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-.di scl oses agpapldagolre, BPAUP28E142] EEM-@QE?IBQ)%AFQ&%@@M(E-A-O%S% tan
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tEP?A-CSr 42r1w Pg&g@{; f%s d&yprét?tﬁe\b‘atdlyé Qy€tamaavhiciPenabile digher reaction rates to be
by: - reactizchiesed.al kanol in a liquid phase wth ethyl ene and- carbon -

~nonoxi de in the pg\ %}%ﬁ, with e &}eﬁaﬁg .J‘cﬁise&'&afaﬁtﬁby&bnﬁﬁéitﬁaermmwg.the

‘al kyI pr.opi- onat e react’ on ve tream of vapour. The
nol ar .rati o rektedl mghrreactmfcmtému:ambmemxdved ¢hd catalyst dign gt auickiyvhicy: 1 to

109, t f |'y abqu t

SR rérq%céési‘eseysrfﬁe‘tweeémwwrt g hé cHATT 81 RERC: (URdIrid Bocsstin

- monoxi de,  t hgackiMbdstiaurdtf&ctos. cat al yst. systens based on such' .
'phosphlne conpound

s-are very sensitive to the reks,t %& urbtﬁsﬂof etlé%ﬁ _
and- carbon nonW@@éﬂ%%lt%S%é(ﬁBafﬂﬁa%'egret’pP deptate gho CQMIPQURdR; or
tothe Commvg?trggg Db Rftide veRflricily Stbid bl ﬁ%ﬂé@léq!nr@(ﬁ&edrcrtoremeheameaﬂand .
a _

' _preference f | ve anmounhts of reactants.
“ Sur pri si ngl whé vee of such bidentate catelystsdo @ nrgm forthe qarlaorqutroo.qf yﬂylﬁl‘et‘l'l@ .
l'ife of the .- cat aI when used" |n a I|qU| d phase car bonyI ation: process S

can be si gm.car%rhm"y 'Hﬁr oved

X It has now been found that when used in the process for the carbonylatron of
. ethylene wrth carbon monoxrde the actrvrty and life of catalyst systems based on such
phosphrne compounds are very sensrtrve to the relattve amounts of ethylene and carbon
monoxrde rn the' gaseous phase of the reactor. Thrs is counter to the common teachrng rn: |
| as the art which generalty does not express any preference for the relatlve amounts of these: _' SN

reactants : .
Surpnsmgly therefore it has now been found that the actlvrty and the life of the

es ‘a process for ‘the preparation of alkyl propi onat es -

. _ catalyst when used m a liquid phase carbonylatron process can be srgmt' cantty improved. .. .

by usmg a hrgh molar ratio of ethylene to carbon monoxide in the gas rn contact with the
o 30 liquid phase. SR ' P '
Acoordmgly, the present mventron provrdes a process for the carbonylatron of

ethylene in a liquid phase. which process cornpnses B

(r) formmg a gaseous phase from an ethylene feed stream and a carbon

| R



fby using.a ‘hi.gh nol ar ratlo of ethylene to carbon nonOX|de in the

contact wi tWOPBEL95| i quid phase. .~ . 2 Accordingly,sthe BEECEY Bbezs "
_invention provides .a process. for t he car bonyl atlon of- ethylene'ina -
'Iiqui d."phase, whi ch’ _process conprises 5 (i) form ng a gaseous phase’
_'from an et hryr;l ene fe g stream and a carbon : [err]
onoxide feed stream, _ - _

(i), contactmg the gaseous phase wnth a catalyst system wnthln the llqu:d phase
| _ contalmng a source of hydroxyl groups sard catalyst system compnsrng palladxum or a
o "compound thereof, and a phosph:ne llgand together with a source of anrons. and
: 5 _ (m) reactlng the ethylene with the carbon monoxrde in the presence of the source
L of. hydroxyl groups and. of the catalyst system e ' '

charactensed in that the ethylene feed stream and carbon monomde feed stream IR o

o _;provnde a molar ratio of ethylene to carbon monoxrde in the gaseous phase Whlch is"

greater than 1: 1

o _'_1'(') .The carbon monox:de may be used m the presence of other gases whxch are mert in the -
reactron Examples of such gases mclude hydrogen nltrogen, rbon dloxrde and the -
noble gases such as argon '_ h - o
o The molar ratlo of the ethylene to carbon monoxrde in the gaseous phase
. heremafter termed the gaseous phase molar ratlo is greater than 1:1, preferably at least )
a 15 3 1, partlcularly at least 5:1, especlally from 5: 1 to 50:1 and partlcularly especrally from 71 :
| to 15:1. Operatxng the process of the present mventlon with a gaseous phase molar ratio -
B of less than 5:1, particularly of less than 3:1 and especrally of less than 1:1 leads toa rapld oo
: .detenoratlon in the performance of the catalyst I '

ltis belleved that an 1mportant factor that mﬂuences the llfe of the catalyst system i

. 20 is the molar ratio of ethylene to carbon monoxrde dlssolved in'the quund phase. herem after_'__
“termed the liquid phase molar ratro ‘The llqurd phase molar ratio may differ from the - '
) -"gaseous phase molar ratio due to the different solubnl:tles of ethylene and carbon

'monoxxde in the ltqu:d phase The solublhtres of ethylene and carbon monoxrde in the _ :

liquid phase are dependent on factors such as ‘the temperature pressure and composutron S

25 of the liquid phase Consequently. m order to achieve: the requ:red liquid phase molar
. ratlo the gaseous phase molar ratio may need to be adjusted to cornpensate for such
| factors Preferably, the gaseous phase molar ratno should be adjusted such that a llqwd
'phase molar ratio of atleast 5:1 is mamtalned , .
 The ratio of the number of moles of ethylene to the number of moles of carbon- -
o | _'30 monox:de fed to the reactor by the ethylene feed stream and carbon monoxnde feed
- __ .'stream in'order to matntam the desrred molar ratio of ethylene to carbon monoxxde in the o

gaseous phase will depend on the reactor desrgn Where the gaseous phase is: recycled
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.(|)' vx/ner - R[err] is a. tertlary carbon atom 15PCT FW h of
Rerr], %ngs{ﬂ@s% “R6;-R7, R8, R9, RI® Rll and R12.is mdeégﬁgent y a.
--.pendant optlonal |y substitut ed organi c group which. carries a car bon atom
“through which . the group-is linked to the respective Rerr];

_each of L[ er4derabfitdel fthltne ﬁqm@ﬁﬁ@@ﬁeﬁtme/emyiehekana%a%avﬁxoaekﬁstr@% étf-éy?ﬁ@”“ .

