WO 01/ 10551 PCTI GBOO 02981 I nprovenents relating to netal - conpound

cat al ysed processes The present invention relates to chem cal processes
whi-ch rely on the presence of a .catalyst conprising a netal conpound to
enabl e a reasvoanosso be carried out in an econonm ¢ fashi onpctsdamtdsi cul ar
the invention provides inprevenents whichlallow the recovery of netals

| ost fromsuch catalysts, e.g. through catal yst degradation, to be
facilitated or increased and for contam nation of the reaction system by
such netals to be reduced. One netal -conmpound catal ysed reaction is
described in MRrOhEAkI4latin ©inetilteMP6ER catalien sde@r the carbonyl ation
of ethylene and a catal yst systemconprising a Goup VIII netal, normally
pal I adium and a phosphine ligand in the presence of a source of anions.
This type of TheRIPSent nventies relategito.chemicabprocesses whisk rehoen the pedseacepefrd od of
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from t he readErREYR!Hatals logtirgm suchcatalysiss e.gqtbfugh satalysidegeadatiorotd bed t hat
when a react daciiitatedveincreased and fonvdon@ninatipe bf e refctiegaeh Bsueh mdiiisid ype of
process, a Si&rljeg&ééﬂnt anount of netal has been found adhered to the
reactor walls and other surfaces within the reactor.” This netal is-
difficult to recover and nay only be recovered during a period of .
shut - down. USOnkErmeaE@mpesnd catalgsed readtibois deatrited rpWesss/1as 3t ididhalistidbs
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system i n cataalopsi Ehis e of catiyst tands iedsadivaiproverss eaurseofrzepegiodof t h - and
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finely divi ddifficuibtoverdvehiand mapbrdy be AieGvered BTG SSpehiod of dHat-Bowas. 0duct i on, by
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US 4743358 describes a method for suppressing the harmful effects of one or more

metal contaminants (especially vanadium) on catalysts used in processes that convert -

higher boiling hydrocarbons to lower boiling fractions, in particular the use of a

strontium colloid system in catalytic hydrocarbon conversion processes to react with o

and trap metal contaminants, thereby re_sulting in a lower coke make and hydrogen

production together with increased activity maintenance of said catalysts. The

stronﬁum colloid system is stabilised with a surfactant system comprising one or more

of phenates, carboxylates, sulphonates, phosphates and the like.

Metal colloids are used for various reactions, including the preparation of metal
catalyst systems. For example, EP-A-715889 describes a shell catalyst containing
one or more metals of Group. VIli and/or IB on a powder or formed support, these

- metals being in finely divided form within a shell and a process for their production, by



2 coating the support wth aqueous solutions of prefornmed, nono- or
bi-metallic colloids of the catalyst netals, stabilised with strongly
hydrophilic surfactants. DE -A- 4443705 describes the use of surfactant
stabilised netwblojfossiol | 0oi ds as wat er- sol ubl e precursors fopchBhifzbsid

het er ogeneous catal ysts. The colloids of G2oup VIIl and I'b nmetals wth
particle size 1-10 nmwere manufactured in stabilised, water-soluble form
by reduction of netal salts in THF, alcohols or water, using hydrides, H,
or alkali for rohtig thé sippat with @qaebtis isslutishstdf reformerin menoe{ or di-metlic\colloids
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ethers, fatty esters e catalysts are
obt ai ned by i nBELyH4#379R dS$°"PF$19"St“§aﬁf urigggpistatlised metalicgolloids axwaters or
La203, wi th agsshespreirsdrs @rsusported Reterigeadals catilysisi IThe edlioitiotiGrewp ViR ds

are also used rQ'l gln%?sglg Q[M ﬁﬁ‘h&ggzg ?Qb%ﬂ{ @}&FH lﬁ?@.@? l'g%é‘H lised, \%&éﬁéo?uble
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beneficial in €ppkapQanyith aqgueeus solgionaof e colipidsh has been lost fromthe

catal yst system According to a first aspect of the invention a

l'i qui d- phase chem cal reaction medium conprises one or nore reactants,
optional |y in $tbilisedameata) calloids afe alsa usadiin ejsckenics and)photogrrphicapplicatiense
sol vent s, di | uegtts achievetdepositionrafmetal partidesionta seleeted sarfaves.al yst syst em
conprising at least a nmetal or nmetal conpound and optionally further

caonpounds suc as || ag cterl sed In that the
reacti on nedi [hﬁ'*’lﬂ‘ ?‘f‘%?f aﬁﬂﬁ?‘@%@%éﬁfﬂ%ﬁfe‘ﬁ%@eﬂ@g 479 #8 s J8) drsaribe, sai d
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the liquid carrier. The liquid reaction medi um nmay be a so or the
reaction or may conprise one or nore of the reactants or reaction products
t hensel ves. THi¥e haveciowfoendthat the:use of stabiliging dopeunids inl a getalicdropounday be

mscible with Qtalydbé Féébﬁﬂ'ﬁdnéﬂeabeﬁ@ﬁdﬂm infProvirgteédbeR df witiidl wmcmfasfseé@ioxﬁt

system conpri net al corrpound and optionally furt
conmpounds sucﬁmi"stﬁsﬁﬁ§% P’ﬁﬁ agents, ligands etc. The catal yst |s sel ected

to
According to a first aspect of the invention a liquid-phase chemical reaction medium

comprises one or more reactants, optionally in the presence of a reaction product(s)
and one or more solvents, 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 agentsi 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.

The liquid reaction medium may be a solvent for the reaction or may comprise one or
more of the reactants or reaction producits themselves. The reactants and reaction
products in liquid form may be miscible with or dissolved in a solvent or liquid diluent.
The catalyst system comprises a metal or metal compound and optionally further
compounds such as complexing agents, ligands etc. The catalyst is selected to
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Thi s Sheet Has Been Replaced ~Il~l~~ ~II1~~ W ~I~ 111 W 01/10551 3, .
PCT/ GB00/ 02981 facilitate the reaction to be carried out and the reaction
conditions such as tenperature, pressure, reactant concentration etc are
normal | y optwoioswdsif or the particul ar reaction. Miny exanptrcBmio2gsuch
reaction mxtures exist, e.g. the palladPumcatal ysed carbonylation of
ethyl ene is described in WD 96119434. The pol yneric di spersant is soluble

in the li'quid reaction nmedium but should not significantly increase the
viscosity of faciigtetaeraackan tabacamied autandie waction cppditiansisuch aktempambure) t o
reaction ki npicssise, osactnbtoricentratibe et afé Rormmaliybptiniised for thé partieliisiresdtiont in the
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shoul d not be aggn eter SI&{Q ion of the
di spersant nEArRRNYlalen Ffpthylenads desgtibad ip WNQ BY/II4. The pol yneric dispersant is

