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AZATNDOLE TNHTBTTORS OF AURORA KTNASES BACKGROUND OF

THE | NVENTI ON The present invention relates to
w@2z@ndgsk® conmpounds, conpositions, and nedi caP€nUS2006/062299

thereof, as well as nethods of treatnents therefor.

These azai ndol es inhibit Aurora kinase. Protein

ki nases catal yze the phosphoryl ati on of hydroxylic

amno acid side chains in proteins by the transfer of

the q phosohate C?AIP- .2+ toSfornta nDno-ohospgate
shomn t hat proteln klnases are key regul ators of nmany
cell functions, including signal transduction,
transcriptional regul ation, cell notility and cel
di vi si on. Sever al oncogBﬁéﬁKGEVEUHESo been shown to

[00@[!]30d€oﬁ{tﬂc§rﬂ RDwkieBAS8S Pad qwestéwwohgté%l IRRS BT ATBY3, 5,852,131,

T L e e

6,326 E}B%ntntd é§21 ﬁrlétctasmbwwbet tsebethervraéé@ barttie prestt pieriously- Publlshed

proéys| &ehh&tbgprtbnqntsﬂt@ﬁcesatmmﬁeéti @tyléfh@ ﬁﬁgylﬁ@lsaglhdjl as brominated
al e rorern

y.. phos
POl S BB B IS PR S O,y BBl SRty rominaca
stygppiq gobmagse c e dhisn cenneghivier thef topas hdiroginsgeds ytyierds polymer” and
"brbﬂlﬁr&h@i 94)193@1‘611@" |a§ uSed Hﬁ&%'s?@?ﬁca@&phh& i H%C&am@soﬂﬁ'eof refer to a
cers a | Ter | Sease

orcp Rt REN R BR s R/t RECHIARE Fgiogiq polvmer such as
Pola'étmenﬁ@gal epppbmer tHedaend mdsetsleﬁﬁciﬂ@déh@eweﬂatlromaﬁc monomer, as
distiB&efHearfSorh @h dﬂ?bﬁt@ﬂ bﬁﬁol?t‘rh@h @augécmyt JSThécﬁﬁéﬂHaﬁoﬁlngolymenzatmn

hor nones, .inc tor .r
of ofic o nhoré b((lo%%na 2 eg xtngp%]ine e&} V%réapﬁl%(‘?\%tq’fi tﬁ%gﬁ{ﬁ oligomers or
polymewsgypicallcbeing esnsiderebly dffesentébm hepminateg polystysénedn a number of
les cmﬁses are transnenbr ane protelns with their receptor

ocat ed .on t he. ou side of the cell a
roodR o LR B RHES £ ety R bR s arye sBDH R Chicibed in the
for egmlﬂamrmneslymmncthWntstegﬂaﬂle tesrsbiliy of mmpat hoepysdwet BBr that is
usdaﬂ? ddr@inh tHeHcd@ "sﬁacf:—: QF t}férb‘r'&ngﬁﬁbﬂ Feactoh B Sadshrsy QbR GOMRIYce vapors

A
intg B DGR B Rrnat B3P pedf o lrpminstioagetegon mixeuee o
allqw) fpeomige e fe corfthretth theddsirodax teatmmtlithen feamidaging the bromination
B@cﬂp@ftﬁ a stﬁ%fb@é ﬁ:m@o{ts I%ecllumB Suchal oﬁé}gtlch i(s o@eaonoﬁﬁ&mportance since

ns re

L B0 290U PLRLELS, LSRR B e TSR e,
desiyablgrraoduqpy. suel @mbtosrnh@vtIS@f Inchstewhatyl lwoimng egbiidgis used as the

bro@xﬁhiiti?ho é’gehh}m(lﬁg%&%ie@rhs%%pﬁﬁhbb” ty |oeaklI ng duri ng_ the
n nmanmal

clin .
100%] P G BB e bk e especialy in
thekmtra]gegf concliugiiieg thiegroerssasdare GENPsAyelagmsi ThikTinvention is deemed to
prof QB fdaQf dhd dugltheGNAplovdicdtei N phosphat ase 1, TPX2,
I NCENP, p53 and survivin, nmany of which are required
for cell division. The Aurora kinases have been

reported to b&RI SENPYIRREOT THE WNYENEHIN of human

[OODHITUTIﬁs 1155&’{&{ SRDRX PSRBT B bl VQa!l@e's'% Barcbesha from the styrenic
col orect al ovari pancreatlc nce

PoISRT BT HVHSE VERUoR R RN HCRBT (G o JoF Jovention also
redifeghtht eapital rofuised trzopdinding the Sgetaleprocesp diyt @dmnntln g equipment

[c%ﬂ? luse &1 tﬂe‘-‘lﬁbnt ﬁ@ﬂ'ﬁl@@ kﬁ%ﬁminﬁﬁb@gw veh AR Be bromination

e tunor
T Y . Y —
solvent lveprers fioheaidd g2t Afgtes, raantion mplkivh¢sciatminedinod blAunmt@nfprocess of

thid fivaSFarEat 8Im-d Raane 'ﬂ%c@’;s@}d iRnck faer t@xﬁt? 'cgﬁcfplohai'n%%lonventt onal
behavi or. i cation of the Auro

Sty RO Bt PREOPD SPASE BHCp B FPEGhALHE Pk can serve as an
patients with nodenegative breast cancer. In addition,
an allelic variant, isoleucine at amno acid position
31, is reported to be a | ow pcnctrancc
tunor-susceptibility gene and di spl ays greater
transforntng potentlal than the phenylalanlne 3 1

o o, o o
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-Ar-(CH 2)aNR13R14 , -A -NR a-(CH2) b- A",

-CH2CH2C(O) -A' ", or -Ar'-(C(O (CH 2)aNrR13R14)c;
wob@rerasA is C(O or CH2; A" is H NRL3R14 , PCI/UR006/062299

6-thi oal kyl, G -C 6-al koxy, -SQ2CH3, or -OH A" is

-OH, Ci-Ce-al koxy, or -NR 13R14 and Ar' is a 5- or

6- mnenber ed heterocycl oal kyl ring; wherein a is

i ndependently 0O, 1, or 2; bis 1, 2, or 3, with the
provi so that when b is 1, A" is H and c is 0 or 1, R6
adgjrgnad ddpefonihe reassinn inHuse nde Heddherin gnclagdipgghe gl and unless
expivessly stalel Ytherf(dethe Edmtaltky beadtBoRBL or GIC1 Cor both.
[000%:[ kytl acg%f%%n%kvugo'ng% amg%lléent %ﬂ sol’n&git@% tﬂe% Ffﬁlogdeéaplocess of
pr epalpp(g,ql Bryeinpigated sgsem¢ Ryhymeﬁ ’pa\@pD @brcgpmwcgtﬁﬁenbof@t least about 50 wt%,
ancﬁ@reaélKNﬂy at Qkhst B@dnﬂ 6@ wide; adkytill nddry @ra@Xyb§ atGeadlabyhs 67 wt% by

blo%ggtlr? l ko}gé{'l‘ls pﬁl w X%n afnlgicﬁl%LcJC is clz'heﬁtgaec%%?zr Xl bafl ﬁorrductmo the
br Ommeﬂ@l o ]éﬂll!é\}l |pha@e@meymxew l’(‘?ﬂer s@pe@tr@omhwgg(yressme in a closed

Lcacﬁ&l‘%)sbénﬂcr thiR gh}ecus OTX Epradiat Bhot Edk@i@é&&ém\éhiﬂhldsb@leacuon system
[0

sepératelx,%gg étaau g]on} sa\{\ﬁ” %@ut he xt%xtee ﬁ%tﬁ (irrll %9‘1 fgerms al'he invention of this

er ocyc I Ng Optlon
embo@isneant istie @ PERacks erenadqulymnat tﬂgn@rﬁo}b@leréwws a brpmige content
of atAek®AYoutF0 ﬂ% RCpreferdtey af l@@s}ﬂ‘a'b@ﬁﬂ &/ Wt % Aind $illlhdre preferably at

lea&%*m: @wgf% Prepﬁreid]bRé F%n{\f%lnigl% }yfrem Pcﬁmmgr O¥I1ié &%ravement in such

Progess «yperies mdqctwhmbzowre@eﬂ Hera Wltl phrse m‘:feqh@g ghixture under

su;ﬁirélﬁ‘io%ﬂqéM&J Iﬁbsshﬁem ﬂl@se&tlbﬁﬁﬁﬁ@yﬁt@ﬁf@o%la%asemm rcegroduct is not

relehaest (gho%“y a1<? a XA reraézt? 1 S s{em? Qea L}a\((%s ub taI gry%rom a1(§ reag"_lon mixture.
arkyt” # 06 APk oky Ry droxy

am No,
[00Q63 |T§16Hb0@ er@éo thts my@ltrtmiy(n@“@mh@wwf thmuo fayms in which
it i¥lstafedaGov @) dpbles: ha| O- C' C 6- a| kyl, hydroxy-

ot il SR B e il e fgd%é EIX along with

at t ashesla pai of He rerctionmnpee Edniedtie pdaich by iop ppgducted in the
opt bmg@d{éécﬁwpg}tsltgryt&d wth G-C -al kyI hal o, am no,

B) R 5 P At T heRr 9Bt Wittaflpipipadf e reaction
hal orixgwe RKEstiggdaiiRrecomplgeeh of wbtah:ht hwninptyon Oétséimelﬂ@ polymer

V\hIN %?_n&f&@éﬂﬁﬁﬁe@kﬁ@@fé@&ufrpé’}meﬁy@rom0py| C0O C=S, or
~ m, I

18] 0, |1e1%?vai o% gﬁ‘astantldllyodll (j_dpl %ducég{)g raFOLPg and flggggret of t1¥e reaction
aspeukture hemg rf@@mtm i2rppaiRy.any blr@nalat:lowpﬁ gfyreninpolymer conducted in

comrcu&bagegcﬁen@mﬁund represent ed by Formula (1), or
al.t, .t

tn hehR 0 R REEI ARl el R P et FIX can then be
Sepasﬁeﬁt%ndteﬁe\’?fﬁ‘ésent invention is a method for treating
[00074i FRRE6rdahcER|th aRdtRéd dnfRllihemt of TP Trvehtléh there is provided a process

ror e VBRIl B Ropwbitad SBtoniC aliF ey paFLER! oRpEARRAMERY of a cas
abay 38t %, hadprefseabty dtdgashabhon 60 et mod kol neaerprafeibly at least about
67 heSheR plocatiTuireidagin Qb Raliehic pmyﬂe@dlstnehﬁﬁited under

oSt e PR B e i RS E Wi S T PR og iy and na losed
reagtien epftemanavifibl) selstangialy alim:f thi é‘ﬂﬁr@oen@ﬂu@aus [rgtained in the reaction
miR&ECRhEDIR &xayfi 8 tueddheaN@thbein a&PRGE o B&@Bﬁ@ﬁ@ﬁnaﬂy from the
vention relates to the conmpound N -{4-[4-(2-{3-

reafﬁa? f8thy| ami no) net hyl ] phenyl }

-1H pyrrol o[ 2, 3-b] pyri din-4-yl)- 1-ethyl-1H pyrazol - 3-

yl ] phenyl }- N, N-di net hyl urea or a pharmaceutically

acceptable salt thereof. In agot her aspect, the

present invention relates to conposition conprising

N -{4-[4-(2-

{3-[ (di et hyl am no) net hyl ] phenyl } - 1H pyrrol o[ 2, 3- b] pyr

idin-4-yl)- 1-ethyl-1H pyrazol -

3-yl ] phenyl }-N, N-di met hyl urea or a pharmaceutically

accept abl e sal t ther eof and (b) at I east one

. T o o o T
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1,1,1 , 3,3, 3-hexaf | uoroi sopropyl, nethoxybenzyl,

hydr oxyet hyl hydroxypropyl, acetic acid, acetam de,
worsoplnd3shiyl oxoet hyl , met hoxyphenyl acet am de, PCT/US2006/062299

hydr oxyet hyl acet am de, or di hydroxypropyl; R4 is

G - C6-al kyl, hal o, or dinethylam nonmet hyl phenyl; n is

0 or 1; and R is acetanilido,

di met hyl am nomet hyl phenyl , net hyl am nonet hyl phenyl ,

nmor phol i nonet hyl phenyl , pyrrolldlnylneth | phenyl

[0008fhy |Ip Zarrping onk thet prvs ngﬁW}fyﬁhﬁ gatalyst is quenched in an agueous
quendiidraxyiain FreferadipeleazX ajskomedin b egayiltant aqueous phase is separated

roxg% o
frog}/gl q?%ﬂé’se eclrgg%\{%lg}f’ 6})1ler blonanateﬁl styrenic polymer. In cases where HX is

HBypit Wﬁffﬁ@éﬁ‘h yicaneriberbromyine Vhlyeﬁ xyeeanpous Ahase b yleam stripping
the iR bty bigdEk B Ferhéhd 1es1dda1r@g£ml: s@l%ﬂﬂ@&hyche a@aem)@mphml and thereby
plC{Vé$ * gﬁy%‘%%%%lr]oneyﬁn i p% lletrgcglt Gsfaeh ?ﬁD )fn gtljn%ning the HBr in the
aq\.mup hbiserio gémp@ﬁg} ﬂnr@'pmghgadpl@qutqtmgﬁyqz HBr with an aqueous metallic base

pRidbyd $ sbif.asy bes Hﬂa@lmldilﬁl&tsﬁwsmtable for use or sale.

o PE S DA S AR o s
compprisa( Of NEYTGHaEYy Nmmolymr@dm@smamw comsgétcheiX can be
quéMdhEd i hddab @GE Redsel M@Wﬁﬁht they ary %E@C&e@lc Hpfidreaction mixture
co%pﬂ%?cﬁ 3%b?rBJé1ra1(;aeI§-sh§?mc 801 mgla_llagp S‘URE%&Z{I%’ allln c%gtc?ust H§ can ’%e removed
frognesapiéon sepddn, whiple theyase Freerved uerchied ia asepaigragenching zone.
In ﬂﬁé RGkEEhsE Hﬁﬂlcﬁh@ r&tﬁﬁ@xﬁ)nﬁﬂtﬂﬁd &Jmﬂ}ﬂse@fof brominated styremc polymer and
CO]PI 8 éi&%] é%e]igt d.}r[dghpslels u1¥ pxgr‘%eha Y B ccynfln%meny a; it'is tngspofted within

plgplyg F2oduigs, pf ]I}gﬁgwy@:}tmp@mg @om:_\ﬂlhyeqmea vessel into the separate quenching
vedel 4nd Addaded %Mﬂﬂﬂﬂida Ioarm Jr?h&hdmmﬁl@mu&n |;J?|aﬂéydb!l>0£n aqueous

qu?r[céingplﬁ%§§xrx{1 r%'ggtaf'n 121 the quen ing ves&:i/gg ﬁl gaseox 118? Soe}g not escape

