WD 03/070679 PCT/ EP03/01689 - 1 PROCESSES FOR THE PREPARATI ON OF A
CARBOXYLI C ANHYDRI DE  AND USE OF THE CARBOXYLI C ANHYDRI DE AS AN ACYLATI ON
AGENT Thwopseswsmd i nvention relates to a process for theporgpas/atesdn of a
car boxylic anhydride by reaction of an etRylenically unsaturated conpound
wi th carbon nonoxide and a carboxylic acid. In specific the present
invention 5 relates to a process for the preparation of propanoic

anhydri de. WO AR98425ES Q@ﬁ@ﬁm@e%wE@Am§§I%Na@@‘%?c%&%ox%%ﬁ%ogﬁgyﬁﬁﬁﬁrf

et hyl eni cal | y unsat urated conpounds vi z. ethene, propene

methyl pent enodd® H&& OF ViHHy CARBOXYLIC B%Hﬁ@ﬁépﬂoﬁstﬁ@r@@WLkTﬂ@NbémmmWT
nonoxi de and the hydroxyl-group containing conpounds nethanol and water.
The reactions are "carried out in the presence of a catalyst conprising
pal I adi um (11) acefarersesghit inuentibp aeésykaceronepavessandor the

1, 3-PP -di (2- h ; atri.- c 3. 3.
1.1{3.7}]decy|%§eP§%§§3%FDB§é ?%ggégggkyébhggg&%% yi%%@??&ﬁé &ﬁiﬁh

met hanol and wahgdehdceRdly @@ﬁptmse$edetbmpo&nﬂpMamhccamb@n aostoxdrig aci d
with a pKa < - ter_at _a 2 erature of ,18.C, .as a
sour ce gf anlo%n%h$hcg%%%% ﬁqc 5 onF? 5??812%0 r ?eﬁfesﬁngoﬂgye@§6§§% to

p

t he pdiladlunmeﬂapbattnumlpabnels fAlrt hbegbreparpaisnngt VWOoAa2B842717
mentions a varleg of p055|ble co-reactants, including also carboxylic 25
acids, in the & &8F $%Wat er and nethanol are the only  hydroxyl - gr oup

contai ni ng conpounds-Ased4asla descrepetanh. itbeeabpnptesofhkhe present
invention is to %%OVI rgceggwéor,thiﬂﬁre aration.of -a carboxylic

anhydri de by 8]¢ FS&O F8nfearVy “iifg Fﬁ@&?@dCBSHBHHﬁé'MAth

viz. ethene, propene,'C14—olef1n, methyl pentenoate and

10 vinyl acetate, by reaction thereof with carbon monoxide
and the hydroxyl-group containing compounds methanol and
water. The reactions are carried out in the preéence of a
catalyst comprising palladium (II) acetate or
platinum (II) acétylacetonenate; and 1,3-PP’/-di (2~

15 phospha-1, 3,5, 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 variety
of possiblé co-reactants, including also carboxylic.

25 acids, in the examples water and methanol are the only
hydroxyl—-group containing compounds used as a co-
reactant.

The -object of the present invention is to provide a
process for the preparation of a carboxylic anhydride by

30 reaction of an ethylenically unsaturated compound with



WO 03/ 070679 PCT/ EP03/01689 - 2 carbon nonoxide and a carboxylic acid in
which high reaction rates are achieved. It has been found that the use of
a catal yswoag/o7exenplified in WO A-984. 2717, contai ni ng nmeChEPoyuleghonic 5
acid, in such a process for the preparati-ore of a carboxylic anhydride
results in satisfactory reaction rates(see conparative exanple A). An

| nprovenent towargsn & diANee LRC %fb@ﬁcﬁlll@%\i 1 VQHLAP] MBI Y
desirable. Accordingly the present invention provides a process 0 for the
prepar ati on of r&@mmat@%rﬂiyfdraqieemﬁd eaction of an ethylenically

unsaturated conpounqd w_th,carl b%unrg) %il deand a T%%r boxyl,i %I i %r?ietnalt _he

presence of a catalyst conprising a source of "a group 15
b) a bi dent ateedqepmﬁapﬂuermbm WQafAﬂﬂ8aa217l7 ;R&orRhb in iPrgRrRARR 1( Isuldheyreian R1
represepts a biy; i cal that her.. with the phosp rus atomto
which it is attac éd |s%gln% Spt rc?rﬁ:éﬁﬁy Sibdtie frsgaration ol a

2- phospha-tri cyxalnh:[o&ya_z_’b BrdyAri-ded aeydulgrsoum @ratascferdt\o&ty e ddidreof in
whi ch one or %?20' of the carhon atons are[l;%I re aced het E%V%atomsd
("2-PA" group) LAWMTE S H RETRAT k3 Vich F&5ERdEn rlg?é TGS

radi cal s of upat m}g&ea:t QR ol groiratdey, fhomwavar, blw\(ﬁdl@{nlber adirgaldedfi nap1ten, 20
atons; and wherein’ r epre en%tshﬁa bi val ent, organi c bridgi ng group; and 25
¢) a conpl exi ng anlp‘(?rcf LHETeVn thfe PEGRTIEX LAY SRATOR PEOVRESEnPoR IO Fe

carboxybi c aci (iorWt&lfeOlgireWa&’@ltﬁ@mt @he Rewndxta idnunhiReiYe iy 'r%acb:ell reved
that in the exarrpl es of WO A- 9842717 and in O conparative exanple
met hy| sulphonlé a5 & h@&lﬁ@ y unsaturated compound with carbon

monoxide and a carboxylle acid in the presence of a
catalyst comprising:
a) ~a source of a group VIII metal;
15 b) e bidentate diphosphine of formula I,
R3

Rl > P-—R—}L—RZ . (1)
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

20 of the carbon atoms are replaced by heteroatoms

("2-PA" group); wherein RZ2 and R3 independently represent
univalent radicals of up to 20 atoms or jointly form a
bivalent radical of up to 20 atoms; and wherein R
represents a bivalent organic bridging group; and
25 c) aAcomplexing anion;
- 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



strongest acid, protonates any anions of formed carboxylic acid. In the
exanpl es of WO A-9842717 and in WO 03/070679 PCT/ EP03/01689 3 conparative
exanpl e AvOhg/onesthyl sul phoni c acid, and not any car boxylPCE/ERe3/aicRDr ned,
provi des the conpl exing anion. The procesg of the present invention
results in high 5 reaction rates. Mreover, the use of the anion of the

carboxylic aci 2 n C X1 i iopli fi t he
preparation prggg S?g3ﬁ&§-§§§§9i? %r@gg h%nggigggpéﬁ ﬁa?cﬁﬁé @59b89§|ic
aci d co-react anhycoakbobglisedcsdcesskdl, | pragsides0thenubmaieadsgpr ovi der
of the conplexigg ﬁnions in the catalyst. Mreover, WO A-9842717 gives no
i ndi cation thaf ~thée use of the anions of the carboxylic acid as
conpl exi ng ani ons Bhal droesskt ofnthegheeseaacinoantabasre®nltBe iQORLEGAr Y,

WO A- 9842717 teach the preferred 15 of a ate source of anions,
preferably a sFFSﬁgioﬁcfaggﬁchM8§eﬁ¥?ﬁyF%§ﬁlFéﬁig%ggﬁﬁ,aﬁzog Brovf@er of

the conpl exi ngaapbeRrlibr eterabbyrthetanions af cbhpleafbBgxyhienaci d and
optionally any couEE%n-aniggs in the source of group VIII 20 netal are.the

mai n ani ons pr 8$BREIIARPoRECoP SR A44PPi BRAFSSE ds "stronger” than the

carboxylic acid cowormragBanyi7i gévedChdsihavtngianpKaahi gher chhapxihat of
the carboxylic acid in the used solvent, can-be present, but only in

smal | anount s. 2ByIsRBIMFeaRbaRES CPYLanBEr 8E68dSUg5e85EH L aNpaRt & that t he

carboxy i ¢ aci digaitgaebant psbivhherackstas thRpTakAnAr avides of, the
conpl exi ng ani ons. For rr@ractlcal reasons ang addi ti onal "stronger" acid is

t heref ore preséptailkisk-nJPapovari o"PorrA84grdupIVWep neefadieptiess thhin

0.5:1, preferaphy ,88S0kh@Re0agidns38sMRRE RHEHELRLEY Lesd tBan 0.1:1 and
nost preferably |ess -
complexing anions would result in higher reaction rates.

