1:3. | n anot her

enbodi ment of tWe hufenhd M8t feittiSh p2-Chlojo-Nfmdildadqetaad@sdretiewsbl vent i s

ethanol. Suitably in this enbodi nent en Ste i).is carried,out in

acetonitri I“é3’LCWQTO\?%‘IﬂHﬁ‘é’aIP5?9>§‘@Fth%¥¥1§f:ﬁ@lﬁeﬁg\9f‘§ﬂ§9’%'i‘1”5“’17‘ lnﬁﬂﬁ?‘g&tﬁimeel y

3.5: 7. ,101 Bf fotashith ib@itic PR LARB crfallisagor dSl*@ﬁﬁd}ioﬁﬂd (I frSineprtdin kolvads t he
an

process the solvent is a m xture of ethanol ] water. Suitably in this
embodi ment PrayEley Gpaaeund4Diip high retitya dGF nEW PIRgESAS ﬁhgreg’é%iﬁpe%* 1P ¥ about
30:1, for xRl Ahoutu@inditkch oBBohoourdien Step (i) is carried out in
acelonitrile suitably approximately 3_E vol umes of ethanol and 0.15 vol unes
of water are addewrdingly ayefurthesaspéct aE@ernresent iryeptpndhra stprevideshagnethadt i on.

| SAs wi || far : a volunme ratio of thr exanple of

wat er acet o?ﬁp?%bﬁgﬁggﬁlﬁgmff?éﬁﬁggﬁgmﬁ at | volunme of water is added to 3

vol umes;sof t he @reramgirihlaoP-msbrkacitamidpavithda@tdhipo-ddbigemanifiopt bwi ng t he

| eti St d).0of .t . [ 4QF j 4 St
(1) of e pR e BB RRESR, oG BRPUEFRRAEER st 208,

70C and et basepl is added. The reaction mxture is then cooled to about 45C

and the water is.added tqg effect stal lisation,of .the Conmpo (ry. If
required the r eéetaﬁ‘gﬂg ?ﬁs‘af’w égﬁcé%}ic%}/é“ g@%‘%’c}w irnd Eg%g(ﬁh%f aE%XH{P% hel p
initiate there@rysthakdabsat hture ibe stepanto effccingitaitigtios of Genpamndi(Brarklo about
20C to conpl ete the cr_yshal lisati OB. The isolation of the Conpound (1) in
Step (H°) may bEUEERRiefne GPMAYdDsconventi onal et hods, for exanpl e
filtration and gqhyicBdionfin 6Re (Fraeawsbnlly karried out is 4 itable inert solvent such as

4- (3-chloro-2-fluoroanilitio)-7-met ho;r%- 6- k&i B)eri di n- 4- ypoxyhﬁgui nazol i nc

di hydr ochl draseldesgdlag in®rachs (Qrormephél palVerPAY 03740 pior srapRlF-dee wact@8scr i bed
in the Exa e r li Rl Gubiaitgk t 0
6-1[(1l-ter %‘B’S’?&t‘:@?gP@o“ﬁ&%)aﬁﬁg‘g?%?Sflﬁgy%}f?‘gx?%‘?1%?% %m oro-2-tluoroanilitio
) - 7- met hoxyoui nazol inc. Conveniently the reaction is carried out in a

sui tabl e solvent, for exanple ethanol, acetonitrile, |etrahydrofuran, 2-
nmet hyl t et rahydr ol uran, nvropanol, methanol, 1-butanol, ethyl acetate,
tert-butyl acetate, isopropanol or industrial nethylated spirit. A
particul ar solvent is ethanol or nore particularly industrial nethylated



WO 2009/ 138781PCT/ (; B2009/ 050496 11 The 6- 1 -tert-butoxycarbonyl)p
Me lid n-4-y I]Joxy -4 3-c Miro-2-fluoroanil ino)-7- rnettioxyqui nazoline
may be prepared using the nethod described in Exanple | of WZ2005/ 028469 by
reacting 4-(3-Chloro-2-fluoroanilino)-6-hydroxy-7-nmethoxyquittazoline wth
t ert - But yl WO20p%88Banesul f onyl oxy) pi peri di ne-1-car boxyIPQ%/' B2YIRETE%N t he
reaction is canied out in the presence of cesiumfluoride using DVA as a
solvent and at a tenperature of 85C 10 This reaction may al so be
carried out in the presence of N-nethyl pyrrolidone (NMP) in the presence of
a suitabl e base such as potassium carbonate. This reaction is suitably
per f or med ptscace &l aevatédbasefperamnpleenasf the bavcs Besdribad in RrocEsanpnesgher ei n.

cortain soruany CopRUTRabs Shondk srahito® SR e kRel ik TE RS0

t hese sol v@etasedacgpexpecioedxdntplbg aboitt7ald.e for | arge-scal e manuf act ure of

t he product. ccordin , .aS furt he t of eser
i nvention t her &njoge g “B%‘H Igg%? Q@é’gg’e’fp(’i?cefché ﬁqﬁgeﬁlg}*a a\t%ngglr‘{%

[ (1-t ert ubghveyaeit hesy SiRp P s dirled duyinlaeotyitride (13 vehheraio2of

t | uor oani |l i no)-7-net hoxyqui aazol i ne conprising: acting

4- ( 3- chl or WaioLsqeieB RIS IHIPFEIY N EE it oxy- 7- met hoxyqui nazol ine with tert-butyl

(4- met hanesul f ogyha%y)RiBecdE Sand mc@BRXYS@p Bi)of teRodREAEEMIRNOE a
sui tabl e base, wherein the reaction is carried out in a sol vent sel ected

from N- et ¢fanst.- Sutablydm disormbadining when Stele (ibscariof PBN AEY9MK the eIHRA| |

i sopropyl al 20nethylated spirit; and (| i)
crystalli s?‘lﬁg%ﬁ[hangﬁla&@ﬁ%g% %ﬁﬁ%tl%l?(tg%g%gn ppi gendvl 443- chl or o- 2-

f1 uor oanmi | i no) - I?iarfettllmmlquudlmteetzqﬂthenevenﬁon in Step (igpEihe propessthesalventds dcess i s
carri ed Oumgltggpgthﬁ{ SRNG GO sufta #} tﬁﬂ'eﬁlbgé‘tﬁﬁntr%&’(/olﬁ?ﬁ@'?&?io%f%ﬁ% rglescri bed

in W2005/ suc as pot assi um car bonat e e reaction is suitably
25carri ed outer atabcaltéoattedbdueﬁ@é,rfat exampleohoeriiidht toy25alt. When Stesf (Duig
t enper at ur e. J

, Step
(i) to aid aﬁ?%c%lgé acﬁ{ong%llg Sgﬁab%?pgr%xgm?q%g?’Cega‘;sogu'{l%g)frgr{glh%?g{&o &Ifggﬁegsr eaction
m xture. | of waner edahdidi Eﬁifhtfolﬁih&mf(abétomfrﬂé tme:ffeemysitattibaﬁsn carried out in an
al cohol seiecte than et hanol ,. i sopro ho n- pr opanol and
i ndust r'f al hgf M@EF @EFW"P refieRes AL o ‘ﬁ‘r?e‘ﬁﬁ?r e%‘%lﬁ@lg tf water. In a
further enta/@fét AR Witk R emRAC m@ﬁlsaiae[l)v()ﬂrm%fﬁﬁfef iseddaltb JivolumesbRthar e of
et hanol and water. Wien a m xture of (—fi hanol and water.is us % t he vol une

ffollo "tﬁfé'“’rpa&' 5 s

ratio of eﬂ%&tﬁ‘ﬁfﬂet%“\ﬁiétt‘%Fherﬁacgf"éﬁcs?‘?l p &omplgiyy et hanol to

wat er to about 10:2 is such as about 10: 1.
2009/ 13878 CTI CB2009/ 050496 12 The crystallisation in St fpt he pr ocess i s
conveni ent |y cakrdnegmbedimsit, icten (g of i Prosass thegRagipy purtareroghvep BhiS(0 (f or

exanpl ezl Co%dl&ﬂora @b@“é anﬁ%@an@ﬂga(ﬁféﬁ“ e RG] mix@urt REhdH cebMA & feuef f ect
crystallisatlon. pr oduct f)é@t en be isolated by conventional nethods

such as th4se€ euiléstlmwﬁerds hidetl trocfBoeherpitelsation of the Egmppumidl) 11§ regaijeddhs o be
prepared acgor dt NG FOmh PEe RLAGARE EbhpsintdhEd ndip ifREACTHE CR/sARAMTR. The 23

reaction mixture is then cooled to about 20°C to complete the crystallisation.
The isolation of the Compound (I) in Step (iii) may be carried out using
25 conventional methods, for example filtration and drying of the Compound (I).

The 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-[(piperidin-4-yl)oxy]quinazoline
dihydrochloride used as the starting material may be prepared as described in the Examples
herein. For example, by adding hydrochloric acid to 6-{[(1-terz-butoxycarbonyl)piperidin-
4-yl]oxy}-4-(3-chloro-2-fluoroanilino)-7-methoxyquinazoline. Conveniently the reaction

30 is carried out in a suitable solvent, for example ethanol, acetonitrile, tetrahydrofuran, 2-
methyltetrahydrofuran, n-propanol, methanol, 1-butanol, ethyl acetate, tert-butyl acetate,
isopropanol or industrial methylated spirit. A particular solvent is ethanol or more

particularly industrial methylated spirit.



64 7 Reaction Scheme | WD 2009/ 138781PCT/ GB2009/ 050496 13 Notes on
Reaction Schenme 1. Step (i): Lgl is a suitable |eaving group, for exanple,
a hal ogeno, al ki mesulionyl oxy or aryl sul fonyl oxy group, for exanple a

chl oro, brono, nethanesul fonyl oxy, 4-nitrobenzenesul fonyl oxy or

t ot uene- 4- SN F8HPBEWky group (suitably a met hanesul f onyPEXiEB2009/050496

4-ni trobenzeri csul fonyl oxy or toluene-4-sul fonyl oxy group, for exanple Lgi
i s nmet hanesul f onyl oxy) . Pg' is alkuitable am ne protecting group.
Such groups are well known, for exanple as described in one of the many
general texts on the subject, such as, 'Protective Goups in Oganic

Synt hesi s' by Thedd{( areGrletoxytpbdlyl)piperidindet joxW-H d§-cBlo®elrdlyorofixampt/es of

10am no protectin roups include. an acyl grqup, for.exa al kanoyl
or oup sucnmBossaty LR BipEs AR o Sl Byeab L prAMRLG &7 ’
met hoxy car banphs/028460 %Y eatdhi | 3-ChloteeDHluerobuitiaRyslayrdbodyyl-mgthoxyauinarpline
aryl met hoxycar bonyl group, f exanpl e.henzyl ox rbanyl., .or an aroyl
group, forwgk%éﬁ‘?bﬁétyb(gﬁ&ﬁ n.esugfoﬁ}élf’i‘ﬁf BFAHn iﬁﬁ%f’%ﬁ%?vi’ %ﬁm fhg reaction’is

tert - but oxy£asdaRh theBreE @6 bf @BiuhSilubridt adhy/DERY &J £@hvett anidnt & heppraeseste of
a base, for_exanple a carbonate such as potassium carbonate. The reaction

is conveni ®hfty carried out in the presence of a suitable inert solvent,

for exanpl e an flicRRQlonsHGMIRDeicaPRA 8RAR e priBfecl @ ACHE@PIpYSolaidhd abl y
carried out at elevated ténperature, conveniently at the reflux tenperature

of the sol (M&P)in the presenceif@suitahly basThushgp Betawsiinherremdisp Tpijtredction Sppved
using con V%bl?@%k%ﬁﬁh RPHSelc ARl t&ﬁ%&a&fﬁ%k Be 6L iR Eéd;ﬁlﬁ{/eg hérefAUt OXycar bonyi

it may be renov y treatnment wth a suitable acid rochl ori c,

sul furiie or phodphorer,ovedeivefoond thet by eroryorgdis ieectiniodt in the presemeeqd cedin ) : | g2
I's a suit .ag)(h\?enksepQ%\'fi@e% tlgerpggﬁ{l&t Ino 008¥&H?|P%ﬁh%?é %%‘?the&"&ﬁve@}% al loro. The
a rie (6] Int e

reaction is sult y car e presence of a sulita ase such as
a car bonat expeand ortganitablafvr kregeascalamaalifeotuiedd theSupduwbl e bases i ncl ude

pot assi um car bopat e..or, tri et hanol am ne. The .reaction | enj

carried out in ‘gﬁcgrdﬁ?%%’gﬁég'lrgbfr %Sﬁe‘fmr?gﬁ}e S I%}élﬁvt%ﬁé%nctﬁcggzs Igrg@%{gd]n% ﬁ} HS% or an
al cohol suéh tlasprefahains bf 6-T[(¢-reredstbkparbosy jtipdrail-4-y fexyf} or-edilab-2an el evat ed
t enper aturg, conveni_ent h(}/ t he r?.fl ux temperature of the solvent. St ep
(iv): NPtr23Peniteg)-Tpactapratingp e FHP S known nethods for the nitration
of aromatic ri ngfreadtiap 4&32aAREE2-MyiolobEifhd)@hiidicxy2Lddthdx¥guinazoline with

yano- 2- met hoxyphenoxy) piperidin-1 - yll-Nqpethylacetainide (4). with nitric
acid in thEe"’p‘%/‘léléléf\'é%glﬁbpesé‘lfP‘%‘f’iYépla‘iﬂ %%F%g‘?’v@q Iy AR G S?”(’)%ée for such
reactions gnd \aSerdih astdcabed darticl b6t iP4ATRERSele@bEROM W-meROPYEbIidAe beact i ons
suitable for reducing nitro groups to amnes are well known, for exanple by

reduct i on Phaleohel plesiesifeam arthanali gthang). ssoprayicalefolafrerpaaql @pd industia]

sodi um gni }‘r@th LhShigagki on is suitably carried out in the presence of an
aqueous so ver¥t, f8r exanpl e agueous net hanol . The reaction i s conveniently

perforned at el @\ atvedllisogpes @fF-tr-orowxehphdragridis-Boxy At @rchRia-vel v,
reduction ppy be iﬁg)fﬁ&&ﬁgxgp@ng%/oq%?genat ion, for exanple by catal ytic
hydr ogenati on w { usi ng urtable catal yst such as a palladiumon carbon
catal yst, for eStapfi) ef thispe%epdb badedont onthe ardsawe oba alitpble basthier kyaddgenat i on
IS convenl ﬁl%tsé desGiite (51"1(1:i Woo%’dz&s@?&&ﬁ‘?l Fot?sgilu%eﬂ%oﬁk{g.hTﬁlesregafoﬁ Mktably
25 carried 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 selected from methanol, ethanol, isopropyl alcohol,
n-propanol and industrial methylated spirit, optionally in the prescnce of water. Ina
30  further embodiment the reaction Step (i) 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

(i) is not critical, for example a volume ratio of ethanol to water may be up to about 10:2 is

suitable, such as about 10:1.



Step (vi); 244-(4-Atnino-5-eyano-2-net hoxyphenoxy) pi peridin-1
-yl]-Nret hyl acetam de (6) is reacted with N, N-di nmet byl f ormarni de di net hyl
acetal. The reaction is conveniently carried out in the presence of a

sui tabl e sol vent such as an ether, for exanple, 2-nethyltetrahydrorart or
an aronat i VMYEYBBHbon such as tol uene. The reaction |P§Té‘i}129‘5>é|5‘§7‘9‘berfor med
at an el evated tenperature, for exanple at about 70 to 105C, suitably about
76C. Step (vii) The reaction isl3uitably carried out in the presence
of a suitable acid, such as one or nore acids selected from aceti c,

propanoi e, succinic. futriarie and citric acid. In one exanple the acid is
acetic acid. Thﬁld@mliimaﬁoﬂm&m @iabf the p@ncssmzboomniénﬂiymreieqbo@i’ewe@ﬁngf an

i nert solven or exa mat i ¢ roc

et hoxybenderizeihaS EaFe ot & QUi bR A% T Bl il 2R o

t enper at ur ehe nfiQfareens affpdt ery&faﬂmt&iﬁo Uthe bedha rﬁii'ycthlén A Matedsby tamotnioasl about

90C. h oce?1 ctl on Scheme 1 fornms a further
aspect of PHE® g?@?é?& P%‘?\fg 8 m%&@ ?1ere is provided a method for
prepari ng Conpodstdpduh) (1§ &R 1alss ibb Propeide kéddging fodhd Froey@itiastéted(in Reaction

Rdi met hyl am no) r net hyl ene] ar ni nol - 2-

i net hoxyph@ﬁtﬁ’?&?) pi peridin-1-011-Nnethylacetatuide (7) wth

3-chlom 2-fluoroanmiline in the presencegof a suitable agid. Sui t abl e
reaction conditions are as hereinbeforg described inr tion to Step (vii)
of Reaction Schene |. Certain iphtefnediates E v@n Reaction Schene
| are novel and forma fyrthep aspect t he pr es@ht in entl opN Accordi ngly
anot her aspect of° fventtorr provi de Fpound sel & rom any one
of =conpounds 2,_ 5,6 andng i n Reac] Scheme 1,.0 salt t her eof ;
wherein Pgi is a® héreinbef or gidefi nedo(f exanpl e t er P- but oxycar bonyl ).

Sonme of the intermediates sudh ds conpounc (7) in Reactiort Scherre I may
have geonetric isoneric centr (E- and Z- isoners). It ISL:O h under st ood

that the present invention encehpasses all such geonetri and
m xtures thereof. {Bynthesis of Corrpouﬁd 01 D fumarate

According to a fDru ter aspect of theN ent inventiOfR-tRere is provi ded a
process for the pre ation of Compouhd §1) difumarate (FQrm A) conpri sing:
(1) reacting Compou (1) with suffidient quantewy of ric acid to
formthe 5 diftimarayé salt; (met),ct.a,ryst i sirm tWe“For : and bﬁlll)

i solating the form Ao on‘Sﬁ;p 01 %ntlythecrt bn W th the
fumatic acid is carge ut in a suitable vent, 03for eIe, sel ected
from nmet hanol , et han®l ;™ “™hut anol, 2-hie

oMoand &acetorie™al cohol . The
reacti on may aI so be caerried out in a mxtyre of suitable solvents, for
exanple a mxture selected fromnethyl ethyl ketone and di nmethyl f or mam de;
nmet hyl et hyl ketone and E_hahydrofuran; nmet hyl ethyl ketone and net hanol ;
met hyl et hyl ket on®"3Wd|*Sopropanot; ethanol and &rethyl sutfoxide; ethanol
and tetrahydrofurameth | and ts isopropanob t-putanol and

di met hyl f ormam de; 1-b gﬁ.&)t and dirnet sul Ide; hanl et and

ol

tetrahydrofuran; 1-butafol land net hanol but anol_sxand i so panot
et hyl acet ate and di net hyl foryram de; etMiyly acet at e|angd net h | ; ethyl

acetate and isopropanob a met hanol and fi sopropandt’. | nmNong eAbodi nent t he
reaction in Step (1) is capried & in water. 20in g~enodi ment the
reaction in Step (i) is cart in anmxture Qf fol¥epts conprising

met hyl ethyl ketone and a~soNEnt#setf ected from di rfet Ayl Nor mami de,
tetrahvdrofuran, nedia-not and.i sop}opanot | remera@tvher enbodi nent t he
reaction in Stepcarried out in a mxture of solvents conprising ethanol and
a solvent selected from di nmethyl sulRaxiiaeSchabt &t rahydr ot brun and

i sopr opanol . i n anot her enbodi ment the reaction in Step (i) iis
carried out in a mxture of solvents conprising |I -butanol and a sol vent
sel ected from di net hyl f ormam de, &met hyl sul foxi de, tetrahydrofuran,

met hanol and i sopropanol . I n anot her enbodi nent the reaction in Step
(1) is carried out in a mxture of solvents conprising ethyl acetate and a
sol vent selected fromdinethyl formam de, nethanol and isopropanol.

I n anot her enbodi nent the reaction in Step (i) is carried out: in a mxture
of solvents conprising ethyl acetate and i sopropanot




WD 20991138781PC17 C 82099/ 050496 16 I n another enbodi nent the reaction in
Stepcarried outm xture of solvents conprising nethanol and isopropariol.
In those enbodi nents where Step (i) of the reaction is carried out in a

m xture sol vents conprising nmethanol and isopropanol, the volune ratio of

i sopr opanoWa WoxE8tanol is suitably in the range of abd&H/GB209PSHY apout
1.0:1, for exanple about 1.5:1 to about 1.0:1. This reaction is suitably
carried out at an elevated tenperaturel3for exanple at a tenperature in
excess of 60C, suitably from65C to the reflux tenperature of the solvent.
Conveniently the Conmpound (I) is dissolved or dispersed in the isopropanol
and this m xt urNotesorr RactiedSabietnh 1a sol uti on or di spersion of the fumaric

idi h h mbodi wh ' f th i
e Carried oot BRLR HEXEAUTRTE GBI BLRPE dOP TR S acet are and |

i sopr opanohlkaicb@fongloirer drqlsiléorgloxgighurb, e etaatpée 4 chlorsdpommpanol is suitably
in the range of aboutl 5.1:1 ﬁo 1.9: g. [S)'(’)(r ex?rrﬁlg aﬁouji 3.9:1 L9, .9:1 such
as about 2mMthenesyiipnyloxygd-pitghenzanesyiqnyiory of tofenesd-sgiyy Py IR IBEF A ur e of
about 20 t @ nRBAHEsufS S oxyOs-nRXBBRLResalford Ry lor #DGnc-anienil@ytdryupt foe Conpound
(I') is dissolved gr |I' 5dispersed in the ethyl acetate and this mxture is
react ed wi expmplebg s methagsuliinylaysi on of the fumaric acid in the

i sopropanol . Al ﬁgripétgdimumi&qjm@mg gkdub. BBYh BBuRBrSvsIS RANEG for Rx@nplé Xt ur e
of ethyl acetate and Isopropanol. If Tequired, the isopropanot nlg%.by
renoved foks éaknigddn ersoifthd YRR Afb G aPip9t) supts isn J TS HYE AP HH &t

met hods sugp a%?c %ﬁfekik’ll%.t"gﬂadora Green (VST POEPHilc) R SAR). ERhHpIEOSE OT

di spersi on of furarie acdid in an al cohol such as fet hanol or i sopropyl

al coholy i mimmyprivectinggespamyludo ahexat grohp fai seemple anglkangyd grovgisediobut i on of
the fumaricg i d. . Howev ' '%}@ ' I.xture at
el evat ed tél?%g’r%nta&l?oé(%%g }éﬁ gﬁgﬁéﬂd&grgplﬁgég 0 '?Elg %{Yé%g{‘}?%&ﬁ)ghg\%%d to

m ni m se estekydatonpitgraup, an aryimethdSgerebaly) groim fStaspmplc pewstyloxbieerpangk €5 s

Compound (1) is, reacted with at | i 2 I kyal. S {c acid,
for exanpl 8)‘131}98}1?8% ' eialf‘%leg%zﬁ?'ﬁ?p %réﬂmllorce%ma P?kggc}g#—hgw%yégou? l'2. 7
mol ar equi val entie @hctfoundguiteblacirticd binviethe prestimeef a uanfbr eiaepleof furnari e

acid can be used in certain solvent stens. .For exanpl e, . n e reaction
is carried Cﬁtl]Pnﬁt%S“éhﬁ? BRSS9+ %E‘%@f‘%‘?’@ ‘Sa‘f%‘vi"%%“gl? 8%%1ﬁgkf}&mué“ﬁave f ound
t hat Conpowpderck bf difitdbRIREEs06RAL, BE cprmgRanescooesuch heisopbpanol. &tico of
fumaric acid to Conpound (J) is greater than or equal to

1, if7125. WO
2009/ 13878 IPA&f0M it SUEONIBTEIURG LY AGH CBIPSHHYTS CORYPEntY P UGEBR of the Form

A may be effgctad.usivagokagwn methods for al lisation of a conpound
fromsolution. For exanple by causing, supersaturation of the sol E}DWI on

cont ai ni ng t he Stpil): Shseraedtioe Sroup RS niyoRRYCcd EfPe gy er{pnakpgthods -, K o
cooling,th j &Y AR Ay RS ¥ SR bE FQRBVEl 8y SOAtkERORHY sul¥bladdi ti on
of a suit a%ﬁ%ﬁgﬁﬂh%g%%m‘ tl‘lgéxltyhe %%Iipti})’n. _ Y_n one errbodsiurrent

cryst al | i satides hydrodfidres sWtiriopr plsspliang acider §6Tuereaseiic acy  exanpl e, when Step
(i) of the reactjon..is,carri I ) r[ﬁw%@ﬁ]pls And chisepr opyl

al cohol, the re%@%%?@gﬁbgﬁaﬁ}# 0@6%%%%{119%&0 over a pericod of about
90 ni nut es TAdedctorhislsditabPatarrBAOUf mrthepresenc3ef auiiaitiebase Tusd ap @ aarbensie. i xt ur e
may then be further .cool ed, over per i 2 tenperature
of about 0CM S AMIPEYT§n Aoy ﬁg' ? lélPr?g)!aerb%? eus(r?j(}:-Ch?&(ﬁ22 %Eaasélﬁ@? %drg;é%atrt]ét)ofi ne to all ow
conpl et ison tafthaoystiad. | Tiratdcdon isfconveaicatiptariaboutn the posence of an inert

Al ternatively, when Step (i) of th eaction | arried out. bn a m xture of
et hyl acet SPECHIYC %Scﬁ‘ﬁ?tg‘b‘&flg a %bah%ﬂ%?{ﬁuﬁléaﬁegléa@??oﬁ‘erﬁe?ﬁ%%Sllnéalb([}'ool ed to

about 20C (feHbroReaiRh Ecdddd empabaty caithitalyabotlu? GGporane of thesdtaat.of about
1 hour). The reaction mxture is then held ah 20C fO{hgtsuffiﬁi ﬁnt {)ima to
ef fect crystal | iSsaivaiNitragion mpy D cffaqied using wel Kngws prgiheds for e piraket Shout 20C

for at | easfontflichaids Sor &x@mpRAARhEnd @F 2 3pQUTydrd- DRtk Fphenoxy)piperidin-B&not her
enbodi nent when Step(i) of the reaction is carried out in a mxture of

met hanobo and]-Veephdppiamada@hpith ngrg adidin hepressre Haylinee wft wigettlhy renovi ng
a proporti %ovzlqgf)n({'ir{i;@zssf&] Ni8MfealtRnS AHES iBIREIS 3 E BkiBRleOf the remaining
reaction m xture. e solvent may be renurd by evaporation or disti]lation.
Suitably about S¥ept(m):6Bsdubyonueicsiont sughble fs redybine mitro gowntee Epiney @ Welkanpl e
about 62% |f regquil -] : , i Xture

Fol 1oned byargrty Pafibin bk EEkich SERE BREREL o PR e R b e et For
exanpl e app[oxi matel y 5010 60% of addi ti onal isogr opanol may be added to
the m xture, he %is the % by weight of the solvent remaining in
the reaction vessel following the first distillation. Follow ng addition of
the iisopropanol a simlar weight of solvent is renoved by distillation.
Crystallisation may be conpl eted by addi ng further isopropanol and cooling



WO 2009/ 138781PCPCB20091050496 IS Notes on Step Any suitabl e net hod
known in the art for isolating crystalline materials froma sol ution maybe
used in Step (iii) of the process. Suitably, the FormA is collected by
filtration. Followi ng isolation of the FormA, the salt nmay be washed with
a suit abl eMSsWPYBRIL for exanpl e col d i sopropanol . Fol PSRRI Y i on t he
Form A may be dried using conventional nethods, for exanple vacuum drying.
Accordingly in one enbodi nent of the iiention there is provided a process
for the pttparation of Conpound (1) difumarate (Form A) conpri sing,
reacting a solution or suspension of Conpound (1) in |sofpropanol w th at
| east 2 ommidam éithioni@l é"h'tsscdétimaiSibcitadabi @riigd owkinHhqpricsence of an agpgopei n the
vol ume rati i SO anol to 1.0:1, for
exanpl e ab¥ eng for. efgrfl@gg%%eﬁfls TC%E B reé&lo}cl men‘l‘enﬁ?{w féem%ggctl on is
carried ou&lemedaempemefe&waen@fe Aato 5@’63tAl&ﬁ@I1v(lyJ r):dlmtlynstnay bé¢ sfifawtpdtbye For m
A, and 3 5jspolatin I
crystallis r?ﬁ‘?n%ﬂ?g {°§ S’fa&ml%w ?)afalm‘fehy E%’lgﬁ[}aﬁ()%?’vét é‘%lnﬁgrs lélfartl)[)e FAbS AR | ned.
Accor di ngl ¥ d galladigharca®eh osthiganfor efanipihea 10mealdﬁm1 bthmrlﬁmmatawméﬂlca process
for the reparation of Conpound (;L) dlfutu e‘%Forn?lég r@ila ng: 3210')
reacting ahbpaspition 1%)?°“§Ei‘§fﬂ§lr¥s‘ia6ﬁ SFLIEZHPRY 1t §uf Iﬁﬂ’fg etate with at
least a 1,725 @Lﬂmﬁ %walﬁﬁﬁls -stayams- z%ea@xgpueﬁoxﬁgpémam@u] Xsuitably at

n

| east 2 nolar equivalents of fupmaric acid erein the ngune rati o of
et hyl acet medylectinigpfOparsaticd ‘é"tghlrli"éﬂ’l‘%’hyflﬁoé‘ﬁi‘%ﬂﬁﬁtm%hﬂ 2ttt dP¢ anpl e about

5.1:1 to 1, 9cibnIUehvas rﬁf}%fnea obt it R e N RBL RN IR IVeRAREh & anithegar ri ed
out at a tenperature o? about 20 to about 73C (for exanpl e about 40t)

(ii) cool i figexdneple.@anethytetihydrefiesnfor amfrsmetic iydroqagboasuitas sgesncade hol di ng
the mxturg, I@t%on. il ta L?ﬁ@&&%{eldr Pad Qe %fd%&{lpe%tﬂt%t Rt Eia%ﬁ;lé &'ﬂb&jt Thhe Form A,

and (1 Yo) rrpoun (1) " difumarate Form A

Sui t abl e cd)@ﬁﬂCtszbiyfabcrut?é@ ation of the Form A are as herei nbefore
defined. 30In anot hey enbodi ment of the invention there is provided a.
process for the—ﬁ?-g'pér ation of Conpound (1) difunmarate (form A) conpri sing:
19 (0 r eatlid mg:tico mmmdﬂy ¢driied asut\ivameprmrtch ofi suigblstacid, swplh ayone or

equi val ents of f ric Cld or exa east 2 about 2.1
nol ar €dui WF%W‘@%F“%&?‘E&& 'e?cPrayanoénﬂw\Aﬁlefemanfﬁreld ?gﬁac %l%agrqnﬁé carried out
at about 8&famyld thy aciow ch@c ddte THRacctiomisutbly erfiedomt Bt thppresened of aabout  60C;
and (iii) isolating.the oudgﬁ dif tnarat Bmﬁ’éh l{)tabl |n Step
(ii) the r é‘&@tsP](‘fﬁmanRFW‘? Pt YQTOSW on f%ve gt @ OPEE D% at a
cool i ng rat&c@fn iRRtblyl hfrBiRUL & clchited REERAE, Gontshmbleifivat dbott Wito bbet For m A
can be induced by adding segd crystals of the Form A during cooling of the

m xture. St?Q &btutabliat #out?0 A seed crystals are added when the reaction
m xtur e, has bee@h&ﬁ@é&?désen&la%'ke&ﬁ&a setthicabofineOnghtd @Rt bahe psehat i on of

the FormA in p (1i1) are as hereinbefore descri bed. Crystalllne

Conpound ( JJ)VGGFIlonﬁ MWHT@UF&C@S provisiesa mejhog dorgransane §oByounddh exanpl e, the
met hods degGniR&d, REGRLR- (475 LhfoEX ARyl ) ABEGKAd G0 RomPOSI ti Ons
methoxyphenoxy)piperidin- 1-yl]-N-methylacetamide (7) with 3-chloro-2-fluoroaniline in
the presence of a suitable acid.
25 Suitable reaction conditions are as hereinbefore described in relation to Step (vii) of
Reaction Scheme 1.
Certain intermediates shown in Reaction Scheme 1 are novel and form a further
aspect of the present invention. Accordingly another aspect of the invention provides a
compound sclected from any one of compounds 2, 3,4, 5, 6 and 7 in Reaction Scheme 1,
30 or a salt thereof; wherein Pg' is as hereinbefore defined (for example tert-butoxycarbonyl).
Some of the intermediates such as compound (7) in Reaction Scheme 1 may have
geometric isomeric centres (E- and Z- isomers). It is to be understood that the present

invention encompasses all such geometric isomers and mixtures thereof.