HﬁnﬁﬁmmFﬂﬁ@@H£3—[(dlnethylan1no)nethy|]pheny|} | H-pyrro
(o®log, 3- 1335} PYIb Radtiod kydert Iﬂyl:;l)thlrectmn with a batch rocess m which the

eth
brc?r%x_ ort %q%q%ﬁl&lpgﬁgﬁ} ﬁ)[é\)r{: ﬁ Li;ll‘llatlmllpl_d%ﬁ/sr § rgfcg}/ogl vessel is meant
that [g:}(pggt ifdi g].pdlng/ ¥ cgichpSSrcaxmng. gleyqe):menyccm?ponents (including purging
can‘i@r iﬁ % ulﬂd/ ﬁbrn%ﬁm medium efc.) into and out of the bromination reaction vessel,

theoslys )lﬂ()%%/ ?f SH‘[VPT‘XLPPSGt@ﬁ“{’T% cﬂé’ ylsperr? Psycle}mglnlc;![l SLPC¥1 Lﬂat gaseous
H)@ypmdtctgio)@ls ]nphemp§ IgNthg aye‘qehym;pﬁ gather is caused to remain within the
cob¥ined-dr4hd %aéﬁor[ (z@bselahmék a6l iy RB QHM's}lblt'EhtiJa\HyréPﬂ of the HX

cogxfoﬁ]hct 6?%5%% éun ancy is )paft OF %hh ¥eact10n ngy\{tru?ezlg)rlltﬂ que1¥chlnp [ Wﬂé/reby the HX

is paptfud (in- e leyenehif @ njegiyrh qopewrointdi with Meaeiiafiohexfythg bromination
tatyRY, 'WREPHZ, 13H@rpﬂﬂé bﬂitnﬂnévéllh& drEMEh@&vered in a suitable form and when
ne
B RV N -
00 1pyr Hol g{lgseg r@ﬂucmgm @ismm il (}OIIIIIF{Fj:yTl‘aY/@h a batch process or continuous
pro%eé@ ibRheiey |tﬁ€ Moh’nﬁiét{%t 4yl ﬁ@hm are to be carried out, or are camed out, in

seqaﬁ}% v8§(5ﬁ15 AL, zhlesl 18 é?‘?ﬁ?? &}al_l%yge%l go él %,lo)r 68@% o'anIymo the necessary

comppnendi (roclagingrmyaging carrier gases, if used, efc.) mto and out of the bromination
reaUuorﬂ Gedsér c(r%oﬁé‘al{c(ﬂtdﬁfd"bﬂt afthd @étﬁ@%fﬁéal@&h@ﬂ%ﬁ'vkséefb%é Qhe system

is c])g ﬁcipﬁgﬂ'lﬁy}suzf{f)lﬁ}dd{l Hlyflfﬁré q}lxe sys:,ltempl)é d%mgnec:lg such that gaseous HX
colwod{mtdpqs iGtefappp (r@nn@p h)ﬁtqmmxgyaﬂ%qrhg,qa}lgmietpyﬂa}/eh freprpg}pbgormnauon
lo[2,3-b] pyridin-4-yl)-1-(lnmethylethyl)- 1H pyrazol-3
-yl ] phenyl} - N, N-di nmethylurea; N, N-dinmethyl-N -[4-(l
-nmet hyl -4- {2-[4-(1- pyrroI|d|ﬁylnethyl)phenyl]-
| H pyrrol of 2, 3-

b] pyridin-4-yl}-1H pyrazol - 3-yl ) phenyl ] ur ea;

N -(4-{4-[2-(4-{[ethyl (2-hydroxyet hyl)am no] net hyl } phe
nyl) -1 H pyrrol o[ 2, 3-b] pyri di n- 4-

yI]-I-nEthyI IFprrazoI 3-y|}pheny|)-N,N—dinethylurea;
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Ais >C=Y or >S(O Xwherein Yis O S, or NRl; wherein

xis 1 or 2; RLis independently H G -Cs-alkyl, or
weyaropispyl ; R2 is H G -C6 al kyl, hal o-C - C P&l/kg1006/062299

G Qcycl oal kyl, G -C6 al koxy, hydroxy-G -C - al kyl,

amno-Ci -C6 al kyl, C -C6 al koxyntthyl, hydroxy,

-(CH2)y-Ar-(R7)2, or NR8RO, with the proviso that when

Ais S(Ox, RRis not H whereinyis 0, 1, or 2; and

Z is a nonnegative integer not greater than the nunber
reagtiop wsistl enrona e itrtagalpr deactivetios ugsseli argphonndessufficient pressure

$0 Eﬁ% E\)ﬂsta‘ﬁﬁaﬁ‘?&l%ﬁﬁé Y-il)i&;in buck Wﬁﬁﬁll a.‘dd ﬂ par t of the reaction mixture
al_ken

unﬂ{, &11858}11% C%]%ﬁrm sutél}nc \é c&uhall—%gl lﬁy?ap d d¥1 the quenching medium
CO“@JITQ}IM&mMui@@ptn@@mlokWe brainydtion cai@say HRire agkior when HX is HBr, the

br érﬁmls ﬁlue% ale%eﬁ fedoRElRAGA Q%{Htéme Ebrnf afd lnley lErx Bahes, the HCI can be
R5 is i ndependently

resS e, i gh BSATIoOrRgr G EHoEEG Kyl Ar- (R 2
[00K2TH2B a NRIBRIAE the PyocgsSln gycammrgm;h thi¥ inNgation, brominated styrenic

po )ng%)éi%lm%dcm omﬁ)ané subst%ﬂaﬂ%’raﬂ' ﬁ%c@pﬁ Sdibct are captured in the
Enghy, BEICRY St P10 e S uoepRaeprogssing of the

reacasnmxmr¢5fa€ﬂdtat®1 C 6-al koxy, or -NR 13R14 and Ar'

[0053]12 TheLlarfr &ﬁ@@%@gdﬂﬂ%?sr Mﬁ:h@@éské@ thfsI ﬁd%m%%ﬁl Beh &1l further
IS I N ,

dent b
oo g F R e i o afborFanpin gifind i afpenged Aims.
and each R7 are each independently halo, cyano, nitro,

G -C -al kyl, ﬁﬁ:ﬂF ﬁs@mpﬁbﬂ o ”PHMRAQW&G

[OQ)]?JJO l%ﬁg rlg:? g%hgmaﬁ% flo rﬁk( %@a@ orPéga _t10n p?écke)s{é g t ps?hvention that
caftibe Geedafide phadvicmg-HTometad $¢y1len1ccpolﬁn€n@e al kyl am no- QCe-

al kyl, OH, hal o-C -Ce-al kyl, hydroxy-C -C 6-al kyl,

G -C 6-al koxy, G -C 6- Soxy-Cl - C6-

het eroaryl, or Fﬁ%@&ﬁﬁ@fﬁlﬁa%mlm RO is
[0M1.5]Ci OI@eafahé(ﬁclaturdeabeah@m‘@mnah keythe £23 @0 theyprbomab kfyihjs invention can

be?gg : her Y t%cegthé %}%déligglo(ﬁol%%’tetxggtﬁm?% , including preferably,
OgélPFe%OIF@P vz ERecopatgt ﬁa‘ﬁgﬁé‘ BHaHBE erisE I‘glél‘%?}lmfeﬁlhg
[0@i]i ohialsl fpr sxdnsple | the @dooasd for Bremfinatih yiyren@payman dan, be a process

wifi¥i Qm]% es@onﬁlng %)%acé(ﬂigrgilmrg%%féédlﬂf 5 Qi Q@Y i kaéejh@ﬂ is substantially

freg o&a@cprmzrgingn thaﬁ;{st @d éﬂhﬁh is f(ﬂg} f@m @t}_%a%ﬂ prmrba}nno agent and
a syreniopplydher(odr @ltdytic quantiRl df atbnRhjort aagpdy $tethisbeiie exemplary of
pr&&@s @chﬁ&gﬁi‘ﬁ?sft HQEchfBeM"E\? FﬁlT tHhewarLsatjgched form 5-

menbered, heteroc yl'ring optionally
[ngﬂst 5%”&‘9%? - \Wig A OéF“(‘for QFW‘I‘W‘%FWCW?\]WCEX/WC Fprasess which
congirikexfgediap alfirekrstepm debdristnghrofiind@mgaleknt] a s@rond stream comprising
stﬁéﬁ t 35%&1@& Ca[gf a ﬂhh:y gtreagflrl%ﬂﬁsﬁw lSPorrglatﬁan{alysft] & Puiterbo intimately
r QXy- -a

mlé@? eLireagys, ﬁi%b%%emplarytoéaéctcﬁ%‘"’rtewfiof‘ggtyﬁ’és‘rf?eﬁ?%@é‘ﬁnU S.Pat. No.
5@60568,0 vvh| ch they are attached form5- or 6-nenbered

]er ofﬁ' Z{i’é !ﬁ}’dcegé iy ﬁg}ﬂlgﬂfﬂé M@Hﬁ&&%ﬁqcﬁdcé{ﬂ BQ aq;ro@ess which

compalrses@p 3B R B b R T s ARG heprssepg of Lowis aci
cataiyde pad dehvehy qidntites G -babkygthlomimdiadre, tlos bRy arthpgRi, of process
e RIRINH LAl A AR, REOSEF 08I ch they are
form cyc opropyl C=NR_;
[0%9]1 Inﬁ:ac]bof thed av%p@c%s&ghquHJa%Mﬁ P@t bIo §678 99,‘5 686,538; or
5, B0MR(B, bch@rockss i8 irdproyed gursbeftitehis innantids bysedieing i, bromination
a 5-nepbered heteroaromatic ring fragnent refers to a
5-menbered heteroaromatic ring that includes at |east
one heteroatom selected from®, S, and N Exanpl es of
5-menbered heteroaromatic ring fragnments include the
follow ng: Ar may be phenyl or heteroaryl. The term
"heteroaryl"™ refers to an aromatic group that contains
at | east one heteroatom selected fromN, O and S
Exanpl es of suitable heteroaryl groups include
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The groups R8 and RO (as well as the groups R11 and
R12 as well as R13 and R14) may, along with the
woRdroysss atomto which they are attached, forPCHUS2000062299
6- menber ed heterocycl oal kyl ring including
pi peridinyl, pyrrolidinyl, piperazinyl,
4- met hyl pi perazi nyl, norpholino, thionorpholinyl- 1,1
- di oxi de, and thi onorpholino groups. As used herein,
pharmaceutically acceptable refers to those conpounds,
mat eri al s, conpositions, and dosage fornms which are,
within the scope of sound nedical judgnent, suitable
in faglossdgedationoys tavtundet bnpchdmpsplsniepressuteumigich beiypgslly up to about

0%3?;11’ @Eplleﬂﬁlll SubdtdnBaLy o QSP@@ ﬁ}y EorlrB%h&iid ¥bronfih htﬁ(ﬁ{ 1'e§’&10n9fuxtu1e and

lemor c [ conmensur at
ST L BRRERP PY DIEC PR B PP TORY P Ea F | Pfpises brominated
styaetik palypres enditubstehtibllpdbofitbeceprodett X, acaspabbssjwsathisg medium.

PrBfer £AYIE BRRinaE8 M H NTp 819 mERIRMhSTK] chp Y e Qpﬁ%cﬁﬁﬁd recovered
The harnaceu |caII acce t.abl e saIF

fr?i?éb S PG PG AR St hetiRg mix et %ﬁnsﬁ dyfige the quenching
[0020]i f Incaadditom ©f the 'ﬁﬁeg@ﬂgmﬂﬂﬂanomhex lpyoepaf thiseinyention is a process for

br&%ﬂféttﬂng gt}&&ﬁc BnyiJér@@hﬁﬂ'B}QéHgg chRphtS cfoﬁ@lﬁ‘réﬁqueéﬁing a first stream
free.base formw u base or acjd

compLisig IQEPthnﬁr?gE’étr ‘iné’ls%f’l@ﬂ?ﬂ%tﬂ%?ﬂt%lyﬁ D 7fgad stream comprising
styaewio peiymgertto akFeactimh ao(d )whemgincont ai n an aci di ¢
AY unchi apahindfiovR BRGudE®in 4 cﬁ%e%fl@ﬁ&ron%?ﬁ@}ﬂltg r&hin HIX coproductin a
for har maceutically acce e‘tl? ase |t|cg
sal t 3?1‘? HOBAEHERP T EARlY aé‘ﬁ‘loép é’resl%?ﬁnﬁql s of
B)suchthbagtsyst nc Hembéi valed hyydquenichieg, the aeddivat msstunethich includes the
bi ¢ %1€ﬁﬁll§it&§st91fenﬁ%l§f1H&r a%@ts%sctéﬂ%{glly Liitolp M CBhOUHE in an aqueous
magnesi um al um num™ and zinc; and”b) prinmary,
secoHFRFY e By ti ary anmi nes i ncl udi ngal i phati ¢
Praferadg theaH&ndits s @ veahimibs, reqlliaphadueousliphaderie sgpaagd from the organic
lﬁyéjcrdﬁ)fa}{mﬁlg oy @Hﬁﬂ%ﬁ:@é{ m@ o é}y bamaex 1s@t[§y Inﬁg'fn@f‘erred torecover

ydr oxyet hy m ne, }e 2 m ne, triethylam ne,
th%?mnaﬁé g nn © aguGOMs BN Xw 1 sifiagn ﬁenmngﬁh%queaﬁﬂphase to remove
regiyhedl alrganié avivaet frbm the ratjaéans g ime fitessbycpopolerdisydrobromic acid