capabl e of stabilising a colloi daI suspensi on of particles of said netal

or netal conmﬁzjgﬂ,nyg- e netal
particles for as "ggisggl{i%? ca aI @@Waéﬁﬁﬂﬁé@u%%ﬁ%ﬁﬁg nlﬂ suspensi on
in the liqui %lgmflcéﬁ'lyt'l'%ﬁ?é@ﬁ‘{lﬁ"&l‘lﬁ" dheregetionrnadivmingg way whieh waldber  al ong
with the |iqdettméntal to lleactloarmteuwbraedlmbﬁenﬂhblsmmblmy ofmeu%ﬁellsantﬁﬁl&leng

further quang rgeld'rse%.m urier ﬂleyrééctuﬁJ B&Jﬂéhééf te%%n’élu?é & Erfa&upeogml '%f e si ze

col | oi dal % era

al t hough | ar ﬁ’eﬁl’eﬁiéﬁf‘l ‘!,elt%fss'Q?ES?a'l‘Brﬂlﬁ 29 5’8%°@8§8§P3Wm0&?§'369m9

pol yneri c di megtelpmdiclesar e adsorbed onto the surface of the netal particles
whil st the remainder of the dispersant nolecules remain at |east partially

solvated b he reaction d and in this way the dispersed netal
particles gr QB%F? 'aRP ﬁF?PagTEB{#?rB“ﬁﬁ’gm'?fa al usnensign q??é“‘??eﬂft or or

i n reactor dssisdneigiargetal nompaynd withinfthe liguitreactign medissmasuesh that thenetht particl es
200 Oor At | chorio s Kl of b lufl of st QGRAACK sfe ) Wt pnsfeRitofadd  DTe

dlggper sant brﬁ?c%%gﬁd'f'l‘l‘éa" gﬁ@%@gmegt Bb‘ﬁsﬁe&°l96ﬁ'88£l"§%ﬁ°3ﬂ"'$§° optim sed then
such aggl onereamatien andaptionally fok reuse én mekingfutherainantiips pf catalysthEhexmetebner at es
may form orllamcleeemloymslqdfbatmdalmmemsbe gbih theanges 20 ﬁrhevéragé icles

Lgﬁi)ggle;?rg? or copo hlarggﬁ’ ﬁﬁlé%&%}'%ﬁéaﬁ% %}ﬁo*'?&c ol ynmers and

star pol ynerrs! "Pf“'é?'%?eﬁﬁ"}a’etqqé orged onfa thesurfpcsef ﬁ'&ea'ﬁﬁfalﬁﬁ%‘?ﬂ' thet |y aci idic
or basi c f umemaindenbf thy dispersant molecules remain at least partially solvated by the liquid

reaction medium and in this way the dispersed metal particles are stabilised against
settiing on the walls of the reactor or in reactor dead spaces and against forming
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
only 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 polymers.

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



sybstantially stabilise the colloidal suspension of said nmetal or netal
conpound. WD 01/ 1055] PCT/ GB00/ 02981 4 By substantially stabilise is neant
that the precipitation of the netal fromthe solution phase is

substantial | y woeissh. Particularly preferred di spersants fopciiipsoidgPose
i ncl ude acidic or basic polyners including carboxylic acids, suiphonic
aci ds, am nes and am des such as pol yacrylates or heterocycle,
particularly nitrogen heterocycle, substituted polyvinyl polymers such as
pol yvi nyl pyr r 8 sutstantially stabjlieé jsmaesnit thiat theeredipitatioreofdhe fs@anpdns theaolution h

pol ynmeric di spgﬁgs@rg&bga?{ ?aﬁﬁ{l&f“ ed from pol yvi nyl pyrrolidone,

pol yacryl am de, polyacrylonftrile, polyethylenimne, polyglycine,
pol yacrylic acid, polynmethacrylic acid, poly(3-hydroxybutyricacid),

pol y- L- 1 euci rrePaqﬁmblgﬂylprerméd dispensants fpnﬂw;s—;iurnnse linciudle apidic\or baﬁepdmﬁﬁers _
pol y-L-tyrosin du@iﬂ#le po)&ifé%‘ézgla@ﬂﬁkm Emitgs Ghd %@esgt%hy orl}\ét:@ ggghoni ¢

add) . Preferab yieri c er sant |ncor porates aci di'c “or asrc

noi eties et heF’r e&é?@&'ﬁtp%ﬁ'curﬁﬂt'ﬁl“ﬂg?m@tﬂ@% W‘MM%%FW #he
aci di ¢ noi et i epoljvinyepyarolidtine ©0 coplymers ofthe afordsaidpl c) of | ess than 6.0, nore
preferably, Iess than 5.0, nost preferably less than 4.5. Preferably, t he
basi ¢ noi eties_have a _base di ssocjation constant (pKb) bei n% | ess t han
6.0, nore pref EX2HMI8s of guch Rolymens dispersantsmay bgselegted foy nalyiny idgne, i (
and pKb bei ng poEstylamide, polgladrylomdtrite;) peigethylerdinine] polygitcindbolyachilic kel e _
polyneric di Spﬁ‘tflﬁﬁé%a%ryhb ch@%iyké-ﬂfhréﬂbbgh%ld‘? CHO\CR ﬁaublﬂe,t -Lr-ﬁr@frﬁdnﬂ{; redi um

at reaction co | ntarn a SIC npl e
either within '?"?Péll' F?P ply ER%&?@ 109’“’3!‘ Py %‘H’G&H?"zﬁf‘%%‘ff’h"% agiddand ound
t hat pol yners puiu(wmxlmrlmlbmqgcld);r d and am de noieties such as

pol yvi nyl pyrol I'i done (PVP) and pol yacryl ates such as polyacrylic acid

PAA) are art t abl The , ol ecula t of the polyner which
|(s szrr t abl 2 fo re@gagﬁyr ﬁre ﬁ‘g'qeﬁ?/g'ﬁ??'ﬁ??t ﬁﬁ%ﬁ ?’H@sﬁ‘?&@‘?ﬁt@s%m l'he
reaction nedrnﬁmdmarwitmnﬁ’lslmlymerbgckb@nq rﬂ'eiemb}mﬂ'readdmmolatmswavaave f ound
tP ha]g noeral I %/ drésemaﬁaﬁ%aammc Sﬂéﬁthéﬁsghﬁ\oiespré?&'ﬁlyt iaaélthm&ogo 200 000

refera is i.n -
nore pref gr abl%y @%&83%2 "%GF% ﬁ@ifh%%a&cép% maﬁ)aggﬂe '554’6'56% e.g. Mv
|'s preferably qonst?rtépmhb@@ afdessoan 6. Qonqremrefﬁ@bly less theind.0.8nd mpst, nneferably

EFS)gA 000 when P\gisithanuks,pKaaad pi, bei réabareddh dilutd 8queck sElfbnidi 26fte  case of

Suitable polymeric dispersants, in addition to being soluble in the reaction medium at
reaction conditions, contain at least one acidic or basic moiety, either within the polymer
backbone or as a pendant group. We have found that polymers incorporating acid and
amide moleties such as polyvinyipyrollidone (PVP) and polyacrylates such as
polyacrylic acid (PAA) are particularly suitable. The molecular weight of the polymer
which is suitable for use in the invention depends upon the nature of the reaction
medium and the solubility of the polymer therein. We have found that normally the
average molecular weight is less than 100,000. Preferably, the average molecular
weight is in the range 1,000 - 200,000, more preferably, 5,000 -~ 100,000, most
preferably, 10,000 — 40,000 e.g. Mw is preferably in the range 10,000 - 80,000, more
preferably 20,000 - 60,000 when PVP is used and of the order of 1,000 - 10,000 in the
case of PAA,



