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For the avoi dance of doubt, the term "ZD6474" as used
herei nafter refers to the ZD6474 free base, unless

WO gtfimBeiilse st at ed. A key internedi at e t hBCT/GBY006H03587
used in the preparation of ZD6474 is a conpound of
Formula Ha WO 2007/ 036713PCT/ G112006/ 003587 0/ -
>>NCORO 112 ha Werein Ris a suitable sul phonate
e r s nmesyl ate, .esyl.ate , hesylate or
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Formft#fmul a ha is 1-(tert-butoxycarbonyl)-4-

(4- met hyl phenyl sul f onyl oxymnet hyDpi peri di ne, the
c Thpoutedithef is diseldsed mxanple 2a of WO 01/32651 involves the reaction of

the compound 4-(4-bromo-2-fluoroanilino)-6-methoxy-7-(piperidin-4-
ylmethoxy)quinazoline with aqueous formaldehyde, followed by sodium
cyanoborohydride in a solvent mixture of tetrahydrofuran and methanol. The product is
purified by chromatography and isolated as the free base. The free base is then converted
to the hydrochloride salt by reaction with hydrogen chloride in a solvent mixture of
methylene chloride and methanol.

The route that is disclosed in Example 2b of WO 01/32651 involves the reaction of
the compound 4-{(4-bromo-2-fluoroanilino)-6-methoxy-7-(1-(tert-
butoxycarbonyl)piperidin-4-ylmethoxy)quinazoline with aqueous formaldehyde in formic
acid, followed by reaction with sodiuni hydroxide in water and extraction of the product
with ethyl acetate. The product is in the form of the free base.

The route that is disclosed in Example Z¢ of WO 01/32651 involves the reaction of
the compound 4-chloro-6-methoxy-7-(1-methylpiperidin-4-ylmethoxy)quinazoline with 4-
bromo-2-fluoroaniline and hydrogen chloride in isopropanocl. The product that is isolated
is in the form of the hydrochloride salt. In an NMR experiment, the hydrochloride salt is
dissolved in dimethylsulfoxide and converted to the free base by adding solid potassium
carbonate. The free base is then converted to the trifluoroacetate salt by adding
trifluoroacetic acid. In another experiment, the hydrochloride salt is suspended in
methylene chloride and washed with saturated sodium hydrogen carbonate to provide the
free base.

WO 01/32651 also discloses routes for preparing the starting materials that are used
in Examples 2a, 2b and 2¢, such as the compounds 4-(4-bromo-2-fluoroanilinoe)-6-
methoxy-7-(piperidin-4-ylmethoxy)quinazoline, 4-(4-bromo-2-fluoroanilino)-6-methoxy-
7-(1-(tert-butoxycarbonyl)piperidin-4-ylmethoxy)quinazoline and 4-chloro-6-methoxy-7-
(1-methylpiperidin-4-ylmethoxy)quinazoline. Several of these routes are discussed in
more detail below.

* The routes described in WO 01/32651 for preparing ZD6474 (as the hydroclﬂoride

salt or the free base) are also described and/or referenced in publications relating to




oONI T O\ HO 11
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combination therapies including ZD6474, such as WO 03/039551, WO 2004/014383, WO
2004/014426, WO 2004/032937, WO 2004/071397 and WO 2005/004870.

The existing routes for preparing the compound of the Formula I are satisfactory
for the synthesis of relatively small amounts of the compound. However, the routes
involve linear rather than convergent synthesis, requiring the use of multiple purification
steps and the isolation of a substantial number of intermediates. As such, the overall yield
of the synthesis is not high. There is, therefore, a need for a more efficient synthesis of the
compound of the Formula I suitable for use to make larger quantities of that compound.
There is also a need for more efficient syntheses of the intermediate compounds useful in
the synthesis of the compound of the Formula I for use to make larger quantities of those
intermediate compounds.

Preferably, the new syntheses should minimise the number of intermediate
compounds that need to be isolated and should not involve costly and time-consuming
purification procedures. Additionally, the new syntheses should form consistently high
quality compounds, in particular so as to form a high quality compound of the Formula I to
satisfy the high purity requirements of a pharmaceutical product. The new syntheses
should also use procedures and reagents that can safely be used in a manufacturing plant
and that meet environmental guidelines.

According fo the present invention, we now provide improved processes for the
manufacture of ZD6474, the compound of the Formula I.

According to the present invention, processes are also provided for the manufacture
of key intermediate compounds that may be used in the manufacture of ZD6474.

The new processes are advantageous in that they allow the compounds to be made
in high quality and high yield on a larger scale. The processes allow a substantial
reduction in the number of intermediate compounds that must be isolated and, in general,
are more convergent than the previous routes. Such changes provide significant
advantages of time and cost.

For the avoidance of doubt, the term “ZD6474” as used hereinafier refers to the
ZD6474 free base, unless otherwise stated.

» A key intermediate that may be used in the preparation of ZD6474 is a compound

of Formula lla

L
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whi ch process conprises the steps of: (a)reacting the
(C1-C6) al kyl 4-pi peridi necar boxyl ate conpound of the
WENOHDR6AL3 || with di-tert-butyl dicarbonate i npdieB2006/003587

presence of toluene or xylene to forma first mxture
conprising toluene or xylene, tert-butanol and a
conpound of the Formula W .0 e 0 (O -Co6)al kyl 1V,

b) substanti al I%/ r enovi ngllht he tert-butanol fromthe

[
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of the Formula II are satisfactory for the synthesis of relatively small amounts of the
compound. However, they all require each of the intermediates to be isolated and,
therefore, include multiple isolation and/or purification steps. This results in a satisfactory
overall yield of the compound of the Formula II on the small scale used. However, the
routes disclosed in the prior art documents are unsuitable for use on a manufacturing scale
because they include multiple isolation and/or purification steps, which cannot be
conducted efficiently on a manufacturing scale. In particular, the routes disclosed in the
prior art documents are unsuitable for use in the manufacture of a high purity
pharmaceutical product. | '

There is, therefore, a need for a more efficient synthesis of a compound of the
Formula 11 suitable for use to make larger quantities of that compound. Preferably, the
new synthesis should not involve costly and time-consuming isolation and/or purification
procedures. Thus, the new synthesis should reduce the number of isolation and/or
purification procedures required, thereby reducing costs and time of manufacture.
Preferably, the new synthesis should minimise the number of solvents used throughout the
process, which improves environmental performance and provides the opportunity for
solvent recovery. Preferably, the new synthesis should also provide a robust and reliable
method of isolating the compound of the Formula II and consistently should provide high
quality compound of the Formula If, for example so as to satisfy the regulatory
requirements for the introduction of starting materials into the production of
pharmaceutical products.

According to a first aspect of the present invention, there is provided a process for
the manufacture of a compound of the Formula I1a from a (C1-C6)alkyl-4-

piperidinecarboxylate compound of the Formula I11:



0>--NNCH2OH V; (d) substantially renoving the al coho

by-products fromthe second m xture; and (e) reacting
WO Haégipound of the Fornmula V with a suitabl BCT/GB2006/603587

sul phonating agent in situ to forma sul phonate ester

in the presence of a suitable base and toluene to form

the conpound of the Fornmula Ha. WO

2007/ 036713PCT/ GB2006/ 003587 C-0--R O\H2 Ha wherein R

is a suitable sul phdnate est& such as nesyl ate,
esylate , besyl atidNor t te. In one enbodi nent the
sul phonati ng agent osyl ©hloride. For
avoi dance of doubt the term'|in situ' means that the
reaction was performed w thogtq.i iRyl on of the
reactants fromthe pre\éi ous process step.

L

which process comprises the steps of:
(a)  reacting the (C1-C6)alkyl-4-piperidinecarboxylate compound of the Formula LI
with di-tert-butyl dicarbonate in the presence of toluene or xylene to form a first mixture

comprising toluene or xylene, fert-butanol and a compound of the Formula IV:

{C1-CB)alkyl
Iv;
(b)  substantially removing the zerz-butanol from the first mixture;
(c) reacting the compound of the Formula IV with a suitable reducing agent in sifu in
. the presence of toluene or xylene to form a second mixture comprising toluene, reduction

by-products including alcohol by-products and a compound of the Formula V:
O
o— ND*CHQOH
0
V.

E

(d) substantially removing the alcohol by-products from the second mixture; and
(e} reacting the compound of the Formula V with a suitable sulphonating agent in situ
to form a sulphonate ester in the presence of a suitable base and toluene to form the

compound of the Formula {la.

£l
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The process of the first aspect of the present
i nvention is advantageous in that it allows a conpound
W07/ 7For nul a Ha to be nmade in high quality mwGRig03ss7
yield on a larger scale. Typically, each of the steps
of the process of the first aspect of the present
i nvention proceeds in greater than 95%yi el d. Al |
steps of the process of the first aspect of the
present invention are nducted i n toluene or xylene
as the solvent. In anpgther enbodi ment all the steps of
the first aspect of tpe present invention are
conducted in toluene.~¥Jhis/allqws the process to be
conducted as a contin roc i-ChoBt i sol ation
and/or purification & the \-ntérneé#i ate conpounds of
the Fornmulae IV and V. This significantly reduces the
time and cost of nanufacturldgithe conpound of the
I
wher g R e B A8l S S p e 3l o BB epace.
one embbdammt thecyiphomgingwigtmtis tdsylrcmﬁﬁ& the efficiency of

E_ ess ﬁ d .provi des envjronnmental benefits. The
B 6701498568 GhOWH 195 R inuv MeATS it reastins. wa rsvormed

. | of reactive
Wﬂh"fggZ%‘?‘é%‘ﬁ{ o %iaﬁ%ﬁfﬁ%ﬁ%ﬁﬁ@ﬂbﬁﬁfe%%@é% il e by

¢ prdcgss @rihe fitse asmeeiscdnb@pmﬁens usknti@nstaldvatageous in that it

oY BREINE P B BE LSS R P e
scale.t Typically, eachAddihd ét@f&&if'tl’{a prob&s U$ ﬁle‘ﬁrsttag 2 BFIRY ré%ﬁﬁ?@enﬁon

(% the solvent in the process of rst as
procegdgdn gregtes than; 990erielbn al | ows for the convem ent

B AR e S —
tolueng or xy;lx:aerp# the sbivents dhahﬁﬂen mlgj’dﬁﬁélﬁ:ralltth@ﬁeﬁ@oﬁ?{é BEbE hdpct of

stalllsatlon fromthe reaction m xture
the Pfﬁﬁ\éf‘ n‘l"ﬂ@%%‘&tﬁ‘“ﬂag ‘%fﬁléfﬂﬁa Ao ke perressThiby cpaducted as

a contﬂﬂl\éa@%@G&@ %thoﬁ@fsoﬁﬁ%@mcﬁﬁ& Sfﬂ{? e(a até @({qnopounds

For nmu is to be intro
of the Fremylpo BYiend n Bfis significR@DOEI036 maﬁémmeaf ﬁ@@ﬁa&unng

duct, for pl e a.co un
e coB AR PR TBHE! SR B SRR Pl niches
toluenb et Rglehd1ina 9 dlicetowToPsdIidt RRIJEINRL Qi dHGRAtreNed q}écéfﬁcmncy of
Step (a) of the process uses  a

the prqcess @@)P&Pwy'li& enviopmenial brnefitsh Bopluse ef wbrepoonsyletie asthe

R I Rt L L e —————

as akd?mtshlfbae)tdniple by dpaitlbticn | Fite, préscfitd $BkR reactive b -products could
q dt( )alk 1-4- |d|necarboxylate conpoun&f
cad NGRS 1 1o EHAPOE R L i s rgag oty herioproprate
time. €xanpl e, be ethyl 4- piperidinecarboxylate. Another

nanme for ethyl 4-piperidine carboxylate is ethyl

i g@dﬂlp@ajm theaise of toludhleer xglznt kothe ablvatiap t}(aq)roc@s of the first

ot Rl TR TR Sttt Bl Repargot e
Formu?f Hﬁ ‘6323 giryt&ﬁmss%té&% @he'ﬂéﬁ%eﬁﬁpyﬁﬁb €BErhYia TR hAL f5:AR98 R be

i rom o] '

isolated m gregten thap POA%p ppety lm Qlfﬁﬁtdhﬁﬂjww(meeﬂ)c fomdbedscoén mbeure

I di car bonat
withodf TRtk b B AR L ThBS AWl R iRbBodiende
compoondéthe iFakhwlad¥ais |t@BJ: fhtRduEsdnt Reatp %ﬁﬁ@fr@&jt 6‘:!11ct10n ofa
conventi onal nethods. For exanpl e, e (Cl-Co)al kyl-
4- pi peri di necar boxyl at e conpounds of the Formula II
may be prepared as described in Japanese patent

appl i cati on nunber JP 03002162 A2.
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The tert-butanol that is forned in step (a) is a
by- product of the reaction between the

WO p@Io8EYal kyl- 4- pi peri di necar boxyl at e conmpounRCHEBRI96/003587
Formula 111 and the di-tertbutyl dicarbonate. In the
process of the present invention, this by-product is
easily and conveniently substantially renoved fromthe

pharpptical o TPLCaTUY SHBOTE 0 CERRTAIA © BFyod Lutecs
the ns% B?mtl@.{rﬁxeg %ﬁ@%tr&iﬁcéﬁ Pk hﬁ&iﬁc&ﬁtﬁ:af ghéton m xture,

or e distillation |n step (b) because any

t Blep {ﬁmfambrobgsp mwmmﬂﬁ@)alkws4fmmend@m§m§gxylgte|pr@pynd of

R L N R P e B
Formul#TIL Hﬁ)ﬁ&éiléreﬂ Be oaztr:@yandm-utiﬁp@mmwmdxﬂﬁtetdmpound of

Formul a | V. us, renoval of the tert-butanol
the FonyulprIHdh@tmayrbesuS@é i $p 6 meAs for srample, borthed
v G ERL YIRL Yol P EPRRILE BT SRatEM VB D

lsomp&(hﬁtestep This is turn provides a high yield and

purity of the conpound of the Fornula.V. in ste
?h% FRACHQS} 0 SUa (81 STTios) quy aty BleRIPETFLUTGAN W@éﬁl&ﬂhgif %é%nple of

from 4%3@538&@@5165@?1 tﬁEK‘ n%h’ to??r@ln ﬁyto@rS@@ %Bretdﬂ)ﬁtfedlélﬂy in the

I'n ste enoved, for exanple
range df &bml A5atbi30RC. Typlcally the distillation |s conducted

eSSBS eb) S8R R -
dl-terﬁﬁhyled{%boﬁﬁt@stﬁﬁ*hﬁk ikl Q8ediin stebqB) dfthe pocen @V@éﬁr@ﬁéﬂcﬁ&lly
conducted at either atnospheric or partially red
wvailapleas son b prepared smng&bn‘eentleml o g Gt Xt bl G oyl
I d I
4—p1peﬁ§1gfecér%2)x¥lgt%h Iu i %o u Irﬁlfgi:legf: nc?r&)?ulqz} ﬁ?}nlag )% %EJIBM)&@ AU B R
Japanébegﬁfdﬁtl&pﬂmhtwn ﬁummarhﬁdmdmmm:e particularly, the

cin ent used in_ste ¢) is sodiu
i Gy DA bt e TR IA Fe fa by producthebs eagiqrdingren
t _
the (CFLERAlGH-A o R Do R e HhrrBob RIVANB AL LA A dx
butyl dmm@ena:té T hpa@es 0o BHEOpresant Envsohems e hyipyodust isteesily and

convepity ssppmuaL o R b Becrestionigticn 1o P Bl acon

in step{Vi des reduction by-products in addition to the
desi red conpound of the Fornmula V. The reduction
bt-is aémommlsubwémmablﬁ nesposythe festbetarol byHuoduct awey the

TR O e e

produ@ﬂt‘ﬂaﬂ@hoﬁx‘eﬁ@v@d [sgﬂ{wgi @ rkdcd miﬁhhli‘e feddciag Agera dgesitp (d},cthereby
exanpl e, when the conpound of_ the Forru IV.is eth
reducmg(the pmpRntf thsape RiRB AT BYAePiedPhiby dSTIrE N §ISios vd ¢
n
compéllﬂ%( @qﬂg?h%g?ﬁotg}yé F%Ir#}{]lzll é?n & J‘f)oafaﬁolslgd?ﬂémlct in step (b)
allowt €8tubé ca@recbytojiehivaiuttyofi ﬂm:iea@tsa:lnmﬂaprﬂc)mﬂi 'fhapt@earﬁdid therefore,

al cohol by-prodycts SL@P as et han

A morg SRR HolIal . CReoHin ) Aot liehyidd sagauiy pf the
compBiith GARY EDiaRh Win pntially removed fromthe

reaction mxture for exanple by distillation in ste

{ By the term ‘Isubstmtmﬂyaﬂna@Bw meansthiisat aast 3% pf thergydutanol

oy st e g G rar i Pl abp T eun FY, Tepaty e

dlsun\éh&lhlstdaﬁd@dﬂécpﬁ}{m@hln&emag@ﬁﬁaetam@heme(rmge dfipervedey 102 to 112°C
creating inpurities that could contam nate the desired

product and reducing the anount of sul phonating agent
avai l able for the desired reaction with the conmpound
of the Formula V. Thus, ra#roval of the al coho
by-products allows for the correct stoichionmetry of
the reagents in step (e) of the process and,
therefore, a nore efficient reaction in that step.




By the term"substantially renoved" we nean that at

| east 98% of the al cohol byproducts that are forned in
WQWHOYE)3 are removed for exanple by distill atrancB2006/003587

Typically, the distillation is conducted until an

internal tenperature in the range of from between 102C

to 112C is achieved. The distillation in step (d) IS

nvenie onduct e ei t her heri ¢
s ac R AR o S0 B coPvenicin SomRBeTh et imopheric o
pmﬁmnuﬁ&ﬁ&d@ﬂ%mﬁbso typically substantially renoves any
water that is present. This ag in allows for the

cortiteble T§@‘éﬁ1@ﬂﬁg§’ﬁt§tfpyu&?fm§ﬁp( dJede sodiym dish (e) of

meth {5%&?53{9?0 I é‘%@ﬁ%&?ﬁ%@pﬁe nK: gﬂltg;}%% }1}1@1(%83@18 dugﬁmgjg@]ﬁmmium

hydrifle) Mdrhp:[rﬁblylaﬂ?,dherddgcﬁng agakt meept(B)?ls%tidilﬁﬂfBlé{Ql ng

agent |Iable r the desired reaction with t
‘ndh@%WgHﬁ “?Wﬁh- ¢fula V. By the term"’ substantlally

r o)

TS SRR Bl 58, AL Ly g, o

from geits 6ﬁ°%unwnmﬁven itmtrengei df fran B pi BGAA, ynode capeaieyty i the
ction mxture in step (c) to renove any
”mge éé ﬁ%§€0|ng agent that is present before the
I eRetht QRilled pérs @R wold dppreeifd Wed I%Qctloﬁm' &'g (E)ytgﬁl{czﬂ?y provides

guench step al so renoves sone of the red
reduoayn by daedicss injadditign abﬁm@eiesxfadrcommmﬂ of thieFoahulaivhi Time

b | |
reducﬁgh E)? 5’%52{‘:?501 ud ﬁhﬁo?%xgaﬁ%cmc g ’ngg i\ ﬁl&ypqoﬁugé Arpinpte
from &e @osmao.ﬂlayn mworﬂaeﬁé eétéxegmm;slnotﬁ@ Erhp&ehdioF thd Wormula 1V

Ilt?rature and/or that is known to the skilled person.

and megalsoortginate gt rilecing dgentn§ Orag@mpl@sfécﬁnuthe gqremmd)of the

I t.h
o A e R RS
agentaisedint stepsicurm ssdnhnuims@amtmakmﬂ(cadymmmi)mn hg&ncﬁq efddl e

alt). Typjcal,l the.resujtin
fed““ﬁ%h%‘&ﬁ#‘ﬁﬁ t ﬂBXéq%}BWHH%@ Sﬁtmmg%)%ag w;odiugtStSst ethanol and
2-meth8RFIRG oD Y T8N 361
oDy S BARh bP Brodiol HGAAY 464 EbhvicficGRP By
remoypddons de gadiongmikiusp fc(r@)(aﬁngledmchmllaapy imstemé)base, for

LR —— e
becauex anypdueh befproduets that dré) néltﬁ@;noﬂ@i &re GHRENAD r&dt {W[h it dul}fhonating
m25 to As the skilled person

f f
agent i tiP (ej DY si<ating %mIP‘&‘ltte;" e aanl9 cptewéngsy e desitpdameduot
and rddd8ink %1?&5 Sitht Wfﬁﬁlgﬁcﬁza'tﬂg g% Pa\(eﬁ%b eq’of &%\égre%r%acnon with the

ur u- eacte sul phohat 1 ng
comp@uid ciheFouranz M. rithvagemosalneyhd :ﬂccgﬁ)m by@lrodmetscaﬂlo&e for the

RS e N T
effici®@X a8iRligh inAthatidAbHRs BUEH Cﬂi‘bﬂgesazgﬁgﬁ ly[?i‘% %?gplﬁ'lty 3 ﬁ‘ eSuch

as sodi um hydroxi de or potassium
Cmnp@ﬁ@(égb%E@HmﬂhglpB@@ééb for the manufacture of a

R T TR WS R A

produttb ﬁldf@fdmtrﬁed 1n st @) Bile@Bmb{dd PYx£HWTB by R HAMOrS uwg%ghﬁy
)S or procedures for isolating the desired pro

the dl%tﬂlé 10p rrsecqgégcated wetdl anpnteral temperadura i therrangerofifrom between

o rson. Parti.cul ar st
102G 6 eyt e E N e RS doiopip TR Roneliay ot cither
atmosphirictor partRdiyGtducefpres@anpl e, the step (f) may
conprise the steps of washing the conpound of the

Formula Il with water and/or aqueous citric acid. The
step (f) may, for exanple, also conprise
crystallisation using a suitable solvent system An
exanpl e of a suitable solvent systemis a sol vent
system conpri sing toluene and i sohexane, which

provi des a conpound of the Formula Il in a high



VI wherein Rl is an acid |labile protecting group, such
as benzyl, substituted benzyl, tert-butyl, allyl or

WO praestyet hoxymet hyl . Exanpl e 2 of WO 01PGREBL00aMH005587
Exanpl e 24 of WD 97/ 32856 each disclose a route for
the preparation of a hydrochloride salt of a conpound
of the Fornmula VI wherein Rl is benzyl. The route
i nvol ves the reaction of a_hyd och rlde salt of

7 Thedsillasion in steth{dd elso @zm%qllw y(;?rpﬂ‘ées\ﬁny prater that is
L e LT

proceds Vebatsa ay wat&i tehis it tamh&ﬁ esllhkdly td ma@tmﬂeﬂxmsnlpﬁﬂm’cmlg@gent

2 of WO 01/32651 that th hi d I
in stepy (e PORIIADE R IRBIEL %ﬁy@ﬁg??&g‘r&: %ﬁ@sﬁ%gﬁﬁ%&é fagesired

reach%%@%%ggﬁ tﬁﬁ%i"ﬁ{ ?cﬂ‘mﬁ{a M?ﬂ@%ﬁﬁﬁsuﬂs&nﬁﬂmnﬁ) $d"Ove

rochl oride salt of
mean ﬂrabkeniﬂianQQ{mel%wmaieﬁemhis@ﬂmﬂmemﬁi@latlm is prepared
by the reactio
e s S possta et grerestaig b Bisel M BSSSTRY 12 Ech
react1$ W}e i RleB(bAB rbRoe %Méﬁ%dhﬁﬂﬁ@{mﬂmaﬁﬁ lpveaiit. before
same process for th preparation of the
the remﬂ@n hﬂep (¢)de cenducteds Typ}(:ally, e quench step also removes some of the

el IR BB g sl

of the%'lcﬁﬁbpﬁ)ﬁgroﬂu&t@ ukRitine qidhehipp epaitaitagiin géneral be chosen from any
di substituted 4- aniljnoquinazoli unds

n he

sgont st ispries e 41 WeraheR Sy B et a0 e B A TRR: T
t d
o, YEETOOEPREL aia, rt on
methcs}&irb@lbkylﬁtumnglmg Bydridentite hleemﬂi@et typically n@y@e@ig agwﬁ
rovid - disubpstitute azo

solutigp AR BEALHLT AR B aghlR 5P POV B §OERT B B0h1 M
resultﬁ%'gﬁge(ﬂ% ghdsd BhtalBREHhE dudichBd Peduuing labbit) ﬁdha;mdmaved by

optionally in the presence of a suitable
sepa:rhiame ThealupndvstQIelsamnM%tbﬂf@ﬁ itbredigtlilatioprin steg ().

