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WD 2008/ 053221 PCT/ GB2007/ 004176 -1 CHEM CAL PROCESS
The present invention relates to chem cal processes

wo evostob2manuf act ure of certain qui nazoline PCT/GB2007/004176
derivatives, or pharmaceutically acceptable salts
thereof. The invention also relates to processes for
the manufacture of certain internmedi ates useful in the
manuf acture of 5 the quinazoline derivatives and to
processes for the manufacturle of the quinazoline
derivatives utilising said internediates. In
particular, the present invention relates to chem ca
processes and i nt er mM&HEMACAL RROGESSh t he manufacture
Of t’['ﬂ@ P%gérﬂg ﬂgfgl?rtéc% r;a/ ates ¢ o?hemaéprolcesses)fo%the manufacture of certain

qurmzcﬂmﬁ ylertvatiges, pwhauhawuncaﬂyytbc)eptabbcsxlys] thenemzmllenm&entmn also

relg% ?{’#%%%BS%H goq tlgearlnlarzu%’%\%utlr?: gacr{gl %teszo%gﬁf H’etLee plﬁnufacture of

thelduenazoligepals¢nidatives ar;]d tlo prc()jcelsse? |f_c;_r éhe rlnanufa;ctuée of the gulnazol71nci 3
Lor o 2- et i ndol - yl oxy i net hoxy -
(h?ﬁép?%wzErﬁsﬁm‘Q?y%w%ﬁﬁxy]qU|nazollne i s descri bed
her ei parlyulwedhe Bfesédl SnveBlidAYeRtds to bﬁenmzal %e&s(anﬁ 1nt§me%llates
I 15 and as AZD2171, the code nunbe
eBhip Shraanudacktpie fhthe Wﬁwnddr@rfb@&é@%h}éméﬁ}isl Hsrﬁ—yloxy) 6-
métm@@m@,%yﬁakc@n i n@n@% thaRfinB! PEE SR8 HINHithh the

ryonl c devel o eal I Ng an severa
dlS@bﬁwé REMQ 0# 7318t & qxempbﬁubmﬂixempfem%tthemn

acsolt S mrte xR ah IR G RIT PRERESHB g Broaget pepyrmotdin1-

yDpwipbxyd@andrglingis descaibedhereiabg evay of Hewsahelhd: arthriti s,
at heroma, Kaposi's 20 sarcoma and haemangi pma (Fan et
al, 1995, Trends Pharmacol. Sci. 16: Fol kman,
1995, Nature Medicine 1. 27-3 1). at Nan- of
vascul ar perneability |s(£ ought tg Y
both normal and pathol ogi'dal ph ”lolugical processes
(Cull'i nan-Bove et al, 1998 noFogy 133:
829-837; Senger et aI, 199 cerNand Met astasi s

Revi ews, 12: _394) ~Seve pol ypeptides with in
vitro endotKeli il cell gfbwt R proNoting activity have
been identif

I
and as AZD2171, the code number by which the compound is known.

Normal angiogenesis plays an important role in a variety of processes including
embryonic development, wound healing and several components of female reproductive
function. Undesirable or pathological angiogenesis has been associated with disease states
including diabetic retinopathy, psoriasis, cancer, rheumatoid arthritis, atheroma, Kaposi's
sarcoma and haemangioma (Fan et al, 1995, Trends Pharmacol. Sci. 16: 57-66; Folkman, 1995,
Nature Medicine 1: 27-31). Alteration of vascular permeability is thought to play a role in both
normal and pathological physiological processes (Cullinan-Bove et al, 1993, Endocrinology
133: 829-837; Senger et al, 1993, Cancer and Metastasis Reviews, 12: 303-324). Several
polypeptides with ir 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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25 including, acidic and basic fibroblast growh
factors (aFGF & bFGF) and vascul ar endothelial growth
wo a0805320VEG-) . By virtue of the restricted expCEEB2@NM/004176
of its receptors, the growth factor WD 2008/ 053221
PCT/ GB2007/ 004176 -2 activity of VEGF, in contrast to
that of the FGFs, is relatively specific towards
endothelial <cells. Recent evidence indicates that
VEGF is an inportant stinutZator of both normal and
pat hol ogi cal angi ogenesi s (Jakeman et al, 1993
Endocri nol ogy, 133: 848-859; Kolch et al
actiBeefSVEGR it epntreide didt Af ta§CTs.anraksively Se@lfi%@wmﬁ, pudgiielial

Cell%aﬁ%:C%Lt Vlﬁggeglg%mtééo%{t%%(g%gsr%?;q{nkn{t% gt%linélm%g gpbotﬂ normal and
patlfwdgmah aﬂyogeﬂ@m,(édiemn eoal, 903 VEGRcHndlogyahii: 86W5%é?910h etal,

hi biti of . t Ui r r
5555 e B R T B0 D ity
(Coﬁﬁﬁﬂse)t aR1e89, BioR @hém) 264t h@)lﬂ%ﬂ%‘)‘l SSmtagnmsrfn of VEGF action by

b AT AR P e e B8R TR £050cim o

199§hﬁ5taf‘et3%91 siiigal | y consist of an extracell uI ar
I gand- bi ndi ng domai n _connected through a gn’g{;t in, 1
t h &@pﬁghﬁfqmm@ﬁ@ (RéKgharp HopaEst m&h"aﬁra“ts’wsélé’ iochemica

mgrﬁ'lsnﬂ?(%%s 91% siha n%rﬁﬁlérﬂ:g)f %Ifué 19280 rantBethb@nd BERBAISY

resu t| mul ation o recept or - associ at ed
chatapteusuumﬁy kowsiss ef f&rﬁt)iltl‘acetllylar\hgw -bindingidomain connected through a

segBagBtelB[tllb !%S%I'gil Ig?nnrlllg)rgnet 10 ?3‘13}%%?15‘1? 'tﬁ%ﬁﬁ? glg'tﬁ%%ﬁla}r{: q_’,lndlng of ligand
to tBEROERST results T m1uM1oprmcﬁﬁpehe¢eptomammated rcstrosameeklaase actwlty which

signal | i ng, casc ead 5 var
teafas Db 1976 Ly ey G o R RSPl el R Bt e
mofeetitS ”Tﬂe's@&lang&flh fﬁ@%l@phoﬁiﬂoﬁﬂat&m inlitiate qu;ighakhng ozmodldagyadlng toa
have been identified. of these

vartgakaR g TepRpR Jeely L HHEo ARDEy R DKl Ragtned by
aan%%@ﬂtsgﬁuenEé ltlorﬁol&g%) e RELIdRihdd0 (B3R o‘f’&@e‘%ul;farmhébﬁs presently

I'nase Insert donai n-containing receptor
compﬂsed by thetfmsdike YEoHe kingse rq:qegtog,)F 1t-eadpo r@f’ﬁ)@@%tgras VEGFR—I), the

e YO B3 ISl VR

andﬁhd’idm#ﬂi@?tymdlﬁe Kinegh rexbpton Fityt. (Toeo afithess r@@te@RTKi,gﬁgl and KDR,

e N e

TeME@fet at, 99920 B&ﬁhérﬁ CEppIQ,rssR@( pomss 691, 8T dﬁé%ﬁ&ﬁgo Ba:ding of VEGF
cell's has been C|a

o PTG ST ROTOSHHIIY PEEAEOu Lot rpting) o sPaasein e

tyrBifk ﬁﬁ)lsﬁ{dr'ﬂhtﬁdn% of ¥Blidtar ffro@ink @id &dlditiMMuges, or

vasculogene3|s and angi ogenesi s. This cytokine |nqy d
a XY5EGFas @df-le}aﬁml@‘ﬁ%ﬁ% Whﬁu]@%‘ﬁé‘ﬁfﬁ‘% awogeﬁ%ﬁﬁc ﬂ?@s cytokine induces a

Vaﬁzﬂgxptﬁﬂ%{lﬂn?% %}fe‘ﬁ!)tgﬁ@ Bg u@fn@te'nﬁ&hel&‘i eLie ﬁﬁ)ﬁf&a‘tﬂﬁqeﬁﬁitcﬁﬁb expression

sequent organi sation of lls to
and cmmgnaaomaqmdl subseguent paganisetitn ef cells, to @eneeh@e@ﬂlary e (Keck et al,

Sc%pce M%s% g g@h@é& 613g%%9§29 11%@ La?r%%a%ux 'elaﬂoﬂlﬁdﬂ'%s@tRes 55: 29-
42, 1998; Pepper et al, Enzyme Protein, 49: 138-162, 1996). In addition, VEGF induces
significant vascular permeability (Dvorak et al, Int. Arch. Allergy Immunol., 107: 233-235,
1995; Bates et al, Physiol. (Lond.), 533: 263-272, 2001), promoting formation of a hyper-

permeable, immature vascular network which is characteristic of pathological angiogenesis.
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42, 1998; Pepper et al, Enzyne Protein, 49: 138-162,
1996). In addition, VEGF induces significant vascul ar
weeooswsdel ity (Dvorak et al, Int. Arch. Al Il er gpCT/GB2007/004176

[ munol ., 107: 233-235, 30 1995; Bates et al, Physiol.
(Lond.), 533: 263-272, 2001), pronoting formation of a
hyper - perneabl e, inmmture vascular network which is
characteristic of pathol ogi cal angi ogenesis. WO

2008/ 053221 PCT/ GB2007/ 004136 -3 It has been shown

t hat actlvatlon of KDR alone is sufficient to pronote

al | Eﬁ B phenot ypi c responses to VEGF,
i ncfthas hesne %‘H‘P@? gesivation|of KMy plonesis swifisient taipgeraate fh of the major

ph@i@%plosﬂé@b'nye@'t@ V@@ﬁ!’ H&Fadin@@ﬂ&&h@ﬁl &dn ﬁfgﬁﬁ%égﬂ éx}lﬁratli%gagd

ernea il (y er et
SurZéfﬂ’g apd thalm ugtlormfmascutamemeaw@ (meﬂetaamm 1208:1363-374, 1999;

| | 6 2 20
Lol Ehudco, Pholy 0, U AEGR 3 B,

32%b2ﬁ%@b|l|ty is present in a wi de range of disease

d [t
%ggrggen%s 559 dl ha%ﬁ,g%}ge{se Sﬂ gga%gﬁgagﬁﬁggggeasentqg a Wllg e range of
dlsedse Stk mcmdargtdametr (igcludiap Gskacnis, &ﬁlﬂﬁ}ﬂl@ myRRaBAg! llﬁﬂﬁhoma)
cute and c roni c . nephrgpathies eromn, arteri al

ciop e v, ESD ArNG R SeRrd e reoagh HismanleTBescute and chroni

nephﬁfﬂaﬂfﬁﬂﬁﬂithéiﬁmald?teﬁél%ﬁ&io!ﬁ RfeHnfuRe Hﬁéds%n % a, acute inflammation
adhesi ons, Iynphoedena endonetri osi s ysf unct {1 onal ’

excgssiye @ fopnasioniand adhesions inaphoedemusa snslomairioisy dstsfumational uterine
ble¥B8SHld RLAL bis&fsad xgﬂlglétlﬂgll\}égéeg%eﬂ%&tloﬁ r%ili%gnrgnac uq}%&d_.macular

degener ati on.
degrireatagnd denonstrates >800- 5000 fol d selectlvely

Cor@iﬁ%ﬁ 149 ¥ ﬁnl%bﬁo n@&{;@d@n &?ﬁgg %ﬁng% rg'%tot}old

factor recep rosin
selectigelp compdryd LSVHEF R+Mﬁfpareﬂ lbethe Eiﬁdér-ﬁhaﬂi 12))Nt1|i BCRPIRE 2tor ti/rosine

e and c ent klnase 2. AZ
inkohe 08 EAASPERG: EBfnS Kirorer e TRE IR0 odpray ayrotinrliness and cyclin
depandbn( bl)lasekﬂl.)\@)ﬁlsﬂ auswi ‘B@Ell@ﬁ Qctﬂr?c%‘ﬁ{ hB §fikD (M@nzy e and (b)
47212 (pages 80-83). The AZD2171 | C50 values I?

HUVELG 3559y dhpt ae descaibgd %W@QQ/{@E@Q;@QS) 80-83)t The (\\ZE@IPL I]_(}so values
for ﬁﬂhﬂalﬂ)ﬂ oﬁs&léfm)vmwﬂ B (’éﬁ@ﬁg )‘}%ﬁd'ﬁﬁi \%?GFIQ 3 gr?osme

enzyne assay were <2 nM
kingse apléxdtigsiin the en20ne@BR Wdre |<ﬁlmﬂ\/h|5tj32 WRGEASBinil kapetively.

2B B RESL L BLLS PR (L0, el e o

0.2 bnsialtheHUMHTRAsER), K libesRbOinhibebaldl eﬁuoﬂéﬂwo%ﬁ gﬁﬁ fééa@cgn
O foId reater concentration value 1s >

appFﬁ%alzn Y8k é > ¢d greater cengpyjration Qﬁ%uyalg@elﬁ ogPanM)i dhe pwth of a

A e 0 S A S L 4
83) f"‘@F Iﬂﬁwli‘?é byg49%ay §9%f ek ‘Vd ai folfowing 28 tdaysaif wacd-da2% osslttieatment

w1tﬂ|5}<.§ %h %Eﬁ’cg gb&t%ﬁlef}fl '%Z petcg‘lg%ly (P K (5:1t bm (y 00(0?*(;% ta19e]d t test).
AZD2171 has been shown to elicit broad-spectrum anti-tumour activity in a range of models
following once-daily oral administration (Wedge et al (2005) Cancer Research 65(10), 4389-
4440).

WO 02/12227 discloses several possible routes for preparing indoleoxy bicyclic
compounds. However, there is no specific disclosure in WO 02/12227 of a process for

preparing a compound of the Formula I.
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AZD2171 has been shown to elicit broad-spectrum
anti-tunour activity in a range of nodels follow ng
wor@sosiel y oral admi nistration (Wedge et al (RODEB2007/004176
Cancer Research 65(10), 4389- 4440). WD 02/12227
di scl oses several possible routes for preparing
i ndol eoxy bicyclic 30 conpounds. However, there is no
specific disclosure in WO 02/ 12227 of a process for
preparing a conpound of thetFornula |. WO 2008/ 053221
PCT/ GB2007/ 004176 -4 WO 00/47212 di scloses a route
for the aration of a conpound of Fornula
b?dlsqlﬂffeé agetfe for thsrPrepaglioniof  cpipRe U@ér?ﬁ%a%ﬂ%% (see
atrrﬁﬁe 540 Wﬁl@ rduté ﬁ)r srbhiddAat @&M%cfu@lﬂ of M8 F oﬁﬁlﬂﬁ h%%hﬁsf&'"co for the
relatively s amount’s of e conpound. However,
synthesis ef felativily é@alll pmewnts ofthe PRIRDURGNHE W ANeS: theTaute mvolves linear

l‘ath%%/{ﬂltdlg Vgrgteﬁtesggﬂhé %?ec{u ﬁ%ﬁfus%fof it%ﬂéeﬁ%tﬁlffwﬁ&f nég%@tah?ﬁle

1solaﬂn¢1ecvfrli‘esdb sdngig] nudgbes afinfermbdiatos ehsduich ytheb‘d%rzdl‘ yieldef the synthesis
s iRt PPt ey b AT Bpieb R EaTL B mao BFSing o e

F orEﬁ[d‘l]]-HuﬁaHIe ﬁ)uhatl@bhtgeﬂ (uanitkee of ﬂlﬁg@ﬁnpq»u@t Tlielreaﬁ al3b atnbad for more

nmpound. re IS Jso a _ne or. .nore f.i C]
effigigpt wedesss B B Fueregloi FedPave ?PBU Shisvulienivt i cqmpound of
the $¥ARlL BloSmMe 1486 faAmRY BEHRbe mieﬁﬁecﬁ&é Bdthpounti® make
Iaé?er quantitires of those internediate conpounds. 10

Pr eifrefeablyy thesw siathessy phovi@iingtye thequpbas o tatgrmpggiiate compounds
m@aﬁ Eom@a Qr&f@]g{élﬂtn%t LO5W0 e&% and Hfﬁ cBﬁs%ﬁuﬁéJpLQﬁicatlon
1 SO ate SNou Yy

and not 1 nvol ve’ cost and
protédwessc ddditionally, themiewisgathesonshoplddomd aensistenfig bighiqualay | v,

contaﬁl}glpgs{? i ﬁc’a¥t?ctui1a?§g gsf%qgr% Qh{ggiqc%lftg r@g‘ﬁl u%ﬁt kﬁnelf'ﬂorgﬁl]ﬂg I Itﬁ sgalg]lsfy the

npoun
high pﬂlhtlytr@qtmeimpmm ofia plﬁarﬂnbk&uﬁcnl prddact! The ﬁelw sgfthestshshouldiatpo use

urity ui rement s maceut i.cal. product... The
profitresiid et R oo B ML S b RunPBBRY iy el Bec
enviagemhiSsuidedhescan safely be used in a manufacturing
pl ant and that neet enV|ronnentaI(9u|deI|nes

AccOrerdRe odhe pressst Byeriton; W BAY PEYIde PR Brogessesdor the

mahtff@&@t‘é%g Amq 433 Stﬁescofng{ouﬁ({‘gf thé&pebact ure of AZD2171,
t he conpound of ormula I. According to the

pr edeqordingitpdhe prssent ipvertionsierecesses 2 dw PPYdedios the gpanpfpsture of

kem{@g&@a%y gﬁ?ﬁéupﬁg&aﬁﬁ%(ﬁc gﬂs%am %&gﬁ% ctg)ztlbﬁt

e use e man ure o new
pr o”c‘mracmseadmdlvagwuss inrthat ey atlhwyh%amﬂwmdséo be made in

SRRV I Pl S8 LAY B loin
them@ghbei df@xﬁtem[bdlaltdﬁﬁ)nmttb&srthﬂfmumb@lsmﬁd ahd i€ gememﬂg mgksSmore
corfvgfagte:ntr{}lj;rlt thegJ pearelv1sogls raotuteeg gu&l change %po%lcﬁe s1gnaflicant 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:



convergent than the previous routes. Such changes

provi de significant advantages of tinme and 25 cost.
wao-o0080kR228v0i dance of doubt, the term "AZD2171PCHEBa®EM04176

hereinafter refers to the AzZD2171 free base, unless

otherwi se stated. A key internedi ate that may be used

in the preparation of AZD2171 is

2-met hyl - 4-f| uor o- 5- hydr oxy-i ndol e, the conpound of

the Formula I1: WD 2008/ 053221 PCT/ GB2007/ 004176 -5 H
N HOF Il Exanmple 237 of WO 00/47212 discl oses three
routes for the preparation of a onpound of the
Formula Il. 5 (i) The first gQutegyinvolves the

reaction of 2-fluoro-4-nitr e With
4- chl or ophenoxyacetonitrilg di_gF
solvent in the presenceB& pPotassiumtert-butoxide
foll owed by reduction with hydrogen using a pall adi um
on charcoal catalyst to give a m xture of

4- f | uor o- 5- met hoxyi ndol e and 6Hfluoro 5-

eS8 DT PR s P LB RS
(mnqﬁd@d@ﬁhesmmﬁmgned in tetrahydrofuran (THF) solvent

tert- ILithi and t hy d |1 db
s () L erintigpeaBOnes e rercin o B ausrorainpmgog v | e B

f4. %B&pﬁem@ﬁieﬁ@%ﬂﬂrﬁe [fF&lH]\é{hylfBﬂﬁHnﬁd@ F) solvent in the presence of
4-f1 uoro-5-et hoxy- et hyl i ndol e. ter purification

tHpgassiLmy t@@buwsmﬁéqlw@gbwéﬂwmw@ éydrggwa%@@auﬂlwn on
{
CRRRRGbREPEG g PEL RS Ehap R cng ¢ fuis
ree¢thntyitrdbds. eAfte¢ npro)tecﬁhe ofthe md@lermtno&enumthdlwégtocch@rbonyl the

Ll
T
t utf 16thiand andamethyll ioditdd fdllowed By trifivforaaoetm-adidrtd lg'rwkaeniztmeof 6-
enzene IS .the

R e e b B e
ChlrBTchie the 4Iﬂnerops-ﬁﬁﬂmﬁsamhymmlmrreAdtmluebdmn 2brémidenin
%mgth%:eqfaelp ql;jg(;rgiego (glz'e ﬂledclorrh%to&?c{( ())/fp Formula 11, ﬁ t{]ulotror §. %gcri]r%%rrls
15 methylindole.
(ii) The second route involves the reaction of ethyl acetoacetate with 1,2,3-trifluoro-4-
nitrobenzene in THF in the presence of sodium hydride to form 3-acetylmethyl-1,2-
* difluoro-4-nitrobenzene. 3-Acetylmethyl-1,2-difluoro-4-nitrobenzene is then reacted
with trimethyl orthoformate in methylene chloride in the presence of montmorillonite to
20 form 1,2-difluoro-3-(2,2-dimethoxypropyl)-4-nitrobenzene. 1,2-Difluoro-3-(2,2-
dimethoxypropyl)-4-nitrobenzene is then reacted with benzyl alcohol in
dimethylacetamide (DMA) in the presence of sodium hydride to form 3-acetylmethyl-1-
benzyloxy-2-fluoro-4-nitrobenzene. This compound is cyclized and deprotected by
reacting with 10% palladium on charcoal in ethanol/acetic acid in the presence of
25 hydrogen to give the compound of Formula II, 4-fluoro-5-hydroxy-2-methylindole.
(iii) The third route involves the reaction of 1,2-difluoro-3-(2,2-dimethoxypropyl)-
4-nitrobenzene with sodium methoxide in methanol to give 3-acetylmethyl-2-fluoro-
1-methoxy-4-nitrobenzene. 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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di met hoxypropyl )-4-nitrobenzene is then reacted with
benzyl al cohol in dinethylacetam de (DMA) in the
w@e@sesel of sodi um hydride to form 3-acetyl mep¢yiGBR607/004176
benzyl oxy- 2-fl uoro-4-nitrobenzene. This conpound is
cyclized and deprotected by reacting with 10%
pal | adi um on charcoal in ethanol/acetic acid in the
presence of 25 hydrogen to(glve t he conpound of
Formula II, 4-fluoro-5-hydroxy-2-nethylindole. (iii)
The third route |nvolves t he reaction of
L. %ﬁtﬁog it QL &é’ éOXI ] n%lcl;r]rrg)fx%%r 8]18%3'{ }nethyhgcjiolé gl?l%ﬁztg&?ed with
&oaﬁﬁhyion’eddmlmahyﬂémmhmnd& to’rgtzds]m)eycepﬂapmmmtﬁememﬁ 4-fluoro-5-
I,S C cyclized and deprotected by reacting
&ﬁ@ﬁ“y%qggﬁﬂ frlchlorlde in acetone in the presence
of THETBREHTRAEEd i the bRorGirVd chientd for keQirepa¥¥on of a compound of
2008/ 053221 PCT/ GB2007/ 004176 -6
the gorﬁg{lehg)@gp SZU#é‘ftWI fpiihe pyenthesis @f relatively small amounts of the compound.
Hove’evfe} Y, 13 R RANY 61 TRE AW BHREE I 1R i§d1R% ﬁrﬁaﬁﬁm%@orw 1ﬁ(lflude
bor on trlbron1de in methylene chloride to give t
mulgiplepenlaipnahd/Popurification steps- Thiggesylisin a satisfactory overall yleld of the
coxﬂ&%gﬁc%(ﬁ/th%lﬁ tﬂaﬂl 0 %’el s%allgléﬁe [t ?—I%vs}gl/e'c‘rc hQ? es cpsciotggd Lin the
rior ar ocunen s for e preparatioh of a conp
pricofirt dbeitnientseoe nusugalilé farmee et insfidedtaning scale bedasse they 1nclude

mfRaoR atugr G Ghatond Buh SOROL e R AP A B

mat’@@adtt&ﬁig&baﬁd Rirtidube e @us disbiobedda thePok b kdécuments are
ﬁ ion .a d/or urlfléfgjon steg This results in a
‘ms LR§SdR cpurg, plch Rslppurity @ a%ﬁ%‘&‘ﬁﬂd’r % he

For mpbR id, th@eFofh® n@e@%ﬂ a BI6R! SR dyntHIRWRY 8lcombbihd of the
routes disclosed in the prior art docunents are

