HYDROFORMYLATI ON OF AN ETHYLENI CALLY UNSATURATED COMPOUND The EE@QMW

i nvent i on WEPHHALEEY 4 process for the hydrofornylationpg?mgfw0 ?ﬂ?ﬁenically
unsat urated conpound by reaction thereof with carbon nonoxi de and hydrogen
in the presence of a catalyst systemconprising: | 5 (a) a source of group
VIl netal cations; (b) a di phosphiné Figand; and (c) a source of anions.
Such a process is known in the art from for exanpl e WO A- 9505354,

EP- A- 0495547 and WO A-01/87899. Although 10 good activities towards a

- hydrofornyl ati on product are obtained, there is still roomfor inprovenent,
especially when larger ethylenically unsaturated compounds are
hydrofornylated It is furthernore desirable to provide such a

hydr of or ny! at i Wcﬁﬁéc@% Thfe FEPRPFPRIAEATE PN} G Al Pgﬁmgcamwr of ornyl ati on
. product can be obtai ned whenynkheuRieaesempsygar ri ed out under acidic
conditions. WO A-01/87899 rel ates anongst others to the carbonyl ati on of

et hyl enically unsaturated conpounds. It describes a specific class of

bi dent at e di Phogphifiesent 2t DACSBINLS @ AT bBeLheAg dhnosphines are
connected by a bridging group. w de range of BI’I dging groups is

descri bed. hrﬁ{ﬁﬁﬁﬁmﬁ}ataoaom%y@1@ﬁémﬁenecakiynmmsabnedt@@ cqmgmmn@ bl e
bridgi ng grgup..tiawewe t phasphigae o} n cycl opent ene
bri dge are gg ment i o\éleghe%%?ﬁhvgﬁ{r%o?tgg}jgﬁl S nog{l o2 Pga{irg%lr vr\}gslﬂlch a

cycl opent enehdrpxirfgenshoaf da beatediyséc sget ¢ ddn@rplamaphor us atons. 01 FEB

20075 -2 V0145 0220090, Bk 8 85 R 1PREEESS: Yk le

7) ' (b) a diphosphine ligand; and

" 01 FEB 2007 WD 2004/ 028689 PCT/ EP2003/ 050654 - 1 PROCESS F g

(c) a source of anions.
Such a process is known in the art from for example

WO-A-9505354, EP~A-0495547 and WO-A-01/87899. Although

10 good activities towards a hydroformylatioh product are
obtained, there is still room for improvement, especially
when larger ethylenicaliy unsaturated compounds are
hydroformylated. It is furthermore desirable to provide
such a hydroformylation process where high activities

15 towards a hydroformylaticn product can be obtained when
the process is carried out under acidic conditions.

i WO-R-01/87889 relates amongst others to the
:w) _ . carbonylation cof ethylenically unsaturated compounds.

It describes a specific class of bidentate diphosphines.

20 The phosphorus atoms in these diphosphines are connected
by a bridging group. A wide range of bridging groups is
described, In passing, also cyclopentene is mentioned as
a possible bridging group. However, no bidentate ‘
diphosphines comprising a cyclopentene bridge are

25 meritioned. Furthermore it is not indicated how such a
cyclopentene bridge should be connected to the phosphorus

atoms.



carbonyl ati on of conjugated dienes. The exanpa.es describe the reaction of
1, 3-but adi ene and net hanol to:nethyl- pentenoate in the presenc PEE?2M7
catal yst conprising 5 palladiumacetate, a bidentate di phosphine,

carboxylic acid and an optional source of halide anions, with a preference
expressed for hydrogen iodide in conbipation wth a tertiary carboxylic
acid. Several bidentats di phosphines &re exenplified. The exanpl es show

that, for 10 t ied reaction with nethanol, a catalyst system.
conprising 1, 2h§b;3%#2¥%é§0pﬁﬁ§ﬁﬁﬁﬁlE?c?cﬁﬁﬂﬁﬂ?ﬁ b&%ZERE as a bi dent at e

di phosphi nechasomatlaamwercainqug@twlayene(s40ml /ema}nbm& ad¥chigover than a
cat al yst syEEen1 conpr|5|n% R S nmeso- 2,

(9- phosphabFe§ cTEAIHAN Hut aﬁe-b%aal@n%leancbtrr@thanpnosphmwlrsﬁo m)I/m)t/hr)
It has now |4 np Peg entate
dlphosphlneﬁgiﬁ%L ggg#gﬂQggb r?EEHCE2@$>%¥§?E€a(5§ E %EE%Pégclononyl)
benzéne, |sp@&iﬁﬁmuﬂlatzaa@&bahyb@dﬂnﬂatﬁlﬂﬂﬂh@bphmybataooarhmxy11n1

copectal ) Sad o0 BAungs BEREL o WAISeCRdhacopElA 0"

unexpect ed Aav ages mn thregar
hydr of or nyl premqmadmpralseedbfar mepurdmoﬁdumgleymheommmod nvention

provi des a C 5_for the hydrofor. tion optionally substituted
ethylenicalg‘ah 3@&%&?53 EBEEBﬁégl%ya c egﬁrPﬁepéﬁ? % h carbon mpnoxi de
and- hydrOgeﬂupﬂbdﬁm1n@&e&eacexahpaafiéﬂiﬂrh%teiﬂﬁb@g@cgn@ml§ﬂgg1 Aa) a source

of group VIII netal S a di phosphine |igand having the genera
fordila I | el@*ﬁﬁpéﬁ% EFéFﬁléﬁ Wi t@égﬂlrnﬂeﬁ%ﬁﬁﬁﬂﬁq3Fﬂﬁ%ﬁmesent a

_Substi t ut edeg ﬂ@ﬁn@uuwkpupeﬂlsy@lprco@hqwc%mnaﬁ?m éhrere BB 2007 3 to
12 ring atons, of which one is a phosphorus atom and
a bidentate diphesphine has only a moderate activity
{400mol/mol/hr), much lowex than é catalyst system
comprising R,S-meso-2,3-
15 P,P'bis(9-phosphabicyclonenyl}butane as a bidentate
diphosphine (560 mol/mol/hr). '

It has now surprisingly been found that when &
specific bidentate diphosphine, such as for example
1,2-P,P'bis (9-phosphabicyclononyl) benzene, is used in a

20 catalyst for a hydroformylation reaction, especially a
hydroformylation reaction under acidic conditions,
unexpected -advantages with regard to the activity towards
a hydroformylation product are bbtained. ' .

Acéordingly the present invention provides a process

25 for the hydroformylation of an optionally substituted
ethylenically unsaturated compound by reaction thereof
with carbon monoxide and- hydrogen in the presence of -a
catalyst system comprising:

(a)'a source of group VIII metal cations;
30 {b} a diphosphine ligand.having the general formula I

%1-r-x2 (T)
wherein X1 and X2 each independently represent a
substituted or non-substituted cyclic group with from 5



R represents a bivalent optionally substituted cycloal kene bridgi ng group
having from4 to 16 ring atons, connected to each phosphorus aﬁq EBy @ sp2
5 hybridi zed carbon atom wherein the cycl oal kene group optiona |§' JH ai ns
het eroat ons “sel ected fromN, 0, P or S, and wherein the substituted cyclic
group is substituted with one or nore , hydrocarbyl groups containing carbon
atons and/or one or 10 nore hydrocarﬁy? ‘groups contai ni ng het eroat ons

sel ected fromhalides, sul phur, phosphorus, oxygen and nitrogen, and.
wher ei n t he*@yt4 odnge e ogisouptcyhialvenss dst iat phasBho NS st tamdi t

contai ning A rdprdRe@fsSa BEKXEEHEOHﬁﬁ'éﬁéll%r¥hb%§9%£§éd15 (c) an acid having
a pKa < 3, neasured in an agueous SJIUIIO at or a salt derived
t her eof ; anevckaplkgneobridabngharevp feviimgs frdhed prockésciofg t he present

i nvention i cif.l.cal.l LT ydrof arnyl ati,on of ethylenically
20 unsat ura%te i dor?ﬁ%‘ﬁ’%&lé?édmgf‘cﬁgé'ﬁg%é‘%é’tﬂ?ggf’?_i gE?'g;@fiaoerzghar acteristics

