
PROCESS FOR THE CARBONYLATION OF ACETYLENICALLY
UNSATURATED COMPOUNDS       The invention relates to a process for the
carbonylation of acetylenically unsaturated compounds, whereby a feedstock,
comprising an acetylenically unsaturated compound and a relatively minor
amount of an 1,2-alkadiene compound, is contacted under carbonylation
conditions with carbon monoxide and a hydroxylated co- reactant.     A
problem, encountered with the processes for the carbonylation of
acetylenically unsaturated compounds, consists in that the avai lable
feedstocks for these processes generally contain, in addition to the
acetylenically unsaturated compound, 1,2-alkadiene compounds (so-called
allenes). The presence of 1,2 alkadiene compounds, even in relatively small
amounts, unfavourably affects the catalyst activity. Small quantities of
1,2-alkadiene impurities (up to 0.4%) can often be tolerated. However, the
amounts commonly present in the acetylenic feedstocks require that special
measures are taken, before they can be used for the carbonylation process. 



In EP-A-0,441,446 a carbonylation catalyst system is disclosed that
performs adequately under basic conditions. The catalyst system comprises:
a) a source of a Group VIII metal (e.g., a palladium compound); b) a (mono-
or bidentate) (di)phosphine having an aromatic substituent which contains
an imino nitrogen atom, e.g., an optionally substituted 2-pyridyl group; c)
a source of protons; and d) a tertiary amine. The illustrated basic
catalyst systems (based on phosphines bearing 2-pyridyl and
6-methyl-2-pyridyl groups) exhibit improved tolerance
-2- towards allenes (up to 7%, example 18), provided a tertiary amine is
present (see comparative example G versus examples 12 and 15). However, no
information may pe gained from this document that further improvements in
respect of the carbonylation process, even carried out in the absence of
the tertiary amine, could be achieved.     Surprisingly it has now been
found that by employing certain specific mono- or bidentate (di) phosphine
ligands, the tolerance with respect to allenes is further improved.
This selection moreover allows the carbonylation to be performed under
non-basic conditions, starting from conventional feedstocks that are
contaminated with 1,2- alkadiene. Specific measures for the removal of 1,2-
alkadiene compounds, preceding the carbonylation 



reaction, are thereby made redundant.     The invention may be defined as
relating to a process for the carbonylation of acetylenically unsaturated
compounds, whereby a feedstock comprising an acetylenically unsaturated
compound and an amount of an 1,2- alkadiene compound in a molar ratio of
0.004 to 0.1 is contacted under carbonylation conditions with carbon
monoxide and hydroxylated co-reactant, in the presence of a catalyst system
based on: a) a source of cations of one or more metals of Group VIII of the
Periodic Table; b) a phosphine of the general formula pR[err]R[err]R[err]
or R[err]R[err]M-R-PR[err]R[err], wherein R[err] represents a heteroaryl
group of the formula [err]                                   -3-  wherein A
represents a functional group that is electron- withdrawing relative to
hydrogen, and each of X, Y and Z independently represents a nitrogen atom
or a C-Q group, whereby Q is a hydrogen atom or a substituent, R2 and R3
independently represent a substituted or non-substituted
(hetero)hydrocarbyl group or have the aforesaid meaning of R1, M is an
element of Group VIa, preferably a nitrogen or phosphorus atom, R
represents a bridging (substituted) hydrocarbyl group having 1 to 4 carbon
atoms in the bridge; and 



c) a protonic acid.     The catalyst system used in the process of the
invention is based, as regards a), on a source of cations of one or more
metals of Group VIII. These metals include iron, cobalt, nickel, ruthenium,
rhodium, palladium, iridium, osmium, and platinum. Preferably, the catalyst
system is based on a source of palladium cations.     The source of cations
of metals of Group VIII may be the metallic element or a metal compound,
such as a metal salt or a complex of the metal with a phosphine, with
carbon monoxide or with acetylacetonate. It is advantageously a metal
compound, in particular a metal salt. Examples of suitable metal salts are
salts of sulphuric acid, nitric acid, sulphonic acids, phosphonic acids,
perhalic acids and carboxylic acids, such as alkane carboxylic acids with 1
to 12 carbon atoms, for example acetic acid and propionic acid, or
halogenated carboxylic acids, for example trichloroacetic acid and
trifluoroacetic acid. Palladium acetate has proved to be a particularly
suitable source of metal cations.     In the phosphines of the catalyst
system (component b), each of R2 and R3 preferably represents a substituted
or unsubstituted pyridyl, alkyl or aryl group. Examples of suitable R2 and
R3 groups are 2-pyridyl, phenyl, tolyl-, xylyl, and cyclohexyl groups and
alkyl groups                                    -4- 