ForplaJi suitsble fergse @rs@alé@rﬂa@ewwuﬂu@tqﬁ ihaheompoynd Bty the new
I‘ on

o B L Bl Sl SRR A g

progegntet.athus; hagewomhtbesid showd reduce thamumbereofiisplation and/or purification

profliid 05Red ekl LAY AL ofOGHTRL S0 B S UBRHAAD! e nev

amﬂhasﬂamkhhmmaheﬂmoﬂnmmnm%bbmﬁsuﬁmmmhe@ﬁmomepnmenewﬁmh
r a nore ef nt synthesis a co
impgien RAOPeg RS A B s eBr BT ot Ga e
Preffably) @fe o0 g9athbds sHBURI BdoaRb¥de 4 RBufiend reliabls Wtk $solating the
shoul d_not involve costly and tinme- consun1ﬁgﬁpsolat|on

compeyrd et ek it iapdh consistcatiu eyl rravide high guafity,compound of the
Forﬁﬁéﬁttﬁ‘ §81 SkaRBRULYs Eoes%i&? tﬁ%gﬁ%ﬂﬁ*’eqﬁfsxﬂeﬁ%‘f@ﬁ thOMhuRBE:RA of

puri f ‘i'cation procedureés required, thereby reducing
stariog metesinld inth the posductionusfrbrimaseutivabredugts. y, the new

t hr BagRle R e B AR, SEpheiRoR IR 190 290 RS dipRtks an
altemanfz@mmd @ramahq:gbmetﬁgls4ﬂlueroei}pydrbmmﬂylef or sol vent

b t he I d al

o A P aRrishor B plipe MR RNGER T SoPdRy p bR for e

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



conpound of the Fornmula Il and consistently should
provi de high quality conmpound of the Formula Il, for
we@spbr250 as to satisfy the regul atory requi PENEBRE7/004176
for the introduction of starting materials into the
production of pharnmaceutical products. Internationa
patent application, publication nunber WO 2004/ 009542
di scl oses an 25 alternat|ve nmet hod for naking
2- et hyl - 4- f | uor o- 5- hydr oxy=’rndol e. According to a
first aspect of the present invention, there is
provi ded a process for the nuf acture of a conpound
of the Forrmula Il from a niRrobenzene derivative of
Formula 111: WD 2008/ 053221 PCT%QBZOO7/004176 -7- R1
F R N IIl; wherein Rl~and are independently
sel ect ed fron1f|uor|ne, c ne, bron1ne i odi ne and
optionally substituted al ?Ponyloxy such as
trifloxy or tosyloxy; 5 whigh process conprises the
steps of: (a) reacting a cadpPgund of Forrmula Il wth
an ester of Formula (I1V) OOHCA3 3C'J~OR H2
IV; wherein R3 is a sUiltable esterifying group; ioto

f .t F lLa V: R F COO-R3 ..
RS G R eSS ORI DT erP oy Fosiigs ond
optiGiallyRubbstieutdal iseatshoalloRp swuhb tréfldky lor tdgmarpi um sal t  or

tetra-al k armmonium salt to forma conpound of
5 wl;agg)l} PrQFPess Q;qmﬁﬁses the steps (g?' P

(a) reacting a compound of Formula III with an ester of Formula (IV)

Iv;
wherein R is a suitable esterifying group;
10 to form a compound of the Formula V:
R’
F
0O

NO, COO-R’

Vi

(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’

VI;
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OHF O15 N2 COO-R3 VI; WD 2008/053221
PCT/ GB2007/ 004176 -8 (c) reacting a conpound of

wao-orssr2Vl to forma conpound of Formula VI ; PCOEB2087004176
NO2 WVII; (d) reduction of the compound of the
Formula VIl to forma conpound of Formula Il. 5 In one
enbodi nrent R1 and R2 are i ndependently selected from
fluorine, chlorine, bromne and iodine. In another
enbodi ment RL and R2 are independently selected from
fluorine chlorine and brom ne. In another enbodi nment

is fluorine and R2 is brom ne. In another

(c>e b AR CoBpORRGa Eormuir) 14p form g gammeand piFqrglg VIL,
suitabl e esterifying groypqsuch as optionally
substituted Cl1_6al kyl or pptignally 1o substituted
benzyl . The skill ed persot Elq)be able to sel ect
suitabl e esterifying grlp whijch woul d not interfere
with the processes of t\w S ent of the invention
and would allow renoval jof the ester group during
process step (c). In onepmbodi nent R3 is Cl_6al kyl or
benzyl . I n another enbodi meht C1 _6al kyl. In another
embodi ment R3 is Cl_4al kyl. Jp a further enbodi rent R3
Is C4al kyl, conveniently tert-buty 15 Reactjon

(d)conéﬁdtli’téﬂﬁlé’fﬁltﬁcomp%%%f theForppga YH&% farere compgrkeldiorpylp 1L

In bfe GRDARRLERY by RBA4E iRl Qfdlt‘:nﬂ}nseielaf%d RloGrfiibrfne thlcﬁ'me bromine and
suitabl e sol vent such as t et’rahydr of uran or

iodingetlo ﬁmth¢rl egnbodinient Rhandiraremdentindenly seleefed frai| fhtorine, chlorine
an&‘%nﬁﬁ?é i an&Rér ﬁﬂ%dm?eﬂ?ﬁ‘ %%lu%)ﬁgéjggﬁ% a%f)}oﬂﬁﬁé“%%ﬁ&ﬁ ae

ene, presence 0 ase 'suc
embodmmmltoﬂbﬂf mdmzearoﬂumt umtert-pentoxide. In another

R TRt FGE R DR gL e P RIRET Ghe of ooy

subsSinfad beneyd. aué slﬁﬂecﬂae&s&bﬁmﬁfu&l bl #bld 10 sbleer sﬁﬂ&lﬂ@estefriﬂ]mg groups
rom 50 to 110C,_  _convenj ent |

exanpl e, of
WW%\@@J@POM@#WB oVithghegprecesiigsf b erpReHiBRL thefgetion and would
allbR &R0 of hOBtE S dlBifrg process step (c).

In one embodiment R? is Cy.¢alkyl or benzyl. In another embodiment Cy.¢alkyl. In another

embodiment R® is C4alkyl. In a further embodiment R? is Cjalkyl, conveniently tert-butyl.

Reaction conditions for Process (a)

The reaction of process (a) is conveniently carried out in the presence of a suitable
solvent such as tetrahydrofuran or acetonitrile or in another embodiment a suitable non-polar
solvent, such as toluene, trimethylbenzene or xylene, in the presence of a suitable base such as
sodium #-butoxide or sodium tert-pentoxide. In another embodiment the non-polar solvent is
selected from toluene or trimethylbenzene.

The reaction of step (a) is carried out at a temperature in the range, for example, of
from 50 to 110°C, conveniently in the range of from 60 to 80°C, more conveniently in the
range of from 65 to 75°C.

The compound of Formula IV may conveniently be selected from methyl 3-
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 #-butyl 3-oxobutanoate.

Conveniently #-butyl 3-oxobutanoate can be used since this requires milder reaction
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The conpound of Fornula IV nmay conveniently be

sel ected fromnethyl 3 25 oxobutanoate, ethyl
wQ@2@s0k2eanoat e, propyl 3-oxobutanoate, butyl PCT/GB2007/004176

3- oxobut anoat e, sec-butyl 3-oxobutanoate and t-butyl

3- oxobut anoate. Alternatively the conmpound of Formnul a

IV may be selected from nethyl 3-oxobutanoate, ethyl

3- oxobut anoate and t-butyl 3-oxobutanoate.

Conveni ently t-butyl 3-oxobftanoate can be used since

this requires mlder reaction WO 2008/ 053221

PCT/ GB2007/ 004176 -9 conditions to be used in the .
consfitiqng b iied H i BrockRs vauRmRe iperdypaserthnd theggratippyare gasier to
per@éHad A1 16Wer 18RI ATsMePRcubQWRI prb&i¢8l.S of side products

are produced. Reaction conditions for Process (b) The

Regetignconditions fgilocess (b) is conveniently carried out in
P4 L, O S B B

wajer esewaer uiiscible Slvenhbick abrgehislnafhraa or sethnitriehy threqxesdace of a

. ' hyd [ ithi i de....Th [
soyBle3Ee MR i arga, b Bt YRS e ST py e "
r anghe rehCtfon@XaRP18),is edrried 1@ @ Bndperafifdéin thONMES) if(lﬁii“dxlaﬁdple, of
nveni ent

froftag 0T Q AT P FE8 ST d O B Brpgonvenidnty T the
rar@é)ﬂffr&hmho gsappni um salts include Triton B (trinethyl
benzyl anmoni um hydroxi de) which is commerci all

avaFramples ofzgdribing amaroniugt sais ckide Taitandh (iGmethakbeney!
am&r{bﬁitﬁﬁgﬁyﬁﬁigﬂi’vﬁg&yﬁ cOHRAt A a@%}liat@[e'. qﬁa@ggs B%fr@-ﬁﬁ&f( %{-txmonium

anmoni Reactl on ¢on I ons Pr ocess
salHeclndedetra-buty fmpemismsblofidy andtegahviyhinamphiymduemided

Rechilzto zlcgnc%tiosig'l ora 110(2 S% C|V€n?: , such as 15. di chl or orre_t hane
acid, such as trifluoroacetic

aci Thoreattmnuwd peockss (thie conerismicenddd amirecsudtabls salkherassuch as
. para-tol uene sul phoni.c acid, acet.i.c acid, propjonic,
ity S Fre AP S B o et pi PPoReg i o
prédéies of hin 4did] @GPt aCtoRRhsulfhodicGldldpsae hélanLopisniti 866 or a
the reaction of step is carried out at a

. tiof .(¢c)
mixErRdRastisasid and sRighyigagid. for exanple, of fromo to

40 Gy 1R MY @ r SRRE Y adidint dAh16r8RABBaR is uddd the RFtE] of Sep R is carried
nore conveniently in the range of from20 to 30C. en

out afjairpreratareis By ringet o6 cxanenie 0€ Eowf0 A0 cohvratratly in the range of
i: . e L P Cdar . _

P AL RS TG A ORI, AL B s s

therppreseniéenat pafa-tetuepe fuiphon® acidy adetid a@ditprepioréopad at améxtina of acetic

w5 PR SRR AR B il o
befn@Bip 80°& dnidehd SoiRil point of the solvent/acid mixture. In one embodiment the
temperature is 90°C.

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
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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practitioner will be famliar with a nunber of nethods
wag@oiosakd2el f or the reduction of a conmpound of FOT/GBR@7/004176
VI1. For exanple sodiumdithionite or hydrogen gas in

the presence of a suitable catalyst such as pall adi um
on charcoal. Wwen sodiumdithionite is used the
reaction of process (d) is conveniently carried out in
a suitable solvent such as “M8ter 30 or a water

m sci bl e sol vent such as tetrahydrofuran, acetonitrile
or an al cohol for exanple nethanol, ethanol or

Coppgilienyiea{dieaniaamns igmaiianstyby Richird Gyl etnshauiblished by John Wiley

@il erdagen e I ARradLARSENT SaRRAE @ OF Sod U
carbonate. For further' exa es thé reader is referred
to B zegBnEEsee 1@9@&1@2@0& @empeﬁmre mnemge ghresaimpR, of

frog ﬁ)nﬂ Sf)ﬁ%g{ g@&f e(fzhlganwl-z'% r}a?nge Clﬁge QQﬁE& ngm: {:c?ngﬁmwﬂyclﬁ the range

ofﬁenmmde@ﬁ}ated here|n by reference The reaction of
ste rried out at a tenperature in the range,
f or QBéA%‘)ﬁﬁ‘TS% Of%f firgt pypeFipLe a’&? Hpent Bien iad pyageuy lnéhat it allows
a cbﬁp@ﬁldQ)ff tHerFomnd@ It © 1Qkade WPk %h GNP QIIIC?IHEIII %ﬁeldrb tahgrlger scale.
gﬁ S of from20 to 30C process of the f
as p&g steps (e (prean emoneﬂwbwqr@nctﬁeamma@e presessiwithout
isolaigh ahd/ oteﬂuhﬁ%lon%f %qﬁtggﬁkﬂil %1 &5}91 g&) &‘“Hléa dednul2 \JoandI VI This

made in high quality an on a ar er sca
signifisalyapdicesife time(apd cosinf mpmufmﬁmtﬂgwmeommddl of el Fasmla I on a
lar @uous process without isolation and/or

%ﬁrl I cation of the internedi ate conmpounds of the

For muinaespéci it prbcessTol he nanuficmr ¢ o@iipoyind ﬁdh@mtaeu may

d.co f factuyring the _conmpound of th
R BB 8 35 ot PR S S 52 S fbomta 1. The
step (e m&ofnpﬁset An§ suRIBIY Aes oF BroobduResaBIROIHRE: BE dés'ﬁ@d product that

her |nclude the step (e)

are; dg%ﬂrnﬁﬁ‘? WQL%Ea %BFG a‘éff/ Prthatage knoande Fhf@éimﬁd Berseth ePathu&ng lstgps that

hid-be DR Bse voduBP plo®id ! e steps or
WOproSeduf%s fo? |sgl m?ahégg%?¥g§H%§a§tct that 15
THEHEP (so.aY. lBReKampla, o p@mmsatcms@llssawousmgmnable scbdn@n\ﬂystem
Anfe® that ul d

A kR e RN R s R
progu@ duéichlommetione pnd @ystallisatioh by thexdditios ,of Bbma@dxmiidhslﬁane

NaYsh abl.e sol vent s
oAt 39 AT Byl 8Lt Bl 5§ B e
ﬂms9@%emxwmn@ﬁ®gmagxdmmsmww|ng the product in
Ior nmet hane. and c Ilsatlon by the addition of
IR aR R e SRE b Bore iren St exreRssn o Ceswpotind or &

saltQhertdter FQfiRR bt dehvatﬁfedhé}é&‘h ERMGHIEY of fr¥REERE W aliPesBnclude
ur éy of .greater than 909? conveni ently greater t%
15@%1 § vvhelem the hydroxy group is replaced by Ci.salkoxy or aryloxy.
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I n anot her aspect of the invention there is provided a

conpound of Formula VI or a salt thereof or a
w@e@sesed derivative thereof. Exanpl es of proP€r/G8ao07/004176

derivatives include conpounds wherein the hydroxy

group is replaced by Cl_6al koxy or aryloxy. WO

2008/ 053221 PCT/ GB2007/ 004176 -11 Anot her key

internedi ate that may be used in the preparation of

AZD2171 is the conpound of-11he Formula VIl1l: 5 H N

CCH3 OOF N &N' ROVIII wherein R4 is a

protecting group. Exanple 7 of WO 03/064413 di scl oses

a rdueterley inthanegiatgthnrtanavore used i thopsspupipnaif AZIRL21TRés the
cmF<ﬁEH5?ﬂ¥ﬁbhn&%%§ﬁin R4 is benzyl. The route invol ves

e reaction of 7-benzyl oxy-4-

chl or o- 6- met hoxyqui nazoline free base with

4-fl uoro- 5- hydroxy-2-net hyl i ndol e and potassi um

carbonate in a N-nethyl pyrrolidinone as solvent to

provi de the conpound of the Formula VIII. It is
stated in Exanple 7 of WD 03/064413 t hat
7-benzyl oxy- 4-chl or o- 6- met hoxyqui ol ige was

prepared from

7- benzyl oxy- 6- met hoxy- 3, 4-di hydr g

by reaction with thi I chlogt

as solvent. The routgs'adisclo

docunents for the pr oar.\;Pn Q

Formula VIII are satisff

relatively small apountk

they all require Rreos and/ or purification of

internedi ate conpounds. This results in a

satisfactory, but not high, ovédhl| yield of the

pEU Formula VIII. There is, therefore,

\w%gﬁggdgggg&%&ﬁgﬁg%gfficient synt hesi s of a conpound of

t he Ekampia l7af WO D3/66d441akblieldsera oste foctherpieparhidonyefia compound of

ant | td f.t%@t conpoynd. Pref rabh t.he
battmlasy E0efarin & oty apt o By S tenr il of drhetiming -+
chioS®b @l dtioxy quilfd-0lingfiéd Bas€ @ith @luoro-5-hydroxy-2-methylindole and
potassium carbonate in a N-methyl pyrrolidinone as solvent to provide the compound of the
Formula VIIL It is stated in Example 7 of WO 03/064413 that 7-benzyloxy-4-chloro-6-

ol/fn-4-one is

i met hyl f or mam de
d intthe prior art

\j a Eonpound of the

y f t he synthesis of

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 VIIL.

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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procedures. Thus, the new synthesis should reduce the
nunber of isolation and/or purification 25 procedures
w0 e@aiosrdi t hereby reducing costs and tine of PCT/GB2007/004176
manuf acture. The new synthesis should conveniently
also allow for effective isolation of the conmpound of
the Formula VII1 in WO 2008/ 053221 PCT/ GB2007/ 004176
-12 a crystalline formin high purity and yield, which
crystalline form shoul d havé2good filtration
characteristics. According to a second aspect of the
present invention, there is provided a process for .
a cpyistallipgdomainthighepwity andyipld ovhigh exystehiae fspylpeld pyq goog filtration
hdactE RO OF N 5 N) VIIT wherein R4 is a
protecting group froma conpound of the Formula I X
CH3ACcordinjlkd a fRidnd\aspecet okthenhdsert ipreotes theonirprdvedsd atpinecess for
ste f. £f) reacti f a.c ound of Fornula IX
m%ﬁ%ﬁﬁ%ﬁh%Pf%%?@%?ﬁ%°§@%§?n?%a9§?n1a conpound of
Formula X wherein LI is a |eaving Hp; and CH3 L1 O
N 15 HO X (g) reacting the copoune'™f the Fornula X
with a conmpound of Forrmula 11(

4-f| uor o- 5- hydr oxy-i ndol e) op n situ and
optionally in the QHgsence O
! F
O XN
R~g N/)
VIII

wherein R* is a protecting group

from a compound of the Formula IX:

. 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; and

CH, L
|
o) )N
4 ~
R~q N

(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 VIIIL.
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used in step (f) to formthe conpound of the Fornula
VI11. WD 2008/ 053221 PCT/ GB2007/ 004176 -13 The term
WO prodeRei ng group' refers to groups whi ch ar eP€E&BR007/004176
renmoved under mld acidic conditions, neutral
conditions or mld basic conditions. Suitable nethods
for protection are those known to those skilled in
the art. Conventional protecting groups may be used in
accordance with standard prdétice (for illustration
see T.W Geen, Protective Goups in 5 Oganic
Synt hesi s, John Wl ey and Sons, 1991). Suj.tabl
pr ot 8% 1R PTG IcE isRraED’ maters e erpyas Wb’éh 7 readélats%lflweétu@aer mild
ac@ﬁ:%ﬁhltl()ﬁsoﬁetﬁﬁéﬁé'ﬂﬁhﬁloﬁg-oﬂlﬁil& Qﬁ@&ﬂéi‘ﬁ'ons Hritahlk WE‘ Foflprotection
al kyl benzyl and di-C _4al kybenzy L tent-butyl,
arqth@ﬁ@d@pwy Ita fhoger i) ledin ﬁrmart Gowntwr@ Protecting greupsimay be used in
4 I
ok 85 A RO DY DB crol
Orgaub Sytihesist HhmWilay wdtsuhs ﬂﬁ%ﬂr)s Suiﬁmﬂe prb&cm@grbmpzsmt Réamclude
hout i of the uct
e R B et kot St 5 kBBl dEm B OPHED € alfiheyt ana
di-as. pekytbendyl)t fees-bunpentli-dimeths1- adﬂ@nﬁa@ﬁpalm isabstiragd allyl (such as
al a €9 ound o e Forpula VI|I +be made in
Clﬂ?lkﬁvﬁ»d} Prige eﬁP@ﬁﬂ%}f@ Ty agpther gmbodupent gavsénen@ﬁ
der ipgedhk &vd18hndd 6 doubPMk ek Mﬂusgleﬁﬁxha% el rBkthiBn %@P&formed
for inserting a |leaving group at the 4 position o
withqut isQipfre i dicgrrodusisAm tereEREPHICES - LI i ncl ude
chl aft BR
? ces@%@ @goonfi lﬁ) locf}'tﬁkein%h%oﬂ E%tdd%}ﬁ%xéeé%s o, that it allows a

substituted al kyl su such as trif tosyl .
compeung| of shedformule) Wil tp bﬁ n@dagvelnglspurnz hmblhagha yiohl ord lnzaer ﬂgle

gg : n gis Ve mﬁé %{%&g (g %cﬁﬁ 3% X%)? Lu?traialg %%ent For 1Pse 1n|g 4 group
at file kirmamsm oftthae msmptmnd fofl Foﬂnmla Ds oExa:ixmlrés offit %) smhjdb ehloﬂmj bromine,

ol Rt SoHB A REPP O peP et Bhrerelesst

deﬁffa(tﬁﬁfg&géﬁt@mcﬁlﬁé a CRlotightiBg AREt $Rich 4§ phokSiaeds Jxgcibigde), a
onpound of the Fornﬁ(l)a IX with a suitable
br%ma%qgsmrﬂawagé RROSPROTIH @Ky DRide AR mBHUTS o8 irtrampeicpiaigeide and

trlfi:{b%rcﬁ‘)ygﬁﬂotsﬁ{?ﬂe?arﬁpin\’ig&l?atl gLRi N the reaction is

carrie ding a mxture of the
c onﬂ%lmdhq)cferwemwml ig aciogipginghlrominaéing ar iodimating agent the

V., t e of the derivatizing agent in the
pr&g% VE (Def?ulgt I‘lg{c{ature in the 25 range of from 60

Dto lehoﬁllgﬂae roraped o the dorraide X v6th ansuitalile derivatizifg agnt in the

e T e T T P
sol yent addigdinixire bé theeb@poun ofvier FoampRITKaofld te aboitthe
15 m nut es and trt] dllgﬁeatj ng the.r actf on m xture over
a pé?l’v?i’cﬁ Q3 miylurg 0 &9 1 algsntént e 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
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tenperature in the range of from70 to 90C and
stirring the reaction mxture at that 30 tenperature

wo orosakat 1 hour; or WO 2008/ 053221 PCT/ GB2007¢D082006/004176
-14 (f-3) adding the derivatizing agent to a mxture
of the conmpound of the Fornmula I X and the base in the
solvent at a tenperature in the range of from®60 to
110C over a period of about 15 minutes, A suitable
solvent in step (f) is seled#ed fromtol uene,
chl orobenzene, 5 1, 2-di net hoxyet hane, acetonitrile and
ani sole. In one enbodlnent the solvent is anisole or

t ol (feHe. addingthe derBRlERS agANEtoR Mixie Qfﬂhv eornpiund af fredloemula IX
A suhd @k |b§sesiﬁ’ 'th\é%vaeﬁtrét ﬂe%ﬁ)fgagage 'mstthg ? ﬁio&%@% 110°C over a

t ol uene, chl orobenzene ane ‘and
anlﬁgmﬁiﬁmhmédénemﬁ@dlnent the solvent is anisole or

t ol ye t her t e So
ani & g#nﬁabl% 1ve%] 91 'Ji]e ect Hitom gqqgwt @Yq{gnlg)znggle
1,2 @qmthoeybthamekmtetadﬂﬂd ahabaxﬁsﬂley eIIﬁto'ile embédimeditbe {fent fs@hisole or

i1 of the chlorobenzyline or
to lueﬁl&o Iéarfoﬁﬂeéf’wgﬁ(f ‘g‘gh g%/en@i&ﬁ‘ﬁf’lé ani sol e can
opt i O%bdlﬁﬁblé@ﬂﬁéﬂt&l@st@ﬁ@)Qsﬂéelééteh@roﬁf‘féhwh@%hﬁ%benzene 1,2-
Nirolldlnone and 1 di met hoxyet hane can conprise

ethagyetispe and %ﬁlﬁﬁ’@fn dn opg ety iRgH dleg sobjfent in enisele entolusng. In

SAnBiher étﬁﬁod@rﬁ&t(lﬁ:)so%ﬁt iconeycted in toluene as the
solvent. 15 In another aspect of the invention, steps

(f) aﬁ’d“{ golvent er eootedigotsenry e raqiied tebasldedho soﬁ&htsem(f) and (g)
e {1‘ ijeutgtal sfolu% lﬁg €fh} O%GIE]ZYEIP or 1n§<§ﬁ g}tt 318%;@ F o) example

con |ng
wlsobmanl optmjlakm canEroa heanotide mfd@%mhyhfpylhwlhomé@idatz on

urlflcatlon nmedi at e conpound of
%ﬁ%mgmgm 124° san op HPE*%&QHW&%&%Hﬁﬁva%duces the 20 time
andhicastasmict otheihaaition] sipstf)ane @ﬁf&ﬁbﬂd&&e& iR @olieMy bR solvent.
VII] on.a Iaqger scale The use ani sole as the

r eatto8MeL P ﬁfmF§“§HW§h€@§EEU§”5§b§E§@KWW?§HS@HW%ﬁﬁthe
soligmpi m se the formation of by-products. The choice of
solvent also allows for the easy and conveni ent

i sol B rafucs f siprlD) rssthpelivdsadsted beforsondiictingAbe stepkgk This
all&%ﬁﬂ@bl%cesm 50Q8ucrté%9£t c%ﬂtu[[ﬂoﬁg ﬂlr gess?v t?lﬁ\?t %qatlo?l and/of | |

nmbi ent t enper at ur e, e conp mul a
purtlfg,qatl@rapﬂ the fmmdlaw@oinpdund/df |t11rdF<8mlhlad( 0V blgﬁllﬁcarﬂﬁ' rbduces the

ventlon
timE gg& 9&%§ﬂ8$1¥1tf%%1 ag X notmspomﬁcfl g}? tge%?lin}ukt Vﬂg onga rger scale The use
of zdam)tﬁrasbhajreamoglselpmt (if adiz)mtage‘ouil))eca@d&ghlé Folaén)c rrhﬁnmsefthe formation
t t t
of @yﬁ’rgﬁ%cg% Sﬁ?/solhﬁlg% 3# s(ofvglgt qléB rﬂ orvrs}s Sf'grsthe eaesy al% g&vlerﬁgnt?solatlon of the

compound of the Formula VIII. 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), (f-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
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that step. Reducing the formation of
by-products/inpurities enables the internedi ate
weempposazel of the Fornula X produced in step (fRCT/GBR@®7/004176
used in step (g) W thout isolation 30 and/or
purification. Reducing the formation of ,
by-products/inpurities in step (f) also allows for
the correct stoichiornetry of the reagents in step (g)
of the process and, therefdfe, a nore WO 2008/ 053221
PCT/ GB2007/ 004176 -15 efficient reaction in that
step. This is turn provides a high yield and hi :
effigientir¢agtiaf intthas stepohis immafrovifies FHughiel anhigh pfr}fl%pof(ﬂ@e

