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-1--Process for produ0|mgd@ ? ﬁ@ invention relates t ocess for
producing al dehydes by hydrof ornyl at | rrméSHEE!If Hﬂ§ BIEENt e p%@?fe

‘wat e -'sol ubl e” r hodi um compl.ex cat gl ¥.SL.$ 4l jREEFARPRU 'prodUCWgS}ehydeS

and "alicohol s, whi ch cont afMto e star ol efi ng
by reacting olefins wth carbon rmnOX| de and hydrogen

(hydr of or ny| athn)%nJEﬁtESﬁCt !r@i?tésca%' y&edg?&:@%g“ ¥or ”?ﬁd\ﬂ‘iﬁﬂéony' S,

preferably those o group_V he Peri Odl Apar t
from cobal t, ¥iehydes pychydretermylation 0Ff 0lafing i tha DRASANCS hodi um

has of water-soluble rhodium complex catalysts.

5 It is known to produce aldehydes and alcohols, which
contain one carbon atom more than the starting olefin, by
reacting olefins with carbon monoxide and hydrogen
(hydroformylation). The reaction is catalyzed by hydrido-
metal carbonyls, preferably those of the metals of group

10 VIII of the Periodic Table. Apart from cobalt, which is
widely used industrially as a catalyst metal, rhodium has
recéntly been gaining increasing importance. In contrast
to cobalt, rhodium allows the reaction to be carried out
at a low pressure; furthermore, preferably straight-chain

15 n-aldehydes axre formed, with an only minor fraction of

| iso~-aldehydes. 'Finally, the hydrogenation of the olefins

- to give saturdted hydrocarbons in the presence of rhodium

catalysts is also markedly less extensive than in the
case of using cohalt catalysts.

20 - In the processes’ aéceptad in industry, the rhodium
" catalyst is employed in the form of modified hydrido-
rhodium carbbnyls, which contain additional ligands,
especially tertiary organic phosphines or phosphites. In
most cases, there is an excess of the ligands, so that
~: 25 the catalyst system is composed of the complex compound
.and free ligand. The use of the rhodium ‘catalysts des=-
cribed allows the hydroformylation reaction to be carried
out at pressures below 30 MPa. |

In this prodess, however, it proves to be difficult to

30 separate off the reaction products and to recover the
catalysts which are homogeneously dissolved in the
reaction product. In general, the reaction product 1s

- distilled for this purpose out of the reaction mixture.

In practice, however, because of the thermal sensitivity

35  of the aldehydes and alcchols formed, this approach is
feasible only in the hydroformylation of -'lower olefins,
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recent|ly been gaining i e tance. In contrast to cobalt, rhodium
al l.ows, tshe reaction to ‘%@k @ﬁ*??@ﬂ‘gﬁ?ﬁ é;f\/}_ggse@yr b: furthernore, _

. pref. er abl y straight-chain n-al dehyde 'Q’F %%D wi thian only m nor
fraétion of iso-aldehydes. Finally, t Eegeﬁmf the olefins to .

gi ve saturated hydrocarbons in t-he presence of. rhodi um cat al ysts Is al so
mar kedl y ‘| essi axi easé!enhhaw:mgt hep cmeabbuusiang:a:ﬂdw tatnmal ;mt thel n the

processes ac du e L 1E dj taly. _ t he
form of nodi f'ﬁg%&gﬂj% dg qi’ %‘g %}#g] %%eglh %%\HJ%I n a d |ona
| i gands, espa:t:aesq temt i the dmnquﬁmphummmlph@dm t deadsy to
considerable catalyst losses due to decomposition of the
5 rhodium complex compounds.

The drawbacks described are avoided by the use of cata-

lyst systems which are soluble in water. Such catalysts

have been described, for example, in German Patent

2,627,354, The solubility of the rhodium complex com-

10 pounds is here achieved by the use of sulfonated triaryl-

phosphines as a complexing constituent. In this process

'variant, the catalyst is separated off from the reaction

product after completion of the reaction, simply by

separating the aqueous and organic phases, i.e. without

15 distillation and hence without additional thermal process

steps. A further feature of this procedure is that n-

aldehydes are formed with high selectivity from terminal

olefins, with only very minor quantities of iso-

_ aldehydes. Sulfonated triarylphosphines and in addition

20 also carboxylated triarylphosphines are preferably used,

' as complexing constitunents of water-soluble rhodium
complex compounds. '

The known two-phase processes have proven to be highly
suitable on the industrial scale. Nevertheless, efforts
25  are being made to perfect the process even further. Thus,
it is attempted to increase the activity of the cat'alysts
by modification of the complex ligands and to extend
their activity with the object of further reducing the
specific catalyst requirement - both rhodium and ligand -
30 and hence.the production costs. Economic factors are also
the reason for working towards. a marked reduction in the
phosphine/rhodium ratio. A further hhprdvement in the
hitherto achieved high selectivity with respect to the
formation of non-branched aldehydes is also desired. It
- 35 "must be remembered here that several million tonnes of
hydrofomylat:l_.dn products are manufactured pex yeaf. 80

that even a small increase in the selectivity has
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nost cases, there is a”W?N@??ﬁCﬂﬁMlghﬁ’Rl I gands, so that the catal yst system
I s conposed of the conplex conmpound a .Tf-l seﬁi O gEang use of the rhodi um
.catal ysts des- cribed allows the hydrof or mﬁitggﬁeaction to be carried

out *at pressures below 30 MPa. In thislg it proves to be
difficult to separate of f the reaction products and to recover the

cat al yst s whi ehoacmipeddyesdgudifjcdntsobnedquencis.reacti on product. In
general, the reaction product is distilled for this purpose out of the
reaction-m xture. In_practjice, however, because of the thernmal sepsitivity

of the al dehyd&signfha QRIRCE f e Invantign K Hnprove the hydro-

formylation process as sketched above, i.e. to develop
catalysts vhich exceed the activity and selectivity .of

5  Xknown catalysts at. the lowest possible ligand/rhodium
ratio. '

The invention comprises a process for producing aldehydes
by reacting monoolefins, unconjugated polyolefins,
cycloolefins or derivatives of these classes of compounds
10 with carbon monozide and hydrogen at temperatures from 20
to 150°C and pressures from 0.1 to 20 MPa in the presence
of water-soluble rhodium compounds, containing phosphines
in complex bonding, as catalysts. The process comprises
using, as the phosphines, diphosphines, derived from

15 . biaryl compounds, of the general formula I
(A}, P . PN,
T /2
{B,0) (CHyY

~ " Thig SheetH sBeenR

i
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n | ) n : .
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which are substituted by one or more sulfonic acid

groups, the A radicals in the formula I being identical

, or different alkyl, cycloalkyl, phenyl, tolyl or naphthyl
20 radicals, the R' radicals being identical or different and

" being hydrogen, alkyl or alkoxy radicals having 1 to

14 carbon atomas, or also cycloalkyl, aryl or aryloxy
radicals having 6 to 14 carbon atoms, or a fused benzene
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feasible only in the hydgef CRUHWH@M]EOPPf | oner ol efli

-2- i.e. olefins

havrng up to about 8 carbon atons | n tRe—TOLaaH @as BREMAdi tion, it has been

-found that thernmal stress on the d|

sHF aigppRCEBL er i al also leads to

consi derabl e catal yst |osses due to dethéps orm-of the rhodi um conpl ex

conpounds. -

The drawbacks descri bed are avoi ded by the use of cata- |yst

systems whi chrahg,saih@l Iihdidey - boiRg ddlentichl or different and
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being :.ntegers from 0.to 5 and the n indices likewise
being identical or different and being integers from 0 to
4. |

The water-soluble rhodium/diphosphine compiex compounds
used as catalysts according to the novel process are
distinguished by a remarkably 'high' effectiveness, deter-
mined by the two criteria of "activity” A, namely

mol of aldehyde

A -
mol of Rh x minnte

ThJs Sheet Has Been

nl of cataljst solution x hour

and "productivity” P, namely

g of aldehyde’
P=

© The wvalues of thése two parameters, reacl_\ed by the

processes of the state of the art, are considerably
exceeded by the procedure according to the invention. The
formation of normal aldehydes increases further and the
;ii.scharge of rare metal and phosphine with the reaction '
product ia reduced. In addition, these results are
achieved by the use of catalysts which have a markedly
lower ligand/rhodium ratio than those used hitherto.
These and other results, which are very valuable for
carrying out the process on an industrial scale, were
neither derivable from theoretical considerations nor
foreseeable from experience in practice.

