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PROCESS FOR PREPARI NG | NDOL- 5 - OXY- QUI NAZCOLI NE

DERI VATI VES AND | NTERVEDI ATES The present invention

relates to chem cal processes for the manufacture of

certain qui nazoline derivatives, or pharmaceutically

acceptable salts thereof The invention also 5 rel ates
to processes for the manufacture of certain

i nternediates usethl in the manufacture of the

BERRS B BRIF ARG IRDAL s O SSEReRadi e BERIyaTIVES
said inter medl at es. AND INTE)
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TESar t he present
i Mhemrdsent imesnsipa selptes rbeimiesl PprcsEsEs & dhamanufacture of certain

qulna%orl:ﬂeg:r n%ti\;egﬂor;h%gltéllri' gegpcailp%c@?%g$&i% 'ﬂ'?eg&{’/f] E)F)Bg nvg{lti%noalso

relateﬁfﬁi ProXdssesdar (Heyidnakdcelira oﬂ.ee}ﬁaﬁx{ opanet tds magfal 1|nrthe mahifacture of
onpound falls within the disclosure of 00/47%#2
the quimoliae dszaab e anddo PrPCEsSa I dhomenfaeles ¢f the quinazojipe

(bnvﬁggggﬁvu% %ﬂ uﬂmnﬁdﬁﬁﬁdol 1H 5-yl oxY) - 6- et h. oxy- 7-[ 3-
( pty padiculdi, nkd preydn} prvemmyﬂetamsrtaz;hémwel precaiesscmi hedrmediates
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meth&glr 'Fg;t WIHQ@ NSHhop Bkﬂ)ﬁﬁm@ﬂ)hde”ﬁ@lﬁ @lpoufdl @llsRvithin the

rocésses incl uding embryonic devel oprent,
disclosorerd W@e()(]/é#@laradd seexemhﬁcd) npﬁmmpls 26‘9 theeﬁml e

BN LU LoR Wl PRI, 0 PRUIOIOOLER ot 1

yh)propd& 14@idagoticAb atdcEibEEhrBIARAL Yy 015 Fbﬂﬁmlél cancer,
rheunmatoid arthritis, atheroma, Kaposi's sarconma and

haemangi oma (Fan el aI 1995, Trends Phar
16: 57-66; Fol knum 1995 Nat ure Med L
Al teration, of vascularzgﬁrneablllt' gught to

play a role in both anad) path

physi ol ogi cal processes (CullinanfBovg et al, 199. 3,

Endocri nol ogy 133: 829- oenger-et al, 1993. Cancer
and Metastasis REVIe 12; SZﬁ}. Sever a
pol ypepti d Vit o -a-o“h@ al cell growth

pronoting acti |ty have been identified. including,
aci di c and Sic fibroblast gowh factors (aFGF &
bFGF) and vascul ar endothelial growth factor (VEGF).
By virtue of the restricted expression of its

and ak @CEPI1QN Sthe tbée Qrvdr vy fvadétothe cMBpound is known.
2008/ 053221PCT/ GB2007/ 004176 - 2 activity of VEGF,

c OV ANGIAZENREP PIFYS B ENRRREt rqlg iny B agtaly ef Brogqsass 1?19ledmg
I
o SR RIEA P L) o RSy B ARGE el S
functimd Lmi‘ehcd‘tﬂxgmq&ithodogcai geglegexs:s(sllmk bearpsadciabd with disease states

o GRS O o 501 LS 0 et

sarcoﬁﬁ%ﬂlkﬁémgﬁgl&ﬂgm dtML 2 99@!‘%@1@@ B‘ha%tnaéﬂl Scl 989 5756; Folkman, 1995,
Biol. Chem~ 264: 20017-20024), Ant agoni sm of \TOP

Natumdvled;mnby %q up sAkqailmnoﬁ)vascliﬂ@!qumleablhm is Baghtctaplay a role in both
normil paﬂ]é{{l]?én gal p %Stlolgglf tg%%‘s)esr(C% lman epal,eb@, Endocrinology
133: 829-837; Senger et al, 1993, Cancer and Metastasis Reviews, 12: 303-324). Several
polypeptides with in vitro endothelial cell growth promoting activity have been identified
including, acidic and basic fibroblast growth factors (aFGF & bFGF) and vascular endothelial

growth factor (VEGF). By virtue of the restricted expression of its receptors, the growth factor
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Receptor tyrosine kinases (RTKs) are inportant in the
transm ssion of biochem cal signals across the plasm
menbrane of cells. These transnenbrane nol ecules to
c‘g rﬁog}oerl stically consist of an extracellular

gﬁ bi*Hdi ng domai n connected through segméft™{HOYHRH17
pl asma nenbrane to an intracellular tyrosine kinase
domain. Binding of ligand to the receptor results in
stimulation of the receptor-associ ated tyrosi ne ki nase
activity which | eads to phagphoryl ation of tyTosine
resi dues on both the receptor and other intracellular
nol ecul es, These changes in tyrosine phosphoryl ation
ddilvity SOEGE, & @niadst tonigit ofrbe BAEs, hsealdiively sperifer tdBardaenidethslial

S LSRR LSO Bl 250 e
ﬁ&lﬁﬂl@’ﬂ@l&aﬂg&@ﬂi&ﬁg@ akelrmu et HOAH3, |Mém1n¢'>lpgd 1330848~ %ﬂ’9 Khlels et 2l,

eSI

PRI ) BG5S S D L
WEGhdRly-e1 )1, 19808, Rioh &hemi 34e2Q01H30RAN Pmbarﬂomsm |0ﬁ§EGF action by
recept.or, f
LEOTR Bbiog VRPN AR, LB RN Sty AR o o
T93, Witutel36Z S84 1-844t ed EI I ( s, FIt-1 and KDR., have been
igg\gﬁketégpt i nrg)su\é/eggql:asgéglilgg aggmﬁ)foitﬁﬂ? bt e &Q@m%ﬁlglg gf, lfﬁcgcﬁ&mical
BEwéheemss h8plophymemiRe. of GglymilThdsg ggnsn@gnbranqlgqlgcuiqrgg 6) .
EA i Doy Arieh: OF & )cl@r%@eb ulfEEREBSinE N0hSS §&Qedt&l through a

ero 0g nS cel een. assocliated with ch anges
sagniehian thepbsinnmepbresplacn yitaes gk trasing &ingfe dempipy Biding of ligand
H)r L & %%or?&gltsqg LtﬁhLFﬂlofnl o ﬁﬁ%eceptor—assocﬁ%@%yrbﬁneﬁqﬂﬁﬁé/ act1v1ty which

st nmul or vascul ogenesi s and angl ogenesl s, Thi s
tepdsoriphesphandeiicasf b{r@swvmar et DoslpB trCRY Apheths e AT
LRGED %@Q@Q&d@@g ih @}lros%?el ﬂhoﬁih@ffylafn@ﬁ Al méﬂﬁlﬂﬁg?@i‘é@de leading to a
expression and m gatl on, subse uent arganl s
gincgepf csllyle 1¢sppusese Ai anea%t;leaE%@teek fcERTK 3y fa@@?%&%@ed by
QI\Aﬁr%rbbﬂagchﬁ@nﬁ%molg h;\%%@%‘rz ﬂigr%gigd 1@183%}3 f thedd Eﬁbﬁﬁlﬂiés &tpadsently

M crovasc es Z e
EpraRred Py e pmike4yrgsinekpase Gezept‘ifgg%j‘ i A F‘%XEG%@ £e
hHIGRRt AbMMh fcbB AR g Vs, EDROEKk SRl tof a¢ VIEOPRr-Adbr Filt-1), and

|, Int. Arch. Al L | ., 107: 233-
I, R T A TN R
%Q&lbte}n shpwe ImtmmEGE Kwﬂfﬁﬂﬁgﬂimfﬂﬁﬁ?{@h}’ﬁéﬁe{ alp Wnee 255: 989-991;

L hMmature v C | r C
Eﬁ%l%@ll {:9??% %FIB iQRiys Res. I9§2 Clté? 1%% ?géé‘? Emd& of VEGF

m&%@&@&zﬂs Bﬁﬁr@s&ﬁﬁ (Bé'tl:fbﬂ)fgilﬂﬁoells has bedntasdoaistet) @@h clsingasnn the

t hat, ac one .i.s s to pronote
s e Tntror e uiy Seak bl
i ncl uUEGg ienkkgtshahinator eadchlogamesis irﬁmagmganpsmn'l“gmsamwhae induces a

SO R 0 ASHE Bt A5Gl e s

]aﬁ&%‘,ugrzﬁcng asd swblsqqudnt cBgan[satuﬂleﬁwe,lls Zﬂ&nngagvemmagzm_bg (Keck et al,

%8%_%9, dshiSetSh Rﬁg 239 elggg 512 (I-;EF?I![,arg%rz;lﬁlﬁg?élggv%cr?vﬁggﬁgs 55:29-

vias tQﬂSaPemae]r eteuabExhzynw Hrstepr égeliB-16R B dbn sddifige, YEGF induces

di s 0 |6l udi €My, 233-235,

mﬁn%eﬁ%arﬁ vasc ar genneaﬁ)ﬂﬁ (Bgor%l? icz? Ing Al' et o S?Pg@ I\Ln%#ﬁ?xgly o

rigey rmmm ad aarPﬂlt'mOII {Lond. B(aﬁo" 326%27§a2%mr01h@@9’a°ﬂ1gla§?¢1 gf a hyper-

B G BIEONSu NSRRI & Fhor Bk IREOE Bk Bhaiogenesis
eriosi aut ol ni mune di seases , actte

i nfl ammat i on exceSS| ve scar fommatio:n and adhesi ons,

Iynphoederna, erdornetriosis, dysfunctional uterine

bl eedi ng and ocul ar di seases with retinal vessel

proliferation including age-rel ated macul ar

degeneration. AZD2171 is a potent inhibitor of VEGF

RTK and denonstrates >800-5000 M| d selectively

conpared to VEGFR-2 conpared to the epidermal growth

factor receptor tyrosine is kinase, the ErbB2 receptor
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20 AzZD2171 inhibits VEGF-stinul ated endot helial cel
proliferation potently (1.C50 value of 0.4 0.2 nivl
in the HUVEC assay), but does not inhibit basa
endothelial cell proliferation appreciably at a> 1250
fold greater concentation (1C56 value is > 500 ntvl).
'l;{;ﬁz bk of a Calu-6 tunour xenograft in tRpde¥i 8176
I d tunour nodel described in WD 00/47212 (page 83)
was i nhibited by 49Vv7, 69%" and 91C foll owi ng 28 days
of once-daily oral treatnment 25 with 1.5, 3 and 6
ng/ kg/ day AZD21 71 respectively (F"-(0.01, 1t<0.0001;
one-tailed t test). AZD2171-fras been shown to elicit
br oad- spectrum anti-turnout activity in a range of

nodel s .f ol | ow once-daily oral adm nistration (Wdge

ot ol Da0hses el squeBant kB Hordy: s Batto poyll of fe major

\we@a/picza@znm 'SOJEEE sncaﬂmg réﬂdotﬂéﬁﬁ%blbﬂ)rshféﬁti&ﬁ ﬁugrafon and
ounds,

arin ol eox
BREPEL hLF e SEAER P S el (S o Vs B seg-374, 1999
memg:eszs JfBivl. Shema?16n87a4-62TI0M008; Gifle &€ 18161 The. ) 276: 306)-
é ? 8R421PCTI GH2007/ 004176 - 4- WD 0047212
I'scl'oses a route for the preparation of a conpound of

For nuhagi¢geesisandlpiein@dBy in vhivubr ponitailitdk pRERPAI Wile range of

t t he F ctor or the
ek SREMOaBL B8 PO Rteoin % 55 b e et
idenhetose psorindise rheomateldlarthmisyﬁanolsﬂsrsa‘awmer aidchrngidbhgacute and chronic
t ring the . use of -nulti .
%gﬂrb}‘(]ﬁ):'agxgetglag%}/ogr% égl‘?‘eh‘glf ragt%lggk auto nrpu nune d1se es, as g:argxs %ﬂl?%mmatlon
SXAPEREe Sofr f¢rmatmmd péltesigns, le(mphcwdema btrbmttmmaldb/smncebxdl Gbrine
fore
b5y BRES et Bl e JI5H feon ABHBLOLE R T
HegeRsirtiPn) suitabl e to ni ake i arger quantltles of that
COMp oMy 17T e forchPinfiock @v@%@‘iﬁx@z{nd’&%&sﬂtéé 5063600 fplg

synt heses of the inteinediate co usef ul
‘i}?ﬁ‘}ﬁ%}é Fognnafedﬁ%}éE@B%ﬁcf@mareef tOtﬂmaepmsmm rawth facjonredeptor tyrosine

kRE@Ethe Eﬂ)@ﬁ&éc%ﬂ)t@ﬁtyl‘égmé lkase, i@t pRdl dﬁfe@epﬁ@m{ﬁ@ %ﬁlase and cyclin

Prefg?qgwé t he neM/syntheses shoul d m ni mse

At efReti laheveapistiaivity fathe fede (apengpme and (b)

HEO/BA! R ¢chy aihek 256 @idribed 8 wODOAL YL (5%@& $0/839N¥he AZD2171 Ic50 values
ures. “Addi ti onal

Firaatinay o e RER (st B bl S0 e iy v BATR hrosine

R{iﬂﬁ?de labtivit@e® ﬁﬂﬁ&ﬁﬁ?me hd3ayPidrd k@ﬂ{/laf +3aMARa kO nf\/ﬂ%gpe&lvgl gh
% ty compound of the Fosula' 1 to satisfy the high .
82 P TRt RS Hetinalated eadeshrdin bt errlifeesion petodlydiCso v of 0.4 =

0.2 WS e eFesc shay! l‘glt @$e§ RotUiSHbil lﬁsaﬁ LRGN %?ll ﬂ'gﬁferatlon
reggﬁg@ﬁathat can safely be used In a manufacturing

PPy A 7 W10 TH @osis cane Rt 0 vagisi igfa POed). The growth of a
Be16-BItethdig xémdgiahién ﬂié ﬁﬁ\ﬁﬁi sohdﬂtﬁﬁﬁﬁﬂ Rétel d@crﬁ@d‘ﬁnﬁﬁ@‘bbﬂ%ﬁ (page

I oy ocC he manu acture of
R R r B ST oo ap R Milaging e G oppiss spily oral roament
ivfilv em o 6 mylcgmymzaw pre@de&a/e@r(p\?toﬂ@d pig gbive one-tailed t test).
y

@@é %@W é ﬁ ernedi at e conpounds that nma
1L RSP SGIFUTAZHp puT 20Hviy Iy gangroRg models
ﬁnﬂommg sies-dailyeoralcidaiitiag LGV ddBe §tRAL06) E¥ncd} RArEHE(10), 4389-
pPounds to be made ha high quality and high yield on
a larger scale. The processes allow a substanti al

: edudYO 62y12227 Tdhelom sdveral @ifssible E@Edﬁ@(d’lp@dp@mfgqﬁﬂb%éﬁﬂﬁc)tc'ﬁ@t

so at re converg ent
Bighue i3S hfeth BT S redsd Gt N Dot ol o
mc@mgammﬁoumbfmmslamf time and is cost. For
t he avoi dance of doubt, the term "AZD2171" as used
hereinafter refers to the AZ D2171 free base, unless
ot herw se sl at ed.
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A key internediate that may he used in the preparation

of AZD2171 is 2-nethyl-4-fluom 5-hydroy.y-indole, the

compound of the Forrmula 11: Ho I Exanpl e 237

of WD 00/47212 discloses three routes for the

Y @pUPAT*Yn of a conpound of the Formula IL (RETHHR007/004176

first route involves the reaction of

2-fluoro-4-nitroanisole with

4- chl or ophenoxyacetonitrile in dirtiethylfonr, am de

(MR) solvent in the presencsg-of potassium

tert-butoxide foll owed by reduction with hydrogen

using a palladiumon charcoal catalyst to give a

m' xt UWQ 00/ 7212f dissse-a5ewme fd theyprapaetion dndoBpduind of kerHula I (see

ter r.ot [ [ BT

0T PR s Ry SFhamosR] o e L SLhERRAr

symdmble sf rblstlvebmﬂaﬁdmonnts ef thatopehoodd. rHamw e SFHYS rostslim@tvles Iinear

{AteR S et bl ' B0 TRE B Uk Rl B e

fsblatwroe{B-sntstahioat ylurzbmf hl;mmedm@ﬂ d\samah, the overall yield of the synthesis

[ 0
ErtHBY ey Rk PR B e LR e
Bomour Itspitdbtegorindke larpengtahijtice néthetwpmpmmé Thergiswlso ¢ heed for more

%@m?%&%‘&% ‘#:f%é‘ﬂ('il f}s\e]dgaﬁe éu%)g\g%g ﬁsreglé'tlrgtgtlg %H*M}eése %f the compound of

thedotingnl tofmaist hayder awratidesoé thateaniginetiate cpmgoyngy. o- 4-
nitr olk}gﬁﬁﬁl ethé Eﬁvﬂ?ﬁﬁk%s%ﬁ%l&ﬁﬁﬁﬁﬁ@tﬁe R 06 MLl Bfipounds

to form 3 { - -4-uitrobenzene,

thapgasd ;czhmomep@nsi aheuld ot Bvalvapasip BeEErenfugiRgBffication
bRACHEY. AB&ifGLDY, |thé3ﬁ f@BRalBud oL RN SIS highhLaRky de

I'n the presence of rnorillonite to faiiu
$opRQIRds, inprplogier sp.ag f‘fhféflﬁ BRigB ABPiDcaPRpRd QS ks*&rfz)eﬂ\éa I'to satisfy the

tiu o phidhylr éﬁ?fr&ne%’cs(c% aphartia PRt iSﬁbBﬁcQ p’Yle‘rﬂ:Wrbbrﬁtﬁ@QﬁslhEﬁ& glsd Sse

hen réa benzyl al cohol in dinethylacetam de
ProMRres And Keeepie dxbrasatsty SadiduR? e damed Gy et e
gmaﬁ,gﬁlemﬂfgumamyl -1 benzyl oxy- 2-fl uor o- 4-ni t robenzene.

Thi's chm?n%r}:g thlespresgnet 911v€§t9onavr\}g nodwe rroxcf)ltdg ﬁrtxp%gveg %rocesses for the
manufacture of AZD2171, the compound of the Formula 1.

According to the present invention, processes are also provided for the manufacture of
key intermediate compounds that may be used in the manufacture of AZD2171.

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 “AZD2171” as used hereinafter refers to the
AZD2171 free base, unless otherwise stated.

A key intermediate that may be used in the preparation of AZD2171 is

2-methyl-4-fluoro-5-hydroxy-indole, the compound of the Formula II:



reacting with 10% pal | adi um on charcoal in
et hanol /acetic acid in the presence of hydrogen to
gi ve the conmpound of Forrmula I,
4-f| uoro- 5- hydr oxy- 2-xnet hyl i ndol e. The third route
invoI ves the reaction of |
260%0%’39510 3- (2, 2-di met hoxypr opyO- 4-nitrobgRzens o076
I um et hoxi de in nmethanol to give
3 aceryirnethyl -2-fiuoro- | inethoxy-4-nitrohenzene.
This compound is cyelized and deprotected by reacting
with titanitan trichloride in acetone in the presence
of ammoni um acetate to gi vesSthe 4-fluoro- -6-
5-nmettioxy-2-inethylinciole, The
411 uor o-5-dri et hoxy-nethylindole s then reacted wth
boron tibrom de in nethyl ene de to give the
compound. of Fornula I, 4-f 0- 5
hydr oxy- 2-rnet byl i ndol e. _The # disclosed in the
prior art docunents for e prieparation of a conpound
of 5 the Formula 1.1 are sati §factory for the
synthesis of relatively snall ﬁgounts of the conpound.
However, they all require each™of the internediates to
be i InhaprA3AWOLINATRI0G®]oséshrktitbatesTo the pleparhttmmlofiti On
and/ or [ n steps. This results in a
%%’?Hog’?dc\g%ré/’ @1@?‘2 yi el d of the conpound of the
EprTae! fast kdutoivdliee tl&n‘edchoxscfal-ﬁlottsédﬂrohhmm t he
rou ose Qrart .
an s‘fi?@%‘f’?]{egoﬁyg?egoﬁégle %gg'%{rl?ﬁ fomrars ?]9 i gﬂs?) g} gﬁt lgglg piesenge of
t h egotassimh uatebltaxida fblldwed dy rslottnivoth hadrdgennsipgia pdliadiamiogn
h_.cannot b
1‘co \w:atcl st%o Lglved mlx(l?url{g QPP#& E&?—n%iﬁok(ﬁhfo?%lgx 63Hhofd-5-
d| smétbwdldpln Aﬁer meoteadion af the thdela nigen vaﬂ:eerzrhmmcerbmtyl the
f orm&?\ﬁeb r&tgh?edmgef zi’sclieé&e% i IetraﬁJafoglﬂan §c§fvent with fers-
pha rnace ere ore, a
neekhtylbthium amdmﬂwf 1f0dlel¢ &HPWS%WH@BQIQMWC aaldé‘b&lﬁ%)%%“ﬁ? of 6-
t hegfo 95—%6@10%92%&@9&81&:&9&4 H5G 05T G ey Bdole. After

quantitres o ound. Preferably, the new [s,
sy nrqﬁﬁlﬁﬁt@nih?cﬂuﬂ@rméﬁlﬂhwwm@@ngle|la/regpﬁd with boron tribromide in

ti tﬁ@thﬁgﬁetc'ﬁlbﬁhaﬁ gﬁ\;%%eaéohﬁﬂulﬁ%@ F@huRUl, 4fieRLd-BRiroxy-2-
procedures. he new synt hesi s shoul d reduce the

nunﬁ'éthyltﬂddf’sol at i on andl or purification procedures

r(1‘i3)qwflé' s%g)nd Hi'ﬁéplﬁ@%lvers Q%lligdcﬂt@hh&‘éﬁlyﬁacaﬁﬁteiﬁtethDﬁ -trifluoro-4-
manuf act ur e ref erably, e ne n sis sho

i i sERER R THE B Brisio R et P ?FS‘Q{F“‘?%H%I s

pr oalﬁg&o 4Viﬂtkdbbn2!eﬁ33 raoxaaw@auymgmmmram m&mﬁamen maced
provides t ortunit recovery. I

B o Sipe ot Sy Sie< EBHITR therehes pippamorilonie o
r obgusi lattﬂﬂnroecb B@t-emimiohyqﬁopmM-mﬁaﬂeﬁtdnagl 2-Difoarp@aid

of the Formul

li, and t de high
qual P RaRR B SRR R Rt 176 P oo ae
to Szaietlﬁrfayetztriii&e aViA) ia tierpyesee of sodiveritysridedo farineg-acetylmethyl-1-
IOP t (ﬁl t I(-:%ﬂ{lcfrg élrsmtaorb%xllc?ﬂge[ r‘ﬁl‘isecrcl)lln]?)cl)u‘ci’ld |1s|n§(?hzte&]§t{d9feﬁ1gté%&9§]
pat wttmgp\fi)thllo%tpahndmnpmbtthlamaﬂ iirogthanulfdsetic A0 i@ O AregDOSAR

di | j .
R e e

E(uiD Thesthirdspedtvobis thh eeaptlcmsné h2-diffnpend-(Lhdimethexyprdpsl)-

L Oy @B RS Sl Rleal e TRALAGH e Slacdly RPN ro-

Brmil'a oma ni enzen& dertvative o S
Fo r iruheghoxy-F-nitrobi@@ene. This compound is cyclized and deprotected by reacting with

titanium trichloride in acetone in the presence of ammonium acetate to give the 4-fluoro-
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wherein RI and .11.2 are independently selected from
fluorine, chlorine, brom ne, iodine and optionally
substituted al kyl sul phonyl oxy such as trifloxy or
tosglox%/:ﬂ whi ch process conprises the steps of:

ayPeYe a compound of Formula I11 with an RSY@p20gF004176
For mul a (I\O wherein R3 is a suitable esterifying
group; to .fo:rma conpound of the Fornula V: | NO

COO-R3 V; (b)reacting a conmpound of Forrmula V with
hydroxi de ion in the presenge of an aryl-al kyl
ammonium salt or a tetra-alkyl amoniumsalt to forma

coqpound of Formula VI 01-1 ,1 "11 0.00,1? VI
-methoxy-2-methylindole. The 4-fluoro- '5- methoxy- methylmdole is then reacted with

boron tribromide in methylene chloride to give the compound of Formula II, 4-fluoro-5-
hydroxy-2-methylindole.