ted.4-
o R i S RO B LGB PR R OEROMR,
trieth nghﬁﬁjn@sure in WO 98/ 10767 of
- benzyl oxy- 4- (4-brono-2-f| uoroanilijno

RGN 8 267 (I GHTGH a5 AJEBBERES I tpg renee, for exemple, of
from P5 $PRERE 1Lk co veme-lr_lﬂg i eSS edrson0s8 e 33vd. he prior

art docunments for prepar at| on of a conpound of the

Faxdanhk akiViled @eﬁon; atoub¥ Fppraviape, fios tym@lbmtﬁégﬂyéo giench the

relatively amounts of t
reactopayBRY TR & RREVFSRY HriebfcaRaPar gty PRI brpran
! Thé ndses BbirSanyhgant that is described in the
Sultabl% ﬁ%ﬁgﬁ%%é;en but”™ no ﬁll’agh 0\§er al | ylycrehlgdn of atla
hterauma'pmﬂnﬂthaif isthewRdo th@l shiillggl person. Fcnr@qaémles a sty %ﬂ‘é‘fn@hmg

nDre chent onmpound of
agenttrﬁgy E% ! &ﬁqeguﬁ:}? a%fﬁ ;hérd 1dc % g& SS?{H’B og?{ée :rp
q Uﬁrlztnetab&%t Ghe pddéssTONRE kﬂbﬂufa@!‘u@é ef z&kxbmpoﬁnﬂ&;f ey Formula IT

synt hesi's shouf) not i nvol ve cost| and t| ne- cgn lpgml
may frtieniichde drrivtep (fpaf isplating pashorr 0? ﬁé‘f ormuia
theS| r
1L Tﬁﬁ%xﬁ cpﬁ-{l?ghgﬁé%ge r‘}gtsg?rp equl redg“ e%ﬁth@aemed
prodﬁcﬁ(ﬂwaﬁ lafbgde@aaﬁéal %ml@bl, ltxﬂemallrleﬁndffanﬂnfaa?? newn T(htherskvued person
synthesi s shou al.so a w o effectijve
Partioufa tenh b TR oF REVROT PRI Rroyid e TG fad FiEavrBrpbdct
in high purity and yield, which crystalline form
shoul d have good filt ration characteristics.
According to a second aspect of the present invention,
there is provided a process for the manufacture of a
conpound of the Fornula Vh2



WO 2007/ 036713PCT/ GB2006/ 003587

VI wherein RL is an acid labile protecting group; from
WO 2WHA98Ad of the Fornmula VIl: GH3 0 VIl whi GCTPGBIES6ssST

conprises the steps of: (g)reacting the conpound of

the Formula VIl wth a suitable chlorinating agent in

the presence of a suitable base and a suitable

For S A6 R, LU EETRE 4B s SiBBER S gt
11 withl Watamﬁdfd’t%qbaﬁﬁ citﬁc héig. T8t vep () htyafdPexhipR, Mo E&]ﬁ?nse
chlorinating a in the solvent at a tenperature

orystalijgatiogiigecysufta ﬁﬁ@l(yemtéyq.tchwmw&ﬁ efiat $ujtable sobyesiOgstem is
a solPRAE EysPerP B AHsiRE 1oAY LS Lollb AL Swhicl brovides a compound of the

Formula II in a high purity, typically in a purity of greater than 98%, conveniently greater

than 99.5%, and in a high yield, typically in a yield of greater than 80%, conveniently
greater than 85%. As a skilled person would appreciate, the step (f) may also comprise the
step of temperature cycling (also referred to as “Ostwald ripening”) the compound of the
Formula II, so as to improve the physical form of the product, if necessary.

Another key intermediate that may be used in the preparation of ZD6474 is a
protected derivative of 7-hydroxy-4-(4-bromo-2-fluoroanilino)-6-methoxyquinazoline, the

compound of the Formula VI:

Br
CH, HN F
0 Ny
P
R—o0 N/]

wherein R is an acid labile protecting group, such as benzyl, substituted benzyl, tert-butyl,
allyl or methoxyethoxymethyl.

Example 2 of WO 01/32651 and Example 24 of WO 97/32856 each disclose a
route for the preparation of a hydrochloride salt of a compound of the Formula VI wherein
R'is benzyl. The route involves the reaction of a hydrochloride salt of 7-benzyloxy-4-
chloro-6-methoxyquinazoline with 4-bromo-2-fluoroaniline in a 2-propanol solvent to
provide the hydrochloride salt of the compound of the Formula VI, which is isolated. It is
stated in Example 2 of WO ©1/32651 that the hydrochloride salt of 7-benzyloxy-4-chloro-
6-methoxyquinazoline is prepared according to Example 1 of WO 97/22596. In Example 1
of WO 97/22596, the hydrochloride salt of 7-benzyloxy-4-chloro-6-methoxyquinazoline is
prepared by the reaction of 7-benzyloxy-6-methoxy-3,4-dihydroquinazolin-4-one with

thionyl chloride in a N, N-dimethylformamide solvent. The same process for the

13



(g-2) adding the chlorinating agent to a m xture of
the conpound of the Formula VII and the base in the
WO 2BI7peIL3 at anbi ent tenperature over a peri odPCK/GBROGD03587
15 m nutes and then heating the reaction m xture over
a period of about 90 mnutes to a tenperature in the
range of from 70 to 90C and stirring the reaction
m xture at that te ture for about h ur; ar .. .
propargigors) (e By HGORABAE FIGHT HATVHG e O i zgfine s
grula VIl and the base in the
dlscmgsegﬁ%g%@%éngoﬁevrgpgﬁggﬁe in the range of from®60 to
1RATY8/E 0T dise nsds a rétketior the Grepuatiomopéiidishbefitutddstit 15
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hose
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accardance wi fh stan ard ractice (for illustration
methoxygninaaplinepeeha PICESLet HTeRFEHNs in O ganic

St ]f}:ﬁﬁéssdlsci@w 1Wﬂe%o?§ﬂ d§9{ﬁﬁent§§)9 He propirh@dH 6 a compound

protecting groups at” Rl 1nclude enzyl, substituted
of the kfennyﬂa VIfave saicavpirg f@rthe kmﬂwwrﬁyclatavﬂiw anall kylowsiz pf the

compélgj‘g‘lts t‘f‘{vﬁ%@ﬁ tétm %! re@gﬁ%ﬂ%é%o} atyw ogﬁt.lg%ﬁno%lof ¥1kt3rmed1ate

comp@iﬁ{dtﬁ OXHRLBRNY B h Bxtisfackdty R0 hbEkigk rdvehlingeld df ¢hd ®mpound of
benzyl . The process of the second aspect of the
thqurmu@nYI on is advantageous in that it allows a conpound

gtrzr%els FRL 1 lrégl afleeli ?ortﬁem qe?ﬁtl:l é;%eﬁy %'Olﬁlﬁﬁeimh'og bhe

dn a larger scale. yp ca eac steps
Formﬁlfa. WVikeitirle d@sse &f mhbelasge quahtiiep eﬁﬂlabcformﬂoelnfir Esderubly, the
i nyention_pr oceeq in gr egt er than .90%0¥| el d
new synthesis shoul not involve costly and time-consuming isolation and/or purification
procedures. Thus, the new synthesis should reduce the number of isolation and/or
purification procedures required, thereby reducing costs and time of manufacture. The
new synthesis should also allow for effective isolation of the compound of the Formula VI
in a crystalline form in high purity and yield, which crystalline form should have good
filtration characteristics.
According to a second aspect of the present invention, there is provided a process

for the manufacture of a compound of the Formula VL.
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A suitable solvent for step (g) is selected froman
aryl al kyl ether, such as anisole, a dialkyl ether
WOHRFH0E13 2- di net hyl ether, a hal o substit ut e heBRON)3587

such as chl orobenezene or trifluorotoluene or an al kyl

substituted benzene such as xylene, ethyl benzene or

tol uene. I n one enbodi nent of the invention the

solvent for step (g) is anisole or toluene. |In another

embodi nent of the invention the sol y&it for step (g)

i s tol uene. Steps (g) and (g1 <are both conducted

in the sane sol vent, which sol @ sel ected frona'a

sui tabl e sol vent as descri bed akl This all ows the

process to be conducted as a copti nyous process

wi t hout isol ation andFHg puri FHNcati dfi of the

i nternmedi ate conpounqjof the FQrrmula VIII. This

significantly reduces” the Ny 8 cost of

manuf acturing the conpg Formula VI on a

| ar ger scal e. AddRﬂng se of a single

sol vent may all ow for~sol vent cycling, which

i ncreases the efficiency ofy;f he process and provides

envi ronnental benefits. The use of toluene or anisole
wherain R 'Hie an ecidflabile (solevidng giosp;advant ageous because t hese

solvents mnin.se th ormation of by-products that
fromn%ﬁc’lﬂ]émﬂlgrqf\r}l]é‘{j%wmg‘? ﬁ@f’ i sation of the conpound of the
Formula VI, as discusgged above.;The choi ce of sol vent
al so allows for the easy3and conyenient isolation of
t he conpound of the Fo¥ a\ .~+~Qr. exanpl e, when the
reaction mxture i s cool € anbi JRk tenperature, the
conmpound of the Forgwl a pj callly fornms a solid,
whi ch solid may théh B@ colfect by any conventi ona
nmet hod. The node of addition of the reagents in
step (g) (i.e. as describedln steps (g-1), (g2) and
ik G [ because it mnimses the
Whm%g?ﬁ%%?%%qgggﬁg%%%%gggts/inpurities in that step
(2) TyrpZ@t'm!glﬂye ccanyol ftB]ldG:l‘f (tjlkr;k/)Fcnfrmtthd CTsyitp Wiia?leaﬁﬂ(ﬁi‘rﬁﬁng agednt in the
redom na or . i perjsation of the conpoun
: Pf“’seﬁ?e ? S%Ffﬁﬁéae Vif{?f s ﬁl?épﬁ'gn% Kéeregh therpashop s carred out by:
bY(gplf)Odédth d FRUeldf e ERAUVuRS of 1 PolhBla P bR fre base in the
nd o g) to

conpou _the Foimula VIl produced In step
ttoi ansitene of e chlerinating pgoit at thesokveal/ada temperature in the

Lfi ' R ' th t f .
PRSP YT Bl b TR 0% Sl et of o
COhin@fds; &t Oi chi ometry of the reagents in step (h) of

the process and, therefore, a nore efficient reaction
i (gt ataddingghe Fhlpgnatingagent tpaowixtes obthkicgmpyimal of thenBormula

hi It f the co nd. of the Fornmula VI.in _ste

( Ih : B e lya[s% mottri%% g lgﬁlgga? lé'iggxe{l{]tgn}pﬁ(%me O8f 2 %etné);gé)f @Bﬂlﬁ 15
andin(ty and ehepAlehtiomd wedcBen ittt HRPE pdsod Heabsal Y EMAnutes to
I n anot her asgect of the invention, steps (g) and (h)

arfd HHERHS Fageiof fom $Q1a0BE i stissiathateaction potture at
a ovention, steps (g) and (h) are
cgﬁ%&%?ggaﬁﬁggng%?&gﬁybﬁfgture of toluene and ani sol e.
A (g4) L aldimgahé dﬂ:mmug:ggxgageﬁh ﬂlﬁi[aﬁu@ &€the Qoﬁlb@lﬂ’;(x &thé Bormula
p phorus oxychl oride. Typically, in step , a
mi\?@ﬁn‘g% g ’fﬂe RPlEFathe ?(fag’eaﬁérﬁtm ithe r@@&mof%xatép\t@ 135°C,
t RN GOHRA fggb I r le, a nolar
egzggss [ n%etgrggnggvgl?il?gﬂggo\fa%oﬁtgg?% laeg’gnveni ently
to forima edepovmdgd thef Férmoa VIIT: to 1.8, may be used. A
sui tabl e base for use in step (g) is a base selected
fromtriethylam ne and N, N-diisopropyl et hylam ne. In
particular, the base is N, Ndiisopropylethylamne. The
use of N, N-diisopropylethylamne as the base in step
(g) is advantageous because it mnimses the formation
of by-products that nmay be derived by dinerisation of
t he compound of the Forrmula VII, as discussed above
(for exanple as conpared to the use of triethylam ne

h




the base in step (g)). Adding a source of chloride to
the reaction m xture (such as, for exanple,
wo ea7@84vy3 am ne hydrochl ori de) may al so reducert¢tyeB2006/003587
formati on of such by-products. In step (g-1), the
reaction is carried out at a tenperature in the range
of from®60 to 110C, conveniently 60 to 80C,
conveniently in the range of from65 to 80C, nore
conveniently in the ra of froth 70 to 75C. In
step (g-2), the additi of reagrnts is carried out at
anbi ent tenperature. B ’ gbi ent t enper at ure”
we mean a tenperature in angﬁ‘lof from10 to 30C,
especial ly a tenpermpture-tn tF ge of from15 to
25C, nore especially ac%enperatume of about 20C. The
reaction mxture is thengglgat d to a tenperature in
the range of from70 to . conveniently in the range
) Ofreid’c!ﬁ@tﬂ&cdrﬁpc&ﬁ@of mrlen@amvem ®ith Hyorgﬂﬁotjﬂﬂumraﬁkgﬁn@fn situ in
the reaction I s
the p@a@}cﬁ @éﬂwplvgflt yseg élhﬁfél? éa) de 53 hfﬁéﬂ?@?f@@ t of thsyrogpound of
theFBx‘?mili&%' conveniently 70 to 90C, conveniently in the
range of from75 to 85C, nore conveniently in the
r aamgevlrsfeaﬁenthe&@nmouﬁﬁﬁ the Formula Vétobpm(eg)m thenorm ef the

" bout" | use th ressi on of,. about .
hydrgelarRBgnl may bR B R d T Bbaes opiie i dr e 8t i AtFreive
salt, ARces@fy.about 1 hour™ to indi cate that the time

peri ods quoted shoul d not be construed as bei ng
abBl tgnne agi labile protesting grouy’ valers tmeroappwbwh arexgadily removed

unders%}:l%ﬁ Fprdi u:g%? gél%glfgllg lnée:%qq% gol? Rrﬁéec élgo%g itg{}%é to nﬁayge skilled

in the/at. )CoblYeﬁ{bn% profictih€ boapd aPye hkblﬁn %cd‘z’@iﬂcb &tiﬂﬁ!tin)daﬂy
1 0% fromthe val ues quoted in step

practiggi(for dépspababirenot- ErappPeirdtve GrPWSslp ébg@gy Sw‘he% John

th .
witef 865, 8900, " BufPIPBRALLAE slcies SR THo R ben AR Subifuted benzy!
(for dxampleaf; salkenglpengl amd.C, Thlkybineyl)y rerréfuigihk ledimthyidt i ng
a n n a .sal vent lected fro uene.and .ani sol.e
cthy G e Sy GO CHC 5 - R b ES KRB 4
anotHeH BRBEdiRfenf RELMefizy1BY Ccause these forms to vary. Such
factors may, for exanple, include the anpbunt of each
ofThdm0¢€éagﬁth§§em1d@épﬂcbOf the insshiiemis, advantagrans inctotd allows a

comrB358 oPlhe &P ils Puh BB BB R EL b YRR ¢ Bpf s

Typ1&eﬂl)y each of theieps@d €id 8t oftheReddhjl absect ame gﬁhseutmmuan
enperature in the range of from60 to 85C,

PTOCQ?éhU?eﬁP@ﬁl’cﬂh?n PO%taeldr ange of from 65 to 80C, nore

co 7

oD GRS B B, s Mg
dialkpr @besach 4hB2 chmpthyhethaf a hile sEthﬂhﬂIbdibéﬂzeﬂSsumh@d chlorobenezene

irectly in angther process (for exa n a process
or triflgprotol h%ﬁ@r é’é@ﬁ‘?fr st tuted enzéne such as x ene ethyl bengene or

toluefié. hbﬁdd’rfé%b%d{lﬂerﬁ PHR- Igylinthﬂ HRARIhPRF sRp 1B 8 %ﬁégl'é'oF fAlene.

'ne as d scusseq I n anot her aspect of
In anbﬂn\zemnbmmeﬁtutﬂ tbwmgnts:mebe ¢dlyerdfforn dhep (@) m:’rehsnet he

TEdasd g Hsceth Pendees o hasiPs SN RO Plrg ugn artocted

ﬁomfa%tthﬁé sd10@f tak aescniﬁB&a@fv@r This dlloRRehAFBESE t@be EdtRlucted as a
i nvention, the process for manufacturing a conpound of

contlnMSEmpqq:g?, withoutfisplativaranidfes pudBeationef thedptepinydigfe compound of
isol.a he CcO e . For \Y )
the FREGR Y ThE G BORBRD Gpflect 18 sER M Pot e mdila bt b
i sol ati ng the desired product that are described in
the literature and/or that are known to the skilled
person. Particul ar steps ishat woul d be of use woul d
provi de high quality and high purity product. The
reaction m xture may be cool ed to anbi ent tenperature,
at which tenperature the conpound of the Formula VI




Bot h the conpound of the Fornmula VII and the
4- brono-2-fluoroaniline starting material are
WQUHRIEI3al |y avail abl e or can be prepared usiRUI/GB2606/003587
conventional methods. For exanple the conpound of
Formula VII1, wherein RI is benzyl, nmay be prepared as
described in exarrpl e 2 below, preparation of starting
mat eri al s. Anot her key internedi ate that nmay be
comperryd phibe Fermpylapdroatd Ie*r‘gemcam?htlomgﬂy, the use of a single solvent

2-41 uoro hoxyqui ngzo
e R I e SRR LA Ly BB B R e
envRomrhentfd HehéfHa 6 The aswoifxianiy & adfbolf as\he &Eéﬁﬁﬁs%@re%@fsh
di scl ose a rogt e fot the preparation of

ﬁd‘fﬂgﬁ%ﬁﬂs%b?fﬁ}lifé §%15p1V§hts anipempoihe domtatiohef bmmlw@tsl that may be
den%hebf& e%s MiSc rﬁ;?o&ﬁ%ﬂﬁe%ﬁ&(ﬂaavﬁydr SR HSve. The

enzyloxy
ChOIbe uﬁmdvxmt klsn (a)leﬁs f(&ttlrma@sg andeatichiest Mbtefon of the comﬁound of the

trgf oaceti.c d to provide the conpound of t
Foripifa N Tt 3oF REampie, Wit g et ennted Wondussomrature, the

comgbeal ﬂﬁﬁéFamﬁlﬂthWt M@nﬂgéwda{v;h% Bid
6, 7-di substi tuted 4-anil i noqui nazoli neS clomagth%lbecouemdby

any gonsentional metheidscl osure in WO 98/ 10767 of
(7 e LR ot abdih 8RB FoleeitS i 3P ) M 128 gEveribed o e 2D, (e

i ne or o

2) ancdb(@t B3 1sh<ﬁraﬂ1t9§@ﬂs bBcdubeit Biihigdisadlthe ﬂ)%ﬂﬁ@rﬂ&ﬁbyf ?’[odﬁ&?/lmpuntles
aration of a conpound of the Fornmula
in ﬂ’é'a%tg% ﬁmlaarlb' p5F such &y ?dw@é}muaﬁe&%bm&d@mwm@wébmned by
th
im0 SN g BT 517

I sol ation
by-peoshits(ingsritifhémbles the m&nmsdlae sainpshials by Folbtla WO produced
t he, conpound of the Fornula' | X

ver
im st 8010 B < b Gl it Sl B andorpieicatpr.c Reficing the
formaMah BESY- ?rﬂﬁcﬁshﬁ ﬁ:‘?ﬁ@%%’ %ag%)l A1V, fs'ﬁ%ﬁw &St sk %u&netry of

for use to nmke ar er tfires o at conpoun
the reageptsim siep (hx Crféhfnmﬂcesy lanéheiha:rsfosds] @uhare reﬂﬁcmm\tedcvien in that step.

S5 YR GONSHTIO0 R GaLLN MLPCEAUESS, v,

step (I9ol ati on and/ or purification procedures required,
thgeby reducging costs and tinme of nmanufacture.

Pr B AEASPSEL of the TREsRtieR.rteps §2)end Kblarg bathionileeed hﬂéoluene as the
solvée "Rednotier %ﬁ%e\é%‘fttﬁe HR B F%Fsﬂ@ﬁc A gﬂ egfé% V%gxz%ucﬁ i anisole

i nproves environnental perfo
as the p(pjm:ntu i 9t anothes adpeanlf thecinoatrion, st enawd Gy BidWwsilscted in a

d al O enable effective crystallisation of the
SO]VS@E)HB)&’:}FPGO% “@oﬁnﬁ%’{lea IXin a crystalline formwith

g Oﬁl@gﬁaﬂ]& Eﬂbhﬁﬁlrﬁgt@%ﬁ%ﬁﬁéﬁﬁ 'st%ﬁ (?j(}g glél é}%ﬂﬁ foayﬂh&lfd @and

According to at
TYPIfﬂﬂé’s antten (aehmplsn exdeherfchlsinatioy hgle IS&ISIBd odabe thalic ddagound

of ERIMAS L. 2F @lexappiroe mokes sgpesain e mEof fRmmbgaaitnazo
convtiiagly i theraagebifieh Lhe oIy Be hefa. from a compound of

the Fornula VII:

A suitable base for use in step (g) is a base selected from triethylamine and
N,N-diisopropylethylamine. In particular, the base is N,N-diisopropylethylamine. The use
of N,N-diisopropylethylamine as the base in step (g) is advantagéous because it minimises
the formation of by-products that may be derived by dimerisation of the compound of the

Formula VII, as discussed above (for example as compared to the use of triethylamine as
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WO 2007/ 036713PCT/ GB2006/ 003587 VII whi ch process
conprises the steps of: (g)reacting the conpound of

wo tdwe/0beredrul a VI with a suitabl e chl ori nati ngpayeBRonsi03587
the presence of a suitable base and a suitable
solvent, wherein the reaction is carried out by:
(g-1) adding a m xture of the conpound of the Fornul a
VIl and the base in the solvent to a m xture of the

the basbli®stiep &8)). ngdéglgrmtsohmetolﬁ ehlefilly enthe adactod miqterez{tsun‘neasi for

xamplpe ol YRR PG AYEROHIBBAE) B3 RSh EREDES T orayiom ot siih gproducts.
: @ %@'r(gﬂ} L FDGHAIR Mt R ot H %H@@ra%emmqm%f%n%o to

a VIl and the base 1 n the solvent at anbi ent
110°¢ envpeeraenityed iwef0°€, pewvendnthf indbe tangd 61 fromuisele SR, mbren

heati ng . the re I 0 ' e over a period of about 90
conv‘?ﬂl‘?‘\'ﬁ]ltyég lgeoragg?gﬁ% gp{ﬂ’ég the range of from 70 to
9Q§ sRPQeY i the hﬂkﬂtlbllf' Bf Feladd i@'%aﬂie&tokif & adibiblidémperature. By the
r

nperature for about 1 hour; (g-3) adding the
term cmn@pmtﬁanpw@ efie niegn 8 tmmr@w@e ipfihe 1sage ehisoun@ tof0the
espectla(fﬁ%%]r i é/tiagurlgﬂg I}En acﬁ‘q:ro Fbg%f?o}ﬂ%% ?@%eglly a temperature of

abouiCIVICe ke RédcYiod &11&’@1‘&9{3 %m&e:natea tp enémpbrathresinabi rahe of from 70
to 90‘% nc%glsgnlenttgf 1I1 %gen;a%gg gfrrggl% n?% tg fSSté] emoFr% rcg}lj\lre%levnlﬂgflm the range of
from 80 to 85°C.

In step (g-3), the reaction is carried out at a temperature in the range of from 60 to
110°C, conveniently 70 to 90°C, conveniently in the range of from 75 to 85°C, more
conveniently in the range of from 80 to 85°C.

