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CARBONYLATION PROCESS USING PALLADIUM PHOSPHINE CATALYST

This invention relates to a process for the carbonylation of

an olefinically or acetylenically unsaturated hydrocarbon compound
by reaction with carbon monoxide and a hydroxy compound in the
presence of a catalyst system comprising a source of cationic
5 palladium, a source of phosphine and a protonic acid.
Such processes provide a versatile tool for the economic
production of various chemicals starting from readily available
unsaturated hydrocarbon feedstock._The carbonylation reaction may

be represented by the equation:

carbonylation
A + CO + BOH > H-A-CO-0B
catalyst
10 where A represent the unsaturated hydrocarbon compound and BOH

represents the hydroxy compound, such as water (B=H), alcohols
(B=R), and carboxylic acids (B=RCO). Generally, olefinic precursors
provide saturated products, whereas acetylenic precursors provide
olefinic products; multiple carbonylations such as producing

15 saturated products from acetylenic precursors not being excluded.
Depending'on the nﬁture of the hydroxy compound BOH, various
functionalized products, including carboxylic acids, esters, and
anhydrides can be obtained.

Recently, it was found that very suitable catalysts are

20 constituted by catalytic systems comprising cationic palladium, a
phosphine ligand, and a protonic acid. These catalyst systems allow
the carbonylation reaction to proceed at high rate under mild
conditions in respect of temperature and carbon monoxide pressure.
By dedicated choice of the type of phosphine and the nature of the

25 protonic acid, extremely high selectivities to specific desired
product could be obtained. For further details of specific carbon-
ylation reactions thus catalyzed reference is made to EP-106379,
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These fa yst systens a e car ny atlon reactlon
high ratio of moles of phosphine to gram atoms of palladium for

securing high conversions at low palladium concentration. The high
phosphine content disadvantageously attributes to the waste streams
and the economics of the above processes, in particularly when
using ingenuously substituted phosphines for specific selective
processes, It would be desirable to reduce the phosphine/palladium
ratio without affecting the performance of these catalyst systems.
The use of inhibitors in other carbonylation reactions and/or
preparation processes for methyl methacrylate (MMA) has been
reported. However, in such cases the inhibitor was added for its
well-known function of inhibiting polymerization reactions of
vinylic compounds, since the processes were carried out at tempera-
tures of about 100 °C or much higher. So, US-4,447,640 discloses
the preparation of MMA by carbonylation of 1,2-dihaloalkanes” in the
presence of a supported palladium catalyst and an inhibitor at
temperatures-in the range of 150-300 °C, The specification mentions
that homogeneous catalysts comprising a group VIII metal salt in
conjunction with a triorganic phosphine can also be used, without
providing further detail., The alleged effects of inhibitor addition
as elucidated in columm 4, lines 7-37, are prevention of polymeri-
zation of the MMA product and increase of the active life of the
catalyst by prevention of fouling of the catalyst through deposit
of carbon thereon. The latter problem would clearly seem to be
confined to heterogeneous catalysts. US-4,480,116 discloses the
preparation of MMA by acid hydrolysis of acetone cyanohydrin in the
presence of 50-3000 ppm of specific inhibitors, particularly during
the work up procedures. Again, the alleged effect is prevention of

polymerization of MMA product, whereas this publication is silent
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il presence of hydroquinone for preventing polymerization of the

methylenolacton product formed. US-4,416,823 discloses the dimeric
5 hydroesterification of 1,3-alkadienes in the presence of a palladi-

um/phosphine/thiol stabilized complex catalyst at preferred témper-
atures in the range of 80-120 .°C. Preferably, the reaction is
conducted in the presence of a vinyl polymerization inhibitor to
avoid an increased incremental loss of 1,3-butadiene to polymeric

10 byproducts. None of these publications give any hint to the reduc-

tion of a phosphine/palladium ratio in general carbonylation

reactions, let alone the type of carbonylation reaction of the
present invention.
For solving the problem indicated above, the invention pro-

15 vides a process as indicated in the preamble of this specification,
which process is characterized in that the reaction is carried out
in the presence of a free radical inhibitor.

It is now believed that some phosphine was inactivated during
the previously described carbonylation reaction and that the high

20 ratio of phosphine to palladium in the catalyst system was required
for maintaining a sufficient supply of available phosphine during
the entire course of the carbonylation reaction. So, differently
stated, the invention proposes the use of a free.tadical inhibitor
in a process for the carbonylation of an olefinically or acetylen-

25 ically unsaturated hydrocarbon compound by reaction with carbon
monoxide and a hydroxy compound in the presence of a catalyst
sﬁstem comprising a source of cationic palladium, a source of
phosphine and a protonic acid for reducing the rate of consumption
of the phosphine.

30 It was surprisingly found, that in the present carbonylation
reaction the free radical inhibitor provides a beneficial effect
different from its usual effect of inhibiting vinylic polymeriza-
tion. As a consequence, catalytic systems having a lower phos-
phine/palladium ratio than used heretobefore, can be used without

35 negative influence to the catalyst life, and therefore the degree
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concentration and the temperature. For economically attractive
carbonylation reactions, the concentration of the free radical

10 inhibitor is preferably in the range of 0.0005 - 1% by weight, more
preferably in the range of 0.001 - 0.1% by weight, based on the
total of reaction components. It is an additional advantage of the
present invention, that these inhibitor concentrations also will
very effectively inhibit any polymerization reaction. At normal

15 process temperatures of about 50 °C, this side effect is thought
advantageous in theory, but of secondary significance in practice.
| Free radical inhibitors, sometimes referred to as polymeriza-
tion inhibitors, suitable for use in the present process are
well-known from polymerization technology, and any such free

20 radical inhibitor can be used in the present process. Representa-
tive suitable free radical inhibitors include aromatic hydroxyl
compounds, aromatic keto compounds, benzo- and naphthoquinones,
phenazines, phenoxazines and phenochiazines‘ Preferred free radical
inhibitors are selected from the group of substituted phenols,

25 including such phenols substituted with further hydroxy groups, for
instance hydroguinone. The phenols may carry any further inert
substituent, in particular alkyl groups such as methyl and tert.-
butyl, and include hydroxylated condensed aromatic ring systems,
such as naphthol.

30 Representative specific free radical inhibitors non-limita-

tively include monohydric phenols, such as 4-methyl-2,6-di-tert.-
butylphenol ("butylated methylphenol”), 2,4-dimethyl-6-tert.-
butylphenol, beta-naphthol, p-methoxyphenol ("methylhydroquinone”);
dihydric phenols, such as hydroquinones, naphthohydreoquinones,
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Due to the presence of the free radical inhibitor, the cata-
lytic system used in the present process is effective at lower
5 initial phosphine proportion. Accordingly, catalyst systems are
advantageous, which comprise, at the start of the reaction, a ratio
of moles of phosphine to gram atoms of palladium in the range of
from 2.5 to 50, preferably of from 5 to 30. Higher phosphine
proportions do not disturb the reaction, but attenuate the economic
10 benefits achieved by the invention.