The routes disclosed in the prior art documents for the preparation of a compound 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 II 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 II, for example so as to satisfy the regulatory requirements for the introduction of
starting materials into the production of pharmaceutical products.

International patent application, publication number WO 2004/009542 discloses an
alternative method for making 2-methyl-4-fluoro-5-hydroxy-indole.

According to a first aspect of the present invention, there is provided a process for the

manufacture of a compound of the Formula II from a nitrobenzene derivative of Formula III:



WD 2008/ 053221PC11/ 6132007/ 004176 -8- (c) reacting
conpound. of Fornmula VI to forma conpound of Fornul a
VII; (d) reduction of the conmpound of the Fornula VII
to forma conmpound of Formula if In one enbodi nent R
and Ria are independently selected fromfluorine,
C\k’é‘i@fﬂ%np om ne and iodine. In another enbogimEsdoo Ros176
an are i ndependently selected fromfluorine,
chlorine and bromi ne. In another enbodinent Rl is
fluorine and R 2 is brom ne. In another enbodi nent
both R3 and R2 are fluorine R3 is a suitable
esterifying group such as opt’ronal ly substituted
C _6allcyl or optionally in substituted henry!. The
skilled person. would be able to select suitable
esterifying groups which wouRd not interfere with the
processes of this enbodi mentlof ghe invention and
woul d al | ow renoval of the gr group during process
step (c). In one enbodi men 8 is C).6al kyl or
berizyi. In another enbodi ¥ 6al kyl . I n anot her
enbodi rent R3 is Cay'. auéurther enbodi mrent R3 is
C4a|ky|, conveni ently terI- 15 Reaction
"ondiiione kr Process ( The reaction of
process (a) |s conveni ently carried out in the
pwheein 8 awmf Roarsnidpadeatls slogea fromflubrines clerine dhgrdipe fiagdingand
0 Suitable
%pt%ﬁﬁbgpgséo el\(/igﬁcs' u@ aggﬁmlag{ﬁgw (tgfft%&ng{ ‘hyl ber mene
sowhmlyblemssmmptrhesﬂpere@en’ée of a suitable base such as

ﬁg' UM for b ﬁ%&l g{incPJfF%HthMﬁ Wl 4 RRASP6HAGa (U anot her

odi nent” t non- pol ar solvent is "iu selected from
tol uene or trimetbyl benzeng. 0 The reaction of
step (a) is carried out. at nperature in the
range, for exanple, of Hyfom LHIC, conveniently
in the range of from®60 to SUQ nore conveniently in
the range of from65 to 75C - The conpound of

Formula IV may conveniently bY:sel ect ed from net hyl 3-

omabﬁmﬁeaatsamwetémhfﬁmgc@m@ut anoate, propyl
3- oxobut anoat e, butyl 3-oxobutarmate, ,sec-butyl

1030 QI PGS éli‘f"oF"EmB]ﬂt yl 3-oxobut anoat e.
Alternatively the conpoundgrdbf Fornula IV nay be
sel ected from net hyl 3-oxobutarmte, ethyl
3- oxobut anoat e and. thut obyit annat e.
Conveniently t-butyl 3- anoatie can be used since
this requires mlder rea N
2008/ 053221Pa/ GB. 2007/ 0041

6 -
NO, COO-R’

V;
(b)  reacting a compound of Formula V with hydroxide ion in the presence of an aryl-alkyl

ammonium salt or a tetra-alkyl ammonium salt to form a compound of Formula VI

OH

NO, COO-R’

VL



conditions to be used in the process which has the
advantage that the reactions are easier to perform and
| oner | evels of side products are produced. Reaction
conditions for Process (b) The reaction of process (b)
o eRBYLeMiently carried out in a suitabl e solpegnrip26119bu17s
as 5 water or a water :mscible solvent such as
tetrahydrofurart or acelonitrile in the presence of a
sui tabl e base such as sodi um hydr oxi de, potassi um

hydr oxi de or |ithium hydroxi de. The reaction of
step (b) is carried out at d*tenperature in the range,
for exanple, of from30 to 70nC, convenlently in the

nge_of. from 40 0C re.convenien
r(C nge™8f " f 8%‘19%1“{[ & ]% ; la I B(fgﬁ% F &g artayﬁslom1 . b’?[
anmoni um sal ts i nclude Tricon B (tri et hyl bertz yl
ammoni um hydr oxi de) whichlis genmercially avai | abl e.
Exanpl es of tetra-al kyl @@Anmori undsal ts i ncl ude
tetra-butyd amoni um chljori de ang tetra-butyl ammoni um
brom de. Reaction conditregns ocess (c)
The reaction of process (€).is conveniently carried
out in a suitable sol vent, Quch as 15 di chi or or net hane
in the presence of an acid ﬁﬂch aseroacetie acid or
toluene in the presence of an acid, such as
6@ a- tedbagion ef t<hej quhwnnd:ofahn Fhrmala &1 to feri aomppral of Hpreula 1L

| L a. [ n hur. .

5 ;il(rf : r% eSnebrogléngeé X ng g %{g e genﬁ?%lﬂg é‘ieét %ﬁ%ﬂ?osrmﬁschl n%{% gp)mlne and

righiot ilomotifer smiingan) R] @dd?é farej m@bpcxwtentbt selgcte@frpre flagnineechlorine

g AR PSR s L9 oo
@Uhv@nm@ﬂpﬂyRﬁdeﬁeeﬂamg@ of from20 to 30C When
tfg’ L yfﬁghﬁaﬁlé edtkt J‘s%clpﬁ ﬁ%ﬂé Qﬁbsﬁtﬁ{ead Q«Jﬂ&?&eoptlonally

oni ¢ acl elca ionic acid or a
10 wvb@tlwtﬁl b@nzyac”élteuslgllatpedsoamuklmea lgit¢ eelegbsuiablhesteridans grepps

Qniciwahid ot 1ﬂt<§fe?eax{'1'fﬂ tﬁgpl‘al:’éssé of BRAHBdiHeR df thelil@nf@AREE would
of between 80C and bailing point of the

2PV ssnegvalafgherfsier w@p dvmg DwecsE BRI nent t he

U8 GRS odin@ni B i9 @%a@o&ﬁ&ﬁ | RAn&ARALbbaRsIAQY alkyl In another
Process e skil practitioner w

feamPHimgpt R(NI”% fr-alioh b g furtger Wﬁmt Bus beling CP%‘FHFHB’ fert-butyl,

15 [EREEIEI R fns orPRsmayRd of For nul a V.11. For exanple
sodiumdithionite or hydrogen gas |n the presence_of .

sui t aab%reeﬁwamr?ce%@hwagHVﬁ%sz TR o1 e REPESECe Ve
SORERt U b du@Ry dkGuras otkednitrile of i@ a6dthe Bmbddifpe @ esigibleGpn-polar
R CUNE SR TN R N T i
tsedinahydioride bﬂs’d)dluﬁﬁex&—@éhtcb)ﬁdld. @n Gifiotlen el@baidhalkt thk @bn-polar solvent is
exa nmet hanol nol or isopropano

20 ég@g{g% E&I@é‘ﬂ’%ﬂnﬁ f tﬁ‘mteh‘gﬁ’ﬁ’i‘zggeence of a suitable base such
as potrasshdiivh oasio@EpE earfied &odi Atempattornathe rangarfor example, of
fﬁ’o I 9&‘ {o l?mon%g’mgnqg in %%gglrge ots frcgrr? %& {orS%dC,tng)ore conveniently in the

range of from 65 to 75°C,

The compound of Formula [V may conveniently be selected from methyl 3-
25 oxobutanoate, ethyl 3-oxobutanoate, propyl 3-oxobutanoate, butyl 3-oxobutanoate, sec-butyl
3-oxobutanoate and #-butyl 3-oxobutanoate. Alternatively the compound of Formula IV may
be selected from methyl 3-oxobutanoate, ethyl 3-oxobutanoate and z-butyl 3-oxobutanoate.

Conveniently #-butyl 3-oxobutanoate can be used since this requires milder reaction



WD 2008/ 053221PCTI GE20071004176 -10- Conprehensive
Organic Transformations" by Richard C. Larock,

publ i shed by John Wl ey and Sons, 2nd Edition which is

i n.corporated herein by reference. The reaction
of step (d) is carried out at a tenperature in the

I exanple, of fromO to SOI, conveni '

t Qgﬁgﬁésgglof from10 to 40nC, nore conveni entIf%;/ﬁ(ll'ﬁr}éo(%7@((%4l76
range a of from 20 to 30C. The process of the
first aspect of the present invention is advantageous
inthat it. allows a conmpound of the Fornula Ii to be
made in high qualip,' and hi-h yield on a | arger

scal e. The steps (a) to (C can optionally be
conducted as a continuous process w thout isolation.
Faaifidnms gubg yspdigithegnocsss wiid hapthe pdisaipeg that dhsprstiong regpsier to

toBROrE PSR 1VeBEkid prodibls Srebdgbani fi cant Iy reduces
the tinme and cost of manufacturing the conpound of the

gn.gonditigns scal e. In one aspect,

t he pIrRcRaSioh 6f prb&t8s (WPR Wb AEHiHIE cRirie@o® dPsHitaKle @lvehir@ch as
Fortuna IR may_ further include the ste

By f e).. of

5 VAT 41 7 WRICRHFIBIe SPRFIt FYPh AT BN ﬁgetﬂz(ﬂf;'keﬁ%th&s?m%"f a
|shitabld WasSduIP as( 8 diukiy diGRIaR) b @ & ivaihy dsoride db lithivgt B xide.
procedures for _iso a,tlgrgg#he desired Ero uct tg)at | a ¢
are ddaerergion of sienhise U PhAdeRFEROGP 1 S TRSE, 19T RIRGIRIT: ©
tf_]gmﬂ hetogktd, |c&ﬁleﬁi€igh}'ﬂﬂ the E‘ag& b?idnano ﬁtdseps, nioRedonvenithdly nehe
of use_war ide high quality and high purity
6?‘&?88?#9“1‘?%@&)#%;) (e) may, for exanple, also conprise

10 Cr yst Bkdrhysle df eiyl-alkgli ahingnaanssaltd iabihdée Briddn/k (timstigtbenay] An
Sy SRy R SRR el ilelpy §ASI mmonium

caishhdudetetdlamg amnoniomycbloatd indattiagmtybymmbsuaddintideon of

iﬁohexane.pr zsggqptﬂge, aa whi ch provi des a conpound
eaction conditions for Process hi . . .
igh purity, typically in a
pur i t fhefeagjioe af procashi@his 90GHMenieiyemiedont finya gyitetds sotvepthsysh as
930 ' ; . - .
e e ST
aprppewst of teeidl sych papdryoluchresubrbpnic Bidaprtie goigforopicsicecidcd 2
AREVAIYER af:iggh&‘dﬁ nGQIRQUNAS wherein the hydroxy

roup 1s re e Cl. 6al koxy or aryl oxy, WO
3008?@@@2 Zlfg@HaQﬂE @%/)c}' Mj_o;r@nq@%{ane is usedy the regction of step (c) is carried

out at a temperature in the range, for example, of from 0 to 40°C, conveniently in the range of

20 from 10 to 35°C, more conveniently in the range of from 20 to 30°C. When toluene is used in
the presence of para-toluene sulphonic acid, acetic acid, propionic acid or a mixture of acetic
acid and sulphuric acid the reaction of step (c) is carried out a temperature in the range of
between 80°C and the boiling point of the solvent/acid mixture. In one embodiment the
temperature is 90°C.

25 Reaction conditions for Process (d)

The skilled practitioner will be familiar with a number of methods suitable for the
reduction of a compound of Formula VII. For example sodium dithionite or hydrogen gas in
the presence of a suitable catalyst such as palladium on charcoal. When sodium dithionite is
used the reaction of process (d) is conveniently carried out in a suitable solvent such as water

30 or a water miscible solvent such as tetrahydrofuran, acetonitrile or an alcohol for example
methanol, ethanol or isopropanol advantageously in the presence of a suitable base such as

potassium carbonate or sodium carbonate. For further examples the reader is referred to
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Anot her key internediate that may be used in the
preparation of .AZD2.171 is the conpound of the
Formula VIM VIII wherein R4 is a protecting group.
Exanple 7 of WD 03/064413 discloses a route for the
Rreeg@bign of a conmpound of to the Formu:a YchieB2007/004176
wherein 114 is benzyl, The route involves the reaction
of 7-benzyl oxy-4- chl orc-6-net hoxyqui nazoline free
base with 4-fluoro-5-hydroxy-2-nethylindol e and

pot assi um carbonate in a N-nethyl pyrrolidirtorte as
solvent to provide the conpo¥nhd of the Forrmula VIE It
is stat ed |n Exarrpl e 7 of WD 03/064413 t hat

gfpglgge IVF 1chf|reglrst%rmatlons tb %éfxgr%lg iar%clé ggbly\ﬁesd by John Wiley
#nd®nZ2yind Byiti6n whieh hdmrp'i)rafieddlei‘b)&dj’y&aﬂdteﬁc&z oli n-4-one Is

by reacti ride in dinethylformam de
o2 & ofenont bl e e O et Bt e 0 pample of
&om (o SO ndrs efiartly tidiée pmepal fadnk tNto @0°@ noe AN inthtaange
EPfr 2&\40% are satisfactory for the synthesis of

|ve(1y Smal | anmounts of the conpound. However,

t hey & pmioes}; Wit the firdh espectolf & ipsenaindémivn putiaiagedus Grthaft allows

T L N T T O A ——

c onp oI]lwdstepf (a] todc) 20 ofR@natix b:e cWhdukted Thwegoatin®ys mrbmsﬁledfoet;

%ﬁﬁﬁgagd% Iﬂ{ﬁf%io% of l{elughr%ﬂeltgha? VA Eoe%%gs of‘?}& Paqnm?lnp'?u n(f{\/'lo fThlS

significintly eslueh thehiate apd nwouﬁ’rdanutapmﬁm @b bgmpouiltbofr'tWOHnMa Iona
besi s shoul d not involve costly and tinme-consuning

I sol ation and/or purification procedures. Thus, the

new skvnhesspos theatess forthe centfheura ofbempofind of @edoimnia Il may

AR ORI thd

it SCI % g Cticl)ss!ttegya( cgnso?a%ng &?ﬁﬁg ?ﬁlg ﬁ%&ghﬁ@ﬁnd o}ﬁlg ﬁ?glkr)r}{ﬂa II. The

85 D EY sommee iy seivreetitne at proceditsoioaisplatingf thy d@trffdetc@duvfehat

b2 Qle@tibQNn B e Qﬁﬂ?&L{HQ féfkntmbx? to tHJ Jﬁﬁe@ pé&vélnl P‘alqlculé?s'teps that
eqstalline formin hi %dlpu“t
!

&PYEbs of ¥5a & oplg pra videighcuplity an siupm mrp@nct on
Q’H@ﬁé}ﬁ(‘e}?ﬁlh}s tdr&Rample, also c&ﬁfrﬁ% %Qﬂll&ﬁoﬁuﬁw%@@&%h s9tem.

esent i nvent i on, herei s provi ded process f or
t‘\ﬁé”‘ lp %%&W@O&Fﬂféyaaﬁmmlye@ﬁw%cwmg gisspdying the

product in dichloromethane and crystallisation by the addition of isohexane or isoheptane,

C—

which provides a compound of the Formula II in a high purity, typically in a purity of greater
than 90%, conveniently greater than 98%.

In another aspect of the invention there is provided a compound of Formula VI or a
salt thereof or a protected derivative thereof. Examples of protected derivatives include

compounds wherein the hydroxy group is replaced by C.¢alkoxy or aryloxy.



wn

10

15

20

25

wherein [Cis a. protecting group froma conpound of
the Fornmula | X: which process conprises the steps of:
(i) reaction of a conpoind of Fornmula IX with a
derivati zing agentto forma comlound of Fornmula X
wherein L3 is a |leaving group; and. X reacting

t d of the Formula X with a conpoun
ﬁ@?&ﬁﬁ&g%?q (2-n€1:hy|44|uoro-5-hydroxy-indo%% I
optionally it: situ and optionally in the presence of
the solvent used in slep (0 to formthe conpound of
the Formula VII1I, -13- The term ' protecting
group' refers to groups whichi-are readily renovedMC
der mld acidic conditions, neutral conditions or mld

basic conditions. Suitable methods for protect-ion are
t hos e Akptberrkey itanhestizie GRl hayes usesl in He Peappraticsf V&Re Briathe

Q&ﬂ%&ﬁhj@gwggng§vﬁpy be used in accordance wth

sta darg practice (for illustration see T.W G een,
Protective Groups in ,s Oganic Synthesis, John WIley
and Sons, 1991). Suitable protecting groups at R4

i ncl ude benzyl, substituted benzyl (for exanple

Cl . 4al koxybenzyl , di-al koxybenzyl, allcyl benzyl and

di - C. k4al kybenzyl ), ten-butyl, 1, H
1-climethyl-1-etlayl methyl, ally, sUbstituted allyl
(such as Cl . Aalkylallyl) or metho ypre hyl. In
anot her enbodi ment P.4 is benzyl @~ Th€ avoi dance of

doubt the term G n sitQH, meansOt hat |t he reacti on was
perfornmed ta w thout Gﬁola i onlof tlre products from

t he previous process stegp SN The process of the
second aspect of theg invg on i g advantageous in that

it allows a conpouRd~gf 't Fonrmula VIIlI to be nade in
hi gh purity and high yield on a | arger scale.

The dexivatizing agent could cdBrise any suitable
a?ﬁ%ﬁnﬁ@ﬁa%ﬂﬁ&ﬁﬁé%ﬁh a | eaving group at the 4 position

of the conpound © ornmula I X. Exanples of 1 ,°

i ncl udsamgme ppf WQ’ 03006 dhh3 ,qlésploses a route for the preparation of a compound of

the Formula VIII wherein R* is benzyl. The route involves the reaction of 7-benzyloxy-4-

chloro-6-methoxyquinazoline free base with 4-fluoro-5-hydroxy-2-methylindole and
potassium carbonate in a N-methyl pyrrolidinone as solvent to provide the compound of the
Formula VIII. It is stated in Example 7 of WO 03/064413 that 7-benzyloxy-4-chloro-6-
methoxyquinazoline was prepared from 7-benzyloxy-6-methoxy-3,4-dihydroquinazolin-4-one
by reaction with thionyl chloride in dimethylformamide as solvent.

The routes disclosed in the prior art documents for the preparation of a compound of
the Formula VIII are satisfactory for the synthesis of relatively small amounts of the
compound. However, they all require the isolation and/or purification of intermediate
compounds. This results in a satisfactory, but not high, overall yield of the compound of the
Formula VIII.

There is, therefore, a need for a more efficient synthesis of a compound of the
Formula VIII 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. The new synthesis

should conveniently also allow for effective isolation of the compound of the Formula VIII in
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| s iodine and optionally substituted al kyl sul phonyi
such as triflyl and tosyl. Exanples of derivatizing
agents include a chlorinating agent (such as
phosphorus oxychl oridc), a btonainating agent (such as

phosphesis oxybronude or a mixture of PCT/GB2007/004176
Whr onosucei ni m de and tri-isopropyl phosphite) and an
i odi nati ng agent. When the derivatizing agent

is a chlorinating, brorninating or iodinating agent
the Ai process step (f) could conprise: (f)reacting

t he conpound of the Formul XX with a suitable
derivatizing agent in the presence of a suitable base

t abl.e soI h

& gxintalél %’fﬂl moli}gh }21.1_{1 d ar Ge\c{ﬂq Wliuch %Estaﬁlbl% go s il(%qlﬂd ﬁa%e ﬁﬁ)d ﬁltrdatmn
offardchveistfesr mul @ 1 X and t he base in the solvent to a
m xture of the der vat z t
termperaptre T AoTRs FRbg BrbrReE by o DRt Grodis o
;ﬂtenmandfacrﬁrea)lﬁmuctmlﬁmndwﬁthﬁ BsmuleVII1- 2) addi ng the
derivatizing agent to a mxture of the compound of the
Forrmula I X and the base in the e at ambi ent
tenperature over a period of ab tes and then
heating the reaction mxture q i od of about 90
m nutes to a tenper@gfure inghe range of from70 to
90t and stirring th feaction m xgure at that
30t enperature for abo hotry or WO
20051053221PC / GB2007 -4- (.13) adding the
deci vati zi ng ageﬁihé 5 'vfﬂ?% of the conpound of the
Forrmula I X and the base in the solvent at a
tenperature in. the range ofvfirom 60 to 110C over a

rloq%of about 15 mnutes, A suitable solvent in step
C@wW§‘ &f BPPEGIZEMPt ol uene, chl or obenzene, t
Tz dioipbhadof életFaneyla BCet ani nil e and ntisole. In one
enbodi nment the solvent i I_‘anlsole or toluene. In
anot her enbodi nent the sql vent is anlsele A

sui tabl e solvent in stepCX ed fromtol uene,

chl or obenzene, di met boxyet hane aEﬁ{lsole. In one
tol uene. In

i sNani sol o inA

enbodi nent the sol ven 4|s
anot her enbodi nent the sél'ven

co-sobi ent or co-solvents mayybe required to be added

to solvents in (0 and (g) for exanple to aid
sdfiartirbdessycompriseh éiestsboefobenzyl i ne or i ndul t.
(gtr&rc%ddf%tcgﬁgmﬁg bt F St éﬁ e aﬁﬁh@atﬁﬁl o {oqﬂﬁﬂ 4 Yompound of

rise acetonitri N-met hyl  py o i di nene an
szmﬂﬁﬁnethoxyetbaxte can. conprise N nethyl