In step (g), the term “of about” is used in the expressions “of about 60 minutes”,
“of about 15 minutes™, “of about 90 minutes and “of about 1 hour” to indicate that the time
periods quoted should not be construed as being absolute values because, as will be
appreciated by those skilled in the art, the time periods may vary slightly. For example,
the time periods quoted may vary by £50 %, particularly by %15 %, particularly by £10%
from the values quoted in step (g).

As the skilled person would appreciate, in step (g), the mixture of the compound of
the Formula VII and the base in a suitable solvent will typically take the form of a
suspension. The mixture of the chlorinating agent in a solvent selected from toluene and
anisole will typically take the form of a solution. However, a number of factors may cause
these forms to vary. Such factors may, for example, include the amount of each of the
reagents added to the solvent, the particular base or chlorinating agent selected for use in
step (g) and/or the temperature selected for use in step (g).

The reaction of step (h) is carried out at a temperature in the range of from 60 to
85°C, conveniently in the range of from 65 to 80°C, more conveniently in the range of
from 70 to 75°C.

In one aspect of the invention, following step (h) of the process, the compound of

the Formula VI is used directly in another process (for example, in a process for
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?Hs VIl1; reacting the conmpound of the Formula

VIIl wth 4-brono-2-fluoroaniline in situ in the
WHhRWIEHIE of the solvent used in step (g) to frrmEB2006/003587

compound of the Formula VI; CHHAN 13 0 O VI; and

removing R1 fromthe conpound of the Fornmula VI in

situ in the presence of the solvent used in steps (9Q)

d of the F la I X
L s L B S s
e i AR b 1 SR8 o

of theBemala VDS isblattidread/or putifial, faraxemblechetark stormpe, hendling and/ot

[ into the formof an
furthgliox?z\é&}%}g[e i I pe&cgrle: Q]eqn;ragéeeggétg? g;{vehtion, the process for manufacturing a

compound of the Formula VI further includes the step (i) of isolating the compound of the
Formula V1. The step (i) may comprise any suitable steps or procedures for isolating the
desired product that are described in the literature and/or that are known to the skilled
person. Particular steps that would be of use would provide high quality and high purity
product. The reaction mixture may be cooled to ambient temperature, at which
temperature the compound of the Formula VI typically forms a solid, and the solid so
formed may be collected by any conventional method, for example by filtration.

Both the compound of the Formula VII and the 4-bromo-2-fluoroaniline starting
material are commercially available or can be prepared using conventional methods. For
example the compound of Formula VII, wherein R’ is benzyl, may be prepared as
described in example 2 below, preparation of starting materials.

Another key intermediate that may be used in the preparation of ZD6474 is
7-hydroxy-4-(4-bromo-2-fluoroanilino)-6-methoxyquinazoline, the compound of the

Formula IX;

Br
C[}H3 HN F
O
2
o
HO N

Example 2 of WO 01/32651 and Example 24 of WO 97/32856 each disclose a
route for the preparation of a hydrochloride salt of a compound of the Formula IX. The
route involves the reaction of a hydrochloride salt of 7-benzyloxy-4-(4-bromo-2-
fluoroanilino)-6-methoxyquinazoline with trifluoroacetic acid to provide the compound of
the Formula IX.
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The process of the third aspect of the invention is
advantageous in that it allows the conpound of the

wo B@ned7as | X to be made in high purity and hi ghcyGBREbcnoB587
a larger scale. Typically, each of the steps of the
process of the third aspect of the present invention
proceeds in at |east 95%vyield. Typically, the process

of the third aspect of the present invention produces
t Ae disongsed pbovst WG QSﬂ@?%dlaclm@smﬁoetp fprthe prepaugion ef d.

o7 AR B A PP, PRSP O By 7

of 7 -hi&ﬂb@ghél @qﬁrbnﬁsz-ﬁﬁbﬁ)@hﬁno%-@heﬁhdﬁwhumhi&ihe stieha pocess for its
2-dinethyl ether, a halo substituted benzene such as

prepaigHplr obenezene or trifluorotol uene or an al kyl
t

¢ SFE hle¥ i1 GRASERE AE e B chon o o Sipar IRRE A ¥clipound
of theFokmetlXf ¢ saisépidrg Yor ﬂ[lh );yrﬂ]nﬂlsﬁ:)f rélstivsly smhlk amounts of the

toluene. In anot er e (gent of the., nvent¥%ﬂ .
compagidy dIRVVEF: t%%% regyire Hipngndiog ppidiication of yjpiediate
comp@t.'lﬂdg WeindsHEsuls 96 §§§nstfée:tc9§ KR RFUGER bvRRi13/i 8 R ItmaU&Jhe!rﬁ)ou.nd of

rocess without isolation and/of purification of the

thememﬁam@dlate conpounds of the Fornulae VIII and \Y/

Thi s si cantl educes 6 ti and
hreSe G P Bipdting DS ritaTRERRG S8R soBhoupd of the
Fonm!llﬁ TReGitAe kR usd RemuRelatder quaiititigs 6f Sel sveiioundy PadféraMy, the
for solvent recycling, which increases the efficiency

" new syhthesieshonlbrad dnvplve gnstly aad SmerrpnyBwie Rraficaiondrpqegures.

i S
s S B DTSt 0
proceﬂu&éﬂf&qhﬁéﬁ, afierblyy edodug testd bmittimayf hemdectinee Pr éfy:rably, the new

dinerisation of the co nd of the Formula Vi .
synth SRS ST o TR OR o Sl GIRpBONS HPrapsbtiich
improf\/?§ erl; 'L%nﬁ@:ﬁﬁé rﬁﬁHU@ﬂi Bwﬂ@@ﬂh@bbﬂ&nﬁﬁtytfﬁﬁscﬁ%ﬁp%ﬂ%ry

e Fornu VI . For when the'reaction

The newsynthesis shonddhleal emableatﬂ&cane clwehﬁtsamrmfethe torapewndpy it
he F |
Py ST B A G BB s

yield As di scussed above the node of addition of the
reagents in step as described in step

( grepprdingtoz) thigd @SRE‘@t sl§ the péﬁseamfﬁla@%db@w b%eraﬁlgied aprocess for
e nfEHAST AR 3 AP0t A BRI

compbtueliefnthe Botrhyia 1Xr med by dlner|sation of the conpound
of the Forrmula VII1). This enables the internediate
conpound of the Formula VIII prod

be used in step (h) w thout is@lal\i on and/or
pn of
g)-/al | ows for the

egd in step (g) to
purification. Reducing the fo
correct stoichionet%%hof the rfeagents in step (h) of

byproducts/inpurities in step

the process and, th fore, HNnoreFefficient reaction

in that step. This s turn prpvides a high yield and
wpourg-of~fhe Fornmula VI in step

high purity of the CcoO ;
(h). I n one aspek thp%lnvention, steps (9g),
' s tol uene as the

(h) and (j) are aI%C¥

sol vent. The use o oluene as the solvent in step 0)
Wherein Rl is benzyl is adygnt ageous because t he
tol uene acts to capture the benzyl cation that is

from gebmpaiebofttle Fogmila&/IHepr ot ecti on reaction. This aids
in the reducing the benzylated inpurities that
potentially may be forned in step (j) of the process.
Tol uene al so provides a nore robust crystallisation of
compound I X and a crystalline formof conpound I X with
superior filtration characeberistics. I n anot her
aspect of the invention, steps (g), (h) and 0) are al
conducted in a single solvent such as anisole
chl orobenezene, trifluorotol uene, xylene or ethyl




In step (g-2), the addition of reagents is carried out
at anbi ent tenperature. By the term "anbient

WQ 28331 ur e" we nean a tenperature in the rangE/eB2006003587
from10 to 30C, especially a tenperature in the range
of from15 to 25C, nore especially a tenperature of
about 20C. The reaction mxture is then heated to a
tenperature in the ran% of from70 to 90C
conveniently in the ra EQ i 75 to 85C, nore
conveniently in the raoo 80 to 85C. In
step (g-3), the reactionYyf af ri gdiHout at a
tenperature in the range om 6P to 110C,
conveniently 70 to e
from75 to 85C, nore conveniently in the range of from
80 to 85C. In step (quIthe term"of about" is
used in the expressions "of about 60 m nutes”, "of

thhﬁﬁﬁ?*f@“ﬁﬁﬁ@i g'steps of: about 90 minutes and "of about

© e AP BlEE b ol DSl R ee aoentin e

presehemﬂmmaam bakd dndhesuiiableasivehic hbitid fae §&cﬁ8ﬁ 1! o%@hddrbut by:
the fhe tinme periods may vary sl
n'S | dddinge mpxhre i Hecesngued eﬁthﬁgynwwlﬁ;«ne waoase in the
p & V& | ues
0 %g%ﬂggwloﬁar rg%:t&r'é o%he%ﬁ&ln%ﬂ@ﬁ%%ﬂ By t&é ??ﬂréx{tglglrl é ¢ 4 the
apprgeciidien 60 m éi Q§’|(i:, capvenichdy 60 xd 86°C ®fer b pericdahdanoso
of the Formula VIl and the base in a suitable sol vent
W E?ﬁ?cally take the formof a suspension. The
mi( tht)lr Qd@ingthe abliRdtindabimndo Q%Héuré Ot e é&{n}{
ected fromtol uene and ani sol e typl ca Iy take
t W@nm}aﬁﬂéfan@ﬂmam inghe sww\aemnbmnmmpenanmé oVaateried of

o _yar Such factors
e Xa rrp %Slﬁ}ntﬁ%% Sdgd fﬂ?%%a%n %“\&tl%%gﬁx%? tVitea P%‘%\(ée‘ﬁ{ag’o“t 90
addiedies ¢ 4 fenedtiv@nih tRndndd & Mdh V0 eOGC BASEPNg the reaction
chlorinat| @%Ba gent selected for use in step (Q).

THEXPES & thettemperaiuen fr gpoytd hoawrared out at a

t r f

23 St OB LR o o
f r\Hi&ﬂESthleé:asﬂiﬁ thersuleent ehw teniperdtirg in thetrigper cifgen 6(0 td 19T,

70 ta 75 th t of th t
{ SPIERRGY R PGP AR-BORES EHBLAS FRBUAY of © ne

tofoﬁmm@uvﬂwmﬁmuwmthe conpound is used directly
in step (j) for manufacturing a conmpound of the

Formula I X. In other s, the Qonpound of the
Formula VI is not isolged as sugh but is used as a
solution or slurry in a’sg eNected froman aryl
al kyl WO 2007/ 036713PCT/{(3B20Q6/ 003587 et her, such as
ani sole, a diaIIcyHQ%i T 8 U , 2- di met hoxyet hane,
a hal o substituted benZene such 'as chl orobenezene or
trifluorotoluene or an al ky@}y. substituted benzene such
as xylene, ethyl benzene or toluene. In one enbodi nent
(h) ofeacting thewentpoond bhihe Fotrretn tVITowitls -@porhp-P-fhsreamila if situ in
or_toluen i ment of the_invention the
the peBlspL AR Soivelafey fn st it e compopig! tneKenpdind
of the Formula I X may be manufactured froma conpound
of the Fornmula VIl in a one-pot procedure. A
suitabl e nmethod of renmoving the acid | abile protecting
group in situ in step (j) is by reaction with an acid,
such as trifluoroacetic acid. Optionally, a second
acid (such as hydrogen chloride or hydrogen brom de)
may be used in addition to, or as a replacenent for,
the trifluoroacetic acid. Wen an acid is used to
renmove RI in step (j), then the conpound of the
Formula I X is obtained i2ithe formof a salt. The use
of trifluoroacetic acid in step 0) is advantageous
because it allows for easy isolation of the conpound
of the Formula I X, for exanple by crystallisation from




In one aspect of the invention, follow ng step 0) of
the process, the conpound of the Fornula I X is

WO e@aloat7esl and/ or purified. Any suitabl e stepsPOrGB2006/003587
procedures for isolating and/or purifying the desired
product that are described in the literature and/or
that are known to the skilled person may be used.
Particul ar steps that would be of use would provide
hi gh quality and high purity produgP! For exanple, the
conpound of the Formula | X may /pe sol ated from
trifluoroacetic acid by additi{ wat er and cool i ng
or nore preferably by addition aAnd aqueous al kal
net al base such as potassi um hydroxi de and water and
cooling, as dlscusseaHgbove HN Rccording to a
fourth aspect of the present ilnvention, there is
provi ded a process f% pact ure of
7- hydr oxy- 4- (4- br ono- 2- oani | i no) - 6- met hoxyqui nazo
l'ine, a conpoundgdf 1l\FAX: [ X VI which
process conprises the steps o (g)reacting the
compound of the Fornmul a IJ Wlth a suitable
chlorinating agent in the bresence of a suitable base

G) angnévisgRt abhehs ebypaindsdlieeFathuld Vi ahuienles presknee of the
ani sol e, wherein the reaction is c rried o H%aé

solverfigisad inatRrsig) andrhkiofiorm de CmPRBHB HW(?%‘P“\L‘J‘ Srilitpreot;
VI I d %gr %ﬂgr tH@é&n i 3k a b@oﬁafﬁ'e& tHHE £9im bBe free

I'n the solvent at atenperatureln
base ﬁlh;eber an@ertexi mftcr ) Balﬁﬁrmmnd 198G ongorué of thetHoymeld IKptgamd in

over. a periqd of ab ut es;
the fopr OF & gplb ) iCHJ@V%@ameS%GE 58 o i ettt 2?’8 bilehiyp sat
1fna££haF°r”“|a VII and the base in the sol vent at anmbi ent
erature over a period of about 15 m nutes and then
h &t ipnepeshel the thindi aspeatiok therieveptien issadyantperpus in el pllaes the

COl’nngéJ %ﬁﬁe EPWL}I? ﬁ}g’?? hg}n%rge | h'}%ﬁ Bﬁn %%El}rg gug{ yl[elgg)?ﬂ 719rgtepscale.

TypidaBYRAERLEH stepk opBeprockssiithe thdd aspect of the present invention
proceeds in at least 95% yield. Typically, the process of the third aspect of the present

invention produces the compound of the Formula IX in at least 85% vield.

Steps (g), (h) and () are all conducted in the same solvent, which solvent is
selected from an aryl alkyl ether, such as anisole, a dialkyl ether such as 1,2-dimethyl
ether, a halo substituted benzene such as chlorobenezene or trifluorotoluene or an alkyl
substituted benzene such as xylene, cthyl benzene or toluene. In one embodiment of the
invention the solvent for step (), (h) and (j) is anisole or toluene. In another embodiment
of the invention the solvent for step (g), (h) and (j) is toluene. This allows the process to
be conducted as a continuous process without isolation and/or purification of the
intermediate compounds of the Formulae VIII and VI. This significantly reduces the time
and cost of manufacturing the compound of the Formula IX on a larger scale. The use ofa
single solvent may allow for solvent recycling, which increases the efficiency of the
procgss and provides environmental benefits. The usé of these solvents as the reaction
solvent is advantageous because these solvents minimise the formation of by-products that

may be derived by dimerisation of the compound of the Formula VII, as discussed above.
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(g-3) adding the chlorinating agent to a mxture of

the conpound of the Foonula VII and the base in the
WQHOVEHTIt a tenperature in the range of from@GOGEBMI6/003587

110C, conveniently 70 to 90C over a period of about 15

m nutes, to forma conpound of the Formula VIII:

VI1l; (h)reacting the conpound of the Fornula VIII

he ol B S5 50 ot BB e oun o
the FofmilA &/ IF Fofbhkanplt, wHdh the reaction mixture is cooled to ambient temperature,
the compound of the Formula VI typically forms a solid, which may then be collected by
any conventional method.

As discussed above, the mode of addition of the reagents in step (g) (i.e. as
described in steps (g-1), (g-2) and (g-3)) is advantageous because it minimises the
formation of by-products/impurities in that step (which by-products/impurities typically
are predominantly formed by dimerisation of the compound of the Formula VII). This
enables the intermediate compound of the Fornwla VIII produced in step (g) to be used in
step (h) without isolation and/or purification. Reducing the formation of by-
products/impurities in step (g) allows for the correct stoichiometry of the reagents in step
(h)} of the process and, therefore, a more efficient reaction in that step. This is tun
provides 2 high yield and high purity of the compound of the Formula VI in step (h).

In one aspect of the invention, steps (g), (h) and (j) are all conducted in toluene as
the solvent. The use of toluene as the solvent in step (3) wherein R'is benzyl is
advantageous because the toluene acts to capture the benzyl cation that is generated during
the deprotection reaction. This ajds in the reducing the benzylated impurities that
potentially may be formed in step (j) of the process. Toluene also provides a more robust
crystallisation of compound IX and a crystalline form of compound IX with superior
filtration characteristics.

In another aspect of the invention, steps (g), (h) and (j) are all conducted in a single
solvent such as anisole chlorobenezene, trifluorotoluene, xylene or ethyl benzene.

A suitable chlorinating agent for use in step (g) is phosphorus oxychloride.
Typically, in step (g), a molar excess of chlorinating agent is used relative to the compound
of the Formula VII. For example, a molar excess in the range of from 1.3 to 2.0,
conveniently in the range of from 1.7 to 1.8, may be used.

A suitable base for use in step (g) is a base selected from triethylamine,
tripropylamine and N,N-diisopropylethylamine. In particular, the base is triethylamine.
The use of triethylamine as the base in step (g) is advantageous as it enables a more robust
crystallisation of compound IX and a crystalline form of compound IX with superior

filtration characteristics.
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Vl; isolating the compound of the Fornmula VI; and
(k)removing RI fromthe conmpound of the Fornula Vito
WORHY#B3¢AE conpound of the Formula | X or a sal PCT/GBRE6 003587
and whereafter the conpound of the Fornula | X obtained
in the formof the free base may be converted into a
salt formand the conpound of the Formula | X obtai ned

in the formof a salt Xbe converted into the

bisgenie-Lhiks repdionds prroed g aélatt@PPFd?'iuVén%‘F Tange, eﬁﬁam 600
110° cbﬁ&eﬂ%ﬁﬁ?%@ttb %O%'cgnpgm S’&RP{% e AU %%5 ) f?S"C ore

roces aspect ‘0
convehimtlyirvmetrm ofsﬁrcmdvatd”afg’ébus inthat it allows a
conpound of e . Formula | X .to he

aestFRp éﬂ‘i § e afaprp st s Bapigt 00 o sinBjeg Emiaigi By the
term “Ghbid fordR ﬁg%&% ‘ceﬂmg%fh@urﬁ mesr%géedi‘tﬁ'on’{\@d) &h30°C

solvent Is se n aryl al kyl  ether, such
especmﬁy sdid:rﬁperatul:b ial the ydnge phomsidcih Qégc,lmQFedﬂSmiﬂm a f@melrafure of

substituted bepzene .s s chl orobenezene

avour 3l Sns trochierimiotie S R ReyRe B B S R SETE e o 70
to 909€S ceﬁweﬁ{&ﬂ & fhel rmb%ﬂﬁ‘(ﬂlﬁn 95 16 8°CE Rfdre bohveneneyOtE FBigt of

of the |nvent|on the solvent for step (g) and (h) is
ﬁDHl&%Kdﬁf@ or toluene. In another enbodi nent of the

nti o he l ve ' e

T R PR s ER barRp o B e B e bbb St HERC G0 1o
110°C @BATAMERHS 70rt0 ©03G, dtintdrietitlyiia theadahgnofilidath 95 to 85°C, more

purlflcatlon of _the internediate conpound of the

convqu@nﬁﬁp%ﬂmrpxpgeqﬁﬁ(gn@éq]ﬁ “Qantly reduces the tine and

5 SRR e R b R0 e Yo cxprassions “of sbout 60 minutes”,

“of aHoXt dhmandies giécvf aboal ¥) miFluigesunsd “of atmus1 hgud te Didiestd thifihe time

[ f t |
perioffpie eraiee b FHETURS PLTEPES SRS M BERYE A be
appreBiafe 'b@%os%‘%lﬁlfeﬁ"iﬂﬁ[ét@i iR pérfods T '\ké@ﬁ slightlfyo |Fldﬁ6:@1m1ﬂe

ani sole as the reaction solvent in st eps (9) 1 .
the tifng pmxbrquagedongv mbm%ﬂ%m@lﬂw@lﬂ%ﬁmwww btﬁé 0%
or.mat i on ucts that may be derived by
fmmgﬂ ﬁ%ﬁlesg}m dn?%/t%t)ﬁé conpound of the Fornmula Vil, as

d Im&s setled@bayen whtid pbricines, f stép(g)ﬂlhb nékinee of the vempemd of
easy and conveni ent _i

the Farml YT AR 0 haseron SeHbifvean el SRR PP O

0] f I
e

anisotehveill tipgicalby take thedfolny ofiayolotow.eHoweoveal a menbedf factors may cause
i scussed the no diti n of the r

0 e agen
these forms;tg ’yaj(yg;asblkc%%’%ctorggnqyegcgreﬁglga & ne 83{:,6 %OLT} agﬁ Q? the
reagefRGdl&r Sthe sdvad \anRRPHIIRVeFUSG Ll drindtifg BE&R Scltdid for use
formation of by-products/inpurities in that step

1nstep\6gb| ch by-products/i rrpurl ties typically are

d |
D TERELER dheb ORI Lo SR PR Bs® n OB R RR S0 o
90°ccaﬁm@;u&@h3o60 iohf?S"ED emﬂeale)qmy in 1he edige ed fiom 63 BBOCQ) mbee

be used i'n st ep h) wi t hout isolation and/or
convenigrithyiie s19 1eage FEEORI /9do /AECF or mat i on of

b%ﬁ rﬂ%Q ?gﬁe%{ bﬂﬁg Hvte{iﬁc?h 'f@loﬁ%]lﬁg tHePhaHEARYR Jr e & ound of the
correct ‘stoi chronme e°reagents in step
FormbheV pihGess®),ahel corhjjmmdfmuﬁd dareotdy @ sedf (j cioe mfmu@amtmg a
comppRrd o5 e orniladdmaunker SronhibersrRara: o B §ouT Vi) no

isolated as such but is used as a solution or slurry in a solvent selected from an aryl alkyl
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In one aspect of the invention, steps (g) and (h) are

bot h conducted in toluene as the solvent. In another
WOUIELISTH the invention, steps (g) and (h) arrEThERI06/003587

conducted in anisole as the solvent. A suitable

chl orinating agent for use in step (g) is phosphorus

oxychloride. Typically, in step (g), a nmolar excess of

chlorlnatlng 1%§WL@ S used eIat| e to the caonmpaund of

ether; fich g3 pysle, eTSHEh A pryethanecalalp subshpted
benzérfrféggm& & c}ﬁtgrgﬂéﬁlez&é & tﬁfél@%rg%‘?@ﬁ% A Q:ﬁ"éjkﬁ éd%sﬂ%?edﬁ%ﬁ%e Qfich as

xylelfeotﬂlyiéz&nzmesn' e!ph(eg# Insorm dodmdinseait of tfadnfemdmn the solvent for step

i« B AL, HE S5l SRRl R R SN b RS0
toluehd. | Pcpoty2 e Rn@duhd 6f B3 Frrhflla IKGRay 19 mhﬁufﬁ&ﬂﬁﬁtiﬁﬂ@@us

as it enables a nore robust crystallisation of
compegngpolithd Fpunalﬁdflélrca mmtmrmedﬁ@nn of con‘pound IX with
afacteni,stics n an :
oSSRl kbl BF AR AR et ARP frn sigpgp i
by reatSﬁ)nGﬂhtH\hd\hdikﬂ isscpappietdaydtrHcie @ﬁldxﬁﬂy,%eonma@d @Rch as
i S advantageous because it mninses the

hydrqa% Fralorigs obhydpeer atwided mayde usas mpddifianloeRy agy replacement
for, il b RALLQLA. %on GRIRa Wk.8ko fe%?ov’é%lg}f s%p ! , theffhe

di scussed above r exanpl e as conpare e us€e of
componn@dfihk &"m'melaziX it bbrtaimd én thle tetnepf 4 gl Th%dﬂe D@ trifluoroacetic
of ch oride.to the tlon m ture such as,
acid i 3Hood it g SRt ALIoM oY BoIGh Oty g of the

F orm'ilﬁq?@ CortdXBrobRY BBl QM1 3R e tﬁﬁﬁ%ﬁ&érc acid by dddiin&F

, the feaction Is carried out at a tenperature In

Waf-'EItEhﬂé cpah@c'rdiy #ddatinro® and agu@Cs alkeh veatdl dasd su @s pota8H@n

hydrogld g@dlenhyﬁrolxyde{, Eoedq;lg a%%ta S p(?t?sg}rﬁrrg %ce%ag _}%(a;f'e pn%rabllyn

conveni en

potassiugphydgodde fbllhﬁ)ve’tu@ vtvht@flalﬁlf cdoBAgeThS cilyStalte sbBdl s®@fbhmad may
anmbi ent tenperature. By the term "anbient tenperature”

be coltgctadb i any %Wﬁlé‘?%@@tmﬁ @héxmgbmmﬁmm 10 to 30C,
esﬂ%‘ib@étmﬁ ofsfe SHELolt Rt | %1 iQhnd LR 60 to
gARN sk R E

C, nore especi y a tenperat about
90°C; w&memﬂ}ntﬁ ktol§8CY motdwmmvhaamtadmttbe Eange n‘pﬁomt?(me TSPC.

e range of,. from 70 t 0C, con nt | in_the ran
£pE Abrs ot hé Sberiion, SoleaiTve SRR P S rdoeks s ommrmpude of
the F&hﬂﬂa 80 id i9018fG-and/or purifled LBy ilﬂtagl)eastépﬁ 8r pRREdureNfok §solat1ng
carried out at a tenperature in the range of from®6

and/of gurifyg the asivadi pspduoy tipbaneglegyibed dwthe ditdraturd ynd/or thart@re
knou;nqg 9% s%fllefi p%Fnoé z%yob 82% . PRLGuEPE ncepsnthetm llMd b o%use would

range rom
provide h1gh quality and high purity product. For example, the compound of the Formula

IX may be isolated from trifluoroacetic acid by addition of water and cooling or more
preferably by addition of and aqueous alkali metal base such as potassium hydroxide and
water and cooling, as discussed above.

