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carboxylic esters and carboxylic anhydrides in the presence of a
catalyst system comprising palladium and phosphine has been known
for a long time and is described, for example, in EP-A 0 055 875.
Disadvantages of this process are the high pressure of from 25 to
100 bar (2.5 to 10 MPa) required and the low reaction rate.

EP-A 0 106 379 discloses a significant increase in the reaction
rate achieved by addition of a strong protic acid, e.g. a
sulfonic acid. However, the addition of a protic acid as promoter
has the disadvantage that it is discharged with the reaction
product and, in particular, has to be separated from the reaction
product.

F. Bertoux, J. Mol. Catal. A 143 (1999), pages 23 to 30,
describes the carbonylation of propene to butyric acid in the
presence of a catalyst system prepared by combining palladium
chloride, tris(m-sulfonatophenyl)phosphine trisodium salt,
hydrogen chloride and polyvinyl alcohol in water and subsequently
activating this mixture under reaction conditions. The
carbonylation was carried out in a two-phase system consisting of
an aqueous phase and an organic, toluene-containing phase at a CO
pressure of 40 atm (about 4 MPa). The polyvinyl alcohol acts as a
solubilizer for the catalyst system in the two phases.
Disadvantages are the presence of chloride, the high pressure of
about 40 atm required and the two-phase system.
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45 Di sadvantages are the presence of chloride, the high pressure of about
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EP-A 0 441 446 describes the carbonylation of acetylenically or
olefinically unsaturated compounds by means of carbon monoxide
and water, alcohols or carboxylic acids in the presence of a

35 group VIII metal, a phosphine, a protic acid and a tertiary
amine. Tertiary amines disclosed are heterocyclic tertiary amines
(e.g. pyridines), aliphatic tertiary amines (e.g. dialkylamines),
tertiary anilines (e.g. N,N-dialkylanilines) and crosslinked
polyvinylpyridine. A disadvantage of this process is the high

40 total pressure of 50 bar (5 MPa) required.

It is an object of the present invention to find a catalyst
system for the carbonylation of olefinically or acetylenically
unsaturated compounds by means of carbon monoxide and a

45 nucleophilic compound, which no longer has the above-described
disadvantages, has a high catalytic activity even under mild
reaction conditions, has a high stability in respect of
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The nitrogen-containing polymers to be used in the catalyst
system of the present invention can be solubilized in the
reaction mixture and are also present in solubilized form under
the reaction conditions. For the purposes of the present
30 invention, the term “solubilized” refers to largely homogeneous
distribution of the nitrogen-containing polymer in the reaction
mixture so that it can stabilize the catalyst complex
sufficiently. In general, the nitrogen-containing polymer is
homogeneously dissolved or at least colloidally dispersed in the
35 reaction mixture.

In the catalyst system of the present invention, use is made of
nitrogen-containing polymers which can be solubilized in the
reaction mixture and preferably contain more than 10 nitrogen
40 atoms and have a molar mass of more than 1000 g/mol, preferably >
10000 to 106 g/mol, with the exception of polyvinyl polymers
having aromatic nitrogen-containing radicals on the polymer
chain. The nitrogen-containing polymers are generally
homopolymers or copolymers of nitrogen-containing monomer units.
45 Examples of suitable polymers are polyalkylenimines, in
particular polyethylenimines; polyvinylamines having aliphatic
nitrogen-containing radicals on the polymer chain; polymers of
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25 Preference is given to using polyethylenimines as solubilizable
nitrogen-containing polymers. They preferably comprise
polyethylenimine units of the formula (I) or branched isomers

thereof
R
3° b
N
N,
L\1 (1),
HN

35 \R

where the sum m+n is at least 10 and R are, independently of one
another, hydrogen, alkyl, cycloalkyl, aryl, aralkyl and acyl
radicals having up to 30 carbon atoms or

40 hydroxyalkyl(poly)oxyalkylene radicals having up to 500
oxyalkylene units. The ratio m/(m+n) is preferably from 0.0l to
1.

The solubilized nitrogen-containing polymers (I) generally
45 contain primary (-NH;), secondary (>NH) and tertiary (>N-) amino
groups. The ratio of primary : secondary : tertiary amino groups
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20 oxyhexylene

Particular preference is given to using polyethylenimines (I) or
branched isomers thereof in which the radicals R are,
independently of one another, hydrogen and acyl radicals having

25 up to 30 carbon atoms. The particularly preferred
polyethylenimines (I) comprise the following structural elements
(IT) or branched isomers thereof

N S Ry

35 \{V//\\N/+/ \{\//\\N,}/

and HN\H/R' (II),
40 NH,
0

where R’ are each, independently of one another, alkyl having
from 1 to 29 carbon atoms.

45 Preferred alkyl radicals R’ are branched or unbranched,
substituted or unsubstituted C;-Cy;-alkyl radicals, for example
methyl, ethyl, l-propyl, 2-propyl (sec-propyl), l-butyl, 2-butyl
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respect of.} e%r?[g%gﬂ A Peokhe polyam nes, are hereby expressly
i ncorporated by reference into the present application. The structures

shown in the formulae (1) to (111) above agge 40 idealizedd.ornulae for the

case where the polyethyl enimnes depicted gdre linear. The riepeating units
can be pbPesent jn an rder, for exanple a )
pol yet hyl eni m P yr@}?‘s to be used infthe @atal yst siStem@¥ ihe pr esent

invention may also be partl¥y ber have, fe@» exanple, structural 45
el ements of the type shown bel ow

20
\[\/\N/}/ \[\/\N*
25 R” R”
NH, HN\/koh/Oﬂ\/k
and I, 0 OH
30 (III),

where R” is hydrogen or C;-Cy-alkyl and o can be from 0 to 500.
These compounds are referred to as alkoxylated polyethylenimines
and are described, for example, in US 5,846,453 and US 3,907,701.
35 The disclosures of this earlier literature, especially in respect
of the preparation of the polyamines, are hereby expressly
incorporated by reference into the present application.

The structures shown in the formulae (I) to (III) above are

40 idealized formulae for the case where the polyethylenimines
depicted are linear. The repeating units can be present in any
order, for example a random order. The polyethylenimine polymers
to be used in the catalyst system of the present invention may
also be partly branched and have, for example, structural

45 elements of the type shown below:
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15 Further compounds suitable as component (c) in the catalyst
system of the present invention are derivatives of polyvinylamine
which have aliphatic nitrogen-containing groups on the polymer
chain and comprise, as characteristic structural element, units
of the formula (IV)

NHR NH,

20

25 where m and n are as defined above and R are each, independently
of one another, an unbranched or branched, unsubstituted or
substituted, aliphatic alkyl, cycloalkyl or acyl radical having
up to 30 carbon atoms or a hydroxyalkyl(poly)oxyalkylene radical
having up to 500 oxyalkylene units, preferably with from 2 to 6

30 carbon atoms per oxyalkylene unit.

Further compounds suitable as component (c) in the catalyst

system of the present invention are derivatives of polyacrylamide

which comprise, as characteristic structural elements, units of
35 the formula (V)

R? R®

0T

O=$ O=(I: (V).
40 NHR®  NH,

where R2 is hydrogen or methyl, RP are identical or different
alkyl, cycloalkyl, aryl, aralkyl radicals having up to 30 carbon
atoms, and m and n are as defined above.

45
The molecular weight of the polyamine derivatives to be used in
the catalyst system of the present invention is at least



45 The nol ecul ar wei ght of the polyam ne derivatives to be used in the

cat al yst sP95&NS5379%he present invention is at |east 0050/51790 8 1000

-g/ ol , preferabl y nore than 10000 g/ nmol. These figures refer to a nean

mol ar nmass, since a broad nol ecul ar ght distribution results, as usual,
fromthe o n of the am nes and further reactions. 5 1In

‘gener al , Brgpg }r{%o i 8T % ?\tg)]tyo SPUBRER ZHA08 9AmPL pgRieseo At B TR T eSEry mer S
which are fPe2 Iﬂﬁansﬂpfléﬁl Bagi Bingpodprroar) mpdpgel dwy wedightnéssaribuganer al | y
prepar ed byedwhholagnusiadi i fremothe cppepamationadt othedfpodyamifbsieandnm t h or
W t hout ot flertiemaeaesionsich as vinyl am des, vinyl am nes, acryl am des,
acryl am rges acrylic esters, nethacrylic esters and ol efi ns such as

et hene, p t adi ene nd nol ecul ar wei ght of
15 from 20 Réé}g""rfg §?gf%[e % g Y%Ih%ar Isﬁi‘ Eé?ﬁwa&g& acyl at ed
pol yet hyl eRt hf R -CPPF 24P En9 ﬁF? Wtb‘lﬁhalaﬁédf’é?e facuil ignihieacid

pol yet hyl eBFe¥Rfes with car boxyl ic acids, for exanple formc acid, acetic
acid, propionic 20 acid, butyric acid, valeric acid, lauric acid,

2- et hyI hexa@me:thya@hdmmés rlaaifeuI’gaheﬁiﬁryf Preypadsh dsy HMmbBol ﬂf‘z%]ft

am dati on c@;%ﬂﬂne HORE dod Q)f'ila@?.ﬂ.d %%wzﬂﬁlegﬁ kéeftrg fidho erxr[s)St 5.00%
based on tggcﬁarg nggfug 2 St Cfnhg‘
preparation Sh esDEVAnys ©Sir t a‘F’éY mgess possi bl e
to prepare? ?‘F@’é’c??&?ﬁﬂ' ﬁ?ﬁtﬁ’é‘FHWé‘hl?ﬁtﬁé§ end)olefigist guchimieethkae,

car bonyl| at PE?Pangacbhnbene cmibuitedsend oranex Aapt ea meanr matéculthra weight of

pol yet hibefirom rz®0wtdbh2-ané af/aoiln and car bon nonoxide in the presence of the
nucl eophilic corrpound the pal |l adi um conponent and t he phosphine or by

Lﬁggﬁi?ﬁ;ﬂ% %Gyé.fw BReR0d A e B R En R S i SR P VO

at
preferred %aoq 2 k&xy?%?%r%f S’P'yé?ﬁ%%}ﬂ ﬁ#‘ﬁe&ml’(?thy)le&ﬁ’@“g%ﬁé‘f%lhl y prepared
by reactin %é‘y poFyREIRA e R REANBER \GorRiapaeis Segekbe atfidt bybphenioxi de,
propyl ef® #ddte PYFYHiE yAdide vakexic paridpphamweic waiid, 02 -¢tteylhexanoic
pol yet hyl extid,ner Deterdls Cof-fdtty preépsy atitdn thBydd§rde0wtd anDdddS o 846, 453.
In the catwdist fsysﬁtemcofaltn!aetpx@@ﬁntprb@&%ﬁiprfmmew P& dinfoldl 2 6o 410
preferenceoas%dgbﬁeahé Oarkio> BE¥hAL Goh iR Xsﬁ%%}lﬂn% (Bde s ché)h rise
the str UCtMe%argt?gEnrﬁay (bl ! )fogrrldtpnelDrE-R 99 However, it is also

25 possible to prepare the acylated polyethylenimines (II) in situ
under the carbonylation reaction conditions, for example by
reacting a polyethylenimine with an olefin and carbon monoxide in
the presence of the nucleophilic compound, the palladium
component and the phosphine or by reacting the polyethylenimine

30 with the carboxylic acid used as solvent under the conditions of
the carbonylation reaction.

