
EP 0 386 834 B1 Description The invention relates to a catalyst system
comprising a phosphine, to certain novel phosphines, to a proc- ess for
preparing the phosphines, and to the use of the catalyst system in the
carbonylation of olef ins and acet- 5   ylenes. Many processes are known in
the art for the carbonylation of acetylenically and olefinically
unsaturated compounds. A review of such processes is provided by J. Falbe,
"New Syntheses with Carbon Monoxide", Springer-Verlag, Berlin Heidelberg
New York, 1980. Typically the processes involve the reaction of an olefin-
ically unsaturated compound with carbon monoxide and, in some cases,
hydrogen or a nucleophilic compound 1o  having a removable hydrogen atom,
in the presence of a carbonylation catalyst system. In many instances, the
carbonylation catalyst system comprises a Group VIII metal compound and a
ligand such as a phosphine. One type of catalyst system which has been
disclosed in recent years comprises a source of a Group Vill metal and a
pyridyl phosphine. Kurti Kurtev et al, Journal of the Chemical Society,
Dalton Transactions, 1980, pages 55 to 58 disclose 16  catalyst systems
comprising a rhodium or ruthenium compound and a pyridyl monophosphine, and
their use in the carbonylation of hex-1-ene. European patent application
publication number EP-Al-0259914 discloses catalyst systems comprising a
palladium compound, a pyridyl monophosphine, an acid and a quinone, and
their use in the carbonylation of olefins to afford polymers. 20
European patent application publication number EP-AI-0271144 discloses the
use of catalyst systems comprising a palladium compound, a pyridyl
monophosphine and an acid in the carbonylation of acetylenes with
hydroxyl-containing compounds. Unlike EP-Al-0259914 the broadest definition
of phosphines said to be suitable for use In the carbonylation process is
restricted to phosphines in which all three phosphorus substitu- ents are
aromatic. 25      European patent application publication number
EP-AI-0282142 discloses the use of catalyst systems comprising a palladium
compound, a pyridyl monophosphine and an acid In the carbonylation of
olefins with hydroxyl-containing compounds. Unlike EP-AI -0259914 the
broadest definition of phosphines said to be suit- able for use in the
carbonylatlon process is restricted to phosphines in which all three
phosphorus substituents are aromatic. so      European patent application
publication number EP-A2-0305012 discloses catalyst systems comprising a
palladium compound, a pyridyl diphosphine, an acid and a quinone, and their
use In the carbonylation of olefins to afford polymers. None of the
aforementioned references discloses pyridyl mono-phosphines in which the
phosphorus atom has a simple, aliphatic substituent, nor do they suggest
that such phosphines may be attractive as components 3s fora carbonylation
catalyst. Indeed, for carbonylatlon catalysts otherthan those suitable for
preparing polymers; that is, carbonylation catalysts comprising a quinone;
the aforementioned references clearly teach away from such phosphines.
Chem. Ber., 115 (9), 3085-95 (1982) discloses methyl-di-2-pyrldylphosphine
and dimethyl-2-pyridylphos- phine. 40     J. Mol. Spectrosc., 34 (2),
245-56 (1970) discloses n-butyl-di-2-pyridylphosphine. Surprisingly, it has
now been found that pyridylmonophosphines In which the phosphorus atom has
a sim- ple, aliphatic substituent, are highly effective as carbonylation
catalyst components, especially In the carbony- lation of acetylenes.
Accordingly, the present invention provides a catalyst system which
comprises: 45      a) a Group V\i11 metal compound, and b) a monophosphine
of formula wherein R1 represents an aliphatic hydrocarbyl group, R2
represents an optionally substituted aromatic het- 55      erocyclic group
having 5 or 8 ring atoms of which at least one Is nitrogen, which may form
part of an op- tionally substituted, larger condensed ring structure, and
R3 independently has the meaning of R1 or R2 or represents an optionally
substituted aryl group, or an acid addition salt thereof. Catalyst systems
according to the invention have been found to have high activity in the
carbonylation of 



2    EP 0 386 834 B1 olefins and acetylenes. Outstandingly high reaction
rates have been found in the carbonyiation of acetylenes. Furthermore,
catalyst systems according to the invention have been found to have good
selectivity: With acet- ylenes the catalyst systems have been found to have
good selectivity towards beta-carbonylated products; with olefins, they
have been found to have good selectivity towards alpha-carbonylated
products. The high seleo- 5   tivity towards alpha-carbonylated products
with olefins Is particularly surprising. Catalyst systems according to the
invention which furthercomprise a quinone have also been found to pos- sess
activity for the carbonylation of olefinically unsaturated compounds and
carbon monoxide to afford poly- mers. In the phosphines of formula 1, any
aliphatic hydrocarbyl group conveniently has from one to thirty, prefer- 10
ably from one to twelve, and in particular up to 5 carbon atoms. it may be
an alkenyl group such as a vinyl, allyl or butenyl group, but is preferably
an alkyl group. Preferred alkyl groups are methyl, ethyl, propyl,
isopropyl, 1-butyl, 2-methyl-2-propyl(t-butyl), 1-pentyl and 1-hexyl, of
which those containing up tofive carbon atoms are particularly preferred.
In the phosphines of formula 1, at least one of the ring atoms is
preferably an Imino nitrogen atom. 15      As used herein, the term 'imino
nitrogen atom" means a nitrogen atom which may be represented in the
structural formula of the aromatic, heterocyclic substituent containing it
by the formula 20                                           AN For example,
if the aromatic substituent is a pyridyl group, the structural formula of
the aromatic substituent is 25 N Examples of aromatic, heterocyclic
substituents containing an imino nitrogen atom are pyridyl, pyrazinyl, qul-
3o nolyl, isoquinolyl, pyrimidinyl, pyridazinyl, cinnolinyl, triazinyl,
quinoxalinyl and quinazolinyl. Preferred substitu- ents are pyridyl and
pyrimidyl groups. Preferably at least one of the ring atoms is an imino
nitrogen atom which is separated from the phosphorus atom by one bridging
carbon atom. For example, if the aromatic, heterocyclic substituent is a
pyridyl group, it Is preferably connected to the phosphorus atom through
the carbon atom at the 2-positon In the pyridyl group. S5   Accordingly,
examples of preferred aromatic, heterocyclic substituents containing an
imino nitrogen atom are 2-pyridyl; 2-pyrazinyl; 2-quinolyi; 1-isoquinolyl;
3-isoquinolyl; 2-pyrimidinyl; 3-pyridazinyl; 3-cinnolinyl; 2-triazi- nyl;
2-quinoxalinyl; and 2-quinazolinyl. 2-Pyridyl, 2-pyrimidyl and 2-triazinyl
are particularly preferred. Espe- cially good results have been obtained
when R2 is an optionally substituted pyridyl group, in particular a 2-pyr-
idyl group. 40      When R3 does not represent one of the aforementioned
aromatic heterocyclic groups, it represents an ali- phatic hydrocarbyl
group or an optionally substituted aryl group. An optionally substituted
aryl group conveniently contains not more than 18 carbon atoms in its ring
system and is preferably an optionally substituted phenyl group, but may be
an optionally substituted anthryl or naphthyl group. 45      R3 preferably
represents a pyridyl group, an alkyl group or an optionally substituted
phenyl group. Where In this specification, reference is made to an
optionally substituted group, it preferably means a group which is
eitherunsubstituted or substituted with one or more substituents selected
from hydroxy, halogen (especially chloro and fluoro), alkoxy (preferably
C14 alkoxy, especially methoxy and ethoxy), dialkylamino (es- pecially
dimethylamino and diethylamino), mono-, di- and trihalomethyl, such as
trifluoromethyl, trichloromethyl 50  and monochloromethyl, and alkyl
(preferably C1a alkyl group, especially methyl, ethyl, propyl, isopropyl
and tert butyl). Examples of substituted aromatic, heterocyclic groups are
6-methyl-2-pyridyl, 6-methoxy-2-pyridyl, 3-me- thyl-2-pyridyl,
4-methyl-2-pyridyl and 4,6-dimethyl-2-pyridyl. Examples of substituted aryl
groups are 4-methoxyphenyl, 3-methyiphenyl and 2-fluorophenyl. 



