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PROCESS FOR THE CARBONYLATI ON OF ACETYLEN CALLY '
WNSATURATED COVPOUNDS The invention relates to a process for t he
carbonyl ation of acetylenically unsaturated conpounds, whereby a feedstock,
conprising an acetylenically unsaturated conpound and a relatively m nor
énnupt of an 1, 2-al kadi ene conpound, is coptacted under carbonyl ation
condi tions mﬁth-carbon nmonoxi de and a hydroxyl ated co- reactant. A
problem encountered with the processes for the carbonyl ati ofSo0020 SIN
acetylenically unsaturated conpounds, consists in that the avai |able
feedst ocks for these processes generally contain, in addition to the
acetyl enical |y unsaPrOGESS EORPDHBICARBONHLAATONNOFcAOPTYRBNICAbLYAI | ed

al l enes). The presence of 1,2 a'ﬁﬁgﬁfﬁﬁAfﬁ ?QQBUNﬁgen in relatively snall
ca

amounts, unfavourably affects th I'vity. Small quantities of
1, 2- alkadlene i mpurities (up to 0.4% can often be tol erated. However, the

anounts_commonl y pfﬁ% ?ﬁvéﬂt%gﬁ f&ﬁé Lsnis £G§Qé&@§58fbequhée that speci al

nmeasures are taken ore t can e used e ca nyl ati on .process.
. carbonylatlon of acetylenlcally unsaturageg %ompo ndg

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 available 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)phosphiné 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 illustrafed basic
catalyst systems (based on phosphines bearing 2-pyridyl
and é-methyl-2-pyridyl-groups) exhibit improved tolerance
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per f or ms adequately under basic conditions. The catal yst ng£$§g§N

In EP- A- 0, 441, 446 a carbonyl ation catal yst systemis dISC
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a): a source of a Group VIIl netal (e.g., a palladi um conppund) ;REFLAGER nmono-

gr bidentate) (di)phosphine having an aromatic substituent Whrch contarns
an i nino- ni-trogen atom e.g:, an optionaklyg substituted 2-pyridyl group; c)
a source of protons; and d) a tertiary amne. The illustrated basic
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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 a relatively
minor amount of an 1,2-alkadiene compound is contacted
under carbonylation conditions with carbon monoxide and a
hydroxylated co-reactant, in the presence of a catalyst
system_baséd 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 PR1R2R3 or
R2R3M-R-PR1R2, wherein Rl represents a heteroaryl group
of the formula | |
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reaction, are thereby nade redundant. The invention may be defined as
relating to a process for the carbonylation of acetylenically unsaturated
conpounds, whereby a feedstock conprisi-ng an acetyl enically unsaturated
conmpound and an anount of an 1,2- al kadi ene conpound in a nolar ratio of
0.004 to 0.1 is contacted under carbonylatBoAa conditions with carbon
nmonoxi de and hydroxyl ated co-reactant, in the presence of a catal yst system
based on: a) awkerEIi® mfrepreseﬁtsfaoﬁanotlunak geoupstbatGisuplecitrosr t he

Periodic Table; . EE’ phi I
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atoms in the b?ég sti%ﬂged) 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 trichloroa&etic acid and
trifluoroacetic acid. Palladlum acetate has proved to be
a partlcularly sultable source of metal cations.

In the phosphines of the catalyst system (component
b), each of RZ 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
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c) asprotonic acid. The catal yst systemused in the process of the
I‘nvention is based, as regards a), on a source of cations of one or nore
nmetals of Group VIII. These netals include iron, cobalt, nickel, ruthenium
rhodium palladium iridium osmum and platlnun1 Preferably, t he catal yst:
dystemis based on a source of palladi um-cations. The source of cations
of netals of Goup VIIl may be the netallic elenent or a netal conpound,
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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 fespect 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 monophosphlne
of the general formula PR1R2R3 |