The sulfonated diphosphines characteristic as a catalyst
constituent for the novel process can be prépared from
biary]:s, which are accessible by known syntheses, for
example by coupling aryl-Grignard reagents with aryl
halides. The introduction of the phosphorus-organic
radical = (H,C),P(A), - into the biaryl molecule is also

.



22.FEB.1996 11:@2 HOECHST ARG LIERK RUHR(HEMIE FPR ' ' NR.411 S.7/13 .
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protons, such as sodium amide ox butylli_thium. In the

last reaction step, the diphosphine is sulfonated with

oleum, i.e. with ‘a solution of sulfur trioxide in
sulfuric acid, at temperatures from 0 to 60°C. The
sulfonation product is isolated from the acidic solution,

" diluted with water, in accordance with the state of the

art, for example by extraction with the solution of a
water-insoluble amine in a water-insoluble organic
solvent. '

- Preferred sulfonated diphosphines in the procedure

according to the invention are those which are derived
from biaryls of the genarél formula I, in which the a
radicals are identical or different and are a phenyl,
tolyl or naphthyl radical, the R' radicals are likewise
identical or different and are hydrogen or a methyl,
isopropyl, isobutyl, t-butyl, phenyl or naphthyl radical
or a fused benzene ring (so that a naphthyl structure is

formed), m is 1 and n is 0 or 1.

Sulfonated diphosphines whose biaryl skeleton is sub-

‘stituted by radicals R' in the 6- and 6/-positions are

also of great importance within the scope of the claimed
process. The presence of these radicals hinders the
votation of the two substituted phenyl radicals. Rhodium
complex compounds which contain such molecules as ligands
can therefore be used as catalysts for enantioselective
reactions.

Examples of diphosphines which are succegsfully used in
the novel process are the products obtained by sulfona-
tion of 2,2'=bis (diphenylphosphanomethyl)—biphenyl
(called BISBIS balow) and of 2-(diphenylphosphanomethyl)-
1l={2=(diphenylphosphanomethyl )phenyl] -naw

eet Has Been Replac,ed
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al so carboxylated tri axydpR R Eﬂﬂ? FRRF Tgfseg}gggart}km BeEM |as conpl exi ng
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. two- phase processes have proven to be r+y—suirtabl € on the industrial
scafe. Nevertheless, efforts are bei ng'T’né € to perfect the process even

further.

It is attenpted to increase the activity of the catal ysts by
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suitable as mixtures of biaryls containing identical ox
different phosphine radicals and having different degrees
of sulfonation. Finally, mixtures of sulfonated mono- and:
di~phosphines in combination with rhodium alsc give very
active catalysts. Thus, for example, mixtures of BISBIS
and Na triphenylphosphine=trisulfonate (called TPPTS
below) have also proven suitable. ' '

It has also been found to be advantageous to use rhodium
and. sulfonated diphosphine not in the stoichiometric
ratio, i.e. corresponding '1_:0 the chemical composition of
the rhodium complex compound which forms in the course of
the hydroformylation reaction, but to employ an excess of
diphosphine. The rhodium/diphosphine ratio can here be
varied within wide limits, and about 1 to 130 mol of
diphosphine can . be used per mol of rhodium. A
rhodium/diphosphine ratio in the range from 1:2 to 1:25
and especially from 1:2 to 1:10 mol is preferred.

Rhodium is employed either as the metal or as a compound.
In the metallic form, it is used either as finely dis-
persed Particles or it is precipitated as a thin coating
on a support such as activated carbon, calcium carbonate,
aluminum silicate or alumina. Suitable rhodium compounds
are substances which are water-soluble or become water-
soluble under the reaction conditions. The various
rhodium oxides, salts of inorganic hydrogen acids and
oxygen acids and also salts of aliphatic monocarboxylic
and polycarboxylic acids are suitable. Examples of
rhodium salts are rhodium nitxate, rhodium sulfate,
rhodium acetate, rhodium 2-ethylhexanocate and rhodium
malonate. Rhodium halogen compounds are, however, less
suitable because of the corrosive lie_hévior of the halide

" ions. In addition, rhodium carbonyl compounds such as

Rh,(CO),, or Rh4(CO),, or complex salts of rhodium, e.q.
cyclooctadienyl-rhodium compounds, can _bw

cet Has Been ch],aced
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2=-ethylhexanoate are p:;eferred . It mast be assumed that,
in the presence of water gas, water-soluble rhodium
complex compounds which contain carbon monoxide and

.d:l.ph.osph:l.ne as ligands are formed under the conditions

of the hydroformylation xeaction. Together with the

. diphosphine dissolved in the water, they give the cata-

lyst system.

" The catalyst solution is prepared from the components

either in the hydroformylation reactor or, beforehand, in
separate equipment and then fed to the hydrofoxmylation
reactor. ' '

The concentration of rhodium in the agueous catalyst
solution is 20 to 1000 ppm by weight (relative to the
soiution); preferably 100 to 600 ppm by weight and
especially 200 to 400 ppm by weight.

The reaction of the olefin with carbon monoxide and
hydrogen takes place under pressures from about 0.1 to
about 30 MPa, preferably 1'to 12 MPa and especially 3 to
7 MPa. The composition of the syntheus gas, i.e. the
volume ratio of carbon monoxide and hydrogen, can extend

_over wide ranges and be varied, for example, between 1:10

and 10:1. In general, gas mixtures are used in which the.
volume ratio of carbon monoxide and hydrogen is about 1:1
or deviates only slightly from this value in one
direction or the other.

The reacti.én temperature is between about 20 and 150°¢,
and 80 to 140°C and especially 100 to 125°C are
preferread. -

The conversion of the reactants present in the liquid and
gaseous phase takes place in conventional reactors. The
progress of the reaction is decisively influenced by the
fact that the aqueous catalyst solution must be saturated

with the ll.qui.d or gaseous, hydrophobic olefin and wi —
ot Has Been Replaced: |
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formyl ati on process as t d . t al ysts which
‘exceed the activity andﬁ@@ @B@’W"?@\@F Wsﬂﬂﬂ’aﬂﬁ@ EQt] t he | owest

_p055| ble |igand/rhodiumratio. The invehton wm’r‘rpFFs,e,s a-process for
proéluci ng al dehydes by reacting nonodt-é%"s " Unconj ugated pol yol efins,
cycl ool efins or derivatives of these classes of conpounds w th carbon
nonoxi de and ther eyathes isecgas.atlty ds fthendibre ndaoEs saxy e prodece r om

