2 9 MAR 2005 Catal yst system and carbonyl ati on process The present

I nvention relates to a catal yst systemfor the 5 carbonylation of 29 MAR 2005
olefinically or acetylenically unsaturated conpounds by neans of carbon
nonoxi de and a nucl eophilic conpound, conprising (a) palladium 10 (b) a
phosphi ne, and (c) a nitrogen-containing polynmer which is solubilizable in

the reactdgnjdxt %'%&erﬁ”a%'& EQ? e%CfatgiiO%nnggcgol yvi nyl polymers having

aromati c nitrogen-contal ni ng I‘a%? s on Ot ymer  chain, 15 and a
process for carrying out carbonylations in the presence of such a catalyst
system THEe RFBEAYT atnventdbnotelatdxald ¢ casalystatsgdteanperinge by nmeans
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car boxyl i CcoqrE:@GﬁlE' dgs in the presence of a catal V SPCLG M tonpri si ng

pal | adi umand phospht e 1148%een known for a long time and is descri bed,

for exanple, in EP-A 0 055 875. 25 Disadvantages of this process are the
hi gh pressti#)e pHlladenm25 to 100 bar (2.5 to 10 MPa) required and the | ow
reacti oror@i)e.a BHoBpRiddS ahP discloses a significant increase in the

reaction t [ i.tion of a strong.protic.acid,.e.g. a 30
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J. Mol. Catal .chaib43 (1999), pages 23 to 30, describes the carbonylation
of propeme to butyric acid in the presence of a catal yst system prepared

by conbi ni a ' loride, tris(msulfonatophenyl)phosphine

71 sodi um o B POk o b o S SR oY FR BB SRoHS rPrmaeare

subsequentT¥- 46 581\{?{/%% fY5tAPs ni xture under reaction conditions. The

carbonyl ation was carried out in a two-phase systemconsisting of an

aqueous pldee cantioaylariganiof, olef ieiterlagnhas M Uit tRRasemddurisCly REgssure of
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syst em 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.

25 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

30 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.

35 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

40 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 €O
pressure of 40 atm (about 4 MPa). The polyvinyl alcohol acts as a
solubilizer for the catalyst system in the two phases.

45 Disadvantages are the presence of chloride, the high pressuré of
about 40 atm required and the two-phase system.



2 9 MAR 2005 2 EP-A 0 274 795 discloses the carbonylation of olefins b
means of carbon nonoxi de and water, al cohols or carboxylic acids iEQtMI% 2005
presence of a palladium catal yst, an organic phosphine, an acid having a
pKa of less than 2 and a stabilizer. Stabilizers 5 nentioned are | ow

nmol ecul ar geight 2qgar bQKadﬂétQ.%s%HCQhé‘Scaﬂ%d?@tlla¥E9MréP'JH@Q@ﬁsaﬂgfﬂans of
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nitrogen heterocycles, 15 for exanpl e pyridi ne rivatives. Since the
above-described | ow mol ecul ar wei ght conpounds are readily volatile, they
are gener ai'P Y8 P4ddesGrahase theaserbany lardoanef ogafiaicalln t he reaction
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wi thin thethel ginmip chabbsoind@dndrialkylaniokymend chitirdbgenUnéférddycadiat i on

wi th UViki gbf . exsa@nedppgidihd HesilScpaent, it is inportant that the
polymers are insoluble in the carbonylation 30 reacti on nmedi um and have a

porous strycture. EP-A O 441 446 descri bes the carhbonyl ati on of
acet yl eni ch‘ ® o€ BPEFFTiEsATiPedn iy JIesd L85 npoiaits SoPPRERES & car bon

monoxi de ARG IEE dolagitehdiheyorreageresalily gerdsed rfxometpeesemmdonf a 35
group VI | syeted tcgephesphitte tha peattiomgirddasd. arierilsibdaYioRMbMNehe

Ter ti ar poapupeScativohlyesedori-dagker 05 yold:e foekt bamy1 gcaas (e.g.
pyridines), aliphatic tertiary amnes (e.g. dialkylamnes), tertiary

ani |l i nes N_dical kyl ani i ne and crosslinked ol yvi nyl pyridine. A
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conpoun@s pyep@rsts byf photbedt d1y2edi deadfitbrd of a starting transition

metal compound and a sclid polymeric support which contains amine

groups within the polymer chain or bound to the polymer chain,

using irradiation with UV light. According to this US patent, it

is important that the polymers are insoluble in the carbonylation

30 reaction medium and have a porous structure.

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



45 nucl eophi l'i ¢ compound, which no | onger has the above-descri bed

di sadvant ages, has a high catalytic activity even under mld react2§¢MR2M5
conditions, has a high stability in respect of 2 9 MAR 2005 3 deposition
of pall adi um and pal | adi um conpounds and nakes it possible to prepare
carboxyl i cdeawisdsiandof grdieptiuf a6d thaldeldivat édfsoundshhgl Nildse A further
obj ect "of $duaiB1ESED prdfiteNthBok1 10 Jdind angaLhALALL oL Sy 0CESS Ui ng
such a 5 Cd”‘etr%lv%%ti gystegi Xf .a& ou tlplat this oa ci is achieved by a
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conpound® cxiddyissi eysten). pal | adium (b) a phosphine, and (c) a

ni t rogen-contai ning pol yner which is solubilizable in the 15 reaction

m xture, W e |.Qn . Qf LNV havin raonat i
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conpl ex1@onurliesphdl pal daniouwnnd , adodmpriassing ne and thus inhibit deposition of
pal | adi um and pal | adi um conpounds. In addition, these polyners

significan | YR the catalytic properties. 25 The nitrogen-containin
polgyners t A%epaulr%ggﬁﬁ'the cat al zst Eys!toem of the present ingention can bg
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i stribution ; POENG | r . rea ure so
that it can stgpjﬁ%zg%%ﬂe cat%ﬁ%?bgogn%?%}ﬂrsﬁﬁf f‘:i((ljzlféegnlteﬁ f/’ﬁ fc'fﬁé?ebnlﬁgé, t he
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colloidally dispersed in the 35 reaction mxture. In the catal yst system
of the preberas gueprisinglysbeen fowrd dthatnnitogpm-containing godlynaes s
whi ch c20 veicolarki sokesiiizable ifieeisd ireactish uikiiné RECE eddlixteto8h@i N
more than J€hpiintizeagne fifeck &P tABA-LE S st BBhBI e MRp2fi s IR 11381 400
g/ mol, preﬁﬁﬂzﬂﬁd%pﬁine and thus inhibit deposition of palladium and

palladium compounds. In addition, these polymers significantly
improve the catalytic properties.

25
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



10000 to 106 g/nmol, wth the exception of polyvinyl polyners havin
aromatic nitrogen-containing radicals on the polyner chain. The %BMMIN%
ni t rogen-contai ning polyners are generally honopol yners or copol ynmers of

ni trogen-cont ai ni ng nononer units. 48 Exanples of suitable polyners are

pol yal Kyl enihyileascally yaatuedtad fuinesxahybesi sidiess pol yvi nyl amines havi ng
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chain or in side groups. The polarity of the nitrogen-containing polyner is

chosen so t.hat 1t hem;,)ol% r ig solubilizedq in the reaction m xture under
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pol ymer $0 crsdctiivnngoadi tiomy.0UpS gehdiea) bere, nitrogonepheain Bt ol imerd s
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ni t r ogensai pifoducednbpt hedcHion WieRssuitdle periveriveF¥deninyaleagdftgr oups
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br anchedoi gosmgss cahhbeebfit3iiRced bynpSiNMer)-anRlogous reaction of the
nitrogen-containing polymer or at the stage of the parent
monomers or by concomitant use of suitable copolymerizable
nitrogen-free monomers.

