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PROCESS FOR THE PREPARATI ON OF A DI CARBOXYLI C ACI D

Field of the invention The present invention provides
W@ 2eo8836 for the preparation of a di carboxyl PCT/&R20d6/050824

by carbonyl ation of a conjugat%q di ene to obtain an

ethyl enically unsaturated acid,” and subsequent

carbonyl ation of the ethylenically unsaturated acid to

obtain_a dicarboxylic acid. Background of the

i nvent PBRCEAP bBAY| BHF ORREBARAT AN @F 2 oR] CARB@EYHI@nksID

are well known in the art. In this specification, the

term carbonylation refers to the reaction of a

comjiwdat ed dihend nweaderiosat al ysis by a transition net al

conplex.in the presence qf carbon nonoxi de and wat er,
as for [fs PETSENFe OV EREd O n PEPVASESg 41 Pocess for the

Ep‘p%e]p@?r%]tqgm U3 A 6003408 d QL4 %9/3 %?ﬁg)loi%@llat ion of a

important feature for the effectiveness o

i ndetiigat est gliensr doesbdginhan evplydpntcaddivt uosaturated

metal, catal ysts resides jin.the.l oss of _catal i th

préﬁﬁé@ 5¥K%ﬁ?%ggﬁﬂgginﬁaﬁﬂ%qﬁ%%iéﬁﬁ Pgs%égn%&égyenlcally

I eGENRI r$iteRs a cird thedtraet iav atiicar ek yaatalkysy.i n

the reaction and recovery steps, which increases

cogckaneound Rfeddad@veatiogcess is di scl osed for the

hydr oc nglq [ of . _2- 3-pe [ id.

adipic%ggi y%ggggoﬁeégﬁg%ggeogng%%agg%Fgﬁnggﬁges are well

pr ésence iof thecatral.ySh haded sprdifiidiathoandibe theei um

and at | east .one iodinated pronoter. The obtained

i YRGB AR F&iE S FeriCeribicc TREICH L e &t Pofoniugated

by -IRRUGHNANE AHIRIG A & § r8WRIGLe0re® a8 BRI in

operation consisting in rénoving vol atile conponents

f r dnet e senaaucd pp rdhiost imonatiicke amdemwateduces for

pressure, followed by .crystallizi t headi pi i

P O Fistuitin g Letednt F3t 8- oroRcl pr 2P 162308,
US-A-6008408 and WO 04/103948. An important feature for

the effectiveness of all industrial scale processes that
employ transition metal catalysts resides in the loss of
catalyst with product or purge streams, which requires
complex recovery steps, and the inactivation of catalyst
in the reaction and recovery steps, which increases
costs.

In US-A-6008408, a process is disclosed for the
hydrocarboxylation of 2- and 3-pentenoic acid to adipic
acid by carbon monoxide and water, in the presence of a
catalyst based on iridium and/or rhodium and at least one
iodinated promoter. The obtained mixture of catalyst,
pentenoic acid, reaction by-products and adipic acid is
subjected to a refining operation consisting in removing
volatile components from this mixture by distillation

under reduced pressure, followed by crystallizing the
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crystallization steps. This conplex process pernts
recovery of up to 80% of the catal yst, which nay be

WO ewyo8eob t 0 t he carbonyl ati on reacti on. AlterPE/ERBDY050824

it is nentioned that the recovered crude rhodi um or
iridiumcatal yst could be enployed in a carbonyl ation

o shosliiha® gagela, SHRSRLSHD.Conciy a0eoeh, UL e

of canlsy addhizeriog atkpsi.t @disekeapileikt prbeesthpermits

desi red adeIC acid, while delivering a | arge nunber
of IEFONEsdults UPALS §OPe§§IFhetﬁét§&VﬁFe H@P&hl§a§np?

Ob&%b@%qeﬁntb'%h%e@a9%55§iatégq Q%gg%lﬁﬁquhgﬁérﬁatlve%y, it
conpl éx purification allowng only a [imted anount

catial yenttionsel m@aavéhedretbeemepeatedecmysﬂahmi@atummdlum

step re.tine.and ener nsum.n u
cuBEAdyRs KEnaR bs By T et S BBE kR aa thne Rt
l'i quizdpuaieever toall-peheduct candipyr ge skkeald in
contain |npur|t|es due to the presence of an iodine
pr &foPeP40Pieef ore, the described process is

consi dghed jynsyl E@H‘ rE%%s@”BeBdHﬁ%rB?Ewﬁgékeof onl

production, in particular I conti nuous operation.
Acachdewghm;ath&m&te@n&eﬂedtﬁh&tgeédrtmhprdebdeeﬁoadapic
process for _the aration_of saturated %lcarboxyllc

acPde % r glnid 9&]& 58 9dPed@TORal U BPREWS tsPipPecducts. As

r €GOVRLy;1and trh%%glllp% akibhescaha y%btatlh%ae% ‘ﬁlﬁ'l@%d
the process suitable for industrial application.

hapumGWVbe@mdf@@@@etm@guﬂmQSabovémpd@ﬁtpﬂmeélpﬁﬁeegs
he Rren; ratl 0

fr%&hgwgo ugateg eng%gan%be &ggfdcé ggylgg?3u%t

peﬁkﬁ&fwgiems Fete Q@beﬁ&b@WbrWﬁt@hlH&KQSohtsteps are time

partl cul ar | Yy suited as a sem - COI’]tI nuous or conti nuous

i ndist g rdy consuming, and require cumbersome handling of
solid crystals soaked with liquid. Moreover, all product
and purge streams contain impurities due to the presence
of an iodine promoter. Therefore, the described process
is considered unsuitable for an industrial scale
production, in particular under continuous operation.

Accordingly, there remained the need to provide for a
process for the preparation of saturated dicarboxylic
acids from a conjugated diene that allows simple recovery
and recycling of the catalyst, thereby making the process
suitable for industrial application.

It has now been found that the above identified
process for the preparation of a saturated diacids
product from a conjugated diene can be very effectively
performed as set out below, which makes it particularly

suited as a semi-continuous or continuous industrial

scale process.
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scal e process. Summary of the invention Accordingly,
the subject invention provides a process for the

w@e@passart on of a di carboxylic acid, conprisi nBCT/RR2006/050824

steps of (a) contacting a conjggated diene with carbon
nonoxi de and water in the presence of a catal yst

syst.amyiaclyding a sayege of palladium a source of an
an phine ligand, to obtain a

m xt ur acconplingilyg aheethplientcahbynuhsat gratédeackdprocess
product ; reacti.n e n1xtur obtained.in ste

(b)
f ukPher N Pﬁeé’é‘lrﬁaﬁog‘oﬁgxiad@l&ﬁﬁ R&¥ér-Ct S0y aFA™ gﬁésmg

dlgﬁgbgkgb@co§0|d in adm xture with the ethylenically
unsaturated acid; (c) separating the dicarboxylic acid
froma ¢CPl’thﬂ<dtJffllq ta at@n porpre &idiigerteher igdt aiayrsttorsymmlde

d f bt ai ned |
120 o8t 5 E0 e e SRR e 1 e T < Sehettin ] ling

r epresentat b onpHf 1 ad phef ef r esh erd sl remntaofort hend a
process according to the invention. Detail ed

de%b@ﬁﬂbw%ﬁ pRosPRinQvERIdEh Appl oRets & dubet Wit t he
h t

'%ﬁﬂ%ﬁ%@%ﬁ %/%@1’? ir%s{g%%ie J{‘r?s&é\{r[bé’gé@ LoD SIERSt ;
carﬂapnyﬁeam*@m@att}aé mxmm otmrtdnmaﬁasmrr exteti clbabydtteer
acid in high purit mhll permtting a sinple . ,
r etbier §2 ?inr[%(&r)}?:%r% t%t%%t%ﬂ’ tawgﬁl? giicarboxylic

| NSt pRCen 1aars byt Adi @nen i @h@'@ik@&’ﬁ&x?@af@l HIH Bfated

di ene, the adipic acid can precipitate or crystallize
sp@@t@neously fromthe reaction m xture

(c) separating the dicarboxylic acid from a liquid
filtrate comprising the catalyst system; and
(d) recycling at least part of the obtained liquid
filtrate to step (a).
Figures

Figure 1 is a schematic representation of a
preferred embodiment of the process according to the
invention.

