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t hereof with carbon nonoxi de and hydrogen in the presence of a Yetafyst .
Thie hydroformyl ation of ethylenically unsaturated compounds to form

dl dehydes” and/ or al cohols, is of considecaple industrial inportance. The
process has been in comercial operation for decades and over the years
nuch devel opment work has been done to optinize the reacti onT€ofBLPi 8EN,
t he cat-al yst system and the equi prment. Although significant progaess aﬁ
regards higher yield and sel ectjxit [ ction products has
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starting mat er RgAroformyiakéonfof ethylenically unsaturated compounds

by reaction thereof with carbon monoxide and hydrogen in
the presence of a catalyst.

The hydroformylation of ethylenically unsaturated
compounds to form aldehydes and/or alcohols, is of
considerable industrial importance. The process has been

- in commercial operation for decades and over the years
much development work has been done to optimize the
reaction conditions, the catalyst system and the
equipment. Although significant progress as regards
higher yield and selectivity to the desired reaction
products. has been made, it is felt that in some aspects
further improvement of the process is still needed.

Conventional modes of operation were initially based
on the use of a cobalt carbonyl catalyst. The activity of
this catalyst is relatively low and moreover, when using
internal olefins as starting material, a mixture of
hydroformylation products is formed containing
substantial amounts of branched compounds. For many
applications the presence of these branched compounds is
undesirable. Moreover, in view of biological
degradability, it is also considered advantageous to
produce mixtures exhibiting high linear versus branching
ratios.

The formation of branched products can be suppressed
by using a cobalt-phosphine complex as catalyst. However
at the relatively high reaction temperatures required for
an adequate activity of this catalyst system, substantial
amounts of saturated hydrocarbons (approximately 15%) are
formed, in addition to the desired hydroformylation
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khydrof ormmyl ati on products is formed containing substantial anmounts of
Branched compounds. For many applications the presence of these branched
conmpounds is undesirable. Mreover, in view of biological degradability, it
Ls al so consi dered advant ageous to produce m xtures exhibiting high Iinear
versus branching ratios. The -formation of pranched products can be
suppressed by usi a_cobal t - phosphi ne conpl ex as catal yst. However at the
relatively hid%F?éﬁkﬁ?on tenperatures required for an adequate activity of
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r hodi um based caftalyst consists in that with internal olefins as
starting material, branched products are formed. In
general, with a rhodium catalyst, the obtained hydro-
formylation product predominantly consists of aldehydes.
For some uses, e.g., for applications in the detergent
industry, alcohols are a preferred starting material.
Attempts have therefore been made to enhance the
formation of alcohols, rather than that of aldehydes,
e.g., by increasing the hydrogen versus carbon monoxide
ratio, but these modes of operation invariably result in
the formation of substantial amounts of saturated
hydrocarbons.

It would hence be attractive if reaction conditions
could be selected and a catalyst could be found such that
the production of these saturated compounds is minimized.

In EP-A-0,220,767 a hydroformylation process is
described, whereby an ethylenically unsaturated compound -
having at least 5 carbon atoms per molecule is contacted
with carbon monoxide and hydrogen in the presence of an
aprotic solvent and a catalyst, based on palladium,
platinum or a compound of one of these metals, an anion
of a carboxylic acid with a pKa of less than 2 and a
bidentate of the formula Ql02MgMQ304 wherein M represents
phosphorus, arsenic or antimony, Q represents a divalent
organic bridging group having at least three carbon atoms
in the bridge and Ql...0Q% are similar or dissimilar
optionally substituted hydrocarbyl groups.

From the experimental results, revealed in the
examples, it can be seen that under the selected reaction
conditions, the conversion is about 65%, the anount of
linear compounds in the product mixture is 67% and that,
although predominantly aldehydes are obtained, also some
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comprising palladium, 1,3-bis(diisopropylphosphino)-
propane and a sulphonic acid to form 94% nonanals and 5%
nonanols, the conversion being about 67%. When the same
experiment is carried out at 125 °C and 60 bar (2:1)
hydrogen and carbon monoxide it results in the formation
of 88% nonanols and 9% nonanals with an olefin conversion
of 63%. The remainder therefore comprises 1, respectively
3% paraffins. Although suitable for the hydroformylation
of alpha-olefins (initial rate of conversion in the order
of about 300 mol/mol Pd.h), for the hydroformylation of
internal olefins, this catalyst is found to be
significantly less active (approximate rate of 25 to 30
mol/mol Pd.h).

Surprisingly, it has now been found that by selecting
a catalyst based on a metal of the platinum group, a
bidentate ligand comprising at least one bivalent cyclic
moiety, and a source of anions other than halide anions,
improved hydroformylation results are achieved as
regards, inter alia, conversion rate, linearity of prod-
uct and suppression of paraffin make.

Moreover, the presence of a small amount of catalyst
promoter comprising a source of halide anions has been
found to have a significantly favourable effect in that
the hydroformylation proceeds at high rate, even at
moderate temperatures, with very little formation of
saturated hydrocarbons.

The invention may be defined as relating to a process
for the hydroformylation of ethylenically unsaturated
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wherein M1 and M2 1ndependent1y represent a phosphorus,
arsenic or antimony atom, R represents a bivalent organic
bridging group containing from 1 to 4 atoms in the
bridge, Rl and RZ together represent a bivalent
substituted or non-substituted cyclic group whereby the
two free valencies are linked to Ml and R3 and R4
independently represent a substituted or non-substituted
hydrocarbyl group, or together represent a bivalent
substituted or non—substituted cyclic group whereby the
two free valencies are linked to M2.

Preferably, the process is carried out in the further
presence of a catalyst promoter comprising a source of
halide anions such that the molar ratio between halide
and platinum group metal cations is at most 3:1.

In the present specification the metals of the
platinum group are defined as the metals with the atomic
numbers 28, 46 and 78, i.e. nickel, palladium and
platinum. Of these, palladium and platinum are preferred.-

Examples of suitable metal sources are platinum or
palladium compounds such as salts of palladium and nitric
acid, sulphuric acid or sulphonic acids, salts of
platinum or palladium and carboxylic acids with up to 12
carbon atoms, palladium- or platinum complexes, e.g. with
carbon monoxide or acetylacetonate, or palladium combined
with a solid material such as an ion exchanger or carbon.
Palladium(II) acetate'and platinum(II) acetylacetonate
are examples of preferred metal sources.

As anion source, other than halide anions, any
compound generating these anions may be used. Suitably,




reactions are described including the hydrofornylation of ethylenically
dnsat ur at ed conpounds. According to one of these exanples (i.e., exanple
27) an al pha-olefin (1- octene) may be hydrofornylated at [err] and 60 bar
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measured in aqueous solution at 18 °C. The anions derived
from these acids are non-coordinating or weakly
coordinating with the metals of the platinum group.

Typical examples of suitable anions are anions of
phosphoric acid, sulphuric acid, sulphonic acids and
halogenated carboxylic acids such as trifluoroacetic
acid. -

Sulphonic acids are in particular preferred, for
example methanesulphonic acid, trifluoromethanesulphonic
acid, tert-butanesulphonic acid, p-toluenesulphonic acid
and 2,4, 6~-trimethylbenzenesulphonic acid.

Also, complex anions are suitable, such as the anions
generated by a combination of a Lewis acid such as BFg3,
AlCl3, SnFp, Sn(CF3503)2, SnCly or GeCly, with a protic
acid, such as a sulphonic acid, e.g. CF3SO3H or CH3SO3H
or a hydrohalogenic acid such as HF of HCl, or a
combination of a Lewis acid with an alcohol. Examples of
such complex anions are BF4~, SnCl3~, [SnCl,.CF3S03]~ and
PFg~.

In bidentate ligands of formula (I), i.e., component
c of the catalyst system, M1 and M2 are ‘preferably the
same and, more preferably, are both phosphorus atoms, in
which case the ligands are bisphosphines.

In the organic bridging group, represented by R,
typically all bridging groups are carbon atoms. -
Preferably the bridging group contains two carbon atoms
in the bridge. It has been observed that the reaction
rate is usually considerably enhanced, if instead of a



honpgeneous catal ytic system conprising a source of a Goup VIII netal
«cqnpound and a bi dentate phosphine such as 1, 3-

bi s(1, s-cycl ooctyl enephosphi no) propane, which catalyst is also active as
hydrof ormyl ation catalyst. Still the rate of conversion is only in the
order” of 45 nol/nmol Pd.h or even less. - gREPLACEMENT SHEET Substitute
sheet - 22 JuI¥£1998 -3A—'Surgr|5|ngl , 1t _has now,been found that

sel ecting a cSekPy¥etpRasador aanEPéFeoﬂepﬁgrﬁﬂapFﬁGHﬂgﬁoQSOUR'b%Héntate

| i gand conpri s'nsgant:el aastripeehiilenkengtrotps! bCcavadyyt dsdusesiobasedof
kA T L T oy (- BRI

and suppressi group. paraffln make. Moreover, the presence of a snall anDunt
of catalyst This is surprising, because in earlier
hydroformylation processes, such as the ones disclosed in
EP-A-0,220,767 and EP-A-0,495,547, bidentate ligands are
used whereby the presence of a bridging group containing
3 or more carbon atoms is preferred, or, as in EP-A-
0,220,767, even required. .

The bivalent (substituted) cyclic group, represented
by Rl together with RZ, in general comprises at least 5
ring atoms and preferably contains from 6 to 9 ring
atoms. More preferably the cyclic group contains 8 ring
atoms. Substituents, if any, are usually alkyl groups
having from 1 to 4 carbon atoms. As a rule, all ring
atoms are carbon atoms, but bivalent cyclic groups
containing one or two heteroatoms in the ring, such as
oxygen- or nitrogen, atoms are not precluded. Examples of
suitable bivalent cyclic groups -are 1,4-cyclohexylene,
1,4-cycloheptylene, 1,3-cycloheptylene, 1,2-cyclo-
octylene, 1,3-cyclooctylene, 1,4-cyclooctylene, 1,5~
cyclooctylene, 2-methyl-1,5-cyclooctylene, 2,6-dimethyl-
1,4-cyclooctylene and 2,G—diﬁethyl-l,5—cyclooctylene
groups. '

Preferred bivalent cyclic groups are selected from
1,4-cyclooctylene, 1,5-cyclooctylene, and methyl
(di) substituted derivatives thereof.

Mixtures of ligands comprising different bivalent
cyclic groups may be used as well, e.g. mixtures of
ligands with 1,4-cyclooctylene and ligands with 1,5~
cyclooctylene groups.

