;e3el bal _\\]"("h, a6baTaBHf Substitute sheet - 14 May 2002 HYDROFORMYLATI ON
OE .OLEFI N FEEDS CONTAI IMWM“WBWF' ELD OF THE | NVENTI ON The inventi on
relates to a process f formyl ation of ethylenically unsaturated

conpounds by reaction. thenesé with carbon nonexj.de Ir t he
presence oz a catal yst. BACKGROUND OF THEINVE%%@%%@%@@?%&?% 1on of

et hyi enically unsatur s to form al dehydes and/or al cohols is of
consi derabl e industri j’,ﬂﬂ@%@@ﬂﬂﬂ@ The process has been 10 in conmerci al
operation for decades and 0 years nuch devel opment work has been
done to optinise the react?®®¥*conditions, the catalyst systemand the

equi pnent. Al t houg Laniti =ogre - r i i duct
selectivity has beggﬁb‘%agge#%%%trrtlﬁgr ng%iir%pt:?\(geeE%‘e%r?{y 0 %{Tk%bgﬂrb%c:@%ﬁé)sti |
needed. In the present applicant's WD 95/05354 there -is disclosed a

hydr of or nyl at i Wcat al yst system conprises a source of
pl ati num gr oup } - bly palladiumor platinumrations, a
20 source of ani ongret hatvdritarorhald deceenitonsy mreoss cefof bheentate |i gands
as defined bel gw and. a cat al yst onpt er conpyisin source o halide
anyons. It is E‘H&ﬁr?dftﬂya]t%em& ecgf(rerfcr@“ e’ilh‘er?#aYiLﬂrgs%‘fbﬁt%%cBﬁ‘ﬂPgu? r a
consi der abl y emnlanced @icid WHereorl walrecid midry modnd hed@bapd oees8ogenein
suppressi on of paraffin nake.. However, the catalyst conposition appeared to
be sensitive t 6 AT 9%9 oifs GF-HalSde i on concentrations, the positive
effect of whi chalaGrow N IR aak/@tTBNDl ar ratio to the ration of about
0.4:1. In the subsequent present 30 applicant's EP-A-0900776, it is

di scl osed Subs&?‘t%?@’%?éﬁ'&rm-ylffﬁ\ggg %@fqmn%%%d{qsi%%uﬁt%t er, in
an anount of nmeeapichad. & Wderbaseitoidhaddiad Dfcdthel g eagtéopn mi xture
and up to its solubi]ity Iimts under, the reaction conditions, acts as a
strong co- pronﬁPélrsﬁﬁet‘ngll‘?e Yt 3@ PO E- AT § het I R T el RFRVi ous
work, id was i nei el M itdl reeaHat ifdh tihe b Le PfardhiOnsr i thd hge£a4 al yst
conposition that any conpound generating these anions rrat_y, be used,
preferably strBHGladsdE IeRASY &90 NP RETT 9 ThAP B Wieh WRisured in

aqueous sol uti @ag cati ok8 Grkl rRth ST0Hhepreferanly destdamtinescred sul phonic
acid such as nethane sul phonic acid (pKa = -1. 3}1 trifluoromethanesul phonic
acid (pKa = - 5SAFLETE trer A itcards @ CHE PAPPEESS -PAEds 9 esent
inventors unexpeetedland puyhiddatsdietivity has been made, further

15 improvement of the process is still needed.

In the present applicant’s WO 95/05354 there 4is
disclosed a hydroformylation process whereby the catalyst
system comprises a source of platinum group metal
cations, preferably palladium or platinum cations, a

20 source ¢f anions other than nhalide anions, a source!of
bidentate ligands as defined below and a catalyst
promoter comprising a source of halide anicons. It is
shown that the presence of the halide anion accounts for
a considerably enhanced activity and selectivity of the

25 process, i.e. suppression of paraffin make. However, the
catalyst composition appeared to be sensitive to small
variations of halide ion concentrations, the positive
effect of which having a sharp geak at a molar ratio to
the cation of about 0.4:1. In the subsequent present

30 applicant's EP-A-0900776, it is disclosed



15 catal.yst conpositions as described above generally suffer fromthe

di sadvantage that they are rather sensitive to even snmall anounts, from

0. 005 wt o based on the total anobunt of the ethylenically unsaturated
conpounds in the feed upward, of diene and/or i- d 20
al kenes in the reaction feed. The latfef, ~in pfaslra{b%{gﬁ%%éltne?%@%und
to formrelatively stable conplexes with the netal (cation) of the

catal yst, thosthihdeaddgtihe pfogates, oint henremetindnofl moseh&hawor ds,

di enes werenfound,t stropg_al hei ver si I (,nhi i tors. 25
When t he hy%fgfggﬁyﬁggggngéegg i%ﬁ@%g %gr?égng%gfgﬁggt%%kgkg?agpgnyﬁthe
presence of tdi ires anthhibilityt héminhwl bthdasatheatedcalikenesndnttbesfeed
results in a_ significapt slowing of the reaction. en _the.hydrof ornylation
eacti on | s2BeFfBPnRaoERoRBNEPRUERLobRe, KEFEn tREHaF T s ARediice i n 't he
feed may resul tIhnthapaactemaht yohew predictsonorif est washaadhnewtbden
found t hat bY § carefgl segection of the_anions,in bhe c tgl¥§t
conposi t i on% bAsEGIBRIpAP | BAF uRPUAS St REY2RFE OB b SaSFga €Pfned in 35 WO
95/ 05354, thempydioioennyhati anyreaspoondcaenpracerd thesd andohst mhyte
sheet - 14 My 2082 efficienily even when up, to, 10 wt % of the olefinically
unsat ur at ed®8olPeandRrEAeFARLY cBHT PG AFHES BAYUBP ?uP%ﬁeya Pt Pply

unsat ur at ed) akkengsn AckREefi MEakQréheipr ggeBbukN¥ENLE@BnEharangons have a
pKa of between -1 5 and 4. SUMVARY OF THE | NVENTI ON The present invention
deflihes a pRBEBISEOPIERRTAYHY ofBFHYREETEA BFf 8UtRRANE6NPFLLi AYCRoASOUNds
having a sipglgagshylephéaléyasngatyrat ed-group by;reastbpBtAlnthereof in
the liquid phase with carbon nonoxide and hédrogen in the presence of a

catal yst sy3tepedhprrSifg(@faa~soar éb 3PdpherhdPuRREEPRORRONHT &C4Burce of
ani ons; c) Egﬁgugcelpﬁ)at | east one bidentate |ligand of the