WO 01/10551 5 PCT/ GBOO 02981 The effective concentration of the dispersant
within the reaction nmedium should be determ ned for each reaction/catal yst
systemwhich is to be used. The dispersed netal may be recovered fromthe
liquid streamoperssied fromthe reactor e.g. by filtrati orrcancBobioms: ei t her
di sposed of or processed for.re-use as a5catalyst or other applications.
I'n a continuous process the liquid streammay be circul ated through an
external heat-exchanger and in such cases it may be convenient to |ocate

filters for Theeffestive eoncantmiinnyaf the dispersan; withinthe |’?ﬂ9¥!‘P‘h‘l"‘P@HmﬁBﬂ!¢Qﬁus

Accordi ngly ué&terpined forceadh feactibn/@tdlyst Systenn which Blpbe usedf. t he present
invention a process for the manuf acture of a conpound conprising the steps
of a) form n%nl n a chem cal reactor | i qui d phase chem cal reaction nedium

according to m@snerseémi@mtbewﬂsdﬁp ﬁt'qwqﬁﬁ@ﬁmrswovqgfmma@orfrom
said reactoreg t@ﬁn&dtnaﬁlamfthélﬁeﬂlel'dlepbsédDha&ﬁocbbﬁufﬁﬂ‘e-tfseaehldathlysﬂﬁdl um c)

f
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phase by t hethp ahisais Farticiisdpthesscitculation agparatsal |y returning the |iquid
portion of said separated reaction nmediumto the reactor, and e)

optional |y processing the recovered netal particles so as to forma further
quantity of Agrerdinglyyerrpvids agcardingp aserens aspeqt gthe pregegtdpvesliotam i s a

honogenous cpgrbédsy fir thymarefacture eff ocontidound téreprisingdhe stems af group VII 1 or group
1 B metal, nore Qrﬁﬁ\fﬁ ¥chéi"m | Rt b ridftid bhéﬁ%tcﬁémlﬁﬁééchoﬁhﬂefdﬁhﬁbl y

pal | adium Prefera i ne |igand.

a%s st s tem| or orates

We have found the B q@ﬁ"‘% t@é Etﬁfeif’ﬁ' in a process for the
manuf act ure of Bembving frams said rdaytocapbmmybﬁﬁadﬂnuufphaseillhemi@lreab&h nin the
presence of an al kuhiu@l cohol . Accordingly, there is provi ded accordi ng ta
a third aspect of the rocess. for t manuf.act ure of

t’)res,errlft nvent ion. a g
an alkyl ester c9 ag gu'g phgre cppmical repclion fijpdium soas. é?ﬁ‘@ﬁ actor or
a liquid phase ch@ﬂlmﬂmeadﬂrnbnmpﬂﬁi metalnarticies by drgampesiiomol | an

ol efin and car bontgra@iystéystem, Which arbeﬁ@a@edﬁﬁnauqmmswywwmrﬁowprI si ng
a netal conpound &nder&n{" gand cornpound,

d) optionally returning the liquid portion of sald 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.

Preferably, the cataiyst system is a homogenous catalyst system. Preferably, the metal
is a group VIl or group 1B metal, more preferably, a group of Viil metal, most
preferably paliadium. 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 C1 - C4 olefin in the presence of an alkyl aicohol.

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,



WO 01/10551 PCT/ GB0O/ 02981 6 (optlonal ly in the presence of the alkyl
ester product and/or other solvents, co- catalysts) and a polyneric -
di spersant which is dissolved in said |i qui d phase chem cal reaction

medi um sai d pabwiRgssc di spersant being capable of. stabilisigegg omgsBt
col | oi dal suspension of particles of said reetal or:nmetal conpound wthi
the |iquid phase chenmical reaction nedium at a tenperature and pressure
under which the olefin Is al koxy-carbonylated to formthe al kyl ester

product, and subs ¢sptiemdily $1 the prespncs) of secalkyll estgr prodid andiecaiRét saveRts coof t he

present | nvention. | f.the
process for the mﬁg@?{ﬂﬂﬂﬂmn{rﬁ%ﬁp@%ﬁﬁﬂqna ggéérl{' sya%é?ig%ﬁ t he
| i qui d- phase react FRamical ﬁﬂ?ﬁ?’b@ﬁﬂﬂmsﬁd eewetyﬂsmnt E%rmg)@ﬁpahlsmﬁﬁtauﬂ!sm
di ssol ved i n met haaeblicidatisuspemsion ¢fipafticies af Said Metah or MERPEIMPRUARD within the

honbgeneous cat al yﬁ@@%ggﬁ%ﬁ%&%ggnﬁd' &ngéqu' Q;af@%agipoesmfﬁyﬁg?r gani c

phosphi ne |igand a TCe Or” ant one

di spersant. The pHT"F melﬂ'ﬁﬁ@dﬁrﬂls%&amwﬂ@dé%f%ﬁ@tﬁlm gdter product, and

tris(di benzyl i denesssbquen) stepsis)-d)@adiariing tokhe sectnd @t oﬂﬁ&Efé&éﬁﬁnveﬁﬂ&l.
pal | adi um acetate. The catalyst system may include a suitable co-catalyst.

Preferably, the chemi cal reaction conprises the carbonylation of a
substrate. PrePRasipularinterest apg benefitisithe yseof the-praeass forithemantaciutess methyl

al kynes and/ or prapioedtebsd sdprefepbhsthe fiquid-jsikaseTeaction Hediuf coﬁ‘bnseé &Rk and
preferably, pr%%?ﬁmgnisegvéﬁczmei ahd Hgafo -JL% i 0&&{&%{;%? of

Cl-C6 al cohols era nost. pr °Chl ar y
favoured reacth eﬂ%ﬁlﬁ%@éﬂt%@mﬂwﬂeﬂwrwew Pﬁi’%@h@"t‘ﬁg@ﬂﬁ anal , the
car bonyl at i on phosphineHigaod andprefecaltly @ sascelof anivbs;andrsaid\polyimetic ldpgrsant.

car bonyl ati on of al kenes and al kynes and the methoxycarbonyl ation of

~ethene to forrrtne F |on . .The c calgeactron may al so incl ude

t he oxidation OF P& §° PRy f"%l%ﬁ‘?@?gd Tom tn fﬁ’ﬁﬁy@ erestene) dinafiadivm c ker
process. Pref ddbd)lopothetcompolpds: e.gepalladigmsacetada.i o in g/ g i s between 1:1 and
1000: 1, nore preferably, between 1:1 and 400: 1, nost preferably, between

L1209 200 LRl V5t SR ey glioe X e . Pl i 32, L0
PCT/ GB0OO/ 0298 reaction compnses the carbonylation of a substrate. Preferably, the reaction is the
carbonylation of alkenes, alkynes and/or alcohols. Examples of alkenes include C-C,
alkenes, preferably, propene. Examples of alcohols include the carbonylation of C,-Cs
alcohols, preferably C,-C,, most preferably methanol. Particularly favoured reactions
include the hydroformylation of propene to butanal, the carbonylation of methanol to
acetic acid, the hydroxy or alkoxy carbonylation of alkenes and alkynes and the
methoxycarbonylation of ethene to form methyl propionate.

