;e3e//,p6Tfx~ 17 Septenber 2003 WO 00l 56695 - 1 PROCESS FOR THE
CARBONYLATI ON OF C@UUGATE[me’mummﬂpresent invention relates to a
process for the carbonyl ati ated di mes, whereby a conjugated
diene is reacted with carbon nenax+de and a hydroxyl grou ont ai ni
conpound in tWe 0pFE8ence of a catal yst 5 system incl udi ngﬁ)%l%§ Wrgg%

pal | adi um cati ons a phosphorus-containing-11gand and a source of anions. In
particular it relates to the preparation of al kyl pentenoates and/ or

-adi pates from 1, 3-but adi ene and derivatives thereof. 10 US Patent
publication No. 5473kl @escribesafsprocsss cholbs e i eRF Ab B?E%sa

pent enoate ester by carbonyl ati on of butadiene in the presence of carbon
nonoxi de, al cohol and a catal yst system conprising palladium pentenoic
acid and a phosph -0 Lping. 13,0 gand., g. phosphor us- cont.ai ni

ligand can be a rrgli\%%e‘%té;%%hgr Qgrﬂ%?‘it&é%t g%éayh%ossp %r%sgt%feﬁisni‘r?j Itiqg“and or
a nixture thereofhoPrkdeiabl yfacobiodentsat e ighmsphortisr bRt ai BioRg djgand is
used to obtain,.a high sglecti¥itét The exanpl es di cIosg the use of Q0

1, 4- bi s( di pher¥i=Fhoshi HoJC bat ak Qn&arﬁoﬁhwo“p‘r%%pﬁ? e2a8ydroxyl
phosphor us- corfraiuy ngortigantsy Ebepsuhar ihathe ¢frduidadsene Locpzkhadiumis
according to thisepublicgtion, grefqrably | ess than 20: 1. A disadvantage is
that this cat ANyt HIRY ofl §OHIAEIREaPE Ld@T W4T 2 DECERr 0Bean pat ent
publ i cation N@h&%&&ﬁ@s%ﬁé?@§n% D% 9G8ES ah@l aPILNAF 4o £ALROYYLI C 1

di -esters, or carboxylic di-acids by the reaction of a conjugated di éne
with carbon mPidbidell@dd idh 28 kakes bp haeeprepatted imresehcelibflan aprotic

solvent and a QE%%Nﬁﬁ?ééxgﬁéygﬁ giggggggofgﬁﬁgﬁh§g X i v %Fgé?palladium

conpound, a tPlary osphi ne and rogen c ri ca system
may ~r vudggivatives thereof.
10 JS Patent publication No. 5,495,041 describes a

process for the preparation of a pentenocate 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 1,4-bis(diphenyl-phoshinc) butane and triphenyl phosphine
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 cnly a moderate activity.

25 Buropean patent publication No. 0198521 describes a
process for preparing carboxylic di-esters, or carboxylic
di-acids by the reaction of a 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

WM
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_*2 ‘~F¥F-Septenber 2003 - further conprise a bidentate = UUUUUZL
phosphorus-containing ligand, i.e. a bis(diaryl-phoshino)al kane. In =is
exanples it is illustrated that the process .can al so be used for the

preparati on of nobno-esters. The conversion. 5 of 1, 3-but agé%netetn%e
carboxylic diesters or to nono-esters is perforned in one tSB. eé&gg%, at

| east one nol e 0¥ &K dgRAPERE Br f dB1 BER tatembdio antivas encophasphonus
present in the jcatalytic sys LS~Conshdeg ) suppl epent ary,
-cost -i ncreasing %tggﬁres §¥e£$%%ﬁ??gg’§6 %0%§6@?§55%$$%%?bnfgxaﬁgles
di scl ose that ekempdles itati® bileenragatiedhditentia opadd i lami s1aboyk
115:1. bj ect BE %hgtprqggng\invgption isto Erovide anr;nproved process
in terms of catalryst “Actiui toF $R5 Tat BBnGF atPBR ~6F o] ugdte CeR BABS10D5 An
i mproved process has-mowdebiamd otndcd B0k PEiselieekitkd LUV S RO csrers
conj ugat ed di enes such as 1, 3-butadiene, with a high conversion rate, I'n
the presence ofSaP&péoiHiad ddt ARBtSESRt heCTNECpr 8deheaatvantd ol beosf or e
provides a pro f e ca=zhonyl.ati onsof . egnj t ines, wWhereby a
conj ugat ed dieﬁga?g%?gagﬁgyg%ﬁ%:éég%éﬁﬁﬁnﬁbxfﬁggg%ggg g%ﬁ%ggﬁf%ﬁoup
cont ai ni ng conpdBAENEN inhé her esdredey wifc aseat athyss spseameh@ﬁeﬁéﬁﬁssaﬁ?- a
a

source of pall aqj L , b). a phosphorus-containing |ligand, (c
source of anio%g#ggkégéfggghe%%ﬁ%sﬁ%ﬁ RETUN M RY* FPRgand F§é§HQ%ﬁﬂEP

havi ng0t he genevaldfoopubaibnX1ERa¥dlled Jisd aherehar XinanfdoXa L epasent a
substituted or_pon substituted cyclic group wth at |east 5 ring atons, of

whi ch one is & PphoRPhBPasegt G End REFpr3E et st s #Poaredi Sofgani ¢

bri dgi ng group, ca &tngfbehb'\,gg@%@mr Y$ w@Eon CONd a&aiggoiziea‘ é to 4
atons in the 35 bridge; and AMENDED SHEET Lc.- | GLV V V tr UW O - 2a
17 Sept enber 20U ARE PROERES mbRaferas @ ofcaddijafataat tvete forpal | adi um

carbonylation of conjugated dienes.

15 An improved process has now been found for the
selective conversion of conjugated dienes such as
1,3-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 containing compound in the presence of a
catalyst system based on:

(a) a source of palladium catiecns,
25 (b) a phosphorus-containing ligand,
{c) a source of anions,
wherein the phosphorus-containing ligand is a ligand
having the general formula I
X1-r-x2 (I)
30 wherein X2 and X2 represent a substituted or non-
substituted cyclic group with at least 5 ring atoms, of
which one is a phosphorus atom, and R represents a
bivalent organic bridging group, connecting both
phosphorus atoms, containing from 1 to 4 atoms in the
35 bridge; and

AMENDED SHEET



cafi bm“’s¥at | east 300:1. AMENDED SHEET 17 Septenber 2003 - 3 This Er VUUUUZL
specific catalyst system ?:as an a”“eroectediv high activity which all ows
i-0; :polar r a t=os well over 300:1 O conjygated diene to palladiumto be
used, whist still obtaining high selectivities to the desi I o (s).
Hi gh conversion rates are achi eved without the necessity J?G%riergpeégjéﬁge of
hali des, thus ¥PP&RiLRg tdifednara ¥ Rkl ef 0§t eepipga tere dieng oko palladium
installations. .AcfUkt %ré%hfgyéﬁﬁﬁéé-ihat in one step sinultaneously both
‘mono- esters and di-es ers, and 1h particul ar nono-esters 10 and di-esters
of . but adi ene, such as net hyl - pentenoate and di rnet hyl adi pate, can be
prepared. A catal yst system conprising palladiumcations, a carboxylic acid
and 1, 2-bi s(cycl ooctyl enephosphi no) et hane as the phosphorus-co”taini ag

| i.gazd is described in PCT 15 patent application WD g103943 go= t he
carbonyl ati on of ethene. however, the process of the present invention is
specifically directed to the carbonyl ati on of conjugated di enes, which show
specific reaction characteristics when 20 conpared to olefins in general.
Conj ugat ed di enes contain at |east two conjugated double bonds in the

nol ecul e. Hy conjugation is nmeant that the |acauon of the r-orbital is such
that it can overlap other orbitals in the nolecule. Thus, the effects of
conmpounds with at | east 25 two conjugated doubl e bonds are often different
in several ways fromthose of conpounds with no conjugated bonds. It is
general |y acknow edged that the carbonyl ati on of conjugated di enes
conprises nore difficulties than that of a nono-olefin. For exanple, in 30
Eur opean patent publication No. 0495598, relating to the carbonyl ation of
olefins with a catal yst system obtai nable by conbining a group VIIl netal

wi th a bidentate phosphorus-containing ligand, i.e, a MCS31/ TSO0801PCT
AMENDED SHEET