Rzytfefgiri lgli 99 Gving group; and

nd

CH, L
|
o) \)N
4 e,
R~o N
X

(g)  reacting the compound of the Formula X with a compound of Formula II (2-methyl-
4-fluoro-5-hydroxy-indole) optionally in situ and optionally in the presence of the solvent

used in step (f) to form the compound of the Formula VIIL



In one aspect of the invention, steps (f) and. (g) are
conducted in toluene as the solvent. E5In another
aspect of the invention, steps (0 and (g) are
conducted in artisole as the soivent. The
product of step (0 need not be isolated before

g the step (g). This allows the prq;‘cq.irsﬁ
6(9%%’3{]% as a continuous process w thout 1s0 5@‘?’(‘)’%4176
and/or purification of the internediate conpound of

the Fonda X. This significantly reduces the tirt3.e

and. cost of manufacturing the conpound of the
FOrEntila VIE on a | arger scdd-e. The use of anisole as
the reaction solvent is advantageous because this
solvent mninse the fonnati013. of by-products. The

choi c&holems prejesipg g1ouR refers dnerorrswhidharesgadily sgaepved under mild

GRIANEBhERns| RAA b RIRioRE of P CLRROMIN BN Sulitle OIS protection
VITL For exanple, when the reaction m xture is cool ed

tage thpssikepin odhase pkiliadrin the e Couyprtional grotreting gaoups Py, eused in
\ékédrda‘h}{é)\lvﬁ}ﬁétinﬁaﬁ%faﬁﬁcef(fo? qlus@latlow@éeqhwse&aeﬁi m&nbmumn

col |l ected conventi onal

d?rga%ﬁn.ﬂ@ﬁs goimg Wéewg&ep& Ay %vtélzie er@teetfng@rouag & W hicfuce
dReSH/, istiettuted bsﬁz?r{:for(efmélale cuamaiybaﬁkgl @f-a1Rox)bdnsyl, alkylbenzyl and

advanta eou m n m
Watereh ‘?ff)gwle 7 delimRig G bgey! Hbdaurt @teaﬁ@vl {Euchias
fcg rmaﬁalwm @fneﬁ&ﬁxﬁﬂﬁﬂj&ﬁéﬂiﬂ | Iﬁawthdr e@BodaAEd RER bEhL.

i ntergedj ate. co n t he. Fonm a roduced in s
(0 ¢ 0P BahSEIERR L By RO R L P e B PR Thed
10 Padtbiofi iccddtion Bf thRﬁld_thﬂ:ftsrm)rﬁ the pfe@fo[m]brbaﬁs dp.

by-praoduct s/inpuriti al so r. t.he
ooy ¥ e S G At ston adhebutr B PR st me Pl B "(%O%*f*k’ws :
td’()ﬁlpp)mdméﬂls F alllldl,la VlliEtb ®F onédg 1ndnlgiltpnﬁty aﬂﬂugh yield on a larger scale.
pnhthet%poatmmf t&wd:ombomﬂef F@mmuX Exammessif & m(clg&e chlonne brotmlne
I I ' o, .|

s HEhARBH A y@Ef*%‘#"?%é?ﬁ%f’%ﬁl|S‘r°¥?‘§}f*#3’é%28&(§ hafcsof
rrtwhaatlzeg egsnts inrludg hlchlpiinpding aggnb(geohtas plospiwety oxxdhlpriiig)en t o
t I
(S RTRAM Bon & Bosph el Blbmtd of DB IP Rronfbe R lfiice and
ttHdsopentjerhotphite) opq an ipdipading agent.rmy be used. A
sui t akiRn BR%EVaRLing'Skend 19 a S16hafifig, bfﬁ&tlgﬁoﬁﬁhﬁ% LR the
fromtriethylamne and N, Ndiisopropyl et hyl am ne

20 RAPISSSLAP AR CONGEOTIES® | s di i sopr opyet hyl ami ne. Adding a

S@UT C @eabing Gl Rinbsi@iato@ht! lFanm@m s mmya@lveﬁaﬂfgﬁg@ﬁ in the
for exanple, tri et% am ne hydrochl ori de)

rREeRGRss of ﬁ@ntﬁla? Fast Peste tallgsob \feefdwargm the reaction caé?f‘é*p?ut by:

(f-1) (£nh eadﬁﬁ?a briireloS the %ﬂ;ﬁiﬂm@b'ﬂth@l’orﬁmta@ﬂﬁﬁd @b bdsein the
t he range of rom(%Oto 80C, conve {!{Il%/ in the ranlg?
0 t the

of fr SHBboRFIFEE of thsderivabiane Asahp A? PRAGEES

2s T rom Fddgt f fioed60 thn 1@°Uaﬂex(a‘pea)>d ot ddeutdd diitit@norof

reage ?fti | asddl(l:lg geldggva%%lg géen oa mlgtgreto?%%gmaéo%g of tEe}/ Fc}nrl]lgla X

and the base in the solvent at ambient temperature over a period of about 15 minutes

n

and then heating the reaction mixture over a period of about 90 minutes to a
temperature in the rangé of from 70 to 90°C and stirring the reaction mixture at that

30 temperature for about 1 hour; or
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15 term "anbi ent tenperature” we nmean a tenperature in
the range of from-10 to 30C, especially a tenperature
in the range of from 10 to 20C, nore especially a
tenperature of about 15C. The reaction m xture is then
heabed/os02ia tenperature in the range of fromPUX/GRR007/004176
90C, conveniently in the range of from 750 85C, nore
conveniently in the range of from80 to 85C. 20In step
07-3), the reaction is carried out at a tenperature in
the range of from70 to 90C, fc1onven| ently in the range
of from75 to 85C, nore convé iiently in the range of
fromSO to 85C. In step (f) the term"of about" is
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velrenss yanethereribndigieaiihy wfvent in agiprde. aspect of the
i nvent i QNgu;thid LoRWhing stSh és( dedectRf ferlﬂ?ol@eQ‘LQ %ﬁﬁﬁ:’ﬁbeﬂgﬁe 1,2-

conpound of the 30 Formi I's 1solated an
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andirdthef dhioBRlent RAGHVeRIs adill@s €f Ore, in one aspect of
the invention, the process for manufacturing a
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solvent.

The product of step (f) need not be isolated before conducting the step (g). This
allows the process to be conducted as a continuous process without isolation and/or
purification of the intermediate compound of the Formula X. This significantly reduces the
time and cost of manufacturing the compound of the Formula Viil on a larger scale. The use
of anisole as the reaction solvent is advantageous because this solvent minimise the formation
of by-products. The choice of solvent also allows for the easy and convenient isolation of the
compound of the Formula VII. For example, when the reaction mixture is cooled to ambient
temperature, the compound of the Formula VIII typically forms a solid, which solid may then
be collected by any conventional method.

The mode of addition of the reagents in step (f) (i.e. as described in steps (£-1), (£-2)
and (f-3)) is advantageous because it minimises the formation of by-products/impurities in
that step. Reducing the formation of by-products/impurities enables the intermediate
compound of the Formula X produced in step (£) to be used in step (g) without isolation
and/or purification. Reducing the formation of by-products/impurities in step (f) also allows

for the correct stoichiometry of the reagents in step (g) of the process and, therefore, a more



The reaction of step (g) is carried out at a
tenperature in the range of from60 to 85C, s
conveniently in the range of from65 to 80C, nore
conveniently in the range of from70 to 75C. I n
one aspect of the invention, follow ng step (g) of the
?(ﬁy%sszi ;e conpound of the Formula VIIl is P BbERo4176
and/or purified, for exanple before storage; handling
and/or further reaction. Therefore, in one aspect of
the invention, the process for manufacturing a at
conmpound of the Forrmula VIII further includes the step
(ft) of isolating the conpoasd of the Forrmula VIII,
The step (h) may conprise any suitable steps or
procedures for isolating the desired rOdﬁéi that _are
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According to a third aspect of the present invention,
there is provided a process for the manufacture of

7- hydr oxy-444-f1 uoro- 2- net hyl i ndol- 5-yl oxy) - 6-i net hoxy
qui nazoline, a o conpound of the Fornula X.E a
eayposioed2af the Fornmula | X2 48-  wherein R iPET&B2007/004176
protecting group which process conprises the steps of:

5 (0 reaction of a conpound of Formula LX with a
derivati zing agent to forma conpound of Fornula X

wherein 1.2 is a | eaving gro 62 X; (1 (g)reacting the
conpound of the Fermata X wit’h a conpound of Formnul a
Il (2 nEthyI - fluoro-5- hydroxy i ndol e), optionally

b PR T Bl Pl e
product that are descnbed 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 of step (g) 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 (g) of the process, the compound of the
Formula VIII is isolated and/or purified, for example before storage, handling and/or further
reaction. Therefore, in one aspect of the invention, the process for manufacturing a
compound of the Formula VIII further includes the step (h) of isolating the compound of the
Formula VIII. The step (h) 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 VIII typically forms a solid, and the solid so formed may be collected by any
conventional method, for example by filtration.

Both the compounds of the Formula IX and the nitrobenzene derivative of Formula III
starting material are commercially available or can be prepared using conventional methods.
For example the compound of Formula IX may be prepared as described in Example 5,
preparation of starting materials.

Another key intermediate that may be used in the preparation of AZD2171 is
7-hydroxy-4-(4-fluoro-2-methylindol-5-yloxy)-6-methoxyquinazoline, the compound of the
Formula XI:

H
N
Y
CH,8 o
i\ F
Y
-
HO N)
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911 5 1:0renoving R4 fromthe conpound of the Fornula
VIIl to formthe conmpound of the Formula XI or a salt
t her eof ; and whereafter the conpound of the

Forrmula XI obtained in the formof the flue base may
be converted into a salt formand the conpound of the

obtained in the formof a salt mMmaybRREB2007/004176
Sg%\%%@se%ll nto the free base or into the .thrfil of an

alternative salt, if 20 necessary. -19- V\hen t he
deri Vati zing agent is a chlorinating, brom nating or
i odi nating agent the ;- process step (1) could

conprise: reacting the corrpolﬂ'ld of the Formula I X with
a sui tabl e derivati zing agent in the presence of a
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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. The new synthesis should
also enable effective crystallisation of the compound of the Formula XI in a crystalline form
with good filtration characteristics and in high purity and yield.

According to a third aspect of the present invention, there is provided a process for the
manufacture of 7-hydroxy-4-(4-fluoro-2-methylindol-5-yloxy)-6-methoxyquinazoline, a

compound of the Formula XT:

/
s L
@] \‘)N
—
HO N
XI

from a compound of the Formula IX:



15period of about 15 m nutes, The process of the
third aspect of the invention is advantageous in that
it allows the conpound of the Fornmula XI to be nmade in
high purity and high yield on a |arger scale. Reaction
oo cdos/esns fcrr Process (1) The r eactrian2000/004176
step (lI) is carried out at a tenperature in the range
of from20 to 60cC, 20 nore conveniently in the range
of from35 to 45 C. In one aspect of the invention
the reduction of the conpouggl of Formula VIII is
perfornmed by catal ytic hydrogenation, for exanple

usi ng hydrogen gas and an appropriate catal yst such as
pal-l adi um on carbon. In @nother aspect of the

i nvention the reduction of the cgnpound of Formula 25
perfornmed by catalytic t yaipgenat i on, usi ng
for exanple a non-gaseous ggen _donut such as

cycl ohexene or anmoni 9 affd an appropriate

cat al yst such as pall adi um on carbon, Suitable
solvents for step (i) include N nethylpyrrolidiuone

éﬁ di r net h | f or mam de or dinmet hyl acet am de. 30In
?Féel%l‘pgc?tpr%‘?mf‘ €°Mvention, following step (i) of the
WPHOE £98css Edgpricdniodiepd obf the Formula XI is isolated

nd/ or .purjfied. An | e )
B orgeifrasarsronar Fyr kg ony SBEy Zlye BpAE AR Fochiound of
areszﬁﬂﬂﬁKbed in the Ilterature and/ or that are known
g ?T V\%ZOOS/ (1)153221PCTI 6E2097. 1004176 -20- skilled
B‘?r%lg f‘?a S§SEE Particul ar steps that woul d be of
use woul d provide high qt@}hl ty and'hi gh purity
product” For exanple thﬁ/lgszonpound of Fooraula Xi may
be 1S01:3ted frOD. IN of an

anti sol vent such as water, nol,é et hanol ,

i sopropanol , but anat 5l n anot her
enbodi nent of the invention, foll OWI ng the process (O,
the conpound of Fornula Xl i%;used in situ in the next

?gs P rlezﬂ:tutlgh Ene ggrr?;?o%ﬁc‘? of the Formula X with a compound of Formula II (2-methyl-4-

fluoro-5-hydroxy-indole), optionally in situ,optionally in the presence of the solvent used in

step (f) to form a compound of the Formula VIIL;

H
N
/

CH, 0O

o F

~N
4 P
VIII; and

15 (i) removing R* from the compound of the Formula VIII to form the compound of the

Formula XI or a salt thereof;
and whereafter the compound of the Formula XI obtained in the form of the free base

may be converted into a salt form and the compound of the Formula XI obtained in the form

of a salt may be converted into the free base or into the form of an alternative salt, if

20 necessary.
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According to a further enbodi nent of the third aspect
of the invention there is provided a process for the
manuf acture of a compound of Forrmula Xl from a
conmpound of FOTtlitaft X conprising the process steps
(g) and (0 above. According to a farther

%dis%g%%hof the third aspect of the inventi P&/&Eﬁ)ﬁ'ﬁooum

iS provi a process for the nmanufacture of

7- hydr oxy- 4- (4- nuor o- 2- net hyl i ndol - 5-yl oxy) - 6-

nmet ti oxyqui nazol i ne, a conpound of the Fornula Xl : Xl
5 froma conmpound of the Formula I X2 CHO 13f '-"--N

| X wherein R4 is a protecting9group which process
conprises the steps of 20 (f) reaction of a conmpound

Sl TE NS RN 0 KT G A
4grocess step (f) could comprise:
® reacting the compound of the Formula IX with a suitable derivatizing agent in the
presence of a suitable base and a suitable solvent, wherein the reaction is carried out by:
(f-1) adding a mixture of the compound of the Formula X and the base in the
solvent to a mixture of the derivatizing agent in the solvent at a temperature in the
range of from 60 to 110°C over a period of about 60 minutes; or
(f-2) adding the derivatizing agent to a mixture of the compound of the Formula IX
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
(f-3) adding the derivatizing agent to a mixture of the compound of the Formula IX
and the base in the solvent at a temperature in the range of from 60 to 110°C over a
period of about 15 minutes,
The process of the third aspect of the invention is advantageous in that it allows the
compound of the Formula XI to be made in high purity and high yield on a larger scale.

Reaction conditions for Process (i)

The reaction of step (i) is carried out at a temperature in the range of from 20 to 60°C,
more conveniently in the range of from 35 to 45°C. .
In one aspect of the invention the reduction of the compound of Formula VIII is
performed by catalytic hydrogenation, for example using hydrogen gas and an appropriate
catalyst such as palladium on carbon,

In another aspect of the invention the reduction of the compound of Formula VIII is
performed by catalytic transfer hydrogenation, using for example a non-gaseous hydrogen
donor such as cyclohexene or ammonium formate and an appropriate catalyst such as
palladium on carbon.

Suitable solvents for step (i) include N-methylpyrrolidinone (NMP),
dimethylformamide or dimethylacetamide.

In one aspect of the invention, following step (i) of the process, the compound of the
Formula XI is isolated and/or purified. Any suitable steps or procedures for isolating and/or

purifying the desired product that are described in the literature and/or that are known to the
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(g )reacting the conmpound of the Formula X with a
conpound of Formula VII, OH NQ2 VII; optionally in
situ, optionally in the presence of the solvent used
in step (1), to formthe conpound of the Fornula Xl V:
Xovotsisp2zneduci ng a conpound of Fornul a X'V POT/GBRIT/B04176
conpound of Formula Xl |\ Xl Reaction conditions for
Process 69 Reaction conditions for step (lI) are as
descri bed above. WD 20081053221PC176132007, 1004176
-22- The derivati zi ng @gent coul d conprise any
sui tabl e agent for |nsert|n6 a leaving group at the 4
position. of the compound of Formula I X. Exanples of

i ncl
SHA ell Perfo%[qg%r u%rdT B& 101.E£r(§ Q@ﬂtcdlv’]&g% lgét%rf Iﬁ%%dﬁﬁiaﬂr%@é ﬂlé/h quality
aﬁdargblpestycpfoddeir Emm{amplﬁéle&gl@m@d PhEIrgHie P%n@ﬁ P@)}’SPW&{ frrgy
OB a ﬁ(ﬁﬁl ofAR a3 EE UcH s FEUC HJe@_lElﬁoql &hand, isdpHhd@utaRél or
agen such as phosphorus oxybrom de or a m xture
agtthkibrlonosucci ni m de and tri-i sopropyl phosphite) and

an | Qﬁi ﬁl{ﬁﬁ'feir B R of the invention, following the process (i), the compound of
Formula X1 is used in situ in the next step in the process.
According to a further embodiment of the third aspect of the invention there is provided
a process for the manufacture of a compound of Formula XI from a compound of Formula X
comprising the process steps (g) and (i) above.
According to a further embodiment of the third aspect of the invention there is
provided a process for the manufacture of 7 -hydroxy-4-(4-fluoro-2-methylindol-5-yloxy)-6-

methoxyquinazoline, a compound of the Formula XTI

N
Y4
?Ha (0] L
0] N
HO N/)
XI
from a compound of the Formula IX
(i.IH3 0
o:ﬂ N NH
R~ AW
19:¢

wherein R* is a protecting group

which process comprises the steps of:

(f) reaction of a compound of Formula IX with a derivatizing agent to form a compound of
Formula X

wherein L! is a leaving group;



R4 is a protecting group as defined above. Reaction
conditions for Process (e--- The reaction of step
(g-1) is carried out by achlition of a solution of a
salt of a. conpound of the Formula VII to a solution
of a conpound of the Formula X in the solvent used in
The salt of a conpound of the For
Sﬁga%g%%%gpared by use of Iithiun1hydroxide,?gﬁggggqmﬁrm
hydr oxi de, sodi um hydroxi de, |ithium caoxi ate,
pot assi um car bonat e, sodi um carbonate or cesi um
carbonate. Optimally sodi um hydroxide is used. The
"salt is forned at a tenperat2ire of --20C to 1-20C
nore conveniently in the range -10C to 0C. The
solution 15 of the salt of a compoynd of the Formula
VIl is added to a solutiddHpof a cdirpound of the
Formula X in the solvent 4sed in step (f-it) at a
tenperature of 60C to 100 3 gt ly in the range
70-90C. Becal mconditions t oce 1i-13
The reaction of stop (RElQ71 X jed out at a
tenperature in the range of from20 to as, 60C, nore
conveniently in. the range ofi;from 35 to 4.5C. | a
ne, aspect__of. ' ' ' t
dBTbound dpithag IEpLEERRI bt kGl 3 UGl GlbpBindof formuia V1L,
hydr ogenati on, for exanpl &Hisi ng hydrogen gas and an
appropriate catal yst such las pal | adium on carbon. In
anot her aspect of the i ' ®he reduction of the

conpound of Formula XV gr-thrilled by
catal ytic transfer hydrog ; using for exanple a
non- gaseous hydrogen donor,such as eyel ohexene or

anumm um format e and. E131 appropriate catal yst such as

s pall adium on carbon. Suifrabl e sol vents for step
(i) include N-ineth gyrrolidinone (NMVP)._,.
diptienaHy if s raptiprpdly &t theiprstsnes/qf shesplpqt seed in step (9, tojfarmythe

AR GIndQF the Bernfty RNk on, fol lowing step (14) of the
process, the conpoutid of the Fornula %b is isol ated

and/or purified. Any suitable stg : pocedures for
i solating and/or purifying the d ed product: that:
“are described in the literaturg that are known
to the -23- skilled\person Particul ar
steps that would be o? '*~Ohigh qual ity
and hi gh purity pinduct|
Formta XI may be isol ated amAl VI P by addition of an
anti sol vent such &5 water, nethanol, ethanol,
i sopropanol, butataol or aecippitrile. In
anot her enbodi rent of the invention, follow ng the
10 si-¢)p r¢ducing a corhpupdefioumda BV Rdpmut eomgourdsof fewgla fl si t u

in the next step in the process. H
N
/
g o7 ]
T
~
HO N/)
XI

Reaction conditions for Process (f)

Reaction conditions for step (f) are as described above.
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Acrording to a further enbodi nent of the third aspect
of the invention there is provided a process for the
manuf acture of a compound of Forrmula XI from a
conmpound of Forunda X conprising the process steps

tvep dgos/aszcb1(i - 1) above, in a further enbodi nercTaB260h804176
invention there is provided a conpound of Fornula Xi V.
The further enbodi ment of the third aspect of the
invention is applicable to the preparation of a nunber
of ring systens substituted

4-f | uor o- 2- net hyl i ndol - 5-yl 0Xy. Thus according to
this further enbodi nent there is provided a process

for thg &Eﬁ%{fzﬂ@tagén@ c&ﬁd SonrisCHTROAUBA agént FREdiutiRe Q%av]ngf group

wherein Ais suitable rin Sy stem f rqa COITpOUﬂ
hBe B@OHAneT %efomﬁmd@f Forgu aéXa Er@@mswé Lyinglygp chiotipe, bromine,
24disd 2Xa bptionwi) ﬁhstﬁtﬁé@a{lkﬁﬁlﬁ)hony'l Sdtn a?ﬁ‘ﬁlgrl 0 tdshe E%Q:H%Ezlslﬂf d

of the Formul'a X-1 wt nPoun Pamela VI |

derivatizing agents include a chlonnatlng agent (such as phosphorus oxychloride), a
brominating agent (such as phosphorus oxybromide or a mixture of N-bromosuccinimide and
tri-isopropyl phosphite) and an iodinating agent.

R'isa protecting group as defined above.

Reaction conditions for Process (g-1)

The reaction of step (g-1) is carried out by addition of a solution of a salt of a compound of
the Formula VII to a solution of a compound of the Formula X in the solvent used in step (f-
1). The salt of a compound of the Formula VII may be prepared by use of lithium hydroxide,
potassium hydroxide, sodium hydroxide, lithium carbonate, potassium carbonate, sodium
carbonate or cesium carbonate. Optimally sodium hydroxide is used. The salt is formed at a
temperature of —20°C to +20°C, more conveniently in the range -10°C to 0°C. The solution
of the salt of a compound of the Formula VII is added to a solution of a compound of the
Formula X in the solvent used in step (f-1) at a temperature of 60°C to 100°C, conveniently in
the range 70-90°C,

Reaction conditions for Process (i-1)

The reaction of step (i-1) is carried out at a temperature in the range of from 20 to
60°C, more conveniently in the range of from 35 to 45°C.

In one aspect of the invention the reduction of the compound of Formula XIV is
performed by catalytic hydrogenation, for example using hydrogen gas and an appropriate
catalyst such as palladium on carbon.

In another aspect of the invention the reduction of the compound of Formula XIV is
performed by catalytic transfer hydrogenation, using for example a non-gaseous hydrogen
donor such as cyclohexene or ammonium formate and ‘an appropriate catalyst such as
palladium on carbon.

Suitable solvents for step (i) include N-methylpyrrolidinone (NMP),
dimethylformamide or dimethylacetamide.

In one aspect of the invention, following step (i-1) of the process, the compound of the
Formula XI is isolated and/or purified. Any suitable steps or procedures for isolating and/or

purifying the desired product that are described in the literature and/or that are known to the
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to formthe coomowid of flu XI-1 o Suitable rings
systens for ring A are rings capable of beitig
activated to all ow displacenent of the activating
group by a phenolate ion, i.e. the structure of
Formula VI1. Such ring systens include: WO

%98%{09%%21]})(:” (820071004176 -25- h (Vi ) -PC(IYdl{26&7)004176
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skilled person may be used. Particular steps that would be of use would provide high quality
and high purity product. For example the compound of Formula XI may be isolated from
NMP by addition of an antisolvent such as water, methanol, ethanol, isopropanol, butanol or
acetonitrile.
In another embodiment of the invention, following the step (i-1), the compound of

Formula XI is used in situ in the next step in the process.

According to a further embodiment of the third aspect of the invention there is provided
a process for the manufacture of a compound of Formula X1 from a compound of Formula X
comprising the process steps (g-1) and (i-1) above.

In a further embodiment of the invention there is provided a compound of Formula
XIV.