having from 3 to 7 carbon atoms. Phosphines wherein both R2 and R3
represent a phenyl group are preferred.     The functional group(s) A may
for instance be a trialkylammonium, a nitro, cyano, sulphonic, carbonic,
carbonyl, or a haloalkyl group or a halogen atom (e.g., any of the groups
listed in "Organic Chemistry", by Morrison and Boyd, 3rd ed. 1980, p.
360.). Other electron-withdrawing groups will be known to the skilled man.
Preferably (for ease of manufacturing the ligand) it is selected from the
group consisting of halogen atoms and haloalkyl groups with one to three
carbon atoms. More preferably, A represents a halogen atom such as a
bromine, fluorine or chlorine atom. Phosphines, in which (each of) the
functional group(s) A is a chlorine atom, are most preferred.     Examples
of phosphines, wherein X, Y and/or Z represents a nitrogen atom are
phosphines substituted with a pyrimidinyl-, pyrazinyl-, s-triazinyl- and
as- triazinyl group.     Preferably, the phosphine is substituted with a 2-
pyridyl group, i.e. X, Y and Z each represents a group C-Q, in which Q is a
hydrogen atom or a substituent.     Suitable substituents represented by Q
include electron-withdrawing substituents, in particular the substituents
as indicated above with respect to A. Advantageously, Q represents
electron-donating substituents, such as alkyl groups, for example methyl
and ethyl groups, amino and (di)alkylamino groups.     Preferably, the
phosphine ligand is a monophosphine of the general formula PR1R2R3.     The
function of the protonic acid on which the catalyst system further is based
(component c), is believed to provide a source of protons. The protonic
acid may be generated in situ. 



-5-      Preferably the protonic acid has a substantially non- coordinating
anion, i.e. an anion which does not, or only to a very minor extent,
coordinate with the metal of Group VIII. Preferred acids in this respect
are sulphuric acid, sulphonic acids and halogenated carboxylic acids.
Examples of suitable protonic acids are optionally substituted
alkylsulphonic acids, such as methanesulphonic acid,
trifluoromethanesulphonic acid, tert-butylsulphonic acid, perhalic acids,
such as perchloric acid, and acidic ion exchange resins, such as a
sulphonated ion exchange resin.     The number of moles of phosphine and of
moles of protonic acid per mole atoms of metal of Group VIII may vary
considerably. Recommended phosphine amounts are in the range of 10 to 100
moles of phosphine per mole atom of metal of Group VIII and in particular
in the range of 20 to 80. The amount of protonic acid is preferably
selected such that per mole atom of metal of Group VIII, 2 to 500 moles of
protonic acid are present.     The catalyst system of the invention may be
homogeneous or heterogeneous, but is preferably homogeneous. The amount in
which the catalyst is applied is suitably selected such that per mole of
acetylenically unsaturated compound to be converted, from 10[err] to
10[err] 



mole atoms of Group VIII metal is present, preferably from 10[err] to
10[err] on the same basis.     Suitable acetylenically unsaturated
compounds, to be used as starting material in the process of the invention,
include optionally substituted alkynes with 2 to 20 carbon atoms per
molecule. Examples are acetylene, propyne, 1-butyne, 2-butyne, 1-hexyne,
phenyl acetylene and benzylethyne. Preferably, unsubstituted alkynes with 3
to 10 carbon atoms are used.                                    -6-      In
view of the industrial outlets for the carbonylated products, propyne is a
preferred starting material.     As has been stated above, a major
advantage of the catalyst systems of the invention consists in their
tolerance towards 1,2-alkadiene compounds in the acetylenic feedstocks.
Accordingly, commercially available feedstocks may be used that containing
small amounts of 1,2-alkadiene compounds, such as propadiene, in addition
to the acetylenically unsaturated compounds. In general, a 1,2-alkadiene
content of at most 10%, based on acetylenically unsaturated compound, can
be tolerated. It is recommended to use feedstocks in which the amount of
1,2-alkadiene compounds is lower, suitably in the range of 0.002 to 0.05
moles per mole of acetylenically 