A su agent for use in step (f) is '
Comﬁﬂ%dp?ﬁ&[gorglxyc 18f§|e82g) Typically, in step (f),
rm | asuinle eBloriodtingtugentiforatse ngstag(é)m phesphees| oxs@hb)tldv eTymically,

d
s gRaamb A piieSresReBTeRB i 15t sl SR BT PelT IR’

FortnlR IXI 338 6xaipld, h@ibldreZcds®inlthd ranp@yf Hem Used.o, e‘bnsememlyl ie the
base for use in step f) is a base selected from
rm@@@ﬁﬁ%@l%ﬁ?h@‘@ﬁﬂb%P - di i sopropyl et hyl anine. In

parg 'su.ﬁ{élo%rbasema?ug"’lﬁ @teb tH J QP SARYRA fBph BB HYBmiAEsidTg Na

source o oride to he reaction m xture (such as,
dusbmpsdmmme {ln patinylhia fhebesery diispripsethiamings yhddie a sotirce of

chl(fr gle g%actloﬁ) Blgﬁﬁﬁﬂe?gmg %s *?é/r &Eﬁgfécfr%h {ahisd I?yQirc(ctho}ﬂie) may

ar erature in the
redtic@rtiefophationafib§eradmcts80C, convenlently in the range of

g o]g]ét(seg éé% Zl‘ﬁ rga(cggrrl tesfc%%n L a tgﬁ]i‘)etrgl%%qg Fl{e o(l? oInréUTtb
0°@aEJﬂV€ﬂelﬂl§I indfie AREY Efont EPENSAC Unere chyvehieatly ih&hd: Eangep of from

"aanttamaaun€ we nmean a tenperature in the
70 fogi3ge- of from-10 to 30C, especially a tenperature in

th hef f teRoctGs cATRE@ 0@SPEEbiah By th
teﬁ[}l)l ?eggﬁ-rﬂe)ft e ardafg‘oggt e?% c o@speebisht tymperature. By the

C. The reaction n1xtu
term [fambietdemperaiyrel Wednearaderapaatiye in fe taagrgd 156?13915
esp%glal(lf gﬁﬂl\fgﬂzl tﬁ@falnge hﬂr&ﬂ €0 E@ﬂgg Rbref Jsgélﬁa?l? alt@mSRsure of
con en ent e range of from 0O to 85 20
abdun 18°Ce (Thefre@)ion mhvetuneesa‘ﬂbtn lmtquf,o & dqmanestutg it thggange of from 70 to

0°tge n@gﬁfﬂgw{l tFehra{l% t?fgcﬁlg %9 o gS;"?gfrnan% 'i)ﬁvengeggy in the range of from
80&anen|ently |p t he range of frony 80 to 85C. In step
( ") Ina%%ﬁ{ t3gghn%ﬁe%pg s carm%lfosﬁt g%gtgpbirgal}:ﬁ 1{1}%?60 rang So,f%?)?n 70 to
90‘*@2b QutveRnily MUh&MnANSK fréth 78 BORE°Clmbrtonvdndentln dhi thatage of from
that the tinme 25 periods quoted should not be

80 ¢o¥5tr ued as bei ng absol ute val ues because, as will be
In step (f), the term “of about” is used in the expressions “of about 60 minutes”, “of

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

In one aspect of the invention, following step (f) of the process, the compound of the
Formula X 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 X further includes the step of isolating the compound of the
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appreci ated by those skilled in the art, the tine

periods may vary slightly. For exanple, the tine
w@essosR2uot ed may vary by 50 % particul arl yP@OT/GB2007004176

particularly by 10%from the values quoted in step

(f). In one aspect of the invention, follow ng step

(f) of the process, the conmpound of the 30 Formula X

is isolated and/or purified, for exanple before

storage, handling and/or fudbher reaction. Therefore,

I n one aspect of the invention, the process for

manuf acturing a conpound of the Formula X further .
Fornpdls ol dde si5p ey pIBFISS amy|suitgblgstens ot praspdigsdonisolating thgyesired
pr&rrlggtsdcl:% ArAdederiped 1fHRE 9%?%1‘?1@4&;13/@ thatlfe E&fxﬁﬁ‘dg@h&kil}i@h%e?sbﬁp

' mprise any suitable steps or procedures for
Paitisulansténsghat moulihsi of sk wpwld grrvidettigh quatity agd deghi iysity praduct.

t hel | I /. . i °
per i {eRt B e SeB ) 1P LortiOF S AL ol B hpinBibe A g0 o 85,
copreniehtlieinhhganggiaf frdny 65 A8 Cginopuronteniquilp duiht ranghef from 70 to
teaction of step (g) is carried out at a tenperature
75ﬁﬁ the range of from60 to 85C, 5 conveniently in the
r angeorRfaspdcOBH tBSinkentBACO1BWIR sePMYPFT tBpoyesh,Mhd di@npound of the
range of from70 to 75C. |In one aspect of thg,
Formwla Y visolptgd prsifprigridied for gymgle hefge ppreedendlinggnd/or further

rede AP ORRELFOE, 1hldGe adpREtBHR Mhdnkioh,Shd SBEAL &F n?a!ﬂdfa@t'hrin% a
purified, for exa efore storage, handling and/or

le b
compeurier therFomoviaSHLL frrfesr atabidss tiertepn) efdgising die qowound of the

: ' . i . _
B
desied|patduntghathes desented mathefliteritere aRdfonthabare/khdwn Mrthe skildgel person.

h [ itabl e. . : f
TS o B e e
redctien i@t atagibe casldd tr anbbiadt teniprdaine)m whicht th@p&kiutd thelcompound

erson. _Particuylar ste t hat, woul.d he of us | d
of ﬁwf\ﬂna aml_ﬁﬁywim PP Rl 94 T pone 5o _gqr@e%aay Bafiatccted by any
cohRAGAP Method fof SxaffpYe BEfiGAQELD t 0 ambi ent tenperature,
at which tenmperature the conpound 15 of the Fornmul a
VI | Bothyihe eempapnedspltie Borgla Ik angdribe nifrabangpieflesigatpisrongrmula I
: | [1PR%ilat1OBY &R bk DRl BEiBE BonvieRtional methods.
Stag{?yagnlg%é&%b}e%? hl?l?ear\?%((lm. é%t h the cg%%orfndsl g(i)fmihe onal method®
FoF gxamyileathe Xorapeiing loé Fainlo be mag he prbpated as daseribetl irBramiple 5,
L1],. [t erial are commercially avail able or
Iﬂ%ﬁﬁ“%§5§¥%%§ E%R%éﬁhg conventional nethods. For
ex anmbthet hey intlermalimel that mepberuded ifl the peopabtopofpdbly las

descri bed.in anple 5 _2 paration of .startin
TR BT ARy R -5 K e B Ry Faelif Moo faupd of the
FokRuk b@: preparati on of AZD2171 is
7-hydroxy-4-(4-f|uoro-2-nethy|indol-5-yhoxy)-6-nethoxy
qui nazol i ne, the conpound of the N

Y
CH o)
5 F
J
-
HO N
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Formula XI: H N CH3 OF NJ HOK) 25 XI WO

2008/ 053221 PCT/ GB2007/ 004176 -17 Exanple 7 of WO
wO3o8Ma21B di scl oses a route for the preparatiPCI/6GB2@7/004176

conmpound of the Formula Xl. The route involves the

reaction of 7-benzyl oxy-4-(2-nmethyl-4-fluoroindol -

yl oxy) -6-met hoxyqui nazoline (a conpound of Fornula

VII1) with ammoniumformate in dinmethyl fornmam de

cont ai ni ng 10% pal | adi um orrléarbon to gi ve a conpound

of Formula XI. 5 This route disclosed in the prior art

for __the e ' a npound of the Formula Xl

s Bxgmp 20t 91 04 by Bped &iclFReTahle (B the BleapARD of Aipippund of
theARMAa X0 frht RS RIPIOE e réﬁ'@ﬁﬁlV(ﬁf%bénEyloiyem fRhyl-A81uoroindol-5-

i sol ation and/or_ purification of internediate

ylaxgnsousitexyawpzoling & gompovad af FaymulasY IRl veihyamopepium dermate in
dnﬂétﬁ’ﬁfon%fﬁfd@lcl)ntx Pﬁ{gq 094 pdifa&i E?Jm%ﬂ tQ gthE ?%0111:1 Mﬂdl o Félmula XL

here I's, there a’ need for a mor fIC
sy nEhissoute dlﬁclps’mré llcdilnmughw ffr thetpgephoatioo ofra Icanpdund of the Formula

Xﬁéjéartlgﬂglztgryf f&[ th?%fnt%q%ls%?ﬁatwe al % ua%&s of 2 cglfallpéurﬁigtl-lowever it

oun e new syntnesits Sh
requma!soﬂhv gsotatish hiyd/ mjﬂilrlﬁbammcotﬁ mﬁMeﬂgtepmmpbumt T8 results in a

soRERGED SoF S L ot Rl o Ih o PPt G BFOlecar o8

I eqUhére b, thetdige Skcl EsHAGhHE cHRNS sydMibss |oFﬂ1le)mpound of the
manuf act ur e. Preferablly the new synt hesis shoul d
a

Forpyl il switablecforipsfiemals latgsr guantide é]%PtPPFFlBQP@ﬁo Breferpfely, the new
syrﬁﬁé%i%%ﬁ%ld\‘\@ﬂ 19%1{/%3%’ il %E&Blﬁﬂfﬁﬁ@ﬁklﬁcéﬁm%&fe%@? nﬂﬁls the

rovides the opportunity for solvent recovery.
ney éwlt st shewld sedypoilie dumberad isstrdioh endlpf misificgtéon procedures required,

OSSO i OB S R
miaimisa the mirgler plisdlventsarsed ShirmigﬁoutAh:&:pIDchss;gvltmh mptdmes environmental
per é(t%e é)nffd éf)tf(p‘g Qﬁeﬁ%ﬁhp&rgﬁﬁggso&‘wm recove?y Thet regvvsynt%esm should
alsfb' eh]amh’ effegtivie (ristillission oRtherbiigdunddd kheSFoyinGls WI-if a BBiADM Y form
w1t% googl %B}altlgr? cha?ac%e%stlcsrgr)lg g1ggfpu1tltr3]f%ng (})I1r rr(}ll a Xl

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 XI:

N
/
CH, 0 [
o) N
HO N/)

from a compound of the Formula IX:



H N CHB OOF ~ ~N HON Xl froma conmpound of the
Formula I X: WD 2008/ 053221 PCT/ GB2007/ 004176 -18 CH3
wo2o®o0i2bhH  RHO N) X wherein R4 is a prot er€T/66§2007/004176
group which process conprises the steps of 5 (f)
reacti on of a conpound of Fornula I X with a
derivati zing agent to forma conpound of Formula X
wherein L' is a |leaving ar g4p: CH3 L1 OLN R ON
X; 10 (g) reacting the conmpound of the Formula X with
a conpound of Formula Il (2-nethyl-4-
fluoro-5-hydroxy-indol gy optionglly in
situ,optionally in the presence pf the solvent used in
step (f) to forma condoun l\lll:_PrmJIa VIIl; H N

R~g N/)

wherein R* is a protecting group
which process comprises the steps of:
s (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;

CH, L
|
0] XN
4 ~
X5

10 (g)  reacting the compound of the Formula X with a compound of Formula II (2-methyl-4-
fluoro-3-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
Y

(l:H3 0] L

0] \/fl\‘

4 ~
R~0 N
VIII; and

15 (1) 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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CH3OOF N RA O/ N VIII; and 15 (i) renoving R4
fromthe conpound of the Fornmula VIII to formthe
weoosposizal of the Formula XI or a salt thereof PCEGO®2007/004176
whereafter the conpound of the Formula Xl obtained in
the formof the free base may be converted into a
salt formand the conpound of the Formula Xl obtained
inthe form of a salt may be converted into the free
base or into the formof arl8tternative salt, if 20
necessary. WD 2008/ 053221 PCT/ GB2007/ 004176 -19 Wen
the_derivatizing agent. i s a .chlorinating, bromnatin
or i ﬁ‘%ﬂfieﬁﬁat geptig 2 chlogpaing, Wpmpnatipg oiggingfing agent the
pr&@mépqucoﬁjﬁ)coﬁ@ﬁgg;i ng the conpound of the Formula I X
W th a suitable derivatizing agent in the presence of
(Da s ueapting the pemrovad of tedigrmelp I waiasuieble deriiatizing ageat in the
BRBIF R QuitaBleGREL Afith QHbIDYoTveht (FHieldin ARYEA M orftis Thotiel bfit by:
pros?&t%he g%lr?%%und o@ tsﬁe Foronﬁ%a"{)? a%ggt%e base l|)§n toﬁteby
sol {eht adsiing avnktwe of thie compowndraf theet Hozinnlg [Xged theibasd inghe
320U 8 BB Rk BPSE Bl { i
addirange bheod @0ity &1 0°Zi avgr apeiod of abaut 60 xiinit&; of t he

co nd of the Forrmula | X and. the base in the

o VeRT “afting F airtvePeng abdit (B BT LR EPPBAmG P discEppmula X
15 ghdihk ®8se ih thedBR cht e BmbRAL teRPerbilfs SVRAE hérA dTakéud N § minutes
over a _period of about 90 m nutes to a tenﬁerature in

t he 2phiRgRhesfing therpaction grifpre xR REriof of APyt AR MiTBHREP An
M XbdhiRrAire {DAE rade SPELAIE 90 @ ardRAHingdhdRYE on Hixture at that

(f-3) ‘adding the derivatizing agent to a m xture of
t he tesepeppdradorgbortHchamgratul a | X and the base in the

sol t . : [0, the. f t

17089, itk &€ TR ol i RRBE R cob R 88 s oruta 1x
of thdtht basedn dspebentoit atdngperatwre ivi tho marigs ofiftvmrtlag ¢DIfE over a
in that al | conmpound of the Forrmula XI to

i ws. t he
be Hﬁréoél?flﬁb?l‘ftglgnblﬂ?tﬁ’y and high yield on a larger
ScaMe proBed of thenhiédagedto0ths ikv@htidl i@ a@&tagbdus 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. 4
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



The reaction of step (i) is carried out at a

tenperature in the range of from20 to 60C, 20 nore
weomsesizent |y in the range of from 35 to 45C. PET/GB2007/004176

aspect of the invention the reduction of the conmpound

of Formula VIII is performed by catalytic

hydr ogenation, for exanple using hydrogen gas and an

appropriate catalyst such as palladiumon carbon. In

anot her aspect of the inver&®on the reduction of the

conpound of Forrmula VIII is 25 perforned by catal ytic

transfer hydrogenation, using for exanple

skilledrpetyas st e bsedr Bawisulapgensrthaaldle ofyey Uﬂ‘élsl eFRyidsrhigh quality
and%n%ED@éth;{ ahareks: &Qﬁ{lpl%r%h@ JORhd Qf leorﬁﬂfa@k]yrﬁéy BLiSHad8 from

on carbon. I'tabl’'e sol vents for step (i)

NMPrhyI addeiontofiet Wisplypnt@m}msnm'q@' pibm)ol, ethanol, isopropanol, butanol or
g hyl f or mam de or di net hyl acetam de. 30 In one

ace SEE of the invention, following step (i) of the
pr ogessthert d’mﬂ)od@mhouﬁﬁe ﬁfveiitita foHowimg the pdocdss (i), slod @ngupund of
and/ or fied, U|tab e steps or procedures for

Formyly %t ﬁsﬂéedldﬁd’/%‘rnt %er"ltft{i? Hy ?H@Cﬁégm red product that
ar&cdé?cﬁ%o@efqrthé? chibBdinichEsfahahad AR Odf thdiatemdive theRolprovided
to the 2008/ 053221 PCT/ GB2007/ 004176 -20 Skktl%g

a pipeess 6ot thewpanfaqiye of a pampquad ol FomtépXl e cRBRPERdRE Fopmula X

: ty and high purity
mn%@%&%@#%&@g%ggégﬁgP&gnhg%g%! ound of Formula Xl maybe
| sohetoeding foonfurthgvenibpdiawtat of tonthatl agpechefithasipraion ﬂsqs%ﬁ

prog%ig%fa I1?rcict‘essrfer tﬂ Lufa(ﬁ%.{éﬁ)gﬁlhgﬁt@gﬂ n@%{&g# 2—r€e‘ﬂﬁﬁ1ﬂ9&l—§)§/loxy) -6-

methoxgquiinaaslinef otdmpuung of the FormdeXd: (i), the conpound of
Formula XI is used in situ in the next step in the

process. According to a further~eubofi ment of the
third aspect of the inventi on provi ded a

process for the manufacture of
XI froma conpou of For
i rd aspect of the

process steps (g)7ahd (i)

further enbodi mrer®. _of 4he

i nvention there is  dedNa process for the
manuf act ure of _

7- hydr oxy- 4- (4- fHQior 0>2- nellhyl i ndol - 5-yl oxy) - 6-

nmet hoxyqui nazo |ine, a conpound of the Fornula Xl: H
N CH3 0 XI

conprising the

.boveF 10 According to a

15 from a compound of the Formula IX:

wherein R* is a protecting group

which process comprises the steps of:

20 (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;



OF ~N H X 15 froma conpound of the Formula I X: CH3
O ONH RH41 / ON IX wherein R4 is a protecting
w@r@afs32ki ch process conprises the steps of: 2BCT/GB2007/004176

reacti on of a conpound of Fornula I X with a
derivatizing agent to forma conmpound of Fornula X
wherein L' is a leaving group; WO 2008/ 053221

PCT/ GB2007/ 004176 -21 CH3 L1 O~N R-ONX (g-1)
reacting the compound of tHél+ormula X with a conpound
of Formula VI, OHF O N2 5 VIl; optionally in
situ, optionally in the presence of the solvent used
in step (f), to formtheCHgonmpoundd of the Formula XIV:
NO02 CHB\'OOer, NFQ 1RO

~N
R0 N/)
X;
(g-1) reacting the compound of the Formula X with a compound of Formula VII,
OH
F
0
NO,
5 VII;

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

compound of the Formula XIV:

NO,
CH 0O
3\O F
=
RY~0 N
X1V
10 (i-1) reducing a compound of Formula XIV to form a compound of Formula XI
H
N
Y
(IDH3 O
F
0 N
Z
HO N)
XI

Reaction conditions for Process (1)

Reaction conditions for step (f) are as described above.
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XIV io0o (i-1) reducing a conpound of Forrmula XV to
forma conpound of Formula XI. H NCH3 0 OF JNII

wOoEdoBIs3ER1 Reacti on conditions for Process (fl|PEReaBRi106/004176

conditions for step (f) are as described above. WO

2008/ 053221 PCT/ GB2007/ 004176 -22 The derivati zi ng

agent could conprise any suitable agent for inserting

a leaving group at the 4 pgzltion of the conpound of

Formul a | X. Exanpl es of LI ¢l ude chl orine, brom ne,

i odi ne and optionally substltuted al kyl sul phonyl such
es of . derivatizin

i ncltrﬁ}a ge VaE?afFlg F% og%{(?%bc%{ﬁg TS RP g 2oy S Ams Weabing growp

at ﬂmquimlsmom 6ethe c@nﬁodﬂﬂ QﬁF&@ﬁlﬂeﬂD{ alg?@tlﬁ{ple(s%lﬂ ¢hirdfde chlorine, bromine,
brom d a mxtu

QBB BLGRY A Y G Ll i mory Syph Sy pimdpm-+ el of
deﬁ%tizﬁ@'a@@{té RBIuASE Bhlorifink 3géht ek SSIHoRShodls gcé}gér de)

defi ned above, Reaction conditions for Proc
broppigatingeentdspches phasphqrys oxyprangide eir# inixdure of N Hyomds}hmlnmnde and

tri q;olp n@?%@%‘?ﬁ@) ﬁfda%@ﬂ%l&tm faggntcorrpound of 1o the

to a so a compound of the Fornmul a
X iR isvepretettitmygroupsasdiefinedstbepe.(f - 1). The salt of a

of the FornpulLa VII may be prepared by use of
Eg%‘l&fné%l%%i%—é‘é—%é?as& um hydr oxi de, sodi um

Thh yedlkztmxn afatepl(gilh ismmarduobya&c&htldagif asslutivn q@oﬁf @ﬁrdﬁh @ompound of
diu rbonate qr cesium onat e. fi
E‘H;g’rao%aha@n a gamRoungigd tisdfompla wrthwl‘a@p%/&sw in step (f-

1).t TR W &&npéuna%@tﬁe%ﬁ%@l@vmﬁﬁ}eb@ﬁﬂ%ﬁﬁ@d ﬁyad%f'hﬂnﬁrﬁ Gydroxide,
range -10C to The sol ution of the ‘sal

po @6?%8E}WOEﬂeatSﬁ@umd‘fYﬁmxaiexAlth%Caéi'em)@tf, @aﬁlwambqn@w, gofdium
caofRIRABHmUardolfe. BEflﬁIM f‘sc?én%ﬁg%dégxlﬁg félg%f M3881 fsTFormed at a

step (f-1) at a tenperat
terppemafaigioént1°¢ tH 209 enaraemeeontBOCheRerget-i 0IC odidi Thessution

of ]:h%rsalﬂ)f)é:&)%%po(lhd @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 ammonjum 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 XTI 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



The reaction of step (i-1) is carried out at a

tenperature in the range of from20 to 20 60C, nore
wae@oeomsesizent |y in the range of from 35 to 45C. POT/GB2007/004176

aspect of the invention the reduction of the conmpound

of Formula XIV is perforned by catal ytic

hydr ogenation, for exanple using hydrogen gas and an

appropriate catalyst such as palladi umon carbon. In

anot her aspect of the invem3on the reduction of the

conpound of Formula XIV.is 25 performed by catal ytic

transfer hydrogenation, using for exanple a . X
skiltedrperyan ey $e hisedr Bgaiqulagersrthal weomidhe cipes Wadd erryidsrhigh quality

andglg%}p@é#mogﬁmi?& &Qﬁ{np%mlé?a FORhd B PorfRlaakMifiky 54658 from

car bon. e solvents for step (i)

NMPrig add#iohlofiet mpisplyentshéhdisroater, pflem)ol, ethanol, isopropanol, butanol or
g} %hylfornanide or di net hyl acetani de. 30 In one

ace §g§ t of the invention, follow ng step (i-1) of the
pr ogessthert dishodmgooittle afvehtiva, foHowing the Xep {i€l),itsotahmand of
and/ gr. purijfied, ﬁnéwfuitabhe stggs or procedures for

Forpudy %} is pgeddn difnin tho bt 5P Hyte REOCERSsi red product t hat
ar&cc‘é?cﬁ%o*%efqrthéi ehibBdihichEsRhaihad ARt Osf thdiatemdiog thepowprovided
to the 2008/ 053221 PCT/ GB2007/ 004176 -23 sku%%gd

a proeess dor thapamdaqiee of a pempquadiofFomspud X1 framea capmpind,Rf Fgpmula X

. ' hyi udl. and high purity

Cm%@%ﬂ%@#%&E%%Qgégﬁgﬁgg?%gqgg%%%und of Formula Xl may be

i slol agfrgberfembrdlinivoiidlie maletition drerofs paevidadta coptpoentt offipemula

s wat er, nethanol, ethanol, isopropanol, butanol or

cetonitrile. 5 In another enbodi ment of the
i NYlenfuither, enfoolinent ofghé thirdsisesot ¢fi thd nyeritive icappp cablaitodhe

Fornula Xl i.s used in sity j.n the next step i.n it
prepgREL e s etter ohes vHoR® Pt P2t S yiony. Ths
acdofifighoaBip G thePémBbdiemébr iesé is@fovidudragprocesfopthedeahufaature of a
process for the manufacture of a conpound of Fornul a

XI

15 conxpoupd ghFermubblind of Fornula X conprising the

20

process steps (g-1) and (i-1) aboveq 10 In a further
enbodi nent of the invention thexe +N8_provided a
conmpound of Forrmula XIV. Thg enbodi ment of
the third aspect of the inven A~ applicable to the
preparation of a nunber @ " ring systens substituted by
4-fl uoro-2-met hyl i ndol -5-l oxyr Thus according to

this further enbodi nent exe i s provided a process
for the manufacture of onpound of Fornula Xl -1

XI-1
wherein A is a suitable ring system

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

L1

which comprises:



H N OF CAX-1 wherein Ais a suitable ring
system from a conpound of the Fornmula X-1, wherein L'

WO 2008/0bavi ng group; L A 20 X-1; which conpei/e82007/004176
WD 2008/ 053221 PCT/ GB2007/ 004176 -24 (g-2) reacting
t he compound of the Fornmula X-1 with a conpound of
Formula VI OH F ONX®2 WVII; to formthe conpound
of the Formula XIV-1: NO2 OF O A5 XIV-1 (i-2)
reduci ng a conpound of Formifa XIV-1 to forma
conmpound of Formula XI-1 H

(g-2) reacting the compound of the Formula X-1 with a compound of Formula VII
OH

NO,

VII;
to form the compound of the Formula XIV-1:

NO,

XIV-1
(i-2) reducing a compound of Formula XIV-1 to form a compound of Formula XI-1
H
N

Y

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:



N OAX-1 io Suitable rings systens for ring A are

rings capable of being activated to allow displ acement
w@boostoh®R2act i vati ng group by a phenol ate i on, PCEGBRIVE/004176

structure of Formula VI1. Such ring systens include:

WD 2008/ 053221 PCT/ GB2007/004176 -25 NN ~N NN N

"~ N~ NN (i) (ii) (iii) NONSOHNN <\J N/

I SIN NNOSHNN (iv) (v) (vi) NOGC-~T NNCH.% N

(vii) (Viii) (Ix) N (x) (xi25-1n one enbodi ment ring A

is selected from quinazoline, quinoline, cinnoline and

pyrrolotriazine. In another enbodinent ring Ais

' Qline.N her enbodiynent ring A is
I\IBy}Iol))tri azl‘nf,l | g anot her [erbpdittent ring Ais
qui ndzoline and [N is at the ftion of 5 the
gui nazoline ri n%ﬁ I n anot her embodinent ring Ais
pyrR@l otriazine®nd LI is at thef(i position of the
pyrrolotriazine ring. Exanples of LI include chlorine,

hgro ine, iodine and optionally substituted
& If;gr ul ph&rii aryl sul ph Xy such as
N fpyloxy and\ 1 aglyl oxy. 7] )

N N

0,8,HN
(iv) (v) (vi)
h [}l =" N ~N
~N,CH \ N\N/) N//I
(vii) (viil) ()
X
N N
) (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
s the quinazoline ring. In another embodiment ring A is pyrrolotriazine 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)

1o 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
15 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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Reaction conditions for Process ( -2) io Reactions

conditions for Process (g-2) are anal ogous to process
weondiosizons for process (g-1). Reaction condi PCDOB2G00/004176

Process (i-2) Reactions conditions for Process (i-2)

are anal ogous to process conditions for process (i-1).