The particularly preferred polyalkoxylated polyethylenimines
(III) are generally prepared by reacting the polyethylenimines

35 with up to 500 mol of ethylene oxide, propylene oxide or butylene
oxide per monomer unit of the polyethylenimine. Details of the
preparation may be found in US 5,846,453.

In the catalyst system of the present invention, very particular

40 preference is given to the acylated polyethylenimines (I) which
comprise the structural elements (II) or their branched isomers
where R’ are each, independently of one another, C;-Cg~alkyl such
as methyl, ethyl, l-propyl, 2-propyl (sec-propyl), 1-butyl,
2-butyl (sec-butyl), 2-methyl-l-propyl (isobutyl),

45 2-methyl-2-propyl (tert-butyl), l-pentyl, 2-pentyl, 3-pentyl,
3-methyl-2-butyl or 2-methyl-2-butyl and the sum m+n is at least



where R are each, independently of one another, C2-C6-al kyl such as

met hyl , et RQBO/51@B0Opyl, 2-propyl (sec-propyl), 1-butyl, 2-butyl

(sec but yl), 2-methyl-I- propyl (i sobut yl), 45 2-nethyl -2-propyl

(tert- butyl) 1-pentyl, 2-pentyl, ?ntyl , 3-nmethyl-2-butyl or

2- met hyl - and the sum mtn |s at’ | east 0050/51790 9 50, in

particul ar ¥%é%aFtISBla? rhareftul®?: the catal yst systemof the present

i nvention corrprl ses acyl ated polyethyleninmnes (I1) or their branched 5

i soners i nInhpatticudaacythe adit@dlyst - 3tem afethe ypregemtpinwimicion corr espond

to the carbemytisesaacgldesd wiliyeehy Dedinieepreyl. o ftéheqat Bfélﬁéhe%yStem of

thefpreEF”EsbﬁB%ﬁ“ingﬁhggﬁeiﬁﬂ|dﬁ ﬁOP&é&éEis fg?PFO é(%c a EFPOWI3 ‘o
refera

g 5% by vvé é%"?égp]qntd sél u T |a\£%b%¥& oéjgﬁ%%ﬁ? é’y I?ﬁ%ﬁ?a sed on the

total mass of the reaction m xture. Phosphines swtabl e for the catal yst

system of The fgatadyst systemwpdnthenpresendedoveiveinn fgenezadhplayntiadnkP- A 0
274 795, EPrdn(R28216215ERA wadg6833prdRmAbd44iAdsh, 1 B3 A0049pSbhighEPaky

gg??ggioEﬁaﬁMﬁ%@ZS pERe 047 204m ﬁ&ﬁogz?@paﬁi\e&g%gl?s VO

I ncor por at gglgﬂﬁééergﬁlg%é% Cégz;ﬂln\@gg H‘gslehl ng’sgcérﬁ ég ?cé%l%sent ed by

t he for mul aaﬁ/lc) TRORE T(AAD mlﬁ/ﬁg?ee t he radl caI s Rl, R2 and R3 are each,

i ndependently of one 25 another, a carbon-containing organic radical. The
radi cal s RRhosmhimes/ suiwelearfoal the ratjadiystdsystenefanbe heresaaar t he

pur posed5ointdre ipneaeat desurebedpnfon exaimpds; COMER-A 09279rpEp)i ¢ radical is
an unsubstibif ed 22 substadat @dasdl sphatwpca 304481 QURLT PO Aradlsi BRati C
more het or Eatarh ekt a8 el QQQn?%%’S‘%P-ATQu 1 Cal‘"ﬁo T 2bg,one
exanpl e _0‘?81 go@ﬁgﬁl ‘93 9(%)&%%'4&“’0 93’1/%% 0_#¢ "?Qna/% Wé‘t’rﬂ}‘oi"r%e
subst i t ut eRETRPYOREPERSHY el NOPHREF 2 bk IPYg K6 EPEERIATDTHS| ﬁgl’ﬁhleexanpl e
oxygen, 2Qi phegphinesutfnrbe3sepndsentérhltogehe formebeanWie by fl uori ne,
chlorine, bromne, iodine and/or a cyano group (the radical R here is

li kewi se a carbon-containing prkgagsc ragyepl). |f the carbon-containing

organi ¢ radi cal contains one or nDre heteroatons it can also be bound via
t hi oet qu 40 tertiary am no
epende

h
aroups gp ety R nLatlE ik Edohs an 3T ifkbencehEly | oF ok

anot er, a carbon-containing organic radica The radicals R!, R2
and/or R3 can also be joined to one another.

For the purposes of the present invention, a carbon-containing
organic radical is an unsubstituted or substituted, aliphatic,

30 aromatic or araliphatic radical having from 1 to 30 carbon atoms.
This radical can contain one or more heteroatoms such as oxygen,
nitrogen, sulfur or phosphorus, for example -0-, -S-, -NR-, -CO-,
-N=, -SiR;-, -PR- and/or -PR; and/or be substituted by one or more
functional groups comprising for example oxygen, nitrogen, sulfur

35 and/or halogen, for example by fluorine, chlorine, bromine,
iodine and/or a cyano group (the radical R here is likewise a
carbon-containing organic radical). If the carbon-containing
organic radical contains one or more heteroatoms, it can also be
bound via a heteroatom. Thus, for example, ether, thioether and

40 tertiary amino groups are also encompassed. The carbon-containing
organic radical may be a monovalent or polyvalent, for example
divalent, radical.

If the phosphine (VI) contains precisely one phosphorus atom,

45 i.e. the radicals R!, R? and R3 contain neither a -PR- group nor a
-PR; group, it will hereinafter be referred to as a monodentate
phosphine. If R!, R? and/or R3 contain one or more -PR- or -PR,



organi c radi cal may be a nonoval ent or polyvalent, for exanple divalent,
radi cal . | 0Oshé5pmeOphi ne (VI) contains precisely one phosphorus atom 45
i.e. the radicals Rl, R2 and R3 contain neither a -PR- group nor a -PR2
group, it will hereinafter be referred.to as a nonodentate phosphine. If
R1, R2 and/or R3 contain one or nore “PR or -PR2 0050/51790 10 groups,
the phosphPRR¥PIVItPeaPROSRIVdESe (VT Y axe iefenradeto as bddanbatke, etc., in
accor dancetyidentate, nehder iof aghospameeaivitht bhe . mbnbEYe of apbhbdgHorsygst em of
t he presenatomsventi on preferably conprises an at |east bidentate
phosphine. It can be represented by the fornmula (VII) RA R6 10 P-X-P\
(Vi) 7 t i.Ga : . R7 _are eac i ndependent |y
of one g?gﬁeﬁa\fagazggé (ﬁn{e?:t%?? a!tﬁ? %eoér%gl’tn?gv%?tlocnalp r&%ar%’ﬂ’s ca?mfggses
car bon- conf ai i NG 28r gaht e B edBPREP I SUp 1 THED e frapregentpb domithes (Vi)
are bidentg?ﬁﬁu%ﬁﬂ(ﬁéﬂfate or tetradentate, in particular bidentate. The
term carbon-containing gugani c ragecal is as defined above. 20 For the
pur poses of the present iq%gn[L fi, a carbon-containing organic bridging
group i gpan unsubstituted, r AU stituted,( éﬁ*bhatic, aromatic or
aral i phatic divalent gr&ip havingRfrom1 to 20 carbon atoms and from1 to
10 atons in the chain. The 25 organic bridging group may contain one or
nore heteroatons such__as oxygen nitrogen, sulfur or phosphorus, for
exanpl e - g¥heresthe ragicalsch?, BN-R°.mRR’, arpreacindiodep@REntdydbér be
subst i t ut eehe mnogher ora mMATdohuNoh taiTaEINnggbOYsice adical ngnd frorisexanpl e,
oxygen, 15 ncdrtegeronsaiiiig aftdanic HiEeRAg fLsuEX MRl grod¥eddddori ne, 30
chlorine, gHe¥Pnifes PF e 22805 0He R £XANQ LI el Re LadigalnRehere is

i kew se abéfﬁﬂ@ﬂ@égoﬁﬁéﬂdya@% organic radical). 1f the “organic bridging
group contains one of nore héteroatons, it can also be bound via a

het eroatom Thus, for exanple, ether, thioether and tertiary am no groups
are al so efRoiFABsedrPes-copkaval ihtongadiearadirrl ke amndia3ined fboved a (V)
and R4,2®5, R6 and R7 in fornmula (VII) are each preferably - an unbranched
or branchezbr atgcpufpadescyel the piEsdnst ihvé®ion, a carbon-containing
organic bridging group is an unsubstituted or substituted,
aliphatic, aromatic or araliphatic divalent group having from 1
to 20 carbon atoms and from 1 to 10 atoms in the chain. The
25 organic bridging group may contain one or more heteroatoms such
as oxygen, nitrogen, sulfur or phosphorus, for example -0O-, -S-,
-NR-, -CO-, -N=, -SiR;-, -PR- and/or -PR,, and/or be substituted
by one or more functional groups comprising, for example, oxygen,
nitrogen, sulfur and/or halogen, for example by fluorine,
30 chlorine, bromine, iodine and/or a cyano group (the radical R
here is likewise a carbon-containing organic radical). If the
organic bridging group contains one or more heteroatoms, it can
also be bound via a heteroatom. Thus, for example, ether,
thioether and tertiary amino groups are also encompassed.
35
Monovalent radicals R!, R? and R3 in formula (VI) and R4, R5, R6
and R’ in formula (VII) are each preferably

- an unbranched or branched, acyclic or cyclic, unsubstituted
40 or substituted alkyl radical having from 1 to 20 aliphatic
carbon atoms in which one or more of the CH, groups may be
replaced by heteroatoms such as -0- or -S-, or by
heteroatom-containing groups such as -CO-, -NR- or -SiR,- and
in which one or more of the hydrogen atoms may be replaced by
45 substituents such as aryl groups; or



40 or substituted al kyl radical having from1 to 20 aliphatic carbon atons
in which of@568/5&3P@ of the CH2 groups may be replaced by heteroatons such
as,-0- or -5-, or by heteroatomcontaining groups such as -CO, -NR- or
-SIR2- and in which one or nore of t hydr ogen atons nay be reEI aced b)d/
45 substituents_such as.ar ou or 0050/51790 11 - an unsubstitute

‘or substitited® ﬁrws(?l?zgg?%aﬁr ﬁfﬁ’?ﬁ terRA dregasic tiafisal Apebng aned
rings, in whi chidheotvRoPE thiRe faS6fsrirgs bénr ehick cthebprhmore ogitrans such
as nitrogen andtéms malyi b veplagedrbyeheferdaromgdsogiematmirtogay i riapl aced
by 5 substituenhscisuwme a5 Bbie/|loforhar MM St ol & Qfegpaééc?rﬂyed

monoval est radé@@dﬁt@%ﬁtHn%@?tds“ﬂﬁ 106y S4ASHE Hé Cl1- C20-al kyl
C5- C20- cycloal kyl, C6-C20- ary and -C20-het éroaryl radicals, for exanple

met hyl , eth r ro (sec-prop but 2- but
(secybuty|§¥ampzlﬁ?2P%p¥r?f ﬁ‘ %%%ﬁtylr)apleaﬁ%tarﬁﬁ HESBg%WUt(eLdePF butyl),
1- pentyl , QUL’pﬁatrﬂtydrte%Cp&wy&lkﬂl n@th@i&-zybmqlky(lt,eﬂts Guoyrkyyl dndexyl ,
2-hexyl, 3chexythetdroptrhy| r@djperitsy| foB-exdnplle- depryl ylethyl, 1-propyl,