Detailed description of the invention

Applicants found that the high selectivity achieved
in the carbonylation steps (a) and (b) in the presence of
a palladium carbonylation catalyst yields the desired
dicarboxylic acid in high purity, while permitting a
simple recovery and recycling of the catalyst.

When for instance 1,3-butadiene is employed as
conjugated diene, the adipic acid can precipitate or
crystallize spontaneously from the reaction mixture
obtained in step (b) in crystals of very high purity.
This makes it possible to separate the dicarboxylic acid

in a much more efficient manner than for instance in the
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obtained in step (b) in crystals of very high purity.
This nakes it possible to separate the dicarboxylic

wW@ei0d/08489@ nuch nore efficient nmanner than forPCTEPNEES0824

in theprocess described in US-A-6008408 . The subject
process has the further advantage that the catal yst
sy 0 I y;gt bl he 0
RGP s g 1 B PR o ST IRE S BT et process
rebysledetﬁusthpr(aﬁvahtegesepatathencatalpet system proves
di car ylic acid, wthout the need far co
Cab 0P FEEBIgr gPEpt R aRECRr P RoGEN Sl BRPT P caRipLoved, and
i naghi vaktiraRot satahysttip EB@yE@éQtthsééﬁ §$0¥§£¥r
steps due to exposure to high tenperature, as for
|neeaﬁcetdegcpfbeheudleerhozasegsecadd EPtho0o28ahZ0oneed for
regyv th r box c.acid rodu t b e
SeFaPRiEl KETelURTr PORPYREY T SePRont ik bf BoU gt B i ficant

esﬁaébtlweahbanofsceeemyeed1hntnédeeatelpﬁeaaaerébevery
nore vol atil e nonoor diesters that can be renoved by
di §EEPEafientPr 6iPPRETEatal PsFnstPBRAT RS BesdFi BRH in

EP1 4592 §é79eshglggsplga590a L 5@1@5& PPORESSg4h b0 .

t hat conjugated dienes ave the tendency to
r eMersolbky, fmhe1dhbykboxgukenybldspeodumtthaanye separated
carbox§llc aci d resent in the reaction m xtur

paffi sUFRr faRtef 8aF§P§§F§nb?lFﬁEr€arBBﬂypﬁt?Bﬁerl?lcatlon

Caaelxehul@eeeQQIegde@ EBep&ééﬁkeOBhéoﬂng'98§at&h@5ﬁono—
al kenyl "esters can be forned 1 n substantial anounts.

W phiodtl ewitshfisnghes benbben@emgvadybﬁad@séuﬂéat@heofyom the

it eI|ev at _th of..t he from
thgaggnyugaFegeggene%aﬁg ?% e%?cglpggggzgturated
acid puaduteplsaanoequhblbnbgettepcbceespatalyaedfbynd that

the carbonyl ation catal yst, albeit at a conp aratlveI%
sISwnﬁgﬂéteﬁhélﬁpé§eﬁé§eoF § REYASHFENECCBREERFEREY ORCT™

asawq§hl%SaQth§qre@%b@e ATRUNENOf catBykenieablbYd present
unsat ur at ed aci

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 1s 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 diene concentration, as well
as an increasing amount of ethylenically unsaturated acid
favours the formation of esters. In absence of catalyst,
the equilibrium reaction becomes very slow, hence
effectively freezing the eqguilibrium.

Since the alkenyl esters can be reverted into the

conjugated diene and the ethylenically unsaturated acid,
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favours the formation of esters. In absence of
catal yst, the equilibriumreaction becones very sl ow,

wheweesesdd ecti vely freezing the equilibrium SPCEP100€050824

al kenyl esters can be revertedsginto the conjugated
di ene and the ethylenically unsat ur at ed acid,they are

refgLred Lo, 8., tayer st ble gleng, agduchso Lo gughous
t he P esent Specl |ca ese rever si e I ene
addhebst hmﬁtetheupﬁebenbespéﬂﬁfkabtyoﬁtabhESén“abSéﬁSEble

of the carbonylation catalyst. In the case of 1 _
, 39BGNEdPERECAS " c YR GgaPBRIdFBnBS FRBATKRDEYsPhRRLE 1in

di §BE-AdAUBES} nar 2bubaYYLresheEs ql ygar boxyl i ¢ aci ds
present in the reaction m xture, in particular butenyl

est er sIof the, c3seand 17BpEntedmﬁnea@sdcoamdgatadudesne, the
t here t he.case 3- but adi conj ugat.ed

i SHEVCERADLE! FETRy FORPEEETy SR AP aY baeSErhE BF
desgkbbey12c peRHengiresaatdin3thpenteneienapidtand, 4in
pentenoi c _acid, and_m xtures thereof. In step (a)

t hearaicoley/ Pytenvdi efécafdofatar Pn BRE foeBeRAANOiC

va et n sujt y S kn-the
R bS50 oL S L Eogkryl Ao gpione
addist conjofjanatietienest epe( aprimoethgleedctilon nedatinrated

in order to p OVIge a higher concentration of this

r eaCtanflesghdPREnce PENILRBPESsECLHe eaE?PBﬁnPéFeaﬁég and

the OBEQ%bh%l%fE%QH bng- m3Rtipreseaperabrt he water
concentration resulfed in a strongly decreased

reacti dn saee. (B@mceheltaappeaVéVﬁhaf thenpobadi vgteft in

th ction_m xture nfluence acti n_spee .
e REroaal S TSr PEPEBa S Re FAUBLPetnty Suagphy Lies

ap@ha&hQEQbu@e Bﬁenebooeolptaferabby,Hbﬂe&b@p fa) was found

| ess than 5% by wei ght of water is present in the. ,

r e&&edr 29¢dt inpr €fphéterapry StrEs$at haR SYFbyererdrp medium

of ;Walele Y@l MRS ide a higher concentration of this
reactant, and hence to increase the reaction rate had the
opposite effect, i.e. an increase of the water
concentration resulted in a strongly decreased reaction
rate. Hence, it appears that the polarity of the reaction
mixture influences the reaction speed, i.e. the reaction
of step (a) is favoured by a more apolar medium.
Therefore, preferably, in step (a), less than 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) is
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
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preferably, less than 1% by wei ght of water, again
nore preferably less than 0.15% by wei ght of water,

w@naensspo preferably | ess than 0.001% by wei gheCDEP2006/050824

water (ww) is present in the geactor, calcul ated on
the total weight of reactants. Agai n nore preferably,

nese UL GERCPROLALLONS L G EoRLDNSUSLYPISEORL, e

I'n par “the 'read

sedEtbam¢hedrag engtsnuouslprmeeESd Therwahetance by a
concentrati on may be determ ned by any suitable
nmetRéd FRSFPPRstah&athya Karl - Fischer-tit rat ion.

The DobﬁélbﬁlgElkbeoEeéﬁé'QQaBEKEHrﬁlﬁﬁMrEUﬁE € Egher be
i nfluenced by the sel ection of reaction nediu T

ynﬁéuaoheévéa toe saéeanaenbyfaddattmnnomedmuapoﬁhns may
vent ound at if

. g. | e, |
f Bl trblaesh Ear et srREhaRy aRATAF ROReST SPnEBOLAE Solvent

an@uat eblubese apolkak eeppoYRdadWARabi ghetnkngtBge feed
reacti on nediumat a constant |evel of conjugated

duéﬁ@taﬂﬁ@do@ékﬁnpSnéaﬁuﬁﬂhﬁgesessbaparthanamph@t of these
%gbégg caHAo 'gﬁdgr%%geﬂﬁghéésﬁﬁrth$h§e58@95hoﬁ &@E% at a
owar G by an

s the e redction can be Increéase
| ncoeasenitn leeadt of tenpeyatededithes bbeeveerwds medium

found to redﬁce the catalyst lifetine.

gu t he
oMy Ban PO oFenfron en erah ol CairhLYr BROFPaRed faster.

