0050/ 46968 - gos50/4b96®f or nyl ati on and catal ysts cont ai ni ng phosphor us
conpounds as | i gands which are suitable for this purpose 5 The invention
rélates to a process for the hydrofornylation of al kenes usi ng conpl exes
of metals of transition group VIII of the Periodi.c Table of the Elenents
havi ng |i gands which contain a [err] ([err],[err])-group capabl e of
conplex formation, and_al so these novel conplex catal ysts. 10 Every

year about 7 WH9H9EoRm¥LRtiqn agfscafalysiducrrtaining: BROTRRPTUS \GPFRRUNIS BF
means of the Mahnssorhjtlatanen spitahld ifies thisvpurpeseel, Arpe Industrielle
Organi sche Chem e, 4th edition, 1994 VCH Wei nhei m. There Is therefore

great indusgrimd inveftest ﬁeialtasoe@raatpr@aebaefdxe&%l RPdMb £ %t iddNof
sel ectivity apg '\555% com "F L Ue GRAGIENsAG RRAS P ﬁ‘egfya '?tﬁi f the
t‘ &ffe

o bor ] T oPesfai e i’eéee'%p Phagig 1198noR it Eohhid X ¢ s A

104 20 (1995).r7=B5F. (R CRdrefruR sPeRPle ofasomalex FAMEAgRatald F9

u5|ng rhodi unh&dt dophex PhERPEes: nodi fied catal ysts (cf. J. Falbe
Ed. NEMISyotheses VVth Car bon Monoxi de, Spri nger, Berlin 1980, p. 55

ff), this cat st .s n1|s ot S for internal and.branched
I nternal ol ef?% n(¥|e Wt i 1%%1?/‘%/ '{f%cn{')?%s t%aﬁr‘?d%%?so&‘feaf’ﬁ?t%uc(e

Fal be, p. 95 Y93l wH@Est|WRQ¥Fn8 e(ﬂﬁ4§8ﬁ°€%¥¥ﬁﬁiQ&085l%Aﬁﬁiﬂﬁs are

hydr of or nyl at émeme}mér yArgepdindustrielliehOrgariaghee ChembeicHth edibignt .

Rhodi um cont al 994 qehwephird ian)noThétre dis ahakrgforne preatr tndudtnialOibesrest

proposed fadP theoduidrahgrthd FeheBioh Witk Bakimbe sd1ettdvity andeacBpligs. et
al Journal of Ml ecul ar Cataly5|s | oc C|t) Bot h a-ol efins and al so

short-chain Iﬂ}txgéfu%{-conggir?fngs lfﬁos&?lne--modl9.1.ed catalysts have achieved -

tremendous importance, particularly for the low-boiling olefins
(e.g. Beller et al, Journal of Molecular Catalysis A: 104
(1995)17-85). Although a-olefins can be hydroformylated very well
using rhodium-containing phosphine-modified catalysts (cf.

J. Falbe, Ed.: New Syntheses With Carbon Monoxide, Springer,
Berlin 1980, p. 55 ££f), this catalyst system is not very suitable
for internal and branched internal olefins nor for olefins having
more than 7 carbon atoms (cf. Falbe, p. 95 f££f). Thus, internal
carbon-carbon double bonds are hydroformylated only very slowly
in the presence of such a catalyst.

20

25

Rhodium-containing phosphite-modified catalysts have recently
been proposed for the hydroformylation of low-boiling olefins
(see Beller et al Journal of Molecular Catalysis, loc cit). Both
a~-olefins and also short-chain internal olefins such as 2-butene
or methyl 3-pentenoate can be hydroformylated very well ﬁsing
rhodium-containing chelating phosphite-modified catalysts.
Particularly high linearities are achieved with chelating ligands
having a "bite” of about 120°. However, this system is not very
suitable for long-chain internal olefins (having more than 7
carbon atoms) and branched internal olefins. For these olefins,
monodentate, sterically hindered monophosphites have proven
-useful.

30
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40

However, phosphites generally have the disadvantage of
sensitivity to hydrolysis and the tendency to undergo degradation

45 reactions, which hinders their industrial use.



or met hyl 3- pedSe/ 6968 can be hydr'oforrryl at ed 'very wel | using

r hodi um cont ai ni ng chel ati ng phosphite-nodified catal ysts. Particularly
high linearities are achieved with chelating |igands having a "bite" of
about 120[err]. However, this systemis got very sui tabl e for long-chain
nternal ol ef s %%{ag edP'dt tA8Morosent IHOARAROTR) £ A0 dAATCHEGaldY o7 Nl
ol efins. For glﬂt t.L*s er X redt
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have the di sadRamaggdcpiarly §é‘ﬁ§?’c’1%|at5y CPBrﬁ%ﬁ“Eﬁ%@%a by St £PEN cy to

under go degr abpdrafiormydatiomrd, ohbfis ivatddyzed i trangision aketaie. o5
0050/ 46968 5 group VIII, in partlcular rhodium, #nd dlisoi & pwroddyseEbrof the

present i nven%f%;aﬁ% I b Dgemiies k‘bﬂmﬁflwg' ChrH Qnitg?g‘?f'&ﬂdv/‘art Bfanched

o g Vot ed canst syszfs*-‘?%”w B RO PASE RS Gasing e ek, Al SRR by

transiti on metRslof 5 group VIIIl, in particular rhodium and also a
process for prepari ng al dehydes from a-olefins, frominternal and/or
branched 10| wéihsreofohndntiutghatisbehidotg isl a¢hisvredhbyi mgamoiof ahprodess

carbon  at onzar prepa¥ényovridhgdad by alydrdiesraplfdlon 6 a6 Mwadwiyn nesns of
a process HrtﬂH pebbhife %f’%%)ﬁﬂféxéy I UL A S A b PR o 'g%h Sy¥¢d h

COH
o (he oF e é’%m '%efa% C?ﬁp*‘%xﬁeﬁ% éa&?‘tta'ﬁg“%%s §r‘&9r°”p
conmpounds as anf gfﬁ"{ E@ 2 9 'ePﬁ'B

180[err]C, 1§n?-;|8 r%s%ﬁe@r%ﬁs‘l?ﬁst efmo 499170 %?rePa'BIE?r%FblYt 6‘1’399 %939 bar,

wher ei n the cwhereigt $heseatalysds vsed l‘[aener}v rqiheslpﬁanmuemnwds capabl e
of ‘conpl ex f ocapdblen ofscompbsxi€ormation as ligands.

A3,02-Phosphorus compounds are ones in which the phosphorus atom
20 has a free electron pair as well as three bonds to two adjacent
atoms.

The catalytically active complexes are carbonyl complexes which
are formed by additional adding on of carbon monoxide.

25 ' _
As carbonyl-free complexes of metals of transition group VIII
having phosphabenzene as ligand, tetrakis(phosphobenzene)nickel
is already known from Angew. Chem., 104 (1992), p. 1388 ff and
chlorine-containing complexes including

30 tris(phosphabenzene)rhodium chloride and
bis(phosphabenzene)rhodium chloride dimer are already known from
J. Heterocyclic Chem., Volume 9 (1972), p. 1457 f£f, without use in
catalytic chemistry, in particular in hydroformylation, having
been described. .

35
Although many phosphorus-containing ligands are known for the
rhodium-catalyzed low-pressure hydroformylation (including
arylphosphines, alkylphosphines, chelating phosphines,
monophosphites, chelating phosphites, phospholes), the use of

40 phosphobenzenes has not previously been examined. In our
experiments, we have found that these ligands are not only highly
active and therefore very suitable as cocatalysts for the
hydroformylation of o-olefins, but are also active for the
hydroformylation of internal, branched olefins such as octene N,

45 an isooctene mixture having a degree of branching of 1.3 which is
obtained by the dimerization of butene by the IFP-dimersol
process (cf. Weissermel, Arpe: Industrielle Organische Chemie,
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has a free electron pair as well as three bonds to two adj acent at ons.
Tee catalytically active conpl exes are carbonyl conpl exes which are

f'or med by addi ti onal addi ng. on of carbo ITDI’IOXI de. 25 As car bonyl free
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catalytic chemstry, in particular in hydrof ornyl ation, having been
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3 ' '

R3
R2 R4
" I : I,
>~
20 Rl P R5

where Rl - R5 are, independently of one another, hydrogen, alkyl,
aralkyl or aryl radicals or heterocyclic radicals each having
25 1-12 carbon atoms, or the radicals -cooPM®, -SOQDM@,

30
-OR, -NR;, -COOR, -SR, -(CHRCH,0)yR and (CH,CH,NR)yx, where R are
identical or different radicals selected from the group
consisting of hydrogen and aliphatic or aromatic radicals having
from 1 to 18 carbon atoms, M® is a cation, e.g. alkali metal or
35 ammonium, and x© is an anion, e.g. sulfate, and x is from 1 to
120, and the radicals Rl - R5 can be'joined to form fused rings.

At least one of the substituents R! to R3, can have an additional
phosphine or phosphite group and thus becomes a bidentate or
40 multidentate ligand.

However, the bidentate or multidentate ligands which are

preferably used according to the present invention have 2 or more

phosphabenzene units which are connected by a bridge. Compounds
45 of this type are those of the formula II

it bt



p. 93, 4th edpds0raed68l Verl agsgesel |l schaft, Weinheim1994). The degree
of branching is defined as the arithnmetic nmean of the nunbers of the side
ckains of all the types of nolecule in an olefin mxture nmultiplied by
t'heir respective content in the 5 olefingni xture in % by wei ght, divided by
100. Suitable ligands for use according to the present invention are,
for exanple, generally all open-chagn or cyclic ghosphorus com pounds

whi ch have at | east one group [err] 10 capabl g of caqnpl ex formation.
Apart from open-chain or cycliB? osphaal ken Img at |least 4, e.g.
from7 to 100, carbon atons, ' ul ar phosphear omati cs
havi ng at | gast 5 e.g fron1 00, carbom Especially usefu
are 15 unsubstituted or subst|Rhtedpphosphabenzenes the formula | [err]
20 wher e R[err] - R[err] are, independently of one another, hydrogen,
al kyl , aral k o] radi cal s or heterocycllc radlcals each having 25

"
1- 12 carbon a¥ lﬁrR%/h?é'er agi éef inedcabpee oy &IrR> andJieis |avardpe f@rr]
30 -OR, - NRthe rqqm GEOCR, covaRent ( BXRCidrear ¢ iR comghr L £k rivjo@HL et o | IR) X,
where R ar @0 préestiablgl 6pratbnlsl @hech daifbeapsrealet egeii®@ror Reogaoiwp

consi sting of oGyl dﬂaenaﬁadtﬁﬂ'ﬂﬁh@bh&hf&ﬁd&&egaéfé>ﬂfﬁibﬁaié 4V loRgho dFOm 1
to 18 carbon gie y;uos%%ﬁlréfa@v;a{;a Uhe ghgs KA TBR A nd oriRo T "

and X[ err] is an
[ ] positions hot &%eés or the br1 e1ng substituted by radicals
such as Rl to RS in the formula I, and one or more of the
15 substituents R! to R® can be a further phosphabenzene of the

formula I bonded via a further bridge.

Such atoms of the bridge W can be, for example, methylene groups
of the formula

20 ~
/CR7R8 ’

where R?7 and R8 are identical or different and are each hydrogen,
a Ci;-Cg-alkyl group, in particular the methyl group, a Cg-Ciz-aryl

25 group, in particular the phenyl group, or a C;-Cis-aralkyl group,
in particular the benzyl group, the oxa group -0-, the amino
group

/NR9 [}

30
where R is a C;-C4-alkyl group, in particular the methyl group, a
Cs-Ciz~aryl group, in particular the phenyl group, or a
C7-Cis—aralkyl group, in particular the benzyl group, or a silyl
group of the formula '

35

~ ]
/ismRn ’

where the radicals R19 and Rl are identical or different and are

40 each a Cj;-Cg-alkyl group, in particular the methyl group, a
C¢-Ci2-aryl group, in particular the phenyl group, a C;-Cis-aralkyl
group, in particular the benzyl group.

