;e3e99| T$, 6bTUY029 July 2004 BI DENTATE LI GANDS USEFUL | N CATALYST SYTEMS
This invention relates to a bidentate ligand of forrmula I, QLQ2V1 Q V2QBM
(I') wherein V1 and V2 are independently P, As or Sh~ QL, @, B and 4
represent hydrocarbyl groups~and R represents a bival ent bridging group.
The invention further relates to a~catal yst system contai ni gg QMCZ@ 2

bi dentate |igand, a source of group VIII netal cations and éj r 8 of

ani ons. Moreover, _the invention relates to a process for 10 the

carbonyl ati on of BHHFONE FYCREREsTIRFETLN SARIESAI 6WIAMG or acetyl enical ly
unsat urated conpounds by reaction with carbon nonoxi de and a coreactant in
t he presence of such a catalyst system . One comercially inportant -
carbonyl ation reaction 15 using hydrogen as coreactant, is the

hydr of ormyl ati on of al kenes or al kynes, which are reacted with carbon
nonoxi de and hyg{pgen, s p f transition tal catalysts to form
al dehydes and/ or gigc{)lﬁ]%ﬁﬁ %i%ﬁfﬁégcg?b%n é?Sﬁtﬁﬁﬁgﬁﬂﬁéﬁdﬂ@é precur sor

al kene or &bkymsla 2D, Dependi ng on catal yst, reaction conditions and
substrates, the h%ﬂg)f gr nyl ation may proceed with varying selectivities to
t he several possi Y vie3of dehydes or al cohols in varying el ds, as
side reacti gns occur, to a s | ler or larger extent. Cenerally only one

i someric 28PfFGddttV 1 T &ferasl irkiepensynappl Peanksoss the plesedce 1 2
29 5JuI-y 20§§ of Egr ghched al dehydes or al cohol s is undesirable. Mreover, in
vi éw of bi 8 0gFcal? deFRIRHAN G thydracarbxbngidepedandvRntegeessnte @bt ai n

products hpytRQ hi t | inear isonmer. The selectivity

t owar ds one.5 oﬁge\%lﬁigﬂgggrbqug i sonextt ProtoRt SuFkhen| Fedates to

regi osel ecdi 9REQRLYEdr syydrenf arampladiriieny %dﬁﬂiésﬁi@&ﬂéé’{éyﬁ?&ﬁgdsar eaction
, TS

at the pripar arhon ato resulting in a |linear product esrrabl e.
Anot her cogn’ﬁ%}lfgf%al‘?l TR VAt &gtedny@adiiians randta soufcaisofig an al kanol

or water asntfO®heacMatboviet,t h§eC l.ati qn .of. al kenes or al kynes, which
are reacted wth carbon NoRoxi geaéﬁ%l%glngﬁejﬁt?%e DrefiReest Pbup Vi

melal cat afyst sarbongimtésnens, ogitdsnany yorsurardomd s A ien 10, fxgPl € Of
such a carg)loné((lzggi Q0 LS i the reaction of ethene with carbon nonoxtfde and
but anol to prepare Bﬂtlﬁﬁé gpiofatesates Korpesues hyt atesscition heith

prepar at i amexthodi pbasRhEBESndWREESIA al.kane, ,al kene or arene is
vicinally disubstituted with two or 93%25%5sp@’| r%l%glp&fpsse.nqe Zbé]'lsﬂ“éc%i dentate

di phosphi feCakFal¥atdsystes.useful in the preparation of catalysts for the

preparation of I n exanple |3 the preparation of 2,3
bi s(di i sobutyl% %s%%% ggﬁ%gﬁeimﬁ’gpaé%rEBéHanéagsgasma@@s;m bes the

h%lr of or mpsinonrhpdrogen as coreactant, is the hydroformylation of
alkenes_ or alkynes, which are reacted with carbon |
monoxide and hydrogen ;n the presence of transition metal
catalysts to form aldehydes and/or alcohols having one
carbon atom more than the precursor alkene or alkyne.

20 Depending on catalyst, reaction conditions and

substrates, the hydroformylation may proceed with varying

selectivities to the several possible isomeric aldehydes
or alcohols in varying yields, as side reactions occur to
a smaller or larger extent. Generally only one isomeric’

25 product is preferred. For many applications the presence



25 ethyl enically unsaturated conmpounds by reaction wi th carbon nonoxi de and
hydrogen in the presence of a catalyst systemconprising a Goup VIII netal
cation, viz. cationic palladium and a bidentate ligand, viz. a

di phosphi ne. Tn the exanpl es several Bidentate 30 di phosphines are used. As
is illustrated by exanples 46 and 47 the hydrofornyl ation O&Q%H@Qkﬁﬂe W th

a catal yst ofy $frematond ak Diagydebi denbatenhdighasphidtegosahis, i N dccept abl e
selectivities towards the |inear product. _The 3,29 July 2004 results show
that the udPTECVEDi dent BieWdPEhBIPAPHRCRAY FEG rafalnskiiay i tikk dé bi val ent
organi c bridgi p I t p i.e. .

130 o (LA PR AREEERNY 00 BREAIR RIS Partng i pion

sel ecti vi ticemtieomarals the Linear psosleet Thansehedisieriafy adwiery e

di phosphi ne havi ng an nonosubstituted bival ent organic bridging group,

comhect i ng oS VEHEShRP BS 1AL 8réSomeEic1 PPoPUSEE, A yq3 bR yI enephosphi no)
pr opane. i d hat .non- subst j.t.yj.

bri dgi ng 5?% pg SEa?P"eQ%a vaﬁ?ggegﬁg@gﬁﬁéﬁggmﬁ gaél'gt??[ ?:\ u]{ée-fgL Qos;élq(fgc:t%gftl g‘S’oups.
Al t hough gaotrarelsultcaotidnregatiet prihasyr egirbsel etidny, tnesuiwdmnds ifthe

| i near ~pr oduct, are obtained in WD 9505354, there is still roomfor

i npr ovenen®, MFRES T PHRIEYCEspEE @PFYTRRI8ts with regard to smaller

ethylenically t s Lde- j re._r i1y
occur. Exanplegﬂgﬁﬁ#%aBG 0 Q€££%?g29ﬁﬁagfggégr?Sg%ga é%gghy éﬁﬁgﬁag et hene

witth car bomsimgoxirdeladmmin@D orbwabenl asncoheaptasgnce softHa dent at e

di phosphi nes havi .an unsybstjtuted bivalent organi ¢ bridging group,
connectingCBGEﬁnﬁﬁ%§ﬂﬁﬁ?d%ya?ikﬁge?.%F ﬁfgyﬁﬁ§(dg¢§%ﬁﬁ(ﬁﬁﬂ[ﬂ%§§§ﬁpno)_ .
propane 1, §1bhS ClaihShOS P N PE OREASL in3thies (i Srhidl WePlaasly no)
pr opane, 1,§-bis 5% (di - phenyl phosphi no) propgne.es I§§$?8#1¥g§ 0 g%~ and
rates of c¥Adér giedali rcatelysbgetdr borm08sters0dimsitems Wrpr opi onat e/ nol

Pd/ hr are abtained.. Althouygh good results_wi th regard.to selectivity and
activity afETBBRaITIsH 7 8P ALDASBRIRLS { R, 8UFE & FATORRGHTRoRS

i g ovenenthel ket iAW SET @FhELET) Yt Re€arbBHNAohRA deheh L Bkaryhation is
carried out in the presence of a catalyst systemthat is characterized by a

specific to preparmijubpbarepberates. bi dentate |igand containing a
Fogl osel ect | vi P ool 1 SHEy REEvEF BREBRERRREMGTY (e | nventi on
provides adbpHesbatitis,/ ittdteDh 20rfkand) , aRREAMIoR MBR3RA 13TTV
- vicinally disubétituted with two organophosphino groups.
20 The bidentate diphdspﬁines are said to be useful in the
preparation of catalysts for the preparation of »
polyketones. In example 13 the preparation of 2,3 bis(di-
isobutylphosphino)pentane) is described.
WO 9505354 describes the hydroformylation of
25 ethylenically unsaturated compounds by reaction with
carbon monoxideband hydrogen ih the presence of a
catalyst system comprising a Group VIII metal cation,
viz. cationic palladium, and a bidentate ligand, viz. a
diphosphine. In the examples several bidentate
30 diphosphines are used. As is illustrated by examples 46
and 47 the hydroformylation of l-octene with a catalyst
system containing a bidentate diphosphine results in

acceptable selectivities towards the linear product. The




wherein ML and M2 are independently P, As or Sh; Rl, R2, R3 and R4
i ndependently represent tertiary al kyl groups, or RL and R2 together and/or
R3 and R4 together represent 10 an optionally substituted bival ent
cycl oal i phatic group whereby the two §ree valencies are linked to M or M,
and R represents a bivalent aliphatic bridging group contai an f{o%ﬂ‘ 2to 4
atonms in therdesuwgs shoehthststbstisatef wi bhdewsage ampﬁoggﬁgg"b uents. 15
Surprisingly. it was.found that, K a catal yst_system conprising such a
bi dentate | i Géﬁr&%\ﬁfhgu%s‘fm%%%??t*ai/?éalsp‘v'apéﬁtanapi pradgéngr gaglpg gr oup
results in ach detH thivd r e Lipear product and/or a
hi gher activit;@R369?¢?8€%§§5?%%%%%%gﬁ?iggﬁﬁgbfhfgfnula 1, ML and M2 are
pref erably tBeZ2sdis-ahl, éecechreteyhdéhgphbeyghbobh eehaneentephosBheRUS
at OB, By " ahbrihde%ﬁ" ilg under stood the shortest connection between the

