WD 00/ 56695 17 Septenber 2003 - 1 PROCESS FOR THE CARBONYLATI ON OF

- CONJUGATED DI ENES The present invention relates to a process for the
carbonyl ati on of conjugated di enes, whereby a conjugated diene is reacted
wi.t h carbogagagg%gde and a hydroxyl group containing congeadbemdose
presence of a caté1yst 5 systen1inc|uding_a source of palladiumcations, a
phosphorus-containing |igand and a source of anions. In particular it
relates to the preparation of alkyl pentenoates and/or adi pates from

1, 3-but adi ene and derivatives thereof. 10 US Patent publication No.

5,495, 041 descr FBESE&RS pidcddtE fGrREGREY bR BPAN aOF 0f ObT UGS AT dnDRIFRS est er by
carbonyl ati on of butadiene in the presence of carbon nonoxide, alcohol and
a catal yst system conprising palladium pentenoic acid and a

phosphor us- cont dibi mresent gandenThenphedphesuscant@raiags | fgandhean be a

nonodent at e _Qr. |1, dent at e. phosphor us-.cantai ning . ligand or a.m xture
thereof . Préfera %/lagclrr%rhoo enf%ﬁgugﬁhggpﬁé?f}gﬁwgﬁ"ﬁ‘%‘%’ﬁ@ 7 g8RdUPE ESed to
obtain a hi ghierseliectieddtyed Thetlexaspbes fbackdse tdies useh pirdQyl

1, 4- bi s(di phenyl - phoshino) butane and triphenyl phosphine 25 30 as
phosphor us- E6Mt& MY SCOFRBUADI &F EQFiﬁaﬁse gth he2b2p¥FFadi umi s
accdrdi ng teyshiesn puldlisididn spreterabl yahessitthar 20 Jdns A gi sadvantage is
that this catalyst system has only a mpderate activity. European patent

publ i cat i onPRESFOPEESTT YT Y B1SpPoceis Posopresardhgreboxyinc

di-esters, pereachoxy ii¢ dracddsebychbe reagtihenof & coniygated diene
with carbon nonoxi de and an al kanol or water in the presence of an aprotic

sol vent andP&R3RE&6IFESd adut/A Y tdiRat e L eompt v Srhgtaddievd emd pal | adi um
conmpound, agbtkkagyk veRh@sSRNd and hydrogen chloride. The catal yst system

.na{ 22-12-2000 EP 00000231 - 2 ~ 17 Septenber 2003
0 US Patent publication No. 5,495,041 describes a

process for the preparation of a pentencate ester by
carbonylation of butadiene in the presence of carbon
monoxide, alcohol and a catalyst system comprising

palladium, pentenoic acid and a phosphorus-containing

15 ligand. The phosphorus-containing ligand can be a
monodentate or multidentate phosphorus~containing ligand
or a mixture thereof. Preferably a monodentate
phosphorus-containing ligand is used to obtain a high
selectivity. The examples disclose the use of

20 l,4-pis{diphenyl-phoshinc) butane and triphenyl phesphine
as phosphorus-containing ligands. The molar ratio of
butadiene to palladium is according to this publication,
preferably less than 20:1. A disadvantage is that this
catalyst system has only a moderate activity.

25 European patent publicaticn No. 0198521 describes a
process for preparing carboxylic di-esters, cor carboxylic
di-acids by the reaction of 2 conjugated diene with
carbon monoxide and an alkanol or water in the presence
of an aprotic solvent and a dissolved catalyst system

30 comprising a divalent palladium compound, a triaryl

phosphine and hydrogen chloride. The catalyst system may




: :¥%}%ggpoconprise a bidentate phosphorus-containing ligand, i.e. a EP 0000023
bi s(di aryl - phoshi no)al kane. in its exanples it is illustrated that the
process can also be wused for the preparati an of nono--esters. The
conversion 5 of 1, 3-butadiene to carboxylic diesters or1z Qepemdee3toy¥ s 1is

performed in t e one nole of hydrogen chloride per
at om of trivgﬁgﬁfﬁgﬁggﬁ%§§%? %r%%%%ﬁggﬁetﬁeoggpﬁﬁﬁ%7§%§kﬁ 2 consi dered
necessary, supgreient.ay,z dosd (dicreasphgsheasyzdskaae, requi4e£d to 10 avoid
corrosion. Exanples di.sclose t.hat_the nDIar+ra%io of conjugated diene to
pal | adi um i s ABBREF18 1 2500 et HFe 1R preSehfei RFGTESSN,Ca%s abSpriovi de an

i mproved progess ifart enes ferzatal st @ethvhbyeE0k rsCamheny ,Jé¥5$§n
conj ygat ed di gnes, 15 An .inproved process has now been found for the

sel ective cofiversPoRVSRESH GH &F Hhehesl sueheasers, 3Thdradicaeestiehsa
nigh conversionobakBrnkd e ol SRANFE Plo 2, S0CCLL! §o0aLALYR! Syst e The

present invention therefore provides a process or "the car ﬁ?fj i on of
conj ugat ed dheAssgenhehdbyide genj wgareddientvasentaphedphictrhiscar bon

nonoxi de an roxy roup gont.ai ni.ng conpound in,the presence of a
catal yst sys €%$ ége éo%bg(gg‘g g@ﬁf&&%ﬁk?ﬂu AdTORF 8B GAs S C5S SARY a
pﬂospﬂorus-csmpplﬂmagtfkgangpst&dﬁaraa%fngamﬁasm&ﬁﬂSaruheéFh?rbmeFo
pho orus-containing ligand is_a ligan aving the general fornula I
X1~ RO (T) a%ﬁ%%m%?grﬁsginangxiﬁpéégr ‘ rl%F%L&%%?t dUBtagoRatic

substit ut ed eycddss@oURAVWELBnat theash 15 diRg B WBeuef11¥hich one is a
phosphorus atom_and R r§presents a bival ent organic bridging group,
connecting bot h CpHeShhet ukhat BRE SeREntAVAIG From sl %9 RERY #A the 35

bri dge: - and AVENGRL: SHEET. 22- 12- 2000ER 00000AY/s 22 s gy epper 2003

wherein the nolar ratio of conj ugated diene to“pal | adi um

carbonylaticn of conjugated dienes.

15 An improved process has now bheen found for the
selective conversion of conjugated dienes such as
1l;3-butadiene, with a high conversion rate, in the
presence of a specific catalyst system.

The present invention therefore provides a process

20 for the carbonylation of conjugated dienes, whereby a
conjugated diene is reacted with carbon monoxide and a
hydroxyl group contazining compound in the presence of a
catalyst system based on:

{a) a source of palladium cations,
25 (b} & phosphorus-containing ligand,
(c) & souvrce of anions,
wherein the phosphorus-containing ligand is a ligand
having the general formula I
xi-r-x2 (I)

30 - wherein X% and %2 represent a substituted or non-
substituted cyclic group with at least 5 ring atoms, of
which one is & phospheorus atom, and R represents a

bivalent organic bridging group, ceonnecting both

phosphorus ztoms, containing from 1 to 4 atoms in the

35 bridge; and

AMENDED SHEET



22-12-2000
~cation is at |east 300:1. AMENDED SHEET 17 Septenber 2003 - 3 Tills EP 00000237

specific catal yst system has an unexpectedly high activity, which allows
for nolar ratios well over 300:1 of coenjaagated diene to palladiumto be
used, whilst still obtaining high selectivities to thefﬂeaﬁbﬂdm52003

product (s). NS t C h t ¥y of the
presence of ﬁ%??&g? %ﬁﬁuggg Iﬁﬁ?ﬁﬁﬁgqﬁgé%%?y? %géaogggpgeﬁﬁ)gﬁﬁﬁie react or

i nstal |l ati onsatAonf ast bér ladeantXHye:1s that in one step sinultaneously both
nmono- esters and di-esters, and in particular nono-esters 10 and di-esters of
but adi ene, such as nethyl -pentenoate and dinmethyl adipate, can be prepared.
A catal yst system conprising palladiumcations, a carboxylic acid and

1, 2- bi s(cycl ooct yl enephosphi no) ethane as the phosphorus-.containing |igand
is described in PCT 15 patent c-M.icaticn WO 97/03943 for the carbonyl ation
of ethene. However, the process of the present invention is specifically
directed to the carbonyl ation of conjugated dienes, which show specific
reaction characteristics when 20 conpared to olefins in general. Conjugated
di enes contain at |east two conjugated double bonds in the nolecule. By
conjugation is neant that the location of the n-orbital is such that it can
overlap other orbitals in the nolecule. Thus, the effects of conpounds with
at |east 25 two conjugated doubl e bonds are often different in several
ways fromthose of compounds with no conjugated bonds. It is generally
acknow edged that the carbonylation of conjugated di enes conprises nore
difficulties than that of a nono-olefin. For exanple, in 30 European patent
publication No. 0495548, relating to the carbonylation of olefins with a
catal yst system obtainable by conbining a group VIl netal with a

bi dent at e phosphorus-containing ligand, i.e. a MCS31/ TSO801PCT AMENDED SHEET
WO 00/ 56695 17 Sept enber 2003

