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0) eflnlcally unsat ur at ed conpounds by reaction with carbon nonoxi de and a
coreactant in the presence of a catalyst system conprising cationic
pal'l adi um and a bi dentate di phosphine. Thel rvention further relates to
certain catalytic systens suitable for this nonocarbonylation reaction.

A review-of various carbonylation reactions is provided by J. FEalhk0 SRy
Synt heses with Carbon Monoxi de", Springer. Verlag, Berlin Heidel berg New

York, 1980. One commercial ly_rel evant _carhon ' reaction using a
hydridejkource as coreactant, i HQNYLATISN 89 SLE%&ﬁg' - °

This invention relates to a process for the
monocarbonylation of optionally substituted oleflnlcally'
unsaturated compounds by reaction with carbon monox1de
and a coreactant in the presence of a catalyst system
comprising cationic palladium and a bidentate
diphosphine. The invention further relates to certain
catalytic systems suitable for this monocarbonyletion
reaction. '

A review of various carbonylation reactions is
provided by J. Falbe, "New Syntheses with Carbon
Monoxide”, Springer Verlag, Berlin Heidelberg New York,
1980. .

_ One commercially relevant carbonylation reaction
using a hydride source as coreactant, is the
hydroformylation of olefins, which are reacted with
carbon monoxide and hydrogen in the presence of
‘transition metal catalysts to form aldehydes having one
more carbon atom than the precursor olefin. Depending_on
catalyst, reaction conditions and substrates, the
hydroformylation may proceed with varying selectivities
to the several possible isomeric aldehydes and varying
yields when side reactions occur to a smaller or largef
extent. The formation of ketones involving two
equivalents of olefin in the reaction with carbon
monoxide and hydrogen, is a known side reaction, but
generally it does not become the mein reaction for
olefins higher than ethylene. While cobalt and rhodium
catalysts are best docﬁmented, recent attention also was
focused on palladium catalysts. ' |

Another commercially relevant carbonylatlon reactlon,'
which uses a nucleophile with a mobile H-atom as
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variety of feedstocks. Historically, this reaction

involved transition metal carbonyls, such as Ni(CO)4, or
their precursors. More recent work shows other transition
metals including palladium, to be catalytically active.

A particular group of palladium catalysts is
disclosed by GB-A-2058074 and comprises cationic
palladium complexes having a molecular structure:

1; L, |2+
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wherein Lj and Ly are weakly coordinated solvento-ligands
and where L3-Y-Lg is a bidentate ligand containing groups
L3 and Lg each of which has a Group V or Group VI donor
atom attached to the palladium atom and further carrying
two or one optionally substituted hydrocarbyl groups, and
Y is a bridging group having 1-3 atoms in the bridge. The
preferred bidentate ligand is 1,2-bis(diphenylphosphino)
ethane and the catalyst is proposed for use in
alcoholysis and hydrogenation reactions.

The use of a palladium catalyst system comprising a
‘source of palladium cations, a source of bidentate
‘diphosphine, and a source of anions derived from a strong
acid, in the preparation of aldehydes is disclosed in EP-
A-220767. According to its Examples these catalysts
comprising tetraaryl alkylenediphosphine ligand, effect a
good reaction rate and high selectivity to aldehydes, in



coreactant, is the so-called Reppe reaction involving the addition of
carbon nonoxi de to ol efinic bonds. Depending on the nature of the
coreactant the Reppe reaction presents routes for the manufacture of
saturated aci ds, anhydrides, esters, am des, thioesters, etc. froma w de
variety of feedstocks Historically, this-ryaction involved transition
metal carbonyls, such as NI (COJ[err], or their precursors. Mre recent work
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L3 and L4 eaCho(?l.fe r:ltsCQn af? car <§)rl1J mc)én:%gl e ax?d\%ygrogen. The reaction
proceeds at a good rate, but a rather complicated mixture
of ketones is obtained. Still a further carbonylation
reaction using this known catalyst system is disclosed in
US-A-4849542 describing the preparation of oxo-alkane-
dioic acids or diesters by reaction of carboxy or ester
substituted olefins with carbon monoxide and hydrogen.
The desired diester ketone is produced with high selec-
tivity, but any indication of applicability_of the
process to olefins carrying other functional groups is
absent.

A Reppe reaction for the carbonylation of an olefin
with carbon monoxide in the presence of water, an alcohol
or a carboxylic acid as coreactant is disclosed in EP-A-
55875, wherein a catalyst system comprising palladium and
a triorganophosphine contéining at least one aliphatic
carbon atom bound to phosphorus is used. Whereas for
monophosphines PR3 it is recommended that all groups R
represent the same, preferably unsubstituted alkyl group
for economic reasons, for any diphosphines,'in which the
linking alkylene bridge provides the at least one
aliphatic carbon atom bound to phosphorus, it is hinted
at aromatically substituted diphosphines such as
bis{diphenylphosphino)methane only.

It is known that Reppe reactions, wherein an alkenoic
acid derivative is carbonylated by reaction with carbon
monoxide and a nucleophilic compound having a mobile
hydrogen atom, are catalysed by a Group VIII metal such
as cobalt. For example, EP-A-143911 discloses the '
preparation of succinic diesters starting from an acrylic
ester and using a cobalt carbonyl complex as catalyst.



atom attached to the palladiumatomand further carrying two or one
thionally substituted hydrocarbyl groups, and Y is a bridging group having
13 atons in the bridge. The preferred bidentate ligand is
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carbonylation of olefinically unsaturated compounds with
a palladium catalyst. The exemplified catalyst systems
comprise a source of palladium, a triarylphosphine, a
strong acid and a stabiliser, such as phosphine oxides
“and sulphides, or tertiary amides. According to its
specification- the olefinic substrate may be substituted
zwith a broad class of functional groups, including acid,
ester, acid amide and acid nitrile groups, but no
experimental data on the achievable conversions and

'~selectivities_are given.

B 1" Where an intefesting activity of the above bidentate
diphosphine catalyst system, as exemplified by the
tetraaryl alkylenediphosphines, in monocarbonylation
reactions is apparent, there remains a need for further
improved catalyst systems exhibiting still higher

" reaction rates and selectiVities, and applicability to a
bréadlclaSS of olefinic substrates.

It is remarked, that a catalytic system comprising a
nonioni¢ compound of palladium and an aliphatic bidentate
diphosphine is described by Y. Ben-David et al., in
J.Am.Chem.Soc., 1989, 111, 8742-4, but only for use in
the carbonylation ofﬁéryl chlorides.

-fIt was now found that a selected group of catalyst
system§_chara¢ferized by the.choide'of bidentate
diphoépﬂine-ligand, offers unexpected advantages over the
above systems containing tetraaryl alkylenediphosphines.

Accordingly, the invention provides a mono-
carbonylation process as indicated above, wherein the
palladiﬁm catalyst system comprises a diphosphine
selected from the group of diphosphines of formula I,
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the preparation of a m xture of ketones by reaction of olefins with carbon
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tetraaryl diphosphines, the present catalyst systems

comprising aliphatic diphosphines provide substantially
higher reaction rates, yields and/or selectivities to
desired products in various monocarbonylation reactions.
Moreover, where appropriate, a surprising high
regioselectivity to desired isomers was observed. Also,
the present process appears to be applicable to a broad
class of optionally substituted olefinically unsaturated
compounds.

Apart from any specific catalytic mechanism, the
gross reaction of the present monocarbonylation process
involves the respective insertions of a molecule of
carbon monoxide and at least one molecule of olefinically
unsaturated compound into a hydrogen bond of the
coreactant. Representing the coreactant by NuH, wherein
Nu represents the remnant nucleophilic moiety of the
coreactant after removal of a hydrogen atom, it is seen
from the gross reaction:

\ / I
Nu-H + :C=0 + =C  ———— > Nu-C (=0) -C-C-H
[ |

that the nature of the coreactant largely determines the
type of product formed. The coreactant can be a
nucleophilic compound having a mobile hydrogen atom, such
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nonoxi de and a nucl eophilic conmpound having a nobile hydrogen atom are
catalysed by a G oup VIIl netal such as cobalt. For exanple, EP-A-143911
di scl oses the preparation of succinic diesters starting froman acrylic
ester and using a cobalt carbonyl conplex as catalyst.

-4- * This known process suffers fromthe-diesadvant age of requiring rather
severe reaction conditions, such as a carbon nonoxi de pressure of 120-130
bar. A furtherapraoesicobphg ancebitly aat ampse o¥ Hetex-bder mnymlgohol
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triaryl phosphine, a stron dcild and a stabiliser, such as phosphi ne oxi des
RO-C(=0)—-C-C-H
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Similarly, the use of an acid RCOOH (Nu = RCOO) will
introduce an anhydride group in the product of the
monocarbonylation reaction; the use of ammonia (Nu = NHp)
or an amine RNH, (Nu = RNH) or RoNH (Nu = RpN) will
introduce an amide group; the use of a thiol RSH (Nu =
RS) will introduce a thioester group; and the use of
water (Nu = OH) will introduce a carboxy group. Realizing
that the hydrogen-hydrogen bond of molecular hydrogen is
polarisable, it will be readily appreciated that the
coreactant can also be molecular hydrogen, or more
generally a hydride source, in which case the
monocarbonylation reaction is frequently referred to as
hydroformylation for mostly historical reasons.

An accepted mechanism for transition metal (cobalt or
rhodium) catalysed monocarbonylation reactions of the -
hydroformylation type involves a catalytically active
species comprising a transition metal hydride bond, into
which successively the C=C moiety of an olefin molecule, .
a carbon monoxide carbon atom, and optionally the C=C
moiety of a further olefin molecule or a second C=C
moiety of the same polyolefin molecule are inserted. The
catalytic cycle is terminated by reaction of the
intermediate with a hydride source, whereby a metal
hydride bond is reformed with expulsion of the
monocarbonylation product. The palladium catalysed
reaction is similarly believed to involve palladium
hydride bonds. The hydride source conveniently is
molecular hydrogen, in which case the process may be fed
with a readily available carbon monoxide and hydrogen
mixture such as synthesis gas. However, the hydride
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Though less extensively studied, the other
carbonylation reactions are also believed to involve
insertion of an olefinic group and carbon monoxide into a
palladium hydride bond, and subsequent termination of the
catalytic cycle by the nucleophilic moiety Nu. Another
reaction mechanism involves initial coordination to
palladium of the nucleophilic moiety Nu, subsequent
insertion of carbon monoxide and an olefinic group, and
termination of the catalytic cycle by protons or the next
molecule of the coreactant.

Suitable alcohols, acids, or amines used as
coreactant, may be aliphatic, cycloaliphatic or aromatic,
and may be substituted or unsubstituted. Representative
examples include methanol, ethanol, propanol, butanol,
phenol, acetic acid, stearylalcohol, benzylalcohol,
cyclohexanol, cresol, propionic acid, butyric acid,
pivalic acid, aniline, and p-anisidine. Preference is
given to nucleophilic compounds having 1 to 12 carbon
atoms.

If the staqting olefinically unsaturated compound
comprises a substituent acid function Y', it will be
appreciated that the NuCO function formed may be the same
as the function Y' of the precursor, such as in dimethyl-
succinate obtained from the carbonylation of methyl
acrylate in the presence of methanol, or may be of the
same type, as in ethylmethylsuccinate obtained either
from the carbonylation of methylacrylate in the presence
of ethanol, or from the carbonylation of ethylacrylate in
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- 4a- Accordingly, the invention provides a process for the

nmonocar bonyl ati on of optionally substituted olefinically unsaturated
conpounds by reaction with carbon nonoxi de and a coreactant in the presence
of a catalytic system conprising: - a) a source of palladium
cations, b) a bidentate di phosphines séand c) a source of anions
characterized in that the di phosphine is selected fromthe group of

di phosphi nes ofthieoprfisence of methanol.

NuCO and Y' may also be different types of acid
functions, such as in monomethylsuccinate obtained from
the carbonylation of methylacrylate in the presence of
water. The skilled man will appreciate that the
alternative route of carbonylation of acrylic acid in the
presence of methanol may be liable to competitive
reactions involving the acrylic acid itself functioning
as nucleophilic compound NuH, with consequent decrease of
selectivity. Preferably, the reactants are selected such,
that the nucleophilic compound is more reactive than the
acid function of the alkenoic acid derivative in order to
suppress the occurrence of such competitive reactions.

It is known that, under circumstances, a plurality of
carbon monoxide and olefin molecules may be inserted
within a single catalytic cycle, whereby macromolecular
products -are formed. Higher olefins and functionally
substituted olefins in general show less tendency to
undergo polycarbonylation reactions. However, using lower
olefins, such as ethene and to a lesser extent propene,
polycarbonylation reactions may well occur. As used in
the present specification and claims the term
"monocarbonylation" expressly is intended to exclude such
processes involving plural carbonyl insertions or
"polycarbonylations". Accordingly, the present process is
to be carried out substantially under monocarbonylating
conditions. As will be apparent from the above, any
undesired polycarbonylation reaction can be readily
suppressed by favouring the reactions involving
termination of a catalytic cycle, more particularly by
favouring the metal hydride bond formation. Accordingly,
the present process is preferably carried out under
conditions of high hydride activity. Means of increasing
the hydride activity are known to the skilled artisan,
and include the increase of partial hydrogen pressure,
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(1) wherein'Rerr], Rerr], Rerr] and R err] independently represent an
optionally substituted aliphatic group, or Rerr] together with R err]
and/or R[err] together wth Rerr] represent an optionally
substituted bivalent aliphatic group, wit+h%Rke proviso of at |east one of
sai d nonoval ent. or bival ent allphatlc groups. representing an, optionally
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and Conpar at i v&he formatlon of the specific de51red product.

Without wishing to be bound by any theory, it is
believed that the active catalyst species in the catalyst
system is a cationic complex of palladium with the
diphosphine of formula I. Accordingly, the catalyst
system employed in the process according to the invention
must comprise a source of palladium cation, a source of
the diphosphine, and a source of an anion, it being
understood that the combined sources of catalyst
components may develop catalytic activity in the initial
stage of the process only, or in some cases after an
induction period. The remaining coordination sites at the
central palladium atom are_believed to be exchangeably
occupied by molecules of carbon monoxide, olefin
substrate, solvent, anion and product intermediates.

The source of palladium cation is preferably a
palladium salt. Examples of salts include salts of nitric
acid; sulphuric acid; sulphonic acids, for example
chlorosulphonic acid, methanesulphonic acid,
trifluoromethane sulphonic acid, t-butylsulphonic acid,
p-toluenesulphonic acid, or a sulphonated ion exchange
resin; and a carboxylic acid, for example an alkanoic
acid such as acetic acid or trifluoro acetic acid. Since
halide ions can be corrosive, the source of palladium
cation is preferably not a halide.

It will be appreciated that when the source of _
palladium cation is a palladium salt of a suitable acid,_9
it will also be a source of an anion. It will also be
appreciated that for the source of palladium cation, the
palladium may be present in a complex, for example with
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Exanpl es hereinafter. In direct conparison with the tetraaryl diphosphines,
the present catal yst systens conprising aliphatic di phosphi nes provide
stibstantially higher reaction rates, yields and/or selectivities to desired
products in various nonocarbonyl ation reactions. Mreover, where
appropriate, a surprising high regioseleetlOity to desired i somers was
observed. Al so, the present process appears to be applicable to a broad
class of optiofshel giphiesphimesd TheefsSomrss IOf Raldkastidine Catohfib Ir .
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the gross reactsiad.. For example, it may be an oxide or a zero valent
complex with a ligand such as a_phosphlne or carbon
monoxide. When the source of palladium cation is not a
salt, it should be used with a protonic acid. It will be
appreciated that the protonic acid can also be the source
of an anion derived from a strong acid, except
hydrohalogenic acids.

The quantity of the source of palladium cation is not
critical. Preferably it is sufficient to provide in the
range of from 107 to 1071 gram atoms of Pd per mole of
olefinically unsaturated compound, more preferably from
10-6 to 1072, ,

The source of a diphosphine of formula I is
conveniently the diphosphine itself, or an acid addition
salt of the diphosphine. It may also be a complex of the
diphosphine with palladium.

In formula I of the diphosphine to be used according
to the present invention,

R1RZp-x-PR3R4 (I),
each of R1, R2, R3 and R4 independently represents an
optionally substituted aliphatic group, suitably having
from 1 to 20 carbon atoms, or one or both pairs of Rl and
R2, and R3 and R4 independently represent an optionally
substituted bivalent aliphatic group. Preferred aliphatic
groups are unsubstituted optionally branched or cyclic
alkyl or alkylene groups having from 1 to 10 carbon
atoms, more preferably from 1 to 6 carbon atoms. Examples
of suitable alkyl groups are methyl; ethyl, n-propyl,
iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl,
cyclohexyl and n-hexyl. Preferred alkyl or alkylene



- ba - : [err] that the nature of the coreactant |argely determ nes
the type of product formed. The coreactant can be a nucl eophilic conpound
havi ng a nobil e hydrogen atom such : -6-

as an al cohol, an aC|d an am ne or water. For an alqohol
_11_

groups have one or two alpha-hydrogen atoms, in
particular one'alpha—hydrogen-atom as in secondary alkyl
and alkylene groups. Most preferred alkyl group are

. ethyl, i-propyl, n-propyl, i-butyl and n-butyl. Examples
of suitable alkylene groups include hexamethylene and
cyclooctylene.

When the alkyl group is said to be optionally
substituted, it may be substituted by one or more
substituents which do not annihilate the catalytic
activity of the system. Suitable substituents include
halogen atoms, alkoxy groups, haloalkyl groups,
haloalkoxy groups, acyl groups, acyloxy groups, amino
groups, hydroxyl groups, nitrile groups, acylamino
groups, and aryl groups. . _ |

As the diphosphine of formula I is believed to be
coordinated to palladium in bidentate-mode, it should
have the two phosphine P atoms at intramolecular distance
and configuration allowing coordination to a single metal
atom. Accordingly, any bridge connecting the two
phosphorus atoms should be free of any substituents
causing hindrance to metal coordination. The bridging
group represented by X is preferably a hydrocarbon, an
ether or a thioether residue. For example, the bridging
group may be an alkylene chain which is optionally
interrupted by one or more oxygen and/or sulphur atoms,
as in:

—-CHp-; =CHpCHp-; -CHCHpCHo-; CHzOCHZ;; CH2SCHo—-;
~-CH7CHoCHoCHp—; -CH2CH20CH2CHp-; —-CHpCHSCHCHp-;
-CH>CH20CH2CH2OCH2CHo -
TH3 ?H3 CH3
I

~CHp-C-CHp—; -CH2-CH-O-CH-CHy-; or a silane residue:
I . .

CH3
1 THIS SHEET HAS BEEN
REPLACED
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ROH, the RO noiety is represented by Nu and accordingly the product is an
ester, [err] Simlarly, the use of an acid RCOOH (Nu = RCOO w ||

i ht roduce an anhydri de group in the product of the nobnocarbonyl ation
reaction; the use of ammonia (Nu = NH2) or an am ne RNH2 (Nu = RNH) or R2NH
(Nu = RZN) will introduce an am de group~ tlze-use of a thiol RSH (Nu = RS)
w ll introduce a thkﬂ§ster group; and the use of water (Nu = OH) wll

i ntroduce a car boxy r%up. Real i zi ng that the hydrogen-hydrogen bond of
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to as hydrofornyl ati for nostly historical reasons. An accept ed
mechani smfor transition netal (cobalt or rhodium catalysed
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Thto whi oh succreals FRThETHEMPE: Sofs TpLEROPAPLINCEPRTS, S¥O8' RoRSy

nonoxi de car borF@ gKampke opfrenathg gﬁéd@%ﬁgnBF@FQ b 8 PGPPABE BFefin

nol ecul e or a sesepehtate BESIJuEOf the BAIBgEOLYALELLE BDhEeHkE Hbst
Inserted. The preferably the bridging group is a trimethylene,
tetramethylene or 3-oxapentamethylene group.
Examples of diphosphines of formula I which may be
used in the monocarbonylation according to the invention
are:

1o

1,2-bis(di-n-butylphosphino)ethane,

1,3-bis (dimethylphosphino)propane,

1,3-bis(diethylphosphino)propane,

1,3-bis(di-i-propylphosphino)propane,

1,3-bis(di-n-propylphosphino)propane,

1,3-bis(di-i-butylphosphino)propane,

1,3-bis(di-n-butylphosphino)propane,

1,3-bis (di-s~-butylphosphino)propane,

1, 3-bis (di-t-butylphosphino)propane,

1,3-bis(di-n-hexylphosphino)propane,

1,2-bis(dicyclohexylphosphino)ethane,

1,3-bis{(n-butylmethylphosphino)propane,

1,3-bis (n-butylethylphosphino)propane,

1,3-bis (1, 5-cyclooctylenephosphino)propane and its

isomeric mixture containing 1,4-cyclooctylene groups,

'1,4-bis(di-i-propylphosphino)butane,

1, 5-bis(dimethylphosphino)-3-oxapentane,

1,8-bis (di-n-butylphosphino) -3, 6-~dioxaoctane, and

1,4-bis (di-n-butylphosphino)-2,2, 3, 3-tetramethylbutane.
The ratio of the number of moles of the diphosphine

of formula I per gram atom of palladium is preferably in

the range of from 0.50 to 10, more preferably from 0.9 to
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catalytic cycle is termnated by reaction of the internediate wwth a
hydri de source, whereby a netal hydride bond is refornmed with expul sion of
t he nonocar bonyl ati on product. The pall adi um catal ysed reaction is
simlarly believed to involve palladium hydride bonds. The hydri de source
conveniently is nolecul ar hydrogen, in whig¢B ease the process nmay be fed
with a readily avail abl e carbon nonoxi de and hydrogen m xture such as

synt hesi s gas. Showspecially Hirdn de to 3. -7-

source may al so beﬁé%‘&ﬁ%eb%f‘%rﬁtﬁrﬁéxp GRNRS alre 1Y §SB@ds Vel ogee under
t he process conditions, such as water in view of the HiQUI|Ibrlun1CO +

Herr]0 = o edfVeption is RERLEFAP AR PIQIRNIG AT SIRHEECTny2Be
constituted bYHEm&ﬂdﬁﬁaiﬁﬁréiﬁﬁﬁdveﬂflﬁfmayrﬁrﬁdﬁﬁhéﬁﬁsamﬁlaﬂiun}alkyI is

prone to beta-hydr.oggn _absiraction by .th pal ad| m_at nstrated
in Exanpl e 4b %ﬁh ri 3/b sai anoéﬁ%r megafD fé

example of vanadlum, chromlum, nickel, copper or silver.