”Ed'U”TW%'EeQ%thBﬁr%§§bnnga98§|%B@deﬁﬁ B?etHanéQ@Eﬁgn can
di ene towards the end of the reaction. It was observed

i nba bapcﬁasedcbwonnthapreheec@nceﬁasapronempetheure, this

CORLYRTASS, 0-ene, A0 Yoot PLovkx apegnghed g gL

concenbiatingnth¥W theybnyishiBg teabeibaunf keepnYa), the
particular theory, it is believed that this is due {o
t hé eprédenc 86t UFeverdi Bee 1areResandlyt SSPRREER 6AI jhe

sl QWY el dRaGK towards the end of the reaction. It was
observed in a batch reaction that the concentration of
the conjugated diene only very slowly approached a
minimum concentration, while not falling below this
minimum concentration.

Without wishing to be bound to any particular theory,
it is believed that this is due to the presence of
reversible diene adducts, which only slowly revert back
to the conjugated diene and the acid to which they stand
in equilibrium, even under catalysis by the palladium
carbonylation catalyst. Accordingly, the overall reaction
rate becomes increasingly dependent on speed of the
reversion of the reversible esters to conjugated diene.

In order to avoid arriving at a low concentration of
conjugated diene, step (a) of the present process is
preferably not allowed to proceed to full conversion of

the conjugated diene and its reversible adducts, but only
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to the conjugated diene and the acid to which they
stand in equilibrium even under catalysis by the

wp@adobaglisemm car bonyl ati on catal yst. Accordi ngl yPCT/BR2006/050824

overall reaction rate beconmes pncreasingly dependent
on speed of the reversion of the reversible esters to

. . ord : g .
Conbelh 2o, SR sk DIRATEALE, D' pATAYLRoGBh, kot
preésent pndcesseirsipief eddhtysnatreaplefiedabdypreneedd from

to full conversion of the conjugated diene and its
reGBFsFSP&té88u8ﬁ§Fu68tthPﬁt%OpaPFiﬁPr&BﬂvéF%Poﬁ?>-

Then apy EEEHEBEng§08h89é5§g0§%§9€iéﬂdoEeY?B$EQ£§diene,
adducts are preferably renoved Tromthe reaction

m gtepe (pri o pocferablyi agloved tb)procaedhtocabé of
the carbonyl ation of 1 - but adi ege, st a) Is
or SPET5B R o PeSRd Ps BPdzsen Tt o Sebe Br dRsREArkigRr ted

bagedsos nblles of 1,33vhukadeasereanveetegloyer pusferably,
mol es of 1 ,3-butadiene fed. Yet nore preferably, step
(apte® d4R)owEdatdoprecEadPrecssd 69 BenvefsFreRveagarh,

no e b of .coenversi i N.ND .
o epalhn el Bher B or ocanser i oo AR Par adain more
nopecfeetelgblkyept €p 6ap b$ abhowedito, pandegdtt agbfo more

of conversion. Agai,n nore preferably, the reacti [
CoRGGEEEADIN SGEN WY, Lehat 1PN CoRVEFSFoRIoFO1600 OF

, 3zhutadisene . RgatiePmbak bsekBrhBey! ange eEabe@pn39sto
60% based on nmoles of 1 , 3-butadi ene converted versus

nmokesdufted 3npgtighi way, f 6HatAcBer aPRgersianppéf erred
enmbodi pent. _of the_pr nt _process, .the Lugat
o IER 2 bab e SEEL 85000, k- SEBELR! gy, 0 o

reversi are’re rom
t hgoeeashised BRdmuMesbbd@i ned-baotatepnéaropireotetiovetens
(b) to avaid the sl ow ng down of the reaction rate
wh8R 1&Shiedh leonbeirefdR Fs f5Fpr oached. Thereby, carbon

nonoxi gdeco¢eRhydated fdi-ereraBd ERBodiment of the present

process, the conjugated diene and reversible diene
adducts are removed from the reaction medium obtained in
step (a) prior to step (b) to avoid the slowing down of
the reaction rate when a high conversion is approached.
Thereby, carbon monoxide, conjugated diene and the
reversible ester products are removed from the reactor,
while at least part of the ethylenically unsaturated acid
product and the catalyst system remain in the reactor.
This may preferably be done by removal of the reversible
diene adducts from the reaction mixture by an in-situ
conversion, and simultaneous removal of the conjugated
diene. The in-situ conversion may preferably be performed
in the following manner: provided the conjugated diene is
gaseous or has a low boiling point at ambient pressure,
as for instance the case of 1,3-butadiene, the reaction

mixture obtained in step (a) is brought near to
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reversi bl e ester products are renoved fromthe
reactor, while at |east part of the ethylenically

wae®ansusat ed aci d product and the catal yst SysSPENEP2006/050824

remain in the reactor. This may preferably be done by
renmoval of the reversible diene adducts fron1the

eagllon, MLXLULe by, a0 T 0o 81 Lu COPYET 81,0040 800 putadiene
S|ﬁuw?3%e%us rBnovaltof the conjuga?ed SRS %h%

I Nisi kUreppuear srom Ry pé&éﬁi@b|M1b€uﬂ@ru@d@3dal@aéhelow,
foll owi ng manner: provided the conjugated diene is
gaBEBHS TP Kad aaPo§ﬁ%U|FP%@rb%%%€ SR TRphj Bppoxide. The

Pr e3sHEE, p?évﬂ@és'Qé&§998n55958§§§19€y1to3tﬁétégtgﬂfst In

the reaction mxture obtained in step (a) 1s brough
neahlsoaaynspherreVpresbbeedland atduct hearenfogateddto

b di f h ' ] d
o GRS FFohrClr aPLPably RORALORFEd, Gonari Mg RS bon

nmogexi,denithe1latheatpravidescadsi inpal cshabhhtt Yehdval of
the catalyst. In this way, the reversible diene

adabet§oaﬂéqﬁ§¢dedl@aer@véhttbacﬁaﬁn@brthﬁlﬁgnfnga@@dWlll
di gne a ﬁ?%#?pﬁcééerggsgévéééfgnac%ﬁ% ?%Qggus
re Va

congygn e conjugat ed di ene
stet@@ppgngteeaahmnbbtaﬁmedthempqushn@rcuﬂbbnmmbdsx1de and
reversion. The gaseous stripping stream obtaine
coﬁﬁPﬂ§9ﬁ§e@a?b@ﬁenﬁﬁ%xFH%maﬁavéﬁﬁfﬂﬁﬁF%HYdp%néeﬁﬁ§ned to
thggegdyg@tageously be returned to step (a)

Alternatively, the reversible diene adducts may be
renovedlfeomatheetgacthenravgraielé ndaede safdlhiat fvmay be
operatio bt ai ned_ester m xtur sual ly

P EEREUR: £EPRg FEBnE S aehgP B ERF P ahBar Fr B EFBve
andpeeaetban byeprefldets, obsathen estbermdkteet| yusually
recgcled to step (a) , or may be converted in a

seB ﬁatéoa@ﬁvéﬁ§goﬁ0§?esthﬁlﬁﬁécsﬂégeHEéaéﬁratga|Pa%ﬂeand
X%E ga?? EQBSuE@@ gggjﬂgghegigh@96d§9chm9 recycled to

enlcal nsat uraf ed” aci
step (a), or may be converted in a separate conversion

step in the presence of a suitable catalyst back into the
conjugated diene and the ethylenically unsaturated acid.
At this point in the process, any undesired side-products
may advantageously be removed as well. For this
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 may be
applied, such as heterogeneous or homogeneous palladium
catalysts. An example of a suitable palladium catalyst is
the catalyst system as described for steps (a) and (b).

The reversible diene adducts usually have a boiling
range below that of the unsaturated acid product.