In the ligands of formula (I), R3 and R4 may
independently represent various non-cyclic or cyclic
groups, optionally substituted with substituents such as
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' phenyl and tolyl groups and bivalent groups such as a
hexamethylene group. However, preferably R3, together
with R4 represents a bivalent cyclic group, in particular
the same group as the group represented by Rl together
with R2, in which case the two free valencies of the

bivalent cyclic group ére, of course, linked to M2,
instead of M1l. Thus, preferred bidentate ligands of
formula (I) are 1,2-bis(1,4-cyclooctylene-
phosphino)ethane, 1,2-bis(1,5-cyclooctylene-
phosphino)ethane and mixtures thereof.

For the preparation of the bidentate ligands,
reference is made to known techniques, for example the
method disclosed in GB-A-1,127,965.

The quantity in which the catalyst system is used, is
not critical and may vary within wide limits. Usually -
amounts in the‘range of 10~8 to 10-1, preferably in the
range of 10~7 to 102 mole atom of platinum group metal
per mole of ethylenically unsaturated compound are used.
The amounts of the participants in the catalyst system
are cohveniently selected such that per mole atom of
platinum group metal from 0.5 to 10, preferably from 1 to
6 moles of bidentate ligand are used, from 0.5 to 15,
preferably from 1 to 8 moles of anion source or a complex
anion source.

A preferred feature of the process of the invention
consists in the presence of a catalyst promoter,
comprising a source of halide anions, with the proviso
that the molar ratio between halidé anions and platinum
group metal cations should be at most 3:1.

If larger amounts of halide anions are present, the
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paIIadiunlconbinqus source of halide anions any compound generating
halide anions under the reaction conditions may be used.

Recommended are inorganic compounds such as hydrogen
halides, e.g. HCl, HBr and HI and metal halides, e.g.
NacCl, MgBry, ZnCljy, ZnIp, KBr, RbCl, CsCl, CsI, MgI» and
CuCl.

Another category of recomménded sources of halide
anions consists of halogen containing organic compounds
which are capable of providing halide anions to the
reaction medium. Suitable are'for example organic
phosphonium halides, such as triarylalkyl phosphonium
chloride and halogen containing aromatic compounds such
as 5-halobenzoic acids, e.g. 5-chlorobenzoic acid, 2,5-
dichlorobenzoic acid, 2,3,5-tri-iodobenzoic acid, 3,5-di-
iodobenzoic acid, m-halophthalic acids and esters

- thereof.
Catalyst promoters comprising a source of chloride
"anions are in particular preferred.

The ethylenically unsaturated compound, used as
starting material, is preferably an olefin having from 2
to 30 carbon atoms per molecule, or a mikture thereof.
They may comprise one or more double bonds per molecule.
Preferred are internal olefins having from 4 to 24 carbon
atoms, or mixtures thereof. Such olefin mixtures are com-
mercially readily available, for example the olefin
nmixtures, obtained as products of a process for the
oligomerization of ethylene, followed by a double bond
isomerization and disproportionation reaction. In the



with a solid material such as an ion exchanger or carbon. Palladiun(ll)
acetate and platinun(l1) acetyl acetonate are exanples of preferred netal
sources. As anion source, other than halide anions, any conpound generating
t hese anions may be used. Suitably, -5- acids, or salts thereof, are
used as source of anions, for exanple any of-the acids nentioned above,
which may al s alts of the netals_of_the platinum
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ani ons of almost complete conversion. Examples are mixtures of
linear internal Cg to Cg olefins, and of linear internal
C1o to Cj4 olefins.

Substituted olefins may also be used, for example
unsaturated carboxylic acids, esters of such acids, or
unsaturated esters of carboxylic acids, e.q.
allylacetate.

If desired, branched olefins such as propene trimer
or isomeric butene dimers ("DIMERSOL" a trademark) may be
used, but the hydroformylation product will then, of
course, contain branched structures as well.

Also, olefinically unsaturated polymeric feedstock,
such as atactic polyolefins like 'Shube's' (mixture of
oligomers of Cjg-olefins), "NAPVIS" and "HYVIS"
(trademarks for low molecular weight polyisobutylene) and
styrene-butadiene (block)copolymers may be converted into
interesting alcohols (as intermediates to synthetic
lubricants, functionalized additives, etc.).

Finally, alpha-olefins, such as l-octene and propene,
and diolefins, such as norbornadiene, dicyclopentadiene,
1,5—hexadiene and 1, 7-octadiene may be used. The .
diolefins will of course yield (predominantly) a di-
hydroformylated product, although also mono-
hydroformylated may be formed.

Carbon monoxide and hydrogen may be supplied in
equimolar or non-equimolar ratios, e.g. in a ratio within
the range of 5:1 to 1:5, typically 3:1 to 1:3. Preferably
they are supplied in a ratio within the range of 2:1 to
1:2.

The hydroformylation can be suitably carried out at
moderate reaction conditions. Hence temperatures in the
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In the process of the invention, the ethylenically
unsaturated starting material and the formed
hydroformylation product may act as reaction diluent.
Hence, the use of a separate solvent is not necessary.
Conveniently, however, the hydroformylation reaction may
be carried out in the additional presence of a solvent.
As such, saturated hydrocarbons, e.g. paraffins and
isoalkanes are recommended and furthermore alcohols,
preferably having from 4 to 10 carbon atoms per molecule,
such as butanol, ethylhexanol-1, nonanol-1l, or in general
terms the alcohols formed as hydroformylation product;
ethers such as 2,5,8-trioxanonane (diglyme), diethylether
and anisole, and ketones, such as methylbutylketone.

In earlier 'hydroformylation processes, such as the .
process according to EP-A-0,495,547, the use of an
alcohol as solvent was often considered undesirable,
since the used hydroformylation catalysts were also
catalytically active in the formation of esters in a
reaction involving an olefin, carbon monoxide and the
solvent alcohol. However, the catalyst systems of the
present invention in view of their high selectivity
towards the desired hydroformylation product, allow the
use of alcohols as solvent.

. It would moreover be advantageous, iﬁ the
hydroformylation process could be carried out in a
homogeneous reaction medium using a dissolved catalyst
system of adequate activity, whereby nevertheless the
catalyst, without significant loss or decomposition
thereof, can be readily recovered and reused if so



typically all bridging groups are carbon atons. Preferably the bridging
group contains two carbon atons in the bridge. It has been observed that
the reaction rate is usually considerably enhanced, if instead of a -7-
al koxy groups with 1 to 4 carbon atons, halogen atons or [err] to [err]

al kyl )am no groups. Exanples are al kyl grqyps such as ethyl, isopropyl,
sec-butyl and terf-butyl groups, cycloalkyl groups such as cyclopentyl and
cycl ohexyl gr ,rﬁgyl groups such as phenyl and tolyl groups and bival ent
groups such as a (ccomdingbpe 4retPfe e v@iboPindet bt VeHS, itwaetisy with
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instead of [ergdrndfiUstols Sb§r FELLI SR Fedt SHYS rbon monoxide and
hydrogen in a single-phase liquid medium, in the presence
of the aforementioned catalyst system, followed by
effecting the formation of a multiphase liquid reaction
medium comprising one phase in which substantially all
platinum group metal cations of the catalyst system is
present and at least one further phase containing a major
portion of the hydroformylated product.

The unsaturated compounds used in the précess of this
embodiment contain at least 4 carbon atoms per molecule.
It has been established that with ethylenically
unsaturated compounds having only 2 or 3 carbon atoms per
molecule, the formation of a multi-phase liquid reaction
medium, whereby the platinum group metal cations of the
catalyst system is present in one phase and a major
portion of the formed hydroformylated product in another
phase, can not be easily effected. Preferably,
ethylenically unsaturated compounds are used, having at
least 6 carbon atoms per molecule.:

In particular preferred are ethylenically unsaturated
compounds having from 6 to 22 carbon atoms per molecule.
A preferred starting material consists of internal linear
olefins having from 12 to 16 carbon atoms per molecule.

The formation of the multiphase liquid reaction
medium, following the hydroformylation reaction, can be
effected in various ways.

For example, a selective solvent for the
hydroformylated product may be added to the single-phase
liquid reaction mixture, during or subsequent to the
hydroformylatidn reaction, forming a second liquid phase
in which a major portion of the hydroformylated prod-
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1,-2-bi s(1, 5-cycl ooct yl ene- phosphi no) et hane and mi xtures thereof. For the
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i nvention conssts 1n the presence of r ono Wprising a
source of hal i tRe BWFRT °VWY¥?¥¥RP¢9€R¢%@¢ on'the ‘other hand, 1t will

be necessary to remove the hydroformylated product from
the said second liquid phase, containing the added
solvent. _

Therefore, it is preferred to effect the formation of
a multiphase liquid reaction medium by adding to the
single-phase liquid reaction medium during or subsequent
to the hydroformylation reaction, an inert solvent,
capable of selectively dissolving substantially all
platinum group metal of the catalyst system. This em-
bodiment allows an adequate separation between the
hydroformylated product and the catalyst system, at the
same time simplifying the recovery of the hydroformylated
product.

According to a still more preferred embodiment, the
hydroformylation reaction is carried out in the presence
of an inert solvent and, subsequent to the reaction, the
multiphase liquid reaction medium is formed by cooling
the reaction medium, obtained in the reaction.

In this manner it is possible to ensure, that
substantially all platinum group metal of the catalyst
system, i.e. at least 95% and in particular at least 97%
of the platinum group metal, is present in the liquid
phase, containing the inert solvent. '

A major portion bf the hydroformylated product, i.e.
at least 50% and in particular at least 80% of the
hydroformylated product is obtained in another liquid
phase, from which it can be easily recovered by known
techniques. _

By selection of a suitable solvent the multiphase



that the nolar ratio between halide anions and plati num group netal cations
Should be at most 3:1. |f | arger anmounts of halide anions are present, the
-7- al koxy groups with 1 to 4 carbon atons, halogen atons or [err] to [err]
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i nstead of [er?9oleghso }pwekrtemperafurese bulyafels Hrderscake (1) are

1,2-bis(1, 4-cyspopet¥d®Nenis is not considered of special advantage, in
view of the additional provisions to be made in the
reactor section of the equipment.

Suitable inert solvents, , which may be added instead
of, or in addition to the solvents mentioned above, that
are capable of selectively dissolving substantially all
platinum group metal of the catalyst system, are usually
characterized by the presence of an aprotic, polar group
in the molecule. ’

. Solvents containing strong polar groups are in
particular preferred if the unsaturated starting material
has a relatively low molecular weight, i.e., if
ethylenically unsaturated compounds having from 5 to 7
carbon atoms are used.

