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of Ui Gsyda) e agPHE 0 T tivelewregicotds ald@AE labbReihs e 08 maBlal P
corgEgund (a,ﬁgf, éﬁﬁ%ﬁf ;‘(’;574 :@'@fe@?%ﬁi‘f& Bndeee dptesten Gageslapd el sitips™ aﬁ}:@dﬂ%} mﬁ%‘gﬁ
ag&Ees; characterised in that reaction FEAPSA e Far oBbelShprrees a
polﬁeri c dispersant dissolved in said liquid carrier, said polyneric

di #&&r sant bei ng capabl e of stabilising a colloidal .
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compound and opti further R . i
(—] co;:g;ses :n FP“:;:'? compounds such as.hg?nds or complexing agents; characterised in that the reaction medium further
suspension 01;0 - 1 o porsant dissolved in said liquid cartier, said polymeric dispersant being capable of stabilising a colloidal ‘I
a metal formed tmiﬂe;;m?:;:%lniﬁm comund within the liquid carrier. The presence of the polymeric dispelgant en:l;les f'l
idi ; L mote easily recovered and yecycled. Preferably, the ic di N b
acidic or basic functionality to stabilise the colioidal suspension of said metal or metal ccs:l'npofl?éymeﬂc dispersant has sufficiently
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suspert$| on of particles of said netal or :{#etal conpound within the |iquid
carri ér. The presence of the pol ynmeric di épersant enabl es net al for%mh
cat al y'st deactl vation to be nore easily récovered and recycl ed. Pripf

t he pol yrrerh‘y di soger sant has sufficiently acidic or basic functionality to
stabilise t N WI%H qal suspensi on of said netal or netal comgauesbo/n2981d
FEB 2004 WO 01/ 10551 PCT/ GB00/ 02981 1 Inprovenents relatlng to

met al - conpound cat al ysed processes The present invention relates to

chem cal processes which rely on the presence of a .catalyst conprising a
metal conpound to enable a reaction to be carried out in an economc

fashion. In Varngras relitng tH VWaalldiRLAY cdRfy sk HrQLeaRNt s which al low the -
recovery of nmetals |lost fromsuch catalysts, e€.0, h cat al yst
‘degradation, to be facilitated or increased and for contam nation of the

reaction sy sThanpregentinrention adiates to dreriesl W@Gbss&"ﬁrhﬁﬁtrél& oﬁWQM&gnE@Pﬁé ysed
o bonyl at § oyt caprisha gt cortbll db Shalle & TeBSiR P hrcgrisccausipan |
metal ,  nor mef4OPORYS ﬂaampnm'n particulardhe swhitian provides improtvdaerts Qﬁﬂ!’l‘&ﬂlo@f the
source of al’tleﬁdihﬁery Shingtaly/iBst fm §l?c§haéa¥§1§(st gsmhi_.gﬂ%a% ,&' ‘ﬁ%‘éﬁgégﬁ i Bel .

course of arg H@gﬁ] of. conti nuous era

reduced to parl&Edrhingeased and JD‘?@@@TB‘PQWQ)@“M rmam sysiemrtiytauck sndtaistide
economi ¢ vi diE tedugeddf the process and it is therefore desirable to be able
to recover palladiumfromthe reaction process as the catalyst degrades. Ve
have noti ced that when a reactor is examned foll ow ng a period of

oper ati on of ORhmeta-ggmpgand eaalvsed reactiningaidbsaritet iaWMD96/10430%hith didsodagen

f ound adher eflproBeddBr HRaEHY; thin the reactor.
TthS nmet al \a;dl ff| cLIt to ng}(?gétéf%ﬂgeﬁé ah a%g{{fsggié%“ryézplg@naﬂp,qémgp

period of shill MEsalnnormRally pa (fé‘é’c?ri"’l!@é’ ﬁ'ed'ﬁﬁﬂ@)m the praseppe obs sagrck lbe

harml‘ul effeﬁmmsoﬂ'l'lmypenfmlalgistﬂattﬁlto@@Iﬂoﬁ%t@@éﬁthéﬁﬂéﬁ'cﬁ% rp5é ?dl um on

catal ysts u tti#@% ert highe ilin ca ons to

| ower boili ?5%‘#‘%&% |°§%%ﬁ%spar Il%g{e'arcqrﬂ% "E‘Qé "&e‘éfqm{éﬂwm wetal.oirte

systém in cdEegnRrationgf W%@meuﬁgmmcmnommmmsfm m@@é‘stgamtmsand trap

met al cont arthérafaﬁ'édeﬁﬁl@lb}beréﬁéﬂotré@&e# Bal@aduﬁﬂ% g‘ﬁ and h en
ance

producti on ] reased activity nai n ysts.
The stronti tf?'ng?ﬁt ﬁ%%”&“%?zs{’@fhﬁvs ”Q’E"'fglqt‘ v fqacgpr M&mnwlfollewgan
conpri si ng ®gEodPf oparatias ofihie hpeat pmshwgmﬁml afmsLRNIPAdtEISas FE:IEQQphat es

and the ik I Qus tions, LNncC t he
prepar at i on?ﬁiﬁ%{%ttg (%L?Pﬂég‘al'%s'% rglzr!?aﬁﬁlw %E%@B@'%@@?ﬁbes a

shel | catal ult3n regorehan Wévswv#errecquf%ﬂ@rmacwwpofvmﬂdmﬁ/ or IBon a
powder or forned support, these netals being in fi ner divided formw thin

a shell and eir duction FEB 2004 WO 01/ 10551
PCT/ GB00/ 02881 V4308 E'Sgﬁ?eeg E‘JB%‘B&! P%SFPPFEEEI%E/T? hasmiyl efieats of onpseer ropreed

nono- or bi Makdgopiaminaits (Gspecially wanadiont) ahyatalyses aded)in protaibdsSiRgt MinvBrt

Surf gt ant y?’gggf??"s"g Fprofth oS lqudrOiing SaciohS. (RBIub Ioe e et s 1 or
supported h& q Hﬁ [FQE YSiam incatalytichyarasarioni epoversiotimoanessts fo react with net al s

with parti cb&ﬂpmﬁallﬁnﬁm:hﬁﬂﬁtﬁ@é&?%ﬁh&h?ﬁé%ﬁ%&m?ggan%cﬁ-ag %lrj.bljgs

formby red salts
H, or le kal PFn;du oggiﬁ%r “’%‘?jl?&feﬁae%@m‘% mainteRRNCE of said catatitstss t Theigl y
hydr ophi | i csgentmamlnmystengls stdbilised mith a émfab;anahmérﬁbém RShY Bhe/ 6Pmokd her s,

fatty ester sf gHer@id20¥drh ysts are obtained
by |rrpregnat|%]§1 of (in) ggr"géa*ﬁf?” ﬁg%%%?ﬁ”‘géf&sa F\‘?j'?gd C or La203, with
‘aqueous solutions of the colloids. Stabilised metal colloids are also used
in elect ronhﬁesalaanblm%éawlvﬁnameh%o i eve deposition of
met al part| @ ont% sel ected surfaces. Be@taucjﬁg%eé'%p?%'ga?ﬁgmegf Mol ecul ar
“€atal ysi s Hysigm Feraople, BR-A-7 Se889iesciibasen st catalysh torthinimigi  net al

salt and pr oneot o meialsnfceraqse NIB ah@loleB h aipBwast &'f%ﬁﬁ%fsﬁ.baggb téPa“d

i mprove the st adj um cat al ysed Fonyl ati on
" ggc tion. n{elfbefé Brgil'ug in f?nely dwn&eg Form Wi {?nn a shell and a process for: helr production, b);r



We haveé“now found that the use of stabilisiing conpounds in#a netal - conpound
cat al ysed reaction may be beneficial in inproving recovery -of net Ir%fuiﬂ%‘
has been lost fromthe catal yst system According to a first aspe@t’

i nvention awbiuggd g phase chem cal reaction nmedi um conprises one or nore
reactants, optl nal | y in the presence of ? reaction product SfCHAB0GRESor
nore solvents, diluents or other formof Tiquid carrier, a catalyst system
conprising at |east a nmetal or metal conpound and optionally further
conpounds such,_ as Iiﬁands or conpl exjng agents; characterised in that the

react i on medPatA% e SHRROTLEIR AAUSOYS SOlYPNSEF Prefergse manet otbigpetallistoliods ai d
| iquid carrictthe camflyibtImdtawmamligéﬁs,ﬂmrgmjmgyt}gidﬁg,m@g@ﬁbgtag{& stabilising a

colloidal s ensi rticles of sai .. or metal conpound within
the liquid @gﬁ@%ﬁ@?ﬁ%‘?ﬁ EFE%BE?LB'?? FEﬁah"ﬁﬁ? mstalic gejioidsas watert he
reaction orsokbje precprsossonsigpporiedrbeteragfentbes catalybiantTheolibiga et GRsugoymduct s

th | . t : i L Li.gul d.f
G bl o v TRE MRS R Rl it 1)) 8 Wi Backlhgn i lapiis o, haley safiue
syst em conp/Pim By redustieonef metahsaltsiin THRpalaehble ntwalsr. using hydritias,tHheor aliaipounds

such as co " i LSSel t 4 FEB
2004 VO m?@@ﬁg;gﬂc?? h églb ngggﬁf'ﬁ%ﬁ'}c:égf Sﬁtaﬁgy ﬁi‘kgk’ﬁ'gﬁgwﬁﬁ%e E'aérz%;'r ed out
and the readttorr (HRA'Y spg'MQ'W%?&%ﬂ%?ﬂP@,“ﬁM@f@, carigehvdsates,