Preferably the anion is a non- or weakly-coordinating
anion: that is to say an anion which does not or only
weakly coordinates with the palladium cation. It is
preferably derived from a strong acid having a pKa < 3.5
(measured at 18 °C in aqueous solution). Since halide
anions, in particular chloride anion, tend to coordinate
fairly strongly to palladium, the anion preferably is
derived from strong acids except hydrohalogenic acids.
The anion may also be derived from a weak acid, for '
example a carboxylic acid, in which case it is preferred
that the carboxylic acid is sterically hindered, in that
it comprises bulky substituents in the proximity of the
carboxy group. Thus, any too strong coordination tendency
is mitigated. Anions derived from weak carboxylic acids
are particularly suitable for catalyst systems used in
the monocarbonylation of unsubstituted alpha-olefins in
the presence of an alcohol to form an ester or the
presénce of an amine to form an amide.

For example, the anion may be derived from nitric
acid; sulphuric acid; a sulphonic acid such as
fluorosulphonic acid, chlorosulphonic acid,
methanesulphonic acid, 2-hydroxypropanesulphonic acid, t-
butylsulphonic acid, p-toluenesulphonic acid,
benzenesulphbnic acid, trifluoromethanesulphonic acid, or
a sulphonated ion exchange resin; a perhalic acid such as
perchloric acid; a perfluorated carboxylic acid such as
trifluoroacetic acid; orthophosphoric acid; a phosphonic
acid such as benzenephosphonic acid; or an acid derived
by the interaction of a Lewis acid, such as BF3, PFg,



o

Though | ess extensively studied, the other carbonyl ation reactions are al so
believed to involve insertion of an ol efinic group and carbon nonoxide into
a“pal | adi um hydri de bond, and subsequent termination of the catalytic cycle
by the nucl eophilic noiety Nu. Another reaction mechanisminvolves initial
coordi nation to palladiumof the nucl eophild4c-noiety Nu, subsequent

I nsertion of carbon nonoxide and an olefinic group, and term nation of the

catal ytic cycl BsBg,pfbFems TaFst B HOES ., niliddu@e Bgoenstach i arffuch as

Sui tabl e al cohaks (eagl, d%1uBkodT11eS cused Bs HBI SaHray, HEBFde, aliphatic,
cycl oaliphatic_or_aromatic, ,and be_ substit, tg) or _unsubsti t yt ed.
e )

Repr esent at | veC8kRAPYELCi REERS PRabLC S B&tAhol |

phenol , aceti gdégiif}edst &ﬁb)l(hilalleCQbQ:, S-treimdtilydsienzo icy dalbxahd- cresol ,
pr opi oni ¢ aci . ric acid, pivalig_acid, |1 -:ani_sidj ne.

b eference 1 s JianyoreBshepds RatR: Ssdnitmedd Afiey BRVAF %, o
| f the starti ng,8l 8Fbenzenefniceaboxatldd asigb@and ddprli,sexliesharn twhieht
acid function Y., i ] :apRLec at EHE%?J éﬂﬂgﬁ [ may
be the sane asﬁqta.eb%u\r?(k:%rl&n(e)eﬁie\J('(ij1 %fl%tﬁﬁe 2gﬁ(réecu_r sorlf],%such ill{a{}% dcl%n}%%% - g
succi nate obt apRéd,f PoG Ehé-ddmedhpraenzdic daidy acrylate in the

presence of nmet hanekpiehlMbnbecRirding tSRE anis, 2Py Which is meant

ethylnethylsuc%bn%{ﬁ,%gha|ned %1gg¥éfgh'nfﬂy%é§¥g¥gﬁﬂggéé¥g(getween

met hyl acryl at e *fA% Hé Yor&s Efc &
palladium and the anion, include PFg~, SbFg~, BFy~, and
Cl04~, and anions derived from an acids having a pKa
below 2 (measured at 18 °C in aqueous solution), such as
sulphuric acid, sulphonic acids, e.g. an optionally
substituted hydrocarbylsulphonic acid such as
benzenesulphonic acid, p-toluenesulphonic acid,
naphthalenesulphonic acid, an optionally substituted
alkylsulphonic acid such as methanesulphonic acid, tert-
butylsulphonic acid, 2-hydroxypropanesulphonic acid or
trifluoromethanesulphonic acid, chlorosulphonic acid or
fluorosulphonic acid, phosphonic acids and carboxylic
acids such as trichloroacetic acid or trifluorocacetic
acid. The source of anions may also be an acidic ion
exchange resin, for example a sulphonated ion exchange
resin.

It will be appreciated that when using a palladium
salt of a weak acid, such as acetic acid, the addition of
a strong acid such as a sulphonic acid will generate a
salt of palladium with the stronger acid, and the weak
acid.

The ratio of moles of anions per gram atom of
palladium is not critical. Preferably it is in the range
of from 0.5 to 100, more preferably in the range of from
1 to 10.

The diphosphines of formula I as such are known



of ethanol, or fromthe carbonylation of ethylacrylate in

-8- the presence of nethanol NuCO and Y' nay also be different types
of acid functions, such as in nononethyl succi nate obtained fromthe
carbonyl ation of nmethylacrylate in the presence of water. The skilled man
wi ||l appreciate that the alternative routeigf -carbonylation of acrylic acid
In the presence of nethanol may be liable to conpetitive reactions
inVﬁIving t he @omboundssi dind sErd Heptempared) by gendwabmétihodsnpound NuH
Wi t h consequen -qﬁﬁf . A4l W r G564 are
sel ected such, tdte%gztcrrlt e r%gicltzgépﬁlﬁt%éc/f%%lrfp%uﬁfﬁ @ﬁ#%iéggt | ve-apt@%g%\' t he
acid function dMU-h&IFMend -Rlacid derivative in order to suppress the

occurrence of such rgonRetdltdetd e HdiP Herivative | Bs ki¥bor fBd tedNE®ing

ci reumstances, 3 Rl Alliane"a SN Coboutd Hdvidy & oS dny be

i nserted p c P g a :
hydrogen atom, it is preferred that the catalyst system
further comprises a promoter, suitably an organic oxidant
promoter, such as quinones and nitro compounds. Whilst
not wishing to be bound by theory, it is believed that
the promoter activates the catalytic pailadium centre by
annihilating any hydrides or hydrogen generated through a
shift reaction from traces of water present in the
system..Also drying agents, such as trimethyl
orthoformate, may be used as promoter. Suitable quinones
comprise the ortho- or para-diketo benzene moiety, which
may be substituted or be part of a condensed ring system.
Examples of suitable quinone promoters include benzo-
quinones, such as 1,2—benzoquinone( 1l,4-benzoquinone, 2-
chloro-1, 4-benzoquinone, 2,6-dimethyl-1, 4-benzoquinone
and tetrachloro-p-benzoquinone, naphthoquinones, such as
1,2-nahphthaquinone and 1, 4-naphthaquinone,
anthraquinones, such as 9,10-anthraquinone, and
phenanthroquinones such as 9,10-phenanthroquinone.
Mixtures of quinones may be present. The ratio of moles
of quinone promoter to palladium is not critical.
Preferably it is in the range of from 1 to 1000. more
preferably in the range of from 5 to 10.

The catalyst system used in the process according to
the invention may be homogeneous or heterogeneous;
Preferably it is homogeneous, or an immobilised
homogeneous catalyst system.

The catalyst system according to the invention is
preferably constituted in a liquid phase. The liquid
phase may conveniently be formed by one or more of the
reactants with which the catalyst system is to be used.
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within a single catalytic cycle, whereby macronol ecul ar products are
formed. Hi gher olefins and functionally substituted olefins in general show
| ess tendency to undergo pol ycarbonyl ati on reactions. However, using |ower
ol efins, such as ethene and to a | esser extent propene, polycarbonyl ation
reactions may well occur. As used in the_pfigsent specification and clains
the term "nonocar bonyl ati on" expressly is intended to exclude such

processes i nvoIA\lerg:minNdlyt‘,arjkmmdy ibseﬁdﬁmm:is hy & pso Zwentbonit atapnalso
Accordingly, t SS. 4 t b ally under
nonocar bonyl at ?’%g COI’]%Q%I ns AS wﬁ# goq%érﬂéﬁ #otrﬁ%hié%%%% any

undesi red pol ysarst@mel at i on reaction can be readily suppressed by favouring

the reactions involpydng1tediH 7311180 s Al Ld Smpied ,1éﬂﬁféfé¥ébfy|ér|y
by favouring the nmetal hydride bond fornatlon Accordin resent
process is prefSRARLFUAd i BIRURHI I A FRR H ?&%#b?é%ﬁ?g

activity. Manpreffdralspsidigindeimyshe dearegd iof tirem e2 kfovsof oimhe skill ed

artisan, and i ncI L{q.%&lger |é1ctr s D5 ar]:d,p(’j}tchﬂﬁealpalytr O@far]%,esf%o 10 carbon
atoms per molecule, and preferably 1 to 3 carbon-carbon
double bonds per molecule. The alkene or cycloalkene may
be substituted, for instance with one or more halogen
atoms, or cyano, ester, carboxy, amino, amido, nitrile,
alkoxy, aryl, or thiocalkoxy groups. Examples of olefini-
cally unsaturated compounds are ethene, propene, 1-
butene, 2-butene, isobutene, the isomeric pentenes,
hexenes, octenes and dodecenes, 1,5-cyclooctadiene,
cyclododecene, methyl acrylate, methyl methacrylate,
ethyl acrylate, acrylic acid, acrylonitrile, acrylamide,
N,N-dialkylacrylamide, vinyl chloride, ethyl vinyl
ketone, allyl chloride, methyl allyl ether, styrene, and
acrylaldehyde.

Preferably the optionally substituted olefinically
unsaturated compound contains at least one terminal
olefinic bond, and is an optionally substituted alpha-
olefin. Preferred optionally substituted olefinically
unsaturated compounds may be represented by the

formula II:
HoC=C~-Y (II)
|
A

wherein A represents a hydrogen atom or hydrocarbyl,
preferably methyl, group, and Y represents hydrogen or an
electron-withdrawing or electron-releasing substituent,
such as selected from the group of carboxy, nitrile,
formyl, amino, halo and substituents of formula -Z-R with
Z representing a single valency bond or a functionality
-0-, -C00-, -00C-, -NH-, -CONH-, -NHCO-, -O-, or -S-; and



-9- the increase of tenperature and the use of active hydride sources.

In any event, the Exanples in this specification provide a clear guidance
td the skilled man in applying reaction conditions for directing the
carbonylation to the formation of the specific desired product. W t hout
wi shing to be bound by any theory, it is-behieved that the active catal yst
species in the catalyst systemis a cationic conplex of palladiumwth the

di phosphi ne of Rf arepresent i @rdiopf ionaliey catles tyistutsed takikehpl alkenyh, t he
Cati on. o sour SYAPIIy MENAASRA SR OF e CAEACblc it o, The
under stood t hatlkyd @ueimdd auefeephly cat@Glyse afpbrEFRUEP neEjoBRvel op
oo o an RS LTS Bt s e oy, kLR
central pall adM@%%m%‘HﬁR%\red‘TkB‘&'eﬂc‘?%ﬁaé%ﬁy REupPety hyand n-
nol ecul es of CardigN MMXiciEclod By @t rid epredevaly antgog aalikpl oduct
Dt TRt agougly o e P T 1P o)1 BT 2CheaBRbAGE U

and cycloalkenyl groups may have the same number of

carbon atoms and a carbon-carbon double bound in any

position. The aryl group is preferably a phenyl or a

naphthyl group. The heterocyclic group has preferably

from 3 to 12 ring atoms including from 1 to 3 hetero

atoms such as oxygen, nitrogen and sulphur.

Particularly suitable substrates for the present
process when using a nucleophile having a mobile H atom,
include alkenoic acid derivatives such as alkenoic acids,
alkenoic acid anhydrides, alkenoic acid amides, alkenoic
acid nitriles, and alkenoic esters. Preferably, the
substrate has the acid functionality directly attached to
an olefinic carbon atom, and thus is a 2-alkenoic acid
derivative. The alkenyl moiety of the alkenoic acid may
be substituted, but is preferably unsubstituted, such as
in vinyl, l-propenyl, l-butenyl, l-pentenyl and 1-
hexenyl, and preferably has from 2 to 12 carbon atoms.
Representative examples of suitable substrates include
acrylic acid, methacrylic acid, 2-butenoic acid, 2-
pentenoic acid, acrylonitrile, methacrylonitrile,
acrylamide, and methacrylamide. Further examples are N-
substituted acrylamides and methacrylamides, acrylates,
methacrylates, and other esters of the afore-mentioned
alkenoic acids. The N-substituents of the amide groups
and the O-substituents of the ester groups may be
aliphatic, cycloaliphatic or aromatic, and may be
substituted or unsubstituted, and preferably have from 1
to 10 carbon atoms. Examples are methyl acrylate, ethyl



acid; sul phuric acid; sul phonic acids, for exanple chlorosul phonic acid,
nmet hanesul phoni ¢ acid, trifluoronmethane sul phonic acid, t-butylsul phonic
ac¢id, p-toluenesul phonic acid, or a sul phonated ion exchange resin; and a
carboxylic acid, for exanple an al kanoic acid such as acetic acid or
trifluoroacetic acid. Since halide ions.caf be corrosive, the source of
pal l adium cation is preferably not a hali de. It will be appreciated

that when the souytetef phehgdi dergaatel Hispaopdlll adiryhatel,t mbutyli tabl e
fhat for the sRETSRSEE paRtadngnrearraRorRiEs Bt ha MRt b e
conpl ex, for edaémptbyhachylamide. Preferably, the substrate -alk®noid he
di phosphi ne. .TQEté?W&SrSE’?raE?LIEaﬁ'.EU C?tlik%o%y a1E, e YENaA P U ce
of a di phosphine of fornula erei nberore.

acrylic ester.

Further particularly suitable substrates include
unsubstituted alpha-olefins which can be carbonylated in
the presence of a nucleophile having a mobile H atom to
produce esters or other carbonyl compounds.

When an optionally substituted olefinically
unsaturated compound is subjected to monocarbonylation in
the process according to the present invention when using
a hydride source as coreactant, one or two equivalents
may react with one mole of hydrogen and carbon monoxide
each. An aldehyde is obtained as the product of the
reaction of one equivalent of olefins. A ketone is
obtained as the product of the reaction of two
equivalents of olefin. When producing ketones, two
different olefinically unsaturated compounds may be
reacted, whereby mixed ketones are obtained.

It will be appreciated that the ketone and aldehyde
formations are competitive reactions, and the reaction
product might be expected to contain mixtures of both.
Surprisingly, in the present process the selectivities to
either aldehydes or ketones are high. Additionally, the
present invention provides the unexpected flexibility of
allowing for direction of the reaction to either ketone
or aldehyde formation by proper choice of the anion
component of the catalyst system, as is shown for 1-
octene in the Examples hereinafter. As a rule, non-
coordinating anions, such as trifluoromethylsulphonate,
p-tolylsulphonate, tetrafluoroborate, perchlorate, and
hexafluorophospate tend to favour ketone formation,
whereas weakly coordinating anions, such as trifluoro-
acetate, and benzenephosphonate tend to favour aldehyde



The source of palladiumcation may al so be the netallic element or a

pal | adi um conpound other than a salt. For exanple, it may be an oxide or a
zéro valent conplex with a ligand such as a phosphine or carbon nonoxi de.
When the source of palladiumcation is not a salt, it should be used with a
protonic acid. It will be appreciated that ltthe protonic-acid can al so be
the source of an anion derived froma strong acid, except hydrohal ogenic
aci ds. The IREBRG4SP of the source of palladiumcation is not critical

E{) [ef er?bly it its S \gur Cg&@énquﬂwﬂﬂi@sﬂ ][péﬂ_fl@ntf aayg@méaﬂ@ﬂtm A@hBer] to .
err] grama r e of .olefinjc nsat ur at ed. conmpoun
nor e pre?erabl quri‘rsaoﬁ:il'ol['e&eljl?r% ‘116[%9 r%‘ggus{: %}%ﬁ/s‘gﬁ‘& oﬁ?sag{i?pﬁggpﬂgné of

formula | is coratxiiysit |systen dcgmmsidhing atGedtp YIIAmetadl addition salt

of the di phosphy i ac f . d] hi E L. '
pal | adi um 'H€§§%#%RJ R£i§§§{éydiﬁ%%@%ﬁ%ﬁg’t%hgﬁgggggégcégggﬁ%éﬂfgethe
present inventiad, preferably, R 30ureecof]aniensecderyedrfrom a strong
(1), each of RL~iR2,i | y Yak € ionally
substituted al ijafhl?;ilcrﬁgtrlgﬂg}%? abpgfﬁg\%ﬁgaérg%&iﬁ?%éﬁ@cg?%on atons, or
one or both paiTFTHISHANGHE BLICehRl R3 and R4 i ndependent!ly represent an

optionally substitutedviiiydedpptePiwtéd GOt Psols eéLE4EPsal sphabms gLeups

are unSUbStltLﬂé%%f)éIfgmggéht%ﬁ%“%%%géﬁtgggéégss producing aldehydes

and the hydrogenation process disclosed in said copending
patent application. Accordingly, the aldehydes préduced
in the present process may in situ be converted into the
corresponding alcohols. Under reaction conditions of fast
monocarbonylation and slow hydrogenation, the aldehyde
may be produced at high concentration in the reaction
mixture, from which it could be isolated, if desired. By
adapting the reaction conditions to fast hydrogenation,
for example by raising the temperature or increasing the
hydrogen partial pressufe, the intermediate aldehyde is
further reacted to the alcohol in the same liquid
reaction phase.

By appropriate choice of reaction conditions of fast
hydrogenation the alcohol may directly be obtained from
an olefinically unsaturated compound as the aldehyde
initially formed is immediately consumed in the faster
subsequent hydrogenation reaction to form the alcohol.

Alternatively, the course of the reaction may be
directed to either the aldehyde product through
monocarbonylation or the alcohol product through
hydrogenation by varying thelcoordinative strength of the
anion as is seen in the Examples. As a rule, the
hydrogenation requires a lower coordinative strength of
the anion component of the catalytic system, or a lower
pKa value for the associated acid, than is required for
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al kyl or al kyl ene groups having from1 to 10 carbon atons, nore preferably
froml to 6 carbon atons. Exanples of suitable alkyl groups are nethyl,
ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl,
cycl ohexyl and n-hexyl. Preferred al kyl or al kyl ene

- 11 - groups have one or two al pha-hydrogen-atons, in particul ar one

al pha- hydrogen atom as in secondary al kyl and al kyl ene groups Most
preferred aIkymhywmqmycanbany%Atidnrrquﬁionl@n(nm@cee bBY| approRrbate| .
Exanpl es of S“'&M%#Wlﬁ; rﬁk&'f‘%rﬁ r1&9&‘é”3§@fcl)“.rYée”ﬁhé‘”&’ldehyde

cycl ooctyl ene. group, I s 'said to be optiopa
substi t ut ed, PnﬁﬂPQiamﬂMxhqtRRQRFQﬁﬂ(Wkﬁ@ﬂe¥ﬁﬁ¥;§%%s§? %%E%Elﬁ%rch do not

anni hi | ate the cat ainald Greddtiildtpiid ebtyian Bukicbs epsodstts ugbt s

i ncl ude high selectivity and reaction rate using the present
catalytic system constitutes a very surprising and
advantageous feature of the present invention.

Again, by following the above directories and guided
by the Examples hereinafter, the skilled man will readily
be able to select the appropriate catalyst components and
reaction conditions for obtaining a desired
functionalised product starting from an available
olefinically unsaturated compound.

When using a hydride source as coreactant, the
process according to the invention can be carried out
suitably using a molar rate of carbon monoxide to
hydrogen of 1:1 which is the stoichiometric ratio to
produce aldehydes or ketones. Excess carbon monoxide or
hydrogen over the stoichiometric amount may be present,
for instance in a molar ratio between 12:1 and 1:12. The
gaseous feed of carbon monoxide and hydrogen may be
diluted with an inert gas such as nitrogen.

It is not necessary to use a separate solvent in the
process according to the invention. The starting olefin
and the ester, amide, ketone or aldehyde product can
often form a suitable liquid phase. In some cases,
however, it may be desirable to use a separate solvent.
Any inert solvent can be used for that purpose. Said
solvent may, for example, comprise sulphoxides and
sulphones, for example dimethylsulphoxide, diiso-
propylsulphone or tetrahydrothiophene-2,2-dioxide (also
referred to as sulfolane), 2-methylsulfolane, 3-
methylsulfolane, 2-methyl-4-butylsulfolane; aromatic
hydrocarbons such as benzene, toluene, and xylenes;
esters such as methyl acetate and butyrolactone; ketones



hal ogen atons, al koxy groups, hal oal kyl groups, hal oal koxy groups, acyl
groups, acyl oxy groups, am no groups, hydroxyl groups, nitrile groups,
acyl am no groups, and aryl groups. As the di phosphine of formula | is
believed to be coordinated to palladiumin bidentate node, it should have
the two phosphine P atons at intranol eculapjdistance and configuration
all owi ng coordination to a single netal atom Accordingly, any bridge
connecting thesuoh [isoscedone a:tmrmtﬂmiulidadimtfyleéceﬁormw aiho 1 s esch

causi ng I ndr 208 rk BBl LRPISIAIION ocHIE I o] il QU R SBGRRE DY

X is preferably a rocar bon or a thioether resi

exanpl e, the br(ﬁd@@nge@e@mﬁd’r@ s %erkﬁwlﬁal% MW%%W?%I ly
interrupted by Qﬂ%oorrerﬁér&éa(wr&@w&rytﬁal p o e ,eifert fand CH err] -

bﬁ?&?;iggﬁ%g;;%llsogﬁ[err]CH eﬂﬁ} err% eﬁ&éﬁ J ﬁg{ﬁiiacetamide'
- CH err ] CH[ er r badHNe ety 1gyydral idddear mll@d[hmrd G efujction rds;
el e L gl S O Sl oy et ed st rds At -

_[err] or aSI ane re
solvent in hydroformylatlon reactions to form aldehydes
or ketones, if the hydride activity is sufficiently high.