For the hydroformylation of higher molecular weight
unsaturated compounds, e.g. olefins having from 12 to 16
carbon atoms the use of less polar inert solvents will
usually be satisfactory.

Solvents, comprising or substantially consisting of
sulphones are preferred. Sulphones are in particular
preferred, for example dialkylsulphones such as
dimethylsulphone and diethylsulphone and cyclic
sulphones, such as sulfolane (tetrahydrothiophene-2,2-
dioxide), sulfolene, 2-methylsulfolane and 2-methyl-4-
ethylsulfolane.

Sulfolane has proved to be a most effective solvent
for the formation of a multiphase liquid reaction medium.
It has been found particularly beneficial to carry

out the invention using sulfolane as solvent ard a
catalyst system based on a complex anion (for instance
based on SnCly) and/or in the presence of a catalyst
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alcohol as obtained in the hydroformylation reaction.

The amount of solvent to be used in the process of
the invention may vary considerably. It is within the
reach of those skilled in the art to establish in each
case the degree of cooling and the optimal amount of
solvenht required for the formation of a multiphase liquid

" reaction medium. The experimental results prévided
hereinafter, are also indicative for the amount of
solvent, preferably to be used.

The process of the invention is eminently suitable to
be used for the preparation of alcohols from internal
olefins at high rate, in particular by using a catalyst
system as defined above, based on palladium as platinum
group metal. _

Furthermore the process is very useful for the
preparation of aldehydes having a high linearity, in
particular by using a catalyst system as defined above,
based on platinum as platinum group metal.

The invention will be illustrated by the non-limiting
examples, as described hereinafter. The abbreviations,
used in the Tables have the following meanings:

BCPE = 1,2-bis(1,4-cyclooctylenephosphino)ethane
BCPP = 1,3-bis (1, 4~-cyclooctylenephosphino)propane
BBPE = 1,2—bis(sec—butylphosphino)ethane

BBPP = 1, 3-bis(sec-butylphosphino)propane

BDPE = 1,2-bis(2, 6-dimethyl~1, 4-cyclooctylene-

phosphino) ethane
BCPI = i,2-bis(1,4-cyclooctylenephosphino)propane
MSA = methanesulphonic acid



group netal cations should be at nost 3:1. If |arger anouryg§spb: @kl laced
ani ons are present, the -8- activity of the catalyst sys F
af fected, presumably because of coordination occurring bet qumﬂlj m
and halide noieties. Preferably, the nolar ratio between hal

plati num group netal cations. is at nost_294,-nmore preferably less than 1:1,

for instance from0.02:1 to 1:1. As source of halide anigns any conpound
generating halide TE$Pons uﬁd@FlﬁﬂéoFQEGFPéﬁeéHﬂthpéﬁsaﬁ&? be used.

Recommended are i masgani ¢ &OIZI)QUIGdSE:rS.m%h bbhdéﬁ&%ﬂlbhbhd@:sacﬁdg HC , HBr
and H and net al 2&%*%@5, g S h g Csd, GCsl, Myl 2 and
CuCl . Anot her cat €g of TelSMeRiEANESHIRESIE ﬁ&ﬁpd
EH = 2-ethylhexan-1-o0l
HBFy4 = fluoboric acid
Examples 1 - 2

The experiments were carried out in a 250 ml
magnetically stirred autoclave. The autoclave was charged
with 20 ml of l-octene, 20 ml 2,5, 8-trioxanonane
(diglyme), 0.25 mmol of palladium(II) acetate, 0.6 mmol
of bisphosphine ligand and 1 mmol of MSA. After being
flushed, the autoclave was pressurized with carbon
monoxide and hydrogen to a partial pressure of 30 bar of
each. Subsequently, the reactor was sealed and the
contents were heated to the pre-set temperature and
maintained at that temperature until the reaction was
substantially complete. After cooling, a sample was taken
from the contents of the reactor and analysed by Gas:
Liquid Chromatography. Further details and the results of
the analysis can be found in Table I.

The calculated conversion rate is expressed as moles
of product per mole atom of platinum group metal and per
hour, (mol/mol.h).

The amount of produced paraffins was less than 1%.
Comparison of Examples 1 and 2 with Example 27a of EP-A-
0,495,547 reveals that in contrast to use of 1,3-
bls(dllsopropylphosphlno)propane, use of the BCPE affords
the alcohol product rather than the aldehyde.

Example 3

The experiment-was performed substantially according
to the procedure as described for Examples 1-2. The
autoclave was charged with a partial pressure of 20 bar
of ethene, carbon monoxide and hydrogen each, 45 ml of
diglyme, 0.25 mmol of palladium(II) acetate, 0.6 mmol of
BCPE and 0.4 mmol of SnCly and TFSA each. At 100 °C,
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of ethene, 20 bar of carbon monoxide and 40 bar of
hydrogen, 45 ml of diglyme, 0.25 mmol of palladium(II)
acetate, 0.3 mmol of BCPE, 0.4 mmol of TMSA and 0.1 mmol
of HCl. At 105 °C, ethene was converted into propanol
(selectivity >98%) at a rate of 1,000 mol/mol.h.
Examples 5 - 9 and Comparative examples A and B

The experiments were performed substantially
according to the procedure as described for Examples 1-2.
The autoclave was charged with 30 ml of internal olefins
with 14 carbon atoms ("i-C14~"), 50 ml of a solvent, 0.25
mmol of palladium(II) acetate, 0.6 mmol of bisphosphine
ligand and a specified amount of an acid catalyst com-
ponent. Further details and the analytical results are
provided in Table II.

The amount of produced paraffins was less than 1%.

By comparing the results of Examples 5 and 7, it can
be seen, that by using a ligand comprising a bridging

moiety with two atoms in the bridge a higher conversion
rate at a lower tempeiature is achieved whereby more
linear hydroformylation products are formed, than by
using a ligand comprising a 3-membered bridging element.

The effect of using different acid catalyst
components can be seen by comparing the results of
Examples 8 and 9. )

The results of comparative example A show, that by
using a ligand, outside the scope of the invention, even
at a relatively high temperature, predominantly aldehydes
are formed of poor linearity and at low rate. Moreover,
in the experiment'of_Comparative example B, again using a
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i someri zation and disproportionation reaction. In the - i RO % of
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"Example 10

A 250 ml autoclave, magnetically stirred, was charged

with 37.5 ml (148 mmol) of i-Cy4~, 0.312 mmol of
palladium(II) acetate, 0.625 mmol of BCPE, 0.625 mmol of
TFSA, 0.625 mmol of tin chloride (SnCly), 0.52 gram of
water, 52.5 ml of EH and 10 ml of sulfolane. .

After being flushed, the autoclave was pressurized
with a hydrogen and carbon monoxide mixture in a molar
ratio of 2:1, up to a total pressure of 90 bar.
Subsequently, the autoclave was sealed and the contents
were heated to 105 °C.

After a reaction period of 4 hours, during which no
further hydrogen or carbon monoxide was supplied, the
single-phase redction mixture was cooled to ambient
temperature, whereby two liquid layers were formed.

From each of the two layers,- (product and sulfolane
layer) a sample was taken and analysed by GLC.

The conversion, selectivities and analytical results
are given beléw.
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tenperatures in the

C15 aldehydes formed 1.0
(3 of GLC-area)

C14 paraffins formed 0.4
(% weight of olefins)

Linearity Cq15 alcohols (%) 69.9

Palladium concentration in 9.1 (+/- 0.4)
product layer (ppm)
id.
Example 11

in sulfolane layer (ppm) 3320 (+/- 160)

An experiment was carried out, substantially as
described in Example 10, with the following differences:
i)" the amount of SnCly was 0.15 mmol, instead of
0.625 mmol;
ii) the amount of water was 0.5 g, instead of 0.52 g and
iii) the total pressure was 50 bar and was maintained at
that value during the reaction.

The conversion, selectivities and analytical results

are set out below:



- 10 - range of 50 to [err] are reconmmended, preferre@h@gﬁa
in the range of 70 to [err]. Reaction pressures in the\%
not

bar are preferred, |ower or higher pressures may be sel

consi dered particul arly advant ageous. Moreover, higher sures reqU|re
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ethylenically [UnSat@g ared starti matert alandg (ne rormed nydrofornyl ati on
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be jcartied oul T the afdsl diol, Breseroaef o s vely o ho ouch, satfrated
al cohol s, prefemmid@idnnM&uhduanA4 to 10 carbon atons per nol ecule, buch as
but anol , et hyl rtelxsarholléo]hol@nfa&%édl’ or in general 97.7
(¢ of GLC-area)
C15 aldehydes formed | : 0.8
(2 of GLC-area)
C14 paraffins formed 0.7
(3 weight of olefins)
Linearity C3s5 alcohols (%) 70.4
Palladium concentration 14.3 (+/- 0.7)
in product layer (ppm) _
id. in sulfolane layer (ppm) 3850 (+/- 190)
Example 12

An experiment was carried out, substantially as
described in Example 11, with the difference that 0.625
mmol of SnClp, instead of 0.15 mmol was added.

The conversion, selectivities and analytical results
are given below.

i~C14™ conversion (after 2 hours) 72.2
(3 of feed)

id. at the end of the 97.5
reaction(6 hours) _
Ci1s5 alcohols formed (% of GLC-area) 96.9
C15 aldehydes formed (% of GLC-area) 1.0
C14 paraffins formed * 0.5
(% weight of olefins)
Linearity Cy5 alcohols (%) : 71
Palladium concentration in product 10.3 (+/- 0.5)
layer (ppm) :

id. in sulfolane layer (ppm) 3465 (+/- 170)

The weight ratio between the product layer and the
sulfolane layer was typically 88% : 12%. The sulfolane



terms the al cohols fornmed as hydrofornylation product; ethers such as
2,5,8-trioxanonane (diglyne), diethylether and ani sole, and ketones, such
as net hyl butyl ketone. In earlier hydrofornylation processes, such as the -
process according to EP-A-0, 495,547, the use of an al cohol as sol vent was
of ten consi dered undesirabl e, S|nce the—uzed—hydrofornylation catalysts

were al so cat tical Lve the faormatio ers in a acti
i nvol ving an g@&FFn%yEéfﬁgh a&@egh§ 3y 9 I? gﬁfﬁhgp ¢bfﬁpthe
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solvent. It advant ageous, if the hydrofornylation process
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catal yst _systefagirsadiesuaie Galdnirinoy WiCCRY RYRIKChidhdiieanal yst,
wi thout significant | oss or. deconposition thereof, can be readily recovered
and reused if s§grred autoclave.

