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Complex compounds which contain, 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 and
phosphites and in addition optionally other groups suited
for complex formation, have recently become increasingly
important -as catalysts. Thus, the reaction of olefins
with synthesis gas to give aldehydes (hydroformylation)
practiced industrially on a large scale is carried ont
in the presence of datalyst systems which are composed of
cobalt and, in particular, rhodium and triphenyl-
phosphine. Catalysts based on complex compounds containe-
ing phosphines have also proved suitable for the reaction
of methanol with synthesis gas to give higher alcohols,
in particular ethanol and propanol (homologization). In
accordance with the solubility of these catalysts in
organic media, the reactions are carried out in the
homogenecus phase.

. Instead of in the 'hmgeneons- phase, the reactions can

also be carried out in heterogeneous reaction systems.
The advantage of this process variant is the simple and
gentle separation of the catalyst, which is present
from the water-insoluble reaction
product. For example, the process described in
DE 2,700,904 C2 for the addition of hydrogen cyanide to
an unsaturated organic compound having at Jleast one
ethylenic double bond works according to this principle.
Suitable catalysts for this xeaction are the systems
nickel/TPPTS [TPPTS is tri(sulfophenyl)phosphine],
palladium/TPPTS or iron/TPPTS. For the preparation of
aldehydes by reaction of olefins with carbon monoxide and
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i'ng phosphines have al so proved suitable for the reag{ig'gp‘getmsgmmﬁhw with

Se
synt hesis gas to give higher al cohols, 20 in parti nd
propanol (honol ogi zation). In accordancg @i Lh the sol 1 e
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catalysts in organic nedia, the reactions are carried nst ead of

I n the honbgeneous, phase, the reactions c 25 a:Lso,he rigd outein
het er ogeneous #%ni%yﬁ?‘?ﬁpf EL VR 1% RO OF otBs aﬁ%ﬂ 4fs t he
sinpl e and gerdne sebarais ocompotindsc ataggther \iith ia atamseiuble ved
in water; fro er -} O%ﬁﬁl afg%._g N PLochist et €Xanpl e, the
process desc:g e I'n B()‘k'a§ ; %O,_ Qﬁ%or th%aggjc?#?ion of hydrogen
cyani de to an unsaturated organi c conpound having at |east one ethylenic
doubl e bond Wiﬂé&?ﬁiﬂé@g wiidNiss Didentaite 19¢ands! areaablests faumt his
reaction arethefsems' , _
5 che _Xtes with metal ions, are only used rarely, in con-
trast to the 'monophOSPhines', and then exclusively as
constituents of homogeneously dissolved catalysts. Thus,
according to the teaching of DE 2,904,782 C2, aldehydes

‘are obtained by hydroformylation of a lower oclefinic

10 compound in an organic solvent in the presence of a
rhodium complex, a trisubstituted monophosphine and a
diphosphinoalkane.

DE 2,909,041 M"d.'esc:_ibes a process for the preparation

‘of aldehydes by hydroformylation of olefins in which
15 platinum is present as the catalyst, the halide of at
least one metal of group IVB of the periodic table of the
elements ("carbon group") is present as the auxiliary
catalyst ‘and ‘a two-bonded ligand of the formula
R,X-Z-Y=2-XR‘, (R or R’ is an alkirl, aryl or aralkyl
20 group, X is phosphorus, arsenic or antimony, Y is an
alkylene, arylene or aralkylene group and Z is & methy-
lene group or an oxygen atom) is present as the reaction
promoter . 2,27-Bis(diphenylphosphinomethyl)-1,1’'-
i - binaphthyl is used in combination with a zhodium or
. 25 nickel compound as a ligand for asymmetric hydrogenation
datalysts according to Laid-open Japanese Patent

Application 79/39,059.

A reason for the comparatively rare use of diphosphines
as a c_onstitﬁent of catalysts may be the difficulties
30  which stand 'in. the way of their preparation on an
industrial scale. A number of laboratory processes for
' obtaining diphosphines are indeed known, but their
application to industrial production processes is not
without probiems , either technically or econcmically.

35 A procesa which inter alia relates to the preparation of
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ni ckel4 TPPTS [ TPPTS. is tri(sul fophenyl)phosphine], 35 pal | adi um TPPTS
or iron/ TPPTS. For the preparation of al dehydes by reaction of olefins with
car bon: monoxi de and hydrogen, according togthe process of DE 2,627,354 C2

rhodiumis enployed in netallic formor in the formof one of its conpounds
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al dehydes substituted in each of the two aryl groups by the radical

S -CH(R;) (R,) and- opt:i.onally by other radicals. They are

converted by the action of proton-eliminating reagents

into biaryldianions, which are reacted with phosphorus

compounds of the formulae X-P(R,)R.) or X-PO(R;)(R;) (X is

preferably a halogen atcm). In this manner, diphosphines

10 are obtained directly or, if the phosphorus compound
X=-PO(R,) (Rz) was employed, after reduction.

The process described 'above is suit.abl_e only for the
preparation of diphosphinés which are not substituted or
contain substituents which_ are inert to compounds having
15 -reducing action. In this connection, it hae to be taken
into account that a reduction step is not only necessary
when using reactants of the type ZX~P{O)(R;)(R:;)- The
formation of the biaryldianion also takes place under
reducing conditions, as the reagents employed for elimi-
20 nating the proton, such as alkali metal hydrides or
alkali metal alkyls, have reducing action. A direct
preparation of biarylphosphines containing sulfonic acid
groups is therefore not possible in the way described
above, because the sulfonlc acid groups are not retained
s 25 in the re_act.i.o:i. of biaryl and phosphoxrus compound.

The object was thexefore to develop a process for the
preparation of sulfonated diphosphines which not only
solves the probléms desaribed, but is also simple to
carry out industrially and moreovar economical.

30 The object described above is achieved by a process for
the preparation of water-soluble diphosphines. It
caomprises treating biaryl compounds of the formula (I)
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(1)

in which A is identical or different and 1s alkyl,
cycloalkyl, phenyl, tolyl or naphthyl radicals, R' is
identical or different and is hydrogen or alkyl or alkoxy
radicals having 1 to 14 carbon atoms, furthermore cyclo-
alkyl, aryl or aroxy radicals having 6§ to 14 carbon atoms
or a fused benzene ring, m is identical or different and
is an integer from 0 to 5 and n is likewise identical or

. different and is integers from 0 to 4, at temperatures

from 0 to §0°C with a solution of sulfur trioxide in
sulfuric acid and then allowing the mixture to react
subsequently ‘with wvigorous ‘stirring at 20 to §0°C, in
particular 20 to 30°C, over a period of 1 to 60 h,
diluting the :éactiqn mixture with water while

maintaining a temperature of from 0 to 20°C, in

particular 0 to 10°C, followed by working up.