19&9::‘9 rsthQtﬁe [78 E&r(ﬁléla?e Qlll)) cdm&t rlh@i—ﬂ%ﬂnq h(%.leous hase to elemental
f are_therefore ca e

unctional grqu
briyRieRE QH& .‘ff‘cagrmg ﬂ?&%@btwétﬁi‘l 28 BUFRUSHRGS f Wse & PE"db‘ﬁe a dolution of a
métaelaomadd sali $uitableoi tgdbdresalkei d. Sui t abl e aci ds i ncl ude
[OQf'ﬂr NRGEL] bpﬁlelp}‘oc%%%@ R bl fivkRes A GipRfldls s;ﬂﬁgic pressure employed

ganl c acid Represent ati ve pharnmac utl cal'ly
cagcPepthab F“étoéﬁ"%’s“ PFF@F‘HBegﬁW?‘tS% el ¢h of'Pe, gYr%?%ﬁ“ogerﬁo""""’e’ any
superatmokpheni¢ prasguracvithin shd fafie bperatngl linsusl of ol reaaokr dnd/or associated

p194§9§9&pédu‘fp1ﬁ&llt%n@€%gé§ acid, hydroxyacetic acid,
[0661 etic_acid, propiqonic acid, butyric

aci d
SRArgduG lePls & e halegpnpied éemﬂtvaﬁﬁ%m theupgesses of this
mmadtnon aktiud, innthk prdcticaeif this imwehépn a:heaHiXdz;opchadt ¢s @&atied through the

clés%h'rQXAtioﬁ Ak %hﬂ%eﬁzﬁhﬁlc@lc bdd 1ﬁ apai %héjan fa@cﬁ Bbfial diluent thereby

stearic a actic acid, ascor
le%‘uceeﬁ denesansty ?@%B?lérmear: SPRtgR; éucaﬁdreﬁaﬁe%maewmy offers the
oppsrtusiegofhareeating witle ldse solveé or enptdineduse fof Ratigter@elfyhigher molecular
w&aht 5f|l S M}qer%ltﬂ: Q{erg'dhé léxka)l of Eglfv S 1h Qd&’i@l'%n%e ?ﬂﬁ@al need for

ounds accordin 0 ?§gu e compound
2 FYRREING PRICTHEYT STt qoaf%iamt i Eﬁu dF GkEh B SgFn from he
bremiriation tredogor i tlimbyataki Bbteadofpipsidihd ambusing such a scrubbing system,
allnﬁlnﬁ’{ ylgfi Arﬁ Brfucft %mbeofec@v%réd ﬂl )ét E{ﬁq %E&raﬁglfl frr OTI';' (?hel Fontents of an

san wl pRr ecl ate arnmaceuti ca
AqYEUSUSBFENS SYSHEP é1§e deRetivating H‘efC@FﬂB@F y%lloé%"ehéhe CaPl"al cost for
conmpounds wherein sol vent nol ecul es are incorporated
into the crystalline lattice during crystallization.
Sol vat es may i nvol ve non-aqueous solvents such as, but
not limted to, ethanol, isopropanol, DMSO, acetic
acid, ethanol anmi ne, and ethyl acetate, or they nay
i nvol ve water as the solvent that is incorporated into
the crystal I | ne latti ce. Sol vates vvherel n water |s the

Y 1 . g . oy v o o o
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(where X is a |eaving group, exenplified by but not

restricted to halo, trifluoronethansul fonate, tosylate
woroomesssat e) to afford an al kyl ated pyrazol e PET/US2006/062299

formula 10 or 11. This reaction nmay be perforned in

the presence of base, such as potassiumtertbutoxide,

pot assi um car bonate, or sodium hydride, in the

presence of a suitable solvent, such as

t et rahydrof uran or di net hyl formam de, under an inert

at nosphere. Depending on the nature of the al kyl ating

agent and the reaction conditions, the conpound of
a faplrhihg syQemeapdisbe icogth anedveakinathpunainteagnasi gfomeerubbing system are
clifixiwge of the two possible regioisoners (where the R3

up | s.on either N.atomaf th zol e ri.ng). Wer
oA AR e of Bufpenton el T Ty sy Sected hat e
bromeséon gearntios rateywdrad depetimed dlyyopeintmigdala aletedddgsmination reaction
sy§tSHC Bo aBatC i 1BL | dop@duen r&ﬁaﬁa@ MOARLAY rI@E’(hioq'l ﬁﬁkﬂ@@&mouohout the

atthlssa r stage in
brgainafien Fia Pediente Bt fyr HCerERcH PNt ToyProa A ph roaction rat
appeas to ¢ ashfaahasaf thertdomination ovascoaduaed at aftmpaphenc pressure.
[0024]" aﬁMl%l:@sS;.a Uﬁ}@ f§e°d kReaWRits %éwlﬁﬁatﬁﬁr%%tfo%dzohg chBe degassed to

1) accor cedur es
re@a?? glrsl% V(F({]Zl (a % lthe}t Fr)ay?? zgae%rgﬂﬂ%b&n 61?113 Way,ﬁh%posmbﬂlty
of patdeddi gt @essat:éﬂrlgamlo@s gt thedgomination reaction system being employed is

mgliu%&ghphenyl phosphi no) ferrocenepal | adiun(11) in the

ce of base (s S, pot.assi um acetate) .in . .

0455 aNeTerie BP RN ApRP AR B ORIy agEe pissent invention
ar¢ bomopolyoret andesipehysndrs ke vib3] arbhetic ongoummts,ghatf iey moh@mers having
anlﬁls&tﬁfht&ﬂ%&e‘t&ngﬁra&%%gﬁg(ﬁlofé@y PHidgefefed vinyl aromatic monomers have
h % zalndole such as to furnish the tctracyclc of

f O % 15 whi ch may be converted to the conpound of

Forrmul a (1) according to Schenme 3. Schene 2 Reagents

and condi tions: a) DVF, 8@y E-cR shydrazine, EtOH 70

C, c) NBS, DWF, rt; d) R3X,” NaH DMF, rt; e) KOAc,

PdC 2( PPh3) 2, 1,4-d|oxane 100 0C; f) Pd(PPh3)4, 2M
wiK2EaER 14 h4dibigex @anen (alkyl )grouf0Badag Atdreriniat 4 ¢etbpp adtdres and Ar is an

ar 51%9‘31(9&%19!5? flnéigdfﬁQWaggu@zﬂﬁﬂ%@qlaﬁﬁhﬁg tshlys%ltﬁfe@ Xromatlc units) of from 6
unct| on acet Ogr enone wth the

ea
to h% HeatﬁemETﬁvw?kﬁh. e V&M@ af| %}O%%Fﬁsaﬁﬁ stgpne, alpha-
methylsheesy ntdré®rwetdhylssirens, t en¢tainribylsiyomee npron@bthiylstyrene,  para-

etﬂﬁﬁ:yﬁt’h&) 1s$190 ér@lt@hﬁzngﬁg&;ﬁgﬁé}ﬁdrﬁ h{]ﬁferﬁgl ﬁn%lztolu-ghg v1ny1 naphthalene,

one, eac with t
Wa%etb&? G d Hﬁafﬁ hvatbefﬁ% 5*5% SPAEPSa c‘aﬁis‘a%%" Cof the several
chi @psiyteancd Guchviae the RBne-saindtdichdtied viugartth)e the-skivahbbmogfostyrenes (such
askREnHYS- 33191 cﬁn(g 'aﬁg {6 R8I Barfahts) A@olgﬁlgi b §Ghd Ehlﬁﬁ]tﬂl?@?efg‘m ed styrenic

nitro erivatives s e reduce
b b SO ASORE: RS R et T R s e of 0 or more
ijdelmmahc mabemers, iThipgefeoed that sigtene be obuief the mmpopmers and that styrene
collﬂﬂHsE &b 50 REYRL é}E’erﬁ?t)f glé dob8r ﬁplle%nﬁﬁr&hﬁmt)ﬁ&mms

gueous, roc Io acid or al’l adi_ um on
0b3el o TR B e PTG AT e HaRuRe o BRPC S N HE JHigh the present
1na¢mmp heae et)eadﬂl')h eremsed thynyubmiok | mess] Gsodwtivnh esufspertsiver or emulsion

%ia@%ﬁlté&% EBERH Llﬁgléaﬂ% tfl&% HY& ‘ﬁfthé B@lymerlzatlon of styrene.
ere. X is a'lea

cg eCt raé_ﬁaeﬁ;aaie €] c(‘teaélil ﬂ}ﬁé)g'%s?elﬁ G rfl:eorad].fé} Gatlomc or amogm initiators,
sutlt asf dmmuqrrpeﬂmamieazloms(wb‘emylmwﬂeat d&i;behosy patoxjde, Bbutyl perbenzoate,

dlaﬁﬁ%ll ﬁ&oﬁggpﬁ&ggﬁnﬁ é)eFSQlling:' @llu:ljllnIHletl{CﬁﬁH'idEI Bgllon trifluoride, etherate

ds For mul can incl ude, for exa

Coé‘“rﬁl?’feﬁeélta%ﬂ@d@gad&% S, n‘é’BEi’llﬂé@i‘%s t B‘iﬂlftb]h‘@%} cumylpotassium, 1,3-

sul f onam des, sul fam des, and carbamates. Am de

formati on may be achieved by theating the compound of

formula 16 or 17 with an acyl ating reagent including

acyl chlorides, acid anhydrides, and carboxylic acids

activated by a coupling agent such as HBTU. U ea

formati on may be achi eved, for exanple, by i)

treatnent of the conpound of fornula 16 or 17 with an

T T T Y
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100 0C. d) 6N NaOH (aq), MeOH, 70 OC. Isoneric

azai ndol yl thi ophenes, as depicted in Schene 6, can be
w@e@parads f rom conmerci al |y avai |l abl e di hal ot hPOpOs2966062299

26a and 26b. Sel ective Suzuki coupling of azaindole

boronate 14 to the nore activated carbon-hal ogen bond

of the conpound of fornula 26a at high dilution

provi des internmediate 27, which further couples to a

prot ect ed 4-am nophenyl boronic acid to provi de 28,

whi ch can be deprotected to formthe aniline 29. The

g rot on na be_achi eved under acidic conditions,
trj ﬁgocyc g EhﬁhtkPi The pplymesiz pidomef] styronre. atpmeou in the presence of
oneyarmak| mph@nasicdpolynrisahl¥ eith ﬁyfdﬂe s vdélpléﬁcﬁf}n ahdl it is considered

at e
ungl@éisgﬁ'? It?] gﬂglgegﬁisc‘%}ihégu éiks%gtrl‘r% R}/qcesso targjnc BQ gyﬁllmaoduced by
frogradicalpohemeriagtion wask ¢RRarelpenlx W@shfé sénttlsasy 1109Qvpmetprably at least
SOQQCtﬁqumdSUEiSt pﬁaféralb]]ydlﬁ‘io aooi fd ﬂ@ﬂ osoll 4 'B)@(Brﬁma%sﬂﬂ @dc@rcfahce with the

pl&&%ﬁylh%lﬁ% 1%)5' %? l’lcf‘g 3 Of tglgé]rgnélog’ %I’ ﬂtolmng USII’Ig an anionic

Icn cor
inidigtarbhrvdng p @i’\ﬂbn@aé%@g@rag@ nsv}zaﬂm weight llnrtg% rdngewE 2000 to 30,000,
prethenbili ihahesnyt 028800t 2600864 flde Ffi8lPkEmhRLRAIFE3000 to 7000

coﬁdt%t@dh%tﬂd}%lggﬁg% It ;% Je nf}gl%c émog,smers |f10 aslsﬁg |Ih]8 rua%fintlon Although

oc- 4-am no
tﬁ%g &okwngrp @Hts’rq? tbﬁ@ IQPFCW@I weiehé sapgey eant babronhingted in accordance

widpthe pashntianedine ﬂie@eﬂﬂ;&ﬁp&ﬁll;aﬁ@écﬂﬁﬁhﬁé adwin@fds iRkb abfﬁ%

[O(f)iﬂ mT%%%a%ﬂ% vﬁs]eg 13 rt]% ﬁéé‘esa&fs ¥h1f grérreég?lorgﬁaélcalg 3 Iy&%ormnatlon catalyst,
Pf?‘flé%ﬂ %h@e\ﬁ?&a%y%%ﬁsmt R§tdP |f@@trata theeffiniont asbiafeptodsciidn of a high

qualstybivbmfroltddopsgs tiaygnicrpeadusen Ththle&)r alys?@ EreltBEHES L Rid catalysts
| | e-0
wiREYAR t@ﬁﬁec%_x} ARG %IH'%}Q e s[%@ a2y %éﬁee]ﬁlﬁe Fe, Al and Sb,0,

pr epar usi'ng net hods P
maé’) beSE ne form hesidagadalysn Y tsiroply: adé)ngpﬂﬁé%fﬂhi re®idon system.

MiKRGES of datdlydi xmamiee b3QisEd. @ncé"tﬁ’@‘éaiﬂ st has been added to the reaction

syﬁ%%_&?%? '&%&%&5 %ng 16%8{1%)%%50%' G néécl:agl&logs é&:altal Acmq_]@ty, e.g., AlCl,
MaY; PREPFE to ppme Rﬁm C[TQe n'pqm pebfeired RitXysfEEse tiEHFpminum and
uon+basd&%;ataﬂl§lﬁ§ eORtHeSe, ndre dYdfBifle U0 URe SHAIMAS aA@8n hahdes especially

thdatﬁ%hﬂdjeg d cthhi}rﬁi?e? §tieh %Q %léf aaltnﬁ &%3 ?rﬁﬁéé'glé[%g‘#%%‘éd ( g@hen bromine

prepare SI m usi ng e
%@r@ed(ag)theolyrogﬁn%tg@ @cﬁf@j @nqs8 Brofigragdeas)ca@lyst are the bromides such as

AlBespraeBiry fay shohs exddllast daitvad fbiNarssROFBrdminhtisAhhddo not prov1de a

a_.thi et ap de or _an aceta
s ORISR L6yl g RRERL AEE, 2hg BESL 2T S i
valpgin érlge k%@}y preferecaitor ﬁ@alystnssﬂamepzapmmaamcenaamo solid AICI, (a
su’t{s\!hﬁh@é YH)s nSERRRAL 1Y Vrd¥minkh&nd Lé'a?e%g 118 0%/ giﬁrg &o ! %ﬁ O) liquid

be br ﬁ*mnth bromne 1 n Itable so suc
brogging hga ?%‘% JRIRECH RECINERPIOSIUERS %@ﬂ@labm@lwr@anhahde catalyst and
HGlpdé tiyaaBlzi kan bougediwith wi wHihan cagakdnde by Hear Wﬂﬂid@rantage of using

a ca?t!ﬂ‘i@t c@ﬁugﬁfpe Irslafh§t tﬂg&&lff}% bﬁ%ngﬁ‘;é% gﬁg ?Dd tex?ed tP Laba ihed:)é ?Jﬁlﬁmum ion,

ormu

Br %”ﬁa?ra“ ’Eu%‘L R Fh“é@%/blpaﬂtlﬁ&tn of dccytyiselg Podymerrinidiates dient :pidly and
Wlth&lgl’rﬁe@chﬁnﬁ "Bhe direet sdditibolf AIBr] fttbramineMldd pro@6R8RIs&Rition of this

;mehﬂﬁhihégﬂﬁkébﬂﬂnﬁﬁgni5&@& | e and oxazol e descrlbed can

r ead accesse pendi ng on the choice of R3 as
s isasesl iy am 2oy RpRbich e siicisoh tmebtinghe Eatalytic effect

sou@h’a glémescani@hl&:amduﬁts OB deondEhn @ addvitBo? the@"'?a@s@ buf Will generally