If 1,3-butadiene is the conjugated diene, the

distillative removal is preferably performed at a bottom
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At this point in the process, any undesired
si de-products nmay advant ageously be renoved as well.

WO-2006084830 conver si on, the reversi bl e di ene addecT/BEPRNE 050824

contacted with a suitable catabyst before recycling
t he obt ai ned conjugated di ene and the unsaturated acid

back t rocess, cataly # Ie for .the
coﬁ@e %%%Euﬁg l%eran Ti® gf ggﬁ%h§§s§ g?ogen%%%sao?ressure

hoseBgERERAUS paIBadkaaw¢aOatysBeo Maexpnpée mbra@ preferably
sui tabl e Qalladlun1cataly is the catal yst system as,_
dedErpbRATEBM SEBPSTEAYTANE" (BFRICTRE FEOBrePble y3eneC and

adQ“?EésHﬁg@|E¥ payg 2 BoilLipg {ag eaﬁ%'ﬁ&éﬁhéi?ﬁéréﬂfy, at

unsat urated acid product. Tf 1 ,3- iene i
coaj bgated deaperatheedustthbaramgereﬁnﬁabml$OO to 110 °C

mefra erforned, at bthne ratuce, ingr
ShPontrd BEET8GTE aRatBepPebdl: SE0FEPhom 100D B8dkpa

(1ﬁltaoaga fhak) pr&@kuﬂ@éeaﬁﬁef@m9gkat@£e§ bt Aot

tenmperature in range of from90 to 130 OC and a

pressticads Prearrrsstefi1sbrpsy, ZﬁnHPﬁD§hOB¥@f@?a®V9lded due

at g oLt QuLLeuparatute, Lo Lhe,tpoge ofEhoRLA00:LEy e iy

a pressuare’in range o
kPaataAbEhOdgbrhheseOp;easuneSpaedsneapebaluwe$ BP& will
not critical, pressures of above 20 kPa should

avéﬁaéérﬁuépﬁélfﬁé ﬁﬂ@ﬁpW@ﬁﬁergbﬁré§mP%ﬁhlPﬁddlﬁﬁiéﬁatlon

WHXSVE%QEtchpQ@kakxéh degr adati o0, c¥ALLesPERSSHLESthe
below 1 kPa will require specific equipnent. The

reuavabnbﬂadusnlbaaaﬂgﬁtlsfnstepcéablwxlﬂhhﬁ thed more
% conversion, but the carbonyl ation catal yst of
stgg ESFIWEIY ‘be used nore effectively. The subj ect

procesghpeklblsctopkeactsapeenf tgat edrédheneawtbhjugated
carbon nonoxi de and water. The conjugated diene

r eBéEaRt vhad aBrbeasionogARBoANdt BRI Pr éhgr aBNjugpEed
di gnghas frem4 +,952Q.and apre prebenablynbr oBv4sbeapiy

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 the
conjugated diene is a non-substituted diene. Examples of
useful conjugated dienes are 1,3-butadiene, conjugated
pentadienes, conjugated hexadienes, cyclopentadiene and
cyclohexadiene, all of which may be substituted. Of
particular commercial interest are 1,3-butadiene and
2-methyl-1, 3-butadiene (isoprene).

In step (b), the mixture obtained in step (a) 1is
pressurized again with carbon monoxide, and additional

water is added as reactant for the carbonylation of the
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14 carbon atons. However, in a different preferred
enbodi nent, the process may al so be applied to

worioeosdses t hat contain conjugated doubl e bondBCTHEPI061050824

their nolecular structure, forgnstance within the
chain of a polynmer such as a synthetic rubber. The

i d d b b d
ORhEEBLER S SR BB PP R SFn Sheen 1 (3] ohg Panerted

nOﬂoSHbaﬁb&ﬁbeﬁydhCn§c1&xaﬂ@éﬁsa@ﬁ1U§©ﬁUbe@@rbgﬂtﬁﬂnox1de
di enes are 1 , 3-butadi ene, conjugated pentadi enes,
coﬁPQgH?é@rhexadlenes cycl opent adi ene and

CYC|°h§F395§”?ou§&| ﬁSt“Pﬁ&hr§§¥tPSns&PS% hé UESfne &F

particular conmercial Interest are ut adi ene and
2- HEhpybnhpa$lpuUadBEDeatedopaeheyylltnast@pt@ba dlahed

m xture qbt ned in ste a) | s essurijz a|n
CoPbtrcRdnoataeT Miathanrt babd DECERYI eofanaRrL e

r epebath ﬁgr1hbee§§éaonytatk@@p@&ttb@uaﬁapumayedTﬁétafore
product fornmed in step (a) is converted to a

du@éﬁﬁ@%ybﬂy,aéha Water agdrenbrabiogatbbaugbpeki deep (b)

and -V Sher! Louasahound Lhat Lhe £ackion glyble, cne

f of ite | 8Ri cal' y unsatura rboxy Ic a
di pekdeprocagdatabnaneincesasedar ptecebst hrepolbarihy
of the nedlun1|s i ncreased with respect to ste

a) . ..
Th&F&PorR) pFBfelabry, CPﬂéeﬁéF@FlEBnéﬁanﬁtF%ﬁcglgn)medlum

th&eanQHEagh@e (Brnis bhgheLnge ceMpabRdrLo3Steps6a)
. Accordingly, the present invention relates to a

pr pcessrakéryeifmomn4step30Bb) mheematefecahtenframl6ntbn25%,

t he reaction di u s _main n e

1 G Bo e BBogt Spver SPABI Y FPoaP b SovbaBReoE Ehe
praﬁ@ﬁaﬁlbff&a€15ota125%@uaadraagtleﬁeﬁ@aabhy @f@ﬂbéably,
to 10% (ww) , based on the amount of the total liquid

r eagePorbiredBuRe rPPENEAaBFy SeBiepatbl PE per FoRFREUAYS
SeEEbQ%%%h g%daﬁoggnk%ggggﬁbly, all of steps (a), (b), (<)

and (d) are performed continuously.

In the case of the carbonylation of 1,3-butadiene,
step (b) results in adipic acid product and in high
purity. Adipic acid is a highly crystalline solid at
ambient conditions. In the case that the process is
conducted in pentenoic acid as solvent, adipic acid may
begin to crystallize from the reaction mixture from a
certain concentration and temperature onwards. If
spontaneous crystallizatidn in the reactor for step (b)
is not desired, preferably step (b) is also only allowed
to proceed until the liquid reaction medium comprises a
saturated solution of adipic acid and/or any by-products
at the reaction temperature in the liquid reaction
medium.

Suitable sources of palladium for steps (a) and (b)

include palladium metal and complexes and compounds
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process, and nore preferably, all of steps (a) , (b) ,
(c) and (d) are perforned continuously. In the case of

wao beeosusbonyl ati on of 1 , 3-butadi ene, step (b)PCEEPIINE&050824

in adipic acid product and in{high purity. Adipic acid
is a highly crystalline solid at anbi ent conditions.

he case that the,prqcess is,_condu tedl entenoif
aC| ©5§°50PVE t?saaﬁﬁﬁé éEstﬂz§sbeﬁ? i??g?%IF?QE exes,
fr@ngthaitﬁa@hkbannh&hbk@dér@Hwacéﬁylaaae@@ﬂgegtr@kiOn
and tenperature onwards. |If spontaneous.
cr?éﬂéﬁﬁﬂ?@tF@ﬁbﬂﬁeﬂhﬁlFBaéféPliérm§Féﬁl?b)SP§hn@§ an ion

deék&ﬁg erféga réks agﬁg i g glsp 8Pn¥a9i£8fﬁﬁ ggd a

procee unt| |qU| ction medruni conprises
satarhbeglsolatudnlefuaddplsuatadlynd/oarhnyyllc ac1d with

roducts at. the reaction erature Ln the |i
Bt Pin hadR bR car O26r oS85l Beeoat thaPf nar ot Forcid,

StEQ%pﬁ@hl@ngcﬂQ)ahHCbHQEnB§E|§QhHW]HEt§El@Qdof substituted
conpl exes and conpoundst her eof such as pal I adi um

saFesboandipakradsunfcaplegestaklyg. sahirhecasbpalladium
ng'de QL gcetyl acetonate, or palladi um conbi ned
“faterial such as an ion exchange resin.