The further embodiment of the third aspect of the invention is applicable to the
preparation of a number of ring systems substituted by 4-fluoro-2-methylindol-5-yloxy. Thus
according to this further embodiment there is provided a process for the manufacture ofa

compound of Formula XI-1

ZT

X1-1
wherein A is a suitable ring system

from a compound of the Formula X-1, wherein L is a leaving group;

L’i

X-1;

which comprises:



In one enbodinent ring Ais selected from qui nazoli ne,
gui noline, cinnoline and pyrrolotriazine. |In another
enbodi ment ring Ais quinazoli El e, Jr another
enbodi nent ring Ais pyrrolotriazine. In another
svbmds/omedt ri ng A i s quinazoline and LI is atCtrhaB2007/004176
4-position of the quinazoline ring. In another
enbodi ment ring Ais pyrrolotriazine and LI is at the
4-position of the pyrrolotriazine ring. Exanples of LI
i nclude chlorine, bromne, igdine and optionally
substi tuted alicylsuip.honyﬁ%Xy or aryl sul phonyl oxy
such as tritIerxy and p-tosyl oxy. Reaction conditions
k%ﬁ) PrRGES fe ¢ m&)und oPnEPH008 “Etﬁg%hb&ﬂ& F L 8GESS
2) are anal ogous to process conditlons fot process
Reaction conditions for PRétess (1-2) Reactions
conditions for Process (i:2) agre anal ogous to process
conditions for process p- : ? The skilled person
woul d understand that riing st A coul d be
substituted by one or norg grodps.™ Such groups may be
unaf fected by the process in this enbodi nent of the
i nvention or may require prétecting during the
processes of this embodi nentypThe skilled man would be
famliar with strategies to protect such group such as
thiéerm ghe corpging peide Forgnudp Bips:, the use of gentler
reaction conditions which sti N@ litate the
processes of the WD 200810 2 CTFGLB20071004176
- 26- - enbodi nent and/017the\yse|of alternative
catal ysts. Conventional @otey :jh?roups may be used

in accordance with standard ptactijce (for illustration
see LW Geen, Protectj oops~I Wr gani ¢ Synt hesi s,
John Wl ey and Sons, 1993) as descri bed above. In one
aspect of the inventioy, foflowing step (1-2) of the

5 process, the conpound of—the 5 Fornmula XI- I. is
i sol ated and/or purified. Axyyguitable steps or
r ures for isolatin [or_purif d
@rﬁd{f FeiRg ORI L ew@ae%“’j e p m%aﬂa?%?f&%&ﬂﬁ? ST
that are known to the skilled pergHon nay be used.
Particul ar steps that woul d Nuse woul d provide
hi gh quality and high purit VA I n anot her
enbodi ment of the inventie oW ng the step
(1-2),p a ccound of Ic Pormulla X1-1 is used in situia
the next step in the process.F

XI-1
10 Suitable rings systems for ring A are rings capable of being activated to allow displacement of
the activating group by a phenolate ion, i.e. the structure of Formula VII. Such ring systems

include:
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A further enbodi nent of the invention provides a
process for the manufacture of a conmpound of Fornula
X1-1 froma conpound of Formula X-1 conprising the

process steps (gi-2) and (5-2) above. In. a
further enbodi nent of the invention there is provided

of Formula 15 W-1. M nor  varj-aRtsSedsBo4176
?Y](g%gg/géé%qpr ocess are also included within the ar%m

of the invention, An exanple is where a conpound of
Formula VI, OH NO'. COOR? VI st wherein K3 is a

sui tabl e estetifying group as defined above, for
exanpl e CL..6al kyl or bernyl-25-is used in the place of
a conpound of Formula VIl in process (g-2). Thus
according to this farther enbodinent there is provided
a lery uf act ur e jof conpound of Formnul a
X L - 27- 141 from a coiffpo naj‘of the Formula X-1,
wherei | 11 isving QYroup; X- TN

() (ii) (iif)

N S,0,HN X
¢« 1Y TN /SN
NfNJ SO
(iv) (v) (vi)
\N ~
e T “
Clae ¢y CQ
(vif) (viil) ()

X

N N

(x) (xi)

In one embodiment ring A is selected from quinazoline, quinoline, cinnoline and
pyrrolotriazine. In another embodiment ring A is quinazoline. In another embodiment ring A
is pyrrolotriazine. In another embodiment ring A is quinazoline and L' is at the 4-position of
the quinazoline ring. In another embodiment ring A is pymolotriazine and L' is at the
4-position of the pyrrolotriazine ring.

Examples of L' include chlorine, bromine, iodine and optionally substituted
alkylsulphonyloxy or arylsulphonyloxy such as triflyloxy and p-tosyloxy.

Reaction conditions for Process (o-2)

Reactions conditions for Process (g-2) are analogous to process conditions for process (g-1).

Reaction conditions for Process (i-2)

Reactions conditions for Process (i-2) are analogous to process conditions for process (i-1).
The skilled person would understand that ring system A could be substituted by one or

more groups. Such groups may be unaffected by the processes in this embodiment of the

invention or may require protecting during the processes of this embodiment. The skilled

man would be familiar with strategies to protect such group such as the use of protecting

groups, the use of gentler reaction conditions which still facilitate the processes of the
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whi ch conprises (g-3)reacting the conpound of the
Formula - NO' 000-WVI; e conmpound of the Fornula

XTV-2: -NO rfz'" 111 11\\Il it X1V-2 (i-2) reducing a
conmpound of Formula XRI-2 to fo WO

00 86bO63223PCTI GB20071004176 - 28- PCT/GB2007/004176

-26-

embodiment and/or the use of alternative catalysts. Conventional protecting groups may be
used in accordance with standard practice (for illustration see T.W. Green, Protective Groups
in Organic Synthesis, John Wiley and Sons, 1991) as described above.

In one aspect of the invention, following step (i-2) of the process, the compound of the
Formula XI-1 is isolated and/or purified. Any suitable steps or 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. Particular steps that would be of use would provide high quality
and high purity product.

In another embodiment of the invention, following the step (i-2), the compound of
Formula XI-1 is used in situ in the next step in the process.

A further embodiment of the invention provides a process for the manufacture of a
compound of Formula XI-1 from a compound of F ormula X-1 comprising the process steps
(g-2) and (i-2) above.

In a further embodiment of the invention there is provided a compound of Formula
XIv-1,

Minor variants to the above process are also included within the ambit of the

invention. An example is where a compound of Formula VI,

OH
F
0
NO, COO-R’
Y

wherein R? is a suitable esterifying group as defined above, for example Ci-salkyl or benzyl,
is used in the place of a compound of Formula VII in process (g-2). Thus according to this
further embodiment there is provided a process for the manufacture of a compound of
Formula XI-1



XI-'"2 0-3) hydrolysing a conpound of Fornmula X1-.2 to
forma conpound of Fornmula X14. H GOOF(' X14 Exanpl es

of LI include chlorine brom ne-. iodine and optionally
substituted allcyl sul phonyi snch as rthyl and tosyl.
Reaction conditions for Process (.7?-3) Reacti ons

Qﬁgg&%kgaélfor Process (g-.3) are anal ogous ty-1Rém6ERisa176

conditions for process (g-1). to Reaction conditions
tbr Process eri-3) Reactions conditions for Process
(i-3) are anal ogous to process conditions for process
04). Reaction conaviticksjor Process The
reacti on of process (.1-3) % conveniently carried out
in a suitable solvent such as water or a water

m sci bl e sol vent such as tetrahydraofiaran or
acetonitrile in the presence %$ sui tabl e base
such as sodi um hydroxi de, po umYaydr oxi de or

[ i thium hydroxi de.

)
F
X1-1
from a compound of the Formula X-1, wherein L! is a leaving group;
L
5 X-1;
which comprises
(g-3) reacting the compound of the Formula X-1 with a compound of Formula VI
OH
F
0O
NO, COO-R’
VI,
10 to form the compound of the Formula XIV-2:
NO,
COOR®
(0]
F
0
XIV-2

(-2) reducing a compound of Formula XIV-2 to form a compound of Formula XI-2



The reaction of step ("{-3) is carried out at a
tenperature in the range, for exanple, of from30 to
70t, conveniently in the range of from40 to 60C, nore
conveniently in the range of from45 to 55 C
EXQAPPAE2Hf aryl - al kyl ammoni um sal ts i ncl ude@CTGR26/7/004176
.13 (frimethyl benzyl ammoni um hydroxi de) which is
commercially avail abl e. Exanpl es of tetra-alkyl
anmoni um sal ts include tetra-butyl anmonium chloride
and tetra-butyl ammoni um br de. In one aspect of the
i nvention, following step (j-3) of the process, the
compound of the 5 Formula Xi-1 is isolated and/or
purified. Any suitable steps omnyprocedures for

i sol ating and/ or purifYipg e-desi red product that
are described in the litg re /or that are known
to the skilled person ns ‘vs/d Particul ar steps
that woul d be of use cwul d pr0VI88 jsgh quality and

hi gh purity product. I nTanot her enbodi nent of
the invention, foll06w the step (J-3), the conpound
of to Formula Xl-1(issused in situ in the. next step
in the process. A Jurther enbodi nent of the

i nvention provides a~pfocess for the m#fufacture of a
conpound of Formula Xl-1 fremma Le onpotuid of For mul a
X-1 conprising the process steps (a-3), (i.. and

(3 Bydrelpemes compppndoffomieldrip Samnreanrgnd Pﬁ@mﬂa XI-1.
invention there are provided conpoupds of Formula
XIV-2 and Formula Xt.-2, ing to a fourth
aspect of the present inventi e—+S provided a
process for the manufacture o
7- hydr oxy-4--(4-fl uoro-2- @et hyl

ndol - 5- yl oxy) - 6- net hox

yqui nazoline, a conpound of thé& Formula XI: froma
conmpound of the Foimula - 30-
XI-1

Examples of L' include chlorine, bromine, iodine and optionally substituted alkylsulphonyl
such as triflyl and tosyl.

Reaction conditions for Process (g-3)

Reactions conditions for Process (g-3) are analogous to process conditions for process (g-1).

Reaction conditions for Process (i-3)

Reactions conditions for Process (i-3) are analogous to process conditions for process (i-1).

Reaction conditions for Process (1-3)

The reaction of process (J-3) is conveniently carried out in a suitable solvent such as
water or a water miscible solvent such as tetrahydrofuran or acetonitrile in the presence of a
suitable base such as sodium hydroxide, potassium hydroxide or lithium hydroxide.

The reaction of step (J-3) is carried out at a temperature in the range, for example, of
from 30 to 70°C, conveniently in the range of from 40 to 60°C, more conveniently in the

range of from 45 to 55°C.
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EX wherein Ft4 is a protecting group which process
conprises the steps of: (0 reaction of a conpound of
Formula I X with a derivanz Formula X wherein 1.,1 is a

| eaving group; e ac a 0 o thrma conpoi nd of X;
(9) reactlng the conpound of the Formula X with a
IR Formula I PCT/GB2007/004176
Qg nethy14 fl uoro-54ydroxy-indcle) in situin the
presence of the solvent used in step (0 to formthe
conmpound of the Formula VI11: VIM
-29.

Examples of aryl-alkyl ammonium salts include Triton B (trimethyl benzyl
ammonium hydroxide) which is commercially available. Examples of tetra-alkyl ammonium
salis include tetra-butyl ammonium chloride and tetra-butyl ammonium bromide.

In one aspect of the invention, following step (j-3) of the process, the compound of the
Formula XI-1 is isolated and/or purified. Any suitable steps or 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. Particular steps that would be of use would provide high quality
and high purity product.

Tn another embodiment of the invention, following the step (j-3), the compound of

Formula XI-1 is used in situ in the next step in the process.

A further embodiment of the invention provides a process for the manufacture of a
compound of Formula XI-1 from a compound of Formula X-1 comprising the process steps
(g-3), (i-3) and (j-3) above.

In a further embodiment of the invention there are provided compounds of Formula
XIV-2 and Formula XI-2.

According to a fourth aspect of the present invention, there is provided a process for the
manufacture of 7-hydroxy-4-(4-fluoro-2-methylindol-5-yloxy)-6-methoxyquinazoline, a

compound of the Formula XI:

N
/
i ;
o Sy
HO N/)
XI

from a compound of the Formula IX:



(h) isolating the conpound of the Fornmula VIIIl; and
removi ng K4 fromthe conpound of the Fornmula VEII to
formthe conpound of the Fornula Xl or a salt thereof
(for exanple a potassiumor sodiumsalt thereat);
sakoohieseaf t er t he conpound of the Fornul a XPCoHGBAI0/eH176
in the formof the free acid may he converted into a
salt formand the conmpound of the Forrmula Xi obtained
in the form -31- of a salt may be converted into the
ee acid or into the formof,an alternative salt, if
necessary. When the derivatizing agent is a
chl orinating, brom nating or iodinating agent the
process step (f) could empprise: oo O3reacting the
conpound of the FornulallX with & sintable

derivatizing agent int cenyf a suitable base
and a solvent selected fromtolluengd and ani sol e,
wherein the reactionprts. i by: (f-1)
adding a m xture of Il e conpound of the Formula IX

and the base in the solvent txo a m xture of the
deeraQizin% agent in the solvent at a tenperature in
Wirsein 8r Briger'efng #87Hh 60 to 110C over a period of about

@Qdmhggggam, Ees e stepd o@ddi Ng the derivatizing agent to
a mxture of the conpound of .the For.rmlal%(t

: i 3‘nr(rjn e} crg)em ound of
Bhs aedefion ¢fe cemperaA ot B it & SHTLF R 4L By HomP
per iRen@k xabout 15 mi nutes and then heating the
reaction m xture over a period of about 90 m nutes to
Wb P& A RSB %Phe range of from 70 to 90C and
stirring the reaction mixyyre at fhat 15tenperature
for about 1 hour; or (f-13)® addind the derivatizing
agent to a m xture of t h&-conpaynd the Formul a and
the base in the solvent at § ure in the range
of from®60 to 110C OVE?_QD 7a about 15 mi nutes,
The process of the fourth aspect the invention is
advantageous in ihat it allows pound of the Formula Xi

E@? a|b glzegrc?igg thle gq)rgpl)q%gql giu tg_!g tgég{%{]a?;f Dv:_ltﬁg c%/rhlge})lélﬂq f?tg?;??m\lﬂg Elqg-rmethyl-
1 HubRM -Rir & End ) Wi A tinlihe pberlch 6f EOMPRLNGedih steh €) to form the

Formula VIII in step (g), the conpound is isolated
gerapoupp of BTl rified in step (h) of the proceqq
The isol ated conpound of the Fornula WII is then used
in step (i) for manufacturing a ypouhd of the
Formula XL either immediately o ng storage for
an appropriate period of tine,~Th sof ation of the

conpound of the For@ta VII11Qin sttep (h) is
advant ageous becausg_ it _enahles aFbroader choice of

§;?up from the conpound of
' A

N

VIL;

met hods for renoving R
the Formula VIIIl jn ste ! or exanpl e conpared to
when this step iB~conductfed A situ.

H

15 (h) isolating the compound of the Formula VIII; and

) removing R* from the compound of the Formula VIII to form the compound of the

Formula XI or a salt thereof (for example a potassium or sodium salt thereof);
and whereafter the compound of the Formula X1 obtained in the form of the free acid

may be converted into a salt form and the compound of the Formula XT obtained in the form
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Reaction conditions for Process 0) 30The step (i) may
conprise any suitable steps or procedures for renoving
R4 that are described in the literature and/or that
are known to the skilled person. Particular steps that
woul d be of use would provide high quality and high
RHB&&%mE&Q@UCt For exanple, in step (J) - 3Z%ciehoroba17e
is a .benzyl group this nmay be renoved by catalytic
hydr ogenati on, such as hydrogen gas and a. suitable
catal yst such as palladiumon carbon. The use of

catal yti c hydrogenation is advantageous because it
provides a highly efficient “#d :m|d nmethod of
renovi ng the |ienzyl group and because it allows for

ey e SomveRR e Bre P ol B i ot AL HE E R e

@utesaty. any tenperature and in any solvent suitable Ibr
the p ul.ar thod af renmoval of the benzyl .qro

bt ng Aieb i SBtARER AR e® o PR PRpAORS Sriep AR e
qmdcvsmtep&pcﬁldmnesature bet ween 20 to 60C. In

e as of the ntion [ 1,0 f
t ﬂe pfeget {he cpinpoy 8 r?‘}plglutrlfan%“tla 1{)(2%1 or mrhle de?va&%@ offht e
ip%ﬂfsbra‘b efh wtabﬂ@basp sud o sobvent sAlagtedsfining whiese sil@pisoleywherein the
RLAGS i.solating and/or purifsling the desired
reac rﬁ c{ougt‘tr)e described in the literature and/or
t h at ét‘rle leddinga nmtttlda of thk cothpunpefitbroliprmuly [¥ end thebhse in the
Far Ll Gl o 3LERR: ﬂ%d@ﬁ\%ﬂiﬂ? Bocfil in YRSl bth 1BH WAL in the
hi gh qua |ty a hlg urit it oduct Accor di ng
to a falnEEtCPfﬁzQQ:p@dt) 1M°Ct0rver amefh@ﬂabwt 69 Féruesi & provi ded
a pro H&h {hla%e%ﬂk%gg ot t@ aﬂ 1xté%@gﬂnz 11:0mpo|uncpo%r the Formula IX
|l e. D217 frmn% F Fornmul a | X:
wher epi thfebalse:c,mahqmo it ﬁrn'getg tqmmraWV@ha prried e%?é’out 15 minutes
conpr hﬁﬁﬁentﬂaau%ttﬁa%ac%n £DUE bldr A Gertda® s PRURdue tobhe

Formula 1 X to conmpound of the FOrtnida Xi.:
temperature in the range of from 70 to 90°C and stirring the reaction mixture at that

temperature for about 1 hour; or

(£-3) adding the derivatizing agent to a mixture of the compound of the Formula IX

and the base in the solvent at a temperature in the range of from 60 to 110°C over a

period of about 15 minutes,

The process of the fourth aspect of the invention is advantageous in that it allows a
compound of the Formula X1 to be made in high purity and high yield on a larger scale.

In this aspect of the invention, following the manufacture of the compound of the
Formula VIII in step (g), the compound is isolated and, optionally, purified in step (h) of the
process. The isolated compound of the Formula VIII is then used in step (j) for
manufacturing a compound of the Formula XI, either immediately or following storage for an
appropriate period of time. The isolation of the compound of the Formula VI in step (h) is
advantageous because it enables a broader choice of methods for removing the R* group from
the compound of the Formula VIII in step (j), for example compared to when this step is
conducted in situ.

Reaction conditions for Process (j)

The step (j) may comprise any suitable steps or procedures for removing R* 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. For example, in step (j)
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WD 2008/ 053221PCT/ GB2007/ 004176 HO by conducting a
process as di scussed above in relation to the third or

the fourth aspect of the invention; and s (k)reacting

t he compound of the Forrmula XI with a conpound of the

MG P00$/¢632L1 or a conpound of Formula X 1| PRI'AGR20D1/004176
where nl2 is a leaving group and r is a suitable

counter ion such as PF6- (hexaftuorophosphate),

chl oride, brom de, or totraphenyl borate; in the

presence of a suitable base.-30 provide a conpound of

the Formula | (AZD2171) or a salt thereof;

when R* is a-benzyl group this may be removed by catalytic hydrogenation, such as hydrogen
gas and a suitable catalyst such as palladium on carbon. The use of catalytic hydrogenation is
advantageous because it provides a highly efficient and mild method of removing the benzyl
group and because it allows for the efficient removal of by-products from the waste stream.

The reaction of step (j) may be carried out at any temperature and in any solvent
suitable for the particular method of removal of the benzyl group being used. For example
with N-methylpyrrolidinone as solvent at a temperature between 20 to 60°C.

In one aspect of the invention, following step (j) of the process, the compound of the
Formula XI is isolated and/or purified. Any suitable steps or 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. Particular steps that would be of use would provide high quality
and high purity product.

According to a fifth aspect of the invention, there is provided a process for the
manufacture of AZD2171:

H
N
Y
(|3H3 O
0 Ji\:(/‘k - F
|
O
I (AZD2171)
from a compound of the Formula IX:
(ISH3 0O
O
)NH
4 e
IX;

wherein R* is a protecting group.

which process cbmprises the steps of converting the compound of the Formula [X to a

compound of the Formula XI:



In one enbodi nent the conpound of the Formula )sal is
provi ded as the hydrochloride salt. In another

enbodi ment the conpound of Forrmula XIl is provided as
the oxal ate salt. 15According to a further enbodi nent
of the invention there is provided an oxal ate salt of
Qm;m,@%m of por ni ul aXi L Exanpl e of i nclpggd@&r2007/004176
chl orine, brom ne, iodine, nesyloxy and tosyl oxy. hi
anot her enbodi nent exanple of 1,2 include chlorine,
brom ne and i odi ne, In one enbodi nent in step
(k) the conpound of Fornmula Xl is reacted with a
conpound 20 of Fornula ' Xl 331 n another enbodinment in
step (k) the conpound of Fornmula Xl is reacted with a
conpound of Formula X II. And thereafter the
conpound of the Fornula | obtained iN0 the form of the
free base may be converted in {_form and the
conmpound of the Formula | obt#g i/ the formof a
salt may be convegied int ree base or into the
formof an alternatrve sal I f pnecessary. WO
20081053221PCT/ GL $Q04 The process of the
fifth aspect of the I s advant ageous in that
it allows the cow50.~o of t Fornmula Ito be made in
hi gh purity and A gh yieIdNon a | arger scale.
Typically the process of thegfifth aspect of the
present invention proceeds in greater _tha 0% yi e
BptrendobRmasEroesss asliscyssqdaRovedp ERlAtop fo g Al i g Se e
ﬁkﬁﬁmggﬁpntageous for at least the reasons discussed

a

ove in relation to the thi d fourt C

5 fhe ireppdng thoppmpound of the f °8’P|‘ga gﬂﬂ%@? ﬁ‘@’?ﬁ(’u’i’cﬂc’é%?: 0 r?pr%la% g*ho :
Lol JTitbAnd xirs | sol ated and/or purified before step
(k) is conducted, for exanple using any suitable steps
or procedures that are described in the giterature
and/ or that are_kn the skilled as
di scussed aboﬁ?ﬁjfﬁmgﬁg?ﬁbg enbodi nent t Z?Ebnpound of
the Formula XJ, s reacted in-situ with”a conpound of
Formula io Xil or formula Xl Il. Reaction ndi ti onf or
Process (1;2 XII A suitable base for u in step (k)
jw‘ﬁe 6l @ Gtaaehvid; %%up%ﬁ&iktiﬁrh Gafable Baner ifdGtches PEM
car bonat e, sogiunyhydroxide, SSi u hé@[oxide,

10 fherafeiophrsplate)- PHloride dermidf Oktggqph}?ﬁ%gll’/ fonat e. ] 5Step
(dthe PRV KRG 76 QiEIURLRSE th Proiy 2 Sathrfoatd &f il onewis [ D247 1) or a
any suitable tenperature When the base used in

salidperedd) i s sel ected from sodi um carbonate and )
POt a5 nd! BRI ik @ompithd GtiheF @ mhiaéfil is piomidbdiasdbe Hydrochloride

exanpl e, |V-pethyl pyrrolidinone and.; . ded as th late salt.
RAC 1 it APt o SR B A0 s prviceap e anlpe o

5 L yPi S@dotdng @y ftecantdiinteaibralte iaventongberaisprayides ag pxglate salt of
range of, on169ﬂto 105C, conveniently in the range of

PrERPEEt CoF BB Xt onveni ent Iy A in the range of from
75 t Bxa3® of L? include chlorine, bromine, iodine, mesyloxy an tosyloxy. In another

embodiment example of L? include chlorine, bromine and iodine.