~concentr at i @i Bhecatalysts arerabtiained by imbregdation of (Horgahicistuphsts, eQRAChERAeaMRNY

exanpl es ofca,upéhcy ,a.mhig@,negﬂ@gdﬂtﬁ,ﬁ?,@;{@cd@idg: t he pal | adi um cat al _ysed
carbonyl ati on of ethylene is described in WO 961 19434. The pol yneric

di spersant is soluble in the liquid reaction nedium but should not

si gni f i cant$ubiiiste MaBPcdIbitls \bre 5188 Lbdd R3Hd LELE i Bdgy Whi ch
woul d be det ri‘rlrenlg.al to rs?_gcti on. ki net i%éaﬁnrrﬁ heat %&%&&#‘ﬂé&%ﬁ%bi lity
of the di spe¥-dAAENIPYR teposilio of mefal peticies, e selpeled sudacesn conditi ons of

tenperature and pressure should not be so great as to deter significantly

t he adsor ptg j rn@?&t” 9. .1 I r{icles The
pol ymeric dﬂi és?%g?%gﬁt ?lg-h%%ga e Wg@%}éﬁﬁ&%ﬁ.&a@gﬁ@g} B@Déb’eﬁiﬁﬂcﬂw of
particles dfe uss of alializnetalsaliang prolsaliveentioidi agents to maihtatncatalystadtivignerdedi um
such that tifgrovetisd theanalisebffly 6 PERIRIRSN BathREEY hyd?Bxﬁfé}@r%ﬁio ‘F&éﬁﬂﬁﬁ I on
are held in suspension in the liquid reacti on nmedi um an re di scharged
fromthe reactor along with the liquid for reclamation and optionally for
re-use in riikhave now fauwd thaidme uds ofstafilisirg consdunds irea reitatlcopspoungl es are
normal |y of i infl j Qi 0 -.100 .nm aver a
par L1l & o1 o B 1P by R o e b8 BB s
of the pol ¥} g ca P - are adsorbed onto the surface of the netal
particles whilst the remai nder of the dispersant nol ecul es renain at |east
partially Qg . tion mediumand in this way the
i sper sed acairelo iy apetdrud bbb A IohErhisRe BemicRhipastion Hech | s of
the react orcopPrses pnes@rirenre deadanip.apfonallydn shpapresendecsfra regctivgprodret) es of
metal partizpdene Wifdie S@Verfls, Aitdhts epbﬁbffm &ﬁiqaa%hﬁk.eéﬁ&gst%%ﬁa' ly

es nrnt

coagul ate. Sone .a *omaratl op of pRrtlc may occur eve esence
of a sui tatﬁ"E‘Pﬂ?'Egg eg5ha petal o F FRMRR tiopgllyfuether commeamnds sucton i s
oEti mi st tadsdigarmiscdr cagylexing rayehtsncﬁdtectbdséﬁnahatahi Rdaatibly ﬁie)ﬂidg?!’ﬁl!{r@a a”g
t he aggl o D so_t.hat they may.be broken up an
the part: creoamhsed ol el s @herkan R8BI Ko TP sl Byt Botie Rad Soniagee oy

i ncl ude horfisPersaRtein®canab|eootsabilisingre colldidal syspiepsion of patiblea of gaidfrhetal

copol yner s gkt c8mpB@\dAIBIS theligg Y, the polyneric dispersant has
sufficiently acidic or basic functionality to substantially stabilise the

col | oi dal suspension of said netal or netal conpound. 4 FEB 2004' WO
01/ 10551 POheGHGA/reXIiBa medRim mah beanidivdrt forth@ Ridctiipol ﬁzag%ambrié@ﬁf-e bhe
S y

ot

3

v dod. - Pl LR ot Epe e Bibr pfEnicts Hnreomna” Whe sSpdivpis andreestone aci dic -

or basic pdirgduetssn iiguit imingay be iscitié withor dissolved Phoseiventer fiuid dems and

am des suc . f articularly njtrogen

het er ocycl grh%s%tﬁ%ytsiy?ﬁ%hg%@ﬁ?%snegﬁ&%&ﬁf/ry?éﬁ tgﬁeﬂurﬁgaqu?@ﬁh"ﬁ@kf {“Hg‘PF ol i done
or copol yneiespgendsraichfas cempleding@ganis| kgandt etel The matajyst is selatiep®y sant s may
be sel ected from pol yvi nyl pyrrolidone, polyacrylam de, polyacrylonitrile,
pol yet hyl eni m ne, pol yglyci ne, polyacrylic acid, polynethacrylic acid,

pol y( 3- hydroxybutyricacid), poly-L-Ieucine, poly-L-nethionine,
poly-L-praline, poly-L-serine, poly-L-tyrosine, poly(vinylbenzenesul phonic
aci d) and pol y(vi nyl sul phonic acid). Preferably, the polyneric dispersant

i ncorporates acidic or basic noieties either pendant or within the pol yner
backbone. Preferably, the acidic noieties have a dissociation constant

RV T " . Y T T o " o o, Y e T



WO 01/ 10551 4 FED 2004 PCTI GBO@J'L02981 The effective concentration of t he
di spersant within the reaction: ﬁEdI um shoul d be determi ned for ea
reaction/catal yst systemwhich is to be used. The dispersed net 2%’*
: recovered fromthe liquid streamrenoved fromthe reactor e.g. by
filtrati on WRAMPShH either di sposed of or .processed for re-uPETAEBA02981

catal yst or other applications. In a cont |3nuous process the liquid stream

may be circul ated through an external heat-exchanger and in such cases it
nmay be convenient to locate filters for the palladiumparticles in these
ci r cul at i on fagiitate fareactinnde begicagisd owt apddbe traction contienstsaich asdempdraagpect

of the presgrassuraV@@bﬂaﬁﬂco?;ceh@ﬂﬁﬁﬁetégfe h&lﬁud?i?%ﬁx%%feurf& b g’%rtﬁ:?: éﬁlﬁase

.conprising the steps of orming jn a chem cal reactor
-chenical re V(?ﬁa'ﬁ%? BFr? sﬁmw%wr?%sx'ﬁ B ”@s%@ﬂ’%‘catﬁbﬁpﬂ esent

“ invention, ljrborylatidnrog ethytenesaiddsdribedtivw® 9poigdspn of said |iquid phase
~chemical reaction nedium c) separating said |iquid phase chem cal reaction

“mediumso as to renove fromthe liquid as a solid-phase colloidal netal
particles fahwdym;n@@gmaeﬁ i§ isolblefin thecliquid edagion mesiuembutihedid abe

di spersed i @lghxh&ﬂtl&r%éhdéhﬁé@seygw tﬁp}éé@ﬁéﬂ ediufP f\ﬁlg#r%vgfa-. rﬁ‘?"hd gnal 'y

returni ng t orfiaon sep arate reac

react or; etgl)-neg@! ¥°d RaFtiop kinedice §& hagt tfﬂﬁ@queﬂéﬁ/@l@éihw tie dispersaitéstheo as
to formaf mmmmdmuamaemafeatﬁm Edridaiors tof st Surd afd 6Fe%§ur¥.- sholll fotba! yst

systemis a ta S Pr ef rabI the netal 1s a group
Vill or gr OUQB%BQS%%Q&%% P%ﬁ'ber%fgﬁ]o tion F%‘EJ SRR MolReyias O"tﬁ’ﬁgq
preferably pelalpaitices. Preferably, the cat al yst system incorporates a

phosphi ne |ligand. W have found the invention to be particularly useful in

a process f% t he manufacture of an al kyl ester by carbonylation of a G -
C4 ol efin i h"¢ RRYIBRUCERRRISAM I faRAblS PT sipkilisiag a calieidal Guspension dfapeastidles of

provi ded aceaid digta) ot metal cbinpduAswithin thé liglie rétcls® Hediumy SHEH @At fheﬁﬁ&ﬁﬁs s for

t he manuf ac [ Si t he s : ormn |na
chenical re %g?é)%’r"ﬂ gd ?J‘; %%ﬂ'ﬁ%ﬁrggg ggg?'éﬂr& ’f‘%‘ﬁ B‘rﬂfﬁf’ﬁﬂ?'é‘& ipthe é'ﬂ
al kyl al cohtsactionynediumiandzare dﬁ&hmd fonoitiedeadtar alheg mtbsmmld)fora cat aI yst
~ Syst em conpfdchimation ah® bptiorz liéué.samin@kil E
01/1 051 PCI] 500/ 02961 8 &om:ﬁgna Ly npdate e "ﬁt"”fs’*’Fk*g'?ez'('?’g !
product andPBFCBT AENOBYRMET o BAMENSions e %r\'ﬁlﬂ'ﬁ '869% fer10@ W‘?Wﬁ‘ant
whi ch i s di partidie side ialtharghdatgen pariciel sy fohmin sarhe o Imjﬁitﬁf@d:ﬂtﬁ& sai d
pol ymeric d Q‘?&P P I 1oid nsi on of
particles o sal g nepe?%digr& ﬁé‘d 8&0%1%9!\7\#%% %@% I aﬁ'i'"&%ﬁﬁaﬁ'sptgﬁem cal
reaction net¥M@Rdenef he dispgesant U\Ob?cﬂﬁé fﬁ'ﬂé%‘sﬁjr‘%asﬁ padipllysoledted by the lifuid i s
al koxy- car brzagtiontraédiire a‘nerﬂmlélﬁaﬁhﬂfé’éhsﬁéﬁaéé it PekiclestHtE sRIHHREA 4RhstSt ©PS
b)-e) accor gétnﬁ’g bR ti';[ehv?all% o?(ﬂ'rn]edreaascfc)a?%} |n0reactor d&ad” Spearg:tes Iamj/ %Btalln(s)tnformtng
agglomerates of metal particles which may grow by collision of particles and eventually
coagulate. Some agglomeration of particles may occur even in the presence of a
suitable dispersant but when the dispersant type and concentration is optimised then
such agglomeration should be at a relatively low level and the agglomerates may form
anly loosely so that they may be broken up and the particles redispersed by agitation.

The polymeric dispersant may include homopolymers or copolymers including polymers
such as graft copolymers and star poiymers.

Preferably, the polymeric dispersant has sufficiently acidic or basic functionality to
substantially stabilise the colicidal suspension of said metal or metal compound.



