13 July 2006 PROCESSES FOR THE PREPARATI ON OF ‘A CARBOXYLI C ANHYDRI DE AND
-USE OF THE CARBOXYLI C ANHYDRI DE AS AN ACYLATI ON AGENT The present invention
"relates to a process for the preparation-offt a carboxylic 3ggﬁdr
reaction of an ethylenically unsaturated conpound with ca OXIde
~and a carboxylic acid. In specific the present invention 5 relates to a -
process for theP$®©©%SES|BﬁRoTHErBBEﬁaRATI@Nh@ﬂTPdéﬁﬁﬂmﬁwﬁgghﬂﬂﬁﬁﬁﬁkﬁﬁlbes

inits exanple h |
iz ethener prosendst BEHEIhRBOR L KNRIDR Oy AL SRt YR SRS
by reaction thereof with carbon nonoxide and t he hydroxyl - group contalnlng
conpounds net hanol and water., The reaction re carri-ed t
presence of a cat al@é‘? BB%??E hﬁ"ﬁﬁﬁ&ﬂi Eﬁnﬁ(al %c?etaatpé sspl acﬁ eiﬂﬁ (rn)
,aﬁetyLaCEtOnenaﬁﬁep@ﬁﬂtiﬂﬁ OF' adtatBok¥lic anhydﬁlde by reactlon(ff an
phospha-1, 3,5 tetrangt 9,10-trioxatri- o] 3.7 e
Dropane (DrA3) cuRel SATGRYLY HBEACRERLPEACOTBRENY SH SRR ARPOTIRS,
further conpri sgsq n@tbyrbekyphenkeiaci dn epetcricfr:m: 3 prwisdehta ipkeert idn
when neasured in water at a 20 tenperature of 18. gs a source of anions.
The net Ryl sul%ﬁ%ﬁﬁ%5a59dalErﬁF§§§nﬁ°FntﬁﬁlBFGE%£QQQQHJQ§NPIqEEQQ&Eun1or
platlnun1cat|on§nhfgfh@ggh I n passing, WO A-9842717 nentions a variety of

possi bl e co-reactants, including also carboxylic. 25 acids, in t he exanpl es
water and met hanol WPTATHRIBALY dRGEESRGE- &R0k ScEFERPRIST) tWépounds used

as a co- react aglypdiig) 0bI 8a1 0Bl otHG18NEEENYy LRLERILUL IS dehpiigiddle

proeess for the preparation o a carboxylic anhydride by 30 reaction-of an
et hyl eni cal | y umsaiu¢bm%@ecopp©nﬁﬂewnEM4191§ﬁﬂy 2@@¢hyl pentenocate and

10 - wvinyl acetate, by reaction thereof w1th carbon_monox1de

and the hydroxyl-group containing compounds methanol and
water. The reactions are carried out in the presence of a
catalyst comprising palladium (II) acetate or

| platinum (IT) acetylacetonenate; and 1,3—PP’-di(2—

15 phospha-1, 3, S 7-tetramethyl-6,9,10-trioxatri-

' cyclo[3 3 1. 1{3 7}]decyl) propane (DPA3}.

The catalyst used for reactions with methanol and
water further comprises methyl sulphonic acid, a strong
acid with a pKa < -1 when measured in water at a
20 temperature of 18 °C, as a source of anions. The methyl
" sulphonic acid is present in molar excess to the
palladium?or platinum cations. ‘
Although in passing, WO-A-9842717 mentions a varlety'
‘of possible co- reactants, 1nclud1ng also carboxylic.

25 acids, 'in the examples water and methanol are the only |
hydroxyl-group containiﬁg compounds used as a co-
reactant. v

The -object of the present invention is to provide a
process for the preparatlon of a carboxyllc anhydrlde by

30 reaction of an ethylenlcally unsaturated compound with




car bon nonoxi de and a carboxylic acid in which high reaction rates are
achieved. It has been found that the use of a catalyst as exenplified in
WO A-984. 2717, containing nmethyl sul phonic acid, in such 3 ﬁro?§§§ for the
preparation of a carboxylic anhydride restl €s™in satisfactd _ cti.on
rates(see conparative exanple A). An inprovenent towards a higher reaction
rate, however, watrbdnbeaoremidesindia ecartoooytiaghgidhénpwbieht hiighent i on
provi des a process .10 faor . the reparalioq%of ‘a carboxylic anhydride by
onp

reaction of antEEMyEER FANSF GRS ound wi th carbon ~nonoxi de
and a carboxylic aciigt hast ey et tHatn tioatwsysbfcanpatalpgt ap a °

20" %5y L 5. & peRepi SRRt iy W Ak LT Lo o ERORE "pER S, SEpRRGR L
togethers with LhedphesPRUMS AtHHBddsfeh ilﬁei?r@péﬁﬁﬁﬂdni sfan

optionally substituted_2-phospha-tricyclaol 3.3, 1. {3,7%%- decyl groubl or a
derivative ther E8FPPFYMiC RIGYSGdagraswht Hrint pat EaFBBRORY OREAGTHECD

repl aced by het ekpabQEee( comPA rHGHD)ex MIST &1 A1) R2aRNgmBacvefenendenkirds
represent univalent radi-calS of up to 20 atonms or jointly forma bival ent
radi cal of up té héghesnmyeagid aharatier RQWpTRBenyaddpbPoaVery dpgaspble-
s the anion of ¢ heSERRa Y e B TR (B e Proaeay on
theoryl0it is. fbsl téﬁe@rte@@traiﬁiqma_%mrqﬂwwlma\anM?d¢ bh’drEﬁCt:i@'n
cobar t e ox B S\l b SH BT S 08 s 3 A9BSR HERS
WO- A- 9842717 anmiohoxide and a carboxylic acid in the presence of a °
| catalyst bomprising: ' -
. a) a source of a group VIII metal; ,
15 b) ‘é bidentate diphosphine of formula I,
o | Rsh ‘ -
N | S .

Rl > P—R—P-RZ e (I)
wherein Rl reﬁresents.é bivélent radical thét together
with the phosphorus .atom to which it;is attached is an
thionally substituted 24ph05pha-tri¢yclo[3.3.1.1{3,7}]e'
decyl groﬁp_cr a derivative thereof in which one or more

20 of the carbon'étomsrare replaced by heteroatoms ’
| ("2-PA" group); wherein R2 and R3 indepeﬁdént1y represent
univalent radicals of up to 20 atoms or jointly form a
bivalent radical of up to 20 atoms; and wherein' R |
fepreSents a bivalent drganic-bridging Q:Qup;'and
25 c) a complexing anion; | o '
| . wherein the complexing anion is the anion of the
carboxylic acid. | ‘_“> - '
Without wishing to be bound to any theory; it is
believed that in the examples of WO-A-9842717 and in
30 comparative example A methyl sulphonic acid, being the
strongest acid, protonates any anions of formed
~ carboxylic acid. In the examples of WO-A-9842717 and in-



- 3 13 July 2006 conmparative exanple A the nethyl sul phonic acid, and not
any- carboxylic acid forned, provides the conpl exing anion The process of
the present invention results in high 5 reaction rates. ﬁﬁ'ﬁ'o %he use
of the anion of the carboxylic acid co—eaetant as a conplext &’8 on

sinplifi'es the preparation process. WD A-9842717 .gives no indication that

the carboxyli coori$a £h€0rd eé}@éneﬂte @O Whd mthyieguiyﬁgﬁféfaéw agnd hdt

si mul taneous provider of the conplexing anions in the catal yst Noreover,
WO A- 9842717 @ResCabeithicaricis desmedy horggddep the apmpheXdngt he
carboxylic acigdsas, conplexing anions would result in higher reaction

rates. On the contrary, WO A-9842717 teaches the preferred 15 use of a
separate source oﬂhﬁnnnﬁpemweﬁbﬂébl9I&S§Ptohgveati@nsn%ﬁuthnenhyhgh

sul fonig aci dy:]-e%sc@mf}f Qﬁ’ét%? ‘R{arte%%e omphex|,0d ?’E'E’He Eﬁf&?ﬂ?{?' éhéhe ani O”S

of the carboxylic acid.” an y any counter-anions Tn ource
gr aup VI Il ZO:McatyJarce dia rm—rreamtans pseseatmpleximg atiaeny additi onal
~acids "stronger, co- reactant, i.e. acids having a

carbox li_¢c.aci
pKa |ower tfmu?*qﬁﬁf%%eﬁtu?e(ﬁfq§§%?%ﬁgna€F8°?ﬁsthe used sol vent, can be
present,, but onl yWo-A-2eadd719MuREs. nBylﬁ&abhtmuma|15h¢mheflsbﬁpsulc25

such anounts that, the carboxylic co-reactant s acts as the main-
provi der of tRFXEHRASHITH G ngF uBF CFPE%?S§€%£%% 2§ additi-onal

