FUVARATE SALT OF 4- (3- CHLORO 2- FLUOROANI LI NO)
- 7- METHOXY-6-{ [1- (N METHYLCARBAMOYLMETHYL)
WOREERBDBN- 4- YL] OXY } QUI NAZCLI NE The pr esentPCT/GB2009/050496
invention relates to a salt 1of
(3 chloro 2-fluoroanilino)-7-methoxy- 6-
Icarba Ineth erldln 4- 0X ui naz

-0 E R R T SR
4-YRIG k N?umarate salt of Cbnpound (I): The salt is
expected to be useful for the treatnent or prophylaxis
of conditions nedi ated al one or ﬁgrt

r ec &pe BicsHit gantiomeslatesetota; selﬁwﬁﬂf(;’: c]b @1%@%@41\1/1@10) -7-methoxy-6-

a 2

sl S T S s O

mothmlmtdthe dfomatare dahtef mmﬁoaﬁcﬂ ) e Tat s#t vedpaandentbe useful
use in the nt or pro is of cancer

t | a
s ordii A aseHE ST CondiaoRl DR e Gf 1y R gHPB receptor
mg%%igfé’% pﬁﬁlclﬁla?l?ga‘ﬁhfemlvg Blsbzps%k Eé{gﬁfl &5 Shifer. el"ﬂ%%eéﬁﬁf? BRo2AGtes to a

, are quently involved in drivin
pharmetéutiealatoingosidinol cempnsmg thecshlttaudrmﬂhemed: thsreaﬁdl ths nsmufacture
the erbB f n1|y tors i licated in a nu
of bR Payodn fear SRR OF By AR O Sy suth Foeisy Shncer.
EMBEhd erbB #8R91§ of Jdtc)eptog 28dine kifgdeddimeh friRludXamR, %rbB2 erbB3
breast cancer (Sainsbury et al., Brit. J . Cancer

10 and@B8B4, B8 freqeditly Gyenlyed igtdriging, thmwé@n@otﬂasi survigg ®g tursour cells

an(g TS Su%ér eag?lggrm c’ye ?f rﬁggptoer%?szlg%ph]cgtsea%%ﬁﬁlﬁge?roo;‘fp{ﬁlec}ia? cancers

(re%@Mb@WB@laJyfbyé@{ SINBEMBD 1312000, Qr9 B8 1593§mc1uehfgcfor extdeipa¢ bleast
1995, . J 183), . non- snall cel ng» cancers (NSCLC%Q

caﬁC%qS@,ms{aw alndirite £iGaasels | 9(?@@.5_&;/15& yerin etgglj, Oncgeene Res., 1988,

3, ﬁa?gag%on #8%%%1?{%8? 145%? K& @kt BJSQ&Caﬂcgr ﬁ%@'tg@ét 1994,

15 29,53,and 37dcwait mlfbdalecn etal alrit. (EleanOnGainHemaﬁdaSm% 29)01183)
norspmalf Sel fa cireersRC L Grsbichss adeppcarongmes (Gragt L, Brit ).
Calgé? 01'986Rﬁp265 Re%%@gt al 7 Int5P Bhancd! P}é@eﬁs %@Cﬁﬁsc(lw?gll Cealncer

~. Lancet . 366; Chow et al Cancer’
ﬂ_& 1998063, 2379 B@Eé’ndeih_@.l €lin ﬂag,cem Q@ﬂbll}d@SO) as3yell as

oth%gézp’cerg §§ 81%;1?11%6 a&e@gycer n%g@ﬁ?; ' 49‘aﬁﬁ§ag<i ¢t al., Oncol.

20 Re% 0bEUD, 7! 6 A lader 4R aC W S Lakd3011085 eJ66ahow et al., Clin.
cogene Res. , 1987 1409; KapltanOV|c et a

Cames Rene?AWr 31 By, Zhaonal, MopCarrimeg:, 3R35H, @qsoahlag,eal cancer
(Mcgaqg ct all n&gr%er 1’99%0&1 1 42} éastrmn@s’tmg QAREL 8 such as colon, rectal or
stomach cancer (Bolen et al., Oncogene Res., 1987, 1, 149; Kapitanovic et al.,
Gastroenterology, 2000, 112, 1103; Ross ¢t al., Cancer Invest., 2001, 19, 554), cancer of
25 the prostate (Visakorpi et al., Histochem. J., 1992, 24, 481; Kumar ¢t al., 2000, 32, 73;
Scher et al., J. Natl. Cancer Inst., 2000, 92, 1866), leukaemia (Konaka et al., Cell, 1984,
37, 1035, Martin-Subero et al., Cancer Genet Cytogenet., 2001, 127, 174), ovarian
(Hellstrom et al., Cancer Res., 2001, 61, 2420), head and neck (Shiga et al., Head Neck,

2000, 22, 599) or pancreatic cancer (Ovotny et al., Neoplasma, 2001, 48, 188).

30 Accordingly it has been recognised that an inhibitor of erbB receptor tyrosine
kinases should be of value as a selective inhibitor of the growth of certain carcinomas. A
number of erbB tyrosine kinase inhibitors have demonstrated clinical benefit and a number

of erbB tyrosine kinase inhibitors have been approved for use in the treatment of cancer.
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the prostate (Visakorpi et al., H stochem J ., 1992,
24, 481; Kumar et al. . 2000, 32, 73; Scher et al. . J
WO 20dat13878Cancer Inst ., 2000, 92, 1866), | eukarti/aB2009/050496
(Konaka et al., CeU, 1984, 37, 1035, Martin-Subero et
al. . Cancer Genet Cytogenet, .. 2001, 127, 174),
ovarian (Hellstromet al., Cancer Res. . 2001, 6J_,
2420), head and neck (Shiga et al, Head Neck . 2000,

FOIIZ\éCgB}%? )cheanng%E\%Jeg gé kﬁlfgﬁgl?lﬁﬁ) ogs%éﬂlﬂ% il ¢ ?Iohlmb fBI‘e télﬁ treatment

of dadvangiirmeackniahlaiellding ¢dnkd dndriapatingdy; b/Bldhehae pILB?2 tyyosORikiease
lnﬁﬁnases shoul d be of value as a sel ective _inhibitor of

Oy RS OF UseinarRstale ke RACr SRS eIMCHFGERyE crbB2
tyr s)fﬁé’l%h%% iKhi DRSS afe“é?fr&hﬂ?ﬁé %?ni%ﬁ{mnﬁ rated clinical
enefit and a nunber of er B tyrosi ne ki nase
i nhCbimpoursl (aisalisvémsad aplntavgdnhbPaters A pphicatiom Rubdiastreniumber

W AR E xR e Y80 Fth T BRIt e & ont ment

of advanced non- snall cell lung cancer and | apatinib,
whi ch has erbB2 tyrgsilie kinase inhibitory activity,
for use in netastatify breast cancer. Several other

EGFR and erbB2 tyrosin '
currently in devel opnent.
I nternati onal Patent '

W02005/ 028469 as Exanpl e, 1 therleinpand is of the

structure: Conpound (1) cnl nthI) is an erbB

receptor tyrosine klnase Qi t.or, in particular

Compound (I) is a potent |nh|bﬂYor of EGFR and erbB2

receptor tyrosine kinasgs g G S 2@ grow ng body of

pre- and clinical eV|dence uggesting that, in

addition to signalling via EGFR and er bB2 honodi ners,

cell signall |ng nedi ated by EGFR,. erbhB2 & erbB3

het EPBRPYRS &) Hep BB éfiﬂ?eptﬁf)é’rr?%?ﬁ kigpgedplihiter. § Rastigylan{gpmpound
437

(0 B QB SpIREf S TR B erb DR cHiBros 89 ing S
Johiibtroms #groasting badd@f 2008 chbicall®6dnce @ggealr@tbﬁ;%in addition to

siegilirg s end B bR B el g e e bk O TR erbB2 &
erbBla r&t&&ulﬁﬂae rﬁgr H@&ﬂ f?ﬁbo@tfanir@{cegaﬂ& SRhAIANg ?'&ﬁ@ﬁ?(Sel‘gma ctal.,

onpl exes wi th ot her kinase-active receptors 1ncluding
Nam 20801465) 43 EGHRra@hdl.&rlbBRanceERFR 2800 18r HBP); Johnston et al., JCO,

2008 8L T SiRed PRER Gott b ik eFEir Pl DR ifiRe SR, activation

of % RFBSSREeptor is achieved only through the formation of heterodimeric receptor

complexes with other kinase-active receptors including particularly EGFR and erbB2 .
EGFR and erbB2 heterodimers formed with erbB3 are thought to drive tumour growth in
tumours where these receptors are expressed.

We have found in pre-clinical experiments that Compound (I) also inhibits erbB3
mediated signalling through the inhibition of phosphorylation of erbB3 following ligand
stimulated EGFR/erbB3 and/or erbB2/erbB3 heterodimerisation. Accordingly, Compound
(I) exhibits a unique erbB tyrosine kinase inhibitory effect compared to other erbB tyrosine
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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We have found in pre-clinical experinents that

Conpound (1) also inhibits erbB3 nedi ated signalling
W@ broddf1st he i nhi bition of phosphorylation of BCHBB2009/050496

followi ng ligand stimnul ated EG-R/ er bB3 and/ or

erbB2/ erbB3 het erodi neri satipn. Accordingly, Conpound

(I') exhibits a unique erbB tyrosine kinase inhibitory

ef fect conpared to other erbB tyrosine kinase
1m¢)£b%£¢t£?&ﬁe§%&%&%ﬁlt%&n frle b Rlon SF Hitdr %)mteﬁfﬂe\%zs‘f%nalling by

ri Ity as rosi ne ki nase |nh| ors. ave

Compotndd).out pre-clinical studies which suggest that

Co | hi bi t d -t ffect
oy At G ERE RIS b s rsand i pved b dadtae prepared
in tﬂ@ 1‘foﬁfﬂ o 1?&%21&%'&9511 c@epthE RAU oM aﬁ 2cif8dBRWAalt of 2

heor is th g ht" t hat thei npr ve properties
commpndw dhiet F(frnmia L methi anhidyigtiionr ofgativecelr duB3 asextirathdaric,

¥ T R o RO

is th@tc tRBedRfion Of 2 IPRAK PREAIE dcfR! CYmpGHARNAR |dﬁsc§>§éd in E)&Enple 1

exanpl e, an acid-addition salt of a conpound of th
of W&Z@Qﬁ/é)2846%mdhs solatesorsghafrec bascorlyarsiis n@disqlosluchn as

W&®5%§48§ b€ ?né/ %901?19 88{“ Rﬁ%mﬁé&n%r(imt rifluoroacetic,

005/ 028469 is

t heme: lavs @ grishataTomiouvad $BIi§ cMstallink Wi doenedhétphous character as
Conpoundﬁ%l i s disclosed in Exanple 1 of )
shoyrpip by &: Eigereils Disfsreatialpcamningealpiipetry gigurePigos

COJ@ %d ng% %gdg%ialut;ﬁaw%g?/ee %1&%%14@%69&(1}2%53 %‘P&Hi% ‘ﬁ|k§19't6 be due
to oiweat kis, inmst likélh waoarefodlowed b a snadtiay aclodrerasvighovwensetof

12%2&35&%«3&@ ur?é&am%%% rent%@flq f gu@ﬁ%@éhwwwg@m loss

Ofﬁg%oge@\%épyyotrhna@sa@set of 76 2C, which is likely to
e due to solvent loss, nost likely water, followed by

a n@lynamg \érdot ﬁ@lptmm(]flgurad) oheet mofstul@ﬁptg@ of approximately

TR o0 5L S0R ETBR B AL g 0 15 Bsconie
Dy ngpd igavYdO@dr tha3Q dthpRind Qf)' HAY b @clBthv e A infifks3d kR lution rate,
upt ake of approxi mately 9% w w at 80%rel ative

parfigwtdy eypH helowr@? agd klaS@olwgb gﬂbul@ permeabiiifsle fi4e éovy solubility and
hlgﬂé)%ﬁrﬁg'a%ﬂﬁ} %1]1% okt 418§ cia%ﬁﬁgat 0 (t%) E)Q%o%;)ouﬁ&‘%[) Therefore,

rrnsic di sso rate,
theidsbiu€ivh ahdryctaﬂisti@Hob&ﬂe Qoo bndindy bélSrlﬁcdD irgbore@lling dtg

abs%?prtirg?laa?lid liIilttery pati-le-gtevalri%tv)\{li?ﬁleléll?eiclialillgl)gt %ﬂg%er 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.

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
properties, for example high crystallinity, low hygroscopicity and/or favourable thermal
properties, such as a high melting point.

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

difumarate.



10

hi gh perneability suggest a BCS cl assification of
Class Il for Conpound (lI). Therefore, the dissolution
W@ b@p/asa7er i stics of the conpound may be criti cBCT/GB2009/050496
controlling drug absorption and inter patient
variability, especially at hj gher doses. These
findings together with the facts that Conpound (I) is
partially anorphous and is hygroscopic has resulted in
the r ' 0 -
CRRREy 0 CorituR (B e b, PR ackbbing 0 o
ﬁnthhﬁ!ispbheaf dhd presahainges@di thefe iCpropaisd drystallifteSompound (1)
favourable properties conpared to Conmpound (I).
difes99f3tund (1) difunmarate has a favourabl e dissol ution
profrhd eofpbink (I? Hﬂumg‘t'a&t}n%%‘ﬁ&qﬁ sSIQhdB LY {VEH a§ﬁﬁjso"1’va
intrinsic dissolution rate. Furthernore, npound
suchlap, foi f:xamﬂatle'datetd ﬂbmls Itawwtheamhersmkiltbbtﬁeameennon

enBpSek b it P hafes SR Padsra Bt e orovs g b

S U clvasave fhirithame ﬂa‘rﬁ@llﬁ%ﬁalhﬁ@%@f T@nigdudd (¥) dsttimarate,
ect of the present invention there is provided

her imo ipdn ()is ehiatantersad & at it atsividas e Xeommewregr diffraction pattern
SubeJ[lﬁlrlltj%i?: %asglow% it %}’gu% a) | *rfr%ee glglhp%{)%@nge[q ea‘f&g{]ﬁon@&a‘%e Shown in
Tale Qvi ded crystall|ne Cbnpound (1) difumarate. The
Compound (1) difumarate may exi st in solvated as well
as unsolvated fornms such as, for exanple, hydrated
forms. It is to be understood that the invention
enconpasses all such sol vated and unsol vated forns of
Compound (1) difumarate. W have found that a
particular crystalline formof Conmpound (I)
di fumarate, hereafter "Form A" is characterised in
that it provides an X-ray powder diffraction pattern
substantially as shown in Figure 4. The nost prom nent
peaks of Form A are shown in Table 1. Table 1 The nost
prom nent X-Ray Powder Diffraction peaks for FormA In
Table 1 the followi ng abbreviati ons are used: VS =
very strong; S = strong; M= nedium and W= weak.
According to a further aspect of the invention there
is provided Form A, wherein said
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Form A has an X-ray powder diffraction pattern with at

| east one specific peak at about 2-

t heta 26. 4.

WQewornsh7ey to a further aspect of the inventi oPCT/G8R@I/N050496
is provided Form A, wherein said Form A Agent has an
X-ray powder diffraction patg4ern with at |east one

specific peak at about 2-theta

26.4, 14.9 or 7.1

.According to a further aspect of the invention there
is provided Form A, wherein said Form A has an X-ray
powder diffraction pattern with specific peaks at

Tahledut 2-theta

26.4, 14.9

and 7.1

According to a

further aspect of the |nve?t|on there i 'S prOV|ded Form

%nnrv:'.

Yy g- :.l =

ragctig

dgrffraction

c peak at about 2-
pr 7.1 . According to

there is provided
AN X-ray powder

i £ peaks at about

. and 7.1

Accor di ng

ion there is provided

n X-ray powder
one specific peak at

, 21.2 , 17.3 , 15.4

cording to a further

provi ded Form A,

powder diffraction

apout 2-theta

26. 4,
4.9, 13.0, 12.4 and

I of the invention

h said Form A has an

substantially the

ion pattern shown in

bstantially free of

rate. For exanpl e,

difumarate is in the

east 90% nore

i1l nmore particularly

difumarate is in the

ti
T - T oS TG
il i oo com,
Fné A sai Bar m|A Mas
di 7flr act onSpatiernzmﬂth gped fi
2-gheta F26.4 , (24.05514.9 , €12
t(ﬁgbrur neR, aspectpf The TRyen
N5 LA Y S DR A A
abldifl 2-[théta & 26244 240, 93
, 1249, 3.8, 12.4282 7.1 MAc
aspesct of tRe ipvenbygn thergis
WIgTE! N pard FOIM A)jgs A XAy
I.Jall :.ffl LIL} m QI:IJ.,\JI 1 3§ ca 1r\m, a
7.1 Ackor@inglto ahéther adbec
thieke is| prawwi ded Fars A, |whefei
X-142y popderg difiragphon pathgrn
T Y VO S i b DAY
atet £ ob neMht ’;rnzzp;'?.;°arr:
atl6%ast | 80M of | t he3&6mpodnd M I )
farrg of Form A, | par g84.0ul arl y hat
aﬁggculaanl al Teash 95% apg s
TG Sl A AL LareilouPhe”
203 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

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°.

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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enbodi nent at | east 98% of the Compound (1) difumarate
isin the formof FormA Reference herein to, for

W@ x@ansssl 80% of the Conpound (1) difunmarate bRCTIGBRIVINS50496
the formof FormA, refer to the % by wei ght of the
Conmpound (1) difunmarate. Thg DSC thernogram for Form A
is shown in Figure 5 hereinafter. Form A, shows a
sharp nelting endothermw th an onset tenperature of

ab 10. 4 ' ' ' ni s
oA o SELU TR LS AR i wi
Forap paraatan X-aay pahesler divkaktion pahernxidnypcedic phalesatt dbg|2ytheta =
Foorg]Ao\ has a nelting point of about 2100C. W have
26.f0dnd @AAY 1Compound (1) difumarate may exist in other

cr Xsdodihh Aa I%‘EF %{’fgw ofEXAIRL RidnEeE N Fovicl ®ofth A, wherein said

described in the npl es herein. According to a
Forfnu At Hee 1an as perqtovaler difiradtiongmatteronvittharleast snqppevifiddak at about 2-

ry L1 ound, rlg di fumarate sel ected from any
theg‘n_eiér? F%‘Pq?n‘%gggg %‘?nﬁg Yescri bed herein. Suitably

e a&@co_@diin% Rea et &dpeb TRt thn(thdre( pravRic@F8rrh X, Rherein said

described is substantially free of other forms of

Forgp Apws gt X-1dy noividgndif Bieasion potteraxapinscifigtpehleas nb@odrbeta =26.4
A n ), dé fumarate is in the desired form
’262)?13 i%:)'ul’allril‘zg0 ad7l‘gast 90% nore particularly, at |east

958c@nding td 4 Furtief Espeat dfitkdHnaehtionaherk @agiovRIBIFefm ) &vherein said
Compound (1) difumarate is in the desired crystalline
Formng Arhag fn phretydtomisien fidk ectionmpattenyithagt  pasboncipggifigoeak at about 2-

theﬁ‘l—”E?H“ B4(t) 24b T, %‘Qr"afﬁ]gqg%’i begoNare! iy gre,. 7 | o

crystal’l'ine! "Sui'tabl y egfee of crystallinity as
detAecondimedo hyfutheraygpqeovtitr idichfio@ticron pdatided RBorfnok, wherein

.exanpl e greater tha ut . 60% such as eater than
Sal‘ggﬁ‘glfp 4" perf i RﬂYYd;F 338@?%&13@%&%%51 %8&{0 15855 3 sgout 2-theta =
261008 ppasi hcyh arl y; gr qater 14 han gpoyb 493%F 7he,
ermbodi ment s of the i'nvention,” the degree of

crfstoading o anotlas asperceoitha edehijonxtheryis powitdad Form A, wherein said
di ffractipon data is..4reater than abqu 8% wher ei
Foifh & 8 b g SRRt AT Pt CHR SR TR e s ey
pow@radi fi&eR FatiBSShoWh ialFigearystalline. In the
precedi ng paragraphs defining the X-ray powder

di $itehbn Fam fﬁsé&aﬂ@sifaeﬁaltm%ewfg@,hqlfoﬁmﬁeo flemppoupfl (I) difumarate.
Co n <nd N " at s used,i
FoAPRLET b s0l b Bl SR Ml e S s o i g 4
partib@brly Beleist 0094 mopopirtitdnriynfat pasdos %4 hndestill MererRetidugaly at least
2-theta angl e val ues) should not be construed as being

09 Giss SR e DGl HBEBATES 1o Mo afdForm A In & paricular

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
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 DSC820e apparatus as
described in the Examples. Accordingly Form A has a melting point of about 210°C.

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
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appreci ated by those skilled in the art, the precise

position of the peaks may vary slightly between one
wore@snssERent appar atus and anot her, from one sBEPGB2G08/050496

another, or as a result of slight variations in

measurenment conditions utilised. It is also stated in

t he precedi ng paragraphs that the Conpound (1)

di fumarate Form A provides X-ray powder diffraction

: r

CoRBbhSL A7 airHal AT Eh bk R TR ARy HoF of B cRALEP
Cosipbsida(l) ddiihyrateheForpsdmypie wm'lemenSO% efkr (Coi‘npdmtial)an@mmate is in

vaIuej% shown in Tabl e understogd i

thedgsirgsfarmys particilarhy # eaébé%alﬁﬁ%rwu? 1y, phlcast dgwt aés@tstl Ignore
patﬁl:ﬁgrlﬂl Bt 1%5@ gd%td:f th&@by &d@n(f @f‘@llfﬁrﬁﬁa‘% it Beld ieRed® rr]%stalhne form

val ues of X-ray po diffraction patterns
ofw@dthMNgmtly from one apparatus t o anot her, fron1one

| e to.anot her r a f slight vari ations,.
S o R RS sRtrnad o) b et nakdh b fttine
Sulmﬁ}l' the QIR Sres RO WY stalinity Qs He@HhRSd 8 XAHL RN deh df‘fﬂ@cthﬁQia&sls for
are again not to be construed as absol ute val ues.

cxanhile grcatga than apeuti 6§ % noeinas greatprethar abaut §9%apar)(cmla1;ly greater than
aboqgmranglnﬁgrg %e}tfcgfglrlﬁgne{a er tharrrla o4 F 99}3 t ?ﬁ Qr%godm eﬁts ol? A%

e endi

1nv€ﬁt&tﬁll,l t&r@gteema@lstaﬂmﬁsj a(s&i@felﬂmﬁfsd %9@( pargepttwdu dffﬁﬁ&tmaiata is
used). In particular, it is g neral ly known th

grepigE maguab%ts% Vo veiro fgyops nigy fefaryior the po b‘aw@hoffﬁ&y total
yméhgﬁﬁgg&ﬁwgqy di,figeon measurenent conditions and

e prepara |on For exanple, persons skilled in
th ehaﬁhb podceding ayrapomptiedefdiifid thaX-raynpomdel drfﬁfacttlcm@ehhsaﬁor the

t Iatlve I ntensity of peaks cap. be cted by,
nyﬁtéﬁ’é‘ﬁg 3&’5 olhe 15O it @PYHs 1S uye }nz ¢ gFRyession “..at

Eary
RS S UL s

an@hedpeﬁmad@ncﬁqum$wmeEm@m@ab&ﬂewamhesbemubyash@lbe

orIBF R PGB G SHIGHE R G BF 8 PBYLoT BhHsepgnay vary slighty
bet@ctd 6RCMONRERont IHRrSHS dRCMOoR] RNRITh bie 9fmpIB® SRMR Cor as a
may al so have a snall effect. Hence a person skllled

restlhof Hsharariions rapprsensaane coridsfonsiveilistc flf ioliootated in the
pre@ggng%éﬁlaggé gte[ﬁ (ﬁ% 1?({ ﬁ Hlﬁl ﬁ?et FOtI‘Rl R?)éor(;\%m t)E lfjﬁ %;L)wder

orma I on see

diffoaytid@rpattEink su'bbtﬁﬁtie@l@'u el sameta® thé- Rayy ﬁﬁw&i&rdlffractlon patterns shown
Dffractonetr John Wley & Sons, 1996 Ther ef or e,
in Elgu@rﬂarmd s syhsertialydhe Flﬁattpr?lﬁéle@? Reska(3-fhet mglerelusp) shown in

Ta ‘ijo f)é ﬁ%&kgtm tﬁeq &fr thp%gmh%‘tﬁta?g?ﬁ% 6%]\3‘(31? context is also

n1te to the crysta rovi de
1nt<d1déd tcamtlicate th:atthfei-mhaeta ai@dz Va:lad:s dfahd Keray(pbwyletmjﬁﬁketion patterns
diffr LIO? Battern shown in Flgure 4, F
may vary s 1ghtly from one apparatus to another, ffom 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
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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any crystals providing X-ray powder diffraction

patterns substantially the sanme as those shown in
wo-2@onss7d41 fall within the scope of the presentPCI/GB2009/050496

invention. A person skilled in the art of X-ray powder

diffraction is able to judgg the substantial identity

of X-ray powder diffraction patterns. Cenerally, a

nmeasurenent error of a diffraction angle in an X-ray

GinQgy

BT YRR (A0 e B osmelh i) ph By offect

analms()ofas@mpwst Thbekilled paisctewilhalsé Mh% ﬁhatythp pm&i&djn of reflections can
fraction patterns i i gur es

F
be ? ?Cé Yet'F RECASS S EBARE Vps'agi* CHREIP eefflfé AR @@ @f‘ %fa@wnfqﬁ%r and the zero
calfb?ziﬁon&g?‘i’l’{eedl?f?&tdrﬁet&abh{% s%rfaa_ aﬁ@lt%] bPeheRR festn%nﬂs%e a

data descri bed herein were erm usi ng a Mett
smPESE&d.e Hapgraa persms), skilbel 1u$1E faf wwihapmecude the thei doﬁdlctlnn pattern
nore detail. herei nafter r n.the art
crprefer Bisginds o RRe “Shitghe B Ao0es Bhe et ReorHation vy
JenRBIsNR &18AA: S8 1 DYIntsSEaciBN t(QKCMy p&N@errmﬁiaucton@étry John Wiley &
variations in sanpl e purity, | e preparation and

Sonsh é9¥0adbicsfaantit smﬁdqetundn@topé tlgat theeciystalgine &iras of Gompound (I)
dlﬁ\{mm%lrlate (Fesgr%d%%{reall ntok1 Pﬁnt%d% the %ysya?st th8 I‘O{;]]gg )@ Ty F;Jowdtelr

diff@ction p‘d&bﬂﬂl 1d"eﬁfi€ﬁl ttd ﬂféSX-(ﬂa}f ﬁcﬁﬁc@ﬂ Hlfﬁﬁctlﬁhq&ﬁeﬂ%@ﬁvhbﬁ digure 4, and
herei nafter. Hence the nelting point and endot her m

any grogpipls PIIGNE K-Fememdepdidiasionpatieras puikntially hissamgasthose
sho\()m S G] Qq 21! W]thﬂPt"ﬁé géﬁ%ﬁ&g ttheﬁ%t%%émgéﬁlc}noﬁ gl CglF yl,led in the art

into a count when i nte
of Kehy pogdgaiifitastiomis abérty jixdee the SdStaatialliéasity dhE-ray powder
. stalline forns of Conmpound (I) difumarate, such as
dﬁé@%WPRagg@érdlng to the invention may al so be

chagaetiefj. SefloRRLRA: dhaHdimanirabash WAMOkhek PRARh G

forms using other suitable analytical techniques, for
difexaogrhm iNhbOs Betbetn oS B legs, sl sudh dt@teofhaoleearrement error
scopy. The chem c structure

Shogl?ggﬁk%hﬁgos%ﬁ?gé%%%gﬁta{l e & douider Hstion gpterns in
PG OB S o 1 RSO 6 B OLG0 r
in BéblCbnpound (D
The melting points and DSC data described herein were determined using a Mettler

DSC820¢ apparatus, the use of which is described in more detail hereinafter. A person
skilled in the art will appreciate that slight variations in the melting point measured by
DSC may occur as a result of variations in sample purity, sample preparation and the
measurement conditions (e.g. heating rate). It will be appreciated that alternative readings
of melting point may be given by other types of equipment or by using conditions different
to those described hereinafter. Hence the melting point and endotherm figures quoted
herein are not to be taken as absolute values and such measurement errors are to be taken
into account when interpreting DSC data. Typically, melting points may vary by + 0.5°C
or less.