55      Examples of phosphines of formula (I) are:
di(n-butyl)-2-pyridylphosphine, dimethyl 2-pyridylphosphine, 3    EP 0 386
834 B1 methyl phenyl 2-pyridylphosphine, n-butyl tert.butyl
2-pyridylphosphine, n-butyl(4-methoxyphenyl)(2-pyridyl)phosphine, and
methyl dl(2-pyridyl)phosphine. 6      Preferred acid addition salts of the
phosphines of general formula (I) include salts with sulphuric acid; a
sulphonic acid, e.g. an optionally substituted hydrocarbylsulphonic acid
such as an optionally substituted ar- ylsulphonic acid, e.g.
benzenesulphonle acid, p-toluenesulphonic acid or naphthalenesulphonic
acid, an op- tionally substituted alkylsulphonic acid, such as an
alkyisulphonic acid, e.g. methanesulphonic add or t-butyl- sulphonic acid,
or a substituted sulphonic acid such as 2-hydroxypropanesulphonic acid,
trifluoromethanesul- 10 phonic acid, chlorosulphonic acid or
fluorosulphonic acid; a phosphoric acid, e.g. orthophosphoric acid, pyro-
phosphoric acid, benzenephosphoric acid or toluenephosphoric acid; a
carboxylic acid, e.g. chloroacetic acid, dichloroacetic acid,
trichloroacetic acid, trifluoroacetic add, oxalic acid or terephthalic
acid; or a perhalic acid such as perchloric acid. Examples of Group Vill
metals are iron, cobalt, nickel, ruthenium, rhodium, palladium, iridium and
platinum. 15     The Group Vill metal compound Is preferably selected from
salts of palladium, rhodium and ruthenium, of which salts of palladium,
especially divalent palladium, are preferred. Both homogeneous and
heterogeneous metal compounds may be present, but homogeneous compounds are
preferred. Suitable compounds are the salts of nitric acid, sulphuric acid
and alkanoic acids having not more than 12 carbon atoms per molecule, e.g.
acetic acid. Palladium acetate Is especially preferred. Salts of a Group
Vill metal with any of the acids men- 20  tioned above in relation to the
phosphines offormula (l) are also preferred, especially palladium salts.
Moreover, metal complexes may be used, for Instance, using palladium as an
example, palladium acetylacetonate, tat- rakistiphenyiphosphine]palladium,
bis[tri-o-tolylphosphine]palladium acetate, bis[diphenylphosphinejpalia-
dium acetate, or bis[tiphenylphosphinelpalladium sulphate. Metal bonded on
charcoal and metal bonded to an ion-exchanger, for instance an exchange
resin containing sulphonic acid groups, are examples of suitable 25
heterogeneous forms of the Group Vill metal compound. The catalyst systems
according to the Invention preferably comprise a protonic acid. It will be
appreciated by those skilled in the art that when a catalyst system
according to the invention comprises an acid addition salt of a phosphine
of formula (I), the catalyst system Inevitably comprises a protonic acid.
The function of the protonic acid is to provide a source of protons.
Preferably the protonic acid is one of 3o  those referred to above In
relation to the formation of acid addition salts by the phosphines of
general formula (I). It may also be an acidic ion exchange resin, for
example a sulphonated ion exchange resin, or a boric acid derivative such
as H[B(O2COH4)2] or H[B(OC61H4C02),. When the catalyst system comprises a
protonic acid, the protonic acid conveniently has a pK, (measured at 18 aC
in aqueous solution) of below 6, more preferably below 4,5, e.g. below 4,
most preferably below 2. 35  The optimum pK, will depend upon the
particular carbonylation reaction in which the catalyst system is to be
employed. The optimal ratio of protonic acid to phosphine will depend upon
the particular carbonylation reaction in which the catalyst system is to be
employed. Conveniently the number of moles of phosphine per mole of pro-
tonic acid will be in the range of from 0.1 to 50, preferably from 0.1 to
10, more preferably from 0.25 to 4. 40      The number of moles of
phosphine of formula (I) per gram atom of Group Vill metal in the catalyst
system according to the invention is not critical. It will depend upon the
particular Group Vill metal and the particular carbonylation reaction.
Preferably the numberof moles of phosphine per gram atom of palladium Is in
the range of from I to 1,000, more preferably from 2 to 500, for example
from 10 to 100. 



The catalyst system according to the invention may be constituted in a
liquid phase. The liquid phase may 45  conveniently be formed by one or
more of the reactants with which the catalyst system is to be used.
Alterna- tively, It may be formed by a solvent. It may also be formed by
one of the components of the catalyst system. The catalyst systems
according to the invention may be homogeneous or heterogeneous. Most
preferably they are homogeneous. The catalyst systems according to the
invention may be generated by any convenient method. Thus they 60  may be
prepared by combining a Group Vill metal compound, a phosphine of general
formula (I) and, if ap- propriate, a protonic acid in a liquid phase.
Alternatively, they may be prepared by combining a Group Vill metal
compound and an acid addition salt of general formula (I) in a liquid
phase. Alternatively, they may be prepared from a Group Vill metal compound
which is a complex of a Group Vill metal with a phosphine of general
formula (I), and/or a protonic acid In a liquid phase. 55      As has been
stated above three phosphines of general formula (I) have been disclosed in
Chem. Bar,. 115 (9), 3085-95 (1982) and J. Mol. Spectrosc., 34 (2), 245-56
(1970). The remaining phosphines of general formula (1), are believed to be
novel. Accordingly, the invention also provides a phosphine of general
formula (I) or an acid addition salt thereof, as defined above, except for
4    EP 0 386 834 B1 methyl-di-2-pyridyl phosphine, dimethyl-2-pyridyl
phosphine, and n-butyl-di-2-pyridyl phosphine. The phosphines of general
formula (1) may be prepared by a process which comprises reacting a
compound of general formula: 5 R2a 1           3
(II) 10 in which MI represents either a metal atom or a leaving atom or
group and R2a and Ru represent two of R1, R2 and R3 as defined above, with
an appropriate compound of general formula: MI2111a (111) in which M2
represents either a metal atom or a leaving atom or group and R's
represents the remainder from 15  R1, R2 and R3, optionally followed by
forming an acid addition salt. It will be appreciated that when M1
represents a metal atom, the appropriate compound of general formula (111)
is one wherein M2 represents a leaving atom or group. Similarly when M1
represents a leaving atom or group, the appropriate compound of general
formula (111) is one wherein M2 represents a metal atom. A metal atom
represented by M1 or M2 may be any main group metal, for example an alkali
metal, such as 20 lithium, sodium or potassium; an alkaline earth metal,
such as magnesium; zinc; cadmium; mercury; aluminium; gallium; indium;
thallium; tin or lead. Preferably a metal atom is an alkali metal atom,
most preferably a lithium atom. The leaving atom or group is preferably a
halogen atom, most preferably a chlorine or bromine atom. Preferably M2
represents a halogen atom. 25      Preferably R1a represents R1. The
reaction between the compound of general formula (11) with the compound of
general formula (111) may conveniently be effected in the presence of a
solvent. Suitable solvents include liquid ammonia and ethers such as
tetrahydrofuran or diethyl ether, or hydrocarbons such as benzene or
toluene. The process is conveniently effected at a temperature in the range
of from -100 to 100 QC, preferably from 30  -80 to O0 C. An acid addition
salt may conveniently be formed by contacting a phosphine of general
formula (I) with an appropriate acid, preferably in the presence of a
solvent. Compounds of formula (111) wherein M2 represents a metal atom may
be prepared from the corresponding compounds wherein M2 represents a
leaving atom or group, for example a chlorine, bromine or iodine atom, 