According to a fourth aspect of the present invention, there is provided a process
for the manufacture of 7-hydroxy-4-(4-bromo-2-fluoroanilino)-6-methoxyquinazoline, a

compound of the Formula IX:




In step (g), the term"of about" is used in the
expressions "of about 60 m nutes", "of about 15
wonpdnesess, "of about 90 m nutes and "of aboutPAT/BEBA06/003587
to indicate that the tinme periods quoted should not be
construed as bei ng absol ute val ues because, as wll be
appreci ated by those skilled in the art, the tine
periods may vary slightly. For exaEF the tine
periods quoted may vary by 50 % p tlcularly +15 %

particularly by 10%fromthe §s quoted in step
(9). As the skilled pers D

| d appreciate, in
step (g), the m xture of the sesmbdund of the Foinula
VII and the base in a suitabl £ sohvent will typically
take the formof a @dspensib. The mixture of the

chl orinati ng agent 4n a _sol vgnt selected fromtol uene
and anisole will typrgd N the formof a

sol uti on. However, a actors may cause these

of
forms to vary. Su C §P§F for exanple, include
t he anount of eac f the reagents added to the
sol vent and the particul arpspase or chlorinating agent
selected for use in step (Q). The reaction of
from stappouinyl of thedaormubdVBut at a tenperature in the range

of from 60 to 90C, cog*gglently.60 to 90C,

conveniently in the r of frfn165 to 80C, nore

conveniently in the range am 70 to 75C.

In this aspect of the in Nol | owi ng the

manuf acture of the ponpo %A Formula VI in step
(h), the conpound , optionally,

purified in step (|) of the process. The isol ated
conpound of the Formnula VIVIiIs then used in step (k)
for manufacturin onpound of the Formula | X, either
which; pragegs srapyses th q‘%‘l’*ﬂsd\%n ng storage for an appropriate
(g) p%ab@l?g ﬂ’lte chn undTJ?ﬁhé F&llﬁllb o1 Rith ta@ﬁﬂ;zﬁﬂ@@lﬁ HARtRfe debf in the
For nul 1) wherein Rl is benzyl i1s
preserag \é atsmgaémjbasbené asuitibie st edectedfromdeenhaidcaniwie,

nmet hods .f ot renoyi t he benzyl group fromthe
Where&bﬁlﬁdfﬁ?do%fs (taﬂee%ﬂ%ﬁl aVl in step (k), for exanple
%a\ﬁﬁﬁﬂmé &f the 861BPond TIIEGHRML VIT dnldtibe base in the
The step (k) wherein Rl is benzyl may_conprise an

s selvensitea misfyse of thp chlodatinggeahin el venl at siemperipye in the
S ldnb@r t
aFBR oE B & 80 doPGchitr) o gk Db SeriafiSboichy
mnﬁmﬂe@emof use woul d prOV|de hi gh quality and high
urity For .exanple, in ste t he I
SK% ﬁ&i} ercét.‘«ﬂaveanmgr%%égoc% TR & ﬁéea cg’at?quag o4 e Formula
hy g %H@Bhs%ﬁn AR vend G, HAeNtREhL éf?t'u%@:? a ?@ﬁ@@@f atoBf 15

exanple In the presence of a suitable noderating
agannttp-s &Mdhemhe@mgctheme@mmieanZ oner 4 wadiod @f alftig Sl gwinotes to

dro enati.on vant ageoys .because it
R OYTERESE TG LE Pt rm s SOL T e Ao ehgiop e o
beng Y@ 5ﬂﬂ@fbpﬂﬁheph6ﬁ90and because it allows for the
eff|C|ent renoval of byproducts fromthe waste stream

A(4-3) t héding thetchbirinatipg heait &f a méskfong afghe eramppaing of Hisi Hosmula

erein R _is . a bhenz | t o

&;ﬂ ?rgdt t% %?% #‘l? O\A%nf%t a tﬁmggﬁaglre érb B%rég% o?lﬁ%m ot £ C,
t Ebﬁ\}eﬁfﬁlﬂﬁq@% 90T hekr aGRHDOBAMANt 1nseaend aci d (such
as hydrogen chl ori de or_ hydrogen bronlde) may be used

to forprp eomponpd af e FosmukesVRl:r epl acenent for, the

trifluoroacetic acid. When an acid is used to renove
t he benzyl group in step (k), then the conpound of the
Formula I X is obtained in the formof a salt. The use
of trifluoroacetic acid in step (k) is advantageous
because it allows for easyséisolation of the conpound
of the Formula I X, for exanple by crystallisation from
the trifluoroacetic acid by addition of water and
cooling or nore preferably by addition of an aqueous




In one aspect of the invention, followng step (k) of
the process, the conpound of the Fornula I X is
WQ 297/83688 and/ or purified. Any suitabl e steps RIT/GB2006/003587
procedures for isolating and/or purifying the desired
product that are described in the literature and/or
that are known to the skilled person may be used.
Particul ar steps that d be of_use woul d provide
hi gh quality and hi gh puyfsty pro ct. Anot her key
internedi ate that may bg q
ZD6474 is 7-0-
tert- butoxyearbonyl)qlperl yI t hoxy) - 444- br ono-
2- quoroanlllno) 6- Rretheo I ne, the conpound
of the Formula XX 0 X Exanp 2 of WD 01/ 32651
di scl oses a route for the pygparation of a conpound of
the Formula X. The route involves the reaction of
) 7. WG‘F@("}EB&OMDWWE!QFOW& Y3 ivithre promo-2-fluoroaniline in situ in
the P%S?E A ﬂ%gog% g’%‘% _(5) %)%0%1% %heucrgmcp%qntl) of h‘je F%rmula VI
nethylphenylsulfonyloxynethypplperidEwe in a
/'V, N-di rnet hyl f ormam de sol vent to ¢{rovide the
conmpound of the Formula X di scussed above, WO
98/ 10767 di scl oses a route for gr eparati on of 6, 7-
di substituted 4-anilinoqui nazol i onpounds. There is
no disclosure in WO Q8410767 Qfy F
741-tert - but oxycar bon 13p|per|m|ne 4-y| met hoxy) - 4- (4-b
rono- 2-fl uoroanilino)<€ R yqui nazoline or of a
process for its preparaf The routes
disclosed in the gtior & ascugénts for the
preparation of a congdund™of tNe Formula X are
satisfactory for the synthesis of relatively snal
anounts of the conpound. H)ever, there is a need for
@ a 1@&&@1§fh@'c@h1?8ﬁn@é(ﬂh9?ﬁﬁﬁuIQfVII g conpound of the
F la” X sui for use to rake | arger quantities
(x) ofremesingddnipon tht: copnmiled abihg, Forhelariéiwo Symi tesbmpstialiblthe
vo| costly and time-consum ng purification
an%@%%%gurééﬁh , the new synthesis should reduce the

n uinidavhepéaties ﬂieaiotr@auﬁmgf 1BE FBHAbIG 'Ix%ka%d% ﬂ?@ﬂﬂh%% the free

equi red, thereby reduci ng costs and
base W&ﬁ ¢ SeRVFriEd imip afsalt Hpmyancthe cmwwmmmm dbtained in

ents use
e S B 2P R Pl BT e s
such pmﬂuodmenheczdpphydrumlbﬁdé ot ﬁ-‘@ﬂeu@mryr ecovery. The new

thesis s uId 0 prOV|de the conpound of the
FACOR Pt sf?ﬂfghﬂsaﬁﬁtﬁ CAMYETiAN &5 afivaRiageaa dn that it allows a
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there is provided a process actu
7-tapst(g} andi) eveybotir bowytipdipieisahe seMerytJ Wwhich @m):ntéis §edected

from bag nqﬁ 3%19/1 8#116? Lvsgt i oél ﬁdr%}tgq e e(z:] léllllc aazsol 75, glemethyl ether, a halo

substituted benzene such as ch]orobenezene or trifluorotoluene or an alkyl substituted

benzene such as xylene, ethyl benzene or toluene. In one embodiment of the invention the
solvent for step (g) and (h) is anisole or toluene. In another embodiment of the invention
the solvent for step (g) and (h) is toluene. This allows the process to be conducted as a
contimuous process without isolation and/or purification of the intermediate compound of

the Formula VIII. This significantly reduces the time and cost of manufacturing the
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CHHN 13 0 VI1; which process conprises the steps of
converting the conpound of the Fornula VII to a
WO egedarmdl of the Fornmula I X2 CH3 HO | X by conBlibGBR6/&03587

process as di scussed above in relation to the third or

the fourth aspect of the invention; and (1)reacting

t he conpound of the Formula I X with a conmpound of the
compoicr)ltirg%lth% fl"olnn%?a IX on a larger scale. The use of a single solvent in steps (g) and
(h) may allow for solvent recycling, which increases the efficiency of the process and
provides environmental benefits. The use of toluene or anisole as the reaction solvent in
steps (g) and (h) is advantageous because these solvents minimise the formation of by-
products that may be derived by dimerisation of the compound of the Formula VII, as
discussed above. The choice of solvent also allows for the easy and convenient isolation of
the compound of the Formula VI. For example, when the reaction mixture is cooled to
ambient temperature, the compound of the Formula VI typically forms a solid, which solid
may then be collected by any conventional method.

As discussed above, the mode of addition of the reagents in step (g) (i.e. as
described in steps (g-1), (g-2) and (g-3)) is advantageous because it minimises the
formation of by-products/impurities in that step (which by-products/impurities typically
are predominantly formed by dimerisation of the compound of the Formula VII). This
enables the intermediate compound of the Formula VIII produced in step (g) to be used in
step (h) without isolation and/or purification. Reducing the formation of by-
products/impurities in step (g) allows for the correct stoichiometry of the reagents in step
(h) of the process and, therefore, a more efficient reaction in that step. This is turn
provides a high yield and purity of the compound of the Formula V1 in step (h).

In one aspect of the invention, steps (g) and (h) are both conducted in toluene as the
solvent. In another aspect of the invention, steps (g) and (h) are both conducted in anisole
as the solvent.

A suitable chlorinating agent for use in step (g) is phosphorus oxychloride.
Typically, in step (g), a molar excess of chlorinating agent is used relative to the compound
of the Formula VII. For example, a molar excess in the range of from 1.3 to 2.0,
conveniently in the range of from 1.7 to 1.8, may be used.

A suitable base for use in step (g) is a base selected from triethylamine and
N, N-diisopropylethylamine. In one embodiment, the base is triethylamine. The use of
triethylamine as the base in step (g) is advantageous as it enables a more robust
crystallisation of compound IX and a crystalline form of compound IX with superior
filtrafion characteristics. |

In another embodiment, the base is N, N-diisopropylethylamine. The use of

N,N-diisopropylethylamine as the base in step (g) is advantageous because it minimises the
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defined above in the presence of a suitable base to
(grovide a compound of the Formula X or a salt thereof;
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solvent for step (1) is toluene. In this aspect, step
(1) typically may be conducted at a tenperature in the




In one aspect, the process of the fifth aspect of the
i nvention may include the step (m onsolating the

WO ewipdimdl of the Fornula X The step (n) nmay REHEBRWE/003587
any suitable steps or procedures for isolating the
conmpound of the Forrmula X that are described in the
literature and/or that are known to the skilled
per son. For exanpl e, when the base used in
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productsiftprh plst wagde gfeamt. t he desired position at the hydroxy

s oF Bt Blable rmethod B ool e B8 SRR Ar QPP whiein R
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washed with the appropriate solvent and may then be
hydrogideefpllowed by water and cooling. The crystalline solid so formed may be
collected by any conventional method, for example by filtration.

* The reaction of step (k) wherein R' is benzyl may be carried out at any temperature
and in any solvent suitable for the particular method of removal of the benzyl group being

used. Examples of suitable solvents fore acid-based removal of the benzyl group include
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According to a sixth aspect of the present invention,

there is provided a process for the manufacture of
Wer2Q07931 - but oxycar bonyl ) pi per i di ne- 4- yI et haay6Bzde/n3ss

ronmo-2- fluoroanilino)-6-nethoxyqui nazoline, a

compound of the Formula Xt X from _

7- hydr oxy- 4- (4-brono-2-fl uoroanilino)-6-nethoxyqui nazo

[ | I X: I X (1 ti
ettariol, 125 TR Spilb oA 4 HAREHCRTer S0 R nashyl hsr, 2
halo bttt Behz@® sti6h h)&dodbSedd brithe &%ﬁ)ﬁ%‘é% ok aﬁtlyl substituted

4o The PE6F s

sui tabl e base to provide a conpoun
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cr'5 <P eot ot (i kone e o 40 pioe s e Rolmgound of
the Formauis IX ¢oisbladiang/ok E:}ﬁriﬁém’p&hbﬂﬁliﬁﬁlets&;s %Pwéla&r%% AP olating

washi.ng the conpound of the Formula X with water,
and/or apﬂmfhsﬁeﬁr@dm@w thap preclesatibed dmthetltigratuae mtdddrahat are
known to the skilled person may be used. Particular steps that would be of use would
provide high quality and high purity product.

Another key intermediate that may be used in the preparation of ZD6474 is 7-(1-

tert—butoxycarbonyl)piperidine—4—y1methoxy)-4—(4—bromo-2—ﬂuoroanilino)— 6-

methoxyquinazoline, the compound of the Formula X:

Br
CH, HN F
|
O \)N
/
>L O N
OYN
@]
X

Example 2 of WO 01/32651 discloses a route for the preparation of a compound of
the Formula X. The route involves the reaction of 7-hydroxy-4-(4-bromo-2-fluorcanilino)-
6-methoxyquinazoline with potassium carbonate and 1-(tert-butoxycarbonyl)-4-(4-
methylphenylsulfonyloxymethyl)piperidine in a N, N-dimethylformamide solvent to
provide the compound of the Formula X.

As discussed above, WO 98/10767 discloses a route for the preparation of 6,7-
disubstituted 4-anilinoquinazoline compounds. There is no disclosure in WO 98/10767 of
7-(1 -tif't-butoxycarbonyl Jpiperidine-4-ylmethoxy)-4-(4-bromo-2-fluorcaniling)-6-

methoxyquinazoline or of a process for its preparation.
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butyl acetate and acetonitrile at a tenperature in the
range of from25 to 55C, conveniently 45 to 55C, or

WO 207236733 di ng wat er and an al cohol sel ected fPOHGB2006/003587
met hanol , ethanol, isopropanol and n-propanol
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When the base used in step (1) is selected from sodi um
carbonat e and potassi um carbonate, suitable solvents
WO HOT0E13 f or exanpl e, N-methyl pyn-olidone,  PCT/GB2006/003587
Net hyl pyrrol i done and N, N-dirnethylformam de. In this
aspect, step (1) typically may be conducted at a
tenperature in the range of from 70 to 105C,
onveni ent I1¥S of from 80 to 100C, convenient I¥ of from

whicprpepsg gemprises the steppi convsging the empernd(ehthy Fegnmla VII to a
comPEMANIABEPYenieEaUse they are efficient at renoving
unreact ed conpound of the Forrmula I X, as well as
inmpurities that are routinely forne8rduring step (1)
of the process. Such inpurities—+nClude those forned
by reaction of the conpound of Formula Il at the
1-position nitrogen atomin theg nazoline ring
i nstead of at the desired posi i\ at the hydroxy
substituent. | rCH} eps (gN1) amd (m2), the
crystalline solid solforned mhy be collected by any
conventi onal nethod,Yfgrexanphe by filtration. The
coll ected crystalline § may,; i f necessary, then be
washed with the approp ,ogJent and may then be
dri ed. The coﬁﬁ%und of tNe Fornula Il used in
step (1) of the processesn§& the fifth and sixth
aspects of the invention be obtai ned by any
by coriduiirdt ApRcels a6 AERbD AL IRIDRA, to ik t‘f‘lﬂﬁ o AREGhrtPhspect of
.the invention, the conpound of the Fornula Il 'used rn
the infepfom;Endof the fifth or sixth aspect of the invention

is ' 1o the process of the.first
O SRERALE SRR AP LRSS B b bt
definéd ebedt inghd resense LA bilitaBRAREE toQfroti0e 2 icBMEREADF the h&hRila X
iﬁlﬁ%ov%'_ ded a process for the manufacture of ZD6474:
or a say Uy D474 from a conpound of the Formula X:

and whereafter the compound of the Formula X obtained in the form of the free

base in either solvated or non-solvated forms may be converted into a salt form and the
compound of the Formula X obtained in the form of a salt may be converted into the free
base or into the form of an alternative salt, if necessary.

The process of the fifth aspect of the invention is advantageous in that it allows the
compound of the Formula X to be made in high purity and high vield on a larger scale,
Typically the process of the fifth aspect of the present invention proceeds in greater than
80% yield. The process of the fifth aspect of the invention is also advantageous for at least
the reasons discussed above in relation to the third and fourth aspects of the invention,

Typically, the compound of the Formula IX is isolated and/or purified before step
(1} is conducted, for example using any suitable steps or procedures that are described in
the literature and/or that are known to the skilled person as discussed above.

In another embodiment of the inverition following the manufacture of the
compound of the Formula IX in step (j) wherein R' is benzyl {or substituted benzyl) and
when'hydrogenation is used as the method of deprotection of the benzyl group, the
compound is used directly in step (I) for manufacturing a compound of the Formula X. In

other words, the compound of the Formula IX is not isolated as such but is used as a
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0 X which process conprises the steps of: (n)
reacting the conpound of the Formula X with formc

WO 20i7gi3eand f or mal dehyde or a pol yner of for mal REFiGE2006/003587
conveniently in water at a tenperature in the range of
from70 to 95C, conveniently 70 to 90C to form a
formc acid salt of ZD6474 (o) adding an inert

solutcy S s 10 VR SoE e S Ao s. B prasamide
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bicarbegath pripssiuppiagwnpigi sedipny b miﬁygqj@ﬂsnm s danad, and
potassﬁl%m}odil&gdg.f the Formula XI: Xl

Step (1) may be conducted in any suitable solvent and at any suitable temperature.

When the base used in step (1) is selected from sodium carbonate and potassium
carbonate, suitable solvents include, for example, N-methylpyrrolidone, N-
ethylpyrrolidone, dimetylacetamide, dimethylsulphoxide, sulpholine, methylethyl ketone
and N, N-dimethylformamide. In this aspect, step (1) typically may be conducted at a
temperature in the range of from 60 to 120°C, conveniently 70 to 105°C, conveniently in
the range of from 80 to 100°C, conveniently in the range 70-90°C, conveniently in the
range of from 90 to 95°C. In a further embodiment in the range 75-85°C.

When the base used in step (1) is selected from sodium hydroxide and potassium
hydroxide, suitable solvents include, for example, an aryl alkyl ether, such as anisole, a
dialkyl ether such as 1,2-dimethoxyethane, a halo substituted benzene such as
chlorobenezene or trifluorotoluene or an alkyl substituted benzene such as xylene, ethyl
benzene or toluene or acetonitrile. In one embodiment of the invention the solvent for
step (1} is anisole or toluene. In another embodiment of the invention the solvent for step
(1) is toluene. In this aspect, step (1) typically may be conducted at a temperature in the
range of from 60 to 90°C, conveniently in the range of from 65 to 85°C, conveniently in
the range of from 70 to 80°C. In this aspect, step (1) may conveniently be conducted by
adding water, the base (such as sodium hydroxide or potassium hydroxide) and a suitable
phase transfer catalyst in toluene to the reaction mixture. Suitable phase transfer catalysts
include, for example, tetrabutylammonium bromide and Adogen® 464
(methyltrialkyl(Cs.10) ammonium chloride, CAS 63393-96-4).

In one aspect, the process of the fifth aspect of the invention may include the step
(m) of*isolating the compound of the Formula X. The step (m) may comprise any suitable
steps or procedures for isolating the compound of the Formula X that are described in the

literature and/or that are known to the skilled person.
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The process of the seventh aspect of the invention is
advantageous in that it allows the ZD6474 to be nade
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ZEYtediby sdobent Sledtéd 68 eBTyPE&R e, butyl acétﬁtescﬁﬁ RcétBiitrile at a
exanpl es of pol yners of fornaldehyde I ncl ude

p EFHEE YRS T8 &W@égeawgu 2P itoR 2 ke coyeBiently rﬁméﬁ@) 55°C.
FTRLEROE 1 R 2] BB BEbedfl U el R f v
unreagtedt framodung pdtlid Imﬂmia} ¥, taema hy ggp\fémttieaﬂltlaﬁrard%hﬁtﬁély lfdrmed
ani vent [ adge (0] e reacti on
dum%ﬁq%} G)?%fr Ei?F Pa%c%sh ggue‘g HpPEttics %l%lﬁdetth@%rf@ae@d brraeption fghe

compdul of fife FdtanSLillat 8L 1RSSR MM ARRGE Shazbli d e Bead
necessary to cool the reaction mxture ore 1?1
of at ﬂlmféﬁstred.)pg%h@rcatﬁe bdroxy subativiect. A sw t abl e base

ste u ot assi um
el Bt Ry S Ao DunaPe s oo
hydroﬁddlstepqm)ﬂﬁa}acdiﬁﬁﬁﬁeltﬁb SERDL @H&wﬁ@rﬁfﬁftﬂﬁsdﬁ:ﬁﬁ o ‘ﬂ{e"@o‘fnpound of
acid salt of 7ZD6474 to the free base of ZD6

the Fopmulg % ieogorptior gragumis to @mtqlhm fromdhie fotuese @pas(ea) yud eollecting
h utyronitrile,

the coﬁl 1%% &dtpé Egﬁlﬁlg%@f %(rg{: H)n??aﬁts %’r lr]."glg afs]?ecm qﬁigan%ageous

becauaqheommp@hﬂsﬁ‘ tih@FcﬁrhmlaaKgaayhtﬂh@b agectlyThb® thérda€e@isBiture in

high Y}%%@%&%%g@% g‘%ﬁgfggﬁga%g) %gé.ggh?éua{h?y %Etﬁgﬁrﬂ?g ztlée?ilt(lJ ¥urther
purify the product.