It is surpm‘_.singly possible by the process according to
the invention to sulfonate biaryls substituted by di-
ozganoalkyleﬁephosphine -groups under mild conditions
(where organo is an abbreviation for alkyl, cycloalkyl,
phenyl, tolyl or naphthyl radicals). It is particularly
remarkable that the formation of oxidation products such
as phosphine oxides is largely suppressed. The progress
of the sulfonation can be monitored and checked in a
simple manner by *P-NMR spectroscopy.

The biaryls employed as starting compounds in each case
contain a -(CH,),P(A);~radical in the 2- and 2’-position.
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bi napht hyl is used in conbination with a rhodi umor 25 conmpound
as a ligand for asymetric hydrogenation catal ysts according to Laid-open
Japanese-Pat ent Application 79/39,059. A.rgason for the conparatively rare
use of di phosphines as a constituent of catalysts may be the difficulties

nunber of | anokadath T UL 48 ] %ﬁ?@éaﬁéﬁﬁ’ﬁiﬁ?ﬁe@gﬁ?’é&?h?gﬁ’éﬁhﬁmA

but their appl .‘Acé.Bl prefexabdiys ar Pbﬁﬂﬂledﬁgﬁ-?bnﬂiprbeﬁbﬁ-bl’ll saddrad-t B

Pr obl err}s ei t hg hﬂtbi@bme%aacmmﬁihb&e B& subftRtatedspyhons b&t er
alla relates t_guotz'e 1R5oR363Y' 3% &leferent radicals ®'. The meaning of R*
5 is described _above.. 'R* is in particnlar hydrogen, a

methyl, isopropyl, isobutyl, t-butyl, phenyl or naphthyl
radical or a fused benszene ring. m is preferably 1 and n
is 0 ox 1.

Sulfonated biaryl derlvatives which are substituted in
10 the 6~ and 6'~position by R radicals (excepting fused
benzene ring from the meaning) are of particular sig-
nificance. Their presence prevents the rotation of the
two suhstitutéd phenyl radicals. Complex compounds which
contain molecules of this type as ligands can therefore
15 be employed as catalysts for enantioselective reactions.

For the preparation of the biaryl derivatives containing
phosphorus, the biaryls on which they axe based are
advantageously used as starting materials.

The biaryls are obtained according to prior art pro-

20 cesses, for example by coupling aryl Grignaxd reagents
with aryl chloxide, bromide or iodide in the presence of
nickel catalysts. Another route to cbtain them is the
dehalogenation of aryl bromides and iodides in the pres-
ence of powdered active nickel oxides.

25 For the introduction of the phosphine radical into the
biaryl and thus for the preparation of the intermediate
for obtaining the sulfonated compound, a novel procedure
which starts from easily accessible starting substances
has proved very suitable. It comprises the reaction of

30 2 2 '-dilith.tobi.phenyl oxr its derivatives of the formula

<31> )
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- 3- dl phosphi nes - ﬁjggy%g@asggegq{ el dent ate phosphorus ligands - is the

subj-ect of EP O, 3 H conpounds are enployed as starting

subst ances whi ch areﬂ gglﬂ n each,of Lthe two aryl groups by the

radical 5 [err] é ' by ot her radlcals They are convred by

t he action of on- |mnat|n ea nt I ani_o

reacted with pﬁ'd'%k'h &3‘ %é‘%'ﬁg?ﬁéiﬁ&r ﬂ% g’b W@ﬁﬂ?@ﬂﬁh&&ﬁx POO

[err] (X is pre¢ivhexe yi.mttbsé afmermslas) R, AL Inssndrmnhavadthéomphnﬁasslo

are obtained.d { h o] r]
WeBEllthed aboye Wh20IR"HaliBghRTRCHRG- ¥nErBhotiph] L B or

enpl oyed, after uctron he process ove IS sult

t he prepar at i off"f TGASTFENNG Axe FHEpended 4o stoishicmesalsr amounksnor

substitugnts Wsih & CehdlEl tekSesSBEURHS itk two components in an

- inert organic solvent, for example an aliphatic

hydroca:bon or hydrocarbon mixture such as hexane or

light petroleu.m_,- in an aromatic hydrocarbon such as

toluene or in an ether such as tetrahydrofuran, and the

10 nmixture is stirred at temperatures of f£rom -50 to 100°C,

" preferably from -20 te 50°C. The xreaction product
dissolved in the organic medium is hydrolyzed using

water. The diphosphine can be obtained in high yields

- from the organic phase after removal of the solvent by

1S distillation and an optionally added purification step.

The diphosphine can be employed for the sulfonation
without prior purification. The sulfonating agent used
acéord.i.ng to the invention is cleum, i.e. a solution of

S0, in sulfuric acid. It is advantageous to employ oleum

20 having an S0, concentration of 20 to 65 % by weight,
relative to the solution. An essential feature of the

novel procedure is the maintenance of specific reaction

| temperatures. These are 0 to 60°C and low temperatures
- in the range from 0 to 20°C are preferred. In order to
“ 25°  ensure that the temperature ranges mentioned are not
exceeded, it is recommended that the diphosphine is fixst
dissolved in concentrated sulfuric acid and the solution

" is then treated with oleum in portions with stirring and
intensive cooling. It is then allowed to xreact with

30 vigorous stirring at 20 to 60°C, in particular 20 to
30°C, over a period of 1 to. 60 h. SO, concentrations in

the oleum and the pericd of stirring determine the degree

of sulfonation of the diphosphine. The higher the supply

_ of S0; and the longer the mixture is stirred, the moxe
35 sulfonic acid groups enter the diphosphine molecule. As
- soon as the reaction is complete, the reaction mixture is
worked up by dilution with water. Thexe are several
processes avallable for this. According to an approved
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15 'reEiuci ng a%is@ﬁbetﬂ{ngEAﬁiI&plﬁdémnectiOn, It has to be taken into account
that a reduction s i y necessary when using reactants of the
type X-P(0O)[err]. E‘Ml of the bLagyldi ani an al so takes pl ace under
reduci ng condition ents-enpl oyed for elim - nating the
proton, such as alka | | kal t al | s, hav duci ng
action. A dired®® ‘Ea))he o¥u%#‘é¥ ?pﬁﬁg i ﬁgé'ugg P‘a?‘ﬁl %“55 %?"i;l
groups is theretfzscb. nBOthodurlihq idd Jaivd ona o fti cklee | beactbonepiktures @ande
sul fonic acid d €18 and
Qixfd'ig@ ?;héuﬂ%&ﬂ?&iiﬂﬁ{ Tare 14 £8° a\?&l&é’ﬂ 2hall %

phosphorus conpoun hererore to dével Op a process for the

prepar ati on of heatingt é@eal s ppeenni @amdnokt ohes QﬂQ@tﬁﬁlpabﬁﬁer@
described but gzt Stéberatusas’ BLO0¥ron SEé | 2bPY, 200 BRIl ar
econom cal . from 0 to 10°C. The aquecus solution of an alkali metal
hydroxide, preferably sodium hydroxide, is used for
neutralization. Alkali metal hydrozide concentrations of
20 to 60 ¥ by weight, relative to the solution, have
10 proved suitable. In order to achieve precipitation which
is as complete as possible of the alkali metal sulfate
formed from the sulfuric acid and alkali metal hydroxide,
. it is recommended to work at not toc great a dilution.
Alkali metal sulfate precipitates from the neutralized
15 reaction mixture. It is filtered off and washed several
times with a lower alcohol, preferably a C;~ to C,-
‘alcohol, in particular methancl. The sulfonated di-
phosphine is obtained from the filtrate by removal of the
‘ solvent under mild conditions, for example by distil-~
20 lation in the vacuum of an oil pump. For purification,
‘the crystalline product obtained is dissolved in a little
water, the solution is mixed with a lowex alcohol,
preferably a C;~ to C,~alcohol, in particular methanol,
and filtered, and the solvent is again removed gently.