unsaturated compound.     The hydroxylated co-reactant may be any hydroxyl-
containing compound such as a monohydric, dihydric or polyhydric alkanol, a
phenol, or water.     Monohydric alkanols are preferred, in particular
those having from 1 to 4 carbon atoms. Among these, methanol is most
preferred.     The co-reactant is suitably used in excess, thereby avoiding
the need of a separate diluent or solvent. However, a liquid diluent may be
applied, if so desired. Preferably, non-alkaline diluents are used, such as
ketones, e.g. methylisobutylketone, or ethers, e.g. dipropylether or
2,5,8-trioxanonane (diglyme).     Owing to the high activity of the
catalysts, the process of the invention proceeds readily at moderate
reaction conditions. Suitable reaction temperatures are, for instance, in
the range of 20 to 100 [err]C, preferably in the range of 30 to 75 [err]C.
-7-      The reaction pressure is usually selected in the range of 1 to 100
bar. Preferably, the pressure is in the range of 5 to 70 bar.     The
invention is illustrated with the following, non- limiting examples.
Examples 



All experiments were carried out in a 250 ml "Hastelloy C" (trade mark)
magnetically stirred autoclave. The autoclave was charged with 0.025 mmoles
of palladium(II) acetate, the selected diphenyl(2- pyridyl)phosphine and
protonic acid in the amounts indi- cated hereafter, and 50 ml of methanol.
Air was evacuated from the autoclave, whereupon 30 ml of a
propadiene-containing propyne feed was added.     Subsequently, carbon
monoxide was supplied up to a pressure of 60 bar. The autoclave was sealed
and heated to the desired reaction temperature.     As soon as the falling
pressure remained constant (marking the completion of the reaction), the
contents of the autoclave were cooled and a sample was withdrawn and
analysed by gas liquid chromatography. Example I a) An experiment was
carried out in the manner as outlined above, whereby as phosphine 1 mmol of
biphenyl(6-chloro-2-pyridyl)phosphine and as protonic acid 2 mmol of
trifluoromethanesulphonic acid was used. The feed was propyne, containing
0.2% of propadiene. The reaction temperature was 45 [err]C.     The
reaction time (completion) was 0.16 hour. Analysis showed that methyl
methacrylate had been formed with a selectivity of 99.88% at a propyne
conversion of about 100%. The average reaction rate was calculated to be
73,000 moles of product per mole atom of palladium and per hour.        



-8-  b)  The experiment described under a) was repeated with the difference
that the propyne feed contained 2.2% of propadiene.     The reaction time
was 0.5 hour. The average reaction rate was calculated to be 24,000 moles
of product per mole atom of palladium and per hour. Example II     An
experiment was carried out substantially as described in Example I with the
following differences: i)   the propyne feed contained 4.5% of propadiene;
ii) 2 mmol of biphenyl(6-chloro-2-pyridyl)phosphine were used; and iii) the
reaction temperature was 50 [err]C.     The reaction time was 2.5 hours.
The average reaction rate was calculated to be 5,500 moles of product per
mole atom of palladium and per hour. Example III     An experiment was
carried out substantially as described in Example II, with the following
differences: i)   the propyne feed contained 4.7% of propadiene; ii) 3 mmol
of biphenyl(6-chloro-2-pyridyl)phosphine were used; and iii) as protonic
acid 2 mmol of tert-butylsulphonic acid was used.     The reaction time was
1 hour. The average reaction rate was calculated to be 8,900 moles of
product per mole atom of palladium and per hour. Example IV    An
experiment was carried out substantially as described in Example III, with
the following differences: i)   the propyne feed contained 7.0% of
propadiene; 