15f or nul aRLRZMLRMPR3R4( | ) wherein ML and M2 i ndependently represent
aphosphorus,ars%h?cpﬁ?s%%Fih%ﬁ?n%?éﬁ]“F?%%%?E%@ﬁfsf%uﬁﬁvébé t BPRdgi ng group

contsai ni ng from ¢sé @eﬁﬁ§si9£8ﬁsb££d95589fgean9b5@ei?Qﬁeeaﬂﬁptgﬁffeeresent
a substituted orunsubstituted hydrocarbgl group, or togetherrtepresent
€

abi val ent sfibemi tieedisadvartdgti EhebdCeGE| 2EQr BAPMAET 8BYSEREVEWEOT r ee
val enci es aé93§'95§ 1t oMy a0d f?@ﬂdoﬁ6?sn9@9699§@alxnrgﬁéeﬁsesla

substi t ut edor 25unsubst it ut ed hydr ocar byl ~group, or toget errepresent
abi val ent sahstntucédtibe ehbybsricalid eysdieprbepuwherepyndheinwbher ee

valencies agechigied:40MB: A00d) 2n30uLCRa oLy bal ide: chosen L romphe or oupof

chl oride,iodide a romde a m Xt ur es ther eof aracteri z in that
t h&Oet hyl enktieéhgs uhsat e areact tedcbepdi sekeohetbernpie daehésuaad/ or

wt obased ot PR T ot o anbaiof S ef e A LT Py by b B B BPEs ks i n the
feed, and iwithatheonpoakn{bitodéni hef the catalyst, thus hindering
the progress of the reaction. In other words, dienes were
found to be strong albeit reversible catalyst inhibitors.
25 When the hydroformylation reaction is performed in batch
operation, the presence of dienes and/or further multi-
unsaturated alkenes in the feed results in a significant
slowing of the reaction. When the hydroformylation
reaction is performed in continuous operation, their
30 presence in the feed may result in impractically low
production rates.
It has now been found that by a careful selection of
the anions in the catalyst compositions based on
palladium, as they are more broadly defined in

35 WO 95/05354, the hydroformylation reaction can proceed



Substitute sheet - 14 May 2002 catal yst system conprises a source of anions
of .an acid having a pKa val ue, neasured in aqueous solution at 18 C, of
between -1 and 4. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 Exanpl es of
suitabl e pal | adi um sources are palIadiun1conpogﬂﬂgﬁﬁﬁgghégbsqhqﬁﬁféooz
pal | adium e.g. carboxylates with up to312 carbon atons, palladi um

conpl exes, e.g. with carbon nonoxi de or acetyl acetonate, or palladi um

conmbi ned wi tlf fa cide@lnitd ymetvern alhesualp a® an Wit exchargerl &) rairc Ldnbon.

Pal l adium(11) acetate and palladiyn(ll) acetyl acetonate are, exanpl es of
preferred pdla i%ﬁ?&ﬁﬁ? © %ISI adfi ﬁr?%%r‘?ﬁ&%r?&? N5 139t in situ by

the reacti ofuekth@rvahantiRd eoRRWRdsedsdQlked® spaldcdindn il kenzyHd dene
acetone and tetrakis triphenyl phosphine 15 pall adiu with acids. In

bi dent at e | PG&FEE Lot VEIRHCA IEhe 3@ 1088mpGiTentE PR3O et yvitli ¢ system
it is prefeppngdgthat at I east RlL and R2, nore preferably also R3 and R4,
toget her represent a bival ent substituted or unsubstituted cyclic 20 group.
I n bi dent at EIMMARAI O FafT HEn IMYENTION, ML and M2 are preferably the sane.
More pref er abl yTthaexzer@rs%nteotimmaehoe@sfi%te%rrfa, drd MU £asg, d he |igands
are bi sphosphines. 25 In the bridging group, represented by R typically
all bridgi ngygredpsrylatianbet at 68ed BONPFESingh& WP dravding B and P
mey al so be spLesente iy 1R danidoen sRiehanall ¥ ARe By daing ;gpup contains
two or threg, ﬁgre prg%eragLy gao?sgargon at%%s I'n PLe bpidge. 30 The

bi vl ent (stbstieodt éd) tépcliiguddoppa seepridde sagddsy MRuaxegs fyd with R2, in

general co i t.le ri t a I r ins J.r. 6 to 9
ring atons mkg?g)%gﬁe er gglltey%trﬁesggfgl ?E:fs Sr %%6%01 r?ft a%?sﬁf%?%%l@og&s“w
Substituents,) i & asoprcar efupadlbgiahlkygktgoosps 5 - Substitute sheet - 14
May 2002 haangafE§GE% tgs4.carhen atons. As a rule, all ring atons are
carbon atons, but "bBivalent cycplc’groups contai ning one or two heteroatons
in the ringe)suehsasroeygénatolenistr ogenpideonrs tar 6 igandoroecItieted. Exanpl es
of suitab%erbiﬁglent cyclic groups are 1, 4-cycl ohexyl ene,

1, -cyclohep?ypgne, 1, 3-cycl oheptyl ene, 1, 3-cycl ooctyl ene,

1, 4-cycl ooctyl epér2i1am@yrBRRdoct yl ene, 2-net hyl 1, 5-cycl ooct y|gene,

2, 6-di methyl -1, 4-cycl ooctyl ene and 2, 6-di et hyl -1, 5-cycl ooctyl ene groups.
10 Preferredhkiredhent end M¢ gnodepsndeetiegl eepee stinamal phosypdiconct,y| ene,

