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WD 2004/ 101488 PCT/ GB2004/ 001943 CARBONYLATI ON
PROCESS USI NG METAL- TRI DENTATE LI GAND CATALYSTS The
wonesiani4sg nvention relates in general to a proeeTsB2004/001943
the liquid phase carbonylation of an al cohol and/or a
reactive derivative thereof. In particular the present
invention relates to the |iquid phase carbonyl ati on of
an al cohol and/or a reactive derivative thereof in
the presence of a catal yst conprising cobalt or
rhodiumor iridium5 coordinated with a tridentate
ligand. Preparation of carboxylic acids by
rhodi um cat al ysed carbonyl ati on processes is known
and i s descri be@AREYFLALONPPROCERH EP- A- 0632006 and US
Pat ent No.us4dné METar. OrrIpERrAAEOGRIANO Coxlinsetmses a
process for the |liquid phase carbonylation of nethano
or a reactive derivative thereof which process
conprises contacting carbon 10 nonoxide with a liquid
reacti on conposition conprising nmethanol or a reactive
derivative thereof, a hal ogen pronoter and a rhodi um
catal yst system conprising a rhodi um conponent and a
bi dent at e phosphor us-sul phur |igand, the |igand
conprising a phosphorus dative centre linked to a
sul phur dative or anionic centre by a substantially
un ?Fhapteism iipeen o redatet inlgenhenabtocoprpeéss forghe iquid phhse

| carbgn gtect Q:fn q%ﬁgcoéglggz&%%r}gacg{vg ﬁ%&gfggﬁ gfo ﬁ@gg{cgﬁir the present

inveR@6PRME 6 1REH g%as'e dx‘y 664 8f M?ﬁgo}%g LROBYA ?:{agf?\:}kn

processes is escrlbe r exanp

deriERvAtIEr 8644 the ;Eﬁeﬂﬂﬁdfw&:ﬂalm dofmPrifing 0FERUGGhodium or iridium
- A- 0643034, descri bes a process for the production of

coor E‘éﬁdé’“gb?H‘dﬁwa?Oh%?ﬁ bonyl ati on of methanol or a -

re

Co o B R 8 E 2o AR D Sgsses i
knowi tah satebaibedpiooxx aieple,rin £P-AeQ63A006 faLTE PatedONp0o4,670,670.

in_a carbonyl ation reactor_characterjsed in that the

| i §hirr 0 33 berdosee ¢ ppwericier disduad plreo s OBYARYEPR i on
meﬂ%‘ﬂ)gp(glj af‘%ﬁ?t{\%)dgﬁ \Je"‘tg?‘e‘bfwhlﬁﬁg c?:'% #o'n%rt’égg g(%fé%étt%? carbfon

monvgide fyith ael)lqllf& tdfayhoraﬁah}adsﬁlcambrrﬁﬁr)51ﬁgsmsﬂh@1ﬁmt0@ b reftive
| east one of ruthenium and osnm um The use of
derivstiye thegeqs, & halpean nigmpies aptha radivn calalyshsvsten) eapRIEsinga

rhodfith Qgﬁiﬁgl‘%nt M4 a bidentate phosphorus-sulphur ligand, the ligand comprising a

phosphorus dative centre linked to a sulphur dative or anionic centre by a substantially
unreactive backbone structure comprising two connecting carbon atoms or a cbnnecting
carbon and a connecting phosphorus atom.

Preparation of carboxylic acids by iridium-catalysed carbonylation processes is
known and is described, for example in EP-A-0786447, EP-A0643034 and EP-A-
0752406.

EP-A-0643034 describes a process for the production of acetic acid by
carbonylation of methanol or a reactive derivative thereof which process comprises
contacting methanol or a reactive derivative thereof with carbon monoxide in a liquid

reaction composition in a carbonylation reactor characterised in that the liquid
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5 processes is known, for exanple, from GB 2, 336, 154,
US 4,102,920 and US 4, 102,921. GB 2,336, 154 descri bes
wa@2qmoerss for the |iquid-phase carbonyl ati on PET/GB2004/001943
al cohol and/or a reactive derivative thereof to
produce a carboxylic acid in the presence of a
corrffiogl@iﬁﬁ @bzﬁph!;&qgﬁac@&c baa 'TB} é\n ﬁ%idﬁna Xamlyé '(éﬁl%%ﬁyl l%ﬂé eadm at
and Y are in endent |
leaSIt 8 fiaiteliquaitenof Wawku(n)gngh@metamn@ﬁ)&s p@@n@@@ ad @etrqrbezf

y ,ﬁroc ess for the carbonylation of alcohols, esters,
mh&fl QA GGy gano hal i des in the presence of a

r hoglieUs: 6P BRI AMt N tifg BQJ)S‘SH@@E ak grsBhe %%Qﬁcﬁﬁn c@bonylation
arseni c chel ating |igand , 921 describes a

proggissesliaknqrm fessxampld, rﬁ@anBs?eiﬁﬁeliﬁ’ff USeh 102,920 amd J6rpl02)021.
vvit Iy t at e phosphi ne or ar enic c ti.n
R PR Ees RRGTER BT BB ambRr Dot asass
alcoﬁlﬂpﬂiﬁ@&td Mhdthef REvEA D0 AL RO ucd 3 cﬁ%‘k?/h@ﬁlﬁd i0the é)resence
produce carboxylic aC|ds the bldentate I gands an

of aa:ssentatamgmcmfrfptmmeéz 'REX e Zf YBIR yundtentih X anddY degnddendently
]gurlgﬂ g{l r i,n &OCGSSI ng of the
Vaa >|36‘ ‘?nthl“g E&dMpbl e in product
sepag at1ipd @2@%%5 h BrREdi bt OB ca®tBhPRANE 8F A186hols, esters, cthers

reacti ons’ to produce carboxylic acid usually reduire
androggaatdi hatillgs inithpyesenict pi & drddonn nemplek deth apolytertias phosphine

o GTLERS 15851 S50 BRI, L B B8 o

LR ar bon
B e, e ey e
hy ddogever, dthoh glalsldhmdreagedmmamhmhem elmow detivityxforicebonylation

produced by the reforning g ons Suc
rea?ﬁ%‘ iR R dugccaglg e peigs &%bmer&%te ndiasipciated cqmplexes
are Bﬁ@n ulifszegdg% g&g& g%grﬁd% d&b n | S r%x \Aﬁ iR gfb%g&ﬁg&ﬁhé Earﬂ&}ﬁanon

proﬁlmt,ntbf examlé wpn@emtrse;bﬂrﬁldm sgiesl by- products such as
acet al dehyde, ethanol and g opionic _acid. Propignic
aci 1 addiigny @agb%nylaés@aéﬁ@rms rmomﬁ@sbowm%?@qi wally require

rele B nics b B0 5By MhabRigP WRLNE} bent ARt At v i

It woald 1@8s bé dés@aalerts atd @b@Entondiés of leaet paits. UIQleelhldr it
event ual |y, gher organi ¢ iodi de conmpounds. Some of
woyld b slesipabis fogitdise é@‘b@%n@pw eﬁ@%talamgerﬁ&ﬁﬁﬁléf higheleyiels of

hydir@%ip;jﬁcgt%lg gxcﬂjog%i/g érhltngn(g }ﬁ?x ts?)?(@él%g& h)gﬁl%lreformlng of -

hydA@REsar Budiomadtice uR @eehils kﬁ@wﬂ a®§ynghid. fH@wemr BuRe ty.
EPA- 0849- 251, which describes an |r|d|un1catalysed

carhmylagion of srethanel oaradivp laggticowidh thanseseanepf irozepgs known to
res i ardRatil By Bt o7 DREN SeBah sosbhaR ctmanot
and R6fioh® aBIETMbEBh acid requires an expensive and energy intensive
distillation column to separate it from the acetic acid product. Furthermore
acetaldehyde can undergo a series of condensation and other reactions to yield,

eventually, higher organic jodide compounds. Some of these materials, especially, for

example, hexyl iodide, are difficult to remove by conventional distillation and further

treatment steps may be necessary to achieve acetic acid of sufficient purity. EP-A-0849-

251, which describes an iridium catalysed process for the carbonylation of methanol to

2
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| ess than 1 nol % and the hydrogen partial pressure in
the reactor is preferably less than | bar. Simlarly,
WERBAI 014828 727, which describes a rhodi um cat BET/682004/001943
process for the carbonylation of nethanol to acetic
acid, states that the hydrogen partial pressure in the
acetR dcRBEHRE e 1R ShAIARE ¥ydr8ss bR caZbBPhondtidd ?e%d@i préferably
been found that, using certain rhodiumcatalysts for
Jess fhanHamel% andodrygitazen pattial presyreinghe eactor iyt fegeily less than

th eed, | d to,t
SRR R T S0 P PLEEUE L
carbdGfibiich AGhenRERY ace@ffc%@!iﬂc Sfes &t WS 1 arcdtén %91@1;31 fn%'ésure in the

exanpl e, describes a process for thé hono ogation of
reacmﬂlsmeﬁmﬂdy}dsythaa@dtalron wi th synthesis gas using a

nt t al Th t
{ oA i O PG SR TR S HAHDrr TaeBeRY
carb%ﬁy]%@f«‘ OprBsehnet Bt F}Q’aﬂrb%en TRt RERANEL feeVaBY tihe
O'ganonetal l'i cs, 8, pp2883-2893) describe a

proqamb@@sﬁethmml tindacetBdetyded mmm @inps ethouetwd ket acid being
(far(?onyl ation of methanol utilising synthesis gas in

pro presence of a di phosphine |igand to produce high
| eved 5797 266,80 AR Qes Al § | %eﬁffor fh‘ét}ﬁ%lﬁg‘é‘tﬁﬁ ok he
cat al yst favours hydrogenat i o to produce et

alcoRblsy, retdtimmevittessmitiresisaan esidg & mlnod'mnmmmptaﬂmgl cygnlystesysteforThe
.t he uction of carbox I| ds .and/.or the. al cohol

maJ%stre&c?g rmed ks FEhesss & f’d‘\% 1 F\t anals agelje peid peing 2 fep“tl"ely
62% L,ation of an alcohol and/or a reactive

min erlgﬁml ve thereof. It has now been found that an

i mivlolvgdt r rgasometylliog 1889, 8 yp2RA3y2 893 eycribg agprocess for the
I hod di
R R R I R
presEH& cg%tcﬁ;!gﬁ’ogbmﬁe LiPloNFo R eéq 1e4}Ji§’gf Ma(l)&eél:yaé dAHE?nﬁn of

coor a trident at I gand accor ng to

- ruthphi@setotthd carandtiforoubalbydegnatiaitodroducgiettandb i nproved

carbonyl ation rates in the carbonylation of an al cohol
wi tihugsdhess Aemeing & pged og ghpapwyed progess dbhihg production of

car fRURLAIDARRAE HEDANSERVFUIBRLAR MAT RIEIALE |
carboapiatiexeSan@yotvd ued/br grattivl ddivhiite/thtRan et al -

bidentate |igand conpl exes in the carbonyl ation i
pr delasgrowaen rfamrhighhyt ar lﬁé’r%‘feéﬁﬁ’ﬁ%ﬁi FoE h@ p@ﬂewﬂdm @ajoying a

‘ catagg{ %pa}nalg Ipe: S eS Eﬁgn ?{ 19‘3 ' ondl%atea ﬁﬁ{eg%@/ oéa%d

er O a car oxy I C acCl

wh |maﬁfag§cﬁﬁ@, Mfdlﬁﬁ aomp@sib@wdaﬁt fhiogivdi oRdr@ialcoordinated
and/or a reactive derivative thereof with carbon

Wlthmﬁbienme ligand accmrdp@gdo ﬂ@amsebwnwﬁméqaﬁ pesn forng to give
1mpEov gg l{)ﬁ%llﬁt?gn fa easciltq ¢ ca?bdn()j/laltxbg %% an alcghol Wlﬂl carbon monoxide
compared to a catalyst comprising said metals coordinated with bidentate ligands. In
addition, the metal-tridentate ligand complexes may have higher stability than metal-
bidentate ligand complexes in the carbonylation process.

