WD 03/070370 PCT/ EP03/01688 1 PROCESS FOR THE CARBONYLATI ON OF AN

ETHYLENI CALLY UNSATURATED COMPOUND AND CATALYST THEREFORE The present

i nventi onwoaBar@3oto a process for the carbonylation of aaTatoybess cally
unsat urated conpound w th carbon nonexi de and a co-reactant and a catal yst
therefore. More specifically the present invention 5 relates to a process
for the preparation of a carboxylic acid, especially propanoic acid, or a

derivative thereof pAyHRAGON O] c@iﬁ?ﬁkﬁz 1o DU Wﬁﬂﬁ@gﬁwter or

anot her appropriate co-reactant. WO A- 842717 relates to the carbonyl ation
of 10 unsaturated conpBlFRERATER AMHAIND (AN S EFADEET tHERI@Far at i on of
propanoic acid by reacting ethene''with water in the presence of a

catal yst-conprising 0.1 mvl of palladium(I11) acetate, 0.15 mmol of

1, 3-PP' -di (2- phosptie 3Bt tigtveayieitdyy | a6l e el0-ta iaochiafgmlﬁprlihe
[3.3.1.1{3. 7} 1qe( d .0 3;711@4 t-hyl hene
was fully convertecjgn\/gltag&ad&b % Sel e%}tl Vi tyé’g:alnltqg up?r%%é%% Cc acl gtl‘Fchmgé]

aver age rat e' ofwithb0t rhyiry msmdmda/\@n@ Galmgfkarcsiaatteartcb a heatoalnbony| at i on .

of 20 penteneq:trllfelto pMOfeLpearsg) d%n Cia erl aC|rdesentt hlen Aresence of a

catal yst conprising a speci hosp ar si'ne or ~<ti bine

| i gand. 51 n thi s:elilachmi atee a lgmgarek ¢ e P, tl*Ass prelﬁtraetizmrs caﬁea mmmwl a
an organic br| rouq?}agL d each substltut tiary 25 alkyl
groups. In the % T oA RAN St yacojf oos%lanl erlbai i g o are

menti oned. Alt hgugﬁaqu@aﬁﬁi rgLhertd waJteﬂtcamdn groaigpsi,deviamd hadylor are
ment i oned, prefer ﬁgce i S th ven to C3-C5 al kayl ene groups. Furthernore a

broad variety 6" RRP A HiahS dRactan
WO-A-9842717 relates to the carbonylation of

-

10 unsaturated compounds. In example 3 it describes the
preparation of propanoic acid by reacting ethene with
water in the presence of a catalyst comprising 0.1 mmol
of palladium (II) acetate, 0.15 mmol of 1,3-PP’-di(2-
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 propanoic acid at an average rate of
1500 mol/mol.hr.

WO-A-0172697 relates to the carbonylation of

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

25 alkyl groups. ‘

In the description a broad variety of possible
bridging groups are mentioned. Although, in passing,
divalent aryl groups, viz. dixylyl, are mentioned,

preference is given to C3-Cgy alkylene groups.

Furthermore a broad variety of possible tertiary alkyl



WO 03/ 070370 PCT/ EPO3/01688 2 groups are nentioned. In passing, it is
mentioned that the tertiary al kyl groups include cyclic structures, viz.
an al kyl wolswrios ed 2- phosphatricyclo [3.3.1.1{3, 7}] decyCTHPOBIpL6SS
Preference, however, is given 5 to bidentate di phosphi nes contai ni ng
non-cyclic tertiary alkyl groups, such as tert.-butyl groups. These

pref erences ar firmed | . anpl es._ T u f at al yst
conprising 1, 3%5:%21%("9&&{%& e&-%&%f%h@p%i r?os)ml%ﬁroagaﬁes glsena Hc’lnge\ﬁ ,havtl Z.
exanpl e 3 and &he gsulttisnyn ad k0 jirghugrs deadtiden ayatld card aanveress  onvihan
the use of a catalyst, conpri.sing 1,2-bis (di-tert.- butyl phosphi nonethyl)
benzene as a Iiaé)ar?&,}i(y\% zs.urge%ﬁi%fﬁt%d & pr%lfﬁﬂ%’&tﬁ(}rcé’(:tlﬁe use of a catal yst
conprising 1, 3-[3.8. 1(.di {3, ant]deatyyl| pirosphi fak forepars avwevdrgand, giivsn 15
exanpl eq L resull SaldA NONALISask0n ke AN ComyeIsian d R g oe
di (2- phospha- 1 a3 k17 dretupairetdtth- 6,59 bt HbaXaAlr ighttip®-. These

[3.3.1.1{3.7}]decyl ) propane as a ligand, viz. exanple 10. 20 WD A- 0185662
relates to a pPIEEST G SprdGuEORg L Tiedeyd %f@%ﬁ@@or hASatiSéh & &

vinyl - group cortaianiydg cemawneg The-ohjseqlyick drite SpaeenidhdypMasd)o obt ain
a high selectivity towards _the normal product. The hydro- fornylation
reaction i s caPAOB@TGURS R tiHE2presdide KPS caray St CERLtS Ad & group

VITI ngpal andpg GidehoskRhiinen lHagand neoricaivRiRd i@ han the use of a
2- phospha-tricyclo[3.3.1.1{3.7}]- decyl groups connected.by a bridge X A

wi de range of iY5ite aoFIPdgSd ngr & ri2ndiicat(€d e rithei r generic formul ae.
Hovever, only ¢iRRaspRife-iHarres 1haycRgae’ @lNanaiga3l,” RN A nNd.
"hexane" bridge are specifically ™ nmentioned. The exanples disclose only the
use of a cat al yst Fugdeaimeingg thisodisemedi @acadmlly sic soyiradetiogatle 3ad s1, 3-
(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-tetramethyl-6,9,10-trioxatricyclo-
[3.3.1.1{3.7}]decyl) propane as a ligand, viz.
example 10.
20 WO-A-0185662 relates to a process for producing
aldehydes by hydroformylation of a vinyl-group containing
compound. The object of the invention was to obtain a
high selectivity towards the normal product. The hydro-
formylation 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-ligands having a "ethane",
30 "propane" and "hexane" bridge are specifically mentioned.
The examples disclose only the use of a catalyst
containing rhodium dicarbonyl acetylacetonate 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-tetramet hyl -6, 9, 10-tri oxa-
tricyclo[3.3.1.1{3. 7}] decyl) propane. WO 03/070370 PCT/ EP03/01688 3 In
section 3wD 0370376 t hesi s "Phospha-adamant anes a new cl aPSTaEHPO®l6Ry al kyl
phosphi ne ligands"” (thesis submtted3to the University of Bristol in Apri
2000), Robert Pugh describes the synthesis of 5

1,2-P, P -di (2-phosp O%%cgiﬁnz?t§;§fnR£$thGSl “Phos a- ad e

6,9, 10-trioxatricyc decyTl) -o- xy app TCariong are
i ndi cated for mawsclagandf bhlhpughkyhepbosphsseslagadésér|bhdsuﬁ

WO A- 9842717 ang 0 72697 result i e,th atisfactor reaction
rates, there. |§ V%% ro%n1$§ 6nlr%€eﬁeﬁt E rﬁ?ﬁ%%s% ré ﬁ?|%868% even
hi gher reactlomobarEsPugh dbeceibee dh6|sybthesAscofd|ngly t he present

i nvent.ion provj des pr s .for. th b n tion an ethylenically
unsatuﬁhte % cbhpou ﬁ?anPﬂ EBPBoﬁ %b%b g%gﬁﬁﬂ 5 X% reactant in the
presence of a 6a9a1®strﬁsﬁatr$cpglo[a)3alsmUBc@}décglgpougyVEhé metal ; b) a

bi dent at e di phosphi n 1) wh R1
Fepresent e PRt Lt QR e Rat ipgicehed Tob GPiR fzgaﬁﬂoséhéruseéte om to

which it is attachedaishaq hoﬁhboﬁ@bb¥s§ébshbtdégdrlbed in WO-A-9842717
2- phospha-tricycl g - decyl group or a derivative thereof in

whi ch one or noPRe %%TAFHé7 é?%oﬁe§P6ﬁslﬁr@OF%pFQEBdSB§1ﬁ§F€F85¥ons (" 2- PA"

group)io wher ei pef2r 89 R3tbpyepradentkystepresgph £ée wmpyakembntadi cals of
up to 20 atons or jointly forma bival ent radical of up to 20 atons; and

wherein Al and®ARTOFREEpERABAELYIr éBr 8EGRt NoBRPBNAPRGt$OBSEREGPedSal kyl ene
groups and R reptesests aBsophihonal |y substituted