AMENDED SHEET



WO 00i sS66ys 17 Septenber 2003 bis(di(tertia=y al kyl)-phosi:ino)al kane, it
is stated that dioiefins with nore than one unsaturated double bond may be
used, however, in particular those wherein the double bonds are

non-conj ugated. 5 The process or the present invention can_advanta |y
be used to prepare nono-esters and/or diesters in one steE?as’Sf??%thgﬁlgggng
reaction conditions such as the residence tine,;the pressure, the
tenperature, the anmount of hydroxyl group containing 10 compound, the
-source of anions and sperifd Gdampe; el Liga he_process can be made nore
sel ective by the skilled person to gaif er‘}rr%nos&&?‘grgabra"diué@f’-é%ta%l:w |
be described in nored&t 9 Hltow. WPieh exrleishyde oxylagre4p oGoRk ai Ning.
conpounds.in the 15 pyocess ebnkheatoyentd@n.are, al kanols with i to 20,
nore preferably with 1 to gcar bon at ons pqer %D?%EU? lﬁhgzo\g%ﬁaﬁéﬂ?ol@%stch
2-20, more preferabl 324 §562EREBBN b AeLsst inbt rul > tSei tabl es@l kanol s
in the process of theddueensionsigel i smthanol,  ethanal . proganol, 20

i so- propanol , butanql, iso-but ano?f tert. but anb+?“%ea%teaﬁSP,‘gﬁﬁidﬁtﬂ“P“
cycl ohexanol and phenil Prafetanty Tt RaRsPner @t fadddess tsed A9 oaing
hydr oxyl group cont &@heiapgrcoppesingt dvichamgl i e;%g%giaal Lyspreferred as a
hydr oxyl group cont &iuQitngcgg@gu*nad. 25 The conjugate di ene pre “é'P&BI‘yAi s a
conj ugat ed di ene having Trom 4 to 20, Snbrat pteif¥RaBites § b lEaneo8se ar hoth
atons per nol ecul e. "Phe-edh¢ uyatretl dli-eseeesy .afee iqubstiiited Hono-

non-substi t ytged. Mghgpget )Y, jugated diene is non- substi futed
1, 3- but adi ene. 30 Fordeﬁg g%génv%é)rft %F%gg%?g’i £U8e S AR Hy ®eaks Rogroand

cont ai ni ng conpounddifet caHireepl ackonbproepsseaf 1, 3but adi ene enabl es

the production of methyd-pentieneatesand/ o di;qethyl i pate and preferably
both. Dinmethyi adipate is an inter r?reﬁlélgt%n dﬁpggﬁﬂdp?gldﬁq%ém‘p%bé?%ﬁ éh of 35

adi pic acid, an int&F RIS E6ipoand 1R Prisgareldyt o enewtossh BEH nLZe
Sept enber 2003 _ _ &s_tHn fhosiBbRyk-ecpentenagt gi&T:?d an id@EQH?%% in PCT
o]

internedi atesin the, producion. pr S- Caprol actam
prepar ati on of s-ca%%ﬂ%gcct m et ﬁ@l%?}?g%aenoﬁf’é the Hagensiayieat ed to

met hyl fornyl val eat®thagli.ch after 5 reductive anmination and cyclisation

forms s-caprol actam However, the process of the present invention is
specifically directed to the carbonylation of conjugated
dienes, which shaow specific reaction characteristics when

20 compared to olefins in general. Conjugated dienes contain
at least two conjugated double bonds in the molecule. B

conjugation is meant that the location of the R-orbital

Y

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 often different in
several ways from those of compounds with no conjugated
bonds. It is generally acknowledgad that the
carbonylation of conjugated dienes comprises more
difficulties than that of a mono-olefin. For example, in

30 BEuropean patent publication No. 0495548, relating to the
carbonylation of olefins with a catalyst system
obtainable by combining a group VIII metal with a
bidentarte phosphorus-containing ligand, i.e. a

MCS31/Ts0801PCT
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s-Caprolactamis a starting mate=ial in the manufacture of Nylon 6 fibres
or engi neering plastics. Hydrofornylation, reductive am nation and
cyclisation can be perforned in any manner known to a person skilled in the

10 art. Sui ta\bqugg?);gesses are given in PCT application quhieSPfs%ﬁ%%,@bg

Japanese patent application No.~25351/06A._ The process of

invention is therefore particularly advantageous when there is a need to
supply 15 both met hyl - pentenoate, as an internedi ate for preparation of
Nyl on 6, as wePEsadidituesithiyd = ade payeé) -BBoaninnt elkedieat el f oist Beated that
preparation of har:6,6.. pun e e gach internedi afe can be
varied, in pro%%f?gﬁgtso%%c%r@gﬁ ﬁgéd,gngét\?éra&encg qe%‘éogﬁ F’@é&it &8
condi ti ons. Theepessdn Wweewaer aye skiticibathehase wiHdrdunt bee Heabise
that the proceggngg éhe present invention can al so be used to prepare

carboxyl i ¢ mond- aet d&FEndFoY S BB TFL: di aci ds. Carboxylic nono-aci ds

andl or525 carboxylTgedpaeic@s sAres pepaseskdye r eaet hedogoyugat ed di enes
with carbon nonoxi de and using water as a hydroxyl group containing
conpound. . Tr YRR E8RUS e Rear A | B0 iRFE PR BRlUBeNorestatie arad hoxyl i C
acid or diaci ¢ycadk besusgdas the so 5 : ~A.suitabl e source
for palladium cations of cgrrponentﬁ(gbpgord;g‘in?isggg tg.égPr“é g‘r acncfny‘?l%l%réit of
a carboxylic &Hiah iss uskd, regildalog & iwr,bdxd iprassdreithhep to 10 carbon

atonms, such a cetli i d, .praopionjc acid and butanoic acid, or
salts of subs%eﬁﬂée%a%%’ o‘c:)ilné—%%\so TF ggthé’ TS 003" RBPhERVISAE T s such
as tri®khl or cacermipownd d and spfrkceordacetiionacdmt Fovel ¥isuitl @msource is

pal | adi un(T_l), .acet ate.. The phosphor us:conta=ni ng |I'i gand of conponent (b)
of 5 the genezlélgafn(??’rrutrké*ﬁ? CRES( FRY BFr 825 NOF i HehtaE& VR §andher ei n

X1 and X2 reps@dented sabséht dbedi8heRORaBLS it h £V b6 GLQUR LR qat
least S ring atons, of which one is a phosphorus atom 7.0 end R represents
a bival ent or G&nifESEEiRFhgt §rBApS E8RA&Et PEGOWot h phosphorus at ons

containing from 1pta rd Atdds, | 8-5001bELEES: cBY - 23 A A9 etgtond the
shorﬁest connecti on between %%th pgos%horgscatorars.nqlérgcei]g%%% §HQ hé‘gb??1 gi ng
15 group R rePreseénss ofn Hikyievengionpaceneadkaned f moimitl 1 ot® 24y banse

atons in the Brhége,-[ut i ey alsg RS _carhan i n, .interrupted
by a hetero atom saghlyas“nﬁ'trogen, sg gﬁé!rm,gglg‘lgc%%‘or"?oox?/%%%ea%% The
al kyl ene croupléanepéodusbstitiut2d20r monespbsfietrabdy @& twans feanbon

atoms per molecule. Suitable alkanols in the process of
the invention include methanol, ethanol, propanol,

20 isco-propanol, butanol, iso-butanol, tert.butanol,
pentanol, hexanol, cyclohexanol and phenol. Preferably
methanol or ethanol is used as a hydroxyl group
containing compound. Methanol is especially preferred as
a hydroxyl 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 conjugated diene can be
substituted or non-substituted. Most preferably, the
conjugated diene is non-substituted 1,3-butadiene.

30 For example when methanol is used as a hydroxyl group
containing compound in the carboxylation process of 1,3-
butadiene enables the production of methyl-pentenocarte
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



20 part of a aliphatic or aromatic ring structure. Most preferably, R
represents a substituted or non-substituted ethyl ene or propyl ene group,
connecting both phosphorus - atons by the first and the second or the third
carbon atom -as-a 1,2-ethylene, a 1, 2-propylene or a 25 1,3-praopyl.ene
group. X1 anﬁ 6}?632? esent a substituted or_non-substitut é‘§ RERteMReT P
with at least 5 ring atons, of which one 1s’a phosphorus atom and
preferably with from6 to 10 ring atons. Myre preferably X1 and X2
represent a subs®itlieeliydoren teomatebsits tarnt edrpeyct 46t gL AYR reldh 23 & i Ng
atons, of whi Ls,8.phosphorus atam_ By "a cyclic group” is understood
a nonocyclic 3?“%Q§§z§grfgoar AP ° “Prefer FeF2By OHAE Hupse ar 8hbi cycl i ¢

groups. Parti gHesd yaprshepred-Ls,a,5WbsLit ufed,on ion-substituted
bitcycl ononyl group 35 wherein onepccér bong{'gf o%gi“gglelplpa“cnetaerb?/a'fﬁe*ﬁhosphor us