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
) RN,
m N Il
H (I),
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 0.01 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



where the summtn is at |least 10 and R are, independently of one another,
hydrogen, al kyl, cycloalkyl, aryl, aralkyl and acyl radicals havi nd SuRt 105
30 carbon atonms or 40 hydroxyalkyI(pon)oxyaIkerne radicals having up to
500 oxyal kylene units. The ratio m (®n) is preferably from0.01 to 1. The
sol ubi | i zeds gemeggddycont & +ii ng pok yoel std 12) aganprétdnatAy cont@ja i mary
(-NH2), secomdary,s( ®bH .and tertiary (>N-) amino groups. The ratio of
primary : secondary : tertiary am no groups 29 I\/AR 2005 5 is generally 1
: 0.1to 2 1to&f feﬁ . 0.8 to ; 6 to 1.1.
Preferred ]517?% rred kY kﬁyﬁﬁf*} Ylar%ﬂ'ik]yl a&ﬁ&k&%ﬁnq my@argdm@ls Bre

unbr anch8duebrancheshed, beanshed, uselisbitutesulost b stlest i@L+E30C atdoyralkyl,

C5- CLO- cyctodlkytycIea1GY0, aCé’-lCloCzrﬂ.O'@L@l&‘-)éJradﬁﬁll Qn@%]z @ stlacytadical s,

for exarrpl @amm : fskhyiam;;he%@rex 1, ﬁDY'l § utyl,

2- but yl Fz gtlt; in_;o p{_) 8}43 Pg m%\é Y 2- propyl
tert- but yl %ﬁ ¥ thylpirRyoryl

(2 net hyl - > iﬁﬁ Ylﬂihéx%thpnlﬂeptrypyl i Ptymethnenltyﬂaex??zeﬂbyrlonyl,

1- decyl 1013cmma§ﬂ4, 3-tmethyk-ddduyly]l, 12hme<ta@acykbuﬁyb,ct1adxeayh I-tRipaqg3y/! ,

cycl opent ylroctepic! ehexh{l- tudxgQ (;tyLm,gf@nml deg getfud gyl (2 tolyl),

2. b i et ol g 3o i*heé‘*ﬁ.@c o] Droadeti? %%%oay CHE and
pheny! net h%’gj(’l%e\é‘fll’ é?g’éfkﬂ’é‘}% HE eyl ézcioébfb'xyal kyl ene
units such>zRe ﬁy eh%'t%pr:oéym‘éwlmym&t {4-egryloxypent yl ene and 20
oxyhexyléné, 4 Riimethylphepykf &r,érdémeshyipremylo 2sd J-trdmgehpypiedtiyi,nes (1)

or branchednimaingns thes fﬂﬁ!hylnawhl RedEnetadh C gbhen re, 1ndependently of
one anot her, hydr ogen.and acyl radlgal s)hﬁ‘aw ‘r%g g*b uép% ?o 30 carbon atons.

The partic ef.er hyl eni m nes onprise the follow ng
structural Hr%e‘?%rn sox%'?i]fjgloerrpemu\éﬁ%ﬁeﬂr? $orEF° ’gW?)é'lk@&FnSO“TP,BtS4(§uRIP £ NH2
oxyethylene, oxypropylene, oxybutylene, oxypentylene and

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

RN S e

TNt Y

. . Y

o

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

R" (11,

45 Preferred alkyl radicals R’ are branched or unbranched,
substituted or unsubstituted C;-C;;-alkyl radicals, for example
methyl, ethyl, l-propyl, 2-propyl (sec-propyl), l-butyl, 2-butyl



and OYR /N~ 0 where R are each, independently of one another, ?gfmh{mm
having from 1l to 29 carbon atons. 45 Preferred alkyl radicals R a
branched or unbranched, substituted or unsubstituted Cl-C21-al kyl

radicals, for exanple nethyl, ethyl,6l1-propyl, 2-propyl (sec-propyl),
1-butyl, 2¢smat-putl9, NARHT -6~ pfﬁpyllqubbbhty27ﬂfﬁJMchbipr?bﬂ i sobutyl),
2- nethyl 2e4Hrapyht i}ﬁfi-ﬂ@ﬁ&?h} 2dpdeny) 3 _g gpiyl gnt qexyl

1- heptyl, z%el&%?tly Bdé eﬁtyl, é ftyj ,4 é 55 {hrie 7 -nbnyl

2-met hyl - 2= oc % 1-UR 545 FEOY RS Q? '
1-tetrade§?1 bEATH l“feﬁﬁkad%f%ﬂ ecylpe r%&ﬁﬁﬂml 11t€m§Qﬂw@Gyl

1- nonade®yi-tetrafesyy knnﬁnxaﬁenybosy4hexﬁdethér Sdlaptiadezab) e

ni t r ogen- crﬁuaﬂaﬂeogl;xﬂauﬂﬁaﬁewhlchlééftod@arEh&uifﬂéd&d%%§ierab'y used in the
catal yst systemof the 10 present invention are polyethylenimnes (1)

t | el t t f the formul a
oy o %%Zlgﬁe'a‘é‘i@%%% B o PobT O TR SReL 5 5 YRAES JehaR ke - 10 HN

"0 R o _OPifErculpr Y@Wé&éﬁ vpelincthg| ketabiyat sysaambet fihem 0 to 500.
These cbdpeuesentaievertionr edet pohpettikimnimihes pD) wirpyliethg) n@s and are
descri bed, cHarfacexad®t fo dtrudPuba 841 dmehtaNdulst s, é%y%hgo%orﬁﬁﬁérq%ll) or
dlsclosuregtéybhggl§sgﬁg4g(@hekbggrature especial l'y in respect

R"

1s : qJ\

By St

A 0.,
NH, HN\/I\O’{’\]/ OMOH

and R”
30 (III),

where R” is h§diogen or Ci-C4-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:



of the preparation of the polyanines, are hereby expressly incorporated by
reference into the present application. The structures shown in theZQ#MRZWS
formulae (1) to (I11) above are 40 idealized formulae for the case where

t he pol yet hyl eni mi nes depicted are |ifear. The repeating units can be
present in any order, for exanple a rangdom order. The pol yethyl eni m ne
polynmers to be used in the céggLysf\ﬁys?éh1of the present invention may

al so be partly branched and have, for jexanple, structural 45 el enments of
the type shown below. 2 9 MAR 2005 5 N NHR If the term "branched isoners”
is hereinafter enployed in connection th polyethylenimnes, it refers to
structur&l 10 isoners derived fromthe %#cture shown by insertion of one
or nore of the repeating units shown in ackets in the formulae (1) to
(I'1'1) between one or nore NH bonds. They are branched via tertiary

nitrogen a Fu;, her ounds sujtable.as_conponent (c) in the
cat al yst %gs em]t% ther?)rll% i tlsoﬁlﬁﬁﬁtlb%%rrélﬂéﬁ%tq"u’éé’yﬁ Pl yvi nyl ani ne

whi ch havec%lluP‘?ﬂHﬂncWhFPrB@éfﬁt@EﬁﬁaFﬁiw gridupefens ttwe sgohygteral chai n and
conpri s@0 asomgrs derdredt foomstthec surattwtensiotn bpi itser®fiohhes fafémlra (1V)

20d( V), g Zfézr’@ﬁ’fe theaRdpBatiy anidsf sHEsh aROYeadRe R 1‘;}{ hed€ t e (Elq

i ndependent )y : of, br anct St or
substi t ut egr% (ﬁllg';];)) ;5]{&:?,3@?1 k&Fé Oﬂﬁﬁoygbﬁﬁ@%ﬁac{l/‘flg ﬁ‘ég?‘ﬁg J‘aljp to 30
carbon at ofier oty AVEFS ??%J??? ™850l y) oxyal kyl ene radlcal having up to 500
oxyal kyl ene units, preferably with from2 to 6 30 carbon atons per

oxyal kyR&nBuxther, dempbheds comipeiviesas utdrgtinenas (€ PMORSRL ch€alydt t he

catal yst systamdo thbepﬁéﬁe&ﬁf]tlnb@MEBéh oe&@rd%r(ieauf@éé W8S Qfly{’%lﬁ'l%&ﬁ)ﬁham de
whi ch conpyj s&n 13seC 3ﬁ5€¥; O%EEW%%H&Q! g nent.s UHIBS 0

formula (V) fﬁ:é%70 4 : yRF She kRS r PRI |

are identi Gar A0 FPR ’é?‘l? %y arE’g}E‘F‘b’a?ltkﬁ s 5?9?“% &Ilﬁi?PnFadFEéi-lss

havi ng up PH WIr foBYh2

/NM (IV),

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 &

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 feormula (V)