Accordingly the present invention provides a process
for the carbonylation of an ethylenically unsaturated
15 compound with carbon monoxide and a co-reactant in the
presence of a catalyst bomprising:
a) a source of a group VIII metal;
b) a bidentate diphosphine of formula I,
R3
"Rl > P——Al—R—AZ—];-—RZ ' (T)
wherein Rl represents a bivalent radical that togethei
20 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

of the carbon atoms are replaced by heteroatoms

("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 a2
independently représent optionally substituted alkylene
groups and R represents an optionally substituted
aromatic group; and
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
invention results in high reaction rates. WO 03/070370 PCT/ EP03/01688 4
In the prwoessi@cecording to the invention the ethyleni-caCrEPosismssr at ed
conpound is preferably an al kene haviéng from2 to 20, nore preferably from
2 to 10, and nost preferably from2 to 4 carbon atons. The al kene 5 can be

nor il branched oty cansoBIBELSE AcCychifiy BhiULULAvoTbeoR! kene can

conpri se one or nore onds cul e "an ose e bonds can
be internal oethpianmahllynunhetataEﬁé onmpoundnne hydfegehlst ens nmay

have been repl y such,as_hal ogen ubphur . at ons,
oxygen atons ogfﬁg 8 hg%yﬁé ﬁ%?ﬁg? %§ Bafoﬂﬁgeog%gégﬁggﬁ %OE 2 te§r%>@yl
groups; cyano gndumsst pkkﬁxyaglpuﬁsomsacboas aathonyabomethmhy giLaeps,
t hi oxy.. groups; roups such and m. Nno groups;
of ot ot o o GHBeLSSBORTAL pRERYFAS, BFyFar c9BBALSR Ry Y5 Stips.
Preferably thesakkeﬁereonraénslnenehehﬁrcampﬁﬁseEmaaprSmoteaﬁbehee i ncl ude
et hene, prope e r 2-butene, 1- intern p ne tern
nexene. 1o PorSonita, Rer FRpPERLS 22, PheREefRaP 6P PRRES ratopehshT hEbrra
decene, lnternak perhengl nalin Cide CABkohef bns, orpadkenapikbgks, aeypmkohayene
and styrene. Preferred al kenes include ethene, 0 % ut ene and
oshRScasshad

2-butene. Et hBABS| BSBRpEEPLRFGIpPEf BFREH. 2FR™Fhe EEFI AGOES 't he

preseﬂk)'nVentbQDphu25atBﬁs9abﬁ?@eﬂngﬁémgeo@aﬂlb@ogéﬁdathb§So@Ubg form or
diluted with an inert such carbon di oxi de or | e gases

as nitro
such as.argon.gFP“Pﬁe°%tﬁ9P@ﬁrc§PF9 ﬁﬁngﬁFaﬁéé g6RpBandcYsna §5§up§ g
et hene, alkoxy groups, such as methoxy or ethoxy groups; thioxy

groups; amino groups such as dimethyl- and diethyl-amino
groups; or aromatic groups, such as phenyl, tolyl or
15 naphthyl groups. Preferably the alkene contains no
heteroatoms.
Examples of alkenes include ethene, propene, 1- 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 Cj4-Cqg olefins,

pentenenitrils, cyclohexene and styrene. Preferred
alkenes include ethene, propene, l-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
ethylenically unsaturated 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. A

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 ethylenically unsaturated
conpound can be used. If the co-reactant is hydrogen, a gaseous m xture of
carbon nwoogiods7and hydrogen can be used. The process ac®cmrdiPogotess t he
invention can be carried out with a % de range of co-reactants, including
for 35 exanpl e nol ecul ar hydrogen, water, nonohydric al kanol s, MD 03/ 070370

PCT/ EP03/ 01688 gpsQ%hm%%hgﬁ%ﬁa”8kha%59a”9 Pp&%%%hgﬁaﬁﬁ' 4 30, %a%ﬁé?”%%@ and

pol yhydric al k&n suchas- et hyl'ene t &ne- ~diro
gl ycerol ; th|opslyhydmmtlalabhamelsssahhaasephgﬁehe gﬂynady ar, 4sbadmdar-y
(poly-) anines or am i_et hyl am, ne,

ethylenediarringlo%man g938§§P#é ggﬁSES’fS §&5|g§§8 PFE §8¥b aSlvallc

acid and prop@henolacpdlmargfothesepndakgcubaﬂyhydamgeesand hyddexyl group
containing co ou ds

preferred. O S RRERPAIBRINS. glolp CORERPY A YOApaaAAL Ere. =nd = ©

especial ly pretakbeﬂyﬂ@b athaspr gpar akanplef acatbhexykiia, apud31a@dabh@1r
derivatives. Preferred hydroxyl group containing conpounds include water,
monohydri c aIkéHSIErﬁﬁﬁpﬁécf@8ﬁg15 1 to 6 carbon atons per nolecule, such

as net hanol, ethapel thesepanehecandal- Bytiasgkn dhhydkbeoakkagebsphavi ng
from2 to 6 carbon atons, such as ethylene glycol and 1, 4- butanedlol and

phenol . Most pF@PéFéBF?gtﬁ@m€8ungéac§&ﬁp PS Water: ?ék?HQlﬁrGEQSS is

carrieghout inckhgopkesenceigk arespeeirbirécnovelr %@b@bySEheTh?dab§§qnt
invention therefore "also relates to a catal yst conprisin a source of

a group VI n8Egrp EPnﬁaEPééﬁt&P@PQPﬂﬁésﬁﬁ?n@sBﬁcﬂéﬂ%MI&r?ferﬁﬁd 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, propanol 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 in 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;

b) a bidentate diphosphine of formula I,

R3
I
Rl > p-alr-n2-p-R? (I)
25 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
of the carbon atoms are replaced by heterocatoms

30 ("2-PA"-group); wherein RZ and R3 independently represent

univalent radicals of up to 20 atoms or jointly form a

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



Rl > P-Al-R-A2-P-R2 (I) 25 wherein Rl represents a bival ent radical that
together wth the phosphorus atomto which it is attached is an

opt i onal I'woRalzi37e ut ed 2- phospha-tricyclo[3.3.1.1{3,7}]- @®CTHEPIHOWBGEP Or a
derivative thereof in which one or nofe of the carbon atons are repl aced
by heteroatons 30 ("2-PA'-group); wherein R2 and R3 independently represent

ip 1o 20 at oms PACREUASIEH APP2RSTRs he 05 Tbr 0 BeS BB o Toby aE =T
i ndependent | y gepupseandobtrepabsynSabsniDptédnaukylenbstgtuupg and R

represents an |l stityted aromatic group; and c) a source of
anions. 5 Exa ggé%ggi gégBVIF%Hnetals that can be used include Ru, Rh,

Ni, Pd and Pt. cPreéesabtyeaoﬁoanmenef group 10 nmetal is used, such as N,
Pd or , Or group dlun1 t hese, palladium and _plati num are
nor e pE%ferred. Pal f%ﬂggﬁ?lg gﬁggPaY?éIpW%?%%FegLa OCEQaﬁﬁlggegf sui tabl e
met al sources anelpdat Raynrhy NpalPadaud1ebnpenaﬂ5rah¢p asssakts of
pal | adi um or Iatinﬁﬁ:an Earbox li,c a0|g &h up to 1§ car bon_at ons,
pal | adi um or gF%PPn @8gﬁ ex8s1589g. SUFEhagalbon® InBhox Fde br 9TOUP
acetyl acet onat ¢, metapakhadi u. ODfptﬁéBéunpiElédlﬂbmneddV\plbtan&ml b@emat eri al
such as an ion exchanger. Pallag g]é % acet at g, ialladlum

pedénty

di benzyl acet onBORAIPTBFSEFAtm PR ScEFBRatEL LY ePERERPIES - of

preferreed metal spusgBses! Brtbeidhphespbtag sbubeepubacl p1ReEgpmesents an
20 optionally substituted aronmatic group which is |inked to the phosphorus

atons via the EP%&F@ﬁémgPEHBQUH¢ﬁeSuSPoﬁﬁtF615F08§ PahlBEId ™ nBRocycl i ¢
group, such aspigtinfxalRkecarBBeYYEcORe¥Rs ALth BBl ¥6Yebi ea@bBHPatsHEh as

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 dibenzylacetone and
platinum (II) acetylacetonate are examples‘of preferred
metal sources.
In the diphosphine of formula I, R represents an
20 optionally substituted aromatic group which is linked to
the phosphorus atoms via the alkylene 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 or 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, furan, thiophene, oxazole or thiazole
30 group. Most preferably the aromatic group R represents a
phenyl group.
Optionally the aromatic group is substituted.
Suitable substituents include groups containing
hetero—atoms such as halides, sulphur, phosphorus, oxygen

