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WO 96/19434 discloses a particuiar group of bidentate phosphine compounds

which can provide remarkably stable catalysts which require little or no replenishment and
the use of such bidentate catalysts in a process for the c;arbonylation of ethylene with
20 carbon monoxide.

It has now been found that, when used in the process for the carbonylation of
ethylene with carbon monoxide, the activity and life of catalyst systems based on such
phosphine compounds are very sensitive to the relative amounts of ethylene and carbon
monoxide in the gaseous phase of the reactor. This is counter to the common teaching in

o5 the art which generally does not express any preference for the relative amounts of these
reactants.

Surprisingly therefore, it has now been found that the activity and the life of the
catalyst, 'when used in a liquid phase carbonylation process, can be significantly improved
by using a high molar ratio of ethylene to carbon monoxide in the Qas in contact with the

30 liquid phase.

Accordingly, the present invention provides a process for the carbonylation of

ethylene in a liquid phase, which process comprises '

(i) forming a gaseous phase from an ethylene feed stream and a carbon
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by using a high nolar ratio of ethylehe to carbon nonoxide in the gas in

contact with the 30 liquid phase. Accordingly, the prese I NV Welg
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whi ch process conprises (i) form ng a gaseous phase from an et hyl ene feed
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carbon mbhoXide in the gaseous phase, hereinafter terned the gaseous phase
mol ar r atgreater thagri¢ht er than 1:1, preferably at least 15 3:1, particularly
at least 5:1, especially fromb5:1 to 50:1 and particularly especially from
7:1 to 15:1. Operating the process of the present invention with a gaseous
phase {q)"lafe cfammmoabxnuemytueamsea:mhqomsem afrdthercfaske séichreae irfarindinel
especially of ess than deterioratio

-1 leads.to a rapid
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i nf | uencegpidi@adekisBcRbstafgortat al yst system 20 is the nolar ratio of
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15 3:1, particularly at least 5:1, especnally from 5:1 to 50:1 and particularly especially from 7:1
to 15:1. Operating the process of the present invention with a gaseous phase molar ratio
of less than 5:1, particularly of less than 3:1 and especially of less than 1:1 leads to a rapid
deterioration in the performance of the catalyst. _

it is believed that an important factor that influences the life of the catalyst system

20 is the molar ratio of ethylene to carbon monoxide dissolved in the liquid phase, herein after
termed the liquid phase molar ratio. The liquid phase molar ratio may differ from the
gaseous phase molar ratio due to the different solubilities of ethylene and carbon
monoxide in the liquid phase. The solubilities of ethylene and carbon monoxide in the
liquid phase are dependent on factors such as the temperature, pressure and composition

25 of the liquid phase. Consequently, in order to achieve the required liquid phase molar
ratio, the gaseous phase molar ratio may need to be adjusted to compensate for such
factors. Preferably, the gaseous phase molar ratio should be adjusted such that a liquid
phase molar ratio of at least 5:1 is maintained.

~ The ratio of the number of moles of ethylene to the number of moles of carbon

30 monoxide fed to the reactor by the ethylene feed stream and carbon monoxide feed

stream in order to maintain the desired molar ratio of ethylene to carbon monoxide in the

gaseous phase will depend on the reactor design. Where the gaseous phase is recycled
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nmonoxi de in the liquid phase. The sol ubilities of et hyl ene and carbon
nonoxi de i n the | i qui d phase are dependent on factors su t
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phase nolar ratio may need to be adjusted to conpensate for such factors.
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invention s preferably carrie ate t
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and" i f5ar rEaPan 1 paRBUR b X583 B8RS o A preforr ed phosphine

| igand is a bidentate phosphine of general formula (I) R R2 R2 RORo R

A preferred phosphine ligand is a bidentate phosphine of general formula (1)

R! R12
I |
R2___ RO R° —R"
20 I I
R? R
P L X K P
R* R®
I I
25 R5___ RO Ro — Re
I |
RS R?
)
wherein
30 R?is a tertiary carbon atom

each of R", R%, R’ R, R®, R%, R, R, R?, R, R" and R" is independently a
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201 RP- Ro L' XLZPRARO | / \ 25 RSRRoR | ReR7 (I) V\,herein
30 Ris atertiary carbon atomeach of Rl, R2, R3, R R5, Re, R7, Re, ,
R10, R' HA9BUH9% s | ndependently a SUBSTI TUTE SHEET (RULE’%? %"9’9/41495
4 PCT/ GB98/ 00629 pendant optionally substituted organic group which
carries a carbon atomthrough which the group is linked to the respective
R, each of | r =

opt i onal I%?nhanﬁés}ﬁwb gl eﬂjq%%&eﬁgﬂﬁe 8 hg‘r&ﬁ c%%'r?%eag%%}ﬁgﬁt Eo%?ggu hgpf:ngﬁ
phosphor uﬁegtwprsmnkétbtoghemq:speﬁtrve Rér,nd X is a bridging group conprising an