AMENDED SHEET




- 4 5 bis(di(tertiary al kyl)-phoshino)al kane, it is stated that diolefins
with nore than one unsaturated double bond may be used, however, in
particul ar those wherein the double bonds are non-conjugated. The process
of the present invention can advantageously be used to 1prSp&mebar@io3est ers
and/or diesters in one step. By optimsing reaction conditions such as the
residence time, the pressure, the tenperatur®,-the amount of hydroxyl group
containing 1 0O conpounﬁ. the source of anion and specific type of 15
ligand, the process can"bg TRRfEiH6r 6252l eet isustby bhe askiddedcpessen to

ei ther nono- est er s haghdhesi s, assweh! Hesgr| in . nore detail” bel ow
Preferred hydroxyl opp pontz ni ng co%gﬁnsg?%i"nm?lﬁgr PHocssgeot e

i nvention are al kaagps Wt HOPIHG3589 dbree tor ohéiadlym vit lbelubedp warken
atons per nolecul esanll @lideamadicohsgmi 4416240 - ML e Pregfer,ably 2 to 6 carbon

atonms per ngl ecul e, QUi l,e al.kanols in the process of the Thvention
i ncl ude net hanol , gtﬁ%’?}% é,)s)p'rgﬁgﬁof?n%si%- PREPRANE ashigmet!, witsmurut anol ,

tert.butanol, pentmdlecdsediamobf tlyelmeaxans! o2k IRRRRO! 1 X eglelro%ghg

met hanol or ethanojnd 5445643 hydroxyl group containing conpoun
Met hanol is especi al Iz pr eggrgegfaés@eeg )r%’d’r 5§3I"egar°dﬁ’ﬁ ¢Bftad Fwgnsenpound. -

4: 25 The conj ugat Bt tdiegnédpretagalls thetainomeigate@dsdin@Deanshi3 13035,

having from4 to ZhnomiseeREef gl abl ke 4 8 carbon . atons pelr nol ecul e.
The conj uggjed diene can be subgét%ittft ggg]bra"ﬁfgnl-nsﬁﬁsEf‘?‘ﬂljrae‘a.m%sﬁ“ers

preferably, the Bl GJafdbess ete Bubadéposubsidh eseteth Bl imahencs fol
exanpl e when met hahiolethgluseétbatse a dandbexXyte QWP containing conpound in

the carboxyl ation proﬁeégtgqyé%:%}stem comprising palladium cations, a
carboxylic acid and 1,2—bis(cyclooctylenephosphino)ethane
as the phosphorus-containing ligand is described in pCT

15 patent Q%ﬂﬂﬁﬁ#11W391KBQB for the carbonylation of
ethene.

However, the process of the present invention is
specifically directed to the carbonylation of conjugated
dienes, which show specific reaction characteristics when

20 compared to olefins in general. Conjugated dienes contain
at least two conjugated double bonds in the molecule. By
conjugation is meant that the location of the n-orbital
is such that it can overlap other orbitals in the
molecule. Thus, the effects of compounds with at least

25 two conjugated double bonds are aften different in
several ways from those of compounds with no conjugated
bonds. It is generally acknowledged that the
carbonylation of conjugated dienes comprises more
difficulties than that of a mono-olefin. For example, in

30 European patent publication No. 0495548, relating to the
carbonylation c¢f olefins with a catalyst system
obtainable by combining a group VIII metal with a
bidentate phosphorus-containing ligand, i.e. a

MCS31/TsS08C¢1pCT
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but adi ene enabl es the production of nethyl-pentenoate and/or dinethyl

adi pate and preferably both. D nmethyl adipate is an internedi ate conpound
in the preparation of adipic acid, an internedi ate conpound to prepare

Nyl on WO 00¥G669&937 Sept ember 2003 5 6, 6. Methyl - pent enp8kptehtbednod3rpor t ant
internediate in the production process-o0f s-caprolactam For the
preparation of E-caprolactam nethyl-pentenoate is hydrofornylated to

met hyl formylval gratg iffh f. £ ' m nati.on .and cyclisation
forms s-caprol At a?ﬁE ’réc\-ﬁ,%éf ro%a%)mﬁéggyg%%ﬁ%%nﬁét éri a1° iH-¢ hed that
nmanuf act ur e dioplafion @iftitbmes ort fenyioreerimga phasteds dokdpdrofosnd md @t i on,

reductive armnatl a yclj satiqn can performed i n any manner known to
a person skirE}T gﬁdé%)%'tﬁgw% E'(JTJr’t .lrélﬁaira“bﬁ%%?ﬁc@%‘g%% ‘ég@r&il\?eﬁ:ri% Prgple

appl i cati on bdvdods 95 862bnandnlapatese. patent application No. 25351/ 66A. The
process of the esent invention is therefore particularly advantageous
wher” there is a nEedtB8CEaGpPy % BHIF STt MAYSeht @RoaRE, as an

i nter nedi at edvin i @PaEat oBeOlishA @R &.r ik MEIo RS- dipet-BYL adipate, as an
internedi ate for the preparation of Nylon 6,6. The anount prepared of each
i nt er medi at &1&H PSS VAR @8 B ePpr Sporpitdimitss ncher ©vmbketi gbnndad onisy
varying thesg@d eaction £08dikheassifhie Relsyraldfiaverage skitl inthe art
will further realise that the process of th present’ i nvéntion can also be
used to prep&fPeTEBYNg | chavavorsitds fahgdbooxydardioxy i codtadchdsg Car boxylic

mong@- aci ds angd/Rk:: o] Lc. diaci re_prepared by reacting conjugated
30 dienes W th u(ﬁbg%{%o%%%gg g%dhﬂZPﬁS \%/gjtderSPaesClatb%@dF%Qﬁl Oggroup _

cont ai ni ng éémpognd.tHen phbsesaseant he meaebooyleatiedre qroakicky the. the
carboxylic gﬁi-ql o i-_acid_ can. used_as the sour ce of anions. A suitable
source for palll‘agl u%ecra 9%n Oo?lggﬁﬁoﬂgﬁ? CELFTar €5 (HSHIRES PFeféthbly, a
salt of a chebdrgkirdbeatiithisotisedetstltoblywa carboxylic acid with up to
Preferred hydroxyl group containing compounds in the

15 process of the invention are alkanols with 1 to 20, more
preferably with 1 to 6 carbon atoms per molecule and
alkanediols with 2-20, more preferably 2 to 6 carbon
atoms per molecule. Suitable alkancls in the process of
the invention include methanol, ethanol, propanol,

20 iso-~-propanol, butanol, iso-butanol, tert.butanol,
pentanol, hexanol, cyclohexanol and phenol. Preferably
methancl or ethanol is used as a hydroxyl group
containing compound. Methaneol is especially preferred as
a nydroxyl group containing compound.

25 The conjugated diene preferably is a conjugated diene
having from 4 to 20, more preferably from 4 to 8 carbon
atoms per molecule. The conijugated diene can be
substituted or non-substituted. Most preferably, the
conjugated diene is non-substituted 1,3-butadiene.

30 For example wnen methanol is used as a hydroxyl group
containing compound in the carbexylaticon process of 1,3-
butadiene enables the production of methyl-pentenocate
and/or dimethyl adipate and preferably both. Dimethyl
adipate is an intermediate compound in the preparation of

35 adipic acid, an intermediate compound to prepare Nylon



10 carbon atons, such as salts of acetic acid, propionic acid and butanoic
acid, or salts of substituted WO 00/56695 17 Septenber 2003 - 6 carboxylic
acids such as trichloroacetic acid and trifluoroacetic acid. A very

sui t abl e sowRO¥56695 pal | adi un(11) acetate. The phosphor ug-Spueabed 2003l i gand
of conponent (b) of 5 the general formulga I XI-R- X2 (1) represents a

bi dentate |igand wherein XI and X2 represent a substituted or

non-substituged, cyelinG 197, M t. . least 5 ring atons, of which one is a
phosphorus atom 10 and R repr eé%n%slsa r?v%ff%%f 8gaﬁi"5eﬁﬂe&’diaﬁ§ gribup,
connecting bbkf phosipkdrivs: girens st ai-tapgJramdmt oFed ahans in the
bridge. By "a i is understood the shortest connection between both

bri dge"

phosphor us a?{)?rg?r%?:éf’é‘r 8Bl ¢ CRRECBACEGMg MeLH Wir-mantRemeptesént s an

al kyl ene gr oapaeQBL i 0h A9 rbons atons_in the bridge, but it
may al so conprise a gar bgfrclj gh%]algnr?ft(?ﬁy;kt g%r%“d’t etf by” 3~ fiet BPoCht Slﬁ%e§uch as
nitrégen, sutphuetisel aronash coxygen caicams ke Al fytRoes - 645,9UP1 saPRe
substituted or. non-substituted or can form 20 part of a aliphatic or
aromatic rirg SHATIIF M VbEt2 pEeFeiasl patrriepr éventre anmubSictuted or
non-substit edy,ethyte pLOp n roup, connecting, both_phosphorus
atons by the first an%l ?ﬁ}égégc%%dggglﬁﬁgw‘ﬁﬁr F 1B s - g@%ﬂfoggﬁﬁ as a
1, 2- et hyl endY e Bion propyhenever ami2bt 1p8- phapPYyRNE HiOUh inand X2

represent a I ed or_non-substjituted cyclic group with at least 5
ring atoms, pc%; ﬁ#nﬁz :Eoln‘?a i ’Balﬁ)ﬂ%pkﬁ?ﬁ@ 5Pof PERE Py efler bR it bherom 6

to 49 ring aattomssuiMbriel erieferabbys Xdrangi ¥enr €pr 8ent, & substi tyuted 30 or
f which one i1s a

non- substi t yt ed i roup_with 9 ring atons, o \

phosphor us ﬁ%dmé%gﬁéé§g%ﬂén%@%ﬁQﬁiﬁ P3tepnderBtésatd omonocyclic or

pol ycyclic gmoups¥riefsaaaed cyclic groups are bicyclic groups. Particularly
preferred is a_substituted or non-substituted bicyclononyl group 35 wherein

one carbon atom''§ PEHISG Yy &l Proephorimve:00/56695herefore

particularly advantageous when there is a need to supply

15 both methyl-pentencate, as an intermediate for
preparation of Nylon 6, as well as dimethyl adipate, as
an intermediate for the preparation of Nylon 6,6. The
amount prepared of each intermediate can be varied, in
proportion to the commercial need, by varying the

20 reaction conditicns.

