"1 13 July 2006 PROCESS FOR THE CARBONYLATI ON OF AN ETHYLENI CALLY
UNSATURATED COMPOUND AND CATALYST THEREFORE The present invention rel ates

to a process for the carbonylation of an ethylenically uns qi%ﬂ
conpound w th carbon nonoxi de and a cd-reactant and a cata Y24Beref ore.

More specifically the present invention 5 relates to a process for the
preparation of a carboxylic, acid, especially propanoic acid, or -a
derivative thereof HROOESX RGN THE cIARBENYLATIQRr BBNARDEBRYGENISAALYat er

Carbonylation of 10 uiSOARERIRE SO S St 855 TheRBE RPLes ¢ ne
preparation of propanoic acid by reacting ethenewith water in the presence
of a-catalyst conprising 0.1 | of palladjum (tl) acetate, 0.15 I

of 173 PP - i (2 phoSHiaBE o8 o ey it ihy A 64 oFS 1 GRERPPEG CFGR 1508
[3.3.1.1{3.7}) deexbbriznepdns am dh 2tiplembtdyly snspbonateactompbhhene
was fully converted with 100 % selectivity |nt0‘£r%$an0|é aci d a& an
average rate of "itHoFaFoFoNEde\dId A e et 2 bsaRe gpgatalyst

carbonyl ati on ofne2Q e’ enRRid rdde 110 U EPRr €h & i3rovaher i avagt dohn the
presence of a catal yst conprising a specific bidentate phosphine, arsine
or stibihe |igak@latest kics SirFanesSe £q5 Jddiftl RFRPFICAREORr OFpa aFBRROEYEiC

connect ed via agcqeganishediizidyl M S AULLACTSUDSIL L YL! Brb¥Ror

tertiary 25 al kyl groups. In the description a broad variety of possible

bri dgi ng groupsbar semettiiomned. eslhemsugiith reqdeen rgonowidal @Rt WeyrrgPsuUps,
oY EEBSTRRE Aol iR deb e Lo, B S Al ene groups.

R ' WO-A-9842717 relates to the carbonylation of

‘10 uhéaturated compounds. In example 3 it describés the

' preparation of-prqpandic acid by‘réacting‘ethene with
water in the presence of a cétalyst-cbmprising 0.1 mmol
of palladium (II) acetate, 0.15 mmol of 1,3-PP'-di(2-

o phospha-1, 3, 5, 7-tetramethyl-6, 9, 10-trioxatricyclo-

15 [3.3.1.1{3.7)]decyl) propane and 0.2 mmol methyl
sulphonic acid. Ethene was fully converted with 100 % -
selectivity into propanocic acid at an average rate of
1500 mol/mol.hr.’ o

WO-A~0172697 relafes'to-the qarbqnylation ofi

LY

. 20 " pentenenitrile to prepare cyanovaleric acid in the
présence of a catalyst comprising a specific bidentate
phosphiné, arsine or stibine ligand. Ih,this bidentate
'ligand the P, As or Sb atoms are connected'via an organic
bridging group and each substituted with two.teitiary

25 alkyl groups. . S | | '
' o In the descriptibn a broad variety of pbssible
bridging groups are mentioned. Alﬁhbugh, in_passing,'-~
divaleﬁt aryl groups, viz. dixYlyl{ are mentioned,
preference is given to C3-Cg alkylene groups. |

Furthermore a broad variety of possible tertiary alkyl



2 13 July 2006 groups are nmentioned. In passing, it is nentioned that the
tertiary al kyl groups include-cyclic structures, viz. an alkyl substituted

- 2-phosphatricyclo [3:3.1.1{3,7}]decyl group. Preference, hPMﬁle(m is given
5 to bidentate di phosphines containing2non-cyclic tertiary % %4 8roups,
such as tert.-butyl groups. These preferences are confirnmed in the

exanpl es. The u a 5 ,Ga Lo P18 I s 135 P P 16 £ d that
(di-tert.-butyl%ﬁgg ﬁiﬁg% %%%%ﬁéhe as:%§ﬁﬁg%n , Vig. é?aﬁ% elgngnd 8?
results in a 1l0theghertdeayt iadrkylatgreups cormduds onychan shougseres,aviz.
catal yst conprisin - hi L-fert.s_ hut 19“? ' thyl) benzene as a

| i gand, viz. ex%ﬁp %:]t’yé. t’L'I’—"lzjrst C‘jLé:rI‘ltrtr:t‘ier&e 2[ ﬁglou%ge 0 fggggggryst conpri si ng
1,3-bis (di-tefBBulyligllogplidea)yipropmane Eraférgaced, howeves,eianplioeh
(r:gts;: ;:t'jl (r:]o?rpm pﬁ&i&l,%gx_ t‘l %[1 dri% eosa]lp _dinecsoncvoeﬁééfgirggagoﬁbgygiﬁcog:e§tiary

di (2- phospha- 1, 31%y1- Geloupset dctb .8 kediri-axatyl cycdops. These
[3.3.1.1{.3.7}] decyl ) propane as a l.igand, viz. exanple 10._20 WO A-Q185662
relates to a prBE@é?r eﬁr@&ﬁtFﬁﬁlzégﬁﬁﬂfdb§5H§ %?%ﬁ%f%?ny?ﬁ?iBﬁeoP%aa
vinyl -group contakBhR@t cempRURdnglhe pjiect (of-tdet | Avebyiphnowphihe)obtain

a high selectivity fowards the normal product. The h rg- fornglatLon
reaction is carPreR286t aSn 3t Bd INéeTie -0fe %I € af a# Y3t 8 cofBPRSFAgLE Group

VT maigal  and g4 dhRROSRAIAS ol i:gaRd HRNMRINVIWELN® than the use of a
2-phospha-tr|cycﬁo[3.3.1.1{3.2})-‘deoyl groups, connected. by a bridge X A
wi de range of pgessilbisté orPFdsimde L Aditddt eyt eReiT generic formul ae.

hexanc bri geear g BREABrILARRIR I e o g P PRATCeRalRte 1
use of a catal y8t Fuothsirmomg thediusa difca mmialyeet gompei shageladgbiss-
(di-tert-butylphosphino) propane as a ligand, viz.
15 - example 1, results in a higher reaction rate and
conversion than the use of a'catalyst comprising 1,3-PP’-
di(2—phospha—1,3,5,7—tétramethyl—6,9,10—trioxatricyclo—
[3.3.1.1{3.7}}decyl) propane as a ligand, viz.
example 10. _

20 o . WO-A~-0185662 relates to a pr@céss for producing
aldehydes by hydroformylatien of a vinyl-group containing
compound. The object ofrthe iﬁvention was to obtain a
high selectivity towards the normal product. The hydro-
formylatioﬁ reaction is carried out in the presence of a

25 catalyst.comprising a group VIII metal and a diphosphine
ligand containing two 2—phospha—tricyclo[3.3.1.1{3.7}}-
decyl.groups‘connected‘by a bridge X. A wide range of
possible bridges are indicated by their generic fdrmulae.
However, only diphosphine'ligénds having a "ethane",

30 "propane" and "hexane" bridge are specifically mentioned.
The examples disclose only the use of a catalyst
containing rhodium dicarbonyl acetylacétonate and 1,3~
PP’/ -di (2-phospha-1, 3,5, 7-tetramethyl-6,9,10-trioxa-
tricyclo[3.3.1.1{3;7}]decyl) propane.



PP -di (2- phospha-1, 3,5, 7-tetranmethyl -.6,9, 10-tri oxa-

tricyclo[3 3.1.1{3.7}]decyl) propane. 3 13 July 2006 In section 3.2 of his
thesi s "Phospha-adanantanes a new class_of bulky al kyl pho 5 i gands”
(thesis submitted to the University of Bristol in April 20 Bber t
Pugh describes the -synthesis of 5

1,2-P, P -di(2- phosphq—lé%é%i% @?Qﬁ?h&s the51s “Phospha -adamantanes a
6,9, 10-trioxatricycl o] 3. 3. 7} decyl)-o-xyl ene. i cations, are
“indicated for thhew |qg3@@ if\dd@h a ey Jp rdveamidla %slﬂeﬂs%“ef% ‘hebithesis

VO-A- 9842717 ansi,tuhéﬁﬁtw?% EHSUH Ly d oL 0 & 4 0 Sl STRCAOEY 1006 @RC! i on

rates, there is s room | pr ovenent . process resulting in even
hi gher reacti on Rabegt §ugrhei®‘@3éae:m§1h@tﬂ3€1thﬁfmﬂ dtrflgl y the present

i nventi ong provi des »a r ethylenically
unsaturat‘:éd 15 cgﬁ%oﬁgavﬁ%h( 5’9{) ér’fr;her?[)?\lg’xslb déa co- r actant in the
Er gse:]c;a 01(‘1. ahcatﬁzﬁIQyﬂtO—ctmmxastg:chac)[h 3011!]0{33 %}Chetgsrb)upa-\ﬂylﬁmv\;]al , b) Ri

i dent at e di phosphi ne erein
represents a bi vgloeﬁ'lppf1 a&&oqshaﬁr% o]j’eqlh ]tEdZ tijhiﬁ (ignphor us atomto
which it is attached i lah h(ﬂﬁﬁ|p¢dﬂﬁ§ﬁ&§tﬁ&%ﬂescrlbed in WO-A~9842717
Wi ch 6ne o ror 7O AR AL tards P Iy A B B BRE ("2 P

I ch one or nor " .

group); wherein R2aahdoR3 datéanendrivd g aiﬁfbprﬁoo@&ommmptmmmﬂl cal s
of up to 20 atons or jointly forma bival ent radlcal OfElgﬁto 20 at ons;

and wherein- A aﬁdpﬁ?celsr%é'ﬁeqd’&érﬂri%/ e FeTe I BIRT RAT bERTE R 28
aIKy[ene gr-oups + 8¢ R JrRPIRI8M3 130, optional |y substltuted