The process according to the invention is

conveniently effected at a temperature in the range of
from 10 °C to 200 °C, in particular from 50 °C to 150 °C.

The process according to the invention is preferably
effected at a total pressure of from 1 to 80 bar.
Pressures higher than 100 bar may be used, but are
generally economically unattractive on account of special
apparatus requirements. More preferred pressures are in
the range of from 5 to 70 bar. Preferred pressures in the
range of from 1 to 15 bar are particularly suitable when
using a stripping reactor, for example in a process for
the carbonylation of alkenes in the presence of an
alkanol to form alkyl carboxylates according to
EP-A-411721.

According to a further aspect the present invention
relates to a use of a catalyst system as specified
hereinabove, in the monocarbonylation of optionally
substituted olefinically unsaturated compounds.

Some of the catalyst systems used in the process of
the invention are new. Accordingly, the invention also
relates to a catalyst system comprising
a) a source of palladium cations,

b) a source of bidentate diphosphine having formula I,f'
R1RZp-x-PR3R4 (1)

wherein R1, RZ2, R3 and R%? independently represent an f

optionally substituted aliphatic group, or Rl and R2
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-12- [err] The bridging group preferably contains from2 to 8 atons
in the bridge, nore preferably from3 to 5 atons. For exanple, when the
btidging group is a propane or neopentane residue, the bridge contains 3
atons. Most preferably the bridging group is a trinethylene, tetranethylene
or 3-oxapent anet hyl ene group. Exanpl es- @f2 di phosphi nes of fornmula |

whi ch may be used in the nonocarbonyl ation according to the invention are:

1,2-b!s(di-rrtntq@qﬁhemﬁﬂmdﬁeth&%eand B4 btegether hyephesehtnahnpr opane,
L3 ggg: et h%'rog%}.gf&ﬂéi‘% %&u%eé Biv48Lat - 21 2puLPIASRRLAR) PLIRANEhe
, prov1so of at east one of R1 R2 R3 and R4 representing
an optionally branched or cyclic alkyl or alkylene group
having one alpha hydrogen atom; and X represents a
bivalent bridging group containing from 2 to 8 atoms in
the bridge, and

c) a source of anions derived from a strong acid.

Preferably, each of Rl, R2, R3 and R4 represents a
secondary alkyl group, or each of Rl and R2 together and
R3 and R4 together represents a cycloalkylene group, such
as in 1,3-bis(di-isopropylphosphino)propane or 1, 3-
bis (1, 5-cyclooctylenephosphino)propane.

The process according to the invention may be carried
out continuously or batchwise.

The monocarbonylation products prepared by the
present process find application as chemical solvent or
as precursor for various chemicals.

The invention will now be illustrated by the
following Examples.

Example 1

A 250 ml magnetically-stirred. autoclave was charged
with 20 ml l-octene, 50 ml diglyme (2,5,8-trioxanonane),
0.25 mmol of palladium acetate, 0.3 mmol of 1,3-bis(di-n-
butylphosphino)propane and 2 mmol trifluoroacetic acid.
After being flushed, the autoclave was pressurized with
carbon monoxide and hydrogen up to a partial pressure of
30 bar of each. The autoclave was sealed, heated to a
temperature of 90 °C, and maintained at that temperature
for 5 hours, whereupon a sample of the contents of the
autoclave was analysed by gas liquid chromatography. From
the results of the analysis, the selectivity to nonanals
was found to be close to 100% (based upon converted 1-
octene), and the conversion rate was calculated to be
120 mol/gram atom Pd/hour. The linearity of the nonanals
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s(di-i-butyl phosphi no) propane, 1, 3-bi s(di-n-butyl phosphi no) propane,
s(di - s- but yl phosphi no) pr opane, 1, 3- bi s(di - n- hexyl phosphi no) pr opane,
s(di cycl ohexyl phosphi no) et hane, '
s(n-butyl met hyl phosphi no) pr opane,

s(n-butyl et hyl phosphi no) propane, - 23 -

s(1, 5-cycl ooctyl enephosphi no) propane and its isomeric mxture

ni ng 1, 4-(eestceadt ydiene-nprans] dn 4t steltal -of opyhahatshfavpedt ane,

s(dineth dqﬂﬁﬁgH xapent ane,
s(di-n- bﬁ%y p ospﬁ?%og , 6- di oxaoct ane, and
s(di-n-b 1 -t etranet hyl but ane. - The ratio of

he nunber of nol eggimdie diviwsnllaeL pirdpsaread éx@@;stgf@m A801hgf

pal l adiumis preferabhy in the &?qgg of fron10 50, to 10 nDretgagferagLX

from0.9 to

, 3-bis
butylated diphosphine. A selectivity of close to 100%, a

enylphosphlno)propahe ins

reaction rate of 50 mol/gram atom Pd/hour, and a
linearity of 72% were found. -
Example 2

The procedure of Example 1 was repeated using various
olefinically unsaturated substrates, diphosphine ligands,
anion sources, and CO/H, ratios at the temperatures as
indicated in Table 1. In each experiment 0.25 mmol
palladium acetate and 50 ml diglyme solvent (40 ml in
examples 2b and 2c) were used at a total CO and Hp
pressure of 60 bars during a reaction time of 5 hours.
The observed selectivity to aldehyde product, conversion
rate and product linearity are mentioned in the Table.
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- 13 - 5, especially from1l to 3. The source of an anion, used in the
process of the invention is preferably a protonic acid. However, as

menti oned herei nabove, it nmay also be a salt of palladium It may also be a
salt of another netal, for exanple of vanadium chrom um nickel, copper or
silver. Preferably the anion is a non- 2ar-weakl y-coordi nati ng ani on:
that is to say an ani on which does not or only weakly coordinates with the
pal l adiumcation. It is preferably derived froma strong acid having a pKa
< 3.5 (neasured at 18 [err]C in aqueous solution). Since halide anions, .in
particul ar chlorifle ani aR, < aad < owcoorginate fairly strongly to pall adi um
the anion prefer&bl¥ is WeM v8d'Yr8m stPong aci ds except hydrohal ogenic
acids. The anion may al so be derived froma weak acid, for exanple a
carboxylic acid, in which case it is preferred that the carboxylic acid is
sterically hindered, in that it conprises bulky substituents in the
proximty of the g:aﬁboxyogrcpug dhys, agy too strong coordination tendency
is mtigated. Ana) derfved Pr &n fleak ar boxylic acids are particularly
suitable for catal yst systens usedin t nonocar bonyl ati on of -
unsubstituted al pha-olefins in the presence of an al cohol to forman ester
or the presence Qf an ankng,t@ fapr*m an .a,m de. . For exanpl e, the anion
may be derived f@n®enitrgc e o '
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acid; sul phuric acid; a sul phonic acid such as fluorosul phonic acid,

chl or osul phoni ¢ aci d, nethanesul phoni c acid, 2-hydroxypropanesul phonic
acid, t- butylsul phonic acid, p-toluenesul phonic acid, benzenesul phonic
acid, trifluoronethanesul phonic acid, or a_sul phonated i on exchange resin;
a perhalic acid such as perchloric acid; "a geFquorated carboxylic acid

such as triflugﬁgggggicsacid; ort hophosphoric acid; a phosphonic acid such
-as benzenephosphoni,c d;, or_an .acid deriyved by t ' Lo Lew s
acid, such as BF[ eﬁ]Z?o'(dplgtlernﬁg{netlca ly—stqu:ecil alh?oc':fgw% 49ds &18;‘3&}4 )
AsF[err], SbF[ erth ZmaFlerljoatrerdahF[40 ml meétlamoBr 0@n2% cumatipaltadhuas HF

From whi oh sul C8'E 21 e Ao hd (e bRy LEigsan oG] PR, 01 ™

acid, 2,6- dictanst doamdi eaksehlusnerwirhienigiacigi After eeing

1, 2, 3- benzenet ri1GAHQKY [irfe aaitbEylrd twad  Préé &9t PiediWHh carbon
monoxide and hydrogen to a partial pressure of 30 bar
each. Then the autoclave was sealed, heated to a
temperature of 125 °C, and maintained at that temperature
for 5 hours, whereupon a sample of the contents of the
autoclave was analysed by GLC. On the basis of converted
olefin, the reaction product comprised 85% of 7-methyl-8-
hexadecanone, 10% of 7-methylene-8-hexadecanone and
traces of 6-ethyl-7-pentadecanone, 5-propyl-6-
tetradecanone and diketones. The conversion rate of 1-
octene was 100 mol/gram atom Pd/hour. It is seen that the
reaction proceeded with a high selectivity (95%) to the
ketone linking the olefin residues at the alpha and beta
carbon atoms respectively, Y-CHp-CHo-CO-CHY-CH3,
(Y = hexyl). '
Comparative Example B

Example 3 was exactly repeated using, however,
0.25 mmol 1,3-bis(diphenylphosphino)propane instead of
0.25 mmol 1,3-bis(di-n-butylphosphino)propane. At a
conversion rate below 15 mol/gram atom Pd/hour, the
formed reaction product comprised 10% of 7-methyl-8-
hexadecanone, besides higher branched Cj7-ketones and
unidentified oligomeric products. |
Example 4
a. Example 3 was repeated except for adding 20 ml of
styrene instead of 20 ml of l-octene and heating to a
temperature of 100 °C. On the basis of converted styrene,
the resulting reaction product comprised 90% of 1,5-
diphenyl-3-pentanone, 5% of 1,5-diphenyl-l-penten-3-one,
and traces of 1,4-diphenyl-3-pentanone. The rate of



may be forned in situ, 2-ethoxy-1-naphthal ene carboxylic acid, and

2, 6-di met hoxybenzoi ¢ aci d. Typi cal non-coordi nating anions, by which is
méant that little or no covalent interaction occurs between pall adi um and
the anion, include PF[err], SbF[err], BF[err], and ClO[err], and anions
derived froman acids having a pKa ba(mﬁz??ﬁéasured at 18 [err]Cin

aqtleousl |SO| ut ib@dtal_)ntreﬁygbnaéfs gtpgulhéclwaﬁi d25s mbpg@ﬂ'iamh&@:iods ,Pdafmnura.ln Ir;c _
optionally substitute rocar sul.phoni ¢ aci uch.as bhenzenesul phonic
acid, p-toluené§uFEﬁBnFE¥gc£§? ﬁéﬁﬁgﬁgpeﬁégﬁﬁﬁﬁﬁﬁf¥1§@iE;QEﬁﬁhptionalIy
substituted al kgleotphdbiyctacitheskeltoassnitindkhiagulthleorilphacichrhay tatoms
but yl sul phoni c_acj 2- : QXV.RL su I_ ClGh_t - -
trifIuoronetha%gshgﬁﬂoﬂgégégié?sgﬁﬁggésEP%%%n?@éaggh%%p'ﬁHgbﬁgsulphonic

aci d, phosphonbe aBi 360amd magbekjrrdlicsysrsechansocliadel wlagachdrgasti d or

tri L l'uor oacet i G; agi do Mels'%g%ﬁal,o%oaﬂlitloa@_tmoql,scm.lz% QzﬂlquipﬁlCZLaiﬁrhm_ ¥
exchange resin, or exanple a sulpnonated . . on_excnange &Sl n. W
be appreci at ed2€RERtRheR - dsPRGLa lpdrPadil '§5PPF£1Rﬁaﬁage%§¥nf°ﬂﬁﬂﬁ1 as
acetic acid, tbesaffloli Ma (CF380%)Hon@ndCi5d miiedh naphtheduinenes. acfitem | |

The ratio of nBPeBsbiluAREHe poe arRRCIAYR Sesoarerndhaed Tt A dnar
Preferably it b€ carbbe mangxidie.f Thenl the autolans eas efesrlsd,y Heatad
range of fromto a temperature of 70 °C, and maintained at that
temperature for 5 hours, whereupon a sample of the
contents of the autoclave was analysed by GLC. Styrene
appeared to be converted at a rate of 40 mol/gram atom
Pd/hour to 1,5-diphenyl-l-penten-3-one with a selectivity
close to 90%.
Example 5
a. Example 3 was repeated except for adding 30 ml of
propene, instead of l-octene, 0.1 mmol, instead of
0.25 mmol, palladium acetate, 0.25 mmol, instead of
0.3 mmol, of 1,3-bis(di-n-butylphosphino)propane, and
0.3 mmol of trifluoromethylsulphonic acid, instead of
paratoluenesulphonic acid. After a reaction time of
2 hours, the product was found to comprise 67% of 2-
methyl-3-hexanone, 15% of 2-methyl-l1-hexen-3-one, 15% of
other C7-ketones combined, and traces of diketones on the
basis of converted propene. The rate of conversion of
propene was 500 mol/gram atom Pd/hour. It is seen that
the reaction proceeded with a high selectivity to the
ketone linking the olefin residues at the alpha and beta
carbon atoms respectively, Y-CH-CH2-~CO-CHY-CHg3,
(Y = methyl).
b. Repeating the experiment in 50 ml methanol solvent
using 2 mmol of paratoluenesulphbnic acid as anion
component of the catalyst system, after 1 hour at a



1 to 10. The di phosphines of fornmula I as such are known

- 15 - conpounds, and can be prepared by general nethods described in the
| iterature, for exanple Houben-Wyl, Vol. X I/I, p.21. I f an al kenoi c
acid derivative is carbonylated using as cgreactant a nucl eophilic conpound
having a nmobil e hydrogen atom it is prefe Yed that the catal yst system
further conpri pespeny eRivestsidn traltey ofh 1B ORI Audalardtqm dpallesyr such as

s Dol oved t nater RESTGho CERRET TR LS ey i A hrt 22y

anni hi l'ati ng amethyd-ldbexen-3rdregearge i aifed tshmeigrarokdduckeact +on

from traces of i RRMRnYIL IR HSRS Y SUnGERD' Sy R4EbnES,

: on the basis of converted propene.
Excellent regioselectivities to alpha,beta (Examples

3 and 5) or alpha,alpha (Exambié'4) ketones were obtained
in Examples 3-5, in particular, when considering the
yields of alkanones and alkenones jointly. In the present
context, by alpha linking is meant that the carbonyl

| group is bonded to the terminal alpha carbon atom of the
substrate olefin; similarly, beta linking means that the
carbonyl group is bonded to the non-terminal beta carbon
atom of the substrate olefin. The ratio of alkanones to
alkenones may be controlled by increasing the ratio of
hydrogen to carbon monoxide to above 1l:1 for higher
alkanone content, and below 1:1 for a higher proportion

" of alkenone. '
c. A 250 ml magnetically-stirred autoclave was charged
with 30 ml propene, 40 ml diglymé, 0.25 mmol palladium
acetate, 0.3 mmol 1,3—bis(di—i—propylphosphino)propané, 1
mmol trifluoromethanesulphonic acid, and 5 ml water.
After being flushed, the autoclave was pressurized with
30 bar carbon monoxide, sealed, and heated to a
temperature of 115 °C. After a reaction time of 1 hour, a
sample of the contents of the autoclave was analyzed by
gas liquid chromatography. On the basis of converted
propene,'ﬁﬁe reaction product cqmprised 65% of 2-methyl-
37hexanone'(isopropyl-propyl ketone) and 26% of 2-methyl-
1-hgxgn—3—one-(isopropeh&ilpropyl ketone) . The conversion
rate of propene was 1000 mol/gram atom Pd/hour. It is

:;séeh:thét,water instead of hydrogen can be used as an
efféétive hydride source. '
d. The experiment described under 5c. was repeated
using, however, a catalyst system comprisihg 0.1 mmol



orthof ormate, nmay be used as pronoter. Suitable quinones conprise the
ortho- or para-di keto benzene noiety, which my be substituted or be part
of* a condensed ring system Exanples of suitable quinone pronoters include
benzo- qui nones, such as 1, 2- benzqu|none 4- benzoqui none, 2-

chl oro- 1, 4- benzoqui none, 2, 6-di net hyl - 8 nzoqui none and

tetrachl or o- p- QﬁﬂukaﬂnumnnnetHMﬁurﬂmﬁﬁrmmm$ 153ehiasdi-B=hahphthaqui none

and 1, 4- naphth n and
phenant hr oqui n nes suq'h )@@%géjphenan?hr uf%%%guéﬁf%t}%ﬁel?ﬂg? gglgﬁones may
be present. Thel® han visteresoHf 3QubabneappeRpReRoXEde PFadPukeF saRet

critical. Pref%@'ﬂllinééew 6f‘esrlﬁli‘9ﬁa9érfrﬁf‘téﬂﬁe&@@ﬁ ger e2pr et ergpl y
in the range of_fromb5 he cat al st sy s% gﬁuse in.the Qrocess
t

according to tH%IFﬁvéMnQNﬁ?R@l%éoﬁoFB%eﬁ%% enbF § 8gRREBELaVEr WRS! abl y
it is homgene%tsalpze@rbyrtmblI@ﬁeﬂh@omge@e@ﬁswﬁvatysa pyspene, theThe

oot al ySt SYSt e ACEOLh AR P SLALENGLAN L BECLELabhy, STRELLHERY bReR

the reactants v56%1aﬁuZ*methybalahgxensysonem|EheOCQBVesedon rate of
propene was 250 mol/gram atom Pd/hour. It seen that the
combined selectivity (or regioselectivity) to iso-C3 n-C3
ketones remained about the same (91% and 87%, resp.).
However, as a result of the lower amount of water as
hydride source, the proportion of saturated ketone had
decreased in favour of the unsaturated ketone. It is
believed that the intermediate palladium alkyl functioned
as hydride source by beta hydrogen elimination in the
formation of the unsaturated ketone.
Comparative Example C

Example 5(a) was repeated except for using a catalyst
system comprising 0.1 mmol palladium acetate, 0.25 mmol
1,3-bis(diphenylphosphino)propane, and 2 mmol
paratoluenesulphonic acid. The propene was converted at a
rate of 500 mol/gram atom Pd/hour. The obtained product
mixture comprised 40% of propyl isoprop(en)yl ketones,
15% of diisoprop(en)yl ketones, 10% of dipropyl ketones,
and 30% of oligomeric ketones.

Examples 6-13b and Comparative Example D

A series of experiments was carried out by each time
charging a 250 ml magnetically-stirred autoclave with
methyl acrylate, a solvent, 0.25 mmol of palladium
acetate, 0.30 mmol of a diphosphine, and an anion source
(in the form of the acid or salt). After being flushed,
the autoclave was pressurized with carbon monoxide and
hydrogen to a total pfessure of 60 bars. Then the
autoclave was sealed, heated for a certain period,



- 16 - Alternatively, it may be forned by a solvent. It may al so be forned
by one of the conponents of the catal yst system The ol efinically

urisat urated conpound is preferably a substituted or unsubstituted al kene or
cycl oal kene, preferably having in the range of from2 to 30, in particular
3 to 20 and, nore particularly, 3 to 10 cafoim at ors per nol ecul e, and
preferably 1 tahermaibgmn-L asdmpl ¢ladl thd odsist @aets ot echik eaulibelatrkewnasor

cycl oal kene may_ _be substituted,, for. instance w e e

ctome. or cyand BN basr%%ayl,1%%%&5%%%%;&3@%%?@3|,“ or

t hi oal koxy gro WBangongsr ised|mdimly the | 3lphaatlphaelizkegounds are

et hene, pyogen%%s-&%n%ag%%f@? —éxf%%zﬁé’ﬂ Ny PTERL G PENLENER
hexenes, octenes “and do enes, 1, -%yc octadle%b, [o C?gﬁﬁdecene, netﬁyl
acryl ate, met halrhahekan binkedtFH30QVFRIEH3 hef9r¢R2 2l aTCacPFHani ardl e,
acryl am de, N, Nghiaddsy/ | s ©dn ¢, s Vdd Vdr&h et & fenoi byhbYé iy dkeyenated

o O e o L e s PR P S0 S U ELSE M convertea
methyl acrylate, and rates of conversion of methyl
acrylate substrate were calculated. The nature and amount
of substrate and solvent, the type of diphosphine, the
type and amount of anion, the ratio of CO/Hy on the basis
of partial pressures ratio, the heating temperature, the
reaction time, and the obserVed selectivities and
conversion rates are represented in Table 2. It is seen
that the conversion rates are much higher when using a
catalyst system comprising an alkylated diphosphine
instead of an arylated diphosphine in accordance with the
prior art teaching.
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cycl oal kyl, cycl oal kenyl, aryl or heterocyclic group. The alkyl group is
preferably a CJerr] alkyl group, nore preferably a Cferr] alkyl group,
such as nethyl, ethyl, n- propyl, iso-propyl, n-butyl, iso-butyl,
tert-butyl and n- hexyl. The cycloal kyl group is preferably a Cferr] alkyl
group, for exanple cyclopentyl or cyclohexyil -The al kenyl and cycl oal keny
groups may havg t he gaEE nunber of carbon atons and a carbon-carbon doubl e
bound in any p = aryl group is preferably a phenyl or a naphthyl
group. The het er ocysing grivepphacsegured eo AbEyahpbes 36+ b3k2 tbnglametbyl
I ncluding from ejer S nj r.

g |t 1 80481 20 3P e EHENO 204 6 'm1 Nui £20RR 204 RULRRY

Particularly su e SubstTates e present process n using a

nucl eophi | e hadtP® fofidre Hhwmwrg unde A ARerkerr | f 2P i Ra¥i GasbaRch

as al kenoi ¢ acig$no® &&NLHE %'Haﬁnﬂ?% Foges, ;ual {fBQOp@eaéheeasfdas al kenoi c
acid nitriles, and al kenoi c est fera ; g substr has the acid
functionality f3eRtyst a??%ﬁﬁéﬁl?% Qn | BRP i %a& PELHM ARG a fd thus is a

2- gl Fe?mt cdaCIb de@mumélvg, %Ibﬁsakhﬁéthynphgkphmﬁoﬁ hprepkaeoi Q.ac'mdtomiy ble
supstitute ut. ra un stitu n,vin , 1-pr en ,
bt enyl 5 paneRePUERE AP Peb RIS ntRTL, SHEBRORAES 1 | Bl 51 RES"C"
car bon at ons. Hm@ph$MWQWim®neexﬁnﬁD%scoﬁvensiablefsmbkhy&tegryhatadwith
acrylic acid, n@é{agéYé eleftglta QU6§§H%§5§ﬁé ¢ _BEnked 1Ce§%b§ was

acrylonltrlle hacry onitr acryla acryf am FUrther
exanpl es are N-observed.