On the contrary, WO-A-9842717 teaches the preferred

15 use of a separate source of anions, preferably a strong
acid such as methyl sulfonic acid, as a provider of the
complexing anion.

Preferably the anions of the carboxylic acid and
optiénally any couﬁter—anions in the source of group VIII

20 metal are the main anions present. Anions of any |
additional acids "stronger" than the carboxylic acid co-
reactant, i.e. acids having a pKa higher 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 carboxylic acid co-reactant still
acts as the main provider of‘the complexing anions. For
practical reasons any additional "stronger" 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,

30 more preferably less than 0.1:1 and most preferably less
than 0.01:1. Most preferably essentially no anions of
such an additional "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.



than 0.01:1. Most preferably essentially no anions of such an additional
"stronger" acid are present and nost preferably the anions of the

car boxyl iwoagiothéand optionally any counter-anions in thePSEERPORIBGEY gr oup
VIIl 35 - netal are essentially the only-anions present. WO 03/070679
PCT/ EPO3/ 01689 - 4 In the process according to the invention the

ethylenically unsa&g{@hgdgggggggngshgr -gge%gbkxeagg b%gg Q%glng from?2

to 20, nore prefera nost pre om2 to 4
car bon atons. §hhyébnenelﬁycansbeumatﬁdlpomPanuﬁedsopreiera@&graﬁe a cyclic

structure. The kene S ne,Qr nore dou I e uIe
and t hose doubFelk gndggcangbe mtgrﬁal28 m?é?np ?e%FHE g%gﬁkgng '
nore hydrogen ahdnsostyprbéeeabégnirepl aced Bycatben atoms.. Eheha&&eh&logen

t ,- 10 | ph t 1 t f
o Soch hoCHb B PRty SBRaBL0MY B ok S8R, 3L8 R cREaTE I 0uke ©

met hoxy or et hsxyugtauas ThBi @X%engl QHPS coffirigegbaupsrs woecasiodibret hyl -
and di et hyl - gr oup romat.i r uch as pheny tolyl or 15
mpht hyl o oupBOBF SPRraBPy SCHECaPREnE TSRt BoHE TR0 PORGRaroR: Gis L MEFERRes
of al kenes incbudeceihane,. pPhOpBBEalkenel ond- bt RBee hyd@bgen atoms may

i nternal .pentene, 1- or internal hexene, 1- or internal heptene, 1-

i nt er nal octenEaVT b@Fn2§ePﬁP€FﬁaPYd855ﬁé atﬁ@érnéPCBra?ePﬁ#ﬁ&FanEOQfS

olefinmsg pentgpephbiki bﬁomgxécbgap@éﬁnatam@ sryheReogBhehebmad oal kenes
i ncl ude et hene, propene utene and 2-butene. Ethene is espeC|aIIy

preferred. I|n EREUBFoLEsataBsor 1A B6 PHETPRY¥SeATONRPENEYERO IZHUPRE

car bon ”Dnox'dglﬁéﬁyb rHﬁEQ '@uthaBUh%tB%&ﬁ‘g& e@hb%&eérthB a%hﬁ%%gt gas
such as nitrogen, car di oxi de or noble gases such”as argon
groups; amlno 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 Cq4-C1g 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.

For the preparation of a carboxylic anhydride, an
ethylenically unsaturated compound 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



ethylenically unsaturated conpound is a gas, e.g. ethene, a gaseous

m xture of carbon nonoxi de and the 30 ethyl enically--unsaturated conpound
can be usw0.03Bor67¢ he preparation of a carboxylic anhydri deCTamwo3/01689
ethylenically unsaturated compound is reacted with carbon nonoxide and an
appropriate carboxylic acid. Carboxylic acids which can be used as a

co-reactant inqghj cti 35 e 1ave ko :

preferably fro%psb?gggg>%§p§§0G;QEP%gﬁéggg}g%6§§E65gb%obga%g%ﬁggﬁgﬁs. The
car boxyl i ¢ aci dycanabépakitphavicc aropekogl pphatisc poefareayi elaptaitdc.
preferably aliphatic,, £§§i83529éykgﬁ %ﬁ&gh%anEuB%Q%glbgrn%%gglh%r
branched. The car oxyPl aci d Can conpri se one or noré double on8§ 5 per
nol ecul e but prTeterabbpxgdntaansdnoadoubhpriierdeneThe moaeboxybile aoinds

conprises at |east_one carboxyl grau but _can.also c i,se. nore than one -
Car boxyl g oupPRRGTPES TP EXAnBre 8 ERt oI LE ae. 481 Ao, RETERr baRyt i o
acid one or neeebbydiogencationempey shavetbeeastephacedrbyxiQ otrbep,at ons,
such as hal oge t ons, ﬁulphur atons, oxygen_ atons o niéro en_atoms, or
by oroups of - aPBis CoBUEH 55 CORFALERy MOFFoUBE™ CYEnG25PatYs: JAPREXS TG dips,
such as net hoxyroexamnboxy ageaupsxylhcony -gEadps Inamhso cgi-dopylisuakiads

di met hyl - and dieth¥l-anin% roups; or aromatic 15 groups, sucg s phenyl,
tolyl or napht APF GFolREe DBPEPEPRHR) FRCTEAr BoXSI PEAc PRPAGHRER: RY no

heterogg ons.  Exasepl asofk,Canbaxyki 6adeyds bRakhsgaBubphusedtamsd e&ygen
reactant include propanoic acid, butanoic-acid, pentanoic acid, pentenoic

aci d, adi pi ¢ aBF@MShe¥aRdit&CdePd2toBSneprakyi XR8P, Oy 8h6TEN eFRE A&,

cycl ohexanoi ¢ "a¢hdoxyRheR¥LBEGPYANG @gbqpsvahQ@bggaakéquyc%hehca@pid, or
adi pi ¢ aci d. Proggn0|c acid is a preférred co-reactant. In an especially
preferred enmboBERBAKYt RE E&PPEXYPIOUPEEi §hiloXyr ared i ANSNCUIBPUPSact i on

of an ethylenicgbhyas dimethyl- and diethyl-amino groups; or aromatic

15 groups, such as phenyl, tolyl or naphthyl groups.
Preferably the carboxylic acid contains no heterocatoms.
Examples of carboxylic acids that can be used as a co-
reactant include propanoic acid, butanoic-acid, pentanoic
acid, pentenocic acid, adipic acid, hexanoic acid,

20 heptanoic acid, cyanovaleric aéid, cyclohexanoic acid,
phenylpropanoic acid, malonic acid, succinic acid, or
adipic acid. Propanoic acid is a preferred co-reactant.

In an especially preferred embodiment the carboxylic
acid is prepared in situ by reaction of an ethylenically

25 unsaturated compound with carbon monoxide and water.

The invention therefore also relates to a process for
the preparation of a carboxylic anhydride comprising:
A) carbonylation of an ethylenically unsaturated
compound with carbon monoxide and water in the presence

30 of a catalyst to yield a carboxylic acid; and
B) carbonylation of an ethylenically unéaturated
compound with carbon monoxide and the carboxylic acid
obtained in step A) to yield a carboxylic anhydride as

described herein.



