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r;poess fgr tbe preparation of water-sol1lble 

di.phosphines 

The invention :relates t~ the prepuation of diphosphines 
which ue derived from biaryl compounds and are soluble 

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

. 10 

Comple.z c.ompounds which contain, as the central atom, a 
metal of group VIII. of the periodic table of the elements 

and, as lig~s, P(III) cQ.mpOunds such as phosphines and 
phoaphl.tes and in addit_ion optionally other groups suited 

for complex fo%21lat1on, have recently become i.ncrea.sinfJlY 

important ·as catalysts. Thus, the .reaction of olefins 
with synthesis gas to give aldehydes (hydrofoxmylation) 

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

i.nq phosphines have also proved sui.table for the reaction 

of methanol with synthesis gAs to qive hiqher alcohols, 

20 in particull!lr ethanol and propanol (homologization}. In 
accordance with the solubil.1ty of these catalysts in 

organic media, the reactions are carried out in the 

:ZS 

homogeneous phase. 

Instead of in the ·homogeneous phase, the reactions can 
al•o l:>e. carried o~t in heterogeneous reaction systems. 
~he advantage of tl:Us process variant is the simple and 

gentle separation of the catalyst, which i.s present 
dissolved in water, from the water-inso1uble :reaction 
product. For example, the process described in 

30 DE 2,700 1 904 C2 for the addition of hydrogen cyani.de ta 
an unsat~ated organic compound havi.ng at least one 

ethylenic double bond works ac~ording to this principle. 
Suitable catalysts for thia reaction are the systems 

nickel/'fPP'!S [!l'PP~S is t:i(sulfaphenyl)phosphine], 
35 palladium/!rPPTS or · iron/TPP~S.. For the preparation of 

aldehydes by reaction of olefins with carbon monoxide and 

-------~.!Ji~~am.i...-:;~ees~.ing to the precess cf .. Pl .21 627, 354 C2 
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rhodimn is employed in metallic fo:cn or in the £orm of 

one of ·.its c~p~nds. · together with a water-isol.ubl.e 

phosphine, for example HHS, as the catalyst. 

Diphosphines, which. as l:li.dentate liqands ue able to foxm 

S chelates with metal ions, are only used rarely, in con­

trast to the monophosphines 1 and then exclusively as 

constituents of homoge:n.eoualy dissolved catalysts. Thus, 

according to the teaching of DE 2 1 904 1 782 c2, al.dehydes 

are obtained by hydrofo::cmylation of a J.ower olef.ini.c 

10 compound i:n an organic solvent in the pres~nce of a 

rhodium complex, a trisubstituted monophosphi.ne and a 

diphosphi.noalkane. 

DE 2,909,041 Al describes a process for the preparation 

of aldahycles by hyd.rofo=iylation of olefins . in which 

15 pl.atinum is present. as the catalyst,; the hali.de 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 fox:mul.a 

RzX-Z-Y-Z-XR' 2 (R or R' is an alkyl, aryl or arallcyl 

20 group, X i.s phosphorus, arsenic or antimony, Y is an 

alkylene, a.rylene or aralkylene group and z is a methy­

lene group or an oxygen atom) is present as the reaction 

promoter. 2,2 1 -Bis(diphenylphosphinomethyl)-l,l'­

binaphthyl. i.s used i.n combination with a rhodium or 

nicke1 compound as a ligand for asymmetric hydrogenation 

catalysts accordinq to La.id-open Japanese Patent 

.Application 79/39,059. 

A reason for the comparatively rare use of diphosphines 

as a constit~~nt of catalysts may be the difficulties 

30 which .stand in. the way of their preparation on an 

iz_idustrial scale. A number of laboratory processes for 

obtaining diphosphines are indeed known, but their 

application· to industrial production processes is not 

without problems, either technically or economically. 

35 A process which inter alia relates to the preparation of 
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diphosphines - they ue used:. as bidentata pbospho~ 

ligaruis - is the sUbject of BP 0,326,286 Al. Bia:cyl 
eompounds are employed as starting substances which are 
substituted in each of the two aeyl groups by the radical 

5 -CH('Ra) (R4) and· optionally by other radicals. They are 
converted by the action of proton-eliminating reagents 
into biaJ:Yldianions, which axe reacted with phospho;rus 

compounds of the fo:r:mulae X-P(R.1)~) or X-PO(l\i) (Rz) (X i.s 

10 
preferably a halogen atom). rn this manner, diphosph.ines 
are obtained directly or, · if ·the phosphorus com.pound 

X-PO(R.i)(~) was emploYed, after reduction. 