WD OOL~6695 Beptenheta 2003t at mar hiyle foamPlphasnhabi CYeh ORANYIF @LOI N.
The 9-§hospha?j%%ﬁigﬁggyl %rpuE car. have _several isoneric structures. For
the purpose of the ihventTbA*the?[ 3N ¢ycdagatiom fomms sormamratactan.
preferred. sugtehby X; S [ d.or non-substituted [3,3,1)
cr [4,2,i) 9- phos%hggijaccflccr:&ﬁlcngsnﬁ esgtrsao'u%is%?é #ﬁ%t‘%ma - bﬁc§§‘ﬁaﬁ?‘3ﬂfb‘%"o‘hb%§/¢
groups car. hafe NyGidn tthef Sarmes orr eanhinedibihigr g0k sitSQNEr i; Stegiure. One
e 0 substituted with one or

or both of th sphabi cycl ononyl _rjngs. can _ | _

nore suitabl egp{%‘%ﬁ@é}’byﬁey Co'iﬂps;'}/ 2Py 2BEbEMCAL SR lamd/@an het er o
atonms. Suitabper$olsicid uentshy nediler OFOMPS €9NE a0l heteng-atoms such as
hal i gs sul phur, phosphor,, ogggen aﬁa nitrogen.gEké%%%gs%grg;ﬁﬁ1iﬂ(ﬁﬁm

i ncl dde chl or f8E; BFemdde PYIcRiths ate ofivemdiygr BOPs aph ltihe tganer al

formul a R2-0-No: S9B2562G0:R2 7 esd\HRZ, o 1 NR~ .-CE.NR2R3, -O., -PQg,
INO2, -NOH, -CO .-502, -SOH, il’?iﬁl ch aenndé\lF?&%allhag &RBently, represent

hydr ocar byl Hou §5ﬁﬁgé6ﬁét-hy|, ethyl, propyl and isopropyl. G oups

non- aat urat od car bon, SoatarRl 8. STSuBE T PCHNABR cE) BRSO I's

substituted iRa¥sipuéhelgbby vanhsticutsedhairt it He arPona cRaLaI RbNG LGLIUP.

Suchy g car bor, 00t 4L p)9-GLRUR,SAR, NQUEYSr y GONLal f, addi Lional hefer
preparation of Nylon 6, as well as dimethyl adipate, as
an intermediate for the preparation of Nylon 6,6. The
amount prepared cof each intermediate can be varied, in
proportion to the commercial need, by varying the

20 reaction cornditions.

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

23 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, propionic

acid and butanoic acid, or salts of substituted



25 atons, such as halides, sul phur, o:cygen and nitrogen or hetero-groups
as described hereinbefore. Preferably, substituted phosphabi cycl ononyl
rings are substituted with al kyl groups, preferably having from1l to 10
carbon at onms wopdsseps ef erably from1l to 4 carbon atons. Lugggr Bg b ched
or cyclic alkyl groups can be used. Suitablg alkyl groups i'n RigrR0e &y | |
ethyl, propyl, iso-propyl, butyl and iso-butyl. Mre suitably nmethyl groups
are used. The substituted phosphabicycl ononyl . ring can be npbno- or

-pol y- subst i t ut S 2PEY + & SpRERET H%F’Hii%u%r%%néPFPé‘F@dElwl%r%@r ably the

phosphabi cycl ononylu s Beclks 1 c W Q0! 26625 as L7t Septenhal - 20035 subssi t u~ed
with two nethyl groups. The phosphabicycl ononyl ring can be substituted at
all carbon at dres-Fdrwe (Elngadeadedfer, the useof rings with substituents on

certain carbon at C ~nore _benef.i.ci. i ly,= 5 1] e, use
Wi th substi tuentsqur‘slet ﬂoggpggﬁ%a%?ﬁm&a'?ul?{%b&yé%:ggbéﬁ %tog{rﬁn%?erg“‘,r ég}atncgoilf
carboms at om 4,tHe gree r S talrtra lghdsphor us-co: . taining |igands of formul a
(-) thus include substituted or,;ngn-subst tuted: symretric or asymetric
[3,3,1] or [4,2,1] isoners of 10 , -P,P'bis(9-phosphabié | ononyl ) pr opane;
symmetric or aspreddi€s|3, bd3dehkatk [14gadd Whés€MBr K10fand X2 represent
1,2-P,P‘b's(9-phosphabicgclononyl)pro ane, symmetric o. asymetric [3, 3,
1] or [4, 2, F| SUGiert'ofeqd, 2FPIPROIRELI BROSHRALT LT EE EnERPINPettidite; atand 15
m xtures of abewetMentioned.e8RROURES vhlhe %@Jeecﬁévétﬁh%phf&?:u%r Ui, 1O

ei ther nono-esters or dieSters can be partly regulated by the

phospitbr uscong@ichBFngdr gpdeintised. bbvedeaits ogiga rmost bsudgabby gpoeypar ed with
a catal yst syste r el talnipg.Ligan f .faormul a
(1) are non-s§E§ Fﬁ%ﬁé .qﬁ%gﬁtﬁ§8%?gggy§t%gﬁ‘§g 2%%%?%% %gg gﬁg%b% %8th of
t he phosphabi dyeltomenyin rimgsboidghe abovenenti oned phosphorus-contai ni ng
ligands is preferably substituted, Suiitable substituted di phosphines for

t he preparation ogy25 -%%?er%siHg?ﬁdafogggﬁhﬁi%&%Tt%§§nﬁ8'P?EtE§F3,ﬂ
or [9,2,1] isbaewsedf bhth bh&sphbs(3, stdinaet PHar O MHDGPhahe bridgin
bicyggononyl)ethane and m xtures thergof or symmetric or asymmetric Eg,S,l]
or [472,1] isBRBME &f JSREFSCPS R (31 BY4PREL HYIoRP contalning from 1 to
9- phosphabi cyel epeBy¥PraRANE BRdcREXbHEBSe, 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 aromatic ring structure. Most
preferably, R represents a substituted or non-substituted
ethylene or propylene group, connecting bo%Zih phosphorus
atoms by the first and the second or the third carbon
atom, such as a 1,2-ethylene, a 1,2-propylene or a

25 1,3-propylene group.

Xl and %2 represent a substituted or non-substituted

cyclic group with at least 5 ring atoms, of which one 1is
a phosphorus atom, and preferably with from 6 to 10 ring
atoms. More preferably x1 and x2 represent a 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 polycyclic group. Preferred
cyclic groups are bicyclic groups. Particularly preferrad
is a substituted or non-substituted bicyclononyl group

35 wherein one carbon atom is replaced by the phosphorus



30 thereof or symetric or asymretric [3, 3, 1] or [4, 2, 1] isomers of
1,2-P, F' bis (1,5-dinetr:yl 9-phosphabicycl ononyl) propane and m:;tures

t hereof, or a conbination of above nentioned di phosphi nes. The above

menti oned phosphorus-containing |igands can 3 ~ be prepar b th

known in the %810?/5@3% as for WD 00156695 _q _ 17 Sept g%@ﬁ%&?ﬁ%ﬁ%ml e
the method ;crown fromBritish patent pubkigati onG3-1:.27965. Suitably the
phosphor us-cont ai ni ng |i gandscan be prepared b,, % refluxing the

" phosphabi cycl enagranehydr i de guidy o o5t b thane in acetonitril.
After5neutralisation wth sodiF{Jm Wy%%‘?%lgfgﬁgngils grous. The S-phos-

(9- phospha- ' biRf\RR eFioRyPRenNdng wwap lmni siohat ede vER@ 1phesihabi s cycl ononane
hydride may cqnvugpigntly be_prepared asdescribed by Elsner et al. CChem
Abstr 1978 vol. 89 ,1801'54?( - SubstITREF p%%st‘iabilBy'@lfér%mrteﬁmymidel1

i 5. Oconveni enengl préep2w Bl byomsirsg azubgtrd 8 edsyc! goctadienss in the .
hereiqpefore gg@Equﬁgﬁgrocessdgsc[ibed by El sner et al . The “source “of ¢*¢
ani ons ef conponent (t)° Cant eBSBREFRBIEyFaI by bat 8, bi aci d4oR,4d Jcoryinratd on
of salt and aphdbiGRrafetably gpoaskd % el L\, pge of acids canbe
used, i ncl udi ng hal i de aci ds, ,suc‘h‘ga_s hyc?r och oérxi %@?aﬁ%dcwapgﬁm iC
aci d, mineral 9A8PES, e &&uPPphar theasiate it réacinca ddande pagsphori c
acid, andorgapsémaelds,.s S @seacetyl acetoni ¢ acids, sul phonic20acids and
carboxylic acids. Preferably, a protonic acidis used, such as sul phuric

aci d, phosphoric @BfdCandearboxy | iloe aphdsphbibrie yarlefesapl yr en&ar bOXYLL C
acid_bs-used.sybggigugggtqniLa%ﬂgLoﬁrefggabhy aLgarbo§%lic acid, s used,
preferably an acid with a pKa value > 1°TR284qrédus dbidiaeriarl agroups

t enperat ure FORBACILBYuseddespetiand yasdy babhe taGidls s .beS{l?PJdef‘&i ds.
Such abenzoi ¢; g¢id; £30,,be Si%b;:i uted. Suitabl e substituent~include halide
groups, hydrocarbyT - gr 8ups 1 "&: Wﬁ%q?iﬂ%ﬁﬁm%ﬁﬁtépﬁéﬂﬁ drediprs - sEspeci aldly
preferred bermileaacidds30sn¢iide ,t Rossssubst i put,ed w t hyl or nethoxy
groi ns, such %sxa? q-sdi met hoxybenzoi ¢ aci'd and2, 4&2 tnr fa?ﬁre&t @Itl%’r?zed'l C