Accordingly the present 1nventlon proVLdes a process
for the carbonylation of an ethylenically unsaturated’
15 compound with carbon monoxide and a co-reactant in the
presence of a catalyst ¢omprising: '
a) a source of a group VIII metal;
b) a bidentate diphosphine of formula I,
R3
| ) .
| | R > p-al-R-aZ-p-r2 ,' - (1)
wherein Rl represents a bivalent radlcal ‘that together
20 with the phosphorus atom to which it is attached is an
o : optionally substituted 2-phospha-tricyclo[3.3.1.1{3,7}]~-

decyl group or a derivative thereof‘in which one or more
of the carbon atoms are replaced by hetercatoms |
("2-PA" group); wherein RZ and R3 independently represent
25 ‘univalent radicals of up to 20 atoms or jointly form a
| bivalent radical of up to 20 atoms; and wherein Al and AZ
independently represent optionaily substituted-alkylene_
groups and R represents an opticnally substituted '
arcmatic group; and o
30 c) a source of anions.
The processes of the present‘invention results in

high reaction rates.



aromatic group; and 30 c) a source of anions. The processes of the present
I nvention results in high reaction rates. 4 13 July 2006 In the process
according to the invention the ethylenically unsaturated qgg@&gg& S
preferably an al kene having from2 to 20, nore preferably %o 10,
and nost preferably from2 to 4 carbon atons. The al kene 5 can be nornal.
branched or can conprise.a cyclic structure. The.al I se one
or nore double bond np Pe %SSSFE AT odéd 5h§?gaggﬁ%§%%gﬁgggPlnternal
or termnal. |In tbryakkénalldre udsatrire ted cegeouwidnss rpwe £ dvaiel Y emm

om0 ni tr ogeR REBRehaging, 2R 9% AU e nRtr SR B0 STLo

cyano groups; ahkéxﬁiogtotbﬂéfe_&laﬁlﬁﬂirlm 20X ar eifwory HfamPs; Théi aXyene
groups; am no groups.  such as _dinmethyl- and diethyl-amno groups; or
aromat i ¢ )gr oups, C&lcheaBopfady| Prapshpd OF FRThAIBRASYrdUPES-ET ef erabl y

the al kene ContaEE§uB€urE¢tQh%ahgﬁéneEé%mpb%hpﬁiéﬂ|Q%&?S;&ﬁﬁéﬂ@3d@ﬁ$§@e,
propene, 1- or 2-butene, 1- or internal pentene, 1- or internal hexene,

1- or internal hbpRépepel- meleckier AR Sdosse donble bandseamape deReweral
~internal or ternbgakgf%ﬁhghs ghekhas 2 1ReNeReR WY Ifor &N PheYanea ehts may

styrene. Preferre enes. include ethene, propene, 1-butene and
2-butene. Et henka¥ve kepacirgblypcstebar vddier] @S protds 2ackdEWeY FPDhe

Gt ed Mt an PP, SEchd, "IRvERATHSERs"EE BEETEA i dae PIEE BP ases

such as argon. |§rohpsedliybénmsal lsychnsat stk yCo poales i SCYaR@SIroups;

€. g. ethene, alkoxy groups, such as methoky or ethoxy groups; thioxy
groups; amino groups such as dimethyl- and diethyl-amino_
groups; or aromatic groups,'éuch as phenyl, tolyl cor

15 naphthyl groups. Preferably the alkene contains no
heteroatoms. _
Examples of alkenes include ethene, propene, 1l- or

2-butene, 1- or internal pentene, 1- or internal hexene,
1- or internal heptene, 1- or internal octene, 1~ or

20 internal decene, internal or terminal C14¥C13‘olefins,

pentenenitrils, cyclohexene and styrene. Preferred
alkenes include ethene, propéne,-1~butene and 2-butene. -
Ethene is especially preferred. | |
In the process according to the present invention,
25  the carbon monoxide can be used in its pure form or
| diluted with an inert gas such as nitrogen, carbon
dioxide or noble gases such as argon. If the
ethylenicallyrunsaturated compound is a gas, e.g. ethene,
a gaseous mixture of carbon monoxide and the |
30 ethylenically unsaturated compound can be used. If the
co-reactant is hydrogen, a‘gaseous mixture of carbon
monoxide and hydrogen can be used. ' _
The process according to the invention can be carried
out with a wide range of co-reactants, including for

35, example molecular hydrogen, water, monohydric alkanols,



a gaseous m xture of carbon nonoxi de and the 30 et hyl eni cal | y unsat ur at ed
conpound can be used. If the co-reactant is hydrogen, a gaseous m xture of
carbon nonoxi de and hydrogen can be used. The process accordlngzto t he

invention can be carried out with a wide range of co-reactaht® (mﬁcluding
for 35. exanple nDIecuIar hydrogen, water, nDnohydric al kanol's, g 13 July

2006 such as nethan et hanol sopr and - but ano yd

al kanol s, such ass“ecf en[eeq:&%%# gtlhaﬂb{?an O aréni(;é ?lgie?%ﬁlggl{l%f éﬁ&
aromatic alkanOl$ﬂﬂyﬂydxiqﬂﬁﬁkﬁnolﬂﬁrﬁuthHSS@tmmﬂamq qrm¢g&) tumfm@tame—
amdes, 5 such a I eth m n th | _ethy] ene

carboxylic acids, fjfch aé&é’\ér’% é:eartcellt\l é’i"@%ﬁ‘? Lact aré% sp?%(g%no?c
acid. O these, fﬁﬂéﬁ‘d& ;Ap A iyEH 108 Qi ag*é:l:dmﬂii@(ytp@lpup arcbmé ali it Ngmides,
conmpounds, such as water, alkanols and 10_car box gh%ﬁs are referred.

O these, °the hyduslyias GHARNEAR dﬁ’ﬂ?ﬁfr%%i o Jyn"br et r ed
for the prepaﬂmdé¥bd¥yrﬁﬁ*aaedé<>fﬁ&(ﬁkéﬁpﬁéfﬁeétﬂ@ra&ﬁa)vpfvafiefeﬁi@d
hydr oxyl group contai ni'ng conpounds i ncl ude wat er, nonohydric al kanol s

having from 15 Bnh FFoRaisohf &% per nol ecul e, such as’ nethanol ,
et hanol , propanol angfl-hianoln, Ayt G P KN Saf@Vifiro £ ¢ 0 ;201&

car bon atons such as ethylene glycol and ™ 1, 4- butanedlol and pheno Nbst
pref er abl y the cEontedatiag dompeinds, MIGhaHrirees | 3L kaReI2P@R@t in the

presence; §f @  SREEHLINY Se il B0 IR UGS B tﬁé@é‘t'ﬂ'@e Uhpapbey e
yst conprising: a) a source o r
b) a bidentate dmphn&pmqniaﬁnﬁngrnﬂmeundezaremespetxelgyAQrefeyre¢)for
the preparation of carboxylic acids and their
derivatives. Preferred_hydroxyl group containing
compounds include water, monohydric alkanols having from
15 1 to 6 carbon atoms per molecule, such as methanol,
ethanol, propanocl and l-butanol, dihydric alkanols having
from 2 to 6 carbon atoms, such as ethylene glycol and
1,4-butanediol and phenol. Most preferably the co-
reactant is water.
20 The process is carried out 1n the presence of a
| specific novel catalyst. The present invention therefore
also relates to a catalyst comprising:
a) a source of a group VIII metal;

S b) a bidentate diphosphine of formula I,

| -
Rl > PuAl—R—AZ—P—Rz | (1)
25 wherein R1 represents a blvalent radlcal that together

- with the phosphorus atom to which it is attached is an
optionally substituted‘2—phospha—tricyclb[3.3.1.1{3L7}]—;
decyl group or a derivative thereof in which one or more
of the carbon atoms are replaced by;hetereatoms
30 ("2-PA"-group) ; wherein RZ and R3 independently represent
univalent radicals of ﬁp.to 20.atoms or jointly form a

bivalent radical of up to 20 atoms; and wherein al and a2



25 wherein Rl represents a bivalent radical that together wth the
phosphorus atomto which it is attached is an optionally substituted

2- phospha-tricyclo[3.3.1.1{3,.7}]- decyl group or a derivative th geof in
whi ch one or nore of the carbon atons are replaced by heté?dyﬁ&ﬂé 30
("2-PA"-group); wherein R2 and R3 independently represent unival ent

di cal f upt 0_at Lointly f hi-val ent | 20
tom: and wher of ROAPERARTAG Yo *EB ARG 2000 LOMMSRRRT T SpF Scehidde

optionally substgtutips ahkyRerepreiseuns and optrieprasentsulest bpatedal |y
substituted aromatic group; and c) a source of anions. 5 Exanples of group
VI11 metals that 2ER2B&CUSERUPING"Gde Ru, Rh, Ni, Pd and Pt. Preferably a

source of groupc}O gegalirice v¥edniw#Heh as Ni, Pd or Pt, or group 9 netal
Rhodi um, O these, palladiumand platinumare nore preferred. Palladiumis

especi al 1% pr ef er r edEX2WPERENPIEe §TOMPs Yiltldh e tdiSal tiedur<c®s BF ¢ $%%t i num or

pal | adi um conpoungds)gdehras &t ®i0f mRAldROIPM aire il ABIEMA asu 88 bexy! i C
acids with up to 12 carbon atons, palladium or platinumconplexes, e.g
Q;m

with carbon nonexPup &P Eeseyl dGetdvate SUeh Fdl NEdi BA T pilac | ALNI ISP
conbined with a §°Jngg%ﬂﬁh Bl UDE AhAR,| YRIdANYeng Fadt AdhHmfd |)

acetate, palladium enzyl acet one an qu inum (11) acetylacetonate are
exanpl es of prefmoredprageairesoufedd adinm He @spassiphi e pfeferreda |, R

represens an 20 bl Longhl ¢ YRGS ALRREY G U e i Lhgketk Lo

t he pho rus atons Via ["'éne ~grou aromati1c group ca
nmonocycl i ¢ grouppailiaiias tompoexnasplsach pisesyl g aup;pakladpahyeyclic
group. such as  [of, exaNPLE ARy AN NGYs AU 8 oL FHELRT A0Ln(s,
palladium- or platinum.complexes, e.g. with carbon
monoxide or acetylacetonate, or palladium or. platinum
15 combined with a solid material such as an ion exchanger.
' Palladium (iI) acetate, palladium dibenzylgcetone and
platinum-(II) acetylacetonate are examples of preferred
metal sources. | _
In the diphosphine of formula I, R represents an
20 optionally substituted aromatic group'ﬁhich is linked to
the phosphorus atoms'via-the alkylené groups. The
aromatic group can be a monocyclic group, such as for
example a phenyl group; or a polycyclic group, such as
for example naphthyl, anthryl dr indyl group. Preferably,
25 the aromatic group R contains only carbon atoms, but
R can also represent an aromatic group wherein a carbon
chain is interrupted by'one_or more hetero atoms, such as
nitrogen, sulphur or oxygen atom in for example a
pyridine, pyrrole, fﬁran,-thiophgne, oxazole or thiazole
30 group. Most preferably the aromatic group R represents a
phenyl group.
Optionéily the aromatic group is substituted.
Suitable substituents include groups containing
hetero-atoms such as halides, sulphur, phosphorus, oxygen