i, 25 According to another process, the subject of European
Patent 0,107,006, the acidic aqueous s&olution of the
sulfonation product is extracted with the solutipn of a
water~insoluble amine in a water-insolnblé organic
solvent. The organic phase ig removed and brought into

30 intimate contact with the agqueous solution of a base. The
sulfonated diphosphine can then be isolated from the
aqueous phase removed.

The sulfonated diphosphines are colorless to yellowish-
colored powders. Depending on the sulfonation conditions,
35 they contain 4 to 6 sulfonic acid groups. They dissolve
very easily in water and the solubility is 0.5 to 1.5 kg
of sulfonation product/l of water according to the degree
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30 "The object described above is achieved by a process for the
preparati on of water-sol uble di phosphines. It conprises treating biaryl
conmpounds of the formula (1) -4- [err] g = -PCA)2,[err] in which A
is identical or different .and.is aIkyI cycl oal kyl ,” phenyl, tolyl or

napht hyl , radic ent di ffetrent nd s_hydro or alkyl
or al koxy radi I ‘}% Jimf ?ﬁecz;ro’ﬁﬂ] g‘i’i ‘F‘ar #e?%régsy%‘gm% of

al kyl’, aryl oroahex.ymeadlsad:ankbmmmd Jﬂtonam&kaﬂ;ﬁ. netalf sadtis,
benzene ring, Ebbsek%ﬁﬂ)t c% Q.Bndbgcﬁai% and

The novel process is illustrated in the subsequent
5 example, but it 1s not restricted to the embOd.unents
described. o

T

1., Preparation of 2,2_"_-bis(diphenylphosphinomethyl)-
biphenyl (*BISBI*)

Example

10 2.34 g (10 mmol) of CICH,PPh,, obtained according to
Langhans et al., Chem. Ber. 123 -(1990), 995~999, are
suspended in 30 ml of hexane in a 250 ml three~necked
flask provided with a reflux condenser, dropping funnel
and magnetic stirrer and treated dropwise with wvigorous

15 stirring with a suspension of 0.83 g (5 mmol) of 2,2’-
dilithicbiphenyl, obtained according to J. Organomet.
Chem. 228 (1982), -107-118, in 30 ml of hexane. The
mixture is then heated at §0°C for about 30 min and the

_ solution is cooled by addition of 20 ml of toluene. After

20 -stirring for 20 minutes, it is éautiously hydrolyzed with
10 ml of water. The orgahic phase is removed in a separ-
ating funnel, washed three times with 5 ml portions of
water and freed of solvent in an oil pump vacuum at a
maximum of 30°C. BISBI is p:ecipifated fxom the residual

25 viscous oil as a white solid by addition of 15 ml of
ethanol and f£iltered off through a G3 glass frit.

7~
3

Yield: 7b % of thedry. The batch size can be increased
100~fold without disadvantages or losses in yield if
reaction vessels and reaction times are increased.

30 2. Sulfonation of BISBI

1 mmol of BISBI are dissolved in 2 ml of concentrated
sulfuric acid and treated dropwise at 0°C with 5 ml of

Received Time 22 Feb, 15:28 Print Time 22. Feb, 15:31
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is an‘integer fromO to 5 and n is likewi se identical or different and is
integers-fromO to 4, at tenperatures fromO to 60[err]C with a solution of
sul fur trioxide in 10 - sulfuric acid gng Lhen allowi ng the mxture to
react subsequently Wi th vigorous stirring at 20 to 60 C, in particar 20 to

30[err]C, over erlod of 1 to 6Q.h, dilu h reacfiopn mxt revmth
vva'Eer ]Wmle n%} Qg conte érgpuf‘gs‘ﬁ #r%%\ "tge)h %i? weite iy

particul ar 0 tmmtﬁmjc Xftidowarkrindngor £ongropm Itmpesutntemmbqut
Cobat it ut E'Qf%?éf)ce%ﬁﬁa%‘fu% SAErrice MY a€lotda® VipRIRheLy Pt
(wher e organo severalhouxs atthan M9B\1té-9§-5321 Q’,ﬂ'—o about }PRng|I0ft ol yl
or ‘naphtflyl rage&agsa. nbhth.:'i-.m%u C&ﬂ%&dpéﬁd‘ﬁii@@'ﬁewﬁt stlee i@t agn of
OXI_ dation. prodg&éés SUCQIQOH solution (NaOH content: 50 & by weight,
relative to the solut;on) The resulting suspension is
fllterad and the filtrate is added to 25 ml of methanol.
The filter cake is washed twice with 25 ml portions of
10 = methanol. The coxhbine_d' fractions are concentrated ¢to
dryness in an oil pump vacuum and the residue is taken up
in very little water. The clear, amber-colored solution
, is injected into 30 ml of methanol, the suspension is
stirred and filtered, and the filtrate is concentrated to
15 dryness in an 0il pump vacuum. The sulfonation period
depends on the progress of the reaction, which is moni-
tored by *P-nuclear magnetic resonance spectroscopy at
intervals of about 2 h, |

haracterization o reaction produc

20 The reaction product describéd below was obtained from
BISBI, after reaction for 17 h, by reaction with 65 %
strength oleunm.

< $PaMMR (161.8 MHz, CD,Cl,, 20°C): § = -6.8 (s), -7.1 (8),
-9.5 (s), ~9.6 (8)

25 = IR (KBr, cm*) v = 993 (m), 1040 (st), 1098 (m), 1127 (m),
1146 (m), 1195 (sst)

P/S ratio = 2 : 5.7 (elenental analysis)
Solubility: greater than 1 g/ml of water