In one embodiment in step (k) the compound of Formula X1 is reacted with a compound
20 of Formula XII. In another embodiment in step (k) the compound of Formula X1 is reacted

with a compound of Formula XIII.
And thereafter the compound of the Formula I obtained in the form of the free base

may be converted into a salt form and the compound of the Formula I obtained in the form of

a salt may be converted into the free base or into the form of an alternative salt, if necessary.



10

15

20

25

The process of the fifth aspect of the invention is

advantageous in that it allows the AZD2171 to be nmde

in high purity and high yield on a | arger scale.

Typi cal ly, each of the steps of the process of the

Wo ehs/eSpact of the present invention proceed®STiGB2007/004176

greater than 80%yield. According to a sixth

aspect of the present invention, there is provided a

process for the manufacture of AZD2171 from a conpound

of the FornulalX: CH O | NH_pherein Ris a protecting

group. -35- which process conprises the steps of (f)

reaction of a conpound of Fornula I X with a

S\E Il Valid pfdceg B R Iﬂifthta@peﬁfﬁfﬁﬁe&hxﬁeﬂﬁ@qywaﬂige@riﬁrwaﬁt Hlows the
erein is a leaving group; 0- 2, ", ""N.N, 4

CERRYYOR @fL %%%O%H&aﬁhﬁmgqe 1t bk Ptk athidt Yipig pp & areer £

a“yﬁiemrywlaépr&dewme&imlyﬂp&xwhmeﬂeﬁ,imxamdncw@héd;g id gresdriiigan 80%

optjionally in th resence of the solvent used. in,st

o34 B prodern o thec R ERR O R RSP AP HCpppgeots for at cast e

reasons discussed above in relation to the third and fourth aspects of the invention.

In one embodiment the compound of the Formula X1 is isolated and/or purified before
step (k) 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 the compound of the Formula XI is reacted in-situ with a compound of Formula
XII or Formula XIII.

Reaction conditions for Process (k)

A suitable base for use in step (k) is selected from sodium carbonate, potassium
carbonate, sodium hydroxide, potassium hydroxide, potassium ters-butoxide and cesium
carbonate.

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

When the base used in step (k) is selected from sodium carbonate and potassium
carbonate, suitable solvents include, for example, N-methylpyrrolidinone and
N,N-dimethylformamide. In this aspect, step (k) typically may be conducted at a temperature
in the range of from 60 to 105°C, conveniently in the range of from 80 to 100°C, conveniently
in the range of from 75 to 85°C.

The process of the fifth aspect of the invention is advantageous in that it allows the
AZD2171 to be made in high purity and high yield on a larger scale. Typically, each of the
steps of the process of the fifth aspect of the present invention proceeds in greater than 80%
yield.

According to a sixth aspect of the present invention, there is provided a process for the

manufacture of AZD2171 from a compound of the Formula IX:

wherein R* is a protecting group.



Nt. O ' -ON renmoving R4 fromthe conpound of
the Fornmula Viii to formthe conpound of the Fornula
Xl: 5XI; (k)reacting the conmpound of e Formula Xi with

a conpound of the Formula XU or a conpound of Fornul a
KM WD 2008%953221PCTI G112007004176 -36- Xl | wherein

%%10%8/953 aving group and X- is a suitable ceuplchod7Bt176
such as

6- (hexal | uorephospliate), chloride or

brom de; 5 in the presence of a suitable base to
provi de a conpound of the Fainmula 1 (AZD2171) or a
salt thereof; whereafter_the AZD2171 obtained in
the hymm of the free baselnﬂﬁbe converted into a
pharmaceutically acceptable San form if necessary,

which process comprises the steps of:

®

reaction of a compound of Formula IX with a derivatizing agent to form a compound of

Formula X

wherein L' is a leaving group;

(8)

1
CH, L
0] \')N
4 =
X;

reacting the compound of the Formula X with 2-methyl-4-fluoro-5-hydroxy-indole,

optionally in situ, optionally in the presence of the solvent used in step (£), to form a

compound of the Formula VIII:

H
N
/
CH, 0
! F
O N
J
4 —
R>~o N
VIII,
@ removing R* from the compound of the Formula VIII to form the compound of the
Formula XI:
H
N
/
CH 0]
g F
0 X
N
~
HO N)
X1
(k)  reacting the compound of the Formula XI with a compound of the Formula XIl or a

compound of Formula XIII



The process of the sixth aspect: of the invention is
advantageous in that it allows the in AZD2 7i to be
made in high purity and high yield on a | arger scal e,
Typical ly, each of the steps of the process of the
savang/tssagpect of the present invention proceeussB207/004176
weater than 80%yield When the derivatizing agent
is a chlorin:1nd,’', 'Nom nating or iodinating agent
the process step (f) could conprise: 15 (f)reacting
the conmpound of the Formulasgpx \Ant a suitable
derivadi zi ng agent in the presence of a suitable base
and a solvent selected fromtol uene and msfile.

Wherein the reaction is carried out, (f-1)
addi ng a m xture of the conpound of t éor la I X and
the base int @za m xture fof

derivati zi ng ®agent in the solvent at rature in

the 20range of-fTom 60 to 110C over a per| od of about
60 m nutes; or (f-zj};adding the derivatixing agent to
a n1xture of t he conpound of the Formula LX and the
hgeniLA isteHeaving| syamtngX 8 pbrishle cPErR st PEver a
%)uff&gr gﬂon‘?lpa%tchﬂo%degﬂﬂrbﬂli@ﬁ; and then heading the

Xt

eact 0 Ure over a period of about_90
s @ theppenetafpavithlebat 1 BIVYES BFOTPVRY 700t %Pr@ﬁfgl é‘%‘s B178for a
tﬁérécﬁg the react | on m xture at that tenperatur e for
out hour ; %ﬁgdd ng._t he %erlv t|2|n r% p—
o' WhndrehoRZPRE | SORBS bSO REDEGFT S PP Elrd
Pﬁé&adeﬁuéaw a&%&masa@&mﬁlﬂn@w@mt ure in the range of
rom 60 over a pe

2008/ Bs3voescet ity Bgigoaﬂpqybgtll inveglylgn 15 aﬁvantaﬁo& gt tﬁzﬁ Gt allVWS the

10 AFPLEH S1o®E nlabeini AGRES 0 high @w&ﬁ ontzhmgemem Dipicalg each of the
i nvention are 3% set  out %Ove n .rel

SigeR QifeRpapCest o He sEeniiesRert Pltp HrreRif oL 1e°c‘:’ i eeodf i grgpter than
%@MQﬁ@uand fifth aspects of the present invention In
partlc referred as .Of..
B xt hBEb BRI RU AL Bidrs AT RRE 5 p Bl e e
ﬂke@%&ﬁpbemﬂdanmﬁkatlon to |nd|V|duaI steps of the
and ni ent

. 65) oreerit bt gF DR A P DTS frl R e e

|pm;ef¢e bf)msmtsblf.)bztsasmd avheatrsolocted ﬁoramumh mdmmsplabwleerem the
| vent |sgy-%g hyl py MIton, The invention is

IV*B%&?&TB Aerei nafter by neans of the foll ow ng
non- | {fi)t i siging @ nexareplf & compavnil efthe Herrakd Xgng @F\ha%eén the

solvent to a mixture of the derivatizing agent in the solvent at a temperature in the

20 range of from 60 to 110°C over a period of about 60 minutes; or
(f-2) adding the derivatizing agent to a mixture of the compound of the Formula IX
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
25 temperature for about 1 hour; or
(£3) adding the derivatizing agent to a mixture of the compound of the Formula IX

and the base in the solvent at a temperature in the range of from 60 to 110°C over a

period of about 15 minutes,
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(i) evaporations were carried out by rotary
evaporation in vacuo and work-up procedures were
carried out after renoval of residual solids such as
drying agents by filtration; (ii) yields are given for
|IIu§tration(onIy and are not necessarilymaxi num 15

; (ii1i) the structures of the end-
3@@%“@@%?ﬁrned by nucl ear (generally proton)qﬁggﬁgyﬁgm“76
resonance (N viR) and mass spectral techniques; proton
magneti c resonance chem cal shift val ues were neasured
on the delta scal e and peak qultiplicities are shown
as  follows: s, singlet; 3,'doublet; t, triplet; m
mul tiplet; br, broad; g, quartet, quip, quintet; al
20 sampl.e% Cﬁ%ﬁ’é&ts %gth@ f?c&g 6f thPERth 4908t Mrithe ddved R lhrd 28 sétlagt

sol vent i ndicated, scans, pulse repetition ti 10
smvoindgatiqn ty jndjvidvel e F‘%‘ieé@bwg\néherﬁé‘fmé et &) aF‘iFF“?%/aSPectS

nf3hyehfibh, A Garlld] of EbRx
gﬁg{ @gsltegﬁﬁ (e?/l?&]c ﬁg?ﬁm@al Mé%/fﬁ%%?ﬂs@ ﬁ??ﬁ é’fbfe* oﬁ a fasnectiof

Al ysi I :
fhe amvewtips aregs sghopt aboys Er syARN, & rglation Sividug pp of the fhizd and
gk owi ng abbrevi ati ons have been used: -

HEt et r ahydr of ur an DVBOdi met hyl sul f oxi de
TPAt rGmyennngxche base uygd in step (k) of the process of the sixth aspect of the present

invention is potassium carbonate and the suitable solvent is N-methylpyrrolidinone.

The invention is illustrated hereinafter by means of the following non-limiting
examples in which, unless otherwise stated:-

(i) evaporations were carried out by rotary evaporation in vacuo and work-up
procedures were carried out after removal of residual solids such as drying agents by
filtration;

(i) yields are given for illustration only and are not necessarily the maximum
attainable;

(iii) the structures of the end-products were confirmed by nuclear (generally proton)
magnetic resonance (NMR) and mass spectral techniques; proton magnetic resonance
chemical shift values were measured on the delta scale and peak multiplicities are shown as
follows: s, singlet; d, doublet; t, triplet; m, multiplet; br, broad; q, quartet, quin, quintet; all
samples run on a Bruker DPX 400 MHz at 300K in the solvent indicated, 16 scans, pulse
repetition time 10 seconds;

(iv) intermediates were not generally fully characterised and purity was assessed by
NMR analysis;

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

(vi) the following abbreviations have been used:-

THF tetrahydrofuran

DMSO dimethylsulfoxide

TFA trifluoroacetic acid
NMP N-methylpyrrolidinone
DMF N,N-dimethylformamide

viv volume/volume ratio
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NMPNgnet hyl pyn-ol i di none 30D. MFNA- cl i net hyl f or manai de
vol unel vol une ratio -38- yawwei ght/wei ght rano

vyl vwei ght/vol une rati o Exanple | Preparation of

44i uorod-nettiyi-1lif-indol-5-0 (small stale)
Riopakessan of tert. butel PCT/GB2007/004176
0.-{5-iiitroplieuvl)-3oxobutwoote (en tert-Butyl
acetoacetate (3.852 g) was added to a stirred m xture
of sodiumten-pentoxide io (2.804 g) in toluene (26
m) at 40C. The m xture waszpeated to 70C and
1,2,3-trifluorc-4- nitrobenzene (2,00 g) added. The

m xture was maintained at 70C for 3 hours. The mixture
was coglyed t o wphfhveigidatic20% vel w sul phuric acid added
to adj ust the m xture io pH . Sodi um bi carbonate was
added % br i nd"eé%"?hnﬁ?@% to pH 5. Water (5 ml) and
saturated sodiumchloride (5 m) was added. The | ower
aqueous | ayer was di scarded and the organic |ayer 15

%@yﬂ successively with water (7 an), water (7 nl),
. wt

w aqueous2 sodi ulrprl clarbo ate solution (2,75 nm)

mall sqale

g'l_ St i)l eg ert gn d! Eé [?'r £ g &Cped 6 ,Pmou %nyrl)e-?;-g)xo%uggoate) Csmal?scalee{jw €

2- (t&t%n@l ddetoateOnd3 1352 g})@islaﬁﬁ‘e)dlc) a a:n'redeﬂhmtoﬁmaim:tei tchntoxide

SBESP e IR B AEH bt e By«

Atr{bznzend (X.00e8) hade@- Thé mbmhewhgah31nt3mai(nb0‘tcafooaheerHEE mixture

%,ﬁ%tilggg 2\(@_ (]J | %’i %]Vk\gz_\!%ﬂu }ﬁl_]ug r&égl} {gﬁtg ust)%_tmléi BJM-(%?%%) 1. Egodium

bicarbonate was added to bring the mixture to pH 5. Water (5 ml) and saturated sodium

chloride (5 ml) was added. The lower aqueous layer was discarded and the organic layer
washed successively with water (7 ml), water (7 ml), 2.3% w/w aqueous sodium bicarbonate
solution (2.75 ml) and then water (6 ml). The organic layer was distilled under reduced
pressure (50 mbar), to leave a solution of fers-butyl 2~(2,3-difluoro-6-nitrophenyl)-3-
oxobutanoate in toluene.

A small amount was vacuum distilled at 100°C, 0.4 mbar to give a purified sample of
tert-butyl 2-(2,3-difluoro-6-nitrophenyl)-3-oxobutanoate
Mass Spectrum [M-H] 314
1H NMR Spectrum (400 MHz, DMSO-ds) 8 ppm 1.27 (s, 9 H keto) 1.30 (s, 9 H enol) 1.86 (s,
3 H enol) 2.45 (s, 3 H keto) 5.66 (s, 1 H keto) 7.60 (td, /=9.38, 7.97 Hz, 1 H keto) 7.75 (id,
J=9.35, 8.03 Hz, 1 H enol) 7.91 (dt, J=9.19, 2.36 Hz, 1 H keto) 8.05 (ddd, J=9.24,4.71, 1.89
Hz, 1 Henol) 13.12 (d, /=0.65 Hz, 1 H enol)

Preparation of fert-butyl 2-(2-fluoro-3-hydroxy-6-nitrophenyl)-3-oxobutanoate (small scale)

The solution of zerz-butyl 2-(2,3-difluoro-6-nitrophenyl)-3-oxobutanoate (3 g containing
2.38 g tert-butyl 2-(2,3-difluoro-6-nitropheny!l)-3-oxobutanoate) was diluted with toluene (5
ml) and extracted with a 40% w/w aqueous solution of Triton B (3.28 ml). To the aqueous
extract was then added further 40% w/w aqueous Triton B (5.96 ml) and sodium hydroxide
(2.053 g). The solution was heated at 50°C for 18 hours. The solution was cooled to 25°C
and water (8.45 ml) added followed by 20% w/w sulphuric acid (14.3 ml) and then



3 Henol) 2.45 (s, 3 Hketo) 5.66 (s, | Hketo) 7.60
(td; .21-9.38, 7.97 Hz, J. HketO 7.75 (td,

8.03 Hz, 1 Henol) 7.91 (dt, .1-9.19, 2.36 Hz, | H
keto) 8.05 (ddd, f=9.24, 4,71. 1.89 2;. Hz, 1 H enol)
1312(d JO65HzIHrrei)Pr2(2

Ihet o hydrote. q. i mn' ephput h- a- oxobant eAng)
%Z@M’ﬁﬁ on of ten-butyl htoiooarrs

2-(2,3-difluoto-6-nitropheny0-3-oxohutaneate (3 ¢
containing 2.38 g tert-hutyl

2423-di at or o- 6- rtitrophenyl% 3- oxebut anoat e) was
diluted with toluene (5 m )" nd extracted with a 40%
W w aqueous solution of Triton B (3.28 nl), To the

aqueous_extract S the add 4 S
Sihoomentredt 8 U Srmbeng Do e Pyl R R S“y@fq‘“ﬁ'm%’e'
S@httbd 9ith WaHobeahett (4inl)5 0B cdndrined ogzahiglaysts WF lstﬂled under
sql ution was cool ed sldSdate 1.59
RORF RIS SORRCI 247 B SR ARKEE e dhofichy i3 BB aute
ghen WO 2008/ 053221PCTlI GE2007/ 001176 - 39-

. di eh| or orre@}g?mss 4or gani c | ayer was separated and the

urther extracted with di chl oronet hane

_MQmmﬁwm@dﬂlﬁmpmdy?ér(s M ereD)di- 38t (19 Ha’éem) 179 G,

5%‘(%;21,) Haduesh P as & X%ﬂ@eﬁf)o@ oY b keto) 6.97 (1, J=9.00
i1z 59H @uol) 7.7MAS5-955 &1 hH k@M B Qi 2~916, MQI }#@ $6‘b‘?ﬂ°|f)l]|3r’p4 (br. s.,

S-l%f’ﬁ/m DMSO-d6) 6 ppm 1,29 (s, 9 Henol) 1,38 (s, 9
1.79 (s, 3 Helm2.35 (s, 3 Hketo) 5.40 (s, 1

0 H keto) 6.96(t, 3=9.05 Hz, | H keto) 6.97 (t, j=9,00
. k@fal kcale) 89

, ) e | r. s.,. I H .
&balsbluhén qfw:—ﬁlaylgt-(pdhlom?,-hydroxy—6-n1trophenyl) -3-oxobutanoate (7.89 g) in

%hc%,amm]e \xsag’ %{&&1 Hﬂé%o@c%ﬁé st edhvhil ﬁfehﬁﬂﬂﬁ-sﬂétm ambient

ution of ten-but

ifggsatine oo P b e XIS 7 EPSHEY B Rt P b (14 m)
> %Zdeg%?% t@eﬁgh?{ﬁlmtr&tﬁﬁ%vé%?t@mba& THiaf) 400C)0 Fastier eluene
an e mxture stir i ent
(b rae ORI O T S—
LRd ﬁle et Kqﬁaﬁtlﬁreﬁéﬁgarﬁtgd ﬁﬂ%sl{eﬂ‘&uﬂiltd)lhenle $l 8aﬂk1e’ﬁheaaqdeomh Byer

mxture distilled on a apor at ar,
e g P G FDR MBS0 R oTR< oA (e SRE g olowed

By highRicAbRi20% @y, 26ad). mhyﬂmmadeoo(ea mmmwmrﬂ:@r watyr (43

dded d the |
20 ﬁp@ed \?\Tl{q%gf;@fq)%ég? to 2{1’# éf-ﬁeg axrgléou ?g&fedspas fteted and

didskdaeptimdidy (MBI TheXOlidrivhs dried mmtanmuln oGn Am@ve lﬁcé?eﬂlil%‘o -3-
aci d (1%0})}16%8@“@(?3”8 éso%d?)ﬁy sul phuric acid (20%

cool’ed to Ot and furtlar
WahR Spéchdm{MeHNR)4 added. The mixture was cooled to

e S B DI By 2, 554 e 00

25 V@GHHL0D Hyelrﬁ)tngu& g=9.1¢,2-72[Hzpt B) BL.43 (br. s, 1 H)
hydr oxy- 6- ni't ropheny1) - pr opan- 2- one (1.65g, 30.7%.

Preparation of 4-fluoro-2-methyl-1H-indol-5-0l (small scale)
1-(2-fluoro-3-hydroxy-6-nitrophenyl)-propan-2-one (1 g) was dissolved in a solution of

potassium carbonate (1.3g) in water (13 ml). A solution of sodium dithionite (5 .24g) in water

30 (12.3 ml) was added dropwise. The mixture was stirred for 1.5 hours, then left to stand
overnight. The solid was filtered and washed with water (6 ml). The solid was dried at 35°C
in a vacuum oven to give crude 4-fluoro-2-methyl-1H-indol-5-01 (0.5 g, 64.5%).
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Mass Speetrum [M 111 214 1H NVMR Spectrum (400 MHz,

DM304) 6 pprn 2.27 (s, 3 H 4.18 (d, 3=1.62 Hz, 2 11-)
7.06 , J=9.00 Hz, 1 H 7,92 (dd, 1,72 Hz, 1 H 11.43

(hr. s., 1 H Prenaration of 441g.cn r(small scal el

Iv@ 2008/hazea10- 3- hydr oxy- 6- ni t ropheny1) - pr Opall-PET@B200(7/204176
g) was dissolved in a solution of pot assi um
carbonate (1.3g) in water (13 m), A solution of
sodiumdithionite (5.249) in water 30 (12.3 m) was
added dropwi se. The m xture-s|s stirred for 1,5 hours,
then left to stand overnight. The solid was filtered

and washed with water (6 nt). The solid was dried at
35CThncradesabdi (749 exekas dissgfivedsin dichigepmethane (6.75 ml) and filtered

b S IR Tt T RO R et o R lenen R

(Ths omplypedriltrijessvads @stdled,édnwmgﬁ whifidsitiBethafe c@@c.emtwwas then
@@&%d@réﬂm@&qg szﬂe'ﬂQdéQlﬂ 2@111[3 %ﬁd t!nje %@ncel%il:_é@edn%lnﬁviﬁ$§ml of
filter pad was washed onme hane } .
Tiéllee nbiereigtord watswaql@%mmrce beﬁhgpql the erpeipiteetidrertpng wakhed with
@.sfohgﬁlhc; 10'9J rﬂlt) e"{heTslaﬁd @ancﬁ'ﬁ:@ gl{ z?\; %ﬂﬂ@&[&ﬁl Q@ﬁ°é@§% ﬁj 'ﬂ&ﬁ‘WZéﬁethyl—

t exane e m xture concentrate

ﬂé’n’ﬁ@?lﬁg‘)lélsmmga Zé) d| st | I I at e. The nixture was cool ed

Mhs@Bpdc88n Pat-hitarg the precipitate filtered and washed
Wltsﬁ |scoﬁe>l[<lgne](0 9 nil). The solid was dried in a

0GBNH 2 PM§Dvde) 5 ppm 2.33 (5, 3 H) 6.02 - 6.05 (m, 1 H) 6.64 (t,
ZH))@ | 2 Mass
gpééggirqg*nlw 1%?1(??:%65 %h-lzlgﬁﬁlé @gpec?&u%ﬁ %il\/l)—lz
DMSO-dG 8 ppm 2.33 (s,3 H 6.02 - 6.05 (in, 1H)6.64
(t, Ji-i8.41 Hz, 1 11) 6.87 (d, J=8.51 Hz, | H)
a;‘ﬁg f2 1 11) 10.81 Oms., ill) Exanple 2 Preparation

Ltigro-2-inetlivl- 1H-Indo| S-ol (large scaldl
Preparatlon of 4-fluoro-2-methyl-1H-indol-5-0l (large scale)

Preparation of zert-butyl 2-(2,3-difluoro-6-nitrophenyl

-3-oxobutanoate (large scale

To toluene (810 1) was charged sodium zerz-pentoxide (91 kg, 2.3 eq). The mixture was
heated to 40°C and zer¢-butyl acetoacetate (124.3 kg, 2.2eq) added. The mixture was heated
to 70°C and trifluoronitrobenzene (63.1 kg, 1.0eq) added. The temperature was maintained at
70°C for 3 hours. The mixture was cooled to 25°C and 20%w/w sulphuric acid added to
adjust the pH to 5. The lower aqueous layer was discarded and the organic layer washed
twice with water (2 x 227 kg of water), with 2.3%w/w sodium bicarbonate (192 kg) and then
water (192 kg). The organic layer was distilled under vacuum (50 mbar), removing 574 kg of
distillate leaving a solution of fert-butyl 2-(2,3-difluoro-6-nitrophenyl)-3-oxobutanoate in

toluene.