IR eS0T A vl e A P Sl A e o rom
géll mc‘?@‘@hﬁse‘lﬂ?@ toyveieht Ofﬁh@ﬁytenmoéyryeld:femgiusaunated The
analogs can be honol ogated as depicted in Schene 8.
This provi des access to conpdﬁnds of Forrmula 1 wherein
m = 1. Using anal ogous chem stry to that described in
Schene 2 and starting with a functionalizcd
Aacetyl benzonitrile, nitrile hydrolysis of the
conmpound of formrmula 44, for exanpl e using aqueous
hydrochlorlc aC|d at eIevated tenperature _can provi de
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di al kyl acetal of dinethylformam de or equival ent

chem cal entity generates a conpound of fornula 51, as
waelemaenidsesl in the literature (J. Het. Chem 19B@1/US2006/062299

331(6), 1707-1710). Treatnent of 51 with a

commercially avail abl e substituted hydrazine in

et hanol at el evated tenperature (preferably ~70C)

furni shes the substituted pyrazole 52 (J. Het. Chem

1982, 7.9(6), 1355-1 361 ) . Follow ng nethods

described in the Iiterature (Acta Chem ca Scandanavia

1992, 46(10), 972-980 and Chem_ 2001, 66(25
M@ 5t yStowibibg pIs5A ip tiletlﬂ@ewwww@ée fhs IF%M@&V% 9atalysts will be
uséd ofritRahigher bmobts arkbrr ihdetfened alt@nhinpal had itom Psed atalysts, it is

pr%%geé {ht EE{%I 12988434 T3 gsr \91tf1%]dtﬂg ?é%&%ﬁé&r 85 WBI § t\»yelcrht percent.

de to provi de ani e ani |
Al gt P%&?le @ yheBY He gmornts vaihip the waas ef fiom O 0 10 welght percent.
weeipoondaim, drardadigst $olucibh evide Gronh eoléhANCIS biid gaseous HBr in warm

A ST syl DL g o s ot o

0.3 o8 3 walghtpersrafae Iefsigdnavl a 1992 46(10),
[002)]7 22he B:2B80&ing de3ntsGhefil iR ro&l§ 3bihi 8H4nt8ibéan be any of those

W@%?&%&ém%ﬁ%a&r%%&%@ggs 1%@1%&5{&%1009&;_@ t&%} UB 4 ﬁminafter also

Lefg,u@d tmtywp@ MFNODERY Xn1tqjg&‘he*pﬂpecc¢ngx§pqu od brominating
agBikls ORIk e fornerMikPE6k ¢ préfedredNBrorhiH2Gan bk oﬁﬁslm\dal(admmel cially in the

dl%%%fo@& dégs %oo%ﬁeﬁte&%%hg%%#&q %f Flf% t fiﬁ &Jﬁv§§tdp8ﬁed either as a

use tT eat eases o0
ligyidpr p et i1b6, 2manscfmbieiningting agﬁftluéﬁﬁirﬂt ﬂWrOEf%éa@éld provide an
ovetaal186le Wi €bf teaNbidenih el @énh}é t@ﬁl’@ﬂﬁ@ﬁﬂ:ﬁpo@ﬁnéx tfed, which will provide

fr onq \1 eur)] L%Ibggm%r%c uggt?tun QI#J? Lﬁ]eq‘ra&%} e r g}’nteﬁ gmtt ?qqthg ?Bfé/%(e’r G]pperally itis

ers,
deusléfcéétar g, brpmmaé?ﬁrﬁtwmﬁ PRIVRET Hméi@a@e)f tbxsdw@rnélpatqoaﬁm at least 30

wﬂl%l dregide faked upBacthe aitammg:mdﬂ ﬂe:agronﬁne;a{twpmgmelbm ts pieferred that the
m n { I
fnlﬁm%a eecﬁpolgmers (lflcgnggltl)%)ﬁve a P‘S 8 Qvté Sl;lg{mnltx) aﬂdsmggﬁ)rgf%fa%iyegoove about

cases
60hit76 prasing eFa angrpasticat s s(ya%@mhmesatth@ ot §t qrmnatmg agent used
inltRé ptdrcesi waabaaetermméas@y the teemhinRl donedsid @dkiRNE shsidefi@ig the highest

bro?%/l?eenc;o? t wﬂg lils &%%,%Q& chl@.::the ?ro%gsshg{aﬁt‘%etgrs cﬁ&gh V'Fﬁieutﬁ oRer bromine

or |1
coptpasewdl gpde ﬂg& @pst@wtlnglag@ntf at igtpojde out that as tribromination is

ap@i‘cﬁa@ﬁ&ﬁ/ i€ aeé‘cﬁﬁescﬂlﬁ&o&lifﬂsmﬂﬁo bliss ity @RbieOronidysbi Adding ever larger
a oun ro‘% al%tr%%?na ng a erl? Qgéserwt alwrllv gp dugg htn?clflfﬁculf@e kﬁ)wetvFIe itis helpful,

Urora Kinase se
mfatrﬁ@totl@g]so Pagimize @efhsiarrtmf‘e%mte@u PtliﬁVIéP arﬁfta&isSF@C]éiﬁ@emC excess of
brbﬂ@ﬁatlln@ h&it! Sﬁﬂc}ﬁﬁmétlﬂﬁ dkdhasLupe tabht A afe phefe@ed. The stoichiometry
r I € 0.2k o
is e s?lglég{% F%ﬁé éﬂleg ﬁﬁg{? ehéﬁir Vﬁg Cﬁ%cra %1% 1t%gloré sou hf In practice,
thg @mcﬁtlorpﬁu‘gﬂl Welpt(ﬁﬁ? Ehet bregring eHentiseRgiecon & ariahit dpsis and then will
ca[Uil(Ddté fdhra’ii idedlided baisake dumbengratods oﬂf)rcﬁqlﬁﬁaﬂlr[g\/@’cbht f¥2ded to obtain

the L] or telégl 1e, 1? %ﬂegstt Sﬁf‘c pggglltér(fﬁ%ﬂgﬁgre%léo‘& k)r&g_me §ontent sought

pre
is 6§ wa e, etlé@rst@ moles of BEGMige opByst Par Rirenig mOﬁPtnéspglt walhbe required,
ndd en@ﬁa@gtﬁ} ®istrbe@ ktoldhibmetiieasiceg. OFordgontastdgoly8rene, a bromine
coy e#r);t e fy 46l t§ 09@—9 %Q’t bfobr}rulhg §s ﬁ%glfato %%sh}l@ée c§£ %‘é %Heoretlcally

er en mt osi
otszjned ik mmolferatﬂrmf ba“ymmﬁﬂ%stweﬁg: @pn@@@i it iof érom 091 10 3.0:1.
PieRffedifér &@Wdystﬁb% is&rbr@ﬁﬁfe%ﬁf&ﬁﬁoﬂf&)tn 5@ to s Wt9%, which can

behébtt%%e % %em% | Cu{i t?g o% 1‘}? T\éepto %rb'?rfgrv.r%?rgrtle 01% BrCl. The

y use fort rea
cancer |nclud|ng solid tunors,, such as skin, breast,
brain, cervical carcinonas, tdsticul ar carci nomas and
others. More particularly, cancers that nmay be treated
usi ng conpounds of the invention include, but are not
limted to: Cardiac: sarconma (angi osarcons,
fi brosarcoma, rhabdonyosarconma, |iposarcona), nyxona
rhabdonyona, flbrona Ilpona and teratona Lung:
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herein is meant adm nistration of a therapeutically

ef fective dose of a conpound of the invention to a
wa@edoz/ogissher in cell culture or in a patient. ByI/US2006/062299

"therapeutically effective dose"” herein is neant a

dose that produces the effects for which it is

adm ni stered. The exact dose will depend on the

purpose of the treatnent, and will be ascertainabl e by

one skilled in the art using known techniques. As is

known in the art, adjustnments for system c versus

| ocal i zed dellvery e, bhody wei ght, genper heal t h
ol SERILEE el Lucty, age. booy et SPRELAL BB e v
70—’?‘21 Qvt%"'&o&ﬁﬁ@ fidh tth/e eforhinated asagiehicopplymyr. bén detegsidmg the amount of
b1'0151§/natt1ﬁ16 aepegg 1P| rgéegﬁb‘éhg B’i‘oygne[tﬁll&t L D8t BXRBE IFARNLALIRE and any

rein is
bromeztingaggntes- pddqqi piier erthpfeedof éleé?lXHﬁF 6@% dEcpmfsg- As pointed out
helélht R1ekbt néces@z@fyl’cG pEe-add biocheipaiypseest of the lketajyseswhthus, all of the

i e mixture.
pro&e&ﬁ %r@%}?ngﬁuing% S eﬂgi%rﬁe ygglﬁ%e%ﬂ ‘?écp%ra B 'fé'@i‘i §f th mixture. If,

anl sns.

howmdeh@hﬁ;pracpt@@'gpq:hqugﬂ ta pregadsha o it gtaﬁ%rlxté% eéﬁad:tor 1t canbedone.
WhYIBH&& fdﬂ@goyngﬂ@&l:hrs@d the BSerall fuastithdvaretnivodiipbatveccniies brominating

age.gh (f %}WSH{C %olymgn?lg Hﬁa@ib@ LY sﬂ%ﬂ@we@%@@%re@&ants in the

mnlstere si ol.agj cal |
feeé\mpnabh%n@tabqepéﬂﬂr drupsati GOSTaA, HERi R R ity Yo fed wi
corlPRRERH rlgtoUBQf[bléd"lﬁ Hl‘aﬂ)ﬁlﬁmngfaoeﬁttlreo ehode bDstyrenipgnonomer units at any

tlmﬁgn‘g g%etsffa i{emordol I % r"atgé ?e(%dl fhe uXﬁfthﬁ\yé/rePaftloYi@ﬁﬁ caﬁm@&)nstant or

Ive deseases, gquo 2 p to allow
carprees b 19 €heYORCR ISRt (B S PR BHNS PSS % fhip RlvehfiSa
for& QH{@'eﬁé‘ﬁr‘s@ﬁs Vhisticaif s rahpesd Tomgtas such dogs noadd aighivaniparm to the

L § o8l f5 moles o
proga?esn?fglc*eﬁéf peg | C L?Z% '&%ﬁ]gtyé“&%r@i%&ﬁ%aﬁ@&nﬁ &l 3S$tPT5 moles of

cr ot ubul] of%%?t i.on _or A be
brapfipategrpgant rp@e mplmoéss@@mc PRI ISR fheilieT BHEgFE, As can
M@&Ete&%h@%g of @h hetodnber Bpetihhtinagent & theyfebd mixture which gives a

m ee]f%]ro {f? = g]gglg drei‘é g%e%’t to 8?1%%(:&%%& xmdntl% wmbeisheds théh or greater than

I ned dosa

theasttegtedanmiati spleantio Af PILFEINERERRLIAALEFIIE HP Pﬁ%ﬂlﬁs il result in
exl%@ﬁ@ﬁ bt bens t@'ﬂfflﬂﬁﬁd@n ofgehher theseméniopolymper lbe a mixture constituent

be& lag%tfogltc%f'&h cit 61 con ?rgéhtt ﬁ&l exd %t{]é;/&&?ﬂh%de?&hcio@es to produce

ent . Acco ot her b ;
brasipetet pohystirpvaewith eH 0|Vgt”/q11PrP€EB%°ftt‘aﬁpWa?‘i’f‘ﬁ £ﬂt1° of bromine to

sty?&ﬂ@%éﬂdn@é}surﬁanw B Noard Sopotss ibHedited, wvndhbeomitable. I the

Y Cho fb o st
PrERCP B Gees TR IR RRCEtredh WIS B fuig of tromine o siyreni
monoveTtingts igelylbié Ofﬁfletrf‘a?eéﬂ tﬁﬂﬂ%%@%tdof HO%EIW’“F&PW ed will be

?crt@d @eﬁ)réafb@mﬁﬁl@ etf eetéd @vanibluatoofit af bompoendlrothis case, the

pr. ?fé]lnlogﬁrt Hsé‘ltf??g thealnl Q)?)ﬁtﬁ%(et e\[/\gqtﬁ&{jco%[ﬁqué N6 ah Y& a bR NS feed after the

e ot Sg H;B tigdn eed mixture
pomstsepmﬁwdﬂeﬁbeetl h@%ﬁﬁ@ﬁnﬁc@h@? efhier Beih B PRIgRetigin d
is ENDEBAT 85 MEtie thefrepaleadliane: paokageabaiskedimidtthelsdyell have to be

RIS ] ' afl molar r
fﬂgsjﬂﬁgﬂ“ﬁﬂhﬁﬂgﬁ?&c I Veeoagérfrrgeu %?elneyalg) &9 n@%ﬁe&% tb hﬁ@@elf}é oWerafl m. 15;11 fanz
anfrthe fiesdonixtys rate @t lf@pteqqﬁnewlﬁqt, é%%reulnl @ng}s?s ough, the initial fee
shBEIRIGRERRILEy EXRhiRIaET¥RSt A TRaASTAioiTdr o IreLtd isyadiy monomer units of 1:1.
[Oﬁ%ﬂc]ep abl %{%?er%e tgl'fl b bror'n"?lg %sgé ?‘pthg ﬁarggelgk BJF ﬁné ﬂl‘(f@JltY&fjbe essentially

onsi s enc(y har maceut | gal dham 10
arxhydupmsl ztel ,@nntaEak@hs Breilpd epm (heighy Paﬁf)a‘ﬁ%tﬁh@dfomam no more iharn

Iﬁﬁ%%eu?}ﬂggfi' tgh%ﬂo%lthiﬁdgnddﬂ‘gér@db@ﬁm;mg‘ hyl'dhﬁ:arbons nront and the like.
AV%?@P%&PFBH%YW c;gﬁn‘%oﬁli g8t suﬁn\ﬂ‘% %{}’Bh ?‘l“? ce t ngg@ such 1s not

ef fi cacy of the conpound of t |nvent|on when

adm nistered to a patient and uld result in
pharmaceutically unacceptabl e conpositions are

avoi ded. In addition, each excipient is sufficiently
high in purity to render it pharmaceutically
accept abl e. The conpound of the invention and the
pharnaceutlcally acceptable ex0|p|ent or ex0|p|ents