M SFhiSE BT § et th®S beCERT &P ab BB 2ENBRTNBRCSHEEr Bhed Shecan

atonms™ ML and
formpart of y,ae Qpti PN danSibstyi r I af0fc Liyphatic
ring structu?e, conprisinélone or ¢§§%§$€%§sﬁéﬁﬁggb?ﬁd@%ﬁggﬁﬁgﬁigﬁg?d ,
cont ai n het ebdyeaden ts hgarsi oibr bdeing syt phpy , cshhecbbngrbexygen at ons.

Preferably at,least fihe atons jn 30 t pri dge connected. to M and M2 are
carbon at onsPRSP ﬂﬁ%ﬁeﬁ%ﬂﬂ%ﬂeﬁj?al%mgs?hsﬁ%efb?YHb%O%FEl%&?bon atons. -

5 - o 29 ulynadhithn hoidiamoonnactd nor M. and Mee T Q5 8Enoat L Ol oAeBr i doi ng

group R, which can be saturated or unsaturated an can v
optildhal |y stbati neretsubatuirtatteet] drriginatgraupes ate pharantagegust ucture,

such as for 5 exampl e .cycl ghexan cl ohexene, cycl opentane or E

cycl opent ene?OIFﬁgrt?H%(}gc?lnsdl%girecd&dJefc%Fﬁyt?’iﬁ 9 c%?é??r het er oa~ons such as

ni trogen, sul phuaj tsidugdPRHcd PEER ALHT M&@Mf@é%@%%g%w’ or
ou ,

het eroat onms can be present” in each part of the bridging gr bot h
within 10 andedacsigd thheawante. the tinedr iphpadgcyramm dbisimed in

cyel oal| phatys 55838y VSR ST Sy V2 LU SLEUBLEG, by gre or more

het er oat ons such™as "nit'r ogen,” sul p

al i gatic rimnged, espeudialle eai Sty thiath heegaihstid Wth mith any kind of 15
substituent, including heteroatons, alkylgroups, cycloalkyl groups and aryl
groups, bot FEHRYAPRISS M [unsatoinadiage QAP BIIdRye. Wirhee ide ereactiphatic
bridgi ng gr R (& i e atons ML and M2 contains from2 to 4 atons
“in the 20 b?ﬁgge §n§@%§ e°g%é erably 2 to 3 atons. Preferably the atons in

the bridge are chrboplatso®s. tBi B&@ eft EF-iRatd 56 47 i dkgidYd HE QUPS
R, ~cont ai ni [}:tg)%z?car on.atons in the bridge are especially preferred. The
bridge i s sUbRTPPUVEE O h oft Stdgde tidd s agihan imqpratisle @l erably the

brigee s subsbituned i byl s ddiiaNs A dmNe pref erabl y

with two to thrgae substituents. Mst p era I"S" Substituted
‘Wi th two subsavingnes. uTisebsibstitiede bis adamthe sydisid titiething apowsyt of
substituted on carbaon atons of the

the bridge, but_are.30 preferabl
bridging gr o%%n%%ﬁﬁéﬁ‘@e%ogg Oéi’&ow.s RYFStrerr &t Brididiify droup r~;
i nC~' ~~~~ SH sopropylphosphino) propane; 1,3-bis(di-ethylphosphino)
propane; 1,3-bis(di-s-butylphosphino) propane, 1,3-bis-
25 . (di-phenylphosphino) propane. Selectivities of 98% ‘and
rates of conversion in the range from 100 to 1000 mol
butylpropionate/mol Pd/hr are obtained.
Although good fesults with regard to seléctivity and
activity are obtained in EP-A-0495547, there is still
30 room for improvement.
It has now surprisingly been found that when
carbonylation is carried out in the presence of a

catalyst syStem that is characterized by a specific



6 29 July 2004 is thus a bridging group R having from2 to 6 carbon atons
in.the bridge, wherein the carbon atons of the bridging group connected to
ML and M2 are both substituted with at |east one substituent. The carbon
atons of the bridging group connected to _and M2 are preferably
substituted with onIy one substitutent, but they can be SUbﬁé L%kﬁg mnth
two substitugnt %%%Iion to the carbon atons connected J Ad

t he bridging 5?0&8 §a %ﬂﬂﬁﬁ?th%%@”%tC@Fﬁéﬁnéagt@,pﬂlwnmmsamﬁu%b@ﬂ of

substi tuent, btﬂ@%&ﬂbn%rQQ&ﬁFQ§Lgﬁ§ @ééyég§€Hggge %Iiﬁbéﬁa grou s and aryl

groups. In case the’sdbstit'uents are subs @fthﬁe

bri dge connetegdoselebeyMansdmdam@ M ivheybhdenbake iligand has chira
C-atons and can have is S, Sor RS neso formor m xtures 't hereof.

Both the neso forifas &EBIya§h%ﬁx%ﬁf?ﬁﬁk@@r@@otadebeaubmmeﬁﬁute

substi t uent s3 s heqRr irdg i ndependent or connected. |f the
substituents d?e co%nectegFﬁ%ﬂéﬁﬁhole of the substituents and the bridge

together can form'axPR2Q0Lggi®g3gydoup that is an allphattg%rlng structure
as described herein before. The substituents can further % ai n carbon

at ons and/ orwitetetn mlogrg S@i tsatd qrﬂgﬁéﬂa&ﬁ@ § Bnohuds goups, gontai ni ng
S,

het ero-at ons such as halides, sul phur, "phosp OXygen rogen.

Exanpl es ofRﬁuﬁn@rmﬁp$ndepbnd%nQﬂ| rd S0 ey d and
groups of the general fornula HO goxf#%e ngg tiggg Slﬁkg‘g

TNXIX2, - COMKLYRL amh, RS PoggetNe?, anNgidr R@)amSO@‘l t Sk hih ‘é’@&ﬁlbs?gn
X2, %ndependent '59§ﬁ£§ent allghatlc groups, 30 preferably havin romil

car borttht su?Qti P§?eﬁ’0@4vﬁr1@fé? awcylmlu.pgatu@mg]rdup 4
carbon ato e t hyl , and i sopropyl . Preferably t he
substituen?gﬁg?é%ﬁ§g§b aﬁ%@l ¥8u§§l ﬁéeﬁyéﬂﬁték%yke@rb@pﬁ i bgeMZ,can be
aromatic, a@d@uglgégyégagyglgabhpgqgrg [gg %%gb % grou S _can contain

car 9 g

~carbon atons and hetero atons. Suitab & t her
i ncl ude gr oGP tEdrtigici fepme2 eto- étansmsuah &&dﬂhrxﬁ@@ nEmi Eaned

her ei nabove g %%%1QXH£§ arﬁggdgﬁgrginﬁgg%ggﬁﬁé%églght qhaln or branched

saturat ed or non-sa Sui tabl e aronmatic

hydriocar byl gr ogpspimied i @r vt @as)w@@uﬁaCbha% @h%%%'alg;&gpss %{ naphtyl
groups, and al kyl, phenyl groups such as tolyl groups &5
substltutloﬁOWPFH%&%&nﬁué%cﬁm@*d@nbaéeeiﬂgdndlﬁaﬁnekpﬁably t he hydrocar byl

groups are 1 to 10 carbon atons, nore
preferably #F gqﬁigég%oﬁgéffégt ¥ g? nbﬁ&ﬂ&i%ﬂ EERUP crasiyks
groups car bﬁ asnghSmdgﬂﬁsské&wivthUQéwhEQBUQQe T@H@Qr §¥$Hﬁctppopyl

| so-propy H/X anglgher activity.