35 and nitrogen. Examples of such grqups'include chloride,



- 25 the aromatic group R contains only carbon atons, but R can al so
represent an aromatic group wherein a carbon chain is interrupted by one
or nore hetero atons, such as nitrogen, sul phur or oxygen atom.in for
exanple a pyridine, pyrrole, furan, thi7ophene, oxazole or YHHE281% 30
group. Most preferably the aromatic group R represents a_ phenyl group.
Optionally the aromatiLc ¢ S bsti e i u | Nt_$y_

i ncl ude groups 2%5?%}%?hg58ﬁg?ér%§§tg%éﬁéécﬁfagﬁﬁapggégéisEﬁgﬁﬁg% O-H,
phosphor us, oxyge§-35, andonk? ! ogen-oExanplesyof -sug?, greops-xag! uatsi,,
chloride, 13 July 2006 brom de, iodide and groups of the general fornula
-0-H -0 X2, -CupR2 - QB X2, —nGs H ~c§; X2co-0 s X2o-whii2, -cEi&2x3
-NR2X3, ' - NO2, -CN, -Ci)NHZ,‘-CI>NH&2, “CO NX2X3 “and -Cl'3, in which' X2 and
X3, 'nde-pendent'é{mdw@igseﬂﬁ FhakKYk20kadps3hayhagpbheent 140 4epaidamtat ons
i ke methyl, ethyl, propyl, 1sopropyl and n-butyl. If the aromatic group

i s substig uted i&lkglpgebepsabhyvisgbsromutedowidt basbenortmmse lakel mesthigl,
or. cycl oal kyl grouyi, refeiabLg having fr n1;bt§ &0 carbon atons. 10
Sui t abl e groups FheYudePTRRYhyl JSRPROPYLpPBBy R PP&8= "propyl, butyl and

i so-butyl, phenyl anglscygéohesyhtidbbgtoupr ébesabbyithoeevdr, itsheraferatily
group is non- substituted and only Iinked to the alk{Ie e ro§p3 ich '
connect it with $HashhbYpRar Githt BRE. OBr BPERABIY 1y n8L K8 Laky S %%Lﬁ? are
connected at adj@g@u sPO%kéféﬂﬁbl OhavexgnNBkemt hetd andcarpesi itenss. of the
aromatic group. “Preferably the al kyl ene groups Al and A2 are_each

i ndependént Iy a $ewkrbhekgrenesginapudpy Bebbier SERYLen®TOH¥dup 159~
under stood an a'ﬂ§_¥$ﬁ?f ggeyg%ﬁtgﬁariébﬂsuiggm hed?1t @nfl GIVhedhATE HdACh
y .

al kyl ene groups Tan 1ndepen be substituted, for exanple w th alkyl
groups, or non- pubferabigd hevererabthet RECERKYCeAECYPods "aNE bot h non-
: substituted and only linked to the alkylene groups which

connect it with the phosphorus atoms. Preferably the

15 alkylene groups are connected at adjacent positions, for

example the 1 and 2 positions, of the aromatic group.

Preferably the alkylene groups al and Az'are each
independently a lower alkylene group. By a lower elkylene
group‘is understood an alkylene group comprising'from 1
20 to 4 carbon atoms. Each alkylene groups can independently
be substituted, for example with alkyl groups, of non-
substituted. Preferably the alkylene groups are both non-
''''''''' substituted. More preferably theralkyiene groups are both
unsubstituted methylene or ethyleﬁe groups, most
25 preferably methylene groups. ' '
| Rl in the diphosphine of formula I represents a
‘bivalent radical that together with the phosphorus atom
to which it is attached is an optionally eubstituted
2—phospha—tricyclo[3.3,1.1{3,7}]decy1 group or a
30 | derivative thereof in which one or more of the‘earbon
atoms are replaced by heteroatoms.
Tricyclo[3.3.1.1{3,7}]decane is the eystematic name
for a compound more generally known as adamantane.
Therefore, the optionally substituted 2-phospha-tricyclo-



substituted. Mdre preferably the al kyl ene groups are both unsubstituted
nmet hyl ene or et hyl ene groups, nost 25 preferably nmethylene groups. Rl in

t he di phosphine of formula | represents a bivalent radical__that ggether
with the phosphorus atom to which it isgattached is an opﬂﬁdﬁ%ﬁpé
substituted 2-phospha-tricyclo[3.3.1.1{3,7})decyl group or a 30 derivative

t hereof in which e.o e.of the carbon ato are replaced b )
heteroatoms.  Tri L3P of 1 5317 1HSCTY) GEOHRe OF < ot RE Sy Staa: OSHART (i1, be
conmpound nore gen@é@éfyean@wﬂaas"@d@mntgaaag (hkeref orehdsie nanafl y
substituted 2-phospha-tricyclo 8 13 July 2006 [3.3.1.1{3, 7}decyl group or a
derivative ther eo¥TQRP] . BRIrovgherte§heospeCifipAti®foup (as in

2-phosphadani antyl  gpesiperabyoughaub -bhe gsBap! KiCalindhi tRrferdPl dhe tdie
2-PA group is substituted on one or- 5'noré of the 1, 3, 5 or 7 positions
wi th -a noRoval entmo¥@deEarh®51lef 3upSt 0r20 aesistiopsemditablay memowalenty

carbon atons and nore ef er abl of 1.to carbon _atonsg. | es of R5
B ode ot by FREECR] S SR HeOL ot ob0 P o ety o e
preferably, the 100 2=&%b@hospoks aHbskhbrut pde@aranptly of tthedl.e Tartband 7

positions, suitably with identical radicals R5. The 2-PA group has
preferably additianehs heErempl essofoRRednchudet fethyphosphorlus praanln its

skel eton. Suitabl,e heter Ops ., ar. nd Lphuyr <, 15 Suitably,
t hese heteroatonsp%ﬁ%y bunﬁai§8?§%88?i§9§§33°188§SSE#F§%§% 5 ﬁ%é%
preferretlObi val end-rRdycahpi $st seb8t phaspdaen each of the 1, 3, 5 and
1,3,5 7-tetranet hyl -6, 9, 10-tri oxadamant yl group. If R2 and R3 ea

i ndependent |y rept ezemttienyal enitabdyr wdtbalidensficag £adicadisods’ - they
preferably represent phe. 2-pa group has preferably additional heteroatoms °
other than the 2-phosphorus atom in its skeleton.
Suitable hetercatoms are oxygen and sulphur atoms.
15. Suitably, these hetercatoms are found in the 6, 9 and
10 posiﬁions. " '
The most preferred bivalent radical is.the 2?phospha—
1,3,5,7-tetramethyl-6,9, 10-trioxadamantyl group. '
If R2 and R3 each independently represent univalent
20 radicalé‘of.up to 20 atoms, they preferably répresent
| univalent radicals of in the range from 1 to 10 carbon
atoms. The univalent radicals can be aliphatic, aromatic-
or cycloaliphafic, and can be straight or bfanched. The = g
radicals can each independently comprise heﬁeroatoms such
25 as N, 0 and S, but preferably comprise only carbon atoms.
Examples of univalent radicals include hydrocarbyl'groups
such as, for instance, methyl, ethyl, propyl, tert.-
butyl, Cyclohexyl, phenyl, pyridyl, and (substituted)
trimethylsilyl or alkdxy groups. Alternatively, RZ and R3

30 may together form a bivalent radical, such as
1,6-hexylene, 1,3 or 1,4?cyclooctylene.'Preferably, R2
and R3 together with the phosphorus atom form a 2-PA

group as described herein before..Most preferably RZ and



uni val ent radicals of in the range from1l to 10 carbon atons. The unival ent
radi cal s can be aliphatic, aromatic or cycloaliphatic, and can be straight
or branched. The. radicals can each independently conprlse pg&§ &gtons
such 25 as N d and S, but preferably conprise only carbon 13 0 Exanpl es
of unival ent radicals include hydrocarbyl groups such as, for |nstance'

net hyl, ethyl, propy t. YhpeC | ohexyl eny yri and

(substit ut ed) trgﬁe%ﬂgF%ﬁ o?ha|onéﬁaFBﬁS¥PSA$ 8PH£PF@E 5@ EEIR3 30

may toget her fornlaegtygggngorgmtcal such as 1, 6- hexyl ene, 1,3 or

1, 4-cycl ooctyl ene. -Preferably, R2 and R3 together with the phosphorus atom
forma 2-PA group- asAﬂeGQPegbdlhErErﬁfﬁéréﬂeblNBQtabﬁeﬂéPthFhﬁaean@ @ 13

July 2006 R3 together with the phosphghku omforma 2-PA i denti'cal
Lo R - An espect S15PGPERLRFolibBFALH BE e2Bf pRGSHABRELEE ¥1tH BhBsphi ne

‘wherein R and R3pkegghbensWatBmt RerR BhQSPh0§H§u§tQEhEQé&1aa%ﬂpﬁo&%DUp
si‘mlar, and nore preferably identical, to RI wherei n'the 2-PA groups are

preferably cognecpedfeyahlpriﬁenkybyl gtouBf Ptheeenthe PePAt geoRRAare
dompound 10 accortt s E8oEr Ronaerr ke & hERES i L e B kP S esptes

1 to 6 carbon at ofier pmef@fnhlgroaphyhreAameiyaaddahbagénuabbwdentate
di phosphine in the rocess 0 invention s i(2-

Dhosphac 1.3, 5. 7- t ot r RS hyprereraoify FBSatipRyerh.a8 18 &' Eompound |
3.3.1.1 7} dec S | ABS

_E b P ﬁ? (2 phgg%ﬁHE%D%éEE§ ?g?ﬁg%@ %ﬁ PheLaeh! BSrepebekhed L9K3S
6,9,10-trioxatri cyrowps. af 11 1%a. G}Gecbbw atohs, xprefieyabTHempgittigat. at e

Ilgands used in the process accordlng to the invention can be prepared as
described for exanple

- (IT)

A very advantégeous bidentate diphoéphine in the
proceés of the pieseht invention is 1,2—P,Pf—di(2—
phospha—l,B,5,7—tetramethylr6,9;10~trioxatricyclo-

15' [3.341.1{3.7}decyl)-methyleﬁeébenzene {also sometimes
referred to as 1,2—P,P‘—di(é—phospha—l,3,5,7—tetramethyl*
6,9,10-trioxatricyclo[3.3.1.1{3.7}decyl)-ortho-xylene).

