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PROCESS FOR THE CARBONYLATI ON OF A CONJUGATED DI ENE
The present invention provides a process for the

wa@a00508382at i on of a conjugated di ene. Carbonyl B¢T/@P2005/050790

reacti ons of conjugated dienes are well known in the
art. In this specification, the term carbonyl ation
refers to a reaction of a conjugated di ene under
catalysis by a transition nmetal conplex in the

pr esengecelsC abROuNHRHIR IR o& 68- Ar@@l@ﬁﬁﬁ"ﬁzd HIENE
this process, the carbon nonoxide as well as the co-

reactant add to the diene, as for instance descri bed

|0 O An Q31031457 0 A1 QOLO3A4RL i sl oses, 3 gfgss

for the carbonyl at1on Jugate nes, where
t hearbojnydatedndorne canemdtesld ddenk. car bon nonoxi de

and a conpoun aving an .activ dr.oge t for

st anCaTROPSabacn ekt e SR RERARAE e (2ner e well
pr agenge iof taecatal yei 19)isd epdasadadnon ) tide sumce of

pal | adi um cat| on?ﬁﬁéﬁg a phosphorus - cont ainin

i FRTPBY1EReOPo (19 "’Qﬂ!—”ﬁ@c’c(léﬂzof Bepl ey (qd) diene
\Aharrfae& QaltS 1956k V) et 9 RUR (WH &R theJebhEI e 1 die
phosphorus atomto which it is linked represents an

unéiﬂﬁﬁel“tc@t ed srriopsRenticte ?%é’sﬁﬁareaﬁﬁé%ﬂt%héchls

gr QR Qs dekhvabh¥soh hehRafddNEr §icN 1008 Bhe SEYEr&]1Qfhnt
the carbon atons are replaced by heteroatons, Q and Q

i nogskrideribley diepeesentiar maalcawtdegpéabeﬂaw ng 1-20

ZL%—AO—%W%%%%dwa—aﬂx%‘i/@ﬁ%ﬁ% RAYAGs8s 40RO for
the carbonylation of conjugated dienes, whereby the
conjugated diene 1s reacted with carbon monoxide and a
compound having an active hydrogen atom, for instance
hydrogen, water, alcohols and amines in the presence of a
catalyst system based on (a) a source of palladium
cations, (b) a phosphorus-containing ligand of the

formula (I)
01>P-(CHp) n-PQ2Q3 (1)

wherein Ql is a divalent group which together with
the phosphorus atom to which it is linked represents an
unsubstituted or substituted Z2~phospha-adamantane group

or derivative thereof, wherein one or several of the

carbon atoms are replaced by heteroétoms, Q2 and Q3
independently represent a monovalent group having 1-20
atoms or jointly divalent group having 2-20 atoms, and n
is 4 or 5, and mixtures thereof.

Under the conditions usually employed for the

carbonylation, conjugated dienes may also form dimers
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is 4 or 5, and m xtures thereof. Under the conditions
usual Iy enpl oyed for the carbonyl ati on, conjugated

waol@ses2seny al so form di nersand/ or tel omers, aBCT/@P2005/050790

i nstance described in WO A-D3/040065. This side
reaction is highly undesired, as it reduces the yield
of the desired carbonylation products. The selectivity

tO\é@E:ldS)rCQIéD@mé!r@I I @8 pdspdmé&rméerdetseﬂranseﬁi sation
products is further referred to herein

ch&iPbdeedPitPPey - . Tt het L {hatfite: Hedd Pagslém shgeghred,

as i g aedpessi bhe ghengset egld \aééﬁretdﬂ%%bbﬁy%ﬁpon
the desire to achieve a particularly high selecCtivity

t omp@iycéc@e dheseetraripossi preaidomartenydelonpl REPGCt S
pr %%Q} $el lee'fc g&t&gﬁeﬁfﬁgué{"s h1e§ %Lﬂ:t%%r referred to

regloselectlv car bonyl ation of conj ugat ed
di éresin e m@gm@seﬂectLVLty towards a |inear product

i.e. t r eaction at .t r,iJmar carbo .at o

of ten gyglfé&% bﬁen%?an(ﬁe ?ﬁ%YUéis usuap' n% BOSSlble

no<ﬂﬁmhuﬁdmaﬁtlusey,mhﬁéeaslgh@lémrnhﬁ qmsaducms actieve a

|nportant a for.instance in the ynt hesi s
TEY HethyaELbeb LT b T P S e The

cat;ﬂisxésltbiédllss@n@&a@ cAr¥6h P 2 0360 FASF Y,y Mir@vede

limted chenoselectivity and yield, while requiring

r elzafisIsa 1t @@rﬁﬁﬁuﬁﬁsrﬁﬁlﬁéﬂ%‘a‘?h‘ﬁ%%d HYmydh§ t o

achieve,af1 dieast o¥atbshaghory LUENOY LIt IR iBsaaBdtivity
hi gh tenperatures. This nakes the discl osed process

costdwpnas gperiacar PEPEHEE; Lhe- pFYMREds Meadriés at the
Obt§§fﬁgky carbon atom, is often desired, as the branched

products usually have no industrial use, whereas the
linear products are important intermediates, for instance
in the synthesis of adipic acid derivatives for use in
polyamides.

The catalysts disclosed in WO-A-03/031457 only
provide iimited chemoselectivity and yield, while
requiring relatively large amounts of palladium and
ligand to achieve at least satisfactory turnover numbers,
and high temperatures. This makes the disclosed process
costly to operate. Further, the product mixtures obtained
need to undergo substantive purification and/or
separation from byproducts due to the low selectivity,
and ligand remainders due to low stability of the ligands
employed, which is undesirable in an industrial process.

Accordingly, there remains the need to provide for a
catalyst system that combines a higher chemoselectivity
and a higher regioselectivity for the linear
carbonylation products, while also giving a high turn

over and yield employing a lower amount of palladium to
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need to undergo substantive purification and/or
separation from byproducts due to the | ow selectivity,

wa@pabsiosgand remai nders due to | ow stability of peh&P2005/050790

| i gands enpl oyed, which is uindesirable in an

i ndustrial process. Accordingly, there remains the

need to provide for a catalyst systemthat combines a

hi gherceebenbrel ecéiyil Ye @it idntiyoher theghbosetest i sidy a

for the |inear carbo | ati on prodycts, while also

gi FPRELR2RIGR m%d S éh"c?’ﬂo SR 105l ByFHBJ &Ct ot

a”%'s&Btdu@E Raktads um t O N RASE ke pvarabht €641 €6 eRGYove
the process. Such a conbination would also avoid

ha\meﬂ»gmﬁélguép@cpolﬁée@c@dqmpw%ﬁe agovglsubstEe v

puni; Béggtgggdggtgennve tel oneric and pol yneric by-

pr o duct s as the non - linear products. It has

now beé&h heandovhaeen heowsbvdatdéms bedepiderbsiied

coPabEEan: thavihg SroTRigpoRdl 3 X Thhe digpe wien

aV|ng a one activ 0gén a
cam.b@r@&bﬁaﬁtfhﬁbnn@lytpbéésﬂrunh|atﬂﬂwe brdgseper afomm can
novel catal tlc S &en1as set Q’ ow. Sunmmary_of