The chemical reaction may also include the oxidation of alkenes and/or alkynes, for
example ethene in the Wacker process.

Preferably, the polymer:metal mass ratio in g/g is between 1:1 and 1000:1, more
preferably, between 1:1 and 400:1, most preferably, between 1:1 and 200:1.
Preferably, the polymer:metal mass ratio in g/g is up to 1000, more preferably, up fo
400, most preferably, up to 200.



The organi c phosphine ligand is preferably a bidentate |igand of general
formula (R3- O 2P-L1 X-L2-P-(CR3)2 , in which each Ris independently a
pendant, optionally substituted, organic group through which the group is
| inked to tevasiaessicarbon atom C, L1, L2 are independent lpeTaABoo/mssing gr oup
sel ected froman optionally substituted 4ower al kyl ene chain connecting
the respective phosphorus atomto the group X and X is a bridging group
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Examples 1 - 6
Screening experiments to determine the effectiveness of polymeric dispersants to

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 ml of methanol was added to each one. The Pd concentration
was 2.22 x 10-3 molesflitre and the ratio (calculated as gram/gram) of Pd to PVP was
varied. The sample bottles were then capped and constantly stirred for 24 hours at
ambient temperature and then left to settle. The methanol has the effect of reducing
Pd2* to metallic Pd as would occur in a reaction vessel using the Pd2+ catalystin a
reducing reaction medium such as methanol. The giass bottles were then visually
inspected for palladium particles and for any evidence of adherence of palladium to the
- walls of the vessel, normally appearing as a mirror. Samples of the particulate matter



wal I's of the vessel, normally appearing as a mrror. Sanples of the
particulate matter WO 01/10551 PCT/ GB00/ 02981 8 forned in sone of the
experiments were anal ysed by transni ssion el ectron mcroscopy (TEM. TEM
The sanpl es wa¥Y@O0HI0F%}t ed with net hanol. A drop of each sol ut PEHGRe2981aced
onto a TEMgrid incorporatiing a carbon sugport fiil'm The speci mens were
then allowed to dry at roomterrperature prior to examnation in a Philips
CML2 TEM instr rrent The sults, shown in Table 1, show that in the
presence of P\iomaedipgome e experinents iy @nglysed t!ﬁ'af‘ﬁ@'sﬂa'l‘ elegiremmisrossaeit ed
by the reducti @EM) palladium acetate was dispersed in the nethanol and
there was no pgggi pitation of the netal or deposition on the walls of the
gl ass vials vi le in the sanples. Table | Exanpi . Cbservations. TEM
observations Enesapwple ewd@tg‘sﬁm@%we&h GrFthg msﬁmpyﬂ@éwlacsﬂeetom tate
or mrror. 2 1TEM@ridincoporatisgh varbomsupport .y T ﬁapemg@hewafeathasam\rea toahed

dth to - 5
%nrrore Py mr%r@@%%@uﬁ%?ﬂt&%&ﬁ@éﬁ%ﬂgééﬁ es W P%t SI'Z€ 019 grea’??r

t han 100 rlm precipitate or mrror. were observed and. the primry
particle size ThesesultsOshowmin Table 0,.shdw Biat irkthe rasthaeof PYPat PdNevParatidgy sed

Precipitate. Myyg4. 157%. gaﬁah..ﬂ Arokucy aww;auupdoﬂ%kpaaggm%e?ag si zed

particles were _noted recipitate”and oner at es
of between 100Ai$Rerseddipipe anﬁ' and terg Wag ngiRERsiRiatien afdinavetal OTtQQBQ%“%e‘?’e
found to consitbe wals qfthenglass vigds visiole ésthelsamplesnm in  size. 6 1: 0 Weak

yell ow/ brown clunps up to 1 nmof particles about 500 nm '

Jable 1
Exampi| Pd: Observations. TEM observations
e PVP
(o/g)
1 1 :84.9 |Black soiution, no Not analysed

precipitate or mirror.
2 1:10.5 |Black solution, v. very few agglomerates were noted and the primary
sli_ght precipitate or  |particle size had fallen to ~ 5 nm :

mirror.
3 1:1.87 |Black solution, no no agglomeraties with size of greater than 100 nm
precipitate or mirror.  |were observed and the primary particle size was ~ 10
nm.

4 1 :0.42 {Black solution, black | Not analysed

precipitate. Mirror.
5 1:0.21 |Black solution, black |a number of mm sized particles were noted and a
precipitate and mirror. | number of agglomerates of between 100 nm — 500
nm in size were observed. However, these were
found to consist of pnmary pariicles of ~20 nm in

size,
6 1:0 {Weak yellow/brown |clumps up to 1 mm of particles about 500 nm
(comp) solution, black diameter

precipitate and mirror.

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



(conp) solution, black dianmeter precipitate and mrror. Exanples 7 -11 The
experinental techni que described for Exanples 1- 6 was repeated using PVP
together with an L2Pd(dba) catal yst. L2Pd(dba) is a catal yst system

prepar ed by wopniossy a bi dent at e phosphine |igand (1, 2bi s( dRCTIGB00/02981

but yl phosphi nonet hyl ) benzene) with WO 017 10551 PCT/ GB0O/ 02981 9

tris(di benzylideneacetone) dipall adi um known as dba. The results are shown
in Table 2. Table 2 Exanple Pd : PVP Qbservations. 1: 522 Bl ack sol uti on,
bl ack preci ptrlﬁ(gtbeozymnﬁaqr;gm) digaliadiufjiown ag %lW@B‘F@fq Hiewnyip Zahle
precipitate,gno mrror. 9 1 :10.4 Pale yellow solution, black precipitate
and slight mrror 10 1 :1.04 Pale yeg%ay%sol ution, bl ack precipitate and
mrror 11 1:0 Pale yellow solution precipitate and mrror Exanples
12 - 16 The experi ntal technique described for Ex = 6 was

repeat ed using po|Eawpg)Pe:E ilght of 2,000
as a dispersant. The £es ij ts show t hat
even smal | anmount sfofgPARm mgt al  particles
fornmed by the redufctTgm Pii~HE a . ...!Ae GiaAE (at the higher
concentrations of PAA inNn Exagpl 7 pal | adi um t ons
to nmetallic pallad usnd gible in the
sol ution. Table E&_aﬂlL_e_ P jons 12 1:69.9
Yel | ow sol ution, no precipi tate, no mrror. 13 1 . 6. 9 YeI | ow sol ution, no
precipitate, no mrror.