0.1 L0 20 WPachB 4eapLaEHEEe 1A Udeatl Wik HAVIGUR EREPONALSs . Tt

cont ai ni ng phGSphtnes I n ing, as ca sts process
conpri ses u5|h§5 B¥ovea Eﬁé§phiﬁe§° grprothei %b@“l cFEASEOT repRtent -

catalyst solution, if appropriate liquid olefin, and
5  reaction product - intensively and to feed the 'gaseous
reactants - synthesis gas and, if appropriate, olefin -
to the liquid phase via distribution devices. It has been
found to be very suitable to minimize the fraction of the
organic phase in the reaction mixture. Surprisingly, the
10 organic phase does not contribute to the solubility of -
the reactants in the aqueous phase, and undesirved side
reactions of the reaction product , which cannot be
excluded in the case of increasing residence time of the
p:r:oduct. in the reaetor., are avoided. Accordingly, the
15 volume ratio of aqierus and organic phase is set to 1:1
to 100:1, preferably 10:1 to 100:1. For this purpose, a
. corresponding 'part ~of the reaction mixture can be
discharged continuously from the reactor, the aqueous and
organic phases can be separated from one another, and the

20 agqueous phase can be recycled to the ‘reactor. The
' ' yeaction can be carried out hatchwise or, preferably,
‘continuously. ' :

The process according to the invention is successfully
applicable in the conversion of moncolefins, unconjugated

25 " polyolefins, cyclic olefins and derivatives of these
unsaturated conipounds. The olefins can be straight-chain

or branched, and the double bonds can be terminal ox
 within the chain, Examples of olefins which can be used

- in the novel process are ethylene, propylene, l-butene,

- 30 2-butene, J,—pantene, 2-methyl=-l-butene, l-hexene, 2-
hexene, l-heptene, l-octene, 3-octene, 3-ethyl-l-hexene,
l-decene, 3J-undecene, 4,4-dimethyl-l-nonene, dicyclo-
pentadiene, vinylcyclohexene, cyclaooctadiene and styrene.

N Examples of derivatives of the said olefin types, which
35 can be hydroformylated by the claimed procedure, are
alcohols, aldehydes, carboxylic acids, estera, nitriles

and halogen compounds, allyl alcohol, acrolein,

methacrolein, crotonaldehyde, methll._ﬁg;ggce_L—ﬂMI
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bi aryl conpounds, of th e rppl aL_[err] which are substituted by
‘one or_nore sulfonic acﬁﬂg%g{g{m?h@A r'EBiS SHEBT iHAStareEN prnul a | bei ng
.identical or different alkyl, cycloalkyl,q pheRERLACEDI y| of napht hyl
radircals, the Rlerr] radicals being identical or differenmt and being
hydrogen, al kyl or al koxy radicals having 1 to 14 carbon atons, or _also
cycl oal kyl , -aicrotenaied oxfliethydal sfunazate 6 t ieshydr hdrlas®, 8rda
fused benzene acrylonitrile. With particular success, the process is

| employed for the hydroformylation of olefins and olefin

derivatives having 2 to 12 carbon atoms. '

5 - The examples. which follow illustrate the .inveni:iqn ’
without restricting it to the embodiments described in
more detail. '

Examples

Propylene and a (:()-'/I-‘l'z mixture composed of equal parts by
- 10 volume are fed to a 0.2 1 stainless steel autoclave
fitted with a stirrer at such a rate that 10 1(S.T.P.) of
exit gas can be taken from the reactor per hour. At the
same time, 300 ml of aqueous catalyst solution per hour
are circulated through the reactor. The catalyst is
15 composed of 0.09 g of rhodium (as the acetate) and
5.89 mmol of P(III) (in the form of BISBIS), which have
.been dissolved in degassed and nitrogen-saturated water
to give 300 ml of solution. The phosphorus/rhodium molar
. - ratio is 6.7 : 1, corresponding to a ligand/rhodium ratio
20 of 3.4 : 1. The reaction of the reactants takes place at
a temperature of 122°C and a pressure of 5 MPa, '

In the table which follows, the results of the process
according to the invention (Examples 1 to 3) are compared

with those which axe obtained by a procedure according to

25 the state of the ‘art (catalyst : <rhodium/TPPTS)
(Example 4). Examples 2 and 3 show very clearly that the

novel procedure pexmits, in a completely surprising
manner, a considerable increase in the propylene feed

~ rate. Under such reaction conditions, the known processes

30 - with Rh/TPPTS catalysts give only very low conversions or
none at all. .

. This Sheet Has Been Replaced
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g of aldehyde P m of I bon x hour The val ues of these two
“par.aneters, reached byﬁ@ﬁz %@k@@@L Eb@f the state of the art, are

corisi derabl y exceeded by the procedure according to the: i nventi on. The
forfrati on of nornal al dehydes increases fldr=her and the dH@Bhaﬂég 8Rlrare

metal and phosphine with the reaction product is reduce?é} 2681t | on,
these results are achieved by the upge@htC@iadnsts whic

| ower |igand/rhodiumratio than those used hitherto.
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1.

A process for producing aldehydes by reacting
monoolefins, unconjugated polyolefins, cycloolefins
or derivatives of these classes of compounds with
carbon monoxide and hydrogen at temperatures from 20
to 150°C and pressures from 0.1 to 20 MPa in the

- presence of water=-soluble xhodium compounds, con-

taining phosphines in complex bonding, as catalysts,
which comprises using, as the phosphines, diphose
phines, derived from biaryl compounds, of the
formula I (A’zP' - P(A)z
A /
(HZC)m (CI-!Z)m

/

| REPLACEMENT SHEET
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(1)
which are substituted by one or more sulfonic acid

groups, the A radicals in the formula I being

identical or different alkyl, cycloalkyl, phenyl,

tolyl or naphthyl radicals, the R®' radicals being
identical or different and being hydrogen, alkyl or

. alkoxy radicals having 1 to 14 carbon atoms, or also-

cycloalkyl, aryl or aryloxy radicals having 6 to 14

carbon .atoms, or a fused benzene ring, the m indices

being identical or different and being integexrs from

0 to 5 and the n indices likewise being identical or -
different and being integers from 0 to 4.

Tha process as cla;med in claim 1, wherein A in the
formula I is a phenyl, tolyl or naphthyl radical.
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constituent for the novel process can be ¥ epar ed Rerosrhp ar vl ich are-
accessi bl e by known synt heses, for exanple by coupling aryt=6G-i gna+é

rigani c
erein R tll}le S oL ECY §6' By¥rilen, a
methyl, isopropyl, isobutyl, t-butyl, phenyl or
naphthyl radical or a fused benzene ring.

reagents with garyl PRei ces’éhes iqliaiadd tirp ron@f oxt Rior@hoLp
radical - (Herr]C nP(A [

5 4. The process as claimed in one or more of claims 1 to
~ 3, wherein, in the formula I, m = 1.

5. The process as claimed in one or more of claims 1 to
4, wherein n = 0 or 1.

6. The proéess as claimed in one or more of claims 1 to
10 5, wherein, in the formula I, the substituents R*
(with the exception of a fused benzene ring) are

located in the 6- and 6‘-positions.

7. The process as claimed in one or more of claims 1 to
6, wherein 1 to 130, preferably 2 to 25 and espe-
15 ' cially 2 to 10 mol of diphosphine are employed per .
mol of rhodium. '

8. The process as claimed in one or more of claims 1 to
7, wherein the rhodium concentration in the aqueous
catalyst solution is 20 to 1000, preferably 100 to
20 600, and especially 200 to 400 ppm by weight
— (relative to the solution).

9. The _pﬁocess as claimed in one oxr more of claims 1 to
8, wherein the reaction takes place at 20 to 150°C,
preferably 80 to 140°C and especially 100 to 125°C.

