
;e3eyt3yq../40.0262T3NUB15 March 2002 Description 1 Process for preparing
aldehydes by hydroformylation uu~d~~w~ im~ne~w~ The present invention
relates to a catalyst and to its use for the hydroformylation of
olefinically unsaturated compounds having from 9 to i 8 carbon atoms using
hydrogen and carbon monoxide at superatmospheric pressure. it is known that
metals of group VIII of the Periodic Table of the Elements can be used for
catalyzing addition reactions onto olefinicalty unsaturated compounds. The
catalyst is frequently used as a solid which is insoluble in the reaction
medium (heterogeneous catalysis). One catalytic addition reaction of the
olefins which is important from the point of view of industrial utility is
hydroformylation. Here) aldehydes and alcohols are ,prepared by
reactian,.of olefins with carbon monoxide and hydrogen, with .the aldehydes
and -alcohols containing one more carbon atom than the starting olefin. The
catalyst used is customarily used in a homogeneous phase with the olefin.
The reaction is preferably catalyzed by hydridometal carbonyls of metals of
group VIII of the Periodic Table. Apart from cobalt, ~rrhich~~is widely
used industrially as catalyst metal, rhodium has achieved increasing
importance for, preferably, the hydroformylation of lower olefins. In
contrast to cobalt, rhodium allows the reaction to be carried out at
.J~vv..~ressu~e,.. and;..-ira addition, straight-chain n-aldehydes are
preferentially formed when using terminal olefins and iso-aldehydes are
formed only in subordinate amounts. Furthermore) the hydrogenation of the
olefinic compounds to form saturated hydrocarbons occurs to a significantly
lesser extent in the presence of rhodium catalysts than when cobalt
catalysts are employed. In the processes introduced in the industry, the
rhodium catalyst is used in the form of modified hydridorhodium carbonyls
which contain additional ligands which may be used in excess. Ligands which
have been found to be particularly useful are tertiary phosphines or
phosphates. Their use makes it possible to reduce the reaction pressure to
values below 30 MPa.   15 March 2002 2 However, the separation of the
reaction products and the recovery of the catalysts dissolved homogeneously
in the reaction product present problems in this process. In general, the
reaction product is distilled from the reaction mixture. However) owing to
the thermal sensitivity . of the aldehydes and alcohols formed, this route
can be employed in practice only in the hydroformylation of short-chain
olefins. Here and in the following,-,the term "short-chain olefins" refers
to olefins having not more than 8 carbon atoms in the molecule. Thus, US
A-4,151,209 discloses a hydroformylation process in~ the presence of a
catalyst comprising rhodium and triorganophosphines present in solution in
an inert solvent. Polyglycols having a molar mass of at least 500 are used
as solvent. According to the process disclosed, the catalyst and the
aldehyde formed are present as a homogeneous solution in the reaction
mixture from which the desired aldehyde is separated during the
hydroformylation reaction by continuous stripping using a gas mixture
comprising an olefin, hydrogen and carbon monoxide. In this process)
desired product and catalyst phase are subjected to thermal stress. The
hydroformylation of .long-chain olefins or olefinic Compounds having
functional groups forms products which have a high boiling point and cannot
be separated by distillation from the homogeneously dissolved rhodium
catalyst complex. The thermal stress on ~~~tt~e- material being distilled
leads to thick oil formation and thus to considerable losses of desired
products and of catalyst by decomposition of the rhodium complexes. Here
and in the following, the term . "long-chain olefins" refers to olefins
having more than 8 carbon atoms in the molecule. 