' Appearance: ‘yellowish powder
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as phosphlne oxides is largely suppressed. The progress of the sulfonation
can be nonitored and checked in a sinple manner by [err] spectroscopy. 25
The biaryls enployed as starting coqggggﬁEsggggggh case contain a
[err]-radical in the 2- and 2'-position: A and min this case ave the
meani ngs descri bed above. Ais preferably a phenyl, tolyl or naphthyl

radi cal . The bILaryI Anvpmoceescafof urtheer M&mﬁ&ﬂst thut\!dtey.'-en&nblermre

i dent’i cal or- di f i & Sd
descri bed above ? P%glnggg$¥{cul ﬁmﬂ I SO Qd%%?fy]sogﬁ yu, s
t-butyl, phenyP 0 % adi cal or a fused benzene ring. its
preferably 1 and n -
: (a),P P(A)
2 \ * / 2 —_— . .
(HZC)m (CHz)m
) Thﬁfiiiﬁtliis
~
g
(RM)
s | :.n which A is ident;cal or different and is alkyl,

cycloalkyl, phenyl, tolyl or naphthyl radicals, R* is
xdentical or different and is hydrogen or alkyl or alkoxy
radicals having 1 to 14 carbon atoms, furthermore cyclo-
‘alkyl, aryl or aroxy radicale having 6 to 14 carben atoms
10 or a fused benzene ring, m is identical or different and
is an integer from 0 to 5 and n is likewise identical or
different and is integers from 0 to 4, at temperatures
from 0 to 60°C with a solution ¢f sulfur trioxide in
sulfuric acid and then allowing the mixture to react

15 subsequently with vigorous stirring at 20 to 60°C, in
- paxticular 20 to 30°C, over a period of 1 to 60 b,

- _dilutiﬁg the reaction mixture with water while
maintaining @2 temperature of from 0 to 20°C, in
particnlar 0 to 10°C, followed by working up.

20 2. The process as claimed in claim 1, wherein the can-

' centration of the sulfur trioxide dissolved in the
sﬁlfuric_acid'is 20 to 65 & by weight, relative to the
solution.

3. The process as claimed in claim 1 or 2, wherein. the
25 reaction mixture is allowed to react subsequently at 20

//II/II////l//llI////I/I///Ilf
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Is 0 or 1. Sulfonated biaxyl deivatives which are substituted- |n 10 t he
6- and 6'--position by [err] radicals (excepting fuse m t he
meani ng) -are of patiular sig- nificance. . TheLr prese ﬂﬂfﬂﬂ ﬂ!ﬂ F
rotation of the two substituted phenyl radicals. npl=eXccoopoxrn
contain nolecul gs of _this type as |i.gands, gan therefore oyed
as catal ysts f ena%?&%?%%'{ Fé%?t“ﬁ% eBe ?ﬁe%Fﬁp%?a‘H%ﬁgﬁ)f
bi aryl deri vat i&eswheu'ednmm ptea@bﬁonsmixbnrbi atihluted viaith Waebprarbs
based are. adv ‘39’? te [hé arﬂst&
obt ai ned accorcaiﬂig Bufe r| or artﬁ% %? {@ sé%ﬁg?or exaﬁ y coup?l ng
aryl Gignard % ear“ﬁu&ﬁ 5&% 3bF§WP§€aGFrP0(9 efram; B +
presence pf ni CZ@*c;aiﬁl patticulaet Febn' QULS 119°QH! FrediitBated Elkali
metal sulfate is filtered off, the aqueous solution is
concentrated under mild conditions, the crystalline
product is dissolved in a little water, the solution is
. mixed with a lower alcohol, preferably a C,- to C,~
10 alcohol, in particular methanol, and filtered and the
water-soluble diphosphine is isclated by removal of the
solvent under mild conditions,

5. The process as claimed in one or more of claims 1 to
3, wherein the reaction mixture diluted with water is
15 extracted with the solution of a water-insoluble amine
in a water-insoluble organic solvent, the oxrganic phase
is removed and brought into intimate contact with the
aqueouns solution of a base, and the water-soluble di-
phosphine is isolated from the agqueous phase removed.

20 6. The process as claimed in one or more of claims 1 to
4, wherein the biaryl compounds of the formula

(a), 2 P(A)

g | N/

</:\ \/__\

1
(R) (R)n

2

PR

employed for the sulfonation are -obtained by react:.on of
a dilithium compound of the fomula

. This Sheet Has Been RTlaced
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déhal ogenation of aryl bromides and iodides in the pres- ence of powdered
‘active- ni ckel oxides. 25* For the introduction of the_phosphine radical
into tthe biaryl and thus for the preparagion of the for obtainingt

sul fonated conpound, a novel procedure which stats from eﬂimﬁﬂﬂ&ﬁnmﬂ‘m
starting substances has proved very suitable. It conprisest L

30 2,2'-dilithiobi phenyl or its derlwatives of the fornula wth a

di aryl phosphi ne halide of the forrula [err] (where in the formulae [err] A

m and a have the neani ngs descri bed above and X is hal ogen). Por the
reaction, the two reactants are subgende®i n stoichlonetric mounts or

720\ /2
r_/' |

: h I
1 {(R")
(R.)n | n

with a halogenated dia:_ylalkylenephosphine of the ?omula
X(CE,):P(A)
where X is chlorine} b_romine or .iod:'.ne.

5 (diphenylpho_sphinomethyl)biphenyl as claimed in claim 1.

7. _Tixe i)roduct obt_ained by sulfonation of 2,2"=bis-

This Sheet Has Been Rerlaced

[
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with a small excess of one of the two conponents in an inert organic
solvemt, for exanple an aliphatic hydrcarbon or bydrocarbon m xture
such\%s hexane or light petroleum in an aromatic hyd such as toluene or in
an ether such as tetrahydroturan, and the 10 mxture is stirred at
tenperatures of ‘from-50 to 100[err]C, preferabl fr 50 [err]C.
The reaction product dissolved in the: orga% @'“Sfﬁ?ﬁm 3’? Hyzcznlla@ed usi ng
wat er. The di phosphi ne can be obtained in Mfmw-dee‘romtﬂeksﬂga’ﬂﬂﬁ
phase after rnoval of the solvent by 15 distillation and an op@@alda

added purification step. The di phosphine can be enpl oyed for the
sul fonation wi thout prior purification. The sul fonating agent used

according to th%é%'ﬂ&i%%&séhﬁt. G930/ i Rfn el & MATHUBOUT I C
acid. It is advantageou oy

s of £ isclosure

The inirention relates to the preparation of water-soluble
diphosphines derived from biaryl compounds.
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20 . HRVPhACEMENT SHEEdhcentration of 28¢f0 65 2%;pr~ wei ght pn%ed td ye"ta ged ..

the soljutfion. .~ An essemtifal feature of the novelj opedure 1§ the™ W paged b

egﬁggrea;)L sg%c‘;té[?ng/rea tlon t enperatures. These ag"“gg 60[8?‘$ - G

¢ fromO to 20[err]C ar Befo pagegs-..
ensur e it hat—t+he—t-enpet at not exceeded It Is.

recommgnded that the d| pOSphI ne is fi r st d| ssoljvd¥ATh @ “sgg; )
sul furit % 5 s £for; the preparation OF b=k

ir e ranges menii oned ar

v

stirring and intensive coollng It i d to react with 30
vigorous stirring at 20 to 60[err]C in particular 20 to 30 [err]c, over a

period of I to 60 h. [err] concentrations in the oleumand,the peri od of
stirring deternFhe i-ﬂéefﬂé]g?‘emtﬁl %n&?@?’?ﬁ“’t% &Bﬂ?ﬁ&"{%
hi gher the suppultieh &fe&rdexrived f&dw@mﬂhcmwnds andsarer sdlubbe nore

5 in water as a result of the’ presence of sulfonic acid
radicals in the molecule.