optionally substrtu ryl. noje rus_at ons r

|i nked on avai Pa# & gt l@&PB%#@W%&IH?@éOL&e%%%EQ% M %’hartl%/‘a

substi t Utﬁrés%wlb%gaweﬁe ehaihltenpé&tin rtﬁefbsge@twemspur@me Etorftto thB4roupl O
R3, R4, R5, R8, R, RB, R R, R" and , may be independently sel ected

froma w’éiean range of corrponents Preferably, t he pendant groups are

optional |y subgti ta‘ﬂrﬁgldg%ﬁp C%bﬁmgﬁn%ﬁtl&ally su%ﬁut@ﬁ%r@%&é@@&%@h%e

linear. Particularly preferred e organi ¢ groups, ;

R5, R6, RihospBoruratomKacs lirkedamndavailable adjagentasharn atoms. wi t h ther r
respective R carbon atom form conposite 15 groups which are at |east as
sterically hindering as t-butyl. Steric hindrance in this context is as

di scussedripd @&mt a;,smmau;s egbsiftuté H@ngmgoups dirtha préferead Katahist Ssterh )R, K2 A

o ﬁgogf%%L 1R R, BB R BB D R PRy Rplsiedi e 2 MRl 1

range of components. Preferably, the pendant groups are optionally substituted lower

alkyl, e.g. C,.,, and may be branched or linear.

Particularly preferred is when the organic groups, R', R?, R®, R*, R, R®, R, R®, R®,

R", R" and R, when associated with their respective R® carbon atom, form composite

15 groups which are at least as sterically hindering as t-butyl. Steric hindrance in this context
is as discussed at page 14 et seq of "Homogeneous Transition Metal Catalysis - A Gentle
Art", by C Masters, published by Chapman and Hall, 1981.

The linking groups, L' and L?, are independently selected from an optionally
substituted, particularly lower alkyl or lower alkylene, e.g. C, to C,, chain. Especially

20 preferred is when both L' and L? are methylene.

The bridging group X is an aryl moiety, e.g. a phenyl group, which may be
optionally substituted, provided that the two phosphorus atoms are linked to adjacent
carbon atoms, e.g. at the 1 and 2 positions on the phenyl group. Optional substitution of
the aryl moiety may be by other organic groups, e.g. alkyl, particularly C, _,, aryl, alkoxy,

25 carbalkoxy, halo, nitro, trihalomethyl and cyano. Furthermore, the aryl moiety may be a
fused polycyclic group, e.g. naphthalene, biphenylene or indene.

Examples of suitable bidentate ligands are o,a -bis(di-t-butyl phosphino)-o-xylene
(also known as 1,2-bis(di-t-butylphosphinomethyl)benzene), o,a'-bis(dineopentyl
phosphino)-o- xylene and 2, 3-bis(di-t-butylphosphinomethyl)naphthalene. Additionally, the

30 bidentate phosphine may be bonded to a suitable polymeric or inorganic substrate via at
least one of the bridging group X, the linking group L' or the linking group L?, e.g.
a,a’-bis(di-t-butyl phosphino)-o-xylene may be bonded via the xylene group to polystyrene

to give an immobile heterogeneous catalyst.
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substituted particularly | ower alkyl or |lower alkylene, e.g. C, to *4 ,
chain. eci al | 20 preferred is when both L' and L2 are nethyl ene. The
bri dgi ng $?y|s an aryl noiety, esg. a phenyl group, WG Q“Be
optionally substltut ed, provided that the two phosphorus atons are |inked
to adjacent carbon atons, e.g. at the 1 and 2 positions on the phenyl
group. Option | | {
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one of t Ing group X, the |inking group or the Irnking group L2,

e.g. a, earbbkyicdicids-suehyas tpﬂmqmeﬁ@)amd an;dlteﬁéor@awtlfeaqubrswgnma@dsmcm ene

4 psm TorktaREYi et R R AR sl LSRR PR ko e

bi dent at acid wnémlmn&s.mm naphthaleresulitnie acid, tohanestitoniaacids,af.gt he nunber

of noles of t dent a d .present t he nunber of
RO gL A S SR o e O e B TR
S nol peron@écha@é Fé.htsepémanmamdéssmh wbéraﬁibﬂ@huacrha:d@er@éd 8arBbxylieldcridi um

wi th, or conpounds 5 conprising weakly co-ordinated anions derived from

nitric asueh astrichlomeacetigard; a“F’d%l"m%ﬂel@ﬁﬁéidcoﬁ‘ﬂpﬂoéPMBacd‘é-l RIOSBRRINC as
acetic aglhdsand, pg BBh?éJ{egh@"Edh%nicr%ld‘%'na%cmlo%ﬂ%@fﬁﬁ infePddifoNY lbcbifwe%ﬁ' ds SUCh
as trifl Goroacet e aci ri chl oroacetic acid: fonic aci ds such