25 unsaturated conpound with carbon nonoxi de and water. The invention
therefore also relates to a process for the preparation of a carboxylic
anhydri dewomnprics® ng: A) carbonyl ati on of an et hyl eni cal | yCurepat/aresd ed
conpound with carbon nonoxi de and water kngthe presence 30 of a catal yst
to yield a carboxylic acid; and B) Carbonylation of an ethylenically

poat At e conpo?ﬂg EédaE'Qﬂggg:bcarggg XA lgngé% rggigoéykg%aggégherein.

obtained in step A anh e as escri
WD 03/ 070679 PGEhEP@SﬁﬁgGBQ - 6 The catalyst in step A) is preferably a

cat al yst conpe si ng OouLC f 0 netal ii) a phosphorus
cont ai ni ng Ilga d; andS?Dgrcg ? asggu cgfgg anloné The source of group VIII
metal i) is preﬁerabhyphosphurue obngamnmnyllhgandalaad descri bed herein
bel ow. ._ The phosggorus contalnln and ii) is preferably a bidentate
dlphosﬁ%lne r& rr@dSBPﬁgﬁtBFe ﬁﬁsphlnes 10 i ncl ude’ t hose descri bed

in WO A-9842717 anmh&\DsAuQ&:@%Q?granﬁ Vlnmembtdennat ¢sdppBosphbngsa
descri bed herein belom/ In ste ur ce- of egs can.be chosen from a

wi de range of SBHFEEs? |HEPHB|§61FhH§Ea e§5r98§8rF WBEASSE. Q?gfyfand

WO A-0172697. Pref @habbmosbawugr cohhglﬁﬁnganb?xmal giachd, pasrprapaked in
step A), is providing the onpl exi ng_ani_ons of the catalyst, Preferably no
further separQﬂ€e§BGF€edéPhQﬁPBﬁ§elsPéﬁé@&reﬁb?ﬂdﬁPEPE?aSP$hPﬁ@hégﬁélyst

in stemA) is identiieaknoke bB8ceabakysh ib-atep4By172anBywoeACHING 68N
et hyl eni cal | y unsaturated conmpound w th carbon nonoxide and a carboxylic

acid, symmetrieaP tBasBokRyFrBtakBydirBesrhiaRsSaser6ribReNPrRESHROPEASIC

In step A the source of anions can be chosen from a
wide range of sources, including those described in
WO-A-9842717 and WO-A-0172697. Preferably, however, the

15 carboxylic acid, as prepared in step A), is providing the
complexing anions of the catalyst. Preferably no further
separate source of anions is added.

Most preferably 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,
cyclohexanoic 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 phenylpropanoic anhydride.

The carboxylic acid co-reactant is simultaneously
used to provide the complexing anions for the catalyst.

30 When carboxylic acid co-reactant becomes depleted near
the end of the reaction, appropriate amounts of the
carboxylic acid, can be added to the reaction ﬁixture. In
the preparation of propanoic anhydride, the use of anions
of propanoic acid as complexing anions is especially

35 advantageous.



anhydri de, butanoic anhydride, hexanoic anhydride, cyclohexanoic anhydride
and phenyl propanoi ¢ anhydride can 25 be prepared, but al so a-symetrical
car boxyl iwoankydre des such as for exanple acetic propanoiPCTaPhYaE8Ue,

but anoi ¢ hexanoi ¢ anhydri de, propanoic phenyl propanoi c anhydri de. The
carboxylic acid co-reactant is simultaneously used to provide the
conpl exi ng ani ons at al yst n r yLi i.d _co-reactant
beconmes depl et ed négrrggﬁr% gh % Pﬁg%%ggggigg%cggéraC%oggég n%un%%’of t he
car boxylic aci dnveahibe addednbdct hehyeadtieon snpxepaeed by trieaqirieparct i on
of propanoic anh dride,. t&he u?p of an&séf of %r an0|c acj.d as coaneX|ng
anions is espegl FP? §% dVAR §8e88§9 eO§F87 r°PETFERG3f01689 -
Therefore, in a preherredcpioness aecetididnguto ihhehe presenae pﬁoaan0|c
anhydri?e is preg ged by reactlon of ethene with carbon nonoxi de and
propandi ¢ aci deFREYPEACOMBR 1S % arried out in the presence of a 5

catal yst conprisi ng: sa3hraesotr aegebup graupm¥kkl ;metal; b) a bidentate

di phosphi ne of fornu a | 1 > P-RP-R (1) wherei n RL represents a
bi val ent radi c® tRa l?&&@?ﬁ@rlePPﬁpﬁﬁéepﬁgs§H6PH§aagon1to which it is
attached is an 10 optionally sgbstituted 2-phospha-tricyclo[3.3.1.1{3,7}]-
decyl group or a derivative thereof in which one or nore of the carbon
atons are replaced b heteroato ("2-PA" group); wherein R2 and R3

i ndependent |y represéh éht radlcals of up to 20 atons or j@”ntly

forma 15 b'Valﬁn% & dhane EegenE% éobﬁbgq%ntaggdﬁggﬁekﬂa% totRHERGNt S 2

bi val ent organic gln "'exin
with the phosphorus atom to which it is attached is an
10 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
univalent radicals of up to 20 atoms or jointly form a

15 ‘bivalent radical of up to 20 atoms; and wherein R
represents a bivalent organic bridging group; and
c) a complexing anion;
wherein the complexing anion is the anion of the
carboxylic acid.

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 carboxylic acids with up to 12 carbon atoms,
palladium- or platinum complexes, e.g. with carbon
monoxide or acetylacetonate, or palladium or platinum

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

Palladium(II)acetate, palladium dibenzylacetone and



wherein the conplexing anion is the anion of the carboxylic acid. 20
Exanpl es of group VIII netals that can be used include Ru, Rh, N, Pd and
Pt. Pref ewabBp@m7source of group 10 netal is used, such &€THNiPO3/Pd8Dr - Pt .
O these, palladiumand platinumare noregpreferred. Palladiumis
especially preferred. 25 Exanples of suitable nmetal sources are platinum or

pal | adi um conpgynds ,aughras salhs et ohakladiumgrnoalat Lpumand sarpoxyl ic

acids with up car ato p ium  or phatinum conpl éxes, e.g.
with carbon moebzildecorceaesetyl acetonate, or pall adi um or plati num 30

conbined with a solj [ h 1,00 _ex er. .
Palladiun(ll)aceta#ég %g%%% ?En§§§88§§y gé&%&ﬁg §%§G%C?O§POFB§79

PCT/ EP03/ 01689dighopbatinerunt! Fpanailyl dcepardeeably evanmplies ok pr éfotraled
met al sources. . The, bival ent _organi ¢ bri.dging group R_in the, diphosphine of
formla’l, pre%grggﬁyrEBHFaFﬁg%ag %otgpalmo eiﬁrFﬁgr?éggerF8n#®’to 20,
nore preferabl gaZ2bba iQpmear Pepfatrably Phef dizbdlyntherbiewdlcebtiaikdary c
bridging group R contains 1 to.6 re_preferahl to.4 _carbon _atonms in
Phe bridge - BrOR R EoBRatrset Eonectbor THEREBRIING bRodphdrie o ons.
Preferably theabomal ent the Bigagie; BI.kedgiing theodpoRteert aohseetliyyncar bon
atons in the bridge. The bridgkn% %;oup can _be non-iubsgit%%ed or
substituted anBSEYRSBoht'Si RPEAENGE Ukofé ClifsatirifEdP Hohds. P& L5ntdgi ng

group t@n furthegaheenvRradhigh droudl RPBINILE 10k dhARALEELONNG tSsUGHUT €.
Exanpl es of 15 3055|ble bri dgi ng groups include substituted or non-
substituted bi ¥BPeRF1EEPI GPEUPSIUGUER SSOMEr CeRaRfl BOTDPVAISERT WA 107
:o! yl or napht Bybs@k @URedObnbl ¥ahekbntakkybere ogr abRe Swehtazatlhy! ene,
rrmnme ene,
y bonds. The bridging group can further form part of an
aliphatic or aromatic ring structure. Examples of
15 possible bridging groups include substituted or non-
.substiﬁuted bivalent aryl groups, such as for example
bivalent xylyl, tolyl or naphthyl group, or bivalent
alkylene  groups such as ethylene; trimethylene,
tetramethylene or pentamethylene. Preferred bridging
20 groups include ortho-xylene (also called methylene-

benzene), ethylene and trimethylene 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

25 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.