_'optlonally "~ substituted err| to C4 kyl @ne chai n connectin
respective predisediosepiedah the ethdene agd ampor;menakide consumed dudirigthe

e " oGBS e S R S
~(c) an ani orbﬁtbk@fmmstheanendtphaheyThm -the eatidi ofdhe nqmberbarlnbmilofréthm onFe
RS 4 e s et of fBoR brwis fad By e, Bl Shearnde %%h&&nﬁ%iy?f&éf‘?? .
substi tut ed AterfBHAN, WHere asebaé g'naseﬁg noRRAY rboycdidy meﬁ,tn&aqgclfmé?h&@s& of .

- Rlerr], Rerr], Rerr], Rerr err] are. optionall
Cerr] to C[mplep cietylene to the gumber rppbwégar@gncm@nqme fed byl thedeed: stesams7will

or. claim8 ery err R4, R5, - .

" R6, R err], %'[e %%éWﬁ‘aqﬂ?er r[fesgéé)err r§{r1|8 %\Sﬂafeﬁsep%%sfos[ at e]d W t h t hei r

. res pective Rl err] The fe@dsbofrethylm and aarbbn rﬂmfdxld@QﬁWBBTcenﬁﬁ@u%%mél’hﬁﬂtbrﬂbﬁ
| east as- st erl aI ll%bR/ der j 98/ 41495

PCT) GRog) oodieh. Prefe
- contact \N'”b&&ﬁuﬂg Gt Akt sydtem By e KafbdrRBndiide. car bon monoxi de feed-
-streams . . are used to replenish the ethyl ene and car bon nonoxi de-

- ‘consured -duri ng t e processf W&?NMWQ@QO i3 preferablycagiast Wlai@demmbon .

- nonoxi-de th r -Thus, -
. the ratio ofaﬁ. qrh?%ﬁ%gfed}q"ptahicgsﬁ\‘ g me‘t;%fq ieé}\(g%tearr({%«?e%@y ﬁ%‘rﬁ@?% es of
‘car bon m)nOX| def G’delpyod:éss rhaehk sd:rldtrctad mm:ieapnotakpmeteyoﬂfto”rn‘l x 10° to 100x10° -
' ' ;_15 Nm and in. partncularfrome105t050x105Nm e

e A_ preferred_ bh_'osphine ligahd is_'a' biden'_ta'te phosphin'e'fOf'gén_éfal'fdfmUlé m

: EE o RO :
L1 X 2 . .- ..
RB —
| U
R o -
B (U
L wherem _ , O _
30 - R"isatertlarycarbgn atom S e

eachof R, R?, R, RY, R%, R, R’ RY R, R R and R'2 is mdependentlya.'.-_"”
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Alternatlvely, V\/nere the gaseous phase i's not - fully recycled then t he ratlo'

of the nunbm)gghugs ol es of ethylene: t% t he nunber - of, ml QBCTIGRISONIN.
‘nmonoxi de fed. by the feed “streams -wil| =" nore cl osely. mat ch the ‘desijred
nol ar ratio in the gaseous phase. i . The feeds .of et hyl ene and.

- -car bon- nonoxi de may. be continuous, internmittent or .10 batch. Preferably

the initial pérsisat pplianally subgilted organiegroup g eart '%?§afttﬂf‘t4t€t" tt‘tét!l'ﬂbé’@“qrhe
- poi soni’ ng . o{rﬁéj}g‘#&gtlﬁ. ¥§ttoﬁtésrre§ﬁe$tw téae car.bon nonoxide. . = - . The -

. process of eSent 1nventioh i1s preférably carried out at a terrperature_
- from 20 to 250C, eaohphLt and Lais ifdependentiye lridiggmolg saledtassipaoiasl dpjionallym 70

X 10ferr] 'talb}%?rt%f%&eei e S i 8 nsdin? bR i AR s%ftt%r &J”lpll

to 50 x. 19[Te1 N. rr[err] : : A pref erred phosphl ne . Ilgand ts a _
- bidentate p OSprtl‘ll ne ‘geéneral formula (1) t?c
wherein ;. X is/y lardqmg groaipteemarising aswmenalh‘tarhshtuted aryl monetxe \Mhletr the

| '.5[[ ill] “and pltﬁprﬁtﬂétlmgleaggg.hkeﬁﬁstllab@sﬁédem arsamatorﬁgrt err], Rerr].

o | 'The pendant optronally substltuted organrc groups of the preferred catalyst system R1 Rz :
' "1'0 R, R, R5 R, R, R‘ R®, R‘° R™ and R12 may be mdependently selected from awide '
o range of components Preferably, the. pendant groups are optronally substltuted lower
o atkyl e. .. Cier  and may be branched or linear. - o
| _ ' Partrcularly preferred is when the organrc groups R‘ R?, R3 R‘ R5 R$ R, RY, Rg
- 'R"’ R“ and R12 when assocrated wuth thelr respective RO carbon atom form oomposute .
- _' 15’ groups whlch are at least as stencally hmdenng as t—butyl Stenc hindrance in this context ; '
. is as dxscussed at page 14 et seq of "Homogeneous Transntlon Metal Catalysrs A Gentle
: Art" by c Masters publlshed by Chapman and Hall, 1981. o
' ~The lrnkmg groups L‘ and Lz are mdependently selected from an optlonal y
substrtuted parhcularly Iower alkyl or lower alkylene e.d. C to C‘ ' chaln Especrally
20 preferred is when both L‘ and L? are methylene :
o The bndgmg group Xis an aryl mo:ety. e.g.a phenyl group, Wthh may be
'optronally substltuted provxded that the two phosphorus atoms are linked to-adjacent
carbon atoms e. g. atthe 1 and 2 pos:tlons on the phenyl group Optlonal substrtutlon of - _
| the aryl moxety may be by other. organrc groups, e.g. alkyl partlcularly C1 - aryl alkoxy, R
- 25 carbalkoxy, halo, nltro, tnhalomethyl and cyano. Furthermore the aryl moaety may be a
e fused polycycluc group, e.g. naphthalene blphenylene or tndene _ o _
' Examples of suntable bldentate llgands are o,a -brs(dl—t-butyl phosphrno)-o—xylene
B _(also known as 1 2-brs(dr-t-butylphosphmomethyl)benzene),a, -bls(dmeopentyl '
'phosphlno)-o- xylene and 2, 3-bls(dl-t-butylphosphtnomethyl)naphthalene Addltlonally, the
o 36 'bldentate phosphme may be bonded to- a suatable polymenc or morganlc substrate via at
_ Ieast one of the bndgrng group X the llnkrng group L' orthe lrnktng group L2 e. g
'a, -brs(dr-t-butyl phosphmo)—o—xylene may be bonded vxa the xylene group to polystyrene o