N | . o I Y
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art are described in Rem ngton's Pharmaceuti cal
Sci ences (Mack Publishing Conpany). Oral solid dosage

wo eoomw7eseth as tablets will typically conpri sePOGNESING/062299
nore pharnaceutically acceptabl e excipients, which nay

for exanple help inpart satisfactory processing and

conpression characteristics, or provide additiona

desi rabl e physical characteristics to the tablet. Such

pharmaceutically acceptabl e exci pients may be sel ected

fromdiluents, binders, glidants, lubricants,

di sintegrants, colorants, flavorants, sweetening .
avgdefe.sthe gy RgHe APPSR e 30 Wby Hmtes |of he ibrgmipsdeanals fgnveniently
redde@ by ahiSing ROSAFE 2306 M&ofudie pAS 6fbRHdhe AdIGoRL&ItFaddd (98-98 percent)
su l Ic 28" %rt‘ajol—l%(ha%c? ARk issf%rrl;lé&“ Hl%h i é‘[{r'f Idcttélr ?6—'1% hfours. After stirring and

|HPravenous_f urds, i.e., s?erlLe sdiu I ONS "0 S|npfe ©
seiigritee Paliyircarid phasggatong with the iapndtcoandewvater.ripsgnagajed from the
brwﬂ%ﬁfl’p}&_@&_ ’lpe f@@dr |eﬁhﬁﬁ:]célrth@%u1ﬂy of e lﬁ‘ofrﬁlﬁ aﬁ@fe)toseté% Bffmine phase

n Ssim e uc uids are typically prepare

C%%h?ﬁ%§5f§?t$§ngﬁ$¥Etion USP. Fl uids used commonly for

[0P3L]r dvechebers stated) itisspretared dias Sleaeersias oRENs Hyeoion Tgd solvent. The
soB@ne Bt &8 d:aﬁﬁlﬂ_g tdf Cs%lﬂliﬁﬂgl tHeR 6ty rdifid] Fbly@ﬂeﬁ‘ gkédAnd unglerbrominated
ing ! g% ig e‘g’l %d B r%\llz%tlﬁ/%g'] e1§(1%1? gogt}elé gﬁogggé ait ée?acﬁg%?mgé : ng\f/%lﬁent should
alsporshiit slnbifiey efgheundarbronNeatey styireni¢ peliyemg:y #ndsis preferred cases, the
firthe ¥t dnlimated ot .e Prefert®d 381 ventOdre [BodsWih RvHNEShe bromination catalyst is
1Y Q08 a1 RS P, B ML Wil ou G RATO Ry ave preferned and
are exgreritficddticarbamigtyachipidn chlopeferm, fgtractdorpgtane dasthylgpe chloride,
diélQoro!e{hah@,%i&al@met@?@ﬁb@ﬁchlbr@%h%&, fheth g&%rmﬂﬁléi I, 2[ibromoethane,
oS Bl RrEB Sy i SR 858ecialy profomea
are grqmqﬁléoren@mangr Roddésaoedeee, apthyerbiengds.Nag methylene chloride.
By st L8 sdAGE6f Sol¢didbhdBiyHng) p&yhhes, tNafdlyhePBocolifds easy to handle

. 03%. a2 0.02% . lactate 0.3% mapnitol e.g.. 5%
g s g P Dot T i ividlon BEERO G oyl S0 s were
polaayr. Mgre higlilygrefpgod arentips whish epeleiny byt & te A0uvi% pelymer.
[00821" VRLY bRgecoITR Aadd eiRSoromifltRet daeliydtet wleH! the SRomine/styrenic

fructos invert sugar Ri.nger's.e.g... .NaCG 0.86% K .
PR 3 R 48 B LSO LR b OE dodhg Mg falystan be in o
sofipinushug il despctheoeorguspedsivs, Sechoyiliznharcesgixingggthamactants and mass
trdn@fer gliflitessg It is éﬁ%d%nt,_aﬂﬁ noBh&Edasy, Wt RS tht 94mé Nh&iet i ONsolvent, that

u

is gge%ftg gﬁ%t}%l@?}%ﬂgc gé{y%eg\%ﬂlgﬁﬁn ;"ﬁ'@{%’a}r{a&% I\)I\r%\xle:r'l"le&%ngéd%?llalloxesses of this
in‘a@moewiﬂtpé@ividh amiyfieroiduinsnred sgventhad prtelyshin the reactor into which
thé RKEEHiE PBlyRiee/basHinAtiSE QLS hiktE&RMhNaAL feah Mhd MiAbRESS halogenated

her apeuti.c agen n | |y adm ni stered. by the.
sob AL RE i A S0 S SR SRRy i tghg o vse from 95
tot $R9 meBuliquash end prsfFaraldle ditane 29 te A wiLPi basedmy thretotal weight of liquid
and@Atal}sst @ 86eddyd e pATRIEDHbES, th&OMRYSNE8is8d1vEDSr suspended in the

g SR oY SR Wb P B B it Eof s it enters the
reprtvgizoeedose wi || of course depend on the age and

[OOgﬂd i 'I_‘ﬂe?s!’c‘)lx:@_cnt tbw ﬁ@ AR t}ﬁflﬁy&gﬁ ﬁé]yr{l%r%tﬁlﬁe KQUH&s&f in association

ni stration _chosen oupds 0 i nventi on, were .
BB DUV ALy GG Y SORBIT e S 50 RUD pEm Cweight
bafis) Mawmetesemyiem And dmrefepmbinlogsehac abaritt 45 0Aes B0 ppm water. The
préRABOUNGAELP{s AdiRIcRFRSAN N diBYIEPIAIQRaMN@ER, 1t@8h 8dadiRhte the catalyst to
Aurora A pr otegﬂgkl nase i nhi bito

Itory. .activi I n .

arlSiipude BhRRse SP Ty PR o Oy Eictivhfer has Wig® Bapnts ag water in the

the ability of small nol ecul e organi c conpounds to

inhibit the serine phosphoryl Yion of a pepti de

substrate, and was run in the LEADseeker (Amersham

Bi osci ence, Piscataway, NJ) scintillation proximty

assay (SPA) format. The substrate phosphoryl ation

assays use reconbi nant human full-length Aurora A

ki nase expressed in bacul ovirus/Sf9 system A

Y Y LT o r N a e
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and was run in the LEADseeker (Anmersham Bi osci ence)
scintillation proximty assay (SPA) format. The
waaimsnrase phosphoryl ati on assays use reconbi nBET/UR20& 062299
full-length Aurora B kinase expressed in
bacul ovirus/ Sf9 system Follow ng expression the
culture is incubated with 50 nM okadaic acid for 1
hour prior to purification. A Ntermnal Hs-affinity
tag was fused to the amno term nus of amino acids 1
t hrough 344 of Aurora B 5mM Aurora B was activated in
50 MM Tris-HO pH 7.5, 1 mM EGTA, 0.1 %
Procese a@ch%q%@m@not pr aItleﬁiA thepyit @hamﬁ@le tp@vaigome the situation by

sirippiasdebisth @ 6t ah @int Of latﬁleNdBdV\ﬂth tHe Probask 1B tHESTWIGENE, it is not a
feitﬁgéto so%#zlse%%tgrotoqdm c1§s% dlnltlgkrl] %as 1% It uov\fltnt Pr?U %Cajlat @tof gr}OO 703, but

orage
rathigy tatsarl@elttﬁn mm}rr@@smessdml%w bmeams ehich dnclidg its ypovel feeding
tecdnidudee. i sol at ed enzyne to catal yze the transfer of t he

[Oggénlt‘mT ﬁ) tyt%g?c é:;‘ mert' I%Inena ?1} %aéeﬂ? mtxenrnl‘ent%egl eﬁc’ouqc&I occm expedt tiously,
Wl@BP@tSi%ramnrh?mvemm@hwmoms gayipnBpbisthandle the heat load
frdah @l‘idﬁk@ﬂjér@ld Sidc¥3Sthe @Eﬁ@ﬁit@ @eﬂi&‘at‘éﬂ 8y kel F—IKVMO ﬁ)duct and other process

cogéerﬁg le %otrtAﬁtS %gd & gcc%r o QIHE glt est?’ ﬁ%}e p§F18d &‘aé will be allowed by

yr e plrat'es
the sAEREEE! wb)out 57FFPW§1\9T1 @uau@ eh zyhealxmgcqasj dethmeaters h&enerally, it is
antielpatedCnt ﬂienﬂeﬁ@ poridd Fbr Bdtch Q?Era@i@ﬁp QN Cbd ﬂroﬁp@%t@“ﬁﬁhours for a

COP?ngIjCﬂ.? gl%%%? sﬁor%er rféetes Lﬁ'%n% S are exge? (¥I‘ Sé%aglai} bC%&i i&ahgh Processes.
A@rrag_eeeﬁfie@@ﬁtr%ﬁSrfph@rmwwagﬁe@wmféw @m‘e@‘eon 8reMperiods between the

tlnﬁ@[tgﬁi’cﬁﬁleoﬂ:‘thbﬁﬁmﬂﬁm &ccaﬁrﬂsﬂt}?% i%.gcﬂ%@m ReRNtded@ivation of the catalyst
océ&gz&‘e 1Caé%&gbs§‘6ﬁﬂrt{?\e eurt]ezq2 B C?CIJA}%] -Ii np_létrs §Obf—g\/lsf ag&- hg)ﬁ%preterab]y

5my4qW3Qﬁb$%st conpound in 100% DMSO. The reacti on was

O@f'» Rtz R if Rntid? Sl P LEnRHerd QR ttt?é‘ﬁ‘ﬁ[r@g L%o° ©
[ %efnﬁnatedlby fhe gdéltlonn%km gb HH50% to 20
p@ﬁ@%@@w&%ﬁﬁmwdwﬂmmmmmemMB&mmWM%SCmSC
Th%:l%gétgﬁ'ncagrg %Pg gé{%%ﬁg%e t%: a(_r)tl\/!l%I toat%e af(l:t?eougs/ }pel%ne%gmc raef‘ m are conducted
at b%@ntom@iwm sBipdedse n@éf)rrednh éo {ﬂdapethmesseeﬂ a gomumePncement or
duting tb@&dtﬁsf&h&ff&eﬁitd)m&ntﬁol th€ bldilﬁioﬁs qt(ﬁfoﬂh@hhedlﬁﬂte whlle keeping all

of %{1 {egct\ylagta{t§n%ggcpud§n )c(:oxg 1ned &g a¢: W-I; H(lj H’t‘:t%sf%eprlgmg or conduits so

e l' esponse

th%tzﬁﬂh@tﬁtltﬁéty adhef &g ﬁ%@@eada@t fwnhql m thedﬁou@mat@ntlh &ept confined, and
trafefeidt ao ARDEL{Jrurel Uy @Ry zpte@zt;hm@%)adlmer e Uis the

?1%@ ?’\Qﬁ HSf gglcgfkéthl? aver a ess 8 thls %%vel%i% b(%ommatlon catalyst,

| on aver ag
e.&i gr&ls e&oe%mﬁﬁqi bntqsmynaﬂmqhaﬁr%l 4oéven@tq/ enfeu en jeagily stirrable

si%gf L’H}d{%ﬁi&)@dﬁsﬁ&h ihgrepabl d%IWargaseqnﬁtil Stitred/ redelok Bn&\)b&ought to a
X ere 1S e m ni mum response,
St IOROLD) o her o A 'S e i i TespoSe: e

indrs, drbettmbqure ithéher@sdtbi. SAf elu@c bf 6@65&611116@)0\1\5&1‘1@{ and solvent, e.g.,

a6
PP st gtafi D PONS R Bl o v
hoetpaemﬁswtltlﬁe L e0l mbrtarei s déttomﬁﬁlﬁrefi@ﬁ%mn@ﬂoﬁat#wt suspension
in €ed dealedafedsinest jegabe dﬂt&ﬂnﬂ@a&&tﬁﬁmﬂg of t}feesltﬁbme olymer solution and
5&%&%&% géﬂt %Illj:t ¥ a&%!trl s?éde aen% o gv% 39 6For ex Bi ahleessolution and
%p roprla s or eac WA
a hrelgarﬁtma REentgaBRe fed Wradagq%@em% eas,wwwnam% m@eﬂ@wer end of
thaadipette BMaE Riaghth wHianPaeniso apeimibsBM thedubpenidd%eddVBChe mixing
at approxi mately 10 mM and two-fold serially dilutions
are made in 100% DVSO spann|n9 twenty concentration
poi nts. Conmpounds are diluted 500-fold into cel
culture nmedia and incubated on cells for three to six
days. Cell viability is determ ned using
Promega' sCel I Titer-G3 o reagent as per manufacturer's
instructions. Percent growh proliferation is
calculated reIat|ve to DNSO anne treated cells and

1 A~~~ I - Y o . r " .
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R (retention tine); RP (reverse phase); MOH
(methanol); i-PrOH (isopropanol); TEA (triethylam ne);
WO BA70ta353 | uor oacetic acid); THF (tetrahydrof uPEmyS2006/062299
DMSO (di met hyl sul foxide); AcCeEt (EtQAc) (ethyl
acetate); DCM (CH2d 2) (dichlorom ethane); DWMF
(N, N-di net hyl formam de); CH3CN (acetonitrile) HOAc
(acetic acid); nCPBA (neta-chloroperbenzoic acid);BOC
(tert-butyl oxycarbonyl); Ac (acetyl); DVAP
(4-di met hyl am nopyridine); 1 (iodine nonochloride)
ATP (adenosi ne triphosphate); BSA (bovine serum
devikbdismiesipned3Dlgbeain Berizomaicamaine df- the soljtigriind\prominating agent. Also,

thel Bl éﬁé’éoé&ﬁ’?)' ﬁH{EaMﬁcﬁﬂ x g@@ﬂ 2521?%‘)2%);’& HE&BE% the intimate mixture
X ZI
g g %@%WP - PO TREBRCE v e P HEHS UG RS he styrenic

polyhner falukioniand) bnmmp@tmngi szené\vie toawse| A5G tarfor|reantortlhap ha:om an in-line
mikdY ga?l T AN R oBrBn O GEI?CI‘QI}Q EheQQE Bt ASedeti & @hdi8dobYincludes first

ol low n S escri e follow n
g e D Do Gy A e St Frko pEg i withdrawing
froa:rotmaﬁmim & lhtrearapyect is thew fiesl @xperikeremxtehal of the reactor. A mixture

PBE&%?&HIQ%@F %W@%T\I%quo REd YMERS g%ld a second
nuﬁt%gfl?‘!?\’l}? 0% IOSmEBSBIe VL1 % DOF ThsShoDhe 0N g S 3bseaquently

fecbb&kBp B reabtot.1 Th88ticarh V@Gﬂ,laWGISfl 061 #82e896; will 28dally0gymprise the
catgly%t?’ Sa f#didthe @e&%@ rﬁﬁure% 248043 %eadBf af ﬁl%]prgé%s runs, the withdrawn