Of particular interest and benefit is the use of.xt he process for the,

manuf act ure of nethyl propionate and so preferably the |iquid-phase T
reaction nedi um conprises ethyl ene and carbon nonoxi de di ssol ved #nFEB 2004
met hanol ar\gor@t‘&gl propi onate in the presence of a honbgeneous cat al yst
system conpri'sing a conpound of palladium, an organi c phosphPEFGBP¢BI81 and
preferably a source of anions; and said polyneric dispersant. The pal |l adi um
conmpound may be selected fromtris(di benrylideneacetone) dipall adi um (dba)
or other co m@?s . g pEal | adi um acet ate. The catal yst system may incl ude
a suitabl e BHSY %ﬂt&gﬁy_ta I8¢ I8 ARt thatithe pracipitation elthe metal foonibeisolsionhe

car bonyl at i pmasefis sutsatérstlatiptivoidéd. ef er abl y; the reaction is the carbonyl ation
of al kenes, al kynes and/or al cohols. Exanpl es of al kenes include C,-CQ

al kenes, preferably, propene. Exanples of alcohols inGude the carbonyl ation
of C -C6 al Batioslarly prefareadadisner@ntIibr this ptrpose fireiudel acidiebnsui poiftpeks cul arly

favoured reggit,ki } ; . i f opene to putanal, the
car bonyl at | Heard SaltRRU ids. Sulhahe LOREYaribleS do Fa i ABFOR ok pelyacivisies.

car bony! at i ¥rhedarogyle magicylady aitiogra betaracyce substiuiey palytinyipobmens saéh aghene
to form netpoiyviny pyirslizahe or oL I0F fe 48AhiON My al so include the

oxi dati on of al kenes and/or al kynes, for exanple ethene in the Wacker
process. Preferably, the polyner:nmetal mass ratio in glg is between 1:1 and

THE R 1 N9 i gy gl i

: : : i 1 9/g IS U

1000, nor eo%é%ﬁcgﬂﬁh@%agﬁ%a%’%%g@@ péﬁ%%"‘;ﬂ;ﬁ’ﬁ&eaB?‘;‘%?'V‘ﬂ'be*tpal'yéefg{'g atid, FEB 2004
WO 01/ 1055 1P¢m#tmml¥%mPOW(L’ﬁhﬁdrewmmmm-mua@apdyimemﬁmab| y a

b dent a'e | paArathe0 g lorhe! -8y B3 2Bk Redick G i ng 1 o

each Ris in enden F@ a_pendant’, optionally substituted,

t hr ough V\hi%nﬂﬁﬁﬂﬂsﬁf”%ﬂﬁcﬁggfi nked to tertiary carbon atomC, L1, L2 are

i ndependently a |inking group selected froman optionally substituted | ower
al kyl ene chaisr ' D& j s atomta the group X and
X is a bridgin gr-gﬁfb?glgﬁlgb?gishgégﬁﬁé%(}(rﬁgr%g$§5§a§é§5P?§|%F18&%5§ ?ﬁh%m ety to
whi ch the IRGSEMAry4thin HePolymer Papkhomeo Prafembly iheacidic awvistieshavean at ons.

Pr ef er abl y, dissoeiapern donstarnt (oKL of RES t12d6.0 ' Wble/prefdhaily, iesaran ?X}?Fno kyl', e.g.
S, |

Cl - g, an rlinear. The |inki!] roups, and L2, are
i ndependent réﬁgagwgpég'%ﬁ%gh g??f%ﬁ@?’gwﬁlqa&?'cﬂﬂ'?ﬁ?stn'%ﬂvg& basgdissegigbony | ower |
al kyl, e. g.cooptanidpl4) beingiofdess thar 6,0, Imuwe preforaplydess than 6.0 £id mestGhefehi .
Especi al | y ggsathan &% pikS aMiBR, B i L 2 Y. . ri dgi ng
group X is an aryl rrgikae?y, 6& g. B‘gdﬁh’gﬁ@? lggg@%%qﬁc}%héoﬁﬁ%l?&%é?i onal |y
substituted, provided that the two phosphorus atons are |inked to adjacent

carbon at orSuitable golymterictispersams, h aRfidr R Beidlsdife MR YeadibR Hkdifmbl onal
parti cul ar 1y 85, B o B ofS s hosicleh. iner wiicisvoasigme hy1
and cyano. Hegkhanecrgss pandentgrpip.nWechaverfaynd thatpdiyraen insdryortng ScigaARdD.

e. g. napht Wi@@ﬁiﬂié@ibgaﬁﬂ%@ﬁ@iy\gﬁ){lﬁ gﬁﬂgne W"%SF’S%C%%% 4 c?:d bi dent at e

| i gands i ncl ude EI ) & ‘l-tert” bt osp &0 known as
1,2 bis (dip-"rVéF"tV N gﬁ%ew—m iy Suitaiee Tbe maigaular aieight ptthpaoiyyher
phosphi no) whiah is suiytse foramd irbthelinveRtion depatids UpshYhe PRGSO IeaRRHNt hal ene.
Exanpl os. Sl sha e SUCRRS oL ARRE IS dpr i, B e ot sormaly e

ef f ect i vendyerage nlesuianwaightiislees thant t00,a00s tRriefdrably, tinabverage moRallar Cl es

were carri gghj i ?a?@éi J ik ed i al | adi um
acetate (O%O%Nmﬁlﬁghg P P1(l;)l?jb Mt/:/ﬁg% g‘%ge&e%a&& %ﬁg%gghﬁ‘qﬁht'ﬁoﬂl ass sanpl e
bottles and"IgraRy: 68-%@%0 &8 Mude Beefergblya theomage 10,600P8¢,600,ambreat i on
was 2. 22 x phéfeRbiy@0;000 | 60,800 Aert PYPSLEEY S6@ a A naf Pd

to PVP was c\égr bﬁgm The sanple bottles were thgﬁﬁ%g{;o%ggﬁzﬁgﬁcgﬁgtbgﬁ%h%
stirred for*®2% d%’s at anbi ent tenperature and then left to settle. The .
met hanol has the effect of reducing Pd2+ to netallic Pd as would occur in a
reacti on vessel using the Pd2+ catalyst in a reducing reaction nmedi um such
as nmethanol. The glass bottles were then visually inspected for palladium
particles and for any evidence of adherence of palladiumto the walls of
the vessel, normally appearing as a mrror. Sanples of the particul ate
matt er 4 FEB 2004 WO 01 /10557 PCT/ GB00/ 02981 8 forned in sone of the
experinments were anal ysed by transm ssion el ectron mcroscopy (TEM. TEM
The sanples were diluted with nmethanol. A drop of each solution was placed
onto a TEM grid incorporating a carbon support film The speci nens were
then allowed to dry at roomtenperature prior to examnation in a Philips
CML2 TEM instrunment. The results, shown in Table 1, show that in the

o Y ~ N ™~ N 2 v I -~ a ~ = . 1 N B
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Exanpl es 7 -11 The experinental technique described for- Exarrpl es 1 - 6 was
repeated using PVP together with an L2Pd(dba) catal yst. T_ZPd(dba)lf FER 2004
catal yst system prepared by m xi ng a bi dentate phosphi ne I i gand

(1, 2bi s(di -t-butyl phosphi nonet hyl ) benzene) with

tris(di benrYOi®&@AAcet one) di pal | adi um known as dba. The r es eCrAEN0A2981 0Wn
in Table 2. Table 2 Exanpl ePd : PVPCbservations. 71 : 522Bl ack sol ution,

bl ack precipitate state, no mrror.61 : 104Pal e yel |l ow sol utionbl ack
precipitate state, no mrror.91 : 10.4Pale yellow sol ution, black
precipitate "hﬁ@ffeﬂl\tﬁﬂomemtrajlonmme disget St evithiel the veatibaihiealium Bhowd be

pr et it at € daichhihedTer SAdr@dbhicatd P sGatblviich 8% biugRy bl ack prect pi Late

-state and mrror erimental tecChni que described for
-Exanples 1 - 6 was repeated using pol yacryl ic acid (PAA) having a nol ecul ar

wei ght of 2 Tﬂ@@:siﬁrs%ddhé@ﬁh&ﬁ% rgmefe@smna mearqa.oegt% tendVRB g'?’me-'l-'agctor

results showtrtl)at e\{ Hgg_. {Eogts of  PAA were effective In

the metal p&rd P¥FLENPRARE NS LINRE FB?&?@tqfﬁﬁpmceﬁﬁdCﬁbﬁeZ“W@talﬁtarppear ed
t hgt at t hefotheghpplmaﬁmserihread:ormnﬂouﬁpr%dksltl‘ae Ihlﬂdrpiraeﬁg h%y&e]@rculaftétﬂhrou h
reduction o m.di_d not

netal was vi s%%*ég%ll r?lé?h%%s?%ré% on éﬁ"lgdoﬁgggéség%ﬁylb&ﬁ? &Eoéﬁff‘éq g"’TEM
obser vat i on$eppalladipion particiesie Hesaiciralation@pparatust ate, no mirror. 131 :

6. 9Yel | ow sol ution, noreci state, no mrror.141 : 1.42Black solution, no
precipitate,colloi dal suspension. of 10 nm- 20 nmo mrror. particles which

wer e ident i AEFOTHIROIMNE BIQY cgrding 192 secpighpeppct gt the Peerenhinvemiondved no
t endency tOpmme!sseﬁ:tmhet maﬁ%MQﬁmbmrﬁW%ﬁé the &eF@Bl‘ ack solution, no

For ot by very [oldmrtiacrbadiiatil® il digstichRBicalieghid meabin " nbor <

of small (10 nm - Zoamﬁfdlpl itortheyfirgtaspedl of hepresent invention,4 FEB 2004 WO
01/10551 10 PCT/HyRembRR8%dm said reactor a portion of said llqund phase chemical reaction
meditm,

c) separating said liquid phase chemical reaction medium so as to remove from
the liquid as a solid-phase colloidal metai particles formed by decomposition of
the catalyst system, which are dispersed in the liquid phase by the polymeric
dispersant; _ _

d) optionally returning the liquid portion of said separated reacﬁon medium to the
reactor; and

) optionally processing the recovered metal particles so as to form a further
quantity of the catalyst system.