In steps (m), the compound of the Formula X so formed (for example which is
isolated as a crystalline solid) may be collected by any conventional method, for example
by filtration. The collected crystalline solid may, if necessary, then be washed with the

appropriate solvent and may then be dried.
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soluble in the inert organic solvent (whereas the
formc acid salt of ZD6474 is soluble in the aqueous

woO pieasay713 When the inert organi c sol vent used RCE/€BEI6/603587
(o) is nethanol, the free base of ZD6474 typically
crystallises directly fromthe reaction m xture. \Wen
the base is potassium hydroxide this is particularly
advant ageous_as t he fgﬁnate salt are _co

§ | etely
sOPEAABEtA ashdh Amertnidhe BEPREHVeRiRP: fiske 1 rESEh: prepess for
: i
R L S
fluoroatitina)ed-ardtlsixygsinagdlinesa canmpdued iof tedtompiuksXei t her t he
anhydrate form a nethanoate formor a n xed
nmet hanoat e hydrate). Thus, step (0) of the process is
advant ageous because it aids and sinplifiesgthe
i solation and purification of the ZD6
particularly when the process is cond
scal e. Step (0) is conducted at

of from40 to 65C, nore conygyi ent! yyj
from40 to 60C I n one fJaspec thhe process of the
seventh aspect of the invent® p el ude the step
(p) of isolating and/or purifyi [ Nee base of the
ZD6474. The step (p) J : itabl e steps
or proceégégg for irSol ati ng@nd/or puNrfying the free
base of Z é thag, are|described in the literature
and/or that a 10 the skilled person.
Al ternatively, flor exanple, when the inert organic
sol vent used in@tep (0) is selected from
tetrahydrofuran and butyronitrile, the step (p) may
conprise the steps of: separating and renoving the
from REPESKR 4RAASEmMb oI DEi B etRRIGENaARAE, U DdehduBd bYihe
acetate to the organi c phase; washing the organic
FormyhBSe with water and separating and renoving the
aqueous phase fromthe organic phag?; (p-4) adding
t etrahydrofuran and n-butyl acet to the organic
phase; (p-5) distilling the ani ¢ phase so as to
substantially renove the watd '
and to provide a suspensi on oN=ZAY474 in predoni nately
n- butyl acetate; al émﬁng c [ sation of the
ZD6474 to conpl ete;ydnd colT'gcti ng the ZD6474.
The steps (p4), (p- 3) are advant ageous
because they readily ™3 SiMNrenove formc acid
salts and residual fon) hydel or pol yrmer of
f ormal dehyde fromyjdy ' oduct dissolved in the
or gani c phase.

{)! reacting the compound of the Formula IX with a compound of the Formula Il as
defined above in the presence of a suitable base to provide a compound of the Formula X
or a salt thereof; and
(m} isolating the compound of the Formula X by:
, (m-1) adding water and allowing crystallisation of the compound of the Formula
X to occur, collecting the compound of the Formula X and washing the compound

of the Forimula X with water, followed by a solvent selected from ethy! acetate,
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In one aspect, the steps (p-1), (p-2), (p-3) and (p-4)
are each conducted at a tenperature in the range of
WQ 9HPB013 0 65C, conveniently in the range of da0aBRD6/003557

to 65C, nore conveniently of about 60C.

Typically, steps (p-1), (p-2) and (p-3) may each be

repeated twi ce before step (p-4) is conducted.

St.e p-5) sybstantially renmoves any water and

te ‘&Q%ﬁﬁ?&f%ﬂéﬁﬁ?ﬂ%le%a ranseatareiin therrangsy ofdfrine 26 baSEC,

t hahvilasni oSBPRargt ed fromthe aqueous phase in

steps (p-1) and (p-3). The distillation is conducted

sdmag) taddingovateans anallachol sebabaddiinh nthanbR tRas! Rbp®panol
. I.n_other words, the

bout 90% - but vyl . t at
C o T s s S oD par O ey Lsionidd e

a BAlpethdHf BE FERRMIA%K idbcus eb&hh %%ﬂﬁ%hﬁef alfhP %n?wg X

cont ai ns, about 90% w w n- butyl ac%t ate. pically,

di288 Waskipg ohe Gosnponind of thedPonmtilal X avithi axtristuralof water and the

t i ange..of from90 to 110C,

Ralipiagtct 3 Bogh Pk B0 bl P oBera Gnd arrensnpy, follpwed by a

t Belveatngiectet ffon BhyDebelald Gutyl heetalh Shd hddddiRfle At 154:8Brature in

( E}é‘g’)é{il S %nvenl ent JHX conduct ed at at nospheri c

p gee"f? P led cedo: seaeigndly@dtto #51& conveni ent |y at

arki voli dance .of .dou i

(R R eRRESBYCobpaund of PEedls RUMIBIER R iR nafee
base ip [¢h@DOWAtedt ar noo splveted fortnts (81 satens of ftbertd®om NMP, Ethyl

Aceraf 0 Bimind el Bt b eureaisd e amal ferm b spmpeind o the
FormlB&distainBd il¥e F8AE b PEIIThX %%ﬁ@ﬁe&fﬂ&%\? Il elo 965k o yill‘ltﬁ dhe

An alternative step (p) of ol ati ng and/ or purl
form ¢lpm ltemative st sfneZeBama, when the inert or gani c

S t s ' te o). s _tet.rahydrofuran, my .
2 o iteaitdng o B Bb ey g AR Rl b Gt s tho
comp@REATAhsBorutul DI th e thiele O BRRiphrin) WBhi g
Typi Sli,ﬂ?p (p4i) so as to all gw gl?)l}slfgl li satlfgg%éof t?ﬁ%t“%e%é%faﬁ
ypicglly, saci . the pigps of the pracess of thq sixthiaspect hEthz pesdut invention
dA3 i® 3 0 i sol ation steps, the crystalline
procesol [ g&g%&fhgﬁl@ééggyfbe col |l ected by any conventi onal
néhtprocessrostentor thetwffidienttrembdiad of afhenreiddeedngsbund of the
talline lid may, if necessary, then be purified
Formily PRSIt Ay mHBH ashai Arerputinely formed duriag Sicp ) of the
processS Shéll inf@hir{tiee it o BaMG by HRO&S e
it _pr o%es_ZDGAf_M icr)1 a high }Jyli%g(? Yl(%?or e%pﬁ)ﬁlpgg?&%
Formulq, Hiag et lypositieyy witiogen athrarin 094uinaebbinc amglinatead ghatbe désjred

itidd ree%m% ically in greater than 99% purity). In
pos“adagit}tll on, ?ﬁsé}%%%ﬁ( p) provides a form bf ZD6474 that
| & sedsile Yadei fbt evedhls@p ) iSsdl@@Eford €8difm carbonateNsodium

hvd aaot her aspect of the present invention, the ZD6474
yaroy ‘éé’QFaéﬂu%’g&éFHil%aﬁdcpqt%um erandteof t he seventh

?Saﬂré? ‘Iglg F%glﬁe:?:?flglg}f%' aay sl SGUSS 6 ataa?lgf\élelitz{ﬁ Y tegaepera‘rure.

When the base used in step (1) is selected from sodium carbonate and potassium

carbonate, suitable solvents include, for example, N-methylpyrrolidone, N-
ethylpyrrolidone and N,N-dimethylformamide. In this aspect, step (1) typically may be
condueted at a temperature in the range of from 70 to 105°C, conveniently of from 80 to

100°C, conveniently of from 90 to 95°C.
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The further purification of ZD6474 may conpri se any
sui tabl e steps or procedures for isolating and/or

wO puwzioberthg ZD6474 that are described in the | PCEGRRMGHISST
and/ or that are known to the skilled person.
Alternatively, the further purification of the ZD6474
may conprise the steps of heating a suspension of the

ZD6474 as prepared in the process of the seyenth .
a?b"e%tFP%(Fn‘E}w%“dp&‘é@}eFﬁc ARIHEEPBTOSAUSE (e pigredigient at removing

unreadt&d f(lﬁl%(gl%’lﬁ oY BRI For@laSi, 30 el Uk ¥hp ARk 34 afé)roﬁﬁﬁélg f(%rﬁleed

(o30]0) e resultlng anturetoaterrperature |
during sey@) afithé prowes0 Such BEEtes nadwleshodeyforhedinoreactEMRL the

comp R RE A PPN LR OB ABaRid At £ B smiyolinesipagsioad
of at 1ROWRIrBE fodlidit 6 LAREx AbEAKAY Of ur an and buty

acetate and the resulting m xture heated to a

t bngsensdmabeandr(m-Rk thesorpdalbfe giid s fouroed mey he eollasted by any

90 to 110 canveni ent in range .of from 100.to0
converjfosel mpihpg, fof BRAREe B9 itartoR, reRBEu R e Mg 3P e, if
necessafif) gentle Washed Hhtite apbodpriaboddladik and hyy 2entte died.

(conveniently in the range of fromQO to 10C, npre

c o enmRand pt gie Bpsewle Based in steprbral ity preptsoer afehe figh and
st TR AR DiqraY he ekt B! Bl iy gl mtod
In onecaspact of thematentie,thel corhprundod tipd Borbanld 11 ukedadni soap, (Deofdhe fifth

. optionally.washed. with ethyl acetate. This.is
or sixtGReat GHED IS BUOn TR Ao bSO eE of Fefirekasmesiet
the inVeaMBh, 2111308488 28dvel he end of the distillation to bel ow

1% t hus ensuring that the anhydrrous form of ZD6474 is

phochudiag to a sevenil] aspedi af theghyentioor thescasrproaidodiagnotesefor the

i nert i,c solvent used in step (0) is
manué?é}fnrea?ﬁ&%@ Fan, the step (p) may conprise the steps

of (p-1) separating and renoving the aggeous phase
fromthe organic phase; (p-2) filtering the organic

phase; (p-3) charging n-butyl acetg N t he organic
phase; (p-4) washing the organic p

with water and
separating and renovi ng the aqueous /pttase fromthe
organi ¢ phase; (p-5) ad¢iig tetrgRydrofgran and
n-butyl acetate to the orlgahi c phasge; (p-6)
distilling the organic pha 3 Q,substantially
renove the water and the tef fan and to

provi de a suspensiQn ZDB- 8 pr&ldorri nately
n-butyl acetatef coblindg andCTharbi ng additi onal

t et rahydr of ur any and! al l owi ng crystallisation of the
ZD6474 to cplnBFet »~and col |l ecting the Z06474.
3

2D6474

from a compound of the Formula X:
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The step (p-7) is advantageous because it inproves the
gquality of the product obtained by solubilising the

WO 248303471%s in the nother liquors. This all owsedeB2006/003587
tel escopi ng of the production of the Crude APl (Active
Phar maceutical Ingredient) with the isolation of the
purified APl in a single step. According to an
ei ghth aspect of the present invention, there is
provi ded a process for the manufacture of 258474 from
a conmpound of the Formula VII: VII whi pr ocess
conprises the steps of: (g)reacting t
the Formula VI1 with a suitable chlori LAg agent in
the presence of a suitable base and a ®nt sel ected
from chl or obenezene, triflu UgoluenHﬁfxyleﬁe et hyl
benzene, toluene & anisole re specifiically anisole
and tol uene, wherein the reac > c~ Nied out by:
(g-1) adding a mxture of the ¢ of the Formul a
VIl and t ase i A 3 gr’ture of the
chl orinati agent lin the sofvent at tenperature in
the range”of t o’ 90C, conveniently 60 to 80C
over a period of{labout 60 m nutes; or (g-2) adding
the chlorinatingyagent to a mxture of the conpound of
the Formula VIl and the base in the solvent at anbient
tenperature over a period gf about 15 minutes and then

b heatlng the reaction m xture over a period of about 90
which praegss Somprises thesiensafur e i n the range of from?70 to

9
0 Sy g gl ) e i
polymgh Dﬁfﬁrmldchsgieag@n@mgtlgammn?ta taﬁpérhelr@mm@ e of HHRETO to
o~ EOrmul a Vvl ase. int ent at a
o5°C, CBIIGRIYR 1 RO PeRgaobRosiPBeY Ebot e
() ¢ @dﬂéﬁgl e et or Zhid &19&%&&&&& ﬁoﬁ%ﬂr&gd&fﬁu%lq %Ht;p%_ﬁim]e and

m nutes, to forma conpound of ormul @ V
methanol and a suitable base so as to form the free base of ZD6474;

whereafter the ZD6474 obtained in the form of the free base may be converted into
a pbarmaceutically acceptable salt, if necessary.

In step (n) of the process of the seventh aspect of the invention, the reaction
proceeds via a transient intermediate, which intermediate is 4-(4-bromo-2-fluoroanilino)-6-

methoxy-7-(piperidin-4-ylmethoxy)quinazoline, a compound of the Formula XI:

Br
?Ha HN F
O
2
~
O N
HN
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VIT1I; (h)reacting the compound of the Formula VIII
With 4-brono-2-fluoroaniline in situ in the presence
WO 2f0700hg130l vent used in step (g) to forma coPgBGBE06M03587
the Formula VI: VI; (3)renoving RL fromthe conpound
of the Formula VI in situ in the presence of the

sol vent used in steps (g) and (h) to formthe conpound
of the Formula I X [|X;
The process of the seventh aspect of the invention is advantageous in that it allows

the ZD6474 to be made in high purity and high yield on a larger scale. Typically, each of
the steps of the process of the seventh aspect of the present invention proceeds in greater
than 90% yield.

The compound of the Formula X used in step (n) of the process of the seventh
aspect of the invention may be obtained by any literature or conventional method (for
example, as described in WO 01/32651 discussed previously). Alternatively, in one aspect
of the invention, the compound of the Formula X used in step (n) of the seventh aspect of
the invention is prepared according to the process of the fifth or the sixth aspect of the
invention, as discussed above.

Step (n) is conducted at a temperature in the range of from 70 to 95°C,
conveniently 70 to 90°C, conveniently in the range of from 75 to 85°C, more conveniently
at about 80°C. |

Preferably, step (n) is conducted under an inert atmosphere, for example under a
nitrogen atmosphere. This is advantageous because the process of step (n) may produce
hydrogen gas and carbon monoxide as a by-product, which hydrogen gas must be removed
from the reaction vessel in a safe and effective manner.

In step (n), the formic acid salt of ZD6474 is produced. This salt is converted to
the free base of ZD6474 in step (o) of the process.

In step (1) examples of polymers of formaldehyde include paraformaldehyde and
s-trioxane (1,3,5 trioxane).

A suitable inert organic solvent for use in step (0) is selected from tetrahydrofuran,
butyronitrile and methanol (particularly tetrahydrofuran or methanol). The inert organic
solvent is added to the reaction mixture after the completion of the reaction in step (n). As
the skilled person would appreciate, it may be necessary to cool the reaction mixture
before the inert organic solvent is added.

A snitable base for use in step (o) is sodium hydroxide or potassium hydroxide
(particularly potassium hydroxide). The addition of a base in step (0) converts the formic
acid salt of ZD6474 to the free base of ZD6474.

* When the inert organic solvent used in step (o) is selected from tetrahydrofuran and
butyronirile, the ZD6474 product is effectively transferred from the aqueous phase to the

organic phase. This is because, once made, the free base of ZD6474 is preferentially
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reacting the conmpound of the Formula I X with a
corrgound of the Fornmula Il as defined above in the
WOHBERHEB of a suitable base to provide a conPREUWEBIN6/03587
the Formula X; ON O X; (n). reacting the conmpound of
the Formula X with form c acid and fornal dehyde or a
pol ynmer of formal dehyde conveniently in water at a
enperature in the range of from 70 to 90C to formthe.
s G e Qreatp ﬁﬁa?nt%ga%% the fRrmit agid seftiPhgDaty 4 ineplpble in
the 23S pRasE | Wheh tRSh&E bRAn sOReh&lsba Y 4EOTd) Y
ea%fjtyr%nist)r)i | e and net hanolcSandﬁtgassup%/aglfgdj%%gth%‘ﬂh%le free
base pHZPOo4 T4 typizally exystaliises direcIDdbid theanattiopmiizhme.| Whef the base is

furth i,f.yi ZD6474 i n .a m xture .of
potastii} AN HF i Pt o B L6 0t sl g pepmplgeely
solubl@itthé ltiahYBdaddnt ARl SV EhBSinke tHE SothicakbRpb@id ZDe6474.
t abl et manuf act ur e. whereafter the ZD64}/)4

This glse aravide 3 erystalding pmpeynd wish geestiilation aharadieristion (it e be

el ' I able salt.far if

solael e Y ARG £k { pBGERE Tird & hins i ppatgrycrate)

Thus] dtep {o)vé el ppocdss isdvanthggaobiscause it Bids ahd siadplifes tHehlation
ZD,?47,4 t o, be %de i n hi ghaé‘guri ty and high yield on a

and pughgationsttheZDeg 4 Bradpgt, pateHarsy wher themaprsssis copducted on a

largePSQRESS of the seventh aspect of the present invention
proceeds in greater than 90% yi el d. Preferred
asye (@ inforidnetep kbz Engpediurche thei radgeho fdape 66 to 70 e

i nvent.i are as_.set qut ove in relatiqgn_to
conviighily:ip 4§ F0gs Biﬁa@ 4&33 éﬁ?@éaorﬁ oRyRRigntly dp thedapgsf from 40 to
goecthird, fourth, fifth, sixth and seventh aspects of the
present invention. In particular, preferred aspects of
t He ope esnest et proprss ef Histshvendipepeciai thevaveniisemasonclade the

s @RaF G DB B OO oo PS8 oy
comppBY emyt fuiadlatds odbrdchéurps £% tydlating\wadfok Ptirifying the free base of
ZD6474 that are described in the literature and/or that are known to the skilled person.
Alternatively, for example, when the inert organic solvent used in step (o) is selected from
tetrahydrofuran and butyronitrile, the step (p) may comprise the steps of:

(p-1) separating and removing the aqueous phase from the organic phase;

(p-2) charging n-butyl acetate to the organic phase;

(p-3) washing the organic phase with water and separating and removing the

aqueous phase from the organic phase;

(p-4) adding tetrahydrofuran and n-butyl acetate to the organic phase;

(p-5) distilling the organic phase so as to substantially remove the water and the

tetrahydrofuran and to provide a suspension of ZD6474 in predominately n-butyl

acetate;

(p-6) allowing crystallisation of the ZD6474 to complete; and

(p-7) collecting the ZD6474.

* The steps (p-1), (p-2) and (p-3) are advantageous because they readily and easily

remove formic acid salts and residual formaldehyde or polymer of formaldehyde from the

2D6474 product dissolved in the organic phase.
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Conveniently, steps (g), (h) and (j) of the process of
the eighth aspect of the present invention are all

WO 2eidecitd in tol uene as the sol vent and tri ebGl/GBA0HE03587
as the base. WD 2007/036713PCT/ GB2006/ 003587
Conveniently, a suitable nethod of renoving the benzyl
group in situ in step 0) of the process of the eighth

" BP0 ssdat ot i Pl Qo7 bSRALEYD i P Sondee ol
temper higﬂge:l’aﬁ b oft £36m 3996 659 Gohvbnitn®h if e r8iled TG 85 &565°C,

h aspect of tRe present invention is
moremﬂamsnﬂmof:émwﬁ&‘l(é and the suitable sol vent is

N-_net hyl p th ht h
B T e R
is confih@egtep (m of isolating the conpound of the Formul a
X before steps ﬁn) and (o) are conduct ed,

c&twémSé Aebsjantial i remneyss @y watey a.@jéte@'@hﬁdfh'@ﬁl&gl that is present in the
organ{% ntlﬁgtf i %eg §e§)f'1}ape Sm ﬂ?e ug@tﬂv %} é? IZ ?'ﬂc{ ﬁ)bi) The

useln eelg

distlllﬂicﬁﬁle ﬂbndmtedmblaﬁ Bo pﬁvﬁﬁtmmeﬂmdmyph’sﬂmdﬁat contains about 90%

Conveniently, a suitable solvent for use in ste
wiw nputylpselateg Hintpthes seeds, die @ﬁl@oa e e 74 H%/@ﬁfl%wap@y A8y

acetatg‘?st DaRton DR RGEISoREnd (!Bﬁlé)%bl%@ﬁ lala@\%&ﬁ%ﬁls gk?oﬁt B882% w/w n-

esent 1 nvention may Inclu e step (p)
butyl acsmitat Tygcah ther digiltatiby isgntthaed wed abasternef teniperature in the

runge LB B 0% o BB a 8, SR B8 RS anee
of ﬁoﬁefo@Ln@fote FrHb Vi gtBRaSn B sté(@-9)9¢ baweenthpEordusied | af@imospheric
Exanpl es and Data in which, unless otherw se stated:

pressyre Yorgodrod atdsenrs bubmgrmlwrg@mbmt apianpprgpspre).

CHPPRE bR PSHET0h VAR BB AT 5l o
ZD64d4 Yo fgnplern ﬁﬁs ﬁ’Marfsl thitrthé t@ﬁtalhsatlon process has completed at the
conditions used, it does not mean that 100% of the ZD6474 in the reaction mixture has
crystallised.

An alternative step (p) of isolating and/or purifying the free base of ZD6474, when
the inert organic solvent used in step (o) is tetrahydrofuran, may comprise the steps of:

(p-8) adding water to the ZD6474 solution in the organic phase obtained after
step (p~1) so as to allow crystallisation of the ZD6474 to occur; and

(p-9) collecting the ZD6474.

In each of the above isolation steps, the crystalline solid so formed may be
collected by any conventional method, for example by filtration. The collected crystalline
solid may, if necessary, then be purified further, and may then be dried.

The step (p) of isolating the ZD6474 product is advantageous because it provides
ZD6474 in a high yield (for example typically in greater than 90% yield) and a high purity
(for example typically in greater than 99% purity). In addition, the step (p) provides a
form bf ZD6474 that is easily filterable on a larger scale.

In another aspect of the present invention, the ZD6474 prepared according to the

process of the seventh aspect of the invention as discussed above may be further purified.
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(ii) yields are given for illustration only and are

not necessarily the maxi nrum att ai nabl e; (iii)
WOTPH3130i nt s  are uncorrected and were det erRGMEBL006/003587
using a Mettler DSC820e; (iv) the structures of

t he end-products were confirmed by nucl ear (generally
proton) magnetic resonance (NMR) and nmass spectral

e A LT i Sl o
isolafitig Arcpbd lﬁirifjnﬁg Z‘H@ﬁ El?d\ﬁ'ﬁre%sérmeh I?teraﬁ.l'r@ gﬁé%r th&bare known

doubl et ; triplet; m nultiplet;
to they @}g}l@@erscqu |Aq1terg|qtim13e the mtthersmmﬁlcﬁsorr Qﬁth@ﬁDé4’Bt mla}a omprise

ted, 16
the SBE a%élg)e%hhglz u%pglg%r%:f P @ﬁ%{b%ﬁég E%S%tg%rg ﬁ% p?ocess ?f\')f}le seventh

aspedt of ﬁfelmébeﬁt BSeMPnEn AOLix GRS BirhMydkdtulaf, ﬁrﬁﬁ §x§r§ Bty BRMtate to
and puri ty was assessed by NWVR anal ysi s; Vi
reflugcopiing fhegcamliiasmprawe 1o htdmperaiuglin theapngrges: frash 501 65°C

con Y BROL B08 6 L b 28 B O i i -
Orgam@ﬁh@epﬁ'hp dltodte D @rknrtetdoydbsnddfvixi Bether tetrahydrofuran and butyl
acetate and the resulting mixture heated to a temperature in the range of 90 to 1 10°C,
conveniently 90 to 110°C {conveniently in a range of from 100 to 1 10°C) before being
cooled to a temperature in the range of from 40 to -10°C, conveniently 25 to 0°C
(conveniently in the range of from 0 to 10°C, more conveniently of about 5°C, in a further
embodiment at a temperature of about 25 °C) to provide a slurry of ZD6474. The ZD6474
may then be collected by any conventional method, for example by filtration, and
optionally washed with ethyl acetate. This is advantageous because the described process
reduces the level of water at the end of the distillation to below 1% thus ensuring that the
anhydrrous form of ZD6474 is produced.