{hbe Heait FORCRELBEUY RFLEOTHR Suibj & HERSSHEFORE @ novel

pr Q:\élt@QSytacp%Q@@éﬁ é@rsébeowrmw ation of a
con ugated dlene conpr|5|ng reacting the conjugated

di eY&@MgTYh O #e and a co- reactant having

an aCt%M%oQH@B@Q?” @BQ“&&EU&&E*iH#EHﬂMB% froigababystocess
systemincluding: (a) a source of palladium and (b) a

bi dant ahe dephosyhrheoni ghmd eInFuFahfich diene, comprising

reacting the conjugated diene with carbon monoxide and a

‘co-reactant having an active hydrogen atom in the
presence of a catalyst system including:
{(a) a source of palladium; and
(b) a bidentate diphosphine ligand of formula II,
R1 > pl -R- P2 < R2R3 (II)
wherein Pl and P2 represent phosphorus atoms;

R1 represents an optionally substituted divalent
organic group linked to the phosphorus atom by two
tertiary carbon atoms; and R2 and R3 independently
represent univalent groups of from 1 to 20 atoms
containing a tertiary carbon atom through which each
group is linked to the phosphorus atom, or R2 and R3
jointly form an optionally substituted divalent organic
group containing at least 2 tertiary carbon atoms through
which the group is linked to the phosphorus atom;
and R represents a divalent bridging group comprising 3
atoms through which pl is linearly connected to P2; and

(¢) a source of an anion.
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R>pi - R p2<R2R3 ( 1) wherein pi and P
represent phosphorus atons; R | represents an

wopiososmbd y substituted dival ent organi c grouppdT/RER®ES/050790

to the phosphorus atom by t4w tertiary carbon atonmns;
and R and R i ndependently represent unival ent groups
of from1l to 20 atons containing a tertiary carbon

at om tiy otgh yhosdsLadc@wy itd lhekedveatibe, suitable
phosphorus _atom_or R and R joi ntl)é form an opt| onal |

suBRYT 9% e ORI DAt AR LB o cdft alAFhgacP?

2 herdi anyacabhele A HEnd M&(mn\&y ¢het-B8FIEQUR 48
linked to the fhos phorus atom and R represents a

di pal brd ipRi agt by GFOUR TP dibsy S31&EorE PAkbRGHMM and
wWhi, e Bl éélagneﬁiwlé%%t ediihid o a23d éﬁ)séah%homc

source of an anl on.ln the pI‘OCGSS accordi ng to
i naenctla;onpaéﬂ,lada@hecm@e@ £ or- palMiddi garbbncooponede or

(agceg%igggﬁggg£ Igrﬂﬁgg QPQ %ﬂﬁ! 66%1% da solid

er eo "sUc um sa ts, Tor exanple
thﬁa’sejrialoéuphl hadamnimdeh&lam&exacmi&;femabilyc acsalt of

cORBTLRAS.AChos, SHERRRELE, Sl LR Wk
acehybagotionakei dowipal hgdtsim Z afinied atdokls , asaehi fs salts
material such as an ion exchanger. Preferably a salt

of Opap PaBGrPaRt: aPEAPHOXYF | ackdiand Luree@icsartabl 9 a

CagQ%gl b¢ athdtWhPedPcd Mod2, CaF hon A een sych as
salts of acetic acid, propi on| c acid and butanoic

actdichtogapestact 2siBsnd (b BHt A IRGALIC a6ids BuFRTY
asshatgﬁh%f Qagetkciachdh g bhi fipornasetds acid. A

In the bidentate diphosphine ligand (b) according to

formula (II), Rl represents an optionally substituted

divalent organic group linked to the phosphorus atom by

two tertiary carbon atoms; RZ and R3 together or
independently represent the same or a .different
optionally substituted organic group containing a
tertiary carbon atom through which each group is linked
to the phosphorus atom.

The groups R1, and RZ and R3 individually or jointly
may further contain one or more heteroatoms such as
oxygen, nitrogen, sulfur or phosphorus and/or be
substituted by one or more functional groups comprising
for example oxygen, nitrogen, sulfur and/or halogen, for
example by fluorine, chlorine, bromine, iodine and/or a
cyano group.

Rl is in each case a branched cyclic, hetero-atom
unsubstituted or substituted divalent alkyl group having

from 4 to 10 atoms in the alkylene chain, in which the
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sui tabl e source is palladium(1l) acetate. In the
bi dent at e di phosphine ligand (b) according to fornul a

W@ koop/ 08329 r epresent s an optional ly substit ut edPdi/zptoesns0790

organi ¢ group |linked to thes phosphorus atom by two
tertiary carbon atons; R and R together or

i ndependent|ly represent the same or a different
optignaftyussinedy talted ey gapilacgdoby hetéabnghguss, for
tertrary carbon atomthrough which each group is

| i ekedple t@®e-phddphoriiRzat @n -TRe groups Rhichneh® or
and Rindividually or jointly rraéﬁfurt er contain one

orMABEeChefBE RYDRIFUGT IS FYER, TRPLRE§ENCY sul fur
or sPRASPRAEHES ?nﬁéloreﬁﬁnﬂ@%tﬂ#lwg%@u@é .one or nore

functional groups conprising for "exanpl e_oxygen,
ni t r ogenit skl é unoramdd lemthajregers, RFornexBApheebyonnected to

fluorine, chlorine, bromne, iodine and/or a cyano
greaph Rtheri anbdchheeizdh & aiasedoaye| F"é‘,omh8¥er gnd

-agg&%ﬁliwgt hivted-af oubstid Waddl vakpat ahlylor nore
group havin rom4 to 10 atons In the al kyl ene tChain,
i npwkifelrabhegCH2emgt oups8 nearizdrs @ tvans.e flhac sdrbyabet eppoon

groups, .for example -CO.,. -0-,. -SIR2- or -NR- '
V\hﬁgﬁmoﬁg‘r%gﬁv‘pglg? TH h%/]grto%eer%}]rgi% gﬁg rlrsnalg Ogggggehnto the
r ephacet oy ssubshi taernts, sdiost exargel eviahylaldgpbapsc,

Sui t abl e _nonoval ent groups, R and R. ted t
o COORGT BBAFY 1 hPBUGROTHE prHOKHOr B ie6meP Colingor™

pr gheraklsy ahavupst i oatddt 9a 2Or£EsD WY atomsa tand vyt

gg;gégﬁ§&§2a23¥gfEgghétﬁfe? gffqunﬁ%&thwEh%o%%ggkary
hetroatoms. Preferably the tertiary carbon atom is
substituted with alkyl groups, thereby making the
tertiary carbon atom part of a tertiary alkyl group, or
with ether groups. Examples of particularly suitable
organic groups RZ2 and R3 are tert-butyl, 2-(2-methyl)-
butyl, 2-(2-ethyl)butyl, 2-(2-phenyl)butyl, 2-(2-
methyl)pentyl, 2-(2-ethyl)pentyl, 2-(2-methyl-4-phenyl)-
pentyl and 1-(l-methyl)cyclohexyl groups.