Preferably, the catalyst system is a homogenous catalyst system. Preferably, the metal
is a group VIl or group 1B metal, more preferably, a group of VI metal, most
preferably palladium. Preferably, the catalyst system incorporates a phosphine ligand.

We have found the invention to be particularly useful in a process for the manufacture
of an alkyl ester by carbonylation of a Cq - C4 olefin in the presence of an alkyl atcohol.

- Accordingly, there is provided according to a third aspect of the present invention a
process for the manufacture of an alkyl ester comprising the steps of:

a) forming in a chemical reactor or a liquid phase chemical reaction medium
comprising an alkyl alcohol, an olefin and carbon monoxide in the presence of a
catalyst system comprising a metal compound and a ligand compound,



were either spherical or an angular in fiature Exanple 17 (Conparative)
Tet raoct yl ammoni um br o de was added i nt'o a pal | adi um acet at e/ nmet hanol
m xture in gross excess but the presence of the tetraal kyl salt was E&EBIZBM
to have i twoemilg%igt on palladiumparticle stability. Large palladium 2
particles were f d and a mrror was observed on the inter ®RET/GBA00A¥S oOf
the glass vial. Exanple 18 (Conparative) m of propyl ene carbonate (PC)
was added to 15 m of nethanol containing 2.22 x 103 nol es/| of palladium

(ex acetate) a %t ahbl e bl ack col oured solution was eventually fornmed. There
was no evi dence ‘BpUCqAlY inithe presepce,ak the alkyhesterpradustangfor olrer gbivestsytal  and

no signi ficant pamysts)antia pekmensdispesarithHidtisRsevel it B84 5qhiHna0s TEM
anal ysis of the °F§§?°%§'%" .sed aol utl.an Eevealcrfﬁg the presence’of ‘Toughly
spherical partic G FPEH™ 53 RolyTeRfiG s Rersat beingcapablewes stabilisinge s e
particles were diwiloidskduppensiorecipartidesosh daiaetdl of MthlicombbEnPWRARNRE Of

PVP or PAAint i i N heres whi ch appeared to
have sone, alt hE‘ﬁ%‘ﬁrphgﬁé)@g/é@%}ﬁ%ae%ﬁ@ﬁ%&'w%ﬁ .er%'t’ﬁﬁﬁ?deprﬁgq’ﬁé‘”éﬁf ect of
polt ylmsrig di tsEer\@a%lilt;h egblzﬁaai alkgmwldﬁtmm@mpe dﬂmmatér_r;ﬂb@jt;t,iéhvito he Pd
cat al ysed met hoxuestgoenydistd i n .

961 19434. L2Pd(dba) cat alg‘sstw(jevx)/ngfe @tisgﬁel,géz‘ﬁdliisd(%f}?ge"?%'S)'%ge‘j‘"’“’e"‘"’"-

but yl phosphi nonet hyi ) benzene (5.03x105n0l es, 37 ng) and net hanesui fonic

acit d |(68NL, Of padlit\EarInteress pnaberefit Isothg edle oo the ﬁfgﬁess!fbt] ithé dfﬁﬁkf #té.@/of%?ethyn

aut ocl ave « The.required wei of polyneric

di spersant %EBQ%‘S?@Q%#%S}%@ i"S%ngfeﬂ"éég '%%??'Hem‘*éﬁ\fmwwﬁﬁ%?%etau'en@aaﬁ of

the cat al ysfarban mepexidedisselved inanethanal sat imetbyimsomionaty irthe Hodsemcew orat hy |

propi onat e nﬁm@ggnaau@batg@g%ygﬁnq ébrﬁpﬁsq{gaé 33%533% ﬁ’fepam@"”fl aﬁ %}%ﬁrﬂ&c of net hyl
aut ocr av

propi onate and 219 .m of t hangl ) was "added to the" t he
vessel was ﬁﬁ?éﬂef'%a'ﬁfﬂﬁmﬁgﬁﬁa Yg'tSQH’ﬁSrO&FUP@,S; KLsaid pelymatie dispersaptned up

to a reservoir containing a 1:1 m xture of carbon nonoxi de and et hyl ene

until a preg b S artained The reaction was run
at these con’?é@gn’smf' or auﬁérfﬁ%eéﬁaéeén%%ggﬁ{}gg@!%nﬁﬁ{dggemqﬁ digaliedium e
the pressur@bal rathercRmpauRds: €0, g2 meretaésnst ant by feedi ng gas, as
required by the rate of reaction, fromthe feed reservoir. Assum ng ideal
gas behavi 0%selectivity of the reaction for nethyl propionate
formati on, ee%?éﬁs#i%ﬁ%@ rggy nclude asujable W&Yﬁog fergbly, the cal

PG ~' / GBOO/8adipn compripes:the nacbaiyiatiomt & substizte. gRRfarabp] Meiréadiich @i t he

extent of remedry@foRBfalkélfest H&an@;@g%sg Cﬁa@ﬁ@% Sfaélg" &eEt F"iﬁﬁnfqe@-carhi S

pr opi onat e/%{re i

nmeasure of % PEPRENEe P ARIES A 2loehplsdngluds tesarbonyiation ef GelCght

gai n of t heatsaslols; praferably CheC c ol wefefdblp nclimot XPSRILEMA fa%mdrrs%hé are
m ns

h inT .. ' t.. PdT 180
i naToN @ Fdas e Ficforthy iR BB BS4STH e saponeias of methanolto
M\=25k46. 9:3r£hc 364, the Bpdrezp o0aikaxy 42Thapglatibn of alkenes and alkynes and the
Mv=55k46. 9: rhdiBok/R8rbaR aum&%tZWHB%pW?R%

(Mn=25k) 357: 116, 089. 0025, 324. 0028, 377. O0P. = .7:117,206. 0027, 121. O0PC
(conp) 1.6 vol %inl7, 695.0027,506. 0030, 819. 00reaction m xture The results

show that tThe ghemicaheactidn M alsb intiidectheikidatos enilkeidseid/at HkyRbs dbf T er ent
nol ecul ar %%ﬁtﬁ&éih%é%&é@? é@'s ture had little effect on t?:u'e activity
y yocar

of the cata as neasure culating the turnover nunber. The

presence of PC or PAA was also found to have little inpact upon catal yst
per f or ManC PrefRXaIR RSpAfnérRbiaf FASPAIB T YR); i g ibed in

Exanpl e 19 H\%S r}m fi?/eﬁ?i_rres I N succlggrgp@]mi-ggﬁ%éreggﬁ Fggé@%ﬁ“&'&t he nmass

bal ance of ARfeahly, Retween dibandiRP: 1.46es) erefarablys hetweenlehand®00:The di spersant -

d PR $ @b iy
Bl o e T gy ron cpaLsee gt G e o 1

the reactions’i rder to generate high |levels of palladium
for the subsequent chem cal analysis procedures and as a consequence, in
order to restrain the rate of reaction, a |l ow reaction tenperature (60C)
and a high (70 wt% nethyl propionate concentration was used. Before the
start of the series of 5 runs the accessible surfaces within the autoclave
wer e cl eaned but between each of the individual runs the autoclave was not
cleaned. By this neans it was hoped to all ow neasurabl e | evels of palladi um
deposition to build up on the internal reactor surfaces and on a cl ean
stai nl ess steel coupon which was suspended within the |iquid phase of




" 4 FEB 2004 ‘PCT/ GB00/ 02981 12 the system On cogicl usi on of each series of
runs the internal surfaces of the reactor wereiiM ped as cl ean as FER. 2004

practicabl e’and the anount of palladi um obtaingd by this operati oII'l \ggs
determ ned by ashing the sanples, dissolving the ash and anal ysing by

| CP- AAS. Th&Q 4148558 product from each of the individual runspcrRER@ASHRI
series was combi ned and then evaporated td a manageabl e volune (-20 m) and
the quantity of palladiumwithin this material was al so determ ned. The
results are_shown in Table 5. In Conparative Exanple 21, the five runs were
repeat ed i n T8¢ erdgaicRnosahing ligansus pieierally akidentatedigand of henembloHingla Rgxt ure.

The total pahirad! a.p. y 9 ol . 053 .. |t was
poted that CI L1 o d ACogtgy T} SR RIS indelEnddhy ik SRbpthiye,

‘bl ac kc\%_el Ihoﬁﬂbslthllﬁdﬂ otgamjrogredp I;ﬁrmﬂgh}wm'cm Mrbomiqdmkldd(tcji tdriigichhbnRteme.e 21
runs iC e iy ‘ eciplLtate as
expect ed f rIoMa'Lt haf?é %ﬁ%ﬁé&ﬂ%‘w@g PIDIIIIP C%I%éaecfﬁ% "III]IZDQIS)H%&II E'éII)St'ILE?‘ﬁIo&Ie"t he
pal | adi um néIIIIéIP”EI chalp senneclingithefresnestive phaspbopisatemde tivd gidup,X aneXusabl v
because t hebfddgm cbmBrid ' e %IEI? | R . on. and
avoids the § rrradt?@ﬂﬁ%f Pgrﬁébggbwgﬁ%gmmﬁ %III'F rec gq@g@%%bhgﬁphoms )
sol uti on. Tﬂ@"IS&%I?'I'IEE maﬁ?eﬂ? %ﬁ@e’ﬁ(ﬁ’ﬁmr‘cﬁ?’@ﬁ E@mtabix.ﬁlae penant groupg st em
has facil it @eoptienally substiieted layrer alkyh e C1f rma@nidanaylbe bremchat baliesan Than
that recoveg i e, & nee_qf. P n._thou slight]y nmore Pd was
recover ed fIr'IangIIgthImIIIr§ éla?tctg ﬁ§ ks s'mID Sﬁd%%% s\ﬁ/Isteg é%’BﬁP%pd'SIé?Mﬁ%bSB@é%se in
the presenck rggfuaﬁ@lio‘? Al 19 Gtodtv ¢ Srbslitited Iqweralisdens ©.9.6 1 oy ehaiabl e

