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WD 2004/ 101487 PCT/ GB2004/ 001900 CARPONYLATI ON

PROCESS USI NG METAL- POLYDENTATE LI GAND CATALYSTS The
w@e@gamt4s nventi on relates in general to a proREESBR@A/001900

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

t he presence of hydrogen and a catal yst conprising

rhodiumor 5 iridiumcoordinated with a pol ydentate

I i gand. Preparation of carboxylic acids by

rhodi um cat al ysed carbonyl ati on processes is known

and i s described, for exanple, in EP-A-0632006 and US

Patent No. 4,670,570. EP-A-0632006 di scl oses 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 pronmoter and a rhodi um

CURBYNVEXSTTON PROVAES D8rdc MIPFAFDORIRIEERA 1A & AND

oraentale pnospnorus-sulr piur T gdana, tne— 11 gamd -

conprising a phosphor uCAIBALYSTESENntre linked to a

sul phur dative or anionic centre by a substantially

unr eR&BreEenh HRRERErelates b gencgalde Aprocssnipr theoliquid phase

.t | . - . 15

oo Rk DOl FLDO0 FURRE rfloufe AAIAREL LRRok™ L BIRBNAARE present
ineattivaxylaies t@athedijubyphasé cirbionylaionl of a6 dlcenobanydrat readtive

processes i s known and is descrjbed, for exanple in
degiwaliverhersakip thepreagisesh bydragen & ycatgys 2epprising thodium or
BEP- A . ' ess for the production of
lngggf?gﬁgéggég@ﬁgﬁﬁgggﬁgﬁiﬁ%??%n of methanol or a

r eacdtrepatiir ofa@tboxglit bedewf rhobived cbBsabsarb@iTtios §Focesses is

contacting nethanol or_ a reactive derivative thereof

knpininrand as desaribrerh 6% cramiple, i FR-4uPeP200aeni 65 Reensdwe. the9,570.

e SRS Rk BB FARGE B EIrRES: heeiBlioh
mehan! ios & seactlye aaptatioe drtadf whivh @dcdsk cethpiisabalayisdg catbon

(c),neth%l iodide, (d) at least a finite quantity of
mopaxide Wit p ligidyppctipneompesitipg comprigiag predippkor, a rgactive

< f ' osm.um . .The use of ..
e SRR ALt BRI AR ATBOUH ottt oot sfrerivpe o
rhé @R Rnt A hnd 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 connecting
carbon and a connecting phosphorus atom. .

Preparation Nof. 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 dcetic 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
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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
w@2@roele8s for the |iquid-phase carbonyl ati on PET/&GB2004/001900

al cohol and/or a reactive derivative thereof to

produce a carboxylic acid in the presence of a
hqbudd:enmameoh coapeiseaf(a) oetitthad Rbf@?ﬁrrdnﬁn < XRSRE C)Wﬁ&hﬁl 1Bd1de

? Y.are i ndependent | N, P, As, Sb or Bi, and
(d)l at legsta fifeatpniiyradi |V\‘?éefg(% msthyl gcatete and (R 29 pEmHerC B lb@é‘, one
ofﬁmﬁhﬂﬁﬁﬁﬁdgﬁﬁu&ﬁe carbonyl ation of al cohols, esters,

and organo halides in the presence of a

r ho@hel m&@f@ﬂ@%at%hé]at&h&ﬂioﬂﬂﬁﬁﬁs%@r%ﬁﬁ@iﬁnﬂ§ in &ibonylation
arsenj ¢ chelating ligand. US 4,102,921 describes a
Progestey WADAVBCE §xamplﬁh@orprfe% 8336 18f, Ua. 1021980 wnel bl @3:921.

Wit nic c eIa

i gg% @%gﬁgg%sg%ﬁ?sﬂ;% gr%ls gtfr tﬁé 132111a eca ong atlgg of an

alceloitahd/ona |r<da,ct1tzé‘l&erm’aa$e teeeodto bry)dﬁ@w&hrbd;@hb%ci@rlﬁ\ﬂib Brésence
result in the fornation of und%3|rable i quid

of jicpigisiEpad STitRmb: R ICS al dSHy B, WeRrharbRnGNGire independently
N, BT RRISHY G 3tV (PY GREANI fudc] flopeaui res an expensive

energy 1 ntensive n colum to separate

i t USGI]I (282 Cedestiiites AGirecdps QflWied carbdriyldifdglofalc8hols, esters, ethers
acet al deh can undergo a series o condensati on and
ancHQIg@aRo li“’é‘é%% jnghg pregenagi o laghodiyarpompllexy with a@héfdemﬂ@ahpsphme

or érQéiﬁéj&l ?ﬁqu‘@qgggé eU§ r{gﬁ)zog%%t&‘gfn Iegaltsgéﬂar Eprr%ceﬁ fnf t|hE fresence of

an trQiuIrﬁ Immgldawﬂom peRtéanalphoipine dratdeit chaR@nf Uphier
treat nent st eps are someti nes necessary to grve acetic

aci §h %P?rBW4t&néﬁtmetbwﬂ prroémmcgmsmd,zmpremcc lof hydrogen

B e e L E

aceteﬂ@h@ﬂ@ ftanef andyb a1 aclll. tH6pioRRBRITe E@)ﬁh‘i&p&%ﬁ% 4
preferably |l ess than 1 nol % and the hydrogen parti al

engsgedanpiye distijlptimeolpmade syparase mf@msﬁmk:yuq wid ptddact 1

| EP- A--Q 728 727.. whi,ch desc
Pl B et B eha P o5 RGPS i B rofbtions o
yieltRanolly! mgﬁ@reirgﬁn@fadme dhpofidst Mfme mﬁeéaxﬂite&ﬁ@
partial pressure in the reactor is preferably less
espeeialy, iOMramplq, hped iedida abediffidudtindernbret by cmivegtiomt diatiliation

| b | at th
and PRBHRERH R ST eeCa B HOR 9&%@%@@&%@%
puﬁt? EPEA:@CE@Q‘SQ U@hicﬁ'ﬁie@d‘rlb% Banfliua Qgta?}%gﬁ ﬁf‘o‘égsgu 4 6%1\9"

|y minor amounts of acetic acid beli’ng = pr
carlzaonnganog@:@ meflonoktozarplieacidesates thatshaapooctashiytinpet hethe

car DB P S e B 1o Gy By aaigbibe bamgompartal pressur
in thORALIFTGREfAILT) B H3h AIYSt SiEUBHGkP-HE 728 727, which describes

a rhodium catalysed process for the carbonylation of methanol to acetic acid, states that -
the hydrogen partial pressure in the reactor is preferably less than 2 bar.

It has also been found that, using certain rhodium catalysts for methanol
carbonylation, the presence of hydrogen in the carbon monoxide feed leads to the
production of ethanol and acetaldehyde with only minor amounts of acetic acid being
produced. ‘

US 4,727,200, for example, describes a process for the homologation of an
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maj or product formed with a synthesis gas feed is
et hanol, acetic acid being a relatively mnor
whyeopnodsct. Mloy et al. (Organonetallics, 19861/G82004/001900
pp2883-2893) descri be a process for the 5
rhodi um cat al ysed reductive carbonyl ati on of nethano
alcolidl lbiy seaegos withe6thsig g usihd s¥@10dRMES&NERIMR catalyst system. The
di phosphi ne |ligand to produce high levels of _
major pfodugkioyaed Wi @isynbasipeas feed ircsthanal oetidrsidbeing g selatively
nﬁéﬁﬁgqﬁgmﬂxdrogenation to produce ethanol. Thus, there
remains a need for an inproved process for the
pr oMutdy @l gOrgamambaxydsi LOSBC BAsp2R88L803 | d8crdbLOMBLess for the
esters of carboxylic acids by the catalytic' 10
thod b e#plyerd teducsitve sarbaniatien ofg\lﬁaffﬂ@molaluhe!agts}/mbesm gas in the

ri ' of . .Ln rticular there emaj ns, a...
o RS oA G20 e B o o
rutliepivan @sthehatapseneass hofiroghy@ioad6 prodicd finen! y smal |

quantities of or no I1quird hydrogenati on by-products

ar eThysy ietrcsmainsta iegd forowm ibwspy edaueetss frattheaprofingsiomadd

carf AR RO b D0 B AEBRG SR RGP RY Rl s i 2
carWéryutidnRP by dROES @ d/or hGedtdviben Ritive Sidirebfl 19pAE cMasthere

bite angle of at |east 145 or is coordinated to the
TeIASH r&ﬂ?&é@r 3 qarefinylation Padcepnwhichiigiotbrantitorvands die presence of

nf or ion. Advant ageouysl th atal ysts enpl,oyed
hygEa B bR AR R Bue e GunaRs A B SS bre
profiggsdd to have inproved tolerance of hydrogen present
in the carbonylation process in that no or small 20
quakibpg ne bedn fopgdifhat by impprovedeabenmiationpmectss may be achieved
rocess. ln.addition he. net al -.. pol ydent ate Iigan
by BBREFLE ac BBER e o O b CuiohR ol heRuiviih  PRltgentare
ligdhdSMR%ein ShidMiohid Nasiabite o fAIAAP Ak @450 R, chi‘BSFcﬁﬁat%J‘@ﬂhe
_non-rigid negal-llgand cgnplexes or conpl exes having
rthotliugaodisidinin metal bi 4 Bgaingluetuod] coafembti@n Admntageously, the
~_Furtherpore, the proc%ss of the present invention can
catal i3 SRPIOKEH BHIC PIRCEH T SRRt BT eRlioTohaVe REF framnd (o have
. | . . N
D B it SR A hrbb s Bt o smat
quaptitessdiquat by-pwdpete drecfoiroed f the procagsb i ydicioaahe metal-
and/or_.the al cohol ester of a carboxylic acid, which
polyjenfale isqng rompless a%‘érfga&yq the PR RN EInEion srayhedr bighar
- i [ j L: xhde in a
stalfifth AR AAbh Kok AhaTho Il LRI s o

confpenss Baying dgandsiviitd dbiteacdlé 6NlesPMBR$H49. GirB@rmore, the process
conprising said al cohol and/or a reactive derivative :
of the\piesestt invgniert ersriel cartieshow an tieyabsenga df 2 aonenkiyhal lvatalyde

s oSO agRA AT 2, L0, conentyation of

of  A&ediuglyOthe pFdseihtUAYV Mot rd 8 d &5 HER8 k& ¥ idAution 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
comprising said alcohol and/or a reactive derivative thereof, a carbonylation catalyst and

an alkyl halide co-catalyst and optionally a finite concentration of water, wherein said

catalyst comprises at least one of rhodium or iridium which is coordinated with a

3
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3 WD 2004/ 101487 PCT/ GB2004/ 001900 pol ydentate |i gand

wherein said polydentate |ligand has a bite angle of at
woemstioydb or fornms a rigid Rh or Ir netal - | POQEGH2004/001900
~conpl ex and wherein said polydentate |igand conprises

at | east two coordinating groups which, independently

polgaeritae highhd MheAsn 64id pblydagate Niga® 0aslh Bak higle 8F Aok 185 © or
| east two of the co-ordinating groups and wherein in

forggjadigid Ry a5 é@@gtat hgamsl qognphess mdaWh@deytﬂirmgﬁi@nﬁ}te lgand
0
coHESAegs 0SB BuE i BRRL Bl Gttt B3 M oo

as theBbaidimitiag ato&ﬂ&it at ka@pﬂvs%’ oﬂ’cM@I EQBENnatin} LAY s A RHR &N in said
Il igand conprises at |east two coordi nati ng groups

progss dhere 1S Masparrdddragen ebhhxdragem : GO male oerthtfaa athig100

oGRS RPRRTLINN0 AR o Bl it S, e

hydyegenbe represented, respectlvely, as L1 and L2. The
pol ydent at e I| nd when conpl exed with the rhodi um or
iri éh%ﬁ) Iéqlte mﬁrﬁﬁ%mleaw¢ ccliqrdmaang guogps which,

BRSNS T B 15, I B
two et thé cb-logﬂﬁﬂufgcgf&hpﬁx The@®Wo %ﬁ&@uﬂa@n? SFRIpH ma@%@c?px%&%ed

the ring structure has a.rigid conformation.
resprogively, flhangldl-ty of a netal-1igand conpl ex rray be

d d tr ct re of

t no Tt PSR iR WESn SRl RBT P HBHRbY L Ep et
cenkfe giitﬁtri)ywﬂﬁﬁbrrﬁ% i8S dteehrd éblﬁ;ﬁﬁh@ﬁ%’i{hetn%tﬂsatorﬁ)/the coordinating P,

consi deration of the structure I i gand- net al

N, 43apfe %*Omﬁr%ﬁédhe bgandfbaeklzpngo f Bigid owtal digendl edipliexT, s used

th nte .Qf
e e RE g P PR RS st cordPrmiRgaa. o priggs bt Rpidy of
a mefNigandSorbisied nta§ g idBrivd byt isiedd AsintHiged (‘5@@19 %trﬁéture of the
bite angles acceSsible for the L1-ML2 angle (wherein

hgqnﬁ@nqi its wm@t@ildginémgszonﬁguraamgl ElgﬁCbtyrmdy by d¢fiedtingeneral terms
d t d.th t centr.e, erein
o SO S QS S5 a5
accliiafd dBFIRIESE Ergl? ‘be Hefindd xtxﬁth@ﬂﬁh@al g%ﬂgfé'lh 't«{'gl—}ﬁs LRHae
t | ve

for a biden e ligand may
“ﬂqz;dnlemrame”exﬁ eheglygaddagFlambﬂﬁﬁ rzn@k:’é s Med&eam;ox défrgdtae the

ran%/en%ﬂ?ngei Fes%q:essggdor(t})ggdyl\/f 122 o g %&5&12@61{35%{{%%@&13 the
ang Y@“ﬂoﬁﬂe@ﬁf tHR&HS! dB-drinef éx%h? &?%/thé ﬁ{e?a[l%gﬁt? 2. M, wherein M is Rh

Pref er ab for the cat rese
or Ir)nfmrﬂ:t(ampl,e witkinf3 Jeoal/bioll of ﬂlerrmngﬁum&nbﬁgys ThBafe adfle and
30. Simlar calculations my be

f bl th
ety Rt Pilentnes Faadi e £a derived igen tgoienial cnerey diagram
caldd®lePLASREAS & tht SRR of Casey et al. in Israel Journal of Chemistry, Vol.