"stronger"” amsimﬁitdd&mﬁs@ﬁ%mﬁ@@&eaf tﬂeacaﬁbﬁéxiﬁéléhiéhéhﬂngtﬁép VI
metal of |ess than 1, preferably less, _than 0.2:1, 30 nore preferably

| ess than 0. 1:CB %ﬁxﬂﬂﬂﬁﬁ@W@FabWQ Pa8B427hAngbves . no *ﬁgﬁcﬁFb?%rﬁBPQ
essential ly nqmnians & tnelehidRsaddi thanakrbsiyPiWedcidcdd are Ppresent

and nost , :
: : complexing anions would result in higher reaction rates.
On the contrary, WO-A-9842717 teaches the preferred
| :15 ‘ﬁse of a separate source’of anions, préferably a strong
acid such as methyl sulfonic acid, as a provider of tﬁe :
complexing'anion} | '
. Preferably the anioné of the cafboxylic ééid.and
opticonally any counter-anicns in the source of group VIII
20 metal are the main anions preseﬁt. Anions of any ‘
additional acids "stronger“,than tﬁe Carboxylic acid-co-
~reactant, i.e. acids having a pKa lower than that of the
carboxylic acid in the used solvent, can be present, but
. only‘in small.amounts. By small amounts is understood
25 such amounts that the carbo#ylic acid co-reactant still
| ‘acts as the main provider of the complexing anions.‘For
practical reasons any additional "strohger“ acid is
therefore present in a molar ratio to the group VIII
metal of less than 0.5:1, preferably less than 0.2:1,l
30 more prefefably less than 0.1:1 and most preferably less
than 0.01:1. Most preferably essentially nc anions of
such an additiomal "stronger" acid are present and most
preferably the anions of the carboxylic acid and
optionally any counter-anions in the source of group VIII

35 metal are essentially the only anions present.

AMENDED SHEET




preferably the anions of the carboxylic acid and optionally any
counter-anions in the source of group VIII 35 netal are essentially the
only anions present. AMENDED SHEET 13 July 2006 In the proggﬁs g@ﬁ rding to
the invention the ethylenically unsaturated #¢onpound is pr Fab. § an

al kene having from2 to 20, nore preferably. from2 to 10, and npbst _
preferably from.2 tandthar o cdheiatkens theainbentdomathebr anched
~or can conprise-‘a %éﬁliq tructure. The al kene can.conBriie OBﬁ or nore
doubl e. bonds p&FPYBEALAR Lan FRIRISE R CORARRA cifi BESTRFBPAYI 200y
termnal. In.theaalkarRe h@RAnY e hYEd 0N M AspFB¥er8BYS. Been pepbaged
by ot her atons, 'such as hal ogen atons, 10 sul phur atons, oxygen_atons_or

ni trogen atoms, @RAbjpOSE W&%eﬁah&}brﬁ?o%u%ht%s‘l hSRERRY| 2EPBEps They aakene
groups: -8l koxy GeoUpS n3hafias HELRGY A SAOXYoE LIRS a! ByBXYc Oroups;
am no groups such as dinethyl- and diethyl-amno droups; or~aromatic
groups, such as phengitunes| {heor liGnmptamGonpoiuee . OPe cPEr@pke dpubakkene
contains no hetghRakoml, keaTRheS Andieilee dAE Lo ShEENEanPhBPEAterha1
or 2-butene, 1- "or Internal”.” pentene, 1- or internal hexene, - or -
‘internal hepteneor terminiait.edmalthectaliesnd-orr @0 morerhplirdgesnatoms may
I nternal or term -C l_efl 1trils clgh n L
styrene. PreferFégggaﬁééﬁeéépﬁgﬁ%ﬁQ%Q%ﬁgggﬁpggg%é%b,Sig%u%gngégﬁgeg-%B She.
Et hene 1D especi ablphprebéenmad. ohyddrre girocessr atCordgey abonbe prebgnt

' tion, 25 th b i de b dinit
with an inert gaSPGHER 8% ACPRGyerd hrboY o T trihtpl B8 cS

f di L ut ed
| EYGH8ETSHRR! as
argon. |If the ethykegsiCalrbypensaudintad eaiiminti seth@Rg, geogpset baAtexy a
gaseous ﬁixture 8Loggg9ogmgggoég%%ﬁguégégaas dimethy14 ana'diethyl—amino‘
groups; or aromatic groups, such'as phenyl, tolyl Of
157 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 hexené,
- 1- or internal heptene, 1- or internal octene, 1- or .
20 internal decene, internal or terminal Cié—clg‘olefihs;'
pentenenitrils, cyclohexene aﬁd styrene. Prefefred |
alkenes include‘ethene,ﬁpropene, l-butene and Zjbutene.
Ethene is especially preferred. 7
. In the process according to the present invention,
25 the carbdﬁ 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 éoﬂpound is algas,'e.gQ ethene,
‘a gaseous mixture of carbon monoxide and the ‘7.‘
30 - _ethylenically=ﬁnsatufated compound can be used.
| For the preparation of a carboxylic anhYdride, an -
ethylenically unsaturated compéuhd is reacted with carbon
monoxide and an appropriate carboxylic acid. Carboxylic
acids which can be used as a co-reactant in this reaction-

35 -~ - preferably have from 2 to 20, more preferably from 3 to



30 ethylenically unsaturated conmpound.can be used. For the. preparation of
a carboxylic anhydride, an ethylenically unsaturated: -conpound is reacted
-wWith carbon nonoxide and an appropri ate ealbexylic acid. Carb lic acids

whi ch can be used as a co-reactant in this reaction 35 pref@ﬁ&gééoﬁave from

2 to 20, nore pi@f@agﬂbx LEes3 TReldadbkydd@6 ach Gibye allighathe

carboxylic acid can be aliphatic cycloaliphatic or aromatic and is .
preferably aliphaclealiphatéar pox premagéicd apsh iy PHRGe 190 nbrileiphatic-
branched. = The ol boxybb&yagkdatan EARPELIENREC Y JBRIUDIS-AiE & per
mol.ecul e but prefeéerably ¢t ai ns no -doubl & bonds. The carboxylic acid :
~conprises at | ems¢ ocaeboayRiéryhcgdogpn comprise Snso Womses gtk therddne
carboxyl. group and is. _for_exan ] L -AG] {. t OXiihds C
acid orfe or noP®* h’%?’%ﬁgﬁ'iea{gggrrgb%ge%g\%g%)eggh%ragﬁsgg{eog dbdydbljb&%cﬁgcgéjatorrs,
such as hal ogencatioozylsul phid abmpsisesygen leatstnmensy gatb@ysh groim, or

“by ‘groups of. atons, such as _hydroxyl groups:. cyano 0 ; oyps,
sﬁcﬁ asp nethoi?ugfcé?h82§°gF8@é§}sﬁﬁﬁ8gﬁ S&@ﬁbéﬁﬁiuﬁ%#?%#Q;HQ?JE§EZ?Qgs£§,
di lrre][ hyl - angt_ gf?f hykamﬁnQOagb?ub&E:ﬁ(Q&tcﬁddmgd.1i‘i_rgrmlqo_ fam' mtyt 7 isc phety |
tolyl. or na roups. refera the carboxylic¢ aci .no
het gr oat om;'l.o %?rg?EsBBF GCEVEEWFPC%&(?I“&S mﬁléfa?‘%’a?n SR %}é&a&} 4
react anly i ncl udgt REPPaLBING, asLeh But ARdLEeACiat.omEntsanipmr st s pert wyen
acid, adipic acid, hexanoic acid, 20 heptanoi c acid, cyanqgvaleric acid
cycl ohexanoi ¢ agFems pReRyEBPEFANGTOTEei @F IGEQEEﬁﬂQ%a%; nitLRi Y or
adi.pi ¢ acid. Pgﬂﬁgftek laQEQuE§;aCQE1ﬁEe©&"%@p%9' Q33N lgrdupsh asgrecaal |y

|

preferred enbo n he“carboxylic acid is prepared in situ by reaction.
of an et hyl eni cagthoxysounsiharat €&ouEHHoGRd AXivt XN YK

oy b SiLAOR HERELALE 210 GELEhSE LA B dhdracic

15 groups, such'as phenyl, tolyl or naphthyl groups. °
Preferably the carboxylic acid contains no heteroatoms.
Examples of carboxylic acids that can be used as a co- |
reactant include propaneic acid, butanoic-acid, pentanoic
acid, pentendic acid, adipic acid, hexanoic acid,

20 heptanoic acid, cyanoﬁaleric aeid,_eyclohexanoic acid,
phenylpropanoic acid, malonic aCid, succinic acid, or
adipic acid. Proﬁanoic acid is a preferred co-reactant.