ii)  as protonic acid 3 mmol of methanesulphonic acid was used; and iii)
the reaction temperature was 60 [err]C.
-9-      The reaction time was 0.5 hour. The average reaction rate was
calculated to be 20,000 moles of product per mole atom of palladium and per
hour. Analysis showed that the propyne conversion was >95% and that the
reaction mixture contained 5% of propadiene, calculated on residual
propyne, indicating that most of the propadiene had been converted into
methyl methacrylate product. Example V a) An experiment was carried out,
substantially as described in Example I(a), with the following differences:
i)   1 mmol of biphenyl(6-bromo-2-pyridyl)phosphine was used; ii) as
protonic acid 2 mmol of methanesulphonic acid was used; and iii) the
reaction temperature was 30 [err]C.     The reaction time was 1.5 hour. The
average reaction rate was calculated to be 9,200 moles of product per mole
atom of palladium and per hour. b) The experiment described under a) was
repeated with the following differences: i)   the propyne feed contained
1.7% of propadiene; 



ii) as protonic acid 2 mmol of trifluoromethanesulphonic acid was used; and
iii) the reaction temperature was 45 [err]C.     The reaction time was 2.5
hours. The average reaction rate was calculated to be 6,000 moles of
product per mole atom of palladium and per hour. Example IV     An
experiment was carried out, substantially as described in Example I(a),
with the following differences: i)   1 mmol
of-biphenyl(6-trifluoromethyl-2- pyridyl)phosphine and 1 mmol of
biphenyl(2- pyridyl)phosphine were used;
- 10 -  ii) as protonic acid 3 mmol of- trifluoromethanesulphonic acid was
used; and iii) the reaction temperature was 35 [err]C (with an exotherm of
60 [err]C).     The reaction time was 1 hour. Analysis showed that methyl
methacrylate had been formed with a selectivity of 98.6%. The average
reaction rate was calculated to be 100,000 moles of product per mole atom
of palladium and per hour. Example A (for comparison, not according to the
invention) 



a) An experiment was carried out, substantially as described in Example
V(a), with the following differences: i) 1 mmol of
biphenyl(2-pyridyl)phosphine was used; and ii) the reaction temperature was
30 [err]C.     The reaction time was 2 hours. The average reaction rate was
calculated to be 2,500 moles of product per mole atom of palladium and per
hour. b) The experiment described under a) was repeated with the following
differences: i) the propyne feed contained 2.3% of propadiene; and ii) the
reaction temperature was 50 [err]C.     The reaction time was 5 hours. The
average reaction rate was calculated to be 625 moles of product per mole
atom of palladium and per hour. Example B (for comparison, not according to
the invention) a) An experiment was carried out, substantially as described
in Example V(a),-with the following differences: i)  1 mmol of
biphenyl(3-methyl-2-pyridyl)phosphine was used; and ii) the reaction
temperature was 50 [err]C.                The reaction time was 5 hours.
The average reaction 



rate was calculated to be 7,100 moles of product per mole atom of palladium
and per hour. b) The experiment described under a) was repeated with the
difference that the propyne feed contained 2.3% of propadiene.     The
average reaction rate was calculated to be 800 moles of product per mole
atom of palladium and per hour. Example C (for comparison, not according to
the invention) a) An experiment was carried out, substantially as described
in Example V(a), with the following differences: i) 1 mmol of
biphenyl(3-chloro-2-pyridyl)phosphine was used; and ii) the reaction
temperature was 35 [err]C.     The reaction time was 0.25 hour. The average
reaction rate was calculated to be 50,000 moles of product per mole atom of
palladium and per hour. b) The experiment described under a) was repeated
with the following differences: i) the propyne feed contained 2.3% of
propadiene; and ii) the reaction temperature was 50 [err]C.     The
reaction time was 5 hours. The average reaction rate was calculated to be
2,100 moles of product per mole atom of palladium and per hour. Example D
(for comparison, not according to the invention) a) An experiment was
carried out, substantially as described in Example V(a), with the following
differences: i) 1 mmol of biphenyl(5-chloro-2-pyridyl)phosphine was used;
and ii) the reaction temperature was 35 [err]C.   