The autoclave was charged with 30 ml of i-C34~, 25 ml
(or 45 ml) of EH, 6 ml of sulfolane, 0.25 mmol of
palladium(II) acetate, 0.6 mmol of BCPE, 0.5 mmol of TFSA
and a catalyst promoter. .

After being flushed, the autoclave was pressurized
with a 1:2 molar mixture of carbon monoxide and hydrogen
up to a pressure of 60 bar and subsequently sealed. The
temperature of the mixture was raised to the pre-set
value.

After a reaction period of 3-10 hours, the reaction
was discontinued and the reaction mixture cooled to
ambient temperature.

A sample was taken from the contents of the reactor
and analysed by GLC. The i-Cy4~ conversion was > 99%;
further details and analytical results are compiled in
Table III. From this table it can be seen that the
addition of a catalyst promoter is Very beneficial in
respect of the reduction of baraffin formation (cf.
Examples 28-31 hereinafter). '

Example 27

An experlment was carried out, substantially as
described with respect to Examples 13-26, with the
difference that 45 ml of EH and, instead of BCPE, 0.6
mmol of BDPE was used.

The i-C34~ conversion was > 99%. Further details and
results are included in Table III.

Example 28

An experiment was carried out, substantially as
described with respect to Examples 13-26, with the



desired. Accordingly, a preferred enbodinent of the inventmrghge@hétB%gh'egla@ed
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difference that instead of a catalyst promoter, 0.3 mmol
of t-BSA was added. From the results, as given in Table
III, it can be seen that the rate of the reaction is

1

increased. Nonetheless, the production of paraffins is
higher than in the'expéfiments carried out in.the
presence of a catalyst promoter.

Example 30

An experiment was carried out, substantially as
described with respect to Examples 24 and 25, with the
differences that the reaction temperature was 99 °C and
that instead of 2,5-dichlorobenzoic acid, 5 mmol of 2, 6-
dichlorobenzoic acid was used as catalyst promoter. From
the results, as given in Table III, it can be seen that
by using an o0,o0-dihalo compound which will less easily .
generate halide anions, the reaction rate is increased,
but that the paraffin production is not below 1%.
Example 31

An experiment was carried out, substantially as
described with respect to Examples 24 and 25, with the
difference that instead of 2,5-dichlorobenzoic acid, 5
mmol of 2,5-dihydroxybenzoic acid was used as catalyst
promoter. From the results, as given in Table III, it can
be seen that by using a promoter which is not capable of
generating halide anions, the additional_improvement
achieved in the co-presence of a catalyst promoter as
regards reaction rate and paraffin production is not
achieved.

Example 32

The experiment was performed substantially according



catal yst systemis present in one phase and a mgj or portlon of the foran
hydr of ornyl at ed product in another phase, can not be fhisiS t SsenReplaced
Preferably, ethylenically unsaturated conpounds are use I east 6
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Further details and the analytical results are provided
in Table IV. ' _
The amount of produced paraffins was less than 1%.
Examples 33 - 39
The experiments were performed substantially as

described in Example 32.

The autoclave was charged with 20 ml of a branched
olefin (either "DIMERSOL", propylene trimer = PT-3 or
diisobutylene), 0.25 mmol of pélladium(II) acetate, 0.6
mmol of bisphosphine ligand, a specified amount of an
acid catalyst component, a specified amount of a solvent
and a specified amount of catalyst promoter. Further
details and results are provided in Table IV.

Examples 40 - 47
The experiments were performed, substantially as

described above for Examples 1-2.

The autoclave was charged with 20 ml of l1-octene, 40
-ml of diglyme, 0.25 mmol of platinum(II) acetylacetonate,
0.6 mmol of bisphosphine ligand and a specified amount of
‘an acid catalyst component and/or other anion source.
.Further details and results are provided in Table V.

Comparing the results of Examples 44 and 45 with
those of Example 43 shows that the addition of acid
(acetic acid) results in an increase in rate of
conversion.
Example 48 - 50

The experiment was performed substantially as

described in Examples 40-47.
The autoclave was charged with 20 ml of l-octene, 40
ml of diglyme, 0.25 mmol of platinum(II) acetylacetonate,
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formed al |l owi ng an adequat e separati on between the cat%l "

' starting

s o Replacad

t he

one hand and a major portion of the hydrofornylation pr t her

hand, it will be necessary to renove the pydcofornyl ated product fromthe
sai d second qugéd pha t he added sol vent., Therefore,

se, .containin it is
preferred to el Ot SARIGSPIINE, Lhaandsh 2 SREGHEEY GRAYn Hedium by
aﬂdi Rgdt of t he alsjim_glcﬁumqm_ |dcmﬁcﬂle_rrﬂﬁ(3ricbr(|ﬁmdimmndwé :sg)o][a ss;mﬁcml icf @ml to
t he hydr of or i_Qn reactj.qn inert .sal vent., .capabl.e .af sel ectively
di ssol vi ng s%&%g'\{&l & )? é::la&%y%rﬁ Ptﬁ%n&rt&fﬁ ﬁg%rﬁheorf (%%eal at zfl%fgt system
This em bodi mesuldld are provicpdhtinn SakdreatM.on bet ween t he hydr of or nyl at ed

product and the oty s sysgem at the sane tine sinplifying the recovery
of the hydr of : ' . :
The experiments were performed substantially as

described in Examples 40-47 with the difference that 20
ml of propene was supplied, instead of l-octene. Examples
53 and 54 where carried out using 0.3 instead of 0.6 mmol
of bisphosphine ligand. '

The selectivity to butanals was >98%. Further details
and results are provided in Table VI.
Example 55

The experiments were performed substantially as
described in Examples 53 and 54, using a slightly
different catalyst system and a carbon oxide to hydrogen
molar ratio of 1:2. Further details and results are
provided in Table VI.

Examples 56 - 57

The experiments were performed substantially as

described in Examples 51-52.

The autoclave was charged with 20 ml of propene, 50
ml of octanol, 0.25 mmol of palladium(II) acetate, 0.6
mmol of bisphosphine ligand and a specified amount of
catalyst promoter. Further details and results are
provided in Table VI.
Examples 58 - 62

The experiments were performed, substantially as
described in Examples 51 and 52, using different olefins

and substituted olefins, instead of propene.

In all experiments the anion source was 0.5 mmol of
TFSA and 0.5 mmol of SnCl,. Further details and results
are provided in Table VII.

Examples 63 - 65
The experiments were performed, substantially as




—

According to a still nore preferred enbodi nent, the hydrofornylation_ .

reaction is carried out in the presence of an inert sol vempts as t
to the reaction, the nultiphase |liquid reaction nediumis i ng
the reaction nedium obtained in the reaction. In this man 1

possi bl e 4o ensure, that substantially alloglatinum group al of the
catal yst syste i.e. agt.least 95% a in particular_at |least 97% of the
platinun1groupg%ﬁ?ﬁF?easlBr§§§ﬂPf?ﬁ ggeanqud PRadtl e¥ReRimPRESt hEhenert
sol vent. -A rmaj tnipbali patef (atidibydnobor theafedspraduhylol . §roap) | wast 50%
and in particu t, ] east % he_hydr of or ed_product is obtained
i n anot her qu%?%nghgéeséf¥§%¥mﬁigﬁ ??'%éﬁ b Qgéﬁﬁgufecovered by known
t echni ques. Bydieyvetepentadieneuwaabtenvervedt fohel st iphasene oBubssitute
sheet - 10 AugHSH0dP88hols, 8- respectively 9-methylol- -
tricyclo[5,2,1,02i6]dec-3-ene), whereas addition of the
second methylol group required more time (about 10
hours). Further details and results are provided in Table
VII.



- 14 - pronoter, to counter the sonewhat increased paraffin formati.on. due

t-o presence of the solvent. M xtures of solvents may al so be used, for
exanple a m xture of a sul phone with a protic sol vent, ThisSheetidasBeen

bl .
In the hydrofornylation of olefins, typically an al cohol i ch
I's identical or simlar to an al cohol as obtained in the ion
reacti on. The anopunt of solvent to be usedgn the process of the I nvention

may vary considerably. It is within the reach of those skilled in the art
to establish in each case the degree of cooling and the optinmal anmount of

solvent required for the formatifon off a nurt1phase Tiqurd reactiomn|med um
The experinmental results provide=d¢3h;e3rei nafter, are also indicativelfor the
anount of sol vent, preferablyt(_%eqsed. The process of the inventlion is
emnently suitable to be used f¢r3thg $repdfafld @@ & @l col@l s fromli nternal
olefins at high rate, in parti Cyar—Ry—dsi-hg—a-catalyst systemas defi ned
above, based on palladiumas platinup—~ =~ ~~ ~ ~ o
® W W W 0 W — o
~l 0 O & OO O o O
®| A A A A A — ~ o
« ~ > A ~N o4 4 A T ~ o
0 ~ w Pl o 0 0 0 0 0 S O M O
g oe - ~d[Hl g g g o g g g S 0 g
e » >0 090 0o 0 v oL o
H v VA0 0O OO O T O n M
3 &Sl A4 - 4 A 4 ~ ~N O .~
B U6 6 @ 8 O @ o o «
- O @O 11 b e~ m o~
ael H ] O 1 1D 1H 1D 1N WO R O
~ A Of ~ o o A H =10 ol =M
—_ - nfo VL L L L LV UV~UV N L ~—
~ > ®
34;:0\0\ —_
PYRS <
U Al = A —
39 L] O O ® O
T Ul g o P g
O o|la o o =
& 3ol § § % Hdg9 9 929g¢9 o
MmO O «f N
wl o g EHN N o
] .
o g
o o B p|lo i © © ©® v Ty]
- O o W = N O (4] <
o~ B~ — i i
]
’ o
glow o 3
TN N P g 0 0 o©
g ru-—«.—aﬁl
. 0 8 0 0
o, — > O v v ~
- g 3ln o g —~ O Ao A O
£ 5 90la 8 g o o8 g A i
3 2N g it n B E A6 8 O &=
5 2
> ) ) 3 —_
©w 0 g 0 o~
5 (o] N ] e~ +H = ~ O .
s g |~ — L ogst:v-st:n:mn:
p= 0 o 8 H =l oMW i
3 --lé:t:n: g oM B B v
5 v 0 o . BN B R P P
o s 0
(0] 0 o
8 |E 3 |5
© (I I VIR B T 5 aF
Q S |@ M| 5 L VRNV SV Y Y Ay
s |3 |88 B |4 [88gggd 4
& |3 @ @l - -
H v e -
o B o %om\ol\oomn: m
~ E Sl - o — g 2
Q © Q %
[ 4 © (]
= (5] B




