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PROCESS FOR THE PREPARATI ON OF A DI CARBOXYLI C ACI D
Field of the invention The present invention provides

wa2poo8s8% for the preparation of a di carboxyl PCT/&R10d6/050823

by carbonyl ati on of a conjugated di ene. Background of
the invention Carbonyl ati on reacti ons of conjugated

di enes are well known in the art. In this

specification, the termcarbonylation refers to a

react i BROGESA EQRj Tight BREBARNELIOMJer ZabECHRBEXBYIG ACID
transition nmetal conplex in the presence of carbon
nonoxi de and water, as for instance described in WO
04/FiRAMB.E [theWDG4n1A3M8, a process is disclosed for
the preparation of adipic acid from1 , 3-butadi ene or

a m xt ut'e® oPrasent ptRue e IV H1RY i hiRE SFOBRICERT | the
2 AR08 iIRACH %n-di'da::ﬁo'%%yf&!ifcs%c%tda% ohr '&% lation of a
di scl osed process, 1 ,3-butadi ene was reacte Wi th
cardyon ugeriexd déeared water in the presence of a

carbonyl atio tal yst conprising a palladium
congsmacunl i sl Anygntton 200%1" oo bi s

(di -t er¢abudyy Dhosphi nosEt Twhd SLMEDRIS B AL are

di phosphine l'igand for several hours until
subistidntirgiwrny 1@l [Ehef ate In $hBgt seeid iwas ioonvéheedern

-R3§'P%d%?€¥€¥?ﬁ'Fé&%#%et%ng&E%EngBe% QOE n%%b%ted diene
product and the catalyst, inthe Second step
addirtdeanala twdtyeri sahg Garthansiwiox e twer ecagded amd the

the reaction was continued until at |east part of the
peETENE AT GHrORic MORLS 186N FEct ¥d e adiSpiteradingtance

It Jeas fiound ithajo tohe 1fgarosts reaction step, in spite of
initially high catalyst activity, requires |ong

reacti ohntWores4 /1029 4dy aakioceshel pvdiatlogpedchss the
| ess suitahle f i ndustri al

apPiEATATR Rbc GGG 7O hdre™ enmdi REG 2 FHENTEF fo
pr eMixder feoro fa 1RroeRsS dienhd ha tpr eparfahiien pebducts in a two-

di carboxylic acid with , .
stage reaction. In the first stage of the disclosed
process, 1,3-butadiene was reacted with carbon monoxide
and water in the presence of a carbonylation catalyst
comprising a palladium compound, a source of an anion and
1,2-bis(di-tert-butylphosphinomethyl)benzene as bidentate
diphosphine ligand for several hours until substantially
all of the 1,3-butadiene was converted. To the obtained
mixture comprising pentenoic acid product and the
catalyst, in the second step additional water and carbon
monoxide were added and the reaction was continued until
at least part of the pentenoic acid product was converted
to adipic acid. It was found that the first reaction
step, in spite of initially high catalyst activity,
requires long reaction times, thereby making the overall

process less suitable for industrial applicability.



10

15

20

25

30

hi gh turnover frequency in both carbonylation steps,
t hereby nmeki ng the process suitable for industria

wappbiog®sd on. It has now been found that the aPOWEP2006/050823

identified process for the prepacation of a
di carboxylic acid product fron1a conjugated di ene can

be very effe |ver erfor out [L.ow, whi,
makes itC ?ﬁﬁ har | %ﬁﬁte éfﬁgﬁ '%héﬁ?v e for

coatb@@@@aslmdustheabrépakatmbﬁC@$Sdl5aﬁﬁaky1@E kBed with
i nvention Accordingly, the subject invention provides
a b#68e§§rﬂ@Wth§r§H§§§P¥tPBnb@FhaCaFEQPMéQPPP@ 8EPBS/

Qﬁé&éb gmhﬂﬁ t%ﬁ% g§og@£s E@SE&ngQrCQHHHQQE§91

i ene W carb n non e an water in the presence
ofaapdatakysh system i ncl uding a source of paIIadlum

a source an ani_.on an ent at e phos hlne li

Fo obt i e s b E e ol ot A dent P
un%@b%@@%e%oachﬂeaﬁéega%a@&oﬂvb% EGMQEﬁkEb§y§§€USE§dOf
t he conjugated diene and the ethyl enically unsaturated

acpdodaedt Epmr arrwnnggaﬁeeladﬂedec@npugat vdrgi efigeghdvely
the reversibl e adduct ned b n te en
R ERET S g R e Attar ) GRLaFar Ahat aBraCrs o prgC E0farly
regetiicen ﬁbXbU%%mlaﬁénﬁﬁhubaéCbtnQohh@nﬁbﬁbuﬁﬁdustrlal
obtained in step (b) further with carbon nonoxi de and

WaBER 1€o PERCEISSH - the dlcarboxyllc acid. Figures Figure

é F%g@éﬂ%?%@akh% %%%BBatggPd?Lgatgrngrred

i nvent i Zecded aid g, ddsersybdijeort afnutdre iorvemawides a
process for the preparation of a dicarboxylic acid,
comprising the steps of
(a) contacting a conjugated diene with carbon monoxide
and water in the presence of a catalyst system including
a source of palladium, a source of an anion and a
bidentate phosphine ligand, to obtain a mixture
comprising an ethylenically unsaturated acid and one or
more reversible adducts of the conjugated diene and the
ethylenically unsaturated acid; and
(b) removing unreacted conjugated diene and the
reversible adducts formed by the conjugated diene with
the ethylenically unsaturated acid from the reaction
mixture; and
(c) reacting the mixture thained in step (b) further
with carbon monoxide and water to obtain the dicarboxylic
acid.
Figures

Figure 1 is a schematic representation of a

preferred embodiment of the process according to the

invention.
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Applicants found that- by partly converting the
conj ugat ed di ene starting conpound in step (a) and by

WG e@alsts8ng non- converted conjugat ed di ene andPCT/EP2006/050823

reversi bl e adducts formed by the _conjugated di ene and
the ethylenically unsaturated acid fromthe m xture

co risin% the cat Lgst gygéenmand Ehe i nternedi ate
et%%talle descri % v?n i ry efficient
processApsl Did et siefburly rodit-aly e Ad ¢ hesweaedimp die
step (a) to proceed to full conversion, long reaction

ti FOSI¥%e tefoiddede WhRER 1REk EomReUpFodBsstERsda) and by

ec Lcals .. C 0 ss:di.sc ed | .

PO O TOIeRT, O g e e S P P s By sipe
nurbieius tishrfouglecdub vt ibeprongsgatedndeenbe andachieon to
fullhgﬂnversi n of the butadi ene ?econegsvehy slow in

paftidulCar @ r&@sﬁﬁgr@ﬁ&%oﬁcﬂﬁe Fe%c RGN WHEH Rost

but-agi-ene ikas theercanvert edstLhe shemual i8kermediate
conjugated diene and ifts reversible diene adducts has
t hetagdienierdll vadvsatage telarodecsbt ai Nedynetfaceent

COTRLAIN sLhe, satalyst scanohe dhrestly publected Lo,

second reaction step”(c) , W

| org eiphdugt iten ppeicieed ot ifhi1lheceaekenyhat 16Agotrehbeion
ethylenically unsaturated acid ensues. A further
adFafeggé ffesiv@esietn thd chad@kenibhet REcEsesl &65
exResSg it 1hi gh tenperatures can be reduced, thereby

i ncreasing catalyst lifetime. Furthernore, |ess

Di el s- Aldecobyrasodustisharmrdarsredfsamdde in

G 8 TN erhsre Yo, Brer el SouRaantene BoHd: thansover

us eehmiblr ot ey (CRIBGRYE &hleOR rheaskl, 08:1indRd theneeateduse to

the overall vyield. The subject process is based on the

in§mdﬁtcpwgprﬁﬁgn of the butadiene becomes very slow in
particular towards the end of the reaction when most
butadiene has been converted. The removal of conjugated
diene and its reversible diene adducts has the additional
advantage that the obtained mixture comprising the
catalyst can be directly subjected to the second reaction
step (c), without necessitating a long induction period
until the carbonylation of the ethylenically unsaturated
acid ensues.