1,5-cyc|ooct%lene, and g$t3$l (gi%sub ti%ute%ed riva L%g threof. M xt ures
of 1igands g ﬁﬁpﬁgiﬁé G EP8N: 25°0al Ent €§§Ii8 §r§u S e used as wel |,
e.g. mxturegidyihh birgapdeonithhning- €yemoactylhenamsana Ithgamnds dsiet,h

20 Rl and R2 independently represent a substituted or

unsubstituted hydrocarbyl group, or together represent a

bivalent substituted or unsubstituted cyclic group
whereby the two free valencies are linked to Ml, and R3

and R4 independently represent a substituted or
25 unsubstituted hydrocarbyl group, or together represent a

bivalent substituted or unsubstituted cyclic group

whereby the two free valencies are linked to M2; and
d) a source of halide chosen from the group of chloride,
iodide and bromide and mixtures thereof;

30 characterized in that the ethylenically unsaturated feed

comprises one or more dienes and/or further multiply
unsaturated alkenes in an amount of from 0.005 to 10 wt%
based on the total amount of ethylenically unsaturated

compounds in the feed, and in that component b) of the



1, 5-cycl ooctyl ene groups. In the ligands of formula (1), R, R2, R3 and R4
- i ndependently may optionally be substituted with substituents such as

al koxy groups with 1 to 4 carbon 20 atons, hal ogen atons or (O to C4

al kyl )am no groups. Exanples of such substitue _ gy h as
ethyl, isopropyl, sec-butyl and tert-butyk grciﬁE?S%@§%?h§¥Lyﬁ43%%@%2H§uch
as cycl opentyl and cycl ohexyl groups, aryl groups such as phenyl and tolyl
groups and 25chtyalest sgseupsconphiassaahesapethylfenaigheups Hawaves,
preferably R3, together with R4 represents_ a bivalent cyclic group, in
barticular {hBRYAHE B BER 48ltRe BPOSBEFepi-BseAteqtsy SREUESGELAE with Re,
in which caseighectwerf heew¥ahenti gaqol .each bival ent cyclic group 30 are,
of course, Iingeg ioDN@ angIM re§cective[ Preferred bidentate |igands

of fornula (1% J HNNo) et hane,

1, 2-biss( 1, 5cycl 0ogkyhgnephgsphi 1e) 81 Bapg1 8Ad: Hin XU S LEre0bal 1 adi fm
Substitute sheet - 14 May 2002 For the preparation of the bidentate

| i gands, refef@RRRUNES nfidENt S kPdWASt BENRR LRSI URer cedanpREPPKELAEEROD
di sclosed in {Behvdpled, 985caFbghenabhy, bhe1aplan £ahbeRetweangtihe halide
5 anions d) and the palladiuma) is between 0.02:1 and 3:1. for e
preferably, thethorarbeathondsigeenrharetiplanebasabfd pal Padiamivations is
at nmost 2:1, gyep; e, pLgefer I : rhnsLan .02:1
P I N e T e e e e i

ani odd under ®hecaeheri ohatbadiwnohi) nagebatesaedd RedcoadindédIare i norganic

conpounds suc al pde , aet al hal i des,
o NaG Mooty e SR gDk pEEnalip Bl s i p FPEe PR bo PR TR

Anot her cat egooyroés ekabhanidern sowpcesdsfchal bdefanmedsivoasistbyothe

hal ogen cont aj. ni ng: Or gaRi £ n ' o le.o L ding halide
ani one to that T5agt PA0BT G- GETRALTES POREDARRE, “BRER 1 BLRNLSh
phosphoni um hélbemrsyl sdehe ascetoae yhad kyét phbsphoniphechl ophdephinde hal ogen
cont gizni ng ar i ¢. conpounds_such as 5-hal obenzoic acids, e.qg.
5-chﬁ3robenzd$%?%%$ﬂ?£2, %§€0%$%§%benzoic acid, 2,3,5-tri-iodobenzoic acid,
3, 5-di - i odobenzoi In deidentatal biphdids | of afocisubadIl est ees 2ompbeerofc)
Cat al yst pronoters conprising a source of chloride anions are in partjcular
preferred. Prefeb®| G2 vt eFi¢ sSussmpresehs, Prafanrafotpet ot mbe@sthBn 0.6

W % based on the total amount_of the 30 reagtion nyxture and up to its
solubility i Hf %nﬂemof%ep?%g%f?%ﬂyc% ﬁ?t?on@?dhg%e ?%?3P35|y t he anopunt
of water is be¢peesedt 7a aniv3l éntwt Hbbasedton dheunstibstdfutdbe cgacicon

nixthe. The source of anions according to the invention has a 35 pKa
val ué,” when nta3tfed i n aqueous solution at 18 C, of

In bidentate ligands of formula (I), Ml and M2 are

are ) £l = S 19

preferably the same. More preferably they are both
phosphorus atoms, in which case the ligands are
bisphosphines.

25 In the bridging group, represented by R, typically
all bridging groups are carbon atoms, however, one or
more of Si, N and P may also be present in the bridge.
Preferably the bridging group contains two or three, more
preferably two, carbon atoms in the bridge.

30 The bivalent (substituted) cyclic group, represented

by Rl together with R2, in general comprises at least
5 ring atoms and preferably contains from 6 to 9 ring
atoms. More preferably the cyclic group contains 8 ring