Preparation of fer¢-butyl 2-(2-fluoro-3-hydroxy-6-nitrophenyl)-3-oxobutanoate (large scale)

The solution of fert-butyl 2-(2,3-difluoro-6-nitrophenyl)-3-oxobutanoate from above was
extracted with 40%w/w aqueous Triton B (164 kg, 1.10 eq). To the aqueous phase was added
further 40%w/w Triton B (298 kg, 2.0 eq) followed by sodium hydroxide (97 kg, 6.8 eq). The
solution was heated at 50°C for 18 houfs. The mixture was cooled to 25°C and water (392

kg) added followed by 20%w/w sulphuric acid (664 kg) and then dichloromethane (187 I).



15 Prenaniftion:ofter&bulyl
2-12"3-di fl uoro-6:initrouhegyjonPul ati oate Ham .
To toluene (810 was charged sodi umten-pentoxide (91
kg, 2.3 eq). The m xture was heated to 40C and
tert-butyl acetoacetate (1243 kg, 2.2eq) added, The

[ S heated to 70C and trifluermltro
(%%2@8/3 V\%l Oeqg) added. The tenperature was %a%&?}({eﬂ%&ﬂgo -
at iio 70C flyr 3 hours. The m xture was cooled to 25C
and 20%W w sul phuric acid added to adjust the pHto 5.
The | ower aqueous | ayer was dj scarded and the organic
| ayer washed twice with wat ef! (2 x 227 kg of water),
with 2.3%M w sodi um bi car bonat e (192 kg) and t hen

Kg)s. s I | S d| S

OISty MO Rk B IR 4l TFErtRSeyer was
| separateitpnd teclutous hyaffurther S{trmnﬁtclwnth dlchloromethane (187 1). The
tzcéﬁlafé;e]cgbrfglm;@faggg wete tdfsﬁﬂ&l%%nbe\f g'e)dgged\%)r(%plﬂé 866) %Bgr) r@movglg 160 kg
2of Aisfillaie to@ivg 44y tiwtpl#i-(2-Biotor 3-nkdoptr e OopheiyiD-3-pwb@kioate as a

A . ion of tEirt-butyl
%%géyflgm}ﬁoﬁ%ﬁ gn| troplienyl)-3-oxebutanciate from
above was extracted with 40%viv aqueous Triton B (164

klge%a#tlarpotelq%-ﬂu-gpo ﬁﬂg ﬂgﬂ@g&@é&@&%ﬁrf&gﬁ%%
fur d by

sodiTa mrh‘g/layldx(ﬂdblo{@?hyd@oxy@ lgtr@éwnyl)'-[?ngxo;bgimmate@m digldeyomethane
heat 8dvalalbed fﬁfthel- ﬁmﬂl@ibb%thaﬂéft?zm Ml%@d N%ﬂ&d?@dc@cfé &R (158

25C and water (3
10 kg Philpt mainiREing t{leempkrgt}ueah%ﬁ °€h Ehe UP“éWP &a@ﬁﬂeﬁ&r gehquig 7The

InhixtureAas di:sbiﬂéch%o%%@’w\kgsdfhﬁﬂﬂb&é CThéend (1989 A4 Q@déd bt thd

the m xt er was_se at ed
R e o R R ke o et e GlieRs L T B Fet added and the

dhﬁiﬂf&ﬁ@lﬂ&i E’éﬁtﬁ'u{g]lai kd df distillge.COS e RO WaAHAU& 1. A¥@FBaqueous
reduced ressure

wer.e 5 ar
r i %"’T@?}ggﬁylgﬁ ugildg mpiiype *158 Hyi%pe ﬁ%ﬁq‘ﬁﬁﬂsﬁyﬂ was separated
15 Znd Bzasfhlew@rmtoﬁ:ehy @50y The dtjubdin® mb&rwal )iﬂ&e@wmbwhtamﬂt 15 hasted to

S tign i i.chl or thatie, Pre orI f1-6,
4068 'm% aST‘}ﬁélﬁ I(fd_lp%a le _rg@inggﬁlg glctg to 3180 T?legﬂ-lwas then
taﬂmhtecblotlyvlnth 20% w/w sulphuric acid (~315 kg). The mlxture was cooled to 0°C and
secgd2 d wﬁlltl !l ?ﬁ ﬂu?rﬂ dr OX 6-(1311 o ltleril ropéra—% oae of?(dJFtF%tg\faa er ?6t08 kg) was
dﬂdéddl apd mmIWasceathllgwlﬁat1oﬁoTherﬁAmdcdky was whsherbwittae®tri (800 1). The
|l i(hD [ ture. gt,
» YA 0 0 5 ) L) 9 B RGP
rififtwone-énigberdérst i | | ed, renoving 283 kg of distillate.
Tol uene (:1761) was added and the mi xture distilled,
rem)vyng 208 kg of di Stl [ ate Further toluene (176 1)
»- ARGy 4 Fj [Prq-4 (541 HINSO 5 "' erTDVI ng 133 kg

of g §§6lhtk@to?potls‘§1u%ﬂ{§ﬁaﬁé @ Y E%)Viﬁ%at%g 2530 (g) \ﬁa@ﬁdﬁ’d 1—62 -fluoro-3-

agueous sodi um y I oxi nt|

2 \Azéféwﬁkﬁ-woehenﬁbrer&nqméewﬁ kg)apd ﬂaagnsteﬁséruaqdetd give a solution. To

this solution at 25°C was added a solution of sodium dithionite (298 kg) in water (750 kg).

W

The mixture was held at 25°C for 2 hours. The product was isolated by filtration, washing the
filter cake with water (366 kg). The product was dried under reduced pressure (50 mbar) at
35°C. Yield: 34 kg, 72%.

30 The crude 4-fluoro-2-methyl-14-indol-5-ol (33 kg) was dissolved in dichloromethane
(880 1) and filtered through silica (33 kg). The filter was washed with dichloromethane (440

1). The combined filtrates were distilled, removing 835 1 of distillate. This concentrate was



U

25

35 and washed with toluene (250 1). The aqueous | ayer
was diluted with water (250 1), heated to 40C and
acetic acid (191.4 kg) added, reducing the pH from
10.1 to 3.8. The pH was then adjusted to 1 with 20%
wionostidsprrari c acid (-315 kg). The m xture waPCTEBR@A004176
to OC and seeded with

1- (2-fluoro-3.. hydroxy-6-nitrophenyl)-propati-2-orte.
Further water (600 kg) was added and the solid
isolated by filtration. The_ gilter cake was washed
with water (300 1). The product was dried under vacuum
(50 nmbar) at 40C. Yield: 56.0 kg, 74% based on 1, 2, 3-
bdded tapaityoto 4sondst @ BE BY) EresRi@Pn 4 sifshdd@io®NThe batch was distilled,

A P R P B g en i

Ehkdﬁthr iak(eébvaﬁ wahe®wih isohexane (73 kg). The product was dned under reduced

h r 0 nd the
Pﬁ)égs u?éorsn it té%@o—%&\/@p}&g E@% IBi’Sie‘é) 'ﬁ% FHP~ g‘héf O%f-Pon
quﬂﬁmﬂMpmpadEam a sol ution of sodlun1d|th|on|te (298
kg) in water (750 kg). The m xture was held at 25C for
2 hours, The product was isolated by filtration,
washing the filter cake with water (366 kg). The
%%%&ﬁgé was dried under reduced pressure (50 nbar) at
eld:. 34 kg, 72% The crude
Breparation oD1-feflinyrb-3Hvidr sxveohiedpiny() 3ok 2-vestratn S0l ved
Rid] SRIQEQMEt hime (880 1) and filtered through silica
33 Kg). Tne filter was washed wi th di chl oronet hane
(440 1). The conbined filtrates mere distilled,
BEERUI B By L-Of s SRl bl B Sne Sofg0GENN ate was

20081 0532Z2TPCTT GL32007 If POAT apidly to
i solodeRyrere8eddd@s-41 ersasl aﬂdngo nnslezlem §ldams) o théEhery heated

Q%b@df‘tovm adrwsfogh@@iungne QM0 ial,ﬁ 1%3%4 %;t%t%‘&ﬁ 280 The

bat ch was cool e C, aged
e pogerddo 739G éwmeam@clv\rarsngméfsllm’dslm hTliegerhisestan was

Btk s or i I n uti
%cll%ot Ngaaio Egtﬁd g%@ng? eM\@Sn %E&@né’(g% g%&ﬁ%‘ “g%é’J &gt Sotution.

w(lélZﬂﬂEFoW%ﬁ PRI EYee b RYup 70°6 fprn’t Tregpshaay pliowsd @pcml 1p-aghisnt and
[E% 0 0@hight3 To capfuad WAL 1&&%@141&@6 421&6%\49/&94%1)“ She lower

aitetoiieetate 6-tiltrop hen¥1 --propan-2-one from
%}ﬂlug%?agfli s smaraﬁ?éltquF epyganic’layer fufcher washed twice with hydrochloric

aidiictd W, 86 BN THOBRERNY 1a)erdvasXaltell 3N AL Rous sodium bicarbonate
solution (2.3%w/w, 15 ml) and then water (30 ml). Further mesitylene (21 ml) was charged

and the mixture evaporated on a rotary evaporator (25 mbar, bath 40°C), giving 25 ml of
solution.

A small amount of this solution (5 ml) was concentrated (68°C, 10 mbar) to give methyl
2-(2,3-difluoro-6-nitrophenyl)-3-oxobutanoate (2.22g) as a yellow/brown oil.
Mass Spectrum [M-H] 272
1H NMR Spectrum (400 MHz, DMSO-ds) 8 ppm 1.85 (s, 3 H enol) 2.47 (s, 3 H keto) 3.50 (s,
3 Hketo*) 3.63 (s, 3 H enol*) 5.79 (s, 1 H keto) 7.63 (td, J/=9.38, 7.97 Hz, 1 H keto) 7.78 (id,
J=9.38, 7.97 Hz, 1 H enol) 7.93 (ddd, J=9.21, 4.69, 1.94 Hz, 1 H keto) 8.08 (ddd, J=9.27,
4.74,1.94 Hz, 1 H enol) 12.88 (s, 1 H enol)

* = interchangeable
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Sodi umtert-pentoxide (13,41 g) was added to
rnesitylene (112 m) and the slurry heated to 50C to
give a redl brown solution. To this was added net hyl
acet oacetate (1428 g) m xture exothernmed to 75C,
giving a thick orangelyellow slurry. The tenperature

?%2@%#%1% to 70C nd. 1,2, 3-trifluoro-4-ni 9%&9;604176

dded. giving an orange sol ution. The m Xt ure
was mai ntai ned at about 70C for 3 hours, then all owed
to cool to anbient and Fell overnight. To the m xiure
was added hydrochloric aci d46% whs, 43 nil). The | ower
aqueous | ayer was separated and the organic | ayer
further washed twice with hydrochloric 20 acid (6%
M’éﬁé‘t’atmﬁ@fﬁ'gﬁwl zmeﬂl@rcgammcﬁva&?rromﬁvimkwdtamateh -
aqueous, sodi um ol utio
oo e e G bRt Sttt s

(881 gh2e ﬂBdf solitloit) s mdm Urﬁtbn SVapnwL, &0.50p). ahe mpaayon was

Ig)\é{fl O r.# T me 1ty?eng2§‘ lgwaf t(%% ﬁ%e 18\? aﬂ&leguszl@{emﬂias sI%pa(r%ted rﬁu’d

foRBer qﬁﬂﬁ@(mwwd 068G adli@d tmarl)hetacmegumxmmmlhelﬁﬁt 55°C for 16

et 35 P G bt e R PR o) et

R8219 VRS eetpias (54 mli)chMrIZJnetﬁ)Mb £0-mbl 6)s Hdghm IheBGNer

é‘%@i%gy’lf_ér gép%)ate ’hé'% éqi.\f)u/sgayfr \%g{ é}%};ﬁ% g)?rra)gt%c} Wélé E {:}tﬂgr%hlgth%e (24

ml) aﬂd A8 porﬂblﬁeﬂ drizanicbhide hadtified by thegdditidn ofxg@eo88sodium Iggroxide

(E%t/ 0‘5‘//\% 28 gﬂj(té IpZIdl%% Sﬂg%]ue%%ﬂgs% X’aé%@% f \%'zl%ﬁ ﬁﬁusoﬁex‘é&:e (23
Tt aquebpsrrobifiorofimpoi 2 AyweBtydrongoniapeor)-of

F‘]‘%m o OXy:, 6i litrephenyl k, | oxobul anpat e To a
goruticon of meth I

2- (R2sBallinidugbwas- e@amrattqdé%@wwma wiesh eapeat B give a sample for
é‘lﬁgﬁ,g deale (11.01 g, 20th! of solution) was added

ton B (40%/ w, 50.54 g). The separation was poor so
Mﬂﬂ&ﬂ&ﬂ*—@nﬁé@ﬂli’éﬁe (8 mM) was added. The | ower aqueous

padies D@Jigb 5@%%&*167'5 @i &fdn)B. s@‘t@%@l é%ol) 6.56 (1,
to I't. ﬁueous m xture was
5@@%}&5 1 ﬁeenhl) (1186 (ddrfre. 46}» k% & Wasndogledbrt o lé#BWOQnt
and hydrochloric acid (32% ww, 19 m) added over 15
mnutes U?tl| the pH vvas 5. D|aI ororrethane (24 M) was

|.

aq UWHt%r dl@y &d1) W@ssadﬁé&rté E\:%flc &9!(1 (l@%tnﬂﬂfo%\ﬁnﬁi by sulphunc ac1d (16.6 mi).
di chl oronet hzuae (24 m) and the conbi gﬁg 25@ G droxy-6
B fhissolyiian W?Se?tﬂ‘d?ﬁﬂntaﬁ%e"%ﬁﬁ’?‘{i‘% FerinagmesYl S-S EPg i ydroxy-6-
meylyi&ok&u(aﬁoﬁ%gwbsvg) 243 the hixfuee Helled £.96°C HBhe hags €Thgs
@Px\?%ee g\é\?%alfg go%g&p 5 h ed 2%@}@?041 %an % e2 v%as@o?)lbd toql0°C and a
ieeﬂ 3f41| @Oﬂw@smy&ibm&nﬁﬁpﬁehﬂpbﬁpw-o& @ mgg)l&ldbﬁt Tieatigture was

o was eva £ss a rotar
£Qp. %3? élt(gz}qﬁ#%{ t&sgre gmjsgg 'lﬁlg s%.bdt wagﬁ"% wash hr%e 58 With water
ajaemp mdmn[e&/hﬂmrer 2a80und atmmma gBpelc2rftuorol mfu:asaylzé-mm@mue)

7 s, 3 Henol) 3.59 (s, 3 14 enol) 6.56 (t,
P’i"Bgfgz é&é m%)H enol) 7.86 (dd, j=9.43, 1,24 Hz, 1 El

& JpedidmyM(i214s., 1 H enol)
1H NMR Spectrum (400 MHz, DMSO-ds) & ppm 1.75 (s, 3 H enol) 3.59 (s, 3 H enol) 6.56 (t,

10 J=9.27 Hz, 1 H enol) 7.86 (dd, /=9.43, 1.24 Hz, 1 H enol) 12.72 (br. 5., 1 H enol)
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Preparation of

142-fi uoro- 3- hvdroxv- 6-ni troghenylj - propat 20Water
(17,7 mM) was added to acetic acid (15,6 m) foll owed
by sul phuric acid (16.6 m), To this solution was
avolews/eas2aqueous sol ution containi ng nethyl PCT/GB2007/004176
2-(2-fluoro-3-hydroxy-6- nitrophenyl)-3-oxobutanoate
(8.195 g) and the mi xture heated at 90C for 4 hours.
The m xture was cooled to 80ce and water (24.6 nil)
added. The nxture was cool egyto 40C and a seed of

1- (2-11noro- 3- hydroxy-6-introphenyl) - propan-2-one (2
ng) added. The m xture was 25 cooled to OC and left to
gkamplever ni ght. The solid was filtered, washed three
er (15 X under_ vacuum at
pargl ~2-fluoroe-3-hydroxy-6-nitrophenyl)-propan-2-one from
thgPacklon@tAe 3- hydr oxy- 6- ni t r ophenyopr opan- 2- one (320
ng, ) Mass Spectrum [MH' 214 111 NWVR Spectrum
(400 MHz, DwB046) 8 ppm 1.75 (s, 3 .Henol) 3.59 (s, 3
Prepmration o Eff1 £-12.3-3@luord-Shiobhbial)-Lotdbetaddale 7, 86 (dd,

,P=9.43, 1.24 H@% éé . enolﬁ 2. 72 ihr A H nmon

U0 JB) 535S REA CA GO IOV S AP R B D HeL A
heatdd, to 5B aWE: sMspeasion wasraddud-ekhybmetobdetate (39.61 g) over 10 minutes.
The reaction mixture exothermed to about 60°C. The thick slurry was heated to 70°C and
1,2,3-trifluoro-4-nitrobenzene (25.0 g) added. The mixture exothermed to 80°C. The mixture

was held at 70-80°C for 3 hours, then allowed to cool to ambient and left overnight. To the
mixture was added hydrochloric acid (6% w/w, 100 ml), until the pH reached 1. The aqueous
layer was separated and discarded and the organic layer washed twice with hydrochloric acid
6% w/w, 90 ml), then with aqueous sodium bicarbonate (2.3% w/w, 37.5 ml) and finally
water (75 ml). To the organic layer was added further mesitylene (53 ml) and the mixture
distilled on a rotary evaporator (10mbar, bath 60°C) to give a solution of ethyl 2-(2,3-
difluoro-6-nitrophenyl)-3-oxobutanoate in mesitylene (90 ml containing 36.22 g of ethyl 2-
(2,3-difluoro-6-nitrophenyl)-3-oxobutanoate).

A small sample (10 ml) was further evaporated on a rotary evaporator (12 mbar, bath
60°C)
Mass Spectum [M-H] 284
1H NMR Spectrum (400 MHz, DMSO-dg) 6 ppm 1.03 (t, /=7.11 Hz, 3 H keto*) 1.05 (4,
J=7.11 Hz, 3 H enol*) 1.86 (s, 3 H enol) 2.47 (s, 3 H keto) 3.89 - 4.22 (m, 2 H keto+2 H
enol) 5.76 (s, 1 H keto) 7.62 (td, J/=9.32,7.97 Hz, 1 H keto) 7.78 (td, /=9.35,8.03 Hz, 1 H
enol) 7.93 (ddd, /=9.19, 4.71, 1.94 Hz, 1 H keto) 8.08 (ddd, J=9.27, 4.69, 1.99 Hz, 1 H enol)
13.00 (s, 1 H enol)

Preparation of Ethyl 2-(2-fluoro-3-hydroxy-6-nitrophenyl)-3-oxobutanoate

A solution of ethyl 2-(2,3-difluoro-6-nitrophenyl)-3-oxobutanoate (34.56 g) in mesitylene
(total volume 80 ml) was extracted with Triton B (40% w/w, 140.4 g). The aqueous layer was
further diluted with Triton B (40% w/w, 140.4 g), heated to 50°C and held for 16 hours. The
mixture was cooled to ambient and acified to pH 5 by the addition of hydrochloric acid (32%

w/w, 74 ml). The mixture is extracted twice with dichloromethane (69 ml) and the combined



et hyl acetoacetate 5 Preparation of Ethyl
242. 3-di fl uor o- 6-ni t roohei nd) - 3- oxobut ari o. ate
Sodi umtert-pentoxide (33.52 g) was added to
mesftylene (280 m) and the m xture heated to 50C. To
t he suspensi on was added et hyl acetoacetate (39.61 Q)
e . nutes. The reaction m xture exothe
§%bﬁ?&%8g% The thick slurry was heated to 7O%§§§ghﬁwmurm
1,2,3-trifluoro-4-nitrobenzene (25.0 g) added. The
m xture exothernmed. to 80C. The m xture tu was held at
70-80C for 3 hours, then allowed to cool to anbient
and left overnight. To the MXture was added
hydrochl oric acid (6@6m/m1 IOO mL, until the pH
reached 1. The.aqueous d
G0 e e At gt SUEL VA BERAN LGP, Tho aquoous
leytebic Wi veashed taick obith %ohdmme (9@5 ml) to gch emaqueeus qufa@cﬂﬁsthyl 2-(2-
|carbona -
Tl o eh e i ltaetlo B, o a3 2.0
il sriot 3yhyadeoxfy HhitmdphergteB-ovbutpioate pswmyrg I@D%tymld)ed on a

gg%n? %ax?lgl%?v%e eﬁh g{ratéigiﬁgﬁgg OHQQBQTYQQQOWE& afd HfalySed.

i"on* o
Qs Bowetub [M-Hi @pheny0- 3- oxobut anoat e i n naesityl ene

gg&gﬁgrﬁﬁégauﬂgﬂ%P?TJ%ﬁen f%@ﬁ% Lg%g%ggﬂg:3H)l49@ 8 ) Smge

StRal(in, 2 Hpbe (i 0.331Hye, MH$7ﬁ&ﬁtﬁéﬁ3é&Hprhted on a

rotary evaporator (12 nbar, bath 60C) tut, Mass

Soectun1 RA- Hy 284 1H NNR Spectrun1(400 M | z" DMSO46)
0X3 2 L , 1-7.11

?g’ldl%xmﬁee(g%g%m Jei8 ?7()1?1& arﬁl Mt&?@@) mﬁm&g acfd@d sugnh'ﬁhl‘&i@(ﬁl ml). The

eto+ 2 enol
jogittoye Waseereddo 97°Ogind an aquegyp Sﬂztlonlcomaml@étegl}/ 27(27%“0(‘1 &
. ¥ I/ d sthbdied & 999C fi
&3&0@6 nﬁ.r ?l’i)’enylg 3- &gﬁtzﬁﬁﬂa 531 6 7gg:ﬁd(( e ‘ﬂhe]mlggﬂ%zva f—ld 9 o or
@nﬂjo)irs;_gle@gpo%eg to §0° aggwétﬁr 63{1)33& ’”[Bf. mixture was coo d to 40°C and

15 %Eéd‘é& Qith 3- (@hﬂ&o-ﬁ@ﬁfoﬁ%ﬁ nfirdphény B WRAGEELY 0de @4BHU TheRRhRe was

t f
opind 8 (10 Rrd i Blamighto ShemiFYe Wesdilsistnd vaskp-itres et

OatdrRsavRE] Tivd Iﬁ&ﬁlc( \i'é%td@kd 110 a8 B efirto) giwals(2eflioroat-hygitoxy-6-
wi.th Triton B_(409 O 4 g). The aqueous Iayer

wa%ophﬁﬁytl)r%?l’aa‘zr%? Yiton B (40% ww, 140.4 g),
he &k SfedromFNH oI held for 16 hours. The m xture was

SO St RS\ F AT P e e

exxd, h aptred (@aMree2 i b1 1) 1cH) nmr(eﬂ harHe (69 m) and the
conbi ned WD 2008/ 053221PC B W/ 004176

Example 5
Preparation of 7-(Benzyloxy)-4-[(4-fluore-2-methyl-1H-indol-5-yl)oxy]-6-