The bidentate ligands used in the process according

to the invention can be prepared as described for example




10 13 July 2006 by Robert Pugh in his theses."Phospha-adanmant anes a new
.class of bul ky al kyl phosphine |igands" (thesis submtted to the
University of Bristol in April 2000). Preferably, however, ?@ gé&gntate
| igands are 5 prepared by a process whefein the phosphoruslé % are

I ntroduced via a 2-phospha-tricyclo[3.3.1.1{3,7}]decane group or a

derivative there ' d Vi 3 LKWl ar _hayj ri mar
phosphor us group§$y1%25%$gfg?é%diﬁrgggsgh¥%gsprg%%ﬁ%%%’%ﬁénggﬁ%%ﬁgféiq%ay

| i gands conpri sesciaseeofyhuhkyi alkyépphobphant ddgasyist’hettilesiemEuwnitted

appropriate 2-pho -t I .3, 1.1{3 decane gr.o a derivative
tﬁgregf S reagtéggaﬁ?% ?ﬁ£¥%§%%$ eo%féglazghplTBQEEﬁ&I%Ruﬁ$nbludjng for
exanpl e B, Al and Ga.pt¥fé¢hsisky BH3owsvéb, pthtebiddntiite fliigzindst exrg eaction
can be cagried out_at _a wde range of t eratures. Suitably the :

‘t enper at ur'e Iie§9r$9?¥ﬁ%w%Yr%hBE ??8ﬁ1wﬁggeﬁptg £05PESPISTLS FHAYPS ARE
reaction is carring asduedd tehpes ak upR6spRat-Beiegage [ 3.0 1-.9Q 3,0 ;SR aand
nore preferably from-10 toﬁio C. 20 Preferably the reaction s carried out
in a solvent as sTTHW dte® R_FbWatheer bRREgCAddiastradyPdf &ighap
recrystallised be{®feausgl i frdhs BAPSLGUERD ﬁ?iﬁagysbﬁBsbhb&u% RS .
subsequent synthetic step the group 13" adduct of the _ _
2-phospha-tri cycl o] 3.7e R Tk dahecess gfehpPsrPardag the bddepdadsf is
reacted 1p a fir -iggg ] y : QU _nmetal, preferably
Na or L%? nost ?%é eré%ﬁ?%?#%%%ﬁ3ﬂ?g%§y%?hgﬂgg$ga§FF n can be carried
out at a tenperature Im & Helysihgevntloatig5etept an1appecoppiater riphosahai—ed
out at a tenperatyurie..i -10 o] Y| Iy
preferably'gptem&géﬁiﬁ%é?fﬁzs?ﬁgﬁ?%ﬁlgggg%n%hgrggésP ugbggggre fﬁ%tkﬂun1
-phosphi de i s subddwpreny yis exgaetkd (whtsetbadhydride of a group 13 metal,

including for example B, Al and Ga. Of these BH;3 is

15 preferred. The first step reaction can be carried out at
a wide range pf temperatures. Suitably the temperatire
lies.within a range from -150 °C to 100‘°C . Preferably
the reéction is carried out at témperatureé in the range
for ~50 to 50 °C and more preferably from ~10 to 10 °C.

20 Preferably the reaction is carried out in a solvent as

‘ stipulated below. The formed adduct is preferably '
recrystallised before use in the subsequent second step.'
In a second subsequeﬂt synthetic step the group 13
adduct of the 2-phospha—tricyclo[3.3.1;1{3,7}]decane

25 . group or a derivative thereof ié'reabted in a first sﬁb;¢
step with an alkylated group i A metal,‘preferably Na or
Li, most preferably a lithium alkyl. The reaction can be
carried out at a temperature in the range from -150 °C to
100 °C, preferably carried out at a temperature in the

.30 - range frbm,—loo °C to 0 °C, and more preferably a
temperature from -80 to ~50 °C. The in-situ prepared
lithium phosphide is subsequently reacted in a second
sub~step with an appropriate halogenated arylalkyl group

of the formula

ons
[



sub-step with an appropriate hal ogenated aryl al kyl group of the fornula 11
13 July 2006 HAL - R- A2 -H (IIl) wherein Hrepresents F, d, Br, I, and
preferably d or Br; and Al ,. A2 and R represent groups af‘gﬁégg d herein
before. The reaction can be carried out &t a tenperature in!3 0 nge from
-150 Cto 100 C The reaction is preferably carried out at a tenperature

bellow 0 C, preferably a tenperat grelf rom -82 ;50 C. Preferab I)the

reactions of the second synthetic step-are carried 10 out in a sdl'vent. as
stipul ated bel ow. "PRT&*Phir FePyFRSKEESC Fot &3 -t Be  gloupntB prredteaatilng CIgraatip

is renoved from+tRe.bidgntate dibphosphine group 13 adduct./The renoval of
the group 13 protggfihgﬁg%ouﬁ ganangogvgﬁpgﬁﬁ th TS PSd deitieed heraia

t he second 15 synbhébike.step by refluxing with an am ne. Anines that can
m nes. Suitable, exanples include dialkyl and

be ed incl ude nono-.,Qr pol
tri glskyl ;%ngs wher ei Eg?hgeaéfp(gp GRBuBE pREFEEEbPYthatead femperadnge fimom
1to 6 carbon atgns, rsH§b 8scfl egggleﬁfﬁ@g,%éai&g hy#h%mr”eeactfjgﬁzgi%t hyl am ne

and trimethylamne; triarylamnes such as ri phenyl'amhe; a | am nes

such as diethylp@n@ﬁéﬁmbnﬁ'aaﬂrﬂéﬁEbbv|QBGHY£éﬁF8§étaE@ £¥gbiCo sgructures
contai ning nitrogen atoms such as 1,4 di azabicyclo[ 2, 2,2]octane.. O "these
di et hyl ami ne andPngeﬁﬁhlhyaahempeamEupeefeomedBODtethybaﬂ&nepf§ferab1¥

y

Carricd vt hout oty O coTr B0F SR EPPA LAV TERe £ EpS L eReaF et ed

product &P the thiud isymtdelvenstep s6isubseagentiywpref erably

recrystallised 30 befpre, usg ag & Bhdentate & phosp ne 11 9ang. i ccting
group is removed from the bidentate diphosphine group 13
adduct. The removal of the group 13 protecting group can

| conveniently be achieved directly after the second

15 synthetic step by refluxing with an amine. Aﬁines that

can be used include mono- or polyamines. Suitable
examples include dialkyl and trialkylamines wherein fhe
alkyl groups preferably have in the range from 1 to 6

_ carbon atoms, such as diethylamine, triethylaﬁine,

20 dimethylamine and t:imethylamine; triarylamines such as
triphenylamine;-ary;alkylamines such ésv
diethylphenylamine and dimethylphenylamine; and cyclic _
structures containing nitrogen atomé such as 1,4-
diazabicyclo{2,2,2])octane. .Of these dimethylamine and

25 diethylamine are preferred. Diethylamine is eSpeciallyr
preferred. The second and third synthetic step are
preferably‘carried without‘én intermediate
recrystallisation step. The ‘reaction product of the third
synthetic step is'subsequently preferably recrystallised"

30 before use as a bidentate diphosphine ligand. |

All reaction steps are preferably carried out in a
solvent. Examples of suitable solvénts include saturated
hydrocarbons such as, e.g., paraffins and iscalkanes;
ethers such as 2,5, 8-trioxanonane (diglyme), diethyl-

35 ether, tetrahydrofuran and anisole; sulphones such as



Al reaction steps are preferably carried out in a solvent. Exanples of
sui tabl e solvents include saturated hydrocarbons such as, e.g., paraffins
and isoal kanes; ethers such as 2,5, 8-tri oxanonane (dlglyneb, dl%thyl 35
et her, tetrahydrofuran and ani sol e; sul pipones such as 12 13 JQH%E 9906

sul phol ane, and aromatic hydrocarbons such as toluene. In the first

hetic step halsegemailethsataHdtHebmd kAOESyaSHYERrBSn LI SHLRT QUELhane i ght
nggrgelﬁdeegs aﬁ;givent. A preferred sol vent ?of a?? synﬁh§§Fc°§P§B§ |§“
5 tetrahydr of ur an.tP%s T3 TSurddtdie e oHeep dryleoepated seberatiedgalheses

ani ons may be useduchuiasalibhidtidetinSAisht el 8971 ALE Used. as ourge
of anionsy for exaﬁgle any of the. ég%hs meht 1 oned- a %ve,eah?éhanﬁﬁ PR |
participate i n th® Poedgredbsolvendr digqr \411 setthet Rr edeepsl ysaci ds are

1B | ' ferably
used as arg on SoukgerB@ Ka val ue of less than 6, nore pre
| ess than 5, nEasu?gd ?ﬁ&ggﬁégﬁé solution at 18 C. Exanples of suitable

ani ons are anions of BérBoﬁ?MKGEaQEdamiﬂﬁqﬂugnyundmpdundtgé%%f%%&h? ficé de
sul phoni ¢ acids, g§H¢BnhaSma 5Qaﬂgaﬁlpgquc cid,_tr quoroqgﬁggngggrgggnlc
acid, tert-butane-sulphonic acid, ﬁ-t&lﬁﬁ? ul T F -t -
2,4, 6-trinethyl beazenesed| pgospureei d;f amdﬁma,ogﬁnaugggggﬁi3?$%L?€ ﬁﬁigﬁ e
such as trifluoro I C bd. SQ, CO X_ani ons : It o

t he ani ons gener%tgg%ébrﬁllgg&:g(?ﬂ%lgn%loaﬁ’of” WY &iSP R H3imre invds,
SnF21 SnE@F3SCB) 2saBn€1@f ot h€eftdupWiith Tampre@lli.c  aci d, such-as a sul phonic

; : . 1
acid, e.g. CF3SG3H or SBH or a hydrohal ogeni c acid such as HF of HCI,
or a 25 gonbination o?§%?fﬁﬁ§iya€Fﬂdﬁﬁ?ﬁeaﬁsg §ifolanippamsivesfthasioh a -

conpl ex ani ons argKBFAaludnér3teskSoRdR’ 6CFRSER! pratdraPif 1ess than 5,
| measured in aquebus solution at 18 °C. Examples of
suitable anions are anions of carboxylid acids;

15 phosphoric acid;rsulphuric acid; sulphoﬁic acids, sﬁch as
methanesulphonic acid;.trifluoromethanesulphonic acid,
tert-butane-sulphonic acid, p-toluenesulphonic acid and
2,4,6—trimethylbenzene—sulphonic acid; and halogenatéd
carboxylic acids such as trifluoroacetic acid.