aci d. Sui t abl &*$HREET nef udBCEN P reaPSs it lnedie we b horneet, s bixstdnts al | y
non-kTor di natiicay dxat i Omsel SUaRgAS rSQHUP Oy o Qi 56695 17 Septenber 2003
- 10 potassiym_.Suitable,salts ?ﬁcl %lj%rgt'het%éwgggfa héCaBavénEririConed
acids. In a prefrerr ed-@mndodi m¥ke. t heHSGur celRtr&ni e0s-ia2kAg same asdyhe
source of pakagdi,umpesi ] onsoi N_Ygi,ng_ pal | adi um saht. 1n_gnot her
preferred enboggnent the source gf a%P%ﬁs‘fi‘%ﬁ%c%a§b0§9ﬁi5§acid, whi ch
results fronﬂPﬁ@H%%qﬁﬂEAEMibﬁpreaentohwﬂrddﬁrmmmj@g@ﬁpﬂ di paemukhhicarbon
nonoxi de andewai,@r o Al I - rolysis of 10 the ester product,

thus, the acid dgri yatrid\?%} of t eEség%‘é?g rldd)l%to‘{%s B pr &t 8d. CEsPoBRANDI €,
if fRe conjudheBd dnsdelds tBaburadcbaén oamanERtthd€) sdmt @hi c £Q@nyeni ently
be pentenoi chgglds+ReALENPI i I pg.the product of_the carbonylation of
1, 3- but adi ene wi th carbon ncic)an%élgegﬁéggﬁdlﬂ&f&;o”@ﬁpdn%rﬁ Riysphakhe

cat al yst sysfefianghtlt misidhel di fimsentuted gach cydgat g fi ene used. the
advant age i sgthat ; r ti.on. of  t.he conponent, (c) with the hydroxyl group
containing_c%npouﬁgp¥ggﬁﬁﬁgq:%t %¥%%%Ecn858&@ﬂnﬁsQﬁﬁ%ﬂquﬁﬁqn/atnarbon
carbonyl ati gfPtatheng 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. More suitably methyl groups are
used. The substituted phosphabicyclononyl ring can bs
mono- or poly-substituted and is preferably di-sub-

35

Stituted. Most preferably the phosphabicyclononyl ring is



20 conjugated diene with that hydroxyl group containing conpound. The
source of anions can furthernore by any conbi nati on of herei nbefore
mentioned acids and salts. The nolar ratio of acid and salt can vary
between wide 25 |imts and suitably lies in the range of ]’I?OS'tﬁltto 1: gg
“nore suitabl YWPR%PRESr ange of 100:1 to 1:1. The selectivit p?rﬁger&]o ess
to either nono-esters or diesters can be p‘)a@t 'y regul ated by the source of
ani ons used. Depending on the other reaction conditions, 30 the preparation
-of diesters cagubkenexanpleitbechavaarkdibyrbhesus&iof pimoabkasycyclo-
substituted benzoic acid or salt thereof ,‘rwaereas]the ﬁre aration of
mono- esters catPRYl- &X&FHI P BeP T avBRFEd By e 2ar Boky |G Xt d@ Be™FeRteRbic
acid. In a suifabba @Mé@,nttﬁ@ruSQeo@r@pag\% WwaR HOfs 35s €l @SLRES, oaN
carboxylic acid 1S conbined with an under 0015615 11 17 Septenber
2003 the react¢®ntedndiad B stibehantaal Py mess- eedrdiifatdhg Saltadiie
selectiLvity of_ pr.oce i the no: € sar, di.est n =ther be
r egul a%ed by @%ﬁgsoﬁg‘%e?lss ecﬁcvg*%?n%?g%égfggﬁgé teﬁngw?ﬁ ﬁ%?@a%%?rgﬁ'vessel
canvary with athetabagt arassuchatasnthe 3peti &énd Eegaod wdenythe Soarce. of

ani ons used and thg pressure, timalresi dence.tinmes in the reaction vessel
m ght further bedegagﬁaﬁ’ch FdISEHRIET Y BF B Wt Ad rgaﬁr%svmo'{o‘%%}%‘iggkﬂ ed
in the art sucdhas thelealaal s concesnd rat i vonsedband tihvedsi ze of the
reaction vessel. Residence tinecan be very short, even .n th@ r_ange or
seconds, dependent ¥YTHEESHS rﬁ}blfss,yr%erﬁpc%nwnﬁjoh% BF Bdréh-Mi seprbeessCts

bei ng; gised. For #-pabChi\W L JHOCASS *@1@%&/@&5@0%@%@(}%% tines are in
the range to 48 hours, noresuitably in the range of 10 minutes to 15 -
hours. General | y a ?eBMEEAEE 1G5 SHEERe §IHEC U +HinPE f 2hildr RN BV GUF S
the preparation of pdiept ers and 4485 dencetd e pgapphhe ;l ower Timt of
this range sa\?lo’uT spfhegﬁgr@p rat%or{naq%f nono- e'gfefr]gTﬁe se=ectivity of the
process to either spmoeéster sor adiyestersi cals al sbl beri nfl dedded spmawans of

pressure. Reactian_pregssures, | be at.mspheri.c, r.at -pheric. In
particul ar th&’%egsﬁr §s§§e%?cl)ons\rp§]na%}eln%@ﬁ%%f&%é#{rgg%’1%(371 1C0 bar,
preferably 1-3C batidbarese odf adbdvawrmrasisiresd fawoposntihe preparati on

of diesters, while the use of .a .higher pressure favours’.%Feprg‘pare}_ti n of
mono- esters. The praSsifecGded ' or spetd AOTE S of Or 8aklant §OATT ST ed
product nmay be30dei&sgtred oy oA ExperddEdedd oy The paldsphfrus-
nono-esters and diesters prepared at a certain pressure car.further be
regul ated by GATEra+RAREI o IORUItS Vs SR Dt hBPES n S8 Yonoxi de

partial presurgsjdirifeqiande fa3bl~6R hafswure wiefeinednel RO HYOLSSS
according to tpﬁeh’c-q5 W) 0U/ 56695 17 Septenber 2003 present invention the

car batP monoxi @M béngséddierdst £ i bgh O ¢ F &t BANRSHR S&t H4tEd- gas
such as nitrogey € beRediz%itder0lo MO -Uasasr SUSHe 88 rabBRR. of the
phosphabicyclononyl rings of the abovementioned
phosphorus-containing ligands is preferably substituted.
Suitable substituted diphosphines for the preparation of
25 mono-esters include, symmetric or asymmetric (3,3,1] or
[4,2,1] isomers of 1,2-P,P' bis{(l,5-dimethyl, 9-phospha
bicyclononyl)ethane and mixtures thereof or symmetric or
asymmetric [3,3,1] or [4,2,1] isomers of 1,3-P,P' bis-
(1,5-dimethyl, 9-phosphabicyclononyl)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-phosphabicvclo-
nonyl)propane and mixtures thereof, or a combination of
above mentioned diphosphines.

The above mentioned phosphcrus-containing ligands can

(€]
n

be prepared by methods known in the art, such as for



The nolar ratio of conjugated dienes, in particular 5 butadiene, and
hydr oxyl group contai ning conpound can vary between. wide limts and
suitably lies in the range of 1:0.1 to 1:10, nore suitably from1:1 to 1:6.

CGenerally a Oq?bgﬁ/sg@gi o near the lower limt of this rangﬁg‘;saqvp??%ﬁer%%?‘hi S

_preparation resters and a nolar 10 ratio near the hig

range favours the preparation of nono- esters.” The anount of hydr oxyl group
cont ai ni ng conpound to be used for the preparation of nono-esters and/or