The function of the protonic acid on which the
cétalyst system further is based (component c), is
believed to provide a source of protons. The protonic
acid may be generated in situ. ' '
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having from3 to 7 carbon atons. Phosphines wherein both R2 and R3

r‘epr esent a phenyl group are preferred. The functional group(s) A nmay
for instance be a trial kylammonium a nitro, cyano, sul phonic, carbonic,
carbonyl or a hal oal kyl group or a halogen atom (e.g., any of the groups
Iisted in *QOrganic Chemistry", by Mrrisensard Boyd, 3rd ed. 1980, p.
360.). O her electron-wi thdrawing groups will be known to the skilled man.
Preferably (for eaBeebBérabbufshéuprogohhe bhcddnHpsi & ssbseéhattiad lir aont-he
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acid may be gepeb@bfiici Acsl fer 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
unsaturatea compound to be'converted, from 10~8 to 10-1
mole atoms of Group VIII metal is present, preferably
from 10”7 to 10~2 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, l-butyne, 2-butyne, l-hexyne, phenyl acetylene
and benzylethyne. Preferably, unsubstituted alkynes with
3 to 10 carbon atoms are used.
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-5- @ Preferably the protonic acid has a substantially non- coordinating
dnion, i.e. an anion which does not, or only to a very mnor extent,
coordinate with the nmetal of Goup VIII. Preferred acids in this respect
are sul phuric acid, sul phonic acids and hal ogenated carboxylic acids.
Exanples of SU|tabIe protoni c acids are epsienally substituted
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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.

Mondhydric 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.
Howe%er, 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 readlly at moderate
reaction conditions. Sultable reaction temperatures are,
for instance, in the range of 20 to 100 °C, preferably in
the range of 30 to 75 °C.
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O[err] on the sanme basis. Suitabl e acetylenically unsaturated
conpounds, to be used as starting naterial in the process of the invention,
i nclude optionally substituted al kynes with 2 to 20 carbon atons per :
nol ecul e. Exanpl es are acetyl ene, propyne, 71-butyne, 2-butyne, 1-hexyne,
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ol es per nDlea&%ogfg%X[e@kgagh¥oclave_was charged with 0.025 mmoles of
palladium(II) acetate, the selected dipheny1(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 °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. ' '
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unsatur at ed compound. The hydroxyl ated co-reactant may be any hydroxyl -
cont ai ni ng conpound such as a nonohydric, dihydric or polyhydric al kanol, a

phenol , or water. Monohydri c al kanols are preferred, in particular
t hose having from1l to 4 carbon atons. Anong these, nethanol is nost
preferred. The co-reactant is suitabty8used in excess, thereby avoiding

the need of a separate diluent or solvent. However, a liquid diluent. nmay be
appl i ed, if sdeeSThed9x§EEimenblqesonhbedkandee d) | waat sepeatedewitbuch as
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i nvention is |élustiatf9 with the following, non- |liniting exanples.
Exanpl es

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 temperafure was 50 °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 IIT
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-chlorp—2-pyridyl)phosphine were
used; and

iii) as protonic acid 2 mmol of tert-butylsulphonic acid -
was used. o -

The reaction time was 1 hour. The average reaction-
rate was calculated to be 8,900 moles of produét 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 °C.



Al'l experinents were carried out in a 250 ml "Hastelloy C' (trade mark)
ragnetically stirred autoclave. The autocl ave was charged with 0.025 nmol es
of: palladium(l1) acetate, the sel ected diphenyl (2- pyridyl)phosphi ne and
protonic acid in the anounts indi- cated hereafter, and 50 nl of nethanol.
Air was evacuated fromthe autoclave, wher8upon 30 Ml of a

pr opadi ene-cont ai ni ng propyne feed was added. Subsequent |y, carbon
monoxi de was supplThel 1eacidn ptimsswas of.0hour, The avevapevreagtional ed
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0
0,224 of Provach ggen dUochsOELLan LETROABLALE HeRndBel ShER ropuckle,
met hacryl at e ﬁggygg____orned mnth a- select|V|ty of 99.88% at a propyne
et el o orin SR TR ASG0E LEREH) Oy LEoMEanEthptel (o be
descrlbed 1n Example I(a), w1th the following
dlffe;ences.
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 °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 °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-triflu6romethyl-2—
pyridyl)phosphine and 1 mmol of biphenyl(2¥
pyridyl)phosphine were used;
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tthat the propyne feed contai ned 2. 2% of propadi ene. - The reaction tine
was 0.5 hour. The average reaction rate was cal cul ated to be 24,000 nol es
of product per nole atom of palladiumand per hour. Exanple Il An