20 In the bidentate ligand of formula II, ML and M2 are
’ . preferably the same and more preferably they both
represent phosphorus atoms.
By “a bridge” is understood the shortest connection
between the atoms M! and M2. This bridge can be saturated
25 or non-saturated or can form part of an optionally
substituted saturated or non-saturated aliphatic ring
structure, comprising one or more rings. The bridge can -
further contain heteroatoms such as nitrogen, sulphur,
silicon or oxygen atoms. Preferably at least the atoms in
30 the bridge connected to Ml and M2 are carbon atoms, more
preferably all atoms in the bridge are carbon atéms.



20 iso-butyl. Mre suitably nmethyl groups are used. Mst preferably the
bridge is di-substituted, preferably with two al kyl groups, nost preferably
with two nethyl groups. In an advantageous enbodi nent the substitution is
vicinal. 25 Exanples of bivalent aliphatic bridging groups that can be used
i ncl ude cycl opentane, cycl opentene, cyckoBexane, cyclohexen? JPQE%BE’

1- butene, 2-butene, pentane, 2-pentene, diphenyl ethane, die ﬁy ther

1, 2- di phenyl prop Be; 2“3-dipheQ§$butane.130 R1,2R2, R3 and R4 can

i ndependent |y reg EsBAt 99 &AM ST ER Y gRBEpM B camse s yo&l &yl group

i s under st o0Ogran y I S npec t he phosphorus atom by a
tertiary carbgn g?gglb%%ge?g?r?gfgbﬁ %QQQBgu%ggﬁggﬁeg A YrIRPIPREREr abl y

has from 4 t@nQOWbéﬁbonaatbm&annnpximmﬁklpbkubét@ﬁu&eHQ§%6¥¥§¥gha%9”3'
Exanpl es of ﬁgigabLe ngg-c% lic¢ tertiary alkyl groups are tertiary butyl,
2- (2- met hyl ) BOEyPE-3F @58 ?Al Sic Big (otheehyrppesugh am for

2- (25et hyl ) pepénb1 8r eURsonRLEIES a ps to R4 represent the sane
tertiary al kyl ﬂraoups%l oSt pref'e??tgﬁ%/&%i}g%%ngg%%ongfta&?t V¥ groups.
Exanpl es of qwestpérténgan@ifel holiule rity 3ybd e dedR further contai
tertiarybutyl$hos$h1no but ape, 2, 3-bis(di-tertiary butylphoséhlnésbutene,
2. 4-bi s(di - tLETITRIYHURS | PHESpRSn N fdiadaiy, sulphur, silicon or oxygen

2, 4- bi s(di - tetdrar yiowd yt phosphy t .

1, 2-bi s(di-tertiarybutyl phosphi %%}‘gffgglag%g"n‘%ran%?teroat"ms can be |

G ek e e o L
3,4-%i s( di pCLy a“?tes-lb%?y -%ﬁﬁﬁ’&‘gﬁhi ﬁ%ﬁé&%&qidging group R is a ’
2, 3- bi s[ di - Z2y(ckoEtipHadit Y1 pRgS BRI-GRHANE o 15

2, 3-bis[di-2-(2-et hgjld’% but y| phogphi noj FRINthe ring may Bee bidentate
diphosphine12§QE¥QRUBdﬂQy(@hetertmamﬁbhewqﬁuxﬂdﬂsuém@mtg@enie%o@@@,R2

‘together, a - and R4 together can also represent an optionally

substituted@%¢§%V§§t§: %%ﬁﬁigﬁaPFXgSPoéﬁPmﬁ-sﬁgﬁzﬂ1¥ﬂhéﬁi©frbhgalent

.cycl oal i phaisiteugsteis oHn | neHtHE -t BB AR +aYGlal SHUCTULeS, xanpl e Rl
radi

. Fqr
‘angjﬁz and/or R3 and R4 can represent a bival ent ca '¥h5fn808 ther with
t he" hosphoPUe S&LEMans: mbindl uding hetachedoms amldykydrsubs) i t ut ed

one or mor e 35 GR e ErbihY WAty Y BeBrBeearty matcidn v, veLaf ssabl y
‘the ligand cofrpiidel npet heriaddey] substituted . »
.2-phosphg-tr|Cygkg[Ei%éié%%1;Q££E§gécgggggggigagigng%Edconnecting
the atoms Ml and M2 contains from 2 to>4 atoms in the
20 ' bridge and more preferably 2 to 3 atoms. Prefefably the
~ atoms in‘the_bridge are carbon atoms. Bivalent aliphatic
bridging groups R, ~containing 2 carbon atoms in the ‘
bridge are especially preferred. | | ,
The bridge is éubstitﬁted with at least two
25 substituents. Preferably the bridge is substituted with
two to four substituents and more preferably with tWo to
three substituents. Most preferébly the bridge is
substituted with two substituents. The substituents can
be substituted to any part of the bridge, but are
30 preferably substituted on carbon atoms of the bridging

group connected to M1l and M2. A preferred bridging group

AMENDED SHEET




9 29 July 2004 according to Fornula I1l, wherein R5 are al kyl groups of 1-6

carbon atons, preferably nmethyl. RP RS PRS RSgs Rs ORR _ OO~ ,0Rs Rs

5 Exanpl es of possible |igands include 2, 3-P, :

P' -di (2phospha-1, 3,5, 7-tetramet hyl -6, 9, 10-trioxatricyclo_[3.3.1.1(3. 7} decyl

) but ane and 2, 4-P, 6

P' -di (2- phosphal 3,5,7-tetranethy|-6,9,10-trioxatricyclo[3.§9f9q6@p$}decyl)

pent ane. Suc%ﬁl?@ﬁﬁdé &ai ded ngr eizrup Rashatesty | Beanv2 1001 8 8BFBodetail in

WO A- 9E42717 n.an peci.al 1 y preferred.enbodinent Rl and R2 toget her
t?ﬂ$t5geF§%r%?3%#E%eMb%ﬁ?%ﬂn'Qﬁmﬁqﬁbgﬁm%ﬁ?mﬂt@ﬁ bheal ent

and/ or R3 aﬁa

| oal i phaty £+ : I RI R2 h d R3 and R4
T8 oget hor Tehraatn 9Sner SETERa S Mupnd MR Gre arhnt

15 toget her repr such an'o

cycl oal i phatsubgt buptedhivs thptitonaldst wHestddnsect biyal efte ca%gg]l%i phatic
groug preferably conprises at least 5 ring atons and nore preferably
contains fr@h@ns cofothenhratigimng ltroup athramdagaduso bt 29 whes

cycl oal i phati.c oup IS abCécloglkyLene group, i.e. formng with t%e atom
ML or M2 a ﬁ%ﬁéﬁ?% O¥ 0B PP SBREPERSH WL T Oy I e rsisst it yirsphdras and R,
R2 and ML tagriheta@nde ; :Qge i ent a |0 29 July
2004 phosphabigCIocalkyﬁgg?gﬁéguﬁﬁwgw%?g Fgﬁgfgggan: ahbodi ment the cyclic

group contains &riagdatDen 8dehar BErac8- RResRhaY HE#’ iy
together with a phosphorus atom The 9-phosphabicyé§%ﬁ%ny Q%%gﬁ% can have 5

several i solgr,i ctls¢ riuctdgesg &@bupheaﬁubgo%@bﬁiﬂﬂﬁ%éd“&%“dﬂﬂbft?%i€%3’1]
angg§4,2,1] i.SQners aﬁf’ﬁreferred._Rl and R2 together and R3 anda R4 !