A further advantage resides in the fact that the
catalyst exposure to high temperatures can be reduced,
thereby increasing catalyst lifetime. Furthermore, less
Diels-Alder by-products are formed from the ethylenically
unsaturated acid and the éonjugated diene, which are non-
reversible under the conditions used for the
carbonylation reaction, and hence reduce the overall

yield.
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catal yst system hardly converts any of the obtained
pent enoi ¢ acid products before the conjugated diene

wEe@sosssd n the reaction mxture is fully conveCT/BPR006/050823

spite of the fact that the catal yst systemis in
principle capable of converting the ethylenically

unsat urat ed. pr.oduc Qad,reactivit Yet_.a
fu”herﬁadVaglgpé?gceUC &r\/& e@g b &8 S%léjtr ocest)séer alisddby fhat the

t heatattsthaystba haghlyebeabevtbyaﬁproEOﬂhagabedlned
di ene reactants in the first step of the process has
th@988§aﬁﬂﬁgécﬂﬁaPrPﬁécFéeBeEBH?aFH?n@thégéBﬁ?uﬁé?%ﬁ

g:E?@sEﬁ%oEﬂnEhgoﬁéaEQEoHeﬁ§§§§Eé'Xsh§M§190cQ§v£E€§d°fln

enes or even al kynes. Even an adm xture wth up t
55spokeYodf thekénes ahdtothalkyheéybasemsbﬂmthe dinene

react ant ated in the feed wWth t significant
e PEORYERL For-DaP L En S R kBRbLTE, thFL O REYLER28aae

f oundathakteanpugated dheaegobaveehbelv@egency to
reversibly formallylic al kenyl esters with any

car boxyldtc aciur grasefvantaate afeddra svbmisatumg odess
| | t
ca%% ﬁﬂegrbgnQEr %QE@ ¥ﬁh§ ¥ e F§833599§¥%§5H99 fRE.e

€ reaction condrtions
albeﬁgbgasbarﬂleae beatormed in subsfanstabtapnuﬁtShe

W t hout mﬁshin% to be bound to an¥ particul ar theo
i t PFSCBEFi 8¢&d PRafWRB PEENEPPONTBF Fﬁ@de§P8F§1F98ﬁ1the

th%gﬁgpgag@beglgh%n%eae@ah@ed@eeyh@eIﬁ@hgxsa9§§yuaab@dto be

aci duct is an equilibriumreaction catalyzéed
thérearbdnwﬂaEmeﬁ cat evgst alélybest Bvea eonpdmakiuekywith
sl ow rate. presen of a_high co entra i on .of
conFugdt 63 BPdng. Se AEFR=ge 28R PRCPORRG BRGHH: oBr he
caghexy! iréaa¢ais wakhtsuktrablkea ﬁﬁa@héVEEEdfﬁYQhSuthe
formation of esters. In absence of catal yst, the

eqEiLoPBAilgrnte s POR YBEoRES OfeitPe§PoR. KRBREeOL alkynes.
effeCtﬁ%e&gs found that conjugated dienes have the tendency

to reversibly form allylic alkenyl esters with any
carboxylic acid present in the reaction mixture, in
particular under catalysis by the carbonylation catalyst.
Depending on the reaction conditions, these alkenyl
esters can be formed in substantial amounts.

Without wishing to be bound to any particular theory,
it is believed that the formation of the esters from the
conjugated diene and the ethylenically unsaturated acid
product is an equilibrium reaction catalyzed by the
carbonylation catalyst, albeit at a comparatively slow
rate. The presence of a high concentration of the
conjugated diene, as well.as an increasing amount of
carboxylic acids with suitable reactivity favors the
formation of esters. In absence of catalyst, the
equilibrium reaction becomes very slow, hence effectively

freezing the equilibrium. Without wishing to be bound to
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freezing the equilibrium Wthout w shing to be bound
toany particular theory, it is believed that this is

waele@ehsisshe presence of reversibl e di ene adducPGT/ERWEI50823

only slowy revert back to thescanjugated di ene and
the acid to which they stand in equilibrium even

un l.ysis.b pal, | adi.u arbonylation, . .
cagg&ygg%% %gégéiﬁakgsyfhékoggrgkﬁl?gggtFgﬁtrgpés 1s due to
betarep rieseneas ofgrygvdegebdentienespaadcet, t hBich only

reversion of the reversible esters to conjugated _
di EneV1Ei FedethePACKe () tB8t €PEIEATEE FéfBFt @Adi khe acid

the comjivgated disenaqand LAe:¢4 YL el cabby HAgaturatedys:s
acid, they are'referred to as "reversi bl e diene

adéyctye phridaghomt celbopyésénbnspetifiysati ancofHésgly, the
"revers&ﬁle diﬁne addgct%" were found to bi rgnark bl

st ABFE%n AFSENCE of t-fie °E&PBGRY FRET GRSERPalySPPEPRENT on

t hgpease off the, Ichdtradbaneragsheoniygated1di eaeertheo
"reversible di ene adducts"” are butenyl esters with any

caFpaxydpE edciddepresent in the reaction nixture, thus
”H'”'Ys@%%%'t%%tSﬁ§F8§}2é5t§2s389n4?ep?@%@%%%& gﬁkg’the
oIn 1 ,3-bu

and m xtures thereo he case o adi ene as
comjongaededi ellenet hadt ¢hm ethyllenicalllly unsatutated acid,

aci d product gescribes 2- gentenoLE acid, 3- pentengic
acitdSIn@LE- TFeRteRti LCalfd, TaRGTRIRLGr 84 °PRePEFHC PN

or 48 fYhaVe ¢nar birkisegrakpdchew-a0Reant rabkan ebyversible
conj ugated di ene, step (a) of the present process is
t hellefier edaotctasl”l vwee ttoupdoteebict sefairkabonvetsbdr ah

t he.conj ugat di ene,and.its reversibl e adducts, but

oy CeBaPes A SATEPEYARE e e uRtdate od con Ugat ed

di ene amndthke cheversi bl 8-duenaiaddugkscangugaiedediene, the
fromthe reaction mxture in step (b) . In the case of

t he reaessitat iFdsner 2addustisit adiceh8tesvépecaprsswith any

Pr%%%%%@bﬂi@ %%W%dp&%s@%%cgﬂdthg 22%-2f on mixture, thus

mainly butyl-esters of 2-, 3- and 4- pentenoic acid, and
mixtures thereof. In the case of 1,3-butadiene as
conjugated diene, the term ethylenically unsaturated acid
product describes 2- pentencic acid, 3~ pentenoic acid
and 4- pentenoic acid, and mixtures thereof.

In order to avoid arriving at a low concentration of
conjugated diene, step (a) of the present process is
therefore not allowed to proceed to full conversion of
the conjugated diene and its reversible adducts, but only
to partial conversion. Then unreacted conjugated diene
and the reversible diene adducts are removed from the
reaction mixture in step (b).

In the case of the carbonylation of 1,3-butadiene,
step (a) 1s preferably allowed to proceed to 95% of
conversion, based on moles of 1,3-butadiene converted

versus moles of 1,3-butadiene fed. Yet more preferably,



10

15

20

25

30

conversi on, based on noles of 1 ,3-butadiene converted
versus noles of 1 ,3-butadiene fed. Yet nore

wpe@besaid y, step (a) is allowed to proceed to BSEEPI006/050823

conversion, again nore preferalgl y to 75% of

conversion, again nore preferably step to 65% of

con erS|on .and preferabl S ep a) i.s _all owed t
?%cod 5P gaa e®

pr 8688d (€3’ 46966 AversPoR-® 6r8?8¥85?§0n'

t hagagactioee psegemdutiedoi NSguek m@nvekbeoﬁpna BShORore
of 1 ,3-butadiene is in step (a) in the range of from
30PE6 F609P Lia§E8Polk OnBPés Obf COnIerBiiPhdi eRE BOfePrederably

wg%gﬂ%@&%é@%%ﬁ%&% wﬁw%ﬁ%§$g

rati o ( of conjugated di ene an water in the
caﬂgmanymbebm@eafwmdblyunths andcsubhabkycbhdscitadt ha such

range of 1:0.0001 to 1: it was found that
g a ooy Chsi gy Ph gtékgm§?8%8n€hésréﬁcFF8ﬁ aj in
Weﬂhéﬁkbﬁg@r@qrf&@mPBQVt686@ hi gheeqcencrBt £t ben1ofk-
the reactant and hence an |ncreased reaction rate had
t heusppasinee contestedi versya mﬁéﬁéaQé of Sthetadiene fed.

concentyati oé(;b r%iu' ted 1@ $ ?v%l Y% fdsccorngjt%Zandt(ecB diene and

reacti on ra éré%ore pref 'y,

|eaatbmaﬁnS%hbyfweugbhnohaW@teétWéeprase@t1um1theand
reactor, yet nore preferably, |ess than SWbbg wei ght
fswéﬁéblyyéﬂeﬁoﬂé 6P§féﬁ§8?y9flés§ -PRAA % 95Q@igﬁPweverr

Olea%%r’f%%%h”tﬁ%%etﬂée%%BQQ %n'%%SwEQQQ 0n13%.py 8}, to

wei ght of water, and nost preferably less than 0.0
bthelqhacaﬁowamedl@mﬂmm.psdpmesenprpnldhearbaghem
cal cul at ht  of ctants,

o oAb e b 6 28 PR8Nk Ol RERRE 3n 242 Eased

CORlaRQls] ¥ aResREl tRl YppbRipar birg¢dkar kf eth@n increase
reaction is perfornmed as sem -batch or as continuous

pr@@e§§e WﬁéEWBF@pC€@ﬁééﬁﬂP§tWéﬁuﬁﬁﬁdbéndétéﬁﬁpﬁééYby
an%@%&%%%@der%%EQQ%n r%%e'n%h%?%%oggélpregoaﬁglyha

scher -t rat was equ
t hetpol amEi)ty lefsst hdban 5% by weight of water is present in

the reactor, yet more preferably, less than 3% by weight
of water, yet more preferably, less than 1% by weight of
water, again more preferably less than 0.15% by weight of
water, and most preferably less than 0.001% by weight of
water (w/w) 1is present in the reactor, calculated on the
total weight of reactants. Again more preferably, these
water concentrations are continuously present only, in
particular if the reaction is performed as semi-batch or
as continuous process. The water concentration may be
determined by any suitable method, for instance by a
Karl-Fischer-titration.