éxperiment was carried out substantially a0 described in Exanple | with the
follow ng differences: i) the propyne feed contained 4.5% of propadi ene;
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reaction tenpegg{&r@agaﬁség;[gﬁa]C. The reaction tine was 2.5 hours.
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acid 2 mol ofméthylbméyhsorphatechadi Bevasfogned withThesedaetiontli & was
1 hour. The aygéag% Lfgction rate mas-calculgted to b 819%gdngle% of
product per note:atontdf PAFFAEPURFAHELIRR, TAGG: WaB SRHFELA Rn©¢

experi ment wasl@@y00edmoliessabspaaduat| peasmdidecatbmdofnpEidadiemn bhd with

the follow ng gé{fﬁgﬁpges: 1) t he propyne feed contained 7.0% of

pr opadi ene; o
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 °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 experimentldescribed'under a) was repeated with
the following differences: '

i) the propyne feed contained 2.3% of propadiene; and
ii) the reaction temperature was 50 °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 °C.



ii) .as protonic acid 3 nmol of nethanesulphonlc acid was used and iii)
the reaction tenperature was 60 [err]C

-9- The reaction tine was 0.5 hour. The average reaction rate was

cal cul ated to be 20,000 nol es of product per nole atom of palladi um and per
hour. Anal ysis showed that the propyne eoatersi on was >95% and t hat the
reaction m xture contained 5% of propadi ene, cal cul ated on residual .
propyne, indicati mhe hatagmisin d:fintéﬁewam cfp&djmne. HetE esser apen viega @t émt o

met hyl et hacr, t I aduc qﬁﬁf %%%51 |
substantial ly Iést%dg'sagr |CoaLiaé %‘? e ? (a’) Wi %%er@?opf ow ng d éé??‘%?%%ces
i) 1 nmol ofatmnph:efn)pa(JGLaﬁJolm aa”&Cb)pedehqlphosphl ne was used; ii) as-

protoni c acid FolpTely] u Aépk
reaction terrpekr%a{nt?rﬂee\(/\%( 0 ierrLa Ee%?ﬁ%%ﬁ’oﬁ%ne %gi;ti:ggar The

aver age react it Ifhltfef%%lfélﬁfat@éﬁ {RFQRYRE JERPGFRRERFN nol e
atom of pal | agipgpancemer hour. b) The experlnent descri bed under a) was
repeated with the foll ow ng differences

1. 7% of propadi eneTh averdge reaction ratg was PCLSPPQ/ eedft%\%goé%@' ned
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(e), with the following
differences: -

i) 1 mmol of biphenyl(3—¢hloro-2-pyridyl)phosphine was
used; and |

ii) the reaction temperature was 35 °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 °C.

The reaction time was 5 hours. The averaée 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
déescribed in Example V(a), with the following
differences:

i) 1 mmol of biphenyl(5-chloro-2—pyridyl)phosghine was
used; and '

ii) the reaction temperature was 35 °C.



fi) as protonic acid 2 mmol of trifluoronethanesul phonic acid was used; and

i) the reaction tenperature was 45 [err]C The reaction tinme was 2.5
haurs. The average reaction rate was cal culated to be 6,000 nol es of
product per nole atom of palladi umand per hour. Exanple IV An

éxperinment was carried out,- substantial |-y 1@s -descri bed in Exanple I(a),
with the followi ng differences: i) 1 mol ) )
gf - E'i phle ?yl (6-tr ijf'll'w@ Lﬁé@étﬂ‘én 2tirﬂa’rdz_£1$’a| 0 phosebt neThadatefrage déaction

I phenyl (2- pyri osphi ne_were_used,
-10 - Qi) astRY t%£§ccgg?ﬂf%tﬁﬂDF°3?9 177+ P08 BALERAESRFRABRECPEEi d was
used; and iii)méhe abawtobnpasbhpdianuardwasr3bofietr| C (W th an exot her m of

60 [err]O). T eact ' 1. | alysis.s . pet hyl
nmet hacryl ate h%)d Eghéén %%%%ﬁd%@égé%l@%??épo%ydﬁé%% gﬁﬁgt{%@ﬁ%gg
reacti on rate e tallteovingddibferenoeso00 nol es of product per nole atom

of |oalt ! adi) um anfl pefe PESpy R 2fPEE LoktLInEQPABE SOP, pPObadtenEsli Badt 0 the
I nventi on

ii) the reaction temperature was 50 °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'producg 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 propadiehe 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 ptopadiene, still results in
high reaction rates.