The person with average skill in the art will further
realise that the process of the present invention can
also be used to prepare carboxylic mono-acids and/or
carboxylic diacids. Carboxylic mono-acids and/or

25 carboxylic diacids are prepared by reacting conjugated
dienes with carbon monoxide and using water as a hydroxyl
group containing compound. In this case, the
carbonylation product, i.e. the carboxylic acid or di-
acid can be used as the source of anions.

30 A suitable source for palladium cations of component
(a) are its salts. Preferably, a salt of a carboxylic
acid is used, suitably a carboxylic acid with up to
10 carbon atoms, such as salts of acetic acid, propicnic

acid and butanoic acid, or salts of substituted



- 7 17 Septenber 2003 atom i.e. a 9-phosphabi cycl ononyl group. The 9-phos-
phabi cycl ononyl group can have several isoneric structures. For the purpose
of the invention the [3,3,11 and [4,2,1] isoners are preferred. Suitably X1
and X2 areY 8i§PF t uted or non-substituted [3,3,1] or (% S2plehier2008s-
phabi cycl ononyl groups. The two 9- phosphabi ctycl ononyl groups can have both
the sane or each a different isoneric structure. One or both of the

phosphabi cycl onesyl 1 LEngs iean fecr G substdl vbedaweth Ong iy 4Ry e suitable
hydr ocar byl groups containing carbon atons and/or hetero atons. Suitable

subst i t uent st T HEHURBCBESLRS Atk i iF Het Bt bt aPbfs SSUEKe 45 hal i des,

sul phur, phaosphofq: oxygen ard ity ogen. Exanples of such groups include
chl oride, bromde, 15 1odide, thiol, and groups of the general formula

R2-O, -S- R, -t RPhosNARrusNER2ta-iNR2RE, 1 1TCRARRRI compianenpOlb) <NOR,

-NOH, -CO, - - g [ and R3, independently, represent
hydrocarbylt§§%6%%é§¥%é ﬁ%?ﬁ?ﬁg %gthyl, propyl and isopropyl. G oups

contai ning carbon 20 atons i #el-®d&2strai ght -chain or bri@nched saturated or

non-sat ur at ed _car bon_cont ai. ni.n royps.__| hosphghi - _cychononyl ring is
substitutedﬁ%?ﬁ%?%ﬂ%?e?agﬁgengﬁg§t#ﬁ@ﬁ&#\ﬁh%?%ﬁ a?boﬁnéo%tafﬁfﬁﬁsﬁp§up

Such a carbaen st atnts8g groupneanbshowevesd ©palatngaddpt wanal zshetero 25
atons s h h_, uc al i des, sulp oxygen and nitrg%en or hetero-groups

hur ,
as doscr i bed Siei ot b7 63 LPRSF oPAbIY Chs OB kit &P BROEBALHECoEBnony |

rings are substint Wiathc ¥ hhsakkyh vH10HRS o riRf8f:eF abl vahaMhngrbtpm 1 to 10
carbon atons, nore preferablg from1l to 4 carbon atons. Linear, branched or
cyclic al ky[FOgrasst kanPdel usBESPRAFEbRE O kIO DURENI nEFQBe !l &et hyl

ethyl, propyl qtichs PHPPYhe bridge.

By "“a bridge” is understood the shortest connection

between both phospherus atoms. Preferably, the bridging

15 group R represents an alkylene group containing from 1 to
4 carbons atoms in the bridge, but it may also comprise a
carbon chain, interrupted by a hetero atom, such as
nitrogen, sulphur, silicon or oxygen atom. The alkylens
group can be substituted or non-substituted or can form

20 part of a aliphatic or arcomatic ring structure. Most
preferably, R represents a substituted or non-substituted
ethylene or propylene group, connecting boiti phosphorus
atoms by the first and the second or the third carbocn
atom, such as a 1,2-ethylene, a 1,2-propylene or a

25 1,3-propylene group.

X1 and x% represent a substituted or non-substituted
cyclic group with at least 5 ring atoms, of which one 1is
a2 phosphorus atom, and preferably with from 6 to 10 ring
atoms. More preferahbly x! and x2 represent 2 substituted

30 or non-substituted cyclic group with 9 ring atoms, of
which one is a phosphorus atom. By “a cyclic group” is
understood a monocyclic or polyvecyclic group. Preferred
cyclic groups are bicyclic groups. Particularly preferred
is a substituted or non-substituted bicyclononyl group

35 wherein one carbecn atom is replaced by the phosphorus




butyl and iso-butyl. Mre suitably nmethyl groups are wused. The substituted
phosphabi cycl ononyl ring can be nono- or poly-substituted and is preferably
di -sub 35 stituted. Most preferably the phosphabicycl ononyl ring is WO
00156695 17woepksggdzer 2003 - 8 substituted with two mavigeptenitmen 2903 The
phosphabi cycl o- nonyl ring can be substi_tu7te_d at all carbon atons of the
ring. However, the use of rings wth substituents on certain carbon atons
can be more benefigial. Sujtably, 5 rings are used with substituents on two
carbon at ons?® “°8ui taliy tat BORCERBAPICYZLogcand cardon. ariom 4-phost 6.

Sui t abl e phosphh®hiusaIH i Lig forula (1), _thus. include
substituted or non?r;%bsti t}nult Q%r Lé‘yﬁ?rgﬁrﬁévgr stvyerﬁﬁa]t rITPf%E851] or [4,2,11
i,somers of 3BTECEVPER biED-Prospirabe sycbdnaimy )iprapaniein SySMEL [ j Cr pr
asymmetric [3nad, ];’QI” 1[}4,- . j (S of .

1,2-P, P bi s(9-phésphabi ci%loé“)neollnsfﬁ b opanes T LEFmetritebdry ddyramd X% 4132 3, 1]
or [4,2 1] iSoheEipptet 2rP iRrbis(Os phospbabi gy gl anomy )iet hane; and Jo

m xt ures of M@C%ﬂgkgggq_ ér%rg?lound The selectivity of the process to

ei ther nono-‘esters’ or di ésters ¢4an be'partPy refaerhad sy allsqahdsphor us-
cont ai ni ng l9xpmRs usad. hBvestets ame Mste Sykt abky appgp%gg[n\@th a catal yst

syst em wher ei . phosphorus 20 containing |igands of formulfa (1) are
non-substit(l}t%dﬁ&%rsfhécﬁf‘léﬁarati on of nono-esters one or both of the

phosphabi cycl ondmd 1 nigstBf otthenabgweeid orus-contai pi ng
|igands is preferab %@iﬂbsu tuted. 9Sui taf)él e sﬂ %‘???ﬁ?gdrgﬁgﬁogﬁﬁi Eigs f or
t he prepar ati-on of-2 oL Bs PBRS OF nECwGe SiSitmist e | kydroasyhyet gireupa, 3, 1]
or [4,2,1] cosar#Ensid da2oBnPatBihs( 13-4 yl..9:-phospha . _

bi cycl ononyl ) et hane and m’xtﬁraeg t%e%ggl/%ﬁsé}rr%ﬁs rallégo%?' g‘éﬁ/t‘rﬁ}éﬁ?i c [3,3, 1]
or [4,2, 1] PEEREASWnYS sl pudpi groppssadintetiming Reohosphabbayckeagny! )

R A S S
nonyl ) pr opafi&2&Rd e afurssn hereaps bncaudenkinlatdion: Of - @bove, nenti oned
di pisosphi nesoqThe, aBoue et SNed phosphoLys-containing 11 gands, can
-S-RZ, -CO-R2, -NH,, -NHR2, -NR2R3, -C0-NRZR3, -OH, -pPOg,
~NO2, -NOH, -CO, -S50p, -SOH, in which R2 and R3,
independently, represent hydrocarbyl groups like methyl,
ethyl, propyl and isopropyl. Groups containing carbon-
20 atoms include straight-chain or branched saturated or
non-saturated carbon containing groups. If a phosphabi-
cyclononyl ring is substituted it is preferably
substituted with a carbon containing group. Such a carbon
containing group can, however, contain additional hetero
25 atoms, such as halides, sulphur, oxygen and nitrogen or
hetero-groups as described hereinbefore. Preferably,
substituted phosphabicyclononyl rings are substituted
with alkyl groups, preferably having from 1 to 10 carbon
atoms, more preferably from 1 to 4 carbon atoms. Linear,
30 branched or cyclic alkyl groups can be used. Suitable
alkyl groups include, methyl, ethyl, propyl, iso-propyl,
butyl and iso-butyl. Mcre suitably methyl groups are
used. The substituted phesphabicyclononyl ring can be
mono- or poly-substituted and is preferably di-sub-

35 Stituted. Most preferably the phosphabicyclononyl ring is




35 be prepared by nmethods known in the art, such as for WD 00/ 56695 17

Sept enber 2003 exanple the nmethod known fromBritish patent publication
GB-1127965. Suitably the phosphorus-containing |igands can be prepared by
refl uxi ng wWheopbspephabi cycl ononane hydride with 1,2-di b7 gepeidbareod®n
acetonitril. After 5 neutralisation with gi-h d so umy roxide the bis