25 10. The process as claimed in one or more of claims 1 to
9, wherein the reaction takes place under pressures
from 0.1 to 30, | preferably' from 1 to 12 and espe-
cially from 3 to 7 Mpa. | |

11. The process as claimed in one or more of claims 1 to
30 10, wherein olefins or olefin derivatives having 2
to 12 carbon atoms are reacted. —

Sheet Has Been Replaced
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carri ed out by conventi oy@k FoER
comaound of the general fornula ﬁ—f

protons,

)

pr_exampi e by redc PRI

which X1s a} |
hal ogen®atom with the biaryl in the B gert M7 SHE abggn hat es
such as sodi um am de or but A—-A—-t-he—lfagt reactlon step

t he di phosphi ne is sulfonated with ol eum | .e. Wth a <o|
In Q2.f Ul catalyst Sox eieehgtirtotoriydationt ¢£6RORcO1EFiNSp

o e, hoRRACEHEE . rralptbeiily 85, MEEHVAL o

trioxide

sul fonati on produc:
wat er, in accordanc

with the sol ution dfives\aodr-thess uiclassesi nef icompoundisgr - cqabauni.aq

organi c
5

10

15

rhodium and a diphosphine in a molar ratio of 2:1 to
1:2, the diphosphine being obtained by sulfonation
of biaryl compounds of the formula I

(A)zP\ /P(A)z
(H2C)m (CHz)m

(D

'i:_x which the A radicals are alkyl, cycloalkyl,

phenyl, tolyl or naphthyl radicals, the R' radicals
are identical or different and are hydrogen, alkyl
or alkoxy radicals having 1 to 14 carbon atoms, or
also cycloalkyl, aryl or aryloxy radicals having 6
to 14 carbon atoms, or a fused benzene ring, the m
indices are identical or different and are integers
from 0 0 5 and the n indices likewise are identical
or different and are :I.ntegers_ from 0 to 4.
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sol.vent. Preferred sulf t ' ines in the procedure according to
“the invention are thoséﬂaﬁﬁgﬁRg@gnng?ved frombiaryls of the general.

- forrmula I, in which the Aradicals are identical or different and are a
phenyl’, tolyl or naphthyl radical, thé R err] radicals are |ikew se
identical or different -and are hydrogen or.a _nethyl _ isopropyl, i utyl,
t-butyl, phenyl or naphthyl radical or a Rranlefusdy, DRcemPRY %&o #ﬁgpja N

napht hyl .structure is formed), mis 1 ancar/reHt-Geil. Ho¢ 0 ¥0240
di phosphi nes whose biaryl skeleton is sub- stituted by radicals R err] in
the 6- and 6'-positions are. ' '

Hoechst Aktiengesellschaft, Frankfurt am Main 80

Abstract of the disclosure

5 The invention relates to the hydroformylation of olefins
and olefinically unsaturated compounds in the presence of
a wét,er-soluble rhodium complex compound which contains,
as a ligand, at least one sulfonated diphosphine.
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al so of great inportance within the scope of the clained |
presence of these radicals hinders the rotati ROt
phenyl radi cal s. Rhodi um conpl ex compounds whl ch contain
| i gands can therefore be used as catal ysts for epﬁ% osel
Exanpl es of di phosphi nes which are succelslsfully uig in tf
are the products obtained by sulfona- tion

2, 2' - bi s(di phenyl phosphanonet hyl ) - bi phenyl (cal I ed Bl SEI
2- (di phe ETF@%_; hyl )- 1-[2-(di phenyl phosphanonet hyl
- napht hal HENAPS bel ow) .

r BERLAGEM ENi'e SHEET
SUUbL | tort cu
ugh gl goul gegas
ctli ve reacti ons.
e NoVelr proctess-

el ow) anaof
) phenyl ]

‘The examples 5 to 14 relate to the hydroformylation of propylene in the apparatus

used in examples 1 to 4. The test conditions are summarised below and the fest

results in table 2.

| Test conditions

Catalyst Rh/BISBIS
Rhodium concentration (ppm, related _

to the catalyst solution) 306
Rhodium/ligand (mol/mol) 1:34
Temperature (°C) 125

Pressure (MPa) 5

dhamy



-6- It is not necessary to use the disphosphi nes as single conpounds.
M xtures of sulfonated di sphosphines derived from biaryl conpounds of
different structure are equally suitable as m xtures of biaryls containing

i dentical or different phosphine radicals apgl having differpet—degrees of
sul fonation. Finally, mxtures of sulfonated mono-. and di - ph®EPDAOEMENT SHEET
conbi nation with rhodiumal so give very active catalysts Thug—f-or
exanpl e, m xtures of BISBIS 9
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i)-aldehyde

mole of Rh x min.
ml of _cat. sol. xh

Propylene feed rate (g/h)
n-Aldehyde (g/h)

Table 2

Productivity

n/i Ratio (parts by wt)
Alcohol (% by wt)

2
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and Na triphenyl phosphine-trisulfonate (called TPPTS bel ow) have al so
proven suitable. It has al so been found to be advantageous to use rhodi um .
and sul f:onat ed di phosphine not in the stoichionmetric ratio,
corresponding to the chem cal conposition of the rhodiumco
which fornms in the course of the hydrofornylation reaction,
an excess of di phosphine. The rhodi um di phosphine ratio can
within wide limts, and about 1 to 130 nol of di phosphine ca
nmol of rhodium A rhodlunidlphosphlne ratio in the range fro
and especially from1:2 to 1:10 nol is preferred. |

Bl

. e.
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Examples 15 to 19

Examples 15 to 19 relate to the hydroformylation of hexene in the apparatus used

in examples 1 to 4. The test conditions are summarised below and the test resulits

in table 3.
Test conditions
Catalyst Rh/BISBIS
Rhodium concentration (ppm, related
to the catalyst solution) 306
Rhodium/ligand (mol/mol) ' 1:34

Pressure (MPa) 5



Rhodi umis enployed either as the netal or as a conpound. In the netallic
form it is used either as finely dis- persed particles or it is
precipitated as a thin coating on a support such as activated carbon,

cal cium carbonate, alum numsilicate or alum na. Suitable rhdqdj C

are substances which are water-sol uble or becone water- solutlég}g1 @BﬂhﬂgﬁEET
reaction conditions. The various rhodi4um oxi des, salts of ijndrganic

hydr ogen aci ds and oxygen acids and al so salts of aliphatic fonocagbd 1383
and pol ycarboxylic acids are suitable. Exanples of rhodiumsgltijs are
rhodiumnitrate, rhodiumsulfate, rhodium acetate, rhodi um
2- et hyl hexanoat e and rhodi um
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mal onat e. Rhodi um hal ogen conpounds are, however, |ess suitable because of
the corrosiv

rhodi um e | - rhodi um conpounds, can be used. | Rhodi um

-7- oxi de espém 'él I'y rhodi um acet at¥5 aftd r hodi um 2- et hy} hpx2rb AR 4938
preferred. It must be assuned that, in the presence of wat ef flas.

comounW IS eer o Raler ] (O et or ' tpAGPERCOIRRC ShEET

wat er - sol ubl e rhodi um gatent Claims
1. A process for producing aldehydes by reacting

monoolefins, unconjugated polyclefins, cycloolefins
or derivatives of these classes of compounds with
carbon monoxide and hydrogén at temperatures from 20
to 150°C and pressures from 0.1 to 20 ¥Pa in the
presence of water=-soluble rxrhodium compounds, con-
taining phosphines in complex bonding, as catalysts,
which comprises using, as the phosphines, dip_hbs-

phines, derived from biaryl compounds, of the

formula I
(A) P “P(A)

(B,0) (CH,)
N
/ /N
L N

_ (1)
which are substituted by one or more sulfonic acld

groups, the A radicals in the formula I being
identical or different alkyl, cycloalkyl, phenyl,

" tolyl or naphthyl radicals, the R' radicals being
identical or different and being hydrogen, alkyl or -
alkoxy radicals having 1 to 14 carbon atoms, or also
cycloalkyl, aryl or aryloxy radicals having 6 to 14
carbeon .atoms, or a fused benzene xing, the m indices
being identicel or different and being integers from

0 to 5 and the n indices li.kew:.se being :.denti.cal or
different and being integers from 0 to 4.