The problem of thermal decomposition is avoided if two-phase catalysis is
used. Here, there are two liquid, mutually immisible phases of which one,
namely the organic phase, comprises the olefin and the other, usually polar
phase, comprises the catalyst. Solubility of the catalyst in the polar
phase is a prerequisite for use of this process. On an industrial scale, an
aqueous phase is used as polar phase and a rhodium complex is used as
catalyst.   15 March 2002 2a The solubility of the catalyst in the aqueous
phase is achieved here by use of sulfonated triarylphosphines as
constituents of the complex. In this process variant, the catalyst is
separated from the reaction product after the hydroformylation reaction is
complete simply by separation of aqueous and organic phases, i.e. without
distillation and thus without additional thermal process steps. Such a
process is described, for example, in DE-C 26 27 364. A particular feature
of this procedure is that n-aldehydes are formed with high selectivity from
terminal olefins and only subordinate amounts of iso-aldehydes (i.e.
aldehydes branched in the a position relative to the aldehyde group) are
formed. Besides sulfonated triarylphosphines, carboxylated
triarylphosphines are also used as constituents of water-soluble rhodium
complexes. The use of water-soluble catalysts has also proven useful in the
hydroformylation of lower olefins, in particular propene and butene.
However, if higher olefins such as pentene or hexene are used) the   15
March 2002 3 reaction rate decreases noticeably. The economics -of the
reaction on an industrial scale are frequently no longer satisfactory when
using olefins having more than four carbon atoms. In order to increase the
conversion and/or the selectivity of the reaction to n-aldehydes in the
hydroformylation of higher olefins ~ by means of watersoluble ~ catalysts,
specific amphiphilic reagents or solubilizers have also been used. The
addition of these materials leads to an improvement in mass transfer
between the individual phases and thus the miscibility of aqueous catalyst
phase~and organic phase. Thus, DE 31 35 127 A1 describes the
hydroformylation of olefins using amphiphilic reagents. Table 7 shows that
the hydroformylation of f -dodecane by means of rhodium and monosulfot~ated
~#riphenylphosphine (3-Ph2PCgH4SOgNa) without addition of an amphiphilic
reagent leads to a conversion of 56% (Example 77), while the addition of a
specific, longchain alkyl ethoxylate of the formula Ct
2H2(OChJ~~k~.~.).~30H..,~xaaarketed by ICI Chemicals under the trade name
Brij 35) leads to a reduction in the conversion to 37% (Example 78). DE 34
12 335 likewise relates to the hydroformylation of olefins using quaternary
ammonium salts. As can be seen -from Table 4.) the hydroformylation of
hexene by means of rhodium and trisodium trim-sulfophenyl)phosphine without
addition of a solubilizer leads to a conversion of 36% (Example i 0)) while
an' addition of Q.~S% ~~of ~triethylene glycol (Example 14) or of 5% of
polyglycol 200 (Example 11 ) gives a conversion of only 43.5% and 43%)
respectively. In contrast, a very High conversion, namely 86%) is achieved
by addition of 2.5% -of trimethylhexadecylammonium bromide as solubilizer.
This document shows that only the addition of quaternary ammonium salts
results in an appreciable increase in the conversion. On the other hand,
neither the addition of triglycols or polyglycols nor a doubling of the
amount of these materials (from 2.5 to 5%) results in a significant
increase in the conversion. A disadvantage of the use of quaternary
ammonium salts as amphiphiiic reagents is, however, their poor
biodegradability. Thus) for example) the   (I) elnwao~ 
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ZOOZ 4~~gW 96   15 March 2002 5 f-~--~OCH~CN2)~ OH where  n is an integer
from 3 to 96; and  the number average molecular weight is less than 650;
(b) rhodium in elemental or bound form; (c) from 2 to 25% by weight of a
ligand) which is a water-soluble) sulfonated triarylphosphine; (d) not more
than 25% by weight of water. The catalyst of the invention is particularly
suitable for the catalysis of carbonylations or hydrogenations of
olefinically unsaturated compounds) for example alkoxycarbonylations)
hydroxycarbonylations or hydro sulfinations) in particular
hydroformylation. The catalyst of the invention is particularly notable for
the fact that, despite the very high concentration of the polyethylene
glycol of the formula (I), no significant increase in the amount of
'rhodium or ligand in the organic phase and thus no increased discharge of
the catalyst via the .organic phase is observed. In addition) organic phase
and aqueous catalyst phase demix so readily that rapid separation of
organic phase anti aqueous phase is ensured. When using this catalyst,
neither difficult-to-separate emulsions nor homogeneous solutions which
cannot be separated are formed. These properties of the catalyst of the
invention are ~ =s~urprising ~~~beeause polyethylene glycols of the formula
(f) are customarily used as solubilizers in the prior art. !n a preferred
embodiment of the invention, the catalyst comprises not more than 95% by
weight of the polyethylene glycol of the formula (I). In particular) it can
comprise from 80 to 85% by weight of the polyethylene glycol of the formula
(I). Polyethylene glycols which are particularly suitable for the catalyst
of the invention are those having a number average molecular weight of from
150 to 200. Examples of compounds of the formula (I) are polyethylene
glycols having a mean molecular weight of about 200 (PEG 200), 400 (PEG
400) or 600 (PEG 600J. 