atoms. Substituents, i1f any, are usually alkyl groups



7 Substitute sheet - 14 May 2002 between -1 and 9. Preferably the
source of anions is an acid according to the formula RX03H2 (I1) wherein X
represents phosphorus, arsenic or antinony 5 and R represents a substituted
or unsubstituted alkyl or aryl group, or OH. Iﬁhggﬁg%tX1h§w%FQ§@?orus.
A preferred source of anions can al so be @ salt o an acrd according to
formula (11). The salts can e.g. be netal salts, amoniumsalts and
phosphoni um s&lavs ng1@ rerarpltes dofcagdomnc @s oofs -adisors radeor dildg timg he
[ nvention are RSP Ca3gd, RAARPNALES » RAGIRNONALAS.. hengaephosphoni c
acid, tert. butanephosphonlc aci id “t'he "correspondi ng arsenire and
anti nony conpeends.inCogponenrbwef hetre roattaimsstins yrétee mimey, shesld& the 15
source of ani Vi value of betmeen 1. an rise a
source of ani§%§ %§V|%Q %lQE 98 uE B Re P SEhaAS . PEES 3gﬁegs &S ©f
sul phdni ¢ aci dufipkdl=e blvaﬂehmltbuan@n@&ba@s awbthMPQy&Qb@e@@K&nﬂ, 5,7)
and tert. butan sulp oni ¢ id (pKa -11§% An .advantage of _using 20 such
n xed ani on sgurcgg gSﬁﬁgFggePS uévﬁgcgﬁl SR CXREES sgugcg YdPing a pKa
val ue of betmeemylénamd144a&yemmpemqubnb) Qf5&h@cqabakyabn%ysQememwyyum ng
to the presenh |nvenﬁ|on | Z %reat gthl&y ﬁVldenced by a
| oner reacti on’PEfyé SPﬁFé en@an b& P4 g EYaved 4 FéOP YEGPEr #Rce to the
presence of dpewesimethie-fieedcanrdoble yheglk gebeglki.vity towards al cohol

prod 6|on are naintglned The ffectivi,relative anounts of the source of
ani ons’ havi ng a pR&® FIBQFMEéNa ¢NENGYELARdIERBPS0AFEe SEL e5h~PENS *REVI ng a

| ower pKa may1yaryy QQOB@E?Q@ﬂel 20 5a8¢ 200t yReaksr ahhymBehyeen 1:5 and
5:1. The quantltaﬁln whi ch the cat al yst sgsten1|s used, is not critical and

may vary withilAlwSHEsSFifPEsd 9§GéWP§lHﬁ§u tereRfthe range of 10-8 to 10-1,

preferably in themﬁﬁegeegfoioizgaadéocamaghg1ﬁboah@Ee9ahkae&UHueﬁE ol e of
g _ Substitute_ sheet - 14 May 2002 ethylenically unsaturated conpound are

used. The anoﬁﬁ?éléfgFﬁéPEaWﬁVCPEaH§§d|ﬁStHéléatﬁl93tméy§ﬂéﬁ§apé

convery ently §§5gﬁa§dw§eﬁh1thaky9§boeﬁ&§eaeoahef1@aghag' hrom 0.5 to 10,
preferably froml to 6 noles of "5 bidentate |igand are use and fromO.5

to 15 preferéb5yCVPéﬁP§tVéeaen§Fé§P§f t he total amount of ani on source
(i.e. component b The eth nlc at spreferably one
having from2 to %6 Hﬁ g ¥8§8r8 §XF i? ?E g §80nﬁ nghg per

mol ecul e, or andepéudentmgrmap opn1bhe1myoae53ubétthetaaeseah lnvention the
feed conprise di nes and/ or rther nultl

S %rom %
unsat ur at ed aPR ﬁEétEGBHSaguF @ﬁeglgﬁﬁytQFPHBHegltBaieaooﬁ FRED PBtaI

amourgo of et hytemscahkyoyssabybakedrcoupounds,i a1khe) dkiheedroAbkhough the
catal yst system according to the invention will also work with any anount
of dines and/or fExempieaubfi phghuashsuiatedtal keaeslbglogroupsssuch, the

advant ages of _th en on a n ithip_ 0 _giv range.
Vor o i nopar t1 61 Se 0ot paREBEFL 7T L CRRRELE nl LRER-LUEKE G ILYER,
particul ar fropeDo@bkkyd grmmgs §hehdaenegcangéntyluahecyaubheply

unsaturat ed groups, aryl groups such as phenyl and tolyl groups and

25 bivalent groups such as a hexamethylene group.

However, preferably R3, together with R4 represents a

bivalent cyclic group, in particular the same group as

the group represented by Rl together with R2, in which

case the two free valencies of each bivalent cyclic group

30 are, of course, linked to M2 and M1, respectively.
Preferred bidentate ligands of formula (I) are 1,2-
bis(1l,4-cyclooctylenephosphino)ethane, 1,2-bis(1,5-

cyclooctylenephosphino)ethane and mixtures thereof.



al kenes .present in the feed according to the invention nmay be conjugated
- and/ or non-conjugated, and they 25 preferably contain between 4 and 30
carbon atons. Preferably the main part of the feed conprises an internal

nono-ol efin having from4 to 24 carbon atons, 3%#%¥ﬁ@ggﬁéeghqaq@%%%§§?h

olefin mxtures are commercially readrlf avai | or éexanple efin
m xtures, ob 30 taned as products of a process for the oligonerisation of
et hyl ene, foll owed Bbyeaprdepblretbond cfsairer bsaleingr tand idiagyrsoporti onati on

reaction. | rocess Qf, t Lnventi.an, t. [ rnal_ol.efins, usually
m xt ures of Q[eitfggggci%nﬁér ﬁngldeolh'g’f ikﬁs?%\r/ﬁvi tt%%émtlgﬁ%% ’caq‘:tr eronexa g n]’se ptg}*é 35

nol ecul e, omethosliedilailloiseg finacB-@rd ,dR27s59cE% .m xt ur es, - 9 - Substitute
sheet - 14 May 2002 can.be hydrofornyl ated at _high rate nd, conpl et e
conversi on. Exa%ﬁﬁé?rﬁgéywi§¥ﬁr5§38f Fﬁﬁégr%FﬁﬁggﬁaF%GB%PQJfﬁeolefins, and
of I3 near iahepndl dC1@ndo tE4 pallekidisim Substsi betededl af.ioes Manhdlsa be
used, for exanple 5 ggg%guratgg car,boxylic acids, esters of such acids,

, t

e.g. methyl "pERt BREA ¥ ruhlgt BPdedd TESEer Sebtvecsy d& aEPE e g.