'.rhe process described above is suitable only for the 

preparation of diphosphines which a:e not substituted or 

contain substituents which are inert to compounds havinq 

15 ·reducing action. rn this connection, it has to be tak~n 
into account that a reduction step is not on1y necessary 

when using reactants of the type X-P(O) (~)(Ra).. ~e 

fox:ination of the biuyldianion also takes place under 
reducinq conditions, as the reagents employed for elimi-

20 

25 

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 sulfonic acid groups are not retained 
in the react.ion of biu:yl and phosphorus cam.pound. 

!rhe o~~ect was therefore to develop a process fox tha 

preparation of su.l:fonated diphosphines which not only 
so1ves the proJ:>lems described, but is also simple to 

carry out industrial.ly and moreover economical. 

30 ~he ob~ect described above ~s achieved by a process for 
the prepa:rat.ion of water-soluble diphosphJ.nes.. It 
com.prises treating biax:yl. compounds of the formula (I) 

---------
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.in which. A is identical or different and is alkyl, 

cycloalkyl, phenyl, tolyl or naphthyl radicals, R1 is 

identical or different and is hydrogen or alkyl or alkox;y 

raclicals having 1 to 14 carbon atoms, fu;thermore cyclo-

5 alkyl, aeyl or aroxy radicals having fi to 14 carbon atoms 

10 

15 

or a fused benzene rinq, m is identical or different and 

is an inteqer from 0 to S and n is likewise identical o:r 
. di.fferent and· is integers from O to 4, at temperatures 

from o to so•c wi.th a solution of su.lfur trioxide in 
. - . . 

sul.fur.io acid and then allowing the mixture to react 

subsequently with vigorous sti.rrin~ at 20 to 60°C, in 
particular 20 to 3o•c, over a period of 1 to 60 h, 

di.luting the reaction mixture with wate: while 

main~i.ning a temperatm:e of from o to 20 •c, in 

particular 0 ~o io•c, followed by workinq up. 

It i.s surprisingly possible by the process accord.i.nq to 
the invention to sulfonate biaryla substituted by di­

organoalkylenephosphin1a -groups under mild conditions 
(where organo i.s an abb:ceviation for alkyl, cycloalkyl, 

20 phenyl, tolyl or naphthyl radicals). ~tis particularly 
remarkable that the fo:z::mation.9f oxidation products such 
as phosphine oxides ·is larqely suppressed. The progress 

of the sulfonation can be moni.tored and checked · in a 

simp:J.e manner l>y "'P-NMR spectr~scopy. 

25 The biaryls employed as starting compounds in each case 
contain a -(CHa).P(.A) 2~radical in the 2- and 2'-pos~tion. 
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A and m .in this case.have the meanings described above. 
A ia pre~erably a phenyl, tolyl or naphthyl radi.cal ~ ~he 

. . . . . 

biaeyl molecu.la can furthermore be substituted by one or 
more identical or different radicals lt1 • The a.eaning of R.1 

5 is described above. R1 is in particuiar hyd.ro9en, a 

methyl, isopropyl, isobutyl, t-butyl, phenyl or .naphthyl. 

radical or a fused benzene. ring. mis preferably l a.nd n 
i.S 0 OX' 1. 

Sulfonated.biax:yl derivatives which are substituted in 

10 the 6- and &'•position by R.1 radicals (excepting fused 

benzene ring from the meaning) are of particular sig­
nificance. 'nleir presence prevents the rotation of the 
two s~stituted phenyl radicals. Complex compounds which 

contain molecules of this tJPe as liqands can therefore 
15 be employed as catalysts for enantioselective reactions. 