(9- phospha- bicyclononyl) ethane can be isolated. The phosphabi cycl ononane

hydri de may caonv nlentl re ared as, descri et al, (Chem
Aot r 1075 50t EL5G Eerb el P Tt SR R R0 ORab FEy SR et W r i do | 5
conveni ent | mcm?paﬁ:edgbycafslmg Sudst i £ wit el a‘Cy@Lﬂ)Oﬁhaﬁloe{l&ﬂ:dmIB tde the

her ei nbef ore nenti oned process descrlbed Ei et al. The source of

s
ani ons of cdgehentOFEY SCan ents aff y- - a"ﬁ’ytgaﬁtlbértlgr&ed“tosr

combi nati on Qfy $ak h _aa%%qi ooy Rraf efs@t}wr@nb@ﬁédlts;aqseeb,ul/ta%plp range of
acids can be used, including halide acids, such as hydrochloric acid and

hydr®br oni ¢ T @S ﬁfﬁeﬁéEQMﬂkﬁ? %HRﬁi%ﬁ%e@ﬁﬁFﬁmrFEOaéﬁébQQt%qQ?%mld and
phosphori c Cda‘.jt }B‘Pgl ca g%@l'd(sét%%'r ds, Such aﬁ?d acglybacgton ¢ ,ag ds, ul phoric

20 aci ds an car ef'erdbly, a protonic acid ‘is used, such as
sul phuric acid, Epthmsphém @hmpdxca:rms qra*rtthsnmq: htgandsMoie fprfé’fﬂdraatilly a

carboxylic q¢l d IS gglgwgglf% t%ygiihé.v $£§£8£%gly a carboxylic

acid, is uséed, pre?era y an aC| alue > 17i'n 25 aqueous
solution at a temjmhatmie ofr AEyﬁmes:nis:eoD Especoal [ ¥, 8ulliablseragisds far e

be |c a0|3 3% E 3% cid can be s stltuted Sui tabl e '

|tuent By dg ali c&;@&&gcy dar P3PS, carboxy groups and
al kOXy groups. Especéakly preherntedtharzdix ﬁCII}dSoBO[ﬂnBI,ﬂJ(HGitsbﬁﬁae:s of
substltuted\Mtk%ngggyg(%rpg%gggx%l%&% Ononytvgkggaq 6- di met hoxybenzoi c
acid and

symmetric or asymmetric [3,3,1) or [4,2,1] iscmer of
1,2-P,P'bis ({9-phosphabicyclononyl)ethane; and

15 mixtures of above mentioned compounds.

The selectivity of the process to either mono-esters
or diesters can be partly regulated by the phosphorus-
containing ligand used. Diesters are most suitably
prepared with a catalyst system wherein the phesphorus-

20 containing ligands of formula (I} are non-substituted.
For the preparation of mono-esters one or both of the
phosphabicyclononyl rings of the abovementioned
phospheorus-containing ligands is preferably substituted.
Suitable substituted diphosphines for the preparation of

25 mono-asters include, symmetric or asymmetric [(3,3,1] or
(4,2,1] isomers of 1,2-P,P' bis{l,5~-dimethyl, S-phospha
bicyclononyl}ethane and mixtures thereof or symmetric or
asymmetric [3,3,1] or [4,2,1} isomers cof 1,3-P,P' bis-
{1,5-dimethyl, 9-phecsphabicycloncnyl)propane and mixtures

30 thereof or symmetric or asymmetric [3,3,1] or {4,2,1]
isomers of 1,2-P,P' bis (1,5-dimethyl 9-phosphabicyclo-
nonyl)propane and mixtures thereof, or a combination of
above mentioned diphosphines.

The above mentioned phosphorus-containing ligands can

35 be prepared by metheds known in the art, such as for




2,4,5-trinmethyl benzoic acid. Suitable salts include any salts forned with

inert substantially non-coordinating cations, such as sodi um or W 00/ 56695
1D 17 Septenber 2003 - potassium Suitable salts include the salts of the
abovenent | oWt0tE®ss. I n a preferred enbodi nent the sourtesSgitembeoZt03 s the
same as the source of palladiumcations-ig using a 5 palladiumsalt. In

anot her preferred enbodi nent, the source of anions is the carboxylic acid,

whi ch resul t g f4 he, b | at i reacton, of the conjugated diene with
car bon nmonoxi él{éimrfaynmdet vvat%?rg%FRg%t g{“%% grB? hydﬁ'élsyhsip?t(ﬁnéldg‘fq’l%l%é’fé?“
product, thu&BHe 2adiah deSuivnabVe dhet hrossheruspreduct: dihde) pgepased. For
exanmple, if nj ted iene Ls 1, 3-but adi ene, conponent (c) m ght
gonveni ent | ygggle%%eﬁ#% oai%e%g?%l, r%%ﬁ‘t”éh%?ct]?a%i BhBéPRG EfY Prutrranaf  t he
car bonyl at i ohyadfitie3+hutradi ehed vib i bnsat BoRe NDAOX A o145 and Wwat £, Conponent
(c) af the cat agaé .systemmight thus be different for each conjugated

di ené used. Th& vaRTAgE 75 that ORhyM risgdE e ohdef thke bésnpdhaitosz)z wi t h

f he hydr oxyl bgeoup ogental)m it COMRAUNGL resi I s.4n 4 raduct as
obt ai ned by the_ carbonylation of the 20 conj ug%‘%l'ed&alge 2’% i h}%btlhat hydr oxyl
group cont ai iY AG°NEBRAPEURY IS dWl @Ovfernidonby cae puephernbre b. ; any

conbi nati on @fshergLAbekome JIRN i acj s, AN | ts. e nopl.ar ratio of
acid and salt _can vary bet méen vmegf;%%s Iel(%l@tng %%ﬁit%%ﬁg’l V&4 i § % he range
of 100:1 to 484bbixBe Subsirsra sy twdisisphak itde: rangeaoé AQBridkoil: 1. The
selegtivity oftbe; PLPEES i.ther npno-esters . or _diesters can be partly
regul at ed by tIF]e s%urcg9o?rte§)r?i?§r?2% sél&‘nﬁepgé"reﬁjcﬁtrfg"%me‘?he ot her reaction
condi tions, CYhkoprepdianieniof tdieesicers nbafofdmaxai®heéd peokavgured by

t he use of Al koxy substituted benzoic acid or salt thereof, whereas the
preparati on%cﬁ mno?%s}#grghégﬁrf 8? aéxarrpl e be favoured by a carboxylic acid

as pentenoic The source of anions cof component (c) can essentially
be any salt or acid or a combination of salt and acid.

15 Preferably an acid is used. A wide range of acids can
be used, including halide acids, such as hydrochioric
acid and hydrobreomic acid, mineral acids, such as
sulphuric acid, nitric acid and phosphoric acid, and
organic acids, such as acetylacetonic acids, sulphonic

20 acids and carboxylic acids. Preferably, a protonic acid
is used, such as sulphuric acid, rhosphoric acid and
carboxylic acids. More rreferably a carboxylic acid is
used. When a protonic acid, preferably a carboxylic acid,
is used, preferably an acid with a pKa value > 1 in

25 agueous solution at a temperature of 25 °C is used.
Especially suitable acids are benzoic acids. Such a
benzoic acid can be substituted. Suitable substituents
include halide groups, hydrocarbyl groups, carboxy grcups
and alkoxy groups. Especially preferred benzoic acids

30 include those substituted with methyl or methoxy grours,
such as 2,6-dimethoxybenzoic acid and
2,4,6-trimethylbenzoic acid.

Suitable salts include any salts formed with inert

substantially non-ccordinating cations, such as sodiur or



acid. In a suitable enbodinent for the preparation of diesters, an
carboxylic acid is conbined with an under WO 00/ 56695 17 Septenber 2003 -
11 the reaction conditions substantially |ess-coordinating salt. The

sel ecti vi t WOO¥0/366f5 process to either nono-esters or di egtgésemder 4003t her be
regul ated by neans of 5 residence tinet Résidence tinme in the reaction
vessel can vary with other factors such as the specific ligand used, the

source of aBkeassused and tdielpressuseinQlidmlcnd esidescerticaes in the
reaction vessel mght further be determ ned dependent of other factors
known to onB°PFERAYES% ¥ReCart such as the catal yst concentration used

and the size of ;hhg Leactd on-yessgbadiReskdence sidue-e can BRi¥AEY ishertk, even
in the range of seconds, dependent of a continuous, seni-continuous or

bat ch-w se Spiecass ting FaiunCased. PEbt2dipat CALANE pbce§snNgsaitably 15 the
resicdence t%ggi gt el L hhe range to 4B hours, nmore suitably in the range of
10 finutes o 158 hours. Cenerally a residence tinme near the upper linit of
this range favolinsahbhé¢hpregaraf¢ornedfedbedimestand e resideace time near
the lower Iimt of .this _ran favours_the 20.preparation. o np: esters. The
sel ecti vity* ot “t'Re'pré éséxfg?%ﬁ¥ T %%ﬁgfegFefg Eﬁﬁul%%téfggcgggalso be

i nfluenced byrbeansaeh opr essiveion ReAicthencpnéagures! nhyebe @t vbspheric or

superat nbs- pheric. In rticular the pressures are conveniently.25 rangin
o 1o 1obr Ban P Bra AR e it e T TRELACRBN & B o Eektd 68T ab o

t heopr epar ag hon= ot er dpestiercs,, WHU£ the asecolieaikiaghere pressis eefayours the
preparation of nono-esters. The pressure used for a specific set of
reactants aMEPFegHi FRdPEr SFFRATRE- P BRHRTRI Ay ndd By SiGRiiEigated

experiment aiion. THe1ratbo t@fy o &HEssednd (dh ealight RISDAIee 1@
certain pressure can further be regulated by other reaction conditions as
ment i oned Het et €ap benardioxiRfe [RIAial 2 presBEiay the X e@Hye of 35 1-65

bar are prefiatretrolfy10e:BRO%AsS AU A AAO LBenV ORI EBhoxdde - 17
fS and water. Component {c) of the catalyst system might

thus be different for each conjugated diene used. The
advantage is that any reactiocn of the component (c) with
the hydroxyl group containing compound results in the
same product as obtained by the carbonylation of the

20 conjugated diene with that hydroxyl group containing
compound.