met hanes ukfvisradsaandiBroehkted @sidsf é¥ther smtireks Whido maypréide suitatilel anions

trifluoro esu fo | £ Qni n nic
aci d, vofiuiedtr polpeal dplgEhdey ERERSRp R PRl e L SEph Ao AR HeAT

t - but yl spbfal Ada:ﬁbﬁbllyaﬂdo&atépd paﬂaﬂhrmpammxéﬁ paiticulady thoseulifrolabitesithantan
exchange resins; P rh ds suc erch] oric acid; hal ogenated

oar boxy! 8. Jtm ey PEORANAS of AkeiRe LEH B AT G U e naPCPtoTd o S RSRIB0Y b derch,

ort hophosphori c acid; phosphonic acids such as benzenephosphonic acid; and

acids derived frominteractions between ) .
The anion may be introduced as one or more of an acid having a pKa measured

20 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 break down under reaction conditions to generate
the anion in situ. Suitable acids and salts include the acids and salts, other than
unsubstituted carboxylates, listed supra.

25 The quantity of anion present is not critical to the catalytic behaviour of the catalyst
system. The molar ratio of anion to palladium may be from 1:1 to 500:1, preferably from
2:1 to 100:1 and particularly from 3:1 to 30:1. Where the anion is provided by a
combination of acid and salt, the relative proportion of the acid and salt is not critical.

The catalyst system may be used homogeneously or heterogeneously. Preferably

30 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 suitable solvent.
Suitable solvents that may be used in conjunction with the catalyst system include
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Lewi s aci ds and Broensted acids. Ot her sources which may provide suitable
anions 15 include the optionally hal ogenated tetraphenyl borate

derivati \7’&98’%1.4&5. perfl uorotetraphenylé borate. Additi onal®! W’énfgfﬁg‘sz\?al ent
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Sui t abl e chiorebenzenke, adicklorabehzete, hhdlcabrcmenaemb mbtpsdlcmbfubenzdsm alkanes,

unsubstitu r.box te i sted supra. 25 The quanti ani on present

i s not 5cr"?°ﬁ"i"g%ﬂ ?IBV?ﬁ%%Eé’? AP TATRAMR §51%9Th?3@"?h%&geéﬁ%lzyét system The

ol ar ra‘tﬂlrﬁemﬁllpéﬁlaﬂé fnethyRineaiorite Had obﬁbd‘rft@fradmdndeonmeslegmeﬁi‘zaﬁméy from
2:1 to 100:1 and artlcularlyfromS 1. Where the anion is provided

by a co@BF’r@&?KC’@H"'@f es{ersq e g el pen;qqaée mtayharétq&e d’B%tthl RfﬁP'@ﬂa&etﬂé\dam d and
|
salt s nghe t%pli}ﬁﬂtlﬁ)ﬁétfee%- E)n%é‘té"gﬁ% wanfsﬁa; TRy taﬁargarb%.!a@ge;%eﬂ%%xyd

het er ogeneous e’catal yst systemls jonbgeneousl y.
The cat alcastioxylicacids, iesg. M@ﬂlmlabtlﬂ cbrssprefamredjtd uset dsca Solyentca mrapmmml ch may

b f .0f . t

ool vento gt R ol i iee8otioh Bk £AE A M clorRlor Boghd s 48 Frifimys 4 yrbe?
cat al yst of diffefenticogipadeds ﬁldBéﬁ‘fhﬂ' tﬁEth‘ﬁidﬁE!ﬁs(eRlefﬁnlﬂﬁ)e SePuRbibrd b tHe mixture.
PCT/ GB98/ 00629 one or nore I%Bmt ic sol venbs such s et hers, e.qg. diethyl

ether, diThefefgre indhrexample yhepigiiiviens #id caspon gianey %agﬁqearapawe lin fener ;
ar omat i c oS R fetthdHol Wiohnd nﬁtﬂhﬁ pY@dxét?éiéSa pmlcﬁﬁﬁﬁs&&mt i€methy!