The crystalline forms of Compound (I) difumarate, such as Form A according to the
invention may also be characterised and/or distinguished from other physical forms using
other suitable analytical techniques, for example NIR spectroscopy or solid state nuclear

magnetic resonance spectroscopy.
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Compound (1) may be synthesised using the nethods

descri bed in WO2005/ 028469 or as illustrated in the
wWEx@aBss81 her ei n. WO2005/ 028469 di scl oses as ERERBB2002/050496

therein the preparation of Conpound (I) as foll ows:

2- Chl oro- N-net hyl acet ami de (32 ng, 0.3 mmol) was added

to a m xture of

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

Yl . . . . ‘
L LSEALL 20 e 3 TBL o BORSEM  on
confime0 b3 Goutinel mcthadsaort:ampl¢ ploton( uciday magheicmesdndie (MER)

heated at reflux for one hour. After evaporation of
ang{ies-sol vent s under vacuum the residue was taken up in

sy@h&N oF @SmBbdiaagn The organic sol ution was washed with
wat er and pbrine, dried over magnesium sul fate. After

evapomavumh(Ibfmay be sgheseset siswmgder methodudgsctibal ine¥03065/028469

was puri f.i chr omat.ography on silica gel (eluant:
Or%@@anﬁ%y?ﬁﬁhg%ﬁgﬂgﬂﬁgmﬁnnDnia i n di chl or omet hane) to

gi vevEmpar’ded Hiselo¥ o8 M@mﬁ&tﬂnﬂﬁellteﬂﬁﬂle:pﬁéiﬁﬁdtﬁﬁ 0®Compound (1)

2-chl oro- N-net hyl acet ami de directly w
as fgllgvg: chl or 0- 2- f | uor oani | i no) - 7- met hoxy- 6- [ ( pi peri di n-4

" ( . . | per
3 o S ARG AN Homb 103 3f0ld o ARG Uiy of
4-(3 whbivre et onnialoydrnsthpxp6i [ (Epermp ety [dujnazolit (R0 mg, 0.3

rity. .The new proce i S therefore expected be
o] patgsumdpdiie RS ahT ailhgnd SpgreuB SCORIS (e 936 mmoD)
in RASRALH NG In) ABheanxulrt RRE hafBES reMix IROnPhEHE MU fter evaporation of
invention there is provided a method for preparing

theGolvpots mdd¢rivacewngthe sisriye was fakepaiptin dighloromethane. The organic

solﬁt:i%g\ly%%?/%%g%i%y%%grg%ﬁMq%ﬁbyietﬂﬁover magnesium sulfate. After
evdpBEaioN Yf frelsoRlcRB uindémvadnith) 1B¥ Ydsetitle W& Qlutified by chromatography on
i hydrochloride in the presence of a suitable base;

silicg g9l (elyenth§odo 244 VM mcthanole pagnomiaoim d¢mereaicthapg) te givend
, or a mxture thereof to the reaction m xture
Coﬁ@ﬁﬁ?ﬁ@ép (i) to effect crystallisation of Conpound
(1) Weatide found)thataedcivh d 2 tdhipr&dvprthythcelamide directly with

4-(3-chloro-2-fluoroanilino)-7-methoxy-6-[ (piperidin-4-yl)oxy]quinazoline avoids the use
of potassium iodide. Furthermore, crystallisation of Compound (I) from certain solvents
provides Compound (I) in high purity. The new process is therefore expected to be
suitable for large-scale manufacture of Compound (I).

Accordingly as a further aspect of the present invention there is provided a method
for preparing Compound (I) comprising:

(1) reacting 2-chloro-N-methylacetamide with 4-(3-chloro-2-fluoroanilino)-7-
methoxy-6-[(piperidin-4-yl)oxy]quinazoline dihydrochloride in the presence of a suitable
base;

(i1) adding a solvent selected from ethanol, water and methanol, or a mixture
thereof to the reaction mixture from step (i) to effect crystallisation of Compound (I); and

(ii1) isolating the Compound (I).

The reaction in Step (i) is conveniently carried out is a suitable inert solvent such as
those described in Process (¢) on page 30 of W02005/028469. For example, the reaction

may be carried out using acetonitrile as the solvent. The reaction is carried out in the
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The reaction in Step (i) is conveniently carried out
is a suitable inert solvent such as those described in
woe@ea3ss8  c) on page 30 of WOR005/028469. For BPXEGBR@I/050496
the reaction may be carried out using acetonitrile as
the solvent. The reaction isjcarried out in
t hepresence of a suitable base, for exanple one of the
bases described in Process (c) on page 30 of
pre\s/g%g g?é 9&?&%@&%@ %P e>?a§nﬂlé %)I?é @fyth dgs%ﬁ'o&ﬂﬁl Plroéégg (c) on page
eaction is carri an e eva erature,
30 6f)W(E20§)I5}ﬂ284@ sadlmsttrléﬁ(j)ﬁmuhen fuiebBnhe Chan’&m isicarrisidemt at an
(ii) of the ocess the solve t is water. Suitably in
cley#g “@HﬁBﬂWﬁe&T E%s carried out in

acefpaid ernllﬂo%hrh&ﬁ iy gjtew'(ﬁ) Siathb ?r&%ss"’!ﬁ@ %lvetﬁ‘%e&f%f t Sﬁljca%ly in this

is approximately 1: I'n anot her enbodi ment of
embodigweti when $te§3(1éps c(arme)d aft in heetqutodeths voheesmativ eﬁt i's

t hanol., ..Sui t abl n, t enbodi nent when Ste i) i
waBLAERER dRret i 1351 6 the volume ratio pre ) S

et hanglothc@ebBfintcht bEthk $n\RRAEOM S8 B BhSpréecss heolvent is
further enbodi nent of the invention in Step (ii) of

cthagrd. Sriseldy & thisecralyidinaent w@na‘stfm Gt g rcerrigfl oat aasefonyrily the volume
Ui t his e nt the volune rati o of
rafr Sl S AR ol i SRR B 57T 0 abot  90- 1. far

exanpi firtepethbddim3atloftthe 1215eﬂt10n\&h®’ﬂep3ﬁl$ pf fhe)pré@ sk kblednt is a
out in acetonitrile suitably angQX|nately 3.5 vol unes

migpreaafictisap! andavaen Suitablyrie diipemppdisreniihe valimedatio ofethanol to
wa%é&)ﬁbui;%ﬁtﬂf 1 AFQLADE6 | fof ok din C@Efaﬁ&h 2610514 | S%'eﬁgteflﬁf) is

be ‘understood Treferen to a volune ratio o
carﬁxdimiﬂ ie aodtomatle suigdét :Ip]jrdbxuﬂae:l}b&ﬁn@lulne% afetnsoltdndt0. 15 volumes

ol une of mater is ad to.3 volunmes of .the
of \gef@f yiicddsd te Toyalwast Shige iFctopitrileda e XAUERoR o) | owi ng

th eA§ ol Ibgtuh@&stegd RiteRnéd th aqfolﬁrﬁ@rawo%??&sexain

enbodi ment, In Step (ii) of the process the eactlon
water reaioratrile bcmgtl Spméans that loodinecot watabowdddI0C wddmes of the
anol is ad The reac ure.is th Cc
soefR ot s BB hipefife viass PR ke P oon elSies O offhe
progéxst al i sation of the Conmpound (1). If required the
reaction m xture may be seeded with Conpound (1) to
hel b onsi anbademernieingytgpstin of theaupenss thpheadtion erikiore frorn Step (1) is

ool D RN RGNS By o
45°6t & the wajer iPaddbé tace¥oct &8 stallisatitsi 6fthe Compound (I). If required the
reaction mixture may be seeded with Compound (I) to help initiate the crystallisation. The
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
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-tert-butoxycarbonyl)piperidin-
4-ylloxy }-4-(3-chloro-2-fluoroanilino)-7-methoxyquinazoline. Conveniently the reaction
is carried out in a suitable solvent, for example ethanol, acetonitrile, tetrahydrofuran, 2-
methyltetrahydrofuran, n-propanol, methanol, 1-butanol, ethyl acetate, ferz-butyl acetate,
isopropanol or industrial methylated spirit. A particular solvent is ethanol or more

particularly industrial methylated spirit.
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conventional nethods, for exanple filtration and
drying of the Conpound (1). The
WaA2{034841BDr 0- 2- f | uor oani | i no) - 7- met hoxy- 6- [ ( pi PEF/GBRIA50496
-yl) oxy] qui nazol i ne di hydrochl ori de used as the
starting material may be prepared as described in the
Exanpl es herein. For exanple, by adding hydrochloric
acid to 6- {[(I-ter-butoxycarbonyl)piperidin-
4-y Y ' r Y -
M e e T e L
megiok i @bh&zosint wantbe pfeplareelmmgl the ﬁteﬁ@ﬂ@llescrﬂae&ﬁmEkatmplbé of

etr rof uran, ylte rahyd no
W%Q%?%ﬁ b 5%@%%1" gﬁ*ﬂv warginalin ed;?yctyaw “méthoxyquinazoline
Wltﬁqgrrt Byl (4 Wﬁ@ﬁﬂ%y%y%‘ﬁ%{é ﬁlcaﬂggiﬁwe a\tvﬁgeﬁpché lretactlon is

A parti‘cul ar sol vent more particularly
carfipdiosttinitled prawenby b Btestins ireride, ubheg IBM{A{ gsla salvent and at a temperature of
szputoxycarbonyl)piperidin 4-yl ] oxy

4- (3-chl oro-2-fluoroanilino)-7- methoxyquinazoline

May THR r8dcBBANRY alkdl RGatQ i@ preskdel dT8d nicthyl}aratdene
1 of WO2005/028469 by reacting

(NMP) £ 31 Le Ipmsgncz dflapgitdde bascrsoyh & popehs by carbonath okyis) iapiaon s

er t - Bu
Sul%&i y npeetr anes u oer%/ azt)%\(ﬁytfmp%rg%ur% asn%ean‘t():eadrl the antmeples herein.

wheHeiwavérh&e heactouad tha$ b¢ asiriyieg tt&%adtmntohelnnh@ peRPER e @F certain
cesiumfluoride using DVA as a solvent and at a
soly@yippiioxtdgs thegrodmpm, gOme@rm eBeithesmorpesps af shase selyprts ag

exﬂ%#ed't@bé B taBlc g@?[&‘fgeué’cfal ﬁﬁ@%&?ﬁg@ hdene (NMP) in

€ presence as pot assi um
car BooatimglyT hs s furéhac bspent dfshsprickald htwemmsrf theroas patvided a process

el evated.t ure as descri t he Ex | es
forﬁléerlérieﬂara%}/\%'%ﬁﬁ »«gfﬁavéyqaé‘aﬂ?a%@ 3&5@-&5%@%@ thigro-2-
ﬂu&%@ﬁihh&ﬁ QiHind Xy ﬁﬁ@zo@ﬂh@%@ﬁ ﬁs19§ certain solvents

provi des the prg duct 1 n good form Furthernore some of

t h eébr®oﬂmga4r(3s-clalpm éﬂuemaadmbwﬁwdmmytbme&mﬁmumazohne with

t di .
et e AT Boringsy SalioR Vom0 SRSPRERLY puitable
basEr@Hétgﬁdch@ra%ﬁ’&ﬁi% SafrRl duhB PIBRAL §IEAH REMOLlcthylpFolidone or
butoxycarbonyl)plperldln 4-yl]oxy}-4-(3-chloro-2-

an gl sela¢ted from methardiosthanel ,nmm elcebetpnipsemagel gnd)industrial

nmﬁgﬁééc tan% fl uor oani |l i no) - 6- hydr oxy- 7- met hoxyqui naz

ol i (8 cwystdilidieg thelb{[y1-zerr-butoxycarbonyl)piperidin-4-yljoxy } -4-(3-chloro-2-
(4- nethanesulfonyloxX)piperidine-l-carboxylate in the
ﬂu‘?ﬁoé@@ﬁ@e7'6feﬂl9x§ﬂ‘1“?%ﬂ BChase, wherein the reaction is

car Sfeﬁg )%lf”ihl% ﬁr ges§% Xarqﬂ@d §&lif ‘fﬁee&egeﬁlg%f a suitable base, for example

one
those descrlbed in W02005/028469, such as potassium carbonate. The reaction is suitably

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 presence of water. In a
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
(1) s 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.



an al cohol sel ected from nethanol, ethanol, isopropyl

al cohol, n-propanol and industrial nethylated spirit;
W@rw1347%1 crystal lising the 6-{[(I-ter PCT/GB2009/050496

- but oxycar bonyl ) pi peri di n-4-yl ] oxy}-4-(3-chl oro- 2-

fluoroanilino)-7-methoxyqui ng@zoline. Step (i) of this

process is carried out in the presence of a suitable

base, for exanple those described in WO2005/ 028469,

suc t

car P o RO RIS BARF LR pu R R B APbY cooting
thetrbetipehlixtrd fomedtat @y @or dxfanrpwcwoﬂlﬁg tonaticit 70T abé aédidg gvater to

to the so vent s sed in. Step,( to aid processing
thefrpixtgs tongift £t fspiensts o l%er%OW%mawttvnd%e ipalateq izetbilmﬂonal
metHot yac%asltﬁbsera@scmp@ﬁwﬁ@@&a HpeR, (1) of the reaction is

carried out in an al cohol ected from net hanol ,

et h@nm@puncsﬁbmpytlsodvleqmmtqd aueqndoygan dhe pradess nthsstted an Reaction

nethflated spirit, optionally in the presence of

In a further enbodi nent the reaction Step (i)

is carried out in a mxture gf ethanol and water. Wen

a mxture of ethanol and watgr is used, the ume

rati o of ethanol to water ifn $tep (i) is not|{crftical,

for exanple vol uge ratio et hanol tﬁ mate ~may be

up teegbau 0: 2-+s~SU|tabI suchzls
crystal Jation |n t ep (||) e process |s
converll efit | y carrl out by~ ng the reactioon

m xturefrom Step (for exanple cooling to absgut
700C) and addi ng r to the mxture to effect o)
The:

crystallisation. e product may then be isol at@ by\
onventbonal nmet hods such as, t hose described ijn tihe N

Jij Conpound (1) so be prepareq\a cordi ng
to thd priocess |IIustrate NT nyReacti on Schen¥

Reactio hene | Notes on Re ion Schenme 1. S (T)

. Lgl i§_alsuitable {yeaving grolp, forgﬁégwp

hal ogeno, alkangﬁulﬁﬁwy¢mxy 0 arylsq&fﬁm&foxy roup,
/

for exanpgle~a oro, brono, We & ul f onyl oxye
4-ni trohendlengsul f onyl oxy or tom!; e-4- squonon

gr oup (sd?taoly“a net hanesul PeRYXYe,
4-ni tr obenzgnesul f onyl oxy or tolyene 4- sulfonyloxy
group, for exanple Lgl is nethanesul fonyl oxy).

ng

DMF-DMA | (vi)

\)H
sl @@.

(vii)
/
~ N&\N/ o N

O

I Compound (l)
7

Reaction Scheme 1
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Pgl is a suitable am ne protecting group. Such groups

are well known, for exanple as described in one of the
worenwy/18g58er al texts on the subject, such as, PCT/GB2009/050496

"Protective Goups in Oganic Synthesis' by Theodora

G een (publisher: John WIey;& Sons). Exanples of

am no protecting groups include an acyl group, for

exanpl e an al kanoyl group such as acetyl, an

alkg%%ggthﬂg ol @URe if Or exanple a nethoxycarbonyl
nycarbvnf#—vr—rerr—- but oxycar bonyl group, an
ary_g@Kﬂokgbaabomaﬂe@amuggnﬁ@rﬁﬁkamnpb ahdogmm
benz ycarbo or an aroyl rou% f? eé

2} oro rorn

alkppayylion 0’55( Yy ?‘éltﬂné( FOXNEEAHY OlgHapg
rne%h%ﬁé su%ﬁﬁ&(\‘f L Q%Uénzeﬂ_&ﬁlfﬁmy 6}% fudns Ul shffglll%o H}Z Auitably

in the presence of base,” for exanple a cdrbo
a n@ﬂtahesxﬁfopplloas,sﬁi mmObardanmtfenylimseorteamncérsulﬁenyloxy group, for

co nientl car in the presence of a suitable
exﬁﬂﬂ?ﬁgsﬁﬁvﬁ Iw“#%PWg%Xﬁple an al cohol such as
| sopploRaRaltabld ARinc§ASkERY drdus USEAYufsaké Well kAdkvn br example

el evat ed tengerature conveniently at the refl ux
as cdeénipl@datl 9neo fhetrmélywner@hftextssmébe gubjoct, swleaSp riyptestiyqgroups in

2 m}(nt 1 I’ y g%[irg&/o?a r{% ul%cloxyggérlgl ny y @{"gonsg Sbearnplies of

arnfr@ yeetinyg rbﬁlﬁsaﬁlﬁlﬁﬂé aﬂ\/hd}m ghouplifdr @Rdr@pld@h dlkagoyl group such as
hydr ochlorlc sul furic or phosphoric acid or

acetylj 411 dkprosadony sevy forsxapipis 3 mythokymrhanyh cigryemsbenyl or tert -
butbﬁfc\éﬁg)%y%r%ﬂ? an a(?{rlnmtﬁb?@ I%?Au?gfd’ll%x%ﬁglgt ﬁ%rl?pﬁlé:arbonyl, or

‘eaction Is”sul arrie
anmmgsgnug1bfemumﬂ¢bahbglb%pen$WMhemmmﬁwoﬁP@dmaﬂ@hnaqwmbonwﬂ

organi ¢ am ne or .an al koxi de. Suitable_ bases_inclu
pot iggr%ﬁﬁl%% wogFiod pyidp thegesehenel 2 fevs. for s¥am ﬁa

carbSn#ONNE % g%kéfmﬁ%{bbﬁ&e Otthe ddclideis %ﬁvse%%%ly%rr?cﬁ out in the
inert solvent such as acetonitrile or an al €ohol such

prea@lcetoﬁ analtableTiert selxenti fom ckamplgian aldoholpach as ivepropancdnThe
evat e tur conveniently the refl ux
reafiidh o SEAE BT R SO SRR i A ehiReyy s sy
tentPRrRht@EtRGoURNNY wel | known methods for the nitration
of aromatic rings, for exapple by treating the
2- [ dtepRiLy maprgteﬁmmgwyp Renwxgmpyqsersing ¢pnvgitjonal methods. For

exa‘%l}f)lge tth{ bggﬁtﬁ}agt%xéé‘a)rbo Rnﬂl tbr Irgﬁn? C%((fjb&w{;]leattr%g%t \?mh a suitable

resence aCI con

ac1ﬁ as hﬁdt@&hlb@@%ﬁﬂfmﬁﬁo@lﬂslﬂﬁoridalcidiSdrrtﬁﬂ@@iroacﬂ:tlb heidExanpl es.
Step (v). Reduction reactions suitable for reducin
ni t ' s sAHpble deaying grayy. for example, a halogeno, such as chloro.

The reaction is suitably carried out in the presence of a suitable base such as a carbonate,
an organic amine or an alkoxide. Suitable bases include potassium carbonate or
tricthanolamine. The reaction is conveniently carried out in the presence of an inert
solvent such as acetonitrile or an alcohol such as ethanol. The reaction is suitably
performed at an elevated temperature, conveniently the reflux temperature of the solvent.

Step (iv): Nitration may be effected using well known methods for the nitration of
aromatic rings, for example by treating the 2-[4-(5-Cyano-2-methoxyphenoxy)piperidin-1-
yl]-N-methylacetamide (4) with nitric acid in the presence of sulfuric acid using well
known conditions for such reactions and as illustrated in the Examples.

Step (v): Reduction reactions suitable for reducing nitro groups to amines are well

known, for example by reduction in the presence of a suitable reducing agent such as
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known, for exanple by reduction in the presence of a
sui tabl e reduci ng agent such assodiumdithionite. This
WO @ou3sisl i s suitably carried out in the presePCEGBR008M50496
aqueous sol vent, for exanpl e aqueous nethanol. The
reaction is conveniently perfjormed at el evated
tenperature for exanple 40 to 6Q0C. Alternatively,
reduction may be effected by hydrogenation, for
so Pl P St Y R T MBS oFam aqucous
soleatt aoy stamfle aquexsasrplethaaoll M%e pedctiadl i shvnoenictsb@mformed at
catal yst. The hydrogenatiop i s conveniently carriged
cleyaied [cHnsradyle Faifamet YbiotGic ﬁ“agnaﬁﬁaﬁa%vth@t% fafyected by
hydrogdutidn, A8} HQmp1CYRBRaISHERIIBEHRNEN RXRIRInBEN dufthBle catalyst such
yl-0 If}ﬁhethyla etéﬁid%g?g§§isé¥gacted MA{% ¢ Catalyst Sue
as Apdladiume o ydrbon natatyste fadticrenplgla 1¢epaladiibnen cehon caalysts The

e v R ok P h ORISR ERSRuRE o2 3P ©
2- meepY i eb[aly Nl Ry 2b-22McAMbRAFHeh Ex P AGAL IRIN-N-
such as toluene. The reaction is suitably perforned at

methyylasktevade®) iserpaedwith &, NrdmethyHapnamige daneby! apetat. gThe

S0C, suitabl baut . 760C. ep (Vii) The.reaction is
reagiit g elsPPy Sa b RRrosh B o Ll S IHER e

foraghdlplesedttiastetiiydos fubm & aaCkdlifatietyRiedcbonrsaoh ac@tictie. The
ropanoj ¢, succinic, fumaric and citric acid. In one

reag%m‘ﬁ suitabhe peréqraned ¢t g eleyHediemperatye, fop gxampip af about 70 to
105%@ E@}Q‘o)& %%5{47@@' out in the presence of an inert
t,” for

sof ven exanpl e an aronmati c hydrocarbon sol vent
sucHBteagviiet hoxybenzene. The reaction is suitably

carrjed out at el evated tenperature, for ex le from

abodfe R 15@%%@19%@4 O%tﬁﬁ@owrﬁse&fe aﬁ%ﬂtﬂ @’?@d, ﬂlfil as one or
mol! REESS I LRIFTIR 8 ticNpBRARSid, QeGP SiRatic hRE PRri@adidr tl\Gle

aspect of the present Invention. Accordingly, there is

exqody thdedidas mettivodid drhecprap@niingpi@blypaomad quit yn the presence of an
conpri si.ng rea

ine{t[st) Chfa £ gwpﬁg%n%?rﬁ%ci@%?é%ﬁaﬁgsb&e% such as methoxybenzene. The

reaBBRSMRXN AW OarVid P bedt ieRiviel taphderatlife; fOR tR¥MhpIe St AThBtRt 6@ )Xo about
with 3-chloro-2-fluoroaniline in the presence of a

126°G3 suitsbly at@bent 98Ut abl e reaction conditions are as
g: ;?h@ glﬁfc%{:sﬁig%%ﬁ)%a iiIP ﬁgacitiroln rS%ile%lé PBorhR a%tuﬁﬁer(aysloéc)t O?Ihe present

invention. Accordingly, there is provided a method for preparing Compound (I)
comprising reacting 2-[4-(5-cyano-4-{[(dimethylamino)methylene]amino}-2-
methoxyphenoxy)piperidin-1-yl]-N-methylacetamide (7) with 3-chloro-2-fluoroaniline in
the presence of a suitable acid.

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 selected from any one of compounds 2, 3, 4, 5, 6 and 7 in Reaction Scheme 1,
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.
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Certain internedi ates shown in Reaction Scheme 1 are
novel and forma further aspect of the present
wOo pwenss7en. Accordi ngly anot her aspect of the PCI/EBRI00/050496
provi des a conpound sel ected from any one of conpounds
2, 3, 4, 5 6 and 7 in Reactjson Schene 1, or a salt
thereof; wherein Pgl is as hereinbefore defined (for
exanpl e tert-butoxy carbony 1) . Some of the
Syl BEE! SR Ab R THBirARa GRRAMNA (7) 10 Reaction_Schens
rc centres (E- and Z-
| soAecElingltd aifertlico afeectioittae ptesad itveatiot thergis gs@nded a process
i nvention enc assespglé*_ such geonetric i.soners and

forﬁlmrspaégﬂ%%fr (R fugnaggte NECPPYSIEEf unar at e
For &Jﬁdctlf‘wfth' ﬁtsﬂﬁf01e%§ g@& 1t§p6f ftuﬁﬁrle LERI&H form the
i nv nt| on her IS pr ovi d a proces

dlfwnapmrsattl on of Conpound (I ) di fumarate (For m A)
risin react j ng ,Conpound (1) with a

suf P& I%}é%\ﬂ'tePe Aagﬂrraric acid to formthe

di fHHﬁfs@Iaﬁn%ﬁletEon&ﬂA) crystallising the FormA; and

(ii1) isolating the Form A. Notes on Step (i)
Nomsm&ﬁem(m‘tly the reaction with the fumaric aC| dis

car fi n for ex

Col BRTTty s e RPN Bt eaORAT gyl sotven,
for 2R Plicpgeddcasiiefréth (ﬁﬁlﬂlﬁinol , thRansleatiutm6], Ilﬂyuteﬂiofli @ncb@lacetone alcohol.

carried out in a mixture of suitable solvents, for
Theseasiimemay A ba FETISd PBLINaMPEBrORtiRple sofvepis, fasesaple a
i SITRY i BLTRTLAS] o PSR AREe Fliny) thyl ketone
andetrhlyydrefuianl meetyd Bﬁyh]miomesa:mirmﬁhmmﬂ,, methjnlamh)j'l latutie and

isogljtoge e ]&qij(ugpll 1;0 L ae, Eépl onx%lieb l?g]ﬁﬁ%ll Jnéﬁ%%{a ryglroLflulran ethanol and

150%105%&)/ | foﬁ(aﬁ@i@n@i‘?hméth?if&ﬂh%ud@ ndy et g thY hltﬁéﬂé}tl%ﬁlfgﬁde; 1-

-“butanol and tetrahydrofuran; 1-butanol
butaedlhad edtrahgdiobitramal-betaebl iasd predpank |l :bugtnioy hrattisoprbparmiid

ctngof e and AT BB <13 6Tt o TEa” PluaStiane

1sob F@Iﬁﬁ eﬁf&iﬂﬁ&hﬂﬁﬂbndﬁ@prrgﬁfdll on in Step (i) is carried
in water. In one enbodi nent the reaction in Step

( i ) In enecmboidadens ghe jeactipnnn Xt @) 18 fargigH pehingvater.

In one embodiment the reaction in Step (i) is carried out in a mixture of solvents

comprising methyl ethyl ketone and a solvent selected from dimethylformamide,
tetrahydrofuran, methanol and isopropanol.

In another embodiment the reaction in Step (i) is carried out in a mixture of
solvents comprising ethanol and a solvent selected from dimethyl sulfoxide,
tetrahydrofuran and isopropanol.

In another embodiment the reaction in Step (i) is carried out in a mixture of
solvents comprising 1-butanol and a solvent selected from dimethylformamide, dimethyl
sulfoxide, tetrahydrofuran, methanol and isopropanol.

In another embodiment the reaction in Step (i) is carried out in a mixture of
solvents comprising ethyl acetate and a solvent selected from dimethyl formamide,
methanol and isopropanol.