For these polyethylene glycols, the terms have the following meanic~gs: ,
15 March 200Z 6  PEG 200 is a mixture of polyethylene glycols of the
formula H(OCH2CH2)"OH in which n is an integer from 3 to 6;  PEG 400 is a
mixture of polyethylene glycols of the ~ formula H(OCH2CH2)nOH in which n
is an integer from 7 to 10;  PEG 600 is a mixture of polyethylene glycols
of the formula H(OCH2CH2)nOH in which n is an integer from 11 to 16. These
mixtures have a corresponding mean molecular weight of about 200 (PEG 200),
about 400 (PEG 400) or about 600 (PEG 600). . The ligand is preferably a
water-soluble organic phosphine. Phosphines which have been found to be
particularly useful for the process of the invention are trisulfonated
triarylphosphines of the formula ~(II) Af' S03M' P Af2 so M2 (tl) Ar3 SO3M3
where  Art, Ar2 and Ar3 are each, independently ~-~rf -one another;~~-a
phenyl) naphthyl) biphenyl, phenylnaphthyl or binaphthyl radical;  M~, MZ
and M3 are each, independently of one another, an alkaline metal ion or an
ammonium ion. However, it is also possible for M1, M2 and M3 to be other
cations bearing a higher charge, for example alkaline earth or zinc
cations) in which case the need for electrical neutrality determines the
number of these cations. In a preferred embodiment of the present
invention) this sulfonated triarylphosphine of the formula (11) is a
trisulfonated triarylphosphine, in particular trisodium
trim-sulfophenyl)phosphine of the formula   15 March 2002 7 S03N~ S03Na ~\ 



P I S03Na Owing to its preparation by sulfonation of triphenylphosphine)
this trisodium salt additionally contains proportions of monosulfonated and
disulfonated compounds and small amounts of the corresponding phosphine
oxides. When using ligands containing at least one phosphorus atom, in
particular ligands of the formula {II), it has been found to be useful for
the catalyst to contain from 10 to 1000 ppm, preferably from 200 to
50Q"ppm, in,particular from 300 to 400 ppm, of rhodium. The ratio of
rhodium to ligand rtan here be from 1 : 10 to 1 : 1000, preferably from 1 :
50 to 1 ~: 200. The organic phosphine can also be a sulfonated
~triarylphospfiine~ having two phosphorus atoms and comprising, for
example, a -(CH2)X-Ar-Ar-(CH2)X- radical, where  x is an integer from 1 to
4, in particular 1 or 2, preferably ~1;  Ar-Ar is biphenyl or binaphthyl;
the -(CH2)X- group is attached by one bond to the respective aryl radical
in the ortho position relative to the aryl-aryl bond Ar-Ar connecting the
two aryl radicals and is attached by the other bond to a phosphorus atom
which in each case bears two further, identical or different aryl radicals)
in particular phenyl radicals. Examples of such sulfonated
triarylphosphines containing two phosphorus atoms are compounds of the
formula {III)   15 March 2002 8 S03M4 ~S~3M~~ ~'n, CH2 P ~ ~ 2 (I11) CHZ P
2 3 S03M ( 03M2) m 2 where  m~ and m2 may be 0 or 1, and the sum of m~ and
m2 is at least i; and  M~ ) M2, M3 and M4 are each) independently of one
another, an alkaline metal ion or an ammonium ion. However, it is also
possible for M~, M2, M3 and M4 to be other cations bearing a higher charge,
for example alkaline eai~h or zinc cations, in which case the need for