1 |



According to a further aspect of the invention there is provided a

phar maceuti cal conposition which conprises Conpound (I) difinuarate in
associ ation with a pharnmaceutically-acceptable diluent or carrier. The
Compound (1) difurmarate nmay be used in the conposition in any of the foins
descri bed W&89NMIBBbr exanpl e Form A. The conposi ti ons PET/CBARD¥nt i on may
be in a formsuitable for oral use (for exanple as tablets, |ozenges, hard
or soft capsul es, aqueous or oily suspkEnsions, emnulsions, 20dispersib|e
powder s or granules, syrups or elixirs), for topical use (for exanple as
creams, oin'nnents, gels, or aqueous or oily solutions or suspensions), for

adm ni st r afynthesis fCom at e as a finely divided powder or a

l'i quid aerosol) dmnlstratlo fl
finely divided "b‘:&a@é"rg)% SIUTHSE 295K ?fheﬁ)aﬁise rﬁe‘ﬁ.@% tﬁéﬁeft%ﬁ%? @Qgenpl e as a
steril e ag@etdpraparaton yf(S@hpﬁund)(I)ﬁdﬁmamﬁer(EMﬁnml&,m;smmgut aneous

i ntramuscul ar oruscul ar, dosi or..as supposi for re sing).
The conposi ti ond IR, OI?IH‘?}@H?})&WW?%C eﬂgg ‘ﬁe‘lf}{cb%}afb %FC tﬂtl ontg

procedus esdifighange saavent i onal phai maceutical excipients, well known in the
art. Thus, conp03|t| ons intended for oral use may contain, for exanple, one
or nore col ouri (Hycryeglene e Agrm Y &%buri ng andl or preser vative agents. WO
20091138781PCT/ gﬁg&%@g@ﬁ@n%@ For exanpl e Conpound () difunarate

is suitably for rruI ated as a tablet using the follow ng excipietas: Tablet
Core: Conrﬁﬂ!ﬁﬂ_‘(_&)zp_&f utnara (for exanple FormA); | actose;

m erocrystal i %@@Aleﬂﬂﬂﬁ@vea&foﬁ%Hfﬁvthéjﬂﬂ?xﬁnc Bak YsVdaﬁQ:‘El%u( RVRLitaAOEbIvERgNesi um
stearate et core nay be coated with a filmcoating, such as

an HPI Ni C foaseunfd, Ls«rtc«zs@bﬁrq»mgletlwmleﬁhmatlrh\@n@bﬂrw@apl apd dsetangdcdige or nore
colorants '?ﬂ]d]_[eggtloi‘l ln%gtahbg ggtcﬁ'ﬁ 4 ¥8 1&??‘&&&6 of s%tableggﬁreﬁ@%leéx%mgﬁ)é be prepared
usi ng conventiona s and as illustrate Exanples. If required
t he Conpoumd(t@rb peletitécfivem ateﬁlyhailylﬂetqmﬁ bhdedmgthy fermemide methyhethpirketone o t he
tablet to uni.f or.m parti t d Conpound (1)
di f unar at eg) | n aﬁngdrtoglbil meltlh th lke? n% ﬁ#}ﬁl@t&gﬂoﬁ I{Iétgﬂ(e @5&&}1 rfagrﬁat e my be
mlled to pogupael; amamlamaglmeﬂ@n Sulbkeieset}zzmobefndahmhydlﬁﬁmn Shiancdbice mi |l |ing

nmet hods are wel | f_acti hat is
combi ned MS?WOW@{(E%%P%“&?&[P?}PQM bdqp]r g‘tﬁtu%o 4 algllmr?nﬁ'i oslrazitae1t formwll
necessari | yutvl yn(ﬂe@ﬂ@dtdﬁ@auuomadmeaﬂmmhmeatlﬁmhnahdmdtlmrcgﬁmﬂrt| cular route
of adm ni stration. V\ﬁ) rmul ati on | e@f or,..or a4

adni ni st r afthpAcaase ‘Fl‘%t 5%‘%& V‘i%?et&‘&?{l%ffﬁ r TR ARPIE 2% rom 0. 5 tug
to 0.5 ¢ Ofsoﬁ%?dn\ﬂﬁaﬁ&%@ﬁmﬁ&@ﬁ&m@#bbﬁlbly from0.5 to 200 ng, for exanple
fromlto 30 ng) conmpounded with an a Ero priate and conveni ent anount of

exci pi ens whi chinpag cphedimeRtdhs RGN 1551 B (ABSATcd8UHBM @Rt by wei ght of the

total compositi@Nme embodimedtife l%hc?cf%n(?ﬁ Strebg) fQaRich @t hRSRIRRELSsBlvEHts

prophyl actic purposes of Conpound umarate will natur aI ly vary

accor di ng pmmrm@gﬁa@t@meﬂwh@t@aﬁeﬁi |at591V®tft s¢lprsect o dimemdforpiaidgge and” sex of

the ani mal t f adm ni stration, according to well

known pri nC| p [%H m@tﬂ&oﬁ%l&fﬂl’&[ﬁm@ng Conpound (1) difumarate for

t her apeutic or ]nrampthyﬂ @quunqyuﬂp@%sonmmn () igeardeddut yn pRiEEIOAI st ered so

th.at a dal Ic}i en,?s co Ipﬁs%h%thgg%qggd ag(ﬁ(fe é(efl‘éEP q}ongd lﬁﬁfotx 75 mg/ kg body

wei ght is PECEIVED en requi re | Vide ses. In general |ower

doses wkl | tdneh;ahiasﬁmnah@rseptopmeh a par ent eral route is errpl oyed. Thus, for

xampl o, for i njr aMenous, BN liet LRl sidh (38 urklly A1 § GG of O exal e
solvents comprising 1-butanol and a solvent selected from dimethylformamide, dimethyl

sulfoxide, tetrahydrofuran, methanol and isopropanol.
In another embodiment the rcaction in Step (i) is carried out in a mixturc of
30 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 isopropanol.



WD 2009/ 138781PCTi t 82009/ 050496 21 weight willrally be used. Simlarly, for
adm ni stration by in-halation, a dose in the range, for exanple, 0.05 ng/kg
to 25 ny/ kg body weight will be used. Oral adm nistration is however
preferred, particularly in tablet feint. For instance, rg) ound 3

di fi nnar at WY Bse admini stered to a warm bl ooded aniP&Hi BaRognigos at a
unit dose less than ig daily but nore than ing. Particularly Conpound (1)
di fumarate could be adm nistered to a 1dN arm bl ooded aninmal, at a unit dose
of less than 250 ng per day. In another aspect of the invention, Conpound
(1) difurmarate could be adm nistered to a wartn-bl ooded aninal, at a unit
dose of | ess thanndi6é crgdipent tayeaction 1aStapr(t)ﬁm¢anzia®rnelth1 ahixtiieof nvent i on,
Compound (1) difiamar.ate uI d (?e adm nl stered to a vvarm bl ooded ani mal

at a unit YOLIISFPMPEYLE Pf n‘%@n SHY°PEP day. The dose of Compound (1)

di furnarate maymhgosadbidist@s @tle@Stap (HiofiHe@eaddbd i cavse omtrmammmtetqul e
fractions of the total daily dose. For g%gphgn t he total |tly dose of
Conpound ( $9\VeafsamRFisnE MFRyIean BPrli’rﬁPaé‘P GRE° QOSBLOPRR R may be the

same or; di fE@LRINs surbbly ﬁﬁhé’ra‘ﬁ@é"@ﬁ’aﬁbut Eack {yoact. 0.0 fopéxahipe: dbotial.5:da | y dose
woul d be approxi mat el y" equal . w of exanpl e npou di fur narate

may be adnﬁbﬂuéiérleéfhéﬁﬁtl%é switabippasricsk oyt alpgSiryates SIS raé‘ﬁéﬁz’raeé‘a’é‘plteé' |l et or
capsule co ot4qtabl @roﬁpé-?é‘ﬂ@hélﬂé}h&f Wwﬂ{e')

di f umar at eggﬂﬁ%a@gféln%c%sgog?oa: su%at[) or 1t00rrg ofte npound (0 free
folio). |nsdvdngr €¢te/|ememtbdh¢ @empowddbs&d@wl‘@é@péﬁmse@ﬂ} thgjifoprarpan! and

equi val ent 6 fenpeund if ihk nlcthagslm ni st er ed
twice a dathtls rfn%( a %gF Freul %raoseoﬁélggloﬁglrsllt%}gw%?ée of anggllmd (1) ad| fumar at e
equi valient to mahmg eobodiowpe whdre(SKyp (2@ ragionissraicd @ut pjiaceixwrerfy. 1n a

particul ar di nent. a do l; t to 200
ng of CorrpB‘ﬁ?ﬁed&(T}npném%a% fﬁwg Py gg"%&ﬁ#,@ﬂmﬁ Dclie ‘ddllﬁ#é;&gﬁtg'[? ﬁﬁglﬁlﬁéﬁ%?@ul ar
enbodi ment 1sap1fdpa®1 afsuiGoiypinuidragds) ofdbdut Felr htoel . %q,tfpmadammte about 340! gl Hi

Conpound (I i S red twce ay. .Bi o |

i nhi bi tory® é‘ta?\?}g‘%“imég o?ﬁﬁfor SCARY S E{qu%%a l?flo oun%f?1 fﬁﬁlﬁfaa%lﬁg?g&nay be
rreasulr ed |h abddﬁe?@gﬁméﬁaxﬁiﬁsawbbﬁdloi’% ma%ﬁdnﬂi%@muas(msmolbetbrl n the
Exanpl es herein nds of .the vent Qs s
ant .rTP priol i fspgesd/a ﬂ}ﬁrebtﬁl?“te? é@ﬁ R fea&t 818 aB‘?‘BE é’e‘ts 3t0§§1r%e

bel i eved t ¢uRdrics@idfif @@ itopedpan@l BBefnafivdly, Coapepidr) Ifnw '&Spra-ﬁlsk(bmaﬁﬁa
inhibitory activit and particularly a m x er bB2/ nd/ or erbB3/ EGF

d
profile. ~ mixturegfe H@Cﬁ@ﬁﬁndﬂsr‘?ém@@?ﬁ&o{fﬁﬁqémﬁ tlf‘erfé"pﬁ?@g@ ay BYERPYSh are
expected t @olp)‘%vlﬁgtﬁgsldlutlbﬂ of i€ C‘bh@@ﬁﬂlﬁﬁ‘i ubﬂf c@hﬁﬁﬁ@ﬁ nRthoBEALE ad dlﬁtﬂﬁdbﬁ I ons
medi ated atone or 1 n part erbB recep tor t yrosi ne Ki nase?1 e. the
conpounds nay b&’h@g@@p@@gﬁh@@!@t@n&ﬁ d@pﬁson ecRprREE 241§ Fod B Owh as
2009113878 Scds M 1 Hei the REEE bo éifbcBdivRluibR! ooded
ani mal ?n rqug%h(g%g%gﬁ%pagat ?r%%nﬁy'rll%ugc S&? co ouends of (%hecprlesent
i nvent i on pf dwifarearic avet Hiuvavor cxdessitorhsatinesmt/op holdiak ithpTapture ¢ cleyated
characterised b hi bition r YorfatibgCcept or
tyrosi ne k?‘?{’é%es e arptmlon o ar ?‘t‘“ﬁ%gt@(%ﬁg%{ﬂ‘ﬁ%%vé’w? ﬁcgh%%ﬁ?%tégno maafl1 be used
to produce an amenerpit)ahlsmar(a)tafm mmtsso@oqmcmnéﬂ()mrmqt@ veithagt deastznmelag nvasi ve
effect nedi ate or. in e|nh t r
tyrosi ne kieﬂ’élé'ggﬁs "i;‘f“lagﬁi"éﬁil f/’r,e coorrrnp%bl?rl]l{ I %bg{&hﬁi)arﬁeser?;ﬁlﬁﬁejeﬁtl on are
expect ed t abbe 2Usabldt equivalchs of figneittacian PMWeWrebWﬁEmanmtﬁestolﬁﬁwntmmdur s that

are senS|t|ve to |nh|b|t|o of one of th erb recept rOSi ne
ki nases, t I¥4%baps 1%W%BRFWSV?{8‘“§Q'EQ95§F3’WI%H§E?H erSaC ' EpE V\ﬁ‘l %‘Xér. ve

proliferatifRusdet Sl Yécvad adfisdphaoltwimone fouel it Chapamdi(hgifymbiae @onpounds
of the present invention are expected.to %O_Iélsefulchgpgt he tr.eat nment . of

psori asi s, Ys@mirgisdprhss f}%itm‘éa“ﬁ?ﬁ&b‘?fpff‘%‘%‘il%ac(‘ gMpOYR: SEFALT Sap oF !
resten03|st@n6é9r cancer by providing an anti-proliferative effect,
particularly 1n the treatnent of crbB receptor tyrosine kinase senS|t|ve
cancers3i Such benign or maligmant tunours may affect any tissue and include
non-solid tumours such as | eukaemi a, multiple myel ona or 5l ynphona, and

al so solid tunours, for exanple bile duct, bone, bladder, brain/CNS,
breast, colorectal, endonetrial, gastric, head and neck, hepatic, |ung,
neur onal , oesophageal, ovarian, pancreatic, prostate, renal, skin,
testicul ar, thyroid uterine and vul val cancers. Were cancer is referred
to, partlcularly refers to oesophageal cancer, nyel ong,
20hepatoceIIU|aH pancreatic, cervical cancer, Ewi ng's tunour,
neur obl ast ona, kaposi's sarcoma, ovarian cancer, breast cancer, col orectal
cancer, prostate cancer, bladder cancer, nelanoma, |ung cancer non smnall
cell lung cancer (NSCLC), and small cell lung cancer (SCLC), gastric



WO 2009/ 138781PC / GB2009/ 050496 refers to early stage non-nenstatie
estrogen andl or progesterone receptor positive breast cancer, especially to
early stage nort-netastatic estrogen and/ or progesterone receptor positive
breast cancer in post-nenopausal wonmen. In addition, nore particularly it
refers to WEWEYEBI8E hornone receptor positive breast E&HEERVIANU¥cially to
nmet astati ¢ hornone 5receptor positive breast cancer in post-nenopausal
wonen. Still furthernore it refers to metastatic estrogen and/ or
progesterone receptor positive breast cancer, especially to netastatic
estrogen and/ or progesterone receptor positive breast cancer in

post - menopsoisabn Swepén. Furthernore, it refers to bl adder cancer,

oesophageal canger, . .gastri ncer | apo .Ccervic and or renal
cancer. in addi Fl"?fﬁ”‘??“"?é’% &?E%%%éﬂﬁ'on%e%&f’%??“%s Ogvrtrlaaijélﬁ?&{gﬁ@{ oid, rectal
and or br aifst@@R€idh of 4 Coramehd bmeosticdi.Mesttexafiplt be ciwsingntpconjurpantof cul ar |y

the cancer 1s in a non-,rreq&rastatgél% state. In noi{ler @”EOC“ rrgrit C(())1:)lithe

i nvent i on, thpaPltien gograming e salh nugprsituralion may, pe ackiexeq Y, JQraramplRy QOIGE, ¢ ey
ermbodi ment ekolhiéh, BRSO Bolv@aFbiakd @hltien bhBy sdiiRrofiaSuitadlcantimbasitat i
state, and nore particularly the cancer produces skin netastases. In a
further g—:-ni?dhl‘?b‘f?élﬁtonof the invention, patticularly the cancer Isis in a
netastatic statg, naBndimEntRASstlIEHGT ib ¥TEdRQ! 15206 Bhg tRE QslemS Foy sfakld, C
tnetastases. In a farther enbodi nent of the invention, particularly the
cancer is whereStaptiagfithe feectionas earriedhut ot @INHHP Pf@_ﬁ‘lh&?ql Y RYPTeRY &lé?h%’_r oduces
brai n met agtaseso, 1€ i d36i1ch tEAHTBIP C Ofc:CARESE of Soleehmeds b iPaElMi cul arly
this is the treatnment of cancerous tunours expressing one or nore oferbB
fanm |y of aeo&pforboutBOmivemiihe recERGRIxtwr BB thendr dirthst eBEdo¥etht ors. The
anti-cancer  eff ect 06 COIROLAL, (b rdbd MBBIAE Gn@RGRId: AR thiflpddireifiiuent i on
may be meaBUrPed TRt 6rME "ot - one or nore of the anti-tumour effect, the
extent of iffcieesipens all§w oomplkéanmpferysedissiah, farswample abayink hewr. r educed t unour
burden), the response rat he .clinical.. f 1 e mqf conpl ete
response, part i§ crp%tg’ﬁlé'nggéna%tap gf%ijbtpeerc ‘ft}soglggg ‘%%(geuﬁl} arrtéﬁ)ét?%e g?éﬁé}gse

pr ogr essi ORgetdd¥ A@riassopynaltsing tisrerdtoalmiand it bwlaterbdut 26 (Wncadmplat e.  Such

clinical, trial endpoints e well kno nd are described in. for exanple
he FDR pubPIERETON © i HHaMEHSEC PR RO eF o ioreal T ehBBiy e S For ¢ he
Approval . @fen GaaGE?0°DrftgssudiiidedBtialc0g L&t ciyBiylliZAE. Suitably, the reaction

(ww. f da. govi CbERl&ggl nsieliptrial end. (t)]gn). The an%i E?émﬁg]é ffects of
Conpound ( miyturgiis hikh ptabautZ0o fgiehigast 60 pves:i AP 5o AR U ¥ Sexanpl e, one
or nore of inhi B th®er QhibddiTH Whes S otk iestoR isatdtddat @y mikess &5si on of
tumour, shrinkage of tumour, increased tine to regrowth of tunour. on

cessation ofcthenelzngisapropy! aljobo: froystelfisatios ey de ﬁfféﬁ?‘b'éys‘ie@ﬁf’lng aProPorfed use of
Conpounz? (L nd 's&%mE@&a%segﬁ%eﬁéﬁﬁtimﬁh@regﬁﬁﬂg Ch@on &fif@&! ThesW&YenRyi ng the
onset of cancer in warm bl ood.ed. aninmals, such as man. WO

2009/ 138781PRUCB20D £ GHongen oudistillation. Apisahlyisheyt I DOOAVbYEHER O B t he
invention there.i [ OVi odi ASaPbdRidicanment .
Accordi ng £ %V%n%flsurr%?]ﬁ‘é?d’ g)g%g%r{%g?&tldﬂgz }id'n:i/fle}%{lﬁrroeﬁrft thr g&frgﬁ%?ov?}gbed Conmpound
(1) di f unatathe mixtharfolisecd by disidlapeoafisppiosimagsly the same veighiifispleenit Foe ef f ect

in a warm bl coded ani.mal . such Ay . i t I.S..aspect
of the i nv&RtT ﬁalfm%’f‘néla{e épe))rt8\?lél(%’e({ifﬁ}a g%%on&égoygggaé%h%gﬁﬁ%ﬂig P?toc}?? ﬁnmntﬁg’t ein
t he manyf acihafetn Bt Yaisnmdicbameight bothe sstecnit rentairengmobiuctdtion vedscldnllowing

anti-proliferative effect in.a .m bl ooded ani mal. such .a weecordi ng
to a furthde frétdi{?ﬁ‘r”é“?}’f' Cl{orll'iogl éﬁ@@?n 8#t F‘?gp]ioﬁ?/l}é)ﬂgiﬂén rIIH‘{ Re E\t O:?g&ﬁl)?@\%sl ded a
i nmet hod f @gm@V-ady@isifatii. @ystaltifatioh ke batdnvgeted beaddiigrfuahdr kaprphloboded
ani mal, such as man, in need of § i

ch treat ch _conpri ses
adni ni st er i8R VNG FegmigHirs i abay O P@?ftaiR?EogEﬂfg%’ﬂmouéonpound (1)

di fumar at e. According, tq a further aspect. of the invention.there is
provi ded Conpofaerraily)theiFerghamatl é‘?ﬁ frapta §eemissﬁept(mao‘iﬁpfé?f(gﬁe[s?’g)ﬁp%ﬂwlprbgat nent of
those t ymouyps¥hicg By @E@rs&?ﬁélilédi il thelad, §e§diin? RiithiFote A iy & BB meseptor

tyrosi ne ki nases, such as a_conbination of EG-R and ej bB2 gnd/g}thGER and
erh613, t haromete civaigbisstiog. lregHisdsicghenystels sodd be PrepHed Y s G meERd| ead- to
the prolif i l: i rféhlohebmpsragt) of the

i nvention ?‘f?%lr“{é’g‘?%&fgf’%mggra?ﬁéhﬁl?eﬁ%?@[é%%g%@e% ) di fumarat eqi)n t he

manuf act ur elifomamtciEdincament for use in the prevention 2) treatnent of those
tumours which are,;sensitive to inhibition of erhB recept or tyrosi ne

ki nases, such as 5 conbi nati on of EGER and erhB2 and/or EGER and er bB3,
that are involved in the signal m nsduction steps which lead to the
proliferation of tunour




According to a further feature of this aspect of the invention there is
provided a nethod for the prevention or treatnent of those tunours whi at
ate sensitive to inhibition of one or nore of the erbB famly of receptor
tyrosi ne kittases, such as a conbination of EGER and erbB2 andl or EGER and
er bB3, thawoe0e/i3%dl ved in the signal transduction st &EGRRAIEHH®ad to the
proliferation and/or survival of tunmour cells which conprises adm nistering
to said animal an effective atnount of1&onpound (0 di fumarate. According to
a further aspect of the invention there is provided the use of Conpound (1)
di fumarate in the manufacture of a nmedicanent for use in providing a

conmbi ned ECEEs ansteg(iiB2 tyrosi ne kinase inhibitory effect. WO

2009/ 138781PCTI GB2009/ 050496 25 According to a further feature of

t his aspect ofAryheitibiv@sthodkndvreinehd st for suiategcrpstabnhoetefids fipmavi di ng a

conbi ned EGER and erbB2 tyrosi.ne. ki nase ighihitaor ffect ( conpri ses
adni ni st er YA, d‘s%ﬂipﬁﬁqp (H Ogﬁ‘f’é’&cle%?egght%@ﬁ?h %‘?"%‘%&8%‘@%

di f umar at eﬁ[ﬁration,_Foﬁ@ﬁ'ﬁfgdi‘adhgioggf thefPorrh m?theasgl?myee o/faslte?i\xethasp@ﬂe of t _hg_

i nvention there is provide npoyn . di fumar at r_use in.providing a
conbi ned EXERNG Y CEMRRS cOXrWRrpane; E%@"é"%{‘%ﬁ?]ﬂf“?‘b@%%g‘f‘? ‘g‘é?efysbe dridd B%’é%or di ng
to a furthgdvasRestm@hodsBr &R Vaeiurh G4, | s provi ded the use of Conpound
(I') difumarate in the manufacture of a medi canent for ing a