35 and nitrogen. Examples of such groups include chloride,



for exanple naphthyl, anthryl or indyl group. Preferably, 25 the aromatic
group R contains only carbon atons, but R can al so represent an aronatic
group wheweio/oa3c@ar bon chain is interrupted by one or noPETHPIBIBGSEAL ONS,
such as nitrogen, sul phur or oxygen @& omin for exanple a pyridine,

pyrrol e, furan, thiophene, oxazole or thiazole 30 group. Mdst preferably

the aromatic Rre nts henyl gr . tionally the aropatic
group is subs?? %ﬁ% N4 gﬁ§%§8|3n§u%g?FP%eﬂ?s€H§cPC§Sra oEB% Bgﬁtapﬁgﬁg

het er o- at ons su§hxas babides, _sylphye, goggﬁogU§2 oxygen-g2 angynitrogen.
Exanpl es of such groups include chlor de 03/ 076376 PCTI EPO3/ 01688 7

br om de, |od|deNg@ﬁ gLeRPg30f _LiBs, geagraLC@oNgyla cO=Kux2. O-X8. . nxBX2,
-COOX2, -SH -S%2, -CO5X2,“INHZ2," -NHX2, “INR2X3, -NO2, -CN, -CO NH2,

- CO- NHX2, - %%@XB I ndlnckﬁlch'ﬁzmghﬁhxxz @ngﬁéndéﬁg§99nggﬁké¥ent
represent 5 al groups having fromi to 4 carbon atons [ike met hyl ,

ethyl, sropyl, alsppr@pyhpanﬂanibgtykoml1 tbhed4acappbhcagonuplikesmbshiviiyt ed

it is preferabl ubstltu ed wit nore aryl, al kyl or cycloal kyl
groups, prefer%%m Yt halt gy roﬁ??pFBPXg éﬁ?bﬁnb5€8¥s 10 Suitabl e groups

i ncl ude, nethyl, eihythepﬁ@@mhtltsgroppOlesubytytuéed 801 bubybsopheny
and cycl ohexyl. Most Ereferabl , however, the arogg%hc oup i S.non-
substi t ut ed anﬂu%ﬁFytP RRedltd PRE QFKWPEﬁea§YBUp§ [ E¥hrmeeL kYL with

the phosphorusgateps, Preterabhy hheiA§ akkml eneognoupsrabe eesmected at
adj acent p05|t|ons fo exanple the 1 and 2_positions, of the aromatic

group.10 Pref er 8Biyabhe GrRYPENENGLBEEs MPThKY ASLAY4, eBEAPYndéB8Adent Iy a
| over alkylenepgégyp Evtglleﬂ@rlébkwhepﬁ gﬁﬁeﬁﬁnsaﬁad§&§§89€x§m .alMkykene
group conprising from1l to 4 carbon” af ons kyl ene groups can
i ndependent |y preferably, however, the aromatic group 1s 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 A2 are each
independently a lower alkylene group. By a lower élkylene
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, or non-
substituted. Preferably the alkylene groups are both non-
substituted. More preferably the alkylene groups are both
unsubstituted methylene or ethylene groupé, 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 substituted
2-phospha-tricyclo[3.3.1.1{3,7}]decyl group or a
30 derivative thereof in which one or more of the carbon
atoms are replaced by heteroatoms.
Tricyclo[3.3.1.1{3,7}]decane is the systematic name
for a compound more generally known as adamantane.

Therefore, the optionally substituted 2-phospha-tricyclo-



be substituted, for exanple with al kyl groups, or non- substituted.
Preferably the al kyl ene groups are both non- substituted. Myre preferably
t he al kylwoa3greaps are both unsubstituted nmethyl ene or eChyiPesiel6gs oups,
nost 25 preferably methyl ene groups. Rl in the diphosphine of formula I
represents a bivalent radical that together with the phosphorus atom to

which it is atyached hg3am 0RELANYHYSURSH Wet8dative th f wil
2-phospha-tric&clo[S.Silfl 3,7 ]dgiylyéroup orra golggrivgﬁfsé Fﬁéﬁég?ain

whi ch one or myedesteth&ccarhdi ~Fat"oms cape (PEpHacdd pby SpEreiRsardvs.
Tr|cycl0[3.3.aﬁ}%§p;}kg§%%§ﬁg5§ %E% %%%Eﬁ%&%%%i%%ﬁ? for a conpound nore

general ly kno damant erefore, the optionally substituted
2- phospha-tri cycl oPWOfe3ad2g370heCRFEP0R/OLE88s 8Up8 L3 tuted3 on} daeylorgr oup

O hos hadarmnforecERobl b € o ke 6000 s TR IRMEATAY |

2- phosp adananp§ grou t'hridughout 't Spécification.

2-PA group is sHbstibiuReéd o8N @Ne oo 2tRks SfrelfReabl 305 10ko/ positions
with a nonoval ent radical R5 of up to 20 atons, preferably of 1 to 10

carbon atoms aRd RBFEOPr éEMEbPRIOMOrS 6 TEERRoY Cdt omdC Ex&RFER of RS
1ol e UL oS Ry oo Sidedaeyahon MR
positions, sui pakhylw tad derlodealy Iiphdingd!.s MiTe phede2aPAygr alye has
Chcel otoh. ” Sut Caibfo JRELEY O GHE e Wheyigah ARG SGToRUE Ao, 187G 1 abl y.
these het eroat gms are . found J.0.the B, :$nA0Gen}td RASiEIQRS1 TS most
preferred bival ent fadical’ is. the - phospha-
1, 3, 5, 7- t et r anet hyThe, 2-F@- gricopadiasaprgf egeddy. additional heteroatoms
other than the 2-phosphorus atom in its skeleton. ‘
Suitable heterocatoms are oxygen and sulphur atoms.
15 Suitably, these heteroatoms are found in the 6, 9 and
10 posifions. '
The most preferred bivalent radical is.the 2-phospha-
1,3,5,7-tetramethyl-6,9,10-trioxadamantyl group.
If RZ2 and R3 each independently represent univalent
20 radicals of up to 20 atoms, they preferably represent
univalent radicals of in the range from 1 to 10 carbon
atoms. The univalent radicals can be aliphatic, aromatic
or cycloaliphatic, and can be straight or branched. The
radicals can each independently comprise hetercatoms such
25 as N, O 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 alkoxy groups. Alternatively, RZ2 and R3

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

group as described herein before. Most preferably RZ and



If R2 and R3 each independently represent univalent 20 radicals of up to
20 atons, they preferably represent univalent radicals of in the range
from1l towd®3pa3bon atons. The unival ent radical s can be PalTIEPO30i68§
aromatic or cycloaliphatic, and can Be straight or branched. The radicals
can each i ndependently conprise heteroatons such 25 as N, 0 and S, but
preferably conui 0 anpl es. of unival ent_radicals

i ncl ude hydroggg b;fo ér%ogu%é%isjﬁgh&g%, Oosrp%%:s Sree™ n%?ﬂ&ﬂ? tHyl IS PrBpyl |

tert.- butyl, cygdohexyd  cphehyl, pyridyl, and (substituted)
trinmethylsilyl or al koxy groups. Alternatively, R2 and R3 30 may toget her

form a bival ent radit@SPStichl a5 PreiRsg |kfentaty qHiphaspiici®ots yi ene.
Preferably, R2 .and t oget.her with t he sphoruys atom.forma 2-PA group
as descri bed heqjeﬁr}hosrl}i?ﬂeg.w}i\ﬁ)%?“br% earr%ﬂ)lpl{/‘p %‘?1%‘% BRYD7IE0

PCT/ EPO3/ 01688 pitodghdmgetdissm W dtm ta ez o sphipiss afora f orand woPA group
identical to RL. An especially preferred bidentate di phosphine is a

di phosphi ne whe¥es fe 1R lan di 481 ttiogret hetro ViRt h MHRr SLpHdsphbrRA etomps carea
2-PA group simlals nably ddaptical,qt in . the 2-PA
groups are prefer a% y. onn(géqééél@c?%po%t%o-xylw%lr o(ﬁrp&%re e(l'r:]gén]f:eelgce?or
the 2- PA groupsfar eliendd i ear i arabiovdl cavbesst hprmefier addbgva he di phosphi ne
is a conpound 10 a i r [ i b, rep ent s. al kyl
groups of 1 to 6 c%tg F{a}%ofn%gz%we}?eab(#lfh%ﬁh%& lgdS ¢ 2‘5%%‘-‘%’ 55PRR
R RS Q0RS 0 Racdbing to Formula II, wherein R® represents alkyl

groups of 1 to 6 carbon atoms, preferably methyl.