In another embodiment the reaction in Step (i) is carried out in a mixture of

solvents comprising ethyl acetate and isopropanol.
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conprising nmethyl ethyl ketone and a sol vent sel ected
from di met hyl f ormam de, tetrahydrofuran, nethanol and

WO s@pnsgsanol . I n anot her enbodi nent the react i BPCI/GB2009/050496
Step (i) is carried out in a mxture of solvents
conprising ethanol and a soljent selected from
di met hyl sul foxi de, tetrahydrofuran and i sopropanol .
I n anot her enbodi nent the reaction in Step (i) is

gl:.aE){ldt %%ﬂ%lr' tgrﬁl:ggglﬁée“} Ef/ltg E%E%tl8 i ?ﬂeﬁ %? trlsg?%(f‘rqgﬂ)cgﬁtslﬁ B %hixture of
soldérmetdiyprisiagnmathaso] add is prplan(Slul f oxi de,

t et r ahydr of ur an, nd_i sopr gpanol anot her
enmb84ih ﬁﬁﬁmWém?fémﬁW@%m a 1Epkihe frartipy lscféquéalt gyt mgure of
solaeﬂi@ &Sk u&g ma%f{&%a @ﬁ@trahév g e hdiyd raae oF ?sbﬁrogal%l

sol vent selected fromd for mam de,
methgoglrio patebly. inlthe emge héaboelnbddh tosbbutt h@ lr @ackampie iabout 1 5 1to

sy 10 £ T PR St e ot s Rl S ion gy example at

a t@ReALRBRxEREof 6RCE 5iBRbIYHrsth 8B to the $efﬁﬁrtém§€iraﬁiﬂé of the
a mxture of solvents conpri sing net hanol and

solyensp ﬁ?@p‘éﬁﬁmnﬂynhe Chopeursh@bii dﬂﬁéﬂh@d ﬂhéllseer&delp tlg isogyppanol and
thls rn?xtur%ag }ea(c)ted w1thcaa roﬁutlogr 0? ltlﬁs ersmn oqqtﬁ(e ﬁlﬁr?an%f 1$'d01|n\ﬁ?e %gthanol.
ﬁ B e V(%l]c une ratil o

of hﬁmmmﬂwtfdlm&ms mtefeam@[b (i) 6f @1@ Iréas’ébbt)(isi darridieout angmiglire of
about 3.4:1 to about 1.0:1, for exggﬂple about 1.5:1 to
sol gy eompriping ctipd; asctaiszpdiizpronsnaly fhe lymwﬁlp.t)é gthylipcegte to

isofRp BN (L SR Bhet b8 3 BGRSE) T SRR 407 10 1.0
suchewpbowaur: &. Whistrkrmism isveainthbly Camicdiue at d tgmipheti@o oparoud 20 to

d | di d ' | d
b 3G G Bt A0 i car shi G e GO e Srphved or
dlsﬁérsécﬁﬁ tlfléjé'fﬁ{]l' &cBfd Hdithis tnh@tu'i@fs@@a&@éd witlla §61886n or dlspersdlon of the

nbodi nents” where Step (i) of the reaction is carrie
furmaartc derd ia the »st)pnoeamﬂ é@emnwdy;:@mrppmmdr(g) raajhkrd: plaechls&atx@d ina

| t.i f t
it SR SRINE g PP g okl 1S sinl sl b serpeyed
foll%v@ngldlssfdl’tﬁtlm €oboutd @) Kidg Ehvéntfonh! SeHAddASucRRQWistillation.
1:1. This reaction is suitably carried out at a

t enﬁ\éxeatpfc@mn@g therolition@r dispatsoutof T @ic 4ad irextpatpdho! agch as
me%l?igglt orz}s%%%py?gmﬁ%ll, &t %ay%e n%gesgorwg Hgaq tﬂel I}HXIU.?TG % gf%gét \é?sgolutlon

of the fumaric acid. However, excessive heating and/or holding the mixture at elevated
temperature for prolonged periods of time should be avoided to minimise ester formation.
Generally in Step (i) of the process Compound (I) is reacted with at least 2 molar
equivalents of fumaric acid, for example from about 2 to about 3, particularly about 2 to
about 2.7 molar equivalents of fumaric acid. However, lower quantities of fumaric acid
can be used in certain solvent systems. For example, when the reaction is carried out in a
mixture of ethyl acetate and isopropanol we have found that Compound (I) difumarate can
be prepared when the molar ratio of fumaric acid to Compound (I) is greater than or equal

to 1.725.
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di spersed in the ethyl acetate and this m xture is

reacted with a solution or dispersion of the fumaric
W@e00d/13818t he i sopropanol . Alternatively, ConpoRCiGBR)09/050496

may be pre-dissolved in a mxture of ethyl acetate and

i sopropanol . |If required, thg isopropanol may by

renmoved follow ng dissolution of the Conpound (1)

usi ng conventional methods such as distillation. Wen
NoRLSR&kd g\t he solution or dispersion of fumaric acid
—I—n—a‘n—aﬁrlg%hol such as net hanol or isopropyl alcohol,

It COeystddésaries efd@Bormd\ hegbe teffectod Msitig endwon efetldt for

sol ution of the fumaric acid. \() excessi ve

nyﬁtég’tsﬁtﬂf& A BRPOHBE FHORYS AU HE ik ﬂﬁ%@éﬁﬁe ¥ICaygeppersaturation of

the s%lﬁﬁ%ﬁ %Bﬁ’tﬁﬁnfg%e RAIP! %gﬁ%qtm{dnqﬁgy o acthhe%d %P?H}é Ex: le, cooling

avoi ded to mnimse formation. Genera ep
the(spyutloﬁ etvlaporptmg ggsenCoopothndoliitiyn psby edbiti@tof sulitablie anti-solvent
; T1Ihea nol ar equi valents of fumaric acid, for exanple
0 ta‘\‘fw‘but 2 to about 3, particularly about 2 to about

2. T A m iR dith Ml cBtsliQtioh Watdcfedds @olifPR \6lutioh OVEY example,
quantities of fumaric acid can be used in certain

whew Btegrit) of wrémlon%ﬁar@%hﬁw ipa mmmﬁe ehactheraltand sopropy! alcohol,
the rgacﬁloﬁ gmxtu%e 1S CO eg'lto % X né@‘ Ciqoe\;elg rerr_z %cg éfzabﬂl;" Qgplfnlljur‘%easr aantd ds held

at 3080 fbleau@neuaﬁﬂdnam ellhetrb&tlﬁﬁ Ingiktuf@itnb @ tt@h bfetfnmmér@oal@'d dver a
t o, Conmpound I% is greater than or equa

perjod7a bR 0w ot pperature of yaqua DI ang 1S@ﬁ1do€¥t thfempgraghrafor a
d
sutf{BnPinld AR Coriash SR AuTRLOR or bRlmpls sboyt | hour
ex ap&ﬂxbmabyelsz,amlsenrﬂjels @p) ef thatreacadn mrcamiedt dma nsanhunttummf ethyl
contajnin a ersaturation ma
ACOAIC ARGHISORY; a}ﬁl’;ﬂ?‘é)% L ﬁeﬁg} WMHRIXEEE G Gooted té@ﬁ%?é& Z%r cxample
fromCIbBEM0° Lo Hb&ﬁ?og@ by a%n%[i oPYbRAdi hto'ufr’?b 0k r@acﬁHh AR is

anti-solvent to the solution. In one enbodi nent
theg ﬂlylsitaa 209G forr iaonfficseng tifneao e&ectt)cryseaihsangnt Reitabdy,uhé maction

{ {
migie if KR Rl B R AblehitigPohafrsSBrbisgr iPebRbS bt
t heqd aaetdr eMbBHMAE RhbS s&ge} 8Ckht eRhOMEs RPRE AV a Aixture of
period of about 90 mnutes and is held at 3C0C for

metigaet andosaprenyt eb.ohqih@‘yﬁtélémtmrfnm ke efifectarelyy tehwiyinge proportion
of t{hg rsg)lvglgt t§ %gus%g ]ge\égalrﬂltlr%t(lﬁtbgf ot rel:rnal Bg géacﬁ Fﬁnlilxturet °ri solvent may

erature o
be texﬁmed at v gpdrefondor il latibre Buitk bbb 531 th GB/ClRMPLight Githe

solsefnt ?srlr)érsntoglecli Ifgra éxlaglr]?)'le aflboorut gi(‘%mf% reeql?l?eodufturt:lllerhl(s)gprropanol may be added
to the mixture followed by distillation of approximately the same weight of solvent. For
example approximately 50 to 60% of additional isopropanol may be added to the mixture,
wherein the % is the % by weight of the solvent remaining in the reaction vessel following
the first distillation. Following addition of the isopropanol a similar weight of solvent is

removed by distillation. Crystallisation may be completed by adding further isopropanol

and cooling the mixture to about 0°C over a period of about 8 hours.

Generally the Form A will self crystallise in Step (i1) of the process, but as will be
appreciated by a person skilled in the art, seeding with Form A may be used in order to
promote crystallisation. If required, seed crystals could be prepared using the method
described above and illustrated in the Examples for the preparation of Compound (I)

difumarate Form A.
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Al ternatively, when Step (i) of the reaction is
carried out in a mxture of ethyl acetate and

WO 2@pnsgsgl al cohol, the reaction mxture i s coRPCEGBR@I/050496
about 200C (for exanple from about 400C to about 200C
over a period of about 1 hourg. The reaction mxture
is then held at 200C for a sufficient tinme to effect
crystallisation. Suitably, the reaction mxture is

I bout 2Q0C for at |east 10 hours, for exanple
EWS 5 hours. In anot her enbodi ment when
action arr out .a m, xt ur e of
e R iBle e Fad BRERY iy Bt o Byttt Ml Pt Goda
solﬁﬁ(ftﬁrﬁﬁﬁ He yedrie ep (N9 of Y MPedsk] Sitdbly, theFs@l Xaotolldted by

cause supersaturation of the remai ning reaction
filtrgtigpy Fallowine isphatiparpd thepRorBed r basyemaype sxashrsh with a suigable

sol?%ni,t fso%) }: Xal npﬁ@ Col§l1|§ .tlﬁg(\% éola?r% toxév?(n%m ?gg%ﬁoéﬁﬁhﬁtay RE dried using

cortveftidriaé thefhors, Ifef cxasgide oqEanel drpmyg. be added to the
mxturefollovved b djstilé%lon aof approxi é y the
saneceRifigsty grons spipagimenggh t k%‘r?BP%n B IS R eéirayprseess for the

pre Qraﬁ@r/%f’éoﬁg&iﬁd@ﬁ kuﬂl@f%r(f’ﬁ%m % by gegﬁ%added to the

xture rernteA)ls t of the
sol greactirenasaliimy orrsusjvasior at Crompoumtelae in Soprbpaiohgithhagleast 2

|rst %ﬁstlfllatlon Fol E!ovvl ng addition of the
mo a§88‘1”8 ASITugag ?ﬁl‘iléﬂ t of solvent is renoved by
di still afyheRin e ¥ehdld raB&bi REprap¥nd & mefRh&ti§eoRY 3.4:1 to about
addi ng further isopropanol and cooling the mxture to

aboli: lcﬁ@@a@pleaﬂbper ilodl trababblip:18 hours General |y
t he Form@1 f LY, sta

L f.the o
process, a uwhergm tﬁe FeaB 6 came% ou't & ab eI(altdr% SP at lteas?60 C;

recrate

ski (ﬂ)eadysrtgnhglﬁgatharftormsaeeﬁung W th Form A may be used in
order_to pronote crystallisation. If required, seed
cry§itihisel a&@&ﬁ@@émplepar ed using the method descri bed

ab@tﬁﬁb%nc%nh tlopsc' &%&%@allﬁ f)§' g@ﬁ%@#’% ?fe {h%ﬁ:om% % as herelnbefore

preparation o orm
defBtedp (ii1) Any suitable rrethod known in the art for

i sol ati ystalllne terr froma solution may be
useécrqrgeegpm@rnpr T b %&%%eve@mt B yS ProKgleaproess for

the?ré Rl T ¢loBthodd Ff) |d§ﬂ1§1tafa@@(F0%9| n%m ation of

Form A, the salt nay be washed with a sui tabl e
sol (A}arﬁagtlﬁ@a SCéwmrptresus;wlndlon 96 ﬁDUmammi 1)) End:thjdvarcntgte w1th at least a

1.72@ il%lse%lqlrvts n‘g!:fo Wfﬁl(é aggg%{%ﬁprgi)étﬁi éslill?tlagl% o eastefmoglr equivalents
of fumaric acid),

wherein the volume ratio of ethyl acetate to isopropanol is suitably from about 5:1 to
1:1, for example about 5.1:1 to 1.9:1 such as about 2.1:1 and wherein the reaction is carried
out at a temperature of about 20 to about 73°C (for example about 40°C);

(ii) cooling the reaction mixture from Step (i) to about 20°C and holding the mixture
at this temperature to effect crystallisation of the Form A; and

(iii) 1solating the Compound (I) difumarate Form A.

Suitable conditions for isolation of the Form A are as hereinbefore defined.

In another embodiment of the invention there is provided a process for the

preparation of Compound (I) difumarate (Form A) comprising:
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Accordingly in one enbodi nrent of the invention there
is provided a process for the preparation of Conpound
w@ 2goodsd78ar ate (Form A) conprising: (i) reactPCHGR2009/050496
solution or suspension of Compound (I) in isopropanol
with at least 2 nolar equivalgents fumaric acid in
nmet hanol, wherein the volunme ratio of isopropanol to
nmet hanol is from3.4:1 to about 1.0 :1, for exanple
abo S . - . r.ej ctd . .
7o Hhrepethy CobBofRt]inteBeri PN i) ColR gl Blkic acid
(focexasipad hii 1sasng.06 haickas abait 2andolat edquivdlens af fungiricheidy,amh
A. . Suitable conditions for grog:st allisation and
wheigl) e FRtion It REIEAUAINDAFES XS her ei nbef ore def i ned.
AccandbBmhy s ReRA16A Rk RIPSHISIEN) Blanbiicsorasnt i on
t he is provided a process fo he preparation of
Confouwola(ing thei Ganmpouad €1)(dHommrayy Foompri si ng: (i)

react i ng ol.ut.i on qr ensi on, of ound i.n

c R tabBarufetiliteraon SURRE R0 epriano B UG Prexampte
at 4 JHBBh}; Sat@6T Sboub 1 ITRMIAL aFREqUiRH ickAR Nsafibn bEASFodm POLAT be

equi val ents of fumaric acid), wherein the volunme ratio

indgeeddpymddingessedeestals dfshpFopaiciuring ceelingad the mixdpicatdwitably the
I W S Tt O o] ¢ | bout.. 5. 1: 1.9:1 h as 0
i ik g R S S S L

Suitabll€smaitiing fér i9d1atadi0sftth@Botn® AdB®Kp (11304 oS Bérci@BSfdR described.
about 400C); (ii) cooling the reaction mxture from

st efysieilinetornapayng (Ddoicmarric Remes Bdo Preayrhodrenascdby. e gample,
3 lisation of the Form A;

thegﬁ%p(?cl{sﬂeg&?)seg?lgﬁ%gﬁ%ggiﬁ 1%%)'und (1) difumarate Form
Phé&ymateutiahl Compogiiionons for isolation of the FormA are

as herei nbefore defined._ |n. another enbodi npnt of the .

i nveRtrBielpafertig a&%‘w%%a Y P SE 1f Biov{dsg @ pharmaceutical
CO%%‘%E‘?%@F#SQ (C i&glpr eact i ﬂg u%%%‘r%g%%d (Itflfnieaﬁ gé\/:\cgat[tgarn%ﬂ%% at
phdrmastutialipph@epblgi dilabetmr sawfer f Theegfangpaawid d1)(dimmagata nply e used

in 3¢ ﬁéﬁﬁ%ﬁtﬁq %?a:nyiﬁghhe B 20U b & IR A SI Y BLENTS Of

The compositions of the invention may be in a form suitable for oral use (for

example as tablets, lozenges, hard or soft capsules, aqueous or oily suspensions, emulsions,
dispersible powders or granules, syrups or elixirs), for topical use (for example as creams,
ointments, gels, or aqueous or oily solutions or suspensions), for administration by
inhalation (for example as a finely divided powder or a liquid aerosol), for administration
by insufflation (for example as a finely divided powder) or for parenteral administration
(for example as a sterile aqueous or oily solution for intravenous, subcutaneous,
intramuscular or intramuscular dosing or as a suppository for rectal dosing).

The compositions of the invention may be obtained by conventional procedures
using conventional pharmaceutical excipients, well known in the art. Thus, compositions
intended for oral use may contain, for example, one or more colouring, sweetening,

flavouring and/or preservative agents.
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wherein the reaction is carried out at about 850C
(ii) cooling the reaction m xture fromStep (i) to

W bwot3BE0C, and (iii) isolating the Conpound ¥€)/GB2009/050496
di fumarate Form A. Suitably in Step (ii) the reaction
m xture is cooled slowy to gpout 6Q0C, for exanple at
a cooling rate of about |G mnute. If required
crystallisation of the Form A can be i nduced by addi ng

. . ¢ :
i o gl Cobo e B LR M s b Bpfrgoine the
follheig Extogpicresct i on m xture has been cool ed to about

770%@ Suitable conditions for isolation of the Form A
Taplet €OES; (iii) are as hereinbefore described.

Crygbal Bhﬂ@(lggfm?%% drex@inb By AL £),Forms B to P may

be prepared or exanple, the nethods described

her kictos¢;n t he Exanpl es. Pharmaceuti cal Conpositions
Accordin tﬁ.a further aspect of the invention there
i's B?%Qgggﬁ Qeﬁﬂ§PW5%eutical conposi ti on which
compbksReddaenpound (1) difunmarate in association with
a pharmaceutical |l y-acceptabl e diluent or carrier. The
Conpauwidogd PNdf wdar at e may be used in the conposition

in any of the fornms described herein, for exanple Form
A %ﬁém?gﬁ%ggﬁ?gbns of the invention may be in a form

sui Thdtadldt 0sre @il bokwatcdvath £RARb& MRS sichlls @h HPMC based film
| ozenges, hard or soft capsul es, aqueous or oily )
coaélagp‘é}%gh SPINZApiPB3lbreontadnsseras inyire coletey ader light protective
ag&mgnules, syrups or elixirs), for topical use (for
exanpl e as creans, ointnents, gels, or aqueous or oily
sol Thé¢ tbktomayp bs pepsicdnsing coovenadmil mahodtandns biustrated in the

i nhal ation (for exanple as.a finely divided powder or .
Exampleyy ff gecpiied des 9m§@fnda®rﬁlﬁr%%rﬁf§tmaaﬂa%vﬁkea§a@fr Fgpation
intd {R %@k @Sa BnifdrRE)atidL Vi-dad RRNER OF tlf%rCcfr%ounld o

_parenteral adm nistration (for exanple as a sterile
difamareteus tlor tabict. yFareixamplerthé Gpmipn;mda(\lb fAdwsarate may be milled to

supcut aneous, .intranmyscul or_i.ntra cul ar dosin r
proyiicAnayFEES PYIGFL sf7Gof R %%tfﬁrma cSifglen wethpdsieighsnown.
of fhe aﬁlﬂﬂlﬁ%tf!a%eqﬁg'regﬁznpﬁiﬁﬁlk REA LRI %ﬁvcﬁﬁtoir AL excipients to

pr ocedures usi ng conventi ona phar maceut | ca
producd piiegle slposagefornk molnedessarityevary depehiding, upoo ipolsdst freated and the
pari};}glﬁlgp lgpﬁ eof ra?i origt[g’%)g)zlte gﬁ? %}@a?r(l)p%,aai f%i‘nnfllg{ione él?é{leileg fororal O
administration to humans will generally contain, for example, from 0.5 mg to 0.5 g of
active agent (more suitably from 0.5 to 200 mg, for example from 1 to 30 mg)
compounded with an appropriate and convenient amount of excipients which may vary
from about 5 to about 98 percent by weight of the total composition.

The size of the dose for therapeutic or prophylactic purposes of Compound (I)
difumarate will naturally vary according to the nature and severity of the conditions, the
age and sex of the animal or patient and the route of administration, according to well
known principles of medicine.

In using Compound (I) difumarate for therapeutic or prophylactic purposes it will
generally be administered so that a daily dose in the range, for example, 0.1 mg/kg to
75 mg/kg body weight is received, given if required in divided doses. In general lower

doses will be administered when a parenteral route is employed. Thus, for example, for

intravenous administration, a dose in the range, for example, 0.1 mg/kg to 30 mg/kg body
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flavouring and/ or preservative agents. For exanple
Conmpound (I) difumarate is suitably fornul ated as a

wo 2ba387851i ng the fol |l owi ng exci pi ents: Tabl et PCOGB2009/050496
Compound (1) difumarate (for exanple Form A); | actose;
m crocrystal line cel |l ul ose; grospovi done; pol yvi done
(PVP); and magnesi um stearate The tablet core may be
coated with a filmcoating, such as an HPMC based film

t tr .
oGRS BEE LB 00l B0 O f SR
ranf@yfobexapipdd A Emp&kizng 28 mg\/mlbo@nadnglmfemﬂldxémwah dO% administration

npl.es requi red the Co

| [lustrated in th
homjevef; rg Péﬂ@%@a Eémﬁ%hl%fa%r For inptangcy Fﬁmpatﬂil%ﬁ) Hﬂ'elaarate
codlﬁ‘ Be Eétmn%ttetre@ tcsz QJ‘AfIH %I(ﬁ)d%‘ hﬁlﬁ{a‘ﬂb&ﬁpt 4Gl Brid &€ less ‘hhan 1g daily

di stribution of Conpound umarate in t
buttradyicehan Fog. P@xta:mqtﬂrb' (E¢mpm|¢r(b)uhﬁqurate doiild e radtngnistanedive a

mlle o _provide an average icle size of about
Wa@‘?ﬁ]Ph O%ﬁﬁa {“‘IEET E aﬁ?l“P’rtﬁa %ﬁlﬁ%&gé@s{g RePF* ‘bﬂé( %ano%?é aspect of the
inveRRIN Cotpodid (1Y BiflMafa@A RN bd Mdthinister§PB Woeh-BidbBe®MBmal, at a
or nore excipients to produce a single dosage form

unifilpge of ese élsaarh6pyng/a¢r;daaiel|@em@rthgr agpont of He inpationyeempeind (1)

dlfurngraEel cou ef ellcfﬁ!ﬁlnfl ferd I(g tr?ta,(:“wmc gl%adefnd amrnglf,Jl Iap a umj[: Qse of less than 50

mgapéfrumy Sl"lﬁeﬁdds@ of C@Iﬂpb}ﬁiﬁﬂﬁ) mfhﬂlalg&rtﬁaﬁbé ydrbiaitakbdas 4 siﬁgle daily
exanp fromo0.5 n& active agent (nor

dosmrtaam il Gasteons of 629@1 ﬁfgly GFO@? E&wamlq, ﬂ@rﬁpt:@l ﬂ%}lmpse of
oy AP RHOEA D P0 RO 0BT LS AR ORGP g s o

diftebout Sud@blydrosentr, bychvigdcgibh obthetibtel dolyadose wrspknlshetappmmmately

VRN NS RN AR
moiéegéli’]rﬁ} %'ﬁfsg%i fMg sﬁc@l dsheabat s &p@nd csf¥ambtlys, af7,1h®, 59.6 or 149
mg of Compound (I) dlﬁ,lrnarate (equivalent to 1, 2.5, 10, 40 or 100mg of Compound (I)
free form). In a further embodiment a dose of Compound (I) difumarate equivalent to 40,
80, 100, 160, 200 or 240mg of Compound (I) is administered twice a day. In a particular
embodiment a dose of Compound (I) difumarate equivalent to 160 mg of Compound (1) is
administered twice a day. In a particular embodiment a dose of Compound (I) difumarate
equivalent to 200 mg of Compound (I) is administered twice a day. In another particular
embodiment a dose of Compound (I) difumarate equivalent to 240 mg of Compound (1) is

administered twice a day.

Biological Assavys

The inhibitory activities of Compound (I) and Compound (I) difumarate may be
measured in the assays described in W02005/028469 or as described in the Examples
herein.

The compounds of the present invention possess anti-proliferative properties such
as anti-cancer properties that are believed to arise from their erbB family receptor tyrosine
kinase inhibitory activity, and particularly a mixed erbB2/ EGF and/or erbB3/EGF profile.

Accordingly, the compounds of the present invention are expected to be useful in
the treatment of diseases or medical conditions mediated alone or in part by erbB receptor

tyrosine kinases, i.e. the compounds may be used to produce an erbB receptor tyrosine
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age and sex of the animal or patient and the route of
adm ni stration, according to well known principles of
wWoreap/a38181 | n usi ng Conpound (1) difunarate foPCT/GB2009/050496
t herapeutic or prophylactic purposes it will generally
be adm nistered so that a daj,ly dose in the range, for
exanple, 0.1ng/kg to 75 ng/ kg body weight is received,
given if required in divided doses. In general | ower
in FRIPRLH ofREL A gL LA MR B8 SELRE HoafeRih °Thk he
corapbunds sf thatpmnnt iavahoise pr(rm(ﬂethnfeﬂngEfor tho nreem&npbﬁmlﬁ)gn]mt cells

ng/ kg / kg bod ht | LIy b
chagjeisifsgs %y BT OR SRR GRS ﬁhvgo%rLB AHAS T thepiar s inases.
Patrtleﬁaﬂ? ﬂ\%ﬁ(iolrﬂﬁ%ﬁnmé ﬁrvelanQlSmE@Bé‘Qseton gﬁ)dﬁgé gtgargpgbbhferatlve

wel gh be used. Oral adm™istration is howev
andjergfrerapeptotip amct/omaﬂtlalmlvgfslvemffwzbmedlatedraﬂnne@m in pars batheanhibition

of PSS RIS R KIS0 AT oY, 5 cQimpp il Ui ipigention are
expeBtedad by udll ifecEprbN@ioh BB tredtdichi Gfuhadel mGRRRIRHREL dehiitive to

di funarate coul d be adninistered to a war m bl ooded
inhgntiemef ongtor anayp pf theesB tfceptes tyrosmemkin®os,itpatpes ingalyed jmthe

mg@arl?}an?c{uc g gt%{&ﬁ \affngh '&%a'e nl\r/o %ragoﬂ at}%osanplvgl of QlEﬁ)se tudnoc}lr cells.

nara e Co

Acédriiigly thatompoutds o qs:epr@s‘eni @ssntionane &ﬁﬁcm t(DBé u;daﬁ)d in kit
a further aspect of the invention
tre%imfeafr@frp&%a% beiep arogtific hyperalasig ( BBHée é\mr%ctﬂr%ﬂ@ui restenosis

ancg%}lsdéﬁ% it r@waﬁ' tathmgﬁg) @ufﬁ%lrﬁzg gffgnsggpab 12% rﬁp?fth?ﬂ&tt -gﬂ.eof erbB

npoun nits ere
recaptst tygdsétnedandsy sckosstéyearanass. nBildhi ghgnfor actligaasg tahots eﬂay affect

N R G KRNI

ﬁﬁd aﬂ&f‘él&hsdﬁa%u%mfs NRr $ 4TEpIeHild 'dﬁéte!s&{ét bladtkr{ BHNYCNS,
owever, each fraction of the total daily dose woul d

brebﬁ aq@qmedﬂl nacﬂ@nglrlelqg@sltmc Byadvend refck ehepatid, dur@onpoamd, ( 1)
di f te. b t
ocsGRRMGR PuFiad Betrls MOV R ofk - dpeih s PG HSHGe nd
vul¥al®anderd, 14.9, 59.6 or 149 ng of Conpound (1)
di fumarate (equivalent to 1, 2.5, 10, 40 or | OOng of

ConBéhsrricanryr if referreionpartipwlardy ftueferselp oesepbeagasberncer, myeloma,

g3 b FABBHRT: S LTS S bl s

sart:dhhzi; %Varlzdﬁgancémbr&a@ataﬁde@ Ldo&frec&ﬁlﬂlﬁdctdfﬁp’i"ostﬁte‘i@ﬁ@r Mfladder cancer,
npound di fumarate equivalent to 160

me@aﬁ%ulﬁag efrr)cer snoaH| <lldpeg cangre@N S lfay and ﬁn%ll cell lung cancer
(SC@?(F)E g’aslrﬁlé?éan%&? R I FRAtn ek gﬁﬁ@r, ‘Btralg%ﬁ%gﬂ nchal l:z)ncer, lymphoma and

leukaemia. In one embodiment it refers to breast cancer, for example hormone receptor-
positive breast cancer. In another embodiment cancer refers to SCLC, NSCLC, colorectal
cancer, ovarian cancer and / or breast cancer. In another embodiment cancer refers to
SCLC. In another embodiment cancer refers to gastric cancer. In addition, it refers to
NSCLC. In addition, it refers to colorectal cancer. In addition, it refers to ovarian cancer.
In addition, more particularly it refers to breast cancer. In addition, more particularly it
refers to hormone receptor positive breast cancer, especially to hormone receptor positive
breast cancer in post-menopausal women. In one embodiment it refers to early stage non-
metastatic hormone receptor positive breast cancer, for example early stage non-metastatic

hormone receptor positive breast cancer in post-menopausal women. Still furthermore it
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equi valent to 200 ng of Conpound (I) is adm nistered
twice a day. In another particul ar enbodi nent a dose
w@Roogasgseund (1) difumarate equival ent to 240 PEI/6B2009/050496
Compound (I) is adm nistered twice a day. Biologica
Assays The inhibitory activigsz es of Conpound (1) and
Conmpound (1) difumarate nmay be neasured in the assays
descri bed i n WO2005/ 028469 or as described in the
reférl mrﬁﬁsté‘g%rn%h%etlﬁﬁicc&% éjr‘?i é}:@tepcfn%sfg& tor smv?1 breast
I nvent I'on possess antl - pr e proper
car@sr, asjiccrallq e edrlypstageatohastaitigd csab getbﬁidl/ (ﬁ’\mdgds&r@rel rS&ptor
fron1the|r erpB fam |y receptor tyrgsi.ne ki nase
Positihyf BF45h FENCRII RPSHRCNONIHSA) XYMy 1B ﬁ&@mgn e dagicylasly it refers
to eSSt FnoRE P&%{Jt’gggoﬁﬁ%‘ hieSst RSP gl?e@ga!ll 10 M&?astatlc hormone
compounds of the present 1nvention are expected to be
recepgef pﬂsmw Wrérst taneart mfpmst mf:nqjqag@zhg\@meor Statk flirgmimore it refers to
itions nedi ated al one or rt b rbB recept gr
mefig s iEPken ARLeepope ferop s ihiolis Wi HEcHsEepay t
meREREH efrddRn 8hHBr ﬁr%?@s@ér@ﬁe fEMSE ﬁt%ktid%@ﬁ@ast S ﬁl%k’t menopausal
effect in a warm bllooded animal in need of such
womeafnﬁmr.momw@efm%t%mume@ﬁembagwb@@mr Baplieneancer,
e CaleDEaNE] b s ar Bt o T bPER bl e,
stofmadiy, ltyyrefd, fee et phdr ot Brii@Sdafer K inastitor chidolingmk af thy idwe@tion,
conpounds of the invention may be used to produce an
pargiglprly the) Gapegr at in\ﬁenoaln@%ﬁta%? gatgpdpprnther cathedppent of the
1nv@lmtﬁ]dnb>35][¥1@§llaﬂ {)E‘c:ér 1§Tﬁldel A& aﬁltl: Qo Ma fu?th@la&}lb&ﬂmgﬁeof the
Inhibftion o receptor tyrosine kinase
invPatidn, partianlayty thd‘tancampm.mnhstastﬁtld: kteteparesmote pam/cmﬂHrlyothe cancer

re expected to be useful t he preventi.on or
hesehBrnCBiaenJad fpﬁ%lﬁﬂgbogiﬁa?m oF thedRyreiipaarticylarly the cancer
is 1h rd'ﬂlé%sttdtférktéfé a8l %1&5 gﬂ‘ﬁ"cﬁlaﬂgl tﬂ%n%r%d&@?%hanc metastases. In
tyrosi ne ki nases, t are involved in the signal
a furthgn sabedimgnt @ﬁtbp mvmmmh pehrtlcularlp tlod ¢aheeras irommatadtatic state, and

survj.val .o ese Accordingly the
mogemstt L b R BldiR R BR o o oupect od to be
usefiterd fhe tREtnicne 8t FERBE: 9 terBE&T fodattfoul RRNhBNs MHe@hMhdng of
hyper pl asi a (BPH), atherosclerosis and restenosis

can@ﬁr@n@ FuneQuiE e¥PIEspLIgrang jod mege einthe grtiB fwb y dfaeepptops for example
EF? 81%53’2 ﬁ@fotr Ie&)"ﬂﬁecé/ t(ltn{s] "ht% - (%%E&Ee ec f @onl?;gounﬁ ?(ﬁpcflﬁ)lmarate
f OSI ne Kl hase sen§) fve cancers ben

acoﬁﬁim@t’dﬂﬁé itvéAtied maiBy nehfieed inaBmd d)tscﬁlle &r aitgle bMbk WAL-tumour

non-solid tunours such as | eukaem a, nultiple nyel ona
effgqt, the extent of the response (for example reduced tumour volume or teduced tumour

burden), the response rate, the clinical benefit rate (the sum of complete response, partial
response and stable disease) the time to disease progression, progression-free survival and
the overall survival rate. Such clinical trial endpoints are well known and are described in
for example the FDA publication “Guidance for Industry Clinical Trial Endpoints for the
Approval of Cancer Drugs and Biologics” May 2007
(www.fda.gov/CbER/gdIns/clintrialend.htm). The anti-tumour effects of Compound (I)
difumarate according to the invention may be for example, one or more of inhibition of
tumour growth, tumour growth delay, regression of tumour, shrinkage of tumour, increased
time to regrowth of tumour on cessation of treatment or slowing of disease progression.
The use of Compound (I) difumarate may also have a beneficial effect in

preventing the onset of cancer in warm-blooded animals, such as man.
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| ynphorma, and al so solid tunmours, for exanple bile

duct, bone, bl adder, brain/CNS, breast, colorectal,
wepwonss7si al , gastric, head and neck, hepati c, PCTIGH2009/050496

neuronal , oesophageal , ovarian, pancreatic, prostate,

renal, skin, testicular, thyyoid, uterine and vulval

cancers. Were cancer is referred to, particularly it

refers to oesophageal cancer, nyel oma, hepatocellul ar

pangf, gcﬁ{ﬂn to HitE % %al of‘fﬁé’]ﬁ%nnoﬁvﬂl&g 15211311091‘398,’ bomé)ound @

neur o p03| S sarcons, I'an cancer
mﬁMnaa&iﬁﬁameesanmdkamemiaI cancer, prostate cancer,

bl adder .cancer, nel anoma, |ung can - |1 cel

| ungCeRtAgo pXidicepsPeghel R thefedh amaéc}?ég?ompound )
difbrrbafe) fordRS M fhe gﬁﬁlﬂ‘é@éﬁ ofh?laﬂltlaﬂ}ghﬁ?ﬁkfe CHRCGh a v@e[rﬁ‘i' Blooded

cancer, renal ncer, |ynmphoma and | eukaem a. In one
anigmboghmemani t refers to breast cancer, for exanple

hOT ne re ositiv reast,.cance t her
DO B OeRs puteet & B RaS ReSEp b RYTa ot
Coﬁ@Bﬁrﬁf (D) OM@hhAR G INCRINERGuLe ITa REB@&Phent BIFGBE in the roductlon of

anot her enbodi ment cancer refers to SCLC. I n anot
an @Iﬁbpmllrﬁ@mve@effmém g efar-bloodedarymel suchapown. | n

addi,t.L 9 Qin 1ftheerr %eatturle N%%a%as(pea o%‘?lget 1tnlvganion tfl?l‘g ?s pr0V1ded a

to ég Ogreg aﬁ cancer

mefhodIfoafrod@dieein adtip@dUighirh i effaddme Wami-bodied dnimhl, such as man,
refers to breast cancer. In addition, nore

in s&f OF Buahdrgaiment whishejosnnrisehatmsieringde prig enipedd jep effective
mn@&ﬁ%ﬁkbﬁgﬁﬁﬁﬁa?ﬁﬁﬁﬁﬁf@§|y to hornone receptor positive

east cancer i n post-nenopausal wonen. In one
enbadeordini to b furdice mspacoofathe investi@gheredn privadetiaidngpound (1)
hor non rece1%or posi.tive breast .cancer, for xaq?le..
diffwganate, {rage iR PHRYCALILRY EalBieh Bose BEpus WRIshiaFg yrasitive to

