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SI LI CON COVPOUNDS AND THEI R USE Field of the Invention
This invention relates to conpounds and their use in
woOhersapy39 Background to the I nvention PCT/GB2004/002686
Gonadot r opi n- Rel easi ng Hornmone (GhRH) plays a key role
in the biology of reproduction. GhiRH is al so known as
| ut ei ni zi ng hornone-rel easi ng hornone (LH RH). The
GnRH decapepti de
(pyro-Qd u-His-Trp-Ser-Tyr-A@ y-Leu-Art-Pro-dy- NH2 or
P- EHWSYGLRPG NH 2) is fornmed in neurons of the nedia
basal hypot hal anus froma | arger precursor via
enzymati c processing. The peptide is released in a
pul satile manner into the pituitary portal circulation
system where GhRH interacts with high-affinity
receptors (7-transnenbrane G protein coupl ed
receptors) in the anterior pituitary gland | ocated at
the base of the brain. Here, GhRH triggers the rel ease
of luteinizing hornone (LH) and follicle-stinulating
hornone (FSH), both of which are gonadotropi c hornones
(gonadotropins). LH stinulates the production of
KBABTALMSI‘IDANEBR(}SESSIH[HI THE PRODEETEONOH ACHETIECSACID
respectivel. t FSH stinulates follicle.growth.in_.
o DiFHELsRPR HER PP PR, DORBHUEhT SRy actd ahd i
pa{ﬂ&mﬁ: i g ;ﬁ‘&ces§ R iU ahdtl R Jf%l:&ﬁ,sa%l@ﬁ‘}dcé‘rﬁ&?ﬁm&ﬁh'tﬁ’é‘presence
evel's of are critical for the maintai'ning of
of go iradiwin C@taéjwbambgleﬂvi;mhwwaIMI mal functions of
repr oducti on L | at.ed .t rowt.h a sexua el opnent .
TrahEpiieam rasdbhun by e IR St Runy BB BRAbce of
antiHaRHORNYst 4 BowiEiHs asgtribbe faoaadgié RPERSA 648034 and EP-A-
appear in the foetus at about ten weeks of gestation.
07 -tivity to GhRH reduces until the onset of
r e
P PREAG IO Gl SRBUSE for I Pbpficafoni IR UE,

cafbohlylatiep ofsethhnol @1 RHeadive ﬁeﬂtfaiWetﬂliHiébﬂvWath pfocksd codeBes
puberty begins, sensitivity to GhRH |ncgeases 3 nd . .
comap%%& meihangl o5 @ aeastive deryaciye dhereoowih £ WUBEReX %Hua liquid

re B e R P L R
cotrrpokiﬁob eomgrigséa)taeetit had, (bhan irahurk SkialyBy (ganethgl @ﬁlel, (d) at
ase results in ﬁ | s 1%.QEFLH and .FSH rel ease.a :
leqeh s S GOR Ly DRECENG) ROl LA B Tl AP Bl dSHatone of
]ugﬁﬂﬁg§mxﬁg§ﬁuﬁenopause the concentration of FSH an
Hrise, and the post-nenopausal |evels of FSH are

h| GeA-A7H2406 dusswbasfa prbkesCfrrohé produtioni aftacetid amd ofmprising (1)

GRH ts apd onlst sults in decreased
RN e R AR e g ke
mMAGRB %aido%n?iaabn PdaioR WARCHOGRRAESa @Bhiréa@u@ﬁ b&!ﬁb@é@m

receptors on the pituitary gland, resulting in release

coufprUﬂgamdrlé‘Jsm ca&quatmntqa@ﬂwt,émthylug@dﬁ po-gatiakighla finite

coRRGR PEORT, 26 cisid i SFERRRL G ealtfe POl @

codl@hing 8@whahdrNad/of RRecttRRiErik atRRhatst withilg carbon monoxide in
down-regul ati on and desensitization results in a

the Hawidreastion gompesiden wuradyasgestinasid apd (PHeegigripgaceticpacid

ﬁ(irf)‘gé eerh rll% Iéeggtlﬁ%g;g&t%ac%gf Bt%}lkégnQB{tr{ﬁé}Qllsé Zl?l ou cFly

miiheateden thélmulf&aeméﬁwmpbsdgypem@aghéom ﬂiel‘rmnmpsnfcnh@@aﬁmn (a)
GnRH agoni sts ha een ysed to reduce testo terone
W?f?%@cﬁopﬁﬁﬁltmfl%i?g%g’ieé@ﬂ G- predSt Heighly GD by kAot Y
prostatic hyperplasia (BPH) and sl ow ng tunour growh
in prostate cancer. Such conmpounds have al so been used
in the treatnment of breast and ovarian cancers. In
recent years, GhRH ant agoni sts have becone avail abl e
for clinical evaluation, and have been shown to have
an i Mmedi ate effect on the pituitarybut w thout the
observed flare aSSOCIated mnth agonlsts Use of GhRH
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thus have a limted effectiveness as drugs. W00/ 20358
di scl oses non-pepti de anal ogues of GIRH

weizb@/ee3st i t uti on (C/ Si -exchange) of drugs i sPaT/GB2004/002686
relatively recent approach for searching for

-si.ljcon ¢ whi.ch have benefi cj al , .
coBb SG0R 8 PTG Rk o P a R DadR TrUS) haiema concentration
m&g@hﬁg@ﬁtg@go%b}sﬁ;@fghﬂ c carbon atons in conpounds by

ilicon, and nDnltorlngﬁgom1the bi ol ogi cal properties

of It bas neopRSOSHEPTI L dé@abmsmewr@whyﬁmmﬂcgenolc acid in an

AR LD TR TSR g RSP

aﬁ nﬁk@@a£§nﬁ§beaaﬁe&ﬁ.of the invention is a conpound
ormul a ( or formula (Il): " Rng 2 J- L (1)

( | 1Tp tl@,qq@ldg}mrcga]yged Q@myﬁatlon_qﬁ(m_q@}anol qreactige @ynva’ﬂve thereof)

h}id'&?%a)cﬁ_‘%‘%a?grateg%(gp%r%%lmgg a@Fﬁ?})ﬂ E&o?@# eact OIII mecl'(xaa_ans

n- aclebE@l)e-F watéiCH2} nRCREL) acid* hyli s} éﬁkﬂZ) n Fis
=X) - -N(Rd)-; Gis -(CH2 n-, -N(Rd)-

@H@)lﬂdl@ Rdl)d—+ wethyhigete cpp) metty! iiadidet iaovte dcjd pr es ent

As %ﬁﬁgygﬁg)aﬂgn %%%H‘@cﬁ]cbs 11%(?3&-&&5 r;ate of IQPI&)OB% 18?1 éﬁ J‘{oynd to

deRfease Mt isherefdre shoyibiap eh-0fHd cnaddtbatis l@ﬂsbf&@ﬁse@l{*y\m ARb;
orKis cycl oal kyl ene, cycl oal kenyl ene, aryl ene,

capeanytabiey syHemieon bp @crm@%weibwllmmmgw deremental effect on the
any of which is optionally substituted
caﬁ%ﬁnﬁﬁa&?ﬂ%{c@l s hydrogen, hal ogen, -N(Rf)2, cycloalkyl,
cy cltmg) dcediving tarlyd prebeat afveatial thatedy brovided a catalyst system for the

het er ocycl oal keny] . or heteroaryl, any of -which is
Predistion St poetic agit Whlﬁh satalyist $ystomt canaprisgy ayisidivmygarhopdstion

cat %s‘f&%&l)ﬁﬁg er i r#} aoﬁgl@&ﬂy(e{%‘féaspéne o%?x@ﬁﬂrrﬁ%sxinan?

e same” or I's “hydr ogen, ogen,
rhanuyxfn,, zimgdgabbaym, tahgwery cadratukg xyeréuCil aRd infdiidh 2Rb at least one non-
-Oaryl, -C: NC2, -CN, -N(RC) C(=X)RC,
hydf?hagggq(l?écg;@xm@f’@ﬂm RC)2 or -N(Re)2; each Rb is the
sa
e oy et bRy EbEORE, OF B k(i PacPic bia by
rea@iﬂg}darbmthnoxaiekVyiﬂmmﬂlaablk%dd/w ra raaoyllve dpnva:trvalthgreof in a liquid
%bst tut%? g}l ge same or differe
TCAREP SR EHEY 8%‘“13’5?‘12% et &F?}?‘%ap PEREImCG R 1oR Oi%v afer, acetic
acRPgll d@a’tél?stts?ﬁel%%p%%m‘é' ahfif8RAt c%@l}ﬂlz?nomﬁqfa@ﬁk% I'ine’thyl 1od1de
alkyl; or Re is aryl or heteroaryl, éither of
C%mtalbﬁmptgonsuuogttlpmp@@owwmnmn csadumRhenign, lzelcsgaﬂaumr
fferent. and is h
wpgyat REP A et Fot §ER Gy RSt oaf e by SaaRgreipeid
mbﬁb&ﬁoaryl each X is the sane or different and is
oxy en or suI phur; Y and Z are the sane or different

ﬂ’éeS@HEIHVW@pcfQ’éhef pravidesclar theiug of a patalysigystem for the

L T

catdbid) Rﬁ&tﬁyl iodidie yb-cSta(yst, opBonalyydt leapt d»ﬁb’t&'lr{lmeﬁluhﬁ bBlTniﬂne d
Wi th O aryl optiopnally substltuted Wi th
Thegils Z‘I"’a%?éh‘?nati“%gstt% C@fﬁﬁ'@% Megeyry aped Hidigp ang @blee%t@ﬁe non-

| ene, either of which is
RN LU P

tituted with Ra; each mis the sane or
di f’lﬂerwmhwlmhalcgeﬂolc ﬁcxd rfo2gseam thegaatesn preserithigvendior moy

ren [ or 3;..with the ovi sqs. t hat

suipbly Bt leafldngrol o ot 2P 818 BB A D i S of
ndo@fdré o AR AL ofl ARSaRRlor Gﬁféré}&tfqﬁe DS hg&ll fich 98 hixtures

or a pharnaceutlcaIA accept abl e salt thereof

Conmpounds of the invention nay act as GhRH. antagonlsts

and, as a result, may have u%ility i n cancer therapy

or in the treatnent or prevention of endonetriosis,

uterine myona, an ovarian di sease, a manmary cystic

di sease, prostatic hypertrophy, amenorrhea, precocious

puberty prenenstrual syndrone a

o, o s o o .
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- incfuqdey et (iorp e ogpags IREl

al koxy" has the sanme neaning. The term "hal ogen" as

used herein refers to F, O, Br or I. The term"aryl"
waousgeghherein refers to optionally substitut @dT/GB2004/002686

aromatic ring systens conprising six to ten ring

atons, and optionally substituted polycyclic ri.n

of a8 50 HEATPE] oBARi 84 0T b IS5 CHO| L Heep b ermeido s 6t TeaT &0
. ' ' : tic. ' j far e,
o TR i b POy A
supditisd bhdroest least bné heerepdigadid. uBvill Heeindgrstdod byahe skilled person
ifferent in each _occur r&gr(l: %and selected from Ra and

d .
that ga agidggay beapgth gf the qxgpd SupeLaqt YRE, di val ent

g r . [1] 'gﬁk [1] . . t .

a gg?ﬁ?§$§g%§|?cyciﬁ%’nDF%?fmﬁge#ﬁgﬁ??§ﬁ$%ﬁ$é§&?%égggEa
nos-andigdror abgiatsand Frendtre arg integbrnad Esamples of common oxoacids are

ampl e, c pr cycl obutyl, cycl opentyl,
}hggﬁﬂ@ﬁg%v¥ﬁgﬁﬁnﬁﬁ%&K%ke._The group nmay be optionally
subgfrtisbeshchys fBPYseSH Bl prbstebf te pedseREdyafioniifclude the
"Cycl oal kyl ene"refers to a simlar, divalent group.

oxPamads efrthe tleynshsaifieayns'13de ldséthenermidic Tédflers to an

al Leyglic noi ety havi n I hree. 10 1SiX r ban

ant OGP R RISt A bR SPELAD Bt St SRR o BER et
as TBBO;] Webiyd B5 oxdaeids euxchiddl tRoseyf Pean@iit@nyith as H,GeO,. Group 15

cycl ohexenyl and the |ike. The group may be optionally

oxeghds inelde thagxroapids efmbpeen, 8hespiags apg atsepisr Suable nitrogen-
n |. n H ] ’ H
corFbESLELL RIS HRLAHR PN, bl r s Sl

oxoadidy imtkde FRPO,,AEP0;iaad FRPOL.yEkanplagof aroemi¢-bomseining oxoacids
seven carbon atons and.aone 8; nor e het eroatons

thg oxpaciggiotgulpbg gughegsH2S0s,

ispg! id, - id, Ry ol
B
andwgilupmnopicher #TyOs uBsuptlitoadadys may bs obsididsuditiromine, iodine

and S hioriag Soch i, 1T LRG0 EQIBe i FRTQ1 0o v+ e used
he peiBrrELhedasids ArSINBL HNG, 7d 1598, @ bniQfurds (H&eb0 ten

atonms at |east one atom of which is selected fromQ, N
and\c8lityTdre begnensiuied iy g sdde Yapietiexizaopieats. fippaealy the acidity of a

i ophenyl ridyl, i.ndo uinolyl and the |ike.
oA g Bt iy b Bken Bl SRty e
subfindelithéein ikiBied %ﬁéﬂ ireteans 6thepH scfled Solutiohabf a substance

di val ent group. The term "heterocyclyl" as used herein

havimgerpH lover than TP arecasidie; thessf hisheeptHnee dkalinee | Hewevepghe
) . . h
cofPeif TRl it SR B AR B o e Afcous
soldti@nt ef #idy) cTiides widedyr used atgahefor plepaninhgydidity in other media
pyrrolidinyl, ‘nmorpholinyl and the |ike, The group my.
angat bighyrepedquiratipns iy theHarymel apidiy functipn fo, Thg acigity dipnction, Ho,
isﬁgﬂﬁhkéing two or nore rings, at |east one of which
conprises a heteroatom Preferred conpounds of the
i nvention i nclHgepKpy: - log[BH']/[B]
5-[2-nethyl -5-(trimethyl si]yi)phenoxy] -
whert (BTG o e ORARB Y ek Ko B b an de:
5>- | %%iﬂefshyl comcbitrdtioR bBMleSiohbdRRBRIBHHhE weak base
L/-(2, 4, 6-trinmethoxyphenyl )T uran-2- carboxam de;
5- [ 2Kei:hy | pIs-of indigatarhy watdry| ) phenoxy] -
; |/ ) ]S’ﬁl-lfe:[ﬂg @ﬁ%{;ﬁ%ﬁ%ﬁqa éﬁb%ta%gg {snr}lgalsgreg using indicators that are weak
5-12-nmet hyl -5-(trinmethylsilyl)phenoxy] -
L/ - (2- met hyl am no- 4, 6-di net hoxy- | -
. S-pyrimdin-S yOuran”-car boxam de;
5-[ 2-met hyl -5- (trimet hyl sily}) phenoxy] -
L/-{2-[3-(4-net hyl pi perazin-1-
yOpr opyl am noj ~. e- di met*hoxy- | :
. S-pyrimdin-S-yl Jfuran”®-car boxam de; 5-[2-nethyl-5
-(trimethylsilyl)phenoxy] -