al | yl acet at andl padesidied, chtarahked solagf mastmay 1he eveedmmdid the

hydr of ormyl ati on product will then_of course contain 10 branched structures
as wel |. HyBrF8§&RRAY ¢&FBonDABNG%ilde IRgy 1B tERFSH it€@M X -dfuilmA%ar or

non- equi nol ar1ratios, e.g. in aratio within the range of 8:1 to 1:4,
typically 4:1 to 1:2. Preferably _ they are supplied in a ratio within the
rande of 3:1 toR§52152UrtReChylrdLEENFPrAPRSN 28 YN CREPSYNCaIeR eatinéd out at

noderate repghigB 6ARBhLI ORSerHeRGe rbaRRELAL BbRS iR chRe MadN@R fsef to 200
C are recomended, preferred tenperatures being in the range of 70 to 160

C. Reaction 20 BresEmPBSePn2fReipgrgansdfr SOUPPENESOS0CkPASahy d3asedy red.
Lower or higherqpsesgupesRy RersghechgdanbBuheahe Rah GRS dered
partlcularl¥ advant ageous. Mbreover, higher pressures require speci al

equi pment phaGilsi YABI2k nZhRé 2pr 68égs BBy hBbPCAveRslan, Cohe #afp émictal |y 25
ungﬁgurated séﬁrting material and the forned hydrofornylation product may
act™>as reactPoh-dil uent. Hence, the use of a separate solvent is not

necessary. Convenbentkycabegever oft Recbyseatieamgbattes beagkiladenay be
carried out in the additional ﬁé?sence of a.solvent. 30 As such, saturated

hydr ocar bon&P181§. CBAFAFFPnSTanadlrPe68I KIREELAIBYr BEGAREFIEGTRAE S t her nor e

al cohol s, preienabky baphBgef b@8Mp4okadldgcarbeneatambneetomhecul e, such as
but anol, et hyl hexanol -1, nonanol-1, or in general terns the al cohols forned
as hydr of or FfRSFEBA B?Gdﬂ@t,sul;a?ée-aSEbg t GFBTBh&ePTI2D4C\Vay 2002 et hers

sucty as 2, SpBobphexaienaneiadsgl ¥ueh, adi eth¥kethekyl phosphonium
chloride and halogen containing aromatic compounds such
as 5-halobenzoic acids, e.g. 5-chlorobenzoic acid,
2,5-dichlorobenzoic acid, 2,3,5-tri-iodobenzocic acid,
3,5-di-iodobenzoic acid, m-halophthalic acids and esters
25 thereof.
Catalyst promoters comprising a source of chloride
anions are in particular preferred.
Preferably water is also present, in an amount of
more than 0.6 wt% based on the total amount of the
30 reaction mixture and up to its solubility limit under the
reaction conditions. More preferably the amount of water
is between 0.7 and 3.0 wt%, based on the total of the
reaction mixture.
The source of anions according to the invention has a

35 pKa value, when measured in aqueous solution at 18 °C, of



and ani sol e, and ketones, such as nethyl butyl ketone. In earlier
hydr of ormyl ati on processes, such as the process according to
EP- A- 0, 495,547, the use of an 5 alcohol as a solvent was often considered
undesirabl e, since the used hydrofornyl atl on C&fkhifths sME&e 34 May 2002
catalytically active in the formati on"of &sters in a reaction |nvoIV|ng an
ol efin, carbon nonoxi de and the sol vent al cohol. However, the catal yst
systens of bhéew&é@nprésentl dnvemeifemabn yvitdw ebutbeibfhb@homshmﬁiaﬂty
towards the deaired hydr of ﬁ ngkatlon rroduct, allow the use of al cohols as
sol vent. SofVé t§c58ﬁ aPFi 5§ SPPokG* ﬁgr groups are in particul ar
preferred if the unggOyHated startingmaterial 15 has a relatively |ow
nol ecul ar weight, i.e., If ethylenically unsaturated conpounds having from
5 to 7 carbon awbﬁﬁeénexuseareSentﬁhehhyéhctgsmyBaseomcobrhaghemomwlecular
vel gt unsalypakedGoRRANRds, €8s cal-GtEns hayhaapttomidq 8140,18 car bon
atons the use o S po |nert sol vent's 'y be satlsfactory
Sol vent s, c@npilgrngporOsubﬁtaﬁhﬁaptyfe@msdsﬁlmg phosphplroses Aar e
preferred. r eterre o] anpl
diaIkylsulpﬁg%gggggghgégrﬁg g? Ebﬁgk tho%gsgng d%e?ﬁy?sgﬁpﬁgngcéﬁd cyclic
sul phones, suchrasngutbofammu@aetEahydﬁhehse@henebnledgoxb@epﬁtal
2- nethylsulfo#gne and 2- neth kf4 etgy ul f Iane. S%g ol ane has proved to be
a nost ef f eBF1Iva’ sSngﬁ%9m36 Rt @p PSE PUant's ® also be used, for
exdampl e a n1xtuEgamﬁlassuEpBGGEcabtbfaapiahECascbramhg sduclhas an al cohol .
The amount of sol vent g g i.n the o&ess og t he nve ion may vary
Cons! der abl SRVEREE SRR REPABROZ4T SdBGr: PUPSOLAGEE: - PRASRRT 2062 1 ench of
t hose sk|IIBdnzanébaoaphohmcestaBI|sbrtn eacbnepﬁesphenmptaﬁah amaunt of
sol vent requ The invention wl | strated bgP follomﬁng

red.
exanpl es mhF%ﬁ EHBEPEPHBFlﬁg 86ﬁ§?ﬁﬁe8ngsap mPrHg “GR fnvention in any
way. s EXANPLEScahpoﬁénerbmeaEStmereacanysedsyutemnmay$08eehdenagaeticalIy

stirred Fbstelog autoclave Tv e al; tOCIdvel4 '3 g;ldr ed W.t~': t[Zo
~dd® n8C, dr 1847 erof AnYppSghaising) agpKg yalue, of bepween =1 ang 4) 3iprg
@ ~!..., _also comprise a source of anions hav1ng a pKa value lower
than -1, such as methane sulphonic acid (pKa = -1,9)
trifluoromethane sulphonic acid (pKa = -5,7) and tert.
butanesulpbonic acid (pKa = -1.2). An advantage of using
20 such mixed anion sources compared to using only an anion

source having a pKa value of between -1 and 4 as
component b) of the catalyst system according to the
present invention is, that a greater activity - as
evidenced by a lower reaction temperature - can be

25 achieved while the tolerance to the presence of dienes in
the feed and the high selectivity towards alcohol
production are maintained. The effective relative amounts
of the source of anions having a pKa of between -1 and 4
and the source of anions having a lower pKa may vary

30 between 1:20 and 20:1, preferably between 1:5 and 5:1.