- 12 -      The reaction time was 0.1 hour. The average reaction rate was
calculated to be 175,000 moles of product per mole atom of palladium and
per hour. b)  The experiment described under a) was repeated with the
following differences: i) the propyne feed contained 2.3% of propadiene;
and ii) the reaction temperature was 50 [err]C.     The reaction time was 5
hours. The average reaction rate was calculated to be 3,300 moles of
product per mole atom of palladium and per hour. Example E (for comparison,
not according to the invention)     An experiment was carried out,
substantially as described in Example A(b), with the difference that as
phosphine biphenyl(6-methyl-2-pyridyl)phosphine was used.     The average
reaction rate was calculated to be 400 moles of product per mole atom of
palladium and per hour. Conclusions     As can be seen from Example A, with
a non-substituted phosphine as catalyst component, a reaction rate of only
2,500 moles per mole atom Pd per hour is obtained, even when a feedstock
having a relatively low (0.2%) propadiene content is used. Contrarily, the
presence of substituted phosphines in the catalyst systems, used in
Examples B, C, and D, results in considerably higher reaction rates in
converting feedstocks having a low 



propadiene content.     However, as shown in Examples B(b), C(b) and D(b),
the activity of these catalysts considerably decreases by the presence of
propadiene in the feedstock.     In contrast, the use of the catalysts
described in Examples I to VI, for the conversion of feedstocks containing
2% or more of propadiene, still results in high reaction rates.
-13 -                          C L A I M S  1. A process for the
carbonylation of acetylenically unsaturated compounds, whereby a feedstock
comprising an acetylenically unsaturated compound and an amount of 1,2-
alkadiene compound in a molar ratio of 0.004 to 0.1 is contacted under
carbonylation conditions with carbon monoxide and a hydroxylated
co-reactant, in the presence of a catalyst system based on: a) a source of
cations of one or more metals of Group VIII of the Periodic Table; b) a
phosphine of the general formula PR[err]R[err]R[err] or
R[err]R[err]-R-PR[err]R[err], wherein R[err] represents a heteroaryl group
of the formula 



[err]      wherein A represents a functional group that is electron-
withdrawing relative to hydrogen, and each of X, Y and Z independently
represents a nitrogen atom or a C-Q group, whereby Q is a hydrogen atom or
a substituent, R[err] and R[err] independently represent a substituted or
non-substituted (hetero)hydrocarbyl group or have the aforesaid meaning of
R[err], M is an element of Group VIa, preferably a nitrogen or phosphorus
atom, R represents a bridging (substituted) hydrocarbyl group having 1 to 4
carbon atoms in the bridge; and c) a protonic acid. 2. A process as claimed
in claim 1, wherein the catalyst system is based on a phosphine wherein
R[err] and R[err]                                   - 14 - independently
represent a substituted or non-substituted pyridyl, alkyl or aryl group,
preferably a phenyl group. 3.  A process as claimed in claim 1 or 2,
wherein the catalyst system is based on a phosphine wherein A represents a
substituent selected from the group consisting of halogen atoms and
haloalkyl groups with one 



to three carbon atoms. 4. A process as claimed in claim 3, wherein A
represents a halogen atom, preferably a chlorine atom. 5.  A process as
claimed in any of claims 1 to 4, wherein the catalyst system is based on a
phosphine wherein R[err] represents a 6-A-2-pyridyl group. 6.  A process as
claimed in any of claims 1 to 5, wherein the catalyst system is based on a
monophosphine, preferably on biphenyl(6-chloro-2-pyridyl)phosphine. 7. A
process as claimed in any one of claims 1 to 6, carried out in the absence
of a tertiary amine. 8.  A process as claimed in any of claims 1 to 7,
wherein the amount of 1,2-alkadiene compound in the feedstock per mole of
acetylenically unsaturated compound is in the range of 0.004 to 0.05. 9.  A
process as claimed in any of claims 1 to 8, wherein methyl methacrylate is
prepared by reacting a feedstock comprising propyne and 1,2-propadiene,
with carbon monoxide and methanol.    