2- met hoxg- 2=prarl (seycheishyl 1- su@;}phewhtyyy@é&%x bi) henyl 15

2-met hy| phenyd: Hyf _&Q Yooyl %l@%bnwpﬁerhy ety 9 ¥y 4
Gl ool cone .
4-pyri dyl ’d z TREYYE vt |“P‘F9:IhY15 p@ﬁ"’}td’d-m ﬁyl“etlﬂ -PRREY by | |

4-pyrim di %Wech’GYSZpWQHﬁ]dl GYF Lopergyilaz chglohexylly, 8y6loodtadi,nphknyl,

1- napht h§| 2-meéx-hydphehyl , (a2-tgdyhp) y3-medhguphehnyl , (mL-tbspnw nol yl and

8- i soqui no&wethwphbﬂypa@ﬁt@ﬁydwad delfn@ghj?%l%nﬁl Ezog \glé 11;'?
together 23 -1 iREenrdrknb99°8 hatt b BBy L1 { Vi and ke tdget her

dch case

with R5 angd/ or

pr ef er abl yg- tﬁ°ﬁﬁ8$§'}¥clwe&‘8¥rb?lé ct‘?e(?yrégu 1|4c pé’ lé%l |%‘PYEﬁ§ébé’t‘Y¥ut ed

30 or subs‘i|Rylﬁléldz@l’@(?'éﬂyﬁfiéﬁbmﬂad|zc§Vr{mJeﬁJ\fé’Ilenf1 BYXimidiagiieal ) having
from 4 28 IPyarendinyl « RerarRgiene ¢hdiln3, brtrigziiohyl hel GHphghglps may al so
be repl acez-rmphitey ey o2-groimpdyl, f®+quednanphe :-Gdoquillolyt Sif2- or -NR- and in
whi ch one srisofafifoDyl i he hydrogen atons may be replaced by substituents,
35 for exanple aryl groups. Exanpl es of preferred dival ent radicals are

unsubSti t U LAl ca80SH IdiVhdn Ot SA%AL I VhPND o BLE A Sl R WP R GHR, G OUPS
y 25 with R3 or R! together with R3 in formula (VI) and R? together

with R3> and/or RS together with R7 in formula (VII) are in each
case preferably

- an unbranched or branched, acyclic or cyclic, unsubstituted
30 or substituted C4-Cyp-alkylene radical (“divalent alkyl
radical) having from 4 to 10 atoms in the alkylene chain, in
which the CH,; groups may also be replaced by hetero groups,
for example -CO-, -0O-, -SiRy- or -NR- and in which one or
more of the hydrogen atoms may be replaced by substituents,
35 for example aryl groups.

Examples of preferred divalent radicals are unsubstituted or
substituted C4-C3p-alkylene radicals in which CH; groups may be
replaced by hetero groups such as -0-, for example 1,4-butylene,

40 1,4-dimethyl-1,4-butylene, 1,1,4,4-tetramethyl-1,4-butylene,
1,4-dimethoxy-1,4-butylene,
1,4-dimethyl-1,4-dimethoxy-1,4-butylene, 1,5-pentylene,
1,5-dimethyl-1,5-pentylene, 1,5-dimethoxy-1,5-pentylene,
1,1,5,5-tetramethyl-1,5-pentylene,

45 1,5-dimethyl-1,5-dimethoxy-1,5-pentylene, 3-oxa-1,5-pentylene,
3-oxa-1,5-dimethyl-1,5-pentylene,
3-oxa-1,5-dimethoxy-1,5-pentylene,



epl aced by hetero groups such as -0-, for exanple 1,4-butylene, 40
1, 4- di et hPO50/51@80y| ene, 1,1, 4, 4-tetranet hyl -1, 4-butyl ene,
-1, 4-di net hoxy- 1, 4-butyl ene, 1, 4-di methyl -1, 4-di net hoxy-1, 4-butyl ene,
, 5- pent yl ene, 1,5-dinethyl-1,5-pentyiene, 1, 5-di met hoxy-1, 5- pent yl ene,
1,5, 5-tetranet hyl -1, 5- pentyl ene, 45
-dineth%FQﬁf?ikﬁ'ﬁepﬁBgﬁz lefhydnt yP eRRNtYIesRa- 1, 5- pent yl ene,

5

15 '

3- oxa- 1, 5- dr ¥ hiylS-dinepayi vl ,Srdime Bhema-11 S5pdhhetenecy - 1, 5- pent yl ene,

0050/ 517901 12-cB:lmoatlénsd, Sk tSecyabesdmyt -ehe5- pent yl ene,

3- oxa- 1, 5- dj aed fiydthy151 i Leid1@6rtF1EndeNt W-8RRet hylt 4, GYLeL 006 M ARG,
5-cycl gogt ylefetnyl.4; sidRhgkt{1dn&ydl @0 "i?AL -1, 4-cyclooctylene

’4_d'nEthX[51dé%€%%§h990%)4§¥T%bc§ 1 4-d|n?t # - _CyclobcT T ene She

' 5-di met hyl 2T G 00t YIEnE Ot 180%y HePrdt e thy nfeB56¥¢ ¢ e Lene,

1, 5-di met hyl -4, 8-cycl ooctylene, 10 5 1 ri 3 3,7-bicyclo[3.3.1]nonyl ene,

15 20 25 1,3,5,7-tetranet hyl -3, 7-bi gycl o[ 3. 3. 1] nonyl ene,

'1,3,5,7-tetranet hyl -4, 8, 9-tri oxa-37&bi cycl o[ 3. 3. 1] nonyl ene. 30 In the case

of trivabent radicals, Rl toget m h R2 and R3 are in each case

preferably - an unbranched or bTgached, acyclic or cyclic, unsubstituted

35 or substituted trival ent alkyf‘ﬂah

and in each case from4 to 10 atons

ical having from4 to 20 carbon atons

n the chain, in which CH2 groups may
al so be replaced by het ¥ -bgcyaps| 3iich JasnyTre, -0- or -NR- and in which
one or nore of the hydrogen atons may be replaced by substituents such as
40 aryl 1§roups. The phosphine (VI) Joar (VIl) to be used in the catal yst
system of the present invention paicularly preferably conprises 45 -
radicals Rl, R2 and/or R3 or R4 R6 and/ or R7, which are

r
1
1
1
1,
1
1
1
1

20
1,3,5,7-tetramethyl—3,7-bicyclo[3.3.l]nonylene,
25
1,3,5,7—tetramethy1-4,8,9-trioxa-3,7—bicyclo[3.3.l]nonylene.
30

In the case of trivalent radicals, R! together with R? and R3 are
in each case preferably

- an unbranched or branched, acyclic or cyclic, unsubstituted
35 or substituted trivalent alkyl radical having from 4 to 20
carbon atoms and in each case from 4 to 10 atoms in the
chain, in which CH; groups may also be replaced by hetero
groups such as -CO-, -0- or -NR- and in which one or more of
the hydrogen atoms may be replaced by substituents such as
40 aryl groups.

The phosphine (VI) or (VII) to be used in the catalyst system of
the present invention particularly preferably comprises

45 - radicals Rl, R? and/or R? or R4, R5, R6 and/or R7, which are
each, independently of one another, an unsubstituted or
substituted C3-Cj;;-alkyl radical in which at least two,



each, independently of one another, an unsubstituted or substituted

C3- C12- al kPP5048i1dQ0 i n which at |east two, 0050/51790 13 preferably
three, further skeletal atons are bound to the a carbon atom or an _
unsubstituted or substituted aromaticygradical having 6 ring atoms in which

one, two or three_ri ons e replaced by nitrogen; and/or 5 -
tadicals Rl toajé?ﬁeéﬁaqaﬁyt %hfﬁ?’ %}/rt &t ﬁg?f%atlh a%?mﬁr?m bqugdetfctharia h R3
or el se R4 t ogERRRYM \AHOR RBT adRl/ WsuRstitwerd Inar subehiRtedrvaromatie in each
case, independeadigalothaving @noidgertoms imsdhishi boéedews cruRRbedé Utied

C4- C30- al kyl engtoniediayabehasplyrdd o #itfoderdt @NB/bA the shortest al kyl ene
10 chaing Ln Woh@{e 43 RO QOIS HERY wiEN €] a8 efs it st Gien PYPSg; such as
atoms for oy aEEGEer WIBRSRS 00 K68 A (BedlRe i i Re -t o0 ReL O L
atoms, for exappfe carbon  oxygen or ni t,rgg oL LR npf Y Bt Rpart| cularly
preferred mno%?%merr ¥irBaR's WhicRoaredy 5ACReCasRy dindsprudensly RE and/ or
R7 are 2-propyPh¢ stethespys) unsubstippted ar isybgtitutedrsyhglo-21py beand
(tert-butyl), radimlhpav2npufndm (@t ept 7 aatdns iphehy| shok-testhyl By
(o-tolylp, 20 Shawd hyhphrbyh dHE Gobips 1ma§r Bet hyppheny |th( Hééé%a"g)rgups

2, 6-di met hyl phggl .as2.-A=di met hyl phenyl , 2,4, 6-trimet hyl phenyl an

2-pyridyl, in particular 2-nethyl-2-propyl (tert-butyl) and phenyl.

Exanpl es of particul arlég)referred dival ent radicals Rl together with Rz,
R2 toget hefohith? BEESEN PHPECRer Skt kot a3 atams Ayeaths fielergorfiormidah RS
and/ or R6 ®ERRs/hdPTWeXaMIRE gagbon, loxygent orr aivetdyen-.1, 4- but yl ene,

1, 4-di mdbhyl - 1, 4- di met hoxy- 1, 4- but yl ene,

, 1, 5, 5-t ekxanipledsy bf lp&riRftilir-@Pepreferred monovalent radicals Rl, R2

' ”EthXﬂd/bISFﬁ'QﬁﬁPH¥Q6'§4§'§§%nkylfﬂg%or397 are 2-propyl (sec-propyl),

d
' - | aoct vil.eng,

Rkt Qf {%F“]ﬁm%?%%'@%?layc?aré?@]nzﬁgﬁmw taRF-butyl),

, 3,5, 7-tefT Yy R -RUEY o _(Her g amyl 7 iphepkl o] 3-methydshenehe o-talybhr ti cul ar

1, 3, 5, 729 e} TRgtdwApheny B @-tollykh, 3¢ -nefihyypheBl I pttpdpy) ene. 35 The

organi ¢ br2 dipidigieghplipheyiln Lok Aiimethyilbhehl prafsgpabl yméuhy ipnbranciipd or

branched, 2owalidg10r i Ydritdcullas uhsiddnyted-pfopyaiulsbi-t Uhed,1di wahent
aliphatiC,pﬁgﬂyqﬁthﬁaﬁﬁléyfﬂfiBQ@%&&hiﬂET&ppera%fgﬁ fi 00 dnd Qe S3L Ren at oms
and fron]ltéé%é%e§t8ggh RZ, R? together with R3 or R! together with R3 and

25 also R%? together with R5 and/or R6 together with R7 are
1,1,4,4-tetramethyl-1,4-butylene,
1,4-dimethyl-1,4-dimethoxy-1,4-butylene,
1,1,5,5-tetramethyl-1,5~-pentylene,
1,5-dimethyl-1,5-dimethoxy-1, 5-pentylene,

30 1,5-dimethyl-1,5-cyclooctylene,
1,3,5,7-tetramethyl-3,7-bicyclo[3.3.1]nonylene and
1,3,5,7-tetramethyl-4,8,9-trioxa-3,7-bicyclo[3.3.1]nonylene, in
particular
1,3,5,7-tetramethyl-4,8,9-trioxa-3,7-bicyclo[3.3.1]nonylene.

