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Production of Esters PCT/ @98/ 03074 The present invention coseerns a
process for the production of alkyl esters of aliphatic carboxylic acids,
in particular nmethyl propionate, from al kene) carbon nonoxi de and al kanol .
The|production of al kanoic esters and acids by carbonyl ation of al kenes in
t he ‘presence—of —amatkano—or—water,—=as approprifate, s wWel I Knowr.  The
carbonyl ati on of ethyl ene using carbon nonoxide in the presence of an

al cohol or water and a catal yst systemconprising a Goup VIII netal, e.g.
paIIadlun) and a phosphlne Ilgand e.g. an aIkyI phosphlne) cycloalkyl

. . . T 1 s a




In the production of methyl propionate from ethyl ene, carbon nDnoxigglgﬂg
described in EP-0411721-A the ratio of nethyl propionate 0 {002

nmet hanol
to methanol in the reactor is greater than 50:50 nole % For exanpl e,
met hanol and ot her al kanol |evels of 25 18 - 20% are used. This is not

sur prising because nethanol and nethyl propionate forman azeotropic

m xture conprising approximately 50 wt % of each conponent and it may

t herefore be expected that operating the process such that the conposition
of the reaction m xture, and thus the product stream is richer in nethyl
propi onate than nethanol, i.e. operating wwth a conposition on the nethyl
propi onate side of the azeotrope, would be 30 beneficial because separation
of the methyl propionate product fromthe residual nmethanol in the product
stream may then be achi eved by nmeans of a sinple distillation. y ~~'R
2002 WO 99121820 PCT/ GB98/ 03074 Consi deration of published information
concerni ng such reactions confirns that it is usual to operate wth the
rati o of nethyl propionate to nmethanol as described above. Surprisingly we
have found that superior results are obtained if the reaction in the
reactor takes place with a concentration of reactant alcohol relative to
product ester substantially in 5 excess of that |evel of alcohol which
woul d form an azeotrope with the ester. According to the invention a
process for the manufacture of an al kyl ester of an aliphatic carboxylic
acid conprises the steps of: a) supplying a first feed stream conpri sing
carbon nonoxi de and an al kene of fornula C~-H2~ to a reactor) 10 b)
supplying a second feed stream conprising an al kyl al cohol of fornula R-OH---
where Ris an al kyl group, to the reactor, c) reacting together said first
and second feed streanms in the reactor in the presence of a carbonylation
catal yst, which catal yses the carbonyl ation reaction between carbon
nonoxi de and the al kene, to forma product conprising an al kyl al kanoat e
having the 15 formula C-H", COOR, characterised in that the ratio of alkyl

al cohol to al kyl al kanoate present in the reactor is greater than the ratio
of al kyl al cohol to al kyl al kanoate present in an azeotropic m xture of the
al kyl al cohol and al kyl al kanoate. The carbon nonoxi de may be used in the

presence of other gases which are inert in the 20 reaction.
such gases include hydrogen, nitrogen) carbon dioxide and the nobl e gases
such as argon. The first feed streamnay be fed as a gaseous phase. The
first feed stream and the second feed streamnmay be fed to the reactor
separately or together. 25 The al kene preferably conprises ethylene. The

Exanpl es of

preferably greater than 1:gdor i furPbSEsSoromFr@iribRdNLY 3: 1, especially from
3:1 to 50:1 and nost preferably in the range from3:1 to 15: 1. 2 9 APR

20C WO 9OHIE use@ @@depiiT3t@s BOB (o0BFT T orShyi fropdphges of bdmphletepublishingfigemarinpd! eyghécat{Sps under-the PCT.

alkagplszmgptionally S%bstgiyted W th one or _nore ‘

Slovenia

AM Armema F1 Finland LT Lithuania SK Slovakia

AT Ausiria FR France w Luxembourg SN Senegal

AU Australia GA Gabon LV Latvia SZ Swaziland
AZ Azerbayjan GB United Kingdom MC Monaco ™ Chad

BA Bosnia and Herzegovina GE Georgia MD Republic of Moldova TG Togo

BB Barbados GH Ghana MG Madagascar T Tajikistan
BE Belgium GN Guinea MK The former Yugoslav ™ Turkmensstan
BF Burkina Faso GR Greece Republic of Macedonia TR Turkey