35  by reaction with a metal alkyl, for example butyl lithium. Compounds of
formula (11) wherein M' represents a chlorine or bromine atom, may be
prepared in situ from corresponding di- and tri-chloro or bromophosphines
by reaction with an appropriate metal compound of for- mula (111).
Compounds of formula (11) wherein Ml represents an alkali metal, such as
lithium, may conveniently be 40  prepared by reacting a compound of formula
(11) wherein M1 represents a pyrldyl group with an alkali metal pyridine,
alkyl, aryl or hydride. On occasion, It may be convenient to generate such
compounds of formula (Q) in situ, for example by reacting a halopyridine
with an alkali metal alkyl to form a mixture of an alkali metal pyr- Idine
and a haloalkane, and then reacting the mixture with a bis- or
tris-pyridylphosphine to afford initially the desired alkali metal
pyridylphosphide, and then the desired alkylpyridylphosphine by reaction of
the phosphide 45  with the haloalkane. The preparation of such compounds of
formula (11) is the subject of British patent applica- tion number 8923883,
filed on 20th October, 1989 (priority document of the present Application).
As has been stated above, it has surprisingly been found that catalyst
systems according to the invention have good activity in the carbonylation
of acetylenically and olefinically unsaturated hydrocarbons. Accordingly,
the Invention further provides the use of a catalyst system as defined
herein before in the car- 50  bonylation of an acetylenically or
olefinically unsaturated hydrocarbon. According to a further aspect the
present Invention provides a process for the carbonylation of an acety-
lenically or olefinically unsaturated compound, which comprises reacting an
acetylenically or olefinically un- saturated compound with carbon monoxide
in the presence of a catalyst system as defined hereinabove. As is well
known by those skilled in the art, averylarge varietyof processes are known
forthe carbonylation 55   of acetylenically and olefinically unsaturated
compounds. Such processes can be divided into several types of reactions,
depending upon the starting materials. Examples of such reactions are
hydroformylation, the so called Reppe reaction, in which an unsaturated
compound is reacted with carbon monoxide and a nucleophilic compound having
a removable hydrogen atom; and copolymerization of an unsaturated compound
with carbon 5    EP 0 386 834 B1 monoxide. The acetylenically or
olefinically unsaturated compound is preferably an alpha olefin or
acetylene. An olefinically unsaturated compound is preferably a substituted
or unsubstituted alkene or cycloalkene having from 2 to 30, preferably from
3 to 20 carbon atoms per molecule. 5      An acetylenically unsaturated
compound is preferably a substituted or unsubstituted alkyne having from 2
to 20, especially from 3 to 10 carbon atoms per molecule. The
acetylenically or olefinically unsaturated compound may contain one or more
acetylenic or olefinic bonds, for example one, two or three acetylenic or
olefinic bonds. An olef in or acetylene may be substituted by, for example,
a halogen atom, a cyano group, an acyl group 1o  such as acetyl, an acyloxy
group such as acetoxy, an amino group such as dialkylamino, an alkoxy group
such as methoxy, a haloalkyl group such as trifluoromethyl, a haloalkoxy
group such as trifluoromethoxy, an amido group such as acetamido, or a
hydroxy group. Some of these groups may take part in the reaction,
depending upon the precise reaction conditions. For example, lactones may
be obtained by carbonylating certain acety- lenicallyunsaturated alcohols,
for example 3-butyn-1-ol, 4-pentyn-1-ol or3-pentyn-1-ol. Thus 3-butyn-1 -ol
may 15  be converted into alpha-methylene-gamma-butyrolactone. Examples of
alkynes are: ethyne, propyne, phenylacetylene, 1-butyne,
2-butyne,.1-pentyne, 1-hexyne, 1- heptyne, 1-octyne, 2-octyne, 4-octyne,
1,7-octadlyne, 5-methyl-3-heptyne, 4-propyl-2-pentyne, 1-nonyne,
benzylethyne and cyclohexylethyne. Examples of alkenes are: ethene,
propene, phenylethene, 1-butene, 2-butene, 1-pentene, 1-hexene, 1- 20
heptene, 1-octene, 2-octene, 4-octene, cyclohexene and norbornadlene. The
acetylenically or olefinically unsaturated compound can be both an
acetylene and an olefin, for ex- ample as in 3-methyl-but-3-ene-2-yne. 



The unsaturated compound may be carbonylated alone or in the presence of
other reactants, for example, hydrogen or a nucleophilic compound having a
removable hydrogen atom. An example of a nucleophilic com- 25  pound having
a removable hydrogen atom is a hydroxyl-containing compound. A
hydroxyl-containing compound is preferably an alcohol, water or a
carboxylic acid. Any alcohol used may be aliphatic, cycloaliphatic or
aromatic and may carry one ormore substituents. The alcohol preferably
comprises up to 20 carbon atoms per molecule. It may be, for example, an
alkanol, a cy- cloalkanol or a phenol. One or more hydroxyl groups may be
present, in which case several products may be 30  formed, depending on the
molar ratio of the reactants used. Examples of alkanols include methanol,
ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, 2-methyl- propan-1
-of, and 2-methylpropan-2-ol. Examples of phenols include phenol,
alkylphenols, catechols, and 2,2-bis(4-hydroxyphenyl)propane. Other
examples of alcohols include polyvalent alcohols, in particular lower
sugars such as glucose, fruc- 35 tose, mannose, galactose, sucrose,
aldoxose, aldopentose, altrose, allose, talose, gulose, idose, ribose, ara-
bonose, xylose, lyxose, erythrose or threose, cellulose, benzyl alcohol,
2,2-bis(hydroxymethyl)-l-butanol, stearyl alcohol, cyclohexanol, ethylene
glycol, 1,2-propanediol, 1,4-butanediol, polyethyleneglycol, glycerol and
1,8-hexanediol. The process according to the present Invention may be
carried out using a wide variety of carboxylic acids. 40  For example, the
carboxylic acids may be aliphatic, cycloaliphatic or aromatic and may carry
one or more sub- stituents, such as those named in connection with the
acetylenically and olefinically unsaturated compounds. Carboxylic acids
preferably used in the process according to the invention Include those
containing up to 20 carbon atoms. One or more carboxylic acid groups may be
present, thus allowing various products as de- sired, depending on the
molar ratio of the reactants used. The carboxylic acids may, for example,
be alkane- 45  carboxyllc acids oralkenecarboxylic acids. Examples of
carboxylic acids are: formic add, acetic acid, proplonic acid, n-butyric
acid, isobutyric acid, pivalic acid, n-valeric acid, n-caproic acid,
caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid,
stearic acid, benzoic acid, o-phthallc acid, m-phthalic acid, terephthalic
acid and toluic acid. Examples of alkenecarboxylic acids are acrylic acid,
propiolic acid, methacrylic acid, crotonic acid, Isocrotonic acid, oleic
acid, maleic acid, fumaric acid, citraconic acid and mesaconic acid. 50
It will be appreciated that the unsaturated hydrocarbon and the
hydroxyl-containing compound may be the same compound. When an
acetylenically unsaturated compound is reacted with water and carbon
monoxide, an alpha,beta- unsaturated carboxylic acid is formed. If an
alcohol is used instead of water, an alpha,beta-unsaturated car- boxyllc
ester is formed. If a carboxylic acid is used instead of water, an
alpha,beta-unsaturated anhydride is 55  formed. The alpha,beta-unsaturated
product may undergo further reaction depending upon the reaction con-
ditions employed. It has been found that catalyst systems according to the
Invention are particularly useful for the carbony- lation of alpha
acetylenes with hydroxyl-containing compounds. 6    * _ .   r         EP 0
386 834 B1 Accordingly, to a preferred aspect, therefore, the invention
provides a process for the preparation of an alpha,beta-olefinically
unsaturated compound, which comprises reacting an alpha acetylene with
carbon mon- oxide and a hydroxyl-contalning compound in the liquid phase in
the presence of a carbonylation catalyst sys- tem as hereinbefore
described. 5       In the process, the carbonylation catalyst system is
preferably a palladium catalyst as described above, A        namely a
catalyst system which comprises: a) a palladium compound, b) a phosphine of
general formula (I), and c) a protonic acid. 10     It is not essential to
use a separate solvent in the process according to the invention. 