. whenSconparkygbidizedbcaybani abdémeacti ons in general. The advantages are
furthernore especially onpunced  when the ethyl enically unsaturated
conpound iswheg%%'g’rg ec8¥§§)ﬁﬁg#‘e‘?? eg.r%@nﬁpitgf’ﬂﬁ g‘f FUYHALS carbon atons 25
and pref er dperalatbpastefectedofirati AVE 0, AdVant ageousheJuigh thgaction rates
towards a l.atio rocduct, can furthernore be obtai ned under

g¥ rotorng g.g . y ,
aci di ¢ condi4BSEAEUTeE ERCLEF FTPWR A FRBASLRRESA il 19nfe ozhBoEat al yst by

decreasi ng Hyuokaghyf gEEENEt ot Dininge caERER Mdrls Bidlor 3eC8LI ON. R
represents a bival ent Oﬁtlonally substituted cycloal kene bridging group,
contBct ed TP EBHIPAGEERYGH LRTOURDAMFaAALEHhesANIatiorsd sedrbbadat om Bot h

Eggﬂog?;g; ftoh REB1OS/ snighuil! YHospRBrlE, CONRA Ghd AiQRGgaRY the same sp2
. and whareain the cycloalkene group can have sustituents
attached to it centaining N, O, P or S, alkyl groups or
aryl groups; ' '
15 (c) an acid having a pKa < 3, measured in an agueous B
solution at 1B °C or a salt derived thereof; and |
(d) 'a source of halide anions.,
The process of the present invention is specifically
directed to the hydroformylation of ethylenically
20 - unsaturated compounds, which shows specifiec reaction
characteristics when compared to carbonylacion'reactions.
in general. The advantages are furthermore espécially
pronouﬁced when the ethylenically unsaturated compound is
a large compound, i.e. comprising at least 4 carbcn atoms
25 and preferably at least 6 carbon atoms. Advantagecusly
high reaction rates towards a hydroformylation'prcduct
can furthermore be obtained under acidic conditions.
Such acidic conditions help stabilize the catalyst by
decreasing the risk of reduction of the group VIIi metal
0  catien. _
R represents 2 bivalent optionally substituted
cycloalkene bridging group, connected to each phospherus
atom by an s§2 hybridized carbon atom. Both phosphorus



carbon atom Preferably, however, R conprises at least '"two sp2 hybridized
carbon atons and each phosphorus atomis 5 connected to a separﬁiﬁ §6@7
hybri di zed carbon atom Preferably R represents a bival ent opt 5
substituted bridging group conprising 2 or nore atons in the bridge. By "a
bridge" is understood the shortest copnection between both phosphorus
atonms. More preferably 10 R contains 2°to 6 atons in the bridge, and nost
preferably R containg 2 to 4 atqns in the bridge. Espécially preferred are
t hose bri dglaﬁ@m@rﬁ%fb}?% %ﬂ'@r‘l’tegoﬁ?aﬁ’%@ AN thegeame PR2tebhidiggsl OF these
bridge atossrnpseiedmably at | east 2 are carbon atons. Moxe 15 preferably
all bridge atons are carbon atons. Mdst preferably R fepresents a bival ent
optional Iy subsE¥eiRZ®Llihr PAFENEr gr®rmpaisest thgleast phosEr® us atons via a

br i dge conshah kg a 1437 3RuRG| hd o SALRBERALANE. o e £y 001 ng group R
can be any group conprising at 0 least ohe a prefera I@ t wo
sp2- Bybri di genhectdsh it attodepargkansp e hybiriddekd geanpsn i awdmde cycl oal kene,

wherein the ¢ Q(8) .G to. phorus at.om are connected via
an unsaturatedaééﬁﬁ}qg?qgngtﬁggﬂgﬁgﬁﬁggkgﬁgﬁggggfO%Eﬁ? %y'cycloalkene groups
i ncl ude 25 syd iahidene bgt dapsghgwoum dompridihe A60r i mratyvms and

preferably from5 to 1Q ring,atons, . these ring ato at least two are
sp2- hybri di E}b%rgc%% %tyo R - LR 61§Eﬁ§ﬁ'é°%?oﬂb. c%%?’if‘t&’rﬁtai n het er oat ons
such’ as N, céhndeti®nh Beteikhebotlm ghesphakhenachas N Miratdashedpds a 30

substituent_to the carbon-chain. Preferaply, however, the cycloal kene group
onl frgcont ai h&EWhAIGF grtgf'?s% Fhams Aft %8 Béi@qﬁroﬁfbdd%ﬁ?fcont ain one or nore

unsat ur at edyrd¥H¥EL1yOR! cBREREREE VY gtgggtg,i; NSO NEr ilififeat ur at ed bond. 01
FEB 2007 - 5 The cycl oal kene group can_have substituent groups
Especially preferred are those bridging groups R which
céntain 2 or 3 atoms in the bridge. Of these bridge
atoms, preferably at least 2 are carbon atoms. More
15 preferably all bridgé atoms are carbon atoms. Most:
preferably R represents a bivalent optionally substituted
bridéing group coqnecting the-phosphorus atoms via a
bridge consisting of two spé-hybridized carbon atoms.
The bridging group R can be any group comprising at
20 least one and preferably two sp2-hybridized carbon atoms.
Examples of such groups include cycloalkene, wheresin the
carbon atom({s) connected to a phosphorus atom are
connected via an unsaturated bond to another atom, _
Examples of suitable cycloalkene groups include
25 I eycloalkene groups having from 4 to 16 ring Atoms, and
preferably from 5 to 10 ring atoms. Of these ring atoms
at least two are sp2-hybridized carbon atoms. The
cycloalkene group c¢an contain heteioatoms such as N, 0, P
or S, either in the carbon-chain or attached as a
30 substituent to the carben-chain. Preferably, howewer, the
cycloalkene group only contains carbon atoms. The
cycloalkene group can contain one or more unsaturated

bonds, but preferably only contains one unsaturated bond.



attached to it containing heteroatons such as N, 0, P or S, alkyl groups or
aryl groups. Preferably such a substituent is an al kyl or aryl %}ngl% re
preferably an 5 al kyl or aryl group conprising from1 to 6, nore preferably
from1l to 4, carbon atons, such as for exanple nethyl, ethyl, n-propyl,

| sopropyl, n-butyl, iso-butyl or tert. -butyl and phenyl. Mst preferably,

however,.the cycloal kene groups do not have substituent groups 10 attached
to it. Exanpl.es of sui&able cycl oal kene groups, include

1- cycl opent eMB1 SYSTPRHEENS - GRRYR @RehRYE 28 YpHHE uent. @FoMBBent en- 1, 2- yl ene;

1-cycl o- oct efttdcBet! €8eit Sontditihngl heYE)OPEML Mon2 2l R0CD, P or .
1, 3-cycl openten--2,3- ylene; wherei'n the two free valencies are connected to