t oget her cal EThbt i RReCSafiBbsEiEHeRta dincladdmg ihedreerdat s, uct ur e.
Preferably hath ARls R2 a .and R4 tqgether 10 have the
[3,3,1] str%gtﬂgrlg?r @m’%#?gﬁémg?lbgggﬁgt g‘%& pridspAitre® Shavi ng a hi gh
anount of bi dentlat ealphdsphsuestigasdtbaviragshbetidudel] ast Caciyre for
bot h phosphabi cycl ononyl groups can be prepared as described in

non- pr e- pubRtOREd Eurdpedir hdgenconpettedt tonthe Moom8l1830866. 2, the

wth R or FACEBSAH e TH RS FhbHGL E5ACRBSARRS! CaRobayenavng rom |
to 146 carbonsako® R,S meso form or mixtures thereof. Both the meso |
form és well as racemic mixtures can be used.
The substituents on the bridge can be independént or
connected. If the substituents are connected, the whole
of the substituents and the bridge tégéther can form a
20 bridging group that is an aliphéticiring structure as
described herein before. The substituents can further
contain cérbon atoms and/or hetero atoms.
Suitable substituents include grdups‘containing
hetero-atoms such as halides, sulphur, phosphorus, oxygen
25 and nitrogen. Examples of such groups include chloride,

bromide, iodide, thiol, and groups of the general formula
H-0-, X1-0-, -s-x1, -co-x1, -NH,, -Nuxl, -wx1x2, -co-
NX1X2, -OH, -PO4, -NO, -NOH, -CO, -SOp, -SOH, in which

Xl ana X2, independently, represent aliphatic groups,

30 preferably having from 1 to 10 carbon atoms, more




.~ As arule, all ring atons are carbon atons , but bivalent 20 ' . cyclic
groups containing one or nore heteroatons in the ring, such as for exanple
oxygen or nitrogen, atons are not precluded. Exanples of suitable bival ent
cyclic groups are 1, 4-cycl ohexyl ene, 71 4 cycl ohept yl ene,

1, 3-cycl oheptyl ene, 1, 2-cycl ooctyl ene 3 cycl ooctyl ene, P(;'HQZOO‘*

1, 4-cycl ooct yh-ere, 3131 GG) t 00

2, 6-di net hyl bl 4- gfol ?octyllce}%'g ﬁe/# 7] 6%? net yJILbC?[n 5""%%“% ooch ¢ ety dups.
Preferred bi eaherﬂ.t, (p,ndpyd @mijpscapszsapsel ected from 1, 4-cycl o-octyl ene,
1, 5-cycl o-oct yl eg éa ge (di))substitute.d 30 derivatives thereof.
Exanpl es of pref SFEEF BRIt ee%‘% §TH (Rfee hydrocarbyl groups.
2, 3- PP' bi s( 9rpBosphalieyel I%&%gﬁ%y %r e ul

2,3-PP bis(9- phosphabl cyclyg'%? nony %u égggoe ag&mg@lg a/lg&]atlc
2,3-ﬁP‘b|s(909h§§pﬂ@@Lypﬂaﬂi$13Tﬂauhndgo¢nnbj&egmpups can contain

2, 3- PP bi s(9 cI o[4,2 non but

2, 3- PP bi s(9° §ﬁ§8§ @“ﬁ} ‘%msperﬁ%“ba%lse hydrocarbyl

2, 4- PP bi s( 9gpba eh@lahcmquha%@mdlcu’aé) gRAIPSNGont h

2, 3- PP bi s( 9gpho§phab| cycl o[ 4, 2, 1] nonyl ) pent ane, ntaining hetero- atomg
2, 4- PP' bi s(QSphbspHaml‘l@y@h@[Mn@p;t]Mw@d )hepammaimve The hydrocarbyl
2,3-PP, " bis(9 hosphab c 0 3 3, 1].nonyl.) - pent 2- '
3 3PP bi s( STERBSRnABR AT HRoBE IS SO A SRRy patuzated or
1,218P' bi s(9nphospbhakiagxel @[a%b%nlldwwl)m%c PR|PAne,

1, 2- PP' bi s(9- phosphabi cycl o[ 4, 2, 1] nonyl ) - cycl opent ane,
1, 2- PP' bi s(9- phoﬁphﬁbbéycﬁajpsla3l£] morirocaayryilolgmcarps, include aryl

1, 2- PP bi s(9 cIo ] nan cycl oh and m xtures .thereof.
15 These Ii g%PQQS SPegﬁlﬁanb)grroéi)cst m%@&%peﬁ‘re arﬁfg 1
(phosphabi cyph@ﬁﬁmageohp@rsd@h ard thutyl lgﬂdﬂpgn or aepeyate a lit hl um
cycl o-octyl ene phosphi d |'ithiated phosphabicycl ononane) The | ater

phosphi de i ss‘#}éé*é%§ét\?dpﬂhwaﬁhapﬂl|§@a‘tll grpuegp isulpsefienmed.2f | with suitable
| eaygng groups, g{g%l pﬁgwckgayhgéﬁ%c%rr &Xglg,'rcél} ul é%%ea}& rl an a ropr| ate

manner. Preferre grou are (0] e

structure asppefeasbdy paoting Fuoh as teydldi ¢axist iatwhed @forron-substituted
al kane diol sulfate esters, also 25 called cyclic al kyl sulfates. For

exanpl e 2, 4- PrebesebpospAEbILC el 4] FaFPPPNEHAS--pdAnSaS cdrr anehnce ed by
t ho t ‘th
reacting p %ﬁ?ﬁ?ﬁfé%ﬁcggogﬂ Qy@r dgcand hu ﬁdltra@:' 14m l%ﬁﬁ{b?q%h the

correspondin a8 an subsequently Teacting-t i um

phosphi de, aincr:bxndeo meahplle etBydr, propgit, tiewperebyle GRAEYD) ard
tetﬁéhydr of ur an, ent anedioi di-p-tosylate ester.

P bi s(Ql?ﬁ’lc}g'f)mé rc@/‘EF suateplyniefrh &t &ﬁ@ué’énaF& USeshpl e be pr epar ed
by reacting  12429:Jy E¥f39931?{‘9§@h39h€1§ EB '&i%amé‘é%‘t‘a%e@nd butyl lithium

to generate the correspondin hi um phos de an sequeritly reacting
this lithi urpphbsphbdy with zwé b&k&ﬁecjnolup«sycImastsplrfaitee:aeﬂt}em(tleAC nane
cyclic 2, 3-but fate in_for exgrrgnstetrahyd of yran at a

tenperature ¥ gy’f’(ﬂbﬁyh ?ﬁ@hpﬁnggnf RENEEVENEE IrOMSuRTRORBERREutE e The
P-cycl o- oct ydemer wdrid8 £ phoshabkgycl ononane hydride) may conveniently be

pre ared as described by Elsner et al. CChem Abstr. 1978, vol. 89,
54x) Examples of bivalent aliphatic bridging groups that
can be used include cyclopentane, cyclopentene,
cyclchexane, cyclohéxene, butane, l-butene, 2-butene,
pentane, 2-pentene, diphenylethane, diethylether,

1,2-diphenylpropane, 2,3-diphenylbutane.

R}, RZ, R3 and R4 can independently represent a
tertiary alkyl group. By a tertiary alkyl group is
understood an alkyl group which is connected to the

phosphorus atom by a tertiary carbon atom. T'hebtertiary




10 The invention further provides a catal yst systemincluding: (a) a source
of group VIIl netal cations~ (b) a bidentate |ligand as descri bed above; and
(c) a source of anions. 15 In the present specification the group VIII
metals are defined as the netals rhodium nickel, palladiumand platinum

Of these, palladiumand platinum ae preferred. Exanples of 8 Q$%§Qg met al
sources are platinumor palladi umconpounds such as salts o? 3 I"adr um or
20 pl ati num apdydi trbepaghdsesuuHG Faidh o t@'ﬁ%ﬂﬁo&?i%ééméa' ts of

pl ati num or pal I adi um and _carboxylic acids with up to 12 carbon atons,

pal | adi um ORCBEaPFAGATEBAY Exe8l 4oty BuwicArhsar BdrPmendEeatepbes of

acetyl aceton p adi .ar . pl.at.i_nur ined with a solid material 25
such as an i%%géigagngéb.gﬁgﬁhng%%?ﬁﬁfwg@-%gaeQ£ﬁ¥Ps are tertiary
platinun(ll)batelyl aeeponatayan puexanplzes 206fetprafherygd metal sources. As
ani on source, any conpound generating these anions may be used. Suitably,
acids; or sa?fézfﬁéFEBi)PﬁPgY&sé@dGQ‘d§‘§6ﬁﬂ@éHﬂnﬁﬁﬁ(ﬂﬁﬂuﬁiw exanpl e any
of the acids negtioggd apove, may al,so participate in the salts of

whi ch
the metal s of *EhETPPAYi Al §rolps R11§°2§'Jﬁ?@?ﬁﬁﬁPWIFQ?mﬁéﬁﬁeﬂyst syst ems
of the inveniio referably_acids are_used _as i on +{squr havi ng a pKa
val ue oflleééefﬁ%ﬁg%,aﬁ%yg éFBFEFabWﬁSFe§§eF%§ﬁ%§Y'%éagﬁ?ggiQFguﬁki)§
sol ution at E@%ﬁ; d¥pigal exanples of suitable anions ale anions of
carboxylic acids, phosphoric acid, sulphuric acid, sulphonic acids and