PTEferAbbeldeﬁahteOﬁlpabbpﬂhﬂ€1ﬁéﬁuﬁtﬂﬁ@bﬂﬂythé a6tr®ation
is used, suitably a carboxylic acid with up to
capﬁoﬁnaﬁéﬁévesGéﬁb8§Y§§Fﬁ§noFaéééVPE ﬁéFH pﬁ?éﬁﬁmecmaY be

aci, eang b@h@ngusjaekd rBEeéglter%e§HB§§'thS?de tate

car boxyl'i c aci A very suitable source is palladium

(lahpa@@ba&ae Anyabiudemt abemdi Rha3pAPnR-PRSARt E BYehPloyed,
ormation of "an active carbonylation catalyst with

palhaghdehmaygpaduSedeprieshitsubj évapepEessganic bridging

Preferably, a |deatat§ dlpho§ph|ne | igand of fornul a
RMIPUR, PR3R4R "8 Bipl Byedndi R wRRER FPHARESRE an organic

regrespntsad QEV%bﬁﬁECQEQa@thQE'Bﬁbgﬁhorus atom through a
tertiary carbon atom due to the higher activity found
with such catalysts in both reaction steps. Yet more
preferably, R represents an aromatic bidentate bridging
group that is substituted by one or more alkylene groups,
and wherein the phosphino groups RIRZ2P- and -PR3R? are
bound to the aromatic group or to the alkylene group due

to the observed high stability of these ligands. Most
preferably R1, RZ, R3 and R4 are chosen in such way, that
the phosphino group PRIRZ differs from the phosphino

group PR3R4. A very suitable ligand is 1,2-bis(di-tert-
butylphosphinomethyl)benzene. The ratio of moles of a
bidentate diphosphine per mole atom of palladium
preferably ranges from 0.5 to 50, more preferably from
0.8 to 10, yet more preferably from 0.9 to 5, yet more
preferably in the range of 0.95 to 3, again more
preferably in the range of 1 to 3, and yet most
preferably it is in the range of from 1 to 2. In the
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group, and R, R, R 3 and R each represent an organic
group that is connected to the phosphorus atomthrough

W@2310e/084890 y car bon atom due to the higher actiRCT/EP2006/050824

found with such catalysts in hogth reaction steps. Yet
nore preferably, R represents an aromatic bidentate

rid roup o] .
alﬁy?éggcgrgﬁpg£ Rd’ mﬁe¥€§{i§ %%osp no %?%E%%l???$rlc
p- a@odnt E’R8R4ladj&nbotmdphbl&chi?urar apatbengf bapadr to
t he al kyl ene %égug due to the observed high stability

of thekke|Fg4 M3tiprefRiabriARly 1R an RElAnd®e

ar n,s h he
o e e s

subtbbl es| cghadyss ¢ompohest as well as solvent for the

di-terth hosph h Th 0 of
ror88E5HOH LPHARE At 8" 8 BROLPHTREY pe ol 6. Brnypr Shions 1o

pahhaﬂtuawnéeﬁﬁgaBIyKaaag@Sefzoo1@méaé@ré@ ifAD&Gueous
preferably fromO_.8 to 10, get nore preferably from

0. soigtson ?étlﬁnrﬁ pr @Rdr ¥8F yuphe t RECFaryRl vfan. 85ido

yer=RRB arBrE, BRPLEI £70L PR, RE-VAREE Grefebdblvia™Pa of

hbovbeereseﬂgampﬂeexygepreSérghﬁIychdghfﬁclhé@ carboxylic
stoichionetric anmounts of |igand to galladl m are

beRELFiEr aPuClBosBGPE6CoRCAFT OHEOP eRuF Bt yof soahyric acid,

acbgntaaagcpéeiara bMt@nsgebQéyhlgn@Chgnambi@haCld the
preferably serves both as catalyst conponent as well

aslsokeenthter bhéngehévhon. pAgaEnradr espteeerabpy, polarity

Do RHIER SRSl BaoBooE G- BYL 1B PUEERRLE 2o cne

moeetpLeker abkyean aei dihavhagoa pKpeabeneid. Bciands
yet nore preferably a pKa of above 3.6. Exangles of .
pr BREEAEH L aEldsPrREPHIBICARDERYFI ENEcFER) UsfERad1iene 1s

aCﬁtBcbaebeleﬂeopbeekerasug tHet¥eset§ehghspeeaaaeted in

aci d, pentenol ¢ acid and nonanoic acid
2-, 3- and/or 4-pentenoic acid, since this was found to

not only form a highly active catalyst system, but also
to be a good solvent for all reaction components.
The molar ratio of the source of anions, and

palladium is not critical. However, it suitably is
between 2:1 and 102:1 and more preferably between 107:1
and 10:1, yet more preferably between 106:1 and 102:1,

and most preferably between 10°2:1 and 102:1 due to the
enhanced activity of the catalyst system. Very
conveniently the acid corresponding to the desired
product of the reaction can be used as the source of
anions in the catalyst. The process may optionally be
carried out in the presence of an additional solvent,
however preferably the intermediate acid product serves

both as source of anions and as reaction solvent. Usually

amounts in the range of 10-8 to 1071, preferably in the
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| atter three being highly preferred as their |ow
polarity and high pKa was found to increase the

w0 e@es48pd y of the catal yst system 2-, 3- andPOI/EP2006/050824

4-pentenoic acid is particulanly -preferred in case the
conjugated diene is 1, 3- butadiene . Preferably the
reaction is coyducted én 2-, 3- and/or 4-pentenoic

acFa9%i ftelthi t%ﬂ%ofodﬁﬂl?oah%m dhIFAF A M A Rghigole of
acthy u§§E§By§£e§¥s£§@]u§@& aé_@féPa@Fyaiﬁo@@eS§%N§@tof

for a reacti on conponents. The nolar ratio of th

soy@té 0b amrbn@olénﬂt@@l¢@ﬂl@@1¢30ﬂo¢o@jmga@@a.dlene. If
However, it suitably is between 2:1 and 10 :1 and nore
preher abPynbephieeatabyst andchesan yeta nbeechriebpunty pem,

be&&fggiéggﬁ oﬁnghéC£ ta?nﬁmggﬁﬁ Qfeif&@Péy¥Q%%gf§§ ﬂéﬁlum,

1 an due to the enhanced activity o
cataliystesystens, Venypeohvenient Dyet hreAded reactions of
corres ondlng tg t he desjred product of the reaction
cahnBeCaEaHoAEFhe  SBEr CRSOPMANTORS PROTHASRt alysthne case
Thgepl0gepst ABY APt | Al kyabepeaanted o8iméd iM€lude 4-
presence of an addi ti onal sol vent, however preferably

themnmﬂeﬁneaDEEéeaeudfprbbactrgé@Végdbb@haasvgﬁurb@l@@ the

angaisr 26 Tab1br o Bl AN me B YT LR 2roptl®

t oc}@13naRkacatanbokypat! adiam pertheterefecoajiugat #d ECCA,
di ene are used, preferably in the range of 10 to 10~
mokBighoispehenareust egniuéa?éﬁa@F%ﬁ% apg ZRReRRBLALC

of ca §|¥§E E%rﬁQQ§SH ?Eaﬁctﬁv§g ?%b@ﬁ&gg PPMbentenoic acid

calculated on't tota mount of [iquid reaction
nmedilem ssirdesr eastilgasf .i hpar about a2 0 DpphsoAl et ladium

reactions of the conjugated.diene econe more o
BeRone e prrererote el CHcthhEs HPEREE [Ritp to 3% by
si geigheduet sotannpdobnetydeoAnayl rsychebexeseor the

(further referred to as VCH, being the adduct of two 1
. 3CBGRAUPENEOREPBELPESPD AAJ280ePRY| 15 expected to result

in a reduction of to 0.3% by weight of ECCA, and an
increase of the catalyst concentration to 1000 ppm is
expected to resulting a reduction to 0,06% by weight.
Accordingly, in steps (a) and (b), the carbonylation is
preferably performed in the presence of at least 20 ppm
of catalyst, more preferably in the presence of 100 ppm
of catalyst, and most preferably in the presence of at
least 500 ppm. Although this requires a larger amount of
palladium to be employed, the catalyst may advantageously
be recycled to the reaction of either step (a) or (b).