The proportion of the protonic acid in the catalyst system
related to the initial proportion of phosphine, is suitably in the
range of from 0.5 to 10. It has been found that the use of an
acid/phosphine ratio around one is beneficial to the rate of

15 phosphine consumption, and accordingly_it is preferred that the
ratio of moles of protonic acid to moles of phosphine is in the
-range of from 0.7 to 1.5.

The olefinically or acetylenically unsaturated compounds to be

carbonylated, the suitable sources of cationic palladium, phosphine

20 and protonic acid, the reaction conditions and further experimental
details are extensively described in the European patent applica-
tions mentioned hereinbefore, which are incorporated herein by way
of reference.

In summary, olefinically unsaturated hydrocarbons include

25 alkenes, in particular l-alkenes, having generally 2-20 carbon
atoms, which may be straight or branched and may comprise a plural-
ity of double bonds, for example ethene, propene, l-butene, 2-
butene, the isomeric pentenes, hexenes, octenes, and 1,5-cyclo-
octadiene. Acetylenically unsaturated compounds include alkynes, in

30 particular l-alkynes, which may be straight or branched unsubsti-
tuted and may comprise a plurality of triple bonds or further
double bonds, for example ethyne, propyne, and l-butyne. Suitable
hydroxy compounds include water, alcohols, and carboxylic acids,
which may be aliphatic, cycloaliphatic or aromatic, preferably

35 contain not more than 20 carbon atoms, and may have more than ome
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hi nt by the acid component of the catalyst system. Suitable phosphines

10 generally include triorganic phosphines, of which the organic
substituents independently of each other may be aliphatic, cyclo-
aliphatic, aromatic or heterocyclic and contain 1-10 carbon atoms,
for example triphenylphosphine, ethyldiphenylphosphine, dicyeclo-
hexylphenylphosphine, 2-pyridyldiphenylphosphine, bis(6-methyl-2-

15 pyridyl)phenylphosphine, tri-p-chlorophenylphosphine and tri-p-
_methoxyphenylphosphine. Preferred phosphines comprise at least ome
optionally substituted 2-pyridyl group. Suitable protonic acids
preferably have a non-coordinating or weakly coordinating anion.
Generally, such acids are strong acids having a pKa below 4.5, more

20 particularly below 2 (measured at 18 °C in aqueous solution), and
include sulphuric acid, sulphonic acids, phosphonic acid and
certain carboxylic acids. In the present context, the protonic acid
may be generated by interaction of a Lewis acid, such as BF3, with
a proton donor, such as HF, or may be generated in situ. It may

25 also be an acidic ion exchange resin.

The process is conveniently effected in the liquid phase. A
separate solvent is not essential. Solvents for optional use in the
process include aromatic hydrocarbons, esters, ethers and sul-
phones. At the preferred concentratioms, the free radical inhibitor

30 will readily dissolve in the liquid reaction medium. The ﬁresent
process is conveniently carried out at a temperature in the range
of from 10 to 130 °C. Preferred temperatures are in the range of
from 30 to 90 °C. Convenient pfessnres are in the range of from 100
to 10,000 kPa. The molar ratio between the olefinically or acetyl-

35 enically unsaturated hydrocarbon compound and the hydroxy compound
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t Beyreduction of a phosphine/palladiumratio in general carbonyl ation
repgtions, let alone the type of carbonylation reaction of the present
i nvgntion. For solving the problemindicated above, the invention
proyi des a process as indicated in the preanble of this specification,

whi ¢h proc$ss }s characterized in that the reaction is carried out in the
Phodohi ne s 1Haat vt S edn MsgRb ey Eiein Ko aRE B o by 2t on
-4- quantity of the catalyst system is not critlcal, and the qua%tf%y
of palladium may conveniently be in the range of 1077 to 10 ! of
gram atom palladium per mole of unsaturated compound.
5 | The carbon monoxide required for the process according to the

invention may be used in a practically pure form or diluted with an

inert gas, for example nitrogen. Also hydrogen may be present, if

it is substantially inert in the particular carbonylation reaction.
The catalyst systems used in the present process may be

10 prepared by any convenient method. Thus they may be prepared by
combining a separate palladium compound, the phosphine and the
protonic acid. Alternatively, they may be prepared by combining a
palladium compound and an acid addition salt of the phosphine.
Alternatively, they may be prepared from a palladium compound which

15 is a complex of palladium with the phosphine, and the protonic
acid. The free radical inhibitor may be introduced into the reac-
tion by any convenient method. It may, for example, be admixed with
the catalyst system, or it may be incorporated into one of the
precursor feeds.

20 By way of example, the invention will be demonstrated by
reference to the carbonylation of an acetylenically unsaturated
compound, more particularly the preparation of an alkyl methacryl-
ate by reaction of propyne with carbon monoxide and an alkanol.
Such a process is described in more detail in EP-271144, and uses a

25 catalyst system that can be formed from a palladium compound, a
protonic acid and an organic phosphine of the general formula

. PR1R2R3, wherein one, two or each of Rl, Rz and R3 represent a
heterocyclic 5 or 6 atom ring comprising at least nitrogen as
hetero atom, which ring is optionally substituted and/or may form

30 part of a larger condensed ring structure that is optionally
substituted, and any remaining group Rl, R2 or R3 represents an
optionally substituted hydrocarbyl group.

At the beginning of the reaction, the liguid carrier mainly
comprises methanol besides liquified propyne if the reaction is

35 conducted at increased pressure. In the course of the reaction
Thﬁ Sheet Has Been Reﬂlaced
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ph" phine during the entire course of the carbonyl ation reaction. So,
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systens havi ng gésgwer phos- phine/palladiumratio than used heretobefore,

can pe used without negative influence to the catalyst life, and therefore
t he Pegree of c n, in the carbonylation process conducted under the
sane] condi ti ons. AcRepubisagtative stability tests were carried out by preparing

solutions of the indicated molar amounts of the catalyst components

10 in mixtures of methyl methacrylate {MMA) and methanol (MeOH) at the
indicated weight ratios or in MeOH only. Palladium acetate (PdAc)
was used as source of palladium, diphenyl 2-pyridyl phosphine as
the ligand and methane sulphonic acid as the acid component of the
catalyst system. In tests Nos. 1-3, 5, 6 and 8, furthermore the

15 indicated amount of the indicated type of free radical inhibitor
was added. Tests Nos, 4 and 7 are for reference purposes. The
solutions were stored for 24 hours under a gaseous medium and at a
temperature as indicated. Thereupon, the solutions were analysed on
their content of phosphinoxide relative to the total of phosphorus

20 compounds, phosphine and phosphinoxide. The initial oxide content
of the phosphine sample used in these experiments was 2.4 smol.

