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5 fThe invention relates to novel sulfonated diphosphines
‘and to their preparation. They form complex compounds
with metals of group VIII of the periodic table of the
elements and said compounds can be used as catalysts.

Complex compounds dontaining as the central atom a metal

10 of group VIII of the periodic table of the elements and

 as ligands P{IIl) compounds such as phosphines or phog-

—~ . phites, and opt:.onally also other groups capable ¢of com=

-plexation, have recently become increasingly impoxrtant

as catalysts. Thus the reaction, extensively practiced in

- 15 industry, of olefins with carbon monoxide and hydrogen to

give aldehydes (hydroformylation) is carried out in the

‘presence of catalyst systems composed of xhodium and

triphenylphosphine. Catalysts based on complex compounds

- | containing phosphines have alsgo proved successful for the

' 20 reaction of methanol with synthesis gas to give higher

| alcoho]_.s , especially ethanol and propancl (homologiz-

ation). In said cases, the ligands are usually present in

excess, s8¢ that the catalyst system is composed of

complex compound and free l.Lgand. In accordance with the

- - 25 golubility of these systems in organic media, <the
' reaction is carried out in the homogeneous phase.

The reaction can alsc be carried out _'in the heterogeneous
phase rather than in the homogeneous phase. This process
variant is particulérly convenient because it provides a
30 way of separating the water-dissclved catalyst' from the
water-insoluble reaction produét s__imply and under mild
conditions. The hydroformylation process described in
DE 26 27 354 C2, for example, works on this principle.
The system rhodium/sodium triphenylphosphine trisulfonate
35 is used as the catalyst. |
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Conpl ex conpounds containing as the central atoma netal of group VIII
of the periodic table of the elements and as ligands P(l111) conpounds
- slich as phosphi nes or phos- phites, ﬁnd optionally al so other groups

. Capabl e of com ~ plexation, have recehtTy becone increasingly inportant
as catalysts. Thus the reaction, extensively practiced in I ndustry, of
. ol efins with amrboronshbiuent R ¢gtakypn systems ginevbiclhyhesother
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OUt |n the hqimgen%oyg(a %shenylphosph:.nomethyl)biphenyls or

' 2= (dzphenylphosphinomethyl) -1-[2-(diphenylphosphino-

10 methyl)phenyl]lnaphthalenes are used as diphosphines in
- this process. Together with the rhodium, they give
catalysts which are distinguished froem the known rhodium/
monophosphine eystems by a greater activity. '

The assumption that the composition of the product formed

15 under their influence, and the activity of rhodium

complex catalysts, depend on the chemical characteristics

of the ligands creates the task of deveioping novel

ligands. They should open up the possibility of varying

the course of the reaction so that particular products

20 are formed preferentially or in some cases even

exclusively. It is furthexr required that the ligands and

the complex compounds formed therefrom are soluble in

_ water_ g0 as to benefit from the above-described
h : a.dvantages_ of- hydrofo_myla_tion in a two~-phase system.

- 25 The invention provides such ligands. It relates to novel
sulfonated: 2 2'-b:Ls(dxphenylphosphinomethyl) 1,17=

binaphthalenes of the formula
(MD,S)

| OO : ' his Sheet Has Been Replaced
o5 zoe e I
' - CHy = PAc,_. Ph
(no s)

n
in which Ar i.s m-c,I-I.,-SO,M, M is hydrogen, ammonium, a
monovalent metal or the equ:.valent of a polyvalent metal,
300 Ph is the phenyl radical, m is identical or different and
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‘The reaction can also be carried out in the hetray SigeneiBeen Repladkase r at her

“than i.n the honpbgeneous phase. This process | icularly
conveni ent because it provi des a way of sepa _ r-di ssol ved
cat-al yst fromthe wat er-insol ubl e reattion p Sitpr'y and under
mld  conditions. The hydr.of ornmyl ati on process described in - DE 26 27
354 C2, for eX@fithe wale dnoxhizsapdi ncipl bdenticdbeos V@i erarduei spgsodi um
triphenyl phosgly g, trr igxulaf,onat e is used as the catal yst. I'n

.addition to nmonophosphi nes, - di phosphines are al so used

The parent si:_bstance used for the preparation of the

- novel compounds is 2,2 '#bis('diphenylphosphinomethyl)—

5 1,1'-binapht_halene. - This compound is obtained in a
multistep synthesis '_'by reductive dimerization of 1
bromo-2-methylnaphthalene with magnesium to give 2,2’-

' d.imethyl-l,l'.-binaphthalene, reaction of the binaphtha-

| lene with butyllithium to give the dilithium compound and
10 reaction of the dilithium compound with chlozodiphenyl-
phosphine. 1Instead of metalating 2,2’'-dimethyl-
1,1’-binaphthalene with butyllithium, it is also possible

to convert it to 2,'2"-b.1'..(bromomethyl)-l,1'-binaphtha-

- lene with N-bromosuccinimide. Reaction of the dibzromo
15  compound with diphenyl phosphinate gives 2,2'-bige
' (diphenylphosphinylmethyl).-1,l"—binaphthalene + wWhich is
reduced with trichlorosilane to give 2,2'=-bis(diphosphi=

- nomethyl)-l,1‘-binaphthal_ene. To introduce sulfonic acid
groups into the binaphthyi radical and into the phenyl -

20 radicals, the diphosphine is treated with excess sulfur

trioxide in the form of oleum as the sulfonating agent.

| Of decisive importance for the degree of sulfonation
) - ' - which can be achieved are especially the S0, concentration
' in the oleum, the reaction 'temperature and the reaction

25  time. Said parameters influence each other.

It has proved successful to: use oleum containing 10 to

65% by weight or even more of sulfur trioxide., The
sulfonating agent iz to be used in excess, based on the
diphosphine. It is convenient to use 25 to 80 and pre-

30 . ferably 40 to 70 mol of 8O, per mole of 2,2’-bis-
- ( diphenylphqsphinomethyl) ~-1l,1’=binaphthalene. Oleum
having a high concentration of free 80;, i.e. a proportion

of about 40 to 65% by weight or more, gives products
which contain at least four SOH groups and therefore have

'35 an excellent solubility in water. Concentrations of free
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--2- as a constituent of catalyst systens meHnsShedH&Bﬂdné?ePlao

- “metal of group VII of the periodic table. For 40 315
rtlates to the preparation of al dehydes by react fins,

= non-conj ugat ed pol yol efins, cyclool efinséor derivat | ves 0 ese classes of

_ corrpounds wi t h carbon nonoxi de ‘and hydrogen in the presence of

r hodi um di phose) lili\eoiét:m WEish axd flfw%tzedhan about 40% by weight give

SRR D Eh e o i, L

- met hyl ) pheny| diphtepbigess whichushave s onlyhas phinétedn scliupigridesdn
" Toget her wt "wd&@@rr hodi um they give catalysts which are distinguished from
- the-known rhodi um m)nophosphl_n_e systens by a greater activity.

5 The xeaction temperature :_i.s 0 to 25°C, preferably 0 to
10°C.. In princi::le,. it is also possible to use higher
tempe_ratures,' but these promote the oxidation of the
diphosphines to | phosphine oxides appreciably more than

. the sulfonation, so that the overall yield of sulfonated

10 phosphines decreases. Therefore it is also not recom-
mended to compensate for low concentrations of free 80,
by raising the reaction temperatuxe. On the other hand,
it is possible to influence the degree of sulfonation of
the diphosphine by means of the reaction time. Longer

15 reaction timés give compounds with a higher degree of
sulfonation than shorter reaction times. In general, the
reaction requires 10 to 60 and preferably 15 to 48 h in
said temperature ranges. These times apply especially
when using oleum _which'cantains about 40% by weight ox

20 more of free oleum. Less concentrated oleum leads only to

' partially su_l,fonated compounds, ‘even with long xeaction
times; furthermore, the increasing formation of oxidation
products cannot be fully avoided. It is therefore

- - convenient to carry out the sulfonation with more highly

© © 25 concentrated ol_éum and to contxol the degree of
sulfonation by means of the reaction time.

Concentrated sulfuric acid has proved successful as a

solvent for the st'arting_ compound tc be sulifonated,

namely 2,2’-bis(diphenylphosphinomethyl)~1,1’~-binaph~

30 thalene., This solution can be introduced into oleum in

‘portions or oleum can be added theretc in portions. It is
‘recommended to stir the reaction mixture vi'gorously and

cool it thoroughly and to bring the reactants together

slowly and in small portions so that the heat of reaction

35 can be dissipated withéut_'_. difficulty. By this means,

' rather than the sulfonation proceeding in an uncontrolled
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- The assunption that the conposition of the pﬂaﬂ e hei r

. nd on the

' chenlcal characteristics of the |igands greates vel opi ng
nqvel*lrgands.:They shoul d open up the™ pdsSibility of varyi ng the course of

the reaction so that particular products are fornmed preferentially or “in
sone cases eveanmexr) 804k lgroups axef dnthreduredusuedesbhitvelizeihitgattie and

benef ¢ 11 om T RRASRCRyd BT Gl WHE BBe3, YRUTcaRs ! FREEARLAS ]
" two- phase syse®idatiagme qfhv&hei oRhpEBhPHES scempqqrghnd@ effpetavedyt o
-novel SU”O”aéﬁé'venQe@ - eddiaphe gLk PO pbhAOLRE identl o¥ diphoaphihal enes
1'0f the f9§”“'a as beén a&ded, the aftexreaction can take place at room
temperature, i.e. at_about 20 to 25°C, and essentially
without external’éooling. It is convenient, however, to
gtir the reaction mixture at this stage as well, so that
~ any heat of reaction still being produced is uniformly
10 distributed and can be dissipated without delay.

Following the sulfonation, the reaction solution is
_F‘_; : hydrolyzed. In this process step, care should be taken to
| ensure that the temperature does not exceed about 30°C;
it is advantageous to malntaln temperatures in the range
15 from 15 to 25°C. It is therefore recommended to add the
reaction mixture carefully to ice or to carry out the
hydrolysis with ice or ice-water and to make provision
. for. intensive external cooling. The dilute solution,
containingessentiallyz,z'-bis(diphenylphosphinomethyl)—
20 1,1’~binaphthalene with different degrees of sulfonation
and sulfuric acid, is worked up in a further process

step. '

To do this, the solution containing sulfuric acid is
neutralized with'an alkaline reagent such as an alkali

25 metal hydroxide or alkali metal carbonate, preferably
sodium hydroxide. In oxder not to increase the volume of
the reaction mlxture unnecessarily and to precipitate a
substantial part of the alkali metal sulfate formed, the

, neutralizing agent is used as a highly concentrated

30 solution or in undissolved solid form, e.g. flakes or
pellets of caustic soda. '

Because of its reduced solubility at lower temperatures,
" the bulk of the alkali metal sulfate can be removed from

the solution by cooling. The appropriate temperatures
35 depend on the concentration of the sulfate in the
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- if which Ar is mcerr]Herr]-Sqerr]M Mis Ys
“monoval ent netal or the equival ent of a polyvale S the phenyl
- radi cal mis identlcal or different and

_3_

solution and the temperature profz.le of its solubility.
The most favorable conditions ther_é_fore have to be
determined by experiments in each individual case. The
sulfate can be separated off in one step or else in
- s'ev'eral steps; it has proved convenient to carry out the
crystallization in two steps. '

After separation of the alkali metal sulfate, the

solution is concentrated to dryness, preferably undexr an

- oil=pump wvacuum, and the diphosphines with different

10  degrees of sulfonation are extracted from the crystal

slurry in the form of ‘the alkali metal salts. Suitable

_ ‘extractants are e.g. mixtures of lower alcohols, i.e.

alcohels having up to 5 carbon atoms in the molecule,

: _su_é:h as methanol, ethanol or propancl, with water. The

15  extraction is carried out by conventional methode in one

‘or more steps, preferably two to four steps. The extracts
are combined and concentrated to dryness.

- It has also proved successful to react the solution

‘containing sulfuric acid with a mizxture of a water-

20 insoluble amine and an orga.nic solvent and to extract the

eulfonates as amine salts. Suitable amines are those

having 10 to 60 and preferably 13 to 36 carbon atoms,

- . e.q. methyldioctylami'ne, tri-n-octylamine, triiso-

- . octylamine, tri-2-ethylhexylamine and txidodecylamine,

25 preferably triisococtylamine. Aliphatic and aromatic

" hydrocarbons or hydrocarbon _mixturés, e.g. toluene or

~ kerosene-like mixtures, especially toluene, are successe
fully used as organic solvents.

0.5 to 1.5 mol, preferably 0.8 to 1.2 mol, of amine is

30 used per equivalent of sulfonic acid. After vigorous
mixing of the sclution containing sulfuric acid and the

amine solution, the agueous and oxganic phasés are
separated from one another. The orga.nic phase, contalning

the amine salt, is reacted with an aqueous solution of a

35 base whose sulfonic acid salt is to be prepared. Examples
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~has.the value 1 or 2 and n is identical or diifhie Seeet Has\BeanRePlacde or 2.
*fThe parent substance used for the preparation of npounds i S
232 b|s(d|phenylphosphlnonethyl) 1, 1' - bi napht npound i s

. obtained ina multistep synthesis by redlctive difierization o 1-

br ono- 2- nethylnaphthalene w th magnesiumto give 2,2'-

~dinmethyl - 15&9@ 5%?? e NaPA 6%%%:
“butytlithi um? I've }‘{‘Ei %%%n%%suén% %1% react’t‘}?on* #é di PI t hi um
~ .conpound Wi t IPREAHR LM pllilé’ﬁ'j'-'lc’x-L fieos pide. ProcpduEad 9ives ajet ATUEPRE

2, 2" - di et hyl godlydioR! AN WIAICH enY 85 LEéd | dd 1FHAIB8 aAclid &aaluseaﬁosél ble to
convert it to, 2, é@(bronnnethyl) 1,1 -binaphtha- lene with

. action of the dibronmo compound with diphenyl
- phosphi nat e glves 2,2' -bis-

g?igﬂfg¥l ||3ﬁ@é{%%%26€yéﬂ3 a%u gggaﬁgiﬁﬁigﬂeof“Eﬁ&hbé§erﬁgﬂﬁ§daﬁhea

all at once to the solut;on of the amine salt in the

organic med;um, it.can also be added in portions. Such a

gradual treatment of the amine solution, e.g. by

adjusting the pH to certain values or ranges of values

10 with the aid of the baSe;'enables substantial. separation

o~ of phosphine oxides from the sulfonation mixture and

' partial decompos;t;on of the latter into products with
different degrees of sulfcnation

The novel sulfonated diphosphines are colorless solids.
15 According to the sulfonation conditions, they contain up
to0 six sulfonic acid groups. The alkali metal salts are
goluble in water and the solubility increases with the

- degree of sulfonation.

The free acids can be prepared by treating aqueous alkali
- 20 metal salt solutions of the sulfonated diphosphine with
a cation exchanger in the ®" form. Other salts of the

';n\" | - novel sulfonated diphosphines'can be obtained from the
' acids by reactionwwith hydroxides, carbonates, ammonia or
amines. -

25 The novel compounds have proved successful as components
of catalyst systems containing metals of group VIII of
the periodic table. In cembinatidn‘with rhodium, they are
used especially as hydroformylation  catalysts.
Accordingly,';he_invention further relates to a process

3¢ for the preparation of aldehydes by reaction of mono~-
olefins, nonconjugated polyolefins, cycloolefins or
derivatives of these classes of compounds with carbon
monoxide and hydrogen at temperatures of 20 to 150°C and
pressures of 0.1 to 20 MPa in the presence of catalysts
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i hlS Sheet Has, Been Reﬂéacec

nonet hyl ) -1, 1' - bi napht hal ene. To introduce sul nto the

bi napht hyl radl cal and into the phenyl radicals, r]lﬂm] ﬂ eis treated

Wi'th excess sulfur trioxide in the formaqf ol eum ti ng agent.