benzene, 'tol uene, ethyl benzene, ©o-xylene, mxylene, p-xylene,
chl oroberpl@menatgr di chl or obenzene, m d| chl orobenzene, and p-di chl orobenzene;

gl kgnegs t I’I nc*ﬁgFDERwuet e{ﬁﬁé ene Cﬁ{OI’I ﬁ@ﬂﬂgg&% grt% tngéa%?or Pept ane

i met e an car etr |de
ni tril es,hydraxyl grenpothiat is lllaed amle use af watdrrgives: risego Gres¢ore.=.sgondtag legtboxylic

cul T ones, 28 §heapd i S €or FEISo BaBE PR, drbfondih RSy Sl afhs

car boxyl iigclade @S ., lk@hol§iroptidratly Gubstitdted Mithi mepasreﬁ@rersuadun@ntssecmas a sol vent
a Com:)Ounhdalogen atoms, cyano, carbonyl, alkoxy or aryl groups. Suitable alkanois include one or
20 more of methanol, ethanol, propanol, 2-propanol, 2-buténol, t-buty! alcohol and
chlorocapryl alcohol. Particularly useful are methanol and ethanol. Additionally or
alternatively, polyhydroxyl compounds, such as diols and sugars, may be used.

The molar ratio of the amount of ethylene used in the reaction to the amount of

hydroxyl providing compound is not critical and may vary between wide limits, e.g. from
25 0.001:1 to 100:1 mol/mol in the liquid phase.

The process of the invention is particularly suitable for the production of methyl
propionate. In one preferred embodiment therefore we provide a process for the
production of methyl propionate comprising the steps of:

(i) forming a gaseous phase from an ethylene feed stream and a carbon

30 monoxide feed stream;

(i) contacting the gaseous phase with a catalyst system within a liquid phase

comprising methanol, a solvent and a catalyst system comprising palladium, or a

compound thereof, a phosphine ligand and a source of anions; and
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10 which takes part in the reaction either as a reactant or a product, to
mnimse _the nunber of different conpounds present in th |, Q] ase to
facili tat‘goggf)'é?%tion of the mxture. 7Therefore in the e}%@s&rqg}%

et hyl ene and carbon nonoxi de are carbonylated in the presence of nethanol
to formnethyl propionate, a particularly suitable solvent is nethyl

propi onat e. 15 (jfheesstitig pheodihylenefwithithe camohinadhdxideda tiey plesettesdf theast in
part by the source of hydroxyl groups that is used. The use of water gives
rise to tmétr@BP'ri\é’@p‘b‘ﬁB?ﬁéta&i‘Fgwg’l“ic aci d whereas the use of an al kanol

leads to the cpseipPRElNMPHABIR ethyithd Alkardbkrai] SarbbhroHE8dCreed SHtdganOl S,
optionally substituted with one or” nore substituents such as hal ogen

at oms, cypnovide@amblanyatio of|atsnepio carhon moooxide indhegapeeusnhasawhich iscl ude
one or 20 rmheetﬁ)%l et hanol , et hanol, propanol, 2-propanol, 2-butanol,

t - butyl 5968101 Ehd ' chl orocapryl alcohol. Particularly useful are nethanol
and ethanol. Additionally or
as diols and sugar,s, be used. The nolar,rati f the amunt of ethyl ene
dsed i n 1 Reelonar ctasl BetatEs Hirobee BrscReabayR. Sredrabl f TV SRPRES o
critical aathdmBY ndthyl Pr6RivRRE otvadfixturditieteofe. 9. from 25 0.001:1 to 100:1
nmol /mol in the |'iquid phase. The process of the invention is particularly
suitable for the production of methyl propionate. In one preferred

embodi ment ¢ her b fowifa BkaibRR fannérqusﬁ?tefma phbent R GARL | on of met hy!
propi onate conprising e steps of: (1 ormng a gaseous phase from an

et hyl ene feed stream and a carbon 30 nonoxide feed stream (ii) contacting
t he gaseous phase with a catal yst systemw thin a |liquid phase conprising
met hanol ,Eéa@Bﬁvﬁnt and a catal yst system conprising palladium or a
conpoungd t her e reaatdpt esitiom éorld gaied ofBpetingmits was efadanipar $d(labidbaUBSTI TUTE
SHEET (RULE 26) WD 98/41495 7 PCT/ G398/ 00629 (i if?%‘Pr eﬁ_@ﬁgn t he et hyl.ene
with the B%kBemxiShBlRieR Wherhal fir bebid-dtyiptesrhiopRgHYNPerenG RGP a IS
catal yst ?%%h?iﬁheﬁéﬁfe@&{@&ib%d iR rhdtAandI EOEHRY berrambieghrkitmem srogionatdoon
nonoxi de Teed stream provide a nolar ratio of ethylene to carbon nonoxide
i n the ga$208usispBf8anelas) Mpethanesulfonic acid was also added in various amounts as

shown in the table below.

al ternatively, polyhydroxyl conpounds, such

15 The reaction was conducted in a two-litre Hastelloy B2 autoclave. The autoclave

was evacuated and then charged with the reactant solution, before being heated to 80 °C.
When at temperature, ethylene was added to the autoclave to the pressure given

in the Table 1 whereupon carbon monoxide was added to make a total pressure of 10°
N.m?2. A reservoir of reactant gases containing a 1:1 molar ratio of ethylene to carbon

20 monoxide fed the autociave via a regulator to maintain the operating pressure within the
autoclave constant at a total pressure of 10° N.m-2 (gauge), and to maintain the gaseous
molar ratio in the head space above the liquid phase at that set by the initial admission of

ethylene and carbon monoxide. The system was therefore operated in a semi-batch

manner.
25 Jable 1

MeSO,H Ethylene Carbon Ethylene: | Moles of Methy!