2. The process as c¢laimed in claim 1, wherein A in the
formula I is a phenyl, tolyl or naphthyl radical.



“_”‘a*_“vhrth_tﬁﬁfar
;Se fg)r(mg,gmaggn muﬂ" of the hydrofornylation r
with the dlphﬂ, j’nﬂm”ﬂmlnthe wat er,

system The' catal yst "soffutfon*is pr epar ed fromthe compongnys either int
hydr of ormyl ati on reactor or, beforehand,

to the hydrofortyl ation reactor

aqueous catal yst solution is 20 to 1000 ppm by weight (re]ative to the"
sol ution), preferfid®yprogess @50 Phimad

11.

n carbon nonoxi de and di phosphi ne as |i gands

they give th

LA S

I n separate equi
The céﬁcentratlon of rhodiumin the

ment?2 ZindHE Hesa f

D
[oR¢))

geheany more df claims 3

and 2, wherein R' in the formula I {s hydrogen, a
methyl, isopropyl, iscbutyl, t-butyl, phenyl ox
naphthyl radical or a fused bhenzene ring.

The process as claimed in one or more of claims 1 to

3, wherein, in the formula I, m = 1.

The progess as claimed in one or more of claims 1 tq
4, wherein n = 0 or 1.

The process as claimed in one or more of claims 1 to
S, wherein, in the formula I, the substituents R*

(with the exception of a Zfused benzene ring) are
located in the 6~ and 6‘-positions.

The process as claimed in one or more of claims 1 to
6, wherein 1 to 130, preferably 2 to 25 and espe-

cially 2 to 10 mol of d:.phosphme are employed per
mol of rhodium.

The process as claimed in one or more of claimsg 1 to '

7, wherein the rhodium concentration in the agqueous
catalyst solution is 20 to 1000, preferably 100 to

600, and espec:.ally 200 to 400 ppm by weight
(relative to the golution) .

The process as claimed in one or more of claims 1 to
8, wherein the reaction takes pla.ce at 20 to 150°C,
preferably 80 to 140°C and especially 100 to 125°C.

The process as claimed in one or more of claims 1 to
8, wharein the reaction takes place under pressures

from 0.1 to 30, preferably from 1 to 12 and espe-
cially from 3 to-7 MPa.

The procegs ag claimed in one or more of claimg 1 to

10, wherain olefins or olefin derivatives having 2
to 12 carbon atoms are reacted.




especially 200 to 400 ppm by wei ght. | The reaction of the ol

i rardon
nonoxi de and hydrogen takes place under pressures from abou wf%gH&NEﬁHEET

30 MPa, preferably 1 to 12 MPa and especially 3 to 7 MPa. T

of the.synthesis gas, i.e. the volune ratio of carbon nonox|d¢ @@ Aff® {aqq
hydr ogen, can extend over w de ranges and-be varied, for ex

1:10 and 10:1. In general, gas m xturéslare used in which t
of carbon nonoxi de and hydrogen is about 1:1 or

nejconposi rromn-

hnpl e, bet ween

ne volune ratto
devi at es opl slightly
from this 3alueA fatalyati rfoxt ithe dydrofatiylation ofadnooléefing,ature
I's between about gRcdRdulilid bE1yolefins, cycloolefins or deriva-

tives of these classes of compounds, containing
rhodium and a diphosphine in a molar ratio of 2:1 to
1:2, the diphosphine being obtained by sulfonation
of biaryl compounds-of the formula I

(a) P(A)
2 2
N\

(H._,_C)m (Cﬂz)m

\
o ¢

1
(R )n _ (R

(1)

in which the A xradicals are alkyl, cycloalkyl,
phenyl, tolyl or naphthyl radicals, the R! radicals
are identical or different and are hydrogen, .alkyl
or alkoxy radicals having 1 to 14 carbon atoms, or
also cycloalkyl, aryl or aryloxy radicals having 6
to. 14 carbon atoms, or a fused benzene ring, the m
indices are identical or different and are integers
from 0 to 5 and the n indices likewise are identical
or different and are intega‘rs_ from 0 to 4.
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and 80 to 140[err]C and especially 100 to 125[err]C are p

referred. The

conversion of the reactants present in the |iquid and gageeus—phase—takes

pl ace in conventional reactors. The progress of the reac
i nfluenced by the fact that the aqueous catal yst sol utiofp
with the liquid or gaseous, hydrophobic olefin and with
synthesis gas. It is therefore necessary to produce

18
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Process for producing aldehiriiés

Abstract of the disclosure

The invention relates to the hydroformylation of olefins

and olefinically unsaturated compounds in the

pregence of

a water-soluble rhodium complex compound which contains,
as a ligand, at least one sulfonated diphosphine.



suitable to stir the liquid reactor content

t sol

t he greatest possible contact area between the@ﬁ@ Dt r?&fﬂgeﬁﬁ%%ﬁ!QHEET

t he gaseous reactants - syntheS|s gas an i f appropri

ol efzel MAR Ul e

appropriate liquid olefin, and reaction product_fp.gﬂéﬁgy elly and to_.feed
a
td

liquid phase via distribution devices. 1T has been fou
suitable to mnimze the fr.ction(¥ the

m xture. Surpri

Be very

roan C‘H ég}the reaction

singly, the bute _ta the

~solubility of the reactants in the aqueous phase, and undesi red si de

reactions of thghéeaﬁﬁe%ﬁlf;@d%élate‘&h' €8 cannglobes&xcteiledpidtidingease of

I NCreasi ng resi

ence tine
aldehydes by hydroformylation of olefins in the presence

of water-solqbleughog;um“complex catalysts._

It is known to produce aldehydes and alcohols, wh;ch
contain one carbon atom.more than the starting olefin, by
reacting olefins with carbon monoxide and hydrogen
(hydroformylation) The reaction.;s catalyzed.by'hydrxdo-
metal carbonyls, preferably those of the metals of group
VIII of the Periodic Table. Apart from cobalt, which is
widely used industrially as a catalyst metal, rhodium has
recently been gaining increasing importance. In contrast
to cobalt, rhodium allows the reaction to be carried out
at a low pressure; furthermore, preferably straight-chain
n-aldehydes are formed, with an only minor fraction of
iso~aldehydes. Finally, the hydrogenation of the olefins
to give saturated hydrocarbons in the presence of rhodium
catalysts is also ﬁarkedly less extensive than in the
case of using cobalt catalysts. ]
In the processes accepted in industrxy, the rhodium
catalyst is employed in the form of modified hydrido-
rhodium carbonyle which contain additional ligands,
especially tertiary organic phosphines or phosphites. In
most cases, there is an excess of the ligands, sc that
the catalyst system is composed of the complex compound
and free ligand. The use of the rhodium catalysts des-
cxribed allows the hydroformylation reaction to be carried
out at pressures bhelow 30 MPa.