A large excess of the product or of one of the reactants, for example an
alcohol, can often form a suitable liquid phase. In some cases, however, it
may be desirable to use a separate solvent. Any inert solvent can be used
for that purpose. Said solvent may, for example, comprise sulphoxides and
sulphones, for example di- methylsulphoxide, dilsopropyisulphone or
tetrahydrothiophene-2,2-dioxide (also referred to as sulfolane), 2- 15
methylsulfolane, 3-methylsulfolane, 2-methyl-4-butylsulfolane; aromatic
hydrocarbons such as benzene, tol- uene, xylenes; esters such as
methylacetate and butyrolactone; ketones such as acetone or methyl isobutyl
ketone, ethers such as anisole, 2,5,8-trioxanonane (also referred to as
diglyme), diphenyl ether and dilsopropy! ether, and amides such as
N,N-dimethylacetamide or N-methylpyrolidone. The process according to the
present invention is conveniently effected at a temperature In the range of
20  from 10 'C to 200 OC in particularfrom 20 'C to 130 QC. The process
according to the invention is preferably effected at a pressure of from 1
to 70 bar. Pressures higher than 100 bar may be used, but are generally
economically unattractive on account of special apparatus requirements. The
molar ratio of the hydroxyl-containing compound to the unsaturated
hydrocarbon may vary between 25  wide limits and generally lies within the
range of 0.01:1 to 100:1. The quantity of the Group Vill metal is not
critical. Preferably, quantities are used within the range of 10-7 to 10-1
gram atom Group Vil metal per mol of unsaturated compound. The carbon
monoxide required for the process according to the present invention may be
used in a prac- fically pure form or diluted with an inert gas, for example
nitrogen. The presence of more than small quantities 30  of hydrogen in the
gas stream is undesirable on account of the hydrogenation of the
unsaturated hydrocarbon which may occur under the reaction conditions. In
general, It is preferred that the quantity of hydrogen in the gas stream
supplied is less than 5 vol%. Another reaction which is catalyzed by
catalyst systems according to the Invention, and which may be re- garded as
a carbonylation, is the preparation of linear, alternating polyketone
polymers by copolymerizing ole- 35  finically unsaturated compounds with
carbon monoxide. When polymers are desired, the catalyst system used
preferably comprises a quinone. Examples of qui- nones are optionally
substituted benzoquinones, naphthaquinones and orthoquinones. Benzoquinones
are preferred especially 1 ,4-benzoquinone. The amount of qulnone used is
conveniently from I to 1,000 moles per gram atom of Group Vill metal (e.g.
palladium), preferably from 10-5,000. 40      The invention will be
illustrated further by the following Examples. The term selectivity" as
used in this specification and these examples, is defined as (a/b) x 100%,
wherein "am is the molarquantity of acetylenically or ethylenically
unsaturated compound converted into the desired carbonylated compound, and
Ebb stands for the total molar quantity of unsaturated compound that has
been converted. The term 'reaction time' refers to the period during which
reaction takes place, as evidenced by a decreasing autoclave pressure, and
does not 45  comprise any induction period which may precede the reaction
period. EXAMPLES All preparations of phosphines were carried out under an
atmosphere of argon, solvents (tetrahydrofuran, 5D  diethylether) were
distilled under argon from sodium benzophenone prior to use. Unless
otherwise stated, the aliene content of any propyne used in the following
Examples was less than 0.2%. Example 1 55   Preparation of
di(n-butyl)-2-pyridyl phosphine To a magnetically stirred solution of 2.5 g
phenyl(2-pyridyl)2P in 20 mol tetrahydrofuran, cooled to -80 OC, was added
in the course of 10 min 5.9 ml of a 1.6 M solution of n-butylLi in hexane.
The resulting deep-red 7    EP 0 386 834 S1 solution was allowed to warm to
room temperature, and analysis of the solution by3'P NMRIshowed itto
contain the phosphide (n-butyl)(2-pyridyl)PLi as the only
phosphorus-containing compound (6, = -16.3 ppm). The solution was cooled to
-40 'C and a solution of 1.3 g 1-bromobutane In 10 ml tetrahydrofuran was
add- 



ed. The mixture was again warmed to room temperature, the solvents were
removed in vacuo, and 25 ml of 5   diethylether and 10 ml of water were
added. After 10 min of stirring, the organic layer was separated and the
water layer was extracted with 10 ml of ether. The organic layers were
combined and the solvent was removed In vacuo (66 Pa). The resulting
light-yellow liquid was analyzed by 1H, 13C and 31p NMR and shown to
consist of a 1:1 (molar ratio) mixture of 2-phenylpyridine and
(n-butyl)2(2-pyridyl)P (8p = -1 9.5 ppm). 1o  Example 2 Preparation of
dimethyl 2-pyridyl phosphine and methylphenyl-2-pyridyl phosphine The
method of Example I was repeated, except that a 1.6 M solution of methylLi
In diethylether was used 16  instead of the n-butylLi solution, and 1.3 g
lodomethane instead of the bromobutane. The reaction product was a mixture
of (methyl)2 2-pyridyl)P, methyl phenyl 2-pyridylP and 2-phenyl pyridine in
the approximate ratio 70:30:60, from which the (methyl)2(2-pyridyl)P was
isolated by distillation. The physical characteristics of the products were
-41.2 ppm (dimethyl-2-pyrldylphosphins) and 8p = -24.1 ppm
(methylphenyl-2-pyridylphosphine). 20 Example 3 Preparation of n-butyl
tert-butyl 2-pyridyl phosphine 2s     The method of Example I was repeated,
except that 5.6 ml of a 1.7 M solution of t-butylLi in pentane was used
instead of the n-butylLi solution. The final product was identified as
n-butyl t-butyl 2-pyridylP by NMR analysis (6p = 7.4 ppm). Example 4 30
Preparation of dimethyl 2-pyridylphosphine The method of Example 2 was
repeated, except that 1.91 g methyl(2-pyrldyl)2P and only 0.7 g iodomethane
were used. Workup as described in Example I afforded dimethyl 2-pyridyl
phosphine, which was further puri- 35  fled by distillation (65% yield).
(Sp = -41.2 ppm). Example 5 Preparation of
n-butyl(4-methoxyphenyiX2-pyridyl)phosphine All manipulations were carried
out in an inert atmosphere (nitrogen or argon). Solvents were dried and
dis- tilled prior to use. 18 mi of a 1.6M n-butyllithium solution in hexane
was added to 30 ml diethyl ether, and the mixture was cooled to -40 OC. To
the stirred mixture was added In the course of 20 minutes a solution of 4.6
g 2-bromopyridine in 15 ml diethyl ether, during this addition, the
temperature was kept at -40 OC. After the ad- 45  diflon, the temperature
was raised to -5 'C, kept there for 5 minutes, and then lowered again to
-40 oC. The resulting solution was added to a cooled (-40 OC) solution of
7.6 g 4-methoxyphenyl-bis(2-pyridyl)-phosphine in 30 ml THF. The mixture
was warmed to room temperature. After stirring for 10 minutes, the solvents
were removed in vacuo. Water (25 ml) and dichloromethane (25 ml) were
added. After 5 minutes of vigorous stirring, the dichloromethane layer was
separated. The water layer was extracted with two 25-mi portions of
dichloro- 50  methane, the organic fractions were combined, and the solvent
removed in vacuo. The residue was distilled, giving 4.7 g (60%) of
(n-butyl)(4-methoxyphenyl)(2-pyridyl)phosphine as a yellowish liquid. The
product was characterized by 31P NMR: 6p = -14.9 ppm. In this experiment,
n-butyllithium Is believed to react with 2-bromopyridine to afford a
mixture of n-butyl- bromide and 2-pyridyllithium. Then the 2-pyridyllithium
reacts with 4-methoxy-bis(2-pyridyi)phosphine to afford 55
4-methoxyphenyl(2-pyridyi)llthium phosphide (and 2,2'-bipyridine). The
lithium phosphide then reacts with n- butylbromide to afford
(n-butyl)(4-methoxyphenyl)(2-pyridyl)phosphine. 8    EP 0 388 834 B1
Example 6 Preparation of methyl dl(2-pyridyl)phosphine 5      All
manipulations were carried out in an inert atmosphere (nitrogen or argon).
Solvents were dried and dis- 