The skilled person would understand that ring systemA

coul d be substituted by one or nore groups. Such

groups may be unaffected by26the processes in this

enbodi nent of the 15 invention or may require

protecting during the processes of this enbodi nent.
embblimenk ad/@dhe wsanf altarhativ sathlysts| Comveptionsl qufegtl@gt@gpstrgay be

rotect such 0 f i }1g
LSBT T S 8, L PP Pl o
in Oxbddid Syraldsls] Johh &Vildyenp Song 9%y asfleschieedboR008/ 0532 2 1

PCT/ GB2007/ 0Q41 - 26 or t he
al tB PAREPHE O gheéﬂ?g?%“ A RIEh T o ﬁ PIEreRiS o ‘E’f"md of the
Forfﬁlﬁ}»é €1 isUsstded dhdas ‘faﬁﬁﬁ@eﬂ CRnyMulithbls Etapﬁi&rpﬁloqedu&ei foc Gso(ailng and/or

I ustration see T.W G een, Protective %%@
pur@@gthe(glequql{m@gchthat y@q;]ﬁeswlpeélyn gl}%lngatil.}ge an Li‘gglt UL " own to the

skllge%ﬁnlgfsog Gy 3R ‘aé’e% P'aﬂlcﬁﬁf"‘ stesRRStwdRld B usEWBmt ipBdvide hl%h quality
step the process, the conpound o

an&Hm&mnsmmeﬂmﬂa Xl-l |s |solated and/ or purified. Any
Sui Iltnabl eér egﬁj%ﬁl oernt B { gg S fon f’o owlil%q{léa Etgﬁg 2§mfﬁlé &fmpound of

pur esire uct that —are
Fortru@ XI 1 enatdifresitamoihe mettisédp imthe feorswn t o t he Skl I I ed

e S S b o e ligh bRy el Rl as: P RGu@bra
cmﬂfdﬁﬁ&' 6f ForhilAXP1 hom aﬁdﬂﬂﬁﬁhﬁ@@ﬁ F cﬁfnulabel Icnmgmmg)tln,e process steps

following the step (i-2), the conmpound of o0 Formnula
(e-Xiand () akg¥d in situ in the next step in the process.

A Tl duRgt eﬁ{m&%eﬁﬁéﬁth@fnvmﬁmltﬁwﬁtﬁerdaracnon@eﬁmaof Formula
process for the manufacture of a conpound of Fornula

XI¥il.-1 froma conpound of Fornula X-1 conprising the
pr olQ/le TOT v/ {wﬁfef’to tl%ega'b% es 'are%%soqgaﬂ&’ed Withithk léﬁibﬂ%‘f the

enbod! t|on there is provided

invemigmo wndemfnpléos wherg a c@ﬁlpWMQlf FohwaVlyari ant s t o the
above process are also inpglhuded within the anmbit of
the 1invention. An exanpljie is where a conpound of
Formula VI, OHF O NO2 o

NO, COO-R’

VI
wherein R? is a suitable esterifying group as defined above, for example Cy.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



VI 20 wherein R3 is a suitable esterifying group as

defi ned above, for exanple Cl _6al kyl or benzyl, is
wais@d/osan2t he pl ace of a conpound of Formul a VIPCT/GB2007/004176

process (g-2). Thus according to this further

enbodi nent there is provided a process for the

manuf acture of a conpound of Fornmula Xl-1 WO

2008/ 053221 PCT/ GB2007/004176 -27 H N "Ji OF A

XI-1 froma conpound of t#& Formula X-1, wherein LI

is a leaving group; L A5 X-1;, which conprises

(g-3) reacting the conpound of the Fornmula X-1 with a

conmpound of Formula VI OH F O COOOR3 VI; ioto

formthe compound of the Fo %-2: N0O2 COORS O

FO A
0
F
XI-1
from a compound of the Formula X-1, wherein L! is a leaving group;
L1
5 X-1;
which comprises
(g-3) reacting the compound of the Formula X-1 with a compound of F ormula VI
OH
F
O
NO, COO-R’
VI,
10 to form the compound of the Formula XIV-2:
NO,
COOR’
O
F
O
XIv-2

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



10

15

XIV-2 (i-2) reducing a conpound of Formula XIV-2 to
forma conpound of Formula Xl -2 WO 2008/ 053221
wEROBEE2007/ 004176 -28 H N { O F COORS A amdir/GERe02/004176
(j-3) hydrolysing a conpound of Fornmula Xi-2 to forma
compound of Formula XI-1. H N OF A5 X-1
Exanpl es of LI include chlorine, brom ne, iodine and
optionally substituted al kyl sul phonyl such as triflyl
and tosyl. Reaction condittX¥®ns for Process (g-3)
Reactions conditions for Process (g-3) are anal ogous
to process conditions for process (g-1). 10 Reaction
conditions for Process (i-3) Hﬁactions conditions for
Process (i-3) are anal of 0 Rrocess conditions for
process (i-1). Reactiof di ty/ons for Process (j-3)
The reaction of proces ) Ks conveniently carried
out in a suitable sévent [such gpHophter or a water
m sci bl e sol vent such_as Fetrahydrofuran or
acetonitrile in tHe prysence of a 15 suitable base
such as sodi um hydr @i de, potassi um hydroxi de or
['ithium hydroxi de\ The/reaction of step (J-3) is
carried out at a température in the rdfge, for
exanple, of from30 to 70G . gonveniently in the range
of from40 to 60C, nore conveniently in the range of
(j-3h hodro¥Sing @ comfiound of Formula X1-2 to form a compound of Fornula XI-1.

H
N

/

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 (j-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 A

range of from 45 to 55°C.
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WO 2008/ 053221 PCT/ GB2007/ 004176 -29 Exanpl es of

aryl -al kyl amonium salts include Triton B (trinethyl
whewsps322amoni um hydr oxi de) which is comrer ci BET/EB2007/004176

avai | abl e. Exanples of tetra-al kyl ammonium salts

i nclude tetra-butyl anmmoni um chloride and tetra-butyl

anmoni um brom de. I n one aspect of the invention,

followi ng step (j-3) of the process, the conpound of

the 5 Fornmula XlI-1 is isolated and/or purified. Any

suitabl e steps or procedures for isolating and/or

purifying the desired product, that _are described i

t heExAnIRistat ard- B bFBmoREY sally BoRBTHIONS ErEetEkenrdd
amBfoht@h 188 whids cdihbicnl Q{}aiﬁB]%fg @ﬁfugﬁtesp Yokt AalRl @fmonium

use woul d provide high qualit an urity
salis imdiudsttetra-prtplromheniune phlotd tefeg-bythleanipemdvm bepnide.

fol | ow j - 0

- e ekl EPedrop kR ST M rpyea® fielibha of
FormflaKi-h é3 iselated didfemturifiedt Aay suitabletstaps opprovdddees far isolating and/or

s e S R

skiREDFRSH BdyeRused. Padliculdristedy thanelowlil b3 df @b exald prévilehigh quality
further enbodi ment of the invention there are provided
andbigh suHI STl or nula XI V-2 and Formula Xl -2

AcC B Hlof@r ERbRiho ok heasR@tbn, B11d18s BE 8RB (1L3) MY @Bkb&Ihd of
there is provided a process for the manufacture o

Formly dl-dxiyusgd (msifd ip dregret sien inyha praesss-5- yl oxy) - 6- net hoxy
gui nazoline, a conpound of the Fornmula XI: H N CH3
O OF N 20 HON XI froma conpound of the Formula
| XA fuh< GOBLASBAVIS tROTV GRRO PTovIiR4 & PEocessI0r tpBra@nfacture 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:

H
N
/
CH, 0
S F
J
~
HO N
XI

from a compound of the Formula IX:



ONH RHON) I X wherein R4 is a protecting group

whi ch process conprises the steps of: 5 (f) reaction
wotoog/osnapound of Fornmula I X with a derivati zi PQI/&GB00/004176

to forma conmpound of Fornula X wherein L' is a

| eaving group; CH3 L~ ON R4 ONX i0 (g) reacting

t he conpound of the Formula X with a conpound of

Formula Il (2-methyl- 4-fluoro-5-hydroxy-indole) in

situ in the presence of t hedsol vent used in step (f)

to formthe conpound of the Formula VIII: H N CH3 0O
F ONR4A_ I ON WVIII; 15 (h) jsolating the conpound .
of the Formula VIII; aﬁBHéj) re ?ving R4 fromthe
conmpound of the Fornul apVIlJlto Horm t he compound of

the Fornmula XI or a salt

sof Ntbr exanple a
pot assi um or sodiumsalt t c0f ) ; Jand whereafter the
conpound of the For RitapXl “oBfarNéd in the form of the

free acid my be converted into a salt formand the
conpound of the Fornula XI ®¥tained in the form WO
hZQO 41053221 PCT/ GB2007/004176 -31 of a salt nay be
WhEERvert 2B 8P free acid or into the formof an

whigh bRIcER lcbMPrises ke, stdph of:
s (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;

CI)H3 L
o) N
2
R0 N)
X

10 (g)  reacting the compound of the Formula X with a compound of Formula II (2-methyl-
4-fluoro-5-hydroxy-indole) in situ in the presence of the solvent used in step (f) to form the

compound of the Formula VIII:

H
N
Y
CH, 0
' F
o) NN
4 s
R~o N)
VIIL;

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



10

15

20

25

30

necessary. \Wen the derivatizing agent is a

chlorinating, bromnating or iodinating agent the
wee@soske2step (f) could conprise: 5 (f) reactiPQI/GBe007/004176

conmpound of the Forrmula I X with a suitable

derivatizing agent in the - presence of a suitable base

and a solvent selected fromtoluene and ani sol e,

wherein the reaction is carried out by: (f-1) adding

a m xture of the conpound oflthe Formula IX and the

base in the solvent to a mxture of the derivati zi ng

in the sql.vent at a, tenperat he .10 range

of g MlpTrayHessm o5 eq 1oL aﬁldpPén‘BB&Pe g %’t"{“éf?am’% ol ;
ne®fsafyf. - 2) adding the derivatizing agent to a mxture of

t he ‘compound of the Forrmula | X and the base_in the

sol Whae therdegvaiizingtageipe ehlpiipabing hepminating ordedipgtinggaent the

c%@ o} eSuld¥pdndiken heating the reaction m xture over
PR D Step ey Elqﬂt 90 minutes to a tenperature in the
DHr angaactm‘g the rmmpmnql of 8o Bommda BX iith jarsyitabieederigaiizingagent in the
pre(s?n_c%) OF £ {ablte bta%e anga s Osla tlsgll%gtgﬁ %oInq lu?I?e ] ailus?lg %her%ﬁ the
ra&h@aﬁ@mn@ﬂmdbgf the Formul a IX and the base in the

sol a te erature in the_range of from, 60 ta

0ty et asERRER o Sptrnd e urads LrRET e seidy e

of gdweni A talkn@s I@ﬁ‘th% d@lﬁve&lﬁiﬁgla@&ﬁﬁﬁ he Bolvént atkyRMpa@ad the

inthat it allows npound of the Formula Xl to

be Fraaeof fomOf bl?r Ptoyeraﬂqﬁfrwfigﬁalgﬂuéﬁ%maw &% ar ger

scal®) | fydidy tﬁe a&%ﬁimgﬁg&l@% d rﬁl‘kﬁﬂ& bpl'ﬂe c&ﬁﬂ)dLﬁWoFﬂletF’aﬁnula IX
nanufacture of the conpound of the Formula VIII

st epnd iy base e the spdyorint ambiciidemparatreanyer a bfqu@iﬁ alpqu;, 15 minutes
pu r lcngd tﬁgn flﬁ%‘u %ﬁﬁﬁé'ﬁzloﬁf)fm){%@ OVQLr a 1‘%5 of JIQJ t 9@& Iﬁ‘&e%q a
of - 1he 1 )

mpoun or'mi en used in step

f o r temparwfrain the range af om0 umﬂO"@‘ andlsérriagrthaeacth, mlxture at that

ei t her innegia%elﬁ or follomnng storage for an 25

applHFTE I aPPd BT e, The isol ation of the

conmpo3)ndadiing! the dérbratizih g addnt to d mixsdre pf thb kompound of the Formula IX
chai ce

advant ageous se it enables. a broade

et BEtSn BRooheg o himormgig it o of Renaipbllig overa
f pheodurapeitas Wikted, N step (j), for exanple Comoar ed

to when this step is conducted in situ. Reacti

condie Prosess phthe Boustheasgect of the mveptiongs adyapiageqys i that it allows a
coégsmpo%ﬂle%gwﬂp he gﬁh@&%hg{ PR sl?émgﬁlemfn 418 f’écﬁ&

at are escribed Iint Iterature” and/or t
ar e Ikthipmspacoof the invkitidne thllowingshe m@wfacrt@l@loathesrp@psundrﬁtthe

“1' Sf};ﬁ i o 15 eth%@éin@ougﬁg %cqgtle(li] bl 8%%?’}%1{%“%9‘1 B8 (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 VIII 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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benzyl group this nmay be renoved by catal ytic
whyasoseant i on, such as hydrogen gas and a suPCHIGB2007/004176

catal yst such as palladiumon carbon. The use of

catal ytic hydrogenation is advantageous because it

provides a highly efficient and ml|d nethod of

renmovi ng the benzyl group 3 d because it allows for

the efficient renoval of by- groducts fromthe waste

stream 5 The reaction of step (j) may be carried out

Wht%& (leia Epggarkﬁﬁ%%egrrcﬁltpl{ﬁlg ﬁﬁg%e frélng% bg%at\égr?% g?rgl etngp n, suc% as hydrogen

renov group
gab@idregsuitstedel catélpst sechaasphBadimh bh cidbomet Tiyd ysy of cdtalyiﬂlmlqmlm g@Ration is

solvent ~at a erat ur b meen 0
o SieEets SPes et UG P HreRbr S H ot AUk Gpetiod ofrmpias the benzy!
grdtip Qe $8caudd iCalARTOURE cfficidnRmol SIr T8 Profhucts Fron Sk HMagl stream.
and/or purified. Any suitable steps or procedures for

i sofB¢ reagiondsisp O) Ry SacrEye Ag & H@’ fgBerRBEe Fidgn gy solvent
suﬁd@?et fofhe pgﬁ§ﬁlﬁf ﬁ%@t‘ﬁo& Br fe®vhild ﬁ{e%teﬁfﬁ gﬁﬁﬂ’b@@ et P%[‘ Example

known to the skilled person may be "uSed ti1cul ar
withhepeethyfiesrrolidinber dseolybntia e temperatung botyege 2hiaft0°Gual i t y

and 1116&*118 ft){e Rﬁ/gr%%%t follA&fﬁl sgelpgtg d)tfgnegargéegst H‘le%%ﬁl ]%nd of the

e |n |on eré oVl Focess fo
F Orrmuialﬁﬁaﬂ mleted)ﬁnd&ﬁlﬁtﬁfi&d Alny qNabHSteﬁb it froceldurks fdr 1solat1ng and/or

puiSFREF St R R RGEEH i e P g wn o he

skifle® pgasonvvhayChe Wed CREBcutaspps SR8 wbild bs bk vafulC pavide highGuality
éﬂe conpound of the Fornula I X to a
and high purity product.
According to a fifth aspect of the invention, there is provided a process for the

manufacture of AZD2171;

Cles O
Ojif\N F
!
ool R

I (AZD2171)
from a compound of the Formula IX:
(|3H3 0
O
)NH
4 A
IX;

wherein R* is a protecting group.
which process comprises the steps of converting the compound of the Formula IX to a

compound of the Formula XI:
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conmpound of the Forrmula XI: WO 2008/ 053221
PCT/ GB2007/ 004176 -33 H N CH3 OF OLN HON Xl
whyoosostact i ng a process as di scussed above i nPCEIGBRI0GI04176
to the third or the fourth aspect of the invention;
and 5 (k) reacting the conpound of the Fornula XI with
a conpound of the Formula XII or a conpound of
Formula XIII X NOCN XI X1l wherein L2 is a |eaving
group and X" is a sui t abl e33ounter ion such as PF6 io
(hexaf | uor ophosphate), chloride, bromde, or
tetraphenyl borate; in the presence a suitabl e base
to provide a conpound of the Eoxpul &y (AZD2171) or a
salt thereof, In one enbodi ng pound of the
Formula XI1 is provided as t ghloride salt. In
anot her enbodi nent the conpdunt-o ormula XIl is
provi ded as the Hal ate s$
further enbodi mept of.thelinverntion there is provided
an oxal ate salt of stpodhd of Fornula X 1. Exanple
of L2 include chlor bromi ne, iodi ne, nesyl oxy and
tosyl oxy. In angphier~>enbpdi nent exanpl e of L2 include
chl orine, bromne and iodine. In one enbodinent in
step (ké tgg c?npound of FoKkhula Xl is reacted with a
co un of .Fornmu X j |
by SRQRIPRY Proke o BRI BV eafaf i iy SEBRT FRllpecR ot he
invén@ioRadad of Formula XIII.

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

compound of Formula XIII

X
C/N NN CJI:IO
X1 XIIX
wherein L? is a leaving group and X is a suitable counter ion such as PF¢’
(hexafluorophosphate), chloride, bromide, or tetraphenylborate;
in the presence of a suitable base to provide a compound of the F ormula I (AZD2171) or a
salt thereof;

In one embodiment the compound of the Formula XII is provided as the hydrochloride
salt. In another embodiment the compound of Formula XII is provided as the oxalate salt.

According to a further embodiment of the invention there is provided an oxalate salt of
a compound of Formula XII.

Example of L? include chlorine, bromine, iodine, mesyloxy and tosyloxy. In another
embodiment example of L? include chlorine, bromine and iodine.

In one embodiment in step (k) the compound of Formula X[ is reacted with a compound
of Formula XIL. In another embodiment in step (k) the compound of Formula XI is reacted
with a compound of Formula XIIL

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.
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And thereafter the conpound of the Formula |I obtained

in the formof the free base nay be converted into a
wa@ai08/0x22em and t he conmpound of the Fornmula | OPCHGBe@7/004176

in the formof a salt may be converted into the free

base or into the formof an alternative salt, if

necessary. WD 2008/ 053221 PCT/ GB2007/ 004176 -34 The

process of the fifth aspect .of the invention is

advant ageous in that it al 13 the conpound of the

Formula Ito be nmade in hlgh purity and high yield on a

| arger scal e rocess of, th ifth
an Bt pigfc Rhoos AEB LR divhe FrBIOR RS R BtraboPls trthdihgows the
coﬁlﬁé\ﬁld%@%e Bokr@hid I tof] b@mQa@lﬁelsgm kit £ Hig ylbld@ﬁae@tgemam

e invention is also advantageous for at least th 0
TypisalbioHe Discess 96 G THLBRE! Phibe BIese SR P IS LR ip E1eaiea than 80%

ylefl@ lTrhEE ogésg%ﬂlﬁe h Jsb&t bPE MvieRibn ik RisQ A 8RR 16t 1chfi®he

Formula Xl is isolated and/or purified

rea@@ts@se:usssd gy ve i) relagion dmihe thiwkrndifenrtheaspentd of thesinmeptiony

sui tab r t I

t e eSS s PR R o Ind " B8 (S RPRIATRp} fyified before
step €k)si® boralacted sfcnmmm@leaismgeany buwitahlectepe pr proodsiocs e tretdegeribed in

co und of the Fornula_ Xl . is reacted
e RG R aneBe thed g s E P it fiRd bl per
enfb0fighichi @8 SorthedunBiod R Forbila XIshichald &-daa Sethfaodonipeend of Formula

step ( 2 i s selected from sodi um carbonate, potassium
XI&Q‘?E‘BW& 2eXlllsodi um hydr oxi de, pot assi um hydr oxi de,
ReBQtEﬁzsc%hM%ﬁs%;t PRISEQ¥de and cesium carbonate. 15 Step

(K) may be conducted in _any suitable solvent and at

any Aswilteblp besetferse mastt@n @k) is sewéﬁqd fiee yodiven easlomatenpafassiym
colbath SodEh IR B SRLE GRE POR  BRAES Bt
cmmomﬂehylpyrrolidlnone and N N- di met hyl formam de. In

t 2%@3%3%%}’ bel %]oenﬁﬁétcla(a ns gg sulgalbLeE/ sgﬁgﬁt&% 89 %@%&?5&9 teﬁ'ﬁ)el%mre.