In this prodess, however, it proves to be difficult to
separate off the reaction products and to recover the
catalysts which are homogeneously dissolved in the
reaction product. In general, the reaction product 1is
distilled for this purpose out of the reaction mixture.
In practice, however, because of the thermal gensitivity
of the aldehydes and alcohols foxmed, this approach is
feasible only in the hydroformylation of lower olefins,



prqduct in the reactor, are avoided. Accordingly, the volune ratio of
aqueous and organic phase is set to 1:1 to 100:1, preferably 10:1 to 100:1
For this purpose, a corresponding part of the reaction mxture can be
di scharged continuously fromthe reactor, the aqueous and organi c phases
can be separated fromone another, and the aqueous phase can be recycl ed,
to the reactor. The reaction can be carried out batchw se or, preferably,
continuously. The process according to the2 mvention is successfully
applicable in the conversion of nonool efins, unconjugated polyol efins,

cyclic ol efins and elerdeHiinge ha®fingh@§e to about 8 carbon atoms in the

molecule. In addition, it has been found that thermal
stress on the distillation material also leads " to
) __cons:.d" : 'able : atalyst 1osses due to decomposition of the

_The drawbacks described are avoided by the use of cata-

| 'lyst systems whi.ch are soluble in water. Such catalysts
have been descr:.bed, for example, in German Patent
2,627,354, The soluhility of the rhodium. complex com-
poﬁhds is here achieved by the use of sulfonated triaryl-
phcsphi.neé as a complexing constituent. In this process
variant, the catalyst is separated off from the reaction
product after completion of the reaction, simply by
separating the aqueous and organic phases, i.e. without
distillation and hence without _addit.i.onal thermal process
steps. A further feature of this procedure is that n-
aldehydes are formed with high selectivity from terminal
olefins, with only very minor quantities of iso-
aldehydes. Sulfonated triarylphosphines and in addition
also carboxylated triarylphosphines are preferably used
as complexing constituents of water-soluble rhodium
complex compounds.

The known two-phase processes have proven to be highly
-suitable on the industrial scale. Nevertheless, efforts
are being made to perfect the process even further. Thus,
it is attempted to increase the 'acti.vi'.ty of the catalysts
by wodification of the complex ligands and to extend
_ their activity with the object of further reducing the
specific catalyst requirement - both rhodium and ligand -
and hence the 'producti_on coéta. Eccnom.i.c factors are also
the reason for working towards a marked reduction in the
phosphine/rhodium -ratio. A further improvement in the
hitherto achieved high selectivity with respect to the
formation of non-branched aldehydes is also desived. It
must be remembered here that several million tonnes of
hydroformylat:!.on products are manufactured pe:r: yearc 80
that even a emall increase in the selectivity has.



unsat ur at ed conpounds. The ol efins can be straight-chain or
t he doubl e bonds can be termnal or within the chain. Exanples of olefins
whi ch can be used in the novel process are ethylene, propyle
2-butene, 1l-pentene, 2-nethyl-Il-butene, 1-hexene, 2- hexe
1-octene, 3-octene, 3-ethyl-1-hexene, 1-decene, 3-undecene,
4, 4-di net hyl - 1- nonene, dicycl o- pentadi ene, vinylcycl ohexen
cycl ooct adi ene and styrene. Exanpl es of derBvatives of the s

branched, and

ne, 1-butene,
ne, 1-heptene,

e,
aid olefin
are al cohol s,

types, which can be hydrofornylated by the clainmed procedure,
al dehydes, carboxphnnomicd$lyesigﬁffldamtrcbﬁgequghcéyalogen conpounds,
allyl alcohol, acrolein,

: fomylat:.

It is the object of the invention to merove the hydro-
onwprocess as sketched ahove, i.e. to develop
Sts wh;chqexceed the act;v;ty and selectivity of
known catalysts at' the lowest possible ligand/rhodium
ratio.

The invention comprises a process for producing aldehydes
by <reacting monoolefins, unconjugated polyolefins,
cycloolefins or derivatives of these classes of compounds
with carbon monoxide and.hydrogen.at temperatures from 20
to 150°C and pressures from 0.1 to 20 MPa in the presence
of water-soluble rhodium compounds, containing phosphines
in complex bonding, as catalysts. The process comprises
using, as the phosphines, diphosphines, derived from
biaryl compounds, of the general formula I

(a) P P(A) L
2 \ -/ 2
(8,0 (cu,) o

%

) (R

(1)

which are substituted By one or more sulfonic acid
groups, the A radicals in the formula I being identical
or different alkyl, cycloalkyl, phenyl, tolyl or naphthyl
radicals, the R! radicals being identical or different and
bez.ng hydrogen, alkyl or alkoxy radicals ‘having 1 to
14 carbon atoms, or also cycloalkyl, aryl or aryloxy
radicals having 6 to 14 carbon atoms, or a fused benzene



met hacrol ein, crotonal dehyde, nethyl acrylate, ethyl -9- crotonate,
diethyl fumarate, diethyl mnaleate and acrylonitrile. Wth particul ar
success, the process is enployed for the hydrofornylation of olefins and

ol efin derivatives having 2 to 12 carbon atons. The exanples which follow
illustrate the invention, without restricting it to the enbodi nents
described in nore detail. .

ring, the .m indices being identical or different and
being integers from 0 to 5 and the n indices likewise

beJ.ng J.dent:.cal or d:.fferent and -being J.ntegers from 0 to

'.l'he water-soluble rhod:.um/d:.phosphme complex compounds
N ‘_used .as, catalysts ‘acecording to the novel process are
-' .'dlst:.n'g'u:.shed by a fcemarkably high efféct:.veness, deter-
mined by the two criteria of “activity" A, namely

mol of a,l&ehyde

A = -
mol of Rh x minute

and “productivity" P, namely

g of .aldehyde

P= .
ml of catalyst solution x hour

The values of these two parameters, reached by the
processes of the. state of the art, are considerably
exceeded by the procedure according to the invention. The
formation of normal aldehydes increases further and the
discharge of rare metal and phosphine with the reaction
product is reduced. In addition, -these results are
achieved by the use of catalysts which have a markedly
lower ligand/rhodium ratio than those used hitherto.
These and other results, which are very valuable for
carrying out the process on an industrial scale, were
neither derivable from theoretical considerations mnor
foreseeable from experience in practice.

The sulfonated diphosphines characteristic as a catalyst
- constituent for the novel process can be prepared from
biaryls, which are- accessible by known syntheses, for
examp]:_e by coupling aryl-Grignard reagents with aryl
halides. The introduction of the phosphorus-organic
radical = (H,C),P(A), - into the biaryl molecule is also



Exanpl es Propylene and a COH err] m xture conposed of equal parts by
volunme are fed to a 0.2.1 stainless steel autoclave fitted with a stirrer
at such a rate that 10 | (S. T.P.) of exit gas can be taken fromthe reactor
per hour. At the sane time, 300 ml of aqueous catal yst solution per hour
are circul ated through the reactor. The catalyst is conposed of 0.09 g of
rhodium (as the acetate) and 5.89 mmol of Pglll) (in the form of BI SBI.S),
whi ch have been dissol ved in degassed and nitrogen-saturated vvater to give
300 mM of solution. The, phosphorus/rhodi um nolar ra |o |s 6. J1
corresponding to @*#%dpnﬁoo%nppav%tmnal methods, for examp e by

reacting a phosphorus compound of the general formula
x-(Kz0)nP(A)2( in which X is a halogen a.tom, w.Lth the

1 in the presence of a e - 31 imin
_ é," such as sod.i.u.m ‘am
| 'la.st rea.ction step, the ”da.p .phine n.s sulfonated with
oleum, i.e. w:.th a solutiori of sulfur tr:.ox:.de in
‘Silfiric acid, at’ tempe ited " from 0 “to “60°C. The
sulfonation product is isolated from the acidic solution,
da.luted. with wate:r:, in accordance with the state of the -
art, for example by extraction with the solution of a
-water-:.nsoluble amine in a wa.ter-.xnsoluhle orgaruc
_solvent.

Preferred sulfonated diphosphines in the procedure
according to the invention are those which are derived
from biaryls of the general formula I, in which the a
radicals are identical or different and are a phenyl,
tolyl or naphthyl radical, the R' radicals are likewise
identical or different and are hydrogen -or a methyl,
isopropyl, isobutyl, t-butyl, phenyl or naphthyl radical
or a fused benzene ring (so that a naphthyl structure is
formed), m is 1 and n is 0 or 1.