€ScCr. IS Ileve
strﬁarrwl%ng AP ERRIBE eé’;Féol¥S&€ﬁ?1%‘f18ﬁ=y/WftBFaB PEHUE PR an extetior
redotaribapaihedrenimdnn prqvessinbrtesdistusasd Wrth méfnmneelto FIG. 1 of U.S. Pat.
NdP8lgrstagpene having the best properties of those of any

revi ousl y- publ i shed broninated styrenic pol yng In
[0l s Therraesseripkeptidhe 1@‘§rt?mpefbtﬂlé?ner%{fé@139yﬁ% ne cC durmg the feed of

r Efe% e

thé)‘%g%ég?i ati glnalgw |rﬁ§]§%qmg Iq‘lglf%/dfr}sdy er eof ﬁfag;% r Q(%doﬂr e&b&ly from -27
to @i nat ed pol yner produced by bronination of a

[0@83 e}{% g&n' g&pi)%é’cﬁzﬁ@& (fhé)c%r}f&ﬁ o§ﬁ’1%lge£§d %ééﬁfdé clPfeaftor change

ren€ and eas one er vi )E(ﬁ?é
in &P@Wﬁfﬁliﬂém IFSEGEehe ba@nmes%ﬁdnrgqh%wgae/ﬁ?ldﬁmawlw@rg §- dpitially, the
coﬁ@ht}é@ﬁfheﬁézﬁiﬂ@r@%dlpbiﬁe oAthlgermmt k@&bnto A solie frobasyeuszéit reaator contents

com ngg c? be quR %crogfga@?f lﬁ%%&@rﬂin%tég)ﬂbqgﬁggéne t Bﬁnng a cook period,

op er I e onmers or
br @Waean [of thselafics LEBRIS| Rﬂ%yrafﬂ A dp frerarior PPOTbRemONsk @ihe reactor
copRh¥shii lceRenidtodcButnhein gth\e tesppatcal to[a@D02hixihe
[O&ﬁce%%?& élﬁé)feeﬁrhﬁg% éxpgﬁ:’]&) S% ﬁlds&ﬁl%%ﬂ{ygg' era dwn the reaction

escri oregol_ng conmo
m]ﬁ&tfé retach edyrles wabdaatialhball pt PedfXr emsdusl 1%:6’6%%!8%4 in the scaled
reddB6r iRt shySeratsioaphatid pmmihrdt fortaheo diegedtiogipatcieoraf 5ttbe30 minutes, and

o2k OB BLLO0, ! SeCkel DY cpaselng. el Reall Bhae  aRet fom -10°

1Of°Qir aﬁd"ﬁle@&lﬁﬂbfﬂﬁﬁhlﬁﬁhé Q@@ctel SMfrinXL8If @0t 9°@l | e cook peuod serves to
copirle Pt HERAETIRD THO e Srit A S FeBat T 4 (oHog eactor. The cook
pesind tabbecuagu gsusagredi um Such an operation is of

[Oﬁﬁﬁn%no??ﬁhlm SERGenR ﬂi‘)@ﬁn&@% 4 BIbsGRIBILA G Eioh S CObr oduct HX is also
val'ue ei er

r.conversjo
OB BB e A et P ABIE T AOTE R AN e B epffarened 1 the process
is keptekifihinl the caeses andetischbrasdiatm gotlth theleeacBon segtuas inthien aqueous
qu %%g%%jﬁﬁt'hw 288E nA’ ¥ Ghert Sasf 9§nﬁﬁr<%%n BB HREYES a carrier gas to purge

Despi t'e the excel I'encé Sucgl fl)%lbfnﬁ? HBYN R ARGHching zone

the @%ﬁ%w@;mnhgw Heﬁﬁ%%%ﬂtagueoé’é FeEn
of conducting the processes, are always wel cone. This
invention is deemed to provi d&at |east one such new
i mprovenent. BRI EF SUMVARY OF THE | NVENTI ON [ 0004]
This invention enables the val uable brom ne values to
be recovered fromthe styrenic polyner brom nation
reaction mxture in a highly efficient manner. The
|nvent| on aI SO reduces the capltal requi red for

o, o o o o S
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67 W% said process characterized in that a styrenic

pol ynmer is brom nated under superatnospheric pressure
WO poozloes3ps esence of alLewi s acid brom nati on caP@i/yS1006/062299

and in a closed reaction systemin which substantially

all of the HX coproduct is retained in the reaction

m xture until the catalyst is quenched either in the

reaction zone or externally fromthe reaction

zone.[0008] In carrying out the above process,

typically the catalyst is quenched in an aqueous

quenchi ng nmedium Preferably the HX dissolved in the
equiEngH e Ht aqagaeosysHadis selye sdistansinByl all pbike vaporong . cThe aqueous
quehasiag GeMhtcaithd fiafsha thy QiEnBRIne dofd MaQRbataROd ¥iMeformbd} base such as
< EFBRPSLE Ll Tt B el QR L LG5 A EEERA e Hpuresa o
the vpp@siag atelronsetrsont pivawe solybleedisspdvadessltduel avaallkple metal salt,
tyfiehNEeRbBf 6100 @rerath®BY SnRRAREr idARkAtTBEhe BYer2h QY td€thd hydrobromic
zm(ygﬁpgro c.ac&p Qod %.syltagle Qq@ use or sgl%%, lof

b TSR i PRt ot R e ke pliEhle ™ ibag e il ater emoval of any
snedlegipantities pF wwralpask brgpigdtion)sofveatt i ng the HBr with an
[084(LIE OWELi B kilater RAER ph&leRED MERud g5 dildoQRe@ind a RBlu@bn or slurry
ofbsro?m deulzﬁgl? tagﬁyol L g%l & %xgc{ oui?g cor g%l S H)[é,ggtg%r | rf}rea 1yst, kill an

BSCERY BPORE FRHC AOPHBL RELOHF CAR &S URTE It BRI HE T iyt y
repagung biprrnatingageeiomdite ediystdhe tgpoiimabderetl rasfitdreuch treatment, the
quRatNeBFeadih SlisteAiRtseet o dblaie QRWVEGHaEe ¥ mPBure containing an

uenched in.the reactjon _vessel in.which the re
orPUFRBA bRk Bel G b Rl B bRt D e ggproduct,and an
adyeon piese vhsehyeantdins pobty iferotaldossd& sopratdigt. alte aqueous phase is

deCOREd dﬂﬁ fthd Péaining oesmVEshdsk QMNtHBAEd bPRs YQ$8®] confbonent. It is most

co et R SR TRy SR D RGBS worer. Ase
sobeae 9 Brsheilxaflirtee braminated dtenisrrmtimear prpdsetyfosms @ precipitate. The
prE@bABT cahN B GREKVREUC by Hifiyl Sqki@Polid NEhrbe SBEhSique, e.g., filtration,

erably i onfinement as it.is transported within

ol EEoR iy T HORe SRR dociRid i3 Fih SRR s radpRas Biiase from the
quegele Whieh yedeiss the X chprosleplaisareateguwitbhivegstoes deleithaida batch or
con@hBaseshetidhi 10 tRSvORRY rafdudl bidtihgkiSeNeHNIVABHL MR ine (Br,) is

us%r% glfs %eﬁ%%ﬁlﬁ%ﬂ%%%%ﬁ%@% lélii%ar%{q sltlgg]%eg%léu%%ts gfggggr:ﬁ g(fac} ti)gn be sent to a
bregeguecy very unih &hsigrtho brediing salug G0t veByd dsclasedal bromine, or if pure
whBAGhE Afasks iR duehBh,GROBEGLHO T WithBleFoPaleCdt RAlOLEF B rdBRomic acid.

whi ch the, bronm nati on and quenching a t.obe carr.ied .
Ay abF STTEROE RO PR A o saied ik & pieiilic s in order to
foan@esotutioprofpheshllig byemigdgrsdliisngaldaforyisagr tdle necessary
[004ZP ONEEU Sy dult B pHIdEENG 1IN IBieRBoS &  thyBlcalRB8Auolsipidtdeds, typically two

quenching nmediumetc.) into and out of the brom nation
or iR R ATkt of i by re R catearm oo eeBeationtt! the reactor
orgeaation adihigprefprablimtubulat idogy-syrereictonl agl gmgehtsfrem the reactor are
tybRafly aaeRasI ¥R ORNG thE RRStBRL 0 £S SRPBardsFQIBA B8 quenching bath

syst but rather is caused . to, remain w.thin the .
oriRniiitb 257 { Waeh BuREPBRTFES S ahuBios BTG st Contains all three of
thprewponantsiorpipariod wb Smerareaed thamh fevo keadnds, Wie.cdp bodipating agent,
25 &{iﬁ 8Sa @32 !s@re%ﬁ%dl?rg@?({p%ef@%&ﬂlﬁs sroi?x%?itih ngl%%t%,q{u@all three of these

upt.| uenchi n jer e e is captured in the ..

o O PR U DR S DT ORF B nath o1 s e T such case
(3bisdad nedti tha selatntisponld bpfedeir svithBhe brdmainkiingdgest and the catalyst or

a thah vest @s@lv‘éh%oﬁ%‘ﬁ%&%.dwlﬁn Anrsblideabh@ vkl SAARE (MNEH, and (3) can
e rec

[ h . red, e.g.,.. .
oS S iof B4R e Yebn Sespribfagagn o et of 1. @
reaction system' in connection with a batch process or
conti nuous process in which t k& broni nation and
gquenching are to be carried out, or are carried out,
in separate vessels or zones is neant that except for
pi ping or conduits carrying the necessary conponents
(including purging earlier gases, if used, etc.) into
and out of the brom nation reaction vessel or zone and

o, - g, o " T T I L, . o
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[0020] In addition to the foregoing, still another
process of this invention is a process for brom nating

W@ oo ®ni3ss pol ymers whi ch process conpri ses conPUF/D82006/§62299
feeding a first stream conprising brom nating agent
and a brom nation catalyst, and a second stream
conprising styrenic polynmer to a reaction zone
wherein: A) the brom nation is conducted in a cl osed
reacti on systemto retain HX coproduct in a
brom nati on reaction nixture at super at nospheric
pressure, and B) the catal i s deactivated by

andfige (0 preigdedveo f‘feé@pnfemsmllﬂ @f Wine Feriarkerigd of tipgeeereater than a few

se&‘h@&“ P‘b’ﬁrﬁﬁlbié Udrﬁ&hﬁtl&pbﬁ/dmm& Hekds lﬂ&&tp’éﬁbdéf hﬁm&hlot gi@hter than a few
uct an a eous._ qu

secigrngf %%C OSB rfo heé;aﬁ%?l% st}jse(r)llﬂ\l/ee ele rc]:o oggnccs erfr{?xa strnalﬂmgmcement mixing
chphberén pig 1m@1@<maatié1¢nfa;r@m qaitesd femgéhﬁ ] ecﬁ%isbl gehe a@%ﬁﬂth@mpln“emem
mik{g c@éﬁfﬁbﬁiﬁ @gt Pisy 5%&6&@&1&/&@{31:1% pﬂt biXine rEldtionizoné.s

Sf cover t he e Vv u in the ueq
0B, S 585 & Fap P af A PR OS5 p B8 s
[0044 o Viher fiasi duararm pfHiguee & @¢h¢emlcﬁlﬂbﬂ¢nl¢fé opg L P spriedhat can be

us@D b tRBAEN Y Sl tHiGoRs PIREQPh R4t 36 Hﬁs REvReH6h 1nvolv1n0 continuous
sujtable.far use or. sa Yg?ﬁg& 1) conver

br?rﬂjélagarel 8]6 EI%IO]Bﬁ ﬁ%yéelflfi P8 bt stErrGBJrﬁ I:ho %ﬁ»ftofl?le?j%y use of an anionic
poheaatdatign irigatbBruchias b halnum:{a,lleydDJsBﬁﬁe@élMth@ syseeseistqgmposed of a loop
tyl:‘ér RAMEEIR aﬁﬁin% 49 @oﬁuc@leﬁﬁfgahc RiaefibfRisald 1n§1hitﬁn@hh@ HX coproduct

P R PG A P P d e 4P L BaITL B B a0F BoGRIG i roulatng
reaggion be xture irgliidige HGUsonredisys ané trgemeittitsetiich gonigatsdp espench vessel

(n?%s‘ﬁg@/ﬂ? a'ﬂ%@ﬁﬁﬁ@noﬁ@%téﬂ E’@rﬁﬁ&ﬁﬁ%@ BBEdi6r 4% ARSH e@to‘MﬂS JinNndirect heat
e Sa

erati.n act of
exggEr 46-etiopt ek e e %aé&xg’r"’é’éﬁ’zj‘ﬁ is disposed
upb¥eano firomd irgectors 4 hnbHE anri ddvelsnahmgfecvrat;emnm &2 verss g0 remove heat
oeHec*x%@d' ?tﬂ&%ﬁ@ﬁ BEFSRF 520k vxtehl' a% hbﬁ\fﬁﬂﬁ e @xot-ﬁgﬂfnc brdnid€on reaction.

pract i | nvent | he opro is carried
If GV IS giFat Rear e dd ea e EA 20 U e ebiogeT lgfive o reactor 40.
Alad thare taactne secly Beat @ clamgadchnt beograploged ineassodifirrewith reactor 40 to
1615189«%'%&29 9t }niaf‘e ¥h3 SQec‘IotCth&H alropﬁd Rl 1855? rHQat%QcﬁJatn'ogln46 §%@v1ded with

uction in viscosity ers th ortrg{) é’
a fipye PhEFEpIGhqah abeking Sbiskitoch s sngiing wg fer &/ g taylene glycol.
[00aRie r/al ddpyctdd, gt;ectoﬁmmm:l&rarm axlidl opposstiyatieminentp Alhynel not shown
in \Mc l.tl]nct%}g ggﬁfﬁ Qb ﬁ’l gxgllcg?&{m c'cﬁ)r@ éu]id @.‘f]arcts §ccd Ig&art from each

sScru or. scrub
oﬂepréwc.the FRSRH ﬁé thess fesa%lvetI?JeaW% FBAPICAS n'ecﬂy toward each other

anhrsﬁlm;tﬁlﬂial@mt ke hogled felalvienbnat éoto thegtaetdn ofixture including the HX

co?%o%w r%'}gro"%hqga& éh) AS & é‘fp%]reﬁ%eﬁﬁéﬁ{ Q{ghre@lderffapld contacting

can e recovere a sl ng
amgfgrthe irGeE e R BT E HISTIBR A thafrasiRn lﬁu@w&rﬁwn" through the
resytst, amidisedneasudekighivapidigitintien chabyostinathdreastizm, Take-off line
4-t ﬂed %A @cnt&%%hng9£ﬁo§g{] H&lﬁ' xggctgﬁl 26 gg)oﬁlpgrl BP ﬁleccq_&:tuﬁtmo reaction

Scru system are

mess) iﬁlﬁmr&eﬁs ploebspifAmstitere pigely ansPORFA © i giskbargRd intoa vessel
(nbssHohal cehtaih@igh qidnchingtiquie wﬂh)ﬁcﬂﬁplbﬁ@tlyhﬁhcttdaees the catalyst.