C oNWelndnehd H)@Se ugedtih etep de)deseddcteldrfmim 8(divtno caiBéEte and potassium

nveni e ran f fro 0 85C.. The

caontipsutine sy pde S st Nrstb o bRtinGat g
N. Mﬁ%ﬁ@&ﬁﬂﬁnd& Th 8§ adpbctadtd @S typhally ﬂﬁPB& Zdndh@te@@t dBfh@erature

in high purity and high yield on a lar
in fhegpegs|of ;l?rome@éﬁ 185°G. ﬁenvegteaﬁ% inghe ange %%§9 t%%OOt freconveniently
in tlef thibe BT ROAL 7505 skHE€ Present invention proceeds in

greater than 80% yield. 25 According to a sixth

as pdde pofcesstof therfifdeaspedt af/iha invention ik adwaniageqys iy thateigalipws the

VAR 0

A%’%?nl,;@ Et(’?] Bé %f'id% %211% gﬁ% lﬁgﬁy@fd aljgy'scfafe. Ty Bically, 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:

IX

wherein R*is a protecting group.
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CH3 ONH I / J RRON IX wherein R is a protecting

group. WO 2008/ 053221 PCT/ GB2007/004176 -35- which
w@e@sesr2conpri ses the steps of: (f) reacti on BET/&B2007/004176

conmpound of Formula I X with a derivatizing agent to

forma conmpound of Formula X wherein L1 is a |eaving

group; CH3 L1 ON s RHON X, (g) reacting the

compound of the Formula X V\ﬂsgb

2-met hyl - 4-f1 uoro-5- hydroxy-indole, optionally in

situ, optionally in the presence of the solvent used

I.n. ste f).:10 . conpound of the Fornmula VIII:
which OC%EO'%"%G@Q%{QF@& RHONJ 10 VII1; (i) renoving
(R4 rdaction dfrescoapomolofd ophulh NE vt ddrizvatiding ageot thdomn 4 bempound of

cogglprgquxof the Formula XI: H

wherein L! is a leaving group;

CH, L
0 N
4 s
X5

(g)  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 (f), to form a

compound of the Formula VIII:

H
N
Y
C‘)H3 O L
O
J
4 ~
R>~o N
VIII;
1) removing R* from the compound of the Formula VIII to form the compound of the
Formula XI:
H
N
Y
CH, 0
' F
0
J
~
HO N
XI;

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

compound of Formula XIII
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N CH3 O0F -N HON'/ is XI; (k) reacting the
conpound of the Fornmula XI with a conmpound of the
wo-rosiobr2Xl | or a conmpound of Forrmula X1 WPCT/GB2007/004176
2008/ 053221 PCT/ GB2007/004176 -36 X N C/~\LZ CN\~
X1 X1l wherein L2 is a leaving group and X is a
sui tabl e counter ion such as PF6
(hexaf | uor ophosphat e), chlog'de or bromide; 5 in the
presence of a suitable basé‘%o provi de a conpound of
the Formula I (AZD2171) or a salt thereof; whereafter
the AZD2171 obtained in the formof the free base nay
be converted into a pharmaceutically acé%ptable salt

form if nece agy\\Ihe\process of t i aspect of
the inventi advantaéeous in that LOws the
io AZD2171 t made in high purity a hi'gh yield on

a larger scale. Typically, each of the steps of the
process of the seXEhth aspect of the presht invention

whgr&n] éfd f? quayr]llag iggozé.tﬁer %&90@ é(du {eg 1on &as F"}'%L

14 a c 1orT ha rom nating or
awkﬁﬂbﬁﬂmbﬂﬁmﬁgenbnﬂhaﬂnmmaﬁess step (f) could conpri se:

(f) reactln he co nd of th
in t&?ﬂ PrespIce Oﬁ?e?ql ??erf@ pg% a ‘iOHlPPH%‘F"fE‘?e em Ace gfa‘ Y17 or a
salSibleaP! e base and a solvent selected fromtoluene and
ani sofe, wherein the reaction is reie

(f- wyerg@fgﬁr g AZIR VAL pbtainsd 1n fhe 1 fifreg pase H@y% rc%\feéted into a
ph%éaé‘éﬁ%chg%cbﬁa%lé Ditehen iSRlyeRy,. to a nixture of the
Ivat1Zing agent in the solvent at a tenperature i
t heThe process of the sixth 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 seventh aspect of the present invention proceeds in greater than
80% yield.
When the derivatizing agent is a chlorinating, brominating or iodinating agent the
process 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 solvent selected from toluene and anisole, 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
(f2) 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
(£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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20 range of from60 to 110C over a period of about 60
m nutes; or (f-2) adding the derivatizing agent to a
worRoosse20f t he conpound of the Fornula | X aneCT/B82007/004176

base in the solvent at anbient tenperature over a

peri od of about 15 m nutes and then heating the

reaction m xture over a period of about 90 mnutes to

a tenperature in the rangeggf from 70 to 90C and
stirring the reaction mxture at that 25 tenperature

for about 1 hour; or (f-3) adding the derivatizing

ag %&fefr@d QspE@tQ(BiUthg pfbfces‘s e the QAPALPELt OF the i eh@raLk as iel(out
base in he sol vent at atel’rperature in

ab ovamgrelamn fOrlbdiV@Galtstﬁpi 3p&serked iytheseqond.dhisd, fa%mndféth aspects
0 [
o e S S E UL PR Dot e it ppoctof
the dfvettive araassset dwnbayves farsxamle,du telatmp v ndividuabstepsi of the third and
fft|nd|V|duaI steps as described in the second, third,
Fourth and fifth aspects of the present i nvention. In
parCdnsuhiaitly, fe®hey used irassqpa®] of thé plobess pf the afxth axpedt bfthe present
si xth aspect of the inventi re a @ ove
invengion dspatgstum qappopale gpd b e é@%ff%lr
third and 5 fifth. Conveniently, the base used |n
steﬁ@(k) of the process of the sixth aspect of
pr ekherinventipny isillpshiated hesinafechyunsena Phba éqlp“awn%lémﬂmg

exa 'lets"i'lp{vﬁlcﬁodn\ﬁ%ﬁt)th'eﬁm% amthyl pyrrolidinone. The

vention is 1llustrated hereinafter by nmeans of the
f oI [ipwivargprations Wierei caitieg ouf by wieapYaperatian ihiacke andrivekgip

orofe s el et Gl ani rbon YA RELSUL AN BT HE Sotil b

eVEpoT At dn iR vac it es
filtie 618 carrled out after renoval of reS|duaI sol i ds such

. ts_ by, filt
For (0 Picks NG Sssuapier S St pnstSey pRofatit”
attdi@blgrum is attainable; (iii) the structures of the
O R e o SR besk DR s IE0Ek by proton

mabRG MsOHARe (RNRD aRd fﬁﬁ&ns%&dtﬁl feBRRNRBGRotof Hﬁgh&ié'resﬁ)tihﬂc%
val ues were measured on the delta scale an eak

chemital pliftivelues wsrean@sen@mthasielta wrleand peask m‘élrlnlgqﬂe%s argjshown as
b L triplfm AL B, brd) tet; all
fmﬂ% 4( gbgleg l(Jl i Irll&bjiyltf ht lg I‘qﬂ % $ arrp Bln on rq buneer :
sanﬁmeﬁ 400n MBrulet Dm’(xo400| MiHy 309K indhrt soilwut mélcetad 1p@cans, pulse
ns, gﬂi epetition time 10 seconds;
repetmon fm 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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(iv) internmediates were not generally fully
characterised and purity was assessed by NWR
w@r@Bpsi2gt (v) chem cal synbol s have their usuBtCT/GB2007/004176
meani ngs; S| units and synbols are used; and 25 (vi)
the follow ng abbreviati ons have been used: THF
tetrahydrof uran DVSO di net hyl sul foxi de TFA
trifluoroacetic acid NVP Ngnethyl pyrrolidinone 30 DVF
N, N- di met hyl f ormami de V/v vol une/vol une ratio WD
2008/ 053221 PCT/ GB2007/ 004176 -38- w w wei ght/wei ght
rati vV wej H‘?F—i atio 5 Exanple 1 Preparation
of 1% Iuoro-%gﬁg?ﬁgk- 1(fndoI-S-oI (smal | scalg)
Pr epeivat i on obighévdlubetaib 2- (2
3-di fluoro-6-nitrophenyl) 3-oxobutanoate (small scale)
tent-Butyl acetoacetate (3.852 g) was added to a
stirred m xture of sodiumtert-pentoxide io0o (2.804 g)

Examplel| yene (26 nl) at 40C. The nixture was heated to

Prepation Of A-fioBo-2irhdthIor -idolisiol (dneizRaR) (2. 00 g) added.
he mxture was mal ntai ned at 70C for 3 hours. The

Prepiratiol (o e M8 Sy CRE). RHiffubrolefitdfkkng D% M obu b dhiall sédld)d

added to adjust the mxture to pH 1. Sodium

e Brubd Aetieacaiats (A4828) Ve adfphg asteredmitiiies! sedijyp fg7-pentoxide
(2.8\6‘@%?{ t&@ i (?6%1 At HhEH3R8 LMY BF08C kD1, Ih ) RS o-4-
ad e&. ﬁe owe d the

aqueous [ayer was di scarded an
nitratregzanie €2.PA gpadded. Washixdurs wes ewiitaieddyat {PTChiond hewrs( The mixture

m 7 2. 3% . [ ' .
w55 ey Sy GRS LR BRSNS Soom
bicdrb()tlﬁfe Wﬁ&ddécstr)iblri!ng dleu?ﬂmre toqﬂhi;e}zl/ atgp (Esd)Land s{tbtadizadipm

to ave a s tlLon of tert-Dbut . .
ontesfiesS B Trb. BRI rpRens fyeRrasisied amaihs e laver
washd {R2B&sivAly SITRI WatanQ WY, wiks (VALY RBVENvEE idueath sativkDEarbonate

0.4 nbar to give a purified sanple of éo. ert-putyl
sohgtiop £2.33 gilx Mghw\sat?ﬁ (® mp sy ATgante 13y TR ﬁ&ﬁ?iuwgggeduced

[1] ’ A ~ . 6
e JRSAE Y8501k 0 0 0 OmANDR Mo R0 50

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, J/=9.38, 7.97 Hz, 1 H keto) 7.75 (id,
J=9.35, 8.03 Hz, 1 H enol) 7.91 (dt, /=9.19, 2.36 Hz, 1 H keto) 8.05 (ddd, J=9.24,4.71, 1.89
Hz, 1 Henol) 13.12 (d, J=0.65 Hz, 1 H enol)

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

The solution of fert-butyl 2~(2,3-difluoro-6-nitrophenyl)-3-oxobutanoate (3 g containing
2.38 g tert-butyl 2-(2,3-difluoro-6-nitropheny!)-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
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3 Henol) 2.45 (s, 3 Hketo) 5.66 (s, 1 Hketo) 7.60

(td, J=9.38, 7.97 Hz, 1 H keto) 7.75 (td, J9.35, 8.03
woi20080532en0l ) 7.91 (dt, J9.19, 2.36 Hz, 1 H ke€DLGB3000B04176

(ddd, J=9.24, 4.71, 1.89 25 Hz, 1 Henol) 13.12 (d,

J=0.65 Hz, 1 H enol) Preparation of tert-butyl

2-(2-fluoro-3-hydroxy-6-nitrophenvl) - 3-oxobut anoat e

(smal |l scale) The solutiongof tert-butyl

2-(2,3-difluoro-6- nltrophenyl) 3- oxobut anoate (3 g
containing 2.38 g tert-butyl

. 2-(2 3-djfl |
s fpBafh i Bt DO o Sucs ol ERTaLE et
exird68d Mtwmmemshmm trilo rsnmfcofﬁbnne@ ArgRnic :lm@g WHIY dlstr%edt Yyer

rednggéjl g%éreﬁ%lxgﬁ%e?{%}é—b\é\%i aéE %rujna ? derE;g;{ E%ﬁﬁoyggrégl()v% \%(obuténoate 1.59
- (2.053 g). The solution was heated at 50C for 18

hours The solgﬁeon was cooled to 25C and water (8.45
d by 20% w w sul phuric acid (14.3 m)

ﬁﬂgg %}%@&w\@%@@@/ﬁ@@%@é@a@ $a8200 (4, @Qﬂéﬁ) 1. 3@@ 9 H keto) 1.79 (s,

€ organi C

3 Hsaaparzase(st 3ahidtetphé%éﬁaééhlset¢)aﬁy%)r(t,ffu9{0ﬁé¥z 1 ElkSh Gl J=9.00
Hz,lmg@ gpgl g& g”?[o?ﬁ“% ﬁﬁ(egﬂgh 39 (BE £OTBI NRALLII98RAY) 13.04 (br. 5.,

“ed7un reduced pressure to give
1 He&bl)- but yl

2- (2-fluoro-3-hydroxy-6-nitrophenyl) - 3- oxobut anoat e
1.59 g. 5 Mass Spectrum[MH " 312 1H NVR Spectrum
PrebABRoMizL-(2ONRED A By dxpBRitoRRn{IS-propat emo (gmall 88el s, 9

To @§01?1&8rp.pﬁ]<-téftt-g)}1tyz Qg@-?fl@?roeg-gg}r@éi g‘glitr(o%hw?gf&)g-g}%bgl aggét?% 89 g) in
d1ct}lﬁg égé?hdag'élzwas]adﬁb@t%@h%ro&em adid (1 M7 208 tHé&mxﬂ;rd‘lstkﬁle) ambient

1H enol2 13,04 (br a
temﬂeatwb YorP0 hpprspd] hgmlﬁnre(yyas poncentrated to a thick paste and toluene 4 ml)

adée% gp%;h% 1x§1ré%’1?t§l?a@6ng fat o Ekg%k ?77%19.\? aRUL4PCS. FEtRE toluene

O a so Ion O

(12m 3 tsiond theoiony il Soghupidyoxaleds dhirin i) was added
anéﬂée g(w(e% f.qlfé)}ls Ix%hsteﬁ f gt%; NADSHIRS iR gogl%?le [¢L: n}%)!l)u 9heagRblElayer

ure stirre
wab aied ¥itdkatdr 020 B0 ahd wasnedkbd070. xAcatie amis{litoﬁ)omadéﬂb@llowed

t t hi ck t d.t L
By B ESe Tty Bt g M o
mIPAIdad PR mixitt b8 odled eFT arldliéf Bl dmigars "Jarédekﬂd angfiltdred and

m xture distilled. Sodium hydroxide (7.4% w w, ,2
waghed vaighiwater @A @k nEhe solid waaa%%idag VRS OB 83’?&0(9 afﬂ?(?}o 3

R B B B S8 (e e At e 40C.  Aceti c
Mass iSdedihd [M-H]Wd4 added follomed by sul phuric acid

_}ﬁﬁ&ﬁaﬁé_ggéqggﬁéﬂ Y1zt BR1SB A YiBa'5E7 609HGY. 1594, 0C1 80%kz, 2 1) 7.06

(t, /=9.00 Hz, 1 H) 7.92 (dd, /=9.16, 1.72 Hz, 1 H) 11.43 (br.s., 1 H)

Preparation of 4-fluoro-2-methyl-1H-indol-5-ol (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
(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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20 m) added. The m xture was cooled to -5C and | eft

overnight. The solid was filtered and washed with
wowri0s/05228 m ). The solid was dried in a vacuuP€DGBRO0T004176

give 1-(2-fluoro-3-

hydr oxy- 6-ni t rophenyl ) - propan- 2- one (1.65g, 30.7%.

Mass Spectrum [MH] - 214 1H NMR Spectrum (400 MHz,

DMSO-d6) 6 ppm 2.27 (s, 3 I—_|)404 18 (d, J=1.62 Hz, 2 H)

7.06 25 (t, J=9.00 Hz, 1 7.92 (dd, J=9.16, 1.72

Hz, 1 H 11.43 (br. s., 1 H) Preparation of

ATht BREOsAL r@;mfﬁg) Wit diQdRled B &ll:hl&%ﬁﬁkﬂané S@Jfﬁél) and fi tired
| uoro-3 rox -6-nitrop ) - propa
thr@yg(lx/aa@adcﬁf sdigp he §ltenrad mva@ﬁvaslpdtvagedwmmromnmamam ml).

(0]
Thé @orﬁlg%lﬁli fﬂéﬁy%% %vrzer gélgt}lfr%h%ﬁfdo‘vﬁg g%ﬁl' ?Qs@ﬁar};? ?b\% congentrate was then
addhdcsbwvgse toFfvhexdang (412 Bmiemd sl mncente ﬁcmceﬂtraﬂiem ot os/ingt v@nof

Gk S8 APPSO e B0t i

isohexaae (AL min Theaolid wagdricd i€k &Q@um oven at 35 °C to give 4-fluoro-2-methyl-
4. 8% . VO

ro | Hindol -5-01 (0.5 g,
1H2‘66‘§7u‘8%1éé§01 crﬁ%é/e%zoow 004176 - 40 The' or ude soI i d
Mds2 §pecim Wag i gsol ved i n di chl oronmet hane (6.75 nl)
and fciltered]throu h pad of silica (250 ng). The
c WY NHs S@i—déhfiaépmrﬂ Brleretihane - @354mm }1)664 (t,

heygor pedd ke AL sty g o ©

dr opw se to i sohexane (4.25 m) and the m xture
concentrated, renoving 3 ml of 5 distillate. The
m X e was cooled in an ice-bath and the precipitate
Ex ed and washed with isohexane (0.9 m). The
Prsﬂrhﬁom-ﬂﬁb@dz-hﬁt%l-\mmumﬂu ks to give

4-fl uoro-2-net hyl - I ndol -5-0 Ing, 72% Mass

Spect rum [ I\/H—|]1+ 166_1H NVR Spectrum (400 MHz, DMSO- d6)
Prepa . 8 byl 242 Badiffuqne-6-nitgoghgnyld-oxohy armaj@ilg(ge scalgh

J ?§ tcﬁﬁzn'é'@ 1 0]1) W)as gha?g%d @gdluxﬂﬂ% f%ttb%de @t }T%h§ 3 gﬁ) (ﬁie n}lxﬁn‘e was

repar
hea4&q€ tp48rGaml fl‘?ﬁth‘\wl aqqtpaccidwl (15LDke, (Zlhq);jzddsd‘.aThﬁ mixhfre was heated

to 1O A Rutotcich B b T b aded T emprraigevsmpiagpined a
70°Tbfot 8 hoene Thbixtdre wwaso@ibthrogbdc andl20pwive silpeidtaod agﬂed to

. k edq). The m ture a to 40C an
b el T armasteth Myt RasiRgrded oy gmidayereshed
twine with mtewﬂfb‘x beakesf witer), m& AW bditkabRAIHh A E1VR80RS and then

% Ceq). added. The tenperature was maintained

wallr f’ 19 kg? The organlc layer was distilled under vacuum (50 mbar), removing 574 kg of
distillate leaving a solution of zert-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 tert-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 (1871).
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20 70C for 3 hours. The m xture was cooled to 25C and

209 w sul phuric acid added to adjust the pHto 5.
wab@slosszer aqueous | ayer was di scarded and t hePOF/GBR00G/004176

| ayer washed twice with water (2 x 227 kg of water),

with 2.3 %W w sodi um bi carbonate (192 kg) and then

water (192 kg). The organic |layer was distilled under

vacuum (50 nbar), removing 574 kg of distillate

| eaving a solution of tert-butyl

2-(2,3-difluoro-6-nitrophenyl)-3-oxobutanoate in 25

«FuHHér%?'Qv/wp sufpl ﬁ'{]@gdl&) Qa®bdde bt xltujr yas QobutTalllre] 0 a%amc layer was

T"uoro- dr oxy- 6- ni trophen
Sel(amfrcg@dsf,hm@)eouﬂihs@r Swothet exdractedl witbrdichburomebthane (187 l) The

3- b
o SR8 OB B SR g1
of Kigtillate thOzieders-bhvyl 2h@-fantedhgdpkpsaivaheadd2dxShtanoate as a

t he 09/ w Triton B (298 kg, 2.0 eq) followed by
SO@ﬁ@TEﬁfﬂé@?ﬁ?&% °(97 kg, 6.8 eq). The solution was

heated at 50C for 18 hours. The m xture was cooled to
Pre 25C and mater (392 kg)6added follomed by 209@va

( -’F 8 7é|r} but‘ﬁ@—gﬁﬁ’g&g@%}o)@g 6%3 g{%%Qﬁﬁgo%ﬁtanoaé%n%htl&g&ethane

Y w sul phuric aci'd was added m Xt ure was
froﬁHbQVe Wﬁ%a&eé anther flighleromeifmne §i@3d) fallevredibdtriflveroacpiie@oisl (158
i ' [ 9 1) .
kel R et l ofotbhBGAGLE bR CHRIEAHBTT 4% BP0 . The
mildsmmacdiqjﬂ]eé,smmevmg Q88 kaff distillatendolurge (166 Ik@as avfled and the
dIS te to - I
miStogesly Bl a3l i k6 Dbt et tgloan st Don added aad the
migtufe diﬂilldti} eoving dBT Rk of dismlaba . th@ge@ﬂaé hs édzﬁle@ﬁ A%w/w aqueous
pr opan- 2- one

socgi]lé?@gr%@g%JfOS%g %gtﬁtﬂ?%lgi%rg %gse Bﬁl 10.5. Thg aqueous layer was separated
an@whshell WiBItOluSie 60 DX ThOadtcbisaRRe ‘%ég )111§e@mﬁ Wafh @2509), ihBated to

di chl oronet hane from above was added further

407 e0dl aspimanihefe 4 (kepaddeyl, lﬁ@lcmw;h@pﬂ;from 161 tro}-§ales I was then
adﬁ&le&ito( ll@ﬁh 20‘% W sul gﬂ'uhé heidpisAs @gﬁ :C"fg% nggﬁlﬁ \%Q})&ro%tgll% BoC and

reacti I rre our
seq&pd(wuhé (Wetblom é‘ﬂwdﬂoeﬁ@mteqpbvmyibpma@—kgn@f Fuﬁhst whien(660 kg) was

Tal the m_ xt ur,e il
oo BahTIR ol Boplod B TyRRRR TR Brtilis s M BA SHE ey . e
prodast veasdleﬁd amdabrtvMunmSﬁtnma add . |Yield; 56.€kpVidogbakeBok §2,3—
istillate. To the residue was added 7. 4%\ w

Uﬂﬁ&ﬁééﬁgrl§8§?&n1hydrOX|de (-705 kg) until the mixture

was pH 10.5. The aqueous | ayer was separated 15 and
washed w th toluene The aqueous | ayer was
Pregasation gf 45flue = hdaieggealy) 40C and acetic

abe Q s&lﬁﬁén af ﬂ%ﬂ@ssﬁﬁgﬁﬂmnﬁt@ ng% &her Rob &éﬁg%s]a\%;lgd }-©-fluoro-3-

usted to 1 W
hwérempﬁ@ptr %awlhprpp@&%onm 11<£h@1dths<nmterewaged:t@cglwa sout®@ To

i RAgRRESE S Wi ded s soluonof sodm difoni G98 ke gpger (150 k.
Thégmixtiwerwasdibldrat 25W0fok @ howas The product was 1s01ated 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%.

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

I). The combined filtrates were distilled, removing 835 1 of distillate. This concentrate was
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added and the solid isolated by filtration. The filter

cake was washed with water (300 1). The 20 product was
waleios@szader vacuum (50 nbar) at 40C. Yield: 5BCODGB07/004176

74% based on 1, 2,3- trifluoro-4-nitrobenzene.

Preparation of 4-fluoro-2-nethyl-IHindol-5-0ol (large

scale) To a solution of potassium carbonate (79 kg) in

wat er (800 kg) was added 1- éﬁ fluoro-3- 25

hydr oxy- 6-ni trophenyl ) - prop 2-one (61 kg) and the

m xture stirred to give a solution To this solution

dded | uti sodium dithjonite (.29
ottty 1EBRSREL PR HuiBe f o P ias The by sestigiled
renflim’nrllqg243|6dlm£ Slst1Il'd1le "Dlﬁdiﬁhtt@lktwa&QSolle&w mdség%foi 1 %1(51&9'}1&1 n filtered.
ing the e wi.th water

b ek sake A IP Gl b eBr e s BReRreis vpSdpdmp raduced

St (SWinead) at 39°K Oyiek2 %4 X st%@a&!
pre4 fl(uor 0- ag) amst hyl _1|er| nd(% - 5-ol ° 6&9'13(2 ﬂuom 3 |d§(§x 3l Ved
nitlopheRyDHreRdreeWane (880 1) and flltered through

silica (33 kg). The filter was washed with

di chl oronmet hane (440 1). The conbined filtrates were

distilled, renmoving 835 1 of distillate. This

EX%ggﬁﬁptrate was WO 2008/ 053221 PCT/ GB2007/ 004176 -42
rapidly to i sohexane (360 kg), resulting in a

Prepaspiémsifdn(2-flike o438l el oxwa 6-nitirSilienB-Srop 1L 2BME A®nft 36 1
nwﬂf!dkitiklﬁte' The batch was cooled to 0C, aged for 1
n filtered. The filter cake was washed
W th i sohexane (73 kg). The product was dried under

,50 nbar) at 35C. Yield: 31 kg, 68%
JOPY- Qridiophal j:‘;-'a’qoxobutanoate

nSdcﬁlﬁﬁ ﬂp{é&aﬂd@(ﬂ?m % %§adde t? ede ff 19145 gﬁd #0 @Lg heated

2-fl uor o- dr oxy- 6-ni tropheny opan- 2- one
to ﬁOo ﬁ%gmpr%@pw@@m@m Tzrfépamtad@d lnéthNEm‘ﬂydice&te((M 28 g) . The

o at e
i o B 0 R b BB L TR oo
adjwted ta76°C hel K2.artriffudredtwtiobenoers .0 g) gid\t&, giving o bxfa@gb”lsolutlon

i s ml R TS TR SESL036% 7, A28
Ieftamvann@k YEcb thewistuts was. adabtemtmﬁmtawde(éwaﬁma d3 i}, ethetiOwer
2,3-trifl uyoro-4- nltrobenzene (10.0 g? added,
aq“@?‘%?. l%ef é{VﬁS SPanRS 2ud e qragic layer durther paphed gise matbritydrosblgric
amcﬁ@@%ﬁbﬂut%m B¢ ordahie Wyes wﬁshﬁd%h@d \I/VRH\@QEBQS SARm bi8a drbonc?te

nbi ent and _left overnight. To the mxture was a

SOI‘HV&K%@ ey £ mbiaad tesmowatsr (3 (h@l)mf)lrthermeesttﬂm (21 ajywesicharged
and| tﬁé’ﬁﬁxu\ﬁ@%vagﬁpﬁé rﬁﬂrogﬂg Cﬁ Srai)(fr Qf'ﬂnﬁalj Batk ElOCfd‘ir élt}lng 25 ml of

washed tw
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) § ppm 1.85 (s, 3 H enol) 2.47 (s, 3 H keto) 3.50 (s,
3 H keto™) 3.63 (s, 3 H enol*) 5.79 (s, 1 H keto) 7.63 (td, /=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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20 acid (6% ww, 36 m). The organic |ayer was washed

W t h aqueous sodi um bi carbonate solution (2.3%Ww, 15
workgosasit2t hen water (30 ml). Further nesityl eneCl/&B2007)004176

was charged and the m xture evaporated on a rotary

evaporator (25 nbar, bath 40C), giving 25 m of

solution. A small amount of this solution (5 m) was

concentrated (68C, 10 nbar)43to give nethyl 25

2-(2,3-difluoro-6-nitrophenyl)-3-oxobutanoate (2.229)

as a yellow brown oil. Mass Spectrum [MH " 272 1H NWVR
PrejaR&oh lof Metithd0- (Mﬂmrom»zﬁ@:dﬁs) 6@mxivﬁf>o@utaaomeenol )

5%%17 ut@nvaém(eﬁw 7 %—319&?%} ?né@pb?laf t?r:’)gobg%ﬂ%gaﬁe E‘vmpﬁztylefe

(11. b'l getz@}m%f zﬁuﬁdn‘}i was Qdcﬁd %ton7B %}Z)W/& gg) B%%}ngﬁe sépatation was

poou scofuptiter rswtnlem@ rmf) 9‘@8 raédedl The tavest yqt&ezufsleye(révas femrated and

furt@%%r@% 64}(}‘%@ ’ I?@B@_ 4%&%?20 }6{1\?‘%“ %?IQ (ﬁf %@Lﬁe was held at 55°C for 16

houg. (’Eheﬁahimmrmw& dwhtdcbtxgmﬁenﬂ aod bplrecybiic BibEaMuYAndang) Tised

oveb T Guohcs iy BT AUghlaefene (G oD aRikled i lower
orgdiBSIat st sepezated. 1 Thdkkugus 12¢kr Mas frthedéitatiad Jvithaischésto@ethane (24

Triton 4 The aration was
m) ggd fhawwsweﬁegaflwg?f@% sl b (e e of aa¥rs i hydroxide
(8.5961WBRUS Aﬁgy@ HWBS. 8P aqrberpiabswss fukthdrR@dsheld witioRoRxane (23
(409M/m1 2 added to it. The aqueous m xture was

ml) He|giv e B é?lu i@ ofiyerting 2-@{lors- %Mﬁir@movéénte%re@d 84
oxoBiBi&. and hydrochloric acid (32%ww, 19 nl) added
over 15 mnutes until the pH was 5. D chl oronet hane

(A& 4mall ymonkrs ved deaporatad to deynksswara rogrgeMaberatonyie give a sample for
egarated The aquous | ayer was further extracted with
drehl or omet hane (24 mM) and the conbi ned organic
MagtmeetnbafMFHEA7®OY t he addition of aqueous sodi um

111 0K e Rt TS ot 1 LSBT SR GRS 5o

J=93MEz, A BRUIPPRE (RIOVLE401 2afHATRHHo]) 12,72 (br. s., 1 H enol)
2-(2-f1 uor o- 3- hydr oxy- 6-ni t r ophenyl’) - 3- "oxobut anoat e.