A very advantageous bidentate diphoéphine in the
process of the present invention is 1,2-P,P'-di(2-
phospha-1,3,5, 7-tetramethyl-6,9,10~-trioxatricyclo-

15 [3.3.1.1{3.7}decyl)-methylene-benzene (also sometimes
referred to as 1,2-P,P'-di (2-phospha-1,3,5,7-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



00 R5 R5 (Il) A very advantageous bidentate di phosphine in the process
of the present inventionis 1,2-P, P -di(2-

phospha- 1w8,03/0763v@t r anmet hyl - 6, 9, 10-tri oxatricycl o- 15 PCT/EP03/01688
[3.3.1.1{3. 7}decyl ) - net hyl ene- benzenel0(al so sonetines referred to as

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

6,9,10-trioxatrbpygbbé3t3pﬁgﬂ{§n7hﬂgcyhés@51hphéybﬁaehdamlﬁ€aﬁégeatﬂ%ﬁ
| i gands used in cess_according to the invention can be prepared as

he pr [ \ N > M : .
descri bed for e%iﬁi?go B3kH7e5%p! Peir ePo3nre1688ande” byt ReBést sPaghtiadhi s

theses "Phospharadanantanes: i pworchasseol bul ky:akybophosphine Tigands®
(thesis submtted to the University of Bristol in April 2000). Preferably,

however, the bi dent3¥@f¢Tahds BpEeBepr cpar doii dgna pe obbganahereen t he

hosphorsus gr oupseds fed i 19y F QAUESHe ¥ &y in t
2-phgspha-tric;§I% 3.%.1. {3?#}]d%caneﬁeg$%%p %? %h%%??%gg?v%r?ﬁ%?e%fé

i nstead of via h%tr%?v¢%@kv+ag@o%pphgﬁph@—tmpc$¢l©ﬁ3y3phokb?o?hﬁdgcgups.
The preferred preSESSoE 0k LGt i, dent s_conpri ses

t hree synthetigésﬁggs? In gé???é% §§nt %?%%F%tgégg%égp%#gggla?% 2- phospha-
tricyclo[ 3. 3. 1.ay8lF} kvkcaneugrivaping twdeprimaryephosphentsi grogast ed with

the hydride of a gr#yg) @§¥ J i for exanple B, Al .,and Ga. O
these BH3 is 15 pre erréﬁ% ég?igéégé%%ﬁﬂg%d%ﬁﬁ ?F%%ﬁl%%ﬁc%}??gﬁagﬁt at a
wi de rafige of tehpards wespriSus abthyed heyhenpeiatsiteps]ies within a range
from-150 Cto 100 C . PR I the reaction is carried oyt at
temperatures in theﬁ} a%g%ﬂ?&%?gf%toh%l%os Brtf rﬁﬁ%%%%%‘i%b#ypl?‘?%ﬁ‘@lo to
10 C. 20 Preferablgythel 3 eactibiBi s} bdecdmd gudup o solyenvadsdve sti pul at ed
bel ow. The for@%%f%%%“ﬁs'EE&%%%&”&%%% the hydride 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 of temperatures. Suitably the temperature

lies within a range from -150 °C to 100 °C . Preferably

the reaction is carried out at temperatures in the range

for -50 to 50 °C and more preferably from -10 to 10 °C.

20 Preferably the reaction i1s carried out in a solvent as
stipulated below. The formed adduct is preferably
recrystallised before use in the‘subsequent second step.

In a second subsequent synthetic step the group 13

adduct of the 2-phospha-tricyclo[3.3.1.1{3,7}]decane

25 group or a derivative thereof is reacted 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 from -100 °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



recrystallised before use in the subsequent second step. In a second

subsequent synthetic step the group 13 adduct of the . . .
2- phogphawt)rﬂgmwsm)[ 3.3.1.1{3,7}] decane 25 group or a deri \PauiBrPe3/01s88 eof i s
reacted in a first sub- step with an "l kylated group | A netal, preferably
Na or Li, nost preferably a lithiumalkyl. The reaction can be carried

i - 100 C, pref bly carried
out at a tenperature in the rangesfrom J.5£2C_ILIO
out at a tenperature in the 30 range from-100 Cto 0 C, and ﬁ)?@g

preferably a t IR Jf L IRERFEIBIS By -GD, Br The, iandiprepseparedci | bhi um

i i i - W th an appropriate
hosphi de is syhsequently r ted in a second sub-step with
lﬁal ogenat ed ar ;ﬁléa’l %}@g‘&r odpef%farf%eRflb?I?ﬁﬁ%?% PO FOTIE0NOtess 11

[ ' ferably

- R - A2 -Heflddd.) wherein Hrepresents F, O, Br, I, and pre
gAér ‘gr; and Alf(, A)2 and R represent groups as defined herein bef_ore. 5
The realtion can be ‘Carr it Bt G0 £ enferadiratt mt tthe emrrye fuwm 1150 C . |

to 100 C. The r@RCtiHYd Srd¥ eflejoa%ytga&roiggd%?%%}Jéga%%ggerature bel ow 0

n -
C, preferably a tenperature from-380 to™- the reactions

of the second gymiffeatalQ ystoerled] GUY 180 alQ iHe ddt A-SYPMEN RSt pul at ed

. . , > q
low. In a third synthetic step the group 13 protecting group 1's renove
?reo%wt he bi’den@éﬁéeéia@ids@hitmp@r@lmr& frafdud0. tEhe-Feerroyabrafet-hg1group

i i i i tly after the second
13 protecting u . convenient|y be achi eved direc _
15 Synt heti o step by rerra ﬁ%“oﬁehlséﬁom Ao il 2 s e
i ' - omtpdhyanisndyenSuiatsallite puaxaml e 1ihc! ude di

T I Ot Paryans Lkl I’QEI)pS preferagl y have in the range from

1'10'6” Carbon atont, ds iOR7EC SSPEPRTIANRREP EPPoBRyMBIAePEotect ing
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. Amines that
can be used include mono- or polyamines. Suitable
examples include dialkyl and trialkylamines wherein the
alkyl groups preferably have in the range from 1 to 6
carbon atoms, such as diethylamine, triethylamine,

20 dimethylamine and trimethylamine; triarylamines such as
triphenylamine;‘arylalkylamines such as
diethylphenylamine and dimethylphenylamine; and cyclic
structures containing nitrogen atoms such as 1,4-
diazabicyclo[2,2,2]octane. .Of these dimethylamine and

25 diethylamine are preferred. Diethylamine is especially
preferred. The second and third synthetic step are
preferably carried without an intermediate
recrystallisation step. The reaction product of the third
synthetic step islsubsequently preferably recrystallised

30 before use as a bidentate diphosphine ligand.

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

35 ether, tetrahydrofuran and anisole; sulphones such as



20 dinethylam ne and trinethylanm ne; triarylamnes such as tri ph_eny! am ne;
.aryl al kyl am nes such as di et hyl phenyl am ne and di net hyl phenyl am ne; and
cyclic swouweuses containing nitrogen atons such as 1, 4- PCT/EP03/01688

di azabi cycl o[ 2, 2, 2] octane. . O these i methylam ne and 25 diethylanine are
preferred. Diethylamne is especially preferred. The second and third
synthetic step swkphplehes abhg saomietlc whyhootaaBohdt 868RILEt €01 uene. Tn

recrystallisati step.. The reaction product of the third synthetic step
is sﬁbsequent I y&ger e#lef%glf/y?%%?gﬁ?a?nge]aa IpRbre tREunated batkanase

di phosphi ne |iganch % |dtfeatéianeshens A enorefssably sanried, oyt 0.8 ~
solovenlto. Exarrplzgs of _ sui t@bl e solvents include saturated hydrocar%ons such

as, e.g., paraf?iTSErTS ot kA : TOBt #b} sS¥RERE BEC 258ems t £$ oxanonane

di gl yms), di ettwtiraaby@td®iza et r ahydrof uran and ani sol e; sul phones such as
f/\D 83)1072)370 PCEJ{I'?MEP%%OIGBB 12 sul phol ane, and aronatic hydrocarbons such
as toluene. In thé¥iFsTOHAR T iFQED RN GRITER @S aaendna my kanese

such as di chl oraneihang yightud$0 dier ,asa@j'f@@,l VENts 14 RLEl £L1 ed
solvent for all_synthetic steps is 5 tetrahydrofuran. As a source o _
ani ons, any cor‘?ﬁ%%ﬁ’c?eg%r?e?r atGHg-® Hé’%eameﬁmfb_nsfcmyemnﬂs%ohn}smf atthey, aci ds,
or salts,therecfoidAnRiisashas SUFLe Mi&?'r&%}?’afsocf qw%fpa@ﬁ”%’ S{-}{) %}5‘%
aci ds pentioned above, ‘which may also participate in e sarlT f e
group Wil net 821t &fertdin waminid/ Hile nesed as ani on source having a- pKa

solution at 18 C Drsireot Saut i Bl S o G A | o

aci ds; 15 phospHer i@ las @f sesshiiian i diorsulpledivimatbsi dsssutuas,

met hanesul phonipe ,acidg U HRURIELhanNgsY phaniG a%!.d’Examples of
suiltable anions are anions of carboxylic acids;

