.; e3eyt 3yq. ./ 40. 0262T3NUB15 March 2002 Description 1 Process for preparing
al dehydes by hydrof ornyl ati on uu~d~~w~ i m~ne~w~ The present invention
relates to a catalyst and to its use for the hydrofornyl atiagn of

ol efinical |y unsaturated conpounds having from9 to i 8 car 18Mafch2902si ng
hydr ogen and carbon nonoxi de at superatnospheric pressure. it is known that
nmetals of group VIIlI of the Periodic Table of the El enents can be used for
catal yzing addition reactions onto ol eflinicalty unsaturat m The
catalyst is frequently used as a solid which is insol ubl ee, mﬂmmmmﬂm' on
medi um (hetgé]é&;@ﬂgﬁus catal ysis). One catal ytic addition reactdQR.of the
olefins which 1s inportant fromthe point of view of industrial utility is

hydrof ornmyl ati on. Here) al dehydes and al cohols are , prepa_rﬁm W

react | an, . Frosbe idtprubafng aldehydes by rydrofntylaenogen, i [ ﬁmﬂwﬂﬂﬂlIWbydes
and -al cohol s containing one nobie cafbon atom than the starting ol’e . The
catal yst used is customarily used in a hombgeneous phase with H80l efin.

The re«\'sl/ﬂll Thel prosaiteimBntiopatrelayesdoby latalystomeidalto cits basy | forotheret al s of
group

of,_ the Per.jodic, Tabl e. a r a ~r.r hi.ch~=i s i dely
dsed’ i naushiptarpgmyiBlios o piekiaaly 4 ahiralc B80S havibd el BB 1 g
i mpor t ancecérbon atome usirigy hydriogehyand tarbar atonoxidef at superatrnespheric | n
contrast tg.cQ %t, rhodium all ows the reaction to be carried out at
.J~vv..~reSsu~e,.". and;..-ira addition, straight-chain n-al dehydes are
preferentially formed when using term nal ol efins and iso-al dehydes are
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Cﬁt g! ysts em?apenn#szymb chtalydids freqoeatieasedasal golﬁaﬂ (\jnmndn isﬁingqubln ivnyij t h?a
r hodi um c . i Efie ri dor hodi um car bonyl s
whi ch cont H%gé@@ﬁﬁ%%&%@&%@%%@ usedyi n excess. Ligands \>//\hi ch
have been found to be particularly useful are tertiary phosphines or
phosphat eSOneT;ht%téngﬂé AdUNGT rédctiRpSel e oldlinsolHiRn iMRngciRiit smPhessure to
val ues bel ow 30 a. . éﬁsl\/a@ﬁ{tj 2002(12 {‘—?gweg:ir the separation of the
reacti on pripliehvew Rf industralutliity s Rydrofmy:ation, st s di ssol ved homogeneousl y
in the reddéieraldehyes qnﬂeag:mmsrahéqnepamq bysrgaationssf olefingewdthal , t he
reaction t . o1 €. paGhHL 0 e. owi ng to
t he ther rr&faqggﬁ's ﬂ%ﬂ@é . H&? th &é@%‘gh%@s 'Clg%d%zla(?%ctﬁ{]dgss‘ %r{(?rjvngés@lﬁi S rgut e
can be enplosjaiting opeadore cashey atam thamae ctarting slafien Tdie eatalystchain
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[ Vi ul e. us,
a2 151, D38RAL o dReratRhy ARy BY torEpGiBlel StronyRe of etk Slo; o
cat al yst aqrogp iMlingf theoReriodianBablei épganfrphospbalhewhisheisewidelynusedut i on in
an inert I j ; i ; are used
as sol ven?@'ﬁ@%‘%?ﬁg‘zﬁ ?H éyf'ﬁéébdr?'g‘\ﬁé’g’g' lﬁl”é% %Es'g . th@rggé'gpgﬁbgﬁﬁg? he
al dehyde ffef ipsefesalaly pthes Bydrofermylatiom gk irwersoleding: I rontrastnte ¢ehalh i on
m xture frRodivh elloivBethde peactidna el day Barricd ePatalond.plesdurg,. BRE, .in

hydr of ormyl atj on reaction.by caniinuo tr n in as m.xture
compri 8i neaHioBy SPNtRRIT Yerldanudess Ao righealial T B8 Rk <)
ﬂegi r;ad ptarinal woldfinsat ahg sisgpalsiebydes atd) E)lnﬂned! tanly har netbartlinets.  The

r of or - C n : ne n
fﬁncti ong%hgédgu%sgpgp%s%§?90 u%t 99%%&%&5“2@?&@%% %&B@W#Y%ng cannot
be separ afamh satusated hydrocarbansoasauie tnmm#mrglyyleasgrs@xt@a_a iny thgdi um
cat Slsytsg ?ﬁaéd&w%gi-olfﬂ%@dihh%%iys%éf wHBnbbbhltb%tal?@l{seﬁrb%mﬁléy@@. di still ed

formation "and thus to consi derable | osses” of desired
products and of catal yst by deconposition of the rhodi umconpl exes. Here

ﬁnd- in thg ﬂ@hﬂ,,@@bgg@s tmmd@@ﬂlin_tﬁéqhﬁmjsm@itme iﬂh@dihﬁ‘ﬁéatraqfs@wuééd il efins
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which contain additional ligands which may be used in excess. Ligands
which have been found to be particularly useful are tertiary phosphines or

phosphites. Their use makes it possible to reduce the reaction pressure to
values below 30 MPa.