Alternatively, for example, when the inert organic solvent used in step {(0) is
tetrahydrofuran, the step (p) may comprise the steps of:

(p-1)} separating and removing the aqueous phase from the organic phase;

(p-2) filtering the organic phase;

(p-3) charging n-butyl acetate to the organic phase;

(p-4) washing the organic phase with water and separating and removing the

aqueous phase from the organic phase;

(p-5) adding tetrahydrofuran and n-butyl acetate to the organic phase;

(p-6) distilling the organic phase so as to substantially remove the water and the

tetrahydrofuran and to provide a suspension of ZD6474 in predominately n-butyl

acetate;

(p-7) cooling and charging additional tetrahydrofuran; and

* (p-8) allowing crystallisation of the ZD6474 to complete; and
(p-9) collecting the ZD6474.
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TEDAt ri et hyl enedi am ne DI PEAN, N-di i sopr opyl et hyl am ne
TEAtrifluoroacetic acid NMPN-net hyl pyrrolidi none
wo BidFbBd i met hyl f or mam de DMWYV V, N- di net hyl aceperriGBe006/003587

v/ vvol unme/ vol unme rati o w wwei ght/wei ght ratio
w vwei ght/volunme ratio Exanple 1 Preparation of
1-(tert-butoxycarbonyl)-4-(4-nmethyl phenyl sul f onyl oxyne
t}ﬁ){l )- piperidine (the compound of the Formula I1)

e step (p-7) is advantageous becanse it improves the quality of the product

obtained by solubilising the impurities in the mother liquors. This allows the telescoping
of the production of the Crude API (Active Pharmaceutical Ingredient) with the isolation
of the purified API in a single step.

According to an eighth aspect of the present invention, there is provided a process
for the manufacture of ZD6474 from a compound of the Formula VII:

VII

which process comprises the steps of:
(g)  reacting the compound of the Fbrmula V1I with a suitable chlorinating agent in the
presence of a suitable base and a solvent selected from chlorobenezene, trifluorotoluene,
xylene, ethyl benzene, toluene & anisole more specifically anisole and toluene, wherein the
reaction is carried out by:
(g-1) adding a mixture of the compound of the Formula VII and the base in the
solvent 1o a mixture of the chiorinating agent in the solvent at a temperature in the
range of from 60 to 90°C, convehienﬂy 60 to 80°C over a period of about 60
minutes; or
(g-2) adding the chlorinating agent to a mixture of the compound of the Formula
VII and the base in the solvent at ambient temperature over a period of about 15
minutes and then heating the reaction mixture over a period of about 90 minutes to
a temperature in the range of from 70 to 90°C and stirring the reaction mixture at
that temperature for about 1 hour; or
(g-3) adding the chlorinating agent to a mixture of the compound of the Formula
VII and the base in the solvent at a temperature in the range of from 60 to 110°C,
conveniently 70 to 90°C over a period of about 15 minutes,

to form a compound of the Formula VIIIL:

El

+4




D -tert-butyl dicarbonate (88.63 g) in toluene (296
m) was added to a stirred solution of ethyl

WQ 297P3séBot ate (62.88 g) in toluene (317 m ). POTEGB2006/003587

reaction mxture was then distilled at atnospheric
pressure, renoving about 130 ml of distillate, with a
final distillation tenperature of 112C. Sodi um
bis(2-nethoxyethoxy)algﬂﬁniun1hydride (Red-Al, 65% w w
solution in toluene, 1 I ) ol uene (220 M) was
then added to the reacigon i xtufle over a period of
about 60 m nutes. A sol ufy :
Salt (191 m) was adged t reacgti on m xture and
t he aqueous phase was ) 40C. The organic
phase was washed w th %wv brine (3 x 136 m) and
wth water (136 ml). The sgigution was distilled at
at nospheric tenperature, remdving about 400 m of

(M)  dirseqtingdeecompaund of therfarmelasy il with demotmerthBravemitnef: situ in

e o2 o DT S BT A

@)

in toluene (416 mM) over a period ofgabout 60 m nutes.
Sodi um hydroxi de (2N, 160 m) 2dded to the
reaction m xture and the organi yer separated and
washed successively with water
(0. 5M 80 m) and water (80 ;
was concentrated at pgguced pypgssurg with a maxi mum
internal tenperaturelof® 70C, cpllecting about 600 n
of distillate. The s&wtitg _weas.gcool ed to 20C and

i sohexane (160 m) was #
occurred, further isoh-sage' 32)m ) was added. The
product was tenpé?ﬁ?ﬁ}e cycl edNto 40C, the suspension
was cooled to 5C and the product was isol ated by
filtration and dried at 40¥L Yield: 127.9 g, 86.5%

?%&(ﬁgg th lIfEI)B‘n{ %@%éﬁ%oénc??nﬂthgﬁﬂ%gﬁ)z? .gz}u @ﬁ ?resgnlcé )of the

solvept, 584 i Steps((g) arRil(h) & BBM(tos capigund of heFRmMubI G, 2H)

O

7.35 (d, 211), 7.8 (d, 211); Mass Speétrun1[EST]:
(MNa) = 392. Exanple 2 Preparation gP'the
hydrochl ori de salt of

7- benzyl oxy- 4- ( 4-brono-2-f | uor m 0) - 6-
met hoxyqui nazol i ne (the hydrochl §4-g¢e salt of the

conpound of the Formula VI)
7-Benzy|oxy-6-nethoxyiﬁﬁﬁ~dihﬁﬂ oquiﬁhzolin 4 one
(20.00 g) was m xed W h anisol& (190 m) and

N, N-di i sopropyl et hyl am g™ ($8-74~¢) . The reaction
m xture was inerted with ogefj%nd cooled to 15C
Phosphor us oxychl ori “Aas charged to the
reaction m xture over a period of 15 mnutes foll owed
by anisole (10 m) as a wagsh. The reaction m xture was
stirred for 15 minutes at 15C and then heated to 80C
oveactiag ferqogwosnd olthaiFammas IX Tith 2 ecropiued ofitbet Eorenuiweld as

L T TR T X —

was added to the reaction mixture over a period of 40
m nutes. The reaction m xture was the stirred at 80C
for 90 m nutes. The reaction ni xture was then cool ed
to 25C and the product isolated by filtration. Yield:
26.9 g, 84% NWVR Spectrum (DVB0d6, CD3COOD) 4.0 (s,
311), 5.37 (s, 211), 7.35-7.5 (m 414), 7.52-7.62 (m
411), 7.8 (d, I H, 8.14 (s, 111), 8.79 (s, 1H); Mass

Spectrum [PSI] (M-H) + = 454, 0591. The

7- benzyl oxy- 6- met hoxy- 3, 4- di hydr oqui nazol i n- 4- one
starting material was prepared as foll ows: A
m xture of vanillic acid 4200 g), acetonitrile (600

m ) and Net hyl dii sopropylam ne (580 m) was heated to
reflux. Benzyl bromide (347 m) was then added over a
period of 3 hours. The reaction mxture was held at



Benzyl 4-(benzyl oxy)-5-nmethoxy-2-nitrobenzoate (77 g)

was dissolved in acetonitrile (882 ml). Sodium
wodiahsermit e (160.5 g) was added to the sol utiPOT/GBAGIE3S87

tenperature adjusted to 25C. Water (588 ml) was then

added, maintaining the tenperature at 25C. The pH was

mai ntai ned at 6 using 8.8 M sodi um hydroxi de duri ng

the reduction. The slurry was then heated to 65C and

the | ower aqueous phase was renoved. Concentratled

hydrochloric acid (35%wWw, 7.25 nl) was added.
The slurry was allowed to cool to 40C an to 20C.
Sodi um hydroxi de solution (47% ww, 12.4 was added

and the slurry cooled to 0C. The product A benzyl

2- ami no- 4- (benzyl oxy) - 5-met ho%yhenzoat#y wasFi sol at ed
by filtration, washed with watgr (2. x 196 nml) and then
dried at 40C under vacuum Yieldw\ 6620 R2. 4% NWR
Spectrum(CDCI 3) 3.8 (s, 3H) 5. 5.3 (s,

2H), 6.2 (s, 111), 7. OHN) ‘ pectrum
(MtH) = 364. I WO 2007/ 0 67139CT/ GBZOO 003587

Benzyl 2-antno-49(be y) - 5- net hoxybenzoate (5.55
kg), formam di ne agfetat® (2.2 kg) and isobutanol (33.3
L) were m xed. Thecyeaction mxture was then heated to
97C and stirred at this tenperature for 6 hours. The
reaction mxture was then gooled to 25C over a period

of at least an hour and then stirred at this
Mt wapiansthe cempovndel the Remoaga XTwigh ‘ﬁmm@nmd and formaldehyde or a
6- et ho 3 4- di UI nazol, n
polyrn(ax7 oplf)ggx?ldgﬁ(e%fe con}reql ater ap Xﬁ ratﬁ;]a in gbebra{l%en om 70 to
90°C foodm e iaﬂﬁldﬂciceshiﬂdfMWaWW oven at a tenperature
of from40 to 45C. Yield: 4. 25 kg, 98%  NMR Spectrum
(0 (midkiesen 186 qrganigsplvent @lf(cged Qg@) tetr;hy;irg:glranl Hputyronitrile and

methaé%%?n%afku{t%le ;?@_Egee 5081590 fotm thEree VRS DL ERRATE RSP duy™
(p) 7hher pﬁM}@Zﬁéﬂ%k}/a Hidtuch b Gtralpdrofzm), met-andémtyl acetate

S R A R T i i
ﬁﬁﬁé@ﬂﬂ&%& 206894 Bbthird G MeSbiN Io@l tHeSRRIARY hamb@%og@e%ted into

was heated to reflux. Benzyl brom de (347
a pharpmaeentigaldie acogptahlersali Sonm, i{nasessatfhe reacti on ni xture was

S SEPL A RO A0 RS TGN AR (e
the ZI3GaH74 30 Helrrakie in Bigh urityt 88l hide gielinint  lakgr 6étle. nTYpiedld, each of
water (30 m)_ were added and the reaction m xture
the stepg gf @e meea%@ the reveniiasped AT Hheresent Hi¥entee ngogsedyinreater
iibigcrystal lisation occurred. The reaction mxture
than S nglI%ien allowed to cool to 24C and then further
CBmlf&!rbdtaspﬂﬁ afntle prreepradductiglithemzgt oflthe invention are as set out

oM A GRSl 0 S -
sixth eﬁilﬁ's@@en%&f‘%éctg ¢ Hié']ﬂréttent“ﬁ_igent%he Il parﬁguﬁr %ref@@e/& asy%?s of the

Spect rum
procesg |qf thegightly dsp e@H) tha’ 1@317&041 z(rmas g@ H)l’; abz)ve,. for @M(mple,zn 1§1at10n

to indfyR3 SBRAIHEUEM EHE, sl adads o R Sonses ol hepissat fgation

onﬁi\Vdfal’Hnﬂ Ol hY @39j)f khe $eoash af thaGethtle agietbf the present
{175.5 09) 5/Was g c} gt])t he rrllgagture co?%jd t%‘éloc P

inventgrree Al candigtogdin ftqlrlmf: agdhesoivent awl ghethydaniae getheibass
controll ed manner maintai ning the tenperature of the
reaction m xture bel ow 25C. Concentrated nitric acid
(61.6 g) was then added in 15 m nutes keeping the
tenperature of the reaction m xture bel ow 25C. The
reaction m xture was then heated to 40C and stirred
for 3 hours. The | ower aqueous |ayer was renoved and
the organic | ayer was washed twice with water (2 x 168
ibl). The organic |ayer was distilled to at
at nospheric pressure to renove di chl oronet hane (186




Spectrum (CDC13) 3.8 (s, 3H), 5.1 (s, 2H), 5.3 (s,

211%, 6.2 (s, 111), 7.3-7.4 (m 1011); Mass Spectrum
WQIRYe36713 364, 1. Benzyl PCT/GB2006/003587

2- am no- 4- (benzyl oxy) - 5- met hOxybenzoate (80.0 g),

formam di ne acetate (32.0 g) and isobutanol (480 m)

were m xed. The reaction m xture was then heated to

97C and stirred at this tenperature for 6 hours. The
r a@vieBienHy »a wwitablgarethodof remeyiaa thebepzid o insidn pigp () of
t s .t .
e ot LoB e AU BRTG AN S linh i Foen, s
reaction-vidniziflvoxgecicmtidoxy- 3, 4- di hydr oqui nazol i n- 4- one)

was iso)ated, by filtration shed w th .i sohut anol

(st e stk O Biiaotn oAthe EhaBiesk 2t
prescfl ok EOTiS phfisdnb ey and heyfanio oM REHEYibtidone.

7. Breppracesap! Bie)eighgh @spest, of thelpresanbsweSpectypicall( Majdinchude the

3.1, le 3 P ' t drochl ori.d
step G e e miRTBR Somnort R A ST PR PrGLO &
condii@éd) oozmhrmﬁ,l the Step (MEnAY 86 06ihRiddds heditbeffre HBRribed.

conmpound of the Fornmula Vi

7-BEweyicaily-scuiabln ase for usedn sieg (akef thagighihraspecs aéthe present

: 20 . ] with toluene (190 m) and
mve”ﬁ%ﬂf%??@%b‘#%gﬁ%@gl amine (13.74 g). The reaction
m Qdnvegiendy, a SDaRI6 QFWERGTIRRGT eBZONTHROSRT asprex bLitle

wi th nitrogen and cooled to 15C. Phosphorus
PreseB&Wﬁ‘?t&nilﬁg‘er(}l@f’g g) was charged to the reaction

The e COPNEBIRAREE Al PG BELOURR il ) o
isolatgng andéd pluoifyins the ficettese af the 306dA¢ Thestep Gatedy hoocoBB@ted as

herei%ezr g{egerbi d of 90 mnutes. The reaction m xture was
PRAFCSEr P88 at 80C for two hours. A solution of

4-THeaAVertiohlisheaintd h@Bina A 1Y Mdans Bf 1R BRORIHEHInMniting
was added to the reaction m xture over a period of 40
Examplef anddatz 81 whirhduess oblemeisesteted-n ) as a wash. The

react. I : ' r
e R gt o Yol DY bl RIS Lithug Bt R o
procgdned wetre cadkdbethiley rdmdvat af jegifual Ehkd{ duch es dodkeagsns by
washed twice with water (2 x 40 m). Yield: 34.37 g,
filtralyemy  NVR Spect rum (DMBOd6, CD3COOD) 4.0 (s, 3H), 5.37
( S(ii; s dre %@eﬁ- for {IMstratdh only A2 afe 88t de¥bsstdihe Mafinkifh
2111), 8.14 (s, 111), 8.79 (s, 1H); Mass Spéctrum
attairaBl€T] (M+H) + = 454.0591. Exanpl e 4 Preparation of
;kﬁ{)bﬁ%&&%&%ﬁtg Fr%ﬁ@%&r?%{t{%q%@ Jyerp Idﬁtgsrg%lgd using a Mettler DSC820e;
e oph GtHiEta®e bif 1R dntifgoducts W de coameiddbyatickas @leherally |
the conpound of the Formula |X) i )
proton) wagnaficarspnensaiNAdRk Y arsl masgisngeinebtpghmiguess preion BAgNetie00
roorfes QR Rl Pt Bl RO AP RA B e i
are shoont ssnfoowerse singlet; el dbwbldDCdglel; ah atudigslien bE bréndpgrduadet,
of . abo i 40 mnutes to a sol ution of %osphor us

quin, GRiRtet| ol sHRpleypnpng Bruker BP 408 MHpat 390K weibg selyent dedicated,
16 schft, PulEsRlbDRIEAE ddasni LT 0gen. The reacti on

m xture s then held at "a tenperature of about 73C .

f dv) antpendédiateivembmt ger@ballyi folly ebaracterised and purity was assessed by
N 4-%bpnp-2-fluoroaniline (84.1 g) was dissolved in

MR al¥se (250 m) and charged to the reaction nixture

at 73C.and held stirring at this tenperature for about
4 hours. Trifluoroacetic acid (350 m) was then added
to the reaction mxture at 73C and the reaction
m xture stirred at 73C for 6 hours and then cooled to
60C. Water (1750 m) was #tded to the reaction m xture
and the tenperature held at 60C for about 30 m nutes
and then warnmed to 70C and stirred at 70C for about 22
hours. The reaction m xture was then cooled to 20C and




Exanple 5 Preparation of trifluoroacetic acid salt of
7- hydr oxy- 444- br ono- 2-f | uor oani | i no) - 6-
wOoeaHasAui nazol i ne (the trifluoroacetic aci dPEBIGB2e6/003587
t he compound of the Formula | X)
7- benzyl oxy- 6- met hoxy- 3, 4- di hydr oqui nazol i n-4-one (15
g), triethylamne (9.0 mM) and toluene (90 m) were
charged to a vessel and inerted with nitrogen. The
c &vid ebeicabsanbls Bavethelrisushmeanines ﬁéw&nar%\wrﬂbals are used;
period of about 40 mnutes to a solution of phosphorus
oxychloride (14.7 g) in toluene (60 nil) held at 73C
| fvie) thesskdwingebbediaibhdhavietwagesed:-Thi s was fol | owed
by a _tol uene (7. ggﬂ%g line wash. The reaction m xture
was Hhen helteraly éhperature of about 73C for a
rip@d of a i nutes. 4-Brono-2-fluoroaniline
(12?%'9) maggﬂ%gggfggd in toluene (30 mM) and charged
t o PMEC eactdimathpisulforide at 73C and held stirring at

th!ﬁﬁéggpﬁ{?naégm %ﬁ about 4 hours. Trif!uoroacetic

aci H¥%8ded to the reaction mxture at
73G A t he ¥ Fagi gbﬁ@ piletifiingnst i rred at 73C for 6
hours and then cool ed to 60C. Potassi um hydr oxi de
(48TE‘®% wtl‘lﬂ@DrmafFﬁtl)?aPIﬁ water (10.5 m) was charge

prOXI es followed by a hour hold
)( %%p)?ﬂo hIEﬁ\/\Ilg)é{%added to the reaction
n1xDNHE oveﬂva@ﬁﬁﬁﬂbﬂhhﬁﬁmdzo m nutes foll owed by 7-

hydr oxy- 4- (4- br uor ani | i no) - 6- net hoxyqui nazol
ne ¥ Iuoréﬁ@%ﬁ?@ﬂﬁ & seed (0.13 g). The batch
wa el d at 60 m nutes and then water
(68w§1) mas‘ggghé@geggqg%brOX|nately 20 m nutes. The
r eawtw on m wtaigle/weaghthetiad f or approxi mately two hours
then, cooled to C,and %he product isol ated by
filVFation, WHEHERIRS H1Lol uene (50 M) and
nethanol/mater (1:10, 50 mM) and dried at 50C. Yield:
22 g, 89% NWVR Spectrum (DVS0d6) 4.0 (s, 3H), 7.24 (s,

*zagnuth 7. 56 (m 2H), 7.78 (d, 1FD 8.02 (s, 1H), 8.73

o} {

,?sﬁlfoﬁﬁl%gﬁ'nﬁth@n-

piperidify mkysnﬂmﬁﬂdbmmF&xﬁwqmam | i no) - 6-
ge dﬁg%%ﬁ%uﬁpd?éq%grggﬁ.&ﬁﬁé gS] ) to 196%2 (2(,:9hé m{)lvgaes a?ige& tooaf stltrrrga
solut%g%? g‘%ﬁ!/gﬁgéﬁl mggco?nﬁé g@%’m& ?) ittt BB A N deRetmARRiure was

h triethyl amne hydrochl oride
then ¢i2til%@ =9 ptmaespherid prefR8S5 rethyvingaoout 130 mi of distillate, with a final

s BT QL M0 R G P s

Al 65N0SRNQMURHNAXXELEADN EU8) 1nddldndP220a8) addafnta@ddd® the reactlon

reaction m xture over a period of 15 mnutes foll owe

mixtyyy oxer aarwdl@fab«@ﬁ ofimyinwigshA sphuionod 85 alapReehalls S@Hém ml)
15
was ISP Dbb RG] g P Pl SR AR

orga.rma has8 tifak xegheal with C5%00/vaiRei® ur36 Al ahdvithwandr (136 ml). The
ronp-2-fluoroaniline (25.2 g) in anisole

solutwaévaédiasé@leti ét @tﬁE’SP}%?éi@tt?Tﬁﬁefﬁﬁuﬁ: gFreoddaboyt 4P P“é gt 3116 ijage, with
o ol TG RREL L LB URE 2 D A
reactipndniatgt fcﬂloa@d@y(t&@ﬂ; chilohdm@’?e}():@an grﬂdeﬁec(41i tenly esaau:tllp@nod of

m xture. The re xt U re for 3 hour s
aboupAmETG. (G PRSP Lo | e pe g RrpEi REyre and
tho offffclafer S GOt %ea%%@%%%lﬁﬁb%%éggé??ﬁﬂﬁ% B OM.

4.0 (s, 3H, 7.43 (s, 1H, 7.5 (m 21-1), 7.7 (d, 1H),

8.37 (s, 1H), 8.72 (s, 1H); Mass Spectrum (MtH) + =

454, 0591. Exanple 7 8

and




Preparati on of hydrogen chloride salt of
7- hydr oxy- 4- (4- brono- 2-fl uoroanilinol- 6-

WOROKHB36Y Ui nazol i ne (the hydrogen chlori de salRCToEBI00G003587
conpound of the Formul a | X) Phosphor us
oxychloride (6.0 m) was added over a period of 60
mnutes to a stirred slurry of

30 mﬁ I’:@S %ﬁr%g(% Nn'ﬁ:ﬁhq%g%ﬁg B]g%sg I@fha% g{:&%ﬁ%&% g’l lgegn@(;qggssure with a
maxifn@bHBRendl dFhilir i HPE; ook %tﬁ{g %t%)h{ 50&%{ IE)% aﬁ t#%? lée solution

m xture for 30 m nutes at e reac
was aagledite 30 Udamlisohexape(licOdnld fva® Addadn WS chydtali@Gtian Had HRArred,

A LT 25 el B S0
suspe)ﬁﬁ%n aﬁ@ esolk@td 5"@ &ﬁ?{ﬁé bﬁﬂu?@ Was4sfadl bg %atfé) Jg.g\r@ﬁlgd gy 40°C.

t ol uene vvash Trifluoroaceti

. 1ech,é4?’§ 9 @86 f@lb@lgbt 042 frmzH)e3. 415((5 td, 1.65 (d,

adel
2, [ PR A A %%{)7?5%2&34 Pk 888 @ Habe o 2,

7.35 (ﬁeﬁ‘ﬁ),ﬂcﬂﬁ(mm,umsy\@gedﬂnﬁqgg(ppIIemat)mggg and water (175
m ) was added over a period of 15" m nutes. The
reaction m xture was then warnmed to 68C and stirred at

Exmﬁﬂ%@ﬁ tenperature for 8 hours. The reaction m xture was

cool ed to 20C over a period of 1 hour and the

Prepayatidn of thels dnobhbrﬂd solit of Adnyasied-(MHrbmead- ﬂ'ilo(o?agulmo -6~

m thm Yi e d g 90% NMR Spectrum ( DVS0dB) 4. D

e q : ‘_,,_L roghjoride w3l of the pompound pfijthe igrmuda ¥
9By lox9-67 inf4d
e it ik S RREREU Y 7 iy o

anpl e 8 Prepara
an1so]y_(h%n}ggqn8)@}ad A\L'Np Alitspenopy2thiylapono&ldi 14 goJMh6 reaction mixture was

oI | i fl.uoroace d salt of
incrteff R SO 10 b Rl sp RS SSeblopigR fhbI 4 was charged
to theveartith oriktde: c(v@r @ petidd s mﬁﬁ%& fONGWePbPEISARE (X mbRs 2 wash.

mnpnutes to a stirred slurr

The repCHmmPF IS SHiEeA &y LS anites Iﬂybi “Stanidrthemohdatedto BHEC over a
n uene 105

priod OBl LY Aol i Sl B

SOIumffutDﬁ‘hberHSJ Prdlmosnandline (0618 P irf dniel ©E@0i th) s G8deHl 19 )hd feaction

TR R
minuta'sf ITHeudction etik firaGhdihed eodlkd t&ﬁdﬁh&%dﬁ&q%lggggg

ver a period of 10 mnutes to the rea on mXx

ﬁltranvm Ao Nm&@ﬁmm(mmuda@wmm@ (B, TH95.37
T
(2 e S i 0 7 600 i e (s LY (e Hblbdass

S mmnmqﬁ$ﬂ@MHHﬁd=®$1&§nn1nutes The reaction m xture was
ﬁ%:ga to 68C and stirred at that tenperature for
g1 o (i §HZ - metharywad ddwérasginagolgp¢ oo startinghoateriavehs
preparE@Esﬁ‘)lue@HCt was filtered off and washed with water (20
. Yield: 11.24 g, 87% NWVR Spectrum (DVS0d6) 8.72
(&Hﬁmxslr(;: oBvaRlli¢ keid (300 g)?a&ﬁmﬂtrﬂ@(d{)bhhl)ﬁhd NZ. 56-7. 50
97 (3H, _s); Mass Spectru
ethyld'%mtﬁﬁlma%ﬁ?%ﬁ @iisﬂtﬁ%)@ upy &s%ébrqmde{sfw mi) yas then
added SvérkrPefibH oP U tHBXMC airh%%‘ééltlbﬂhﬁ% SR8 Y rre(ﬁ{d? Rl pbufs?
brono-2- fl uoroanilino)-6-nuethoxyuul nazol'rne (tTh
Tﬂﬂhﬂmdﬁ@l i} wahedded and ke nction m1xture held at reflux for a further 30

vk, PR P WS ETRL LRl S eI 45t
(300 nfiys pestied ahd t-ERIHY |nHXﬁﬁ@&d(ﬁémrlﬁ°&13'§Q réHc) loﬁgﬂxmre was

stirred for 10 mnutes prior to the addition
1-(tert-butoxycarbonyl)-4-(4-

met hyl phenyl sul f onyl oxynet hyppi peri di ne (152.2 g). The
reaction m xture was themheated to 95C for 4 hours
bef ore bei ng cool ed back to 70C. Water (1922 m ) was
then added over a period of 15 minutes. The reaction
m xture was held at 73C for 1 hour before being cool ed



Exanpl e 10 Preparation of

7-(1-tert-butoxycarbonyl) pi peridi ne-4-yl net hoxy) - 4- (4-
WO RRGR8e723  f| uor oani | i no) - 6- met hoxyqui nazol i nRCT/GBR006/003587

conpound of the Formula X)

7- hydr oxy- 4- (4- brono- 2-f | uor oani 1i no) - 6- met hoxyqui nazo

line (5.0 g) and potassium carbonate (5.7 g) were

suspended i.n N-nethyl pyrrolidi none (53.5m) a
held agﬁc’p( 0130 srnytes Wt l}%'/}@ga){hsatmn occurred. (The reactlon mr1]xture was then

allow tgt 851t 1o MSEAYE ?[fﬁgﬁ%égr Boled 10RIA gﬂdi)%@ %YCL (gyaﬁ%h gxyme

perldlne was t hen ction
(benzﬁbxy)kﬁ—ﬁlemybdmna’tb}aiaolatédtb@' A @ian ditstsolid edhs atashduawith water
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action mxtur hen stirr at 73 hour
Mass Seefchnm (MbH) rfg3490240C and |soI ation of the product by

n13| tr i\ (g?l? The S%Qa E]g ngj avas 1mxg? W%fl d{c%?oromethane

(580 mtl), water (72 ml) and glac:lal acetlc acid (288 ml). The mixture was cooled to 10°C.