Por the preparation of the biaryl derivatives containing 
phosphora,s ~ · the bia:cyls on which they are based. are 

advantageously used as starting materials. · 

'1'he biaryls · ·ue obtained according to prior art pro-
20 cesses, for umnple by coupling tu:yl. GrignaJ:"d reagents 

with aryl chloride, bromide OJ: iodide in the presence of 
nickel catalysts. Another route to obtain them is the 
dehalogenation of a.ryl bromides and iodides in the pres­
ence of powdered active nickel oxides. 

25 For the int:roduction of the ·phosphine radical into the 

)liaryl and·thus for the preparation of the i.nte:cmediate 
for obtaininq:the a~lfonated com.pau.nd, a novel procedure 
which st~s. froa easily_access:l.ble starting sub$tances 
has proved vary suitable. Xt com.prises the :ceaction of 

30 2,2'-dilithiob~phenyl or its derivatives of the formula 

<Rlln <al> n 

.. 
Li 
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with a. cU.aryipnospn;a.ne halide of the foJ:mUla (A)aP(Cftil.X 
(where in the to:rmulae R1 , A, m and. n have the meaning-s 
described al:>ove and xis halogen). Por·the react.ton, the 

two reactants are suspended in stoichiometric amounts or 
5 w~th a small ezcess of one of the two components in an 

inert organic so1vent, for .example an aliphatic 
h~oca:rbon or hydrocarbon mixture such as hexane or 
light pet:r:Oleum_, in an aroma.tic hyd:rOcarbon such as 
toluene or in an ether such as tetrahydzofuran, and the 

10 ndxture 1$ st;rred at temperatures-of from -so to 1oo•c, 
preferably from -20 to 5 O •c. The reaction product 
dissolved in the organic medi~ is hydrolyzed usinq 
water. ~he diphosphine can be obtained in hiqh yields 

·from the organic phase after rem.oval of the solvent by 

15 di.still.at.ion and an optionally added purification step. 

The di.phosphine can be employed for the sulfonation 
without prior purification. ~h~ sulfonating agent used 
accord.in; to the invention is oleum, i.e. a so1ution of 
S03 in sulfuric acid .. It is advantageous to employ oleum 

20 having an so3 concentJ:ation of 20 to 65 ts by weight, 
re:Lati.ve to the solution. An essential feature of the 

novel p:ocedure is the :maintenan~e of specific reaction 
temperatures. ~hese are 0 to 60°C and low temperatures 
in the ranqe f~om 0 to 2o•c are preferred. In o:der to 
ensure that the temperature ranqes mentioned are not 
exceeded,· it is recommended that the diphosphine is first 
dissolved in conQentrated sulfuric acid and the solution 
is then treated with oleum in portions with stirri:n.9 and 
intensive cooling. It is then al.lowed to react with 

30 vigorous stirring at . 20 to 60°C, in particular 20 to 

30°C, over a period of l to 60 h. so1 concentrations in 

the oleUJn and. the peri.od of stirring dete1"ti.ne the degree 
of aulfonation of the di.phosphine. '.rhe higher the supply 

35 
of SOa and the longer the mixture is stirred, the moxe 
sulfonic acid groups enter the di.phosphine molecule~ As 

soon as the reaction is complete,. the ree.ction Jnizture is 
worked up by dilut.ion with water. 'l'here are several 
processes available for this. According to an approved . 
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procedure, the sulfuric acid solu~ion is first neutrai­
ized. Both -during di.lution.of the. :reaction mixture and 
during neutraliz_ation, care is to be taken that over­
heating does not occur and it has proved suitable to 

5 maint.ain temperatures of from O to 2o•c, iD. particular 
fX'Oll\ o to io•c. The aqueous solution of an alkali metal 
hydroxide, preferably sodium hydroxide, is used for 
neutral.1zat:5ron. Alkali metal hydroxide concentrations of 
20 to 60 t by weight, relative to the solution, have 

10 proved suitable. In order to achieve precipitation which 
is as complete a$ possible of the alkali metal sulfate 
formed from the sulfuric acid and. alkali metal hydroxide, 
it is recommended to work at not too great a dilution. 
Alkali metal sulfate precipitates from the neutralized 

15 reaction mixture. It is fi1tered off and washed several 
times with a lower alcohol, p:eferably a c1- to C4-

alcohol, in particular methanol.. '.rhe sulfona.ted di­
phosphine is o~tained f~ the fi.l tra."t?e by removal of the 

20 

25 

solvent.under mild conditions, for example by distil­
lation in the vacuum of an oil. pump. For purification, 
the crystal.l..ine product obtained is dissolved in a littl.e 
water, the solution is mixed with a lower al.cohol# 
preferably a C1- to c.-alcohol, in particular methanol, 
and fi.ltered, and the solvent is again removed qently. 