Although the monovalent groups RZ and R3 may be each

individually different organic groups, due to the use of
lower amount of different raw materials in the synthesis

the groups preferably represent the same group. Yet more

preferably, R2 and R3 represent tert-butyl groups due to
the high steric hindrance induced by these groups and
high selectivity achieved which such ligands.

Although very good results have been obtained using
ligands wherein groups RZ and R3 represent the same

monovalent tertiary alkyl groups such as tert-butyl

groups, such ligands can however be difficult to obtain
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atom t hrough whi ch each of the groups is connected to
t he phosphorus atom can be substituted with aliphatic,

wa@yabsosdsephati c, or aromatic substituents, or BEIEPDOHV50790

part of a substituted satumwated or non- saturated
aliphatic ring structure, all of which may contain
hetroatons. Preferably the tertiary carbon atomis

subsat ah ui eghandila1aldad 1 Hrep S0 Eh@rQQﬁuﬁEEHngséhgf metal
tertiarx car bon aton\Part of a tertiary alk¥ group,
or ‘WP ER et HEPYPEFp S %(aqsp@erslgaﬁrsaefﬁﬁeaﬁa By

sui t abye r(ﬂﬁmczgﬁm@@ 4 1RoALS thehbab
(o ety s A D OBy B 3 Yh dohgsphine

b;ﬂybalr;as, (vﬂ&en‘ﬂﬁhh)&% patd W2, a%dd@f @b?)’l't)]-tpﬁﬂé besént the
net eny entyl an me

CyErBReNyI S et AT e RonBes St SgFBRELY R
andtBacABY 08 aRC R Haulind dualdprdiviiberant t@r8aRL6 carbon
groups, due to the use of |ower amount of different

raftREFer TS diyalipnts yHtes e he ver gupsnpeEreiabby a

reeg§§gggl£@qﬂ§§ﬁglg&9up Yet nore preferably, R2 and
R3"represent tert -butyl groups due to the high steric

hi ndr anéetd>g’t€ﬁma&dwhytﬁ es enagr @ups &wdemhbghopeheshiyity
achi eved h such |igands., Although very good

P i S i i i AP Eetin Bt he

gr guBspRoang Hbnl @RF asaNtt 48 SR ApRavakent Ler bl Yed
al kyl groups such as tert -butyl groups, such |igands

canbhweefer k. difficult to obtainon an |ndustr|m
scal e 9 eto the reqylred se

ni
conpouhds SUtH %Y GTgidt & reac%ﬁﬁ?gg Vgﬁgg 888h of the
r egitbtipswes ec@{rmt@m at fechaMpid sgihphasphiceg can be

substituted with aliphatic, cycloaliphatic, and forms
part of a substituted saturated or non-saturated
aliphatic ring stxucture, all of which may contain
hetercatoms. Preferably the tertiary carbon atom is
substituted with alkyl groups, thereby making the
tertiary carbon atom part of a tertiary alkyl group, or
by ether groups.

Suitable monocyclic diphosphine structures include

those, wherein Rl, and R2 and R3 together represent
unsubstituted or substituted Cyp-C3p-alkylene groups in
which CHp_ groups may bé replaced by hetero groups such
as -0—~, include 1,1,4,4-tetramethyl-buta-1,4-diyl-,
1,4~dimethyl-1, 4-dimethoxy-buta-1, 4-diyl-, 1,1,5,5-
tetramethyl-penta—1,5-diyl-, 1,5-dimethyl~1,5-dimethoxy~-
penta-l,5-diyl-, 3-oxa-1,5-dimethoxy-penta-1,5-diyl-,
3-oxa-1,1,5,5-tetramethyl-penta-1, 5-diyl-, 3-oxa-
1,5-dimethyl-1, 5-dimethoxy-penta-1,5~diyl- and similar
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ligands, wherein R1 , and R2 and R jointly represent
the sane or different divalent group that is directly

wataaokmad t 0 t he phosphorus atomvia two tertiBCYEP2005/050790

carbon atonms. This dival ent7group may have a
nmonocyclic or a polycyclic structure. R together with
R may thus forman optionally substituted dival ent

Of aH Xer@ QWi ldanked e thike spbespheg UtSw@tﬁEEMaﬁy\Kbarbon
tertiary carbon atons as defi ned above for R -.

t FEPRY CEREER RO BHERPRAFER BETR: of the gr oups
I's COrﬁh%ﬁ{o%glh&%etsh%ow&%%mﬁ?uguaﬁom@amnt)@ Srbitd tHitRd the

wi th ali'phatic, cycloali and forns part of a
su@@‘tanﬁﬁt@ﬁj thatturtdiead age ﬁl@ﬁes§abﬂj‘fiafb@ al dphberenting

Pr eﬁr a%lely t dutdl YA yr%g@tc%é‘n ?s s fﬂé’émat Jrilder

etertlarycrbon ato stltute
Wi tbnaéd kidngr edmissh m’raaéqeesbyahlemkmnget hecesﬂlbhe yomaxon
atom part of a tertiary alkyl grouyp, et her
gr bupestsak &(ﬂael%wa@g&ﬁ’ph&ph?ﬂé §¥r®1&‘flu$est°98ther

'nﬁggdgléé] Q58 eI Rpri caRd 1] éﬁgsEﬁE99§&h§£valent

represent unsubstituted or substituted
aI kyté@@lgﬂmip@ |qrcm,cmf@ﬂ@lngrtbapgyﬁﬁyaiaeph@mgc@ﬁoup is

he er o, Ips ! c e

ra%ﬁ hy 'ﬁ% pﬁ%gﬁhé?ﬁs éﬁom v1g k%g gér%%ﬁ Y_c?%agn
d' HeLAOXYRE, @H@ R2 |tc4getfﬂéﬂ with k31a5e51n tﬁiéaaﬁéélw
penta" 1 5- di yl 1,5- dinethyl - 5- di net hoxy

pepfgferqbgydqQQIancq§d qﬁgilq, @et&gﬁeﬁﬁgyyunﬁgh§5;tuted
gr gh%étltuted divalent alkyl group having from 4 to

10 atoms in the alkylene chain, in which the CHgy- groups
may also be replaced by hetero groups, for example -CO-,
-0-, -SiRp- or -NR- and in which one or more of the
hydrogen atoms may be replaced by substituents, for
example aryl groups.