. _ . d
group netal. Furthernore the process is very useful S a Ton of
al dehydes having a high linearity, in particular by u | system
as defined above, based on platinumas platinum group i ention
will be illustrated by the non-limting eanples, as described hereinafter..
The abbr evi at fomsT—uged—Tthe—Tabtes—avethe—fottowmng—meammgs—B¢PE
= 1, 2-bi s(1, 4t cyckoodt yl enephosphi no) et hane BDPE =1
, 2-bis(2, 6-di 2 h9l - 1, 4- cycl oct yl enephosphi no) et hane TFSA =
trifluoronet hanesgl phHoni c acid t-BSA = tert-butanesul phoni c aci d}ER
= 2-ethyl hexa1§2}150L - 15 - Exanples 1 - 14 The experinments were ¢arried
out in a 350 i "BAFIELLQY &' HASTELLOG i& & t&adenar i) &rgpeli ¢l by
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The autocl ave was charged with 30 ni of [err]— 25 nTM£ﬂ%a4ﬁEE&ﬁ éﬁm: c

m- of sul fol an

m xture was r

hours, the redction

anbi ent tenperfaturel 9

and anal ysed
further detail
cal cul ated con
atomof platin
be seen that t
respect of the

herei nafter).

e, 0.25 mml of palladium(11) acetate, .5
mmol of TFSA and a catal yst pronoter. After being flu Iave
was pressurized with a 1:2 nolar m xture gfy carbon non ogen up
to a pressure of 60 bar and subsequently seal ed. The tenperature of the

| sed rg the pre-set value. After a reaction period off 3-10

mas di scontinued and the reagtion mixture choldd to
sanple was taken fromthedcontents of t actor
nGas i d Chromat ography. The [®rr] = conversnoncxas >99%
+wand ytlcal results are conp|8ed in Table |.9T .
é}m pf r8te is expressed as nol esgof product per"'mﬂe of
ut® grpgp §efhl p& ho® (n® /nol . hg Fron@ his tapl @lit can
hgj addie i-gnof aLat algyst gronoter—i s very benefi qi I n
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Table IV (Pd-based catalyst system)




0.6 mol

details and results are
A conparative experinment was carried out~ ggbstantially as

respect to Exanples 1-14,

Exanpl e 15 An experinment was carried out,
Furt her
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Conpar ati ve Exanple 17 A
substantially as described with

-16-

with the difference that no cataly

respect to Exanples 1-14,
applied. The results are included in Table I

for the copresence of a catal yst pronoter.

conparati ve experiment was carried out,

with the

respect to Exanples 1-14,
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difference that instead of a catalyst pronoter, 0.3 mml of t-BSA was
added. Fromthe results, as given in Table |, it can be seen t hat
of the reaction is increased. Nonethel ess, the producti paraffl ns

hi gher that in the experiments carried out in the preseneﬁsg{eetaw&
pronoter: Exanple 18 An experinent was carrieg Qut, substmam
descri'bed with respect to Exanples 12 and 13, with the dif

reaction tenperature was [err] and that instead of 2,5-dic obenzoi ¢
acid, 5 mol of 2,6- dichlorobenzoic acid was used as a catal yst pronoter.

From t he results, as given in Table |, it can be seen that by using an
0, o-di hal o corrpound which will less easily generate halide anions, the
reaction rat epr-s—pereased—but—t-hat—the—parat-- roduction is not bel ow
1% Conparatiydi Exanpl e 19 A conparative experinent] was carried out,
substantial ly desdribed with respect to Exanpl es| 24 and 25, with the
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mmol of 2, 5-di hydroxybenzoic acid was used as catalysthsﬁwuﬁkstER
results, as given in Table I, it can be seen that by usi mhlch
i s not capable of- generating halide anions, the additio

achieved in the co-presence of a catalyst pronoter as regar S reaction rate
and paraffin productign is not achjeved, - 30-4947- REPL ACENVENT SHEET

Substitute shgety - 16JJuIy 1999 18 CL Al MS 1. A process for the
hydr of ornyl atilofy of etlhyl enical |y unsaturated conmpounds by reaction ther|eof
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system conprising: a) a source of platinumgroup netal cations; b) a source

of anions, other than halide anions; and c) a source bi dentate |igands
of the forrmula [err] (1) wherein [err] andhﬁé‘rﬁaEﬁéﬁdEﬁf+yL‘_
represent a phosphorus, arsenic or antinonry atom R ré@m@m@ﬂm§ qgvalent
organic bridging dgroup containing from1l to 4 atons in cpl ]

and R2 together fepregent a bivalent supstituted or no yclic
group whereby ftie two|free valencies arp linked toerr]"a
I ndependent |y r epr-eseift_a substituted of non-substituted hydrocarbyl group,
or together repuesent abi val'ent sulstifuted or non-substituted cyclic
group whereby tetwrfree—~vatencres—are |linked to M2 and in the further
presence of a [catal yst] qaronoter conprising a source of halide anions such
that the nol ar| +atdo Befween hal i de and pl ati num group nmetal cations is at
nmost 3:1. 2. gsoce§g as glgjnmed_jn plaim1, wherein the nolar ratio
bet ween hal i de Qh_ppggtgnunxgr%yp nmtqt cations is in the
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range fromO0.02:1 to 1:1. 3. A process as clained in claim1l or 2,
wherein the catalyst systemis based on a palladiumor platinum conpound.

4. A process as clained in any one of clains 1 to 3, wherein the catalyst
systemis based on ,ﬂseueeerTﬁ”TThentate Ilgands of fOTﬂUW—‘(TT"GEEFETﬁl
[err] and [errT each re phosphar 32 at om - 195is heémﬁﬁdeﬁ ced
sheet - 22 July mmm@i&“\\m phosphorus atom 5. A pr

in any one of cl\ wheriein in the_bidentate Immm

(I') R represents an ethylene group. 6. A process as clai e of

claims 1 to 5, wherein in the bidentaterlpagpnd @ fornula (1) the biv ant
cyclic group, represented by [err] together witnh R2, is a cycl oal kyl ene
group having from6 to 9 ring atons, preferably 8 ring atons.

1. A process for the hydroformylation of ethylenically

unsaturated compounds by reaction thereof with carbon
monoxide and hydrogen in the presence of a catalyst
system comprising:
a) a source of platinum group metal cations;
b) a source of anions, other than halide anions; and
c) a source of bidentate ligands of the formula
RIRZMIRM2ZR3R4 (I)
wherein M1 and M2 independently represent a phosphorus,
arsenic or antimony atom, R represents a bivalent organic
bridging group containing from 1 to 4 atoms in the
bridge, Rl and RZ together represent a bivalent
substituted or non-substituted cyclic group whereby the
two free valencies are linked to M1 and R3 and R4
independently represent a substituted or non-substituted
hydrocarbyl group, or together represent a bivalent
substituted or non-substituted cyclic group whereby the
two free valencies are linked to M2,
2. A process as claimed in claim 1, carried out in the
further presence of a catalyst promoter comprising a
source of halide anions such that the molar ratio between
halide and platinum group metal cations is at most 3:1.
3. A process as claimed in claim 2, wherein the molar
ratio between halide and platinum group metal cations is
in the range from 0.02:1 to 1:1.
4. A process as claimed in any one of claims 1 to 3,
wherein the catalyst system is based on a palladium or
platinum compound. '
5. A process as claimed in -any one of claims 1 to 4,
wherein the catalyst system is based on a source of
bidentate ligands of formula (I), wherein Ml and M2 each’



8. A process as clained in any one of claiyg_1 to 7

Rydr of ornmyl ati on of ethylenically unsaturated conpounds havi ng at | east
carbon atons bYepeegenbnatpkespiiorus aatdmgl e phase |iquid nmedium foll owed
by .effecting tge lerﬁPéd:Qé‘s Ois aci'&'ilﬁé@ gﬁeaﬁ%%éj 58514 PlRs "L Y

conpri sing one phase in I ch substanti | af i num gr oup et a
cations is pre§8ﬁ¥eéﬂdl%tth%ag%d%ﬂEaF%r%h@@n$h%§ef%EM¥b§n?ﬁg g maj or
portion of theréyﬂégéﬁtgyéﬁt@dh Igﬂgcgro@p A\process as clainmed in claims8,
wherein the fo nahAon of the mu hase, |1 UId reac pediumis effected

with the aid o PEPeeSD| vant i epes) 1P OB ARt (b et o Hashi b o o
substantially uhérpiatinuhhgrbﬂ@eneaEé bbgam@sofrﬁmrmubangtp ﬂh@se l'i quid
di um con- t S nu 1|
hydr of or my! at Z%%%%ﬁ%téf’é%%ﬁ G5 1 EpEEEEBL R My T PRSeBNEr witn
, is a cycloalkylene group having from 6 to 9 ring

7. A process as cI of clains 1 to 6 mhereln inthe
bi'fdentate |i gand Hg(r"@im!u , ogether with BecniRe; lﬁ&dinl ng
as[err] t oget her w the two free vaIe 'I ,'mdto .

atoms, preferably 8 ring atoms.
8. A process as claimed in any one of claims 1 to 7,
wherein in the bidentate ligand of formula (I) R3
together with R4, has the same meaning as Rl together
with R2, whereby the two free valencies are linked to MZ2.
9. A process as claimed in any one of claims 1 to 8, for -
the hydroformylation of ethyleﬁically unsaturated
compounds having at least 4 carbon atoms by reaction
thereof in a single phase liquid medium, followed by
effecting the formation of a multiphase liquid reaction
medium comprising one phase in which substantially all
platinum group metal cations is present and at least one
further phase containing a major portion of the
hydroformylated product.
10. A process as claimed in claim 9, wherein the
formation of the multiphase liquid reaction medium is
.effected with the aid of an inert solvent capable of
selectively dissolving substantially all platinum group
"metal cations from a single phase liquid medium con-
taining dissolved platinum group metal cations and
hydroformylated product, such as sulfolaﬁe, an alkyl- or
dlalkylsulfolane, by cooling the reactlon medium
subsequent to the reaction.