o=<|: 0—C (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



atons, and mand n are as defined above. 45 The nvol ecul ar wei ght of the

pol yani ne derivatives to be used in the catalyst system of the preddMdAR 2005
invention is at least I | 2 9 MAR 2005 8 1000 g/nol, preferably nore than
10000 g/ nmol. These figures refer to & nean nolar mass, since a broad

ol ecul ar Wed@ht/moilst préférayly messl tan a9 00HUZVmol I OMRsRe £ PHERAT 3lir@p Of
the pol yamges id nbuakNRdsd,Caghbans pibdd ndeBEN fle MGHET SISE i3 Giyen to
sol ubi | i zapl g,y t ra?ggglﬁgfntfyorﬁll ng pol%qmar \WhI C %{e ee 0 SHPSAPR aci d
groups. 10_Po %g'h ent m hes ‘are “genet a\ﬁ?%df’gpgfe HPHIABLES B zat i on
or copol yh¥rY TGACHIO%%i ridine, with or without other nononers such as
vinyl anPdes, vinyl anmines, acrylamdes, acrylamines, acrylic esters,
get hgcryl irﬁmlanﬂr@f@ﬁm SHCHivén e&dﬂ%@?bipiﬁf}%& 8gten620r06 -
ut adi ene, V.8of ' om .to 2.106 g/ nol.
The particylar Igy&prefgrreg d;?;?lqg{ﬂégg p%ﬁycg{]tﬁff eﬁlr%ngnoef; S("Il%?ma? feneral | y

obt ai ned by Feact | ng the pol yethylenimnes with carboxylic acids, for
exanple formc acid, acetic acid, propionic 20 acid, butyric acid, valeric

aci d, |a0rPelyedibyledinimgs eveagenerably hreparsat by Homobd1imét ¥2a2GbdSer Wi th
the ?egrfecﬂf%lqﬁﬂe%%fzhgﬂon deeiaRdrhaon | HAmRLEDH Qo REETRIARIEE T O 30

o al nost J00% . the roups which can be ani dat ed. ails

of the prepar ati onﬁrgm ﬁgle&epsdu%gh?% &E%DSS?&EW ..cpelﬁdméf?ﬁl’}a“i"t“eiss al so 25
possible td ﬂ%ﬁa?ét‘?ﬁ%r MBHNECTYL 6| SRR SnbnPheEing Ispchpagiethengnder t he
car bonyl at PEPa@ac brsane ol itnitedsené prarek dapkea byear emdkboban weight of

pol yet h}befirom r#®owtbh2-a0é af Adadln and car bon nonoxide in the presence of the
nucl eophi | i ¢ conpound, the palladium conponent and the phosphi ne or by

reacting t : | ith e carboxylic acid used as sol vent
under t%e %gﬁ:ﬁ%&gi&f&t &%gggﬁgnna %#a} 5H PRAYE We“ai"ﬁ‘énﬁﬁrﬁ%)ulaéﬂ y
preferred POTSRARExIPERIRF gﬁyyé'Fﬁ?Féﬁ’ﬁ ffePolyethylapimigencyith y prepared
by reacti ngPIRRXYIICy BEHYS erfioFi sEemBLe farmigpacdd 50atile efidf pHopiendai de,
propyl e@ axidie botybityseit, vedetécpsridipnanelic uakid,0f2-eBBylhexanoic
pol yet hyl eacid ner Ratarab Af-fdery RIARA! ali o tHRY dB§rLoUE dnll aiPion 846, 453.
being from 1 to almost 100%, preferably from 30 to almost 100%,
based on the amino groups which can be amidated. Details of the
preparation may be found in DE-A 37 27 704. 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
(III1) 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), l-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



In the catal yst systemof the present invention, very particular 40
preference is given to the acyl ated pol yethyl enimines (1) which conpSiMM 2005
the structural elenments (I1) or their branched isoners where R are each,

i ndependent|ly of one anot her, C2-C6-al9kyl such as nethyl, ethyl, 1-pr opyl,

2-propyl (sec-ipr @aykiculabultylleas?-bogyl (sec-butyl), 2-methyl-I-propyl
(i sobutyl), 45 2-nethyl-2- propyl (tert-butyl), 1-pentyl, 2-pentyl,

3-pentyl, 3 ttgéll bu‘%ﬁ/ imethl-Z b% %L and the summtn is at |east
2 9 MAR 2003 PRy peltt IS RaYSht S 00Me | PreRENt dOVeRtiqme cat al yst
syst em of ??@WeHFYiﬁ%tH%HEtbbml@é@Sa@IIat@U yhsliyebhyparddri nes (I11)
or theirSbisemsied i5 Whbelerthe mcwi eadidwlsacyb-Radhral &yl Coréipanmiagy |

groups whi €6rreéspon@speNthd CaArRxgEL0XYId GedS e 8L ItV BréPaligy Pr epar ed.
The catal yst systemof the present invention generally cont a| ns fromO0.5

to 15% by V\gl ght 11@referab from1l to 10%by weight and 10 particularly
pref er abl yT8¢ GiATELYSE75E9% e thft Prefents GnYBREiQaIgeReARL D RANt@dABaI Ni ng
pol ymer, b&5¥W brf tRelbbthy weighs, oprefmrabdacfron Irita W08. bpPhasighitnesd

sui t abl aof partimmlealyl yeéfaymilgmeobmt heePresenby Lo ights nbfon are descri bed,

EP. A 040500 » B A el oy oEn-£ons A1RgEr bdm 555%%3%6%3 05, VO
94/ 18154, %%E‘f 558 gé?sﬁf’é’é} H%ETEB Shd WD 98/ 42717, which are herebiz

expressly incorporated by reference. The suitable 20 phosphines can be
r epr esent eBhesphimesf spitdkilg Aoy PReRRA 1YY Fybtemerte theepresbmal s Rl, R2
and R3 abeisweitidnndepedestyinedf fepcexaipia)otiRetp-2A ocqr-;bomggont a| ni ng
2;8?2'; raghcalo zﬁbrelﬁ@glﬁﬁl{castoﬁ%esfgaﬁﬂfﬂ@% B3458Ns A Sgﬁgo H?H gge

i
organic rag‘lﬁcil @%aﬁggh:%% X %Pgd§g§ sF(#bgt 5?232 42“ ﬁat{} §-,07ﬂ éromatlc
or aral i ph8Pi r]?f(}l dal ﬂa?/q 4f3t40rﬁ'“@ ?Qf%@“@aﬁﬁ@nw%tﬁﬂféz?1Th|‘§ulcé’d|aé‘al can
contain onbembmrﬁésbymmosachdalsy oefgernce niTheogantable f ur or
phosphor@sphésphimeanphe béd-representdliR-by -t formiNra v@)R2 -, -PR- and/or
-PR2 and/ or be substituted by one or nore functional groups conprising for
exanpl e oxygen, nitrogen, sul fgg and/% hal ogen, for exanple by
fluorine, chlorine, bron ne, ihe and/ drtd’ cyano group (the radical R

here is |ikew se a )
where the radicals Rl, R? and R? are each, independently of one

25 another, a carbon-containing organic radical. 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=, -SiRy-, -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 hetercatoms, it can also be
bound via a hetercatom. 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 R? 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;



carbon-containing organic radical). If the carbon-containing organi

radi cal contains one or nore heteroatons, it can also be bound vi a2£ MAR 2005
het eroat om Thus, for exanple, ether, t hi oet her and 40 tertiary am no
groups are al so enconpassed. The carld@n-containing organic radical may be

a nonoval ejtioups, pf)they\@aio%@hmégr(W)af’aﬂeereﬂéilﬁécﬁ% a%agi&é’rltat'f the

hosphi ne ai regci a 5 t he radicals
2I0Bs g R 1 St PSSR SRR o bt

her ei naft er Ogle referred to as a nonodentate phosphine. If RL, R2 and/or R3
contain one or nore -PR- or -PR2 2 9 MAR 2005 10 groups, the phosphines
(VI) ar e ridfeecabdlyst aysbedeaf atles priesiedenimbent idnC prefér AAGOCEAPELseM t h

t he nUﬂberarDEch]@&WQﬁ'&éntéE@”ﬁho@h-ﬁhﬁ catal¥sthe %&?EEQ% i‘lﬁﬁ Qﬁ%se“t

i nvention (]%agv:y conprises an at | east bidenta 0sS e t can be
represente ]%orrrula (M1) R4 R6 10 P-X-P\ (VII) , R5 R7 where the
radi cal s R4, R5 R6 andR'R7 are eah, i ndependently of one another, a