Example 134
Using the procedure of Examples 6-13b, 10 ml ethyl 3-

pentencate in 40 ml diglyme was heated at 115° C for

5 hours under an atmosphere of 30 bar carbon monoxide and
30 bar hydrogen in the presence of a catalyst comprising
0.25 mmol palladium acetate, 0.60 mmol 1,3-bis (di-s-
butylphosphino) propane, and 1.0 mmol t-butylsulphonic
acid. A 80% conversion of ethyl 3-pentencate was observed
into ethyl esteré of formylpentanoic acids, comprising
84% of the linear ethyl 6-oxchexanoate.

Example 14

A 250 ml magnetically-stirred autoclave was charged
with 20 ml methyl methacrylate, 50 ml THF, 0.25 mmol
palladium acetate, 0.30 mmol 1,3-bis (di-n-
butylphosphino) propane, 1.0 mmol trifluoromethyl
sulphonic acid, and 5 mmol naphthaquinone. After being
flushed, the autoclave was pressurized with 30 bar of
hydrogen and carbon monoxide each, sealed and heated to
90 °C for a period of 5 hours. Afterwards a sample of the
contents of the autoclave was analyzed by gas liquid
chromatography. The methyl methacrylate was converted at
a rate of 150 mol/gram atom Pd/hour to give 30% yield of
2,6-dimethyl-4-oxoheptanoic dimethyl ester at a
conversion of about 40%.



substituted acryl am des and net hacryl am des, acryl ates, nethacryl ates, and
ot her esters of the afore-nentioned al kenoic acids. The N-substituents of
t ie am de groups and the O substituents of the ester groups may be

ali phatic, cycloaliphatic or aromatic, and may be substituted or
unsubstituted, and preferably have from L typ 10 carbon atons. Exanples are

nmet hyl acrylate, ethyl | - 18 - acrylate,
phenyl acrylatéﬁﬁﬂﬁﬁéﬁbﬁlgéEiiﬁﬁi%Tgn-butyI acryl ate, and the corresponding
nFLhacrylates, and Bxdwp i NP4 hwasicregpeatee. efreper Bbkyusihg SuBSt mabé of
al kenoi c ester |va r r abl lic
ester. Fﬁut#i ?}% %%+ ?£p§%§§9g+ 2%%8P egngﬁg%gdgguﬁségsgﬁfﬁted
al pha-ol efins which,%ahabédtamﬁbu?YbPhGSPhlnﬁé prepanee Afterndchevysi | e
having a mobil e &bt PO 11 REOGHEG BEhEES OF 21 BenimetRoNvl- esaesa@gsr&%om
dimethyl ester were formed.
Examples 15-19 '

A series of experiments was carried out by each time

charging a 250 ml magnetically-stirred autoclave with a
functionally substituted olefin substrate, CHy=CH-Y, 50
ml tetrahydrofuran, 0.25 mmol of palladium acetate, 0.30
mmol of 1,3-bis(di-n-butyl phosphino)propane, and an
anion source in the form of the corresponding acid. After
being flushed, the autoclave was pressurized with 30 bar
carbon monoxide and 30 bar hydrogen. Then the autoclave
was sealed, and heated for a period of 5 hours, whereupon
a sample of the contents of the autoclave was analyzed by
gas liquid chromatography. The reaction product comprised
carbonylation product in the form of the alpha,alpha-
linked ketone, Y-CHy-CHp-C(=0)-CH~CHp-Y, and
hydrogenation product, CH3-CHy-Y. Product yields, as
percent of the theoretical yield as well as rates of
conversion of the substrate, expressed in mol/gram atom
Pd/hour, were calculated. Table 3 mentions the nature and
amount of substrate, the type and amount of anion, the
heating temperature, the conversion rate, and the product
yields for each experiment. It is seen that the catalyst
system to be used according to the invention, provides
for effective carbonylation of a wide scope of substrates
" to produce di-functionally substituted ketones.



When an optionally substituted olefinically unsaturated conmpound is

subj ected to nonocarbonylation in the process according to the present

i fventi on when using a hydride source as coreactant, one or two equival ents
may react with one nole of hydrogen and carg n nonoxi de each. An al dehyde
is obtained as the product of the reaction ‘one equival ent of olefins. A
ketone i s obtained as the product of the reaction of two equival ents of

ol efin. When produci ng ketones, two different olefinically unsaturated
conpounds may be reacted, whereby m xed ketones are obtained. It will
be appreciated that the ketone and al dehyde formati ons are conpetitive
reactions, and the reaction product m ght be expected to contain m xtures
of both. Surprisingly, in the present process the selectivities to either
al dehydes or ketones are high. Additionally, the present invention provides
t he unexpected flexibility of allowng for direction of the reaction to

ei ther ketone or al dehyde formation by proper choice of the anion conponent
of the catalyst system as is shown for 1- octene in the Exanpl es

herei nafter. As a rule, non- coordinating anions, such as
trifluoromethyl sul pgonate, p-tolyl sul phonate, tetrafl uoroborate,

per chl or at e, aqg-ﬁe fl uorophospate tend to favour ketone formation,

wher eas weakl y ccogr i nat icngoars ons.o such as trifluoro- acetate, and
benzenephospho%t’é t%nd 5 Pafdbut & dehyde
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Substitute sheet - 17 August 1999 : - 19 -

formation. Qur copendi ng EP-A-529, 698 dlscloses the use of a
catal yst systemconprising a Goup VIIl netal - preferably palladium -
conpound, a bidentate di phosphi ne and, preé rably, a source of .ani ons
derived froma strong acid in the hydrogéen giGn of an al dehyde to the

correspondi ng ﬁi%équ 20 |t will be appreciated that some cat al yst
h

systens are ac t he present process(grodu0|ng al dehydes and the
hydrogenation proc@s@3 i asneticad oy voplitrh P ekt va s cahpsged

Accordingly, tRa dhydes Hakied 15 IﬁPQn@E nécf’j?P&@éﬁ 30ymiNTEF} U be

converted into t corres di al cohol s. t con tlons of

fast nonocar bofy |Wﬂ?¥ﬂd¥1§ng Eﬁﬂo te ﬂﬂ

produced at h|@mﬁymphuﬁpuﬂnamprdpaﬂéaanﬁum15wmmnktﬂreflﬁonu+mh|ch it could

be isol ated, 'f Slréﬁiphahlc acid. After being flushed the autoclave
was pressurized w1th 30 bar carbon monoxide and 30 bar
hydrogen. The autoclave was sealed, heated to a
temperature of 90 °C, and maintained at that temperature
for 5 hours, whereupon a sample of the contents of the
autoclave was analyzed by gas liquid chromatography. The
reaction product comprised octyl methoxycarbbnylethyl
ketone formed with a selectivity of 98% based on l-octene
and a selectivity of 60% based on methyl acrylate and 4-
oxoheptanedioic dimethylester with a selectivity of 30%
based on methyl acrylate. The mixed ketone showed 96%
linearity to 4-oxododecanoic methyl ester. The rate of
formation of combined ketones was 150 mol/gram atom
Pd/hour.
Example 21

Example 20 was repeated except for substituting 15 ml
acrylic acid for 15 ml methyl acrylate, and heating to
70 °C for 1 hour. The reaction product comprised 90%-
linear 4-oxododecanoic acid formed with a selectivity of
about 100% based on l-octene and about 50% based on
acrylic acid, and 2,7-dioxo-1, 6-dioxaspiro([4,4]nonane
formed with a selectivity of 20% based on acrylic acid.
‘The rate of formation of combined ketones was 350
mol/gram atom Pd/hour.
Example 22

Example 20 was repeated except for substltutlng 30 ml
isobutene for 25 ml l-octene, charging 20 ml instead of
15 ml of methyl acrylate, omitting. the THF solvent .and
heating to a temperature of 80 °C. The reaction product
comprised 6—methy1—4—oxoheptanoic methyl ester formed



adapting the reaction conditions to fast hydrogenation, for exanple by
raising the tenperature or increasing the hydrogen partial pressure, the

i nternedi ate al dehyde is further reacted to the alcohol in the sane |iquid
reacti on phase. By appropriate choice % reaction conditions of fast
hydr ogenati on t he alcohol nay directly be 3 tained froman olefinically

unsat urated cogpqyn éblﬂc dﬁ{]@@(ﬁ%&ﬂ adok IUSBE it im@@téﬁél a(nd
_consuned in the faster seque rogenation reaction tog formth

al cohol . Rlbt%lrtnétq%vé?%ﬁeq 1R é‘%ﬁ}?@él ACERRfe /14 oﬁ’?%@h%%tﬂ’-i‘?‘é%‘?éﬁ to
ei tgerttthﬁ al dﬁﬂ%&dﬁt Y1 Wit gh é&r&@tﬁ]\bﬁW@f | OB Mbadde @hmﬁ@h%ll )
produc roug roagenati on vary £ €00 jve,s ngth of the
anion as is se&FaNtd %pqaé%/e ‘% fcprgm Jgré?ﬁt]tf%ﬁ Bqu?es a
| ower Coordlnamouemﬁﬂﬁgnﬁdlaﬁomfﬂdﬁhuurlconponent of the catalytic system
or a | ower pKa vaIu%_fqiSthe associated acid, than is required for

Example 20 was repeated except for substituting 20 ml
vinyl acetate for 25 ml l-octene, using 50 ml THF solvent
and heating to 70 °C instead of 90 °C. The reaction
product comprised 7-methyl-3,6,9-trioxo-2,8-dioxadecane
and 3,6,10-trioxo-2,9-dioxa-undecane as Cross- '
carbonylation products from vinyl acetate and methyl
acrylate, and 4-oxoheptanedioic dimethylester side
product from the carbonylation of the methyl acrylate.
Exanple 24

Example 20 was repeated except for substituting 15g
acryl amide for 15 ml methyl acrylate. The reaction
product comprised 4-oxododecanoic acid amide as cross-
carbonylation product from l-octene aﬁd acryl amide, and
2,7-dioxo-1, 6-diazaspiro [4.4] nonane side product from
the carbonylation of the acryl amide.

Example 25

Example 20 was repeated except for substituting 15 ml
acrylonitrile for 15 ml methyl acrylate. The reaction
product comprised 4-oxododecanoic acid nitrile as cross-
carbonylation product from l-octene and acrylo nitrile,
and 4-oxoheptanedioic acid dinitrile side product from
the carbonylation of the acrylo nitrile.

Example 26

A 250 ml magnetically-stirred autoclave was charged
with 20 ml a-octene, 40 ml diglyme (2,5,8-trioxanonane),
0.25 mmol of palladium acetate, 0.6 mmol of 1,3-bis(di-i-
propylphosphino)propane and 1 mmol t-butylsulphonic acid.
After being flushed, the autoclave was pressurized with
carbon monoxide and hydrogen up to a partial pressure of



- 20 - the nonocarbonyl ation reaction to proceed. By appropriate choice of
t he ani on conponent, therefore, the al dehyde product nay be prepared with
eXcel l ent selectivity. This versatility in obtaining various products
at high selectivity and reaction rate using_.the present catalytic system
constitutes a very surprising and advantég%%u% feature of the present

[nvention.  3008L0. oY eb@hl 0%59 abiieAlGLe il @kalES LdIEd by the

Exanpl es herelnafter rea be aple to select the
appropri ate ca?ﬁﬂ?gFa§Bﬁﬁoﬁ€nF§ ahd ?%@cm?bﬁtébﬂﬂﬂtPBnEhPBrtSHP&FﬁlHﬁea

desi {ed Iugct i el VSEGuQEQdWHer%h§6H Gm,rc]:f bcrmadars,ampalé d e Qfdrﬂieﬁﬂié Yof
unsat ur at ed coppound usin A urce as cor the
process accordfgﬁﬁ ?BtPﬁéaVﬁvé W& % tbé 3aP |§: S q'SPq{J

nol ar rate of canbertedndnitdenbaylydldghydefs,lof which &% here 11near

stoichionetric t t L0 hydes or ketones. Excess carbon
nonoxi de or hyﬁ#ggg%%ogg? ggggfgic iionetric amount may be present, for

i nstance in a nol aAfkeri cobétheﬁhgzathﬁdayelzraSthé uSnice dR SHfEheR bon
monoxi de and hydpagaRizRY ke thl bt 84 riicieh iR 4RE Hesalb S thi 60 ogen.

It is not. necessary {0 use a separate sol yént process according to
t he inventi on. fPKeSsheMrSng Gde PR dﬁ&stﬁQQQ§pbP ﬂbﬂ%ﬂ?oq&QQﬁhPQN | dehyde

product can nonyl aldehydes into the corresponding nonyl alcohols at
an initial rate of conversion above 300 mol/gr at Pd/hr.
The residual octenes remaining after the hydroformylation
step, appeared to be substantially unchanged during the
hydrogenation, with only 6% being hydrogenated.
Example 27

a. A 250 ml magnetically-stirred autoclave was charged
with 20 ml a-octene, 40 ml diglyme, 0.25 mmol of
palladium acetate, 0.6 mmol of 1,3-bis(di-i-
propylphosphino)propane and 1 mmol p-toluenesulphonic
acid. After being flushed, the autoclave was pressurized
with carbon monoxide and hydrogen up to a partial
pressure of 30 bar of each. The autoclave was sealed,
heated to a temperature of 90 °C, and maintained at that
temperature for 5 hours, whereupon GLC analysis of a
sample of the contents of the autoclave showed that 67%
of the o-octene had been converted with a selectivity of
94% into nonyl aldehydes and 5% into the corresponding
nonyl alcohols.

b. The procedure under a. of this Example was repeated
charging the autoclave with 15 ml of a-octene and the
same solvent and catalytic system. The autoclave was
pressurized with 20 bar of carbon monoxide and 40 bar of
hydrogen, and heated at 125 °C for 5 hours. GLC analysis
showed that 63% of the a-octene had been converted with a
selectivity of 88% into nonyl alcohols and 9% into

This Sheet Has Been Re,ilaced




often forma suitable liquid phase. In sone cases, however, it may be
desirable to use a separate solvent. Any inert solvent- can be used for that
pur pose. Said solvent may, for exanple, conprise sul phoxi des and sul phones,
for exanpl e di met hyl sul phoxi de, diiso- propyl sul phone or

t et r ahydr ot hi ophene- 2, 2-di oxi de (al so refeg¥ed to as sul fol ane),

2- met hyl sul f ol ane é#sulfolane 2-met hyl - 4-butyl sul fol ane; aromatic
hydr ocar bons ngﬁy&saﬁgﬁ%l ‘t ol uene, and xyl enes; esters such as nethyl
acetate and butyroﬁacuanseeMet@mésusing the same catalytic system the. 21

- such as acetgpg em?.tshfor‘ﬁgpl%syltﬂéet - ONRionfl N0 SUKR Afad@t hano!  and

et hanol, ethers suc urane (also referred tqQ as THF),
ani sol e, 2,5, 8WhereRsnGtakd rs QydrageTe PLReS Y ¢l afd ehgh %‘thenyl et her

and di i sopropyhepRratié aNdes WHol as dineighddselditieoroduct under
b.. Apparently, in both experiments the aldehyde is
formed in a first reaction step and subsequently consumed
as a starting material for the second hydrogenation step,
under a. at relatively low rate and under b. at
relatively high rate under conditions of temperature and
hydrogen concentration favourable for hydrogenation.
Examples 28-39

A 250 ml magnet-driven autoclave of Hastelloy C

(Trade Mark) was charged with an alkanol and further

liquid and solid components of the reaction mixture as
stated for each specific experiment. The catalyst
components were dissolved in the respective solvent
(usually the alkanol) under nitrogen atmosphere in a
glove box and introduced in the nitrogen blanketed
autoclave. The autoclave was closed, evacuated and
subsequently pressurized with carbon monoxide and any
other stated gaseous component. The autoclave was then
heated to the indicated temperature and maintained at
that temperature, usually for a period between 1 and

5 hours. Finally the contents of the autoclave were
analysed by gas liquid chromatography.

In Table 4 below the following data are indicated:
the type of olefin (in bar, or alternatively in ml); the
catalyst components present in the reaction mixture (in
mmoles) besides 0.25 mmol palladium acetate used in all
experiments; the type of alkanol (in ml); the pressure of
the olefin, carbon monoxide (in bar); the reaction
temperature (in °C); the nature of the primary reaction
product; the rate (in moles of ester produced per gram
atom of palladium per hour); and the selectivity with



and N-net hyl pyrrolidone. Al cohols may function as coreactant to form
esters, but may al so function as inert solvent in hydrofornylation
réactions to form al dehydes or ketones, if the hydride activity is
sufficiently high. The process according to the invention is
conveniently effected at a tenperature in e range of from10 [err]C to
200 [err]C, 'nrpeasrﬁé&”t% gﬁé)naésp. ég&[#rco&‘? gS?i%eg{IC. The process
according to the 1'nvention is preferably e Fect€d at*a total pressure of
from1l to 80 bar. Mrtesisurseemitgat theralicanoaie negtees eEdvabieuar e
general |y economeald g Ut 1@EAd VEsOPrds&Rd Nt aRd E8LELBhLAROR ALHS

requirenents. More preferred pressures are In the range of from5 to 70
bar. Preferred §Rakishy 2rodueerd wsiRe dfcationiciBalbagipmaratadystcul arly
sui L ablle when Lfdmﬁiasﬁtg;!@nﬁhwemmé Odipﬁ?spl@.(ﬁiggBiji:l‘ioﬁp?iﬁéss’lﬁaklfr?hgt he
car bonyl ation of., a nes in the presence an_al kanol to rma -
car boxyl at es actori e, (fos#%tﬁ‘%ni on &%%%n%?ﬁ?ﬁgafﬁ lgr?g?fﬁgp égﬁgct

t he present inwrdserhaelny esrématicssulpét bteenbsyin vyeweafathepbigheed
her ei nabove, i ny, i fo@pPk§0 | Vs t byt .
olefinically unr}séaﬁiﬁ&?%%buﬂﬁl%.gfeg %grriébogé% hﬁlﬁg?gl {;:/é? gggférfm}cused

in the process sfoR&e0f fvkmimot®are new. Accordingly, the invention also
relates to a catalyst systemconprising a) a source of palladiumcations,
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b) a bidentate di phosphine, and c) a source of anions characterized in
that the di phosphine is selected fromthe group of di phosphi nes
of fornula I, Rlerr]Rlerr] P-X-PR[ er I’]R[er’lThsSheetHasBeen laced

- 22 - wherein Rerr], Rerr], R[err and Rlerr] |nde
represent an optionally substltut ed allph‘at c-group, or

with Rerr] and/or Rerr] together with R4 represent an optlona
substituted bivalent aliphatic group, with the proviso of at |east one of
sai d nonoval ent or bi vaI ent aI | phat ic groups repr esentl ng an optionally

branched or cyc{},‘l x x X b= X X 3 x
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al kyl or al kyl ene group having at |east one al pha hydrogen atom and X
represents a bivalent bridging group containing 1 to 10 atons in the

bri dge, with the exception of 1, 4-dis(dicyclohexyl phosphi no) but ane.
Preferably, each of Rl, R2, R3 and R4 represents a secondary al kyl group,
or each of Rlerr] and R err] together and -R30and R4 together represents a
cycl oal kyl ene group, such as in 1, 3-bis(di-isopropyl phosphi no) propane or

1, 3- bis(1,5-cycl ooctyl enephosphi no) pr opane. The process according to
the inventionmay be carried out continuously or batchw se. The

monocar bony!l at® o pr o&uct s?ﬁor epare‘ﬁ by &he present ptocess find application
as chenical solvent or as precursor for various cherff cgls. The
invention will new be illustrated by the follow ng nples. Exanple 1

A 250 m nmagneti &ally-sti rred autocl ave was charged ovi gh 20 ml 1-octene, 50
m diglyme (2.%, B trigxanoRane), ®25 ol of pal | ad,ufh acetate, 0.3 muol
of 1, 3-bis(di gi %bugyf-'phosphi no) propaneNand 2 mol 1’3i,E1 uoroacetic acid.
After being flushed, the autoclave was pressurized \,ﬁtE car bon nonoxi de and
hydrogen up to a partijal pnessure of 30 bar of each.c THe autocl ave was

seal ed, heatedto a t&m8r& ure of 59¢ C& ghd mai nt aiwie@, at that tenperature

for 5 hours, v@eﬁetgpoga%s@rp}_’,efpfat@ %org ents of thedautocl ave was
i g, o
anal ysed by gas t}‘ qui g car gregogr th}g ram 25
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the results of the analysis, the selectivity to nonanals was found to be
close to 100% ( based upon converted 1- octene), and the conversion rate was
calculated to be 120 nol/gram atom Pd/ hour. The linearity of the nonanals

- 23 - (percent of n-nonanal on the total of nonanals fornmed) ampunted to
75% Conparative Exanple A - Exanple 1"wA$ &xactly repeated except for
addi ng 0.3 moExhmp1l Aedi phenyl phosphi no) propane i nstead of the butyl ated
di phosphine A serectivity of close to ,100% a reaction rate of 50 nol/gram
at om Pd/ hour, and EXPIRAS Y B FERSRGEE GIREP LAt AR ok edur o of
Exanpl e 1 was MlgpRe3-denzrane} nisvarbexylic acid instead of TMBZ and a

reaction temperature of 135 °C. n-Butyl propionate was
formed at a conversion rate of 300 mol/ gat Pd/hour and
with a selectivity of 98%.