I D L T
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yl) propyl am no] - 4, 6- di net hoxy-1
, 3-pyri mdin-5-yl}furan-2-carboxam de;
\NSQWBWme@xy-S-Ctrinethylsilprhenoxyj-L/ -t PCT/GB2004/002686
L/ ./ Vdi met hyl am no) propyl am no] -4, 6-di net hoxy-1
furan car oxa

, 3- di n- 5-yl
bags f@)}/{\%{{lﬁa Ij??mgc)%/l{lgupwt% gﬁqu%n} :?&@ﬂeak base is (partly)

coxjn;c é& t%] Qagﬁﬁcp Ha 064‘{0 the conjugate ac1d of the base (BH) The value of
ft met hokxy- 1, pyrlmd|n5y} uran

[BH /dBﬂ Eﬂjxpmallyi measured by spectr0photometnc means. By using the known

ngpkfﬁgévgﬁ%%g%ﬁ%}g an ?%A)Fﬁg&ﬁﬁi QeﬂoPHx%”a%%(d‘{J SibdiahZe O 01 M

5- hBidkEub¥adédmat iy LiS) Vahkes aBovertbbi mﬁ@%(ﬁéh’eﬂ% §LsuppeBirids.

tri met hoxyphenyl ) f.uran-2- car boxam de;
SuBerh@dCare wpiiar dref }{g/ |tgn¢sya|s gtron@qsha)/l m&ﬁ@qu:ous Isplution of a strong

acld. pEI S N raseR N 2 et 8 3 8P AR bt for

usé—fn the pfRERYIfARE feseht Grvetliidiet hoxy- 1
yrimdi n-5-yl)furan-2-carboxam de;

5- Fge suncrAgidsi feptgein dhe grogess Dﬁ&emsswe\ﬁ@%mon have non-
ok Bl B BRI o A PRI pn e

anfonland Geditipnl, d| rret hyI si | yO*-net hyl phenoxyl - L/ -t L/-
di net h){l am no) ropyl a i, met hox

, 35piableduperpcidsyfpr ‘Fq?rlg rtpelerogeéfz B8 Q}gmquny invention include acids
2 Fe
W}ﬁﬂ{eﬁ‘gj&% 41@ 1@}@‘?‘% M% mor p ZJPIF%nr(?:gg(b 2rI\(IJ gljBIéIr‘hBﬁ o RE380s, SbFe,
FS0,; dormmeixhoxythereos- pyri m di n- S-yl Jf ur an”- car boxani de;

5-{5-[(2 ) e

2 SR PATIRSSA ilP e SRR 4y Pslude FEFay PR (G0 :NH and
é B 6- di net hoxyphenyl )fur an- 2-car boxam de;

5-{ f(z 2-di met hyl propyl ) di net hyl sil yl]-2-methyl pheno

xy The term(’ mewr@olyacuf‘)reus man thnmaghozt tbarsp@m PHtiga;

me%y} We(ze’za%iffj%q?&oly lng{ 1%8136'(13 gle soc}/ate ’g 1 sa%tsrﬁ? Ié]gil pﬁ)%no

heﬁ&?ﬂ'&\{d&m(é&nén Prap Xbinftisk otk Eighttes ak Pepnaliildd polyvalent
di net hyl ropyl)dlnethyIS|I | ]-2-nmet hyl pheno
mezcg/l}aioms, tgch w@tgﬁwra keown es the nipdriphieial | atgmgy These

e

pehbhe{r@l—a{t&né 4re usually one or more of molybdenum, tungsten, vanad1um
net hyl pi per azi n- | yOpr opyl am noJ" e- di met hoxy-1. S- pyri
niphigptantajurg gpd pther g ’élﬁl cgatral ptqms qre pisually silicon or

p@;@@g[@( fg,; g@{f_ﬁ&' ALY b Latkd vAeBPbFUbRE SR Bksups I-

VI iehdprodiadide of ylearnisoThew-idelndd, Haxipsthance, cupric ions;

. S-pyrim.din-S-ylJfuran”- ide; 5-{5-[(2 ;
TSR oD Pl S Hhs) S BB g ALy eallim,
udd cér%mL 3irs J&ﬁ@ 59&1%}9 hodhbRis qﬁyﬁ@m fabnfhuf o‘i“rl'f(ﬁtn!i}ﬁ)ic\(nsl

yri’m furan-2- carboxam de; 5-{5-[1
teuavathntmhmyn, gzn@amumeumyitmmrm Jiesohipind, v:anarcbumympnlsnoxy}

ey BT e e R AT (SR G R R e 3 b
ra@éahﬁ?&ﬁoﬁ%ﬁml‘éﬂtbh&ﬁh@ﬁm 2ar i) Q¥ I8 ardmidarylidns;

di met hyl - 2- (tri nmet hyl si | yl et hyl ] - 2 net hyl phenoxy}
hemva(lglt,ﬂclbmum 1o|ﬁg,tqmd)b§zpt3valent iodine ions. Such heteropolyacids are

sy bty R SRR o el bRide sty

L/ Hetero Erliblﬂ:aﬁﬁuﬁn? ha\kbedhlgﬁtriMBcn}ak weight, for examp]e in the range
. S-pyrim d| n-S-yCOfuran”-car boxani de; 5-{5-[1
, 1-dimethyl -2-(trinmethylsilyl)ethyl]-2-nmethyl phenoxy} -
L/-{2-[3-(4- methyl pi perazint1l
-yl ) propyl am no] - 4, 6- di net hoxy- 1
, 3-pyrimdin-5-yl}furan-2- carboxam de; 5-{5-[1
, 1-di methyl -2-(trinmethylsilyl)ethyl]-2-nmethyl phenoxy} -
L/-{2-[3-(L/,L/-

A ”~ I LT 1
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met hyl pi perazin-1 -yl )propyl am no] -4, 6-di met hoxy-1
, 3-pyri mdin-5-yl}furan-2- carboxam de;

weoe-2p@&/oeshy| - 5- (propyl di met hyl sil yl ) phenoxy] - PCT/GB2004/002686
L/-(2,416- trinmethoxyphenyl)furan-2-car boxam de;

frq?ig £] pq,ggé(g?rbd%ﬁéé !gggérlgﬁy@%é&e)s P %gg%)e %ela %elgfl_h{x glg s%htﬂghty in

TR e B U S R B 1
acidst Soxglﬂﬁﬁh@h@tbmpobybldnmr}dﬂafw IltDl}d:!dmlllh‘l@leUdr tungsten as peripheral

at@‘r?% gé,( Wgelxgmg_qu qi}%iﬁgaﬂr}])g 1y llady g}?xam used 1 the process of the

prédend inderdiRn(REIRAY! anmi no) et hyl anni no] -~ 41 6- di met hoxy- 1
3-pyrimdin-5-yl }furan-2-carboxan de;

125mpgstephosphosic(actd met hyl si | v )-phendigﬂ’wflio{o)zxfl@ am noe
am no - 4, 6-di net hoxy
12‘@0{3%????3{%?}??“:?%9 furan- 2- carboxarﬁ%ﬁgMolzo‘w] XH,0
(trinmethylsilyl)phen
1255“&%55 ?«264 6- di net hoxy-1 , 3- CPL}[lenO‘m] xHz0
Zoxylblylﬁﬂ@bmbﬁagaﬂ) furan- 2- car boxani dela[SiMo1,040] xH,0

5-{2-nmet hyl - -{(2 2-di nmet hyl propyl ) di met hyl si |l yl ] pheno
xy JLhe mpn-hyduphglogenqipragifl douiss anihepreseshoirhe prasetapy @sion may

- e R b e PRSP QU P SRESRY o Rty et

sti@am! Mhewbhdysiphelogbndicined ﬂﬂaydanised(mﬂxel @orm of an aqueous solution
S-p-nmet hyM S-bi sCiri net hyl sil yl Jphgnoxyl -L/ -
oftth¢ prad. -hoxyphenyl ) f ur an- 2- car boxam de;
5-[
g T o ARt BRPOR i o ot
prEsemel\mmi‘opl s-hdul(itha suﬁﬁdngdtm prpivide Ia@nomyﬂlenal effect on the

aébon&ézpﬁg Kﬁt@t t h OX r&é‘gﬁ éﬁgga(&_on_ th(e: glge%? 1C NOD- ﬁydrohalo genoic

us'eé nd, §1 béﬂu@ﬁ%ﬁ %)ﬁhé n§t’uﬁéyaﬁlﬂ lBh&EhRatiH of the anion of the acid.
furan- 2-.car boxam de;

Withp@-wighing lto He ‘()ledrka{ anyrltlw(jry,l i} isthehoved]that certain anions, such as

th(_%é%p(fz@g?e%ﬁ% pﬁ?gp);qr llnl’fﬁpqﬂ [Tl%_ 1&1§},1%rb§1§%1 diéld thus, if the concentration of

th@se[o’e’coﬂiﬁbﬁ‘%s tdo ki ﬁ%ﬁl A@éthleial ¥ifdcp BEMEXNIbonylation rate may ensue.
3-(4-net ylplpera2|n 1-
Hywy‘,\mrg memqmd]s nan-Gogrdinating 1g/the iridium metal, higher concentrations of
} furan- 2- car boxam de;
thg aflg%nﬁ'r%w ﬁmpé}g}(%/drl met hyl si | yl ) phenoxy] -

L/ -Quétab] ? thk/atount of a superacid which may be added to the hquid reaction
di met hyl am noJpropyl am nol ~. e-di_nmet hoxy- I, rimdin-
cargposftign aneuch dagt g}y;(@maa gatio of the anion to 1r1d1um 1s mn t e range [greater

gy OES P P TR Ao sy SRR & spegioy

ranQeMSHmOCH]n -15- yI}furan 2- car boxami de;
S- - net hy WCtrlmsth | sil

L/ ﬂ}@ﬂ@ﬂ%% PIGPRLS q}@%@ﬁ% %{ ‘tl>e afdsd 4o Hhet lfryd repetion
C(Jééppog}ffoh% %tc&t Ratfhd {ﬁl‘é 2Ratir FAhRA%E Fﬂ(ﬂﬁl}n is m the range [greater than

met hy rimet %/ Ophenoxy
0 td.4 HaW—hlegeGbe alply)h am$®.o MNOg -od PR3 dmyveld from sulphuric, nitric

angl p[}% %%1 %F?t}?@i)h @}eslp}?l;ﬂb %)a)éﬁgr‘q 8%9}] to iridium is preferably in

thb/rax‘%% [%reﬁlﬂemﬂaﬁ @y RRERY | Hitdb tef HaBQ4B0.39:: 1, such as in the
l'oro-5-(trinmethylsilyl)phenoxy] -

range [0%tod:3]r:ilret hoxyphenyl ) f ur an- 2- car boxani de;

OO s A L BRI e e i

5 [ 2-chl oro- 5- (trlnethyIS|IyI)phenoxy]

- L/ -(2-rmet hyl am no-4 16-di nethoxy- | .S pyrimdin-

-yl Jf uran- - car boxam de;
5-[2-chloro-5-(trinethylsilyl)phenoxy] -
L/-{2-[3-(4- mathyl p| perazi n-1-

yI ) pr opyl am no] d| rret hoxy 1

~ o o .
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(LH-RH). The GhRH decapepti de
(pyro-G@ u-His-Trp-Ser-Tyr-d y-Leu-Art-Pro-G@y- NH2 or

w2 HB¥BRPG- NH 2) is formed in neurons of thecmedizend/002686
basal hypothal anus from a Iarger precursor via

enzymati c _proces The I s rel eas
reagtip §ePSIRATS é?é% Hﬂgfoth 1% 5 ?%Pﬁ aﬁ’&%‘lttarmfg}lmdai‘%‘il%?f‘ge
e t f i 11
L O e o] Yeopecially,
tharlengqntlo‘im)S PIr k.he anterior pitui tary gl and | ocat ed at

t h s ers the r e
WP£P ) ok N RO b B B8 e af PG -
coﬂﬁfm&nﬁﬁo‘ﬁh& whEH R sOfubWih Ghe BgRd ERBACIOERPG SO I TR 188ium
(gonadotropins). LH stinulates the production of

catabyst wey &e efdedn dhekiquid srastion eprapRsTticasnasy awigabls frmeghich
dlmﬁggﬁfthé ‘ﬁgé(lgr%ng& 18‘?%%‘5&&‘3‘.(”& Buk %B%qtf 9k ‘té &rcglgﬁ{ QO TN
Préfen®ly 8 Inﬁkgumtrh@y pemsedtak hehloglde &ise camgomﬂhmhtas atetmtes which

| evels of GhRH are critical for the naintainin
argeiaila i eneqr aners 9é %éi@l%%ctf%cm}onfceﬁaona%e fgf example
Wifﬁ%%g %La&racfdemts%% gkl ARdeREVHAL saﬁﬁaksocn&%ﬂ;

ary res ons varies great

E)Iahf;xlm;gif Quitabllé frehurﬁ;malﬁammg tdmepayndsdhichapaynise :ﬁddedtto the 11qu1d

ear in _the f s, at of ation.
reasdB COPPPTOR @c%cﬁatﬂrmm@eﬁr%%hr&#ﬁﬁ HEEOTENS.
bert There is, ,however rise d
TG TRt e e I Ll S AR et ca B O
FSH response to GhRH is greater than that of LH Once
HpUbgC0Y1 hdriipg Hosbhidirg 4¥i0y 111360@)11&41md1uméa@:els Ir:zémllroz,
ulsatile LH secretion ensues. i n_pubert