According to another process, the subject of European 
Patent O, 107,. 006, the acidic aqueous sol.ution of the 
sulfonation product is extracted with the so1ut.ipn of a 
water-insoluble amine in a water-insoluble orqani.c 
solvent. 'the organic phase is removed and b:cought into 

30 intimate contact with the aqueous solution of a. base. 'the 
sul.fonated diphoaphine can then be isolated f:rom the 
aqueous phase removed. 

~he sulfonated c:U.phosphi~s are colo:cless to yellowish­
colored powders. Depending on tha sul£onation conditions, 

35 they con~a.in 4 to 6 sulfonic acid groups. '.rheydlssolve 
very easily in W.ater and the sol\lbility is o.s to l.!5 kg 

of sulfona.tion product/l of water according t:o the degree 
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of sulfonation. ~ f:ee acids and also the sal.ts of 
other metals can be prepared f~ the al.kali metal salts, 
for example by ion exchange. 

'l'he navel process is illustrated in the subsequent 
5 example, but it is n~t rest:cicted to the enibodiments 

described. 

1. Preparation of 

biphenyl (•BISBI1t) 

-------

2 1 2'-bis(diphenylphosphinomethyl)-

10 2. 34 q ( 10 imnol) · of ClCHiPP~2, obtained accorc:linq to 

Langhans et al., Chem .. Ber .. 123 ·(1990), 995-999, are 
suspended in 30 ml of ·hexane .in a. 25 0 ml three-necked 
f~ask provided with a reflux condenser, dropping funnel 
and magnetic st1r:cer and'treated dropwi.se w.lth v.iqo:rous 

15 stir::ci.nq with a suspens!.on of 0.83 q (S JDmOl) of 2,2•­
dilithiob:tphenyl, . obtained according to J, Orqanomet. 
Chem. 228 (~982), · 107-118, in 30 ml of hexane. 'l!he 
mixture is then heated at 60°C for about 30 min and the 
solution .is cooled by addition of 20 ml. of tol.uene. After 

20 stl:z:rinq fo:z: 20 minutes, it is cautiousl.y hydrolyzed wi.th 

10 ml of water. The organic phase is removed in a separ­
atinq funnel, washed three times ~ith 5 ml portions of 
water and freed of· solvent in an oil pump vacuum at a 
maximum of 30°C. BISBI is precipitated f.rom the resi.dual 

25 vi.scous oil as a white so~id by addition of 15 ml of 
ethanol and filtered off tlu:ouqh a G3 ;iass frLt. 

Yield: 70 ti of theory. tJ!he batch siae can be increased 
100-fold without disadvantages or losses in yield if 
reaction vessels and reaction times are in.creased.,. 

30 2. Sul.fonation ot BISBI 

1 mmol of BISBI are dissolved in 2 ml of concentrated 
sulfuric acid and treated dropwise at o•c with 5 ml of 

' 
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oleum (S01 content: 20 to 65 i by weight, relative to the 
solution). After wm:ming to room temperature (about 
20°C), the reaction mixtw:e is stirred vigorously for 
several hours, then poured cautiously onto about 100 q of 

S ice and neutral~zed at temperatures below 5 • C using an 

aqueous NaOB solution (BaoH content• 50 ' by weight, 
relative tq the solution). ~he resulting suspension is 

filtered and the filtrate is added to 25 ml of methanOl . 

. The filter cake is wal!lhed twi.ce with 25 ml portions of 
10 methanol. '.rhe coml:>ined · fraeilons are concentrated to 

dryness l.n an oil pump vacuum and the residue .:ls 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 oil pump vacuum. The sulfonation period 
depends on the progress of the reaction, which is moni­
tored by 11P-nuclear magnetic resonance spectroscopy at 
inte~a1s 0£ about 2 h. 