The results of the tests are mentioned below. It is seen that
the presence of a free fadical inhibitor increases the life time of
the catalyst system. The effect is particularly pronounced, if the

25 reaction solvent comprises MMA even under a nitrogen atmosphere,
due to presence of trace amounts of dissolved oxygen.
Example B

In this Example the results of carbonylation experiments as a

function of the amount of oxygen fed via the catalyst solution is
30 given.
Carbonylation experiments were carried out in a CSTR (continu-

ously fed, stirred tank reactor). A 300 ml Hastelloy autoclave was

employed, which autoclave was equipped with a heating mantle and
cooling spiral, to control the temperature, and with a hollow-shaft
35 stirrer to improve CO mass transport.
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nNOWNn pr ocess. The concentration of the free radical inhibitor may
within wide limts depending on factorg-such as the duration of the
'nylation, the concentration of trace oxygen, the catal yst
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air or inerts, i.e
At the start of the experiment, the reactor was filled with

catalyst/MeOH solution, heated to 45 °C, and pressurized with CO up
to 1,100 kPa. Subsequently, catalyst/MeOH solution, propyne, and CO
were fed continuously to the reactor (propyne/CO/MeOH molar ratio

10 1:1.25:1.9) at 1,100 kPa and 45 °C. The liquid reactor content was
kept constant by a level control system at 220 ml. Steady states
were obtained at different residence times by varying the feeding
rates. Activity and selectivity data were derived from gas-liquid
chromatographic analysis of the continuously withdrawm product

15 stream. Selectivity to MMA was 99.2% in all cases, the major

‘by-product (0.8%) being methyl crotonate.

propyne  treatment of propyne conversion (%)
feed catalyst solution at residence time:
1.6 h 4.4 h
A mild stripping with inert gas 78 98
A air saturation 63 80
B mild stripping with inert gas 69 88
B severe stripping with inert gas 79 90

Differences in performance were caused by ligand oxidation by
oxygen. Different feeds of propyne were used, one being purified
both by topping and tailing ("A"), and one being purified by

20 topping only ("B", containing heavier trace impurities). From the
above results it can be concluded that, for a given propyne feed of
a certain purity, the performance is affected by the presence of
oxygen and thus by ligand oxidation.
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bl yneri zation reaction. At normal process tenperatures of about 50

b this side effect is thought advantageous in theory, but of

oy significance in practice. Free radical inhibitors, sonetines
¥ed to as polynerization inhibitors; 19uitable for use in the present
s are wel | -known from pol yneri zation technol ogy, and any such free

il i nhi bi tDestcandeeyused in the present process. Representatide
‘t@ple free radical Tnhrbrtors 1 nclude aromatic hydroxyl conpounds,

I c keto compounds, benzo- and napht hoqui nones, phenazi nes,

azi nes and phenot hi azines. Preferred free radical inhibitors are

sel e ed from tH8 gr olawedf subsf.i8t uted piedol 38-2j rfel-&di4fy8suctt phemol s

substg tuted with further hydroxi/r groups,_far jinstance h%/dro ui none. The
phendl s may car¥ePHany(sgdt her $hért3%8bsid-‘udtt-8 i3 -Barth-Qul H% al A groups

;S[rgt];\yl ni;}er}&mtnert . butyl, l?;nd |}{1ch “(1?2 hyq{zoxylb%t ed chondaeﬂseda&rorrat I C

Pd (mmol/kg) ©0.23 0.12 0.11 0.11 0.12 0.11 0.21 0.23
ligand (mmol/kg) 2.41 1.20 1.16 1.16 1.23 1.11 2.84 2.92
acid (mmol/kg) 5.06 2.38 2.40 2.28 2.44 2.24 1.31 1.22
H/L (mol/mel) 2.1 2.0 2.1 2.0 2.0 2.0 0.46 0.42

L/Pd (mol/mol) 10 10 10 10 10 10 14 13

inhibitor |
type" HQ HQ MEHQ - HQ BMP - MEHQ
(mmol/kg) 4.94 4.68 9.02 - 0.97 2.25 - 3.0l

temp. (°C) 45 45 45 45 45 45 20 20
*%

oxide

t=20 hr (3mol) 13.1 10.4 14.5 90.0 21.7 15.3 16.5 6.8

* HQ = hydroquinone; MEHQ = methylhydroquinone; BMP = butylated

methylphenol.
b molar proportion of phosphinoxide relative to total P

compounds present; initial oxide content of ligand: 2.4 smol.
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such as napht hol . Representative specific free radical inhibitors non-

| imtatively include nonohydric phenols,. such as 4- nethyl -2,

6- di -t ert. but yThh8hee|Haé BésuRydlaweded net hyl - phenol "), 2,

4-di net hyl -6-ter bet a- napht hol 5 p- et hoxyphenol

(" met hyl hydr oqui I ¢ phenols, such as hydroqui nones,

napht hohydr oqui nones, catechols, for tnstance p-tert. butyl catechda_17zehd

trihydric phenols, such as pyrogallol. Due to the presence of the free

radical inhibitor, the catalytic systemused in the present process is

effective at lower initial phosphine pEdpArEi®f. Accordingly, catalyst

systens are advantageous, which conprise, at the start of the reaction, a

rati o of noles of phosphine_to to of palladiumin the range of from
onyhag

2.5 to 50, preflerabh Profess &A% §g%g°n‘]f§ fen of A she R LprbidoPT i 4565 Ho not

di sturb the reasiically bhfaturated hydrocarbon compound by reaction with carbon

monoxide and a hydroxy compound in the presence of a catalyst
system comprising a source of cationic palladium, a source of

5 phosphine and a protonic acid, characterized in that the reaction
is carried out in the presence of a free radical imhibitor.
2. A process as claimed in claim 1, wherein the concentration of
the free radical inhibitor is in the range of 0.0005 - 1 & by
weight.

10 3. A process as claimed in claim 2, wherein the concentration of
the free radical inhibitor is in the range of 0.001 - 0.1 & by
weight,

[ -

4. A process as claimed in any one or more of claims 1 to 3,
wherein the free radical inhibitor is selected from the group of
15 aromatic hydroxyl compounds, aromatic keto compounds, benzo-
quinones, naphthoquinones, phenazines, phenoxazines and pheno-
thiazines.
5. A process as claimed in claim 4, wherein the free radical
inhibitor is selected from the group-of.substituted phenols.
20 6. A process as claimed in any one or more of claims 1 to 5,
wherein the initial ratio of moles of phosphine te gram atoms of
i palladium is in the range of from 2.5 to 50, preferably of from 5
to 30,
7. A process as claimed in any one or more of claims 1 to 6,
25 wherein the initial ratio of moles of protonic acid to moles of
phosphine is in the range of from 0.5 to 10, preferably of from 0.7
to 1.5.
8. A process as claimed in any one or more of claims 1 to 7,
wherein an acetylenically unsaturated hydrocarbon compound is
30 carbonylated.
9. A process as claimed in claim 8, wherein propyne is reacted

with carbon monoxide and an -alkanol to form an alkyl methacrylate.