BG Bulgaria HU Hungary ML Mali T Trinidad and Tobago
BJ Benin IE Ireland MN Mongolia UA Ukraine

BR Brazsi {9 Israel MR Mauritania uG Uganda

BY Belarus 1S Tceland MW Malawi us United States of America
CA Canada IT haly MX Mexico vz Uzbekistan
CF Central African Republic i Japan NE Niger VN Viet Nam
CG Congo KE Kenya NL Netherlands YU Yugoslavia
CH Switzerland KG Kyrgyzstan NO Norway w Zimbabwe
Cl Cbte d'Tvowre Ke Democratic People’s NZ New Zealand

™ Cameroon Republic of Korea PL Poland

CN China KR Republic of Korea PT Portugal

Cu Cuba Kz Kazakstan RO Romania

CcZ Czech Republic LC Saint Lucia RU Russian Federation

DE Germany LI Liechtenstein SD Sudan

DK Denmark LK Sri Lanka SE Sweden

EE Estoma LR Liberia SG Singapore




substituents such as hal ogen atons, cyano, carbonyl) al koxy or arylzgr@ikpina
Sui t abl e al kanofs i nclude one or nore of nethanol, ethanol, propanol, 2
2- propanol WQ@9RIB¥nol ) t-butyl al cohol and chlorocapryl al cREGGBI8/03074
Particularly useful are nethanol and ethanol. Additionally or

alternatively, poiyhydroxyl conpounds, such as diols and sugars, may be
used. TheE&%&m%éE&ﬁ@I al cohol is nmethanol. Thus in a preferred form of
the invention, we provide a process for the manufacture of nethyl

propionate conprising the steps of: a) supplying a first feed stream
conpr i si nghe fresent inventionconeeras etpngdess éorithe plodudgion of bikykestérstad aliphatiact or ;

rbact | ng’ EABERABRERA! o BFftadir i BRI, ARkl Borok AR, | 1 he

presence afkamoicar bonyl ati on catal yst, which catal yses the carbonyl ation
reacti on between carbon nonoxi de and ethylene, to forma product conprising
nmet hyl propionate; 15 ~a~~erised in that the ratio of nethanol to nethyl

pr opi onat ehBpPsdidtion & dIkhdicestérafant Biclls 89 cboh{atiorfidt aibndsi mezﬁr sHiRe of
bly co a conb p f

carbonyl ati on catal yst prefera nprises I nation o adiumor a

compound ER&kase! AYRteh a8 pRBRoBliatecis wellikipwa. dhersabaaylation ofaikyierneossing ne

e ) ; ; . h
ubl i cat SareenahrcRiekliy B Hetics fhl ANRKA ofaler R datBft s Blerisipo -
wher ei n RGro@2 VilhmetaR exg. palladitmaanda phasphirieyligand) s g.tan atkyl ahésphing; cyaiadikyl

, e. i.-ph h hir i l f .
ohosphor oot AR ihoSHHRR B anteBBing . BidBblale BidimRine: has asen srectsttr
Lorgul ?o(m?ﬁhaﬁluf'&%deﬁb ?!Ba(éats;&ozpétemtrappim' 'bns:?rc]dl E?-ﬁso\?ﬁas‘ﬁszteﬂdent ly a

endaant, L on | or ganl c rou rou | C e rou I S
Ipi nked to%?:’éf‘tq“g%y%ﬁfé??@g%ﬁq' ép'ﬁ%?:’iaf“gﬁg"l{)‘ﬂaw&ﬁg55’1’4"94%933%k?ng gr oup
25 sel ect gp_AL3BESIB, ‘EPLAMHW.EWRIOEBE‘I@@ Ebomzﬁﬁidgilsgagogm“ 'dgiéri]\gngfgb :Ong

the respective phosphorous atomto the group X a

conpri si n@%ﬁ‘%ﬁﬁ%@qv‘é!%ﬂﬁ%@ed aryl moiety to which the phosphorous
atons are |linked on avail abl e adjacent carbon atons. Such a catalyst is
described in W! 96! 19434. The pendant optionally substituted organic
groups, RERvAY041272 hdisglesasceh continuedscrrocessifpnihe preparationcof aaraljyl propionate,
conponept S,,..c ‘ t.qgr. j I i l.ower
oyl 5, inich St telachi o SOl R TAEES Witk lrjaRe b AR e 7

pr ef er r ed a reaciivevvessal inthgcpresenge @f p carbiénytatiemcatalgstandtpadsing algesitiough the
respective_carhon a form conposi te 2 9 APR 2002 991 2] 820 4