electrical neutrality determines the number of these cations. The organic
phosphine containing two phosphorus atoms can equally well be a compound of
the formula (IV) SOsMs)m S03MZ ~S03M3)m3 5 ' CHZ P Ci ~~ 



(IV) Y Y\ ~S03M6)ms \S03M~ tS03M4)ma where  mg, m4, m5 and m6 may be 0 or
1, and the sum of mg, mq., m5 and mg is at least 2; and  Mt) M2, M3, M4, M5
and M6 are each, independently of one another, an alkaline metal ion or an
ammonium ion.   15 March 2002 9 Here too, it is possible for M1, M2, M3,
M4, M5 and M6 to be other cations bearing a higher charge, for example
alkaline earth or zinc cations, where the need for electrical neutrality
determines the number of these cations. When using ligands of the formulae
(III) and (IV), it has been found-to be useful for the catalyst to contain
from 20 to 5D0 ppm, preferably from 30 to 150 ppm) in particular from 40 to
100 ppm, of rhodium. The ratio of rhodium to ligand can here be from 1 : 5
to 1 : 100, preferably from ) : 5 to 1 : 50, in particular from 1 : 8 to 1
: 15. Such triarylphosphines of the formulae (III) and (IV) containing two
phosphorus atoms have) in particular, from four to eight -S03M groups. The
-S03M groups are usually located on the aryl radicals ~ of the
-(CH2)X-Ar-Ar-(CH2)X- radical and on the two further aryl radicals which
are connected to the phosphorus. Alternatively, in place of sulfonated
triarylphosphines, the ligands used can be other triarylphosphines in which
the S03M group -is~~Y~eplacee!-by-otter groups which make the
triarylphosphine water-soluble, e.g. P03M2 groups. In a particularly
preferred embodiment) the catalyst ~-can be ..eased -for preparing
relatively long-chain aldehydes by hydroformylation of an olefin having
from 9 to 18 carbon atoms, in particular 12 to 14 carbon atoms. The olefin
can be selected from among aliphatic, .cycloaliphatic aad araliphatic
olefins, in particular from among aliphatic and cycloaliphatic a-olefins.
The olefinic compound can contain one or rriore carbon-cai"bon double
bonds. The carbon-carbon double bond may be terminal or internal.
Preference is given to olefinic compounds having a terminal carbon-carbon
double bond. Examples of a-olefinic compounds (having a terminal
carbon-carbon double bond) are 1-alkenes, alkyl alkenoates, alkylene
alkanoates, alkenyl alkyl ethers and alkenols. Without making any claim as
to completeness, examples of a-olefinic compounds are 1-dodecene,
1-tetradecene, 1-hexadecene and 1-octadecene. Further examples of suitable
olefinic compounds are --diisobutylene, tripropylene, Octol or Dimersol
(dimerization products of butanes)) tetrapropylene, acyclic, cyclic or
bicyclic terpenes such as myrcene, limonene and pinene.   15 March 2002 i0 



With regard to industrial use of the process, the olefin is particularly
preferably selected from the group consisting of 1-nonene) 1-decene,
1-undecene, 1-dodecene, 1-tetradecene, 1-hexadecene and 1-octadecene. In a
particularly preferred embodiment of the process of the invention, the
olefin is present in a liquid, water-immiscible phase under the reaction
conditions. The catalyst-containing aqueous phase can be prepared in a
comparatively simple way by dissolving a water-soluble rhodium salt, the
sulfonated triarylphosphines and the compound of the formula (I) in water.