Tricyclo[3.3.1.1{3,7}]decane is the systematic name
for a compound more generally known as adamantane.

30 Therefore, the optionally substituted 2-phospha-tricyclo-
[3.3.1.1{3,7}decyl group or a derivative thereof will be
referred to as "2-PA" group (as in 2-phosphadamantyl
group) throughout the specification.

Preferably, the 2-PA group is substituted on one or

35 more of the 1, 3, 5 or 7 positions with a monovalent



tetramet hyl ene or pentanet hyl ene. Preferred bridging 20 groups include
ortho-xyl ene (al so called nethyl ene- benzene), ethylene and trinethyl ene
groups. RYoi/otds® di phosphine of fornula | represents a Ipcraipenoiesadi cal
that together with the phosphorus atom to%which it is attached is an
optionally substituted 25 2 phospha-tricyclo[3.3.1.1{3,7}]decyl group or a

d h h
by het er oat ome 91 PEycla] SLa0R. §0520) FRERNC T8 Ra LY Ent FE name for g

' conpound nnrelbgeaebahl;tbm@mﬁnasmadanpméaeeabag dtietefor €, chlrdoapt i onal |y
substituted 2-phospha-tricyclo- [353 1.1{3, 7}decyl group or a derivative
thereof will betomefeFEkanpiesast” ROPANCanEgpmessyiln 2Lphidspragrant yl

group) thr oughgyboble sgaCiCheabEgnonBhgher bl ptRecZaRAIIoUR 15

substituted on“one”of positions wt
nmonoval&nt WO 03PB70639rPCE ERDSLAte8ed 9n eaghcalf RBeofl ug:té agdaﬂons

preferably of 1 to 10 carbon atons an er ahl, sto 6 carbon
atoms. Exanpl eBOSftREMPncPUdE2 hgthPtgegﬁﬁptg gp§? lzﬁﬁénél’ and
4- dodecyl phenybrelbiappiemetalily grbies? 2- PA group is substituted on each

of the 1, 3, 5 and 7 ositions, suitably with identi cal al s R5,
preferably nethyl §P8u§ PATHéoﬂpPﬂaér866¥ﬁ§§b5Veﬁggé599néédg?%8589toms

het er oat ons OB@ﬁért@ﬁﬁntQﬁeZQpEQ%BBQB%%saEQ6hl Ani 1$sSkaketenn .10 Suitable
het er oat ons are ox gen and sul phur atons Suitably, these heteroatoms are

found 1& the 6Sudtahde m@t§§§ﬁ¢p@ﬁsar¢h@xw6§p pREf SHARAUBI ¢ACESt radical is
the 2-phospha- a1§a§lgtt%E%@@Ehg¥5r@ago%g %Eboféqﬁ@aHBYEhQr@Up9 Iadf R2

and R3 each independently represent unival ent
10 positions. ‘

The most preferred bivalent radical is the 2-phospha-
1,3,5,7-tetramethyl-6,9, 10-trioxadamantyl group.

15 If RZ? and R3 each independently represent univalent
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

20 radicals can each independently comprise heterocatoms such
as N, O and S, but preferably comprise only carbon atoms.
Examples of univalent radicals include hydrocarbyl groups
such as, for instance, methyi, ethyl, propyl, tert.-
butyl, cyclohexyl, phenyl, pyridyl, and (substituted)

25 trimethylsilyl or alkoxy groups. Alternatively, RZ and R3

may together form a bivalent radical, such as
1,6-hexylene, 1,3 or 1,4-cyclooctylene. Preferably, R2
and R3 together with the phosphorus atom form a 2-PA
group as described hereih before. Most preferably RZ and
30 R3 together with the phosphorus atom form a Z2-PA group

identical to RI.

An especially preferred diphosphine is a compound

according to Formula II, wherein RO represents alkyl

groups of 1 to 6 carbon atoms, preferably methyl.



radicals of up to 20 atons, they preferably represent wunivalent radicals
of in the range from1 to 10 carbon atons. The unival ent radicals can be
al i phati cwoasonmte c or cycl oali phatic, and can be strai giRCT@EPObO®EBT hed.
The 20 radicals can each independently corifri~-se heteroatonms such as N, 0O
and S, but preferably conprise only carbon atons. Exanples of unival ent
radi cal s i nclude hydrocarbyl groups suck, as, for instance, methyl, ethyl,

propyl, tert. butyl, cyclohexyl, |, yT%dyL*\gggdisubstituted) 25
trimethylsilyl or al koxy gro — Alternatively, R2 R3 may together
uch as

forma bival ent radical, 1, 6-hexylene, 1,3 or 1,4pcyclooctyl ene.

Preferably, R2 and R3 together with the phospiRtus at forma 2- PR® group
as described hRfein be . st pRferably R2 an with the
phosphorus atom f 0 identical to RIL. preferred

di phosphine is a co aqgonfding to Fornmula 11,

presents
al kyl groups of 1

Exanpl es of bidentate di phgSphi@e |igands, that can be A the process
of the invention, can in WO A-9842717 and WO A- 2697 and
include 1,2-P, P -di(2- pha-1, 3,5, 7-tetranet hyl -6, 9, 10-fri oxatricycl o

RS

(IT)

Examples of bidentate diphosphine ligands, that can
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—trioxat£icyclo—

5 [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)-o-xylene);
1,2-P,P'-di~- (2-phospha-1,3,5,7-tetra(ethyl)-6,9,10-
trioxatricyclo[3.3.1.1{3.7}decyl)-methylene-benzene;

10 1,2-P,P'~-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.1.1{3.7}decyl)ethane; 1,3-P,P'-di(2-
phospha-1,3,5, 7-tetramethyl-6,9,10-trioxatricyclo-
[3.3.1.1{3.7}decyl)propane; 1,2-P,P'-di-perfluoro(2-
phospha-1,3,5, 7-tetramethyl~6,9,10-trioxatricyclo-

15 [3.3.1.1{3.7}decyl)ethane, 1,3-P,P'-di-perfluoro(2-
phospha—l,3,5,7—tetramethyl—6,9,10—trioxatricYclo—
[3.3.1.1{3.7}decyl)propane.‘

Of these 1,3-P,P'-di(2-phospha-1,3,5,7-tetramethyl-
6,9,10-trioxatricyclo[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- beniene are

most preferred.