35
The organic bridging group X in formula (VII) is preferably an
unbranched or branched, acyclic or cyclic, unsubstituted or
substituted divalent aliphatic, aromatic or araliphatic group
having from 1 to 20 carbon atoms and from 1 to 8 atoms,

40 preferably from 2 to 4 atoms, in the chain, in which one or more
of the CH; groups may be replaced by heteroatoms such as -0-, or
by heteroatom-containing groups such as -CO- or -NR-, and/or one
or more of the aromatic ring atoms may be replaced by
heterocatoms, for example nitrogen, and in which one or more of

45 the hydrogen atoms may be replaced by substituents such as alkyl
or aryl groups.

1,1
1,5
1,5
1,3
1,3



40 preferably from2 to 4 atons, in the chain, in which one or nore of the
CH2 groupson§9/5é799pl aced by heteroatons such as -0-, or by

-het er oat om cont ai ni ng groups such as -CO or -NR-, and/or one or nore of
the aromatic ring atoms may be repl ac P by heteroatoms for exanple
nitrogen, and in which ope 45 the_hydrogen atons may be

‘repl aced b? UHES Péeﬂf‘if%’iﬁﬁ? §§l§?k 9r&upﬁr§lz oupsetbpbeney1790 14
Exanpl es o %)T%ﬁ%yrléﬂebrlc@mgpgll%%s ¢ 4mbatylenet hyl ene, 1, 3-propyl ene,

1, 2- propyl 2rmethyl41hatprepie,ene?- ied fpentlylenp; opyl ene, 1, 5- pentyl ene,

2, 2- di et hy| 2 14 imel@h@PY 1 £NSHrobybehexyl ,eml,exye;bgyzddy_&zcﬂg_g_o CH2CH2CH2- O,

- CH2- O Cel-p_c 2] Q_CHZ (&AW pher&ﬁ gg;_‘o_ ¥l eneo_% %I%)(NF CH2-, in
t I = A
par 1 cu ZI?I*% T 3?2“”’ ERRE 158 e PREIRR phosph ne. A

particul arFg3 pﬁré’fpéﬁlleﬁﬁ'bljdén'tbé}f‘@ en b Hé§Y #®htion nay be nmade of
1, 2-bis(di-tert-butyl phosphi no)ethane, 1, 2-bis(di phenyl phosphi no) et hane,
1,2-P, P - dh (Rapthicspbaly , et etredt nommidntiaté, Phddphlime is

tri oxat npCy£l glehydphod ﬁ&d@]‘ﬁ%cﬁhfiiﬁﬁlérﬁ¥d Peferd<dl p3hehtdte

1,2 lF))I Ii(d:j l% &#ih%y'ﬂ J t t 9bllg(dl phenyl phosphi no) pr opane,
E/ otFJT?@Q g‘i BAY e rane r‘%lh(mépa 3" for short), 20

rioxatric
bi s(di t%TttlstSGtJ-?I’%‘IﬁYﬂs?ﬁ'msﬁB}Bﬁ %‘H@nerl 4- bi s(di phenyl phosphi no) but ane,

P, P - di{2-BW3sPhé2 0IDsPha-1 o8 r huikttepraBe 8hyl6, 9, 10~
oxat ibcyciafatricycld @ .G.1de¢y| Duidueg let Hare 4" dpar-28hedt )short),
-bi s(di; 3iﬁﬂs<autyéfﬂusaﬂylaﬁbs§hiﬁﬂ)%&6pa3§

4-
4-
I
a'
,a -bis d I
2P “1( gegg I’fI‘I%% 10
rioxatricye 8e(7: é’“ '?*hYlpér'Pv&IIr ar
3- bi s(di %’é?"c@tb’&t:yﬂﬁlb%- hllnéi beI?@YlPIOBaI!ﬁ s(“dpphéhyfphedent ho) pr opane
nd 30 @0pl35MiB(@iptert-butylphosphino)butane,
1,4-bis(diphenylphosphino)butane,
1,4-P,P’'-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo(3.3.1.1{3.7}]decylbutane (”dpa-4” for short),
a,0’-bis(di-tert-butylphosphino)-o-xylene,

25 a,a’-bis(diphenylphosphino)-o-xylene and
a,a’-P,P’-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.1.1{3.7}]decyl-o-xylene, in particular
1,3-bis(di-tert-butylphosphino)propane,
1,3-bis(diphenylphosphino)propane and

30

S e

1,3-P,P’-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.1.1{3.7}]decylpropane
40 ("dpa_3n) .

1
t
1
1,
tr
a,
a
a,
tr
1,
an

When using monodentate phosphine ligands, the catalyst system of
the present invention generally comprises from 50 to 500 mmol,
preferably from 100 to 250 mmol, of phosphine/l of reaction

45 mixture, and when using bidentate phosphine ligands it generally
comprises from 1 to 50 mmol, preferably from 2 to 25 mmol, of



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

trioxatric9ebef31390. 1{3. 7}] decyl propane ("dpa-3"). Wen usi ng nonodent at e
-phosphi ne |igands, the catal yst systemof the present invention generally
conprises from50 to 500 mmol, prefelr bly from 100 to 250 mmol, of

phosphi ne/|l_of reaction 45 m xture, &and when using bidentate phosphine
1igands i tPRRIRBEYY OEFRAGEILR PEBHE 10 50 mol, preferably from2 to 25
mol , of 0050/51790 15 phosphine/l of reaction m xture. As palladium

sour ce foras mldadahmssowyest Eprofthée hmtargsensystew eft ikba, prdsdnt possi ble to
use inor gamheerdidnor geN < pealinlef td varl liadkyamidalnhadyam £ongaawadss Wi th
pal | adi us SepecyRy Ba1 PRl f°“5é‘%b‘é§?%’é‘é“§ﬁ&°-?°%%%ﬁ“&%-iggd%f°

Pref er encegpgééﬁ_vghg?%ur}if&%%g%- ?#%éendﬁalapgd?h% spoﬂﬂg é%‘.ml %&%pfl‘gsa of
sui t abl e i WUIRGHRi 8 aRPRIGEN B2 LA TL COPRPYRR uRTELET e RE] | LdighieR | §o
nitrate, pedlgnghtee)Palladdus seerdesdi un(l1) carboxyl ates (for exanple
pal |l adium(l1) acetate or palladiumll) propionate), palladiun(ll)

sul f onateseaiples! badswiddyik iase§arRC@haANSESanikd sBXREPSL AN a8 L Dt E

pal | adi !Jmﬁégm%ﬁliﬂﬂ%x Y fHak BOY ﬂlla il g%?ﬂ%&h)sfa %r,‘dégi%é’ ; ‘?g'gom arning
donor 1igan arﬁ te{jﬁalstrl enyl.phos |nerapz§lla|u éPPh34),

di benzy|ia%?~F§’£&‘éf 8ReS pHl 9 a b a ZF(%&(B B}ﬁ‘ﬁz?b %agﬁd‘e’a Udpdepn ) 2] [ A 2,
where A i sPEPRACRREG) c R diadatB4I hhisH fonpbes cangnpad ladl wrGhle,

hexaf | uor optesydhaetonatg.r af | uoroborate or p-tol uenesul fonate, and "dpa-3"
Is as desined above. A suitable exanple of palladiumapplied to a support

i s pal | adigkampds08f agtiadedps 8l L0km BahbathdyMaQHr §86redNi s type are
pref er abl Yoiflodiis DaUdd /A28 PR 1L 1R 1RE G RARAIGE ghhlad e TeaC i o

m xture. 1g),cen§{ur(|§,ca. s&ablle su lgenm %ﬁ‘ éﬂ E pﬂgrt materials are

pr ef er abl y- RV AFSERET TRIGHY LRRPEP AL NG Patdad s umy 2?3;@1 G4EPRYdP ophi 1i ¢ by

separ at e n%’al{%zgil%w%%arw%a%waée@@( )datPon of activated carbon.
When us@@gl Bisipden) ERsCHNoshiznewheérairkdsis ehweaklnlopordspateinanfiont he
present i nienteixampyenerlalrdayesongd Resrbphosthdte ,20ett®f luorpbeketaldy from 5

to 10 molp-fiuabsadidittle, Ohnd @afdd-an REXidfridaqangovdlen using bidentate
phosphi ne E|)I gands it generally conprises

A suitable example of palladium applied to a support is palladium
25 on activated carbon. Palladium sources of this type are
preferably used as particles which can be suspended in the
reaction mixture. To ensure a stable suspension, the support
materials are preferably hydrophilic in nature, if necessary made
hydrophilic by separate measures such as partial surface
30 oxidation of activated carbon.

When using monodentate phosphine ligands, the catalyst system of
the present invention generally comprises from 5 to 20 mmol,
preferably from 5 to 10 mmol, of palladium/l1 of reaction mixture,

35 and when using bidentate phosphine ligands it generally comprises
from 0.5 to 5 mmol, preferably from 1 to 3 mmol, of palladium/1l
of reaction mixture.

The catalyst system of the present invention advantageously

40 further comprises a protic acid (Brensted acid) as additional
component to activate the system. This can be the carboxylic acid
corresponding to that formed in the carbonylation of the
unsaturated compound by means of carbon monoxide and water or can
be another organic or inorganic protic acid.