é) An experiment was carried out, substantially as described in Exanpl e
V(ay, with the followng differences: i) 1 muol of :
bi.phenyl (2- pyri dyl ) phosphi ne was used; and ii) the react|iTHS tSHEGEHASIBEE

30 [err]C. The_reaction tine was 2 hours. The averade rea®EPIRCEDat e
Calcul ated to behgjgﬁﬁ_ﬁﬁr€§*6f‘prﬁduct-pem3nn|e at om of '

hour. b) The expém'MH | nder a) was repeated with the foll ow ng
differences: i) t wmm”, ntai ned 2..3% of propadi ends @OR0 ISIN he
reaction tenperature fast50n[esr]L The reaction tine was 5 hours. The
average reaction rate was calculated to be 625 noles of product per nole
atom of pall adi um and per hour. ExanpCeLBA(foM Sonparison, not according to
the invention) a) An experinment was carried out, substantially as described
in Exanple V(a),-with the following differences: i) 1 mmol of

bi phenyl ( 3- methy| -2-BYe¢ess ) pobsphe neavbenytationnafi ayetwdendgedilyn

t enperat ure wagnSPthL4£&& compounds, wherebPeal e8elis®Bcki BBmP2S s2nBOUdnS-

average reactjo )
The 9 aceéyfenically unsaturated compound and a relatively

minor amount of a 1,2-alkadiene compound 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 PRIRZR3 or
R2R3M-R-PRIR2, wherein Rl represents a heteroaryl group
of the formula

N

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 Rl, 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 RZ2 and R3

This Sheet Has Been Replaced
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rat e, was calcu | es of product per nol tom-of palladiu
and “per hour . nt described under a) was r¢gHi SHERT HASt BEEN
disf f erence tha l,m mﬂ ﬂlﬁ cont ai ned 2. 3% of propagi ene. Rgpm@e
average reactj oRr ated to be 800 nol es of

at om of paIIadlun1and per hour. Exanple -Ci4 o+ conparison, not according to

the invention) a) An experinent was carried out, substantially as described
i n Exanpl e V(alndepéehdehelyorepresgnti &f subatésuteyl érnrmoh-shibstituted

bi phenyl (3-c yr p e us ) ct.l
t enperature mé§§g%3 £ ?g¥bi 89T§ ?eg¥$ﬁgh §?ﬁ£3&ggig Bﬁgéﬁi %EgﬂgVerage
reaction rate %as Iéapmcasedasocpelmedom obadn bf Opraduwhepeinrrbhe at om of
pal I adi um and ‘s e; ex ' e n S repeated
Nth the Toll ourea drri S¥aacaels fgéﬁﬁeﬁﬁog G e
propadi ene; anBePF¥¢SeRnEsraagubshl Eﬁﬁ%réﬁ&?@tﬁﬂsfSQm[éh?]@IOUP The
reaction tine @6§s§sh9ﬁ§SofTHSlégéﬁagﬁoﬁgaﬁhdoﬁaléh@k%@sgQéhﬁB'ﬂh%ﬁ baebe
2,100 nol es of 8 ﬁ duct 8 nol e, at om of pal I'adi um and” per hour. Exanple D
(for conparisof® hHBFe&cEBFAPRG2EB™Fhe i nvention) a) An experinent was
carried out, smbstanpretéssaasde$aimbdd1nncfﬁampBe Vhereimi Ahrepeebehksw ng
di fferences: % % ogtghph PX%&?a@EbOEO §E$¥Ehgy£%8H°Sph'ne was used,;
ctron®te

and ii) the rea nperafu e Was
. A process as claimed in any of claims 1 to 4, whereln

the catalyst system is based on a phosphine wherein Rl
represents a 6-A—2—pyrid91 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,proéess 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 is
less than 0.1 mole per mole of acetylenically unsaturated
compound.

9. A process as claimed in claim 10, wherein the molar

- amount of 1,2-alkadiene compound in the feedstock per

~mole of acetylenically uhsaturated compbund is in the
‘range of 0.002 to 0.05,.