Of these, pHrticularly preferred divalent monocyclic
structures R, and optionally RZ and R3 together are for
instancg 2,2,6,6-tetrasubstituted phosphinan-4-one or
2,2,6,6-tetrasubstituted phosphinan—4-thione structures,
the ring atoms of which may be optionally substituted by
heteroatom. Ligands comprising such structures may be
conveniently obtained under mild conditions as described
in WO 02/064249.

For instance, a bidentate diphosphine with identical
organic groups Rl, and jointly R2 and R3 may conveniently
be obtained by reacting the compound HZPl—R—PzHQ (AY with
a compound (Z122C)=(CZ3)—(C=Y)-(CZ4)=(CZSZG) (B), whereby

z1l, z2, 25 and 76 represent optionally heteroatom-—
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3-oxa- |,1,5,5-tetramethyl -penta-1, 5-diyl-, 3-oxa-
1,5- dinmethyl - |,5- dinmethoxy -penta - |,5-diyl - and

W@ 2ovslosasde val ent radi cal structures bearing tweCT/EP2005/050790

tertiary carbon atons connekted to the phosphorus
atom Di phosphi nes containing such dival ent groups
have the advantage that they are accessible via a

di f@e0nt syt BRLLE: & GV OV I TaRGLING (opy

phosphi nes at m condit’ons, I Ch ma
ac c@ssopké lpnhake Fortfustrsudds tsicalteed AcoemdicnghryupR or

I
opt RSPy SoRetfr S TR RS At ogros,

whergiftmrt he cycl oal i phatic group is linked to the
phosphgrus atqﬂ%v'a two tertiary carhon atons.

R d
Ro t 0GBl hEFSTR AN 2 TP 1t 8 brabing thyl-2, 5-

br anphedieyel+one hed BE® kn AhOMIINBURTIWAd d@he acetone,
substituted divalent al kyl group having from4 to 10

at §ffs PPATPRR) al Ky I8 dhaith 2 isingHisc IFommeuar2+Byr daps

TRenB189<87 J BB ASE it B O g0 bR Ring; KT and
t h&2hy dhagesmst L8 dTay3 he 4 epl aged f@fm%ﬁbs&'ih@rjﬁ;ﬂlﬁéntate

for exanple aryl groups . OF these, particula
pr éfigpned dpyabenrrermoey cn chst mestour esdRracafidrm. The

?g'_iﬂle%@)alflﬂfm R2 %%d‘t%%gs pef ﬁ{ee_pfu%fpcjsrésg%n %g\’egPéégc_ant

t et rasubst I nan = -one “or
t etingsobsont ut ed phosphi nan - 4- thione structures,

the ri . i.ch y be optionally substituted
by het ggog{l%ﬁl}%{(ﬁs ndlsnecgal AN RGCSTEh gt it_ﬁc 8F@§E%§II) ’
be Rcomeénirebly yraptadarad uhiderl entl hrddedinti gR5upS
descri bed
comprising 3 atoms through which Pl is linearly connected

to P2. For the skilled person, the term “linearly

connected” clearly and unambiguously has the meaning that

the phosphorus atoms Pl and P2 are connected linearly and

directl§ﬁby the three-atom chain. For instance, if Rugas

a trimethylene group, the ligand would have the structure
Rl > pl —Chy-CHp—CHy- P2 < R2R3.-

Suitable bridging groups R may be based on carbon
atoms, such as in trimethylene (n-propane), which may
optionally be substituted, and/or a derivative thereof,
wherein one or several of the carbon atoms are replaced
by hetercatoms, such as for instance in oxydimethane, or
in dimethylamine. Suitable heteroatoms include nitrogen,
sulphur, silicon or oxygen atoms. The bridging group R
can thus be substituted, for example with alkyl groups or
heterocatoms, or non-substituted. Suitable substituents
for the bridging group include groups containing

heteroatoms such as halides, sulphur, phosphorus, oxygen
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in WO 02/064249. For instance, a bidentate di phosphine
with identical organic groups R -, and jointly R and

weBoosmy2seonveni ently be obtai ned by reacting tPeI/EP2005/050790

conpound Hp - R P2 H2 (A9with a conpound (Z1 Z2

O=(Cz3)- (CY)- (Cz4 )= (Cz5 z6 ) (B), whereby zl,

Z2 , Z and Z represent optionally heteroatom

- sihs td U RENQr 838NS1 88 WPSsudh atbdpd EHESRIY chloride,

optional | y "het eroat om substituted organi c groups or

hy?z@@éiﬁrgrl&ﬁﬂﬁg,e aRd GRRMEDYOY Fhpredeanal oeFgeH B O-H,

sulfug, A npLeof gLy suchs ayconpopnd ds- - di -

thyl- ?2' 5- Cﬁé%t adi en - %’- one (al so kKnown a%ﬁ' NH, -NEX,

di Lsepy oM |,dene-BEE} OREO-1MHX piod ONE)-NX4 f Idréhidmax a

singl e compound (B) is enployed, ligands with

gels im@%mdegmiwpsepmpﬁn‘sﬁ gl RI1 agdoRes | hann @ ofgnm s i@
and R are for . | de [ C

prép%?]é%o? naect e ﬁggg %ngﬁ ’ragb‘”il gf né) 9%&%32%@3%%% sand

pr afent el. fHowdvee, pAr posfe bl herppressant $ nveitéByldne

t he di phosphi ne .| i gand accordi to formyl |1 R
pré?'e}_?g‘_BP ?e’prséélé?%t §u8ﬁvg3r%ﬁf18%r?ﬁﬁiﬁ%g§%f E)acgéssmle'
conpr i gh NGgspe@lQNy phedughehiChh&spBihé nehgdyd according
connected to P2 . For the skilled pers the. ferm

"I FRearey Wit EISnEFERr 17 SncoBRARDY guBERT Y s  ne
meani n t
ConneBtks TTRkarry 2ad i POBcRy BolRRalF ALE 52,

)e’aﬁy an di Fect e three -atom

fh%iola_etEQE & DSt @féeareis%egt%% anbkpABLhY| @8emgr plper P2

he I'i gand woul d have the structure
form a 2,2,6,6-tetramethyl phosphinan-4-one, and wherein

R represent a propylene (trimethylene) backbone
structure.

The ratio of moles of bidentate diphosphine, i.e.
catalyst component (b), per mole atom of palladium,

i.e. catalyst component (a), is not critical. Preferably
it ranges from 0.1 to 100, more preferably from 0.5 to
10, yet more preferably from 1 to 5, yet more preferably
in the range of 1 to 3, again more preferably in the
range of 1 to 2, and yet more preferably in the range of
1 to 1.5. In the presence of oxygen, slightly higher than
stoichiometric amounts are beneficial.