Accordingly, the present invention provides for a process for the production of a
carboxylic acid and/or the alcohol ester of a carboxylic acid, which process comprises
carbonylating an alcohol and/or a reactive derivative thereof with carbon monoxide in a

liquid reaction composition in a carbonylation reactor, said liquid reaction composition
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3 WO 2004/ 101488 PCT/ GB2004/ 001943 conpri sing said
al cohol and/or reactive derivative thereof, a

w@ a00booB&t i on catal yst, an al kyl hal i de co- ceCEGB2G04/001943
and, optionally, a finite concentration of water,
characterised in that-the catalyst conprises cobalt,

comF)Hﬁlﬂg WA Qlcohbll HHPreRan € HaaLite Mcdbfoa catrsémto@tc@talyst an
and or m xtures thereof. 5 The pr esent invention

alkyéhgbiep:romamh@s ands @ptenallye aifinin goneentontionatfarages; characterised in

h id
v GRS POkt SRR bt St EhEpei b
ligaid 6C@S8ukOthetdd® production of a carboxylic acid and/ or

t he al cohol ester of a carboxylic acid, which process
coﬁlicheupseassntoavmy lnkspipgyides use o6 hshrbanyaidon eptalusicompaising

her eof ,.w t in.
cobfif o “E e Pt i A SR A oo et itkerina
prodedd fbr Itneqs%b&]&l%ﬁ%r h @RrbeAIROSd hiNorGRERIChISd] REteb of Qcarboxyhc
catal yst, said al cohol and/or reactive derivative

acidg w@rcémqfroceamccahmwes harbpoidating anaaledhps andieih reppfiveatralveirye
ti The.tri dent
therfyilh e’ PR GH0E Bt B st oE Pornne i b Rindiaopne

readtérQ?d‘&thﬁﬁ%ééh&@E&ﬁ Stich AR dingdaid &H@ng{r@a@d alcbhdliaditor
netal centre. The tﬁr ee coordinating 15 groups may be

reactizp desetive theaspf] A, alkyl hatide th-cRekystemdboptionally, a @nitend L3

i nd endently, sel ected from co-ordi nating groups
CO“‘&%‘E@HP%P%%W As, Sb, 0, N, S and carbene as the

donpe 1{188%@'11@%(1 RYhRE eaa)rdﬁfaﬁhg gﬁﬁby tHr&got Whidh 'i‘l‘ieaﬁ@and |

ligand is represented by the fornula LI (Rl)L2(R2)L
coowhertes tn aRiobalnadr IﬁﬁdmnEOﬂ iridkinm gretpl oerges. t”ﬁatthme rwhomdunatmg

2 I
ol heaard 4 b anda ) el Eh e udiuf, onb®
mde?dehéﬁnt r&w& d frolh €0 |o'r(m§étﬁ% ga%mn%lagﬁ B@ SHiBO N, S and

hensel{es orm at |east one cyclic stfucture
cartmanps ilwidogoi @oordinathgnmgmbe represented by the generic

56 T ribate ot Feiiis Sgctnisa by heraphdskid S Gt
whérBi R‘ Of U, Rare é,BLnng%&&i%)th% 13 19839 49D REAVRs b};&'ﬂ%ly,

coor Inates to catal yst netal centre in a dgi hg
which ihﬁmhg@tdup@ are&ﬁdépehhﬁttlytsmh:cteﬂ fioln t19len8, alkerst enchidkyl drbups.
and L3, are nutually trans respect to_the rretal 3

Theclérﬂwegromgﬁ i BRERP oo el v ‘e oo 60 REsic sfrHghTe
corrﬁﬂfsﬁ{gf 1% %Jhllc‘?ﬂna}'f Be represented by the generic structure A below:

7\

L~ R1‘L2/ RZ’L3 |

Structure A |

Preferably the tridentate ligand is represented by the formula L1(R1)L2(R2)L3
as described above, and coordinates to the catalyst metal centre in a bridging
conformation, such that two of L1 to L3, preferably L1 and L3, are mutually trans with
respect to the metal centre. By mutually trans, as used throughout the specification, is
meant that the angle formed by the two of the ligands and the metal centre, for example
L1-M-L3, where M is the Co, Rh or Ir metal centre, is at least 145°, preferably at least
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nmeant that the angle forned by the two of the |igands

and the netal centre, for exanple 30 L1-M L3, where M
wo 200she148, Rh or |r netal centre, is at | eastPAEEB2004/001943

preferably at |least 4 W 2004/101488

PCT/ GB2004/ 001943 150. The angles may be neasured
150USTHYa Heée e X-ra

cryst alf%(mgr ap é;ﬂééspléef%?rgak%%é tﬁgﬁ%g]lnggﬁltl teé iClégSngI(r Y
cryStablogTa@hyLat es such that the donor atons in the LI, L2

0 |narrer| i onal | ner-) .
oo Lo B e dhie Dt Do ot uty il e Heropetorehin e L1,
f Wi
k2 m%%%y%% o MRy ) BAREnERAL ALACH AR SPER B,
metdgsoime.i Blelforalgy drarideatk ihgandtoodinaies buahabptab¢ domrtabmens of

Pr ef er abl | east of L1 to L3 ar
the { R oh P LUF S LR e Y PIAA oI sBion SO HoRchip e
metd'@HRs. Wiere the tridentate |igand coordinates to the
metal centre in a 10 bridging conformation in which L1
andreBrabiy atghstawb pf L anb3 apriefereabéntlyakleceddtont B, Asdnd Sb
L3 .are P, As _or Sb containi ng(ggroups Most preferably

confaiming, gropps. aPbers. the s Tiie A saplingt te ha @etaksﬁ@érﬁ ma

bndgﬁ{glﬁoﬁ%{@gﬁ%gggﬁ %‘hggj @H@Eﬂﬂﬁ ntaH é&ﬁx{lﬁ g_aat least L1 and

L3 aeitt Ak o BY cgmtampsg @ﬁu;g;ener al formul a R3R4P and R5R6P,
and wherein 5 and 15 R6 are ea
in d\@ﬁ%m@‘ﬁ&abv Isleqlréiclt?e%refl’rmanalﬁg WP gmd &2 SupKyEEPKY), and
I d
e G, B AW TR OB AL AL LM i

confRirthe paby ofRgnefd forRialARSR RBarmt RSREE Jandividesie RAeRY| RS and
sel ected from a phenyl group. Each of the phenyl

R6 @r@@a@%m%gﬁné@ﬁgflﬁ@?@teélﬁ% ap plkgpyd (geup; aliybgroumsey graup,

oA T IR B

Preiﬁi‘wIIWR3gM) RSadR6 he eRth axﬁtﬁapa?de@flﬂth@&c@ﬂ&rcﬁw Bphériylicadp.
Sui tably, the phenyl groups nmay ' be substituted at one

Each of therbicpy! arwa)samyrhﬁ sybgtittlieé 195 ubg}lba&itureéaﬁoﬂbﬁé ap¢ By gnay be
a dl@? nS/ pth%?p f ihd ggou k o rzze dR x%lﬁtm%ﬁ 1%)8}( &Q@J R%NgH PR5 and R6

il tueht & ar e

phefFrols, in 0P PindPMigGes ar@@ubslﬂift@d/ eSlhﬂi@l}S eHelHehit gto@ls may

the tridentate |igand and hence the catalyst in the
be spBstithigd jatloneseroneie 9f t}mﬁﬁbﬂ RosBiens e aﬂpasﬂmn@ gesptsplectRyl from

SR T A e T

CF3PBt, ado-PO4AUDSIe. Exanpl es of such groups |ncI ude - CO2H,

“Cl2Me, -OH, -SCBH, -SBNa, -
To improve the solublhty of the tridentate ligand and hence the catalyst in the

liquid reaction composition one or more of the R1, R2, R3, R4, R5 and R6 groups on
the tridentate ligand may be substituted with one or more hydrophilic and/or polar
groups. Examples of such groups include -CO,H, -CO,Me, -OH, -SOzH, -SO3N3., -
NH,, -NH;" and -NR,H". '

Specific examples of suitable &i&entate phosphine-containing ligands for use in
the present invention include Xantphos, Thixantphos, Sixantphos, Homoxantphos,
Phosxantphos, Isopropxantphos, Nixantphos, Benzoxantphos, DPEphos, DBFphos and
R-Nixantphos, the s;tructures 1-11 of which are given belo§v. The R grouping of R-
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NH2, -NH3+ and - NR2H+. Specific exanples of suitable
tridentate phosphine-containing |igands for use in 30

wo b@4porsent i nvention include Xant phos, Thi xaP€plB2004/001943
Si xant phos, Honobxant phos, Phosxant phos,
| sopr opxant phos, Ni xant phos, Benzoxant phos, DPEphos,

Nix&BFRRaSpfdabl Rs e ibhogkyl he asll prtibblre9 ig-m%%c\b@feferab]y
which are given below. The R grouping of R5

selestod Fpmongidyl, POV, GBAODANDLIIEB Ni xant phos i s
preferably selected fromal kyl and aryl groups, and is
nore preferably selected fromnethyl, ethyl, propyl
and benzyl. 5 10 15 20 25 30 6 WD 2004/101488
PCT/ GB2004/001943 . | \ 12/ Ellll;::3:1EEITLILILIT;
223V I\ PODg PPh2 PPh2 O PPh2 PPh2 9.

Benzoxant phos PPh2 PPh2 1. Xantphos 5. Phosxant phos
40 5s\ I \'' I \' / o OPPh2 PPh2 PPh2 . PPh2 PPh2
PPh2 10. DPEphos 2. Thi xant phos 25 6. | sopropxant phos
10 - 45



HO O/ OPh2P PPh2 PPh2 PPh2 PPh2 PPh2 11. DBFphos
3. Sixantphos 7. N xantphos 30 R N Oqc)p O PPh2
wW@Rv2/101488 PPh2 PPh2 4. Honoxant phos 8. R- N xane@i6s2003/501943
20 7 WD 2004/ 101488 PCT/ GB2004/ 001943 Suitably,
structures 1 to 11 above, may be substituted by one or
nore substituents, such asggne or nore al kyl groups
for exanpl e t-Bu-Xant phd he structure, 12,
whi ch is given bel ow -Bu 'O 5 PPh2 RPh2'

|previ ousl 3{i ned_apbove. | n parrprgul ar, PPh,

T re¢g’" P1 and P2 g oup? ar ¢ R3R4P and 10 R5R6P

groups wWhgrein R3, R4pPR5S and MR ar e eac |y, Benzoxantphos

i ndependentdy sel ected from phenyl groups and

1. XaHbsbi t ut ed phenyl grRhgssandphesone or nore of the R3,
R4, R5 and R6 groups are substi tuted,opreferably at

5 one or nore of '"the ortho positions, with al kyl, aryl

or alkyloxy (OR) groups~_Particularly pre r

substltuents are M, i so-Pr and
ili i dent at e

PPhy PPh,
PPh, 10. DPEphos
2. Thixantphos 25 6. Isopropxantphos
10 - 45
Ny O
Si N -
o :
"o o Ph,P PPh,
PPh, PPh, PPh, PPh, - 11 DBthOS
3. Sixantphos 7. Nixantphos
30
R‘
N
(J @[ D |
PPh, PPh,
15 PPhy PPhZ’

8. R-Nixantphos
4. Homoxantphos

35

20
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12, and thus the catalyst, in the liquid reaction
conposition, the tridentate |igands may be
wGeipstiousg ed with one or nore hydrophilic and/PeT/G8k@r/001943
groups, especially on one or nore of the phosphine
groups on the tridentate |igand. Exanples of such
gr Gufrsblythugiges 1- ©QAHDbovERiEbe subklituted@tdne-opERd¥a,
-NH2, -NH3 and - NR2H+. 20 Suitably, the phosphine
substigipnts, ks ong anareradlkdgyowss, faiexamplgdtRi-Eentphos the' |

Ltuted var ts thereof as described above,
S““ﬁﬁ%’ﬁ%&g%?W%”6g8F8ﬁ$Vﬁ“Lz substituted by a sul phur
atom (S) or a nitrogen atom (N). Preferred tridentate
arsine- and sti bi ne-containing Iigands include
12 above, or variants thereof as
eirRYt he phosphorus atons are repl aced

t-B

or wviari her eof as described, conprising, as L1
and AiF% a conBinati om pBu-dawphgs oups sel ected from
phosphorus, arsenic and antinony-containi ng groups.
For exanple, the structures of As, As- t-Bu-xantphos

Soon egiiabi R B Ba P bE s B gl gl i
aboVAS Bﬁ?diﬂ&n‘x}gﬁosgﬁﬁtet grBuboaif BhRplactd BYP aRY PO ordiiishd

PPh2 14. , P-t-Bu-xant phos gﬂThe tridentate |igands
previguplidelinoh abrvsi Zegarsieeler. drefgrredP hendBa graupewre R3R4Mhend

t /,0r . i all ilable. ~
RSB oo fRAURT R0, BTG it Rovals LB e B st frosg pheny
group® add sutttitatestea il Gobtain@Une 3% nfes 6f thB RS, RABK 5BBA R6 groups
are;l%nthesnzed according to nethods as descri bed or -

glitgigduprefeorbl hatsmede seart bé thetoythp pesitions, atnalkyl, aiyl or
0_Co s 00 33, th nt ent f '
S TPRO BB b o B ot aiac SORETE e oy e e

and pNegess of the present invention is a cobalt, rhodium
or' iridiumcatalyst, preferably a rhodiumor iridium
caflgligprovedheisatuisitityprighe iradshipte ligandhoghrasamted bailstrattures 1 to

12, and thus the catalyst, in the liquid reaction composition, the tridentate ligands may

be substituted with one or more hydrophilic and/or polar groups, especially on one or
more of the phosphine groups on the tridentate ligand. Examples of such groups include
-CO,H, -CO,Me, -OH, -SO5H, -SOsNa, -NH,, -NH;" and -NR,H".

Suitably, the phosphine containing ligands of any of the structures 1 to 12, and

substituted variants thereof as described above, may have the O atom in L2 substituted

~ by a sulphur atom (S) or a nitrogen atom (N).