PCT) CBoBI GHR™ JPeta OB I 5ir3aca of VoD PaIpENTg KV PrRlo et das and
t-butyl. SYnesdctedulkaioRnTie vapdunsBedrn i thsh cbadensed BAE Uisresultihg MQGEcdrMprilesseq
of "Honobgeneous Transi io‘rP%I\/Et_al Catalysis - A Gentle @;t 'bﬁ C Masters,
publ i shed 3! eIRRioRAS. akaneland impyaies. THhe alkangl H{f'B‘?Qﬁ'!B y! Rropighgte 2zeotigpic

i ndepengemhikiurs Bl ditilied off tialR pPafidrifdbloduét ft@hbin dHdadcydiad to the kédctidn | ower
alkyl,"e.g. C, to C, , substituted, |ower alkylene, e.g. C, to C, chain.
Especi al | wep$&®ferred is when both L' and L2 are methyl ene. Optional
substitution of the aryl noiety, X, nay be by other organic groups, e.g.

al kyl, 10 particularly C, .8 , aryl, alkoxy, carbal koxy, halo, vitro,
t ri hal onetihyihe productioarcd methyl tprepionatefromiethyleng, carbbe monexideand anétoanal

pol ycycl i c, ar . t I r.J of

i Tabi e Grerin Briaa SRV G o op RIS HCHRRR o dRERS melriBR e [

(al so knoweaeter i gredtersthén i50t50mblg 1%h ¢op bikarople! ngthantleamdeatigr, alkins! leadéls of
neeRan: e PABEAN (ks T i ST SR Bohend 4l eV iaoRER 68 5
sui tabl e plewirBpit fikire CHMEIHCapprdirhaRiyE0WE%a! eheReémpdrientbind endy | dgi ng
group X, the linking group L' or the linking group L~) e.g, bis (di-t-butyl
phosphi no)therefore bg\expeeted at gpetaing the RIPERSEIRLCK gnagm@ itiop 9b fieyreactiosne
to give angi i r i - PR fddi tat e

| i gand usre}glx({:q;ﬁ'bévdgﬁgns\?m&?hﬁguvr\? ggé?r??rl%?l EM&}:"? gfég?ylgf‘oy’ tFlg;fhgﬁdr%%P %1?2' I{éi' gand

i s pr esentopanating withoaipempasition erathetrnethylpropionste side of therazeotioperyastd bF  t he

bi dentate ] e ' j

from 1300 SRaH SR begtalotor i Rt Sprofienils oo RE R RGAGT Fidtnasd

Pr ef er abl yinahe prabdutt streain mayptbem e achipvedsbympeans afra simplendistillatisn.essential | y
non-coordinating to palladiumions is also present in the reaction m xture.
The ani on may be introduced as one or nore of an acid having a pKa neasured
i n aqueous solution of less than 4, a salt with a ration that does not
interfere with the reaction) e.g. netal salts or largely organic salts such
as al kyl ammoniun) and a precursor) such as an ester, that can 30 break
down under reaction conditions to generate the anion in situ and acids

o o M ~ o



as trifluoroacetic acid and trichloroacetic acid; sulphonic acids su@wg agg y;,
nmet hanesul phoni ¢ 10 aci d) chl orosul phoni ¢ aci d) quorosquhonlc aci d,
trifluoro nidwAaesel phoni c acid, benzengsul phonic acid, PCT/GBY8/03074

napht hal enesul phoni ¢ aci d, toluenesulphonic acids) e.g. p-toluenesul phonic
acid, t-butyl sul phonic acid, and 2-hydroxypropanesuf phoni c acid;

sul phonat edcamaratwmmi@ebltsh&u Fornition FoherAiMg actP teabticHs ARy Mkt & isAtdudi to
hal ogenat ed car boxﬁ\‘d}‘c amﬁgs such as trichloroacetic acid and