1nh|?d'1§&§6f GHB&Lepiod RBShe RBAQRAURR s WRHBBinatd bf EGFR and erbB2
furthernore | Pre fers to earl y stage non-net ast atic

andéert FQGR rnd B3, that agestadyahie thegept drangslsiion stepsovkiakicad to
. aII to early stage non-netastatic
ﬂwé%&ﬂ%ﬁ@ﬂ“gﬁﬁP&} %'gesterone receptor positive breast
can@géortiihgROs oA apRESH thvaiBRtior therRAd bfdvided tROGR of
artlcularly it refers to netastatic hornone receptor

Comgmd Uk disimerste igahcmpnufeepscifalmydicamaont fargisair e prevention or
treﬂl%r Eogﬁhgs%%l%%g Q5 \xﬁﬁgﬂ cltre é?ns?[ V35 E %ﬂ&? Of 51% rec tor tyrosme

menopausa fur ernore’i to

kmﬁﬁs,a@bﬁbf, [ c@ﬁbh@@@ﬂoﬁ]ﬂ@FRYan@ e PISsdindl MG R 61&9&1@B3 that are
positive breast cancer, espeC|aII%ﬁto met astatic

mV@kVteii Yy stmal Ensgvcigastens srhchy lepdiorthe Pwissratianeofifp@qyt cells.
ca nﬁ%éorhﬂlgﬂ? gglélgfeq PRAUR Y tlﬁ@é@% ag g aelt B%Iﬂﬁﬁlqherb fis s;%rowded a

refers to cancer, cancer,
methad der the prevention or treatment of those tumours which are sensmve to inhibition

of one or more of the erbB family of receptor tyrosine kinases, such as a combination of
EGFR and erbB2 and/or EGFR and erbB3, that are involved in the signal transduction
steps which lead to the proliferation and/or survival of tumour cells which comprises
administering to said animal an effective amount of Compound (I) difumarate.
According to a further aspect of the invention there is provided the use of
Compound (I) difumarate in the manufacture of a medicament for use in providing a

combined EGFR and erbB2 tyrosine kinase inhibitory effect.
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nmel anoma, cervical cancer and / or renal cancer. In
addition it refers to endonetrial, liver, stomach,
w0 boopassigl rectal and / or brain cancer. |n anok¢EGB2009/050496
enbodi nent of the invention, particularly the cancer
is in a non-netastatic states I n another enmbodi nent of
the invention, particularly the cancer is in a
netastatic state. In a further enbodi ment of the
' ”V%@Edra tQ Qrfﬁﬂﬂ‘felﬂl 1l1r¥ otfnﬁ Q@E&%rf theinb ShtfdnTREA S @'&{fﬁed a
state, nor e cu ar e cancer produces In
methet dsit mﬁeﬁlmgl mcmlflhldfd E@FR@n‘d ecBentosife Kite iinhieinrdry effect which
particul arly the cancer a netastatic state

d
COTRRIHES BAPTIL LN (Pyal 1%@&@#%?%%%@9 Gamapiad () dfumarate.
et ast @/ to hffuﬂlefr Wedahier fﬁﬁ?%‘i&b&%ﬂh&h&%n&ﬂé&@%Maolded

particularly the cancer is in a netastatic state,
Comppendyd) tifeuhratd, fortuseirpmeidingy auses! BEERmnd crbB2 tyrosme

k.netagi%sesf vrere the treatnent of cancer is referred
ingss BRIDFPIVATECTy this is the treatment of cancerous

t UNBUESTIRXAG 8 TSt ING aGRRt O thERven@dn thBR i§pRRidc@Mhd Wsedff
receptors, for exanple EFGR, erbB2 and/or erbB3

Con@@@pt dy difumprateaintthe mamiagturstaf @cmedecran@mhﬁrsuuﬁ@l in(prpviding a
tyrosm 55%21?1%1%‘%&?&%6&90& &t ?I}er{ulﬁg \{eec%i){o?st suegcyuerd Torp n%f&ﬁﬂ{, { ﬂoB2 and
mbggtent of the response (for exanple reduced tunour

vol unme or reduced tunour burden), the response rate,

t heAetqrdingde alﬁ‘é‘iﬁ‘@‘f ifgatiprgof thig Pﬁ@egt%ﬂ&ﬁ inggjrsmahere is provided a
me{h%a%#“@%wd sifeSGRRRN §Iﬁllgl|&9?' %ng[l o, tgv'o ?r?o% récgﬁtlo{/saﬁelected

di's progressi on progressi on- ree sur
fromntiGFRecrbB2 laadl Erb83r whichlconptiees dBudhistelingitesdid bminal an effective

endp s ar [] known and are described in for
mﬂ@%&ﬁganﬁﬁémiﬂx%ﬁﬁﬁﬁmghtion "Qui dance for Industry
ai wcs&hmgrtb alfm@w# I%)a!uﬂ’e %fﬁ% astpE& AR RVl tioRfth FRMCHbvided

Drugs and Bi ol ogi es’
Cotmpoamd dpddoviaizsERrgdd nsprowdmgra tarasie. Minasp intibigory effect on two or

tumour ef f.ect ound ) di fumar at e
nmﬁ%@SﬂH@ﬁéﬁFgﬁgﬁQn}ﬁggﬁtggﬁaﬁﬁg “BP¥ or exanpl e, one or
mor Acéﬁrdin@% Riftrt IR aGfcct SN Inv@hOWM teretil PRIVIdABML of
del ay, ression of tunour, shrinkage of tunour,

Comp@m&a@b dl man@tet ip th@@amﬁuwof@uWWrrmt fasgisain ta tisatment of a
condﬁt?%lo(;‘r% exa % ﬁ&o]pg) nrgécg?tg& ﬁtgwﬁ% 5909% gtlg)en%ho%_@}orglﬁﬁ?n of an

mbBQ&ﬂEBShﬁm@ﬂﬁMﬁntlng t he onset of cancer in
war m bl ooded ani mal s, such _as man. According to this

aspdegorgmertaa fuihes fedten of Huy aspret b th/inyerionshys improyidpd a
mefHoli Y0PHB tRatn{eAF ot EorfiRticdh (?@rdéxﬁﬁﬂ}%% tumour) mediated in whole or part

by the phosphorylation of an erbB2/erbB3 heterodimer, which comprises administering to
said animal an effective amount of Compound (I) difumarate.

According to a further feature of this aspect of the invention there is provided
Compound (I) difumarate, for use in the treatment of a condition (for example a tumour)
mediated in whole or part by the phosphorylation of an erbB2/erbB3 heterodimer.

According to a further aspect of the present invention there is provided the use of
Compound (I) difumarate in the manufacture of a medicament for use in the treatment of a
cancer (for example a cancer selected from leukaemia, multiple myeloma, lymphoma, bile
duct, bone, bladder, brain/CNS, breast, colorectal, endometrial, gastric, head and neck,

hepatic, lung (particularly non-small cell lung cancer), neuronal, oesophageal, ovarian,
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According to a further aspect of the invention there

is provided Conmpound (I) difumarate, for use in the
wEe@dnsd7son of an anti-proliferative effect i nP@I/GB2009/050496

war m bl ooded ani mal such as man. Thus according to

this aspect of the inventiomghere is provided the use

of Conpound (I) difumarate in the manufacture of a

medi canment for use in the production of an

e I 8§ [ I I

P e Y Ry i B P R A B and
paréisyledy aohndeh Beledﬁe&i?fﬁt)mdiﬂeatsh gnaric s;opfrectaldbehdamdmbm @vhidan and
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method dotireaging @ canden f foh exanapdp e cnasf sctlbﬁeed fromrculaamid erwétlple

P, R B A o BR8P Do,

gast@d) hbdd MRI ek | HHPhiN, lhhr%p@lftlcﬁfalé@ nbRGARANQEL 'IMng;%h&@) neuronal,
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nedknuearﬂtahaﬁd g @nta, mbfevﬁadtecdﬂdrbeorum cﬁfcemrm@mdb(ob)ied animal,

difumarate in _the manufacture of a nedi canent for use
suchrps 1@, Pregd of push tEsrtrpenb.at eh cogprises gd@inisipig © spith apmal an

eff%rﬂ%eﬁﬁfaﬁhgdf\(ﬁorﬁalgouhaggﬁjoﬁhﬁ%téﬁ erbB receptor tyrosine

I nases i nat1 on of EGFR and erbB2
andAocorEaeR> arfartler bBRct dftht imeetiomihotevie gravided & nspognd (1)

transdyctlon %te s which lead to the rollferatl n of .
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prophylactic treatment of a particular disease will necessarily be varied depending upon,
amongst other things, the host treated, the route of administration and the severity of the
illness being treated.

According to a further aspect of the invention there is provided a pharmaceutical
composition which comprises Compound (I) 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.¢. cancer spread. Therefore Compound (I) and Compound (I) difumarate of
the present invention could be used to treat a patient who has no metastases to stop them
occurring, or to lengthen the time period before they occur, and to a patient who already
has metastases to treat the metastases themselves. Furthermore the treatment of cancer also

refers to treatment of an established primary tumour or tumours and developing primary
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According to a further aspect of the invention there

is provided the use of Conpound (1) difumarate in the
woremwafizgssur e of a nedi cament for use in provi dPEYGB2009/050496

conbi ned EGFR and erbB2 tyrosine kinase inhibitory

ef fect. According to a furthey; feature of this aspect

of the invention there is provided a nethod for

provi di ng a conbi ned EG-FR and erbB2 tyrosi ne ki nase
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feature of this aspect of the invention there is
difynarafedisdordingetp Iﬁlm:ilnf’@“rtlopirlb\}$6dl aggn ady pgdionEndat phkermone

senlfsf‘gllgile IEetégthéngerr 1cucf%fly 30 @%djl\%‘éﬂl? trl]rea%%gr?t ocfxe§tros geeln%gce%gor positive

breaﬁréhﬁnesirepdsﬂ@eh@paﬁﬁaldzv@ﬁem aapthef érﬁb@dlmentajftthmtnveﬁtion the
npound éh) di fumarate. According to a further

Com@awir d) difuhpriate ageprding tefthe EcHtippdhusedrps pgpwdjuyant treatment of
horﬂ{o%g'sgr%gn\gquﬁp Qﬂlcétlﬁh 1%1 {;Mﬂg a?% ?eo ta@fuvé{ﬁ ?rehfﬂlé% 8%’ és‘i‘ﬂo@&n

a tyrosine Kinase | two or
and/ﬁqﬁpge;st@oﬁaieeqﬁ@doréersomanE@:lR,poetFlhaibpanshl enohi3a. In another

ernp&f Gep PR CamrRun 8 SRl et NG et i pormone
sen'gﬁf%! f(@s%géﬁatﬁif/ o@r%{eﬁ:@r{@%@@ep‘i& ok'r%@e)) lﬁee{s@ Barlcb£ %ﬁfﬁ%ﬁfaﬂy

a condition (fof exanple a tunour lated |
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het [ ) d t f f eat f

ns ptt Rl snabefiGnt PO Commdiad [ A mpR Rttt fia hahe ngpntion
mal B8 ubdeAtIMOtadPlvadt GGy i 91@ thch@hen® $ARRMRNG sEALIRIDreast cancer

nmedi ated in whole or part by the Bﬁgsphorylatlon of an

in patigms/ &t yREhdTemdodianans the Qammunéd fuseasatg deqondiag éo thag

1nv%19t10n is not used as a neo-adjuvant treatment.

The term “adjuvant therapy” refers to a treatment given following removal of the
primary tumour. Where the cancer is breast cancer, removal of the primary tumour may be
effected by, for example, surgery (for example lumpectomy or mastectomy) and/or
radiotherapy.

The term “neo-adjuvant therapy” refers to a treatment given prior to removal of the
primary tumour by surgery or radiotherapy.

Herein, the treatment of cancer also refers to the prevention of cancer per se.

In one embodiment of the invention the Compound (I) difumarate is used in
combination with an endocrine agent suitable for use in the treatment of breast cancer. For
example, a combination of Compound (I) difumarate and an endocrine agent selected from
an aromatase inhibitor, a selective estrogen receptor modulator, an LHRH agonist and an
estrogen receptor down-regulator. For example, a combination of Compound (I)

difumarate and an aromatase inhibitor. For example a combination of Compound (I)
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said animal an effective amount of Conpound (1)

di fumarate. According to a further feature of this
w@2peass7ef the invention there is provided ConpoUua#2qop)s0496

di fumarate, for use in the treatnent of a condition

(for exanple a tunour) nediatged in whole or part by

t he phosphoryl ati on of an erbB2/ erbB3 heterodi ner.

According to a further aspect of the present invention

dlfﬁrﬁﬁra a{n%i t@r{lg‘? < e‘i’le q*"o'ir Igg d;ﬁlg gfom@ﬂ{gﬂ8ﬂpgrcgﬁ%8%d; H?ﬁz‘fﬁ{lﬁaw and

e nanu cture o I canment
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arofifatdse Gt %ﬂéhee{s) ana LR an &rﬁé%ém ?t?dlr gaf?vggfegﬁgror).

pancreatic, prostate, renal ,
t honcaddmlgtya firi ovee anigbdvrabntalf tlmalmzmloanhbrp &y procidbdn metlend for the
cancer. sel ect tzd from.breast, ﬁ?st ric, colorecta ead

treafmgnifad vanssd (IMSHsARY PUPFIARA©E ProgeyFrong QPW&%L@PW*‘“W ina
waRh®stide MGRN, subh & ¥aH Th RS RBEMHent, SHGdh @sgFREs

I n need of such treatment, which conprises
adraigimiteringtte rsaldgntmalaa|eﬁ°eamermtd101mn0%€¢>mpounde(l)a¢11ﬁumratafm

d. (1 i f furth
cogRRSR it et E Rl o ST HES: ERibdal Hihar pnARBESE,
whehefrigmd éﬁlﬁi-al Iﬁd%rno%'?ﬁvidﬁsltynﬁeﬁ reatdRith a@fendoG@B Ql@erraﬁj RAch as for

exanpl e selected tTroml éukaem a, multiple nmyel ona,

exanmwwm pserogere recepphmodutan sesh asmexifanNg: atgmatase inhibitor
sucﬁ as %{la?s%tozHle of & gﬁF eh ?e}cbpﬁ%?ﬁéwﬁ (f\%%]ilgaﬁ d and neck,

non “cell lung

Cc anﬁﬁa’,n)othdﬂ emﬂz)ﬁd‘lhaient oﬁ&e mhag&@i thevig pr@idedpamethedfarahe
prostate, renal, skin, testicular, thyroid, uterine
trea{pgni fi npA Metarietis esﬁfﬁ@elbéﬁ’fd((?rdﬁ@%ﬂeyo@ rositiye bress) capecsdn

waﬁﬁ-%ﬁﬂo%& Qﬁ’l‘inal,%ﬁéﬁ 5§ I‘flan,qf? Ing&{e&ftsﬁl:h trgeﬁﬁlgnt, which comprises

administering to said animal an effective amount of Compound (I) difumarate in
combination with an effective amount of an aromatase inhibitor such as anastrozole,
wherein said animal has not previously been treated with an endocrine therapy such as for
example, a selective estrogen receptor modulator such as tamoxifen, an aromatase inhibitor
such as anastrozole or an estrogen receptor down-regulator. In this embodiment the
combination is suitably administered as an adjuvant treatment.

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 goserelin. It is to
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and neck, ovarian and |lung cancer, nore particularly
breast cancer). As nentioned above the size of the
wa@lome/18858ui red for the therapeutic or prophyl ae€T/6B2009/050496
treatnment of a particular disease will necessarily be
varied dependi ng upon, anongst other things, the host
treated, the route of admnistration and the severity
of the illness being treated. According to a further
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cancer read. Therefore, Conmpqund (,1) and Conpound (1)
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¢er alsorefers rea{ n O? an

ad\%ﬁbaﬁhbt&h@ﬂc PrchdtRacchWIBYE hey a Iowr@wf&xpﬂa@ls@euﬁérbetn The term
primarytunpur or tunours. In one aspect of the

“loprRreFre KR RSEHeCTrari3d s iortupgrisdhatioss Hedsflyasescpig in-situ
hyWHdeX&0h 3@%;@ gﬁh%StP%ﬁ?cﬁl Jhﬁﬂ?ﬂﬁ% ea§&$8$erQJxR¥é§§on of erbB2”

|nvent| eat nent o cancer ates
thob¢ that arent of netastases. In another aspect of the
|nv ntion the treatnent of canc&Hgﬁel tfes to treatnent

?1e§%@T§K&PBHW%W@W@ﬁ% urs or

deV [yopi pgrpri FRINC LU ﬁﬁor‘ééﬂ@ﬁﬂﬂl%tull‘&bﬁﬂlﬁanon (FISH) negative.
enbodi nent the treatnent of cancer relates t

adj Aveortlinghyeatarpantculdrreréiodinhant Oéﬁbomvamann th'eliéompound )
nment of ¢ refers to th
aifp PG Aol <6 aREeron RuBarargi)h f i G S0 Resipicbin th
tredth@nt dTedaht@ it w O RRKREssidn oﬂjdrﬁyﬁﬁé]@dt&i A6 QYndioR ehdr®of:
the invention is used as an adjuvant treatnent of

hor froBdressheancermshiph ssdder2 Fabld ecgatpyai ti cul arly as an
adJ RO Hrodel &AL &'Ewﬁlcf?fs ﬁér%%g‘%ﬁc{ Gggptor positive

cancer In usal 'wonen. | n anot her

e ﬂb@d larBREHst @fnc&rhﬁ*hlbllﬂ etér2 onbit ITeC eadrpleiEISH fegative.
di fumar at e accordlng to the invention is used as
neoAseRrdipgre adwghar ganect offthe preserr dneaten thegels wr@va@qd a method

forg@t?%g%lﬁﬁq{f%k&% @ty h Bw&%r-%%féé’ﬁéﬁ oft 683 T afth-blooded

animal, such as man, in need of such treatment, which comprises administering to said
animal an effective amount of Compound (I) difumarate in combination with an effective
amount of a taxane such as paclitaxel or docetaxel.

Herein, where the term “combination” is used it is to be understood that 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
“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.
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and/ or progesterone receptor breast cancer in

post - renopausal wonen. | n another enbodi nent the
w@20opassTel (1) difunarate is used to treat advaPCEGB2009/050496

(nmetastatic) hornone sensitive (estrogen and/or

progesterone receptor positiyge) breast cancer,

particul arly advanced estrogen receptor positive

cancer in post-nmenopausal woren. In a further
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ageRigUEAB i @emeerigmelrs trace f‘?fr‘e%ﬁlP@W@ (Bxfresrferst The x-axis
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the&k oveigha $mss iand allsotuae wemhs Blse frbimvthe smnpsle d@rthe ecmpbetveen about 30
dul ator, an LHRH agoni st and an estrogen receptor
an sregul ator. For exanple, a conbination of Conpound

(1) F%gfélmo%sea M‘erﬁ'cnveﬂ{oﬁ r?t?(ﬁl isHRE féB'f forFGH' H'Qi)qree

a cormbi nation of" Conpound (I)difumarate and ta
formorThexammsé dloavsdbﬁ% eEtivo humﬁdltyorlm@uavds giowsdhé %Tmaageln mass of
| nat,jon

d tr
A e’ PPOEFII S Pegl el % RrorphoR e

Cco n’Pigﬂ?é 4 SHyvafanGo. dr |d)fﬁ<dbtf1 t@hﬁ‘(}ﬁ&ﬁbﬁfb@ MBaipdied (I)
The conbi nati on of npound §h fumarate and an

difenergterfaim Ahd hap;ﬂxrﬁﬂﬁowe thyad- etfusraéuq a}ldsth¢ yabiséh¢ equnisse
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e co
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Figure 6 shows a thermogravimetric trace for Compound (I) difumarate Form A.
The x-axis shows temperature and time, the y-axis shows weight in mg. The text in this
graph shows the % weight loss and absolute weight 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 the % relative humidity, the y-axis shows the %
change in mass of the sample. “sorp” refers to an adsorption cycle and “desorp” to a
desorption cycle.

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.
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Alternatively the conmbination may be useful as an

adj uvant treatnent of breast cancer, particularly as
w@eooadpsrsant treatnent of estrogen and/ or progRST/EBRIVE/050496

positive breast cancer. The conbination may al so be

useful in the treatnment of egtrogen and/or

progest erone positive breast cancer in patients that

have not received prior endocrine therapy (for exanple
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Forrrrne R/Io p"laﬁlesf an shows the 2-theta value and the y-axis the counts.

Figure 20 shows an X-ray powder diffraction pattern for Compound (I) difumarate
Form N. The x-axis shows the 2-theta value and the y-axis the counts.

Figure 21 shows an X-ray powder diffraction pattern for Compound (I) difumarate
Form O. The x-axis shows the 2-theta value and the y-axis the counts.

Figure 22 shows an X-ray powder diffraction pattern for Compound (I) difumarate
Form P. The x-axis shows the 2-theta value and the y-axis the counts.

Figure 23 shows an X-ray powder diffraction pattern for Compound (I) difumarate
Form Q. The x-axis shows the 2-theta value and the y-axis the counts.
Examples

The invention is further illustrated by way of the following examples, which are

intended to elaborate several embodiments of the invention. These examples are not
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been induced, by for exanple, treatnment with an LHRH

agoni st such as goserelin. It is tobe understood that
wob@ea3dierein it is stated that a patient "notPCT/GB2009/050496

previously been treated with an endocrine therapy", it

is intended that the treatnept of a patient with an

LHRH agoni st to induce early nenopause in the patient

is not considered to be "previously treated with an

a

int géri]) ‘t:c{ 'rngtgatnrggﬁ{l&attg%e co%ﬁ%&%é I%Ilﬁ%lghe%%c# %ec félbgllgﬁ% ¥Svill be clear
thatih dpasisien afag bl Praceixed wﬂe[dwﬁd tham hhmﬁcﬂml’dmddzsﬁﬁhé(ishdrhat

are descrjibed herein as not being "treated with an
Nugisersie m@%@% VariaHon Rit h Preach GRKCHURA oi¢ mesEIfpb iy of the

teaéﬂlﬁ% efréiH%ﬁ@ttﬁerbﬁ)ré‘ Sd?éjwitﬂmctﬁmoﬂéBf R iWdBog taxane

such as pacl’itaxel 'or docetaxel. This conbination may
belnuh@Emmplns umiesstqtmmtatezﬁ breast cancer. For
n the treatnent reast, cance

(pa?? s gte A aaf%@wg{ya%ﬁ Y%P%tarlgf%éa#zé%mw

attdidepl@ | ow over-expression of erbB2. The term"| ow
over -expression of erbB2" refers to tunours that are

Her Gi)f mglsing powniy wrsliqv @tqrmnmtbm G andlpns (FngpMottior DSCE0c
appa?aqat | 1Y%m Pgr { I e a}gégr,?l{’leg}hwg %c}]g |F ana él%e(z 1n)a Y—?enteéi s_|a_1rnple pan;

over- expre Si
hediyg lv«ﬁlmal@iw%homw&mhwe(ﬂdﬁ)zs°cafbd325|°c( unl}ssheited otteryse
| HC and Her2 fl uorescent in- sHuqﬁfybrl di zati on (FI SH
melgoinfeherpmastedinge Ynseh tempeastirecaditag melime ¢ndethernpmeasured
uSlﬁ%BStnventl on the Conpound (I) difumarate is used in
nbination with a taxane such as paclitaxel or
doc@tipxedss Bpfectrla] evctre matwienin décteoncaiengyrofiliOtdieckrowvolts in the
OV.er - expr ess of erbB2 selected fromone or nore . of: .
chqmjga IO Fi08 COLARR IR & TS CKRISToHTap: Hgljéft lln%ategwm%ﬁﬂon
5 ForVii f #5mBorh FAB) ofcIBERRBEay (ESP
RS GRS, 1R! B BB ity o5
valpeclor di/ngretgovea, gmetaﬂb': owlspwwlmf:h tmﬂs:apfrtés @autent me®m¢ wported,

TTTENER G W (N T ST

ma¥@ioft RFQaredo 81158 the MB icASgchBRtediBy IB@QH‘ affelceH6R:, and reference
tregt ment, which conprises admnistéring to said

to MnHrrﬁltO aie reﬂsse@n pnsraipbbiniospef Cpiefsund (1) di fumarate
\Y whgha 1|V Fl'}ia%nl %“, 1Lr%( 6r &R V%tluegfforam}ijg%( 81g§nostlc

S U cn as p acl rraxe ocC e
protons, given in parts per million (ppm) relatlve to tetramethylsilane (TMS) as an internal

standard, determined at 500 MHz using perdeuterio dimethyl sulfoxide (DMSO-de) as
solvent unless otherwise indicated; the following abbreviations have been used: s, singlet;
d, doublet; t, triplet; q, quartet; m, multiplet; br, broad;

(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
— 5mg samples were accurately weighed and analysed in an open pan; heating was carried
out at 10°C/minute from 25°C to 325°C.