15 the phoséhoﬁ&kY&taﬁ%QPijoﬁfﬁiﬁi groyps oprrferably- yuehea and

1- cycl ohexen; rafenred. 2 represent. a_substituted or
noh-substitEPESglﬁggﬁﬁcﬁgsgﬁﬁﬂdﬁ?hsgr%ﬁ%%qﬁgnéﬁ Fﬁ%& §$8E§Ta§$YWH?Ch one is
a phdsphor uslaydnpr adxly brafemisioppwi s bng r frmrb It ¢a2@, 1Rereng at ons. The
cyclic grou VGl i rQ such as _for _ex | e a substituted
or non: subgfgggfg lgﬁ§§%§2%3%1ghe§§F$g$Hﬂ§§ﬁHcf8F§h85tgggo?xample
phosphacycl aechyl, gechyl, ar-reropglly Cyeépcomylgup-bullyef ef 8k yuddy adwd/ or X2
represent a_ phospha-bjcyc|oal kyl, 2 rou ith.at |east 6 ring -atons, such
as for exanﬁgﬁt‘gbgt¥iuéﬁéuﬁ§ewééroﬁgg?y?,eggﬁﬁbﬁﬁbs RYBVEYcl BRRtyl or a

9- phosphabi eye! eaDKe Oflips MeShoadNavd agenusityiehet Brodgsand X2 represent a

substituted or non-substituted 9-ph§sphabicyclonony group, The
9- phidsphabi a§Eachemyto 36 Fe@pPias AhRMAADLEr SVCLEBHEED® GEQURS ures. For

the purposenefudderidp@idetshbe, h3yfodkl; andyedoRetbnti o Are
preferred. Sﬂitably i%yaﬁgjx2 are su stitutedyor ﬁon?subs?$%%h%xl[3,3,l] or

(4,2,1] 9- phoSyREBIREBHofyYIee FER 20ptP-octgn-dy dupsendhe two

9- phosphabi gygd-oReNyl - /QAUREneA-NAYEylene; 1, 3-cyclopenten~2, 3=

7 ' vlene; wherein the two free wvalencies are conﬂectad to
15 the phosphorus atoms. 0f these l—cyclopenten—l,z—ylene‘

and l-cyclohexen-1l,2-ylene are preferred,

X1 and %2 represent a substituted or non-substituted
cyclic group with froem 5 to 12 ring atoms, of which one
ig a phosphorus atom, and preferably with from & to

20 12 fing atoms. The cyclic group can bela monocyclic
group, such as for example a substituted or ncn-
substituted phosphacyclohexy}, phosphacycldheﬁtyl or
phosphacyclooctyl group, or a polycyclic group.
Preferably X! and/or X2 represent a phospha-bicycloalkyl

23 group with at least 6 zing atoms, such as for ‘exanple
a 7-phosphabicycloheptyl, a B-phosphabicycloogtyl or
a Qéphosﬁhabicyclononyl group. Most advantageously both
x1>and XZ represent a substituted or non-substituted
‘9—phosphabicyclononyl group. The 9-phosphabicyclonhonyl

30 group can.have'several isomeric structures. For the

purpose of Ehe invention the [3,3,1] and [4,2,1] isomers

are preferred. Suitably X! and X2 are substituted or
non-substituted [3,3,1) or [4,2,1] S-phosphabicyclonenyl



both the same or each a different isomeric structure. Most preferably the
two 9- phosphabi cycl ononyl groups have the same isomeric structqu1FEBz%7
preferably the f3,3,1} 5 isonmeric structure. One or both of the
phosphacycl oal kyl, or nore preferably phosphabi cycloal kyl, rings is
suitably substituted wi th one or nore.suitable hydrocarbyl groups
cont ai ni ng- carbon atonms and/ or hetero atons. Suitable 10 substltuents'

i ncl ude grou cont ai ni e onB such _as halides,' sul phur,
phosphor us, %99§§n % ?ﬁﬁrh) éﬁ%?%@PQﬁYLSEEHuQFOGBQ l#¥%® ude fluoride,

chloride, boeni €gs smbobac@%rg@oumsf@tertﬁtqs%ﬁt@%&él steﬁatluf'e -0, -S, -0-H
-0X3, -3 -COO0X3 -SH -SX3 -00S X3 » - NHX3, ' - NX3X4,

“N02, -CN, Mepfnppefexghlyithe tie Rmeb@smlméonpnymgmup@ ERE X4,

|ndependentEM 5RO B rid ol ngE QHRS 0 rbon atoms |ike
met hyl, eth o T propyl Iﬁéoprggy , r]tﬁyﬂqé¥%blg QB 3? gngﬁtert -butyl: If

a phésphablé?@mQﬁkﬁnﬁtQHQﬁyrzG IS substltuted it is preferably substituted
wi th Cane or,, eyl o] I V. ng 1 to 10 carbon.
atons, nore pr e?"ﬂ)é eqbﬁaygf&rho%%lﬂpé ﬁ%%ﬁtﬁ&%@& S?rg !LLI ne 'ﬁ& branched or cycl,i C
al kyl groupsreﬁar&hiynyh@spSabuabtkoakk9@4 n;mgepislauiudmlynethyl ethyl,
propyl, iso nd_i so U|ta nethyl groups are
used.. The sa@%%o%/ \%tee?; ﬁQ% g§c’Pon€rﬁ}%tPP%§ Exﬁ”'ﬁ%’f O YRS

pol y- SubstltmnﬁﬂhnﬂnbIcarbbefatahhyadeﬂUM£t&&bFHtﬁﬂs h&uﬁtéﬁmgerably t he
phogphabi cycl o n substituted w,th t met hyl groups

Preigrred bt R rhiﬁ%?qqs gH&E“SF ?Eﬁ?ﬁﬁzf?ﬁtf1PﬁBFmg%teﬁ?TaFéﬁﬁn§QQ? structures
of- 1,2-P, F&iﬂﬁ&ﬁ%dﬂtqsphabhﬁxclpmm&bﬁdruaycbﬂpgaheﬁﬁd nilk¥odfddhl bi s

(9- phosphabliéglononyl) géc ohexeng. 1 EEB 2007 - 7 of these;.

1, 2-P, 7Ib|s Iﬂﬁﬁgﬁﬁéﬁp cPOPePs, aﬂqﬁﬂgf|fluorlde, chloride,

bromide, iodide and groups of the genaeral formula =0, =5,
=0-4, -0-X3, ~co-x3, -c0-0-x3, -s-H, -s-%3, ~CO-5-%X3,

15 -NH2, -NHX3,' -Nx3%4, -NO2Z, -CN, -CO-NH2, -CO-NHX3,

| -co-Nx3%4 and ~CI3, in which X3 and ¥4, independently,

represent alkyl groups having from 1 to 4 carhon atoﬁs
like methyl, ethyl, n-propyl, isopropyl, n-butyl,
iso-butyl and tert.-butyl. If a phosphabicyCIQndnyl ring

20 is substituted it is preferably substituted with tne or.

. more alkyl groups, preferably having from 1 to 10 carbon.

atoms, more preferably from 1 to 4 carbon atoms. Linear,
branched or cyclic alkyl groups can be used. Suitable
alkyl groups include, methyl, ethyl, propyl, iso-gropyl,

25 putyl and iso-butyl. More suitably methyl groups are
used, The Substltuted phosphablcyclononyl ring can be
mono~ or poly—substltuted and is preferably di-sub-
‘stituted. Most preferably the phosphabicyclononyl ring is
substituted with two methyl groups.