5F I ' Y FetCi No. . Pd_i i. uid
Phase 74, 558, EToEl o ar ey b b atd BCHeRsPleng) 388 ilgigrbln Xis Shne
stai nl ess sTEMEYuEEng pgﬁnﬁgmi WBIcE may be,pptipnalivsubstiuted, previdedithat them t he

react or showedhpsgtioregglomsmralisieddd aﬂﬁcéﬁt&amn/\@tbmspéﬁi abtheONadd'g surface

° Ihfeff)up%?% 2’36’% ARy PE%F@;I‘%%E@%@ el S5k b Braharoupon
removed fronPt heoPERR TGPl REEHATY CTio- 8 ERiMt Slkoy <saepalkowy, Raleapitranal ysi s

(EDX) of t heihgleméthydnd ¢/an6.0 FORMSMORE tise B %wtpﬂﬁy%eaﬁggg%?%g%ﬂ% howed

I I I | ' th
{7 om Exanpl £93 EPhEBERe! BEhGHGNE s WieBS, Eiamplesiat Prdered bisniats laendsi ¢ 20

was repeat doclids bis (dident-butybphdsphinolc-oms eens (adso kmusvrigs 1@ 14 tdiesrt-N0

di sper sant t Ki 4 = V| ' or PC (at 3.2
vol une % -mthlﬁﬁggég??%ﬁﬁg8%3%{%%@@%%%0@@%%5&&%%&8-wepé af‘ﬂgis,twhen
at tenper at%@@%ﬁ%'ﬂ?ﬁ@l‘%ﬂ)é‘%@alﬁﬂﬁssuri sed to 8 bar of ethylene before
the 1:1 mxture was allowed to fill the reactor to 10 bar. This gave a

react ant ] 9 - .carhon. nmonoxi.de. The total palladi um
in the Syg?@%ﬁ@byéfnﬁm%ﬁﬁhgﬁ%ﬁ%‘@ 'B_%‘%i%@o‘&‘_ngﬁﬁ‘Be'ﬁ‘HF{‘@bEWW%- rgcovered

fromthe surfaces of the reactor and fromthe total solution gathered from

four runs gH@mpke yesults are shown in Table 6. Table 6 Exanple 22Exanpl e
BNoPVPPCPA, pdi s errant Pd on Surtacesb5.514.57.56. 7Pd in

23Exanpl e ?écExa% P ] =90

|.i uid Pha¥ismgxpsraenisdo e dhe, pigriyeness Pl golymerigsiismessants tcover ed
stabilise palladium particles were carried out as described below. The required weights
of palladium acetate (0.001g) and PVP of Mw = 25,000 were weighed out into glass
sample bottles and 20 mi of methanol was added to each one. The Pd concentration
was 2.22 x 10~3 moles/iitre and the ratic (calculated as gram/gram) of Pd to PVP was
varied. The sampie bottles were then capped and constantly stirred for 24 hours at
ambient temperature and then left to setile. The methanol has the effect of reducing
Pd2* to metallic Pd as would occur in a reaction vessel using the Pd2* catalyst in a
reducing reaction medium such as methanol. The glass botties were then visually
inspected for palladium particies and for any evidence of adherence of paliadium to the

- walls of the vessel, nomally appearing as a mirror. Samples of the particulate matter



The results ¢learly show that=:PVP is the preferred pol yneric dispersant for
use in this particular reaction with the catal yst used because the E ?mm‘
performance of the catalyst is unaffected whilst the recovery of Pd ‘iins %
fromthe | vgypghosgacti on mediumis enhanced. However, when dj [ tal
conmpound catal yst systens are used then akternative pol ymrfpcgﬁéﬁlzqag@ﬁts
may perform better. Exanples 26-30 In these exanples the efficiency as a

di spersant of polyacrylic acid (PAA) having a nol ecul ar wei ght of 2,000 was
tested in L5 net hy WD 01/10551 14 n
4 FED 20048%'0”% Eﬁ%ﬁg@%g&%ﬁ%ﬂng%‘%& %@%‘R%@Jl}faﬁﬁﬂ" slen gleciron fgicroscopy
LzPd(dba) cAEMlyst described in Exanple 19. In these tests 33ng of the
LzPd(dba) cggmal yst and the required mass of PAA were weighed out into a

gl ass vi al w w m xture of methanol and net hyl

and 20nL of a ﬁlgé 50 _
pr opi onat e ﬁ?fss SHWELR filwted wilh methanoh of\ dEeR efipash selution was placed ontoes e

sol uti ons VEEM Zrid Incorddratingpa esrbon sGEPSrt Bim. MHid\sHeRFAEnRRRNE thedCAiIbwWiRSe HRAFN
added to tkﬁgﬁ%ﬁ%ﬂﬁ\){%{%@h@e‘?eﬁgﬁdd' 'bg?ﬁsaﬁﬁ‘hﬁﬁmﬁfﬁ\dom un(Jer a BI anket

of nitrogen instrymenbd of 7 days.
After this time the solutions were visually inspected for signs of

I 1 adi (6, STeYe LY MAY ' I h t hat
Phe ratio (rar e o P howPhal it BRBEnc oI el LRVG Wik 200.
The result sa%&r'eﬂhé@@ ths paiadiken pepdyped by dvnreductipaisf paliadiufabtatate Waam | e ~AA/
Dessehwall Sorryol Lo auut o erepRadinb prét @6 Ghelictyier dBfodtdl o ©"
onvessel Wzﬁ? é’%@iﬁ%ﬁ/ﬁ S ?%Y‘\lszf? 'WQQ%S%'BB'@R'pPeCi pi ate and grgn'rror on
vessel wal | s291 00Li ght yel | ow sol ution with bl ackprecipitate. No mrror on

vessel wal | s. 30200Li ght yel |l ow sol uti O”T‘.%[ghl nopreci pitate. No mrror on
vessel wal | s These data suggest that in to maintain palladiumin

Examples 7 - 11

The experimental technique described for Examples 1 - 6 was repeated using PVP
together with an LoPd(dba) catalyst. LoPd(dba) is a catalyst system prepared by

mixing a bidentate phosphine ligand (1,2bis(di-t-butylphosphinomethyl)benzene) with

sol ution whenrLzRd(dba) catalyst is ysed as the palladi um source then a
PAA/ Pd r at]F¥Prap! grp\ t of tPRA§VAEONS-s Jequired. THEWohsaavations | sfact ori |y
expl ai n why 'ﬁo trerr | cj al effect of PAA upon palladiumrecovery was
observed iprExanmig, SR TAMNEESE Oy SHY—3-3--8)—a oL C ast
with the gfficidéncy of 1B ol Ny partadi um deposition when

~ pal | adi umfacel aiq :i118.50% pars TOCE =1L O Rt e e g =
PAA/ Pd rat]i o of [only 1B driftid My , 1o ?H aaephc?sﬂnﬂaa'n.
Exanpl es 31 _and]32 miror—~~4FEB2004 . ~~4ii -

3 1:1.97 |Black sclution, no no agglomerates with size of greater than 100 nm
precipitate or mirror.  |were observed and the primary particle size was ~ 10
nm.
4 1:042 |Black solution, black | Not analysed
precipitate. Mirror.
5 1:0.21 |Black solution, black {a number of mm sized particies were noted and a
precipitate and mirror. | number of agglomerates of between 100 nm ~ 500
nm in size were observed. However, these were
fqund to consist of primary particles of ~20 nm in
size.
. B 1:0 {Weak yellow/brown |clumps up to 1 mm of particles about 560 nm
{comp) solution, black diameter
precipitaie and mirror.



WO 01/ 10551 >i CT/ GB00/ 02981 These eXanples were carried out in an
izdentical manner to those described 1M exanpl e 22 (no di spersant) 4apER 2@1}
exanpl e 25 (PAA addition). However, ifn these experinents the PAA additi ol
to the systemwas carried out at a PAAPd ratio of 10D. The results from
these exper Wkblri@55ieveal that only 46.8% of the pall adi um whiggh @adaeHEed
to the systemwas reclaimed fromthe sol utd on phase in exanple 31 (no -

di spersant) while the solution phase contai ned 61.9% of the addded

pal | adi um when PAA was present at a PAA/Pg ratio of 100 (exanple 32). These
dat a conf i r ris(tibenzyfderieacetoney dipaitadicen khoun bs aba. Thé Ri3uld 5RholA!ih Tdbiam t o
be retainedqn thin the solution phase when it is applied at a PAAPd ratio
-of 100. Exanples 33 - 41 The exanpl es presented above have denonstrated
-that stabilisers containing acidic or hEahle2functional groups have the
potential to restrain the extent of deposition of palladiumfromthe

-sol ution phase ont (ERRIITEd PVB [ VESSE ST T opaRan o—been—neteq that
“highly polar stabifisers |wh e cationic 1n naturé (such as
tetraoct yl anmoni unp brgm ge) : 622 NFiack BERYR, iGate! oP ffts. A
further series of [scregeni n_g_:ﬂBtSt$amllémgjl|ﬂfgﬁ'rt@a&%Féblpﬁge'%Lmii.rb}' rder to
determ ne whet her [stabi | ijser $0.4 OfFaf yelldvdsdintion oiaR plecid AT BRd SighiCl) can be
consi dered as veryjl weak dci ds_or|msasres (such as al cohol s and esfers) have

the ability to retiai ni®alll di.0n [Watehielow séution, idck preciphds nd Mieel | €S of
screeni ng tests wals _tHer df of 0 c aPeleaelioyusolution,izk prdcipitate@id@imot ¢ t hose
described in exanples 1 -6. That is, the required weight of palladium

acetate (0.001g) was added to 20nL of a solvent m xture consisting of a
50/50 wt /w m xture of nethanol and nethyl propionate. The required wei ght
of the stabiliser was then added to the system such that the stabiliser/Pd
ratio (glg) in each experinent was 100. The sanple bottle was then rapped
~and left fogydmpeL19d48f 6 days. The gl ass sanple bottles then visually

i nspect ed fﬁT_ﬁgréagTUﬁ1par1icles and for any evidence of adherence of

pal | adi um t dhe g¥PefiFental tgchpique deseihed fox Exaimeles 41i6 wasnepdated using
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100Bl ack pr &b¢ psissitseshawithat evesr srBaPamnpints lof PAAawEry effedtive 9 @Bbereing the metal
preci pi t at epartitids furmed bivie retustichOSIHIIONE Y, meb’{tgf) r@@ﬁ%bﬁlﬁb%igher