30 (1990), p.299-304, the contents of which are herein incorporated by reference.
Preferably, for the catalysts of the present invention, the flexibility range is less than
40°, preferably less than 30°. Similar calculations may be used to define the flexibility
range for non-bidentate ligands. ‘

Preferably, the co-ordinating groups, L1 and L2 each contain phosphorus as the
coordinating atom. Such phosphorus-containing groups, referred to hereinafter as P1

and P2, preferably have general formula R'R?P and R3R4P, wherein R!, R*, R*and R*
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30 Preferably, the co-ordinating groups, LI and L2

each contai n phosphorus as the coordinating atom
w&e@h/1phgs phor us- cont ai ni ng groups, referred tBCT/GB2004/001900

hereinafter as P 1 and P2, preferably have general

formula RIR2P and R3R4P, wherein R, R2, R3 and R4 4
are\8aL 12 (A8 p AABy s PEeH (FBAH QAL MG R orafuBstAEGH alkenyl groups, alkyl

i ndependent |y sel ected from unsubstit ut eq or .
groyphaid Ayt SQupy. Repegiallypbepd gravpry Preferpblydl , RAR ang iR are each .

i al | | . Preferably RL .
« o BBy U B oL R en RS 5 B b B o Bpeea
Foipdhx@niple, aEeRP M@ Iemsybs b idgmeﬁﬂpmSpﬁﬁx%tgb&Iﬂ tPrhed.
For exanple, each of P 1 %g P2 may be a
Altgmatiesly) piess praraef GiedtipR{APHmYL R ‘Dhanylereupsiiv loP 1 a2

| . nd ;R4 phenyl, groups.i,n. the
excby ML B Bk ifiefonoiilyy. 0 BRBuStelratty i BagRy piSor
mopefib oBhO PPSitioMmybyDA 168dbsd dritie skl @t PROM Akyl "By 1GnAfalkyloxy
t he orthorPosHl ons by at l'east one group selected .
(OR} grave. IBarticany prgfrrediokiap oxlstitgenm) aigd\e§eFs, Et, iso-Pr and OMe.

e L A T
liquekddeaoh ab@pbdigedohAedn e B¢ ehd e RE Ak Alay e R ighoufph gllq tHeORczo—

l'iquid reaction conposition one or nore of 'thé
ordgmiting gEpuURs mpydepsbgtuted avibionemr giava hydrgplyitio apd/onpglabgroups.

o AR S 0 S,
and SOEME, -OH, -SOBH, -SOBNa, -NH2, -NH3 and - NR2H+.

The rigid conformation of a polydentate netal -1igand \
conphexrgig donfaymatipe ofia pelydentdts me¢adtligand tomplexIwit dedhe direct

oL i AR B NS ROL S P SR
lighdnge g@q%d; g}(&ﬂd RfveHiRded R tich GRS tﬁ@?é&ﬁ%\dgg}?. The ligand

ligan bone, as defined herein,
bachenes apflefitted Heiraymnsl thetpiagorphatts of the dighddwhichgvill form the ring

SR G RGO GRS ROKRR B L4Imor) gmakin the metal
ligEhiPlex. FdSr RUAFR e righPodsBlofhiof BANMELE ARuITRYa Bfayic or

the result of a vinylicC or 20 an arormatic
an fremade hatkbene betmatem titei cogrdimading gravpsdrichindd, 2, whidhhinders or

S i B g B e Al P
By s o B i
bi dBuitadlerigiddsddntane phaphiaerongidih@hgasls intidedBodehI$eneral

of geper al tructures 1. to 3 below, efein P1L and P2
Sfﬂ*&%g%th%b%lﬁ%s w%mgl ?ﬁ.grwé% amé?ﬁzagad Vﬁt@sR{ﬁw'@mcﬁvﬂIam

whabf BSRUSL NP Rve: * K

1,2-vinyl backbone. Structure (1)
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1, 2-vinyl backbone. Structure (1) 30 5 WD 2004/101487
PCT/ GB2004/ 001900 P1 P2 1, 8- napht hal ene backbone
w®reaos®e (2) / I\ P1 / yP2 5 1,1'-bi napht h&l/eB2004/001900
backbone Structure (3) Each of structures (1 to 3)
will formnetal -bidentate |igand conplexes with a
i gi-dhconformati on. For exanple, |igands of genera
re 1 will formfive- nmenbered rings with the
centre, the structures of which are rigid due to
0 vinylic backbone. R5 and R6 in structure 1 may,
Pndependently, be selected fromH, alkyl and aryl. R5
and R6 may be linked to forman aromatic ring, for
18- azplhtlencdaskBoRA  ring, as sh&WiUeAZst ructure 1 a
bel ow. P1 XQ P2 15 1,2 phenyl ene backbone Structure (1
a) Ligands of general structures 2 and 3 will form
' sSi X and seven nenbered rings respectively. In

lar, it is believed that rotation of the |ligand

ure 3 about the single bridge bond is

prevent ed'by the steric hindrance of overl appi ng 20

sydregenPatons in the structure. Suitably, the

res 1, la, 2 and 3 above may be substituted by
3 nore substituents, such as by one or nore

al kyl” groups, including substitution of the P 1

1,1 apidAghthdfenedia@kishe 6 WO 2004/ Q4484 (BCT/ GB2004/ 001900
In particular, R, R2, R3 and R4 of the Pl and P2
groups present in structures 1, la, 2 and 3 above are

o LBl REGREAFSL Rt 5B kbR BRER aviye
rigi@ A6nffmARINE o ekABpIR ligdRds oA stdctBicOURA] foRhSive-
substi t ut ed, preferably at one or nore of the ortho

merpbgpql ragswithtls metabeendiet fhe structures of which are rigid due to the

vinylic backbone. Rsand Rg in structure 1 may, independently, be selected from H,

alkyl and aryl. Rs and R¢ may be linked to form an aromatic ring, for example a phenyl

ring, as shown in structure la below.

P4 Pa

1,2 phenylene backbone Structure (1a)

Ligands of general structures 2 and 3 will form rigid six and seven membered
rings respectively. In particular, it is believed that rotation of the ligand of structure 3
about the single bridge bond is prevented by the steric hindrance of overlapping
hydrogen atoms in the structure.

Suitably, the struc;tures 1, 1a, 2 and 3 above may be substituted by one or more
substituents, such as by one or more alkyl groups, including substitution of the P1

and/or P2 groups.
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5 substituents include al kyl, aryl or al kyloxy (OR

groups. Particularly preferred ortho- substituents are
wO/RN04DH387 Et , i so-Pr and Ove. To inprove the spCT/GBRIOHP01900
. of the bidentate |igands represented by the structures

1, Ila, 2 and 3 above, and thus the catalyst in the

| i qiti phrtiedat ROTRE BAR06 R i06the Rihadrdesh d;ast;ﬁesdnt gestaistures 1,

rray be substituted with _one or nore hydrophilic and/or

poiidr3 Foge pee prefyrablieeashanopersiatly selagpdfiom nlweyl groups and

R A RSl LR o

areisabititoted,-foEieHbly ££@AMer motdbf thScRhb pos@&ﬁ’s’\@refeﬂb@ orthd)\“'l3
and NR2H+ Pr eferred bi dent at e arsi ne and sti bi ne

subpfiispsnaude eyl apt ersdltles (Rsrpurs: Regticularly praferpd aritio-
sub%%&x@ﬂ%%re @P{JE@%&P} %g&g%e as described, and wherein
e phosp o? at’ons are replaced by arsenic or

ant Todmnyroxt tﬂtESsohRﬁEtnyiﬂtlﬁdjbﬁbﬂtﬁé lighSlEntpresentd dIRNGS structures 1,
i nclude structures 1, 1 a, 2 and 3 above, or variants .

la, 2rpadSrboxe agd dhaysithe gatalé{ﬁtdnmﬂ legpi¢ mgm(prg@)rgposmon the bidentate
11ga%(agm S/abte' %tﬁlﬁt{:& Wth%n%%??no?g hﬁcﬁgﬁghg op 1?-58 1}? fgr?l;l%ss

arsen -con

Prefidralsipioat er mtd @URE pﬁ@ph&o%—ﬁ@n’c&hﬁ%@&u@rcﬂ“ tRé BidBithf ligand is
rlglgﬁsyﬁ%ens which 20 contain nitrogen as the donor

subgi mples P BRisaDNe Hpstifayts pecleder KRS BQ Vel -505H, -
Sog@%upjﬁ%l tNﬁe‘La“ﬁ tﬁe ring systemmy al so conpri se
t

et eroat Such as oxygen. Exanples of

Sui P&B&rﬁedrbxd@tﬁy ais@i¥randnrebiag Qgﬁﬁtﬁ&hﬁiw&?w@é}ﬂed by structures 1,
unsubstituted bipyridines. The entate |igand of
la, 2rpad grabouetor |Vﬁveﬁ$ ﬂ@rﬁqa‘fayd%ﬂcebe endwheieitethe phesghogesratioms

e SR B SRR RS

str@turtd 1,dialPakes aboxibe Bf f/zﬁlanﬂértﬁeﬂébf BSQMe zﬂﬁ‘f\klﬂlgh 86AHRS a
be represented by L1 and L2, as defi ned

nmay
corpyiggtianafityo gsoups selectad fighy phaspleards, mesehivgngmotimony-whiteining
O? eferably contains P, As, Sb, 0, N, S or carbene as
E%R% donor (co-ordinating) atom Preferably the

t 1 i PRAradeiddngRd ditioes-@ BN @R e IRAnEY ark Rforh AT R
L1(R7) LS(Ré) L2, égi\?\her ein 7%&% %28 are m?ﬁ%mmsw}mh

conggip B Len as theejdekon atomg Te agordaticaings nhay beessﬂnen subgetuyed or
LB 18 PR R S S REBIGRE s oen
e e

PCTT l@zﬂ@dnhmqbg@d ththtupltem inventen sianglst Be awhidahatadigand.

be {“hep tr&igr?tg%qugagx has t%regeec%%; 11(1:atlsntgrglflc():l}pléI rtheroégk? Wlhwh the ligand
coordinates to the rhodium or iridium metal centre.‘ The three coordinating groups may
be represented by L1 and L2, as defined previously, and L3, a third coordinating group,
which preferably contains P, As, Sb, O, N, S or carbene as the donor (co-ordinating)
atom.

Preferably the tridentate ligand is represented by the formula LI(R7)L3 (Rg)L2,

wherein R’ and R® are linking groups that link L1 to L3 and L3 to L2 respectively. The
linking groups R’ and R® are independently selected from aryl and alkenyl groups,

preferably vinylic or phenyl groups. R’ and R® may themselves form at least one cyclic



10

15

20

25

30

R7 /R8. L1 L3 L2 Structure A5 Preferably, the
tridentate ligand is represented by the formul a
WO R(RT) 48 RB) L2 as descri bed above, and coor dPCEHGB200H001900
the rhodiumor iridiumcatalyst netal centre in a
bri dgi ng conformati on, such that- L1 and L2 are
struHirtl abmpridih@D3, Which Ma§$ReEhrededtddNsy thB batlericGENEHR A B¥low:
mutual |y trans, as used throughout thi's specification,
is nmeant that the angle 10 formed by the two |igands
and the centre, LI-ML2, wherein Mis the Rh or
Ir metme, is at least 145, preferably at | east
150. ThR7angI e y be measured using conventional
tecanauesi_ uchr~gs. X-ray crystall ography. Preferably,
the tridentate Iigé%d co-ordi nates such that the donor
at oogudretAre L1, L2 and L3 groups are in a neridional
(nzer-) co-ordination node with respect to the 15
netal centre. More preferably, the tridentate |igand

co-grdingtes such that the donor tons. of the L 2
andlgﬁ?garaﬁ?ﬂg%tr | gtef S B Pieamnula Laiatis o
desGPYd %A lah@Ro¥YdlHAtds &S BRGhodibif MR @Atalgﬁ Ohdt8 centre in a
Preferably, L1 and L2 are phosphorous-contai ni ng
bridgingips famhtios, sush thay fénand Leuchmuhally tiaes with despeette the metal
R -OR8-P2, wherein P 1 and

coniy B 5y B 581l el NG SEr<upbion o g et 1 sl

2B R gl
T B o e e i hetel PR NI, BhergitM (88 ot
metalibsitie] istae teast IdS\Hrefegbbigiseasal 3071 The abgle maA1HE measured using

groups, especi aIIK phenyl groups. Preferably, R, R2,
congentigngl tepaniayesy sHshep Xd@scatstllorgahy are each a-phenyl

r . l..ar sybst it ut ed
0B 50y AT MR B RIS 11
L2 shidpb® grcuph asih ameer(drital {mer2fcofbridaiatiah inode YwittR§peRf to the

nore of the Rl, R2, R3 and R4 phenyl groups in the P1
metghepntre. Morg ppaferably, g adantaie Egandsigerdisiajestsheh {hakthg idonor

. ' 1 h
ator%% g? p]i% c)[ﬁgl%%ﬁ% ?}.J» l%%dé)ts %eel% a%tesgerﬁ%ali{ gfég%rce?o?lﬁg#agg% %Ft?i r(e)spect

east one ‘group s

to the fletabterattekyl oxy (OR) groups. Particularly preferred
ortho substituents are Me, CF3, Et, iso-Pr and Ove. To
i mpPstesablnd-lsasddizh arp phosphoraye-cpntainang groupy angllnilis cxpigen,

sucig gt%% grgaltt 1?8%3% E%X%&r har‘?iot[r}% %ogﬁu{aﬁlgl -kﬁ&%—?&%&ﬁg a2 nP kand Pare
phobPhifé-0uRainei drbeps o gWRre0RAMIA IR RETREEZ0Q44 QBLRAOR !, R?,
R’ and R*are each independently selected from unsubstituted or substituted alkenyl
groups, alkyl groups, aryl groups, especially phenyl groups. Preferably, RY, Rz, R? and
R* in the tridentate ligand are each a phenyl group. Each of the phéhyl groups may be
substituted or unsubstituted. Each of P1 and P2 may be diphenylphosphine (PPhy).
Alternatively, one or more of the R, R, R® and R* phenyl groups in the P1 and P2
groups are substituted. Suitably the phenyl groups may be substituted at one or more of
the ortho positions by at least one group selected from alkyl, aryl or alkyloxy (OR)
groups. Particularly preferred ortho substituents are Me, CF3, Et, iso-Pr and OMe.