Preferred tridentate arsine- and stibine-containing ligands include structures 1 to

12 above, or variants thereof as described, wherein the phosphorus atoms are replaced

by arsenic or antimony atoms. Preferred mixed tridentate ligands include structures 1 to

12 above, or variants thereof as described, comprising, as L1 and L3, a combination of
two groups selected from phosphorus, arsenic and antimony-containing groups.
For example, the structures of As, As- -Bu-xantphos and P, As-z-Bu-xantphos

are given below:



10

15

20

25

The catal yst of the present invention may be prepared

by coordinating an 15 iridium, rhodium or
w@e ealioeont ai ni ng conpound with the trident at BCT/Gga0vd/001943
The catalyst may be fornmed in situ in the liquid
reacti on conposition, by separately adding an
iridium, rhodium or-cobalt-containing conpound, and
t he trldentate ligand to the |Iliquid reaction

[ ~The iridium, rhodium or
3§onpound can be added in any
ich dissolves in the |iquid reaction
20 is convertible to a soluble form
y, however, the catalyst is added to the

| i quishz r eact$iin corrpogusyAQmBunxdngﬁmfsor m of a
pre-fornmed netal -tridentate |ligand conplex in which

the tridentate ligand is coordinated to the iridium,

rhodi u pr cobal t-containing conpound. The
t-BuPr e- 2 pt al 4 tghi dentate |igand conplex nay be

prg , -xanple by mixing a suitable iridium,

t-Bu

sui tabl nt, for exanple nethanol prior to
addi't1 oh & | i quftdAseReBuorniehesosi tion. 9 WO
2004/ 101488 PCT/ GB2004/ 001943 Exanpl es. of pre-forned
iridiumtridentate |igand conpl exes include [{L1

( RIMbe2(i a3 lipadds (6dNR) dyRihesikdd-decoRidg todh&EBdds3ktown in the art

- Jr(Qo | LI (R L3} r(CO]+ and
ol GRR B IO Spl, b SOmapaS1 by

{ |
sy RS AN T erd s ER 8 g Pef B SR posertine
method3al desdpl @K@r&ld&?ﬁk @ ose described by van der Veen et al., Chem.

LI (RL L3 )12
Cope ) 061 ST 0T (DAY 0 Opscanc

P ESaRbSt PHE PR RO S FIegLRG SO doBlbr 555%
iridigd@sekd e threfefibl X fH¥RIEn of irfdtiah E%S@t hntﬁﬁﬁ%ﬁekﬂ

Preferably the iridium, rhodium "or cobalt- contalnlng
ﬂmdﬁ@ﬁﬁé@hﬁtls a chloride free conpound, such as an

Luble in one or nore of the liquid
e eBm el s B MReE prepatody SrRyAiBeing e
idi bﬁ’x-t I f
Ly SRR LRSS PO Rl L e

catalysi ®ay be¢ FBn@d [in sivOD)tR4 1i@yid [réaci @Dp@Ghdatior, by (GRr2Bly] adding

an "HW%’Q—%%@M E«Tl;%cogl%%iz o Zl]ilgouqdp @Tgth,@ p;méentate hgandl_!ct) the

li uﬂdrrg‘ﬁc?troﬂ"c'% oéﬁlgﬁ G@lél-l%dlﬁlﬁ' gﬁdﬁgﬁxﬂe&aéobaft C%Qi%lnnllé ngpound

1 I r(acac) (acac) 3, I um acet
can be added in any sultable form which dissolves in the liquid reactlon composition or

is convertible to a soluble form. Preferably, however, the catalyst is added to the liquid -
reaction composition in the form of a pre-formed metal-tridentate ligand complex in
which the tridentate ligand is coordinated to the iridium-, thodium- or cobalt-containing
compound. The pre-formed metal-tridentate ligand complex may be prepared, for
example, by mixing a suitable iridium-, rhodium- or cobalt-containing compound
having displaceable groups with the tridentate ligand in a suitable solvent, for example

methanol, prior to addition to the liquid reaction composition.

- 9
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[1T30(0CAc) 6(H20) 3] [ OAc], and hexachloroiridic acid

H2[IrC] 6], preferably, chloride- free conpl exes of
w0 pdoditomBsuch as acet ates, oxal ates and acet oaPEr/aB2®4/001943
- Exanpl es of ‘sui tabl e rhodi um cont ai ni ng conpounds

include [Rh(CO 2C1]12, 20 [Rh(CO21]2, [Rh(Cod)C]2,

r hatiamhi) s loff bie-folthn@l E%um[thgéﬂtﬁ‘t@l g!aﬁd %orﬁﬂ'eﬂ;s 9@111(1(5

trihydrate,  rhodi um ( brom rhodi um

[{Ll(BdDId?ém}U%MG@Mdﬂz) [éTcHRé)Ie?(REEddM@O)H

B T B N e e SO

LI(EQQQLRZQEQ @&;ﬁbg&h&%ge{a@%&q%aha% 5%&31 eiéz}?&%Z

hexa rate, Co(acac)3
Co (Eas@enpkls @f pra-formah ylodatne- tadeh tft €6 £E0) dimplexe® dnclude

(T B R  rbACoFRIE T R e Rbnaskbiddio 6000 pom

' [ 400
B R O A TR RSk SR OPMEE b
L1(RBEILZM2)LPrefresealsl the trideatacdimed tap atdvarushf destrdstidy forierample

the |iquj eaction conpositionis in the range 25 to
[{X%&Ps gﬁ{mﬂght of rhodium nore preferably, in the

I apgEreaBf the 3

P SR 8 i A a’b@a}@?ﬁé%ﬁé 0iipbind s a gploride

free coimpbtnd, sudhhes dni agetats, whirhtis eriuldemposd b1 morel of thaligiie reaction
range 25 to SOOOXHE wej ht of cobalt, nore

m b
comppyfien SPPpOnEHE @ Sqraﬁ%ée d i thegERstiop g sThrEORHeEein.
raty I festdtu l@a%?@\irfdggﬁ ﬁg&aﬂ;gﬁe&ﬁpaumgin%@dgg;a@%yﬁg, the

tri ate gand ctor 1s o

o 28 BicicheG BRER Sait iﬁifbizﬂaﬁog&@fdﬁeﬂu Ht,
ECOR e AT F%ﬁ)xzi-ifméé’a?@%a?rﬁggg 2 ST

i GTR e i TP PO e DD o ol Bt FRte,
03O gRk Ry ML Hean B R §Mﬂf«‘ie RS ide-
free cf)ﬁ’igle%e}of J‘x%nfn? s&chzas a-cr?cgte% o&giagesraﬁaﬁéétg%agal?égp osi t i on

SO conp
pr cBmtx@les oa@@ltafb@é ﬂ@ﬁﬁﬂl édsrmﬂhmgtd@ﬁﬁyouﬂds iaske [Rh(COhCl(]jz,

r heni u cadnmium nercu zi nc, ium indium an
[R{Gi b1, R (Gacae Hror ety dHbicbiosidar dodae Gl hbridnrandiaden
oo ORI P 2 Sl AR BB
e T RO P 101

xamples of suitable cobalt-containing compounds include Col,, CoCl,

hexahydrate, Co(acacjg, Co2(CO)s, Cos(CO)12, Co(acetate)s. tetrahydrate and [Co(CO)4]".

Preferably, the concentration of iridium in the liquid reaction composition is in
the range 100 to 6000 ppm by weight of iridium, more preferably in the range 400 to
5000 ppm, such as in the range 500 to 3000 ppm by weight.

Preferably, the concentration of rhodium in the liquid reaction composition is in
the range 25 to 5000 ppm by weight of rhodium, more preferably, in the range 250 to
3500 ppm.
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conposition. The pronoter may be added to the liquid
reaction conposition for the carbonylation reaction

WO pooany1488ii t abl e form whi ch di ssol ves in the |PQuG#2004/001943
reaction conposition or is convertible to soluble
form Exanples of suitable ruthenium containing

Cormpefdndsy, WY i cdmiatibs b sedlias thelQns@Ha68sn @ém]]ws@rimi i8fin
i nclude ruthenium (111) chloride, ruthenium (I11)

the pREDET HeSAN0ipybrweight pedveli masc(referably, or thegange 250 to 3500

pprl{utheni um (111) brom de, rutheniumnetal, ruthenium
“"oxides, ruthenium (l11) formate, [Ru(CO) 313]-H+, .

[ RAEDAEL 2dt1d off the! € S tok ZHodifRwe G5di8h2Retal to the tridentate ligand
tetra(aceto)chlororutheniun(ll,I11), ruthenium (I11)

in thedgrederes opiimpldnprpmpgimately priopipspiathe wheren prerfoumed meia)-

i A S TR A iyt i) iy b prsen
in tedll PERFABIHH SonFitBRicaS espeCiRlR oL dxiadld) Ghkkd the hedthIUdentate

. (1) dimer, dibronotricarbonylruthenium(11) diner,
ligapggorgplee s torhgdhonest ineniuuFieso thsiredle satinueftha sobalt or rhodium or

irid{llg{ l’:rlg%ﬂ{oco)tglg S%cie@&i%ﬁ%%@?rﬁ%y%lﬁ%ﬁﬁw :Irﬁ %u!i?ably in the range from 1:1

to 1eh.chl oro(cycl ooct a- 1, 5di ene) ruthenium (I11) pol yner
and tris(acetylacetonate)ruthenium (i) 30 Exanples of
s ui hedigeidoreadtiom comtoaition mapycdsppmaise whirghoteaynebsd. Sigetle

as, source ropoter include,osmum(ll1) chloride
oS e AP RS, SR T, Chouty, ik
gallfu@h, iAdinORd thifdsRANPHIGRUGHEHBIRORY keledib® 61 dshdlm and

[Gs(CO 31212, 11 WO 2004/101488 PCT/ GB2004/ 001943

ruthey(Co)aBt B ferkbly, petheniuhi. oFle- pronpteo diayswinprisa Aoy sditeble

osn u al ocar bonyl s sych.as. tricarbonyl di.chl or.oosm um
prookEs TP A e B G0 i HRECB  Waid TeChap! o6
comPbsisigh.t #RE BronliReli HAY SOMRE R Y 1@9{&%&% aé%g%gm%xbeﬁe

used as sources of” pronoter include Re2(
cartiRey @) EhetidReinGOY S Bitabl RGOy Hith dBsdrelia.thd-RQyid reaction

Re(.CO) 4112, Re(CO) 412] - and ReCl5. yH20. Exanpl es of
CO"&BF'%‘%P’élsccﬁﬁﬁﬁlﬂéﬂeééﬁ%]é‘i’ﬁi'}lﬁ@n'corrpounds whi ch . may be

g 1080 et o 1 i L Bt
sourres cluprgmotn iralnlengtheopo(iiychlutide hutieyiving T setdorii dectkitigdrate,
T I TR L SR N e
By g L OISO AR AR
tetrafadeko)clitooomth edinimi, [E)) rpbeiioka ()i acbiatepyhtheniua €Ol prepivtiae,
ruthenium (III) butyrate, ruthenium pentacarbonyl, trirutheniumdodecacarbonyl and
mixed ruthenium halocarbonyls such as dichlorotricarbonylruthenium (II) dimer,
dibromotricarbonylruthenium (II) dimer, and other organoruthenium complexes such as
tetrachlorobis (4-cymene)diruthenium(Il), tetrachlorobis(benzene)diruthenium(I),
dichloro(cycloocta-1,5diene) ruthenium (II) polymer and tris(acetylacetonate)ruthenium
.