15 phosphoric acid; sulphuric acid; sulphonic acids, such 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, SnFp, Sn(CF3S03)2, SnCly or GeClp, with a protic
acid, such as a sulphonic acid, e.q. CF3503H or CH3SO3H

or a hydrohalogenic acid such as HF of HCl, or a
25 combination of a Lewis acid with an alcohol. Examples of
such complex anions are BFy4-, SnClsz-, [SnClzﬂCF3SO3]— 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
'rahge from 2 to 6 and most preferably a carboxylic acid
with a pKa in the range from 4 to 6, measured in aqueoﬁs
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



tert - but ane-sul phoni c acid, p-tol uenesul phonic acid and _ _

2,4, 6-trinethyl benzene-sul phoni ¢ acid; and hal ogenated carboxylic acids
such as twofiswenseacetic acid. 20 Al so, conplex anions arePsuirPabd®ss such as
the anions generated by a conbinatiol of a Lewis acid such as BF3, AiCl13,
SnF2, Sn(CF3S03)2, SnCl2 or GeCl2, with a protic acid, such as a sul phonic

acid, e.g. CF3S(BiHorcLr3SBhtanehad hyoiohat O&?nc":f?ﬁfé dat?&'cé‘aﬁgt?é'": of HCI,

or a 25 conbination of 3 Lewis acid with an al cohol. Exanpl es. such

conpl ex ani ons HHEVEER Thar g2, s3eics bed crdgemyleamt PFs-abReeferably the
source of ani onsadso:dy Xk hoxydd ¢ d€i the M€ ms Ll %Lc%gcﬁl E?lx?ﬁ%’é’\’fm JE:Ih&?iaCI d

having a pKa of below,6 30 6, nore preferably a car i'c acl . pKa
in thg raﬁ‘ge f FRFREARD b el id Rireenrabt yvaaidarboxylic acid with a pKa

in the pange from 4y GhdBasiHad '5“31‘3&35 Sapgion at, 18 G _Preferred
car boxyl i cgaci ds that can be wused inclu 'eq’gbsartb_oxy i ¢ act Cfslov{lll tJ'hS u“bs?_ 15
carbon atons, 3% RERALHIY GEteplio A0l dartios atatsxSuich aardoxyldc WO

03/ 070370 PCT/ 01688 [ - b ched, linear .or cyclic and
can be satur at%ea%%r non-ssoé_t&ucfecatde{fi.angar{r)rsgl esr‘s% hcgqua; t abt%e “EaFboxyl i ¢ aci ds
i ncl ude pent anéiIERAEE DA ¢ heeei gt o v NN Gt sAC ied- carth jwrapenoithaci d. 5

Carboxyl i ¢ aci & TRre Car BT CR DR e SR S e b A igine

e Ao e EPEn e e o ks ity o

E:g(raboﬁa:rgg)éi: hgs:(r%l v?/aEC%;geto p egjé—jrlglpercg63 oi lé‘& @rqung&\;?aﬁt%&fs@

4, 03 e e e b g A any

g:?ggi;?:LyaQ?E%%HQQ%n%l AW g8 "stronger"” %han f%e carboxylic acid,
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 carbonylation product can acf as
reaction d}luent, but also an additional (inert) solvent
can be preseﬁt. Examples of additional solvents include

20 saturated hydrocarbons such as, e.g., paraffins and
isoalkanes 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 - . In a preferred embodiment a carboxylic acid is used
as a reaction diluent. Preferably a carboxylic acid
having a pKa of below 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

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

reaction diluent. For example, the carbonylation of

ethene with carbon monoxide and water to prepare



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
mat er i al swarud/ordseo f or med carbonyl ati on product can act asPCTEROY)IBGES

di luent, but also an additional (inerw) solvent can be present. Exanples
of additional solvents include 20 saturated hydrocarbons such as, e.g.,
paraffins and PreRéRehesaaie iecadventegeansdl{uchhessarsuet bersrsgshoas

2,5,8-trioxano (digly di et hyl et her and ani sol e; sul phones such as
sul phol ane, ang ar%n%%i% %@d?%%%rbons such as toluene. 25 In a preferred

enbodi ment a carbox3dilomonchosidisgohriasaB peasthoss dih uend . rBrelesably a
carboxylic acid _ I a_pKa of below 6, nore preferably a, carboxylic
acid with a ngliaéﬁ%ggr%ﬁgép¥? %%5?@0 ﬁh%nﬂﬁﬂ%gTyl?ﬁ%@%r%%@?téo%aiﬁoxyIic
acid wi bh a pKeonvemeenahgecdromedlow tac Gnod@asts eghhpe AHERLS. Sol ution
at 18 C. Wen gﬂg(ﬁgiocgfs cordiqg to the inpvention is used to prepare a
carboxylic acid:"THI S &h 360)3@?6? PIEHTFT -9 Prefahbedcareird | oat dit uant . For
exanpl e, the cardmeptatuon 0f tied hengyaidh TRrHOM FPNOXI dg?r%f@ri’\@éer to

prepare WO 03/Q70370 PCT/ EPQ3/01688 14 propanoic acid is advantageously
carried out in hﬁ’%?oﬁ%resa G 1 S ermnITbor? onhodd Ue’ parthal

pressures in thedaigh PresehePHa L Y &fHy G aME. CE%Jpoﬂyé@atlﬂg@,

reacti ?ﬁ is SPngonveni ently carried out at noderate tenperatures.
Accordingly, tHe 915 Sl ISR IEERd eartoutitdt Rressipey atrurtghé n t he

range of 30 to r2ReComriefley red dHmpeatddgs el j it r of 50 to
150 C. The reaction pressures may al g) vary vﬁbg‘err%ﬂ%:orraﬁestogg%,tﬂo t he
reaction can belcdAh &F i RAsfiepiesssures in the range of 1 to 100 bar,

pressures in the r@%@ﬁé@hj&éﬂically unsaturated compound and co-
reactant are suitably supplied in a molar ratio within
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.
The gquantity, in which the catalyst is used, is not

critical and may vary within wide limits. For practical
20 reasons amounts in the range of 10-8 to 10-1, preferably

in the range of 10~7 to 102 mole atom of group VIII
metal per mole of unsaturated compound can be used.
For the preparation of the catalysts of the
invenfion, the amount of bidentate diphosphine ligand 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 amount of 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 VIITI 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.



bar bein referred. The ethylenically unsaturated conpound and co-
?gactant arg guitably supplied in a nolar ratio within 15 the range of 10:1
to 1:10, woeBeramy within the range of 5:1 to 1:5, norePpmgfres/atsby within
the range of 2:1 to 1:2. The quantitd, in which the catalyst is used, is
not critical and may vary within wide limts. For practical 20 reasons
amounts in the randthofan@uet tof lthd ,amied esabtye ndy thery appgepy 10-7 to

0-2 nole atom VI et.al r_nole of unsaturated conpound can be

ased. For the ngr%%gc?%? oAnIl‘o h?%}ée%gfte%? y%%éb%zfﬁ_f%h%_a%%m. on, the ampunt

of bidentate diphosptimeusgantheare25: hen appbdest | o SHE €XCLSScOint ey

anount of the gy tVI | 1 t al ng resse(g]r??ﬁsmrml es of ligand per nple atom

of the group %rjl%ﬁﬁne naefqug%f%érea I% tthe® ft- Jfor infeafet+ e Serersens such

that pér nol e-Etonamafurtthe HYrampdd 1df et@dind. & to W ol a5, Qfmofﬁs hﬂ)gpnd
nol ar. anount of bidentate di phoshine

[ gand per ol GG Grodk UiH IV gk e a’s PR g o, oot
f bly i ; . 2._ln the pres 0 ygen, i y

Rl gher amounts ‘ear be Bonary & BT o DS dH0" Bl cRoaib ress = her

amount of the ahiomn Isaier Q@ GTab 16 oM GRINE dteRanding o whather the

carboxylic acid is_.simltaneously the reaction product or the 'co-rea.ct ant
or si )r/rul t aneous| y THEe PTLS S Ss GIGFARAL N it prtdiet ilewlentdasomars heheammmied  of

sourcel®f ani orut Hatich-gasle 0.9 A oUEE g TR Ndds Bt
Preferably theSF%rmunt of squrce of anions var |ygs Ina range%rg:;n(a){.% to

107, pref erabl y"f PERCESEo LP0EFBIES pait msind ~slongricupuallyl, metpatoprBrete
process accor diag@itQohRe aMeRisoR €37 PO CHIH®d de and/or

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 carbonylafion product prepared in the process
according to the invention can be used in a wide range 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 compound with carbon monoxide and water. The
prepared carboxylic acid can ,in turn be used for the
preparation of a carboxylic anhydride by carbonylation of

25 an ethylenically unsaturated compound with carbon
monoxide using the carboxylic acid as a cé—reactant.