The quantity in which the catalyst system is used, is

not critical and may vary within wide limits. Usually
amounts in the range of 1078 to 1071, preferably in the

range of 107 to 1072 mole atom of palladium per mole of



"0 wh~c::.d" _d or did not contain 0.25 or 5.0 ny o~ 1,7 OCCddl ene (Exanpl es
1-g); or 50 m of a Casol ~:a having a boiling point range of 95-145 C, .~
total C~Cg olefins content of 27.6 wt% a total dienes content of 1 w ~

and a sul pi:ur content of G. C9 w % (Exanpl es gi{bshitiid sheat —14May 200 e
aut ocl ave was further charged with 30 ni” E)ﬁyl hexano"1, 0.5 ni wat)(/ar and 10

m sul fol ane wherein thsre were dissolved 0.25 nmol pallad_um (I1) acetate,
0.4 mmol of tR&hyilgandally- bnsetugadpd cooppuede a2@ oiseshhiThe) etmraamds s
(BCPE), 0.5 I d:0.1Q..3 h li_de., After having
been fl ushed@héﬂgukggltgggg\%gggprlgs;Ctg}rei s?gg%v&\ny%fﬁ tggr%l}):%ﬁ‘ r?g%oxi de and
hydrogen to aconpantealtlpr esdeceedf s200Gtand peFOmoRa mespecti vel y. 25

Subsequent |y (o] s seal ed.and _c' .. ontents re . 'seated to
the pre-set té%%é%é?ﬁ?“e%g\éﬁ r?ﬁ?’n%:g’i r@:’ gt%etfﬁécgbgé{rrgerf)g‘t ul\rlgounet °-80 W' v
O the -feed hhtenahteasd igandentred uisas, dener ficwed Oby tle 18, e gaurfe rd@dnease

.n the autocl ave). .30 atter.cooli.ng,a sanple O t.': _.contents of reactor
was taken and 58%1“ %sga %ym@é]igsLPguiggedif)(%ﬁ‘&t 8GPHBRy °F 85145 SOMETE t he
(undesi r ed) par af &i. nconpbaecas W) % of the mainly al coholic product furtherr
detail s are presgnted _=n_Table . Tabl e | . A efinD ene

addedCat al yst [l | GBREREEVORTRRELLY unsafirsted Feea™ts Prelirably one

?OON?LRSaraffhﬁﬁﬂﬁ?(BE%QEQO?bgeﬂptmFTéW@fsﬁawabibomEdeMCE%W@Mecarbon
w o source( NMmo rs)of total (nmMm -
produdt ) 1* 0117 ’?ﬁo%iééF%géﬁFiHéTlO@fo 2PEXSYI6( SBRESCS) (N1 R BFGCESSdi t t 01

, 7 octa-dittogdet tndi pt@3ent invention the feed comprises from 0.005 to
15di ene( 0. 25)3*dittodittodittodittold510C121013al cohol s4*dittodittodittoHO1l

1459di t t 04. 2( B03Y5*dPEt G4PRESt 2B AR FOTEASE. BHiLEiB1Y88DSALHIAFES. 5) di tt oH3
POJH011452di t 5 0keR£S. BuER- 3p7dikt badist hadi tberQiads2dbhtad. 30+3k Notgirt C

rr ¢c~ mm
amount of ethylenically unsaturated compounds in the

15 feed.

Although the catalyst system according to the
invention will also work with any amount of dienes and/or
further multiply unsaturated alkenes below 0.005 wt%, the
advantages of the invention are only apparent within the

20 given range. More in particular, the range is from 0.05
to 5 wt%, even more in particular from 0.05 to 1 wt%.

The dienes and/or further multiply unsaturated
alkenes present in the feed according to the invention
may be conjugated and/or non-conjugated, and they

25 preferably contain between 4 and 30 carbon atoms.

Preferably the main part of the feed comprises an
internal mono-olefin having from 4 to 24 carbon atoms, or
mixtures thereof. Such olefin mixtures are commercially
readily available, for example the olefin mixtures, ob-

30 tained as products of a process for the oligomerisation
of ethylene, followed by a double bond isomerisation and
disproportionation reaction. In the process of the
invention, these internal olefins, usually mixtures of
linear internal olefins with 6 to 20 carbon atoms per

35 molecule, or closer boiling fractions of such mixtures,



.3V NOON TABLE 1 (Cont'd) Ex.d efinD ene
addedCat al yst Hal i deReact i onTi ne
t oMai nPar af f i nf eed(m ) ani onpr onot er Tenp. 800Pr oduct srmake

(wt o(m ) source(mmuol ) (C) Conver si onof total(nnnl C 21,7
oct a- Phenyl - HC1l 451. 5C12~~131. 2( 30) di enephosphcﬁ#%{%%? %ghgdfs 21aC| d

(0.5)9dittol,7 ocﬁjte H3P04 (0.5)dittol457ditton.d. dinme
(5. 0) 10gasol i fédi o@|YFF8If@G§‘Y§é'Feéléﬁ ¢1@50 Y AILESh GINs FATPLEFEF3S03Hdi t t ol 6

0>15(0. 5) CD”E@h@E&%Qoﬂxa@&b <G aTeN%HxQ%E%%”bEGQfHed% MnPePrd1 %éa ON
- 14 - Substitute sheet - y 2002 TS 0678 CL Al S 1. A process for

t he hydrofornybat@onlaﬁiasﬂee@dcadpﬂu&emg a@mpmmmdsCh@vmeCq4smnyﬁ1ns
ethylenically unsaturated group by reaction thereof in the |liquid phase
wi th carbon nonoxPYESEAGUPEr 6d€k1nisnMele 2apSes 8/cESER/a I rcgaMpde syst em

conprisi ng a) yasaQUree e@f ctaqiﬂo@(qﬁlti@ GRLIQANS ¢ Rk 13 %%urs%%hofacawson% £ a
source of at |east one bidentaté |igands of the fornula 1
methyl pentencate, or unsaturated esters of carboxyllc
acids, e.g. allylacetate.