C21/TSO0019FF



dialﬁ?$5ulfolane by coolingthe—eaction medi um subsequent to the

reacti on. - 19 - [erﬁhsmma?pver51on (after 2 hours) 85.8 (% of feed)
i-d. at the end of the et i on (6 hours) C15 al cohols forned
97.7 (% of &Gamm[ed rmd 0.8 (% of
GLC-area) Cl4 paraffins . 0.7 (% wei ght of ol efins)
Linearity [err] al cohols (% 70. 4 Palladlumconc.fgtbaj_bogIN
14.3 (+/- 0.7) in product Iayer'(ppn) id. in sulfol ane | ayer—tppm 3850
(+/ - 190)

- ) ABSTRACT

HYDROFORMYLATION PROCESS

Process for the hydroformylation of ethylenically
unsaturated compounds, by reaction with carbon monoxide
and hydrogen in the presence of a cétalyst based on a
metal of the platinum group, a source of anions other
than halide anions and a bidentate ligand of the formula
RIR2MIRM2R3R4 wherein M! and M2 are phosphorus, arsenic
or antimony, R is a bivalent organic bridging group with
1l to 4 atoms in the bridge, Rl and R2 together represent
a bivalent cyclic grouﬁ and R3 and R4 independently
represent an optionally substituted hydrocarbyl group or
together represent a bivalent substituted or non-
substituted cyclic group whereby the two free valencies
are linked to Mz,

C21/TSO0019FF



Exanpl e 12 An experinmen
Exanple 11, with the di
mol was added. The con
gi ven below. [err] C
id. at the end of the

formed (% of GL.C-area)

1.0 C14 para flns forme

Linearity [er?yMaFtehoP
pr oduct

34657 (+/- 170) The MB

| ayer was tyﬁé%‘é‘?’r?}‘%

>

t was carried out,
fference that 0.625 mmol

version, selectivities an
onversion (after 2 hours

97.5 reacti ©

96.9 [err] 3akdehyd

g E@gaffins takes place71

ratio,.between

¢ q8sgriRed cTfie

substantially as d

bed i
of [err], |n§“{%éé‘%‘7§? ISR?L?S

d analytical results are

Substityte shedf 22 S 1988

es formed (% of G.C area)
0.5 (% wei ght of ol efins)
Pal | adi um concentration in

ﬂﬂ’EP(H#G £95)54nyervépperyi df carbonylabiene |ayer (ppm
13Ea8" eAUChyhBYRb AR althom e of ane

ethylenlcally unsaturated compounds. According to one of

these examples (i.e., example 27) an alpha-olefin (1-
octene) may be hydroformylated at 90 °C and 60 bar (1:1)
hydrogen and carbon monoxide, using a catalyst,
comprising palladium, 1,3-bis(diisopropylphosphino) -
propane and a sulphonic acid to form 94% nonanals and 5%
nonanols, the conversion being about 67%. When the same
experiment is carried out at 125 °C and 60 bar (2:1)
hydrogen and carbon monoxide it results in the formation
of 88% nonanols and 9% nonanals with an olefin conversion -
of 63%. The remainder therefore comprises 1, respectively
3% paraffins. Although suitable for the hydroformylation
of alpha-olefins (initial rate of conversion in the order
of about 300 mol/mol Pd.h), for the hydroformylation of
internal olefins, this catalyst is found to be
significantly less active (approximate rate of 25 to 30
mol/mol Pd.h). :
Finally, in EP-A-0,529,698 a process is described for
the hydrogenation of a carbonyl compound in the presence of a
homogeneous catalytic system comprising a source of a Group
VIII metal compound and a bidentate phosphine such as 1,3-
bis(1,5-cyclooctylenephosphino) propane, which catalyst is

also active as hydroformylation catalyst.

Sstill the rate of

conversion is only in the order of 45 mol/mol Pd.h or even

less.
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- 20-. layer typicall
Exanpl es 13 - 26 Thg
(HASTELLOY is a trad
was charged with 30
sul fol ane, 0.25 mmol} qf oalladnun{ }

of TFSA and a catal yst pronoter. Afte
pressurized wth a &

a pressure of 60 bar and subsequently

Rl

e
m

N Lo ot

mrkg nagﬁﬁglc

of sulfolane and 17% w of EH.
efcarried out in a 350 mM "HASTELLOY C'
y stirred autoclave. The autocl ave

5 o8 a3

acet at e,
bei ng flushed t he autocl ave was
f carbon monoxi de and hydrogen up to

seal @&~ The tenperature of the

m xture was rai sSthrprisinglyg- 44 had urnw Adent fourrbaliam persebecting 10

hour s,

moiety,

the rgg% églyst based on a metal of the platinum group, a
-bidentate ligand comprising at least one bivalent cyclic
and a source of anions other than halide anions,

"improved hydroformylation results are achieved as

_regards,

inter alia, conversion rate, linearity of prod-

uct and suppression of paraffin make.

Moreover, the presenc

e of a small amount of catalyst

promoter comprising a source of halide anions has been
found to have a significantly favoufable effect in that
the hydroformylation proceeds at high rate, even at
moderate temperatures, with very little formation of

saturated hydrocarbons.
The invention may be
for the hydroformylation

defined as relating to a process
of ethylenically unsaturated



was di sconti nued LREPLAGENgﬁg}SHEEwiXture cool ed to anbient tenperature. A

sanpl e was taken flrdmthe content$ pf the reactor and anal ysed by GLC. The
[err] conversion Jas >2§9\ja(g‘_ figogt herjdetails and analytical results are
conpiled in Table{ll]l. Fromthis f{aple it can bs geen thﬁt th a&dit*g& of -
a catal yst pronotdr fs—verytemefttclal in respettPSFUe SheEhL &S dWlYot 998
paraffin formatior (cf. Bmmﬂe3283lpqqﬂmﬂem. Exanpl e 27 An
experinent was carried out, substantially as described with respect to
Exanpl es 13- 26mpoiunidst ey didacirion &hdreo #1vitth famenmpnerkde2ndf BCPE,

and resul ts BYETOUER, B tne Y aetl e B S e Tar 1 od
out, substanadal Byseurdesofi pdatinum gropec metdleeakiodSi13-26, with the
b) a source of anions, other than halide anions; and
c) a source of bidentate ligands of the formula
R1R2M1RM2R3R4 (1)
wherein M1 and M2 independently represent a phosphorus,
arsenic or antimony atom, R represents a bivalent organic

\Uv

bridging group containing from 1 to 4 atoms in the
bridge, Rl and R2 together represent a bivalent
substituted or non-substituted cyclic group whereby the
two free valencies are linked to Ml and R3 and R4
independently represent a substituted or non-substituted
hydrocarbyl group, or together represent a bivalent
substituted or non-substituted cyclic group whereby the
two free valencies are linked to M? and in the further
presence of a catalyst promoter comprising a source of
halide anions such that the molar ratio between halide
and platinum group metal cations is at most 3:1.

In the present specification the metals of the
platinum group are defined as the metals with the atomic
numbers 28, 46 and 78, i.e. nickel, palladium and '
platinum. Of these, palladium and platinum are preferred.

Examples of suitable metal sources are platinum or.
palladium compounds such as salts of palladium and nitric
acid, sulphuric acid or sulphonic acids, salts of
platinum or palladium-and carboxylic acids with up to 12
carbon atoms, palladium- or platinum complexes, e.g. with
carbon monoxide or acetylacetonate, or palladium combined
with a solid material such as an ion exchanger or carbon.
Palladium(II) acetate and platinum{(II) acetylacetonate
are examples of preferred metal sources. )

As anion source, other than halide anions, any
compound generating these anions may be used. Suitably,



Thi s Sheet Has Bee Rﬁ@bAEENﬁ%ﬂiSHEEW ference that no catal yst pronoter was
applied. The resultls [are TncTuded njTable Il to highllight the preference
for the copresence jof 1}??8|3 ofjot er. Exanpl e 29 An experinment was

es

RRLR
carri ed out, subst ntia?ly as cliped with re
with the differencqg t ' cat al yst %$§%%Pg$5ﬁéggpgﬁgf&' 12?g%SA
was added. Fromthg results, as givenp ir Iabke 11, it can be seen that the
rate of the reactlon |s I NCI eased, net h s I par af fins
ate of he, T ARAIILTS LICLaRed, Teclhelin, He s bl oncel P o yot
pronoter. Exarﬂbmmwn mxepelro rpergserase oaff rtl'eml snﬁtverm-bst antially as

described with regpeq s W o) ddbs O GRESL Nt e

reaction tenperature vvasé)i err |
mixture of a sulphone with a protic solvent, such as an

alcohol. In the hydroformylation of olefins, typically an
alcohol is selected which is identical or similar te an
alcohol as obtained in the hydroformylation reaction.

The amount of solvent to be used in the process of
the invention may vary considerably. It is within the
reach of those skilled in the art to establish in each
case the degree of cooling and the optimal amount of
solvent required for the formation of a multiphase liquid
reaction medium. The experimental results provided
hereinafter, are also indicative for the amount of
solvent, preferably to be used.

The process of the invention is eminently suitable to
be used for the preparation of alcohols from internal
olefins at high rate, in particular by using a catalyst
system as‘defined above, based on palladium as platinum
group metal.

Furthermore the process is very useful for the
preparation of aldehydes having a high linearity, in -
particular by using a catalyst system as defined above,
based on platinum as platinum group metal. _

The invention will be illustrated by the non-limiting
examples, as described hereinaffer. The abbreviations,
used in the Tables have the following meanings:

BCPE = 1,2~ bls(l 4-cyclooctylenephosphino) ethane
TFSA = trifluoromethanesulphonic acid

t-BSA = tert-butanesulphonic acid

EH = 2-ethylhexane-1i-ol

[
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i



that instead of 2, lc_acid, 5 nmmol of 2,6- dichlorobenzoic
acid was used as ¢ EMENW“&HEETF%on1the results, as given in Table
11, it can be seen fhar by-using 0, o-di hal o conpound mhich will less

easi-ly - generate (hgli h reaction r t .S |n S but t
the paraffin productioﬁ%@nﬂﬂ%&%ﬁ oy 1% Exarrpl% §it'tﬂﬁe f ?\%ﬂ’ gé&é
carried out, substjarttakly. brifbed with respect to Exanples 24 and 25,
with the differende that instead of |2, 54l chl orobenzoic acid, 5 mmol of

2, 5- di hydr oxybenzor ¢ acTt-was—tsee-4as catalyst pronot er . From t he results,
as given in Table Ill, it can be seen that by using a pronoter which is not

capabl e of ﬁf&ﬁﬁi%k_ﬁ_ggi%de ani ons, the additional inprovenent achieved in
the co-presence of a catalyst pronoter as regards.reaction rate and
paraffin product FBR PIPRELMgREScVEYS E%ﬁﬁ'qb?@ qutThB @xpaPi Ment HRglELLOY
performed sgbs{ansTeLiyvaseoadtpedemark) magnetically stirred autoclave.
The autoclave was charged with 30 ml of i-Cy=, 25 ml

(or 45 ml) of EH, 6 ml of sulfolane, 0.25 mmol of palladium

(II) acetate, 0.6 mmol of BCPE, 0.5 mmol of TFSA and a

catalyst promoter.