to glve an lmmoblle heterogeneous catalyst
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WO 98/41495 : ' ' 4 - - PCT/ -
' pendant optW@r?&’I"l?ssubstrtut ed organr c gﬁoup V\/nr ch carries a car on atom _

through which - the group is | i nked t o the reéspective R[err] ' -
each.of L[err] and L[err] is independently a |inking group sel ect ed from an
~optionally St nERstAtRech eatritRe RaR dftke
-phosphorus at om 5ef?%?§hg&oéum9§ﬁt§(@@ﬁhg@p@gehﬁn% is a_ bridging group "
conpri si Ng riintsEptof aoids gftselbsierntaile Higang presewl teithe ﬂdmﬂﬁl' elmplgs of PajiadidBhor us

atons are linked, o e ndant

opt i onaIrI y é’ﬁiﬁﬂt % "‘P'@dﬂ?r%g al%g‘(t?ps do‘?&g ﬁﬂ&fﬁ?@ﬁ 0P ?a‘é?ﬁg'{a?syst em

g[[ err ] g[[ err ] ?sgntﬁllle rcb]lnpoabw ats)ﬂ panagram hgluﬁ[ees-lti of Wltad(r;.]rr; witheor ¢omppunds] |
err err] and Rlerr may be ipdependen ec rom a :

‘range of g cogpupTSiNGWe 1%?@10%@“3‘1 ?ﬁ@"ﬁ&?&&?ﬁ’ @‘bﬂﬁ%" apg thaa%qgwer

substit ted ower raartd
P;rt i l:uljar I%’ %}oéog.]ptggi,?gém %ﬁ&t e ﬁ%ﬂ%%ﬁg@ﬁmﬁ%?ﬂhﬂg ha § e

Rlerr]., R eidrboxyRit etk subf es tiflucRjaseti¢ acidandrifichioroacefieadiy;, srﬂﬁog]cracxcgs(ﬂ.rch as
Rlerr], when associated with thei

‘conposite- metfl&ﬂé&‘ﬂﬁ?%‘?"d‘lir @Wﬂt‘goprggi i‘img‘t%é'ﬁ’@ Iak'dcﬁm '&r’ﬁ%@g}as L%%E?ct yl .

' St eric hindgg n'zEnésUIfénléCHH@hbphthalehe s&lforﬁtcacidsmaemutﬁorgeadndsee gseq of
Hom)geneous ransrtron Cat al ysi s, -

publ.i'shedg bg—télhapnmllfotam @crclat-butyrﬁgltqmc acid, and %WC’fW@MWﬂE?%@"ﬁ%ﬂﬁsﬂﬁftﬂ’%‘?l’] |
and Llerr], %h I dg(ﬂ‘)%g ?E%%r}‘:aﬁcea&ﬁw é@&ﬁﬁlaﬁ@bbﬁn Abloyenated ld:bﬂid s Selds

. partrcularl&‘?l . err] to (err] ai n.
- Especi al | y g@hrd$friehlopsadetic abdranbdnﬂud[@anaf]: 8&l¢d ott @PWC]SPHP@C ﬁ@ﬁh?ﬂ‘@?@omc

The bridging group X |s -an a iet be
opt’i onal Igy g@%%ﬁt-“?"h@% e"iﬁ"&t?f‘%s@dmpﬁa%cyq l?@dgac'&%?' (lgrro ﬂiﬁggt} 8%%;3% nnked |
. .to-adj ag;?t,_ ewis t)sbé[?{atario@ﬁﬁmd%c@s ﬂthém&cawhiahmay pmwds bswtablaeammsnyr o
rou i onal substitution of
' _gr ougs gsginciideythe optienally halagepated éetraphegybtp %‘]A%B‘(%W @a%ﬁﬁ]‘@g%‘?%wp
 Nitro, tri hg' pet J&Xb.t.aﬁgir CX&BQralant'EIam rcemdléaesaraﬁlcurawyamysmh kabile figands,
fused polyc Bl*l% é’ . napht -

al ene, hedy ene. or - i ndene.. "
~Exanpl es of eg m,arsngrpboswmeorealk¢whasedﬂpw] E[f‘eaﬁfms o8 (Stlff ehe Bl?me use
phosphi no)-o-xylene ~ - (also known as. '

1, 2- bi's(di -t-butyl phosphi nonet hyI)benzene) [err] [err] -bls(dr neopent yl - o
phosphi no) - o- xylpRearien rr?ay&admntr(muead etamyq:mtmpm doaeendll)avm ﬁKPéﬁ%ﬁSU’e"

.. Addl tl onazlol %/n’ aélt]eeous solutlon of less than 4 a salt wrth a cation that does not mterfere with the
reactron. e.g. metal salts or largely organrc salts such as alkyl ammomum. and. a
precursor, such as an ester that can break down under reachon condmons to generate
the anion in situ. Surtable acids and salts rnclude the acids and salts other than |
unsubstrtuted carboxylates, Itsted supra '

: :'25 . .. The quantrty of anion present is not crrtrcal to the catalytrc behavnour of the catalyst ,

| system.. The molar ratio of anion to palladlum 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 amon is provided by a

N combination of acid and salt, the relative proportron of the acrd and salt is not crltlcai |