Examples of suitable osmium-containing compounds which may be used as

sources of promoter include osmium (III) chloride hydrate and anhydrous, osmium

metal, osmium tetraoxide, triosmiumdodecacarbonyl, [Os(CO).L,], [Os(CO):1z],,

11
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gal lium acetyl acetonate, gallium acetate, GaCl3,
GaBr3, Gal3, G2CI4 and Ga(OH) 3. Exanples of suitable
w0 paitnemdgoONt ai Ni ng conpounds whi ch may be usedPCTIGBE/001943
15 indium acetyl acetonate, indium acetate, |nCl3,
~InBr3,1nnl 3 and In(OH) 3- Exanpl es of suitable
Os QARREMS e
(O-ACBEE ORI, el uady i i U opdgop e
as trmqu}@@tl@nommmln @b dimpr mdmthermrgan@dmmm b@nyllexes

o TR :s ok oS thetigt-Eubh P Tppufa L ESh gt Boffa oy
souﬂc@s bfombf a&wo%er@éz{etﬂ)lgm@@ Jal q@e(@@gémr ROt qui d

process streans recycled he car bonyl ati on react or
Re(ﬂx prhQ, Haew}aﬂxﬁa@o&dn]d& rf@dd\@wﬂi@ge The pronoter

bl t th d ti
corsoUmRa LI i o rin bE P RhBRB G ey bakEH
mclﬁcﬁ@gﬂ(@ﬁ‘c@{ C‘?ﬁb@ld@ré)de@l% éd(mi)g%né’ca@rﬁﬁlflﬁgz@e?y]%e@orétel

1, ‘more preférably 2:1 . A suitab
pr (Emtr@ﬂesco(ﬁ eigabie mlerotuny—p@ltdnemg cphmnumo.@mph) mayshﬁoise@mclude

0.t 000._ 2 m__The |jquid reaction conposition
Hg(ﬁ)gv)za%ﬁg? %@ﬁtﬂ’ ?@gﬁéﬁ{@ﬂﬁ é‘&‘i ﬁ&%ﬂénount of a stabiliser
an I i
odr dups TR ATE A, GRAR TIcR B e BRhchude
Zn(Odwep), Bn@Ed e afdh|ZmBof, ZgpéHeraatlizny dcetyla&atlohstecapabl e of
ratin m xtures of two or re th

I
fples béea%%qa U qeRNIRE CYPPOWS geuch may a&seﬁc}nclude
e | L |
ga“%%“‘e?é il 9%% gl BalcD B, D VAR VL] B OROMD,
netﬁiampdxd;l of emtabiminddﬂn-&ahtammg cambodlﬁds Bhichahdyebaneiedlinclude

npl exes capabl e eneratl I.-_include conplexes
indign e AcaRDHAnPAR AR % arpland SREDi-um and

12 %@@&%g@%@%@m@é@%%ﬁ%%% Bich %%}/Bekused

cerrum an S SucC denum

inclhd©W,(Cal)d) W Ol 4 W &R oW Brh r'Wi, GﬁﬁﬁmBE(DCSg, sapabl tangsten chloro-,

generating |- include, for exanple, acetates which are

| bro‘@ﬁpé’bi@oﬁﬁrt@é}ﬁm%‘ﬁ i n situto I- typically LiOAc

an b -
gjrg gjr’l éﬁb&%ﬁ%?‘ ms dﬂ%‘laéf?gc Vﬁé ¥ omge 'ﬁg@ dlém J of its
solLfblLlitp in ﬁleﬂiquidabh()nontd@ﬁlp@mtm ndbr SOMALA ﬁrdéé@d;tﬂe&m§ %‘elycled
that it is effective in prowdln(g an increase in-the
Fee

to theggagsinylatign sgacton drognthglopBroxglitpacibresperistage. dbepromnter is
SUlt%]? gkslag[aﬁ]{he%lcﬁg& Pefl%?oglecotngpcqgﬁ%ﬁ ?n¥110§2tlrl rgtno OF%I‘O&HO?%‘ to

rrosi o as C romum

iridived, YRt B coWiltcdT 0TRY thav-e, geferady 0rssetoi(f EGhorepréfB@bly 2:1
reaction rat e, may be m ni m sed by using suitable
to 18dr rdosyitphle promoter concentration is less than 8000 ppm, such as 400 to 7000

ppm.

The liquid reaction composition may also comprise an effective amount of a
stabiliser and/or promoter compound selected from alkali metal iodides, alkaline earth
metal iodides, metal complexes capable of generating I-, salts capable of generating I-,
and mixtures of two or more thereof. Examples of suitable alkali metal iodides include
[ithtum iodide, sodium iodide and potassium iodide, preferably lithium iodide. Suitable
alkaline earth metal iodides include calcium iodide. Suitable metal complexes capable

of generating I- include complexes of the lanthanide metals, for example, samarium and

12
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10 resistant materials of construction. Corrosion
metal and other ionic inpurities nmay be reduced by
wo b4neesdf a suitable ion exchange resin bed POI/GBe@/001943
the liquid reaction conposition, or preferably a
catal yst recycle stream Such a process is described
gadalimiuds ceﬁ0ﬁ7ﬂ1&Dothaihﬁeta]slsybh htaﬂnbljihdeﬁrrmamcﬂdey stonpralyminium and
smtag%bealowe gII o C4, alkyl halide. 15
chropiyhe 3l sApabig Oégfkl}ﬂratﬁiﬂ Hl?lli‘dé? £ exaRple; acsmtwvhl% ars

capa@ﬁa dreb e!rsﬂ)ﬁ’gd gﬂq‘co—&h@g i%z@x@tah@ Br CgafH‘c s@it&%hcmﬂ dlgd‘?emary
co-catal yst e 1 1"qui d’ react
amrrmummltﬂdydds ranﬂ pRogphogennibdides, omxdh tn@y B@%kﬂbﬂ aseugm for

froml to 20% by weight. In the process of the

ex
pr g&é@h vithg anews el campendhusad icTish St firiy ﬁﬁf%lvau% BryEding
f
T R
decrmd/ﬂﬂi‘caﬂf‘c&ly&klbﬁIﬂ@’]C’U&ISfEEdE of a carboxylic acid. A
sw tabl e al cohol reactant is any aI cohol havi n (g){f rom1

t o CRFOBISR Besi |t tSB PR asHWOMENT, | iEppsind gpe! P@xw Baphave an
el e Lol AR kg0 LA

resishdds inaparisesfabhstrichien. aCGﬁhﬁbn infetal ABE bawee] incﬁﬁri}:ﬁxlﬂ@ﬂes may be
and/ or propanol. A mxture conprising nore than one
redugedpniie usmgt 8litgblejigr erxclmnge reaingsAye Hedtdhe pawdaeaction

comégsq%ﬁl B zoe%er%l& la c?ﬁl Eﬁt er‘% 39 Xt¥é C' ga/;grggl ngsecgetsgrrlbedfm US

o "atom no PCORol
400113e. al cohol and the car boxyl i c aci d product. A
particularly preferred al cohol is nethanol, the

carbeaikvhhaligs cpreatplist m@t’ suifghily be ¢ bovegsee 2.CidteiG, alil hﬁhde

re N RN 50 PR R0 b 1R Blion

of alkyil Hadigk @o%ﬁftﬁ%t mﬁ&h a réa%ualm c@ﬁ&@ﬁu&{ is3titA1$ ek rAd of
a carboxylic acid e erably the ester reactant is

fromphtae3i’% Foyovelglt,cfar bmnyplc éromc] b 20d bairnweaghtohol whi ch

al 2004/ 10148 PCT/ 04/ 001943 h 0
T TS grek AP M Lo b A SO drgs o ool dador
a rearcaa@ Halative R0 &Eb&fyla@ed ®#h *a%uh hﬁm@ﬁid@ t@ﬁfé)dace a
nonof uncti onal aliphatic al cohol which al cohol has
carbpxdin abid anddor thanlbahwl astonef. a davsaxypic efidr abl y the ester

e nghe BeRhgreiai prufnore toviag Gpdb| (b firen wpms and
at 1eA® %ﬁ& ﬁ?&rokﬁ g%hé)e Sirferdbly @8 a?doﬁ@ﬂ@l A fenctiBRal ali ghatic

carboxylic aci roduct”. Preferably the ester reactant
alcohelspugferatdy ﬁﬁ)vmgfrbrmnl at Hosbondatomisx Mnsepmtferelﬂyehe alcohol is

metl{ggsg gﬁv %‘ltqgg/?/?r g?qggﬁl@? z%%xrl%?tu?eacro?mi‘}{slmlgcmggel than one alcohol may
be used. The carbony]aﬁon product of the alcohol will be a carboxylic acid having one
carbon atom more than the alcohol and/or an ester of the alcohol and the carboxylic acid
product. A particularly preferred alcohol is methanol, the carbonylation product of
which is acetic acid and/or methyl acetate.

Suitable such reactive derivatives of an alcohol include esters, halides and
ethers.

A suitable ester reactant is an ester of an alcohol and a carboxylic acid.

Preferably the ester reactant is an ester of a carbéxylic acid and an alcohol which alcohol
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the ester reactant will be a carboxylic acid having
one carbon atomnore than the al cohol conponent of
w0 bw4aeres reactant. A particularly preferred BSI/6B2004/001943

reactant is nethyl acetate, the carbonyl ation product
of which is acetic acid. 10 A suitable halide reactant

has frsmadnty 20y%dreaakdyd. Matd stefehatly 1@ ay@r teaciaBt s ankewr of a
atomns. . Prefer abl% the halide reactant is an iodide or

1

carbgx yicwidrnd avppeofprefoapalinhatihalcold Mhdeh deohsd hantrowsl to 8

d li d s . th hal i
carbp o R bR R G EBRLAT Ly e S B ERob L £F0 Ry
mettahel, bienelaapaytanbial Frelerabsy teloydr facaiiyik ah esteoes an A1@sHol and

preferably nethyl iodide, ethyl iodide or progég

the caghprgrac agd produgt: Preferaaiihs eslebigactast iraupde 20 sardpaatasns. A
. The carboxyli 1 d.praoduct, of . the

i ot B B g PR e AR R R RS R ot of

the dIRY rdagta@N@ilBY £cABHBOR avidamvidzadhetdafhoRYEs A &b Wan the
hal i de reactant. The ester carbonylation product of

alcoholcompanert & Byl esteardaganii A pagisulanly preferred exsér regsant is methyl
byl, halid n . carboxylic acid having one
acetfl¥ AOERD RN 6T R RF g FIE5E byl halide. 20 A

SUIAt st Ble@lali @4 reh@agtia By hydradiyby1 i @SRy uetdBY carbon
havi nér@lﬂjf to 20 carbon atons. Preferably the ether
i

atonmse zé’é@ o the élaléri%eﬁmntés ﬁeigoslidmlta h@m?ﬁ@r aborg paefrebhythe
i B R5 B BAOBI s e i i

alkyERdIRIE coRatl@nt Mok ﬁreQ@absP@ﬁ]laqy}rmdcsrb%}hmem@yhp&o%syl iodide,
carbon atom nore than each o t he” hydrocar byl groups
mosppprefenablie tiedryl sndadeg ethekiodidedw prapy iodeds. tAerixmfe offrydrocarbyl

T B b S DRGSR e
reac@ft Will Be HE&%BH)E}%C%EM@%@Q@%HQ: &k %Eug)oﬁ %lkdng fhadEk BYdI6¢arbyl

reactants may be used in the carbonylation process.
halidgreactariiaThe reteiadacioinylatior pretuct ditihe Hgdracatbyrhatitibevill bayhe

estri e RtrossRal Bl (A ke Gordiruinan ryr earoae pignfian

the ISAFRAAMA BAiRN products of which are acetic acid. The
I"i qui d"reaction conposition may be anhydrous but
pr &f srtableyetlen mactagts aay hidnocarbylosimarduiatingtupdo 20 fcatb@h atoms.

By. anhydrous as used. herein is neant that the |jquid
Prefg b S retonth PRS0 IS BEET At H cthet, dicthyl
=V . i " _
cthof ATRARY Gfr) % FRSER Al i f Bo Bod HnBlonrPlF b Bloducts

of the ethet toavmhewill By cdrboxylie acids bevihyg ahé oarbed atoai @bre tAsn each of
used herein, neant that_the |iquid reactiaon

the hygrRsaeivl BroHpE Bhise Fiesangd/on estes degvativesghoraed e A particularly

preferred ether reactant is dimethyl ether, the carboxylic acid product of which is acetic
acid. |

A mixture of alcohol, ester, halide and ether reactants may be used in the
carbonylatipn process. More than one alcohol, ester, halide and/or ether may be used.
A particularly preferred reactant is methanol and/or methyl acetate, the carboxylic acid
carbonylation products of which are acetic acid.

The liquid reaction composition may be anhydrous but preferably comprises a

finite concentration of water. By anhydrous as used herein is meant that the liquid
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Preferably, water may be present at a concentration in
the range fromO0.1 to 30% for 5 exanple from1 to 15
wQorooanai4dre preferably from1 to 10% by wei ghCT/GB2@®d/001943
on the total weight of the liquid reaction
conposition. Water nmay be added to the l'iquid
reacti @A pRi tRAITP BskA 01, frestvf mertadesich glght 109 1i Y rdaetibor med
in situ in the carbonylation reaction. For exanple,
compasitiRecoppisenigsatipn A 15f nuitaa Y finiig cecenisatiomeoiivattheas
: Lficatj Wo[a¥® n 0
used sl S BERE kBl Bl RTEEROD 08 HURRH IR RI0R Lyg aater
PreférfiblyOglateeshal Be beestit@t & 3sienydtidn i@nhe Lagé Gont MY es Be&Yo, for
with or separately fromthe other reactants such as

exange &8y 1 fokd %exandpnere peefpgablydeen dte 104 bumeighipassd on the
I fromthe |iquid.reagll Btion . .
ol SFEEETR U SR fon e BT v PLwBE PR B gt eq
reactBé¥DstMSosttonBihBicaiehirdd) Or ad bt f@thedan e i dkicaibohatibie
L i qui reaction conposition. 15 The carboxylic acid
reactipro diggtexamiple, sxthapibondetean of methenokayatbempy be &med dyahe
sol vent j.n e liqgui,d reactiaon conpositjon.of the
ester gl beachifr skt BnbEREH A Ipl SEREALA008E | 0% e

Pr ¢5€ Rater RV Hel ifflodRYd RE10BES E4bb@AtlbnR¥iR0 b getABYwith or
contain inert inpurities such as carbon di oxide,

separnselyi &ioen thaiotires genstantsoible agesies,, for geananle methybacetae CiVater
o B P BB e s LB DR A Y eBPanc

recy€188 §f EBAG1104 aMBEAIS ERMARRSN WY 1efuiPd e ntaitiof i tHeNRued

car bon nonoxi de, carbon di oxi de and hydrogen. The
reacoer ponpesgioxi de nay be fed to the reaction zone,
therefore, .as m xtyr f carbon noxi.de, ~hydrogen
and "B A EAA BT BPBE e tor MRS AP A A0 SR FRTBE L pigvent
in thEBARM @&ctioR b oSiROR BMHedhiRpt hoaRidon may 25 '
suitably be in"the range fromlI| to 70 barg. The
caifbengbat nemoxwadon wsk imthe dresentimyetbnouay ko esaentdlalpure or

pressure in the range from.10 . to 100 barg. The
ey BR3P BOHRE ST BT Be PRI By 81T iegR 15014 g75es
watez 20EC; td VJE gﬁl‘aﬁf{iﬁc iy @B ak8shst @he Q%on T oRIRGESSa1% e Bftained
oper at ed tchw se” or continuously, preferabl’y 30

froncamtmene il sbyrces] bchcaa tliope§driningef ldydpscachomt whigh fpeduce a
. recovered fromthe |iqujd.reacti 8n co osir{)i on b

MIXipre W%mom% carhAp AKride B(ﬁ’élhd' FOZ8H, £ Rg carbon mongxide may
be f%%%}?@%%@t%xﬁ%f&%&te%xe,% Gnixtre VA0 HHAIABE hydrogen and/or

carbon dioxide. .