A small ampbunt was evaporated to dryness on a rotary

evanaor 15 Mass
P r@&?&t&f&kﬁ%@%@ﬁ&g@% I DNEO d6)

bWpten(17. 77151)(\79,8 a8ddd te ety agidR95.6 ml) Bllowediloy 5)1111611156 agit (16.6 ml).
To é‘ﬁ 0? txfg w/aé tl%' d%rt'll%lqeleo_)[ls Eﬁu’t (iill onf?nn?ngd'lﬁeth}l Zz-é-ﬁgdro-lj-lgdloxy—&
nitrophenyl)-3-oxobutanoate (8.195 g) and the mlxture heated at 90°C for 4 hours, The
mixture was cooled to 80°C and water (24.6 ml) added. The mxture was cooled to 40°C and a

ana

seed of 1-(2-fluoro-3-hydroxy-6-nitrophenyl)-propan-2-one (2 mg) added. The mixture was
cooled to 0°C and left to stir overnight. The solid was filtered, washed three times with water
(15 ml) and dried under vacuum at 40°C to give 1-(2-fluoro-3-hydroxy-6-nitrophenyl)-
propan-2-one (320 mg, )

Mass Spectrum [M-H] 214

1H NMR Spectrum (400 MHz, DMSO-ds) & ppm 1.75 (s, 3 H enol) 3.59 (s, 3 H enol) 6.56 (1,
J=9.27 Hz, 1 H enol) 7.86 (dd, J/=9.43, 1.24 Hz, 1 H enol) 12.72 (br. s., 1 H enol)
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Preparation of
1- (2-fluoro-3-hydroxy-6-nitrophenyl)-propan-2-one 20
wOat081052277. 7 m) was added to acetic acid (15.BCTHGB2007/004176
foll owed by sul phuric acid (16.6 m). To this
sol ution was added an aqueous sol ution contai ning
nmet hyl 2-(2-fl uoro- 3-hydroxy- 6-
ni trophenyl ) - 3- oxobut anoate,(8.195 g) and the m xture
heated at 90C for 4 hours. "The mixture was cooled to
80C and water (24.6 m) added. The nxture was cool ed
to 40C and a seed of
——%—?%:#Iuoro 3- hydr oxy- 6- ni t rophenyl ) - propan-2-one (2
Prépa)-atigiderd -(2HieoroiddvdrexwaaitPapleael)edopm-Donafidnl eft to
_lﬁi%%ggéééﬂgght' The solid was filtered, washed three
et water (15 m) and dried under vacuum at
40C to give 1- (2-fl uoro-3-hydroxy- 6- nitrophenyl)-
Nhss SoectrUWI[MJﬂ 214 1H
Syl L.._a ritaphengh)-dgoxopptanoates” (5 3 H
&* %m §er'i5§ fét%( d§83l3| 59%2 hohs @dcé@ td &esﬁy?éﬁe Qﬁ% ngi aﬁ'&fthe lﬂnﬂ(‘fure

enol
heaéed to SO .ehiotte SV@GQ@@BW@S@QQQ“W@B@W @@Aﬁi EQS OVEI 4@ inutes.

4 ° °
Tt Ryt SRAAEED Bou 07 The i stury wes gated 10 70°C and
1,2e3¢-hifluoaedhdtmbedzate(25.0Ry) epdeda tlhe mixtfire exothermed to 80°C. The mixture

| 2- (2. 3-di £l uorq: 6-njtrophen oxob noat e
was a7 Gl bih dach oW d RS fokbi AR R0 To e
mlﬂafel Waklagael Kyd@sthmric aalﬂ({6% he/\ﬁzrr} 00 b euntih étpeTirehcheB ACThE aqueous
he suspensi on _was et aceto etate
ey B SEOLAEAARLG AN decrFgte SO Gs SR AU g e oie cid
6%5\9)‘%\!“ t90 @19? the-ﬁhﬁltﬁ iﬂu@&s%b&hﬁ&%ﬂ@ﬁmﬁﬁ@ g% WAy, 806 rﬁ‘l)nl_gnd finally
3-trifluoro-4-nitrobenzene (25.0 %- added

watnr ﬁimb drdhehererrielayer W@ddeﬁi@ﬂh?fﬂ%ﬁ enpe( S #e the gpixture
dls?lﬁ%@@% Io?a( %%HL& (IGFO ! he ?tot Qv&@%luﬁo‘ﬁ of 'éﬁl'yﬁﬁ‘ {2,3-

ure was ad
diftwpdy- @mtttqphmyl)abmot(mmmw m@s@i@lene 90 mmomtalmm%n g of ethyl 2-
S r was separated and

@, é%afgué?cﬁgdn%oﬁg‘e?)ﬁgy8?(%%&1%}118% ayer washed twice with
hyckineatihsatipleq 1 @il twasttiotiidrwyapdated Jn a toteey evdpbiatadLmbs:, bath
%ggiun1bicarbonate (2.3%wWw, 37.5 mM) and finally

60 er (75 m). To the organic |layer was added further

MAEShdie - p3841 ) and the m xture 15 distill ed on a

rotary evaporator (10nbar, bath 60C) to %i
LRV Suseirah (#4AFHZ DY Cock) 5 ppm 103 (/=711 312 fheto) L0 ¢
- I b th&aql_
7=} 208 B ol 1 RRD S Lo KRN HORAG 5! IR, DMt KRG+ 2 B
endl? 5.36 @, fl I Hibeto) B {td.r 1381197 H3- 1o dibiod 278 &ide)f=9.38, 848 Hz, 1 H

enils Z‘%gi%cfdé?=ﬂ% 4\3@2} ,B}(I %l[g? ﬁfl kee%?%%% %c?cg JQ§]2’E 4r€@t, £oy 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



15

20

25

30

60C) 20 Mass Spectum [MH]- 284 1H NVR Spectrum (400

MHz, DMSO- d6) 6 ppm 1.03 (t, J=7.11 Hz, 3 H keto*)
wa2@8/0§3221 J=7.11 Hz, 3 Henol*) 1.86 (s, 3 H PODIGB2007/004176

2.47 (s, 3 Hketo) 3.89 - 4.22 (m 2 H ketot+ 2 H

enol) 5.76 (s, 1 H keto) 7.62 (td, J=9.32, 7.97 Hz, 1

H keto) 7.78 (td, J 9.35, 8.03 Hz, 1 H enol) 7.93

(ddd, J=9.19, 4.71, 1.94 Hz 51 H keto) 8. 08 (ddd,

J=9.27, 4.69, 1.99 Hz, 1 Henol) 25 13.00 (s, 1 H

enol ) Preparation of Et hyl
oréa fc%#e(r)# 4 ct§<;1 E\Xtﬁ a&&(é()ués sd?l'ufnﬁ Rﬁﬂ‘g)ﬂ}{é 28 53%\9%79 %"’}tn%] Ofllrleeaqﬁeous
exact Ra8wdshied toico wﬁh nsohe:cipb &3 )ni)3e give bubqreoat ®1ftR4h.of 6thyl 2-(2-

Len tal, vol 80, m ), .was ract
il TR R s R oo B i RataiiE 47 Sk BE i 2--
fluds3-hpdhokyl6-mitespheliyiis -ogobittdnbatd bistdimegB 00409y, W, 140. 4
g), heated to 50C and held for 16 hours. “B r?xture
Has qyapared i drgpRss g p Fqtay Y PORALPIRNG AN Jeed
@ggPédugﬁ[Mthyggochl oric acid (32% ww, 74 m). The

mxture is extracted twice with dichloronethane (69

LEE)/Refpéctrn ($5r18FrcBMAO-2008008BIL1 PEIRGE007/ 100 61D 3.58 -
35500 AP T B L3 o T b BB BB T et v

washed twi ce with isohexane (67.5 m) to give an

fhoate (80 m ,

Toc@fﬁtxwa bﬂﬂ:eﬁaa&@ 957%1) aﬁdnwlate%@ an) was added sulphuric acid (61 ml) The
fl uoro- 3- hyd rox%/ -nitrop yl ) - 3- oxobut anoat e

mixRIEY Wasyarpsd e §7°6] aaryi an @qwogﬁ%ﬂlmtl%léﬁﬁqa@%%h% vgdtueresd

hth%x‘y'i lo¥ilife éﬁ?h Rggg -JxBb@inoa R 3PLB LR RIed. a‘i‘ﬁ’e ﬁﬁéﬁﬂé %g heaté\@a?t@7°c for
Spet [MH - 6 1H NVR Spect rum (400

3. plmowrd _t}gj_l cpeled gp=50° O@néwates (95)11111 a d( §."he gnqayreg;vegg:oo ed tcgcg()°C and

se%\xgtlh?) g?%‘%g? g:h’ydfjoxg-é &trk&iensh)—@opZnE%n‘: ?2 m‘éf IPheddixtie was

codled B 6L GtiBehychrghyt- Gha hﬁxtophmsﬂlt)erqiramb ansipddoiee Tmeawith

i n d wat n
waltr et o e g 1y Pl W P Hado il o
nite&ph8myD)-pdgaraP-oae| (AR 35Dt | on cont ai ni ng et hyl
2-(2-fluor oég r}ydr oxy- 6-ni trophenyl) - 3- oxobut anoat e
—@%ﬁ@—%ﬁ The m xture was heated at 97C for 3.5
1HRNI8 spdoB&i (@&PM@{% DM@%)%%MW(S §%4'118)(s addetlos thes.04

m xture was cooled to and 1s seeded wt
Hz, 1 (D-7%92/0d 65324y bo O Xig, BHN t.4bemyll B) pr opan- 2 one (2
ng). The mixture was cooled to OC and stirred
overnight. The m xture was filtered and washed three
M@__S_With water (58 m). The product was dried in a
Pr\éggrua ion o}[??Benzv ‘V’)e.4.]r(4£&uofr'0_‘ﬁ9,§,8th§1_{‘)43583&}’5-%0“1-6-

methoxyquinazoline

-‘ -
Oloout o

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
(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 transferred 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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ni trophenyl) - propan-2-one (8.42g, 35.7% . Mass

Spectrum [MH" 212 20 1H NMR Spectrum (400 MHz,
wOMBSsR21 b ppm 2.27 (s, 3 H) 4.18 (s, 2 H) 7.P6I/GB2007/004176

J=8.94 Hz, 1 H 7.92 (dd, J=9.21, 1.67 Hz, 1 H 11.44

(br. s., 1 H Exanple 5 Preparation of

7- (Benzyl oxy)-4-[ (4-fluoro-2-nethyl-1Hindol -5-yl)oxyl

-6- 25 net hoxyqui nazol i ne -46-

7- benzyl oxy- 6- met hoxy- 3, 4- di hydr oqui nazol i n-4-one (28

kg) and triethylam ne hydrochloride (2.7 kg) were
16.13¢61@ 0y hquedil sodlven KyrMekidgolutidn I3 kg addedpytelShytinates lowing

ECOLOM T S T

helcﬂﬁ@@ﬂf‘ T 88 maxved kighhefed R0BCK The BasledlaPNBIeDthioudh b &£ filter,
lowed by a |ine wash of anjsole 30 (13.9 kg). After

foll@,wdrbx linerwpshif apisele { Wske) hEhqlowerpaiequsdayrs aes strertasiad the
uppgy&%argpla%ﬂwsﬁ&l zﬁ@g"c bg héo at, @%vé%us]sogﬁﬁf chlc}pm% @oﬁnﬂ@n (98.2

reacti on” was COﬁ'p s transferred
kg).nEhe misgrare tvas disfiiéd mdeuredn}ceé plassiee (§@ghbapy todesivs elr@K(L@DVGXume

o 58 TS5 09 B AU 7l e

solutipd beX4(U@zﬂoky)tzi-dﬂox@éﬁ%ﬁeihgaycpﬂdadmever 15 m nutes,

IR S NI S T

solRiof wal e @sediby HoRisng ﬁrﬂ%vab&ﬁﬁ @FSOtrﬁbaBpeﬁid tﬂ_di@réb@ﬁﬁ@ng/\QQI 6 bar
filtered through a Gaf filter f ol | owed

Wlﬂll mﬁr@g%sﬁhlwawm qut fopptipegs. . Therralutighsias Hﬁ%@& Fapép 16.19%

<SRBI ARGk BRitivn HBDLK) QBRI Er | PiEfurddesiathifhg the
80 W th % W w agueous 50|umchlor| de sol ution

temp@gtuge atLO§§1 foﬂh‘éedwbyxa lizeovagh of dgetanitriled@ kghdBlitis ped gelation was
v,

addBd 633 kt/gghﬁlﬁgszmgér iy Io?"'legen?&lgﬁé)g%éroaégﬁlgigs}é%c@ﬁr%aééﬂle at

80°@i folluwed bealiedwhsh c&‘@@tOmtrge @2 1@) Bledl mixiwwe wes held at 80°C for 4
hougs:, &1%5 %ﬁe%m%ewﬁi %ro(ﬁg 8{5& t 8I 1%%?\%%5%'&'5)%%% 20°C and distilled
undet ﬁ&ﬁﬂeﬁ@@eshﬂe arstratai f unitil the b8%h kegnyperafite rdéadh&iol0€C] The vasium
PRSP s B A ER T 150 mt) e L
batGewasd B4 65°0ndlalsBRSen Emat&msakgpﬁa rﬂ@ﬁan@%lb@ ﬁg)t :md@&:

and a 16.19% w w aqueous sodi um hydr oxi de_sol u

maipiiTe wg)terwa%@re@tx@wﬁfsi ribsRERIe Vs Geeler i AY'G W@f ? hou, then
held SHRBE R I‘I?Du?g "ﬂE rgcﬁM \QéléqgoIQXd By hltﬁﬁoﬂ‘%@hlﬁé the calée twice with

acetoni tri col d sol ution was
methomsn (3Bkgh Abe detl@ Wahérls(bwuh nitregerf at 40°C. Yield: 32 7kg, 77%.

7 sbenzy{]@ﬁ% 1?3 chI or o- 6- met hoxyqui nazol i ne at 15 80C,
I'ne wash of acetonitrile (22 kg). The
iH INMRlSBectMS(mB MHADMSEC-&)08 ppn 2.42 (s, 3 H) 4.00 (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, /=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 (5, 1 H) 11.33 (br. s., 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
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hours, then washed twice with water (42 kg). The

m xture was cooled to 20C and distilled under reduced
w@e@s®sel (250 nbar) until the batch tenperat UP€r/GB2007/004176

reached 70C. The vacuum was then adjusted to 80 nbar

and the distillation continued to a residual vol une of

168 1. The batch was cooled to 65C and a sol ution of

wat er (56 kg) in nethanol {4¥33 kg) added, 20

mai ntai ning the tenperature at 60-65C. The m xture was

cooled to 20C over 1 hour, then held at 20C for 2
adddindndShe rEb&ioprmasties haMhst red fat & arthgr 30 nfrusdsi Aretondmsdlb (409 ml)

t twice with et . kg, T ¢
was yeg e oo B & Do et 00 R AP fpdle
reacBBS Xt doMthlko 45°¢3 O hd ebabldR Sp@Et kabhéld @043V or 30 minutes until
DVBSO-d6) 6 ppm 2.42 (s, 3 H 4.00

crysiplisgtiomocepged.s Theyrepqfiop ngifureces ther (llgweg 1;0%15@32%51‘3}15 t2hen
o 83 oty gt L s
filtrgtgon. Thefpold] Ha@s Washed with water §8x §Ofi ml)sind then }d;ied‘n@der vacuum at

ofh- VoOXYaHzdret hoxy- 3, 4- di hydr oqui nazol i n- 4- one
45 é’[ ggﬁ‘négggr%a?%rl%gl was prepared as follows: 30 A

MaggiSpbetrugn (N-+Mgn+ 349.2 aci d (200 g), acetonitrile (600

d N- N j 8 h
o g, SR T o3 it P54 et bRl Baald Bl 100,
7.6-8. 708, 2AY of 3 hours. The reaction mxture was held at
reflux for 15 hours. Triethylamne (50 nl) was WO
20@@%@312(@&%@1%2%%%%%6 (I8 izt dapihs ighloromethane
(580 RACHARP(7 ﬁﬂ? uﬁ@%ﬂ&hldac@ﬁc dofd (LB rilPITIR chikfubd ks c¥led to 10°C.
mnutes. Acetonifrile (400 nl) was added and the
Concengtatddonfatis acid 6l 08 arl) was added in agonisglied mamepmainainiag the

S g ' ' r -0 '
o AL AT LORIAREL Ry TS G 00 AR TR pos e
added kepmilthsampentuorafithe wdctionhaxtuealdlow A0G. XTherreaolimg mixture was

ther{ %E%é%&%@&?tﬁg&%{;cgugg L’{"ﬁe?gwéélrg ago%s ﬁa@%? was rferl“ﬁr&rel?cf dnd4RQ ér%gnic layer
wasdvd{shehwith exie) (R0mel). NOkey/drgmioRt @)wdssepaitadlaraydistilled to 270 ml at

filtration. The solid ywas washed with water (.3 X R
AMAPfCHGR e oS S ARG o sescton gfigre g g The
reaction A& NEESKasIRGLhdatédd M) ahd stidPat2hid 128 €&t I5UAMutes. The

CDC13) 3.9 (s, 3H), 5.2 (s, 2%&), 5.3 (s, 2H), 6.9 (d,
resuliig sugpepsipn yyag then poplpd to 206C,72hen fp 57C @pdl helfpt s iomperature for one
houf{: TREHSAR dehzy! 4@%‘2‘8@@3 5 ﬁ\%g%‘%?(z( ’?‘59%%“)*@&3? e Fidy
filtralpas, veshedivdth(iggsopanpl (20heDrand duedatiess thpod5ed. Hield:084 g,

29 6(;}Oa,ncent rated sulfuric acid (108 mM) was added in a
"control l ed manner maintaining the
Mass Spectrum (M+H)" = 394.1.

'"H NMR Spectrum (CDCls) 3.9 (s, 3H), 5.2 (s, 2H), 5.3 (s, 2H), 7.1 (s, 1H), 7.3-7.4 (m, 10H),
7.5 (s, 1H);

Benzyl 4-(benzyloxy)-5-methoxy-2-nitrobenzoate (77 g) was dissolved in acetonitrile
(882 ml). Sodium dithionite (160.5 g) was added to the solution and the temperature adjusted
to 25°C. Water (588 ml) was then added, maintaining the temperature at 25°C. The pH was
maintained at 6 using 8.8 M sodium hydroxide during the reduction. The slurry was then
heated to 65°C and the lower aqueous phase was removed. Concentrated hydrochloric acid

(35% w/w, 7.25 ml) was then added. The slurry was allowed to cool to 40°C and then to
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tenperature of the reaction m xture bel ow 25C

Concentrated nitric acid (17.5 mM) was then 15 added
whe@piopiz2t he tenperature of the reaction m xt UPET/BBR@N004176

20C. The reaction mxture was then stirred at 20C for

23 hours. The | ower aqueous |ayer was renoved and the

organic |layer was washed with water (290 m ). The

organi c |l ayer was separated8and distilled to 270 nl at

at nospheric pressure. Isopropanol (750 m) was added

to the reaction mxture at 45C. The reaction m xture
20°@a Sodinmrhytmatdedolutod QICYawmbv, 51t214rmla evashddediaad thersperyabuled to

orf 15 .m . nut Th 2 t.h
0°Ce e BEpe ot 3 Ao s e er b S8, R e e
filtrfitidn, Gashed Retrwater(® x106 ﬁﬂ):dnd(th@ft&ieﬁ at 40°C under vacuum. Yield: 66.2

4- benzyl oxy) - 5- net hoxy- 2- ni trobenzoate) was i sol ated
& 9%?“’ filtration, washed with isopropanol (200 m) and

MaddISpedrat (N-eg gj‘@nl 25C. Yield: 78.4 g, 89.6% I\/ass
) Sectrum( += 394. 1. 25 1H NWR Spectrum ( CDC13)
HM&&M@E@D%M@ 3H, 51 (5 2Hn 3 (21, @g<s U6, 7374 i, 1001

(4
e e d O Rl oty Shen BEGEY ey oapemidpe soeae
@. 2d<lg§ gyl w@:dltannl @3Stonvare mlneed (T88 Peantion m@adé wias thet heaerl to&7°C

and (S&lggdea? a’c1 ur 1 pe{'f, dd d (?t hours %ecr%la%l mlx%gegxgas rﬁ%?n cooledttﬂ %IS]°C over

a pealdd ef at lemt ot 133un alﬁtgthém mmﬁmpﬂﬁ_ﬂhmp eratute £05 80 miingesp Hhepsoduct

ai ned usi n 8 M sadium h 0X edur
(- T tony- oy s RS el ey Blogses aared
witlt ia@odtam{e(s PO aUEcR age vu\a@n{m@uﬁﬁtmﬁ@ﬁﬁﬁ@bm&ﬁ d0 to 45°C.
drochloric acid (35%ww, 7.25 nl) was then added.
—}%13 823ker3yo was al l owed to cool to 40C and then to WO
Mas%@,gg&gg@@@mfcré@agoow 004176 -48 20C. Sodi um
1 droxi de solution (47% ww, 12.4 m) was added and
HM(MW&)B&(&@@ Shés, gHadicts, (e Byl.5 (m, 6H), 8.0 (s,
1H)2 am no- 4- (benzyl oxy) - 5- met hoxybenzoate) was i sol at ed
filtration, washed with water (2 x 196 m) and
then dried at 40C under vacuum Yield: 66.2 g, 92.4%
Ex5 s Spectrum (M+tH) + = 364. 1. 1H NVR Spectrum
—7’(9&?3) 3.8 (s, 3H), 5.1 (s, 2H), 5.3 (s, 2H), 6.2 (s,
Preﬂd)a,tmﬁ 084-] (Mﬂidfb-ﬂ@eﬂhyl—lﬁﬁﬂaMLS-vl)oxv]-6-methoxx—7-| 3-(pyrrolidin-1-

ai ni nqQ {]benzyl oxy) - 5- net hoxybenzoat e (5.55 kg),
Wﬁ@%—%‘ etate (2.2 kg) and isobutanol (33.3 L)
n#1%694- [(mum@cﬁlb&m- -8 y\%ﬁy]t@ﬁﬁtﬂﬁﬁﬂlﬁﬁjazbﬁle (40 kg)
and stirred at this tenperature 6

waSrdéﬁeltvr:%m Imngthy-&pielidireng (2o gt 4%452@(: Bwseiohtt@navas charged to
an 19(9’[6'(1 thsQifre 9s J:l%@%%mﬂ{é fb@/yéalﬁgﬂgf %re%gtuﬁ)gltcﬁfaﬁgt @t.23t5 IEg%f

rature m-nut e
approx1mate1y 50% water wet catalyst). A line wash of 1-methyl-2-pyrrolidinone at 40-45°C

(35 kg) was applied. The mixture was hydrogenated at 45°C and 3 barg for 3.5 hours. The
reactor was purged with nitrogen and recirculated through a Gaf filter before being filtered
through a 1pm 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-1 H-indol-5-yl)oxy]-
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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(7-benzyl oxy- 6- met hoxy- 3, 4- di hydr oqui nazol i n- 4- one)
was isolated by filtration, washed wth isobutanol

w@ 800%/08322and dried in the vacuum oven at a tenpPer/aBar0g/004176
of from40 to 45C. Yield: 4.25 kg, 98% Mass Spectrum
(MtH) + = 283. 1. 15 1H NWR Spectrum (DVSQd6) 3.9 (s,
3H), 5.3 (s, 2H), 7.3 (s, 1H), 7.3-7.5 (m 6H), 8.0
(s, | H); Exanple 6 Prepasati on of
4-f (4-fluoro-2-nethyl-I|Hindol -5-vl)oxyl -6-net hoxy-7-f
3-(pyrrolidin-I- 20 yl)propoxyl qui nazol i ne

was Baﬁﬁed]tb)ﬁfbxy]) bydadd(tébnfof 46Y0w/2- apbduglseditini hydmlxicﬁ-sylu)ion( §9.5 1).