" The catalyst system may be used homogeneously or heterogeneously Preferably--

30 ‘the catalyst system is used homogeneously _ ' '

The catalyst system is preferably constrtuted in the hqurd phase whrch may be

formed by one or more of the reactants or by the use of a surtable solvent

Suitable solvents that may be used m con]unctron with the catalyst system mclude
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30 b|dentate phosphlne may be bonded to a surtable polynerlc or - i.norganic -
substrat e dgogdia9s | east one of the bré dgr ng group X, the,ﬁm@kmogz&)up '
L[err] or the linking group L[err] e.g.” - lerr}l; [err] bi's(di-t-butyl
' phosphlno) ‘0-xyl ene may be bonded vi a the xerne group to polystyrene '
to give an i nmobil e heterogeneous cataly
PCT/ GB95/ 008 @r more aprotic solvepiscyush as| e}herﬁhegbtllatm ether, |°l"§etlwl ¢t§e'b?fesent in
an anount su e f f f: :
| i gand pr eg@ﬁ@ ‘%@?@Mé&h%ﬁ elle%g@ dr%{%ﬁg' etl]g cﬂaucr%Igm _O%rﬁ)(rjgs"e‘%l?&ng h??iowrr?fa s
- 50, - 4 of guddcampoyrais egu bemzepef toluens, ethyEbenzlene.er-xyleme, m-xylene, p-xylene,

Sultabl ds. of di | u | f pal
| cglrr;)gungscg D R HBRAEAS S Senkfbehe P A Bdrans!, plkenes.
aci d;- SU'%*H&d&n ﬁalglvahﬂl'l@rofsuctﬁl:d’rﬁﬁ&lrlds( §R. h&(aﬂeehéptanéQ@aSUCh as acetic.

acid and*propronic acid includ IQh? |'ogenated . carboxylic acids such as
“trifluor oammnemylpenenanmethwm andcaseonitetraghiptids: Aitdlesde.gs hemzagitrile

. neth | f I

oL Penesu Lo el Sl L3 R befiddle Ol SOy i dicnato and
~sulfonic a@,ﬁethyp;bmmlew slilfories, e.gl dmthyeslgfone&nptetnahwmsupheme e, &odadxxde, L
t-butyl sul fonic ac | f gni ¢c_aci ga nat ed ilon -~

exchange r &3rhaxyl “p!%?'l’r%rler g EXEP'ég'r OX@? Eés B@?%H'Pg 1o yse;8p 8 S &Rapeynd

ccarboxyl L.f) vithikifiakes p §H¢rhth‘é’i’ebétldﬁ‘érth@ﬁ a§ etresctaxw o padict] {d mmimethe ﬁumbed
ort hophoSphoric acrd phosphoni.c:- - : ds such as’ benzenephosphonlc aci d;

and aci ds dﬁdlﬁemtfmmﬂopﬁﬂ%ﬁl%?ﬂﬁﬁéh%lﬁ%éhase to|facilitatesanasatione fithe aridtueey
' d
e v har e g RPN A1Fe BHA LARLE rANARS oS caftdnyidfed ithe

per f I-uor ot girésyrtenyf methand) to forme. mdttlyll propmaatleya paeticulaviy lsetllablp ablvadll ra ImBethyl
~conpl exes part.i cuI arly those with labile Ii gands, e.g.

“tri phenyl pIRS%lHHF -or al kenes ‘'such- as"di benzyl i ‘deneacet one’ or styrene nay

" be. used.  Theend lwmmnemctha i Bétentlinee dt essoneawbmeesoofceeasf acid

- havi ng aspKa neasured 20 i n ue sol uti-on of 1 ess han 4, a th a .
“cation- t hathydowe! aroups ﬁl"ﬁr’? Vﬁterpsq.gwatergr\éeascqxseol}q %“B"e#m " "l\gm o

largely or %ﬁh&% ihéﬂg@o% akid] 1HBERB N orrddfoAding: est@regultéaéyall@nﬁl% as

- an ester, can. break down under reaction conditions to generate - .the

anion in sntzcludém,.taaalkands.l aqptionally substitutad withonre omowcsujgﬂmt%g;qhsas ot her L

_t han o u 'LaT bgsetnI attgr[n%dcya%r b%lél:ﬁyl eélkmt)} cﬁ‘ta‘?ﬂ g?‘bl?ds Surtable alkanols rnclude one or -

20 more of methanol ethanol propanol 2-propanol 2—butanol t-butyl alcohol and
chlorocapryl alcohol Parbcularly useful are methanol and ethanol Addltronally or
§ alternatrvely. polyhydroxyl compounds such as drols and sugars may be used
| The molar ratio of the amount of ethylene used in the reactlon to the amount of -
hydroxyi provrdmg compound is not cntlcal and may vary between wide fimits, e. g from
25 0 001:1 to.100: 1 mol/mol in the liquid phase - ' '
' The process of the mventlon is partlcularly suntable for the productlon of methyl '
proplonate in one preferred embodrment therefore we provrde a process for the
- productron of methyl propronate compnsang the steps of: . |
' (i) formmg a gaseous phase from an ethylene feed strearn and a carbon
30 monoxrde feed stream. IR S o '
(n) contactmg the gaseous phase wrth a catalyst system wrthm a lxqurd phase
o compnsang methanol a solvent and a oatalyst system compnsmg palladrum ora

| oompound thassof, a phosphme Irgand and a source of. anlons, and
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_25' © The qua tity of anion present is not crltlcal to the, taI

‘behavi our oPVQ?Pélé%& alryst " system “TheZnol ar ratio of ani orcl &ﬁq‘%?dl um -
may be from1:1 to 500:1, preferably from - 2:1 to 100:1 and part|cularly :
from3:1 to 30:1. V\here the anion-is provided by a . conbination of acid

and. salt, the rel gy veadihgries éuhwenefwumttﬁe@ﬁtﬁén&ﬁ&t@@ﬂdmltﬁe PRisefitd bfthel
The cat aI yst . sxstem may .be used hom)geneousl y or .heterogeneously.