Concentrated sulfuric acid (108 ml) was added in a controlled manner maintaining the
temperature of the reaction mixture below 25°C. Concentrated nitric acid (17.5 ml) was
then added keeping the temperature of the reaction mixture below 20°C. The reaction
mixture was then stirred at 20°C for 23 hours. The lower aqueous layer was removed and
the organic layer was washed with watér (290 ml). The organic layer was separated and
distilled to 270 m] at atmospheric pressure. Isopropanol (750 ml) was added to the
reaction mixture at 45°C. The reaction mixture was then heated to 40°C and stirred at this
temperature for 15 minutes. The resulting suspension was then cooled to 20°C, then to
5°C and held at this temperature for one hour. The product (benzyl 4-(benzyloxy)-5-
methoxy-2-nitrobenzoate) was isolated by filtration, washed with isopropanol (200 ml) and
dried at less than 25°C. Yield: 784 g, 89.6%; NMR Spectrum (CDCl3) 3.9 (s, 3H), 5.2 (s,
2H), 5.3 (s, 2H), 7.1 (s, 1H), 7.3-7.4 (m, 10H), 7.5 (s, 1H); Mass Spectrum (M+H)" =
394.1.

Benzyl 4-(benzyloxy)-5-methoxy-2-nitrobenzoate (77 g) was dissolved n
acetonitrile (882 mi). Sodium dithionite (160.5 g) was added to the solution and the
temperature adjusted to 25°C. Water (588 m!) was then added, maintaining the
temperature at 25°C. The pH was maintained at 6 using 8.8 M sodium hydroxide during
the reduction. The slurry was then heated to 65°C and the lower aqueous phase was
removed. Concentrated hydrochloric acid (35% w/w, 7.25 ml) was then added. The slurry
was allowed to cool to 40°C and then to 20°C. Sodium hydroxide solution (47% w/w, 12.4
ml) was added and the shury cooled to 0°C. The product (benzyl 2-amino-4-(benzyloxy)-
5-methoxybenzoate) was isolated by filtration, washed with water (2 x 196 ml) and then
dried at 40°C under vacuum. Yield: 66.2 g, 92.4%; NMR Spectrum (CDCls) 3.8 (s, 3H),
5.1 (s, 2H), 5.3 (s, 2H), 6.2 (s, 1H), 7.3-7.4 (m, 10H); Mass Spectrum (M+H)" = 364.1.
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87.2% NWR Spectrum (DVB0d6) 1.15-1.3 (m 21), 1.46
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(s, 111), 7.48 (d, IN), 7.55 (t, 1H), 7.65 (d, HA 7.8
(d, 111), 8.35 (s, 1H), 9.55 (br s, 1H); Mass Spectrum
[ESI] (MrH)+ = 561-563. Exanple 11 Preparation of
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The reaction mixture Was held at reflux for about 10 hours. Triethylamine (5 ml) was

added and the reaction mixture held at reflux for a further 30 minutes. Acetonitrile (40 ml)
and water (30 ml) were added and the reaction mixture cooled to 45°C. The reaction
mixture was held at 45°C until crystallisation occurred. The reaction mixture was then
altowed to cool to 24°C and then further cooled to 8°C and the product (benzyl 4-
{benzyloxy)-3-methoxybenzoate) isolated by filtration. The solid was washed with water
(3 x 50 ml) and then dried under vacuum at 45°C. Yield: 38.7 g, 93%; NMR Spectrum
(CDCl3) 3.9 (s, 3H), 5.2 (s, 2H), 5.3 (s, 2H), 6.9 (d, 1H), 7.2-7.4 (m, 10H), 7.6-7.7 (m, 2H);
Mass Spectrum (M+H)" = 349.2.

Benzyl 4-(benzyloxy)-3-methoxybenzoate (135 g) was dissolved in

dichloromethane (339 ml). Glacial acetic acid {175.5 g) was added and the mixture cooled
to 10°C. Concentrated sulfuric acid (151.6 g) was added in a controlled manner
maintaining the temperature of the reaction mixture below 25°C. Concentrated nitric acid
(61.6 g) was then added in 15 minutes keeping the temperature of the reaction mixture
below 25°C. The reaction mixtare was then heated to 40°C and stirred for 3 hours. The
lower aqueous layer was removed and the organic layer was washed twice with water (2 x
168 fﬁ]). The organic layer was distilled to at atmospheric pressure to remove
dichloromethane (186 ml). Isopropanol (339 ml) was added to the reaction mixture at

40°C. The reaction mixture was held at 40°C for 15 minutes. The resulting suspension




7-0-tert-but oxycarbonyl) pi peridi ne-4-yl met hoxy)-4-(4-b
rOn0D- 2-f1 uOr Oani | i n0) - 6- net hoxyqui nazoline (100 g),

WO dRr@B67¢80 m ), formc acid (120 m) and aqueRiiBGB2006/(03587
formal dehyde (38% w w, 28.2 g) were added to a vessel
equi pped with overhead stirrer, reflux condenser and
purged with nitrogen. The reaction m xture was heated

to 80C over a period of 90 mnutes and stirred at t%eqsq
was tHeanpeled tai2€°C withtn Towimtes;Tthen teH €t andrield atthis derpparaty

led to, 20 t
one e The BRI BRA Or GOV TR S S e e vt dfted by
ﬁlﬁatmd%ggﬂ(aggv ﬁ'f%z({ﬁr Whol BB i) indasedatded ihdndl e onarely135.7 g,

e aqueous ghase was_separ at eg gﬁg 23.74
89. 6°/Ell,‘sl 6g¢mﬁh&m€b}aﬁl9ds piBs22Wasthd - 3ét ¢l 61 6% d

3 ut eLal (300 mM) were added.
(m, 163 7r5eé %M@@@g ti rPe “at 60C for 15

MWL RS- @REz \;ébgr) mﬁtmweaﬁﬁomasae ss&pg)nmmhamd to

HEG A (400 th
scctomiiiaFe) Pndses S&m@mmltgt“(?fgm?%qd% & o PolbiSnen s

h e irfhi erature
temp%a%c% dg%st cgtt%eﬁ)(qgogﬁﬁtfz %9@@( Albedbdapdindhi ﬁﬁlgrt’ﬂ@{émp ratu

t et r ahydr of ur an
at 20%E I Eheelaed wia thieneheated acnﬁif’cmhd%mad zﬂorﬁ@tmﬂmtes Sodium dithionite

d || b The, di st |
(75 £ oppR AR HEUATER B Eane S TPE e dik o et Bhase
was r%ﬁ?véd 5 Wested B 08}99111@901@ 03320 wranth, #&gﬂwﬁﬂlheﬂ athdudris

orels ating the product by filtration. o
adjusptooalplitof wiis The strpdnsion 1s Helst fpr 1 dewt. athe LEOOVAF yoqkﬂjto 20°C

dried at d:

over ShyfivepneStsm 1uisicofufpd G s gRaEhidgg ive ol

of 10{ Hhe s wad&dietto om): and sBBed Blons hour3d Theé pf@iutt (hehpzyl 2-
7738 (18, ddd). 7.49 (1H, dd)

am1n()14l—[ben3ylow)859m@m§yb@l¥0 at@ was 1§q}z_iLtfg by ;ﬁ}traitg)ns?yai}ﬁjﬁwg)e with
wate%@rJhZ%%@Danaﬁ?ré %{J;%pa-rﬁ |6P | (frl] é?deé Eéaﬂiﬁi eYlli‘,ﬁi 3‘85893%1 59 RINIOIR

yl pi peri
sQec%ﬁr(@Dmg)rms R oLl (28], NP (Y ZHEMS?Z s, 1 ), 7.3-7.4 (m, 10H); Mass

-tert-but oxycarbonyl ) pi peri di ne-4-yl met hoxy) - 4- (4-
Mﬂ%@d PHY e kni | | no) - 6- met hoxyqui nazol i ne (35.0 g),

& yR8lethddbhioa QOMQW&amﬂme acetate
fo?r%a de%ng11 3 fg/lgivi\;//lwﬁS 2696)%(\/\/& eO ?t}ded to a

(32. (Bg)wndpmbumh(@ﬁenlh vtk wixedr dhe rqashon Ry = %ed to
d t
or BRI PR st

25°] gv‘?e gﬁﬁbﬂ eRaikxdt A Bowasdthenteealaethis empednae dor JpGninutes.
7/ 036713PCT/ GB2006/ 003587 t et r&}%ﬂ %f ur? §1ﬁ7ﬂgﬂ e'HQ
The muao(aémnzmw armether ok by arRiAID 2y 15ekdec BY
dded_at N IJaduun] BOcREUSOMPeraty
i eteftind PO LA Y e St il vebu Boanace %erg o

of ﬁwﬁmmw@dct Qflﬂhﬁﬁflﬂg goo8%; Mépactml (I(JjMSé)dsw Béﬁ,u%ﬂ &
m nutes. The s t hen cool e
2H)j %Maﬂﬁa@ﬂ e is%ﬁﬁj)e %E%r ﬁﬁaﬁﬁm‘a%@&ﬁ‘ﬁduc
washed with water (175 rH) and dried at 50C. Yield:

27.1 g, 91.4 % NWMR Spectrum (pyridine-d5) 1.49 (2H,
Exali’ﬁ le3. 75-1. 90 (5H m, 2.15 (3H, s), 2.76 (2H, m,
, 97 e) : ry ]

meté %‘*g%{m&gg;g% Qﬂéﬁa\&i}&m&ﬁae Masst tﬁeeshibumﬂ ME H)eﬂre:rmﬁ VI)

gparati on of

n (%Bngmyzé -friethonysizt- mhydi;oq@mmlﬁb&;@n? (F010Gex %53 Pixsd itk
tolu?ne( (]}96 Q]%M?ﬁ% u' i Zi?)bl: Bgr I( ?ﬁg éjl) }“ﬁl?mrgaﬁ%&nyr)mxiur(e Zvas

br ono- 2- quoroanlllno) 6- nethoxqu|nazoI|ne (100 g),
water (80 m), formc acid (120 m ) and aqueous
formal dehyde (37% ww, 2657 g) were added to a vesse
equi pped with overhead stirrer, reflux condenser and
purged with nitrogen. The reaction m xture was heated
to 80C over a period of 90 mnutes and stirred at this




Exanpl e 15 Preparation of
(04 br onp- 2- f1 uor oani | i no) - 6- met hoxy- 7- ( 1- met hyl pi per
WQ H0A03671%/| net how) qui nazol i ne (ZD6474) PCT/GB2006/003587
7-(1-tert-butoxycarbonyl) pi peridi ne-4-yl net hoxy)
4-(4-bronn-2-f|uoroanilino)-6- met hOxyqui nazol i ne (100
g), water (45 m), formc acid (120 m ) and aqueous
formal dehyde (37% w'w, 101.8 g) were added to a vessel
inertestywith pgthgwh eihd aveled tor HEEd Phbsphpms oamdﬂandee(rwl&@) was charged to

e e RO S AP FU SRS e

The @Bctonihixhad vak sﬁﬂéds for @ SREhades ki€l SPOrand R Hedted TH80°C over a
reaction m xture was then cooled to 60C and net hano

period@d§0 mi)m%sTb@tr@at,iommhews @Wnﬁéiﬁaé o Mﬁtmhms A
solut glgc%"é%ér\ﬁﬁnozg guﬁilo)anﬁ) \llg @f @o t ue e (Nra a4 t{) %})eyreactmn

over ours e pro
mixtiirielobvered peﬁfhd o'Ehi@ mimfhg Cbllmsd b\ﬁlﬁihﬁﬁlet(llw &) a&llat\iﬁas&q @8 Wéaction
met hanol met . water, 300 nml) and dried at

Xt as ey ﬁ’e‘? gt %0"& thg 4%011NM$ hepeactiph I Vel thea gsed to

25 °Cga§%9hé %E’ﬂu(%!]%oéat%%g’? ﬁgga%g%( g;'e Zigfﬁ' a%) %(x%%ﬁ’e(d 1\&?1% \%&}? Grater (2
x 40 MmOV el 44.30d) B7%; MMR1tecsim (PMBOGs] HD;CPOL). B0 (s, 3HA,5.37

6 2 2 i, %%2(324@}2]3%@ 0, Y330 T BT, 1), Mass

Spectuf4 ERINQVPHEY H 4nr@@ni | i no) - 6- net hoxy- 7- (1- net hyl pi per
i di n-4- yI met hoxy) qui nazol i ne (ZD6474)

7 (1-tert-butoxycarbonybpi peridi ne-4-yl met hoxy)-4-(4-b

Fxa - 2-fl uoroanilino)-6- nethoxyquinazoline (36 g @
——Jég%gb/mb water (16 m), formc acid (44 m) and

PrepagitBoust thidTuged ety deid(salk%f ML oty-4-(93broeios? -Addatniith ¢d-6-
vessel eqw pped w th an overhead sti rrer and a refrlux
FARELH € e A PN EAEH HHH 036 otig agid ra? .'1 dne DQMQfMFOrmmam)

m%éi{z% 1o d i ﬁ{oﬁ? AR Ero bz i 1}9@88 ggcﬂ_?ﬁgﬁ%ﬁé(sm

and strr s'te ture
ml) and ddténs(6H0 riluwerewhsrged Gma vesstlend ulmrﬁﬂ &ithndtropdoh aFbelcontents

376 R f ol | t assi um hyd d
were i3ged 49 E@%ﬂi‘aﬁ’m@ o or ot il DRE IS e SQiter
phosyﬂdrﬁvs ALRAGHIE (®1. %eﬁll 8fuend eﬂomm1$ ROaRBY3 g LRALEtheRd with

OC over 2 hours fore isolating the product by
mtl‘ogqnl tihgtrpantion TH&tuse wge then held aha sivereratiieced ahmtmé’\@ demaperiod

of % en?]lufeésﬁ%er a{rﬂ;e 2 waﬁ:lf%%%{ hgg‘z’ag@%%"%ﬁ%ﬁqh&@ed ea(?ﬂ%%‘ﬂ)
and obmgéﬂ tb thefetﬁ:hoﬂ i Qtu4t-73°C ahd hdld Zﬁrrihg% &ﬁé’ébm aturé fdmbout 4

hours7 "gtglt(ofwceaa aen(il (3;504151)@1@@4%%1}1% 170 @g r?af’ppn g}lxmqe eggg ¢C and
the re(ag:tlréln m'i;)mre Stlﬁ%d (&1{'"7 Cst)or 6 9ol aQ&HeEn c%);]:;d 1‘%6@”%% Lty gﬁSO ml)
npl e i cati

Mass Spectrum ( t = 475, Exa
was agified to the reaction mlxture and the temperature held at 60°C for about 30 mlnutes

and tﬁ%ﬁ\ﬁér%{e%;}o Hét(if:l AR gt?}%fdr?é Zﬂpq), iEFg age 152&%11}?3 ("ﬂherl'ggcq | pl ture was
then Acoﬁé& tBVZ@P@ -ahd ftﬁé’jﬁ‘ﬁ@@dﬂ héo’fdﬂé?i) bPfiAREBR WasKed %Itﬁawl(@%(p&[) and

| met hoxy) g%gl nazol i e prepared as describ

dned@;‘( 59{‘& e_EL( 160 £g93%wa NMESpeciter (PMIQds) 40 er BT 24 (s, 1H),
7.56 GRS s (RIS 20639 171 8 390, Y MAE 8H &1 Snl APk

454.0591.




WO 2007/ 036713PCT/ GB2006/ 003587 al | ow di ssol uti on. The
m xture was then cooled to 60C and the aqueous phase
wogepaseed and di scarded. The organi ¢ phase wWa€T/GB2006/003587
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(600 M) were added to the organic filtrates and then
heated to distil at anbient pressure until an internal
_ﬂtpgggerature of 106C was reached. The slurry was then
Exa ed to 5C, filtered and washed with et hyI acetate

methdx Saidartlin ottt @l sal} of he FomfDbindIik MEFGSnula IX
%éwn@)mﬁé)?get X3 3ﬂ¢y7d(r§’qsun§fﬂ§§n- 5 e(%§ 8), éﬁﬂeﬂf 0.0 m)
and to?ﬂeneé ) W chﬁ)ged Mpsves@nl intimed Mit)titroedh/ oF he@SﬁfEHﬂs Qvere

repar ation of
held at ambisnbansl dhafded oveampériodo)f-abowietltmoinpies i¢ 4 solutioy diphwepliorus

oxyeb gL 750t Ik B REITRR pob Ra VAo Retsibuy pimegn s

was folWRedZryd teRle@a (7.5 il Plindwadhe tR¥ation daRbukd ¥ ad then 8id at a
water (16 ml), formc acid (43 nl) and aqueous

temperggpieedl @bw&é € dous perigd of 3bert)O0einstesd ddirome-Ailyersesiline

(12.6 gﬂ%h@&@& \Védtlﬁ{;ﬂ\ﬂaﬁef@@?mz%ﬁc{ méhx %erdgtgv\ftﬂgsl%%cgg)%ﬁxg&?tﬁ’é f’*@dc and
held samfhgsdt ithis eehpmtrattifel for atinpe hatmnsr Qriflabroacdtiziicsd (60hel) was then
ction mxture V\gs coqled to 60C and tetra ,ydrofur

added(tﬂ ESHopdRixEye 8t/ > “Frgdthedsastinn mictys stined plelictifgnd hours

o AT OB A Ay ORLAVEL T 0B m

was clidrge avpreppoxphasky Iasingtep dolhtved tamlhcmréiohir ajé@"c Théater (180
a

i) w3 SRR B PR o R SV ol e S TS Sy 7

hydroR -BhGiho L 863 et nsyel nfbiis g elaskol ihb & i@odtctic BHASAt seed
was filtered, follow n through wi th tetrahydrofuran

(0.13 g} 8T hatehaws hetth at QSRer shawt 60 srnytpeard ther wekes (Gasl) was
added?cﬂjgy ?ﬂep QJPIn%te%[‘}]’qu %&t@éjt’l”ﬂe @%&#oﬁtn?égﬂ'% %qx%ld\gﬁxszg)@%&ﬂately

e Was se
two heunbiflesntcopledss 00X arkhide ghiaiuict xls@atated y\Wasathing melmbd\wﬁﬁntoluene

(50 )i GEFAE oY o R Dot i ooty 3o Liak 2 e i NBIR

Spectrdh® (131 d)q#\@%s %@E' ¢§4 gsolﬁ) SCans 18l 4784, 1311-11)29‘92 (s, 1H),

efore isolating th oduct by filtration.

8.73 (WWUM_MQMW) f 410A%1acetate (72 M) and
dried at 50C. Yield: 24.82 g, 80.3% Exariiple 19: -
X-Ray Powder Diffraction of anhydrous ZD6474 The

Exanipiogesses of the present invention synthesize the
an ydrous from of ZD6474 The anhydrous form of ZD6474

meth uﬁfatz%gﬁé &gﬁ :ggg%ggvglcﬂiﬂl}gie sglt 033 grﬁgeo%d,‘é}]&e Formula 1X)
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(20.7F ) THR $dacRELHRGH wRERK e 8h R Atk AN E0Y5°C. Phosphorus

oxycHloride (21.4 g) was added to the reaction mixture over a period of 15 minutes
followed by an anisole (30 ml) wash. The reaction mixture was then stirred for 15 minutes

at 15°C and then heated to 80°C over a period of 90 minutes. The reaction mixture was




Tabl e 1Ten nost prom nent X-Ray Powder Diffraction
eaks for the anhydrous formof ZD6474 Angle 2- Theta
W(?Z(’?@Y}’%VH’T ensity Count Relative Intensity 15. QCHOEBM86/003587

stirred at 80°C for one hour. A solution of 4-bromo-2-fluoroaniline (25.2 g) in anisole (15
ml) was added to the reaction mixture over a period of 25 minutes, The reaction mixture
was stirred for 4 hours at 80°C. Agueous hydrogen chloride (35% w/w, 122 mi) and acetic
acid (198 ml) were charged to the reaction mixture. The reaction mixture was stirred for 3
hours and then the anisole layer was removed. The reaction mixture was cooled to 25°C
and the solid isolated by filtration. Yield: 13.9 g, 54%; NMR Spectrum (DMSOdg) 4.0 (s,
3H), 7.43 (s, 1H), 7.5 (m, 2H), 7.7 (d, 1H), 8.37 (s, 1H), 8.72 (s, 1H); Mass Spectrum
(M+H)" = 454.0591.

Example 7
Preparation of hydrogen chloride salt of 7-hydroxy-4-(d-bromo-2-fluoroaniline)-6-

methoxyquinazoline (the hydrogen chloride salt of the compound of the Formula X)

Phosphorus oxychloride (6.0 ml) was added over a period of 60 minutes to a stirred
slurry of 7-benzyloxy-6-methoxy-3,4-dihydroquinazolin-4-one (10.0- g) and N,N-
diisopropylethylamine (7.45ml) in toluene (105 ml) at 20°C. Afier stirring the reaction
mixture for 30 minutes at 20°C, the reaction mixture was heated over a period of 90
minutes to 73°C and then stirred for a further 3 hours at that temperature. 4-bromo-2-
fluoroaniline (8.4 g) in toluene (20 ml) was added to the reaction mixture at 73°C,
followed by a toluene wash (5 ml). Trifluoroacetic acid (35ml, 3.5 vol) was added over a
period of 10 minutes to the reaction mixture at 73°C and the reaction mixture was then
stirred at that temperature for 5 hours. The reaction mixture was then cooled to 60°C and
water (175 ml) was added over a peribd of 15 minutes. The reaction mixture was then
warmed to 68°C and stirred at that temperature for 8 hours. The reaction mixture was then
cooled to 20°C over a period of 1 hour and the product was filtered off and washed with
water (20 ml). Yield: 11.56 g, 90%; NMR Spectrum (DMSQdg) 4.0 (s, 3H), 7.43 (s, 1H),
7.5 (m, 2H), 7.7 (d, 1H), 8.37 (s, 1H), 8.72 (s, 1H); Mass Spectrum (M+H)" = 454.0591.