(viil) 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
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Herein, where the term "conbination” is used it is to
be understood that this refers to sinultaneous,

W@ pansarel or sequential adm nistration. |n onePEEEBLI09/050496
of the invention "conbination" refers to sinultaneous
adm ni stration. |In another agpect of the invention
"“conbi nation" refers to separate adm ni st rati on. In a
further aspect of the inventi on "conbi nation" refers

1nc}*e%1e%?sqol'fef{he%] 0. @iimwnthslt sre?%ndo Reﬁ 1ncre & eenttalqg wagi n&trer}éosf{sre&l Eﬂtg Hle

'S Sequen Of ’ Separa ' Vad
cat&gwlesmaﬁe@ﬁhmﬂ@mbelshoul d not be such as to | ose the
beneficial effect of the conbination.As will be

Eb!&c?erst ood the references to the use of Conpound (I)
UI I ulral o VT U I*II lIIC IICLIIUUD, UStToS
phar naceﬁbﬁgeiegazllveglbt%%t%’ltl ons |descri bed her elﬁ%[ump%tf er to
any of the dj unppgates desciibed herern,JQkSXRHPJ €
Form A. Legends to Figures Kigure 1 shows an X-ray
powder diffra@tiZn pattern (XRPD) for Conpe(strang) )
free form Tgh,e # axi s shows |the 2-theta val(gl}ﬁdand)the
y-axis the c 8 Figure 2A shows a diff&F
scanni ng cal oqimetry trace ¢n Conpound (I)Wf(}x:@gk)f orm

[=)

The x-axis shows the fenperature and tine V-axis
s h’b\ﬂéllepdmve mntensiies Tiralctiesd from diffetcfdggajnsernsmm wittefixed slits

et te ure of the endo her nd the integral .
o TR SiitensRoep JRHET SR ST ORBS ogieat rE R Pp wi
reahgé\tﬁ@t thefelSRMAKAG(dDpchke@nfRaffectt By fo@éka?m}%‘ cge@ms above 30
tenperature and tine, the y-axis shows weight ny.
micrhes inewe and nphiugiteyaaspecs rsins, whieh %ameif@httanlab@@ Oéﬁ@inples The
r_the

Skl@e(f B\eEUt 5 Vl\fealgoht 6flse t atéﬁi)gjostlt:ﬂoegur gﬁeﬁlgﬁs can be a eﬁ:?e:%bél the precise

heiy R0 WhigdothPbahple isBOinBE Biffth@bmbeF akdip Qeﬂa)cta(lbl)anﬁﬁ eethe
orm The x-axis shows the %relative humdity,

difffaiemetes hBhgssurfaec plaeday gé th%awéesmay alsp Baoahynal ef&ﬁt pHlence
the' ﬁeaEﬁ?ﬁ atf: (ﬁ:’zﬂac,’ Bfe’%ﬂt&pat% e S'd%(ﬂutetafg V\Algr s (see Jenkins, R

esor ption gure shows an
& Shiyider, ®CL ‘dxnrqmcm@rm X-Rap Do wlder DCﬁmatplouretfy( J@hndWﬂenyr&r&ine, 1996,
Form A. . The. x-axis shows the 2-theta val ue and the

for)fu%bﬁrénff)ﬁ%a ¥hts. Figure 5 shows a differential
S C@ONU yAIm &R Pbh B piYort K AGRA0rHARBUEMS IDVS (Surface

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
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.

(x1) solubility in water was measured using HPLC UV.

(xi1) in the examples given below the number of moles and the yield stated refer to
the raw materials and reagents at 100% w/w, thereby taking account of the purity of the

materials used.
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di fumarate Form A. The x-axis shows the tenperature
and tinme, the y-axis shows power in miW The text on
W@ b@ofiggI8r e shows the onset tenperature of theP@EGBRIVY050496
endot herm and the integral (mJ) of the curve. Figure 6
shows a thernogravinetric trgce for Conpound (1)
di fumarate Form A. The x-axis shows tenperature and
time, the y-axis shows weight in ng. The text in this
graph shows the % wei ght | oss and absol ute wei ght | oss
fromthe sanpl e between about 30 and 80Q0C. Figure 7
ExasmplsAa dynam ¢ vapour sor pti on i sothermplot for
dllfu axi s shovvs the %

s h oMlﬂmoX\I mm]hﬁanmb@mdd 3 VEQalog i3 r60pm>lb @md14~f(b|chl@m1=@o und

udgbnih o ey Rl Pl Euinda Bn i nas g ffaloait 01370 ke,

27 %5 bidy), RRywEssolddfih asdibilpatd. Ek%) ey th@@ffl}?&uﬁﬁ?éﬂs)on at ambient
0

difumarate Form C. The x-axis shows the 2-theta val ue

tempsthtarewys adied tidtyleminet($7 4Fkgul 8. lllcrnghow rgpplting elgar solution
walBUAler  JLALT AEHLOP AU T 0L CATPRUDE fd | HobUTRIALG
orm D. X-aXIl S ShO\NS P e ue an

cry¥taBites aft 2 CT.OMBECS (5 4FZ Egbr\ﬁas]ahdédlﬁwﬁe %ﬁtc%‘r aay tli@@mi%hsmn was
diffraction pattern for Conpound di fumarat e

stirped fpp @ fyrthek 2 Soumand0theThe Plﬁé’t“‘é Wﬁéﬁﬁf@r%ir?@dtw %ﬁ’-‘éﬂﬂrl gvater (34
PP PPy S ORI 080 e oY Siegpaeised fom

accloniffibe(94- (ﬁ]xg)slssllamd&)ytﬁi&ati’mt drettwaashed wethaotd (OPE€) yoctonitsile (13.2
the cqunts. Figure 13.sho an X-ray er

kg)d i et re&WS&AI?%% 0? s REBAYS e ﬂﬁﬂ)%@ﬁ%ﬁlﬁ patRovediom

ace%mt-{lh@(?s 231%%)3 THB QYR HBSn UREd BndR IVH@Ju%‘ﬂ) élb@ﬂﬂé tAipRoduct as a

he counts. gure 14 shows an X-ray powd

whils 41600 58T AN SorutmenddDQly 18 mraFar 20E6mriH), 2.46

R Gt 258 g7 A IC A QR D Paf sl B 756 .

4H§il7f§1r@&tz}gn8 nat(ﬂhem) fsor (Gormp wnds ¢hoctrtinf Wir a1 Form |
-axi s shows the 2-theta value and the y-axis
t heTh@ﬁﬁ@@hloro 2- ﬂuoroanlhno) 7-methoxy-6-[(piperidin-4 yl)goxy]qulnazohne

used as the starting material was prepared as follows:

Step 1: 6-Acetoxv-4-(3-chloro-2-fluoroanilino)-7-methoxvquinazoline hvdrochloride

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-ethyldiisopropylamine (13.3 kg, 103 mol). The brown suspension was
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
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%); "H NMR: 2.37 (s,
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Figure 16 shows an X-ray powder diffraction pattern
for Conpound (1) difumarate FormJ . The x-axis shows

w0 b@923878et a val ue and the y-axis the counts. FTGB200Y/B50496
shows an X-ray powder diffraction pattern for Conpound
(I') difunarate Form K. The xgsaxis shows the 2-theta
value and the y-axis the counts. Figure 18 shows an
X-ray powder diffraction pattern for Corrpound (1)

i4f h
3Hgl4oi' ﬁr g)'?lq ;(H{i(h IHEOﬁﬁ?gsa)iE%gur e@g nﬁ%ﬁ ';@H@ lvrgil 882 G,
1 Hp @vike(s, I:H)‘ MaeSbecrmmat%em%@n Conpound (1) difumarate
StFor m t he thet a vaI ue anolt he

Dﬁ?é’&dxg gﬁ&ﬂl&fonz fﬂ%ro%'ﬂﬁ@)“?‘ %e(tﬁ& é/qhﬁlbﬂi‘@fn%th?dl%%l'&hde from

shows the 2-theta valu axl s
step ﬂ] €30 |kg1 &9. 6Iﬁo]g ovae s@speéndddonsnedirangt (189 kgowlle the stlrred suspension

o BB Sl BRI e TR AR a Tk BRE) S dhune

solﬁt'ikﬁl wMHrRed aFBQﬂU fords M%@ﬂﬁeﬁ(cécﬁé’d ROMEEr Acetic acid
diffraction Egatternfor npound &1 di fumarate Form

(approxithetely- 16 )m@d@m@ntﬂatnféPES vl Qeaapchioved ay whichgoint the
proguéfp%gclil EaZehs fF 0 olutlgrg' e%o ¢ a@cﬂilt Gon(qafyfurgﬁ?r rﬁethantol (q._.% kﬁ% the

dlfg

rac unmar a

susRensidiewXs @bﬂea fsmly\ﬁuddm 2hé bl%ﬁact\baislfﬁte@é’tﬁth&hﬁlameaxﬂnﬁl 25%
the counts. | es The invention is furt

aqyeppyethapeld3 %9 k\&d\gle%H  he0 ke Wya rgd Ss@arﬁmﬂé@ol (- Tke)- The
crufi §oﬁd\$v§§“@f?éf!1h1}n<ae€$a%98ﬁlaa’t ﬁoé‘@v?ﬁ@%m {?&g \g&*s{kg&n% \Jn!ﬂ%ater (145

I nventi on ese exanples are no nor
kg X dndystitrod e lansg at6SACE Bhe dlumy tvat beolsd i) °Gfantl iﬁétered. The filter

cakgrioriasbe biheraige! Gl Seharin diR PRy deeenpalC o eive s
theh&re%&uc{%ﬁg%rm il 15813, S04 MANRIR. Y5 @f3H119.19 (s,

resent invention are possib In View of t
le athiddgBH h&rddi (dd.aldd), 715ﬁéd<éfldﬁ)e7 GETES IH),t?hBIh(St hd),SetpE, 1H),

f. the dnvention. In npl es unl ess ot herw se
9'62t(l?ft ejkﬁ)’mﬁﬁ)spﬁlc—t@%sﬁéfég 32?9% for illustration only

Step ¥ 621] @1 -9 B BOX S &&B0 h{ ypib B difRXy [T £y 124 (R hRB-2 - i droAnilino)-7-
neltlng pOIntS were determ ned by DSC analy3|s using a

mekhaxv| guingxotine Oe
4-(3-Chloro-2-fluoroanilino)-6-hydroxy-7-methoxyquinazoline from Step 2

(15.591 kg, 48.44mol), tert-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.
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
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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apparatus; 1 - 2ng sanples were accurately wei ghed and

anal ysed in a vented sanple pan; heating was carried
wW@i09a38780C/ m nute from 25C to 325C;, unl ess stBEBHEB2009/050496

ot herwi se nelting points herein refer to the onset

tenperature of the nelting epdotherm measured using

DSC;, (iii) mass spectra were run with an el ectron

energy of 70 electron volts in the chem cal ionization

4.6@%1? éﬁ?@?l“@% ?@L}(H%QH)J cglgf)oPﬁ Q’&h?ﬁ?.ms s, 1H), 8.36

(s, de )9 Sa‘(astH)aﬂ\MmslSoamarndrﬁ@Gts 6d¥5AB) or el ectrospray
(ES I f rri 7z are g| ven; l,
ANLLLY

i.ons

xlquinazoline

’4‘ : Lia A C MY
di%g}@mquerw se stat ed, the mass ion quot ed is (MH) +
rs to the protonated mass ion; reference to
M+ p<[(l gettmtm@grﬁooml)]g'pﬂédia{%yj]dgy} +4e@scldcﬁroa2}ﬂuoroanilino)-7-

ectron1 ngrefer eto ghlgl-g @tothe n(%a i on )
AETYREG By TPEY s W\%%ﬁpﬁﬂ AT ISRRARPAno
(13@68t 1@g)| gnd H%aieh@o ﬁmmﬁ sﬂﬁiﬂga H@Qi'rd)t%%rfcoe[md'f?BQfO kg ~156 3 mol)
dlagnostlc protons, given in parts per [ion
wag ehagggd/te thovaeseel pameiﬂwlylumt%aﬂ@%lmg@) cxetherm @ﬁﬁp@rm@mately 9°Cto

occ(!jJL rﬂ >%dth ll%],r 1ng & ﬁke[ﬁ\/kbﬁ%o uspensm%:d\rl)eﬂ Vg(li,l ﬁqeéss cPear solution.

Th@td16tiod wes lhdzldsldc‘sﬁt\ﬁ to téﬂale@lef e matidy Whﬁtﬁdt@@ﬂ Snchﬂl‘éﬁ held at
been used: s d, doublet; t, tri

reflyg dot e furthgy 3 hamrﬁu eeﬁro dygit crysfedisgd optqurigdh é%ﬁlqu@ﬁﬁ'@él Ehe

thdl@s‘{lgpér)gﬁhrwéé%@ied'{‘@@‘vf‘ QP filestbd Ul it Rk e 5\%&5@\9&&16{”\%06 with
used, VI) sol vent I0S are given In volune: vo

colf v0)) isaprapmnol( (2ix 0.6 key. Thgpaduneyad dricanaldysvasuvasit 50°C to give

el Rl abichlp S0l St SMghotn! GAA R Ay 03 (BnoeD. 2.64-

n ‘oM [ r tr At n f
2 TSR RS PR RIS BT LRLARWGEY AOCIEME e )
7.4%ddd, d&)r 7.60 (dulitl Hys7. &@(Salﬁb én¥ins, DH000 oewd®r Méss Spectrum:

iffractonmeter fitted with a scintillation detector;
40?#?5{05%?2}?@ source was Cu K, giving a wavel ength of

1. 54A; data were collected over the range 2-theta 2 -

40 |n| ncrerrents gf 2- theta O 02 vvlth71 second

mekthpaljb hl%‘%l &hvﬁgip%ri%lnp ﬁlv?]\ng}jrqa azo?‘me (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 slurried in acetonitrile (537 ml). To the stirred suspension, at ambient
temperature, was added tricthylamine (101 ml, 723.9 mmol). The reaction was heated to
75°C held for 5 hours. The solution was cooled to 70°C and ethanol (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) 6 ppm 1.76 - 1.87 (m, 2 H) 2.01 - 2.11 (m,
2H)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, 1 H) 7.29 (td, J/=8.08, 1.29 Hz, 1 H) 7.46 - 7.58 (m, 2
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% Rel ative Intensity* Definition 25 - 100 vs (very
strong) 10 - 25 s (strong) 3 - 10 m(nmedium 1 - 3 w

w@ nal3878he rel ative intensities are derived fPOIGB2009/050496
di ffractogranms neasured wth fixed slits [As
previously stated, persons skilled in the art of X-ray
powder diffraction will realise that the relative
intensity of peaks can be affected by, for exanple,

0 8BS 0 459010 3621 300 0 Aot i

4745k|IIed person will also reallse that the position of

refI [ can be affec ed by the preci e h i ght at
whi Ch° ﬁg E é{) qagiling t7h1€e pFY B MYi%glazollne

dlhg&ro@hlgﬁhé Qgeﬁta's% Qértﬁlg Ehathirfal ()v%gfé ficd 8las fo-m)%vss urface

[anarity of e sanple may als a small effect.

Stepeln def |£1hertelBﬁf0mgcanbony!MQEHdm-MI ﬂtﬁgnhbdo-ﬁfmmoamhno) -7-
0 be taken as absol ute val ues (see Jenkins, R &
m—@%ﬁﬂ#&' I ntroduction to X-Ray Powder
Di f fyacthosmix ﬂuoré@tﬁﬁn(y)lé BYdréx 9 NHethd:BRRinakOlinef (BrdpBRY as

i nf ormati on) ynam c vapour SsoOrption was

desgriberlingdens p%ganlsw/@ H090(s0ris3 8 @quea@wmm Syst ens
hanestu?fgn}élgb'})gwggggll els a\{r\g lae% ?éSy(iF 204 O%Srr?ollﬁgncp ]%tgsts

1 C cen res per
carbourtel{30)3 1(dR6)2 1%&d1m5@@aq¢nﬂém PnBH 388 nsl QI}iISw@ifer m%ﬂ)
RHto 80%RH with the final step of 95%H The sanple
and,ihe iKWK Waskgatrsdo uaflurgvith stiginge Hepfing wps ﬁaﬁmé%atﬁﬂux for
O
16.3 $8uRETRE hBftarelsIn ARRAE 300 ind BElh [ PRD S allgd over 60
mlmae:h hum dity step is set such that the rate of change

i o Uit Brtpios i Ste B Wiy ot Sxn by oAl faton. The
slufrQ YRk @G0 lk@ td2 98 Rr @@15{11% e &%ﬂﬁ&tv%s isdlatbd b§ @illtkht?foh' Tie filter
I'h water was neasured using (xi1)

cakeweasplescdivitb nqbeius wthiahel (ntlmmdrl ldfmlhwla@s S&nrd) amdethym eld

dlsgltagetn?ednt rWeafsﬁerd wfgh aqueous cthanol (ethanol 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
NMR (500 MHz, DMSO-dg) & ppm 1.42 (s, 9 H) 1.60 - 1.70 (m, 2 H) 1.96 - 2.04 (m, 2 H)
3.23-330(m,2H)3.65-3.75(m,2H)3.95(s,3H) 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-fluoroanilino)-7-methoxy-6-[(piperidin-4-yvl)oxv]quinazoline
dihvdrochloride

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
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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the raw materials and reagents at 100% w w, thereby

taki ng account of the purity of the materials
W@ e@®d1887anpl e A Preparation of PCT/GB2009/050496

4- (3-Chl oro-2-fluoroanilino)-7-methoxy-6-{ri-(Nrethylc

ar banoyl net hyl ) pi peridi n-4-3 | oxy} qui nazol i ne

(Conpound (1)) 2-Chl oro-N-nethyl acetam de (3.720 kg,

34. 60 nDI) and 4-(3-chl oro- 2-

M

Wagﬂeﬁg&é d{?ﬁg%;%ﬁ%lgﬁéc}ﬂﬁé%g @1}%&%2%2%? %’ﬁ% Tﬁe ﬁo)dﬁét vllgsLﬂr{%ﬂ%n

vaddio s sd)cxaexd) dive fhe eitlomrdduict ©.0479.8RYQ)H NIMRt(heo MHz” mzlso de) &
suspensi on, at anbi ent te erature,

ppmli Ht 10 bhfmneH) 22748 3gm, 12712) 313- ﬁ1¥|6)(m ﬂH-) }%@uﬁ B g, 2 H)
SCBIESTPORYL S 3 1 0L PR 1 0 R 0 16752

J=&g3/§tm Hi,Zied) 2163 3QICY=8 Y@t @76, (1562 Bz, Kgh) Mg (?ddé)dS 9Db(s, 1 H)

reactor. an i on_was stlrre or a

9.0p g D idm 3 TDeS - eT SB0 BP0 TRe IpPbdud:! hedoss Srcsiram: 4932
shed with water (34 kg) foll owed by cold (00Q

acetonitrile (13.0 kg). The product was recrystallised
Exampln G drepaviation lof 4¢(94 1doker2-fluosodniting)- 'b\meftMXWM
C . .

car Cbﬁlgo@w I?&/aﬁp&ﬁ@feﬁ aw@r@ﬁgt@metsehén@e s{hzan%ema The
0

solid was then dried under vacuumto give the title
product as a white solid (6.50 kg, 50%; 1H NWR
Spectrum : (CDd 3) 9 m 2H), 2.08 (m 2H), 2.46
(-m 2H), 2.85 (ménf .87 (d, 3H), 3.07 (s, 2H),
4.02 (s, 3H), 4.49 7.16 (m 4HLNG. 31 (m
2H), 8.49 (m IH, 8. 71 s,IH); Mass specfrum : M
474 The i) o
or 0—-25%+ uor oani -Z'nmettoxy- 60 (B

Xy]qmﬁﬂafl ne used the starti ng i
ared as | ows: Ste o

6 Acet oxy- 4- hl or o- 2- fI uor oani | i no) - 7- mes hoxy

aui nazol i ne ochl ori de Q
6- Acet oxy- 7- me§,aoxyqui nazol i n-4-one (I nter(miti

Pabent Application V\D 96/ 151 18, Exan'pl e 039 yt herreofy,

\2 4 kg, 89.3 nol) uspended in taql ugne (150 kg).
thi s was added N-et‘. di i sopropyl am e 113. 3 kg,

). The brown sus ion was_ heat eg-tq 700C t hen
ph orus oxyawl oride (36l 0 kg, 2¥B. pol )d(?s char ged.
The Feactign nmXtHPe wasTstirregy a+—00C fpr 5 hgyrs.
Furt?ﬁuene (84.0 kgf ded follo z

~
o NH, o NO, o

6 5 4

DMF-DMA l (vi)

\HJH \H
N N
H,N cl
O S o
o

I Compound (l)
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3-chloro-2-fluoroaniline (14.88 kg, 102 nol). The

reaction mxture was stirred at 700C for 2 hours
waelengg7ehi ch tine a solid precipitated. The sPSPEB2100/050496

was cooled to 25C and held at this tenperature for 93

hours. The reaction mxture s filtered and the

filter cake washed with toluene (2 x 55.5 kg). The

cake was further washed with a m xture of ethanol

24 d th |
(202 AR AR B e n Mh RmildIER, Dot vacuum
meth@xgpheﬁokﬁplpbrltﬁnel -plloducthydscaantiéd g 790k] 17.7B38mdlck)g was
suspp}@ed-p} E}g[c\l'{ho/gybqqzzﬁ:gg(-}g §g§ l(_D é'aq?c qoc% (’( 186'76 gg lj_yba'g a]gqjgedfq q(ab%fjt(oj 'the
res%lggg iélﬁtsl?té g})asz adicHB- éorol 3 huo¥BsifinSPLFJ, YR07mBRAes}: The reaction

miﬂu(esfzz@fheated -aR9¢Iir 38 mlistiodn @okeddp GRYC. Watet KioXOAguivaazharged
ne .6- Aceto

4-(3 ) . . .
to tﬁe Fiagton %ﬂ%t}ﬂifo?f%# Pregic. ey greisrassdul ny spsuffing aqueous mixture
walWiehr Q&b &b pihof (3%0% %ll@wéd?’% queBus zﬁﬁm@ﬁﬁl(iowgs 25%). The

suspended in nethano To the stirred

reagligypand g nvaathe s Ctad®’ Caamlesae tveith Cebpiy)d Ghavhsddndwacd

cryst%llﬂlrsgtéogld ng gedlﬁgo gz’as %eg Cﬂ%la!‘rj go gﬁgéﬁdﬁ hQ %Iéoggl éol?ted ga%ltratlon

Thé\ﬁﬂéﬂ c!'aka Wa@l W(aﬁmftWXdeIWﬂtleh mlﬁxﬁre(bﬂ@tewasz@iaiﬁﬁls@mbpdnoa(4 68g),
was achi eved at Qint the

th%rdélédﬁﬂ %fﬁzrééh@r %m@mdm @rﬁ5gAﬁ%rylft1¢1)e AUV (695) bftiz, DMSO-de)

5 opl B8ty 2%t 2B A b HE L PRS- 30 WReH Ak 2
2.9ui(, 2 }Z}S%aqs,lem m:(thaﬁ@ll 3891291@) Mlq-sl FHY 7. 03 (kg 1 H) 7.50 (m,
Wat er) and t hen net hano S crude solid

2 Hpdls7 i &t @ﬁhe“l)é?c&}uﬁﬁa ]aH 3@@@5 § b%é@are%ééi)bmm

I d yat er (145 kg) and stirred for 2 hours
m/Zth(H%{SES w sI urry was cool ed to 200C and filtered.

TheThe R[en(5-cakie- Mﬁ(dmlnﬁﬁimmot)ﬂnemteha]aﬁimc(}&-x 21 5

g), then drie r vacuym at 40 gi ve
me?\w@leﬁ%@a@@ﬂg Q-Yﬁ %metftyﬁ%ﬁmng g 875 1(82@ as iy S%@tmga@%eﬂal was
pre%g%fol 325 (s, 3H), 7.19 (s, |H), 7.23 (dd, IH),

dd, I'H), 7.50 (dd, IH, 7.64 (s, IH, 8.32 (s,

StepH). Pr@mtltm of tdifi-butvl @7(Stdyang-2-inkedhoxblen oSpidpenidine-1-

20.4 2.4. Step 3 :
ar A~ But oxycar bonyl ) pi peri di n-4-yl | oxy} - 4-f 3- chl

or og%égiwtgrmethbkp%zanluﬂ@thm 39 G@(ﬁﬁh'ole') etert-butyl (4-
| oro fl uoroanilino)- géarox - 7- met hoxy

med@nwkfcnylﬁéy)pmﬁd@ﬁelpcazbf(wtﬁQlﬁ 59 4dmapes) {Chemical &
Pha(r%age %utdlyﬂiull t11no 9{9? g(%% I8&9}1 ém?i potas flrbtoréate (6.71g,

an ES C ar
47.55mmoles) were suspended in isopropanol (78.98¢g) and the rmxture was heated at

C €

reflux with stirring. Additional rert-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
washed with a mixture of water (8.86g) and isopropanol (6.97g), followed by water
(23.64¢) and then dried to give the title compound (10.75g, 80% yield); "H NMR (400
MHz, DMSO-ds) & 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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(prepared as in Chem cal & Pharmaceutical Bulletin

2001, 49(7), 822-829; 16.20 kg, 57.99 nol) and
WEi0ad3478m car bonate (7.978 kg, 57.73 nol) werBCT/GB2009/050496

di ssol ved in Nmet hyl pyrrolidinone ( 114.2 kg), and the

m xture was heated to 1000C @ th stirring. Heating was

conti nued at 1000C (95C - 1050C) for 5 hours. The

m xture was then cooled to 800C and quenched by the

R R A AR g N i

szl Hoarsd, (d,dl#ll mgzthghwassmetﬂnmpmadqmw prasseaj lized.
| b fi : €

PRty ﬁen&gpp mg%ndm egrbbsaﬁ%gg 5931

crystal l1"zati o The suspensi o cooled to 00
11§.26rmpked) w&&a&mpmdddjn etharatl (B0 gahidheieei] toHO°€Ci To Ehls slurry was

sloBltizt g@?ﬁ?gkﬁ% 78 1)5%@%%'0%'% e %’E@g@%z@oogrﬁnd held for 3

hmﬁfH)The%eeﬁ,@lioﬁ nﬁg‘%&é‘%ag&'@ole(?togl@ C%ﬁ% 3¢, véasﬁf%al(g@i 1ﬂ1{'ﬁtin Sd
crys@hsatg?oig g hle_bgesu]t}qg soéd 3BS (nga’tqu)y ﬁlgraggn QtsOoa msheﬂgglgce with

ethit?ﬁgéf %fg; ané gk?’ Fd&lgrgoaﬁlvlelthsé ?tﬁ)%co neqq;]md as gle r()iforglélrorl al}l
(29-8g) W'yl@lél') mE2AMNIRN@00 MTY rmqbb%b 6®pﬁr]{ 84 {mIZH) 2.09 (m, 2 H)
- But oxycar bonyl ) pi peridin-4-y (3-chloro-2-fluo

3.02 ¢ddl, Vi by - 879, %Hﬁo&?ﬁé@ﬁdmlﬂ@e\? %4 @wﬁﬁ)e‘kﬁ%(w :l‘87 803.6 Hz, 1

i L LSRR RSB B v

H@cmss(s&cﬂﬂmkg;/z (6618 73.). was charged to the vessel
@ over 50 m nut es, aI | owi ng an exot herm of aprcim rr]a\}el y

ggﬁg&@;ﬁlﬁﬁ ;gj ssol ved to gi ve a cl ear | soI ut| on. The
heated slowy to reflux over
appd-MethetyeB ypiplridinAiuylesy)bamanitherhyldedotll caide rselt (3) 28136,
further hour s e pr t.cry out during
9. %ﬁrl§10§eé? |2u§lﬂ?f@rN @aeth%@t%ﬁe ﬁl%%%ii‘?f)%rﬁmg%s) EUbPUEsstn
carg%t@(g@ 1ol 38y &dnmdRS) \fzérlets%p(eﬁ@éﬁﬁn%@tom@?%lt o5 eThe reactlon

(000 1| sopropanol The produc
mixtes: vadasi @dtedmdmﬂuuafmmla‘s B@Oféhcttlongmmmrct Wes toald:dsto 20°C and

wa% g%%gf%%lsﬁgl%éggd (F f Ctl%‘[l yg/Rk?ﬁteldztg)%S aB@) h§: \(ﬁu}_\%%educed by

dls‘gl'rﬁtlon3 én é&llrwg@ystélhga@ioﬁ '@S}?‘cdé*gl)d "glge RQultifig sd)ﬁ'@ was7 1sgl§ted by

(d I H), I H),
ﬁltgltlgn, gsheql Hyice g/ltg@va(t@,r (H% 2pe a]\;hé%S ﬁg@pfl ljmn drled to glve 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)
4.41 (tt, J=8.3,4.0 Hz, 1 H) 7.11 (d, /=8.4 Hz, 1 H) 7.40 (dd, J=8.4, 1.9 Hz, 1 H) 7.47 (d,
J=1.9 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-vyl1]-N-

methvlacetamide (5)