The scource of anions can furthermore b= any
combination of hereinbefore mentioned acids and salts.
The molar ratio cf acid and salt can vary between wide

25 limits and suitably lies in the range of 100:1 to 1:100,
more suitably in the range of 100:1 to 1:1.

The selectivity of the process to either monc-esters
or diesters can be partly regulated by the source of
anions used. Depending on the other reaction conditions,

30 the preparation of diesters can, for example, be favcured
by the use of an alkoxy substituted benzoic acid or salt
thereof, whereas the preparation ¢f monc-esters can for
example be favoured by a carboxylic acid as pentenoic

acid. In a suitable embodiment for the preparation of

J
wn

diesters, an carboxylic acid is combined with an under



- present invention, the carbon nonoxide can be used in its pure formor
diluted with an inert gas such as nitrogen, carbon dioxide or noble gases
such as argon. The nolar ratio of conjugated dienes, in particular 5

but adi ene, Ye@@0Ag@s oxyl group contai ning conpound can YaSgpleeibee00W de
limts and suitably lies in the range _of;;1:0.1 to 1:10, nore suitably from
1:1to 1:6. Cenerally a nolar ratio near the lower limt of this range

favours the gpacatian of diesters and a nolar. 10 ratio near the higher
linmit of thi gﬁfagsgtcf%\r}onur%o C%‘et‘opr}sep‘ca‘?%?F%ﬂtbﬁliﬁnéﬁéﬁ'&oﬁr%%%%nt of
hydr oxyl groapltcontaining conmpound to be used for the preparation of

nono- esters and/g{) di_-esters needs t‘_%?be optimsed in relation to other
her ei nbef ore dest?Fb&F 0TS % it N iRFPERPE et PhelEhEromeaonssTters

mono- esters andcdessteiss capy GRAAE s UG A5 4 €84UB)CRLLNE ;and pressure.
The sel ectivitgjdgf the process to a certain conpound, expressed in a

per cBnt age, TSSHEFPAEd tdEe a Resitdsons b iawe wherehe razcksonhe e@smintcof

conj ugat ed digpe Lhah hase Db Ver into th i n.compound and "b"
the total armﬂ%t of convertggng%(r%}%u;éé%CSg éﬁ]e%eé. %ecg\?ﬂgbgl&agﬁf %94t a
very hi gh setRt3Qifgef 6f BRécnsomvedsiaom dfhd hereonpngat edtdivane in the

nono- ester ofss2pmeLi ¥afkues thereof ig .obtained at the cost of the
conver si on inFEhe 'dqlgester or§L er‘h'lﬁ\?a Pi&s THerdstS e THe $4f b H{]'theiroﬁeprocess
can be perf slafrmbtedwilspendseni ofopthrtoursat @fs candimuodshye Preferably a

coni4 nuous mynhner, of. operation is_psed. The use of a 30 continuous manner of
operation conveq%eecgt ’3 al'T oWs fS‘r"CHeﬁént CgrEt Ao S TRRFHIEBEEEBR] ugat ed

di ene to palisedi wnd anide| siee oestHeneeatitiesn k@ e lUSeth s WeR-sorpaLed to
t he use of a bat chwi se nner of operation. WO 00/56695 - 13 | | Septenber

2003 The ratio of noted o ©phosphst ustcbhfarAneg [AfgairEondse. catal yst
conponent (hkippepeterl ©f 0f Poht ok, semi-continuous or batch-wise

process is being used. For a batch-wise process, suitably
15 the residence times are in the range to 48 hours, more
suitably in the range of 10 minutes to 15 hours.
Generally a residence time near the upper limit of this
range favours the preparation of diesters and a residence
time near the lower limit of this range favours the
20 preparation of mono-esters.

The selectivity of the process to either mono-esters
or diesters can also be influenced by means of pressure.
Reaction pressures may be atmospheric or superatmos-
pheric. In particular the pressures are conveniently

25 ranging from 1 to 100 bar, preferably 1-30 bar.

The use of a low pressure favours the preparation of
diesters, while the use of a higher pressure favours the
preparation of mono-esters. The pressure used for a
specific set of reactants and required product may be

36 determined by simple experimentation. The ratio of mono-
€sters and diesters prepared at a certain pressure can
further be regulated by other reaction conditions as
mentioned herein,

Carbon monoxide partial pressures in the range of

35 1-85 bar are preferred. In the process accerding to the



cation, i.e. catalyst conponent (a), ranges fromO0.5 to 10, preferably from
1to 2. 5 The quantity of, for instance in-situ prepared, carboxylic acid
used in the carbonylation reaction may vary within w de ranges. Preferably,
t he annunt"‘fﬁ“%i"ﬁﬁaz ranges from1l nole to 1000 nol e of agigéppenbaraoes of

pal | adi um cation. 10 The process of the pgreesent invention can be used for
each range of nole conjugated diene per nole of palladium cation.

Conveni ent | y,r 4dien 8MDHRENGT GAt AlStc YIS @ Mbacx3MRl loanThee radde of ke
conj ugat ed di enehger nmol e of palladiumcation can vary between wide limts,
suitably 15 RY4F& heCFange FrdmtBaLoE T PX107eHEl 8asofusdntad i eredeher nol e

of pall adi umcaldony; depapdent Rf1a& oML HUQYS, aSeRl-eeNtinuous or
bat ch-w se process is being used. The wuse of a continuous manner of

operation converifehtmglar| oad oo thiqgm i aked adi e5epead it Ipe nippeeldd mit  of
t hi sc 20 range,. .For bat ch- w Qc uj . ratl f e
5 %%tad%eﬁ% %SB yggpgégi§%§%ERé6§PL§nEHStﬁgﬁﬁ%d%dcég%

conj ugat ed diene per hole o fon s i1n ange x102 to
2x106 nore swirtvabigtvestheidangerdfts D 2stoc2x1951ikens tilme tpreocessyeof t he

i nvention liquid bonyl atjon_--A 25 praduct / |.3 r surp us of a carblt
onyai on rea@%a&‘og‘u h-“a 'ignj ﬁ@’ateeﬁudi"@r?&%r%ﬁ%rg)xgl gr gu "cont ai ni ng
conpound mMEgneerA] AiSa Sabvent rdtiongelahe deaciéwar Limis alfsahipossible to
performthe reaction in the presence of an fex ra inert sqolvent. Suitable

extra inert T88PFFeritd’ Ates ?Bg BXSRPFE POt ottt eofpGuRdECidich as
ketianes, ethens L @ SR ghetetialydiaf Wipns ozt he iapt-Rylkether of

di et hyl enegl ycol , or sul phones, e.g. sul pholane. WO 00?%6695 - 14 - 17

Sept ember oppgraration of mono-esters. The amount of hydroxyl group
containing compound to be used for the preparation of
mono-esters and/or di-esters needs to be optimised in
relation to other hereinbefcre described factors that

15 influence the ratio between mono-esters and diesters
prepared , such as residence time and pressure.

The selectivity of the process to a certain compound,
expressed in & percentage, is defined as:

a
gxlOO%

20 wherein "a" is the amount of conjugated diene that has
been converted into that certain compound and "b" the
total amount of converted conjugated diene.

It will be clear that a very high selectivity for the
conversion of the conjugated diene in the mono-ester or

25 derivatives thereof is cobtained at the cost of the
conversicn in the diester or derivatives thereof.

The carbonylation process can be performed batchwise,
semi-continuously or continuously. Preferably a
continuous menner of operation is used, The use of a

30 continuous mannar of operation conveniently allows for
even higher molar ratios of conjugated diene to palladium
and lower residence times to be used, when compared to

the use of a batchwise manner of operation.




-The carbonyl ation reaction is conveniently carried out at noderate
tenperatures, generally ranging from20 to 200 C, preferably ranging from
80 to 180 C. The invention is also directed to a catalyst system 5 and its
use as a hoWOJWFE8Es catal yst, based on: (a) a source off7SabtersbetzO0At i ONs,
(b) a phosphorus-containing ligand, (cj &3seurce of anions, wherein the
phosphorus-containing ligand is a |igand 10 having the general fornul a I

X1-RX2 (1) wher"euenmﬁmﬁ@m@e@sea@np-}as@mlﬂh%w&&paﬂ1#9 ai& % | t
a Dbival en

ring atoms, of WhICh ne is a phosp horus atom and repres nts

organic bri dgl fg §rodp,Y tormat ‘?‘?\%HES Bot hpﬁﬁowﬁ@r&s‘f ala)]rdsadmmt aining from
| to 4 atomscammhhe ihrd dgﬁ@g\dyy\beégkgog@gtor afot i écf 1 and X2
are substi tu;& %%1 on nmore al kyl groups having rom ”fo 4 carf bon
atons. PreferredFEfb&di sflbcfmthet@a%’al yst system are the 20 sane as

thosé described ngeeignhefane, e above, S |s preferably used as a
carbonyl ation cat al i@ Thﬁ nvention Jj\?\,1 %€£§L¥ P‘ &t &4 L%?rt fol |l ow ng
sC

non-1imtingFaXanpy Béatplused A B0thel carn}goepllaallby& StdlacradiHastel 1 oy C
aut ocl ave ¢?5§9&L9Mlhsw§ un]aépggk)P %E%rﬁmLfy M%Eha%quE 0?822?g0| 40

m sol vent, 0.5 mol pala Stat e

1,2-P, P bi s(@fm@%pﬁabiﬂcﬂzch@d@nw@ attfemend Yai oif yact Bepsymmtki 2l [3, 3, 1]

i somer) andﬁ?al”i@éi@rﬂ? 25+ 6di met hoxybenzoic acid. As a solvent anisole was
used, which is a non- poicar solvent with solvent properties simlar to that

of Edters. Subsetfvernptycthe adt Qﬁlea‘p&e\mt qugs&%l@ﬂagygtg% godshepgafter
20 M (circ but adi ene was added, thus obtaining a ratio