The invention therefore also provides a process 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



atch-wi se, sem -continuously and continuously. If the process is
ggr??;dbout sem -conti nuously, appropriate additional anounts of carbon
nonoxi de wodBero37et hyl eni cal | y unsaturated conpound and/ oPCTEPOFBISBRANt ar e
preferably added intermttently at apropriate stages in 15 the process.
Preferably the process is carried out continuously. The carbonyl ation

duct prepareepiaindd jmocess Apctordiagptosémes | H¥entLon, can. be ysed in
gr\(/)vigg rgngg of . C&)l'ca:ﬂl ns. Jn an especially preferred enb%%?npn the 20
process accor di%lgé‘;\fo %’hec‘%‘ﬁ%ﬁ oh ?%thg@od% prepare a carboxylic acid by
carbonyl ation of arTlet hydtesiiysd [3h ansAtpy alt@%mmvgt&&giey%ged Cor

nonoxi de and ter. .The prepared carboxylic acid can in_turn
the preparat ngcnomcﬁrlas%éqboxyl i ¢ anhydride by carbonylation of 25 an

, . . . he
thyl enbcal | y unsataurstettes oty ©a4dion ; nonoxi de using t _

gar)l;oxyl iC agi d .as a co-reactant. FyI'Vlh,e invention therefore also provides a
process for the r@p:ﬁiﬁq B £CEBRAY diggingl;iarahd t s correspondi ng

. # o . i cal 'y
carboxyl i c anhydri)de Lamitsd e 230 MNs carbonyl ation of an ethyl enica
unsat u?/at ed . c%rrpo)und wi th carbon nonoxide and water in the presence of a

cat al yst according e tsr?élr;?reo@és§r§§mé7§drﬁ MEi_lhe’Jlr)Fim, gr@t@eirr:lthdga;%
carboxylic aci @buﬁ)ce(i@’fb(y%@ 'Vquloﬁneacréleta@ylo]%@c%ﬂbe? b/’%s%é-fl g .

compou with carbon nonoxide and the carboxylic aci d
PC[IT'}) EPg(g;/ 01688 16 THSt Bhesphionust epnAping nghe igeeserde dfs @rediealapsty o 0

o co ek s spalin AL WBERIL

catal yst conprising: 5 i) source of group
cont ai ni ng |igéﬁ§;ugﬁdthose described in WO-A-9842717 and WO-A-0172697

and those bidentate diphosphines described hereinbefore.
Especially preferred bidentate diphosphines include
15 1,3—P,P'—di(2—phospha—1,3,5,7—tetramethyl—6,9,10—tri—

‘ oxatricycio[3.3.1.1{3.7}]decyl)propane and 1,2~P,P'—di(2—
phospha—l,3,5,7—tetramethyl—6,9,10—trioxatricyclo—
[3.3.1.1{3.7}]decyl)—methylene—benzene (also sometimes

Areferred to as 1,2—P,P'—di(2—phospha~1,3,5,7—tetramethyl—
20 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
25 anions 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 ethylenidally
30 unsaturated‘compounds mentioned herein before. The
ethylenically unsaturated compound in step A) and step B)
can be the same or different.
If the ethylenically unsaturated compound in step A)
and B) are the same, a symmetrical carboxylic anhydride

35 is advantageously obtained in step B).



iii) a source of anions. The source of group VIIl netal i) is preferably a
source of group VIII netal as described hereinbefore. 10 The phosphorus
cont ai ni ryolosgansado i i) is preferably a bidentate di phoshi peT/EHPOI®BRS ed

bi dent at e- di phosphi nes include thoseldescribed in WO A-9842717 and .

WO A- 0172697 and those bidentate di phosphines described hereinbefore.
Especi al |y pref err eth bindesdpé €1 4l phosipdt dvesed nehnisle ddnt the
1,3-P,P‘-di(2-pqiqns)%l{’ua-13 , /-tetramethyl-6,9,10-tri - A g4
oxatricycl of 3. & T AT AS cWﬁ?f‘?%‘fJ%\_ SFREACUNP, M - gR-A) and in
phospha-1, 3, 5, 7stegs rEmel $1yd t1erfe 10rd M 10MRtEd &Y b Q5pancic I’aci;id an

- met hyl ene- benzene (al so sonett nes eferr to as
Esé?blb}igiZE!dec | é%; ,Qﬂxdq¥ﬁqéﬁﬁﬁ tagined at high reaction rates
6: 9, 10- 6ri oxat rdrey clio[G R sdi& AN desy! )-ortho-xylene). The source of
anions iii) is preferably a source of anions as described herein before.
The carboxylic aci cﬁ?s etielsaricn ity STER A te desysaicalnidy ipr efteny e &Sn(?.
source of ani gs.cdm A Y eferdifs H’rﬁcﬁl}aiﬁsds daldy. no 25 ani -chil 0
any additional acids "stronger” than the carboxyliic acid, T-€.

having a pKa higH&O®HEe 1avdydwida He elrtsoxydd dracited ®)t.he used sol vent,
are present. The etR@é'cﬁ:’liocﬂacho}/n RS %to%d.s%oﬂo%%d . St%ﬁp{g)rtégr L hap
B) can_independently be any of the ethylénica y 3G "His U&ﬁﬂrﬁ(ﬂ% S
ment i oh@d her ePFelsefugree. aTite potetfinalilgaldsy derssatilreal ek rediPQWTbid fdep A)
and step B) capdhefyhe same or different. If the ethylenically unsaturated
conpound in step A) ‘and B) are the sane, ~a synmmetrical carboxylic
anhydride 35 is adhenpageess ypteptairinednidn B3t epnBoe WRr@3R703¢0in 1

iraaturat e cafseind T st 2p Ry B SHEC e 8% R el case
propanoi ¢ aci dhamgin 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 sfep 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 carboxylic anhydride can
advantageously be prepared at high rate and with good
selectivity using as starting compounds an ethylenically
unsaturated compound, carbon monoxide and water.
An carboxylic anhydride prepared by this process 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
example phenol to prepare the corresponding carboxylic
30 éster. Another example is the acylation of amines or
amides to respectively amides or imides. By acylation of
diamines such as ethylene diamine and propylene diamine,
bleach activators such as respectively tetra acetyl
ethylene diamine and tetra acetyl propylene diamine can

35 be prepared.



ropanoi ¢ anhydride are obtained at high reaction rates 5 and in good
gelgctivity. ¥he ethyl enically unsaturated conpound in step A) and B) can
al so be cwogen7soch that a specific asymretrical carboxylPCa/ERasiges de i s
obtained in step B). Reaction conditi®ns for step B), e.g. tenperature and
10 pressure, are preferably as described herein before for step A). The
progess steps A amh@)ewarsbel catched Ut i decsange.ofcsobuenien
i ncluding the o nt i one erei efore. Prefera '

Icgrri ed gut 15 %‘“ﬁéﬁlﬂ% ‘%‘s%lrr@ ls%l%%‘%u@n TSt prafetabl O theeBdFGeacetac both
step A) and st emiB)drisdd hea cashxyind oviatdll 88 oPREPRA &8 4PrBieR &) o The
present inventi q:advantageously allows steps A) and B) to be carried put
Si rrultane(')usly,&f oarlréXaan e in 20 one reactor. In such a process _

car boxybi ¢ anhydri dme:ameﬂéiVﬁrﬁrﬁQmLRS'ﬂovb%é)rﬁmﬁ@&@{e@!%? 1{}?&9 and with
good sel ecti vi using as starting conpounds an ethylenically unsaturated
conpound, carb&%y QKPQRﬁﬂ%@ﬁQ#Qg/@%%ﬁﬁ%ﬁ%yl|p anhydri de prepared by
this process cajomphrdieiHsatkdn@iid/arious applications. In a preferred
application the carboxylTc annydride is used as an acylation agent. The
carboxyl i ¢ anhydri §& Gt IUr e atis ehaywakdd iml therdoyliat iamdf @rmimatic
al cohol s such a&ﬂgy,(g&ammdigﬁgyyﬂcﬁ aPKeRaKe hﬁSlCQrPQ§@9Q%hQ%- .
carboxylic 30 ester. Another exanple is the acylation é_ am nes ‘6r am des
to respéctivel phamiptes 1013 ,iSiTdest Byneaytiatd, @) 100t i AE e /UGN as

i am i-am bl h tivators such as
SRR Bl R B g 15w AL O e L ST el i e
di am ne can 3autedieeranes N0 rRERNA FRCETAERIB/DLREE 1 148 pressure of

15 bar carbon monoxide and 10 bar ethene. Following

sealing of the autoclave, its contents were heated to a
15 temperature of 100 °C and maintained at that temperature
for 1.5 hours. After cooling, a sample was taken from tﬁe
" 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 carbon
monoxide.
Ethene was fully converted with 100% selectivity 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 either one of
ethene or carbon monoxide.
30 Example 1
Comparative example A was repeated, however 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}]-



The prepared carboxylic anhydride can also react with acetic acid in a
equilibriumreaction to prepare acetic anhydride, a conpound which is

ot herwi sewaioBfrsaét to obtain. 5 The invention will now IPETIHPOSIBtREL €ed by
the followi ng non-limting exanpl es.19Conparative exanple A An autocl ave
was charged 50 ml propionic acid, 5 mMm water, 0.1 mml Pd(OAc)2 and 0.15

mmol 1, 3- PP' - did@ctD) phosphae ladd5udihet 1anBs Ay n6iQadOnkr i@x%%iee\%{\gig%ex .