20 ' Also, complex anions are suitable, such as the anions -
generated by a combination of a Lewis acid such as BF3,
AlCl3, SnFsp, Sn (CF3503) o, SnCly or GeCly, with a protic
acid, such as a sulphonic acid, é,g_ CF3SO3H or CH3SO3H
or a hydrohalogenic acid such as HF of HCl1l, or a

25 combination of a Lewis acid with an alcohol. Examples of -
such complex anions are BF4-, SnClj-, [SnCl3.CF3S031- and °
PFg-. |

Preferably the source of anions is a carboxylic acid.
More preferably a carboxylic acid having a pKa of below
30 6, more preferably a carboxylic acid with a‘pKa in the
" range from 2 to 6 and most preferably a carboxylic acid
with a pKa in the range from 4 to 6, measured in aquedﬁs
solution at 18 °C. Preferred carboxylic acids that can be
used include carboxylic acids with up to 15 carbon atoms,

. 35 preferably with up to 10 carbon atoms. Such carboxylic



Preferably the source of anions is a, carboxylic acid. More preferably a
~carboxylic acid having a pKa of below 30 6, nore preferably a carboxylic

acid with a pKa in the range from2 to.6 and nost preferabty grcarboxylic
acid with a pKa in. the range from4 ta36, nmeasured in aqu oWy 2998 ut i on
at 18 C. Preferred carboxylic acids that can be wused include carboxylic

aci-ds with up to 1%ieRr bah MeOWrandhedf ehigraly o tﬁg(fiﬁ]é Qnt) LAy han atons.

Such carboxylic 13 13 July 2006 acids can be branc I near or cyclic and

_ Y
can be sat ur at ed S8EUAGHEELOFr ROBG Satiusmtiess dxagwilesblod sedrtiabdd i ¢ aci ds
i ncl ude pent anoi ¢ cagbdxyii¥akics dach e R0 i | I | cijd. 5
When the process accordlyr]g tg_t he iln\?erlil{a{eo%%ﬁs a&fg? %tcgr&grgﬁg’%gq? Caca}td'
carboxylic acid, PRPPaB&EBoRFHC aagi priopemoipr ecddred source of ani-ons,
such that g he ani ons yRAAPLRXI ' r LI'L,etal are ani.ons of
the carboxylic acid. For EggnE?S?%%EeE?EP%Sﬁy a¥Poﬁh8fagfﬁgﬁé°f0¥ﬂtH?Ed
carbon nonoxi de ah€ Baepereoaprephpeypicpandid; ihid cazrbastyadiageduslie a

carried out using e lLd_asc.a__saurce of anions,,Preferably
essentially no anPg%gQggggnﬁgﬁgggi FoﬁgﬂogéFd§uC§thﬁ§thetﬁ&ﬁopﬁé
carboxylic acid, complexangdeihhvthg grpkp Wighemethanatrbatnebnkheflrhe

carboxylic acid i L ven are presen In the process of the

i nventi on, the,stg?%gﬁﬁyfﬁgt%g%érs%gﬁdefﬁgpiSFW%Bec8?5&99V§?F&ﬁnppédﬁﬁpaéﬁh

act as daction ditheotrbbutmahspids addihheaa|tbip@ébhréobieﬁbnoﬁ%ﬂaQﬁd
y

present. Exanpl es, of addigional iolvents i.ncl ude 20 saturated hydrocarbons
such as, e.g., parafFfhe hRdeCretNl RaFFeedaPut  BEohAeRIGR2RAHCT BFLReAFRe

ethers such as 2,&o8rtei oxaannens. (digkypBblydbskbyl ekhey ﬁBdaﬁﬂbﬁﬁl%E any
sulphones such as, 34l Ponal e fds Ao Bhger than the cacboryiic scid ®
: , '
'i.e. acids having a pKa higher than that of the

15 carboxylic acid in the used solvent,‘are present.

In the process of the invention, the starting
materials and the formed carbbnylatibn product can ac£ as
. reaction d}luent, but also an additional (inért) solvent
can be preseht. Examples of additional solvents include

20 saturated hydrocarbons such‘as; e.g., paraffins and .
isocalkanes are recommended and furthermore ethers such as
2,5, 8~-trioxanonane (diglyme), diethylether and anisole;
sulphones such as sulpholane, and aromatic hydrocarbons
such as toluene. ‘

25 o In a preferred'embodimehtra cérboxylic acid is used
as:a reaction diluent. Preferably a carboxylic acid
having a pKa of below 6, more preferably'a_carbdxylic
acid with a pKa in the range from 2 to 6 and most

| preferably a carboxylic acid with a pKa in the.range from

30 - 4 to 6, measured in aqueous solution at 18 °C. When the
process acéording to the invention is used to prepare a
carboxylic acid, this carboxylic acid is a preferred

_reactiOn dilueht. For example, the carbonylatidn of

ethene with carbon monoxide and water to prepare



25 In a preferred enbodi nent a carboxylic acid is used as a reaction
diluent. Preferably a carboxylic acid having a pKa of below 6, nore
preferably a carboxylic acid with a pKa in the range from2 to 6 and nost
preferably a carboxylic acid with a pKajyn the range from 136%2¢% 6,
measured in aqueous solution at 18 C. When the process according to the

I nvention i s usedpirépBheRal @ fsb ' ' t.hi rboxylic,acid is a,._
preferred reactign,giluent.c%ggquggﬁégit égﬁﬁyﬂéﬁy%%f%gﬁ%% 1Rt ReRRARPLA
carbon nonoxi de af@ida@ér 3t §opvepEre 14 13 July 2006 propanoic acid is

advant ageously carri eda88bni RoRFYRAROL i | vent rbon nonoxi de
partial pressures_in the rgngg o? a%-gérggﬁqaﬁgﬁﬁéﬁ%ﬁﬁwi. éﬁ%arange oF
carbonyl ati on reattfenbps are pssfemiredt.| {heacairedoltatatormoseiat fon is

tenper at urses. Accg 88k e >83S | it ab. arried out_at a
tenperature in the ra%g%¥8FigOc§%9§§§ BP%pangPA AN hSERGTAEE SR ng i n
the range of 50 t®caGVdingIfie theaprboespr dssendsaly a3 i Yok det \u  For
i nstance, 10 the ' n, be,_gcarried ou ith pressyres in the range
of 1 to 100 bar, %%@@%tgggggnlﬁhgﬁ?aﬁSBQSfO%'ph tgp 2 ir rai - RF 894 ed.
The et hyl eni cal | ytempatatates bedpgund 8he eangecadt a0t +af @ s3uid@Eblphe

supplied in a nnyfgaéalio wthin 15 the ringe of 10:1 to 1:10, preferably
within the range o259 (BFI5BU=FDr B 8L 8P aBRY YWHERRA Yt hF oradges toinee 1 t o
1:2 The glantity, then sédctishecantiol yshrisesedt WS tRObretkiliceals ANG JTRY
vary wthin wide |imts. For(ghﬁcéical 20 reasons anounts in the range of
10-8 to 10-1; préfBtHhISL e mel? s oPredsyres ip- theokangeomfoR grooup
VIIT netal per ol ez0f hetgad usad 8- £o4pound can be used.

The ethylenically.unsaturated compound and co-
reactant are suitably sﬁpplied in a melar ratio withinr
15 - the range of 10:1 to 1:10, preferably within the range of
5:1 to 1:5, more preferably within the range of 2:1 to
1:2. ' v
The quantity, in which thé catalyst is used, is not
critical and may vary within wide limits. For practical
20 . reasons amounts in the range of 1078 to 10-1, preferably

in the range of 10‘7 to 102 mole atom of group VIII
metal pér mole of unsaturated compouhd can be used.
'Fgr the preparation of the'catalySts of the
invention, the amount of bidentate diphosphine ligénd can
25 be applied in some excess of the amount of the group VIII
" metal, expressed as moles of ligand per mole atom of the
group VIII metal. _
Preferably the amountlof ligand is selected such that
| per mole ‘atom of the group VIII metal 0.5 to 10 moles of
30 ligand are present. More preferably the molar amount of
bidentate diphoshine ligand per mole of group VIII metal
is in the range of 1 to 3, and most preferably in the
range of 1 to 2. In the presence of oxygen, slightly '

higher amounts can be beneficial.