20 

25 

Cbaracterizat1:on of thereact.j.on product 

The reaction ~oduct described below was obtaJ.ned from 
BISBI, aft&lr reaction for 17. h, by reaction with 65 t 
strength olemn.. 

*1P-mm (161 .. 8 MHz, co2c1,, 20°C): 6 ~ -6.S (s), -7 .1 (s), 

-9.5 {s), -9.6 (s) 

IR (Dr, cm-1 } ., = 993 (m), 1040 (st), 1098 (a), 1127 (m.), 

1146 (m), 1195 csst) 

P/S ratio • 2 : s·. 7 (elemental analys:ls) 

Solubility1 greater than 1 g/ml of water 

Appearance; yellowis~ powder 
_______ __. ______________ 

Th~Hl'1ii1nr 
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Patent claims 

i. A process f~ the preparation of water-soluble 
· di.phosphines, which campr1$es. treating l>im:yl compounds 

of the·fo:cmula 

(Al
2

P 
\ . 

<B2C)m 

5 i.n wh:i.c:h A is identi.cal or different and is alkyl, 
cycloalkyl, phenyl, tolyl or naphthyl. radicals, R1 is 
i.~enti.cal or different and is hydrogen or alkyl or alkoxy 
radJ.oa.ls having l to 14 carl>on atoms, furthe;rmore cyclo­
a.lkyl, uyl or aroxy radicals having 6 to 14 carbon 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 integ-ers frma O to 4, at temperatures 
from 0 to 60 •c with a solution of sulfur trioxi.de in 

15 
sulfuric acid and then allowing the mixture to react 

subsequently with vigorous ~tin:ing at 20 to 6o•c, in 
particular 20 to 30°C, over a period of 1 to 60 h, 
diluting the reaction mixture with water while 
ma.intain.i.ng a temperature of from O to ~o·c, in 
particular O to. io•c, followed by working- up. 

20 2. ~he proceJ!Ss as clainied in claim 1, whereJ.n the con­
centration of the sulfur t~.1.oxi.de d.1ssolved in the 
sulfur~c acid is 20 to 65 % by weight, relative to the 
solution.·· 

3. ~ process as · claimed in claim 1 or 2, wherein: the 
25 reaction mix1:ure is allowed to react subsequently at 20 

to 3o•c. 

1 ll!f If llfH ~a H aH 
* 
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4. '?he process as claimed in one or more of claims l to 

3, wherein the reaction mixture diluted with water is 
neutralised using· an aqueous alkal.J. metal hydroxide 

sa1ution while :maintaining a temperature.cf from Oto 
5 2o•c, in particular from o to 1o•c, precipitated alkali 

metal sulfate is filtered off, the aqueous solution is 
concentrated under mild Qondi.tions, the c~stalline 

product is dissolved in a little water, the solution is 

mixed with a lower alcohol, preferably a C1- to C4-

10 alcohol, in. particular methanol, and fi.lte:r:ed and the 

water-soluble diphosphine is isolated by rem.oval. of the 

solvent ~der mild conditions. 

S. !rhe process as claimed in one or more of claims l to 
3, wherein the reaction Jni,xtu:e diluted with water .ls 

15 extracted with the solution of a water-insoluble amine 
in a water-insoluble orqanic solvent, the organic phase 

is removed and brought into intimate contact with the 

aqueous solution of a ~ase, and the water-soluble di­

pho$phine is isolated from the aqueous phase removed.. 

20 6. The pJ:Ccess as claimed. in one or more of claims 1 to 
4 1 wherein the biazyl compounds of the fo%lllUla 

·-' 

CA) 2P 

\ 
·· CH Cl . 2 m 

empl.oyad. for the sulfonation are -obtained by reac:tion of 
a dilithium compoun~ of the foJ:mUla 

iiiui1iii 
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Li Li 

with a halogenated diuylalkylenephosph.tne of the foDLula 

X(CBa)..,.P(A)i 

where ·x is chlori.ne, bromine or iodine. 

. . 
7.. !fhe produc~ obtained by sulfonation of 2, 2 '-bis-

5 (cliphenylphosphinometbyl)biphenyl as claimed in clailn 1. 

--- ------~-
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