tilled prior to use. 36 ml of a I .8M n-butylllthium solution in hexane was
added to 40 ml diethyl ether, and the mixture was cooled to -40 "C. To the
stirred mixture was added In the course of 20 minutes a solution of 9.2 9
2-bromopyridine in 15 ml diethyl ether, during this addition, the
temperature was kept at -40 "C. After the ad- dition, the temperature was
raised to -5 0C, kept there forS minutes, and then lowered again to-40 C.
Asolution 10  of 3.4 g methyidichlorophosphine In 15 ml diethyl ether was
added to the stirred mixture. After the addition, the mixture was warmed to
room temperature, the solvents were removed in vacuo, and 50 ml water and
50 ml dichloromethane were added. After 5 minutes of vigorous stirring, the
dichloromethane layer was separated. The water layer was extracted with two
50-ml portions of dichloromethane, the organic fractions were com- bined,
and the solvent removed in vacuo. The residue was distilled, giving 4.0 g
(68%) of methyl-bis(2-pyri- 15  dyl)phosphine as a yellowish liquid. The
product was characterized by 31P NMR: 8p = -20.5 ppm. Example 7 Preparation
of methyl methacrylate by carbonylation of propyne and methanol 20 Methyl
methacrylate was prepared as follows. A 300 ml magnetically stirred
Hastelloy (Hastelloy is a reg- istered trade mark) autoclave was
successively filled with 0.025 mmol palladium(ll) acetate, 1 mmol butyl(4-
methoxyphenyl)(2-pyridyl)phosphine, 2 mmol p-toluenesulphonic acid, 30 ml
methanol and 30 ml N-methyl- pyrrolidone (solvent). Airwas evacuated from
the autoclave, whereupon 25 ml of propynewasadded. Subsequently, 25  carbon
monoxide was introduced to a pressure of 60 bar. The autolave was sealed
and heated to a temperature of 50 QC. After a reaction time of 11 hours at
50 0C a specimen of the contents was analysed by means of gas- liquid
chromatography. The selectivity of the conversion of propyne to methyl
methacrylate was found to be 98.9 %, while the mean conversion rate was
calculated to be 20,000 mol propynelgramatom Pd/hour. 30  Example 8
Preparation of methyl methacrylate by carbonylation of propyne and methanol
Example I was repeated, but with the following differences: 35     a) the
ligand used was methyidi(2-pyridyl)phosphine instead of
butyl(4-methoxyphenyl)(2-pyridyl)phos- phine, and b) the reaction
temperature was 80 *C instead of 50 "C. The selectivity of the conversion
of propyne to methyl methacrylate was found to be 99.1 %, while the mean
conversion rate was calculated to be 12,500 mol propyne/gramatom Pd/hour. <
40 Comparative Experiment A Example 8 was repeated, but with the following
differences: a) the ligand used was phenyldl(2-pyridyl)phosphine instead of
methyldi(2-pyridyl)phosphine, and 45     b) the reaction time was 2 hours
instead of 1f2 hours. The selectivity of the conversion of propyne to
methyl methacrylate was found to be 98.3 %, while the mean conversion rate
was calculated to be 8,000 mol propyne/gramatom Pd/hour. The replacement of
an aryl group by an aliphatic group in the organic phosphine appears to
have a beneficial effect. 50  Example 9 Preparation of propionic anhydride
by carbonylation of ethene and proplonic acid Propionic anhydride was
prepared as follows. A 300 ml magnetically stirred Hastelloy (Hastelloy is
a reg- 55  istred trade mark) autoclave was successively filled with 0.1
mmol palladium(ll) acetate, 4 mmol butyl(4-me-
thoxyphenyl(2-pyridyl)phosphine, 2 mmol p-toluenesulphonic acid, 20 ml
propionic acid and 50 ml anisole (sol- vent). Air was evacuated from the
autoclave, whereupon ethene was blown in until a pressure of 20 bar was
reached. Subsequently, carbon monoxide was introduced to a partial pressure
of 30 bar. The autoclave was 9    EP0386834B1 sealed and heated to a
temperature of 900 C. Aftera reaction time of 5 hours at 90 OCa specimen of
the contents was analysed by means of gas-liquid chromatography. The
selectivity of the conversion of ethene to propionic 



anhydride was found to be 99.5 %, while the mean conversion rate was
calculated to be 300 mol ethene/gramatom Pd/hour. s Example 10 Preparation
of methyl proplonate by carbonylation of ethene and methanol 10      Methyl
propionate was prepared as follows. Example 9 was repeated except for the
difference that 50 ml methanol was added Instead of the 20 ml proplonic
acid and 50 ml anisole. The selectivity of the conversion of ethene to
methyl propionate was found to be 99.5 %, while the mean conversion rate
was calculated to be 200 mol ethene/gat Pd/hr. 15  Example 11 Preparation
of a linear alternating CO/ethene copolymer using a quinone-containing
catalyst Alinear, alternating COlethene copolymerwas prepared asfollows.
A250 ml magneticallystirred Hastelloy 20  (Hastelloy Is a registered trade
mark) autoclave was charged with a solution of 50 ml methanol and a
catalyst system comprising 0.1 mmol palladium(ll) acetate, 3 mmol
butyl(4-methoxyphenyl)(2-pyridyl)phosphine, 2 mmol p-toluenesulphonic acid,
and 20 mmol p-benzoqulnone. Air was evacuated from the autoclave, where-
upon ethene was blown In until a pressure of 20 bar was reached.
Subsequently, carbon monoxide was intro- duced to a partial pressure of 30
bar. The autoclave was sealed and heated to a temperature of 110 OC. After
25  a reaction time of 3 hours at 110 OC the polymerisation was terminated
by cooling to room temperature and then releasing the pressure. The polymer
formed was filtered off, washed with methanol and dried in vacuo at room
temperature. The selectivity of the conversion of ethene to copolymer was
100%, and the yield was 0.9 g of copolymer, corresponding to a mean rate of
30 9 copolymer/g Pd/hr. By means of 13CNMR analysis it was established that
the carbon monoxide/ethene copolymer prepared had a linear alternating
structure and 30  therefore consisted of units of the formula -CO-(C2H4)-.
Claims 35  Claims for the following Contracting States BE, DE, FR, GB, IT,
NL 1. A catalyst system which comprises: a) a Group Vill metal compound,
and b) a monophosphine of formula 40 R1 45 wherein R1 represents an
aliphatic hydrocarbyl group, R2 represents an optionally substituted
aromatic heterocyclic group having 5 or 6 ring atoms of which at least one
is nitrogen, which may form part of an optionally substituted, larger
condensed ring structure, and R3 independently has the meaning of R1 or R2
or represents an optionally substituted aryl group, or an acid addition
salt thereof. 5o 2. A catalyst system as claimed in claim 1, In which R1 is
an alkyl group having from I to 12 carbon atoms. 3. Acatalystsystemas
claimed In claim 1 orclaim2, in which at leastone of the ring atoms Is an
imino nitrogen atom. 4. A catalyst system as claimed in any of claims I to
3, in which R2 is an optionally substituted pyridyl group. 5  A catalyst
system as claimed In any one of claims I to 4, in which at least one of the
ring atoms Is an imino 10    EP 0 386 834  1                 I
1!111111111111 L1111 I IiII sealed and heated to a temperature of 90 "C.
Aftera reaction time of 5 hours at90 OCa specimen of the contents was
analysed by means of gas-liquid chromatography. The selectivity of the
conversion of ethene to propionic anhydride was found to be 99.5 %, while
the mean conversion rate was calculated to be 300 mol ethene/gramatom
Pd/hour. 8 