In an especially preferred embodimenf the carboxylic
acid is prepared‘in situiby reaction of an ethylenically

25 unsaturated compound with carbon monoxide,end water. . '

o The invention therefore also relates to a process for
the.preﬁaration of a carboxylic.anhydride comprising:
A) carbonylation of an efhylenically unsaturated
. compdund-With carbon mbpoxide and weterfin the presence

30 of a catalyst to yield a carboxylic acid;lend '

B) carbonylation of an ethylenically unsaturated
.compound with carbon monoxide and the carboxylic acid»_
obtained in etep‘A) to yield a-carboxylie'anhydride as

described herein.



A) carbonyl ation of an ethylenically unsaturated conpound wi th carbon
nonoxi de and water'in the presence 30 of a catalyst to yield a carboxylic
acid; and B) carbonyl ation of an ethylenically unsaturated e d with
~carbon nonoxi de and the carboxylic acid ‘obt &i fied in step ﬂf P%B§¢£|d a
carboxylic anhydride as described herein. 13 July 2006 The catal yst in
step A) is preferablfhes ezt west irwomipep SAngis prefiesablyeaokcagadystVi | |
metal ; ii) a phosphorwus, containing ligand, and '5 iii) a source of anions.
The source of g B4 %%etal i) is preferably a source of group VIl
metal as descrillgd herpisvhetows Jreupwephonesateontaining ligand ii) is.
preferably a bidentate diphosphine. Preferred bidentate giphosphines' 10
i ncl ude those désdri béd BHPIRHIEYBLoARNGO 2IBRF56829 and t hose

bi dent atg di phosphijnes desarddesk hatgbms bel ow. In step A the source of
ani ons can be chosen froma w de_range of_sources, incLudin% t ho

described in WD A FhesFEprrcaRf XU 17EEbme bl &) abSyPTREREFELY the 15

carboxylic aci d.sRs-dy PRIEhiY PEEP fital Sapr Q¥bekDBelinge reaPbRNIRM
anions of the catalyst. Preferably no further -separate source of anions
i s-added. Most pref Steblphagmharzna|gentainirepligand idenipchrefesgaidy a

W th arbon monoi TR S e e
anhydriH@s such iasliote exrampt elqsaptyed cin diGylirP8€27bdt andi ¥OxAmPAr 2D 7
hexanl oo L AL U0, pRd BRSENBRebRaes R ce
for exanple acetic Emropasey G artiy doubsce bof aawicns can be chosen from a
| wide range of sources, including those described in
WOfA-9842717Aand WO-A-0172697. Preferably, however, the

15 carboxyiic acid, as prepared in step R), is providing the

| | complexing anions of the catalyst. Preferably,no further
separate source of anions is added. o

Most preferabiy the catalyst in step A) is identical
to the catalyst in step B). '

20 | By reacting an ethylenically unsaturated compound
with carbon monoxide and a:carboxylic acid;_symmetrical
carboxylic anhydrides such as .for example propanoic
anhydride, butanoic anhydride, hexanoic anhydride,
cyclohexancic anhydride and phenylpropanoic anhydride can

25 - be prepared, but also a-symmetrical carboxylic anhydrides
such as for example acetic propanoic anhydride, butanoic
hexanoic anhydride, propanoic phenyipropanoic anhydride. -
7 The carboxylic acid co—readtant is‘simultaneously:
used to providé*the'cdmbléxing anions fof‘the catalyst.

30 When carboxylic adid~co—reactént becomes'depleted near
‘the end of the reaction, appropriate amounts of the
carbbxylic acid, can be added to the reaction mixture.'In
the preparation of‘propénoic anhydride, the use of anions
of propanoic acid as complexing anions is especially

35 advantageous.



hexanoi ¢ anhydri de, propanoi c phenyl propanoi ¢ anhydri de. The carboxylic
acid co-reactant is sinultaneously wused to provide the conpl exi ng ani ons
for the catalyst. 30 Wen carboxylic aci d-c@-reactant becaones depl et ed
near the end of the reaction, appropriate anounts of the déﬁb@%9&ic aci d,
can be added to the fRapLEgRel XhubeprblierkBe Propass! wenostlipgoRRNChe
anhydri de, the use of anions "o progan0|c acid as conpl exing anions is
especi al |y 35 adimawnengkouspropadoliy aobsdrifer dfopEerasesd prefr&ddd Pr Gdess
according to the.lnuent|,0pyPLapaRal foABINAL dad 3oopepRiied dad.eaction of

et hene with carbBn RoRoXi deé an propanol ¢ acid. The reaction is carried out
in the presence of aThearehgstovofpr csirmgedapul douitde SregeRtuPVA |
metal ; b) a bidentﬁt d%phosthne of formulal, RB RL >P-RP-R (1)
“wherein RL repreS8 ?§Y§ bFYRPEAC “PEdi cal that together with the phosphorus
atomto which itahs atkeohed of angrb@popdildnakeltyplsubstituted. ,

2- phospha-tricyc) 0(3.3.1..1{3,7}] .decyl gr.oup Livative thereof in
whi ch one or nor&! 6fbﬁﬁﬁhgazgoﬁlﬁgéﬁ9% P& ngﬁgggl;ﬁy%%eteroatons ("2- PA"
group); wherein R2 and R3 indepgadently represent univalent radicals of up
to 20 atons or jointly forma .15 bivalent radical of up to 20 atons; and
wherein R represents a inalent_orqanic bridgi ng group; and c) a cong!exing
ani on; wherein the conBIe?iﬁb*%ﬁ?@h is the anion of the carboxylic acid.
20 Exanpl es of group VLI I anR . g?ﬁp ' de R ether Pd
and Pt., Pr eferaggﬁggl?oB}gg‘te%fr%stgggtﬁ'p%lg)l%%tla i gdtjig'gédé,i ?uch a@bl\lj , Pd or
Pt. O these, with the phosphorus atom to which it is attached is an

10 optionally substituted 2mphospha-tricyclp[3,3.1.1{3,7}]—

decyl group or a derivative thereof in which one or more.

of the carbon atoms are replaced b? heteroatoms
(P2?PA"'group}; wherein RZ2 and R3 independently represent
univalent radicals of up to 20 atoms or jointly form a

15 'bivaleht radical of up to,ZQ atom;; and wherein R

repreéents‘a bivalent organic‘bridging_group{ and
) a complexing anion; . o o

wherein the compleking‘anion‘is the anion of the

carboxylic acid. | _ ‘ : i

20 Examples of group VIII metals that can be used
include Ru, Rh,-Ni, Pd and Pt. .Preferably a source of
group 10 metal is used, such as Ni, Pd or-Pt. Of these,

- palladium and platinum are more preferred. Palladium is
especially preferred. | ' ' ' _

25 Examples of suitable metal sources are platinum or -
palladium compounds such as salts of palladium or
platinum and carbbkylic acids with upit0'12 carbén atoms,
palladium- or platinum complexes, e.g. with c;rbon
monoxide or acetylacetcnate, or palladium or platinum

30 " combined with a solid material such as an ion exchanger.