~ The probl-em of thermal deconposition is avoided if two-phase catalysis is
used. Here, there are two liquid, nutually inmm sible phases of which one,
nanely the organi c phase, conprises the olefin and the othe us a%‘lia(/% pol ar
phase, conprises the catalyst. Solubility of the catal yst i Lib

phase is a prerequisite for use of this process. On an industrial scale, an
aqueous phase is used as pol ar phase agf a rhodi umconplex is used as

catal yst. 15 March 2002 2a The solubidity of the catalyst in the agueous
phase is achieved here by use of sulfonated triaryl phosphi nes as

Cepar at 23” vk 830r hon, Al Rl Rt A JPotah ofdber Ton 1

conplete s )}S 9y dissolvest |lmmogeaquslrantlleor@antmn ppexhect ipresenti t hout

girzf:ie!s!salt!sggoetggﬁst)'géméﬂg%npwgeh DE‘ P%%&%' @Wﬁ par?ﬁ%ﬁl@#ﬁf eature
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erm na

and ,on rdin t nts of iso-alde es (|L.e.
b dehyaes BAahides 3 Rlcbnalt Bmds S PR ol et Bovith JidTattines; ar e
f or med. Be@nMdﬁtheJthm&meabImmot/klptbrMhblmdef ng.ar boxyl at ed
triaryl phosphines are al so used as constituents of water-soluble rhodium
conpl exes. The use of water-soluble catalysts has al so proven useful in the

hydr of or rruﬂeute anddh thevfellowing.jthe, term shart-chaiarolpfioperafeimitd iolafinse.
However, ne are used) the 15
Mar ch 200 a?ﬁr‘%g@{@ﬁé?gﬁaﬁﬁgg?é@ﬁﬁgfpgeeaq'y. he econom cs -of the
reaction on an industrial scale are frequently no longer satisfactory when

usi ng ol efyriss, haug-ng4 %ﬁezowams&msescar trwur latiof qud@ésé Oinf Nheease the
conversion and/or the sel e[: * 'ﬁ ﬁ?@‘ﬁacu on, ta n dEs in the
hydr of or mA"&ePP o JFIRIVSE 9 Q"S'"Qy HO gn q/vatf'gfgﬁﬂqu\oé €5t al yst s,
s ggmt fic gprpsemthinl saluticrageansnert sovertii Polyghycotsakiaviag so mulanmassof The

ion I o) r v er
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bet ween t he i hus uedus cat al yst
phase~and catajysti ang Hae al deiwdg fopped jarepresent,as ae*sfamme@ewre solution

hydr of or mih gd PEac@onGhBhireSfrotHi VIRicR TR dBbiréd @ldéh%@ﬂé gepafle® darinfovs t hat
t he hydr of or m_and non uI f ot ~at ed

I
e phenyIt5h VHRRERYBtieh Joag BRSNS UERS ot ReaB, D or 958 TRRGRE phi | 1 ¢
reagent | eadwprising arowlefirsi bydrofjeh6ahd Eoeabph emdipxidehilnethis radels,i on of a

;ag(mo&g e%ngﬁ?%%ﬂlm xaag%ébgﬁgg% F%ﬁéem%lgg%lns g?sst he trade nane

Brij 35) leads to a reduction in the conversion to 37% (Exanple 78). DE 34

12 335 |i kg ﬁ?dtfo%mﬁ)ﬂétté@ drhienychiani eldfinsabi olefiic @bﬁfpmtmdssm?nguat ]gar nary
lLlati on o

t he hydr.of
hexene. by TREHREabOrP B BATENATaHeC AT (4R SLEPREING BREL P Do wi t hout
addi ti on cBnnaos dleulseparated | by diistillationcrove theé dmmbgeﬁeet(siyadvmdved 0)) while

an addi tyﬂ%g& gffﬁg%r cﬁ« 1&{0 SRy (R8I ¥fiBbs (& ot %&@E% g 576 of

pol ygl yco conversi on 43%

respect i véisfilled n‘eééﬁttpaﬂlwk é"lv@rmqiﬁoghae‘éﬁbéﬁs@oﬁonﬁﬁﬁ@ desges of achi eved

by additi aes@éd 2pRS4uces  hhd et hyitarsadieg yiesarapbsitiolr efi ¢he ahodiibi | i zer.
Thi's document shows that only the addition of quaternary ammniumsalts

results i FORWISAHS eci abl e i ncrease in the conversion. On the other hand,
nei t her t heradahd iroitheffollowinigy dhé team . hagrghginoodkefinet refedsdbl dlefinof t he

amount of sl A SaftdPBiotnei RoTibidkfRul s in a significant

i ncrease I n tHe conversi on. sadvantage of the use of quaternary
anmoni um sal ts as anphi phiiic reagents is, however, their poor

bi odegr adghi| drbBtend I thednPil SUMPSIItidAR avéibied ot W& 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.
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(b) rhodi udPwaver, elfremgaer (S?'ef!ﬂﬁmdlchoﬁﬁq pertener o hexenesye byseki e of a
ligand) which is a water-soluble) sulfonated triaryl phosphine; (d) not nore
than 25% by wei ght of water. The catalyst of the invention is particularly
suitable for the catal ysis of carbonylations or hydrogenations of

ol efinically unsaturated conpounds) for exanpl e al koxycarbonyl ati ons)

hydr oxycar bonyl ati ons or hydro sulfinations) in particular

hydr of ornmyl ati on. The catal yst of the invention is particularly notable for
the fact that, despite the very high concentration of the polyethyl ene

gl ycol of the forrmula (1), no significant increase in the amount of
"rhodiumor ligand in the organic phase and thus no increased di scharge of
the catalyst via the .organic phase is observed. In addition) organic phase
and aqueous catal yst phase dem x so readily that rapid separation of
organi ¢ phase anti aqueous phase is ensured. Wen using this catalyst,
neither difficult-to-separate enul sions nor honbgeneous sol uti ons which
cannot be separated are formed. These properties of the catalyst of the
invention are ~ =s~urprising ~~~beeause pol yethyl ene glycols of the fornula
(f) are customarily used as solubilizers in the prior art. !'n a preferred
enbodi ment of the invention, the catalyst conprises not nore than 95% by
wei ght of the polyethylene glycol of the formula (1). In particular) it can
conprise from80 to 85% by wei ght of the pol yethylene glycol of the fornula
(1). Polyethylene glycols which are particularly suitable for the catal yst
of the invention are those having a nunber average nol ecul ar wei ght of from
150 to 200. Exanpl es of conmpounds of the fornmula (1) are pol yethyl ene

gl ycol s having a nmean nol ecul ar wei ght of about 200 (PEG 200), 400 (PEG
400) or 600 (PEG 600J.