N é%o m ol ) of
of about 35 460 I Y2 ﬁgnfﬁéﬁt EQ37divgid esed ifsiee RAL prmladbﬁnpaata@nunvxo

00/ 56695 17 cSepitenbeToR2008i=ntdy, aRE oCaLROM TOXI de, n 'al Caf bon
nonoxi de pr essltire,f(;ﬂc 40 bar was added. The aut o>{—1l ave ﬁ/a\‘EJI %QJE
& ratio of mole conjugated diene per mole oF

palladium cation can vary between wide limits, suitably

15 in the range from 1x10l to 2x107 mole conjugated diene
per mole of palladium cation, dependent of a continuous,
Semi-continucus or batch-wise process is being used. The
use of a continuous manner of operation conveniently
allows for high molar ratios near the upper limit of this

20 range. For a batch-wise process, suitable the ratie of
mole conjugated diene per mole of palladium cation is in
the range of 2x102 to 2x10% more suitably in the range of
3x102 to 2x105.

In the process of the invention Liguid carbonylation

25 product and/or surplus of a carbonylation reactant such
as conjugated diene or hydroxyl group containing compound
may serve as solvent during the reaction. It is also
possible to perform the reaction in the presence of an
extra inert solvent. Suitable extra inert solvents are

30

for example polaxr, aprotic cempounds, such as ketones,
ethers, e.g. anisole, tetrahydrofuran or the
dimethylether of diethyleneglycol, or sulphones, e.g,.
sulpholane.



170 C. After a residence tinme of 10 hours, the contents of the autoclave
wer e anal ysed by neans of gas-liquid 5 chromat ography. The initial rate of
carbonyl ati on was 240 nol CO grans atom pal | adi um hour. The initial rate of
car bonyl at M ¥eis%8ef i ned as the mean rate of carbon npngEptEembenPEBL i on
over the first 30% butadi ene conversioen.i4The total selectivity to butadiene
10 carbonyl ation products was found to be nore than 95% The butadi ene

car bonyl ation preguc %r%%i €d,.0f .13% . penten 1.87% dj.esters. The
di esters consiste o% 59% d%m%yl?-ad?b%t eiglg%gﬁﬁgﬁyﬁ%y{%gﬁy%
glutarate, 99 di abt mplde2agtehytl empretd hates gl geaeateé land at3Pbrdy nietdy| 20 15
propyl nale . aces of vi vecl ohexe nd i ar. yd ati on products
wer e forned%%x%ér-%l e%2 réerrfbelnéegqclﬁaﬁ%iﬁ@gtgﬁgme%(@eﬁ% tltﬁg)'t1 ic’;‘stead of 2 nmol
2, 6- di met hoxybenzbeciaciett ifommal B-grerdenoticedctd wasa2@ lysad sasw@ensour ce

of ions. After, a residence tine of 10 hours, the contents of the
aut otl ave Wt ahaFyEag ofhe NIMAISICTH & B LuF bongPAECoRias 400 Mol

CO grans at o) pal sadired aurnaliheiitel datsed@efivity to butadi ene
carbonyl ati on products was found to be 90% The butadi ene 25 carbonyl ation

products condi’st2dPBPSBROFpETCERSAIES Tend 1 9% di est ers. Conparati ve

Experi ment A bxanple,i-was s epeated, except that instead of 0.6 nmol
1, 2--P, P' bi s(9- phosphabi C}ACI ononyl ) et hane, 0.6 30 mmol

1, 2- P, P' bi s(diesRidDheRel phesphicora)scasata d  Uskddard 4Sphodphends

confai ni ng ljgand, ALep.achas! ¢eice 1l 78 of 10 hours, the contents of the
autocl ave were anal ysed”_ The_.nitial rate of carbonylation was only 60 nol

CO grans at om pal | adi unkhodrXZonl y a quarter of 35 the initifdl rate of

)
exanpl e 1. otal. se t i,y Q 0Q156695 - 16 - 17.Septenber 2003
but adi ene car %ollrl‘a;llrrgt}i(ongggo uc%p\%a"ss‘E gu%d% ocg‘.[blec I%]g%uPtﬁéggG%E/o “TRE™
but adi ene car bomyd adtoms pr oduehs ctionsiestied 2 afh @M gent eavahesaaddR5%

diesters. Exanple 3 5 Exanple.l was repeated, except that instead of 2 mol
2, 6- di ot hoXSHATE & BeT dO 8o ARBE 3765aN et RMbal i xoos confecting
15 both phosphorus atoms, containing from 1 to 4 atoms in
the bridge and wherein one or both cyclic groups X! and
X2 are substituted with one or more alkyl groups having
from 1 to 4 carbon atoms.
Preferred embodiments of the catalyst system are the
20 same as those described hereinbefore. The above catalyst
is preferably used as a carbonylaticon catalvyst.
The invention will be illustrated by tie following
non-limiting examples.
Exampie 1
25 A 300 ml magnetically stirred Hastelloy C autoclave
(Hastelloy is a Trade Mark) was filled with 40 ml
methanocl, 40 ml solvent, 0.5 mmol palladium acetate,
C.6 mmol 1,2-P,P'bis(9~phosphabicyclononyl)ethane (mainly
the symmetrical [3,3,1] isomer) and 2 mmol
“30 2,6-dimethoxybenzoic acid. As a scolvent anisole was used,
which is a non-polar solvent with solvent properties
similar to that of esters. Subsequently the autoclave was
closed, evacuated and hereafter 20 ml {(circa 230 mmol) of
1,3-butadiene was added, thus obtaining a ratio of about

35 460:1 mcle conjugated diene per mole of palladium cation,




acid was used as a source of anions. After a residence tinme of 5 hours, the
contents of the autoclave were analysed. The initial rate of carbonylation
was 350 nol_ 10 CO grans atom pal | adi uni hour. The total selectivity to 15 20
biit adi ene 4P BYRSA 9gt| on products was found to be nore tii@Beptafber 0063

but adi ene car bonyl ation products consistéd@ -of 87% pentenoates and 13%

di esters. Exanple 4 Exanple 1 was repeated, except that the autoclave was

filled with 20dntappbhanehoedQat: Anisol et O b d‘:fﬁrpﬂ;onp%h%% \yp acetate, 0.6
mmol 1, 2-P, P' bi sgl 5-di_met hyl 9- - phosphabi cycl ononyl ) et hane (mainly the
symmet ri cal P358uif P§oﬁ€r%arw’arﬁr@ldd@dperﬁfe@lo@%t@mdVECWGgedteaatt@d to

evacuated. Heeattern20en -0kl dehiicadione @t eatbon, monoxide Le an

initial car bon nonoxi de pressure of 40 bar was a Thé 'Gut o ¢l
heated to 150 G-hef@eEoglavesigarcanailysest By matss d:flegesmlequsdof the

aut ogl ave v&yesanabysedn, Thepinitial nate.of carbo on.was 25 300 nel
CO grams at om pal | ad(i}’(u r?h%hgktlgtlgll %81 sz| r}%/?/ EbOBu{”ﬁai ene
car bonyl at i o’ﬁw“grrwldc@@/g\asmﬁoandm pelledimme' Hhan 95% IThe:-batadkenecs

car bonyl at i opsLske of 92% pent enoat es and 8% di esters. Exam
le 5 Exanpl g}lﬂm ée%é%rtqedgexceg% ERaf > t% Catt’6d) %Fet%va%g F3FPeB with 20 m

met hanol , 4@1qﬂO>aM$o¢®;sﬂn;5tml ovpal kadi ymracetzaize, bi0: H3 namd

1,2-P, P bi s habl cI o] onyl)orthoxyl ene, 10 mol
2,4,6-tr] rre(ch ben20| 9, tog‘f‘g %%?Sﬁalé’véé’uépea’utﬁéjrie%’f% er 20 m of

1, 3-but adi enark:am:_l/lczarmﬁm SBOOXEEE k9saRoLAk! -8l LRARRAN NTNAKI sies W0.40156695
17 Septenbeg? %Og% - ressure of 40 bar was added. The autoclave was
heated to T503ECS A tcﬁr REE? e P FPHECHE SoRsdssed I doit ents of the

aut ocl ave V\@éet&m@aytse@ andies7nididbréate of . gachenyl atao% V% w400 nol
ta

CO grans atom,p Iadlurdhour 5 The total selectlwtyto I ene
carbonylat|§g] %o —“d’Pater 19% dimethyl 2-methyl clutarate,

9% dlmELhYl Z-ethyl succinate glutarate and 13% dimethyl
15 propyl maleate. Traces of vinylcyclohexene and its
carbonylation products were formed.
Example 2
Example 1 was repeated, except that instead of 2 mmol
2,6-dimethoxybenzoic acid, 5 mmol 3-pentenoic acid was
20 used as a source of anions. After a residence time of 10
hours, the contents of the autoclave were analysed. The
initial rate of carbonylation was 400 mol CO/grams atom
palladium/hour. The total selectivity to butadiene
carbonylation products was found to be 90%. The butadiene
25 carbonylation products consisted of 57% pentenoates and
43% diesters.