It was equally found that the polarity of the
reaction mixture influencés the reaction speed, i.e. the
reaction of step (a) is favored by a more apolar medium.

This may be achieved for instance by addition of an
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reaction m xture influences the reaction speed, i.e.
the reaction of step (a) is favored by a nore apol ar

wore@ic0sassdThi s may be achi eved for instance by BCHEP1006/050823

of anapol ar solvent e.g. toluene_ It was al so found
that if the diene feed contai ned al kenes and al kynes,

fLQ§§1599s8?98H£ af th@é?uéﬁg'aE CO”EOUTdS ¥$un5 gher

€ reacti on nedrum-at a cons | Bve

conhugatededfeea,cbhEamnedahhkaﬁdsuanMHSlkgﬁegplaince the
and the reaction equally proceeded faster. The

r e8CPPBR Pat ENESRarHS  fReCeMACBRAPhEAPeRLENBA LANTHR

sopewhal ohNGEE28RdaRY 2l BSHERSRE 1EVREN 8 ULEN- 5§5§ed diene,
however reduces the catalyst |ifetine. Accora gto

t hehpr eseme lpr nedssm whe ¢enj pgated dndnthandeaction
reversgﬁ&e di_ene agd%céi are renoved in process step
(bfqP? tR§OF888F|o aie8f um obt ai ned in step (a) to
avoi d the stdtipriawt Oft dherdseattd @hd alfe terediction
hi gh degree of diene conversion is approached.

Thepabpe éamﬁwhaﬁoﬁa%r@éseéohyugaﬁéaaae@n§e@nar@h@re, this

reKSQ%bQEWﬁE§E8EFpERQU§E§ ¥€9?%r°”‘the

reac l"eas ylenically
unsat urzad etk diai ol mdﬁm@mﬁwﬁrmgmmdmjugated
-the reactor. According to a preferred enbodi nent  of

t he1pP6cess, rﬁﬁgrﬁﬁpéﬁc?éSHEOﬁFﬁ@SFédaHFeﬁ@maﬁﬁdtﬁ@ process

regg%§|Qb¢ @E%Eetﬁ€d985§t§66 ﬁ@H@MﬁdoEEQﬂhEBelﬁeéﬁébOQa
m xture obtained in step (a) by first releasing the

preygudethe shewsygt dewnoofieahearsespheni capeewbanea high

b |
SUBGEa TNty CERESuRPEIELes SBonPugLPEa2E Bhe BRTPPY: carbon

r ewehsixblbe , addugtigatea vesavedndThiel abeksiBYebester
renoved fromthe reaction mxture by an in-situ

coﬁv@ﬂgpéﬁ ane SPRENEdnésad FBRDVERCEPTY hehédRj afateast
%%t Qfr Eﬁgog%gxﬁ%nﬁH%hl ﬂqsﬁ?h?gEeBGQXQBGQnﬁotﬁEep

or reverse to the educts first I1n a separate
catalyst system remain in-the reactor.

According to a preferred embodiment of the process,
the unreacted conjugated diene and the reversible diene
adducts are removed from the reaction mixture obtained in
step (a) by first releasing the pressure of the system to
near atmospheric pressure, thereby releasing the carbon
monoxide, and subsequently the unreacted conjugated diene
and its reversible adducts are removed. The latter may be
removed from the reaction mixture by an in-situ
conversion and simultaneous removal of the conjugated
diene, or removed as such, and either recycled to
step (a) or reversed into the educts first in a separate
reaction step, before the products are recycled or
forwarded to the appropriate reaction stage.

The in-situ conversion is preferably done in the

following manner: provided the conjugated diene is
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reaction step, before the products are recycled or
forwarded to the appropriate reaction stage. The

WO peosiogassconversion is preferably done in the POI/EPM06¢50823

manner: provi ded the conjugateg di ene isgaseous or has

a low boiling point at anbient pressure, as for

in 0 diene e_reactjon
ni%%ggéggb?glﬁg |n&g% bg 9¥£§sp8%%ﬁgﬁp %%gfeP% pressure,
at gespber iaspeassutae aaéethen1tbebaaaﬁugaéedthe reaction
but adi ene is stripped fromthe reaction m xture under

a §é§tPF8meFﬁén§§leIéﬁﬁﬁréﬁéréﬁl?r@BﬁEFlgﬁﬁﬁ &ar bon

”089§bg?hE91ErEng§u§gd'EheneheﬁtQEFeb %Ega£g§ubutad1ene

catal ys I's way, the revers
aresfctcedped fevmrthbackacnuontmextonpugaded di gae flow,

th t I d.acid
cBUaR 51 LRE EORFGGALCH GPBRG o A CRECOHS QEPRHE o

mﬂb&oﬂ@ﬂ@ thheiequhhibei Rt @war ds tR¥eEstANysTNeIn this
gaseous stream obtained in the stripping conprising

caiBon fbRoxederanbleodiagat addurefeanayfohend to revert

d b
A PRPKAIROLS her BohhURPER, haoRLCBRbEne pEnydenigally
reﬁawedu&aoﬁdtbeldeaeﬁnae pbxbuaati Bemotthst bl ahkve

oper ation. The renoved obtained ester m xture, usual
a|§8naeﬁﬁﬁﬁ§.H@egsnﬁlébhybénge§|F§raﬁ@awa%ét@avchae

a”@qﬁll@%%@ﬁﬁt%owa§d5h§@vékghgﬁ dipheChh¥ebaEY St edako

step (a) , or converted in a separate conversion step
|nobhelpedsenceh@fsarsgpnableomatasysg carbovompngatdd and
di ene .and ethélen i call nsatﬁrat

2
o ReRy feBec By tHaR i LR afO RSN e oatibEhia o

sughlegs (the Di el s- Al der products or polyneric
conjugated di ene may preferably be renoved as well.

The Di Aktomenatriyrbouciie ofevars ido waned afldnE sampy be
th?eﬁ5§% e%&%%hE%eUQ%QE% %Beﬂlﬁgb?ﬁaaﬁ B 8hgE2Rh ¥t ive

enove romthe mxture renove
operation. The removed obtained ester mixture, usually

also comprising some ethyienically unsaturated acid and
by-products, is then either directly recycled to
step (a), or converted in a separate conversion step in
the presence of a suitable catalyst into conjugated diene
and ethylenically unsaturated compound. At this point in
the process, other undesired side-products, such as the
Diels-Alder products or polymeric conjugated diene may
preferably be removed as well. The Diels-Adler products
of the conjugated diene and the ethylenically unsaturated
acid are preferably removed from the mixture removed in
step (b) in a distillate operation.

For conversion, the reversible diene adducts are
contacted with a suitable catalyst before recycling the
obtained conjugated diene and the unsaturated acid back

to the process. Any catalyst suitable for the conversion
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step (b) in a distillate operation. For conversion,
the reversi ble diene adducts are contacted with a

W@ iobakises cat al yst before recycling the obtai nBGI/EP2006/050823

conj ugat ed di ene and the unsatyrated acid back to the
process. Any catal yst suitable for the conversi onmay

papggpggegggiygﬁ agugﬁtggogggggﬁgsgéoggnggeﬂgggseneous

dirdm y§ts, “or "aci er ogeneous

capauysasumAnaexagpte,obraasuaiabheteab@aﬂe@ﬁsca&ahY§§ts.
is_the catal yst system as described for step (a) and
(chn, exRBPLEvREsPhFBLARERE aaaaa#éumsaaFP§Yﬁ5vésathe

b0bg£agyéeng§s@@50§@tQQECQEbéae HPS§£QEaR§¢ ﬁ.ene

product 3-butadiene 1s t e conj ugat ed
t he di sihid |=tviers ildrep\dhlernies apidefcdrsallsypagdyf dravied aatbod 1ing

botton1t era nge of from 70 to 150 nd

o keBBrLBEReITEHAE bh 5B RaSerotebbdonthaapsodishy i
monespratanabhy at anbotbaRubetparatuhne, i fheangstilative
from90 to 130 OC and a pressure of fron12 5to 15

kﬁéemaﬁélné§tpﬁ?éﬁéﬁﬁbePeéfoémﬁét@énﬁt@ﬁﬁé@@tﬁ?@p?ﬁature
t i 1
?nrgﬁgg o%f en,168 Eg éé@ Qcéﬁghougﬁé?gﬁﬁéSH%ekam 1 to

the'r from3 to ese
pr essupas (andtbeBpeér abares gee motecpréfeahblpressarbsttom
of above 20 kPa shoul d be av0|ded due_to_t he

t ekBBPREGEEESr HuFPBES QA ERCRay r ESul£0i éﬁ?agygfessure

degragakion, 5WQb|@5pk@§suaﬁa ﬁsgewb%ek8§aw&yl 5€QH'B§ttom
specific equipnment. Although the renpval

cofipugatredudeens &ahd Kasgeevér§rbmelapehe é@@u@tsndyat a
distillation re co an