After being flushed, the autoclave was pressurized with
a 1:2 molar mixture of carbon monoxide and hydrogen up to a
pressure of 60 bar and subsequently sealed. The temperature
of the mixture was raised to the pre-set value.

After a reaction period of 3-10 hours, the reaction was
discontinued and the'reaction mixture cooled to ambient
temperature.

A sample was taken from the contents of the reactor and
analysed by Gas Liquid Chromatography. The i-C,; =
conversion was >99%; further details and analytical results
are compiled in Table I. The calculated conversion rate is
expressed as moles of product per mole of atom of platinum
group metal per hour (mol/mol.h). From this table it can be
seen that the addition of a catalySt promoter is very
beneficial in respect of the reduction of paraffin formation
(cf. Examples 16-19 hereinafter).

Example 15

An experiment was carried out, substantially as
described with respect to Examples 1-14, with the difference
that 45 ml of EH and, instead of BCPE, 0.6 mmol of BDPE was
used.

The i-C,;= conversion was > 99%. Further details and
results are included in Table 1I.

mpa ive Exa

A comparative experiment was carried out, substantially
as described with respect to Examples 1-14, with the
difference that no catalyst promoter was applied. The
results are included in Table I to highlight the preference
for the copresence of a catalyst promoter.



d for Exanples 1-2. The autocl ave was
ne dinmers ("Dl MERSOL"), 50 ml of a
solvent, 0.25 mmuyl o;agghhﬂﬂk%n( acetate, 0.6 nmol of bi sphosphine

i gand and a spegi fi of { ah aci d catal ygt, conponent. Eurther

: indl ytical resulfs]are provi dedéﬁ"tﬁsq@g‘l’ éﬁF?/t."?#e‘t]&Mom?aof
produced paraffimps was | ess than 1p6 Exanples 33 - 39 The experinents were
performed subst ar Lhkd i nmgxanpl e 32. The autocl ave was
charged with 20 ml of a branched ol ef.in (either "D MERSCL", propyl ene
trimer = PT-3 or diisobutylene), 0.28 mml of palladium(ll) acetate, 0.6
mmol “of bis ' i pecified anmount of an acid catalyst

conponent, a speciired anou a solvent and a specified anount of
catal yst pronot ef. CPGPRKaElvVe experiment was carried out, substantially

as described with respect to Examples 1-14, with the
difference that instead of a catalyst promoter, 0.3 mmol of
t-BSA was added. From the results, as given in Table I, it
can be seen that the rate of the reaction is increased.
Nonetheless, the'production of paraffins is higher that in
the experiments carried out in the presence of a catalyst

. promoter.
Example 18

An experiment was carried out, substantially as
described with respect to Examples 12 and 13, with the '
differences that the reaction temperature was 99° C and that
instead of 2,5-dichlorobenzoic acid, 5 mmol of 2,6-
dichlorobenzoic acid was used as a catalyst promoter. From
the results, as given in Table I, it can be seen that by
using an o,o0-dihalo compound which will less easily generate
halide anions, the reaction rate is increased, but that the
paraffin production is not below 1%.
Comparative Example 19 .
A comparative experiment was carried out, substantially

as described with respect to Examples 24 and 25, with the

- difference that instead of 2,5-dihydrochlorobenzoic acid, 5
mmol of 2,5-dihydroxybenzoic acid was used as catalyst
promoter. From the results, as given in Table I, it can be
seen that by using a promoter which is not capable of
generating halide anions, the additional improvement achieved
in the co-presence of a catalyst promoter as regards reaction
rate and paraffin production is not achieved.

- 22 - to the prkgﬁ%g&gggg&ﬂFs '
charged with 20 1 el

details and the




details and results af
experinents were perf
1-2. The autocl ave wa
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- 50 The experinent was perfornmed substantiallly as
10-47. The autocl ave was charged with 20 nml of

of platinum(ll) acetyl acetonat ¢,

N

~N

@

o

o

i .

Linearity

(%)

Cygs-alcohols

70.9
72

71

71

71.8
75

70.3

69.5

65.8
68

70.7

73.6

69.7

70.6
70

70.8
70

76.7

74.2

Rate

(mol/-

mol.h)
125
450
500
450
400
200
300
275
450
200
450

350
350
375

360
300
125
250

150

Temp.

(°C)

96

96

98

98

96
100

98

98

95
29
118

99
96

96

95

99
95

99
100

Promoter {(mmol)

HC1 (0.1)

HC1 (0.05)

HCl (0.1)

HBr (0.1)
J HI (0.1)

t-BSA (0.3)

NaCl (0.1)

NaCl (0.25)

MgBry.6H0 (0.1)

ZnClp (0.13)

Zniy (0.1)

triphenylmethylphosphoniumchloride (0.1)

2, 5-dichlorobenzoic acid (5) + 45 ml EH

2,5-dichlorobenzoic acid (2) + 45 ml EH

2, 6-dichlorobenzoic acid (5) + 45 ml EH

2, 5-dihydroxybenzoic acid (5) + 45 ml EH
2,3,5-trichlorobenzoic acid (0.1)

ZnCl, (0.12) + 45 ml EH

Example

No

28

13
14
15

16
17
29

18
19
20

22
23
24

25

30

31

26

27
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This Sheet Has Been Re laced - 23 - 0.3 nmol of bisphosphine |igand, a
specified anmount of an acid catal yst conponent and (for Exanple 51) a
Spec| fi ed amunt—of-—a _cat al VQT pr OITDt er. Further details and results are

provi ded in TabI Ies 51 - 54 The exper : etfor ned
substantially a ﬁ arrpl es 40-47 w %ggﬁ%t%\?bggfeggo‘l?wﬂg%%
of propene was

carried out u5|ng 0.3 |nstead of 0.6 l,_of bi sphosphi
selectivity to butanals was >98% "Further details and rEbUILo at-e V

in Table VI.

desciibed in Exanples 53 and 54, using a slightly diffgr
and a carbon oxide to hydrogen nol ar rak! %fsl:Z. Furﬂh dP'ralls and

resujts are

of 1-octene. Exanples

MBDA@I\HENF

Exanpl e 55 The experinents were perforned|syb 3nt|a aj
Wﬁé s

.

l. A process for the hydroformylation of ethylenically
unsaturated compounds by reaction thereof with carbon
monoxide and hydrogen in the presence of a catalyst
system comprising:
a) a source of platinum group metal cations:
b) a source of anions, other than halide anions; and
C€) a source of bidentate ligands of the formula
RIRZ2M1RMZR3R4 (I)
wherein M1 and M2 independently represent a phosphorus,
arsenic or antimony atom, R represents a bivalent organic
bridging group containing from 1 to 4 atoms in the
bridge, Rl and R2 together represent a bivalent
substituted or non-substituted cyclic group whereby the
two free valencies are linked to M! and R3 and R4
independently represent a substituted or non-substituted
hydrocarbyl group, or together represent a bivalent
substituted or non-substituted cyclic group whereby the
two free valencies are linked to M2
and in the further presence of a catalyst promotef comprising
a source of halide anions such that the molar ration between
halide and platinum group metal cations is at most 3:1.

2. A process as claimed in claim 1, wherein the molar ratio
between halide and platinum group metal cations is in the
range from 0.02:1 to 1:1.

3. A process as claimed in claim 1 or 2, wherein the
catalyst system is based on a palladium or platinum compound.

4. A process as claimed in any one of claims 1 to 3,
wherein the catalyst system is based on a source of bidentate
ligands of formula (I), wherein M! and M’ each represent a
phosphorus atom.

This Sheet Has Been Replaced
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provided in Table VI. a 57 The experinents were perforned

substantially asLﬂﬂ ] | npl es 51-52. The autocl ave was charged

with 20 m of pr mm%,mﬂﬂct anol, 0.25 nmol of palladiun(ll)

acetate, 0.6 mmol *of ¢ bilsphosphi ligand and a e ) yst

pronoter. Further details and results ar#%?ovi%%%ﬁzt%feé.ﬁ%gowé J%i%ﬁr%}g?s 58

- 62 The experi{gggéééﬁyw%-%'ngﬁggqs gggﬁtantially as described in Exanpl es
| e

51 and 52, usin erent "ol efins_and substituted ol efins, .instead of
propene. In al |5 exfeRuasess afechaiBadsburary e 5 sHadmol ¥darand 0.5

nmol of [err]. WHiddiel igettalel Biaéﬁté€§uli?a1@d%ﬂrﬁb/ﬁndﬂfh i(I)Table VI,

Exanpl es 63 - (¥%é¥g%é%¥%e%hng Lglgggegggﬁpprned, substantially as
6. A process as claimed in any one of claims 1 to 5, -
wherein in the bidentate ligand of formula (I) the
biv ant cyclié group, represented by Rl together with
R2, is a cycloalkylene group having from 6 to 9 ring
atoms, preferably 8 ring atoms.
7. A process as claimed in any one of claims 1 to 6,
wherein in the bidentate ligand of formula (I) R3
together with R4, has the same meaning as Rl together
with RZ, whereby the two free valencies are linked to M2,
8. A process as claimed in any one of claims 1 to 7, for
the hydroformylation of ethylenically unsaturated
compounds having at least 4 carbon atoms by reaction
thereof in a single phase liquid medium, followed by
effecting the formation of a multiphase liquid reaction
medium comprising one phase in which substantially all
platinum group metal cations is present and at least one
further phase containing a major portion of the )
hydroformylated product.
9. A process as claimed in claim 8, wherein the _
formation of the multiphase liquid reaction medium is
effected with the aid of an inert solvent capable of
selectively dissolving substantially all platinum group
metal cations from a single phase liquid medium con-
taining dissolved platinum group metal cations and
hydroformylated product, such as sulfolane, an alkyl- or
dialkylsulfolane, by cooling the reaction medium
subsequent to the reaction.
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24 described in Exanples 59 and 60. In all experinents, the initial rate

(addition of the first nmethylol group) wasifound to be very high (e.g., in

0.5 'hour di cycl opent adi ene was converted for 100%into one of its .

monoal cohols, 8- respectively 9-nethylo [err] s addjti of he

second nethylol group required nore t| aboutsqgﬁ E?§$ eku?ﬁhé¥ W1 s

and results are provided in Table VII. This Sheet Has Been.Re_ laced AS)
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HYDROFORMYLATION PROCESS

Process for the hydroformylation of ethylenically
unsaturated compounds, by reaction with carbon monoxide
and hydrogen in the presence of a catalyst based on a
metal of the platinum group, a source of anions other
than halide anions and a bidentate ligand of the formula
RIR2MIRM2R3R4 wherein Ml and M2 are phosphorus, arsenic
or antimony, R is a biwvalent organic bridging group with
1 to 4 atoms in the bridge, Rl and R2 together represent
a bivalent cyclic group and R3 and R4 independently
represent an optionally substituted hydrocarbyl group or
together represent a bivalent substituted or non-
substituted cyclic group whereby the two free valencies
are linked to‘M2 and in the further preseﬁce of a catalyst
promoter comprising a source of halide anions such that the
molar ration between halide and platlnum group metal cations
is at most 3:1.