Example 41

Example 30 was repeated, except for using 10 mmol 2-
ethoxy-l1-naphthalene carboxylic acid instead of TMBZ and
a reaction temperature of 135 °C. n-Butyl propionate was
formed at a conversion rate of 350 mol/ gat Pd/ hour and
with a selectivity of 98%.

Example 42

Example 30 was repeated, except for using 10 mmol
2, 6-dimethoxybenzoic acid instead of TMBZ and a reaction
temperature of 135 °C. n-Butyl propionate was formed at a
conversion rate of 350 mol/ gat Pd/hour and with a
selectivity of 98%.
Example 43

Following the procedure of Examples 28-39, n-butyl
propionate was prepared with a selectivity of 98% using
40 ml l-butanol, 20 bar ethene and 30 bar carbon monoxide
as reactants and a catalyst system comprising 0.25 mmol
palladium acetate, 0.6 mmol 1,3-bis(di-s-butylphosphino)-
propane, 10 mmol (20 mmol in experiments a and g) 2,4, 6-
trimethylbenzoic acid, and the indicated amounts of
various sterically hindered bases, if any, at the

~indicated reaction temperatures. The following conversion
rates were observed:
43a 2,6-di-t-butylpyridine (10 mmol) 145 °C 600 mol/gat/h
43b 2,6-di-t-butylpyridine (10 mmol) 140 °C 620 mol/gat/h
43c 2,6-di-t-butylpyridine (20 mmol) 120 °C 275 mol/gat/h
43d 2,6-di-t-butylpyridine (10 mmol) 120 °C 275 mol/gat/h

43e - - - - 120 °C 225 mol/gat/h
43f 3,4-1utidine ) (10 mmol) 120 °C 140 mol/gat/h
43g 3,4-1lutidine (10 mmol) 120 °C 260 mol/gat/h
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[T [ e

- REPLACEP —]

e rareem g

——



olefinically unsaturated substrates, diphosphine |Iigands, anion sources,
and COH2 ratios at the tenperatures as indicated in Table 1. In each
exXperinment 0.25 mol pall adiumacetate and 50 ml diglynme solvent (40 m in
exanples 2b and 2c) were used at a total CO and H2 pressure of 60 bars
during a reaction time of 5 hours. The obs®f ved selectivity to al dehyde

product, conversiontr akesatd phaduehel predknice afe baild @retbdundsildiad 1.

-24- [err] not adversely affect the carbonylation reaction. It
should be appreciated that thus the acidity of the
reaction mixture by the added anion source can bé
controlled, what can be advantageous when carbonylating
acid-sensitive substrates.

Example 44

A 250 ml magnetically-stirred autoclave was charged;
with 10 g phenol, 40 ml diglyme, 0.25 mmol of palladium
acetate, 0.6 mmol of 1,3-bis(di-s-butylphosphino)propane
and 10 mmol of 2,4, 6-trimethylbenzoic acid. After being
flushed, the autoclave was pressurized with 20 bar of
ethene and 30 bar of carbon monoxide. The autoclave was
sealed, heated to a temperature of 130 °C, and maintained
at that temperature for 5 hours, whereupon GLC analysis
of a sample of the contents of the autoclave showed that
100 % of the phenol had been converted into phenyl
propionate at a conversion rate of 150 mol/ gram atom
Pd/hour.

Example 45

A 250 ml magnetically-stirred autoclave was charged
with 40 ml of diglyme, 5 g of water (278 mmol), 28.1 g of
triethylamine (278 mmol), 0.25 mmol of palladium acetate,
0.6 mmol of 1,3-bis(di-s-butylphosphino)propane and '
10 mmol of 2,4,6-trimethylbenzoic acid. After being
flushed, the autoclave was pressurized with 20 bar of
ethene and 30 bar of carbon monoxide. The autoclave was
sealed, heated to a temperature of 150 °C, and maintained
at that temperature for 5 hours, whereupon GLC analysis
of a sample of the contents of the autoclave showed that
propionic acid has been formed at a conversion rate
ranging from 150 to 300 mol/ gat Pd/ hour.

Example 46

A 250 ml magnetically-stirred autoclave was charged
with 40 ml of diglyme, 10 g of propionic acid (135 mmol),
13.7 g of triethylamine (135 mmol), 0.25 mmol of
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- 25 - Exanple 3 A 250 mMl magnetically-stirred autoclave was charged
with 20 mM 1-octene, 40 ml nethanol, 0.25 nmmol palladiumacetate, 0.3 mol
1,"3- bi s(di - n- but yl phosphi no) propane, and 1 mmwol par at ol uenesul phoni ¢ aci d.
After being flushed, the autoclave was pregsurized wth carbon nonoxi de and
hydrogen to a partial pressure of 30 bar'egghf Then the autocl ave was

seal ed, heat edpiad ladieam ecettate 00 .62 rjodr rd £C,1 ,a31¢b i dik -a8 rlmult vt phidiget

bt bol ave. was BRAPRISFORA GO hifiRE £, SR LUK AA1E acia.
reaction produéﬁb@nn@eknﬁiﬁ¥¥ﬁhﬂdf7ﬁhﬂr%HtQFl&m&aﬂﬁtdmﬂ%%suqu%%fW1th

7- et hyl ene- 8- %X%QL RCYIONR HEME tIrRE &0 Pab-&f WA rord SdslerdeONthe
5-propyl -6- tetradecanone and di ketones. The conversion rated?g t%g é;ene
e

was 100 m)l | gr ARtACIAVEI MAsursealedrs fseeaé'f?q HR @ HeETREIA T Mni t h
a high sel ecti ¢nldy Ma3%%aitned et kgiane dnpddaiguidef et €5 inoues; duesratpodhe

hexyl ) - Compar Sty aTRAS af T Vagel fr i SabtS R B cattefhave
however , showed that 100% of the propionic acid had been converted
into propionic anhydride at a conversion rate of 220 mol/
gat Pd/ hour.
Example 47

A 250 ml magnetically-stirred autoclave was charged
with 40 ml of diglyme, 2.5 ml of ethylenediamine, 0.25
mmol of palladium acetate, 0.6 mmol of 1,3-bis(di-s-bu-
tylphosphino)propane and 10 mmol of 2,4, 6-trimethyl-
benzoic acid. After being flushed, the autoclave was
pressurized with 20 bar of ethene and 30 bar of carbon
monoxide. The autoclave was sealed, heated to a
temperature of 150 °C, and maintained at that temperature
for 10 hours, whereupon GLC analysis of a sample of the
contents of the autoclave showed that 100% of the
ethylenediamine had been converted into a mixture of
amides comprising 10%mol N,N,N’',N'-tetrapropionyl
ethylenediamine, 40 %mol of N,N,N'-tripropionyl

..ethylenediamine, and 50 %mol of N,N'-dipropionyl
+ethylenediamine. The reaction proceeded at an initially
high conversion rate with formation of the diamide,
whereas the subsequent steps to tri- and tetraamide using
an amide as co-reactant proceeded at a lower rate.
Examples 48-58

A 250 ml stainless steel autoclave equipped with a
magnetic stirrer was each time charged with 20 ml methyl
acrylate, 40 ml methanol, 0.25 mmol of palladium acetate
and the amounts of further catalyst components as
indicated in Table 5. The autoclave was then flushed with
carbon monoxide, and then charged with carbon monoxide to
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0.25 mmol 1, 3- bi s(di phenyl phosphi no) propane i nstead of 0.25 nmol

1, 3- bi s(di - n- butyl phosphi no) propane. At a conversion rate below 15 nol/gram
at'om Pd/ hour, the formed reaction product conprised 10% of 7-nethyl -
hexadecanone, besides hi gher branched Cl7-kgtones and uni dentified

ol igonmeric products. Exanple 4 a. Exanple 3 was repeated except for adding
20 nml of styredepnesisang @ff 2@ Manf Subsaqmentahy, Hdwe i agteoolave ewper at ure
of 100 [err]C. ¢ t s LAg tion
product conpri 5%190% 1 5- f%ﬁélﬁk\%&eﬂn&{ anoneéémlﬁa‘?&ﬁé@ FoF%a

1, 5- di phenyl - 1%@%@ &@raﬂrﬁjfﬁ%s & WALEAERRny| - 3- pent anone. The

rate of After the 1nd1cated reactﬁHh tiﬁévﬂﬁﬁécﬁbﬂﬁeﬁﬁyr@ﬁe was
125 nol / gram at n1Pd/ho i s see &lthe [ ec |on proceeded with a
hi gh sel ecti vi ¢ G4 eor’fb*’s“h n-‘r?& e %‘EB aLPIHIPRY

ol efin re5|dueﬁGEC)CHWbeﬂohﬁ{nyaq dﬂh«é{&xqﬂsx}éxpréssédbasApéﬁ@entages

magneti cal |'y- Stainrcf %ﬁ%e%laasveldl@so/:&arﬂ?quhich "b" is the total amount
of methyl acrylate that has been converted and "c" is the
initial amount of methyl acrylate, and selectivities,
expressed as percentages and defined as 100 a/b, in which
"a" is the amount of methyl acrylate that has been
converted into dimethylsuccinate and "b" again is the
total amount of methyl acrylate that has been converted,
are represented in Table 5.



with 20 M styrene, 40 ml nethanol, 0.25 mmol pall adi um acetate, 0.3 mmol
1, 3-bi s(di-n-butyl phosphi no) propane, 0.5 mol N (CF[err]SJerr], and 5 mol
napht haqui none. After being flushed, the autoclave was pressurized with 20
bar of carbon nonoxide. Then the autoclayge was seal ed, heated to a
tenperature of 70 [err]C, and maintained at that tenperature for 5 hours,
wher eupon a synphe of the contents of the autqclave was analysed by G.C
Styrene appeaweddit 9 be c'o&v%(téd At aLate of40 nol /gram at om Pd/ hour to
1, 5- di phenyl -lu-penf’pen- ome oM &h o eelectl vt p cBose to 90% Exanple 5 a.
Exanpl e 3 was % épeat ed except for adding 30 nig of propene, instead of
l-octene, 0.1 mmol, instead of 0.25 nmmol, pall adium acetate, 0.25 mmol,

i nstead of 0.3 mmol, of 1, 3-bis(di-n-butyl phosphi no)propane, and 0.3 mol
of trifluoro hyl sul phoni ¢ acid, instead of paratol uenesul phonic acid.
After a reacton§tinme ¢f @ houins,othe yredust avas found to -gonprise 67% of
2- net hyl - 3- h&agorfe, 5% of~ 2 hy! - 1- hexen¥3-one, 15% ofgot her

C7- ket ones conbi ned, and traces of di ketones on the baSis of converted
propene. The rate @f conversion of propene was 500 nol£granmBat om Pd/ hour.
It is seen th& thé reastindnnpPrOGEedednWwid hnahigh sel@ctivity to the

ket one |inking’ the<blefin residues at the' al pha and bega caBbon at ons

respectively, Y-CH2-CH2-CO CHY-CH3, (Y = nmethyl). S B
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b.'Repeating the experinment in 50 m nethanol sol vent usihg 2 mmol of
par at ol uenesul phoni c acid as anion conponent of the catalyst system after

1 *hour at a - 27 - propene conversion
rate of 1500 nol/gram atom Pd/ hour, the_pggduct conprised 70%

2- met hyl - 3- hexanone, and 10% 2- net hyl - 1- hexen-3-one, and 5% of its

net hanol adduct: lgxpERpbhesy48-58t Qe riktianahe SWRPJSTE iCIeNR iZ2, and
Cerr] - ket ones,

on e basi s, of converted propene. Excel lent. . .
regi osel ecti vi EPEY g‘aé'l IR CONVIBESHPNSS a%‘cgpr?d‘qﬁl]tﬁntalﬁ%%qe]g%tl(ﬁanpl e
4% ketorgs m?rarebbbta&ﬁehn Efarploataldyst isysimn iioulssgomtence onsthietheg
the yields of a . S 1.0] I qﬁﬁﬂ% e b
al pha 1i nking Fb@%@gﬁ?ﬂ %%&p?&leéﬁgl%p%o#ﬁ%%ﬁé(%rp alé; )‘{)Agﬁr ed to %Ig&?%’rﬁ%al Y
al pha car bon ausedofforhéheupseparatdicsf iof dimgthylsucainate ibki ng neans
that the carboegEPghgq%ﬁﬁ§an&d%gﬂH§ﬂry%ﬂyygﬁéyninaI beta carbon at om of
In

the substrate ole ; e rati o of al kanones to alkenones nay be controll ed
by increasing the ARt E¥agples 54 and 55, the catalyst system comprises

a monodentate phosphine ligand and no quinone promoter.
Low conversion and moderate selectivities were observed.
In Example 56, the catalyst system comprises a
monodentate phosphine ligand in conjunction with a
quinone promoter. However, the addition of a quinone
appeared to have a negative effect on the catalyst system
of Examples 54 and 55.

Examples 57 and 58 show that for the
monocarbonylation of an alkenoic acid derivative in the
presence of a nucleophile having a mobile hydrogen atom
as coreactant, a quinone promoter is an essential
component of a catalyst system containing a bidentate
diphosphine ligand. '

Example 59

Using the procedure, equipment and catalyst system of
Example 48, a mixture of 20 ml acrylonitrile and 40 ml
methanol was reacted at 110 °C for a period of 7 hours.
According to the GLC analysis the conversion of
acrylonitrile was 5% with a selectivity of 99% into the
monomethyl ester mononitrile of malonic acid: (methyl
cyanoacetate) .



hydr ogen to carbon nonoxi de to above 1:1. for higher al kanone content, and
below 1:1 for a higher proportion of alkenone. c. A 250 m -
nagnetlcally stirred autoclave was charged with 30 mM propene, 40 n

dlglyne 0.25 mmol pal | adi um acetate, O. ﬁﬂgnn
1, 3-bi s(di= ropane, 1 miol “trifl uoromet hanesul phonic

aci d, and 5 l Eﬂl i ng flushed t he autocl ave was pfef§$§iggﬁ

wi th 30 bar l I Iﬂgealed and heated to a t enper at.

[err]C. After a reaction tlne of 1 hour a sanple of the contents of the

aut ocl ave was anal yzed by gas |iquid thpqatpgwqphy On the basis of

converted propene, the reaction producCt conprised 65% of 2-nethyl -

3- hexanone (i sopropyl -propyl ketone) and 26% of 2-nethyl- 1-hexen-3-one

(i sopropenyl pﬂopyA.pebcnsb foire thenwendicarboaiyd aifi g epfe rog tisen a0

nmol / gram at om ( cm1be
Eﬁéo%%‘iftﬁtgr A eTil ctalleiél Vl‘ﬂ'x%tdﬁ%ee@‘% ‘%{pcgﬁ;s Lg

used as an eff r've e source expert men under 5c.

was repeated ugﬁﬁ&tlmﬁmymﬁh qﬁnhgmaMQﬁO&%ﬁﬁ(ﬁndxﬂnﬂqnﬁaq;dnﬂ.Innﬁhe

presence of a catalyst system comprising:

a) a source of palladium cations, _

b) a source of bidentate diphosphine, and:

c) a source of anions,

characterized in that the diphosphine is selected from
the group of diphosphines of formula I,

R1RZ2p-x-PR3R4 (I)
wherein R, RZ, R3 and R4 independently represent an
optionally substituted aliphatic group, or Rl and R2
together and/or R3 and R4 together represent an
optionally substituted bivalent aliphatic group, and X
.represents a bivalent bridging group containing from 1 to
10 atoms in the bridge. '
2. A procesé as claimed in claim 1, wherein in formula I
each of Rl, RZ, R3 and R% independently represents an
unsubstituted optionally branched or cyclic alkyl group
having from 1 to 10 carbon atoms.

3. A process as claimed in claims 1 or 2, wherein in
formula I at least one of Rl, R2, R3 and R4 represents an
optionally branched alkyl group haVing one or two alpha
hydrogen atoms.

4, A process as claimed in claim 3, wherein in formula I
at least one of Rl, R2, R3 and RY represents an ethyl, i-
propyl, n-propyl, i-butyl, s-butyl or n-butyl group. |
5. A process as claimed in any one or more of claims 1-
4, wherein the brldglng group contains from 2 to 8 atoms
in the bridge.

6. A process as claimed in any one or more. of claims 1-

This Sheet Has Been|||Tlaced .




- 28 - palladiumacetate, 0.25 mmol 1, 3-bis(di-n-butyl- phos
and 0.2 parat ol uenesul phonic acid; 40 bar instead of 30 bar @ !ﬂﬁ Eﬂiﬁﬂﬂﬁ!ﬂ""
pressure; and 0.5 nl instead of 5 mM water. After heating at c %

5 hours, a sanple of the contents of the guytoclave was anal yzed by G.C. On
the basis of converted propene, the reaction product conprised 31% of

2- met hy| - 3- hex ®)onm edied rb Qordp red @ity | anl - 18K erke Mtaid RehTEWVESSi on rate
of propene was 25Q nol./ ran1aton1Pq%P%§%. It seen that the coqg}ned
selectivity (oPPregnsddie tithithiPes iRb-Ferd] BRYS HF Y9It YL emai ned
about the sane si@phuanat®ditd. resp.). However, as a result of the | ower

anount of water ash ' v r.o i d e, had
decreased in fa7\/'ourA %’?ﬁ%&%%&%&ﬁt‘%&i Ii&e %(r%{e\;qq{é ?Jsr %‘gc#ge\?c.;eﬁ ?jfi%%lg%]hle
i nternedi ate pdl/| adienain Khe fapiciareeddy substuktuked ketimicablv hydr ogen

el imnation inyiG thivdtld VorPodtf 1Sa Wl KRIONE n{PIRGrehé ve Exanple

C Exanpl e 5(a) was repeated except for using a catal yst System
conprising 0.1 ules HoffQadetwitdy & besingdiydrogen or hydrocarbyl,

1, 3- bi s( di phenwnghos pigr@dumane hydkbgereY  drardl ad tehesw] Ph@Pawingi 6r
The propene was .converted.at a rate Ofi@%P nol / gram at om Pd/ hour. The

obt ai ned produ@?qﬁ QBﬁgﬁﬁﬁﬁﬁﬁgﬁufqﬁﬁ% ?ﬂ%pyl I soprop(en)yl ketones, 15%
of diisoprop(e®.yl kerovess BFoalfaidiqut dpy|cleimribs wherein Y is

selected from the group of carboxy, nitrile, formyl,
amino, halo, and substituents of formula -Z-R, wherein 2
represents a single valency bond or a functionality -CO-,
-C00-, -00C-, -NH-, -CONH-, -NHCO-, -0-, or -S-; and R
represents an optionally substituted alkyl, alkenyl,
cycloalkyl, cycloalkenyl, acyl, aryl or heterocyclic
group.

9. A process as claimed in any one or more of claims 1-
8, wherein a hydride source is used as coreactant.

10. A process as claimed in claim 9, wherein the hydride
source is molecular hydrogen.

11. A process as claimed in claim 9 or 10, wherein
equimolar amounts of carbon monoxide, hydride source and
the optionally substituted olefinically unsaturated
compound are brought to reaction to form an aldehyde.
12. A process as claimed in claim 9 or 10, wherein two
equivalents of optionally substituted olefinically
unsaturated compound per mole of carbon monoxide are
brought to reaction to form a ketone.

.13. A process as claimed in claim 12, wherein the
optionally substituted olefinically unsaturated compound
is carbonylated in the presence of a second optionally
substituted olefinically unsaturated compound.

14. A process as claimed in any one of claims 9 to 13,
wherein the process is carried out under conditions of



and 30% of oligomeric ketones. Exanples -6-13b and Cbnparative Exanple D
A series of experinents was carried out by each Ti 50 i

nagnetlcally stirred autoclave with nethyl acrylatiﬂ!ﬂ l ﬂ nmol
of palladium acetate, 0.30 nmol of a dlph hi ne e (in

the formof the acid or salt). After belng flushed, the autoclave was

pressurized W tHy QRarbpdr 108 0xé €ey hydrogen to a total pressure of 60
bars. Then the ﬁ% ocl’ave was seal ed, ated for _a certain [

peri.od, .
29 wher eupon a PIRCETR %%n?lewge f 1R hANY PRI A5 ePRAE gﬁaFgféﬁ‘s_b}'gas
| i quid chromat om,ap,lityeré’m teacsdanceroflughionspissednstiibhiyethby a

al pha, al pha-1lin CH3O. CH2- 2- CO-OCH3, m nor anounts of the
al pha, bet a- I|nR§%F ?éﬁ} qgg%£§%§E@%§§iCI}CI}B and vari ous anounts
of side productk§. otprecess M§d¢b@3mededn59betma1§: Phedasn theestirengi es
as percent of converiRfbABtoYL @erybeherrandahahe3dChatonyChSpRA Bl1Rt NY!

3.5.

17. A process as claimed in any one or more of claims 1-

8, wherein a nucleophilic compound having a mobile
hydrogen atom is used as coreactant.

18. A process as claimed in claim 17, wherein the
nucleophilic compound having a mobile hydrogen atom is
water, an alcohol, a carboxylic acid, ammonia, an amine,
an amide 6r a thiol.

19. A process as claimed in any one or more of claims 1-
7, 17 and 18, wherein the olefinically unsaturated
compound is an unsubstituted alpha-olefin.

20. A process as claimed in claim 19, wherein the source
of anions is constituted by a weak acid or a salt '
thereof.

21. A process as claimed in claim 20, wherein the source
of anions is constituted by a sterically hindered
carboxylic acid.

22. A process as claimed in any one or more claims 1-8,
17 and 18, wherein the olefinically unsaturated compound
is an alkenoic acid derivative and the catalyst system
further comprises a promoter.