hal ogenat ed car boxghpeacofispsachbie Lhipgkhder dacdtide 26iddbiGafdioxylic acids
t hat ~can be used. incl ude, carboxylic.10 acid ith up,.tqQ 12 carbon atons,
suc%oas_for %&5 ?£¥bﬁg¥%8ﬁ8FB§§8P§PPSP@&Viéfg%%&ﬁ%&ﬁﬁ%%ﬁﬁ%?%Xﬁd and
propenoi c a%@;yﬁph@?miﬁp psienal e 2i, 0 -pakti(uguk 3k tReh @A pHsY- exanpl e
met hanesul phonic acid, trifluoronethanesul phonic 15 acid,

tert-but ane-Bii phbReRtared, 2 pd tbigdAdéstephidnirybasiyd pho$phino) pentene,

2,4,6-trinetfyép@fgg@f;ég%gggggggggg%BPﬁébﬁgﬁ)ég Eﬁéﬁﬁpions are suitable,

such as the @anions™genera 0% d such as BF3,

.. ALCL3, SrF2-1shé (F3S08y2iaspehizyopheephinoWpkhta 1peeld,C 22813 ii-such
as a_sul phonic acid, e.g. CF3S03H or CH3SO3H or a hydrohal ogenic acid such
as. HE of HOteBriaryowstyikPRespBing) PeRfangei 4/ 4irbh SddialtesitdlaryExanpl es of

s corpl oo e e N0 0, oL SISO IL a2 T

i nvention furt Procéss r e car tiron-of optionally
substi t ut ed pdypleincHteéyane, a2eBybesidal-Py (Arsathylabed yaenpounds by
nonoxi de and,a coreactant in_ the presence of a

reaction with v carbo , ¢
cat al yst sys‘&}é‘?ﬁ%%l RPE#RY aboveP869Fné ~dengrBMileBMEY Ior acetyl enical |y
unsat ur at ed DKL Mgeshas &t %Eynguﬂ%ﬁibabidleﬁggrt%f i3 pine
ethylenicall'y or acetylenically unsaturated conpoun ,
- 20 is 2,4—bis(di—tertiarybutylphosphino)pentane.
Rl and R2 together and/or R3 and R4 together can also
represent an optionally substituted bivalent cyclo-
aliphatic group. |
A special class of bivalent cycloaliphatic groups

25 include tertiary cyclic structures. For example Rl and RZ

and/or R3 and R% can represent a bivalent radical that
together with the phosphorus atom to which it is attached
is an alkyl substituted 2-phosphatricyclo{3.3.1.1{3,7}]-
decyl group or a derivative thereofvin which one or more
30 of the carbon atoms are replaced by heteroatoms.
Preferably the ligand comprising the alkyl substituted
2-phospha-tricyclo[3.3.1.1{3,7)}]decyl group is a compound



14 29 July 2004 having from2 to 20 carbon atons per nolecule, or a m xture
t hereof. They nmay conprise one or nore unsaturated bonds per nolecul e.
Preferred are conpounds having from2 to 6 carbon atons, or m xtures
thereof. The 5 ethylenically or acetylenically unsaturated conpound can
further conprise functional groups qr heteroatons, such as 2Ptrpg§§

sul phur or oxide. Exanples include Unsat ur at ed carboxylic a dg, %ers of
such aci ds oraldehnqitsifemmuld IDIa phefein erl egpodh IRy ?El?u s of
ethylenicall§12# ac%&¥lenically unsat urated conpound is ah ole |ﬁ or
m:~ture of o &FiGREPIh AP FeteprbtesBedryihe invention, such ol efins
can be converted by reaction with carbog, nonoxide and a coreactant with a
hi gh 15 regi osel ectivity towards | i Asa oduct: Suitable ethylenically
or acetylenically unsatuLngd/cﬁﬁ%gﬁ;ds ingrﬁéE‘TU$\ezanple acetyl ene,

et hene, propene, butene, “Tsobutene, pentene, pentene nitrples and net hyl
3-pentenoates. . 20 In {Ehe process of the invegsion, t u aturatﬁgﬁ
starting mat ®% al an he rmed Rduct nay act i { :

Hence, the use o vent is not necessa iently,
however, the carb Rgaftion nay be carried adqdi ti ona
presence of 25 a sjol@&nt\ As sfich, saturated hydrochrbons; \e.g. |paraffins
and i soal kanes ar nded] and furthernore al copols, th@ satlurated
hydr ocar bons and rngrably having from4 te 10 cdrb tons per
nol ecul e, such as bttanc+A, yl hexanol -1, nonanol - 1, general 30
ternms the al cohols for as carbonyl ation product: ether$ such as

2,5, 8-trioxanonane (digliyne), diethytether and ani sol e, ahd ketones, such
as net hyl butyl ket one. Sol vents, conprising or substantialdy consisting of
15 29 July 2004 sul phonrS are al so preferred. Sul phones e in particul ar
preferred, for exanple dialkyl sul phones such as di nethyl sul phone and

di et hyl sul phone and cyclic sul phones, such as sul fol ane

(t et gahydrot hi o - - dicoXi X ul f ol,ane -net hyl_sul f ol ane and

2- rretshyl -4-et hy%ﬁ?@%gg%eskT ggé)&gr}% ﬁy}glaﬁd\fhiléﬁ‘%flﬁlg %l‘gaﬂ%/spt 'ﬁs‘@e‘m IS
used, is notplkosphaal, and, mayectaahewhini-g, o, de-kirficks+ Y jloe anounts in

t he range of _10-8 tﬁélo-l’ preferably in the 10 range of I0-~ to 10-2 nole
atom of Group® W1 1- héfal | geFYAdPEtaneeangl @niicEl Py ~gida-whatsghaconpound ar e

used. The a t i LeLpart s,L0_t atal yst .system.are .
convenientIgP§2126?e8égﬁgﬁé§hg§ Eé?'§8|gr%?§ %8%°5¥39ﬂ§u§r§r&3&-ﬁ9fa| from
0.5 to 10, plefelhpeyténem Suth Gigahes tanobebpdephaba ldsgaed Anigpdsed,
from0.5 to |5, $ref %€b1¥ from1l t% 8 _noles of anion source or a conpl ex
ani on sour ce-” FUPT Ref bt et t bR BPe8erB824f7a smal | amount of catal yst

ter i S hal i i . 20 h fo ple H
o can have o b il FOUEE e Bhu BrpFEr Be cRRbodTRREE RioaBenBer of on |
reaction rqggﬁg§ “hi at e, egsa rate tenperatures. For
hydro}ornSIatlon ?ﬂ% %%?g%ét%ntagénﬂge£ﬁ§?g§ﬁfafeﬁ§gg88 n%no? nor e

general | y a dptdirdniEl spuswiest Thet edr bona 26n 08981 881 2pHaBY @r ggenpTRY be
supplied in equinolar or ‘ -
More preferably both Rl and RZ2 together and R3 and R4

15 together represent such an optionally substituted
bivalent cycloaliphatic group. This optionally
substituted bivalent cycloaliphatic group preferably
comprises at least 5 ring atoms and more preferably
contains from 6 to 10 ring atoms. It is advantageous that
20 the cycloaliphatic group is a cycloalkylene group, i.e.
forming with the atom Ml or M2 a bicyclic group.