As cyclic or aromatic compounds which, together with the covalent
45 bond or the abovementioned bridge atoms, can be constituents of
the bridge W, mention may be made of Cs-Cjp~cycloalkyldiyl groups,
in particular the cyclopentanediyl group, the cyclohexyldiyl



120; and the gosb/ms89o68] err] - R err] can be joined to formfused rings.
At | east one of the substituents R err] to R err], can have an additi onal
phosphi ne or phosphite group and thus beconmes a bidentate or 40

nul tidentate |igand. However, the biglentate or nultidentate |igands

whi ch are ferab h n v
nor e phoqu[*%.og1 zgnhy%#et%%lvxﬁg Paq'rlgm énn%e(ig %ﬂhﬂl Eggéﬁé’&\ﬂﬂo%ﬁdgﬁ 5
of this type BReRvigRedivk,  ARPhthvigrgdiyl. ARRERYL group, the

4 [err] (diphepnbrethRrdralyR®AUP are as defined above for

Rlerr]-Rlerr] and Wis a bridge_in the formof a covalent bond or a chain
conprising §roml1 to 10, 10 prablg PNB Wmch can be part of a
cyclic or aromatic compound, \and t hée phesphaaromitics are linked in the
ortho or nmeta position relative to the phosphorus, with the ortho or neta
positions not used for the bridge being substituted by radicals such as
Rlerr] to Rlerr] inthe formula |, and one or nore of the 15 substituents
Rl err] to R ethe dinhenylmethanendiyblgrophabenzene of the formula | bonded

via a furtber bridge. Suc tons of bri dge Wcan be, for exanple,
nmet hyl ene groups CH, ,

15 the diphenylethane-diyl group

N
C
H
20
the diphenylpropane-diyl group
CH3

. 98

or the ferrocenediyl group.

30
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of the fornmuleo96/4i6968 where Rlerr] and Rlerr] are identical or

different and are each hydrogen, a (Jerr]-err]-alkyl group, in
particular the nmethyl group, a (Jerr]-Cerr]-aryl 25 group, in particular
the phenyl group, or a Cferr]-Clerr]-aragkyl group, in particular the

benzyl group,_.{he.oxa graoup Qs iLno Lerr] 30 wher e
Rlerr] is a Cf’(‘aarm 19649%%:?@61%88%%&%]@%% F%%I%l %E’é'kﬁet hyl group, a
Co-Clerr]-aryl group, in particular the phenyl group, or a
Cerr]-Cerr]-aralkyl group, in particular the benzyl group, _or a silyl
group of the formul &85 [err] CeH11 where the PRI cals Rl er ﬁ and Rlerr]

are identicgl or dififerent and e 40 each a Ckrr]-Cerr]- yl group, in
particul ar the metfhyl jgroup, ~ err]-(erf yl group{~in]particular
t he phenyl group r]-d | kyl RauP,. i N par ar the

benzyl group. CHz AP cy€Hz ¢t @ aFonalCHs ' cofpounBls witch, togBther with the
coval ent 45 bond or the abovenentioned bridge atons, can be constituents of
the bridge W menbi®®ddy be nmade of C[err]-clégapd 3/cl oal kyl diyl groups,

in particuller the cycl opentanediyl group, the cycl ohexyl di%l 0050/ 46968
CsHi1 p p .
10 S
™~ ™~ ' | .
P P ™~
CH c ' th R
15 3 H3 ¢ .
Ligand 2
Ph Ph
d fi
20 \P_ —CH;  CH3~— % \P — CH3
CHs ‘ CHj3 CH;3
CH3 CH3 CH3
Ph = Phenyl X =¢, 8i X =¢C, §8i
25

~ < 3 B |
\I A ~ X ~Z . _
P X P .+ cB P P CHj

X = CHp, SiMe;, © X = CHz, (CHz)z, SiMez, O

30

’

35

X

00 0/’ \\0
l\ _ |\' l\ |\ I\ I\
ZP P ~ZP P = ZP . P

40 o
X=CH,, (CH2)2,SiMe;

Bidentate ligands which are found to be particularly advantageous
in the process of the present invention are the phosphabenzenes
45 of the formula IIa



5 group or thesoesedéddiyl group, Clerr]-Jerr]-aryldiyl groups such as
the phenylenediyl, naphthylenediyl or 1,1 -biphenyldiyl group, the

(di phenyl ether)-diyl group [err] 5 t he di phenyl nmet hane-diyl group
10 [err] 15 the di phenyl et hane-diylqgroup [err] 20 t he
di phenyl propane-diyl group [err] 25 or the ferrocenediyl group. 30
R3 R3
R2 . R4
3 W = | 1la,
s U N
5 RI P P R5

10
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where the radicals R! to R6 are identical or different and are as

defined above for the radicals R! to RS and where W’ is a 2,2’'-,
4,4'- or 3,3’-biphenyldiyl group, a 2,2°'-, 4,4’'- or
3,3’-(diphenyl ether)-diyl group, a 2,2’'-, 4,4’- or
3,3’-diphenylmethane-diyl group, a 2,2'-, 4,4'- or
3,3’~-diphenylethane-diyl group or a 2,2’-, 4,4’- or
3,3'-diphenylpropane-diyl group which is in each case linked to
the two phosphabenzene groups in the ortho or meta position

relative to the phosphorus atom via a covalent bond, an oxa group

and/or a C;-Cg-alkylene group, in particular a methylene group,
where the biphenyl, diphenyl ether or C;-Cz-diphenylalkane group
is unsubstituted or substituted by from 1 to 4 identical or
different C;-C4-alkyl groups, and where the ortho or meta
positions not used for the bridge are substituted by radicals
such as R! to R3 in the formula I. In the above, the biphenyl
derivative groups concerned can be linked asymmetrically to the
two phosphabenzene groups, i.e. via two different connecting
members. '

A particularly advantageous ligand selected from the group
consisting of phosphabenzenes of the formula IIa is the
phosphabenzene IV, also designated in the examples as ligand 5,

h Ph
—=p P Y/,
Ph ~ Ph

where Ph is the abbreviation for a phenyl group.

The ligands of the formula IXa, in particular the ligand of the
formula IV, hydroformylate virtually only terminal double bonds
and have a relatively high selectivity for the formation of
linear aldehydes, i.e. a relatively high n-selectivity.



35 - 40  005063469680050/ 46968 6 Exanples of

phosphabenzenes are the followi ng: [err] 5 Ligand 1

Ltgand 3 10 [err]

' . 8
The principle of preparing the phosphabenzenes is known. General
information on the synthesis of phosphabenzenes may be found in
Houben-Weyl, Phosphororganische Verbindungen, Editor M. Regitz,
Volume 2, p. 72 £ff. Compounds which have not yet been described

5 individually are obtained in a similar manner.

The effective novel catalysts are those of the formula III
M(L)n(CO)n, where M is at least one central atom of an element of
transition group VIII of the Periodic Table of the Elements, L is

10 at least one ligand containing a —p=— (A3,02)-group capable of
complex formation, for example of the formula I, IXI or IIa, or
the ligand of the formula IV, n and m are each at least 1 and,
per equivalent of M, n and m are each, for example, from 1 to 3
and the sum n+m is from 2 to 5, and further radicals such as

15 hydrido or alkyl or acyl radicals can also be present as ligands.

The active carbonyl complex is generally formed in situ, i.e. in
the hydroformylation reactor, from a salt or a compound of the
metal M, the ligand and carbon monoxide; however, it can also be
prepared separately and used as such.

20

The complex catalysts preferably comprise a central atom M
selected from the group consisting of the transition metals
cobalt, ruthenium, rhodium, palladium or platinum, but in
particular cobalt and rhodium, complexed by carbonyl and also
hydrido, alkyl or acyl radicals and also as ligands the
monodentate or multidentate preferred phosphabenzenes to be used
according to the present invention. If the complex catalysts are
generated in situ, simple precursor complexes such as
acetylacetonatodicarbonylrhodium or rhodium acetate in the
presence of the corresponding ligands are exposed to the reaction
conditions or precursor complexes are admixed with activating
additives such as Brénsted or Lewis acids or Lewis bases.

25

30

35

For the in situ formation of the catalyst in the reaction
mixture, the ligand (calculated as equivalents of phosphorus) is
used in a molar ratio to rhodium of from 1:1 to 1000:1 and use is
additionally made of an inert solvent. Particularly preferred
solvents are the aldehydes which are formed by reaction of the
respective olefin, and also the high boilers intrinsic to the
synthesis which are formed by secondary reactions of the
respective aldehyde in the hydroformylation process. In the case
of ligands hydrophylized by suitable substituents, preference is
given to using water, alcohols or other polar solvents.

40

45



15 - 0050/46968 Li gand 2 20 Ph =Phenyl X

=C, Si . X =C, Si 25 [Jerr] 30 X =CHerr],
St Me[err], O X =CHerr], (CHerr])[err], SiMJ[err], OfJerr] 35
40 X=CH err],(Cyerr])[err],SiMe[err] Bi dent at e

|1 gands whi chygl ecoingiigﬁtl&{ B Qﬁété Has ¥ g&y%ﬁge@y&: in"¢hfe process of
the present inventioOn fre. he g 0S eg;en S . . , .
hydroformylation process of the present invention can be varied
within wide limits. For example, synthesis gas having a CO/H;
molar ratio of from 5:95 to 70:30 can be successfully used;
5 preference is given to using synthesis gas having a CO/H; ratio of

from 40:60 to 60:40, particularly preferably about 1:1.

The hydroformylation reaction with the novel catalyst is
preferably carried out at from 20 to 180°C, in particular from 50
10 to 150°C. However, for each catalyst system it is advantageous to
determine an optimum temperature experimentally. The reaction
pressure can, depending on the cocatalyst, i.e. ligand, and
substrate, vary within a range from normal pressure, i.e.
atmospheric pressure, to 700 bar, preferably up to 300 bar, with
15 reactions in a range up to about 30 bar normally being referred
to as low-pressure reactions, those in a range up to about 100
bar being referred to as intermediate-pressure reactions and
those above 100 bar being referred to as high-pressure reactions.

20

The process is generally carried out with the catalyst, which is
dissolved homogeneously in the reaction medium, being separated
off from the product mixture from the hydroformylation reaction
and being returned to the hydroformylation stage.

25 .
The process generally gives virtually exclusively the
corresponding aldehydes in excellent yields.

Suitable olefins to be hydroformylated according to the present
30 jinvention are a-olefins or internal olefins or branched internal
olefins. The following olefins may be mentioned as examples:
ethylene, propene, l-butene, l-octene, Cs.3¢9 O-clefins, linear
Cs-2¢0 internal olefins, 2-butene; branched internal octene
mixtures; branched internal nonene mixtures; branched internal
dodecene mixtures, cyclohexene, a-pinene, styrene,
4-isobutylstyrene, methyl 3-pentenoate, methyl 4-penteneoate,
methyl oleate, 3-pentenenitrile, 4-pentenenitrile,
octa-2-7-dien-~1-0l, 7-octenal, methyl acrylate, methyl
methacrylate, acrylonitrile, vinyl acetate, vinyl glycol
diacetate, vinyl methyl ether, polypropene, polyisobutylene,
substrates which are likewise suitable are dienes or polyenes
having isolated or conjugated double bonds. Examples are
1,3-butadiene, 1,5-hexadiene, vinyl cyclohexene, .
dicylopentadiene, 1,5,9-cyclooctatriene, homopolymers and
copolymers of butadiene and polyisobutene.
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45 of the foroo56/46968 0050/ 46968 7.
[err] where the radicals Rlerr] to Rerr] are identical or
different and are as defined above for the radicals Rerr] to Rerr] and
where W is a 2,2'-, 10 4,4 - or 3,3 - bhnhenyldiyl group, a 2,2'-, 4,4'- or

3,3 -(di phenYJ)tyF%R; s)e d{: &%@bnﬁ\é gion’ a t:.on is carried out in a

3, 3' -di phenyl ng oup,
3,3 -di phenyl’é?‘l‘féﬁfe Vi oPetal szregaﬁ ing td’te process procedure may

3, 3' - di phenyl| be ckansl anyBng}QmpnﬂhF%Irbe.s log eikh thes ontemta ofowhich are wo
phosphabenzenbexghuinconpdietest bgoreferapica.position relative to the
phosphorus gtomvia a coval ent bond, an oxa group and/or a

Cerr]-Cerr] lggne group, in particular a nethylene group, where the
bi phenyl , dipﬁeny ether or (Jerr]-(err]-diphenyl al kane group S
unsubstltuted or substituted by from1l to 4 identical or 20 different
Cerr]-Cerr]* é?%%#]groups and where the ortho or neta posi tions not
used for the bridge are substituted by radicals such as Rerr] to Rerr]
in the fornol aatalyst peecabsre syhbReii phengl-dimeltety v-dt-phiengiphasphabenssnecd

can be | i nkedyasyseapare@ain Yewd sthfes By\qlﬁaga@@ﬁ@maaesgroum i.e. via
two different connecting 25 nenbers. A particularly advantageous |i gand

sel ect ed fromlt_tl y 1:qc1ge-p'1‘he synthesis of 2,6-dimethyl-4-phenylpyrylium
perchlorate from methylstyrene and acetic anhydride was

15 carried out as described in Houben-Weyl, volume 7b, p.
' 807 ff.
Ph
HC104 s
N e B A
20 Ph X~
a0
C104e

2nd stage: The 2,6-dimethyl-4-phenylpyrilium salt was subsequently
25 converted by means of pHyI and base into
2,6~-dimethyl~4-phenylphosphabenzene as described in the
thesis by F. Lieb, Universitdt Wirzburg, 1969, p. 102
(PH4I was prepared by the method of Brauer, ”Handbuch
der prdparativen anorganischen Chemie”, p. 475 £ff).