_For these polyethylene glycols, the terns have the foll owi ng neani c~gs: ,
15 March 200Z 6 PEG 200 is a m xture of polyethylene glycols of the

formula HHOCH2CH2)"OH in which nis an integer from3 to 6; PEG 400 is a
m xture of polyethylene glycols of the ~ fornula H OCH2CH2) A&March002h n

Is an integer from7 to 10; PEG 600 is a m xture of polyethylene glycols
of the formula H(OCH2CH2) nOH i n whi ch n%is an integer from1ll to 16. These
m xtures have a correspondi ng nmean nol €cul ar wei ght of about 200 (PEG 200),
about 400 (PEG 400) or about 600 (PEG 600). . The ligand is preferably a

bar 1 cul ar 1 pagHofidatg dBERRRRSoNcEABRE Y Sodfiomies N thel R uof i AP . o
tri aryl phosiptusigial sicaleharé draqueatly (no longer satisfactenawherp using olefinar 3 SO3MB

wh Art . A ' dently ~-~rf - t her; ~~-
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and M8 ar e IBHer toingreasathe gorversion and/on e Sﬁ'ﬁcﬁYWan the macddioniten or an
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cations) i ﬁquﬂﬁe chtlg&g?s[, f?@eﬁg&dé‘?‘@?‘i@?'ﬁ%gg?g%ﬂlatsﬁu??lgpﬁ@rﬁié\aé{?nﬁlﬁﬁs t he

nunber of tHeemeuded.ions. In a preferred enbodi mnent of the present
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tri m sul f opletwgen phe individaabphases aod thusthe n¥scibiithobaquequssoatalyss03Na ~\
phase and organic phase.

Thus, DE 3135 127 A1 describes the hydroformylation of olefins using
amphiphilic reagents. Table 7 shows that the hydroformylation of
1-dodecane by means of rhodium and monosulfonated triphenylphosphine
(3-PhoPCgH4SO3Na) without addition of an amphiphilic reagent leads to a
conversion of 56% (Example 77), while the addition of a specific, long-
chain alkyl ethoxylate of the formula C12H25(0CHpCH)e30H. (marketed
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
triim-sulfophenyl)phosphine without addition of a solubilizer leads to a
conversion of 36% (Example 10), while an addition of 2.5% -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 amphiphilic
reagents is, however, their poor biodegradability. Thus, for example, the



P 1 SO3Na Omng to its preparation by sulfonation of triphenyl phosphine)
"this trisodiumsalt additionally contains proportions of nonosul fonated and

di sul f onat ed conpounds and small anounts of the correspondin hosphi ne
oxi des. When using |ligands containing at |east one phosphorﬁg n&remzoozu
particular ligands of the fornula {Il), it has been found to be useful for
the catalyst to contain from10 to 1000, ppm preferably from 200 to
50Q'ppm in,particular from 300 to 400 tbpm of rhodium The ratio of
rhodiumto ligand rtan here be from1 : 10 to 1 : 1000, preferably from1 :

50 1~

~t rltgryl phdégg?n%&eoﬁa 5&&{1 V\BP ﬁ@{mgﬁ{; é‘%l?ms#‘:n a?:fg%a?ggt %%dsf oto

exanpl e, a copsidey maﬂasznmastawatmtreaxmnb X is an integer from1l to
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associated with consuderably increased costs.

. Furthermore, if relatively large amounts of amphiphilic reagents or
solubilizers are added, i.e. the aqueous catalyst phase -and the..organic
phase become increasingly miscible, the demixing required for phase
separation no longer takes place or does not take place to an
unsatisfactory extent as a result of the formation of emulsions or solutions.

This occurs particularly in the case of those amphlp“hﬂ‘c reagerits which
can also be used as surfactants or foam formers.

This is a disadvantage since good demixing performance is an
indispensable prerequisite for the necessary separation of organic and
aqueous phases at the end of the hydroformylation.

It is an object of the invention to provide a catalyst for addition reactions
onto olefinically unsaturated compounds, and also to provide for its use, in
particular for preparing relatively long-chain aldehydes by hydroformylation
of olefins. The use of this catalyst should make possible higher
conversions compared to the prior art, avoid the disadvantages of the prior
art and be able to be implemented on an industrial scale in a simple
manner.