car bon- cont ai ni ng or gani cPr_a Lc and X |%V‘\‘;}/_‘ 5 car bon-cont ai ni ng organic
bridgi ntp group. The prefefre phosphl nes ( are bidentate, tridentate
or tetradentate, in paRPicul ar Rdentate. The term carbon- cont ai ni ng
organic radical is as defined above 20 For the purposes of the present

i nvention, car pon- contalnl ni c_bridgi ng oup is an unsubstituted
or subst.t‘ﬂ’teé&‘ QI F3hsals, Raf (ﬂmt ?fé‘ Wﬁaﬁr@mq%b dndependengdyupf havi ng
from1 t®mE0asatheh & @aEbandcéntaintngootamicomdinal hend iis. aThe 25

or gani clbrdatongcgntalimingy o€ gah &t bradgiay §hosh.heher gat Adlreauch as oxygen,

ni trogen, HYsbUins lae&-ug déx&r exagph : -N=,
- Si R2- ?:gtfigg Pr 1<fe at G / or abe ngs‘??rtl%teed&bf/e%#ﬁ&taFmgfoi _
funct i onal groups conpri ngf for exanpl e, oxygen, nitrogen, sulfur and/or

hal ogen, for exanple by fluorine, 30 chlorine, bromne, iodine and/or a
cyano gr ot tREMr egfken-cRUtAbRENg Pridanéei sedradariboas cdefiaiedi agove gani ¢
radical30 If the organic bridging group contains one or nore heteroatons,
it can alrir hAebpurgbedsto? BRE AL 1ADESiddr a8X2PRSRcdttAChing
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 -0-, -S-,
-NR-, -CO-, -N=, -S5iR;-, -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 R?® in formula (VI)} and R4, RS, RS
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 -$-, 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



thioether and tertiary am no groups are al so enconpassed. 35 I\/bnovaha% 2005
radicals Rl, R2 and R3 in formula (VI) and R4, R5, R6 and R7 in fo %
(VIl) are each preferably - an unbranched or branched, acyclic or cyclic,
unsubstituted 40 or substituted al kg radical having from1 to 20

al i phati c -car bonuasanst ituteldi oh sulestorturerdeapbmitie: CHAicgl MPSiFaYnbe

repl aced bK heztler;oaiom ssicl%.h@ée Bused n%gs,oin %1&95%0@{‘%8:%0'}&%”' ng
groups such a

hydr ogen atom%sl r?%%%aéy ?18(? 521)4%%%1: gt uents’sucsuc?ﬁ ﬁégg?& j‘r"gubg or 2
9" MAR 2005 11¥PAR u?l%% |“‘L°Ef"e8 oT' & JDSEPEEP Bt D MR Ber BRREAASChRYi ng one
ring or $wo olubRkébugneduchngs, alkywWercarphegooupsore ring atons may be
repl aced by heteroatons such as nitrogen and in which one or nore of the

hydr ogen m.mﬁlg@yopepﬂeeakas&%ayoél%&ms}a&m a&ucnne&, #ee8 oAT V!

roups. eferr n ent r s are_unsu tltuted or
gubs!tol tute (Eéig % 2°-€§ égo §§/a428a‘f¥< Oal%é' g 6 4r2gr 3. 20

- het er oar éRThGQPE"a’F)b\' radifple. nEeh Axangymethyloy G}Wyl 1b-propydpy |
(sec- prkﬂ)ﬂ-))romybut%ﬁc popyilyl I<eoyiut gFbutyR-(sechphtylpr opyl (i sobutyl),

g et Ey: %&-nreenyl %i}ﬁdpyb-uf(ih&»but)ll)Qe:"!t-k‘lgthﬂl-pﬁ-'ﬁyﬂ r)b'p%l3 (P&l Hutyl),

2- met hgl Zlféw Hig en%%}ié ty. 2'_? ; ox-’b- % ﬁ gcl)b entyl

cycl ohexyl ?(bo% ﬁxy&p y ZW H@E Yde o= ‘8‘%/'8/935 ¥4 pheny!
(mtolyl),2 ReX¥iy4 THISRYE - 5¥¢f%ﬂrgﬂr)ty12 EY e PR pﬁmquctyl, phenyl

2, 4-di nk8 ra,«-lrlpmm;{phenﬂl 406tblyl:rb.t BHmetégYbhey grenypheny| |

3- met hoxy phaiexhylpKerEt hexypheny) .2 %-I@l)i.fnédh{ 1phemil, | dyllq-dﬁnéi;\h llguén 1,
gomérldflzlmle -t 1 R Y ?ﬁ:eﬁéél[!. §_: ‘}gé{;g?f 1, 24}?&5 Q%Pr[ “pyr i di ny! |
2- napﬁ%/hyl q‘ftxoxﬁé‘aﬁ' é?’ﬁb 3I PYE3HYT ho ﬁ%'réﬁﬁl -|%Y6yd1ﬁllaﬁbi‘¥/} I'n

qui
the case df PHF&QP%HH’@(?F@XF%“H“XJOQét‘HBFlwr‘ilwm RpY¥ bejetid, 25 with R3
or Rl tdRmyrinidbinyl i2rpioepimyl ( - laddSRiricogetgéy Wndph®Rhyand/ or R6

t oget her vdtdapREhy D, frqainalfy) | §-qrigclpleachisasacpyef &iably - an

unbr anchedg Glsogh@R6eM, acyclic or cyclic, unsubstituted 30 or substituted
C4- C20- al kyl ene radical ("divalent alkyl radical) having from4 to 10 atons

in the al kyl ene chain, i
y the case of dlvalent radicals, R! together with R?, R? together

25 with R3 or R! together with R3? in formula (VI) and R together
with R3 and/or R® together with R7 in formula (VII) are in each
case preferably

- an unbranched or branched, acyclic or cyclic, unsubstituted
30 or substituted C4-C;p-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-, -0-, -SiR;- 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-Cip-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,
l,4-dimethyl-1,4-dimethoxy-1,4-butylene, 1,5-pentylene,
1,5-dimethyl-1,5-pentylene, 1,5-dimethoxy-1,5-pentylene,
l1,1,5,5-tetramethyl-1,5-pentylene,

45 1,5- dimethyl-l,5—dimethoxy-1,5—pentylene, 3-oxa-1,5-pentylene,
3- -1,5-dimethyl-1,5-pentylene,
3-oxa-1,5-dimethoxy-1,5~pentylene,



whi ch the CHs groups may al so be replaced by hetero groups, for exanple
-CO, -0-, -SiR2- or -NR and in which one or nore of the hydrogehJMARE05
may be replaced by substituents, 35 for exanple aryl groups. Exanples of
preferred dival ent radicals are unsubsiituted or substituted

C4- C30- aIkyddyyalrqd50§¢@bﬂf3dgghgb PH%J%{%QH pay be replaced by hetero
gr oups suc 105 d;ﬁ%F g@. ek yﬂlwge 40 1, 4-di methyl -1, 4- butyl ene,
1,1, 4, 4- te ranetH |- yVéngl SHhoXyTilrer RBRYY X% but yI ene,

met hi1 A EYE18PREY /G- 1, 2-BuE}oeatd/lenes- pent yi ene,

met AQ-IilslepbmﬂylMYclpsedyhmleﬂy%ﬁm@ewlﬂlef‘-ﬁ@—cyclooctylene,

wWRPPP

4-
5-
é’ 5-5 el Janrmky hy 1,5 FB-RGi1BbeERIedd, 1,5-dimethyl-1, 4-ciflooctylene,
-0

s e I EL L ’1’5"9991%‘* &% SRt R eane, o

di
di
5,
di

xa- i met hyl 5-pent'yl ene

R 2005 12 3-oxa-1,1,5,5-tetramethyl- 1, 5 pentyl ene,
a-1, 5-di net hyl -1, 5-di net hoxy- 1, »- pentylene, 1, 4-cycl ooctyl ene,
cycl ooctyl ene, 1, 4-dinmethyl -4
d
d
d
0