30 | Preferred bidentate ligands of formula ({I) include
all isomeric structures of .
1,2-P,P'bis (9-phosphabicyclononyl) gyclopentene:
1,2-P,P'bis|9-phosphabicyclononyl) cyclohexene.



cycl opentene is especially preferred: This invention also provides a

di phosphine ligiand having the general formula I11 5 X -R3-x2 (ViIFEB 2007
wherein X1 and X2 each i ndependently represent a substituted or
non-substituted cyclic group with from5 to 12 ring. atons, of which one is
a phosphorus atom and R3 represents { Dbival ent cycl oal kene group having
from4 10 to 16 ring atons, connected to each phosphorus atomby a. sp2

hybri di zed car rei | oal ken oup optd onal.ly contains
het.er oat ons seﬁggte %g$02?% ? B él§3é%éhQSﬁ%a§ﬁ§¥gi?¢$?é¥i%ﬂﬂ&?ﬁﬂtuted cyclic
group is Subgﬁldpﬂn&&nm tils eapecfﬁlruwpreﬂérhgdtocarbyI groups contai ni ng
~carbon atons a one nor e rqcar byl ,gro contai ni ng het er oat ons
sel ect ed frow& FlaegenngBhﬁiﬁorﬁkﬁﬂﬁﬁﬁﬁu dg §%§ﬁ’ gPf’ggen . and

wher ei n theham-lgo&hleergengrawfcﬁmmMﬁust|tuents attached to it .

containing N, O, P or .S, alkyl groups or 20 aryl groups. Preferences for
the Bi gands ar 128 dégcrlbed herein- before. The |igands canU§Hﬂtany be

prepared as indicatgd in xanp| es reacting
9- phosphabl"@‘sﬁ'ﬂe&l’?oﬁ é‘“?wa ?ﬁg}i‘ WBPE&Y%‘E%%%@H dgi ng group. The

9- phosphabl%Ic%%aaeoeaﬂoﬁ%wmﬁutlen E?cl@iép@f&.‘}b afi tesold Bed, by Eisner
et al. (Chem Abstr, 1978, vo.4. 180 The |sonetr|cally pure

9- phosphabi &y d2oséAEnatoRaN %ﬁﬁ?)b’rﬁkeﬁﬁleyLBeaoM%%‘bﬁs afeger apdd in NO- A
0 2O G BAER A BT RN R B A S, ()
desggi bed fuﬁwmsnr&bgvetoﬁé,Ft&hﬂhdﬁﬁﬁ?to—eBchSphdsﬁHdrmytuu@meylanetals
i nclude the EF% Lrldlzed carbon atofa, .
wherein the cycloalkene group optionally contains
heterbatoms selected fxom N,' 0, P or S, and wherein the .
substituted cyclic group is gubstituted with one 4r more
15 hydrocarbyl groups containing carbon atoms and/or one or
more hydrocarbyl groups containing hetercatoms selected
from halides, sulphur, phosphorus, oXygen and nitrogen,
and wherein the cycloalkene groué can have sustituents '
attached to it containing N, O, P or S, alkyl groups or
20 aryl groups.
Preferences for the ligands are as described herein-
before. ]
The ligands can suitably be prepared as indicated in
the examples, e.g. by reacting 9- phosphablcyclononane
25  with the appropriated dihalo-bridging group. The
9-phosphabicyclonenane can conveniently be prepared as
described by Elsner et al. (Chem. Abstr, 1978, vol. 89,
180154x) . The isomerically pure 9-phosphabicyclononane
can conveniently be obtained as described in WO-2-
30 02/064250.
The .invention further provides a catalyst comprising:
(a) a source of group VIII metal cations; and

{b} a diphosphine ligand as described herein above.



rhodi um nickel, palladiumand platinum O these, palladiumand platinum
are preferred, exanples of suitable netal sources are platinum @r g 107

pal | adi um conpounds such as salts of palladiumor platinumand nitric acid,
sul phuric acid or sul phonic acids, salts of platinumor palladi um and
carboxylic acids with up to 12 carbongatons, palladium or platinum

conpl exes, e.g. with carbon nonoxi de or acetyl aceionate,. 10 or palladi um or

pl ati num conbi ngd (wirhl dreabi grPRtEL Al | S ' changer.

Pal | adium(11) acetate a 5 e%l a%?%uxﬁrg(%a})s éégggfl%cte or%ﬁa%lgs)r(e exanpl es of _
preferred mediumomdickel, | pat hadiut @indsplaspshems @f thesd,nvention, any acid
15 having a < a LN ueous solution at IS C or any salt
derived the$%£§LQ§g% 6g%u§§ésgn u|{§ﬁﬁﬁ%§?§5F8 "are preferred. Suitable

sul phcnic  aci dxamptleedef ssb phairlec matiads s608PES Sd FY pARE iGHmTare

hal ogen-at ons,, such as F, C.. Br .and |. ,Exanples of . 20 suitable sul phonic
acidg incIdgngﬁéfgkgP@pHﬁ?ﬂﬁnggﬂ]5ﬁbﬁa&tacgg,P?%%ﬁﬁ%ﬁ%@ﬁ%anesulphonic aci d,
trichl or o- rgatdtamesubpBoni Era6i goid,r islgpBnuei c MBENANSS Weing caci d,

tert - but ane- sul phoni c acid, ;toluenesglphpnlc acid and 2,4,6-trinethyl 25
benzene- sulfHifiic 3444, °an.%lﬂ'g¥i"?“br?rt RELHRELERANBICHFRASNdE of halide is
required. SijlRbhELROURCES DF' (AdHAE dicmklidSa e d G- ﬁakﬁgﬁtmﬁﬁferably
salts of alkali netals, such as for exanple Nal', Nad, Br, KCIL, and

hydr ogen hadr@ds*ggehe30- a¢ith caybon mpnoxbde Hx adgtwlesssonrteHCL and HBr
areq.qprefer aRdakGt b i e Thesethydanicakl.y,uagat ur at ed
com%%und, ucfsa:‘; aas start?n%Pérr%i eril gl%?nﬁlﬁgegr% e}‘r?aigléyrJ an g‘tar‘iélrg%:fcal ly 01 FEB
2007 - 9 awsbaegr anedior ofpehAnarayibadladown PT o s tediebendat ons per

platinum(II) acetylacetonate are examples of preferred
metal sources.

In the gatalyst systemsfof'the invention, any acid

15 having & pKa < 3, measured in an aqueocus solution
at 18 °C 6r any salt derived thereof can be used,

Sulphonic acids are prgferredL_Suitable su}phqnic
acids include sulphonic acids comprising one or mote
halogen-atoms, such as F, Cl, Br and I. Examples of

20 suitable sulphonic acids include therefore
methanesulphonic acid, flvorc-methanesulphonic acid,
trichloro~methanesulphonic acid, trifluoro-
methanesulphonic acid, tert-butane-sulphoniec acid,
p-toluenesulphonic acid and 2,4, é-trimethyl-

25 benzene-sulphonic acid. _

In addition the presence of a source of halide is
required. Suitable sources of ‘halide include halide
salts, §referably salts of alkali metals, such as for
example NaI, NaCl, NaBr, KCl; and hydrogen halides such

30 ' as HI, HCl, HBz, or HF . Of these HI, HCL and HBr are
preferred and HCl is most preferred.

The ethylenically unsaturated compound, used as

starting material, is prefexably an ethylenically



nol ecul e, or a mxture thereof. Preferred are conpounds having from2 to 30
carbon atons, or m xtures thereof. The advantages of the pro qSﬁﬂﬁﬁ&prding
to the' invention 5 are further especially pronounced for Iarg

et hyl eni cal | y unsaturated conpounds conprising at |east 4 carbon atons, and
preferably at |east 6 carbon atons. - Bbre preferably such a | arge
ethylenically unsaturated conpounds conprises 8 or mpre carbon atons,

preferably yhQat (L5 &d t oo h'ﬁ‘}&ﬁgpf%r@r@t?:'o\’ 4l @8k Boh oa#&ngag%on at ons.
The ethylenlcaIIY unsat urat ed conpound can further be a strai'ght carbon
B

" chain or, @ahepeler HEHediireatnereet hylxafieraedy agAsaempedrds conpounds
hence 'nC|ha9§ ng ?%5& % Qi %EEBHHdétoﬁgeﬁﬁf§3&¥P§H§htﬁ§P§%ftUens are 15
pTeferab re .