2-[4-(5-Cyano-2-methoxyphenoxy)piperidin-1-yl]-N-methylacetamide (4, 8.78g,
26.1 Immoles) was suspended in acetic 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
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403. 2, 405.2. Exanple B Preparation of
4-(3-Chl oro-2-fluoroanilino)-7-methoxy-6-{[I]-(Nmethylc
waewamssrBret hyl ) pi peri di n-4-yl | oxy}qui nazol i NECT/GB2009/050496
(Conmpound (1)) 2-Chloro-Nnethyl acetamn de (24.22 g,
223.1 mmol ) and 4-(3-chloro-g2-
fluoroanilino)-7-nethoxy-6-[(piperidin-4-yl)oxy]quinaz
ol i ne di hydrochl ori de (86 00 g, 160.9 mmol), were
for3! H¥lukd. %Qidid%n@ﬁﬁ&f&rucid 119 rﬁg%l'ﬂl}nolel &d‘k% c}%t”QE W89 (1.31¢ 131
suspension, at anbi en erature
mrrtd’lesgt\xfeyé erargeel (nli@ie fEthlOZ]Z’BIX@IJI‘Hmh heaté'dhet ¥eadovr shmivages. The
heated to 75 d for 5 h The solutio
solpties) wep ¢as! eﬂdeé%% 403 g¥enched w@gcwﬁoys aekensia WRASE 1.36 moles)
resﬁl@iﬁ%ﬁﬁ Q{pln‘e@eﬁs&ﬁ%ﬁﬂeﬂa&r&%@ Oa@dTéf"ﬁ{e%s&@n?sl{Hr} waddgskd,
ound (1) (0.42 g) was added to estab
propropgiridd (6l S&L iloR ranlds)tdmdnwttdfre(l g Tthre@otmmvcttmem@eated to

d h t f
o RS nit iaoldiona bigh ok pitliodedntveripuci; TiRdictiom layer
wa§ RV STIES AR ntniik R Wal Bocﬁ@d?foolﬂ trebdugtidglida thlck slurry. The
ethanol (51 m): water (1.8 m) and then with water

solidgas inplyted Diidilisatiswrshedsvielr prettioniriles 662 dd 2 60waoles) and dried

o0 %ﬁ"ﬁm@% title e g’@%‘%z%y@d@“ﬁ‘ﬁw@% 4o phiz: [?]%qSOzgqﬁES’ppm

1 722 (19112 H)21 dy %n (211111) 235')(m22 312 2'612(d4ﬁ=4|(_|)7f11223 ) (2?666(411 (EDCH) 2.90 (s, 2
H) 3 995(5 (3sH) 3 781)(tt,4!=§14 4 a3 I(I)ﬁ T1M), SFATHL Y, HUHB2 18, 2d) 7.86 (s, 1

i oyfs Bl B T o T 5 37 Cs. ik 0.50 (s,

Steb 31 PvEfr-ating of r2!-lPll-(f4|5&illlin4)751-cvzi|ihﬁ2-methoxvphenoxv)piperidin-l-vl]-N-
(IS chl oro-2-fluoroaniino)-7-methoxy-6-[(piperidin-4
met zol i ne di hydr ochl ori de used as the

t
o (P B BB RS AT LY TR b serapice 5
7. 4@g ol%&‘rﬂuu@les;)amsl slusm:hdéd innmedtiopdyt. SQg) aaizatthaeol (5.35g). To this was
ilino)- roxy- 7- met hoxyqui naz

add&ﬁ.Sﬂ@uwf %%@dl 3l oachIH%‘%}e? &néﬁléepre@lsxﬂg ESREIT RixAure was
hed®Qt thSOgC ’ﬁo ‘E‘d%grgacrﬁgh Imix B &Ja@t&(ﬁéh hglérochlorlc acid ((46 9%g4

met hanesul f onyl oxy) pi peri di ne-1-carboxyl ate
46 DEBMBlewD) fesddholg pot sdstiiamwherhbeardtedd §t30°G Toigs hcﬁhr?.ﬂg@ reaction

i iy ARRp ool Rl entisby o B hyegideR 1 S51d Pk
mn$dlés) WWal Gharb@ il 138 cWa§ 2CaBthl RstRthyiofidh (3%0d)0The 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
methyl tert-butyl ether (18.54¢g) 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-dg) & 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.
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16.5 hours. The m xture was then cooled to 700C and

water (234 m) was added over 60 m nutes. The batch
wor®9Igsd7sr ed at 650C for a further 2 hours to BCSI/GBR108/50496

crystallisation. The slurry was cooled to 200C over 6

hours. The product was isol afed by filtration. The

filter cake was slurried with aqueous ethanol (ethanol

117 m, water 58 rr1) and then di spl acenment washed with

metﬂmavnﬂemwmamm-mnmdnmmcmnﬁae (D75 ™). The

PT Srgig I%-\%(aslj_lgg Q}%nlg et% ;%,gmi%é&@&%h@gl M Lne t elcatarmde (6,
189 P%}?)S:Q.O%%nﬁociess)%vﬁsu#eﬁged' inb- &ch@%tr%y@ofﬂrag 299.62%)%0 {H was
2 3.23 - 3.30 ( 2 H 3.65°- 3.75 (m H 3.95
added ac@idHcidi(168.79mg), 7B d NN -dikietliyl fdmémide HipethyR@e(al (DMF-DMA)
=8 Hz, 1 49
(8. (i;l_ﬁg 7@ %mgioé@&%gcz fhf I_ﬁs(%tu%ggre%cstloniﬁ)xhlée gpgs ga?edlegtl_?'b6 8,{}&rslib%ours

AdSRRBAAINN-dinROB 1 RrmaRicimSth ?Pae%tal (639. 4lrn 5 20mmoles) was added

4-f3-chl oro-2-fl uoroanilinoj-7-meth oxg [ fpiperidin-4
to thg rgaghgn maitiiede ghsuie theirbaction spmplcitade The {e[aeﬂlmt @jxture was cooled

t 2- |
o S R e BLBED B etk Ykttt Sy g o
filtvudisn s\u@e@d@d J-ieihpraetsdhidalfume (b 3t edd atd tot Hfdr@%he title

m), and heated to 35C wWith stirrin Hydr ochl ori c
corgquard (62.582.191770 ﬁlsbia,oﬂ NMRE\(%DOG\/IWQE%IW Yeherpre h S ded 2 H) 1.86

msPuL2es BRa0D Pl gt TRl ST horHTRE RrdD Ep 3 1
3. 03l4§ Bems3.en (13 g9 vseat /0801 ¥.8 Hy, ¢IHDa9.73@| UH)gnL5 (IhEHR 7.67(q,
ution was heated sl ova to 700C over__appr oxi rrate y

T3t hEDIID bt hdas 606 o) Skt her
Blggﬁ’%iEalAT ﬁ !5 eaction is then cooled to 00C over 4 hours
h time the product crystallises. The

pr atuattivigofiGohmiuad (Dywdsitd bssatsed o apdtst dbdity fto:l t er

cake waswashed twice with industrial nethylated

Sphy inhiif(tBe ¥ctibAtioh [pholpidrpla@s)Gf PGIR, BrbBY ahdEMB3U@ lidhnd-

500C to give the title product (9.04 g, 88%; IH NMWR
stimulggdigpls: aps0-J 6) d 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) baindibif the basaHyndbligind-stisiulged prolifer#jonofIgCEtgells.

J=8.08, 1.29 Hz, 1 H 7.46 (s, 1 H 7.52 (ddd, J=8.03,
() atidpdimd (1) i) Ligab® Divihcbal Asba®s 22, 6.76, 1.62 Hz, 1 H)

8.83 (s, 1 H 8.91 (s, 1 H)
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.

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.
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
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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. Exanple C
wWer@passrsi on of PCT/GB2009/050496

4- (3-Chl oro-2-fluoroanilino)-7-methoxy-6-{ri-(Nrethylc

ar banmoyl net hyl ) pi peridi n-4-p4 | oxy} qui nazol i ne

(Conpound (1)) Conpound (I) was prepared according to

t he schene shown

- i - | 6

theq@%‘aw;é aLéonQérﬁﬁggéi é“{ﬁg’eér?’ HB%F% ‘]f@p%‘%)p%ﬂ%kﬁ&?dn%bm of
rnak/(EIm)t) twdtlhxvehmaﬁay(cbmpirﬁ@ 17. 71mol es), was

susended |nt h ( 5. 8 . Acetic acid

e g Bt ng sol uti on was

ad d?ﬁie g EQ Efl ® ﬁtgfug oic kdﬂpéeq’l@ lQ}&}als 'nﬁb%s&rgd 3319% theS 1M 'F[; c%gﬂo -EGFR
he reaction m xture was heat ed at C for 20 ho

Dubm RLEDD kedR&D 3:0@s todl EGCFRITD VLYY S4nE GHRa#IGE N 1095)t Hlee p-

e i it a0 ey Se £ it bt RETE B Rpno-
Er{BOD 0638 ELISA kR\RE DY sRAKEDYT 138RPAdH Urdéh ﬁl&gph@E%B3 Duoset

The reaction m xture was heated to 300C and seeded

ELI3A Kit (B&pbueen(sh PYW@}‘F%MUE@M dhy sitamepsized whole Thigtyrosine
pho ?o?rg a%an \é?/%ptf‘f[k? By CE??or ]91:13?% %)%yas%%ré hgrf(prme(a a%&ﬁ‘dlcr'lg to the

ToR er' cake was
mahifa€aroi In@tr@ctf@nKtMEES(ﬂIl yateddded paBggll.and i sopropanol
(4.68g), then dried to ford the Compound (1) (5. 65g,
_SH%.yleld) 1H NI\/R(400|\/Hz DMSO-J 6) d ppm 1.79 (m
2 H) 2. (m 2 H 2.62 (d, J=4.5 Hz, 3
Thﬁﬁ%‘@frfﬁh‘n@%se Hblaﬁ'gf“z H 3.93 (s, 3 H 4.56 (tt,

Taﬂlé& Conﬁptﬁlnﬂz(l) zﬂdﬁ)wt? a%iln(s -HGFR (iR B(d@l1s)and) p-ErbB2 (ad p-
_5 I-K?Sl(s 1H) 8.36 (s, 1 H)

ErlgB%Qn(Mst CGJISP-I) l\/hss Spectrum: mz (M+ H+ 474.2,

fE s e T T

L/ - met hyl acetjam de (7), used as the starting materi aI
was prepar ed [as GeoINeABICst ep GeopednFGui on §ieo Mean ICs
tert-butyl
4- (5- cvano- 2-|ret % SHRTIXY) [pi pe®dte 6ER) car boxyPaYeCPR)
- - t hm(yhpn7nni trile (1, 6 ﬂ('hw
r -000411.87%7)

0.003 (1.817) 0.004 (1.89)
e-1 -carboxylatie (16. 6q,

* (pefiddmedhtespl Raem cal &

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

Methods:

MCF-7 cells were routinely cultured in DMEM (Phenol red free) + 10% Foetal

Bovine Serum + 2mM L-Glutamine.

Cells were seeded 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
0-10ug/ml respectively. Two hours following treatment, cells were incubated with

10ng/ml HR@G, a concentration required to increase MCF-7 cell proliferation to 90% of
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Phar maceutical Bulletin 2001, 49(7), 822-829); and
pot assi um carbonate (6.71g, 47.55mvl es) were
waempassied i n i sopropanol (78.98g) and the m xeCr/6BMNHY/050496
heated at reflux with stirring. Additional tert-butyl
(4- et hanesul f onyl oxy) pi perighi ne-1 -carboxyl ate
(2.08g, 7.43mmvol es) was added to push the reaction to
conpl etion. The mi xture was then cool ed and quenched
ma{EDRE, B iepEo Rl MR i i, ARk chiTor 4 lays, ol
Vlabﬂlay‘ Bax ydsa(sed (g b GL(M;jwmmeﬁ;ylthmmb]l gt B(HEHCbdesmitlicedphenyl)-
]? cryb‘;zal l'ine rod ct,. which was isolated by
2(%5}1 PRt Hﬁ’?éfa? umeMESkassias washed with a m xture
PALED 1 Cg &%l@%@nb% @ﬂ{@-@ﬁ‘tﬁgiate@%o%ﬁ)%hnd ftr@étk&’\ﬁ@fé B¥an basal
vvater (23 and then dried to give
gr@(bh‘ptﬁﬁﬂhb@&@’ﬂ? 5@),trast©d/cﬁyme¢a¢)1 of thd rhmu(%@GhMﬂthBVB@l Jriven

thrfg}gil%ﬂgﬁ]mlélaﬁ'?nggv%%sf%ﬁ% d%l_%as l(]g% Yagl'l_gssar?_ﬁxpissg%d %% {iqso i.e. the day

0 pllategcéll nu?fn‘&r t‘gasellne:_'%eacﬁn z%sdsubt\]}rlc%ecf'rfrbﬂl th@-rélzgio& I\e}g 86 (86t later.
_SHQtrum m z (M + H)+ 333’1 Step 2. Prepératl on of

n?fl PesM ts arg QurB gecflln%a%ieg)ﬁya)ng%nzom trile 3)

4 (5- cyano 2- met hoxyphenoxy) pi peri di ne-1-carboxyl ate
39.3 I g, 118. 26nnol es) was suspended in et hanol
_&2@5 BRBG-stipulatekbproliferationdCs vade hi s sl urry was
slowly added HO (46.6 | 573. 04mmol es). The m xture
vEempeundd td}GDMEaarIﬂ?sme?i)%f@IrRS hours. The reaction

i t-9—20 ped was char ged
iﬁ???%%ﬂ@ rys{)gf\’l [4Mat i %’ﬁll'he fesulting solid was
Isolated by fiftration at 00C shed twice with
et hanol (62.21g) and then dried to give the title
Tablerpound aBashkeprofifleratbh &liscealaed t (29. 84g, 77%
yield); 1H NI\/R(4OOI\/Hz DMSO-J 6) d ppm1.84 (m 2 H)

2CHRApoithd 2 H)G%oMez(lﬂGl’so J93% CIR8 9, 3.4 Hz, 2 H)

3. 20 (m QI-I)’%RA (Q l—hAﬁ’%(t, J=U, 3.6 Hz, 1
Hyoppamd(@, [J=8.19%eM 1 H) 74 (dd, J=8.5, 1.9 Hz,
1H) 756 \d, F=+—9 Hz; 1||} 916 ( r. s, 2 H) '\/BSS

Spectrum: mz (M+ H)+ 233.2. Step 3. Preparation of
2-[ ﬁrtﬁé‘l@é‘cﬁ? SREAIRRY RR BT YRR b Aty biddd ro BEHEE Muses

| acet am de 4
phasphenyhasiey 28d therqierei adtmatwnwf @bay ydseptoo iimilalein the MCF-7 cells

g G RR Ee G e ks s 3 AT Gt wi e and
both@E@PMIrsPcome phosphorylated and activated. Tables 4 shows that Compound (I) is
a potent inhibitor of HRG-stimulated MCF-7 proliferation. These effects on proliferation
are believed to be due to the activities of these compounds on 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.
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carbonate (33.1 Ig, 239.55mvl es) were suspended in
acetonitrile (161. 36g). The reaction m xture was
whemvasB7at reflux for 3 hours. The reacti on m RETGB2008950496
cool ed to 200C and water (386.26g) was charged. The
reaction was heated to 75C appd the vol une reduced by
distillation. Upon cooling crystallisation occurred.
The resulting solid was isolated by filtration, washed
t& Wth water (77.25g and 128.75g) and then dried
e the title conpound (27.95g, 94%yvyield); 1H NWR
Pré[fh@ﬂtldiﬂ-luf CDh@@uﬂdGl)) Difurparate 68riim: 2[44{43[(BLhioro-2 H)
2.61 (d J=4.7 Hz. 3 H) 2,67 (
7_ _t-r,.‘ }pipe 1_1-1 0 Hz, 1
, J 8.4, 1. 9 Hz, 1
, J=4.7 Ft 1 H;
Masd sspmonmﬁ rﬁmnamd ziq (\Z ﬁ-g;—];3+223ﬁ)1¢o]2 in Bedpndl, (95 rnl) was added to a

miguRt P AR E, S hloge Rdpropsny hespine ks B arnar iy oy 1

yl}omgfﬂéﬁhﬁcﬁgﬂml%t@lacetarmde (Compound (I)) (5.62g at 89% w/w, 10.55
ano- 2- met’hoxyphenoxy) pi peridi n- I-yI -

gy melﬁcwomet 008 uingimad BoDETARONEY). Fgmistre vas
hed? dS ae%lﬁj or on oel}rlb%fo% fajm%l aztlo%ZQPhesl’rg 11 7mm|u? Sdra anodoled to 30°C
The REUCE COSITEE PS BT TTEaY 1108

00

ovord9 rﬁl(ﬂdt%d aﬁd)héld Ifd)IC3 (Hﬁirﬁite(s% eﬁﬂﬂwh%@%tﬂﬁdﬁﬁ@h €%he reaction was
mai ntai ning_the reaction tenperature bel ow 300C.

coaletbtor G Vel Agousand held fak hawrdwépraisolationdyi fdtretzomzﬁle filter
cok e T E e 1 REIRL Rl (PRI 1 C o
givaghe t]ﬂe?fbmpmhéﬁs a aﬂmctjke Sﬂlhcb(’ﬁuM %, 7264{)? o}g] er:IRRIS@JedIﬁJrﬂ (DMSO) 1.85
(mi5h Sk 41 560 T 31 a0 B b 28, TP baamu b Gite: B g . 310

4. SEan @ﬁsl@@ﬁ(sqmﬁg%ctswﬁ)hmwﬁowﬁ) AP, 1(}?)2745%%111?1@ 7.70

resulting in an I ncrease in tenp erature

Gﬂ@@b@lfmo78ﬁésdé@;ﬂﬁSﬁ@lﬁburry was added proplonltrlle
(61.58g 1.12 noles) and water (199). The reaction
m xture was heated to 800C resulting in a clear

Exﬁﬁi'tgléti on, which upon settling gave two | ayers. The
0 on1|a er mas reaned The reactlon n1xture was
Qi b & Di ' d ) tk 12 A4 i

meﬁﬁﬂﬁ@hﬂi\dldﬂdlﬂ@) lﬁﬂ%-gmah@tq E(h‘nNM? (400 I\/HZ DI\/SO J
m1l.72

97 (m 5
2 64} Spgltlo}}-ei fl:quuﬁc acgd% 4bg6ld ](qqql) n qqythgnqj(ﬁ -6 kgkwp@ added to a

mlygt:%éd}‘(fdzél’-(%ir['g-éh;.ngﬁéﬁ-?lgl’oro%ﬁ%ﬁ)_?dg%cﬂZ’};l’ﬁre?%xl]gulzaz%ﬂnféq

yl}oxy)piperidin-1-yl]-N-methylacetamide (2.93 kg, 84.8% w/w, 5.24mol) in isopropanol

(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.
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
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H). Mass Spectrum: mz (M+ H)+ 349.2 Step 5.
Preparati on of

WQ@2(04A88F88aM no- 5- cvano- 2- met hoxyphenoxy) pi per i BETIGB20001050496
- Nret hyl acet am de 6)
2-[ 4- (5- Cyano- 2- et hoxy- 4- ni4¢ ophenoxy) pi peri di n-
1-yl]-Nnethyl acetam de (5, 7.42g, 19.38nmmol es) was
suspended in water (44.52g) and nethanol (5.35g). To

(mggkf%‘fﬁ%pgggﬁgzngpﬁﬁ%)d%p (é?@ﬁ)?é gg %&1 ?H 305 (s, 2H), 3.96 (s, 3H),

esul'tin xtu
4.5R¢mt &H),t160646Q04H), ’VdZSt(h,elH)eaQBl(mn 1H1),X7t4(r (eldmm)addéqm, 1H), 7.70
hydrochl oric acjid (46.98g, 463.89mmmvles)), resulting
a”Pﬁi%]§BIE§§gh}H®H?é%gMi§9held at 600C for 3 hours. The
reaction m xture was then allowed to cool to 200C

Agqueous sodi um hydroxi de (15.51g 182.2 nmol es) was
Exgiateged fol | oned by 2- nethyltetrahydrofuran (58. ).
h 6

ﬂua\ﬂﬁ)hdhﬂ%ﬂﬁtvq-ﬁmox%ﬁmz&fn shﬁokﬁ%%érmnmmw e was
reduced by Vacuum distillation and met hyI tert- butyl

2EKphntreedioatepfaran 4 sl urry whi ch was

??Io% t(%) L}(%Qgﬁo%qﬂlﬂtugl%n ényv\)a%ﬁnod% ﬁ10%}9(|]u1 e?zto?g 6b y

yl}a_ey)FLﬁeheﬁltapmqﬂmdamabe(a&ma@l&aﬁ wahdi(BY (6001 D megg% &/w, 111.8
title conpound 5.4g9, 78%yield 1H NVMR (400 Mz

mnpisergdigyoleddp ity stated1550mpl).1 bgsqlmonzwqq) clarifpel l(}h{lltrgtlon

an%%lt?g\:vg% ED‘INlﬁT. %Mﬁugﬁ@%@fﬁﬁéﬁo 10'5!)%1{5 éﬁlggﬁ? 46D A

clagfie®@sdtiytidh @Xufnaric &)l (B6.6d g X57.(Hrhinolj il Bopppanci 4408 1Irlt) was then

adcgf_il)@bfgwr? ];F(Plgﬁ el“glp rfj"ftelr useTto c{arlfy the ﬁjmgr]fcg ac21d ?olﬁp 01? was then washed

witgﬂo%r(fprén& @near¢ i\h&dmd”f&hg x&#m&ﬂ)amédmh% REl-AGH WA}; cgoled to

oxyphenoxy) pi peridi n-1 -yl | -7V-net hyl acet am de
20%- g (1 4mAnfBba@a@ymmnmﬂnﬂvmhbﬂﬂﬁhehb&yywﬁbeﬁndwnbnngﬂw

pméaé&ﬂefrﬁgaﬂ?ﬂy@a?@#ﬁ?ﬁl? Svpeoin e Rt oRs SR T

150W1ﬁﬂ dRAmBCAI tRerP@i zh 18240’ C tRpide the title Egl\%glpound as a white

di neth Ifornan1de InEthK} acet al

soldg(783g 2. 9007 MR Spestiam; HRMSEDUI-§3 (1@ lﬂ@awﬁ @?m, 1H), 2.50 (m,

R S L A8 b B 8 a7

(s, 5H207m&34n6,31)H)y\ma6 adiite dHY,07. $ h@n,r 1€BCT 70 Mbrdhdk 4 UTT), TS5 (s, 1H), 8.38
ensure the reaction conpleted. The reaction m xture

(s, WH& cool ed

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

fluorophenvDamino]-7-methoxvquinazolin-6-v1loxv)piperidin-1-yl]-N-

methvlacetamide 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,
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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to 300C during which time crystallisation occurred.

The resulting solid was isolated by filtration, washed
wowaok/13878et hyl t et rahydr of uran (14. 23g) and dr i BGI/G82009/050496

afford the title conpound (19.53g, 97%yvyield); 1H NWR

(400 MHz, DMSO-J 6) dppml@ﬁ(m 2H) 1.86 (m 2 H

2.24 (m 2 H 2.60 (d, J=4.7 Hz, 3 H) 66(m2|—|)

2.87 (s, 2 H 2.95 (s, 3 H 3.04 (s, 3 H 3.81 (s, 3

53, Py er PRy FpgaHlg oy oy dfed i

isofe@aiol (2mil). A #er(Hdl dingifor 13 At 4(B(Ixh® giactabn wag canlddyto DOC over
2 h ggqts: :"/Fllht? rqagtfnmg;n)ftﬁ%n\gqstheiqqga rda g@t &53 ?s%lattl?lg ttl(leeslgroldltlcst by
ﬁltl(afﬁ'aﬁs @HQ E%Elaéa'kg Was Wasl%é':t@qceaffﬂ?gth p&eg&@ﬁ% iy 1sopr0|}1)anol (1.2

['1Tgandstinmul ated cells; and b) |b|t t he basal
ml) dngatheh dtiddvulvatedat oL itd glrvatthlecﬂtleofonmlﬁnd agemhge s¢lad (72.32 g,

o058 GRS (R (EQ 7 SN Te Tt ah o8 .

| |
3H82 I\%}J(rfg 160! 8 0814, QH)(?J@@ 3ANd; 4 |1'H% 6(6@ goum)eﬂm (s, 1H), 7.28

Pheno ﬁe') + 10% Foet al vi ne Serum

(m+H B fiadp (@djtléﬁa héd (rrlrr bféx Qt(benad qLyH).g-&f (scBil), §;38KB 1H).

cells were seeded at 5000cells/well and MCF-7 cells at
4000cel I s/well in 96 well plates in RPM 1640 nedi a

Exa@plead Ni ng 10% FBS. Cells were incubated for 72 hours
5e¥ore repl aci ng the madla W|th serumfree RPM 1640

Prepagation pf Compennd ¢
flu RHhahi n)o] 7%e&1%x%|ﬁHLﬁﬁma&-vﬁ%ﬂ%merrﬂitlh qnaLbangl ng

I OTIT U= LUTIVI rrmedr atery perore ccln i yb S, VMCF=7

meNlemmtimidmhan)emhal-embcﬁMeBmenAt es with |igand
(he lip . ("HRG') for the MCE-7 cells and ep .der mal
gr o%\ﬁ%%fﬂgg@' oq’hl?m %@F@ﬁopgﬁbﬁ}%@lm@ ’éﬁe‘F@i‘y‘Q’tlnaZO in-b-
yl}S%ﬁgﬂalHIﬁﬁt 19NN R AR nkife | t@&rﬁ%ﬂﬁﬁ (f)?@?gml C8"6rnrnoles) and fumaric
phos

horyl atiron to 90% of max (
acifl (Q.é4g, s aynaloppeare seapendadas wamréﬁﬂgbéndpheE@éFﬂq 8p(ErhB2caction

rm)ﬁgd A uq,sizc&ggg tQ gB‘eCr‘] gt E?Z]ﬁﬁl eh%téi;(a o B %f)l ﬁom% 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
compound (0.89g, 68% yield), 1H NMR (400 MHz, DMSO-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 (s, 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, 1 H) 7.49
(m, 2 H) 7.86 (m, 2 H) 8.36 (s, 1 H) 9.63 (br. s., 1 H).

Compound () Difumarate Form A Properties

Compound (I) 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
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).
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Duoset ELISA kit (R&D systens total EG-R #DYC1854,
pEGFR #DYC1095). The p- ErbB2 and p-ErbB3 content of
wWOo/BPY/i3eTel | s were nmeasured using the Human phoBEiHGB2009/050496
Er bB2 Duoset ELISA kit (R&D systens, DYC 1768) and
Human phospho- Er bB3 Duoset Eg SA kit (R& systens, DYC
1769) respectively. The kits neasured whol e cell
tyrosi ne phosphorylation of EGFR, ErbB2 or ErbB3.
Assays were performed according to the nmanufacturers
instructions, with 50m |ysate added per well.
Cobkgruists of Alqaeswsssohilsliarof Gompauriddiand Coaijjoand (Nebif@emdrate
Compound (I) activity against p-EGFR (in KB cells) and
Fo bB2 and p- ErbB3 (in MCF-7 cells) Confidence

| nt gpy ?Aluﬁﬂ%)i QS E@Qﬂs%?’&? tgﬁgﬁgé&%ﬁd g?:fﬂ’@%ge (%{; %Jaéie§usabuffers is

potent 1 nhi or of ph ospho- 2 and
detpitasisip Hab Er4 B3ompoundd$ecxbeiitspH ddpebdamp selnbilifyDini aquims diuffers

Wiyt e B g Bt Rty TeG e BPURY Fitenei (1 ngiml,
pH(Lf%‘e ﬁ nifi&hht {I{C?%Fes"in %Qld%ﬁ'@f beko 3?81%,”8%%)886 Hfrllt"bH? gi%hd ;bflow.

m ne. Cells were seeded ceCI S ‘per we
Themfodd atveiw pldivatues thenliBvEMonede af Compaumi @ywad be anticipated to

be B8 LR SR e By P B R

Co ili C ' ' O
0 1O R EFy B SO AT PG e (e O o

corgpdr{sen ke solipibitybait @empeuntd (Dah{pmwrattiRGm A wonaen®@B abiushis 22.5
r egui t.Q i.ncreas -7 cell.proliferati.on to 90%

el £ Ebobye MBS waps i ¢ ChBerundi D dByrit Tor A and

Cohlp8&RHT) #hl 50 boGUuRadsLRA if ArartheIA¥Gucot§ bliffvs 2Bbhipb¥nd (1)

~was assessed using a ' o ' '
dif@gngmteFatinv hhy 4 sighidicantlyphighgr-istripsic désplogigmedth oxghp héryhosphate

- 2-{4-sul henyl ) -2Htetrazolium (MIS) assay. Prior
buefe&alség‘b %g}éa&ﬁ? ation of HRG sti mul at ed

conmpound-treated cells, nmean basal growth at 96 hours
was subtracted fromeach of the readouts so that
Tabledl i f eration driven

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

aqueous buffers at 37°C

Compound Intrinsic Dissolution Rate (mgmin'lcm'z)1
pH 6.5 SGF

Compound (I) 0.01 19.2

Compound (I) difumarate  2.51 15.9

Form A

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

SGF = Simulated Gastric Fluid
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t hrough HRG signal ling was assessed. Basal |C50 val ues
are expressed as G50 i.e. the day O plate cell nunber
W@ bweabi7ee readi ng) was subtracted fromthe reBCDGB2@Y/050496
96 hours later. Results: The results are summarised in
Tables 4 and 5. Table 4 HRGgtinul ated proliferation
| C50 value Table 5 Basal proliferation G50 values In
the KB cells, stinulation with EGF, which specifically
bi nds to EGFR, causes phosphoryl ation and therefore
activation of this receptor. Simlarly in the MCF-7
PhaahhokiiREc Sthdieh ilhDogstos@amphiiagidomionnd (DB Guapdund (1)
.o formheterodinmers with ErbB2 and both receptors
%&B&ﬁ&—]@i&-&noryl ated and activated. Tables 4 shows
that Conpound (I) is a potent inhibitor of o
HRGBeth sempeuads WEE-dpsqsktgdogepsdirash conpresdorsbletst contsining 100

el R BRI 1AL oP Bl BUEREBEsTHE AP s Afkihe hui
funfzeam calndwvith Jhelfelltvging compbsition:e pot ent i nhi bi tor of
this heterodinmer. The MCF-7 basal assays represent a
situation where there no increased stimulation or
' ' Fcr Y L.an. Table 5
S R S T O
10%mi bintcsodviial inExelidse (AvieekeBDat i on of Conpound (1)

o BB B L oro-2

1%wion B HRexMAHi B@zeé;i n- 6-yl }oxy) pi peridin- 1-yll|
- Nmet hyl acet'am de di-r(2E)-but-2-enedioatel FormA A
Lagioterp i98%vatv fumaric acid (2.7 g, 23.22mol) in

nmet hanql 5 o added to a m xture of
Maﬁgfsﬂrfl%ﬁe-af%%toggoo)?ﬂ%&é- fl uor ophenyl ) am no] - 7- met hoxyqui
nazol i n-6- yl }oxy)pi peridin-I-yl]-N nethylacetam de
(Conpound (1)) (5.62g at 89% ww, 10.55 nmol) in
Peﬁ@@g?@ﬁaﬂéﬁte(li@o n) maintaining the tenmperature >65C.
] S heated at reflux for one hour before
ISIH;'ngI églﬁ(ﬁg . The reaction m xture was cooled to 300C
60.6merA86elm nutes and held for 30 minutes to establish
rystal lisation. The reaction was cooled to 00C over 2
24-&6‘%}&@09%%01?@ d for 1 hour before isolation by

6.0l tsb@uhPRuryl BasHd;! ter
356.36mg Lactose; and

6.04mg Magnesium Stearate.