To improve the solubility of the tridentate ligand, and hence the catalyst, in the

liquid reaction composition one or more of the R!, R%, R*, R* R” and R® groups on the
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tridentate ligand may be substituted with one or nore

hydr ophi li ¢ and/ or polar groups. Exanples of suitable
waeumstosent s i ncl ude - CO2H, - CO2Me, - OH, - SO3PCT/GB2004/001900

-SGBNa, -NH2, -NH3+ and -NR2H+. The rigid :

‘conformation of the tridentate netal -1igand conpl ex
tridemiyiteligzahl enayibegabstitted @sthlone of niddehydroptiitc shd/BEpAlieer6iips.

may be a.result of the structure of the netal |igand

Exaspplpy ebsuitable subsiimsngs inelhde 1G ity -€6hMsy riilli G19:FaySQeNa, -NH,,
RS 1i egpltrrof a rigid structure of the overall ~
N}in ggﬁgﬁkéﬁgh as Xant phos (structure 4 below) . Thus,

t heThe rigidrbaiem¥ast phas tridengan@etaligi Cammilexedy bk the direct
the rhodiumor iridiumnmnetal centre (atom, forns a

resylf gf the ligpndhgructure ot mar be apesultof Hiy stmetwie ohihe meithlicend

Ak .91 he. 10l
corg 8k bea tREUT i e OBt R B e Gy o R Shcture of
the Akérall lighid/8lish ad Xigniphd@i (Snaant Ay )0 MHIBYthb &iddAgite Xantphos

. result of R7 and R8 each being,. indegendently, a o
ligapdyhenecoapplgreday e thodiarids dndinmameiehceitig detomgy forms a rigid

oSN Loty P08 D SH Sl
1igahh®aa&émal(ﬂ1adnhg;@@@eﬁ §s the ghiell @dtloy). When coordinated to a

metal centre: An exanple of such 15 a strucfure is )
DPEpHorsativily.dhe rigidsieptosmagonsmay be thearesilbefi Bvand Ry eah being,

. . Ligan when rdinated to the rhodi.um
ind AR, o il SRR SR ERBE B Rl Por S Bl
the GgART bavkBEnd Hetwedrndl Harfd IVE 2RE BBSFef 131an8 3 2trBdHec@ValE bAbwhere
overal| rigidity to the |[|igand-nmetal conplex.
the ayeral digend s|1jgid enly sdntcoeidalatsd totarnaetp] epatrd- Awtexhmple of such
oml ex be .rigid due to steric effects that
s BB eishh et Bol ekt imete
ligad8, Whevésvigindtell @F the trhdtilid 0@ irkliuRRA&HhT ¢ehtr XRARS 88ighf ring
sui tabl e tridentate phosphine-containing 1igands for

strugise Fomprisieg presgidtfivermenbérohringeihatgivixambpdreld rigidity to the

. _Thi t ph Si t phos, F , hosxant phos,
el o RS0 e R S eon DR ey oo
rigiDRNB BPste AR Bffedts MNaki@NERNROBL 0N BYIMB Highhd HEKUERS adddbribed

whi ch are given below. The R grouping of R 25

prewonglnfgrrsomiciuge pr ef erably sel ected from al kyl and aryl
gro .ed fromneth

ot h e’%ifm?%%mq)?%?pé Rl : %r,&{glleét@teg)% ! BOAEHRAE 1ga¥lls’ for use in
the PreledeBrARHL PR XQlt]{)hOE,Ph%XEIR‘BgOS, Sixantphos, Homoxantphos,
Phosxantphos, Isopropxantphos, Nixantphos, Benzoxantphos, DPEphos, DBFphos and
R-Nixantphos, having stfuctures 4-14 which are given below. The R grouping of R-
Nixantphos is preferably selected from alkyl and aryl groups, and more preferably

selected from methyl, ethyl, propyl and benzyl.



PPh2 PPh2 PPh2 PPh2 12. Benzoxant phos 4. Xantphos 8.

Phosxant phos 5 20 35 PPh2 PPh2 O ~ O 13. Thi xant phos
WERW21PRB2 PPh2 PPh2 9. |sopropxant phos 40 10rPGI/GB2004/001900

DPEphos H | / O si Ph2P PPh2 25 PPh2 PPh2 14.

DBFphos PPh2 PPh2 10. Ni xantphos 6. Sixantphos R N

15 9co' \ + \ PPh2 PPh2 1. R-Ni xantphos PPhZ2-RPh2

30 7. Honoxant phos 10 W 4/ 101487 PCT/ GB2004

Suitably, structures 4 t\ 4 above, may be ﬂ\p

ne or , such as one §

by
ure of t-B
Bul | t-Bu
PPh, PPh,
* Pph, PPh, PPh, PPh, 12. Benzoxantphos
4. Xantphos ' 8. Phosxantphos
35
5 20
S
(0]
PPh, PPh, -
O 13. Thixantphos
teh, PPh, PPh, PPh,

9. Isopropxantphos

40

10 5. DPEphos ‘ O _
o :
@J@
14. DBFphos

PPh, “PPh,
o)

10. Nixantphos
PPh, PPh,

6. Sixantphos

R
N
15
’ 0
O O PPh,  PPh,
Z >0 11. R-Nixantphos

PPhy PPhy 30

7. Homoxantphos

10
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O 5 PPh2 PPh2 Structure 15 In the tridentate
phosphi ne-contai ning |igands represented by structures
W@ 2408/14E87 t he di phenyl phosphi ne groups nay bePCEOBa®ad01900
by P 1 and P2 groups as previously defined. In
particular, preferred P1 and P2 groups are R R2P and
R3 F@ﬁm@g@ wipgctifeeueb 14 100\, malide siktitindd B4 oRk 6r @BEN,
i ndependently sel ected from phenyl groups and
substifgents.tsucleas ogshamporegiil gouasdonsranple. nbhestofcturhof RBy-

.. R3.and R4 grou are substituted, preferably at
Xangi’é)sbSrShr?S'rneaSéfrg?lH’éeogsrl?ﬂ%Wposi tions, with alkyl, aryl
or alkyloxy (OR) groups. Particularly preferred
ort ho-substituents are Me, CF3, Et, iso-Pr and Owe. To
i nprove \tpe solubility of the tridentate |igands
t-By eprese Bittures 4 to 15 15, and thus the
. ca g [ e liquid reaction conposition, the
s 6 ands may be substituted with one or
nor e | hydrophifl i c and/ or polar groups, especially on
one BPh: nore RFh2t he phosphi ne groggpsctar tshe tridentate
| i gand. Exanpl es of suitable substituents include
-CO2H, -CO2Me, -OH, -SOBH, -SOBNa, -NH2, -NH3 and

-N ly..the tridentate phosphi t.aini

|1 o P b e anbbE AL RRGPRLT B EBRAE Y 1,
the ﬂﬁﬁéﬁ}lng@Hin‘é%&%t@aﬁﬁ&E atedasy PESEd PHEbupS QY SrevidBily

have the oxygen atomin L3 substltqtgd by ? ;ulphur .
defednimopartciian, predereda lomd BY gioupy ard R RiTend BiR Pagreuprewherein

B L T e

phetbEE 8ISk dnldenRle RO bEGe ' ORB FEr8d H*‘%alkug;g afb RibsRuBaNi C

or antinony atons. Preferrgd m xed tr ntate |igands
preferadilyiateorz®r snare of theewsthe positivss, abitvakyloarylar dleylbsy (OR)

s B SR S TR R St
PhOBIAEdTe 1R <BA bty &R thoARHETRE Yiga SEHeAHB G B HREres 4 to

For exanple, the stiuctures of , -t - Bu- xant phos
15, andittRg thikscatal By ndhe hinod reaatien goruposithed, dw taisesthtelphndemay

be 4RSS 04 BrTano e tipofiis Y oF RSloR SAB prpsPesiFllcan AT of
more%of the ﬁ%sbhiﬁb’ groups on the tridentate ligand. Examples of suitable
substituents include -CO,H, -CO,Me, -OH, -SO;H, -SO;3;Na, -NH,, -NH;" and -NR2H+.

Suitably, the tridentate phosphine containing ligands of any of the above
structures 4 to 15, or substituted variants thereof as described above, may have the
oxygen atom in L3 substituted by a sulphur atom or a nitrogen atom.

Preferred tridentate arsine- and stibine-containing ligands include structures 4 to
15 above, or variants thereof as described herein, wherein the phosphorus atoms are
replaced by arsenic or antimony atoms. Preferred mixed tridentate ligands include
structures 4 to 15 above, or variants thereof as described herein, comprising, as L1 and
L2, a combination of two groups selected from phosphorus, arsenic and antimony-
containing groups.

For example, the structures of As, As- r-Bu-xantphos and P, As-#-Bu-xantphos

are given below as structures 16 and 17 respectively.

11
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0 AsPh2 PPh2 Structure 17 5 Preferred tridentate
nitrogen-containing ligands are aromatic ring systens
wokiogho148dnt ai n nitrogen as the donor atom ThRCT/GB2004/001900
aromatic rings may be either substituted or
unsubstituted and the ring system may al so conpri se
ot her heteroatons such as oxygen. Exanpl es of
suitable ring systens include substituted and
unsubst N\t 4t ed tergyridines. 10 The bidentate and
' ' Yare either commercially avail abl e
hesi sed according to nethods known in
: pecifically, the tridentate |igands
repr esen )y structures 4 to 17, and variants
t her&shih2 as désRdri bed, may be synghesisad according to
nmet hods as descri bed or anal ogous to those descri bed
by van der Veen et al., Chem Conmun., 2000, 333, the
contents of which are herein 15 incorporated by
refeferenceg. The usgof a catalyst that conprises
i ri"um coordi nated with a pol ydentate
[ i A did structural conformati on or which has
a biye aogl eyof at |east 145 according to the present
[ b, 3opeen found to give jnproved selectivity
to ‘carboxylic acid products and PEdeEd sel ectivity
to liquid hydrogenation by-products, 20 such as
al cohol s and al dehydes, in the presence of hydrogen.
Pr effrefendel yriddnbige Sidfogbiy-8bntainidgierapiesentorhMueiid §Btems which
conpri ses rhodium The proposed nmechani sns of rhodi um
conagn Bitipgeyathe Hersy abemod ba arpmasiguines weaydwrdaiibay sulstiied or

. . f g) l.0 l .
s REL 08 ik U B g b e Framromys gt p gveen
Exadpleddfahitasle rih% ERitéind MehideQligdtiededind @iQbanRtRd té%%ﬂid}ﬁés.

wi shing to be bound by 25 theory it is believed that

t helhe Wyfentate andirideniagliginds A aihentonungrgirdly cuniibisersmay be

sy SR aptels RNy b el et g T dPe Blagsare
ligad @OAPARAAST by §i EREOD 44 9D 1AW arisREBIef0 b dSRABSE may be

conformation, which in turn prevents or at |east
synihgsipast aosotdyngrto gegthodschgideswibed or ardogoats 40 thHosgdesdribed by van

| e revents t elj.m.nati on of. an al dehyde
dor (OB oF21, Line B SRRy, D0ae 1 Hbtcontee EelpEIYEr |
inﬁNF&@§H%&rEQ&%§Q during carbonylation, such an
elimnation reaction requiring either H2 to enter a

vacHretussiof e catalyst that dpen@isy$ ri®dgmo opirglivm coedimztddaeith a
i : . \ . q
polfcleé{gt]eg@éa\lpﬁgn tﬁgiag?& étlgur(]:tuk%gltc‘yc\)% Or}m%ti(r)rrlle tofjl lvhpc% rals g itle Iaggg of at least

145° according to the present invention has been found to give improved selectivity to

carboxylic acid products and reduced selectivity to liquid hydrogenation by-products,
such as alcohols and aldehydes, in the presence of hydrogen.

Preferably, the catalyst of the present invention comprises rhodium. The
proposed mechanisms of rthodium catalysed carbonylation and reductive carbonylation
can be found, for example, in Moloy et al., Organometallics, Vol. §, No. 12, 1989, the
contents of which are herein incorporated by reference. Without wishing to be bound by
theory it is believed that the rigid conformation of the metal-ligand complexes according

to the present invention prevents or at least inhibits the ability of the metal-ligand

12
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addi tion) and netal acyl |igand which are nutually

cis. For exanple, in the case of a netal conplex with
w@2®gnerse7 pyranmi d structure containing a rigi dPCT/GB2004/001900

bi dentate ligand with an apical acyl group (e.g.

COwe) and two halide ligands (e.g. |I) the vacant site

conitpw foX%Benge ddnforRAEbE, vafich Al previdifoPdYbasOinaibits h{dro gen
hereby preventing its reaction with hydrogen to 10

addftionrtp e métdklhgand complexddiprévents thadlimiation wi athaldehyde (e.g.

i shi to be nd by.theor itLs.als el ieved .
acolflR iy dE ot § AP ARA socidirtie Vg ol 4t B bb SifSuytation,
such 5 68mARNGH Foacti®YrefaYRgRNhadd) {ol @BRla vaslRkits cRhOfleidogl

ef fect that e{gr events or inhibits hydrogen addition to

grourher amstladtivieicgjamuhtionoagpitior betvBeThandtaltlaidyide ligind (fermed via Hy

soo TR By S bR e e DA AR T e8Fra
metPIdorgeat B alsh8aB Byraiie seadtdledhtalfiYs a Bigid N8RSk 1iBand with
situin the liquid reaction conposition, by the

an apiphacyl groadde-gi 6OMs) and two halgedrgands (e.g. I) the vacant site is fixed

. _rhodi.um cont ai ni ng conpound and | ydent at i gand
in g SRl Hefie 1 e Pl BePo etibstarn foht kaehn iy G bidShtn v
forrh ARiddAY&ONt ai ni ng conpound may be added in 20 any

sui table formwhich dissolves in the liquid reaction

conpedditionrandraghig withone mishipgtote boand by theloey, fitos also believed

Préeferably, h ver, the catalyst js added,to the,,..
thatthe i dgnpizdigarh Y COMERATPE o¥iTh e loneid, Wi an additional
ster{érlﬁbcfk% c%@bfe?&{ty denhif HyiaRee . 6RHBh RXhb %Mggﬂﬁg

he polydentate ligand is coordinated to the iri
comgiex. hodi um cont ai ni ng conpound. The pre-forned

met.al - pol ydeptate |igand conpl ex may be prepared, for
o %tal%*? ohitg PGSR OR 41 & FIPRAIFQRY CQfFdinatiig an
. i t aini P ool
SR SO S FEBEECI 5 B
be fhonedeasip e thediduahehctiqr donrpasioadbly thegaparate atithiéioh iofjam d
reaction conposit.ion. re-for

iridiupi- g ghRdiy i pORaAt Re qua%@ﬁp@'aﬁ%p%i ik o fheytiquid
reac%igﬁ[%}@%?%b E?Z%@ﬁ Jg%lcloosl#g&éé‘rgihﬂnﬁ(cgﬁﬁph&ﬁd FfH% bhided in

any [s{itd(REorn3¢RBH HRjdIvey iGThdvVRGuid redeeoe compbditid/gilis c&B)ekidble to
represents the tridentate |i ?an_d as herei nbefore .
a SO&@@% farpe PreferablinBpwevess thy catapyst wvddediadhe hawid repstiont e

oL R 68 A I SRR Bl e o i
polyfdehth(eRTdang (FYokdiRe O bk iridiufr bt RiodudhRhta2fiithédtdduhd. The
and [{L1(R7)L3(R$)L2}Rhl (CO Me] +, wherein o
pre-formed metal-polydentaté ligand complex may be prepared, for example, by mixing
a suitable iridilllm— or rhodium-containing compound having displaceable groups with
the polydentate ligand in a suitable solvent, for example methanol, prior to addition to

the liquid reaction composition.