Sulfonated diphosphines whose biaryl skeleton is &ub-
stituted by radicals R' in the 6~ and 6‘=-positions avxe
also of great importance within the scope of the claimed
process. The presence of these radicals hinders the
rotation of the two substituted phenyl radicals. Rhodium
complex compounds which contain such molecnles as ligands
can therefore be used as catalysts for enantioselective
reactions.

Examples of diphosphines which are successfully used in
the novel process are the praducts cobtained by sulfona-~
tion of 2,2’~bis(diphenylphosphanomethyl)-biphenyl
(called.BISBIS balow) and of 2-{diphenylphosphanomethyl)-
1-{2- (diphenylphosphanomethyl )phenyl] -naphthalene (called
PHENAPS below)



of 3.4,: 1. The reaction of the reactants takes place at a tenperature of
122[err]C and a pressure of 5 MPa. In the table which follows, the results
of the process according to the invention (Exanples 1 to 3) are conpared
wi th those which are obtained by a procedure according to the state of
the art (catalyst : rhodium TPPTS) (Exanple 4). Exanples 2 and 3 show
very clearly that the novel procedure pern1 s, in a conpletely surprising
manner, a considerable increase in the propylene feed rate. Under such
reacti on conditions, the known processes with Rh/ TPPTS catal ysts give only
very IOM/conver5|EhsiSrnﬁ§neeaG3%#¢Y to use the disphosphines” as single

compounds. Mixtures of sulfonated disphosphines derived

from biaryl compOunds of different structure are equa].]_y
sui able as mi -

' vifllg_'d:n.fferent
cture of sulfonated.mono- aﬁd
n w th rhodium also ive very
active’ 'c'a;l:'alysts. ¢ xakaple, m:.xtures 'of BISBIS |
and Na tm.phenylphosphine-tn.sulfonate {(called TPPTS
below) have also proven suitable.

o of sulfonation. -1?__ _ally i
di-phosph:.nes in combinat:

It has also been found to be advantageous to use ‘rhodium

and sulfonated diphosphine not in the stoichiometric

ratio, i.e. corresponding to the chemical composition of

the rhodium complex compound which forms in the course of

the hydroformylati.on reaction, but to employ an excess of

diphosphine. The rhod.mm/diphosph:.ne ratio can here be

varied within wide limits, and about 1 to 130 mol -of

diphosphine can be used per mol of rhodium. A
rhodium/diphosphine ratio in the range from 1:2 to 1:25

and especially from 1:2 to 1:10 mol is preferred.

Rhodium is employed either as the metal or as a compound.
In the metallic form, it is used either as finely dis-
persed particles or it is precipi.ta.ted as a thin coating
on a support such as activated carbon, calcium carbonate,
aluminuiq silicate or alumina. Suitable rhodium compounds
are substances which are water-soluble or become water-
aolui:],e under' the ;feé‘ction conditions. The wvarious
rhodium oxides, salts of j.norganic hydrogen acids and
oxygen acids and also salts of alxphat:.c monocarbo:;ylic
and polycarboxylic acide arxe suitable. Examples of
rhodium salts are rhodium nitrate, rhodium sulfate,
rhodium acetate, rhodium 2-ethylhexanoate and rhodium
malonate. Rhodium halogen compounds are, however, less
suitable because of the corrosive behavior of the halide:
ions. In addition, rhodium carbonyl compounds such as
Rh,(CO)s; Or Rhe(CO)y oF complex salts of rhodium, ‘6.g.
cyclooctadienyl-rhodium compounds, can be used. Rhodium



- 10-- [err] -11- Patent Clains 1. A process for producing
al dehydes by reacting nonool efins, unconjugated polyol efins, cycloolefins
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oxide and especially rhodium acetate and xrhodium
2-ethylhexanoate are preferred. It must be assumed that,
in the presence of water gas, _water-spluble“_rhodinm:

~of the": hydrofomylat Lon reacti.on. Together 'm.th ;the
) _dlphosphlne dissolved in the water, they glve the cata-_

The catalyst solution is prepared from the components
either in the hydroformylation reactor or, beforehand, in
" se_pa:r:ate ‘equipment and then fed to the hydroformylation
reactor.

The concentration of rhodium in the agueous catalyst
solution is 20 to 1000 ppm by weight (relative to the
solution), preferably 100 to 600 ppm by weight and
especially 200 to 400 ppm by weight.

The reaction of the olefin with carbon monoxide and
hydrogen takes place under pressures from about 0.1 to
about 30 MPa, preferably 1 to 12 MPa and especially 3 to
7 MPa. The composition of the synthesis gas, i.e. the
volume ratio of carbon monoxide and hydrogen, can extend
over wide ranges and be varied, for example, between 1:10
and 10:¢1l. In general, gas mixtures are used in which the.
‘volume ratio of carbon monoxide and hydrogen is about 1:1
or deviates only slightly from this wvalue in one
direction or the cher.'.

The reaction tem_peratui:e is between about 20 and 150°C,
and 80 to 140°C and especially 100 to 125°C are
preferread.

The conversion of the reactants present in the liquid and
gaseous phase takes place in conventional reactors. The
progress of the reaction is decisively influenced by the
fact that the aqueous catalyst solution must be saturated
with the liquid or gaseous, hydrophobic olefin and with



or derjvatives of these classes of conpounds with carbron nonoxide and
hydr ogen at tenperatures from20 to 150 [err]C and pressures fromO0.1 to
20. MPa in the presence of water-soluble rhodi um conpounds, con- taining
phosphi nes i n conpl ex bonding, as catal ysts, which conprises using, as the
phosphi nes, di phos- phines, derived from biaryl conpounds, of the
formula | [err] which are substituted by gnﬁ or nore sulfonic acid groups,
the Aradicals in the fornmula | “being identflc or different alkyl,
cycl oal kyl, phenyl

the geynthesis gas. It is therefore necessary to produce
the greatest possible contact area between the phases. It
has proven sua.table to stJ.r the lz.qu:.d rea.ctor content: -

orgam.c phase in t.he'::eaction mixture. Surpr:l.sing‘ly, the
organic. phase does not contrxbute to the solub:.l:.ty of
the reactants in. the aqueous phase, and undesired side
reactions of the reaction product, whicdh cannot. be
excluded in the case of increasing residence time of the
product in the yeactor, are avoided. Accordingly, the
volume ratio of aqueous and organic phase is set to 1l:l
to 100:1, preferably 10:1 to 100:1. For this purpose, a
corresponding part of the reaction mixture can be
discharged continuously from the reactor, the aqueous and
organic phases can be separated from one another, and the
aqueous phase can be recycled. to the reactor. The
reaction can be carried out batchwise or, preferably,
continuously.

The process according to the invention is successfully
applicable in the conversion of monoolefins, unconjugated
polyolefins, cyclic olefins and derivatives of these
unsaturated compbunds. The olefins can be straight-chain
or branched, and the double bonds can be terminal or
within the chain. Examples of olefins which can be used
in the novel process are ethylene, propyleme, l-butene,
2=butene, l-pentene, 2-methyl=-l=butene, 1l-hexene, 2-
hexene, l—heptene, 1-octene, d-octene, 3-ethy1~1-hexene,
l-decene, 3-undecene, 4 c4=dimethyl-l-nonene, dicyclo--
pentadiene, vinyicyclohexene, cyclooctadiene and styrene.
Examples of derivatives of the said olefin types, which
can be hydroformylated by the claimed procedure, are
alcohols, aldehydea, carboxyl:.c acidsa, estexs, nitriles
and halogen compound.a, allyl alcohol, "acrolein,
methacrolein, c::oton_aldehyde, methyl acrylate, ethyl



tolyl or naphthyl radicals, the R err] radicals being identical or

di fferent and bei ng hydrogen, alkyl or al koxy radicals having 1 to 14

carbon atons, or also cycloal kyl, aryl or aryloxy radicals having 6 to 14

carbon atons, or a fused benzene ring, the mindices being identical or

different and being integers fromO to 5 and the n indices |ikew se being

I dentical or different and being integers fyomO to 4. 2. The process as

claimed in claim1, wherein Ain the fornula T is a phenyl, tolyl or

napht hyl radical. '
crotonate, diethyl fumarate, diethyl maleate and

acrylonitrile. With particular success, the process is
emp].oyed for the hydroformylat:.on of olef.ms and olefin
der:.vat:.ves hav:.ng 2. to 12 carbon atoms . )