Comparative Experiment A

Example 1 was repeated, except that instead of
0.6 mmol 1,2—P,P'bis(9-phosphabicyclononyl)ethane, 0.6
30 mmol 1,2-P,P'bis(dicyclohexylphosphine)ethane was used as
a phosphorus containing ligand. After a residence time of
10 hours, the contents of the autoclave were analysed.
The initial rate of carbonylation was only
60 mol CO/grams atom palladium/hour, only a gquarter of

35 the initial rate of example 1. The total selectivity to




was found to be 95% The but adi ene carbonyl ati on products consisted of 99%
pentenoates and 1% di esters. Conparative Experinent B This experinent is
conparabl e to the exanples given 0 in US Patent Specification No.

5, 495, 041. “@(3% &1 was repeat ed, except that the autoaql®eptamtserf2008ed with
20 M nethanol, 40 nl anisole, 0.5 mmol 1parl adi um acetate, 1.0 mmol

1,4-P, P bis(di phenyl phosphi ne) but ane, 10 mmol 3 pentenoic acid, closed and
evacuat ed. Itlﬁnrt@a:fﬂaafe 20z nboak 1 atl oh Irauthadiene andogatben mnadsge to an
initial carb rEJnom de pressure of 40 bar was added. The autocl ave was

heated to 1 At erl 3¢ r REFAEHES St ST P61 YS HotRR, PFREUCESN GRS B he
aut ocl ave werre %malg@ggena'gugegnbhldalg, of ati@ s +Qf-car bonyl ation was only 70 nol
CO grans atom 20 pal | adi um hour. The total selectivity to butadiene
carbonyl ati &43fidduct s was found to 95% The butadi ene carbonylation
prodycts consis % peat an Y% di r arat i-v
Experinent C 2 SLEJ‘%%n%é'reg?ll veggxggglégng%d g\’/\{/é%é;teptgggtgd%sé%ggt ?hgtﬁuq nst ead
of 1.0 mmol 21 5-dipetPdy wogai phengbphoesphimme)l ut@ndime Ohéxmirenzdica- P,

P' bis (diph p phj tan used After reS| enc tlrre of 5
hours, the %g%tde%tgg oS %egya%tggmg\élg \?\’grénaﬁglsyse%f ei‘Fle i Al z'1rC§te of 30
car bonyl ati ohmeas ol a2 syl L&Y goarenatobt pald aditud haue @elmar ative

Experinment D rrparatl ex ntqg was repeate except th i nst ead of
0.8 ot 1, 323 TRBHE, et HHBGhF FE) Dit GREDCT38 Bt Ko Hap S50 Mol
1, 20P, P b| stdu/ghemgl lalt@%plpzn;ej)ﬁh@:ﬂﬂhwﬁ usgd. t\AQaQO/%ﬁgétwl@pt:@nber 2003

18 The reabtlo rate was |l ess than 20 nol grans atom Pal | adi unif hour.
i@ﬂib]a?%’c‘?@epERWé?Fﬁeﬂﬁ sD iad epRaP&d™OERcept t hat

Conpar ati ve Fﬁﬁntca
5 instead 0£h9n695ﬂ0|T%e ZRadB s &Qk@@ﬁﬂYEBQ%%p@ﬂBﬂué%gaﬂgns13 fqmol
1, 2-P, P bi s(di é)henyl phosphi ne) et hane_was used. After a residence tinme of 5
hours, the ©bnféht BEBESrRE tasutaed abe® vdieShAaPysed. The initial rate of
Example 4
15 Example 1 was repeated, except that the autoclave was

filled with 20 ml methanol, 40 ml anisole, 0.5 mmol
palladium acetate, 0.6 mmol 1,2-P,P'bis{(l,5-dimethyl,
9-phosphabicycleononyl)ethane (mainly the symmetrical
{3,3,1) isomer}), 10 mmol 3-pentencic acid, closed and

20 evacuated. Hereaifter 20 ml of 1,3-butadiene and carben
menoxide to an initial carbon monoxide pressure cf 40 bar
was added. The autoclave was heated to 150 °C. After a
residence time of 5 hours, the contents of the autoclave
were analysed. The initial rate of carbonylation was

25 300 mol CO/grams atom palladium/hour. The total
selectivity to butadiene carbonylation products was found
to be more than 95%. The butadiene carbonylation products
consisted of 92% pentencates and 8% diesters.
Example 5

30 Example 1 was repeated except that the autcclave wzas
filled with 20 ml methanol, 40 ml anisole, 0.5 mmol
palladium ecetate, 0.6 mmol 1,2-P,P'bis{9-phosphabicyclo~-
nonyl)orthoxylene, 10 mmol 2,4,6-trimethylbenzoic acid,
closed and evacuated. Hereafter 20 ml of 1,3-butadiene

35 and carbon monoxide to an initial carbon monoxide




.carbonyl ati on was 40 nol CO /grans atom pal | adi uni hour. 10 The total

selectivity to butadi ene carbonyl ation products was found to be 60% The
but adi ene carbonyl ati on products consi sted of 80% pent enoates and 20%
diesters. veonpsdses i ve Experinment F Conparative experi mejyt sdptéfaber E@aat ed,
except that 15 instead of 1.0 mmol 1, 2- B4 bi s(di phenyl phosphi ne) et hane,
0.6 mmol 1, 2-P, P bis(ditert-butyl phosphi ne) et hane was used. After a

resi dence tidy hour 5,~ t.he. ten f he aut ocl ave were anal ysed. The
initial rat eﬁ%g%g? bggyligt it%n“ V\q'/gags oanﬁe@o %13 6’(5%815;%’6&“&?1 Jrpated to

pal | adi um hdlf0 “fhe Rotelr selmcticddrtae toitet adi BnRouear bemy aldane product s
was found tq b % .. utadi ene _carbonyl atjon_ products consisted of 90%
pent enoat es%a‘nﬁzé%o%)dzg?g%?é’r’s.weﬁ? 'Fé"r?ﬁ@'sle hﬁ%ﬁo%ﬁ%ﬁﬁé- &é”aitfi ng | i gands,
the 25 sourcedafyantoos and e guantdd)esaé FBbRABAL 1 adium/hour.
phosphor us- cont al niagg Iigand,and source of anions are stated for each
exanpl e. Thé "AutSttav e’ Eefipérdtiires Cakdt tatie e stasheryl peonape caluse sst at ed

in Table |. wakurgdigidore bhessasulrhs 6f, 8o T i.zed i 30
Table |I. Fromthe results of the exarrplues i%%ﬁ%ﬁoggﬁcﬁg%‘éhﬁjﬁ&g
sur pri si ngl ¥ e Sh&A o £t R85 saBatrraréd soranhonk sdibsst¢us ed

phosphor us- eemR-RIAIIG 4 | IRARLS i REFOT %i ng to the invention renders the
catal yst syStem nuch nmore —actrve than the conventionally used

phosphor us- cont dMdisng a8 Finantsis Asomphusbrlat ed byhe onpanp hgs ceppanat i ve WO
00/ 56695 17, gepte g les, AF W th e les 1-5 the initial

rate of carlbonyl g&%ﬁgg’np%égﬁﬁéggﬁﬁgﬁ&uél’éqﬁ’V\()m5: e 's’f?"[‘?leoi)t 4#Ai ng high
sel ectivitiespeTheduseofephetBabsthe ubadophesphardls fontad ningh! pgand of

exanmple 4 i hal |y vant ageous.spnce here a very high initial rate of
car bonyl at i §ﬁ€§%g§%ﬁbi4noatr? nar\}\nl?ﬁf%’ v%rlf) W&Ef SEEAG M V2SR R bbnYl ati on

and a very hirgh fLadi-@,of' mbnodipioerdlgstepsihe )ohttained.1 JNQQ0 56695 17
Sept ember Zgggteﬁo%% acid, closed and evacuated. Hereafter 20 ml of

15 1,3-butadiene and carbon monoxide to an initial carbon
monoxide pressure of 40 bar was added. The autoclave was
heated to 150 °C. After & residence time of 5 hours, the
contents of the autoclave were analysed. The initial rate
of carbonylation was cnly 70 mol CO/grams atom

20 palladium/hour. The total selectivity to butadiene
Carbonylation products was found to 95%. The butadiene
carbonylation products consisted of 98% pentencates and
2% diesters.

Cemparative Experiment C

25 Comparative experiment B was repeated, except that
instead of 1.0 mmol 1,4-P,P'bis (diphenylphosphine}butane,
0.6 mmol 1,4-P,P'bis{diphenylphosphine)butane was used.
After a residence time of 5 hours, the contents of the
autoclave were analysed. The initial rate of

30 carbonylation was only 20 mol CO/grams atom
valladium/hour.

Comparative Experiment D

Comparative experiment C was repeated, except that
instead of 0.6 mmol 1,4-P,P'bis(diphenylphosphine)butane,
35 0.8 mmol 1,2-P,P'bis{diphenylphosphine)ethane was used.
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The reaction rate was less than 20 mol CO/grams atom

Palladium/hour.

Comparative Experiment E

Comparative experiment D was repeated, except that

5 instead of 0.6 mmol 1,2-P,P'bis(diphenylphosphine)ethane,
1.0 mmol 1,2-P,P'bis{diphenylphosphine)ethane was used.
After a residence time of 5 hours, the contents of the
autoclave were analysed. The initial rate of
carbonylation was 40 mol CO /grams atem palladium/hour.

10 The total selectivity to butadiene carbonylation products
was found to be 60%. The butadiene carbonylation products
consisted of 80% pentencates and 20% diesters.