Examples of pre-formed iridium-tridentate ligand complexes include
[{LIRHL3(RHL2}(COMe)L], [{L1(RNL3R®L2}I(CO)I],
[{LIRHLIRHL2}H(COY]" and [{LI(R7)L3(R¥)L2}II(CO)Me]", wherein
L1(R"L3(R¥L2 represents the tridentate ligand as hereinbefore described.

Examples of pre-formed rhodium-tridentate ligand complexes include

13
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Li (R7) L3(R$) L2 represents the tridentate |ligand as

previ ously described, for exanple [ {Xantphos }
WORR(0TDM31 2] . 5 Preferably the iridium or PCT/GB2004/001900

rhodi um cont ai ni ng conpound is a chloride free

conpound, such as an acetate, which is soluble in one

[{LDGR7)TI3(R8)®J‘2}RH@S®MG)IM¢[{Eﬁelﬁ)w(m )ICRIFOSNY]j On

o the reaction as a

R A R A @aaﬁ{qﬂ@gm@mz&mgmw wherein

LT PN GO B4

[{Xbhtph&EODRACOMHL].[ | r' (CO) 2Br 2] - H+, ,[17(C0 212] - H+,
[Ir(CH3) [3(CO).2] - H+, Ir4(CO) 12, IrC13 4H20,
| r Brigtezppthe|iHgipmopt thodiymgpimnieg empaundaga Chlptlﬁe free

t at

conbAEARM s AR Fchfl oI AP e g
conipdbikib&L6npofdned, ahdbd shay 0B haddddethd feaetidhazpl ektidnaherein.

iridiumsuch as acetates, oxal ates and acet oacet at es.

Ex dinsnedeso? syliphla BIdumtroataing eomaewida incbeledsdadlls,

i nclude [Rh(CO) 2C1]2, 15 [Rh(CO 2112, [Rh(Cod)d]2,
IBmHEEC O 1{2, [ICONBI, He(CO)hBdpui(CO) 4T 1 EH], Gir{(@)Bro ] HY,

trihydrate, rhodium (I11l) bromde, rhodium (I11l)

[I(COWIsEH T He@iHy)Iz(CO))]- 1t emca)l ;(s 60l 41,0, IrBr3.4H,0,

di car bonyl acet yl acet onat e, PPh3) 3 and

Ir3(ROY] o, OGN PPn8{al, Hz@ﬁﬁr@‘zaﬁl(z}cac)(ﬁ@)zgdr(a@nlj; atidiom apttate,
iridiumin the liquid reaction conposition is in the

[Ir30§846) (B 0D i[O B0h@n penashlovwtidistactst Hp (i sl mreferably, chloride-
preferabI% in the range 400 to 20 5000 ppm such as
g

freej qemiphexes gh HeliwpGuehbasIToBlpRNaRcIwIdgieetoamtateser abl v,

corpaRRNl AR o b B RSt RGO RF
[Rh?O)’ZDJQ grq: ]If;rﬁb@mﬁf@m dhloride, HliwA (ME cBRPidE @rihydrate,

e ratio of the rhodiumor iridium

+ thodyp lromtide, pantdjiere (iR tedifé, ghedivin{Ipsetaps rhodiimor i s

e vl B KPR ORIl oyea.
A t]ﬁ“&ﬁ?ﬁﬂdly ehe/con@BntEXie8 BF irdfiutl i AR FRY rdaetif &ﬁﬁ;ﬁﬂsfdd’h is in
the i qui reacti on conposition, especially, fo

the ma@o@ fo GRfSrpe b wirigh bt iridgemdnesmptfeseblysinttioe poge 400 o
rati.o, of the rhodi um or

500D 3P apitrise g 3 e D0 TR HBhnd  mmy be I es
t hal’}etjeralyl 4 Scebitrd®®n o rid¥urh 30 ER lfcfhﬁf'i’e&ctilontc%ngpogltloﬁ(?s in

The |qU|d reacti on composition may al so co
the pmgedH ¢v SO Eim bBwicighi bérhoprtmumnm‘c:pr@fmabbfeirﬁhb exhgk 26Mto
ut heni um osm um rhenium cadm um nercury, zinc, 14
3500gPB004/ 101487 PCT/ GB2004/ 001900

The mole ratio of the thodium or iridium metal to the polydentate ligand in the
reactor is optimally approximately 1:1, especially where a pre-formed metal-ligand
complex is employed. Alternatively, an excess of ligand may be present in the liquid
reaction composition, especially, for example, wflere the metal-ligand complex is to be
formed in-situ. Thus, the mole ratio of the rhodium or iridium metal to the polydentate
ligand may be less than 1:1, suitably be in the range from 1:1 to 1:2.

The liquid reaction composition may also comprise a promoter metal. Suitable

promoters are selected from ruthenium, osmium, rhenium, cadmium, mercury, zinc,
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gal lium indiumand tungsten. Preferred pronoters are
sel ected fromrutheniumand osmum nost preferably,

WO oaohami486m The pronoter may conprise any sui t B@T/€B2004/001900
pronot er netal -containing compound which is soluble in
the liquid reaction conposition. The pronoter may be

galBgdeghdiun bi@tnigsten. AP feaRdipdein6RANES bdlb&Bd firb rubRnfm and
car bonyl ati on reaction in any suitable form which

'osrmugs soserrefeablnauihenivind Theaubmeter mayrmenwiise any Btabls

oYL RaB S Bl S5 L Pl R,

corﬁm[tcm THe (RO6VORE Bay ibB alddieo ks hQull whclibh LdmpbHitr e the
rut heni umcgml ) chloride trihydrate, ruthenium(1V)

carberydrtionacagtion e anxsniiebleifymy Fdkahdlissofss rethiediguidieagtion

t 1) f t
coipfT R 4TS PN RR b B " Ry ar2l T
[ RUEGEhBle2 bPsuitabRirtBeaGat redihi@p @oppbefdsuikith rmak bk used as
rut heni um (111 ;Jdacet ate, ruthenrum (I111) propionate,

soumﬂs Ioé RrQumeter Inpiudp githerders (ITF) @hlmﬁimmﬂpﬁ@mm €13 bleyide trihydrate,

o GO SRSHL T kr P PR TRy oxices

rutidolum QN rmateli REATO)T1. 6B PTG HARWODIL)) [FH(EOYL 1,

and gt her organorut heni um conpl exes such

tetra@peta)ﬂhhm@m@u(mﬂb%gn@)emuﬂu TH2 pgatate, |ru9hemum (II) propionate,

bi.s(b d h
el RSP B Bok B BRRREREMRASIRDL HE i operyma v
mixAduthehRib@BAbYB&EEAONBE 89 ﬁl@hﬂa%tht#zﬁboﬁylﬂut@ﬁm kﬁﬁdlﬁfer

sui tabl e osm um cont ai ni ng conpounds whi ch may be used
dibgamotgiouberdrusheniuro () &mer,moll wer osgrnomtieniuny cetblsresiwich as

d
gt Sh Geom R AP LR R AL R bR Pesep S gpinman.
dlcfll@c{(gp)lé’doﬂ 23 dlebB) e iudl (hpol CPImer and tris(acetylacetonate)ruthenium

ent achl oro--nitrodi osm umand m xed osni um
(Imhal ocar bonyl s such as tricarbonyldichloroosm um (I1)

di th I
Sut ESEmEES e Rl R Cabict e Dped as
sou%@d)f?ﬁmﬁ&ef ﬁl@md@t)s@fuwgn%h1bﬁ§é HilRaBR44 Q@)}ld?@us osmium
5Cl, Re(CO5Br, Re(COS5 25 ReCl3

mefaRas OO 1§20 Rk tt@)smitm]ldddecmnbmmesw@m Eﬁﬁ(ﬂﬂ)ﬁslzpf

RN 8 S R e s s
as tﬂ@%b%ﬁgmcﬂmré&%dﬂn%ﬁf’ﬁmtagd o;ckﬁi‘ Qfgahg&ngﬁm%

-rer cur cont al nl ng conpounds e use ncI ude

Ho ( Evaples bifjhiRtabldgBeritumbdgtalidng H@;ﬂb@nda rrchidHORA63, Hne?usea&s

| es of sujtable zinc-containi conpounds whi ch

SOy BT PREFRE CE ORI Oh Rty OB RaComlr 2
Re@GHb, [RAB IS AR PEELONRLEL, yELO.

Examples of suitable cadmium-containing compounds which may be used
include Cd(OAc),, Cdl,, CdBr,, CdCl,, Cd(OH),, and cadmium acetylacetonate.

Examples of suitable mercury-containing compounds which fnay be used include
Hg(OAc),, Hgl,, HgBr,, HgCl,, Hgl,, and Hg,Cl..

Examples of suitable zinc-containing compounds which may be used include
Zn(OAc),, Zn(OH),, Znly, ZnBr,, ZnCl,, and zinc acetylacetonate.

Examples of suitable gallium-containing compounds which may be used include
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Exanpl es of suitable galliumcontaining conpounds
whi ch may be used include 15 WO 2004/101487
weQDAEBa804/ 001900 gal | i um acetyl acet onate, gedT/GBRP004/001900
‘acetate, @GCl3, @GBr3, Gl 3, Ga2Cl4 and Ga(OH) 3.
Exanpl es of suitabl e indi umcontaining conpounds which

gallfBY abeyldsaehadte) Ghllihe adeRid, GHCASAEABBOGE r@éze;u hxﬁtﬂGuqu)3
acetate, InC 13, InBr3, Inl3 and In( Exanpl es

 sui Bxminles efryiabia indivmaontaiing evrppuings kahzmaYr’e@;/UWé include

ind%@%f%%%h§ Co)a%ﬁ?%\qf‘éh’):{%la’r IS‘Y\%HE&?% or

| 00Bx a1 BOERHuitERIE RN - BhR ik 2ddiipounas V\ﬂ’ﬁ&ﬁﬁﬁ}eﬁe nged

present in an effective anmount ﬂ‘ﬁ(to the limt of its

1n01§é¢ WA 6 yW C 4t WELd, (VGis dWie SeHidH(({dpod any Bmgstartidero-,
bromoy Olrllscr %rggn%ess%s}tp{d?ans recycled to the

arbon Ion-reéac romthe carboxylic acid

r eCFl’éM%lﬁ,ttﬁgﬁrmﬁrd’t& iPpRREIt S an ffdPive Uidoalt dp 1B BAfit dffts
t he |Igwld reaction conposition at a nolar ratio of

solwleﬁm ligqyid rqagmrumrmosnm@mm @ny bqr.ud prwssz:aremms recycled

o SRRt P SrooRiEatl Febl R sasti ek Promprer s

sultglglg)@ré%@ﬂﬁ in$ehiqiad réeHon o ﬁg&ﬁlon@@ mdiR€rakib %@Pﬂ)moter to
reaction COWPOSI tion may al SO corrprl se an effective

rhodiggpertiridfunyor @.4: 1261 1, Wéflrraldm@/iﬂ tcplelﬂrﬁmlere wofepdbln 1 to
f Kk
10:F et i Rl PR B Plapo EBi B S o i e RS Prapoo

ppmh.-, salts capable of generating |-, and m xtures of

two or nore thereof. Exanples of suitable al kali mnetal
i odTpdlsuiidhedagtien corhpdsition thayodlsecorspritieuam affediideamonht of a

s A B AL A A i Bl e
met@llﬂoﬁﬁl'éé GndtRl &‘Jmﬁl@i@'cﬁ?ﬂﬁﬁe SeRabken2f), Ot gﬁﬂﬁﬂ@&f Fetating I-,

i ncl ude conpl exes of | ant hani de” net al s,
andewiafpeeof ts@mamaemmtlaredf. Fadmbleniof myitabler alkati mataubl 1cmludes finclude

metal s, su um nick ro um .ni.um
it G oct e s b S saEaprefigeny MU ggider Spable
alk 2R TRHE m Bl S AESINVRIE BalA0S i0§RPAR| R nfefd V,Fr‘hglegl aﬁable
in-situ to |- typically LiOAc and organic sa , suc
of @aerqmm bnmaug?e camploxdsiofitheddintt ers da nadtaid) dempdxampleysamarium and

b dded h 25 Sui t abl t he
ead e ot S R THAGalE P P B e DS o g and
chrﬁﬁfu%FtSé‘h% da abl@BPéérQi*dﬂi‘ilg%&nblﬂﬁ%%{s ahqﬂé Wb k&mléﬁ dr¥

of the catalyst system prefera does not
capsghlgnf §onvarsidryindeinrte dstypichldy Ly Aomd ca’ggma stleasichei quaternary

rat.e. Corros ch as_.chromu i ron and
amrﬁﬁql%;@d@ WPMmﬁdﬂ’éd%n which may be added as such.

Suitably, the amount of stabilising compound used is such that it is effective in
providing an increase in the solubility of the catalyst system and preferably, does not
significantly decrease the carbonylation reaction rate.