Examples of suitable catalyst systems for steps (a)
and (b) as described above are those disclosed in
EP-A-1282629, EP-A-1163202, W02004/103948 and/or
Wo2004/103942.

The carbonylation reaction according to the present

invention in steps (a) and (b) is carried out at moderate
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cycl ohexene carboxylic acid, further referred to as

ECCA, which is the adduct of 1 ,3-butadi ene and
wQ2@ensssodi c acid. The formati on of ECCA i s faROUERIH06/650824

pentenoic acid al so serves a sal vent. \Wen about 20

ppn1of pal I adi um cat al yst were enpl oyed, ECCA was

forne t on, fota products f or ned.

i o b
LR L eiPed Cand B LR A0 S O o P G (T

[ st@mp@ﬁaedré@ sesulh ‘thﬂe arasre@lelcdsf o230 toc 0. z&%@y
ight of ECCA, and an increase of the cataly
co%%ﬁ%%wbnl@ o190 PP 5 e%pelt et oYEF"es‘Eﬂ”E? myreferably

?HC{%Q %HgQ ﬁ@@%pg weh ghtg Ascordingly, in steps

e car onylatlon Is preferably
perforﬁnd reatheopresesserof iatuswakly 20c pprasf atmospheric

cat al m th f 100
RS THE B S s A e i PRSI
le@§tM§QO ppay Ak heygh, tﬁtéféﬁawlyeﬁnatm@rgﬁmg@n@ﬂn@ 5 to

galladlun1to be enployed the catal yst na¥
adw nYBgedbsty %éorh@yt}e@9@bnt%@r$e@€@f%ﬁa% Yeifhelpe range

t b
SLEPhed, 2 L0 bk asosto (gblescalbugtions ove of

th@ﬁ&ndanleqedpmGnEP-@aiﬁBﬁGﬁQmoEfdé&ﬂdﬁ@ﬂ@E pressures in
WO2004/ 103948 and/ or VIEOO4/10394§ The carbon¥ tion
rebBEi 5ANEBCcBFdingCt 8 YR8 pfBsknt P At i dhei %? gpged, the

(ahgggg Cbh bsofaSrt8d90MPaaEeﬂRgeﬁ@EStSP@?&@%@aesAéﬁﬁn
pressures. UIta [ e reaction tenperatures are in the
rahgeghet Dr256uf€s, ragnerer epecadl yegniphent apyevosions,

et nor referahly ipn_the range of from
s02 1000060 thRerPaaEiPhnvarEdulie e trt Ee 4= ot v 4T, ound
at ppspheriespr egadkewi i tabbenphessuies preskaréhe
range of 0.1 to 25 MPa (1 to 250 bar), preferably in

the rahfetbe Ergcﬁéslﬁcﬁpﬁd{Bgt6015@6b@F?Se%ba%%Vﬁ%Féon'
prgﬁgrégkﬁohnmEHSXEQQQSan be used in its pure form or

diluted with an inert gas such as nitrogen, carbon
dioxide or noble gases such as argon, or co-reactant
gases such as ammonia.

Process steps (a) to (d) are preferably performed in
a continuous operation. Steps (a) and (b) of the subject
process are suitably performed in a single reactor
suitable for gas-liquid reactions, or a cascade thereof,
such as constant flow stirred tank reactor, or a bubble
column type reactor, as for instance described in “Bubble
Column Reactors” by Wolf-Dieter Deckwer, Wiley, 1992. A
bubble column reactor is a mass transfer and reaction
device in which in one or more gases are brought into
contact and react with the liquid phase itself or with a
components dissolved or suspended therein. Preferably, a
reactor with forced circulation is employed, which are

generally termed “ejector reactors”, or if the reaction



10

15

20

25

30

of 0,5to0 9,5 MPa (5 to 95 bar) since this allows use
of standard equi pnent. Carbon nonoxi de partia

wWpe@sosuses in the range of 1 to 9 MPa (10 to 9BCTEPY006/050824

are preferred, the upper ranggsof 5 to 9 MPa being
nmore preferred. Again higher pressures require special
e ment . rOVISI n al t.hough t.he react u be
g% u%lh \Mﬁgfouﬁ¥?o e T T'st %zé ero Wi #éb
Café)@@tdsrﬂgvom si@ckpr@js&tm:@r ztéacttherqorms&mcnmmbm@e t o
the present invention, the carbon nDnOX|de can be us

i e $Gr Pord Forv o~ 2t PN IR R T et €9 b s"UH‘F%semploy
ni £rpg uldcg%@ogf di pxi e %&’Id nobl & pASEs-SUR &5 Af0hs of

or co-reactant gases such as anmmoni a. Process steps

(agas odisyrapet poef@ndbtyrpetdoremed in a conti nuous

oper ati on e (b) of the s ec roce

are suTki‘%\b‘Flﬁ/C?)’gtP?%Ya#eﬂ ?‘ﬁlcg Whdre JI’SeC:%JlJIC)‘{to?CE ﬁ‘f?nébtr

f orcQas1 bh Ol Qi ACHY ONSr i Ohis amEASEREE. t hes eofabBYchthe

as constant flow stirred tank reactor, or a bubble
coliparbgpelieagtod, lasisoraiedt bhree e cFE AR ¢ mixture
" ubbl 0 e

Wy E1505T A BLBBr e Sof Him FBaitor | 15 faag ton miture

tr@ﬂéfQépaﬁthEﬁbeOﬂhdediC&rb@xyhlchamndoney@tahﬂrérom the
gases are brought into, contact and, react with t gﬁ
Je8shr 1

|.aamalbhager?9§%F@nomlmxvﬁe C%%h%b%é%?st%?s%%F
Suﬁggngggnt?Sﬁﬁanthg{eéﬁéa§£¥ar@o£§§9&Oéc%ﬁt@r§§€§§§ can be
circulation 1s enployed, which are generally terned
"epbcamnedeaotarbighopurityhenrgatY|@nﬁ@@|GHY$§alllzatlon
recycled to the reactor

reac
ej 8EEBP/ rB3ELBPst r%nfgff?ﬁé c%eégggr %ed%’l%)e sepitEhion
USpA- 459B983aand &Pof- &ﬁ8683&@1ywhl shdeanteycaedi qui d

jet of the liquid reaction nmediumas a neans of gas

di sthiberiealanduerredratFenac¥ielarears8kgife acid
may beIhSthtﬁgoEEQg]Bégording to the present invention,

the carbon monoxide can be used in its pure form or
diluted with an inert gas such as nitrogen, carbon
dioxide or noble gases such as argon, or co-reactant
gases such as ammonia. Alternatively, the carbon monoxide
can be used diluted with hydrogen and/or carbon dioxide,
as for instance in synthesis gas.

The mixture obtained in step (b) 1is subjected to
separation in step (c). Any separation method suitable to
separate the dicarboxylic acid from a liquid stream
comprising the unsaturated acid and catalyst may be
employed.