Example 10 Preparation of methyl propionate by carbonylation of ethene and
methanol 10      Methyl propionate was prepared as follows. Example 9 was
repeated except for the difference that 50 ml methanol was added Instead of
the 20 ml proplonic acid and 50 ml anisole. The selectivity of the
conversion of ethene to methyl propionate was found to be 99.5 %, while the
mean conversion rate was calculated to be 200 mol ethenelgat Pd/hr. 15
Example 11 Preparation of a linear alternating CO/ethene copolymer using a
quinone-containing catalyst Alinear, alternating CO/ethene copolymerwas
prepared as follows. A250 ml magnetically stirred Hastelloy 20  (Hastelloy
is a registered trade mark) autoclave was charged with a solution of 50 ml
methanol and a catalyst system comprising 0.1 mmol palladium(li) acetate, 3
mmol butyl(4-methoxyphenyl)(2-pyridyi)phosphine, 2 mmol p-toluenesulphonic
acid, and 20 mmol p-benzoquinone. Air was evacuated from the autoclave,
where- upon ethene was blown in until a pressure of 20 bar was reached.
Subsequently, carbon monoxide was intro- duced to a partial pressure of 30
bar. The autoclave was sealed and heated to a temperature of 110 0C. After
25  a reaction time of 3 hours at 110 "C the polymerisation was terminated
by cooling to room temperature and then releasing the pressure. The polymer
formed was filtered off, washed with methanol and dried in vacuo at room
temperature. The selectivity of the conversion of ethene to copolymer was
100%, and the yield was 0.9 g of copolymer, corresponding to a mean rate of
30 g copolymer/g Pd/hr. By means of 13C-NMR analysis it was established
that the carbon monoxidelethene copolymer prepared had a linear alternating
structure and 30  therefore consisted of units of the formula -CO-(C2H4)-.
Claims 35  Claims for the following Contracting States: BE, DE, FR, GB, IT,
NL 1. A catalyst system which comprises: a) a Group Vill metal compound,
and b) a monophosphine of formula 40 2           3I 45 wherein R'
represents an aliphatic hydrocarbyl group, R2 represents an optionally
substituted aromatic heterocyclic group having 5 or 6 ring atoms of which
at least one is nitrogen, which may form part of an optionally substituted,
larger condensed ring structure, and R3 independently has the meaning of R1
or R2 or represents an optionally substituted aryl group, or an acid
addition salt thereof. 50 2. A catalyst system as claimed in claim 1, in
which R1 is an alkyl group having from I to 12 carbon atoms. 3.
Acatalystsystem as claimed in claim I orclalm 2, In which atleastone of the
ring atoms is an imino nitrogen atom. 4. A catalyst system as claimed in
any of claims I to 3, in which R2 is an optionally substituted pyridyl
group. 5. A catalyst system as claimed in any one of claims I to 4, in
which at least one of the ring atoms is an imino 10    nitrogen atom which
Is separated from the phosphorus atom by one bridging carbon atom. 6. A
catalyst system as claimed in claim 5, in which R2 is a 2-pyridyl group. 5
7. A catalyst system as claimed in any of claims 1 to 6, in which R3 is a
pyridyl group, an alkyl group or an optionally substituted phenyl group. 8.
A catalyst system as claimed in any one of claims I to 7, in which the
Group ViII metal compound is a palladium compound. 1'  9. A catalyst system
as claimed in any one of claims 1 to 8, which comprises a protonic acid.
10. A phosphine of formula I as defined in claim 1, or an acid addition
salt thereof except for methyl-di2-pyr- idylphosphine,
dimethyl-2-pyridylphosphine and n-butyl-di-2-pyridylphosphine. 



15  11. A process for the preparation of a phosphine of formula I as
defined in claim 10, or an acid addition salt thereof, which comprises
reacting a phosphorus compound of formula R2a 20               M 1-
3a                                         tI in which M1 represents either
a metal atom or a leaving atom or group and R2a and R3a represent two of
R1, R2 and R3, with an appropriate compound of general formula 25
Mz-Ri  (111) in which M2 represents either a metal atom or a leaving atom
or group and Ria represents the remainder of R1, R2 and R3, optionally
followed by forming an acid addition salt thereof. 12. The use of a
catalyst system as claimed In any one of claims I to 9, in the
carbonylation of an acetylenically 90      or olefinically unsaturated
compound. 13. A process forthe carbonylation of an acetylenically
orolefinically unsaturated compound, which comprises reacting an
acetylenically or olefinically unsaturated compound with carbon monoxide in
the presence of a catalyst system as defined in any one of claims I to 9.
35  14 A process as claimed in claim 13, In which aP-unsaturated carboxylic
acids or derivatives thereof are pre- pared by reacting an alpha acetylene
with carbon monoxide and a hydroxyl-containing compound. 15. A process as
claimed in claim 14, in which methyl methacrylate is prepared by reacting
propyne with car- bon monoxide and methanol. Claims for the following
Contracting State: ES 1. A catalyst system which comprises: a) a Group VIII
metal compound, and 45        b) a monophosphine of formula 2      1
(I) wherein R1 represents an aliphatic hydrocarbyl group, R2 represents an
optionally substituted aromatic heterocyclic group having 5 or 6 ring atoms
of which at least one Is nitrogen, which may form part of an optionally
substituted, larger condensed ring structure, and R3 independently has the
meaning of RI or R2 or represents an optionally substituted aryl group, or
an acid addition salt thereof. 2. A catalyst system as claimed in claim 1,
in which R1 Is an alkyl group having from 1 to 12 carbon atoms.    *   EP 0
386834B1 SI         I 1111 OL   IIM II !  If If 3. Acatalystsystem as
claimed in claim 1 orclaim2, in which atleastoneofthe ring atoms lsan imino
nitrogen atom. 4. A catalyst system as claimed in any of claims I to 3, in
which R2 i an optionally substituted pyridyl group. 5 5.  A catalyst system
as claimed in any one of claims I to 4, in which at least one of the ring
atoms is an imino nitrogen atom which is separated from the phosphorus atom
by one bridging carbon atom. 6  A catalyst system as claimed in claim 5, in
which R2 Is a 2-pyridyl group. 10  7. A catalyst system as claimed in any
of claims I to 6, in which R3 is a pyridyl group, an alkyl group or an
optionally substituted phenyl group. 8.  A catalyst system a claimed in any
one of claims I to 7, in which the Group Vill metal compound is a pal-
ladium compound. 15 9.  A catalyst system as claimed in any one of claims 1
to 8, which comprises a protonic acid. 10. A proceess for the preparation
of a phosphine of formula I a defined In claim 1, or an acid addition salt
thereof except for methyl-di-2-pyridylphosphine,
dimethyl-2-pyridylphosphine and n-butyl-dl-2-pyridyl- 20      phosphine,
which comprises reacting a phosphorus compound of formula R2a 25
l            3a                                           (I in which MI
represents either a metal atom or a leaving atom or group and R2a and R3a
represent two or 



R1, R2 and R3, with an appropriate compound of general formula 30
M2-Rat (III) in which M2 represents either a metal atom or a leaving atom
or group and Ria represents the remainder of R1, R2 and R3, optionally
followed by forming an acid addition salt thereof. 11. The use of a
catalyst system as claimed in any oneof claims I to9, in the carbonylation
of an acetylenically 35      or olefinically unsaturated compound. 12.
Aprocessforthe carbonylation of an acetylenically orolefinically
unsaturated compound, which comprises reacting an acetylenically or
olefinically unsaturated compound with carbon monoxide in the presence of a
catalyst system as defined in any one of claims I to 9. y    40  13  A
process as claimed in claim 12, In which a,11-unsaturated carboxylic acids
or derivatives thereof are pre- pared by reacting an alpha acetylene with
carbon monoxide and a hydroxyl-containing compound. 14. A process as
claimed in claim 13, in which methyl methacrylate is prepared by reacting
propyne with car- bon monoxide and methanol. 45 Patentanspruche
PatentansprOche fOr folgende Vertragsstaaten: BE, DE, FR, GB, IT, NL 50 1.
Ein Katalysatorsystem, umfassend a) elne Verbindung sines Metalls der
Gruppe V\il, und b) ein Monophosphin der nachstshenden Formel 55 12    * C
L  M   S R1 R2-P   R3                                           (I) 5 oder
sin Saureadditionssalz davon, in welcher Formel R1 esine aliphatische
Kohlenwasserstoffgruppe bedeutet, R2 esine gegebenenfalls substituierte
aromatliche heterocyldische Gruppe mit 5 oder 8 Ring- atomen, darunter
mindestens ein Stickstoffatom lt, welche auch Tell einer gegebenenfalls
substitu- 10        lerten grOBeren kondensierten Ringstruklur sein kann,
und R3 unabhangig die Bedeutung von R1 oder R2 hat oder eine gegebenenfalls
substituierte Arylgruppe let. 2. En Katalysatorsystom wie in Anspruch I
beansprucht, in welchem R1 eine Alkylgruppe mit 1-12 Kohlen- stoffatomen
lit. 15 3.  Ein Katalysatorsystem, wie in Anspruch I odor 2 beansprucht, In
welchem mindestens eines der Ring- atome ein Imino-Stickstoffatom let. 4.
Ein Katalysatorsystem, wie in einem derAnsprOche 1-3 beansprucht, in
welchem R2 eine gogebenenfalls 20      substituierte Pyridylgruppe let. 5
EOn Katalysatorsystem, wie in irgendeinem der AnsprOche 1-4 beansprucht, in
welchem mindestens eines der Ringatome ein Imino-Stickstoffatom lit, das
durch ein Brucken-Kohlenstoffatom von dem Phosphor- atom getrennt lt. 25
6. Ein Katalysatorsystem, wie in Anspruch 5 beansprucht, in welchem R2 eine
2-Pyridylgruppe lit. 7. Ein Katalysatorsystem, wie in irgendeinem der
AnsprOche 1-6 beansprucht, in weichem Ra eine Pyridylgruppe, eine
Akylgruppe oder eine gegebonenfalls substituierte Phenylgruppe lit. 30  a
En Katalysatorsystem, wie in irgendeinem der Ansprfche 1-7 beansprucht, in
welchem die Verbindung eines Metalls der Gruppe Vill e.ne
Palladiumverbindung lat 9.  Ein Katalysatorsystem, wie In irgendeinem
derAnsprOche 1-8 beansprucht, welches au~erdem eine pro- tonische Saure
umfalt. 