5 [3.3.1.1{3. 7}decyl ) - et hyl ene- benzene (al so sonetinmes referred to as
|, 2-P, P -di (2-phospha-1, 3,5, 7-tetranet hyl -

6, 9, 10- t rwoxanrieeycl o[ 3. 3. 1. 1{ 3. 7} decyl ) - o- xyl ene) ; PCT/EP03/01689
1,2-P, P -di - (2-phospha-1,3,5,.7-tetra(et hylL}-6, 9, 10-
trioxatricyclo[3.3.1. 1{3. 7}decyl ) - met hyl ene- benzene; 10

1,2-P, P -di (2- phospitee b ddéntlatetTRp@idy lued, il¥-the process according
trioxatricyclo[3.3..1. 1{ 3‘.@7}% dec I%et hane; 1,3-P, P -di (2- .

phospha- 1, 3, 5, 723 ettt t%o‘é P the cBé%ﬁR?%%l%s- described for example

[3.3.1. 1{3. 7} depy|Rdpopan@igd , Zn lfs -diePes N s Pa-adamantanes a new
phospha-1, 3,5, 7-tetranethyl -6, 9, 10-trioxatricyclo 15 ., _ .
[3.3.1.1{3. 7} dé&thadetHarkil iy 2K P Riiesrdtingiokigands” (thesis submitted

phosphasl, 3, 5, %4 etHarifvd » 6 & 10¢ e axaly i Gy ol 'i%s’Z@OO) K OF 38
1.1{3. 7}decyl ) propane. O thes€e 1,3-P, P'-di (2-phospha-1, 3,5, 7-tetramethyl -
6,9, 10-t ri oxat rdes@I Bl PU. Mg 3. VA etewsid 3 giampaie ke Qoesis “Hydro-
1,2-P, P -di (2- phpspharda 3y h 7ad r@él?%é‘yéo‘ XD tertiary alkyl
trioxatricyclo[3.3.'1.1{3.7 decy%t.- nmet hyl ene- benzene ar'ey nn:s¥ preferred.
WO 03/ 070679 PCHERTHIOIEEY (thesis Thiomitderd dte thydnsveasseity of he
process accordigyg o4 f the 4 nt ']pnascacﬂi%- EPY c&sas J;lc?z?r?ﬁ d for .
exanpl e by RobertS ughn{lan QE?I@ t%em S oslg%a- ad‘&mn‘t anes aé E@W 5%W%Jsr§g of
bul ky aPkyl phosphiar theginlst'i{tdksiRresuinms teek bl taoriee s vef ssdmye of
Bristol in Apri 0 ; descri bed Ms. Victaria Cee in . her thesis
" Hydr o- phosphiAr%)zif't2e ?Loggua%codz’ilo%gau e % Sneocvoel}db‘_iyr A VR GATY oqekb%?%kb}ﬁ%%"
(thesis subnmitt@thes=oid henddnitverditty tdfe Briwdmditiyn AP ioroRnsimlescri bed by
Ms. Joanne H. %owé rlole%‘ibs)her thesis titled "Precious netal conplexes of
some novel .functionalis econdary and tertiary phosphines" (thesis
submtted to the UtheeitsidgntoftBriiisfaolds rarN®eediepabaP)in T bictant at e
llgandeCan beQﬁé*%Eéz 5gh}rg%rgﬁggribed in the article titled "Tandem
isomerisation-carbonylation catalysis: highly active
palladium (II) catalysts for the selective methoxy-
carbonylation of internal alkenes to linear esters"”,
Robert. I. Pugh et. al, Chem. Commun. 2001, pages 1476 to
20 1477. The meso-form is preferred for the purpose of the
present invention.
In addition to the source of group VIII metal, the
bidentate diphosphine ligand and the source of anions,
the catalyst can contain as an additional component a
25 tertiary amine to further improve reaction rates. Mono-
amines or poly-amines can be used, provided that the
amine groups present are tertiary amine groups.
Poly-amines can contain two or more tertiary amine
groups, preferably two to four tertiary amine groups,
30 more preferably two to three amine groups and most
preferably two tertiary 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



15 and rac-form as described in the article titled "Tande

m

i soneri sation-carbonylation catalysis: highly active palladium(ll)

cat al yst swbes/otdse sel ecti ve nmet hoxy- carbonyl ati on of int@cmaiPorbicenes to
| i near esters", Robert. |. Pugh et. al,-Chem Commun. 2001, pages 1476 to
pr esent

invention. In addbt horat®ohhatsaEr ClioRt @rewrri¥bil wBkahitidgenbidemisat e
di phosphi ne i gand_and the source of anions, the catalyst can contaln as

20 1477. The meso-formis preferred for the purpose of the

an additi onal éﬁnﬁéﬁeHPlgaQEH?eFF?aﬁybéﬁ#ﬁétﬁé Fatthaet

r 6¥e &t

tIOI’l

rates. Mono- agiBepsor sRakhy18E BeSp6agahendsednciey ded thakchhe —zanine
gr oups pr esent are terti ary am ne gI’OU Pol y-am nes can contal n tV\D or

more tertiary GfPRE-PERSEPS, BrErEREBILRYLnS . Bodiedrherangny 2afine groups,
30 mor & prefer abik chyR-bo 6L B 88 1ANLAEGLOUDS 421 FIRLRAALEY ADIL 40 74~

tertiary amne group

The nltrogen atomé in'the pol yam ne can

substituted wi hepaanali ghdtiddphepyd8ali-gharic rentansmeng @r@@ﬁhyl 4~
Preferably t he ﬂgkg?gen —%E%EE 5@ the pol yam he are substituted with alkyl

groups, prerera ¢ontai ni n

rom1 to 10, nore preferably from WD

03/ 070679 PCT/ EP03,P®e689ab12 alteotdacyr bonoatmine Msstuspdef beabhny tthe

nitrogen atom;for QeF
groups. Exanpl és ot

&QIyanlne are substituted with nethyl or ethyl
yam nes |nclude 2, 4-di met hyl - 2, 4- di aza- pent ane,
2, 5-di met hyl - 2, 5- dlaza hexane, p3,6 '5 dlnethyl 2, 6- dlaza hept ane,

2,4,6-trinethyl-2,4,6-triaza- hept ane, 2, 4- diphenyl 2, 4- di aza- pent ane, and

2- et hyl - 4- phenyl-2,4-diaz%19§n%@ne Preferably a tertlary nono-
3

used, having the formula I Al -N-A2 (I1)

q@frais

10 wherein N represents a nitrogen atom and Al, AZ and A3

each independently represent an aliphatic, cycloaliphatic

or aromatic group. Al, A2 and A3 independently preferably

contain in the range from 1 to 20 carbon atoms, more

preferably in the range 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

trimethylamine, triethyl amine, triphenylamine,

ethyl-

diphenylamine, and phenyldimethylamine. An especially

20 . preferred tertiary amine is triethylamine.

Carbon monoxide partial pressures in the range of

1-65 bar are preferfed. In the process according to the

present invention, the carbon monoxide can be used in its

pure form or diluted with an inert gas such as nitrogen,

25 carbon dioxide or noble gases such as argon.

amounts of hydrogen can also be preéent.

Small

The carbonylation reaction is conveniently carried

out at moderate temperatures. Accordingly, the process is

suitably carried out at a temperature in 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



10 wherein N represents a nitrogen atomand Al, A2 and A3 each

i ndependently represent an aliphatic, cycloaliphatic or aromatic group.

Al, A2 arwoA3/oTwdependently preferably contain in the ramga/Hodmesoto 20
carbon atons, nore preferably in the rangé3from1 to 10 carbon atons. Mire
15 preferably at least two of Al, A2 and A3 represent -l ower al kyl groups,

i.e. alkyl gromihhg)\ﬁdé@dr@st he rargeahigeMorl 1t @b 10ar heir  atHess suPe s
of nonoam nes include trinmethylamne, triethyl am ne, triphenylam ne,
ethyl - di phenyt&f F@9%n@Ipieyl diOmPeHy PSHNYe PLATS&LS8ki al |y 20 preferred

tertiary amne is thicethphadniea1Gs boR ARRPtde Rabbudl: RFRSSWLs in the
range of 1-65 bar are preferred. I'n the process according to the present
i nvention, the C@&PIRFY litnacide 3csn She taddy iswpPld edhdie of ohadr M@YiR ed

With ansinert gashi¥chnds Rinlfe0d8n. 1023 ¢r hon odi ericde r@h1ROR)ie HEgs et such
as argon. Small amounts of hydrogen can al so be present. "The carbonyl ati on

reaction is cofeagicef] y:datioi ddS-out at noderate tenperatures.