Corrosion metals, such as chromium, iron and molybdenum, which may have an
adverse affect on the reaction rate, may be minimised by using suitable corrosioﬁ
resistant materials of construction. Corrosion metal and other ionic impurities may be
reduced by the use of a suitable ion exchange resin bed to treat the liquid reaction

composition, or preferably a catalyst recycle stream. Such a process is described in US
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adverse affect on the reaction rate, may be m ni m sed
by using suitable corrosion 30 resistant materials of
w@omgio48T i on. Corrosion netal and ot her ioni cPCT/GB2004/001900
inmpurities nmay be reduced by the use of a suitable
i on exchange resin bed to treat the liquid reaction
4008930si tion, or preferably a catalyst recycle stream
Such a process is described in US 16 WO 2004/ 101487
PCTTHeBRI00 hANE @O Catald G dy3Ditabllyde allawkr, bal Cgdéo Cs, alkyl halide.
o-catal ys Ssuitably .be a Jower, e.g,. . ClL to 4, .
prefzrak i nRalphadiess o afabioghEnchrr e ndicie Dspgipion
184 halRle PUGRIAS il Bl Mifuid QELHS. BsifiBA ¢eRifaBL/ iR The Bhge of
(ﬁagﬁgyl ﬁ%lide %ifcata st 9% tﬁgﬁﬁﬁahig reagtﬁgh 16 1EHEe 0
frorc Arip 884t hyoweight, Sari cxainple from tlhe 204rngeweiht.5 from 1 to
30% by weight, for exanple from1 to 20% by weight. In
dn SheoRIBRSS 6F therRsesspLFRTionnY ERF RBhCHogeT ’ga%&a&rﬁqwfhol and/or
a reGRB Rl AR 1Bkt i em'olaﬁgt_@é Kith Ar¥cRARbAKGIHR Ir¥@ide e
thereof 1s carbonylated wth carbon nonoxideto
cartppxghice@d and/oatheakophbesariofl a amthopylid dved.al cohol ester of
[ | cohol reac Q% is any

21 CoRe et ol ridstans B SlroBamBUR et 140 clubon gfoms and
at 1ér?ono unct ixgggﬁrogg%/ Ff)%éartgyl? -thé;{lgé) o?%)al %lro E%Pgtlti)ﬁ%h ﬁlg%ﬂlaﬁ%a

alcdhob mreferablythag arghform dtto Bearbvh sitonp. e¥lestaivefyrabiyethalatrohol is

is _nmethanol, ethanol and/or propanol. A mxture
methgiaby SRR ARHPIPTORAIO o AN EFHS RIRPHES MsEe thaa gne #gghol may
b ' i . a .
v SR AL R Ml 61k B B SO Mol Bl pyipg e
cart@incodra mae dianrthaalcelsdland/of ai beralfeidhatolaridnd ke carboxylic acid
carboxylic acid 15 product, A particularly preferred

proguchc O ttiqUarhERTREHGH reackat sargbmpl.dbe erbpmderaprefuct of
whi\@msce{éeﬂiéa%&%&ﬁ{ﬂl%{h1 ghor methyl acetate. Suitable
reactirve derirvatives ot an al cohol include esters,

hal Sulebleansttiot derigativedoBad dladlot irbiderestean bhlidyds and etays.
ester of an al cohol and a carboxylic acid. Preferably
t heA uifable estdpaghant issanyipsies pean dfohpl and pexiprrdicadd

| Pre%%l e35feP Fé%l: .s %H efe G ar ngﬁciﬁragma&'aic%hg hich alcohol
car ns. feer aply e S an

|
on ato re pre ester reactant |

has@®iel t®©20 sarbe@hitomsy IN(6re pedferaBlydh@edi@toddiaittis anédter of a
al i ghat.i c al cohol which alcohol has from1 to 8
car

oAcid apds mapedunchpesl ahiptie alqelobwhish ajeohiel kastirang 1468

ester of arboxyl ¢ aci nd . net hano et hanol .ar
cartE3isim e MASFEPRIINY % R o i BENEREY 4 PR I00E e gy
met@fndl] &phel oﬁ%&@paﬁch.e PETERONyYhd EstarGbabtddt @OCdster of an alcohol and

Preferably the ester reactant has up to 20 carbon

the garbersylicaczBprailuctu Pecfoablysheesteraeastant has wmtp Hecarbwratoms. A
mixmrg of gsrtgror)éXcltgtrﬁs %%y%e %%&P Oﬂ}él c%}bio(;)(r}]dig 5(91 %ggljog{/lation product of
the ester reactant will be a carboxylic acid having one carbon atom more than the
alcohol component of the ester reactant. A particularly preferred ester reactant is methyl
acetate, the carbonylation product of which is acetic acid.

A suitable halide reactant is any hydrocarby! halide having up to 20 carbon
atoms. Preferably the halide reactant is an iodide or a bromide. More preferably the
halide component of the hydrocarbyl halide reactant is the same halide as that of the

alkyl halide co-catalyst. Most preferably the hydrocarbyl halide is a hydrocarbyl iodide,
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the ester reactant will be a carboxylic acid having
one carbon atomnore than the al cohol conponent of
w0 b@4a6148T reactant. A particularly preferred BSI/6B2004/001900
reactant is nethyl acetate, the carbonyl ation product
of which is acetic acid. A suitable halide reactant is

" mosipyeftratiyanathidyibdida) dig ibdids oigprapyltiodide. santxaire 03Aydrocarbyl

at ons. Preferablé the halide reactant is an iodide or

hahée EFasansananis wefr dhe aBpyylicreid pradicier amhyéﬁ@:afbyéhahde
e AR RRRI A AR EORL ARk G R I G838

haliklb esabiadt. Obieer dayer chh&bhﬁ@nd)tﬁpradﬁmdﬂf ﬁibﬂfyﬁydcat@ﬁi heliede viadl B&Ghe

2004/ 101487 PCT/ GB2004/ 001900 nost preferably nethyl
ester géithgdydeacapy! hadidie gad grcapos i adidbides ore moke ¢areoroftom than

hal i de reactants may be used. The
thelag&jr%oxy llq%hg.%l d product of the hydrocarbyl halide

r ea tsaidblanethér togctantdauobsdrdoartdt theNBriifigu® RE2 M8 Bon atoms.
carbon atom than the hydrocarbyl halide reactant. The

Prefesabdy the gthss reackat 519 C}w Hirdher gnogtipseipbodimepil cthar, idérshyl
b gl B8, SSHEhSbrLien HOTRSAL NI AR g

of thy etheaaadit witlbe @@rboAdeJadi@l{aQu@ diRIcaftRAGE@A tmdrS tidnYeach of
hydr ocar byl ether having up to 20 carbon at ons.

the pydrpearhy| gjounsof drarrthory @ﬁi&reﬁater derivatiypatheigof.e Aparticulasist
pre%%rgé r@(h@%e\éﬁ:t%lt{}g %thzlteh err thg 'ca?r‘) h%’yhc a%%Pprﬁ;ﬁléct o?'w%wcfp ¥ acetic

aci&zar bonyl ation products 10 of the ether reactant will
be carboxylic acids having one carbon atom nore than

each myKtur Q plcaleshel.sster.dyplide a@h@iberdﬁaqtms Brakide usechidy/the

e ti hereof ef erred
carb %&F&Emg roc sgsn tl\)fgre téan Ol}ehay(f()hé) ﬁé ge %rbcy%ro%% . naayat& La;ed
A p@fti@dlé ?, p@effex\t\éﬁ &Bcthﬁt ia&fRktagol ﬁ@ycﬁl me%hﬁ‘ asbtdfeettRfcarboxylic acid
al coho ester, halide and ether reactants may be used

carhonytatien peduats ob mipicit dreacticacidss. More t han one
halid

par {Hecteif s o s i g g PHchte e i agpotses o

ﬁmféﬁioh&’ént@ﬁ@ﬁ 8t fatet. NBy GAlRIBHA! ds leétplhéiiem‘i@fr}égﬂ)’thﬁttthé’ﬁ quid
products of which are acetic acid. The |iquid react| on

reac&@nmmppmtmn rregpsdngialiy fpel pbwatehsuctpthef dredigiuid woctpmi ses

confhgpeR <pEpEEReoochat OTRSalh BB eaRBPR o of wates,
uso AEROP lch AthAThE RIGAUERLLN bihESsifn a@ﬁ ses HEHs 0119, water.

Iquid reaction conposition conprises |ess ft
Pref&rdhhjl Sadatnasy. beByrefenhatt eecomoerteanibn & themagde fwmhé)r], toﬁ)%, for

e T b S o] 60Kt S s o e
total weight of the liquid reaction composition.

Water may be added to the 1iqﬁid reaction composition, where desired, or may
be fprmed in situ in the carbonylation reaction. For example, in the carbonylation of
methanol, water may be formed by the esterification reaction between methanol reactant
and acetic acid product.

The water may be introduced to the carbonylation reactor together with or
separately from the other reactants such as esters, for example methyl acetate. Water

may be separated from the liquid reaction composition withdrawn from the reactor and
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Preferably, water may be present at a concentration in

the range fromO0.1 to 30% for exanple from1l to 15%
wanw4rong7 preferably from1l to 10% by wei ght PEFe#2@1/001900

the 25 total weight of the liquid reaction

conposition. Water may be added to the liquid reaction

recyeRARR SbrttdMRd aMIBRA 16 Gbiriteiel thOFeqB¥d chRech@dtiBRn i Hduid
in the carbonyl ation reaction. 'For exanple, in the

ramaanb@mp®%m@Dn of nmethanol, water may be forned by the

rificatjon tio betme t hanol r.eactan
o di R EREL S Eor R AR aRh A0 e SR aoff Pilven
in tﬂerlﬁlu‘;}(ﬁfelﬁékmﬂ RnkRitloBF Y preQaeiRenti.t h or  separately
fromthe other reactants such as esters, for exanple

rret”l?hplcaémetrmr@mclmfpeuse nmlge Iresesié parﬁam@d(vvheorfﬁd prparately to a

[ iqui.d on co Lon Wt romt he reactaqr
hydigegh fesdi B%ﬁ?%ti ”15?:?*]’&%526 '7“66&%6“?‘%&7 ShtfSicarbon
dioxG 88 b PhdrR i BB 'h@bl%‘%a&%‘ Whidh fnd et @OHrARSic hydrocarbons.

concentration in the liquid reaction conposi tion. The

carBopattiad peessue pf eathen mohoxide inthp Ireactaadedsi stitallydenmhe
e as a solvent in the liquid reaction
rangE Bt 1O

AW the present invention. 5 The carbon

D NPydreni ey BiSRd kd tHeBadbbr&R fathtel WER thOBarb@BnbGEe feed,
separatel y to a hydrogen feed) nmay be essentially

but psmrefemblmf;si te thetredqtori as@rmlxrmrp wwvitht dagpngneioxade. cRiefeoably, a

d th bl t
xS gh b tpRade ki Edays 00 Ra Hha & patsriieliutape
as ffoRh ﬁﬁqeﬁﬁﬂﬁ?' HRyHdchiBend. ePiEd VmABYia$ b ARhY opﬁydrﬁcér&ﬁas
range from1I to 70 barg. 10 Hydrogen may bée fed to the

prodigast Uﬂm@p@ff@@ giyglrdgenrant £ suchonixf bringgeneeldy refiyud to
SRR RO S BFraL g o obiihel rCRS ftinee 1511

to s5Mnoxi de and hydrogen is obtained froma conmerci al
source such as fromthe reform ng of hydrocarbons.
TheTleanixed bydbgerdéasbon mgnotidé fatd e dootwsn adeaddoeda

m xt ur e, of en _and such bei n
hylighir SR ° $iaFiS P BIPIRHESERS a0griyal iy 4 et oumriye
hydi-‘dggH.r TR ﬁ¥@rog84 to' & 'n%l@fan*&)iﬁ &%Qd [sOIn&Pptdtelabs He%i}&% 1:100

1.5 : 1 0 : he m xed hydrogen/ carbon nonoxid
andfl@e]dsmtmyasdolﬁta)ifnlat Ieast 1 nol % hydr ogen, such as

R S BRSTREoR E Sl
readt®} dali&esiEHola® riRSSe Iﬂfﬁﬁﬂzg@ﬁ by 19%%§&og'to]&0generally higher
than the molar ratio of hydrogen to CO in the feed to the reactor. In addition to
hydrogen fed to the reaction, hydrogen also may be produced in-situ by the water-gas
shift reaction. Thus, where hydrogen is present in the feed to the reactor, and
particularly for a carbonylation process operated at high CO conversion, such as a batch
process, the level of CO in the reactor may become quite low, and the molar ratio of
hydrogen to CO in the reactor may get correspondingly high, such as 100:1 or higher.
Preferably, however, the hydrogen to CO molar ratio in the reactor is maintained at less
than 100:1. Preferably, there is maintained in the carbonylation reactor, hydrogen at a
hydrogen : CO mole ratio of at least 1:100. More preferably there is maintained in the

carbonylation reactor, hydrogen at a hydrogen : CO mole ratio of at least 1:10, most
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20 and 10:1, such as 1:20 to 5:1. Were hydrogen is

fed to the reactor with CO, the CO consunption in the
w0 eagtiosTauses the nolar ratio of hydrogen toPC2GBR004/001900

the reactor to be generally higher than the nolar

ratio of hydrogen to COin the feed to the reactor. In
prefetatily atdeast 0:1. §ieriydapeh eartiabpiebaire Bethe redtor iystefegebly greater

al so may be prqoduced in-situ by the water-gas 25 shift
tha‘i‘éi’é’f:i“?i#?f?ﬁﬁﬁ%]?lyﬁ?ékétw&%en is present in the feed

to 8 ti] I [

pr ones e EaaAon ralllon ARt iirAle oy sOL R GRRARH Bl Bfe
frotadDab 10pbage She téhperhvemapbuiCOly be inlBe fapge fiom HBo 250°C,

~becone quite |ow, and the nolar ratio of hydrogen to

UT@%ﬂYﬂUP&QOﬁQQQQG? may get correspondi ngly high, such

as : f dr ogen
to e pras ni e Horrai  GhALAR, 4ol BARNRIY letlabl" Poce

conBiudisdyn 100: 1. Preferably, there is maintained in the
carbonyl ati gn reactor, hydrogen at a hydrogen

co
ol €hg &byl agidl predist mey beaccovsied T thelmmidreasiiane | s

: . . Lot . "
o B LD L 98 B U
recOVBriaQ QdrbdRlIASati PEdmEB2 QR RFORekeripll freferidlyy cadbok@asdcid is

1: 1. The hydragen Parti al pressure in the reactor is
recoyessceiromp|the igud reaetion pRmpasiting by ensdinuensty withénaying liquid

b _ | at | ti be
en o 90 180 o EDR AL AP POl B

frothGhd G@hdang lighireb@imeioaiposRiofdy ohdiot alolry f1Bh dnd/drFctional
. range from50 to 250C, 5 typically from 120 to 200C.
distiifpsiopsirges i Weigh B asiskis seraatd fromwihs ethst cempenantsofshe liquid

VA i T i i,d d
reoflS Py SPBAHRMRRy BT BB RS s 2Fb

optiMaMprbmdteadaftibx VRO 01t esteel hdfeatieddicdndll @tek BRA carboxylic acid
carbonyl ation reactor: and 10 recovering carboxylic

solegat whi st brereqyalethiiodhmrasatoer i al . Preferably,

carpoxylic acid is recovered fromthe liquid reaction
corboutert EnRBe et KlE P R AR Pl B < Duee
usubBPRkEO D ERPBRShdrOftnlal W bhrgiaCaeRanyinahd RAcHERRL BYdrogen
.and recovering carboxylic acid fromthe w thdrawn
builds gpidge temenuron leayolspo Hiet Gagrpnbyomrrédafecdrandhydragin formed in
ction

. / f | ..di,stillat] i n which the.
B SRS b DS BH bheEh ns ow

levdls BEhRirdgen 58 IdnPtafPRPOS of tA4BoS HiohoRide, WiRiEh {RiSosed of.

iridiumcatal yst, alkyl halide co-catalyst, opti ona?
Sinpy 16 et wovy bear foond that thegirocess b £the prasemanventioalcewbhebperated
witl\{v?l}g%rer l%ggs Sﬂ}p rz)( e:lni iﬁ tl?ecli“egctor, the purge stream will contain higher levels
of hydrogen and so significantly less carbon monoxide need be purged from the reactor,
thereby improving overall CO yield.