I




-6- attenuate the econom c benefits achl eved by the invention. The
proportion of the protonic acid in the catal yst systemrelated to the

i nitical proportion of phosphine, is suitably in the range of from0.5 to
10. It has been found that the use of an.a@i d/ phosphine ratio around one is
beneficial to the rate of phosphine consunption, and accordingly it is

preferred that fhe ﬁJ@Ei&E Qf ff@l' gsdieh Fll’naimoe ﬁciadpiaea”ﬂlm tHe phﬁsmbrll.ne is
in the range of from

he ol.efi aI I cet
unsat ur at ed conpbtifig t?f‘ Bgegé‘ﬁﬁﬁ]ryl of #§eCHREIS sw Ya‘b sggg%a%r ge@‘&?&cat onic
pal | adi um phos phigremartsy pé@éﬁanavmm@b,rbbdnenon@d@lel and @ohiiroky repmperndf it her

experi ment al dettﬁélpsregét?ce of a catalyst system comprising a source of cationic
5 palladium, a source of phosphine and a protonic acid for the effect

of reducing the rate of consumption of the phosphine.
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extensively described in the European patent applications nentioned

her ei nbef ore, which are incorporated herein by way of reference. I n
sumary, ol efinically unsaturated hydrocarbons include al kenes, in
particul ar 1-al kenes, having generally 2-3@ carbon atons, which may be
straight or branched and may conprise a plurality of double bonds, for
exanpl e et hene, propene, 1l-butene, 2-butene, the isoneric pentenesy22
hexenes, octenes, and 1,5-cyclo- octadi ene. Acetylenically unsaturated
conmpounds include al kynes, in particular 1-al kynes, which may be straight
or branched unsubstituted and my compBi$a& B Lloural ity of triple bonds or
further doubl e bonds, for exanple ethyne, propyne, and 1-butyne. Suitable
hydr oxy compounds include water, alcohols, and carboxylic acids, which may
be aliphatic, cycl oGABBONZEATION PROCESRUSENG BALLADIHY | BHOSBHANE RATAShore t han
20 carbon atons, and may have nore than one hydroxy function. Exanples of
sui tabl e al cohol s include nethanqgl, ethanol, propanol, isobutan

|
tert.butanol, stear e dreepiden 1plafed toct RIPETRS gPY dde °§¥]3?(Fg?‘bl°.f an

olefinically or acetylenically unsaturated hydrocarbon compound by

reaction with carbon monoxide and a hydroxy compound in the pres-
ence of a catalyst system comprising a source of cationic palladi-
um, a source of phosphine and a protonic acid, which reaction is

carried out in the presence of a free radical inhibitor.
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flo17¢7-p woos
-7- Exanp1 rt ‘acids include acetic acid and
pr opi on c i 0 Zégyg§§'}%%re qdlqn1sources I ncl ude palladlun1conpounds
such, as %mt rwe @a&%g i Umiacet at e, Qonpl f or exargiﬁﬁ
tetr aki 'r'n‘t-j?gf; dti um and bi s§§ PRRER A ﬁBs i HEPaI SRR um
acetate ; F nph1mh|cq_|s | ubil'i zed by the acid
conpobnent bsﬂ%t cat%g%t §9 “Suiit abl € phosphi nes general ly i.ncl ude

triorgami c phosphines, of which the grganic substituents ind t of
each ot eDAmGﬁR@GBiﬁﬁt.w;ﬁ!fﬁ;.y.cl.oal ijphatic, aromatic- or e b} éi’N

CARBONYLATION PROCESS USING PALLADIUM PHOSPHINE
CATALYST

This invention relates to a process for the
carbonylation of an olefinically or acetylenically
unsaturated hydrocarbon compound by reaction with carbon
monoxide and a hydroxy compound in the presence of a
catalyst system comprising a source of cationic
palladium, a source of phosphine and a protonic acid.

Such processes provide a versatile tool for the
economic production of various chemicals starting from
readily available unsaturated hydrocarbon feedstock. The
carbonylation reaction may be represented by the
equation:

carbonylation
A + CO + BOH > H-A-CO-OB

catalyst
where A represent the unsaturated hydrocarbon compound
and BOH represents the hydroxy compound, such as water
(B=H), alcohols (B=R), and carboxylic acids (B=RCO).
Generally, olefinic precursors provide saturated
products, whereas acetylenic precursors provide olefinic
products; multiple carbonylations such as producing
saturated products from acetylenic precursors not being
excluded. Depending on the nature of the hydroxy compound
BOH, various functionalized products, including
carboxylic acids, esters, and anhydrides can be obtained.

Recently, it was found that very suitable catalysts
are constituted by catalytic systems comprising cationic
palladium, a phosphine ligand, and a protonic acid. These
catalyst systems allow the carbonylation reaction to
proceed at high rate under mild conditions in respect of
temperature and carbon monoxide pressure. By dedicated
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heterocyclic and contain 1-10 carbon atoms, for exanple triphenyl phosphine,
et hyl di phenyl phosphi ne, dicycl o- hexyl phenyl phosphi ne,

2- pyri dyl di phenyl phosphi ne, bis(6- nethyl-2-pyLi L%fhenyl b phi ne,
tri-p-chl orophenyl - phosphine and tri-p-net hox%Hﬁéﬁ tﬁtﬁ'i‘?ﬁﬁl %21 U\*P%ﬂeg@%d
phosphines conprise at |east one optionally substituted 2-pyridyl group.
Suitiabl e protonic acids preferably have"a2n6n-coordinat|ng or weakly

coordi natin Lon, ngy al such_acids.are_str acids having a pKa

bel ow 4.5, morBobae: PELFRRI tVaer 86, BRoneliArcany: Sd Parife o Sdseous

sol ution), anﬂrOhandeasmdphextremely,highpbehbqtdq%ﬁiesphospb@mi¢iac|d gnd
t ai ar bo : (o rese Xt @t ni | y be

gonerated by St bt PEodupt EpALA B2 BheaRHLEY pop PuPtReebraTns B

donor, such a3P¢FLifif mapbemviahient Eearhiensuthus gajadvzedhzeferavicd c

ion excgange ieshade to iﬂa_e1osgvsg?zbﬁl_senzsggﬁgté%tyo@?tggcgﬁgggggﬁgsLi ?ﬁi d
FEZSS}ocezgpﬁég%%%gfg¥82%?+€eagé?o-ﬁgéggghgﬁ'e§?éﬁ§i4é§heﬁ dand éulphones.
At the pref erERe44bodé2nt Thei bow, témpetataresadotatheshi bakbbnyilhtibgadi |y
reactiohs are particularly advantageous in that the usual
problem of polymerization as side reaction in
preparations and/or purifications involving vinylic
precursors or products does not occur to an appreciable
extent.

Generally, these catalyst systems should comprise.a
rather high ratio of moles of phosphine to gram atoms of
palladium for securing high conversions at low palladium
concentration. The high phosphine content disadvantage-
ously attributes to the waste streams and the economics
of the above processes, in particularly when using
ingenuously substituted phosphines for specific selective
processes; It would be desirable to reduce the
phosphine/palladium ratio without affecting the
performance of these catalyst systems.