For the preparation of the catalysts of the invention, the amount of
bi dent at e di phosphine |igand can 25 be applied in sonme excess of the

anount of the group VIl netal, expressed as noles of IigaqSJ_FE @?Ie at om
of the group VIII netal. Preferably th& anpunt of ligand i €28 ed such
that per nole-atomof the group VIII nmetal 0.5 to 10 noles of 30 Iigand

are present. Mre prefke ahguntheofiothe ambont sofirbedeayatary widely

di phoshi ne. | i gan Vi1l net is.in the range of 1 to 3,
and nost preferagéiﬁé%@¥%§ ggéﬂ%%y@ r1£¥% §§9#9¥Y%ﬁ8 BFéderce of oxygen,
sLight!y hi gher %mmmkﬁanemuslﬁethﬂeféagaionlﬁraﬁudﬁlyrZEQ@ Eagr@gggghtobg
t he ani on source Y W y pendi ng on whether the carboxylic aci
is sinuLtaneousI%Eﬁ#&fg%éﬁﬁﬁ %ﬁ%@uﬁ? %rg?ﬂEeEB=r€%EtEﬁPCBFC31 reasons
simul tanebusly ustk asneursoloRndoulres f a&hicas §8a8ONSeakBe0aBOHAY Qf ey

source of anions “%hat east: OW?BﬂPles er nole of group VIII netal.
Preferably the afSunt Uf Fdite dilohs: VvBFEERT2RL Y Ehagemprsth ofsseyrce

107, preferably m; w06 Jwl e.of group, W metal . The
process accordi ngdcﬂtr oﬁqlhjoé{sfnventélggnﬁiaage%ae‘{@%rﬁ%ra (ioéloiﬁ? %chhpﬁpgggfably
seni - cont i nuous! ¥ rand 1IcaRy iTHfOWE Nes Ider el PTOEES oS GREE! £t Yt

on

sem -conti nuously, appropriate additional amunts of" car nonoxi de
and/ or ethylenically HPCESS] ACSRISHME dird/ e denrenlciemt canebe carried

BIETST S0 s cen senc SR an il o kil ot

pr oduct p¥eparegtﬁﬁ Pﬁ@cﬁﬁ@cé§scﬁﬁﬁ%ﬁdﬁQR$t&ﬁminpdnﬁ&nmomwﬂpana%pruﬁeﬁaté

2 vide range of ~apBliERb0BRouHE AR ©INBAIA loRLEl &I T4tk gypodi ment the 20

process according to the invention i's use o prepare a ‘

: ‘ ethylenically unsaturated compound and/or co-reactant are.
preferably added intermittently at appropriate stages in
15 the process. Preferably the process is carried out

continuously.

The carbonylation product prepared in the process
according to the invention can be used in a Qidelrange of
applications. In an especially preferred embodiment the

20 process according to the invention is used to prepare a
carboxylic acid by carbonylation of -an ethylenically
unSaturated.compouno with .carbon monoxide and water. The

_ prepared carboxylic acid can ,in turn be uséd for. the
fﬁi - - preparation of a carboxylic anhydride by carbonylation of
- 25 ‘an ethylenically unsaturated compound with carbon |
monoxide using the carboxylic acid as a co—reactant.

The invention therefore also provides arprocess for
the preparation of a carboxylic acid and its
corresponding carboxylic anhydride comprising:

30 A) carbonylation of an ethylenically unsaturated
compound with carbon monoxide and water in the presence
of a catalyst according to the process as described
herein, to yield.an cafboxylic acid;

B) carbonylation of an ethylenically unsaturated

35 - compound with carbon monoxide and the carboxylic acid



-carboxylic acid by carbonylation of an ethylenically wunsaturated conpound
w th carbon nonoxi de and water. The prepared carboxylic acid can in turn
be used for the preparation of a carboxylic anhydride by carbonyl ati on of
25 an ethyl enically unsaturated conpoundéwi th carbon nnno%ﬁd@YGéWhg t he
carboxylic .acid as a co-reactant. The invention therefore also provides a

process for the poepaiatdonnoktapcanbaxykhe agieGend ids din

car boxylic anhydrige ongrisigg: iQ A) carbqulation of é%qg?%§ﬁ@%?tévgy
unsaturated conpBtRE Wt EhCEAPEEN I AEnaRNYErARE -water in the presence of a
catal yst according torhdecpratese ag despr phed =Y t i el n
carboxylic acid; B carbpnglat?on.of an gth?leﬁi??ﬁ??%i%%tiﬁzﬁékﬁiﬁ?t
conpound wi.th cartPdPTbitR¥de and the carboxylic acid 16 13 July 2006

obtai ned bn step #) i dberPe eSENGE t . to yield an carboxylic
‘anhydride. The catalyst in step B ?gép?£$2r§%¥§&é catal yst conprising: 5
i) a source of gr%ﬁh)aﬂRh°$ﬁ%@I@Si¢9naaphbsghbigand@nhaaning i gand; and .
iii) a source of jgnijons, Jhe-sousee oup VIIl metal i) is preferably a
source of group VIIR nmet al agé%eéﬁr?ﬁéag%éreinbefore. 10 The phosphorus
containing |igand ii)Thes smufes abf ygroupi NI ahet di phoshisnprePeetenied

U0 A 0172697 and Lhete 1 GomR & BTEHESEH s dedcribed hereinberore.
EspeciaFl@_preferredTbﬁdGﬂtﬂmﬁhﬁﬁuﬂﬂﬁﬁﬂﬁimﬁiﬁ@ciﬂ@QDéSii) is preferably a
oxat | oyel ol 3. 5. £ LT PG Bo Lt R4 0 idgntate iphosphines
phospha-1, 3, 5, 7- tletiadet hlosk Uekbritaxatd WY.CA-09842717 and WO-A-0172697
and those bidentate diphosphines described hereinbefore.
Especially preferred bidentate_diphosphines-include
1,3—P,P’—?i(2—phcspha-1,3,5,7-tetramethyl~6,9,10-tri—
oxatricyclo[3.3.1.1{3.7}]decyl)pr0pane and 1,2—P,P'—di(2-
phospha—1,3,5,7—tetramethyl—6,9;10;trioxatricyclo—
-[3.3.1.1{3.7}]decyl)—methyleneubenzgne (also scmetimes
referred to as 1,2—P,P'-di(2—phospha~l,3,5,7—tetrameth§l—
6,9,10-trioxatricyclo[3.3.1.1{3.7}]decyl)-ortho-xylene) .

The source of anions iii) is preferably a source of
anions as described herein before.'The carboxylic acid as-
prepared in step A) is especially preferred as a source
of anions. In a preferred embodiment essentially no
anioqs of any additional acids "stronger" than the
carboxYlic'acid; i.e. acids having a pKa higher than that
of the carboxylic acid in.the used solvent, are present.

The ethylenically unsaturated compound in step A) or
in step B) can independently be any of the 'ethylenically
unsaturated compounds mentioned herein before. The
ethylenically unsaturated compound in step A) and step B}‘.
can be the same or different.

| If the ethylenically unéaturated compound in step A)

and B) are the same, a symmetrical carboxylic anhydride
is advantageously obtained in step B).




[3.3.1.1{3. 7}] decyl ) - net hyl ene- benzene (al so sonetines referred to as

|, 2-P, P -di (2-phospha-1, 3,5, 7-tetranet hyl 20

6,9, 10-trioxatricyclo[3.3.1.1{3. 7}] decyl )-ortho-xyl ene). The.saource of
anions iii) is preferably a source of &hions as described HdPEiZ%%ef ore.

The carboxylic acid as- prepared in step A) is especially preferred as a

source of anions. |nIn pneéspeetlatbpopreestredsenbbalih¥nfotls ani ons of
carboxylic acid, i.e. acids

any additional acl ds "étiongir" thag t he é . _
having a pKa hi gher Y hant TRAFY of R ERAEUERF BOXGPRROSRAGIPNSERR Adeansoiwent ,
are present. These¢pyBepnisabtyenssatnrehed €9580PREphAosteAAY Qhai N Step
B) can i ndependent| 0 et hyl eni cally 30 unsaturated conpounds

¥ be "any of %-hﬁ' : . :
ment i oned her ei n BEFRPROLTHERNEiRYFRnpERl Pt ahrad urht BégRorpaGhdonnretes A

and step B). camub® ihegoedes@iesiifefent. If the ethylenically
unsat urated conpound |n §$§§ A) and B)  are the sane, a symmetri cal :

carboxyl i ¢ anhydri de TR% §lshakattakty uarsabprateddcempewed. By. stEp1a) Jahy
2006 In an especigy |yamwref &6 risd éﬁ@%&%r@ﬁﬁht{ﬁé?eéP%¢§9iff$l¥sgﬂﬁgEHE§é§dd
n a aci

conpound in step A) and in step B) is ethene. S case propanoi T
and propanoi c arffiReHEL b i idel ks obiyhinedcinontemt®s. 5 and in good

21 S0 be. chosen Such LHal & ebas I Aty (Lo o pesg 1 kOURRY B PED FOd
obt ai ned1Pn st ep Messumt iane @refieiansy fas desgrB)ed echgreimenpefater foand
10 pressure, areéyegj %)a.bl y as described herein before for step A). Ther
process steps A an can be carried out in a wde range of solvents,
i ncluding the ones ndlitd @redesersiaphafjorand Befamiby cdvpsed)oandiB)aare
‘cartied out  i4e range of solvents, including the ones mentioned
‘herein before. Preferably steps A) and B) are carried out
15 . in the same solvent and most preferably the solvent in
both step A) and step B) is the carboxylic acid as
prepared in step A). | .
The present invention advantageously ailows steps A)
and B) to be carried out simultaneously, for example in
20 ‘,_one reactor. In such a process caxboxylic anhydride can
advantageously be prepared at high rate and with good
selectivity using as starting compounds an ethylenically -
unsaturated compound, carbon monoxide and Wéter;
gg; An carboxylic anhydride prepared by this procesé can
25 be used for various applications. In a preferred |
- application the carboxylic anhydride is used as an
acylation agent. The carboxylic anhydride can for example
be used in the acylation of aromatic alcohols such as for
_ gxample phenol to prepare the correspbndihg carboxylic
30 ester. Another example is the acylation of amines or
amides to respectively amides or imides. By acylation of
diamines such as ethylene diaminé and propylene diaminé,
bleach activators such as respectiﬁely tetra acetyl
ethy;ene diamine and tetra acetyl propylene diamine can

35 be prepared.