Preferably maethane! %E’é’t%fl%@a?lyﬂ@fﬁW& used honogeneously. . The
|
catal yst system ig, Ehdt Oﬁ&éﬁwthspmetétwéﬁéiféga 8l ! bmﬁ%&@ke SJfg%eeA?ﬁ

formed by one or e reactant’s or e use of a sutt
Sui t abl e solprevitie atrhalar rafip dfethytene’ torr:admr] nmnnoxxdm xrvmetgasams:phasleyMncmsst em

include ¥¥)Qﬁi41495 -

'PCT/ GRYS/ G @peater than or nore aprotic sol vents such as -ethers, e.g. |
di ethyl ether, dimethyl ether of - diethylene glycol, anlsole and dlphenyl
ether, aromatic conpounds, including halo- variants such conpounds,

e. g benzendrefesiedesrialy st systemuaredhese @Wbeqtebovﬁ»xereéﬂablyﬁbawle% comprises . . -
chl or obenze p(\;?mg nzene, .and. p-dichl or obenzene o
al kanes, 5 ?ﬁctr‘g'a& Héh@% ari ant sgh? sucﬂ{ %ounds e. g. hexane, hept ane,

L2002, 3- : trlnethylpentane nethylene chl ori-de and carbon tetrachl ori de;

mt_rlles“eg be ri.l e este met hyl o
benzoate, methyl 26%?%{{‘3 %ﬁw&eﬁpﬂﬁ ﬂg‘ﬁﬁa{?ntﬁé preﬁﬁ“ir@t\’ﬁ'ytfog‘pht hal at e;
sul fones, e.g. dlethyl sul f one and- tetrahydrothlophene 1, 1- dioxide;

carboxyllc aci-ds, e.g. proplonlc acid. It is preferrred to use-as a solVent:
a conpound ﬁﬁmnl%-ﬂ takes part in the reaction either as a reactant or a

product, @g m ni ”P\Srﬁaétgﬁt &lﬂﬁd?fforas@hesi?ffe eﬁmen Qmaee P L-Luébat{@g

liquid phdse to facilitate separ-ation.'o e m xt.ure re’1rn
exanpl e whemgth25x40e molgsk whethﬂmdyz-ue(cmt-@uwttmppmammyl)hemme and dba is-

s of e Rtk B 1, B RS Bbre

- is deter m nqﬂo@tnlé enss mores)amethane‘shwomwodevaﬁalso abijel iuariogs ampaintsal s
used. The use of water ?l ves rise 'to-the correspondi ng-carboxylic = - acid

wher eas - t he SHOWNJR e tabiRBRIBY: | eads t 6 t he corresponding ester, Suitable G
al’kanol s i ncl ugge %é‘c‘trbh v@éskét\iﬁﬁhéted @Ph 'tﬂ%treft‘-lﬁtg%y B RSk, hTtQﬂDétJtBélave o

nore substltuents such a hal'ogen -at ons,; - cyano, carbonyl., - al koxy
aryl groups wmwa@batadaandathen shanged wie tbaeeantargoolwpe. WOfﬁéﬂmmateéﬁmﬁﬂ&-,

propanol 2-prop I gl Wa L
al _cohol ~Particul % y gutstg%h?&gérg %%‘?‘E (kﬁa% a%gﬁ t% ano uto%a%‘{oQngfgﬁte gnven__ B
S .+ inthe Table 1 whereupon carbon monoxrde was added to make a total pressure of 10° -
- 'N m2. A reservotr of reactantgases contalmng at: Lmolar ratzci"of ethylene to carbon -
2_6' -monox:de fed the autoclave viaa regulator to malntam the operatmg pressure within the | :

' autociave constant ata total pressure of 10‘ N.m-2 (gauge) and to mamtam the gaseous'_' o

" molar ratio i in the head space above the hqurd phase at that set by the mlttal admission of ) L

h ethylene and carbon monoxrde ‘The system was therefore operated in a semr-batch

o manner

' | MeSO,H - | Ethylene |. Carbon “ Ethylene: | Moles of Methyl
(mh) (bar) monoxude Carbon _ | Propionate after |
o - (bar) Monoxide | .. 180-Minutes
0.03 N 75 | . 13 | 042
003 | 75 - | 25 | 31 { .-056
S 01 78| 28 [ 31} 077
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~ -above. Pref

alternatrVer,_poIYhydroxyI conpounds such as diols and sugars

rra, e
used. - wo9s/id149he nolar ratio of the agrount of ethyl.ene WBEHGP %%9
reactron to the anount 'of. hydroxyt provi ding conpound i's not critical
and may vary bet ween wi de Irmts e.g. from25 0.001:1 to 100:1 nol/nol. in
‘the |iquid phase. : The - process of the i nvention is particul ar| y
sui tabl'e foExample@oduction of nethyl . . - propionate. |n one: preferred

- enbodi ment theref gre, éﬁ?ﬁ%o@.ﬁbﬂ%vﬁrﬁéd@@&éfﬁ@@i)a?a(zo m?rﬁ(%l%*’%l gdeeaba& |

propi onat e :conpr i sr n m.ng-a gase
froman et hyrl miethaneb (¥ 3anise 4:8 moldskansbmbtiyl BOpiepatex(2Tanis @28 suoleskwith a ten-fold

Shede g R L A R T,

pal l'adi umg-or "a The € wefef@oﬁducﬁdnﬂa@mrﬁﬂstbrh@@ﬁ@tﬁndut@chwma smﬁrlar _
ani ons; -and . PCT/.GB98/ 00629 . =

(i) react |Wﬂehé° @ﬁh??ﬁ@eﬁﬁ"i ﬁxqfﬁﬁle@armmﬁ @Ecarhon mengxisleand.etay e'l‘%e |
met-hanol %&% jchiife ancgory\ﬁé%:glna?%%d‘fbefoﬁefefdmg the $Aahakt ﬁ’lr*tﬁr"edfrorﬂ the"'ﬂ%s

et hyl ene fe car noxi stream . provid
ratio -of et In;getlnm w:th tharamountofhmethyépiopianate gadecectafpﬁré@@ rvanuters is shown in