If desired, branched olefins may be used, but the

hydroformylation product will then of course contain
10 branched structures as well.

Hydrogen and carbon monoxide may be supplied in
equimolar or non-equimolar ratios, e.g. in a ratio within
the range of 8:1 to 1:4, typically 4:1 to 1:2. Preferably
they are supplied in a ratio within the range of 3:1 to

15 1:2.

The hydroformylation can be suitably carried out at
moderate reaction conditions. Hence temperatures in the
range of 50 to 200 °C are recommended, preferred
temperatures being in the range of 70 to 160 °C. Reaction

20 pressures in the range of 500 to 10000 kPa are preferred.
Lower or higher pressures may be selected, but are not
considered particularly advantageous. Moreover, higher
pressures require special egquipment provisions.

In the process of the invention, the ethylenically

25 unsaturated starting material and the formed
hydroformylation product may act as reaction diluent.
Hence, the use of a separate solvent is not necessary.
Conveniently, however, the hydroformylation reaction may
be carried out in the additicnal presence of a solvent.

30 As such, saturated hydrocarbons, e.g. paraffins and
iscalkanes are recommended and furthermore alcohols,
preferably having from 4 to 10 carbon atoms per molecule,
such as butanol, ethylhexanol-1, nonanol-1, or in general

terms the alcohols formed as hydroformylation product,



15 20 25 RIRRMLIRVR3R4 (1) wherein ML and M2 independently represent a
phosphorus, arsenic or antinony atom R represents a bivalent bridging
group containing from1-4 atons in the bridge, Rl and R2 i ndependently

represent a substituted or unsubstituted hgdrog%ggmht ERAHR- Qghkﬁggygg he

represent a bivalent substituted or unsubsfitute cyc ICc group
two free valencies are |linked to ML, and R3 and R4 independently represent
a substitutedemhemmsubsmiEutédSthmad@mbwbn@m@undi@dymmgethbﬂevkymgﬁhﬁm a

bi val ent SUbSEPfﬂﬂﬁg toeﬁg%%3§§ E) ed cycl rou%ﬁﬂ;aﬁiﬁgkgﬁetmn free

val enci es are S éource el d 9T6Mm t he gr oup
of chloride, iodide aadlheanhgerafcornyibeies pirecesiseschanadt erd zgte i n t hat
the ethylenically unsaturated feed _co rls nor e di enes and/ or
further multi Blrﬁ%&sﬁylagﬁlo SR L%Ir?sggpu- é%il’g’gﬁés s 435 ota{I Shount of
0.005 5 10 w %ibased @B taheotlcvte&It mu@tft@fn ethylierireal lwhdensiatayiag ed
compounds in the feed, and in that comonent b) of the catalyst system

conprises a sSLPEE GPeaHﬁﬁﬁshgﬁrOfor AtI0Ps TGy SSfedie e B Sy 2002 an

acid having acpkaliyalival1feastied iif aBYEFTYINRidh &F alstkd < irpfa bet ween
-1 and 4. 2. A process according to claim1, characterized in that in the

bi dent at e | i gaRECHE OPorMYCa VERE RD Qﬁﬁfﬁ?'tﬁéépﬁérm@“PédFE%éﬁt £ val ent

substituted ogouRsHBshiltbhed . CYI%leeQre&rOl&l?er\A&%H:%b_Xlstth%yts\Mérﬁéak&n%}fég are
linked to ML. 3. A process accordln toclaim1 or 2, characterized in that

in thﬁjbldentBFéSFPﬁaﬁBVGPtPSPnﬁPaVGFY BétﬁhéﬂrwmléﬁdSﬁéeéﬁé“ﬁﬂbéphorus and

Ris CH2-CH2 QBwQH&sCH%eCH%51¥@d4h BE%%%%&a%Q%QrQEQQuEQ.CH@ﬂdeéHe
characterized in that in the b | igand of fornula (I) each of the

bi val ent cyclPéegpéuﬁéCohééﬁeéénF@éVﬁthB together with R4 and/or Rl

together with R2 58§9@9E5V%bﬁtah%1ﬂgc¥e Bﬁbk§B§Q§ g-8uRshavieng f rom 6 to 9,
preferably 8, 15 ring atons. 5. A process ac ding to any one of clains 1

to 4, charactBRFEGGUILATE ﬁateftewéegloarfcéh@f uaARBGHE algd ﬁgaa:tpm@ ofa tegtielen -1
and 4 4s an agid gcegndin Qeﬁgcﬁg% RB&%EhﬁagxgéHéhQ"L 20 whgrein X

represents phosphorus, arsen anti nony an présents 'a substltuted or
unsubstltutedeahkybn@ﬁaéﬂylugﬁ@@p;a@ﬁdCHom@puad§ah?Vnneré@bm ®. t&® process

according to 9léhgb§n %@3%@05§Eiéggd'n that X is phosphorus. 25 7. A
process accordi ng alrm5 or 6, characterized in that the source of

ani ons having a pKarothbebweenfoxmahdtdonsOéhbsghetrmwﬂehalgmowpught
P o klsaBlPsRaa 25, B1RRNORALES .1 0E0ACIRANORRNILG, AW do tert.

but anephosphoni'C aci corréspondi ng arseni ¢ an ant’i mony
conpdmds. 8. 1A pambessaaomerdhagube aﬁyleﬂe pblekainmert ts@l¥ents will
characterized in ne Q% of the catalyst systemadditionally
conprises a s%uPEe 3f 3n?§%% %3 §Ya pKa of |ess than -1.