35  10. Ein Phosphin mit der Formel (I) und wie in Anspruch I definlert
odor oin Saureadditionsalz davon, aus- genommen die Verbindungen
Mothyl-di-2-pyridylphosphin, Dimethyl-2-pyridylphosphin und n-Butyl-di-2-
pyridylphosphin. 11. Ein Verfahren zur Herstellung eines Phosphins mit der
Formel (I) und wie in Anspruch 10 definiert oder 40      eines
Saureadditionsalzes davon, umfassend die Reaktion einer Phosphorverbindung
der nachetshen- den Formel R2a 45                         I Hl-   - 3a{ :)
inwelcherM' entwederein Metallatomoderein sich abtrennendesAtom
odereinesich abtrennende Grup- pe bodeutet und R2a und R3a je zwei der
Gruppen R1, R2 und R3 darstellen, mit elner passenden Verbin- dung der
aligemeinen Formel M2-Rta (111) in welcherM2 entwederein Metallatom oderein
sich abtrennendes Atom odereine sich abtrennende Grup- po bedeutet und R1'
oine der verblelbenden Gruppen RI, R2 und R3 lit, und gegebenenfalls die
anschlie- 55      Mende Bildung oines entsprechenden Saureadditionssalzes.
12. Verwendung sines Katalysatorsystems wie in irgendeinem der
vorhergehenden Anspruche 1-9 bean- 13    EP 0 86 83 81                  L
rl  S sprucht, fOr die Karbonylierung einer acetylenisch oder olefinish
ungesattigtbn Verbindung. 13. Ein Verfahren zur Karbonylierung einer
aoetylenisch oder olefinisch ungesattlgten Verbindung, umfas- send die
Umsetzung elner acetylenisch oder olefinisch ungesifflgton Verbindung mit
Kohlenmonoxyd In 5       Anwesenheit eines Katalysatorsystems, wis In
irgendelnems der Ansprflche 1-9 definiert 14. En Verfahren wie in Anspruch
13 beansprucht, in welchem eine alpha, beta-ungesittigte Karbonsaure odor
Derivate davon durch Umsetzung sines alpha-Acetylens mit Kohlenmonoxyd und
elner Hydroxyl- gruppe(n) enthaltenden Verbindung hergesteilt wird. 10  15
Ein Verfahren wis in Anspruch 14 beansprucht, in welchem
Methylmethacrylatdurch Umsetzung von Pro- pin mit Kohlenmonoxyd und
Methanol hergestelit wird. PatentansprOche fOr folgenden Vertragestaat : ES
f5  1.  Ein Katalysatorsystem, umfassend a) elne Verbindung elnes Metalls
der Gruppe V\II, und b) ein Monophosphin der nachsethenden Formel 20
R1 R2-P--R3                                                (I) 25 odor ein
Saureadditionssalz davon, In welcher Formel R1 sine aliphatische
Kohlenwasserstoffgruppe bedeutbt, R2 sine gegebenenfalls substituierts
aromatische heterocyklische Gruppe mit 5 oder 6 Ring- atomen, darunter
mindestens sin Stickstoffatom ist, welche auch Teil einer gegebenenfalls
substitu- 30        ierten grBSeren kondensierten Ringstruktur sein kann,
und R3 unabhangig die Bedeutung von R1 oder R2 hat oder sine gegebenenfalls
substituiertb Arylgruppe iet. 2. En Katalysatorsystem wie in Anspruch I
beansprucht, in welchem R1 sine Alkylgruppe mit 1-12 Kohlen- stoffatomen
ist. 3S  3.  Ein Katalysatorsystem, wie in Anspruch I oder 2 beansprucht,
in welchem mindetsmes sines der Ring- atoms sin Imino-Stickstoffatom let.
4.  Ein Katalysatorsystsm, wis in einem derAnsprOche 1-3 beansprucht, in
welchem R2 esne gegebenenfalls subsitulerte Pyridylgruppe Ist. 40 .  Ein
Katalysatorsystem, wie in Irgendeinem derAnsprfche 1-4 beansprucht, In
welches mindestens sines 



der Ringatome sin Imino-Sticiktoffatom let, das durch sin
Brflcken-Kohlenstoffatom von dem Phosphor- atom getrennt Ist. 4 6.  Ein
Katalysatorsystem, wis in Anspruch 5 beansprucht, in welchem R2 sine
2-Pyridyigruppe let. 7.  Ein Katalysatorsystem, wis in Irgendeinem der
AnsprOche 1-6 beansprucht, in welchem R3 sine Pyridyigruppe, sine
Alkylgruppe odor sine gogobensnfalls substituierte Phenylgruppe ist. 8. Ein
Katalysatorsystem, wie in Irgendeinem der Ansprflche 1-7 beansprucht, in
welchem die Verbindung so      sines Metalls der Gruppe Vill sine
Palladiumverbindung ist. 9.  Ein Katalysatorsystem, wie in Irgendeinem
derAnsprOche 1-8 beansprucht, welches aullerdem sine pro- tonische Saure
umfagt. ss  10. Eln Verfahren zur Hersrtllung sines Phosphins der Formel
(I) wie in Anspruch I definiert oder sines Saureadditionsalzes davon,
ausgenommen die Verbindungen Methyl-di-2-pyridylphosphin, Dimethyl-2-
pyridylphosphin und n-Butyl-di-2-pyridylphosphin, umfassend die Reaktion
einer Phosphorverbindung der nachetshenden Formol 14    EP O386 834 B1I1
j~lilc 11111111   IIj 11 111111 R2a 5                  Ml-P-R3a
(II) inwelcherM1 entwederein Metallatom oderein sich
abtrennendesAtomodereinesich abtrennende Grup- pe bedeutot und R2a und RWs
jo zwel der Gruppen RI, R2 und Rs darstelen, mit einer passenden Verbin-
dung der aligemeinoen Formel 10
M7z-R~a  (111) in welcherM2 entwederein Metallatom oderein sich
abtrennendes Atom oderelne sich abtrennende Grup- pe bedeutet und R's eine
der verblelbenden Gruppen R1, R2 und R3 !st, und gegebenenfalls die
anschile- Bend. Bildung elnes entsprechenden Saureadditionssalzes. 15  11.
Verwendung sines Katalysatorsystems wie in irgendeinem der vorhergehenden
Ansprfche 1-9 bean- sprucht, fur die Karbonylierung oiner acetylenisch oder
olefinisch ungeslttigten Verbindung. 12. En Verfahren zur Karbonylierung
einer acetylenlach oder olefinisch ungesattigton Verbindung, umfas- send
die Umsekzung elner acetyenisch oder olefinisch ungesagtlen Verbindung mit
Kohlenmonoxyd in Anwesenheit sines Katalysatorsystems, wie in irgendeinems
derAnsprfche 1-9 deflniert. 13. En Verfahren wie in Anspruch 12
beansprucht, in welchem oine apha,beta-ungesfttigte Karbonsfiure oder
Derivate davon durch Umsetzung eines alpha-Acetylens mit Kohlenmonoxyd und
einer Hydroxyl- gruppe(n) enthaltenden Verbindung hergestellt wird. 25  14.
Ein Verfahren wie inAnspruch 13 beansprucht, In weichern
Methylmethacrylatdurch Umsetzung von Pro- pin mit Kohlenmonoxyd und
Methanol hergestallt wird. Revendicatlons 30 Rovendications pour lea Etats
contractants suivants BE, DE, FR, GB, IT, NL 1. Systbme catalytique qui
comprend: a) un compose metallique du group. VIII, et 35        b) une
monophosphine de formule: R 40 -    P - R                        (I) dans
laquelle R1 represente un groupe hydrocarbyle aiiphatique, R2 representb un
group. h6terocycli- quo aromatique facultativement substitue portant 5 ou 6
atomaes du cycle dont un au momns eat l'azote, 4c        pouvant faire
partie d'une structure cyclique condensee plus grande facultativement
substitu6e et R3 a independamment la signification de RI ou R2 ou il
repr6sente un radical aryle facultativement subsi- tue, ou un asl
d'addition de celle-ci. 