A further advantage of the process of the present invention is that high
selectivity to the desired liquid products can be achieved in the presence of hydrogen,‘
allowing carbon monoxide feed streams with higher contents of hydrogen to be
employed in the carbonylation process. This has significant cost savings. In particular,

utilising a carbon monoxide feed with greater than 1% H, allows less expensive, non-

cryogenic, methods of syngas separation to be employed, such as membrane separation
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sol vent which nmay be recycled to the reactor. In a
conventional process for the production of a
W@ a00BoxBT ¢ acid, a purge is usually taken toP&EEB2:0WO01900
hydrogen at | ow partial pressure i.n the reactor (the
hydrogen 20 builds up due to inpurity levels in the
teclald@es. monoxi de feed and hydrogen formed in situ).
Since only Iow |l evels of hydrogen can be tol erated,
th eTlilﬁngént@fﬂt‘@lH negnbailhustratedby ey of sxamfiplh }bdl*y@g’émfldnmference
tof flcan%. vel s of carbon nonoxide, whichis -
° Ié?ggg%%g%)% e§| nce it has now been found that the
Exfhpreess of the present invention can be operated wth
——ﬁT%ﬁér Ievels of hydrogen in the reactor, the purge
a¢rabBag detvidai n hi gher | evel s 25 of hydrogen and

ani " 1L b d d.b d
£ P oRethon BRRNL i Ruf BB R e D Er S Lol o
dxp&ﬁmmﬁn@ﬂy@ﬁteﬁ@ereqmlﬂ&i RoREaaCR! THhBad dggﬁ@b)

invention is that high selectivity to the
Xantphpﬂ ad g vereoibininl fehiSérwerChomichls. Ruédewaeotshined from

al | owi ng carbon nonoxi de feed streanms with
JOhﬂgd‘r@g&@%ﬁtents of hydrogen to be 30 enployed in the

car BEYinddnksORe B HREBSSed Jém%s a DEPmS LBk B a0ock98 bquipped with
savi ngs. In particular, ilising a carbon nonoxi de
a mpgeadicolly éripnesirer \wthatrga& %splzrsmnl impsll¢reystermy hgmdica]yst

InJegﬁ,gxii E?;:?éﬁ? ggcﬂc&q?hgg ﬂﬂ }Z‘B&V}B ﬁ@par%gv%gs%rg\%ded from a
balRYGALED @é&@a@ @Efn%@@ﬂé@%ﬁgigtalﬂ ﬁl‘él&ﬂ@cﬁﬁb %?a cdi¥&nt ¢ pressure

inventi'on will now be illustrated by way of exanpl
durtngl rgacsicd. W|th reference to the follow ng exanpl es:

. Exampl e 5 eral Reaction Method Methanol, nethyl
Mdrate and dppp (dppp = bis-1,3-
di phgB¥kRIRSRRHAABARRAAS)e %&t%no&tﬁétﬂﬁﬁl /i@ Ba éﬂ&fm&gbxide in
The (acac)Rh(-CO 2, Xantphos and BI NAP were obtal ne
the presencstaf émh@gemaa‘hbéumm@iﬁt Wipep abd airmbenifimopromdadn Idﬂriﬂg a2
Mat t he

10 t rfoormed using a 300
hou Pt Gk AP RRED 5@%@%&%&@%@ e Sangﬁégﬁamﬂégna fvdrogen and

- carflid IGO0 RN ol F 21 943 ubINREICU Qs IR Bl nEYRam

i quid catay injection facrlity a ng c
2. 03lh gagasf (dpm}:)Ry(@QMebi@ 2Bdi2ddb gwen wARuPl ovdrel eabpbndad ia a

por’?%ogﬁlﬁ g\éegsia‘sr;]g g}afrgee%@r%;%gl n&@p o qrgd Tthg rgl%‘lcor;tv&?als rt]hen
pressure tested with nitrogen, vented via a gas sampling system, and flushed with
synthesis gas three times. The remaining liquid components of the reaction composition
(the remaining methanol and methyl iodide) were charged to the autoclave via a liquid
addition port. The autoclave was then pressurised with 5 barg of syngas and slowly
vented. The autoclave was then pressurised with synthesis gas (approximately 20 barg)
and heated with stirring (1220 r.p.m.) to reaction temperature, 140°C. Once stable at
temperature (about 15 minutes), the total pressure was raised to the desired operating
pressure by feeding syngas from the ballast vessel. The reactor pressure was maintained
at a constant value (& 0.5 barg) by feeding gas from the ballast vessel throughout the
experiment. Gas uptake from the ballast vessel was measured using datalogging

facilities throughout the course of the experiment. The reaction temperature was
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.C ale

during reacticn. 15 Conparative Exanple A This

experinment denonstrates the reaction of nethanol wth
w@200boo4gpnoxi de in the presence of hydrogen, PEI/GB2004/001900

rhodi um catal yst, dppp and a rut heni um pronoter during

a 2 hour run tine. Dppp is a bidentate phosphene

maintGAciwitiBY RIRE CFARPHdsHed Geadh el Qﬁﬁi&ra@tﬁl AOBf Aheding
H2: CO nol ratio of 2:1 was used was present

mantie ¢paceohipasFurotiprn (Fale @ﬁ%ﬂﬁ @CfntI(OéI w@lﬂhé@@\/ew@bém@ne T,
(sof TR A0 AR Rttt WAL RO oo PRk Re Blrpse of

thelcB8lédg0doidAs then pressure test ed with nitrogen,
vented via a gas sanpling system and flushed with
sy nPredustsligrbutian daga Itslgmﬁ.e@ in blerQe nmdnbfrfglelcmjw data is given in

Tabie ?ﬁ gﬁg p}e%o%&naiﬁltﬂ% rqlella oQ:fl c)ts ag?] g é{;tc{«]sgv?ti;‘vesi(ﬁld}%e and

Et,@) pR it8 peecvitser @celtelléléliyﬁe R@etﬁ%&d hiitPWrivatiFBIeOAc are formed
aut ocl ave was then pressurised with 5 barg of syngas

in rglatively sugell ampeptsed. The autocl ave was then pressuri sed
vvlth SV hesi,s gas (approxi mately 20 barg) and heated
220 r.p.m) to reaction tenperature,
140€his ingdn@ bR ofdtratdsCERPRIASIIH 6F h&bid] wifh da-BUH @Shoxide in
the total pressure was raised to the desired operating
the ;pr@g@q@rce‘ hwrog@edu rhedigpreptadystrdppptaneé atyathprivm weswedr durmg a

{?é‘? ﬂlélet?(:t 0 es(ic,rﬁw%%gﬁm%nt ai ne 3%{% Zbﬁﬁ@ﬁ rat1o of 21

Waéfﬁﬁa%o C@MP%&Enﬁlﬁﬁe%Eﬁﬁl ment Gas upt ake fromthe
- bal l ast vessel was neasured using datal oggi ng

f acInI thisiegigenihe dlyhpasphine-rhelivweoniplaxiwasegeperatadantsitu. 1.114

et B o1 DB HS B PottiPh SR o thatoh AT (eaco “ife0-658 ram.
of @@&?Rﬁ@@?ﬁﬁbhﬁ% dobiipRe E@culrssr QpOBRANS 2850 er e et | Rﬁ@h 3H,0

| e connected to a Eurot herm (Trade Mark) contr ol
wassplgtasim thif aveoclavestagethdr with appeoxiMately § gearT abinethahdl, antlile

g SRy SO o KR b Fom ¥ ool aniociavd followed

by @ hialRHbkaRs@algpensiod! TRE réxﬁ‘mﬂ_ﬁ%ln’?eﬂganop 6,A98&ded and the
selectivity datais given in e 3. The

autmle@omsrmtssngsddl vgith singam(hpptommatelyéZtOHﬂmg»l Thedctxpérsment was
d t t Owve 0 I ts precursor,
the%%ér%d&?@% %e%%fﬁtgveg‘%% pi‘a)é q%%%g@%} Fapdifars aNpehHen iy Eable
1b. flﬁlroﬁﬁcﬁ dléé Jtﬁ)%;‘%a'ta € lo¥yed TR ITIablggoprlg)tdﬁct @R@lﬁﬁ&dtx & 1ven m
Exanpl e

erlrrent nstrates the re
Tabdé 3nfhé predbm\malnhhq!adbmmummfx ettlendl plus its precursor acetaldehyde.

Acetic acid and its derivative MeOAc are formed in relatively small amounts.

_Comparative Example C

This experiment demonstrates the reaction of methanol with carbon monoxide in
the presence of hydrogen, a rhodium catalyst, dppp, but in the absence of a ruthenium
promoter, during a 2 hour run time. Syngas comprising hydrogen and carbon at a H, :
CO mol ratio of 2:1 was used (no CO, was present in the syngas).

The reaction was performed according to the method of Comparative Example B
using a charge composition and reaction conditions as shown in Tables 1a and 1b

below. Product distribution data is given in Table 2. Product selectivity data is given in

22



10

15

20

25

30

t he presence of hydrogen, a rhodium catal yst, dppp and

a ruthenium pronoter during a 30 min run tinme. Syngas
weowpndgsng hydrogen and carbon at a H2: - CO noPCT/&BR@®4/001900

of 2:1 was used (no CO2 was present in the syngas).

In this experinment the phosphine-rhodi um conpl ex was

' Talge BeMmathedbidhcs of ththehidm 4he thbindiqamd ﬂ%dﬁ&ﬁ@a&@a‘ld@iy@@ eAceuc

a portiaon of the methanol charge (ca. 60g) w't

aCl@)a’@‘BES grrafivoMeQtaepRiodOed 0 form a catal yst

sor suspension. 2.590 gram of RuCl13.3H20 was
_@S@Ege:fd in the autoclave together with approximately 5

gr amhiefexampleAetlonftided the readtibV6f AYBaNESwiBl &F54H Bonoxide in
tested. The Mel co-catal yst was added to the autocl ave
themspamétf hygipgehea thadiamy Seantphesthasebeatadys pod giretheniTinepromoter.

sl BRI AR INS LS AU 1A N BB AF Y a0 o,

wa@p@%ﬂtﬁfemasy@s)then conduct ed as for Conparative
Exanpl e A. Reaction conditions are given in Table |b.

Pr ohlféts egpeimenihe posibingthedignvemplay Wabgaemedinsiiudts71

e Pl sh B B ERelo el s B SOV Mo
grafCEl (@t dHm(0©), atCBO8 £ gadl 6F RITL, kd forMey éaYaﬁ%sit foclYREC

are formed in relatively small anmounts nparative
suspsazstasl el he Ml co-eniad st W@r@dd@etnﬁhtscataiwsmtett@rr@at@m dongith a
resence

sof RS0 M PR Uy IS el ety ispRTiE Shatdke o the

aut®flave, FalloRRAIbYThe RMIIMNLE inetithab] A4 tBe FuddOldfe {VHQpltehﬁElsed with
Syngas conprising hydrogen and carbon at a : nol

syngag (appiokimatglyw@darge d he wspad@rentasts pheas:@nduqtm :ushfer
d accor di

CopHARLt REMBF CaNpardTES ARG B trari sondiinpgs eiven

in TAMRAS ki 96 bRl 18384 AR IntdaE AR TN DN PIGRIES
la and | b below. Product di strlbutlon data 1s given

selgopivirpdate ivgiven mdlable 3el ectivity data. is given in 22 WO
Ex 20014/%01487 PCT/ GB2004/ 001900 Table 3. Ir the absence
heniumthe nmain |liquid product is acetal dehyde.
Acethi§ exafpld deRdnétiatesdBE kasal M@fﬂ\{a%&i 13¥ifh @lrSéh 8k
Exanpl e | f')I' hi s eQan‘pee dermrllstrat es t elr eac]?c?)on o{ﬁﬁ&iem
the rpmShm@cﬂf hw'iltogem; artbotiumoKaxplte haﬁecﬁcmtdiﬁtmrﬂsa ticeabaénce of a

dro a r hodi um Xant s, based catal yst_and a .
mﬂi%‘f E%Srcom%iﬁﬁg%gé‘/d&%?ﬁrapé P 0?1%% H@é&odﬁal ratio of
21%@2{5%&1 t()@omast%e nmthggg,ﬁégspf 2:1 was used (no CO2

was present in syngas)
The reaction was performed accordmg to the method of Comparative Example C

using a charge composition and reaction conditions as given in Tables 1a and 1b below.
Product distribution data is given is Table 2. Product selectivity data is given in Table

3.

Examples 3 to 13

Examples 3 to 11 were conducted according to the method of Comparative
Example B using charge compositions and reaction conditions as shown in Tables 1a
and 1b. Product distribution data is given is Table 2. Product selectivity data is given in

Table 3.
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In this experinment the phosphine-rhodi um conpl ex was
generated'in situ.1l.571 gram of Xantphos was pl aced

WO pooa/1p@st i on of the met hanol

charge (ca.

0.646 10 gram of (acac)Rh(CO 2 and 2. 084 gram of

RuCl13 to forma catal yst precursor suspension.
Talsle1aaChhngetcongmsinidae doit xhddivem @ataysedireadtjondtih @rB09uAL em

The Mel

60Q) PEI/GIB2004/001900

along with a small anount of nethanol (5 granm). The .
er‘b"&l“&l“)"é’fd‘p’f‘geﬁﬁg%r suspensi on was added to the
VE, oy t ot any I the
Examp .lea %‘%&Ih@ V\Las b%?Jr essju @gm@gﬁvln (?{15%5]?{%; % |( apip? oXi rm%%ﬁy Mel
2D barg). The) exper|i(g@ent s(g} hen conch(g)ed as |f(@r 15 |(g)
C mla,p_a_t,.;__ve i rge c¢omositilon and
A r eacti on canditiong ?_61@3lgi verd in Tabl eq 21k 5and [189.05 14.50
—beRow,—Produ -styrrutiot s gi A ST abhe2:
B Pro Rict selgclzﬁlwty data ijs dl I'ven in 'I?o‘ﬁé)?@ E)%?ljrpl e 14.36
C 2 ﬁah& exanpi e1glengnstr at eq ¢ gy react 1 Ay of net/hang 14.58
~with carbon nmonoxide in_ 20 the presenge of hydrogen
1 a Xhl@tghcwm Xahéphos |based catké4est, and |i20&4he jlki@e%ce 14.58
—n H-RA—BE - r—-— Svynanc oananrnre hys aYaVala
U] U'I:II I [JI LILI V1 S v e \y I to] UUII’JI T OI Ily Try\. Y T
2 anga‘?:tB jtgg H2:| CO mol q*gftall o of 29 was Ls7§a47(no 14.49
3 C 13 presp_@gzln The syngap The TedcljHn Wasg gy 14.40
perforned according to the [method of Canparative '
4 Exelfigit e C jus¥hlg a {charge danpdsi ti on aridggoeact;i7zom2 14.87
conditjons las given in Tablles la and I b below. | 25
Pr XEI‘EFEEK’Sdl stributign data i|s given is Table 2. |Product
5 TS givenm 1ty 3got e —3- ﬁgﬁie&
> 138 '[X%h ‘ﬁP @%9’3 11 were cgnduct ed _accd nbg t g 7t§h3l(;7U 7.62
6 rrbpbpdaeﬁﬁ Conpey ative Exanpl.esB usi ng ohgrgge 79.99 10.13
_cohmpositions and reaction donditions a9 shown i ‘
7 TaERE’sH(D& 301468 LE Pr odudt0-éi%t ri but i|@nl@at a |8§)-85 14.46
—gr¥en-sTable; 2—Hroduct—S ctvi-ty s—giyep—tn
8 BRI 53 18 %004) 101487 |00/ 401000 TR | 1453
9 BTERPACES [CPMPOS! Ll ons Tor| g gl um catfal ifa%eﬁ 79.36 14.46
reactions ijn_a 300 |ni __zirdoni-um bat ch |autocl ave
10 ExXBINPiRhok i gahdiB(Li gand Conpl d)(6()écac) Rh( Q)75 Ru(,Bii e OH| 15.07
Mol— (e} (g)(g) L) (g {g—A2031 02 115 80 05
11 1 TERPY * T 0.662 ’0.659 2.112 79.89 14.65
12 BISBI 1.153 0.652 2.109 79.90 14.46
13 Dpp-cae 1.519 0.512 1.684 80.26 14.32
(*). (H20)3RuCl;3 used as the ruthenium source.
5
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15