(mi) (bar) monoxide Carbon Propionate after
(bar) Monoxide 180 Minutes

0.03 25 75 1:3 0.42
0.03 7.5 25 3:1 0.56
0.1 25 75 1:3 0.5
0.1 7.5 25 3:1 0.77
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l 5 greater than 1:1. Preferred catal yst systens are those described above.
Preferably the solvent conprises nethanol, nethyl propio g,,gr or a mxture
t her eof . S3#4PY owi ng Exanples furthergillustrate the prf} 2‘53389\9@& i on.
Exanple 1 10 A reactant solution for a series of experinents was nmade up of
Pd(L-L)dba (92 ng, 1.25x10 noles), where L-L is
1, 2-bi s(dh—xém?%t%l phosphi nonet hyl ) benzene and dba is di benzyli deneacetone
di ssol ved™n anol (100 m's, 2.47 noles) and nethyl propionate (200
ms, 2.08 nol esh redvtarhanietion WesimadeaipdofRi{L-4)ctm @0dnag, 2.Ax1EhOIES) ASSYEES as

shown in th | The reaction was .c ucted in a two-litre
Hast el | oyh’B’%eg%%ﬁ(I?g\?@g%rﬁé'?%{ﬁr}c?&daw%&’yl\%gp'gﬁe32? gﬁs,%ga felas) with adea-fald t h
the react anfarsxcess (o palzfiumpoftimethandRifbsid akid (3F5%102 MIE D, Bl ok GREIEat ur e,
et hyl ene was added to .the autoclave to theggressure given in the T:gbl el

wher eup8n car bolerRNRELMEAtS WereApaducted inaRR0 mi stainiespsteskavteciave in@simiant 2.
A reservoj f i iBEP i ' | ' ene to
Car bon 2 R oo I o s erodrinbfiofile Shd fighe
oper at i ngapwhish theeregctan wastcharaedihefora feedinghthieaint matlaramixture fropr theseseveif 106

N. m2 ' ' I Lo i.n the head .

Sbove { hotdeiter IS ARUR| ee WpriBOF A BrodRedareRnb S eles R Showyh one.
and car bomabter®bxi de. The system was therefore operated in a sem -batch
TR it o Ea b Sope B0 8 RIS htaiaeRmasel prvirels et .
7.5 1:3 Opérial freSsuré ob carbdn fchoRida en@rall{?néea%é the amBunt o %hyl'&:l’o&o#atg’: 1

0.77 SUBSTI TUTE SHEET (RULE 26) 98/ 41495 8 PCT/ (B98/ 00
produced at a given partial pressure of carbon monoxide.

Table 2
Ethylene Carbon | Ratio of Ethylene to Moles of Methyl
(bar) monoxide | Carbon Monoxide | Propionate after 200
(bar) Minutes

10.1 0.5 20:1 0.42

9.5 0.6 16:1 0.45

9.7 3.3 3:1 0.34

9.5 6.3 1.6:1 0.23

Example 3

15 A reactant solution was made up of Pd(L-L.)dba (37 mg, 5x10° moles) dissolved in
methanol (219ml, 5.41moles) and methyl propionate (81ml, 0.841moles) with
methanesulfonic acid (0.068ml, 1.05 x10°moles) added.

The experiments were conducted in a two-litre stainless steel autoclave in a similar
manner to that described in Example 1. The pressures of carbon monoxide and ethylene

20 at which the reactor was charged before feeding the 1:1 molar mixture from the reservoir
together with the mole fraction of the gases in the liquid and the amount of methy!
propionate produced after 240 minutes is shown in Table 3.
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Exanpl.e 2 A reactant solution was made up of Pd(L-L)dba (20 ng, 2.7x10'5
nol es) dissolved in nethanol (73 ms, 1.8 noles) and net lyl ‘E)I’OPI gnate (27
ms, O. ZQV%?’Qéysvmth a ten-fold nolar excess (to pall adi

met hanesul fonic acid (1.75x10'2 ms, 2.7x104 noles). 5 The experinents were
conducted in a 300 m stainless steel autoclave in a simlar manner to
that described in Exanple 1. The pres;.l s of carbon m)noxi de and et hyl ene
at which the reactor was r‘harnprl bef or endl nn the. 1: molar mxture from
t he reservdi rEthylenget hé&r© (Rt t hMole Fsaaien of] Ml Z@QB%I oM&'F§° WMiced after
200 ninuteq i Sb&Ebwn|in Tabl|et®HYlenginfiguit 4n ndn it t hat Plopieraeaiteng| t he
ratio of the partial lpressurd of ethylenelto the partial 24 OUES o bf
carbon nondxi deggenetal | y i ngr eas®8 xt16e arfount?.iof10fet hyl pr d@2onat e
produced at[~a gLVen part ial presgu,rzga@i car bog1mmst| de. Tab.lg 2 Et hyl ene