Example 8
Preparation of trifluoroacetic acid salt of 7-hydroxy-4-(4-bromo-2-fluoroanilino)-6-

methoxyquinazoline (the trifluoroacetic acid salt of the compound of the Formula IX)

Phosphorus oxychloride (6.0 ml) was added over a period of 15 minutes to a stirred

shurry of 7-benzyloxy-6-methoxy-3,4-dihydroquinazolin-4-one (10.0 g) and triethylamine

th
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21.4 92.8 vs 23.3 63.7 vs 20.7 48.3 vs 18.9 40.4

WO 2407/036713 PCT/GB2006/003587

(5.9 ml) in toluene (105 ml) at 73°C and the reaction mixture stirred for a further 3 hours.
4-bromo-2-fluoroaniline (8.4 g} in toluene (20 ml) was added to the reaction mixture at
73°C, followed by a toluene wash (5 ml). Trifluoroacetic acid (35 ml, 3.5 vol) was then
added over a period of 10 minutes to the reaction mixture at 73°C and the reaction mixture
was then stirred at that temperature for a further 5 hours, The reaction mixture was cooled
to 60°C and water {175 ml) was added over a period of 15 minutes. The reaction mixture
was then warmed to 68°C and stirred at that temperature for 8 hours. The slurry was cooled
to 20°C over 1 hour and the product was filtered off and washed with water (20 ml).

Yield: 11.24 g, 87%; NMR Spectrum (DMSOdg) 8.72 (1H, s), 8.02 (1H, s), 7.76-7.73 (1H,
m), 7.56-7.50 (2H, m), 7.25 (1H, s), 3.97 (3H, s); Mass Spectrum (M+H)" = 454.0591.

Example 9
Preparation of 7-(1-fer-butoxycarbonyl)piperidine-4-vlmethoxy)-4-(4-bromo-2-

fluoroanilino)-6-methoxyquinazoline (the compound of the Formula X)

7-hydroxy-4-(4-bromo-2-fluoroanilino)-6-methoxyquinazoline (100 g) and
potassium carbonate (113.8 g) were suspended in N-methylpyrrolidinone {1070 ml) and
stirred for 10 minutes prior to the addition of 1-(ters-butoxycarbonyl)-4-(4-
methylphenylsulfonyloxymethyl)piperidine (152.2 g). The reaction mixture was then
heated to 95°C for 4 hours before being cooled bé.ck to 70°C. Water (1922 ml) was then
added over a period of 15 minutes. The reaction mixture was held at 73°C for 1 hour
before being cooled to 40°C and the product isolated by filtration. The product was
washed with water (549 ml), slurry washed with ethyl acetate (549 ml) at 50°C for 1 hour
and then washed with ethyl acetate (275 ml) and dried at 50°C. Yield: 137 g, 86%; NMR
Spectrum (DMSOde) 1.15-1.3 (m, 2H), 1.46 (s, 91), 1.8 (d, 2H), 2.0-2.1 (m, 1H), 2.65-2.9
(m, 2H) 3.95 (s, 3H), 4.02 (br s, 2H), 4.05 (d, 2H), 7.2 (s, 1H), 7.48 (d, 1H), 7.55 (t, 1H),
7.65 (d, 1H), 7.8 (d, 1H), 8.35 (s, 1H), 9.55 {br s, 1H); Mass Spectrum [ESI] (M+H)" =
561-563.
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Example 10
Preparation of 7-( l-tert-butexvcarbonvllpiperidine-4-vlmethoxv)-4-( 4-bromo-2-

fluoroanilino)-6-methoxyguinazoline (the compound of the Formula X)

7—hydroxy-4-(4-bromo-2-ﬂuoroanﬂino)—6—methoxyqninazoline (5.0 g) and
potassium carbonate (5.7 g) were suspended in N-methylpyrrolidinone (53.5ml) and stirred
for 10 minutes. I—(z.‘ert-butoxycarbonyl)-4-(4-methylphenylsulfonyloxymethyl)piperidine
(7.6 g) was then added. The reaction mixture was then heated to 95°C and stirred at that
temperature for 3.5 hours before being cooled back to 70°C. Isopropanol (25 mi) was
added and then water (75 ml) was added over a period of 15 minutes. The reaction mixture
was then stirred at 73°C for 1 hour before cooling to 40°C and isolation of the product by
filtration. The product was washed with water (27.4 ml) and dried at 50°C. Yield: 6.72 g,
87.2%; NMR Spectrum (DMSOde) 1.15-1.3 (m, 2H), 1.46 (s, 9m), 1.8 (d, 2H), 2.0-2.1 (m,
1H), 2.65-2.9 (m, 2H) 3.95 (s, 3H), 4.02 (br s, 2H), 4.05 (d, 2H), 7.2 (s, 1H), 7.48 (d, 1H),
7.55 (t, 1H), 7.65 (d, 1H), 7.8 (d, 1H), 8.35 (s, 1H), 9.55 (br s, 1H); Mass Spectrum [ESI]
(M+H)" = 561-563.

Example 11
Preparation of 7—(1-tert—butoxvcarbonvl)piperidine—4-vlmeth0xv)-4—@ubromo-};

ﬂlloroanﬂiﬁo)-ﬁ-mg_t_l_aoxvquigazoﬁne (the compound of the Formula X)

7-hydr0xy—4-(4—bromo-2-ﬂuoroanﬂino)-6~methoxyquinazoline (9.7 ), sodium
hydroxide (47% w/w, 5.0ml) and Adogen® 464 (1.5 g) were added to water (50 ml) with
stirring. 1-(tert-butoxycarbonyl)—4-(4-methylphenylsulfony1oxymethyl)piperidine (10.0g)
as a solution in toluene (35 ml) was then added to the reaction mixture and heated to 70°C
for 18 hours. The reaction mixture was then cooled to 20°C and the product was isolated
by filtration. The product was then washed with toluene (20 ml) and dried at 50°C. Yield:
8.72 g, 77%; NMR Spectrum (DMSOde) 1.15-1.3 (m, 2H), 1.46 (s, 9H), 1.8 (d, 2H), 2.0-
2.1 (m, 1H), 2.65-2.9 (m, 2H) 3.95 (s, 3H), 4.02 (br s, 2H), 4.05 (d, 2ZH), 7.2 (s, 1H), 7.48
(d, 1H), 7.55 (t, 1H), 7.65 (d, 1H), 7.8 (4, 1H), 8.35 (s, 1H), 9.55 (br s, 1H); Mass
Spectrum [ESI] (MHH)" = 561-563.

&




25.9 vs 29.5 23.2 s vs = very strong; s = strong
Table 2 * The relative intensities are derived from
WO dio7foseres ogr ans nmeasured with fixed slits. AnBCTGBL@I6/003587

I nstrument: Sienmens D5000, calibrated using quartz.

The X-ray powder diffraction spectra is determ ned by
mounting a sanple of the crystalline ZD6474 nateri al

on Sienmens single silicon crystal (SSC) wafer nounts

Exampleil2

Preparation of 4-(4-bromo-2-fluoroaniline)-6-methoxy-7-( 1-methylpiperidin-4-
ylmethoxy)quinazoline (ZD6474)
7—(1-rerz.‘—butoxycarbonyl)pipeﬂdine—4—y]methoxy)-4-(4—bromo-2—ﬂuoroanih'no)~6-

methoxyquinazoline (100 g), water (80 ml), formic acid (120 ml) and aqueous
formaldehyde (38% w/w, 28.2 g) were added to a vessel equipped with overhead stirrer,
reflux condenser and purged with nitrogen. The reaction mixture was heated to 80°C over
a period of 90 minutes and stirred at this temperature for 5 hours. The reaction mixture
was then cooled to 20°C and tetrahydrofuran (500 ml) was added. The reaction mixture
was warmed to 40°C and sodium hydroxide (47% w/w, 265 ml) was added, followed by
water (60 ml). The aqueous phase was separated and discarded. The organic phase was
adjusted to 60°C and water (300 ml) and butyl acetate (300 ml) were added. The resulting
mixture was stirred at 60°C for 15 minutes and then the aqueous phase separated and
discarded. Water (400 ml) was then added to the organic phase, which was stirred at 60°C
for 15 minutes and then the aqueous phase separated and discarded. Butyl acetate (300 ml)
and tetrahydrofiran (50 ml) were added to the organic phase and set for distillation at
ambient pressure. The distillation was stopped when the contents temperature reached
104°C. The slurry was then cooled to 20°C and held for 2 hours before is_olatiné the
product by filtration. The product was washed with butyl acetate (300 ml) and dried at
50°C. Yield: 76.7 g, 90.6%; NMR Spectrum (pyridine-d5) 1.49 (2H, m), 1.75-1.90 (5H,
m), 2.15 (3H, 5), 2.76 (2K, m), 3.63 (3, 5), 3.97 (2H, d), 7.38 (1H, ddd), 7.49 (1H, dd),
7.64 (1H, s), 7.88 (1H, 1), 7.89 (1H, ), 9.01 (1H, s), 10.37 (1H, 5); Mass Spectrum
(M+H)" = 475.

Example 13
Preparation of 4-(4-bromo-2-fluoreaniline)-6-methoxy-7-( 1-methylpiperidin-4-
yvlmethoxy)quinazoline (ZD6474)

7~(1-tert—butoxycarbonyl)piperidine~4-y1meﬂ10xy)—4—(4—bromo-2-ﬂuor0anilino)—ﬁ—
methoxyquinazoline (35.0 g), water (28 ml), formic acid (42 ml) and agueous
fonn;ldehyde (37% wiw, 8.2 g) were added to a vessel equipped with overhead stirrer,
reflux condenser and purged with nitrogen. The reaction mixture was heated to 80°C and

stirred at this temperature for 5 hours. The reaction mixture was then cooled to 40°C and
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Specﬁm‘z ipyrididad 5)0). M (XH,n)R1.75-1.90 (5H, m), 2.15 (3H, s), 2.76 (2H, m), 3.63
(3H, s), 3.97 (2H, d), 7.38 (1H, ddd), 7.49 (1H, dd), 7.64 (1H, s), 7.88 (1H, 1), 7.89 (1H, s),

9.01 (1H, s), 10.37 (14, s); Mass Spectrum (M+H)" = 475.

Example 15
Preparation of 4-(4-bromo-2-fluoroanilino}-6-methoxv-7-(1-methvlpiperidin-4-

vimethoxy)quinazoline (ZD6474)

7-(1-tert-butoxycarbonyl)piperidine-4-ylmethoxy)-4-(4-bromo-2-fluoroanilino)-6-
methoxyquinazoline (100 g), water (45 ml), formic acid (120 ml) and aqueous
formaldehyde (37% w/w, 101.8 g) were added to a vessel equipped with an overhead

stirrer and a reflux condenser and purged with nitrogen. The reaction mixture was heated




O\ H2 5ha wherein R is a suitable sul phonate ester;
froma (Cl-C6)al kyl-4-piperidinecarboxyl ate conpound
WO 0708 g1Formula 111: 0 O (C1l-C6)al kyl 10111 ; R&EN/GB2006/003587
process conprises the steps of: (a)reacting the
(Cl-Co6) al kyl-4-pi peri di necar boxyl ate conmpound of the
Formula HH with di-tert-butyl dicarbonate in the
resence, of taluene or i/l ene to forma fj rsf;1 rrixtﬁre

0 X =
to 80 @wﬁrr% Raring of S0 gemRtes pnd irgsdent thig lemnsiataisdpr aheutg. The
reactionQARAHE a8 thdn B oleBtFBOR dné methanol (800 ml) was added, followed by

potassium hydroxide (49% w/w, 228 ml) over 2 hours. The slurry was cooled to 20°C over
2 hours before isolating the product by filtration. The product was washed twice with
aqueous methanol (2:1 methanol: water, 300 ml) and dried at 50°C. Yield: 79.6 g, 94%;
NMR Spectrum (pyridine-d5) 1.49 (2H, m), 1.75-1.90 (5H, m), 2.15 (3H, s), 2.76 (2H, m),
3.63 (3H, s), 3.97 (2H, d), 7.38 (1H, ddd), 7.49 (1H, dd), 7.64 (1H, s), 7.88 (1H, 1), 7.89
(1H, s), 9.01 (1H, s), 10.37 (1H, s); Mass Spectrum (M+H)" = 475.

Example 16

Preparation of 4-(4-bromo-2-fluoroanilino}-6-methoxy-7-(1-methylpiperidin-4-
ylmethoxy)gquinazoline (ZD6474)
7-(1—tert-butoxycarbonyl)piperidine—4—ylmethoxy)-4—(4—br0mo-2-ﬂuoroanilino)-6—

methoxyquinazoline (36 g @ 100%w/w), water (16 ml), formic acid (44 ml) and aqueous
formaldehyde (37% w/w, 36.4 g) were added to a vessel equipped with an overhead stirrer
and a reflux condenser and purged with nitrogen. The reaction mixture was heated to 80°C
over a period of 90 minutes and stirred at this temperature for 7 hours. The reaction |
mixture was then cooled to 60°C and methanol (376 ml) was added, followed by
potassium hydroxide (49% w/w, 86 ml) over 2 hours. The slurry was seeded with ZD6474
{methanolate form, 300 mg) and cooled to 20°C over 2 hours before isolating the product
by filtration. The product was washed twice with aqueous methanol (80:20 methanol:
water, 67 ml) and dried at ambient temperature. Yield: 32.4 g, 95%; NMR Spectrum
(pyridine-d5) 1.49 (2H, m), 1.75-1.90 (5H, m), 2.15 (3H, s), 2.76 (2H, m), 3.63 (3H, s),
3.97 (2H, d), 7.38 (1H, ddd), 7.49 (1H, dd), 7.64 (1H, s), 7.88 (1H, t), 7.89 (11, 5), 9.01
(1H, s), 10.37 (1H, s); Mass Spectrom (M+H)" = 475,

Example 17
Purification of 4-(4-bromo-2-fluoroanilino)-6-methoxv-7-(1-methylpiperidin-4-
vimethoxy)quinazeoline (ZD6474)

* 4-(4-bromo-2-fluoroanilino)-6-methoxy-7-(1-methylpiperidin-4-
ylmethoxy)quinazoline prepared as described in Example 9 (100 g) was suspended in
tetrahydrofuran (500 ml), water (250 ml) and butyl acetate (400 ml) and heated to reflux to
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15 0/ >-Ne O (ci-C6)alkyl 1V, (b) substantially

renoving the tert-butanol fromthe first m xture;
WQP7036fBact i ng the conpound of the Fornmul a WREGTGBmG/003587

sui tabl e reducing agent in situ in the presence of

tol uene or xylene to forma second m xture conpri sing

t ol uene or xyl ene, 20 reduction by-products including

al cohol -products and a conpound of the Formula V:

allowdlssohttum s sRixhee wes hep epelod O Reandthormieous phase separated
and dPaRIe@IYhE ﬁrgfaﬁﬁrﬂhﬁpeewﬁseﬁﬁé}gd.rﬁ‘éﬁéﬁsrﬁmﬁﬂg (50 ml) and butyl acetate

(600 ml) were added to the organic filtrates and then heated to distil at ambient pressure
until an internal temperature of 106°C was reached. The slurry was then cooled to 5°C,
filtered and washed with ethyl acetate (200 ml). The product was dried at 50°C. Yield:
91.8g, 91.8%; NMR Spectrum (pyridine-d5) 1.49 (2H, m), 1.75-1.90 (5H, m), 2.15 (3H, s),
276 (2H, m), 3.63 (3H, s), 3.97 (2H, d), 7.38 (1H, ddd), 7.49 (1H, dd), 7.64 (1H, s), 7.88
(1H, 1), 7.89 (1H, s), 9.01 (1H, s), 10.37 (1H, s); Mass Spectrum (M+H)" = 475,

Example 18
Preparation of 4-(4-bromo-2-finoroaniline)-6-methoxv-7-(1-methylpiperidin-4-

ylmethoxy)quinazoline (ZD6474)
7-(1-tert-butoxycarbonyl)pipetidine-4-ylmethoxy)-4-(4-bromo-2-fluoroanilino)-6-

methoxyquinazoline (40 g), water (16 ml), formic acid (43 ml) and aqueous formaldehyde
(37% wiw, 33 ml) were added to a vessel equipped with overhead stirrer, reflux condenser
and thermometer. The reaction mixture was heated to §1°C and stirred at this temperature
for 5 hours. The reaction mixture was cooled to 60°C and tetrahydrofuran (178 ml) was
added. The temperature of the reaction mixture was adjusted to 40°C and potassium
hydroxide (49% w/w, 84 ml) was added, followed by water (22 ml). The aqueous phase
was separated and discarded. The organic phase was adjusted to 60°C and water (107 ml)
and butyl acetate (107 ml) were added. The aqueous phase was separated and discarded.
The organic phase was filtered, following through with tetrahydrofuran (18 ml) wash. The
temperature of the filtrates was adjusted to 60°C and butyl acetate (107 ml) was added.
The reaction mixture was set for distillation at ambient pressure. The distillation was
stopped when the contents temperature reached 106°C. The slurry was cooled to 65°C
and tetrahydrofuran (107 ml) was added. The slurry was cooled to 0-5°C and held for 1
hour before isolating the product by filtration. The product was washed with ethyl acetate
(72 ml) and dried at 50°C. Yield: 24.82 g, 80.3%.

Example 19; - X-Ray Powder Diffraction of anhydrous ZD6474
The processes of the present invention synthesize the anhydrous from of ZD6474.

The anhydrous form of ZD6474 is characterised by X-Ray powder diffraction and is
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(e) reacting the conmpound of the Formula Vwith a
sui tabl e sul phonyl ating agent in 5 situ to forma
WO 2@kt e ester in the presence of a suitabP@l/EEEW6/003587
and toluene or xylene to formthe conpound of the
Formul a Ha. 2. A process according to claim1, wherein
the conpound of Fornmula Ha is a conpound of Fornula Il
and the sul phonating agent is t‘osgl chl ori de. I,
charaderiséd i prositingaidesst breof the filtavwing 2 dhetpvalypraneasyred pging

(Cl-C6) al kyl-4- pjperidinecarboxyl 0 .
Cukopzediting 190" a0 2004cy 1o pREERIP I oA PD ST B b Rlisdd 6

. Proc cor di | Wwrdin FMAGE @] Mhe fen most
va“ﬁ{l%%%?lgﬁhrgggéﬁg%%(ﬁgﬂgggn ;tfégﬁgéls ected from sodi um
promiféf(pRaleRirbebyet hoksblal.um ni um hydride, 1ithium

al um ni um hydri de and dii sobutyl al um ni um hydri de.

205. A process according to claim4, wherein in step

Tabid £) 1 hGn"slY %5‘5‘1911)?391? R Rh$ PR Biffraction peaks for the anhydrous

form of ZD6474
Angle 2- Intensity Relative
Theta (° 20) Count Intensity
15.0 100 Vs
214 92.8 Vs
23.3 63.7 Vs
20.7 48.3 Vs
18.9 40.4 vs
18.1 40.1 VS
23.7 39.2 VS
8.3 28.9 VS
22.1 259 Vs
29.5 23.2 5

vs = very sirong;, s = strong

Table 2
% Relative Intensity™ Definition
25-100 vs (very strong)
10-25 s (strong)
3-10 m (medium)
1-3 w (weak)

* The relative intensities are derived from diffractograms measured with fixed slits.
Analytical Instrument: Siemens D5000, calibrated using guartz.
The X-ray powder diffraction spectra is determined by mounting a sample of the

crystalline ZD6474 material on Siemens single silicon crystal (SSC) wafer mounts and
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bi s(2- met hoxyet hoxy) al um ni um hydride. 6.A process
according to any one or nore of clains 1 to 5, wherein
WA HOHEPIYe) the base is Inethyl enedianine.  POAGB2006/003587
process according to any one or nore of claims 1 to 6,
further including the step (f) of isolating the
conmpound of the Forrmula IL. 58. A process according to
Jaim7, wherein the step@&féﬁcpn’pri ses _ )
SPreagwﬁ%Fhei sgmplegita s ihimlagen with beaideln micesrpndidso Mhesemple is
spun &5 feW¥blutions per minute (to improve counting statistics) and is irradiated with X-
rays generated by a copper long-fine focus tube operated at 40kV and 40mA using CuKo.
radiation with a wavelength of 1.5406 angstroms. The collimated X-ray source is passed
through an automatic variable divergence slit set at V20 and the reflected radiation is
directed through a 2mm antiscatter slit and a 0.2mm detector slit. The sample is exposed
for 1 second per 0.02 degree 2-theta increment (continuous scan mode) over the range 2
degrees to 40 degrees 2-theta in theta-theta mode. The running time is 31 minutes and 41
seconds. The instrument is equipped with a scintillation counter as detector. Control and
data capture is by means of a Dell Optiplex 686 NT 4.0 Workstation operating with
Diffract+ software. Persons skilled in the art of X-ray powder diffraction will realise that
the relative intensity of peaks can be affected by, for example, grains above 30 microns in
size and non-unitary aspect ratios which may affect analysis of samples. The skilled
person will also realise that the position of reflections can be affected by the precise height
at which the sample sits in the diffractometer and the zero calibration of the diffractometer.
The sutface planarity of the sample may also have a small effect. Hence the diffraction
pattern data presented are not to be taken as absolute values.
For more information on X-ray powder diffraction the reader is referred to Jenkins, R &
Snyder, R.L. ‘Introduction to X-Ray Powder Diffractometry’ John Wiley & Sons 1996
Bunn, C.W. (1948), Chemical Crystallography, Clarendon Press, London; Klug, H. P. &

Alexander, L. E. (1974), X-Ray Diffraction Procedures.

Brief Description of the Drawings

Figure 1: X-Ray Powder Diffraction Pattern for ZD6474 anhydrous - with the 2 theta

values plotted on the horizontal axis and the relative line intensity (counts) plotted on the

vertical axis.
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CLAIMS

1. A process for the manufacture of a compound of the Formula Ila:

wherein R is a suitable sulphonate ester;

from a (C1-C6)alkyl-4-piperidinecarboxylate compound of the Formula III:

| o
HN <
7
(C1-C6)alkyl
III;
which process comprises the steps of:
(a) reacting the (C1-C6)alkyl-4-piperidinecarboxylate compound of the Formula III

with di-tert-butyl dicarbonate in the presence of toluene or xylene to form a first mixture

comprising toluene or xylene, fert-butanol and a compound of the Formula IV:

(C1-C6)alkyl
Iv;
(b)  substantially removing the terz-butanol from the first mixture;
(c) \ reacting the compound of the Formula IV with a suitable reducing agent in situ in
the presence of toluene or xylene to form a second mixture comprising toluene or xylene,

reduction by-products including alcohol by-products and a compound of the Formula V:
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10

15

20

0
J—N CH,OH
0
v

(d) substantially removing the alcohol by-products from the second mixture; and
(e) reacting the compound of the Formula V with a suitable sulphonylating agent in
situ to form a sulphonate ester in the presence of a suitable base and toluene or xylene to

form the compound of the Formula Ila.

2. A process according to claim 1, wherein the compound of Formula Ila is a

compound of Formula II and the sulphonating agent is tosyl chloride.

Y
>N g

II

o)

w

CH,

O

3. A process according to claim 1 or 2, wherein the (C1-C6)alkyl-4-

piperidinecarboxylate compound of the Formula III is ethyl 4-piperidinecarboxylate.

4. A process according to claim 1 or 2 or 3, wherein in step (c) the reducing agent is
selected from sodium bis(2-methoxyethoxy)aluminium hydride, lithium aluminium

hydride and diisobutylaluminium hydride.

5. A process according to claim 4, wherein in step (c) the reducing agent is sodium

bis(2-methoxyethoxy)aluminium hydride.

6. A process according to any one or more of claims 1 to 5, wherein in step (e) the

base is triethylenediamine.
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7. A process according to any one or more of claims 1 to 6, further including the step

(f) of isolating the compound of the Formula Ila.

5 8. A process according to claim 7, wherein the step (f) comprises crystallisation using

a toluene and isohexane solvent system.
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