100M rror forned. Mbl w _= 2&% 0[])38P0|£/%Vi nyl al cohol )1 : 10DBl ack

pr eci pi t at eSORBIFHOPS OF RAA inExarmples 2 & 43 . Hisordvetion o oallagiung ionsttd metallicat e/ |
: 100C ear palladiovd did anpeccepinithaimo miselViiat yisimé hamesbrties, ' mrror. | S%

Met hacrylic acid co-ol 40Et hyl acrylate!l : 100Bl ack solution with no

preci pi ateMet hyl i net hacryl ate! and no mrror.20% Met hacrylic acid

co-ol 41Nonel : 100Black re ' irate and mirror. These exanples reveal that
none of the weakly acidic or weakly basic stabilisers are wholly effective
in preventing precipitation of palladiumcontaining nmaterial fromthe

sol ution phase or in preventing the fod@8%€hn of mrrors on the gl ass walls
of the sanple vessels. However, evidence has agai n been obtained that
~material s Coampleli Pd: BPaAd f und@bsenaltions.oups [( EVEN WIER doBevatdnapr 158 only
a fraction] of 12 hg ra$8.9of| Yelowsplotigmeo) are qurprisingl’y effective n
mai nt ai ni ng—pal | adi um wi fApreeipitates ngajimgri on phase. The readers attention|is
directed tp af¥ papbr&® antelgwsaition.gowhi ch gre filed concurrenily withjor
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-contents of all such papg?&™M&Rl documents ar af?'ﬁg%ww)wwem{éomow
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any acconpanying [cl ai ns, |abstract and draw ngslo.  and7 C Pe':sﬁlqc S_q{Qf‘_E’f‘eas of

~any net hodf 0T T OTESY 230 |BlEcKaoimiBR noEeeinBe oot
except conpi nati gns Merehﬁirﬂogast'ngm@dg?e‘such features and/ or steps pre

mut ual |y eXCT§ST VIE1 Tga@an |DARyElow SHuen, BReR . 1| Prebiliate v Toimearetia®etdsretpdi ng
any acconppnyi ng lcl ai ns, |f¥ked.rsight mier, dr awi r%&@h FL"};EW%"BEEQ’JO?O% )
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alternative features serying the same, equi A&t - 5 nm il AoaRHEDIR
unl ess expressly stated ot Nerw Se. Thus, UNnfess expressty state

each feature disclosed is one exanple only of a generic series of
equi valent or simlar features.
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t ' 4 FEB 2004 ;. WO 0194DSSI PCT/ GBOO/ 02981 17 The ‘invention is not
restricted to the details of the foregoi ng enbodi ment(S) The inventy FEB 700k -
extend to any novel one, or any novel conbination, of the features

di scl osed iwolbigssppeci fication (including any acconpanying

abstract and drawi ngs), or to any novel ﬂ?) or any novel %ﬁhﬁ?’%m of
the steps of any nethod or process so disclosed. 18 d al ns 4 FED 2004
PCT/ GB00/ 0298f t. A |iquid-phase chem cal reaction nedi um conprising one or
nmore react@nts, optional I'n The presence Oiver: ditg h e aPe SR EASh naia lone
or nore solvents, diTuents or other tormo rqurad carri

system conprising at |least a netal or netal conmpound and optlonal ly further
conmpounds such as |igands or conpl exing agents; characterised in that the
reaction nmedium further conprises a polyneric dispersant dissolved in said
liquid carrggtmnigdrdcBb%RiLc di spersant being capable of stabilising a
colloidal s cles of said netal or nmetal conpound wi thin
the |iquid Eeffaoctfammonipm tprqmid@ wasaadded insaiacealiadisacacetatemetbant mjxtuee iol ai m

1, wherein glags Bﬁﬂe)é%btﬁe‘i‘ir@ééﬁééaﬂhe Rah §élﬁh;§§‘fd d%&hgéf&mﬁé RSk ?:an
funct Il onal i t%jllato sub tanana',tyAL} stabilise the collo suspensj on of said

nmetal or R P! aB‘HHb%a'@ﬁl@W"@’éﬁ fqr@&étaﬂﬂﬁ AEES WlSng t o
any pr ecedi olzseciedian thedireemiahsurfaee of thp glazgvial. conpri se aci dic or basic
polymers. 4. A liquid phase chem cal reaction according to any preceding
claim wherein the acidic or basic functionality is provided by carboxylic
aci ds, sul phxamele 18 (Qempamtivels and/or amides. 5. A liquid phase chenical

reaction acsm éf fphiensBarbBhrAE ﬁﬁbma§écﬁie@ to%@ﬁfdf'?néthﬁnd?%}:yac rrﬁ% 22x10°

[ rsan from VI n rrol 1 don
o vacr ol ond MRSt Of BElReT (APl R SRF Pl cPlRurec It was evensealy
po: yrrEt Prg;: r fptred. athete waslm(e?udeylde ob@mmmr ecrrriatign oﬁﬂieywhﬂd @‘lriﬁé BRiss vial
pgl g;( vi nyl benzeneguﬁ% aC| d'?& b%%"v)édlm (I\B/#qufagﬁ %‘HB‘?‘H% ‘%\4&)“9'5’8*5 OA
| i qui d phas®® a%ﬁﬁa@bsedr%&mdﬁvaﬂﬁﬂdh@l pfegen@e ahrpuglnfwewmgl paricies rawgingei n
the pol ynerismdsaRes mmluﬁla@m&wamﬁm@& tHieBe YarleRs werRiiGhbRPdiftbidne"
pendant or ?%rﬁ I{hnsetforme% 6 presence o? PUP or PAA In that the particles were "lumpy"

spheres which appeared to have some, although poorly defined, sub-structure.

Example 19

The effect of polymeric dispersants on catalyst performance was demonstrated in the
Pd catalysed methoxycarbonylation of ethylene reaction described in WO 96/19434.
LoPd(dba) catalyst (where Ly is 1,2bis(di-t-butylphosphinomethyli)benzene (5.03x10"
Smoles, 37 mg) and methanesulfonic acid (68pL, 1.0x10-3moles) were charged to a
two- litre Hastelloy B2 autoclave without exposure to air. The required weight of
polymeric dispersant was added to the reaction fiask coincident with the addition of the
catalyst. A reaction solution generally consisting of 30% w/w methyl propionate in
methanol made up to a totat volume of 300 mi (81 m! of methyi propionate and 219 mil
of methanol) was added fo the autoclave and the vessel was heated to 80°C. When at
temperature, the autoclave was opened up to a reservoir containing a 1:1 mixture of
carbon monoxide and ethylene until a pressure increase of 10 bar had been attained.
The reaction was run at these conditions for a further period of 240 minutes during
which time the pressure within the autoclave was held constant by feeding gas, as
required by the rate of reaction, from the feed reservoir. Assuming ideal gas behaviour
and 100% selectlivity of the reaction for methyl propionate formation, the magnitude of



4FEB2004 W 01/10551 PCT/ @B00/02981 19 7. A liquid phase cheniical reaction
according to claim6, wherein the acidic noieties have a di SSO&H ag} ﬁEB 200h
constant (pKa) of |less than:%.0. s. Aliquid phase cheni cal reget ito
accordi ng t FsApis;® Or 7, Wherein the basic noieties have a_bdse

di ssoci ati on const ant (pr) of less than §40. 9. Aliquid phggfmm?ﬁ'dl
reaction nediumas clainmed in claim1l wherein said polyneric dispersant is
sel'ected fromthe group corrpri si ng pol yvi nyl pyrollidone (PVP) and

pol yacryl at I c aad Aliquid hase chem cal
reaction ne uén‘lég%"re 56)@%'@85 TP e 5?’@‘?’%‘?&6%%@30 en agd thee, net hyl
pr opi onat e mmomnbmbenﬁl’@l i=creolies maetht prap:ioﬂa@elﬁ:ob?mﬁ'w%b dRtEhHMBLART | Si Ng

‘a pal | adi umpg p nuf act ound
~conprising the stgmac%;n rﬁt? ﬁﬂg?ﬁ |5Thjper m ERITPE B'Fe%ag"’l“ﬂﬁ tohase
cheni cal re&E'FP'@WdrfEHT'LDﬁ‘&%@berﬁlmgfm@ saiwiomat theabmpletiof @f tHe) experimentig f rom
'sai d react or The Rallts B SHowrdihrabig!i d phase chemical reaction nedium c)
“separating said |iquid phase chem cal reaction nediumso as to renove from
the liquid as a solid-phase colloidal nmetal particles fornmed by
deconposition of the catalyst system whbgdgare dispersed in the liquid
phase by the polynerlc dlspersant d) optlonally returnlng the Iiquid

portion of & ar-ad T T S
processi ng? e&?a;dggver( gpd'%&‘kﬁpg T@F@%’B’"&s

of the cat &isqe e PSS IEeR e
cat al yst s‘mgm%g@ ) n’ngqe_@yp Tat at 29:!49?2[)(0*"
any of cl aipwe (Mv=85k)IZ] WNQE@IN TNE 1158 gho.ogs &

met al . 4 {ERMaSkVWO| 01 THERT PCITGEIgdled S 1| 2024 %24,
to any of (ha @ II) 3| WNEFEI N (NE Cay 39gBd  SyYSt SPi31 00" P Pr&Tes & £
phosphi ne |raroep) 15. P1.eCa%SnT Of mr artUbEseE o™ f KEE BToesT
conpri si nglthe steps of remliorfmixiten) i n a chemi fal r'eactor pr a FI qut d phase
chem cal reaction medium conprising an al kyl "al cohol,  an ol efifmnm ard—Tar bon
nonoxi de in the presence of a catalyst system conprising a nmetal conpound
and a ligand conpound) (optionally in the presence of the al kyl ester
product and/or other solvents, co-catalysts) and a pol yneric di spersant
which is dissolved in said |liquid phase chem cal reaction nmedium said

pol ymeric e Q0 Si a col | oi dal suspension of
particles o¥ sal g@@q&f th%@%%"%r?éﬁ%ﬁﬂ@ﬁ?ﬂ%?ﬁ?ﬂ“?&@%%ﬁ eraeli cal
react.i on neWPgRylapweightse mdbe aeantion mixure fesiditieceftantion thehactivity bethelcafalyst i s

al koxycar bosymahffled By leatciatiftg trdl thiovEriuribel” S bleseRBE oPPASE BAR Was LERS

b}-e) accor%m&o have i%l'le impact upon catalyst performance.