3.3.1.1{3.7}] decyl ). propane. After being flushed, the autoc

|[or essuri {zed \}/\}t-rﬁO%O%Jag?l gfh?)r%&%?{ea%? 3% BaPledr pbherohokpde- and 10 bar

ethene. Fol | owing Bigedhdagyos f@ﬁl—@ué&@xlr@y@edl&ﬁt&om@%ltéer\@c;@i@g@{geﬂn%S a
15 tenperature of 100 C and, mai ntal ned at that tg(;?erature or 1. ours.
After cooling, Bf¥anphEe s Y akert? ranetdee take epf s1@909 heohlmotlave and

anal ysed by Gascduiyspt £ i r oemh aphy. The average rate of the reaction,
exprgssed )alts nol p%ﬂduct er rmilggél-’d per hour, was also 20 cal culated. The
average rate of reft?ﬁ“ﬁ?%?psl d& S nePeated heoneirer atslnd ¢athamabnoxi de

ti durii 3 ! i C it her_one of ethene or
corbon” monoxt 6. e vas iy e O e O it gt R o5
propi oni c aci d %t Canl avErdgel rZatRy R)T‘%_(ﬂ)’phrbsmmd-l?p’a‘, ﬁﬁ—@z&tﬁ@t{mahy%;t oo
mol / mol . hr). - r t4 on i.ned as .
E:ar bon m)nozd d?’?d%ﬁfn% S)o%aattﬁuér%{cnlg&gﬁpéeﬁ 'olyj\{a%ﬂ }tcge(?ﬂé ec_3< 1iOn oteit her
one of 10et hene aart asaraitn weshexdadesd 30F tewarpledrConpar ati ve exanpl e A was

repeat ed, however i . . _ .
1,2-P,P'-di(2-phOSEﬁ£¥%¥%9%%$f¥g$%aﬁ%¥%yPFh 100 select1v1t¥ into

6,9, 10-t ri oxat PrOpsloofis: Sl dl{. Frdemdiagethyierns domnzeieddistigad of 0.15
mol 1’3'PP"dT&%ﬁEﬁ%§@hqSemi»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 mixture was introduced to
the autoclave 30 times in portions of 5-15 bar over
2 hours at a process temperature of 100 °C.

Ethene/CO were fully converted with 100% selectivity

20 _into propionic acid at an average rate of-

10000 mol/mol.hr.
Example 3

An autoclave was charged with 15 ml methyl-3-
pentenocate and 40 ml toluene as a solvent, 0.1 mmol

25 ' rhodium dicarbonyl acetylacetonate and 0.15 mmol
1,2—PP’—di(2—phospha—1,3,5,7—tetrémethyl—6,9,10—
trioxatricyclo[3.3.1.1{3.7}]decyl)—methylene—benzene.
After being flushed, the autoclave was next pressurized
with a partial pressure of 30 bar carbon monoxide and

30 30 bar hydrogen. Following sealing of‘the autoclave, its
contents were heated to a temperature of 100 °C and
maintained at that temperature for 1 hour. After cooling,
a sample was takén from the contents of the autoclave and
analysed by Gas Liquid Chromatography. Conversion of

35 methyl-3 pentenoate was 100%. The selectivity towards



1,3,5,7-tetranmethyl-6,9,10-trioxatricyclo[3.3.1.1{3.7}] WO 03/070370
ggT/EPO3/01688 19 dgcyl) propane and using 10 bar instead of 15 bar carbon
nonoxi de. woOhg/oznsv@ocl ave was cool ed after 1 hour. Ethene w@QTﬂﬂhMymsmnverted
with 100% sel ectivity into propionic2acid at an average rate of' 10000
mol /ol . hr. 5 Conparative Exanple B. Exanple 1 was repeated, however using

0.15 mol 1,ZQbESQdWQIﬂﬁﬂﬂ%ﬂpmgﬁgﬁ?m?hxﬂﬁfﬁyF@Qﬁ;bep4ﬁgﬁhyf %@Hﬁ%ﬂ_ of 0.15
- "-di (2-pk -1,3,5 7-tetrame -

g?g{lélfrrbsat F%%@E%%%%B%ﬂ:f% . Frdeanyl _yén@ent@@oat@ 39t dél aarel was

cool ed after 55hdummylpr®m%ﬁw%&eﬁqnw%tt@%éwa%%r%%%%&%%%ﬁ%#%%@%%éfgf%n

ropionic acid,at an average rate of 800 nol/ nol . . '
?Seﬁi-continuo&gyaﬁgﬁh%ggs RESWEFsatas, 286Reverl psirngo32 R penstead 15

' -1 ' d carbon
of 5 mM5Swater gmdiZ2@obanrof an 1:1 gas m xture of ethene an : _
nonoxi de. The gas g}xture was i ntroduced to the autoclave 30 times in

a

portions of 5- € S¥DiBREd Sapfa lpPoleds ~térBepabaphast , 306, G-
Et hene/ CO wer ettukhyeenpvert ed1with;100% sel eg |§[5¥1_ i g [ Qpioni ¢
acid at an average rgtepor T0000 ﬂD%%HUi.EI& éianp.e gqin 2§?§¥E§¥e was

charged with 1BShYABRRyPERzZepeNt enoate and 40 m tol uene as a sol vent, 0.1

nmmol 25 rhodigghghggigogygpaggtylacetonate and 0.15 mmol 1, 2-PP" -di
(2-phaspha-1, 3,7 5., 7-tetramethyl -6, 9, 10- _
tri oxétofi cycl of 3. 372. 2130 ¥yt dleeyp¥ - Aephybphe-bebzene-teAfspetheing fl ushed,

- I ] ith,a rtial, pressure of 30 Par
Carbon mohoxt da aha. 307 50 har Ty obth Eot Fau ho e BaREnGY O SiRe (HUPDY! ave,
its contents WP edhedf etmed) ainehperabydecdiird00(L0ADH 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 room

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{3.7}}decane borane

20 (H-PA.BH3) as colourless crystals. Further product was
obtained by recrystallisation of the filtrate from hot
tetrahydrofuran (7 ml). The yield of H-PA.BH3 was 86%
based on H-PA.

Synthesis step 2:

25 To a solution of H-PA.BH3 (3.67g, 16 mmol) in
- tetrahydrofuran (40 ml) was added hexyllithium (6.4 ml
(2.5 M), 16 mmol) at -75 °C. After stirring for 1 h,
a,o’ -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 to afford



mai ntai ned at that tenperature for 1 hour. After cooling, a sanple was
taken fromthe contents of the autoclave and analysed by Gas Liquid
Chr omat ogwaphy703@onver si on of 35 net hyl -3 pentenoate was POOEPOTOESSS
selectivity towards WO 03/070370 PCT/HP03/01688 20 2-fornyl nethyl
pent anoate was 3,5% 3-fornyl nethyl pentanoate 51.3% 4 fornyl nethyl
pent anoat e 39. 4%y B' f&F %mem@a&h %, D% e Tenaiiey 2o, 9 At ®- of

conversion to ; 0, nol . per | Rh per hour 5
(nol / mol . hr). &%ﬁ%%@ﬁ%gégfﬁ@ BT e e e Bee
tetramet hyl -6, 93¢ 19 oXE Y iy d ofldite Isdiid 7jddacyhes TRty | R8s DeNzene)
Synthesis step 1 1Q.To sal,ution. of 2-phospha-1, 3,5, 7-tetranet hyl -

6,9, 10-tri oxat rsl]uclzoﬁﬁocot[e&d 3.01%-{%.%31‘706&%% fﬂ?ﬁr}%ﬁfegt(% PA) Agarl 920%@ ool )
in tetrahydrof 0 (h40mdQt enaisz stdiderd) .2 TheVd iU dBEHIMOfmBongn #ihydride (73
mmol) in tetra riqf.f nan over in at 0 C._After 4 h'stirring at room 15
temperature (2 e syolr\?eciﬁyﬁ/iv%??lﬁesr?ﬁ\?éjdl FFP™ methansde product was
recrystallised fromthe m ni mum volume hot tetrahydrofuran (20 nl) and
washed with hexane (2 x 5 m) to afford 2-phospha-1, 3,5, 7-tetranet hyl -

6,9, 10-trioxatricyclo[3.3.1.1{3. 7}] decane borane 20 (H PA. BH3) as
colourless crystals. Further product was obtained by recrystallisation of
the filtrate fromhot tetrahydrofuran (7 m) The yield of H PA BH3 was 86%
based on H PA’ Synthesis step 2: 25 To a solution of HPA BH3 (3.67g, 16
mmol) in tetrahydrofuran (40 m) was added hexyllithium (6.4 M (2.5 M,
16 nmmol) at -75 C. After stirring for 1 h, a,a'-dibronp-o-xylene (2.1 g, 8
nmol ) in tetrahydrofuran '



(20 M) was added at -75 C and the reaction allowed' to 30 warmto room

t enperat ure.