=

cyclooctylene,

X
i meo hyl -1, 5- cyclooctylene,5 i di met hyl -5, 8- cycl ooct yl ene,
i met hyl -1, 4-cycl ooctyl ene, &L, 5 3’nethy| 1, 5-cycl ooct yl ene,
i met hyl -4, 8-cycl ooctyl ene, 18 37 3,7- blcyclo[3 3. 1] nonyl ene, 15 20
1,3,5 7-tetranethyl -3,7- blcycTo[S 3. 1) nonyl ene,
5, 7-tetranet hyl - 4, 8, B--biioyai 8 ¥-hilgyehpiens, 1] nonyl ene. I n the case
of trival ent radicals, R1 together wwth R2 and R3 are in each case
preferapsy - an unbranched or branched, acyclic or cyclic, unsubstituted
35 or substituted trivalent alkyl ical having from4 to 20 carbon atons
and in each case from4 to 10 at the chain, in which CH2 groups may
al so be replaced by hetero gro8p B as -CO, -0- or -NR and in which
one or nore of

3

PNPRPP®

-0
5-
4-
5-
5-
, 3,

7
20
1,3,5,7-tetramethyl-3, 7-bicycle[3.3.1])nonylene,
25
1,3,5,?-tetramethyl—4,8,9—trioxa-3,7-bicyclo[3.3.1]nony1ene.
30

In the case of .trivalent radicals, R! together with R2 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 alsoc be replaced by hetero
groups such as ~-C0O-, -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 R!, R? and/or R? or R%, R5, R6 and/or R’7, which are
each, independently of one another, an unsubstituted or
substituted C3-Cj;-alkyl radical in which at least two,



t he hydrogen atons nmay be replaced by substituents such as 40 aryl %rﬁlﬁpﬁ
The phosphine (VI) or (VIl) to be used in the catalyst system of t B MA 05
present invention particularly preferably conprises 45 - radicals Rl, R2
and/or R3 or R4, R5, R6 and/or R7, whzxh are each, |ndependently of one

t her, i C V\:h' h at
?ggster Woanzu M%Rrrlzgyge%%eprzﬂg‘rigg%ué i %go'ﬂ%]kﬂeslygﬁhg + aj om;I ;r ea
bound to the a2 ¢ar Bt U3{H ﬁgh‘b‘gﬁ‘%q eFea“‘B?t’s%vsﬁ ARPRY LG onat i ¢

radi cal havi ngF®iicadg h&‘t’b‘h% § FiRgi aRoBReln tWidchr oReyr deva iomgthreemsingay be
repl aced by nratrangenayahel/mp]k‘acedr bgi catodgeh;t egarder with R2, R2 together
with R3 or-Rl rddigetiber! wWddetR3ronieh se, Rﬁztegfme& With 1550%“&1 or R6

together with Ry \r\[%lrcgl@ﬂeRj %ie%%g cﬁgielbgreg gp ({%ngﬂghavr /oF e anot her, an

unsubsti t ut ed or stlt |ca rom4to7

atons in the sH¥S tr Wik I%new'l_"ecbh%‘r'?r in gagh |E?\SEOH’2~H PBUFRN iy CBe
repl aced by he?n& @ngtbeps an prsupstigutedmr tshbspr‘e\m € poedkylede| et al
atons are the sidddlcatlohatbngri frpm @t @657 dtomseXamehe Sol@at @Xy@gRiheOr

mtrogemo 15 B ,e3n0fh DAt tarULabhys I re I@&EEH’?J Rl, R2
and/or R3 and gl &10 a4 ok, %%ng/orym a?rg’%z rg)lr)opy ggg;ﬁ%ﬁ%yﬁhﬁs
2-butyl (sec-but 2-met hyl - 2-propyl (tert-butyl), 2-nethyl-2-butyl
(tert-anyl), phenyl 2- met hyl phenyl (o-tolyl), 20 3-nethyl phenyl (mtolyl),
4- et hyl ph%fwylth(epptreﬁ?m) purpogedi nekmwienybms 2ave diheeskgletemflorming
2,4, 6-tri netdnd plfenyexansile 2agpbhdydbxydeh R hi€tdddn.2- met hyl - 2- propyl
(tert basyl) and phenyl. Exanpl es of particul arly preferred di val ent

radi cal s t her 1t her,with R3

and 25 al sr%x Afﬁt%% gt%h m{ﬂt"ﬁ%ﬁ§§2#§ggg Pla"rer Wit 1&79%%1' k2

1,1, 4, 4- t B P |an or are 2-propyl (sec-propyl),

di net h@r‘rb\!ﬂ‘-% drsﬁﬁth‘é)‘sdyl)lr -b\eicprb-r%-Propyl (tert-butyl),

, 5- t e reetdtyilyH2-bpby beittetteamyl ), phenyl, 2-methylphenyl (o-tolyl),

: g?ﬂi{méﬁrgl%ﬁﬁyggw;tbl§lﬁenﬁ¥h@£@lﬁx@nyl (p-tolyl),

7. te?r?ir’ret% 9 E l%?’ 2"‘34 glge I% el‘_lgr]fé 2 4 6-trimethylphenyl and

7-te 3! 8! PRE 439 3-BeHy 6’F§P§ "rF‘o‘%’fyP&ﬁ&“ 34

cul ar phenyl xamp es of partlcularly preferred 1valent radicals R!
together with R?, R?Z together with R® or R! together with R? and

25 also R* together with R5 and/or R® 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,

1,5-dimethyl~1,5-cyclooctylene,

1,3,5,7-tetramethyl-3,7-bicyclo[3.3.1]nonylene and

1,3,

P

,4
1,
, O-
, O-
, 3,
, 3,
art

5
di
d
5
5,
iC

'c PRPRPRRPY}

30

+3,5,7-tetramethyl-4,8,9-trioxa-3,7-bicyclo[3.3.1]nonylene, in

articular
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
hetercatoms, 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.



1,3,5, 7-tetranethyl -4,8,9-trioxa-3,7-bicycl o[ 3. 3. 1] nonylene. 35 T

organic bridging group X in fornula (VI1) is preferably an unbrancﬁéthﬁZ%S
branched, acyclic or cyclic, unsubstituted or substituted dival ent

al i phatic, aromatic or araliphatic grpgip having from1l to 20 carbon atons

and from 1lgfgnf cat ggsprélgnqre@‘ gt;_,gxg ynﬁ tg 4. gtpr%y hg%égee chain, in
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faced
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2, 2-di et hyf < 1? B’PSB‘?TEn 4"}?“6‘? 832‘§/T 2 0-, 5 -0-CH2CH2CH2 -0-,
-CHZ 0- CH2-, -CH2CHz-0- CHZCHZ- o- phenyl ene o-xylene and -CH2-NR-CH2-, in
parti cul arAlpeinteiduylaemp preﬂar&epr npybdne-atel phobpliileerie- and o-xyl ene. A

parti cuher Lyigred fyquheg pHDROJGR! Bkt PAOSBNIN@rkSedfed ralaeﬁegwhosph' ne. As
h%

particul ar re p es, nmention nmay be made of
1, 2-bi S(dlb%{% ﬂﬁ}i’{d(ﬁ-[" 0 eFﬁaﬁge)éé)%fg 2- bi s(di phenyl phosphi no) et hane,

1,2-P, P -dF (%= ﬁl.i ﬁtsﬁ)‘stl’# BFPBh%?}ﬁHha@eg 10 15

trioxatri c?clﬁ{@(@lphe{lﬁlﬁl}qmuybéehm ("dpa-2" for short),

1, 3- gu sg gu 1Lynd-$,{ml(Ehpm;ﬁpm)lpaosaﬂetetramethyl -6,9,10-

1, 3- bi sGi pResy: RSP ro e " "

Ly ( {}( % &) P ﬁggtg %%ﬁﬁylethanelb dpa-2” for short},
trioxatricy igo ‘_BL E;?‘yﬁy&é’ VEBrOpa e°p(a"“8pa 3" for short), 20
1, 4- bi S(dl BBt’Bﬁ%Panek 4- bi s(di phenyl phosphi no) but ane,
1,4-P, P - dﬂ(%—bﬁbqﬁhéziPBOQTm-tleﬂrrén%ttﬁﬁna@eghm-é S,
trioxatricyclofsrrdcycldB3 73 Jdaqyl. byqaimylg(roqbaae4("dp)sr-38'hebf)short) ,
a, a' - bi 20di; 4%is(mtyéﬁhq&péy1@@.bsgnﬁ fifbaney

a,a' -bi s(dhpbexgyg(m?ﬁgg# a,a' -P, P -di(2-
phospha-1 ?%gﬁet I)rloxatn%}j/(flo[3 3. 1 1{3.7}]
decyl -0- Xy & ~tetramet

trloxatrlcyclo[B 3 1{3 ?}]decylbutane {”"dpa-4” for short),
a,a’-bis(di-tert-butylphosphino)-o-xylene,

25 a,a’-bis(diphenylphosphino)-o-xylene and
o,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
041 ﬁVo
35 0 0
P~ F
1,3-pP,P’'~di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1{3.7}]decylpropane
40 ("dpa_3n) .