- 10. A process as claimed in any of claims 1 to 10,
wherein methyl methacrylate is prepared by reacting a
feedstock comprising propyne'and-1,2—probadiene, with
carbon monoxide and methanol.

C21/TSO0020FF
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- 12 - The reaction tine was 0.1 hour. The average reaction rate was
Bal cul ated to be 175,000 nol es of product per nole atom of palladi um and
per hour. b) The. experinment described under a) was repeated with the

fol I ow ng dlfferences i) the propyne feed contained 2.3% of propadiene;
and ii) the reaction tenperature was 50 [err]C. The reaction tine was 5
hours. The average reaction rate was cal cul ated to be 3,300 nol es of

product per nole atom of palladi umand per hour. Exanple E (I8 088@p&INson,.

not according to the invention) AR gxpepi geptowas carried out,
substantially as described in Exanﬁ%e-ﬁéb?——mrf§—$he di fference that as

phosphi ne bi phenyl (6-met hyl - 2- pyri dyl ) phosphi ne was used. The aver age
reaction rate was Cﬁi@é&@é ﬁorﬁ’ﬁ éﬂﬂa@ﬁtﬁm%npwduetwﬁﬁnmﬂtom of
pal | adi um and per hour. usi ons an be seen-from Exanple A, wth

a non-subst it ut ed phosphlne as c@¥§$§§3A3§Pp€9@HP BSreaction rate of only
2,500 nol es per nol e atom Pd per hour is obtained, even when a feedstock
P g 3 el 2 el Ol G e PLEPREL ST COTUEL oL WSECen Ot Lar 1Y, the
Exanpl es B, C;c&mhbﬁylabsumtsflacebykedncably ungahturatedt compoands,i n
converting fe%ﬂﬁéf@ﬁ§,Qaféggséoéfwﬁomprising an acetylenically
unsaturated compound and a relatively minor amount of an
1,2-alkadiene compound is contacted under carbonylation
conditions with carbbn 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 PRIRZ2R3 or
R2R3M-R-PR1R2, wherein R1 represents a heteroaryl group
of the formula

wherein A represents a functional group that is electron-
withdrawing relative to hydrogen, and each of X, Y and 2
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

. ¢) a protonic acid.

C21/TS0020FF
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propadi ene content. However, as shown in Exanples B(b), C(b) and D(b),
the activity of these catal ysts considerably decreases by the presence of
propadiene in the feedstock. .. _In contrast, the use of the catal ysts
described in Exanples |I to VI, for the conver s§agbstifuté sheet o @3 Apoiht1&98 ng
2% or nore of propadiene, still results in high reaction rates.

-13 - CLAI"MS 1. A process for the

T ot kel A 8B it B S s TR T Roeighoy @ fegds! ock
al kadi ene coﬁwﬁﬁﬁ@=Whaain9Iaﬂ presendf (RO Ernparatives exanplet@d under
car bonylt at ![ on;gcgg![? leh@ipleist mzcaﬁ@%?mméiﬁﬁnﬁoalmtﬁﬁ ega ¢
ot ons of oS §P el TRER-Fulh docdhehtinal Mo TRR: ErpBoredings "ay 7 ©
phosphi ne of ﬂﬁi@egénQﬂakh¢o¢ﬁab9n¥¢§tﬁoqFQRQQQﬂNPeﬁFFnoPIfrltd out in
Rl err] Rl err] -thePRbslenkB 8fr the WeEEidr R Sfirle,’ ¢RpuldeBesadhbébedoaryl group
of the formila gurprisingly it has now been found that by employing

certain specific mono- or bidentate (di)phosphine

ligands, -the tolerafnce 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, presceding 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 o
 acetylenically uansaturated compound and an amount of an 1,3-

alkadiene compound in a molar ratio of 0.004 kto 0.1 is contacted

uncaer carbonylation conditions with carbon monoxide and

h&droxylated co~-reactant, in the presence ¢of a catalyst

systgm based on:

a) a source of cations of one or more metals of Group

V1II of the Periodic Table;

b) a phosphine of the general formula PRIR2R3 or

R2R3M-R-PRIR?, wherein Rl represents a beteroaryl group

of the formula

~ REPLACEMENT SHEET
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[err] wherein A represents a functional group that is electron-
w thdrawi ng relative to hydrogen, and each of X Y and Z independently
represents a nitrogen atomor. a CQ group, wWhereby Qis a hydrogen at om or