Ir W@uﬁ(@ﬁ@%@ﬂk@ﬁ ﬁl‘éqt?t%e[hﬂ@é@éc)qﬁlzg)&]{@éc} @Pé as e
o ARl S BT

ase,resul,ts §E | satile LH and FSH reI ease and

ac?'ﬁtﬁ ‘fxé"etit%gsatngrafi?]tga “Sestradi ol rel ease fromthe

gormk’érab ) file- JTROQBAUGE of tHReridiancardlyAtin ti lifuidShktivh LH
rise, “the post-nenopausal |evels of FSH are higher
Commﬁmphe%lél the range 101t pRamb Y vsichbef siln. GnRH,

S RS S s e e o
ruﬂfeﬁﬁﬂﬂ%@tﬂlﬁldﬁ thB@tmific Ceatinogengts, Gritiduing ner¢urylbad sdiom,

receptors on the pitui tarynﬁl} and resulting in rel ease
meye refcrhly mthaniysg ped osmig, nEjedHthepiug, Oﬁwwaalapm 21ne,
o -
ol A AR el 23] RER BB Bl skl Y e
cleiiing egmpadridownhioh i fobutBniRHhe Eqeidtreacsion 'Ehnnsosmon The
down-regul at i 8n .and desenﬁ.l tization results in

Wlt?&u%uoéﬁ“?% ﬁ@ua Pog) SAEHE, RgRETs cHIRy, TEcERand fndiom
bé gaded tb E}‘ﬁe PFeQ PR S @RI oRA{oh T6r {8 %E%Bﬁidaﬁe@fe%ctwn in any
per| ence RH agoni sts have been the preferred

stiitablatforem tvhichrdissekves tretho liquidapantide compasitiop by isi cohvejtibls. to
RHEngiom sts have been used to reduce testosterone

0@8 t hereby reduci ng prostate vol une in benign

- Pr osladlhi&s JTERRA ﬁﬁh@nﬁxﬁl%&taamg Sdr@ydunds (vBALha PhOWded as
in prostate cancer. Such conpounds have al so been_ used

inchude h@h@melat(ﬁﬁmhlmdebﬂlémma ﬁHD ehloridg irilvdaeter mithepjpm (IV)
01%1%1? s Wtﬁgrglrg?l (IeI rom U gﬁﬁ’é}ll \g{‘x el?ﬁv tlpe% Xl%\ég Alﬁl%l“ﬁm (1)

a ua 1o, ave een
fo@i'ﬁaieﬁﬂﬁ§0®ﬁa]ﬂﬁ*,€[%(©®)zlﬂﬁ [Ru(O0)k1aY, YR!lﬂ(mO)\;t\'ﬁzIzhout the
observed flare associated with agonists. Use of GhRH
ant agoni sts has been reported for the.treatnent of
ovari an, breast and prostatescancers. O her uses of
ant agoni sts i nclude endonetriosis (including
endonmetriosis wth pain), uterine nyoma, ovarian and
manmmary cystic di seases (including polycystic ovarian
dlsease) prostatlc hypertrophy anenorrhea (e.q.
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conpounds have changed. A review of this approach is
provided in Tacke and Zilch, Endeavour, New Series, V

WO 203104987 (1986). Summary of the I nvention Afi PET/GB2004/002686
aspect of the invention |s a conpound of fornula (I)
or formula (

tewar@cemﬂ%qowmawﬁi BPerufignslingeens rabart A mpgionste

mtﬁ%ﬁ%nﬁll?)%ﬂﬁgfe( peﬁﬁ&?‘%%r?ﬂl tn_ﬁitﬁgﬁ?u%é?@%gcﬁkar%onyl and

mix§dGhif)emiym hﬂoparb@@ﬁmg@h as dgh qmmcax@()mjpﬁ@m)l (IT) dimer,

dlbr%]‘e%?@qe&%ﬁgm%?ggé %ngn%ﬁil% or olglgh@num complexes such as

tetRRHIATIA ¢ ﬂcaﬁh@x%%hfuﬂiéﬁﬂm\m htetr@H| Gbi\tenzdrdeiButhenium(Il),
- (=X - =X) N( Re) -
dwh@(ré&o;yglooct@:(lgajy&t@ Rgl)tenlum Yy oRy Rb% tris(aeetylpcetonate)ruthenium
Ilﬁpt' onal ly present and is -(CH2)n-, -N(Rd)-
( (CH2)nN(Rd)- or -N(Rd)(CH 2 )- ; "Fis -C(:X)- “or
- NERbhples GfSﬁtabIe(B'slm)nlﬁn contaldiiRei¢ompoun@ itk (e be osed include
-N(Rd CH2)n is optionally present and i.s -
osm yqu hy@(ate)@nﬂ(ap@drous - SEET metalmspgy@(tgt}'aqﬁde

[resgnt e
uigy BN b, (MO 0N QORLER PO VIR, pfillcho
niteydidspabiydndnrixed yﬁhmai kdogak sy ]s sacly hetrearbonyldichloroosmium
het er ocycl oal kyl ene,. heter doal kyl ene or
(Hhéwg¥@a59ﬂ@heﬁwawVHBmeﬁ X%% optional |y substituted
Fl B{gs bt Fﬁta@ﬂﬁ&ﬂﬁﬁ’l»coﬁ%ﬁﬁg @omﬁwﬁs)\%wﬁil\hﬁ& 9ahksd include
cyc eny aryl, heterocyclo
Reh@ @) RecCORIKSRe(CONBrhReEQ)sl BIGCbaQﬂQQD{RWﬁJCBH]z, Re(CO)LT
+o tional lysubstituted with Ra, -C(=X)OR d, -OH, -OR0,
%(d |}alﬂﬂlibd;(Rc) , -S(OM(Rb)(Rc) or -CN; each Ra is
th dnfafh Eﬂm‘i halpaasy béhdedlinclud
%X%gﬁta :ég i\ﬂtafbfe@fag%urﬁ-réa? I?o )?;i;g’ ( 5 n?:( 3 2Rb@y include
Cd(QAaBQy ICdlz,C( F@:lClz,r@t(OH)mzzdnuﬁmpce&emla@etm@(a:m N( R
02, -S(O2N(R)2 or -N(Re . each Rb e sa
d? Framg Oéﬁ‘i(ﬂtﬁ)bée PR %%mnmva &l?@yge gsedigghde

ff e aly kyl al kyl -aryl ,

Hé{bﬁ%“f I a%%%%?lzérg%@oagg oénz@# yysubst [ tﬁt ed z\ll th

RaExeaples B@ sﬁxﬁabl&@n&@éfﬁalﬁfng%ﬁf;ﬁﬁﬂlﬂ whiol naS Haydedgrehude

al kyl or ar optionally substituted with Ra; each Re
Zn(9Ache Zotid szn , £nBreAbChaand snpgeptdaetonsie. al kyl ; or

Re is aryl teroaryl, either of .

o EPSRRIThp SHS T R PR oS RR RIH8 TREbS e tude
gaﬁ c}{;ng : &#15?@60 r}gdmtﬁh g?mllﬂ{ 2868, eacH, @dBr CI? ﬁ%@% afn@l@eﬂOHh

erocycl oal kyl- het T o enyl

hetrhRpleslof siébie ﬁi&ma@mmm%h@buﬁwmlhs HRBRIBLY include

each X'is the sane or different and i s oxygen or
indiuhpvetylacRiongts, ihdame acetate.dntlhge hﬂ%memés, Igl mcbhé‘ﬁﬂ):and

are each aryl ene or heteroaryl ene,

optEixamalasyt w&aéalq uggden- w&tﬁnmg CoRiReRn élc ﬁJée%%nclude

Wﬁ@{){)ér en:14’ W%rilw(?% @Hﬁng](@éﬁ ‘Lﬂ é’ﬁ’ 8%?63112%1%&

brbﬁll%t Olaitodl)%ﬁﬁ;onﬂrh%nﬂfouﬁd B and C conpri ses a silicon
atom A and C are not each a bond; and the conpound

doé&’hqrrctrufb@m‘pm, semianGirhegiurh,oriag, galhmmhmgﬁtgnecaldﬁhm, mercury

ka
onglen oo i Wi BERp Pl o) rib S iaufalinbe i of
it Jofubiiyen thedRuid@ptadtédn csnpositidnand/ag eny Bawd @ftd:.esmreams
result, may have_ therapeutic utility in cancer therapy
re@yclquwtoﬂh@cqrb@astlﬁmreworrfr@v S acshic afid sergumtsiagssilde
uterine myoma, an ovarian di sease, a mamuary cystic
di sease, prostatic hypertrophy, amenorrhea, precocious
puberty, premenstrual syndrofe, a
sex- st eroi d- dependent pathophy3|ology beni gn
prostatic hyperplasia, Al zheiner's disease, HV
infection, AIDS or a disease caused by thyroid
mal functi on, or to arrest spernatogene3|s

I L oy oy o a1 - "
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al koxy" has the sanme neaning. The term "hal ogen" as

used herein refers to F, O, Br or I. The term"aryl"
waousgeghherein refers to optionally substitut @dT/GB2004/002686

aromatic ring systens conprising six to ten ring

- atons, and optionally bstit uted cyclic ri o
ruthsgngt‘ﬂe AEM AT I ROZIHF gﬁxﬁ}ugn, sfeq, Fe}ciggégmafnqr% fig%ﬂremdlum

is su1 ab%r@&nk th AL H ?ﬁﬁfc% 1%aQP;§H'c§ g@ﬁfﬂ)ﬁ Rl ﬁh@ﬁé ratf PEf B&ANBliBdium

and "naph e group may be optionally
of [s e B3Nt 1, tpta“dramyt[lz m he]: s ubseiprafenbly [léeto Ag]:1 hé suatakleguthenium,
dlfferent i n_each_occurrence gnd sel| ect ed ﬂ@ Ra and
OSTHHE OIYFIP@é“umMIW @ﬁ’é“mb Spgr Ry RAmIw ey Ipdon T
con@én‘?x‘éﬂon ! %sttﬁ ﬁﬂrﬁ%hlsh/bs 40 YDO0 prﬁlr ein refers to
e

a satura |cyc iI'c moi ety having fromthree to_six
caardsferabat, dresiriditime- andramy irptbenig@s osoigm, thenium, zinc, gallium,

exanp clo cl obu I pent
tung:%} SWE’Q ¥n gﬁ‘% ﬁ@np} Uit 00 tté{miolg%&ﬁlg ({]g %%3 ee Hf 1|rrﬂp>}1r1t1es
whigh B%&vhde% nBRAteR 6118 Hra¢ 1dditRs bvmkesmay bﬁﬁblhﬁﬂé&biﬁlon, for
Cycl oal kyl ene" refers to a simlar, divalent group

exaflfip@ alkathot elkelivatacrmpptal arotheapctilesalisn refers to an.

aldcyclic noiet t ' g
aﬁé 8I3nﬂ%?lsgm5%¥§ng??m%) gbcﬁeasOB%ﬁgMgdﬁg?&ﬂ%g%d
nicH SirdrLA1A dHi*@lhﬂﬁﬁ@ snd () phesphinet er mmbgd:mmnmﬁmgl c,ompounds or -

c cIohexenyI and the like. gr oup be OoQti.ona
hg@dbwmaﬂ@dqwerawy R §igy tS]il‘N]t%E? k%lféé% ?.ﬁ%}e B‘ﬁ 11qu reaction

comuRsicR s l&?&% YA ayd ?cfv%rs% %ff@ctsdnrfhé actiGih Uﬁ‘?@&tratﬁfgquﬂx the
nﬁ] { eterocyclo as used erein refersto a

hqxﬁafréabﬁbxedorﬂxﬁodiwmewhmh ths admefsb)efﬂaa\mr@e feastivn hateeSerne
seven carbon atons and ne or

er 0
corsesianangial QARG SIRAS R ol enu Hagh Been found to be-
f a il ad ffect -
lesq SELAER tore o PRSI I Fﬁ*ﬁ"ﬂﬁiﬁﬁal?ﬁ‘émﬂ bl adverse affect

on tmyed]mm pate oy qusnmwtﬂ byitsing byitable/costasiom] resisant materials of
descri b er.ei n roc cl oal e f

congib oty STERIGHY BB Sk o Agel Shpggs ST o itium

10d&’(§:e chdh&d 6d Regt &5 8 hifinfnfund " OFRbLi6n fieHP asy Sther®nif mf vided @ay

teh atons at | east one at om of which is selecte from
be Rdudedmiths usToa sletahifa ine pxehange fesin heddnfre the tRaghgn |

cox%ﬂés?tgq,no gp%g{}X ' :g%ycls ge‘l%lply ¢ gta%ﬁlllt\ n?\h%ﬂe d&%gﬁ% I?%ﬂéscgﬁed in US