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 generhlly
comprises from 1 to 50 mmol, preferably from 2 to 25 mmol, of



1, 3-bi s(di-tert-butyl phosphi no) propane, 1, 3- bls(dlphenylphosphlno)progane
and 30 35 40 O/",- -tO 1,3-P P -di(2-phospha-1,3,5, 7-t et r anet hyl - @ OMAR2005
trioxatricyclo[3.3.1. 1{3. 7}] decyl propane (, dpa-3"). Wen using nonodentate
phosphi ne |igands, the catal yst syste® of the present invention generally
conpri ses E;Hd;fr_ghggeyp G FRion RIBffAbI Y from100 to 250 mmol,  of
phosphi ne/l reaction 45 m xture, and when using bidentate phosphl ne
Ilgands it generall conprises from1 to 50 nmol, preferably from2 to 25
%Pﬁiﬂﬁa SHBB SBHTCENESPhFHR/I3tGLYFEARY H MixEDE PTORENSal | adi um
source forlrtmteanalytstl$membb¢ tdheiger ésenganiaeewt boganid¢ sadtpossi ble to
use i noryape Il adidmpr gelliaisal temgbuialikadhiroqal, aghagpwmuaﬂaxa!t h

ni trogen- 7o%%ﬂb@ﬁt‘élnﬁ{bd/dgﬁorOfi'@ﬁ{ﬁscgﬂhaéféggqaqg. ac Qi iy 33@9 gl so

pal | adi um a porte m co

Pr ef er ence |1% Giveh %lbpp%%pg Bﬁlf “BEIOF“QHPE scﬁfleé@?mﬁ) JB(WFEst%f
suitabl e |Wﬁrér%&4ﬂﬂ@§ﬂp@ seMx¥eesof pal | adiumare pal | adi un(!1)
nitrate, palladiumli) sulfate, palladiun(ll) carboxyl ates (for exanple

pal | adi uo(tampaeet af eswitaiak! afdbegddiod andpaeeawts%htspaklﬁﬁl%@&hh) Jare

oal Tiﬁﬁhﬁ%ﬁmhﬁﬂ ke a‘gﬁﬂﬂqﬁ"ﬁ? oF e A BT o i i ng

donor |i gaf at?%t? §€‘FF'8 E‘iﬁﬁé)i‘%qa‘é&l Bﬁ(@? G9duppRB) 4) |

di benzyl i dRFRRICERSAS, pea } laciium( 03) (m(fma)cg)s and 2;11RrdEup6IB) (CH3CN) 2] [ A] 2,
where A | sasetydakkyosacs di nated anion, for exanple chlorate,

hexaf | uggophosphate, tetrafl uoroborate or p-tol uenesul fonate, and "dpa-3"

is as deflﬁlﬁ.ﬂn gvgf féagl%bbcar% 0% gnds i | ré%ggl ied to a support:

i's pal | adi U Pt Sou 871t Hi s type are
pref er abl yP 5%’5 a‘?“ﬂ‘%cq ?W?Eh"%lﬁéngu PR d FERIE hRT® r eact | on
m xture. Tbemsétﬁlﬁlﬂ%fmléwaﬁbm)Rﬁilatdhsmikﬂlpptﬁd(PPha)4) ‘
dibenzylideneacetone palladium{0) (Pd{(dba),) or
20 [Pd(dpa-3)(CH3CN);][A]);, where A is a weakly coordinated anion,
for example chlorate, hexafluorophosphate, tetrafluorcborate or
p-toluenesulfonate, and “dpa-3” is as defined above.

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 S to 10 mmol, of palladium/l 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/1
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)



materials are preferably hydrophilic in nature, if necessary nade
hydrophilic by separate neasures such as partial surface 30 oxidati &8 MR 2005
activated carbon. Wen usi ng nonodent at e phosphi ne |igands, the catalyst
system of the present invention gener@lly conprises from5 to 20 nmol,
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in the CafnyﬂéhaRhoglﬂﬁ ishe eHQéﬁ%. k¢ £empPUNg aéﬁ reans ol %1 no

nonoxi de acg er or ‘i'lf's r or anlc of F§ERi LB aCId 45
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nmeans of & BddsSnBaBI@nte ignghant oo é(ddi—tsloma} GorgpdvieRt 208 Spteserar én €los
exanpl e, pyygyieoni ¢ acid (from ethene), butyric acid (from propene) or

met hacrygic acid (from pr opyne) The carboxylic acids, e.g. acetic acid or
pr opi oni ¢ cak o, be , added to the taI system
(ex-situ). }?Cﬂeqreﬁé g%t s?égt% 1% Hvaokaoeeys ttr?ea% ep ’ér%\‘iql&’rOBﬁl

car boxyl i CTRAS OFhén IRyPret g iarid dpnthe | srtalysti systam ednthy

suf fi ci entbreseathiaventian.vZhisnis, doperdianglen thee casti whéry mf t he

catal yst sysfteylIbeacityadst pgesent dhiis ¥ormadtid-sithabuPPaqddiet i onal
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advant ageo ad acid to the

ani c
cat al yst s 9 4'15155%?51%%&#133% tgﬂ?s E}’é e gpt k‘é?fja MEARS case
when no B:&?ylcla‘c' %%YJC{LCI gcpfederedrin-gityr hedtq hespehiesd nghene 15
car bonyl atli‘-’dm‘{ édgltm prepaci agidss lpowyliccacktehayiog a pKy eft €8,
activity-itcneasiioglaffe2l dfeaprederbed obduiitapdebyroBianaciat 4fe carboxylic
acnfl fOEﬁE&béd”h%'eHl,l ESr tek l@Chiﬁ’Vﬁd-A \btﬁq'as 454 %@@9' Al 6"‘;‘49 Rf 3“‘3 atC' gls
roti c aci artl c re prererre ul t anl e
Brot i C aci%'?1 ar é ggh%ré%? 53 PEY {hc‘ponljﬁoragfaa %fﬁ%rfﬁg 7FeERGTeB- A 0
279 477, R¥RE é‘Fé ﬁet?aewgei‘ppﬁss‘?fyﬁ%&?@po?ﬁ%eﬁ‘wlﬁef EP@?R:@“F‘r afddred
or sulfonic acids such as p-toluenesulfonic acid, methanesulfonic
acid or trifluoromethanesulfonic acid. If protic acids 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 particulariy

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



protic acids having a pKa of s2 are, for exanple, phosphoric acid g

sul fonic acids such as p-toluenesul fonic acid, nethanesul fonic aci IAR 2005
trifluoromethanesul fonic acid. If protic acids which do 25 not correspond
to the carboxylic acid derivative to 1y prepared are added their nol ar
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fromO0.1 to 3 MPa abs and part|cularly preferably from0.2 to 1.5 MPa abs.
A efinicalty wsabstateted chplundskeneshsean dxe ettaedej npidp@nk, pr ocess of
the present invanitiens, arSoutiielstipeheshar riﬁhﬁéhéL”3¥%exéhge”fﬁhéﬁ%%hgg one
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are aryl grou t er oar r olps onaf groups sdéh as
- COOH, Y C%O? pls(?ﬁ%%? Jop% %ﬁge'l ne PﬁeCXﬂJé’PFﬁFEgF |y unsat urat ed

conpounds hav S RUBSEE6USed Fi62calkodianestharindofemalatesb canbvsates bon
doubl e bond(s)er iRodptedechrimmpeantisn adeihies bbatls | uted e&3amE26- al kenes such

as ethene, propspadiehebysEnme)2- buBE%Etad&emﬁot@vapéhdaadéﬂé 3- hexene

i [ S RGBT S i
ecene, Cyc cyclohe
C3- C20- alkadléﬁgé gg?ﬁd crdP 3t ne&off é fienes such as styrene,

l-methoxy-2Z-butene, 3—methoxy -butene, l-butoxy-~2-butene,
3-butoxy-1-butene, methyl, ethyl, propyl or butyl esters of
2-, 3~ or 4-pentenocic 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 ratic 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 cne mobile
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pr ef er abl YPXERAEEY- LBrHbky 1Hyc use of water).