trif I uor aaceReraegiinghe HioRS MrsRy RepRienate famethanaias sierenhed 3&’9}/%15 such as
benzenephosphoni ¢ acid; and acids derived frominteracti ons between Lew s
aads and Broensted aci ds. O her sources which may provi de suitabl e anions
i ncl ude t heSmrptltlngiyiWIewahaIfmgﬂrthatesdlpEMrrraplhIWé lobtairied itthe reaition @5theGegotor
perfl uorot e bor a zer o-val al | adi um co _I exes
Par t1 cul ar ke BER Wity A <Phesniaton pliRagtant aigdic FaaifvedS et aster Substantaiy
di benzyl isdegl@RESHAS: I6Ve! oF HESHS WHiKh WBuidGokhs 8H azddi®pealifl thé bstay St em may be
used honbgeneously or heterogeneously. Preferably the catalyst systemis
used honogeneously. The catal yst systemis preferably constituted in the

l'iquid ph h t

2V BSSRbAG Y RS TRl P ety o PR lprt

conj unct i oncatbbylit beid compliyes thestgpsrofi ncl ude one or nore aprotl c solvents
h th th di et h th f t hyl

ani sof e andoRpREITGia BTeRY SuFRREPMENS R sBteB oo R ARG S T AR < of

such 30 i mpgdse aedbtorPenzene, tol uene) ethyl benzene, o xyl ene, m xyi ene,

p- xyl ene, chi of obenzene, o-di chf orobenzene, mdi chforobenzene, and —
p- di chl dOobRhsuPRINGA %esqnd feqd Riream eRMPSIng %ammc@helrofwwa:&@!duwa@re Reisg.

hexane, hepgag Yo fhie rebétBEt hyl pent ane) nethyl ene chloride and carbon
tetrachl ori%ﬁ' ﬁzﬂi%g!rxlut?esg‘?Ll e 8ﬁenzonl trite and acetonitrile; esters, e.qg.

met hyl benzoesstingdogatherssis firstbancsacond ferdsireamstie theréadionistthe bresentebta e

35 ot ohon syt S, P A e SR AL Bl ol 0
propi oni ¢ amodoxidaand thel aikdne, toufotralal produidt cempesiag en alkg! alkexoatentavirgttie
products of _the r Therefore in the carbonylation of ethylene with
car bon riénoiﬂ"t‘]‘g'alcﬁ'%g%%’sence of methanol to form nethyl propionate)
preferred sethafsabﬁseinﬁtmttﬂwiatuarooaikwrmmoatmbmhmamdte preséhttin tefetor®d t he
present invention is gre erably carried out at a terg)erature from20 to

250C, in pafteatanthan the satosef alky! sispiel 1o alkylalkancaie Riesqnd i ahazeptropiedixiye of
process naytﬁgeawpgggﬁ,y@thm@ﬁmkand&éal pressure of from1l x 1 OSto 100 x
106 NN. mZ 10 and in particular from5 x 105 to 50 x 106 NNm 2. Contrary to
t he node of operating the process which is suggested in the prior art, we
have found [ f % Nvhidh ard Rk
nave 1 0unS, 8 Epln BB ) 54 RS lRehorBig Gafed WhinBrd ek e

met hanol2q i caacsormleEmmmlh%ommaaa@es xncmrtyﬂrqmeomlmrvm carbon digxidedgnd. thevhen
the reactio h rate the turnover nunber (TON) of the

catal yst ma Oﬁ%%%g%d% 3aar§¢|'grefore the operation of the reaction at

rel atively high concentrations of nethanol enables the catalyst fife to be

maxi m sed a cost of cat S uant| of met hyl propionate
produced toq-gétﬁfsz e%’eamﬁysﬂieiﬁgﬁlgﬁ ?°‘1“°‘9° Pativel y expensive, the
saving in catal yst costs nay be substantial. 20 The reaction is preferably
oper at ed contlnuous however batch operation is possible. In a continuous
process, thdhpdistieaskstiearrand tharsesendleedstnamdnay be fagiia e 16a6lor spRATEIEN O he
reactor andhiegfore in the product streamis in the range from47:53 w %
to 99:1 w % preferably in the range 55:45 to 95:5 wt % and nore
preferably in the range 55:45 to 85: 15 vvt % 25 ~e nmethyl propionate