.Of .decisive inportance for the degree &f %l fonation which can be achieved

are especially the SJerr] concentration in the oleum the reaction

tenperature acomposedeadt watetri-soluBiedcpmpavnde st i ritddiams ccapplexeder .

I't has proved Wec se e i y hi,, or
ufﬁt?éé%&%@eeé' Tg.é u‘{ﬁ%i“ UL IS 1?!:5991@5(%@ u\é‘@éﬂ in

~ even nore of su sulfonati ng. a 1S"t0 be use |
‘excess, basedE@dd FEOGRERORERI the abevesdesirake n§“i-5°ﬂ§‘ée§52t%"8bi%md pre-

ferably 40 to (& ihbmethylgle ,ef -Bidaphthyls.
(di phenyl phosphi rlljﬁetyﬁ)fﬁ )-1,1" - bi nagﬂ:?hal ene. a eil:m having a hi gh.

.concentratlon of free SQerr] ie. a proportion
-5 The water-soluble _rhodium/diphosphine complex compounds

used as catalyst in the novel process are distinguished
by a remarkably high activity, determined by the two
cr;LterJ.a ractivity" A: -

mol of_" aldehyde
mol of Rh . min

~ 10 . A=

and "productivitjr-"_ P:

g of aldehyde
P = .
15 ' ml of catalyst solution « h

The values of these two parameters achieved with the
processes of the state of the art are far exceeded by the
procedure according to the invention. The formation of
: normal aldehydes is greater and the amount of noble metal
20 and phosphine discharged with the reaction product is
‘emaller than in the known processes. Moreover, these
results are obtained with a catalyst which has a dis-
tinetly smaller ligand/rhodium ratio than the catalysts
used hitherto. These and other results of very great
25 value for carrying out the prodess on the industrial
scale could not be deduced from theoretical consideza-
tions nor predicted from practical experience.

It is not necessary to use the sulfonated diphosphines as
pure compounds. It is also posesible to use diphosphines

30 with different degrees of sulfonation and/or sulfonate
mixtures with different cations. |

It has proved successful not to use rhodium and the

diphosphines accoxding to the invention in the stoi-
chiometric ratio, i.e. in accordance with the chemical
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of’ about 40 to 65% by weight or nore, gives pHBH $h at | east
four S err]H groups and therefore have an excell I I n water.
Concentrations of free err] in

.ol eum whi ch are | ower  than about'40@6by ﬁklght glve products with a smaller
degree of sulfonation, i.e. diphosphines which have only a limted
solublllty i n cempoaition of the rhodium complex compound which forms

in the course of the hyd:ofo:mylation reaction, but to
use the diphesphines in excess. The ratio of rhodium to
diphosphine can thereby be varied within wide limite and

5 about 1 to 130 mol of diphosphine can be used per mole of
rhodium. The .preferred molar xatio of rhodium to
diphosphine ie in the range from 1:2 to 1:25 and
especially 1:2 to 1:10.

. Rhodium is_used:eithe: as the metal or as a compound. As

10 the metal, it is used in the form of finely divided

particles or precipitated in a thin layer on a support

such as activated charcoal, calcium carbonate, aluminum

'silicate or clay. Possible rhodium compounds are sub-

stances which are water-soluble or which become water-

15  soluble under the reaction conditions. Suitable compounds

are the various rhodium oxides, salts of inorganic

hydracids or oxyacids and salts of aliphatic monow-

carboxylic or polycarboxylic acids. Examples of rhodium

salts are rhodium nitrate, rhodium sulfate, rhodium

20 acetate, rhodium Z-ethylhexanbate and rhodium malonate.

Rhodium halide compounds, on the other hand, are less

useful on account of the lower activity of the resulting

complexes and the corrosive behavior of the halide ions.

It iz further possible to use rhodium carbonyl compounds

25  such as Rhy(C0);, or Rhe(CO)y,, or complex salts of rhodium,

e.g. cyclooctadienylrhodium ébmpounds. Rhodium oxide and

especially rhodium acetate and rhodium 2-ethylhexancate

are preferred. It can be assumed that water-soluble

- rhodium complex_compounds.containing carbon monoxide and

30 diphosphine as ligands are formed in the presence of

‘synthesies gas under the conditions of the hydro-

formylation reaction,_' Together with the excess

diphosphine dissolved in the water, they make up the
catalyst system. :

35 The catalyst solution is prepared from the components
 either in the hydroformylation reactor or beforehand in
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. TEe reaction tenperature is 0 to 25C, pr ef er abli§ S Uas_BéénRemaaé¢ nciple, it
‘is al so possible to use higher tenperatures, bu'z] t he '

Iit#t nore than the
.sulfonation, so that the overall yield Sul f onat ed phosphi nes decr eases.
~ Therefore it is also not recom nended to conpensate for | ow concentrations
of free SO era]séparaiiaispparatueand dhenedpiiraduced tntohthst hpdrhand, it

i s possible tﬂ,ﬁq {6k tdeelomr ee of sulfonation of the di phosphine by
eac

.~ means of the lon time. Longer reaction tines give conpounds with a
- hi gher degree of sulfonation than shorter reaction times. In general, the
.reaction requiies cohcentiatdon pwEf ehalliymlSin othe raquecss dcaembgsat ure
- . ranges.- These, PPL Y4 S c' I ¥Mgg h ng s about
~.40% by melght %%£@§?€ o% }§e§80 n%p es g%%gﬂ%tk %%&h?éuﬁﬁg ggﬂonly to

parti al | 5 sultdmm} £ PXOERTARS 153\#91 140 PPo Ry WS&E@Foﬁnﬁll pepeciatiier nor e,
- the increasi nmfmngglp@ncﬁy%m-apn products cannot be fully avoided. It

i's t herefore:
The zeaction Of .'l:-he olefin wif.h carbon monoxide and
hydrogen takes place at pressures of about 0.1 to about
30 MpPa, preferably 1 to 12 MPa and especially 3 to 7 MPa.
i0 The composition of the synthesis gas, i.e. the volume
' ratio of carbon monoxide to hydrogen, can éxtend over a
wide range and can be varied e.g. between 1:10 and 10:1.
In general, g:as mixtures are used in which the volume
ratio of carbon monoxide to hydrogen is about 1:1 or only
15 slightly different from. this value in one or other
direction. o o

‘The reaction temperature is between about 20 and 150°C,
‘preferably 80 to 140°C and especially 100 to 125°C.

The reaction qf the reactants present in the liquid and

_ 20 gas phases takes place in conventional reactors. The
- course of the reaction is influenced decisively by the
' fact that the aqueous catalyst solution must be saturated
with the liquid or gaseous hydrophobic olefin and the

synthesis gas. It is therefore necessary to create the

25 largest possible contact area between the phases. A
procedure which has proved successful is vigorously to

stir the liquid reactor contents - catalyst solution,
optionally 1liquid olefin and reaction product - and

introduce the gaseous reactants = synthesis gas and

30 optionally olefin -~ inte the ligquid phase via
distributing devices. A procedure which has proved very
successful is to keep the proportion of organic phase in

the reaction mixture small. Surprisingly, the organic

phase does not contribute to the solubility of the
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~convenient to carry out the sulfonation with nore highly concentrated ol eum

.'

--'-.and to control the degree of sulfonation by neans of the reaction tine.
Concentrated sul furic acid has proved _syqcessful as a solvent for the
. starting conpound to be sul fonat ed narrely

2, 2" - bi s(di phenyl phosphi no$ gx - bi nau& t hal ene. This sol ution can
be i ntroducedQaRARRR IR i quw cil’ 858 ARE b9 cradrieloR nBFREBCEN

-portions. It i$ reseveRtstd fﬁoﬁtlunaépgas t i ondes xtabPe Vi gecoHahyyand .
- 38?1 ons g0 HERCTERspLch PRokeE, P 2‘2%%%%&%%@9f%&ﬂé’“%%a?@%w?. culty.
By thi s meanssiment b€r thisarprdduaiul $unshBoreacdoredinryreasem. udgenrdol | ed
' ©'5  ingly, the volume ratio of agueocus to oxganic phase is

| adjusted to 1:1 to 100:1, preferably 10:1 to 100:1. This
can be done by co'ntinucusly withdrawing an appropriate
‘fraction of the reaction mixture from the reactor,
separating the. aqueous and organic phases from one .
10 another and recycling the aqueous phase into the reactor.
. - The reaction can be carried out batchwise or, preferably,
continuously. |

The process according to the invention can he success~

: fully applied to th_e reaction of monoolefins, non-
15 conjugated polyoclefins, cyclic olefins and derivatives of
. these unsaturated "_compounds. The olefins used are not
subject to any rsstric_tions as far as molecular size is
concerned; the procedure has proved successful with
compounds having 2 to 20 carbon atoms. The olefinically

20 unsaturated compounds can 'b;e linear or branched and the
' double bonds can be within or at the end of the chains.
Examples of olefins which can be used in the novel
process are eéthylene, propylene, but~l-ene, but-2-ene,
pent-l-ene, 2-methylbut-1-ene, hex-l-ene, hex-2-ene,

- 25 hept~l-ene, oct-l-ene, oct-3-ene, 3~ethylhex~l=-ene,
dec-l~ene, undec-3-ene, ¢,4-dimethyl non-l-ene, dicyclo-
pentadiene, vinylcyclohexene, '_ cyclooctadiene and styrene.
Derivatives of said types of olefin which can be hydro-
formylated by the claimed procedure are e.g. alcchols,

30 aldehydes, c'arboxylic acids,'e'sters, nitriles and halogen
compounds, such as a.llyl alcchol, acrolein, methacrolein,
crotonaldehyde, methyl acrylate, ethyl crotonate, diethyl
fumarate, diethyl maleate and acrylonitrile. The procass

| is used with particular success for the hydroformylation
35 of olefins and olefin derivatives ha.ving 2 to 20 and
espec:.ally 2. tc 8 carbon atoms. o e e i
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'_ “'rr_a'nner, SH err]H groups are introduced successﬂrh ? etE i]jﬁ[‘ﬁ%fpht hyl

radical and the phenyl radicals.. Furthernore, oxi phosphorus -
conmpound is effectively prevented. Afterigll the ent or
.di phosphi ne has been added, -t he afterreactlon can take place at room

t t .e t 20 t tiall t

ool ng. T+ i gonderteming crkgusTed , WaEIHR FBe PEPATRLSE AAE,
stage as wel | ,p roperidiesamf fthat noveleaompounds i (Exarples pt otickdl) iand
“uniformy di S e re;\%@ngsC@%&n{&%ﬂh&%watoeﬁ bty sebgy. cheFAig@Mb g the

sul fonati on, I on solu
_ fo_rmylat;.on of olefinically unsaturated compounds

5 (Examples 12 to 17).
Examn

10.11 g (15.54 mmol) of 2,2’-bis(diphenylphosphino-
methyl)-1,1’-binaphthalene are ‘dissolved in 25 ml of
concentrated sulfuric acid '_at' room temperature. The
_ 10 solution i3 cooled to 0°C and 50 ml of 65% oleum are
-~ - added dfopwise_, '_the temperature being kept at a maximum
| of 10°C. The mixture ig subsequently stirred for 48 h at
room temperature and then added to ice and neutrallized
_ with sodium hydroxide solution (NaOH conteat: 50% by
15 weight). Hydrolysis and neutralization are carried out
under conditions such that the temperature does not
exceed 25°C. The precipitated sodium sulfate is filtered
off and the filtrate is stirred into methanol. The
resulting white solid is séparated off and the filtrate
20 is concentrated to dryness. The residue is taken up in
just the right amount of water required for complete
dissolution and the aqueous -solution is sprayed into
twice the volume of methanol. The suspensicn obtained is
filtered and the filtrate is concentrated to dryness. The

25 combined filtrates are analyzed.

Characterization:

Solub:.l:.tys 1300 g/l of water

Elemental

'an'alys:l.sx 13.8% by Weigh_t of sulfur; 4.42% by weight of
30 phosphorus; 9.9% by weight of sodium, from which the

following molar ratios are calculated:

P:S = 1:3; P:Na = 1:3; S:Na = 1:1,

corresponding to the introduction of six S0O;H groups into

the 2,2’ -b:.s(d:.phenylphosphinomethyl) -1,1’~binaphthalene

35  molecule
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hydrolyzed. In this process step, care should be taken to ensure that the
tenmperature does not exceed about 30[err]C it is. advantageous to maintain
tenperatures in the range from15 to 25[efr]C. It is therefore recommended
t0.add the reaction mxture carefully Toldc? or to carry out the hydrolysis
~wWth ice or ice-water and to nmake provision for intensive external cooling.
The dilute sofi® iNMR:scont-Sia0 ng essentially 2,2 -bis
(di phenyl phosphi nonethyl) - 1,1'-binaphthal ene with different degrees of
sul fonation and sulfuric acid, is worked up in a further process step. To
do this, the Examolencontaining sulfuric acid is neutralized with an :
al kal i ne reagent such as an al kali netal hydroxide or alkali netal
carbonate, preferably sodiym hydroxjde, In der 'not to increase the vol une
of the reacti &H®ni ff‘ﬁ‘nf@n&ﬁﬂr&’}esggri#yfaﬂa‘?gé’p? Hirhasphinamathyd)nl part
of the al kali lpat'abinaphthelenendd, cabried out according to Example 1

5 and the progress of the reaction is followed by NMR
' spectroscopy of t.he solut::‘_.on containing sulfuric acid.
The following measured values are obtained:

p NMR: § = -9.0 (he'xasul'fonated)
§ = -9.89 (pentasulfonated)
h_ 10 -~ & = =12.03 (tetrasulionated)
Examples 3 - 10
The sulfonation of 2,2'-bis(d.iphen_ylphosphinomethyl)-
l,1’-binaphthalene is carrie;l cut according to Exzample 1,
. except that the reaction parameters temperature, time and
15  80; concentration are varied. The results are collated in
the table below. Examples 5, 6 and 7 are comparative
examples, in which higher reaction temperatures were
used. |
S~ 20 Example 80, cohtght Reaction Temperature Oxide
: _ (% by weight) time formation
of the oleum [h] (°c1 - 3
_ 3 20 18 | 20 5
25 4 20 48 20 : 10
5 20 48 _ 30 18
6 20 . 48 40 52
7 20 : 48 50 100
8 40 ' 48 20 8
30 lg - 65 . 17 20 .5

65 48 20 10

2} previous standardization with complete.ly' oxidized,

hexasulfonated — 2,2’ -bis(diphenylphosphinomethyl)-
35 1,1’-binaphthalene . . - -

heet Has Been Replacec
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: neutralizing agent is used as a highly concentrated soluti.on.or.in

“*undi ssol ved solid form e.g. flakes or pellets of .caustic soda Because

~of its reduced solubility at |ower tempgmatures, thdhigdh a aqer
.metal sulfate can be removed fromthe sol ution by cool priate
fe?peratures q%gﬁnﬂe ff the concentration of the

60.7 g (93.2 mmol) of. 2,2 =bis(diphenylphosphino-

methyl)-1,1‘-binaphthalene are dissolved in 300 g of

concentrated sulfuric acid at 0 to 10°C, 601.7 g of 65%

5 oleum are added with the temperature being kept at 0 to

10°c, and the mixture is then stixred for 48 h at room

'~ temperature. For hydrolysis, the sulfonation mixture is

‘added dropwise to 3879.2 g of wa.te: over 30 min at
temperatures below 10°C.