30
Ph PH,I Ph
= | caCoO3 = l
' A BuOH NN
35 g0 . P
A
ClO,;ke Ligand 1
40

45



consi sting ofopbospéeéenzenes of the fornula Ila is the phosphabenzene
IV, also designated in the exanples as ligand 5, 30 [err] 35 40
where Ph is the abbreviation for a phenyl group. The |igands of the
formula I'la, in particular the ligand ofysthe formula IV, hydrofornylate
virtual ly onl%. terymnal doubl e bonds and have a relatively high
selectivity f e“formation of 45 linear aldehydes, i.e. a relatively

hi gh n-sel ecti vi ty 0050/ 46968 8
The princi pl e2 o3, dpibepattraphanyd pphspibthaneeneiéas iprepaves irchwer gtages by

i nf ormati on ohitdratayetmethaisaf phosphabenzenes may be found in

Houben- Wyl g Phosphor or gani sche Ver bi ndungen, Editor M Regi tz, Vol une 2,

p. 72 ff. Conp 'E%%gyh ik @?‘:‘zﬁh&'@{l%%‘%tg §e£‘ éjet%%&hg hypgual Iy are
ﬁ%y

obt ai ned in a sim sts_are those of
the formula 111 ML) n‘t%ﬁarﬁu%‘ét? aﬁlelg 3 *?agﬂ TFIPTRYM of an
elenment of transition WB“WI and seogihengrin ¥rs ?%L’E)‘P@dopuf—hés eeseedbed |
is 10 at | east one |igainl Houbeat+Weyly ¥olume |E7H,[ @rr$56-€tor])-group capabl e
of 10

Ph
0 |o h
Ph ' HBF4 =
/H\?\ + \/|\?\ » ~ |
Ph Ph Ph
15 Ph gP Ph
. BF 49

2nd stage: The 2,3}4,6-tetraphenylpyrylium salt was subsequently
20 converted by means of P(SiMe3); into
2,3,4,6-tetraphenylphosphabenzene (Angew. Chem., 79
(1967), p. 475 ff)

25 Ph . Ph .
~ | CH3N ~ ‘
Ph gP Ph ) Ph P Ph
o LiBr
BF, _ Ligand 2
30
Ligand 3:

35

Catalyst precursor synthesis: 2,4, 6-triphenylphosphabenzene was
prepared as described in DE-A 1618668 from the commercially
available 2,4,6-triphenylpyrylium tetrafluoroborate (Aldrich) by
means of P(CH;0H)3;. P(CHyOH)3; was prepared from commercially
available [P(CH;0H)4]Cl (Aldrich) using the method of Ellis et al.

10 Inorg. Chem. 1992, 31, 3026-33:

45



conpl ex fornapososaé9osgexanple of the formula I, Il or Ila, or t he

| igand of the formula IV, n and mare each at |least 1 and, per
equivalent of M n'and mare each, for exanple, from1l to 3 and the sum
ntmis from2 to 5, and further radical gguch as 15 hydrido or alkyl or
acyl radicals can also bg present as |igands. The ac}i ve car bonyl

2 c}}rryl ation

conplex is generally forfted in'situ, i.e. in t he hydr of
reactor, froma salt or conmpound of pi&g,0f9, et al M th/
monoxi de; however, it pl so be - par at el
The conpl ex cat al yst s-preferabl y conpPy&iiRecentral at sel ected from
the group cgnsi sti nd’hof@(f he ®Pansition netals 25 cobaf®, Futh um ,
rhodi um pal |l adi um or pl &@gfum but in particul ar cobglhngangl rhodi um
conpl exed by carbonyl and al so hydrido, al kyl or acyl fadicals and al so
as |igands the nonodentate or nultidentate preferred phosphabenzenes to
be used according to the present invention. If the conplex catalysts are
30 generated Lagand#: sinple precursor conpl exes such as

acet yl acet @oat odi car bonyl r hodi um or rhodi um acetate in the presence of
the corresponghpglysidPrdeussr BiRenedis o 4,hedi pREAYIIG- (2-88PKERYIQDS OF
precursor  COmpl,gxERaiRliz Al Mae holiphBed I 4R bMletno WA ke S5 UaRalS 2,
Br[err]nsted Qr W S acl g or Lew.s asejz.3 S or tag #g SI% ormati on
of the catal y3P FYC (FrR9PBAET D 3-IAPRETN T 3-PREPT PR (FRAHENaPRY as

equi val ents of’pReRiARAPRENOR’:  ysed in a nolar ratio to rhodi umof from
1:1 to 100®51 and use is additionally nmade of an inert sol vent.

Particul arly psefstaggk 40 sol vents are the al dehydes which are fornmed by
reaction of the respective olefin, and also the high boilers intrinsic
to the synt hesis which are forned by secondary reag ions of the
respective aldeh%ge in the hydrofornylafion process. t he case of

| i gands hydr ophyl)j zed by suitabl e subst t UeHF, pref efence is 45 given to
usi ng wat er20 3| Mr ot D_er ol ax_ solverts—»

w %"

i gand and carbon
used as such.

25
2nd stage:

Ph ' Ph

30 — I ' P(SiMe3)3 | = l

™~ CH3N =~

Ph g0 OO LiBr h P OO
BF
Ligand 4
35
Ligand 5:

Catalyst precursor synthesis: ligand 5 was prepared in six
stages:
40

45



0050/ 46968 0050/46968 9 The conposition of the
synthesis gas COHerr] used in the hydr of ornyl ati on process of the
present invention can be varied within wide limts. For exanple,
synthesis gas having a CO Herr] nol aggratio of from5:95 to 70:30 can be
successful |y used; 5 preference is given to using synthesis gas having -a
COH2 ratio of from40:60 to 60:parti arly preferably about 1:1.

The hydrofornylation reaction wt At al yst is preferably
carried out at from20 to 180[err]&~in part lar from50 10 to 150[err]C
However, for each catal yst sysiem(it is advantageorls to det &rmi ne an
optimum t engerature experi mental |y pressure can, depending
on the cocatalyst, i.e. |igand, ffang PRy B¢ vary within a range from
normal pressure, i.e. at nosp ] 700 bar, preferably up to
300 bar, with 15 reactions in a fange up to a 30 bar normal |y being
referred to as | ow pressure rg@actions, those Lh a range up to about 100
bar being referred to as internedi at eldgasduse reactions and - those above
100 bar beileg referred to as high-pressure reactions. 20 The process is

general |y carfdedtagb: hidpareicRld¥ 1553 -Bhl Mrdr®methl FSPNERYL
honogeneously 1 n thé reaction nedium being separated off fromthe

product mxture fromthe hydroforpylation reactio and being returned to
Phe hodr of or ASRSOH fcetaleg © S8R BOAEE R A, 213 Tgimrty ol Fietuily
excl usively the correspondi ng & defy8e387 Mol @€ Nebionasyrginimide

Sui tabl e ol®fins to be hydrofornylhted decch? cimnd of dikenmoyldeper@ide
invention are [err]-olefins or internal olefins or branched internal

ol efins. The §9lJei:N0 Q48fdnSe PR ATRRL | Oned as exanpl es: et hyl ene,
propene, 1l-butene, 1-octene, (err] [err]-olefins, |inear

Experimental procedure:

20
The reaction mixture was refluxed for 5 hours and subsequently
filtered hot in order to remove the succinimide. The product was
crystallized from the filtrate.

25 2nd stage: preparation of 3,3’-bis(iodomethyl)biphenyl

Starting materials: 9 g = 26.5 mmol of 3,3'-bis(bromomethyl)
-biphenyl
7.94 g = 53 mmol of sodium iodide as a
30 1 molar solution in acetone

Solvent: acetbne

Experimental procedure: the 3,3’'-bis(bromomethyl)biphenyl was

35 dissolved in acetone and the sodium iodide solution was slowly
added to this solution. The reaction mixture was stirred until
the reaction was complete and the precipitated sodium bromide was
subsequently filtered off using reduced pressure. The
3,3’-bis(iodomethyl)biphenyl was crystallized from the filtrate.

40 To crystallize further product, the mother liquor was admixed
with small amounts of water.

3rd stage: preparation of 1,3,5-triphenylpent-2-ene-1,5-dione

45 Starting materials: 10 g = 25.3 mmol of 2,4,6-triphenylpyrylium
tetrafluoroborate

13.7 g = 101.2 mmol of sodium acetate



Jerr] inter puso)addess. 2- butene; branched internal octene m Xt ures;
branched i nternal nonene m xtures; branched i nternal 35 dodecene m xtures,

cycl ohexene, [err]-pinene, styrene, 4-1isobutyl styrene, nethyl

3- pent enoate, nethyl 4-penteneoate, thyl ol eate, 3-pentenenitrile,
4-pentenenitrile, octa-2-7-di en- 1- ol , 7-oche al, nmethyl acrylate, nethyl
net hacryl ate, acrylonitrile, vinyl acetateFr& H@f Eﬁycol 40 di acet at e,

vi nyl nethyl ether, polypropene, polyisobutylene, substrates which are

| i kewi se sui tSsiiventir elUimdnwstexr/Jbmlemethanol{dPPnyl i agstomed or conj ugat ed
doubl e bonds. Exanples are 1, 3- but adi ene, 1, 5- hexadi ene, vinyl '

cycl ohexenes gpxpedindhOPEPradb8ife: the: Sodit ARetate | €HRtHRe DA WHRr s and
45 copol yrer Ssoggreggh‘ﬁgl .tﬁr%o?gge F}Péakﬁeﬁo@gtéd‘%:, the heatiQx%g 61416 e6 §vas
ved

10 O herw nhy 0 at1qQn reactron Is carfl our.in a
manner known e anshithe §°$g%aﬁ‘ytﬁyﬁrﬂjmf‘h%ac]}ﬁ Se&sEn Pt r8 hi§Fie atpd
found in Bel IdmeapBtetsis miztuge¢ Thehpeaghiammixppre immediptely becapgpy
i ncor por at ed dnangef eTlmaeactidon mixtrenpaesstirred| fgart hburs withoartal yst
precursor sy nfdi®hes: héatind.NBubyéquentenyddinnhabrer ens addeddeato phepar ed
in two stagesreelibhehtidre HRE K aqueous Iitase! #68° wadted ¥NhiRS:S oFf
2, 6-di methyl -l QUCQVEPV D etner. The comBilet"b8haL Sdd-AM IobLb HyCane
and acetic an ari de Was carrie ut "as_described In
Houben- Wyl , FRFURRINESLYR sulfate and parj fthe Fg YTnt was subsequently
distilled off. The product 1,3,5-triphenylpent-2-ene-1,5-dione
15 crystallized from this concentrated solution (G.W. Fischer et al:
J. Prakt. Chem. 326, 287 (1984), in particular p. 298).

4th stage: preparation of 1,3,5-triphenylpent-2-ene-1,5~dione
sodium enolate
20
Starting materials: 5 g= 15.38 mmol of 1,3,5-triphenylpent-
2-ene-1,5-dione
0.89 g = 15.38 mmol of sodium methoxide
as 30% strength solution in methanol
25
Solvents: benzene, diethyl ether

Experimental procedure: The sodium methoxide solution was slowly
added to a solution of the sodium enolate of 1,3,5-triphenylpent-
30 2-ene-1,5-dione in benzene. 200 ml of diethyl ether were then
added to the reaction mixture and the mixture was stirred for 1
hour with exclusion of air. The precipitated, solid product was
filtered off and dried under reduced pressure (G.W. Fischer: J.
Prakt. Chem. 327, 983 (1985), in particular p. 987).
35
5th stage: preparation of bis-3,3’'-(3-(2,4,6~-triphenyl)pyrylium~
methyl)-1,1’-biphenyl diperchlorate

Starting materials: 3.9 g = 11.21 mmol of 1,3,5-triphenylpent-

40 2-ene-1,5-dione sodium enolate
2.43 g = 5.6 mmol of 3,3’'-bis(iodomethyl)-
biphenyl

Experimental procedure: 3,3’-Bis(iodomethyl)biphenyl was added at
45 room temperature to a solution of the enolate from the 4th stage

and the mixture was stirred for one hour. The reaction solution

‘was taken up in a diethyl ether/water mixture, the organic phase



20 - 2robs0 A4E968The 2, 6- di met hyl - 4- phenyl pyriliumsalt was

subsequently 25 converted by neans of pH4l and base into
2, 6-di et hyl - 4- phenyl phosphabenzene as described in the t hesi s
by F. Lieb, Universit[err]t Werr]rzburgg 1969, p. 102 (PH4

was prepared by the thod of Brayer, " dbuch 30.
r Lert ] par at (R VARDES i (UmRER ¢himes VEER JaEle, dRicd ver s8flm
45 005FWUEg§Le and evaporated under reduced pressure. The reaction
product was subsequently mixed with ethanol, perchloric acid was
added and the mixture was refluxed for 6 hours. After cooling
5 this mixture, the precipitation of the pyrylium salt was
completed by addition of diethyl ether, the pyrylium salt was
filtered off and dried under reduced pressure (G.W. Fischer: J.
Prakt. Chem. 327, 983 (1985), in particular p. 9%88).