Examples 12 - 16 . _
The experimental technique described for Examples 1 - 6 was repeated using

polyacrylic acid (PAA) having a molecular weight of 2,000 as a dispersant. The results
are shown in Table 3.

The results show that even small amounts of PAA were effectlve in dispersing the metal
particles formed by the reduction of Pd(OAc)2 however it appeared that at the higher
concenirations of PAA in Examples 12 & 13, the reduction of palladium ions to metallic
palladium did not occur in that no metal was visible in the solution. '

Table
Example | Pd : PAA Observations. TEM observations
12 1:69.9 |Yellow solution, no
precipitate, no mirror.
13 1:6.9 |Yellow solution, no

precipitate, no mirror.
14 1:1.42 |Black solution, no precipitate, |colloidal suspension of 10 nm - 20 nm
no mirror. particles which were identical to those
formed at a 0.2:1 PAA/Pd ratio but which
showed no tendency to coalesce to form

larger agglomerates
15 1:0.28 |Black solution, no precipitate,
no mirror.
16 1:0.14 [Dark yeliow solution, black |precipitate was formed by very loose
flakes. Slight mirror. agglomeration of large numbers of small

(10 nm - 20 nm) primary particles which




14 1 :1.42 Black solution, no precipitate, colloidal suspension of 10 nm -
20 nm no mrror. particles which were identical to those forned at a
0.2:1 PAAIPd ratio but which showed no tendency to coalesce to forth

| ar ger aggl onewawwwssls 1 : 0.28 Bl ack sol ution, no precipitaPET/GBMM2981r r or .
16 1:0.14 Dark yellow sol ution, black precilBitate was formed by very |oose
flakes. Slight mrror. aggl omeratlon of | ar ge nunbers of small 10 nm- 20
nm primry pa e , : v Qi--re
spherical or &ng . O ¢ 5ety
brom de was added Into a paI | adi um acet at e/ net hanol m xture in gross
excess but the presence of the tetraal kyl salt was found to have little
i npact on palladiumparticle stability. Large palladiumparticles were

formed and a nirr YA & ed on the I nternal surface of the gl ass
vial. Exanol e prog@l ene carbonate qg_’aC) was added
to 15 m of nemmetvlammwmﬁrﬁ@idmg aﬂdqdaln PRllediym acgtate/methgpe! mixtpre,in

acetate) a st aghbss Slcasiout theQréserics oflthe te@Balkyl salbweasfound tohave Gitiewtpactber e was
no evidence of %aqlagluﬁg?ﬁlglre sﬁa(?)fl t ta % d)%ﬂadi{ﬂﬁ g@ﬁiué vﬁ?efoﬂ'g m}ﬁlo?llv and no

significant pr ase o0 |on

anal ysi s of mewedgmﬁeﬂmtemabﬁ%fe%@ﬂﬂamglaww ed the presence of roughl y
spherical particles ranging from25 nm- 150 nmin dianeter. However,

t hese particle 11 Fipa &k different fromthoseforrred in the
presence of P particles were "l unpy" spheres which

appeared to ha¥® fErRpylene P?FBB@W* B’cfar“fa? added foctP mial methanghgoptaining2.22%18° 19
The effect of ?)mbi,ssvemﬂpalmﬂnmpeaxmiam) astablet liackivlopadf soiutien wes evehtually

deronstrated | T P 48 s 61 M G v act | O
d bed V%mg%fgi% %@i
Loae Sed - o AT BRI SRS B DRI S“Eﬁag;e i 0lulion. STEM gpaiysigof

met hanesul f oni tbe RCisthblli6&héoiutiotxev@aldd thegugsanse of mhghlyswherical particles ranging
from 25 nm - 150 nm in diameter. However, these particles were distinctly different

from those formed in the presence of PVP or PAA in that the particles were "lumpy”
spheres which appeared to have some, atthough 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 Lo is 1,2bis(di-t-butylphosphinomethyl)benzene (5.03x10~
Smoles, 37 mg) and methanesulfonic acid (68pL, 1.0x10-3moles) were charged to a
two- litre Hastelloy B2 autociave without exposure to air. The required weight of
polymeric dispersant was added to the reaction flask coincident with the addition of the
catatyst. A reaction solution generally consisting of 30% w/w methyl propionate in
methanol made up to a total volume of 300 mi (81 ml of methyl propionate and 219 mi
of methanol) was added to the autoclave and the vessel was heated to 80°C. When at
temperature, the autociave was opened up to a reservoir containing a 1:1 mixture of
carbon monoxide and ethylene until 8 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% selectivity of the reaction for methyl propionate formation, the magnitude of
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cal cul at ed [Pise¢rFamte \/\E‘F‘g Bfﬁgﬂii‘ ﬁ%‘ﬂﬂ@’im‘m'm@ﬂw mins{ oM @24057nsof ¢ he
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di sper sant Nong R i 1“,0% FON 0 2 5
1606700 251 S AT wv%amgv oo thabg T 0C

34,427.00 [FYFP(MWEREI95K 46. 3674 19, PU06\G89.00, L§0. 25532400 7 39.

357: 1 16, 04PaAwS2K]Z24. 00 628; B/ /. PO 1728600 MV = 2K§21180. 7 |-

27,121. 00 HEC (ccmppp) 1.|6 dSIvetam 1]/, GOH96.00 27| 5OL,596.080,

m xture Theresults s iopypbduteal nr esence of PVP at difif erent

concentrati ons and of different

had little effect on the activity of the catalyst
cal cul ating the turnover
to have little Inpact upon catal yst performance.

(conparative)
The results show that the presence of PVP at different concentrations and of different

molecular weights in the reaction mixture had little effect on the activity of the catalyst
as measured by caliculating the turnover number. The presence of PC or PAA was also
found to have little impact upon catalyst performance.

nunber .

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

estimate the rhass balance of Pd in the reactor and recovered from the reactor. The

dispersant used was PVP (a\rerage molecular weight = 25,000) added to each run ata
PVP/Pd ratio of 188. The concentration of LoPd(dba) was doubled compared to the

nol ecul ar weights in the reaction m xture

The presence of PC or

as neasured by
PAA was al so
Exanpl es 20 & 21

f ound

reactions in Example 19 in order to generate high levels of palladium for the
subsequent chemical analysis procedures and as a consequence, in order to restrain
the rate of reaction, a low reaction temperature (60°C) and a high (70 wt%) methyl
propionate concentration was used. Before the start of the series of Srunsthe -
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 to build up on the internal reactor surfaces
and on a clean stainless steel coupon which was suspended within the liquid phase of



The reaction described in Exanple 19 was run five tines in succession in
order to estimate the nass balance of Pd in the reactor and recovered from
the reactor. The dispersant used was PVP (average nol ecul ar wei ght =