45
Suitable carboxylic acids which can be formed in the
carbonylation by means of carbon monoxide and water (in-situ)



fromO0.5 to 5 mol, preferably from1l to 3 mml, of palladium1 of
reacti on noREOVE178I0e cat al yst system of the present invention

-advant ageously 40 further conprises a protic acid (Bronsted acid) as
addi ti onal conponent to activate the system This can be the carboxylic
acid corresgrgg%g%?( ﬁhat formed in"The carbonylation of the unsaturated
‘conpound b aPRI o rPTRMGRE G2 Gl OBy ebhera)y bysyaRStaRid or gani ¢
or i norganl( ET PR ALAPeae) dor /e thgicribie aakhdEypPhcpeenyie )\whitbed carbdxylior med
in the canbbedyl at.igonabytieansidobreprdwiomenaxide @nd naaueal(y l’b:li‘slot Y3

0050/ 51790ad8ed &l thkOtaEXBER @ysRERP| SR caGl dr f fhRMcatheps) oy k¢ acid

(from prgpgag) er %Ehﬁféé(éfactl%' gf(égmgﬁe B6ias T Q%eC%sggo i 5280 0>

Catalyat sqeriad glnxsﬁ%%% < edphtiy e el oty

pr epar at i ofi®BF" GRyEDE aghiydty RE b KoLy et syt ofhe crdvantiage i s
frequent| yoguﬂﬂsclVéﬁtlatl‘é % Hihae nacedditiomal comprareditng sopresmtadni vhey of
the catal ysyssamst em The advantage of this variant is that no additional
conponend is present in the system 10 However, in many cases it is

advant ageolis,d 404 adRaffl U ddeanal 19r&ﬂ;yn%a§ w%g%gd aRrOéc!lJICl: 3¢Ld to the

cat al yst S¥St em O (5) sent hnve e case

when no cafb&XV1S (?raé'ln N mﬁr E&-KtC ?Clldgtf)of' ucﬁtr‘?lé’lsf‘usﬁﬁ??%g’ft kBe 15
car bony| at PERE{E: GPVRREHCHr dPAEI hE CERhEXPMPEE esther SRserwhen qiceat er
activity-iperkerilig aciecis tirgseshnohelsolfoaimaddinsiveadsr dig tihe car boxyl i c
aci d fonBedaiborgiliattibs {e.die waehi py@shr\WieBarbeiyidcaddibionadr proti c aci ds,
protic aci gsedwds B@t@vi*?Liﬂhr%351nérbﬂ¥@b%'@Hgﬁfcéﬁ %e @5@a£ﬁé§‘ﬂ&r§ga%%
Suitable piplife %%&ﬂa Kl %glqeg&@ﬁ&e% Qo EXAM & Snidvds Oppdg o719 an nd
EP-A O 279 477 Y JF<i{é)ress |ncor% rafl % I'e 8nce.
Preferr ed usiig ad é&%&%ﬂ&fﬁdc BRI 0P85 16 R LG P A3 BRR é’Kapﬁgsf)ﬁorl c
acid or fQﬂFtéc&&PHss %uc#%?rﬁf?ﬁF%ﬂe%‘wtﬁthcp%ﬂﬁld: agddpagrssul f oni c
acid or 29r¢1¢‘-’rmb@ﬁ‘et fan esAard Rl cLRGEREA 10f 16 037T aadi @8-mhe A¥9dd725 not
cor r espondwitich herec hebeby ldxprask tly ditdotpbirited by eefeepaced prarerasded,
their nol aprétitd @ctisthey R hagkyiised Jdrs, 9e8L &ldmp1el 9B b2 120ac Ie
cat al ystsyst e_-.'rﬂl(%forntig é%e%tucgngg%ltqﬁu(éﬁg ?fﬁn)% |a}é98 3 batnaelsuggonlc
byconblnlrg%fga rlf &g¥HHeQ%anes onic ac g protic ac1ds which do
25 not correspond to the carboxylic acid derivative to be prepared
are added, their molar ratio to the palladium used is generally
from 1 to 20.

The catalyst system of the present invention can generally be

30 obtained by combining the above-described components (a), (b),
(c) and any additional protic acid in a solvent in any order,
possibly with formation of intermediates such as
palladium-phosphine complexes. The solvent preferably corresponds
to the desired carbonylation product.

35
Furthermore, we have found a process for the carbonylation of
olefinically or acetylenically unsaturated compounds by means of
carbon monoxide and a nucleophilic compound, wherein the catalyst
system of the present invention, as described above, is used.

40
The individual components of the catalyst system and their ratios
are described above.

The process of the present invention is generally carried out at
45 from 50 to 150°C, preferably from 80 to 150°C and particularly

preferably from 90 to 130°C. The pressure in the process of the

present invention is generally from 0.1 to 5 MPa abs, preferably



(c) and anyadditional protic acid in a solvent in any order, possibly with
formati on 095PABa7AOdi at es such as pal | adi um phosphi ne conpl exes. The

-sol vent preferably corresponds to the desired carbonylation product. 35
Furt hernore, we have found a process Pr the carbonylation of olefinically

or acetyl eni cal nsat ur at d co ounds means of carbon nonoxi de and a
‘nucl eophi | ?E IEodrrﬂ‘ LlX‘J'If?dgl Wrer p%’é“ilﬁ‘&ﬁrlyﬁﬁ?@ﬁa@ﬂi’t RECPH  erte

i nvention, la3 MRS @PBbed above |s used. 40 The i ndividual components of the
catal yst systemand their ratios are described above. The process of the
present i nubstirikallsygenedtaldayeaacsmsshrmst walch Afarf HeMu584at o 13RC,

The pressupasctmsas Qhéi’%&‘““-‘jlﬁ%“f{‘*e“s%n%y“ﬁ%?ﬂﬁwdf59I?er %ﬁt&fr S 0.1
fo 5 pa apoxeld g‘gv%ﬁ 558 Bbo8 A Rarbth 14ib1s bpndfil dioles
particul ar? ﬁﬁb?‘&gﬁ“i’“&r‘ﬁe@tﬁ f%° arys FPUBDHs. heﬁeé‘PPﬁY%a‘JlT%PPﬁnsat ur at ed
conpounds WtdescaR Beneisiqpaln IrADS Nckic ess-6P0H he-COPBs ertONRI eRCH aox ar e
unsubst i t ut@Rl. dn gebstal uttee odkKimias liyyiungatuateld EBMBoCRID Wavearhen
doubl e honz(isg .30Exappbesatdifs RAGSHRE &S WSt ELHSSH a3b8n addlb1d %Hé{ x

het er oaryl p S QINSa BALOERE Qkefunctional groups such as -
-CONR2, -CNor -OR In general, the olefinically unsaturated corrpounds

have from 10 2 to 30 .carbon atons and one or two car bon-carbon doubl e
bond(s). Pref BFIRFEIEHPBAftes Car @ 1rS8EBsPRF a8 etberD0-RHoPeRBs such as

et hene, propenk;butengut énutenspuiepentenegeit-barend, 3eherene 3- hdweprene,
1- hept ed®, 15 3-Hepreene, 1docenene 3-Betetlpl-hdpbeps eneme8h et WHepehept ene,
1-decene, cycl ppriteass, cpcyrdpblm&ﬁeﬁ c@}cl%'x@ﬁé'[@f‘%yclBBéH&%él tuted
C3- C20- al kadi etﬂ?s%ﬂé@i‘tﬂge&%mh?o dxaG90% %‘? Oégrjmgp% ng"_l]:lll)goa e bon
doubl e bonds, for exa agB [;c)i)ropa‘_=1 ene 18 Eﬁ)’ﬁ
1, 3- pent adi ene’ ? R eSBIRoER g5 POy (9 SpRALSEY 0% eéﬁ‘ﬂp esubstltut ed
C3- C20- al kenesp%ﬂﬂ‘jl FR%df%Jrﬂé‘éleéucP‘v%riséﬁér rliﬁ?@ﬁ‘ﬁéiye@rbutene
3- met ho®9- | - but Srdexadpene o 2ipyctorentagliboepxand - but ene, net hyl, ethyl,
propyl or butydutestiensedfC3-2,¢-adkeaesdapdrdlkadienssi shal ad- stpred,
4- pent eneni t 1 i 1 gretRBxACLI MG Ak Lile tHISALULBL €6h & ONMRBYRYSy Wlithi cn@n be used
in the 3-butoxy-l-butene, methyl, ethyl, propyl or butyl esters of

2-, 3- or 4-pentenoic acid or 2-, 3- or 4-pentenenitrile.

25
Acetylenically unsaturated compounds which can be used in the
process of the present invention are unsubstituted or substituted
alkynes having one or more carbon-carbon triple bond(s). In
general, they have from 2 to 30 carbon atoms and one

30 carbon-carbon triple bond. Possible substituents are those
mentioned for the olefinically unsaturated compounds. Preferred
compounds are

- unsubstituted C;-Cjp-alkynes such as ethyne or propyne; and
35 - substituted C3-Cjp-alkynes such as ethynylbenzene
(phenylacetylene).

Particularly preferred unsaturated compounds are the olefinically
unsaturated compounds, very particularly preferably unsubstituted
40 C,-Cg-alkenes, in particular ethene.

The molar ratio of carbon monoxide to the unsaturated compounds
in the process of the present invention is generally from 1 to 3,
preferably from 1 to 1.5, per double or triple bond.

45
The nucleophilic compounds used in the process of the present
invention are compounds which generally have at least one mobile



process of the present invention are unsubstituted or substituted al kynes
havi ng one985048289@ar bon- carbon triple bond(s). In general, they have
from2 to 30 carbon atons and one 30 carbon-carbon triple bond. Possibl e
substituents are those nentloned for;ghe ol efinically unsaturated

conpounds. Preferre co S are.un Ituted C2- C20-al kynes such as
‘et hyne or @ dg: %38 rte gﬁbé’f’ﬁﬁ?éblb]% EoBPIhéTes upt Axample,

et hynyl ben¥8H Hrehglacard/fadneprberytic @cidpy Preferreddalpekals ared
conpounds ﬁr-eflltoh@lbaréﬂﬁnlsuahlqs netdanol at echaymipolnpseparerly, paptogadar |y
pr ef er abl y (usspristanbal ¢ dl -\t 4631 ¢62 abkediRs, (Eécpﬁiﬁdxﬂlb@-r ethene. The nol ar
ratio of SCﬂﬂrb@EhyrﬂlﬂQiSkgﬁaﬁ&l t(fl%.ouaéaﬁw)at edme PAPLUNGS 'E {he process of
the present, épe/qmtlagg dﬂ- ]thakﬁl ,3(}pre{\__fer ?y froml to 1.5,
per doubl e,or 1_Ehrl e‘%% rc ounds’used in the
process of 2T rleéeﬁ ta’??llv 'f“Sﬁh5é 88 délﬁﬁ‘ﬁ“é’ﬁ ﬁéﬁ%‘r‘%]r)lry have at

| east one ?r‘b‘b‘?t}}g]ﬂQSB}aBi'?@o (t§rthymy bgelFoaedin Briexaibod » ndeheaaioill, i c

" conpounds é4reetiydr-2eranpinol, lafedimetdhydhebubablor lehepoaydli,c aci ds.
Preferred atootwicd,atenofiindll01abkeadls, yehetly T@ichang J:oleérhﬁm' :

1- pr opanol 1 2= ¥ RRABRE gIJEART P8 t (sec-butanol),
S 2-methyl & ﬂrl{)(pm ylglg}}ogéjjt. g?f;i])lei %aﬁgbﬁgﬂc a%lla'é Cgpitert ut anol ),

1- pent anol © nol 5 it yler 0IC2~LOTERRYPEY LISt anol
(i soanyl a ‘é of ?x‘?@f Iac?tbﬁt%‘h’cﬂ @F@P%o’é%ﬁ/la‘%ldcoh‘éwrlclﬁﬁé%aﬁm

2- hexanol mewaf%tyﬂw gcbntiansprticwlati rhpRg| carlinxyanol acldsheptiahobre 10

1- oct andb, fdrmeshasotarderdd@anoh, piodicttsh¥remetig wealktasd ofl,t3epr opyl ene

gl ycol . Pr@rﬁﬁﬁlﬁdtéar«b&i@dﬂrﬁ actHScaidn menbfhd amboyytée. aci ds,
particularly preferably C2-C o-carboxylic acids, for exanpl e acetic acid,
articular those

ropi oni c g, an thacrylic aci
(F:)ar Boxyl i cﬁgm gsla ¥£%}§ dt t?‘ Pgese aléwgélrc on’ylczftrP8ﬁyb DARFHE £FBm t he
reaction o ﬁga‘f%]rneﬁ HGEEHNPD UHEF \RPPRIELT &ﬂ’l‘pﬁ’ﬁﬁ%(l‘é@b&’l‘d Water. In
the prol@sesteirs: gEepfeauast whadewsinnm aleghpbsyand casbdsyhie anhydmédeswhen
usi ng wat eareaformet ewpdn [usdngoopohnnylicarbbdy | (whi2@ msy edlscahavéopemyd when
usi ng al cohwEpmreadifgagaxyyl asanbydrdtéeg. are forned when using carboxylic
aci ds (which nay al so have been prepared in-situ by use of water).
Parti cul arp ff,qk8h 8PC8rd o dhes§ G2 "8 &g 342 afa/or a
25 C;-Cjio-alkanol as nucleophilic compound in the process of the
present invention.