Accordingly, the pr@eessahsitSUi tably icar ried 13+ skenperat yre jyi the
range of 30 30 to 200 é,%apréf gr'r e% ter%rp%glrﬁatt %r_ecgwge?t% iltr? Eﬂ}%’%d?a%gseﬂg‘% 50
to 150 C. The rc&acdticed gnessaveyamay valtddnvaryde wilgélty. Peualdgt amseintshe

reacti on can be carried out 3/;070679 RCT/ EPO3/ 01689 , 1 with pressures
in the range of*™ f&@gﬁaP%D& esssiroeé%i r@' PRETET gyofmZ%th@ ﬁ“é%r Yei ng
preferygd. The,gthyhenheabl hoyasalunaled sompoyad sand Lhe pGarhaxylde aci d
are suitably supplied in a nolar ratio w thin the ranggof 1 to 1:10,
preferably w t kinsattheateghgempousd] are Lis®d.The quantity, in which the

ot 8 Ua, o104 Shey SR S R, Bt Lol 1y
invention, the amount of bidentate diphosphine ligand is
 preferably applied 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.

Preferably the amount of ligand is selected such that
per mole atom of the group.VIII metal 0.5 to 10 moles of
ligand are present. However, for thé preferred catalyst

20 the active species is believed to be based on an
equimolar amount of bidentate diphosphine ligand per mole
group VIII metal. Thus, the molar amount of bidentate
diphosphine ligand per mole of group VIII metal is
preferably in the range of 1 to 3, more preferably in the

25 range of 1 to 2. In the presence of oxygen, slightly
higher amounts may be beneficial.

Now the complexing anion is provided by the
carboxylic acid co-reactant, the amount of the complexing
anion present can vary widely. For practical reasons the

30 amount of complexing anion is preferably present in a
molar ratio of at least 0.5 moles per mole of group VIII
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



10 10-7 to 10-2 nole atomof group VIII netal per nole of wunsaturated
conpound are used. For the preparation of the catalysts of the 1invention,
t he ambumwoaB/obicdent at e di phosphine ligand is . preferabl pCampoi/edst n some
excess of the amount of the 15 group VI imetal, expressed as nol es of

ligand per nole atom of the group VIII metal. Preferably the anount of
| igand is sel ected such that nfer atomof the group VIII netal 0.5 to
10 noles of IR éWOl?%rp?ﬁém%f%f% reeMRt ulyst 20

the active qu&é@§l|s belleved to be based on an equi nol ar anount of
bi dent at e di phosphine Iigand per nole group VIII netal. Thus, the nolar

amount of bi dent at® EROHOERFEPR PF gamRl PRYSmbleR of ChF ot X 119 nBERETiS

preferably in the éﬁ@%@ff&rﬁl@d %afpéﬁypisfgﬁ@%ym@ hhe 25crasge of 1 to
2. In the presence of oxy slightly ~ higher anmobunts nmay be beneficial.

Now t hé conpleR¢®@t%®mo®Af %ﬁov@@%ﬁ°%®l%ﬁe h%%?%%&ylF%eaE?HbQBY?@BéPBnt

the amount of %Q c@P&P' PleBr &SEN n CaRe VAN i M 88LY - pFOEeREACHECAl
reasons the anount o conp exing anion is preferably present in a nolar

ratio of at |eassolvenimlas pe¢hmosateragedupyVrorarhend| saad adrec-9- .
pr ef er abl y for aJEQ:@P IQS angl ?ogff&aﬁ@éeai)é r@é&’rﬁgezwiécli gﬁaafur%@éfmore

preferably th Anount of o exing anion varies in arange fromO0.5 to
107, nDst VE)0@%@5ﬂﬁ7@u@ﬁﬂé£ﬁ@35D&ﬁBQloaanonaeéeﬁébgyymﬁbn1dl@thQGthﬁres

per le of group VIl .o gu%%hoﬁ sthe Qrg egélﬁﬁ % '”¥§8t598ma£9§

starti nater? at'$3Rd" t he CAr B oxy ae may act
reactlon di | uenydré&pariooas | yuchoaeveoluehe. carbonylatlon reaction can be

o bear bons. Sush BESELHONG! cRLCEENE8:P] 1% 80hY ihea s SHClo- PERUERRES

hydr ocar bons such %
‘ is 31multaneously used as a reaction diluent. Most

preferably the reaction is therefore carried out in the
15 carboxylic acid.The process according to the invention
can be carried out batch-wise, semi-continuously and
continuously. If the process is carried out semi- .
continuously, appropriate additional amounts of carbon
monoxide and/or ethylenicaily unsaturated compound and/or
20 carboxylic acid co-reactant are preferably added
intermittently at appropriate sfages in the process.
Preferably the process is carried out continuously.’
A carboxylic anhydride prepared by the process
according to the invention can be used for various
25 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 ester. Another example is
30 thé 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 be prepared.



paraffins and isoal kanes are recommended and furthernore ethers such as
2,5,8-trioxanonane (diglyne), diethylether 10 and ani sol e; sul phones such
as sul phowerng/o7mmd aromati c hydrocarbons such as tol uenePCPEPIEOBGRI Y t he
carboxylic acid, used as a co-reactant -i35sinultaneously used as a
reaction diluent. Most preferably the reaction is therefore carried out in

the 15 carboxylic @eid.Jier i QGe SRCCHEH NG idh tHiE ddWRIEIGN pradedHe
carried out batch-w se,” sem -continuously and continuously. If the process
is carried outisemrrightdHuotistly,a aoropiy bte awdsisitl tiabult s of carbon
nonoxi de and/ i caldy. unsaturated conpound and/or 20 carboxylic
aci d co-react J¥%%$§&§p%fg$ﬂ%fy added-_intermttently at appropriate stages
in the process. Fiief erzaparahecpriovessic adardy e oian cohte RSt ywi

carboxyl i ¢ anfydri de BIepayed, byod euprGeSsea Aoet di%1 Sodhe dayent on

can be~used for various applications. In a preferred application the
carboxylic ardmidrdxiedé s msa@mmmnﬁl%h$¢hui%wptﬁﬁ#wiSqTﬁiégﬁ%k&yIt@
anhydride can faor_exanple be used in the acylation of aronmatic al cohols
such as for e%ﬁ%ﬁ? bhenol to prepare the correspondi ng carboxylic ester.
Anot her exanpl e i T30 imesrmcydatwiohl ofoarbeesl orstimttes by tkspectively
am des or inides.vg%éagﬁgat'on of diamn such as ethyl ene diam ne and

propyl ene dianﬁ?k%o = Qﬁ:%@%ﬁ%ﬁ% Ki[e d%s'respectively tetra acetyl
et hyl epe di ammessetetra acetyl propylene di am ne can be prepared. WO

s S LR Lt T T
in-situ. The pyepanksl caaboxy! iceeaty diridle .can ralsld IrgadPwidih(2-5 acetic
acid in a eqUIgﬂggéﬁglifgfg:9Dté€r§$§ ﬁ§f—8?§}i&—trioxatricyclo—
[3.3.1.1{3.7}]decyl) propane (95% rac). After 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 contents were
heated to a temperature of 100 °C and maintained at ‘that
temperature for 5 hours. After cooling, a sample was
20 taken from the contents of the autoclave and analysed by
Gas Ligquid Chromatography.