B Dppp 1.114 0.658 2.590(*) 79.35 14.36 C Dppp 1.215
0.637 0 79.75 14.58 1 Xantphos 1.571 0.646 2.084
wd 048047 58 2 Xant phos 1.571 0.651 0 78. 47 1BCHGB2®4/001900
BI NAP 1.692 0.651 2.032 79.62 14.40 4 oTol- 0.711
0.267 0.860 79.42 14.87 Xantphos 5 N xantphos 0. 749
ThOstBibBurds OAfe Ffardld of Badmples BpparBetid3 dre2ikSolowH0 2. 079
79.99 10.13 7 TRIPHOS 1.468 0.659 2.102 80.85 14.46
PRSP 1. 436 0.646 2.114 80.02 14.53 9 TERPHGCS
.656 2.135 79.36 14.46 10 PNP-Phos 1.136 0.606
*Afn,15. 07 11 TERPY 0.662 0.659 2.112 79. 89
1%%§£SB| 1.153 0.652 2.109 79.90 14.46 13
1.'5%9 0.512 1.684 80.26 14.32 (*).
uUC13 used as the rutheniumsource. 5 24 WO
20034101487 BﬁﬁA?BZOO4/001900 The structures of the
| i gands of Exanples 3-4 and 6-13 are as follows: -
PPh2 PPh2 BINAP 00 P(o-Tol)2 P(o-Tol)2 H3c 5
0- TQl - Xant phos o-Tolyl group Ph2P Q PPh2 dpp- Benz
P~ PPh2

P(O-TOl)z P(O-TO|)2 HiC

o-Tol-Xantphos o-Tolyl group
Ph,P PPh,
dpp-Benz
Ph,P” P PPh,
Ph
TRIPHOS
=4
aN
N
PPh, PPh,
- PNP-Phos
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10 TRIPHOS AN PPh2 PPh2 PNP-Phos 15 aNN N TERPY 25

WO 2004/ 101487 PCT/ GB2004/ 001900 PPh2 PPh2 BI SBI Ph
weRD1Q487/ h2 Ph2P 5 Dpp-eae Tabl e 1b. ReacP¢DGB2004/001900

condi tions and gas uptake during the reaction.

Exanpl e Reacti on Reacti on Reaction Pressure

tenperature, pressure Tine drop (bar). T(C P(bar)

/mns A 140 67 120 61.8 B 140 67 30 13.4 (26.8*) C
Q 17.9 1 140 68.7 17 5.8 2 140 68.4 21 7.3

120 14.8
PPh, ~PPhs
BISBI
o 4
Dpp-eae
Table 1b. Reaction conditions and gas uptake during the reaction.
Example | Reaction | Reaction | Reaction | Pressure
temperature | pressure | Time drop (bar).
T(°C) P(bar) | /mins
A 140 67 120 61.8
B 140 67 30 13.4
(26.8%)
C 140 70 120 | 17.9
1 140 68.7 17 5.8
2 140 68.4 20 | 73
3 140 68.9 45 0.7
4 140 68 80 10.2
5 140 67 120 - 11.1
6 140 67 120 14.8
7 140 68 120 16.4
8 140 67.7 120 15.4
9 140 68 120 |- 25.1
10 140 67 120 11.6
11 140 65.9 103 16.1
12 140 66.8 51 9.0
13 140 66.9 33 10.0
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7 140 68 120 16.4 8 140 67.7 120 15.4 9 140 68 120

25.1 10 140 67 120 11.6 11 140 65.9 103 16.1 12 140

wo2008/1648D. 0 13 140 66.9 33 10.0 26 WO 2004/]10]]!(]:37004/001900

PCT/ GB2004/ 001900

autocl ave wth |arger

(*). ExpaKkmentif d%bnﬂﬁ}iocﬂkﬁle&ﬂtmlaf@d baltast h@s@.‘ll Feefilculated gas uptake
Product Distribution.

experinments Tahl e

(*).

Experi ment
bal | ast vessel,

in different

recal cul at ed gas

Exanpl e

26.3psomaxberonpasd tEfmt@r%pm@ms Me20 AcH A 28.6 1.1
4 2 0.9 E54.00.33.75.30 1 ND
Ta‘f}e? %‘éﬁ‘ g“‘s‘éﬁ?ﬁﬂﬁﬂ 2.8 <0.05 0.1 <0.05 10.8 3.1 51.7
Exdthplle 1#1elH1 0| AcOHO (OM80AcO EtGH 2 D 8 | OMb. 41\&20 .AcH
004 1 0.1 3602 0.1 4 1101 017 7.4 0
A 40.7|888 9. 311 1 d‘h5ND 9 ?4-@.4 05t 48.|83.3. 1 1382 1 30-9
6—1ND—7 73— 64171 7134125012 ND-B—H—0-

B 34.4?‘."@11 93 &1 \D 1630 0|7 Ts 4298 1 6 13. 6 1.’99
'c 0.3 [ND18. 9] 340 93@- 6 0] 80.052|®.0 0./%( 9. H10s4 [
44.7|0.5 5 3201!\@1.40’11329L6 3302
T 0.1 NBLIO. 8 097 12144050 201 13/6.0.3 |-0.9. 1 ND2.’9.4 . @1

13308 1 3111900 601 N> 72107 ND=nonb
2 dete¢tld 5 | 1.0 15477 100 “]00 100 "4.1 0.1
3 602 |01 13 01 01 |07 74 01
4 407 |08 9.0 11 01 | ND 97 04
5 435 |11 13.1 13- |01 |ND 77 03
6 17 |17 13.4 25 02 |ND 8.4 0.1
7 344 |20 112 21 01 |ND 100 |07
g 359 |16 106 19 |03 |ND 8.9 1.0
9 416 |08 72 60 102 |ND 94 04
10 447 |05 5.9 32 o1 |ND 124 |02
11 329 |16 9.3 32 |01 |ND 108 |07
12 200 |21 13.6 03 - |01 |ND 74 03
13 398 |13 11.9 06 101 |ND 72 0.7

ND = none detected
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10 15 27 WD 2004/101487 PCT/ GB2004/ 001900 Table 3.

Product selectivity Exanple MeOH Sel .
WO O 18387 AcH Sel .
%

% d)

% a)

cH4

Et OH and Sel .
conver si on Deri vati veBCHEHG#2004/001900
9% b) Derivatives %C) A 40.5 66.4 15.7

3.4 14.4 B 16.8 42.7 20.0 15.3 21.9 C 38.8 1.2 28.1
Ta&3 Pdduldt selecivity 2.6 35.7 0.5 60.7 2 29.2 0 38.3 0.3

60.9 3 28 7 17 4 71.3 1.4 90 4 29 10 6 54.7 33 304

Exagipies o) BleQdl g 1] $cbFIGH aed34sqloA90§isé &eb Arth 2| Bel. €Ha0
9.9 35, .51 : .8 4.6,48.9 9/ g4 46.9
36,5 9, Poysiot ] Degacihs 50, Bt 5 6]7' 11 57 4 '
30.6 0| %™ 50.8| %% 38 1.7 BDefivativds$9.3 13 B6 3.3
35.3 3,1 58.2 a) Met hanol cchlversn on was cal cul at ed
fromthe recovefred nethanol |/<n the liquid profduct

N (Conve 9= ég *—(1ot oA Tt=nptes 144
McOH, cp, )7 nol es MeOHi i t) ypi cal |[mass bal ance is

B of the p@_ger of 1 80-90% the|pmpn | oss igey ng t hat o of
volatile DVE onjventing thel autocl ave__For the purpose

C of cal bm &ti on DN/IZ and the e grour§2i% t he} 26.9
nnnnnn hana o
\,unpuu IVC\.LL ) A\ o\ 07 allw l. IIU}\y Nnarnc are

I consi de?géi as urlzefgct ed net Jgﬁrg LO' 60.7

2 29.2 38.3 0.3 60.9

| —

3 28.7 174 71.3 1.4 9.0

4 29 10.6 54.7 3.7 30.7

5 25 6.5 38.8 1.4 52.7

6 34 10.9 36.6 0.4 52.0

7 40 9.9 35.3 3.0 51.9

8 34 10.6 34.8 4.6 49.9

9 34 46.9 38.5 3.0 11.6

10 23 40.3 48.9 2.5 6.7

11, 57 15.2 30.6 13.1 50.8

12 38 1.7 37.6 1.2 59.3

13 36 3.3 353 3.1 58.2

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

" product (Conversion % = 100 * (moles MeOHjpi-moles MeOHecoy)/moles

(b) The selectivity to ethanol and derivatives was based on the sum of the selectivity to

recovered.

considered as unreacted methanol.

28

MeOH;,i). 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

EtOHand the ethyl groups in, Et,0, MeOEt and EtOAc in the total liquid products
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(b) The selectivity to ethanol and derivatives was
based on the sumof the selectivity to 10 Et Odhand
wo b@4aotagt groups in, Et20, MeOEt and Et OAc i nP€TY&B2004/001900
total l'iquid products recovered. 28 WD 2004/ 101487
PCT/ GB2004/ 001900 (c) The selectivity to acetic acid
(c)eifict wteciivigy tovastinasd bad deivativehwashased pn theesum of the

SRRt SRS S5 B LS BEE NGB BB AT e
t%tgpﬁJ 8 ebaut@redRiereaael ectivity acetal dehyde and

erivatives was based on the sumof the 5 selectivity
(d} Bheasdcav ity hgedd delgde bhé daivayivédenebaged ap thersum of the

selskBr Bntce D bodrcadfie ey fleps el g ARERESHr R pa in e e
lf]@ﬁid@ggygg rQbvéeyhane anal ysed in the autoclave
adspa

ce at the end of the reaction. From an .
(e) Tisqeetsctivity of mEdbhewa2band o8 thetancaumt bémethaae hyalyred sethe
~that for anpl e 10 1. to 11.using rigid netal -1igand
(?é‘f%ﬂ%@@g%ﬁg&f%&hmlﬂé%rei f3 using catal ysts
havit,pg, & Rifeetianet atdls Pind £R%hn B481chAEDE sdeh tRat for Examples
_ substantial” decrease in ethanol and ethanol
1 @elrli usatg nvgd nossalplagaed catelysth end &g dixampldst 13- Wedsifgeatalysts
Conparative anpl es A and, B. Furthernore the_ main
haing Ritecamelsorhat desbltp s bR deFedR capind
i ' t Rped tAREAndples A and
et@ag‘r?g%‘%g%ugé@é@ O fsuttohllnbd AR AR Einples A an
B. Rurtlieeinbende heeimttuidrafbonylBlidwodnd ina tidktuxaof gwhds acid and
contai ni ng catal ysts conpared to the Xantphos based
methyldcpefas of Exanples 1 and 2. 20 25 30 29 WO
2004/ 7 | OB PO
For g Y ST e AP o ff AR o hosGpBiEREFon i

métheRkmessefor FINAP andrdskXahphas tehtainhigadatabysec@aspared to

conpri ses carbonylating an al cohol and/or a reactive
the &entpaps hesed watabists afiBxpmples Beddpnoxi de in a li.quid
reaction conposition in a
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carbonyl ation reactor, said liquid reaction
conposition conprising said alcohol and/or a 5

WO e@atipme7 deri vati ve thereof, a carbonyl ati on Pel/aBy®k/001900
and an al kyl halide co-catalyst and optionally a
finite concentration of water, wherein said catalyst
conprises at |east one of rhodiumor iridiumwhich is
coordi nated with a pol ydentate |igand wherein said
pol ydentate |ligand has a bite angle of at |east 145 or
forms arigid Rh or Ir nmetal-ligand conplex and
wherein said polydentate |ligand conprises at |east two
coordi nati ng groups 10 which, independently contain P
N, As or Sb as the coordinating atomof at |east two
of the co-ordinating groups and wherein in said
process there is maintai ned hydrogen at a hydrogen
CO nole ratio of at |east 1:100 and/or the carbon
nonoxi de feed to the carbonylation reactor contains
at |l east 1 nol % hydrogen. 2. A process according to
claim1l wherein the flexibility range of the catal yst
is less 15 than 40 3. A process according to claim1
or claim2 wherein the polydentate ligand is a

Claphgdentate ligand or a tridentate ligand. 4. A process
according to claim3 wherein the polydentate ligand is

. a b‘fxq:tmtew@r thej rgadmtl@n ofi cerhox e acisbanskiorghelplgelral ggter of a

carbg)ﬁarg g?l Plgﬁ 8 SCe()KppE %agé iaé%llfg C?E’lh gcoglgl vadQ or r% Iq 2act1ve
der%ﬂeeﬂhgrebhﬁflth\éﬁr%ﬁwlﬂkﬂﬁﬁh 10 GI&@&ﬁloﬂr&n@Bsmﬁﬁ il a
R1IR2P and R3R4P wherein R1, R3 and R4 are each

carbomgapien denatdrysagdligud e@ctlmcmm@m oot $img said alcohol and/or a

PCT/ GB2004/.001900 nsubsti

read i AR P U APPSR bt oty o 2B LB o che and

optﬁﬁﬁﬁﬁas BnRE 6 Ehigioh®f Weltdt] WhéreMRIEEal PR oMbrildRIa8 1éakt one of
the "aryl groups are substituted or unsubstituted

rhogieny iridiuoupsichds cwrémetgégatlmp@sf@hnﬁ@e ligansd whersinsaidr 6

R4 ar e t ut ed.
pol bl Rrittad a HeAF 6T BUR 815 At [Bb ESutb b 3r & el Bemnd
conﬁﬂ‘é’x ARewRerekl s%i lyldeh%te'f_’h%ﬂﬂ@rc%hiﬂmts@@at @&JsV%’@d’éhﬁnatmg -oups
igand 1s selected fromthe structures of fornul as
whmb, iBdepedddntly dRGtaR6P AN, L2018l actha ceordinating BtoRl oZ@1¢gt two of
the co-ordinating groups and wherein in said process there is maintained hydrogen at a
hydrogen : CO mole ratio of at least 1:100 and/or the carbon monoxide feed to the

carbonylation reactor contains at least 1 mol% hydrogen.