[085-@ atl Jnecpo.r 456%8%1\/9 cgh%clx\g'wf o REGEE YEedi sté/remc polymer in a

ose romnalon reaction syst
suttnblp SPI’Y@‘I—D@@WWW Apapesives apidischiges @aeﬁuéehof brominating agent

subh 4§ YFonihb ra@lugﬁﬂillflst bhen &y aﬂ[ﬁlnﬂﬂinh &librotnﬁdchaE dbﬁ&fcﬂ o thjectors (not

sthggtc %% %é%pé)ga(g ga)rté)g?lg rce? eosﬁctt%? tl ECCHH %t%}l of anionic styrenic

pobyroed, arathenfonadection @m@@tlag amtﬁé‘gﬁh elr‘fvtfh@lrtéglsven’éor diluent) and the
[0024] If necessary, the feed streans to the
bromi nation reaction zone canlfe degassed to renove
di ssol ved at nospheric gases that maybe entrai ned
therein. In this way, the possibility of exceeding the
pressure |imtations of the brom nation reaction
system bei ng enployed is mnimzed. [0025] Styrenic
polyners mhlch are bron1nated |n accordance mnth t he

oy o o o s o o o o Y
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may convert to sonme extent to AlIBr3. The nore
preferred catal ysts are the al um num and iron-based

we aialysss. O these, nore preferred are the aPCIURNG/062299
and iron halides, especially the brom des and
chlorides, such as AlC 3 and AIBr3 are highly
preferred. When bromne (Br2) is used as the
brom nati ng agent, nost preferred as catal yst are the
brom des such as Al Br3 or FeBr3 that show excell ent
activity for aromatic brom nation and do not provide a
source of HCO that could contam nate the anhydrous

thipgBfes dpjeefiacatadyst §uith anwithedsebrept o dijught) va fhaeconipg gmong the three

mjeb@h |sytefhe bedur€ eapidly ahedeahliad 118 edpid ﬁrﬁﬁatﬁ)érﬁ@talﬁ@ﬂnﬁkmon of styrenic
pogyrile | nvg:hs %eg-lﬁteg& %s%erﬁ lﬁ? Sti’].laen G e‘c’:‘@n S'can 5% i 11(1 %ay glépcé)ltlon relative

aseous
to Ieﬁﬁu@féielbﬁ’l@mdﬁé theninggsitest mtfa@eﬁomxtbﬁ amqéorﬁrm@éo gontact with each

otise ﬂ?icﬂy bp&f@ﬂﬂynﬂvﬂhﬁm hahiwe 6ﬁtaafe)6s8 sectnds. HQ)nél'bﬂclﬁ RBree injector

arrC at em mv ves 1S %‘:’i%d t]*Yg 1% I‘g:c or'S aro (? rea tOIO ?(5 re% ectiye axes of the
Lo vaht ad) of "™ g a ca VRV et pp RS )
thrtebamjettbs iachd seendoplont mat raﬂgal]sr@ad:@isat(abelhu ]éADédnteovdhe

[0 %I’ﬁmbggﬁggﬁ}d% %ﬁ Fi )rﬁeﬁlsg[ geran Lz ag.ﬁ)%rgt&%gphenc pressure.

Agqegptiagly. Hiedti ¢aprefush reealeémh Teqgiendppdee wifefptthe gonfines of

rediftorM(Bird] & @aRicdriun of teSOaddb0dt Ca&-Gf 50k Yiiaad iOfistHurged along with
fe ef. rom.pating. speci 2

o 25ELFL QLA IR 3RES) sl v

talestsrugi the HReardhprgiv gatp és gpqape fntg dhgyerviropmess Thygpupsiaptially all of the

HXsopftldsciis lchptdagden thoshnidema thd sattyorOmitthe i€ ataddhed, a step leading

to ?é"coi/g%) Af b%ﬁkp&ro%hk% an 9!)1%181\@&@ ndés%)r%blreq"n%ﬁ of fromO0.2

erce I'n the ran
[0Q43]s r d%ﬁoéuq TP@YPSY wedl gmlklpxe p&ernﬁuensb@eopa@an ﬁ@dnetearhy letting the
qu@ﬁcﬁeﬁ@ezﬁ:ﬁ}éﬁ ﬁﬁktﬁ?lrm&kl’fﬁ bbhad @@J&ﬁl@dﬁb fb‘&bﬁdn Irfﬁftﬁfmﬁ)htammg an organic

ph?i w\iﬁ%}hgoq%al}{? 3 avgo ute QE g? n%f)a{e]:dt }onbc S enf1 yl%lﬁreproduct and an

ess actirve ca
aqﬁ?@wephaémm%nmgdhe e C@pe?dew edbgl Wﬁuwbm is decanted and the

lemeﬁnndoasgedlcﬁpﬁaewstsﬁlppeﬂ dfsitPsaiartrethgdnaht. t el H6st convenient to
acgg'rg ?h th?snP[H b%r By *}'EQ tﬁeh Slll_gél%n go%a% 1r];t<r) mu Qngsnt Per As the solvent is

are anounts
ﬂaixm oFf tthe bremigre‘wéf alfl%lm smyrzmpop@mm@epmﬂwb&reém precipitate. The

pléﬂiﬁﬂ?atA' dah3be AbdHBredOby aangatiqlid sblig of hﬂa@@nnﬁdﬁnﬁﬁ@m’ g., filtration,
ceg nfugat%)n elt aIlill% 19&)%7%96[" e@f'é'érglt%tﬁdw f)nif gt 1? rtl?eq}t 5‘1%(? %yplcally ata

above i
tempeﬂanmetthelerrmweofdfouf i tirtddateut H53° Qei ght per cent are

[Oﬁi%f eﬁg@ Qc];uéoﬁQ éﬁlse% BEOM R '1§‘Qe£9c? %& 1&7%%&&5\% H‘?#ﬂ%? a batch or

I nvention can
COBHRUBI PRI (AIEREYS an drsHBHS bmvnelﬁtéoraﬁewamr cVgeR S is HBr, the
steain tinpppd layterus (darteinndbi efienabs eertab ar biedhihe® ré®very unit where the

br%:&%\{ee\ml&e &%%fadlﬁrs] Ieie%ﬂenta-ﬁ h)?mﬂfr{e Ble ﬁ ?)q]qfle&fgt%r Bagu g&ildfor the quench,

rom nati ngl agent s or ner
thepelatipn efser*tﬁléll fopyss AT e@aﬁ%@‘bwfﬂ&. &4 comercial ly
[0030]t he/iethals i HeoindieA sithe BAdmibeatiQe hgdn b ed opstatihe the system of Figure

1 aﬁ)éieq'glgh%pes%reg InBc'hfi_ﬁ%e? of 36 t(p %P%Ql%péndﬁnge{fgfaﬁjnﬁt a@?utqﬁ é)glg all of the

Hl?hcqpﬁ%d%‘ 8%5@% C%BW@%%% theligHdgeastian rruﬁf% Flit hes the advantage
not @hBl ofs1DNinadid AGcaDfiita dePata@t HBr StyibBEY Roahy bRérafl 8dstem, but in

ad%lo%%ll%ij the Bfo%ng Q/afuegm Iéh tI?Br?%a%rb%mleg&le?&P%efnt tHE ﬁ&ous quench of

th«? feapeomewrl@dhtlh élf“Pthf‘iE“E raaﬁfcmew the 9<P°é ®f @egé@%m 3# such bromine
products of this invention contain at |east 30 Wt %
brom ne, based upon the total weight of the brom nated
polymer. It is preferred that 13 he broni nat ed pol ymer
contai n above about 50 wt % brom ne and nost preferably
above about 60 wt % brom ne. For any particul ar
styreni c polymer, the anount of brom nating agent used
in the process will be determ ned by the brom ne
cont ent deS| red consi der| ng the h| ghest brom ne

. I o
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IS chosen to be 5:1, then the bromne wll first
beconme exhausted and the feed wll have to be finished
WowRaoh/0tdsss pol ystyrene al one. Generally, it is PCEUSIM0€062299
to have the overall nmolar ratio and the feed m xture
ratio at | east somewhat simlar. In all cases though,
the initial feed should preferably contain at |east a
nolar ratio of brom ne to styrenic nononmer units of
1:1. [0030] It is preferred that the brom ne used in
the process of this invention be essentially
anhydrous, . ., contain |ess than 100 ppm (wei g
valygs] Eyrthest the reipided BB hrna fidnans eicqteaihergagmn qzlxerl@ Hftgeduces the

Vlécﬂﬁw d)ﬂth@ﬁaacﬁ’or_gmixtﬁfd ,Sugh @E&ﬁl@ed G@é&b@@)&haﬁl@@l}@bmrﬂﬂlatmn process to
ons | ron, a

opg%gm)évrl@l ll%Fs sdlve rreélrar] e use of ahmodel yefi‘ &19 ?lel‘ imoleclu%ar weight anionic
stm@ue\pelymegufclﬂl rh§ S@mealv‘aw ﬁtslob/ent hrealb?vg apd @f p ﬁ@@ﬂ?lb ilgsg costly heat

ex@fhowpt er content of the bromine can be convem ently

[O@.flj %gog%ait =S ohg%ﬁgcogﬁtgrlﬂr‘]%%ﬁoé%ce%e?% g'\rl] u%]eve%fi ?n can Ee used as flame
retardagits for Yanpup helymegic xuaterifloyughgs m«?h@hpla@lwdrth@m%@ﬁng polymeric
ma*i A6 afOMEDs. Pihd \ﬁ&gﬁi dv&fdg@ th A E8F i éﬁt@@ﬁ thé bSlyﬁiéL -JtHsit Bn be flame

rjities
el DR o R P B s s VACED" HER R PindRb Gt ukigae potymers to
vershieigh umelegulaf weight pelpmicrse Metheds fe pvedusinghthe varieuphageoplastic or
th&HbsB@ing bl}%‘iél @ﬂlat @arfjéesﬂéﬂlé fﬁtzirﬂ&i with QB hroAsinired Qﬂ’yﬁamc polymers of

rred .t LOgesses
TSN SR s who may be
unddmy il bk spdhngpattpis, shoplémtfer prothenessterfseegliterature that exists on such

sugjad@r pt-Srai Bt e bkéihﬁfaf.&d;ltﬁ&ﬁ@ panqn&e of Bligihiv¥lon dro8sdd as additive
ss .at Eeact ditions. The sol vent

ﬂaéThe ‘[?Ita&dg gor exXhrBt he%?l?}ﬁa |R%/ym? "t he under br oni nat ed
[095% eni‘s peidy apvehean dierdin ipelofiogr dd daises the hanfsi frghtinuous” and
%‘c oﬂglh/eg%rwtggﬂghe ﬁéledfu%fl Qgrréc‘?lc &ﬁirﬁmﬂr ot:&f?i% %vﬂH%ut interruption

rom nati o cata is also_so
in r”é%lP%%Yl dSpureyen that ap é%f&’fl}l?tl%fuésp%ﬁ‘ﬁ@éiﬁlbl?—léﬁ Qfgaeﬁ&e%ﬂl that does not
diSopv epidy-ane qonéftons of thattbperaioax elfphé inteduityorchr dfanduration that

dlgﬁ{)% ?-fegh? uaﬁﬁ%& FAE o?lr %{t@i statteeé @ftﬂlncbrf Bﬁ&ﬁﬁ&?shouh e achieved before

oroet ane, or oet hyl ene,
ICQW]@WC@H%Wﬁﬁ]@?’ P}f?éltl?fyl ene bromi de,

[00532- Ctﬂnhﬁpmtshﬁimeddd) b Eienmaid i f daney @ifetr@a @anywhere in the specification
or%{a? ﬁ@xje ARG err 1H1tﬁg agﬁﬁaﬂo?%%ﬁ% are E&&%‘fﬂeﬁ L Yhey exist prior

pre erre are ronoc rorre [ or oet hane
t0 GRS BHRCPISHPEE, 2ngheT H%FFWP%%“E?# t@ﬁméemwl RSP FGemical type
(e. ,S@lother (lfd)anonSl&L \esullveamdois ey n) €Nt an aedry meE wihah@reliminary chemical
I 0
h?.ﬁ%ééé OI ut | o n L%a@cﬁﬂlq ﬁ')é/‘rj e%llee)r(%]%%:é Eh kﬁ{e I[Qsﬁﬁng mixture or

t S nventi on cont
sofytiom a5 spieh eenafm/&rﬁm 9ﬁ|§i‘t\1/°%‘!ﬂ§1 /o TG REtPDS e Bf Paldia) fesult of bringing
thé heetfiattiontponeits &b getifer amidr theocdditidikcplddd/fior purshddd B2fhis disclosure.
T}%d% th?'a1 &ﬁg&geﬂsea‘}e § n'ﬂﬁgg 2l 1 Hl 1&{& {balgé 15.'1{]u5:1"13ctt8‘JI lﬁ‘ér C]in E@nnecuon with

yrenic p m xture is
P%@W%%%FQPP%UW PRimsformgNg didesireq FEMPPHECRa ISy §Yen though the
clgia hbfbmzﬂ?tean&@hdfét toRubshntes, YomposEes sndior ingredients in the present tense

(”§ 4:3&?&@" Ofdgn h ﬂW,l Léf?rgﬂ&aﬁct% ﬂmsl)%hg&a&ie E:Q Bf?%&to?q;xgredlcnt as it

ran sf quali expedi ent

e%%(b%télaff symewt h%f@r% Hwvag £ cppigefied, blpnded or sirerbwith oppag more other
subStatiseR (boingpohefithidier s dRAtsén paloydwee ith i f@esenfdisidosure. The fact
th!lt ata, %H@stgﬁc%f %B&Sgne!?ﬁ do? 1n91¥68ﬁe%{f‘ Soe) na% < dﬂ)lssg ft\g/ e%n él'rl] g@enfity throu.gl'l a
chemi%l yéftctmﬁ qr Héaméaeeapn idyrige \the chwsph of spYtretpg blending or mixing

pol ymer/ brom nati ng agent n1xture can be fed. The

m xture of hal ogenat ed sol vent®and catal yst is best

descri bed as a suspension. Cenerally, it is suitable

to use from95 to 99.9 W% Iliquid and preferably from

99 to 99.8 W% based on the total weight of liquid

and catalyst hi a second nore preferred node, the

catalyst |s dlssolved or suspended |n the bron1nat|ng

oy Y ' .



m xer, say an inpingenent mxer. Generally, the use of

an exterior reactor loop includes first charging the
WO e@eoi3ssi t h abrom nation catal yst slurry, suB@ENS1006/062299

etc., and then withdrawing fromthe reactor a stream

which is then fed to a m xer external of the reactor

A mxture formed fromat |east brom ne and styrenic

polymer is also fed to the mxer to yield a second

m xture which is formed fromthe two feeds to the

m xer. The second m xture is subsequently fed back to

the reactor. The stream w thdrawn fromthe reactor
opgiations, i tcoafiuapedt tmpedosdanch evighatthil ylscloshfe end writh ewlywy skill of a
chBinid: Uk %ﬂssoffn%qnﬁ&lchhé‘orfcgﬁﬁt or and the process runs,

wn ‘stream w || to ri se brom
[Oﬁ%‘ﬁy :%?Féiﬁg X5y ﬁ’@te\ﬂt hp%tgicgﬁlgg fefert%cgtogg any paxfion of glps spec1flcat10n
is meagicvated gopre mtabrivdisplasivebypeisowss, dssf fullytdeeforth herein.