Quite surprisingly, similar ligands'with tertiary
butyl or cyclic substituents at the phosphorus atoms,
wherein R is ethylene were found to have only a very
limited activity compared to the ligands according to the

process of the subject invention. Similarly, the ligands
disclosed in WO-A-03/031457, wherein Rl to R? are as

defined herein, but wherein R represents a bridging group

having more than 3 atoms, in particular 4 or 5, are
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RlL > Pl - Ch2-CGH - CH2 - P2 < RZR3 - Suitable
bri dgi ng groups R nay be based on carbon atons, such

w@s005081829 net hyl ene (n-propane) , which may opPCTREI0F050790

be substituted, and/or a dapivative thereof, wherein
one or several of the carbon atons are replaced by
het eroat ons, such as for instance in oxydi nethane, or

| s it kphanynees Suddiaite dred erantions nimmal tdeher amounts
ni trogen, sul phur, silican

I g 2GR0t (R carC e Ko G ML g GrbSEaRpee and

Wi 1l K e @eQURE L85 Nt EFQat O, a @i VRN =5 Wistiiltayt edvel
SU|tabIe substituents for the bridging gﬂoup i ncl ude

gr@@psarbfmtsauom ngnAePet HaAPHESElch R h
sul Dyt 3 ARQSP %H§d18?‘1’3?enﬂ@dttﬂété@&f& &s of

such groupsi'ncl’'ude chioride, brom de, iodide and
grmqs@em‘bltyheh@enetauyfsbrml pres@at Hn an Guent hedoxp

P e B pp a8 e e B3 6T aarshiiene:
X |zdap&gdﬁmhb¢trppbesemtpefmk@¢ tp(mgnnﬂunnnmpdaﬁm@ 1
to carbon ato like ne t hyl
i sSBhPORYIY waonﬁﬁhg%e?ng y?%f€ aﬂt The
I epbeei ted rdl@lfeh}tle@BEaﬁﬂ m@paﬂeleassu maceammh atoms.
[i ands are readi]ly accessible. e

pr P pHiss HERE PP@aﬁﬁoﬂcéoF‘al ?1@ ?‘63 Iﬁ%r%%]feefﬁrably

' nﬁ&hl PNed S A GaMRaUadoRscondivagetp foraudarfdignt
wherein R, and R together with R, together with the

r eppeferyed FSHEEDS - at BAREPHOBERSP FRY nihsC be applied to
2, %o@eéuiégréﬂﬁ%'@ﬂnt%ﬁﬁseghﬁﬁ ateé d61181 ¢ ap&had e el R

represent a propylene (trinethyl ene) backbone
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 the 1,3-butadienes, congugated 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).

The feed containing the diene reactant does not
necessarily have to be free of admixture with alkenes,
since the carbonylation reaction of the present invention
is particularly selective for diene feeds. Even an
admixture with up to 5 mol% of alkynes based on the diene
reactant, can be tolerated in the feed.

The ratio (v/v) of diene and co-reactant in the feed
can vary between wide limits and suitably lies in the

range of 1:0.1 to 1:500.
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structure. The ratio of noles of bidentate
di phosphine, i.e. catalyst conponent (b), per nole

watasoedis2pal | adium i.e. catal yst conponent (apCT/EB2008050790

critical. Preferably it ranges fromO0.1 to 100, nore
preferably fromO0.5 to 10, yet nore preferably from1
to 5, yet nore preferably in the range of 1 to 3,

agai n T ecprefeiably abBotditnd ange rpd é—rééén?b Mﬁédﬁeﬁon
nore preferably in the range of 1 to 1.5. In the

predenee ¥ CERERI SPVERT 1§ MRjHe w%ogen atom, and
st gLghi DoeL § 'lcea?é’@l%%t %saﬁﬁcpmll% &l t FRUAE diene ournder

surprisingly, simlar ligands wth tertiary buty
cyebtelsabst |’Jmﬁema§uane pﬁetlp@as;plmmst@mbrr’sargm ein R

i s et byl ene; ware f}&%n%f:]g Y& U YndyY ing Jttofgkpgeg co-

actrvity conpare I gands "accor
proeessant ihersid].eet canvexylion.adidi |ardyhol heammonia or

| i gands. di scl osed .in WO- A- 03/ 031457 wher

gE\re miue ﬂe?lt;}éjflheroé BT Ve S ntRET &P J*re'egl-erf‘ﬂ?T“’};lch as
br tHgi 8g- géw@r{ta\asﬁgrar&ew tih@rpr%caﬁ@ﬂsobwm@d twicul afe an
4 or 5, aresignificantly |less active and require much
hi §hBY L Shbtmt & o A AdrEnt R BrO R bufd? 4t ds (B gy kg cally

di aR8asHbstE@t Mn AN dRisgheE SEPDRIRY UL £8shiciRT LMt KD co-
achieve a simlar |evel of conversion, and only

achPayBaBt vEY y | FarRcEy 46| eetdvikgE %c@%ﬁ‘?lﬁ@r yCOT n
theegupLae! M@C&:tﬁdu@tefoﬁr@f%ycéﬂ%r‘i9i§£¥§ﬁ is & eéselfg

in an anount bel ow 500 nol e atom of pal [ adi um per
of Séohjagar edtier etre dfhé@Gb}@ctNPm)oc@JSSa pR¥ Fia By t@r

react c n&ugat ed die }pes Wi car bo&rmnom de and a, ¢o-
re&é?gﬂa LY Tagtne RN or R R”NH wi produce an amide,

whereas and the use of a thiol RSH will produce a
thicester. In the above-defined co—reactants, R, R’
and/or R” represent optionally heterocatom-substituted
organic groups, preferably alkyl, alkenyl or aryl groups.
When ammonia or amines are employed, a small portion of
these co-reactants will react with acids present under
formation of an amide and water. Hence, in the case of
ammonia or amine-co-reactants, there is always waterx
present.

Preferably the carboxylic acid co-reactant has the
same number of carbon atoms as the diene reactant, plus
one.

Preferred alcohol co-reactants are alkanols with 1 to
20, more preferably with 1 to & carbon atoms per
molecule, and alkanediols with 2-20, more preferably 2 to
6 carbon atoms per molecule. The alkanols can be
aliphatic, cycloaliphatic or aromatic. Suitable alkanols

in the process of the invention include methanol,
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conj ugat ed di ene reactant has at |east 4 carbon atons.
Preferably the diene has from4 to 20 and nore

woe@sesmpdy from4 to 14 carbon atons. HoweverPCT/BPA05/050790

different preferred enbodi ment, the process may al so
be applied to nol ecul es that contain conjugated doubl e
bonds within their nolecular structure, for instance

Wi dfrdhdihe fhanBd0bl A P MFRINSUCH 8- cHEMRRLIC iso-
rubber. The conjugated di ene can be substituted or
NOMSWAR Gt ut'cRUtPRRE er P yF ARl coifudatiedodilené-methyl-1-
nomsybstd it utiedndiens: | Bxang 1s8J4n Soniugat ed
di'enes U ar(te:L the | f3-}but adi (ﬁzysgzconj L%z?togdqtlé%
perittaiienes , 1-venitagal e R hoadi s, Tysindpentladizemethyl-