This object is achieved by a catalyst comprising
(@) more than 70% by weight of a polyethylene glycol of the
formula (1)



(1V) Y Y\ ~S03MB) ns \ SO3M~ t SO3MA) ma where ng, nmd, nb and n6 nmay be O or
1, and the sumof ng, ng., nb and ng is at least 2;, and M) M, M3, M, Mb
and M6 are each, independently of one another, an al kaline nmetal ion or an
anmoni um i on. 15 March 2002 9 Here too, it is possible fofl5March2002B,

M4, Mo and M6 to be other cations beari %g a higher charge, for exanple

al kaline earth or zinc cations, where tMe need for electrical neutrality
determ nes the nunber of these cations. Wen using |igands of the fornul ae

(rrr)y and (1V), it has bHen e—L@ﬁul for the catalyst to contain
from20 to 5D0 ppm preferalggl)e?ﬂ)gn%&to 0 ppm iﬁﬁparticul ar from40 to
100 ppm of rhodium wngéatio of rhodiumto ligand can here be from1l : 5
to 1 : 100, preferably Fom) - 5to1: 50, in particular from1l : 8 to 1

15. Such triaryl phosphi neds ah integef fromu84e 16t bhd and (1V) containing two

phosphorus atons have) in garticul ar, fromfour to eight -S03M groups. The
-S03M groups are usual |y |theawsabemaveragamolecular walight-is tefsstthan 650;

-(CH2) X- Ar- Ar-( )X‘rhﬁéﬂlirﬁﬂ'{ e@%mgl SSolnPidiky: t her aryl radicals which
phosph t [

are connected t he oL Us. ternatively, 'in place of sulfonated
triaryl phosphi ndg) t feomiZtendlioieweidtt oba liganes whichisya watepseldble,i n whi ch
the SO3M group -i s~~¥uffBhatRFtriaPlpRbspHingr oups whi ch make the

triaryl phosphi ne wat er-sol upl e o PO3 oups. In a particularly
preferred errbodie(‘%nt ot H@r@%ﬁhégbyd'ﬁ?gw%teg{“’% ed -for preparing

rel atively | ong-chai n al dehydes by hydrofornylation of an ol efin having
from9 to C . tic tQ. at .. The olefin
can be sel egéﬂg%ﬁ]a&fn@g "hjlélnﬁﬁét 'PCHJ’&@V@%'A’a?‘H'ﬁf?@Pgﬁa %"’ﬁgﬁlﬁﬁhgf iC

ol efi ns, i caporylationgroff hydragenagions i gfhelefinicallyl unsatwrated icatipounds)| ef i ns.
The ol efi ni cg,@ﬁ | or | afal "o bl e
bonds. Thelf(gar Qn- E'aé?bgﬁeégﬁ?ghggﬁgﬁ%‘ayh CEe‘bt ?anrf) ﬁg (E)kr)ﬁlglntdgr nmﬁ &

Pr ef er ence SHEINGLIQRS, i pagiciarhydretarpaed. havi ng a terninal car bon- car bon
doubl e bond. Exanples of a-ol efinic conpounds (having a term nal

ol kanoat o5, N8 EORYF ol 5 P HrLisaicatk s Lbiodor 6 ARG RI NG SRR ai m as
to conpl et teegary ighwpheentrétian of e polyethytgrmuglysobofethe-fdadalzefl no
L e R T el S AR B B PR by ' °
(di nmeri zat amoh o dadinsreafsedudiscieerpp dfetheagatalypt eise theaoyganic phagelisc or
bicyclic tReN&T. AHditsh, Br&SRE phalsh THFAGuSHUE PAARAEphasd delk €8 2002 10
readily that rapid separation of organic phase and 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 ~surprising -because
polyethylene glycols of the formula (I) are customarily used as solubilizers

in the prior art.

In a preferred embodiment of the invention, the catalyst comprises not

more than 95% by weight of the polyethylene glycol of the formula (1). In

particular, it can comprise from 80 to 85% by weight of the polyethylene

glycol of the formula (f). 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 (l) are polyethylene glycols having
a mean molecular weight of about 200 (PEG 200), 400 (PEG 400) or 600
(PEG 600).

For these polyethylene glycols, the terms have the following meanings: .



Wth regard to industrial use of the process, the olefin is particularly
" preferably selected fromthe group consisting of 1-nonene) 1-decene,
1-undecene, 1-dodecene, 1l-tetradecene, 1-hexadecene and 1- decene. a
particularly preferred enbodi nent of the process of the |nv1%nﬂ 2‘{%
olefinis present in a liquid, water-inm sci ble phase under the reaction
condi tions. The catal yst-cont ai ni ng aqueous phase can be prepared in a
conparatively sinple way by dissol vi ng a water-sol uble rhodiumsalt, the
sul fonated triaryl phosphi nes and the conpound of the fornula (1) in water.
Sui tabl e rhodiumsalts are) w thout nmaking any claimas to conpl eteness:
rhodiun(l11) sulfate) rhodiun(lll) nitrate, fiodiuml11) carboxyl ates such
as rhodium(ll 1) acetate, rhodi um propionate, rhodi um butyra~to~
aRd L t (r]I o~ ;i umEEG_200_hwaaoahﬂturéhmfammyethylaheseglyzzams bef Uf@l fﬁrfrﬂﬁé'%/ iE
t he hydr of or nyjl ] O preformation of the
catal ~rst. -uﬁ ?p&ea gﬁl @%@Hﬁpﬁ%i@ﬂﬂ%@%é@“’f‘g% ¢ it subsequently in
t he preforned BEG 400 Tie aatmixitse- afntpalyathyepdaglydols poff theabformuged i n an
armunt  of fronPi(?béHé &n@HﬁnW&&%ﬂngﬁhn% bPREBH @D, Mol of ol efinic
during t

corrtpound. The e reacti n I's generally from20 to 150
bar, prefer bl REGEHA 3@ td guxie; of apelethdensi glycelsl nijldmgeiormia be

added under am«@@ﬁgmzp.{oﬂﬁﬁwrﬁcﬁﬁ.s3anwégepfr 8fF{ PR} Y6l rom 10 to 18 Mra.
The ratio of_carbon nonoxi de to en c be varied within wid~e~fimts,

ifi~is - usef'[h segnistpes,haye g eomesRonding Mparmelecuan weightipbabeuts20G r om 10
1to i T(PEG POORdbotit 460 éPEGméoﬂortéboht%OORﬁ"EGGBbﬁ” y preferably from