25 methoxyquinazoline
7-benzyloxy-6-methoxy-3,4-dihydroquinazolin-4-one (28 kg) and triethylamine

hydrochloride (2.7 kg) were added to anisole (244 kg). N,N-Diisopropylethylamine (19.2 kg)
was added, followed by a line wash of anisole (20 kg). The mixture was cooled to 15°C and

phosphorus oxychloride (19.8 kg) added over 5 minutes, followed by a line wash of anisole
30 (13.9 kg). After stirring for 15 minutes the mixture was heated to 80°C over 90 minutes and
held at 80°C for 1 hour. When the reaction was complete the batch was transfetred to a new

reactor, followed by a line wash of anisole (39.7 kg). The mixture was cooled to 40°C and
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-45- organic |layers extracted with aqueous sodi um

hydr oxi de (8.5% w, 67 nil). The aqueous extract was

washed twice with i sohexane (673 m) to give an

aqueous solution of ethyl 2-(2-

Wazmoges3dzhydr oxy- 6-ni tt ophertyl) - 3- oxobut ano&CEGB3®7/004176

m , containing 31.92g of ethyl 2-(2-

f 1 xt at o- 3- hydr oxy- 6- ni t r ophenyl) - 3- oxobut aneat e

assum ng 100%vyield), A small sanple was evaporated to

dryness or. a rotary evapor-déor and anal ysed. Mass

Spectum [Mm 286 1H NWR Soect um (400 I\/Hz DI\/ISO d6) 5
ppm 0,91 (t, .7=7.06 Hz, 3 (lin,

1 lﬁY W/ voppugaus sofliug Igpirqude Smlupen (13761@ eéff,efineid5 gww allpwing

thd te}nﬁeraﬁﬁaﬁé‘h%tb 9P (ﬁfolllvw@d?bf 'l Wvﬁksﬁgomd&r (5kg). The mlxture was

roxy-6-nitrophenvl go pan- 2- one %gﬁture
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Sesfutstdsodiurvhidro:2deXkoRdiod (25NNAg) Sjsled dveu i léldﬂ@S Mﬂlzmammg the

HVSO- d X 2. 27 3 2 H).7 . =8. was
prpoigon i Q8T e phfye iyl (i s oyl va
dﬂdadm&ee45mmu&u artht sobutionbf 7-(benzyloxy)-4-chloro-6-methoxyquinazoline at

%OE Et E)ﬂ dQDX\Q 1ffre %L ot%célgm{r]l‘iieo(tﬂ Eg)y ]1“}19 éﬂé&m’g wagﬁeld at 80°C for 4

Houlse iy ﬂyashye? é\?lcermntmwa@r (32 Ke)d iThy o vay eelsd in2MC apddistilied
wg)%lgr %g%ceé"gr%ssgl%l (%(ﬂééfi}t IE]IH?&G Elytgl{ 2fn] Bérﬁ)c[nlquacﬂ% 760K ITheANBERm

sopropyl et hyl arni ne
Waseth@a wg;stedassmm dnd o fischasian wtlaueld ithaereigedth vejpme of 168 1. The
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over 90 m nutes an at 80C hour

methendl 613 kgasThearsiuel veasdied Witk P}Ff‘)%&s“ ?Or Gndisld Péd keo /g

pﬁggg aalomv+iiphsewed by a ihi C wash of an| sole (39.7
e mxture was cooled to 40C a
QEM@B@HE@QO@EM%WW”Z (s, 3H)400 (S 3 H)5.36(s,2 H) 6.24

(s, 1 H) 6.99 (dd, J=8.57, 7.49 Hz, 1 H) 7.16 (d, J=9.05 Hz, 1 H) 7.35 - 7.41 (m, 1 H) 7.41 -
7.47 (m, 2 H) 7.51 (s, 1 H) 7.50 - 7.55 (m, 2 H) 7.63 (s, 1 H) 8.50 (s, 1 H) 11.33 (br. 5., 1 H)

The 7-benzyloxy-6-methoxy-3,4-dihydroquinazolin-4-one starting material was
prepared as follows:

A mixture of vanillic acid (200 g), acetonitrile (600 ml) and N-ethyldiisopropylamine
(580 ml) was heated to reflux. Benzyl bromide (347 ml) was then added over a period of 3

hours. The reaction mixture was held at reflux for 15 hours. Triethylamine (50 ml) was



-46- 16,19% wi w aqueous sodi um hydroxi de sol ution (132
kg) added over 15 minutes, allowing the tenperature to
rise to 50C, fbriowed by a |ine wash of water (5 kg).
The m xture was held at 50C for 30 m nutes, then
heated to 80C. The batch was filtered through a G af
{)J gslz y a line-wash of anisole (10 kg). -g?ﬁ/dﬂ%\ﬁyoonm
Vg eous Tayer was separated and the upper organic
| ayer washed at 80C with 20.9% w w aqueous sodi um
chloride solution (98.2 kg). The m xture was distilled
under reduced pressure (80 pghar) to | eave a residual
vol une of 224 1. 1-Methyl-2-pyrrolidinme (28,9) was
added and the m xture healed to 80C to give a solution
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? ting materi al was prepared as foll ows: A
axd Speerund (MAeHI 3P4 1.aci d (200 g), acetonitrile (600

« Puly LS. DAl o e 590 1) v ks o
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E&%anty, 7126 npy webiben a@@@n AY¢ slurry was allowed to cool to 40°C and then to
4- (benzyl oxy) - 3- met boxyhenzoate) isol ated by
filtration. The solid was washed with water (3 x 500
m ) and then dried under vacuum at 45C. Yield: 387 g,
93. 4% Mass Spectrum (Mift = 3491 111 NWR Spectrum
(CDCbh) 3,9 (s, 311),211) 5.36.9d,), 7,2-7.4 (in,
1014), to 7.6-7.7 (m 211) Bezzyl
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15 added keeping the tenperature of the reaction

m xture bel ow .20C. The reaction m xture was then
stirred at 20C for 23 hours. The | ower aqueous | ayer

vni s renoved and the organic |ayer was washed with

Wed er08/0220 ml) . The organic | ayer was separ atred/GB007/004176
distilled to 270 m at atnospheric pressure.

| sopropanol (750 m) was added to the reaction mxture
at 45C. The reaction mxture was then heated to 40C

and stirred at: this tenperd8ure. for 15 ninutes. The
.-7.0 resulting suspensi on was then cooled to 20C,
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erC( mae pro;hho@ (bﬁﬁzySE-ﬁﬁahi@WQbe&ymkﬁ)tﬂﬂeﬂimE&})atwaﬁas liRedtbgd

Bt S0 ISt AORTSORRhLB0 oL o

Spedve um (M-H) + = 394. 1. 11 1 MR Spec:turn (CDC13)

@i—ﬁj—g%](&%)ﬁrr%{gllzn)? 55(2 (;SI -I2)14)’ - I(—Iznry

lgfm__&z_mm/ocm:m (a0, A (kY Sbenzidae ( IM).0)-waes, 101
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di um hydroxi de sol ution (47%vv| w, 12,4 m)
?/\ig.g gggggdgggd the slinmy cooled to OC. 'The product
pss SpearumX Vet 170 288-{-benzy| oxy) - 5. - met hoxyhenzoat €) was

gﬁm S&c%f}bﬂ/ﬁb@@h@r{s Agshed Wt s Mﬁf 7(327 sx(n}%ﬁ),@&(s

ed at 40C under’ vacuum Vi él
gd; 499 Mass SCctrai l (MH = 364. 1. Nll\/R Spect rum
(CD03) 3,8 (s, 311), 5.1 (a, 211), 5.3 (s, 2H), 6.2

s,7.3-7.4 (m 1011); Benzyl
éﬂékﬂ-% - 4- (henzyl oxy) - 5- met hoxybenzoat e (5.55 14),
Hepaanbdbne @aabatLnedv21 g dd3dn,$QRuhaMeky-f-3R (3 rtelidin-1-
re mxed. The reaction m xture was then heated to
&MMM at this tenperature :for 6 hours. The
r eaqusbmlm)xzt E(ﬂ-@luw@SZ tbegl- reglieds ﬁgm?,rﬁ@nwﬁ&yduaqa@olme (40 kg)
\?erloci t an_hour a then stirr at. this
?g ddp -nPe(t}], I?yﬁ:f) Rove (20% 48&3 C(.J{ Th1s solution was charged to

z(n-:fnebtiﬂ pgekmweﬁsemh{aﬁmg mfyélpaqiadxmd oft qubmmlysﬂ(ﬂéks@ REHF
' washe i.sobut

I a nol
PP e Fpetcnfie BUna T EERL hR A TR a1 40-45°C
(Bekpera bpplied oOThd hiatrd®ad iy dédbpEhateliad AC add 2 bark Gor 338urs. The

rgzic%r \ gplgg?d[ w1tw%e%g§%reegcu?ﬁ%wgrg%% f;f?%meéc}figmem%ﬁl&red

thapgh-h )ym Pall filter into a new reactor. A line wash of 1-methyl-2-pyrrolidinone (66 kg)

through the filters was applied to give a solution of 4-[(4-fluoro-2-methyl-1H-indol-5-yDoxy]-
6-methoxyquinazolin-7-ol. To this solution was added potassium carbonate (10.3 kg) and the
mixture heated to 80°C.

A 71.5% w/w aqueous solution of 1-(3-chloropropyl)pyrrolidine hydrochloride (25 kg)
was diluted with water (14 1) and methyl fert-butyl ether (12 1) added. The stirred mixture
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Exanpl e 6 d vl)pronoxyl inazobine

7- (Benzyl oxy)-4-[ (4-fl uoro-2-nethyblii-indol-5-yi)oxy]

- 6- not hoxy: qui nazol ine (40 kg) was dissolved in

1-net hyl - 2-pyrrolidinone (206 kg) at 40-45C. This
solution was charged to an inerted pressure vessel.

C LNi : 10% pal | adi um on carbon. catal yst
Q’gg%@%@l%g%oxi mat el y 50% wat er wet catal yst). Pé?clgnzg@’%wmﬁ
wash of 1-nethyl-2-pyrrolidinone at 40-45C 2: (35 kg)
was applied. The m xture was hydrogenated at 45C and 3
harg for 33 hours. The reaclygr was purged wth.
nitrogen and recirculated through a Gal filter before
being filtered through a Ipin Pall filter into a new
w288 toHH S 1N &y \WadHondf 48% R viaydeods fyiufntytdkide srﬂut(oﬁ@(s 51).

N i
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er was a o the hot solution of
LL(XMSIk&@fr]@O%W,t&’r% -111-i ndol - 5- Aoxyl - 6- met hexyqui na

%@‘Lir%r@r&l[ 'm]1-51net hyl-2-pyrrolidi none. A line vvash

yI ierichutyl ether (4 kg) was applied
MLMMOMHZ,MSWQM -3 Rdow 1) { fign2 %@é@ H)
ﬁﬁé‘&é %o\agséﬁﬁlﬂﬁ% R 7@ Jhwrﬁz 2'1-? 4Tdtﬁs %t}mezrss& 0% ¥z, >

Ccoo over urs and

H)6:R4 (s, TH26.89 (18- 34aB44 Hol laﬁ)e7d16t£9 JF? I6<?— Héﬂ Ié)n7 %ﬁw@ 1tfliﬁ)e7 60 (s,
'i?lzg.ts%sfﬁ‘@ﬁ 1Y¥33 tbr]s Iy w

22 pyrrolidinone/water (64 kg), then three
times with water (62 kg). The product was dried with

hot 7RI LR 73 -clﬂé‘gpro%rlﬁnélﬁﬁdé ‘hy&deiBortdd satiitiochOR¥Mplepared as
83% Mass _Spectrum F-H 45:1 15 1H NMR Spectrum

fdlows:MHz, DI\/BO d6) 5 ppm 1,66 - 133 (in, 4 14) L95
- 2. Q%o(uhﬂn ol Hbma 34R{oropgopahie 9.4 &g) in ZolvbBe (237 kg) vk heatd&iro 40-

%5 §4 Teglgls 10%1%))“ V@s gtgl % YPO%&IE% (9541.152kg} g"lf’ﬁ lé'élouri 1|n_§1%§1n1f§ tie
{eghperatuts 46-45442, A findyasi oBtBll(eﬁa (37 kg)IWas Fppdied §isl thelrehdfion
mamtaln(eﬁ at LEO 4151’23 for f%;t%heg Pour hour§ "[:he 'r_gactlon mixture was cooled to 20-25°C
and washed with water (211 kg). Further water (138 kg) was added and the pH adjusted to
8.8-9.0 by the addition of 34%w/w hydrochloric acid (4.7 kg). The aqueous phase was
separated and discarded. To the organic phase was added 34%w/w hydrochloric acid (61 kg)
until the pH was 0.5-1.0. The aqueous was separated and concentrated under vacuum,
maintaining the temperature < 50°C until the toluene content was < 0.1%, giving an aqueous
solution of 1-(3-chloropropyl)pyrrolidine hydrochloride 129.1 kg at 71.5%w/w, 79.9%

Mass Spectrum [M+H]" 148
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.aThe aqueous 1-(3-chioropropy.L)pycrolidine
hydr ochl ori de solution was prepared as foll ows: A
sol ution of 1-hrono-3-chloroproparie (993 kg) in
tol uene (237 kg) was heated to 40- 45C. To this
30 u0p/HFI221was added pyrrolidine (94.5 kg) ove@CT/AB3007/004176
hours, maintaining the tenperature at 40-45C. A line
wash of toluene (37 kg) was applied and the reaction
25 mai ntai ned at 40-45C for _a further four hours. The
reaction mxture was cool ed®d0 20-25C and washed with
wat er (211 kg). Further water (138 kg) was added and
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separated and transferred to a second reactor. The

apper crtbmlicasiday epromie ransferred to 200 1 drums. A
| ' nq m%r%roﬁ%w&hdﬁfe%ﬁbﬂa s ﬁ%ﬁh@éd a(sl'(ﬁlo%s kg) WaS

ecnar

B iiion o RERB1 B HorERPYHE Ao R ICet W) ARAORG s added
ﬂy@ﬂah@iﬂé w3 g} RRmntdi83s the kbperatlieat 4b.avET. @Hh’eﬁ@é&ﬁ of @i (40 ml)

o SRS, e O SRl DL 2BENL LS YR i 20
dn@ lﬂelblﬁr}ﬂ hofshahe Qn)@urz whgashaswaPpAhieS@00 hh)eana@ifddi finedr water
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mplmhdﬁmm@ﬁlﬂm&@msqhhmﬂnpropyppyrroI|d|ne (83.9 kg) in

ol (Pt SHFERR Y R UG B S S UR P P re €291 ) o
fhix(u3e Ghkoprppiia PyI7) pyly @ldiveiten €090 B loadrd hoasat pS-@0ral. elthe agxture
Jva%lckgl\é\gt.o 55°C and held at this temperature for 30 minutes to initiate crystallisation. The
mixture was then cooled to 10°C over 1.5 hours, and held at 10°C for an hour before filtering.
The solid was washed with methyl zert-butyl ether (400 ml) and finally methyl terz-butyl ether
(300 ml). The solid was dried at 40°C in a vacuum oven to give 1-(3-

chloropropyl)pyrrolidine oxalate.



:za To a solution of 1-brono-3-ehloropropane (190 S.)
in toluene (455 nil) at 40C was added pyrrolidine (173
g), maintaining the tenperature at 40-45C. A line wash
of toluene (40 nil) was Men applied. The m xture was
mai nt ai ned at 40-45C for 4 hours, then cooled to 20C
and held fbr 6 hours. The m xture was washed
\kﬂt’%‘?’os{}%ﬂ me, and then further water (265 mPC%é(#(}OOJm“%
and the pH adjusted to 8.8-9,0 with extracted with 37%
hydrochloric acid (9.5 nml). The aqueous | ayer was
separ at ed. The organic | gyer was added to a
solution of oxalic acid dihydrate (129.31 g) in a
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3 A0 Soosti p UMt B B o S0 5D 5 TR ohrb(m 0742

O 18 Qr-HG 10\V3ET2 -6 IR SH) Tb@(bwspenalonga wap ahelqd 24,03

ik 2E0R TR ol B RN ST BT Pl s 110

30 T8 (HIL oY ast (nvast) dis e5l1 Bndss (H1af, 2H)Nege(br. s., 1 H)
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.2s at 50C. Yield: 27.3 kg, 76% Mass Spectrum [ M-Hr

454 1H NWR Spectrum (400 MHz, DMb0-4) 5 ppm 1.97 (br.

s., 4 H 2.17 - 2.29 (hi, 2 H 2.42 (s, 3 1-1) 3.13

(hr. s., 2 EH) 3.32 - 3.3830n, 2 H 3.60 (br. s., 2 H
Q03653223 H) 4,32 (t, J=6,03 Hz, 2 H) 6.01 (PST/GB2dy/004176
6.24 (s" 1 11)6.98 (dd, J=8.51, 7.44 Hz, 1 El) 7.16

(d, ...1-8.73 Hz, 1 H :to 7.43 (s, 1 11) 7.64 (s, |I.

H 8.52 (s, 1 H 9.36 (br. s., 2 14) 11,33 (br. s., 1

H WO 2098/ 053221PCT/ GB2007#904176 -52- xanple 8

1J4: nl At Ect: vl propexvqt ai nazol i ne usi ne

-aztruyittspirop, 4loctarte salts 5 Preparation of
i—%?g‘%‘ spi ron, 41loct ane chl oride

IP é@i Ghinair agggmghﬁ Mﬁdtmlillﬂ-lﬁlaﬁ 5(-‘3110&4]2@)11e%ﬁv—d%?f%?lhﬂﬁtﬂn»lu
met hanol 38 nd and t e o ution rell uxed
OX L ; FAFOPEEEE to dryness on
a rot ary evaporator to gi ve 4- azonl aspi ro[ 3. 4j oet ane
i’él .de 9S,.an, | e 0|I. YJ eld 1.14g 10 111 Nh4R
100 1 50- £ rn 1.90-2.00 (na, 4H)
2- (Mloﬁcﬂan(pyl)pyrfolh)hné%(ﬁlfm 23w Hiskdtveddn thdthartbl 28 rhlh anddire Blution
Eg] 4%—(1) hﬁ Pre aration o{ dé%agoné asrPér?fB 41ectt atne 1
uor Cgp ﬁﬁ%P éon Was evaporated to dryness o1 a rotary evaporator to give 4-
azoniaspiro[3,4]octane chloride as an impure oil.
Yield1.14 g
1H NMR Spectrum (400 MHz, DMSO-ds) 8 ppm 1.90-2.00 (m, 4H) 2.4-2.48 (m, 2H) 3.54-
3.61 (m, 4H) 4.27 (t, J= 8.1 Hz, 4H)
M112

Preparation of 4-azoniaspiro[3.4]octane hexafluorophosphate

An aqueous solution of 4-azoniaspiro[3,4]octane chloride was prepared by adding 1-(3-
Chloropropyl)pyrrolidine (128 ml) to water (100 ml) at 94°C over 25 minutes. The mixture
was stirred for a further 5 minutes to give a clear yellow solution. This was cooled to 20°C
and stored in a bottle. Line washes of water (2 x 25 ml) were applied.
4-Azoniaspiro[3,4]octane chloride solution in water (88 ml) was added over 10 minutes to a
solution of sodium hexaflurophosphate (50.3 g) in water (100 ml), followed by a line wash of
water (12 ml). Further water (50 ml) was added to aid stirring of the thick suspension. The
mixture was heated to 90°C to aid stirring. The solid was filtered and washed with water 2x
100 ml) and dried in a vacuum oven to give 4-azoniaspiro[3,4]octane hexafluorophosphate
(54.14 g, 70.3% of theory).

Infra Red (KBr Disc) wavenumber (cm’™) 1450, 1348, 1323, 1100, 831, 557

1H NMR Spectrum (400 MHz, DMSO-de) 8 ppm 1.89-2.01 (m, 4H) 2.40-2.50 (m, 2H)
3.53-3.61 (m, 4H) 4.27 (t, ] = 8.1 Hz, 4H)

Preparation of 4-azoniaspiro[3.4]octane tetraphenylborate

To a solution of sodium tetraphenylborate (1.90 g) in acetone (8 ml) at 20°C was added

aqueous 4-azoniaspiro[3,4]Joctane chloride (1.64 ml, prepared as above). The resulting solid



I s An aqueous sol ution of 4-azoniaspiro[ 3, 4] oetane

chl ori de was prepared by addi ng 1-(3-

Chl or opropyDpyrrolidine (128 m) to water (100 rul) at

94C over 2.5 mnutes. The m xture was stirred for a

further 5 mnutes to give a clear yellow solution.

&E* gooled to 20C and stored in a bottl gcylkifr/004176
L3 mater (2 x 25 M) were applied.