) use in praqvi
tyrosi ne ki naseAearfingly sropesmpadimetpithinymnting} rer‘%&’é’ﬁf’cdﬁ&pg"é&ég?ré f ront
EGER, erb e?ﬁ}gtio‘:r‘lrd?%%mpound () HEERAL MDrh R )Romykidiker feature of this aspect
of the invention there'is provided a nethod for providing a tyrosine kinase
i nhibitory effe@treasting wgoleaowmrsespﬁ@%@mf&@wé%@?@dsan‘aﬂﬂl‘é@iﬂﬂ, at@ﬁﬁﬁ%z and
er bB3, whi ' 1. Nl ' 0o said animal an effective amount of
Corrpounl%l (ﬁ,)ﬁlag?{[}g%e}gffgthm Qél&h%%%:tg%(ﬂ’ng to a further feature of tins
aspect. of the i nventlicosin theeplinicgatpy ghisoaperpacd ipoahangl iy frem fidhintbeut f or use
in providing a tyrosine Ki L hi i ffect on two or nore receptors
selected from E&ﬂ?’,f%é%agﬁ’lé;%éﬁtelrlgpﬁ.a{)%gg%i ng to a further aspect of the
invention there i s pmdwhdet thheacse ipfarahpd ahateipyratice liariepstto8 G:n t he
manuf act ure of & rredti ﬁamegg é?or usgdi n the treatnent of a aocondition (for
exanpl e a t umou? “HSAISEE S KPG8 or part, by the phosphotyl ation of an
er bB2f e bB3 het gif}asklff@ip.the Form A. According to a further feature of this

aspect of the inventiop.there is provided net hod for ,the trea of a
condi tion (fors%tﬁ'élﬁ'ﬁf"&ﬂ"éontsEwsfallﬁséﬂ‘?naatngdsq?%mmgﬁlg EfSFm bt a“b})l/e(feefléﬁegﬁg‘5
phosphoryl gtdep. of an erbB2l erbB3 het erodi ner, which conprises

adm nistering to said animal an effecti anount of Conpoyn I

di f unar at e. Accordipgly ity pgef BmBOdf“E}F‘ttl‘?gﬁlef“éVéf‘m”etg%“F 1% W?F%‘H%t‘gi)é{?%es%for t he

i nvention E%é%@pa%a%oﬂﬁ?@&ﬂ?{?ln@m%ﬁﬁra@(Foﬂi Agpmp@tstg: for use in the

treatnment of ‘a condition (for exanple a tunour) nediated in v,\éﬁhoIF or part
by the phosphor ) westive asplution e yEEnsier pHComeauat iRyl 2agels M AGct% 2a
further as i DVe Rt 4s i t Qubidedo b @uiaRnBf
3OCorrpoundR(%?§ %ﬁ?&?ﬁé@é@iﬁ%ﬁ E&gﬁ%ﬁrﬁﬁé}gﬁﬂﬁ{(‘gmﬁ?lyﬁi (rp;éeédi cameﬂ?l for use in

t he treat mehfungfiicacidancer (for exanple a cancer selected from | eukaem a,
mul tiple nyel omp, | YIPNOMR, 1 l)!o?etgﬂ%{:e PR r%aﬁgﬂgguitagfyaﬂ'dﬁlx%i@rt@aﬁ ,
col orectal, endonetrial, gastric, ea& and nec , hepati ¢, lung _

(parti cul aritly foreramspiabbouc 81111 Uyl swheertout hédrohahcrcaborshedigaas cargpdar i an,
WO 20091138781PCDC132009/.050496. 2 ' r ~.renal, skin,

testi cufar ,ouiﬁﬂ?%{%&fa eé)tfgﬁoéltg(gg’ a\?’ﬁﬁt\%ﬁ a%%xépp%nagg%%tptecl)éul arly a cancer
sel ected from fheading tgashdtion micatedi@t Sab (i) heebdued9dC nethgldiog theinantusgnd | ung
cancer, nore _ particul arlyfbreast o ncer’)). cc%‘r,dh(gg to a further feature of
this aspectt BfS PRECHHFIALTET chRallisetor Al iogB @ 4" et hod for treating a
cancer (for exanpk&amaBOCEnpSAkEDidinbreFdavkaen a, nultiple ny-elan:a,
| ynphoma, bile duct, bone, bFadder, fbr Lnl , b eas(%l cg{%gr tal,

endonet nal , gaStifable copdifjans{Rgisplaton o ﬁ%%l'&ﬂ“g‘i\lg’ie&héer("ﬁ P v non- smal |
cel | 1upg cancefy) anodRYEQRHimeR@S BRNAGHAIN theral providcdapot@atdrehe prost at e,
renal, skin, testicular, thyroid, uterine and vulval cancer and

parti cul ar Ipyeparaiametrorspruad (b difpmamicdFems &) catsti&, col orectal , head and
to neck, ovarian and lung cancer, nore particularly breast cancer in a
war m bl ooded ani mal, such as man, in need of such treatnment, which
conprises admnistering to said aninmal an effective anmount of Conpound (1)
di fumarate. Accordi |ng to a further aspect of the inventi on there is

provi ded Conpound ()



difinnarate, for use in the treatnment of a cancer (for exanple sel ected
froml eukaem a, ismultiple nyeloma, |ynphoma, bile duct, bone, bl adder,

brai n/CNS, breast, colorectal, endonetrial, gastric, head and neck,

hepatic, lung (particularly non-small cell Lung cancer), neuronal,
oesophageaW0 W0%BB®h, pancreatic, prostate, renal, ski BCTAGEIQPQOIHYr
thyroid, uterine and vulval cancer and particularly a cancer selected from
breast, gastric, colorectal, head and i®eck, ovarian and |ung cancer, nore
particul arly breast cancer). As mentioned above die size of the dose
required for the therapeutic or prophylactic treatnent of a particul ar

di sease will naﬁe&&ﬁngCympmnmabﬁedmdep@hdihgnap@hue@ﬁwﬂg§§0%£h@ﬁc%ﬁﬂngs,

the host treated, t r e of admnistration arid eveni of the
i1l ness be{f?fg“f‘?‘glgtagg?m%%’ such ge &l 8%‘{1'%@6‘0 B ey "eftrfg‘ﬁé‘gce‘i‘:"?d)’o%“ﬁt he
i nventi on fhetia thesrepution isdadiead ophanbmedsld;cal conposition which conpri ses

Compound (1) difurnarate, in associatio 1.t h raceutically acceptable
di luent or car ridgoofigg thydeaction FIH%MF?‘@H}MD @fagﬁlﬁgigﬁgg?g For the

avoi dange of dqut)tisolaﬁﬂﬂgﬂﬁGdhq)ohﬁ&ﬁwmﬂhar@tépeﬁmger is indicated, it is to be
understood that this alsg refers to,the_preveni?iépﬁn of rr%?@ ;fases and the
treatment of rwitakly Hs¥ep () the repchap BYxtursisengled ploly fogbau n(g %ﬁ‘a@PE and
Compound (s Dbt gbdl 1{RiREL IERYuiraVE@ kIO tBe Pemlsesh 0 treat a
patient who has no netastases to stop themoccurri n%éﬂ or to Ie_nglt hen t he

time peri oddpestidy addingyecd coisiels ofHy fosma dumesaelngd e mishuy e Hétast ases
to treat t P&n{@%@cﬁtc‘i’yzs?ﬁs 4D SR WARS F}hg'%é%fcﬁ&?ﬂﬂt&c hhendeh esIEBab&ft 79@NCcer al so

refers to treatnent an established prinmary tumour or tunours and

devel opi ngSyitablraoyditing f0egAtigegironmaopoYey 080496 Erintefse dessribadunour s.

I n one aspect of I ' t nqgﬁrbg

prevention of ér)%%tglgl?%gé@ﬂéqnﬁqgrﬁ%tﬁ ﬂlrgra?e?soﬁgtbtg? t he ?rﬁe g%![df% ﬁ@{ %)%H%p%gat ment
of cancer thehattess icctibe HeredratnrtbnExapipleset ast ases. I n anot her aspect of the
i nvention e treat t of .cancer relates to treatnment of an established
primary tu%%%@%%ﬁ%“ 2% evel opi ng prinary tumour or tumours. In one
enbodi nent t he Acwatingnta foftheaseerofitied at@siot teans padjdad apharfreeatiedlent | n
-anot her enbodi nent the treatnent of ﬁjanlg&eﬁrl) rtef ers to. thethra]leo- adj uvant
treat ment GTTROSHIOB IR COBIPHGIYPPPRRLID SRENEH BRSSP PR M vent i on t he
Compound ( hhar@hdeuiBiligla@cpeabRy diiubg ot Gartibie Tha@enpiuad (1) difusedtasaydi e uvant
treatment of hornone sensitive breast cancer, particylarly, as an adjuvant
treat ment 8ftheSUPRASEIT iR dhe ngf%ﬂv@eﬁf}ers%ﬁgﬁxaeﬁ%g?“%- post - menopausal
wonen, | n anot heg. eabediismr tefint 8ot AYEBE indifolh SuiteFIBLEE! (sd Jfodi fi nnar at e
according to the invention is used as a neo-adjuvant treatnent o{S hor none

sensi tive Prasmpit ascarleriozopegs: hedparofyrapwlos. 1uetady eanEP TP BaY FBH iog;
estrogey aﬁgéé}ﬁibférpggl Sk 6f AAfuIEE sYr ekiBGShr ©PRAGK: [Br RAmbleE bRPASal
woren. | n anot her “enbodi nent the nmpound (1) difumarate is used to treat
advanced ( natrastagtls)or hgraspner alyselutipiser espersinyeh fasdmaystigtion®st er one
receptor positi.ye i ti (RY=To &sddpdashtbgcept or
positive cénflllgfeab&ll ﬁoﬁ%‘gﬁﬁﬁé‘%gﬁﬁgg ‘R@me/rodr#gﬁ)dlﬂ?({rg aglq?@ra?ﬁg(?ienbow .man_tl t he
Conpound ( by idufflatioaffet examplces difingly dovidddeewdenrayfob pargrierd!l adsninisttignadj uvant
therapy in,the treatnent. of hornon | td v t in patients. In
anot her en’é%a?’f?‘g}? € %Sﬁgte&%%lﬁ%ué n(')? Pﬁy %ﬁﬂﬁoﬁaﬂr}é g%ﬁ@%f %ﬁﬁggﬁ)@[’he i nvention

i s not Msechtamusculeor atkativsoatar ogad erent suppository for Téneal desing)” adj uvant

t herapy” refers_to a treat iven fol |l ow n mpval .of the primary
tunour. \Were t RES XH08 1°F£§Bf’ee§§‘fn%8ﬁﬁgé ?%%%8@/% CQppeRomal R ?cr?glrlr;elsrr?urmur
may be ef f gehgdodipatidner praxadtphial Swipietsy well kiiovaxianipd @t. | Tinpeohmpositians
mast ect ornry), and/ qr radi ot her apy. The term "neo-adj uvant therapy”
refers to auendsd {orom! upg W@h"‘}?%‘brforteéa‘?@l{?o‘?}’&lor BT Wéowgﬁééreﬁte?lﬂ%ur by
surgery or fadlirRkRRA/BPMescHALSE Sgenfshe treatment of cancer also refers to the
prevention of cancer per se. In one enbodi nent of the invention the
Compoundt (1) difinnarate is used in conbination with an endocrine agent
suitable for use in the treatnment of breast cancer. For 3a exanple, a

conbi nati on of Conpound (1) difanmarate and an endocrine agent selected from
an aromatase inhibitor, a selective estrogen receptor nodul ator, an LEIRI
agoni st and an estrogen receptor down-regul ator. For exanple, a conbination
of Compound (1) difurnarate and an aronmatase inhibitor. For exanple a

conbi nati on of Cbnpoynd (r)y wo 2009/138781PCTI082009/050ﬁ96 28 di fumarate
and tanoxi en. For exanple a conbination of Conpound (I) difumarate and
anastrozol e. For exanple a conbination of Conpound (1) difumarate and

| etrozol e. For exanple a conbination of Conpound (1) dirumarate and
exenestane. The conbi nati on of Compound (I) difunmarate and an endocri ne



' s3wai ni - bl ooded ani mal, such as mail, in need of such treatnent, which
conprises admnistering to said animal an effective anount of Conpound (1)
di fumarate in conmbination with an effective anmount of an aronatase

i nhi bitor such as anastrozol e, wherein, said ani mal has not previously been
treated wi MO 20/8AWdcrine therapy such as for exanple, PSTQZ&E{"?‘\‘}% est rogen
receptor nodul ator such as tanoxifen, an aromatase inhibitor such as
anastrozol e or an. estrogen receptor da@wnregul ator. I n anot her

enbodi ment of the invention there is provided a nethod for the treatnent of
non- net astati c estrogen andl or progesterone positive breast cancer in a

war m bl ooded arfiorekame€bmpsunddh,difumaraéeid safablyfotmtlstedasrretablet ushigdhe

conpri ses g)ﬂm nistering to said animal an effective anount of Conpound (1)
di fi nnar at @ PHESABPITATi on with an effective ampunt of an aromatase

i nhi bi tor TaeIbt @sreanastrozol e, wherein said ani mal has not previously been
treated with an_endocrine. thera such as for, exanple, a selective estrogen
receptor nodul aqu@ﬂéﬁﬂgg“mgﬁtﬁg%rprlﬁﬁorg} Yt ase inhibitor such as
anastrozol e or |goRstrogen receptor down-regulator. In this enbodi nent the
conbination is suitably adm nistered as an adjuvant treatnent. Joln the
above two enbodpﬁmwtﬂi/l&e tlhdosey eat ment of breast cancer, the warm bl ooded
animal is suitabhpo@dpest - nenopausal wonan.. The term "post-nenopausal”

i ncl udes wonen that are naturally post-nenopausal and wonen where the
menopause has bdyyidanadié®dandy for exanple, treatment with an LHagoni st
such as goserchf,, Lt i SichQic WO 2009/ 138751PCT/ 6B20091050496 29 be
understood that where herein it is stated that a patient "not previously
been tneated wiThy talrictettoosi brecopted wathy filmiqoaging, p @ﬁ%HPM%baS?Cﬁ@W r eat ment
of a patient wth.an LL ' [ ' he patient
i's not con%?actfgg’éﬂ} I(fahocogg'%;odj?l g\%ﬂl uctsorgfﬂltsro ggt e Ol%%{)lrl?yagﬁ%gg@ggéﬁﬁgﬁﬁcﬁgfapy".
Accor di ngl ygenpati ents that have been treated with an LURK agoni st to induce
ear|ly nmenopauseare not excluded.fr.omth i . I: escri bed
herein as not g@?eﬁgblﬁ? P?X\iéggre\ﬁnarte%ugg N g@lﬁnﬁe@ %ﬂdggﬁ%@/% {0 H?th anot her
enbodi ment Ekdiepl&0 mpaqniged(thy Cotinpaue (Btdefunsrausedy benmidlodiprioret fomulkiivh a t axane
such as paelitax or doeetaxel. This compination be us | in the

t r eat meht B‘FO%F Let“cb%fﬂ%‘ ?f‘u?‘g‘?l%?g &iséz,en‘g ripiignof [e%%tﬁgﬁ’f’u%f&g br east
cancer ( pagaffiraath@hid dhe tBRAV BHCRAMPR tRSC @hpsunt) (B dFimararaery)bewdiilehtohas a | ow
over-expression of erbB2. The term"| ow qver -ex r,essitgn of erm(42" refers

t o tunpur s POVl appEerpgeaiaLtiolq Sigs ol sbaih iy Syjtible WﬁB‘Fﬂ APtads; ah W EIE KRG
negative. Parti 'glllg ﬁ%o&%%”@eﬁn&@@%enﬁﬁﬁ is LIRSS itherR Le Aok Ak cplenBtHB2" those
that are: (OHer2 + by Inmmunohi Stochem stry (IBC); and/or isHer2 ++ by MC
and Her 2 f pudnesscamgle dovags form mglbnéogssarakyi very éepﬁ g ypep Hicihpat treaed 3pdithAgl y i n
a particul ar... odi . i i iLfumarate is
used in co rlnglg%)ri r%%%%r&gm%%%nheﬁg%h{bg&éEg(g’g\gﬁﬁgglll?&gé %(r)gfeag axel in the
treat ment edmmistatiareto hwinkis Widlvgeosrelty expine $wicspmple, fearh B3 neetodst edf f r om one

or nore of::.a breast cancer.whi i re E ti.V &6 ) a breast
cancer whi 8?{“?65%?-‘&?'?3&89“3%% fa?mé)%{}o(z g? l-'\% érr 845 légg%ge]rtg\%?lp%ﬁ i s Her2-Hi by
| HC and Hek@mpdubltdweiabn amgropriate and cdoenicoli anguhioofaxdipichth ehichgpeactrof t he

present inyention there i rovided. hod for the treatnment of breast
cancer wit OFb‘WO'(Bf\/getP-aé?(‘ﬁPgé’gﬁcﬁﬂbéffweégrahﬁggﬁlfgoq%llc\%&?‘?ﬁl "ooded ani nal, such as
man, imnsneed of ThaR dfitRaddTe fr thetdPeGiic @rgigphyesc pdpised &tGmipognd d) sai d
animal an effective anpunt of Conpound Iéte%ainarrar ate Jin con.’gn nation wth

an ef f ect i VeuRABisH il gptugly yemecapig tyte g KBierof s @PIETS: Meer ei n,
where the tgf Md'©QBPIBakibRANor dafiedd S8 thk kotS oft ddniiEsttifid a8t @didg tdwatll t 0

si nul taneous, separate or sequential adm nistration. In one aspect of the
i nvention ‘keowbprairieref MfEs to sinul taneous administration. In another
aspect of the i gvaatd @mfing AYRIAALLRTor th&hShufic bOreMRAcat Burpsiel Rivallr at i on.
In a further aspect of the invention "conbination" refers to sequenti al
adni ni str atgeomalWradministered amihai sdaildpeminitks raegguBnexaro . Isegke it e, t he
del ay in adgip| i ARy By i3 R4 Bl REoRHGNIRS: tO | ose
Che Dener 1 JB R B B R R O e 8 050496
30 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 mg/kg to 30 mg/kg body

| |



As w Il be understood the references to the use of Conpound (1) difunmarate
descri bed in the nethods, uses and pharnmaceutical conpositions described
herein, refer any of the difurnantes described herein, for exanple Form A
Legends to Figures Figure 1 shows an X-ray powder dlffractl on }oane' RPD f or
Conpound (MO Fp¥BSBdr m The x-axis shows the 2-theta vEFCHEBINGOIHY y- axi s
t he counts. Figure 2A shows a differential scanning calorinetry
trace on Conpound (1) free form The x-2kis shows the tenperature and tine,
the y-axis shows power in mN. The text on the figure shows the onset
tenperature of the endotherns and the integral (ml) of the curves. Figure
2Bis a thwegmgvﬂ\gcmltylmeusptac%mtﬂ@ldy,tﬁmmdoumetrmobmnhﬂﬂéomﬁamosmﬁt?oms

tenperature and tine XIS ho i i h S graph
shons. he. TpaBiirtTtse) B e ABLEr SR GG P D sl b Fnidihah °, D

event bet wsépwaln ptef&&dapuﬂn@mﬂy in tablet forfi dar mbtsncshiimp(amd yh alrﬁlmawapour
sorption isotheimnplot for fre rm. The X ws the
relative h etasfinp Ipiggreg t%Wéfmg ﬁléﬁgedt%l?% Eﬁi%(n%é‘ U dﬂaslgsso ansll%” dal(?}z'ampl
"sorp” fef RitsndrOthan 1a@ Skl 2y Cygoendyl difgesor laoultl bc adrﬁhﬁstcrqmltto en cycI e.

e 4 shows an X—ra&:powder dlffract nﬁgté&{n g)x for nﬁyvﬂ

di f1i mar at ¥amgplepded anaalyat gk dagg RaPe I&én thef RETOLES s the
counts. mventloE' Odhfoudd QWSmarafdi chiigne @Hﬂn&ﬁstéir@cﬁ!&rhl Wgmcabsiet amaal, ata
Compound (1) difumarate Form A. The x-axis shows the tenperature and tine,

the y-axi sudihémsg oplssiethan HiOwg periay-teg furgisr sectof figinres ofpUng{Det
t enper at ur Elflﬂflarﬁtg% B hE LaginRRAQL H & @b ddB@ adifh £ 8 Alnit(d¥kdLof 165 thaReocur ve.

Figure 6 shows a errm ravinetric trace for Compound (1) difumarate Foto
A zsThe xmgpesdayhdiis do@rqcséioamgm@ G)difumapate may be gdminiseradine wsiogsidglY i n nyg.
The text | Qostem§ 19{11\?\12{% FR (Yiﬁotfglg to/t%l‘c’}ﬁilglaasel e 1@9@%&!%%11%6&%? | oss
fromthe sanp &b out Figure 7 shows a dynami c vapour
sorption i €omhemd1(bl ct»funfatﬁrte @anpoutministciedds fumersat, evhikbmmayAe ttheme-oaxi s shows
t he %relatl t he
sanpl e. Sf%mnp 1tz(1:l)ly F%Wéan ao%%?% ?%‘Elﬁ}g@%)?%ﬁg%ﬁ 9%8?@?% 'a][Eb rﬁgﬁﬁ‘gg};r ption
cycl e. Fe@ua. eBﬁwsyloﬂB(aﬂlple)Cdnmpumbmidifumﬁraté mag tbie edmipasteret a3 afame oConpound

(1) difur B. The t het a, val ue. a i counts.
51 O R oS R S P e i PP AR R pat LBy Ermpound
di firrnarahg df@’oﬁip&de(fl)BdlﬁnmatS (cghiouisnitthe, 25t loet@oniaNme oﬁ@dmpdnmd;(l)am s the

counts. ure 10 sho an X- wder fracti on patt or
Conpound (f’)ee n]ina?r“c%l 'éerﬁB'trgﬁﬁ*ﬁ’én% ‘<{B§¥‘§;P gﬁédﬁ??fgiea? é{f‘lﬁ% t(a‘n(?j t he
y-axi s theggowot f0, 200 or 24&m?ufeorﬁﬂo@bwsb @finivsteay tRRwE dhy. dinfafpagiiztilaon
pattern for Conpoun (1) di umarate Form E. The x- XISS WSth ~theta

val ue and embodimgntiacdospf Cosppppad (1) difumarpte gquixalgns t‘é 9@?%‘} Wer

di ffracyi OerHﬁﬁsTte%d"mfl&r a @Wyﬁgn&ﬁar ceHvbuiRnad @osEerf Ublﬁpouﬁbﬂ)ﬁlfﬁﬁﬁhﬁtes hows
the 2-theta val ue and -axi s the counts. glure 13 shows an X-ray

powder di fﬁqxamlmsﬁp %ﬁﬁm&@ﬁ mpou@é@&miam@ﬁtfreém&ﬁa#af N EEPHSTOAEHIAT - axi s
shows the Rarhfi€qE9MBLSo 240 mg of EbEERA 1Y ishows an
X-ray povvder d‘ﬁ raai('%ollg%% patédea?crll g?rﬁl anpof}n d (1 )0 fral%ngrat eH(I;:or #ﬂlh The

. X-axi s sheuwiniseedtntitret deyval ue and the y-axis the counts. Figure 15

shows an Xgralx 'Eﬂﬁwsgi diffraction pattern for Conmpound (1) difinnarate Form

I, The Ye 2-Theta val ue and the y-axis the counts. Figure 16
shows an X ra 8@9 ndes Afurhdniie fif paar e The
X-axi s Shows ¥HQ -?t?Wdal éLlEl{esg g gﬁ&ﬁf aqués;ﬁ?ﬁg‘)lcoﬁn se afy

measured in the assays descrlbed in WO2005/028469 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
50  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 alone or in part by erbB receptor

tyrosine kinases, i.e. the compounds may be used to produce an erbB receptor tyrosine



Figure 17 shows an X-ray powder diffraction pattern for Conpound (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) difurmarate Form L. The x-axis shows the 2-theta value and the
y-axi s t he WAL 8781 Figure 19 shows an X-ray powd@CTEHRIPLQEHPON,
pattern for Conpound (I) difumarate Form M The x-axis shows the 2-theta
val ue and the y-axis the counts. 2Fi gure 20 shows an X-ray powder
diffraction pattern for Conpound (1) difumarate Form N. The x-axis shows
the 2-theta value and the y-axis the counts. Figure 21 shows an X-ray
powder di f kinasetintomtopptifer m £ warnCoopdedadingal )n wicdl pf swah stamBay Hhas thfhe x- axi s
shows the 2-theta val ue and th -axis th nt s Fi _shows an
X ray powdarmpioff BrpteaRat pRieRs miurto s e ponier HeBER: &

X-axi s showsrdchegisedt Bynahiditioalobencastandriief tiie agbBSamtie ofecupts tyrosine kindsegur e 23
shows an X-ra er diffractjon pattern for und (1). dif.umarate Form
Q The x- a]}?rgg‘g%&/l@e F‘PfBPOX-“fi%‘éfttt e 1p%ian Qi bE H%edggggﬁagcet%eanéﬁ)ﬂ%{f%r?mﬁx anpl es
The i nvent iforipo-hipbptdiRland/b} asitinadsBd chryct\wWaiylia@dd didie of al paeviiynie RKiditphes,

which are intended to el aborate several enbodi ments of the invention. These
exanpl es apeerhBrecerigy rswe kogya, Prdsylelp Ssgroweuys ofﬁ‘ﬁé’Fﬁ'}%‘H IVGUHA ar e
they to be.gRASH toURdistl inlhdPrbvdaln SGRABN G of HBscl MRS tHaPare bdnsitivé to be cl ear
that the invention may be practiced otherwise than as particularly

descri bed iaibéian of N Bers ofBgicfubcesrinidyrasiae kinpseathabas igfolirdn Present

| nvention ﬁg&l B’Qésﬁkalo stdBs WhitWdAle piBBrct£RA BADERyIDATR IR GRfhoul AL ST Ore, are
w thin the Scope of the invention. In the Exanples unless otherw se stated
;- yi elids Arerdingle thef compiolndsf thetriresentamieptiemae axnectadto hrasesbimrth y t he ax”

at t ai nabl e; ti] It 1 S using a
Vet 11 or DolESEE g5 B I efin BRAALE 1t ARERE Mo KRl ERBLAS o
anal ysed. bmi/@ caswt bylpwaiiplgenpat-proliftretats afifgcipatiodartyi ie thedpatngant ¢0@Bi nut e

from25C to 325C. unless states ot herw 2] 1] I I er to
the onset t% %rrqgioﬁ]f‘“éﬁwsetsﬁrésnrl’?@l Ctallwngs‘ gﬁ%@%’%‘g rr‘?r%é%ﬁér‘“gﬁﬁ?ﬁ’?%’gé’g@g
(iii) massaspesid adiedlederisn-sulid fin@orsahecisiarkaaniat mgktipleohycknadrect ron vol ts

in the chem cal ionization (CD node usi . i rect exppsure be; where

i ndi cat'&d WG‘FH%QQ?’W&'H ol ﬁg‘@é’}“é obvag}pieglflfécfﬁ‘c‘i’ ﬁ‘brgcﬁa%%f’) ,ral?/gs > at om
borbar dmenbrebdtAB)orédtal dnA6HEBISR E@yrid, ESR)and MedkuBSafi€ung Zcudsral, gi ven;
generally, only ions which indicate the parent nmass, are reported; and

unl ess ot h8FsAPRAgCd t RRBH PRMECAHEIEOSIHN rﬁf}.ﬁ‘glsg‘ﬂ’ 'ie%tlc(‘%f’lﬁ"yr i‘EﬁP‘}e@fl rs to the
pnt onat ed PRSH s reference to he is to the nmass ion generated by | oss of
an electron; and reference to IVIL-IF is to the nmass ion generated by |oss
of a proton; 20MRpragaegst girglered Qapatigarly if Eigrhtorasenrhageal GACYSNYEORA ues for
mej or  dj,agnastd QY al AnRRTTS: ik QR ERBAY, Kogitd Ve to
tetram?tohy g%?ﬁglh?ér%%eggugﬁyfﬁ?!e@ﬁ% Esv?lgggg‘?ga det erm ned afﬁJ 500 MHz using
per deut er i eardimmphariansandenbiwel EDVBO0WECtad sansel PEpBlcEANES SladiHsritcs e

i ndi cat ed,; I 1 a LAt cmeSh el ver 0,

doubl ot MeppR Qo RSsC 0k SEhPLAR, QYR (NSCOC) AT ool B Bhoor

chemi cal sy$Ial)s gdsariecantre] eadisndadechremmembsin @cenrrenad cansel, bypboms aed e used;
(vi) solvent . ratiqs are given.in | ; V. : _ _(vii)

t her nogr av ?%%W%’qgﬂg? f/nsllgosd1 W?anst ltcrgf\ré% tgg% 3‘%?? lut’:g? r%r J&%‘ﬁ: gé%&géelc elt)-:tarui pment [1
5ng sanpl eposigvebrasreanadrelnyanvtaginecdanot emadrysfed to BCRA, BPEhCpainredidat i ng
was carried out at.10C/ m nute ro%n 25C :lo 3§150. dim ér\gfi”e}ers)%oRay Powder
Diffracti ofi*MRaPYAE 8 CHREST R /Or BEFaY GFRCTE Mh R EPBREHT BSOS SRS X- r ay

di ffraet onmgel. fi dln'b&lﬂr &iﬂb(ﬁiilﬁ?ﬁi Chritb ﬂefeasra to@astaetacto {le;l addilﬂ)(;IXtt Refyrs mﬁur ce was
Cu K", giving a wavelength of |I .54A;, data were.co t over the range
2-theta 2 NREC. Iy 4R BERIYS I3esMETeRsD 0B PED: 6 193 1§ RABRENES: of
2-Theta 0. QRBdditnt Mofe @mmll?rn%fekm besaRthn @R dn WaEti G e gOsaktsRthrlyit 0 t he

categories identified in Tab e 2 bel ow . ..
30 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 hormone receptor positive breast cancer, for example early stage non-metastatic

hormonc receptor positive breast cancer in post-menopausal women. Still furthermore it