Examples 20 & 21 (comparative)
The reaction described in Example 19 was run five times in succession in order fo

estimate the mass balance of Pd in the reactor and recovered from the reactor, The
dispersant used was PVP (average molecular weight = 25,000) added to each run at a
PVP{Pd ratio of 188. The concentration of LoPd(dba) was doubied compared to the
reactions in Example 19 in order to generate high levels of palladium for the
subsequent chemical analysis procedures and as a conseguence, in order to restrain
the rate of reaction, a low reaction temperature (60°C) and a high (70 wt%) methy!
propionate concentration was used. Before the start of the series of 5 runs the -
accessible surfaces within the autoclave were cleaned but between each of the
individual runs the autoclave was not cleaned. By this means it was hoped to allow
measurable levels of paliadium deposition io build up on the internal reactor surfaces
and on a clean stainless steel coupon which was suspended within the liquid phase of



# 16. A process as clained in any @f clainms 11-15, wherein the |iquid-phase

© reaction medi um conprises ethyl ese and carbon nonoxi de dissol ved i QJG:EB 2004

© methanol and met hyl propionate i the presence of a honogeneous cat al yst
syst em conpbeisg@sp conpound of palladium an organic phosphine ligand and

preferably a source of anions; and said pghyneric di spersantl?c"ff?“ ozﬁﬁ’ocess

as hereinbefore described with reference to the exanples. 18. Aliquid

phase chenical reaction nmedi umas hereinbefore described with reference to

t he exanpl e 4 4 P 102981 AVENDED CLAI NS [received by
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conpounds sucl[%H'as Iltﬁa?rc'ls or cagg!gl ei<| ng.a en%ds; characterised In at_ the

reaction nefPEHYTLMERNE gRE sésﬁéﬁeﬁfg?'ﬁ" -dingJesultsare shawp|iy dabled. sai d

li qui d carr inc€omparativk Exenglat, the fipe runagerraeéstedin DashiedRarkBR bt Sai d

pol ynmeric dj r ' I S L1 1,S] .a_colloi dal suspensi on of
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| i qui d phasBINe W% G832 % b wre noted dhatdhe fauid produchirar éhi: regctivrawith PMFewas n

the acidic arathésiigckyanel gma!colmpated mrptﬁei—agcda‘._pg&rpuﬁgﬁwt e%{éa le 21

sul phoni c acids, .am nes. andl or am des. 3. I1 qui yhase che reaction
accordi ng t BngMpi %@8&!%!’%‘?%% Wi SomePiack Rraeipiate aF sypectad fromar e

sel ected f 1 bia atton igindicates duthe piejsicat forinaTsepalBGhNHAHE) [ brbbhbig

pol yet hyl enj; : , | ci t hac ic acid,
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pol y-L-prol P ,lei)émanend%cénnia@&horyanqauoiﬂy ithiss fommatigroifyerge mghloaezates swHighhoni ¢
aci d) and/ oprepipltate \Gutwd sarldtiBRoni ¢ acid). 4. A liquid phase chemi cal reaction
according to any preceding claim wherein the polyneric dispersant

I ncorporates acidic or basic noieties either pendant or within the pol yner
backbone. 5Thevesikpshbwoihatibe addition af PYPzo thorasionosydishg haofaelititsd the Wher ei n

the acidic el ' L al&.0n f.less than 6.0. 6.
A liquid ph%%@étgfna @éﬁgﬁﬁﬂﬁ%@%ﬁ%'ﬁn%ﬁ% reblEfaa i the BRRENGR 9f ¢ he
basi ¢ noi et} ¥5 §¥20dhough slightly rears Rdiwag Fecoyared fism theweactor wallssghemBWPG. 0.
AVENDED SHBEkEs préB8ntCGhdssibh) because in the presence of PVP the deposits on the walls were

easier to remove.

Table 5
Example 20 Example 21
, with PVP No PVP
% Pd on Surfaces 8.1 3.7
% Pd in Liquid Phase 74.5 58.6
Total % of added Pd 80.6 62.3
recovered

Examination of the stainless steel coupons by scanning electron microscapy on
removal from the reactor showed that agglomerates of palladium were present on the
surface of the coupon taken from the reaction in comparative Example 21 which were



™ 4 FEBT2004 WO 01/1055t 22 PCT/ GB00/0298%#: A |iquid phase chemical reaction &
mediiig as-claimed in claim1 wherein sak# pol ymeric dispersant is sel ected (S
fror'fﬁgif_fﬁhe' group conprising pol yvinyl pyrof#idone (PVP) and pol yacr yl4athES 0ok
as pglyacrylic acid (PAA). 8. A liquid phase chemical reaction nedium as '
claimed in EPMHPFlconprising net hanol, “ethyl ene, nethyl proBcanER/0283d
carbon nonoxide in addition to a catal yst 1§yst em conprising a palladi um
conmpound. 9. A process for the manufacture of a conpound conprising the
steps of a) forming in a chemcal reactor a liquid phase chem cal reaction
medi um accormgt sepnian the gourfonokerioned fro), the yeaation in BgarhplerB0s drkrge disporsive
portion of ' b Rpeh ] r ' ' atipg said
‘l'iquid phase ¢ ghb@%??ﬁ@g@ﬁgﬁB%%ﬁeggﬁéﬁﬁhﬁ%@qﬁ%ﬁﬁg&?I q"I Bas a
-sol i d- phase sbewedlowsr lexels of tracs egndanainafion Ap thepsoupesdiepvExammple 26 thahdhat
catal yst sywioaiExaMpiépt.are dispersed in the liquid phase by the polyneric
-di spersant; d) optionally returning the liquid portion of said separated
reaction nediumto the reactor; and e) optionally processing the recovered
netal particles so as to forma further quantity of the catal yst system
10. A proceg5. AfRQH3i.3g to claim9, wherein the catalyst systemis a
honogenous Ca'%rﬁy?r—sy'stem 11. A process according to any of clains 9 or
10, wher ei n Tha@xpasimant descibgd uipxample 20rwag reppated Boneeseries of Jourkopsentive
accordi ng t QuAN&irf eithbPhd BisSerddnt oMPR/ES] { 3 | g es a
phosphi ne |i %gragl{r@l;’,. AT prol?;eess for,_tFﬁ(éE@_;'rg%?gﬁ%?@éﬁ%ﬁ?%ﬁ@éﬁér@{
conpri si ng Ge’alyree, &)qftheteagtion copdiions differedfrm Example 2} indhatawhegat d phase
cheni _cgl I e darhpevature diewntmlmwdm’t pressurisati ky B bar epéiayiend Befﬂr@iﬂlté”ﬂ AnRixturd bg n
nonoxi de in 0 mc | sing a nme onmpoun
Tonoxi de | 1yl SuREER Y Belealicl B LKL THSLER & AR 639 bl & o1
ethylene : carbon monoxide. The total palladium in the system over the four runs was
0.0426 g. The paliadium was recovered from the surfaces of the reactor and from the
total solution gathered from four runs and the results are shown in Table 6.

Table 6
Example 22 | Example 23 |Example 24| Example 25
No PVP PC PAA
: dispersant
% Pd on Surfaces 5.5 14.5 7.5 8.7
% Pd in Liguid Phase 533 62.3 49.8 53.3
Total % of added Pd 58.8 76.8 57.3 60.0

recovered

The results clearly show that PVP is the preferred polymeric dispersant for use in this
particular reaction with the catalyst used because the performance of the catalyst is
unaffected whilst the recovery of Pd metal from the liquid reaction medium is enhanced.
However, when different metal compound catalyst systems are used then altemativé
polymeric dispersants may perform better.