O Brssstbhoia, EhE ZRbGeC O e ER el oAl alEnough these
ca Q@@%h&bbo@n@at@hys&at&r@sedraohetetiec&buelyprgbeures of
subj ect process %ern1ts to react conjugated dienes

wi BRO¥&r BOn kifgnskirde dakg QV@éd?éaéPSnFo the BéHjugat ed

O BUSpLOARLANS DA Lengh dyoalion Bhotes st o
degradation, while pressures below 1 kPa w1ll require
specific equipment. Although the removal of the
conjugated diene and its feversible diene adducts by
distillation is a more complex process than the process
employing the in-situ conversion, the carbonylation
catalyst is used more effectively.

The subject process permits to react conjugated
dienes with carbon monoxide and a co-reactant. The
conjugated diene reactant has at least 4 carbon atoms.
Preferably the diene has from 4 to 20 and more preferably
from 4 to 14 carbon atoms. However, in a different
preferred embodiment, the process may also be applied to
molecules that contain conjugated double bonds within
their molecular structure, for instance within the chain
of a polymer such as a synthetic rubber. The conjugated

diene can be substituted or non-substituted. Preferably
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from4 to 1 4 carbon atons. However, in a different
preferred enbodi nent, the process may al so be applied

W@ 20060848821 es t hat contain conjugated doubl e bPCIiBP2006/050823

W thin their nolecular structurg,-for instance within
the chain of a polyner such as a synthetic rubber. The

CoghggggﬁSPg%ggs g?g Qe UQShggugggsgg gge%ldlene gxamples

non- subs ref érabl yt he conjuga ENe 1§
noofsubstulutedjdgened Exanpkeareflpsebutacdshygatedjugated
di enes are 1 , 3-butadi ene, conjugated pentadi enes,
cOHFB§é?é&nﬁéxaGPEﬁégatEQChﬁﬁéﬂ%QH?§necéﬁéOpentadlene and

cyelansxadLanencal L1 othifcmsahepsubshit it efea o

particul ar commercial i1nterest ar ut adi ene an
2-petrhykular, Sohueadieheiftsopseneye. 1} B-buepd{ehe, and

th e_oht in ste b) is pressurized again
?h 5&%@ lng %%.8 legfq | égaﬁf%aﬁgr wat er i s added as
react antn ffed he)cardenwliatdion dderbindd ke step (b) is

ethylenically unsaturated acid fornmed in step (a) is
cohvepcegiegdaadpéar vokyl rerhendnonasidaddppfondditional

Ca&Q%Qr”?QOQBgEdaQQ BSE t £YRS FQUEQrbpﬂglgggon. Herein,

reaction of the for enrcally unsaturate
catbexykhglanndaﬂmyaudsacudapedceeds ﬁbrmedimﬁreaspd( ) is
rate if the polarity of the nmediumis |ncreased W t

r eSPBYETES sF@pa(Q}Car?ﬁéVéFSréchnggﬁﬁl9 38 Feohepar carbon

CORERALE ALl QR4t hrerghout step (c) is higher as
conpared to step (a) . Accordingly, the present

i nvent iIoh wasd ateemnd dhetprideessadiaros i thst dprieed t he
oncen ratlon in_the reaction,nmedium,i . .
marreaieRa Ak hRert Yrangd’ SREPPEMTE 4PTY Bpop diacid
pr efrecably Broan2 iherd@¥edneaeeph €f enabpyl1hret;30F0the
25% and nost preferably from5 to 10% (ww) , based

onMeRa VanBEnt neF cBREedt YL AR FE§BEECtr E8cPIBR rfBdi ufherefore

" BEBct 5L SR Bhcks BECLOLTE:SqpeemoDEHENCC0cED (o

(aks, hilbheands compared to step (a). Accordingly, the
present invention relates to a process wherein in
step (c) the water concentration in the reaction medium
is maintained within the range of from to 1 to 50%,
preferably from 2 to 30%, more preferably from 3 to 25%,
and most preferably from 5 to 10%(w/w), based on the
amount of the total liquid reaction medium. Preferably,
step (c¢) 1s performed as semi-batch or as continuous
process, and more preferably, all of steps (a), (b) and
(c) are performed continuously. Again, more preferably,
the process is performed in such way, that step (a) is
performed at a water concentration of less than
0.1%(w/w), based on the amount of the total liquid
reaction medium, while step (c¢) 1s performed at a water
concentration of above 3%(w/w), based on the amount of

the total liquid reaction medium.
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(c) are perforned continuously. Again, nore
preferably, the process is perforned in such way, that

WGeL@p/ 0§39 i s performed at a water concentrati oPCDEP10668650823

than 0.1% (ww), based on the gmunt of the tota
liquid reaction nedium while step (c) is perfornmed at

a water_c ncentratl f aboye ed on the
amount of eﬁﬁﬁ?|o %ﬁ 3@?ﬁ8&109e8|uﬁls_gPﬁédlene'

caseepf &mer@aﬁb@syhata@mp@& dcid@- pﬂ&agtengmdsiﬁphigm
results in_adipic acid product and in hi purit

Adpbréta0|6dﬂ§lﬁ ﬁpgﬁlyscﬂyéﬁalen@rg%F@ lh@eaﬁ% éﬁtat
POQHbE%REScOh81£g8n§?S§ tbﬁ% EQg p£93€5§ n%£8ggggtfg

i n"pentenolrc acrd as solvent, adiprc aC| y beginto
cryshdlhkttzd fnopehbenveachcHd asxsoleefitpnrdipectacid may
concentration and_tenperature onwards, |If spontaneous

cr§88aR| F2arr¥AtAh1LRE Féa@tBPefB?agFé%n(%}ngrﬁo?rom a

deéb&%QaanSB@éﬁPkXt1§BeQn&Cieh§eQQ£Mr@'bRM@QdEO If
proceed until the liquid reaction nmedium conprises a

sasppatedesobutmgateﬂladapugnacndthﬁdr@acaﬂy for step (c)

138 LR BaE BT, TPELEL ML bohE LARHIS o

st gpsckal @H@1QCihanHQQ@dpQéb@€h@ﬂ1ﬁEﬁ@hmaBQmprlses a
conpl exes and conpounds thereof such as palladi um

sabesurafgdpariagiam ednphérés, aelg. apf{ ArcappoRy-products
”%X%ﬂ% ?%8%%§B¥'téﬁﬁé9ﬁﬁh§e of EHE'?Q%%?&CQEQhEEQn

aso mat er such as an ion exchanger
Praéeﬂamly a salt of paIIadiun1and a carboxyllc acid

is used SU|tabI a carbo aC|d up to 1
car bon HAP 1S LS A Vc}g Aci% (340pp3roﬁ%orﬁr’<fj

aChQCQGerﬁbﬁﬁgﬂguﬁchgtaQraﬁé'E%mﬁﬁe§é§55hﬁubéﬂpounds
carboxylic acids such as trichloroacetic acid and trif

| usheaeetfi susbi ds Ravépyivni sabke/sendcralsagahmagpumexes,

(Iglgac%g%%ebarbon monoxide or acetyl acetonate, or
palladium combined with a solid material such as an ion
exchanger. Preferably, a salt of palladium and a
carboxylic acid is used, suitably a carboxylic acid with
up to 12 carbon atoms, such as salts of acetic acid,
propionic acid and butanoic acid, or salts of substituted
carboxylic acids such as trichloroacetic acid and
trifluoroacetic acid. A very suitable source is
palladium (II) acetate.