Car bon Ratile—eft—FEt hyICIIC oot f?lll 1 IIUII\.)\IUC botr—Vbnoxi de
Propi onat e laftef 200| (hir) 1nu?3§x’? 1.0.5 éﬁg { ) o 5 %% 16:1 0. 45

9.7 3.3 3:140.33 9.5 6.3 1.5 1 0.38x10Exanpl e58618)A react ark48sol ut | on was

made up of (L~1L) dbd (36 g, 5xJ4Q;75(1m)I es) dsssqioed ijn  matdsanol [219nd,
5. 41 nol es)—anrt—rethyt—propromate (8t 0841 Totes)— W th

nmet hanesul fonic acid (0.068nl, 1.05 x10-3nol es) added. The experinents were
conduct ed. i wo-litre stainless steel autoclave in a simlar manner to
t hat des n Exanple 1. The pressures of carbon nonoxi de and et hyl ene
20 at whiTeb rédtion evest carriedigutdman %daﬂedfomueditrbwtquetwmcllwas vperatedninyg ur e

T qul d e mANRET of Pakat ¢ ool et by sBaneRis ke SoEBRT il e | s
shown i pdskRie3ethylehBant Thétfaridiahd o dutdsdlton of the catalyst was also

continuously added to the autoclave. The flow rate of the gases was controlled using

- -

mass flow controliers while both the methanol and catalyst solutions were fed to the
solution by a calibrated Gilson pump. The level of liquid within the reactor was controlled
at a constant level by a DP cell and any excess liquid (and the corresponding quantity of
10 dissolved gas) was taken from the autoclave and flashed into a column. This column was
also controlled to give a constant level within its reboiler. Hence, any excess liquid was
purged from the top of the column while a solution containing the high boiling catalyst was
recirculated to the reactor. The pressure within the reactor was maintained at a constant
level by venting any excess gas, which was not consumed in the reaction or removed in
15 the liquid flow to the column, from the head space of the autoclave. The composition of

the reactor head space gas was monitored by on-line GC analysis.

The catalyst used, Pd[L-L].dba (as in Example 1), was continuously fed to the reactor as a
dilute solution in methanol without exposure to air. The acid co-catalyst was
methanesulfonic acid. A list of the other principal reaction parameters which were used is

20 presented in Table 4.

The inlet ethylene and CO gas flows were varied during the experiment to vary the reactor
headspace ratio. Table 5 gives the turnover number (i.e. the moles of methyl propionate
produced per mole of catalyst fed at steady state) calculated at each headspace

ethylene:CO ratio used.
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WD 98/ 41495 9 PCT/ GB98/ 00629 Table 3 Ethyl ene CO (barg) Mle Fraction Mle
Fraction CO Ml es of Methyl (barg) ethylene in | |qU| din pi onat e
after WO M4 tPes 0 1 3.98 x10.2 7. 11x10'* 1.32 7 3 3. P L G VM
1.23 55 2.24 x10.2 3.59 x10-4 0.97 3 7 1.36 x10 2 5.06 x10-4 0.48 1 9
4.57 x103 6.56 x10-4 0.23 Exanple 4 The reaction was carried out in an
agitated one-litre autoclave which wa i?_ﬂg_rat ed in a continuous nmanner.
That is, the reactaor was fed by separafe Supnlies of carhon 5 nonoxi de,
ethyl ene and met hanol apciavelTempesatye uti o of t hel%8% al yst wvas al so
continuously added to thmtadlavecph—&%ae The fllow rat aopdrgt he gades was

control | ed using [mass—1 'ers whiil e DOI met hanjol and

cat al yst sol uti ong—were {Dﬁtaﬁ& .EQ& SO+t é by uﬂ)?g{bh. atee—G | son punp.
The level of Iiquid | wi t hiRECHRtonate o was [control P ar a donstant | evel
by a DP cell and any exddstsanol EgeddRafeand t he¢ corre8p8dth ng quantity of 10

di ssol ved gas) was aKencgtgggtheg@Rggét oclave an%;qm{a@.glhmt 0 la colum. This