al kyl groups, yl groups conprising from
preferably Thaownammagha:arﬂommeapcnsgssmoepsimgetthythe etrwyantipmpropyl ,

isog%opyl PPybE&y&h f:%%g%?ﬁgl Egaﬁéﬁﬁc &t tlﬁgﬁggples of suitable -

et hyl eni ca Unsatura VS propene,- but ane,

pent ene, 1ehbybema:,caln'ltgemredaﬂmeaéedscorﬂpd\:e\rﬁsenemprmkeai@aét Tepdtenes 1- oct ene,
i nt er nal tan 1- nonene o ene 1- decene or I nt erna
decenes, %d‘éﬁ&\%‘é atf’f’é‘l%ylam{)?’ﬁﬁ ﬁE%ba]LPh gﬁégg 8oTRER AR hy| - br anched
dodecenes, Mof@! fiyd fept ity taifchdaola fge- w@&temﬁuhedyclﬁsaﬁlﬂaﬁd 25 Cl5-ol efins
and m xtures of those. The prqcess is further - eciallé suitable for the

hydr of or ny FETRPOMGT GRS A5 eAe8 i FPIHERS é’é‘eﬁ&@ Bf PIREHALINN t hout wi shing

t o ilge boundrém @nye ldndref motrbe@féifetatbllys frbaughtot Dated faypr esence of
di enes sl ows 30 down the actlvhi% of the catal yst sxstenl As shown in the
exanpl es, PRCRHe %c?éé‘éf SOLGRALE N gUR SR T LeAy ERPPOY R G EHREhET i es are

even obtai B@dam gzm ¥aHdnOtha IR ¥, &aeBespaBfcKe &N itapieed as a
substrate. 1. F E B 2007 10 The process according to the invention is
hence ethylenlcally unsaturated compounds hence include

subst;tuted compounds. Preferably such Substltuents are

15 alkyl groups, preferably alkyl‘groups comprising from
1l to &, more preferably from 1 te 4 carbon atoms, such as
nethyl, ethyl, n-propyl, isopropyl, n;butyl, iso-butyl
and tert.-butyl. Examples of suitable ethylenically
unsaturated compeounds include ethene, propene, butene,

20 pentene, l-hexene, internal hexenes, l-heptene, internal
heptenes l-octene, internal octenes, .l-nonene or internal
nonenes, l-decene or internal decenes, undecenes, methyl-
branched undecenes, dodecenes, methyl-branched dodeceneﬁ,

methyl-substituted or non-substituted Cy3, C14 or
25 ‘ c15-olefiﬂs and mixtures of these.

The process is further especially suitable for the
hydroformylation of mono-alkenes in the presence of
dienes. Without wishing to be bound to any kind of
theory, if is thought that the presence of dienes slows

30 down the activity of the catalyst system. As shown in the
examples, in the process according to the invention high
activities are even obtained when a mixture of

mono-alkenes and dienes is used as a substrate.



especially suitable for the hydrofornylation of for exanple octenes ina
m xture of octenes,

di et hyl - hexad

i enes.

oct adi enes, nethyl - hept adi enes. and/ or

5 The ethyl enically unsaturated conpound dahffRigither be

an ethylenically unsaturated conmpound conprising functional groups or
het er oat ons, such as nitrogen., sulphg -or oxide. Exanples include
unsat urated carboxylic acids, esters of such acids or alkene nitriles..

Sui tabl e 10qgt

heteroatons i nc

h?kégﬁéﬁﬂééédfﬁﬁ%buEétEﬁh(Eﬂuyhtgbgglgugggbgna1 groups or

ude for exa pentene nitrites an

nmet hyl - pent enoat es.

Preferably,ehBQBVQkIYt$R§Q§ﬁ¥$Iéﬁrcbm¢)hxﬂnﬂépmmaﬂaulononﬁoﬂwu does not
comr 50 ST L9t Al QTS Bepie SIS 0l o o

conprising only
unsaturatedmeshyl*hegpaﬁﬂamdsahndﬁdrtﬁﬁméumyded25adﬂanesnay act as reaction,

di l uent. Hence,
Convéni ently,

t he

Hgﬁﬁj%

rocess o I nven |on t he

ViR ol Airitatl Brpaurs; o7 Ay GRLRFr i od out i n

t he additiomﬁletﬁykﬁﬁﬂuaiquu&sSﬁhHEﬂEd a%hp&Uﬁh,csmphiaim@ hydr ocar bons,
e.g. paraffins and isoal kanes age recommended furthernore saturated

hydr ocar bonSUn ANk 5P URSy PAg

OES QA E t §U¢ Eﬁr%&ﬁF%&?ﬂws per nol ecul e;

et hers suchs@bphis D:8-dridexangampbe § dirgl1yi@e) undh Pyt &4 el rq 136l sol e, and
ket ones, such as met hyl butyl ket one, Sol vents, conprising or substantially

‘conS|st|ng aFidey

RS afe sughsacifems pddeng P ihbhbesariitebdar ti cul ar

fperm%qmy %n@béhfé{éé&'m@ﬁhﬁ&c?uﬁ&%m hydoispgne and

prefgrred, ﬁ@h
_dlethylsulp ne and cyclic sul phones, such as sul fol ane
(t et r ahydr ot opsediemns ipcdugsi @5 eﬁﬁmﬁﬂﬁhyﬁﬁﬁﬁﬁﬁlahﬁr%#ﬁﬁ and

2- met hyl - 4- ﬁgéﬁiﬁﬂﬂEﬂyé%BEtegl F EB2007 - 11 in a preferred embodi nent

m xt ur es of

Preferably, however, the ethylenically unsaturated

compound does not comprise any functional gzoups =34

15 hetercatoms and is an olefln comprising only carbwn

atoms.

In the process of the invention, the unsaturated

startlng material and the formed product may act ss

reaction diluent. Hence, the use of a separate sgolvent is

20 not necessary. Conveniently, howeaver, the hydro-

formylation reaction may be carried out in the adiitional

presence of a solvent. As such, saturated hydrocarbons,

e.g. paraffins and iscalkanes are recommended and

furthermore saturated hydrocarbons, preferably having

25 from 4 to 10 carbon atoms per molecule; ethers such as

2,5,8-trioxanonane (diglyme}, diethylether and anisole,

| and ketones, such as methylbutylketone. Solvents,

comprising or substantially consisting of sulphongs are

also preferred. Sulphones are in particular preferred,

30 for example dialkylsulphones such as dimethylsulphone and

diethylsulphone and cyclic sﬁlphones, such as sulfolane

(tetrahydrothiophene~-2,2-dioxide), 2-methylsulfolane and

2-methyl-4-ethylsulfolane,



al kanol s and/ or water are used as a solvent. Suitable alkanols that can be.
used in such a solvent m xture include nono-al kanols and pol yal kanol s.
Preferably 5 nono-al kanols having from1l to 20, nore preferablﬁlTFE%HWh to
12 carbon atons are used. The al kanol can be a straight alkanol or it can be
br anched. Preferably the al kanol is.branched and the nmain carbon chain of
the alkanol is substituted with one or nore al kyl groups, 10 preferably

SLep JJrouns SOMRTd AN GnbGafRER: ALELEEA0LY LLfhdndO dhLArpon BUOTE

_such as such as I'so-butyl and
tert. -butyIalExanb#esndﬁomnHﬂt&hleralka&dﬂas|an6bm&entne8hytamhmtanol

nmet hyl - hexan exanol ept an th tano

di et hyl hexﬁ%?m {Lnﬁaﬁier?t aH a'h‘&l Sr’}‘bctmh SSEFgﬂg mxﬁ) pr ef er aol Y,

however, thenalkdﬁumond>dﬂhandlkaaﬁh pﬁuyﬁlha&oabtaeaedewaﬁﬁ t he

ethylenlcall unsat ur qnpound i of or Iate subsequent |y

hydr dgenat eH24 %’%@f %?0(1'1?1 Hx £ 5P ir@/gﬂabf‘@? off8 ﬁEé\?che range from
0.1 to 10, ghbhes pfeier Aalrbonnat bRs rargadeiQmMmfleSat Rako M cf peal kanol  per