The use of inhibitors in other carbonylation
reactions and/or preparation processes for methyl
methacrylate (MMA) has been reported. However, in such
cases the inhibitor was added for its well-known function
of inhibiting polymerization reactions of vinylic
compounds, since..the processes were carried out at
temperatures of about 100 °C or much higher. So,
US-4,447,640 discloses the preparation of MMA by
carbonylation of 1,2-dihaloalkanes in the presence of a
supported palladium catalyst and an inhibitor at
temperatures in the range of 150-300 °C. The
specification mentions that homogeneous catalysts
comprising a group VIII metal salt in conjunction with a

Tnis i3 the replacement sheet

Date: 24 JUN 1996



di ssolve in the liquid reaction nedium The present process is conveniently
carried out at a tenperature in the range of fr.om 10 t? 130 [err]gg : 1c
Preferred tenperatures are in the range of from30 to err]C
Conveni ent pressures are in the range of from §Ggstlﬁlt§(§m®~laja.~lumae193ﬁar

ratio between the olefinically of acetylenjcally unsaturated hydrocarbon
conpound and t he hydroxy conpound is nof'é?rTicaI, and may vary within a

Cenge ot Cak et BN St SEYANL VSR SeVhatng
further detail. The alleged effects of inhibitor addition
as elucidated in column 4, lines 7-37;1are prevention of
polymerization of the MMA product and increase of the
active life of the catalyst by prevention of fouling of
the catalyst through deposit of carbon thereon. The
latter problem would clearly seem to be confined to
heterogeneous catalysts. US-4,480,116 discloses the
preparation of MMA by acid hydrolysis of acetone
cyanohydrin in the presence of 50-3000 ppm of specific
inhibitors, particularly during the work up procedures.
Again, the alleged effect is prevention of polymerization
of MMA product, whereas this publication is silent on. any
effect on the life of the catalyst. In Example 22 of
EP-A-386833, the carbonylation of 3-butynol is carried
out in the presence of hydroquinone for preventing poly-
merization of the methylenolacton product formed. _
US-4,416,823 discloses the dimeric hydroesterification of
1,3-alkadienes in the presence of a palladium/phosphine/-
thiol stabilized complex catalyst at preferred temper-
atures in the range of 80-120 °C. Preferably, the
reaction is conducted in the presence of a vinyl
polymerization inhibitor to avoid an increased
incremental loss of 1,3-butadiene to polymeric
byproducts. None of these publications give any hint to
the reduction of a phosphine/palladium ratio in general
carbonylation reactions, let alone the type of
carbonylation reaction of the present invention.

For solving the problem indicated above, the
invention provides a process as indicated in the preamble
of this specification, which process is characterized in
that the reaction is carried out in the presence of a
free radical inhibitor.

It is now believed that some phosphine was
inactivated during the previously described carbonylation
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be in the range of 10[err] to 10[err] of gram atom pall adi um per nol e of
unsat ur ated conpound. The carbon nonoxi de required for the process
according to the invention may be used in a practically pure_form or
diluted with an inert gas, for exanple nitrogePubstitute Bhaebyenl JRe 4896
present, if it is substantially inert in the particular carbonylation
reaction. The catal yst systens used~i A The present process may be

prepared by any copveni ent, netho s the epared by conbining a
separate pal | ERRGR+eRNPRG ?Pa?rﬁp?WRiﬁﬁnFﬁﬁgﬂd° Bhﬁg PgﬂFCQQC|d.

Al ter ngt I \égl %/palt@dlmylﬂnel;.]mé PRt £y Py spsbeni wtg_saggqhindduﬁbcorrpound and .
an acid additlo 0 e r Vel e pr epare
froma pall a(ﬂ“‘ﬁ % %é mi$€€&$€&ggc%‘ﬁ€$£§ %? %gg%‘%%?%%ﬂ énhggis ngxe

phosphi ne, ardurimgpthe cehtizeicounse ¢fetheadarhonyhatbonoreasyivbe.

i ntroduced i rﬁcﬁ t(ﬂf f@féﬁt Hatd, C&M%ﬁ@&ﬁtﬂ@ﬁhﬁﬁopbéegﬁﬁhef AseC%2P! €,

be adm xed wit e cataly systen1 or be |ncorgorate I nto one of
the precursoraffeeg. rad 1c %&ah%l% PFﬂEeFﬁvéﬂFl Rewi || be

denonstr at ed carbonylation of an olefinically or acetylenically
unsaturated hydrocarbon compound by reaction with carbon
monoxide and a hydroxy compound in the presence of a
catalyst system comprising a source of cationic
palladium, a source of phosphine and a protonic acid for
reducing the rate of consumption of the phosphine.

It was surprisingly found, that in the present
carbonylation reaction the free radical inhibitor
provides a beneficial effect different from its usual
effect of inhibiting vinylic polymerization. As a
consequence, catalytic systems having a lower phos-
phine/palladium ratio than used heretobefore, can be used
without negative influeqce to the catalyst life, and
therefore the degree of conversion, in the carbonylation:
process conducted under the same conditions. Accordingly,.
the invention provides a reduction of costs of phosphine
ligands and a reduction of the disposal of the phosphine
content of the waste stream of the known process.

The concentration of the free radical inhibitor may
vary within wide limits depending on factors such as the
duration of the carbonylation, the concentration of trace
oxygen, the catalyst concentration and the temperature.
For economically attractive carbonylation reactions, the
concentration of the free radical inhibitor is preferably
in the range of 0.0005 - 1% by weight, more preferably in
the range of 0.001 - 0.1% by weight, based on the total
of reaction components. It is an additional advantage of
the present invention, that these inhibitor con-
centrations also will very effectively inhibit any
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by reference to the carbonyl ation of an acetyl enically unsaturated
conpound, nore particularly the preparation of an al kyl nethacrylate by
reaction of propyne with carbon nonoxi de and an al kanol. Such a process is
described in nore detail in EP-271144, and usdubstitutesshant sybrhine ha86can
be formed from a pal | adi um conpound, a protonlc acid and an organic
phosphi ne of the S - -9- general formula
PR err]Rerr]R err erein one, two_or each of Rerr], R2 and R3
represent a HRS %}Eﬁt&°9 SPaﬁtéPBwlFFn&ogHﬁ&rP§Pﬁ§s§ttPQEﬁF@FWW%ben as
hetero atom ofhabbuti B0 °C, this side effect is thought advantageous

in theory, but of secondary significance in practice.

Free radical inhibitors, sometimes referred to as
polymerization inhibitors, suitable for use in the
present process are well-known from polymerization
technology, and any such free radical inhibitor can be
used in the present process. Representative suitable free
radical inhibitors include aromatic hydroxyl compounds,
aromatic keto compounds, benzo- and naphthoquinones,
phenazines, phenoxazines and phenothiazines. Preferred
free radical inhibitors are selected from the group of
substituted phenols, including such phenols substituted
with further hydroxy groups, for instance hydroquinone.
The phenols may carry any further inert substituent, in
particular alkyl groups such as methyl and tert.butyl,
and include hydroxylated condensed aromatic ring systems,
such as naphthol.

Representative specific free radical inhibitors non-
limitatively include monohydric phenols, such as 4-
methyl-2, 6-di-tert.butylphenol ("butylated methyl-
phenol®), 2,4-dimethyl-6-tert.butylphenol, beta-naphthol,
p-methoxyphenol ("methylhydroquinone”); dihydric phenols,
such as hydroquinones, naphthohydroquinones, catechols,
for instance p-tert.butylcatechol, and trihydric phenols,
such as pyrogallol.

Due to the presence of the free radical inhibitor,
the catalytic system used in the present process is
effective at lower initial phosphine proportion.
Accordingly, catalyst systems are advantageous, which
comprise, at the start of the reaction, a ratio of moles
of phosphine to gram atoms of palladium in the range of
from 2.5 to 50, preferably of from 5 to 30. Higher
phosphine proportions do not disturb the reaction, but
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I's optionally substituted and/or may form part of a |arger condensed ring
structure that is optionally substituted, and .any remaining group Rlerr],
Rlerr] or Rerr] represents an optionally substituted hydrocarbyl group.