10 6th stage: preparation of ligand 5

2.5 g of the pyrylium salts obtained in stage 5 were dissolved in
ethanol and mixed with 0.5 g of a 30% strength by weight solution
of hydrogen bromide in glacial acetic acid (Aldrich) and reacted

15 with phosphine (PH3) in a pressure vessel. For this purpose,
phosphine was injected at room temperature into the pressure
vessel until a pressure of 5 bar had been attained, and the
charged pressure vessel was subsequently heated at 110°C for 4
hours while maintaining a pressure of 12.5 bar. After cooling and

20 venting, the precipitated product was filtered off and
recrystallized. Further product could be isolated from the
solution.

25 General experimental procedure:

All experiments (batchwise) were carried out in a 100 ml
autoclave (material HC). The reaction mixture was heated for 10

_ minutes at the reaction temperature and the solution was stirred

30 vigorously with a gas-introducing stirrer. The desired pressure
was set by means of CO/H; (1:1). During the reaction, the pressure
in the reactor was maintained at the desired level by injection
of further amounts via a pressure regulator. After the reaction
time, the autoclave was cooled, vented and emptied. Analysis of

35 the reaction mixture was carried out by means of GC, using an
internal standard and correction factors.

Example 1l: Low-pressure hydroformylation of l-octene

40 3.1 mg of acetylacetonatodicarbonylrhodium (0.012 mmol), 23 mg of
ligand 1 (0.12 mmol), 5.8 g of l-octene (52 mmol) and 6.0 ml of
Texanol® were heated to 100°C. The desired pressure of 10 bar was
set by means of CO/H; (1:1). After 4 hours, the autoclave was
cooled, vented and emptied. Analysis of the reaction mixture was

45 carried out by means of GC, using an internal standard and
correction factors. The conversion of l-octene was 100%, the
yield of nonanals was 92%, the selectivity to give nonanals was



11 - Ligand 20050/26964, 6- Tet r aphenyl phosphabenzene was prepared in two

st ages by literature nmethods: 5 1st stage: The synthesis of
2, 3,4, 6-tetraphenyl pyrylium tetrafl uoroborate from
1, 3- di phenyl - 3- oxopr opene Gyl kon) and deoxybenzoi n was

10 ferr) " B2 RUN of pojseper) e“%*@%“é%&”’%% EESFORt um sal

was subsequenP}§ting was 2.7 converted by means of P(Si Me3)3 into

2,3,4,6-tetraphenyl phosphabenzene (Angew. Chem, 79 (1967), p
475 ff) [err] EfQample 2:3Dntermediafjerpréssure hydroformylation of octene N
5 ' :

The aldehydes in the reaction mixture from Example 1 were
distilled off under reduced pressure at 100°C. This left a
homogeneous solution comprising active catalyst, Texanol® and
high boilers formed in the reaction. To this were added 18 g of

10 octene N (isooctene mixture, degree of branching: 1.3) with
exclusion of air. The mixture was heated to 130°C and the desired
pressure of 60 bar was set by means of CO/H; (1l:1). After 4 hours,
the autoclave was cooled, vented and emptied. Analysis of the
reaction mixture was carried out by means of GC, using an

15 internal standard and correction factors. The octene conversion
was 63%, the selectivity to give nonanal isomers was 100%. '

Example 3: Intermediate-pressure hydroformylation of styrene

20 0.375 mol% of acetylacetonatodicarbonylrhodium, ligand 1 in a
rhodium to ligand molar ratio of 1:5, styrene and toluene as
solvent were reacted at 20°C with CO/H; (1l:1) under a pressure of
50 bar in an autoclave. After 22 hours, the autoclave was vented
and emptied. Analysis of the reaction mixture was carried out by

25 means of GC, using an internal standard and correction factors.
The styrene conversion was 51%, the ratio of branched
(2-phenylpropanal) to linear (3-phenylpropanal) product was
22.3:1.

30 Example 4: Intermediate-pressure hydroformylation of styrené

0.375 mol% of acetylacetonatodicarbonylrhodium, ligand 1 in a
rhodium to ligand molar ratio of 1:2, styrene and toluene as
solvent were reacted at 20°C with CO/Hz (1:1) under a pressure of
50 bar in an autoclave. After 22 hours, the autoclave was vented
and emptied. Analysis of the reaction mixture was carried out by
means of GC, using an internal standard and correction factors.
The styrene conversion was 80%, the ratio of branched
20 (2-phenylpropanal) to linear (3-phenylpropanal) product was
26.6:1.

35

Example 5: Low-pressure hydroformylation of l-octene

3.1 mg of acetylacetonatodicarbonylrhodium (0.012 mmol), 26 mg of
ligand 2 (0.065 mmol), 5.6 g of l-octene (50 mmol) and 6.0 ml of
Texanol® were heated to 100°C. The desired pressure of 10 bar was
set by means of CO/H; (1:1). After 4 hours, the autoclave was

45



Cat al yst precQ050y46968hesi s: 2,4,6-tri phenyl phosphabenzene was pr epar ed
as described in DE-A 1618668 fromthe commercially avai |l abl e
2,4,6-triphenyl pyryliumtetrafluoroborate (A drich) by nmeans of

P(CH err]OH)[err].P(CH err]OH) [err] was yrepared fromcomercially 40

avai | abl e [ P( %ggéc{,] Pehted éxkgemﬁaékgcz %mawg%gg? 23eTBLOOELH uiExthife Slad?)

| nor Chem 5 12

[err? 5 5ﬁﬁﬁg°ﬂt By means) 9f Cor H8FPEoRR %Fﬁ@§FSStandard and

2, 4- di phenyl - 6°{§§Qﬁﬁ&ﬁtﬁ?¢t9rsw E 6sfﬁﬂﬁﬁﬁﬁé@ﬁe°§w&rﬂﬁﬁ§ﬁ8rY%Flﬁﬂoﬁg theret hod

simlar to |i gaeld Df nonanals wage88%; drhel s@ldepirity £8- gicopmmmenals Grasl kon)

and 2'-acet gngpét (MitRhydd déiposlidgen: I5¥ bff 2-propylhexanal, 19% of
2-ethylheptanal, 38% of methyloctanal, 28% of n-nonanal; 28% of
n-isomer); the selectivity to give internal olefins was 12%.

Example 6: Intermediate-pressure hydroformylation of octene N

10 _
The aldehydes in the reaction mixture from Example 5 were
distilled off under reduced pressure at 100°C. This left a
homogeneous solution comprising active catalyst, Texanol® and
high boilers formed in the reaction. To this were added 5.3 g of

15 octene N (isooctene mixture, degree of branching: 1.3) with
exclusion of air. The mixture was heated to 130°C and the desired
pressure of 60 bar was set by means of CO/H; (1l:1). After 4 hours,
the autoclave was cooled, vented and emptied. Analysis of the
reaction mixture was carried out by means of GC, using an

20 jnternal standard and correction factors. The octene conversion
was 56%, the selectivity to give nonanal isomers was 100 %.

Example 7: Intermediate-pressure hydroformylation of octene N

25 The aldehydes in the reaction mixture from Example 6 were
distilled off under reduced pressure at 100°C. This left a
homogeneous solution comprising active catalyst, Texanol® and
high boilers formed in the reaction. To this were added 5.3 g of
octene N (isococtene mixture, degree of branching: 1.3) with
exclusion of air. The mixture was heated to 130°C and the desired
pressure of 60 bar was set by means of CO/H, (l1:1). After 4 hours,
the autoclave was cooled, vented and emptied. Analysis of the
reaction mixture was carried out by means of GC, using an
internal standard and correction factors. The octene conversion
was 55%, the selectivity to give nonanal isomers was 100 %.

30

35

Example 8: Intermediate-pressure hydroformylation of styrene

0.375 mol% of acetylacetonatodicarbonylrhodium, ligand 2 in a
rhodium to ligand molar ratio of 1:5, styrene (0.65 mol/l) and
toluene as solvent were reacted at 20°C with CO/H2 (1l:1) under a
pressure of 50 bar in an autoclave. After 22 hours, the autoclave
was vented and emptied. Analysis of the reaction mixture was
carried out by means of GC, using an internal standard and
correction factors. The styrene conversion was 98%, the ratio of

40

45



20 25 2ndooseOE6968r I ] 30 35 Ligand 5:
synthesis: ligand 5 was prepared in six stages: 40
18

10

15

20

25

30

35

40

45

branched (2-phenylpropanal) to 1

was 18:1.

Cat al yst precursor
0050/ 46968

45

inear 3-phenylpropanal) product

Example 9: Intermediate-pressure hydroformylation of octene N

An experiment on the hydroformylation of octene N using ligand 3

(51 ppm of Rh, L/Rh molar ratio

10.8) was carried out as

described in Example 1. The pressure (60 bar), the temperature
(130°C) and the reaction time (4 h) were set as in Example 2. The
catalyst was separated off using a method similar to Example 2
and was reused four times. The following yields were achieved at
approximately 100% selectivity to nonanals:

Experiment Yield of nonanals
%

First use 63

Recycle 1 56

Recycle 2 53

Recycle 3 55

Recycle 4 52

Example 10: Low~-pressure hydroformylation of l-octene

Experiments on the hydroformylation of l-octene were carried out
as described in Example 1 using ligand 3 at 90°C. As an additional
change, the ligand to rhodium ratio was varied.

Rh L/Rh 1-Oct~ [Nonanal |Forma~ |Nonanal |n-Pro- {o-Pro-
content ene yield [tion of |select- |portion |por-
conver- inter~ |ivity tion
sion nal
ole-
fins:
Select-
ivity
ppm mol/mol ¥ ¥ % % ¥ ¥
51 21 99 64 35.6 64.4 40.8 79.6
60 35 99 84 16.9 84.9 49.2 86.7
60 89 98 90 8.5 92.1 65.2 99.6

n-proportion =
a~-proportion

X 100

(l-nonanal/total aldehydes) X 100
[{(1-nonanal + 2-methyloctanal)/total aldehyde]




13 [err] 0050/46968 1st stage: preparation of

3, 3" -bi s(brononet hyl ) bi phenyl Starting materials: 25 g = 0. 137 nol of
3, 3" -di net hyl bi phenyl 51 g = 0.287 nol of

N-"br onmosucci ni m de 15 19 1 g = 4. 13 mmol of dibenzoyl

per oxi de Sol vent: carbon tetrachl oride Experimental procedure: 20
The reaction m xture s refluxed for hour s .and subsequent | filtered
hot in order t%‘%vﬁi HOYsBE PRI d’é(%r?ﬁ‘énﬁﬂ?&'&ef‘ Q\gsl'“(',‘ﬂi‘ét allized from

the filtrate. 25 2nd stage: preparation of 3,3 -bis(iodonethyl)biphenyl
Starting nat erBxpegimen®s pn- th6. bydmufiorsiy 18t Bon loifs ( booveme Weyk) carried out
- bi phenyl. 5 as described in Examp¥e M u@ifigSBidand 30&t S®diigandotd dehodium 30

1 rol ar sol utiQfiNoRCEI ONG addithdyChthe B&MiMure wisRAILiRNt al
procedure: the 3, 3" -bis(bronmonethyl)bi phenyl” was

Rh Tempera- | 1-Octene |Nonanal |n-Pro- Internal |Nonanal

10 [content |ture conver- |yield portion |}olefin select-
sion select- |ivity
ivity

Ppm °C % 2 % % %
15 |52 100 99 69 31.4 29.3 69.1

58 90 98 12 50.7 81.7 11.9

51 80 93 8 67.7 82.3 8.4
20 Example 12: Low-pressure hydroformylation of cyclohexene

0.375 mol% of acetylacetonatodicarbonylrhodium and ligand 3 in a
rhodium to ligand molar ratio of 1:10, cyclohexene (0.68 mol/l;
cyclohexene/Rh = 730 mol/mol) and toluene as solvent were reacted
at 90°C with CO/H, (l:1) at a pressure of 20 bar in an autoclave.
After 1 h, the autoclave was vented and emptied. Analysis of the
reaction mixture was carried out by means of GC, using an
internal standard and correction factors.