Particular preference is given to using water and/or a

25 C;-Cip-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



acids, for exanple acetic acid, propionic acid, butyric acid and

nmet hacrylic acid, in particular those carboxylic acids which are 152 AJMAR=40
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(2- nethox mlgtgke and any protic ac1d to be used are combined in a
solvent in any order. The solvent preferably corresponds to the
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
(é.9. 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 periodicaliy
during the course of the reaction. After the reaction is
complete, the reaction apparatus is cooled, vented and the



10 ether or bis(2-butoxyethyl) ether), dinmethylformam de,
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(e.g. acetone or diethyl ketone) or m xtures thereof. The process is _
preferably carried out in a solvent g ch corresponds to the carbonyl ation

Product, _Siaue 1bli % kePduCES Rl Fff LRCE 5 ExiEANGRHS.COTPONegyS nto t he

system T r. s of the present 1'nvention can Be carri bat chwi se,
sgm' conti %ous'fl ygglr'o%'onti nuously. 20 In a general nethod of preparing the
catal yst systemor its precursor, the conponents (a) palladiumsource, (b)
phosphi ne,In (acpenerabgethodnbéi eangy ing paer thdicdrbonysatidi | i zable in the
reacti ons rﬁdﬂﬂihﬁoaﬂﬂy,arﬁhepbgthgygeiEq,gt@mbgrugg@g p}{e%utgﬁgpl {Z%cggnﬂﬁgdasol vent
in any or Q.S respon Q
car bonyl st s ad o0 Gl cBbEAEhay VIR G3DAEY el Fup Ok (411 three
car bony| at T TPIcEYWPONEEdfli 1B, @ (1 teRL gl JRIC TR eRPaFatyss (SrgecudBor is
adm xed widutoclpEeltand ithg sustemals hnesghtr be ethecoepotinon qundiedphs| i c 30
conpound aficbrperbourepmesdare . arsWdtakhe peeeddrd) appagaddens (€.g. an
br essur e b ey Sl SafBLR ALl aRl/ SE AT Alsabited T2t on
ressure, a . . , 1]
aBpar at us ‘?%’ﬁ”émégf’eh,% v%ansteéﬁsinar? hlentrroéggfeamf}fﬁ %%EFE PEATIOM%d up in a
cust omary TARfTéALSc2ke SUPseguaptiy |fed isncorkinpqusder at aetated of carrying
out the cardreppariong twehetnat mividl heyhare atalsysbdsysd em or its
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(e.g. an autoclave) and the systemis b o the reaction conditions
(tenmperature, pressure). To set the pressure, the gaseous starting
materi al s Tc‘hraoé’ﬁeﬁﬁﬁiﬁ(‘% FILQRAMBRt 1 O LS SOUE HRAPS PERPATAEAQ ffgaseous) are
i nt r oducederopieniecestds yadiladitngI U5 aretett al sheartddenbseg usnisphifed in
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on the enb¥Hitidde, rarehian aPRAratete, fatnexemphe |a thwbbde column. The
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 alsoc 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.



starting conmponent(s) in a suitable reaction apparatus (e.g. an autaocl ave&
and the systemis brought to the reaction conditions (terrperature,ngAR 2005
pressure). To set the pressure, the gaseous 10 starting materials carbon
nmonoxi de and/or the unsaturated con@dund (if gaseous) are introduced. The
t hree star3elegtimiter{Blcy:are subsequently fed in continuously at a rate
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of the re ' m xt i.s .di.schar ged continuously.fromthe reaction
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The prddionic acid fornmed can then be continuously renoved fromthe

reacti on appieatime yD¥1dprampke by stripping with a suitable gas stream
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present i i.on_h a high catalytic activity and_a high stability in
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the present invention using the catalyst systemof the present invention

makes i 15 gbuyidyvles foequerdmynyl ate ol efinically or acetylenically 35
unsat urated conpounds by neans of carbon nonoxi de and a nucleophilic

conmpound upger- mld f t] dj 10N i r L acid
derivatives in high {ﬁfgz%%ggﬁigd]ﬁ ?gggn%ﬁ/(r?dol?cé%?- g§§¥ Mu ng pol yner al so
makes it possible to seﬁlaraf’e Pemed Wﬂét’fotﬁ" rd8dét fromthe reaction
m xture in a 40 technically sinple nmanner, which is a decisive advantage.
Exanpl e30 TPrepsresienctt qasiponeat! Ao(admidated pokystintleaisinenl ess stated 45
ot herw se, as defined below, with PAc being propionic acid and PAn being
pr opi oni ¢ g \igsdeel (o QY " S ) T :
12, SSRGSt L O
ket one produced [mol [ & " P ylenimine 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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1,3-dibro )ﬁﬁ%ﬂ: torf' % rgus
1, 3- bi s(di &t and S 8 “Feﬁﬁﬁ'il%tgeq H& i sol ated
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prepar at i oFERAT &HRE H?Bhﬁ’sfbl‘ﬁrﬁédl p§arrmainipgpsplvetit .
(2-phospha-1, 3,5, 7-tetranethyl-6,9,10 5

tri oxat roCyEhe ihedtdl 1fPocddudecy! ) propane, hereinafter referred to as
"dpa-3", was carri ed out usi ng a nethod anal ogous to Exanple 1 of WO

f
98/ 42717. t}rr% 3-di QhOSQ tnoprop were added_ to a solution o

27.8 mol eﬁ?a?ﬁwﬁ(ﬂ$ he 'cata yst system (palladium
Compound phosphine, solublllzable nitrogen-containing polymer if

used and any activator used) were dissolved in degassed aqueous
25 propionic acid under an argon atmosphere and transferred under an
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 1:1. 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 (PPhz) 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



20 nl of 5M aqueous hydrochloric acid and the mxture was 10 stirred. After
about one hour, precipitation of a white solid commenced. After a 29rMMRe0
24 hours, the volatile constituents were renoved and the white product was
washed with water (6 x 20 ml), takenagp in 20 m of dichl oronet hane and
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(conponent1?) h-h.97 nl- of 98% strength aqueous 45 propionic acid was
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110C underg rpo oxi de at m 12 d To
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were taken* Wﬁ‘r’f ? he experiment . and anal yzed by atom c absorption
spectroscopy (AAS) The results are shown graphically in Figure 1. No
deposi ti onImfa conpabl aekpenivestobs ereawmt ichnr safutimn efper i megtof 98% of t he
25 palladium acetate, 1.97 g of triphenylphosphine (PPh;) 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 (PPhj3) in 200 ml of 98% strength agueous
propionic acid was transferred under an argon atmosphere into an
autoclave and stirred at 110°C under 0.6 MPa abs of a carbon
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of pall adium acetate and 3.81 g of 45 triphenyl phosphine (PPh3) in 200 mni
of 98% st rE¥apieaguédtiabi Mtappéntbe awithlwas sysweiler red under an argon
at nrosphere into an autoclave and stirred at 110C under 0.6 MPa abs of a

car ?gﬂt aggrxw\%t%%&na%o "Fﬁd?&ﬁ@%&r}%ﬁi‘gcﬁp [%Tgﬂ(sof T;fﬁ% eﬂég@tum <
The resul ts ar% owh 81%' g%s bgl P%‘% e%r%élfn IB)arlq'fééuﬁ %?eataie &‘A
ponent B) an p-tolu nesulfonlc acid (TsQH) in
acetonitrile at room temperature. A solution of 0.8 g of
[Pd(dpa-3) (CH3CN),][OTs]), (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 soclution 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
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(Stabil3day of the catalyst system) Exanple 7 was carried out with a further
addi tion @kafipbd ® @Warbonylation 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/l-h, and the
STY(PAn) was 160 g/1'h. This corresponds to a TOF of 260 h-1.