At ‘the beginning of the reaction, the |iquid Substitutershesty 2briinestas

met hanol besides liquified propyne if the reaction is conducted at

i ncreased pressure. In the course of the &eaction nethanol is replaced by
met hyl met hacryl ate product further acting as the liquid carrier or solvent
for the reacttdhenvateiithe |econamia ihﬂi’cﬁfsﬂqiﬁ s, part of the
reacti on feedpsntign.0f a recycled nmethyl nethacryl ate/ nmethanol azeotrope

SCroam AN aCC bR o A9 Sl e e TR A 2
by preparingsyeslten aedatfed o ithd daiidd alplproportinirs off ghusplaied ysis
Che 1 nat cat ed oY At 4 eRhad Aol ¥ S0 20 LAt R E R Gn) vae.
used as sour feuad Fhatadihenuse gfean @lpi,)llﬁlm-ﬂpmmﬂtﬂ@ @&rqund one
is beneficial to the rate of phosphine consumption, and
accordingly it is preferred that the ratio of moles of
protonic acid to moles of phosphine is in the range of
from 0.7 to 1.5.

The olefinically or acetylenically unsaturated
compounds to be carbonylated, the suitable sources of
cationic palladium, phosphine and protonic acid, the .-
reaction conditions and further experimental details are -
extensively described in the European patent applications
mentioned hereinbefore, which are incorporated herein by
way of reference.

In summary, olefinically unsaturated hydrocarbons
include alkenes, in particular l-alkenes, having
generally 2-20 carbon atoms, which may be straight or
branched and may comprise a plurality of double bonds,
for example ethene, propene, l-butene, 2-butene, the .
isomeric pentenes, hexenes, octenes, and 1,5-cyclo-
octadiene. Acetylenically unsaturated compounds include
alkynes, in particular l-alkynes, which may be straight
or branched unsubstituted and may comprise a plurality of
triple bonds or further double bonds, for example ethyne,
propyne, and l-butyne. Suitable hydroxy compounds include
water, alcohols, and carboxylic acids, which may be
aliphatic, cycloaliphatic or aromatic, preferably contain
not more than 20 carbon atoms, and may have more than one
hydroxy function. Examples of suitable alcohols include
methanol, ethanol, propanol, isobutanol, tert.butanol,
stearyl alcohol, phenol, ethylene glycol and glycerol.
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l'igand and nethane sul phonic acid as the acid conponent of the catalyst
system In tests Nos. 1-3, 5, 6 and 8, furthernore the indicated anmount of

the indicated type of free radical inhibitor was added. Tests Nos, 4 and 7
are for reference purposes. The sol utions wer eSkbstittersheeps Zbdpge 6 a

gaseous nedium and at a tenperature as Lpg;qgted. Ther eupon, the solutions
wer e anal ysed on their content of phosphinoxide relative to the total of

Contont of ¢ nEigliblts BF° LB RCARSRI 40 Mehble aPerTE e
- 10 - and propionic acid. _ o

Suitable palladium sources include palladium
compounds such as salts, for example palladium acetate,
and complexes, for example tetrakis-triphenylphosphine-
palladium and bis-triphenylphosphinepalladium acetate,
but also metallic palladium which is solubilized by the
acid component of the catalyst system. Suitable
phosphines generally include triorganic phosphines, of
which the organic substituents independently of each
other may be aliphatic, cycloaliphatic, aromatic or
heterocyclic and contain 1-10 carbon atoms, for example
triphenylphosphine, ethyldiphenylphosphine, dicyclo- _
hexylphenylphosphine, 2-pyridyldiphenylphosphine, bis(6-
methyl-2-pyridyl)phenylphosphine, tri-p-chlorophenyl-
phosphine and tri-p-methoxyphenylphosphine. Preferred
phosphines comprise at least one optionally substituted
2-pyridyl group. Suitable protonic acids preferably have
a non-coordinating or weakly coordinating anion.
Generally, such acids are strong acids having a pKa below
4.5, more particularly below 2 (measured at 18 °C in
aqueous solution), and include sulphuric acid, sulphonic
acids, phosphonic acid and certain carboxylic acids. In
the present context, the protonic acid may be generated
by interaction of a Lewis acid, such as BF3, with a
proton donor, such as HF, or may be generated in situ. It
may also be an acidic ion exchange resin.

The process is conveniently effected in the liquid
phase. A separate solvent is not essential. Solvents for
optional use in the process include aromatic hydro-
carbons, esters, ethers and sulphones. At the preferred
concentrations, the free radical inhibitor will readily
dissolve in the liquid reaction medium. The present
process is conveniently carried out at a temperature in
the range of from 10 to 130 °C. Preferred temperatures
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The results of the tests are nentioned below. It is seen that the presence
of a free radical inhibitor increases the |ife tinme of the catal yst

system The effect is particularly pronounced, if the reaction  solvent
conprises MVA even under a nitrogen atnosphereSubgtititesheetschtdupe 199€ e

anounts of dissol ved oxygen. Exanple B In this Exanple the results of
carbonyl ati on experinents as a functi o & The amount of oxygen.fed via

t he catal yst sqQlut,on,i s _qgiven. Carjonyl ati Qn experinents were carried
out in a >(l:STRa%(ec(‘}'ﬁ’i &r“fmf%rﬁﬂ% &F tHan r’&d%’a?ﬁﬁ r gac?&P)"?nA_e%O m

Hastel | oy aut prlemsainess aeplioy dhe whange afi ditoa e Mhsto )i qEdPd I hr}{f?et )
heati ng mant| s ' 0 : t [ , W a
hol | ovvg-J shaf t gﬁoﬁ'?(r}e%%cﬁlgq :\i’rﬁs)tr'eJ Oe\r/e? Egte ng&éé‘f{l?{&%ggblﬁf&e’%%f@ﬁa onent s

as defined i nUPRatWratedshydrosarbes ceompavnidianst theethydnonyt aarpuing
ver e di ssol vedsi notherr@daisednd mabivay WA Y J¥ S &d 18

ppw Pd/ MeCH, 1%‘3’: Ili.gq,%%/ E<i;(1:1ia(gx/tiirt]:?(i l?:ift %%en@a%ralryzge 0syosftem is not
critical, and the quantity of palladium may conveniently .
be in the range of 107 to 10~1 of gram atom palladium
per mole of unsaturated compound.

The carbon monoxide required for the process
according to the invention may be used in a practically
pure form or diluted with an inert gas, for example
nitrogen. Also hydrogen may be present, if it is
substantially inert in the particular carbonylation
reaction.

The catalyst systems used in the present process may
be prepared by any convenient method. Thus they may be
prepared by combining a separate palladium compound, the
phosphine and the protonic acid. Alternatively, they may
be prepared by combining a palladium compound and an acid
addition salt of the phosphine. Alternatively, they may
be prepared from a palladium compound which is a complex -
of palladium with the phosphine, and the protonic acid.
The free radical inhibitor may be introduced into the
reaction by'any convenient method. It may, for example,
be admixed with the catalyst system, or it may be
incorporated into one of the precursor feeds.