25

The yield of cyclohexane carbaldehyde was 29%, ie. the turnover
frequence (TOF) was 214 h-!, The TOF is calculated according to
the formula:

30

mol of product

35
mol of catalyst - h

Example 13: Hydroformylation of octene N

261 mg of octacarbonyldicobalt (0.763 mmol), 2.16 g of ligand 3
(6.9 mmol), 30 g of octene N (267.4 mmol) and 10 g of toluene
were heated to 150°C under 30 bar of CO/H; (1l:1). The pressure was
set to 50 bar by the injection of further CO/Hp (1l:1). After

5 hours, the autoclave was cooled, vented and emptied. Analysis
of the reaction mixture was carried out by means of GC (using an
internal standard and correction factors).

40

45



35 di ssol ved bose¢esees and t he sodi umi odi de sol ution was slowy added

to this solution. The reaction mxture was stirred until the reaction
was conplete and the precipitated sodi um brom' de was subsequent |y
firltered off using reduced pressure. 3, 3" -bi s(i odomet hyl ) bi phenyl
was crystallizgd {4 °@rts*£§nféét Refie :f}%aT.eP 9C%¥Stag 810161 N aga ds whb®
not her |i quor was“% 3

preparation of-1%*g e sp ﬂ%‘h’;ﬁl&@nfwza —Yfe§ ‘d?%r?es 43 BYORYT LG ‘rﬁ%dl *s:
10 g = 25.3 nmol of 2,4,6-triphenyl pyrylium -

tetrafl uoroborate 13.7 g = 101.2 mmol of sodium
acetate 5 EQmP1«1A3@8Hydroformylation of l-octene 14

trihydrate Sol vent 10 M water/50 m nethanol /100 mM acetone

Exper | ment al - gpoged, ocghsriorg,ﬁmgg £1 LRYEhhST) Wl By t0%¢ 19 Lx&gﬁthe

m xture were urc erme

eatln
solid pyryli urhls%ﬂ'? mod ) |'n ffed-actene |( @%31'28}“"” % ﬁ'Bdl H & o §° Sir e.
The reacti on Wexeureatednbdi 130Cyupden B0 bagr afidk0/Hehél 1 Pac Thendesitas e was
stirred forlodpheaswrevofhdbtbdx) wasr bt rbjdatjertiodudss gguehet \GO/die{ hyl) et her
was added to hleer 9 MGk, OthdliatitdtEadd tvdsh@odle€P WenkBasendvasmptasied a
glrlim;gr of over hhHE%sé:‘é% EJ% @h@tfa’a{ct%ﬁeﬁlxﬂi% wagbe L5 o BGE ﬁf;nfjeb%gléaagﬁétcfy
distilled off (u? od‘u ﬁg% %%Bgagﬁ én c° ?&é ene%%%}gggbne 15

crystallized fromt h| s concentrated sol ut [ on G W Fischer et al: J.
Prakt. Cherh5 The, comvensionsef j-ectaneiwas H8.9%, 208 yield of nonanals was
_ 70.7%, the selectivity to nonanals was 71.5% (n-proportion =

45.3%), the selectivity to internal olefins was 11.1%.

Example 15: Hydroformylation of internal dodecenes
20
261 mg of octacarbonyldicobalt (0.763 mmol), 2.35 g of ligand 3
(7.5 mmol), 30 g of internal dodecenes (178.2 mmol) and 10 g of
toluene were heated to 150°C under 30 bar of CO/H; (1l:1). The
pressure of 50 bar was set by injection of additional CO/H; (1l:1).
25 After 5 hours, the autoclave was cooled, vented and emptied.
Analysis of the reaction mixture was carried out by means of GC
(using an internal standard and correction factors).

The conversion of dodecene was 26.2%, the yield of tridecanals
30 was 16.7%, the selectivity to tridecanals was 53.3% (n-proportion
= 0.27%).

Example 16: Hydroformylation of isobutene

35 31.2 mg of acetylacetonatodicarbonylrhodium (0.12 mmol) and
ligand 3 in a rhodium to ligand molar ratio of 1:15, 17.2 g of
isobutene (0.31 mol) and 50 ml of Texanol® as solvent were reacted
at 110°C with CO/H; (1l:1) at a pressure of 50 bar in an autoclave.
After 5 hours, the autoclave was vented and emptied. Analysis of

40 the reaction mixture was carried out by means of GC, using an
internal standard and correction factors.

The isobutene conversion was 100%, the pentanal yield was 93.5%,
the ratio of branched (pivalaldehyde) to linear
45 (isovaleraldehyde) product was 1:600.
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enol ate 10 means of GC, using an2int®rgal standard and RFechiiopi Harhamshyl )-
bi phenyl Experi mental procedure: 3,3 -Bis(iodonethyl)biphenyl was added
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Example 17: Hydroformylation of isoprenol

37 mg of acetylacetonatodicarbonylrhodium (0.14 mmol) and
ligand 3 in a rhodium to ligand molar ratio of 1:15 and 75 g of
20 isoprenol (0.87 mol) were reacted at 90°C with CO/H; (1l:1) at a
© pressure of 50 bar in an autoclave. After 5 hours, the autoclave
was vented and emptied. Analysis of the reaction mixture was
carried out by means' of GC.

25 The isoprenol conversion was 100%, the product comprised 79.2% of
2-hydroxy-4-methyltetrahydropyran, 6.5% of 3-methylbutanol, 1.2%
of 3-methylbutanal, 3.2% of 4-methyl-3,6-dihydro-2H-pyran (main
components).

30 Example 18: Hydroformylation of polyisobutene

20 mg acetylacetonatodicarbonylrhodium (0.077 mmol) and ligand 3
in a rhodium to ligand molar ratio of 1:15, 40 g of polyisobutene
having a mean molar mass (M) of 1000, 40 g of Mihagol as solvent
35 were reacted at 150°C with CO/H; (1l:1) at a pressure of 50 bar in
an autoclave. After 5 hours, the autoclave was vented and '
emptied. Analysis of the reaction product by means of 13C-NMR
spectroscopy indicated a polyisobutenaldehyde yield of 64%.

40 Example 19: Low-pressure hydroformylation of styrene

0.357 mol% of acetylacetonatodicarbonylrhodium, ligand 4 in a
rhodium to ligand molar ratio of 1:2, styrene (0.65 mol/l) and
toluene as solvent were reacted at 20°C with CO/H; (1l:1) at a

45 pressure of 20 bar in an autoclave. After 22 hours, the autoclave
was vented and emptied. Analysis of the reaction mixture was



was ‘washed a 005®446968tines with water, dried over sodium sulfate and
evapor at ed under reduced pressure. The reaction product was subsequently
m-xed with ethanol, perchloric acid was added and the m xture was
refluxed for 6 hours. After cooling 5 thigs m xture, the precipitation of

the pyrylium . e addi-t Lo f . di Y, , e
pyryliumsalt %/altsleée.? Ffégftem? ag%f ggﬁédt'dglgghb u%&agrntrg!g%ge%tag{rdgggu?%&( G W
Fischer: J. SPEa CBnedTt%37, 983 (1985), in particular p. 988). 10 6th
stage: preparation of ligand 5 2.5 g of the pyryliumsalts obtained in
stage 5 were The sadidebpde ryieldewhan?? s afdientxiod wift branched d2-ph&ipd-st r engt h
by wei ght sBlpidépamal) 9b6 IitdawrgeB-phenylgpeopindl peraduetaidsc 26e¢id (Al drich)
and reacted 15 with phosphine (PH3) in a pressure vessel. For this purpose,

phosphi ne was % ﬁhﬁ ted. _%q_g}:s i the_pres vessel until
a pressure ofE ar% Egd oe"ye a tggggg{ﬁrgﬁgr?ﬁe&ﬁ?hg?ggﬁeggsure vessel
was subsequently heated at 110[err]C for 4 hours while maintaining a
pressure of 1»:6 Mot arekylacebrratedirerbonyirhedigm (Pc00f @med) ¢ atGedg of
product wadof ligaded ¢Pf0Amiol; LARh ywilall raeih =u50)heé. brooddcl-oohdne be

I sol ated fron$hiamol)sahdté Mml ofSréiamolll werdaidatedt 8 JUoeCethe @ressurd |
experi ments (Had oM £6) 10884 B9' ih§ebldn bf AadiA3omki coAtlt @&t gy e Adrateri al
HC). The reacj %ﬁ&',xkﬁéead@o%l gal Gk fc%(r?lég, vex{lée’&%ﬁé é‘:ﬁqtﬁ'é‘a.rﬁﬁé’ﬂs%

t enperature an e ‘solution was stirre %l&otr%?éw a ,

gas-i ntroduci Oty 9 FPAPTIGH SIKELFR MRS FELE AP STERRS R fEandstig an
CO H err] @3 ipteqnad; ghapdard andt correqtieonpfagtafse in the reactor was
mai ntai ned at the desired | evel by injection of further anobunts via a
pressure regurhé Wonverkeon (4K 1-6aEéndWas 90% Ethd 3@ 180t Dl iy @oVAsnamlsed,
vented and enpii eghs ARRbYSigrddbrsPoh Was 936! | Ofk W pBpEr Y LT b8 DO UnaDY

e o 5 8 Ml Tk B 68 A0 R L k06
- 20 (l-nonanal?to al aldehydes) X 100; a-proportion = [(l-nonanal +

2-methyloctanal)/total aldehyde] X 100.
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40 3.1 ng of eosbyhseesonat qdy ‘mn‘m“!gm (0.012 nmol ), 23 ng of
I d 1l (0.12 1), 5.8 g- I A0 m—of
Tleggzol [eEr] vvepgoh)eat ed tgmnouif[erﬁi[ C® The desi rédaB}@gr$%¥] HAD BEEN (ias

set by neans of COHerr] (1:1). After 4dours, the gutocl BEBLAGED
cool ed, vented and enptied. Analysis of the reaction mxture was 45 carried

out by nmeans of GC,, using an internal standard and correction factors.
The conversi oNeofl8ict ene was 100% the yi eld of nonanals was 92% the
selectivity to give nonanal s was 0050/ 46968

16 92. 5% ( 59.2%0procassofor ) pregexr ingl abdehsideg by hydmfiomrglation odl ef i ns
was 2.7% s Exanplesfis Wikl 084 AL6- Bhé Prigsenby do Ofcomplbaés ¥ @ragsieivnh N
5 The aldehydesyip,ineg,g %’2‘8&% fg étgéﬁer‘;]nféygbﬁ#é”@éﬁelo‘é%ﬁe Eﬂm%fnltp ed-

of f under r-educedcgressur.e a&_g ric. e ]rl_.a dhormngene%tqs sol ution
conpri sing acti veSERratd PRRSRHUS, 8mp°‘fﬂ‘§sn 3ol + 1S 8FnetCT (£ 18
reaction. To this20@7%e ardgrreaspnes Pt 15 AENOSRRET G BELERBT it (P8, P¥egr ee
of branching: 1.3yherein thexchtalyatsohised rhaveha? ra2xpheephemisheampounds .
130[err] C ad t hecdpabledf cpmpbatirforahtHon E ldgandsi by neans of

COHerr] (1:1). After 4 hours, t he autocl ave was cool ed, vented and

_enpti ed. Anal ysi SAOf)r&%l%s asCatL1 Y ThXE YL fin V@%ﬁé%i&%gﬁ“&i?é(n&@%%d%rén
using an 15 internal _standard and cortectlon factors. e _Qclfene conyersion
wes 63% the sel ePPPUTTRAIMD, o8 CXCHS RRSFORER. FEmRREadm fy ns "ok Jaask gne

| nt er medi at e- pr es §GPBP hy‘ﬂ?BﬁrEﬂ'aFPBﬂb%? of FrERLex Hprmatign np| o of

acet yl acet dfat odi carbonylrhodium ligand 1 in a - rhodiumto |igand nolar

rati.o of 1:5, 3st ymeperocexs tasl dkatmedd in claim 1, wherein the ligands used are
' open-chain or cyclic phosphaalkenes having at least 4 carbon
atoms. '

20 4. A process as claimed in claim 1, wherein the ligands used are
phosphaaromatics having at least 5 carbon atoms.