2. A process according to claim 1 wherein the flexibility range of the catalyst is less
than 40°
3. A process according to claim 1 or claim 2 wherein the polydentate ligand is a

bidentate ligand or a tridentate ligand.

4. A process according to claim 3 wherein the polydentate ligand is a bidentate
ligand of which the two co-ordinating groups each comprise phos'phorous as the co-
ordinating atom.

5. A process according to claim 4 wherein the two co-ordinating groups are of

formula R'R?P and R*R'P wherein R', R, R? and R* are each independently selected
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Structure (la) P1 P2 Structure (2) 15/ 1 \ Pl P2
Structure (3) wherein P 1 and P2 are RLR2P and R3R4P

w0 e@pacBYely in which R, R 2, R3 and R4 are PEHGB2004/001900
i ndependently sel ected from unsubstituted or
substituted al kenyl groups, alkyl 20 groups and aryl

frorg haspsiitukel @ndbiituRa elkeay proupdefRdesipsyand el cg&@q)sf rom

hydrogen, an al kyl grou an_aryl group or may be
6. |1 rkempcsss assording f@rﬁgq @réo wherei que or inprge of the agyd groups are

Sub%&@é@%@ﬁﬁgivﬁEﬁh‘ éﬁ%¥ gégoo 9. A process according

t one of RLto R4 is a
7. subspidodsesbeardintsWsik 5w 6dviphe AR tgRAuR catRa shbstituted or
process according to any one of clains 1 to 3 in which
1H5Nﬁ@uﬁ@19@§hd§¥%ml|gand is a trldentate ligand. 5 11.

A DA %‘gt)cgg %%él%‘i g.lng 81’1? P]ta cla1(1)ns 35 \ﬁ/a?l‘elﬁlg&la Pgwsesnt%te é1gand

is seusctadﬁeﬁﬂtﬁe@ﬂa@dm@@opfo@mﬁﬁhlms3mﬂd%wth respect to the
rhodiumor iridiumnetal centre. 12. A process
5accordjfg to claim 10 in which the co-ordinating atons
co- ordinating groups are in an essentially
configuration with respect to the rhodium 10
ium mnmetal centre. 13. A process according to
Piclaimfo in whiredtuit [§E) t hi rd co-ordi nating group has a
co- ordinating atom selected fromP, As, Sb, oxygen,
ni trogen, sul phur and carbene. 14. A process according
t

o—¢| ai m 13 and wherein two of the co-ordinating
@ are as defined in any one of clains 5 to 7. 15

/A process according to claim210 wherein the
¥entate ligand is of fornmula L1(R7)L3(R8)L2
P{whereim L1 to L3 are each a co-ordinating group; L1
and L2 each conprising P, N, As or Sb as the
co- or di nat i ngStagaswe (R and R8 are i ndependent!y

Structure (2)

7N 7 N\
-

Structure (3)
wherein P1 and P2 are R'R?P and R*R*P respectively in which R .RZ, R and R* are
each independently selected from unsubstituted or substituted alkeny! groups, alkyl
groups and aryl groups; R’ and R® are each independently selected from hydrogen, an

alkyl group, an aryl group or may be linked so as to form an aromatic ring.
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sel ected froman aryl or an al kenyl group or together
forma cyclic structure. 16. A process according to

w@eb@imoms7 wherein R7 and R8 are independentl|y Bel/esr@d/ 001900
20 froma vinylic and a phenyl group. 17. A process
according to claim15 in which the tridentate |igand

9. co-Apmicastaesortling t kizim Bodicaenat ldast aiewdRite Bl ivesitbsauted
in.a br'd%,e conformation such that L1 and L2 ‘are

or upspbgifufsA B%BgRWih respect to the metal centre. 18. A

10. Pr o ?ﬁﬁe&%@&ﬁi@go by 6AAb MBI IS Fih v ikidh ﬁf&‘i‘)o%eﬁﬁ@hgand
conpri se phosphorous” 25 as the co-ordinating ‘atom and

is a k'3ddngse Hgand- or di natl ng atom sel ected from oxygen,

ni tyogen and sul rocess CO[‘dI aim
11 T A Rererrcoaingdo Slaim ddiin AR Ger pror g Ayt S fhe 2ot
ordifitin g?ﬁﬁﬁfﬁiﬁ%é%ﬁgﬁ*gg%g%%@sﬁ?ﬂe “ﬁe%ﬁﬁﬂﬂf’%ﬁe@hﬁfm o
iridinesmetd catgiey i n which Rl, R2, R3 and R4 are each
i ndependent |y 30 se ect d fro nsubst,. tuted or
12. sups Pracgsserseandag o c w&@;&g WhérH&TPP cg75 %%ﬁowﬁ the co-
I
ordl%ﬁf?x#’%rfouﬁgére 11‘1A‘a1§ E#@gﬁgﬁg%@@?f ?(brl I%ud hghroﬁ vﬁ%@gﬁ%c}(‘ﬁﬂthg bdium
or nﬁcﬂmﬂyﬂnegl oanpre. 32 WO 2004/ 101487 PCT/ GBZOO4/ 001900 22
process according. to cl.ai 1 wher ch. of
13. R4 A@r%@sw@%%rtg fo ey 1%6%%‘? e s oo atﬂg&fwe%aco-
I 1 L h a
B N et L P
14. VIheA@rdSbetdei:cbfdn@ﬂOthm 13i ayarvehersin @b e tked:oﬁcrrdmatmg] groups are

q%?ro _consi stl ng. of xant phos, thi xant phos, sixantphos,
" as

ofc HB%%%? -phos, i sopropxant phos,

n : I
15, 'g&gﬁ&#@%%%? ves ngg%QEﬁgggagg rocggédg%g%$§%ﬁ%
L1 (RE’))BBI(K’I)EIZ Z¢hetdin Mhite h3 tdte:aon ¥ gemrdlhmng)gronﬂsxin amdc[e?ndmhe

10 ligands is substituted by nitroggen ore sul phur.
conmrmrtgc N, Aeiorisihe QORI BT B S1e I‘Iéj§§?n4’§ﬁ€1y

sela[c): edtfhom Bp %??H I?)? hPHkedy ﬁ{)o%ddr@%n'tﬁbg_;&&rg\%}{dlﬁz sidPstd tut ed

arse or an OCcessS
16.ac Cﬁlﬁ;ﬂd}d};@s fcofdiggd ciﬁml 15 whérein RhandiR$ stenhddpendenggnelected

fmrlnsa1 v?nﬁfcbfrfd';f;ﬁe?ﬁ g?(r)up unsubstituted terpyridine

17. A process according to claim 15 in which the tridentate ‘liga'nd co-ordinates to
the rhodium or iridium metal centre in a bridging conformation such that L1 and L2 are
mutually trans with respect to the metal centre.

18. A process according to claim 15 wherein L1 and L2 each comprise phosphorous
as the co-ordinating atom and L3 has a co-ordinating atom selected from oxygen,
nitrogen and sulphur.

19. A process according to claim 18 wherein the co-ordinating atom of L3 is oxygen.
20. A process according to claim 18 or claim 19 wherein L1 and L2 are represented
by R'R?P and R’R*P respectively in which RY RZ, R? and R? are each independently
selected from unsubstituted or substituted alkenyl groups, alkyl groups and aryl groups.
21. A process according to claim 20 wherein each of R' to R* is a substituted or

unsubstituted phenyl group.

32



10

15

20

25

30

15 28. A process according to any one of clainms 1 to

27 wherein the catal yst conprises rhodium 29. A
w@e@sassaccording to any one of clainms 1 to 2BCTHO82@H001900

the catalyst is added to the liquid reaction .

conposition as a prefornmed netal - pol ydentate |igand

22. COMbR¥efactSrdink@b BRI 2N viekdin lefcH HYERY oGt 16l akh 8AGIE®R ted
conmposition. 20 30. A process according to any one of

phemﬂ@mmv 1 to 29 wherein the mol ratio of iridium or
3. | bl Boraly BRI Belicfein 37 EY ant Lo hug i aaEgeen

atmﬁl ains 1 to 30 V\,herel n the liquid reaction
conposition further conprises a catalyst pronoter. 32.
24. A pk poesss amcoudingitnglain 16|vdiensi8 thenidestate ligaed pr Ghastedrfrom

is selected from he ro 25 ¢ IS of
the QPR e TIMES FPTRICS koS ShfraRas, RUPGHIPos: ne.
pho%hgﬂh%g]1séﬂ?9p‘>}l~éﬂ’tph@§‘%)¥dﬁﬁg®g SnzSemuphoB! 198 l%saﬁﬁ%ﬂbs”&d

ny one of clains 32 in whi'ch tthe T1quid
alkyﬂem‘:anyd)derlmwp&)m;elteof)n al so conprises an effective

amount of a c npoun ected fromthe grou
25, K PR A TRda R aUas e Beaxy el b thfridpntate

l1gaHE§1§'sulBs‘i’1%th§yn %@A ORI XS capabl e 30 of

generating ts ca a e of generating |- and

26. M XA praessd dveordofg. to Sthim ASprictaia st kasiamdiof thet rhoaplyoroussco-
of clainms 1 to 33 wherein the alkyl halide co-

ordl@ate%a gteus i substétyted Hy@n apgerip orw&rlmay 89D 2004/ 101487

4
7-of PR o g it 2 RRRAE e BRARN L Dol A GARed or
unsﬂisltmhedteepﬁid(imhol 36. A process according to claim 35
wherei n the al cohol is selected from net hanol
28. ot HARBICESS 3560T9HEHA FBY Snankrinime Lioek Vhseiadhe catalyst comprises
rho(ﬂ%&cess according to any one clains | to 36 wherein
€ reactive derivative of the alcohol is selected

29. f r anpessesy fecotdad gltd @8y ofd 6E¢1SinANOto W hkrein thde4ta19ét.is added to
A process according to any one of clainms 1 to 37

the lifneid eeastiph eompegiiien ascaprefosmed surid asilydentateclignpd icemplex or is

P gh AN 2% u(gnetr,cz;xtnl on |Or§tt0he range 0.1 to 30 wt %

o1y nﬁ%’g TR ESF NI T S 1% m 38 wherein the water

30. CONg @b dedd dceBrdinf toRny BRe 68A18ens 16 20 WRerd thé fol 4dio of
process according to any one of claims 1 to 39 in

iridigim ehrbediubometab feopdlyitentateiligand is in the range 1 : 1 to 1 : 2.

31. A process according to any one of claims 1 to 30 wherein the liquid reaction
composition further comprises a catalyst promoter.

32. A process according to claim 31 wherein the promoter 1s selected from the group
consisting of ruthenium, osmium, rhenium, cadmium, mercury, zinc, gallium, indium
and tungsten. .

33. A process according to any one of claims 1 to 32 in which the liquid reaction
composition also comprises an effective amount of a compound selected from the group
consisting of alkali metal iodides, alkaline earth metal iodides, metal complexes capable
of generating I-, salts capable of generating I- and mixtures thereof.

34. A process according to any one of claims 1 to 33 wherein the alkyl halide co-

catalyst is a C; to C, alkyl halide
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hydrogen are fed separately or as a mxture to the
reactor. 41. A process according to claim40 wherein
w0 b@4aers®bn nonoxi de and hydrogen are fed to PEEGB2004/001900
reactor as a mxture. 15 42. A process according to
claim4l wherein the m xture of hydrogen and carbon
35. NMDAQrbetss acontih@ionad ohe ofitkahas i éf & whagimthe alcohol is a C; to
hydr.ocarbons. 43. A process according to claim42
Csﬂ tigpltobele ratio of hydrogen to carbon nonoxide is
é}gcersé‘ %rdlmé o c]g'm} ererlrr thé% cobbiRg 98§§§d AGHH &A%,
erern e m xture conprises
mhmﬁﬂrhagnmeﬂﬂbaﬁdﬁﬁ&ﬁ@%Y@ﬁ@ﬁEn 45 A process according
to claim4l wherein the nol ratio of hydrogen to
37. cafUBRACCSHBHFEKILARIO anYgRe clmp éﬁ@é6 Ivhereméletrsa%e degvative of
the afl ohoIAis %Eﬂ%ﬁt 3 ?roﬁ'rc&QJrg h'taﬂdés a@r@% a?x? Emgfur&l tﬂér@gﬁl to 45
ere I’ntal né process hydroegen
38. at Aqarbmg @@ﬁl’dlh@tcﬁrﬁfybﬂx@ ofengxs deo AP whesdn thedfquad reherist
1 . 25 47. A process according to claim46 wherein
comrocrsetlmymmrgeﬁs waish HhbpPIeeriEationdn sl rangel-i 60 S Wite. | east

-t oAﬁOW%PCCOﬁ(BP% eoeﬂglg‘? §§§)|1]1e1 nr?iih%%fa%} coRPGtALiof t3h e 1lange

pressure IS
1tog@e@yer than 1 bar. 49. A process according to claiml
wherein the bite angle is at |east 150 30 50. A

40. pr :Acmgsesa@m@nagb y aneyfohemetf to AR ipwhishgrrgnanenaxsde and
i SSEL Bl BRSO e BRI 20D Brocss Lo
41. t h%rﬁx%ﬁess 3fcording to claim 40 wherein the carbon monoxide and hydrogen are
fed to the reactor as a mixture. _

42. A process according to claim 41 wherein the mixture of hydrogen and carbon
monoxide is obtained from the reforming of hydrocarbone.

43. A process according to claim 42 wherein the ratio of hydrogen to carbon

monoxide is in therange 1.5: 1to5: 1.

44. A process according to claim 41 or claim 42 wherein the mixture comprises at
least 2 mol% hydrogen. »
45. A process according to claim 41 wherein the mol ratio of hydrogen to carbon

monoxide is in the range 1 : 100 to 10 : 1.

46. A process according to any one of claims 1 to 45 wherein there is maintained in
the process h’ydrogen at a hydrogen to carbon monoxide mol ratio of at least 1 : 10.

47. A process according ‘to claim 46 wherein the hydrogen : carbon monoxide mol
ratio is at least 1 : 1.

48. A process according to any one of claims 1 to 47 wherein the hydrogen partial
pressure is greater than 1 bar.

49. A process according to claim 1 wherein the bite angle is at least 150°

50. A process according to any one of the preceding claims wherein the product of
the carbonylation process is selected from acetic acid, methyl acetate and mixtures

thereof.
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