The partial pressure of carbon monoxide in the caernylation reaction may
suitably be in the range from 1 to 70 barg.

The carbonylation reaction may be carried out at a total pressure in the range
from 10 to 100 barg. The temperature may suitably be in the range from 50 to 250°C,
typically from 120 to 200°C.

The process may be operated batchwise or continuously, preferably
continuously.

The carboxylic acid product may be recovered from the liquid reaction

composition by withdrawing vapour and/or liquid from the carbonylation reactor and
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recovering carboxylic acid fromthe w thdrawn
material. Preferably, carboxylic acid is recovered
wo ecavaiotaes | i qui d reacti on conposition by contiPCDGBRON4/001943
withdrawing liquid reaction conposition fromthe
car bonyl ati on reactor and recovering carboxylic acid
recolERip dafSo Wit REain kit 5 0@ Slatedfa]. Cpx@?&%l?' Qb dR/1i0138id is
or nore flash and/or fractional 5 distillation stages
recoyvgredifioghthe higuakieaction ®e1paslape 8y tomuohgyotitieirawing liquid

onent s th . reaction.co 05|t|o
reacfig BSOS Sy lopin s o oD Ay SO PR oo
fronf@re vERIdBWIS fiqui@REdcADA LolRp R LSy oxféa(frkiﬂ&élﬂagh akd/8r fractional
ester, unreacted al cohol, optional water and

dlstldzlatrl%ostwas ¢n which theohsid it sepaﬂatedlfrqmwebéhwremyrqdoadnts of thediquid

reac RGO BRIoN R e R VB i O AR Rt &

cata y‘sQ BPGorRe BRI cArBoi IR RIBSRR urr el dIQShol! %?tl@heﬁqx/ater and
been found to give inproved selectivity td carboxylic

carbaryle: geidbshledns, wimch mdlbce@bysbﬂe@the\raaoyon o liquid
ol dbRyGeet ¢ P abiReuents Sbhyfiufer Waval oordinated vih

a tri§&me ﬂgéﬁ@coﬂﬁﬂgol%scﬁe {)I%Eentt nﬁ/eﬁﬁ&g%tdl%&g f@unq(to egpve

carboxylic acid,” a purge i s usual en to
1mptw/d<ﬂ s@ecmvaw tb oambpmyltm aald poéssuae neductekieereetmt}ono H{dulhd

dr oge ds u 15 d e to.i Ievels in the
hydr@é 3 5&?&5 g £ W&P%@@ﬁﬁ?ﬁﬁéd ¢ preggneg pf hydrogen.
In a?b%‘*"‘e%t;?’é%%%?‘égnf"ﬁ‘éﬁpz?ﬂ%“%&f 2B AL R, HONEEAL Ghally
takesitgkedpi thahydrbguedtdowihattat pessunoinoke d@,ctonﬁmhe thytd®gen builds up
di sposed, of . .Si.nce it has _now been found that the

due gy lopels e thsreasommenierite ehanddy dsescaferatdeidr s nSince

only b aetels ARk e RS ARERa) e bR KB T AR

hyd@gers arghdifni€ieait |1¢9Velserﬁ&afb©h lmmnomiepwhdh inespoded olﬁ useed it has
omthe reactor, ther i nproving overall yi el d.

nOW/leeF% fqupg th %d%moa@% Oéfhet%sep? I@E@stson&@ntbﬁ@psna&@ewh higher

ucts can’ ieve sence o
hydﬂmgeh agED, mgrﬁﬁbml\llyﬂ@ss@aﬂhﬁ Iﬂndmﬁmelrﬁed Bepﬁlrgaa fieahe \Wedckor,
gher contents of héprogen to be 25 enployed in the
ﬂ“*@éﬂﬂﬂﬁ?ﬁagpﬁﬁa%ﬁﬁbﬁ@ This has significant cost
Sa\A H%e?]&(ﬂlagﬁr o? tl']ﬁ 10C ss 0 'dl% /f 9h %Pvca (t))llg) gst at olé(ﬁ de

feed W th greater

sele@kpne Ith/eedesué‘@ﬁqlﬁﬂ)p@@ﬁlﬁts(éan BEEHQQ‘&del tisd/pr@snce of hydrogen,
separation to be enpl oyed, such as nenbrane

allowigpeehongponcxidaiet b sfrasss mﬂt@gbﬁcm@ngﬁnts. qf hydfogen baebe

o RS B R ER B4 T e BASEPe RSy

utiligihg aRefbo ThHoxRfe fBeRItR eXeMtck Chad i Iﬂo}’%' Hﬁalld%ﬁ@%sé(penswe
conpri ses carbonyl ati ng an al cohol and/or a reactive

non-ggyogoriti methpéeoiyhgas separation to be employed, such as membrane

leve Srb\ﬁ?gll % th'é I?@atct(ﬂ' %Q pu lsﬁr&;ﬂa \6\}1}1 36%){%‘:81& ﬁ]ghéﬁg\'ﬂsﬁse?f

separation technologies.

Accordingly, in a further aspect, the present invention provides a process for the
production of a carboxylic acid and/or the alcohol ester of a carboxylic acid which
process comprises carbonylating an alcohol and/or a reactive derivative thereof with

carbon monoxide in a liquid reaction composition in a carbonylation reactor, said liquid
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carbon nonoxide in a liquid reaction conposition in a
carbonyl ation reactor, said liquid 16 WO 2004/ 101488
WO ODABBA804/ 001943 reacti on conmposition conprPGI/G§2004/001943
sai d al cohol and/or reactive derivative thereof, a

‘car bonyl ation catal yst, an al kyl halide co-catal yst,

reacBlfifl corBpdsitshad dn¥pristnd dafdl 41€0H00 BEEH feadtiverieriohtivithereof, a
wherein the catal yst conprises cobalt, rhodium or

~carbppylafieamsatadysran allayldwalids ehcatalysty anfe ﬁpﬁwllm yHnde gencentration

of qu \ﬁhe(?én heragﬁﬁt gand \mecrogélp <ﬁ é%ﬁ lugfcorrglh ))]C?r c{]\%gh a

car eac ogen

mdentml gald @ ndikndbs theRst, add %@reamh/e@rls 2B i BhtAinea il Ot
nonoxide is fed to the car bonyl ati on reactor as a

carbpeyalisan wastrs dndmizen pigp hysrogeaa§i0 ratiopifeg tepefrlotfethand/or
actor. separa :
el BEHCTmREr e 1 £ B boh AR ElRaPERR: £ty boifning
aﬂemmtlﬁamy}y&h &ar bon nonoxi de Wiere the feed conprises
a 10 m xture of carbon nonoxi de and hydrogen, the feed
c otyairogsn anay keafed tqthmt%cw@n@@tély to tlsambcasmanomégﬁedzbut

is B R g av B BTl Svpl bR cRubrediy

mlxhﬁe Gpcsatrbd?ﬁ%f)ﬁéﬁ@é ¥ndBIRRA, the $&Q c@ﬁﬁurﬂsoat %asﬁpﬁﬁl%qurogen
‘to 5:1. The reactor nay be fed directly wth

E suCls@Lﬁ’f teasiod m@é%k}xydrqggm@xd theore Dteéﬂﬁ@d strleast 4 n@ﬂ%ﬂmda:q) m The
oSG0 Gy e S S RSP B 1, s

as 1r2@3f6 t50r , T RALF I%BQBéT?ﬁrd BRENPHiAR @Hf&td?%ﬁﬂ%h monoxide
reformer) to produce a m xture of CO hydrogen and

obtafedrfgas i comimartiakyongassuch yp theak foymompiiydesathpds ogesyngas
.to CO at mole ratio of 5:1 to 1.5:1. re hydr.ogen

unit} @r Bgpls - Rt L P achor TR IO A G A Al el

refohﬂ@rt) 1§ FRALQY 2 FAUSRD A @e}(@eﬂ LAl £O), Qéyn%g{ g%ﬁtskxgga@

he reactor to be genérally highér
typicadlyarontpaiseohyafogendo jeat atmol@@amcnof hétdé éedl.t o the

O BTE Y RIOEE 1l BB oiE S0 O E S DgOTHETAGE o Tas
reac?ct}' gﬁs & BRACHHRP ratl-gmﬁrydx‘@ggﬁ f @@qﬁ E}%%fdt& tBrb%}%HEraH? hfglﬂ‘é‘r

to the reactor partic
tharcthe hadatiratio ofhyirogeass Gopartat &bdad ti rght;téio lnaddewaiton,
such as a batch rocess, the |evel of_ CO.i
hydroggn fesito ts, ygjagenel %may hﬁarqdﬁée%rsawr@arb? yatsr-gas

shlfgéam/o%r O hgﬁ%/rgﬁy%lﬁgé LIS gﬁe% g 6 J'%Xd HPthe é%aec‘ﬁo.r, and

-correspon

parti%luﬁafrl@'rfab:h yarbhlﬁmait&fpro«tdseoﬂmtﬂ‘b@ geligh @G:bemefmn, kadh 43 d Batch
the reactor is maintained at less than 100:1. The

progesy. se leweliod (&1 imia region may beeyme dvifeloe aed Hhe melr méoal
hydio?g@l?%o & ]1891‘:? re?i&%p %?lgi‘tactoxﬁjﬁ%%ﬁxﬁgé (})1 as'ﬁ 5@ 0:1 or hi her

er a eas | a press
Prefiefibly, however, the hydrogen to CO molar ratio in the reactor 1s maintained at less

than 100:1. The molar ratio of hydrogen to CO in the reactor may be at least 1:100,
such as, at Jeast 1:10, and more preferably at least 1:1. The hydrogen partial pressure in
the reactor is preferably greater than 1 bar, most preferably greater than 2 baf.

The invention will now be illustrated by way of example only and with reference

to the following examples:

Examples
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the reactor is preferably greater than 1 bar, nost
preferably greater than 2 bar. 30 The invention w ||
woon4ber48d | ustrated by way of exanpl e only andP@i/GB2004/001943
reference to the follow ng exanples: Exanples 17 WO
2004/ 101488 PCT/ GB2004/ 001943 The carbonyl ati on
The E&B641 fitiFX BB it
Wer}LeQﬂ&ﬁclol(ré}}éﬁ}g’?i ?C@Mtphetlabsencgﬁ%? %@% c%é’g?}‘\%m I s?me?e
cond:D@t'qdan dtel abeerﬁe&ﬁ]hymg@ whilsiheniharanvg Exargpigsl @D and B, 4nd
were. carried out in the esence. of hydrogen. GCeneral
EXﬁlﬁB&étz%BﬁVWé? REHCACR b, F“é‘&%?ghéc{m%%k hyl i odi de,
Gen@PARLARRE Methbd al: 2- di phenyl phosphi noet hane) and
e obtained from Al drich. Xantphos
Methyd sicetbteamathg] fodadn GipeedppeCh bmh&ldmheﬁydphmpmmmame)ramd