By way of example, the invention will be demonstrated
by reference to the carbonylation of an acetylenically
unsaturated compound, more particularly the preparation
of an alkyl methacrylate by reaction of propyne with
carbon monoxide and an alkanol. Such a process is
described in more detail in EP-271144, and uses a
catalyst system that can be formed from a palladium
compound, a protonic acid and an organic phosphine of the
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1: 20: 15: 40).

The gas atnosphere was varied (air or inerts, i.e., N2 or ‘Ar).

Propyne was fed via syringe punps. At the start of the experinent, the
reactor was filled with catal yst/MeOH solution, heated to 45 [err]C, and
pressurized with COup to 1,100 kPa. SubsequentSupstitutessheet/-\&Ddusel 1996n,
propyne, and CO were fed continuously to the reactor (propyne/ CO MeOH nol ar
ratiro 1:1.25:1.9) at 1,100 kPa and 45 [er® € The |liquid reactor ,content
was kept constant by a |evel control systemat 220 nl. Steady states were
obtai ned at dgpperaht fpEBndanBR1ReRas Whersip ager h&wWpeodi sgchaods Ry,

Activity and Rgl aadi Rkt Yefebdener @ ﬂethxeégkuaeygaérl%qatémpaﬁa@atographic
u

anal ysi's of thSugoaLt HOUR! Y LLEhdt gun pro

ch %tréa Selectivity to MVA
itrogen as hetero atom, which ring

is optionally substituted and/or may form part of a
larger condensed ring structure that is optionally
substituted, and any remaining group Rj;, Ry or R3
represents an optionally substituted hydrocarbyl group.

At the beginning of the reaction, the liquid carrier
mainly comprises methanol besides liquified propyne if
the reaction is conducted at increased pressure. In the
course of the reaction methanol is replaced by methyl
methacrylate product further acting as the liquid carrier
or solvent for the reaction mixture. In a continuously
conducted process, part of the reaction feed consist of a
recycled methyl methacrylate/methanol azeotrope stream,
and accordingly in each stage of the reaction methyl
methacrylate is present.
Example A

Representative stability tests were carried out by
preparing solutions of the indicated molar amounts of the
catalyst components in mixtures of methyl methacrylate
{(MMR) and methanol (MeOH) at the indicated weight ratios
or in MeOH only. Palladium acetate (PdAc) was used as
source of palladium, diphenyl 2-pyridyl phosphine as the
ligand and methane sulphonic acid as the acid component
of the catalyst system. In tests Nos. 1-3, 5, 6 and 8,
furthermore the indicated amount of the indicated type of
free radical inhibitor was added. Tests Nos, 4 and 7 are
for reference purposes. The solutions were stored for
24 hours under a gaseous medium and at a temperature as
indicated. Thereupon, the solutions were analysed on
their content of phosphinoxide relative to the total of
phosphorus compounds, phosphine and phosphinoxide. The
initial oxide content of the phosphine sample used in
these experiments was 2.4 %mol.
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- 11 - cases, the major by-product (0.8% being nethyl crotonate.

pr opyne treat nent of propyne conversion (% feed iagaLyst
sol ution at residence tine: . :

4.4°h A mld stripping wiubstitigte shped - 21 June 1396
98 A air saturation §310 _808B - mld stripping
wth inert gas 69 88 B severe stripping

Wth inert gas  ghe reffilts of’the tests are mentioned below. It is
seen that the presence of a free radiégl‘ihhibitor
increases the life time of the catalysﬁ'system. The
effect is particularly pronounced, if the reaction
solvent comprises MMA even under a nitrogen atmosphere,
due to presence of trace amounts of dissolved oxygen.
Example B

In this Example the results of carbonylation
experiments as a function of the amount of oxygen fed via
the catalyst solution is given.

Carbonylation experiments were carried out in a CSTR
(continuously fed, stirred tank reactor). A 300 ml
Hastelloy autoclave was employed, which autoclave was -
equipped with a heating mantle and cooling spiral, to
control the temperature, and with a hollow-shaft stirrer
to improve CO mass transport.

Catalyst components as defined in Example A and free
radical inhibitor (methylhydroquinone) were dissolved in
the MeOH feed at ambient temperature and pressure
(18 ppmw Pd/MeOH, Pd/ligand/acid/inhibitor molar ratio of
1:20:15:40) . The gas atmosphere was varied (air or
inerts, i.e., Ny or Ar). Propyne was fed via syringe
pumps .

At the start of the experiment, the reactor was
filled with catalyst/MeOH solution, heated to 45 °C, and
pressurized with CO up to 1,100 kPa. Subsequently,
catalyst/MeOH solution, propyne, and CO were fed
continuously to the reactor (propyne/CO/MeOH molar ratio
1:1.25:1.9) at 1,100 kPa and 45 °C. The liquid reactor
content was kept constant by a level control system at
220 ml. Steady states were obtained at different
residence times by varying the feeding rates. Activity
and selectivity data were derived from gas-liquid
chromatographic analysis of the continuously withdrawn
product stream. Selectivity to MMA was 99.2% in all
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Differences in performance were caused by |igand oxidation by oxygen.
Different feeds of propyne were used, one being purified both by topping
and tailing ("A"), and one being purlfled by topping only ("B', containing
heavier trace inpurities). Fromthe above resu$@h$ﬂ%“%§h95%‘36n8WUUé§9@hat
for a given propyne feed of a certain purity, the performance is affected
by the presence of oxygen and thus by |t ghkhd oxidation. .

- 12 Test cases, the major by-product (0.8%) being methyl
crotonate. ..
propyne treatment of propyne conversion (%)
feed catalyst solution at residence time:
1.6 h 4.4 h
A mild stripping
with inert gas 78 98
A air saturation 63 80
B mild stripping
with inert gas 69 88
B severe stripping
with inert gas 79 90

Differences in performance were caused by ligand
oxidation by oxygen. Different feeds of propyne were
used, one being purified both by topping and tailing
("A"), and one being purified by topping only ("B",
containing heavier trace impurities). From the above
results it can be concluded that, for a given propyne
feed of a certain purity, the performance is affected by
the presence of oxygen and thus by ligand oxidation. |
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(No.)

46.8 48.6 49.3 50.2 47.4 48.8 - MeOH (%) -
52.6 51.2 100

Nerr] air

0.23 ligand (nmol /kg)

(nmol / kQ)
2.1 2.0
10 10

HQ BWP
3.01 tenp.