40@’“@0' Pk&erabﬁelcﬁﬁ@@ﬁl‘ﬁrﬁlﬁﬁlts aeflepsbdlowa @hidrtation at which they
di val ent ?roup 20 The term"” heterocyclyl as .used
wonls generatef @ gpm & , prefareblydessdhasy 230epk | if thedliquid reaction
heterocycl ic ring noiety having fromthree to seven
CoBPWIN- at ons and one or nore heteroatons sel ected from

N, InGhe ProcEssdfihSpresdit énveation, Ithm:ctamdmtratlbnrof mezhhnih@jlde co-
pi peri dinyl, pyrrolidinyl, I n and t
calFhe oA EOp SPEGR S PESIgably T deangs pdp 16 Sy
\Wﬁ%ﬁte") the group conprising two or nore rings, at 25

ast one of which-conprises-a-heteroatom - Preferred
c ofpibe peiscesd oftthe prenmi rvieotion, rsuitalﬂ@reastv(eldenvatwes of methanol

1ncl@de§ng:c ;]eq%ggitfﬁ? %mﬁig tlw? (}e A mixture of methanol and
alc/ilvé er Bty BBIBRYSY Hﬁ? BY h%éd*ls%@ac@mﬁ@ﬁhﬁé BROcES:; of thd Present
7-pentanet h disila-1
inyedfian. 4Wa@¢rnatmdno®ap¢q Wa‘litélﬁf-f@l: 9th©r>@r)estes geactants. Preferably,

4 6-tr he car boxam de; 5-(1
methanpf o0y Srsr TSRy B oo dpref Rl (
2 A3 st ﬁﬁﬁs’ﬂ(ﬁbﬁﬂé ﬁi&ﬂﬂhbl%ﬁ&)‘ﬂ r&rcﬁ{/@aéﬁvatlve thereof will be
-(2,4,6-trinmethoxy-1

3 pyri m di n-5-yl)furan-2-carboxam de; 5-(1 ,1
4,4, 7-pentamethyl -i , 4-disi¥a-1
, 2, 3, 4-t et rahydr onapht hal en- 6-yl oxy) -
L/ ~- et hyl am no”. -di met hoxy- |
.S-pyrimclin-S-yOhuran”®-carboxamde; 5-(1, 1
, 4,4, 7-pentanmethyl -1 ,4-disila-1
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5-(1 ,1 ,7-trinmethyM-sila-1
, 2, 3, 4-tetrahydr onapht hal en- 6-yl oxy)- L/-{2-[3-
wOmorspagd3p n- 4- yl ) propyl a pni noj - 4, 6- di met hoxy- BCT/GB2004/002686
, 3-pyrimdin-5- yI}furan 2- carboxanlde' 5-(1
1,2, 4,4, 7-hexanet hyl - disila
con@rtgd 0, pad heFdreiea ngﬂ?é{,l] agasp 83(@? Jiguid reaction composition by
a d
reagagxg%h@ i%ﬁ%%&@%&ﬁdﬁ Bgfbg%ing PROXEBI I8 c3néehtration of
metlyl Acetatt @i tMﬂ@m@me%ylmW}w range 1 to 70% by weight,

mol?é_pr@%ergblg 2t7t£> hg%ﬂi%&%? IX SL{)%-&ES"P lg 3%%59% welg’ht > (1
, 2B hHf E@R)}ﬁg&@ Rapkhi Bekh@ﬁqlﬁd%démfﬁ cothposition, for example, by
b-trimet Roxy-i ~-pyri nni di n-S-yOf uran”- car boxam d

a;
theses(enﬁcamm neamonbféwmmnht}aanql reagtagt gind aeetic acid product. Small

am/oyn’is Q%ﬁ@f aagﬁq%oogg rghgcaelge YR h d}/oI ;%}on of methanol to produce

metBmRY¥hi Kﬂadslrn Voatyt thhy baﬁm%dﬁwdbe maﬁlﬁonyﬂ'm(ob reactor together with
1,2,4,4,7-hexanethyl -1 ,4-disila-1

or s@agltczlytf@m gﬁy@em@pﬁgf élﬁa_lg;uﬂ fggyt}on composition. Water may be

segaﬁati:g ﬂ%?l% cgﬁe%%ggﬁtg gf ?ezct %&éﬁrﬁogft 1@5)?5%\9% ﬁ%rrgth? {ggétor

and ina,y%.e‘ifeéycyedhﬁ kaﬁ‘ﬁtblle,dl‘dmoimtkl te Inilaant&m the required concentration of
2,3, 4-tetrahydronapht hal en- 6- yl oxy
watey_ip $hey lsauecueaevora?qmqmogm%mwwﬁqﬂt%?n i the liquid reaction
n
ok SO SURIIL sy A o Gyl i

rang?: 136.4-wted.r ahydr onapht hal en- 6-yl oxy) -

ho| 4- | di net h
ST Aot Pior B ey st OB RSOl s oETY SRRPRRY:
1mipi!1r1f}esdsu2h RESIBORE N | del meﬂlaﬁ’é %itf(%'eﬁ no%leggeﬂses water and Cg to C4
et r ahydr onapht hal en- 6-yl oxy)

pakdffifié h§dfdic£‘ﬂbbﬁ@ Xypdieayenté of W&@gdﬁ&h e @fbsiemonoxide feed and
5- (5- net hoxy 1,4,4,7-pentanethyl -1 ,4-disila-1
generatgd An-site by Ma@h&a@ﬁbﬁ&e@ﬁm@_ly p@)fwbly kept low as its presence

m# r(:glﬁt é[tﬁ %Jrlrﬂ%ﬁgﬂ gfﬂy&ggéﬁxa%éﬁjn %ﬁg?tﬁy?ﬁﬁ?so )ﬁgér%gg‘uqt of %tydrogen

in t}?a Grlbn Ih&idx&ﬂwﬂaﬂmphpibﬁrdﬁy Besy ktexyl) mol %, more preferably less

. 4, 6-trinmethoxy-1 | 3- ' --I -2- .
th%‘h@ %é‘%ﬁn‘f’ aed Y@ﬂ(l@'-eri%/ﬁtfﬁ@kb’ 19‘¢SySrt£2_ip &4 -?/y ﬁl)é&urﬁ)gtmwd pressure

of’ hﬁﬂx?@éﬁ rﬁtﬁé carbortylAtior Feta&%mé %ﬁB l@?& B ¢ xyf(ﬁ)N’/)n partial

'amno-4 16 hoxy- pyrimd
prysisinfeumat’e ﬁeﬁﬁ&pi@ﬂﬁlﬂa 5 )61 B\I/nétahdyyyt-more preferably less than 3 x

10 i\{/ a2 ﬁ;gﬁ: entﬁ}?ﬁ@%ﬂ%@ técagh%g%gsﬂolmde in t}%e r?éac4tor is suitably in the

rallré i%168N£n41 {881 an@Nﬁﬁ? %Z—éf&aﬂlpryl' A POORMhZaR . HR110%NGm? , more

I met hoxy , yrim dg7 f ur an- 2- car boxam de;
prEfe(aEvlyrdtmh)?W/m tm 1f54)$40 N/rmnt amethyl -1 ,4-disila-1

i L BB B b ek e 1 10

Nind- 1Yt WCNMS p‘x‘éﬂafaﬁryaDS 2 1@91\1%@3(@&1 dap’ 5%&15  hGHeeet¥rably 1.5
]3 447 r%amalt -1 4d|S|Ia 1,2,3
Xl@tN/ahthﬁthbl‘l‘tUﬁaL en- 6- yI oXy

nmor. ph 0 .z ~ i
i aTEESdhy ﬁﬁgr#%@%nal‘? o l‘faﬁlfl(’é?%e@%%%? jos00
°C %)t&erhb]yﬂﬁlﬂ’m/ﬂanée 150 102220 °C.
3, 4-t et rahydr onapht hal en- 7- onf)

L/ e peocessre the RYgsHRAYYOHER My e paHpERethisfebatch or as a
CO?]B,{F% \%%%%%?%#%rrs i}ﬁ%{?ﬁ%{]&‘ﬁ%e%fas ?(i:/(;ﬁ:’lmﬁous process.

L/-(2,4,6-trimethoxyphenyl)furan-2-carboxam de;

5-(8-methoxy-1 ,1 ,6-trinethyl-1 -sila-1

, 2, 3, 4-tetrahydr onapht hal en- 7-yl oxy) -

L/-(2,4,6-trinmethoxy-1 \

, 3-pyrimdin- 5-y| ) fur an- 2- car boxam de; 5-(8-nmethoxy-1

,1,6-trirrethy|- S|Ia1

o o o o P 1
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t et rahydr onapht hal en- 7-yl oxy) -/ V-{2-[ 3- (4- net hyl pi pera

zi n-1-yl) propyl am no] - 4, 6- di net hoxy-1
WO 2eesyw0993p di n- 5-yl } f ur an- 2- car boxam de; 5- ( 6- mePODIGB2404/002686

,1 ,4,4,8-pentanethy!-1 ,4-disila-i , 2,3, 4-
tetrahydron ht hal en
g T AL b S B —
?Id/B}’I L BieVdatfony Bz 12 @a@fo@%@%&ﬁ% 1

Wl %{'ﬁg{’ﬁ% ) , lh 2}&8npent ama? I r 4-di si l ermg acetie
acidfr@n4he wghdraWy dnmerw{jh Phedtrablyyagetio nyl)i -is recovered 'from the liquid

L/-{2-]3- hol i I l.am.nal,- 4, 6- di net hoxyz1
reatiop gpmapaiion B gritrupiny 2 LAPRa g e ion Sop a0y fom the
carb]en fhtifn t@tloAARA Rdbvdringrceii®adi@ frbm the withdrawn liquid reaction

§ 4-t'et rahydr onapht hal en- 7-
compomja)m by ope oemgraiasharagion Siagtigmal dighllgticaestagss dnvaich the acetic
amdzlg §ep£rztt%<{ ﬁ'gﬁl 1tr1]1§g ﬁ(f'rﬂé%}erﬁ%g& tﬂpﬁy 11(;(&? re‘}acﬁl&? &&%p&smon such as |
mﬂi‘un{ atdly§; 1ﬁ16ﬂh§ff-‘iohmey:!@ttﬁwysk fﬂiétﬁf/ll adetaty, bovcacted @icthanol, water
(6- ch(oro , 4, 4-tetramet hyl -1 4- disila-1
andgcglqaq@qqlgﬁw @/ﬁlmharpm beresycled to the reactor to maintain their
colt egffl% 1orlrs/ 18(t1¥e @q&fi; aﬁ{rlg% @%ﬁ% s]% 61)( aTrﬁ gmt in Etgb f the _}Lridium
catalysx éuﬂng i hagtit dojd produd reliosvetyastdge, water in process streams

2,3, 4-
coman(lgg H;téﬁ%l%h %glgﬁ'glgtceggl en e %1” (}/ t%e carbonylation reactor should

be fﬁalgbé je@a@b eo&eﬁﬁ%ﬁdﬁ Hhi :l’eagﬁf 9%%@%% 5-(6-chloro-1 ,

tetranet 4-di si |
, 2, Theprocety (Zﬂ’thdpwafan fitreatiem mﬁy by:lp@pfyr)med a using carbonylation

bk e RO B AL SRl oAl

0@30@4 EHpl R[(WS?M% and BR-A-0#{9038BRhE ¥bntbnts 6f %&h'a@e Bereby
4-t et rahydronapht hal en-7- yl oxy)- L/-{2-[3-(L/

1nwupemﬂahQWqﬂﬁmnpno)propylanlno] 4, 6- di met hoxy- 1

1 "IR‘% nzlvelng{n} glmpﬁxyl}beiﬁusﬁrage aylr\ga%%(_gfrgxample or‘ly ang with® retlerence

0.tk ﬁ)lléwﬁ erxa gisonapht hal en- 7- _
onxY 3 nDrpholln 4- yl)propylanlno] 4, 6-di net
ea n- 5- yl}furan - car boxam de;

Aﬁ 5&@ rﬁﬁ%n?{ 31% )ng%%g&ﬁ%]hw% %8 uj‘n :r%oclave equipped with a

stﬁn%r Grqiiidﬁﬁjd@ﬁizhy t)ahﬂi’ty,l Baﬂlustazless%} axar @S)faﬂi Jikess. Ruthenium acetate

soligion, G4 (wh%whw IR P ) D) % estic acid and 17.8 wi%
wétgr()aa J%%ﬂﬁg&%gi?%%hh{ﬂf&ﬁro%e&ﬂg ha¥hE€used) and part of the

acefic 3cid ehaarge elh))/g)rvosﬂa pilei g‘lmt‘l @rto Yhe,/dw«qlavelbdse The head of the
4, 6-tri met
au@%clwrwaﬁ Ripssd @nﬁfs base and sealed brfors trapeferring the ategiblpdmit to a
blas]t cgﬂ nﬁh@’éctﬁeaI SidlAr ﬁeater and thermocouple were placed on the autoclave
4-tetrahydronapht hal en- 7-yl oxy) -/ V- (2-
asmmlb’ly Ibafnrﬁ cenfieating toshdgasyand liquid feed lines, water cooling hoses and

ove%h%ﬁ #é’frﬁy {ﬂ)f g#iﬂﬂulﬁ feed(‘i%fe? v%‘l%‘é‘é‘ v(xjfeefesop«gnedC andqfxe assembly

pregsu?e #stb@ Wit yes RRIPH NP FnTHe WiOWN9 fih¥ell Fvith nitrogen (1 x 20
3 (4- nethylplpera2|n 1- yl am no] - 4, 6- di net hoxy-