. 10 The sulfonation product is separated from the aqueous
~— phase by extraction for 1 h at 40°C with a solution of .
s 237.4 g of triisooctylamine in 948.8 g of toluene. The

organic phase (1307.8 g) is then extracted at 40°C with
3% by weight sodium hydroxide solution. '

15 Up to a pH of 3 5, the aqueous phase (357 6 g) contains
16.8 mmol of P(IXI) and 2.6 mmol of P(V), based in each
case on one kilogram of solution, and 3.8% of sulfate. In
the pH range 3.5 to 4.8, the P(III) content of the
aqueous phase (463.0 g) is 163 mmol and the P(V) content

20 is 15.0 mmol, agaln based in each case on cone kilogram of
solution, and the sulfate content is 0.05%. In the range
from pH 4.8 to pH 6.0, the useful product fraction
(335.8 g) is separated off; it contains 212 mmol of

P(III) and 1.0 mmol of P(V), based on one kilogram of
25 solution. '

Examples 12 to 17

Propylene and a‘CO/szmixtu:e-made.up'of equal parts by
volume are introduced into a 0.2 1 stainless steel
autoclave, equipped with a stirrer, in an amount such
30 that 10 Nl/h of off-gas can be withdrawn from the
reactor. 300 ml per hour of aqueous catalyst solution
(261 mg of Rh as the acetate and 13.9 mmol of P(III) in
the form of BINAS, dissolved in 1000 ml of degassed watex
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solution and the tenperature profile of its' sol ubi lity. The nost favorable
*conditions therefore have to be determ ned by exper| ments in each
~ihdividual case. The sulfate can be s_epasar.ed off in one step or else in-

. several steps; it has proved conveni-ent to carry out the crystallization in

O e o TP R W ELh OB BEoblR) 215 T ARb st aiP cLbGy BobULT O 15

- concentrated era er. an ol -punp vdcuum - an
- di phosphi nes whxdugh f theeFeagégree Ihsf RAAIDHNBRTHL 8fc RHOARIOTMS f¥OmM t he

- crystal sl U”ﬁhddh.ﬂn’i‘%sf 9r B; Qf, éé@:@éﬁ@ﬁmww asahgandﬁyhéebhﬁ ﬁéi@Ct ants
o are e.g. nmixtures of al co . al cohoI% havi n rbon
‘atoms in the %I%cﬁﬁe ar?glal%ﬁ |2Te FeAredr 26 &p gméss%q hPhat er .

+ The extrati @& MFa £arke Erbnmﬂnzhzg mmabnopah:mtbndsun peefoundoir steps,

pref.erably t t [ steps The extracts aré conbined and concentrated to
' dryness the %ébof . '

In the table, 'th'e results obtained with the process
according to ‘the invention (Examples 12 to 18) are
- compared with the result obtained with a procedure
10 according to the state of the art [catalyst: rhodium/
| sodium triphenylphosphinetrisulfonate (TPPTS)] (Example
_~ ; 17). The '.experiments make it clear that in the novel
process, with a surprisingly low Rh/P zatio, a high
catalyst activity is achieved and the =an/i ratio is
15 * further increased., High conversions are obtained even
when the olefin charge :.s cons:.dera.bly increased (Example

15).

s Sheet Has Been Replaced
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iae laced :
It* has al so proved successful to react the solTisiShset ENRERESUl furi ¢
~acid with a mixture of a water- insoluble am ne u g}um\ sol vent and
t0 extract the sulfonates as amne salts. Suitab hose havi ng

;10 to 60 and Breferably 13 to 36 carbon atons, e.g. nethyldioctylan ne,
tri-n-octyl @wgne, triiso- octylamne, tri-2-ethylhexylamne and.
tridodecyl a 'ge referably triisooctylam ne ,Aliphat8c and aromatic
hydr-ocarbonst er Inydrocgar bon @i x&ures, ®.g. teluene or~kerosene-|ike
m xtures, e Ep &Iy =0l UQNexn ake succass- fubly usedsas orébnic sol vent s.
0.5to 1.5 g | WeferablY 0.8 o 1.2 RAol, of'anine is used per equivalent
.of sulfoni c*®i g™ After vigorous mixing of the solution containing sulfuric
acid and the am ne solution, the aqueous and organi c phases are
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: séparated from one another. The organi c phase, containing the anmine.salt,. .
Is reacted with an aqueous sol ution of a base whose sulfonic acid salt is
t 3@ be prepared. Exanples This $heet das Been Replaced’

_particularly suitable bases are sodi unwhyélrexi de and pot assi mnm”ﬂwm“

"Thi's procedure gives an aqueous sol ution from whi ch t he desi

acid salt can‘,mTl g #r89mrp 18:. _
1. A s'ulféna'ted 2,2'-bis{diphenylphosphinomethyl)-
1,1'-binaphthalene of the formula

- Mo48)

X

A . . (MO3S)m

in which Ar is m-CgH;SOM, M is hydrogen, ammonium,

5 a monoiralent metal or the equivalent of a polyvalent
metal, Ph is the phenyl radical, m is identical or
different and has the value 1 or 2 and n is
identical or different and is 0, 1 or 2.

2. A_procesg'for the preparation of the compounds as

10 ‘claimed in claim 1, which compriges sulfonating

2,2'~bis(diphenylphosphinomethyl)~1,1’-bi-

naphthalenes with oleum at temperatures of between

-~ 0 and 25°C, hydrolyzing the sulfonation mixture and

' B ' isolating - the sulfonated 2,2'-bis(diphenyl-

-5 . .phosphinomethyl)-l,l'-binaphthalenes from the
hydrolyzed sulfonation mixture.

3. The process as claimed in claim 2, wherein oleum
containing 10 to 65 and especially 40 to 65% by
weight of £free sulfur trioxide is used for the

20 sulfonation. | '

4. The process as claimed in claim 2 or 3, wherein 25

to 80 and preferably 40 to 70 mol of sulfur trioxide
~ are used per mole of the.2, 2’-b:.s(diphenylphospm.no-

methyl) 1,1’=binaphthalenes.
[ HIIH IIIH Hlll H !lll
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'Lnstead of the aqueous solution of the base bdhis haetdeaém Reglacedce to the
'sqlution of the anine salt in the organic rredl u Itulbe added in

='port|ons Such a gradual treatnent of e.g. by

-adj-usti ng the pHto certain values or Tah es of va ues WI d of the

base, enabl es substantial separation of phosphine oxides fromthe

sul fonati on mdxt ur FhenPrpsessass detaimed i in @neoox nereacfeclaing druwluct s

with different degr, eesyHErei g’lf%téﬂﬁfonag{@n gegaﬂl-l,_%&ngh%déy pOgsphi nes
on

~are colorless soli $. Accor to the,su atiron_conditions, they contain
up to six sul foni c PEERFUFESURS. OTHQ 4PKGvi PRefarakiy: ¢ E?el§o¢uble in water

and the solubility increases with the degree of sulfonation.
6. The process as claimed in one or more of claims 2 to
5 - 5, wherein tl}_e hydreolysis of the sulfonation mnix-
ture is carried out at temperatures of up to about
30°Cc, preferably of 15 to 25°C.

7. The process as claimed in one or more of claims 2 to

: 6, wherein the hydrolyzed sulfonation mixture is

10 neutralized with alkali metal carbonate or alkali

metal hydroxide, alkali metal sulfate is separated

off, the aqueous solution  is concentrated and the

sulfonated 2,2'~bis(diphenylphosphinomethyl)~1,1’-
binaphthalenes are extracted from the residue with .

1S & mixture of alcchols having up to 5 carbon atoms

in the molecule and water.

8. The process as claimed in one or more of claims 2 to
6, wherein the hydrolyzed sulfonation mixture is
reacted with a mixture of a water-insoluble amine
20 and an organic solvent, especially a mixture of
__ . triisooctylamine and toluene, the sulfonates are
' ~ N ' extracted as amine salts and the agqueous solution of
' a base, preferably sodium hydroxide or potassium
hydroxide, is added to the solution of the amine
- 25 salts, optionally in portions.

9. A process for the preparation of aldehydes by

~ reacticn of moncolef:.ns, nonconjugated polyoclefins,
cycloolefine or derivatives of these classes of
compounde with carbon monoxide and hydrogen at tem-

30 - peratures of 20 to 150°C and pressures of 0.1 to
20 MPa in the presence of catalysts composed of
watexrsoluble compounds of rhodium complexed with
‘diphosphines, wherein the diphosphines used are
sulfonated 2,2 —b:.s(dlphenylphosphinomethyl)—

R lllll ll Illl
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. The free acids can be prepared by treating aqueous al kali netal salt _
"solutions of the sulfonated di phosphine with a cation exchanger in the
‘Hrerr] form Other salts of the. novel sulfonated di phosphines can be
_obtained fromthe acids by reaction mﬁrhlﬁydroxides, c ar This$licesHasoBasn Replacdd
-am nes. The novel conpounds have proved successful as co

~ catal yst systens conipdJBirhgiigils @f gheufoyiulaof the pe |

- conbination with rhodium they are used especially as

hydrof ormyl ation  catal ysts. Accordingly, the invention further relates to
~a process for the preparaﬁh@gs @l dehydes by reaction of nono- ol efins,

nonconj ugated polyolefins, cyclgers or derivatives of these cl asses
ogen at tenperatures of 20 to
LT

~of conmpounds with carbon nonoxid
) e pr nce cat al ysts
the pregepce gf cataly

CH, - PAr,__ Ph

n

n
(MOBS)m

in which Ar is m-CgH,SO;, M is hydrogen, ammonium,

a monovalent metal or the equivalent of a polyvalent

- metal, Ph is the phenyl radical, m is identical or

5 different and has the value l'or 2 and n is
identical or different and is 0, 1 or 2.

10, The procesg as claimed in claim 9, wherein 1 to 130,
préferably 2 to 25 and especially 2 to 10 mol of
gulfonated diphosphines are used per mole of

10 rhodium. '

li. The process as claimed in claim 9 or 10, whexrein the
rhodium concentration in the aqueous catalyst
',\ solution is 20 to 1000, preferably 100 to 600 and

especially 200 to 400 ppm by weight (based on the
15 . solution).

12, The process.és claimed in one or more of claims 9 to .
11, wherein the reaction is carried out at 20 to
150°¢c, preferably 80 to 140°C and especially 100 to
125°C. | - -

20' 13. The process as claimed in one or more of claims 9 to
12, wherein the reaction ig carried out at pressures

of 0.1 to 30, preferably 1 to 12 and especially 3 to
7 MPa. '

AR LA
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8- conposed of water-sol uble conpounds of rhodi um conpl exed with
“phosphlnes The wat er - sol ubl e phosphi nes used in said process are the
_ above-described sul fonated 2, 2' -bis- (dipghenyl phosphi nomet hyl)

. <1;1'-binapht hyl s. The wat er - sol ubl € ritrodi uni di phosphi ne conpl ex
:"-conpounds used as catalyst in the novel process are distinguished by a
remar kabl y hi §&.acTheipyocess asiclained theoheoor more of claims 9 to

13, wherein olefins or olefin derivatives having 2
to 40, prefexably 2 to 20 and especially 2 to 8
carbon atoms are reacted.

5 15. A rhodium/dlphosphine catalyst for the hydro-

' formylation of monoclefins, nonconjugated

polyolefins,-cycloolefins or derivatives of these

classes of compounds, which contains 1 to 130,

preferably 1 to 25 and especially 1 to 10 mol of

10 sulfonated 2,2'-bis(diphenylphosphinomethyl)-1,1’=
binaphthyl per mole of rhodium.

s Sheet Has Been Replaced
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crlterla "act|V|ty" A nmol of al dehyde A =

nmol of R . mn and

produ_ct ivity" P: | ' g of al dehyde P =

m of catalyst solution .

the art are far exceeded by the procedur eFgankfdrbhg 08.0BeclBfBenti on.

5

~

10
-~

15

.formation of normal al dehydes is greater gggé%gﬁgggggnt .ﬁEe?QP'&SOgEka

- phosphi ne di scharged with the reaction pr

‘Hoechst Aktiengesellschaft, 6230 Prankfurt ain

Abstr of the Disclosure

The invention relates to novel sulfonated diphosphines of
the formula

in which Ar is m-CgH,SO#, M is hydrogen, ammonium, a
monovalent metal or the 'equivalent of a polyvalent metal,
Ph is the phenyl radical, m is identical ox different and
has the value 1 or 2 and n iz identical or different and
is 0, 1 or 2, to their preparation and to the hydro-

formylation of -olefins and olefinically unsaturated

compounds using thésg compounds as a constituent of

- water-soluble catalyst systems for the hydroformylation
of olefins and oclefinically unsaturated compounds.

s Sheet Has Been Replaced
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snal | er@} han i n the IcrtoWn processes Mor eBfer ,
with a:@atalyst which: i

t he cat aI ysts us‘ed

the e results are obtal ned 6.

ese and ot her results of very great vaI ue

5.,on t-he li-ndustrial scél e coul d not:Hé. deduced -

cen5| dera- t| ons nor pred| cted.from pract i cal experience.
It is not necessagy,t .

CUSECT e ULy hosphi.nes as pure:congggnds.
It is al so pOSSl HE naged =DL8 [ O L LLphospiinomesnyl Y= 1 I R
sul fonati on an@imaghiibal '
proved successful no ;go
invention in the stofl-
chem cal

fromt heoret I caI

The invention relates to novel sulfonated diphosphines
and to their preparation. They form complex compounds
with metals of group VIII of the periodic teble 6f the
elements and said compounds can be used as catélysts.

Complex compounds containing as the central atom a metal
of group VIII of the periodic teble of the elementes and
as ligands P(III) compounds such as phosphines or phoe-
phites, and optionally also other groups capable of com=-
plexation, have recently become increasingly impoxtant
as catalysts. Thue the reaction, extensively practiced in
industry, of olefins with carbon monoxide and hydrogen to
give aldehydes (hydroformylation) is carried out in the
presence of catalyst: systems composed of rhodium and
triphenylphosphine. Catalysts based on complex compounds
containing phosphines have aleo proved successful for the
reaction of methanol with synthesis gas to give higher
alcohols, especially ethanol and propanocl (homologiz-
ation). In said cases, the ligands are usually present in
excess, so that the catalyst system is composed of
complex compound and free ligand. In accordance with the
solubility of these systems in organic media, the
reaction is carried out in the homogeneous phase.

10

is

20

25

The reaction can also be carried out in the heterogeneous
phase rather than in the homogeneous phase. This process
variant is particula..rly convenient because it provides a
way of separating the water-dissclved catalyst from the
water-insoluble reaction product simply and under mild
conditions. The hydroformylation procees described in
DE 26 27 354 C2, for example, works on this principle.

The system rhodium/sodium triphenylphosphine trisulfonate
35 is used as the catalyst.

30

_ In addition to monophcsphines, diphosphines are aleoc used

This Sheet Has Been Rep Iaced
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. -9- conposition of the rhodi um conpl ex conpound which forns in the cour se
of the hydrofornylation reaction, but to use the di phosphines in excess.

The ratio of rhodiumto di phosphine can thereby be varied within w de
limts and about 1 to 130 nol of di phg_sp‘,hi ne can be used per nole of

rhodi um The preferred molar ratio of rHodiumto di phosphine is in the
range from1:2 to 1:25 and especially 1:2 to

as a constituent of catalyst systle'mlso'in which the other
component is a metal of group VIII of the periodic table.
For example, DE-A 40 40 315 relates to the preparation of
aldehydes by zreaction of monoolefins, non-conjugated
S polyolefine, cycloolefins or derivatives of these clasees
of compounds with carbon wmonoxide and hydrogen in the
presence of rhodium/diphosphine catalysts. Sulfonated
2,2’-bis(diphenylphosphinomethyl)biphenyls ox
2= (diphenylphosphinomethyl)-1-{2~(diphenylphosphino-
methyl)phenyl]naphthalenes are used as diphosphines in
this process. Together with the xhodium, they give
catalysts which are distinguished from the known rhodium/
monophosphine eystems by a greater activity.