1:2 to 1: 5 is |lkew se advantageous to inject synthesis gas in a ratio
of carbon ITDI’IOXI de to hydrogen of from1l:1 to 1:5, in particular from1l : 1

to 1:3, andTh'efIngafrdasmefp,rablgnawatem-siommbrganiephgsplugen during the course

ref orabl y. IS WihEEC ebn Bula 8 bobdriipiidfy LRE G A mPeded. ST,
reactors ha@fﬂy’: ventior are trisulfeaateshirianiiphesphinesyolbthedfounulg @evi ce. Good

m xi ng of the phases present, i.e. of t he pol ar phase, carbon
nonoxi de/ hydr ogen and) if prese t &gani c phase, has to be ensured
Qh h 2002 11 achieved, in

during the reaction. This caj
particular, by intensive sti ngz and/ or punped circulation of organic and
aqueous phases. It is li kevl? @sMo carry oyf) the process
continuously. After the react n3|s compl ete, the pressure reactor is

cool ed, freed of carbon nonoxi ‘a'n'd’s@gMogen by rel easing the pressure,
and the reaction mxture is taken out. Wen the m xing device is swtched
of f, the phases separate spontaneously wi thin seconds. The organi c phase
can be wor ketietp by distillation and then, if required, analyzed by gas

chromat ography. Jhefol %vg ﬁﬁa.%? %cﬁe cge[ QIdelnkly f Bh& .&,}g&h?p\(ﬁntion.

Exanpl e 1 (Compar atl Ve exag&ﬂ reparation o e cat al ase and
pr ef ormati on 30 ngp@’@n!lts@a ygtmb enwmueﬂwlnaghthwarameamtbylmags}amve ~d in

'19:5~rnl ' of a, 08 MyEdHAQUR sa.leweiaeﬁ Wddpgendenti§osi eResSahéthel, aRPTS
(trl s(met a-sul fonatQ) tri phenyl phosphi ne),. corresponding to a nolar ratio

of rhodiumto I|igafkalipemet aimora@mammwm -degassed, ,distilled water,
ar ad-i 1 -t 1 ddwovet, ﬂusmopesgbleef@mm‘f T e orﬁeomhe?@@ﬂﬁhs doarhg

aut ocl ave. The cat sol uti on ar e e t at

under a syrfl E‘ %‘éig%r QF E4PIPlR @?ﬁ]ﬁﬁre r&bohglnc %nsf,(y? GP§ form ng
the active tbetrmlegisfbr electricak netitrality alaié indine b dloe mamber of theseseatiorisl. ow col or.

b): Hydrofornylation 120 mmol of 1-nonene are added to the preforned

catal yst solution from1.a) under a reaction pressure of 30 bar and at 125C
via an upstineamprefered embmdimanb ofailhe upresent isvenfian, othis pswianated

-~ fie~~r atthQr[yg‘I Bﬁ[;ieﬂ orttﬁe ffBﬁﬁufém(ﬁ)S.sl939rsh|foKQ@dWﬁHr?|fp%§yﬂnﬁb' W

reaction is s e magnetic stirre ing a reaction
tinme of 3 mﬁﬁv@ﬂa&%@ww&ﬂ(m—ﬁvgonf@rwapao 'Tﬁﬁt'&‘héorm\‘éareactl on 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
autocl ave is cooled to 40-50C and the upper product phase is separated from
the catal yst phase by phase separation in a separating funnel. Product
phase and catal yst phase are wei ghed. The conposition of the product phase
is determ ned by nmeans of gas chromatography and ~H NVR spectroscopy, and
the yield of hydrofornylation products and the ratio of n-decanal ~to

i so-decanal are determ ned fromthe conposition. The yield of

hydr of ormyl ati on products is 4.3% and the n/iso ratio is 96 : 4. 15 March
2002



12 'Exanpl e 2: The procedure of Exanple 1 is ropeated) except that the

" catal yst phase is made up from30 ng of rhodiun{lll) acetate, 19.5 nl of a
0.6 M aqueous solution of the trisodiumsalt of TPPTS

(tris(meta-sul fonato)triphenyl phosphine), corresponding to 1 Marer200% i o of
rhodiumto ligand of 1 : 100, and 50 mM of PEGi 50, and a total of 15.7 nl
of water are distilled fromthis m xt u\r,\g under reduced pressure. The

catal yst phase thus contains 89.5% by i ght of PEG 150. 15 March 2002 13
Exanples 3 to 16: Conparative Exanples 3, .6 - and 14 are carried out using
a met hod anal ogous to Exanple 1. EWBNQS 4) 5, 7 to 13, i 5 and 16
according to the invention are carfied out using a nmethod anal ogous to
Exanple 2. In all exanples) 30 g (0.166 mmol) of rhodiun(ll1) acetate,
19.5 mM of a 0.6 M aqueous sol e—LigQodgum sal t of TPPTS
(tris(nmetasul fonato)triphenylp corresﬁondl ng to a nolar ratio of
rhodiumto ligand of 1 : 100, and nmmol of the appropriate olefin are
used. The ratio of olefin to rhodi is 103D : 1 in all exanples. The
further starting materials and thei|f anobunts and also the results of the
reaction are shown in Table 1. In £akle 1, the follow ng

t erms/ abbrevi ati ons are used: @ " refers to the ol efin used; Rh
represents rho~diun(111l)~ a~eta~te;™ ' g}b%ugt is the amount of water
distilled off fromthe catal yst phase, i "PEG' refers to the