After 3 hours, diethylamne (3 nl, 28 mml) was added and

t he

reacti on wefoBuoxedo f or 2 hours. After cooling, the sol ventrCugPos/ersésed and

the crude product dissolved in toluele (60 m) and washed w th water

(4 x

40 m). The solvent was renoved to afford WO 03/070370 PCT/ EP03/01688 21
1,2-P,P -di(2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-
trioxatricyclo[3.3.1.1{3. 7}1decyl) - mrethyl enerbgngene (3.9 g, 91% as a
white solid (see thesis by Robert Pugh™ submited to the University of
Bri.stol in April 2000 for 5 NMR characterization). The di phosphi ne .may

further purified Wroessystat limatéonddPmarihanel ,

VI 3 Q70370

PCT/ EP03/ 01688 22 CL Al MS 1. Process for the carrf)onyl?ﬁl on-of an
ethyl eni cal |y UHStWrtd COMRDIUHY Wit exrbon nonswkiedeanhd acco-

reactant in therquasance oftige Gt yste GRS
5 b) a bidentate di'phosphine of for

VIl netal;

be

W) SR 2 oo

P- Al- R- A2- P- R2 {1 ) 3us&wiGe rait e tE T ke lent radi cal that toget her
w th the phosphorug @i%ﬁ&ﬁ@'&ifbﬂésﬂl?rget %ﬁ%gcﬂ\ﬁ]aari optionally
, - de

substituted 2-phospha-tricyclo[3.73.1.°1{.

cyl dgr'oup or a derivati

t hereof in which one or nore 10 of the carborr&Atons are .replaced by
het eroat oms ("2-PA" group); wherein R2 and R3 independently represent

unival ent radicals of up to 2%1at>or]_gsA_§q_r__Pj_ggzw_tﬁ Hdorma bival ent radical
[

up to 20 atons; and wherein Al and

ndependent|ly represent optionall

ve

of
y

substituted al kylesrd nl RIgrreyns it R eARASQMES a1t anald )&Méll ut ed

10

15

20

25

with the phosphorus atom to which it is attached is an
optionally substituted 2-phospha-tricyclo[3.3.1.1{(3,7}1-
decyl group or a derivative thereof in which one or more

of the carbon atoms are replaced by heteroatoms

("2-PA" group); wherein RZ2 and RS3 independently represent

univalent radicals of up to 20 atoms or jointly form a

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

independently represent optionally substituted alkylene
groups and R represents an optionally substituted
aromatic group; and
c) a source of anions.
2. Catalyst comprising:
a) é source of a group VIII metal;
b) a bidentate diphosphine of formula I,
4 o3

R > P—A"l—R—AZ—EL—RZ | (1)
wherein R1 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

of the carbon atoms are replaced by heteroatoms



aromatic group; and c) a source of anions. 2. Catalyst conprising: a) a
source of a group VIII netal; 20 b) a bidentate'di phosphine of fornula I,
R3 Rl > WoABOR3MP-P-R2 (1) wherein Rl represents a bival @ct/RPasivsss t hat
together wth the phosphorus atomtowhich it is attached is an

optionally substituted 2-phospha- trlcyclo[3 3.1.1{3,7}]- decyl group or a

. . . q
derivative ther eof-PA" Wai 6l PRewiRE r 8D eR25: 98 RBe; 5L 9Rq2% 0 egl ce
by heteroatonms WO 03 0;%37gpPCT/ EP03/01688 23 ("2- PI’!9 oup?r§ \/\%ﬁ

and R3 i ndepend&htY ?%Er%%%@al%n@@alﬂlénior%l@h@’é@BSo@ru])OiDtQQ ﬁbrmmsaor
and wherein and

ly f t dic 0O atons
J| gldgtpe%deg'[ Imyar e%'/f%géelﬁ r£ i ongl?§ %%bg?|%§t%@%¥kﬁ%‘ﬂew%eﬁ‘?b%p%fd FAdRA
represents an omdemahdl@'n’shjasztepmﬁht %p@ﬁﬁ@l%%s@ﬂ@u@éd%§?ﬂ&ﬁe°f
in claim2, wherein the source of” group

?/ImI ?n?ret aI3 i ?}@3’%2 E: go}? Wrﬁ%?%ts R H5stoRRL LY aF et i Hueedim 2 or 3,

wherein R2 and azRBnatthEt@‘hﬁdiu];V\ﬁ tahd he phosphorus atom forma 2- PA group
identical to R. 5. Catal yst gs clained in claim4,.wherein the bidentate

di phosphi ne is @, 2-3, 3¢ 51,3,5,7-tetramethyl - ' 15 |
6,9, 10- tri oxatr3 cydenfBL astl. e T1gHdeey ! In d@l@'?n%wﬁp%he}( 6o (AlRl y8

as clainmed in an%}l%n% of claine 1 to 5, wherein 't he sour ce
r

carboxylic aci # iedtetal disiled B @i Rhawherein the catal yst
is a capal yst %Ccordgﬂég_b}soc Ay A8 g ¢l E 3 2 06r' 3, wherein RZ2 and

R3 together with the phosphorus atom form a 2-PA group
identical to R1. '

5. Cataiyst as claimed in claim 4, wherein the bidentate
diphosphine is 1,2—P,P‘—di(2—phospha—l,3,5,7—tetramethyl—

15 6,9K10—trioxatricyclo[3.3.1.1{3.7}decyl)—methylene—

" benzene. 4
6. Catalyst as claimed in any one of claims 1 to 5,
wherein the source of anions is a carboxylic acid.
7. Process as claimed in claim 1, wherein the catalyst

20 is a catalyst according to ahy one of claims 3 to 6.

‘ 8. Process as claimed in claim 1 or 7, wherein a
carboxylic acid is used as a reaction diluent.

9. Process for the'preparation of a carboxyiic acid and
its.corresponding carboxylic anhydride comprising:

25 A) carbonylation of an ethylenically unsaturated
compound with cafbon monoxide and water according to a
process as claimed in any one of claims 1, 7 or 8, to
yield a carboxylic acid; and
B) ' carbonylation of an ethylenically unsaturated

30 compound with cafbon monoxide and the barboxylic acid
obtained in step a) in the presence of a catalyst to
vield a carboxylic anhydride. '

10. Process as claimed in claim 9, wherein the cétalyst
in step B) is a catalyst comprising:

35 i) a source of group VIII metal;

ani ons IS a



8. Process as clainmed in claiml1l or 7, wherein a carboxylic acid is used
as a reaction diluent. 9. Process for the preparation of a carboxylic acid
and its worms@pondi ng car boxylic anhydride conprising: 2PCAEPoOR0IBENY| at i on
of an ethylenically unsaturated conp@und wth carbon nonoxi de and water
according to a j{pyroc i i ny; of clains,1, 7 or 8, to
yield a car boxyj]f),(r: a? ;ﬁzsn@%%?gcadr Q%W%I?g{]glnl%afn%'n aer%%yl enically

unsat ur at ed 30 ¥bhpourhdaade caf boriaronoxi de and the carboxylic acid

obt ai ned in step; a)py f, talyst, to_vield a carboxylic
anhydride. 10. Pr_oces%%a%ec' ai rregq:r:‘en&cjlrgi :mf@,m vdﬁée'r e"flhelf%é" ,c‘gTealsg%‘frc? St ep
B) is a catal ystnidmpriisiing:s 384 cartsourices ofcigh qupepAddd Nt adtep\Qy) .

03/ 0703%0 PCT/ 13/01688, i 1) sphorus contai ning ligand; and iii)
a source of aniﬁ?r)ls. 11 Pr gdgsesdslaalgneg g‘lrfnsadwl7 e eﬁ%%ﬂ'\‘ﬁné’é’i% e source
of anions iii)wheraire e boxydd:ylaict chquirepey sk dpnrsdepi)step B)12 s Process
as clainmed in f clains 9 t.o 11, wherein the carboxylic acid as
prepared in st g%ye %Iess% R Oﬁlgld'beﬂtor?rhiq 5599 Bot R FS®) Bind step
B) .