Any bidentate diphosphine resulting in the formation
of an active carbonylation catalyst with palladium may be
used in the subject process. Preferably, a bidentate
diphosphine ligand of formula RIR2p-R-PR3R? is employed,
in which ligand R represents a divalent organic bridging
group, and Rl, RZ, R3 and R4 each represent an organic
group that is connected to the phosphorus atom through a

tertiary carbon atom due to the higher activity and/or
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Any bi dentate di phosphine resulting in the formation
of an active carbonyl ation catalyst with palladi um may

wheooasemsd n t he subj ect process. Preferably, aPCT/EP2006/050823

bi dent at e di phosphi ne Iigand_q%'hprwula RR 2

P-R-PR3R4 is enployed, in which ligand R represents a

di val ent ,organi.c bridgjhg group, and R, R 3 and R
ot FabH- L4 o FRRTDy Bahh csGrBuBt FARYSFS ' Eorieth ctoT6tLon
t herppesphetuscatoprthepugiyp kerbpasyesasbon atomadue

to the hlgher activity and/orselectivity found with
suehdentargsbsifainet areeactnah S@eﬁgbsg%ﬁuh®¢eby one or
pr a e ts ic.pid :

b FagEna v snErREGIPY) Caf, PhaPRLhCoRE ERE®ing groups
al kykepe grqupsr3pAdapbepsifdt s PRESRRLALL BEO0YBSup or to
RIR2P- and -PR R are bound to the aromatic group or to

t hehal Ryksgnengr gupugudueoteohehebekesoededdi ghakt ababityty of

of these |igands. Most preferably ﬁ , ﬁz, 5 3 a ng R
ar ENeRBséAIPrRISucHoRbyPTERAF2PRE PhosPhi nB~ grBdpRPRRRE
differs fromthe phosphjno oup. PR R,. very sujtabbe

i Ganacrs 15 s5Ch; BOyar thar: Chet BrpRoR bip noRekRy PR RS
benzene. The ratio es_of I dept at e, dj phosphi

pe lﬁ%?ésa SﬁPo%hSagﬁagEhﬁﬁﬁr%F§P§b?§ %ahg%snggngﬁ}ggble
to1%ganaohie prefpriabby-teemrPudyl phdOphyRbmEBRE1)benzene.

preferably from0.9 to 5 ,j%g; nore preferably in the
range oM. TFip oFf MAd@s R ingr &igleerertapIdiphesphane per
ra 0 tQe2 yet e ..

ot DIZR s sbr, Be opl BRL¥E pERTL-REELELANIKST ER 0r 5 to SO,
hi gher phafiesbbilghifopmt Oi. 8 aoolft syef hmogandréberably from

L1 adi beneficial . Th f
pr 8t & 561 y 1 §hn"HEPAPTREFESprdr 6P abl eCHrbokyPr S to 3

achdaiwhineheppeteeabby ysenvenscbeobigasogeatatysk, and yet
conponent as wel |l as solvent for tge_reaction. Agai n
noRespr erefglpplyt e d6uséeishianpbrici slanthej Rresence of

"2 35R, PITOE, By ghebreaal SioteaseHERhICoTULIES of
ligand to palladium are beneficial.

The source of anions preferably is an acid, more
preferably a carboxylic acid, which preferably serves
both as catalyst component as well as solvent for the
reaction. Again more preférably, the source of anions is
an acid having a pKa above 2.0 (measured in aqueous

solution at 18 °C), and yet more preferably an acid

having a pKa above 3.0, and yet more preferably a pKa of

above 3.6. Examples of preferred acids include carboxylic
acids, such as acetic acid, propionic acid, butyric acid,
pentanoic acid, pentenoic acid and nonanoic acid, the
latter three being highly preferred as their low polarity
and high pKa was found to increase the reactivity of the
catalyst system. 2- and/or 3-Pentenoic acid is
particularly preferred in case the conjugated diene is

1,3-butadiene. Preferably the reaction is conducted in
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having a pKa above 3.0, and yet nore preferably a pKa
of above 3.6. Exanples of preferred acids include

W@ 2006034889 ¢ aci ds, such as acetic acid, propi oPCTERZI0E)50823

butyric acid, pentanoic acid, jpgntenoic acid and

nonanoi c acid, the latter three being highly preferred

as,t hei |OM/pO arity and

haresbbepRbergaliy vFt BoEobAie LA Rpa QUL arventenoic
andcod, 3sPapteopis agkdrbenpatdi sotavhyypreferaelignly

case the conjugated diene is 1 ,3-butadi ene .

PrefbiuBl GaFReYPBasYPBANI sPEBNALES ebOi PD- pedpepofelvent for

aCb?l §eg§g£ggo?gmgghgn@FQ/or 4- pent enoi ¢ acid, since

hi's was toun ot only form a highlyactive
cat al ysthesystlem daiticaloeso the Beuacgoed solivent, kod al |
reac gogaco onents. The lar ratio of the souice,of

anPd 51 P]HI G FECRAOt EPYEVRAr . tHotkyERD LY 1S
supbahkyni s @eaﬂ@em02~ﬂ-éﬂaiﬂéEéI ﬁHEEﬂHHE%FHé%ﬁEéH”B@7

between 107 :1 and 10:1, yet nDre preferably between
106ndllana 1pet: morangrﬂﬁsrapiﬁfbﬁbﬁeynbbﬁwdeﬁumoﬁl)|l

d d >.th
A%k, 505 SRRTHEELL it 70 <o e

COEhaapeedlagttoltpeodeshéedapamguctspétéme veagti on
can be used as the source of anions in the catalyst.
ThEOPVER&EE thily LBEt REREI FYTBESPaPAIRE bot thR gRelred

ng%BBEEtOE a@h@dQEESQEéh éQhVSQtusQ&“@geEhQVQESEQQ'M{

|nterne iate aclid product serves h as source o
aneomsnandnasheeaetrdpssol Veat priseakl yagnmophienahlyhke
ran e of 10 0 1, eferablly in the ran of .10 7

SE9ChoPu et B 0F BARPEBEGaS bor nara bf char SaLTeRt
d'ﬁB%e@é@ usederpbefeeabl YntBrinB8i E8B08COH BPodhctOsdPves
2 nole atom per nole of conjugated diene. |If the

anbath eF eatarysefi snéRBSeAndt 2a r@@@Fleéléﬂﬂzenppnpsually
Cal%ghﬁkgd %ntkgerggﬁgloén?HFﬁ ﬂg d quE?%ﬁf@%%%F?‘in the

Un] Sl e reacti o I n part|CU ar
reaatnlg'@nsfoflO'7 to 1072 mole atom of palladium per mole of

conjugated diene are used, preferably in the range of

107° to 107? mole atom per mole of conjugated diene. If
the amount of catalyst is chosen at a level below 20 ppm,
calculated on the total amount of liquid reaction medium,
side reactions, in particﬁlar Diels~-Alder reactions of
the conjugated diene, become more prominent. In the case
of 1,3-butadiene, side-products formed include 4-vinyl
cyclohexene (further referred to as VCH, being the adduct
of two 1,3-butadiene molecules), and 2-ethyl cyclohexene
carboxylic acid, further referred to as ECCA, which is
the adduct of 1,3-butadiene and 2-pentencic acid. The
formation of ECCA is favoured if pentenoic acid also
serves a solvent. When about 20 ppm of palladium catalyst
were employed, ECCA was formed in up to 3% by weight on

total products formed. An increase of the catalyst
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the conjugated di ene, becone nore promnent. In the
case of 1 , 3-butadi ene, side-products forned include

wda2u608488cycl ohexene (further referred to as VEBH/ER®06IGS0823

the adduct of two 1 ,3-butadi gne 1ol ecules), and

2-ethyl cycl ohexene carboxylic acid, further referred
to_as ECCA, which i he adduct of 1 . 3-butadiene, and
R SR M SPo L2 N RaBbCL Bl oo I Ut g e and,
peptgnet coAchE abso.serw§8w@l@@tV@ﬂtEc&mﬁnmabaaﬁ Plcrease
ppm of palladi um catal yst were enp ed, ECCA was
fo@ﬁeah?ncﬁﬁaiESBQG%QC%%F§%¥l%% ¥%th¥0%r%ﬂﬁc%% ¢oPeted to

réQSE asf eréﬁﬁcEﬁéﬁ'¥§t§°@8£”$%a&é9 3}%% oP@fﬁ%fy, in

expecte to resu in a reduction y wei ght
of sEEL4, (ahdama (oL etlse oérbhnybata¢wsiscpneéﬂrablyon

to 10 IS expected to result n a reduction_to

0 B0 B 01 Gt ChACREREPRGEySL | Rt s-ERet (20 BN {h)Satalyst,
thﬁ09@r9933595599 i8 @ﬁsfﬁfégéaesrégrn@@ bPntHE catalyst,
presence of at |east 20 ppm of catal yst, nore

pr ehdrabky pnefheapiESencéhgfpn@@eppﬁw@f ght hégst, S@pdppm.