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-1.



"dpa-3" (1.4 mmol, conponent B), but otherw se under conditions

I dentical to Exarrpl e 5. No deposition of palladiumwas observed duriﬁaﬂﬁﬂ@%
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correspgods to a TOF of 170 h-1. 2 9 MAR 2005 26 Exanpl e 8 shows that a
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owing to the high reaction rate to propionic anhydride, about
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-1.

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/l-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 sclubilized
nitrogen-containing polymer and the addition of a strong acid as



Exanple 9 without addition of a solubilized nitrogen-containing 5 Eglmrrer.
Exanpl e 10 (Carbonyl ation of ethene, according to the present invenfi )2935
10 0.17 g of palladiumacetate, 1.97 g of triphenyl phosphi ne (PPh3), 3 g
of "Polym n-PS" (conponent A) and 2. 2% of phosphoric acid as activator
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ni trogenscewdAigusNgTRE! ¥aRiulaRely fbR-WA33 130@ g-strong acid as activator
results in a very high reaction rate which under the 40 prevailing reaction

conditions_led to.further reaction of the ropi onjc acid formed and
initially prawss 1o (brERew: ""Ei"anﬂgo%‘?’tfé'.er?ﬁc PEAHIME dRc DB PEgRENT
sol ubi | i zet"¥RR%&Fen- cont ai ni ng pol ymer "Pol yni n-PS" (Exanple 11), a
significantly | ower reaction rate was achieved. 45 Exanples 8 to 11 show
that bokb themfddi padla@ium ax@iebi! | @ed muidiyl, 098N -KPYai-abagzpol yner and
the additi 9. $iu1S! EQRPoAGI 1S afa® MR 200558 ymALldval Bbnbiihea afect i ve
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propionic acid 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-1.

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/l-h and a selectivity of over 99%. The
calculated TOF was 4800 h-1.

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)



yield of desired products. By far the best results were achi eved %M@
presence of both additives (solubilizable nitrogen-containing poly 4@5
strong acid as activator). 5 Exanple 12 (Carbonyl ati on of ethene,
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The solution was subsequently pressurized with carbon nonoxide/ et hene gas
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reaction tghReh qbﬂie was 100C. The reaction produced propionic acid in an

STY(PAc) of 345 g/ 1h and a selectivity of over 99% The cal cul ated TOF was
4800 h-1. 30 Example 14 (Carbonyl ation of ethene, according to the present
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nitrogen~containing polymer. In the presence of ”"Polymin-PS" in
Example 16, the space-time yield of propionic acid was a factor
25 of 18 higher than in Example 15.

30
35
40

45



wer € suspended/ di ssolved in 100 m of degassed 85% strength aqueous
smropionic acid under an argon atnosphere. The nmixture was 5 subsequkhMAB 2005
pressurized with carbon nonoxi de/ et rl%’ﬁe gas mxture and treated as
described in experinental procedure The reaction tenperature was 110C
The reaction produced propionic acid in an STY(PAc) of only 26 g/1h and a
sel ectiviwy c1fai®®% 10 Exanple 16 (Carbonyl ati on of ethene, according to

t he present inventi on) Exanple 16 was carried out by a nethod anal ogous to

Exanple 15 ugifg 24,002 %%@tﬁgg"%ﬁ@w sS80PL] 5,08, 59Dy, el gt of P

15 on acti vate B), but
addi ti ofal | y & &E’S‘lﬁaﬁ Y 455 1257 OT nBRtRERRS’ $ReCFERRR i on
produced proprendxsdgcradi rawlesrpkem@)cqmpcmd gtawpramsdng sel ectivity of
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i mmobi |i zed Ofh I_kgéai_1_1:.*5[(ﬁ¢,‘1§1neous support. Conparison wth Exanple 15 makes
clear the si gﬂa | ca e fect of .the solubilized nitrogen-containing
polymer. Int 2 preDs (Pe o?'"%‘?ym n-PS" in Exanple 16, the space-tine
yield 8 propf®hiz %Y&tﬁﬁée%@’d’!ﬁ'm 25 of 18 higher than in Exanple 15.
30 35 40 45 2 9 MAR 2005 29 W claim 1. A catalyst systemfor the

carbonyl ag| onAO&aﬁalq;fsitnisgﬁiéw & claineetin &lagal ) yinirséatHrehed conpounds by
means of car bgm ymRXiedenand i @u§b§§M§1&ﬁ&@0%rlg9wrﬁﬂw od)

|1 adi DO R haseh | 2. A |
Cystam as ol a oE LR e el S i) SO mine 15 a

pol yet B¢l eni m ne conprising unitg of the formula (1) or branched i Somers

thereof 15 m 20 HNC R /P\/%{/\},
K' (@,
20 '

HN
R

where the sum m+n is at least 10 and R are, independently of
one another, hydrogen, alkyl, cycloalkyl, aryl, aralkyl and

25 acyl radicals having up to 30 carbon atoms or _
hydroxyalkyl(poly)oxyalkylene radicals having up to 500
oxyalkylene units.

3. A catalyst system as claimed in claim 2 comprising a
30 polyethylenimine (I) in which the radicals R are identical or
different acyl radicals having up to 30 carbon atoms.

4. A catalyst system as claimed in any of claims 1 to 3 in which
the polyethylenimine is present in an amount of from 0.5 to
35 15% by weight, based on the total mass of the reaction
cmixture. -

5. A catalyst syétem as claimed in any of claims 1 to 4 in which
"_ the phosphine is an at least. bidentate phosphine.
40 '

6. A process for the carbonylation of olefinically or
acetylenically unsaturated compounds by means of carbon
monoxide and a nucleophilic compound, wherein a catalyst
system as claimed in any of claims 1 to 5 is used.

45



where the summtn is at |least 10 and R are, independently of one another,
shydrogen, al kyl, cycloal kyl, aryl, aralkyl and 25 acyl radicals hay8miR g’
to 30 carbon atoms or hydroxyal kyl (pol y) oxyal kyl ene radicals having up to
500 oxyal kylene units. 3. A catalyst systemas clained in claim?2
comprising a 30 polyethylenimne (I) iggwhich the radicals R are identical
or different acyl radicals having up to 30 carbon atons. 4. A catal yst
systemas clained in any of clains 1 to 3 in which the polyethyl enimne

is present in an anount of fromO0.5 to 35 15% by wei ght, based on the total
mass of the reaction mxture. 5. A catalyst systemas clainmed in any of
claims 1 to74 inAvhipsircesbe phosphanmeed s an atldigastk., bwilemtahe phesphi ne.

40 6. A for .t he carhonyl at i on. | ef i nical | | I
insai urat ed. conpOUTRE B ShEARaL B CHE HOh o iAeTarE KonaePeopiti ¢

compound, wherei m preakak¥sbt syehem BxLIsppaedbEn any of clains | to 5is
used. 45 2 9 MAR 2005 30 7. A process as clained in claim®6, wherein the
carbonylation is carried out at from50 to 150C and a pressure of fromO.1

to SMPa absg 8. A PLHEGESSs anL! 8l aBfled N i@ al) WAl FBa0nbO ¢, tohgrein the
olefinically unsaturated conpound used 1s ethene. 9. A process as clained

in any of clainswherei8, thsheekéhininaligel wnptiviatesbnpoprindedse¢d wat er,
a C2-C10-carboxg|i%tﬁ§hg and/ or a Cl-Cl10-al kanol. 10. A process as cl ai ned
in any of clains 6 0 ., wherein the nitrogen-containing polynmer used is a
pol yethylenimne (1) in which the radicals R are acyl groups which
correspond to the carboxylic acid ,derivative toipe Rre ar ed.

9. A Pprocess as claime in any o claims & to 8,
wherein the nucleophilic compound used is water, a

C,-Cjo-carboxylic acid and/or a C;-Cijp-alkanol.

10. A process ag claimed in any of claims 6 to 9,
wherein the nitrogen-containing polymer used is a
polyethylenimine (I} in which the radicals R are
acyl groups which correspond to the carboxylic acid

derivative to be prepared.