' all i ch, t it uted.
o R ar o o el CBRT B4R ene
anegt-e et Ind -butlapdd bt edi eamey X | soprlene), .1-Hexahedd

t.ai ni t di t.ant . Ll
e B 1 PEuS Y LR < 1l RS ey ek ReeL

car-bosyt o on I-eaekhob, of -Adieaps BSeMdddmeit,i an 2i-ethylene
particul arrﬁ/ sel ective for diene feeds., Even an
t

ad¥ XEUr 7 th STPTPBY 5| hsFOH IQn e il dpthinde s the

di goer reactanied GaR B8 419 afdliedi i theed eRGicli®1e and
ratio (v/v) of diene and co-reactant in the feed can

vatye bie? videh Rardd chi At t esafitl Res s &bl yhe edbtadneke
ranggaQied: 0.1 to 1:500. The co-reactant according to
th.e present invention may be any conpound having a

mobi | eP¥SROEEN 2aatoff Awge from to 20, more preferably

having 1 to 6 carbon atoms per molecule, and diamines
having 2-20, more preferably 2 to 6 carbon atoms per
molecule. The amines can be aliphatic, cycloaliphatic or
aromatic. More preferred due to the high turnovers
achieved are ammonia and primary amines. In the case that
Ehe anion (c) of the catalyst system is an acid,
ﬁreferably the amount of ammonia or amine is iess than
then stoichiometric based on the amine functionality.

Inadvertently, when the coreactant is anmmonia, and
to a lesser extent a primary amine, a small amount of the
acid present will react to an amide under liberation of
water. Hence, there is also always a small amount of acid
formed from the conjugated diene, carbon monoxide and the
water, which in turn replaces acid converted to amide by
the direct reaction as described above.

The thiol co-reactants can be aliphatic,
cycloaliphatic or aromatic. Preferred thiol co-reactants
are aliphatic thiols with 1 to 20, more preferably with 1

to 6 carbon atoms per molecule, and aliphatic dithiols
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capabl e of reacting as nucl eophile wth the diene
under catalysis. The nature of the co- reactant

wo asogeBag2glet er mi nes the type of product for nedPCHEP2005/050790

suitabl e coreactant is watdB, a carboxylic aci_d,
al cohol, ammonia or an anmne, a thiol, or a
conbi nati on thereof. |Inasmuch as the co- reactant is

waweth 2heo preghicprelfeatped witd decabost s cald v
unsat ur at ed carboxylic acid. Ethylenically unsaturated
anfiYdrFdeS: are obtai ned i nasnmuch as the coreactant is

a car bpxyldenad & E@Roal @épo§ﬁéfé¥§H§?CE§§“ant%Eiq, more
arly,

product of the carbon ylation is an ester. Sim

t hBrAsRr P L AR oENMEY afid, prhimdt yraor ssacomdartyh as
ambREmENER Um R AR (i L1 o pr ' ereas
a% tﬂe‘ use onflE%a thi o(l )RSI%IQW‘??#fSar%&LUO??eg&t hflvgo}es%eer.

| ntepetapove -defined co- reactants, R, R and/or R

repres ; ' [l roat.om_-_ substituted organic
gr oupsz,gg%olrrg%c#%gﬁf eﬁFEgF?yaﬂ%%y OFCALY YHRTSs - WRdh
anmpohdahavimmaseXaebogrpl o elineds sl Lnpadidaudisolution
these_co-reactants will react with acids present under
f ot P onCbf A amtd@cgadriaferablermedaliistt mongagendf (c)

a nj . A - COzyl e ts,nt | S
mn?grélgrgés]é%{ﬂﬁgrge%epgﬁl ;?;B{;ﬁé; %a?’bt(;ég{/dle' cestagllkO co-

repetastalbbp 4 X sa¥e apubes. ¢f carbon atons as the
di ene reactant, plus one. Preferred al cohol
co- r eatxamp g prkegdroksdwitidd trocl2@e wmrmboxylic acids,

pr gﬁ@ﬁagé yaé!\égirb ]acti(&,6p§8£98{1]i9t§gfd,p%rutyric 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. Very conveniently the acid corresponding
to the desired product of the reaction can be used as the
catalyst component (c).

Pentenoic acid is particularly preferred in case the
conjugated diene is 1,3-butadiene. Catalyst component (c)
can also be an ion exchanging resin containing carboxylic
acid groups. This advantageously simplifies the
purification of the product mixture.

The molar ratio of the source of anions, and

palladium, i.e. catalyst components (c¢) and (b), is not
critical. However, it suitably is between 2:1 and 107:1
and more preferably between 102:1 and 10©:1, yet more

preferably between 102:1 and 10°:1, and most preferably

between 102:1 and 104:1 due to the enhanced activity of
the catalyst system.
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nol ecul e, and al kanediols with 2- 20, nore preferably
2 to 6 carbon atons per nol ecule. The al Lkanols can be

wa@beoslosasee, cycl oal i phatic or aromatic. Suit abP@T/EP2005/050790

al kanol s in the process of 1#the i nvention include
met hanol , et hanol , et hanedi ol , n-propanol,

1, 3-propanediol, iso - propanol, 1-butanol, 2-butanol
(sec but 8&10&() reaZ:‘Umtth)éhoulJi pfémﬁﬁcﬂht@ﬂ %@)@Jta%rl%i Jserving
2-meth ro anol tertbut anol) , 1-pentanol, 2-
AR Mhree TR RE( By Smaedngme Skl gl <o-

'bHéaﬂﬁénfléﬁﬁﬁmd R %%E@E% s@cﬁmﬂﬁﬁﬂ a st Eﬁ%ﬁﬁgﬂam0ﬁ$

(tert- anyl al cohol) , 1- hexanol, 2-hexa
frpentahdlis ?r@semtweﬁﬁyﬁrallzymﬁ argige sumptenalf, ac1d

a , , et
b sgeranal. ol nanassl. 1 opanely v U Uecnces

t heeposiopreftes.ed due to the hi gh turn over

achi ev, e. t| cul usef of the
obt ai nhglgd)é pro ‘%gﬁccjtdc PF” é g"s CtRaré L{ﬁaé’rﬁsf’l sgtem is
20psaor es pref erzﬁxhil}Calia\alnﬂgmiyt@a@ cardham atins Pefits.

nol ecul e, and di am nes having 2- 20, nore preferably 2
t oUéuéHboﬁn%ﬂﬂrﬁs 1p§>erth¢orréwe eof THE Sariond) Can meferably

al i. ph cIo Ratic_ or,aromatic. Mre preferred
dueg g}[l? hJéth qgové?f’slgc%i‘%‘?/]eed 308 SO a AgHgm per
pr mHEéYO_ﬁ%cﬂe_ﬁJgdﬂéd e egasers haded g @B HIG) 6f e
catal yst systemis an acid, preferably t he armount of

anwenga of Hiihed leI‘@ss;rlainaatcbﬂnemzsmllehl dhet idiocess may

DSBS 1Y OIS A LLEnSY ke Aadertonl Y caien.

prhnueyeanprmfenabmyakheaBDMﬂts@&viﬂgaas component (c) is
used as solvent and as promoter.