5. A proceés as claimed in claim 1, wherein the ligands used are
unsubstituted or substituted phosphabenzene of the formula I,
25

r3

R? R4
e I I,
~
30

Rl P RS

where R! - RS are, independently of one another, hydrogen,
alkyl, aralkyl or aryl radicals or heterocyclic radicals each

35 having 1-12 carbon atoms, or radicals -codPM®, -S0OM®,
R
7~
—N¥—RrR P
SR
40

-OR, -NR;, -COOR, -SR, -(CHRCH20)yR and (CH3;CH;NR)j, where R
are identical or different radicals selected from the group
consisting of hydrogen or aliphatic or aromatic radicals
having from 1 to 18 carbon atoms, M® is a cation and X° is an

45 anion and x is from 1 to 120, and the radicals Rl - R5 can be
joined to form fused rings. -
iii\r\s\e\ﬁ\i\eﬁir



sol vent were 10050 /b 9SS ZO[ﬁImm"IM“I prr] (1:1) under a press of
50 bar in an autoclave. Aft L | aut ocl avd #as gﬁmmwﬂms BEEM
enptied. Analysis of the realti®n mi ¥t ufe was carried out gﬁcmpans
GC, using an internal standard and correggion factors A

v o\. _yT CTICT
fg”‘éﬁref]'yf’gr‘g’g}ngll)ﬁ? Bt hcg%ésf‘ta{s §9am “Cheﬁal%é é@e%?!nptr P 3285 hal hded"§RL
| nt er medi at e- pr es$HP WWWFaV?%r@GF‘u%?yF é’ﬁeset fortdydn,glajmS which
acetylacetonatodl@@ﬁbén@h@ﬁﬂhﬂpan?rIERgﬁmalielgrqyp inr gpdhanstt eneigided nol ar
ratio of 1:2, styrhaénand tol uene as solvent were reacted at 20[err]C
wth CIYF{ers] (1:1) under a pressure of 35 50 bar in an autoclave. After

22 hours, the AU GeLRE 0%/ BIbEHbd 1F ?%m'%eréﬂﬁ‘léﬁéi 196l n}aasrega ko
2

Corrocti on factor & Piderribe, pyr BALEIdARFEFe: CAPRAESS08, S d o a LS

branched (2- phenyl propanal ) to |inear (3-phenyl propanal) product was 40

26.6: 1. Exanpl e 5: Low pressure ydrofornylakhon of l-octene 45 3.1 ny
of acetyl ack onat odi car bonyl r hodi um;(0. 012 mml ), 26 ng of l'i gand 2
(0.065 mml ), 5.6 g of 1-octen&?2(50jmol) and 6.0 mnl_ Rr¥ Texanol were
heated to 100[err]C. The desired pFésyure .of 1(/bq was satx,by neans of
COHerr] (1:1). After 4 hours, akt ocl ave \Wﬁ; 0050/ 46968

17 cool ed, vented and errptlechl Andl ysis of the Preackf on mixture was
carried out by nméans of GC, using an internal standard and correction
factors. Th¥ conversion of 1-octene was 100% the yi el d of nonanal s was
88% t he sel ecti vivhereoRBiRfean®nmnalefinad for R1-R5 in claim 5 and W is a

bridge in the form of a covalent bond or a chain comprising
from 1 to 10 atoms which can be part of a cyclic or aromatic
compound, and the phosphaaromatics are linked in the ortho or

20 meta position relative to the phosphorus, with the ortho or
meta positions not used for the bridge being substituted by
radicals Rl to R5 as in claim 5, and one or more of the
substituents R! to R® can be a phosphabenzene of the formula I
as set forth in claim 5 bonded via a further bridge W.

25

8. A bidentate phosphabenzene of the formula Ila

R3 R%
30 R2 R3
=~ = IIa
1 » r
\ J W K\ l

35 where the radicals R! to Rf are identical or different and are
~  as defined in claim 5 for the radicals R! to RS and where W’

is a 2,2’~, 4,4'~ or 3,3’'-biphenyldiyl group, a 2,2'~, 4,4~
or 3,3’'-(diphenyl ether)-diyl group, a 2,2’-, 4,4'- oOr
3,3’-diphenylmethane~diyl group, a 2,2'-, 4,4'- or

40 3,3’-diphenylethane-diyl group or a 2,2'-, 4,4’- or
3,3'-diphenylpropane-diyl group or a ferrocenediyl group
which in each case is linked to the two phosphabenzene groups
in the ortho or meta position relative to the phosphorus atom
via a covalent bond, an oxa group and/or a C;~Cs-alkylene

45 group, in particular a methylene group, where the biphenyl,
diphenyl ether or C;-Ciz-diphenylalkane group is unsubstituted
or substituted by from 1 to 4 identical or different
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5 88% ( al dehy o500y usYEd i or1 "mmﬂ hexanal , 19% of
2- et hyl hept anal , 38% of net ’ f n- nonan-a+—-—2—8%of-~-~----.~...,
a

n-isomer): the selectivity to §ive ihtex n ol efins WaiH'ﬁZ%":E1 HEx anplid 6:
I nt er medi at e- pressure hydrofornyl ati on oggoctene N 10 TtﬂEP&A@EDwdes i n

the reaction mxtyre.fr OeTr ced
pressure at 100[e%r1]'?,‘l %??ﬁ?psd a\,\ﬁh‘gﬁj‘be %Z'Sugrlé}b?tﬂrl ﬁg o?fi)srlltéo la not
active catal yst, PERInEPT Al PrifpgpysoisrRFLitiadkdY; FadiralseBoi R 48 in
this were added 5.c3agmo$- 15 octene N (isooctene mixture, degree of
branching: 1.3) with exclusion of air. The m xture was heated to
130[err] C angl ¢ he zﬁ%&ﬂéﬁgate pho8pRabEnZtnebls PeTa 1RA $AtcIWinBaREVOAg the
COHerr] (1:1). }rﬁﬁ hpurs, t he autocl ave was cool ed, vented and
enptied. Analysis 0 t%e reacti on m xture was carried out by neans of
GC, using an 20 internal standard and correction factors. The octene
conver si on was 56% the selectivigy to g|v nanal i sonmers was 100 %
Exanpl e 7: Internedi ate-pressure h ' n of octene N 25 The

al dehydes ipothe reaction mxture f 6 were distilled off
under reduced pressure at 100[err] €. )
conprising active catal yst, Te ol
reaction. To this were added 5. 3/ig
degree of branching: 1.3) with

cl usi on of Yaiy. The m xture was heated
to 130[err]C and the desired p essure of 60BHXr was set by neans of
COHerr] (351). After 4 hours, t he autocl ave s cool ed, vented and
enptied. Analysis of the “reaction mxture was €&rried out by neans of
GC," using an i nt er nal standard and correction factors. The octene
conversi on 35 was e c i ve nonanal isonmers was 100 %
Exanple 8: Interne |at eijgreés?u?ebhgg# fég%ngl ation of styrene . 0. 375 nmol %
of acetyl acet onat odi car bonyl rhodium |igand 2 in a 40 rhodiumto |igand
nol ar rati 020f10: A PFOgRERA] Fle4mad| in Clade 1, flﬂr@éﬁetb% ]s’aa@éﬁt“m are
reacted at 20[ err]{Chideht&# HfhosphabdnZéneupndethe formplaesElae of 50 bar in
an autocl ave. After 22 hours, the autocl ave

R3 R4

25 R2 R3?
Z W =~ ‘ Ia,
x> I S

30 where Rl to R6 and W’ are as defined in claim 8.

11. A process as claimed in claim 1, wherein the ligand used is
the bidentate phosphabenzene of the formula IV

35
B Ph
Ph—_/=
40 | \—Fh L v,
— P P
Ph Ph |
—
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was -vent ed an@0s5046968 Ana tion m xture was carried out
by means of GC, using an mWﬁm“mH“Emmmnd 45 correction factors. The
st.yrene conversion was 98% ecrat| o ofs * 0050/ 46968 .

18 branched (2-phenyl propanal) to |inegg 3-phenyl pr H?«H@'SHEETWBEEN has

18: 1. Example 9: Interne ress hydr of or nyl gt i on gne
An experinment on the hydrofgk%{ﬂq |)’6n IE:toctene N usi ng-4 "“B“E‘Lq@tﬁ (51 pm

of Rh, L/Rh nolar ratio = 10. 81 was carrled out as descrlbed i n Exanpl e
1. The pressure (BbepRY ist pE teaffeCREUFRRtrylI 86PB,Pf @D &ABTERE Yfeaction
time (4 h) were sséransitioncgaopp VIXI Dlieth® RextighjctTakle ofpbhetRlements,
using a netiod si W iarat deasanphe MAgandaotl ties foencral If @i ILi s IIalbe IV

foll owi ng yields were achi eved at approximately 100% sel ectivity to
nonanal s: 15 Experi nment o Yi el d of nonanal S
First use R3 63 Rer¥ycle 1 R4

56 Recycle 2
55 Recycl e 4
hydr of or myl¥ i on of 1 octl ne 25 T Exper W
1-octene were carrg grsas descrj pT Exanpl e
90[err]C. As an ad itiona'l R

53] 20 Recycl e

R2 R4 R2 p{:

> “Low pr JFssure
yyr of or nyl at n of
&e! i gand 3 at

15 R3 R4
R2 RS
= W ~ | IIa,
< 0 N
20

’
h ; Ph
25

== P %
Ph Ph
30
where R!-R6, W and W’ are as defined in claims 5, 7 and 8, n
and m are each at least 1 and where further radicals such as
hydrido, alkyl or acyl radicals may.be additionally present
in the complex.
35

13. A catalyst as claimed in claim 12 which is prepared in situ
in a hydroformylation or carbonylation reaction.

14. A process for preparing bis-3,3'-(3-(2,4 6-tr1phenyl)phospha—
40 benzene)-1,1'-biphenyl of the formula IV

45
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Sel ect - pp™m mor7mol %
% % % % 21 99 64

35.6 64. 4 40. 8 79.6 99 84 16.9
84.9 49. 2 86.7 60 b 8.5 92.1

65. 2 99. 6 n- proportion = dehydes) X 100 45

a-proportion = [(1-nonanal + 2-
0050/ 46968
Low pressure hydrofornyl ation of

al dehyde] IV, X 100
Exanpl e 11:
Experinments on the

hydr of ormyl ati on of 1-octene werehcarried out pp? as described in Exanple
1 using ligand 3 at a ligand to rhodi um ratio of 11. In addition, the
t enper at ur ddwas vari ed. Rh Tenpera- 1-Cctene Nonanal n-Pro-
Internal Nonanal whidi compl@8és rddicding the P¢glium)dtdof th@rddrmalaovefin
sel ect - si on sel ect -
ivity

15

v,

20

where X° is the equivalent of one anion, with phosphine in

the temperature range from room temperature to 150°C in the
25 presence of a catalytic amount of acid at elevated pressure

in the presence or absence of a solvent in a pressure vessel.

15. A process as claimed in claim 14, wherein a phosphine partial
pressure of from 0.5 to 50 bar is set in the reactor during
30 the reaction.

16. A process as claimed in claim 14 or 15, wherein the phosphine
is brought into contact with the pyrylium salt V at room
temperature, this mixture is subsequently heated to above

35 100°C and after reaching this temperature the phosphine
partial pressure in the pressure vessel is held essentially
at from 0.5 to 50 bar during the reaction by passing in
additional phosphine.

40 17. 2,4-Diphenyl-6-(2-naphthyl)phosphabenzene.