The molar ratio of the unsaturated compound to the nucleophilic
compound can be varied within a very wide range in the process of

30 the present invention. It is generally from 0.001 to 1000,
preferably from 0.01 to 1.

As carboxylic acid derivatives to be prepared by the process of
the present invention, preference is given to propionic acid,

35 propionic anhydride, methyl propionate, butyl propionate and
methyl methacrylate, in particular propionic acid.

The solubilizable nitrogen-containing polymer used in the process
of the present invention is particularly preferably a

40 polyethylenimine (I) in which the radicals R are acyl groups
corresponding to the carboxylic acid derivative to be prepared.
In the particularly preferred carbonylation of ethene, a
polyethylenimine (I) which has been amidated with propionic acid
is thus preferably used.

45
The process of the present invention is carried out in a
predominantly liquid phase. The catalyst system is generally very




25 Cl1- Cl10- al kanol as nucl eophilic conpound in the process of the present

i nventi on. 00R@/ABFAP rati o of the unsaturated conpound to the nucl eophilic
-conpound can be varied within a very wide range in the process of 30 the
present’ invention. It is generally frpgn 0.001 to 1000, preferably from

I
0.01 to 1.,As rboxylic acid derivailves .to _pe prepared by the process of
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correspond th | i.c | d rivative to be prepared. ~'ln the
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25 desired carbonylation product.

In a general method of carrying out the carbonylation process
batchwise, the catalyst system or its precursor is admixed with
the starting materials unsaturated compound, nucleophilic

30 compound and carbon monoxide in a suitable reaction apparatus
(e.g. an autoclave) and the system is maintained under reaction
conditions (pressure, temperature). After the reaction is
complete, the reaction apparatus is cooled, vented and the
reaction mixture is worked up in a customary manner, e.g. by

35 distillation.

In a general method of carrying out the carbonylation
semicontinuously, the catalyst system or its precursor is
admixed, depending on the embodiment, with no, with one, two or

40 all three starting component(s) in a suitable reaction apparatus
(e.g. an autoclave) and the system is brought to the reaction
conditions (temperature, pressure). To set the pressure, the
gaseous starting materials carbon monoxide and/or the unsaturated
compound (if gaseous) are introduced. The necessary starting

45 materials are subsequently fed in continuously or periodically
during the course of the reaction. After the reaction is
complete, the reaction apparatus is cooled, vented and the



reaction m xture and any protic acid to be used are conbined in a solvent
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continuous introduction of the three starting materials ethene,

25 carbon monoxide and water is subsequently commenced. The

propionic acid formed can then be continuously removed from the

reaction apparatus, for example by stripping with a suitable gas

stream (e.g. ethene/carbon monoxide mixture).

30 The catalyst system of the present invention has a high catalytic
activity and a high stability in respect of deposition of
palladium and palladium compounds. The process of the present
invention using the catalyst system of the present invention
makes it possible to carbonylate olefinically or acetylenically

35 unsaturated compounds by means of carbon monoxide and a
nucleophilic compound under mild reaction conditions to give
carboxylic acid derivatives in high yield. The use of the
nitrogen-containing polymer also makes it possible to separate
the carbonylation product from the reaction mixture in a

40 technically simple manner, which is a decisive advantage.

Examples
The parameters referred to in this document are, unless stated

45 otherwise, as defined below, with PAc being propionic acid and
PAn being propionic anhydride.



propionic acid, palladiumll) acetate, the bidentate phosphine |I|igand
"dpa- 3" an@030¢4811y80hy| eni mi ne pol ymer which has been 20 amidated with
-propionic acid are dissolved in propionic acid and brought to the desired
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time[h]
50 Preparation of component A (amidated polyethylenimine)

500 g of Polymin®WF (from BASF Aktiengesellschaft) were placed in
a reaction vessel. Polymin®WF is a polyethylenimine polymer
having a weight average molecular weight of about 25,000 g/mol.

25 500 g correspond to about 11.6 mol of ethylenimine units. About
75% of the nitrogen atoms present can in principle be amidated by
means of carboxylic acids, while the remaining 25% are tertiary
amine groups.

30 At 130°C, 646 g (8.72 mol) of propionic acid were added dropwise
under a gentle stream of nitrogen over a period of 2 hours. The
temperature was subsequently increased to 160°C and the water of
reaction was distilled off, with about 34 g of the propionic acid
added (0.46 mol) being entrained with the water. After 4 hours,

35 this amount of propionic acid was added again and the reaction
mixture was heated at 180°C for 15 hours. After cooling, 964 g of
a polyethylenimine amidated by propionic acid was obtained as a
yellow-red solid, hereinafter referred to as ”“Polymin-PS”.

40 Preparation of component B (diphosphine ligand dpa-3)

The starting material 1,3-diphosphinopropane was obtained by the
method of R.W. Alder et al., J. Chem. Soc., Perkin Trans. I,
1998, pages 1643 to 1655 by reacting 1,3-dibromopropane with

45 triethyl phosphite to form 1,3-bis(diethoxyphosphinyl)propane and
subsequently reducing the isolated intermediate by means of
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a- 3", carrie usin éﬂgl O 0 Exanple 1 of WO
98/42717 63 mmol of 1, 3- dlphosphlnopropane were added to a sol ution of
27.8 nmBP Bfperimensal apranesivesi A 20 M of 5M aqueous hydrochl oric acid and
the mxture was 10 stirred. After about one hour, precipitation of a white
solid conmencacrtdhyedonbdnehtBes %&@utalyw%y&bﬁt b& Ll t uents  were
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argon atmosphere to an autoclave. The autoclave was closed and a
pressure of 0.6 MPa abs was set by means of a carbon
monoxide/ethene gas mixture having a molar ratio of 1l:1. The
reaction mixture was subsequently heated to the desired reaction

30 temperature and a pressure of 1.1 MPa abs was set by injection of
further carbon monoxide/ethene gas mixture (molar ratio 1:1). The
pressure was kept constant over the total time of the test by
injection of further gas mixture. After one hour, the reaction
mixture was cooled to room temperature, the autoclave was vented

35 and the reaction mixture was discharged under an argon
atmosphere. The composition of the reaction mixture and the gas
phase were determined by gas chromatography and by wet chemical
methods, respectively.

40 Example 1 (Stability of the catalyst system)

A solution of 0.87 g of tetrakis(triphenylphosphine)palladium
(PA(PPh3)4), 1.97 g of triphenylphosphine (PPh3) and 3 g of
“Polymin-PS” (component A) in 97 ml of 98% strength aqueous

45 propionic acid was transferred under an argon atmosphere into an
autoclave and stirred at 110°C under 0.6 MPa abs of a carbon
monoxide atmosphere for 12 days. To determine the palladium



pressure. Addition of 10 ml of anhydrous pentane resulted in renewed
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to the pressrdntidf)i nvention) 55 g of the reaction solution which had been
pretreated thermally wth carbon nonoxi de as described in Exanple 1 were

adm xed wi{ -ip0d. 1.0 ri phe (PPh3
pressur ol R AR ool R P i g o
3) and 3 g of

"Polymin-PS” (component A) in 97 ml of 90% strength aqueous
propionic acid was freshly made up and not pretreated with carbon
monoxide. This was then treated with a carbon monoxide/ethene gas
mixture at 110°C under conditions as described under experimental

30 procedure 1 to give propionic acid in a space-time yield of
80 g/1'h and a selectivity of over 99%. The calculated TOF was
145 h-1,

Comparison of Example 2 with Example 3 shows that the catalyst
35 system stabilized with the solubilized nitrogen-containing
polymer “Polymin-PS” after exposure for 12 days to a reducing
carbon monoxide atmosphere at elevated temperature and a further
addition of triphenylphosphine still has a high activity and
selectivity comparable to that of a freshly prepared catalyst
40 system which has not been pretreated with carbon monoxide.

Example 4 (Stability of the catalyst system)

A solution of 0.34 g of palladium acetate and 3.81 g of

45 triphenylphosphine (PPh3) in 200 ml of 98% strength aqueous
propionic acid was transferred under an argon atmosphere into an
autoclave and stirred at 110°C under 0.6 MPa abs of a carbon



described in experinental procedure 1. The reaction tenperature was 110C
Propi oni c 80P@/wad%ornmed in a space-time yield of 87 g/1lh and a
selectivity of over 99% The calculated TOF was 170 h-1. 20 Exanple 3
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of the sohuticyenwesndeleidy pedyasripdyainlesd, by means of AAS. The
results are shown graphically in Figure 1. After 120 hours, 5 deposition of

el enent al i ym served, . Onl bout 60% of the palladi umused was
found in tﬁ)girlé%%u;éi 6%1\@%?1?% % ﬁg Eha co%ltﬁaﬁ'ég AP nent after 192 hours.
Exanple 1 shows that in the presence of "Polym n-PS" the catalyst 10
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the SO'Ut'Pﬁh&&ﬁ%-@??8ﬁ¥ﬁ821[OTs]2 (0.8 mmol) and 2.1 g of *“Polymin-PS”
25 (component A) in 68 ml of 98% strength aqueous propionic acid was

transferred under an argon atmosphere into an autoclave and
stirred at 110°C under 0.6 MPa abs of a carbon monoxide atmosphere
for 5 days. The palladium content of the solution was determined
as in Example 1 by means of AAS.

30
The results are shown graphically in Figure 2. After 96 hours,
deposition of elemental palladium was observed. About 75% of the
palladium used was found in the solution after the end of the
experiment after 120 hours.

35
Example 6 (Stability of the catalyst system)

Example 6 was carried out without addition of ”Polymin-PS”, but
otherwise under conditions identical to Example 5.

40
The results are shown graphically in Figure 2. After 96 hours,
deposition of elemental palladium was observed. Only about 40% of
the palladium used was found in the solution after the end of the
experiment after 120 hours.