- greater thag_ﬁé Preferred catal yst systens are those described
5%

- mixture thereof. it can be seenthaTlirfcréadmgamerreucEwnalpesna‘r préssare of dthifénetothbhe
: eact.ant solutronf ra

us. phase -

the ‘sol vent conprr ses .. methanol, net hyl. praopionate or a

-present |nvent|on . R
series of: ‘epadial ﬁ@ﬁﬁ%ﬂ%\e’“ﬂﬁo’iﬁe mqail_y) lﬂg’gaf@szt e ar“%unt pf meghy quqronate

mol es) Wherr?e ducled'a?agﬁl\?erp* % réssGHe&* hicRexBE hyl ) benzene .and dba is

o di _ben_zyl.r defeacetofe 1'n net hanol- (100. m's, 2.47 noles). and net hyI_'.--:;_
_propionate = (200 ms, 2.08 noles). IVEtEl'ﬂhszrlfonr c acid was al so added in

| .varl ous am)unt S as Ethylene - Carbon_ ' | Ratio of Ethylene to - Moles of Methyl: -
L (bar) monoxide Carbon Monoxlde _Propronate alfter.ZOO
- _ (bar) | . . . Minutes - 4
_10.1 o5 | . 200 | o042
| 95 | o6 |} ... 161+ | . - 045 -
87 .83 [/ :iuv8 . .. 034 |
95 63 | 18 | 023 1.

15 A reactant solutzon was made upof Pd(&-L)dba (37 mg, 5x1 06 moles) drssolved in
methanol (21 9ml 5. 41 moles) and methyl proplonate (81m! 0 841 moles) wrth '
methanesulfonrc acrd (0. 068m! 1.05 x10""moles) added. _ o

s The expenments were conducted ina two—htre stamless steel autoclave ina s:malar
. manner to that descnbed 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 reservorr
o “together with the mole fractron of the gases in the llqurd and the amount of methyl

proplonate produced after 240 mmutes is shown in Table 3 '

. SUBSTITUTE SHEET (RULE 26)



shown in the table below 15 = - The reaction was conduct g:
two-litre FHOBMIMY BR .autoclave.. The aufoclave = was evacua gc#hﬁgo?ﬁen
charged-with the reactant sol ution, before being heated to 80 [err]C .
-\When at terrperature et hyl ene. was added to the autoclave to the pressure

given ~in the Table 1 vihereupon carboR,RROXI de was added to nmake a.total =~
_pressure of 10[err] N nferr] " A resefVolr—of—+reactant—gases "f""*“' ng a
1:1 nol ar rat [ oEthyiese hyl €RbarE) ¢ ariieFractionyn b Moled "?’é'ﬂnpf?e T‘ﬁ%‘? h'a

| ator -t i eed)n tlhe © { istylsspdnliqyide | wi ¢ i AU,
regul ator - to i teedn the oper af 98 el wi e'1%@'f‘%&_@

constant at. altotal pregssure of {10[eri] N mP (gauge) an the

gaseous = ‘npfar rg@tiolin the he¢ad &Wabo e théxﬂﬂ‘dw d{ phasd-3t thal set
by the |n|t|a —aaTgSST On of3"

therefore opet ' —-Sef

MeSOerr]H | Ethy ene Cﬁr bo E?.‘hyq&ne Mt BRXF b byl
(m) . -(bar]-  gmnoxj de 7 Ca bont.asl?mfpi'oﬂtateﬁeﬁx‘t&" | 048 |} .
"(bar) Monoxite 1 MTGTES | 457 x10° 65@xﬁ)9 -gfz 523 7.5 ¢
1.3 oL42 — : —B—03- 5 — — - g
- 0.56 : - 0.1 _ 25 1.5~ - . 05
0.1 7.5 2.5 3L 0.77 - V\D 98/41495 _ S
8 '-'_EXimpl‘i-&CT/ GB98/ 00629 Exanpl e 2 A reactant sol ut ion .

~was: made u regglldn W BarredGutth ar?a tet@d ohe-htreehm)avdwum:ﬂ wasl operated in a
~nmethanol. (73 nl's, 1.8 noles) and nett pro I onat e ?Fé? i‘%?o 28 nol es) .

with a ten- donhduous manaer. chhakiss the ga Y §8P RO i g (1
. 75x10[ err] g@g,’l sl IHOR PNREEAARSIWas\BEE -
conduct edd | ° 'é°’%‘lﬁ3 g'{egléé# ess stegrlupgt?tmotglsa)vue inasimlar . manner to

that descr i @pginiisusixadgadtolthe Ehtoctaves Jhedloworate ol the garenwrs ¢anteliedising ene

. at which the reactor from o
" the reservongss floy 8@%‘?@%" m’%g?w%ﬁﬁ%%h%&?g hag?{?% t %?lé%éﬁt)yng%'gr%ég%ﬁ%ed -
~after 200 ni cgt&llo?tso J # cailradi Gilson pladp. ETHR leddl of llqwd withirctie reactoewas chalrolled .
|ncrea51ng t

" pressure of attaicdrtna;tﬁllﬂc’f)rﬂ;lzﬁk tbgg ZEE* g'll’q‘ g'r’)?%g‘:’%‘gs'gfg' hl?g‘ieﬂt%e%B%’ hﬁ@? %’P‘%& of! |
P op| onate dtssdtvé?:pb%‘i!vést taﬁeﬂfrﬁﬁth@%ﬁtdeﬂve@rﬁ%h@d ffto aaoliuon, Mohis xcotisenn was
 also controlted to give a constant level wnthm its reboiler. Hence any excess Itqwd was
' purged from the.top of the column whtle a solutlon contalnmg the htgh bosltng catalyst was

reclrculated to the reactor. The pressure within the reactor was malntalned at a constant .

level by venttng any excess gas whzch was not consumed ln the reactton or removed in

tnyé eflemand ar DOy gqeRoXi fe. Thgssyste“n was

15 the lqutd ﬂow to the column from the head space of the autoclave The composmon of o

tne reactor head space gas was momtored by on—lme GC analysas

The catalyst used Pd[L-L] dba (as in: Example 1), was contlnuously fed to the reactor asa
 dilute solution in methanol wnthout exposure to atr The acid co-catalyst was

' methanesulfomc ac:d A fist of the other pnncxpal reaction parameters whtch were usedis

20 ,presented in Table 4.