Table 2 % Rel ative Intensity Definition 25 - 100vs (very strong) 10 -
15(strong) 3 - 10m (nmedium 1 -3w (weak) * The relative intensities are
derived fromdiffractograns nmeasured with fixed slits [As previously
stated, persons skilled in the art of X-ray powder diffraction realise that
the rel ati W® 10p¥BABILty of peaks can be affected by, foPCELBYPAI4Yr ains
above ailerons in size and non-unitary aspect ratios, which may affbct

anal ysis of sanmples. The skilled persotBwi || also realise that the position
of reflections can be affected by the precise height at which the sanple
sits in the diffractorneter and the zero calibration of the diffractoneter.
The surf acefqps @rarly stygafontheasarphteograyndbguograte®na resaptbt pasitive breastHence t he

diffraction pattern ta presented are..not to be, taken te val ues
(see Jenki ?@?erﬁsge%@ 38 F?‘PyFﬁef\e.‘gelnﬂP'r“begqjgan LN %%ﬁéy rqggs\kﬁérrlea‘%%f ér+act ometry’
John W eypdkitSemseastkQbr irf pokt-ftiidphesnl wahat. Matbditidd, more partiduilacly idsefiani c
vapour sorption Wa%grreasur ed usi ng att) S| M5 DVS ﬁgfsu face M% suhg)errent Syst ens
Li i ted, Lf%)met%?ﬁl NGRS FeFCRIRRPYIUEY PEBSIIBRCHSPRTG™, ySoa@etﬁ S BFIB0 cubi ¢
centimegr efeciliﬁdr Pk &easﬂ?&ﬁlcéﬂh%bitlt&nbpdﬁkﬂiv&dinc@%ﬁﬂ fi@ficrnided ieasasl of rom 0% RH
in steps of 10% RH to 80%RH wth the final step of 95%2H. '.I'hle sanpl e was

t hen desor BeWstai] §5E0EIRENSAFRIORFEEPNSICERION B ELTFRCABEH P ihi s

procedur e WashieRbEReAlBHploPestereRGORH 108 Bh M UM HEGEW: B pRNmENSatsal
Equi |l i brati onsat earc%plhurri dFtoge strep is set such that sot h%, rate of change

of wei ght womhn.t Fyriermdraut sferwadlagidgranger, oesophpgepl GaRed; 838TE C#I€5 0l ut i on
rate was mg @g@lﬁgf%@i&l Shos Qb mgnfﬂg&dee& ﬁ%ﬁgfgnmeﬁrsftb BRGNRRAALAiveY

detector. so I'n wat er neasur ed usi ng _ Xii) in the
exanpl es gstwmachhtiyoud, trbdal pudrberbrah canske dn apetheriembypdialent ofithg Bventieter t o
ssthe raw nat.eri al nd.r.eagent s %.d . ehenchedftng account of
the puri typ% lcutkhrg' tﬁ%? aél(rglelgl gg‘u%gl&n %%%R%ﬁéﬁgﬁé}%&h&gr gggir aet I on of

4r 0- 2- f | uoinvatibinj peoficularlyghdhomyers ihhimdtdtatic state. In a further embodiment of the

t net hvi car banpyi net k- ridirt-4-viloxvl4ni ' ' I, 1))

2- Chl or o- I\I—'IWBIE%)‘}I %agé%{’i%iyﬁ © ((a:?.cefibmkagrflet%ﬁ%{ lég{yr%m);%a}ﬁlgl%fg’ @%ﬂ? lé)h%cgg'gc-eﬂ

f 1 uor oani | prdhced stk inftexis&4npi felidrdimbedinyBiotycjuiatian peneuldithidrcandst or i de
(13.70 kg, .27.25 nol.), were di ssol.vlgd i@ acetonitri Ilgmij% 2 I§ .SeSant he
St rred’ sulBASISERERIG g #danIe PEHAEPTY T SRR PRSI PERA " ( 17. 40
kg, 172.11,mather diBodisdibF e Gnvehea, psatulid ome vasetie ai etlethaticatdie)undind hel d
for 3 hours. The solutjion was cooled to 20C (product socrystallized at

50' C). Wat é}orflml%‘l%]@th%@éw%{d’%jﬁc‘isg’rﬁlﬁEle?étﬁ or and the suspension was

stirred for a. GYERNRL reafmbBRYUF Sandlr igRErrelhepRtiQG thivasihe trbdterdfand washed
with water (34 kg) ibiloi,ved by cold (0C) acemitrile

13.0 kg). The
product waSanceOny smeuIs; esE'@SSﬁIr&ﬁﬁea’é avsngfithg ¢rbB (f@wbtsoflza)ept(or% & ﬁf"g%Plf)y
filtratjongg @iﬁ, YReh ?gc%/ﬁfl OB Qg%t&@.@he@lﬁﬁ:‘c%& Efed o dodnpdukd QI?) difurhatadeher

reerystallisation o S product was en carried out as above from

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 discase progression, progression-free survival and

25 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.gov/CbER/gdlns/clintrialend.htm). The anti-tumour effects of Compound (I)
difumarate according to the invention may be for example, one or more of inhibition of

30  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-blooded animals, such as man.

l



| Sacetonitrile (75.2 kg). The solid was then dried under vacuumto give the
title product as a white solid (6.50 kg, 50%; |IHNVR Snectrum (CDClI3) 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, 2 8.49 (m
1H), 8.71 WO 20pYB878hss spectrum MJ 474. Th(%?‘/‘T;GBZ"‘””°Isj‘?“’6

4- (3-Chl oro-2-fluoroanilino)-7-methoxy-6-[ (piperidin-4-Aoxy]quinazoline
20used as the starting naterial was prépared as follows! MOt

6- Aut ox. v-443-elitol' o-24Thoroanltin6)-7:-methoxvtluintizolitte
tivtiroehloritie 6- Acet oxy- 7- met hoxyqui nazol i n-4-one (internati onal
Pat ent Appl i catAcwrd@ ©6Hi Bbes of Bxamyshtotercheprevticd Gammued 189, 3 not) was
suspended toI uene (150 Kk this was added N-ethyl diisopropyl am ne
(13. 3 kg, 'g tf”;afn & bric og\%a%l%gpena on was heated to 70C then phosphorus
oxychl ori de (36A&okgng tzzafum;dr)ismatsofcﬂhangaadon e is pavtdedOompaxtnd(B was

stirred at ,70C fo Fur t her, tolue wa fol | owed by
3-chi oro- 'E‘f%?t&afﬂf Tﬁeﬁ‘é{hffﬂ’dgglq?g()faiﬁ%' fe(rﬁ-‘flﬁeeﬁgcgé% fv?)rr[{[?ﬁgg&lﬁir e was
stirredsat apiR@ duek agmfrours during which time a solid precipitated. The
suspensi on. was_cool ed, to 25C and held at .thijs te rai re for 93 hours.
The reaction m Ku8ReoHag ot ashsef o4 g 1pyratien fhetsis Kléle §eh d with
toltiene ( %ompéﬁdil)mmmaﬁk&nqwamdr@ bt h@edivasdetbr wid ih tie productisreofof

et hanol (24.5 k and water (32.0 tw ce, then ethanol (50.5 kg) tw ce
arid the s&t#yi- EYHBWW?@@@%%W%@B?HW@@% VEhepBaRi t | e prduct as a bei ge
solid (33.4 kg, AZ(%ﬁfh)l t%]alﬁlhh@feazurg’zft@lfs asp A 2RO dn3idd ARG Grd32209/ 050496 35
3H), 4.00 (s, g3 1H), 7.52 (ddd, .1H), 7.61 (ddd.8.62
(s, 111y, @e@@d (a, prqctqymg wag@tl-sp»éléetrwwff%zl a wanghlogdedgmigpal gsuch as man,
4434.41104 ) SS! all%h effective

6- Acet oxy4jl34élet8{'i1pg§%§%%t E%r‘%lgcn% ﬂ%s7adﬁrr€'§1%oxqusﬂg§giﬁ ne hydrochl ori de
fromstep 1@3®t5fﬁgmp@91dﬁﬁtﬂlﬁmm§e suspended in nethanol (198 kg). To the
stirred suspens oxi de
(31.5 kg, 329%. }3‘%1“% t| ng g%lg %t%%hggélggﬁcﬁé R’Wie%%{n ??#I{ai(ﬁ% hours and
t hen cool edlfﬁmarﬁﬁﬁfor A&een the ;mmedtlc(napmeMenmfehqpe 18n@irkghichners segded tuntil a

St oh APl STarR e Dot Erp RS Tt ATa B RS LRI Rf B8 OO

was stirrednd/arEGER mmme& thaT he 1pmbvzhdc1h thaagznfli thaneduedort sheps whadHedl toi t h 25%
aqueous net hanol 839 0 r% + 17.0 kg Water) and then nmethanol (55.5
kg). The crifEolEBRieR gy H‘r‘”’é ‘under vacuum at 40C. The crude solid was
slurried W th wWat&idifd & tigtheraBskcbdfi thé Belerfton tl?er&x@q;f(ﬁnc&ti tB5Ge offhe sl urry was

cooled to 20C and filtered. The filter ca ke was wa? ﬁh met hanol (2 x
21.5 kg), CRewogtd @difivwpeste Wé&%ﬁﬁ?‘g?“‘&rﬁe ¢ gregicgaen cFé‘S‘E Bens PEYRUBY Bduct as

a |ight, brguy el (if@h((sggunﬁﬁrwhw@&e@enmN% 1nﬁlba§m(o$ erbB"ﬂ}ceptBr ﬂyﬁ’oﬁtfe, 1H), 7.23

(dd, “111), 7.42 (dcl ~1H), 7.50 (dd %;s |If1),

9.43 (s, | ikinpsesgsuglyag 4o¢on§nna119114§ Gﬁ%ed gbB% @P(Mﬁﬁ E%% a%i efb% ﬂth ep 3:

rGTE 3‘%8 )](-y48l]j|§ﬁ;§iz\%té}ﬁﬁ§é ngﬂéﬂl)aﬂbdﬂgtﬁdnds‘té’pg Hakdh 914 e (pRstBdradichr Stk dr@aImy. | | nn

4- (3- Chl om 2- f | dosading td nbythe:fhatdre of thisaspeat bty duerioadhdrn s Hewiadst ep 2
15.591 kg, 48 .44

(4 ot nano St Rg L b er Bh s ol ofihose pumoues which ar sepsiive to inhition. o

Phar maceut iof ahe @uhdredf the 20B1famd9 O7eceBR2yB90¢ kihGeBuitgs agpmymatier) 9f and

pot assi um 7. 8 S7. 14
Niret hyl pyr &gfﬁh?“ﬁoeebeéz( HIIET s g ol arl G818 BARL M ensductipn L
stirring. Heptvhighasd tccmarpmmtﬁemmandm@r(nga@fmmm®llswdﬁcl&ohms® The

t th led, t h f t 216. 6
oy "SRR S O P Sote oot ALPRG R bg. ¢ hen

cooled to 20C oxAQEOramgwa mnhdlwspmowneaheﬁtnam&hérhe ppovadhdahe weyst al | i zed. The
product was i sol ated filtration._ The product was. di ssolved. in hot
(reflux) nétompesnd (Iké'@f&%atevbt FH}%UW&&C&? & ’%ﬁggaﬁ‘aﬁzﬂf $6 VPR "E20 14, which
i nduced cr yskd@lnki Z8FROAd PR ($USRERBLRIMBITrgemed to 0C and filtered.
Vacuum drying at 50C afforded the title product 18.80 kg (77%; 114 NVR
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-ch|oro-2-11aoroani|ino)-i-uttethCO-G-l(OlkritIin-441)on|tfivin|itVV

di hydr ochl ori de



56- t [(1-tert-Butoxycarbonyl Anperi di oxyl -4-(3-chloro-2-fluoma n i ino)-7-
met hoxyqui nazotine fromstep 3 (18.80 kg, 37.38 not) was suspended in

i sopropanol (139.8 kg), and heated to 40C with stirring. Hydrochloric acid
(15.40 kg, -156.3 not) was charged to the vessel over 50 minutes, allow ng
an exot henWOrP0I4EMBbXi mately 9"C, to occur. During thepﬁﬂﬁpé‘I“P{@s”W t he
acid, the suspension dissolved to give a clear solution. toThe sol ution was
heated slowy to reflux over approximat®ely 90 mnutes, and then held at
reflux for a further 3 hours. The product crystallised out during this
reflux period. The thick suspension was cooled to OC and filtered. The
filter cake \/vasmmslhgdo'a\ﬁhrdzer fubtube afohid afpO@)of itwopranpan thete if Proxided2 6 kg) . The

product was dr er va 0C t ve th titl rod 60 kg
(73% Minetg ‘J:s%f 10 e O?ﬁrj d%t%“g‘ %‘dﬁg"% fyrosigy “asez‘“@ t%&“?m oH)
3. 00- 3. (()gdc(o[’ﬁ lr_bgéd)adnﬁnﬁé’rg(g&o sad d)imalarBéFfective anddng of@&ﬁbo@ﬁd (Ib E-'ﬂﬁ)mari’teZ? (ddEl)
1 7.47 1 7.50 56 (s, 1H);
Mass Spectrum Afserdng tﬁ@ urgher éﬁ%?féékgwgﬁi%mwhﬁn bidte i Iwo{'lded

443- Chl or oegnsbiad BRI il fof usdah ptdVidified EymhiaasdaERR At erbB2 tyrosine

vf | pi peridin-daili onI%w nazol i ne FCon'pound oD

2- Chl or o- Neipase iyibiiest &ificde (24.22 g, 223.1 mml) and 4-(3-chl oro- 2-

fl uoroanilino) gcgﬁgﬁéqgg-fﬁﬂ{eg QgpQ&rolfqieqm;gnﬁ&{tggﬁé]lgybqag(pdhk Q& ¢¥i hydrocht ori de
(86.0 160.9 mml), were slurried in acetonitrilc (537 m). To the stirred
suspensi o@ommouadﬂ)dﬁvm@@metl@tmﬁ{@facmo fadaedicamepeionysedmPiosiditedt nil, 723.9
ol ). Th S EdE Alutkon vas
cooled to %n%;\"??;%fg% o%%{@%ggﬂggk&%{ogsregégg??gn was cool eél to 45C
and water t(rEBE n| I) added. Corrpound (1) (0.42 g) was added to establish.
crystallisation an n r fter
stirring for a ‘t%hre%'ng {.S hou ?%Hl %yftﬁgg%ﬁgtt&faha%ggggpg{heé Eg‘% ?r ation.
The fil termeiak@fmmwmtyrdsmeckmaw mhlbacmeﬁhcttqnltWe of hOR rpdeplors @tehfadol (51

t 1 ied i
Vabua at B ER R bt BB LA et i fps ARG AOED BTV EL " T
§N§5(408 L\lfﬂiﬂounmﬁﬁbrﬂ@,més(])ﬂfﬂnﬁaﬂﬁ ©1.87 (in, 2 FI) 2. 01 -2 11 (mf2 5095
(s, 2 11) 3. 95 fl*%“’rd%‘zgf"f%‘“ﬁh“ f%“%%“(]thls aiﬁeﬁb"ﬂf‘z‘ﬁv?‘fm heE"l § P’%”n}fﬁg( It d) '
J=8.08, 1. @&nﬁﬁmd |(I)l11ﬁ1m3raée6forﬁs&ﬁ p&d\aldlng’@tﬁm kll%g ShPEd G200 050496 37

1-1) 7.75 (el, (0, 9.5 '"s.Mass spectrum NI111°
474, momﬁeccnt%%&emee FOTBGF st 7 dnd crbES

no) - 7- met hoxy - 65 {6RIiMEL A ayd@@tw]twhvénﬁw{uereqs ghyrdeoables bde used as the
starting material was prepared as follows:

t)
( HL( 1- t er t G@popevad (Bokifmaratecinitiy mmﬂ%m%ec@iwnﬁor udp thsdwpopsnhgf e 7
met hoxy, ou i HR)phBspRY 8% o ar net hosyq
i i nazol | ne&%g‘:‘fébaﬁ"gaxamsp‘%%?ﬁn&ﬁ n%%%%??#’}z&%? glI@E@éﬁno)pe A % 00 g, 0.1828
mol), rem BbB?Acrb(Bﬁﬁ hetegadimaeresul f onyl oxy) pi peri di ne-1-carboxyl ate (88.04 g,
0. 3107 nol) and S suspended
i n et hanol (58 ?c(r%%iﬁégagogl %hﬁer%&glgggt’rﬁ#l% ag%(r%t &%hem%g?(%ﬁ?%rﬁ?)ov‘g%? g to
reflux w tmegibd fo‘rltllrtgtreal'ﬂeat nﬁgcamdmomﬁfmlr exaoede atunogf)inpdistesin 1ol oipats. The

mnutes, oy B RRaRlnt S rn PP TSt LA ARG O

est abl i;sh %&sﬂlmhlansdtebmaniﬂaﬁt@(wntppumaﬂ)(tiﬁnhaeateto 20C, over 6 hours The

product was isolate f tion. .The fi cak s slurri W th
aqueous et hanol f‘é’f‘ﬂ%é flf‘I‘E)" %‘Faturﬁ/ﬁf%sa%%ect?‘ieth %[0 r?redllsgpqvé(%grrent washed
wi th aqueogsmgéliaND d1ﬁlﬁ{ahﬂél@d>r @éﬁltﬁhream&&mf 58or[dlt)on (Thexdmplt eunsake was
then slurried w.th water %1 th en %@g g@ %hed with water
(175 ). @aﬁﬂé‘dﬂﬁ?le\%%arﬂw @EP 9sP lﬁB"“a? a&é’ erg? FYRE™MFt 1 e conpound
(81.5 g, 84%; Acddr&n@%‘%ﬂﬁé@@péﬂ'&f thd PRniny crdioR E¥kclis Adv(dsd tH ukd dfl, 60 -
1.70 (in, 2 Fr) 1.96 - 2.04 (in, H)323-330(go 2 E) 3.65- 375 (m
2 FI) 30 95 Compogdy(D) difmpgate inghgmanyfcturg off g medicament Lor uge lh)thwﬁezgnf(“ﬁ ofg-g 06
Hz, 1-1) . it clotha, m BB, 6% | H
8 39 (S, 1 Cétg(f rex%mgleggﬁ)mr se}eck&i fFagglg?l(ratSrrrnmé Elgl?’i];@etlﬂg |T9 o

443-el tior dtt@t;lfdna,(hlzﬁdbm btanmi@lﬂSTbrsa_r@n,@glszre@ebfedqrmt@%rgaﬁmﬁemand neck,

di hydr Cel i

)4 (5 ohi Sri5duth CatLbaPbCIHAPLRING CRlpP ol SiofbbE M ewrian,
suspended in industrial nethylated spirits (95 nO, and heated to 35C with
stirring. Hydrochloric acid (6.59 m., approximately 02891 nol) was charged
to the vessel allow ng an exotheimof approximately 5.5C to occur. During

t he charging of the acid, the suspension dissolved to give a clear

sol ution. The solutlon was heated sIomAy to 70C over apprOX|nater 90

— o~




9.02 - 9.13 (m | H 9.20 - 9.31 (m | 11) 12.51 (hr. s., 1 H)); Mass
Spectrum 403.2, 405.2. Extoodt iti.PSysitatiati (A Mto-2-11M
roithilia6)-7, Metlio(O,4411-1 met

hyl ear banmoyl nettwl i pi peri di n-4-ylioxyl uinazoline (Conpound (1D i nConpound
(1) was pr&geredisasetording to the schene shown bel ow. PCTEB2@3MPSUNd (1)
WO 2009R38781PCT/ G B2009, 460496 39 2-[4-(5-eyano-4- f[(dinethylarnin

)yl enej am no; - 2- net hoxyphenoxy) pi peri g n- hyl | EN- met hyl acet am de (7, 7.00g,
17. 71mmol es), was suspended i n net hoxybenzene (35.8g). Acetic acid (16.6Q)
was charged and to the resulting solution was added

3-chl oro- 2pafn|ct¢®uid}@fﬂsia'tenﬂ:n@ZsHﬁ,gestldlﬂalﬁﬂlmmd ag)yinc devuiedcdncarandi Xt ure was

heated. at 90C. 20 h urs cooI ed. to 20 s charged
to the reaﬁﬁql%ﬁlﬁr('}ﬁ%&aﬂ?eése 8‘%5‘31{( E?Pﬁa%ﬁstgwl QlRgFe %I}I %eé‘é '&Ck'l"dal%'e\éﬁesul ting
aqueous mmhge@cw&ommﬁﬂlymgmm (39.00g), followed by aqueous
anmoni a (20 259 The reaction m xture s, heated tao 30C and seeded

wi t h Conpound (‘f“)cordsh}?ﬂ tors fhrdles &agre pRRY apneriRfitheoyenting thegsdd progidedds  hen

cool ed to QEhaN e tR& iR QUAHEL (ﬂoﬁelaﬂip@e% OMcdristibdtad #r@n leukschie, duillifler cake was
washed twice with a mxture ée? 28g) and |sopropanol (4 %qg) t hen

dried to aﬁwdpma,tlmep@mq»buww(f )bO(ms b@g 80K (| biyast, cqlpRpm

P:ngmg) | Ieg ge%ﬂ'%lljfe(aa%n& Héckzhelé)ht) g‘tpa{rg&ulaglyhl)on%m%ﬁ éll ﬂmgbgaﬂ&%%eﬁl%nﬁlg % ‘11 53 g

Hz, | H) 70@Qpl(ageal,tovpt)1an7 p@gre(atm prqstqtg, repaé,@i(lg rﬁzstlgulp.;), thyroig, u((qme Ja_mh 5 Hz, 1 H
7.81 (s, ] M
e H(Y 47 4V|Ql121 2%§gan((is;7aﬂflcuiarl¥)a cglbcgpsﬁ%{ gsﬁg}ﬂ t())rg:aﬁ'%gR &flyﬁﬁ:ﬁlg%a%?th%m darolz (
am no) net hydekr ovatiamatdi l(m)g- @ncamnhl@)pﬂbilqeladxyr)emt p@rcedinm-warm-blooded animal,

--yl 1 -AT-met hyl acet.am ed a h i epared as
fol | ows; Sf‘gn 3 AR (5'6%] t{ea eft cth %m%%no) F%ﬁ?ﬁn&#’ %‘% é}ﬁﬁ%ﬂ\? I Pl t)cri
20 car boxybﬂfécaaé amountofCé}nmtﬂmdifuﬂmteoxybenzott| trite (I 6. 00g,
39. 62mml e), tenp-butyl (4- t hane I f.onyl.ox eri -&al xyl at e
(16. 69, 59. 44mofes 1X%*€ﬁe‘?ﬁt€‘§|“?§° %‘d{"? %Qﬁf)e ‘EBT ngﬁiﬁ OB Yo 7y,
822 829) ; 1}1‘&1(147}%%325{)1%% gelrnle@tﬂa:h hﬁoﬂa&aﬂcﬂeﬁ(foﬂ&aﬁﬂ»{iﬁmke{ﬁa ]:frlc)mrlaﬂaem;]pended in

. SOpr opano g) an e ate ux with stirring.
Addl ti dnal MUEIP{e BYRIYNa, (lﬂnli’%’frﬁa gﬂ‘% E&e?? 1"5%‘?"@115{1 “"iStz %yl at e
(2.089, 7. 43RS )zaWBS hRSHaM ek, lhb'ﬁa'ﬁctm @eﬂféﬁuaﬂyln&psrﬁarMeﬁﬂgcvanceIﬁe

m xture was then cool ed and quenched by the addition of V\B.L (10Q. 479) .
Seedi ng wi feprensd, tocmba}gealgloxa\r,lan pancreatic, prostate, renal, skin, testicular, t r01d uterine

cyano- 2- Weg.t@émheﬁeéya)nalpe&mqﬂpecéncaasreteeem@heoréagb Fmd eyBchY heol ing to

OC resulte crystal I'i ne product, which was isolated by filtration. The
filter cakendwesk.ayemesiiddung cehces marg putieulaty Watsepancd)86g) and i sopr opanol

6. 97 foll he titl
((:OH‘pOg%gl (20 g\é\ﬁgm %t&%{igtf(y(: ?z%g))fﬂ%gﬁ é@glﬂreqrfbteﬂe{hgrag&ifﬁ OEJmel '39 ?S 9

11) 1.48 (mopﬁylh{)tlclre&&le(lmf amaR)cuBtr gl@ea(scm lllznefcps)saelyw vinig deenalmg upon,

1-1) 7. 13 i esiogergtngs A halh, g findtgandiiforihddd epiidofpel,® 57 o
Hz, 1 H),; Nass WBpeatentat: raiz (M33. 1.

According to a further aspect of the invention there is provided a pharmaceutical

25 composition which comprises Compound (I) difumarate, 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.c. cancer spread. Therefore Compound (I) and Compound (I) difumarate of
a0 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. Furthermore the treatment of cancer also

refers to treatment of an established primary tumour or tumours and developing primary



Step 2. Proarallon of 4-tnetlion-3-(oiperitlio-4-vioxy)benzonitrlle (31

n- butyl 445-cyano- 2- net hoxyphenoxy) pi peri di ne-1-carboxylate (2, 39.31g,

118. 26mmol e, ES) was suspended in ethanol (155.53g) and heated to 40C. To
this slurry was slowly added(46.61g, 573.04ninoles). The m xture was heated
to 60C and Wiepg9/f387813 hours. The reaction mixture was d83/E@FPESBHOC and
seed was charged initiating crystallisation. The resulting solid was
isolated by filtration at 0C, washed t@afce with ethanol (62.21g) and then
dried to give the title conpound as the hydrochloride salt. (29.84g, 77%
yield); 'LI NWVR (400 MHz, DVS0-6/6) 6 ppm1.84 (m 211) 2.09 (m 2 H 3.02
(del d, J=1Rwnbur 8t tdmoGrsdinidne aetdjof BacAvoption Pe trd)tmBnid4 clrer Blated Yo the 63

(rt"/=7.7, 3.6 Hz J17.56
(d, J=1.9 Plf"e“imﬁf’fmétai%s)et ﬁ? a“"éﬁefébpfiS"é‘R‘?aé‘%e‘éBI%_%hF ‘ﬁ%megéﬁ&cf"fxﬁeiﬁaﬁt 233. 2.
Sten 3. Preoas gtdu@ent@f métadedsed In@vetha‘ks et dSﬁlh@inNﬁftiodltHHfdeenVof oshacet atrti de
(4) 4-Methoxy-3-(Ti poxy)henzonjtrile hydrochloride salt (3, 28. 3

95. 82nmol| e&dtesio érﬁ"i‘ta%t N e qléﬁ UmEST QFAYMOYTE R 6‘@’&&8?‘8

pot assi ym ﬁﬂ&@@ﬁhﬁoﬁﬁ?’Irﬂé&@n%&nfbﬁmﬁ@h@z&hcﬁﬁifea@%@ﬁf@&daﬂ dﬂjlﬁ)@.ﬁﬁ onl trile
(161.36g9). The reaction m xture was heated at ref|lux for 3 hours. The

reaction nirgatmer. Waaosiss pabodigentals gmahpEraneesgeen dytheRagadndiofed. The
reacti on wWag,heat@dadclr. oMLl Ren LRlbHMBehestucEtdvdiodl i tdonlp@thdm Upon
cooling crystallisation occurred. The resulting solid was isol ated by
filtrati ondifomarhiedceordiogtoihe invertioars ysed apmadinyanttregtnrg gyt hergotchen dried to
give the titl Owsgna) 6
opm 1. 68 (%nén 1V8 P@%U%ﬂcr( ?thlglggﬂ ?s"aﬂoalzﬂéﬁ%tg)tmathfeflt Mr&g‘é@%c%vp 3 B

2. 67 (np 2brehyt canceﬂm(pgst-rzerﬁ)pyubal v@8ngns In gngter egxqulmgnt(qftthe 1gv®t1gn thq 0 Hz, 1
H 7.11 (d, | =8A 11 4 ) 9 He,
1 11)7. 68 [§rPo ‘b“d%’f I&Enar% ?Z‘i)c"‘%k?%gg %ﬁ‘é@%‘?‘%"nﬁﬁg “v%zdzas(lan‘ﬂ %E\)Af%égga “ilelgté’% 04.
-Prethirat hmmo(r'ﬁa séhsitidd bree Qamae ot Oy asbkdicotadpohitttioaimenCiiverdgdin o1,

nmet hvl acet ar i de o- 2-ITet hoxyphenox p

ri-1-ylpPf-{H ?rh%ﬁ’% l)gﬁogﬁfeﬁgpt%ébr%?%ﬁer 3 Bostf} Sl a) “&%I{s%hsﬁé gg%%red in acetic
acid (22. 83@1b0cﬁﬁtént8ﬂd’m@h@ﬁl)1dmdllﬁ1ﬁeratees wetlitgeat eacahcecdr(mmaxmw)aonmmleed to
5C. To this was added sulfuric acid (23, 64 234. 95r nnol esrg ugu ntai ni ng the
reaction t STASEME{GIFRSHENYRF BOESSIOTYICREPIOER 1tlve Brea PP R UEE N ded nitric
aci d (2. 40g4dvadbedadnspra |r&:%ﬁ2)tor fhiveeatdet mrpommémpmmménen heated to 35C and

held WD 2009/ 13878rcri cB2009/ 050496 41 for éﬂ’@ %ddl tional ni tr| c acid
(11.7 ng, 1.31 Hoiely cabedisinpihg Compoud () difmesale %L°§°f Mg fhed§ Ve

chortled angd tb@%serdea@%wadjmaﬁ& HoBipYasthb §84t8Entalr héRfone kakit30 biuuiRs: The
solution was cooled to 20nC and quenched wi th aqueous anmoni a (92.45g 1. 36

[ not es), r éspatientagln anodar m@d@a@té therCangiopag € G‘If‘én‘!réteﬂe@rdl%tott% resul ting
slurry yas. Mﬂﬁ&msﬁ&r Pda% eB'a'd@wfuﬁ%reiﬁQntl 12 notes) and water (19g). The

reaction m xture was heate OC resulting in a clear solution, which
upon settling gab@temoadlwettberamﬁ’eref@cﬁttp@rﬁlicmayetrgw@sfw@mg W@Val'l‘?féher eaction

m xture was_.cool.e 0 i hi

i sol at ed bfnfnafyt qu'tolrorﬁgge I%chhc\tﬁt pﬁ)r%‘rgtoc%?‘%glrtg%?fdl b{(q% EGg 12.0 rrn'\r{%%es) and
dried to afeffoctet tishéorteksthsle.congeoulior okampld dymiB264mpi ceinghptectomy NetidRr ( 400 MHz,
DVBO- d6) 8%@ 1,72 (at, 21t ) 1.97 On, 2 H 2.35 (m 2 10 2.61 (d, al-4.7
Hz, 3 H 2f q%‘?‘ﬁpyz El) 2.90 (s, 2 H 3.96 (s, 3 11) 4,73 (Et, J=8.4, 4.0
Hz, 1 Hs 7,71 (qhe temd ReoHZiguvhtheer;S’&ei(efs to & trkdtineitt. Seen(pBior © réinovalabhe
Spectrum trik M+|—{2 re aration of 2.-; 4- 4-amtto,,5-Ali

met hyl acet Fotak N ?J.Blfur ysurgery or radiotherapy.