- di esters reedsetampécophienimsadchdc kredvat | Dot Bt heshheeeienaefnne descrd ped

factors that inf ge the rati o hetween no-esters and diesters
prepared , suc a§*%Zglgdéntge“‘ttiaar%lyant%’ep\rﬂ%sosﬁﬁ CrYfhecSBFaefivict y igfandse

process to a oeataba cospaurd, expreSsed ig) thPerKenbprgsi ci/s 1defdned as: a

-x100% b 20 erei nd" a";IF\ ;hg amount of conjugated diene that has been
converted int S {Pat TeVtaftnesm TR " Be tiHe et aPnarbuAt S teanvert ed

conj ugat ed di eneucid1yebtibe ghoar ddald nierdo b selegtivilby far the
canversion of the conjugated diene in the nono-ester or 25 déri varives
thereof is obtAifiEtl FORrYiE) 86BRN6f CERe beohvelsitad i Mdhepilbeshabior

derivatives tRerefnoddigs CALRORYLALLON RLOCESS 63N, he perforned batchw se,
semi - cont i nuous!y or  cont i nt{jougl y. hﬁgefgﬁé%?’;“g%?gnt hUBUEP ABRfefr Sof

operations isdgsek iR higeEbfnar36tceahti rGhesm . manzarr of 1 Opef atbON §9,
conveniently aldl or higher. | ar ratios_of conjugated diene to

pal | adi um andﬁlsg\c}e\@){)e'si%dé%:tél%igﬁ%g 55%8%5%;/%&?%% ¥rigdethe use of
a bat.Ohwi se naonerendferopey abtoparedWoy 00568955 Lk sSeRtger 2003 - 13 . ~
The ratio of nol €s of ﬁfﬁsﬁphorus-cont aining ligand, i.e. catalyst conponent
(b), per nol e“gf-FRA- TATBnthe BergibheysrechRpsianed )roceamges
fromO0.5 to ' dé@crpnefenaplplénomde' ai0 2. 5 The quantity of, for instance
in-situ prepared, carboxylic acid used in the carbonyl ation reaction. may
vary wthin wde Fgﬁgééj.urlﬁ‘r"ef%ﬁ atyRng het apwupeneftadicd camgess faramell npl e

to 1000 nol e gt aeidspar: mY e ofq el ladiym eation, L¢0 IR process of the
pr eant invention_can be used for each range of  mol € conj ugé_'t ed i 'stre per
mol el of pal | adi unPreéarpddy @nvamicntd ysehe Amoide okngat alfy sicisystein i s

UIry betwcen s s oH LS SRS B 081, TS PRSI O" T
conj ugated diaeid and hydrobromic acid, mineral acids, such as
sulphuric acid, nitric acid and phosphoric acid, and
organic acids, such as acetylacetonic acids, sulrhonic
20 acids and carboxylic acids. Preferably, a protonic acid
is used, such as sulphuric acid, phosphoric acid and
carboxylic acids. More preferably 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 aqueous 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 iner-

sudstantially non-ccordinating cations, such as sodiur or



per nole of palladiumcation, dependent of a continuous, sem-continuQl S
O batch-w se process is being used. The use of a continuous nanner of
operation conveniently allows for high nolar ratios near the upper limt of
this 20 ranggoogggwg bat ch-w se process, suitable the ratioq of nole

_conj ugated di éne-pef nol e of palladium catignis in the raHgeerRiemdengi3 o
2x100 nore suitably in the range of 3x102 to 2x10'. In the process of the
invention liguid carbonyl ation 25 _r](_)duct and/or surplus_of a carbonylation
- reactant suchP@&2edhpligated e g‘f* E?df‘B%?Fdé’r&u 7 c?ﬁ'lfaﬁnf’ﬁgtéﬁrrpound may

serve as sol vent durhpng ke reaction. it is also possible to performthe
reaction in the presence cf an extra inert solvent. Suitable extra inert

sol vents are 30 fbr axpnrpiferpaichremzpibneet chbhpodndsrcsueh agirefosesthe

ethers, e.g. anisole, fetrahydrof s %‘gﬁ{%ﬁgﬁmdwﬁt@ t%‘g;%%%ﬁg 17

di et hyl enegl yscao , of Sulphones, e.qg. ane. .
Sept ebrber 20@3ki1lddicdheadar.bonyl ati on reaction is conveniently carried out

at noderate tenps=attire generally rangi.ng from?20 to 200 C _preferably
rangi ng from 80 t riB?)n%Eh‘r“he B 'eﬁf%l‘i%cg ‘%&D%F%’Beg};r’ectheed ?O()L“a&%a?gl yst
system 5 and ddions el @st ReherrgrRNgaUsc cad d ysirhibased sarlc{ afrémsonece of
pal | adi um cations, (b) a phosphorus-containing |ligand, (c) a source of

ani ons, wher €iaFRMY PhoSPRoOF 8S i Hh N ¢ i GanduFs ted iEne 16 Having the
general formuadoXn5:2Q; 4h) ahensld Xl and, 62 8B &S et @&y@iygigr QP

with at least 5 ring atons, or which one is a phosphorus atom and
reprisent s a thievassrer apyadilc th=itdgisng r e id connéveitiy €15 bote phosphor us

atons, containing from o] [ e pridge ang ' bot h
cyclic gr oup?rffg“é’ntd : %r %%%g{éﬁ'u?e&d@vﬁﬁ"%%’e' org‘rr\gr}l]gera Al}yfpgar%%%s

havi ng from Hiemel iarboh-atorsielref eramgbrezrbiodi akntnd gbft tdwencatiadysiy
system are the 20 same as thoae desnc_r iq%e,_d, haecre- nbef gre. h‘(l;heo,_aobé)uve_ caJLeaI yst
i s preferabl ySusdd = A Tarboryl &6 0T Syt he Pnvent it w11 B
illustrated kyet ke fradd ohd Dgonov£l iLyist-bug: et esithxampienl @hdk 300 nl
magnetically stirred Hastell oy C autoclave (Hastelloy is a Trade Narfc) was
fillled with &@dmwaﬁ:&»‘harﬁ)wpaéem'- é&ﬁv@?ﬁ thF 5C%ﬁf’i'>£r-‘/%£| PAFHTH SE&tht e,

thus be different for each conjugated diene used. The
advantage is that any reaction 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 source of anions can furthermore b+ any
combination of hereinbefore mentioned acids and salts.
The molar ratio of 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 1300:1 to 1:1.

The selectivity of the process to either mono-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 favoured
by the use of an alkoxy substituted benzoic acid or salt
thereof, whereas the preparation of mono-esters can for
example be favoured by a carboxylic acid as pentenoic
acid. In a suitable embodiment for the preparaticn of

35 diesters, an carboxylic acid is combined with an under



0.6 nmmol 1, 2- P, P' bi s(9- phosphabi cycl ononyl ) et hane (mainly the symretri cal
[3, 3, 1 J isonmer ) and 2 mmol 30 2, 6-dinetho:~ybe.”.zo' ¢ acid. As a

sol vent ani sol e was used, which is a non-pol ar solvent wth sol vent
properties sifl o that ef esters. Subsequently the autoc|lave was
_closed, evacua é’gfsggﬁa hereafter 20 m (circa 230 mmol) of 1?,%9-96?[15‘3%2@93 was
added, thus obtaining a ratio of about 35 46D:41 nol e conjugated di me per
nol e of pall adi um cati on, - wo 0056695 17 Septenber 2003 - 15 and carbon
- nonoxi de t o anthai triealc Cayrb oro mbinoxs e puessune iafl 190 1hass Was, added s The
aut ocl ave was h%gEed to 170 C. After a residence time of 10 hours, the”
contents ° of T autocl ave were anal ysed by neans of gas-l=gaid 5

chromat ography. Thenknistdilalcdiatie: pfocarhonylation was ' 240 '@én&qgéé‘ﬁ
e e

atem pal [ adi um hour. The initial rate of carbonylation was defined

mean rate or cRF bBhESHBRGKIRE dorsiipt iom veerlahedf bysme30% bud adi ene

conver gi on. Thes§otah-sel8Gld Vidas it jene, 10 _carbonyl ati on products
was found to be m)re.'(t:han 950 'The uﬁ%ﬁ%ﬁgcéﬁbgﬁﬁl aft ﬁlﬁf’od’tfg?%e can
consi sted of 1B¥rpevit thoattés rafd Brorddisestrerss The dpestens qansi & adsad,

590 di net hyl - adi . a_di met.hyl 2-nmethyl glutarate, 9% di_nethyl 2-ethyl
succi nate gl uta%\ré;?%agéﬁéglg% g‘?'r%eétﬁﬁylusfg p%l‘“odp)g/"rh‘?ra?’é%?é‘.ﬂ?r abesigrl

vi nyl cycl ohexerss adeh ¢ ¢ stéartonyl atieor syt Svéf\@f,@lf@’igﬁg- Exam.e s
Exanple 1 was eetpegted eécept that instead of 2 mmml 2, 5-di met hoxybenzoic
acid, 5 mol SPEelord JEPENRSE 20 USSR L ERFE ekpOWANLONSNeAft er a

resi dedice ti mesuafl I3 hpyr Shet Bercautants ofhd he £l 8 -gpal ysed.
The initial rate of carbonylation _was 400 nol gr}gn%; %?%%@%gr%ggioéﬂ hour .
The total sel &SS%ia3R tBhBubdarené Ehrbarpcatiiaon yroskict SReasdénurd timee