Wi~
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alkoxy groups with 1 to 4 carbon atoms, halogen atoms or
(C1 to Cy alkyl)amino groups.

Examples are alkyl groups such as ethyl, isopropyl,
sec~-butyl and tert-butyl groups, cycloalkyl groups such
as cyclopentyl and cyclohexyl groups, aryl groups such as
phenyl and tolyl groups and bivalent groups such as a
hexamethylene groﬁp. However, preferably R3, together
with R4 represents a bivalent cyclic group, in particular
the same group as the group represented by Rl together
with R2, in which case the two free valencies of the
bivalent cyclic group are, of course, linked to M2,
instead of M1. Thus, preferred bidentate ligands of

- formula (I) are 1,2-bis(1l,4-cyclooctylene-
. phosphino) ethane, 1,2-bis(l,5-cyclooctylene-

phosphino)ethane and mixtures thereof.

For thewpreparation of the bidentate ligands,
reference is made to known techniques, for example the
method disclosed in GB-A-1,127,965.

The quantity in which the catalyst system is used, is
not critical and may vary within wide limits. Usually
amounts in the range of 10~8 to 10~1l, preferably in the
range of 10-7 to 10~2 mole atom of platinum group metal
per mole of ethylenically unsaturated compound are used.
The amounts of the participants in the catalyst system
are conveniently selected such that per mole atom of
platinum group metal from 0.5 to 10, preferably from 1 to
6 moles of bidentate ligand are used, from 0.5 to 15,
preferably from 1 to 8 moles of anion source or a complex ~
anion source. | .

The process of the present invention
consists in the presence of a catalyst promoter,
comprising a source of halide anions, with the proviso
that the molar ratio between halide anions and platinum
group metal cations should be at most 3:1.

If larger amounts of halide anions are present, the
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CLAI MS 1. A process for the hydrofornylation of ethylenically

unsat urated conpounds by reaction thereof with carbon nonoxi de and hydrogen
in the presence of a catal yst system conprising: a) a source of platinum
group netal cations; b) a soufce of anions, otl8ubstiate steeédetdel @riubyd;9901d
c) a source of bidentate |igands of the fornula [err] (1) wherein
[err] and M2 independently represent a Egogphorus, arseni ¢ or antinony
atom R represents a bivalent organic biidging group containing from1l to 4
‘atonms in th&aouakes, [&9 r¢ounkeRthogmnawhatepinereased par ehtnsubsti tut ed

or non- substddudAd GV AUE & P MRILRE (i s vdme, val encies are |inked

to [err] and R3_gnd R4 i ndependently represent a substifjuted or
non- subst i t ut ed MyHUFET IR SHIFERESoMaYo I P MFeche ROt HfARR k2
substi t ut ed miixtinde SO iSulltdnRy Wilth @ @Hp tikersilydnts tsucH ree aml enci es

are |1 nked % ég%ol. In the hydroformylation of olefins, typically an
alcohol is selected which is identical or similar to an
alcohol as obtained in the hydroformylation reaction.

The amount of solvent to be used in the process of
the invention may vary considerably. It is within the
reach of those skilled in the art to establish in each
case the degree of cooling and the optimal amount of
solvent required for the formation of a multiphase liquid
'reactiOn medium. The exbefimental results provided
hereinafter, are also indicative for the amount of
solvent, preferably to be used.

The process of the invention is eminently suitable to
be used for the preparation of alcohols from internal
olefins at high rate, in particular by using a catalyst
system as defined above, based on palladium as platinum
‘group metal.

Furthermore the process is very useful for the
preparation of aldehydes having a high linearity, in .- .
particular by using a catalyst system as defined above,
based on platinum as platinum group metal.

The invention will be illustrated by the non-limiting
‘examples, as described hereinafter. The abbreviations,
used in the Tab;is have the following medhings: '

BCPE~ = 1,2-bis(1,4-cyclooctylenephosphino) ethane-
BPE - © = 1,2:bis(2,6-dimethyl-1,5-cyclooctylenepiosphipo)ethane

TFSA = triflﬁoromethanesulphoniémgéidu

t-BSA = tert-butanesulphonic acid

EH = 2-ethylhexane-l1-ol
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4. A

is at nost 3:1.

cati ons

in the further presence of
A process as cl ai ned

wherein the catal yst system

carried out
cations is in the range from0.02:1 to 1:1.

clains 1 to 4

rati o between halide and platinum group netal

3. A process as clained in claim2, wherein théubstiduter sheat -0t Wady 11089 de

a catal yst pronoter conprising a source of halide anions such that the
and pl ati num group netal

nol ar

is based on a palladiumor platinum conmpoupg- 5.

process as clainmed in any one of clains 1 to 3,

2. Aprotess as claimed in claim1,
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represents ap.ethylene group. 7. A process as claimed in any one of clains
1 to 6, wher |ﬂfpuﬁcgnggp@qE@$ e ligand of ‘forrmula (I) the bivalent cyclic
group, repre e.Lt etlher with R2, is a cycl oal kyl ene group havi ng
fromi6 to 9 %r@ rg efferfably 8 ring at onsSultitute shestes$6aklyg1@98d
In any one o : J' 9§97, erein in the bidentate ligand of fornula (1)
R3 together Wwkh R4, has th ame nmeaning as Rl tqgglher w th R2, whereby
‘the two freefvalencies are lirfked to [err]. 9. A procé§§‘as_e+a+ﬁed_Ln any
one of cl ai p—t-o-8—f0r - __tlle hydrofgrnylatlon of

unsat urat ed conpounds having at |east 8car bon” at drerm MI’Mr eof in
a single phase liquid nmedium followed by effectlﬁg t"hec

mul ti phase |iquid reaction nedium conprising one phase in mhlch
substantially all pl ati num group netal catlons I's present and at Ieast one

further phase containing a major pbeti8nloM Bhe hydrofornylated product.
10. A process as clainmed in claim9, wherein the

1. A process for the hydroformylation of ethylenically
unsaturated compounds by reaction thereof with carbon
monoxide and hydrogen in the presence of a catalyst
system comprlslng

a) a source of platinum group metal catlons,

b) a source of anions, other than halide anions; and

c) a source of bidentate ligands of the formula

~ RIR2mMIlrM2R3R4 ()

wherein Ml and M2 independently represent a phosphorus,
arsenic or antimony atom, R represents a bivalent organic
bridging group containing from 1 to 4 atoms in the
bridge, Rl and R2 together represent a bivalent
substituted or non-substituted cyclic group whereby the
two free valencies are linked to M} and R3 and R?
independently represent a substituted or non-substituted
hydrocarbyl group, or together represent a bivalent
substituted or non-substituted cyclic group whereby the
two free valencies are linked to M2

and in the further presence of a catalyst promoter comprising
a source of halide anions such that thgmﬁolar ratio between
halide and platinum group metal catiols is at most 3:1.

2. - A process as claimed in claim 1, wherein the molar ratia.
between halide and platinum group metal cations is in the
range from 0.02:1 to 1:1.

3. A process as claimed in claim 1 or 2, wherein the
catalyst system is based on a palladium or platinum compound.

4. A process as claimed in any one of claims 1 to 3,
wherein the catalyst system is based on a source of bidentate
ligands of formula (I), wherein M! and M’ each represent a
phosphorus atom.



formati an of the mul ti phase liquid reaction nediumis effected with the aid
of an inert solvent capable of selectively ‘dissolving substantially all

pl ati num group netal cations froma single phase |iquid mediumcon- taining
di ssol ved pl ati num group netal cati on;%émd hy drSubstityteasmebtpr D8 Wuly 199 as

sul fol ane, an al kyl - or dial kyl sulfol , by cooling the reaction nedi um
subsequent to the reaction. C21/ TSO019FF

-ABSTRACT

 HYDROFORMYLATION PROCESS

Process for the hydroformYlation of ethylenically
unsaturated compounds, by reaction with carbon monoxide
and hydrogen in the presence of a catalyst based on a
metal of the platinum group, a source of anions other
than halide anions and a bidentate ligand of the formula
R1R2MIRM2R3R4 wherein M! and M2 are phosphorus, arsenic
or antimony, R is a bivalent organic bridging group with
1 to 4 atoms in the bridge, Rl and R? together represent
a bivalent cyclic group and R3 and R4 independently
represent an optionally substituted hydrocarbyl group or
together represent a bivalent substituted or non-
substituted cyclic group whereby the two free valencies
are linked to_M2 and in the further presence of a catalyst
promoter comprising a source of halide anions such that the

molar ratio between halide and platinum group metal cations
is at most 3:1.
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promoter, to counter the somewhat - inéreased paraffin
formation due to presence of the solvent.

Mixtures of solvents may also be used, for example a
mixture of a sulphone with a protic solvent, such as an
alcohol. In the hydroformylation of olefins, typically an
alcohol is selected which is identical or similar to an
alcohol as obtained in the hydroformylation reaction.

The amount of solvent to be used in the process of
the invention may vary considerably. It is within the
reach of those skilled in the art to establish in each
case the degree of cooling and the optimal amount of
solvent required for the formation of a multiphase liquid
reaction medium. The experimental results provided
hereinafter, are also indicative for the amount of
solvent, preferably to be used.

The process of the invention is eminently suitable to
be used for the'preparation of alcohols from internal
olefins at high fate,_in particular by using a catalyst
system as defined aboﬁe, based on palladium as platinum
group metal.

Furthermore the process is very useful for the
preparation of aldehydes hav;ng a high 11near1ty, in .
particular by using a catalyst system as defined above,
based on platinum as platinum group metal.

The invention will be illustrated by the non-limiting
examples, as described hereinafter. The abbreVLatlons,
used in the Tables have the following meanings:

BCPE < 1 2-bis (1, 4-cyclooctylenephosphino) ethane-
BOPE = 1,2-bis(2,6-dimethyl-1,4-cyclooctyleneptiosphirolethane )
TFSA = trifluoromethanesulphonic acid

t-BSA = tert-butanesulphonic acid

EH

2-ethylhexane-1-ol
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