Conversion of ethene was 100% with 100% selectivity
into propanoic anhydride at an average rate of 800 mole
per mole Pd per hour (mol/mol Pd/hr). The average rate of

25 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.

Example 2
~ Example 1 was repeated, however with 0.15 mmol 80%

30 meso 1,3—PP’~di(2—phbspha41,3,5,7—tetramethyl—6,9,10—
trioxatricyclo[3.3.1.1{3.7}]decyl)propane instead of
0.15 mmol 95 % rac 1,3-PP’-di(2-phospha-1,3,5,7-

| tetramethyl—6,9,10—trioxatricyclo[3.3.l.l{3.7}]decyl)

propane. Ethene was fully converted with 100% selectivity



anhydride, a compound which is otherwise difficult to obtain. The
invention will now be illustrated by the following non-limting exanples.
10 Exanplwob3ds7aut ocl ave was charged 50 ml propanoi ¢ aciPdI/EP03/11689
mmol . Pd(11) acetate and 0. 15 mmol 1, 3- PP 1di 2-
phospha-%égéﬁ,7-tetranethy|-6,9,10-trioxatricyc|o- [3.3.1.1{3. 7}] decyl)

pr opane or Ln , I next
pressurized\M%ﬁ??ﬁ#ﬁéﬁgnéﬁﬁmé%%é?%%%§gﬁﬁéﬁéﬁggggﬁﬂgdéﬁgigffiaI pressure 10
bar. Fol | owi pGeahehimet.hhe autoclave, its contents were heated to a
tamaauneqfl%)e d maintained at that tenperature for 5 hours. After
cooling, a sa&%ﬁ%i%ggfge taken fromthe contents of the autoclave and

anal ysed by Gas LExpmel€ht onas ogepgdyed Convesse0rivbfh e® hbhemm@at 100% wi t h

100% sel ectivity, . into, propapgj c.anhydri t, an aver _800 mol e
per rml%e Pd pe %%JF“?%D%??\@? ﬂﬂ?)&ﬂ%@h%vle’rg’gg’ fa?eg@%%ﬁégh?%acti on was
?ef![ﬂed aﬁ‘t he@;@aﬁ?%ﬁfﬁo@étzﬁcjb@ho ®ndx1 de{ 3 cohsdepyl brmetuhyhgna—~peri od up
0] e exhaustion o ei t her ,one of ., et hen r,caLbon. nMHNOX| Exanpl e 2
Eanpl e 1 was FORRRteEP ORI et the OHSL mho - B0 hbe nesgLEnat @

1, 3- PP' - di ( 2- phosphp7 1t St barde t @y I 26D hy0-Br Dot ricyclo[3.3.1.1{3.7}1-

trioxatricyclo[3.3.1.1{3.7}]d i
1,3-PP'-di¥2- %b%é_gégpg%% gg lggrgpgggcéggtgggpgiatgr%SO b gé %rac

tetrangf hyl -6, 8,d0:441 xaiodcycl ofBndnd. #d 3. 7ol UgcybhveptoganethELDERE Was
fully converted with 100% selectivity WO 03/ 0706%% PCT/ EPO3/ 01689 %6 into
propanoi ¢ anhydeleetivihy &0EPaBECPALEI6f aNDERDHI DI AhofhR Ve EREfipFats

of 1000 mol/mol.hr.

Comparative example A

Example 1 was repeated, however with 0.2 mmol methyl
15 sulphonic acid as an additional acid. Furthermore the
autoclave was pressurized with carbon monoxide and ethene
to a partial pressure of 30 and 20 bar respectively.
Ethene was converted with 50% selectivity into propanoic
anhydride at an average rate of 60 mol/mol.hr.

20 Comparative example B

Example 1 was repeated, however with 0.15 mmol
1,3-PP'bis (di-tert.butylphosphino)propane instead‘of
0.15 mmol 1,3-PP’-di(2-phospha-1,3,5,7-tetramethyl-
A 6,9,10-trioxatricyclo[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% selectivity into
propanoic anhydride at an average rate of 120 mol/mol.hr.

Example 4 (promotion by di-ethylamine)

4 Example 1 was repeated, however with 0.09 mmol

30 Pd (II) acetate, 0.1 mmol 1,3-PP’'-di(2-phospha-1,3,5,7-
tetramethyl—6,9,lO—trioxatricyclo[3.3.l.l{3.7}]decyl)
propane and in addition 2ml diethylamine. Ethene was
fully converted with 100% selectivity into propanoic

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



Exanple 1 was repeated, however with 0.15 mmol 05 0.15 mol

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

6, 9, 10- t rwoxamraeeycl o[ 3. 3. 1. 1{ 3. 7}] decyl ) - net hyl ene- benzene/EPnyowsd of

0. 15 mmol 1, 3- PP -di (2- phospha- . - 17 - :
1,3,5 7-tetranethyl -6,9, 10-trioxatricyclo[3.3.1.1{3.7}]- decyl) propane and

at a process L@%@fﬁé u e pl 90:.C Jdbphsdeach ol 19 Gand benei aasof Ubhy
converted wt % Sefectivity TTto propanol c_annydride at an aver age
rate of 1000 pugpamitien Chripeeraiekc cdnielde Exanpl e 1 was repeat ed,

nowever with 0. 2 Bl el Dyl 45 Ul ANONI Gk %0 @ddlidanmko i d

Furtherrmye t he . ave was pressuri Zed W t'h car bon nonoxi de and et hene
to ﬁ Ea(rytl a: pEEiss Wwas ghrSeeed R0-phEru ries peddinve| . .ml Brakere Wastkenvert ed
W t oselectivity into p i ydk i aver r 60

mol / moP. hr . 203%%%"’%‘5 Ve {ekg%?rép}?éel?% %ﬁ%rr%{laeﬂig \?fa%@ér%p%(gtleﬁ%ﬁ' h%&mgsgérvw th
0.15 mmol 1, =R s(T0 -bar} . dnd y¢ phosphiem)pidpabel | pex kato othe0. 15 mol

1, 3-PP -di (2- phos -1,3,5../-tetra - :
c,9,10-1 oaﬁgﬁfﬁﬁaﬁ? %#’%%%i; BT oG oo e
i press s v Baico ofro ae . aldt hénedewast canvaeversdgai t h
100% sel ectivit intjg) panoi, c £ h dr%de al_an average raf J‘C&%O
mol / mol . hr . il & 41%50%?{%% tr)l@y di T1a% h"i‘/‘f%lr?ﬁ%ee)raeé%n%f el cli repeat ed,
gogeggm 3422 Qﬁ&&hﬁﬁ@&a%otﬁﬁ féd) BLes abe, cdrdommmbnoxide consumption
, 3-PP' - di (2- phospha-1, 3,5, 7- , . :
t et ramet hyl - 6, S9HRY r 7 oR&F+PLyRF 21 B1RT 128597 739 FBLYI )P pFBpEA& and in
ral . . p
addition 2nml digtlysembheor Bshenser Wase &l tyrisonvieshediaet br180kene.