Preferably Ml and M2 are both phosphorus and R1, RZ2 and

Ml together and R3, R4 and M2 together both represent a




non-equi nmolar ratios, e.g. in aratio wthin the range of 5:1 to 1:5,
preferably 3:1 to 1:3. Preferably they ar.e supplied in a ratio within the
range of 2:1 to 1:2. The carbonylation can be suitably carried out at 30
noderate reaction conditions. Hence tenperatures in the range of 50 to 200
C are recommended, preferred tenpenatures being in the ranggg%l 2%0110 160
C. Reaction 16 29 July 2004 pressures in the range of 5 to 5 ar are
preferred, IDwesplrbiicghecabkpdsgrespmaynbe bébbdtyedrefidgrmde not

consi dered particul arly advant geous. Mor eover, higher pressures require
speci al  equi PHERN l’b‘?%“%/i?ﬁ%n%}’cg FheTerRi FROTRAPEl Pst 1S taAmsamnd so be

useful in CM§i@mx@@@5¢@a§iepefena§§m Bi‘gﬁﬁf% hald O, i general the
coreactant can be represented by NuH, eréin Nu répresents the remant
nucl eophi | i Phaimiaruws atwen cofkacbaphosphabicpaboabnyfl aydoutr egen mivan The

t 10 of_th eactant | |y det ' the t f duct forned.
Preferabl y e CoroatME TS S-PHGHE6PI | F O CORBORHAPRAR [R5 &%obi | o

hydrogen at dRvesitchbras i gt cohel . 2@ pg) 8, 1 fN1 8BS O MALRIe £ fFQe AN
al cohol XOH (X being the cg'bon jcont ai ﬁi@ng' pgrt), t he >a<lO - ieetf ised%S

represent ed Ry aXd &¥A Bopargb AghYdtRe PROOREt tb§e8Re@Sicein havld ydhy, the
use of an acid XCOOH (Nu = XCOO) will introduce an anhydride group in the
product of (e FERe & FARN & | ShfFerenrt ohsomprigsetasichwrsni a (Nu = NH2)
or 20 an amne XNH2 (Ny = XNH) or X2NH (Nu = X2N),wi LI intrqgduce an am de
group; the L?é??%‘ai’]t(%ili%ﬂu)@{? (Rd R S?OWWe%Tn?F@dBéea&dt ﬁiﬁoé?@lg@lth@rroup;
andy ¢ he use pfyanatgy Ny = ' Lot r 0 I referred
coreactants are vvater[F 'g'_kla]?(;%t%%é% él'hy%%i%ﬁ%%?eé%e%%fg&gﬁgles are

al kanol s wi i phasphdte niraer imef &riabdly amélntl ¢5 Hidenherneat ons per

nol ecul e and,.al. kanediols with_ 2-20, nore preferably 2 to 6 carbon atons per
mol ecul e.  TREPRATRIGRE z]d'rgalﬂéj FpHA ithe P35 1) gt;ucture for both = |

phosphabicyclononyl groups can be prepared as described
. in non-pre-published European patent application A
15 No. 01300866.9. | |
. Substituents of the bivalent cycloaliphatid group
formed by Rl together with RZ or R3 together with R#%, if'
any, can be alkyl groups haVing from 1 to 4 carbon atomé.
v ~ As a rule, all ring atoms are carbon atoms, but bivalent
20 - cyclic groups containing one_or more heteroatoms in the
| ring, such as for example oxygen or nitrogen, atoms are
not precluded. Examples of suitable bivalent cyclic
groups are 1l,4-cyclochexylene, 1,4-cycloheptylene,
1, 3-cycloheptylene, l,2-cyclooctylene,'1,3—cyclooctylene,
25 1,4-cyclooctylene, 1,5-cyclooctylene, 2-methyl-1,5-cyclo-
octylene, 2,6-dimethyl-1,4-cyclooctylene and 2,6-
dimethyl-1, 5-cyclooctylene groups. Preferred bivalent
cyclic groups are selected from 1,4-cyclo-octylene,
1,5-cyclo-octylene, and methyl (di)substituted
30 derivatives thereof.
Examples of preferred bidentate ligands include

2,3-PP'bis (9-phosphabicyclo[3,3,1]nonyl) -butane,




30 cycloaliphatic or aromatic. Suitable al kanols in the process of the
I nvention include nethanol, ethanol, ethanediol, n-propanol,

1, 3- propanedi ol , i so-propanol, 29 July 2004 butanol, iso-butanol,
tert. butanol, pentanol, hexanol, cyclohexanol and phenol. The invention

will be illustrated by the follomﬁnglﬁon-liniting exanpl es. el
gnetically stirred géﬁﬁ@?@@é. The

Exanpl e 1 was I o) in,a 250, m

aut ocl ave was fc'ﬂ%rég% %My[%‘%O?BEE‘BFC%%%%?'Ad)n@mydrii_-émtmmd 10 m
sul fol ane, 0. 25 3WRRE’ of hé age t 0.3 | of neso (R,
S) 10 2, 3-bis[c cIoyocxif%ﬁ%)pﬁ%@%ﬁ%ﬁgf%%¥ghgf&gggnﬁgalb@ﬁgggegﬁﬁ 0.3 mol
HCl. After bei%é'ﬁ%&?@d@w@mmiayelms, PF B3RUAIOd LD _caihon

nonoxi de and hydr 10 A ti,al, pressu f_30 bar of each

Subsquently, %%e@?ﬁa%cﬁsg(r@végéss%%?%ﬁc%ﬁio [ﬁegc%ﬁﬂﬁﬁb’é)mﬁ@th@&bed to 100 C

15 ahd® nmai nt aizndd PR HilsaltS <sHRES B & &1 | h o s _substantially

conpl ete. Cbnglgtgﬁpippene conversiﬁﬁyoccgé?%ﬁf%%ggggbhE?%?ﬁgeynitiaI rate

of carbonyl at Fon " was }@d@ﬁﬁﬂoiﬂh%hkﬂmﬂknkﬁn2ulﬂm@nylhepéntzhg,initial rate

of carbonyl at boa=pas pdefigj the mean rate of carbon 20 nonoxi de
consunpti on over thqu%ﬁFQ?9§%%ﬂ§bﬁﬁ¥ %iék%ﬂ%i%ﬁﬁyiﬁréﬁnﬁéDEing, a sanpl e
Cor ot 001 8y, - The. 26l gL vty L outr e e 11 e o EREV 2Rtk ol dehyde

Chr omat ogr aphy. ,The, sel ectivity towards t
was 99.0. 25 %bﬁbgﬁagﬁ§é9§P§Q§P@ah15%ﬁﬁﬁﬂé,EAﬂﬁn@nymiﬂpﬁbtezc@@é,that

AP b e o S L AR AL
S b e T T S
> 5: ’
1,2-PP’bis(9—phosphabicyclo[4,2;1]nonyl)—cyclohexane'and
mixtures thereof. '

15 These ligands can be prepared b& reacting P-cYclo-
octylene hydride (phosphabicyclononane hydride) and
butyllithium to generate a lithium cyclo-octylene
phosphide (lithiated phosphabicyclononane). The later
phosphide»is reacted with an aliphatic group substituted

20 with suitable leaving groups, preferably tosylates or
cyclic sulfates, in an appropriate manner. Preferred
aliphatic groups are those having a cyclic sulfate
structure as a leaving group, such as cyclic substituted
Oor non-substituted alkane diol sulfate esters, also |

25 called cyclic alkyl sulfates. For example 2,4-PP'bis(9-
phosphabicyclo[3,3,1]nony1)—pentane can be prepared by
reacting phosphabicyclononane hydride and butyllithium to
generate the corresponding lithium phosphide and
subsequently reacting this lithium phosphide, at for

30 example 0 °C or ambient temperature (25 °C) in
tetrahydrofuran, with 2,4 pentanediol di-p-tosylate
ester. 2,3—PP’bis(9—phosphabicyclo[3,3,l]nonyl)—butane

can for example be prepared by reacting



Exanple 2 was carried out in a 250 mMl magnetically stirred autocl ave. The
aut ocl ave was charged with 50 m of butanol, 0.25 mmol of palladiun(ll)
acetate, 0.33 nmmol 5 of nmeso (R, 9) :

2, 3: PP bi s(phosphabi cycl o[ 3. 3. 1] nonyl ) butane, 0.75 m priopionic acid, and
0.025 mml H. After being flushed,2 t he autocl ave was pr ess#%i@?% %th
car bon ”DnOXigr? tohgggarti al pressure of |5 bar and ethene 8 i al

pressure of 1079’ c¥EFeBRNARe thlniske 3rd st wbl sebi ed todgéherate

contents wexecheated ; i i t.that ,tenperature during |
hour. The initial raf%gg%% %&rﬁ?ﬁ%%“%%&? Ol CERRT Smient bvn

pal | adi un howreaqing nthiial Lithd unf ptasporyleatiiam |s3dehiech £S5 t he nean
rate of carbaon, MPNOX] df‘? cgnsungti on_15 over the first 30~ ethene
conversion. AMer TodrrhgCacShipl & INEAC: Rieare erhihe chrvwtts of the

react 6r and agdl fBesl) pyiagohi gu r I vers was
essentially 100g. Th)eps:él ectivi %&3?9[ g\%a?g?:%%éyl prfi@pﬁ%aﬁ ?Na%sewatﬂ&