The carbonylation reaction according to the present
invention 1is 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. Suitable pressures are in the range of 0.1
to 15 MPa (1 to 150 bar), preferably in the range of 0.5
to 8,5 MPa (5 to 85 bar). Carbon monoxide partial
pressures in the range of 0.1 to 8 MPa (1 to 80 bar) are
preferred, the upper range of 4 to 8 MPa being more
preferred. Higher pressures require special equipment
provisions.

In the process according to the present invention,

the carbon monoxide can be used in its pure form or

diluted with an inert gas such as nitrogen, carbon
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acid present will react to an am de under I|iberation
of water. Hence, there is also always a small anount

wobkocaoszs29 or med fromthe conjugated di ene, carBOIEP2005/050790

nonoxi de and the water, whildh in turn replaces acid
converted to am de by the direct reaction as described
above. The thiol co- reactants can be aliphati c,

cyeloal dphat ik gaesBt sech RIefargred bhi elo-GRuctant
reactants are al iirﬁftlatic thiols with 1 to 20, nore
pr 8F&FAbT Y- Wid%h 2F"PB18- car bon atons per nol ecul e, and

al i phagh e v drtdirel, Swhe hada 20; oy 1RE8keRakNG 1210 o8
carbon atons per nol ecule. The source of anions (c)
pre¥ere®tyy isuhagsadi 80 Adreoky effertdls pmauedr lodx plairpon
8Chdn o WUL &A1) PEOHEBO! h a5 ALARNRL s6ATRALERY () the
as well as solvent for the reaction. Again nore
preferabllyighdre agounte of hyduogern,s haweseird hawidsg ta

pK ve 2. ed, i n_aquequs solution at 18 0C)
an a@%‘? ?rho? euq}ﬁlie gﬁ g%é%?yh}é% Py y%%%lggnﬁgﬁ%# FhSs TeRCtant
acaddhavi o tehepkasabavet8d Ocarbukyidic pofie prefeicahly a

pKa of_above 3.6. Exanples o referred acids include
car boxy§ clrévc‘?n&§9nslﬁ?:ﬂ? e QLPS&@%@@, %Eﬁ’r Gpicorficd 19iag
buhyht+Cimtt thg R&RWPNEEC aci d, pentenoic acid and

nonanoi ¢ acid, the latter three being highly preferred

asEEREPEe | bV EbICarPRyabhne nFupies vad fotasd afp reactions

I ngpeaservdiey rRach Vet Yuohaldg Galdd wekngyshem Very
conveniently the acid corresponding to the desired

produck 970 tHe "egaetieal bans ber ipsbduascipye was

successively charged with palladium acetate (0.1 mmol),
20 ml methanol, 40 ml pentencic acid and 0.3 mmol of the
respective ligands in Example 1 and Comparative

Examples A and B, and 0.5 mmol of the ligands employed in
Comparative Examples C and D.

The autoclave was then closed and evacuated and
flushed with Nitrogen, and then 20 ml butadiene was
pumped in. The autoclave was pressurized with CO to
6.0 MPa, sealed, heated to 135 °C and maintained at the
temperature for 10 hours. Finally the autoclave was
cooled and the reaction mixture was analysed with GLC.

The initial carbonylation rate (mol per mol Pd per
hour) of this batch operation, as presented in Table I,
is defined as the mean rate of CO consumption over the
first two hours.

In Example 1, about 80% of the butadiene had been
converted, with a selectivity for the methyl pentenocate
of above 95%. In the comparative Examples A and B, about

30% of the butadiene had reacted to a mixture of



cat al yst conmponent (c). Pentenoic acid is particularly
preferred in case the conjugated diene is

wa 2@shsasagli ene. Cat al yst conmponent (c) can al sBCh&Pzm5/050790
i on exchangi ng resin contailfi ng carboxylic acid
groups. This advantageously sinplifies the
purification of the product m xture. The nolar ratio
0f41-ﬂﬁ1ﬁQi¥cQ_%h@fxe§€| 8n8, buhiRald YRl - ?n Sk ¥ative
conmponents (c) and (b), is not critical. However, it
suUFtaLS € FetwPenn?: G0 apRPVIRY SIPTaFQUABY Be pRed e Edy
between 10 :1 and 10 :1, yet nore preferably between
10 : 1 and 10“:1, and nost preferably between 102 :
and 10 :| due to the enhanced activity of the catalyst
systemIf a co-reactant should react with the acid
serving as source of anions, then the anount of the
acid to coreactant should be chosen such that a
suitabl e anobunt of free acid is present. Cenerally, a
| arge surplus of acid over the co-reactant is
preferred due to the enhanced reaction rates. The
quantity in which the conplete catal yst systemis used
is not critical and may vary within wide limts.
Usual Iy anpbunts in the range of 10 to 10 , preferably
in the range of 10 to 10~ nole atomo f pall adi um per
nol e of conjugated diene are used, preferably in the
range of 10~5 to 10 ~ gram atom per nole. The process
may optionally be carried out in the presence of a
sol vent, however preferably the acid serving as
conmponent (c) is



used as solvent and as pronoter. The carbonyl ation
reaction according to the present invention is carried
wountosas2saoder at e t enperat ures and pressures. SECT/APRL085/050790
reaction tenperatures are ilh the range of 0- 250 0OC ,
nore preferably in the range of 50- 200 0C, yet nore
preferably in the range of from80- 150 0C . The
reaction pressure is usually at |east atnospheric.
uitable pressures are jn the range of 0.1 to 15 MPa
1 to 150 ba]r) preferapby ineohe range of 5 to 8,5
/Pa (5 to 85 bar). oCar bps noné@xi de Eartial @ essures
it he rangel of| 0. § to B3 MPa to|:80 bar) |ge

-~

i Gl
greferred, the |Uppdr ranBe.off ¥ to|8 MPa bei;}pg myr e
Aigferred. H gher g esslZed nequir p3speci al) 2 gl prent
prg?vi sions .| In ﬁh% PEOE®SS qecord|mg to t & pFegent
! . co B 'g EJ .
ifnvention, the car Fon>npooxi de can ‘Pe Hised it pure
flét m ar di | “ftp Wi “h Anl% nét {*ga8 slcl® as m‘“trﬁ’qen,
dar bondpoxi de or nobl e pases|such as argon,| or c|o-
reactHanE gasges |[such as ammonila. Furthernore, the
dddli i o8 of | inited amolints of hydfr ogen, such as|3 to
2& m3 %Sof_the janobunt of carbhon nohoxi de used,
A gk eg tJje ca@)onyl at |@n redction. These of hi gher
ARthts—ef—hydregen—hoepevers;—t-ends—to—cause—the
urtlesir gbl e hydrogenati pn of |the d|ene readtant and/or
ofbthe gnsaturated carbpxylig acid|product.| The
ipbventlgn will |be illustrated by the foll ow ng
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non - limting exanples. Exanple 1 and Conparative

Exanples A- D - batch reactions for carbonyl ati on of
wohotadsmee with met hanol A 250 ml magneti cal | yPST/EP2088050790

aut ocl ave was successivel y18harged with pal | adi um

acetate (0.1 mmol) , 20 M nethanol, 40 nl pentenoic

acid and 0.3 mol of the respective ligands in Exanple

1 and mﬁﬂtﬁelgﬁiﬁﬁksstﬁa@%ﬁ,s%@cg ]'_érgg%ls shows a

the |igands enpl oyed in Conparative EXanples D .