1 2 3 4 5 6 7 8  (9%t)

53.2 51.4 50.7 49.8
100 nmedi um Nerr] Nerr] N[errk N[errb

Pd (ol / kg) oSubstiuta sheet221pJune 1996,
2.41 1.20 1.16,1.16 1.23 1.11 2.84 2.92 acid
5.06 2.38 2.40 2.28 2.441% 24 1.31 1.22 HL (nol/nol)

N err]

air 0.23 0.12

2.1 2.0 2.0 2.0 0.46 0.42 L/ Pd (nol/nol) 10 10
10 10 1 13 inhi-bitor tng = HO HO A :
Test MEHQ | (mmol/kg) .94 [4.68 |9.02 | = [0.97 |2.25 |
(h8.5] 9 1 2 3 4 s e 7 8
MMA
($wt) 46.8 | 48.6 |49.3[50.2 | 47.4 [48.8]- -
MeOH
(3wt) 53.2 [ 51.4 [50.7]49.8 |52.6 {51.2|100 |100
medium N» No No No> No N»o air |air
Pd N
{(mmol/kg) 0.23 0.12 [0.11[0.11 |0.12 |0.11[0.21 |0.23
ligand _
{mmol/kq) 2.41 (1.20 {1.16{1.16 |1.23 [1.11{2.84 |2.92
acid
(mmol/kg) 5.06 {2.38 {2.40}2.28 [2.44 [2.24]1.31 |1.22
H/L
(mol/mol) 2.1 |2.0 {2.1 |[2.0 {2.0 (2.0 |0.46 |0.42
L/Pd
(mol/mol) 10 10 10 |10 10 10 |14 13
inhibitor

type”* HQ HQ MEHQ | - HQ BMP | - MEHQ

(mmol/kg) |4.94 |4.68 |9.02]- 0.97 |2.25]- 3.01
temp. (°C) '
oxide** 45 45 45 |45 45 45 |20 20
t=20 hr

(%mol) 13.1 [10.4 {14.5|90.0 |21.7 {15.3]{16.5 | 6.8

* HQ = hydroquinone; MEHQ =
butylated methylphenol.
molar proportion of phosphinoxide relative to total P
compounds present; initial oxide content of ligand:
2.4 %mol.

methylhydroquinone; BMP =

* *
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oxi de** 45 45 45 45 45 45 20 20 t=20 hr (%mol)

13.1 10.4 14.5 90.0 21.7 15.3 16.5 6.8 * HQ = hydroqui none; MEHQ. =
met hyl hydr oqui none; BMP = butyl ated met hyl phenol . ** ol ar
proportion of phosphinoxide relative to total $ubstitute sbagbuldsJyed&A6
initial oxide content of |igand: 2.4 %ol .
- 13 - - 13 -
T 1722 SIN
CLAIMS

1. A process for the carbonylation of an olefinically or
acetylenically unsaturated hydrocarbon compound by
reaction with carbon monoxide and a hydroxy compound in
the presence of a catalyst system comprising a source of
cationic palladium, a source of phosphine and a protonic
acid, characterized in that the reaction is carried out
in the presence of a free radical inhibitor.

2. A process as claimed in claim 1, wherein the
concentration of the free radical inhibitor is in the.
range of 0.0005 - 1% by weight.

3. A process as claimed in claim 2, wherein the
concentration of the free radical inhibitor is in the
range of 0.001 - 0.1% by weight.

4. A process as claimed in any one or more of claims 1
to 3, wherein the free radical inhibitor is selected from
the group of aromatic hydroxyl compounds, aromatic keto
compounds, benzoquinones, naphthoquinones, phenazines,
phenoxazines and phenothiazines. '
5. A process as claimed in claim 4, wherein the free
radical inhibitor is selected from the group of
substituted phenols.

6. A process as claimed in any one or more of claims 1
to 5, wherein the initial ratio of moles of phosphine to
gram atoms of palladium is in the range of from 2.5 to
50, preferably of from 5 to 30.

7. A process as claimed in any one or more of claims 1
to 6, wherein the initial ratio of moles of protonic acid
to moles of phosphine is in the range of from 0.5 to 10,
preferably of from 0.7 to 1.5.

e This is the repla nt sheet
AR )RR L comert shee

Date: ¢ 4 Jutt 199



T 1722 SIN CLAI MS 1. Aigﬁb%é EL HAS, BREN

carbonyl ation of an olefinically or acetylenically ungaturg &Aﬁ@&rocarbon
conpound by reaction with carbon nonoxi de and hydr oxy conmpound i n
presence of a catal yst system conprising a sow'g‘l‘tecéﬁ%m 2* qeabégﬁ a
source of phosphine and a protonic aciq,lghqracterized in that the reaction
is carried out in the presence of a freeradical inhibitor. 2. A process as

e s | . . : Bttt
P ther T R e Tad N £OIKENA Mn TR SEmdEE of AP Ll I 0] LOT
2, wherein tH®© cond@rrrein on Acehrlenkeal byl ensatyrated crydsocarbeRr range

of 0.001 - O.ddagdunei tcarborfyPie®ss as cl ai ned im any one or nore of

clains 1 to 3 erein the free radical i ipitor i,s selected fromthe
group of ar orﬁa‘t},\g‘ FHEF D ) HFO%*‘E etperein propyne 1s

reacted with carbon monoxide and an alkanol to form an
alkyl methacrylate.

10. Use of a free radical inhibitor in a prbcess for the
carbonylation of an olefinically or acetylenically
unsaturated hydrocarbon compound by reaction with carbon
monoxide and a hydroxy compound in the presence of a
catalyst system comprising a source of cationic
palladium, a source of phosphine and a protonic acid for
the effect of reducing the rate of consumption of the.
phosphine.

C16/T1722FF .. [ l“l“cl |||||I“l'!| “IIJ | l“l
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conpounds, benzoqui nones, napht hoqui nones, phenazi nes, phenoxazi nes and
phenot hi azines. 5. A process as clainmed in claim4, wherein the free
radical inhibitor is selected fromthe group of substituted phenols. 6. A
process as claimed in any one or nore of clai mSubstituts sheetradhJune 1986 al
rati o of noles of phosphine to gramatons of palladiumis in the range of
from2.5 to 50, preferably of from5 to 30. 7. A process as clained in any
one or nmore of clains 1 to 6, wherein the initial ratio of mles of
protonic acid to noles of phosphine is in the range of from & 2722 &IN
preferably of fromO0.7 to 1.5.

ABSTRACT

CARBONYLATION PROCESS USING PALLADIUM PHOSPHINE
CATALYST

The invention relates to a process for the
carbonylation of an olefinically or acetylenically
unsaturated hydrocarbon compound by reaction with carbon
monoxide and a hydroxy compound in the presence of a
catalyst system comprising a source of cationic palladi-
um, a source of phosphine and a protonic acid, which .
reaction is carried out in the presence of a free radical
inhibitor.
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* 14 - 8. A process as clainmed in any one or nore of clainms 1 to 7, *
wherein an acetylenically unsaturated hydrocarbon conpound is carbonyl at ed.

9. A process as clained in claim@8, wherein pr ne is reacted yit. bon
nonoxi de and an al kanol to form an al kyl meth %tgyge_ séﬁ‘.’ai Ugg gp"Q"??ée
radical inhibitor in a process for the carbonylation of an olefinically or

acetylenically unsaturated hydrocarbon'cogpound by reaction with carbon
nonoxi de and a hydroxy conpound in the pr derice of a catal yst system

broton ¢ sct dror A R st o e il PG Gy hofELBE bR AR 2,
phosphi ne. to 7, wherein an acetylenically unsatgrated hydrocarbon
compound is carbonylated. :
9. A process as claimed in claim 8, wherein propyne is
reacted with carbon monoxide and an alkanol to form an

alkyl methacrylate.
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