A hGBGROEN P8 Y obih Ee] Far gave BrdiRin 6T pab TRl ERT oto Be

becppRbOXEY, thbecﬁﬁhayystmﬁﬁYa@d&ﬂﬂ&@@@@ﬂSbeQErecycled to
recycled to the reaction of -either ste

Exhipl E§26£180i PAbPEtREFaPy8P §95t €Fs %é d%§%@?i%a of

ab t Lsc Na EP585d 28264 % th
oA BRS 500 0047 10565 andl oF - weBboar 193843 Those
Most spietedabhy EPtRelP8a62PonEPsApei f3LARd WR20A&/103948

eth Ienlcall ted a d/or .t he icarbo
ccrhogPaaneboftadhyag- cHedh: RePerPhik nshrl Shrqtaph Ls
fe@%&fe@mQQHthhﬁesetﬁpﬁeﬁaeBmelahsgeukgaéalgeld and/or
according to the present invention in steps (a) and

( cxhes ddaprbed yéit aﬁlﬁnﬁépéﬂétteﬁﬁ@Véﬁ@ﬂe§h9nElXture
ressur.es. bl es are in the
P SRRUAE, 130y RRRE LEACtL 0N EEMRREALHGS

nore prefer i'n"the range of
50- 200'IKE,c@@ﬁoﬂﬂﬂ&tiﬂﬁﬁﬁﬂ&ﬂﬂg@n accordlng to the present
invention in steps (a) and (c) is carried out at moderate
temperatures and pressures. Suitable reaction
temperatures are in the range of 0-250 °C, more
preferably in the range of 50-200 °C, yet more preferably
in the range of from 80-150 °C.

The reaction pressure is usually at least
atmospheric pressure. Suitable pressures are in the range
of 0.1 to 25 MPa (1 to 250 bar), preferably in the range
of 0.5 to 15 MPa (5 to 150 bar), again more preferably in
the range of 0,5 to 9,5 MPa (5 to 95 bar) since this
allows use of standard equipment. Carbon monoxide partial
pressures in the range of 1 to 9 MPa (10 to 90 bar) are
preferred, the upper range of 5 to 9 MPa being more

preferred. Again higher pressures require special

equipment provisions, although the reaction would be
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in the range of from 80-150 OC . The reaction pressure
is usually at |east atnospheric pressure. Suitable

wpe@sosuses are in the range of 0.1 to 25 MPa (HCT/BPRBE050823

bar), preferably in the rangeigf 0.5 to 15 MPa (5 to
150 bar), again nore preferably in the range of 0,5 to

9, Pa%@r(slsllji@e 915t b\%%afs s ’E(gnk?e (ajiélrosv\l.s o acferofwith carbon

standard equip on Monoxi par ti pressures
|nncbrtke><1ca9élgﬁr®ésdréo 9 MPa (10 to 90 bar) are

preferred, the upper range of 9 MPa being,nore
preferf8dt EgBFﬁcﬁﬁéhéchF€%§@rE§ FBauPF83§BEcFBVentlonr

el PNENL L O OMbSbPNGe S howahsddne; £ eacd iQirort gy or

befaster since it was found to be first order with

cad bbat ednokieampr et egas nsudle ¥ OTEBLOGRITOrEH PR 0

th resent i i 0 h rbon Xi e
§ ?s %%r%rfgrﬁyér %? %t%u mﬁ%% %%Rgﬁerggd%gng%% n@

nlgggggnsu@ﬁr@@naﬂm@miﬁe or noble gases such as argon
or co-reactant gases such as ammoni a. Process steps
(a) toPreresses ﬁ@ﬁeré&lyopéﬁﬁoﬁﬁﬁdpFﬁfSrééﬁﬂlﬁ@é@@rmed in

Opgrgéﬁg %?g%gpé?é§gtf8g (§Qe§ngF§F §M91@9} @fogﬁ§ssubject

are sui orned in a e reactor suitab
foprQGSStlqnedsmeaablpngerfmrme@asmamesiM@l@ofeasU@h
as const ant fIOM/stirred tank reactor, or a

coPuhhePypel PEaBRBT 1 1AL F oF ST AL AT %%s%r?%%%a$% thereof,
"B@@QBeangHHEtggﬁcﬁPéﬁns@Yry@&ft£%Et§éa£@§¥meér a bubble

Wley, 1992. | e colum reactor is a nmass
t ransfen apger e@@@mn, devi Eeri hnwhikhe i dedpeiled npp e Bubble

b ht ., d
i L D T ST

S Uﬁﬂﬁﬁﬂédcbmﬁmﬁl Peabtetefabhynassreashofem dhdf peaetion
circulation is enployed, which is generally terned an
"efle¥i6f tBathéfh, 1bropg ?ﬁem@é%09?%%5n%a?u9¥?gght into

reEXﬁkggtthBh?eégéc%QEh tREEELQhiH0PRase itself or with a
components dissolved or suspended therein. Preferably, a
reactor with forced circulation is employed, which is
generally termed an “ejector reactor”, or if the reaction
medium is recycled to the reactor, “ejector loop
reactor”. Such reactors are for instance described in
US-A-5159092 and JP-A-11269110, which employ a liquid jet
of the liquid reaction medium as a means of gas
distribution and circulation.

The dicarboxylic acid may be isolated from the
reaction mixture by various measures. Preferably, the
dicarboxylic acid is isolated from the reaction mixture
by crystallization of the diacid in the reaction mixture
and separation of the diacid crystals from the remaining
reaction mixture containing the catalyst. It has been
found that the diacid crystals can be obtained in a high

purity in only a few crystallization steps, making it an
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reactor". Such reactors are for instance described in
US- A- 5159092 and JP- A-11269110, which enploy a liquid

W edo608488he | i quid reacti on nedium as a neans PET/BPR06/050823

di stribution and circul ati on jghe di carboxylic acid
may be isolated fromthe reaction mxture by vari ous

res. Prefera e dlcarbox lic

ST AT ERenT GRr EhET s L R TSt ety of il TSk Hrfrom
Oftﬁ@ecgt§§y§tl@n&h@nf@@@ﬁé&”@fﬁ?@éﬁﬁb@ﬁﬁyS@m@&@ﬁr&&bd acid
of the diacid crystals fromthe remai ning reaction
n1¥@9¢ém%@h@§?n| e t pebtathl §eecess Hasthrerrrotmerbly
th a t ed. i
e b ER B BuFLAEE S ot PEe LT B RY By e
aneiéacbenylnethoﬂdf@btahne@epmratepn(©f t Tiee ppooluet s

nd unreacted_et hy| eni ca

e catal I .
ﬁfﬁgﬁfeEr§E¥HaPﬂ¥e?ﬂ%8fh?%s The sumpece prg%e%%nvertlng
fufﬁgeﬁlgﬁﬁﬁgk?pi¥ seNPrisestd JUEhheFidE 0COHSS & PPreacting
(e) of purifying the dicarboxylic acid obt ai ned i n
stepe(d}carwheyblgc@ssdf@1@hb®rpd@f@1@hl@ dbmpiie egompound

EoaBRRaRi ag, “aRATYEr pRoRD TR TRREE BTN BEG g, ¢

diCh|OTh391Mhéﬂtﬁoﬂlﬁﬂlnef@ﬁﬂp@ﬂnﬁet@e@@fﬂb@daMy way of
al ternating co-oligoner or co-poly ner The i nvention
MAﬁKaWHﬂ?h@%tBer§§§é?P6@dtByfhﬁyr%f exanpl e with

fefefe?ggukg %rg deh ﬁ%gyéer%%iés@n§§9§8ﬁtb§ a preferred

representation a pre erred odi ment of
prembsslmeQOrdfnghEOptheepseaenordnngntoohheFpgasenn

illustrates a_proces re conj ugat ed

cat BERPROROX| BOORFE) L AMLUFELRERS aRdbACEaFS) YEPTey: &

i ngbydi,pgraqsayene Qfapal badbym ndnsQuage (0h) anwadken (1c)
and a bidentate phosphlne ligand (1d) are supplled to

a pedctorata)yst| AYShPB Laaéudingly, SPHéC@oﬁFu@é@éadlumr a

diene is contac d
O SPRe 5 BERECREoY B IcF LT, IoRAsLg A0 ek (10
are supplied to a reactor (1). In thlS reactor (1), the

conjugated diene is contacted with the carbon monoxide
and water in the presence of a catalyst system including
a source of palladium, a source of an anion and a
bidentate phosphine ligand, to obtain a mixture
comprising an ethylenically unsaturated acid

product (le). The mixture (le) is then transported to
vessel (2), where it is depressurized to obtain a
depressurized mixture (2a). At this stage, optionally a
stream of a normally gaseous conjugated diene (2c) and a
stream of unreacted carbon monoxide (2b) may be separated
from the mixture (le). These may be recycled to

reactor (1). The depressurized mixture (2a) is then
transported into a vessel (3), wherein it is converted
in-situ back into the conjugated diene and into the

ethylenically unsaturated acid. A stream (3b) comprising
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a source of palladium a source of an anion and a
bi dent at e phosphine ligand, to obtain a m xture