Palladium(II)acetate, palladium dibenzylacetone and



pal | adi um and platinumare nore preferred. Palladiumis. especially :
preferred. 25 Exanples of suitable netal sources are platinumor palladium
conmpounds such as salts of palladiumor platinum and carbq§ Iig0 ids with
up to 12 carbon atons, palladium- or platrhdﬁ1tonplexes éuy @i carbon
monoxi de or acetyl acetonate; or palladiumor platinum 30 conbined with a

solid materi al SBQthguﬁnIqq@d@gymauyﬂOnaﬁkﬂArmﬁemmmp)aseoﬂtpreﬁartadium
di benzyl acetone and 13 July 2006 platinun(ll)acetyl acetonate are exanpl es
of preferred nemgtado$C¥&EeSFhe bi val ent organic bridging group Rin the

di phosphi ne. of for nuipg gl blg@gkﬁﬁaQ; £ A NSd@sng §edap R’ ﬁnlﬂhéhe range.
froml to 20, nore preferably 2 to 1 carbon atons, Prefera

bi val ent or gani cdbpheégiphgnegiadu [fQ¥mRﬁﬂeﬁwu?@??%F%blﬁn?%nB?é?ﬁr3BI9 50814

car bon ons in;the ! Ghans estpsereesbion2 et neen the
phosphor u atornsthr(]a?% I%gﬁ/ j:‘hrecmll:ni\)a'flgcgﬁzt "0 or a?n c bri d89 o éﬁlggmg
c

contains only cacbmbGM(aan31 Rﬂﬁi&#&h&ﬂath%ébeFHQPEgoﬁ

non-substituted or t C Ja] ggb rg gasqtuégbgﬁ
bonds. The bri dgf ﬁ&u& %tsjégoé’g:tn ur {ﬁéfcé?%r %%gé?pg 5 phatic or

aromatic ring. Sttemsuria ﬂheunﬁxﬁgeﬁ ﬂEEpOBBIbh@ thHEﬁﬁE SPBDﬁ§tPﬁBIude
substituted or n subst.i.t ut ed hiv t h | e
g&F%e%ﬂ'qﬂﬂ)%h é&éﬁ‘aé% % ?raﬁ?% the boag%aRp

bi val ent xylyl, oup,v |va yl ene groups such.
as et hylgme, tr|ggb@ﬂjaubrﬁdgjﬁgmqfqupn@ @mnpennanehhylen@boprét@mﬁeén

bridging 20 groups |nclude %&%gqm%gé§i§§(@{%ﬁgﬁgaheﬂe”EBPM%EB%tEQ%%éﬁ”%E

et hyl ene and tri sphrne o or mu
represents a bi \é%%rttrd@éécpadnd hedn teget it whehorhmophospletusasedm to.

chICh s attac@?%é55éﬂé‘ﬂ?iéﬁfﬂéygE#EStééHt§urther form part of an
aliphatic or aromatic rlng.structure. Examples of

15 | . possible bridging groups include,substituted or non-

| substituted‘bivaleut aryl'groups,‘such as for example

bivalent xylyl, tolyl or naphthyl group, or bivalent
'alkflenefgroups'such.as ethylene;-trimethylene,
'tetramethylene or pentamethyleneg'Preferred:bridging‘f"

20 ' groups‘include orthoexylene (also called methylene—
benzene), ethyiehe and trimethylene groups.

Rl in the dlphosphlne of formula I represents a _
blvalent radical that together w1th the phosphorus atom
: to whlch it is attached is an optionally substltuted
25 2= phospha—tr1cyclo[3 3.1.1{3, 7}jdecyl group or a
derivative thereof in which one or more of the carbon
atoms are replaced by heteroatoms. .
| Tr1cyclo[3 3.1. 1{3 7}]ldecane is the systematlc name
- for a compound more generally known as adamentane
30 ' Therefore, the optionally substituted prhospha-tricyclow
- [3.3.1.1{3,7}decy1 group oOr afderivative_thereof will be
referred to as "24PA" group (as'in Zephosphadamantyl
group) throughout the speclflcatlon | .
Preferably, the 2- PA group is substituted on one or

35 more of the 1, 3, 5 or 7 pOSltlonS with a mouovaleut




25 2-phospha-tricyclo[3.3.1.1{3,7})decyl group or a derivative thereof in

whi ch one or nore of the. carbon atons are replaced by heteroatons.

Trlcyclo[3 3.1.1{3,7})decane is the systematioc -nane for a_compound nore
‘general |y known as adanantane 30 Therefore, the. optlonaﬂﬁ§m§3%@§|tuted

2- phospha- trlcyclo- 3,7 C roup or af i\ ereof wll
be - referred to zadi % % é}g %R % Spﬁ55§%§ﬁ¥yﬂ} dfoup t hr oughout
the specificationg E&@E@haéltbmst B%dZKB&egmﬁer%bﬂ.lgbéﬁﬁ tiutted @rcayomr 35

nmore of the 1, 3, 5 or 7 positions with a nonoval ent 13 July 2006 radical
R5 of up to 20 ahtoms. pEthpabbyoﬁfRf mncladeam@hh%hnnﬁihﬁijlﬁﬁQPy ’

f bl f 1t b thyl,
B;gpslra %hgnyl gﬁayia(rjsgl cﬂl 6%?%‘;]3' prgoera eqﬂa%lng PA g(raou% i's

substituted on eaebAofgrbbp is &ub&tartuhtéd p@slaaorhnsaf dihie abl Vi rend 7
‘identical radicals R5 preferably nethyl groups. The 2- PA gr p has
preferably addi t PORAF1RESer RIS L YorHE dReR tiire LSBT J& elon1|n its

skel eton. 10 Suhkggkgrg %rﬁ@kﬁﬁﬁ @&%u%éygen and sul phur atonms. Suitably,
d he a

t hese héteroato are nd 10 positions. The nost
preferred bival ent rﬁheCakPmsg@@@pghpﬁo@gﬁierably additional heteroatoms

1,3,5,7- tetraneth¥he§ %hgg’kklent$ﬂg%§#% %r%%%m:g%Iftgzgggmggggeach

i ndependent |y re8 esent uni va up to 20 atons, they
preferald(y represeaatabiei mtanoatMScalrs @&c)ngert ad a@@humrﬁtlomf‘o 10

carbon atons. The al ent radic e H?ﬁPI (:gcg d .
cycl oal i phati c, gﬁa!"fé@ﬁ i.‘tel'sf é’ﬁat rg%cﬁzflc? ng' s can each

i ndependent |y coaprpaelh&tamoatons such as N, 0 and S, but preferably
conprise only. carbon_atons. | es of .uni.val.ent. r.adi-cals ;incluc T
hydr ocar byl groups Tg most préygrred %1valent ranEQlEﬂé Eﬂgzi"ghospha
o 1,3,5,7-tetramethyl-6,9,10- trloxadamantyl group.

15 -~ If R2 and R3 each independently represent univalent
' ' radicals of up to 26 atoms, they preferably represent
unlvalent radicals of in the range from 1 to 10 carbon
- atoms. The univalent radlcals can be aliphatic, aromatlc
or cycloallphatlc, and can be straight or branched. The
20 radicals can each 1ndependently comprlse heteroatoms such
as N, O and S, but preferably comprise only carbon atoms'
Examples of univalent radlcals include hydrocarbyl groups
such as, for instance, methyl ethyl, propyl, tert.-
butyl, cyclohexyl, phenyl, pyridyl, and (substltuted)
25 . trimethylsilyl or alkoxy groups. Alternatively, RZ and R3
- may together form a‘bivalent radical, such as | '
1,6—hexylehe, 1,3'or'1,4fcycloocty1ene.‘?ﬁeferébly;_Rz
and R3 together with the-phdsphbrus'atom form a 2-PA
group as described herein befqré;-Most_preferably RZ2 and
30  R3 together with the phosphcrué atom form a 2-PA group
identical to RI. |
,An especially preferred diphosphine is a compound
according to FormulaVII, wherein R® represents alkyl

groups of 1 to 6 carbon atoms, p:eferably methyl.



such as, for instance, nethyl, ethyl, propyl, tert. butyl, cyclohexyl,
phenyl, pyridyl, and (substituted) 25 trinethylsilyl or al koxy groups.
Alternatively,' R2 and R3 may together for bi val ent radical, such as
1,6-hexyl ene, 1,3 or 1,4-cyclooctylene. Preffably, R2 and3PaYe8¥et her
wi th the phosphorus atomforma 2-PA group as described herein before.

Most preferably R2 and 30 R3 together withRh hosphorus atom form a 2-PA
group identical to R. An especia preferrgagafphoagngge is a conpound -

according to Formula 11, whereir R5-represents al kyl groups of 1to 6
carbon atons, preferably methyl. 10 - 13 July 2006 RS R

bi dent at e diphozﬁpine | i gant that - be used

i nventi.on, can found A 17 and WO A-01728Q7 and/i ncl ufle

'1,2-P, P -di (2- phosp
[3.3.1:.1{3.. 7}decyl ) -
1,2-P,P‘-qi(2-phospha 1,

, /-tetfranethyl -6,9, 10-tri oxa
-Rbgdnzene (al so sonetime

2 ra(ethyl)-6,9, 10-
i - met hyl ene- benzene; 10
2-P, P -di(2- phospha 1, 3 5Y7-tetranet hyl-6,9, 10-. .