18. Bis-3,3'-(3-(2,4,6-triphenyl)phosphabenzene)-1,1’-biphenyl of
the formula

45 —
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93 %8 ‘a7 °82 3 5 4 20 EXFH‘S S IAEE’H‘* or eskur e
hydr of or nyl ati on of cycl ohexene 0. 375 nol % of

acet yl acet onat odi car bonyl r hodi um 3 i in a rhodiumto |igand

nolar ratio of 1:10, cycl ohexene ¥ cycl ohexene/ Rh = 730
nmol /mol ) and tol uene as sol vent S ] 25 at 90[err]Cwith
COHerr] (1:1) at a pressure_of 20 bar in an ¥ @ ave. After 1 h,
t he autocl ave was vented and &Jp t he reaction
m xture was carried out by neang i nternal standard

and correction factors. 30 P Wohexane caf bal dehyde was
29% ie. the turnover frequence (TOF) was\214 h[err] The TOF is

cal cul ated according to t g, formul a: Ph nmol of
pr oduct TOF = - -m e e - 35 nol of
catalyst [ggr] h Exanpl e 13: Hydrofornyl ation of octene N 40 261
ng of octacarbonyl dicobalt (0.763 mml), 2.16 g of ligand 3 (6.9
nmmol ), 30 g of octene N (267.4 mmol) and 10 g of tol uene wer e heat ed
to 150[ err] C under 30 bar of COH2 (1:1). The pressure was set to 50
bar by the injection of further COHerr] (1:1). After 5 hours, the
aut ocl ave was cool ed, vented and enptied. Analysis 45 of the reaction

m xture wagscarried out by neans of GC (using an i nternal standard

and correction factors).
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0050/ 46968. 0050/46968 ' 20 The conversion of octene

N was 9.8% the yield of (Jerr] al dehydes was 8. 3% E-he—s—eJ—ee&-rwm
al:dehydes was 85% (n-proportion = 5.5%. 5 Exanpl e 14:THISSHEELMApI BE
of 1-octene 90 ng of octacarbonyl dicobalt (0.263 mjol), REPLACEDOf

l'i gand 3 (1.315 mmol ), 30 g of 1-octene (267.4 mol )—amd—T0 g of (ol uene
were heated to 130 err!LC under 30 bar of COHerr] (1:1). The desired 10
pressure of 7BY¢Epfoxmylakion andncakilyftsofortainidid bhespharnus cempqunds Aft of
9 hours, the digansisawbighsanspsudtable fiordthhel runPOsed. Anal ysis of the
reaction m xture was carried out by nmeans of GC (using an internal
standard ang gp&#&dd on factors). 15 The conversion of 1-octene was 98. 9%
the yield of nonanal s was 70.7% the selectivity to nonanals was 71. 5%

n- proportion_= 45. 39 t he selectivit o i.nternal _olefins was_11.1%
el B 15 T R R, f o BEPRRLRS (Aiie R dive vagor ST ptigh e Oles
oct acar bony| dfEdharith 60783 ignbhe presegcg of qqmplgyes of transi yretads g
of internal doflegmwps VEIT3L tinepPeriodicl Fablefof theoElemantseconhatniow t o
150[ err] C uodghosi$hdirak 86mpddnidscht] 1{gants. athgp to 20036 Wil @lrebSukey o ap
set by | nj ect g addl {4 onal "L Gideh hive), B8 hldeBhoPud Wiboohe
aut ocl ave was co ed, .vent a enPIIe . . n Yy S the_ react! on
mixture vas CGPPERAE B CORDIRKACTBRLIEn a5 1igahdp -, New PhosPiebeRARRes (PE8nd

correction fadi®P Providedyhe conversion of dodecene was 26.2% the yield of
tridecanals 30 was 16.7% the selectivity to tridecanals was 53. 3%

-

(n-proportilén = 0.27%. Exanpl e 16: Hydrofornylation of isobutene
20
25
30
35
40



_35 31.2 ng of oeses46968t onat odi car bonyl r hodi um ( Q. 12 rrrml) and  ligand 3
in asrhodiumto |igand motar ratio—of—1:15, 17.2| ¢ EET ﬁR§L§fg (0.31
act e P grr]Cwith

nol) and 50 m of Tex ent were r
COHerr] (1:1) at a i !l m r 23n an autacla PLA DAfter 5 hours,
t he autocl ave was ven Anal ysis of 40 the reaction m xture

was carried out r;‘eans of GC, using an I nternal standard and
correction f alEFE™:  The isobutene conversion was 100% the pentanal
yield was 93.5% the ratio of branched (pival al dehyde) to |inear 45

(i soval er al dehyded pramtset fonsprepg@dng aldehygdiges0by oformylation of

21  Conpar &ti ve &xéfinse withHyohmf dn yhatpresente i sblnomphexes bfi kodhshiion
tri phenyl phosphi ngeta183bs2 gPbuP fviaaeby| e treiabade oraBlenykr tinslizlameard 2
mrol) and St Phepyl RS bRGS: MiRds0ab LDbaN BROERH D8 B ar

f 0
oo o S b S b S

of 50 bar in anvhex®il &he ligands yspg pse RhOSP a%%%%}&%"%tféﬁ and
enptied. Ad ysistoflehearbestaomay xture was carried out by 10 neans of
GC, using an internal standard and correction factors. The i sobut ene

conversi on wag 82% pihcedieRtapbhindelid ¥WoSikA% whBfein thet 1@gQhddraeahate
(pi val al dehyde) t E tu(teﬁo¥?| sq{b%[tq.%t)?g@)phogyﬂﬁﬁgﬁ%né’vﬁﬁ thédrmha 1,

Exanpl e 17: Hydro orrry ation of isopreno
acet yl acet onat odi car bonyl r hodi um (0. 14 nmmol ) and

15 R3 REPLACEN thT SHEET
N R : 13NOV 1998
R1 \P RS

20

where R! - RS are, independently of one another, hydrogen,
alkyl, aralkyl or aryl radicals or heterocyclic radicals each
having 1-12 carbon atoms, or radicals -COOGM69 -S03 P@

25

£

|
/N
o W

30 -OR, -NR;, -COOR, -SR, -(CHRCH;0)xR and (CH,CH;NR)x, where R
are identical or different radicals selected from the group
consisting of hydrogen or aliphatic or aromatic radicals
having from 1 to 18 carbon atoms, M® is a cation and x© is an
anion and x is from 1 to 120, and the radicals R! - R3 can be

35 joined to form fused rings. '

3. A process as claimed in claim 2, wherein the ligands used are
phosphabenzene of the formula I as set forth in claim 2 which
has a phosphine or phosphite group in at least one side

40 chain.

4. A process as claimed in claim 1, wherein the ligands used are
a bidentate or multidentate compound of the formula II

45
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ligand 3 in a goxoi/4¢9é® | igand nolar ratio of 1:15 and 75 g of 20
i soprenol (0.87 nol) were reacted at 90[err]C with €G

pressure of 50 bar in an autoclave. After 5 ho r'ﬁ-\\StS\'EE \ was
vent ed and—entpu_ed_AuaJ#si*sof the reachizon m turea&ahAGED ed out by
means of . 25 The i soprenol conversion was 1009 & product conprised
79. 2% of Rl!:!umﬂﬂ yI t et rahysdr opyran, 6.g8% of 3-net hyl but anol

1. 2% of ! 3. 2% of 4- net hyl - 3, 6-di hydro 2H pyr an (msun
corrponents) arrpl 1’8: Hy! nylation o obut ene 20 ny

I Iigand 3 ¥&m a rhodi um
pol yi sob havi ng a nean nol ar
as solvent 35 ﬁere react ed at

acetyl acet onat od| car bonyl r hodi um (
to ligand nogar ratio of 1:15, 4
mass (Merr]) of 1000, 40 g of M hagol

150[err]Cwth COHerr] (1:1) at a pressure of 50 bar in an aut ocl ave.
After 5 hours, the autocl|lave was vented and g‘gtled Anal ysis of the
reaction product DYheREaRS-RY arerrs dledimed fenRirRosHbGIiAd? RREY s 2

pol yi'sobut enal dehyhisidgeclid tlie Eb¥m ofi(a Eaviwieat 1ISond o prebsin eomprising
hydr of or nyl abi on ofrdid Ur €8e10 atoﬁhs3ﬁﬂlclim|c%nobe part of a cyclic or aromatic

Foi b o 1D opyramRR) e tRe drondtics ard'\IehhEh @ VHAABELHD
At 20[err]C with éﬁﬁg&fé {g)f-j)el)atilg ttrhg UEBEPRRRS i UL BekiocSe
autocl ave. After FFHbEPS t%‘?fés 2gtobreY S ’('/Je‘?ﬁee eiRg ‘ﬁlé:é}ted by

Analysis of the reerdicedsmRkitor 85 s defmedovsmm%é' and one or more of
22 carri ed5out bthersubstbtudd@®s B3|ty Réncantlke malpheosphakentemedof the
correction fact or sftormula I as set forth in claim 2 bonded via a further bridge .

W.
REPLACEMENT SHEET
5. A bidentate phosphabenzene of the formula IIa
20 ' 13 NOV 1998

R3 R4
R2 R5
=~ = ' IIa
| ¢ r
AR R
25 ri P P R6

where the radicals R! to R6 are identical or different and are
as defined in claim 2 for the radicals R! to RS and where W'

30 . is a 2,2’-, 4,4’- or 3,3’-biphenyldiyl group, a 2,2'-, 4,4’-
or 3,3'-(diphenyl ether)-diyl group, a 2,2'-, 4,4'- or
3,3’-diphenylmethane-diyl group, a 2,2'-, 4,4'- or
3,3’~-diphenylethane-diyl group or a 2,2’'~, 4,4’- or
3,3’~-diphenylpropane-~diyl group or a ferrocenediyl group

35 which in each case is linked to the two phosphabenzene groups
in the ortho or meta position relative to the phosphorus atom
via a covalent bond, an oxa group and/or a C;-Cgz-alkylene
group, in particular a methylene group, where the biphenyl,
diphenyl ether or C;~C3z-diphenylalkane group is unsubstituted

- 40 or substituted by from 1 to 4 identical or different

C;-C4~alkyl groups, and where the ortho or meta positions not
used for the bridge are substituted by radicals R! to R5 as
defined in claim 2, with the exception of the compounds of
the formulae VI

45
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it ot et ) <

hydr of ornyl ati on of 1-octene fiy df “acetyl etona é}#ﬁ@gml rhodi um
(0.006 nmol ), 76 ng of 10I|gand5(0092§rm)l L/ Bh_nol =15, 6.1
g of 1-octene (54 mol) and 6.0 m ofTexanoI [err] were heated to
90[err] C. The pressur fas set to 10 bar I njection of additional
COH2 (1:1). After was cool ed, vented and
enptied. Analysis ph-O pasprarried wmut by nmeans of

GC, using an 15 mterna} ‘ ) cpion factors. The
conversion & 1l-octene was\ 99% the sel ecfi vi ty to nonanal s was 64% the
n-proportion was 71% the & proportion was 98. 2% and the selectivity to
internal olefins was 32% n-proportion = 20 (1-nonanal/total al dehydes) X
100; a-proporti @md=vViIX 1l- nonanal + 2-met hyl octanal )/total al dehyde] X

100. 25 30 35 Ph H
10 O A o
H —p VII
—{ H
"/
18 S REPLACEMENT SHEET
H Ph

13NOV 1998

where Ph is the phenyl group.

20
6. A bidentate phosphabenzene as claimed in claim 5 having the
formula IV

30

where pH is the phenyl group.
35 _
7. A process as claimed in claim 1, wherein the ligands used are
a bidentate phosphabenzene of the formula IIa

3 4
40 R R
R2 R5
= =~ Ila
] r ’
-l w N I
45

where R! to R6 and W’ are as defined in claim 5.
e
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by hydrofornyl ati on- of
conpl exes of transition
of the Elenents

20 to 00[ g

bar, erej

| i gands used are
formula I, [err]

0050/46968

to 100 carbon atoﬁE?ébldth

5 ||l|fﬂIU|llLlllllll|ﬂIHIII";FZEr ﬂ*’é"iﬁ?ﬁ%ﬁﬁt@?deg
netal s "of *group VI 1L _of t odi c jTabl e

contalnlng phosplag us conpounds as |ligands at from

ggd H{azlgief Qthtagéﬂﬁg{FggpiaV|ng%F%oanolo
gge'éﬁer% & mgﬁe.fﬁ al wherein the

unsubstltuted or substituted phosphabenzene of the
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9. A catalyst of the formula III
M(L)n(CO)m I1I,
where M is at 1eaét one central atom of an element of
transition group VIII of the Periodic Table of the Elements,
L is at least one ligand of the formula I or II or IIa or IV
R3 R3 R4
R2 R4 R2 RS
=~ -~ - II
I | ’
> I ~ J L \\ |
R RS Rl P P R6
R3 R4
R2 RS
2 W = | IIa,
X 2 SN
h Ph
/ N Ph Ph \\ IV,
=p P VY.
//
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ﬁSdr\.ogen, mlgl[sggis] rlmll!”llunm lll "‘ﬂﬁgfggfgt l)l TﬁLS[ §§§é§é@§2ﬁ%‘d cal s

each havi ng 1-12 carbon at ons' | radi cal s rrl.