- m of sul phone; and , if present, in the ran%e fromO0.001 to 1, nore

preferably ﬁns'ﬁwaﬁ:ng?ékaflpérr% B €3n B brRhghedat RFeFRFatly dhesul phone. 25
The quant'txlkﬁxm{] o ﬁﬂ&%c‘&%ﬁahﬁéttﬁé/%ﬁﬁrﬂ 8 rbBfAelnalg ofOfpLritical and may

vary within . w imts. 'y ampunts in the range of 10-8 to 10-1,
pr ef erably ahkamel r%r%@smt!e@eql Phthione @5 @ogeoml BYL @ERHPVI | | retal per

ol 407 et hyl gpl cally A1sat urBhed carpawidaaEeolsedro3, g amounts of the

part|C|pant cat a systen1 are conveniently $elected such that per
mol e aton1oPrEiyxnhiywﬂernétép firopxlopnt atgmsosuphederadtly ¥F¥om 0.5 to 6, and

g?;eugggfer %géf%€¥¥%%onapg?%§f Cﬁsé%r%p@EB gQQZtY} 'lggigmybqte di phoshi ne
and tert.-butyl. Examples of suitable alkanols inzlude
methyl-pentanol, methyl-hexanol, ethyl-hexanol, methyl-
15 heptanol, ethyl-heptanol, dimethylhexanol,

dimethylheﬁtanol and methyl-octanol, MEB& preferauvly, .
however, the aikanol ig the alkanol which is Sbtained
when the ethylenically unsaturated coﬁpound is
hydroformylated and subsegquently hydfogenated. A sgolvent

20 mixture preferably contains‘in the range from 0.l to 10,
more preferably in the range from 0.5 to 5 ml of alkanol
per ml of sulphone; and , if present, in the rangs
from 0.001 to 1, more preferably in the range
féom 0.01 to O.SIml of watex per ml of sulphone.

25 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
range of 1077 to 102 mole atom of Group VIII metal per
mole of ethylenically unsaturated compound are used.

30 The ambuntslof'the participants in the catalyst system
are conveniently g¢elected such that per mole atom of
Group VIII metal from 0.1 to 10, preferably
from 0.5 to &, and more p;eferably from 1 to 3 moles of



fromO0.5 to 10, and nore preferably from1l to-6 noles of anion source or
conpl ex ani on source. The hydrogen halide should be present m1ﬁéﬁzﬁ o of
0.01 to 1001 mmol 5 hydrogen halide to 1 mmol group VIII netal

preferably in the range fromO0.1 to 10 and nost preferably in the range of
0.5 to 5 nol hydrogen halide per mal 8f .group VIII netal is present. Carbon
nonoxi de partial pressures in the ,range of 10 1-65 bar are preferred, In

the processbgggﬁégéggdfﬁlé%{;nepggge@g dNvatd gny Egelgargp&é’@% xi de can be

used in its pure formor “aninert gas sUCH as nitrdgen,
car bon di oxfaema? . hott dgased Bach poefarpily Enomh:ydt@fﬁ)rmwlleﬁ iccfn t he

coreactant cAPeSRACWA, LaaiNinage, 9L, Ipr Sgeneral g n hydri de

source. The car nDnOX| lied in a nol ar
rati o of hyblabiypm stmw.clar b@ﬂpnaaeutdimvm tﬂutriot be 0arpec®ofl DCILQnmbltO 1:5, |
to 1: .The drogen to, carbon nonoxi de can

preferably 6: tio of

i nfl gence t%&f?ﬂaeéi d"fali‘(ﬁiepIISdt ?)f we\xe‘ﬁe #br d4%% ed product is an

~al kanol , BxeaR3 10f dhedpoges fsorvardedot 00 exveddIodthe  hydrogenati on of

t he. orlglnall med al dehyde or _ ket one. Therefore .1 f the desired
%ema%aﬁmm :

product is BFF PeFaRan|3E £ Holtsr Sraed N¥AragRl dgdddeo car bon

nonoxi de 25a¢ thHiN'dMrbanderrt feétat GslpPedehd, used. The hydrofornylation
can be suitably carried Qut at noderate reaction conditions, Hence

tenperat ures if-anken PaRgEide BRrYialberessyres r%td?hﬁem?@a p‘*rfef erred
tenggr at ur ef_ LiG 1R 6t Bgegf@pg@d ofI,;()chteo&i_.gQ didy 3Q Ripgssures in the

range of 5 to 150 bar are preferred hi gher pressures may be
. sel ected, MRresANd: ABVentans; d@mecpqsaqqm @erxaxis}e RRmiagssss inMiteover,

hi gher. P SR e heal be10ar A erP Gyl RAEDL ggyvgéah%% Q%E5B,2007 13 The

I nvention 'ustrated by t
carbon dioxide or noble gases such as argon.

For hydroformylation the coreactant can be molecular
15 hydrogen, or more generally a hydride source. The carboen
| monoxide and hydrogen are preferably supplied in a3 molar
ratio of hydrogen to carbon monoxide within the range of
10:1 to 1:5, preferably 6:1 to 1:3. The molar ratio of
h}drogen to carbon monoxide can influence the typa of
20 product prepared. When the desired product is an alkanol,
an excess. of hydrogen is needed te enable the
hydrogenation of the originally formed aldehyde or
_ ketone., Therefore, if the desired product is an alkandl,
preferably a molar ratio of hydrogen te carbon monoxide
25 within the range of 4:1 to 1.5:1 is used.
The hydroformylation can be suitably carried out at
‘moderate reaction conditions, Hence temperatures in the
range of 50 to 200 °C are recommended, preferred
temperatuzes being in the range of 70 to 160 °C. Reaction
30 pressures in the range of 5 to 150 bar are preferred,
‘lower or higher pressures may be selected, but ars not
considered particularly advantageous. Moreover, higher

pressures require special equipment provisions.



non-limting exanples. Exanple 1 Preparation of

1, 2- PP bi s(9-phosphabi cyclo[3 3 11tonxl) 5 cyclopentene A 200 ni

Schl enk' vessel under nitrogen atnosphere is charged with 5.0 @1(Eﬂiﬂﬁbl) of
1, 2-di bronocycl opentene, 9.0 g (80 nmol) of 1, 4-diazabicyclof 2, 2, 2)oct ane,
8.0 g (56 mmol), of 10 9- phosphablcyplg[B.S.'1]nonane, 1,16 g (1 nnDI) of
tetrakis(triphenylphosphlne)palladlu ) and 60 m of xylene The m xture

s stirred oversy ri which perio r |tate of 1,4-

di azabi cycl 0(2,13{%?'%&@%%%6%%%6% brioni’§EFPECE P Yrethe 1£°l§f &9cool ing to 100
C the ni xt uren-lsinfiitingr edaimples Upon cooling of the xylene solution, a
precipiteueicg- fqﬁ-PP'bis(9-phosphabicyc|0(3.3.1]nony|)-cyc|opent:ene S

formed. Aft r cooling to -35 C, the liquid is , decanted and the

resi due puraﬁspuiahyoﬁtbEr1DE~FDtﬁhdmykgﬂgsﬁgéﬂggg%lo 3.3.1] 1) :
1, 2- PP' bi s(9- phosphabi cycl o nonyT).=- EPER h"Eérlgt'a ned in a
yieI of 4. , 56%, pure according to 31? and 1H NVR, 31p NWR
(Cb2C12) -25.Q 2901ét1§$ﬁiéﬁlxyég%hl EnéQrpﬁweﬁ erfH) . 2.26 ppm (m 4H),
1.4-2.1 ppm (in, 24H). 25 In exanples 1-3 and aratlve exanpl es A-C

BPCP =-1, 2 W°§P§EQEph%s%-"éﬁ%%/dfld[h?y53°1$nb21%1|l1)m01dyc51f0pentene BPET =

B SPpELZ( hZbeosEpRi it chel 300YG) (R AR 3877
bi‘cycl o[ 3. 3. isdanyabh©&¢$¢DZkﬁmiﬂ@w@aFSA & & rg'f { Sfommety hatfie sul f oni c aci d
Xl © 2 RTBORRLL Ve SXTPLE A HLOT PR 1o FER 2007 14 Brampl e
stirred auttetkakds { Thieptearygiteosphine}palladium(0) and 60 m! of

xylene. The mixture is stirred overnight at 140 °c,

during which period a precipitate of 1,4-

diazabicyclo(2,2,2]octane hydrogenbromide is formaed.