244- (5- Cyano- 2- mRtdid, ehetredtniint 60RBE aRY Yofrs pethe @icRentioy of edNetrgiehyd. acet am de

(5, 7,429, 19.38nmpl es) was suspended ter t hanol
(5.35g). To thi éﬂ%@@é@&%ﬁg‘ﬁm@@ﬁﬁ% éﬁéﬂguﬁ@étei%‘ﬂ*ﬁ es) and the
resul ting rc%ﬁ%hb@&h \Hitli(&dlérﬁlom a'@@xﬁts@i@hbl@foﬁ@b@ id thcttﬂa@tnfeﬁt%ftblr@@t dahoctk UF@ was
added hydrochloric acid (46.98g, 463.89mmoplcs)), resulting in ag}s}gl ution,

whi ch V\/?a?s mprapleeacoa@@aﬂ@m ofiCorpepuad (HEumarternd An pdeptincreptscieteh Tam| owed
to cool da%%%’ GRibitor %%EEQ&J%%%h %eﬁt&ﬁm@&gatéﬁ gn EHRPDIoBSikt M8 aRS
char ged foI 2- met’hyl t' et rahydt of uran .0g). The reaction mixture

was heat ed esim@@ @;Cemm ddvnirsgnlawot Equenqn@le,vaecorrmar@y@ﬁ@wn@ e Lower
aqueous | AYffumiB¥e and an aromatasc inhibitor. For example a combination of Compound (I)



di scarded. The volune of the reaction m xture was reduced by vacuum
distillation, and nethyl 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- nethyltetrahydrolurart (5.8g) and
dried to gwae2009ie38181t | e conpound (5.4g, 78%vyield); 11PCR@R20M4O4/HZ,

DO d6) 6 ppm1.62 (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, 2133 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 (MWs19.2. 42 Step 6, Preptirt lion of

2- 1445- ey adgifgmardte bid elhioki€ay iFak thdniplal tefibihatioe lof CompatndZF) difumarate and

met hoxyphenoxyl pj peridi n-1-01- N-net h cet am 7/

244- (4- Ami Wb‘é‘”@ anQt 24 %?069@‘%‘8?1&??[8?%‘89?@%&@@% B 7Y et % n i cl e
(6, 18. 21gexandldDsmmtksatioNasC &hpsdpe WM tddfumbiteZmdekéiydstage.r Bhd gpabafationof
(99,62g). To this was added acetic¢c acid (162.7 tn%, and . bl .

N, N- di r nci RYmpedd R difamaratistidypn caeastiag! W-“BK/%? p% C‘E%%f?i' suifghlo MEYET Bs)  and
the resyl t jRG hERALdrDRcad shidk 85 HRSiREAERMH. alor HenplQthekhBinaton Mdgbd | onal

N, N- di met hyl f or mam de &nmet hyl acetal (639.41 ng, 5.20rnpoles) was added to

the react i byefutikthg trgatmenieaf sintastatip estfogar Rd4R PEEIHPIERSPOSIUMR ETRELRREHN ni xt ur e
was cool ed Lo i YtaalaHjus e keRmeRCbFad caddde resul ting
solid was ﬁitgﬁngt?‘gﬂskﬂ??lﬁﬂogﬁ%ln@%heg \%/if[uh 2-1i nrent hyltetr ;ﬁlyl/dr of uran
(14.23g) andtiddirbtestao adfuf ot dreatmentdf ehieogen ABHRITEOLCPemne BRFItVG Pusayl | d) ;

[1- INMR (4 i 65 (-0 H) 2.24 (in, 2
ti) 2.60 (ga%cé{ll*i%_e %@Qﬂ%&ﬁiﬁa}gﬁggﬁ(ﬁgﬁf}‘%qﬁ gef?‘%é%‘t %géﬁgé@a)ng{o%. (s, 3 H
3.04 (sp 3phigyst@o@iposisive Bredst pankeli® patignts that-h@ve@not 3ec@ived prier end@rge 72 (s, 1

El) 7.15 (g, 1 7.67 . (0,.,.1-4 7 Hz, L) Spectrum
rnlz (M s%\ef)alpéﬁg?%%’fan}g(l:%%%ﬁletcg/iverﬁzam%ecntrlevnpfc’)%}ngﬁu%%ﬁé%aﬁ%{ -X%gﬁltlo assessed

t o test abi hiokatas®inhibitor sucl}s anaktrdablke ot ke csopenvi@tdpoor dophosqitrdoryt at i on) of
EGER, Etb112 and ErhB3 i.n |igandsti ted cells: and . i nhi bit
the basal and |g§9§’ﬁ‘89§¥1 ‘Hﬁl‘%?‘&a%"dz‘?%ﬂ%k fie Svetionspery provides a(‘é‘?th‘%%fr‘x%g‘ﬁnd (1)
in Ligand Beintem AssaycdiihiedatickBusehlaad/anstoddsicrone padilis: wersecanbirdn med from

t he American Type Cul ture ConeATcq and r.outinely cultured i.n RPM 1640
( Phenol 't e aWég)"dqd o9 FBEh 4 MEGR H"ee%§£ rs‘ﬂf%t@a'ﬁ%% PP QERH e, Treat ment

and Lysis @Qfims@kddg to &8 ASKR MeiRcisredRdntl (o8P0l @pditeldatand MCF-7 cel |'s
at 4000cells/well 1Tn 96 well plates in RPM 1640 nedia cont aiz\gj ng 10% FBS.

Cel I's wer e cpmbigionantty asycipotivigumoaniRfias Eomagase i Hgr tUe8 ahadPhoa h

serum free REM, 1640 IRALEnJt PlevishsHVLEStrcab With MRInBodriAE thekdp@ Bh@iChs Wbrt h
Conpound (1) for 90 mnutes at conCentrations ranging fromO0-10nM

301 medi at ekamilefaselectis|chtrages reseptvonodulypiuriBasiampsi fecaPRelatsd bt or 5
m nutes W ] tdd . L ddwd-Rbutfde MCF-7 cells and epi der nal
gr owt h TR efg99%?943?%%&52%387015@@7%3&;%%2009, 050496 43 the KB cells)
at conceit futohsanothgquémlsdiment pfithe dasationetberpisaroytesspmehgd ndict o 90% of max
(ED90) to allow inter-assay . ¢ [ ] , - . .p- Er bB2 and
R R e A S i
phospho- EGrRribxiedtd EithSAsdchtas (RELN syst eivsctt totatthenECHRHOYELSS4, pEGFR
SO0 RIS 0 R I L1 5 e
Human phos pbabinaddsdy il naektiviAbiount of (REDnayss irittor DXELY 685tro@épect | vel y.
ErDELS.  ASSayE e BRI R LeaB PR TR ! HUP e GRS RSB f ons,
with 50p.1 elxMﬁﬂE,Qi RIS REbgen@édeptor modulator such as tamoxifen, an aromatase inhibitor

such as anastrozole or an estrogen receptor down-regulator. In this embodiment the

combination is suitably administered as an adjuvant treatment.

30 In 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 LHRH agonist such as goserclin. It is to



Results: The results are sunmarised in 'fable 3 'fable 3 Conmpound (1)
activity against p-EGR (in KB cells) and p-Erbl132 and pErbB3 (in MCF-7
cell s) Compound p- EGFR Gen Mean W+, (95% CIR*) p-ErbB2 Geo Mean 1050 (95%
p- ErbB3 Geo Mean 1Cso (95% C | it) Compound (1) 0.004 (1.377) 0.003
(1.817) 0.0¥A2Q¥18%1 15Confi dence interval Ratio PCTHARPR/03048ows t hat
Compound (I) is a potent inhibitor of phosp -EGER, phosphoErbB2 and
phospho-ErbR3 in these cells. ConmpouB3éd (1) in basal or IIRGstint atilt/
MCP-7 cell pruftieration assay Methods: 20WE7 Cells were routinely cultured
in DVEM (Phenol red free) + 10% Foetal Bovine Serum M MeE-Qd utam ne.
Cel | s wer e bs esbiedtbadtthat @dQredetdinsit Festatagdethdt aipati@s “masiprevistualy dser teapEMbhmedi a
cont ai ni ng_1% ehar coal i dext r.an-tr.cat I ' lowed to
settle for “A“HSG'E tg?rﬁ??'r ’{gbb trea dﬁr@%?‘ %vﬁgﬁl e%ggn%%%%&(‘%ha&eﬁﬂg%%g r%lt?ért ations
rangi ng fr aninBuddraly apcbpausktQn thgipatiddt isrmes pesidencé to/be “Pryiduslyrisated Withwih ng
treatnment, cell.s re,jncubated with IOngirrilH on ation.required
to increas& g%eﬁ%réw 'pAfc(‘}P'i%w‘I]@fya??tbeﬁtstt'&at gﬁ‘%b@?n %fw{gh AR AL o ©
2009/ 13878 1AGd¢ @3 2200 ABOA0 Gotdekclided frdthXbosBaseddimaltd hates deseritetli mul at ed
W th Iigang. After incuybati n.Lor 4 days, cel] viability was assessed using
a 3-(4,5-di ﬁrétﬂﬁwf’fme&igoi@%‘?@Wd- 80 endogisRSTARY hoxy pheny 1) -

2- (4- sul f ophenyin) méittet @hBRZM HACMPBIn@AP @fumdrit & ust@inl ChBinded Wit nat i on
of HRG stinul ated conmpound-treated cells, mean basal growth at 96 hqurs was

subt r act ed FaRsRusheTPashtaEH ar fecgtiselt hissomRuption By bepssiil B eafaent thr ough

!['lﬁe" 3 i gnal g WS as3 eRaRe, iBaRdcatferloMAtREcAES (Sariiuesed as GLS0 i.e.
e aa
yw advanced/metastatic breast cancer) which has a low over-expression of erbB2. The term

“low over-expression of erbB2” refers to tumours that are Her2 fluorescent in-situ
hybridization (FISH) negative. Particular tumours that are “low over-expression of erbB2”
those that are:

) Her2 + by immunohistochemistry (IHC); and/or

15 (i)  Her2 ++ by IHC and Her?2 fluorescent in-situ hybridization (FISH) negative.

Accordingly in a particular embodiment of the invention the Compound (I)
difumarate is used in combination with a taxane such as paclitaxel or docetaxcl in the
treatment of a cancer with low over-expression of erbB2 selected from one or more of:

(2) a breast cancer which is Her2 FISH negative;

20 (b) a breast cancer which is Her2+ by IHC; and

(c) a breast cancer which is Her2++by 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

25 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 this refers
to simultaneous, separate or sequential administration. In one aspect of the invention
“combination” refers to simultancous 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.



O plate cell nunber (baseline reading) was subtracted fromthe readout at
96 hours later. Results: The results are summarised in Tables 4 and 5. U
Table 4 HRG stinulttled proliferation 1C50 value , Conmpound Geo Mean I C5 1
95% CI R Conpound (1) 0.061uML 2.421 Table 5Basal proliferation C150 val ues
isln the KW@wp¥8788t i nul ati on with EGF, which specifi ®&FIGB2WPOEY4% 0 EGER,
causes phosphorylation and therefore activation of this receptor. Simlarly
in the MCF-7 cells FIRG which binds specifically to ErbB3 causes it to
formheterodinmers with ErbB2 and both receptors becone phosphoryl ated and
activated. Tables 4 shows that Conpound (I) is a potent inhibitor of

HRG st i nul at ed ACkHlbcpmdtsthed mbirefvrcnélélsasmc efd ciosponndpdpdifnerat | on ar e
believed to be due.to the activi th f;rauese cotr’(rjo gnds on, Er. thfZJtEr bB3

het er odi mefSCrRGH SrdSEyand ‘?'rﬁﬁceé‘t‘ CRPRSTUOTS STEHPY IRH TS of ¢ hi s
het er odi NBjny of the difumbRgesEIrivédd basial foastbypse Feprasent a situation where
there no increased stinmulation or activation of erbB2l erbB3

het et udi nekegends o Figures| ¢ 5 shows that even in such conditions Conmpound (1)
i nhibits MCF- 7. pigW01230P4n13 348 G2t HOP3RARAAMRPED fE@itidoand (1) frec
Preparation of Conpound (1) Difumarate For méﬁé 244- (14413- Chl orf))z-

f 1 uor ophenfamnTlrrot-2xis shewsWieythcigaatyr epd & ytasids ¢1uBBri di n-1 -yl i - Nr net hwi ace
taniide di-I (2591 QHQA%h@\Q@QH@@Peﬁhal scfnﬂfr@c@ionmetry teheeS Cdrhn®fr) fr nari c
acid (2.7 g, 52 rmo I n met hanol (95 was” added to a m xture of

244- ({44( 3fo@m alhgxzms vphm@)aammume ﬁﬁmww\gmamﬂnneﬂ The

yl }oxy) pi p @l ( 9% W w,
10. 55 mmol %&f%{@%gﬁ’% Sl’l\&&ﬁr{ﬁé %@‘Eﬁéf%ﬁﬁﬁ. ni ngtﬁt e(a'%l aielhrrﬁenr%gl u(r?(le][ﬁ L%tgc The
m xt ur eo watheheated at reflux for one hour before clarification. The
reaction m xtur cool.ed to O 0, f Jinutes to
establish cr ystlgllg\ll 25&8 alhemﬁ%avmgm'? rgérie %P?Q}éé&ﬁdgﬂ% Beggéfq‘ov]g{ex aq{hour s and
held fort kouws thﬁ;fe@ertﬂmaﬁmhmb; thary-ayis Shdvesradigho i mEh&hé fekt ierthic aeph sh@sswashed

twice with cqld i d dried i ! t gi ve

the title 3‘89 “8%9 ‘ﬁgég“f?hg‘%“%holdss fl%"‘%ﬁleﬁam%gﬁr tﬂiﬁx‘%\‘ﬂ\ﬁ?’%gg “& 8?11

(DVB0) 1. 85nd8()°c111) 2.08 (|n | H, 2.50 (in, 2.66 (d, 311), 2.83

(m 11-1,), 3.05 (s, 3F1 1 6.6 7.23

(s, 1H)Y 7.28 (FW@ 3[5!21%“ FIue H%Cdmpa“fsf’ ftion *isog‘%&(’ Riet %"I?)"mp‘?““f’d{)(% ¥oad q,

i 1 1)2 42435 2({(r§n T%F'){iaxﬁ sB&w{ Be °/He)at1v£li@ﬁ]dlt? tRe v-akl6 epavsahd Brehafgefin mearodt e For m

: t'Cti "

f | uor ophen$ficisampliol som FeleRIA AN AEHRFBION SYHS 314 “IRIPH] B AAFATRHORCYSIE- Nt hyl aeet

am de di - R2E) 4, H i 4%'518\% 5}{:\5(% g&’vd@r&lffractmn pat&n?@tRl‘lD)qer ObmpdbmaHC acid

(1.4 kg, 12.1rol) i n nethanol ) was added to a mixture o

2- 114- ( 0- 1dif@nerhicdioon 24|11@rxoa,x|18)sémvﬁalel -thetpatinoanddhe masis thefopnts.y 1

oxy) pi pgri di n- | ideZca By udék S Phdolind @) 24l ) in

i sopr opgrl ol Elél”L SI\Jwtlgrrglg %%{éﬁ%ﬁe?‘%‘gﬁ? elte %gi?{gturteéi% CIgAnI :(Ine wash of

met hanol ( 51f6m1ng9c Fnas Ac Hehegeakis shes thcmrmp@éa‘fumgnﬁt-!@?éhe #@Xip BHANHPOVEF one

Pt on i Bl SR Ak i L ONR M RSP IRk Lylh) - The

reaction nixture vvas g at “a heriic pressure tJ renove 47 kg of

distill atcﬂ&:.mﬂegmp(mdpaﬁmem(r&a 8 kg was added and the reaction mxture _

distilled to 1eMOVE 6 Rods § hefhodhiibi HabStor EoMBEM AR ARFHA ed during
25 The x-axis shows temperaturc 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 80°C.
Figure 7 shows a dynamic vapour sorption isotherm plot for Compound (I)
difumarate Form A. The x-axis shows thc % relative humidity, the y-axis shows the %
30 change 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) difumarate

Form B. The x-axis shows the 2-theta value and the y-axis the counts.



ol sopropanol (21 kg) was added and the reaction cooled to OC over 8 hours
and held for hour before isolation by filtration. The filter cake was
washed with cold 50:50 isopropanol : Me014 (4kg) foll owed by cold isopropanol
(4kg) and dried in vactio at 50C to give the title conpound as a white
solid (3.6W0k09/98% ; 'H NVR Spectrum (DI VESO 1.85 WOU/GB20095/050496
2009113g781PC / GB2009/ 050496 46 (rn, | F1), 2.08 (m EH, 2.50 (m IH),
2.66 (d, 311), 2.83 (m 1I1l), 105 (s, ZH), 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 Exanple 3 Preparation Conpound (1) 1)iftunarate

For n2- 14414- 1( XGhaelp sbwis dnmmymommﬁabmﬂ%tbﬂirfne@mmndmazfmhm 4

ftixV)pi p ndi 41144- et ceta -1(2B) - but - 2-enedi oatel Form A
244- Q4- [(3 T B ?’i‘hﬁ%"&’ﬁﬂ% (B G 'a%b*%%??uﬂtso 1-6- wyl;

oxy) pi peri di n- IFylrkNy mmmha;cﬁy@awda &@mlﬁaderﬁfdr)Cdr@buﬁ@(lgdﬁﬁmzﬂﬂ% w W,
111.8 mmol ) was di ssol ved in ethyl acetay‘élg]ﬁ %’f‘ The sol ution was
clarified D Thezt-pnshomnd tharsthclerpie é(oaX\‘/&t%c Ryl acetate (53 nt).
The sol ution Wasg600| ahwsen4fay p&vﬁ&ﬁﬁfﬁfabtﬁﬁﬁ paRéM b or@fouhd ayBifiGaraei d
(26.60 g, 257. Orrrml) in |soph$ezpanol (408 M) was then added over 1 hour.

The filterFusdd Ths cray shoys thee-thagapiue aadihg ygisdhs ias t hen washed
ropanol (37 m )Fl%_lﬁgetlf"ghoml q')@gly 0B% ddr m&lcﬁltpaﬁg{;f&% S&ﬁﬁa (19 Aifasate 00l ed to

20C over! hour. reaction nixture was hours before

i sol ating Fare br"ﬂmaxm@om tterZathicte ryalug pied ﬁhl? l&’taé}S ﬂ&%ﬂ@@mﬁas washed twice with
ethyl acetate ( herodisdugd b RisyiHase a.t 40C
to give the ti tfiﬁé’rgdlg S%OGJR R‘g%m%dgé%gﬁ%%{?}%ngz grg%délcygl(m 1FI NNI R

Spect rum FddhmAS( Tb.e iaﬁssl(oms tlieH; the, \@8ie(amyl theklyaxigthgovphty 1H), 2.66 (d, 3F1),

2.83 111), , 411
7,23 E;n 1H)? éiﬁh"wfl—al)“)x ’?‘yfgwfidraddﬁ‘?ﬁ%‘d‘% pa‘é ‘gg"‘%‘?ﬂw‘%’ﬁi})’ g‘f‘%fgé( br anj
g, 114), 7r&m I(IsIhéLH)am 838vs(tsg 2-1hkia) valueadice/-akis tRe epatsat i on of Conpound (1)
Di fut te F 14- (1 .

TLuor ool £ et 1 y1 IAPHF RSP BB FNOF OB R TS o5 CYRROSEs AR e 1 v
| ar et ant i deor¢hl¥ (126 Xk- dmtshawemte edhaamne frarthe Aaxis the counts

2-[4-(14-[(3-Chl 2f| 6P— th ||
o1 por | di nThy! | NPHEEAPIREOE AT aEe LRGP 3 G-great (D dLh=1000

wWw, 5.80 pawai), ms;-&hbssﬁ@ky%ﬂtﬁet@%mé arﬁﬁﬁé%ﬁs(&ﬂcoﬁmk) and i sopropanol (14
m). The solution was distilled such that 25.2 m_of di stlllzates wer e

col | ect ed. The Bewatly shpwicd Y50 now deiifftetionpagemy oy Corapagf (W dgAHRCt ypari ¢

acid (L38 formlt: e RUBRLNowWIhd SARELPARC (Y -9 thivesunt en added over 1
hour. Compound (I') difumarate Form A seed was added (3.7 In
20091138781PC /@208 9l@B0@I6 12y posdgiEiartion mattcipdariCempquad (H 1ft“ﬁéfaﬁeu mari e
acid sg| ut After holding for 1,
hour a? 40 %h%ﬂ?%%%tggﬁ%ﬁagg&c%ﬁe&daﬁg%g%é exrm(tgeﬁ@o%l%. The reaction

m xture was hel Bigfrorl9 EEJer)é-rdyeﬁomder {ifcactien prgtemHer perpryed (Dyifpinprateat i on.
The filter cakﬁ[ YRS x"‘e’&Sh 1ed We‘ie[hé’%’{aba %ﬁr[&%e ?gggﬁ{%%l%ﬁlf 3 m): isopropanol

en at 40 the tit

(1.2 nt) and™ riéed I nvacua | e conpound as a
Whl te solid (72Fig2e@) sBH0an N3 Spelct dlffmctloérnbﬁa)n for 8&n(>¢und11-)l)diﬁ1@a®8 (m

2 50 1 3 3.96 (s,
311) 4. 55"9(?#1 ]ﬁlﬁ X aélséh‘gv(g the ZDPB“*‘ ‘fq‘fs"“‘(“(inhe yl?& thg‘?g‘ﬂ‘éé (m 111) 7.46 (ddd,
1H), 7.55 (in, HBighre 27 sHOv dmr)oaaij pﬂwd]:f—ﬂlffraltl&ﬁpe(ﬂsm ﬁbﬂ.(llémp@nﬁ&l)(dsfpmb:ﬂa)e.
|2t Eiigﬁl( g @xﬁpr reg'ﬁ?xtalxg r;hoov]:/s tgo E’poelflap \Z alLIle a[r%dftllljen}?zrugg ‘816 COU.Iltb

1luor ophenyt i ankip@lel22 @E&W&Wet Aiffeercyibi paicpeol dbmpdundi(i)-ddoribdayd acet ani
de di - R2E) - but 2- enedi oat el For

2444{ 44 3- &%POTQQ }Fﬁﬁbﬁ%ﬁéh%*}@%ﬁ Yebje-and ek e PRS0l i n- 6-
v) pi peridin-1|- EuM@rsh&LM m@j@w&fed&f@am@w@nﬂﬁ} YofpRndineBhnbnet es) and

fumaric acid 81lmmmol es) were suspended in water (4.4g) and heated
to 8.5Q0 Tﬁemii @a&ﬁlﬁérﬁxtsrﬁh%mﬁhézwﬂb@a vt 1 they-sgethscowihi nut e and Conpound
(1) FormAg%E@Mas added when the tenperature was 77C. The resulting solid
was i sol at iltration, washed twice wth acetone (0.70g per wash) and
dried in. a vaclbmingseion atfudlie iluwtrated by way hithe fallowingorponkes Whichgoy, 68%

yield), 11%nté\1]1'\c/ilcg to éla orat%eragnmgrg&%s ch tfP&ménhg ’l(htegé’ exgmi]rl%a a1% ngﬁ
l |



(in, 2 H 2.55 (in, 2 H 2.63 (d, J=4.7 Hz, 3 1A 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., Conmpound Difutnarate Form A Properties Compound (O difunmarate
Form A is %0 08¥1B78%w ng powder. X-ray powder diffract iP6A/E@RICIMIYuUnd (1)
difuntarate (Figure 4) indicates that the material is crystalline. The nost
prom nent peaks fromthe XRPD pattern 8 Form A are descri bed herei nbefore
and listed in Table 1. Differential Scanning Calorimetry shows a single

mel ting endothermwith an onset at 210.4C (Figure 5). No appreciabl e weight
| osses ar eincdpdad wetbrhye th&he brogusaued toekimit cheaxagpeyafitls i(lﬁingqm dt @)L beDymani ¢

Vapour Sorptjon.denonstr .he ound to b on- Q IC absor bi ng
<0. 5% noi sﬁ‘ﬂ? © {fjycRupngRy, atiﬁé’lr%f ¢ ﬁﬁ%&f’pﬁf’nﬁ P?{gﬁugar w%gehr?géﬁ 1% hysteresis
(Figure 7) Num%u?%&ﬂﬂ;ﬁﬁ)ﬁ?ﬁﬁﬂ\Gh?tﬂ(ﬂ@%fﬂﬁ(}ﬁ&ﬁnﬁﬁveﬁﬂm dgrapbssible in view of the

mAquefusthklIltv of mottn%%DfU| rate Form A The solubility
(48 hot) 2feghings hegs, er€ S, A it &°g¥ 05 B8 hr 1 ers i s sdetailed in
Tabl e 4, Conpaymg: E)Ja}np%mhiagst&hd@msglg@@adent soI ubility in aqueous buffers

W th hlgh SO|UbI|It?/ cpr (27.2mul )andlowsolublllty at
high pH (I pH 7(oyic dsmgra“rqn awiluﬁt%%a@éénq ?fe §6‘i nggsspatly e MaEBAyBund (1)
occur at phbape. bel ow. Th.erefbre, at low pH values the dissolution rate
of Conpound (1) would be anticipated to whereas at pH above 6 dissol ution
rates woul d be @ithdiipsancdes werebgtegn@wi by Qf?ﬁénéllzﬁlﬁbim& ¢ YettlegDREHFAS 25C) of

Conpound ( %{%p aha@,* wat er ol s ﬁlll_lg flafcidtatht rv&‘(?éﬂa& 'éhcﬁﬁﬁlysé&"ﬁ a%ht@@ keln'lﬁlé/ }()

Conpound ( umar a in wat hour s)
The i ntwi nb¢atingives cdrued @n ar bﬁ"éémoﬁte@@n‘pb’iﬁﬁdo 825’ CduIﬂ@SIS m&eap&lewﬂm A and

Gompound ( n?e%tmg ﬁo%ksﬁl% l%n(f"teert]er %@1@ ldlfx%? te'nﬁ)t %nfrﬁg‘gtﬁe elt lél?&%nggﬁwaﬁfr Conpound

(1) difumara has a si gn ca r|nS|c ssolution rate
in pH 6.5 pliospRéate i sbuffer as shown in Table 6. Table 6 Intrinsic

Di ssol uti on Rateg..of Con%g_%gd %ﬂ%w{hdanc?er& nlgeré %fﬂlci%ag% & Faem A in

aqueous buf f er st M3HEP s ¢ D SSoPuti‘on gm ri lcm2) SG
| F Corrpoundhe(nﬁ&a{) @ﬁih%ﬁ(@ilpﬁmwmg(d Jiradi Expomirapobe; Sdtbredndoated inizotMpast i r ed

gls w? aI 1ié3r %-ég d%ry?ﬁﬁjeairon 1mpact ( Bn}abtg étgncl bglln gdﬁé&%Aﬁ?gP ele?f:ngspSr\’%/P(EiP);
values for m/z are given, generally, only ions which indicate the parent mass are reported;
and unless otherwise stated, the mass ion quoted is (MH)" which refers to the protonated
mass ion; reference to M is to the mass ion generated by loss of an electron; and reference
to M-H' is to the mass ion generated by loss of a proton;

20 (iv) when given, NMR data is in the form of delta values for major diagnostic
protons, given in parts per million (ppm) relative to tetramethylsilanc (TMS) as an internal
standard, determined at 500 MHz using perdeuterio dimethyl sulfoxide (DMSO-ds) as
solvent unless otherwise indicated; the following abbreviations have been used: s, singlet;
d, doublet; t, triplet; g, quartet; m, multiplet; br, broad;

25 (v) chemical symbols have their usual meanings; SI units and symbols are used,;

(vi) solvent ratios are given in volume:volume (v/v) terms;

(vii) thermogravimetric analysis was carried out using Mettler TG851 equipment [1
— Smg samples were accurately weighed and analysed in an open pan; heating was carried
out at 10°C/minute from 25°C to 325°C.