pr oduct d such
as disti? atﬂggr?%bgtpﬁ&gm%bopﬁo& gﬁ rret ha %é%'%ogﬁggq@%@go:%P@xt ure
conpri si ng 4nonuixidedh theeddseoud plase n53reﬁer‘&blyfgraaehtyxbn prbmanaateieraﬂilyeatdﬁast &1in
a distillation ess._t.0 tlnrret | . prgpionate from i xt.ure of

et hanol | an@SHEGI TR 81180 o hTER RIBIArabhL P cahoe, o A B obt- o of

nmet hanol sinple distillation is not possible and it is 30 necessary to

enpl oy a technique to break the azeotrope. It is therefore preferred to
separate the nethyl propionate fromthe product streamby distillation in
the presence of an



entrai ner conpound. 2 9 APR 2002 WD 99171820 ~ PCTI GB98103074 Th@ g APR 20c-
i nvention is further illustrated in the follow ng Exanples: 0.037g (5.03 x
10" S nol es)y@éoAsmol i d catal yst, Pd (di-t butyl phosphino o- rgt/eBed/ 03074

di benzyl i dene acetone) was wei ghed into a flask under nitrogen in a drybox.
Met hyl propi onate was deoxygenated with nitrogen in a syringe then added to

t he pal | adguiati@aRyeicondistin@ude &3k, Mkarbls toptibhalg subfitltedRitn Bre BF hiord O
0.068nmL (1.05 x 10~ nol es) nethanesulphonlc acid was then added dlrectly to

the sol utisopstitypnis suehas Bﬂ°%a@ﬁ'§n‘§@é‘9r earbery!.alkoxy or ?D’l‘ groypsi Aviable st eel
aut ocl ave e
autoct 24 Rl b BB oML i Bl oS o)
appr oxi natai¢ghot &nd clyonocapryialcohvh eﬁ"amﬂ;ularbfmﬂdtam methal]olland ethancd Aflditienatipn

was st Sup ety olbeAbdorbBuidh. S8 85 iang syleie: Patve BEHT Theouel y
fed to theprafesiedalkyl aicohol gOmbthandl, keepi ng the autoclave at a constant 15

pressure, but no new liquid reactants were added or product renoved. The
gases were fed froma ten litre reservoir, and the extent and rate of

reaction WayysGRbPrérHed fsth csfhﬁe ABIRh, WBBroVieSS pitickds 1Pk mbifiadia® g@s used
up fromthis reservoir. The above descri bed procedure was carried out at

di fferent mathkayompnaietcnmmsmg@wer@emf 20 propionate, which are shown in
Table 1 be | d
and the ¢ P epRG ot el ders BRI cAEBH Moriiad Bha iy rBh B chiker
(m ) Congenborageactor,Rati o (W % MeCH W% MeP) Mol MeP formed in 4 hrsTON (nol

'F\'/bdr hﬁ) gg'eszﬁ’%é’bn'i/g'?hr%?B@Z%G%%M%@ﬁ%&%1‘%@1‘?7’%%8@313916150 500. 602

1%976%809%2@%&@3@6{@ Wﬁgmf S fedd str@af8ln &\33’35&8!’2?/3% Eﬁ?&el_ﬂi@&'a}] S

Ccl ear show that at r Concen rations (0] ess t han
5050 wei FROBMNBER AP RSN REIRRY TR aEIR HRNEEGRE of Nap
produced imohbigde atd BthHiBn& 1896k XEraabét isfiig ThétRABrémerate - hour de ation

of the experinent was considerably reduced relative to the catalyst

t ur novds aeherpgterisedtin iatde mwo&@ﬁt‘@oeldoaﬁethﬂmplqna&]erﬁsera&m e rgpctRpieH t o

g/ggz({m 99&5?%%“3?%%3%“?6%92@% in the reaction mxture). y g AP R

The carbonylation catalyst preferably comprises a combination of palladium or a compound
thereof and phosphorous-containing compound. Various phosphine compounds are
suitable catalysts and have been described in prior publications, e.g. tertiary phosphines of

20 general formula R'R*R® P wherein R, R? and R® are each an optionally substituted alkyl or
aryl group, e.g. tri-phenyl phosphine. A particularly preferred phosphorous-containing
compound is a bidentate phosphine ligand of general formula (R,-C),P-L'-X-L%-P-(C-R;), , in
which each R is independently a pendant, optionally substituted, organic group through
which the group is linked to tertiary carbon atom C; L', L? are independently a linking group

25 selected from an optionally substituted lower alkylene chain connecting the respective
phosphorous atom to the group X and X is a bridging group comprising an optionally
substituted aryl moiety to which the phosphorous atoms are linked on available adjacent
carbon atoms. Such a catalyst is described in WO/96/19434.