Complex compounds which contain, as the central atom, a
metal of é:oup VIII of the periodic table of the élements
and, as ii.gax_zds + P(III) compounds such as phosphines and

.10 phosphites and in addition optionally other groups suited
for complex formation, have recently become increasingly
important -as catalysts. Thus, the reaction of olefins
with synthesis gas to give aldehydes (hydroformylation)
practiced industrially on a large scale is carried out

15 in the presence of catalyst systems which are composed of
cobalt and, in particular, rhodium and triphenyl-
phosphine. Catalysts based on complex compounds’ contain-
ing phosphines have also proved suitable for the reaction
of mathano]l with synthesi.s gas to give higher alcohols,

20 in particular ethanol ‘and propanol (hnmologization)
accordance with the solubi.l.tty of these catalysts .i.n
o::gan:l.c media, the reactions are carrj.ed out in the
'homogeneons phase.

: Instead of in. the hmogeneous phase, the reactions can

25 . also be ca::r:ied qut Jin. heteroceneons reaction systems
mhe advnntaqe of this - process variant is the s.tmple and -
gentle separation of the catalyst, which is pu:eSent'
dissolved in watex, £::cm the water-insoluble reaction
product. For example, the process .described in

30 DE 2,700,904 C2 for the addition of hydrogen cyanide to
an unsaturated organic compound having at least one
ethylenic double bond works according to this principle.
_Suitable catalysts for this xreaction are the systems
nickel/TPPTS - [TPPTS Jis tri(sulfophenyl)phosphine],

35 palladium/TPPTS or iron/TPPTS. ‘For the preparation of
aldechydes by reaction of olefins with carbon monoxide and
hydrogen, according to the process of DE 2,627,354 C2



35 . sulfonic g@i {he di phosphi ne nol ecule. As soon as the
reaction is coon‘E? ACEWESE@ET :

tre—t-eatt- mxture is procedure, the sulfuri.c
acid solution is

i r st neutral - ed. Both during dilution of the reaction
m xture and durijnd n@GiHRIHN, Ichre is to be taken that over- heating does

not occur and it{ Has proved sujtable to 5 mai ntain tenperatures of from

0 to 20[err]C, iin particul ar fromOto 10derr]C. The aqueous sol ution of an
al kali netal byd ' sodi um hydroxide is used for

neutralization (]L% %%é %mn%oér)der ‘o

—h

wei ght, rel atlfé‘%al I rret Hip1id droﬁé\,iﬂ%&'ﬁ‘i@t

achi eve preci pion® i of vxhteh compounds together a watex-soluble
phosphine, for example TPPTS, as the catalyst.

Diphosphines, which as bidentate ligands are able to form
chelates with metal ions, are only used rarely, in con-
trast to the monophosphines, and then exclusively as
constituents of homogeneously dissolved catalysts. Thus,
according to the teaching of DE 2,904,782 C2, aldehydes
are obtained by hydroformylation of a lower olefinic
10 - compound in an organic solvent in the presence of a

: rhodium complex, & trisubstituted monophosphine and a

diphosphinoalkane. . i

DE 2,909,041 Al describes a process for the preparation
of aldehydes by hydroformylation of olefins in which
15 platinum is present as the catalyst,; the halide of at
least one metal of group IVB of the periodic table of the
elements ("carbon group”) is present as the auxiliary
catalyst ‘and ‘a two-bonded ligand of the formula
RX-Z-Y=2-XR‘, (R or R’ is an alkyl, aryl or aralkyl
20 gronp, X is phosphorns, arsenic or antimony, Y is an
alkylene, arylene or aralkylene group end % is a methy-
lene group or an oxygen atom) is present as the reaction
p:omote::. 2,2°-Bis (diphenylphosphinomethyl)-l 1/~
binaphthyl is used in cdémbdination with a 2hodium oxr
‘nickel compound as a ligand for asymmetric hyd:ogenation

catalysts accord.i.nq to I.aid-open Japanese Patent
.Appli.cation 79/39,059.

. 25

A reason for the comparatively rare use of diphosphines
as a constituent of catalyste may be the difficulties
vhich stand “in the way of their preparation on an
industrial scale. A number of laboratory processes for
obtaining diphosphines are indeed Xnmown, but their
application to industrial production processes is not
without problems, either technically or economically.

30 -

35 A process which inter alia relates to the preparation of



Is as conplete as possible of the alkali nmetal sulfate fornmed fromthe
sulfuric acid and alkali netal hydroxide, it is recommended to work at not
too great a dilution. Alkali nmetal sulfate precipitates fromthe
neutralized 15 reaction mxture. It is filtered off and washed several
times with a [ ower alcohol, preferably a [err] to [err] alcohol, in
particul ar nethanol. The sul fonated di- phesphine is obtained fromthe
filtrate by reanaI of the solvent under mld conditions for exanple by

glrfltsltgl l'ine pro b?‘r‘]’ ?‘A’Pﬁgg vg %&an?oél?gtl ur| ‘éc Hﬁ"istlonont |h§
m xed vml th a Lﬁmmomﬁfmﬁzggrgi%?ﬂﬁé& |3i-a-::;t 'y
particul ar met hapaipouhiad - e .
25 According £ 9, 3304ie PhOSESE of Lhe® Hib iy xblp2 5 the radical
S -CH(R;) (R,) and- optionally by other radicals. They are
converted by the action of proton-eliminating reagents
into biaryldianions, which are reacted with phosphorus
compounds of the formulae X~-P(R,)R;) or X-PO(R{)(R;} (X is
preferably a halogen atom). In this manner, diphosphines
10 .arxe obtained directly or, if the phosphorus compound

X~PO(R;) (R;) was employed, aftér reduction.

The process described above is suitable only for the
preparation of diphosphinés which are not substituted or
contain substituents which are inert to compounds having
15 -reducing action. In this cdonnection, it has to be taken
into account that a reduction step is not only necessary
when using reactants of the type X~P(O)(R;)(R;). The
formation of the b:l.a.ryldianion also takes place under
reducing conditions, as the reagem:s employed for elimi-
20 nating the p:r:otqn, .such as alkali matal hydrides or
alkali metal alkyls, have reducing action. A direct
yreparati.on of biarylphosphines containing sulfonic acid
groups is therefore not ‘possible in the way" described
above, because the snl.fcn.i.c acid groups are not retained
25 :I.n the :eaetion of hi.a::yl and phnsphorus compo\md.

The object was’ therefore to develop a process foxr ‘the -
preparation of sulfonated. diphosphines which not on.ly
‘solves the p:ohlems described, but is also simple to
carry out industrially and moreover economical.

30 The object described above is achieved by a process for
the preparation of water-soluble diphosphines. It
comprises treating biaryl compounds of the formula (I)

[
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Pat ent 0, 107, 006,

extracted with the solution of a water-insol uble
sol ubl e organic sol vent.

t he aci di c aqueous solution of the sulfonation product

amne in awater-i
The organi c phase is renoved and bought into 30

intimate contact with the aqueous solution of a base.