25, 000) added WQOKEWEN run at a PVP/Pd ratig of 188. The conPETIGBoNG2981 oOf
L2Pd(dba) was doubl ed conpared to the react® ons i.n Exanple 19 in order to
generate high levels of palladiumfor the subsequent chem cal analysis
procedures and as a consequence, in order to restrain the rate of
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canpared wi th S heniedGit bPébitibRduct from the Exanple 21 runs which were
dear yellow in colour with sone black precipitate as expected from this
reaction. This indicates that the physical formof the palladiumnetal is
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recovered i n tdasieptasemewe. of PVP, even though slightly nore Pd was
recovered fromthe reactor walls when PVP

Jable §
Example 20 Example 21
with PYP No PVP
% Pd on Surfaces 6.1 3.7
% Pd in Liquid Phase 74.5 - 58.6
Total % of added Pd 806 62.3
recovered

Examination of the stainless steel coupons by scanning electron microscopy 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
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the reactor &auolamahﬁ)t H'é'e reastion cangitions differgd fremExample2fiin that, “ﬁ"&ﬂé and the
results are téh@évatur@ thEaditaidve wha bresstrisBd togbar of thflsmapdferedRe EXaigtue 24

Exanpl e 25

was NS diidhved 5 ATk re L5618 B '%QD&VQQ rél&écn@ﬁfssmﬁtﬁe ofe:p 7-5 6.7

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 6.7
% Pd in Liquid Phase 53.3 62.3 488 53.3
Total % of added Pd 58.8 76.8 573 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 alternative
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



%.Pd in, Liquid Phase 53.3 62.3 49.8 53.3 Total % of added Pd 58.8 76.8
57.3 60.0 recovered The results dearly show that PVP is the preferred

pol ymeric dispersant for use in this particular reaction with the catalyst
used because t{® @ReskPr mance of the catalyst is wunaffected %lrg_ﬁ,qm,&igﬁ
recovery of Pd netal fromthe liquid reactiygn nediumis enhance However,
when different netal conpound catal yst systens are used then alternative
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visually ins pméhatmﬂratnWQOﬁPWEHIImﬂBmeSWadad bétiveenj0and 208 THe PAA
added to sanpl RSust thesb ekodrifidhtsidi€siiowr iR TeBle?) of PAA/Pd in the sol utions
was varied between O and 200. The results of these experinents are shown
in Table 7. Table 7 Exanple PAA/ Pd Observations 26 No PAA Yell ow sol ution
with black prE&dbileftate and nmirror on vessel walls 27 1 Yellow sol ution
with black precipitate and slight mrror on vessel walls 28 10 Yell ow
solution w th-black

Example gPAA/ g Pd Observations

26 NoPAA Yellow solution with black
precipitate and mirror on vessel
walls
27 1 Yellow solution with black
precipitate and slight mirror on
vessel walls
28 10 Yellow solution with black
precipitate and mirror on vessel
walls
29 100 Light yellow solution with black
precipitate. No mixror 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
palladium acetate is used as the metal source (Examples 12 ~ 16) where a PAA/Pd ratio
of only 6.9 was required to inhibit palladium depaosition.

Examples 31 and 32



precipitate and mrror on vessel walls 29 100 Light yellow solution with .
bl ack precipitate. No mrror on vessel walls. 30 200 Light yell ow
solution with no precipitate. No mirror on vessel walls These data
suggest thatwoetnesssier to nmai ntain palladiumin sol uti on wren/deaébosiba)
catalyst is used as the palladi um sourcelX hen a PAA Pd rati-o of greater
than 100 is required. These data satisfactorily explain why no beneficial
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syst em was ' ' Plaaafitil ; | spersant)
while the f“."?ﬁiﬁ‘fgg‘? B B e P ren P

was presentp‘%ﬁ’Pﬁ"aﬁP % ratio of 100 (exanple 32). These data confirmthat
PAA is an effective stabiliser which allows palladiumto be retained

wi thin the Lutiad phase when it is applied at a PAA/Pd ratio of 100.
Exanpl es 33@%@{:%5%%(3 ﬁxarrpl es presented above have denonstrated that
stabilisers_containing acidic or sic functional  groups _have the

ot ent i ol {TieOSPPIRE HoSHESLARENR N IRAEEDY At TADUSHEA CRATIRG S he
sol ution phsssie farittichal reupstidve thaf potentialdd eestrain tinexterit sbddpesitiomott ed t hat
oty 53: a3 HR b Y SondBh el chec e WA & vbSseft2 it e ofbHldn ABted that
: highly polar stabilisers which are cationic in nature (such as tetraoctylammonium
bromide) do not appear to confer these benefits. A further series of screening tests was
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 fo retain palladium 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 (g/g) in each experiment was 100. The sample
bottle was then capped and left for a period of 6 days. The glass sample 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/g)
33 Hydroxyethylcellulose 1:100 Black solution and black
precipitates. No mirror.
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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 walls 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 reader's 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 and documents are incorporated herein by reference.

All 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 disciosed,
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.



20% Met hacrylic acid co r-7-1-1 None 1:100 Bl ack precipitate and mrror.
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unl ess expressly stated otherw se, each feature disclosed is one exanple
only of a generic series of equivalent or simlar features. WO 01/ 10551
PCT/ GB00/ 02981 17 The invention is not restricted to the details of the
f oregoi ng enbodi nent(s). The invention extend to any novel one, or any
novel conbination, of the features disclosed in this specification
(i ncludi ng any acconpanyi ng cl ai ns, abstract and drawi ngs), or to any .
novel one, or any novel conbination, of the steps of any nethod or process
so disclosed. WO 01/10551 PCT/GBOO' 02981 18 dCains i. A liquid-phase
chem cal reaction medium conprising one or nore reactants,



optionally in the presence of a reaction product(s) and one or nore
solvents, diluents or other formof liquid carrier, a catalyst system
conprising at |least a nmetal or metal conpound and optionally further
conpounds sucltwaseiiosgjands or conpl exi ng agents; charact eri sedr/cBod/d29os1 t he
reaction medium further conprises a polymé®ic dispersant dissolved in said
liquid carrier, said polyneric dispersant being capable of stabilising a
col | oi dal suspension of particles of said nmetal or nmetal conpound wthin
the liquid carrier. 2. Aliquid phase chem cal reaction according to claim
1, wherein theggplsymeric dispersant has sufficiently acidic or basic
functionality TO substantially stabilise the colloidal suspension of said.
metal or netal conmpound. 3. A liquid phase chenmical reaction according to
any precedi ng | Ailiguidsphasesthamidakreactios pediLem tamprisingrane ®r aorecieactantspasi ¢

pol yners. 4. "A 'h%hglyﬁﬁﬁé%ré‘ééﬁégGfaa'r?é&%ﬁtplféﬁﬁcﬁé‘)‘"a%@hé‘gr infredeRlsccedi ng

claim wherein t aci d asli ¢ functionality 1 s provi y car boxylic
aci ds, sui phoni cHientyor othas fnga of lighid caprie, ‘Mﬁtﬁ%ﬂ“Fgﬂmsﬂ‘%&aét%m Ical
react i on accor di orgnetal campoyndsareichiptionaty further edmepoeinds sdmb asﬂgérwmrl C
di spersants nay fgn r@qgﬁmsf érQFBcEHﬁEé(d’inrlHéthé feBbAdORG Cp?%b&'&