?rg: /e(r:r;: Vlhﬁy ﬁgﬁgﬁg)gggggl( w'q%g;%gﬁﬁwﬁﬁﬁ%gf si3t780pr eparati on
of propanoic acid f9¢ ih€oclave was charged 50 ml propanoic acid,
15 0.1 mmol Pd(II) acetate and 0.15 mmol 1,3-PP’'-di(2-
phospha—l,B,5,7—tetramethyl—6,9,10—trioxatricyclo—
[3.3.1.1{3.7}]decyl) propane (95% rac) and 10 ml

butylamine. After being flushed, the autoclave was next

pressurized with carbon monoxide and ethene, each to a
20 partial pfessure 10 bar. Following sealing 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»(lO 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.
Butylamine was fully converted (through acylation by
férmed propionic anhydride) into N-butylpropionamide
(91%) and N-butyl-diethylcarboximide (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 (10 bar) and CO (10 bar) were added to the

35 autoclave. Phenol was converted (through acylation by



preparation of propanoic anhydride) Exanple 1.was repeated, except that the
propanoic acid was prepared in-situ by adding 1 ml water to the 05

aut ocl avewetoswhws7st art and adding after 30 mn, further etrlh#mPoy/aBGsbar) and
carbon nonoxi de (10 bar) to the autoclavé.8 Et hene and water were fully
converted with 100% selectivity into propanoic anhydride at an average
rate of 1000 nph{nBk-Prepibgiaverngeriaty witneacbsopevastifidef tsed as the
nmean rate of carbon nobnoxide consunption during a period starting after 30
mn. up to thePheRKhuBIPBHOBALR| 2 hefn ORESHRIBAFBEA AbndXPBe™Bl/BPhehE
Example 6 (In-situ acylation of butylam ne) The autocl ave was charged 50 mi
propanoic acid, 15 0.1 mmol Pd(11) acetate and 0.15 mml 1, 3-PP' -di (2-
phospha-1, 3,5, 7-tetranmethyl -6,9, 10-trioxatricyclo [3.3.1.1{ 3. 7 } ]
decyl) propane (95%rac) and 10 mM butylam ne. After being flushed, the
aut ocl ave was next pressurized with carbon nonoxi de and et hene, each to a
20 partial pressure 10 bar. Follow ng sealing of the autoclave, its
contents were heated to a tenperature of 100 C and nmai ntai ned at that
tenperature for 5 hours. Further ethene (10 bar) and carbon nonoxi de (10
bar) were added to the autoclave when gas neared consunption. After 25
cooling, a sanple was taken fromthe contents of the autoclave and

anal yzed by Gas Liquid Chronatography. Butylamne was fully converted
(through acylation by formed propionic anhydride) into N-butyl propi onam de
(91% and N-butyl -diethyl carboxi mde (7% at an average 30 rate of 2200

nmol /mol . hr. Exanple 7 (In-situ acylation of phenol) Exanple 6 was repeated,
however with 15 g phenol instead of 10 m butylam ne. Furthernore after 1
hour further ethene (10 bar) and CO (10 bar) were added to the 35
aut ocl ave. Phenol was converted (through acyl ation by



WO 03/ 070679 PCT/ EPO3/01689 18 forned propionic anhydride) with 100%
selectivity to

03/ 070679wWB@3/&EBOB/ 01689 - 19 CLAIMS 1. Proces.s for tireTmreperead i on of

an carboxylic

phenyl propionate at an average rate of 1500 nol/nol.hr. WO

anhydride by reaction of -arm%®t-hyl eni cal | y unsaturat ed

conpound wi th carbon nonoxi de and an carboxylic acid in the presence of a
catal yst conprising: 5 a) a source of a group VIII netal; b) a bidentate
di phosphine of formula I, R3 RL > P-B-P-R21(M)s wherein Rl represents a

bi val ent

r adi cal

attached is an
decyl group orja dprb¥aktiveokhereo répaﬂ@tgbnoae ah aa&goxyilbhe car bon

atons are replaced by heteroatons ("2-PA" grou

that together w th Thé phosphorus atomto which it is
optionally substituted 2-phospha-tricyclo[3.3.1.1{3,7}] 10

wher ein and R3

i ndependent | y PBpYészde anF@éPéthraélé&l@téygéﬁlﬁéléﬁ §P§ﬁ§u6PtF8|ntly

forma bival epf, %Qghﬁa%leﬁ BRrb8n2RoabQiBe and whekgkBoRy1lScrapresents a
bi val ent organic

ridging group; and_c) a conplexing anion; wherein the

conpl exi ng ani bhei BreRenani of éfcﬁhélY§§r5@%?FFélaéld 2. Process as
in clagylon]ggggg okhg §908thkgﬂlﬁ@£gy unsaturated conpound is an

cl ai ne
al kene

avi ng

carb n

Process as clained in claim 2,

wherein the al kéneaibidenhehe. ddphpepbéss a§ Epaimpéd Lm any one of clains 1
to 3, 25 wherein carboxylic aggd has from2 to 20 carbon atons.

10

15

20

25

Rl > P—R—LID—R2 (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}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 R3 independently represent
univalent radicals of up to 20 atoms or jointly form a
bivalent radical of up to 20 atoms; and wherein R
represents a bivalent organic bridging gioup; and

c) a complexing anion; ‘

wherein the complexing anion is the anion of the
carboxylic acid.

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

3. Process as claimed in claim 2, wherein the alkene is
ethene.

4. Process as claimed in any one of claims 1 to 3,
wherein carboxylic acid has from 2 to 20 carbon atoms.

5. Process as claimed in claim 4, wherein the carboxylic

acid is propanoic acid.



5. Process as clainmed in claim4, wherein the carboxylic acid is propanoic
acid. WO 03/070679 PCT/EP03/01689 20 6. Process as clained in any one of
claims 1 wo 08/0706#her ei n t he bi dentate di phosphine is 1, 3- PCP/EPd3/(®89
phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-t ri oxat20i eycl o-
[3.3.1.1{3. 7}decyl ) propane or 1,2-P,P -di(2-phospha 5

1,3,5 7-tetranethyl -6,9, 10-tri oxatricycl o-
[3.3.1.1{3. 7} decyl| promt byl enechendenein dny Rsocess @baihai Irecoi ®, any one of
clainms 1 to 6, 2 wherein the, catal yst contains as, an ditipnal ,conponent a
tertiary am new%%%b%n)ﬂhe%l ‘?nﬁ%‘éegkp?%?p]?%e er%p%l'?.gT#b% 6‘?1 égéar boxylic
anhydri de conpréshrg-1A3, SATbesytahéenyDf6 a9, Bt Ayt eoksatiyydbsat ur at ed
conmpound wi th ‘carbon nonoxi de and water in the presgqﬁe of . a catalyst to
yield a carboxyPié-hct b3+ AhdeeBl BPreBRBONYT ati Bt of ant &f APRRFPRaAr y
unsaturated corpoying Wit Rasat REN-BPOOX) der apdat hecgardoxylic acid
obtained in steg A to gield a carboxylic anhydride according to a process
as clainmed in &ay3ohel b8-7tParns) 1mgthppene—RRRZ81Ct he carboxylic anhydride
prepared by a procgesscegscosdbigihoaay 9R¢ GheChai Bbalnso1Brasepn
acylation agent. 10. Use of the carboxylic anhydride according to claim9,
wherei n the cavhexrgincthahgakadestscprbpanedasndsiegdibbonal pPBeeRs for

t he preparatiog QLrg£§§§h%ﬁ§£EVé&ﬂﬁémndysing a carboxylic anhydride
or~10.

according to clarm . .
10 - 8. Process for the preparation of a carboxylic anhydride
comprising:

A) carbonylation of an ethylenically unsaturated
compound with carbon monoxide and water in the presence
of a catalyst to yield a carboxylic acid; and

15 B) carbonylation of an ethylenically unsaturated
compound with carbon monoxide and the carboxylic acid
obtaiﬁed in step A) to yield a carboxylic anhydride
according to a process as claimed in any one of
claims 1-7.

20 9. Use of the carboxylic anhydride prepared by a process
according to any one of claims 1 to'8 as an acylation
agent.

10. Use of the carboxylic anhydride according to claim 9,
wherein the carboxylic anhydride is prepared in-situ.

25 11. Process fof the preparation of bleach activators,

using a carboxylic anhydride according to claim 9 or 10.