45



15 after only 5 days in the absence of the solubilized nitrogen-containing
pol ymer "POPS@I$1PIO. Exanple 5 (Stability of the catalyst system) 20 The
-starting conmpound [Pd(dpa-3)(CH3CN)2][OrIs]2 of the catalyst system was

prepared by gradual reaction of pall 'um acetate with "dpa-3" (conponent

B) and p | uenesuyl f nlc acid (TsOH) acetonitrile at roomtenperature.
‘Asolution‘g Fg L} lﬁ&dﬁg ‘i(ﬂ%@lﬁ)"i]“[?ﬁ%ef‘(OSmml) and 2.1 g of

"Pol ym n- PS" 25 (corrponent A) in 68 m of 98% strength agueous propionic
aci d was Exampdfelreds wwrderiednoat gorthatanfsphieee ddtician aefitd7agyeoand
stirred atrddddG~undes fhdl ,MBampbse B ,CBGEOSLHEMAKdEndd SR8k €ond OF 5
days. The paldiadhymgonimipieos.the solution was determned as in Exanple 1
by neans of AAS. 30 The results are shown graphically in Figure 2. After 96
hours, deposjtion of el erren al.. pal | adi um was_observed. About 75% of the
pal | adi um PREStORMRE PALLALIUY RS GRSaFYed dHéngnthefexnes imerper i ment

after 120 wamr 95%39f Ehanpad Led{@n atfdd wpsofounk imatheyselwhismeaft&xanpl e 6
was carri ectheowndwbf hthe eagebrtiimemt offtelPoligoi medS'., but ot herw se under
conditioms identical to Exarrpl e 5. 40 The results are shown graphi cally in

Figure 2. 6 'Ot eampdBROST LS Shofil AR FhePRLLIAGIIM g observed.
i 98905 4101 Shobh <O thePp Ll

Only about | um use ut| on after the

end of the®S lze rflto pﬁ%%d/@f%%l Bxanpl e 7

(St abi | i tflrﬂmFﬁsaE%}%PyWeéﬁgf efn‘)e 5@5%%% %§hea%‘fwsf¥utsmrern and ur t her
addi ti on cfoupte¥sgdepositden- of ¢lenengap| patbaomenin@jeadimg ohber wi se under
condi t i bhis"dpa-3dépéal Ladiumo rEx dorpfonb 1 . Boidegposiplieos 06 pals ddi BRamsle

observed dunieagst be @@Qfﬁeﬁ@ﬂ&e ofOVelo19R Y 085t he Qabéﬁﬁ'éﬂﬁ'bliéega{’\@l? dround
0 the soldyldan 3higicd BS 8B0oftdicoRelidiRAL BLI Plaihal MABUESschida
Conpar i son, of Eﬁg \r/%% g resence o %‘1 1 zed
ni trogen- co al %%oq?'ﬁef‘m?"%eﬁ/ i- P "Fh fagle H%rfﬁef CREIE s the
stabi I ity iundhdncEhe spdutdont atsemdhieoti@er s deposition of el enental

pal | adi2®n | ncreasing the
Example 8 (Carbonylation of ethene, according to the present

invention)

0.17 g of palladium acetate, 1.97 g of triphenylphosphine (PPhj)

25 and 3 g of ”Polymin-PS” (component A) were dissolved in 95 ml of
degassed 98% strength aqueous propionic acid under an argon
atmosphere. The proportion of ”“Polymin-PS” was 3% by weight, and
the proportion of water was 2% by weight, in each case based on
the total liquid reaction mixture. The solution was subsequently

30 pressurized with carbon monoxide/ethene gas mixture and treated
as described in experimental procedure 1. The reaction
temperature was 130°C.

The water content of the product was 0.0% by weight, based on the
35 total liquid reaction product. The STY(PAc) was 58 g/1-h, and the
STY(PAn) was 160 g/l-h. This corresponds to a TOF of 260 h-l.

Example 9 (Carbonylation of ethene, comparative example)

40 Example 9 was carried out without addition of “Polymin-PS”, but
otherwise under conditions identical to Example 8.

The water content of the product was 0.2% by weight, based on the
total liquid reaction product. The STY(PAc) was 42 g/l'h, and the
45 STY(PAn) was 90 g/1'h. This corresponds to a TOF of 170 h-!.



15 "dpa-3"/palladiumratio from1.0 in Exanple 5 to 2.75 in Exanple 7
| eads in tRESPYEIEAOe of "Polymi n-PS" to a very stable catalyst systemin
-whi ch no deposition of elenmental palladiumwas observed even after 5 days
and over 95% of the palladiumused c d be found in the solution after
this tinme._20 ExarEpI% 8 (Carbonyl ation of ethene, according to the present
i nvent i on) B8RSy SofNRMR | HRtuR EdEpatEcantly7 hdaRer (ST REnpF pRbHIe AeidPPh3)
25 and 3 g2Bf PIRRipRif- pyquisiepdheachifvegeia the seresedcenodSthd  of
degassed 98&dwhildrrgdhnativegrrs-contpining mdiytherntieslyati nabPgontigdimagphere. The
proporti onERAmpROIYY RBhESE RS £3%nbys Wi @tupidnsed 18 iBgRROESA QN At gWvat er
was 2% by weigHdy, i n each case based on the total liquid reaction mxture.
The sol ution was subsequently 30 pressurized with carbon nonoxi de/ et hene
gas mxture and treated . as described in experinental procedure 1. The
reaction FEHPRES tlﬁr SCREROMIIFELORNRE \RitheNee 0REEPEIINNT tReth? RRRSEDRAs 0. 0%
by wei ght, 1B&&ddasi the 35 total |iquid reaction product. The STY(PAc) was
58 g/ 1-h, and the STY(PAn) was 160 g/ 1-h. This corresponds to a TOF of 260
h-1. Exagpbe1r® f Gar banyhdfurdacetatlNeNs 7 OBRALALINGvEXAIDLEAQ BRI € 9
was car ri e@'.cS’LBf WPBE?H.ILH— / t('cgﬂ 8ltn t 9\' y%g_ 5’52 ! %q:'ty gt hk%‘r\%cse ugaer
conditions_identical "to an'plle 8" ﬁ%e t%r ContBrt BROPRY prodaet s
0. 2% by wefGHtVatiPEs¥GE Q1SR VESt & i @ 48935584 97 odthic ETeMIERSTY( PAC)
was 42 g/ 12@ueclisd PrRRlony JFPYdPpRjen R @g9gn 1atmosphiesec oPkeyomdstiona TOF
of 170 h- 1of OOBU/yBILROBS 26vasER&npy ewesighttows he hptoporsiigni &f ceattdry was gher STY
of propitenby wacight and e prepbet foh )l iplespRoardiagvadvas 11 pyesence of
the sol ubibiqed Anl Lagen-4uanbabed kh RAeY WBEa] HOlguTUN ER: 1di0thi kBur EX P! €
J W Lhout #EeIdd1aRigh 9ad UIELLSEELN'HrBUEP: COM AR Do O YITET. Exanpl e
10 (Carboan at.1.on ,0 het ene, accordin to e_present ~Tnvention) 10 0.17 g
of pal | adi TIRREEFAPEDSTE JRs miKEYTe VEBRBRDHHhEeEPBRasd i3 g of
"Pol ym n- PRAPYLIGRREAL BRI 99edRE 3 JThe raghéephisRerasite asas 4307Vat or wer e
di ssolvéf in 93 nl of degassed 97.5% strength aqueous propionic acid under
an argon armwsgiterecodtentplioFp@hé i prbdueit WRS! ¥ 10 N-HySwe Mgl 3%aRkdeh Gtie the
propor t i one&fa Vet gh i Mese 2%i ohSpbYaVR .Q%eagﬁy(%)pmg%iié Y10, Rggphoric
aci d was 2,30 P¥ WehgM g FebBERof 438 P30H- QM IR LRAGr{deduld L eaction
m xture. 7.8% of the propionic acid present as starting material were

25 additionally consumed, the STY(PAc) was not calculated. The

calculated TOF was 410 h-l.

Example 11 (Carbonylation of ethene, comparative example)

30 Example 11 was carried out without addition of ”"Polymin-PS”, but
otherwise under conditions identical to Example 10.

The water content of the product was 0.1% by weight, based on the
total liquid reaction product. The STY(PAc) was 98 g/l1-h. The
35 calculated TOF was 170 h-1,

Example 10 shows that the presence of the solubilized
nitrogen-containing polymer ”Polymin-PS” and a strong acid as
activator results in a very high reaction rate which under the
40 prevailing reaction conditions led to further reaction of the
propionic acid formed and initially present to propionic
anhydride. In the absence of the solubilized nitrogen-containing
polymer "Polymin-PS” (Example 11), a significantly lower reaction
rate was achieved.
45
Examples 8 to 11 show that both the addition of a solubilized
nitrogen-containing polymer and the addition of a strong acid as



The sol ution was subsequently pressurized with carbon nonoxi de/ethene gas
m xt ure an@0bPE&LZ80as described in experinental procedure 1. The reaction
tenperature was 130C. 20 The water content of the product was 0.0% by

wei ght, based on the total liquid re,.a.;ti on product. The STY(PAn) was 260
g/1-h. Since,, owing to the high reaction rate to propionic anhydride,
-about 7. 8%"%1“’3(9?& ABRI Bdrifecisdvg b?fels*%ﬁﬂceagnsp&?ﬁper?&tﬁ‘ﬁf‘eﬁ’é? afgl shes

addi t i onal ¥¥etdrifusedired P orUChAe ) Bywafamdthecheet| zasad tsTHere cadhdelvatied TOF
was 410 h- in theampiesefide (Cardoahy hdtitivesf (sbhebilizabiear ati ve exanpl e) 30
Exanpl e 1lnyesodedi-cofda ObindVMgd19mbr okt t9t00Bngf ac PPt PParoblt Ot herwi se
under cogditions identical to Exanple 10. The water content of the product
was 0. 1% by_wei.gh sed on the total liquid reaction product. The

STY( PAc) V\g}é R ;1 £ R&a PERELRP Y a%é}f“fﬂzcﬁﬁgaﬁ%vﬁ- fga fpl e 10 shows
that the presence of the solubilized nitrogen-containing polyner

"Pol ymi n- P& mhefaprsitedipm@cetate 6&¢l wmodn ardd? ;i nfa”dmpa3 hi gh
reaction r & elnmohl , undeporidnt 8) perwyalilssogveéatd i 100 @andf tdasskadst
further 10egetdt0bqhB6us HrPieRie acid Wnaeresn dnnht;inaéiryeﬂ@.e%ﬁ@t to

propioni ¢ s\ g8s Libdficabs “ﬁﬁegguﬁggds‘glgf)i ized i 5’81%%%9&% ai ni ng
| " Pol ym .n- PS" 1 3 ¢
Dol eved. 9 @lg‘r’%ﬁfssg’géft?ﬁ%hg t r Ction tate was

signi filcan .ower rea
b 985 158 En IS hee"%tfdf“FPB?i{ JIFgeSYF bt i zed
ni t r ogen- cOMt ASFCHGOPoFFIRAT akHEet Vs A Ei oRhefrercsipanpredic®das 0050/ 51790
27 acti vaprxepimmie actécirsiare STH{PAeNneeE 340t Bél heand ioselateiaitg tdfe yiel d
of desi 18dops 9GS ThBycd ullaltedbest waesukds mer.e achieved in the presence
of both additives (solubilizable nitrogen-containing polyner and strong

acid as actiMatQr - r at | . et hen conparative
exanpl e) Zé*é{n%r}l%f )léa??gé?éﬂlggétgggé?(%%%}/lr%ﬁn‘w&ar%{d' n§79§g€%ﬁ p%%ﬁfl " (0.12
nmol corrp%)’}n‘é‘?]}tlﬁ)r' were dissolved in 100 mM of degassed 90% 10 strength
aqueous propionic acid under an argon atnosphere. The solution was
subsequéft?3 ng efspal kadiwi elretardoff Homorl tle/ tZheweof gadpardXt ure and
treated as(@esamoledcompanegper Byeandl7 .5 acedur®ollyminThe” r easiigopent egper at ur e
was 100C. Jhee Aaebil08d P @YC60m1 K ORIRESedC%h st raRgS] Y fAohsof 110 g/ 1h
and a Seleﬁfdﬁ@dﬂﬁcogcid under an argon atmosphere. The solution was

subsequently pressurized with carbon monoxide/ethene gas mixture

25 and treated as described in experimental procedure 1. The

reaction temperature was 100°C. The reaction produced propionic

acid in an STY(PAc) of 345 g/l‘h and a selectivity of over 99%.