> prossure andyem cxclo) @ilgwa(ﬂ] Lz car an mamdg &3 x 5 bar g pressure and

Venjé’g ¥ ?ft}t &he a]tycalr%%eg\lggiéégﬂf I ox ethyl Il_()dl e2(13 .33 g) followed by a

mb@urelof water q&mmmwam ) PER pyétmmnbdapﬁno&ndate@t 42066/g)land
, 3- pyr|n1d|n -yl }furan-2- carboxam de; 5-(6-chloro-1
,1-dinethyl-1 -sila-1 :
, 2,3, 4- tetrahydronaphthalen Byl oxy)-L/-{2-

' [3 (mor phol i n-4-yl) propyl am no] - 4, 6-di et hoxy-1

, 3-pyrimdin-5-yl}furan-2- carboxam de;
5-(4,4,7-trimethyl -4-sil a-chroman- 6-yl oxy) -
L/ - (2, 6-di met hoxyphenyl ) furan- 2-carboxam de;

7~ A ~
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5-(1 ,1 , 3,3, 6-pentanet hyM
, 3-disila-2,3-di hydro-1/-/-inden-5-yl oxy)-/V-{2-][ 3-
wOR005/00993p et hyl anni no) pr opyl am no] - 4, 6- di met hBgY/GB2004/002686
, 3-pyrimdin-5-yl}furan-2- carboxam de; 5-(1,1
3,3,6-pentanet hyl -1
mettg] gpasate éap@r@ﬂ@ﬁ@ﬁ%o givan addsdsiq p fipsl pyforeghe gutoclave was
msggga p@@%qglgdlﬂn écéﬁge%}ﬂﬁ% rso,is&t% i trheasy %9 wi% acetic acid
fur an- - carboxam de;
and 18. BWt% WEﬁei‘)y\i/astl&Ieﬂantﬁ {13 chitdlyd nmgedtbi: aml:iwaslrﬁdyﬂ Wxtia)thef Vv

ren—lq:}rzlltng@ﬁ%iqrn%}i {) pg&x X’[EI)yg‘iJ @aﬂ;}g&%ﬁgg a)l(lag{en cgl%posm(()ns Were
adfﬁ'éﬂe&‘ dg fhe%éf&o ﬂé}l‘r}/l Yodide, fnefiry] acetate and acetic acid levels were identical

tri nmet hoxyphényl Yf ur an- 2- car boxam de; 5-(1
afteﬂgaﬁalysrt injedttiopl for eachir¢agtion. 3THe ﬁygqcl@velstlrrer was switched on (1500

rprgs %e Wrﬁrﬁsﬁpﬂnéulﬁlﬁ)c ﬁvog ﬁﬁ(gloé(édeggtl\g%x% l%e atsiembly was heated to

reac o@t lepRbRY 190 °C)5 | OrcedhSteelipaythire hdd stablhsed the pressure in the
-/ -inden-6-y on¥] L/ - (2-net hyl am no- 4, 6-di methox¥

autoslapy wiapradipted to/d yﬂewm@ intighpisssuaistuEas the catalyst injector. The

ba]ilgs’t Y&sst:lngtszf%gea W1t°h cla‘?b(gl Iﬁogd)pé'edge%l% 1&" e&t[ﬁgget@le%a% }Qf(yc)lutlon

wxﬂmdwepipﬂggm ofcakbyt Jphopiyé axvbrivg] thd aﬁtod]an‘epi‘uamte fo 28 bar g.
yrim di n-5-yl }furan-2- carboxamn de

Aﬁex nse«ttmnrfb% wpclivf‘smp%\wge Wasrap) genstantat %@ﬁn 6Ly fesdipge cagpon

modli)glc{e m no Fé)srt gg@ la?rrll crl]%rjxanf Th& temP%rgt)?;e 1{1 the autoclave was

kepti’copytﬁntrb)dttdmﬁﬁ}lmlg}thmﬂaw-oi coco:largkma(tam T redetioh rate was monitored
5-trinmethyl-1 -sila-2,3-dih
by|.tbq g,@g Ad garyp% ;p)p}lop(}e PIfolge P’HB} %\ﬁ gpﬂqlst vessel which was initially
&2 digEddishidioh of the run the ballast vessel
prég%%?ﬁ%&%ﬂr Qe%li] f{]l/” an- 2- cdgl(ri)%o;arr? dee ruél- (?L iy a1S vossel was
1sqlzﬁedl rthmbd:alnt;rlswitchesi dfflai] heaittogtive cgoled fo baloer 306 Gyl (@quﬁ:)below

30 é? ab%a[sl %% e pc%/lfl)e} tﬁ%@%ﬁe ?Qﬁ%ﬁm N 4ét6dq§1r? be?org rémoving the
autol:la@e tﬁ"o&rﬁﬁk Wd's‘t cdi irﬁ'cﬁso'ﬁaglﬁg’ qulguﬂi donipodedts Sreyd ﬁiéﬂ’;)sed by

(2, 6- di met hoxyphenyl) furan-2-carboxam de; 5-(1
knoan establishad\gas @bxoamogzamyhy@th@dq Petpeied porBpgriegioyyere”

qualitlféezd[t}y %etgt}:]z{ﬁ'qgeg}? chogn o gnt aljg%x%vg & ROXAR AP tamfabd-and

ex‘;lil'elsé'é@%@ party b@)ﬁﬂhdx{ f)ﬁl,) %y@ndsﬁ | TR Majoy component in each batch
yrlmdlnSyLd)s uran- 2- carboxam de; 5-(1
carb;pnﬁ t1pR fap AgAticiacldsi | a- 2, 3- di hydro 1 :

he Qadtg Bg ?a I?Qﬁ%égaft L{/rcgrgé 8 ar rloe;f(‘gg%ptgon 14?@%&%'1&@& W&%Yc‘ﬂate the

carbbn?)}atlbn fRé hy nnfhbesofiraelas 3f @hdtyttrcondumed per litre of cold degassed
H i nden- 5-yl oxy

remwpmogéwaﬁhg@}myb@ ;hlrgﬁt ﬁ&gﬂwuwa?%afwew%mm (total
| 3f r gw de; d- A
reaC%OP%%WOHbQS é}naygﬁggﬁ%fs%%ﬁl Hi'ncl en- -yI olny L/ -
- Methy/ aceﬁterminhgﬂtmnbm oppcapylh@didadhg ﬂleﬁiouirsemf tloemgadtion from

the gt;;\@%{gqurgﬁsg{o%pﬁ,lals éﬁl'glg gnaWﬁnTﬂyl’ aceta e was consumed from
eve yxﬁgﬁrbf RadbbR Mook de gt [w?as CoRYuBl INY allowance was made for the

) propyl am no] - 4, 6- di net hoxy- 1
org@pyorpontnts-ib thd E}Iﬂcmlam Iradsprtroxani de; 5-(1

, 1L, 5-trimethyl-i -sila-1
E-’f-?-‘!lé&%n 6-yl oxy) - L/ - (2, 6- di met hoxyphenyl ) f ur an-

. Exdpérfhlaxam de; 5-(1, 1 ,5-trinethyl- -siIa-l

H 1 nden-6-yl oxy)- L/-(2, 4 6-

trimet hoxyphenyl)furan 2- car boxam de; 5- (1
,1,5-trimethyl - -S|Ia1H-|1r1|den6onxy) IV-(2,4
I6-trimsthoxy-1 3-

pyrim di n-5-yl )fur an- 2- car boxam de; 5-(1
,1,5-trimethyl -1 -sila-1 Hinden-6-yl oxy)-

L/ (2 rrethyl am no- 4 6 d| rrethoxy 1

~ o o I = ya
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5-[1 ,1,6-trinmethyl-3-(2-propyl)-1 -sila-2,3-dihydro-1

H i nden-5-yl oxy] -L/-{2-[ 3-
\Nonmﬁnhmbbn-4-yl)propylanino]-4,6-dinethoxy-l PCT/GB2004/002686

, 3- pyrinidin -yl }furan-2- carboxam de; 5- (5 chloro 1

1-dimethyl -1 -sila-2,3-di hydro-1 Hinden- g%

A bpselipe grpegint HOK yﬁﬁ@ﬁg@ﬁmh e avioglave 6&%&%@’“11 methyl acetate
(4?1)%5 a%gﬁ;g&%a &5 5d(r53(1; of :{é\?ﬁ&g %etga}te os)?lu)tlon (? BZ §) water (13.16 g) and
méthylrreﬁlldexyiar& gyl Iﬁetmaahysfz chag@mm@h}f atﬁ-1ﬁﬂnmh$<ﬂumnm(6 30 g)

WlLl} ac(egc g.mg (5¢7 % gl)m{l‘ hg WlOPf nl*uli%glrtg rl}thléhllupndv%rgs Piy l’[%)é ¥21t_e of

‘ 'reac’%log%f h @lllgﬁlafeé r¥a{c}<§r%ﬁlg>0§n€ﬁ‘ bPP20R R Hemethy( et Brs‘ﬁm»]vn in

imethyl-1 -sil p> 1/ - /-|nden 6-yl oxy) -
Tdble {.2- nethylan1no 4, 6- dlnethoxy 1
E,3- r.im di n-5-yl)furan-2-carboxam de; 5-(5-chloro-1
-Jggmﬁéﬁethyl 1 -sila-2,3-dihydro-1 Hinden-6-yl oxy)-
E)Lffen{n%n{ ﬁ'v((ék‘repeated except that the autoclave was also charged with 98% H,SO,
nmet hy era2|n 1l-y QR propyl am no] - 4, 6- di met hoxy- 1
sothp;(Q@ 2ih-Bhoyajerafrreartion abaedeiain sectos compefition of 12%

hydr o-1 :
W’Mm%%‘ginag‘?{at’f hﬁwﬂ/nﬁiéf’g (L/, / Vdi met hyl ani no)
Eg@@nﬁhﬁmluﬂ 4, 6- di net hoxy-1
3-pyri mdin- 5%§£furan 2- carboxan1de 5- (5-chl

EXPPﬂEﬂe Hyas-repeaiqd exeoptibatithg Apteplaye. yas a%whaeg%@ %&@98% H,804
S0 10&130.&)?}%)(3( ggtéociffrgarchﬁﬂ %’3 @%%a%%@;%&gﬂor %gjﬁ?@élﬁﬁ[{u gfigy’/ Yorw

tndinMtnmmm&thnﬁleﬂba 2, 3-di hydro-1
H i nden- 4-yl oxy)-/V-(2, 6-

E phenyl ) f ur an- 2- carboxan1de d- chl or o-

Experifiehf Ar(%srﬁé%ea.‘tecﬁéﬂc@ﬁ\r -t %J]M&adé'ﬁém%/}rﬂé&Wfﬁ yé\% HZSO4
- trinethoxyphenyl)furan-2-carboxam de; 5- (5 | oro-1

soJution-(0 3¢ fregh. h'“jhe tate f deactdp3t d pﬂydat@dxeactor composmon of 12% wiw

,4,6- trinmethoxy-1
’na%YEVFEW?E X%?#ﬂﬂ n-2-carbpxan1de; 5-(5-chl oro-1
1

Table 1

. 7- 1T methy="1-KiTa- 2, 3- di NyqnppfAdx04&80|# RetO XV 12% WIkOAc
Ezampwﬁyp%rmm;— 4; ?: Qixnmxdoxy- 1 Molar Ratio,_ | _ (molLdm>hr?)
y D 'L TIT Ur 11— J~ I ru = zZ=cal UU)\a 11 J- J- U =
1 A P/ “None 2o T i ongst

7 tridet hyl-1-isila- HZSQ‘H’h hydr o- 12:Pdden-la- yl nxv?-oizl {

2[3(2 H,S04 1:2:0.5 17.8

nmet hyl Bi perazi nt 1- yIlgpyl ani no] 14£;%5- di net hoxy- 18.8

, 3-pyrimdin-5-yl}furan-2- carboxam de; 5-(5-chloro-1
Froiln ot ﬁmépé&ﬁbﬂ ¥t Tdble 31 It dartbe3sedh e fie preddntdendlr-y | OXy) -

hydmhmgmomaiﬁsm)lm@w@amarmqlamraeo of eiphag jons to iridium in a

pl’o&loglg{larl ryggc{uﬁgli)rowd?eé I%' h Ee%gedgc%ﬁg)o ?ﬁn@fg Eete %gﬁiﬁar%lal ﬁ? ngﬁ’lnments
inlsihi€Znd 30n—¢1§&bﬁﬁl@%¢ﬂmc4acyd was p&yémm Mkres 1Ggh wiﬁiehmctymﬂof
3-pyrimdin-5-yl }furan-2- carboxam de; 5-(5-nethoxy-1

sulphatégmien Wy PrEsensi | a- 2, 3- di hydr o- 1

Fodiil -6-yloxy)-L/-(2, 6-
moxyphenyl ) f uran- 2- car boxam de; 5-(5-nmet hoxy-1
A, bllseﬂinﬁ‘ekﬁgﬂmént s [parfarnedowitly theaufoclave charged with methyl acetate

-/ -1 nden yl oxy)

(A PeiraR PR Y B 1437 Bbsashing! isdids (3 ady The
catéll?/sq &HELIgQY:tms]ste@bf & 1%(1?1‘11‘1%(;]1)( rpg?‘]eBO gg w1th acetic acid (8.70 g). The

j£

yl oxy) - L/ - 4,6- tr Xy-1
, 3- pyr|n1d|n 5- yI)furan 2- carboxan1de 5- (5- net hoxy-1
, 1-dinethyl -1 -sila-2,3-di hydro-1 H i nden-6-yl oxy) -

L/ - (2- net hyl am no- 4, 6- di met Boxy- 1

, 3-pyrimdin-5- yL)furan 2- car boxam de; 5-(5-nethoxy-1
,1-dinethy|-1 -sila-2, 3-di hydro-1 :

H i nden- 6-yl oxy)-L/-{2-[3-(4-

nethylplpera2|n 1 yl)propylan1no] 4, 6 dlnethoxy 1

o . A
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di met hoxyphenyl ) f uran- 2- carboxam de; 5-[(1 ,1
, 5 -trimethyl-1 -sila-2, 3-di hydro-1

weoekbesdeyn3s- yl ) net hyl ] - L/ -(2, 4, 6- PCT/GB2004/002686
tri met hoxyphenyl ) furan-2-carboxam de; 5-[(1 ,1

ratpgf ;tﬁ:ra!%tlzr?)er%abc?: ()’:lh:élgaﬁi}i qaeaczt@? ccgng)o%g o& Ilg me‘f‘fﬁ’& Wﬂ@d acetate is shown
in T51RYr i M di n-5-yl ) furan-2-carboxanm de;5-[(1 ,1
, 9- trlnethyl 1-sila-2,3-di hydro-1
mgn 46-yl ) met hyl ] - /V-(2 met hyl am no”.