PRt O R
Cheﬁiﬁc%&e r )?@Hrdeﬂgevlzf%rg Eaﬁ%ﬁe@'ﬂsﬂ% a%O%Pﬂk%b?{ﬁﬁ ?%ﬂo%‘ﬂﬁgé:&dtgﬁbed

faci | and coo he gas supp
wﬁhaamagi@amilw\&s;vansomeﬂwdh fargasniiapdSiobainpelidr syﬂsmeliquiﬂ eaidlyst

ng provj.ded o _naintain the aut ocI ave at a
inject stb Gilip 3&5&9@ Focoils Tibg gas 8pety ©rihe geclng wagprogided from a
bal]éém/@sgﬁ 3 gH égro‘?/ cAYd Alfhil e CARDA At c%ﬁstﬁﬂtéﬁ"es ure
react ant consuned per
durmgmattmn cfﬂmra&l dfiganupeke Wasnusefinokaltulate the edrbdnylatonaate, as

art| cul ar _react or conp05| tion (reactor conposition

nu Blss of reaftantrogauRRPer e BhESACtor KemRaTIAGY Pehaus ol I”
S e e

vohuntet Thaenefin/ acakte weideytratimetas @ldudated dinsnnibe coose ef/eley
nol e of carbon nonoxjde that is consuned. No allowance
reaciig fropaihe smn&ﬁoglamswoao%ﬁ@ﬁ%ﬁéaﬁ aneele afimstvhyestate is
consgﬁgr?negﬁtg gfr %%—Pr (ﬁfi&i@ tﬁatAF I Sﬁﬂ% Sobeﬁﬁ)Wance was
madelf@dargmlca@mbmetnts iA th&ﬁlt(bdiﬁveaﬁ‘é&m%.of atri dent ate
l'igand.. O. 1512 of [{Rh(CO) 2Cl1}2] catal yst was
Compayative ExampleAnorti on of an acetic acid char ge and
[ | t he. re
This &? %ﬁ%}# (gerrxgeoggtdrtggtﬁe%erbghﬁgﬁérggf &?&S}éggr?gfavﬂe;n 1u «9&%]9& n

the @RenceasTRItHidehtsy $icemd. and flushed with carbon rmnOX| de
several tines. The desired quantities of the remaining

| i QuiiSd sob ifHERDCIY recatalyst was disealugdein arrmrﬁ@rnpﬂcgl arete ped
char%é,ggnfii Eﬁrggg to 2 th%{ndamj LA Pa}élht}'/ of‘hecj ree)act% wtaéq ﬁqe 96%[9191’6 tested

with nitrogen, vented via a gas sampling system, and flushed w;th carbon monoxide

several times. The desired quantities of the remaining liquid components (methyl
acetate, remaining acetic acid charge, water and methyl iodide) of the liquid reaction
composition were charged to the autoclave via a liquid addition port. The autoclave was
then pressurised with 5 barg of carbon monoxide and slowly vented. The autoclave was
then pressurised with carbon monoxide (approximately S barg) and heated with stirring
(1500 r.p.m.) to a reaction temperature of 190°C. The total pressure was then raised to
approximately 3 barg below ’élle desired operating pressure By feeding carbon monoxide
from the ballast vessel. Once stable at temperature (about 15 minutes) the catalyst was

injected using an over pressure of carbon monoxide. The catalyst injection facility has
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conposition were charged to the autoclave via a liquid
addition port. The autoclave was then pressurised
wowaoh/1&148@r g of carbon nonoxi de and sl owl y vene@dGBIiva/001943
aut ocl ave was then pressurised with carbon nonoxide
(approximately 5 barg) and heated with stirring (1500
an effigierray Jof 0964 G@e tréetor pesspat atad meainthind@Q cdiveant odlak (= 0.5
ressure was then raised to 30 approxinmately 3 bar

R !

barg) &y degdineeeag dian e beHatt Aessagthpuglaythe Wq@@@r-ngawﬂ%
' r I - : I

ror AR PO L R U550 s RRP 5 P e cove
of thengxpetientu SitrGesthiof Y@hpapatasuasan sihtadasdboithiAeoK dehe desired

The catalyst injection facility has 18 WD 2004/ 101488
reacer I BEBUTey 10 RS o4 heatingdpaniecogpeciedion Eurpthcra AETage

| pt.ain t

M ST Y8 TRy By SEARLRDl Y Lo By P o
coolifyy eBh At ek P&t 6k FBitinueEagtiliht gkeuptalaRdakerl. DEel adhst

vessel was neasured using datal ogging facilities
vessehpat tisb igolaterbandothe seactosfoelpd rapidE by wemef thygeolinexoils odhe

. .l ntai.ned W t hi of .t i .
charg TRERON R AR SR DR rhk B d oyl B SERLHER siven
in Tablane cliedictc &idubiaibe conthihe@deryVew binoaaRtor@komyEt adid and
~In addition, excess heat of reaction was renoved by
1ts precAIRoTHf the cooling coils. The experinment was
Conqonlti.% until, the gas uptake ceased. The ball ast
I sol ated and the reactor cool ed

Thi§ éeftinenbieriGRirafes tHeeafR@llatien 6Pmlkethandg a BBaR@edppe based

conpositions are given in Table 1. The carbonylation -
catatyst.eDpipa ia aolskamplsdliadidpntaénphiGphine Tighide 2. The acetic

aci.d abt ai ned cont ai.ned very | ow amounis,.of pi.oni ¢

o118 18 gty e gred FetlyspRina Brrd e Bla i fsea.

0.718X5q pgs)mgt@@p%g Ah&s ih e ARENARYIMAL0Ee@yillel PRGN of the

by a(r odi um dppe based catalyst. Dppe is an exanple
acetyf acad Phadgnappexphtm pAhedldlicgantilysi Has platdt im the liquid injection

i BEPTF T MRl ) BURRENLOE MAred ot o,
conBhAEER éc@oﬁ%e%ﬁ@@hﬂgﬁam%ﬁé %da‘ty&v%._*ll I;Ige E/Igelirgé on of

the acetic acid charge (approx. 10g).

compositiahailsed taraveimwal iadatllei In Theecathapylation njte déta@btained is shown
. Tf ciJ]ity along with a small anount of acetic acid (ca.
n §€]§)2' The experinent was then conducted in accordance
Exathdig (Conpar ati ve Exanpl e A above. The charge 20
sitions used are shown in Table 1. The
Thicewangrly Hahomstrateatiee chaltcnybiibaiofiexttliasokiyoawhodium Kabipholbased
anple 1 :

catalyst.

In this example, the phosphine — rhodium complex was formed in situ. 0.151g of
[{Rh(CO),Cl},] catalyst and 0.45g of Xantphos ligand were placed in the autoclave and
covered with a portion of the aéetic acid charge (approx. 10g) prior to the pressure test.
The Mel cb-catalyst was placed in the liquid injection facility along with a small amount
of acetic acid (ca. 3 g). The experiment was then conducted as for Comparative

Example A above. The charge compositions used are given in Table 1. The

carbonylation rate data obtained is given is Table 2.
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Thi s exanpl e denonstrates the carbonyl ati on of
nmet hanol by a rhodi um Xant phos based catalyst. 25 In
wao biog/1exssipl e, the phosphi ne - rhodi um conpl exPEEEB2004/001943
formed in situ. 0.151 g of [{Rh(CO 2Cl1}2] catal yst
and 0.45g of Xantphos |ligand were placed in the

Tabdul ocl ave and covered with a portion of the acetic
—acid charge (approx 1 Qg poriaor to the pressure tegt

ExThleQdlc cAcQHt aMpbt wiatep] ddBAGLGlh |l Adgiivé i nj ect i Amount of
facility I ong wWth a rraII mount  of acid s
gé 3 g)a)1 The experi s t hen condpﬁggﬁlhl%as fo additive/
brrpar at!ve 30 Exarrpl e A above. The charge complex/g

Ihao

aéﬁiooig@“‘%ﬁaﬁ Tiggond o01ses e il RroN g o

o

AChr RO atPa wgpéﬁdatlgogg;a: T given 15 Table 2. -
1

Ak

/ / ddi yive/  donpl

15073808, 859 25905 0508, 161 V13Ph a0 05 ok 5r g0 049

TS0 (uppe RT3 CCO T 0 713002 78798—22765—
18.09 0. 151 Xantphos 0.45 Table 2 Exanple Catal yst
TabV@der Rate / nol 1"1hf' Water / % Rate / nol F hf [

% @ 15% MeQAC W W @ 10% NMeQAC W W Rhonly 10 7 13 0
EfumblelP. 9 CBalRh/ dppévddr. ORGe 2mbL 1Bhet. 5 WatdRh/%KanRphosol 17 by

o snsh s amd” 1005 ) (LAt FRPREOTE, b To ook Oltbac
5 From an inspect|owvwf Table 2 it clan clearly be seen
that—fn-conrpari-sopWt-h—GCorpatative-Exan :

ude ih BEXBRPIE 1 bf1%7 r hodi udd-Lat al yist i fied by 129
Xgnt phos g@qtdei dentpt@ | gand); shows| a substantial 45
increase in rate when the con‘gared to the bidentate

I |1gan ) @é@éﬁnmhoﬁo At i ve Exafpl e B Cdohpari son of 148
a) A'ﬁ?\reaéﬁons at i%atg total pressure and 190°C with a stirrer speed of 1500 r.p.m..

From an inspection of Table 2 it can clearly be seen that in comparison with
Comparative Example B, the use in Example 1 of a rhodium catalyst modified by
Xantphos (a tridentate ligand) shows a substantial increase in rate when the compared to
the bidentate ligand used in Comparative Example B. Comparison of Example 1 with
Comparative Example A shows an increase in rate using a tridentate ligand compared to
the rate obtained using an unmodified rhodium catalyst.

General Reaction Method B

Methandl, methyl iodide, RuCl;.hydrate and dppp (dppp = bis-1,3-
diphenylphosphinopropane) were obtained from Aldrich. The (acac)Rh(CO), and
Xantphos were obtained from Strem Chemicals. RuCl, was obtained from Johnson
Matthey. Experiments were performed using a 300 ml zirconium autoclave equipped
with a magnetically driven stirrer with a gas dispersion impeller system, liquid catalyst
injection facility and cooling coils. The gas supply to the autoclave was provided from a
ballast vessel, feed gas being provided to maintain the autocléve at a constant pressure

during reaction.
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10 Conparative Exanple A shows an increase in rate
using a tridentate |ligand conpared to the rate
wobdioaiteges usi ng an unnodi fi ed rhodi um cat al yst PCTZ6B260al001943
Reaction Met hod B Met hanol, nethyl iodide,
RuC13. hydrate and dppp (dppp = bis-1, 3-
Cog@'g@MEﬁmEpmnopr opane) were obtained from Al drich.
. The (acac CO 2 and 15 Xant phos were obtai ned from
This sppgapentiismioasiraies theorstiomal BEhand et ¢asbarywRRYYHe in the
pres%(& b ﬁ%;dro e§; HE)Qiﬁﬁn Wk stgg Kcﬁe\?érgﬁe%cg 3f %%)é)aan%%l%{ﬂenium
Zzi'rconi unraut’ocl ave equi ppe th a magnetically
prontbi¢MBRingtal 7 @i rind tile 2 DPPPH icld Bidentateqhokpiied 1i %“ndsyxshﬁmlre of
liquid catalyst injection.facility and cooling coils.
hydrgge apslcagippghoncepida die Heefe antar ef Hidsvasmesd. deeB ¥ g1am of
orPRUGTUTSSE 201 SERPEPRIC DLLRILARY 48 @RI

ve at a°con SS
metHa@alCdHagte and@h¥ied @Ohe 210bERSe. PTHE 32100 4/H9 hkB4Bessure tested
~ Conparative Exanple C This experinent denonstrates the
withmétseganerensgd vievigasn samplingtsystampand fathed vdd synthepie gas three

. resence .of hydr,ogen by .a diumcatalyst in.the ..
timefy EREREE b BY R B St AR PR Rt Eol ot Rrpine
mett@bT arfd4fethl B didBDPRBre charde® ta@B hatoRlaR b aRMliqad hi@aos C%o{&

m xture of 5 hydrogen and carbon nonoxide at a HZ:
The patorlevovagthenwesssursed with, Darg gF ayntlafsis gad ppdyRlxoowisgd 2The

nd 2.115 gram of .RuC13 r.e suspended in onti of
mtoffge S Ra T har e Tna A pgbaTr e DeBR e Belg
with'sSBRGH 12088 pih§ b RRERIUERpEBREED 40%.t Opéd §t5196 8ftemperature
vented via a gas sanpling system and flushed wit
(abogi/hi temites)ths tathlrpsessuteiwasgaisTthte the dedireidogetaiiggpressure by

e gBIETS 2, e £ S8 OBy PRSI SR (LD & ST 0Pa

cons Q5hB YL 0\ thrd tyl 1Betifl ?M&h QR Pabt vessk GrrBug1RGL B¥e
was then pressuri'sed wwth 5 barg of synthesis gas

expeaimabng| Gab yptaka frenh. thadbalastvased vans enasaisred heing deiebpgmgsed
Wth synthesis gas proxi.mat el y 20 bar and heat ed

facil s BHPR T (ONE36Y P RPTIED s aTIeOa (AP B S

mairé'tﬁlﬂ&i WQRFI?:BSI @Bt fe Absif TR RR lt'&ﬁper&tg% m@égrﬂf Al

e total pressure was raised tot ired operatihg
manfie esmectedhy a Fardthadi (IyadsyMiutke sbstrgagsttmom fidre sbatblasime, T,

AT T T
e BB ESk Sontle LARUBIN g SIS SR s

in Tilsle 3bi Theprdducodighbution dteained issgveaf intTwleekpet prioeindt .

The reaction tenperature was
selectivity data is given in Table 5.