15 After cooling to 100 °C the mixture is filtered hot. Upon
cooling of the xylene solution, a precipitate of"
1,2~PP‘bis(9~phosphabicyclé[3.3.llnonyl)-cyqlopentene is
forméd. After further cooling to =35 °C, the liguid is
decanted and the residue purified by stirring with hot

20 methanel. 1,2-PP’bis(9-phosphabicyclo[3.3.11nonyl)~
cyclopentene is obtained in a yield of 4.3 g (12.4 mmol,

56%), pure according to 31p and lH NMR. 31p NMR (CDaCly):
-25.9 ppm 1H NMR (CD2Clp): 2.60 ppm {(m, 4H}, 2.26 ppm

25 In examples 1-3 and comparative examples A-C: '
BPCP = 1,2~PP'bis {9-phasphabicyclo[3.3.11nonyl})

cyclopentene

BBET = 1,2-PP'bis (8-phosphabicycle(3.3. ljnonyl) ‘ethane

BPPT = 1-P{9-phosphabicyclo[3.3.1]nonyl), 2~ P(B—phosphar
30 bicyclo[3.3.1]nonyl-methyl) henzene

FSA = trifluoromethane sulfonic acid
Example 2, comparative example A; ﬂydroformylatioq




was charged with a substrate as indicated in tablee I, 30 m of

et hyl hexanol, 10 mM sulfolane and 0.5 m of Water, 5 0.25 m"mé (F56 ng) of
Pal i adium || acetate, an anmpunt of a bidentate di phosphine a¢1iFh@iZ4Ht ed in
table I, and an amount of acid as indicated in table I. After being
flushed with nitrogen, the autoclave iis- pressuria;ed with carbon nonoxide
to a partial pressure of 20 bar and 10 hydrogen to a. partial pressure of 40

bar. SubsequentEkympléh® dredCdorpakasiveeakathland g,agecgg;:gnég yer e heated to-
a terrperature ' | and nmaintai ned at that tenperature

gg |£d| cated in table
for 5 hour &P Rnltlurd PaqRrtigaldivastinred artacdansnyPhei anteelavali cat ed (in.

react. ratehs dherdddimitd &l Jubls@rateCad b.f}miéétt'eanlhstgﬁi‘kn d g the irean
rate of carbon nonoxi de consunption over the first 30 % straIe

conver si onMAPE cRthpbresNcly dOnPleshbEoka&@ndf Pokn lﬂheoéomm,s of the
reagf or and, anahysed dy feAs of'—'Pﬁ‘ID.Qd@i'ﬁ byRtReaRaY- o fh .?xg&?ﬂ éc}f gge. al kanol

product, 20 based on the total anount of product, is indica table I.
The percenbag%ntﬁmailmmnepﬁedMMCMdnomabiheI1oalacli aamount of al kanol

pr oduct, |gm§$x§€e%f1dé&a& % l%dt&?g,&gv\# Cﬁ'%%ﬁerﬁ E%%G%(\:% rised mainly

aldehydes an ones and ace are |n products to 25
al kanol s. . fFushérbrwittte rsamegeyr bgermltaniabyepmedupteymrlﬁﬁ atingd. The
anount of h a8 orgenatlom bx:t)roduct i cat ed table I, The experinents

in table I AFoig Y8 Eﬁfﬁf%tprﬁ?@(‘)’f:&l R ?8 P3e 3Mention is more
actliove t owaydisogerhyy of @amtliati ppepsrkicif t4|0aBa50n$ui5)§é@Ie'nt3.Qz art catalysts.

01 FEB 2007 jféaétg% J%sosegled an&)éke contgntg £Lre heated to a
témperature as indicated in table I and maintained at
that temperature for 5 hours. In table I the initial rate
of carbonylation is indicated (in. react. rate). The

15 initial rate of carbonylation is defined as the mean
rate of carbon ﬁonoxide consumption over the first 30 %
substrate conversion. After cooling, a sémple was taken
from the contents of the reactor and analysed by Gas
Liquid Chromatography. The percentage alkanol product,

20 based on the total amount of product, is indicated in
table I. The percentage linear alkanol product, based on
the total amount of alkanol product, is also indicated in
table I. The remainder comprised mainly aldehydes and
ketones and acetals, which are intermediate products to

25 alkanols. Furthermore some hydroegenation byproduct was
obtained. The amount of hydrogenation byproduct is
indicated in table I. The experiments in table I indicate
that the catalyst according to the invention isg more .
active towards a hydroformylation product than some prior

30 art'catalysts.
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NWUKVDb h.~0 WQ@ - WO. [dN8-HUOdOOUm NU A_ Hgri
ro-1 NO1F EB 2007 - 16 Exanple 3, conparative, exanpl es BU%E@BQWM
pentcnoai :e hydrofornylation Exanple 3 and conparative exanpl es C
were carried out ina 350 mMl magnetically stirred dutoclave. The autoclave
was charged with 15 m of nethylpenLep@ate 0,25 mol (56 ng) of Palladium
Il acetate, 10 nml sulfolane an amount of nethanol as I ndi'‘cated in table
1, an ano table Il , an
amount of Ky 8kE  and an anount

of an sulfanunn&brdylaslmmdlcated I n table TI After belng flushed-with

ni trogen, the autoc f ressurlzed\Mtéhcarbon nonoxi de to a partia
pressure of 205BaPPLfid h%fbcf ratiye exemphes, B &g & YEYR0 bar.
Subsequent lgarriBa s@ECINIa IFF miSeRlgRdti8aMh § N iGeReRLSWBEGo heat ed to a
tenperature as indjcated in table Il aminmntmnedaithat tenperature

for 5 hour FhearpEPCLaK® iR Gharadd ¥liAslS thkaf Meshylrenteneatrs of the

reactor ang, agapysed by m{yasoﬂlmlﬂd%owtmm@ 1phRyreaction rate
towards the hydrofornyla roducts is indicated in tabl'e It. This

reaction ravéfpéaﬁéjcﬁmeﬁmQFﬂB/Qﬁ vieghagot has rigiddsatedmdd talyle of or myl ation

product as (id gﬁ%ﬂ@&%.ﬁr d@%‘t‘gteC@W&%p % 1 BMi Ehee gl ps of

pal | adi um an require o conver si on
table II , an amount of hydrochloric acid (HCL) as

indicated in table ITI, and an amount of an sulfonic acid

as indicated in table .IT. After being flushed 'with
nitrogen, the autoclave was pressurized with carbeon
monoxide to a partial pressure of 20 bar and hydrogen to
a partial prassure of 40 bar. Subsequently, the reactor
was sealed and the contents Were heated to a temperature
as indicated in table II and maintained at that
temperaﬁure for 5 hours. After cooling, a 5ampleIWas
taken froem the contents of the reactor and analysed by
Gas.Liquid'Chromatograph§. The reaction rate towards the
hydroformylation products is indicated in table II. This
reaction rate is calculated by dividing the meles formed

' hydroformylation product as determined by Gas Liquid
Chromatography, by the moles of palladium and the time
{hours) required for 100 % conversion.