OJ yet acr | c a

polyacrylonltrll ci ne,
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pol y- L- met hi oni n@paple Iof/staqumya eafipidalsubyerisiopef bam;:le;)oﬂ spid.métgirarsnetal,

pol y(vi nyl benzengsipoBh®Wittin feliiglid@amiep’  pol y(vi nyl sul phonic acid). 6. A
| i qui d phase chem cal reaction according to any preceding claim wherein

the polyneric dispersant incorporates acidic or basic noieties either
pendant or wi t2hiAliquichehase ccherpicalreaskioracsorditig to cisiira dt whersin BesepolyRagricaced
111111/1 111111 didpbishni ﬂlds'sufﬁhienﬁ éddlé&%*ﬂnc%ﬂé&]to sddslanitalfylstdbiiiseleh>” VO
01/ 10551 PCT/ GBO Itﬁg%%és %'ﬁz fﬁﬂﬂ %Ff dn['i)?ria‘semch cal reaction according
to claimsé, vvhere T REPELTAT B BYRY MelR\FemRo soci ati on const ant

(pl (a) of less than 6.0. 8. A liquid phase chenical reaction according to
cl.aim6.or 7. 3wrekquidphase cliemit reattioreddcofdingts any pleesdingltisifi) whéreintRe CONSt ant
(pI (b) of Tess tmgrsgntg ‘comprise acidic or basic polymers

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

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

6. Aliquid phase chemical reaction according to any preceding claim, wherein the
polymeric dispersant incorporates acidic or basic moieties either pendant or wrthm
the polymer backbone.

i AL




9. Aliquid phase chem cal reaction nediumas clainmed in claiml wherein
said polyneric dispersant |Is selected fromthe group conpri sing

pol yvi nyl pyrol fi done (PVP) and pol yacryl ates such as pol yacrylic acid
(PAA). 0. AvOpyusst phase chem cal reaction nedium as cl aireEucBo0/ozISEI M 1
conprising methanol, ethylene, methyl pdBpionate and carbon nonoxide in
addition to a catalyst systemconprising a palladium conpound. 11. A
process for the manufacture of a compound conprising the steps of a)
form ng in a7.cldinuigphasechemioal reattiopacdorging eclaimdrivbarein the ecitlicmaiaties um

accordi ng to amuyd} dissdtialin donsfant (PK.y ey ke 6f0.0 m sai d reactor a portion
of said liquid phase chem cal reaction nedium c¢) separating said liquid

phase chemical reaction nmediumso as to renove from the liquid as a
sol i d- phase &oMA liguidaphasechemicabreaction@ccardingtaclaiyp Gcrdowpereintthebasis  t he

catal yst syst efioigiibs Raved tusd URBGHARA coilstirt fpK,] 6Tuésd iR DY the pol ymeric
di spersant; d) optionally returning the liquid portion of said separated

reaction mediumto the reactor; and e) optionally processing the recovered
met al partic9es\liguidabased:hsmicmraaﬁbnmiumeﬁﬂﬁmbdinqhimﬂhehqreinaaiyst system
12. A process as ﬁémm@emnghaelae@dﬁom@bﬁpmnsm@bwh yigptsilidomel S a
honogenous st s ste ch%s P%&yl? 9&%} ng to any of clains 11 or
12, wherein th taﬁ?p ﬁ"b Y B netal .
111111111111111122272172°111 111111 * This Sheet Has Been Replaced CL N S

1111151 11t1141;1A|||hdniB phdse cHemical\iéhdlidA hddiun Y CHIMED Y WA lcomprising . A prOCGStS
according to a i ncor por at es
a phosphine i g’éngad %’N'%E &éfhiépmm%‘ﬁfhe %ﬁ&@@%&%ﬁnﬁ&/ E&E ester

conpri si ng t hecaalystsysgem oompnsmg a palladium compound.

11. A process for the manufacture of a compound comprls_ing the steps of

a) forming in a chemical reactor a liquid phase chemi¢a| reaction medium
according to any of claims 1-10, o

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

c) separating said liquid phase chemical reaction medium S0 as to remove from
the liquid as a solid-phase colloidal metal parhcles formed by decomposition of
the catalyst system, which are dispersed in the llqmd phase by the polymeric
dispersant;

d) optionally retumning the liquid portion of said sepa_rated reaction medium to the
reactor; and | -

e) optionally processing the recovered metal parhcles so as to form a further
quantity of the catalyst 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 Vill or
group 1B metal. '
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a) formng in a chemcal reactor or a liquid phase chem cal reaction nmedium
conprising an al kyl al cohol, an olefin and carbon nonoxide in the presence
of a catal yst stem conprising a netal conpound and a |ligand conpound,
(optionally ||YV%/Wé‘°f,5f*esence of the al kyl 2 er product and/ RCT/GBIYERISI

sol vents, co-catalysts) and a polyneric di é)ersant which is dissolved in
said liquid phase chem cal reaction nedium said polyneric dispersant
bei ng capabl e of stabilising a colloidal pensi an of partlcles of said
metal or nmetall4 rﬁ’ﬁ?&?ﬁia‘iﬁpi‘ﬁlgﬁ°?ﬂlé°flqﬂﬂ$a?‘g '%'HBTﬁ calglystayelaMmon  nedi um
at a tenper at ur eineordorptes aqphosphinedigandvhi ch the ol efin i s al koxy-
carbonylated to formthe al kyl ester product, and subsequent steps b)-e)
according to claim11l. 16 rocess as clainmed in any of clainms 11-15,
wherein the |ituf &r%ﬁ%ﬁgerméﬁpﬁﬁm%&ﬂﬁmmg’éﬁs"&W?Is@f?é°§nd car bon
monoxi de di ssol veda)l n fartningrism b cherdicalmesctorior p liquid phasechemicalveagtionasedasm of a

homgeneous, Cat al Yt SKahEIEAAITbBbhok anAAE dafBbn ARhbAH Tho o7 OT 9an ©

phosphi ne |igand and pre source of anjons sard yneric

di spersant. 17. A procB&se %@q{g@g@%@ygﬁe@ W!“Séd“%&%@@?@%"%dt he
exanpl es. 18. A |i qui dcghpaumndcloptionaly in thespresence memelam/%té’r@muabﬁwre

RN e?ﬁfi”%‘*f*““e"‘*e“&% e P bbrsanylale, || |

1111 WD 01/10551 21 PCYP /'@%gﬁ‘?‘" mlew@emaa'sy yAeric
- International Bureau odispersai being gapap@af stabilisiog aGblaidal suspghsion oipantiches 1- 18

repl aced by new cl ai msoflsaiimétdi d* M2 edompour wuﬂﬂnhéiiﬂl?@6ﬁas%%f1@ﬂi&¥i r%hétf&ﬂ

reaction nedi um conpri gl

presence of a reactlonms{’lgﬁ'u%ta(tg'}"pﬁrﬁg"%ﬁ%f%?s%‘? 8"‘?6%@&?@3 °'zﬁ.ﬂ I FEAVE or
other formof liquid c@ﬁfmrh'lafeddocfmn'dh%/slkyl@y@rBmducimdlambsgqmntStenssh)-ea met al
or. netal conpound and mbmgqbbwrﬁwther conpounds such as |igands or

conpl exi ng agents; characterised in that the reaction nediumfurther

conprises a . . .
16. A process as claimed in any of claims 11-15, wherein the liquid-phase reaction

medium 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 preferably a source of
anions; and said polymeric dispersant.