The examples wh:.ch follow illust::ate ‘the invention,
w:.thout restrJ.ctJ.ng J.t to the embodiments descr:.bed in
‘more ‘detail.” '

. les

Propylene and a CO/H, mixture composed of equal parts by
volume are fed to a 0.2 1 stainless .steel autoclave
fitted with a stirrer at such a rate that 10 1(S.T.P.) of
exit gas can be taken from the reactor per hour. At the
same time, 300 ml of aqueous catalyst solution per hour
~are circulated through the reactor. The catalyst is
composed of 0.09 g of rhodium (as the acetate) and
5.89 mmol of P(III) (in the form of BISBIS), which have
been dissolved in degassed and nitrogen-saturated water
to give 300 ml of solution. The phosphorus/rhodium molar
ratio is 6.7 : 1, corresponding to a ligand/rhodium ratio
of 3.4 ¢ 1. The reaction of the reactants takes place at
a2 temperature of 122°C and a pressure of 5 MPa.

In the table which follows, the results of the process
according to the invention (Examples 1 to 3) are compared
with those which are obtained by a procedure according to
the state of the art (catalyst : rhodium/TPFTS)
(Example 4). Examples 2 and 3 show very clearly that the
novel procedure pexmits, in a completely surprising
manner, a considerable increase in the propylene feed
rate. Under such reaction conditions, the known processes

with Rh/TPPTS catalysts give only very low conversions or
none at all.
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(mnth the exception of a fused benzene ring) are located in the 6- and

-positions. 7. The process as clainmed in one or nore of clains 1 to 6,
mhereln 1 to 130, preferably 2 to 25 and espe- cially 2 to 10 nol of
di phosphi ne are enpl oyed per nol of rhodium 8. The process as clained in

one or nore of clains 1 to 7, wherein the rhodiumconcentration in the
aqueous catal yst solution is 20 to 1000, preferably 100 to 600, and
especially 200 to 400 ppm by weight (relatiMe-to the solution). 9. The
process as claimed in one or nore of clains 1 to

Patent Claims

1. A process for producing aldehydes 'by reacting
monoolefins, uncon;ugated polyolefins, cyclooleflns
or derivatlves of these classes of; compounds with
carbon.monoxide and;hydrogen at temperatures from 20

to 150 c and pressures from 0.1 to 20 MPa in the
presence of water-soluble rhodium compounds, con-
taining phosphlnes in complex bond:mg, as cata.lysts,
which comprises using, as the phosphines, diphos-
phines, derived from biaryl compounds, of the

formula I '(AlzP 'P(A)z
\ /

?_c)m (cu,)
N\
(D—,

) (1)

(1)
which are substituted by one or more sulfohic acid

groups, the A radicals in the formula I being
idéntical or different alkyl, cycloalkyl, phenyl,
tolyl or naphthyl radicals, the R' radicdls being
identical or different and being hydrogen, alkyl or
alkoxy radicals having 1 to 14 carbon atoms, or also
cycloalkyl, aryl or aryloxy radicals having 6 to 14
carbon .atoms, or a fused benzene ring, the m indices
being identical or different and being integers from
0 to 5 and the n indices likewise being identical or
different and being integers from 0 to 4.

2. The process as claimed in claim 1, wherein A in the
formula I is a phenyl, tolyl or naphthyl radical.

* [ L M H *



6, wherein the reaction takes place at 20 to 150[err]C, preferably 80 to
140[err] C and especially 100 to 125[err]C. 10. The process as clainmed in
one or nore of clains 1 to 9, wherein the reaction takes place under
pressures fromO0.1 to 30, preferably from1l to 12 and espe- cially from3
to 7 MPa. 11. The process as clained in one or nore of clains 1 to 10,
wherein olefins or olefin derivatives having 2 to 12 carbon atons are
react ed. - 12 -~

3. The process as claimed in one or more of claims 1

and 2, wherein R! in the formula I is hydrogen, a

- methyl, isopropyl, isobutyl, t-butyl, phenyl or
naphthyl radical or a fused benzene ring.

4. The process as clamed.in.bne ox more of claims 1 to
3, wherein, in the formula I, m = 1.

5. The process as claimed in one or more of claims 1 tq
4, wherein n = 0 or 1. ’

6. The process as claimed in one or more of claims 1 to
5, wherein, in the formula I, the substituents R®
(with the exception of a fused benzene ring) are
located in the 6~ and 6‘-positions.

7. The process as claimed in one or more of claims 1 to
6, wherein 1 to 130, preferably 2 to 25 and espe-
cially 2 to 10 mol of diphosphine are employed per
mol of rhodium. -

8. The process as claimed in one or more of claims 1 to
7, wherein the rhodium concentration in the aquecus
catalyst soclution is 20 to 1000, preferably 100 to
600, and especially 200 to 400 ppm by weight
(xelative to the golution).

9. The process as claimed in one or more of claims 1 to
8, wherein the reaction takes place at 20 to 150°C,
preferably 80 to 140°C and especially 100 to 125°C.

10. The process as claimed in one or more of claims 1 to
9, wherein the reaction takes place under pressures
from 0.1 to 30, preferably from 1 to 12 and espe--
cially from 3 to 7 Mpra.

11. The process as claimed in one or more of claims 1 to
10, wherein olefins or olefin derivatives having 2

T iy aw




- 13 - \12. A catalyst for the hydrofornylation of nonool efins, unconjugated
pol yol efins, cycloolefins or deriva- tives of these classes of conpounds,
contai ning rhodi um and a di phosphine in a nolar ratio of 2:1 to 1:2, the

di phosphi ne bei ng obtai ned by sulfonation of biaryl conpounds of the
formula | [err] in which the A radicals are al kyl, cycloal kyl, phenyl,

tolyl or naphthyl radicals, the Rerr] radicals are identical or different
and are hydrogen, al kyl or alkoxy radi cal s Bdvirng 1 to 14 carbon atons, or

12. A catalyst for the hydroformylation of monoolefinsg,
unconjugated polyolefins, cycloolefins or deriva-
) : tives of these classes of compounds, containing

-,rhodxum and a d;phosphzne.f ;mola: ratio of 2:1 to
”“axned by sulfonation 

1:2, the dlphosphlne bezngr
of blaryl compounds of the formnla I

/
(H}:)m (ce,)

(1)

in which the A radicals are alkyl, cycloalkyl,
phenyl, tolyl or naphthyl radicals, the R® radicals

' are idenmtical or different and are hydrogen, .alkyl
~or alkoxy radicals having 1 to 14 carbon atoms, or
also cycloalkyl, aryl or aryloxy radicals having 6
to 14 carbon atoms;:or a fused benzene xring, the m
indices are identical or different and are integers
from 0 to S and the n indices likewise are identical
or different and are integars from 0 to 4.
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al so cycl oal kyl, aryl or aryloxy radicals having 6 to 14 carbon atons, or a
fused benzene ring, the mindices are identical or different and are
integers fromO to 5 and the n indices |ikew se are identical or different
and are integers fromO to 4.

~14-

Process for producing aldehydes

Abstract of the disclosure

The invention relates to the hydroformylation of olefins
and olefinically'unsaturated.compounds'in the presence of
a water-soluble rhodium complex compound which contains,
as a ligand, at least one sulfonated diphosphine.