Ex%éx?%gett@%é re.{pﬁt%%?% ﬂhajc @Ie ?gt\l)ﬁfgi%ggfgg ala %r%)é Wlt%eéS% H:PO,
sol'ﬁtlbﬁ‘ @90846 |"J)H<’£ﬁﬁﬁ)df]reach6n §2r dadeu#ted reactor composition of 12% w/w
pi per azin-1- 4) gr opyl am no] - 4, 6- di net hoxy-1

mCtBSd@Wtﬁtﬁll-‘diﬂm“sll)ﬁlT} n-2- carboxamide; 5-[(1 ,1
, S-trinmethyl -1-sila-2, 3- dijhygro- 1H i nden- 6- yI)rrethyI]

] [ 2. 2 _(J\/ 1/
T [ 9 \7TV, i~

rAfeBAlpa fintimt r 0pyOgeticid] - 4 6. M%O ago y| Rateat 12% MeOAc
5

‘2 n\/rlmdln Syl lfuran-2.- 5= r(GmOIQm hr)

I
=

5tr|$rethv| -su|aN9ne:>, d|h\dr011 0 8.5

H i ndeh- 6- vl) nPt hyl HsPOk- { 2-{3- 1:0.17 10.2

withyadpl oo i hyhe Ot s T

(rmor phol i n-4-yl ) propyl ami no] - 4, 6- di met hoxy- 1

Fror%'agyﬁdp%tibr{]bﬁfaﬁbﬂé f,ur &@m- bR-sc@nthboka predenceflotthophosphoric acid
trimet

proxgdepsaa.ngnge%ﬁeé ygqb@nxlpﬂ@m@@ﬁcgngﬂrgdﬁ@tﬁﬁgepment B in which no non-
hyh@h&%{g@r(o?é@éigé&}'s Pﬁs&lﬁ) net hyl am no] - 4, 6- di net hoxy- 1
, 3- pyFrmdin- -yI

ran- 2- car boxam de 5-1(1 ,1

Experinidnt®€l hyl -
-Sila-2,3-dih dr0|n en- -yI thyI] /' \l- (4-ch| oro-2
B?%P%@Sﬂ?ﬁﬁ@ﬁ V7§ B glﬁ;p%léve gha(g_ed with methy’l acetate

i
(4?.% gg %etfbe?:rlg W%M&h# Trg r?lx??}at% sgl)l(ltlon (6.87 g), water (13.16 g) and

métRyl[iadiferOi3pitog). ﬂlm-opta)ywtﬂ&]gfamnﬂm}edafﬁn dndmmmtyt}oh (6.30 g)
I ni.dj ur.an-.2-..car boxgm de; (} T}1ierateof

entum was 1+
reaction afa LAEGIRRY ‘iléééﬂﬁfémn?éhﬁéh & 9% v/ methyl acetate is shown in
(2,4,6-trimethoxyphenyl) f uran- 2- car boxani de;

Tabez. - hydr oxy i i .r.r.e. '-hexamethyl-S. S -spiro-|I
E‘] - di si I!_)‘a -dioxo- 111J,2 21 ,3,3J
£ ahydr odi napht hal en-7-yl oxy) -
A bése(lﬁ% @)%pétklﬁﬁﬁlh?ﬁ?y’?&ﬁﬁweﬁfvﬁﬂﬁﬂe adoclavdepcapadieith audityl acetate
etrame

(45 s 2ot AR D @Eheriy PO Sption (20.54 8), water (1071 g) and
métﬁyls;b(gda ip%% @hex?f’(tﬁ ﬁ%ﬂxﬁs} E&i{l@&igo'n%i%{elao@f%milq(%ﬁmss'om&on (6.30 g)

Whtla?a&tlé atigi(8 a0yl Q‘H@?Hﬂi’bﬁhl@(ﬁmﬁ ty Ir@tkyninmlwas 1:6. The rate of
4,6-trimethoxy-1

reacsmp;at # pelemlated rwywpawogn%%b&/a ¥/ Wemetlgy) agetate is shown in

-trinmethyl -
Take S L hydr0| nden- 6-yl oxy) - / V- (4- chl or o- 2, 6-

E 'emhm phenyl ) f uran- 2- car boxani de; 5-(1

REERASERC IR A IR T
(4813 %§ &5{@%9@&& A o?%gvgkr éywlo §)y %n_d/r{l/t_et%l%l’ igdide (13.33 g). The
cachlyaesdsiobrgtpbmmstédfafraannmunmobnm%éé;g5 wi@-avetihacig{8.70 g). The

rateé)’(fldfga?}ic}gp gﬁ%t ﬁfl%tg%( lg??l_ctf)_r ;{)%ﬁlﬁtjdnzéfglﬁ% w/w methyl acetate is shown
inlFable [ 3- (nor phol i n-4-yl)- L/-propyl am no] -4, 6-
di met hoxy-1 , 3- pyrln1d|n-57yl}furan-2-carboxanide;
5-(1 ,1,6- trlnethyl 1 -sila-1
.2, 3, 4- t et rahydr onapht hal en-- yl oxy) ~ L/ - (2 4-
dlnethoxypyrldln 3-yl)furan-2-carboxamde. 5-(1 ,1
3,4,4,6-hexanethyl -1 -sila-1
2, 3,4-tetrahydronaphthalen-?-yloxy)-
[-(2

L/ - ,4,6-trimethoxy-1
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Ej

carbonyl ati on system can be increased w thout having a

detrinental effect on the carbonylation rate. Thus,
waQesrod9azyg to the present invention there i s pPOVIGE2004202686

catal yst system for the production of acetic acid

whi ch_catal yst system conprises an iridium

E_ﬁﬂlﬂiﬁﬁyl ation catal yst, nethyl iodide co-catalyst,

Ex%%h?ﬁ&% lids ?égﬁeht%ﬂ%kcet‘&? 'E}JaP{he H{olgﬁ% Wik a3 %hg&%d &E@%)%YHPFG

al 'mum tungs mum nmercury
sohuion &1 OIEg)stTlmrmterufmecdom h‘ai ajanatd raaciod cpmpogitien of %6 w/w
present inventio sp provides a process for the
meﬁﬁﬁ&ﬁ@?ﬁedhswfh nqu%i §C| d by reacting carbon nonoxide
| ; e et hanol and/or a reactive derivative thereof in
Uid reaction conposition conprising nethyl
Emcmmmlte(; vas fépeated CB‘Cﬁm)d: that thetaitonlagt wea ke chatzged g thetdi7e HPFg

sof P T GTLEH b EREOTB 4 1o alsclo iibasiap of 12% wiw

m&pﬁla@aadehyslﬂiwﬁﬁlaﬁdbl@ye of ruthenium osnmium rhenium
zinc, gallium tungsten, cadmum mercury and indium

_Jm!dlﬁﬂ | east one non- hydr ohal ogenoi ¢ acid pronoter.
t
Exgeﬁmgaﬁeé gvt% gé %@H %(&E)t H‘éf {hlg a}% Q¥ gs%ggi so%ﬁg{g{gg WHﬁl%éf% HPF6
soMiof 10.084 g). yEite ﬁ;&df&m@@ﬁ”ﬁf a sﬂaﬂald idalcthir ¢0mposition of 12% w/w
carbonyl ati on cat al ){ nmet hyl i odi de co-catal yst,
megpyliageateli§ shawn wakibly ©he of ruthenium osmum rheni um
Fdidi§ie ggal 1ium tungsten, cadm um nercury and indium
—a'r | east’ one nonhydrohal ogenoi ¢ acid pronoter. The
Expenmlemcﬁ'} ohalkrgyetdiczcapt ttat flerautsiave was hisopheged svith 60% HPFs
ntion may .suitab be. at | east one o

soBiigRdp 138 D 5e DR PR Gh RS E PanoR S e
m&BR- gggg{quglll&g@ﬁpréqﬂ@gl ds of the sane or different

type rray be used such as m xturesof at |east two
Exiniflefent oxoaci ds or at |east two different

ESY eraci.ds or_ a rent h te al,ya
EeREeR e Sonspled e p i ol el B My AR RS RBLADe repre
SORMBN VD &) aThé rA06f Rhctdn 4t @@skcund rbﬁk@f@ﬂ@oyﬂi@hdﬁ 1% wiw
wi || 'be understood by the skilled person that an acid

methy! dsetatgos Rhoyn ihBatd&3daci d and a superacid type.

Cxoamlgs are conpounds with X-COH groups of the type
erein X is a non-netal or netal and n and m

E)Qfeﬁnieﬁt eg@rs Sepe@eafmb@ﬁ tleit theutoeihvexen alsdsharged ivlame;% HBF4
U|table oxoacids for use in.th

SObﬁr@eéQy 8- Iﬁgrq&«? @%r@mtm@%ﬁ% celated geactyeompesition 8& 1 4% Swiw
mc%i%tﬁ@tagﬁgﬁgirﬁmofa%?ws 13 to 17 of the Periodic

I'e oxoacids of the elenents of Goup 13
Examplede t he oxoacids of boron such as H BG3. G oup 14

oxoaci ds i nclude those of germani um su 0
BB OIsE RS RN s RcT T C%&@ﬁa&&@ﬁ HPFs
soRIRARD. P, @ p@' e éﬁ‘%b&aon%%‘h%ﬁ@ﬁlﬁteﬁ'r%c@&%ﬁﬁﬁ&ﬁ'oﬂ 0R92% wiw

oxoacl
mpthplsgehiatais scomt ai fiblg3oxoaci ds i ncl ude H3PO4, H3PGB -
and 2. Exanpl es of arseni c- cont ai ni ng oxoaci ds
E H3As CB. oaC| s i ncl ude_t he ox a&/dfilP
ExgrerigieniR yyas geragted & XpERS “ atVF iasa tsogbﬁlr@ed with Fe
soit ﬂl'glg.gaglﬂrﬁé R L 6t RGittbn o8 s'caemmu ré&&o&éam&ﬁohi%%% wiw
an e and urium such . Group
mdhpmbdmmyomlmfdﬂc[%ds of br om ne, |od| ne and
EchI oy | Ee such as HBrO HCA O, H5106, HAO 2 and HCO 4.
ed oxoacids are H2SO4, HNG3 and H3PO4 or
m xtures thereof. Acidity can be neasured in a w de .
variety of solvents. Typically the acidity of a
substance is measured in watldr and the hydrogen ion
concentration generated by the substance therein is
often given in terns of the pH scale. Solutions of a
substance having a pH lower than 7.0 are acidic; those
of h| gher pH are al kal i ne. Hovvever, t he concepts of

.
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hexaval ent telluriumions; and heptaval ent iodine
ions. Such heteropol yacids are al so known as

W()pmisxm%oani onsV, "polyoxonetallates" or "netaPCoxGBI804/002686
clusters” Fbteropolyacids usually have a high

rml ecul ar \NEI ght

F g "‘ . w2 - y
Z%W/W n&ﬁhﬂmcdmte &Jﬂhbwlullg,l“m het er opol yaci d may have

nol ybdenum and/ or tungst eﬁ, ﬁfﬁfe“ pheral atons.
&

peci-fic exanples of hete raci-ds—rt-hat—raybeused
N the process of the presen’t@\‘(@é’iﬂl ORalté’lsdm}%MeOAc
- Exprrémenhosphor iA¢ithci d - mar 2040 ﬂﬂ%@d 3 )

P- nol ybdophosphoric acid - Fiwl 2040] .