Preferably, the mixture is cooled, more preferably
slowly cooled to ambient temperature to allow formation
of seed crystals. Any known crystallization technique may
be employed, although the purity of the adipic acid and

the nature of the side products formed usually allow
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reaction m xture by various neasures. Preferably, the
di carboxylic acid is isolated fromthe reaction

wWOorRoob08489by crystal lization of the diacid in tPEI/EP2006/050824

reaction mxture and separatiqgg of the dicarboxylic
acid crystals fromthe renalnlng reaction m xture
contalg % t he cat al t has been fo

7

h dt
PRt S PRt G VB a U el e S e OB ey [ Eay be

pupétyoirfle@niy & f@&b@éysiﬁé&iﬂﬁ&épﬁySé&dﬁhe&m$éﬁg it
an efficient method for the separation of the product
frepyshel tafal o, ahelr uhreerted 2tHyleffdaldyk reactor with

U”§§£&£§£Edo§0%9té95§1“@96?1& In the process

according t e present invention, the carbon
nonoxi sheb saquéiet Ugedtha olbisa puscd dloy:mm‘_rs thtelt eshatdted

an_inert gas such as nitrogen, . carbon di oxi de or noble
gagﬁgmsﬂcﬁlgglﬂrﬁBﬁea%r %%g¥%%%?%nY hgaseeasyented acid and

amapph 8y s Al teRNAtLYEl e 8BS CR ?bQHy”@QP%éQEeC@@o@@
used d|Yuted wi th hydrogen and/ or carbon di oxide, as
f oscpasabhor mﬁtbgﬁth%seéeg@@lyTh@en$am@r@tn@ma;ﬁe@omﬁ by

st b). is subject ar atf.on N st ep ( y
segg}éf%gﬁ ﬂe?ﬁoaeSU|%a%?e€$o separa?bt?ﬁn Flquid"

di earbexyki eogpidsi h@m el d6ti de St €AY CONPYSSEMi § hehen in
unsaturated acid and catal yst nay_ be enpl oyed.

PreferPabfly, aEhéeafkt LR eP?S cé%?%@leﬁnF% %F%?eﬁ%b}y

sl 9%¥e998h§dsee agbiept | t&@@?rﬁﬁ%ﬁeéé’n@' lﬁ’v‘%tep

fornmation o crystal s nown crystal |zat|on'
temhasqupanayobeaaprded paésthghnthhephrquydofllheate
adiglc acid and Ee nature of the. side roduct% {orned

usBAEPY &PI 6REPBRTaREOEE EPySEEYFIZAYi bn. Shppeld) 1n order

preferahl ¥ve( ept MYmbEoRBEAOF AR S . a0pLB6HOT 1y, undesired
specifically adapted for crystallization, for Instance

a sifer pdoEEARST BBt BEVANEAIPANEE HaPe oF BRY A NGFOM the
Coggkggyst recycling stream at this point in the process.
The obtained dicarboxylic acid may further be subjected
to additional purification steps. This may be done by any
useful purification method.

Alternatively, step (c) preferably is performed in a
single crystallization reactor with continuous removal of
the crystallized product. Yet more preferably, steps (b)
and (c) are combined and performed done in a single
reactor set-up that allows carbonylation, and continuous
removal of the obtained crystal products.

The process according to the invention further
preferably comprises the steps of (i) converting the
dicarboxylic acid to its dichloride, and (ii) reacting
the dicarboxylic acid dichloride with a diamine compound
to obtain an alternating co-oligomer or co-polymer.

The invention will further be described by way of

example with reference to figure 1, which is a schematic
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Subsequently, the obtained crystals are separated from
a liquid stream conprising the unsaturated acid and

W@ ai0alg#spo This may be done by any suitabl e knP@EEP2006/050824

separation nethod. Preferablytthe separation is done
by filtration or centrifugation The obt ai ned quuid

Itrate C rising tlve cat.al yst s m.Js th
e S A R R A e
Pr@&@@@@iyg Sbnﬁﬁenpf@s@ﬁteinVén@i@@Entlg@rétEplibﬁstrates
at |l east part of any water present in the liquid

fiftPEPESHFi BRET]LR eProoy) P2 bPd t@LeRR y £ F hg TRrReRp
(a%ohgx ?Qerlﬁp aggtgye 9@}|gﬁ@1gO@g@g£f§%l NSt em 1n?luding

Opt 1 ona undesi r ed S|de products can advant ageously
beareuuved @fopalh@dc@malq3$om2cqc¢fn@nsamzwwnaMdtmis

poj nt i he process he obt aj ned_di carboxyl i c_aci

oo PP TAEF BRCSEET 8% LS et al T Bl SRR T 1P Laks oh reactor
steps. THi ehiBYrbeceene by, afye Ussh hgPusd fdLahéd ons

met hod. Alternatively, step (c) preferably is
peepBEaBHednvAtEi R eCerher anPRoat donaR@add oo r wik hthe

contéggggeraglyyggnggggb§§g¥§$?%§&f§919%ngugé%r3§tof

fe pre
pephol gadudpne souacsi ogl enreatdoraseta upidéataad | pSsphine
carbonylatlon and continuous renoval of the obtained

crys9andpr bAUEPEA1FhE BIBERES GERRF HFHIt @t pehylenically
kpgﬁggtegaﬁeatQsidpﬁgésﬁéélylgpnpfﬁéeﬁlkbﬁrétepé ) Ofs then

converting the dicarboxylic acid to it
dithhospdeteando(Ve$seéa¢2bngWhheedltatbodgpr@saurdzed to
di c e co oun ajn. an
R e e T R VP A8 ST TS
W bbthiohhhey Besdesehi bedabyovay10f exasphe wbhhugated
reference to figure 1 , which is a

scHéRBei dPEpr 88enfabt6R2Bf 04 BRrEFeFFed eabbannBARcdide (2b)
thﬁﬁpf88e§ég2989éé'@Qoﬁothgem9&€é§8t (LByent}90e BLOURE

ustrat
recycled to reactor (1). The depressurized mixture (2a)

is then transported into a stripping vessel (3), wherein
a stream (3b) comprising the remaining conjugated diene
and/or reversible diene adducts is removed to obtain a
mixture (3a) comprising the ethylenically unsaturated
acid product together with the catalyst system. The
stream (3b) comprising the remaining conjugated diene
and/or reversible diene adducts, optionally purged from
Diels-Alder adducts formed from two molecules of
conjugated diene (3c) can be recycled to the reactor (1),
optionally in admixture with stream Z2c.

The obtained depressurized and stripped mixture (3a) is
transferred to a reactor (4), where it is reacted further
under carbon monoxide pressure (4b) with additional water
(4a) to obtain a stream (4c) comprising the saturated

dicarboxylic acid in admixture with the ethylenically
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a process wherein a conjugated diene (la), carbon
nmonoxi de (Ib) , water (lc) and a catal yst system

WO pb0glispy a source of palladium a source of BCI/API0061050824

and a bidentate phosphine Iigagd_(1d) are supplied to

a reactor (1). In this reactor (1), the conjugated

dlene IS contacte g %h t he carbon nonoxi de and wat er
TR RFESER Rt LAt yeA T SY e Y HeT Ui TiF e Cream 4c

SOPé Cendf Babladiym »8q sy caﬂr@h@nr&ﬁapfnlﬁ?dcﬁ»bon

bi dent at e phosphine ligand, to obtain a m xture

can@m@:smg ekt hyl eetyal ¢ tnsatep ateld aet dnqy cuee be
% %2 m xture (sz is then transported to vesse

(25 cy %re Pt°TSPd éssurized to obtain a

de’plﬁ@sﬁélpré§§iuﬂ12(édlr1@1>€€@ﬁe ) thé stisérageoogd i o) | and

a streamof a nornall aseous conjugated di ene (2c)

an®uR] 8¢ ¥ ednt of £ ihea %%ra EB oh Mo RLTSh) CREgtbes of
SeQﬁéa&EQaIBQ ED@ Q%f?urﬁﬁéi&gng dhese M Pe acid
recycled to re ctor depressurized 'm xture
(ZaijSalhen7arams@oatbﬁqmndofaistatgp(ﬁg vebsel 1{@)id

Cobt EbRRER U7 ShevSHRY b7 BV ERS | BF 5 LY Enos Wil b gcimixture

reppvedeho ObhAL 8n achl X{ Uifs 4 8@} a €OPEE SH NTs tHigen
ethyl enically unsaturated acid product together wth

th@pba@aa%y sysieped The) sef eantpBBY %@W4 s@rrlfé (22

CTBLILRS,CaDLYARLER,LEDE.ANHLEL, LAUBLPLILS Shenescayar

f o5 Bdehr @m av@iroheeuveshofthe oaa;lmg}aéxeﬂcail EyeufSgjuraned
be recycled to the reactor ona

adafkfuié Wen §?F¥§ﬁ?§ctoTﬁEeBbfg?neﬂrdé%rEQE%}l9Edln part
and s m}%bgp% m%BérQeé§§itéé beapsterr eghf ongyreactor