Suitable rhodium salts are) without making any claim as to completeness:
rhodium(III) sulfate) rhodium(III) nitrate, fiodium(III) carboxylates such
as rhodium(II I) acetate, rhodium propionate, rhodium butyra~to~
and~rtro~fium 2-ethylhexanoate. The aqueous phase can be used directly in
the hydroformylation or can be subjected beforehand to preformation of the
catal~rst. ~-under reaction conditions in order to use it subsequently in
the preformed state. The catalyst-containing phase is preferably used in an
amount of from 2 x 10 s to 5 x 10 2 mol of rhodium per mol of olefinic
corrtpound. The pressure during the reaction is generally from 20 to 150
bar, preferably from 30 to 80 bar; carbon monoxide and hydrogen can be
added under a pressure of from 5 to 30 MPa, preferably from 10 to 18 MPa.
The ratio of carbon monoxide to hydrogen can be varied within wid~e~fimits,
ifi~is -useful to employ a ratio of carbon monoxide to hydrogen of from 10
: 1 to i : 30) in particular from 5:1 to 1:8, particularly preferably from
1:2 to 1:5. It is likewise advantageous to inject synthesis gas in a ratio
of carbon monoxide to hydrogen of from 1:1 to 1:5, in particular from 1 : 1
to 1:3, and, if necessary, later to inject pure hydrogen during the course
of the reaction. The temperature is usually in the range from 50 to 150C,
preferably from 100 to 140C. As reaction vessels) use is made of pressure
reactors having a magnetic or mechanical stirring or mixing device. Good
mixing of the phases present, i.e. of the polar phase, carbon
monoxide/hydrogen and) if present, the organic phase, has to be ensured
during the reaction. This can be   15 March 2002 11 achieved, in
particular, by intensive stirring and/or pumped circulation of organic and
aqueous phases. It is likewise possible to carry out the process
continuously. After the reaction is complete, the pressure reactor is
cooled, freed of carbon monoxide and hydrogen by releasing the pressure,
and the reaction mixture is taken out. When the mixing device is switched
off, the phases separate spontaneously within seconds. The organic phase
can be worked up by distillation and then, if required, analyzed by gas
chromatography. The following examples serve to illustrate the invention.
Example 1 (Comparative example): a): Preparation of the catalyst phase and
preformation 30 mg (0.166 mmol) of rhodium(III) acetate are diss~oJve~d in
-'19:5~rn1 'of a 0.6 M aqueous solution of the trisodium salt of TPPTS
(tris(meta-sulfonato) triphenylphosphine), corresponding to a molar ratio
of rhodium to ligand of 1 : 100) and 10.5 ml of degassed, ,distilled water,
arad~ir~tr~oduced ~under~~a stream of nitrogen into a 200 ml steel
autoclave. The catalyst solution prepared in this way is heated at 125C
under a synthesis gas pressure of 25 bar (CO/H2 = 1I1) for 3 hours) forming
the active catalyst complex. The solution becomes an intense yellow color.
b): Hydroformylation 120 mmol of 1-nonene are added to the preformed
catalyst solution from 1.a) under a reaction pressure of 30 bar and at 125C
via an upstream 200 ml steel autoclave under a slight overpressure.