S err]Merr], 25 [err] 30 -qa; -NR[err], -COCR

- (CHRCH er ] O) xR and, (G g %ewlmxas WIFLER in craind's, 'dsg
different radical’s selec rom g %F en or

al i phatic or arof@di® "i‘%?dle@& S 1 Flaﬁ[i)‘?l WSnfﬁr{}berlgaggFB{)
Merr] is a cati Mdﬁh@PrX[aéﬂWJl x5 agyl radicalf;mey BRdadditdopadly Presensy,
and the radi cal siR[ the |compRegrr]| can be 35 joined to form fused rings.
3. Aprocess as clained in claim2, wherein the |igands used are

Bﬂgzgﬂﬁﬁgngfqghgfgpﬁggai rﬂgluilsalc!l.aﬁﬁec?qtn £954d d RnGkRi 113 %ﬂ@?ﬁgaﬁ in s:.tEhQﬁ a
i
process as clai méd V% ﬁ%t r#lft ere%%ﬁ)ﬁgyfatslé)ndgégcs%l Mre a

bi dentate or nultidentate conpound of the forrrul all 45
11. A process for preparing bis-3,3'-(3-(2,4,6-triphenyl)phospha-
10 benzene)-1,1’-biphenyl of the formula IV

REPLACEMENT SHEET

13 NOV 1998
15

ph Ph \\ v,
P Y,

20 Ph

which comprises reacting the pyrylium salt of the formula V

. g% “ﬁﬁ‘fiiﬂi’iirﬂﬁim!in

/\ Ph Ph v,

30

Ph

where X°© is the equivalent of one anion, with phosphine in
35 the temperature range from room temperature to 150°C in the

presence of a catalytic amount of acid at elevated pressure

in the presence or absence of a solvent in a pressure vessel.

12. a process as claimed in claim 11, wherein a phosphine partial
40 pressure of from 0.5 to 50 bar is set in the reactor during
the reaction.

13. A process as claimed in claim 11 or 12, wherein the phosphine
is brought into contact with the pyrylium salt V at room
45 temperature, this mixture is subsequently heated to above
100°C and after reaching this temperature the phosphine
partial pressure in the pressure vessel is held essentially
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24 ¢ OOSOMR[ efined for Rlerrl-Rerr] in
¢laim2 and Wis a elam“mr“"uﬂummm of TRISCONEETEHAS BEEN jor a chain
conprising 10 from1 to* 10 atton®d wh can} be paF(EtPLR(EEﬂi cycI ic or
aromatic conpound, and the phospﬁgarona -c6—at-e—t+rked—1 the ortho
or meta p@gi FreR [ (oSTely t

neta positions n%ﬁd!ﬂgf?nd 3 ?}g gfﬁf tg‘,%%%H?ng SS%E?F%%Y% kg’ gﬁﬁs%& h'& radi cal s
Rlerr] to R err] In-claim2, and one or nore of 15 t he
substituents Rerr] to R[err] can be a phosphabenzene of the formul a
| as set fort¥-i #-rBiPhenofidéd-nanhthyliphorphabendgre. W 5. A

bi dent at e ghosphabenzene of the fornula Ila 20 [err] wher e
the radicals Rlerr] to Rerr] are identical or different and are as

defined in claim2 for the radicals Rerr] to Rerr] and where W 30
az22-, 4,4 - or 3,3 -biphenyldiyi group, a 2,2'-, 4,4'- or

, 3" - (di phenyl ether)-diyl group, a 2,2'-, 4,4'- or
3, 3" -di phenyl net hane-diyl group, a 2,2'-, 4,4 - or
3, 3" -diph | et hane-diyl group or a 2,2'-, 4,4'- or

3, 3" -di phenyl propane-diyl group or a ferrocenediyl group 3

each case is linked to the two phosphabenzene groups
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in the ortho or
goval ent bond, a
in particular a

or (err]-Cerr]-

Cerr]-Cerr]-
used -for the bri
defined in claim
formul ae VI 45
VII [err]
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1.0 A process for preparing alJehydLs by hydroformylation of

. 31 -{V ru m £ Vi
CEMENT.SF ?aaéfrif‘aﬁ??f?gf’ky aItE?Cl)_ACE]\/;EoéTog?.;EET

'phq@ykthamp Jr pup i s unsubstituted 406

yl ene group, ere the bi phenyl, |phenyl et her

N1 to 4 identical or diffeent
T treuted by o pars Serr] mwﬁljmllnllli
t he except;gn of the compounds of thgnd

olefins with CO/H; in the presence of complexes of transition
metals of group VIII of the Periodic Table of the Elements
containing phosphorus compounds as ligands at from 20 to
200°C and pressures of from atmospheric pressure to 700 bar,
wherein the ligands used are phosphaaromatics having.from S
to 100 carbon atoms.

A process as claimed in claim 1, wherein the ligands used are
unsubstituted or substituted phosphabenzene of the formula I,

r3

R? R4
" I,

where Rl - R® are, independently of one another, hydrogen,
alkyl, aralkyl or aryl radicals or heterocyclic radicals each
having 1-12 carbon atoms, or radicals —Codaﬁg, -50;°M°,

—N gal

/N
N N

-OR, -NRz, -COOR, ~SR, =(CHRCH;0),R and (CE,CH;NR)x, where R
are identical or different radicals selected from the group
-consisting of hydrogen or aliphatic or aromatic radicals
having from 1 to 18 carbon atoms, M® is a cation and x® is an
anion and x is from 1l to 120, and the radicals R! - R5 can be
joined to form fused rings.

A process as claimed in claim 2, wherein the ligands used are’
phosphabenzene of the formula I as set forth in claim 2 which

has a phosphine or phosphite group in at least one side
chain.

A process as claimed in claim 1, wherein the ligands used are
a bidentate or multidentate compound of the formula II



whefe Ph is the phenyl grous 20 6.

yhosphabenzene aSREPI%@MNE‘ SHEE 5 having the RAEBLKMNT SHEET

Ferr] 25 where pH I;Téigijljﬂgda—;—*—"'
!

gr oup. 3% 18N0\71‘1d96 pyocess as claimed in clai wher ei n w

| i gands used are eht at e phggphabenzene of tMBMI ﬁ\““\
~[err] 40 where Rerr] to
are as defined in claimb. R R4
R? .
“ W < | 11,
x> 2 S
5 Rl P P R6

where R1-R6 are as defined for R!-R? in claim 2 and W,is a
bridge in the form of a covalent bond or a chain comprising

10 from 1 to 10 atoms which can be part of a cyclic or aromatic
compound, and the phosphaaromatics are linked in the ortho or
meta position relative to the phosphorus, with the ortho or
meta positions not used for the bridge being substituted by
radicals R! to RS as defined in claim 2, and one or more of

15 the substituents R! to RS can be a phosphabenzene of the “
formula I as set forth in claim 2 bonded via a further bridge
W.

5. A bidentate phosphabenzene of the formula ITa

20
R3 R4
RZ . RS
T W =~ | - IIa,
25 "l P . P RS

wvhere the radicals R! to RS are identical or different and are
as defined in claim 2 for the radicals R! to R’ and where W'

30 is a 2,2’-, ¢,4’~- or 3,3'—biphenyldiyl group, a 2,2'=, 4,4°~
or 3,3’-(diphenyl ether)-diyl group, a 2,2’-, 4,4’- or
3,3’=diphenylmethane-diyl group, a 2,2'—-, 4,4'- or
3,3’-diphenylethane~diyl group or a 2,2’~, 4,4'- oOX
3,3'-diphenylpropane~-diyl group or a ferrocenediyl group

35 =~ which in each case is linked to the two phosphabenzene groups
in the ortho or meta position relative to the phosphorus atom
via a covalent bond, an oxa group and/or a Cy~C4~alkylene
group, in particular a methylene group, where the biphenyl,
diphenyl ether or C;~Cz-diphenylalkane group is unsubstituted

40 or substituted by from 1 to ¢ identical or different
C1-C4—alkyl groups, and where the ortho or meta positions not
used for the bridge are substituted by radicals R! to RS as
defined in claim 2, with the exception of the compounds of

the formulae VI
45



26 8. A d Llaim 1, wherein the |igand used
procofRERACIVENTEREERTY 2 1 1, wher 1 (hepligond e e

bt dent at e phospha
cat al yst of the floffrmul-a | ML) N(COmM 111, vmae Mis at

| east one central| gt oﬂnsoPﬂO\Aﬂ‘?‘Zﬂ efret of 20 transition group VIl of the

ool o e e TN s skt one o orEOR

Ph

| or Il or Ila on IV[erI*\

Ph Vi

and vir

Ph H
10 '
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H —=p _ VII
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P 7\

is = 1

B Ph

where Ph is the phenyl group.

20
6. :;:;:i:t:;e pPhosphabenzene as claimed in claim 5 having the
25
Ph
. (4
Fh | 2h
" where pH is the phenyl groué.

7. A p?ocess as claimed in claim 1, wherein the ligands used are
a bidentate phosphabenzene of the formula IIa

40 R3 R4
R 5
P . _ R
_ W '_C\ | IIa,
45

where Rl to RS and W’ are as defined in claim 5.



40 - [orm7, Rierr]- , Wand W f
in clains 2, 4 and %EHACEMENE rREae(ra;LhR[a'?rlrLast ﬂéﬂﬁﬁ%ﬁéﬁ&T

radi cal s such as hydrido, al Kyl{f or acyl radicals may be additionally
present. in the kotB &0V §99 10| A catalyst as clainmed in claim9 which
is prepared in sit fin a hydr ¢f or nyl @6i on or carbonyl ati on reacti on.
11. A process fe@r |paepascass & adhed 3ind 2)4if- L} iyierein) RReSDidendlsed is
benzene)-1,1"-bip { BhidedRhkl of the ¥ormula 1v
5 .:
RR ) e
h Ph _
TN ph Ph \ 1V,
_ \
10 ? P
Ph Ph
15 9. A catalyst of the formula IIT 7 -

M{L)n(CO)y  III,

where M is at least ome central atom of ‘an element of
20 transition group VIII of the Periodic Table of the Elements,
L is at least one ligand of the formula I or II or IIa or IV

-"Ra Ré
R2 RS
25 = =~ B 4
I i W l ’
< D N
30
R3 R4
R2 RS
o e
- ﬁ W’ K\ | i IIE,
1 E P Rﬁ
35 R
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20 * whi ch corrp RERACEME pyrylium salt j(ﬂbMENa BET
25 30 € 7\[ e ?T S }'*hlli equi val ent of * Elanl on, T%H ;
phosphine in 35 the erature rfafge fromroom tenperat

in the presence NV, a199?| q gnount of acid at el eﬂlﬂlﬂﬂ{ﬂm&ﬂm ,ﬁ' '
in the presence or aosence of a solwverit irgm pressure vessel*

process as clai med yyey@l ab0RL 1w WAA' Wi |ae RBOIRALNES RS E'lﬁ mé 02, 4 RLASSUAP
of from0.5 to 50 ‘nggran Wl rocendieaneag] Aen g

13. A process as cla| ere

brought into contact ‘%ﬁ'tﬁgkgiyﬂ? |aﬁihlsﬁ?41°\7 mPZSoPﬁZSJ)’-thé &Y A5gsent
this mxture is sub§bdﬁ@hFP¥Ph§é{ed to above 100[err] C and af ter
reachi ng thisstenperature the phosphine partial pressure in the
pressure vessellds MedataQgs€nis dldimed in claim 9 which is prepared in situ in

a hydroformylation or carbonylation reaction.

-F

9

Q).

11. A process for preparing bis-3,3'-(3-(2,4,6-triphenyl)phospha-
10 benzene)-1,1’'~biphenyl of the formula IV

15 ; | -
P PR (S v,
p V4

20 } Eh

which comprises reacting the pyrylium salt of the formula V

P‘Q

/ \ Ph Ph v,

30 e0 .
x®

where ¥ is the equivalent of one anion, with phosphiﬂe in
3s " the temperature range from room temperature to 150°C in the

presence of a catalytic amount of acid at elevated pressure

in the presence or absence of a solvent in a pressure vessel.

12. A process as claimed in claim 11, wherein a phosphine partial
40 pressure of frpm 0.5 to 50 bar is set in the reactor during
the reaction.

13. A process as claimed in claim 11 or 12, wherein the phosphine
is brought into contact with the pyrylium salt V at room
45 temperature, this mixture is subsequently heated to abbve
100°C and after reaching this temperature the phosphine
partial pressure in the pressure vessel is held essentially



28 * at fromduri ety passing in ™
phosphi ne. .14, 2, 4Wﬁ‘(lﬂ' ht hyl )phosphabe&%m&%NT %-!EET
15 20 25 N
- | 18 NOV 1999 28 |
at] £ r{during the reaction by passing in
adEi;ional phosphine.

14, 2,4-Diphenyl-6-(2-naphthyl)phosphabenzene.
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ABSTRACT

HYDROFORMYLATION AND CATALYSTS CONTAINING PHOSPHOROUS
COMPOUNDS AS LIGANDS WHICH ARE SUITABLE FOR THIS PURPOSE

In a process for preparing aldehydes by hydroformylation of
olefins with CO/H, in the presence of complexes of
transition metals of group VIII of the Periodic Table of
the Elements containing phosphorous compounds as ligands at
up to 200°C and pressures of up to 700 bar, the catalysts
used have A®, o?-phosphorous compounds capable of complex
formation as 1ligands. New phosphabenzenes are also

provided.