The pendant optionally substituted organic groups, R, may be independently selected from
30 a wide range of components. Preferably, the pendant groups are optionally substituted

lower alkyl, e.g. C,.,, and which may be branched or linear. Particularly preferred is when

the organic groups, R, when associated with their respective carbon atom form composite
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formula RROH where Ris an optionally substituted al kyl group, to the

reactor; QrolWhichard 0644196 serically Hifiddring e tfo@lﬁmnétefrie% AR Thid BoritB

4
reactor in the presence of a carbonyiation catalyst, whi (??1 catal yses tﬁe
car bony! ati$ 88 djseuss8dt Page 14 ehsemolcHiomeseneaysyirarsitioniMetab Catalysise, A Genfler m a

product cofper biwﬁggrsghgmjshg& WQ?%’?E@?“%P@'“ 1f ornmul a CH-""COOR
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t he al kyl al cohol conprises nethanol. 5. A process for the manufacture of
met hyl propi onate conprising the steps of: 20 a) supplying a first feed
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i ndepengent |y a pendant, optionally substituted, organic group through
which the group is linked to tertigry carbaop.atomC. L' Z.ar .
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group X an

d X.is a bridgin roup conprising an optionally substituted aryl
Toi ety to Igandiraseat jsHe sHEINBL e Bpisw st pRldi REaeths o | A% ejidedfand © -
gﬁrlgcw)?* gt24 zt-%ﬁl?ﬁxig?@gﬁfﬁég%r@%‘@;u ﬁ\éﬁ]Y&:Q] zé/LA\H?éQWAOC/OaU] ca] ca] cal] ca] cal]c
a] cal] ca] caU] cal] cal] cal] ca] cal] ca] ca] cal] ca] cal] ca] ca+tM
25 Preferably an additional compound comprising an anion which is essentially
non-coordinating to palladium ions is also present in the reaction mixture. The anion may
be introduced as one or more of an acid having a pKa measured in aqueous solution of
less than 4, a salt with a cation that does not interfere with the reaction, e.g. metal salts or
largely organic salts such as alkyl ammonium, and a precursor, such as an ester, that can
30 break down under reaction conditions to generate the anion in situ and acids derived from
interactions between Lewis acids and Broensted acids such as SbCl,", FeCl,” and other
similar compounds. . Suitable acids and salts include the acids and salts, other than
unsubstituted carboxylates, listed supra. A preferred source of an anion is

methanesulphonic acid.
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20 used

The catalyst system may be used homogeneously or heterogeneously. Preferably the

catalyst system is used homogeneously. The catalyst system is preferably constituted in

the liquid phase which may be formed by one or more of the reactants or by the use of a
25 suitable solvent.

Suitable solvents that may be used in conjunction with the catalyst system include one or
more aprotic solvents such as ethers, e.g. diethyl sther, dimethyl ether of diethylene glycol,
anisole and diphenyt ether; aromatic compounds, including halo variants of such

30 compounds, e.g. benzene, toluene, ethyl benzene, o-xylene, m-xyiene, p-xylene,
chlorobenzene, o-dichlorobenzene, m-dichiorobenzene, and p-dichlorobenzene; alkanes,
including halo variants of such compounds, e.g. hexane, heptane, 2, 2, 3- trimethylpentane,
methylene chioride and carbon tetrachloride; nitriles, e.g. benzonitrile and acetonitrile;
esters, e.g. methyl benzoate, methyl acetate, methyl propionate and dimethyl phthalate;

35 sulphones, e.g. diethy! sulphone and tetrahydrothiophene 1, 1- dioxide; carboxylic acids,
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96" 109K+& (BicH M@blea‘l’é%han 47 wi% of methanol simple distillation is not possible and it is
30 hecessary to employ a technique to break the azeotrope. It is therefore preferred to

separate the methyl propionate from the product stream by distillation in the presence of an

entrainer compound.
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- 10 The autoclave and solution were then heated to 80°C over a period of approximately thirty

minutes. When at temperature a 1:1 mixture of carbon monoxide and ethylene was added
up to a pressure of 10 barg.