90J. The but adi:ene25,£ay bonylali 0p.products qansisted of 573, pentenoat es
and 43~ diesters. Conparative Experi nent X Exen&% 1°‘vvasse?%’b at ed, except
that instead GFPENGIafDIoL, 2- PpPtbns¢9s phesphatmicoycimnany|detbhat cBrwlsz 30
ol 112'P1P'BE%@®§§“¥§ﬂE%¥$8hQ§QQinﬁggtQa%%tc idfggjéggcess, suitably
15 the residence times are in the range to 48 hours, more
suiltably 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
pPreparation of mono-esters. The pressure used for a
specific set of resactants and required product may be
30 determined by simple experimentation. The ratio of mono-
esters 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 1-65 bar are preferred. In the process according to the



a phosphorus containing ligand. After a residence tinme of 10 hours, t:;e
contents of the autoclave were analysed. The initial rate of carbonyl ation
was only 60 nol CO granms atom pal | adi uni hour, only a quarter of 35 the
initial rage 05/}‘«%‘39' e 1. The total selectivity to WO 00/56695 17
_Sept enber 200 but adi ene car bonl ati on, products was toberfemsenddqdss
t han 60% The but adi ene carbonyl ati on prcducts consi sted of 95% pent enoat es
and 5="s diesters. Exanple 3 5 Exanple 1 was repeated, except that instead
-of 2 mmo~ 2, oPukPRCRONYNENZciT aEihe, c8rhrDl RN disrethoxpbenzeicc laciid s

was used as a source ol Ay oS, Ald el anresi dence Lae of R bours. Lhe.

contents of the au ave were ana ysed he initi Fat e of “gaf b'onyl at'on
was 350 nol 10c£ﬂ)5<gnadn~at1@im pat remh Lenl hoses Fhent gialasgbectivity to
but adi ene car bonyl tion gr oducts. was, f ound t tg% nore than, 95% The

but adi ene car bonyl ?OWO FOdlfC,at“SlOCOCHSI%?%dh%? %ddﬁrﬂee?‘roajt'éspﬁhalﬁoa*

di estegs. Examl@€zd:idpeFxanpl e yiv@s, 1 Q?ﬁ@&?dcoﬂ)&%QMJ_r{d"aéoxﬁﬁqu@t eghave
was filled with 20 m rrethanol 40 m ani so mmol ~ pal |'adi um acet at e,

0.6 mmol 1, 2- P& hizetvseai wedsyll l@tpﬁo%rb%aﬁvéyébéﬂor%ﬂE)Setmnvéh@rrﬁaaw t he
symmet ri cal [ 38,1101 $OFBI ) 1790 %@'s&@@é‘l@”@kemaﬁ' 4, &l opeg and 20

evacuated. Hereafter 20 ml of i 3- but adi ene and car bon nonoxide to an
initial carborarsmoxl tg pregéatre reft 40 fesar wakeaddoer THeniautof| tlves was

heated to 150 Af t si.denc |rre of 5 hours, the contents t he
aut ocl ave wer e%arga‘l y‘gaeélguTgeltgm reto 3 Bt Qar 80%;#& |Sor?nv\€s ﬂ;o%ﬁf) mol

CO grHms at omxzalicadh 48 hohe. hIhmetrouaJmszelceﬁttmtsyrta@gl@utf&d:cﬁ_m% the
carbonyl ation products was found to he rmrlc:;ﬁthan 950, Thec?tg,cﬂt adi ene

car bonyl at i on PEEERFA St 2Bn8F sFRH O6F SEEF Spent EnodTRENEN A Ta & YR St ¥ sgrouP

Exanpl e 5 30 Iémrtmlaulnegvaéorhg@aaae@oememsé&la»tothenanchp@\&wmfm%led
with 20 M nethanol, 40 mM anisole, 0.5 noral palladiumacetate, 0.6 mol

1, 2-P, P' bi s( 9FERESTHHB? £S5 cFBAGRYI F1oRERGHA eiReddotAnBe pptdmised in

6-trimet hyl benzgiag ja¢l dy o Choged aRdgVRCURS.LH. qdes eabbar £2Q c¥r Ofc hat
1, 3- but adi ene 35 and carbon nmonoxide to an initi al carbon mono: ~i de
15 luence the ratio between mcocno-esters and diesters

prepared , such as residence time and pressure.
The selectivity of the process to a certain compound,

expressed in a percentage, is defined as:
a
—x100%
b

20 wherein "a" is the amount of conjugated disne 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 obtained at the cost of the
conversion in the diester or derivatives therecof.

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

30 continuous manner of operation conveniently allows for
even higher molar ratios ¢f conjugated diens to palladium
and lower residence times to be usad, when compared to

the use of a batchwise manner of operation.



WO 00156695 _ 1; _ 17 Septenber 2003 pressure ef 4C bar was added. T:ze
autocl ave was heated to 150 C . After a residence trine ef 5 hours, the
contents o the autoclave were anal ysed. The initial rate of carbonylation

was .100 nol gﬁ%% fdsat om pal | adi um hour. 5 The total selectivity to
“but adi ene carbonylation products ' was fo_ugJI to be 95% ThéSeateathesga03

carbonyl ati on products consisted of 99a pertenoates and 1% di esters.

Conpar ative Experinent B This experinent is conparable to the exanples

- given 0 in OS Pat ehPESPECIA St ifh- b, O 5, BISSpPAer Lexanpl inmas Tiapest ed,
except that the autegkaveswas doiddad,with 20,0 nethanal . ani soi e,
0.5 mol palladiun1aceta?é, 1.04ﬂéﬁ¥%m£§)5Fggk'm8§eso(di Sk 1Bhosphi ne )
but ane, 10 mi2 pERT endi- € - aciad,a 1ol Us ezbramoh @vac yal gdrabgegafiym 20 gri. pf 15

1, 3- but adi ene jghd ,carbg noxi de t.o an initial carbon nonoxide pressure of
40 bar was adciled. ﬁ‘ﬁéepégtagglyaéé:ovrp/as‘ Heated to 150 C. After a residence tine

of 5 Hours, the cditengsantitlecdyt go)-avieseirecanahysed, Lh iRty al rate

of. carbonylat%pq:w@s nly 70 nmol CO . grans atom 20 pal[adiu our. 'The total

sel ectivity t&but a’HYJgh‘é 2GFBoHYLS: it ProdriRonesa Fbandreeceson Tae

but adi ene car bamyl atiwm: produet gaegRsi.stead f 38% pept enoates.angd 2a,

di esters. ranges from 1 mole to 1000 mole of acid per mole of

palladium cation.

10 The process of the present invention can be used for
each range of mole conjugated diene per mole of palladium
cation. Conveniently, the amount of catalyst system is
small. The ratio of mole conjugated diene per mole of
palladium cation can vary between wide limits, suitably

13 in the range from 1x10! to 2x107 mole conjugated diene
per mole of palladium cation, dependent of a continuous,
semi-continuous or batch-wise process i1s being used. The
use of a contiruous manner of operation conveniently
allows for high molar ratios near the upper limit of this

20 range. For a batch-wise process, suitable the ratio 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 2x10°.

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 cf an
eXtra inert solvent. Suitable extra inert solvents are

30 for example polar, aprotic compounds, such as ketones,
ethers, e.g. anisole, tetrahydrofuran or the
dimethylether of diethyleneglycol, or sulphones, e.g.

sulpholane.



Ccnparative Experinent C 25 Conparative experinment B was repeated, except
that instead of 1.0 mmol 1, 4-P, P' bi s(di phenyl phosphi ne) but ane, 0.6 mmol
1, 4- P, P bi s(di phenyl phosphi ne) but ane was used. After a residence tinme of 5
hours, the cQpHbissssdf the autoclave were analysed. The initial rate of 30
“Carbonyl ation was only 20 mot CQO grams at om pal | adi uni hour'7 SEptfBPet300d
Experi nent D Conparative experin2nt C vvas"r%%e"ét ed, except that instead of
of mmol 1, 4-P, P' bi s(di phenyl phosphi ne) but ane, 35 0.6 mmol
-1, 2- P, P' bi s(di phen{hghasphtoe)y béhans wasctsed. is WO 566951y ZaSepkenber
2003 ,8 1 The_Jeact= e o s.than_20 _nol raps_atom .
Pal | adi unt hou:Q{lgo%tﬁ'ara c‘l{e\%d %g\aEgé}élg?ﬁ%% %E“mﬁﬁgreﬁc%)/ eXpR? i kent FH™wal
repeat ed, excepd 2bhat °%,i nsteddrabl Q. 6angbhg from 80 to 180 °C.
1, 2-P, P bi s(di pheny| phgosphi ne) et hane, .0 nmol .
1L2-P,P'bis(diphenipﬁh&ﬁﬁﬁqﬁ$eﬁr%%nélﬁﬁsdhEQHFeﬂfﬁﬁ % G} HEREeSYFRBMOf 5

hours, sthe conigat af e At ochane uRESuanakyaed.scihednigigh.rate of
carbonyl ati on was 40 nol CO /grans_at om pal | adi um"hour. 10 The total
sel ectivity tol®utadsene cardorsa at3dhupredutesswas found to be 603. The

but adi ene car bp:gylgt 'Eg%s@m%%p§§c 3 %ﬂ&? 0,899 pentenoates and 200
npa

di esters. Conparativ r.perinent atTve experiment ~ was repeated,
except that 15(¢hszeadugktel f :ardmpis,l, 2- P, P' bi s(di phenyl phosphi ne) et hane,

0.6 mol 1,2-R.P bis(ditert-butwvl bhosphi ne)ethane,was used. after a
resi dence ti rrewrjoefp%fﬁoﬁ%%, E3[‘—’hoesE%:hoér31 uesntcso%?thrllren%uﬁ'bgﬁg e Merk Hf#A3ed. The
initis) rate dfacaidonykabeore yeEs founul3D ol CJO grams at om 20

pal | adi unm hour. The total  sel ec){;’ vity to butadi ene carbonyl ati on products
was. found to be 55% The Butadi‘ne car bonyl ati on products consiBted of 90%

pe:: ~enoat es qmk ADVh dikeshels x2 Impaad 4 he, PhosPhebUS At NGast
| i gands, the 25 sources of anions and the quantities of methanol,
phosphor us- comt & ¥i%g2 EP§and ofndhssly caeofi sard anso aphostat &d offor agat iR

exanpl e. The awoclave.Leaperalures %rl%at & r&%%{‘ﬁ& é&gﬁa,arc%.n%leg:oci%ft ed
in Table |I. Furthernore the results of ‘each e:~anple”are stirmarized in
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 grcups having
from 1 to 4 carbon atoms.