-~'fie~~ratio of-olefin ~to rhodium is 1030:1. The hydroformylatiorr
reaction is started by switching on the magnetic stirrer. During a reaction
time of 3 hours, the temperature is held at 125C and the reaction pressure
is kept constant within a pressure band of t 3 bar by manual introduction
of synthesis gas. After 3 hours) stirrer and heating are switched oft) the
autoclave is cooled to 40-50C and the upper product phase is separated from
the catalyst phase by phase separation in a separating funnel. Product
phase and catalyst phase are weighed. The composition of the product phase
is determined by means of gas chromatography and ~H-NMR spectroscopy, and
the yield of hydroformylation products and the ratio of n-decanal ~to
iso-decanal are determined from the composition. The yield of
hydroformylation products is 4.3% and the n/iso ratio is 96 : 4.   15 March
2002 



12 Example 2: The procedure of Example 1 is ropeated) except that the
catalyst phase is made up from 30 mg of rhodium(III) acetate, 19.5 ml of a
0.6 M aqueous solution of the trisodium salt of TPPTS
(tris(meta-sulfonato)triphenylphosphine), corresponding to a molar ratio of
rhodium to ligand of 1 : 100, and 50 ml of PEG i 50, and a total of 15.7 ml
of water are distilled from this mixture under reduced pressure. The
catalyst phase thus contains 89.5% by weight of PEG 150.   15 March 2002 13
Examples 3 to 16: Comparative Examples 3, 6 - and 14 are carried out using
a method analogous to Example 1. Examples 4) 5, 7 to 13, i 5 and 16
according to the invention are carried out using a method analogous to
Example 2. In all examples) 30 mg (0.166 mmol) of rhodium(III) acetate,
19.5 ml of a 0.6 M aqueous solution of the trisodium salt of TPPTS
(tris(metasulfonato)triphenylphosphine), corresponding to a molar ratio of
rhodium to ligand of 1 : 100, and 120 mmol of the appropriate olefin are
used. The ratio of olefin to rhodium is 103D : 1 in all examples. The
further starting materials and their amounts and also the results of the
reaction are shown in Table 1. In Table 1, the following
terms/abbreviations are used:  "Olefin" refers to the olefin used; Rh
represents rho~dium(111)~ a~eta~te;  "H20 dist." is the amount of water
distilled off from the catalyst phase, in ml;  "PEG" refers to the
polyethylene glycol used; here, ~t~he-nur~ber-givera~in the table is the
number average molecular weight of the respective polyethylene glycol. The
amount of polyethylene glycol used in each of the Examples 4, 5, 7 to 13)
15 and 16 is 50 ml.  "Amount" is the amount of polyethylene glycol in the
catalyst phase) in by weight;  "t" is the reaction time in minutes;  "n:
iso" is the ratio of n-aldehydes to iso-aldehydes; "n.d." (not able to be
determined) here means that the ratio cannot be~~determirned~becacrse~bf
the low conversion.   Tabie 1i ' ExampleOlefin ~PEGH20 dist. m(, Amount [%
by weight]t [min]Conversion 



j%n: isoi *1-nonene---~ 1804.396:421-nonenePEG
15015.789.55095.398:23*1-decene---2401.5n.d.41-decenePEG
15012.785.56091.597:351-decenePEG 15015,789.53592.04. 98:26*1-dodecene--'
-180< 1n.d.71-dodecenePEG 4001082.218052.2 ~72:2881-dodecenePEG 2001284.7i
8075.072:2891-dodecenePEG 20012.785.512D81.573:27101-dodecenePEG
20015.789.512083.079:2111 ~1-dodecenePEG
1501082.218076.376:27121-dodecenePEG 1501284.?18081.673:27131-dodecenePEG
15015.7.89.i7073.3 ~72:2814*1-octadecene-~ --1800n.d.151-octadecenePEG 150
~12.785.544047.373:27161-octadecenePEG 15015,789.a44061.7, 71:29 * =
Comparative example j J 3 m -, z N 0 0 N   15 March 2002 15 Claims 1. A
catalyst comprising (a) more than 70% by weight of a polyethylene glycol of
the formula (I) H-(OCHZCH2)~ OH (~) where  n is an integer from 3 to 16;
and  the number average molecular weight is less than 650; {b) fiodium in