Total tablet weight was 604mg.



cake was washed twce with cold isopropanol (2 x 10
m) and dried in vacuo at 500C to give the title
W@ i9pasaTel as a white solid (5.84 g, 78%; 1H NREX/GB2009/050496
Spectrum (DMSO 1.85 (m IH), 2.08 (m IH), 2.50 (m
IH), 2.66 (d, 3H), 2.83 (m 4pH), 3.05 (s, 2H), 3.96
(s, 3H, 4.58 (m IH), 6.64 (s, 4H), 7.23 (s, |IH,
7.28 (m IH, 7.46 (ddd, IH, 7.55 (m IH), 7.70
(broad q, IH, 7.85 (s, IH), 8.38 (s, IH. Exanple 2
Preparation of Conpound (1) D fumarate Form A
2- 1 Fh¢ pdforaBnEndthosdlid ddsage fopine mubPavaluatd in vitro prior to the in-
.- 7-met hoxyqui nazol | n-6-yl }oxy)pi peridin- 1-yl|lI .
vive (RgSHGY SUERSATIAG Bisspl E‘)‘-Oﬁfeﬂh-dz‘féé%@ pBa B DTS Sngdi(closest to
' . . ' ’ : Logos
RSP O OB B ol oo ok ESba88 oo
s rel@s¢ aft¢r{dpnfig@ecAlablec?) 2nditatogsph antabilayrb hibEsc7dayegchiorys (ir use in

nazaql i n-6- yl}oxy)piperidin-I-yl]-N nmethylacetamn de
the(dg.ggg é}b‘%"%. 8% w w, 5.24npl) in isopropanol (39 kg)
mai ntai ning the tenperature >65C. A |Iine wash of

met hanol (3.6 kg) was charged. The m xture was heated
Table Tr ef | ukeBissoletien olgiempednd &) andGampentridod) Difoniagatedorm A

by a Iing Q nol (7 kg). The reaction
m xture Wdiﬁg;gs?lltr!ape‘eaém

at " at nospheric pressure to

Camgedndind t he reacti on m xt LII‘ e %dDissolutiod attésilléllmvse

15.6 of distillates. Crystall.isation occurred
C%‘HP‘?‘H‘gig(%e distillation. Isopr 6% nol (21 kg) was added
Céifoundqly @aehirele Fopaled to 00Cioggr 8 hours and held

1o cak

hed with cold 50:.50 i opanol : MeOH ( 4k
f ol fb%\mg%f%@%egq %ff%% Eﬁbﬁ‘g ﬁ%BPSI?%}é&)%i%gliaﬂgt%?ﬁg?%@KfEﬁ? tbég‘a%)was
corffargff¥art iy flofBul fifechibh P S0RBAURLABnbOAY 15 cOftptifine
4m2.08" (lisyolvdd) gnd2ndd® ypntp vokime ®ith 85 Yechy/v3sidroxgpBPy!-heta-

I H), . 3. S ., 3.96 (s, 4.58 I H),
Cyc(l@exm @5’7%@ ih m}e,r%l.( %Cﬁﬁ% bHﬁPJ,ustﬁ(dZ%“(ua%ﬂil Es%,l-
15 7.55 (m IH), 7.70 (broad q, IH), 7.85 (s, IH, 8.38
(s, IH). Exanple 3 Preparation of Conpound (D
D fumarate Form A: 2-[4-f{4-[f3-Chl oro- 2-
fl uor ophenvDam nol -7-net hoxyq ui nazolin-6-yl}
oxy) pi peridin- 1-yll -Nmethyl acetam de
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di -[ (2E) - but - 2- enedi oatel Form A
2-14-({4-[(3-Chl oro-2-fl uorophenyl )am no] - 7- net hoxyqui
wWo20001138186- yl } oxy) pi peri di n-1-yl]-N met hyl acePEriG#2009/050496
(Conmpound (1)) (60.19 g at 88% ww, 111.8 nmol) was
di ssolved in ethyl acetate (54550 m ). The sol uti on was
clarified by filtration and the filter washed with
ethyl acetate (53 ml). The solution was cooled to
400C. A clarified solution of fumaric acid (26.60 g,
257.0mmol ) in isopropanol (408 m) was then added over
1 hoh¢ resdlneofftht tieg studearetshowh ar Tile 8he fumaric acid
TaBRISUt | ON WeSurkMary vEBhAGh wokinetic PaFdReees forTodipound (I) and
After holding for 1 hour at 400C the reaction was
cool ed to Zouapepid (1) dfsmaraterformeAadimjnistared grallygid Compound
hel d for 1345 & f. I.sol at.i t. b
(i1 tract on WrdRierdf 0GR HR6R b Hal IaBlUR (™, mean £ sE)

ethyl acetate (82 nm) : isopropanol (24 nml) and then
dried in vacuo at 400C to gi ve the titl

; ; i 250
5. 5 53 (W P 5 05 (Fregiopm Ghbe, b, 3

Parahietee SOl i dStudR 033K - QOHppudd(NIVRrHpa s/ Route (IDMBO)

i, Z.00 (d, 1
}fug;lggge Form A

(m IH), 6.64 (s, 4H), 7.23 (s, |H), 7.28 (nicdpiyplentto 100mg free
7.46 (ddd, IH), 7.55 (m 1H), 7.70 (broad g, Mrm. 7.85

8. 7 IH. Ex P ti
CotsTRmBILY (i 790 Flinar ai e Farm AL T2- [ 4 ({41 (3 Chl'oro- 2

Tudl(or opheny®ani @6l - 7- met Haxy §.8ui nazol i n-6-yl}1 £0.3

iperidin- 1-yll -Nne cetam de

Ha@?ﬁi/f% E) - bu%—gzt@%edi oat el %%1Lﬂ16A 16.9£4.0
AU L4 ({4-[(33.6hlpy0-2-f1 ugpepheryt) am noj - 7- 1eg Haxgsopi
(Mn?a_ j n- 6- yl}oxy)piperidin-l-yl]-N nmethylacetam de

Conmpound (1)) (2.75 g at assuned 100% w w, 5.80 mol)
Cl (mmidi/ls®ol ved 4 hset hyl acetate (94 ni) and i sopropanol

4 m). The,solution was distilled such that 25.2 m
Hbﬁ%mléﬁngf)l [ a?9es were coll ected. The solution was cool ed
Vs W/HOOC. A ghargfied solution of fumaric acid (1.38 g,

211.90 mmol ) in isopropanol (21 m) was then added over

Biopviilahility conpound (1) di f ufdriat &0For m A seed W5 addkd
0448%9) nmy, 5.3 Mol ). The filter used to clarify the

ldofsétﬂ?sfdi{%cﬁé‘drﬁ’préé%'eéﬁdb@é%- was then washed w th 1 sopropanol
Cme&& lﬁga}(glé%rg{aegoné%g {15‘19 for 1 hour at 400C the reaction
e

Tm;Q’a—S TS {0 a}}il%u sty &ncentration.

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 (Cpmax) 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.



10

15

20

25

30

2 hours. The reaction mxture was held for 15 hours
before isolating the product by filtration. The filter

W@ 2000/19%181 washed twice with ethyl acetate (4. 3Pei/B2009/050496
i sopropanol (1.2 m) and then dried in vacuo at 400C
to give the title conpound ag a white solid (72.32 g,
90% ; 1H NWR Spectrum (DVsO) 1.85 (m IH), 2.08 (m
IH), 250(m IH), 2.66 (d, 3H), 2.83 (m IH) 3.05

I

‘ v ‘ m
H, 785(s IH), 838(s I H).

XRPE) Anﬁlvﬁ@ ( br oad q

I
B %@%@2&%&5@&6@%&@&3@“%@@ RSO
Bruk%r g@e'ﬂ%Yﬁ@fe%? gklét@mQG)&E}IgS(W Ri PRY)| gsnrlncﬂleﬁ/tlﬂncrobeam of Cu Ka
hyl acet am de (2E) - but - 2-'enedi oat el Form A

radzanpn v(a{s prédquBedChiing @ﬁze-ffdmus tdpdfkiV) dfrinp)}, @ Goet mororquid a 0.5

o R o) TG i ek PR PGS SRM 6400)
wak fnAkad t3v&: SisD1 1WRAR pSHERE NS darhPleWeds§ackel 8 ccdum

heated to 85 The reaction m xture was cool ed to 600
thiek filng/terifermn @patﬁdalmimmhnpbd( SPPCIFI@anAe @@@TQMQG@@G@ avas loaded
n e}t"@oelﬁ%rtsgg r%c? [&j ? leon\l\?%\/\ﬁshe gmet%sa tlzlrt]srétgwgl?el lllsgd Wagosmon

the (a@eamgnﬂawst waﬁﬂ@ﬁseatrtﬂe thcidedt H)dzlnﬂn\t%bmmsl@ﬁ eBombtre 0@1&% in@ident
afford the title conpound (0.89qg, 68%yi el d) I H NVR

beamy pgs papncg@agiencd do ppfimize gmel(ltﬁpotgstp.}}stlgs 0 l{epﬁn gopHyvas used to

i hed T G5ty DR e thdvos

HifSjar Gréa2lefestor dodd)ed71.52In (om thelpandpl2 and prbeeshed uéing ﬁA’DIBIS The

int%né]@ inZt'hgg (ﬁg)szl@gbg‘%gﬁtﬁg d%f%]agi?qrﬁg\aﬁtpglt ‘@as,;lai;e'gfaggd usmg a step size of

0. oEﬁf operfd ﬁl%eg%gdpﬁét&%s(dlgplgy &%@J@h@mg&sﬁ Aal ﬁn&mfnro@%
| ow ng powd X-ray povd diffraction of Conpound

Vaﬁablechrmnmam@lﬂﬂgure 4) |nd| cates that the nateri al

| | ks f he XRED.
'pZt Vet GrenmFitnk Sk EBTeuBine DU Re B RBres) 8% finé ¥ Shimadzy
XRID-80®EX LAy poRli& defrabidni@ereqhippbd WeRRAI AoCRARH TR L0 high-

shows a single nelting endothermw th an onset at
tenppmrture 6EgE A te tg)analysis apphean sigdardyNIghtSRM$40¢) wigseanalysed

to \9691%? {hveeg lkf¥ 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° 24 at 3 °/minute (0.4 sec/0.02° step).

XRPD - microplate analysis

XRPD patterns were collected with a Bruker D-8 Discover diffractometer and
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
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
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Thernogravi netric analysis (Figure 6). Dynam c Vapour

Sorption denonstrates the conpound to be
wowohggIspscopi ¢ absorbi ng <0. 5% noi sture up tRCEEBR009/050496

relative humdity with no evidence of hysteresis

(Figure 7). Conparison of Aqugous solubility of

Conpound (1) and Conpound (1) Difumarate Form A The

solubility (48 hours, 25C) of Conpound (1) in a range

f. T -

dlf%%t%ﬂjﬁ&%%tvp% {l}%g%tégﬁlégl% aaét%}fgﬁé {kl (% gp: fn‘H glahggg%g&mmtems
displaf ddeffractiant 1htehslg>hamjfuubmdn afi26aPribowy tbd:-bt(a&?&s?z{rglwdn stiatdard was

. 7) bility at high pH( | mg/m, pH 7.9).
anaérsgﬁtqv with 9§ﬂc]rgé)§é]§l°?~ﬂ“%| ubility of Compound (1)
occur at pH 6 and below. Therefore, at |ow pH val ues
the dissolution rate of Conpound (1) would be

Exan_n]glec6 Bedpagtation bECHmpoundh €h) dditurparat¢iFabo\d 6
ol GOV oy DEDFSHPE Radnesn iebibauig (DT HE e Ao

watkr S8HAL cxded s61i@)was IpResEHTPRE inSRlre WAGhSPAHRdd th¥ s@dled vial at
Compound (1) difumarate Form A in water (48 hours) is

4°Q@r57 degys-rHolidpwes: is9latet by viapaum fisratiogiagd enalysedn ThatddPD pattern
for?lile r%glb 2 Bgmg 13)15 gh WY %&re %o g Ar‘noas? ro%%n 185? %a& H’%w\a@r
al SO nmeasur e N a ange O ous

Dif@aﬁmulﬁtdtké for Rk Bradcahewrar Tathe bas a significantly
h| her intrinsic dissolution rate in pH 6.5 phosphate
er as shown in Table 6. Table 6 Intrinsic

d (I d Co d (I
?%\ }4$?Ed¥§j§§%9:¥ (éﬁgﬁzs éu%ngs atngggg an%ound

ay (mgmi nAcm 2)1 pH 6.5 SGF
Gbﬁno @62|) 0281 19 26&g pound (1) difunmarate 2.51

689 ForosnA Nbagﬁrej @s8ing fibre-optic probe,

=385nm odiysd spze 4pmzssenp 37C SGF = Sinul at ed

T p4§bUIGPQ§%nH,PQ%QeIiC Studies in Dogs to

jggpa iggl upgggu .%92n Compound (1)

12.6 1446 24.7 870

13.3 473 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

16.8 963 274 697

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.
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D fumarate Form A Both conpounds were dosed to dogs as
di rect conpression tablets containing 100 ng Conpound
W@ )09fi38581 base, or the equival ent thereof for PEEGB2009/050496
tablets containing the di fumarate salt) with the
fol I owi ng conposition: 25%W4y Conpound (1) (or
equi val ent thereof of the difumarate salt); 10%Wv w
m crocrystalline cellulose (Avicel 102); 4% w
croscarnel | ose sodi um (AcDi Sol); |9 w sodium | auryl

| 0.4 ' A cel, S I 04 di
fauﬁyﬂ u@m@gw%fgrgébygg%g ShE mé)ﬂvadélmﬁ%a%g@ﬁg@éntp
IP%?& @(9 10 J)Q/t) ‘%lo tﬁﬁ leg‘éss ‘é\ﬁi(g\k}ﬁs &n@ g kARe was then agltated ina

performance of the solid dosage forms was eval uated
sea\l/adtmai ap b € ford tiye. |thd3/wex¢ogblsttdl by veanmehltiatign and analysed

Th&ﬁ{i’geﬁa(t%e%gfog&l?%m %ﬁ]&g ??%Igg)ls S J 1 uHreé Z]éems Blgig‘tg)rominent X-
Raf S & 81 80t PPIRAURE Foin Cl é?@%d% inS@werh: >90% r el ease
after 45minutes (Table 7) indicating the suitability

Tabke Hhese dosage forms for use in the dog PK study.

of—Conpound (1) and Conpound (1)

raygi © V4 O P Ul ul UTl

‘ﬂgﬁmaﬁﬁ?'@‘tﬁc)rlﬁ Il IBF—?“&‘% citrate buffer. Conpound
2-Thgtacp) Gounyn |2 ‘ﬂn @t chnpound (1) 93.6

35 1014 19.5 3574

53 1016 19.7 1957

6.9 3144 20.2 1066

9.1 1820 20.6 2120

10.1 1648 21.0 2043

10.7 919 219 1661

11.1 917 22.6 1643

11.9 1221 22.9 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 332 912

Form C is believed to be a mixed hydrate/solvate form.
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Compound (1) difumarate Form A 100.3 The perfornmance

of the tablet conpositions admnistered orally to the
wWQ@lowe/19%181 conpared to an intravenous i njecti onPGF/GB2009/050496

20mg dose of conpound (1) conprising 4ng.nL 1

di ssol ved and nmade up to volgne with 25% w'v

hydr oxypr opyl - bet acycl odextrin (HP-beta-CD) in water

for injection pH adjusted to 4 using IMHC . The

W ¢ Brfarhfin §P8ombdtNa 2 DifdliR¥ed o lﬂkﬂe 8. Table 8

Compound (1)
an dA@otm'rouraﬁ (Ioh)podhdl Uydifainerafowas prepattd M stcemédldwatet §0/50
nd ( ound, (1) adm ni st ered intravenously in |l e
anc@@a @%a%dao 2 FigRplatpycl gaT%ﬁﬁ,D?@m SEyEYAPe d.2-

pro?@rfm CISrTg/)l 0 F\Q@Wﬁ@édd@@ 4&1@%\?611( %?Iat& Wab g@[ﬁwtecf 4ifefthen the

furmrate Form Al ivalent to
solfffm svafs @W@orMMnc(euerthn) The XRPIL p&ttetﬂ f@f the ﬂesﬁfltlag F@rm D is
gn’a ( )T Hal f - fl E
shom inghigurg IH éle énof[ Qman%enig( Bag_ Pgwéer 6ct14)§ egl%s r Form D are
sholvn/ini@B191 1+ 25.3 190.3 + 46.9 (mmol.h/L) d
(mM/mn/kg) 1.9 + 0.5 - - Hof(m/mn) 39 - - Vss

_amsﬂ&g) 0.6 + 0.1 - - Bioavailability - 63.5 + 7.0
+32- O=48h)—(H—dosed as direct conpressed
4%¢e1 Int@ﬁ!&/ =Amgldc [Intensity toncentrati on Tmax = Tine

2-Thetaix i Gomntpl| Zdhetadndeountat i on. AUC = Area under
Qaizve 14.1 17.1 19.1
5.1 39.1 19.0 214
6.9 35 20.2 47.6
8.8 14.9 21.6 3902
10.2 10.5 242 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 26.4 273 23.2
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G = Cearance Hbf = Hepatic blood flow Vss= Vol une of

distribution at steady state Table 8 shows that
whe@anss7Babi l ity and peak pl asma concentrat i onPCIZGRL(09/050496

of Conpound (1) difumarate Form A are significantly

better than those obtained fg Conpound (I) ( 113 %

conpared to 64 % bioavailability) as determned in a

pal red t- test (n=4) at a 95 % confidence

(D
‘ patterns
wer A Saﬁirdtted: E(ﬂdtl@iﬁd)ﬁ’(gorﬁp(ﬁfndl(]?)dlﬁ}n&rﬂe m@‘\pe&’pared in tetrahydrofuran
g&ggg%&ge%%a et st n P s pgamed val

whﬂé‘gﬁl‘??v'aﬁﬁ T}?évﬂ% %ﬁ"&@cﬂzei‘éﬁ' a‘ﬂg aﬂot)vh@?o éd?)“f k’l%wtlygero&%C}ellﬁflerature.

a mrror, and .5 mm doubl e-pi nhol e
The piebénraioo abseﬁ>¢e| afrsotids Wh&encatntbl Ifsﬂn@’@: waratid $otids pstsemdarifithe

iyt o s wsdodesiioe SRAL K SERAR bbb’ B8k ARgR X

reffigdri®r.t iRl ik Prd3GidedR iBsenbd SCsoblaRAINSRE ﬁhd@ﬂhergmre none, the
Frepared speci men was | oaded in a hol der secured to a
via

wanglaead o fsqeagre Solids\thetdoraesneets ispheicd by Sttrapenand glbewed to
0. DOS| | e
pr%dr% r%al Sésam %&{Iﬁg %Eﬁr% gorgﬁe 1$esultt1101% It*rﬁ ff,s § gﬁown 1 %ure 12.
Th& e pmaﬁmﬁeﬁamle@ Ro\eddr &x Tredcaon heake P HBrﬁﬁF @Ire| sﬁﬁﬁvﬁﬁﬁ Dible 13.
statlsti cs. A beamstop was used to minimze air
er fromthe incident beam D ffraction patterns

punt, b of the diffraction

‘f'tnr"e"” SO G ddio) ar area detector |ocated
‘ﬁ%@ % Wi E&E‘;e[ éeﬁla% ocessed using GADDS. The

dadteln 8L intytatled!3®inh a step size of 0.04 2 9.

The i nt dgvht ed Dhadt ef n$32i splay diffraction intensity

assa tunegaon o2 9. Mewy apl e tenperature - XRPD

Y§II‘9i a |q75§ er%yre X3 pptterns (VT- XRPD) were

H-et 1 XRD- 6000 X-ra owder
P reagagere 2er

D ¢ er & N an Anton Paar HTK 1200
hp&ht engeP ht lrez(;sia AP of to the analysis, a

$PI1i con 134&andar2i7 4 NI [ST 93BM 640c) was anal ysed to

verity the SI 111 peak position, and vanillin and

Ex3piy PiddaPftic SNE&hHsuNE IS DB HS8IForm G

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, 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.
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to verify the stage tenperature.

The sanpl e was packed

in a ceram c hol der and analysed from2.5 to 40 2 9 at

w@2000i18818 (0.4 sec/0.02 o step).

XRPD - mi cr oPCEGB2009/050496

anal ysis XRPD patterns were collected with a Bruker
D-8 Discover diffractometer @nd Bruker's General Area

Diffraction Detection System (GADDS, v.

4.1.20). An

i ncident beam of Cu Ka radiation was produced using a

ahleNg focus tube (40 kV, 40 mA),
doubl e- pi nhol e col |i nat or.

a Ghel mrror, and a
The sanpl es were

zpﬂglbtl anedsitp! Amgleyslilatdigitsecuring the well plate to
2-BhétadNSs|Runen | Ztage AndC ¢! Mg each sanple to
I i5 €T §ech§ne| 1T ngj fgent hggm Thehsa_npl _ez vverg anal ysed
My [a I AITSIn o [ge tTy. The I ncident eam was
Kir‘..“.”*' %ﬂ& 13?2:1”'&“ uv%ﬁt ke sanple during the
_;.Q.QJ_)L@'C 5§ mf!%gﬂ nr'A§ affion statistics. A
Hédm 4t of88as| ustdl t o i ze air scatter fromthe
ilAgi dent 3Béan] at23.4w |angl58s. |Di ffraction patterns were
dalol edt ed28isi hg 2. Hi -|St &79ar ¢a detector |ocated 15 cm
finom ffhe gpanpl e grwl procsgsed usi ng GADDS. The
HAGENJI T nmin DOS Tege |of thediffraction pattern
1@% 1 Lc§4gu et ?bgit#l—l\g a b?gp size of 0.04 2Q The
Hitegratea—patterns—disptay—di ffraction intensity as a
functlon of 2Q Prlor to the anaIyS|s a silicon

p03| t
D férég?%tog

eXCEeSs

X stbhe

Al

solid was S
coTgIFicAt Al TR
0.2&%1@1&?91@1 efe EMer%ﬁ%&!HHbﬁ il alﬁwmo%ogq&aéluxé@fdamﬁaﬁ

RPD pattern
corfditganseén 8n uffcta@pccbsltal ﬁho mlnbrthat)felﬁaaqd wowielat®l drfd @etyisch The

Form

tl%eore

for the

ti%g ﬁ

peak
&%to(cr‘lg/water (95/5, vIv),

Dxi ; te
%Bﬁﬁl%'teo&}a ﬁeregé’r
urry was pr
andesvoigtedCenpaunndiq(dot)additiousrar asist ﬁafwsnl%tlb@ @ﬁxteehe ﬁﬁxtufbaéached

\e;vq%]al gl{]sgwgtl;)(%uﬁqsqiléw wagoﬁ ltred through a

resutlng Form B 1s shown in

b BN sh il BifyR 44, TR st progHifept X-Ray

Pmk}mrm*f@ac%a gem fér F&ﬁpﬁfa@é §vroh Teemeend (D
(0]

D f umar at e

rmC A slurry was prepared by adding

_Elidligh Conpound (1) dlfurrarate Form A to | PA/ wat er

14n
I L

solid was present. The

Ar'i‘gi?u t%ﬁ}%tyt éﬁ'g 115@ Yh a sealed vial at 15 0C
2-Fhgtag| fqgunt ¢ 'IThr‘PEa e “F‘t:cul ated by vacuumfiltration

dn8 anallysed.| 169 1603

52 2010 233 1786

6.8 1639 252 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 (I) 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:



The XRPD pattern for the resulting FormC is shown in
Figure 9. The nost prom nent XRay Powder Diffraction
w@ewka3ger Form C are shown in Tabl e 10: Tabl ePQDGBRO0A050496
Cis believed to be a m xed hydrate/sol vate
form Exanpl e 8 Preparation ofg Conpound (1) Difumarate
Form D A sol ution of Corrpounég (1) difumarate was
prepared in acetonitrile/water 50/50 and an ali quot
TahRSgddded to a microplate well. The sol vent was
rated and 2- propanol/vvater (90710, v/v) was
@.@gj@d Inqeﬁgi@ Wﬁnlgle Beteptigd e was soni cated and then
2-Th&a 90! ¢eic VATHR¥AHORuAE [under vacuum The XRPD
re he syt Horm D is shown in Figure
?Ig'?...: ?T}igg ot oln.:{'ﬁc. g%g’" Powder Diffraction peaks
for E ane wrl 4?an| e 11: Table 11 Exanple 9
Pt dpat atli’dh of 2phpqund301)| Di fumarate Form E A
solRut | onr08d Conpo®ing (16R8DI[f umar ate was prepared in
aget onl biiks ewajeg J0/RA3(Vv)/ v) and an aliquot was
added to a mcroprate welt. The sol vent was evapor at ed
and tetrahydrofuran was added to the well. The plate
ExiimplesBNP csphaesticned Coapoind (13 Dlifimidrac@Boii gpor at ed
under vacuum The XRPD attern for the resulting Form
E i & SSHBIRA of Fomngure (R ﬂl TRATRHYES HeBHEh Ehncthapglypt ambient

s tenﬁagm%bﬂef i@l \04Y tRERKRL@inEQE B%J%s?&%bcgp%ﬁt AI?P%ﬂtbl e

an‘p e 10 Preparation o ound
tenﬁiefalnnmr Ehereﬁdﬁng thléi wat isolated by Sdtratidnomdalic@pnpotorhalyls)s. The

funarate wa red in tetrahydro n at el evate
L SRl BaEL s ShaR el b i P ST X-Ray
PoWH@@lﬁr&&ﬁhgﬁﬁﬁ%r wna{ $arthdb®n $f Thdlewar m The vial s
were covered and allowed to cool slowy to room

_mriﬂerature The presence or absence of solids was
H—th wetre-—fo—sohi ds present, or if the
RTE it ROt d GAYEY £ 00 Srmi T T o XRPD
2-Ebgtpy i Gounthg2~Jihgta YaColNbcled in a refrigerator.

Nq@tiﬁ tIRe4 prl eskhte or2l#bsence of solids was noted and
ifothere3sere nmue, |thegial was placed in a freezer.

&5047' d tzQ@é foryeg Vergpsol ated by filtration and
10571 2129 22.5 2094
11.9 1719 23.8 3119
12.2 1802 24.4 2048
12.9 1696 254 2041
14.7 2171 27.3 1978
16.1 1728 29.5 1501
17.4 2079

\Y’ B L
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Example 15 Preparation of Compound (I) Difumarate Form K

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
fluorobenzene was added to the well. The plate was sonicated and then the solvent was
15 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:



dry prior to analysis. The XRPD pattern for the
resulting FormF is shown in Figure 12. The nost
WEe@aisssat X- Ray Powder Diffraction peaks for IOF/GBE009/050496
are shown in Table 13. Table 13 Exanple 11 Preparation
of Conmpound (I) Difumarate Rgym G A sol ution of
Conpound (1) difumarate was prepared in
acetonitrile/water 50/50 and an aliquot was added to a
TaBleG'goP! ate wel . The sol vent was evaporated and 2-
nol /water 90/10, was added to the well. The plate
e SURAtaRited et NRitert sol vent was evapor at ed
2_%%@ \@ﬁ“ﬁﬁ]z_?ﬁ%a ?P@Olp;dgt?tern for the resulting Form
S §N M Kk gqUT € rhe nost prom nent X- Ray
E%\,Svue %é\?fracgi;gn 362;633 for Form G are shown in Table
STabl 4994 |Ex plel 12 Preparati on of Conpound (T)
D2 Bunar 86 Hor &M Al sol98ti on of Conpound (1)
dBounmar a9d was?2psepar e3i n|acet one/ water (95/5, v/v),
and soni¢gt 6d beyween afji qyiot additions to assist in
[rSSoiutyorm. t tlre reached conpl ete
g‘lu u*)“g“ gg]ﬁuu;cdfw i sual observation, the
2Bt | od3das fBlBerp 9#‘@01 gh a 0.2mm nylon filter.
Thd filtléBed sdBAti on s &l | owed to evaporate under
amigi ent 1gondi t 398s | n @ uncapped vial. The solids
that Tormed were 1solafed and anal ysed. The XRPD
: pyin Figure
action peaks
f 0 r Al-'sf()hlﬂohl odl (bnqhomh ) ldlﬁll'mlafaae s pr'Epzhrbda nﬂ.eﬁ:eEmarﬂﬂ/\&atﬂ:BS 0/50

Pre ara ion of ound. ate Form |
I GA et Vwmﬁﬁgﬁ@ ) C(r%ﬁlﬁtae?&ﬁa ev%akvegtrwa%aorﬁwd and
1 1“1?3,@@%&@%@2‘%81%01 CEPEIRUYS the WHE BIR| Mhde %s‘é@ﬁdcﬁt@@ Bnd then
filtered into toluene at ambi ent tenperature.

thersebaht wasgeveporattdwaden asni:blattt@dncbyom ITthf é(thHD]h pattedn thrltb@resultmg
ok phoPu BT ARG s e e Xl P i BRI b Rl for

ForeWaes sHawf ihaebicom: peaks for Form | are shown in Table
16: Tabl e 16 Exanpl e 14 Preparati on of Conpound (1)

10 Tabjefl9rarate Form J

Angle |Intensity| Angle |Intensity

2-Theta °| Count |2-Theta °| Count
7.1 13.7 22.9 55.4
9.7 10.1 23.5 21.8
11.1 17.9 26.0 34.7
14.7 17 26.9 30.4
18.2 20.4 27.7 24.1
18.7 15.7 28.9 42.7
19.6 14.8 29.5 19.8
21.2 25.8 33.7 11.4
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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A sol ution of Conmpound (I) difumarate was prepared in
nmet hanol at anbient tenperature. The solution was then

WO 200vasssel i nt o an excess of heptane at anbi entPCT/GB2009/050496
tenperature. The resulting solid was isolated by
filtration and dried prior tg analysis. The XRPD
pattern for the resulting FormJ is shown in Figure
16. The nost prorri nent X-Ray Powder Diffraction peaks

Fof iy A PRI T ST L o o

Fomol\/lmne(shox@ﬁucmtbmmd (I') difumarate was prepared in
acetonitrile/water (50/50 v/v) and an aliquot was
Tah to a mcroplate well. The sol vent was evapor at ed

—
|

ol Iﬁ?e”gﬂﬁnZA o P=Torel d to the well. The plate was
2_%| Gca Ceoé:l Q??Egn o %0 sng vent was evapor ated under
abbient cu.. SR FHRIYRPD pattern for the resulting

Bt m K H48sHond39n Fi d&fe [17. The nost prom nent X- Ray

Fowder DRHf rlacbdn pedks flor Form K are shown in Tabl e

18:1Tabl e2(l8 |Exampl e| 161 Br gparati on of Conpound (1)

lelumar qtzg orppyls A sggrtg_tl on of Conpound (1)

fome S pér 11 acetonitril e/ water 50/50
?:1"/5‘"') 53‘3 Ja 3![, quo 255 dded to a mcroplate well.