The sul fonat ed

di phosphi e can then be isolated fromthe aqueous phase renoved. The

sul fonate di phosphines are colorless tg ellomﬁsh
Dependi ng on the sul fonation condi ti ons;
sul fonic acid groups.
iIs 0. 5to 1.

degree

10

15

20

25

col ored pwders.
they contain 4 to 6

.25\ y, A)g
(B0, (CE) \REPLACEMENT SHEET
o 1o,
| QOFEBWET | ¢
7 \ 7 \ ; l |
= |

1 1
(R )n (R )n
(1)

in which A is ‘:_!.dentical or different and is alkyl,
cycloalkyl, phenyl, tolyl or naphthyl radicals, R' is
identical or different and is hydrogen or alkyl or alkoxy
radicals having 1 to 14 carbon atoms, furthermore cyclo-
alkyl, aryl or aroxy radicals having 6 to 14 carbon atoms
or a fused benzene ring, m is ldentical oxr different and
is an integer from 0 to 5 and n is likewise identical or

. different and is integers from 0 to 4, at temperatures

from 0 to 60 c with a solution of sulfur trioxide in
sulfuric acid and then allowi.ng the ‘mixture to :ecct
subsequently uiﬁh vigorous stir:ing at 20 to 60°C, in
-particular 20 to 30° c, ove:l: a period of 1 to 60 h,
diluting the :eaction mixture with water while
maintaining a temperature of from -0 to 20°C, in
particular 0 to 10 Cr fcllcwed hy'working up.

It is su:prisingly possible by the pxocess accoxding to
the invention to sulfonate biaryle substituted by-di-
c:gancalkyiece@hosphine -groups under mild conditions
(vhere organo is an abbreviation for alkyl, cycloalkyl,
phenyl, tolyl or naphthyl radicals). It is particularly
remarkable that the formation of oxidation products such
as phosphine oxides is largely suppressed. The progress
of the sulfonation can be monitored and checked in a
simple manner by *P-NMR spectroscopy.

The biarylc employed as starting compounds in each case

contain a -(CH,),P(A);=radical in the 2~ and 2’-position.

i's

They di ssol ve very eaS|Iy in water and the solubility
5 kg of sulfona%&gn product/ | o{ wat er according to the



of sul fonati on.
prepared fromthe al kali netal salts,

novel process is illustrated in the subsequent 5
restricted to the enbodi ments descri bedem

- bi s(di phenyl phosphi nonet hyl ) - bi phenyl ( BI SBI ") 10 2.34 g

of [err] obtai CL:?& g
995- 999, are s&gpendedﬂt%tamcﬁg exanel a 5 ﬁ!:‘tgre

provided with & & IHBFfGGﬁH!-Hs%rP

exanpl e, but it
g.. Preparatlon 0

(10

f
eweﬁke f'I

The free acids and also the salts of other netals can be
for exanple by ion exchange. The

i s not
mol )

ask
r and

treated dropw Ssiadyh molgeudescah furﬂlemomha m&&nﬁeﬁsﬁpmu& ox 83 ¢
(5 mmol) of 2, Znsrdliddeitsaly PO W £ ¥nit 9&&&&2@@.%%&9;96%*

5

10

15

20

25

30

is described sbove. R' is “in pdrticiikr: ‘hydEsen, a
methyl, isopropyl, Ssobutyl, t<butyl, phenyl ox naphthyl
radical ox a fused benzene ring. m is preﬁetably 1and n
is 0 ox 1.

Sulfonated biaryl derivatives which are substituted in
the 6- and 6°'-position by R' radicals (excepting fused
benzene xing from the meaning) are of particular sig-
nificance. Their presence prevents the rotation of the
two substituted phenyl radicals. Complex compounds which
contain molecules of this type as ligahds can therefore
be employed as catalysts for enantioselective reactions.

For the prepa::ation of the hi.argl derivatives containing

phosphoms, the biaryls on which they arxe based are.

advnntageously used. as sta::-ting mate::ials.

The biaryls -axve obtained according to prior art pro-
cesses, for example by coupling. aryl Grignard reagemts
with aryl chl.o:ide, bromide or fodide in the presence of
nickel catalysts. Another route to- obtain them is the
dehuogmﬁmofazylb:mides -and iodides :l.nthep:ea-
enca’ ‘of powdea:ed ‘active. nﬁ.ckel oxi.des.

For the S.ntzoducts.ou o£ thephosphine ::a.ds.cal S.nto the'

biaryl and ‘thus for the preparation of the intermiédiate

foxr cbtaining the sulfonated compound, & novel procedure

which staxrts from easily sccessible starting aubsi:ancés
has proved very suitable. It comprises the reaction of
2,2’~dilithiobipheny)l or ites derivatives of the formula

1 1
(R, {(R™)
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Chem 228 (1982), 107-118, in 30 m of hexane. The m xture is then heated
at 60[err]C for about 30 mm and the solution is cooled by addition of 20 ni
of toluene. After 20 stirring fox 20 mnutes, it is cautiously
hydrol yzed with 10 ml of water. The. organic phase is renoved in a separ-
ating funnel, washed tree. tines with 5«16 portions of water and freed of
solvent in an oil punp vacuum at a naxinun1of 30[err] C. BI SBI is

Yo

precipitated frg {;q:ﬁ éﬁfne USE Qe FormmMai (8 t(

addi ti on of 15 of eiﬁ%% |t ed off througgB (%?

Yi el ds 70 % of n@ APy An He |ﬁ9fleﬁ's VTQ out

di sadvant ages odesgstbgd aboxres lamd X Leah&lmﬂ/bs%% thedrragEioRnn Bheres are
i ncreased. 30  two’re&vtARER d ) stbpBhaBbl £n BRSLCH1dReTR carRothEsBwed i n

2 mof cgncentw%ﬁd small excess of one of the two components in an

inert organic solvent, for example an aliphatic
hydrocarbon or hydrocarbon mixture such as hexane or
light petroleum, in an aromatic hydrocarbon such as
toluene or in an ether such as tetrahydrofuran, and the
nixture is stirred at temperatures of from =50 to 100°C,
preferably from =20 ta 50°C. The xeaction product
dissolved in the organic medium £s hydrolyzed using
water. The diphosphine can be obtained in high yields
from the organic phase after removal of the solvent by
15 distillation and an optionally added purification step.