Comparative Example D

This experiment demonstrates the reaction of methanol with carbon monoxide in the
presence of hydrogen by a rhodium catalyst in the presence of dppp and a ruthenium
promoter during a 30 min run time. A mixture of hydrogen and carbon at a H:CO ratio
of 2;1 was used. In this experiment the phosphine-rhodium complex was generated in
situ.1.114 gram of dppp was placed in a portion of the methanol charge (ca. 60g) with
0.658 gram of (acac)Rh(CO), to form a catalyst precursor suspension. 2.590 gram of
RuCl3.3H,0 was placed in the autoclave together with approximately 5 gram of
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mai ntained wwthin 1 C of the desired reaction
tenperature by neans of a heating 20 mantl| e connected
w0 0018480t herm (Trade Mark) control system APCEGB2004/001943
suitable tinme, T, (see Table 3b), the ballast vessel
was i solated and the reactor rapidly cool ed by use of
metlidh®] $QDihk AgtoeRivE Sras FRANGE teRRAD Tk N oAty st Sva8 b¥ @M fbhe
Tabl e 3a and reaction conditions in Table 3b. The
autoglagei fellowed by thisieriabrt pecEBerayspensiginy dieiremaiaisigenathamd was

Q selectivity data i iven in Tab 25
add @ BOHRE eSSk prk ¥ R Pl PasnfodBRis R BFRY o
expdrRA&H vl 1 JERENAGPAs 1o Chnparbien FRRARK deChil et B8mposition
presence of hydrogen by a rhodium catalyst in the

datagind seastien epndipprs aamshoavy int Fables Bmang Bbresipeetivily. i Hlae erodact
s b 85 e el R U B L PR ool

,Co%ﬁbgmn@ﬁ#um conpl ex was generated in 30 situ.
gram o ppp was placed in a portion of the

Thissesphement ddmamgeatee the r&0Ypn of triethadolb&Bh garhom ofonoxide in the

presbREST SR b Py et il NS prebitreh b PHEPGEF abigince
of a I RAEKiBEN prijhnbler %ﬁg’éiﬂ%@ it Br@r %r@ngfml%%f\q%rto%eén and carbon

2004/ 101488 PCT/ GB2004/ 001943 net hanol and
at a Hut(42 radipeof\lab wps esdu e tresstien was iperfiiaie dooearding tpshe mathod
dded.to.t he tocl ave, followed. by the catalysy .
of CHPBA(IE Fxtelsdn s B horipargeiainge WGh 488 Fesfbpn grsltions as
detaBBHGATANE 31631 BY o1 OProRl BSEMUEbSESh ﬂdﬁo@&’c@ 9&2ctivity
(approxi mately 20 barg).” The experinent. s then
datagep goes tredalass 4 end Cosspentaelyve Exanpl € C. Charge
co sition 5 data and reaction conditions are shown
_&i{gngxa' | es 3a and 3b respéctively. The product

Thisdéﬁh{#lé’&@& 136 R eHEh o%ﬁ{e%mvftg C%Bgon%toaidéﬁﬁ e

given 1n Tables 4 and 5 respective nparative
presEx@ndlhydiogdh by a elxqaituh Fantphde tesesltaatalygsin the preeamdeicda  of
met hanol w tg carbon noxide in the presence o

h f
ruthpMEYERoly- & RGP offEtParmatd Garband adlaeaten oF2:1 was
: ' f t | r :
M A ALk Tl R Gt T
grana af Kantpabds wad{Rlaédd inatposti@f ofAhd metismuba@rgeloe 60gne/ithon.646
perfornmed according to _the nethod of Conparative

gaﬁ?(ﬁﬁﬁ@%@@}z@gdt%%%ﬁamg@ Fertp g8 ety caakrstaeeE s Qn
susp%ﬁﬁgﬁ.t Tﬁggesio-ﬁ?tggg‘!c\%fsgaldd@d { le%ﬁtaﬁ%& 1315‘%}1%@ Sygtem along with a

respectiv stribution
smaHehetihi of thythattd (& giagn)giThe RafalysTplb@Sorkuspigison was added to the

autorcleaifg,efg}li)v\ég(li gy thle?rergz\(i?lir}ggl rget%anol and the autoclave was pressurised with
syngas (approximately 20 barg). The experiment was then conducted as for
Comparative Example C, using the charge composition and reaction conditions as
detailed in Tables 3a and 3b respectively. The product distribution data obtained is
given is Table 4 and product selectivity data is given in Table 5.

Example 3

T f}is example demonstrates the reaction of methanol with carbon monoxide in the

presence of hydrogen by a rhodium Xantphos based catalyst, and in the absence of a

ruthenium promoter. A mixture of hydrogen and carbon at a Hy:CO ratio of 2:1 was
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15

Thi s exanpl e denonstrates the reaction of nethanol

wi th carbon nonoxide in the

wO0 bavditemssXant phos based cat al yst
rut heni um pr onot er.

at a H2: COratio of 2:1 was
used, hﬁeﬂ’ﬁmi@hlm petrfoaedaceordil e theamedoa et @logtparative Example E

si tu.

using the q%@rgmoﬁm@

kB8R TG Py

presence of hydrogen by a
i n the presenPer/cB2@4/001943

A m xture of hydrogen and carbon

us

ed.

In-this experinment

571 20@% am of Xant phos was placed. in_a portion
1

op Ba¢ g‘@ct(l%co

suspensit on

yS

s\ dptatedimgl abigsath 4 3b

Hufid d%%%‘ta%ed?g gfi’v%gﬁsorétﬁé Paitd

co-cata

the

t

sele&bﬁ&tyaﬁ&e@otﬁlﬁed Rehewh &l Yaile bnj ecti on systemalong with

a small anmount of nethanol (5 gram. The catal yst
Tabtﬁr%‘fbursor suspensi on was added to the autocl ave,
f g, et fran b cha
Exad\}\gé ar\gggg‘%’i ségm{/l\ft ﬁé%ﬂ syngas |( %%? Ecljrrgte dly Cg “MeOH | Mel
barg). The ekfgeri mepfg was t hen c/gnduct ed as| /gor /g /g
Ay ot 1 v~ varmal-al— Aoy ~ ~
WPl atrTve arrpr T© ubl Ilg l crat gt CUT] U T Ul
C and feaction| condit] 91 as det a?l ed in Tab@lSSa a%no(:to5 14.50
3b respectively. Thel(gippiRicicigli|stribution data
—obtal-ned-i-s- N:Lve.n s—Tabl-e—4—anRd-preduct felg,: LY
D dat a| PEPRyi veh Lil Tabl e 5. Exan‘plg %30 This QEX(;:I(}.}| /935 14.36
E dermw%fg@t es §_Qp5 rection of nmeffhamol w th carbon | 7975 14.58
monoxide in the presence of hydrogen by a Irhodil
2 Xant pReatrbaspdSthat al yst, and i n| -6 absencel H684% | 7948 14.58
3 ruth AT Xtare of g ylarogen O¥% 47 14.49
at _a ﬁf%r ti oleof 2:1 was 22 2004/101488

(). BCID BROB 4k ODAAN3 ruthksedin sétmeer eacti on was per f or ned
according to the method of Conparative Exanple E
using the charge conposition and reaction conditions

etailed in Tables 3a"and 3b

product distribution data obtained is given is Table 4

Tabis 38

r espect ive

ly. The

Exaaiple | Reactivgl ect iRehdtjondaR eactbih alPradures $hown in Tab
5. 5| Tabl e 3a Exanple Add| t i vé= Addi tive Conpl ex
(acaticrinerabop? | REFsIEe Nebm drap (bgn)/ ? lg/lglg
2. 03[ R-2. 115 8 14 (dppp) RhAcl 2] - D Dppp

1 111 Tg.céss 2. 53&%@ dﬁggg 4136 E Dppp 1.215 0.6
C 79.7514¢4. 58 2| X¥ant phgsi2b. 57161846 2. 084 79. 48 14.
D 140 67 30 134

(26.8%)

E 140 70 120 17.9

2 140 68.7 17 5.8

3 140 68.4 21 7.3

(*). Experiment in different autoclave with larger ballast vessel, recalculated gas uptake

26.8bar may be compared to the other experiments
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3 Xant phos 1.571 0.651 0 78.47 14.49 (*). (H20)3RuC13
used as the ruthenium source Tabl e 3b Exanpl e Reacti on
woe@eld@ss Reacti on Pressure tenperature pressPCEGBR0U/001943
drop (bar) T(C P(bar) /mns C 140 67 120 61.8 D 140
67 30 13.4 (26.8*) E 140 70 120 17.9 2 140 68.7 17
Talded. 3 140 68.4 21 7.3 10 (*). Experinment in different

__a.ux_gc‘El_ayp with |larger ballast vessel rpr‘al cul ated gas
Exappla k &eQi§ . BBaPHmMedAe onpied | E6Q hd TsOMs | Me,O | AcH
exper i ts| 15 004y 101488 [ G32004/ 0
Tabl ¢ ey %‘B‘f/‘éf m\%)iY(zAccﬁ} WC}T E/Z (i%?éV/Wezo/()W/W
C AcH | %/6w 9 WWWWWWV@W%WWWW $228.8 09
1.1 5 14 04'- 9 D54.0 0.3 3.7 5,3 0.1 IND
D 7.7 1590 E p631 0. 4372 8 <05.65 0 ﬂ)1<0 O3NDO0.8 371 219
5+—"9- 9141563000829 508410154
E 0.0 03810. 0| %31 0]2% Tabl 605 Qn‘pl e MR Et(O0Y-&nd | 3.1
2 ACCH|ang ACH, e ersj DeT ) tl\,ebsguerrzalve
wa) |0y DB oty (O] Brao. 6 6. 4 |18 7 301 ? Y
3 16.8(40.87 2010 15.35241.9 | 0.0 0.0 0.0 0.1
Table 5 ‘
Example | MeOH | EtOH and | AcOHand | AcH - | CH,
conversion | Derivatives | Derivatives | %@ %
04 @ 0,® 04(©
C 40.5 - ‘1 66.4 15.7 34 14.4
D 16.8 42.7 20.0 15.3 21.9
E 38.8 1.2 28.1 42.9 26.9
2 31.1 2.6 35.7 0.5 60.7
3 29.2 0 38.3 0.3 60.9

(a) Methanol conversion was calculated from the recovered methanol in the liquid

product (Conversion % = 100 * (moles MeOHingt—mbleé MeOH;cov)/moles MeOHjpi).

'Typical mass balance is of the order of 80-90%, the main loss being that of volatile

DME on venting the autoclave. For the purpose of calculation DME and the OMe
groups in the compounds MeOEt, MeOAc and Dimethoxyethane are considered as
unreacted methanol.

) The selectivity to ethanol and derivatives was based on the sum of the selectivity
to EtOH and the ethyl groups in, Et,O, MeOEt and EtOAc in the total liquid products
recovered.

(©) The selectivity to acetic acid and derivatives was based on the sum of the
selectivity to acetic acid and the acetate groups in AcOH, MeOAc and EtOAc in the

total liquid products recovered.
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E 38.8 1.2 28.1 42.9 26.9 2 31.1 2.6 35.7 0.5 60.7 3
29.2 0 38.3 0.3 60.9 5 (a) Methanol conversion was
w@adognbased fromthe recovered net hanol in thePdT/GBR@4/001943
product (Conversion %= 100 * (noles McCH;,,it-noles
McOHrecov)/moles MeOH " it). Typical nmass bal ance is
(d) of Theeeloctitety d@étaﬁﬁhﬁ&%ndtd&ﬁvﬁfﬁxbe@ waR dssddainnfe tsllilﬂtof@fﬁe
vol atile on venting. the autoclave For th
Selesﬁvlao@écwldé@rd@@méﬂheoﬂ ng §Epupre don 0’@4@3@{3% in thettpfal
, McOAc and Di nmet hoxyet hane are
lunl ﬁB?%ggéﬁ O unreacted nethanol. (b) The
(e) SeI’HIBtsB}ébﬁi\yitytt@ ngdthaieolasdiade @t iheatiovasofwasthbesamleed in the
t he sun1of the selectivity to EtOH and the ethyl
a“t(@}%(é&a spacepf the enfwdtite 14aGiioRt OAc in the total |iquid
C r e C i
Do e JedrBUR Bl S b G ER L 1 hBuE N e
trldﬁﬁ:hte ¢ighnd, KanipBogaaubstagidl thoadide ihgl@aeitatethg c@bpsylafion
AcOH, MeOAc and EtQAc in“the total liquid products
Proqusisy gestis @c1dzad wsting @zwtmIme@am@puzmdmtblltgat@bﬁpaqd in
t .der | es. . was based
Corle i Sl hRF & BENOR §OF L L BN RS e
seleefiviy uodlemle:ycmgw@tmmpﬂaﬁm mﬁa@met J,smnes ddﬂwtath@estlﬂmbmple 2
l'iquid products recovered. (e) The selectivity to.
comparan dhasalecbaseebtained neCompamtivoExaenlpatanddal ysed in

e R R S

carboﬁgmsxh f)ﬂoﬁdct%bﬂalﬂeh% EkhmfRY @kl fi@aidhigKanhph @&t oBtained
stantial increase in selectivity to the

in Cosiaeiy e xponle ﬁarﬁdﬂtﬂr@oread@m is asubeantiad deasedsglin the
etate | d t hat
sele i Ab Toiietel nareutR AR etd £ Coueiitd BrOSRE Rt Exaole