The soI vent was evaporat ed and 1,1,1,3,3,3
Example Prepapatipimeffompomiad () AH i”ﬂ""’-\ The plate

was Y

un dér %git ﬁegt%oggagaﬁa?ﬁgnsfﬂ%%ﬁa% \&%&B’ %@?g glr%c% onﬂhfezwater (50/50

v/vi) esdibri alltgloF%mdded?oo s dwaplare welguTke d3vent has B”{Deqforated and
prom nent X-Ra wder Diffraction peaks for, Form

aceéﬁl@/‘@%f\/&@/“ﬁ Wf“é?bWéS adgled g ficavelb Boedtipfe avas ?Omfe@ﬁ%%ﬂ thep the
sol%{)nr‘grp g%%géﬂ(&%téd It Pt $HRKRPP gé}fem Mr'ﬁlcfs&gﬂ{lhé’ Po¥ N is shown in

di fumar at e was' prepare
Figaoed O nlliermbe prahiment(25®ayPowde) Dafificictzon pdak s footFowadN are shown in
T @ﬁgled to a mcroplate well. The solvent was evapor at ed
2- propanol /water (90/10 v/v), was added to the
TaPRld1- The plate was sonicated and then the solvent was
—evaporated under anbjent conditions. The XRPD pattern

Amglet Tatensigyl t Angleor [imtehsity shown in Figure 19. The
2-Thah °prstint gri-Thefaely| Powder| Diffracti on peaks for

5.3 59.2 13.9 28.2

6.9 36.2 235 51.1

9.2 232 25.6 80.3

10.5 8.5 264 60.5
12.2 9.01 27.8 62.3
13.3 25.1

Example 19 Preparation of Compound (I) Difumarate Form O

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
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

Table 22:
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Form M are shown in Table 20: Table 20 Exanple 18
Preparation of Conpound (lI) Difumarate Form N A

wa toati3gssl of Conpound (1) di fumarate was prepaP@UGBR009/050496
acetonitrile/water (50/50 v/v) and an aliquot was

added to a mcroplate well.
and acet one/ wat er

(60/40 v/v),

fthe sol vent was evapor ated
was added to the well.

The plate was sonicated and then the sol vent was
Taﬁ%%or ated at 4C. The XRPD pattern for the resulting
Nis shown in Figure 20. The nobst prom nent X-Ray

E%de IneedsitvACA hole m&fsitgnr Form N are shown in

2-TRGhe21codibleTRdtalk a0t 19 Preparation of Conpound
( are Gy MO A;sol ution of Conpound (1)
cﬁ?u..‘r?g?—m “?);p € 3. fH acetonitrile/water (50/50
\8/7/\ 21£7n 1| |25| fot | wad-1ad ed to a mcroplate well.
The S)| 8t wagoevaporiatled| and et hanol / wat er (30/ 70
V49, | was.aadded7t4o the3wel |. The pl ate was soni cat ed
apg thertfhe|sohwent was, eyaporated at 4C. The XRPD
E(I-l% nm'Q%'r heTesurttng ftorm O is shown in Figure 2
—Fhe—rost—promneht—XRay Powder Diffraction peaks

for

S0 l %t gOﬁRlOH

acetonitri I e
v/ivadatbgh dlajuat whe adliebla(b e nmaioblateThell sTﬁhe/mhtzenwa&s evaportad adl 2-
added to the

pm?e&?ql%&ﬁ%@ﬁﬁ Qt%lév/)%%ééeﬁg él%we@ érh%'ﬁ@ﬁﬂ Viesouiatrdiind ey the

Form O ar e shovvn | n TabII e .22 Tabl e 22 Exanple 20

%HH%j Qg}dgfg% %%1@5?%1%%

Ipe{c%%ﬁtﬁije/évgter (50/50
was

quot

sol EMARRL L Gfdratd 4GoCTirR: XRPD gﬁfeh@fd@ tOfestife £&SNPL 8@wn in
FormP is shown in Figure 2 The nost prom nent X-Ray

Fighowtle r TR thést pearhionntpéddey FowrdeFbififiafticr 1eea§h twrkorm PTabklown in
T %g Tabl e 23 Exanpl e 21 Preparation of Conpound (1)
fzamar ate Form Q

Table 23
Angle |Intensity| Angle |Intensity
2-Theta °| Count |2-Theta °| Count
5.3 9.97 26.5 23.2
7.2 9.97 27.2 279
14.8 15.8 279 203
24.1 30.6 29.5 23.2
25.6 29.3

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

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



Form Q was observed when Form B was heated to 150 0C
during vari abl e tenperature XRPD anal ysis. The XRPD
wW@2a0vas818f or Form Q i s shown in Figure 23. TheP@D&EB2009/050496
prom nent X-Ray Powder Diffraction peaks for Form Q
are shown in Table 24: Tabl e @4 Exanple 22 Tabl et
formul ati on of Conpound (1) D fumarate The powdered
i ngredi ents shown bel ow were charged to a m xer and
Tal 'e%d to produce a uniformdistribution of Conpound
) di fumarate. A binder solution was prepared and
ed Iht)en@ijy p&n\gj@rqmﬁgity‘ urther mxing until a

2-Bhdth @bl uiRt | 20RR&afdr 0BEnt [he wet mass was passed
tg"léou ) g@\zscreeiqge\n If% resultant granules dried to

Dt-opFHate—rorstrure-cofft ent (for exanple | ess than
;13/,,5h\, émhf\ e dri g4q anul eg wer e pggsed t hr ough
A#h.8appr déﬁl at el29.3si 2ed2¥kr ¢en and bl ended with
nagnesi @i stleandie hef brie ¢onpressing into tabl et
eges| usiiRg [conkgntijongd, t abl etti ng equi pment. The
EQ{‘}W =5%(T' orS% ETE 2 lF” coated with an aqueous
SHspehsio —Fm-geattnrg{conponents using a
ddvent |23|2|al perforated drdim coater. Fil m coat ed
tabl ets containing Conpound (1) D fumarate Form A

Exampie2? Eablet forhulaticiOof @@mpowind J0 Didn ngfragonpound ( I )

re escrlb d.above. are illustr ted in T
DG RS B iSed PR RRRIRIEY Seis cgtlel g it i o
5 plro'dﬁ&,r £6hieHn A4biBlGsh & bth nﬁ/ (kA)ghﬁfﬁleﬁét@ ahcﬁlna@l%ﬁhoﬁ Nab

Conmpound (1) D fumarate 37.25 149.0 448

prepaigd and addedde tkqwdm\ﬁl)th ﬁgﬂlef?mlmg u@tllw&ntgbl@met gnass formed.

ocryst al ul ose 0
ol R TnETh s a5 S h b Pt s B
apptOprit@ hotbtid0 cOntdRQ oS eximMBE RS thbe 230bPwiighD. TBe @.rlé@ gﬂtnules

Core tablet weight 100 ng 100 ng 133 333 ng )
were passed through an appropriately sized screen and blended with magnesium stearate

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.



10

Tabl et coating Opadry White (03B28460) 23.0 23.0 23.3

23.0 Hypronellose 3 15.0 15.0 15.0 15.0 Titani um
wele@2i1381 5.0 5.0 5.3 5.0 Macrogol 3003 3.0 3.PCBGB2®9050496

Purified water4 177.0 177.0 176.7 177.0 Nom nal coated

tabl et weight 102.1 nmg 102. }g3ng 136. 1 ng 140.6 ny

Tabl et strengths refer to the equival ent anmount of

Compound (I) free base present in the tablet. The

Compound (1) difumarate was mcronised prior to

formul ation to give an average particle size of |ess

t haﬁilmbmﬁtaﬂﬁhhetsfbﬁtahﬁpg Qomipbwsi(l) Difomagnd FOO Aaggdivalent to

ioxide are included adr
2 5( Bhﬂ mg Af ROTgURY ?l&r%’%e s dprer bFﬁi V&W%ﬂlwawd in

Tabls@9q as the solvent/carrier fluid during filmcoating
and I's renoved during the coating process. A suitable

Tabe@3f acturi ng process is outlined bel ow. COVPONENTS
PROCESS Conpound (1) di fumarate Lactose

C ystalline cellTulose 3k
Ta%t g%g I done Bi nder sol uti o% ﬁ%l vaEaan%/I STA&IéngZ V\é‘?omg
IngigdierPur i fi ed water i STAGE Z/baWhT GRAMUDATI @PaShACGE ¢batch

TabiR o Magnesi um stearate STAGE 5 DRY GRANULATT ON

Compound (I) Difumarate Form A* 37.25 149.0 448.1 448.1
Lactose (450 mesh) 782.75 671.0 3719 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 stearate 10.0 10.0 10.0 10.0
Core tablet weight 100 mg 100 mg 133 mg 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 53 5.0
Macrogol 300° 3.0 3.0 3.0 3.0
Purified water® 177.0 177.0 176.7 177.0
Nominal coated tablet weight 1021 mg 102.1 mg 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 Spum.

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.



STAGE 6 BLENDI NG STAGE 7: COVPRESSI ON Hypronel | ose

Macr ogol 300 STACGE 8: | COATI NG Titani um di oxi de
weuoofizssel wat er STAGE 9: PACK | NTO HDPE BOT TL BRO/&BR9/050496

1.

4- (3-chl oro-2-fl uoroanilino)gs7- met hoxy-6-{[|-(Nrethylc

ar banoyl net hyl ) piperidin-4-yl]oxy}quinazoline

di fumarate. 2. Crystalline

= (13- - 2-f | il - et hoxy-6-{[ | - (Nret hyl c

Asgl}t%aﬁoﬂ%h%?ﬁéln% pg(?c%gﬁggkﬂﬁga;}%]]ogiy} qui nazol i ne

di fumarate. 3

4- ( 3-chl oro- 2_f | uoroani | i no) - 7- net hoxy- 6-
{[ 1YSOMRONEREP banoy! met hyl ) PROCESS -
pi peridin-4-yl]oxy}quinazoline difumarate Form A. 4.

T (3= 0-2-fTuoropanilino)-7-methoxy-6-
Eﬁ&iﬁ“ﬁ%ﬁ@?@% banoyl net hyl

RS sdilfe dnybd oxy} qui az SiliACeE di PRIMMIXe Form A
whep&idonesai d Form A|has an X-ray |powder diffraction
pattern wth at | east one specififc peak at about 2-
theta =264 5.

- (3-chl oro-2-fl uorganiling)-7-nm&t hoxy- 6-
& SeNaEhy ! car banoyl met hpIAGE 2: WETMIX

Flupieed iwdfen - 4- yl ] oxy} qui nazol i ne dilf umar at e Form A,
Lwherein-said-Form-Al has an X-ray powder diffraction
pattern with at | east oneSIAEE Bi SVEHELRANUANGTKOR -
theta = 26.4, 14.9 or 7.1 .54
4- (3-chl oro-2-fl uoroanilino)-7-nm* hoxy- 6-
{[1- (Nmet hyl car banoyl met hglTAGE 4: DRYING
pi peri di n-4-yl]oxy}qui nazol i ne di|f umarate Form A,
wherein-said—Form-A has an X- raylpowder diffraction

Pdgtesinn stdrdth at | ea:;t_anesmqﬁ:gl ﬁR@eéMUER%bl\z'

l

STAGE 6: BLENDING

l

STAGE 7: COMPRESSION

Hypromellose l

Macrogol 300 —— STAGE 8: COATING
Titanium dioxide
Purified water

STAGE 9: PACK INTO HDPE BOTTLES
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theta = 26.4 , 24.0, 14.9, 12.4 or 7.1 . 7.
4- (3-chl oro-2-fl uoroanilino)-7-mnmethoxy- 6-
w@ p@mofi1déret hyl car banoyl net hyl ) PCT/GB2009/050496
pi peri di n-4-yl]oxy}qui nazoline di fumarate Form A,
wherein said Form A has an X4 ay powder diffraction
pattern with specific peaks at about 2-theta = 26. 4,
14.9 and 7.1 . 8.
Clik: 3-chl oro-2-fl uoroanilino)-7-nethoxy-6-
-(Nnethylcarbannylnethyl)
pi peri di n-4-yl]oxy}qui nazoline di fumarate Form A,

wher eji n sai dForm A _has an X-ra er diffraction
- pat fé#%h mﬁfﬁwé%mlw PERRE0%Y- a@bﬁﬁ 2-theta = 26. 4,
meal%liéarbangoﬁrgeﬂzly%Bgrrl(gg%ﬁljoxé/ qulgazohn(e) )%i/fu%l?rate

{[1 (Nnethylcarbannylnethy:) i
A,
2. hor i BB HHERERROF 25 bRer (-Por act | on

A e B 2 e

7.1 . 10. 4-(3- chloro 2-fluoroanilino)-7-nmethoxy-6-

{[ h rba et h
3. pi p‘e"&?l ré/b a%q 2 g%&r%'%ﬁ[ FéNarate Form A,
metMyRiae am®ah&h§9pmp?dlha:sy1§;crxy}<qmayzomwﬁﬁmdtate‘ Faat Aon
pattern substantially the same as the X-ray powder

diffraction pattern shomn in Figure 4. 11.

4- ( )7 2 xy-6-{[|-(NnethyIc
4 arbgég%kﬁk?ﬁgp§k%$%gﬁ &%%YZFgE qui nazol i ne
memyldarhmmatyﬁn&hymlﬁerim%ﬁ]m(ys qlnldazlédmati%fuﬂmaﬁltd‘@drtﬂ Agwherein said

Oi of about process for the
FOI%} AR PoFY wdjé% ?fractlon pattern with at least one spemﬁc peak at about 2-

thefir£ 36 80l or o- 2-f I uor oani I'i no) - 7- met hoxy-6-{[ | - (Nmet hyl c
ar bamoyl met hyl ) pi peridi n-4-yl]oxy}qui nazol i ne
di fumarate Form A conprising: (i) reacting

fl | -6-{[! - (Nnet hyl
'arbgﬁgfkﬁgfﬁépbru%goa I I %%§Yfg§£¥§ﬁ¥nazg{iné afthyac
meﬁiﬂlicfak&hﬁiﬂm&ﬁ??ﬁlbéﬂdlﬁﬂ fllﬂ’d}@i’} hEin@olide Hﬁ‘uﬁl@fa'f@ Fdigh A, wherein said

di fumarate sa é crystallising the
Forn Achag lah ¢ tﬁ-yzaomd%dkﬁ muounrp@ytem witht Hdsapt end fpiecifisipetingt] about 2-

rb yl toh )oplperldln 4-yl]1oxy }quinazoline
ﬂwgtfgﬁgra?? °¥k

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 with at least one specific peak at about 2-

theta=26.4°,24.0°,14.9°,12.4° or 7.1°.

7. 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 with specific peaks at about 2-theta =
26.4°,149%and 7.1°.

8. 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[ 1-(N-

methylcarbamoylmethyl)piperidin-4-yl]oxy} quinazoline difumarate Form A, wherein said
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(iii) isolating the

4-(3-chl oro-2-fluoroanilino)-7-methoxy-6-{[I-(Nmethylc
waewamssrBret hyl ) pi peri di n-4-yl]oxy} qui nazol i PET/GB2009/050496

di fumarate Form A. 13. The process according to claim

12 wherein Step (i) of the pggocess is carried out is

carried out in a mxture of solvents conprising

nmet hanol and i sopropanol. 14. The process according to

[ [ j : j t _
Foffh AN S XS At Bt Qo TRk nlith Hse R IBHEGR B Bunet
26.45Qdr0di g9 t,d 201 ‘ainch712°. wherein Step (i) of the process

is carried out is carried out in a mxture of solvents
conprising ethyl acetate and isopropanol. 16. The _
9. p; 0g-f{%%h%?&-@Ifﬁio?&nﬁl&oéh%@ﬂh&?y-\ﬁ@_ {gN\D the volune ratio

0 yl acetate to I sopropanol is fromabout 5.1:1 to
methlytnatbamayirhethglfpipdidin g pdeys qaoemlide dfumeragd Borm A2wherein said

wherein e i), of.the process .is carried out. is
Foifh friiscin Sty st € PHGT oY UEuGE TR GRS A ABOT- g =
26.4Ne49f, £ g 7% 22211 9° 4§ avhes o ni3tgre 1440 3nghlior o- 2-

f1'uor oani | i no) - 7- met'hoxy- 6-

{[1- (N- et hyl car banoyl net hyl ) pi peri di n- 4-

yl] 1N |ine.iLs.\r d w t least 2 nolar
1O‘equiﬁ?'\y;%(-l}cgt#]0 Os'afzaf?uof %a?r%él%%oé'é%g%‘sxyfg{t[i}(@f ocess for the
meﬂiyﬂﬁﬁfa@idyﬁﬁetﬁill‘) iperidin-4-ylloxy } quinazoline difumarate Form A, wherein said

4- (3-chl oro- 2- IIjuor‘oani [N no% - 7-met hoxy-6-{[I - (Nmet hyl c
Forgp éa*ﬁé;an RetaRopdsT gihaciionpa ts:tm]S@quﬁ@%ﬁ dotanigens the X-ray

ofi LA FRLM Aosamiighog: (1) reacting a sol ution

POYSY suspensi on g} '

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

{[1!- t hyl car bar met hyl ) pi_peri di n-4-yl]oxy}qui naz
ol ﬁ-& 10%&-ﬁﬁu05@&@5%§-7vﬁ11?%0é¥-67@5—@- a 1.725 nol ar
' RethYHbEGdiAULA 100 hSiARPR hDAI RBerein sai
BB TR UL SPEABEBL A ! Wi i
Forgu At bl Inyelirgopnistadiabo®: 210t@ 1: 1, for exanpl e about
5.1:1 to 1.9:1 and wherein the reaction is carried out
at a tenperature of about 20 to about 730C, (ii)

12.COORi fgcds %r&ﬁ@ﬁ&?ﬁwm St AR cR1I6RM2-Fu8Rahilthol-P-rAdi8dMy-6- {[1-(N-
200C and holding the m xture at this tenperature to
megiyfcaghameymethy Dpigeridiomg-wioxyheuinazoline difumarate Form A comprising:

4- (35 ¢chl 125§ i.]ing)-J- >

o AR SRR A3 ) o awi
metZ tartenodilhetal gib eridiordny 1fix yag@ingdling withal @iffi¢ienttgaentity of

4-(3-chl oro-2-fl uoroanilino)-7-methoxy-6-{[I-(Nmethylc
funaqr@aq?ﬁ%/qorfg{rﬁy}e)dlfumarate salt;

(i1) crystallising the 4-(3-chloro-2-fluoroanilino)-7-methoxy-6- {[1-(N-
methylcarbamoylmethyl)piperidin-4-ylJoxy} quinazoline difumarate; and

(ii1) 1solating the 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-(N-
methylcarbamoylmethyl)piperidin-4-yl]oxy} quinazoline difumarate Form A.

13.  The process according to claim 12 wherein Step (i) of the process is carried out is

carried out in a mixture of solvents comprising methanol and isopropanol.

14.  The process according to claim 13 wherein the volume ratio of isopropanol to

methanol 1s about 3.4:1 to about 1.0:1.
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pi peridin-4-yl]oxy}quinazoline di fumarate Form A 20.
A process according to claim 19 wherein the
W@2{08A84T8BDr 0- 2- f | uor oani | i no) - 7- met hoxy- 6- PCT/GB2009/050496
{[1- (N- et hyl car banmoyl net hyl ) pi peri di n-4-yl ] oxy
}quinazoline is reacted withg-at |east 2 nolar
equi valents of fumaric acid.21. A process for the
preparation of
154 (3 0%55% %'Cgrhl{ﬁgrtg A 'lﬁ%)he 1 eiﬂgﬁyof %%éljocésyfgeéa?r%d:out is
ar bano ¥ prperi ﬁ i haz
cardbd oiEn atrmxﬁme of d&lmnmrdnspmglgt dnleylabame an{ ligoprapandli ng a
sol uti on or suspension of
4-(3-chl oro- 2-fl uoroanilino)-7-nethoxy- 6-
16{ [ 1Tﬁé\l§f5%5§§3élc&ﬁ'ﬂ qp}éiaffﬁﬁ@%ﬂepélﬁ GIE \Q)Illﬁilé]'YSXIIO]OQ)éMlyl acetate to
}quinazoline in water wt | east
isopmppand liefiorm abbutf Lt ebart |ld), 1 wher ei n t he r eact ion is
carried out at about 850C; (ii) cooling the reaction
m xture fromstep (i) to about 60Q0C, and (iii)
171 SO*TH@ Rﬂ)@estsrh@cordlng to claim 12 wherein Step (i) of the rocess is carried out is
| or o- 2-f 1l uoroanilino)-7-nethoxy- {% ( Nmet hyl c
Cmﬁﬁ QWBVWﬁéthI) pi peri di n-4-yl ] oxy} qU|nazoI|ne
di fumarate Form A. 22. The process according to claim
2 1 wherein in step (ii) the reaction mxture is
18.coofTRélpfcesd atedreingfto alpoiic dﬂl@lﬁﬁfm% N EereZBtheA-(3-chloro-2-
phar maceuti cal conpositiagn ich conprijses

flugroprglipp) Gimsthoxytqrd lo@hmefh(yg)arbamoylmet yl)piperidin-4-
yl]t?}j)ggﬁ‘?g%(&ﬁn@ 14 Ie ctgcll\lwgflﬁgal? éa@ﬁ@ﬁ?)@%ﬂ%l@%g DPRRGIA R 4- Y

qui nazol 1 ne unmar at e according to any one of
clains 1 to 11, in aSSOC|at|on with a

pharnaceutlcall acce di | ue t or c |
19.phafriigest {E4he %‘H‘H@:‘é %‘L &Aﬁhﬂew -flugropay ﬁmethzoxy-6 {{1-(N-

H%'ﬂﬂ% e chbar oA ) |

{[1- %BNa?rAet hyltgia?%gnm/lﬁ@%gy;}&%hper :nglun 4?137?,[] rgpréOﬁlpnsmg

qui (iawettimgea shilftiomeoratepeasionodi+{g- Chlwr(aﬁyﬂlmmwndﬁnO()Wannn@oxy-G
Ilne cel lul o

{[11@% év/[k‘dll t}aii%tmo Er&f—:’&l}gt)ﬁ%%rg&lxztngl OXy} qulnazohne n ethyl acetate with at

least a 1.725 molar equivalents fumaric acid in isopropanol,

wherein the volume ratio of ethyl acetate to isopropanol is suitably from about 5:1 to
1:1, for example about 5.1:1 to 1.9:1 and wherein the reaction is carried out at a
temperature of about 20 to about 73°C;

(ii) cooling the reaction mixture from Step (i) to about 20°C and holding the mixture
at this temperature to effect crystallisation of the 4-(3-chloro-2-fluoroanilino)-7-methoxy-
6-{[1-(N-methylcarbamoylmethyl)piperidin-4-ylJoxy} quinazoline difumarate Form A; and

(iii) 1solating the 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-(N-
methylcarbamoylmethyl)piperidin-4-yl]oxy} quinazoline difumarate Form A.

20. A process according to claim 19 wherein the 4-(3-chloro-2-fluoroanilino)-
7-methoxy-6- {[1-(N-methylcarbamoylmethyl)piperidin-4-yl]oxy } quinazoline is reacted

with at least 2 molar equivalents of fumaric acid.
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magnesi um stearate; and wherein the tablet is

optionally coated with a coating, which coating
W@pI0aAsKIB1 y contai ns one or nore col orants andPGr/GBR@h050496

protective agents. 25. A pharnmaceutical conposition

according to any one of claigg 23 to 24, wherein the

4- (3-chl oro-2-fl uoroanilino)-7-mnmethoxy- 6-

{[1- (N- et hyl car barmoyl et hyl ) pi peri di n-4-yl] oxy} qui naz

I
210 ol TR, Fobaion oy orsst Austpal pp) TRy l-O
meﬂjyhamItyﬂdtht}dyD)pipétﬁxﬁﬁiMlﬂbx%} yhihaeoyihqdifoazakd Fem A comprising

di fumarate Form A
thegtep8. chl or 0- 2- | uor oam | i no) - 7- met hoxy- 6-

{[1 SM@&I@’A ﬁﬁﬁtﬁﬁf@%hgﬁhgﬁhbf 4-(3-chloro-2-fluoroanilino 7-rneth0xy-6-

pi peridi n-4-yl | oxy}quinazoline difumarate according t
{[1aiNrmety lafbamhayilmethgl)piperidip-4F pljoxys guiaszadinpedivemnenth at least a2

7. Th f . : . : o
mof QUi BR 6! DUHifcieih A TSHB 1o 7S ARG GrES YL RO ASICE
ar banRybi®s thirdacBbP ﬁﬁktﬁfdﬁd‘m)ﬁe}o‘m}f&) dbdul %@Q@ ;lang
dlfurrarate accor di to any one of clains to 11 in

t he(iramwolkteg theet-GF c onged{lueneeniing by- nml@&yrﬁ t He(N-

el SRR B PP RRF By avimspating gifugarste Form A
{[ 1- ( Nnet hyl car banoyl net hyl )
pi peri di n-4- yI]oxy}qU|nazoI|ne di fumar ate accordln%
22. anyTb%Eméﬁssc?‘lc%ﬂfﬁﬁlgIO £lgim 21 pdierais i step (ihdhe fcagtiapeRixtue is

Cooi}e({?@[ é%goutpf- gg)ltepglgm{t r treating a cancer in a

vvarm ani such as man, in need of such
treat msnt whi ch conprises adm ni steri ng to said

23. CE: gralgla%q?qea%(?agta{)'%g?gg(?# nhﬁg{cﬁg& geé 4-(3-chloro-2-fluoroanilino)-

7 n{e{tﬂoi(yNS LAY G RERDh SR EH brgﬁigeﬁﬂl'ndél 91’]&(% quinazoline dlﬁ,lrnarate

yl'] oxy} qU|nazoI|ne di f Umar a ccordi hg t'o any one of
accotdangm dhytome df claBOs 1 Thél, metssodiapercerttiaphatnmacehtadathy2@ceptable
dil ? the cancer is selected from breast, gastric,

ot Br &Y, head and neck, ovarian and |ung cancer.

31. The mst hod according to claim?29 when the cancer

I's breast cancer. 32. The nethod according to claim 29
24\whef nhaemecsneal cpmpemsen whichaneg ablet comprising:

4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[1-(N-
methylcarbamoylmethyl)piperidin-4-ylJoxy} quinazoline difumarate according to any one
of claims 1 to 11;

lactose;

microcrystalline cellulose;

crospovidone;

polyvidone; and

magnesium stearate;

and wherein the tablet is optionally coated with a coating, which coating optionally

contains one or more colorants and/or light protective agents.

25. A pharmaceutical composition according to any one of claims 23 to 24, wherein the

4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[ 1-(N-methylcarbamoylmethyl)piperidin-4-yl
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loxy}quinazoline difumarate is 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[ 1-(N-

methylcarbamoylmethyl)piperidin-4-yl]oxy} quinazoline difumarate Form A.

26. 4-(3-chloro-2-fluoroanilino)-7-methoxy-6-{[ 1-(N-
methylcarbamoylmethyl)piperidin-4-ylJoxy} quinazoline difumarate according to any one

of claims 1 to 11, for use as a medicament.

27.  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 11 in the manufacture of a medicament for use in the treatment of a cancer.

28.  4-(3-chloro-2-fluoroanilino)-7-methoxy-6- {[ 1-(N-
methylcarbamoylmethyl)piperidin-4-ylJoxy} quinazoline difumarate according to any one

of claims 1 to 11 for use in the treatment of a cancer.

29. A method for treating a cancer in a warm-blooded animal, such as man, in need of
such treatment, which comprises administering to said animal an effective amount of 4-(3-
chloro-2-fluoroanilino)-7-methoxy-6-{[ 1-(N-methylcarbamoylmethyl)piperidin-4-

ylloxy}quinazoline difumarate according to any one of claims 1 to 11.

30.  The method according to claim 29 when the cancer is selected from breast, gastric,

colorectal, head and neck, ovarian and lung cancer.

31.  The method according to claim 29 when the cancer is breast cancer.

32.  The method according to claim 29 when the cancer is gastric cancer.