nurber aver S EF L Higperallh By S“?ﬁﬁﬁzaﬁé’lﬁﬁﬁyﬁ&#’““}% Wi Bl "7

amount of pﬁﬂy@ﬂﬁmoeﬁﬂy gpgztﬂyns pEeppitigng Lfmenosuifo dtsulfsna do 13)°
15 and 16 igorPotihds an&%mwtambantsmr mé“mwes@bnamgyﬁﬁdwtm@omwééol in the
catalyst phase) in by weight; is the reactlontlrrem m nutes; "n:

iso" is the ratio of naldehydest0|so al dehydes; "n.d." (not ableto be
det erm ned)Wﬁenwmngmgandisabontmmgtatdeaﬁrmm phesphisrus raton) dnl paeticaudars e ~bf

f)gemg?‘évhff[lb‘@mb%he fJﬁ’r%lS (M), it h&S VIBhYGURN'B b ESH Pl thb -cdliyst¥gPunt [ %
contain from 10 to 1000 ppm, preferably from 200 to 500 .ppm, in particular

from 300 to 400 ppm, of rhodium.
The ratio of rhodium to ligand can here be from 1:10 to 1:1000,

preferably from 1 : 50 to 1 : 200.

The organic phosphine can also be a sulfonated ‘triarylphosphine- having
two phosphorus atoms and comprising, for example, a
-(CHa)x-Ar-Ar-(CHg)x- radical, where

e Xxis aninteger from 1 to 4, in particular 1 or 2, preferably 1;

¢ Ar-Ar is biphenyl or binaphthyl;

« the -(CHg)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 (lil)



] % 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- dodecenti¥earcto200234. 7i
8075. 072: 2891- dodecenePEG 20012. 785. 512D81. 573: 27101- dodecenePEG
20015. 789. 512083. 079: 2111 ~1-dodecenePE§a
1501082. 218076. 376: 27121- dodecenePEG 150'1284. ?18081. 673: 27131- dodecenePEG
15015.7.89.i7073. 3 ~72: 2814*1- oct adecene-~ --1800n. d. 151- oct adecenePEG 150
~12.785.544047.373:ZagolgpctadecenePEG 15&%§§&8 .a44061.7, 71:29 * =
Conparati ve exanpl e |j $%¥'m-, ZzNOON h 2002 15 Cains 1. A
catal yst conprising (a)\ppre than 70% by i ght of a polyethylene glycol of

%(?ﬁ;mhe is an integer from3 to 16;
and the nunber average~yplec Hg— T gn £ss than 650; {b) fiodiumin

el emental or.bound form f(c) from2 to &%By weight of @ifji gand, which is
a water-sol ubl e, sulfonated trdjaLypphas (d) not nore than 25% by

wei ght of water. 2. A dgtdl yst a% cl ai mp¥ #:Iaiml whi ch cont ai ns

r~ot . ~nr ~e- #Man- 95% by A&l ght of the pol yet hyT ene gl ycol of the formula
(1). 3. A catalyst asO%MPmed inclaim 1(? @nglm ch contains froma80,,to
85% by wei ght of the polyethylene glycol ‘of 3théMyornula (1). 4. A,
catalyst as clainmed in claim1l, wherein the .water-soluble sulfonated
triaryl phosphine is a sulfonated triaryl phosphine of the formula (I1) Ar’
SO3M P ~Arwh&@ M2 3 Ar3 SC3MB

o m1 and m2 may be 0 or 1, and the sum of m1 and m2 is at least 1;

and
. M1, M2, M3 and M4 are each, independently of one another, an

alkaline metal ion or an am1moni2um ign. 4
However, it is also possible for M, M™, M~ and M~ to be other cations

bearing a higher charge, for example alkaline eatth or zinc cations, in
which case the need for electricgl neutrality determines the number of
these cations.

The organic phosphine containing two phosphorus atoms can equally well
be a compound of the formula (IV)

3
SOM ),  SOM’ (30Mim,

XL oo [,
Sy,

(SO M® SOM!' (SOM),.

(V)

Jm,

where

e mg3, Mg, Ms and mg may be 0 or 1, and the sum of m3, mg, ms
and mg is at least 2; and

o M1, M2, Ma, M4, M5 and M6 are each, independently of one
another, an alkaline metal ion or an ammonium ion.



where Ark, Ar2 and Ar3 are each, independently of one another, a phenyl,
" napht hyl, bi phenyl) phenyl napht hyl or binaphthyl radical; 15 March 2002

16 ML) M2 and M3 are each, independently of one anot her, | kal j nmet al
ion or an ammoniumion. 5. A catalyst as clainmed in claim Z!'% 'ﬂﬂ&ﬁgoﬂgt he
in

sul fonated _ triaryl phosphine is a trisulfonated triaryl phosphi ne)
particular trisodiumtrimsul fophenyl)phdsphine. 6. A catal yst as cl ai ned
in any one of the preceding clains which contains from 100 to 1000 ppm

Phodt um 71O K71 B GbBBThy N W MC W AR P10 BelifePBRofd

rhodium . 7
wher ei n t he bearing af highedchangep farnexdmplenalkaking earth lor. zia® catiots, whéfip,

ferably f : : - | yst ' in. claimli,
Pher ol n the tigmeed fof Glodridalnetiin dotariitis M8 nitfind! & Mo 'dation 1" 1
formula (111) SO3Md ' (SO3M) mCHz P (I11) ~ CHZ P 3 SO3M ~ 03M2) m z

where m- angp f | 1, and
Ve Ve, Ve v, g Wl af ino 1Bfils, (AR (), A1 Bebd fBlnd Bbe - T2
ion or an arHasfilfer ths catalysh te goatajr from 20,tgi GAGPPM, preferably fragpS0dion t he
wat er - sol ubl g epprg rp&dichildr#om RIS A0 Sprhs ofrHodianLnd of the formula (1V)

The ratio of rhodium to ligand can here be from 1:5 to 1: 100, preferably

from 1 :5to 1:50, in particular from 1 :8to 1 : 15.