23. A process as claimed in claim 22, wherein the
promoter is a quinone promoter selected from the group of
benzoquinones, naphthoquinones, anthraquinones and
phenanthroquinones. |

24. A process as claimed in claim 22 or 23, wherein the
anion is a non-coordinating anion derived from a strong
acid having a pKa below 2. o

25. Use of a catalyst system as defined in claim l, in

- THIS SHEET HAS
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acryl ate substrate H gy The nature and anount of substrate and
sog vent, the type Hlmﬂuﬁmnmﬂ Iihe type and anount of anion, the ratio
of ' CO'H2 on the basts of pamtial priessures ratio, the heating tenperature,
the reaction tinme, and the observediselegtgdijies and conversion rates are

. represented in Table 2. It is seen that the conversion rates are nuch
-hi gher -when usi fige am6Rb84¥BbnFY St EBhCORPHPEH BHad N yakkpket edtdigohosphi ne
'inspead of ‘an quég{ggcgighogghige ggegcggkdgﬁg.s%nth the prior art
t.eachi ng. +8¥ UNFAFPF P
' . 26. Use of a catalyst system as defined in claim 1 in the
preparation of aldehydes by monocarbonylation of an
¢lefipically unsaturated compound in the presence of a
hydride source. '
27. Use of a catalyst system as defined in claim 1 in the
preparation of ketones by monocarbonylation of an
olefinically unsaturated compound in the presence of a
hydride source.
28. Use of a catalyst system as defined in claim 20 in
the preparation of esters by monocarbonylation of an
unsubstituted alpha-olefinically unsaturated compound in
_.the presence of an alcohol.
. 29, Use of a catalyst system as defined in claim 23 in
.the preparation of alkanedioic acid derivatives by
monocarbonylation of an alkenoic acid derivative in the
presence of a nuclephilic compound having a mobile
hydrogen atom. '
30. A catalyst system comprising
a) a source of palladium cations,
b) a source of bidentate diphosphine having formula I,
_ RIRZp-x-PR3RY (I)
wherein R1, R2, R3 and R% independently represent an
optionally substituted aliphatic group, or Rl and R2
together and/or R3 and R4 together represent an
_ thionaliy substituted bivalent aliphatic group, with the
_proviso of at least one of Rl, RZ2, R3 and R4 representing
an optionally branched or cyclic alkyl or alkylene group
"héving one alpha hydrogen étom; and X represents a
" bivalent bridging.group“containing from 2 to 8 atoms in
the bridge, and .. '
¢) a source of anions.
31. A catalyst system as claimed in claim 30, wherein
each of Rl, R2, R3 and R4 represents a secondary alkyl

THIS SHEET HAS BEEN
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jad
- 31 - Exanple 13c Usi ng the procedure of Exanples 6-13b, 15 m net hyI
acrylate in 20 mM nethanol and 40 m diglynme was heated at
hours under an atnosphere of 30 bar carbon nonoxi de and 30 mllm mg I”HIII
the presence of a catal yst conprising 0_25.mml palladi um ace
mol 1, 3-bi s (diethyl phosphi no) propane, I.0 mmol nickel (I1)
bis(trifl uoromgspip sul phonate), and 5 nnDI napht haqui none. A 90%
conversi on of th acr Iate mnth 90% sel ect i yi hept ane
di met hyl ester r%‘s%b TR "’1%00i %ﬁi Hé ‘Eﬁ%l% rohed i“éeBg 28
Exanpl es 6- 13b,thkd hn!ldaitt‘gftte Bdlp:immﬂmme ebeing0l pd-biglgieyahehbyyiptost
115[err] C forggyﬁp%r d{gﬁg an at nosphere of 30 bar carbon nonoxi de and 30

bar hydrogen i resence of a catalyst conprising 0.25 muol palladium
acetate, 0.60 3 Pﬂ_caﬁ:a]syqtdlsﬁtmt% phbzbredodn pebpime3l anvhereinmthe

t-butyl sul phoniyg; nd? &%}ﬁ&é’ﬂ’fﬁ&é'?@ Pf3%1‘5‘kd§-P§8§>§8§/§‘l§h8’§§h@ﬁé?LV€d

into ethyl esters o ntanoi ¢ aci ds conprising 84 the |inear
et hyl 6- oxohex&iR&e.
34. A catalyst system as claimed in claim 30, wherein

each of Rl and R2 together and R3 and R4 together
represents a cycloalkylene group.

35. A catalyst system as claimed in claim 34, wherein the
bidentate diphosphine is 1,3-bis(1l,5-cyclooctylene-

phosphino) propane.
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Exanple 14 A 250 m nmagnetically-stirred autoclave was charged with 20
ni met hyl methacrylate, 50 m THF, 0.25 mmol pal |l adi um acetate, 0.30 mmol

- bis (di-n- butyl phosphi no) propane, 1.0 mrol trifluoromethyl sul phonic
aC| , and 5 nmmol napht haqui none. After being flushed, the autoclave was
pregsurized with 30 bar of hydrogen and carbon nDnOX|de each, seal ed and
heatied to 90 C for a period of 5 hours. Afterwards a sarrple'lbfl'llm EImt ent s
of the aptoclave was anal yzed by gas |iquid chronmatography. The nethyl
nmet hacryf ate was converted at a rate of 150 nol/gram at om Pd/ hour to give
30% yi el.d of 2,6-dimethyl-4-oxohept daddcSdl nkthyC Bster at a conversion of
about 40% . - 32 - Conparative Exanple E
Exanpl e 14 was repeated except for using 0.30 mmol of

1, 3- blgkdlphenylphosphlno) pr op&ASBONILEdd O OF S3EFRDS

o
>y

P The invention relates to a process for the mono-
///’/ carbonylation of optionally substituted olefinically

////// unsaturated compounds by reaction with carbon monoxide

and a coreactant in the presence of a catalyst system

comprisingé

a) a source of palladium cations,

b) a source of bidentate diphosphine, and

c) a source of anions,

characterized in that the diphosphine is selected from

the group of diphosphines of formula I,

R1RZ2p-X-PR3R4 (1)
wherein Rl R2 R3 and R4 independently represent an
optionally substituted aliphatic group, or Rl and R2
together and/or R3 and R% together represent an
optionally substituted bivalent aliphatic group, and X
represents a bivalent bridging group containing from 1 to
10 atoms in the bridge, to produce various carbonyl
compounds including aldehydes, ketones, esters, and
amides. The invention also relates to certain catalyst
systems useful in this reaction.
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of «1, 3- bi s(di - n-butyl phosphi no) propane. After 5 hours reaction time only
traces of 2,6- dnmﬁtmaﬂHﬁiﬁ&ﬂh@ noi ¢ .di net hyl . ester were forned. Exanples
15-19 A serle ts was carried out by each time charging a
250 m magnet i caI ocI ave W th a Substitute:shégt slFsAugused 999
ol efin substrate, tetrahydrofuran, 0.25 mmol of palladium
acetate, 0.30 mmol of 1 3- bIS(dI n- butyl 4 phosphi no) propane, and an ani on

source in the formof the corresponding acid. After being flushed, the
aut ocl ave werhis desawn zexboess S0f pers cirdmnthendksadvangage pir hydr ogen.

Then the autggq r of sBchOHES

wher eupon argach% %?Sr%% dﬁ %hfééﬁg éﬁt%%?gsgh\?\gg aﬁag zgg gy gas

li qui d' chr oreaxRATPrYNONIRe rR%ﬁﬁSQﬁﬁtﬁ%dh% Q- E30PeEed? cARRL éFatlon pr oduct
in the formpfoddes alPiveg A Rbebalt NkLta kg§®Nes described in JP-A-

Y- CH d hyd t
Cr{er 1] G ] 1458 %%%éﬂi“&mﬁ%‘so ¥ HRIFRLOPE FBE R o s
wel | as rat esaxﬁomymlwtexmomfcﬂlefmmmbly altmsaEupaésgedomnoﬁﬁdﬁgwaﬁhat om
Pd/ hour, werge caf élég,_ﬁfgdcag'g & 3 FROtLP é‘rﬁ%i hﬁlé}at gggagogtagygegmgf

substrate fhé’ty e anou of anj on, eatin egg ature, the

conver si on rQRQPrhﬁ% 2 heowreRIRE Bakladiwm, %aEﬁléig% PRERPINFY Ps seen

that the Cats?éay&t%saléi@nart@ destaell peepy dight ast Prosphienei oridpsovi des

for effective on_of w de sco f L S.}.0:produce

L ances ondity SOREHEE oot ERbLS Ty “ERP8e 8] REBSHIERGS tbO1BE
specification the olefinic substrate may be substituted
with a broad class of functional groups, 1nclud1ng acid,

ester, acid amide and acid nitrile groups, but no

experimental data on the achievable conversions and
select1v1t1es are given. '

Where an interesting act1v1ty of .the above bidentate
diphosphine catalyst system, as exempllfled by the
tetraaryl alkylenediphosphines, in monocarbonylation
reactions is apparent, there remains a need for further
improved catalyst systems exhibiting still higher
reaction rates and selectivities, and applicability to a
broad class of olefinic substrates.

It is remarked, that a catalytic system comprising a
nonionic compound of palladium and an aliphatic bidentate
diphosphine is described by Y. Ben-David et al., in

and in_EP-A- 40 808
J.Am.Chem.Soc., 1989, 111, 8742-4,/but’ only for use in
the carbonylation of aryl chlorides.

It was now found that a selected group of catalyst
systems characterized by the choice of bidentate .
diphosphine ligand, offers unexpected advantages over the
above systems containing tetraaryl alkylenediphosphines.
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Accordingly, the invention provides a process for
the monocarbonylation of optionally substituted
olefinically unsaturated compounds by reaction with
carbon monoxide and a coreactant in the presence of a
catalytic system compzisihg;—

a) a source of palladium cations,
b) a bidentate diphosphine, and
c) a source of anions

characterized in that the diphosphine is selected
from the group of diphosphines of formula I,

REPLACEMENT SHEET
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- 34 - Exanple—%@————A—25Q_nL_nagnet|caIIy stirred autoclave was charged

wth 25-m 1- ocLen thyI acrylate, 30 m THF, 0.25 mmol pall adi um
acetate, 0.30 i butylphosphlno)propane and 0.5 mol :
trffluoro- net h m , After bei ng Subssibgte shentaul D Augestvb899
pressurized with monoxi de and 30 bar hydrogen. The autocl ave
was seal ed, heated to a tenperature of 90 [errics-and mai nt ai ned at that

tenperature for 5 hours, whereupon a s le o heg contents of the
aut ocl ave was anal yzed by gas liquid %ﬂgg%ﬁﬁ g‘ﬁy The reaction prodh%&

conprioed ooty tgLhgigeokbonyl ol ! ke one LSRd g sebecliatdv

4- oxohept anedi oioptdiomelhy| euthst ikiutieda Q‘J@I@tﬁtll\ﬁ tGEHP 309F bd ed-agetha@thy |

acrylate. The m xgenketggne sslagwed RB% lcbaedhety Wath- oxddogepzaeeacmetdiy|

ester. The rate OLtlonally substituted bivalent aliphatic group, with
the proviso of at least one of said monovalent or
pivalent aliphatic groups representing an optionally
branched or cyclic alkyl or alkylene having at least one
alpha hydrogen atom; and X <represents a ‘bivalent
bridging group containing 1 to 10 atoms in the bridge,
with the exceptidn of 1,4-bis(dicyclohexylphosphino)
butane.

It is remarked that the last proviso relates to a
change anticipation in EP-A-227,160 discussed on page 2,
and the first proviso relates to copending patent
application EP-A-495 848.

The unexpected advantages of the:present invantion
will be demonstrated by the Examples and Comparative
Examples hereinafter. In direct comparison with the
tetraaryl diphosphines, the present catalyst systems
comprising aliphatic diphosphines provide substantially
higher reaction rates, yields and/or selectivities to
desired products in various monocarbonylation reactions.
Moreover, where appropriate, a surprising high
regioselectivity to desired isomers was observed. Also,
the present process appears to be applicable to a broad
class of optionally substituted olefinically unsaturated
compounds.

Apart from any specific catalytic mechanism, the
gross reaction of the present monocarbonylation process
involves the respective insertions of a molecule of
carbon monoxide and at least one molecule of olefinically
unsaturated compound into a hydrogen bond of the
coreactant. Representing the coreactant by NuH, wherein
Nu represents the remnant nucleophilic moiety of the

coreactant after removal of a hydrogen atpm. it is seen

from the gross reaction: REPLACEMENT SHEET
| THIS SHEET HAS BEEN 18 AUG 1999
REPLACED :




focmati on of conbi ned ketones was 150 nol/gram at om Pd/ hour. Exanple 21
Exanpl e 20 was repeated except for substituting 15 nl acrylic acid for 15
m nmethyl acrylate, and heating to 70 [err]C for 1 hour. The reaction
prdduct conprised 90% |inear. 4- oxododecanoi Sulsstitutesheet wi7hAagust 1999
sel ectivity of about 100% based on 1-octene and about 50% based on acrylic
acid, and 2,7-dioxo-1, 6-di oxaspiro[4, 4] nonane formed with a selectivity of
20% based on acrylic acid. The rate &y f-ormati on of conbi ned ket ones was
350 nol / gram at om Pd/ hour. Exanple 22 Exanpl e 20 was repeated except
for substituting 30 m isobutene for 25 m 1-octene, charging 20 nm instead
of 15 m of nethyl acrylate, omtting the THF solvent and heating to a
tenperature of 80 [err]C. The reaction product conprised [

6- net hyl - 4- oxohept ife retBAO estter /forC'rr\ed ----- > Nu-C(=0)-C-C-H

- 35 - (.

that the nature of the coreactant largely determines the
type of product formed. The coreactant can be a
nucleophilic compound having a mobile hydrogen atom, such

REPLACEMENT SHEET
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wi th a selectivity of about 100% based on i sobutene and about 50% based on
nmet hyl acryl ate and 4-oxoheptanedi oi ¢ di nethylester with a selectivity of
40% based on nethyl acrylate. The rate of formation.of conbi ned ket ones was
100 nol / gram at om Pd/ hour. Exanple 23 Ex aSubstitdte sheet eidahadustk 0p9
for substituting 20 ml vinyl acetate for 25 ml 1-octene, using 50 ml THF
solvent and heating to 70 [err]C instead_o§ 90 [err]C. The reaction product
conprised 7-methyl-3,6,9-trioxo-2, 8-di oxadecane and

3, 6, 10- t r i oX0-th®- ihexease det anemper £Lwss - andr bhayhaei ofi pcodyet bykdrdge
vinyl acetate and nethyl acrylate, and 4-oxoheptanedi oi c di net hyl ester side
pr-oduct fron1t§ﬁ95%ﬁ%bnylation of the nmethyl acrylate. Exanple 24

Exanpl e 20 was repiatany except, fhe Emamplesi by tBysasPorifaraéiryr 15 m

met hyl acryl at o{{@ergaeiégfl paacte CRIPEhECIK 41 0¥adREACARORPPAGIitigan de
as cross- carbonylation product from 1-octene angpa

2, 7- di oxo- 1, 6-%R3GEEPR rerpdikionsnieE 4+ HESHEBLU e?%é%??ﬁ&q§§}§§g§thion
OfbtP?tﬁf{%l iﬁ?fﬁioﬁ%@?ﬁ%@tfﬁlth? EﬁeﬁbfﬁcZG?BmfedepEadgdteicept for
;Eozuct congrised°&5§%§ﬁgdéﬁghﬂﬁ% g%i%én$¥?$$egésag ggéggggfbgﬁyﬁgﬁfghon
product from Ibekievedatbatctlyécantive| eatalyst species in the catalyst
system is a cationic complex of palladium with the
diphosphine of formula I. Accordingly, the catalyst
system employed in the process according to the invention
must comprise a source of palladium cation, a source of
the diphosphine, and a source of an anion, it being
understood that the combined sources of catalyst
components may develop catalytic activity in the initial
stage of the process only, or in some cases after an
induction period. The remaining coordination sites at the
central palladium atom are believed to be exchangeably
occupied by molecules of carbon monoxide, olefin
substrate, solvent, anion and product intermediates.

The source of palladium cation is preferably a
palladium salt. Examples of salts include salts of nitric
acid; sulphuric acid; sulphonic acids, for example
chlorosulphonic acid, methanesulphonic acid,
frifluoromethane sulphonic acid, t-butylsulphonic acid,
p-toluenesulphonic acid, or a sulphonated ion exchange
resin; and a carboxylic acid, for example an alkanoic
acid such as acetic acid or trifluorocacetic acid. Since
halide ions can be corrosive, the source of palladium
cation is preferably nbt a halide.

It will be appreciated that when the source of
palladium cation is a palladium salt of a suitable acid,
it will also be a source of an anion. It will also be
appreciated that for the source of palladium éation, the
palladium may be present in a complex, for example with
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and 4-oxoheptanedioic acid dinitrile side product fromthe carbonyl ati on of
the acrylo nitrile. Exanple 26 A 250 mM magnetically-stirred autocl ave
was charged with 20 ml a-octene, 40 m diglynme (2,5, 8-trioxanonane), 0.25
mol of pall adium acetate, 0.6 mmol of 1, 3- biSubdtitute sheet - 17 August 1999

pr opyl phosphi no) propane and 1 mmol t-butyl sul phonic acid. After being

flushed, the autoclave was pressurized w 4R carbon nmonoxide and hydrogén up
to a partial pressure of ' - 36 - 30 bar

of each. The AVt v orie ad e hwd el s oy drbgepeatomse dh 70 [err] C,

o the cont enPARHI kAT SRP SRR IFa S B0% F Thesacenfall AT

converted i nt ambralkyl eledygiesypof MdstlpBstenced alkpir gaauPI2vewer e

branched. ethyl, i-propyl, n-propyl, i-butyl and n-butyl. Examples
of suitable alkylene groups include hexamethylene and
cyclooctylene. ' _

When the alkyl group is said to be optionally
substituted, it may be substituted by one or more
substituents which do not annihilate the catalytic
activity of the system. Suitable substituents include
halogen atoms, alkoxy groups, haloalkyl groups,
haloalkoxy groups, acyl groups, acyloxy groups, amino
groups, hydroxyl groups, nitrile groups, acylamino
groups, and aryl groups.

As the diphosphine of formula I is believed to be
coordinated to palladium in bidentate mode, it should
have the two phosphine P atoms at intramolecular distance
and configuration allowing coordination to a single netal
‘atom. Accordingly, any bridge connecting the two
phosphorus atoms should be free of any substituents
causing hindrance to metal coordination. The bridging
group represented by X is preferably a hydrocarbon, an
ether or a thioether residue. For example, the bridging
group may be an alkylene chain which is optionally

" interrupted by one or more oxygen and/or sulphur atoms,
as in: |
-CHp-; -CHCHz-; -CHpCH2CHp-; CHp0CH2-; CH2SCH2-;
-CHCHCHCHp~; -CHCH20CH2CHp-; -CH2CH2SCH2CH2-;
-CH2CH20CH2CH2OCHCH -

CH3 CH3 CHs
-CHZ—é-CHz-; -CHz-éH—O-éH-CHZ—; or a silane residue:

|
CHj

Ja—

CEPLAGEMENT SHEET |
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After cooling the autoclave was flushed, and was then pressurized with 60
bar of hydrogen and heated at 90 [err]C for 5 hours. G.C anal ysis showed a
100% conversi on of nonyl al dehydes into the correspondi ng nonyl al cohols at
an‘initial rate of conversion above 300 nol/ SubstiattersiFedtholi7. Adgest €988ual
octenes remai ning after the hydrofornyl ati on step, appeared to be
substantially unchanged during the hydrog tion, with only 6% being

hydr ogenat ed. Exanple 27 a. A 250 ml nagnhe caIIy stirred autocl ave was
charged with 20 nl @Hgctene, 40 ml diglyme, 0.25 mmol of pall adi um acetate,
0.6 mmol of 1, 3-bis(di-i- propyl phosphi no)propane and 1 nmol

p-t ol uenesul phe@Hg-at+0Ho2ALt er being flushed, the autoclave was pressurized
wi th carbon nonoxi dé and hydrogen up to a partial pressure of 30 bar of
each. The autocl aveCHgs seal ed, heated to a tenperature of 90 [err]C, and
mai ntai ned at that tenperature for 5 hours, whereupon G.C analysis of a

sample of the contgglspaiqbifg agEBGPaBEeQQQWdet baht@i¥sotriohe ectgEne had
been converted mnt a se t1vi

4% i nto ng@lfa g:es§a 5%|nto
t he correspondaﬁ@mﬁoh?ltHPcBﬁéﬂﬁe'bm°r?hBrﬁ §&é afde of &
Exanpl e was repéﬁtéﬁaﬁb&églQﬂehheh&ubﬁdhgﬂagwgtbubS151aopnmpaneama'and t he

bar of car bon NERBRPRE EnEeTooHEY SPonyALogen Conse Roated To T 1] € for
5 hours. G.C apakferasbly the brldglng group is a trimethylene,
tetramethylene or 3-oxapentamethylene group.
Examples of diphosphines of formula I which may be
4 used in the monocarbonylation according to the invention
t are:
1,2-bis (di-n-butylphosphino)ethane,
1,3-bis (dimethylphosphino)propane,
1, 3-bis (diethylphosphino)propane,
1,3-bis(di-i-propylphosphino)propane,
1,3-bis(di-n-propylphosphino)propane,
1,3-bis(di-i-butylphosphino)propane,
1, 3-bis (di-n-butylphosphino)propane,
1,3-bis(di-s-butylphosphino)propane,

1,3-bis(di-n-hexylphosphino)propane,

1,2—bis(dicyclohexylphosphind)ethane,

1,3~-bis(n-butylmethylphosphino)propane,

1,3-bis(n-butylethyiphosphino)propane,

1,3-bis (1, 5~cyclooctylenephosphino)propane and its

isomeric mixture containing 1,4-cyclooctylene groups,

1,4-bis(di-i-propylphosphino)butane,

1,5—bis(dimethylphosphino)-3-oxapéntane,

1, 8-bis (di-n-butylphosphino) -3, 6~dioxaoctane, and

1, 4-bis{di-n-butylphosphino) -2, 2, 3,3-tetramethylbutane.
The ratio of the number of moles of the diphosphine

of formula I per gram atom of palladium is preferably in

the range of from 0.50 to 10, more preferably from 0.9 to
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showed that 63% of the a-octene had been converted with a selectivity of
88% i nto nonyl alcohols and 9% into o - 37 -
nonyl al dehydes. It is seen that using the sanme catalytic systemthe

al'dehyde is formed as the predom nant productSubstitute sheetel@alugustil §98r
hydrogen pressure and higher tenperature the al cohol is the predon nant
product under b.. Apparently, in both_expeg%nents the al dehyde is fornmed in
a first reaction step and subsequently consSunmed as a starting material for

t he second hydh§%§8?%F§Q § apcagn_g[P%egg&e@pyyﬂ¢gﬂ@&4rmm4ﬁﬁda§wmiunder b

at relatively i under condi nS of tenperatuyre n?)@thg n

concentration tigseailgde inotthey diseEatiiren. forafNag® ?8-1&3‘ en- n

magnet -driven gyhockawe19f phiegt.el oy C (Trade Mark) was charged with an

al kanol and furtheq J 1 qul 4,308 206l L ARV 1T o RAAAN AL K 1 as
as coreactant a nucleophilic compound having a mobile
hydrogen atom, it is preferred that the catalyst system

further comprises a promoter, suitably an organic oxidant
promoter, such as quinones and nitro compounds. Whilst
not wishing to be bound by theory, it is believed that
the promoter activates the catalytic palladium centre by
annihilating any hydrides or hydrogen generated through a
shift reaction from traces of water present in the
system. Also drying agents, such as trimethyl
orthoformate, may be used as promoter. Suitable quinones
comprise the ortho- or para-diketo benzene moiety, which
may be substituted or'belpart of a condensed ring system.
Examples of suitable quinone promoters include benzo-
quinones, such as 1,2-benzoquinone, 1,4-benzoquinone, 2-
chloro-1, 4-benzoquinone, 2,6-dimethyl-1,4-benzoquinone
and tetrachloro-p-benzoquinone, naphthoquinones, such as
1, 2~nahphthaquinone and 1, 4-naphthaquinone,
anthraquinénes, such as 9,10-anthraquinone, and
phenanthroquinones such as 9, 10-phenanthroquinone.
Mixtures of quinones méy be present. The ratio of moles
of quinone promoter to palladium is not critical.
Preferably it is in the range of from 1 to 1000, more
preferably in the range of from 5 to 10.