10

The assumption that the composition of the product formed
15 under their influence, and the activity of rhodium
complex catalysts, depend on the chemical charactexristics
of the ligands creates the task of d.eveioping novel
ligands. They should open up the possibility of varying
the course of the reaction so that particular products
20 are formed preferentially or in some cases even
exclusively. It is further required that the ligands and
the complex compounds formed therefrom are soluble in

water &0 as ¢to benefit from the above-described
advantages of hydroformylation in a two-phase system.

25 The invention provides such ligands. It relates to novel

sulfonated: 2,2'=pbis(diphenylphosphinonethyl)-1,1"'~
binaphthalenes of the formula
(40,8)

CH, - PAL, . Ph_

CHy = PAc, . Ph_

(M048) .

in which Ar is m-CgH,~SO;H, M is hydrogen, ammonium, a
monovalent metal or the equivalent of a polyvalent metal,

30 Ph is the phenyl radical, m is identical or different and

" i
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Rhodiumis used either as the nmetal or as a conpound. As the netal, it
used in the formof finely divided particles or precipitated in a thin
| ayer on a support such as activated charcoal, cal cium carbonate, alum num
silicate or clay. Possible rhodium corrpo§nds are sub- stances which are
wat er - sol ubl e or which beconme water- sOl gblfe under the reaction conditions.
Sui t abl e conpounds are the various rhodi um oxides, salts of inorganic
hydraci ds or bagathdsvakuesdles bfaadnphiam%dmhbcabambo&yﬂerem and

pol ycar boxyl i ggagi, dg. oxanpl es of rhodium salts are rhodi umnitrate,

rhodi um sul f at e, f hodi um acet at e, rhodium 2-et hyl hexanoate and rhodi um

mal onat e. Rhodi um hal i de conpounds, on the other hand, are | ess useful on
account of t h@hbovparamt-| sibstancehmaass uf@#ngihﬁ)npreEGGthGnt € c&heosi ve

behavi or of t "g s'tibs 3151 D8 s PaSSH Qh?li:ﬁoﬂ hbﬁéum ar bonyl
corrpounds suc as Rh

r hodi um rr]?ﬁ("&?ﬂ%%‘ﬁhg‘ Rh &l uﬁp ; CO&E g.x aI ts o

especi al | y rhmhlﬂﬂls&eg asynshdsibodbymsdudiylve x aliogarization of 1l
bromo-2-methylnaphthalene with magnesium to give 2,2’-
dimethyl-l,1‘~binaphthalene, reaction of the binaphtha-
lene with butyllithium to give the dilithium compound and

10 1reaction of the dilithium compound with chlorodiphenyl-
phosphine. 1Instead of metalating 2,2’-dimethyl=-
1,1’-binaphthalene with butyllithium, it is also possible
to convert it to 2,2’-bis(bromomethyl)=1l,1’-binaphtha-
lene with N-bromosuccinimide. Reaction of the dibromo

15 compound w.tth diphenyl phosphinate gives 2,2'-~bis~-
(diphenylphosphinylmethyl)-l l’~binaphthalene, which is
reduced with trichlorosilane to give 2,2/«bis(diphosphi=-
nomethyl)«1,1’~binaphthalene. To introduce sulfonic acid

_ groups into the binaphthyl radical and into the phenyl

20 radicals, the diphosphine is treated with excess sulfur
trioxide in the form of oleum as the sulfonating agent.

S

Of decisive importance for the degree of sulfonation
which can be achieved are especially the §0; concentration

in the cleum, the reaction temperature and the reaction
25 time. Said parameters influence each other.

It has proved successful to use oleum containing 10 to
65% by weight or even more of sulfur trioxide. The
sulfonating agent is to be used in excess, based on the
diphosphine. It is coanvenient to use 25 to 80 and pre~
30 ferably 40 to 70 mol of SO, per mole of 2,2’-bis-
(diphenylphosphinomethyl)~1,1’~-binaphthalene. Oleum
having a high concentration of free 80,, i.e. a proporticn
of about 40 to 65% by weight or more, gives products
which contain at least four SO,K groups and therefore have

35 an excellent solubility in water. COncentrationé of free
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are preferred. It can be assuned that water-sol uble rhodi um conpl ex

conpounds cont ai ni ng carbon nonoxi de and di phosphine as |igands are forned
in the presence of synthesis gas wunder the conditions of the hydro-
formylation reaction. Toget her W th the excess di phosphine

di ssolved in the water, they nmake up thegcatal yst system The cat al yst
solution is prepared fromthe conponents either in the hydrofornylation

reactor or befgrqiang dyh which are lower than about 40% by weight give
products with a smaller degree of sulfonation, i.e.

diphosphines which have only a limited solubllity in
water.

§ The xeaction temperature is 0 to 25°C, preferably 0 to
10°C.. In principle, it is also possible to use higher
tempexatures, but these promote the oxidation of the
diphosphines to phosphine oxides appreciably more than
the sulfonation, so that the overall yield of sulfonated

10 phosphines decreases. Therefore it is also not recom-
mended to compeneate for low concentrations of frea SO,

by raising the reaction temperature. On the other hand,

it is possible to influence the degree of sulfonation of
the 'diphosphine by means of the reaction time. Longer
reaction timés give compounds with a higher degree of
sulfonation than shorter reaction times. In general, the
reaction requires 10 to 60 and preferably 15 to 48 h in
said temperature ranges. These times apply especially
when using oleum which containg about 40% by weight oxr
more of free oleum. Less concentrated oleum leads only to
partially sulfonated compounds, even with long reaction
times; furthermore, the increasing formation of oxidation
products cannot e fully avoided. It is <therefore -
convenient to carry out the sulfonation with more highly
concentrated oOleum and to control the degree of
sulfonation by means of the reaction time.

18

20

25

Concentrated sulfuric acid has proved successful as a
solvent for the starting compound to be sulfonated,
namely 2,2'-bis(diphenylphosphinomethyl)~1,1’~binaph~
30° thalene. This solution can be introduced into oleum in
portions or ocleum can be added thereto in portions. It is
recommended to stir the reaction mixture vigorously and
cool it thoroughly and to bring the reactants together
slowly and in small portions so that the heat of reaction
can be dissipated without difficulty. By this means,
rather than the sulfonation proceeding in an uncontrolled

35
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. -10- a separate apparatus and then introduced into the hydro- fornylation
reactor. The concentration of rhodiumin the agueous catal yst solution is
10 to 500 ppm by wei ght (based on the solu- tion), preferably 10 to 100 ppm
by wei ght and especially 15 to 50 ppm by wei ght. The reaction of the
olefin with carbon nonoxi de and hydrogenSt akes pl ace at pressures of about
0.1 to about 30 MPa, preferably 1 to 12 MPa and especially 1 to 5 MPa. The

tCOWEOZ' tion M&M :’b\ﬂ:%s,a.ﬁe Qnﬁﬂ&ﬂd&&fﬁdﬁdﬂ alres tweoxi de
TR e g e e g e g
oxidation of the phospho:cus compound is effectively
prevented. After all the sulfonating agent oxr diphosphine
5 has been added, the afterreaction can take place at room
" temperature, i.e. at_about 20 to 25°C, and essentially
without external éoo_ling. It is convenient, however, to
gstir the reaction mixture at this stage as well, so that
any heat of reaction still being produced is unifoxrmly
10 distributed and can be dissipated without delay.

Following the sulfonation, the reaction solution is
hydrolyzed. In this process step, care should be taken to
ensure that the temperature does not exceed about 30°C;
it is advantageous to maintain temperatures in the range
15 from 15 to 25°C. It is therefore recommended to add the
reaction mixture carefully to ice or to carry out the
hydrolyesis with ice or ice-water and to make provision
for intenzive external c¢ooling. The dilute solution,
containingessentially2,2'-bis(diphenylphosphinomethyl)-
20 1,1’-binaphthalenc with different degrees of sulfonation

and sulfuric acid, is worked up in a further process
step.

To do this, the solution containing sulfuric acid is
neutralized with an alkaline reagent such as an alkali
25 meta)- hydroxide or alkali metal carbonate, preferably
godium ﬁydrox.tde. In oxdexr not to increase the volume of
the reaction mixture unnecessarily and to precipitate a
substantial part ¢f the alkali metal sulfate formed, the

neutralizing agent is used as a highly concentrated
30-' solution or in undissolved solid form,

e.g. flakes or
pellete of caustic scda.

Because of its reduced solubility at lower temperatures,
the bulk of the alkali metal sulfate can be removed from

the solution by cooling. The appropriate temperatures
depend on the concentra.t.i.on of the szulfate in the

35
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_ ratio of carbon nonoxide to hydrogen is about 1:1 or only slightly

different fromthis value in one or other direction.

The reaction

tenperature is between about 20 and 150[err]C, preferably 80 to 140[err]C

and especi al

ly 100 to 125[err]C

of the reaction is influenced decisively by the fact that the agueous

catal yst sol
olefin and t

ieewﬁ

e synt

esis gas. .t is therefore, necessary {o create ihe
| ar gest possTBPe BRFEa a‘%‘@?%t\ﬁé’é\‘ﬂ&*@"&na g‘?.rei"ﬁ?oc YPe

i cA®has

proved succedetekminedi pyr @xperimentis rin heathgdindivddoadsr aame onThe-

catalyst sol gih @BeeOridR"Bb! Yedgetitb?! 8EEN a1 Joh8aAG R BEOUIHe - 18N

5

10

15

20

25

30

35

several steps; it has proved convenient to carry out the
crystallization in two steps.

After separation of <the alkali metal sulfate, <the
solution is concentrated to dryness, preferably under an
oil=pump vacuum, and the diphosphines with diffexrent
degrees of sulfonation are extracted from the crystal
slurry in the form of the alkali metal salts. Suitable
extractants are e.g. mixtures of lower alcohols, 4i.e.
alcohols having up to 5 carbon atoms in the molecule,
such as methanol, ethanol or propanol, with water. The
extraction is carried out by conventional methods in one
or more steps, preferably two to four steps. The extracts
are combined and concentrated to dryness.

It has also proved successful to react the solution
containing sulfuric acid with a mixture of a water-
insoluble amine and an organic solvent and to extract the
sulfonates ae amine salts. Suitable amines are those
having 10 to 60 and prefexrably 13 to 36 carbon atoms,
e.g. wmethyldioctylamine, tri-n-octylamine, triiso-
octylamine, tri-2-ethylhexylamine and tridodecylamine,
preferably triisooctylamine. Aliphatic and aromatic
hydrocarbons or hydrocarbon mixturee, e.g. toluene or

kerosene~like mixtures, especially toluene, are success~
fully used as organic solvents.

0.5 to 1.5 mol, preferably 0.8 to 1.2 mol, of amine is
used per equivalent of sulfonic acid. After vigorous
mixing of the solution containing sulfuric acid and the
amine solution, the aqueous and organic phases are
separated from one another. The organic phase, containing
the amine salt, is reacted with an agquseous solution of ‘a
base whose sulfonic acid salt is to be prepared. Examples
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I ntroduce the gaseous reactants - synthesis gas and optionally

into the liquid phase via distributing devices.
proved very successful

reaction m xture small.

olefin -
A procedure which has
is to keep the proportion of organic phase in the

Surprisingly, the organic phase does not contribute
to the solubility of the reagtqands in the aqueous phase and the
reaction product is prevented from undergoi ng undesirabl e secondary

reactions whigdh CaRORLyPErEYCLIIEAbYNCRabEE AES' HBA%Em hydroxide and

potassium hydroxide. This procedure gives an aguedus

solution from which the desired sulfonic acid salt can be
isolated.

S Instead of the aqueougs solution of the base being' added
all at once to the solution of the amine salt in the
organic medium, it can 2lso be added in poxrtions. Such a
gradual treatment of <the amine solution, e.g. by
adjusting the pH to certain values or ranges of values
with the aid of the base, enables substantial separation
of phosphine oxzides from the sulfonation mixture and
partial decomposition of the latter ianto products with
different degrees of sulfonation.

10

The novel sulfonated diphosphines are colorless solids.
15 Accorxrding to the sulfonation conditions, they contain up
t0 six sulfonic acid groups. The alkali metal salts are

soluble in water and the solubility increases with the
degree of sulfonation.

The free acids can be prepared by treating agqueous alkali
metal salt solutions of the sulfonated diphosphine with
a cation exchanger in the H' form. Other salts of the
novel sulfonated diphosphines 'can be obtained from the

acids by reaction with hydroxides, carbonates, ammonia ox
amines.

20

25 The novel compounds have proved successful as components

of catalyst systems containing metals of group VIII of
the periodic table. In combination with rhodium, they are
used especially as hydroformylation catalysts.
Accordingly, the invention further relates to a process
for the preparation of aldehydes by reaction of mono-
olefins, nonconjugated polyolefins, cycloolefins or
dexivatives of these classes of compounds with carbqgn
monoxide and hydrogen at temperatures of 20 to 150°C and
pressures of 0.1 to 20 MPa in the presence of catalysts

30
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_tinme of the product in the reactor increases. Accord- ingly, the volune
rati o of aqueous to organic phase is adjusted to 1:1 to 100:1, preferably
10:1 to 100:1. This can be done by continuously w thdrawi ng an appropriate
fraction of the reaction m xture fromthe reactor, separating the aqueous

and organi c phases from one anot her ard8recycling the agueous phase into
the reactor. The reaction can be carried out batchw se or, preferably,
cont i nuous! yoom Jéfdpéeqeééem\%w dShpd\ondd VORI REA LaN EEmBLEREAS-
fully appli ed, t% the reaction gof nonool efins, .non-,. con atedéaa%ygl ef ins,
cyclic ol ef i%tlén(?%%’vesﬂb? S (i tB?PﬂBhggﬁﬁdéx. e*Bl efins
used are notsaidjprocess Bxe thet aboveedesaribad sulfiohateda?, 2 zblss

concerned; t Bhe¥RFLFHECESSHY hawhiRvd@Tpounds having 2 to
20 car bon atgﬁégﬁ%ﬁgigﬁgfﬁﬁggally gniatﬁrated gg#bogﬁds can be linear or
branched and the
S The water-soluble rhodium/diphosphine complex compounds
used as catalyst in the novel process are distinguished

by a remarkably high activity, determined by the two
cxriteria "activity" A: '

mol o:E' aldehyde
10 A=

mol of Rh » min
and *productivity" P: T

g of aldehyde
P=

15 ml of catalyst solution « h

The values of these two parameters achieved with the
processes of the state of the art are far exceeded by the
procedure according to the invention. The formation of
nomal aldehydes is greater and the amount of noble metal
and phosphine discharged with the reaction product is
smaller than in the known processes. Moreover, these
results are obtained with a catalyst which has a dis-
tinctly smaller ligand/rhodium ratio than the catalysts
used hitherto. These and other xresults of very great
value for carxrying out the process on the industrial
scale could not be deduced from theoretical considexa-
tione nor predicted from practical experience.

20

25

It is not necessary to use the sulfonated diphosphines as
pure compounds. It is also possible to use diphosphines

with different degrees of sulfonation and/or sulfonate
mixtures with different cations. .