elemental or.bound form; (c) from 2 to 25% by weight of a ligand, which is
a water-soluble, sulfonated triarylphosphine; (d) not more than 25% by
weight of water. 2. A catalyst as claimed in claim 1 which contains
r~ot.~mr~e-#Man-95% by weight of the polyethylene glycol of the formula
(I). 3. A catalyst as claimed in claim 1 or 2 which contains from-80,,to
85% by weight of the polyethylene glycol of the formula (I). 4. A ,
catalyst as claimed in claim 1, wherein the .water-soluble sulfonated
triarylphosphine is a sulfonated triarylphosphine of the formula (II) Ar'
S03M' P ~Ar2 SO M2 3 Ar3 SO3M3 



where  Ark, Ar2 and Ar3 are each, independently of one another, a phenyl,
naphthyl, biphenyl) phenylnaphthyl or binaphthyl radical;   15 March 2002
16  M1) M2 and M3 are each, independently of one another, an alkaline metal
ion or an ammonium ion. 5. A catalyst as claimed in claim 4, wherein the
sulfonated _ triarylphosphine is a trisulfonated triarylphosphine) in
particular trisodium trim-sulfophenyl)phosphine. 6. A catalyst as claimed
in any one of the preceding claims which contains from 100 to 1000 ppm)
preferably from 200 to 500 ppm) in particular from 300 to 400 ppm) of
rhodium. . 7. A catalyst as claimed in any one of the preceding claims,
wherein the ratio of rhodium to the ligand is from 1 . 10 to 1 : 100p,
preferably from 1 : 50 to 1 : 200. 8. A catalyst as claimed in , claim 1,
wherein the water-soluble sulfonated triarylphosphine is a compound of the
formula (III) S03Md ' (S03M') m CHz P (lll) ~ CHZ P 3 S03M ~ 03M2) m z
where  m~ and m2 may be 0 or 1, and the sum of m~ and m2 is at least 1; and
M~, M2, M3 and M4 are each, independently of one another, an alkaline metal
ion or an ammonium ion. 9. A catalyst as claimed in claim ~ , wherein the
water-soluble sulfonated triarylphosphine is a compound of the formula (IV)



15 March 2002 17 s SO M SCsM~ (SC3M~)m3 )ms CHI P- i (IV) C H2 _ p .~. r
(SO~M~) S03M' (S43M4) rns m4 where  m3, m4, ~m5 and ms may be 0 or 1, and
the sam of m3) m4, m5 and mg is at least 2; and  M~, M2, M3) M4, M5 and M6
are each, independently of one another) an alkaline metal ion or an
ammonium ion. 10. A catalyst as claimed in claim 8 or 9 which contains from
20 to 500 ppm, preferably from 30 to 150 ppm, ie~~~a~fet~lar fi~r~m ~~4~0
~tfl 100 ppm) of rhodium. 11. A catalyst as claimed in any one of claims
8..fa 9.f~., uutaereixa.fl~.e~.catio of rhodium to the ligand is from 1 : 5
to 1 : 100, preferably from 1 : 5 to 1 : 50, in particufar_from 1 : 8 to 1
: 15. 12. A process for preparing aldehydes, which comprises reacting a
Cg-C lg-olefin with hydrogen and carbon monoxide in the presence of a
catalyst as claimed in any one of claims 1 to 11. 13. ~ The process as
claimed in claim 12, wherein the olefin is selected frDm among aliphatic,
cycloaliphatic and araliphatic olefins, in particular from among aliphatic
a-olefins and cycloaliphatic olefins.   15 March 200Z 18 14. The process as
claimed in claim 12 or 13, wherein the olefin is selected from the group
consisting of 1-nonene, 1-decene, 1-undecene) 1-dodecene, ~ 1-tetradecene,
1-hexadecene - and 1-octadecene. 15. The process as claimed in any one of
claims 12 to 14, wherein the olefin is present under the reaction
conditions in a liquid phase which is immiscible with the catalyst. 16. The
process as claimed in any one of claims 12 to 15, wherein the catalyst is
used in an amount of from 2 x 10~ to 5 x 10 2 mol of rhodium per mol of
olefinic compound. 17. The process as claimed in any one of claims 12 to
16, wherein the pressure during the reaction is from 20 to 150 bar,
preferably from 30 to 80 bar. 18. - The process as claimed in any one of
claims 12 to 'f7, wherein the temperature during the reaction is from 50 to
150C, preferably from 100 to 140C.
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