colum was al so g¢entt € ant—tevet—wtttmts reboiler.
Hence, any excess M‘d%nfa“%eiémg lagﬂnf'}f\é?ﬁt he top of®the col ym while a

sol ution contai nir st was —recirculatied to the
reactor. The presgure Tafal GasFlewintg Beactasr was rmai n28OWMFd at a |const ant

| evel by venting any excess gas, which was not consumed in the reaction or
renoved in 15 the liquid flowto the colum, fromthe head space of the

aut ocl ave. The conposition of the reactor head space gas was nonitored by
on-line GC analysis. The catal yst us [L-L].dba (as in Exanple 1), was
continuously fed to the reactor as a te solution in t hanol w t hout
exposure to air. The| aciRéactorheatsdapst whs nieameaerawmbeoni c lacid. A list of
the other principal feacehgenafe®@ gatet er s| whiloielegMeRYmaleBd) i s | 20 presented in
Table 4. The inlet efhylene grd CO gas fl ows weagoogari ed dyring the
experinment to vary t react Yle

53333

1.8 60000
3.6 80000
7 88667
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headspace ratio. Table 5 gives the turnover nunber (i.e. the noles of

nmet hyl propionate produced per nole of catalyst fed at steady state)

cal cul ated at each headspace ethylene:CO ratio used. SUBSTI TUTE SHEET
(RULE 26) WD 98/41495 10 PCT/ GB98/ 00629 Table 4 . Autocl ave Tenperature
100C Autocl ave Pressure 10barg Agitator Speed 1000rpm Recircul ation Rate
5Uhr Methanol Feed Rate 0. 15Unr Catal yst Feed Rate 3 x 10%nol es/ hr Mol ar
ratio of acid : palladiumin feed 20 solution Total Gas Flow i nto Reactor
200Uhr Table 5 Reactor headspace Turjpover nunber ethylene/CO ratio

(ol esMeP/ nol ePd) 0.72 40000 1.08 53333 1.8 60000 3.6 80000 7 88667
SUBSTI TUTE SHEET (RULE 26) Clains 1. A process for the carbonyl ation of
ethylene in a Ichgidsd phase which process conprises: 5 (i) formng a
gaseous phase froman ethylene feed streamand a carbon nonoxi de feed

stream
1. A process for the carbonylation of ethylene in a liquid

phase which process comprises:-

(i) forming a gaseous phase from an ethylene feed
stream and a carbon monoxide feed stream;
(i1i) contacting the gaseous phase with a catalyst
system within the liquid phase containing a
10 source of hydroxyl groups, said catalyst
system comprising palladium, or a compound
thereof, and a bidentate phosphine ligand
together with a source of anions; and
{(iii) reacting the ethylene with the carbon monoxide
15 in the presence of the source of hydroxyl

groups and of the catalyst system;

characterised in that the ethylene feed stream and carbon
monoxide feed stream provide a molar ratio of ethylene to
20 carbon monoxide in the gaseous phase of the reactor which
is greater than 1:1, and the anion is introduced as one or
more of an acid having a pKa measured in aqueous solution

of less than 4.

25 2. A process as claimed in claim 1, wherein the molar

ratio of the ethylene to carbon monoxide in the gaseous

phase is at least 3:l.

3. A process as claimed in claim 2, wherein the molar
30 ratio of the ethylene to carbon monoxide in the gaseous

phase is at least 5:1.



(ii) .contacting the gaseous phase with a catalyst systemwthin the liquid
phase containing a 10 source of hydroxyl groups, said catal yst system
conprising palladium or a conpound thereof, and a bidentate phosphi ne
ligand together with a source of anions; and (iii) reacting the ethylene
wi th the carbon nonoxide 15 in the presence of the source of hydroxyl
groups and of the catalyst system characterised in that the ethylene feed
stream and carbon nonoxide feed stream provide a nolar ratio of ethylene
to 20 carbon nonoxide in the gaseou8 phase of the reactor which is greater
than 1:1, and the anion is introduced as one or nore of an acid having a
pKa measured in aqueous solution of less than 4. 25 2. A process as
clained in claidm i, pxidesseiad chumpd| Hy clpigt o WereHe e hY?¥@Re to carbon
nonoxi de i n the,Gaseeushe ROAAGNE StoalcalbeASHondxitle Bn #heplofess as claimed in
claim2, wherein the r’r@llgrst 39 ratio of the ethylene to carbon nonoxide in
t he gaseous pﬁ'é&sé Ps%atrteast '5:1. 12 4. A process as clainmed in claiml,
wherein the nolar ratio of the ethylene to carbon nonoxide in the liquid
phase is at § egsta3prbceds Bs AlIROCESS casinChAil Wredeinn tab aided, wherein the
nolar ratio of the ethylepe.to r i L e, ligyid phase is at
| east 5:1. 6. Aatplr%(?gstsm’easeg‘cyllg?eng% ?%ﬁgﬁg%g%%qgf H(;Itg\ign%l qugt’lo 6, !0 wherein
t he tenper at ur ehase ishpeHettfe tleaction is carried

6. A process as claimed in any one of claims 1 to 6,
10 wherein the temperature at which the reaction is carried

out is from 20 to 250°C.