Comparative Experiment F

Compaxative experiment E was repeated, except that

15 instead of 1.0 mmol l1,2-P,P'bis(diphenylphosphine)ethane,
C.6 mmol 1,2-P,P'bis(ditert-butylphosphine)ethane was
used. After a residence time of 5 hours, the contents of
the autoclave were analysed. The initial rate of
carbonylation was only 30 mol CO/grams atom

20 palladium/hour. The total selectivity to butadiene
carbonylation products was found to be $5%. The butadiene
carbonylation products consisted of 90% pencencates and
10% diesters.

In Table I the phosphorus-containing ligands, the

25 sources of anicns and the guantities of methanol,
phosphorus-containing ligand and source of anions are
stated for each example. The autoclave temperatures and
the residence times are also stated in Table I.
Furthermore the results of each example are summarized in

30 Table I. From the results of the examples it can be
concluded that surprisingly the use of the substituted or
non-substituted phosphorus-ceontaining ligands according
to the invention renders the catalyst system much more
active than the conventionally used phosphorus-containing

35 ligands. As illustrated by comparing comparative
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r-1~, ~, C~,~~~saCr-1[CGrl CQA. @)ar-1 ra0d 04C~.r~wa~a~iva 0Ccn0a)CCl"in
Fri OC+:rir 1riro arauuuno.C :4> >1> acaaac3.a w.auU, --lur-1: JOOM3U), --1
- Ara>, - dwtQursskssoCa aJA. ~x. 0.. 1. 1U. 0 1- 1C~roQ r a~+r - 1> $e4@nfBer 2003
roCCQ >1U-4r-+1r-1 Qr 1Q C—4OCLE> >, >, ,39raV)ul r, rnri oACCCC
r-1ooUo-0Or.raaa)aa) -WaaUQ Ln-i aa. asL4j (O)CLIrlTW) -ri-r-IrlrYi

?:i(s)r gggA?LR%lff“%ﬁ% k}/g 4 ‘%L'I:%D‘(%Jgammgs O ;;l Bérnlértldglarg%}\r/\?%gll) |“| 110111
4- 1CNCNNNNQ¢@Ebﬁn§m£W¢¢n can be more than doubled while still
obtaining high selectivities. The use of the substituted
phosphorus containing ligand of example 4 is especially
5 advantageous since here a very high initial rate of
carbonylation in combination with a very high selectivity
to carbonylation and a very high ratio of mono- to

diesters is obtained.
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ro x Gc7 17 Septenber 2003 22 Nt WSETOFCLAI MS 1. A process for
t he carbonyl ati on of conjugated di enes, whereby a conjugated diene is
reacted with carbon nonoxide and a hydroxyl group contayGepnts@Roomnd in
the presence of a catalyst systemincluding; 5 (a) a source of palladium
cations, (b) a phosphorus-containingghigand, (c) a source of anions,
wherein the phosphorus-containing ligand is a |igand having the general
formula | 10 X1_R X2 (1) wherein X1 and X2 represent a substituted or non-
substituted cyclic group with at least 5 ring atons, of which one is a
phosphorus atom and R represents a bivalent organic bridging group,
connecti.ng both 15 phosphorusNatows, .£antrai nong from & ttomd4satons in the
bri dge; and wherein the nolar ratio of conjugated diene to palladium cation
Is at least 300:1. 2. A process as clainmed in claim1, wherein the 20

conj ugated di ene i5. 1,3tyotadrefier the Aapbosebstias clfacoefuddt=ad aiighdspr 2,

wherein the hydroxl, Group 65t NG :caapound s an alkanol, with 1

monoxide and a hydreoxyl group containing compound in the

resence of a catalyst system including:
5 {a} a source of palladium cations,

(b) a phosphorus-containing ligand,
{c) a source of anions,
wherein the phosphorus-containing ligand is a ligand
having the general formula I

10 - Xi-r-x2 (I)
wherein X! and %2 represent a substituted or non-
substituted cyclic group with at least 3 ring atoms, of
which one is a phosphorus atom, and R represents a
bivalent organic bridging group, connecting both

15 phosphorus atoms,  containing from 1 to 4 atoms in the
bridge; and
wherein the molar ratio of conjugated diene to palladium
cation is at least 300:1.
2. A process as claimed in claim 1, wherein the

20 conjugated diene is 1,3-butadiene. .
3. A process as claimed in claim 1 or 2, wherein the

hydroxyl group containing compound is an alkanocl with 1

to 6 carbon atoms per molecule.

4. A process as claimed in any one of claims 1 to 3,

25 wherein component (b) of the catalyst systen is a
phosphorus~containing ligand of formula (I), wherein the
bivalent organic bridging group R is an ethylene or a
propylene group connected via their terminal carbon atoms
to the respective phosphorus atoms of X1 and x2.

30 S. A process as claimed in any one of claims 1 to 4,

wherein X1 and x2 represent a substituted or non-

AMENDED SHEET




to 6 carbon atons per nolecule. 4. A process as clained in any one of clains
1 to 3, 25 wherein conponent (b) of the catal yst systemis a
phosphorus-containing Iigand of formula (1), wherein the bivalent organic
bridging group Ris an ethylene or a propylene group camrésptetberi2@08heir
term nal carbon atons to the respective phosphorus atonms of X1 and X2. 30
5. A process as clained in any one of2klains 1 to 4, wherein X1 and K2
represent a substituted or non AMENDED SHEET 17 Septenber 2003 - 23
substituted bicyclic rqggagigh at.leas: 5 ring atonms, of which one is a
phosphor us at om 6§uaé%ﬁiﬁﬁ§ S ASYR T R PRVt AiTh 5250Re? f FPOXR tand Xof
represent a substituiad core henaspixsdrdottiedzfadn3, 1] or 5 [4,2,11

9- phosphabi cycl onopyl group. 7. A process as clainmed in claim®6, wherein one
or both™ of the thSpﬁat’é’F&’ga%nﬁw laimRgsip C1Ris Birt iRRTE M B end XBr nore
al kyl groups havi ngedfreernt &osébodrheBdabOMon-Lopl8: Bur N A06E8$ @5 cl ai nmed

wher ei n. conmgonent )» of .protonic.acid with a pKa 25 C or a salt thereof.
9. A procegg as cléﬁz 3] ah%$%3é$4%fgyﬁg?%ﬁﬁy P8P - and/ or di net hyl adi pate.

10. A process to pt-epdrereresnyasondadhed|ai Riaint 6, yher@ahabist oS tsd@m
contains a value %elchg quaous solbubhon, al-hp.any aneaf claigp.l 1o 8
converted into nmethyl pentenoate Caprol actam ﬁyTon ., or o 6: 6Mkher ei n
a conpound as prepdr 8§ractoith Bgorest hrviny deessl aewor diangot oatmms .one of
claims 1-9, is used as frocdsd anedhdhdy 20243 oAb & 0k13: 88t AlYst system
based on: .

10 wherein component (c) of catalyst system contains a
protenic acid with a pKa value > 1 in agqueous solution at
25 °C or a salt thereof.

8. A process as claimed in any one of claims 1 to 8,
wherein 1,3-butadiene is converted into methyl pentencate
15 and/or dimethyl adipate.
10. A process to prepare caprolactam, Nylon 6, or
Nylen &,6 wherein a compound as prepared according to the
process according to any one of claims 1-9, is uvsed as an
intermediate.
20 11. Use of a catalyst system based on:
{a) a source of palladium cations,
{b) a phosphorus-containing ligand,
{c} a source of anicns,

wherein the phosphorus-containing ligand is a ligand
25 having the general formula I:
x1-r-x2 (I)
wherein X1 and X2 represent a cyclic group with at least
5 ring atoms, of which one is a phosphorus atom, and R

represents a bivalent organic bridging group, connecting

30 beth phosphorus atoms, containing from 1 to 4 atoms in
the bridge and wherein one or both cyclic groups X1 and

X2 are substituted with one or more alkyl groups having

from 1 to 4 carbon atoms,

AMENDED SHEET




(a) a source of palladiumcations, (b) a phosphorus-containing ligand, (c)
a source of anions, wherein the phosphorus-containing ligand is a ligand 25
having the general fornula |: X1-R- X2 (1) wherein X1 and X2 represent a
cyclic group with at least 5 ring atons, of which one i3 SeprhaspRo0sIs at om
and R represents a bivalent organic brldglng group, connecting 30 both
phosphorus atons, containing froml-toq 4 atons in the bridge and wherein
one or both cyclic groups X1 and X2 are substituted with one or nore al kyl
groups having from1 to 4 carbon atoms, AMENDED SHEET 17 September 2003 -
24 as a car bonyd ata BPoSRLat YSH &Qﬁal%tC@bPOEME%h%oﬂ 13: 16ani4oat ed di ene
wher eby the conjugated diene is reacted w th carbon no oxid 5 hydr oxyl
group cont ai %y UsdrpduGitenandhehepei hheheonphgatedt Haeak Qenk@@@&@@ di ene

to pall adi um t st ,300: ccording to claim 11,
wherein the p oé%ﬁ%?ﬁ§f§égﬁﬁgl%d%gaT%g%n§Y?§°§¥ ﬁrP”B|§P§t§léﬂﬁﬁthyl

9- phosphabi cyximonmyd ) edm@angne MB3 14+ HSOBOLES - AVENDER ehFlgated diene

to palladium cation is at least 300:1.
12. Use according to claim 11, whersin the phosphorus-
containing ligand is 1,2—P,P’bis(l,S—dimethyl,

9-phosphabicyclononyl)ethane.

MC331/TSC801PRCT

AMENDED SHEET