ri oxatricyclo[3.3.1.1{3. 7} decyl )ethane; 1,3-P, P -di(2- R®
hospha-1,3,5,7-tetranethyIB§ 9,-10-tri-oxatricycl o- : :
(3.3.1.1{3. 7} decyl ) propane; ™1, 2-P, P' -di - perfl uoro(2. , : :
phosphas1,3,5,7-tetranethyl-6,9,10-tr|oxatricyclo 15 , (II)
[3.3.1.1{3. 7}decyl ) et hane, 1, 3-P, P'-di-perfl.uoro(2- o

phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxatricycl o-

[3.3:.1. }{3 7}decy|)pﬁﬁﬁﬁggescﬁftﬁﬁﬁéntate diphosphine llgands, that can
1, 3 P, P d(2- phospha-1 tetranet hyl -
"be used in the process of the invention, can be found in
WO-A-9842717 ‘and WO-A-0172697 and include 1 2-P, P'-di (2~
phospha—l 3 5, 7-tetramethyl-6,9,10= trloxatrlcyclo—

5 [3.3.1.1{3. 7}decyl)—methylene— benzene {also sometimes 7
referred to as 1,2-P,P'-di(2-phospha-1,3,5,7- tetramethyl—
6,9,10~trloxatrlcyclp[3.3.1.1{3.7}decyl)f0~xylene),

1,2-P,P'-di-{2-phospha-1, 3,5, 7-tetra(ethyl)-6,9,10~-
,"trioxatriéyclo[B 3.1. 1{3'7}decy1)-methylene-benzene;

10 1,2-P,P'-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-.
trioxatricyclo[3.3.1.1{3. T}decyl)ethane, 1,3-E, P‘—d1(2-
phospha-1,3,5,7- -tetramethyl-6,9, 10- trloxatrlcyclo—

. [3.3.1.1{3.7}decyl)propane; 1,2- P,P'-dl-perfluorotzfi
phospha- ~1,3,5,7-tetramethyl-6, 9, 10-trioxatricyclo-

15 - . [3 3.1. 1{3 7)}decyl)ethane, 1,3- P P'—dl—perfluoro{z—
phospha -1,3,5,7~tetramethyl-6,9, 10—tr10xatrlcyclo—

6,
1,
tr
1,
t

p

[3.3.1.1{3. 7}decyl)propane
~ ©Of these 1,3-P,P'- d1(2—phospha 1, 3 5, 7 tetramethyl—
: 6 9,10- tr;oxatr1cyc10[3 3.1.1{3. 7}decyl)propane and
20 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 are

most preferred.



6,9,10-trioxatricycl0[3.3.1.1{3.7}decy|)propane and 20

1,2-P, P -di (2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10- '
trioxatricyclo[3.3.1.1{3. 7}decyl ) - net hyl ene- 1Benzene are nost Egﬁaerred. -
11 13 July 2006 The bidentate |igands used in the proce35136@5 g to
~the invention can be Theepardethtaste defandedidead axaripd eprbyeRobactoBdiphgi n
hi s" t hesi s "Phospha-adamant anes a new_. class of bul ky. al kyl phgsphi ne

l'i gands” (thesis P}%G’t tz'é’d’e-rg”t?}l 4 B \/%F%??@e(fb)fa%rq%?%f%?ﬁgé?fl S%ymp) e
or.as describedpyy R¥per¥ Ghfh aiaeid ntH@sis hephSsplidyds damphiDspes natnen as
a route to novel tertiary alkyl diphosphine’ (thesis sybmtted to the

Uni versity of Br iCIESS iOrfoQ@dﬁY Alel RReSPINRE YRS GRS sl S D'BW%E;FE?LO
~in her thesis titleqdnhPipciwiss B} s @rplexesipiasere povel , fupcasonal i sed
'secondary and tertiary phosphines” (thesis submtted to the University of
Bristol in Noves&CIESED) DyTHEs bi it | Feainks kah Beept8pall¥aren the
meso- 15 and racgn@s?hi%ﬂeﬁpra G ASAP Léit 2y TA0RET

i sonerisation-carbonylation catalysis: highly active palladlun1(II£

catal ysts for thdiglasphive TretHmsis catpwiiied tom Yre | BreyarFibykefes to

| i near esters", - sl RO, , %%qu 209danPRaoes B4fRih
20 1477. The nesg{%?%ftrn%tll slnprleferrgadr fagér c% e puk?%;%y(r)t?sthe alrpl)resent in8
i nventioh | n addint h@r tdicdies sourlsd oiPrpoigus/inetakt edmpleres hpfentnEe

di phosphi ne |igand_and £ he ,source. of ' G | Do AS
an additi onal coﬁ%%ﬁ%hF¥QQ£§#ﬁéﬁ%%ﬁ%ﬁ%&éﬁﬁ??%&¥%ﬁ§ﬂ%€£?%%¥gsgh§%§%?#%ﬁ
rates. Mono- am nehedispeubmaittnes wanie Wiskdersitoyi dfdBthatol hén am ne
groups present arte tertiag&ga? ne groups. Poly-am nes can contain two or

more tertiary anfindSmPer | .
_ The bidentate ligands can be prepared in the meso-
15 and rac-form, as described in the article titled "Tandem

isomerisation—carbonylation catalysisi highly active
palladium (II) catalysts for the selectivefmethoXy—__
carbdnylation of internal alkenes to linear esters”,
‘Robert. I. Pugh et. al, Chem. Commun. 2001, pages 1476 to

20 1477. The meso-form is pfeferred for the purpose of the
present invention. ' ' '

In addition to the source of group VIII metal, the
bidentate diphosphine ligand énd the source of anions,
the catalyst can contain as an'additicnal_compohent‘a

25 Vtertiary amine to fufthe:'improve reaction rates. Mono-
amines 6r_poly-amines can be used, provided that the '
amine groups present are tertiary amine groups.

Poly-amines can contain two or more'tei‘tiaxy aming

o groups, preferabiy two to four tertiary amine'grpups,

30 more preferably two to three amine groups and-most'. '
preferably two tértiary"amine groups. The nitrogen atoms
in the polyamine can be substituted with an aliphatic, -
cycloaliphatic or aromatic-group. Preferably the nitrogen
atoms in the polyamine are substituted with alkyl groups,

35 preferably containing from 1 to 10, more preferably from



groups, preferably two to four tertiary am ne groups, 30 nore preferably

- two to three am ne groups and nost preferably two tertiary am ne groups.
The nitrogen atons in the polyanm ne can be sgﬁstltuted with an. allphatlc

cycl oal i phatic or aromatic group. Preferably e nitrogen étBWQ B¢ the

pol yam ne are substituted wi.th al kyl grou ntarnrﬁg from

S, grefer%gl
"1 to 10, nore pré#éKhM;F#?Qﬁﬁ afgms . jMos IQr?éé ably, CEF EHQQQ) S%hst

preferably the ni t‘Ex PPEnihd dPe PbYELtaLear ﬁl%ﬂbﬁtblthlyrﬂ.e@rv\ﬂeﬂ:hy@t hyl
or ethyl groups. anples of pol yam nes incl ude 2, dlnethyl

2, 4-
di aza- pent ane, _29¥anﬂﬁrﬁﬂam9 9 o appbyapenes gnciude 2, 4-dimethyl-2, 4-
Qirethyl -2, 6=dia afe X 5; 5Iaﬁﬁé€%}22455a&éﬁlﬁex%@ ,ane 6 -

2, 4- dlphenyl |aza pent ane, ‘ahd | -2 di-aza- pent ane.
Preferabl'y a terKhmmﬁhmﬁm@aﬁfmeazs-mgpﬂanﬁaVEn@ 5h§rlﬂ§¢ﬁﬁﬂ52hﬂ brFrigzay

A2 (1) 10 uher ci N Lepr esoft 1 38001 08041 9012 bane/l? a2l Aferaah

i ndependent |y re a T cyt aromati c group.
A, A2 and A3iru#ﬁﬁﬁymHnJ4e¢ﬁaﬁaﬁpémyaneontaln |n the range from 1 to 20

' b t f er abl th f 1
15 pretorany at | eadEChr Nk o bRt ke PR dnkRe YeoSER Ry SHE

i .e. alkyl groupsdwaming in:the range from 1 to 6 carbon atoms. Exanpl es
-of nonoam nes include trinethylampe, triethyl am ne, triphenylam ne,

et hyl - di phenyl anmi ne, and phenyldﬁﬂethylanine An especially 20 preferred
tertiary amne is triethylam ne. €Carbon nonoxide partial - pressures in the
range of 1-65 bar are preferrgtl-nin2t he process accor di ng to the pr E&sent
“invention, the carbon nonoxide can be used inn its pure for éﬂ | ut e
mnth an foert gawilsucdirasNnréepogeents a nitrogen atom and A A and A

each independently represent an allphatlc, cycloallphatlc
or aromat:r.c_'gr'oup.'Al,‘A2 and a3 independently preferably
contain in the range from 1 to~20'carbon atoms, more