30 (viii) X-Ray Powder Diffraction analysis was carried out using a Siemens D5000
powder X-ray diffractometer fitted with a scintillation detector; the X-Ray source was Cu

K., giving a wavelength of 1.54A; data were collected over the range 2-theta 2 - 40°, in



49 Ptionnocokinetic Studies in Dogs to ConparittaContoti al litcl oninotili
Il Difinnorate FormA Bot h conpounds were dosed to dogs as direct
conpression tablets containing 100 ng Conmpound (I) free base, or the

equi val ent thereof for the tablets containing the difumarate salt) with the
fol | owi ng sunpo%iasrean: 25% w Conpound (1) (or equival SI/GRHREPOFHIOT t he
ditumarate salt); 10%w w menerystalline cellulose (Avieel 102); 4%Vv w
croscarnel | ose sodi um (AeDi Sol ); 1% w3sodium !anyl sulfate; Lactose to
99%M w Magnesi um Stearate to 100%W ivy. Per tablet this equated to: 151n-eg
Compound (1): 60.4ng Avicel; 24.16ng AeD Sol; 6 & ing sodiuml auryl

sul fate; 203RcARMH 2108 0O, wathd sboddd Fer ivBrgmesiatdwst easgatiesd ifiotlad  t abl et

wei ght was 604i ng. WD 2009/ 138781PCVCB2009/ 050496 50 The performance
of the sol Ficapsisnigentifisd.in Teblgdkelavyal uated in vitro prior to the in-vivo dog
study comgggl.Ry. Dissolution of solid dosage forns in pH 4.5 nedia
(closest to sink conditions), at 100ng (free base equivalents) Congpound (1)
| oadi ng, showed >90% Rehieadetendityér 45n nut es ( Tabl e Definitivdi cat i ng t he

suitabilit .
790i ssol ution of Cbnpougg_ép§ and Conppund (1) Ejfﬁﬁg?gféoggrn1A in pH 4.5

citrate buffer. Conpound®issol ution af 45m nutes Cosooryd (1) 916 Conpound
(1) difurmarate Form A100, 3 The pgrformance of the.tablet conpositions
adm nistered orally to tﬁéleogs was coppared to an PPV Bous i njection of
a 20ng dose of conpound (113 conprising|4ng. n1L-1 di ssghvgd and nmade up to
volume with 25% WA ____hydroxypropyl -het] i = -h—wat er
for injection pAhe adjtivstimensttss Arewlsiivryl fravh pidftactogpgms measured with fixed slits
200911387PCTI %Qg/io%gr%?a?edg%eryﬁ@ sﬁiﬁﬁcfjl{nttﬁe 8 o0, dof Hac@bBwdnown in
ummary o st

Tabl e S. Tabl art naeoki neti1 e Pararret er or CbnEound (1) and
realise that the relative intensity of peaks can be affected by, for example, grains above 30

microns in size and non-unitary 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
10 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 valucs (see Jenkins, R
& Snyder, R.L. ‘Introduction to X-Ray Powder Diffractometry’ John Wiley & Sons, 1996,
for further information)];
(ix) dynamic vapour sorption was measured using a SMS DVS (Surface
15 Measurement Systems Limited, UK). Samples were analysed at 25°C 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%RH. The sample was then
desorbed using the same RH step pattern as the sorption; this procedure was then repeated
in a second sorption/desorption cycle. Equilibration at each humidity step is set such that
20 the 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.
(xi) solubility in water was measured using HPLC UV.
(xii) in the examples given below the number of moles and the yicld stated refer to
»s  the raw materials and reagents at 100% w/w, thereby taking account of the purity of the

materials used.



Conpound (1) difumarate Form A adm nistered orally and Conpound (1)
adm ni stered intravenously in Mal e Beagle Dogs (n=4, nean SE) neter Study
03831 - Conpound (1) Forrmul ati on/ Route (Dose) IV (Mig)Free form
(t0Ortig)Difurnarate Form Al (equivalent to 100ng free Formp 9.0 1.114.0
1.732.6 3O PM/H789. 01.6 0.81.1 02 (h)5.3 0. 28TEB20PIRI@IQ 4. 0
ALJC(048) 33.4 7.7103.9 25.3190.3 46.9 (umoilt/14 C (m./mn/kg)l.9 0.5
Hof (mimn)39 Vss (LACO.6 0.1 BioavaBdability6l5 7.0112.5 8.1 04810 (%
| dosed as direct conpressed tablet; C'"", = Peak plasm concentration Trea"
= Tinme to maxi mum pl asma concentration. Alit Area under curve C C earance
Hof = Hepatic blood flow Vss- Volunme of distribution at steady state
Tabl e 8 sh ws that bioavailability and peak plasnma concentration (Crax) of
Conmpound ( rate Form A are significantly better than those obtained
f or Conpoupéekpaitationlt 3-(3eCHogpal- ﬁdoﬁo@niﬂiﬂofﬂ-hteﬂ&)@m-gg( +ty) as determ ned in
a paired t-test (n4 at a 95 9% conf de cele eI 991138781reric
B2009/ 0504thycaphamaylmethylpiperiding Bi | umar at e For ns
Bto 0 s XRPD Amaly®mtsEN- mcthylacetam&’aspmkgm%mﬁdsmm taeaﬂ@d-zusu ng a Bni ker
D-8 Dlscover diffractoneter and Bni ker's Gener al t%ﬂﬂ? % ( GADDS, v.
SpHeRAFALt Lk

4.1.20). ARverpliRont’-Rs oot Hppefdind-1exy laHinataligs di $ng a
fine-focusyf. @pﬁo()“@erg\ﬁss&@)ed%)wetﬁmg&ed@ 0Ky, OT'o the Bk HspendIBA, dOAHMigntpi nhol e

collimator. Prior to the analysis, ilicon standard (N ST SW 640c) was

anal ysed t tsmpeteturgs veaR addsid tllelhylﬁié@l?(k?o%qltgs o711 mpl. Hgipiubinggleanollion’ bet ween
3 pmthi Ckwfa,§41 gft@reffm %ﬁhc{?@f‘&r@%ﬁps J%nﬁtaﬁl%gcm%m (thJaﬁcaor epar ed

speci men was in a der "secured to a translation stage. A video
caner a andctystisléizedye 56° (s Bater (54pbled) twas added tihdic agagter eifd the suspESIONtw#si nt er sect

the inci deg}% H8aM @ﬁh&fﬁbﬁm & 5{)3;1'%%%@@%&{1&&&&& %a{ed%mmwcanned

and rastere to optimze orien beam st op was used to
m ni m ze akg) fekha;t/etdday cbtdj(ﬁf@)rveetmmmldéldto k@ dthe nmdmrwmmwst@iquéms wer e

corect o0 SRR BB ish b6 o OGRSyl BRSO g sam ¢ and
di ffracti oRgpat fuethér reabstaltiteeign af ki pusduoigwas thtreqarsddzaet m;rabove from
15 acetonitrile (75.2 kg). The solid was then dried under vacuum to give the title product as a
white solid (6.50 kg, 50%); "H NMR Spectrum: (CDCI3) 1.98 (m, 2H), 2.08 (m, 2H), 2.46
(-m, 2H), 2.85 (m, 2H), 2.87 (d, 3H), 3.07 (s, 2H), 4.02 (s, 3H), 4.49 (m, 1H), 7.16 (m,
4H), 7.31 (m, 2H), 8.49 (m, 1H), 8.71 (s, LH); Mass spectrum: MH " 474.
The 4-(3-Chloro-2-fluoroanilino)-7-methoxy-6-[(piperidin-4-yl)oxy]quinazoline

20 used as the starting material was prepared as follows:

Step 1: 6-Acetoxy-4-(3-chloro-2-fluoroanilino)-7-methoxyquinazoline hydrochloride

6-Acetoxy-7-methoxyquinazolin-4-one (International Patent Application WO

96/15118, Example 39 thereof; 21.4 kg, 89.3 mol) was suspended in toluene (150 kg). To
this was added N-cthyldiisopropylamine (13.3 kg, 103 mol). The brown suspension was

25 heated to 70°C then phosphorus oxychloride (36.0 kg, 228 mol) was charged. The reaction
mixture was stirred at 70°C for 5 hours. Further toluene (84.0 kg) was added followed by
3-chloro-2-fluoroaniline (14.88 kg, 102 mol). The reaction mixture was stirred at 70°C for
2 hours during which time a solid precipitated. The suspension was cooled to 25°C and
held at this temperature for 93 hours. The reaction mixture was filtered and the filter cake

30 washed with toluene (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 and the solid then dried
under vacuum to give the title product as a beige solid (33.4 kg, 78%); 'HNMR: 2.37 (s,



3 50.04" 20. The integrated patterns display ditTiuction intensity as a
function of 20. Variable tenperature -XRPD Vari abl e-t enperat ure
XRPD patterns (VT-XRPD) were coll ected using a Shimdzu XRD- 6000 X-ray
powder ditTractoneter equi pped with an Anton Paar HTK 1200 hi gh t enper at ure
stage. Pri B0 208/B38Blanal ysis, a silicon standard (NI STCEHE00EMY) was
anal ysed 20 to verify the Si ii 1 peak position, and vanillin and

sul | apyri di ne standards were anal ysed 3o verify the stage tenperature. The
sanpl e was packed in a ceram c hol der and anal ysed from 15 to 40' 20 at 3
/mnute (0.4 see/0,02 step). XRPD - tricroplate analysis XRPD patterns
wer e col | esipd. 00, BHEa 7B’all(ldé¢ 1B).9 .48 (sclaV)er. Sd(ddir Hbx db (dsid, B 822 6Bai ker' s

Gener al tecti m (GADDS, v. 4.1.20). An incident
beam of CuF%agrgg i{c—[ M@mg@egﬁﬁé%ng a fine-focus tube (40 kV, 40
inA), a (|skp?2: #i(3- mlqroanﬂutﬂ'oﬂllﬁngtﬁﬂldhﬂmw hnt_vql_qg ingpdlinemat or. The sanpl es
were positioned for a secur.in t apsl ation
stage and novi rngé%{W“g%%Pl%m?%ﬂ?%?aé’rﬂg’é’gt I?%]eo’ﬁyﬂlgp%gﬁ?e edéorrcrﬁloflﬁeeﬁgrgnpl es
were anal ygegsl B3i g, 89 bmal) sk ssbaicd aomehing! ([PB&ge). Nk tﬂesttrredsnsphm was
scanned and ra, stered over the sa Ie during, th i timze

ori ent at i off 25t atestdded walgr (o &1 U&H‘smﬁls Q?#ﬁﬂ#ﬁ ﬁ%ﬁ s ter from
the inci demut%%@ﬁné&awﬁa@foeasrﬁlrsfah&meh@&la%tzer@smwe ecigol | ect ed using
a Hi-Star area detector located 15 cmfraomthe saml)1 nd processed usi ng

GADDS. The(@pprosiwsialy 16.4 kgheasaddragintih gl obf-Srh wavgs PP icG

B200/ 050496 sagk ?fefcf pltaEd fr&ﬁrsolﬂt%ﬂ @'ﬂ@f L agaiabesk Mﬁhé?%cﬂlaﬁélqg SSdgiﬁleOf 0. 04
20. The integrated patterns splay diffraction mtensr%% a function of

20. Prilor mmm@nmrstg@adsfoa%ﬁunuteénTlstpamﬁrwawﬁ&sre&ﬁbqw e¢ wﬂwﬁr’f y the Si
111 peak PO eBﬁsC}Heth;réﬁgslo @r?@iﬁwﬁ Cgei aﬁerﬁ%ﬁmaﬁ&)(s%fgr fakate Form B

A slurry was prepare I ng enoug ound (1) difunmara FormA to
wat er so t batle stidess dsod wdlenessupnes€NE. Thheruds mhsilrveamh@qdheuﬂlﬁy?lt(éﬁ%d ina

seal ed via at 4G fdotro¥ %h&lua}y %H‘h%ss 3038%:_%1{0% @Xn&/ﬁ &!:J({nﬂhg fﬁt&at' cm and

anal ysed. ern ere rmBis s own in
Diffracti oeakpe&ks/aﬂmd “Ethrmet&mr(é :szioﬂ\kg'ljaﬂlbredl‘aedtunaer vﬁhemnuﬂO"q;‘)tmlm nent

é)ll:}ﬁ%/ Z(D)V\dg]éé tle pro%uct as a hgéqgown sohIlQSl ggl Ege,%%y‘rﬁfﬂr‘& §9glese t3?1) s 19t ?nSI ty
1H), 7.23 (dd, 1H), 7.42 (dd, 1H), 7.50 (dd, 1H), 7.64 (s, 1H), 8.32 (s, 1H), 9.43 (s, 1H),
9.67 (br.s, 1H); Mass Spectrum: 320.4, 322.4.

Step 3: 6-{[(1-tert-Butoxycarbonvl)piperidin-4-yljoxv}-4-(3-chloro-2-fluoroanilino)-7-

methoxy quinazoline

20 4-(3-Chloro-2-fluoroanilino)-6-hydroxy-7-methoxyquinazoline from Step 2
(15.591 kg, 48.44mol), fert-Butyl (4-methanesulfonyloxy)piperidine-1-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 N-
methylpyrrolidinone (114.2 kg), and the mixture was heated to 100°C with stirring.

25 Heating was continued at 100°C (95°C - 105°C) for 5 hours. The mixture was then cooled
to 80°C and quenched by the addition of water (216.6 kg).

The batch was stirred at 80°C for a further 60 minutes then cooled to 20°C over 2
hours, during which time the product crystallized. The product was isolated by filtration.
The product was dissolved in hot (reflux) methanol (200 L). To this mixture was added

50  water (20 L), which induced crystallization. The suspension was cooled to 0°C and filtered.
Vacuum drying at 50°C afforded the title product, 18.80 kg (77%); 'H NMR: 1.40 (s, 9H),
1.60-1.65 (m, 2H), 1.95-2.00 (m, 2H), 3.20-3.25 (m, 2H), 3.65-3.70 (m, 2H), 3.92 (s, 3H),
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4.68 (m, 1H), 7.21 (s, 1H), 7.27 (dd, 1H), 7.47 (ddd, 1H), 7.51 (dd, 1H), 7.85 (s, 1H), 8.36

(s, 1H), 9.53 (s, 1H); Mass Spectrum: 503.5, 505.5.

Step 4: 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-

dihydrochloride

6-{[(1-tert-Butoxycarbonyl)piperidin-4-ylJoxy } -4-(3-chloro-2-fluoroanilino)-7-
methoxyquinazoline from step 3 (18.80 kg, 37.38 mol) was suspended in isopropanol
(139.8 kg), and heated to 40°C with stirring. Hydrochloric acid (15.40 kg, ~156.3 mol)
was charged to the vessel over 50 minutes, allowing an exotherm of approximately 9°C to
occur. During the charging of the acid, the suspension dissolved to give a clear solution.
The 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 0°C and filtered. The filter cake was washed twice with
cold (0°C) isopropanol (2 x 20.6 kg). The product was dried under vacuum at 50°C to give
the title product, 13.60 kg (73%); 'H NMR: 1.53-1.64 (m, 2H), 2.00-2.05 (m, 2H), 2.64-
2.72 (m, 2H), 3.00-3.07 (m, 2H), 3.92 (s, 3H), 4.60 (m, 1H), 7.20 (s, 1H), 7.26 (ddd, 1H),
7.47 (dd, 1H), 7.50 (dd, 1H), 7.82 (s, 1H), 8.34 (s, 1H), 9.56 (s, 1H); Mass Spectrum:
403.2, 405.2.

Example B Preparation of 4-(3-Chlore-2-fluoroanilino)-7-methoxv-6-{[1-(N-

methvlearbamoylmethyl)piperidin-4-yl]oxv!quinazoline (Compound (1))
2-Chloro-N-methylacetamide (24.22 g, 223.1 mmol) and 4-(3-chloro-2-

fluoroanilino)-7-methoxy-6-[(piperidin-4-yl)oxy]quinazoline dihydrochloride (86.00 g,
160.9 mmol), were shurried in acetonitrile (537 ml). To the stirred suspension, at ambient
temperature, was added triethylamine (101 ml, 723.9 mmol). The reaction was heated to
75°C held for 5 hours. The solution was cooled to 70°C and cthanol (268 ml) added. The
reaction was cooled to 45°C and water (9.6 ml) added. Compound (I) (0.42 g) was added
to establish crystallisation and then the slurry cooled to 20°C 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 ml): ethanol (51 ml): water (1.8 ml) and then with water (153
ml). The product was dried in vacuo at 60°C to give the title compound as a white solid
(45.9g, 60%); 1H NMR (400 MHz, DMSO-ds) 8 ppm 1.76 - 1.87 (m, 2 H) 2.01 - 2.11 (m,
2 H)2.35-2.44 (m, 2 H) 2.64 (d, /~4.74 Hz, 3 H) 2.72 - 2.80 (m, 2 H) 2.95 (s, 2 H) 3.95
(s,3H) 4.51 -4.63 (m, 1 H) 7.23 (s, | H) 7.29 (td, J/=8.08, 1.29 Hz, 1 H) 7.46 - 7.58 (m, 2

?M
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H) 7.75 (q, J=4.60 Hz, 1 H) 7.83 (s, 1 H) 8.38 (s, 1 H) 9.59 (s, 1 H)Mass spectrum: MH"
474.

The 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-[(piperidin-4-yl)oxy]quinazoline
dihydrochloride used as the starting material was prepared as follows:
1] oxv}-4-(3-chloro-2-fluoroanilino)-7-

1-tert-Butoxyearbonyvl)piperidin-4-

methoxy guinazoline
4-(3-Chloro-2-fluoroanilino)-6-hydroxy-7-methoxyquinazoline (prepared as

described in Step 2 of Example A; 60.00 g, 0.1828 mol), tert-Butyl (4-
methanesulfonyloxy)piperidine- 1-carboxylate (88.04 g, 0.3107 mol) and potassium

10 carbonate (30.31 g, 0.2193 mol) were suspended in ethanol (584 ml) 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 70°C and water (234 ml) was added over 60
minutes.

The batch was stirred at 65°C for a further 2 hours to establish crystallisation. The

15 slurry was cooled to 20°C over 6 hours. The product was isolated by filtration. The filter
cake was slurried with aqueous ethanol (cthanol 117 ml, water 58 ml) and then
displacement washed with aqueous ethanol (cthanol 117 ml, water 58 ml). The filter cake
was then slurried with water (175 ml) and then displacement washed with water (175 ml).
The product was dried in vacuo at 40°C to give the title compound (81.5 g, 84%); 1H

20 NMR (500 MHz, DMSO-de) 5 ppm 1.42 (s, 9 H) 1.60 - 1.70 (m, 2 H) 1.96 - 2.04 (m, 2 H)
3.23 -3.30 (m, 2 H) 3.65 - 3.75 (m, 2 H) 3.95 (s, 3 H) 4.68 - 4.75 (m, 1 H) 7.24 (s, 1 H)
7.29 (t, J=8.06 Hz, 1 H) 7.49 (t, J=7.50 Hz, 1 H) 7.54 (t, J/=7.19 Hz, 1 H) 7.88 (s, 1 H) 8.39
(s, 1 H) 9.57 (s, 1 H); Mass Spectrum: 503.5, 505.5.

Step 2: 4-(3-chloro-2-fluoro

2s  dihydrochloride

anilino)-7-methoxv-6- uinazoline

6-{[(1-tert-Butoxycarbonyl)piperidin-4-yl]oxy } -4-(3-chloro-2-fluoroanilino)-7-
methoxyquinazoline (10.00 g, 0.1879 mol) was suspended in industrial methylated spirits
(95 ml), and heated to 35°C with stirring. Hydrochloric acid (6.59 ml, approximately
0.7891 mol) was charged to the vessel allowing an exotherm of approximately 5.5°C to
30 occur. During the charging of the acid, the suspension dissolved to give a clear solution.
The solution was heated slowly to 70°C over approximately 90 minutes, and then held at
70°C for a further 1 hour. The reaction is then cooled to 0°C over 4 hours during which

time the product crystallises. The product was isolated by filtration and then filter cake was
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54 Exanple 7
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at 15 Cfin 6 days.

Solids were isolated by vacuumfiltrati on and

anal ysed, The XRPD pattern for the res#8ting Form C is shown in Figure 9.
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Diffraction peaks for
Table 10 Angk 2-Theta O o
washed twice with industrial methylated spirits (2 x 14 ml). The product was dried in

vacuo at 50°C to give the title product (9.04 g, 88%); 1H NMR (400 MHz, DMSO-de) )
ppm 1.91 - 2.01 (m, 2 H) 2.27 - 2.35 (m, 2 H) 3.15 - 3.26 (m, 2 H) 3.26 - 3.35 (m, 2 H)
4.02 (s, 3 H) 5.07 - 5.15 (m, 1 H) 7.35 (td, /=8.08, 1.29 Hz, 1 H) 7.46 (s, 1 H) 7.52 (ddd,

J=8.03,5.23 Hz, 1 H) 7.63 (ddd, J=8.22, 6.76, 1.62 Hz, 1 H) 8.83 (s, 1 H) 8.91 (s, 1 H)

9.02-9.13 (m, 1 H) 9.20-9.31 (m, 1 H) 12.51 (br. s., 1 H)); Mass Spectrum: 403.2,
405.2.

Example C Preparation of 4-(3-Chloro-2-fluoreanilino)-7-methoxv-6-{[ 1-(N-

methvlcarbamoylmethyl)piperidin-4-yljoxy}quinazoline (Compound (1))

Compound (T) was prepared according to the scheme shown below:
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‘ Compound (1)
7

Form C are shown in
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2-[4-(5-cyano-4- {[(dimethylamino)methylene]amino}-2-
methoxyphenoxy)piperidin-1-yl]-N-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

s mixture was heated at 90°C for 20 hours then cooled to 20°C. 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 30°C and seeded with Compound (I), which induced
crystallisation. The reaction was then cooled to 0°C and the product isolated by filtration.

10 The filter cake was washed twice with a mixture of water (7.28g) and isopropanol (4.68g),
then dried to afford the Compound (I) (5.65g, 55% yield); 'H NMR (400 MHz, DMSO-ds)
5 ppm 1.79 (m, 2 H) 2.04 (m, 2 H) 2.38 (m, 2 H) 2.62 (d, J=4.5 Hz, 3 H) 2.74 (m, 2 H)
2.94 (s, 2 H) 3.93 (s, 3 H) 4.56 (tt,J=8.1, 3.8 Hz, 1 H) 7.21 (s, 1 H) 7.28 (m, 1 H) 7.50 (m,
2 H)7.73 (q, /~4.5 Hz, 1 H) 7.81 (s, 1 H) 8.36 (s, 1 H) 9.56 (br.s, 1 H); Mass Spectrum:

15 m/z (M+H) 4742, 476.2.

The 2-[4-(5-cyano-4-{[(dimethylamino)methylene]amino}-2-
methoxyphenoxy)piperidin-1-yl]-N-methylacetamide (7), used as the starting material was
prepared as follows:

iperidine-1-

Step 1. Preparation of tert-butyl 4-(5-cvano-2-methoxyphenoxy

20  carboxylate (2)
3-hydroxy-4-methoxybenzonitrile (1, 6.00g, 39.62mmole), fert-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 isopropanol (78.98g) and the mixture was heated at

25 reflux with stirring. Additional tert-butyl (4-methanesulfonyloxy)piperidine-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 (100.47g). Seeding with tert-butyl 4-(5-
cyano-2-methoxyphenoxy)piperidine-1-carboxylate (2) followed by cooling to 0°C
resulted in a crystalline product, which was isolated by filtration. The filter cake was

30 washed 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); 'H NMR (400
MHz, DMSO-ds) 8 ppm 1.39 (s, 9 H) 1.48 (m, 2 H) 1.88 (m, 2 H) 3.13 (m, 2 H) 3.67 (m, 2
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H) 3.83 (s, 3 H) 4.56 (tt, /=8.1, 3.8 Hz, 1 H) 7.13 (d, /=8.4 Hz, 1 H) 7.42 (dd, /=8.4, 1.9
Hz, 1 H) 7.51 (d, J=1.9 Hz, 1 H); Mass Spectrum: m/z (M + H)"333.1.
Step 2. Preparation of 4-methoxv-3-(piperidin-4-vloxy)benzonitrile (3)

Tert-butyl 4-(5-cyano-2-methoxyphenoxy)piperidine-1-carboxylate (2, 39.31g,

118.26mmoles) was suspended in ethanol (155.53g) and heated to 40°C. To this slurry was
slowly added HCI (46.61g, 573.04mmoles). The mixture was heated to 60°C and held for 3
hours. The reaction mixture was cooled to 20°C and seed was charged initiating
crystallisation. The resulting solid was isolated by filtration at 0°C, washed twice with
ethanol (62.21g) and then dried to give the title compound as the hydrochloride salt
(29.84g, 77% yield); '"H NMR (400 MHz, DMSO-ds) 8 ppm 1.84 (m, 2 H) 2.09 (m, 2 H)
3.02 (ddd, J=12.7, 8.9, 3.4 Hz, 2 H) 3.20 (m, 2 H) 3.84 (s, 3 H) 4.63 (tt, /=7.7, 3.6 Hz, |
H) 7.15 (d, J=8.5 Hz, 1 H) 7.45 (dd, /=8.5, 1.9 Hz, 1 H) 7.56 (d, /=1.9 Hz, 1 H) 9.16 (br. s,
2 H); Mass Spectrum: m/z (M + H) 233.2.