W@ o0vps438Ng an et hyl enically unsaturated aci d pCDEPZING6/050823

(le). The mxture (le) is thenm-transported to vesse
(2), where it is depressurized to obtain a
depressurjzed mxture (2a sta tion

o RPN b e e hat £y PRk usn oo Bt o8 wi RRer o052
andoﬁpsis@ﬁgw@ﬁeugtﬁ@pé@ﬁo@@lpO@ngaﬁ@ﬂaﬂ@d(z@idn@yo@@ct
separated fromthe mxture (le) . These may be

re 9§PEHGFOWFEQCFB? %§§althesﬂ%b@@ssurlzed m xt ure
(2a) | 8Lhen LLANSHON | S DL 01 Ay VESS éé%? JeLel D idnen

is converted in-situ he C uga i ene

andecptbedhéoethgleeacabty(hhsabptamﬁmlhylﬂn Adsixeane: with
conpLi si ngconj ugated diene is renoved to obtain a

n1§ ﬁ?%m(éﬁ) conprising the ethylenically unsaturated

aci d pﬁ@@“@%ﬂd%ﬂ@d“@éﬁ@é%@u&ﬁ%e@aﬁé&X%EeSY%%¢nErEQefrom
stream (3b) conprising conjugated diene is then

recguedatedt Hecneagnar r¢ 13 sobi¢ onddtigt $ nthenext ui e

ith h b d
(3h§ 2R P BB PR Ao, EUAr Baral She KIEY cver o bF o aHcEurthes

t heneet b&rbbanﬁéﬁbkgdetpr@ss@a§toIb(4wltMm@d@ltiom§1 water
reacted further under carbon nonoxi de pressure

MAﬁﬁcédHPtPEEQanét§Fr%?@) te) o%@%?ﬁlél%%r%%ﬁw%H%?rboxyllc
asaﬂg PH?xghEQrQ9§M'tﬁeaétﬁyi@nﬁéglf ﬁs&t&Paﬁgs acid

enlca y unsaturated acid and the ca
syahdnthéheasaﬁyan1éystsmth@hedepresmuéczea tﬁén

whil e remainin d 5b) i

S I esgﬁ?ﬁggﬁéw$&§a?é sarh&i RRSx e edop)
(6)s ?@gyéygheﬁbegtéﬁ BhtrehbofepFesOhri BEORL AtNEE 5a is
crystal s of the dlcarboxyllc acid, yielding crude

adEpen a@pdedryéﬁalQn@7aybaﬂ@t9dlFQUfﬁlir&tigﬂe (T7byt. the
Thepthadid ELULEale CFPLncofpELEhEgyINE 5818l Y§ielaing
crude adipic acid crystals (7a) and a liquid filtrate
(7b) . The liquid filtrate (7b) comprising the catalyst
system in admixture with the ethylenically unsaturated
acid is then recycled to step (1).
The invention will be illustrated by the following,
non-limiting example:

Example 1 - semi continuous reaction for producing adipic

acid from butadiene

A 1.2 1 mechanically stirred autoclave was charged
with 130 g pentenoic acid and 10 g tetradecane. The
autoclave was degassed three times with carbon monoxide
at 3.0 MPa. Next the autoclave was pressurised with
carbon monoxide to a pressure of 5.0 MPa. Then, 25 g of
1,3-butadiene were pumped intro the reactor. Next a
solution of 0.2 mmol of palladium acetate and 0.4 mmol of

1,2-bis(di-tert-butylphosphinomethyl)benzene dissolved in
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systemin adm xture wth the ethylenically unsaturated
acid is then recycled to step (1) . The invention wll

wheoosios4s84 r at ed by the followi ng, non-IlimnmtingPERBEPPLE050823

Exanple 1 - sem continuous _rggction for producing
adipic acid frombutadiene A 1.2 1 nechanically

stjrred autoclave was charged with 130 ent enaoi ¢

co i RO et AR Tne. Fhietted ot s e i ghts e dine
t L gfettoBSWG t higasdhoni tnoxfeeciadr 31® JRaE Nexteddiec
aut ocl ave was pressurised with carbon nonoxide to a

pragisgr eTlyen SOt pbhenahapd WELr gfene  GRIBARE EHEY wigded to
pu d..i t e r t t.i f

PuTRecd LOLEOr Lhe £ eA5L 0% N e SPLLLLRD O1c e 2o dMBl o s
(dhedeed - bat YO phds pbvaonet pywt Jodenz ehe mlissiod vediheriOthis

g pentenojc acjd S injected. into the reactor. The

| nf SRR OF 2 MAES r PAZ TR t FAC T t T HEPYSOFS pirt efrdilested to

acgdg Mbgn bBHEaghese 8884Vl &fis Wek fe CRAL hHMOMSH YESddesbut
to the reactor at a rate of 40 mmol/h, while the

r eag® onowas, head ethe ora@st DO ovas BOpPEEPwRd dpy 3paking

m nutes. When_this tenperature has_be [ he he

B HEM AR Ul Sl I e M gk s WA RS
wepgcaahntained 205oaboudl 128nbens 5c andd (el reaciipet was
was nonitored by taki ng sanpl es of the reaction

m x€oievad, r egal peinperiaradienee2nd TERERF 205 09bChREd- At

pe@ﬁgngha 8§i9ﬂ99|$89§§&Y5£h$6§ @&Pi@§§9en£9§¥I@ﬁd of

but adi ene and water was stopped‘?1 At the end of this
pecbodesphedadt eo tessehbant Doh tow/espoatedlapediess the

than 0.1 %vv/)g/, ﬁal culgted on the total appunt of

r ehGEROnAEBHBbNSAt SSPRCLAB TRUBPAFTTanER pressuret ks

rel easethdrp AN LIHe R8STW1Ras2d teAERON MBNPHe@SUMRS and
bubbl ed through the reactor at at rmsgherl C pressure

f ocaapproxpraréfg washbubsledf trFovahstherreactap at

’Ségﬁggghgg§coﬁrgg¥82§i?B? gﬁspgx?ﬂgygi§ 25 hours. After
this period, no 1,3-butadiene or reversible diene adducts
(esters of 1,3-butadiene with pentenoic acids) could be
detected in the reaction mixture.

Then water was added until the water concentration
was about 7% w/w, calculated on the total amount of
reaction components in the reactor, and the reactor was
heated to 105°C and pressurized to 8.0 MPa with carbon
monoxide. The water concentration was maintained at
approximately 7% w/w of the reactor mixture for 52 hours,
then the continuous water ‘addition was stopped. The
reaction was continued for a further 63 hours, when
approximately 20% w/w of the reactor mixture consisted of
adipic acid, at a final water concentration was 0.1% w/w,
calculated on the total amount of reaction components in
the reactor. The adipic acid was obtained with an overall

selectivity starting from butadiene of 94%.
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(esters of 1 ,3-butadiene with pentenoic acids) could
be detected in the reaction m xture. Then water was

waooeds4sgd i | t he water concentration was about PGRERINNG/050823

cal culated on the total anountqof reaction conponents
in the reactor, and the reactor was heated to 105 0C

and pressurized to 8.0 MPa with_carb ngxi de. Th

hater SBRcaHLPAE! OR iaB RAPRE P AGATAL ABBPOXPirat ePyrihe
W verd ik ey r eagE 0 phxdaIr eorff®f i Shdoths, cdthernydhesystem in
conti nuous water addition was stopped. The reaction
weddBERE 7 Reied! Forben feire Hera®sd htfipwsd vihehimilar activity
apé’ﬁc%*éé‘“f‘éc‘?{i’vf@z" POW Ofe LR KOG O 5 Ji XS AT € £O08 S5 £he |
of "adipic acid, at a final water  concentration was

0. 1% wihe exkopllat edoes thett ahal ramowal of reasetsdble
conponents in the%Leactor. The adi pi c_acid was

ob®3F Fedl WPt AT SR RvEr & | CYBP EE 471 yO 5t ArtThg' 3 rom

but adiener 9f 1 4% Thenadk pi &t acd s-Progust epasadd | 4 riat ¢

off, and the remaining |liquid phase conprising the
cavatgstceyserbrihiannt xt ke seePnPpentemor klaws dco obtain
showed. a sim,lar activity.and lectiyvity e .
arboryratron o foo bh¥aRPcel® SHh e euPhe Lo turn
t hatethereguenal . oflor€ves s bk es 85§ BE Scapi B ef abyytém can be
conbi nation of a |low water concentratjion in the first

r eg®Pionedt ephighdcannpgheaat bY Eorrehtd a?Yoh Fhetheocess.
Se'fﬁpg ﬁgggsakﬁgvﬁrégeﬁptﬁfﬁc %é PL&iagh e i fohi hoontinuous
purity and w th an over al rgh turn over frequency.