3preferably in the ranée from 1 to 10 carbon atoms. More

15 preferably at least two of Al, AZ and a3 represent lower
alkyl groups, i.e. alkyl groups having in the range from
1 to 6 carbon atoms. Examples of monoamines include
f trlmethylamlne, triethyl amine, triphenylamine, ethyl-"
.dlphenylamlne, and phenyldlmethylamlne An. especially ﬂ
20 . preferred tertlary amine is triethylamine.
Carbon monox1de partial pressures in the range of
1-65 bar are,preferred In the process accordlng to the
present invention, the carbon monoxide can be used in its
, " - pure form or diluted with an inert gas such as nltrogen,
25 carbon dioxide or noble gases such as argon Small
amounts of hydrogen can also be present
| The carbonylation reaction is conveniently carried
out at moderate temperatures. Accordlngly, the process is
suitably carried out at a temperetureoin the range of 30_
30 to 200‘°C, preferred temperatures being in the range of
50 to 150 °C. The reaction pressures may also vary

widely. For instance, the reaction can be carried out



25 carbon di oxi de or nobl e gases such as argon. Small anounts of hydrogen
can al so be present.. The carbonylation reaction is conveniently carried

out at noderate tenperatures. Accordingly,‘tﬁé process is 3§it?§ carried
out at a tenperature in the range of 30 30 to 200 C prefeﬂ gy eratures

being in the ranggt®f pre@sueebSAnCthEheraRactddril pfreeskll dsamaypieg STuTasmr yn
w dely. For instance, the reaction _can be carriedtﬁﬁ%%f?&s 13 July 2006

with pressures iFeh&angsg®of £ FURF LA &8 n the range of 2

to 30 bar being pref @Hee@-thyh%ratdayulgnmﬁdalmm W aipeshrebngodinchand t he
carboxylic acid are suitably %Epplie inanmlar ratio . wthin the r€ﬂ9e of
&4 y, in

10:1 to 1:10, prcRERaIRLig @are FiRPF FPPYIPd ! O RANMT

whi ch t heg cat al y§; 13 S8 S ofcridiralo and gRyprefyrahl i wivhile the
Timts. Lgually anounts in the range of 10-8 to 10-1, preferably in the
range of 10 10- 7 ma@gk0<oF rholle t4t drhof group VIII netal per nole of

unsat ur at ed conpound THE dggg&.itF T igpq,ﬂr&pacrgg I Dfvdthei £ah séd stds odot he
~invention, the anount "of "bidentate di phosphine Jiganﬂyjs Hireferab
applied in sone exddssadf arite mEyD R0 it S idoubinats . fesurllyxpreerts

I fli d | € t )fe t.h VI, tal .. : t
Amount of | i gand S i GEE SO KAt g WoIR RTRETY (b PeuaTtT ) OF
metal 0. pplo 10 pi-es Of 1 d-l090q AT & SLYralPPYEf méOa1 L per DheLer e

catal yst™" 20 the "dactive species 1s belileve ased on an equi nol ar
amount of bi dent atnsadtiydedsrhicwaigogatdl ges ws@. group VI netal. Thus, the

'S preferably in the Tt G PR GOl the Gy feey SfpkRe VI e
v invention, the amount of bidentate diphosphine ligand is
o . preferably aﬁplied in some excess of the amount of the
15 group VIII metal, expressed as moles of ligand per mole
atom of the group VIII metal. 7
Preferably the amount of ligand is selected such that
pef mole atom of the group VIII metal 0.5 to 10 moles of
ligand,are present. However, for thé preferred catalyst
20 . the active épecies isrbelievéd to be based on an
equimolar amoﬁnt of bidentate diphoéphine_ligand per mole
group VIII metal. Thus, the mola: amount of bidentate
diphosphine ligénd per mole of group VIII metal is
preferably in the range of 1 to 3, more preferably in the
25 i» range of 1 to 2. In the presence of oxygen, slightlyv
higher amounts may be beneficial. |
. Now the complexing anion is provided by the4 7 7
carboxylib'acid co-reactant, the amount of the‘complexing
anion présent can.Va:y'widely._Foi practical reasons the
30 amount of complexing anion is preferably pregentAin a 7'
ﬁolar ratio of at least 0.5 molés_per mole of group VIILI
metal and more preferably more than 0.5 moles per mole of

group VIII metal. More preferably the amount of

'complexing anion varies in a range from 0.5 to 107, most



25 range of 1 to 2. In the presence.of oxygen, slightly higher anmounts may
be beneficial. Now the conplexing anion is provided by the carboxylic acid

co-reactant, the amount of the conpl exing on present ¢ dely..
For practical reasons the 30 anpunt of conpq% i'ng ani on |s%398?@%g¥

present in a nDIar ratio of at least 0.5 noles per nole of group VIII

netal and nore ﬁf@éy y "Bf 6t Dafo 0166 nabeesppermbaeobf growp WITL
netal. Mre prefera y t he anmount of conpl exi ng anion varies in a range
from0.5 to 107,mefat. - 14 - 13 July 2006 preferably from1l to 106 noles

per mole of group V4] (ﬁ@“ﬁ%océ@stgf PhAaCcehRGent ibhe theentiaartinghenateri-
starting materi- als an

he forned carbox | i ¢ anhydr.i de yy act as 5
reaction d|IuentalﬁXﬁm@n@h¢nyh@@évéﬁr PRE- é&rﬁ&ﬁﬁy 360 MAYe &4 S can be
carri ed § In r@%ét&%ﬁ'gffueﬁtesgﬂﬁﬁoﬁgll§,Sﬁb%%&@r A% el risatyil it isoh

ons )

hydr ocar suc ns and isoal kanes, are re onnended and
.furthernore etheaacsnom eaanS garriedanuhadd (tdiegBREREHEIMR € 19f

and ani sol e; sul ﬁ gsﬁﬁghphggageatguseg&ﬁﬁﬁkﬁgonQyQﬁgga@hppse guch

as toluene. Pref [ic aci as a co-react ant
si nul t aneousl y” Q§§ﬂaﬂ51asraadtnanadkbneﬁtaer§BCqNMQWQQQﬂ%F4rﬁF Qﬁﬁf@%ﬁels

therefore carried out in the 15 carho | T 184R9S, agggg p@tﬁ@r
the invention c8RP®EScART easoaf§b§t§% ﬂ%?g%b%gﬁ ng i"nuous

continuausly. |fahBeapiockss balphvneedsach eemsul@dmlanﬁ)usﬂfjﬁ/ aa"ii?fﬁ%ﬁ“i:ate :
addi ti onal anounts of carbon gox d% gnd/or et hyl eni cal I y unsat ur at ed :
conpound and/ or PBIERFBERGPFCcSHERd2E0-PedEPant are preferably added

internittently at appf@ﬁétéb@ystﬁ@e&alrbotxbﬂm:r(amass userdefas gblgetheactant
brocess s carried oul S2OLEDNSYS Yised S3 1VUd S A dlhe! GRggE by the
| preferably the reaction is therefore carrled out in the
15 : carboxyllc acid.The process accordlng to the invention
| can be carried out batch-wise, ‘semi- contlnuously and_
contlnuously 'If the process is carried out semi-
contlnuously, appropriate addltlonal amounts of carbon
monoxide and/or ethylenlcally unsaturated compound and/or
20. carboxylic acid co- reactant.are preferably added
1nterm1ttently at approprlate stages in the process.
Preferably the process is carried out continuously.
A carboxyllc anhydride prepared by the process
‘according to the invention can be used for various
. 25 | appllcatlons. In a preferred appllcatlon 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 correspondlng carboxylie ester. Another example is
30'. the acylatlon of amines or amides to respectively amldes
| or imides. By acylatlon of diamines such as ethylene
diamine and propylene dlamlne, bleach actlvators such as

‘respectively tetra acetyl ethylene diamine and tetra

acetyl propylene diamine can be prepared.