Step 3. Preparation of 2-[4-(5-cvano-2-methoxvphenoxy)piperidin-1-vi]-/V-
methylacetamide (4)

4-Methoxy-3-(piperidin-4-yloxy)benzonitrile hydrochloride salt (3, 28.36g,
95.82mmoles), 2-chloro-N-methylacetamide (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 20°C and
water (386.26g) was charged. The reaction was heated to 75°C and the volume reduced by
distillation. Upon cooling crystallisation occurred. The resulting solid was isolated by
filtration, washed twice with water (77.25g and 128.75g) and then dried to give the title
compound (27.95g, 94% yield); "H NMR (400 MHz, DMSO-ds) 8 ppm 1.68 (m, 2 H) 1.91
(m, 2 H) 2.29 (m, 2 H) 2.61 (d, J=4.7 Hz, 3 H) 2.67 (m, 2 H) 2.88 (s, 2 H) 3.83 (s, 3 H)
441 (tt, J~8.3,4.0 Hz, 1 H) 7.11 (d, /=8.4 Hz, 1 H) 7.40 (dd, /=8.4, 1.9 Hz, 1 H) 7.47 (d,
J=19 Hz, 1 H) 7.68 (q, J=4.7 Hz, 1 H); Mass Spectrum: m/z (M + H)"304.2.
Step 4. Preparation of 2-[4-(5-cvano-2-methoxy-4-nitrophenoxy)piperidin-1-yl]-N-

methylacetamide (5)

2-[4-(5-Cyano-2-methoxyphenoxy)piperidin-1-yl]-N-methylacetamide (4, 8.78g,
26.11mmolcs) was suspended in acctic acid (22.82g, 364.87mmoles) and the resulting
reaction mixture cooled to 5°C. To this was added sulfuric acid (23.64g, 234.95mmoles)
maintaining the reaction temperature below 30°C. To the resulting solution was added

nitric acid (2.40g, 26.63mmoles). The reaction mixture was then heated to 35°C and held

| i
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for 3 hours. Additional nitric acid (117 mg, 1.31 mmoles) and sulphuric acid (1.31g 13.1
mmoles) were charged and the reaction mixture was heated at 35°C for 30 minutes. The
solution was cooled to 20°C and quenched with aqueous ammonia (92.45g 1.36 moles),
resulting in an increase in temperature to 50°C. To the resulting slurry was added,
propionitrile (61.58g 1.12 moles) and water (19g). The reaction mixture was heated to
80°C resulting in a clear solution, which upon settling gave two layers. The bottom layer
was removed. The reaction mixture was cooled to 20°C resulting in a thick slurry. 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); 'H NMR (400 MHz, DMSO-ds) 8 ppm
1.72 (m, 2 H) 1.97 (m, 2 H) 2.35 (m, 2 H) 2.61 (d, J/=4.7 Hz, 3 H) 2.66 (m, 2 H) 2.90 (s, 2
H) 3.96 (s, 3 H) 4.73 (tt, J=8.4,4.0 Hz, 1 H) 7.71 (g, /4.7 Hz, | H) 7.82 (s, 1 H) 7.86 (s, 1
H). Mass Spectrum: m/z (M + H)' 349.2

Step 5. Preparation of 2-[4-(4-amino-5-cyano-2-methoxyphenoxy)piperidin-1-yl]-N-

methylacetamide (6)

2-[4-(5-Cyano-2-methoxy-4-nitrophenoxy)piperidin-1-yl]-N-methylacctamide (S,
7.42g, 19.38mmoles) was suspended in water (44.52g) and methanol (5.35g). To this was
added sodium dithionite (11.91g, 58.15mmoles) and the resulting reaction mixture was
heated to 60°C. To the reaction mixture was added hydrochloric acid (46.98g,
463.89mmoles)), resulting in a solution, which was held at 60°C for 3 hours. The reaction
mixture was then allowed to cool to 20°C. Aqueous sodium hydroxide (15.51g 182.2
mmoles) was charged followed by 2-methyltetrahydrofuran (58.0g). The reaction mixture
was heated to 60°C, 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
methy! tert-butyl ether (18.54g) was added to give a slurry which was cooled to 10°C and
then the solid was collected by filtration. The solid was washed with 2-
methyltetrahydrofuran (5.8g) and dried to give the title compound (5.4g, 78% yield); 'H
NMR (400 MHz, DMSO-ds) 8 ppm 1.62 (m, 2 H) 1.82 (m, 2 H) 2.20 (m, 2 H) 2.60 (d,
J=4.7Hz, 3 H) 2.65 (m, 2 H) 2.86 (s, 2 H) 3.72 (s, 3 H) 4.00 (tt, /~8.3, 4.0 Hz, 1 H) 5.66
(br.s, 2 H) 6.39 (s, 1 H) 6.94 (s, 1 H) 7.65 (q, J/=4.7 Hz, 1 H)

Mass Spectrum: m/z (M + H)'319.2.



A solution of Conmpound (1) difimarate was prepared in acetonitrileiwater
50/ 50 and an aliquot was added to a mcroplate well The sol vent was

evapor ated and 2- propanol |l water (90/10, v/v) was added to the well. The
pl ate was soni cated and then the 5sol vent was evaporated under vacuum The
XRPD pat t eM® J0¥138%é resulting Form D is shown in Fi guPETAH2PRAMAYs

prom nent X-Ray Powder Diffraction peaks for Form D are shown in Table
Table 11 Angle 2-c¢ 3.3 intensity Cou#t 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

Step 6. Preparation of 2-|4-(5-cvano-4-{|(dimethylamino)methylene|amino}-2-

methoxvphenoxy)piperidin-1-yl]-N-methylacetamide
2-[4-(4-Amino-5-cyano-2-methoxyphenoxy)piperidin-1-yl]-N-methylacetamide (6,
18.21g, 52.05mmoles) was suspended in 2-methyltetrahydrofuran (99.62g). To this was
s added acetic acid (162.79mg), and N,N-dimcthylformamide dimethyl acetal (DMF-DMA)
(8.63g, 70.27mmoles) and the resulting reaction mixture was heated at 76°C for 16hours.
Additional N,N-dimethylformamide dimethyl acetal (639.41mg, 5.20mmoles) was added
to the reaction mixture to ensure the reaction completed. The reaction mixture was cooled
to 30°C during which time crystallisation occurred. The resulting solid was isolated by
10 filtration, washed with 2-methyltetrahydrofuran (14.23g) and dried to afford the title
compound (19.53g, 97% yield); 'H NMR (400 MHz, DMSO-ds) 8 ppm 1.65 (m, 2 H) 1.86
(m, 2 H) 2.24 (m, 2 H) 2.60 (d, J=4.7 Hz, 3 H) 2.66 (m, 2 H) 2.87 (s, 2 H) 2.95 (s, 3 H)
3.04 (s, 3 H) 3.81 (s, 3 H) 4.19 (tt,J=8.2,3.8 Hz, | H) 6.72 (s, 1 H) 7.15 (5, 1 H) 7.67 (q,
J=4.7 Hz, 1 H) 7.90 (s, 1 H); Mass Spectrum: m/z (M + H)" 374.2.
15 Biological Activity

The activity of Compound (I) was to assessed to test its ability to:

a) inhibit the activation (phosphorylation) of EGFR, ErbB2 and ErbB3 in ligand-

stimulated cells; and
b) inhibit the basal and ligand-stimulated proliferation of MCF-7 cells.

20 (a) Compound (I) in Ligand Driven Assays

Methods:

KB cells and MCF-7 cells were obtained from the American Type Culture
Collection (ATCC) and routinely cultured in RPMI 1640 (Phenol red free) + 10% Foetal

Bovine Serum + 2mM L-Glutamine.

25 Treatment and Lysis of Cells:
KB cells were seeded at 5000cells/well and MCF-7 cells at 4000cells/well in 96
well plates in RPMI 1640 media containing 10% FBS. Cells were incubated for 72 hours

before replacing the media with serum-free RPMI 1640 media for 24 hours. Cells were

then treated with Compound (I) for 90 minutes at concentrations ranging from 0-10uM.
30 Immediately before cell lysis, MCF-7 and KB cells were incubated for 5 minutes with

ligand (heregulin (“HRG”) for the MCF-7 cells and epidermal growth factor (* EGF”) for

1 |
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the KB cclls) at concentrations required to increasc receptor phosphorylation to 90% of

max (EDy) to allow inter-assay comparison.
Measurement of p-EGFR, p-ErbB2 and p-ErbB3:
The p-EGFR status of KB cells was measured using the Human phospho-EGFR
s Duoset ELISA kit (R&D systems total EGFR #DYC1854, pEGFR #DYC1095). The p-

ErbB2 and p-ErbB3 content of MCF-7 cells were measured using the Human phospho-
ErbB2 Duoset ELISA kit (R&D systems, DYC1768) and Human phospho-ErbB3 Duoset
ELISA kit (R&D systems, DYC1769) respectively. The kits measured whole cell tyrosine
phosphorylation of EGFR, ErbB2 or ErbB3. Assays were performed according to the

10 manufacturers instructions, with 50pl lysate added per well.
Results:
The results are summarised in Table 3
Table 3 Compound (I) activity against p-EGFR (in KB cells) and p-ErbB2 and p-
ErbB3 (in MCF-7 cells)

15

20

25

Compound p-EGFR p-ErbB2 p-ErbB3
Geo Mean ICs Geo Mean ICs Geo Mean ICs,
(95% CIRY) (95% CIR) (95% CIR)
Compound (I) 0.004 (1.377) 0.003 (1.817) 0.004 (1.89)

* Confidence Interval Ratio

Table 3 shows that Compound (I) is a potent inhibitor of phospho-EGFR, phospho-
ErbB2 and phospho-ErbB3 in these cells.
b) Compound (1) in basal or HRG-stimulated MCF-7 cell proliferation assay

Methods:

MCEF-7 cells were routinely cultured in DMEM (Phenol red free) + 10% Foetal
Bovine Serum + 2mM L-Glutamine.

Cells were secded at 4000 cells per well in 96 well plates in DMEM media
containing 1% charcoal/dextran-treated FBS and 2mM glutamine and allowed to settle for
4 hours prior to treatment with Compound (I) at concentrations ranging from 0-3uM and
0-10pg/ml respectively. Two hours following treatment, cells were incubated with

10ng/ml HRG, a concentration required to increase MCF-7 cell prolifcration to 90% of
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max (EDy). Basal wells were unstimulated with ligand. After incubation for 4 days, cell
viability was assessed using a 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay.
Prior to ICsy determination of HRG-stimulated compound-treated cells, mean basal
s growth at 96 hours was subtracted from cach of the readouts so that proliferation driven
through HRG-signalling was assessed. Basal ICso values are expressed as Glso 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.
10

Table 4 HRG-stimulated proliferation ICsq value

Compound Geo Mean ICs | 95% CIR
Compound (I) 0.061uM 2.421

Table 5 Basal proliferation Gls, values

Compound Geo Mean Gls | 95% CIR
Compound (I) 1.094uM 4423

15 In the KB cells, stimulation with EGF, which specifically binds to EGFR, causes
phosphorylation and therefore activation of this receptor. Similarly in the MCF-7 cells
HRG, 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

20  are believed to be due to the activities of these compounds on ErbB2/ErbB3 heterodimers,
with Compound (I) being a much more potent inhibitor of this heterodimer.

The MCF-7 basal assays represent a situation where there no increased stimulation
or activation of erbB2/erbB3 heterodimerisation. Table 5 shows that even in such
conditions Compound (I) inhibits MCF-7.

25
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pre-warned vials while stilt wttrm The vials were covered and allowed to
cool sl owl WQWOYE8MWIt enperature. The presence or absenfETEB2UYTHY was
noted, If there were no solids present, or if the anobunt of solids was
judged too small for XRPD analysis, thé vial was placed in a refrigerator.
Agai n, the presence or absence of solids was noted and if there were none,
the vial was placed in a freezer. Solids that fornmed were isol ated by
filtrati onEzamiplalll owed to dry prior to analysis. The XRPD pattern for the

resulting formF.is own in re . AN 20 ent X- Ray Powder
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5 A solution of fumaric acid (2.7 g, 23.22mmol) in methanol (95 ml) was added to a
mixture of 2-[4-({4-[(3-Chloro-2-fluorophenyl)amino]-7-methoxyquinazolin-6-
yl}oxy)piperidin-1-yl]-N-methylacetamide (Compound (I)) (5.62g at 89% w/w, 10.55
mmol) in isopropanol (100 ml) maintaining the temperature >65°C. The mixture was
heated at reflux for one hour before clarification. The reaction mixture was cooled to 30°C

10 over 90 minutes and held for 30 minutes to establish crystallisation. The reaction was
cooled to 0°C over 2 hours and held for 1 hour before isolation by filtration. The filter
cake was washed twice with cold isopropanol (2 x 10 ml) and dried in vacuo at 50°C to
give the title compound as a white solid (5.84 g, 78%), "H NMR Spectrum: (DMSO) 1.85
(m, 1H), 2.08 (m, 1H), 2.50 (m, 1H), 2.66 (d, 3H), 2.83 (m, 1H), 3.05 (s, 2H), 3.96 (s, 3H),

15 4.58 (m, 1H), 6.64 (s, 4H), 7.23 (s, 1H), 7.28 (m, 1H), 7.46 (ddd, 1H), 7.55 (m, 1H), 7.70
(broad q, 1H), 7.85 (s, 1H), 8.38 (s, 1H).

Example 2
Preparation of Compound (1) Difumarate Form A: 2-14-({4-](3-Chloro-2-

20  fluorophenyl)amino]-7-methoxyquinazolin-6-yl}oxy)piperidin-1-yl]-N-

methylacetamide di-[(2E)-but-2-enedioate] Form A

A solution of fumaric acid (1.4 kg, 12.1mol) in methanol (26.6 kg) was added to a
mixture of 2-[4-({4-[(3-chloro-2-fluorophenyl)amino]-7-methoxyquinazolin-6-
yl}oxy)piperidin-1-yl]-N-methylacetamide (2.93 kg, 84.8% w/w, 5.24mol) in isopropanol

25 (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 distillates. Isopropanol (15.8 kg was added and the reaction mixture
distilled to remove 15.6 kg of distillates. Crystallisation occurred during the distillation.

30  Isopropanol (21 kg) was added and the reaction cooled to 0°C over 8 hours and held for 1
hour before isolation by filtration. The filter cake was washed with cold 50:50
isopropanol:MeOH (4kg) followed by cold isopropanol (4kg) and dried in vacuo at 50°C to
give the title compound as a white solid (3.64 kg, 98%); '"H NMR Spectrum: (DMSO) 1.85

| |



fl 1301 262 -6. 743 27.4 970 Exanple 11 Preparation of Conpound
fltnifuntarate Form A solution of Conpound (1) difunmarate was prepared in
aectonitrile/water 50/50 Isand an aliquot was added to a mcroplate well.
The sol vent was evaporated and 2- propanol | water 90/ 10, was added to the
wel | . The M®08Y®@8B1soni cated and then the sol vent was PEFAFBEAOYA under
vacuum The XRPD pattern for the resulting FormGis shown in Figure 13.
The nost prom nent X-Ray Powder Diffraédi on peaks for Form 0O are shown in
Table 14. 20 WD 20091138781PCTI GB2009/ 050496 57 Table 14 Angle 2-Theta'
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(m, 1H), 2.08 (m, 1H), 2.50 (m, 1H), 2.66 (d, 3H), 2.83 (m, 1H), 3.05 (s, 2H), 3.96 (s, 3H),

4.58 (m, 1H), 6.64 (s, 4H), 7.23 (s, 1H), 7.28 (m, 1H), 7.46 (ddd, 1H), 7.55 (m, 1H), 7.70
(broad q, 1H), 7.85 (s, 1H), 8.38 (s, 1H).

s Example 3

Preparation of Compound (I) Difumarate Form A: 2-[4-({4-[(3-Chloro-2-
-N-

fluorophenvl)amino iperidin-1-yl

methylacetamide di-[(2E)-but-2-enedioate] Form A

2-[4-({4-[(3-Chloro-2-fluorophenyl)amino]-7-methoxyquinazolin-6-

10 yl}oxy)piperidin-1-yl]-N-methylacetamide (Compound (I)) (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 filter washed with ethyl acetate (53 ml). The solution was cooled to 40°C. A
clarified solution of fumaric acid (26.60 g, 257.0mmol) in isopropanol (408 ml) was then
added over | hour. The filter used to clarify the fumaric acid solution was then washed

15 with isopropanol (37 ml). After holding for 1 hour at 40°C the reaction was cooled to
20°C over 1 hour. The reaction mixture was held for 13.5 hours before isolating the
product by filtration. The filter cake was washed twice with cthyl acetate (82 ml) :
isopropanol (24 ml) and then dried in vacuo at 40°C to give the title compound as a white
solid (72.32 g, 90%); "H NMR Spectrum: (DMSO) 1.85 (m, 1H), 2.08 (m, 1H), 2.50 (m,

20 1H), 2.66 (d, 3H), 2.83 (m, 1H), 3.05 (s, 2H), 3.96 (s, 3H), 4.58 (m, 1H), 6.64 (s, 4H), 7.23
(s, 1H), 7.28 (m, 1H), 7.46 (ddd, 1H), 7.55 (m, 1H), 7.70 (broad q, 1H), 7.85 (s, 1H), 8.38
(s, 1H).

Example 4
25 Preparation of Compound (I) Difumarate Form A: 2-[4-({4-[(3-Chloro-2-

fluorophenyl)amino|-7-methoxyquinazolin-6-yl}oxv)piperidin-1-y1]-N-
methylacetamide di-[(2E)-but-2-enedioate] Form A

2-[4-({4-[(3-Chloro-2-fluorophenyl)amino]-7-methoxyquinazolin-6-
yl}oxy)piperidin-1-yl]-N-methylacetamide (Compound (I)) (2.75 g at assumed 100% w/w,
30 5.80 mmol) was dissolved in ethyl acetate (94 ml) and isopropanol (14 ml). The solution
was distilled such that 25.2 ml of distillates were collected. The solution was cooled to
40°C. A clarified solution of fumaric acid (1.38 g, 11.90 mmol) in isopropanol (21 ml)

was then added over 1 hour. Compound (I) difumarate Form A seed was added (3.7 mg,
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5.3 pmol). The filter used to clarify the fumaric acid solution was then washed with
isopropanol (2 ml). After holding for 1 hour at 40°C the reaction was cooled to 20°C 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

s ml) and then dried in vacuo at 40°C to give the title compound as a white solid (72.32 g,
90%); 'H NMR Spectrum; (DMSOQ) 1.85 (m, 1H), 2.08 (m, 1H), 2.50 (m, 1H), 2.66 (d,
3H), 2.83 (m, 1H), 3.05 (s, 2H), 3.96 (s, 3H), 4.58 (m, 1H), 6.64 (s, 4H), 7.23 (s, 1H), 7.28
(m, 1H), 7.46 (ddd, 1H), 7.55 (m, 1H), 7.70 (broad q, 1H), 7.85 (s, 1H), 8.38 (s, 1H).

10 Example 5§
Preparation of Compound (I) Difumarate Form A: 2-[4-({4-[(3-Chloro-2-

fluorophenyl)amino]-7-methoxyquinazolin-6-yl}oxy)piperidin-1-yl]-N-

methylacetamide di-|(2E)-but-2-enedioate] Form A
2-[4-({4-[(3-Chloro-2-fluorophenyl)amino]-7-methoxyquinazolin-6-

15 yl}oxy)piperidin-1-yl]-N-methylacetamide (Compound (I)) (1g, 1.86mmoles) and fumaric
acid (0.44g, 3.81mmoles) were suspended in water (4.4g) and heated to 85°C. The reaction
mixture was cooled to 60°C at 1°C/minute and Compound (I) Form A seed was added
when the temperature was 77°C. The resulting solid was isolated by filtration, washed
twice with acetone (0.70g per wash) and dried in a vacuum oven at 40°C to afford the title

20  compound (0.89g, 68% yield), 1H NMR (400 MHz, DMSQ-d6) d ppm 1.84 (m, 2 H) 2.08
(m, 2 H) 2.55 (m, 2 H) 2.63 (d, J=4.7 Hz, 3 H) 2.86 (m, 2 H) 3.12 (3,2 H) 3.93 (s, 3 H)
4.59 (tt, J=7.8,3.7 Hz, 1 H) 6.62 (s, 4 H) 7.21 (s, 1 H) 7.27 (td, J=8.1, 1.3 Hz, | H) 7.49
(m, 2 H) 7.86 (m, 2 H) 8.36 (s, 1 H) 9.63 (br. s., 1 H).

25 Compound (1) Difumarate Form A Properties
Compound (T) difumarate Form A is a free flowing powder. X-ray powder

diffraction of Compound (I) difumarate (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
30  with an onset at 210.4°C (Figure 5). No appreciable weight losses are observed by
Thermogravimetric analysis (Figure 6). Dynamic Vapour Sorption demonstrates the
compound to be non-hygroscopic absorbing <0.5% moisture up to 95% relative humidity

with no evidence of hysteresis (Figure 7).



Exanpl e 12 Preparation of Con pound (1) Difumarate Form A sol ution
of Cot mound (I) difumarate was prepared in acetone/water (95/5, viv), and
soni cated between aliquot additions to assist in dissolution. Once the

m xture reached conplete dissolution, as judged by visual observation, the
sol uti on wa® F0p9/1381&d t hrough a 0. 2pmnylon filter, ' TRET/GBRYEPO¥YS o] uti on
was all owed to evaporate under anbient conditions in an uncapped vial. The
solids that formed were isolated and a#&l ysed. The XRPD pattern for the
resulting FormH is shown in Figure 14. The npost prom nent X-Ray o Powder
Diffraction peaks for FormH arc shown in Table 15: Table 15 Angle
2-Theta intensity sit Count ngle Theta ClIntensity: Count 4. 7 16.9 1603 2

2 23 1786 C%:%spagriszoélzo 59?1%01}53533?@}1_99% %iﬁlm%%wn and Compound (I) Difumarate

Form A
The solubility (48 hours, 25°C) of Compound (I) in a range of aqueous buffers is
s detailed in Table 4. Compound (I) exhibits pH dependent solubility in aqueous buffers
with high solubility at low pH (27.2mg/ml, pH 2.7) and low solubility at high pH (1pg/ml,
pH 7.9). Significant increases in solubility of Compound (I) occur at pH 6 and below.
Therefore, at low pH values the dissolution rate of Compound (I) would be anticipated to
be fast whereas at pH above 6 dissolution rates would be anticipated to be slow.

10 The solubility (48 hours, 25°C) of Compound (I) in water is 1 ug/ml (pH 7.0). In
comparison, the solubility of Compound (I) difumarate Form A in water (48 hours) is 22.5
mg/ml (pH 3.5). The intrinsic dissolution rates of Compound (I) difumarate Form A and
Compound (I) was also been measured in a range of aqueous buffers. Compound (I)
difumarate Form A has a significantly higher intrinsic dissolution rate in pH 6.5 phosphate

15 buffer as shown in Table 6.

Table 6

Intrinsic Dissolution Rate of Compound (I) and Compound (I) difumarate Form A in

aqueous buffers at 37°C
Compound Intrinsic Dissolution Rate (mgmin”cm?)"
pH 6.5 SGF
Compound (I) 0.01 19.2
Compound (I) difumarate  2.51 15.9
Form A

20  'Measured using fibre-optic probe, A =335nm, disc size 4mm, temp 37°C

SGF = Simulated Gastric Fluid



'13.8 1603 26.1 1698 15,8 1625 27.6 864 16.5 1658 Exanpl e 13 Preparation
of Conpound ( Diluuiiarate Ferm A solution of Conmpound (I) difumarate
was prepared in nmethanot at anbient tenperature. The solution was then
filtered into toluene at anbient tenperature. The rcsuhing solid was

i sol at ed bWOr300%¥38ton and dried prior to analysis. Th&C 0Y8%®r n for
the resulting Form1 is shown in Figure 15. The nost prom nent X-Ray Powder
Diffraction peaks for FormI| arc shown43n Table 16: 58 Table 16 Angle
2-Theta Intensity Count Angle 2-Theta ' Intensity Count 10,7 2170 17.4

Pharmacokinetic Studies in Dogs to Comparing Compound (I) and Compound (1)

Difumarate Form A

Both compounds were dosed to dogs as direct compression tablets containing 100
s mg Compound (I) free base, or the equivalent thereof for the tablets containing the di-

fumarate salt) with the following composition:

25%w/w Compound (I) (or equivalent thereof of the difumarate salt);
10%w/w microcrystalline cellulose (Avicel 102);
10 4%w/w croscarmellose sodium (AcDiSol);
1%w/w sodium lauryl sulfate;
Lactose to 99%w/w

Magnesium Stearate to 100%w/w.

15 Per tablet this equated to:
151mg Compound (I);
60.4mg Avicel;
24.16mg AcDiSol;
6.04mg sodium lauryl sulfate;

20 356.36mg Lactose; and

6.04mg Magnesium Stearate.

Total tablet weight was 604mg.



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 Exanple 14 Preparation of Conpound (1) Difumarate FormJ

A sol ution of Compound 0) difunarate was prepared in nmethanol at anbient
tenperature. The solution was then filtered into an excess of heptane at
anbi ent t e8B! The resulting solid was isol ated B{T/BRAPAI%HYN and
dried prior to analysis. The XRPD pattern for the resulting Point J is
shown in Fiore 16. The nost prom nent 3 Ray Powder Diffraction peaks for
FormJ are shown in Table 17: Table 17 Angle 2-Theta ' Intensity Count

Angl e 2-Thel . a

The performance of the solid dosage forms was evaluated ir 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 (I) loading, showed >90%

s 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 (I) 93.6
Compound (I) difumarate Form A 100.3

The performance of the tablet compositions administered orally to the dogs was
compared to an intravenous injection of a 20mg dose of compound (I) comprising
4mg.mL™" dissolved and made up to volume with 25% w/v hydroxypropyl-beta-
cyclodextrin (HP-beta-CD) in water for injection pH adjusted to 4 using 1M HCL

15
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The results of the dog study are shown in Table 8.
Table 8 Summary of Pharmacokinetic 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)
Parameter Study 0383KD - Compound (I) Formulation/Route (Dose)
IV 20mg) Free form' (100mg) Difumarate Form A'
(equivalent to 100mg free
form)
Conax (umol/L) 9.0+1.1 14.0 £ 1.7 32.6+3.6
Trmax (h) 0200 1.6+0.8 1.1£03
Half-life (h) 53+02 82+06 16.9+4.0
AUC 9.4 33477 103.9£253 190.3 +£46.9
(umol.h/L)

Cl (ml/min/kg) 19+05 - -
Hbf (mUmin) 39 i -
Vss (L/kg) 0.6+0.1 - -

Bioavailability - 63.5+7.0 1125+8.1
©-asn) (%o)

‘dosed as direct compressed tablet;

Cinax = Peak plasma concentration

Tumax = Time to maximum plasma concentration.
AUC = 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 (Cuax) of
Compound (I) difumarate Form A are significantly better than those obtained for
Compound (I) (113 % compared to 64 % bioavailability) as determined in a paired t-test
(n=4) at a 95 % confidence level.
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Preparation of Conpound |) Difumarale Form K A sol ution of Conpound
(1) difumarate was prepared in acetonitriletwa(er (50/50 v/v) and an
al i quot was added to a mieroMvate well. The sol vent was evaporat ed and

f | uor obet t W{e200¥8%dded to the well. The plate was sonPERERGNHPHhen t he

sol vent was evaporated w der anbient conditions. The XRPD pattern fur the

resulting FormK is shown in Figure 1752 The npost prom nent X-Ray Powder

D ffraction 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
Examples 6 to 21 Crystalline Compound (1) Difumarate Forms B to Q

XRPD Analysis

XRPD patterns were collected using a Bruker D-8 Discover diffractometer and
Bruker's General Detector System (GADDS, v. 4.1.20). An incident microbeam of Cu Ka
s radiation was produced using a fine-focus tube (40 kV, 40 mA), a Gobel mirror, and a 0.5
mm double-pinhole collimator. Prior to the analysis, a silicon standard (NIST SRM 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
10 the 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 GADDS. The
intensity in the GADDS image of the diffraction pattern was integrated using a step size of
15 0.04° 20. The integrated patterns display diffraction intensity as a function of 26.
Variable temperature —XRPD

Variable-temperature XRPD patterns (VT-XRPD) were collected using a Shimadzu
XRD-6000 X-ray powder diffractometer equipped with an Anton Paar HTK 1200 high-
temperature stage. Prior to the analysis, a silicon standard (NIST SRM 640c) was analysed
20 to verify the Si 111 peak position, and vanillin and sulfapyridine standards were analysed
to verify the stage temperature. The sample was packed in a ceramic holder and analysed
from 2.5 to 40° 28 at 3 °/minute (0.4 sec/0.02° step).
XRPD - microplate analysis
XRPD patterns were collected with a Bruker D-8 Discover diffractometer and
25 Bruker’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 mA), a Gébel
mirror, and a 0.5 mm 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
30 beam was scanned and rastered 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
|



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

WO 2009/138781 PCT/GB2009/050496
53
diffraction pattern was intcgrated using a step size of 0.04° 26. The integrated patterns

display diffraction intensity as a function of 26. Prior to the analysis a silicon standard was

analysed to verify the Si 111 peak position.

s Example 6 Preparation of Compound (I) Difumarate Form B

A slurry was prepared by adding enough Compound (I) difumarate Form A to
water so that excess solid was present. The mixture was then agitated in a sealed vial at
4°C for 7 days. Solids were isolated by vacuum filtration and analysed. The XRPD pattern
for the resulting Form B is shown in Figure 8. The most prominent X-Ray Powder

10 Diffraction peaks for Form B are shown in Table 9:

Table 9

Angle |Intensity| Angle [Intensity
2-Theta °| Count |2-Theta °| Count

4.7 362 22.1 561
6.8 984 22.8 531
7.4 977 23.1 355

9.0 457 23.6 459
10.3 751 24.5 694
12.6 1446 24.7 870
133 473 25.2 388
13.6 375 25.5 530
14.0 656 259 497
14.3 414 26.2 2683
14.6 377 26.7 593
15.8 579 27.0 2034
16.8 963 27.4 697
17.3 454 27.6 788
17.6 352 27.8 374
17.9 338 28.3 419
19.0 519 28.6 792
20.1 672 28.7 721
203 1165 28.9 510
21.1 388 294 538
22.0 704 304 407

Form B is thought to be a hydrate, possibly a tetra or penta hydrate.