The catalyst system used in the process according to
the invention may be homogeneous or heterogeneous.
Preferably it is homogeneous, or an immobilised
homogeneous catalyst system.

The catalyst system according to the invention is
preferably constituted in a liquid phase. The_liquid
phase may conveniently be formed by one or -more of the
reactants with which the catalyst system is to be used.
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stated for each specific experinment. The catal yst conponents were di ssol ved
In the respective solvent (usually the-alkanol) under nitrogen atnosphere
in a glove box and introduced in the nitrogen bl anketed autocl ave. The
aut ocl ave was cl osed, evacuated and subsequer8ubstitutessheetzeli7 vAugustat 389
nonoxi de and any ot her stated gaseous conponent. The autocl ave was then
heated to the indicated tenperature and et al ned at that tenperature,
usually for a period between 1 and 5 hours. Finally the contents of the

aut ocl ave wer e ryradatsiesh by gas |iquid chromat ogr aphy. In Table 4 bel ow
the followng data are indicated: the type of olefin (in bar, or

alternatively in m); the cayalést conponents present in the reaction
m xture (in mol es) OBBsGapeBdiNg2EPTATERI (98| adi um ac@isctoasedths use of a

experinents;_tigagéﬂg%5ﬁ$§gigﬂugoé§figqaé 4 herongsvute ﬁétgme_glefin,

carbon nonoxi de (1 n"bar);” the rea lon tenperature (in ge r}g t he . nature

of the primary REefarahlyRakkadiume reRBPYRRd npf B1geN §%8r ﬁPB&&EE&nSer

gram at om of paldfdighs NeFadop) )a shdrédeoseartonyi dygrived from a strong
acid.in the hydrogenation of an aldehyde to the
corresponding alcohol. | '

It will be appreciated that some catalyst systems are
active in both the present process producing aldehydes
and the hydrogenation process disclosed in said copending
patent application. Accordingly, the aldehydes produced
in the present process may in situ be converted into the
corresponding alcohols. Under reaction conditions of fast
monocarbonylation and slow hydrogenation, the aldehyde
may be produced at high concentration in the reaction
mixture, from which it could be isolated, if desired. By
adapting the reaction conditions to fast hydrogenation,
for example by raising the temperature or increasing the
hydrogen partial pressure, the intermediate aldehyde is
further reacted to the alcohol in the same liquid
reaction phase. _

By appropriate choice of reaction conditions of fast
hydrogenation the alcohol may directly be obtained from
an olefinically unsaturated compound as the aldehyde
initially formed is immediately consumed in the faster
subsequent hydrogenation reaction to form the alcohol.

Alternatively, the course of the reaction may be
- directed to either the aldehyde product through

monocarbonylation or the alcohol product through
hydrogenation by varying the coordinative strength of the
anion as is seen in the Examples. As a rule, the
hydrogenation requires a lower .coordinative strength of
the anion component of the catalytic system, or a lower
pKa value for the associated acid, than is required for

REPLACEMENT SHEET

18 AUG 1998




- 38 - respect to the desired product (in 9. It is seen that the
al kanoate esters of various al kanol s including i sopropanol and tert-butanol
are readily produced using a cationic palladiumcatalyst conprising a

bi‘dent at e di phosphi ne. Di phosphi nes havi ng al Sgibstitute shbet + 17eAL§USN 1999
phosphorus are preferred over those having aromatic substituents in view of

t he hi gher 34-39 reaction rates. Exanples 28-32
and 34-39 are within the specific scope of ¥ aim 20.

such as acetone or methyl iscbutyl ketone; alcohols such
as methanol and ethanol, ethers such as tetrahydrofurane
{(also referred to as TH?), anisole, 2,5,8-trioxanonane
(also referred to as diglyme), diphenyl ether and
diisopropylether; and amides such as dimethylacetamide
and'N-methylpyrrolidone._Alcohols may function as
coreactant to form esters, but may also function as inert
solvent in hydroformylation reactions to form aldehydes
or ketones, if the hydride activity is sufficiently high.

The process according to the invention is
conveniently effected at a temperature in the range of
from 10 °C to 200 °C, in particular from 50 °C to 150 °C.

The process according to the invention is preferably
effected at a total pressure of from 1 to 80 bar.
Pressures higher than 100 bar may be used, but are
generélly economically unattractive on account of special
apparatus requirements.-More preferred pressures are in
the range of from 5 to 70 bar. Preferred pressures in the
range of from 1 to 15 bar are particularly suitable when
using a stripping reactor, for example in a process for
the carbonylation of alkenes in the presence of an
alkanol to form alkyl carboxylates according to
EP-A-411721.

According to a further aspect the present invention
relates to a use of a catalyst system as specified
hereinabove, in the monocarbonylation of optionally
substituted olefinically unsaturated compounds.

Some of the catalyst systems used in the process of
the invention are new. Accordingly, the invention also
relates to a catalyst system comprising

a) a source of palladium cations,

b) a bidentate diphosphine, and

c) a source of anions characterized in that the
‘diphosphine is selected from the group of
diphosphines of formula I,
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[err] i - 40 - [err]
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- 22 -

wherein R!, R?}, R* and R' independently
represent an optionally substituted aliphatic
group, or R' together with R* and/or R’ together
with R® represent an optionally substituted
bivalent aliphatic group, with the proviso of at
least one of said monovalent or bivalent aliphatic
groups representing an optionally branched or cyclic
alkyl or alkylene group having at least one alpha
hydrogen atom; and X represents'a bivalent bridging

group containing 1 to 10 atoms in the bridge, with the
exception of 1,4-dis (dicyclohexylphosphino)butane.

Preferably, each of Rl, R2, R3 and R% represents a
secondary alkyl group, or each of Rl and R2 together and
R3 and R4 together represents a cycloalkylene group, such
as in 1,3-bis(di-isopropylphosphino)propane or 1,3-
bis (1, 5-cyclooctylenephosphino)propane.

The process according to the invention may be carried
out continuously or batchwise.

The monocarbonylation products prepared by the
present process find application as chemical solvent or
as precursor for various chemicals.

The invention will now be illustrated by the
following Examples.

Example 1

. A 250 ml magnetically-stirred autoclave was charged
with 20 ml 1—6ctene, 50 ml diglyme (2,5,8-trioxanonane),
0.25 mmol of palladium acetate, 0.3 mmol of 1,3-bis(di-n-
butylphosphino) propane and 2 mmol trifluoroacetic acid.
After being flushed, the autoclave was pressurized with
carbon monoxide and hydrogen up to a partial pressure of
30 bar of each. The autoclave was sealed, heated to a
temperature of 90 °C, and maintained at that temperature
for 5 hours, whereupon a sample of the contents of the
autoclave was analysed by gas ‘liquid chromatography. From
the results of the analysis, the selectivity to nonanals
was found to be close to 100% (based upon converted 1-
octene), and the conversion rate was calculated to be

120 mol/gram atom Pd/hour. The linearity of the nREPRACBMENT SHEET
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- 41 - Exanple 40 Exanpl e 30 was repeated, except for using 5 nmol

1, 2, 3-benzenetricarboxylic acid instead of TMBZ and a reaction tenperature
of 135 [err]C. n-Butyl propionate was forned at a conversion rate of 300
nmol / gram atom Pd/ hour and with a sel ectivitySubistRtité sheetpilZ Adgust 1999
Exanpl e 30 was repeated, except for using 10 mmol 2- et hoxy-1-naphthal ene
carboxylic acid instead of TMBZ and a reaction tenperature of 135 [err]C
n- Butyl propionate was forned at a conwerz3 on rate of 350 nol/gram/atom
Pd/ hour and with a selectivity of 98% Exanple 42 Exanpl e 30 S
repeat ed, exctpereert e@f ng-nonansl QPGtHFnﬁggéiyﬁén?8pénégﬁd AFS&ELd of

TMBZ and a regagdhpPedcppersgure of 135 [err] C. n-Butyl propionate was
formed at a conversion rate of135£ nol / gram /atom Pd/ hour and with a
sel ectivity dﬂEQQQEEE&Eﬁgﬁﬁémg—g—— Fol | owi ng the procedure of Exanples
28-39, n-butyl prEwamphéel wasspexaatky nepbatiedekscepti fproRAGEMAIsi ng 40
m  1-butanol,y29 &ﬁéleiP§Dﬁi9?8189e99ipﬁ8598@n6?Beébﬁﬁe instead of the
butylated diphosphine. A selectivity of close to 100%, a
reaction rate of 50 mol/gram atom Pd/hour, and a
linearity of 72% were found.
Example 2
Thé procedure of Example 1 was repéated using various
olefinically unsaturated substrates, diphosphine ligands,
P anion sources, and CO/Hp ratios at the temperatures as
' indicated in Table 1. In each experiment 0.25 mmol
palladium acetate and 50 ml diglyme solvent (40 ml in
examples 2b and 2c) were used at a total CO and Hj
pressure of 60 bars during a reaction time of 5 hours.
The observed selectivity to aldehyde product, conversion
rate and product linearity are mentioned inTable 1.
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as. reactants and a catal yst system conprising 0.25 mol pal l.adi um acet at e,
0.6 mol 1, 3-bi s(di -s-butyl phosphi no)- propane, 10 mmol (20 mmol in
experinments a and g) 2,4,6- trimethyl benzoic acid, and the indicated
amounts of various sterically hindered bases,Sulbbstituye sheet hd7 Adgust 8899
reaction tenperatures. The follow ng convershpn rates were observed: 43a
2,6-di-t-butyl pyridine (10 mmol) 145 [err] C 600 nol/gram at om Pd/ hour 43b
2,6-di-t-butyl pyridine (10 nmol) 140 C 620nol/gram at om Pd/ hour 43c

2,6-d| -t-butyl pyridine (20 nmol) 120 C 275nol / gram at om Pd/ hour 43d.
2,6-di-t-butyl pyri &ine (1 2Q,€ 275 nol /gram atom Pd/ hour 43e - -
- - 120 C 225 gol#graqr;a%rﬁ / Rour 43f 3, 4-1utidine (10
mol ) 120 C 140 nol / gram at om Pd/ hour 43g 3, 4-1uti di ne (10
mol ) 120 [err] C 260 nol / gram at om Pd/.hour '
- 42 - It is seen,that the presence of basic conpounds did not
adversely affect t he @arbonyl atlon reactlé)n 1t shoul d be appreciated that
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reaction m xture by the added ani on source can be controlled, what can be
advant ageous when carbonyl ati ng aci d-sensitive substrates. Exanple 44 A
250 m nmagnetically-stirred autoclave was charged with 10 g phenol, 40 m
digl yne, 0.25 mmol of palladi um acetate, 0.6 Substitute sheet - 17 August 1999
1, 3- bi s(di - s- but yl phosphi no) propane .and 10 mmBOaof 2,4, 6-tringt hyl benzoic
acid. After being flushed, the autoclaver was pressurized wth®0 bar of
et hene and 30 bar gar hangmnox de. nThe duocl ave was seal e% heated to a
tenperature of 130-+exr]C, and maintained at that tenperature Tor 5 hours,
wher eupon GLC anal ysSi s of jasagpke Hf ot be sopt ents of the aut 8¢l ave showed
that 100 % of the pheBol fad Per @nge e Ento ghenyl propi Shate at a
conversion rate of 3§58 nol/ gram atom Pd/ hour. Exanple 45 A 250 m
magnetical ly-stirréd autoclave was charged with 40 m of digl , 5 g of
water (278 mmol), 28.] g of triethylamne (278 rrmnIZ% @. 25 of
pal | adi um acetate, 0.§ mifll BfI173-DiS(d 5- But yl phd&pRi no) prepane and 10
mol of 2,4,6-tri meghxl benzoic acid. After being fl ®&hBd, thelautocl ave was
pressurized with 20obar of & hené ahd'30 bar 'of cart@ngponoxi @. The
aut ocl ave was seal ed,®heated to a temperature of 15Q [grr]C, #&nd nmi ntai ned
at that tenperaturedf®r Snhaury, gm/rgrgug,orgGEC anal ygi § of a ganple of the
] . s

contents of the autBcave showed™ Hat
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propionic acid has been forned at a conversion rate ranging from 150 to 300
nol / gram atom Pd/ hour. Exanple 46 . A 250 mM nmagnetically-stirred

aut ocl ave was charged with 40 m of diglynme, 10 g of propionic acid (135
mvol ), 13.7 g of triethylam ne (135 mmol), 0. 26bstitnte sheet - 17 August 1999

- 43 - palladiumacetate, 0.6 mmol of 1, 3- bls(?é s- but yl phos- phi no) propane
and 10 mmol of 2,4, 6-trinethyl benzoic aC|d Af being flushed, the

aut ocl ave was pressurlzed with 20 bar of ethene and 30 bar of carbon
nonoxi de. The autocl ave was seal ed, heated to a tenperature of 150 [err]C,
and mai ntai ned at that tenperature for 5 hours, whereupon G.C anal ysis of a
sanple of the contents of the autoclave showed that 100% of the propionic
acid had been converted into propionic anhydride at a conversion rate of
220 nol/ gram atom Pd/ hour. Exanple 47
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A 250 m magnetically-stirred autoclave was charged with 40 nl of diglyne,
2.5 mM of ethylenediamne, 0.25 mml of pall adium acetate, 0.6 mvol of

1, 3-bi's(di -s-bu- tyl phosphi no)propane and 10 mmol of 2,4, 6-trinethyl -
benzoic acid. After being flushed, the autoclSubstitate shestsut 7 ZAugustt H929
bar of ethene and 30 bar of carbon nonoxide. The autocl ave was seal ed, .
heated to a tenperature of 150 [err]C, -ar@6 mai ntai ned at that tenperature
for 10 hours, whereupon G.C analysis of a sanple of the_contenpts of the

aut ocl ave shoWedbaha®f 168Gk of ThRcABEAGLENEIHAS SeaEd bAERTEh S t3d into a

m xture of a”&éﬁﬁeﬁ@ﬂﬁfesbﬂg7@0%@P|aﬁhhhéhnﬁhxﬁeﬁraprOhaunybmperature
et hyl enedi am

|
%ol of N, N ﬁs ip?%ﬁ§§'+§?ﬁ§?8388l§h\ I%R apgl%¥F§ﬂ%%#gce edﬂ%?
initially h|ghheoautoslamerahewadthhﬁur6§ﬁloﬁ thet e ofitanialdadhaems the
subsequent st&BRyLecll! in2BlabRYT 2THARURISNO 03N AIHE 688 e anlill:

proceeded at ower A 250 st ai nl ess st eel
aut ocl ave equ$®§e§2ﬁnwﬁr8 hﬁ@ﬁ@ Be-stirrer was each tlne charged with 20 ni

methyl acryl ate, #ft&8t sBbbhangl the. 2btHenkvefl waasl Ifawswadaceanm evaan tHere

aount s o f ST ER 2l S ROFRCRSR. 8 AR Ldcar! i Rlle & HFisc

car bon nonoxi flert 5 hours. GLC analysis showed a 100% conversion of
nonyl aldehydes into the corresponding nonyl alcohols at
an initial rate of conversion above 300 mol/fram atom Pd/hour.
The residual octenes remaining after the hydroformylation
step, appeared to be substantially unchanged during the
hydrogenation, with only 6% being hydrogenated.
Example 27

a. A 250 ml magnetically-stirred autoclave was charged
with 20 ml a-octene, 40 ml diglyme, 0.25 mmol of
palladium acetate, 0.6 mmol of 1,3-bis(di-i-
propylphosphino)propane and 1 mmol p-toluenesulphonic
acid. After being flushed, the autoclave was pressurized
with carbon monoxide and hydrogen up to a partial
pressure of 30 bar of each. The autoclave was sealed,
heated to a temperature of 90 °C, and maintained at that
temperature for 5 hours, whereupon GLC analysis of a
sample of the contents of the autoclave showed that 67%
"of the a-octene had been converted with a selectivity of
94% into nonyl aldehydes and 5% into the corresponding
nonyl alcohols.

b. "The procedure under a. of this Example was repeated
charging the autoclave with 15 ml of a-octene and the
same solvent and catalytic system. The autoclave was
pressurized with 20 bar of carbon monoxide and 40 bar of
hydrogen, and heated at 125 °C for 5 hours. GLC analysis
showed that 63% of the a-octene had been converted with a
selectivity of 88% into nonyl alcohols and 9% into
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- .44 - a pressure of 40 bar. Subsequently, the autoclave was seal ed and
heated to a tenperature as indicated for a period of 5 or 15 hours, as

i ndi cat ed. After the indicated reaction tinme, the contents of the

aut ocl ave were anal yzed by gas-Iliqui d chronat 8gbstituye cBe€} - TThAughstil 999
conversions, expressed as percentages and defined as 100 b/c, in which "b"
is the total anount of methyl acrylate_tjgt-has been converted and "c" is
the initial anmount of nmethyl acrylate, and selectivities, expressed as
per cent ages zedpeéeft ted the Hediakd proddatchita™$)i.s the anmount of net hyl
acrylate that hasgibeen v dhnt i J S again is
the total anopunt %é:f ?'%e.tsh%ﬁ g:%%& g{hg ?ﬁ.ﬁaﬁﬁ%@%%&%@ﬁﬁrﬁl arse
represent ed PAkeagils 3ncluding isopropanol and tert-butanol are

readily produced using a cationic palladium catalyst
comprising a bidentate diphosphine. Diphosphines having
aliphatic substituents on phosphorus are preferred over
those having aromatic substituents in view of the higher
reaction rates. ExamplesZ&ﬁea&yﬁre within the specific
scope of Claim 20. ’
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carbonyl ation of nethyl acrylate. I n Exanpl es 54 and 55, the catal yst
system conpri ses a nonodent ate phosphi ne |igand and no qui none pronoter.-
Low conversion and noderate selectivities were observed. In Exanple 56, the
catal yst system conprises a nonodent at e phospBubstituteshedet n 170Augast 1889
with a quinone pronoter. However, the addition of a quinone appeared to
have a negative effect on the catal yst 4¥stem of Exanples 54 and 55.

Exanpl es 57E§%§ﬁ§% giow that for the nonocarbonyl ati on of an al kenoic acid

derivative ence of a nucleophile havi(gﬁa nDbi#§Ig¥dgogen at om
as coreactant, EX@IPHEnsCprGforreraatesy S&XGERY dhpdite 4 catal yst

syst em cont ai, 2, 136 b2 et tirdlca ribasiphiatei d | gesteadxadpIdBS%nd aUsing the
procedure, equipnent .and cat.alyst sy of E e . ) of 20 m
acryl onitri 5 aé%&oi’o trﬂmpr?é’taﬁé“r%ﬁ R/éslsgrsgggt'eg%?@?%opg%& %é%%etr lJ"E;la'esperi od of
7 hours. Acdomtiady ato & leonslel sdral yrate e 3IGhvea bigan of PACR9RBNAREi | e was

5% w th a s¢lieqf lviday LIt i98%y Y0 dgye, monomet hyl ester nononitrile of
mal oni c acid (nef%yl cyanoacet at e) .
Example 41

Example 30 was repeated, except for using 10 mmol 2-
ethoxy-l-naphthalene carboxylic acid instead of TMBZ and
a reaction temperature of 135 °C. n-Butyl propionate was
formed at a conversion rate of 350 moljgram/ Pd/ hour and
with a selectivity of 98%.