E. substantial decrease in 10 selectivity to the
hydr ogenati on products, ethanol and its derivatives in
Exanple 2 conpared to the selectivity obtained in
Conparative Exanples Cand D. Simlarly, in the
absence of a ruthenium pronoter,. the selectivity to
car bonyl ati on 'products obtained in Exanple 3 is
significantly higher than that obtained in
Conparative Exanple E. Furthernore, there is a
substanti al decrease in the
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15 selectivity to hydrogenati on products in Exanple 3
conpared to Conparative Exanple E. 20 25 30 25 WO
wQoM410138188 PCT/ GB2004/ 001943 d ains: 1. A pPOL/682004/001943
for the production of a carboxylic acid and/or the
al cohol ester of a carboxylic acid, which process
conpri ses carbonyl ating an al cohol and/or a reactive
derivative thereof with carbon nonoxide in a liquid
reaction conposition in a carbonylation reactor, said
l'iquid reaction conposition conprising said al coho
and/or 5 reactive derivative thereof, a carbonyl ation
catal yst, an al kyl halide co-catal yst and,
optionally, a finite concentration of water,
characterised in that the catal yst conprises cobalt,
rhodiumor iridiumcoordinated with a tridentate
ligand or m xtures thereof. 2. A process according to
claim1 and wherein there is also maintained in the
reactor, hydrogen at a hydrogen : COratio of at |east
1: 100 and/or the carbon npnoxide 10 - feed to the
reactor conprises at least 1 nol % hydrogen. 3. A
process according to claim2 wherein the hydrogen : CO
Claifh@t 1o is at least 1 : 10. 4. A process according to
claim?2 or 3 wherein the carbon nonoxi de feed
cori‘pmog@@ for the petucBomof @S&W@W&i@ @pid aBd/oA thpr dcesg ester of a
one 0 re| car bon
cartfE SR Sl i BBt et By Bngud ARyl Seichve
derifhtileUn&ed Oy itk €arb&REIAbxidin ﬁh@lﬁl@@@&%ﬁoﬁe nggélﬁ&n hPa any
one of clains 2 to 5 wherein the carbon noxi d
carbigppipaefereacios saidtlmjuirbiadtiapmoniposition (uomlprlgmgfsald a]cohol and/or

R il BT SETER BT e Mo P
oSl R T 20 o BSOS oo
cobalt, irlgfeiima toe 1rid1gam@omted:mtb ediidatitefjggrdunsixaant thierdofig

2. Ok TBe e 3o ik S st BieRe SO bihiahelin Fhe
reactor, hydrogen at a hydrogen :'CO ratio of at least 1:100 and/or the carbon monoxide
feed to the reactor comprises at least 1 mol% hydrogen.

3. A process according to claim 2 wherein the hydrogen :CO ratio is at least 1 : 10.
4. A process according to claim 2 or 3 wherein the carbon monoxide feed
comprises at least 5 mol% hydrogen. \

5. A process according to any one of claims 2 to 4 wherein carbon monoxide and
hydrogen are fed separately or as a mixture to the reactor.

6. A process according to any one of claims 2 to 5 wherein the carbon monoxide
and hydrogen are obtained from the reforming of hydrocarbons.

7. A process according to any one of claims 1 to 6 wherein the catalyst comprises
rhodium or iridium, preferably rhodium.

8. A process according to any one of claims 1 to 7 wherein the tridentate ligand has
co-ordinating groups containing donor atoms selected from the group consisting of P,

As, Sb, O, N, S and carbene.
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WO 2004/ 101488 PCT/ GB2004/ 001943 9. A process
according to claim8 wherein at |east two

w@eeoenai4giat i ng groups have donor atons sel ect BCI/GBROBH/001943
the group consisting of P, As and Sb. 10. A process
according to any one of the preceding clains in which

9.t heAtprd)cd:esnzl(ﬁbﬁhng {ogAaich &wheﬁehﬁatgﬁlseﬁw’cnccsmrdﬁlﬁtimg%rﬁlps have

AR i\gr\pbfreln L1-L3 are
dorjog a@mf. Sﬁlst:ﬁeﬁérogm %&O%mnﬁ@ﬂ% nd Rl and R2
are
10 00 A e Reep ARy e of YRS AR R AL & Wik ne bteac
hganlddxds thm geaabwdtiucare iAr i di um nmet aI in a bridging
conformatign such that two of the co- 10 ordinating
gr oups @rﬁfﬁﬁhgally trans with respect to the neta
12. A process cording to claim 10 wherein L1 and L3
are rmfua?klyftré’n with respect to the rhodi um
i rigilum or bal t tal. 13. A process according to

er el r
B R % 0D by S B AR 0 PR g
groapysi sting of P, As and Sb. 15 14.' A pr ocess

accordlng to any one of clains 10 to 13 wherein the
11.don6rpregesheccerding tp qlym B whereindhe staggtirgioperordinates to the
rhoﬁﬂm? gbzﬁ%r‘ 19181 ”Q%%tawl Plrlc?%gg cklfgxomgtl%% s{;t gléi?g;l%af tthg co-

i di'um or I OCESS

ordamﬁng Beouph a1%| BByl RartsOvilfredpit & fhe lndetind L3 co-
ordinating groups of the tridentate |igand each

12.c orPriiretesnagshskphivrdlaimgbhwheraindsd ansdl3 26 mptuelbniparsseish
n_donor. .at om rocess according to claim

res}i%t%) té?el? r%ld l%rﬂ’emflf‘uln%rrl‘foébta]é‘ nilﬁit%and is of fornmula P1- Rl

13.- O Ror&kss Ne6fd@hNtoRtaia Nk Whereinoallh @ﬁﬁl'@'(:ﬁ%‘r&i@xﬁﬁﬁ’g Qﬂoﬁﬁs L1

a oups of fornmula R3R4P and RS5R6P respectively
‘an

h@ierdoeamatomﬁ selgctRb from the ewemdemtlrg csfeﬂ dotaad Efbr om

b bstit
14 SR b SR LR Rk LR Bl G W aefhe B0t of
L1 e2CH aRfin B3ndrRibF1 tS-ot NARRANESRWXh fosp &iﬂﬁ?‘iﬂetﬂ‘i&ﬁgmofndlum or

unsubstituted phenyl. 18. A process accordl ng to claim
cobplt mpidr ei n t he phenyl is substituted by at |east one

erjg t Iggc%gsn etlccgf" ing oea%yforno glaers 10 to r1y4 wﬁ‘enrgmq{fqndolﬁl co-
ordinating groups of the tridentate ligand each comprise a phosphorus donor atom and
L2 comprises an oxygen donor atom. |

16. A pi”qcess according to claim 15 wherein the tridentate ligand is of formula P1-
R1-O-R2-P2, wherein P1 and P2 are phosphine-containing groups of formula R3R4P
and RSR6P respectively and wherein each of R3-R6 is independently selecfed from
substituted and ulnsubstituted alkenyl, alkyl and aryl groups.

17. A process according to claim 16 wherein each of R3 to R6 is independently a
substituted or unsubstituted phenyl. .

18. A process according to claim 17 wherein the phenyl is substituted by at least one
substituent selected from alkyl, aryl and alkyloxy groups.

19. A process according to claim 18 wherein the substituent is selected from the

group consisting of methyl, CF3, ethyl, iso-propyl and methoxy.
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19. A process according to claim 18 wherein the
substituent is selected fromthe 30 group consisting
wo@boongotagd , CF3, et hyl, iso-propyl and met hoxyPCRGB200@001943
2004/ 101488 PCT/ GB2004/ 001943  20. A process accordlng
to claim18 or claim19 wherein one or nore
20.subAtproesendotding @ dlhien 18dr clAnPI DERESIPERUThH shibstituents is
claim 16 wherein at |east one of Pl and P2 is a
0 H?phenylphosphlne group. 5 22. A process accordlng to
cla ¢l el
210 ot Bra g i | SRk S IR SR 85
dxphergzll;iﬂs)tsp}tmé gdupant phos, phosxant phos, benzoxant phos,
thlxantphos I sopropxant phos, DPEphos, sixant phos,

22.nj x rﬁr%?é%accomwo@amh k@ﬁtfﬁh%glcﬁiﬁ@t@immﬁﬁ?ﬂhﬁsd from

0ocess
e Rl RS0y BBt Ron o P PlioRa <
ber&ubﬁﬁpﬁo@ltﬁd(ahtphoi(ls@i\@p)@htpﬁ@i Q)Fﬂﬁhk/)h s RYiDs, Mdantphos,

B%ﬁocess according to any one of the preceding clains
Bese hpmprantrhosiane iy Natantnhos whareysR i$ an allipleet angryligoup.

23 eSS bRERTRR! 18P oG BRTE Bl o
ond@ﬁn@bqu@mgﬁ@ggtlon conposi tion. 25 A process

accordl ng to any one of the preceding clains wherein
+t heArpé@ceﬁ%@chrd@mg t01?51}’t0ﬁlé of thsdireperingrlaiingyheosin dubal t

and nthe r

Wﬁoﬁ 3t R T NoL BB bR o0 Paosliph Breimomst meta-
tridefitaethang c6mpleRTor Wimetafed iRQith il ﬂie%qu[cﬁ%ﬁ&tﬁ&fbomposxtmn

conposition al so conprises a pronoter. 27. A process .
25. ac cOMiPGees 2asording i @F onpef ‘éﬂerpr@qq:élqngMmB avheresn thel reckretio of

t he. u nsi,s

the PR rl]ura,rﬁrldgx mp ﬁcma?t ?’cg]utpglge t{]ldﬁ ta%eg%apﬁ%{l tﬁq]@ing%l s9tol:2.
26. an dAtp6r@sd £RordiSs toAnRToRE 85 ﬁle%ﬁ@&ﬂﬂﬂg%@mﬁl@ VARYeiR R 1%fuid

the preceding clainms in which the I'lquid reaction
rea@mpf@mppisl@ﬁn ebepoinpeisesaaprefootart | ve anount of a

ound sel ect.ed fro consi sti an,
7. o0 IO S O AP nBinahP pi e SPGB0 the group
confBti oﬁﬂﬂﬂnﬁ%ﬁ%snﬁ@ﬂaﬂﬂeﬁluﬁf caepRA R0 zind f]ﬁlm indium
capabl e of generatlng - and m xtures thereo ’29.

pestwess according to any one of the precedi ng cI ai s

S T TR
rea@%@oﬁip@%tﬁaﬁ c@ﬂl}ﬁrl%%ncéfffet:tlﬂ@e a[?ﬁ(ﬁﬁl@ AF D 9oi5h Sl Bse YRR Gt the

the al cohol is
group consisting of an alkah metal iodide, alkaline earth metal iodide, metal complexes

capable of generating I-, salts capable of generating I- and mixtures thereof,

29.  Anprocess according to any one of the preceding claims wherein the alkyl halide

co-catalyst is a C;-C4 alkyl halide, preferably methyl iodide.

30. A process according to any one of the preceding claims wherein the alcohol is a
C;-Cs aliphatic alcohol, preferably methanol.

31. A process according to any one of the preceding claims wherein the reactive
derivative is selected from the group consisting of esters, halides, ethers and mixtures
thereof.

32. A process according to any one of the preceding claims wherein the liquid
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Cl1-C8 aliphatic alcohol, preferably nethanol. 31. A
process according to any one of the preceding clains

woberadst he reacti ve 30 derivative i s sel ect CI/GBoOWM/001943

t he group consisting of esters, halides, ethers and

m xtures thereof. 32. A process according to any one
reactidn ddngpRitReeBiigised @ilemt Whevtdd watthe |iquid 28 WO

2004/ 101488 PCT/ GB2004/ 001943 r?action conposi tion
33. cofigiPees agpordipg & claim 33wdsiRit BF liqgi! reackioncoppesition

> | e [ §e

comBEEELAAH R R 0 SRRy L1 O8 Sf Ry Blhgggably. |
to 10Mv®%. preferably 1 to 15 w% nore preferably, I to 10

wt%. 5 34. A process according to any one of the
34. pr A0BBFe3E aeIosdiRE et AierT theePrCeedingondimstvisaeiBibiuct i s
carb @ik AGhfy iTRERY hoiRCRLAL ARt Mathithfss bIRLEO! - 35

process according to any one of the preceding clains

35. i nAwhtbedis héwrdiag pasiy @le of flicemseHdng daintd ih Rehictamg e olpdrgal

70 Barg. 36. A process -according to any one of the
Pﬁﬂﬁﬁﬁﬁéa%wgﬂég%iﬁ%7ﬁh@Eein the process is a 10

cont i r . . Y, L: .
36. Cata PR Bl 410t ke iR R B process i
contiotighidaésed with a tridentate Iigand or m xtures

thereof in a carbonyl ation process for the production
37. of Use ehp bkgnyleticicsaipl ¥y dpoprising celtatlo sidives pe ridspma

arbaxyli ¢, aci i gh [ ri ses .
coord R Y R G PG RrARER e SR B inon ppervdor
the pro@icgieh ok thrbdRylEd @M IIEBX hidehdl Rs@r bf £lbdrBoX@iRGkid) Which

conposition in a carbonylation reactor, said liquid
processgomipoecemponiatingran ednepel aidfy agaicdive dervative thergeigvith
Carbalcohol.and/ r reactive deri.vative heﬁ of , an alkgy .

R FiogexIds it 338}‘5915?30;\98,"0 PYBRLM %/?arf&‘“}yi fiepgestlonsaid liquid
reacGONERAD IR rOdnRrisHRt Rld cadlyst,2aid aA6bho? 8nd/or reactive derivative

thereof, an alkyl halide co-catalyst and, optionally, a finite concentration of water.
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