30

It has proved successful not tb use rhodium and the
diphosphines according to the invention in the stoi-

___ chiometric ratio, i.e. in accordance with the chemical
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doubl e bonds can be within or at the end of the chains.
" which can be used in the novel process are ethylene,
but - 2-ene, pent-1l-ene, 2-nethylbut-1-ene, hex-1-ene, hex-2-ene,
hept - 1-ene, -oct-1-ene, oct- 3-ene, 3-et hyl hex- 1-ene, dec-1-ene,
undec- 3-ene, 4, 4-dinethyl non-1-ene, dlcgcro- pent adi ene, vinyl cycl ohexene,
cycl ooct adi ene and styrene. Derivatives of said types of olefin which can

be hydro- foropmpoedtipnt b thei mhedivoc compdexr compgund| wbishs faumsehydes,

carboxylic ac Flsfuﬁsté'd&sé"&flhsé a?ézbzbeafnaﬁmozadauaa hpat ald vl

al cohol , acrol ein, rretg grol I,n, _crotonal dehy&ﬁ& )tjwl %‘t:rﬂﬁ"?"%ﬂ] thyI '

crotonate, di B8Ry h>’1 AL & off e°process

is used with p;.ptmpl!ﬁpesmthetebyt he vignied orighin ivhderflisiais randind

ol efin degi vabhuat 12%bN938 HO1 20¢ ANpIERMNY Lhn?bbOufed PoP el BE
rhodium. The preferred. molar ratio of rhodium to
diphosphine iz in the range from 1:2 to 1:25 and
egpecially 1:2 to 1:10.

Exanpl es of ol efins
propyl ene, but-1-ene,

Rhodium iz used either as the metal or as a compound.

10 the metal, it is used in the form of finely divided
particles or precipitated in a thin layer on a support
such as activated chaxcoal, calcium carbonate, aluminum
silicate or clay. Possible rhodium compounds are sub-
stances which are watex-soluble or which become water-

15 soluble under the reaction conditions. Suitable compounds
are the various rhodium oxides, sgalts of inorganic

hydracids or oxyacids and sgalts of aliphatic mono-
carboxylic or polycarboxylic acids. Examples of rhodium
salts are zrhodium mnitrate, rhodium sgulfate, rhodium
acetate, rhodium 2=ethylhexanoate and rhodium malonate.
Rhodium halide compounds, on the other hand, are less
useful on account of the lower activity of the resulting
complexes and the corrosive behavior of the halide lons.
It is further possible to use rhodium carbonyl compounds
such as Rhy(CO),; or Rhg(CO)y;, or complex salte of rhodium,
e.g. cyclooctadienylrhodium compounds. Rhodium oxide and
especially rhodium acetate and rhodium 2-ethylhexanoate
are preferred. It can be assumed that water-sgoluble
rhodium complex compounds containing carbon monoxide and
diphosphine &as ligands are formed in the presence of
synthesis gas under the conditions of the hydro=-
formylation reaction. Together with the
diphosphina dissolved in the water,
catalyst system.

20
25

30

excess
they make up the

35 The catalyst solution is prepared from the components

either in the hydroformylation reactor or beforehand in
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" the novel

- 12 - The followi ng exanpl es describe the preparati on and properties of
conpounds (Exanples 1 to 10) and their use as constituents of

catal ysts for the hydro- fornylation of olefinically unsaturated

conmpounds (Exanples 12 to 17). Exampl e 1 10. 11 g (15.54 mmol ) of

2, 2' - bi s(di phenyl phosphi no- net hyl ) - 1= 119 pf napht hal ene are di ssolved in 25
m of

a separate apparatus and then introduced into the hydro-
formylation reactor.

The concentration of xhodium in the agueous catalyst
solution is 10 to 500 ppm by weight (based on the solu-

5 tion), preferably 15 to 100 ppm by welght and especially
10 to 50 ppm by weight.

The reaction of the olefin with carbon monoxide and
hydrogen takes place at pressures of about 0.1 to abont
30 MPa, preferably 1 to 12 MPa and especially 3 to 7 MPa.
The composition of the synthesis gas, i.e. the volume
ratic of carbon monoxide to hydrogen, can extend over a
wide range and can be varied e.g. between 1:10 and 10:1l.
In general, éa.s mixtures are used in which ths volume
ratio of carbon monoxide to hydrogen is about 1l:1 or only

15 slightly different from this wvalue in one or othexr
direction.

10

The reaction temperature is between about 20 and 150°C,
preferably 80 to 140°C and especially 100 to 125°C.

The reaction of the reactants present in the liquid and

20 gas phases takes place in conventional reactors. The
course of the reaction is influenced decisively by the
fact that the aqueous catalyst solution must be saturated
with the liquid or gaseous hydrophobic olefin and <the
synthesis gas. It isg therefore necessary to create the

25

largest possible contact area between the phases. A
procedure which has proved successful is wvigorously to
stir the liquid reactor contents - catalyst solution,
optionally 1liquid olefin and reaction product
introduce the gaseous reactants « synthesis gas and
30 optionally olefin -~ 4into the 1ligquid phase via

distributing devices. A procedure which has proved very
successful is to keep the proportion of organic phase in
the reaction mixture small. Surprisingly, the organic
phase does not contribute to the solubility of the

- and
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~concentrated sulfuric acid at roomtenperature. The solution is cooled to
"O[err]C and 50 nl of 65% ol eum are added dropwi se; the tenperature being
kept at a maxi mum of 10[err]C. The mi xture is subsequently stirred for 48 h
at roomtenperature and then added to icg and neutralized with sodi um

hydr oxi de sol uti on (NaOH content: 50%'by1e I ght). Hydrolysis and

neutralization are carried out under conditions such that the tenperature

does not exce®@agtasEs]) &n the paueprpst Phages aady hhey Teactian (PFedves of f
and t he Li I thedb&h%? R re_qdl iﬁm_ MunderYoinghe \ixﬁﬁdﬂn‘ma\hiri@céﬁdmﬂyi S
separated o an e Tty e n nt e . e1ls
taEen up in jﬁEF‘-’F%@nPi dmic;imﬁ%&%? &gt e{:?cﬁl%dﬁe%gr %218 rrp’P%? %&éh@&

di ssol uti on andmehefigtbeupredugti dn | Bhe prageiornifangages heAGerade of

met hanol . gThe 1 p43pe NN Wlhakd efhtfo fbk t agrdonsd tohorgdriiaighase is
concentrated 4o di¥Ae %o 119 €8™R08FY, ' bLbEAEEBLP" S0P Y7E00:1. This
can be done by ct;nts.nuously withdrawing an appropriate

fraction of the zeaction mixture from the xeactor,

separating the aqueous and organic phases from one

EO another and recycling the aqueous phase into the reactor.

The reaction can be carried out batchwise or, preferably,
continuously.

‘The process according to the invention can be success=

fully applied to the reaction of mnmonoolefins, naon-
15 conjugated polyolefins, cyclic olefins and derivatives of
these unsaturated compounds. The olefins used are not
subject to any restrictions as far as molecular size is
concerned; the procedure has proved successful with
compounds having 2 to 20 carbon atoms. The olefinically
unsaturated compounds can be linear oxr branched and the
double bonds can be within or at the end of the chains.
Examples of olefins which can be used in the novel
procesgs are ethylene, propylene, but-l-ene, but-2-ene,
pent-l-ene, 2-methylbut-l-ene, hex-l-ene, hex-2-ene,
25 hept~l-gne, oct-i-ene, oct-3-ene, 3J-ethylhex~l-ene,

dec=l-gne, undec-3-ene, 4,4¢~dimethyl non-l-ene, dicyclo-

pentadiene, vinylcyclohexene, cyclooctadiene and styrene.

Derivatives of sald types of olefin which can be hydro=-
formylated by the claimed procedure are e.g. alcohols,

20

30 aldehydes, carboxylic acids, esters, nitriles and halogen
compounds, such as allyl alcohol, acrolein, methacrolein,
crotonaldehyde, methyl acrylate, ethyl crotonate, diethyl
fumarate, diethyl maleate and acrylonitrile. The process
is used with particular success for the hydroformylation

35

of olefins and olefin derivatives having 2 to 20 and
especially 2 to 8 carbon atoms.
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~ Characterization: Solubility: 1300 g/l

by wei ght of sulfur; 4.42% by wei ght of phosphorus;
sodium fromwhich the follow ng nol ar

P-Na = 1:3; S Na = 1:1, corresponding t

of water Elenental analysis:
9. 9% by wei ght of

13. 8%

rati os are calculated: P:S = 1:3;

gthe i ntroduction of six SJerr]H
groups into the 2,2 -bis(di phenyl phosph*f

nol ecul e

10

15

20

25

30

35

oimet hyI )-1,1" - bi napht hal ene

The following examples descri.be the preparation and
propertiegs of the novel compounds (Examples 1 to 10) and
their use as constituents of catalysts for the hydro-
formylation of olefinically unsaturated

compounds
(Examples 12 to 17).

Example 1

10.11 g (15.54 mmel) of 2,2'-bi.s(diphenylphosphino-
methyl)-l,1l’-binaphthalene are dissolved in 25 ml of

concentyrated sulfuric acid at room temperature. The
solution is cooled to 0°C and 50 ml of 65% oleum are
added dropwise, the temperature being kept at a maximum
of 10°C. The mixture is subsequently stirred for 48 h at
room temperature and then added to ice and neutralized
with sodium hydroxide solution (NaOH content: 50% by
weight). Hydrolysis and neutralization are carried out
under conditions such that the temperature does not
exceed 25°C. The precipitated- sodium sulfate is filtered
off and the filtrate is stirred into methanol. The
resunlting white solid is separated off and the filtrate
is concentrated to dryness. The residue is taken up in
Just the xight amount of water required for complete
dissolution and the agqueous ‘solution is sprayed into
twice the volume of methanol. The suspension obtained is

filtered and the filtrate is concentrated to dryness. The
combined filtrates are analyzed.

Characterization:

Solubilitys 1300 g/l of watexr
Elemental

analysis: 13.8% by weight of sulfur; 4.42% by weight of

phosphorus; 9.9% by weight of sodium, from which the
following molar ratios are calculated:

PsS = 1:3; PtNa = 1:3; S:Na = 1:1,
corresponding to the introduction of six SO,H groups into

the 2,2-bis(diphenylphosphinomethyl)~1,1’~binaphthalene
molecule
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[err]P NVR : [err] - -9.0 This conpound is called bel ow BINAS. Exanple 2
The sulfonation of 2,2 -bis(diphenyl phosphinonethyl)- 1,1'-binaphthal ene
is carried out according to Exanple 1 and the progress of the reaction is

foll owed by NVR spectroscopy of the solution containing sulfuric acid. The
foll owi ng neasured val ues are obt ai ned:

> [err]P NVR: [err] =-9.0
(hexasul f onat ed) [err] = -9.89 (pent asul f onat ed) [err] =
-12.03 (tetrasul fonated) Exanples 3 - 10

Np NMR:§ = =9.0
Example 2 '

The sulfonation of 2,2'-bis(diphenylphosphinomethyl)-
1,1’-binaphthaleng is carried out accoxding to Example 1

5 and the progress of the reaction is followed by NMR
spectroscopy of the solution containing sulfuric acid.
The follows.ng measured values are obtained:
p XMRt § = ~9.0 (hexasulfonated)
P § = -9.89 (pentasulfonated)
[10 § = =12,03 (tetrasulfonated)
Examples 3 = 10
The sulfonation of 2,2’=bisg(diphenylphosphinomethyl)-
1,1’~binaphthalene is carried out according to Example 1,
except that the reaction parameters temperature, time and
15 §0; concentration axe varied. The results are collated in
the table below. Examples 5, 6 and 7 are comparative
examples, in which higher reaction temperatures were
used.
= . 20 Bxample so, content Redction Temperature Oxide
oo (% weight]) - time formation
- of the oleum {h] (°ci (&3
3 20 18 20 5
25 4 20 48 20 10
5 20 48 30 18
6 20 48 40 52
7 20 48 50 100
., 8 40 48 20 8
30 ] 65 17 20 5
10 €S 48 20 10

)  previous standardization with
hexasulfonated

35 1,1’~binaphthalene

completely oxidized,
2,2'-pbis(diphenylphosphinomethyl) -
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The sulfonation of 2,2 -bis(di phenyl phosphi nonethyl)- 1,1'-binaphthal ene
" is carried out according to Exanple 1, except that the reaction paraneters
tenperature, tine and SJerr] concentration are varied. The results are

cotlated in the table bel ow. Exanples_5346.and 7 are conparative exanples,
I n which higher reaction tenperatures were used.

Exanple SO err]
content Reaction Tenper at ure Oxi de [ % by wei ght]
time . Example 11 {orpation of the ol eum [ h]
[[err]C] [AA[err] 3 20 18 20
° 4 60.720g (93.2 _mmoPf of 2,2:281s édiphenylpﬁesphiné—
20 48 30 8 68
48 ngthyl)=-1,1‘-hinaphthalene are dissolved in 3 g of

concentrated sulfuric acid at 0 to 10°C, 601.7 g of 65%
5 oleum are added with the temperature being kept at 0 to
10°Cc, and the mixture is then stirred for 48 h at room
temperature. For hydrolysis, the sulfonation mixture is

added dropwise to 3879.2 g of water over 30 min at
temperatures below 10°C.

10 The sulfonation product is separated from the aqueous

phase by extraction for 1 h at 40°C with a solution of
237.4 g of triisooctylamine in 948.8 g of toluene. The
organic phase (1307.8 g) is then extracted at 40°C with
3% by weight sodium hydroxide solution.
15 Up to a pH of 3.5, the aqueous phase (357.6 g) contains
. 16.8 mmol of P(IXXI) and 2.6 mmol of P(V), based in each
case on one kilogram of solution, and 3.8% of sulfate. In
the pH range 3.5 to 4.8, the P(III) content of the
aqueous phase (463.0 ¢g) is 163 mmol and the P(V) content
is 15.0 mmol, again based in each case on one kilogram of
solution, and the sulfate content is 0.05%. In the range
from pH 4.8 to pH 6.0, the useful product fraction
(335.8 g) is separated off; it contains 212 mmol of

P(III) and 1.0 mmol of P(V), based on one kilogram of
25 solution.

20

Examples 12 to 17

Propylene and a CO/H, mixture made up of equal parts by
volume are Jintroduced into a 0.2 1 stainless steel
autoclave, equipped with a stirrer, in an amount such
that 10 Nl/h of off-gas can be withdrawn from the
reactor. 300 ml per hour of agueous catalyst solution
(261 mg of Rh as the acetate and 13.9 mmol of P(III) in
the form of BINAS, dissolved in 1000 ml of degassed watexr

30
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7 . . 20 48 50 100 8 40

48 20 8 9 65 17 20

5 10 65 48 20 10 [err]

previ ous standardi zation wth conql gtsely oxidized, hexasulfonated

2, 2' - bi s(di phenyl phosphi nonmet hyl )- 1, 1' - bi napht hal ene

- 14 saturated with nitrogen) ere simultaneously circulated
through the reactox. The molar ratio of phosphorus to
rhodium is 5.5:1, corresponding to a ligand/rhodium ratio

of 2.75:1. The reactants are reacted at a pressure of

5 5 Mra. The remaining reaction parameters can be found in
the table.
In the table, the results obtained with the process
according to the invention (Examples 12 to 16) are
- compared with the result obtained with a procedure
}10

according to the state of the art [catalyst: zxhodium/
sodium triphenylphosphinetrisulfonate (TPPTS)] (Example
17). The -experiments make it clear that in the novel
process, with a surprisingly low Rh/P ratio, a high
catalyst activity is achieved and the n/i ratio is
15 further increased. High conversions are obtained even

when the olefin charge is considerably increased (Example
15).