Conpar ati ve &@diyping BLEXBhPI eaBgwas rompear ed toexedituy haimddisdtgad of 0. 33
i habj cycl o[ 3. 3. 1] nonyl ) but ane, 0.4 mmol

| of R S) 2,3- PP _
rln,Tg- Plg' bimSE?S- f)ho?l)%eab‘? Y hggggﬁgﬁﬁn@yd%geuééhoéélahigmﬂionmnmi tial
rate of car bowdrike jatd &@ﬁvgﬂQeﬂghy%?bggpaﬁteﬁma%al e%%se%o%ry '

Conversion was essentially 100s. A sim v ectrvity

but yl pr opi on&énfas bk velChenanpbet 8. Exanpl evd1vas sanmoadqyt, in a 250
m rmpgnetically ggestii rred autocl ave. The autoclave was charged with 30 m
of butanol -1, 0.25mdl Bt-hract HEhesT )PERELJracRt 6A5EAYSE. Sysiem of meso
(R'S) 2, 3- PPihicstipieshabi cycl of 3. 3. 1] nonyl ) butane, 30 ni diglyne, 0.3 mmol
phosphoric aci d. 19 29 July 2004 After being flushed, the autoclave was
pressurised WAt hac &PRaE oo xdteup VBl pane¢tal paesstse of 30 bar and
acetyl ene to(g)pgr i-@leng:ra ssur e of 1.5%as_;%lubse uently, the.reactor was

seal ed and the’contents were 3% AndPREEAt aNded at t hat

tenperature daji agsbukew ..fThtidndlial rate of carbonylation was 2500 nol
CO granms atom pl ati num hour. Conversion was essentially 100s. The
sel ivity towatBsthet Prasentatsrenisti980; i Gonpee agtvepeXarpl ge€al8 Exanpl e

2 e b phosahatrand ot AP RO KT et ane
ate of car bonyl A ion. was 1270 T OOl ot e St Gry o hLay Roky CrekBel
Exlarggl\é\gs of suirir:%ble mgert%rg.s s%uorn;.eps aall:guplagiIZﬁm or
| éalla@ium compounds such as salts of palladium or
20 - platipum and nitric acid, sulphuric acid or sulphonic
acids; salts of platinum or palladium and carboxylic
acids with up to 12 carbon atoms,‘palladium— or platinum
complexes, e.g. with carbon mbnoxide or acetylécetonate,
or palladium or platinum combined with a solid materiai
25 such_as an ion exchanger. Palladium(II) acetate and
platinum(II)‘acetylacetonate are examples of preferred
metal sources.
As anion source, any compound generating these anions
may be used. Suitably, acids, or salts thereof, are used
30 as source of anions, for example any of the acids
mentioned above, which may also participate in the salts
of the metals of the platinum group.



15 Conversion was 800. The selectivity towards butylacrylate was 98~: - 2
0O -, 29 July 2006 NEWSETOFCLAI MS 1 Bidentate ligand of

formula I'l, RIRRML-R-M2R3R4 (11) wherein ML and M2 are independently P, As
or Sb; R,.p,2; R3 and R4 independently represent tertiary al kyl groups, 5
or R1 and R2 together and/or R3 and1B4 together represent agggg&ﬁggl ly

substituted bival emi txel eatiphati ¢ ereby .the two f cies
are linked to M, or M2, and R ?epregggggga i@g et VAN pRAri Prededgbiy

group cont ai ni#}4s o*¥e veed asomsmibn bberbei Hg®inghiaCRKiaS + Qu%ug‘%f- t ut ed
with two or nqﬂﬁn§qpiéﬁéygnts. 2. ﬁ%bi entate |igand as clained in cfF&rml,
wherein both M. and 2Fe BRGEPHBPLY LedRsthan A, bmeasuaed ihgagdeass
clainmed in cl @ohdtiosn 23t whereégn the bridging group contains from2 to 4
carbonz 15 atons in the bridge. 4. A bidentate |ligand as clained in any one

of clarns I-3, wher& HF k¥ anpbes sofirsu Sidis é t ah tonat aear banoakoge of

the~bri dgi ng gLouR NeC, ith the atoms ML and M2. 20 5. A bidentate

| i gand as cl ai med ﬁﬁgggg %ﬁé@%ﬂ éﬁ%ﬁ ORLiq AGHEr eFHlPhBrighaciduents are

al kyl groups. s@lpAdniderd@aids | d9anh S Al d@d. e_of ,clai 1-5,

wherein R1 ang R% and/ or R3 and R4 f%é%ther rg%é€2§%¥l£§ %F%%Teﬁ?gﬁ as

substituted ofFFhOAYSHRAGRA@EPH cycl oal | cyl ene group having from 6 to and
val encies are linked to M or

including 9 ring aLeus, . the tw fre _

M. ~, c~:~E~~ r=6~i %’xy’iiliﬁlﬁss at ffr’ZS’e\]dﬁFCQOUHﬂNde\ ek gsticyst em

i ncl udl ng: (agcidsomich afp GOUR Yarbdloft@NAS as for example,
pentanoic acid, pivalic acid, propionic acig and

Propenoic acid.
Sulphonic acids are in particular preferred, for
example methanesulphonic acid, trifluoromethanesulphohic
15 acid, tert-butane-sulphonic acid, p-toluenesulphonic acid
- and 2,4, 6-trimethylbenzene-sulphonic acid..
Also, complex anions are suitable, such as the‘anioné

ggnerated by a combination of a Lewis acid such as BFj,
AlCl3, SnFp, Sn(CF3503),, SnCls or GeClp, with a protic

201 acid, such‘és a sulphonic acid, e.g. CF3503H or CH3S03H
or a hydrohalogenic acid éuch as HF of HC1, br a
combination of a Lewis acid with an alcohol; Examples of
such complex anions are BF4~-, SnClz-, (SnCl,.CF3503]~ and
PFg-.

25 The invention further provides a process for thé.
carbonylation of optionally substituted ethylenically or
acetylenically unsaturated compounds by reactionvwith
carbon monoxide.and a coreactant in the presence of a
catalyst system as described above.

30 The ethylenically or acetylenically unsaturated
compound, used as starting material, is preferably an

ethylenically or acetylenically unsaturated compound



(b) a bidentate ligand as claimed in any of the claims 1-6; and 5 (c) a
source of anions. 8. A process for the carbonylation of optionally
substituted ethylenically or acetylenically unsaturated conpounds by
reaction with carbon nonoxi de and a coreactant in the presence of a

catal yst systemas 10 clained in clai4m7: 9. A process as cI 7 cl aim
8, mhgrein dr en is used as coreactant. 10. A process as @Hgﬁg§@
claim8, wh 3 AtEMedphiol 26 €arbonnatioma mem muketeléy dongen aton1|s

15 used as rﬁa%%én%hgiigé A@e§ a@x Ag%léseAnonAé Aor Afé Ah. A@ . A @. A
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ca] ca] ca] ca] §529e ?Eé]%ﬁ]%hlﬁﬁao Fepid@s inc

sEs*tnt” V8VWM&A*$&| ga; a] C%(%(E%]r%a]o] }] %Lg{ ch% cg’_]] g:iJ]C/(Ea] ca

] ca] ca] c*a] cal] ca] ca] ca] c” .
e (1S oE %g?%”m{éozé‘lom&' ();'z) P ig‘éoif%g’ ?gLBgLI-V-@lz):%B&' ()-v
2810%& ()--)1 Uy ‘égég rﬁﬁézéégﬁég -theyethylenically or
acetylenlcally unsaturated compound is an olefin or
mixture of olefihs. In a preferred proceés of the _
invention, such olefins can be converted by reaction with
- carbon monoxide and a coreactant with a high
15~ regioselectivity towards the linear product. Suitable
| ethylenically or acetylenically unsaturated compounds
include for example acetylene, ethene, propene, butene,
isobutene, pentene, pentene nitriles and methyl
3-pentenoates. ‘ ' ‘

20 In the process of the invention, the unsaturated
starting material and thé forméd product may act as »
reaction dilueht. Hence, the use of a separate solvent is
not neéessary; Conveniently, however, the carbonylation
reaction may be carried out in the additional presence of

25 a solvent. As such, saturated hydrocarbons,'e.g.
paraffins and isoalkanes are recommended and furthermore
élcohols, the saturated hydrocarbons and alcohols
preferably having from 4 to 10 carbon atoms per molecﬁle,
such as butanol, ethylhexanol-l, nonanol-1, or in general

30 terms the alcohols formed as carbonylation product;
ethers such as 2,5,8-trioxanonane (diglyme), diethylether:
and anisole, and ketones, such as methylbutylketone.