TheuaRF b1y WSt ReRverssed and W&Wé@YaFf@r the

fl Hégggyg\@:t%’ﬂéﬂ{ %gse'a'laﬁﬂgdt heie 20, N1l ﬁ%{igdh%&o W% rding

punped 1n he autocl ave was pressuriz t 30

6. 0oMPae pesfadd, inwansdono NGB0 aatrurdiumediyned cately

th r 0 S t he aut ocl ave

mage%%EPQ Q&H%?fhg&Féag??%% er#u elaas anal ysed with

G.C. The initial carbonylation rate (nol per nol Pd

per hour) of this batch operation, as presented in

Table I, is defined as the nean rate of CO consunption

over the first two hours. In Exanple 1, about 80% of

t he but adi ene had been converted, with a selectivity

for the nethyl pentenoate of above 95% In the

conparative Exanples A and B, about 30% of the

but adi ene had reacted to a m xture

of 4- vi nyl cycl ohexene and but adi ene pol ynmer. In

Conpar ative Exanples C and D, no CO conversion could

be measured. Table I No CO conversion could be

nmeasured. The results indicate that the subject process

shows a surprisingly high conversion and sel ectivity

for the
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watoososaseel y cl osely rel at ed,

catal yst system as cl ai ned, whereas |igands not
according to the present invention, however

performance.C L Al M5 1. A9process for the
carbonyl ati on of a conjugated di ene, conprising
reacting the conjugated diene with carbon nonoxi de and
a co-reactant having an active hydrogen atomi n the
presence of a catalyst s i neleudi ng: (c) a source
of palladium and (d) a LSy phosphi ne Iigand o
f formula Il, RL > P1 - R P2 < RRR3 (U wherein p and
P yrepresent phosphorus atgns; R .r.epresents an

opti onaby’ Céaﬂ Ss?lgf:u% g% FATEE P ar?lsfg 3SR UOREREd

t odidres phasphdrsisigateacbindg Whd efdhiiarga tear kirnat @ish
and R and R independently represent unival ent groups
of C3ri i“‘%nc?"é@eat?*&ﬁsacﬁﬂf%?arﬁtﬁd’ta MeerN%Ry E&aoR

at iyt Yl gl orhiieh teacpras it icx i ittt RE stem
phosphorus atom or R and Rjointly forman optionally
subR¢t4die di val ent organic group containing at |east

2 F&F td alon c ReNpat 9981 &y oigh which the group is
i nked to the phosphorus atom and R represents a

di (@) entbislendgitieg dgpbaprieiorpriigang P fatiemsular ddgh
which P-"-is Iinea&l% cpnnected to,P5 and (c) a
source of an ani off. 3 Kpp_rc?ces%Ra ording to clai i)

1, MhQJﬁngf%iﬁi afg p2 represent phosphorus atoms;

Rl represents an optionally substituted divalent
organic group linked to the phosphorus atom by two
tertiary carbon atoms; and RZ2 and R3 independently
represent univalent groups of from 1 to 20 atoms

containing a tertiary carbon atom through which each

group is linked to the phosphorus atom, or RZ and R3

jointly form an optionally substituted divalent organic

group containing at least 2 tertiary carbon atoms through

which the group is linked to the phosphorus atom; and R

represents a divalent bridging group comprising 3 atoms

through which Pl is linearly connected to P2; and
(c) a source of an anion.

2. A process according to claim 1, wherein R is an
optionally substituted trimethylene group.

3. A process according to claim 1 or claim 2, wherein
Rl, and/or RZ2 and R3 together represent a 2,2,6,6-tetra-

substituted phosphinan-4-one structure, or a 2,2,6,6-

tetra-substituted phosphinan-4-thione structure.

show a nuch wor SBECT/EP2005/050790
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optionally substituted trinethylene group. 3. A
process according to claiml or claim2, wherein R,

wa@pah508288 and R toget her represent a 2, 2, 6, 6- t BCT/BP2005/050790

substituted phosphi nan - 426ne structure, or a 2,2,6,6
- tetra - substituted phosphinan - 4-thione

structure. 4. A process according to any one of clains
1to 3, wherein the source of anions (c) is a

caf boxy bire cagk dacSordi ftf AGLSTh ACHR FMNG169anY eBe3of
clainmse 1 to 4, wherein an anount of 3 to 2 0 nol%

r eTRAEI ™t $RENECBAFDONL MR % e(Cloflhyrd Cceger=ivd igdaedd -
6.c A c j f.«l-ai 1.t@s5

S e s Snt oot o Ui shet e S L e o o2
metligdein Bn3apotabi ehed .ta 20 Mprocessladecotdi et garbon
a f cl-ali 6 in the catal yst
chn%rg#}%r#(’c%fi ?%Fé%‘l‘éﬁtl? naV@a&%r&t;l ar ratio to catal yst
cofrporrenirocaksi actbedimngs dny ond amatlkQmsl 1 8o A,
process, as.clained | ny, one of cl.ai l1.to 7,
WHETEA ST 2 SR80 RERCPRnpTaT it 1o  TH RIS 5E 8F 50
t onf0,1°-G,, t-heteaashéon pressure is in the range of

0,1 to 15 MPa, and the carbon nonoxide parti al

pr éssdt @HOSEPR Fﬁ%OF%h@% Gt A e e Npdmsgl Ko 6.

Pr PRESSi rAGIRS ¢iRE1 {8t At (&) al Mk d@1t8 i VReRSIR »
t he catal yst conponent is present in an anount bel ow
50821} e catcamadlyspatbadinsnpetanolie Wfe comosgatfed 02:1 and

08
8. A process as claimed in any one of claims 1 to 7,
wherein the reaction temperature is in the range of 50 to
250 °C, the reaction pressure is in the range of 0,1 to
15 MPa, and the carbon monoxide partial pressure is in
the range of 0,1 to 6,5 MPa.
9. A process according to any one of claims 1 to 8,
wherein the catalyst component is present fg an amount

below 500 mole atom of palladium per mole of conjugated

diene.