The calculated TOF was 4800 h-1l,

30 Example 14 (Carbonylation of ethene, according to the present
invention)

Example 14 was carried out by a method analogous to Example 13
using 22 mg of palladium acetate (0.1 mmol), but using 57 mg of

35 ”dpa-3” (0.12 mmol, component B) and 3 g of ”“Polymin-PS”
(component A). The reaction produced propionic acid in an
STY(PAc) of 340 g/1'h and a selectivity of over 99%. The
calculated TOF was 4800 h-1l.

40 Examples 13 and 14 show that a very high space-time yield of
propionic acid of significantly above 300 g/l-h is obtained in the
presence of the bidentate phosphine ligand ”“dpa-3” and the
solubilized nitrogen-containing polymer ”"Polymin-PS”.

45 Example 15 (Carbonylation of ethene, comparative example)



15 over 99% The calcul ated TOF was 1600 h-1. Exanple 13 (Carbonyl ation of
et hene, ac0050/B3780 the present invention) 20 22 ng of palladium acetate
‘(0,1 mol ), 142 ng of "dpa-3" (0.3 mmmol, conponent B) and 7.5 g of
"Pol ym n-PS" (conponent A) were dissgived in 87.5 m of degassed 85%
strength agueou propi oni ¢ acid undet” an argon at nosphere. The sol ution
was subsegu‘én‘i’ Va EPBEBE’F‘F@&?%Wﬁtc‘é‘?rﬁ{ﬁfsﬂﬁﬁoﬂ‘cféY SteHehE 9hsPHion ure 25
and treat e@°BEY crpean i #anpdvgempneht HrapB@c éfut 2 MmolTheompermatti B
t enper at ur venassuEpeGdedhéissroedonn pl @ udedfpdegassed 85acktremytan STY( PAc)
of 345 g/ 1hqaashsa prebechiyidaidotina¥era® Wgon Themsateat ode T BE 4800
h-1. 30 EXapPi&quikhtlCapPoswlatleany, ofn &t1826, m@E%gIéH/%QhERet soﬁ’:{_:i%%ﬁm
i

i ti ried.out by . f | HTe 13
usi ng 'zgn?rg’?%?g%%eéd?’é’?né%%%{%é Eﬁ”ﬁ@%ﬂfa nER L PRREERITE 7 ot 35 " dpa. 3"
|

(0. 12 ol TeRTMBhERTPEY2UHSE ¥ag b10'GoMPRi RedsPiqre brpawesd DAPPiphEC
reaction pRreHlicied agr §BY OPAT) &fi aniy 2m 9/3ty(@tick eélaAtivgtyhofingb e
selectivity of over 99% The calculated TOF was 4800 h-1. 40 Exanples 13
and 14 sbowkidiale a6veLarbb atBaaCot idthetes! ScbraiRigORbOBE HGisdnpf
signifi cangﬁyelgggylz 300 g/1h is obtained in the présence of the bidentate
phosphi ne 1 gand "dpa-3" and the solubilized nitrogen-containing polyner
"Pol ym n-PS". 45 Exar’rgl e 15 (Carbonyl ati on of ethene, conparative exanple)
0050/ 5179051 J60¥a8 ARFdsrt bt &2 & Pethedniadlognyssye BxamsilghiSof Pd on
activat ed es¥0b? 8n8f57 supporrtedpeatdlyss. ¢ompmidingc SApbnerdigBe ofiepPe
suspendé&l/ oh ssuliveted ncdfibnriandf 5 legpasfeddBs9s st roangt imoRgueous propi oni
aci d under caipcaieg@nsal MBaphaetidReLIY Xedhg ¥e$ o SBBIpALANId-y pressurized
with car bofi.mieeheh ol Nane [9as. o HRucBlhIdaaad a5;deseribed in
experi rrentng_ A%Seggr§ dL /ﬁt}g reactlgn t.errg r %ure w%??% 10C? " The reaction
produced propidnicCtatsl 9/ RRnEre BARSCISE) 9F Ve PR%and a sel ectivity
of 95% 10 Exanple 16 (Carbonyl ation of ethene, according to the present
i nvent i 8R)Exarnhsl é6 1shews thatr kel paitladium cetgogninasedos adsExbapl e 15
using 2 g ofmabidippdréwch GetakygénanrPsupbagt 5%hdrparesahtwidh Bamdhe on
activated c2mbaRdsapled’ vHe @figndpfeaht e@rdde BPlLnCABPORENER) , but
addi ti onal Aytweﬂgcéngadﬂhngpgﬁm& PEn h&OIPANSL B - JDSiG3BE) O,
produce pé)?é?r{pcigl C1‘6‘:’1(:1|:he Is%a%e-time yield of propionic acid was a factor

25 of 18 higher than in Example 15.

30
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STY(PAc) obo4069s534dp and a selectivity of over 99% 20 Exanple 16 shows

t hat the pall adi um conponent used can also be imvbilized on a

‘het erogeneous support. Conparison with Exanple 15 nmakes clear the
significant effect of the solubilizedﬁ%ltrogen contai ning polynmer. In the
presence of "Polymn-PS" in Exanple t he space-tine yield of propionic
acid was a factor 25 of 18 higher than in Exanple 15. 30 35 40 45

0050/ 51790W§ec3idi:m 29 1. A catal yst systemfor the carbonyl ation of
olefinically or 5 acetylenically unsaturated conpounds by neans of carbon

nonoxi de and aancgt1GpR bystenMmAURle 68FBYHRIaRGchads Pldradibm 1 ) a

phosphi ne, andaé&gﬁnl%amuyrm&g@gal &mm'sygyrmms%f' Sappogibl |1 zabl e

in the reactign rgxfure. yrtl L C?Q% Ilicgpco%pﬁ’undél Coxxw n%lél pol ymers havi ng
a 9.

aromati c nitrogen- cont ar ni ng ra S on 15 2. A
catal yst systemas clained in claim1 in which the polymer (c) is a
pol yet hyl eni ni fie) Balladigmy yst systemas clained in claim2 in which the
pol yet hyl eni m fie) i 8 phqaphjsehydmhi m ne conprising units of 20 the formul a
(1) or hoanchegcj s@neitrdgeareentdinindSpbhyfemhgrient he saiapARzhs18tid east
10 and R are, i nde@ﬁ‘é\%@cuoﬁfmlﬁﬁu%new@@ﬁ’t% ’exla)ég{:?&‘?rbf %’SIigl’i%%n At OITE

| oal kyl , I avin
g)rlchsgr oiyal ﬁw(p f; xyal Eyren% “yro gé smﬁtaﬁ)gr?é)1 Gp ot 509 8 §%Tﬁl°@ne

units. 35 4. Acat 1yt et %t’s“clalrredln claim 3 conprising a
pol yet hyl eni m ne (I) i n V\:hl ch the radicals R are identical or different
acyl radbcals havategysp spstin Gar bdaimédnm claif Caimlwhithsyld gJolgmee! ai med
in any of claiw) lid @ folfetiii&himdfel he polyner (c) is present in an
anount of fromO0.5 to 15% by
3. A catalyst system as claimed in claim 2 in which the
polyethylenimine is a polyethylenimine comprising units of
20 the formula (I) or branched isomers thereof

SN I
. N

HN
R

where the sum m+n is at least 10 and R are, independently of

30 one another, hydrogen, alkyl, cycloalkyl, aryl, aralkyl and
acyl radicals having up to 30 carbon atoms or
hydroxyalkyl(poly)oxyalkylene radicals having up to 500
oxyalkylene units.

35 4. A catalyst system as claimed in claim 3 comprising a
polyethylenimine (I) in which the radicals R are identical or
different acyl radicals having up to 30 carbon atoms.

5. A catalyst system as claimed in any of claims 1 to 4 in which
40 the polymer (c) is present in an amount of from 0.5 to 15% by
weight, based on the total mass of the reaction mixture.

6. A catalyst system as claimed in any of claims 1 to 5 in which
the phosphine is an at least bidentate phosphine.
45
Drawing



wei ght, bapedogsigbe total mass of the reaction m xture. 6. A catal yst
systemas clained in any of clains 1 to 5 in which the phosphi ne i s an at
| east Dbjdentate phosphine. 45 Drawi ng 0050/51790 30 7. A process for the
carbonyl ation of olefinically or acetgbenl cally unsaturated conpounds by
means of carbo noNnoxi 8. a d a nucle und ere| n a catal yst
system as 2I'a|$re c|)cnes’zi°'n £ RE ofyggbﬁo fﬁé’gg?l%l%a X SFocess as
ciaimed in cl afRg¥l ‘W“ré’laéilﬁ TW%@ESHyF%‘FEWq%bYc’&??’P%d’ geraenfrom 50 to
150C and a preBouexidsf ahdosm Mudlaaphilif/Peompssindl OwBergimpraocesslyst cl ai med
in claim7 or Bysvéeraa elhhmed alrefangi 68l &yainsat ubas efk aeaound used is

et hene. §0. A process as clainmed in any of clains 7 to 9 wherein the

nucl eophi | i Uused 1 rbox aci 5 and/or a
Cl- C10- al kanol anlo %gc%isglﬁ{e\%f %F' Cilalgg & Q’r%l%%o%n Car OP%laflL'?)l WhH&r ei n
the sol ubiliz8dF%e" toF‘)léig@F\ %Eﬁﬂaso *Ag ?)%Icyﬁﬁfi ﬁs%‘besl%lré obof 5 WyllePri ne
(1) in which the"fadib®al s R are acyl groups 20 which correspond to the

" carboxylic acid derivative to be prepared. 25 30 35 40 45

10 9. A process as claimed in claim 7 or 8, wherein the

olefinically unsaturated compound used is ethene.

10. A process as claimed in any of claims 7 to 9, wherein the
nucleophilic compound used is water, a C,-Cj;g-carboxylic acid
15 and/or a C;-Cjp-alkanol.

l1. A process as claimed in any of claims 7 to 10, wherein the
solubilizable nitrogen-containing polymer used is a
polyethylenimine (I) in which the radicals R are acyl groups

20 which correspond to the carboxylic acid derivative to be
prepared.

25
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