Solvents, comprising or substantially consisting of
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() S' S&10%22&1 bhosieF %%p%§e£%fTsulphone and cyclic sulphones, such

as sulfolane (tetrahydrothlophene—z,2-dlox1de),
-5 sulfolane, 2-methylsulfolane and 2-methyl-4-~-ethyl=-
sulfolane.
‘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 10-1, preferably in the

10 range of 10~7 to 10“2 mole atom of Groﬁp VIII metal per
mole of ethylenically unsaturated compound are used The
amounts of the part1c1pants in the catalyst system are
conveniently selected such that per mole atom of platinum
group metal from 0.5 to 10, preferably from 1 to 6 moles

5 of bidentate ligand are used, from 0.5 to 135, preferably
from 1 to 8 moles of anion source‘or a complex anion
source.

Furthermore the presence of a small amount of
catalyst promoter comprising a source of'halide anions,

20 such as for example HI or HCl, can have a significant
favourable effect in that the conversion reaction
proceeds at high rate,.even at moderate temperatures.

For hydroformylation the coreactant can be molecular
hydrogen, or more generally a hydride source. The carbon

25 monoxide and hydrogen may be supplied in equimolar or
non-equimolar ratios, e.g. in a ratio within the range of
5:1 to 1:5, preferably 3:1 to 1:3._Prefeiably they are
supplied in a ratio within the range of 2:1 to 1:2.

The carbonylation can be suitably carried out at

30 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
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109 () - coreactant after removal of a hydrogen atom. The nature
10 , of the coreactant largely'determines the type of product
| formed. Preferably the coreactant is a nucleophlllc
compound hav1ng a mobile hydrogen atom, such as an
alcohol, an acid, an amine or water. For an alcohol XOH
(X being the cafbon containing part), the XO moiety is
15 - represented by Nu and accordingly the product is an
ester. ) |
similarly, the use of an acid XCOOH (Nu = XCOO) will
introduce an anhydride group in the product of the mono-

carbonylation reaction; the use of ammonia (Nu = NHp) or
20 an amine XNHp (Nu = XNH) or XoNH (Nu = XoN) will

introduce an amide group; the use of a thiol XSH
(Nu = XS) will introduoe a thioester group; and the use
of water (Nu = OH) will introduce a carboxy group.

Preferred coreactants are water, alkanol and

25 hydrogen.

Preferred alkanols are alkanols with 1 to 20, more
preferably with 1 to 6 carbon.atoms per molecule and
alkanediols with 2-20, more preferably 2 to 6 carbon
atomsbper molecule. The alkanols can be aliphatic,

30 cycloaliphatic or aromatic. Suitable alkanols in the
process of the invention include methanol, ethanol,

ethanediol, n-propanol, 1,3-propanediol, iso-propanol,
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non-limiting examples.
-5 Example 1
Example 1 was carried out in a 250 ml magnetically
stirred autoclave. The autoclave was charged with 10 ml
of propene, 40 ml anisole and 10 ml sulfolane, 0.25 mmol
of platinum(II) acetylacetonate, 0.3 mmol of meso (R,S)

10 2,3—bis[cyclo—octylene)phosphino]butane, 0.3 mmol SnCly

and 0.3 mmol HCl. After being flushed, the autoclave was
pressurized with carbon monoxide and hydrogen:to a

partial pressure of 30 bar of each. Subsequently, the

reactor was sealed and the contents were heated to 100 °C
- 15 and maintained at that temperature until the reaction was

| substantially complete. Complete propene conversion |
occurred in 0.5 hr, the initial rate of Carbonylation was
1000 mol CO/grams atom platinum/hour. The.initial rate of
carbonylation was defined as the mean rate of carbon

20 monoxide consumption over the’first 30% propene
conversion. After cooling, a sample was taken from the
contents of the reactor and analysed by Gas Liquid
Chromatography. The selectivity towards the linear

product n-butyraldehyde was 99.0%.

25 Comparative example A

| Example 1 was iepeated, except that instead of
0.3 mmol meso 2,3 bis[(cyclo—octylene)phosphino] butane,
0.3 mmol ligand 1,2 bis[(cyclo—octylene)phosphino] ethane

' was used as ligand. A similar rate of reaction was

30 observed. After analysis by Gas Liquid Chromatography it
was found that the selectivity towards the linear product
n-butyraldehyde was 95.5%.
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Example 2

Example 2 was carried out in a 250 ml magnetically
stirred autoclave. The autoclave was charged with 50 ml
of butanol, 0.25 mmol of palladium(II) acetate, 0.33 mmol
5 of meso (R,S8) 2,3-PP'bis(phosphabicyclo[3.3.1]lnonyl)-

butane, 0.75 ml priopionic acid, and 0.025 mmol HI. After
being flushed, the autoclave was pressurized with carbon
monoxjde to a partial pressure of 15 bar and ethene to a

partial pressure of 10 bar. Subsequently, the reactor was

10 sealed and the contents were heated to 115 °C and v
maintained at that temperature during 1 hour. The initial |
rate of carbonylation was 1490 mol CO/grams atom N
palladium/hour. The ihitial rate of carbonylation was
defined as the mean rate of carbon monoxide consumption

15 over the first 30% ethene conversion. After’cooling, a
sample was'taken from the contents of the reactor and
analysed by Gas Ligquid Chromatography. Conversion was
essentially 100%. The selectivity towards butylpropionate

was 99%. | | |

20 Comparative example B

Example 2 was,repeated, except that ihstead‘of
0.33 mmol of meso (R,S)-2,3-PP'bis(phosphabicyclo[3;3.l];
nonyl)butane, 0.4 mmol 1,2-PP’bis(9-phosphabicyclononyl)-
ethane) was used as ligand. The initial rate of carbonyl-
25 ation was 840 mol CO/grams atom palladium/hour.
Conversion was essentially 100%. A similar selectivity
towards butylpropionate was observed. | |
Example 3
Example 3 was carried out in a 250 ml magnetically
30 stirred autoclave. The autoclave was charged with 30 ml
of butanol-1l, 0.25 mmol of platinum(II) acetylacetonate,
0.3 mmol of meso (R,S) 2,3-PP’'bis(phosphabicyclo[3.3.1]-
nonyl)butane, 30 ml diglyme, 0.3 mmol phosphoric acid.
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The initial rate of carbonylation was 2500 mol CO/grams
atom platinum/hour. Conversion was essentially 100%. The
selectivity towards butylacrylate was 98%.

Comparative example C

10 Example 2 was repeated, except that instead of
0.33 mmol of meso (R Sy 2,3~ PP’bls(phosphablcyclo[3 3.11-
nonyl)butane, 0.4 mmol 1,2-PP’ bls(9—phosphab1cyclononyl)-
ethane) was used as ligand. The initial rate of '
carbonylation was 1270Amol CO/grams atom platinum/hour.

15 Conversion was 80%. The selectivity towards butylacrylate

was 98%.
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whereby the two free valencies are linked to M1 or MZ,

and R represents a bivalent aliphatic bridging group

containing from 2 to 4 atoms in the bridge, which is
10 'substitu;ed with two or more substituents. .

‘2. A bidentate ligand as claimed in claim 1, wherein

both Ml and M2 are phosphorus atoms.

3. A bidentate ligaﬁd as claimed in claim 1 or 2,

wherein the bridging group contains from 2 to 4 carbon

15 atoms in the bridge.
4. A bidentate ligand as claimed in ‘any one of
claims 1-3, wherein‘substituents are substituted at
carbon atoms.of the bridging group connected with the
atoms Ml and M2,

20 5. A bidentate ligand as claimed in any one of
claims 1-4, wherein the substituents are alkyl groups.

6. A bidentate ligand as claimed in any one of

claims 1-5, wherein Rl and R2 and/or R3 and R4 together
represent a bivalent substituted or non-substituted

25 ~cycloalkylene group having from 6 to and including 9 ring
atoms, whereby the two free valencies are linked to ML or

M2,
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7. A catalyst system including:
(a) a source of group VIII metal cations;
(b) a bidentate ligand as claimed in any of the
claims 1-6; and |

5 (c) a source of anions.
8. A process for the carbonylation of optionally
substituted ethylenically or acetylenically unsaturated
compounds by reaction with carbon monoxide and a _
coreactant in the presence of a catalyst system as

10 claimed in claim 7. |
9. A process as claimed in claim 8, wherein hydrogen is

. used as coreactant. '

10. A process as claimed in claim 8, wherein a
nucleophilic compound having a mobile hydrbgen atom is

15 used as coreactant.