The hydroformylation products include 6~-hydroxy-
methylhexancate, 5-hydroxy-4-methyl-methylpentancate and
4-hydroxy-3-ethyl-methylbutanoate. The selectivity
towards the desired linear 6-hydroxy methyl hexancate,

-based on the total amount of hydroformylation product is
indicated as the linearity in table II. Paxt of the
substrate was converted to methylpentanoate in a
competing hydrogenation reaction. The percentage
meth&lpentanoate byproduct prepared is indicated in table



The hydrofornylation products include 6-hydroxy- nethyl hexancate,
5- hydr oxy- 4- net hyl - net hyl pent anoate and 4- hydr oxy- 3-et hyl - net h I but anoat e.

The selectivit'' towards the desired |inear 6-hydroxy mnethyl
-based on the total anmount of hydrofornylation product is indi cat ed as the
linearity in table Il. Part of the suybstrate was converted to

nmet hyl pentanoate in a conpeting hydrogenation reaction, The percentage

met hyl pent angat I i C d._i I B 2007 17
1. These egger?rr'r%n %&uﬁﬁt@ S%gfhgh%gglcneih%a (%FEE‘Q Qc?é % Jinvention
al so high reacthemnmmam\mlmis haghhy@kc:ﬁmm;daa:telsomopandlslca of pentenoates
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HwMcouNO1f EB 2001 19 CL Al MS 1. Process for the

hydrof ornmyl ati on of an optionally substituted ethylanically uﬁfakﬁgﬁ®?d
conmpound by reaction thereof with carbon nonoxi de and hydroge

presence of a catalyst systemconprising: 5 (a) a source of group VIII netal
cations; (b) a diphosphine |igand haviigg-t he general formula I X -R X2 (1)
wherein K1 and X2 each independently represent a substituted or

non- substituted cyclic group with from 5 10 to 12 ring atons, of which one
is a phosphorus atom and R represents,a bivalent optionally substituted
cycl oal kene, bri dgi ng group haV|ngEik1ﬁn2Lﬂ4i 16 ring atons, connected to
each phosphorus atomby a :sp2 .hybridized carbon atom 15 wherein the
cycl oal kene group optionally contains heteroatons sel ect ed fromN, 0, P or
S, and wherki n Bxiogessulfori the cnydyefdmmydrsipni ¢f sabsiptidred yi t h one or nore

hydrocarbyIS&HE%QQEtgghg@hphleggiggt g&%n§F gfﬁémggggfqgmnnre hydr ocar byl

groups contal ning héteroat ons™ Se | phur, phosphor us,
oxygen and raadﬂm@anthealdfwhbtm|aafﬂum @m&b&&ﬁkem@dgﬁgﬂﬁb§ﬁﬁ11hatﬁeSUS

tituents attached tﬁ |t cgn n n N, S, al kyl groups or aryl
groups; (c)PxTeREFd®hadi AR-3 emhﬁ&@ﬁféﬂl“% an aqueoys 25 sol ution at

18 Gor a s@it adebuyed bﬂegﬁ@ip \m;ct drad souLess Of halide anions. 2.
in the carbon atoms of the cycl oal kene

Process as ¢lained jn cI wher e
bri dgi ng gr@ﬂ amﬂ+eh°aP% oﬁHﬁﬁF%deGnﬁ PhdspHians fKGmutPe Iconnect ed vi a
an 30 unsaturatedbepd to another carbon atom OlFEBloonI)

wherein X1 and X2 each independently represent a

substituted or non-substituted cyclic group with Erom 5

10 to 12 ring atoms, of which one is a phosphorus atem, and
R represents a bivalent optionally substituted
cycleoalkene bridging group having from 4 to 16 ring
atoms, connected to each phosphorus atom by a ‘sp2
‘hybridized carbon atom,

15 wherein the cycloalkene group opticnally contains
heteroatoms selected from N, O, P or §, and whierein the
substituted cyclic group is substituted with one or more
hydrocarbyl groups containing carbon atoms and/or one or
more hydrocarbyl groups containing heteroafﬁps selected

20 from halides, sulphur, phosphorus, oxygen and nitxogen,
and wherein the cycloalkene group can have sus&ituents
attached to it containihg N, 0, P or §, alkyl groups or
aryl groupsi -

{c} an acid having a pKa < 3, measured in an agueols

25 solution at 18 °C or a salt derived thereof; and
(d) a source of halide anions.

2. Process as claimed in claim 1, wherein the carbon
atoms of the cycloalkene bridging group which are
connected to a-phosphcrus atom are connected via an

30 unsaturated bond to another carbon atom.



-20 3. Process as clainmed in claims 1 or 2, wherein X1 and/or X2 represent

an optionally substituted pho:spha- bicycloal kyl group with at éf@?éB? Llng
atons. 4. Process as clained in anyone of clainms | to 3,, W

di phoshine ligand (b) is chosen fromJ. 2-2, P'bis(9-phosphab|cyclononyl)
cycl opentene; and 1, 2-P, P bi s(9-phesphbabi cycl ononyl) cycl ohexene. 5 Process
as claimed in anyone of claims | to 4, wherein the source of group VIl

netal cati ogs 'P%toacegjso ssog&ggmg%lhﬁq L m%na PI yPr‘grgg eslrps xlainmed in, any

one of clains 1 wherein enica unsa urated conpound is an

al kene conpghgidyg ¥ ﬁéﬁ%&%eﬂtcaﬁb@§tiﬁﬁﬁniy ubbk phesedi dgr@and having the.
general formula Xl 15 X1-R3-X2 wherein X1 and X2 each i ndependently

represent adicyaiealikyid FoHP Héﬁhsﬁ%s]tqatst‘}t SdréD8| 2eORFoup with from5 to 12
ring atoms, 4 of ?’i:‘&'c%@so'é% b§a§m@§0§1{)m}{y‘6%eabﬁnkl§ﬂﬁis Ry d epresents a bival ent

cycloalkene group having from4 20 to'16 ring atons, connécted to each
phosphor us wheraipy the daphhghinei bEapndar(boniat oho s §h afremh the cycl oal kene

group opti-onally gAgLasng hoggasw%&mowﬁ%@%ﬁm% adg OF S and

wherein the suHstltuted ubs ed W t'h one or nore 25
hydrocarbyI1gﬂﬂﬁJGSbaeﬂﬁaphoaghebx¢uniqnnmwélanﬂtbmhexﬁnaar mor e hydr ocar byl

groups cont in|n het er cted fro |ide sulphur phosphor us,

_oxygen and 1tr5%§ﬁss aRd® &ﬁs?%f @y°?8I8g]ig%H“ s% &n have sustituents

attached t owhdredantaienisngzbe 6f g%aup SIIth;tagrcnumbmw is3@ aryl groups. 8.
r|5|n source of group VIII netal cations; and (b) a

di pﬂhg;}n (r:uca)s Y é:&n&%agga%ﬁgﬁﬁﬁ tn claim 7.

Process as ¢laimed in any one of claims 1 to 5,
wherein the athylenlcally unsaturxated compound is an
. alkene comprising at least 4 carben atoms.
7. Diphesphine ligand having the generallformula ITY

15 xl-r3-x2 ' . (III)
wherein X1 and X2 each independently represent a -

substituted or non-substituted cyclic group with from 5
to 12 ring atoms, of which one is a phosphorus atom, and

R3 represents a bivalent cycloalkene group having from 4
20 to 16 ring atoms, connected to each phosphorus atom by a

sp2 hybridized carben atom,

wherein the c¢ycloalkene group optionally contains

heteroatoms selected from N, O, P or §, and whexein the

substituted cyclic group is substituted with one or more
25 hydrocarbyl groups containing carbon atoms and/or one or

more hydrocarbyl groups containing hetervatoms selected

from halides, sulphur, phosphorus, oxygen and nitrogen,

and wherein the cycloalkene gtoup can have sustituents

attached to it containing N, O, P or §, alkyl groups or
30 . aryl groups. '

8. Catalyst comprising:

(a) a source of group VIII metal cations; and

(b} a diphosphine ligand as claimed in claim 7.