i0

The diphosphine can be employed for the sulfonation
without prior purification. The sulfonating agent used
according to the invention is oleum, i.e. a solution .of
S0; in sulfuric acid. It is advantageous to employ ocleum
20 having an §0; concentration of 20 to 65 & by weight,
relative to the solution. An essentia) feature of the
novel procedure is the m!.nteaance of specific reaction
temperatures. These are § to 60°C and low tempexatu:es
I.nthe:anqefmﬁtozo‘Ca:ep:efer:ed In oxder to
ensure.- that the tempeutuxe .ranges mentioned are not
exceeded, it is recmended ‘that the di.phosph.i.ne is fixst
dissolved in congentrated sulfiric acid and the solution
is then treated with oleum in portions with stixring and
intensive cooling. It is then allowed to react with
30 vigorous stirring at 20 to 60°C, in particular 20 to
30°C, over a perjod of 1 to 60 h. S0, concentrations in
the oleum and the péri.od of stirring determine the degree
of sulfonation of tha diphosphine. The higher the supply
of SO, and the longer the mixture is stirred, the moxe
sulfonic acid groups enter the diphosphine molecule. As
gcon as the reaction is complete, the reaction mixture is

35

REPLACBMENT SHEEYPrked up by dilution with water. There are several
processes available for this. According to an approved

U6 FEB 1997




sulfuric acid and treated dropwise at OCwith 5 nm of -9- oleumerr]
contents 20 to 65 % by weight, relative to the solUion) . After warm ng
to roomtenperature about 20[err]C), the reaction mxture is stirred
vigorously for several hours, then poured cautiously onto about 100 g of S
ice and neutralized at tenperatures bel-ow®b[-err]C usi ng an aqueous NaCH
sol ution (NaoH content 50 % by weight, relatlLve to the solution). The

resul ting SUSpewdus:efl kher pd1gagié f‘lﬁcid|é6mﬂdxﬁ s gitdhsito n@btphlof
rrrre; 2228: mg fclo ne%ﬁaghﬁh% concentrat ed ="tqa""%i’hl Qﬂ.&tﬁéelgnd
dm:i.ng neutralization, care is be taken that over-
heating does not ogonr and it has proved suitable to
maintain tanpera.tu:es of from 0 to 20°C, in particular
from 0 to 10°C. The aqueous solution of an alkali metal
hydroxide, p:efe:ably sodium hydroxide, is used £or
neutralization. Alkali metal hydroxide concentrations of
20 to 60 ¢ by weight, relative to the solutfon, have
proved suitable. In orxder to achieve precipitation which
is as compléte as passible of the alkali metal sulfate
formed from the sulfuric acid and alkali metal hydrokide,
it is recommended to work at not too great a dilution.
Alkal{ metal sulfate precipitates from the neutralized
reaction mixture. It is filtered off and washed several
times with a lower alcohol, preferably a Ci~ to C,-
aloohol, in particular ‘methanol. The sulfonated di-
phosphine is.obtained. fxom the- fﬂtrate by removal of the
‘solvent " under mild conditions, for example by distil-
lation in. the wvacuum - of an oil pump. For purification,
the crystalline product. obtained is dissolved in a little
water, the solution is mixed with a lower a:l.cohol,
preferably a Gy~ to c‘-ga.lcohol, in particular methanol,
and f£i)tered, and the solvent is again removed gently.

10

15

20

25 According to another- process, .the subject of European

Patent 0.107,006, the aci.d.tc -aqueous solution of the
sulfonation preduct. is e:t;:acted with the so:l.utipn of a
water-insoluble amine in a water-lnsaiuble orqanic‘
solvent. The organic phase is removed and brought into
intimate contact with the aqueous solution of a base. The

sulfonated diphosphine can then be isolated from the
aqueous . phase yemoved, '

30

The sulfonated diphosphines ere colorless to yellowish~
colored powders. Depending on the sulfonation conditions,
they aontain 4 to 6 sulfonic acid groups. They dissolve
’,..... . e YOEY €8E4Lly in witer and the solubility is 0.5 to 1.5 kg

35
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dryness in RE?LACWENTV

wat er. The
met hanol , tHhe
concerted 0115

ar""aImper - col pr

SUS%%{% 7I S ?]

d solution is injected into 30 m of
irred and filtered, and the filtrate is

depends On tih

-E
arogress—~ef—t h

[err]-nual egr

\VAl

reaction, which is noni- tored by
nagnetlc resona

Charari zati om

bel ow was obt ai d

65 % strength
(), -7.1 (a),

of—tte-TeEaction product 20 The reaction product

egréga%

1040 (st), 1098fdmexszuigle by ion exchange.

10

15

20

25

30

The novel process is illustrated in the subsequent

example, but it is not restricted to the embodiments
described.

Example

1, l’xepa;ntion of 2,2‘«bis(diphenylphosphinomethyl)~
biphenyl ("BISBI*)

2.34 ‘g (10 mmol) of CICH,PPh,, obtained according to
Langhans et al., Chem. Ber. 123 (19%0), 995-588, axe
suspended in 30 ml of hexane in a 250 ml three-necked
flask provided with a reflux condenser, dropping funnel
and magnetic stirrer and treated dropwise with vigorous
stirring with a suspension of 0.683 g (5 mmol) of 2,2~
dilithicbiphenyl, cbtained according to J. Organomet.
Chem. 228 (1982), -107-118, in 30.ml of hexame. The

mixture is then heated at 60°C for about 30 min a.nd. the

solution is cooled by addition of 20 ml of toluene. After
stirring for 20 minutes, it is cautiously hydrolyzed with
10 ml of water. The orqanic phase is removed in a separ-
‘ating funnel, washed th::ee times with 5 ml portions of
water and freed of solvent in an o0{l pump vacuum at a
‘maximam of 30°C. BISBI is- precipitated from the residual
wiscous oil as a wh.i.te solid by addition of 15 ml of
ethanol and ffltered off through a G3 glass frit.

Yield: 70 ¥ of theory. The batch sige can be increased
100~fold without disadvantages or losses in yield if

reaction vessels and reaction times a:':e increased.

2. Sulfonation of BISBI

1 mmol of BISBI are dissolved in 2 ml of concentrated
sulfuric acid and treated dropwise at 0°C with 5 ml of

and the residue is taken up in very little

an oil punmp vacuum The sul fonation period

ce spectrosgaopy at intervals of about 2 h.

i bed

the BEEEEI g Wi th
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1146-(a), 1195 (sst) P/Sratio =2 : 5.7 (elenental analysis) Solubility:

greater than 1 g/m of water Appearance: yellow sh powder 1. A process
for the preparation O water-sol uble di phosphines, which conprises treating
bi aryl conpounds of the fornula (A) [err] [err] [err] 5 in which A

is identical or different and is al kyl, gyglopal kyl, phenyl, tolyl or
naphthyl. radicals, [err] is identical or different and is. hydrogen or
al kyl or al KoXY o9 eym (SO; content: 20 to 65 § by weight, relative to the
solution). After warming to room temperature '({(about
20°C), the reaction mixture is stirred vigorously for
sevexal hours, then poured cautiously onto about 100 g of
S ice and neutralized at temperatures below 5°C using an
aqueous NaOH solution (NaOH content: 50 & by weight,
relative to the solution). The resulting suspensi.on is
filtered and the filtrate is added to 25 ml of ‘methandl.
The filter cake is washed twice with 25 ml portions of
10 wmaethanol. The combined fractions are concentrated to
dryness in an oil pump vacuum and the residue is taken up
in very little water. The clear, amber-coloxed solution
is injected into 30 ml of methanol, the suspension is
stirred and filtered, and the f£iltrate is concentrated to
dryness in an oil pump vacuum. The sulfonation period
depends on the progress of the reaction, which is moni-

tored by *P-nuclear magnetic resonmance spectroscopy at
intervals of about 2 h,

15

c:_tet zat on_of the ) ac roduct

20 The reaction product described below was obtained from

BISBI, a.fter Teaction for 17 h, by reaction with 65 &
strength oleum.