Example 42

Example 30 was repeated, except for using 10 mmol
2, 6-dimethoxybenzoic acid instead of TMBZ and a reaction
temperature of 135 °C. n-Butyl propionate was formed at a
conversion rate of 350 mol/gram / Pd/hour and with a
selectivity of 98%.
Example 43 _

Following the procedure of Examples 28-38, n-butyl
propionate was prepared with a selectivity of 98% using
40 ml l-butanol, 20 bar ethene and 30 bar carbon monoxide
as reactants and a catalyst system comprising 0.25 mmol
palladium acetate, 0.6 mmol 1,3-bis(di-s-butylphosphino)-
propane, 10 mmol (20 mmol in experiments a and gq) 2,4,6-
trimethylbenzoic acid, and the indicated amounts of
various sterically hindered bases, if any, at the
indicated reaction temperatures. The following conversion
rates were observed:
43a 2,6-di-t-butylpyridine (10 mmol) 145 °C 600nol/gramatom Pd/hour
43b 2,6-di-t-butylpyridine (10 mmol) 140 °C 62O0ml/gramatomPd/hour
43¢ 2, 6-di-t-butylpyridine (20 mmol) 120 °C 275mel/gramatomPd/hour
43d 2,6-di-t-butylpyridine (10 mmol) 120 °C 275mol/gramatomPd/hour

43¢ - = - - 120 °C 225mol/gramatom Pd/hour
43f 3,4-lutidine (10 mmol) 120 °C 140mol/gramatomPd/hour
' 43g 3,4-lutidine (10 mmol) 120 °C 260mol/gramatomPd/hour
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- AT - _ ' CLAI MS 1. Aprocess for the
monocar bonyl ati on of optionally substituted ol efinically unsaturated
conpounds by reaction with carbon nonoxi de and a coreactant in the presence

of a catal yst system conprising: a) a source Subgtituitesheet 4¥7i Augystr] 989
bi dent at e di phosphine, and c) a source of anions, characterized in that the
di phosphine is selected fromthe group7ﬁ4%ﬂbhosphines of formula I,

R[err]R[err]P‘X‘Pgieié]gﬁéﬁrihat the ?resence of béb)c wompeunds] erid
et s dhofrdePteaply, ACBRRIER)) LoFEBRRTAN ont etk SRRl ot
should be appreciated that thus the acidity of the
reaction mixture by the added anion source can be
controlled, what can be advantageous when carbonylating
acid-sensitive substrates.
Exanmple 44

A 250 ml magnetically-stirred autoclave was charéed
with 10 g phenol, 40 ml diglyme, 0.25 mmol of palladiunm
acetate, 0.6 mmol of 1,3-bis(di-s~butylphosphino)propane
and 10 mmol of 2,4,6-trimethylbenzoic acid. After being
flushed, the autoclave was pressurized with 20 bar of
ethene and 30 bar of carbon monoxide. The autoclave was
sealed, heated to a temperature of 130 °C, and maintained
at that temperature for 5 hours, whereupon GLC analysis
of a sample of the contents oﬁ the autoclave showed that
100 $ of the phenol had been converted into phenyl
propionate at a conversion rate of 150 mol/ gram atomn
Pd/hour.

Example 45

A 250 ml magnetically-stirred autoclave was charged
with 40 ml of diglyme, 5 g of water (278 mmol), 28.1 g of
~ triethylamine (278 mmol), 0.25 mmol of palladium acetate,
0.6 mmol of 1,3-bis(di-s-butylphosphino)propane and
10 mmol of 2,4,6-trimethylbenzoic acid. After being
flushed, the autoclave was pressurized with 20 bar of
ethene and 30 bar of carbon monoxide. The autoclave was
sealed, heated to a temperature of 150 °C, and maintained
at that temperature for 5 hours, whereupon GLC analysis
of a sample of the contents of the autoclave showed that
propionic acid has been formed at a conversion rate
ranging from 150 to 300 mol/gram atom Pd/ hour.
Example 46 '

A 250 ml magnetically-stirred autoclave was charged
with 40 ml of diglyme, 10 g of propionic acid (135 mmol),
13.7 g of triethylamine (135 mmol), 0.25 mmol of
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with Rlerr] and/or Rerr] together with Rerr] represent an
optionally substituted bivalent aliphatic group, with the proviso of at

| east one of said nonoval ent or bivalent aliphatic groups representing an
optionally branched or cyclic al kyl or al kyl eSebstitutergheet + dZsAugust 4D88a
hydrogen atom and X represents a bivalen% bridgi ng group containing 1 to
10 atons in the bridge, with the exceptTo 3of

1,4- Wﬁi s(di cycbah@sylifio sdtat)e,bdt.#emod ofA lprbdeiss@bsrl'mwhph@ﬁ-cl aim
1, erein in

an unsubstltuP&&ng’EPr&?ﬁ%ae)cl% &%ﬁ %glr 0?30 |r1€éaQ f rou ﬂ%%/?(:h&e {:g?negttso
10 carbon at oBfte3 bkimgpddsshes,clthieraptiorlas r‘néa%L Ibl’r'e?u‘c?\hé?‘él‘ﬁlF
formula | at bg a%faéo%ef Yt A 'ahd HeWdr ﬂ%dﬂb&ﬂ%ﬂ@xider%esents an
oPt ol Ly b rel ave Vs sl et HEb 2 ¥ 4 "CeriB Sl SPOTs " AT
and maintained at that temperature for 5 hours, whereupon
GLC analysis of a sample of the contents of the autoclave
showed that 100% of the propionic acid had been converted
into propionic anhydrlde at a conversion rate of 220 mol/
gram atom Pd/ hour.

Example 47

A 250 ml magnetically-stirred autoclave was charged
with 40 ml of diglyme, 2.5 ml of ethylenediamine, 0.25
mmol of palladium acetate, 0.6 mmol of 1,3-bis(di-s-bu-
tylphosphino)propane and 10 mmol of 2,4,6- trimethyl-
benzoic acid. After being flushed, the autoclave was
pressurized with 20 bar of ethene and 30 bar of carbon
monoxide. The autoclave was sealed, heated to a
temperature of 150 °C, and maintained at that temperature
for 10 hours, whereupon GLC analysis of a sample of the
contents of the autoclave showed that 100% of the
ethylenediamine had been converted into a mixture of
‘amides comprising 103%mol N,N,N',N'-tetrapropionyl '
ethylenediamine, 40 %mol of N,N,N’'-tripropionyl
‘ethylenediamine, and 50 %mol of N,N'-dipropionyl
+ethylenediamine. The reaction proceeded at an initially
high conversion rate with formation of the diamide,
whereas the subsequent steps to tri- and tetraamide using
an amide as co-reactant proceeded at a lower rate.
Examples 48-58

A 250 ml stainless steel autoclave equipped with a
magnetic stirrer was each time charged with 20 ml methyl
acrylate, 40 ml methanol, 0.25 mmol of palladium acetate
and the amounts of further catalyst components as
indicated in Table 5. The autoclave was then flushed with
carbon monoxide, and then charged with carbon monoxide to
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- 47a - 4. A process as clainmed in claim3, wherein in formula | at |east
one of Rerr], Rerr], Rerr] and R err] represents an ethyl, i- propyl,
n-propyl, i-butyl, s-butyl or n-butyl group. 5. A process as clainmed in any
one or nore of clains 1- 4, wherein the bridgutsstiurs phestt A7nAugust18990 8
atons in the bridge. 6. A process as clained in any one or nore of clains
1- - 48 - 5, wherein X represents an
al kyl ene chain which is optionally istg&rrepted by one or nore oxygen and/ or
sul phur atons. 7. A process as clainmed in any one or nore c; 'q§ - 6,
wherein the optionally substituted olefinically unsaturategié%#g%uﬁggis an
al pha-ol efin having the fornmula H2C=C(A)-Y with A bei ng hydrogen or
hydr ocar byl ,

CLAIMS

1. A process for the monocarbonylation of optionally
substitﬂted.Qlefinically.unsaturated compounds by
reaction with carbon monoxide and a coreactant in the
presence of a catalyst system comprising:

a) a source of palladium cations,

b) a bidentate diphosphine, and

c) a source of anions,

characterized in that the diphosphine is selected from
the group of diphosphines of formula I,

| R1R2p-X-PR3R4 (1)
wherein R', R?, R} and R' independently represent an
optionally substituted aliphatic group, or R' together
with R?* and/or R® together with R' represent an
optionally substituted bivalent aliphatic group, with
the proviso of at least one of said wonovalent or
bivalent aliphatic groups representing an optionally
branched or cyclic alkyl or alkylene having at least one
alpha hydrogen atom; and X represents a bivalent
bridging group containing 1 to 10 atoms in the bridge,
with the exception of 1,4-bis(dicyclohexylphosphino)
butane. _ _

2. A process as claimed in claim 1, wherein in tormula I
each of Rl, RZ, R3 and R% independently represents an
unsubstituted optionally branched or cyclic alkyl group
having from 1 to 10 carbon atoms.

3. A process as claimed in claims 1 or 2, wherein in
formula I at least one of R, R2, R3 and R? represents an
optionally branched alkyl group having one or two alpha
hydrogén atoms. '
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and Y representing hydrogen or an el ectron-w t hdrawi ng or

el ectron-rel easing substituent. 8. A process as clainmed in claim7, wherein
Y is selected fromthe group of carboxy, nitrile, fornyl, am no, halo, and

" substituents of formula -Z-R wherein Z repreSabstitiie Shagt © WIAQ@)QL‘éth@'Gb or
a functionality -CO, -COO, -00C-, -NH, -CONH-, -NHCO, -0-, or -S-; and
R represents an optionally substituted al kyl, al kenyl, "cycl oal kyl,

cycl oal kenyl, acyl, aryl or heterocycld @z oup. 9. A process as clained in
any one or nore of clainms 1- 8, wherein a hydride source is used as

cor ealct anlt. 1g. é'A pAopEﬁeasA gsatlBimka ﬁfuajt:ma&m_ \&hefvajeﬁretme ihx{gfrdmlsapm ce
i s nmol ecul ar hydgrogen. : rggessoas ai in.claim9 or erein
equi nol ar am)un?é gFat?&r BB ﬂgnggi’dg,z’wgr F&geggufggrgﬁgq%ﬁe a(?pteft V\QVI yl-
substituted ol eprapyal | p-puepyilly aiebutydposnbusivé brongimtiyd rgsmatri.on to
forman aldehyds. 12 pfoBegEess 83athabMd BAYCLALTLE Rbrklo MRl Lt
equi val ents of optionally substituted ol efini Xal y .unsat ur at ed conpound per
nol e of carbon fonbRrEeiBr EhBr BudAOiING EEQEP SATEINGr Fremk et &t 8 Bfoms
process as clai gRdthe Bkraddel?2, wherein the optionally substituted
olefinically unsaturated conpound.is car bonyl ated in_the pre%enie .Of i
second optional Py sftbBFPEGPRASSI SLRARESI F) BRYaPREaPEITOSFSinELaiRs A -

process as claimed in any one of clains 9 to 13,

REPLAGEMENT SHEET

18 AUG 1939

* [ L N S *



wherein the process is carried out under conditions of

-49- high hydride activity. 15. A process as clained in any one or nore of
claims 1- 14, wherein the source of anions is constituted by a strong acid
or ‘a salt thereof. 16. A process as clained i SubstitutelSheethet 2iAuglgt $999n0
acid anions are derived froman acid having a pKa below 3.5. 17. A process
as clainmed in any one or nore of claing }g 8 wherein a nucleophilic
conmpound havi ng a nobil e hydrogen atomis used as coreactant.. 18. A process
as clai med i nhdlgd Myd&ideherstivitdie. nucl eophilic conpound having a nobile

nydrogen atomy s ¥kileell A" Udimed T WY drfe B ho AITRE! 1285 2HLNE:

14, wherein the source of anions is constituted by a
strong acid or a salt thereof. '
16. A process as claimed in claim 15, wherein the strong
acid anions are derived from an acid having a pKa below
3.5. ' _
17. A process as claimed in any one or more of claims 1-
8, wherein a nucleophilic compound having a mobile
hydrogen atom is used as coreactant.
18. A process as claimed in c¢laim 17, wherein the
nucleophilic compound having a mobile hydrdgen atom is
water, an alcohol, a carboxylic acid, ammonia, an amine,
an amide or a thiol. _'
19. A process as claimed in any one or more of claims 1-
7, 17 and 18, wherein the olefinically unsaturated
compound is an unsubstituted alpha-olefin.
20. A process as claimed in claim 19, wherein the source
of anions is constituted by a weak acid or a salt
thereof.
21. A process as claimed in claim 20, wherein the source
of anions is constituted by a sterically hindered
carboxylic acid.
22. A process as claimed in any one or moreof claims 1-8,
17 and 18,'wherein the olefinically unsaturated compound
is an alkenoic acid derivative and the catalyst system

. further comprises a promoter.
23. A process as claimed in claim 22, wherein the
promoter is a quinone ptomoter selected from the group of
benzoquinones, naphthoquinones, anthraquinones and
phenanthroquinones. '
24. A process as claimed in claim 22 or 23, wherein the
anion is a non~¢oordinating anion derived from a strong
acid having a pKa below 2. )
25. Use of a catalyst system as defined in claim 1, in
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19.- A process as clained in any one or nore of clains 1- 7, 17 and 18,
wherein the olefinically unsaturated conpound is an unsubstituted

al pha-olefin. 20. A process as clainmed in-claim19, wherein the source of
anions is constituted by a weak acid or a sal tSubstitet¥f shéslt.- £70% 1699
claimed in claim?20, wherein the source of anions is constituted by a
sterically hindered carboxylic acid. 22. Adggacess as clainmed in any one or
noreof clains 1-8, 17 and 18, wherein the ol efinically . unsaturated conpound
is an al kenoi c ache senbratrbuwaydadidheofabpkyishalyyt subkttitheredconpri ses a

pronoter. 23. A 8&8? gcgiﬁglathQngtghakghé erein the pronoter is a

qui none pronot er Fou enzqu|nones napht hoqui nones,
ant hr aqui nones a@é- pHéﬁanﬁhﬂoqéththE szatem\psoégfsnaé dnRaFkadm A dRaithe?2

or 23, wherein KE?eﬁQkQ'Elbﬁ afnamdaagaésnsg 16ndBaeBofgLaednl b¥Mam Strong
acid having a p ole%lnlcall unsat ratgdcgom undSXSt%ggasr%%LB%%doEn claim
1, in y unsatu P P
hydride source. _
27. Use of a catalyst system as defined in claim 1 in the
preparation of ketones by monocarbonylation of an
olefinically unsaturated compound in the presence of a
hydride source.
28. Use of a catalyst system as defined in claim 20 in
the preparation of esters by monocarbonylation of an
unsubstituted alpha-olefinically unsaturated compound in
the presence of an alcohol.
29. Use of a catalyst system;as defined in claim 23 in
the preparation of alkanedioic acid derivatives by
monocarbonylation of an alkencic acid derivative in the
presence of a nuclephilic compound having a mobile
hydrogen atom.

30. A catalyst system comprising:-

a) A source of palladium cations,

b) a bidentate diphosphine, and

c) a source of anions

characterized in that the diphosphine is selected

from the group of diphosphines of formula I,

R'R’P-X-PR’R* (1)

wherein R', R?, R’ and R' independently represent an
optionally substituted aliphatic group, or R' together
with R? and/or R’ together with R' represent an optionally
substituted bivalent aliphatic group, with the proviso
of at least one of said monovalent or bivalent aliphatic
groups representing an optionally branched or cyclic
alkyl or alkylene having"at least one alpha hydrogen
atom; and X ©represents a bivalent bridging group-
containing 1 to 10 atoms in the bfidge, with the
exception of 1,4-bis(dicyclohexylphosphino)butane.
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- 50 - the nonocarbonyl ation of optionally substituted olefinically
- unsaturated conpounds. 26. Use of a catalyst systemas defined in claiml
in the preparation of al dehydes by nonocarbonyl ation of an olefinically
unisat urat ed conpound in the presence of a hydubititutaisheet 277 Aigustf 1999
catal yst systemas defined in claiml in the preparation of ketones by -
nmonocar bonyl ati on of an olefinically unsaturated conpound in the presence
of a hydride source. 28. Use of a catal fs"t systemas defined in claim20 in

the preparatBdn oA esiterlysty spswoenr Bsnylalin@d ofn aalamﬁuwi t#ﬁéﬂem
al pha-ol efin I t wat ed,scqQ in the presence of nalc

Use of a caté%??islt %gsq?gm%s 'de merH?Ul%dc]f%l’?:?ﬁ %% BhER

al kanedi oi ¢ @€PdPderivatives by nonocarbonyl ation of an al kenoi c aC| d

derivative ifgtheapr es-gtceg_};gt a nggsggml i Ca§°'31%‘i%cf1a‘i§nngifa%b' ﬁf

hydr ogen ato 30, Ac t, system conpri si sourc
pgl | ag| um ca‘ﬁ"% %1de>;1tate g?.phosp ine is ~ 1,3- bls(dl—

:Lsopropylphosphlno) -propane.

33. A catalyst system as claimed in claim 30, wherein
each of R' and R® together and R®* and R*' together
represents a cycloalkylene group. _

34. A catalyst system as claimed in claim 33, wherein
the bidentate diphosphine is 1,3-bis(1,5-cyclooctylene-
phosphino) propane.




b), a bidentate di phosphine, and c) a source of anions

characterized in that the di phosphine is selected fromthe group of
di phosphi nes of formula I, _
RFerr]Rlerr]P-X-PRlerr] R err] Qubstitute stiemtei h7 Awgust, 1999

Rlerr], Rerr] and R err] independently represent an optionally substituted
aliphatic group, or Rerr] together with R err] and/or R err] together with
Rlerr] represent an optionally substitutd -bi val ent aliphatic group, wth

the proviso of at |east one of said nonoval ent or bivalent aliphatic groups

representing an optionally branched qr | j.c al kyl or al kyl ene having at
| east one al pha hydrogen atom and X%¢%§é§§éhts a bival ent bridging group

containing 1 to 10 atons in the bridge, with the exception of
1,4-bis(dicyc|ohexy|phosphin@hﬂgﬂwyﬂi '
- 51 - 31. A catalyst systemas C almg qq1qa gFﬁFE@F wherein
The invention relates to a process for the mono-
carbonylation of optionally substituted olefinically

unsaturated compounds by reaction with carbon monoxide
and a coreactant in the presence of a catalyst system

comprising: _

a) a source of palladium cations,
b) a bidentate diphosphine, and
c) a source of anions,

characterized in that the diphosphine is selected from
the group of diphosphines of formula I,

R'R’P-X-PR’R* (1)
wherein R}, R?, R® and R* independently represent an
optionally substituted aliphatic group, or R' together
with R? and/or R® together with R* represent an optionally
substituted bivalent aliphatic group, with the proviso
of at least one of said monovalent or bivalent aliphatic
groups representing an optionally branched or cyclic
alkyl or alkylene having at least one alpha hydrogen
atom; and X vrepresents a bivalent bridging group
containing 1 to 10 atoms in the bridge, with the
exception of 1,4-bis(dicyclohexylphosphino)butane, to
produce various carbonyl compounds including aldehydes,
ketones, esters, and amides. The invention also relates
to certain catalyst systems useful in this reaction.
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each of Rlerr], Rerr] Rerr] and Rerr] represents a secondapo éh‘i% I
group. 32. A catalyst .system as claimed in claim 31, mhereln
the bidentate diphosbhine S 1, 3-bi s(di -

i sopropyl phosphi no) - propane. 33. A catal yst S@,}gghﬁg)eagl;l alfgqglté}ﬁngiﬂPQ@,

wherein each of Rerr] and Rerr] together err

toget her represents a cycl oal kyl ene group. 34. A catalyst system as clai ned
in claim33, wherein the bidentate diphosphine i's

13- bl s(1.5- Cyﬁ_‘lioso ! Awer{]epr osgahsluntogéarop rom the disadvantage of
requiring rather severe reaction conditions, such as a
carbon monoxide pressure of 120-130 bar. A further
process using a cobalt catalyst is described in JP-A-
83/72539. In EP-RA-274795 a process is desc;ibéd for the
carbonylation of olefinically unsaturated éqmpounds with -
a palladium catalyst. The exemplified catalyst systems
comprise a source of palladium, a triarylphosphine, a
strong acid and a stabiliser, such as phosphine oxides
and sulphides, or tertiary amides. According to its
specification the olefinic substrate may be substituted
with a broad class of functional groups, including acid,
~ester, acid amide and acid nitrile groupé, but no
experimental data on the achievable conversions and
selectivities are given. '

Where an interesting act1v1ty of the above bidentate
diphosphine catalyst system, as exemplified by the
tetraaryl alkylenediphosphines, in monocarbonylation
reactions is'apparent, there remains a need for further
improved catalyst systems exhibiting still higher '
reaction rates and selectivities, and applicability to a'
broad class of olefinic substrates.

It is remarked, that a catalytic system comprising a
nonionic compound of palladium and an aliphatic bidentate
diphosphine is described by Y. Ben-David et al
J.Am.Chen.Soc., 1989, 11%, nggpj??gm%-%%f%ﬁg%%ﬂgﬁ in
the carbonylation of aryl chlorides.

It was now found that a selected group of catalyst
systems characterized by the choice of bidentate
diphosphine ligand, offers unexpected advantages over the
above systems containing tetraaryl alkylenediphosphines.
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> Substitute sheet - 2 September 1999
- R1r2p-x-pPR3R4 (1)

wherein R}, R?}, R® and R' independently represent an
optionally substituted aliphatic group, or R' together
with R?* and/or R’ together with R' represent an
optionally substituted bivalent_'aliphatic group, with
the proviso of at least one of said. monovalent. or
pivalent aliphétic groups representing an optionally
pranched or Jyclic alkyl or alkylene having at least one
alpha hydrogen atom; and X represents a bivalent
bridging group containing_l'to'lo atoms in the bridge,
with the exception- of 1,4-bis(dicyclohexylphosphino)
butane. '

It is remarked that the last proviso relates to a

anticipation in EP-A-227,160 discussed on page 2,
and the first proviso relates to copending . patent
application EP-A-495 848.

chance

The unexpected advantages of the:present invéntion
will be demonétrated by the Examples and Comparative
Examples hereinafter. In direct comparison with the
tetraaryl diphosphines, the present catalyst systems
comprisihg aliphatic diphosphines provide substantially
higher reaction rates, yields and/or selectivities to 
desired products in various monocarbonylation reactions.
Moreover, where appropriate, a surprising high
regioselectivity to desired isomers was observed. Also,
the present process'appears to be applicable to a broad
class of optionally substituted olefinically unsaturated
compounds. -

Apart from any specific catalytic mechanism, the
gross reaction of the present monocarbonylation process
involves the respective insertions of a molecule of
carbon monoxide'and at least one molecule of olefinically
unsaturated compound into a hydrogen bond of the
coreactant. Representing the coreactant by NuH, wherein
Nu represents the remnant nﬁcleophilic moiety of the.
coreactant after removal of a hydrogen atom, it is seen

from the gross reaction: REPLACEMENT SHEET
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