Preferred embodiments of the catalyst system are the
<290 same as those described hereinbefore. The above catalyst
is preferably used as a carbonylation catalyst.

The invention will be illustrated by ti:we following

non-limiting examples.
Example 1

25 A 300 ml magnetically stirred Hastelloy C autoclave
(Hastelloy is a Trade Mark) was filled with 40 ml
methanol, 40 ml solvent, 0.5 mmol palladium acetate,
0.6 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 solvent anisole was used,
which is a non-polar solvent with solvent properties
similar to that cf esters. Subsequently the autoclave was
closed, evacuated and hereafrer 20 ml (circa 230 mmol) of
1, 3-butadiene was added, thus obtaining a ratio of about

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



30 Table I. Fromthe results of the exanples it can be concl uded that
surprisingly the use of the substituted or non-substituted
phosphor us-contai ning |igands according to the invention renders the

cat al yst sys<spHohlEs more active than the conventionally used
_phosphor us- cont al niﬁng 35 ligands. As illustrated by conpari/meriemnpar2id3ve

WO 001 56695 - 19 17 Septenber 2003 exanpl S A-F with exanples 1-5, the
initial rate of carbonylation can be nore than doubled, while stil

-obt ai ni ng hi ghAR@| eerPert mescxidee isamfinhei slibsertonedicplosptor us
containing i T BX I i Spegci y dyvat ageous since here a
very high initia s%é{:é g égr grﬁg/lwgt‘i (;eandcl?gné boﬂ%?n%‘t‘f%%(i\ﬁﬁvﬁhwgs\/g‘refttﬁcgﬁo
sel ectivity tolTtrbonyhateonaame sddeerce higte raf i DO Ofo0BBO- the FRSIBIS i S
obt ai ned. T | . ExappleCatal yst systiem (apart frompalladiurn

cati ons) Fhospﬁ‘%L E‘sb-‘%o%?a RrAg S i“%fénd am’r"mfssﬁff ﬂ”ey dFe@nF oS AREEEQEP, P
bis ( 3-phosplahiayctoppayhy) ehbanel:iGd, Gwd et hOxibHePZQkGon was
aCJd221,2-P,P'b|sgg%phosghablcyclononyh)ethaneQ.63-pentenb|c

aci d5AL, 2- f, PSR k<P OhERPE pRESPhPAS LedHamn B 6-Hheret hokybénzeite of

aci d231, 2-P, B rdis, (aS:phogRBakEEYRLANARY | 1) e'%{' o6
6-dinethoxybenzoicfgéi%Shl, 2-P, Pbis (1, g—éﬁﬁ%t‘yﬁgat“ gf carbon
9- phosphabi cy&Ioafsriyde eehamept 63nperee. ibec first 30% butadiene

aci d105P, P' bi s(3-rhasplabi | oppnyl xyl.ene .6334 6:trinmethyl benzoic
aci d1081, 9-Y, P bi's ( |'ph§%€/l pﬁag%h%%%%—%ﬁ é’ﬁgi’. 8? Ahastior s
aci didC1, 4- P, Paibs(ndilpheimd phosphe ne) batafieQnG3tpem=Mee than 95%. The

aci d10ul, 2- P, P hi_s{(.di phenyl.phosphi ne) et haneU. 63- pentenoi ¢ _
aci'd10E1, 2- P, 'ugias %n&ec%bg%% %rn%%‘eP58HEEF63PBé‘ﬁtléﬁcﬁdc cititorl, 2-P,

P bis (diterpentenplapfespind nE)s ed heeerd. Ghe3dpertanal ¢ag dsrdd &8 O O
000 o, 53% dimethyl-adipate, 19% dimethyl 2-methyl glutarate,
9% dimethyl 2-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 357% pentenoates and
43% diesters.

Comparative Experiment A

Example 1 was repeated, except that instead of
0.6 mmol 1,2-P,P'bis(%~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 guarter of

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



m-ar. 3 m>u 00w TABLE | (Cont d) Exanpl eMethanol (m) Tenperature
(O Residence Tinme (hr)lInitial Rate of Carbonylation (nol CO gram at om
Pd/hr)SeIect|V|ty to carbonylation (o)Rati o nono-. diestersl14017010240>9513

WO 00/56695
£17290170104009057: 43A401701060<6095: 534017Q5350>9587: 13477 13ARIBIAY?. 852

01505100~

9599:1 G 20150%?09%?8 2C2U15052U- - L2U150- AO--E201505406080 20F20150530559U
.10 00 0 1 ieéne carponylation products was fcund be less

than 60%. The butadiene carbonylation products consisted
of 95% pentenoates and 5% diesters.
Example 3
5 Example 1 was repeated, except that instead of 2 mmol
2, 6-dimethoxybenzoic acid, 5 mmol 2, 6-dimethoxybenzoic
acid was used as a source of aniors. After a residence
time of 5 hours, the contents of the autoclave were
analysed. The initial rate of carbonylation was 350 mol
10 CO/grams atom palladium/hour. The total selectivity to
butadiene carbonylation products was found to be more
than 95%. The butadiene carborylation products consisted
of 87% pentenocates and 13% diesters.

Example 4

15 Example 1 was repeated, except that the autoclave was
filled with 20 ml methanecl, 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-pentenoic acid, closed and

20 evacuated. Hereafter 20 ml c¢f 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 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 autoclave was
filled with 20 ml methanol, 40 ml anisole, 0.5 mmol
palladium acetate, 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



u~aaNrnm3omNOOW 17 Septenmber 2003 - 22 NEWSET OF CLAIMS 1. A

process For the carbonyl ati on of conjugated di enes, whereby a conj ugat ed

diene ;s reacted with carbon nonoxi de and a hydroTyg_groug Eontglngﬂgc
onpound in e ence or a catalyst systemincluding: %

g- i pal | adﬁg’rﬁo%&%ons, (b) a phosphorug-ﬁqnt_al ning li garﬂ,g Pé?mﬁef_ ce

“of “ani ons, wherein the phosphorus-containing Iigand is a ligard having the

general formula 10 X1-R-X2 (Tl wherein X1 and X2 represent a substituted or

-nonsubst i t ut eB*EPEIYLE g HupCweel atasl easted. rTing apomg,l_agfe_ whischaaned s A
hosphorus at apd —» fepregents . a i\éalte,nt‘= organi ¢_bri dgi ng group,
Eonngcting bo?%b15@ghé%bhb?u§ éfoﬁ%ﬁ?@ﬁntﬂﬂﬁrﬁf:ﬁpﬂ?&“ﬁo EhétSHQQQ?W%e.
bridge; and whér&hr thecowlaver akire anadojetpat®ee digneik® pakbkadisum cation

is at |east 389£%bnylat10n was 100 mol CO/grams atom palladium/hour.

The total selectivity to butadiene carponylation products

w

was found to be 95%. The butadiere carbonylation products
consisted of 99% pentenocates and 1% diesters.

Comparative Experiment B

This experiment is comparable to the examples given
0 in US Patent Specification No. 5,455,041, Example 1 was
repeated, except that the autoclave was filled with 20 ml
methanol, 40 ml anisole, 0.5 mmol palladium acetate, 1.0
mmo 1 1,4—P,P'bis(diphenylphosphine)butane, 10 mmol 3-
pentenoic 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 a residence time of § hours, the
contents of the autoclave were analysed. The initial rate
of carbonylation was only 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% pentenoates and
2% diesters.

Comparative 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
palladium/hour.

Comparative Experiment D

Comparative experiment C was repeated, except that

instead of 0.6 mmol l,4—P,P'bis(diphenylphosphine)butane,

35 0.6 mmol 1,2-P,P'bis{diphenylphosphine)ethans was used.