The inlet ethylene and CO gas ﬂows were varted durmg the expeﬂment fo vary the reactor '
headspace ratio. Table 5 gives ttte turnover number (i.e. the moles.of methyl proptonate
p.coduced per mole of catalyst fed at steady state) calculated at each headspase R

N ethylene CO ratioused. . : S



'.Table 2 L Et_-hyl_ené : Cair-bon Rati o of Et hyl ene ta - ".N'bl' es

~ “of Methyl " w098/4l495 o (bar) ¢ m)r11 xi de . Carbon MnOXtMIGBW®ﬁ9onate""i-.
- after. 200 T bar) _ S
"M nutes o '10. 1 __'-_-.0.5 _20:1_ 0042
9.5 06 . . 16:1 . . 0.45 - 9T
3.3 - 31 -'.-_-.034 - Table4 - 95 63 |
1.5:1- 0.r23 hn‘? A Tgact ant sgjogtl on vvas made up of
'Pd(L L)dba (37 rrg, g 1ﬂfnrr ﬂéhﬁew SSetHv-ee— LIIOlIlUI \AL I , _ 5.41
ol .es) and . _rret hyl pr|opi onaftogigvenPressyres 41 )| es) Wit "9 ethanbsul fonic -
~acid-(0.068m , 1.05 [x 10 er rgialboeSpeeddded. - 1000rpm experjments were
conducted in a two-|frtre st ﬁ'élﬁ‘a?@ RGEE! autdcl ave | rgLhes! M lar] manner
to that. described |n.£x-aﬁr*p'§éc r: '

pt-esstresof——car Eirgl I|1UIIUXI d¢ and

et hyl ene 20 ‘at whi ch_the rM&E’FQE‘F' ! '1:1 nolar -
. mxture fromt he reslervoir Catalysbﬁmdmtw th t h|e noBe 10 meles/Mn of |t he' gases .

in.the I|qU| d and t $ ofdicid TBEiAdium in fdedOpi onat e paooduced af ter 2-40' N
‘minutes is..shown in TM@?P&Q o_. so;ﬁn V0. 98/ 41495 L

PCT/ GB98/ 00629 . ~——r e ¢O (bar
“Mole Fraction- - Ml e Fra&@'(ﬁ?sﬂ%wmtﬁﬁe S, bfh"" tédwh? ' bai?_'g) .(. g).

_ethylenelnl|qU|d : |anU|d Proplonate after_.- . _ L
240 mnutes -9 _ 1 3.98 xlO[err] 7.1 x104
L 1.820 7 I .3 12 xlO[err] 2.14 xlO[err]
123 . 5 o . 5 .2_.M 2 3. 59 X 10[err]
0.97 ..~ . 3. 7 a1 g T == S x104- _
a9 g _ "Rea rheadspa ] r ernumber ‘ :
- 8_':_-33_-. L 1 | eth;g:nelco ratio 4. S Xl%glpp eleoIePd)6 5’ xlO[___e_rl_r_ .]:
P 072 - 40000 -
108 .. - | - 63333 - .
18 . - | 80000
36 . 80000
7 . .| . - eeesT -
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.. reactor was.fed by separa

Exarrpl e 4 The re out in an ag| tat ed-one '
‘aut oc¢l ave. WP e 4%3% g’mmllﬁ "lmcorml nuous manner . That Pl{:‘gﬁd}@ /00629 o
e supplsi es of ca ; ; yl ene and’fir-;--'-;-é-l-_;---
met hanol and a- dilute solution of the cata yst ti nuously:- '
added to t toclave. The flow rate of tae LBEER ont ¢ l-ed using:
mass fl ow: ol l ers while both the methanol and cat al yst_sol utions. wer e
- fed to thet. sﬁgbuboesa forthe cadionletiorof Ethylene :ptmlmwdrnléa:taew@ph efoqesasp@pnses

iy excens | Fact ) (ARG AU Rl Ese i 2 AR fesk B Pnd §L's)a3,§s

t aken. fromﬁl&%,gdg@éuagt@a&nd flashed into a colum. This coI umt vvas - -also .

controll.ed to give a constant level within. its. reb0| |- cess
l'iqui d wes pu(l@e@Wmth%gﬁﬁP%fpmﬁ% with 3, cRtalyR ?eo{“ﬁ tﬁﬁl‘l‘ F?\l ng

the high bo%;,"g&%@igg%t&lu\@é of’ﬁlﬁlrmgl §iofps %ﬂx@&é’tﬁly%@systénrcﬁﬁlﬁr@fng pEﬂleQﬁ'ﬁ%ﬁdr e :

wi.t hin the was nmal nt'al néd’ at  a constant - by venting any
-excess gas, cordipotlmdvtaereoﬁtandcmmseu:nerhgahdztqgeélmnvoth osomremgdonss ard the

 composi ti on of (. feeeP e SfVEbd A ARRE i *ﬁr@eﬁrnﬁﬁégé%ﬁ%ﬁ??@n-t@"tﬁ
analysis. h]yggjay?g@hﬁe)éﬁﬁ oﬂﬂ‘fecbatﬂﬁtlsyhﬂanﬁba (as in Example 1) : o

cont i nuousl y

o the reactor as- % e solution in net thout;. .
exposure1go air. cliamctasisgd é‘b”@hﬂ‘&l%}@!‘e% ed St"r?é["hi Q%l'bPBH’Qf“’éﬁee‘A .
of ‘the-other %&% gcgnggl réfﬁ?‘&ftémer@{ cﬁ'[]ﬁlol‘l'ﬂkaﬂél %éséeﬁis Fﬁase'z& the reactor |

present ed iRfo yl ene .and gas flows were varied .
during the wmaletsgreaterttbarvamy t he reactor -~ headspace ratio.: TabI e 5 '

gives the turnover nunber (i.e. the nol es - of - et hyl  propi . onate - . produced
- per.-nol e of catalyst fed at steady state) cal cul ated at each-headspace -~
et hyl.ene: CQ@rati & pmedss as clarme&]nm” m114®5erem the molar ratio of the ethylegg to carbon

PCT/ 6898-/ Oorgrs\czar?omde in the gaseous phase is at least3 1 e Tabl €4

" 15 3. A process as clalmed in clarm 2 whereln the molar ratio of the ethylene to carbon D

monoxrde in the gaseous phase is at least 5 1.