‘*1»-mm (151 8 MHZ, cu,cl,, 20°C)s § = ~6.8 (8), =7.1 (8),
-9 5 (S)' -S 6 (’) :

25 IR (XBr, em") v s_sss ®)., 1040 (st), 1099 (m), 1127 (m),

1146 (m), 1195 (sst)
P/s ratio = 2 : 5.7 (elemental analysis)
Solubilityr greater than 1 g/ml of water

Appearance: yellowish powder
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radi cal s ha iéiﬁ*j;pn atons. furthenore cyclo- alkyl, aryl or
aroxy radi cHESPIN b SiERE4 carbon atons 10 or a fused benzene ri ng m
is identicaj P Terenf dnd is an integer fromO to

bdtegt |68?:I Wlo’j h! a ?f’%‘?}ﬁgf Ls integers fromO to 4, il Bﬂmu“mmw

qul fur trioxide in sulfur|C*ac<IdLand t Ren”
al | owi ng t g ! icti 15 suHivequently with vigorous stirring at
20 to 60[er]C in partlcular 20 to%{g_ﬁ%er . a period of 1 to 60
h, diluting THe ~Té€action mxture w wat er ile maintaining a
terrperature of from O to 20[err]C, in particular 0 to 10[err

fol |l oned by wor Rieng &p.peocess Zfor Tthe praeparaiios aﬁﬁedfqﬁﬁrcﬁakﬁﬂiie

wherein the condiphokphingsd, OkhiSR Sthprisdd | epesitisy Isiniryadd dompbhadsul uric
acidis .20 to Q&% |g§£relat|vetothe

(a) P P(A)
2 \ Y 2
(B0 (CH

7/ \—— \

-J— J—(
l - .l
1

&h =h

in which A is identical or different and is alkyl,
cycloalkyl, yhenyl ¢ tolyl or aaphthyl radicals, R!' is
identical oxr di.fferent and is hydrogen or alkyl or alkexy
radicals having 1 to 14 caxhbon atoms, furthermore cyclo-
alkyl, aryl or aroxy radicale having 6 to 14 carben atoms
or a fused benzene xing, m is idenhi.cal or different and
is an integexr from 0 to5andn is :u.kewise identical ox
different and is integers from 0 to 4, =t temperatures
from 0 to 60°C with a solution of sulfur trioxide in
sulfuricacidandthenmewingthenixtn:eto:eact
subsequently with vigo:ons stirring at 20 to 60°C, in
particular. 20 to 30°c, over a period of 1 to 60 h,
di.lutiug the reaction _mixture with water while
ma.:l.ntqini.ng a temperat.u.:e of £m 0 to 20°C, in
parti.cula: 0 to 10°C, io:u.owee bywrldng up.

10

15

20 2. The process as c],ai_ned in claim 1, wherein the con-

centration of the sulfur trioxide dissolved in the

sulfuric acid is 20 to 65 & by weight, relati.ve to the
solution.

3. The process as claimed in claim 1 or 2, wherein.the

reaction mixture is allowed to react subsequently at 20
to 30°C.

25



sol ytion. 3. The process as clained in claiml or 2, wherein the 25
reaction mxture is allowed to react subsequently

The process as clained in one or nore of clains 1 ﬂu,ﬂ ”mﬂmahm ,tE
reaction m xtuxe diluted with water €0 al kal i

i's neutralised using tan=aqgsl
met al hydroxi de sol ution while maint

agr:n ng a tenperature of fromO to 5
20C, in parcularomO to 10[err]C, i pitated al kali netal sulfate is |
filtered off, tghe aqmao Eoéewtwmmanm%mwmebf ¢cldtiha Qordi ti ons,
t he crystalli%e

'End!! BERLYESn ' HsReitd ' MEINELE" wibhowalbl' L@ | S
neutralized using° an aqueous alkali metal hydroxide
solution while maintaining a temperature.of from 0 to
20°C, in particular from 0 to 10‘_0, precipitated alkali
metal sulfate is filtered off, the aqueous solution is
concentrated under mild conditions, the crystalline
product is dissolved in a little water, the solution is
mixed with & lower alcohol, preferably a C;- to C,-
alcohol, in particular methanel, and filtered and the

wvater-soluble diphosphine is isolated by removal of the
solvent under mild conditions.

10

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

3, wharein the reaction mixture diluted with water is
extracted with the solution of a water-insoluble amine
in a water-insoluble organic solvent, the organic phase
is removed and- brought into intiwmate contact with the
agqueous solution of a base, and the water-soluble di-
pﬁq#phiz_z,e is isolated from t'.l_;e agueons phase removed.

15

20 6. 'nhe p::oeess as cl.ained .in:one or more of claims 1 to

~4, where:nthehia:yl cmpounds ofthe foarmula

(A). 23? - P (A) 2

N/

employed for the sulfonation are -obtained by reaction of
a dilithium compound of the formula
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m xed with a | ower al cohol, preferably a Cl- to [err] 10 al cohol, in

particular nmethanol, and filtered and the water-sol ubl e di phosphine is

i sol ated by renoval of the solvent under mld conditions. S. The process
as claimed in one or nore of claims 1 to 3, wherein the | ﬂnmulimmmmjnﬂﬂ
diluted with water is |5 extracted with the solutionj

wat er-insol ubl e amine in a water-insol uphe organic sol vent’, fhe*or'yani c

phase is renoved and-. brought into intinate contact with t he aqueous
solution of a base, and the water-sol uble di- phosphine is isolated from

t he ageous phase renoved. 20 6. The process as clained in one or nore
of clainms 1 to 4, wherein the bi,aryl conpounds of the formula [err] [err]

Li Li

with a halogenated dia:ylalkylenephospliine of the formula
X(CH,).P(A)2
where X is chlorine, bremine or iodine.

7. The product obteined by sulfonation of 2,2¢-bis-
5 (diphenylphosphinomethyl)biphenyl as claimed in claim 1.




enpl oyed for the sulfonation are obtained by reaction of a dilithium
conpound of the formul a wi th a hal ogenat ed di aryl al kyl enephosphi ne of
the forrmula where X is chlorine, bromne or iodine. 7. The product
obt ai ned by sul fonation of 2,2'-bis- (diphenylphosphi nonethyl)bi phenyl as
claimed in claiml. 13-

PROCESS FOR THE PREPARATION OF WATER-SOLUBLE DIPHOSPHINES

ABSTRACT

The invention relates to the preparation of water-soluble
diphosphines derived from biaryl compounds.

s - A TSSO

R EPLACEMENT SHEET
0 6 FEB 197