§
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, Exanpl e 11 60.7 g (93.2 mmol ) of 2,2'-bis(diphenyl pho g
nmet hyl )-1, 1' - bi napht hal ene are di ssolved in 300 g of co a}cg
acid at 0 to 10[err]C, 601.7 g of 65% ol eum are added W|t
being kept at 0 to 10[err]C, and the mixgure is then stlrr
room tenperature. For hydrolysis,

the sulfonation mxture is added dropW| se
to 3879.2 g of wate

er over 30 mn at tenperatures below 10[err]C The
sul fonation predficl is separated from the aqueous phase by extraction for 1
h at 40[err]C witthlgasol ution of 237.4 g of triisooctyl@mne in 948.8 g of
t ol uene. The or phage (1304. 850) |s¢§hen dtractecﬁat 4OEerr]CW|th 3%
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Up to a pH of 3.5, the aqueous phase (357.6 g)—contains 16: 8 ot of P(1I11)
rand 2.6 mml of P(V), based in each case on one. kil f ReQLdei on, and
3.8%of sulfate. In the pHrange 3.5 to 4.8, the @38 ﬂt of the
aqueous phase (463.0 g) is 163 mmol and the P(V)l .0 mol

agai n based in each case on one kil ogram of solu sulfate

content is 0.05% In the range frompH 4.8 to pH 6. 0 the useful pr oduct
fraction (335.BHAT IS SBARMEDcOSoff; it contains 212 mol of P(l111) and 1.0

mmol of P(V), based on one kil ogram of sol ution. Exanples 12 to 17
Propyl ene and a CO H err

i ntroduced int&+a 052 Isétg;’ﬁgég ”829?}]%&(8 aényfﬁﬁSSMiX&\é%ffg

1,1'-pinaphthalene of the formula
(MO:‘,'S)m

P

i i CHy = PAr, Ph,

(HO3S)m'
in which Ar is m-C.H;S0M, M is hydrogen, ammonium,
a monovalent metal or the equivalent of a polyvalent
metal, Ph is the phenyl radical, m is identical or
different and has the wvalue 1 or 2 and n is
identical ox different and is 0, 1 or 2.

2. 2 process for the preparation of the compounds as

10 claimed in claim 1, which comprises sulfonating
- 2,2'~bis(diphenylphosphinomethyl)-1,1’-bi~
naphthalenes with oleum at temperatures of between

0 and 25°C, hydrolyzing the sulfonation mixture and
isolating the  sulfonated 2,2'~bis(diphenyl~-

15 .phosphinomethyl)-1,1’ -binaphthalenes from the
hydrolyzed sulfonation mixture.

3. The process as claimed in claim 2, wherein oleum
containing 10 to 65 and especially 40 to 65% by

weight of £free sulfur tzioxide is used for the
20 sulfonation. '

4. The process as claimed in claim 2 or 3, wherein 25
to 80 and preferably 40 to 70 mol of sulfur trioxide

are used per mole of the 2,2’ -biS(diphenylphosphino‘-
methyl)-1,1’~binaphthalenes.

NN T e remeeemem e
* ¢ L M s * L
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_autocl ave, eqgyiduee: idstdReAREpladader, in an anmount such that 10 N/h of

of f-gas can be m the reactor. 300 m per hour of agueous
cat al yst sol ut 'lemglmﬂm& as the acetate and 13.9 mmol of P(I11) in
the form of BI h n 1000 mM of degassed water

- 15 - saturated with nitrogen) are -sinultaneously circul ated through the

reactor. The nolar ratio of phosphorud8to rhodiumis 5.5:1, correspondi ng
to a ligand/ hodi diRe pkoeess as claimed in one ox more of claims 2 to

4, wherein the sulfonation is carried out at tem=
peratures of 0 to 25°C, preferably 0 to 10°C.

6. The process as claimed in one or more of claims 2 to
5 5, wherein ti‘x_e hydrolysis of the sulfonation nix-
ture is carried out at temperatures of up to about

30°C, preferably of 15 to 25°C.

7. The process ag claimed in one or more of claims 2 to
6, wherein the hydrolyzed sulfonation mixture is
neutralized with alkali metal carbonate or alkali
metal hydroxide, alkali metal sulfate is separated
off, the aqueous solution’ is concentrated and the
sulfonated 2,2’~bis(diphenylphosphinomethyl)-1,1’-
binaphthalenes are extracted from the residue with

a mixture of alcohols having up to 5 caxbon atoms
in the molecule and water.

10

15

The process as claimed in one or more of claims 2 to
6, wherein the hydrolyzed sulfonation mixture is
reacted with a mixture of a water-insoluble amnine
20 and an organic solvent, especially a mixture of
triisococtylamine and toluene, the sulfonates are
extracted as amine salts and the aqueous solution of
a base, preferably sodium hydroxide or potassium

hydroxide, is added to the solution of the amine
25 salts, opticnally in portions.

A process for the preparation of aldehydes by
reaction of monoolefins, nonconjugated polyolefins,
cycloolefins or derivatives of these classes of
compounds with carbon monoxide and hydrogen at tem-
peratures of 20 to 150°C and pressures of 0.1 to
20 MPa in the presence of catalysts composed of
watersoluble compounds of rhodium complexed with
diphosphines, whexein the diphosphines used ate
sulfonated 2,2°~bis(diphenylphosphinomethyl) -

30
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~of 2.75:1. The reactants are reacted at a pressure of 5 MPa. The remai ni ng

reaction paraneters can be found in the table. In the table,

the results

obtained with the process according to the invention (Exanples_12 to 16) .

are conpared with the result obtained with a procedure accord| ng to the
state of the art [catal yst: rhodiun 9'sod| um tri phenyl phospht Eﬁ‘l

(TPPTS) ]
process,

15) .

(Exanpl e 17). The experinents make it clear that in
with a surgr |19L.mh&phqw,R_Q/ Bfraaéom,;hﬂgh cat al yst
achi eved and the n/i ‘ratio i S further increased
obtai ned even when the oIeI

10

15

20

10.

11.

12,

13.

Hifii

Hi g conversions are

3" 'm

OO CHy = PAryn Py
(2

CH, - PAr,_ . Ph
(M03S)m

n

in which Axr is m-CH,SOM, M is hydrogen, ammonium,
a monovalent metal or the equivalent of a polyvalent
metal, Ph is the phenyl radical, m is identical or
different and has the value l'or 2 and n 4ie
ldentical or different and iz 0, 1 oxr 2.

The process as claimed in claim 9, wherein 1 to 130,
preferably 2 to 25 and especlially 2 to 10 mol of

sulfonated diphosphines are used per mole of
rhodium. '

The process as claimed in claim 9 or 10, wherein the
rhodium concentration in the agueous catalyst
solution is 20 to 1000, preferably 100 to 600 and

especially 200 to 400 ppm by weight (based on the
solution).

The process as claimed in one or more of claims § to
11, wherein the reaction is carried out 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 9 to
12, wherein the reaction is carried out at pressures
of 0.1 to 30, preferably 1 to 12 and especially 3 to

7 ma- ‘s

QT
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16 [err]

- 20 -
14. The process as claimed in one or more of claims 9 to
13, wherein olefins or olefin derivatives having 2

to 40, preferxably 2 to 20 and especially 2 to 8
carbon atoms are reacted.

5 15. A rhodium/diphosphine catalyst for <he “hydro=-
formylation of  monoolefins, nonconjugated
polyolefins, cycloolefine or derivatives of these
clasges of compounds, which contains 1 to 130,
preferably 1 to 25 and especially 1 to 10 mol of

10 sulfonated 2,2'~bis(diphenylphosphinomethyl)~1,1‘=
binaphthyl per mole of rhodium.
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2,2 -

THE EMBCDI MENTS OF THE | NVENTI ON I N VWHI CH AN EXCLUSI VE PROPERTY OR
PRI VI LEGE | S CLAI MED ARE DEFI NED AS FOLLOWS. 1.

bi s(di phenyl phosphi nonethyl )- 1,1'-

A sul fonat ed
bi napht hal ene of the formula [err]

- 21 -

SULFONATED 2,2 ,' BIS (DIPHENYLPHOSPHINOMETHYL) ~1,1*'~
BINAPHTHALENES PROCESS FOR THEIR PREPARATION AND

THEIR USE IN A PROCESS FOR THE HYDROFORMYLATION OF
OLEFINICALLY UNSATURATED COMPOUNDS

8Lty of the Disclogure

§ The invention relates to novel sulfonated diphosphines of

the formula

(MO3S)m

I
n
! Cy, - PAr, . Ph,

(Moas)m

CHZ - PAra‘_n Ph

in which 2Ar is n-CH,SOM, M is hydrogen, ammonium, a
monovalent metal or the equivalent of a polyvalent metal,
Ph is the phenyl radical, m is identical ox different and
has the value 1 or 2 and n is identical or different and
is 0, 1 or 2, to their preparation and to the hydro~
formylation of -olefins and olefinically unsaturated
compounds using these compounds as a constituent of
watér«~goluble catalyst systems for the hydroformylation
~ of olefins and olefinically unsaturated compounds.

10

15
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#

V,-"i/n which Ar is mCer]Herr]Sgerr]M Mis hydrogen, anmonium a
nonoval ent nmetal or the equivalent of a polyvalent netal, Ph

fesNg6 X%

-1 -

Sulfonated 2,2'-bis(diphenyvlphosphinomethyl)-1,1"'-
binaphthalenes, process for their preparation and their
use in a process for the hydroformylation of

olefinically unsaturated compounds

The invention relates tc novel sulfonated diphosphines
and to their preparation. They form complex campounds
with metals of group VIII of the periodic table of the
elements and said compounds can be used as caﬁalysts.

Complex compounds containing as the central atom a metal
of group VIII of the periodic table of the elements and
as ligands P(III) compounds such as phosphines or phos-
phites, and optionally also other groups capable of com-
plexation, have recently become increasingly important
as catalysts. Thus the reaction, extensively practiced in
industry, of olefins with carbon monoxide and hydrogen to
give aldehydes (hydroformylation) is carried out in the
presence of catalyst systems composed of rhodium and
triphenylphosphine. Catalysts based on complex compounds
containing phosphines have also proved successful for the
reaction of methanol with synthesis gas to give higher
alcohols, especially ethanol and propanol (homologiz—~
ation). In said cases, the ligands are usually present in
excess, 80 that the catalyst system is composed of
complex compound and free ligand. In accordance with the
solubility of these Bsystems in organic media, the
reaction is carried out in the homogeneous phase.

The reaction can also be carried out in the heterogeneous
phase rather than in the homogeneous phase. This process
variant is particularly convenient because it provides a
way of separating the water-dissolved catalyst from the
water-insoluble reaction product simply and under mild
conditions. The hydroformylation process described in
DE 26 27 354 C2, for example, works on this principle.

The system rhodium/sodium triphenylphogphine trisulfonate
is used as the catalyst.

In addition to monophosphines diphosphines are also used

This is the replacement sheet
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Is the phenyl radical, mis identical or different and has the value 1 or

2 and n is identical or different and 1s 0, 1 or 2. 2. A process

for the preparation of the conpounds as laimed in claim1l1, which

conprises sulfonating 2,2'- bis(diphenyl ghosphi nonethyl)-1,1

- bi napht hal enes with ol eum at tenperatures of between 0 and 25C

hydrol yzi ng the aSuPf6aattidnenixPlr 62 ey sits 8Y5tF1y inhwhich fiditacddes, o -
component is a metal of group VIII of the pericdic table.
For example, DE-A 40 40 315 relates to the preparation of
aldehydes by reaction of monoolefins, non-conjugated
polyolefins, cycloolefins or derivatives of -these classes
of compounds with carbon monoxide and hydrogen in the
presence of rhodium/diphosphine catalysts. Sulfonated
2,2'-bis(diphenylphosphinomethyl)biphenyls oxr
2-(diphenylphosphinomethyl)~-1l-{2~(diphenylphosphino-
methyl)phenyl jnaphthalenes are used as diphosphines in
this process. Together with the rhodium, they give
catalysts which are distinguished from the known rhodium/
monophosphine systems by a greater activity.

The assumption that the composition of the product formed
under their influence, and the activity of rhodium
complex catalysts, depend on the chemical characteristics
of the 1ligands creates the task of developing novel
ligands. They should open up the possibility of varying
the course of the reaction so that particular products
are formed preferentially or in some cases even
exclusively. It is further required that the ligands and
the complex compounds formed therefrom are soluble in
water so as to Dbenefit from the above-described
advantages of hydroformylation in a two-phase system.

The invention provides such ligands. It relates to novel
gsulfonated- 2,27’-bis(diphenylphosphinomethyl)~1,1"'~

binaphthalenes of the formula
(M0,S)

cH, - ?Arz_n Ph
CE, - PAr,  Ph

(M0,5?

3 'm
in which Ar is m-CgH,~S0,M, M is hydrogen, ammonium, a
monovalent metal or the equivalent of a polyvalent metal,
Ph is the phenyl radical, m is identical or different and

n

n
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LY

bi s(di phenyl phosphi nonet hyl )-1, 1' - bi napht hal enes fromthe hydrolyzed
3.

sul fonation m xture. The process as clained in
claim2, wherein ol eum

- 3 -

has the value 1 or 2 and n is identical or different and
is 0, 1 or 2.

The parent substance used for the preparation of the
novel compounds is 2,2‘-bis(diphenylphosphinomethyl)-
1,1'-binaphthalene. This compound is obtained in a
multistep synthesis by reductive dimerization of I~
bromo-2-methylnaphthalene with magnesium to give 2,2°-
dimethyl-1,1’-binaphthalene, reaction of the binaphtha-
lene with butyllithium to give the dilithium compound and
reaction of the dilithium compound with chlorodiphenyl-
phosphine. Instead of metalating 2,2'~-dimethyl-
1,1’~binaphthalene with butyllithium, it is also possible
to convert it to 2,2/-bis{bromomethyl)-1l,1’'-binaphtha-
lene with N-bromosuccinimide. Reaction of the dibromo
compound with diphenyl phosphinate gives 2,2‘~bis-
(diphenylphosphinylmethyl)-1,1/-binaphthalene, which is
reduced with trichlorosilane to give 2,2’~bis{diphosphi-
nomethyl}~1,1’-binaphthalene. To introduce sulfonic acid
groups into the binaphthyl radical and into the phenyl
radicals, the diphosphine is treated with excess sulfur
trioxide in the form of oleum as the sulfonating agent.

0f decisive importance for the degree of sulfonation
which can be achieved are especially the 80, concentration
in the oleum, the reaction temperature and the reaction
time. Said parameters influence each other.

It has proved successful to use oleum containing 10 to
65% by weight or even nmore of sulfur trioxide. The
sulfonating agent is to be used in excess, based con the
diphosphine., It is convenient to use 25 to 80 and pre-
ferably 40 to 70 mol of SO, per mole of 2,2'-bis-
{diphenylphosphinomethyl)}~1,1’-binaphthalene. Oleum
having a high concentration of free §0,, i.e. a proportion
of about 40 to 65% by weight or more, gives products
which contain at least four SO,H groups and therefore have
an excellent solubility in water. Concentrations of free

This is the replacement sheet
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_containing 10 to 65% by weight of free sulfur trioxide is wused for the

sul fonati on. 4. The process as clainmed in claim2, wherein ol eum
containing 40 to 65% by weight of free sulfur trioxide is wused for the
sul f onat i on. 5. The process s claimed in claim2 or 3, wherein

25 to 80 of sulfur trioxide is used per nole of the 2,2'- .
SO, in oleum which are lower than about 40% by weight give

products with a smaller deqree of sulfonation, i.e.

diphosphines which have only a limited solubility in
water.

) Thg_reaction temperature is 0 to 25°C, preferably 0 to
10°C. In principle, it is also possible to use higher
temperatures, but these promote the oxidation of the
diphosphines to phosphine oxides appreciably more than
the sulfonation, so that the overall yield of sulfonated
phosphines decreases. Therefore it is also not recom-
mended to compensate for low concentrations of free SO,
by raising the reaction temperature. On the other hand,
it is possible to influence the degree of sulfonation of
the diphosphine by means of the reaction time. Longer
reaction times give compounds with a higher degree of
sulfonation than shorter reaction times. In general, the
reaction requires 10 to 60 and preferably 15 to 48 h in
said temperature ranges. These times apply especially
when using oleum which contains about 40% by weight or
more of free oleum. Less concentrated oleum leads only to
partially sulfonated compounds, even with long reaction
times; furthermore, the increasing formation of oxidation
products cannot be fully avoided. It ies therefore
convenient to carry out the sulfonation with more highly
concentrated oleum and to control the degree of
sulfonation by means of the reaction time.