112 34.8 69.6 ple 16 Preparation of Conmpoundif) Difumarate FormL A

sol ution of Conpound (1) difumarate was prepared in acetonitril el water
50/50 (W) and an. aliquot was added to a meroplate well. The sol vent was
evaporated and 1,1, 1, 3, 3,3 hexatinoro-2-propanol was added to the well. The
pl ate was 3Wh1eHt38®land then the sol vent was evapor at e®CEEFRPO24r Y Nt
conditions. The XRPD pattern for the resulting FormL is shown in Figure
18. The nost prom nent X-Ray Powder Dif4raction peaks for FormL arc shown
in Table 19: Table 19 Angle 2-Theta O 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

Example 7 Preparation of Compound (I) Difumarate Form C

A slurry was prepared by adding enough Compound (I) difumarate Form A to
s IPA/water (90/10 v/v), so that excess solid was present. The mixture was then agitated in a
scaled vial at 15 °C for 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

Angle |Intensity| Angle [Intensity
2-Theta °| Count |2-Theta °| Count

3.5 1014 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 2043
10.7 919 21.9 1661
11.1 917 22.6 1643
11.9 1221 229 2277
12.6 1733 233 1424
13.3 1185 24.1 6452
14.0 1316 24.5 1094
14.3 1081 25.1 1701
15.0 2958 25.6 1249
15.6 1009 26.7 917
16.0 1161 27.1 2265

17.3 886 27.8 884
17.6 897 28.0 874
18.1 941 28.6 826
18.3 871 29.5 2106

19.2 1791 33.2 912

10

Form C is belicved to be a mixed hydrate/solvate form.

15

20
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Exanpl e 17 Preparation of Conpound (1) D fumarate Form M

A sol ution of Compound (I) difurmarate was prepared in acetonitril e/ water

(50/50 W)
evapor at edWan§02138%5t opanol / wat er (90/ 10 v/v),

and an aliquot was added to a meroplate well. The sol vent was

was addedCUSBEHOWNETY The

pl ate was soni cated and then the sol vent was evaporated under anbi ent

condi ti ons.
Figure 19. The nobst prom nent X-Ray Powder
shown in Table 20: Table 20

10

15

The XRPD pattern for the r&ulting 60 FormMis shown in

D ffraction peaks for Form M are
Angie 2-Theta O

Example 8 Preparation of Compound (1) Difumarate Form D

A solution of Compound (I) difumarate was prepared in acetonitrile/water 50/50
and an aliquot was added to a microplate 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 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 11:

Table 11
Angle |Intensity| Angle |Intensity

2-Theta °| Count [2-Theta °| Count
33 14.1 17.1 19.1
5.1 39.1 19.0 21.4
6.9 35 20.2 47.6
8.8 14.9 21.6 39.2
10.2 10.5 24.2 85.2
12.0 13.6 25.8 61
14.0 18.9 26.7 39.6
15.0 22.5 28.1 30.3
16.2 26.3 29.8 28.1

Example 9 Preparation of Compound (I) Difumarate Form E

A solution of Compound (I) Difumarate was prepared in acetonitrile/water 50/50
(v/v) and an aliquot was added to a microplate well. 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
11.The most prominent X-Ray Powder Diffraction peaks for Form E are shown in Table

12:

Table 12
Angle |Intensity| Angle |Intensity
2-Theta °| Count [2-Theta °| Count
5 1.12 20.5 61.5
6.7 13.3 22.9 31.4
8.7 26.7 23.8 39.8
10.4 13.3 25.2 26
14.2 28.7 26.1 57.5
17.0 26.4 27.3 23.2




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 Conpound (1) pilumarate Form N A solution of Conpound (1)
difiimarate was prepared in acetonitritelwater (50/50 %v) and an al i quot
was added W #09138Mdpl ate welt. The sol vent was evapor ZCEGBIHG/050496
acetone/water (60/40 v/v), was added to the well. The plate was soni eated
and then the solvent was evaporated ats#élC. The XRPD pattern for the
resulting Form N is shown in

Example 10 Preparation of Compound (I) Difumarate Form K

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 still warm. The vials were covered and allowed to cool slowly to room temperature.

s 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.

10 The most prominent X-Ray Powder Diffraction peaks for Form F are shown in Table 13.

Table 13

Angle |Intensity| Angle |Intensity
2-Theta °| Count |2-Theta °| Count

6.3 1491 20.1 1547
8.0 1591 215 1327
13.5 1764 22.8 2683
13.9 1759 239 1397
15.0 1349 248 1295
16.0 1301 26.2 1276
19.1 1743 274 970

Example 11 Preparation of Compound (I) Difumarate Form G

A solution of Compound (I) difumarate was prepared in acetonitrile/water 50/50
15 and an aliquot was added to a microplate well. The solvent was evaporated and 2-
propanol/water 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 G are shown in
Table 14.

20

25



16 Figure 20. The nost prom nent X-Ray Powder
are shown in Tabte2l: Table 21 Angle 2-Theta

2- Thet a

25.6 80,3 10.5 8.5 26,4 60.5 9.01 27.8 62.3

10

Diffraction peaks for
Intensity Count Angle

Form N

Intensity Count 5.3 59,2 13,9 28.2: 6.9 36.2 23.5 51.1 9.2 23.2
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Table 14
Angle | Intensity | Angle | Intensity
2-Theta®| Count |2-Theta°| Count
6.9 919 20.2 1461
8.7 446 21.6 925
10.1 259 23.2 848
12.0 488 24.1 2532
12.8 394 254 753
14.0 223 26.7 579
14.9 695 274 756
16.2 244 29.7 749
19.0 366

PCT/GB2009/050496

Example 12 Preparation of Compound (I) Difumarate Form H

A solution of Compound (T) difumarate was prepared in acetone/water (95/5, v/v),

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

0.2um 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

Powder Diffraction peaks for Form H are shown in Table 15:

Table 15
Angle |[Intensity| Angle |Intensity

2-Theta °| Count [2-Theta °| Count
4.8 1837 16.9 1603
5.2 2010 23.3 1786
6.8 1639 25.2 2564
13.2 1563 254 2231
13.8 1603 26.1 1698
15.8 1625 27.6 1864
16.5 1658

Example 13 Preparation of Compound (1) Difumarate Form 1

A solution of Compound (I) difumarate was prepared in methanol at ambient

temperature. The solution was then filtered into toluene at ambient temperature. The

resulting solid was isolated by filtration and dried prior to analysis. The XRPD pattern for

the resulting Form I is shown in Figure 15. The most prominent X-Ray Powder

Diffraction peaks for Form I are shown in Table 16:
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and et hanol [water (30/70 %Av),

_ was added to the well.
soni cat ed 3NU20HBR’8he sol vent was evaporated at 4C. THET

Exanpl e 19 Preparation of Conpound 0) Difumarate Form O A solution
of Conpound (1) difumarate was prepared in acetonitrileiwater
and an aliquot was added to a mcroplate well.

(50/50 v/v)
The sol vent was evapor at ed
The pl ate was

MW%ern for

the resulting FormO is shown in Figure 21. The nost prom nent X-Ray Powder

D ffraction peaks for

Form O are showns58n Tabl e 22:

6 Table 22 Angle Theta

O 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

10

15

Table 16
Angle |Intensity| Angle [Intensity
2-Theta °| Count |2-Theta °| 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 (I) Difumarate Form J

A solution of Compound (I) 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 Form J is shown in Figure 16. The most prominent X-Ray

Powder Diffraction peaks for Form J are shown in Table 17:

Table 17
Angle |Intensity| Angle |Intensity

2-Theta °| Count [2-Theta °| Count
7.0 1804 19.1 2165
7.6 2353 20.1 2723
8.7 2306 21.6 3417
10.5 2129 22.5 2094
11.9 1719 23.8 3119
12.2 1802 24.4 2048
12.9 1696 25.4 2041
14.7 2171 27.3 1978
16.1 1728 29.5 1501
17.4 2079

Example 15 Preparation of Compound (I) Difumarate Form K

A solution of Compound (T) difumarate was prepared in acctonitrile/water (50/50
v/v) and an aliquot was added to a microplate well. The solvent was evaporated and
fluorobenzenc 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 K is shown
in Figure 17. The most prominent X-Ray Powder Diffraction peaks for Form K are shown

in Table 18:
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Compound (I) Difumarate Form P A solution of Conmpound (I) difumarate was
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Table 18

Angle |Intensity] Angle |Intensity
2-Theta °[ Count [2-Theta °| Count

10.5 323 23.0 76.3

11.8 109 23.9 101
12.3 96.7 24.6 198
13.0 49.4 25.5 133
14.2 11.8 27.4 191
16.1 41 29.4 140

204 137 31.8 39.3
21.4 128 33.9 50.6
21.8 112 34.8 69.6

Example 16 Preparation of Compound (I) Difumarate Form L

A solution of Compound (I) difumarate was prepared in acetonitrile/water 50/50

s (v/v)and an aliquot was added to a microplate well. The solvent was evaporated and
1,1,1,3,3,3 hexafluoro-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 Figurc 18. The most prominent X-Ray Powder Diffraction peaks for
Form L are shown in Table 19:

10  Table 19

Angle |Intensity| Angle |Intensity
2-Theta °| Count |2-Theta °| Count

7.1 13.7 22.9 554
9.7 10.1 23.5 21.8
11.1 17.9 26.0 34.7
14.7 17 26.9 304

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
21.8 21.1

Example 17 Preparation of Compound (I) Difumarate Form M

A solution of Compound (I) difumarate was prepared in acetonitrile/water (50/50
v/v) and an aliquot was added to a microplate well. The solvent was evaporated and 2-
15 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
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Form B was heated to 150 "' C during tenperature XRPD anal ysis. The XRPD
pattern for FormQis shown in Figure 23. The npbst prom nent: X- Rae/ Powder
Di ffracti oWQWAKESTr Fotur Q are shown in Table 24: ECT/ERR080PAI0Ang| e
2-Theta O Intensity Count Angle 2-Theta " intensity Count
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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

Angle [Intensity] Angle [Intensity
2-Theta °| Count |2-Theta °| Count

5.3 41.8 239 72.2

6.7 18.6 254 54.8
16.1 20 274 41.9
20.1 125 29.5 25.8

21.5 63.3 31.2 25.4

s Example 18 Preparation of Compound (I) Difumarate Form N

A solution of Compound (I) difumarate was prepared in acetonitrile/water (50/50
v/v) and an aliquot was added to a microplate well. The solvent was evaporated and
acetone/water (60/40 v/v), was added to the well. The plate was sonicated and then the
solvent was evaporated at 4°C. The XRPD pattern for the resulting Form N is shown in
10 Figure 20. The most prominent X-Ray Powder Diffraction peaks for Form N are shown in
Table21:
Table 21

Angle |Intensity| Angle |Intensity
2-Theta °| Count | 2-Theta ° | 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
12.2 9.01 27.8 62.3
133 25.1

Example 19 Preparation of Compound (I) Difumarate Form O

15 A solution of Compound (1) difumarate was prepared in acetonitrile/water (50/50
v/v) and an aliquot was added to a microplate well. The solvent was evaporated and
ethanol/water (30/70 v/v), was added to the well. The plate was sonicated and then the
solvent was evaporated at 4°C. The XRPD pattern for the resulting Form O is shown in
Figure 21. The most prominent X-Ray Powder Diffraction peaks for Form O are shown in

20  Table 22:
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Angle (Intensity| Angle |Intensity
2-Theta °| Count [2-Theta °| Count

6.9 28.5 24.0 223
8.7 21.7 25.5 59.1
11.9 27.6 26.4 56.2
14.9 36.8 27.4 63.7
20.2 87.4 29.5 584
21.8 70.6

Example 20 Preparation of Compound (1) Difumarate Form P

A solution of Compound (I) difumarate was prepared in acetonitrile/water (50/50
5 v/v) and an aliquot was added to a microplate 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 at 4°C. 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:
10 Table 23
Angle [Intensity| Angle [Intensity

2-Theta °| Count |2-Theta °| Count
5.3 997 26.5 232
7.2 997 272 279
14.8 15.8 279 203
24.1 30.6 295 232
25.6 293

Example 21 Preparation of Compound (I) Difumarate Form Q

Form Q was observed when Form B was heated to 150 °C during variable
temperature XRPD analysis. The XRPD pattern for Form Q is shown in Figure 23. The

15 most prominent X-Ray Powder Diffraction peaks for Form Q are shown in Table 24:

20



10before conpressing into tablet cores using conventional tabletting
equi pnent. The conpressed cores were then coated with an agueous suspensi on
of filmcoating conponents using a conventional perforated drum coater. 63
Fil mcoated tablets containing Conpound (1) Difumarate Form A equi val ent to
2.5, 10, 40VQMWY/16Bng of conpound (1) prepared as descPquHé‘?:'FO%?E?g‘%ﬁ are
illustrated in Table 25. Table 25 2.5 rug gibatch 10 ng gi batch 49 nag
gi batch 100l ng i-,Yibatch Tablet strength' |Ingredient Tabl et core
Compound (1) Difurnarate Form A2 37.25 149.0 448.1 448.1 Lactose (450 nesh)
782.75 671.0 371.9

Table 24

Angle (Intensity| Angle |Intensity

2-Theta °| Count | 2-Theta °| Count
8.0 92 24.9 290
12.5 210 259 358
17.8 130 26.3 280
18.9 212 27.6 110
20.9 318 354 552
22.7 316 38.1 244
23.9 272

Example 22 Tablet formulation of Compound (I) Difumarate

The powdered ingredients shown below were charged to a mixer and mixed to
s 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 granules
were passcd through an appropriately sized screen and blended with magnesium stcarate
10 before 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.



371.9 Mcrocrystalline cellul ose (P14101) 100.0 100.0 100.0 100.0
Cr ospovi done 50.0 50.0 50.0 50.0 Polyvidone 20.0 20.0 20.0 20.0 Magnesi um

stearate 10.0 10.0 10.0 10.0 Core tablet weight 100 rug 100 tug 133 ng 333
nig Tabl et coating
WO 2009/138781 PCT/GB2009/050496
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Film—coated tablets containing Compound (I) Difumarate Form A equivalent to

2.5, 10, 40 and 100 mg of compound (I) prepared as described above are illustrated in

Table 25.
Table 25
Tablet strength' 2.5mg 10 mg 40 mg 100mg
Ingredient g/batch g/batch g/batch g/batch

Tablet core

Compound (I) Difumarate Form A? 37.25 149.0 448.1 448.1

Lactose (450 mesh) 782.75 671.0 371.9 371.9
Microcrystalline cellulose (PH101) 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 stcarate 10.0 10.0 10.0 10.0
Core tablet weight 100 mg 100 mg 133mg 333 mg
Tablet coating
Opadry White (03B28460) 23.0 23.0 233 23.0
Hypromellose® 15.0 15.0 15.0 15.0
Titanium dioxide’ 5.0 5.0 5.3 5.0
Macrogol 3007 3.0 3.0 3.0 3.0
Purified water’ 177.0 177.0 176.7 177.0
Nominal coated tablet weight 102.1mg 102.1mg 136.1 mg 140.6 mg

Tablet strengths refer to the equivalent amount of Compound (I) free base present in
the tablet.

The Compound (I) difumarate was micronised prior to formulation to give an average
particle size of less than about Spm.

10~ The hypromellose, macrogol 300 and titanium dioxide are included as Opadry White
(03B28460), supplied by Colorcon.

Purified water is used as the solvent/carrier fluid during film-coating and is removed

during the coating process.



Opadry Waite (03828460) 23.0 23.0 23.3 23.0 Hypronellose3 15.0 15.0 15,0
15.0 Titanium di oxide' 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 Nom nal coated tablet weight 102.1

102.1 136. 1
o rT%vo 2009/13878
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A suitable manufacturing process is outlined below:

COMPONENTS

PROCESS *

Compound (I) difumarate
Lactose

Microcrystalline cellulose
Crospovidone

— STAGE 1: DRY MIX

Binder solution:
Polyvidone
Purified water

|

[~ STAGE 2: WET MIX

|

STAGE 3: WET GRANULATION

l

STAGE 4: DRYING

l

Magnesium stearate

Hypromellose
Macrogol 300
Titanium dioxide
Purified water

> STAGE 5: DRY GRANULATION

l

STAGE 6: BLENDING

l

STAGE 7: COMPRESSION

}

t—— STAGE 8: COATING

|

STAGE 9: PACK INTO HDPE BOTTLES



.140.6 ng Tablet strengths refer the equival ent anount of Conpound (1)
free base present in the tablet. 2- The Conpound (1) diftmarate was

m cronised prior to formulation to gi¢®2 an average particle size of |ess
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included as Opadry Wiite (03828460), supplied by Cotorcon. Purified water
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2. Crystalline 4-(3-chloro-2-fluoroanilino)-7-methoxy-6- {[1-(N-
methylcarbamoylmethyl)piperidin-4-yl]oxy}quinazoline difumarate.

3. 4-(3-chloro-2-fluoroanilino)-7-methoxy-6- {[ 1 -(N-methylcarbamoylmethyl)piperidin-
4-ylloxy}quinazoline difumarate 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°.

4. 4-(3-chloro-2-fluoroanilino)-7-methoxy-6- {[ 1-(N-methylcarbamoylmethyl)piperidin-
4-ylJoxy}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°.

Sl 4-(3-chloro-2-fluoroanilino)-7-methoxy-6- {[ 1-(N-methylcarbamoylmethyl)piperidin-
4-ylJoxy}quinazoline difumarate 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 7.1°.

6. 4-(3-chloro-2-fluoroanilino)-7-methoxy-6- {[ 1 -(N-methylcarbamoylmethyl)piperidin-
4-yl]oxy}quinazoline difumarate 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-chloro-2-fluoroanilino)-7-methoxy-6- {[ 1-(N-methylcarbamoylmethyl)piperidin-
4-ylJoxy}quinazoline difumarate Form A, wherein said Form A has melting point of about

210°C.

8. A process for the preparation of 4-(3-chloro-2-fluoroanilino)-7-methoxy-6- {[1-(N-
methylcarbamoylmethyl)piperidin-4-ylJoxy}quinazoline difumarate Form A of claim 7

comprising:



Cains 1. 4-(3-chloro-2-fluoroanilino)-7-nmethoxy-6-

([ 2- (N- net hyl ear banoyl net hyl ) pi peri di n4-yl ] oxy} quinazoline difumarate. 2.
Crystal line 4(3-chloro-2-fluoroaniliné-7-nmethoxy-6-

[ 1- (Nnet hyl car banoyl net hyl ) pi peri di n-4-yl ] oxy} quinazoline difumarate. 3.

4-(3-chl oro-2-fluoroanilino)-7-nmethoxy-6-
(11 (N et hy eeaebady(Prablasg 2y Bqsesn iR T-melfopsy ([cPhazol i ne dif umar at e

e T ealtetfebmo bl b 238 Ml o BRYVEE a Sl Ay BftPRE e 1 1 |
7. 1. 4cidde (@ncihtdifamArdte sadr;0ani | i no) - 7- met hoxy- 6-

{[ 1- (N- et hy] car banmoy! net hyl ) pi peri di n4-yl }oxyl quinazoline difumarate Form
A, wherein $4) gygatliging t%@'(%'ﬁﬁlkﬂ?’%ﬁ%&?ﬁ&&m&%mfﬂgewgh{?L’ fern with

A 3 cReARIOS B AREND PRI IG £ Dpg fing? it oifMardieland

{[ 1- ( N- met hyiii dasobeimg\thed-{( Breblor @2 +fluoddanidrop! 7HmrthbryHond -¢Ni ne di f umarate Form
A, wherein sajd FQrm. A has .an X-ray powder..dif.fracti ttern with
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4- (3-chl oro-2-fluoroanilino)-7-nmethoxy-6-

([ 2- (N- net hyl car banmoyl net hyf f pi peri di n4-yl ] oxyl qui nazoline difiimrate Form
A, whePei n Jaiepraeesnctotiing wrelatmy Siyvhersinoetep i) of gmwms paarriedrput in a

subst arﬁﬁfixgllr%?{fs}tl]v(emﬁsac%p%}ssg{gg% %ﬂ%’?éﬂﬁ?ﬁ\éﬁ%@%}f fraction pattern shown in

Fi gure 4. . 4-(3-c 2= Itno)-7- met hoxy- 6-

{[ 1- (N- et hyl ear banoyl et hyppi peri di n4-yl ] oxyl qui nazol i ne di fumarate Form
A, vvheégi n S’[%i@d Form A kbgs %ﬁ‘l&;l ng BOi nt%qoe;‘)i(igb}gg;tp 210C. . 8. Ad piocess for
the prepar atlit§PreIesUAqCELattg Graatn ¢ Magicte 8} P pieqRpReaged outn a

CI( glmer;qt ?%%ﬁl% ?ﬁﬁégg&&%@%h&e&h}q%?ﬁtﬁgegaglé?ﬁg%gﬁzoI ine difumarate Form A of
4- (3-chl oro-2-fluoroanilino)-7-methoxy-6-{[1-(Nnethyl carbanoyl net hyl) pi peri
Che o s S AR ARt o e P g o BB o Torm
4y TYBS0) qui nazol i ne di fumerate: and (111} isolating the o
4- (3-chl oro-2-fluoroanilino)-7-net hoxy- 6- {[ 1- (Nmet hyl ear banoyl net hyl ) pi peri

di n- 4-yl ] oxy}qui nazol i ne di f ut nar.gt rm 9. .Th rocess ording to
claim éZMer‘%f’lW%ﬁSégf {hie)pr?ﬂar‘#‘r?@ og?lggézggorpgfﬂ%qrp%hmﬁa e Og}’-rﬂ%glfldﬁ‘g of

sol ventgetkABRbAMbIEh j)i')ﬁﬂﬂd'rﬁ 1ok PRIUARZ0RAe difdRaratb/FRrRr Q6£8ginagCcOrding to
claim8 wﬁgr.ei n egﬂf}? of %hgq]p]r og}ez{ss IS cearlri eacfaout in a m'lxture of

sol ventcemposypgi si ng et hyl acetate and isopropanol. 11. The process
according tqg..clai.n8 rein Step.(i t.he ess S rrj terd N
vater 5o Gt d sSRGpRoR ipERicn df L Fr FBRanlihoF FdREPE 11

4- ( 3- cliNonethgichibdfiogBndthyInsiperidiiBt y1foky} §uihdzbliablimehilydceatdainmyd lewst hy| ) pi per
i din-4-yl]oxylquinazoline difiinarate Form A of claim4 conprising:

(i) redetZSrgolar epiivalensn fugnaris pepbingpemoramol,

4-(3-chl or - f r i1 LRa) - 7 6- - S .

(N- net hyl e%%%%y%%%% ﬁagiﬁé’efrz’?@?%&%% ffgééﬁ%aﬁl}or%ész% t?%lg f|r0r%n glt)?%; Is'lat((:) etate

Wi t h atl:1,deséxample abdmt 01 :ato el aral whdrsinftherpattborassicarried ous atr tomaoature

wher ei n tge val unE rat,o of ethyl acetate to isopropanol is suitably from
about »fbey 29-tq abews 3ebianpl e about 5.1:1 to 1.9:1 and wherein the reaction
is carried ; apreu 1 ik ool i ng
the reacti 8%09%%?15 @%ﬁh%{‘%%ﬁ? iﬂl;on?%@g %?aﬁzo%& andénr(liglﬁ) g;li lg% t}%ehrg{’drtndrﬁta 5r e at
thi s t ehisderaparatere to effeteaystalligationl dfitked-(Hohlofo-2+fkioroanilino)-7-methoxy-6-{[1-

4-(3-c ro-2-fluoroanilina)-7:.nmethoxy-6-{[1-. .. .
( N- et RW@SWWFW@H?H@?%8‘?41814ﬁ1}/1%3’§'|}ﬂ‘(‘)‘%@&‘ﬁ? Aivmerater o thddt e Form A
and (idii) dsolatilohe 93 chRrd-2(RrofdHnliid) Z-fbtek R8N L i(RO) - 7- met hoxy- 6-

[ 1- (Net hyl car banoyl et hyl ) pi peri di n-4-yl ] oxyl quinazoline difumarate Form
A. 67 m@hycpbameglmetiyl)pipasidin-dpdloay } grnagpline difumarate Form A.
4- (3-chl oro-2-fluoroanilino)-7-nethoxy-6- al -(N
met hyl car banmoyl met hyl ) pi peri di n-4-yl ] oxy} quinazoline difumarate Form A
conprising the steps: (i) reacting a solution or suspension of
4- (3-chl oro-2-fluoroanilino)-7-methoxy-6- {11-
(N- et hyl ear banoyl net hyppi peri di n-4-yl]Joxy} quinazoline in water with at
| east a 2 nol ar equi val ents of fumaric acid, wherein th;a reaction is
carried out at about 85C, (ii) cooling the reaction m xture from
step (i) to about 60C, and




(iii) i1solating the 4-(3-chloro-2-fluoroanilino)-7-nmethoxy-6-

al- (Nnmet hyl ear banoyl net hyDpi peri di n-4-yl ] oxy}qui nazoline di fumarate Form A.
14. A pharmaceutical conposition whi ch6donpri ses

4- (3-chl oro-2-fluoroanilino)- 7-methoxy-6-

- (N- net hyl car banmoyl et hyl ) pi peri di n-4-yl i oxyl qui nazol i ne difumara

accor dildg t(ﬁﬁfﬂﬁeﬁfﬁéfﬁﬁ%P@F'ﬁﬁmlch&'('?:ch)(?foa?séB‘éqO&@lilBW‘mqﬁh%Yp%{[1‘ -

i aceuti - i 1 | 15 et o sition
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f 1 uor oagdpsi no) - 7- met hoxy- 6- {[ 1- (N-nmet hyl car banoyl net hyl ) pi peri di n-4-y1

] oxy}qui nazoline difiuparate is . .

4- ( 3- chl or o-DFFAEHEESRIUTORSY SysPRBpRRLA-63-chlprq-Reflemanilinoy i shaey-Asil pi per |
di n- 4-y i i i uemr at . 5 E .

16, 4- é%ﬁ?%\&%_ﬂ%ﬂ_&?ﬁ)&iﬁ}%g%ﬁ#lpﬂfl% m{)ﬁggﬁf_ﬁ%z_ohne in water with at least a 2 molar

([1-( l(;l—aqatvlaydntsa)ﬂfammlgit aeit jwhérpinpbe redition ©-cgtried>opt aaboat¥9°Cne di f umar at e
according to.any one of clains 1 to 7, f use .medi cament. 17. The use
o 4 (3 ohl gib eIt trafien Moy s et hon gD o et BT e

met hyl car bangy)!isghdng the RS Ldhiirs-24AYdrbAiMAGH -RRARIx e ([dif\umar at e accordi ng
to any one of clains 1 to 7 in the nmanufacture of "a nedicament for use in
t he t r entth@arbamoylmesind jiperiddn-4-yi Pxyhquinazoling fifemarate FarmoA- 7- met hoxy- 6-
{[1- (N- et hyl car banmoyl net hyl ) pi peri di n- 4-yl]oxy} quinazoline difumarate

according to any one of claims Ito 7 for use in the treatment of a cancer.

19. The use agpRictiadeutical Edmpdbition wikieh ebmMptifes 4c@neisroiBilaabasiliad)-f r om

breast, gastric, colorectal, head and neck, ovarian and | ung. cancer.
7-methoxy-6-{[1 -(N-methylcarbamoylmethyl)piperidin-4-yl]oxy} quinazoline difumarate
according to any one of claims 1 to 7, in association with a pharmaceutically-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-yl Joxy}quinazoline
difumarate is 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-(N-
methylcarbamoylmethyl)piperidin-4-yljoxy}quinazoline difumarate Form A.

16. 4-(3-chloro-2-fluoroanilino)-7-methoxy-6- {[ 1-(N-methylcarbamoylmethyl)piperidin-
4-ylJoxy}quinazoline 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-ylJoxy}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-ylloxy}quinazoline difumarate according to any one of claims 1 to 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.