according to the invention can be used for various 25 applications. In a
~preferred application the carboxylic anhydride is used as an acyl ation
agent. The carboxylic anhydride can for exéﬁpre be used in_the 8&¥Iation
of aromatic al cohols such as for exanple phenol to preparé3JWﬁ@

correspondi ng car boxy] i Ay r AN AR B | sudls B0 adplAcyrat PEACHES
ammnes or amdes to'respectively am des or i 'des.gigifﬁglﬁﬁéenigf

di am nes such.as stdartmimsl alitari He s EHFRIY Bt he,  blreach activators
such as respectivel téﬂ{ﬁLégfﬁyl et hyl ene diam ne and tetra acetyl

propyl ene di am e prepared. - 15: 13 July 2006 In aaEEngEEEQ with
enbodi ment such an arhd girepayRdceEPOXRELE@rdH eWrEh & 2arboxyli ¢

anhydride that is prepared in-si 5 TDEr PR PR& 26 £an bosybrepamky dcetidccan
al so reaét with 2%k Cica%g?dll-l{' 21 L I P

o e e oL omos wbydht 1 LCFELF Bl opEERRR g 268 1 ©
~i'nvention will now be illustrated by the followng non-limting exanples.
10 Exanpl e 1 ThePBkAHRei ave was charged 50 m p(oEanoic acig, t%él
nol . Pd(11) acetate e Ondontioh ﬁ;BlEﬁbwdb€211 ustrated by
Dronbne Togi s achel bovenaipna 1t PRbERBEREASESLOL | 5,2 Laatheqd) evD)
pressuryged M (Negagpon yronox de and ethene, each to @ partial pressure 10
Comer atur e of 100, CTAAAAHEPALANReHo5; CRRED0: SUpBea o o 6 hours. Al ter
;ﬁg:;gga gysagELSL?§§?§9c5§§§g€LE?EEEQQ snat enLs mmolhé,aufgcrgeéZand
o phospha-1,3,5,7- etra%éthyl—6,9,10—trioxatr1cyclo—
[3.3.1.1{3.7}]decyl)} propane (93% rac) . Aftgr being
15 flushed, the autoclave was next pressurized with carbon
monoxide and ethene, each to a partial pressure 10 bar.
Following sealing of the autoclave, its Coqtents were
heated to a temperature of 100 °C and maintained at that
temperature for 5 hours. After cooling, a sample was
2b ' taken from the contents of the autoc;ave and analysed by
Gas Liquid Chromatography. " o -
Conversion of ethene was 100% with 100% selectivity
into propanbic anhydride at an average rate of 800 mole
per mole Pd per hour (mol/mol Pd/hr)f The average rat? of
25 reaction was defined as the mean rate of carbon monox1de
' 'consumption,during a period up to the exhaustion of

either one of ethene or carbon monoxide.

‘Examgle‘Z | | | )
. ' Example 1 was repeated, however with 0.;5 mmol 80%
30 meso 1,3-PP’—di(2—phbsphaF1,3,S,?—tetramethyl-6,9,10f |

: trioxatricyclo[3}3.1.1{3.7}]decyl)propane instead gf
0.15 mmol 95 % rac 1,3-PB’-di(2-phospha-1,3,5,7~

" tetramethyl-6, 9, 10-trioxatricyclo[3.3.1.1{3.7}1decyl)
propane. Ethene was fully converted with 100% selectivity



Conversion of ethene was 100% wi th 100% sel ectivity into propanoic
anhydri de at an average rate of 800 nole per nole Pd per hour (nol/tool
Pd/ hr). The average rate of 25 reaction was defined as the nean rate of
carbon ronoxi de consunption. during a perToHPup to the exhau8tiZORO of

ei ther one of ethene or carbon nonoxi de. Exanple 2 Exanple 1 was repeated,
however with 0. lontoopr8psmole mehygdride at an average rate of

1, 3-PP -di (2-pho etranet hyl -6, 9, 10- :
tr|oxatr|cyclo[3§§8€:T?E/W?;dbéyl)propane i nstead of 0.15 mmol 95 % rac
1, 3- PP -di (2- phogpbapie 335, 7-

tetranethyl 6, 9, Ivg?ﬁloxatrlcyclo[

3 decyl) ene was
fully converted mnthE§®@9@§eﬂe@P?vFF?eatfg 5¥ ‘Eﬂg%qfﬁgglﬁg%gan0|c
anhydride at an @staﬂﬁona&ezafPP'ZEQszgwdﬁ@Jham f&nphﬁe*&ﬁmwb- 1 was

repeat ed, however wth 0.1
1, 2- PP - di ( 2- phoBphel &; Brioxatedraifdofy-3-1-113. 71)decyl) -methylene-
8 2510 tl“ gxgt L' é()g%%éé %nétéﬁ% Ol deayl yommt hyl =’ hengpashosstiead of -
Mo
1,3,5, 7-tetranethyB, 8, 9- tetmn@mwﬂr&y@hapatglp:tf{tylﬂsjcl%m)%%%a%l and
ai & Process {eTgral i e gh00 Crldkns! gabctle ol Wibesiane gpsod Uty

converted with |V|ty I'nto propanoic anhydrlde at an average
rate of 10000 nol instead. ofom@paré:t i \Eehexm&rrma@ Adahprenveried rebdat i

however with 0.2 A4S A Addig i opal |£gte
Furthernore the ﬁgynﬁFévé%&a§n 4% ze a':’tq‘lr%g’ar on nonoxi de 5ﬁ%£ethene
to a partial prGSEUIBOOmeQ/mnd b& bar respectively. Ethene was converted

with 50@6select|V|t > ﬂnhydrlde at an average rate of 60
mol /mol-. hr. 20

Example 1 ;ae repeated, however w1th 0.2 mmol methyl
15 - sulphonlc acid as an addltlonal acid. Furthermore the
autoclave was pressurized with carbon monoxide and ethene
to a partlal pressure of 30 and 20 bar respectively.
' Ethene was converted with 50% eelectivity into propanoic
anhydride'at an average rate of 60 mol/mol.hr.
20 'Comparatlve example B - o '
| Example 1 was repeated howéver with 0.15 mmol
1,3-PP' bis(di-tert. butylphosphlno)propane instead of
0.15 mmol 1,3~ PP’—dl(Z-phospha-l 3,5,7- tetramethyl—'
' 6,9,1O-tr10xatrlcyclo{3.3.1.1{3.7}]decyl) propane and a
25  carbon monoxide partial pressure of 15 bar instead of
10 bar. Ethene was converted with 100% select1v1ty ‘into

propanecic anhydrlde at an average rate of 120 mol/mol hr.

Example 4 (promotion by di- ethylamlne)

‘ Example 1 was repeated, however with 0.09 mmol

30 . Pd (II) acetate, 0.1 mmol 1 3- PP’-dl(Z-phospha -1,3,5,7-
tetramethyl-6, 9,10~ tr10xatr1cyclo[3 3 1.1(3. 7}]decyl)
propane and in addition 2ml dlethylamlne Ethene was .
fully converted with 100% select;v1ty into propanoic

anhydride at an average rate of 3700 mol/mol.hr.



Exanple 1 was repeated, however with 0.15 mmol

1,3-PP bis(di-tert. butyl phosphi no) propane instead of 0.15 mol

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

6,9, 10-trioxatricyclo[3.3.1.1{3. 7}] decyl) pggpane and a 251ééW%3ﬂmhnnOX|de
partial pressure_of 15 bar instead of 10 bar E%hen

100% sel ecti vi t EX3HER LRoBLt el :
mol /ol . hr.  Ex ot DRTBE | BPoBndicem)ariae) Exarrplel vas repeat ed,

however with O. cerate, nmol
1, 3-PP -di (2- phosphébgnmp§e7l was repeated, except that the propanoic

tetranethyl - e%(g ﬁqr&ggaﬁfgﬁfég[§n3s:’!¥&{1§y7é<ha§ﬁgl ) mPropeee aedthe

addition 2nil d| am ne ene was convefted with 100%
sel ecti visty |ntoa¢mmm%ammcatahh§d$t@éta@nénaédénagéfFﬁFe38fm&?@Ofurther

o "he " praihdte TLY BAEP EXATEAELGn hingksteP!2BIBAL) ORCOLHR oparol ¢

acid for the pr%%ara opanol ¢ an Exanpl e 1.was repeated
except that the @mmmahmve Ethdnaasn@repaﬁedWEHQSfP&lUyCaﬂﬁﬁﬁ§eﬂ itRat er

(0" bar) and car BOTE ASTaE o6 bAFS PROPRRoRE FRnplraue, ol ek ottty

(10 bar) and car ave. -Ethene and wat er
were fully converiwes of t D0000MSA gmbEchivi Thei aVerpgepan(ﬁﬁcoinmqtd@nawaeﬁn_

f |/ . hr. Th
G611 noa 10 the rUBHAS 201 Char BEA nERbSI Hb. EBRECHDIPBR aar! oS B oF

starting after 3@hfﬂﬁ%g;ﬂppéﬁlbhestexhangtaﬁﬂeof39|mmar upetoft¢uwbon
nonoxi de or et hene In-situ ac n_of but an1ne)

le 6 % Y] i%
aut ocl ave was ch@¥RRes B°ﬂ1°§r8 EhﬁFcoaﬁl C3 50T TRRSr E&(PF} acetate and