The autoclave was set up as a semi-continuous batch system - the gases were
continuously fed to the system via a regulator, keeping the autoclave at a constant
15 pressure, but no new liquid reactants were added or product removed. The gases were fed

from a ten Iltre reservoir, and the extent and rate of reaction was obtained from the amount
and speed with which the gas was used up from this reservoir.

Examples 1-5

The above described procedure was carried out at different ratios of methanol to methyi
20 propionate, which are shown in Table 1 below. The table also shows the amount of methyl

propionate formed and the turnover number of the catalyst after 4 hours.

Table 1

MeP |MeOH |Concentration Ratio] Mol MeP | TON {(mol |Initial reaction
Example | (ml) (ml) (Wt% MeOH : Wt% | formed in 4 | MeP / mol |rate (mol MeP/
MeP) hrs Pd in 4 hrs) |mol Pd/hr)
1 26 274 90:10 1.003 19946 36679
2 81 219 70:30 0.579 11507 33209
3 139 161 50:50 0.602 11976 18093
4 200 100 30:70 0.377 7330 8008
5 233 67 20:80 0.133 2642 2692

The results clearly show that at ratios of concentrations of MeOH to MeP of less than 50:50
weight%, the turnover number of the catalyst and the amount of MeP produced in the



A & ()-fA 10% M+ & ()-fTA 10% M+ & ()-EQYQ OnQvQQQ ?vU4  fA. 10:%@9APR 2002
& ()-TA 10%"+ & ()-TA 10%"+ & ()-TA 10% "+ & ()-fA 10%"+ & ()-fA

10% "+ & () - WQOGMN?VUA FA 10% "+ & (-TA 10% "+ & () -1 A pcflmoss0rs

& ()-fA 10% "+ & ()-fA 10% "+ & ()-fA  10% ~+ & () - QQQQQQNN. vU4f A. 10%
Av & ()-TA 10% 7+ & ()-TA 10% "+ & ()-TA 10% "+ & ()-fA 10% ~+

& ()-5WPi  QaxbueQuidtionltf the edehihent was considerably reduced relative to the catalyst tumover

and production of MeP achieved at lower higher ratios of MeOH to MeP (i.e. higher
proportions of MeOH in the reaction mixture).
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1. A process for the manufacture of an alkyl ester of an aliphatic carboxylic acid comprising
the steps of:

a) supplying a first feed stream comprising carbon monoxide and an alkene of formuila
5 C.H,, to a reactor,
b) supplying a second feed stream comprising an alky! alcohol, having a formula
R-OH where R is an optionally substituted alkyl group, to the reactor;
c) reacting together said first and second feed streams in the reactor in the presence
of a carbonylation catalyst, which catalyses the carbonylation reaction between
10 carbon monoxide and the alkene, to form a product comprising an alkyl alkanoate
having the formula C H,,..COOR
characterised in that the ratio of alkyl alcohol to alkyl alkanoate present in the reactor is
greater than the ratio of alkyl alcohol to alky! alkanoate present in an azeotropic mixture of
the alkyl alcohol and alkyl alkanoate.

15 2. A process as claimed in claim 1, wherein the alkene comprises ethylsne.

3. A process as claimed in either claim 1 or claim 2, wherein the alkyl alcohol comprises
C, .4 alkanols, optionally substituted with one or more substituents.

4. A process as claimed in claim 3, wherein the alkyl alcohol comprises methanol.

5. A process for the manufacture of methyl propionate comprising the steps of:
20 a) supplying a first feed stream comprising carbon monoxide and ethylene in the gas
phase to a reactor;
b) supplying a second feed stream comprising methanol to the reactor;
c) reacting together said first and second feed streams in the reactor in the presence
of a carbonylation catalyst, which catalyses the carbonylation reaction between
25 carbon monoxide and ethylene, to form a product comprising methyl propionate;
characterised in that the ratio of methanol to methyl propionate present in the reactor is in
the range from 47:53 - 99:1 weight%.

6. A process as claimed in claim 5, wherein the ratio of concentration of methanol to
methyl propionate in the reactor is in the range 55:45 to 95:5 wt %
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