P-rungstosiljicic done - H4[ S W22040]; . xH20 183

- ol ypdosiIficic aprd - HA[ SiNO:QO40] . xH20 The
-hyggonal ogenoi gpg¢i d Tqr juse: 9.0 flhe procegs of the

--esem—rnve‘nlt7' O ﬁlﬂ% be— Tt rlodycGa’g ITectiyppto the

ogether i ot cplal fromat

m ”ﬁt ﬁ\lﬁlrn o ELI“ aCI drna‘]l e

n the Qnrm (n]‘ an |E§mm nllu'r n‘g ofl_ the aci g'g The

rount 18f the| non- ohal dgelno? c0-Acild to be2l8ed in

he prd2ess of theNmmesent |i nivemt9.6n |[shoul d Bé&.3

uf fi cij@ant to| proviHRE;a prdnoti®n@l ef fect ol9tihe
arbonygat i on rafenohBe exgct jampunt |w [l depend on

Ire 5pq§| fTc non- nﬁgﬁnal ogenpl 6 01§ec and, | r105 .
arteyiar; uquml(gﬁ ng“}’aik nu1 (,ombgm T ﬁlil on Lii ZIEIIS

[T F. | AN
ani-eh—of—the otH—wi-SHhi ng +©6 oot t—oy—any

theory, it is belleved that certaip anions, such
Fro1n 8 d0prctinioadch abde 3.ih5Aneanly DeSeeeiion & (oEnnargon, if Experiments

C AT B0 RS B SRS RR Lk BR3foly 3 09 and

1 1C(azrhbﬁrheb(aﬂmcﬁnphcapboﬁm@cicbwamnsed}mamemprdase intvertamylation sate
non- cooy di natl 5to the, i ndi um netal, higher

wasebigred B Y ??f foreandch 1 may be errpl oyed. Suitably,

the, @cgi%%oﬂgf Bx SHRRERE Witk Shp l@ﬁYb (%e@qgﬁéjﬂdd?oﬁdﬂﬁ acid was
liquid Treaction conposition is Such that the ol ar
presaht) shof's thaethaniddition of i add aenocirding to thia @msantgev@g:oe@tr @vides

on s % Bupretion GBI Pt opt Pl FsgR . Do

0. 3 comparisd¥ BF B éri/meﬂt Ipew T BKAhpled 1D %R shoMl bt theNddition
be added to the liquid reactlon conposition i s such

oftabils acdwdlng teatherpaesent ipfergion distraBuorpbenicanid:d GEaSQ@NZNH)
prggage rg:r eat H a%la%oa éatg 11 the bélenc f s ﬁutﬁ&qulﬂﬁ:lr?@?fg?

rrve rom’su uric
ﬁ@“ﬁ‘tmqphorl Cc aci ds respectively, the mol ar rati o of
anion to iridiumis preferably in the range reater

A phseling emrmen} was perfesod apythe gpiogiage clwa@d ot génftsbbs‘ gpetate

(R Fine BTk B RRAFY AT phitnd ety Pibaideta Seh *PhY

catdigst bolatibsl E @RGkd 0T 2ndiiPiasi dohaioni(s. 69lg() hv1t1h&ét1¢t hed (I&V@g) The
ratio of the anion to indiumis in_the ra

n
raterp{meaytipn atg calcylatgg reaciar spmposition ehk2% mé%f 89 @Fe is shown
to 4] :1 especially, in the range [1.5 to 3.5]
mtﬂ?ﬂ: 4%’he indiumcatalyst in the'liquid reaction
Ecanpleddt i on nay conprise any iridiuncontai ning

ORI o Srpele o sl e ol SR ¢ e

I|qU|d reacti on conposition in any suitable form which
di ssolves in the liquid reaction conmposition or is
convertible to a soluble forh Preferably the iridium
may be used as a chloride free conpound such as
acetates which are soluble in one .or nore of the
l'iquid reaction conposition conponents, for exanple
wat er and/or acetlc aC|d and 'SO_may be added to the

. o o - " p—

fg:
=
P 3
@
D
q

moeaod
(Y

U”OMHQJ_'_““'O:JI—\I—‘HI—‘_'U)
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Cd(QAc) 2, Cdl2, CdBr2 , Cdd2 , Cd(OH) 2 , and

cadm um acetyl acetonate. Exanples of suitable
waoRE@s093gont ai ni ng conmpounds whi ch nmay be use#CTaH20002686

Hg(QAc) 2, Hgl2 HgBr2, Hgd 2, Hg2l2 , and Hg2d 2 .

b Bl 3500 S kS et SPUZRR3 D, i
o eiePbaCalH ﬁ?é%@‘&%‘é%@gﬁ i SRR Ry kR v

in Dld 4um acet yl acetonate, gallium acetate, Gad 3,
GaBr3 Gl , G2d 4 and Ga(OH) 3. Exanpl es of suitable
cont ai ni ng conmpounds whi ch nay be used incl ude
éﬂ%'ﬁ\% ! tech ttHé’éxHH&l@&@&zQstaﬁ & WhB 3,
EX]I’&ﬁh [ &3 é&\%}% A Exanpl es of sui %%E?a%

nggﬁ(ﬁm&madmlh@ gbamknmdscedmrmmmaﬁ/adeec asdd47 31g). The
I ncl ude C0) 6, W 4,

ratgokeactimyat gkl r@mt%rr@mp%mﬁ&f 1%% W’&SE‘ .1 B%V%}F ® shown
m’fﬂ{f? und Wher e rut henium osm um rhenium zinc,
i'u tungsten, cadmum nercury and/or indiumis

xu@ t i's preferably present in an effective anmount
p.tothe limt ItSSOUI|It in the |i
EXP%E?W@ nw%q?ﬁﬁfg? ’ifﬁptéh?f/t{ﬁ? a‘ﬁﬂ‘i}a q fs ?}S%Fl&fgﬁéwgb r eans

H3gci L4 H,0 doa (FREP gpr Yilded feeﬁcerdeeimﬂf of QR taaa (3£85). CThe.

©covery stage. “Therutheni um osm um, rheni um
rat& bflfeactgﬁi dtiawaicul atetsbeor conaebsitiom of FBYCwlvy rrwthyl acetate is shown
_dlndiumis suitably present in the Iiquid reaction
in'tgipdsition at a molar ratio of metal to indiumof [1
Extafh 71, preferably [2 to 10]:1, nore preferably [4

1. A suitable ruthenium osm um or rhenium
Expé:lﬁrn¢ntg7ath wpratedieryspiethat theawtpclaye wes else yhargel] with

L ESBEBA  Pa AHROR RBL B R . e

raté H}" RERi Mt QSIBLRA fRGBE éUHlpo%itﬂ)‘ﬁ ofd2bd WHNmei géét% is shown
cadm um ner cury and i ndi um - cont ai ni ng Conpounds are

in Talde4of inpurities which provide or generate in situ
i oni.c_jodi des which may inhibit the reaction, for
Eﬁéﬁ&ﬂ%l%, alkali or alkaline earth nmetal or other netal
Exp&ithsnt B F8d fepeRBA atbcpRhiths BEbclase whoklse &de@é@wnﬁ a)
corrosi on neF particularly nickel, iron an

H4[ﬂ1%n®mﬂwiﬂlz@ spbc) ( bh@ﬂb wiche Eedgeedarmousy of a@@l‘it’d‘ﬁﬂrﬁ“ﬁé 8g). The
o AR b BRSPS e s show

inF9pRasi tion as these will have an adverse.effect on
the reaction by generating | in the liquid reaction
conposition which has an gb‘b&ﬁ‘ée effect .on the
reaction rate. {So n et h/HPant al

ERBmiphy/E kRt nﬁ?VEﬁ% %1 ﬁave abivaVbolamd 3%&?@2&?90‘“
susceptl le to fhe g t|on of .R&@6 T OSil O

vvm chfave an apverseyngfd €Ct op thg .gaction rat & gay

be—m ”L n-sed uy gﬁrljwp Q]'X%be COT [ QI on ES! stdalg g

—naterials of copstrye SEAH-ar- -y —eontamRants
such ab al kal i ar &ié%ple Lithindp3
i odi de]l6 shoul d p&:REBLO0ud-x804 ni mu: 3Cor r ¢si on mdfdl
and ot frer ionic| HYSIW,JO,glxHyay| be rneduced|by the10ge
of a sy table i f n bgdMo tfeat tn
rcactig% €ORPOS ?@%@Q§§%2g2$§ au.? égbalalybl Igffble
stream Such a process is described in US 4007130.
Preferably, ionic contam nants are kept bel ow a
concentration at which they would generate 500 ppm I
preferably | ess than 250 ppm | in the liquid reaction
conposition. In the process of the present invention,
the concentration of nethyl fodide cocatalyst in the
liquid reaction conposition is preferably in the range
5to 16 %y weight. In the process of the present
invention, suitable reactive derivatives of nethano

include methyl acetate, dinet hyI et her and rret hyI

e o T T 1 e

E
%i
EEe
(3
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reacti on conposition by continuously w thdraw ng

liquid reaction conposition fromthe carbonyl ati on
woeeistooydsand recovering acetic acid fromthe weChiB2093/002686

liquid reaction conposition by one or nore flash

an [or_fraction

BesHrEat P IR iR ST B Sl 14-

eptTaRly g 1§ @n
18 Erbemdés%lu%réae& E4rB6n gﬂﬁiﬁiﬁﬁté do@tpasddcid Fpetifnksl Bfhere no
atal yst, nethyl de co-catal yst, nethyl acetate,
hmmwpeb@médsn5$manol wat er and acetic acid sol vent
Ex Whlih u;y be recycled to the reactor to maintain the|r
greentati ons in t ction.co 03|t|o
A tar e osrg vk Smed B I kSRR it e

(483@

e

w/RGRSRYIMREafe it Shdveh BETddny.l ation reaction condltlons

known in the art,

Exgmple 1786447, EP- A-
egtgge

Ex g)mﬁ‘clgc@%%d'

ncorpor at e

enc

{ £t the

 betRCICHH (@thgthﬁt@pg\sqrﬁyg)smeg@ ioaateq 338 gP
éams containing iridiumcarbo ta

soln‘amyéﬂ ¥ go Theeatadiysb oniylien ¢asisted

! ét% aPcul ‘r’[led reg

e présernt

e.

nve

for exanple as described in
0643034, EP-A-0752406 and

&tomlvg WaBhRo *&ﬁér%

e tnvention wl

kRE afbenium
lati on catalyst for
e irigoLeltRe (6.30 ¢) with

{co 'fos%i&%of 12%

PH w1th

H;[BWySt,{Jatb o md\@ay 67)@ extenpine acethty (G8Tginkh neemdamm of

to the follow ng exanp

| es:

Gener al

Reacti on Met hod Al

acetigpeid FB1988)- v%heerafﬁe?ffreacﬁ@a at woglcwaigd epastoricpripRritian of 12%

aut

W#W

ARl SRR 2 00 Ll
Exafigplae sol uti on (when used,

71.3 wt% acetic acid and 17.8 w ), .an aqu
Expeimentsn WaF rapenisa Shera 81%5%@@%1@\8@ (el S()\ﬁh%frgeﬁ §Vé§l)

‘and gas feed |

%vvater

lfiﬂﬁlbzd’ﬂ 6%?) a@ﬁat(s @5@25&1&9%&%%93 ),

ut oc

ave

The

i nes.

l'iquid injection
Rut heni um
5.08 wt % r ut heni um net al ,

ous
and

raq'ea‘lﬁ:'e? R&fbunt of

e autoc

ave was

ac@icaeRI(40me) hehbaseotreactbaal e daloehaxdecidt@nehgositiog ofh2% w/w

assenbl ed unit to a_ bl ast cel
metiad pestatgAgshoyay i

An el ectrica
‘e were placed on the autocl ave

r adi ant

assenbly before connectlnqh%gzghe gas and l'iquid feed

t+1es; wat-et bJUI 11y IIUbl:‘b dllu ovetl Ill:‘dh strrTrer: Illﬁate at
gas and liquid f ed inl'gt val ves were qgphddHRAd | t o
assenbly pressu qmafer, d WHehroPolyAa@®n |( 3Znkérn ) %} y
Exgmple/fxperimeshe d“ﬁﬁﬁm?i i|t rogeqapA) X 20 N/mo]a{-essur eOAc
and vent cycle) followed by carbon mongxi g@aded X }dnl
g pressure andjvent cyclies). The autocllave was onenedﬂ')
to ver@. Methyl Ruldindwen (|13. 33 Nonef ol | oedl b :& mi xt uBk0
of watier (appr OXuiEdrin |18:[R%,90,).RH80IC acRd2 25.9
SRS DR T L o A G R RE N BIRER

4
I

\ur.lr.ll \JXI ||u.t CI y

V O AUUTU VvVia aAa

a
I armrrct T

the autoclave was reseal ed. 6.3g indium acetate

Fréf! %h%néoéo%p%réehﬂ@aﬁmﬁ@ie 197¢h-Fab¥¥ %@d:agd, froAfd d
and 18.0 wt % water)

conmmn@mxnfﬂandﬂuk&nﬁﬂxmnPl

in &gﬁ@rﬁéﬁm"ﬁ%aﬁﬁgi Py

| aced

into the catal yst

Ay o
Ul T

4 with I’Eecamelmzmnt agn be saendhai@n docrease

tOf C

© g R

3§DOSI t

AR a

RiBEpeat ioGh@gitlobtemabls bwlﬁeeusedﬂratmaall préfnlogdst alone.

catalyst

i njection for each reaction.