(4), is reacted further under carbon nonoxi de
predsanéagébpsmytheaddturOﬁaltﬂaﬁétp(4h) oo dberi hda.

stream (4c) conprising the saturated
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di carboxylic acid in adm xture with the
et hyl eni cal | yunsaturated acid and the catal yst system

wab@esssse@m 4c i s then depressurized (5), whilRCT/EP2006/050824

remai ni ng carbon nonoxi de (5b) is recycled to step
(4), or may al so be recycled td Step (1) . The
depressurized m xture .(5a)-is then cooled (6), and
subjected to filtration (7) of the obtained crystals

of the dicarboxylic acid,Cyleddl i &rude adipic acid
crystals (7a) and a liquid filtrate (7b) . The liquid

filtrate (7b) conprising the catalyst systemin

adni xtargradé $is t her ety lendsatd i smnset W adesh Bgdxh isc acid,
then optional |y stripped (8) of surplus water, and the
obtamPEHS HedyHhat 84 rehm (8a) conprising t he

cayglyggnéggﬁfﬁ% &&é%éavaééréfwaﬁﬁfa%f§aﬁﬁﬁéaaﬁide

unsat ur at ed en recyc

t otadl watén parthéopsée@n@d)of dheasepasat egsoédm wateluding
8b) adv a?f%#sl be returnedfto ste g é g olg

Sapstnyce g S SRS g phon and
Dr@Péé§£é@@ @Bo §Hiﬁ@rbpqyﬁac 861 bt £OAPS I ®igEutde

st eps of contacting a conjugated diene with carbon

nnﬂempuesanq aat efhyhenhea bl senzat wFabedaralgsproduct;

SyshemLicl idbng.a sout e, of.pal hadl s fsoU per el e Al

anl den i he T1gand, ain a
nlWlﬂhecéﬁﬂbhlﬁbﬂgxaﬂeeaﬂaleﬂtéﬁltg @hﬁ@imrﬁmeddﬂcadboxylic

product; (b) reacting the m xture Obtalfi in steg é &
fuREher 1R BAMEAFBER WbRBXFAR ShAYWEREFatbY obtas iufake
di gargoxylic acid in adm xture with the ethylenically

unsaturated acid; (c) separating the dicarboxylic acid
fr@nvasépquadlﬁglthat@1C@nh®XElng ahed chrahystlsygiem

and () Lecushingsah,! east cRALT,OF Lhe gRtalpgd 1iquid
(d) recycling at least part of the obtained liquid
filtrate to step (a).
2. A process according to claim 1, wherein in step (c),
the mixture obtained in step (b) is cooled to precipitate
the dicarboxylic acid, and subsequently the obtained
precipitate is separated from the liquid filtrate
comprising the catalyst system.
3. A process according to claim 1 or claim 2, wherein at
least part of any water present in the liquid filtrate is
removed prior to recycling to step (a).
4. A process according to any one of claims 1 to 3,
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.
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filtrate to step (a) . 2 . A process according to
claiml1l , wherein in step (c) , the m xture obtained

WO p00s08489( b) is cooled to precipitate the di caP@DERI00€050824

aci d, and subsequently the abbgined precipitate is
separated fromthe quuid filtrate conprising the

aIy t stem 3 cess accordl to cI 1 or
etei Cﬁe‘%& paaﬂ of" an%/ vva]t o7 pr erslgent40
I mﬁé@im CHkh dstféﬁt(ka)t el walBw etbridd i r 410 drecyEIndihtained

to step (a) process according to any one of
c|aat'+nas nange 3of fm@ve?un o ey a«)elt%v%ﬁérfaterr
[ fr
PSR B AR At DO, 90 Arson

ovree@imhmmm ght of the liquid reacti on nmedium5 . A
process accordin one of cl ai
ér eith FIPSE D Cbﬁmfcﬂ]e‘y ter2bbtte ngaq]]laolﬁ“ﬁsl to S,
e i eh e 0- @hp Ai & Biges of e opa 3% £ O Pynyvedrght  of
wat er, cal culated on the overall weight of the liquid
r edictd DPOREHLCnacEd . Al fpr dfeed st B@it ot NP @~ BTy ghextgire in
cl aj ms }11 o 5, further conprising a step (e) of
pu‘?? %the di carboxylic acid filtrated fromthe

react |@npﬁd>é(é:§1§ €addo 5d £y (tdc) anyone Ao Proceass accos dé ng
to anyone of clains 1 to , Wherein légérlor to ste (b)
, vYeseesnbPeiadduet step f% CERY TRt HHechdt h

et nggﬁggeé&yd}g&%et urat eds aci g f of medh | o etemﬁat@aeacm

r enov romthe reaction mxture by distillation, or
byfbnmsdt incehepr $& bnaiat vemdreed oy wryat eel téeriel @mduixture

ctnyl gtk eal Ly ynsetyr oo qo g anduherely 1o o

Presgssgaceqr di8get OnanyoONP1 &hi €481 BudsdBurated acid and
wherein the conjugated diene is removed from the product.
8. A process according to anyone of claims 1 to 7,
wherein the ethylenically unsaturated acid product of
step (a) 1is employed as solvent for the process.
9. A process according te anyone of claims 1 to 8,
wherein the bidentate diphosphine ligand of formula
R1RZp-R-PR3R4 is employed, in which ligand R represents a
divalent organic bridging group, and R1, RZ2, R3 and R4
each represent an organic group that is connected to the
phosphorus atom through a tertiary carbon atom.
10. A process according to claim 9, wherein R represents
an aromatic bidentate bridging group that is substituted

by one or more alkylene groups, and wherein the phosphino

groups R1RZ2P- and -PR3R% are bound to the aromatic group
or to the alkylene group.

11. A process according to claims 9 or 10, wherein Rl,
RZ, R3 and R4 are chosen in such way, that the phosphino

group PRIRZ differs from the phosphino group PR3R4.
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wherein the ethylenically unsaturated acid product of
step (a) is enployed as solvent for the process. 9 . A

wpe@eessdaccording to anyone of clainms 1 to 8 PCTAPR2066/650824

the bidentate di phosphine |iLgapd_of fornula
RIR2P-R-PR3R4 3 empiOye c , nwn ich ligand R
represents a divalent organi c bridgi ng group, and Rl ,

d h
8 AP COCLLERLESET A s S 1ty

C altiorne ah othe 1t efs proOcess afcoth nege o hed m&ntlnuously.
wherein R represents an aromatjc. bi dentate bridging

Jo%p R RECFSBAREPIWMRY By Ml hov W kyfleeein the

Fuq @08y vheLel ni L he, PhoFplifG,Qr oups RIR2P- and

P ound to the aromatic group or to the
alkyleMepgmcems ddcordjmeces samae corali oy ¢l ichsai st ® o3,
10, wherein R, R and R are chosen in such way,
thg'tlrﬁﬁ%rpﬁ%‘%mﬁ)h‘éf{%% BRAFS Wi ffers from the
phesphi N g Orpi IRR3k - didsa b REPICES S AGE A dli iGs tdichloride,
anyone of clains 1 to 11 wherein the steps (a) to (d)
ar@néerforned conti nuously. 13 A process according to
cl e

STHET adrete g Y BEAI SRR AE Habated gien @
C|@iﬁmlﬂetoOﬁﬁouﬁdrthebbtaﬂnraS|mgtehmasim@sc@4011QOmer or
converting the dicarboxylic acid to its dichloride,
an@o{PP}YR8Aeti ng the di carboxylic acid dichloride
with a diam ne conpound to obtain an alternating
co-ol i goner or co-pol yner.