Mot erauetrialspngtessat al yst system can be enpl oyed,

whi ch can be easily recycl ed over the process. This

makes the present process suitable for a continuous
industrial process.CL Al MS 1 . A process for the
preparation of a dicarboxylic acid, conprising the

steps of (a) contacting a conjugated diene with carbon
nonoxi de and water in the presence of a catal yst
system i ncl udi ng
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a source of palladium a source of an anion and a
bi dent at e phosphine ligand, to obtain a m xture

W@ ovbas438Ng an et hyl eni cally unsaturated aci d BCEP2966/050823

or nore reversible adduct of Ege conj ugat ed di ene and
the ethylenically unsaturated“acid; and (b) renoving
unreact ed conjugated di ene and the reversi bl e adduct s
formed by the conjugated diene with the ethylenically
unsaturated acid fromtheCrleattd dh i xture; and (c)
reacting the mxture obtained in step (b) further wth
carbon nonoxi de and water to obtain the dicarboxylic
acld proguctes2 foh phecesspacaatidnngfth dliabfbdxylic
wherein in step (a) the water concentration is

rra@‘ﬁ’f%i n%ﬂm%lfl%tl?%nb}éeﬁt??%nﬁ’% 001 to less than 3% by

, é@%&%ﬁg %aE%HEQBQQeQndE@ﬁeOWQEﬁlEa%@bghﬁoﬁgx1de
the |qU| reaction mediam .3 . process accordlng to

clandswdter thatine2oresdrecei ofia s&*ecplj@) $Y@tmtmcludlng
concentratio ntained at_a r from1%to
f o ia

50% B HeT g b0 o8 e 0%, P {2 rad

Wﬁbgﬂén@étéhﬁhbsﬁwiﬂerEﬂ?&h@ﬁ tedipiaig a o\ PFOEESS
according to anyone of clains 1 to 3, further

coﬂ@@t@lﬁgn@ @@e@tmm}e@iC@bbhr%@$®@u¥%@6@u%%&%o&@@ @ne or
%gréf%@gps £8aCLHQN{M XEULE {95@996 &4 éjggrﬁ)%é&ﬁdtﬂqe

an a rac Ion conprising a art o
caéahysénlaaiﬂlyeayshtngabédtelnelcﬂr aa:mdon conpri si ng

atleast part, of the catal yst ,obtaine n step ) to

st B) (&FMOVENg ANFEGEESE é:@@dru@ﬁaﬁ&%t gllg 0fi8% f(tg‘gl ai ns

1 EevérSlw@@rsaauébg f@PH&é'byntﬁée@oﬁ?ﬁg&@@@rdﬁéﬁetﬁﬁth
steps (1) of bringing the reaction mxture obtained in

st epe(afhybdendarlaynoepatriatpdessidef ramdtii¢i yeaction
st r| gg{lngt QS conj ugat ed but adi ene fromthe reaction

(c) reacting the mixture obtained in step (b) further
with carbon monoxide and water to obtain the dicarboxylic
acid product.

2. A process according to claim 1, wherein in step (a)
the water concentration is maintained at a range of from
0.001 to less than 3% by weight of water, calculated on
the overall weight of the liquid reaction medium.

3. A process according to claims 1 or claim 2, wherein
in step (c) the water concentration is maintained at a
range of from 1% to 50% by weight of water, calculated on
the overall weight of the liquid reaction medium.

4. A process according to anyone of claims 1 to 3,
further comprising a step (d) of separating the
dicarboxylic acid from the reaction mixture obtained in
step (c) to obtain a fraction comprising at least part of

the catalyst, and recycling of the fraction comprising at
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m xture . 6 . A process according to anyone of clains
1to 4, wherein the renoval step (b) conprises

WO 2006084389 t he reversi bl e adducts of the conj ugetBEP2006/050823
di ene and the ethylenically unsaturated acid fromthe
reaction mxture in a distillate operation. 7 . A
process accordin to claim6 , wherein, the rennved

r eVRA ST bPRr addticts® of 3 theY TorffRigatF diertF Shd(dhe

ethydenigpl |y unsaturated acid are subsequently
converted to the conjugated. diene and the
et%yleﬁi@abpysaneapamdned aeianynnehefpﬁéeeméelotoa4

sui t abl e cat al A proce s ace n16
SHnerern B Yahovdy 1 B END AGEHANG (e AL

conipg@Ee@rdhqmegamdetheaethmhemnaahky uasaﬁneated
acid are recycled to step (a) . 9 . A process
acteri hy) t B0 a2 Bt BPSRIAT He Bresere, viHed ei n

etg feé%&ﬁpp deaescghggeetg bugahﬁgng'gegmaeﬂet@eactlon

ni ca nsaturat aC| are renove rom-t
n1m1mtereennved in step (b) inadistillate operatlon

10, A process accordlgg to an% one of cI EB
wh@relﬁ PRECESH; GGSLEATEPene §YP88y8Fe8 PFQﬁl}e var
StERefOInt PNt BRI 1 - sddp Mo Pr O6RSSi FESOF @i h® the
anyone of clains 1 to 12, wherein the conjugated diene

i sSTavess bmeda@ﬁects 19f Phproeetsgatedrdl e tandnyone
un%g%M;SPéaa%§¥ %§@§r§£ dtgglgtP¥+ﬁn{ﬁgl£¥ac 1ontm1xture

e i's enployéd as so
fOintQedpé@§3$§té3opém@tgeess accordlng to anyone of
clalns 1 to 12, wherein the bidentate diphosphin

i gand PoPTOSIGRTA & RRORSPIL PRIRAFT &/ e MPrREFdd. the removed

“hkgoekgggmg 5ag§9£s889t§h@ QbM?u&QEe&faﬁéhé b dgheg
group, an , , R 3 anc 4 eath represent an
orgahymegioaplyhanshSuC@haecaeddt@reheupﬁegph@ths aponerted
th%8“9ﬂeac%35552£¥d°8£282 g£8n%he ethylenically unsaturated
acid in the presence of a suitable catalyst.
8. A process according to claim 6, wherein the removed
reversible adducts of the conjugated diene and the
ethylenically unsaturated acid are recycled to step (a).
9. A process according to any one of claims 6 to 8,
wherein Diels-Adler products of the conjugated diene and
the ethylenically unsaturated acid are removed from the
mixture removed in step (b) in a distillate operation.
10. A process according to any one of claims 1 to 9,
wherein the conjugated diene is recycled from removal
step (b) to step (a).
11. A process according to anyone of claims 1 to 12,
wherein the conjugated diene is 1,3-butadiene.
12. A process according to anyone of claims 1 to 11,

wherein the ethylenically unsaturated acid of step (a) is

employed as solvent for the process.



14. A process according to claim 13, wherein R
represents an aromati c bidentate bridging group that

w0 200801389 t ut ed by one or nore al kyl ene gr oupsPCEHREPR2006/050823
wherein the phosphino groups R,-R 2 P- and -PR R are
bound to the aromatic group or to the al kyl ene group.
15. A process according to clains 13 or 14, wherein
R,.R2_, R 3 and_R4 are_chopsen_ in suc that, th
DS pAPHB GPEAR BRCREEPRCLS. FPSTENE phoSBREnD BPORB
PR3¥re i 4 6: hEroL@sst A€ of th s 1ol ranyongarf of afdmmdid o
15, wherein the steps (a) , (b) and (c) are perforned
comtRPpoRISPYSRA 71 s Aeps Dogss, ancositiaty Tiogany Pnemfesents a
claims 1 to 16, wherein the catal yst systemjs present
i ndava bemunerodnit Hekdyimd ppmp caindiktedon Rhend R
total amount of liquid reaction nmedium. 18. A pr.ocess
acedr i hgPT oSGy ofe DFIHTHT gt 94"k otqla?t, sur?%ner%e%teg to the
CopRbsShagud steR {Erowdh PaIrtdyt Ngr heaslbemraooy) i ¢
acid obtained in step (d) . 19. A process according to
cl Bf m PBPIPGEEHeACEORPRNS kG CRA1Bt égs Bhereyn R

con ) he. di | . ! . . '
SORLELE DG 8 RO L Fadey A8 Sl LR e i
a ghiiast heucedpoundné cophtar® abhkwalémee natoumys, and wherein
co-ol i goner or co-polyne{

the phosphino groups R R2p- and -PR3R% are bound to the

aromatic group or to the alkylene group.

15. A process according to claims 13 or 14, wherein rRl,
R2, R3 and R4 are chosen in such way, that the phosphino
group PR1RZ differs from the phosphino group PR3R4.

16. Process according to anyone of claims 1 to 15,
wherein the steps (a), (b) and (c) are performed
continuously.

17. A process according to any one of claims 1 to 16,
wherein the catalyst system is present in an amount of at
least 20 ppm, calculated on the total amount of liquid
reaction medium.

18. A process according to anyone of claims 1 to 17,
further comprising a step (e) of purifying the
dicarboxylic acid obtained in step (d).

19. A process according to claim 18, further comprising
the steps of

(f) converting the dicarboxylic acid to its dichloride,
and

(g) reacting the dicarboxylic acid dichloride with a
diamine compound to obtain an alternating co-oligomer or

co-polymer.