15 in the sane solvent and nost preferably the solvent in both step A and
step B) is the carboxylic acid as prepared in step A). The present

i nventi on advant ageously allows steps A) and B) to be carﬁleé 28@% _
si mul t aneously, for exanple in 20 one rggctor. In such a praa ] rboxylic
anhydri de can advantageously- be prepared at high rate and ‘Wi th good

selectivity using as BharbrBgaceePRURES et ungfturate L th
-conmpound, zarbon nDnOX|de§ang wat er . xgnfb Q%*IC an yd%lde prep%?%ﬁ Vl

this process can 26°b&Cuagdds ép @aﬁﬂ@&dkﬁﬂﬂumuﬂaant;onrtq1mme§&wéedceﬁlc
o | O anie - abpayiag, B uBhbienks Wi 33 WndWNSL | 20EN e e

car boxylic anhydride can for exa used.
.alcohors such as @%ﬁaé&anple phenol to prepare the correspondlhg carboxyllc

30 ester. sAnot her exafgpl e 5o hbp, FoRS yfﬂ‘;'t A8 he Tl Y i Pt hyl ene

respectively am des or
di am ne and propyf@&kpwhmm1nen lbhiathgaekewpliess such as respectively

tetra acetyl et ne_and.tetra acetyl propylene diam ne can 35 be
pr epar ed. {8 13 &6%§£§5ggggée~%$$%%ieé carboxyl i ¢ anhydride can al so react

with -acetic acid |nAmwﬁpndmlﬂv@nwaga@haﬁgeaosprﬁ@a$ﬁg§%§ﬁ£%I%%y%&wqQ§%mﬁ

d which i t her f |t to obtain
gg”???ﬂstraigd baﬁﬁh ’ ﬁ%ﬁf %% ﬁ%ﬁ PREhe 130y Luhwpnesl tbﬂpﬁ?étﬁvéZexanple

A An aut pgl ave 3505 cid 9.1 ol
Pd(QAC) 2 and 0.1 dﬁﬁ%%@@S PH {gég%ﬁ%&ﬁyf b 9, §0n%rloxa 1cy5ﬁo
phospha- 1, 3, 5, 7- t@iﬁhdeﬂﬁﬁ-lﬁEﬁémylr|pma@aneycAﬁtek3b§1ﬁgl&3uéhk@30%5b

propane. After bejpgflushed  th %t pressurized with a partial pressure of

15 bar carbon monoxide and 10 bar ethene. Following

sealing of the autoclave, its contents were heated to a
15 temperatﬁre of 100 °C and maintained at that temperature
for 1.5 hours. After cooling, a sample was taken from tHe
' contents of the -autoclave and analysed by Gas Liquid-
Chromatography. The average rate of the reaction,
expressed as mol product per mol Pd per hour, was also
20 calculated. The average rate of reaction is defined.as
' the mean rate of carbon monoxide consumption during a
period up to exhaustion of either one of ethene or carborm
monoxide.
Ethene was fully converted with 100% selectlv1ty into
25 ' propionic acid at an average rate of 2500 mol per mol Pd
per hour (mol/mol.hr). The average rate of reaction was
defined as the mean rate of carbon monoxide consumption
during a period up to the exhaustion of elther one of
s ethene or carbon monoxide. '
30 Example 1
Comparative example A was repeated, hdwever using
0.15 mmol 1,2—P,P'-di(2;phospha—1,3,5,7—tetramethyl;
6;9,10—trioxatriCyclo[3.3.1.1{3.7}decyl)—methylene—
benzene instead of 0.15 mmol 1,3-PP’-di(2-phospha-~-
35 1,3,5,7-tetramethyl—6,9,10-trioxatricyclo[3.3.1.1{3.7}]—



aut ocl ave was next pressurized with a partial pressure of 15 bar carbon
nonoxi de and. 10 bar ethene. Following sealing of the: autoclave, its
contents were heated to a 15 tenperature of 100 C and nmuai ntai ned_at that
tenperature for 1.5 hours. After cooling, a sanple was tak Ul Pt he
contents of the autoclave and anal ysed by Gas Liquid Chronatography. The
average rate of thkleayddctpramaneexprdessah@sl ("Ha Pl Pesr M - rbon
hour, was al so 20mpalcuh%%e&%'The.av rage rate of reaction is defined as
the mean rate of CarfeérSfon edé?‘“&:&?g@r‘(ﬁ "&F AralRg @ftserilodhanr to
exhaustion of either @ndeat @bReFRi0ky GanRQT DML ReNE MBS, f | Yt o
converted with 100% sel ectivity into 25 propionic acid at an averag et e
of 2500 nol per nBFOBOUEr ARGGr AtnBrY RVEIMIE TRte ferldd ) acl /foX dact i on
was defired as tgempBaathidterRbmpakb@n nonoxi de consunption during a '
period up to the exhaustion of erther one of ethene or carbon nonoxide. 30
Exanpl e 1 Conpar at i veE8RERpRe Ll AWRESs TEPpatEdd, hovwweer usdingg 0.0.51 ol
1,2-P, P -di (2- phogppa -f= = - _ L
6,9,10-trioxatricigFo?%égéﬁ.%{%E%?gg§§g¥bﬁgfﬁyPg%gylﬁgﬁzgﬁ@%ﬁﬁﬁ%ﬁh?ﬁﬁe%ﬁ15
mrol 1, 3- PP -di (20ph@sphamssl 1,2-P, P'-di (2-phospha-1,3,5, 7-tetramethyl-

1,3,5 7-tetranet hyl g6 8.10-f LI icycLo[,3.3 1{3..7 0 15 20 25 30 35
19 13 July 2006 d%t%I}8p%gbg%égg%é§ég¥ié'%ol'ﬁiﬁoﬁﬁéé%b%ﬁéoaéw ERsve Thes
100 - autoclave was cooled after 5 hours.

Ethene was converted with 100% selectivity into |
propionic acid at an average rate of 800 mol/mol.hr.

Example 2 (Semi-continuous)

‘ Example 1 was repeated, however using 32 ml instead
15 of 5 ml water and 20 bar of an 1:1 gas mixture of ethene
and carbon monoxide. The gas mixfure was introduced to
the autoclave 30 times in portions of 5-15 bar over
2 héurs at a process temperature of 100 °C.
Ethene/CO were ‘fully converted with 100% selectivity

20 _iﬁto propionic acid at an average rate of-
10000 mol/mol.hr. |
Example 3

An autoclave was chafged with.15 ml methylFB—
Tﬁ% pentencate and 40 ml toluene as évsolvent, 0.1 mmol
25 _ rhodium dicarbonyl acetylacetonate and 0.15 ﬁmdl
1,2-PP’~di {2-phospha-1, 3,5, 7-tetramethyl-6, 9, 10-
trioxatricyclo(3.3.1.1{3.7}]decyl)-methylene-benzene.
After being flushed, fhe'autoclave was next pressurizéd
with a partial pressure of 30 bar carbon monoxide and
30 30 bar hydrogen. Following sealing offthe autoclave, its
contents were heated to a temperature of 100 °C and
maintained at thét temperature for 1 hour. After cooliﬁg,
a sample was taken from the contents of the autoclave and -
analysed by Gas Liquid Chromatography. Conversion of

35 methyl-3 pentencate was 100%. The Selectivity towards




Ethene was fully propionic acid at an Conparative bar instead of 15 bar
cool ed after 1 hour. carbon converted with 100% sel ectivity into average

rate of 10000 nol/nol.hr. Exanple B. . Exanple 1 was repeated, howeve
using 0.15 mmol 1, 2-bi s(di-t-butyl phospi no) - net hyl ene- beriz”éH‘é‘zof’%stead

of 0.15 mmol 1, 2-P, P -di(2-phospha-1, 3,5, 7-tetranet hyl -

6,9,10-trioxatriqyx§ 3. me 7 cyl | eng. _The_ autoclave was

cool ed after 5 hours éjhene SE%%ﬁ%%r%e§EW%?ﬁ goé@ﬁs@TgﬁFWV#tVEtﬁﬂé

E)rsopl oni ¢ acid a?%tmélr.a&%, of ﬂﬂﬂnymlrﬁémﬂzyhrpen’ééﬁggtr% 39,43 agd f'
em - cont i nuous ea wever. usin instead o

5mM water and 2 ba?@fl gjen]‘_@ %}s)e n'ix(?%rre'r F 2V RERES E%Eecaﬁbﬁﬁnﬁﬁﬁeipde

The gas ni xture \k/@yalrltﬂlsrctdmmlpn(bddchfs 3 HC 0@ ﬁ@loﬂaéPsmbI' ﬁHr%%Qnﬁoﬁg:

5-15 bar wver R\rsf a @%grocess tenperature of 100 C. Et hene/ wer e
fully converted Wi % TS5 I'ectivity .into propionic acid at an average

rate of 10000 noEkambllr 4 (Bxawpes i Aﬁ;‘ aut €. % t 55 .
nmet hyl - 3- pentengaze ang 4RE)S§ tol ueng as azo?o?%//erﬁ@% T Tr%?‘? V\?..gu.%unﬁ

di carbonyl acety 3 D5 tpimxatricyclo[3.3.1.1(3.7}decyl) - |
1, 2- PP - di ( 2- phospbBRyledeSbehzkaknanet hyl -6, 9, 10- ,
trioxatricyclo[3,3. 1, 123. 7rTaecyr)-net hyl ene-benzene. After being flushed,

t he autocl ave wa i Zéd "with a partial pressure of 30 bar

carbon monoxi de and 8§ Ragohydieges Hobhow ng §e§|§uh5get£§h§H§Qf|ave

its

6,9,10- trloxatrlcyclo[3.3.1.1{3.7}]decane hydride (H—PA)
(13 g, 60 mmol) in tetrahydrofuran (40ml) was added a 1 .M "
solution of Boron trihydride (73 mmol) in tetrahydro-’ ‘

furan over 5 min at 0 °C. After 4 h stirring at roocm

15 ' temperature (20 °C), the solvent was removed and the
crude product was recrystallised from the minimum volume
hot tetrahydrofuran (20 ml) and washed with hexane
{2 x 5 ml) to afford 2-phospha-1, 3,5,  7-tetramethyl-
~ 6,9,10-trioxatricyclo[3.3.1.1{3. T}Jdecane borane
20 (H-PA.BH3) as colourless crystals. Further product was
obtained by :ecrystallisation of the filtrate from hot
tetrahydrofﬁ:an (7 ml). The yield of H-PA.BH3 was 86%
Pased on H-PA. | - | ; (o
Synthesis step 2: |
25 To a solution of H-PA.BH3 (3.67g, 16 mmol) in

 tetrahydrofuran (40 ml) was added hekyliithium (6~4 ml
(2.5 M), 16 mmol) at -75 °C. After stirringrfor 1 h,
a, 0’ —~dibromo-o-xylene (2;1 g, 8 mmol) in»tetrahydrofuran
{20 ml) was added at -75 °C and the reaction allowed to
30 ~warm to room temperature. After 3 hours, diethylamine |
(3 ml, 28 mmol} was added and the reaction refluxed for
2 hours. After cooling, the solvent was removed and the