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

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

_—
_—

RN o

This Sheet Has Been Replaced

[T




pol ynmeric di spersant dissolved in said liquid carrier, the dispersants

conprising acidic or basic polyners said polyneric dispersant being

~capabl e of stabilising a colloidal suspension of particles of said netal
or metal. cW@®M#EIwithin the |iquigf carrier. 2. A liqui gCpeasmetieni cal

reaction according to any preceding claim wherein the acidic or basic

functionality is provided by carboxylic adds, suiphonic adds, am nes

and/ or amides. 3. A liquid phase AMMENDEB!CLAgMSt i on according to any

precedi ng cl ai m whékeedived byhe Inpeatayionl Bufead os [Jamant200n@3.0hel)sel ected from

pol yvi nyl pyrrol i done, mdginahelsimb 218 cbplaced pphepectaid BT6 (B pages)) pol yet hyl eni mi ne,

pol ygl yci ne, polyacrylic acid, polynethacryllc aci d,

pol y(3- hydr oxybutyri cacid y-L-1euci ne, poly-L- nethlonlne
pol y- L- pr ol i heA llapigrRpage E%f"i’ E’t‘m}b@aﬁ"q[' 'P%H“E%%@B/“SEEPWWWT%@H%UI phoni ¢

acid) and/or pptionélly inyhespregEnoa bfa seactibn. prduuctes)lanqnneiorphmoﬁbﬁm cal
reaction accor gy jigd @ oﬁ{é}‘foﬂﬁ%‘fﬁ'dghd‘%n‘i‘éraé EGtal sys%érnc&ﬂ&.s.r@%%&%gmem

di spersant i ncor porates ac Mol et | € or W thin
the pol ymer bafkBeigkcompo WPHW‘B"?JW eEﬁE‘Fﬂ%‘a s Uch @8 figAnds @k or di ng t o
cl ai m 4, wher ecompléxingagents; chevacierised in thattke mactionJweziium fmheacamseﬁa (pK8) of

| ess than 5.0. pﬂ mé}.da. npmmeeheﬁ.&nﬁimdr@ﬁf&'twa. ritd Sfindriding! @i M 4 or
5, wherein the Sl C t | es W] é@% di ssoci atl constant ~(pl <b) of
| ess than 6.0.2 Q”?ﬁ‘?é"e& ﬁ?é‘gﬁ" N%’WB?@E‘? tabiigng & 19)
1111111111111 14ctisidalisuisgensioniof parti¢ies tbflsaild |npétallor metiat edmpiatihd ’Wltﬁnl.thﬁlquid WO
01/10551 22 PCH{HOD 02981 7. A liquid phase Chem cal reaction nmedium as
clairftd in claiml wherein said polyneric dispersant is selected fromthe

group conprising pol yvinyl pyrollidone (PVP) and polyacrylates such as
pol yacryl i ¢ 2ach bayidpiise caemical| reagtipel agieeding tolaayrprogedingclaim, whereirdhem as

claimed in cl ajgmidoReERTirkliowlityTeHloAE6d by QirfakyR widsIEishohiccRBi #hnee and
carbon nonoxi de_j gaﬂ‘(l‘]éll tion to a catalyst systemconprising a palladium

conmpound. 9. A'}Sj €%t or the manufacture of a ‘conpound conprising the
steps of a) formng in a chem cal reactor a liquid phase chem cal reaction

medi um 3. Aliquid phase chemical reaction according to any preceding claim, wherein the
polymeric dispersants may be selected from polyvinylpyrrolidone, polyacrylamide,
polyacrylonltnle polyethyienimine, polyglycine, polyacryllc acid, polymethacrylic
acid, poly(s-hydroxybutyncacld) poly-L-leucine, poly-L-methlomne poly-L-proline,
poly-L-serine, poly-L-tyrosine, poly(vnnylbenzenesulphomc acid) and/or
poly{vinylsulphonic acid).

4. Aliquid phase chemical reaction according to any preceding claim, wherein the
polymeric dispersant incorporates acidic or basic moieﬁes either pendant or within
the polymer backbone. :

5. A liquid phase chemical reaction according to claim 4, wherein the acidic moieties
have a dissociation constant (pK,) of less than 6.0.

6. A liquid phase chemical reaction according to claim 4 or 5, wherein the basic
moieties have a base dissociation constant (pKp) of less than 6.0.
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according to any of clainms 1-8, b) renobving fromsaid reactor a portion of
said liquid phase chem cal reaction mnmedium c) separating said |liquid
phase chemical reaction nediumso as to renmove from the liquid as a

sol i d- phase cowbowtisst met al particl €2 fornmed by deconpositi oRCD{BOKI3S8?
catal yst system which are dispersed in the Iiquid phase by the polyneric
di spersant; d) optionally returning the Iiquid portion of said separated
reaction mediumto the reactor; and e) optionally processing the recovered
netal parti cl es’-s@ ligyd phaséshamicat rgpetion mediymas claifiediin elaim twhereipsaidy st em
ﬁo- A process aCfaélﬁhé\ﬂ: dispefdanit IS sected fomithe droep ﬁ@hﬂismtpowmy?wo}napm .
onbgenous cata r : to any of clains or
10, wherein the n@aﬁ)gﬁébé%crr}o%tgs%fc"lﬂlag?raﬁaa?%%%ﬁé&' tal. 12. A process
according to any of clainms 9-11, wherein the catalyst systemincorporates

a phosphi ne Ihi aanA liqdis phdsethemizatreacion nitdiumaas fiainted ireciaim Beoraprising ejsI:I er ]
conprising the st ; 0 L OF . ui d phase
chem cal reaction%nggﬁ%ﬁt@!%%bﬁ%@ﬁgb@%ﬁﬁgE@%ﬁ%noﬁg : da?a[{ngfl(gf?Anﬂo%nd car bon
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conmpound, (optionally 1n € presence o product and/ or
ot her solvents, co-catalysts) and a polyneric di spersant which is dissol ved
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b) removing from said reactor a portion of said liquid phase chemical reaction
medium,
c) separating said liquid phase chemical reaction medium so as to remove from
the liquid as a solid-phase colloidal metal particles formed by decomposition of
the catalyst system, which are dispersed in the liquid phase by the polymeric
dispersant;
d) optionally returning the liguid 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 aikyl 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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of said netal or netal conpound within the |liquid phase chem cal reaction.
medi um at a tenperature and pressure under which the olefin is al koxy-
carbonylated to formthe al kyl ester oduct, and subsequent steps b)-e)
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(ARTI CLE 19) -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
medium 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 preferably 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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