[0 G@%C uﬁﬁ@ﬁlv@hﬁ% s %ﬁ@eﬁﬁ@l@ td QOI{:SIIC@'rablé)f/alJiéttl%'n i ﬁ% pral}tlﬁce Therefore the

foiegﬂ%r }éf_lo(r)lglg ot ;I;Rg El%lané ul&lﬂ,ot ﬁa cpﬂ%n‘egéa limiting, the

inedntioineo ﬂtewaemtdalpmdemlﬁcammscpre@nmmaﬂmt@vﬁeed as
the case may be, and preferably from-2 to 2C [0038]
As can be appreciated, the contents of the seal ed,
pressuri zed batch reactor change in conposition during
the brom ne and pol ystyrene/ sol vent sol ution feeds.
Initially, the contents of the reactor conprise
catal yst and solvent. As the process runs, the reactor
contents conprise and begin to becone nore rich in
brom nat ed pol ystyrene. During a cook period,
brom nation of the last styrenic polyner fed to the
reactor occurs. Renoval of the reactor contents can
continue to occur during the cook period to aid in
m xing. [0039] After the feed has been acconplished in
such batch-type operation, the reaction m xture which
i ncl udes substantially all of the HX coproduct is
mai ntai ned in the seal ed reactor under
super at nospheric pressure for a cook period of fromb5
to 30 mnutes, and preferably from5 to 15 m nutes.
The cook tenperature is within the range of from-10
to 10C and preferably within the range of from-51to 5
C. The cook period serves to conplete the brom nation
of the last of the styrenic polyner fed to the
reactor. The cook period can occur in the reactor.
[0040] Brom nation of styrenic polyners is a
substitution reaction. Coproduct HX is also forned in
this reaction i the practice of the present invention,
the HX forned in the process is kept within the
reactor and di scharged along with the reaction m xture
i nto an aqueous quenching bath or zone. A dry, inert
gas, e.g., nitrogen, can be used as a carrier gas to
purge the HX vapors fromthe reactor into an aqueous
guenching bath or into a quenchi ng zoneequi pped wth
aqueous sprays to dissolve substantially all of the
vaporous HX. The aqueous quenching bath or the sprays
in the quenching zone may contain a salt-form ng base
such as sodi um hydroxide so that the HX entrained in
the reaction m xture and the HX purged fromthe vapor
state are converted into a water-sol uble dissolved
salt such as an alkali metal salt, typically NaBr or
NaCl . Preferably, only water is used for the quench so
that the hydrobronmic acid or hydrochloric acid
solution that is formed is suilfable for use or sale
after renoval of any small quantities of retained
brom nati on solvent. [0041] Wile pure water is the
preferred aqueous quenching nmedi um a solution or
slurry of sodiumsulfite, and/or sodium hydroxide can
be used to deactivate the catal yst, kill any remaining

e oy I T I LT " T L



10

15

20

25

30

35

upstreamfrominjectors 43 and 45 and downstream from
punp 42 so as to renove heat generated by the action
wobtoopongs32, as well as heat fromthe exot her mPCT/US2006/062299
brom nation reaction. Tf desired, heat exchanger 46
can be placed at any other suitable place relative to
reactor 40. Al so nore than one such heat exchanger can
be enpl oyed in association with reactor 40 to renove
heat at nore than one |ocation around the | oop. Heat
exchanger 46 is provided with a flow of suitable heat
absorbing |iquid such as cooling water and/or ethyl ene
CHAJMES:. [ 0045] As depicted, injectors 43 and 45 are in
axi al opposed alignnent Though not shomn in the line

dra %Lgeure 2 ﬁ{or]fl es of, iect rs. 43 1g;tnd
o pacur i §hFiei} & hr TR IcGoePHis GO TeNwe 2 Brdimine conten
Ofcao h:taetrﬁtbgubiO wittese prepepedtyi memimjtiagtsgreniapelyhon ceblerein said process
is BhdrEGEhdedtPWes diRaah tpt &ﬁénl@?@ly%&@% @H&ﬁl@lﬂh){seq{eacfdoﬂ%xtut e under

ﬁ@l es hel ative to ang) ?E hé reacti m xt ur
SUPHEFRTIPAGE RESHKS EbP FOSULICHF oW R A7 Ra5e84e gt copgoduct is not
relBagid faom aridaheseduerction systers sepnytelyapidchpegfta saidgeaction mixture.

among th eA'de)C%§§ £dn CARLEN R P bAGninHES IsQoRdAEk § 38 bromine,
tion mxture fl ow n t hr ou th reactor This in

Br?tﬂsﬁ“ EMLRHES aﬁ‘?r&ﬁPtthart cﬁa‘P“f‘ﬂ“t9 1HHBG t he
br ond.nat i preceacisiio ﬁllalffe&wh@fefn saidigoddneantiapisct kdst about 60 wt%.

contjn uouglpyocreemte ektlﬁpmvﬁe«aﬁt Ald tﬁ@nﬁqé)&htén@ﬁ a@feath@out 67 wt%.

mrcylatln%)react:tj Mass. Cg ents of take- of

i netaa. ahePPRecar Ry PRIASHORCEG: PaAa SRRAF umer having e
bromine @nteassfalt lasiab ostidwi/e cawtpaddes nchasaajerered fn thgt a styrenic polymer
is bfdiﬁh'n%e%hge} s@b%&%h@ﬁ@%ﬁés%ﬁ% ?I?‘thteli)‘?es‘éﬁ&@efyasﬂcwi[s QP romination

r. 43 recgeiv and di sch a sol ution
calgG AP 1 R G0 e Rn i ST AL (S goproduct i
refaijeddh dhe wEcti@rmives and tt sthlgstge suendiied tithe iofthe reaction zone or
exirRMEbinEe RAEAN §(5+93h as brom ne, and catal yst such

asaum mtribroni | f_desired, three |nj ecto
(motO-showhy eI 1 GBuBek PSPt dis Eaber aicnhe fropn squeous

quenfleog nregieo| uti on of anionic styrenic pol yrrer
anotper fgr,baiseat 'uﬁ" @lﬁﬁf)@]\&ﬂ@rélﬂ %r@ﬁﬁlﬁted( Mﬁlcoﬁolymer and HX are -

wi t hout sol vent gr lLuent) and %F ror |%118ect|ngl
SeRYP AT ER DI Bt w5t g a&PF‘fPérﬂ“Fn ng R ture formed
duripgttbe queancbing. t he three injected streams occurs

rapiglly tRQusoce&sul td %ﬂnnS %Bhgn el Eﬂoﬁhh&tﬂ)notfs conducted in a solvent
brom n tJon of@%ren ol ynmer. In such

Wi g@lu Hzg%th&s “three injectors can be in

any i spoéxlptrcpqms reindtlnire 8tveheesio kaidtshivenprapwpribesl at lagst one aliphatic
hall &aﬁﬁn%dﬁiﬁ ‘ﬂﬁﬁfhg/@}rot:&%% SBRehtin GRHOK heGRIEch REGnE %tcﬂfbtnne atoms,
b etach oé rapidly, preferably within a matter of

famfw SBEBhd%™ One such three injector arrangenent

i nvolOves zﬁl[pspess aygn Chemihyegtiosgidapbentcangatseobroffbchloromethane.

Wi thyt he K63H&GE LY 8n aXSr Wlafhles 1O GRerbi 6 U¥wis laBidt Bfatyst is an

e.an I aced a 20 interval s.
w157 b Dt Pelekgt RS € bigpRtar Ty s ek a
supelZat no&ghiesdse apriessiyrd. Clagne Sell(hghyreit beorhiXation is effected with

br&rﬁﬁ{eogf‘b‘ﬁhné enBkins, dNUolﬁl tab%rd‘rﬁﬁglﬁtpﬂoe% xture within the
confj nes\/géureac or is carried out of the

r eactor FERE2 O lf‘tnhg XACHHE Pramigp i Hegr e d'lhea\’@ﬁﬁnatmg agent.
wi t hl4 he A@astesoss imary of €ladins Setd whéeminotha styessepolymer is a styrenic

r%ﬁh&gb@ﬁe@%e&y QHeMcRiSg medi um which takes up
the Qg Erevents ﬁﬁvﬁ% into the environnment.
Thus1 EM9°aY tfym reilﬂ(ﬂteo%}‘%ﬁ{?dtdﬁ%erdéﬁ?]é’ﬁ@&’ne
at the same time the reaction mxture is quenched, a
step leading to recovery of bbh products in
commercially desirable fornms. [0048] Product recoveiy
and wor kup after quenching can be conducted by letting
t he quenched reaction m xture settle to obtain a
t wo- phase reaction m xture containing an organic
phase whi ch ~cont a| ns, as a sol ute, the brom nat ed

o . o, S o
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sol ution as such changes, transformati ons, and/or

reactions are the natural result of bringing the
wa@p@aiofézetl conponents toget her under the condi PCDNS2006/062299

called for pursuant to this disclosure. Thus the

conponents are identified as ingredients to be brought

together in connection with performng a desired

operation or in formng a desired conposition. Also,

even though the clains hereinafter may refer to

subst ances, conponents and/ or ingredients inthe present

tense ("conprises", "is", etc.), the reference is to

t he Bubst Ameesessaripongnt Chaims Agilewhemwin ths siyrenéx pelywgr is a styrenic
poﬁmw}enhédrsy hﬁiﬁhm%ﬁﬁﬁ&ﬁaﬁoﬁ\ﬁs first contacted,

bl e t.her. subst anc

m x

conmpon e nt é Pé%%?ﬁ%?s ﬁ%@ﬁga 8 ﬁ%hser"rlﬂ %ac%es“rea%%n%o RURRY PPP/ét-‘/ rene.
presdnt dbgedeesupein Glaen Haehereinat a subst ance,

AFONMPRBRMatRh it BER”RMNyitHBYorRR¥EblRShe chiridb] & Bsth, as brominating
|dent|t¥ t hrough a chem cal reaction or transformation
duri¥®§™the course of contacting, blending or

B xi irgopetaniipaenducteddondabreativhishaobbilikes tee stitehictpvlgner; and

Cpi schBSReBBGroMid BoRhH: NAATS kahcl: sepdrated GRE %(%Vﬁl’ddsflom at least a
t hus_of. nogﬁﬁactlcal cern ch a ever

pat et} © |a1q8%‘%ﬂso%e? 05 P fe 91’15% .%Jﬁn
t hi s1%pecifproess onin @lamndérvmgneue pipremnat pplymtmstamtﬂemc polymer
foftn8& bPEHE Saddal b@f}%&ﬁﬁﬁon 8sby ﬁmf)ﬁlﬂclﬁblﬁﬁéngagf)h h her ei n.
[005 5 Thi, s |nventlo§ 5‘%h $ ﬁ ) %. H

var 1 31 on S HOTES piEE i BdD THERar ey SoTRIS Pav GG Ty e
desc?l.pt i érproeespet in Glaandedheren fin apnductingl thefhaonthation, a mixture (1)

Wﬁ‘féh QQ%E{aﬁﬁﬂl}aﬁeé bim Bifd?ﬁinati(ﬁlecdtﬂyﬁ%ﬂ @#) d8ichh€formed from atleasta
ticul ar ex%gF flcatl

o E el A e e R dRE TR vt gpatitn of adromination
cagtlysteniteined iy sad cheil nfglcaomﬁﬁmnme content of at | east

abo ups 50 W dess Y i@l@ﬁﬁﬁi 5R%heRSi Hh?ﬁ:tsh B %B]Wbﬁ%hg brominating agent,

g ¥ge wher ei n. sai r ocess |s($ tha terized b a
2 BSASPO TR %&lﬂrﬁg’%f‘%’i@g}ﬁ ROIBEEY ARG 2D SPPHRi P bromination
catdasitarofedrioxd mieeridhsimsed upsaid clrosd beaction pyss e éntimatgly mix such
ﬂgﬁﬁged reaction systemso that gaseous HM coproduct is

not Iea ed fron1s g.clo ed .re Ctl? stem .

sepa t el %%%6536% %‘nra {ORIRjfSLre yominating agent
anlpeasdess and aj wcalcalsmmmertghﬁytmmpmeo rarg §ed into said closed
rea@uGtedh usi ng bromine, Br2, as brominating agent so

that Said gaseous HX is HBr. 3. Aprocess as in Caim?2

wherein said bromne content is at |east about 60 wt %

4. Aprocess as in Caim2 wherein said brom ne content

is at | east about 67 % 5. A process for the

preparation of a bromnated styrenic polynmer having a

brom ne content of at |east about 50 wt% said process

characterized in that a styrenic polymer is brom nated

under superat nospheric pressure in the presence of a

Lewi s acid brom nation catalyst and in a cl osed

reacti on systemin which substantially all of the HX

coproduct is retained in the reaction m xture until

the catalyst is quenched either in the reaction zone

or externally fromthe reaction zone. 6. A process as

in Caim5 wherein the catalyst is quenched in an

aqueous quenching nmedium 7. A process as in Caimb®6

wherei n brom nated styrenic polyner and HX are

separated and recovered fromat |east a portion of the

aqueous quenching m xture forned during the quenching.

8. A process as in Gaimb5 wherein the bronmnation is

conducted in a sol vent which 49l ubilizes the styrenic

pol ymer. 9. A process as in Claim8 wherein said

sol vent conprises at |east one aliphatic hal ocarbon

and/ or hal ohydrocarbon sol vent in which the hal ogen

atons are chlorine atons, brom ne atons or both. 10.

Aprocess as in daim?9 mhereln sald solvent conprlses

T A A o o - o