Such triarylphosphines of the formulae (lll) and (IV) containing two

phosphorus atoms have, in particular, from four to eight -SO3M groups.

The -SO3M groups are usually located on the aryl radicals of the

~(CHa)x-Ar-Ar-(CHa)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 SO3M group -is-replaced-by-other
groups which make the triarylphosphine watér-soluble, e.g. PO3M> groups.

In a particularly preferred embodiment, the catalyst-can be -used -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 and
araliphatic olefins, in particular from among aliphatic and cycloaliphatic
a-olefins. The olefinic compound can contain one or iore carbon-carbon
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 o-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 butenes),
tetrapropylene, acyclic, cyclic or bicyclic terpenes such as myrcene,

limonene and pinene.



15 March 2002 17 s SO M SCsM~ (SC3M-)n8 )ns CH P- i (IV) CH2 _p .~ r

" (SO-M-) SO03M (S43WM4) rns md where nB, m4, ~nb and ns may be 0 or 1, and
the samof nB) m4, nb and ng is at least 2; and M-, M2, M3) M4, Mb and Mb
are each, independently of one another) an al kaline netal i archa2002
amoni umion. 10. A catalyst as clained in claim8 or 9 which contains from

20 to 500 ppm preferably from30 to 15? ppm ie~~~a~fet~lar fi~r~m~~4~0
~tfl 100 ppm of rhodium 11. A catalys Oas clained in any one of clains
8..fa 9.f~., uutaereixa.fl~ e~ catio of rhodiumto the ligand is from1 : 5

1 : 100, f fr ... 5 . 50, | Lcufar f . 8 1
1005, 10 AVIB BB ikilstiat ot ot iy dboongh e SiRfIN ts piRieing o
Cg- C | g- ol epreferably bglectage froamdheaghaup raonsistidg oh t-henenes ¢rderenb, a

tal yst | 2 | | aj 1. v
clamad i n druiigEEne, o, SHUREefo, * P -Birduddin ; . Fhefadefel o ¢

cycl oal i phaflrectadecemel i phatic ol efins, in particular fromanong aliphatic
a-ol efins and cycl oaliphatic ol efins. 15 March 200Z 18 14. The process as

claimed in claim12 or, 13, wherein the olefin is selected fromthe group
consi sting Bt aaiticdady prefeseshembediment-einte progesret e invention; thedecene,

1- hexadecenglefinaidd pilesesit dd eg dit@id, Livatektimmistibfs phase Cliriddrethe feddtiorpne of
claims 12 to 14 erein the olefin is present under the reaction

condi ti ons FNAMPNS i § phase which is imiiscible with the catalyst. 16. The
process as Thaicatalystrcantginimgeaqueausaphasel @an be Peparbdririancdrhparadivelyyst i s

used in an t 0 2 f oglj.u | of
olefinic co%p%%dw 8{176)}’ %&6‘?8 e%szgtse?E: éll}tﬁn%d | nkue'lﬁys%ﬂemgf %Pgﬁﬂgau to
16, wher ei ririendphesphinesand the gompeundafithe fornula (B in paters 150- bar,
preferabl y $aipapI8thbaiuRy sBRS ard SwithodtdaRi Wcﬁﬁn(‘ésat&égmmbtéﬁ&s?Qne of
cl ai ns 12tB'f7, ﬁ\ﬂerilnthe.twﬁra{%e urin he Bea t{on | romb50 to
150C, pref d| ggp.y;n@ ﬁyl 248 {tboqg 1l) nitrate, rhodiu lif) carboxylates such as
CACACAL L. Abodiunvi(til)AREbtale AfholliomABropiorate, MAdodiud BufieatéPahd?isdiurhi " h
2-ethylhexanoate.
The aqueous phase can be used directly in the hydroformylation or can be
subjected beforehand to preformation of the catalyst--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 %107 to 5 x 102 mol of rhodium per mol of olefinic compound.

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 6 to 30 MPa, preferably from 10 to 18 MPa. The ratio of
carbon monoxide to hydrogen can be varied within wide-timits. t-is useful
to employ a ratio of carbon monoxide to hydrogen of from 10 : 1 to 1 : 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 150°C, preferably from

100 to 140°C.

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
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a): Preparation of the catalyst phase and preformation
30 mg (0.166 mmol) of rhodium(lil) acetate are dissolved in 19:5-mi 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, and-intreduced unrder-a
stream of nitrogen into a 200 ml steel autoclave. The catalyst solution
prepared in this way is heated at 125°C under a synthesis gas pressure of
25 bar (CO/H2 = 1/1) 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 126°C via an upstream
200 mi steel autoclave under a slight overpressure. “The ratio of -olefin to
rhodium is 1030:1. The hydroformylation reaction is started by switching on
the magnetic stirrer. During a reaction time of 3 hours, the temperature is
held at 125°C and the reaction pressure is kept constant within a pressure
band of + 3 bar by manual introduction of synthesis gas. After 3 hours,
stirrer and heating are switched off, the autoclave is cooled to 40-50°C 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 1H-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.
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The procedure of Example 1 is repeated, except that the catalyst phase is

made up from 30 mg of rhodium(lll) acetate, 19.5 mi of a 0.6 M aqueous
solution of the trisodium sait of TPPTS (tris(meta-sulfonato)triphenyl-
phosphine), corresponding to a molar ratio of rhodium to ligand of 1 : 100,
and 50 ml of PEG 150, and a total of 15.7 mi of water are distilled from this
mixture under reduced pressure. The catalyst phase thus contains 89.56%
by weight of PEG 150.