The iayﬁgste \%ﬁhﬂg )s(é)%ﬁitﬁrll? lhla ?%‘% gglceggéplkaéﬁ Was hl grl ti#l Wgth methyl rert-

butyd lnet (101). e ehdigedr dgtaﬁlc 1&0rd WAk mﬂlearvﬁmszwewws |ous sodium
cont al ni na 10% pal | adi um on car bon cat al

chlogide spptignilAet Bvos et afd(3chiosonyary PY?&OM%I%@ Ltert-
butﬂfethlr met hyl - 2- pyrrol i di none at 40-45C 25 (35 kg) was
I'ted. The m xture was hydrogenated at 45C and 3
Héme golutien af I5(3ehlerepromyldpyrrodidine or mohs! renirbyed ethier was added to the

o QAR P80 AL S RSB P B B0 -

meth;deﬁ:pmohdﬁnohe nA lmasdaslotﬁf rhethptrbrybu®d e (8 kgpiwaoappli¢d 61 he

I TR TN RO -

" TheGuiPRhHOX WaLIEGEEQb 60°C 0w 4 hbGrstahd Bel ol 60°Cabr Meatsouesd dEt@ product

pot as |um car bonat e 0.3 kg). an 3 ] xture .
wasHenigiediby Gltmben and tha o owwda‘ﬁlﬂbbﬂ&fg&rre?tgw?é-Bmohdmone/water
(64 i<g)( ?neﬁ "ﬂh@é QxBE@WlIl Watt (62! mfsﬂ TR YR GAL hddRitl R nktBen at 45°C.

with water and nmet hyl test-buty
__@tﬁ‘éﬂ kemzl%b%‘a/wéé% The sti rred m xture WO 2008/ 053221

-49 was basified to pH >11 by
%ﬁ%%?ﬁ% w w aqueous sodi um hydroxi de sol ution
1H NMISSJL@)cirum'I(HQO Madre DM S@1I® Sspai .46 edl. 7a|ﬁnti, HE) Ll Gher2.03 (m 2 H)

2 USRS D356 (0D 1T LR Bt LIV Bl

H) @\@astsed I—M/l6t9|9 (3@%:8vlsw BAVHOUSHER U WyV=862 BE 0H) .98 &, il ¢1) 7.60 (s
% g easolutlon of
1H18(5@(%H AdP3dPyE) bpWrolidine in methyl tert- s butyl
ether. The sol uti on of 1-(3-chl oropropyl)pyrrolidine
in nmethyl tert-butyl ether was added to the hot
Sldieatitests df(3-chloropropyl)pyrrolidine hydrochloride solution was prepared as
toliédid:(4-fluoro-2-met hyl -1 Hi ndol - 5-yl ) oxy] - 6- net hoxyqui n
azolin-7-ol in 1- nethyl-2-pyrrolidinone. A line wash
oA\ soistiby bf t-briimdadrehloroptdpene (94.5Kg) invabicap (@B &d) wahieeated to 40-

45°C. To this solution was added pyrrolidine (94.5 kg) over 1.5 hours, maintaining the

temperature at 40-45°C. A line wash of toluene (37 kg) was applied and the reaction
maintained at 40-45°C for a further four hours. The reaction 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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m xture was mai ntained at 80C for 3 hours, then water
(348 kg) was added over 2 hours. i0 The suspensi on was
w@o@BesE2ep 60C over 4 hours and held at 60C f oPCI&B2007/004176
hours. The product was isolated by filtration and the
cake washed with 1:1 ww
1-met hyl - 2-pyrrolidinone/water (64 kg), then three
times with water (62 kg). Hoe product was dried with
hot nitogen at 45C. Yield: 34.8 kg at 100%Vv w, 83%
Mass Spectrum [ MtH + 451 15 1H NMR Spectrum (400 MHz,
1H ENEKBﬁk@ruﬁl (BEOMHA OMSA-dd)D fpm 1.49 Hp.08 (184 H) 2. 1(23 2(2A(m22 H)

2900305 g2 8505 §24Gmyg 13358700 T d 3 U b il w3

(br(gs,l H)699(dd 3851 744Hz 1H)716(d

J28. 62 8 (s % H) 8. 50
1 4if4- ﬂIOIQ?Z {ngthy I- éH'ln‘io Pyylpey @eﬁwéﬂ d3- (pyrmlldln-l-
yl)p\%\%{o§% Fr)lgircg %ﬁ/ () ﬂz?ﬁflﬁl‘ﬂl ﬁggﬂgdowu?ﬁ%cﬂn?ﬁn&@@ﬂ%{ﬂ Eih@ solution
of lk(hcldmop@pyhlbmcrblﬂmmmperedgfwnﬁl—@;chlpmptqpb'l)mrrmh@mwxwgt)e

d 40- 45 I
0y r-@gkﬁlﬂtar%ﬁrc}p?g&yrgol}glu% Oéalgtet(gi%i g@ whs SSJI‘%%Q%% éf? %Q%g (Qtzﬁe) and
methﬁrm@lbatym ethera83 4 Qg bdded AThe sﬁlﬁretdmhtuﬂaf was(lasi€ing to(;SH >Khdy

d and the reac t, 40-
addfgR of Bt Mo rRut PO HOUS b S SR g e st of water
(22 6w & hppRe® OF 2 6wetdydeoMd Sdyehwid dePara@li @hd frZikleried o a second
Further water (138 kg) was added the pH adj ust
reaqiy. e gpreroraapicelaver g frensredfio 30y &&Wﬁyﬁ#’é‘& Fifagh ?fdnethyl tert-
butﬁ(éﬂfér (% 77ké§ g‘)as gﬁlﬁsdaqﬂg R oNERE v%?eché%&?foafﬁ@glg%‘éj reactor

di scar ded e organi ¢ phase was ad

andtfynﬂhe@ @ma@tqdmdtmqthylemmbgwl etheit (8B.4tkg H}q lmgr a@Lugouf lgyer was
dlsc\-%}%blﬁ%ffg g gnéﬁ%f‘ g%ﬁila r?g fﬁs R n%‘&%%f? e Y C&] fL WF.Sh cﬁ' methyl

oo ai nieal ni erature <
tertibotyliether ¢mt legbtwasapplmdo Thetcorgbmedgrgamic ayoms otese washed with 23%

sol ution,of. 1-(3-chl or opr I rr.olidine
Wit SEoERr aE DBt sYHOS GRE WDk dife 48188 qbade-
chl@p@ﬁpylypmomnﬂb 183191 Bg) WOm 09 Bl 3sityA bt TTKeB2 (e Qadhitof
-50 1H NI\/E ectrum 400 MHz, DVSO-d6) b ppm 1.79 -
SO@IOBGMHWH Pé) 35 §ppro f?‘tﬁz4 (m 2 H 2.90-3.03 (m 2 H
11?iCh13ro%fop§/I}b}2rw1ﬁlnkaox§1aéﬁve(s'}Slrt%"%a aZ@ilIow!;——G 41 Hz, 2

l'uor o-

To ¢ pelytiat- lsérym})oﬁsl]lorepq@eméiéﬂ 2-ip tlygsy |<45é| mla @h40°p véas added
y%hl)jﬁe?m:%l &%9% @ %@@M@ a§4(mt§°@f | Y 1iRE @M&%@éﬁe (40 ml)

usi n ter et her sol ution
waslthQIBanphbdanlmmww pips nelniadiadat pP-¢pEr oo 4fhptum then cooled to 20°C

andjhefd?’fo? g' hgurg PR %‘Qn% Wl v‘)ag{eﬁ %l&l&%tgrt(EOO ml), and then further water
(265 ml) added and the pH adjusted to 8.8-9.0 with extracted with 37% hydrochloric acid (9.5

ml). The aqueous layer was separated.

(s,

The organic layer was added to a solution of oxalic acid dihydrate (129.31 g)ina
mixture of isopropanol (1070 ml) and water 109 ml) over 1 hour at 65-70°C. The mixture
was cooled to 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 zerz-butyl ether (400 mi) and finally methyl zerz-butyl ether
(300 ml). The solid was dried at 40°C in a vacuum oven to give 1-(3-

chloropropyl)pyrrolidine oxalate.
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1- (3-Chl oropropyl )pyrrolidine oxal ate (134.8 kg) was
suspended in water (226 1) and nethyl tert-butyl ether
W@ 3®8453e) added. The stirred m xture was basi PCEHAB2@7/004176
pH >11 by addition of 49% w w aqueous potassi um
hydr oxi de solution (138.9 kg). A line wash of water
io (22.6 1) was applied. The | ower aqueous |ayer was
separated and transferred tg1a second reactor. The
upper organic layer was transferred to 200 1 drunms. A
line wash of nmethyl tert- butyl ether (16.7 kg) was
Yield 3D8.83k, 77158 afthenetkal ayer was recharged to the
,or' i nal tor, and further extracted with nethyl
#%?&QEHWM@ 2?8(83 4 kg). The |ower aqueous |ayer
LEHVRISIR SHeSte@h deod. MR eDMrsogy r )
rechaaygeﬁm t he dr 65@@@#?&/22?(&5?&%2%@ lfém 2H)3.12

3.30dp 6 Bt 371 @I»Frér41(f12§2ﬂ)l<99‘b7 (has., 4gDl i ed. The corrbl ned
organi c |layers were washed with 23% w w aqueous
pot assi um chl oride solution (64.8 kg) to give a

ExampleT on of 1-(3- chl oropropyl)pyrrolld| ne (83.9 kg)
| t

] ed anpunt of
Pré }, _____ thox -7-(3-pyrrolidin-1-

xlpleﬁcﬁqg]glmmgnegm @yga tol [ d|ne oxal ate vvas prepared as
plutio - br ono- chloropropane
(P e A SRy s ey o - 1
ylpm{fok@hhﬂhi&mé @é278\%a%1at 10@%%’@) \%é@ls%éﬁ@e& ﬁ@cﬁﬁaﬁﬁ)ﬁg§4 B The

45C. Alin t ol uene
ml"atb‘ﬁl"Yﬂé degapsrd by h@ﬂ@?&uﬂﬁﬁé"%ﬂm(& %@cng)athen GeleBiDgftior Va¢uum with

nltﬂagé{f Thist8RasREe loﬁfjth}eg tlﬁ%g: Tﬁé‘ﬂ\z%{ggﬁ %Eed@o ae?]'tijlﬁ%o glve § clear

m xture was washed
solptipn; Heée solatienr wag @@Edm} p0 &Bzdﬂdecamdlatddehlp’crglad Gaﬁﬁl&d Before being

ot AL AR B USSR, S B e
applig,erftenbngdigesied as tefae) uti on of oxal i I(: aciogodhhyd;ﬁtde
R 4 814 ) oS oo i eea e BB ore: o hlefe st ) was

added eh®the hoxtafeGtiaRd td1ghéla dleariBiusioh FMNQTALiMaRideQle RFperature at
stal lisation. The mXxture was

utes to |n|t| ate cr
0° ‘{nhﬂﬂs Fabiasergd vie hippPalhfilter i the stysiaisen slagntaining 0@ tewperature
in tﬁdﬂc ﬂftﬂlls&%f 95-€0°f0 |4 ﬁﬁé Wsh (?f?he-{ %oﬁ@b hy ér{]ggaﬁﬁpﬁﬁish]?% t%%}gel?ature

tert-butyl et erﬁé
wag %‘WSI%UP y° Cetrggpicrquaed 4{{ 4 fluorprd- rscih}'ldlf%m;loblﬁ-wédx;dté -dhBBoxy-7-

G PR el falbsle it Forp. Sy e aiied. The
mixgy AaEpield 71 HOLI63 horsd, theyi cobldd ROB°P3ger TBOLEQ/Otlﬁ)efn cooled to -5°C
o B P PR AT LA R, 56
filtratign, ablin@tht 2ake with methanol (128 1). The product was dried under hot nirogen
at 50°C. Yield: 27.3 kg, 76%

Mass Spectrum [M+H]" 451

1H NMR Spectrum (400 MHz, DMSO-d) 8 ppm 1.97 (br. s., 4 H) 2.17 - 2.29 (m, 2 H) 2.42
(s,3 H)3.13 (br. 5., 2 H) 3.32 - 3.38 (m, 2 H) 3.60 (br. 5., 2 H) 4.01 (s, 3 H) 4.32 (t, /=6.03
Hz,2 H) 6.01 (s, 2 H) 6.24 (s, 1 H) 6.98 (dd, J=8.51, 7.44 Hz, 1 H) 7.16 (d, J=8.73 Hz, 1 H)
7.43 (s, 1 H) 7.64 (s, 1 H) 8.52 (s, 1 H) 9.36 (br. 5., 2 H) 11.33 (br. 5., 1 H)
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3.30(m 6 H 3.71 (t, J=6.41 Hz, 2 H 9.47 (br. s., 1
H 5 Exanple 7 Preparation of
wd 2608452 uor o- 2- net hyl -1 H i ndol - 5-yl ) oxyl - 6- NePCIDGEB2007(004176

3-pyrrolidin-I- ylpropoxy)quinazoline naleate salt 4-
[(4-fluoro-2-methyl -1 Hindol-5 -yl)oxy]
-6-nmet hoxy-7-(3 -pyrrolidin- | io0

yl propoxy) qui nazol i ne (28. 4s5&kg at 1009%W w) was
suspended in nethanol (284 1). The m xture was
degassed by hol di ng under vacuum (-0.7 barg), then
xamipke®i ng the vacuumwith nitrogen. This was carried
out a he slurry was heatedto reflux to

hyl-EhoindolySey ¥l-Gomethoxyr =(B-py

i
at -

yl@ﬁ?oiﬁﬁnhh%ﬂhﬂé ﬁﬁnk hfaQUﬂQs@r@,fI‘ochnE%ﬁlts bef ore being
filtered throug gm Pa rnto the
crystalliser. Aline wash of nethanol (85 1) was 15

Pré%jﬁﬁltlbﬁgf4 25 dls 1*1) b1 cga gasRRe as before. Methanol (114

was cool e ed as above. Maleic acid
1-@ @M@ORI@PYDMOMM@I ébllﬁbagal wahdissolvetl um methianol r(BaSJImﬂ)mng |th/aesomtlon

st _maintain e er at ur
ref@é&ﬂme%gﬂmtésﬁp rségﬂg(# Was cyapord! G%Ltq %}Welgsml a ?I:Eyé:yal%o(sat?q,'tg give 4-
azamiaspire(B |4 seane chietidé ad ani ifguieltgl. t enperature in the
Y'%éﬁt alliser at 55-60C. A line wash of nethanol (43 1)
Bplied. The tenperature 20 was adjusted to 55C

1 HAXWI RS et @iith $408 MHz, DMSO-ds) § ppm 1.90-2.00 (m, 4H) 2.4-2.48 (m, 2H) 3.54-
yoro met hyl - | H 1 ndol - 5-yI ) oxy] - 6- net hoxy> 7-

2-
3. 6?{§L’p§“fl}6lzmtrﬁ =$. lyﬁ%l‘%aoxy) gui nazol i ne nal eate sal't
Mmiaerm A, 0.43 kg) was added. The mixture was held at
55C for 3 hours, then cooled to 40C over 7 hours, then
cooled to -5C over 6 hours. The suspension was held

P_m%1 afiofof £52cnths 0N F10cHAE nALAANEbS .Sﬁlolat (eglj_zgyl)

AnFquequs solution sisazniagrrohdlectatothlovideogs prepafzdaly a80itg 1- (3-

ol gt S g B R AL

wa@ stir?ed f012a ﬂﬂthém mﬁuﬂuﬂs t@ g1412 a c(e‘én ye'ﬂobd)soﬁltllﬁ THHE wa$ cooled t5)20°C
cﬁ 3,38 ( ]g% 01 (s, 3 H)

an St%rfd (n 2 bojile, byge waghes 5t mtes(%lﬁ(eb vzerwpp@ecm (s, 1 H

4- @zoﬁ&sﬁlﬁgl% 4]§)\:&n53hlor_i'de%ldﬂ€n inlwidbr @DS ) (Vgis (a&d_é% okdr f(bzmm‘ates to a

sol(l n of§od1ug1 l].q)(afhlfopglg)sp(lﬁpe (5. g) n wgtel\/@j)@g@g qul@g@@ ];y a hne wash of
ate 0 e W 1 spensipn, The
A

mixguisyyasdieptdd to-90°C to a1d stirring. The solid was filtered and washed w1th 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-dj) 8 ppm 1.89-2.01 (m, 4H) 2.40-2.50 (m, 2H)
3.53-3.61 (m, 4H) 4.27 (t, J = 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[3,4Joctane chloride (1.64 ml, prepared as above). The resulting solid
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yl propoxy) gui nazol i ne usi ng 4-azoni aspi roF3, 41oct ane

salts 5 Preparation of 4-azoniaspiro[3,4loctane
w@bdosrosxter 1- ( 3- Chl or opr opyl ) pyrrolidi ne (1. 142p0T/aG®B2007/004176

di ssolved in nmethanol (38 m) and the sol ution

refl uxed overnight. The solution was evaporated to

dryness on a rotary evaporator to give 4-

azoni aspiro[ 3,4] octane chisdride as an inpure oil.

Yield 1.14 g io 1H NWR Spectrum (400 MHz, DVSO d6) 6

ppm 1.90-2.00 (m 4H) 2.4-2.48 (m 2H) 3.54- 3.61 (m
wasAiterell, Washell with=valer 13 ki20 nﬂ)-bnthl’bﬂl&l a Pacaparaen tngivd

4- azoni as i ro[ 3, 4].oct rophos ate 15 An
4-azgnigsRited3 §&° Waﬁtfen}i% H’n(ggg ?@f@?ﬁf ’S’ tane chl oride
VD -:)( nCth APFO0)-PYY () 2 ne
m—%%ngqgg%}%d 100 n”f)ﬁ%zﬁ T A 159
3.52%B 66 GmetH)wha3 €11 7 Bédizf, 4H), é ey 8h@n, 4806t %%(1{1031‘&7\1]@ 520 (m,
8HcI ear yellow solution. This was cooled to 20C and
)stored in a bottle. Line washes of water (2 x 25 m)
130/\NMR ewtmmctloommomvmdm ot ¥ 12064 meZOclﬂgl (erli®2.01 (s, br,
mnutes to

ZC)a1212*é(§<§|Cn)t1%%1 8?% @&ﬁa%(hg@ﬂ%?@ﬁh‘g@phate (50.3 Q)

in water (100 m), followed by a Iine wash of water
(12.rT1) Further vvater (50 M) was added to aid
ATy ' GE: SRR HBWHE on. The m xture was

1,3 Qi?b%g }%1%@531%(%%'; &ﬁag %t%c[ fol 439C aﬂ_ﬂﬁsrﬁﬁ dﬁrfé Lk nﬁ) 4dded evkr 4

r ied 1n a
hou«sadﬂwmmﬂnm whothgh veplefl ta zgmm @gtpqera@lrfz gnda,?va@@lta@ﬁéo dryness on a

rotqrﬁ FYaé)Oll:gg(gro E-}E%ﬁ %Qitd%a}l OV%Ia“f/]ég %éd wa % (%(F/@ 19@ f&g ﬁferlsé)all ofhnic lower

layér%gﬁaratéd.o@he Shikion g thhekillvﬁthspddmmumh@ﬂ@(zom The aqueous layer

wagb@gieg%g fh? {.)H%nmq)o% RO’[%S)S?U%IE gar onar%@% A:}qg an(he_)b raétgh v&t‘ﬁb
dlcﬁ'bﬁ‘cﬂﬁerﬂ?e{nb 00x 8D nly. aERRbAB et 0fgdnk eRBidwerk @ticdpie Mmagnesium
borate To a solution of sodiumtetr hen bor a

sulplntea@dgqvawata%a RSt 80 HIOfATLEVAROEE Of iR pigied by the

(i | @08 &Hﬂ af. IR 611d@4sﬁ1t red) in@BiRsdasith acetone
addig e g)ggé (3Pluct) AGHRA B lteft TS sEld e Thored
(3ORmT/a@Q®@i7m@0/49w0VGB3t 6 filtered, washed with water

_—19(4—3’3@8%%%%) and dried in a vacuumoven to gl ve

iaspi ro[ 3, 4] oct ane tetraphenyl borate .
| HOOWRSpetinen(400. Mk DIMBOSHES ppurh 34D AR, ) Bt 3.5

3.0 duy2ab @ 41 g A2 47 (m 2H)

M 112

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

vlpropoxy)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-
1 H-indol-5-y1)oxy]-6-methoxyquinazolin-7-ol (2.5 g), 1-methyl-2-pyrrolidinone (25 ml),
methyl fert-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 20°C and left overnight. The mixture was rebeated 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



20

25

3.52-3.55 (m 4H) 4.23 (t, J =8.1 Hz, 4H), 6.77-6.80

(m 4H) 6.90-6.94 (m 8H) 7.15-7.20 (m 5 8H) 13C NWR
w®p@sszen (100 MHz, DMSO-d6) 8 ppm 14.12 (s, 1E)T/882001/004176

(s, 1C) 62.01 (s, br, 20 121.45 (s, 8C) 125.21 (in,

8C) 135.5 (s, 4C) 163.3 (m 4C) Preparation of

4-azoni aspiro[ 3, 4] octane brom de io 1, 3-di br onopr opane

(287 mM) was heated to 45C£Itr_1d pyrrolidine (23.4 nl)

added over 4 hours. The niXture was then cooled to

roomtenperature and evaporated to dryness on a

ml), 3&%5%%6\%%%016 tnoe{ Vac-tll-ﬁl?ntogf%em tig%?xlfedér gﬁgﬁmrq-g%}hayggggipgﬁygg}cl)oxy]_

-m'Ehxexﬁat(&tplyﬁnh&m-st yfl@@bgdqumdzbhde chl oronet hane (20 m).

que |- r basi fied by the addition of
Y’eﬁgf 'ﬁu%/a?'%%gto%)"ﬂ%s%e%yg) and extracted with 15
di chI ororret hane (2 x 80 m). The conbi ned organic
extracts wer e dr| ed olver magnesi um suI phat e3and o

vtpt09§tﬁatﬁna&@ﬁné &stILM ngﬁgs,gyorg h]ﬁ,ctaggg,}otﬂl&)éﬁ of acetone (30

and stirred overnight. The soltad was filtered,
To greaduie ofidt - ﬂu@po%methytaDHm@ol-éfych)OdY]r@metmxmwmulm -0l (2.5 g)

in I%Hylg\%@)o gl}go l g2p m@%ﬁ%m%théb?ertabu%ﬁﬁw\c/g( }gl%g)t gy énél'iopotassmm

cartidpte §8 Bd3mg)3. BB nfirturehiv)s dbg@Bed by halding nideriwacudid) anilietfid@down

with pFBRG HRT spteemichaphfre mes AbSImistt yesdrried e hong 47

azoniaspifoy3,4]obtasl BrothidedD.7¥ lgpivapsndyd. a’ﬂheﬂt@ﬁ@«lrb R@s maintained at 80°C for
|ng4 i aspiro[ 3,4loctane_chl ori