2. Systeme catalytique solon la revendication 1, dans lequel R1 oet un
radical alkyle de I A 12 atomes de 50      carbons. 3. Systeme catalytique
selon la revendication I ou 2, dans loquel au momns l'un des atomes du
cycle eat un atome d'imino-azote. sc 4. Systeme catalytique selon l'une
quelconque des rovendications 1 A 3, dans lequol R2 eat un groups py-
ridyle facultativement substitue. 5. Systeme catalytique solon l'une
quelconque des revendicatbons I A 4, dans lequel au moins un des atomes 15
du cycle estun atome d'imino-azotea6par6 de l'atome de phosphor. parun
atoma decarbone de pontage. 6. Systeme catalytique salon la revendication
5, dans lsquel R2 eat un group. 2-pyridyle. 6   7. Systeme catalytique
solon l'une quelconque des revendications I A 8, dans lequel R3 eat un
group. py- ridyle, un radical alkyle ou un groups ph6nyle facultativement
substitu6. 8. Systeme catalytique selon l'une quelconque des revendications
I A 7, dans loquel le compose de metal du Groupe Vill eat un compos6 de
palladium. 10  9. Systbme catalytique selon l'une quelconque des
revendications 1 A 8, qui comprend un acide protonique. 10. Phosphine de
formula I d6flnie dans la revendication I ou un sel d'addition de celle-cl
avec un acide A l'exception de la methyl-di-2-pyridylphosohine, la
dim6thyl-2-pyridylphosphine et la n-butyl-di-2-pyridyl- phosphine. 15 11.
Procede de preparation d'une phosphine de formula I definie dans la
revendication 10 ou d'un sel d'ad- dition de cells-cl avec un acide, qui
consists: A faire r6agir un compose de phosphors de formule: 20
R 2 a M         P    -    R38                  (II) 26 dans laquelle M1 eat
un atoms m6tallique ou un atoma ou group. partant et R2a et R38
repr6sentent deux des RI, R2 et Ra avec un compos6 approprle de formule
g6n6rale: M2- RI- (111) dans laquello M2 eat un atoms m6tallique ou un
atoms ou group. partant et R1a represent le restant de 30      R1, R2 et
R3, qu'on fait facultativement suivre par la formation d'un sel d'additlon
de celle-cl avec un acids. 12. Utilisatlon d'un systbme catalytique selon
l'une quelconquedesrevendications I A9, pourlacarbonylation d'un compos6 A
Insaturation acetylinique ou ol6finique. s5  13. Procede de carbonylation
d'un compose a insaturation acetyl6nique ou olffinique, qui consists A
faire rea- gir un compoas A insaturation ackyyrnique ou olefinique avec de
l'oxyde de carbone en prdsence d'un systeme catalytique tel que definl dans
l'une quelconque des revendications I A 9. 14. Proced6 salon la
revendication 13, dans lequel on prepare des acides carboxyliques A
insaturation alpha, Ku           bbts ou leurs deriv6s en faisant r6agir un
alpha - acetylene avec de l'oxyde de carbons et un compos6 hydroxyl6. 15.
Procd6 selon la revendicatlon 14, dans lequel on prepare le m6thacrylatb de
methyle en faisant r6agir une propyne avec de l'oxyde de carbons et du
mdthanol. 4s  Revendications pour l'Etat contractant sulvant: ES 1. Systeme
catalytique qui comprend: a) un compos6 m6tallique du groups Vill, et b)
une monophosphine de formula: 50 R1 55                         R2        P
- R(I) dans laquelle RI reprasents un group. hydrocarbyle allphatique, R2
repr6sentb un groups h6terocycii- 
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faculativement substitue portant 5 or 6 atomes de cycle dont un au moins
est l'azote, pouvant faire partie d'une structure cyclique condensee plus
grande -facultativement substituee et R3 a independamment la signification
de R1 ou R2 ou est un radical aryle facultativement substitu6, ou un sel
d'addltion de celle-ci. 5 2. Systeme catalytique selon la revendication 1,
dans loquel R1 est un radical alkyle de I A 12 atomes de carbons. 3.
Systeme catalytique selon la revendication I ou 2, dans lequel au moins
l'un des atomes du cycle est un 10      atoms d'imino-azote. 4. Systeme
catalytique solon l'une quelconque des revendicatlons I a 3, dans lequel R2
est un groups py- ridyle facultativement substitu6. 5. Systeme catalytique
selon l'une quelconque des revendications I A 4, dans lequel au moins l'un
des ato- 15      mes du cycle est un atoms d'imino-azote s6pare de I'atome
de phosphore par un atoms de carbons de pontage. 6. Systeme catalytique
solon la revendication 5, dans loquel R2 est un groups 2-pyridyle. 20  7.
Systeme catalytique solon l'une quelconque des revendications I A 6, dans
lequel R3 est un groups py- ridyle, un radical alkyle ou un groups phenyle
facultativement substitue. 8. Systeme catalytique solon l'une quelconque
des revendications I A 7, dans lequel le compose de metal du Groups Vil
esat un compose de palladium. 25 9. Systeme catalytique selon l'une
quelconque des revendications I A 8, qui comprend un acide protonique. 10.
Proced6 de preparation d'une phosphine de formule I solon la revendication
I ou de son sel d'addition avec un acids sauf pour la
m6thyl-di-2-pyridylphosphine, la dim6thyl-2- pyridyl -phosphine et la
n-butyl- di-2-pyridylphosphine, procedd qui consists: A faire r6agir un
compose de phoephore de formulo: R a 35
l M1        P    -    R(II) dans laquelle M1 eat un atoms metallique ou un
atome ou groups partant et R2 et R3 representent deux des RI, R2 et Rs avec
un compose approprie de formula generale: M2 - RIa (111) dans laquells M2
est un atome metallique ou un atoms ou groups partant et R1i represente le
restant de R1, R2 et Rs, qu'on falt facultativement suivre par la formation
d'un sel d'addition de cello-ci avec un acide. 11. Utilisation d'un syteme
catalytique solon I'une quelconque des revendications I A 9, pour la
carbonylation 45      d'un compose A insaturation ac6tylenique ou
olhfinique. 12. Procede de carbonylation d'un compose A insaturation
acetyl6nique ou deffinique, qui consists A faire r6a- gir un compose A
insaturation acetylhnique ou olefinique avec de 'oxyde de carbons en
pr6sence d'un systeme catalytique tel quo d6fini dans l'une quelconque des
revendications I A 9. 50 13. Proc6dd solon la revendication 12, dans lequel
on pr6pare des acides carboxyliques a insaturation alpha, beta ou leurs
d6rives par r6action d'alpha-ac6tylene avec l'oxyde de carbons et un
compose hydroxyle. 14. Proc6d6 solon la revendication 13, dans loquel on
pr6pare du m6thacrylatb de m6thyle par reaction de 55      la propyne avec
l'oxyde de carbone et Is methanol. 17    