Solvents, comprising or substantially consisting of

sulphones are preferred. Sulphones are in particular
preferred, for example dialkylsulphones such as
25 dimethylsulphone and diethylsulphone and cyclic
sulphones, such as sulfolane (tetrahydrothiophene-
1,1-dioxide), 2-methylsulfolane and 2-methyl-4-ethyl-
sulfolane.
Sulfolane has proved to be a most effective solvent.
30 Mixtures of solvents may also be used, for example a
mixture of a sulphone with a protic solvent, such as an
alcohol.
The amount of solvent to be used in the process of

the invention may vary considerably. It is within the



- 16 - Substitute sheet - 14 May 2002 9. A process according to any one of
clains 1 to 8, characterized in that the halide d) is chloride. 10. A
process according to any one of clains 1 to 9, characterized in that the

nolar ratio between halide d) 5 and cation a) i 06% g 1.
11. A process according to any one oflkl ains 1&‘?11 ﬁwgﬁ%\‘?aﬁéﬂ"‘%@ 0S‘zn t hat
water is present in the reaction mxture, in an anmount of nore than 0.6 w%

based on the reaction mxture and up to its sol ubil Ié\i/' limt under the 10
reacti on coadht Pénghomtd Prefe@bly BEewest 0CT-8SBRM Fhbasedas t®@S¢ ot al

of the re@@é'QBtHhéiuéﬁouﬁﬂlbfsggl%%%t &@quﬂ%%dALF A
hY. AF.y. Al . A&FY. A3Y. AY. Y, AFY. A A

3, | Tk&BEF =F7M FP6ér nhBY P EAPRa] foa]-cg]’%a] chafdlea‘fia%?%a]%] Hita kb k¥t ca] ¢
a] ca] ca] caaaprés] calics] cahcﬁahca]ccﬁ‘abea]wiﬂurm:ﬂ caa limiting on the

341 /. II-LI z&' A B *% 4+
{) zuol et 1ctab%ca]‘ca]acg] caéﬂ] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] ca ca] cal ] ca] ca] ca] ca]c”alca]ca!,:::<A

AA, Af AABGGGGGMMESE%@I%Mhhgb&e%AK@laL}rx&ah@ %¥] @nZ\] calcalica] ca] ca] c”a] caj
ca] ca] cMa] ca]c”a ]Wa] c”a] ca] ca] cakca] cal] cay ca] cal ca] ca] ca] ca] cal] ca]ca] ca]c
a] ca] ca LLLT¢ELEMYRRAMYMNRERSKERPRPPPRPAQY dutoclave

QR zsnhc] xghe] eakeatheal cal] eah¢adec with the fesed maczarial
U] c™a] cal] ca] ca] cal] caLca] c"a] ca] c”a] ca] ca] caV] ca\/] ca] ca] ca] ca] ca\/] caV]calc
a] ca] ca] ca] €At QRSEFIPSAS 3rSPSuS| BESSSWBUC- ©::i/Cip 2lpha olalins

N
ca] ba] cal caThal Saf'od] BFafea) B4E] Car CALatr &a) 4 ‘sar 2 ]“fiéi’ilfﬁléa] l
bb<bl bUUU E,? ocradlens Examples 1-9); or 50 ml of a gaso]1“a\
ca] oal cal caT 341 541 367 SFAT S3] BT CAT CAP Eafear 6ol 4] ot Gal CAlch Tkea®
%d0%b& () “Gg %1091 3s&-bhtenPlO¥DE&7( k- wth ,1Q% Brh& () 2nkl0%E& s o=
_ 1 wt% and a sulphur content of (.09 wt% (Examples 10 and
15 11) .
The autoclave was further charged with 30 ml
ethylhexanol, 0.5 ml water and 10 ml sulfolane whexein
there were dissolved 0.23 mmol pellacium (II) acetate,
0.4 mmol of the ligand 1,2-bis(l,4-cyclooctyliene-
20 ohosphino)ethane (BCPZ), 0.5 mmol of the anion and 0.1~
0.3 mmol of the halide. '
After having been flushed, the autoclave was
pressurisaed with carbon monoxide and hydrogen tc a .

partial pressure of 2000 and 4000 kPa respectively.

23 Subsequently the reacror was secaled and the contents wers
heated to the pre-sat temperature and maintained at thac
temperature until 80 wt% of the feed material was
convertad {as determined by the vressure decreass -n zhs
autoclave)

30 After cocling, a sample of the contents of zhe

reactor was taken and analysed by Gas Liguid
Chromatograpnhy - to determine the (undesired)paratffin
make as wt% of Tne mainly alcoholic product.

Further details are presented 1n Table I.
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comprlslng compounds having a single ethylenically
unsaturated group by reaction thereof in the liquid phase
with carbon monoxide and hydrogen; in the presence of a

5 catalyst system comprising
a) a source of palladium cations;
b) a source of anions;
c) a source of at least one bidentate ligands of the
formula

10 RIRZMIRMZR3RY (I)
wherein Ml and M2 independently represent a phosphorus,

arsenic or antimony atom, R represents a bivalent

bridging group containing from 1-4 atoms in the bridge,

Rl and R2 independently represent a substituted or
15 unsubstituted hydrocarbyl group, or together represent a

bivalent substituted or unsubstituted cyclic group
whereby the two free valencies are linked to Ml, and R3

and R4 independently represent a substituted or
unsubstituted hydrocarbyl group, or together represent a

20 bivalent substituted or unsubstituted cyclic group

whereby the two free valencies are linked to M2; and
d) a source of halide chosen from the group of chloride,
iodide and bromide and mixtures thereof;

characterized in that the ethylenically unsaturated feed

25 comprises one or more dienes and/or further multiply
ethylenically unsaturated alkenes to a total amount of
0.005 - 10 wt% based on the total amount of ethylenically
unsaturated compounds in the feed, and in that component

b) of the catalyst system comprises a source of anions of
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11. A process according to any oné of claims 1 t ;
characterized in that water is present in the reaction
mixture, in an amount of more than 0.6 wt% based on the
reaction mixture and up to its solubility limit under the

10 reaction conditions, and preferably between 0.7-3.0 wt$%,

based on the total of the reaction mixture.
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