'0.15 mmol 1, 3- PRog g P QhQ§ﬁh§1’&u3a5yZat§?bhaB’Et byktyGathih@)trioxatricycl o-
[3.3.1.1{3. 7}]decy|) propane (95% rac) and 18 gb Rutxlan1ne Aftc{ belng
flushed, the autocl aWe® wastagkpve was ' charge opancic aci

15 0.1 mmol Pd(II) acetate and 0.15 mmol 1,3~ PP’ —di (2- _
phospha-1,3,5,7- tetramethyl- 6,9,10 trioxatricyclo-
[3.3L1.1{3.7}]decyl) propane (95% rac) and 10 ml'
butylamine.  After being flushed, the autoclave was next

pressuriied with carbon monoxide and ethene, each to a
20 partial pressure 10 bar. Follow1ng seallng of the
autoclave, its contents were heated to a temperature of
100 °C and maintained at that temperature for 5 ‘hours.
Further ethene (10 bar) and carbon monoxide (10 bar) were
added to the autoclave when”gas-neared consumption. After
25 cooling, a sample was taken from the contents of the
autoclave and analyzed by Gas Liquid Chromatography.
Butylamlne was fully converted (through’ acylation by
formed propionic anhydrlde) into N—butylproplonamlde
. {91%) and N-butyl-dlethyloarboxlmlde (7%) at an average
30 rate of 2200 mol/mol.hr. | |
Example 7 (In-situ acylation of phenol)'
-Example 6 was repeated, however with 15 g phenol
instead of 10 ml butylamine. Furthermore after 1 hour
further ethene (107bar) and CO (10 bar) were added to the

35 autoclave. Phenol was converted (through acylation by




pressurized with carbon nonoxi de and et hene, each to a 20 partial pressure
10 bar. Followi ng sealing of the autoclave, its contents were heated to a
tenmperature of 100 C and maintai ned at that tenperature faqr 5 28&1’)8
Further ethene (10 bar) and carbon nonoxi de Y80-bar) were 13w t he
aut oci ave when gas neared consunption. After 25 cooling, a sanple was taken
fromthe contents,phelhgropybastayangndiasyl waeth oGasdlaivity to

Chr omat ogr aphy. Butyl am ne was fully converted throqu d@étiff bX h
fornmed propi oni cPhenydr PgepipRabeNabudPl BYEFEGTakdde T 13332 fgP+/mos. hr.
N- but yl - di et hyl carboxi m de (7% at an average 30 rate of 2200 nol/nol. hr.
Exanple 7 (In-situ acylation of phenol) Exanple 6 was repeated, however
with 15 g phenol instead of. 10 ml butyl am ne. Furthernpre after 1 hour
further ethene (10.bar) and CO (10 bar) were added to the 35 autocl ave.
Phenol was converted (through acylation by - 18 13 July 2006 forned

propi oni ¢ anhydride) with 100% sel ectivity to phenyl propionate at an
average rate of 1500 nmol/nmol.hr. 13-July 2006 19 AMENDED SET OF CLAI M5 1.
Process for the preparation of an carboxylic anhydride by reaction of an
ethylenically unsaturated conpound with carbon nonoxi de and ‘an carboxylic
acid in. the presence of a catalyst conprising: a) a source of a group
VIIl metal; b) a bidentate di phosphine of formulal R3 RlL > P-RP-R2 (1)
~wherein. Rl represents a bivalent radical that together



wi th the phosphorus atomto which it is attached is an optionally
-substituted 2-phospha-tricyclo[3.3.1.1(3,7)) 10 decyl group or a derlvatlve
t hereof in which one or nore of the carbon atons are replaced

“heteroatons ("2-PA" group); wherein R2 and R3 |ndependentl ﬁ@é@%nt

uni val ent radicals of up to 20 atons or jointly forma blvalent radi cal of
up to 20 atoms; and wherein R 15 reprggents a bi val ent organic brldglng
group; and. , c) a conpl exing ani on; wherein the conplexing anion is the.
~anion of the carboxyllc acid, and wherein any additional stronger acid - :
‘than the carboxylic achdvuis present ins & nplap gatiorta 124 he group Vi |
metal of less than 0..5: 1. 2. Process as clained 1n crarm I, wherein the -
ethyl enically unsat ur at ed conpound is an al kene having from2 to 20 carbon

atons. 3. Process ﬁ.ﬁo@é@s@&rIihé'ﬁéﬁa%at%%r%'fnahh%aébE,%QEll:S 25 ethene.
4. Process as clained_ in any one of clains : wherefn carboxylic acid

has from 2 to 2RhydFbes %Yoﬁ%aCW\?E?\IDéDESHEEhYﬂ@ni@Iaﬁ-lxogesaZQr&td& ocess as
clainmed in clabfhfounberein & [eTev AN i.C_agi

Process as cl ai rrelgmlln any one;%‘&gl al ns fgt o%? anﬁgrgfe;g&@?%e bid tléf'te

di phosphi ne i stHe regencg (£ % catalyst comprising:

phosphas 1, 3, 5, r SRyl g9, t

[3.3.1. 1{3 7} ecy%§prop§%% g? g%%ué B&&g %ﬁggzbspha-_

1, 3,5, 7-tetranet hyd hidﬁnM}ﬁaldeMbspbﬁnboef formula I, :

[3 3.1.1{3..7}decyl) - nethylen%%benzene 7. Process as clainmed in any one
of clainms 1 to 6, 10 wherei n®he catal yst contains as an additi onal

corrp_onent a tertlary am ne orrpound )
. Rl > p—r—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—triéyclo[313.1.1{3,7}]-_.
10 | decyl group or a derivative thereof in which one or more
| of the carbon atoms are replaced by heteroatoms
("2—PA“'group); wherein R2 and R3 indepehdently represeht
univalent radicals of up to 20 atoms or jointly form a
bivalent radical of up to 20 atoms; and wherein R
15 represents a bivalent organic bridging group; and. -
c) a compiexing anion; o | '
Lo wheréin the cémplexing-énion is the anion of the
cafboxylic acid, and wherein any additional strbnger acid .

o than the carboxylic acid is present'in.a molar_rétio to

20 the group VIII metal of less than 0m5:1;‘ :

' 2. Process as claimed in claim 1, wherein the
ethylenically unsaturated compound is an alkene hawving
from 2 to 20 carbon atoms. ' |
3. Process as claimed in claim 2, wherein the alkene is

25 ethene. -~ |
4. Process as claimed in any one of claims 1 to 3,

wherein carbexylic acid has from 2 to 20 carbon atoms.

AMENDED SHEET



8. Process for the preparation of a carboxylic anhydride conprising: A)
carbonyl ation of an ethylenically unsaturated. .15 conpound wi th carbon

nonoxi de and water in the presence of a catalyst to yield_@ C 3§ﬁxylic
~acid; and B) carbonylation of an eth %Deni cally unsaturated JHS’ @ with
~.carbon nonoxi de and the carboxylic aéfd obtained in.step A) to yield a

Crai e 17, o o GRRE S S R Aa o B8R b M 1% S ReRYf e
- conprising a e wepaiapand ccarchidxylic anhydride is used in situ as
acyl ati On_ agené_. '%r\o%%\sgs_%%lgligm’edAM%Nggg Easzll_leE Ec;rf claims 1 to 5,
wherein the bidentate diphosphine is 1,3-P,P'-di(2-
5 * phospha-1, 3,5, 7-tetramethyl-6,9, 10-trioxatricyclo-
- [3:3.1.1{3.7)decyl)propane or 1,2-P,P'~di(2-phospha-
'1,3,5,7-tetramethyl—6,9,10-trioxatricyclo— |
[3.3}1.1{3:7}decyl)—methyiene—benzene.
| 7. Process as claimed in any one of claims 1 to &,
10 = wherein the catalyst contains as an additional component
a tertiary amine compound. | '
B. Process for the preparation of a carboxylic anhydride
comprising: |
‘ 3A) carbonylation of an ethylenically unsaturated.
‘_iB compound with carbon monoxide and water in the presence
of a catalyst to yield a carboxylic acid;‘and- a
B) carbonylation of an ethylenically unsaturated
compéund with carbon monoxide and the ca:boxylic-acid
obtained in étep A) to yieid a carboxylic énhydride
20 . ‘according to a proceSé as claimed in any one of .
claims 1-7. "
9., .Process as claiméd in any one of claims 1 to g,
“further compr;sing a step wherein the'carboxylic

‘anhydride is used in situ as acylation‘agént.

F: \OA\TS1110PCT
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