Concentrated sulfuric acid has proved successful as a
solvent for the starting compound to be sulfonated,
namely 2,2'-bis(diphenylphosphincmethyl)-1,1‘~binaph-
thalene. This solutjon can be introduced into oleum in
portions or oleum can be added thereto in portioms. It is
recommended to stir the reaction mixture vigorously and
cool it thoroughly and to bring the reactants together
slowly and in small portions so that the heat of reaction
can be digsipated without difficulty. By this means,
rather than the sulfonation proceeding in an uncontrolled

This is the raplacemernt sheet
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bi s (di phenyl phosphi nonet hyl) -1, 1'-bi napht hal enes. 6. The
process as clainmed in claim5, wherein 40 to 70 nol of sulfur trioxide is
used per nole of the 2,2'- bis (di phenyl phosphi nonethyl) -1, 1

- bi napht hal ene. 7. The prodess as clained in any one of clains 2
to 4 and 6, wherein the sulfonation is carried out at a tenperature in

t he range O ntaanb| e$0,HCgroups are introduced successively into the

binaphthyl radical and the phenyl radicals. Furthermore,
oxidation of the phosphorus compound is effectively
prevented. After all the sulfonating agent or diphosphine
has been added, the afterreaction can take place at room
temperature, i.e. at about 20 to 25°C, and essentially
without external éooling. It is convenient, however, to
stir the reaction mixture at this stage as well, so that
any heat of reaction still being produced is uniformly
distributed and can be dissipated without delay.

Following the sulfonation, the reaction solution is
hydrolyzed. In this process step, care should be taken to
ensure that the temperature does not exceed about 30°C;
it is advantagecus to maintain temperatures in the range
from 15 to 25°C. It is therefore recommended to add the
reaction mixture carefully to ice or to carry out the
hydrolysis with ice or ice-water and to make provision
for intensive external cooling. The dilute solution,
containingessentially2,2’~bis{diphenylphosphinomethyl)-
1,1’~-binaphthalene with different degrees of sulfonation

and sulfuric acid, is worked up in a further process
step.

To do this, the solution containing sulfuric acid is
neutralized with an alkaline reagent such as an alkali
metal hydroxide or alkali metal carbonate, preferably
sodium hydroxide. In order not to increase the volume of
the reaction mixture unnecessarily and to precipitate a
substantial part of the alkali metal sulfate formed, the
neutralizing agent is used as a highly concentrated
solution or in undissolved solid form, e.g. flakes or
pellets of caustic soda.

Because of its reduced solubility at lower temperatures,

the bulk of the alkali metal sulfate can be removed from

the solution by cooling. The appropriate temperatures

depend on the concentration of the sulfate in the

et e ides oy gir g o : L~ .
Thim o thg rBreaiaimen: shaet

Dizis: 723 un 1009



8. The process as clained in of claim7, wherein the sulfonation is
carried out at a tenperature in the range 0 to 10[err]C. 9. The
process as clainmed in any one of clains 2 to 4, 6 and 8 wherein the

hydrol ysis of the sulfonation mxture is <carried out at a tenperature of
up to abomsc?]pn{teirorn] g'nd the temperature profile of its solubility.

The most favorable conditions therefore have to be
determined by experiments in each individual case. The
sulfate can be separated off in one step or else in
several steps; it has proved convenient to carry cut the
crystallizatign in two steps.

After separation of the alkali metal sulfate, the
solution is concentrated to dryness, preferably under an
oil-pump vacuum, and the diphosphines with different
degrees of sulfonation ara extracted from the crystal
slurry in the form of the alkali metal salts. Suitable
extractants are e.g. mixtures of lower alcohals, 1.e.
alcohols having up to 5 carbon -atoms in the molecule,
such as methanol, ethanol or propanol, with water. The
extraction is carried out by conventional methods in one
or more steps, preferably two to four steps. The extracts
are combined and concentrated to dryness.

It has also proved successful to react the solution
containing sulfuric acid with a mixture of a water-
insoluble amine and an organic solvent and to extract the
sulfonates as amine salts. Suitable amines are those
having 10 to 60 and preferably 13 to 36 carbon atoms,
e.g. methyldioctylamine, tri-n-octylamine, triiso-
octylamine, tri-2-ethylhexylamine and tridodecylamine,
preferably triiscoctylamine. AaAliphatic and aromatic
hydrocarbons or hydrocarbon mixtures, e.q. toluene or

kerosene-like mixtures, especially toluene, are success-
fully used as organic solvents.

0.5 to 1.5 mol, preferably 0.8 to 1.2 mol, of amine is
used per equivalent of sulfonic acid. After wvigorous
mixing of the solution containing sulfuric acid and the
amine solution, the aqueous and organic phases are
separated from one another. The organic phase, containing
the amine salt, is reacted with an aqueous solution of a
base whose sulfonic acid salt is to be prepared. Examples
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_-19- 10. The process as clained in claim9, wherein the hydrolysis
of the sulfonation mxture is carried out at a tenperature in the range 15

to 25[err] C 11. The process as clained in any one of clains 2 to
41 - 7 =

of particularly suitable bases are scdium hydroxide and
potassium hydroxide. This procedure gives an aqueous

solution from which the desired sulfonic acid salt can be
isolated.

Instead of the aqueous solution of the base being added
all at once to tﬁe solution of the amine salt in the
organlc medium, it can also be added in portions. Such a
gradual treatment of the amine solution, e.g. by
adjusting the pH to certain values or ranges of values
with the aid of the base, snables substantial separation
of phosphine oxides from the sulfonation mixture and
partial decomposition of the latter into products with
different degrees of sulfonation.

The novel sulfonated diphosphines are colorless solids.
According to the sulfonation conditions, they contain up
to six sulfonic acid groups. The alkali metal salts are
soluble in water and the solubility increases with the
degree of sulfonation.

The free acids can be prepared by treating aqueous alkali
metal salt solutions of the sulfonated diphosphine with
a cation exchanger in the H' form. Other salts of the
novel sulfonated diphosphines can be obtained from the

acids by reaction with hydroxides, carbomates, ammonia oxr
amines.

The novel compounds have proved successful as components
of catalyst systems containing metals of group VIII of
the periodic table. In combination with rhodium, they are
used aspecially as hydroformylation catalysts.
Accordingly, the invention further relates to a process
for the preparation of aldehydes by reaction of mono~
oclefins, nonconjugated polyolefins, cycloclefins or
derivatives of these classes of compounds with carbon
nmonoxide and hydrogen at temperatures of 20 to 150°C and
pressures of 0.1 to 20 MPa in the presence of catalysts
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.6, 8 and 10 wherein the hydrolyzed sulfonation mxture is neutralized with
al kali nmetal carbonate or alkali netal hydroxide, alkali netal sulfate is
separated off, the agueous solution is concentrated and the sul fonated
2,2' - bis (di phenyl phosphino-nethyl)-1,1'-binaphthal enes are extracted
fromthe residue with a mxture of alcohols having up to 5 carbon atons in
t he nol ecul e and \/vaterd 12, The process as.cl.ainmed in any one of
clains 2 to 4, Cé’,mpgsgndofld'aﬁﬁ’é"rseci%btlﬁec‘ﬂ‘&(ﬁ’ru&?f/zoe r&ﬁﬂf%’ﬂa‘iﬂmgﬁe ture is

with phosphines. The water-soluble phosphines used in

said process are the above-described sulfonated 2,2’-bis-

(diphenylphasphinomethyl)~-1,1‘~binaphthyls.

The watcer-soluble rhodium/diphosphine complex compoundé
used as catalyst in the novel process are distinguished

by & remarkably high activity, determined by the two
criteria “activity" A:

mol of aldehyde

A=
mol of Rh « min

and “productivity" P:

g of aldehyde

P =
ml of catalyst solution « h

The values of these two parameters achieved with the
processes of the state of the art are far exceeded by the
procedure according to the invention. The formation of
normal aldehydes is greater and the amount of noble metal
and phosphine discharged with the reaction product is
smaller than in the known processes. Moreover, these
results are obtained with a catalyst which has a dis-
tinctly smaller ligand/rhodium ratio than the catalysts
used hitherto. These and other results of very great
value for carrying out the process on the industrial -
scale could not be deduced from theoretical considera-
tions nor predicted from practical experience.

It is not necessary to use the sulfonated diphosphines as
pure compounds. It is also possible to use diphosphines

with different degrees of sulfonation and/or sulfonate
lixtures with different cations.

It has proved successful not to use rhodium and the
diphosphines according to the invention in the stoi-

chiometric ratio, i.e. in accordance with the chemical

Thia g thg ranipsemert shael
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reacted with a m xture of a water-insoluble am ne and an organic sol vent,
the sulfonates are extracted as amne salts and the aqueous solution of a
base is added to the solution of thg am ne salts, optionally in portions.
13. The process as clainmed in ¢laim 12, wherein the mxture of a

wat er -i nsol ubl e am ne and an organic solvent is a m'lgiture of
trii sooctylSﬁWﬁ%s%ﬁhPW(ﬂfuégé.rhOdl“m complex compound which forms

in the course of the hydroformylation reaction, but to
use the diphosphines in excess. The ratio of rhodium to
diphosphine can thereby be varied within wide limits and
about 1 to 130 mol of diphosphine can be used per mole of
rhodium. The preferred molar ratio of rhodium to
diphosphine is in the range from 1:2 to 1:25 and
especially 1:2 to 1:10.

Rhodium is used either as the metal or as a compound. As
the metal, it is used in the form of finely divided
particles or precipitated in a thin layer on a support
such as activated charcoal, calcium carbonate, aluminum
silicate or clay. Possible rhodium compounds are sub-
stances which are water~soluble or which become water-
soluble under the reaction conditions. Suitable compounds
are the wvarious rhodium oxides, salts of inorganic
hydracids or oxyacids and salts of aliphatic mono-
carboxylic or polycarboxylic acids. Examples ¢of rhodium
salts are rhodium nitrate, rhodium sulfate, rhodium
acetate, rhodium 2-~ethylhexanocate and rhodium malonate.
Rhodium halide compounds, on the other hand, are less
useful on account of the lower activity of the resulting
complexes and the corrosive behavior of the halide ions.
It is further possible to use rhodium carbonyl compounds
such as Rhy;(C0)y, or Rhg(C0O),,;, or complex salts of rhodium,
@.g. cyclooctadienylrhodium compounds. Rhodium oxide and
especially rhodium acetate and rhodium 2-ethylhexanocate
are preferred. It can be assumed that water-soluble
rhedium complex compounds containing carbon monoxide and
diphosphine as ligands are formed in the presence of
synthesis gas under the conditions of the hydro-
formylation reaction. Together with the excess

diphosphine dissolved in the water, they make up the
catalyst systemn,

The catalyst solution is prepared from the components
either in the hydroformylation reactor or beforehand in
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14. The process as clained in claim12, wherein the base is sodium
hydr oxi de or potassi um hydroxi de. - 20-

15. A process for the preparat_i on _(_)f al dehydes by

a4 separate apparatus and then introduced into the hydro-
formylation reactor.

The concentration of rhodium in the aqueous catalyst
solution is 10 to 500 ppm by weight {(based on the solu-

tion), preferably 10 to 100 ppm by weight and especially
15 to 50 ppm by weight.

The reaction of the olefin with carbon monoxide and
hydrogen takes place at pressures of about 0.1 to about
30 MPa, preferably 1 to 12 MPa and especially 1 to 5 MPa.
The composition of the synthesis gas, i.e. the wvolume
ratio of carbon monoxide to hydrogen, can extend over a
wide range and can be varied e.g. between 1:10 and 10:1.
In general, gas mixtures are used in which the wvolume
ratic of carbon monoxide to hydrogen is about 1l:1 or only

slightly different from this value in ocne or other
direction.

The reaction temperature is between about 20 and 150°C,
preferably 80 to 140°C and especially 100 to 125°C.

The reaction of the reactants present in the liquid and
gas phases takes place in conventional reactors. The
course of the reaction is influenced decisively by the
fact that the aqueous catalyst solution must be saturated
with the liquid or gasecus hydrophobic olefin and the
synthesis gas, It is therefore necessary to create the
largest possible contact area between the phases. A
procedure which has proved successful is vigorously to

stir the liquid reactor contents - catalyst solution,
optionally ligquid olefin and reaction product - and
introduce the gaseous reactants - synthesis gas and

optionally olefin - into the liguid phase via
distributing devices. A procedure which has proved very
successful is to keep the proportion of organic phase in
the reaction mixture small. Surprisingly, the organic
phase does not contribute to the solubility of the
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reaction of nonool efins, nonconjugated pol yolefins, cycloolefins or

derivatives of these classes of conpounds
hydrogen at tenperatures of 20 to
in the presence of an
rhodiun1co | exed w

sul f onat ed 2°%F ?ﬂ%ﬁ(ﬁ éﬁy?% h%%ﬁ?h%%%fﬂ&? %%'geéc §§§Q+

of

formula [ert} prevem:ed from wundergoing undes.x.rable seconda.ry

reactions which cannot be excluded when the residence
time of the product in the reactor increases. Accord-
ingly, the volume ratio of aqueous to organic phase is
adjusted to 1:1 Fo 100:1, preferably 10:1 to 100:1. This
can be done by cc.ntinuously withdrawing an appropriate
fraction of the reaction mixture £from the reactor,
separating the aqueous and organic phases from .ane
another and recycling the agqueous phase into the reactor.
The reaction can be carried out batchwise or, preferably,
continuously.

The process according to the invention can be success-
fully applied to the reaction of monoolefins, non-~
conjugated polyolefins, cyclic olefins and derivatives of
these unsaturated compounds. The olefins used are not
subject to any restrictions as far as molecular size is
concerned; the procedure has proved successful with
compounds having 2 to 20 carbon atoms. The olefinicalljr
unsaturated compounds can be linear or branched and the
double bonds can be within or at the end of the chains.
Examples of olefins which can be used in the novel
process are ethylene, propylene, but-l-ene, but-2-ene,
pent~l-ene, 2-methylbut-l-ene, hex-l-ene, hex-2~ene,
hept~l-ene, oct~l-ene, act—3-e'ne, 3~ethylhex-l-ene,
dec-l~ene, undec~3-ene, 4,4~dimethyl non-l-ene, dicycla-
pentadiene, vinylcyclohexene, cyclooctadiene and styrene.
Derivatives of said types of olefin which can be hydro-
formylated by the claimed procedure are e.g. alcohols,
aldehydes, carboxylic acids, esters, nitriles and halogen
compounds, such as allyl alcohol, acrolein, methacrolein,
crotonaldehyde, methyl acrylate, ethyl crotonate, diethyl
fumarate, diethyl maleate and acrylonitrile. The process
is used with particular success for the hydroformylation
of olefins and olefin derivatives having 2 tc 20 and
especially 2 to 8 carbon atoms.

with carbon npbnoxi de and

150[err] C and pressures of 0.1 to 20 MPa
agueous catalyst conposed of mater-soluble conpounds

nes

used are

s of the



in which Ar is m{err]Herr]SOerr]M Mis hydrogen, anmonium a

- 12 -

The following examples describe the preparation and
properties of the novel compounds (Examples 1 to 10) and
their use as constituents of catalysts for the hydro-

formylation of ©olefinically unsaturated conpounds
{Examples 12 to 17).