The aut ocl ave

stirrer was switched on (1500 rpn) before pressurising

wi th carbon nonoxide (8 N nR).
to reaction tenperature (190 0C)

had stabilised the pressure in the autoclave was

adjusted to the desired initial
I nj ector.
carbon nonoxi de before injedf

cat al yst

The b

al | ast vessel

The assenbly was heat ed
Once the tenperature

pressure as was the
was charged with
ing the catal yst solution

W th an over-pressure of carbon nonoxide to bring the
aut ocl ave pressure to 28 bar g. After injection the
aut ocl ave pressure was kept constant at 28 N nR2 by
feedlng carbon nDnOX|de fron1the baIIast vessel on

——r .

e

oy
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A None 1:2:0 18.3 1 H2SO4 1:2:0.1 20.2 2 H2SO4 1:2:0.5
17.8 3 H2SO4 1:2:2 8.8 From an inspection of Table 1,
wOoRosanId3e seen that the presence of a PCT/GB2004/002686
nonhydr ohal ogenoi ¢ acid (sul phuric acid) in a nolar
rati o of sulphate ions to iridiumin a pronotiona
anount provides an increased carbonylation rate
conpared to Experinents in which no
non- hydr ohal ogenoi ¢ acid was present or where a high
concentration of sul phate ani on was present.
Experi nent B A baseline experinent was perforned with
t he autocl ave charged with nmethyl acetate (48.0 @),
acetic acid (57.58 g), water (14.37 g) and nethyl
iodide (13.33 g). The catal yst charge consisted of an
iridiumsolution (6.30 g) with acetic acid (8.70 g).
Therate of reaction at a cal cul ated reactor
conposition of 12% w w nethyl acetate is shown in
Tabl e 2. Experinent 4 Experinent B was repeated except
that the autoclave was al so charged with 85% H3PO4
solution (0.034 g). The rate of reaction at a
c1%alscul ated reactor conposition of 12% w w met hyl
ACotate is shown in Table 2. Table 2 Ir/ Oxoaci d Rate
1. at ARcasaiydt e dforp dori thre ptod@xtbacofthcd2dadil @hichMatadyst Rgdtéro
(moLdm hr, PO4.1: 0.17 ‘
Coaﬁnﬁ%saﬁéeétuahcaggon%toe Ctta%rSt Rt a8 oy SRkt Pfionaly o
lea@f e&?ﬁth@lflluﬁf Bﬁﬁﬂt‘ﬁ?%ﬂé}%ﬂlcmﬁ@' g‘é}}ﬁﬁt?%x%ﬁena&dnﬂﬁﬁteﬁﬁ?ﬁuy
onylation’rate conpared peri ment in which
anduuhmnhydabhaﬁogenomby@ohdogﬂsnmmn@pntmﬁﬁxper|nent CA

el i ne .experi nen s perfaor,med th the C o
ety SR gEE IR R8Ty ViRt ae SeinBsogloseggisacid i
sel%@t!eg florrarPéxdatid, & Fléﬁﬂ:hdw' @@@&%ﬁﬂﬁacﬁpaﬂﬂ RS tiefedd)
water (13.16-g) an de (13.33 g The
3. camay@yst@hamg@cmd@gé@ elair2 veliersin diamanskaydiehadpgepeiczmid is
%%P h acetic acid (5.73 g). The ratio ofiridiumto
an W@ iumwas 1:2. The rate of reaction at a

4. calicsayedysteachbeitding i Olirh Bavhedéin 1296w dTE bh Ykoacid of the

acetate is shown in Table 3. Experlnent D A baseline

el@&%ﬁ’r plrfarorpsdd topkt ‘Pfdhﬁgﬁﬂwlf Aablge aut ocl ave charged
A T A

frain G, 801, YN OL, GthiPdg afd thidBreg)therddfe cat al yst sol ution
consi sted of an |r|d|untsolut|on (6.30 ) W th acetic .
6. aciAHcqEYSGYYF apsRIdingttp g1peng of C&tlmﬁﬁt@ Wheremt bﬁvwie ratio of
t,edqreactor
oxbacld aliBi Bl s bR ke [ e e B L oo
7. Tab’t eatdystEygiemiaceortling té\claas &l wimeeiatipemiolse matiosfoxoacid anion to

i arepuen thon §yo 0500t Foih aut 5o Tapee ) 548 (10, 71
8.9) P@Eﬁialggt g%ttzm' a@gérgﬁlg(té 3lain Z%heraih%é:ﬁ&l@hyﬁbhﬁ@ééﬂoicpﬁtd isa

consi st an iridiumsolution (6.30 g)"wth acetic
suaahdd(S 70 g). The rate of reactlon at a cal cul ated

ctar. co 05|t|o of 1 acetale i s shown
St B asr st S B ot e e sRERH B b
Cobﬁﬁﬁat{n%%nﬁjﬁttgqﬂuﬁﬁﬁl was al so charged with 60% HPF6
solution (0.027 g). The rate of reaction at a

10 alk mtalo'etdysteatcﬁcwrdmﬁp 6kaimi 8oy cimiwigrginBe Ryperacid is a

acetate i s shown i -C -
oS Peuindah SR epRo R Brr Mon SO Gelhe Ferssoy,
smnapgegwmummx@%%ﬂﬁﬁbﬁolutlon (0.042 g). The rate of

reaction at a cal cul ated reactor conposition of 12%wW w

met hyl acetate is shown in Table 3. Exanple 7
Experiment C was repeated exéept that the autoclave
was al so charged with 60% HPF6 sol ution (0.084 g). The
rate of reaction at a cal cul ated reactor comnposition
of 12%wW w net hyl acetate is shown in Table 3. Exanple
8 Experlnent C was repeated except that the autoclave

- o ' AN LIS - ~
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Rate at 12% MeOAc Experinment Acid Mlar (nol.dmRatio
hr ) CNone 1 : 2 :0 18.3 5 HPF6 1 : 2 :0.1 20.3 6
WGIEE(S/OM%Q 0.1 20.37 HPF6 1: 2 : 0.2 19.2 8CHem30d/002686
2:101989HPF61: :2219810HBF41:2:
0.5 11 HPF6
110 MqCapil g e aciprding 125 qus QfsfaiTi 81001 ghesein ghessipgracid i
sa%&ggﬁ%) ﬁﬁru,lﬁpyf,, cm@o'é)zz’lah ZI@I@Q%Bré‘éhd RERGEL RReAf
can c ear | be seen from a conparison of '
12Ex ﬁecrataigsﬂsssst@nancbrd)ngmemeommofmbmnm&tpdﬂamﬁgen@hcmawdatlo

res S 5 t 9 and 1 r
o PR R gpis B A vt etaf a0 &1 Thick ease
13 N Acarayﬁxyaémqecdraﬁ]g t¥BRirAQhivieadn ki rﬁéﬁﬂﬂltx%sof@hé racid
and 11." A conparison of Experiment Cwth nmple 1
anjontte iditven is &f thgsangsdeiceteadiag Oad 1 pd ezchiey lrsﬂhe\mnaer{ﬁt% to 0.5]
1t he addition of an acid according to the present
“‘invention provides an increase in carbonylation rate
14si M ¢addlydtQydthiatacadrdipig\te dlairh 2Exeomgh alse Ford-By@ohadogenoic acid is a
conpari son of Experinent E with Exanples 12 and 13
heirerdyackht t he addition of acids accordi ng to the
res [ :
1 O Y Db b Bl O R R erob o R Drrises
mdpﬁdﬁﬁﬁﬁl anld/ca t\ungsteemsqmnphemaﬂmt@ns Experinment F A

basel |%e experi nment was erf d WMt q%fé @ut Qcl. ave
16¢ 8y ¢ Y%Sb’ﬁelﬁfé‘ﬁ?ﬁfﬂm&&%f’ 3 ‘°'E§‘3181)t applyags éf selected
fn{@ziﬁneg@ loph y%ﬁc Gdif; @naﬁ tﬁﬁgh&?ﬁ&% adi @ %ggéo%ﬂ%% acid,12-

st sol ution con an iridium
melgbddsilamne z(cﬁdﬁtﬁﬁlgl)xmesﬁlea@ﬁtl c acid (8.70 g). The rate

of reatlonatac Iated re si;tian of 12% .
oo o SRRy R EBedrETE teRbind S RiBld 3o BRdipia tmdar atio
of PRI éBBANYadid Waidn tCRRALAGs BXEERIngk E%—Eatblht%aﬁ‘ pkesl aye

was al so Charged w t hH3[ PW 204Q - O solid (5.835 @)
18andx catalgstygdnareardingdd chaatli/ ovheesia tesBoBB Ao ofttke r at e

wpgt) Pt BoS% B afhTRob Rl BT ROAL L o it
rggg{qrstg@,ng] :H.was repeated except that the autocl ave

was al so char ged with H3[ PW 2040J- XH2O solid (11.6
19) Zaprtalystsagiomagceifigrie a8y opeel dleimsdl t@ 184vhigh gymplrrré at least

a ul r S
or S BB i RleoBridie eAE, HERR R oML R ano
indionEXperi ment F was repeat ed except that the autocl ave
was al so charged with H3[ PW 2Q4Q - XH20Q soljd (17.47
20y) AnprfalystsyseRagcd g ip ¢ mé@érhleh gmprises ot least. onfmé
ul ated reactor conposition
m&%hf%&&) \Allﬁlﬁﬂﬁtrhﬂﬂ}lﬂgggtngd?{é&l s shown in Table 4. Exanple
2117 Appeedsifenthe Eronhstmsxegm:b‘ecd a@ut bg péactihgtarbbe menbecle avith
al s char ith HAL Si W.i 2040].. xH20 solid (5. 84
W?“&H&n °f %Eﬁ? ‘gﬂYaH‘(e reQt 3 ‘lié F‘?fctlg%c%@‘?sg“%e
orrgﬁﬁ @fm&ﬁﬂ%ba& dlinfle 6BhGHEA BLIVRAG! Qéet&%@ﬁpa%'dtd Qilayst
12% w w et h acetate Is shown in’Tab . Exanpl®e
syt@mEoopeTismert calt-'aly\Hsysterp eatardingXc emt onmﬁ’cclaﬂm lalm2@c | ave
was, al so char

2310 B e ol 2L DI B SRt EuaE PETERY! gegte n the

h(i[ltﬂ@reraé‘t‘i(ﬁl &fmﬂcﬁﬁﬁﬁah@ﬁl b rﬁlgﬁ alts ybed eweigaet or
onposition of 12% w w nethyl acetate i's shown in

23rab$ progesspapirding teielaim @Rovherein thel methiacriatesceacentpagion is in the

\Y] Mol HPA [.dmh
raffbgs 1O BT eh B8 8 o 3 Mo Bt o001 < 26 1 1
241 3. O picedd3cEVMing 2040y oﬁé‘bf?cthﬂns 2120 26 wheidin ] FWEéntration of

2040l . xH 201 : 3 16.7 17 HA[SIWi2(40]-xH 201 : 1
12. 4 18 HA[SIWi 2040 -XH20 1 : 2 14.2From Table 4 it

" can be seen that the presend@ of a heteropolyacid in

Exanpl es 14- 18 provides an increased carbonyl ation
rate conpared to Experinment F where no heteropol yacid
is present. Experinment G A baseline experinent was
perforned wi th the autoclave charged mnth nethyl
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acetic acid (41.4g). The rate of reaction at a
cal cul ated reactor conposition of 12% w w et hyl
weacesa®3ps shown in Table 4. Table 5 PCT/GB2004/002686
Exanpl e/ Experi ment MPreot mal o(t Mer) Hetr (oHPPoAl y) Acid
I r/ MaRVhao/ i t| Hoai onr PA ( MRnBlaeo2t A re% dAlamtc G
Waﬁm ihiniligrdNesedion compositign ssinghegngyl Heh? Gy weight.

P 2%% fﬂi%o%lmm?% %ttgr%%tgtgg godggﬁgﬁgﬂg of aeratgr is in }he range
1t<EX¢mrbyrm¢ight&tthis Exafp% b Weight Tabl e 5 and also fr om a
conparison of the results of npl e h Exa
265 A BFoGsaT SR e ShCRHET SO0 Wﬁ%fﬁtntfgﬁﬂ%ﬁt § carricd
Ou{aataecoﬁgﬂu&eg%lggseved by the use of both a metal

onoter and a heteropol yacid conpared to the rate
27 0bUsé amm)ckaealmt syﬁentfslethofprcalumraof qmemrm@ rwlad;lomal@tstaiyﬁsm

1. A cata stem for [0 on of cet c a
coriesh 2o dedityseriys flion Soalbt sBERTIIT G- S bbforifi
Iea%&%ﬂtﬁ&ﬂlﬁhﬁ Shiahy %enltﬁﬁtﬁﬂd A0 @urfpOtef Adadifi, mercury

optionally at |east one of rut heni um osni um rheni um
andnmbﬁngmiMﬂgmﬁOnmn@shﬁﬁ?h@eﬂﬂwuﬁwﬁhﬂpnmﬁv’and i ndi um
and at | east one non-hydrohal ogenoic acid pronoter. 2.
A catal yst system according to claimlwherein the
non- hydr ohal ogenoic acid is selected froman oxoaci d,
a superacid, a heteropolyacid and m xtures thereof. 3.
A catal yst system according to claim2 wherein the
non- hydr ohal ogenoic acid is an oxoacid. 4. A catalyst
system according to claim3 wherein the oxoacid is an
oxoaci d of the elenents of Goups 13 to 17 of the
Periodic Table. 5. A catal yst systemaccording to
claim3 or claim4 wherein the oxoacid is selected
from H2SOX4, HNG3, H3PO4 and mi xtures thereof. 6. A
catal yst system according to any one of clains 3 to 5
wherein the nolar ratio of oxoacid anion to iridiumis
in the range [greater than O to 0.4] : 1. 7. A
catal yst system according to claim5 wherein the nolar
rati o of oxoacid anion to indiumis [greater than O to
0.35] : 1, such as in the range [0.05 to 0.3] : 1. 8.
A catal yst system according to claim2 wherein the
non- hydr ohal ogenoic acid is a superacid. 9. A catalyst
system according to claim8 wherein the superacid has
a noncoordinating anion to iridium 10. A catalyst
system according to claim8 or claim9 wherein the
superacid is a superacid having an anion selected from
BF , PF, (CFsSO) N CBH Bre , CF3S3 , SbFo , FSO3
and m xtures thereof.11. A catal yst system according
to any one of clains 8 to 10 wherein the superacid is
sel ected from HBF4 HPF6, (CF3SO2)2NH, HCBH6Br 6 and
m xtures thereof. 12. A catal yst systemaccording to
any one of clainms 8 to 11 wherein the nolar ratio of
the superacid anion to iridiumis in the range
[greater than O to 2.5] : 1. 13. A catalyst system
according to claim 12 wherein the nolar ratio of the
superacid anion to iridiumis in the range [greater
than O to 1] : 1, such as in the range [0.05 to 0. 5]
1. i4. A catalyst systemaccording to claim2 wherein
t he non- hydrohal ogenoic acid is a heteropol yacid. 15.
A catal yst system according to claim 14 wherein the
het er opol yaci d conpri ses nol ybdenum and/ or tungsten as
peri pheral atoms. 16. A catal yst system according to
clai m 15 wherein the heteropolyacid is selected from
12-tungst ophosphoric acid, 12-nol ybdophosphoric
acid, 12-tungstosilicic aC|d 282- nol ybdosilicic acid’
and m xtures thereof. 17. A catal yst system according
to any one of clainms 14 to 16 wherein the nolar ‘ratio
of the heteropolyacid anion to iridiumis in the range
[greater than 0 to 5] : 1 18 A catalyst system
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