7. A process as claimed in any of the preceding claims

wherein said catalyst system comprises a combination of:

15

(a) palladium or a compound thereof;

(b) a bidentate phosphine of general formula (I)

R' R%

1 O
R!__...._Ro Rb..___Rn

! |

R: ~ RIO

Po——l} —— X |} meaP

R' R

| |
R&-._.R° R® R

R® R’

U
20



out is from20 to 250C. 7. A process as clainmed in any of the preceding
clrainse wherein said catal yst system conprises a conbination of: 15 (a)
pal | adi um or a conpound thereof; (b) a bidentate phosphine of general
formula (1) R: R RRR R RL PL --- XL'" PRR RORR (I) 20 13
wherein Ris a tertiary carbon atomeach of Rl, R2, R3, Rl, R5 R6, R7, RS,
R9, R10, RL1 5 and R12 is independently a pendant optionally substituted
organi c group which carries a carbon atomthrough which the group is
linked to the respective R each of 3.1 and L2 is independently a |inking
group selected froman optionally 10 substituted | ower al kyl ene chain
connecting the respective phosphorus atomto the group X; and Xis a
bridgi ng group conprising an optionally substituted aryl noiety to which
the phosphorus atoms are |inked on available adjacent carbon 15 atoms;
ereln
and (c) an anion whi chT's essentially non-coordinating to palladiumions
and derivabl e fron1ad‘&élﬂ‘ﬁf@ﬁrhcaﬁKﬁiﬁ@%sured i n agueous solution of |ess
than 4 each of Rr Rzr R3I qu RI Rs Rl Rel Rgl Rmf Ru
5 and R!%? is independently a pendant optionally

substituted organic group which carries a carbon

atom through which the group is 1linked to the

respective R®; each of L' and L® is independently a

linking group  selected from an optionally

10 substituted lower alkylene chain connecting the

respective phosphorus atom to the group X; and

X is a bridging group comprising an optionally

substituted aryl moiety to which the phosphorus

atoms are linked on available adjacent carbon

15 atoms; and

{c) an anion which is essentially non-coordinating to
palladium ions and derivable from an acid with a

pKa measured in aqueous solution of less than 4.

20
8. A process as claimed in claim 7, wherein the pendant
optionally substituted organic groups, R!, R}, R’, R%, ®’,
R®, R’, R, R’ R!, R'" and R' are optionally substituted
lower alkyl.

25

9. A process as claimed in either claim 7 or claim 8,
wherein the organic groups, R, R% R’ R%, R%, RS, R’, RS,
R®, R, R! and R'? are associated with their respective R’
carbon atom so as to form composite groups which are at

30 least as sterically hindering as t-butyl.

10. A process as claimed in any one of claims 7 to 9,

wherein the linking groups, L! and LZ, are methylene.



20 8. A process as clained in claim7, wherein the pendant optionally
substituted organic groups, R, R2, R3, R R5, R6, R7, R3, RO, R10, Rl1
and R12 are optionally substituted |ower alkyl. 25 9. A process as cl ai ned
in either claim7 or claim8, wherein the organic groups, Rl, R2, R3, R
R5, R6, R, R8, R9, R10, RLL and R12 are associated with their respective
R carbon atomso as to form conposite groups which are at 30 | east as
sterically hindering as t-butyl. 10. A process as clained in any one of
claims 7 to 9, L 2 wherein the linkjng groups, L and L, are nmethylene. 14
11. A process as clained in claim7, wherein the bidentate ligand is
selected froma,c -bis(di-t-butyl phosphino)- oxyl ene, a, a' - bi s(di neopentyl
phosphi no) - o- xyl ene and 2,3 5 bis- (di- t- butylphosphinonethyl)
napht hal ene. 12. A process a in,an | ai i1l for the
production of Hhet ﬁyﬂmb"rsc?p? oﬁg?lmeg\/\,ﬂecgélmn7t Heers?éﬁrcté% mté r%Ithydr oxyl groups is
met hanol and wheped nia selaeeat ffoomseel-®ip@Eitc-bhtiheossbind) i qui d phase.

oxylene,a,a'~bis (dineopentyl phosphino) -o-xylene and 2,3-

5 bis-(di-t-butylphosphinomethyl}naphthalene.

12. A process as claimed in any of claims 1-11 for the
production of methyl propionate, wherein the source of

hydroxyl groups is methanol and wherein a solvent forms

10 part of the said liquid phase.