4- Azoni aspi ro[ 3, 4j octane chloride solution in water

(88 mM) was added over 10 mnutes to a 20 solution of

sodi um hezaf | urophosphate (0.3 g) in water (100 m),

followed by a Iline wash of water (12 ne. Further water

(50 M) was added to aid stirring of the thick

SN SRERS IvEhed Wi Whts (31X €0 inh andéritica vuH Gvendo aive

stirrin The sol i ed wth water
4(4250&13@“8@ ﬂ?ﬁmﬁﬁra&ﬁ&%@tﬁ ltaﬁr\/gag%%r%FOWt 0 give
1 REANS %rﬁhﬁ 914)6 Mﬁzopmnmamepmﬂwm anofH G RATdmy B), 14

ViRt (aa ) ﬁ 6 1 76 3560 Ui Boo BoA T, sipy7.15:7.20 (m,

s Spectrum (400 Mz, DVSO-4) 6 ppm 1.89-2.01 (m

e Wk bt R b By g

t 531 @m, ST 135.5@| 40)i 163 O, 41(I)d| um
J( tlr&ggﬁgg@g%rat gm(-lm% g? in acetone (8 nil) at 20C
was added aqueous -azoni aspiro[ 3, 41loetane chl ori de

&a@éhom %ﬁ%,ﬂ&tﬂﬁﬂb@lde The resulting solid WO
CTI GB2007/00417 r d
0 Wp{dfpromansrPaps 2y’ Té il gﬁ% 3“%?394 B 50

uum oven to
HE Hhe dEQR ISP tHed 6&1eal<ﬁ)ﬂabm0empewwp bndegyyhasgeckip drypgss pi a

8, 90% of th o var
Ban e sogon o i seyl oy BB e A N B
fhddr)sephradel. (llhe hlmloa wibs zshed it dicBlorpmeBagy2q 1, quLBqueous layer

gﬁglgqs\%ﬁ&?x &Jﬁﬁd 1) f)ﬁ)tasljs%ﬂ gégn 5‘%12 §]gﬁ1nd1%§dd§{u%“h
15 3@hl$ﬂon{eﬂ1.ane1(26@00ﬂl) (‘Ehe chmbin@i@ygapiriexigapty were @r@fl oyerghaggesium

T0 isaAmaied by th
gulgk}% 74P rla?egglo4 1?&%% ?n]aﬁr%%%oér\ﬁ%t)éﬁ% TRE RBidhetkds eh y te e
dadiiati dfhonwpi(irahend 57! oeynighis Theesahid s Plerpg vy with aceton

r g over 4 hours. The m xture

%Or ﬁ n&%goéggacté%%%g?hgﬁnper ature and evapor at ed to

driglh@962,017% ot ary evaporator. To the residual oil was
20 d8ASHRGL S (%Q@mutwso%tmnﬁm | 9D rayaEt) ©.41-0\60 (m, 2H) 3.53-

Fayer separ at ed, The solution was washed with
dlﬁéﬁmﬂfé)ﬁl%rj—eskgé)‘%) ). The aqueous |ayer was

{fri ed by the addition of potassium carbonate (42.8
g and extracted with

Preparation of 4-[(4-fluoro-2-methyl-1H-indol-5 -yl)oxvy]-6-methoxy-7-(3-pyrrolidin-1-

25 ylpropoxy)quinazoline using 4-azoniaspiro[3.4]octane chloride
4-Azoniaspiro[3,4]octane chloride (1.14 g) was added to a mixture of 4-[(4-fluoro-2-methyl-

lH—indol-S-yl)oxy]-6-methoxyquinazolin—7—ol (2.5 g), 1-methyl-2-pyrrolidinone (25 ml),

methyl terz-butyl ether (1.8 ml) and potassium carbonate (815 mg) at 80°C. After stirring at

80°C for 3 hours water (27 ml) was added over 40 minutes. The mixture was allowed to cool
10 t020°C and left overnight. The mixture was reheated to 60°C and filtered. The filter cake

was washed with 1:1v/v 1-methyl-2-pyrrolidinone/water (5 ml) and then with water (4 X 5
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15

25

| s diehloronethane (2 x 80 rift), The conbi ned

organi c extracts were dried over magnesi um sul phate

and evaporated to dryness on a rotary evaporator. The
residue was triturated by the addition of acetone (30
WO 20885382 rred overnight. The solid was fi | tRET&EB2007/004176
washed with acetone (30 mM) and dried in a vacuum oven

at 40C Yield 3,06g, 5.7%co 1H NVR Spectrum (400 Mz,
DVSO-d6) 5 ppna 1.90-1.99 (m 411) 2.41-2.50211) 3.53-
3.66 (En, 411) 4.30 (1, J= 8¢l Hz, 411) M4 112
Premtratiou O

4-14-flittroet1l-3ndol75-v-DoW7. 64Sfitiop-7. 25

yhp ﬂ@@@»ﬁymw ifiddaz oicnemusintg gie a4 ORilasplnef3]- i ocbanigloxyl-
g_meglrog}g A&ﬁm- | |ro gﬂl‘%%ct ane chloride (1,14 g)

amx *F1 uor o- 2- nmet hyl -

Vfddh%&ﬂati%ﬂmx\y,l6561/ismféh¢qr30xqu na20l 3n-7-0l (2.5 @),
1-met hyl- 2-pyrrolidinone (25 nil), nethyl tert-butyl
et her (1, 8 m) and pot aSSI um carbonate (815 ny) at

{6 i b A+ ; /1§ 0% gthaat-é :

J Il d
sspsdieh gt ST = o Lot o

Feh ec&mt@a Otf 6[(G€imomﬁmfeihb'lt b‘! exdpl SFigoxfyi-bmethos pluganeis-7-0l (2.5 g)

i 12 neNei :
W%%H&Hg r(})i‘i%ﬂfcﬁ\qé (%’\?a ]tJ]g gﬁ% ﬂgﬁ;yléeﬂ-)_éﬁtgf_)%tﬁeg kl Qﬁﬁﬁ é%%%(ﬁe% {)étassmm
Goakongle (@é npg). FhemsrurewisSiEDssed byihelding under vacuum and letting down

i e

oXY
yopipgpirg(37dociang progudexd4di ) W@@d@@f dihe pligtere yvag mtamed at 80°C for
42 2Burk.| PMOG mitthrelwds added water (27 ml) over 2 hours. The mixture was cooled
to 64°C and the solid filtered. The solid was washed with 1:1 v/v 1-methyl-2-

pyrrolidinone/water (5 ml) and then water (4 x 5 ml). The solid was dried in a vacuum oven

o,

to give 4-[(4-fluoro-2-methyl-1H-indo}-5-y1)oxy]-6-methoxy-7-(3-pyrrolidin-1-
ylprpoxy)quinazoline.
Yield 2.75 g at 94.2%w/w, 78.0% of theoretical

Preparation of 4-[(4-fluoro-2-methyl-1 H-indol-5-yDoxy]-6-methoxy-7-(3-pyrrolidin-1-

ylpropoxy)quinazoline using 4-azoniaspiro[3.4]octane hexafluorophosphate

The reaction was carried out as for the bromide salt, but using 4-azoniaspiro[3,4]octane
hexafluorophosphate (1.99 g).
Yield 2.20g at 94.2%w/w, 62.4% of theoretical



vl or 000xy) arti m zol i ne usi ngi 4-azoni asoi rof 3. 4-t oct ane

brom de To a solution of

44(4-fluoro-2-nethyl-1.11-indol - 5- ypexy] - 6- - r net hoxyqu

i nazolinv-ol (2,5 g) in 1-methyl-2-pyrrolidinone (25

m ) and nethyL ten-butyl ether (1.8 ror) was added
carbonate (8] 5 ng). The m xture

g@%%@éQQH%y hol di ng under vacuum and lettlné@%g@ﬁﬁwymmrm

with nitrogen. This was carded out five times. The

m xture was heated to 80C and 4-

azordaspiro[ 3, 4] octane bromge (135 g) was added. The

m xture was maintained at SOI for 3.5 hours. To the

hot m xture was added water (27 m ) over 2 hours, The

Hxhie® was cooled to 64C and the solid filtered. The

Was mashed Mﬂth 1: 1|W/ I-neth I-2-

y
a 1- ylprpoquitazoline. Yield 2.75 g S
94, 2%vdw, 78.0% of theoretica

ven athV XkI|A thh|r< ATE j
g 1 7-(benzyloxy)- -Q:.gl !)x umgz%ht}(-l —P 0190‘ Tf‘htlao%—é-

rn;etg,%é}wgmﬁgne—vwMEtlLIt/ tta, aflllopyttesp Iipp The

Ion_was carrjed o d

(e AR MR ECT R  RR
((?]6 28 a8g Gooliéﬂﬁi -‘30%0?)%%8 slatry 9ds 2Wed agpedi2 49divoh hydrox1de (0 93 ml of

eoretica / '

o S50 S V2000 AT ORGAIL GHfATS S 1
iThisQokb M@t Wisyaddddad © %l&ioyllo}f @Xl;ean}(E)wM-tchl,om _-mpthoxyguipazoline
%g Bﬁ_%tllﬂglv%)l%) JZ?S i nglgat SE (,7 29Veh {; IPbe m}é%%é( yA 11? D)@ %(}é%%ltllllk (8 ml) was

e nvi ) acet one
Ripsipd! ahé MxafEda-hat#] at(80eC fz §1 bowrs, Trhzatllmr vigs gopped and the lower
nalqglefo?lg ﬂ)ger} arage%t € upper organic layer was washed further with water (6 ml) at
15 80°C.

The batch was cooled to 20°C and concentrated under reduced pressure (130 mbar), allowing

the batch temperature to reach 100°C, collecting 24 ml of distillate. The batch temperature
was adjusted to 65°C and a solution of water (4 ml) in methanol (28 ml) added. The mixture
was cooled to 20°C and the product filtered. The filter cake was washed with methanol (2 x
20 12 ml) and dried in a vacuum oven at overnight to give 1-(3-{[7-(benzyloxy)-6-
methoxyquinazolin-4-yl]oxy}-2-fluoro-6-nitrophenyl)acetone (4.543 g, 67% of theory).
1H NMR Spectrum (400 MHz, DMSO-dg) 8 ppm 2.29 (s, 3 H) 4.00 (s, 3 H) 4.27 (s,2 H) 5.37
(s,2 H) 7.38 (m, 1 H) 7.44 (m, 2 H) 7.53 (m, 2 H) 7.56 (s, 1 H) 7.62 (s, 1 H) 7.77 (dd, J=9.1,
7.8 Hz, 1H) 8.12 (dd, J=9.05, 0.81 Hz, 1 H) 8.59 (s, 1 H)
25 Mass Spéctrum [M+H]"

loxy)-6-methoxyquinazolin-4-

Hydrogenation of 1-(3-{[7-(ben
nitrophenylacetone to give 4-[(4-fluoro-2-methyl-1H-indol-5-yloxy]-6-methoxyquinazolin-
7-0l

30 To a solution of 1-(3-{[7~(benzyloxy)-6-methoxyquinazolin-4-yl]oxy} -2-fluoro-6-

nitrophenyl)acetone (0.75 g) in 1-methyl-2-pyrrolidinone (7.5 ml) was charged 10%

palladium on charcoal catalyst (38.6 mg of approximately 50% water wet paste). The mixture
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1- (2- Fl uor o- 3- hydr oxy- 6-ni t ropheny1l) - pr ogan- 2- one
(4.286 g) was suspended in aectonitrile (16 m) and
cooled to -5C. To the slurry was added aqueous sodi um
hydroxide (0.93 ml of ig 46.9%w w solution). Aline
wash of acetonitrile (16 m) was applied. This cold
3 ¥ 5*as added to a sol ution of HCHGE00MI0 0TS
74benzyl oxy) - 4- chl or o- 6- met hoxyqui nazOIl i 11e (4.26 Q)
in anisole (28.8 m.) at 80C over 15 m nutes. A line
wash of acctointrile (16 m) was applied. The m xture
was heated at 80C for 21 howfs. The stirrer was
stopped and the | ower aqueous | ayer separated. The-

upper or ic | r was washed further wth water

by i § B gt Yitke  batatrpis Sgedighd 612 4 hours.

TfDlF @mtarsahﬁda ddﬂldﬁfﬁlgme%qﬁﬁdarea’ ﬁSlS[l(kt—ﬂuc(rd-ﬁ@ndﬂiya-MI-,indo1—5-y1)oxy]—
Wi ng.the hatch tenperature to reach 100C,

gﬁlﬁaﬁ’éi"iq’i@”g‘&p’??li | of distillate. The batch

Henpeediou fige WAs-[(@djuust Baiethol- BB T dalRdylgoxg bb-uteihoxyqofazolin-7-ol
r.(4.nil) in nmethanol (.28.m d he i !

$E® i1 o v SGE Rt R bt PR e ol bl

bk | dasiwagdu@dzobint Rolre pleparel in(F2axpl26. 12 nil) and

%[p[cgrgiﬂlfog_ ?Bl\él%%;ﬂég?%&gl_ﬁS Br\r/l,e fS%IIl%‘lhg{ 4'6%nd] I1c¥ eI‘emperature 30°C.

irg¢dniox yejora Hidl Uv-260 bhoxephonde $0. Lming(2 6en).t Flophaa .0 pamet.oData

oo S0 SUE B Yo R SO, 900 v

AqudpusSriBitoqcstic LXidH) 7,38 (in, 1 H 7.44 (in, 2 H 7.53

2. H 7. v b 4b2 ofks, 1 H 7.77 (dd. .1=9.1,
gﬂé"%ﬁ |é‘.“%§m§i‘§12 /t‘§|Z:| ,/”B.(S/-j@t.%os, 0.81 Hz, 1 H 8.59
(s, 1 H Nass Spect®um [Mfi]t Hyd- oge. nalion of
14, 3-, n(bgnzyl ox- 0-B- Wf kgn 5
?,,,guinazojNP4-yIonyI--2-fHuoro-.6-
ni t rophenf | acet oné5' t 03&i ATLS
ei hyl-11- }3i ndol4, ,gT1li ogd- 6-ysnel hoxvqui na7olin- 7-01
To a solution of 1 -(3.-

([ 7- (benzyIoxy) - 6- et hoXyqui HPazol i rt-4-yl | oxy)-2-fl uOr
?N@FH isbg ophenyl ) acetone (0.75 g) in

-2-1)yrrolidinone (7.5 m) was charged 10% pal | adi um
on charcoal catalyst (38.6 ng of approximately 50%
wat er wet paste). The m xture -56- was warnmed to 50C
and hydrogenat ed under 4 bar atnosphere of hydrogen
for 2.75 hours. This gave a solution containing 28%
peak area of

4-[ (4-fluoro-2-nmethyl-111-i ndol - 5- yeoxyl 6-i net hoxyqui n
azolin-7-01. 11plc retention tinme of
4-[(4-fluoro-2-nmethyldH i ndol5-34) nty] - 6-tnmet hoxyqui na
20lin-7--01 12.36 mns, This was idenfical to the
retention tune of 44(4-41nore-2-nethyl-11Li ndol -5-
yEoxy1- 6- meat oxyqui nazolin-7-ol as prepared in Exanple
6. Hi de nethod: Colum Betabasic C18 3,5 pm 150 mmt x
4.6 aimid. Tenperature 30c'C. Injection volune 10 pl.
W 260 rim response >0.1 MIIl (2 see). Flow rate

1. ODat a



Collection. 17 fain, Run litne 21 mn. E nent A Water;

Bl LI ent B aeolonitrile; Bluetit C 1%t aqueous

m fturoacetic acid. Gadient: Tine(mn) 17 %\ 70 55 55

00 9 15 30 30 85 85 %C 1%/ 15 15 /5 1.5 57 CLAIMS A

process for the manufacture of a conpound of Fouuul a
CLAIMs froma conpound of the Fornula X

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

IX

wherein R* is a protecting group selected from benzyl, C, 4alkoxybenzyl,

dialkoxybenzyl, alkylbenzyl, di-C4alkylbenzyl, tert-butyl, 1,1-dimethylpropyl, allyl,

Ci4alkylallyl and methoxyethoxymethyl,

which process comprises the steps of:

() reaction of a compound of Formula IX with a derivatizing agent, in the presence of
a suitable solvent and in the presence of a suitable base, to form a compound of
Formula X

X

CH, L
o) \)N
4 gy
R~o N



I X wherein ft4 is a protecting group selected from

benzyl, Clalkoxybenzyi, di al koxybenzyl, al kyl benzyl,

di - C14al kyl benzyl, tert-bugyl, 1,1-dinettiyipropyl,

CI aIkyIaIIyI and net hoxyet hoxymet hyl , whi ch process
npr.i ses . g teps of: (f) reaction of a conpound of

For Pﬂheée"il;( m%a‘éfgagf‘i‘*&’au zing agent, in the presence

(8f reBethitll tha kb ps@dVeithe POl Xt Wigh PLeSHNGR! AfFodmula n (2-methy1-
Suitable base, to forma conmpound of Formula X

whétliorp-5-hadroxyandade)io ferm GQFE?PO‘{I@) ofitheyBermydp VHS in ~ the

TP gt bR e

conpound of the Fornul a VIII, in the pres¥ite of a
sui tabl e solvent and in the presence,  of sodi um
hydroxide; VIIl (11) isd ating~the npound or the

Formula VIII; 0) renoving R 4
Formula Vin to to i the conpo
a salt thereof;

e compound of the
e Fornula Xl or

G

CH, 0
1 F
O \)N
4 =
R~o N

(h) isolating the compound of the Formula VIII;
(j) removing R* from the compound of the Formula VIII to form the compound of the

Formula XI or a salt thereof;

XI
H
N
//
CH,8 o” |
o \)N
o
HO N

and
(k) reacting the compound of the Formula XI with a compound of the Formula XII or

a compound of Formula XIII



Xl and (k) reacting the conpound of the Formula Xl
with a conpound of the Formula XII or a conpound of
Formula XI1l 59 wherein L2 is a |leaving group 'and
X: is a suitable counter i®¥h in the presence of a
suitabl e base to provide a conmpound of the Formula I
or a salt thexgpf; and thereafter the cxrmpound of the
Fotrmula | obtained in the formof the free base nay be
converted into a salt formand the conmpound of the
Formula | obtained in the formof a salt may be
converted into the free base or into the& formof an

alternativ aI)\Lhe\pr,ocess accor di *onclaiml,
wher ei n t<§i§2&e usSed iln step (k) i; seﬂﬁggéd from
sodi um car\bonat e, potassi um car bonates~/sodi um

hydr oxi de, potassi um hydr oxi de, potassi um

tert-butoxi de and cesium carbonate, 3. The process
according Jo claim1 wherein in step (k) the conpound.
of Pewein b, isylegving graup apd o istt S&“téb]ﬁ;f@ﬁ’ﬁﬂr@fl For mul a

XI I}
e e AT TR
vmtthamofonpound of the Fornula X'l or a conmpound of

a{lq?lélréu]rlg Pltx tlbia :gogﬁllpf)lth,dJ %ﬁ(téi,lg?ljn}u alo ta1ne8 in thrc]:efoxgrrcl) gp&llé '}Pee %fase may

be converted into a salt form and the compound of the Formula I obtained in the form

of a salt may be converted into the free base or into the form of an alternative sait.

The process according to claim 1, wherein the base used in step (k) is selected from
sodium carbonate, potassium carbonate, sodium hydroxide, potassium hydroxide,

potassium tert-butoxide and cesium carbonate.

The process according to claim 1 wherein in step (k) the compound of Formula XTI is

reacted with a compound of Formula XIII.

The process according to claim 1 wherein in step (k) the compound of the Formula XI
is reacted with a compound of the Formula XII or a compound of Formula XIII without

the isolation of the compound of the Formula XI in step (j).

The process according to claim 1 wherein in step (k) the compound of Formula XI is

reacted with a compound of Formula XII.

The process according to Claim 5 wherein the compound of Formula XII is provided in

step (k) as 1-(3-chloropropyl)pyrrolidine.

The process according to claim 6 including the further process step of reacting 1-(3-

chloropropyl)pyrrolidine oxalate with potassium hyroxide to form 1-(3-



The process according to claiml wherein in step (10
the conpound of Fornmula Xl is reacted with a conpound
of Formula XII. 6.The procggs according to Caim5
VWherein the conpound of Fornula XI'l is provided |n

BBty tigtnt: Wit AT e KA« Pl edfi e

&h@ﬁumoﬂmﬁﬁnmmﬁﬂs’sep(ml oropropyThyrrolidine oxal ate
wi th potassium hyroxide to form1-(3- 60

chl oropropyl ) pyrrolidine, which
A process|fi @rr&% prsssyfaceye pHa pemprindof thalarawlawkh t he
compound of Formula XI in step (k). 8, A cess for
t he manufacture of a compound of the Fornmula Xl: X
froma conpound of the IX whereln R4 is a protecting
group sel ected from benzyl, «oMybenzyl ,
dlalkoxybenzyl aIkbeenzyI lcy' benz yl,
tert-butyl, 1, 1- dinethylpro., 8 , Cldal kylall'yl
and 111 ethoxyqtﬂoxynethml whi ch process conpri ses
the steps of (Olr%act|on of a gonpound of Forrmula I X
with a derivati in the presence of a
sui t abl e sol vent presence of a suitable

base, to forma Foitiula X
HO
from a compound of the Formula IX
IX
C|)H3 O
0]
)NH
4 —=
R>~g N

wherein R* is a protecting group selected from benzyl, C;4alkoxybenzyl,
dialkoxybenzyl, alkylbenzyl, di-C4alkylbenzyl, tert-butyl, 1,1-dimethylpropyl, allyl,
Ci.4alkylallyl and methoxyethoxymethyl,

which process comprises the steps of:

(f) reaction of a compound of Formula IX with a derivatizing agent, in the presence

of a suitable solvent and in the presence of a suitable base, to form a compound of

Formula X
X
CH, L
o S
R0 N/)

wherein L' is a leaving group;



X wherein L1 is a leaving group; 61 (g) reacting the
conpound of the Fornmula X with a conpound of Fornmnul a
Il (2-nmethyl-4- fluore-5-hydroxy-intiole) to forma
conpound of the Formula VIél, in the presence of a

sui tabl e solvent and in the presence of sodium

(g) PAdHRXiIERompbhihd of thE FBihig X Wih aRBRPBHLY of Fdrhﬁllaﬁrl; (7 ethyl-4-

VIT1l; and ii) renmoving le fromthe conpound of the
Bopreaf-aydroky-indsld)de fermhe ceropgimdred thsf Faral ey liqin shoqgresgpce of

I f..and wh f.t er. d of th
A P e e T T S R

be converted into a salt form and. the conmpouvid] of the
Forrmula XI obtained in the formof a salt may be
converted into the free acid or-intoldthe formof an
alternative salt, The processgacta .N.g to elaini 8
wherei n the derivati zi nk. , agént in pr/ocess step (1)
is a chlorinating, hrom nating~gf iodl nati ng agent and
wherein the prodéds step Q1) conprises (t) reatain.g
the conpound of the Formulla | X W th said derivati zing
agent in the presenc sui t abl e base and a
sui tabl e sol vent, n the reaction is carried out
by: (f-1) addt A ~6f the conpound of the
Formul a |1 X and the base in the solvent to a m xture of
the derivatizing agent. in the solvent at a
tenperature in. the range of from60 to |110C over a

(h) R&NatRG tBE cabguiind @ tig Foth@ss VUL, 4nfl- 2) addi ng the

. derivatizing agent to a mxture of the conpound of(}he

() Fomavina R’ foanthecRmpBrakof the FAamdaM/lp fom Ristspgmpund of the

tP%ﬁflﬁfa@h"{ﬁ%sgﬁ%er@ofpe” od of about 15 m nutes and then
heating t

€ reactioh mxture over a period of about 90
afdl pleeafttrahe corappardadfuheFormulh X obtagedaf tHerform pOthedree acid
90 a0 h ;
4y o gy%};elélri;l{gpags‘ga)tggfnrl ?ma(% g{g?cgn{’ppértl&j (r)fe thgtFotrrplglta X1 obtained in the

form of a salt may be converted into the free acid or into the form of an alternative salt.

The process according to claim 8 wherein the derivatizing agent in process step (f) is a
chlorinating, brominating or iodinating agent and wherein the process step (f)
comprises
(f) reacting the compound of the Formula IX with said derivatizing agent in the
presence of a suitable base and a suitable solvent, wherein the reaction is carried
out by:
(f-1) adding a mixture of the compound of the Formula IX and the base in the
solvent to a mixture of the derivatizing agent in the solvent at a
temperature in the range of from 60 to 110°C over a period of about 60
minutes; or
(f-2) adding the derivatizing agent to a mixture of the compound of the
Formula IX 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



(f-3) adding the derivatizing agent to a m xture of
the conpound of the Formula | X and the base in the
solvent at a tenperature ip,the range of from®60 to
110C over a period of about 15 m nutes. 10. A process

f th e, of f I | .f
compound THHC A6 AUFEES AR B S PLal Brarabts g “BUp
sel ect ed thpge frenzy', C 4alkoxybenzyl,

di al koxybei vyl , al kyl benzyl ,tert-butyl,
1, 1-di et hyl propyl, ailyl, Cl4alkylallyl and

t net yetha thyl.,. er el I d '
b RTINS Bl e b gt
the conumuind thd bdsBen Hersbiveat avhltdmpanidied in)the £IRY o NorR40 to
fromthe conpound, of the Forrmula VIII to fonu the
conpound 167C pre& amsrigdiohabqut dp nyinytgst t hereof : and
whereafter the conpound oF the FtMa XI obtained in the
font of the free acid

10. A process for the manufacture of a compound of Formula XI

X1
H
N
Y
CIIH 3 O L
0]
~N
P
HO N
from a compound of Formula X
X

wherein R* is a protecting group selected from benzyl, C, 4alkoxybenzyl, dialkoxybenzyl,
alkylbenzyl, di-C;_salkylbenzyl, tert-butyl, 1,1-dimethylpropyl, allyl, Ci4alkylallyl and
methoxyethoxymethyl, and

wherein L' is a leaving group;

comprising the steps of

(g) reacting the compound of the Formula X with a compound of Formula II (2-
methyl-4-fluoro-5-hydroxy-indole) to form a compound of the Formula VIII, in

the presence of a suitable solvent and in the presence of sodium hydroxide;



may be converted into a salt formand the conpound. of
the Fornmula Xl obtained in the formof a sail may be
converted into the free acid or into the Ma-in of an

alternative salt, |I I, The6process according to any
one of clains 8, 10 and 1 wherein Ris bertzyl.
VIII
H
N
Y
(T‘,H3 o)
F
o\ \N
4 ~

(h) isolating the compound of the Formula VIII; and
(j) removing R* from the compound of the Formula VIII to form the compound of the
Formula XI or a salt thereof;
and whereafter the compound of the Formula XI obtained in the form of the free acid
may be converted into a salt form and the compound of the Formula XI obtained in the

form of a salt may be converted into the free acid or into the form of an alternative salt.

The process according to any one of claims 8, 10 and 1 wherein R* is benzyl.