crude producf dissolved in toluene (60 ml) and washed

with water (4 x 40 ml). The solvent was removed td afford



contents were heated to a tenperature of 100 C and nmaintained at that
tenperature for 1 hour. After cooling, a sanple was taken fromthe
contents of the autoclave and anal ysed by Gas Liquid Chromato h
Conversion of methyl-3 pentenoate was 300% The sel ecti vi t9J'E%6\Z§‘P%s 20 13
July 2006 2-forny rreth gent anoate was 3,5% 3-fornyl nethyl pentanoate
51:3% 4 fornyl %en hh%aPEO%Bh@,ﬁ/aa%dS57fbehyampéhy&n6a9em—0% The
average rate of Gofw d h

per hour (ol / ol ; hﬁﬂ%%%‘-’m T hesPLPaELE) ey e hEent
ha-1, 3,5, 7- tetraﬁﬁa-t%ygr -'9%)loa$r$owa1tec$©lbqi3(3e& t}{xesi’;sdbgyRﬁzbert Pugh

nmet hyI ene- benzen i tiQ f.
2--phospha- 1, 3, 5, ggtbe?%{irgpnﬁh?ﬁ SE%QQ 'b‘}%)rl oxgt?f g’éf%?gf i ‘i\??lf}fgggaﬁ@r
hydri de (51—PA) (1@8:{gﬁhmwn)zatnmzelral’iy@mipmeasphﬂﬂem)lawabeaﬁdeaharl M
sol ution of Boro ntetra furan over 5 mn at
0'C. After 4 hs #%ﬁ%%tﬂfo%%‘?ﬁg?%%? E R %%I“C}"etlf“‘ﬁléo olvent was -
renoved and the . crude product was recrystallised fromthe m ni nrum vol une
~hot tetrahydrofuran (20 m) and washed with hexane (2 x 5 m) to afford
2- phospha-1,3,5,7-tetranethyl - 6,9, 10-trioxatricyclo[3.3.1.7.{3.7}]decane
borane 20 (H-PA BH3) as colourless crystals. Further product was obtained
by recrystallisation of the filtrate fromhot tetrahydrofuran (7 ml) . The
yield of H PA BH3 was 86% based on HPA. Synthesis step 2: 25 To a
solution of HHPA. BH3 (3.67g, 16 mvl) in tetrahydrofuran (40 m) was

added hexyllithium(6-.4 M (2.5 M, 16 mol) at -75 C. After stirring for




a,a' -di bronp-o-xylene (2.1 g, 8 mol) in tetrahydrofuran (20 m) was added
at -75 C and the reaction allowed"to 30 warmto roomtenperature. After 3
hours, diethylamne (3 m, 28 mml.) was added and the reaﬁ§£@ gfluxed
for 2 hours. After cooling, the solvent was renoved and th #8 pr oduct
di ssolved in toluene (60 m) and washed wth water (4 x.-40 m). The

sol vent was renoved to afford 21 13 JA2y 2006

1, 2-P, P -di (2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-

trioxatricyclo[3.3.1.1{3. 7}3decy|) net hyl ene- benzene (3 9.9, 919 as a
white solid (see thesis ,Rabe ) e sgty of
Bristol in April 2000.f oo~ ' ot Te shosphtfe nay be
further purified by recrystalllsatlon fron1nethano| 13 July 2006 .
AMENDED SET OF CLAIMS 1. Process for the carbon | ati_on of En etq¥%®ﬁ_cally
unsat ur at ed con'éoun(?r\mqelﬁscé%rf-hﬁ)rﬁﬁﬁ BRI & ’BOOfréacFﬁ ylep

presence of a c I G, ) 0, f | 2metl; 5 b)
a bidentate d|p%§§§ﬁﬁﬁ?<ﬁ f%ﬁﬁgﬁhnéinkﬁ 85£§0H ménngHB Mbh a(I) wher ei n
RL represents arkacalagrtt unmhhﬁﬂpnéﬁﬁnQQQQfh@rcahﬂlhstheoﬁﬁésﬁh@@uS atomto

which it is attached is an %gglonal

2-phospha-tricy8lo[ 3. P 3 °A ] %ﬁsﬁ#iij a derivative thereof in
whi ch ong or nopg 18 @fi delf 4@ ROIpAISBTE iﬁﬁfbfep6ﬁmﬁﬂaby,heteroatons
("2-PA" group); wherein R2 and R3 |ndependently represent unival ent
radicals of up to 20 atons or jointly forma ®Pval ent radical of up to 20

atons; and wherein Al and A2 independently represent optionally
substituted al kyI ene 15 groups @nd, R renresents ﬁﬂ optionally substi ed

wherein R1 represents a blvalent radlcal that together
with the phosphorus atom to which it is attached is an
optiocnally substituted 2—phospha-tricyclo[3.3.1.1{3,7}]—
_ decyl group or a derivative thereof in which one or more
10 of the carbon atoms are replaced by heteroatoms,
("2-PA" group): wherein R2 and RJ independently represent
univalent radicals of up tb\20 atoms or jointly form a

bivalent radical of up to 20 atoms; and wherein Al and a2
independently represent opﬁionally substituted alkylene
15 groups and R represents an optionally substituted
aromatic group; and
c) a source of'anions,
2. Catalyst comprising: _
a) a source of palladium7or rhodium;
20 b) a bidentate diphosphine of formula I,
R3
| :

Rl > p-alop-pa2_p-R2 | (I)
wherein Rl represents a bivalent radical that together
with the phosphorus atom to which it is attached is an
optionally substituted 2-phospha-tricyclo[3.3.1.1{3,7}]-

decyl group or a derivative thereof in which one or more



aromatic group; and c) a source of anions. 2. Catalyst conprising: a) a
source of palladiumor rhodium 20 b) a bidentate di phosphine of fornula I.
R3 R > P-Al-R A2-P-R2 (I) wherein Rl represents a bivalent radical that
together wth the phosphorus atgmto which it is attachedlﬁ§u§ﬁ0@%tionalIy
‘Substituted 2-phospha-tricyclo[3.3.1.1{3,7}]- decyl group or a derivative

t hereof in which one or nore 23 13 July 2006 of the carbon atons are
repl.aced by hetefothensatb@nPAtomsoap)e; nepdresiad Ry drett ®Boahdmpendent.|y
- represent univalent radicals. of up.toFéﬁ aton§3or jointly forma

bi val.ent radi cal"2fP&D gooRp) at whereand Rthansl R-A LngrPepdent hjepepdenant

- : ' | ' 1 kyl !
opti onal |y SubSERTTR L CaF BHACRESgPOURD B2, et W EAREgntosy =

catalyst as cl qipthLh CLaRm21 wheld RRBAREJRS: Jhd R AELnVALN ahGe A2
phosphorus atomTforma 2- group 1i1dentical to RL. 4. Catalyst as clained
in clai813“\Muﬁmﬂepemmentﬁgnrapeasdhph@p¢MQm§hky substituted alkylene
Lotramst hyl - 6. A0S | 3 B EERFGPERSS: oF SPHiGARHYY qebstituted

net hyl ene] - benzgrgmaic (@Eahystana clainmed in any one of clains 2 to 4,
wherein the source of antons is a carboxylic acid. 6. Process as clained in

claimi1, wherei® tHe TUBFseLidanaonsgtal yst according to any one of clains
2 to5 20 7. Process as clained in ¢glaim1l.or 6, erein a,garboxyhic
acid is used as°a ﬁﬁﬁﬂf&ﬁFd??u@ ?;meﬁ ThMetalh g’ wherein REEnd K

T together with the phosphorus atom form a 2-PA group

identical to RI.
4. Catalyst as claimed in claim 3, wherein the bidentate
diphosphine is 1,2-p,P'-[di-(2-phospha-1,3,5,7-
tetramethyl-6,9,10-trioxatricyclo[3.3.1.1{3.7}decyl)~ -
15 methylene]-benzene. 7
5. Catalyst as claimed in any one of claims 2 to 4,
wherein the source of anions is a carboxylic acid.
E. Process as claimed in claim 1, wherein the catalyst
is a catalyét accérding to any one of claims 2 to S. '
20 7. Process as claimed in claim 1 or 6, wherein a
carboxylic acid is used as a reaction diluent.
8. Process for the preparation of a carboxylic acid and
its co;responding carboxylic anhydride according to
claims 1, 6 or 7, comprising a step: '
25 a} of carbonylation of an ethylenically unsaturated
- compound with carbon monoxide and water to vield a
carboxylic acid; and further-comprising a step
b) of carbonylation of an ethylenically unsaturated
compound with carbon monoxide and the carboxylic acid
30 obtained in step a} in the presence of a catalyst to
yield a carboxylic anhydride.
9. Process as claimed.in claim 8,'wherein the catalyst

in step b) is a catalyst comprising:



B. Process for the preparation of a carboxylic acid and its corresponding
~carboxylic anhydride according to clainms 1, 6 or 7, conprising a step: 25
a) of carbonylation of an ethylenically unsaturated conpoungl '(ﬁ car bon
nonoxi de and water to yield a carboxylic acid; and further Hﬁ%%lging a
step b).of carbonylation of an ethylenically unsaturated conpound wth
car bon nonoxi de and the carboxylic a¢4d 30 obtained in step a) in the
presence of a catalyst to vyield a carboxylic anhydride. 9. Process as

clai med.in clail 8,2 wWRYEFH PhedEQERI YLl MEt&8dp b) is a catal yst

conprising: 13 Jul y, ??‘%%lﬁ%:&%n%oﬁeaif‘gnef 19'g8%R; Viddg netal’; ii) a

phosphorus containin 1) a source of anions. 10..Process as
clained in claiin®), whes esoutde sbDuzpkopE. 5 anions iii) is the carboxylic

acid prepared in step a). 11. Process.as claimed in _any..one of clainms B to
10, Gher ol n t MO S ARANAT AR P ES: Baraa rh et (P IRAL R Pt o
reactiog diluednidhdoiis step eheabdrbbRP1BEL acid prepared in step a).
11. Process as claimed in any one of claims 8 to 10,
wherein the carboxylic acid as prepared in step a) is

" used as a reaction diluent in both step a) and step b).