3.5 ﬁo oh? 3@31% Biguz s pdded valar 627 wb Qe ahovga Thesmixgue pyas cooled

to 64eC ﬁ‘nd"ﬂhé%éﬁc?ﬁl@gredd' “Tre4ofid oY Qas%e&r@/ﬁtﬂwl v/v 1-methyl-2-
1H i ndol - 5-yl ) oxy] - 6- met hoxyqui nazolin-7-ol (2.5

g
pyrrpligispps/waipe (Sypb ad dien wiatsr (4265 mil)  Therselidhyis dréadiinpypgium oven

at
to s Fll4hofd-Thabup AR ASHA ERRANRL - G RTR B
ylpmasy)alddwllwer 40 mnutes. The mxture was allowed to
. 3 e overni ght. The m xture was
Yle&f)%jésa 8055 4%/2 872%41 ?fftf“foéet%{] gl}'he filter cake was
washed Wlth 1 1 v/iv 1 -nethyl-2-pyrrolidinone/water (5
4 5 W2 53 L

vlm‘é@@mtﬁ&z@ﬁnd tﬂ;nﬁz' M@zomasmro [3 4]octane hexaﬂuorophosphate

4”:&4fluoro met hyl -1 H i ndol -
Thegeapiion 3Ry cam?ctamﬁw ifczﬂﬂileohrﬁm@wﬁ }équq%amza@pm{é 4Joctane

hexd&hdsAdted 1 @b g94- 2% w, 65. 0% of theory
Yield 2.20g at 94.2%w/w, 62.4% of theoretical
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5 Preparation of

4-[ (4-fluoro-2-nethyl -1 Hindol -5-yl)oxy] -6-nmet hoxy-7-(
w@2gmp05302Li di n- 1- yl propoxy) gui nazol i ne usi ng PCT/GB2007/004176

4-azoni aspi ro[ 3, 4] octane brom de To a solution of

4-[(4-fluoro-2-nethyl-1Hindol -5-yl)oxy]-6-nmethoxyquin

azolin-7-ol (2.5 g) in 1-nethyl-2-pyrrolidinone (25

m ) and nethyl tent-butyl egher (1.8 nl) was added

pot assi um carbonate (815 ng). The m xture was

degassed by hol di ng under vacuum and letting down io

%@g gntrogen This was carried out five tinmes. The

e mas heated to 8OC and 4- azonlasplro[s 4]
nreth dg lHG: awinazolin-7-ol via

y I)glliagig %‘?1% ?P&sﬁﬂloxﬁ 5%@@.&1&@111&&05&9 ‘n ﬂh)ﬁtﬂ%‘gg'

water (27 M) over 2 nours. [he M xtar

niteapdlead)ackt®wn€4C and the solid filtered. The solid was
washed with 1:1 v/v 1-nethyl-2 pyrrolidi none/water (5
m) and then water (4 x 5 m). The solid was dried in

Prepata@en 8- §17-(béiyloRy96-MRthoxyquinazolin-4-ylloxy} -2-fluoro-6-
4-1(4-fluoro-2-nethyl-1Hindol -5-yl)oxy]-6-nethoxy-7-(
nitrpphenviagetonen.- | - ylprpoxy)qU|nazoI|ne Yield 2.75 g at

1- (QAf"ll?OM%de(&y-%O/ﬁlﬁg mﬁiphﬁglong(ﬁ@% @tvl/é%@uﬁfended 1n acetonitrile

| dor o- i ndol yl ) oxyl - 6- et h

(163m ymd eqmilditn §°C 2"Ep tiap plp@pjmy REBRSUP p@ill@‘g,hwéromde (. 93(m1 of
46@%@/% REBLY A Aty 326t 0116%15;@%?%%3@&.6 The

ction was carried out as 1de salt, but
Thwsuottgsollman ons adfsid tof Hvfactfdr@enzybxsi-fHsbloop rotivay euinazoline

2 hEER e O B 5 B Bt B B Mgt gute gg mb was
appliedNTIhe nixiteepahaitedn 80PC for 21 hours. The stirrer was stopped and the lower
aqléefblé iﬁgrlflélge{rgtgg {]}?er%}ar;)%gﬂlg{] ﬁ%e{ v%q:s%e?sf) dy %urtger w1h1hv9a gCt Inﬂ) at

80dc.(3-[ 7- (benzyl oxy) - 6- met hoxygui nazol i n- 4- yIony} 2-fl
uoro-6- nitrop heg¥0acetone 5 Preparation of

The bptgh prayoqasie PP dx §9d eonpwsirisd vadar sedriged presputp (J 3 gppar, ajlowing

thd %?d’thlﬁ erute 18 E’&%ﬁ‘ YboorC 841RBEng 24 ml of dlstlllate The batch temperature
fior o- 3- hydr oxy-6- ni tr ophenyl’) - an- 2- on

wag 4dpged tp)65i@sné ascpiefrme@f Waterds etlblmmqﬂilanel 28 1) ﬁﬁdﬁd ke mixture
oSV L 0 oy E oot o
12waly hndodried de b @miuimi dven gtl@erdight wagive pB-{E(benzyloxy)-6-
methoxyquinazolin-4-yl]oxy}-2-fluoro-6-nitrophenyl)acetone (4.543 g, 67% of theory).

1H NMR Spectrum (400 MHz, DMSO-ds) 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, /=9.05, 0.81 Hz, 1 H) 8.59 (s, 1 H)

Mass Spectrum [M+H]"

o)

Hydrogenation of 1-(3-{[7-(benzyloxy)-6-methoxyquinazolin-4-y1]oxy}-2-fluoro-6-

nitrophenyl)acetone to give 4-[(4-fluoro-2-methyl-1H-indol-5-yl)oxy]-6-methoxyquinazolin-
7-0l
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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15

This cold solution was added to a sol ution of
7- (benzyl oxy) - 4- chl or o- 6- net hoxyqui nazoline (4.26 @)

w0 pooafosrel e (28.8 nml) at 80C over 15 mi nutes. PBCT/GB2007/004176
wash of acetonitrile (16 mM) was applied. The m xture
was heated at 80C for 21 hours. The stirrer was
stopped and the I ower aqueous |ayer separated. The
upper organic |ayer was washed further with water (6
m) at is 80C. The batch was cooled to 20C and
concentrated under reduced pressure (130 nbar),

RSB RV e i oy

ThisasvaajalgtondontainBBC 8dnpeak ag| of i [hiledrowamethyl W-ndpl-5yDoxy]-

hanol m;) added. The m xture was cooled to 20C
64%%%”9ﬁgnﬁéggﬂé¥'fiItered. The filter cake was washed

Hpld fetentist faeof 4-[(2-fiuorP-mikphyiH F-iadal-Hyl@g]-6rmethaquinazolin-7-ol

t ight t [ 1-(,3- - I - .
12 38 Ry B VesperieldS R riGoonsiins bR PRy g >
yl)B@]%-&éth%?uﬁazcﬁiﬁ%-@lfastpP@@feM)in Edahp®R Spect rum (400
MHz, DMSO-d6) b ppm2.29 (s, 3 H 4.00 (s, 3 H 4.27
Hp{esmethody) Cejurn Be(aggsuQCiLﬁ 39 by 1pfym x |él|)6 miid. @"?ﬁnpgatpse 30°C.
IanctlFbﬁ \f()ﬁﬁ‘mezlogl)l. OV2850(, rds bﬁSGLOQZIH{HS(Q sélc).Hi:lo@ rafe L0lghl/min. Data
J=9. I, 7.8 Hz, 1H 8. 15 (dd, J=9.05, '0.81 Hz, 1

= ; Hz, 1 H)
Cofe@@n(1g min. Ryn fise Qb szin JPuent AuWeferabipgnt Byasetonidilat Flaent 6t 1%
- (3 - | oxy) - 6- met hoxvqui nazolin-4- |y
am%géi?&%@ﬁﬁﬁggé¥%- ni trophenyl ) acetone to give
Grddigr(t4- f | TmretmBy) net?akxl - OB i nldl - 5- yl ) oxy] - 6- net hoxvqui n
azolin- g-ol 30 Tg.a sqlutigg of
1- (3-{[ 72 (benzy!l ox¥) - 6 et hdxyqui nazol i n- 4-yI ] oxy} - 2- f
| uoro-6-5nitrophempsl ) aget ones(0.75 g) in
1- et hyl - 2-pyrrolidino (7.5 m) was charged 10%
palladiuﬂ1on char coal 5§tal§gt (38.6 ng of
approxi mpg el y 50%qnat ergswet jpaste). The m xture WO
2008/ 053221 PCT/ GB2007/ 004176 -56 was warnmed to 50C
and hydr dgenat ed thder 8 badat nosphere of hydrogen
2 hours. This gave a solution containing 28%
[N%ggﬂ %ﬁga of 4-[(4-fluoro-2-nethyl-I|Hindol-5-yl)oxy]-
6- met hoxyqui nazolin-7-ol. Hplc retention tinme of
4-[ (4-fluoro-2-nethyl -1 Hindol -5-yl)oxy] -6-nmet hoxyquin
azolin-7-ol 5 12.36 mins. This was identical to the
retention tinme of 4-[(4-fluoro-2-nethyl-|Hindol-5-
yl ) oxy] - 6- met hoxyqui nazol i n-7-ol as prepared in
Exanpl e 6. Hplc nethod: Colum Betabasic Cl8 3.5 m
150 mMmm x 4.6 mmid. Tenperature 30C. Injection volune
10 1. WY 260 nm response >0.1 mn (2 sec). Flowrate
1.0 M/mn. Data
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Collection 17 mn. Run tinme 21 mn. Eluent A Water;
El uent B acetonitrile; Eluent C 1% i 0 aqueous
wao eooBlosa2enceti c acid. Gadient: Tinme(mn) YA YBCHGB2@7/004176
70 15 15 5 55 30 15 9 55 30 15 15 14 0 85 15 17 O
85 15 [M+ H + 340 WO 2008/ 053221 PCT/ GB2007/ 004176
-57- CLAIMS 1 A process for the manufacture of a
conpound of the Formula Il g/ NHOF Il 5 froma
compound of Forrmula Ill1: RLF R2 N2 IIl; wherein
R and R2 are independently selected from chlorine,
cihiefg ne, fluorine, iodine and optionally substituted
—al Kyl sul phonyl oxy; 10 whi ch process conprises the
1 st &psocess: for hy megafeenrepia commpwdf thf Faamladla 111 with
an ester of Formula (I1V) OOs KRCCOR
N

J
HO

I

from a compound of Formula III:

NO,

111,
wherein R' and R? are independently selected from chlorine, bromine, fluorine, iodine
and optionally substituted alkylsulphonyloxy;
which process comprises the steps of:

(a) reacting a compound of Formula III with an ester of Formula (IV)

1V;
wherein R? is a suitable esterifying group;

to form a compound of the Formula V:

R1

NO, COO-R’

V;



H2 1V, wherein R3is a suitable esterifying group;

15 to forma conpound of the Formula Vi Rl F O NX2
weaoses22; WO 2008/ 053221 PCT/ GB2007/ 004176 PEBGBR)07/004176

reacting a conpound of Formula V with hydroxide ion in

the presence of an aryl- alkyl ammoniumsalt or a

tetra-al kyl ammoniumsalt to forma conpound of

Formula VI OHF O N2 COOR3 5 VI; (c) reacting a

conpound of Forrmula VI to forma conmpound of Fornul a

VII; OHF O N2 VIlI; (d) reduction of the conmpound

of\th ' i tRndd of an aryl-

T e e A

R2 ar elkpbirhméniwarsalh et a teBa-alkyparomesiymasel dp doraye ewnrouad af

1, wh reiq g? is G _6al kyl or benzyl. 15 4. A process

accor dPPY"#d claim 1, wherein step (a) is conducted in

a suitable solvent sele®Hed fromtol uene,

trimet hyl benzene and xyl ¢ . A process according to

claim1l1, wherein Tritop s us@d in step (b). 20 6. A

conpound of Formula VI defipped in claim1, or salt

t hereof or protected atjvet her eof .

NO, COO-R’

5 VI
(c) reacting a compound of Formula VI to form a compound of Formula VII;

OH

NO,

VII;
(d) reduction of the compound of the Formula VII to form a compound of Formula II.

10

2. A process according to claim 1, wherein R! and R? are both fluorine.
3. A process according to claim 1, wherein R is Cy¢alkyl or benzyl.
15 4. A process according to claim 1, wherein step (a) is conducted in a suitable solvent

selected from toluene, trimethylbenzene and xylene.
5. A process according to claim 1, wherein Triton B is used in step (b).

20 6. A compound of Formula VI, as defined in claim 1, or salt thereof or protected

derivative thereof.



20

WO 2008/ 053221 PCT/ GB2007/ 004176 -59 7. A process for
t he manufacture of a conpound of the Forrmula VIII: H

wORoogkIS321 O F N RHO NJ VIII wherein R4 i s aPCT/GB2007/004176

protecting group 5 froma conpound of the Forrmula I X

CH3 O ONH ROI N) IX which process conprises the
steps of (f) reaction of a conpound of Fornmula I X with
a derivatizing agent to forma 10 conmpound of Formul a
X wherein LI is a Ieaving‘ag%up; CH3 L1 ON RHO N X
and (g) reacting the conpound of the Formula X with a

C ound. of Fornmula I1. 15 ) :
(BIRREER T the PRI S EBRg A R dheS el Yl ¢ ne
conpound of the Formula VIII. 8. A process according

to claim7, wherei-n steps (f)
conducted in anisole. 9. Ap

ding to claim

7 or 8, wherein the derivati zrrg used in step
(f) is 20 phospha@H§ oxychpori de. WO 2008/ 053221
PCT/ GB2007/ 004176/ =60 F
O AN
N
J
4 =
R~0 N
vl

wherein R? is a protecting group

from a compound of the Formula IX:

which process comprises the steps of:
® reaction of a compound of Formula [X with a derivatizing agent to form a
compound of Formula X

wherein L' is a leaving group;

CH, L
|
@)
i
4 ~
R~o N
X; and

(2) reacting the compound of the Formula X with a compound of Formula I

(2-methyl-4-fluoro-5-hydroxy-indole) to form the compound of the Formula VIIL
A process according to claim 7, wherein steps (f) and (g) are both conducted in anisole.

A process according to claim 7 or 8, wherein the derivatizing agent used in step (f) is

phosphorus oxychloride.



10. A process according to anyone or nore of clains 7
to 9, wherein the base used in step (f) is

walriosopepyl et hyl amine. 5 11. A process accor dP@yGB007/004176

10.

12.

10

15

20

any one or nore of clainms 7 to 10, further including
the step (h) of isolating the conpound of the Fornul a
VIII. 12. A process for the manufacture of a conpound
of the Formula XI: H N @B 0 OF N HON 10 X
froma conpound of the Formula I XX CH3 O ONHJ RHO
N IX 15 wherein R4 is a protecting group which
process conprises the steps of. (f) reaction of a
compound of Forrmula I X with a derivatizing agent to

f Arpro@ess aopidngtd agf ofeanr nudra ofcla®mI76b 4, Wherkin the basausedgn step
group... 20 008/ 053221 PCT/ GB2007/ 004176 -61 CH3
Lﬁf?lsd“ﬁf)prw&l%@m(g) reacting the conpound of the
Formula X with a conmpound of Formula |1(2-

A process according to any one or more of claims 7 to 10, further including the step (h)

of isolating the compound of the Formula VIIL

A process for the manufacture of a compound of the Formula XI:

N
Y
CH, o” |
0 N
HO N/)
XI

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;



10

15

20

nmet hyl - 4-f | uor o- 5- hydr oxy-indole) to forma conpound
of the Formula VIII; HN CH3 0OOF ~N 41 J5RN

w/kdosHsRad (i) renmoving R4 fromthe conpound oOPCT/B82007/004176

13.

Formula VIII in situ in the presence of the solvent
used in steps (f) and (g) to formthe conpound of the
Formula XI or a salt thereof; 10 and whereafter the
conmpound of the Formula XI qbtained in the formof the
free acid may be convertedinto a salt formand the
conmpound of the Formula XI obtained in the formof a
salt may be converted into the frge acid or into the
formof an alternative %ﬁkt. 13.% A process accordi ng
e derivatizing agent
i odi nati ng agent

is a 15 chlorinating, brom
and wherein the process stg cofprises  (f)
reacting the conpoudﬂ\et)‘h FormyTa | X with a
suitabl e derivatizing agent in the presence of a

sui tabl e base and a suitabl &;sol vent, wherein the
reaction.is . carried t : -1). addi n Lxt ure

* 50" compimnS el eb iRk Xt f nitiod of B gey
sol vefdetttyd-4aludto 5l €roRf-iddoR) etefotd atcbmboghdag ettt Forfulahellr;
solvent at a tenperature in the range of from60 to
110C over a period of about 60 _mnutigs; or WO

2008/ 053221 PCT/ GB2007/ 004176 %) adding the
derivatizing agent to a m xturg t hg/conpound of the
Formula [|X and t base i 3
t enper ature over gﬁberiod abgut 15 m nutes and
then heating the Qgactihon mixtur€& over a period of
about 90 minutes to ure in the range of from

70 to 90C and 5;stir ) eaction m xture at that
;or

VIIL; and
(i) removing R* from the compound of the Formula VIII ir situ in the presence of the
solvent used in steps (f) and (g) 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.

A process according to claim 7 or claim 12 wherein the derivatizing agent is a
chlorinating, brominating or iodinating agent and wherein the process step (f) comprises
(f) 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 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-3) adding the derivatizing agent to a m xture of

the conpound of the Formula |X and the base in the
wa@olmses22at a tenperature in the range of fronmP@DGBR007/004176

110C over a period of about 15 mnutes, to 14. A

process for the manufacture of a conpound of Fornul a

Xl froma conpound of Fornula X conprising process

steps (g) and (i) according,to Claim12. 15. A process

for the manufacture of a c'gﬁ'pound of a conpound of

Formula | (AzD2171): H N CHO O/ F N UNON

15 | QAR o LT3 ComRaind oL LG O Bl X1 e

group. WhirXthnBRIRORSSInGRERIVEES: ainfbeens tepfpradire O agietibd of
t he conpound of the Forn‘gl alXto a conglound of the
fiefy

Formul a XI2boyi@520ppieniben lFf@nyl. S 6P P oveyd pyriofof
SZBC IoaiOmFla.]?_j;am ;r?ggn?&'es BYa eRBeEfkd MAhSraREOSERm 36 E0¥0CREd
5 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,

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

Formula X comprising process steps (g) and (i) according to Claim 12.

15. A process for the manufacture of a compound of a compound of Formula I (AZD2171):

H
N
Y
Cl:Hs 0]
|
e

15 1(AZD2171)

from a compound of the Formula IX:

IX;

20 wherein R* is a protecting group.

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

compound of the Formula XI:



15 16.

20

(k) reacting the conmpound of the Forrmula XI with a
conpound of the Fornmula XIl or 5 a conpound of

woooosioba2XI 11 X CNL2 CK XIl Xl wherein L2 i BCEGB2007/004176

17.

18.

| eaving group and X" is a suitable counter ion in the
presence of a suitable base to provide a conpound of
the Formula | 10 (AZD2171) or a salt thereof; and
thereafter the conpound of_the Fornula | obtained in
the formof the free base nay be converted into a
salt formand the conpound of the Fornmula | obtained
inthe formof a salt may be conveqied into the free
base or into the formof an alt®tnatNve salt. 15 16. A
process according to claim15 er ei x e base used
in step (k) is selected fro /car bonat e,
pot assi um car bongfe, sodi gm hydfoxi de, potassium
hydr oxi de potas$i 8mtert{but oxtde and cesi um
carbonate. 17. AOg » iProing to any one of

I S benzyl. 20 18. A process
according to cl ai sherepdn in step (Ic) the
compound of ForldQl a isN'reacted with a conmpound of
Formula Xl I. WO 2008/ 053221 _PCT/ GB2007/ 004176 -64 19.
A process according to O aifh18 wherein the conpound

Ofyy kefididtiRg Aploctss astRFdiNeR JHMAM; and
1- (3-chl oropropyl ) pyrrolidi ne oxalate. 20. A process

aéor gaskpg e eprapqwnd si the Feanya X4 witharomppundef theRessuasXIl or
of For muh@oulld dfFornmuld RAEt €d with a conpound of Fornmul a
XiIl. 21." A process according to Caim 20 wherein X-

i s hexafl uorophosphate, chloride, bromndg- or

tetraphenyl borate. io 22. A salt of a npound of
Formul a Xl | Néfﬁ\rﬁé\qﬁnpound is 1-(3N

chl or opr opyl\) pyrrolidi ne oxal ate. 23. c ound of
Formula XI1l ™With the proviso that X' is not iodide or
tetrafluoroborayg. 15 24. A conpound ofgfpormula Xl

wherein X' is tetraphenyl borate, hexafl uorophosphate,
chl or indheretry Lijis omdadimg group and X is a suitable counter ion

in the presence of a suitable base to provide a compound of the Formula I
(AZD2171) or a salt thereof;

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 [ obtained in the form of

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

A process according to claim 15, wherein the base used in step (k) is selected from
sodium carbonate, potassium carbonate, sodium hydroxide, potassium hydroxide
potassium tert-butoxide and cesium carbonate.

A process according to any one of claims 7 to 16 wherein R* is benzyl.

A process according to claim 15 wherein in step (k) the compound of Formula XI is

reacted with a compound of Formula XII.



25. A process for the manufacture of a conpound of
Formula XI-1 H NOF CA 20 XI-1 wherein Ais a
wa@ios@akd2e1 ri ng system from a conpound of the FRCTGB2007/004176

X-1, wherein LI is a |leaving group; W 2008/ 053221

PCT/ GB2007/ 004176 -65 L A X-1; which conprises

(g-2) reacting the conpound of the Fornmula X-1 with a
conmpound of Forrmula VI Od, F O NO2 VII; to formthe
conpound of the Formula X(#1: N2 OF O A XIV-1 10
(i-2) reducing a conpound of Fornmula XIV-1 to forma

%%g%@%rggﬁgf%hﬁmég _\é'grg\ilp glr% g:gtgl/g(gl? gor%%to eula XII is derived from
mascRiekdpk & yDbyréolidaepaaiat. of Forrmula Xl -1

19.

O

20. A process according to claim 15 wherein in step (k) the compound of Formula X1 is

5 reacted with a compound of Formula XIII.

21. A process according to Claim 20 wherein X' is hexafluorophosphate, chloride, bromide,

or tetraphenylborate.

10 22. A salt of a compound of Formula XII wherein the compound is 1-(3-

chloropropyl)pyrrolidine oxalate.
23. A compound of Formula XIII with the proviso that X' is not iodide or tetrafluoroborate.

15 24. A compound of Formula XIII wherein X' is tetraphenylborate, hexafluorophosphate,

chloride or bromide.

25. A process for the manufacture of a compound of Formula XI-1

H
N

Y

20 XI-1
wherein A is a suitable ring system

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



H N OF AX-1 froma conpound of the Formula X-1I,

wherein L1 is a leaving group; L A s X-1; which
w@ompisres (g-3) reacting the conpound of the FOT/GBR@7/004176

X-1 with a conpound of Formula VI OHF O NO2 COO R3

10 VI; to formthe conpound of the Fornmula XIV-2: N

COOR 3 O EbFO Xl V-2 WO 2008/ 053221 PCT/ GB2007/ 004176

-67 (i-2) reducing a conpougd of Fornula XIV-2 to form

a compound of Formula XI-2; and H N F COORS A

L1

X-1;
which comprises

(g-2) reacting the compound of the Formula X-1 with a compound of Formula VII
OH

NO,

VII;
to form the compound of the Formula XIV-1:
NO,

XIV-1

10 (i-2) reducing a compound of Formula XIV-1 to form a compound of Formula XI-1.



XI-2 5 (j-3) hydrolysing a conpound of Fornula X1-2

to forma conpound of Forrmula Xl- 1. 27. A process
wae@snsizag to Caim25 or Caim 26 wherein ri nBCHGB2007/004176

sel ected from quinazoline, quinoline, cinnoline and

pyrrolotriazine. 10 28. A process according to Caim

27 wherein ring Ais quinazoline and L1 is at the

4-position of the quinazolipe ring. 29. A process

according to Caim 27 vvherg nring Ais

pyrrolotriazine and L1 is at the 15 4-position of the

2 SRS IR S e PR 2

o

Y
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

<}

NO, COO- R®

10 VI;
to form the compound of the Formula XIV-2:

XIV-2



WO 2008/053221 PCT/GB2007/004176

-67-

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

and
H
N
/
0O 3
F COOR
XI-2
5 (-3) hydrolysing a compound of Formula X1-2 to form a compound of

Formula XI-1.

27. A process according to Claim 25 or Claim 26 wherein ring A is selected from

quinazoline, quinoline, cinnoline and pyrrolotriazine.

28. A process according to Claim 27 wherein ring A is quinazoline and L' is at the

4-position of the quinazoline ring.

29. A process according to Claim 27 wherein ring A is pyrrolotriazine and L'is at the

15 4-position of the pyrrolotriazine ring.

30. The compounds of Formula XIV, Formula XIV-1, Formula XIV-2 and Formula XI-2.