2. A process as clained in claim1l, wherein the 20 conjugated diene is
1,3-butadiene. . 3. A process as clainmed in claim1l or 2, wherein the
hydroxyl group containing conpound is an alkanol with 1 to 6 carbon atons
per nol ecul = rocess as clained in any one of clains to 3

“wherein congﬁgfe}%/f&eg) oz the catalyst systemis a phosphor1t]"is-ecpg?ﬁ‘g?r%qa
ligand of formula (I) , wherein the bi val ert ‘organic bridging group Ris an
et hyl ene or a propyl ene group connected via their termnal carbon atons to
-the respectiVviighosphores atams wes XleandtX2r 30 HolAQU/anssss agt6hai ned in
any one of cl aiﬂ%;&.tm 4, wherein X1 and X2 represent a substituted or non:
AMENDED SHEE é%pl/g‘l%lér' 2003 - 23 substituted bicyclic group with at
| east 5 ring Cafnoyss ®t L vel EXde<Fhmans B which one is a phosphorus atom. 6.
A process as claipedi.”. ¢claimb, where' X1 a*d X2 _:.represent a
substituted or nérPRRFPEFIVE EFASTMENY D ¥as sfgpedfpd, except that

9- phasphabi cyelsanony! o 8r QUR. fumcA R=RF-E5Sp 65: & &iaﬁgnggp%@o@i@ze wherely, one
or bot hof the phosphabi cycl ononyl rings is substitut wi th oneo. nore

al kyl groupslh&vi"ﬁ@DLnbngrPtré"lpiéa( N o SSP AL pepeebanas welsaivmsh i n any

one of claing:l_to 7, 0 te (c). of catal yst,system tai ns
aprotonic ag?‘d%v%ir?ha all%) ag\%glcge%gq{% iraﬁnasquhegouursS 'Sof T %ﬁ“a?ﬁ%scooff%}%al t
thereof . 9. ~aptocdssraswekai aedliyseany Tonre iofitlal nBatet 8£8, wherai n

1, 3- but adi ene L% converted into BEt hﬁl Cg)en enoat el5and/ or _di net hyl

adi pate. 10. A2pPEEISE tH°Pr Bpar & Yc BFrtoCR Y &ha ™y | P, Pa+ AP HéRTE nog tvher ei n
a camlpound ashpr eparsad s”éill@tdiiﬂg:yOtbhgl&ﬁ:Q%%%ei%ﬁ%ﬁ?léeiBHYDQB%u%fts
clains 1-9, is used as aninternediate.2011. Use of a catal yst system based
on: (a) a souféd &PYSHl I%RIi Bk PAET ohBe( By ta diRrasp IR0k Bi ANNG LPAYERS, (C)
a source of aphonsreherst Ng e, PROSRRAEUS- coRt 3igy ngiddgapd is a

| i gand25having the general fornula |:X1_F_X2 (r)wherein X1 and X2 represent
a cyclic grdupPREFBAVE Fareringgtafons, of which one is a phosphorus
atom and Rrepre ival ani c-by Ldoi r , connect ] ng30both
phosghor us a_tonszésg%%t%%‘ynﬁ %Fn%?n argf:g“fa!t:%rgrskig%ﬁ%é:%b%i aegec%%'gl \%\%ggei n one
or both cyclirsgeadpo XIl dhdiRohrk, 3ubsPi buséd iwismydphcspmone) at kyhe,

groups haViQﬂf&aﬂ%%lt3/ﬁJﬁ?ﬁ“ﬁ&g{gf§éréygy959p§ggg.ine)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 55%. The butadiene
carbonylation products consisted of 90% pentenoates and
10% diesters.

In Table I the phosphorus-containing ligands, the

25 sources of anions and the quantities 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 cor
non-substituted phosphorus-containing ligands according
to the inventiocon renders the catalyst system much more
active than the conventionally used phosphorus-containing

35 ligands. As illustrated by comparing comparative



17 Septenber 2003 - 24 as a carbonylation catalyst for the carbonylation
of a conjugated di ene whereby the conjugated diene is reacted with carbon
ponoxi de and a hydroxyl group containing conmpound, and wherein the nolar
rati o of conjugated diene to palladiumcanon is at |east 1 2.
“accordi ng toévag@/%‘;ﬁ’l, wher ei n the phosphor uscont ai ni ng | ﬁ’g%ﬁafﬁ"ibef 2055
i, 2-P, ?" bis(1,5-dimethyl, 9-phosphabicycT ohonyl)ethane. MCS31/T' S~90I PC?
AMENDED SHEET . A. AF3l . AyN . A5l . AF. A3. Al . As[I 2. A

1. Af. ALH. A Ar eR¥EmMA LR AR ABFyAE . Ax AVpAcAIUSAILAZ. Anli t@8Yt uZags | Q91 J

@A} xsni d_Z] cal.calcal cal.ca] ca] ca]cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
ca% cal ca]_c!a] c%%é%]oé’]é]ﬁcga l(:Claﬁ c%‘]“'é!ak]’%‘l* PF S&QBLQHL"F@E@}'% -l°’_:"']ziu1pﬁ]<f9a% ' La] I:a] I:a] 1:
a} ca] ca] ca] capbakcaliory calga] calbecavib€es. The use of the substituted

“a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ERYL4568DSEtd§wr rr%c"Y] ]
ca] ca] ca] ca] c%%‘@ﬁ]sc?&]r ; T cale?al €87 ed] €a) eapoR} eafcadlsc Al cd thy ca] ca

caljcg]calcalg y | e o S - -

} Ll % P ] " ] #eL#%%ﬁfra ]riﬁgkﬁ%i]sg%cnaf%%%? c%] \éé]}éaﬁllc%i] cjé?(l:g 8&] gaa]“cea]ocra] cal ca] ca
] ca] ca] ca] ca]€dtperYealda e d]c a]wd vad thdr ay ol cal #SSBSUARANAH]. o DAASY & &

&&&&&&' ' 0" p' L*nE 3 al,cal cal ca] ca) ca] ca) ca] ca] ca] ca
ca] ca] caj cg] ((:éa% 2:%%[ggwggggé]gga%?afgga%aﬁcggﬁ%&aﬁ ca ‘E:Ja‘f céfgn el JFZ?C(EP, ] . ] , 0]- <-]:
-O-*.8.:.~...di¢sLe0w192: 2BDAE4AEKsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 4444444,
5-5¢5d5x6z667\ 8] 808p8: ;

<<<<, </ <8<><P<QxOCPCCzupkf a[ V] ca] c*a] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]ca]ca]c
a]J ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! CCCD"' D#DYD\ DDDDDE
#EEEFFGGpI gl 11 J#J3JJJJJJI| w mhc™Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! JJIKK$SRBR{ RRSS
MSQSRSCc SASSSSSTTWIZTTTUUUVWWN Xj Xzupkf al\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] c™a] ca] ca] caV] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ] XXXXX

XYYY-Z. Z9[: [[[\\\]]1]]""m.n 0o " ztoje [V]ca]ca]ca]ca]ca]calca]ca]ca]ca
] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] c”a]ca]ca! "
aacccceegfifjff2gggvh[ hhTi Uiiiiivkkkkkkkl zuoj e [V]ca]ca] ca]ca]ca]c”a]ca]ca]

c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca]
ca! | I 7mBmmmmmmmmmmmnnn! n#n&n' nGhQnnnoooopp4p8p{vqgl gb] W] c”a] ca] ca] ca] ca] ca
] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca] ca] ca! 8p: p>pBpCpppl gng<sFswsxsssssss™tttttttuudu=u>uuuu~ysni d_ZU] ca] ca] c
a]J ca] ca] ca] cMa] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a]ca]ca]c
a] ca] ca] ca] ca] c”a] ca! uvEvAvvwEWO WA wewf wwxxB6y\ y] y{yy<zzz{{6{8{g{j {{{{{{zu
pke' zZzU c aUc

a) calU] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] cha] ca] ca] ca] ca] ca]ca]ca]calca]calc
a] ca] ca] ca] ca] c™a] ca] ca! {

| (| [|~, ~mu",.58PXa~ytoi d_ZU] ca] ca] ca] ca] c”a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca]ca] c”a]ca!l! & *5=@RYj k8" } xsni
d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]
cal.ca] ca] cal] ca] caU] ca] caU] caU] ca! rsX] no{vqgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca]
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wherein X1 and X2 represent a substituted or non-
substituted cyclic group with at least 5 ring atoms, of
which one is a phosphcrus atom, and R represants a
pivalent organic bridging group, connecting both

15 phosphoxus atoms, containing from 1 to 4 atoms in the
bridge:; and
wherein the molar ratio of conjugated disne to palladium
cation is at least 300:1.

2. A process as claimed in claim 1, wherein the

20 cenjugated diene is 1,3-butadiene.

3. A process as claimed in claim 1 or 2, wherein the
hydrexyl group containing compound is an alkanol with 1
to 6 carbon atoms per molecule.

4. A process as claimed in any one of claims I *o 3,

25 wherein component (b) of the catalyst system 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 a*oms
to the raspective phosphorus atoms of X1 and x2.

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

wherein X1 and x2 represent a substicuted or non-
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