a substituent, Rerr] and R[err] |ndependently ng{ﬁég ?‘egts%s Akt er

non- substltuted (het ero) hydrocar byl group or have oresaid anlng of
Rlerr], Mis an elenent of Goup Vla,=ptaferably a

ni-trogen—er—phosphorus
atom R represents a bridging (substituted) hydrocar by roup h to
carbon atons in the bridge; and c) a protonic acid. 1wa| med
in claimi1, wherein the catal yst systemis based onl n
Rlerr]. and R err]

CLAINMS - 14 - |ndependently
represent a substituted or non- subsl-ll‘l-ured"p'y'rl dyl, alkyl or aryl group,
preferably a phenyl group. 3. A process as clai rred inclaiml or 2,

wherei'n the tatahyprosgssefor sthmxadbonyl ationpbinecehglenicalkepresents a .

substi tuent aleeled thROBLRESELY Rty ld et tBRk o8GR AL SLivg i

hal oal kyl gro%giyvj\_n tn cgffy 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 carbén monoxide and a
hydroxylated co-reactant, in the presence of a catalyst
systam based on:
a) a source of cations of one or more metals of Group

. VIIT of the Periodic Table;
b) a phosphine of the general formula PR132R3 or - -
RZR3M-R~-PRIR2, wherein Rl represents a heteroaryl group
of the formula

wherein A represents a functional group that is electron-~
withdrawing relative to hydrogen, and each of X, ¥ and 2
indapendently represents a nitrogen atom or a C-Q group, -
whéareby Q is a hydrogen atom or a substituent, RZ and R3
independently represent a substituted or non-substitured
(hetero)hydrocarbyl group or have the aforesaid meaning
.0f R1, M is an element of Group VIa, preferably a
nitrogen or phosphorus atom, R represents a bridging
(substituted) hydrocarbyl group having 1 tc 4 carbon
atoms in the bridge; and - .

¢} a protenic acid.

2. A process as claimed in claim 1, wherein the catalyst
system is based on a phosphine wherein R2 and R3

REPLACEMENT SHEET
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to three carbona 4. 0 s as claimed in claim3, wherein A
represents a hal figsably -a chlorine atom 5. A process as
clainmed:in anydMHﬁ"ﬁW”ﬂ[ﬂHmV\herei n the catal yst systemis based on a
phosphi e wherei N« Reel 1] mepsesents a 6- A- 2- pyrd . QI O 6. . as
clained in any of clains 1 to 5, wherein the ceﬁ"g%%%&{es%?eérﬁ ?g%ﬁégﬁggﬁ a
nonophosphi ne, preferably on bi pheny! §8-¢ehl oro-2-pyridyl)phosphine. 7. A
process as claimed in any one of clainms 1 to 6, carried oué. in the absence
of a tertiAnjlenspgentdy reprpspnk  Aubstituted pr ponsvls #‘Fttﬁ to 7,
wher ei n t haygaaydi alkillenl keyl epoumnraetievablyhe bbeugl ogroyes nol e of
acetylenicgllygu t | Saql e 4h e 0 o0 0.05. 9. A
process asgél af\nggg?;%ggﬁgo%%ﬁ%loﬂé Hmﬁé???nwﬁégﬁ;foer}\e% hacrylate is
prepared bgatadystngystemedstbrsed #iprd FHRFRNHS MBERRYR 1A 2. pr opadi ene,

W th carboregRegtnte andubBtitwait 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. ' '
§. A process as claimed in any of claims 1 to 4, wherein
the catalyst system is based on a phosphine wherein Rl
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 Jphesphine.

7. A process as claimed in any one of claims 1 to §,
carried out in the abserice of a tertiary amine.

8. A process as claimed in any of claims 1 to 7, wherein the
amcunt of 1,2-alkadiene compound in the feedstock per mole of
acetylenically unsaturated compound iz in the range of 0.004 to
0.05.

g. A process as claimed in any of claims 1 to 8, wherein
methyl methacrylate 3is prepared by reacting a feedstock

comprising propyne and 1,2-propadiene, with carbon monoxide and
methanol .
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