@O0% ()-!'k@O0% ()-! Fz 109%& ()-!Fz

109 ()-"S! 109%m& ()-! F S! 109ZZ& () - 334Q4x4AY5) 6* 6} A24=!
10f 2109 () - OY+109& ()--!~Y+109%& ()--0 &L0% ()-GO
&10% : & () - QA0%& () - *6+6, 6: 6<6K6UBO7gH=!
10&109%& ()-110%t1t& ()-f!10%b& ()-f10% ()-#10%& () -

15 March 2002
10 1007688B99: d; e;

aB7=! 1 101 310%&' ()-f!0 $10%&' ()-  $109@ ()-  $10% ()- O 10%& ()-
109& ()-e;f;g;u;w ;;:gE=l 1 10! 0F L10% ()- ! @F L10% ()- 'k F

L10986 % & ()- 109& ()-"109%& ()- 10 10;;; <k<A=P=z[ <E=!

1 10& 109 ()-0

10%&' ()-!0 IERamplds 3!t6 1839& ()-10%& ()-!-F

Comparative Examples 3, 6 and 14 are carried out using a method
analogous to Example 1. Examples 4, 5, 7 to 13, 15 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(lll) 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 120 mmol of the appropriate olefin are used. The
ratio of olefin to rhodium is 1030 : 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:
e "Olefin® refers to the olefin used; Rh représents rhodium(iit) acetate;

o "Ho0 dist." is the amount of water distilled off from the catalyst phase, in

mi;
* "PEG" refers to the polyethylene glycol used; here, the-number-given.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;

o "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 bedetermined-because-of
the low conversion.
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Claims
1. A catalyst comprising
(a) more than 70% by weight of a polyethylene glycol of the
formula (1)
H—(OCH,CH,)—OH ()
where
o nis an integer from 3 to 16; and
. the number average molecular weight is less than 650;

(b) rhodium in elemental or bound form;

(c) from 2 to 256% 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: Ret-mere-than-95%
by weight of the polyethylene glycol of the formula (1).

3. A catalyst as clair'ned in claim 1 or 2 which contains from-80-to 85%
" by weight of the polyethylene glycol of the formula (1).

4. A catalyst as claimed in claim 1, wherein the water-soluble
sulfonated triarylphosphine is a sulfonated triarylphosphine of the
formula (11)

Ar—3s0,M'

P—-\~-/t\r2—-—503M2 (I
Ar—so M’

where )
. Ar1, Ar- and Ar3 are each, independently of one another, a

phenyl, naphthyl, biphenyl, phenylnaphthyl or binaphthyl radical;
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where

. m1 and m2 may be 0 or 1, and the sum of m1 and m2 is at least 1;

and
) M1, 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 1, wherein the water-soluble
sulfonated triarylphosphine is a compound of the formula (IV)



10%" & ()- @109%6& ()-- 9109R6& ()- Xeef Bf f Dgg| [: bU4  Y(10996& ()-S
. +0#109@6& ()- & 109R6& ()-S ° 10%. & ()- 5 109R6& ()--

10996& () - ggggg=hhh|[: -410h?6h ! | 610%176h& ()- | 610%& (),
t . @0%a0S& ()- . @O0% & ()- y. @0% 0& ()--  +10%6& () - hHRMAEhi3982 10n26h
I +y10%6& ()- ~10%x6+& ()- 0 10%x6+& ()- 10%x6+& () -
"109%-x6+& () - 10h?6h10h?6hwi i O j vkkk|[: A410h?6h hOf# 10%x6°& ()- f#
10% 1& ()-  10%x6+& ()-S {0109%6& ()- &S1096& ()- {0y10% & ()- kkkkk;
| bl | [: A410h?6h , S510%x6+& ()- 0010%x6¢% ()-K /010968 ()-K / 10%x6+& () -
f# 10%0 & ()-  f# 1098& ()- bl 111111 myX710h?6h 4 910%A, & ()- Y
910%41& ()-Y f10%6& ()- "10%6& ()- 10+x6+10+x6+ 10+x6+
. 8109%x6+& ()-zm m mmmn| [: yX710h?6h {41 10%6& ()- @ 10%6& () -
“10%6& ()-, 10%6& ()-, 910% & ()-Y \

(SOM ),

SOM ),  SOM’

S e[,
e =[],

(SOM*),  SOM' (SO,MY)
4

(V)

where
e« m3, m4, ms and mg may be 0 or 1, and the sum of m3, m4, ms

and mg is at least 2; and
) M1, MZ, M3, M4. M5 and M6 are each, independently of one

another, an alkaline metal ion or an ammonitm ion.

10. A catalyst as claimed in claim 8 or 9 which contains from 20 to
500 ppm, preferably from 30 to 150 ppm, in-patticular from 40 -to
100 ppm, of rhodium.

11. A catalysi as claimed in any one of claims 8.ta 10, wherein the.ratio
of rhodium to the ligand is from 1 : 5 to 1 : 100, preferably from 1 : 5
to 1 : 50, in particular from 1:8to 1 : 15.

12. A process for preparing aldehydes, which comprises reacting a
Cg-Cgolefin 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 olgfin is selected
from among aliphatic, cycloaliphatic and araliphatic olefins, in
particular from among aliphatic «-olefins and cycloaliphatic olefins.
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selected from the group consn lng of t-nonene, 1-decene,
1-undecene, 1-dodecene, 1-tetradecene, 1-hexadecene - and

1-octadecene.

156. 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, whgrem the
. catalyst is used in an amount of from 2 x 10 to 5 x 10~ mol of

rhodium per mol of oléfinic 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 17, wherein the
temperature during the reaction is from 50 to 150°C, preferably from

100 to 140°C.