Example 1

10.11 g (15.54 mmol) of 2,2’'-bis(diphenylphosphino-
methyl)-1,1'-binaphthalene are dissolved in 25 ml of
concentrated sulfuric acid at room temperature. The
solution is cooled to 0°C and 50 ml of 65% oleum are
added dropwise, the temperature being kept at a maximum
of 10°C. The mixture is subsequently stirred for 48 h at
room temperature and then added to ice and neutralized
with sodium hydroxide solution (NaOH content: 50% by
weight). Hydrolysis and neutralization are carried out
under conditions such that the temperature does not
exceed 25°C. The precipitated sodium sulfate is filtered
off and the filtrate is stirred into methanol. The
resulting white solid is separated off and the filtrate
is concentrated to dryness. The residue is taken up in
just the right amount of water required for complete
dissolution and the agueous solution is sprayed into
twice the volume of methanol. The suspension obtained is

filtered and the filtrate is concentrated to dryness. The
combined filtrates are analyzed.

Characterization:

Solubility: 1300 g/l of water
Elemental

analysis: 13.8% by weight of sulfur; 4.42% by weight of
phosphorus; 9.9% by weight of sodium, from which the
following molar ratios are calculated:

P:S = 1:3; P:Na = 1:3; S:Na = 1l:1,

corresponding to the introduction of six SO groups into

the 2,2'-bis(diphenylphosphinomethyl)—1,l'-binaphthalene
molecule
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nonoval ent netal or the equivalent of a polyvalent netal, Ph is the phenyl
radical, mis identical or different and has the value 1 or 2 and n is
identical or different and is 0, 1 or 2. 16. The process as

clainmed in claim15, wherein 1 to - 230-nol of sul fonated di phosphines are
used per notle gfsr.phodidlrg

This compound is called below BINAS.

Example 2

The sulfonation of 2,2'-~bis(diphenylphosphinomethyl)-
1,1l’'-binaphthalene is carried out according to Example 1
and the progress of the reaction is followed by NMR
spectroscopy of the solution containing sulfuric acid.
The following measured values are obtained:
3p NMR: & -9.0 {hexasulfonated)

6 ~-9.89 {pentasulfonated)

6 -12.03 (tetrasulfonated)

It

Examples 3 - 10

The sulfonation of 2,2’'~bis{diphenylphosphinomethyl)~
1,1’~binaphthalene is carried out according to Example 1,
except that the reaction parameters temperature, time and
SO, concentration are varied. The results are collated in
the table below. Examples 5, 6 and 7 are comparative
examples, in which higher reaction temperatures were

used.

Example  S§0, content Reaction Temperature Oxide
[$ by weight] time formation
of the oleum {h] {°ci (%1®

3 20 18 20 5
4 20 48 20 10
5 20 48 30 18
& 20 48 40 52
7 20 48 50 100
8 40 48 20 8
9 65 17 20 5
10 65 48 20 10

a)

previous standardization with completely oxidized,
hexasulfonated 2,2'-big(diphenylphosphinomethyl)-~

1,1’~binaphthalene
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-21- 17. The process as clainmed in claim15, wherein 2 to 25 nol
" of sul fonated di phosphi nes are used per nol of rhodium 18. The
process as clained in claim15, whereing2_to 10

Example 11

60.7 g (93.2 mmol) of 2,2'-bis(diphenylphosphino-
methyl)-1,1‘~binaphthalene are dissolved in 300 g of
concentrated sulfuric acid at 0 to 10°C, 601.7 g of 65%
oleum are added with the temperature being kept at 0 to
10°C, and the mixture i{s then stirred for 48 h at room
temperature. For hydrolysis, the sulfonation mixture is
added dropwise to 3879.2 g of water over 30 min at
temperatures below 10°C.

The sulfonation product is separated from the aqueous
phase by extraction for 1 h at 40°C with a solution of
237.4 g of triisooctylamine in 948.8 g of toluene. The
organic phase (1307.8 g) is then extracted at 40°C with
3% by weight sodium hydroxide solution.

Up to a pH of 3.5, the aqueous phase (357.6 g} contains
16.8 mmol of P(III) and 2.6 mmol of P(V), based in each
case on one kilogram of solution, and 3.8% of sulfate. In
the pH range 3.5 to 4.8, the P(III) content of the
agqueous phase (463.0 g) is 163 mmol and the P(V) content
is 15.0 mmol, again based in each case on one kilogram of
solution, and the sulfate content is 0,05%., In the range
from pH 4.8 to pH 6.0, the useful product fraction
(335.8 g) is separated off; it contains 212 mmol of

P(IIr) and 1.0 mmol of P(V), based on one kilogram of
solution.

Exanmples 12 to 17

Propylene and a CO/H, mixture made up of equal parts by
volume &re introduced into a 0.2 1 stainless steel
autoclave, equipped with a stirrer, in an amount such
that 10 Nl/h of off-gas can be withdrawn from the
reactor. 300 ml per hour of agueous catalyst solution
(261 mg of Rh as the acetate and 13.9 mmol of P(III) in
the form of BINAS, dissolved in 1000 ml of degassed water

. e ey 8 Tt
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~nol of sul fonated di phosphines are used per nol of rhodium 19.

The process as clained in any one of clains 15 to 18, wherein the rhodium
concentration in the agqueous catalyst solution is 10 to 500 ppm by wei ght
(based on the sol ution). 20. - Ihe process as clainmed in claim19,
wherein the rhodiumconcentration in the aqueous catalyst solution is 10
to 100 ppm by ss¢mghted baseld oittdgensobuei siMultaneously circulated

through the reactor. The molar ratio of phosphorus to
rhodium is 5.5:1, corresponding to a ligand/rhodium ratio
of 2.75:1. The reactants are reacted at a pressure of

5 MPa. The remaining reaction parameters can be found in
the table.

In the table, the results obtained with the process
according to the invention (Examples 12 to 16) are
compared with the result obtained with a procedure
according to the state of the art [catalyst: rhodium/
sodium triphenylphosphinetrisulfonate (TPPTS)] (Example
17). The experiments make it clear that in the novel
process, with a surprisingly low Rh/P ratio, a high
catalyst activity is achieved and the n/i ratio is
further increased. High conversions are obtained even

when the olefin charge is considerably increased (Example
15).
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reaction is carried out at 80 to 140[err]C 24. The process as

clainmed in claim?23, wherein the reaction is carried out at 100 to
125[err] C

=17~
THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A sulfonated 2,2’'-bis(diphenylphosphinomethyl)-

1,1 -binaphthalene of the formula

(MO38)m

! I CH; - PArg-q Php
SO

(MO38)h

in which Ar is m-CgH4S03M, M is hydrogen, ammonium, &
monovalent metal or the equivalent of a polyvalent metal, Ph
is the phenyl radical, m is identical or different and has

the value 1 or 2 and n is identical or different and is 0, 1
or 2.

2. A procege for the preparation of the compounds as

claimed in clsim 1, which compriees sulfonating 2,2°-
bis(diphenylphosphinomethyl)~-1,1°~binaphthalenes with oleunm
at temperatures of between 0 and 25°C, hydrolyzing the
sulfonation mixture and isolsting the sulfonated 2,2'-

bis(diphenylphosphinomethyl}-1,1’'-binaphthalenes from the

hydrolyzed sulfonation mixture.
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-22- 25. The process as clainmed in any one of clains 15 to 18, 20,
21, 23 and 24 wherein the reaction is carried out at pressures of 0.1 to

30. 26. The process as clained in claim25, wherein the reaction
is carried out at pressures of 1 to 12 Mra. 27. The process as
clainmed in claim26, wherein the

-18-

3. The process as claimed 1n claim 2, wherein ocleum

containing 10 to 65% by weight of free sulfur trioxide is

uged for the sulfonation.

4. The process as claimed in claim 2, wherein oleum

containing 40 to 65% by weight of free sulfur trioxide is

used for the sulfonation.

5. The processg as claimed in claim 2 or 3, wherein 2%
to 80 of sulfur trioxide is used per mole of the 2,2~

bis(diphenylphosphlnomethyl)-1,1';Einaphtnalenes.

6. The process as claimed in claim 5, wherein 40 to 70

mol of sulfur trioxide is used per mole of the 2,2'-

bis({diphenylphosphinomethyl)-~1,1’-binaphthalene.

7. The process as cleimed in any one of claims 2 to 4
and 6, wherein the sulfonation is carried ocut at a

temperasture in the range 0 to 25°C.

8. The procese as claimed in of claim 7, wherein the

sulfonation is carried out at a temperature in the range 0 to
10°C.

9. The process as claimed in any one of claims 2 to 4,

6 and 8 wherein the hydrolysis of the sulfonation mixture is

carried out at a temperature of up to about 30°C.
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reaction is carried out at pressures of 3 to 7 Mra. 28. The
process as clained in-any one of clains 15 to 18, 20, 21, 23, 24, 26 and
27 wherein olefins or olefin derivatives having 2 to 40 carbon atons are
r eact ed. 29. The process as clained in claim28, wherein ol efins
or olefin derivatives having 2 to 20 carbon atons are reacted.

~19-
10. The process as c¢laimed in claim 9, wherein the

hydrolysis of the sulfonation mixture is carried out at s

temperature in the range 15 to 25°C.

11. The process as claimed in any one of claeims 2 to 4,
6, 8 angd 10 wherein the hydrolyzed sulfonation mixture is
neutralized with alkaeli metal carbonate or alkali metal
hydroxide, alkali metal sulfate is separsted off, the agueous
solution is concentrated and the sulfonated 2,2'-
bis{diphenylphosphino-methyl)-1,1‘-binaphthalenes &are
extracted from the residue with a mixture of alcohols having

up to 5 carbon atoms in the molecule and water.

12, The process a&s claimed in any oﬁe of claims 2 to 4,
6, 8 and 10 vherein the hydrolyzed sulfonation mixture is
reacted with & mixture of & water-insoluble amine and an
organic solvent, the sulfonates are extracted as gmine salts
and the agueous solution of a base is added to the solution

of the amine salts, optionally in portions.

13. The process as claimed in claim 12, wherein the
nixture of a water-insoluble amine and an organic solvent 1ig

a mixture of triisococtylamine and toluene.

14. The process as claimed in ¢laim 12, wherein the

bagse 18 sodium hydroxide or potassium hydroxide.

_ . ' - g oy sEaet
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30. The process as clained in claim?29, wherein olefins or olefin
derivatives having 2 to 8 carbon atons are reacted. 31. A

r hodi unt di phosphi ne catal yst for the hydrofornylation of nonool efins,
nonconj ugat ed pol yol efins, cycloolefins or derivatives of these classes of
conmpounds, which contains 1 to 130 nol of sulfonated 2,2'-bis(di phenyl -
phosphi nonet hyl) -1,1'-bi napht hyl pegzgple of rhodi um

15. A process for the preparation of aldehydes by
reaction of monoolefins, nonconjugated polyolefins,
cycloolefine or derivatives of these classes of compounds
with carbon monoxide and hydrogen at temperatures of 20 to
150°C and pressureg of 0.1 to 20 MPa in the presence of an
aqueous catalyst composed of water-soluble compounds of
rhodium complexed with diphosphines, wherein the diphosphines

used are sulfonated 2,2‘'-bis(diphenylphosphinomethyl)-1,1‘-
binaphthyls of the formula

(MO3S)m

in which Ar is m-CgHga803M, M is hydrogen, ammonium, a
monovalent metal or the equivalent of a polyvalent metal, Ph
is the phenyl radical, m is identical or different snd has

the value 1 or 2 and n is identical or different and is 0, 1

or 2.

16. The process as claimed in claim 15, wherein 1 to

130 mol of sulfonated diphosphines are used per mole of

thodium.
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-23-

-21-

17. The process &s claimed in claim 1S, wherein 2 to 25

mol of sulfonated diphosphines are used per mol of rhodium.
18. The process as claimed in claim 15, wherein 2 to 10

mol of sulfonated diphosphines are used per mol of rhodium.

19. The process &s claimed in any one of claims 15 to

18, wherein the rhodium concentration in the agueous catalyst
solution is 10 to 500 ppm by weight (based on the solutlon).
20. The process as claimed in ¢laim 19, wherein the
rhodium concentration in the agqueous catalyst solution is 10

to 100 ppm by weight (based on the solution).

21. The process as claimed in claim 20, wherein the

rhodium concentration in the sgqueous catalyst solution is 15

to 50 ppnt by welght (based on the solution).

22. The process as claimed in any one of claims 15 to

18, 20 and 21 wherein the reaction is carried out at 20 to
150°C.

23. The process ag c¢laimed in claim 22, wherein the

reaction is carried out at BO to 140°C.

24, The process as claimed in claim 23, wherein the

reaction 18 carried out at 100 to 125°C.
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32. A rhodi uni di phosphi ne catal yst for the hydrofornylation of
nonool efi ns, nonconj ugat ed pol yol efins, cycloolefins or derivatives of
t hese cl asses of conpounds, which contain 1 to 25 nol of sulfonated
2,2' -bi s(di phenyl - phosphi nonethyl)-1, 1" - bi napt hyl per nol of rhodium
33. A rhodi uni di phosphi ne catal yst for the hydrofornylation of
nonool efi ns, nonconj ugat ed pol yol efins, cycloolefins or derivatives of

these cl asses of conpounds, which cqoiain 1 to 10 nol of sul fonated
2, 2" -bi s(di phenyl -

25. The praocess as claimed in any one of c¢lsims 15 to

18, 20, 21, 23 and 24 wherein the reaction is carried out at

pressures of 0.1 to 30.

26. The process as claimed in claim 25, wherein the

reaction is carried out at pressures of 1 to 12 MPa.

27. The process as claimed in claim 26, wherein the

reaction is carried out at pressures of 3 to 7 MPa.

28, The process as claimed in-any one of claims 15 to
i, 20, 21, 23, 24, 26 and 27 wherein olefins or olefin

derivatives having 2 to 40 carbon atoms are reacted.

29. The process a8 claimed in claim 28, wherein olefins

or colefin derivatives having 2 to 20 carbon atoms are

reacted.

30. The process as claimed in claim 29, wherein olefins

or olefin derivatives having 2 to 8 carbon atoms are reacted.

31, A rhodium/diphosphine catalyst for the
hydroformylatioh of monoolefins, nonconjugated polyolefins,
cycloolefins or derivatives of these clasged of compounds,
which containe 1 to 130 mol of sulfonated 2,2°-big(diphenyl-
phosphinomethyl)-1,1'-binaphthyl per mole of rhodium.
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32. A rhodium/diphosphine catelyst for thé

hydroformylation of monoolefins, nonconjugated polyolefins,
cycloolefins or derivatives of these classes of compounds,
which contain 1 to 25 mol of sulfonated 2,2'-bis(diphenyl-

phosphinomethyl)-1,1’'-binapthyl per mol of rhodiumn.

33. A rhodium/diphosphine catalyst for the

hydroformylation of monoolefins, nonconjugeted polyolefins,
cycloolefins or derivatives of -these classes of compounds,
which contain 1 to 10 mol of sulfonated 2,2‘-bis(diphenyl-

phosphinomethyl)-1,1‘-binapthyl per mol of rhodium.
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SULFONATED 2,2 ,' BI1S (DIPHENYLPHOSPHINOMETHYL)—l,IL
BINAPHTHALENES, PROCESS FOR THEIR PREPARATION AND

THEIR USE IN A PROCESS FOR THE HYDROFORMYLATION OF
OLEFINICALLY UNSATURATED COMPOUNDS

abstract of the pisclosure

The invention relatce to novel sulfonated diphosphines of

the formula
4
OBS'm
0
n
! CH, - PAr,_. Ph

(MOBS)m

M

in which Ar is m-CH,S0;, M is hydrogen, ammonium, a
monovalent metal or the equivalent of a polyvalent metal,
Ph is the phenyl radical, m is identical ox different and
has the value 1 or 2 and n &8s identical or different and
is 0, 1 or 2, to their preparation and to the hydro~-
formylation of -wolefins and olefinically unsaturated
compounde using thece compounds as & constituent of

water-goluble catalyst systems foxr the hydroformylation
of olefine and olefinically unsaturated compounds.
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