: -4.-. ) A process as clalmed in clalm 1 wherern the molar ratro of the ethylene to carbon

C monoxrde in the Ilqmd phase is at Ieast 3 ‘l

. 5 _ A process as clalmed in elatm 4 where:n the molar ratto of the ethylene to carboa |

.20 monox|de inthe llqurd phase is at least’ 5 1.

6. A process as claimed in any one of clalms 1 to 6 wherem the temperature at whlch- o

the reactlon is carried out is from 20 to 250°C

7. . A process as clatmed in any of the precedm_g ciarms whereln said catalyst system

- comprises a combmahon of' S

25 . (a) palladlum ora compound thereof.
| {b) a btdentate phosphtﬁe of general formu!a (13
Thls Sheet Has B
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Aut oclave Terrperature R 100[err]C o '
Pl’ eSS__Ul’e WO98/4149510barg ’ B ) 12 Agltat Ol’ Speed%’ﬁ&ﬁﬁyﬁﬁzg

rpin R TR ReC|rculat|on Rate L 5L/ hr ' N
Met hanol Feed Rate-" - = .. 0 151/ hr. S _ Catalyst Feed Rate
/hr : pallad in feed 20-
Mg = - W s B
Reatt of Headspace |, l Turnover_ her - LACED | eﬂhylene/CO rat|o o
(nnlesNeP/nDlePd) S 0:72'-_:RP. rn 40000
~1..08 . o mB%%&J?-V _ '_ﬁ-ln’_-;*_*. 1.8 T/ ' - 60000
3.6 H*._ . 00 - - o e T 88667
11~ - Clains N A process for the carbonylat on of et-hyl ene in- a
'lqu|d phase whi ch -progess\conpri ses” () forﬁ?ng a gaseous -
phase* frdhtan ethylene fee streanLand a _car bon ? monoxi.de feed. -
. stream . (1) cprract ng Th gasedUs phg,e wth a catalyst

. system W|th| nthe I|uncl phAse. . contai-ning- a soukce. & hydroxyl"
groups, said catalyst Systém corrprl si.ng: pall adium or a L

: _ : conpound
.thereof and a bldentale hosphine |igand toget her with a;dource of ani ons;

‘and: : (||E%react|ngthe ethylene vmththe carlm)n—nmromdeln'
t he presence of Bhe ce - - : _

10"-":" C ' S :. . L " .
wherem o '
co T ; R° 1s atertlary mrbon atom _ S . :
. 15 " eachof R, R, R, R4 R, R‘ R’ R‘ R, R‘° R" and R12 is mdependentlya
o pendant optlonally subst!tuted orgamc group whlch carnes a carbon atom through whlch
the group is lmked to the respectsve R" _ ,
‘each of L' and L?i 1s |ndependent|y a lmkmg group selected from an optlonally o
substltuted lower alkylene chatn connectmg the respectlve phosphorus atom to the group |
20Xand" _ R ' e
X |s a bndgmg group compnsmg an optronally substttutecl aryl mouety to whuch the-.. L
phosphorus atoms are lmked on avallable adjacent carbon atoms;’ and .
o) " ~an anion WhICh is essentlally non-coordma’ang to palladlum |ons and .

' denvable from an acnd w:th a pKa measured in aqueous solutlon of less than 4

| .25 8. S A process as clalmed ln clalm 7 whereln the pendant optlonally substltuted orgamc _
groups R, R2 R3 RY, R5 REs R, R" Rs R"’ R" nd R12 are optlonally substltuted lower
.l 9. A process as clauned in enther clalm 7 or clalm 8 wherem the orgamc groups R’ AT

o RLR, R4, R, R%, R, R, R’ R™, R" and R” are assoc:ated with their respectlve R®
30 carbon atom soasto form composﬂe groups wl'uch are at least as stencally hundenng as

. | t-butyl.
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___of hydroxyl groups and of the catal yst system E Efs%o% sed
" in that theWors#M®e feed stream and carbdn moroxi de feed strpqglz‘lE ko'

~ provide a mol'ar -ratio of et hyI ene tocarbon nonoxide in the gaseous. phase o

~of the reactor " which is greater.than 1:1. - . 2. A process .
. as clained in cla|m1 wherein the nolar ratio of the: ethyI ene to carbon
nonoxi de-i-n the gaseous phase is. at | east rocess (@S
~clainmed in Wai rRAGF: AT Claleediip any Q'Et‘?f&?%?‘st-,h@ %Y"ﬁ?leé‘?lg‘? B"ﬁ'& gigHps. L :
nonoxi de i'n gEase is at least 5:1. - . A process as .
claimed in rf ﬁ'nggesﬁuﬁel n the nolar ratio of the et hyI ene to carbon. . . -
" monoxide in_ the liquid phase is at l-east 3:1. - A process as' '

ronox: de. | ke 1 erﬁhpésrsﬁ%%&%m%%&%'gé?l’h%reﬁl o BoEhil ﬁﬁa‘?ﬁ@ Ay o0

- clainmed in agypa g@l,lﬁdéaﬁmlaybwtedm% &-Elsg’lfédpéﬁﬁﬁbﬁbsﬂlﬁnéy-o VAR and
~the reaction 1s ar T out from 20 A process
as cl ai neg 2,8-bisydidbulyiphqepbinometylinaphthelenieer ei n sai d catal yst. system
conprises. a-conbination of: 25, ¢ (a) pal | adium or a- conmpound -

t her eof ; : ~(b) .a bi dent at.e phosphine of general fornula
() -12. : Aprocess for the productton of methyt proplonate compnsmg the steps of:

(|) formmg a gaseous phase from an ethylene feed stream and a carbon
E monoxlde feed. stream. : ' _ . |
(i) contacting the gaseous phase W|th a catalyst system wnthln a llquxd phase |
16 compnsmg methanol a solvent and a catalyst system compnsmg palladlum, ora
compound thereof a phosphlne lxgand and a source of anlons, and
| (i) reacting the ethylene with the carbon monoxlde in the presence of the _

methanol and of the catalyst system.

charactensed in that the ethylene feed stream and carbon monoxlde feed stream R

15 pmV|de a molar ratio of ethylene to carbon monoxnde in the, gaseous _phase whlch is

greater than 1: 1.

% c L M H *
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