Examples 26 — 30

in these examples the efficiency as a dispersant of polyacrylic acid (PAA) having a
molecular weight of 2,000 was tested in a model system consisting of methanol, methyl



REPLACEMENT SHEET 4 FEB 2004 WO O ' 't ~10551 23 PCT/ GB@0/ 02981 conpound,
(optlonally in theipresence of the alkyl ester product and/ or ot heg Uﬂli
sol vents, co-catal ysts) and a pol ymeric di spersant whi“ch is dissol eEEE i
said |iqui d @ﬁﬂ% hem cal reaction nedium said polyheric dispersant being
capabl e of stabilising a colloidal suspensjon of particles ofPCI4&RINEBAI or
metal conmpound within the [iquid phase chenical reaction nedium at a
tenperature and pressure under which the olefin is al koxycarbonylated to
formthe al kyl ester product, and subsequent steps b)-e) according to claim
11. 14. A pRRRi@atgdnethanesiphonicand and tedi-Rd(dpa) eatalpbitestribedia Example

li qui d- phaseagr Wﬂie*s@'?esﬂ?QBM@"cﬁﬂmzpaﬂﬁa?wﬁél)&f‘ﬁncﬁ(ﬁ@ r&@.g I%'}négyb?)ﬁﬁgﬂu were

di ssolved in an and et ropl ohat e ence of

h(r)]rmgﬁneouis @Eﬁ"@?gﬁﬁ; ﬂ%ﬁ‘;ﬁggﬁ Oiacft‘ﬁ Wﬁ‘ﬂ"@ﬂuﬁf}?ﬂ"mélémwmﬂyhm c
osphine i ag S Sliiura 'tbAcENt

8| spgrsant 12"} fu g LE; e| nbefﬁre dltiascr qra maﬁ%feren?ggyggt he

exanpl es. 1€ 18 ﬁag [Ehggg ﬁ DpsYy B'&?R‘? aﬁ'dr‘fﬁ? U?H%@%Pé‘?%‘ﬂé‘f AMleof

descri bed V\nlhqseﬁélﬂéme-ﬁwr&t cartigg opiuntier ablankeEbDFRo§SHEND théxla”él %Eﬂﬂeﬂ)

b NSt e s el bl
<X~ x<| a~| r’{?PF%fFP SN °f>Pﬂ|'ﬁ) o depagitn. |‘E'le/ﬂmntw 9HPAA ade@to Safriples e y | ?

| >d--<xs- :fgg?mutmggsgm gog&glpaﬁéwmmms g vgned seméerpga%g@ﬁff*ﬁ” ~8x<

2~ ~ cc

@Oélpmgrl %g%ﬁg S le0<’><~xx<0<’><~xz <8XXX <8xXp

<8x0<| x <| x <|@Kx <. Xy ?xx 8H?| x1 ?x80 <|8yp<x}yp<8}y08|xy8<x <<| x <|xy

8xx" <8’>L0<x?gg|§7’>’>’><’>< 1dv60<0$000° 00 @&Jp3" 1p p! 00b000@ OAOO@O <Bp&8v$

D@ F @f 3D&pdrOp c@ p0 f 005@0@x2980 "~ p0c26 2F0 frm{n" |

Bl | KADMMQR) Q' E! HH'alhH 2

HFMLS{ d_oZvavzar VI TSTSRIVOOR SR HH—C3t940 CYARESS 5
! _ UV]_&_QQF d \ U ( hsbrﬁrat;nns
%@ H B 5 ™ QyRLZSNG ca A T T el S TRk T2 |
UV] cal] cal ca precipitate and mirror on vessel |
W] cal] call call cal)l cal] ca] caUlcal] ca] ca] ca] cal] ca] caU| ca] ¢ a] cDazhj >
27 1 Yellow solution with black
precipitate and shight mirror on
vessel walls
28 10 Yellow solution with black
precipitate and mirror on vessel
walls
29 160 Light yellow solution with black
precipifate. No mirror on vessel
walls.
30 200 Light yellow solution with no
precipitate. No mirror on vessel
walls

These data suggest that in order to maintain palladium in solution when L.Pd{dba)
catalyst is used as the palladium source then a PAA/Pd ratio of greater than 100 is
required. These data satisfactorily explain why no beneficial effect of PAA upon
palladium recovery was observed in Example 25 (where the PAA/Pd ratio was only 33.8)
and contrast with the efficiency of PAA in preventing palladium deposition when
paliadium acetate is used as the metal source (Examples 12 — 16) where a PAA/Pd ratio
of only 6.9 was required to inhibit paliadium deposition.

Examples 31 and 32
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therefore carried out in order to determine whether stabilisers containing functional
groups which can be considered as very weak acids or bases (such as alcohols and -
esters) have the ability to retain paliadium within the solution phase.

A series of screening tests was therefore carried out in a similar manner to those
described in examples 1 - 6. That is, the required weight of palladium acetate (0.001g)
was added to 20mL of a solvent mixture consisting of a 50/50 wt/wt mixture of methanol
and methyl propionate. The required weight of the stabiliser was then added to the
system such that the stabiliser/Pd ratio (glg) in each experiment was 100. The sample
bottie was then capped and left for a period of 6 days. The glass sampte'bottles were
then visually inspected for palladium particles and for any evidence of adherence of
palladium to the walls of the vessel.

Example Stabiliser Pd : Stabiliser Observations
(&/e)
33 Hydroxyethylceilulose 1:100 Black solution and black
precipitates. No mirror.
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37 ~ 7 Poly(ethyleneoxidé) 1:100 Mirror formed.
Mol wt = 200,000
3% Poly(vinylalcohol) 1:100 Black precipitates and mirror
Mol wt = 31,000 — 50,000 formed.
39 n-Butylmethacrylate/ 1:100 Clear yellow/orange solution. No
. Methybmethacrylate/ - mirror.
15% Methacrylic acid co-
polymer
40 Ethyl acrylate/ 1:100 Black solution with no precipiate
Methylmethacrylate/ and no mirror.
20% Methacrylic acid co-
polymer
41 None 1:100 Black precipitate and mirror.

These examples reveal that none of the weakly acidic or weakly basic stabilisers are
wholly effective in preventing precipitation of palladium containing material from the
solution phase or in preventing the formation of mirrors on the glass walis of the sample
vessels. However, evidence has again been obtained that materials containing acid
functionat groups (even when these comprise only a fraction of the mass of a co-
polymer) are surprisingly effective in maintaining palladium within the solution phase.

The readers attention is directed to all papers and documents which are filed
concurrently with or previous to this specification in connection with this application and
which are open to public inspection with this specification, and the contents of all such
papers énd documents are incorporated herein by reference.

Al of the features disclosed in this specification (including any accompanying claims,
abstract and drawings), and/or all of the steps of any method or process so disclosed,
may be combined in any combination, except combinations where at least some of such
features and/or steps are mutually exclusive.

Each feature disclosed in this specification (including any accompanying claims, abstract
and drawings), may be replaced by alternative features serving the same, equivalent or
similar purpose, unless expressly stated otherwise. Thus, uniess expressly stated
otherwise, each feature disclosed is one example only of a generic series of equivalent
or similar features.
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this specification (including any accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any method or process so
disclosed.
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U (PsW 109%& (éptﬁﬁél\%mp@p&en&sw all%éﬁu&% prHuH(H%Hﬁ%ié’%‘r’CU?e Solver%is
diluents or other form of liquid carrier, a catalyst system comprising at least a metal
or metal compound and optionally further compounds such as ligands or
complexing agents; characterised in that the reaction medium further comprises a
polymeric dispersant dissolved in said liquid carrier, said polymeric dispersant being
capable of stabilising a colloidal suspension of particles of said metal or metal
compound within the liquid carrier.

2. Aliquid phase chemical reaction according to claim 1, wherein the polymeric
dispersant has sufficiently acidic or basic functionality to substantially stabilise the
colloidal suspension of said metal or metal compound.

3. Aliquid phase chemical reaction according to any preceding claim, wherein the
dispersants comprise acidic or basic polymers.

4. Aliquid phase chemicai reaction according to any preceding claim, wherein the
acidic or basic functionality is provided by carboxylic acids, sulphonic acids, amines
and/or amides.

S. Aliquid phase chemical reaction according to any preceding claim, wherein the
polymeric dispersants may be selected from polyvinylpyrrolidone, polyacrylamide,
polyacrylonitrile, polyethylenimine, polyglycine, polyacrylic acid, polymethacrylic
acid, poly(3-hydroxybutyricacid), poly-L-leucine, poly-L-msthionine, poly-L-proline,
poly-L-serine, poly-L-tyrosine, poly(vinylbenzenesuiphonic acid) and/or
poly{vinylsulphonic acid).

6. Aliguid phase chemical reaction according to any preceding claim, wherein the
polymeric dispersant incorporates acidic or basic moieties either pendant or within
the polymer backbone.
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e) optionally processing the recovered metal particles so as to form a further
guantity of the cataiyst system.

12. A process according to claim 11, wherein the catalyst system is a homogenous
catalyst system.

13. A process according to any of claims 11 or 12, wherein the metal is a group VIl or
group 18 metal.
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have a dissociation constant (pK,) of less than 6.0.

6. Aliquid phase chemical reaction according to claim 4 or 5, wherein the basic
moieties have a base dissociation constant (pK,) of less than 6.0.
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according to any of claims 1-8,

b) removing from said reactor a portion of said liquid phase chemical reaction
medium,

¢) separating said liquid phase chemical reaction medium so as to remove from
the liquid as a solid-phase colioidal metal particles formed by decorﬁposition of
the catalyst system, which are dispersed in the fiquid phase by the polymeric
dispersant;

d) optionally retuming the liquid portion of said separated reaction medium to the
reactor; and

e) optionally processing the recovered metal particles so as to form a further
quantity of the catalyst system.,

10. A process according to claim 9, wherein the catalyst system is a homogenous
catalyst system.

11. A process according to any of claims 9 or 10, wherein the metal is a group Vil or
group 1B metal.

12. A process according to any of claims 9-11, wherein the catalyst system incorporates
a phosphine ligand.

13. A process for the manufacture of an atkyl ester comprising the steps of:
a) forming in a chemical reactor or a liquid phase chemical reaction medium
comprising an alkyl alcohol, an olefin and carbon monoxide in the
presence of a catalyst system comprising a metal compound and a ligand
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compound, (optionally in the presence of the alkyl ester product and/for
other solvents, co-catalysts) and a polymeric dispersant which is
dissolved in said fiquid phase chemical reaction medium, said polymeric
dispersant being capable of stabilising a colicidal suspension of particles
of said metal or metal compound within the liquid phase chemical reaction
medium; at a temperature and pressure under which the olefin is alkoxy-
carbonylated to form the alkyl ester product, and subsequent steps b)-e)
according to claim 11.

14. A process as claimed in any of claims 9-13, wherein the liquid-phase reaction
meditm comprises ethylene and carbon monoxide dissolved in methanol and
methyl propionate in the presence of a homogeneous catalyst system comprising a
compound of palladium, an organic phosphine ligand and optionally a source of
anions, and said polymeric dispersant.

15. A process as hereinbefore described with reference to the examples.

16. A liquid phase chemical reaction medium as hereinbefore described with reference
to the examples.
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