; e3el gi bbct eef g6gTgNcN WO 00/ 39134 1 PREPARATI ON OF WATER- SOLUBLE

SULPHONATED  ORGANOPHOSPHORUS SNNMﬂmMMEWNN& present inventiopqUughed®s to a
process 5 for preparing water- llphonat ed or ganophosphor us

conpounds which is particularly suiteabi+e for organic reactions carried out
with two phase catal ysis. O ganophosphorus conpounds find a 10 particularly

i nportant applyjcald/ariagy |igands for tragsition netal gigpeRés, P PLepare
catal ytic systenms for various organic reactions such as carbonyl ation,

hydr of or myl ati on, hydrocyanati on and the isonerization of olefinic

compounds. 15 These caRabPrRACIONSOENHARER-gENeBBE! yuusRONATED€act i ons
i nvol ving a single phase and thus an occasionally conpl ex step of
separati on and recovery of tOBGERHORH9SPHORUSeQqUHMP@UND#Ht the start of the

197&3&“%ﬁwwmﬂmmtuble 20 conpounds able to form conpl exes with netal

ele ation state zero were proposed. These water-sol uble
conpounsdlssiggeneral |y belong to the famly of organophosphorus conpounds
conprising at |east oneT§€l pHERERE §P¥EBLiTRUBS1FLegob8 AnBrRFISSBeck in an
25 article published in React. Kim C%&al. letfters 2 (1975) 257 and Bawoski
et al. in ah &% OrEPFEBRPsSHEASFASPREPLEVPBWPRBEIS®3. Chem 2 (1978) 137

descri be a 21 June 200% 2 matgr-goh Q'% HDQO%ULBhO ate L
tri phenyl phos SHIRERRCERRERRoF CBROEREF aliF &G Wi T %?8%%? EtYvents. The
synthesi s of tgserogue! 3,ahhoperohbes dRYeLOPIROY Ghe & e pdhod of
catal ysis referre% to as 5 tgo-pﬁgse cata y5|s.P§pe0| |caP€%/ the catal yst,
consi sting of ghhaRsichi-ganyaekal el ements conpl exed with water-sol uble
or ganophosphorus conpounds, is present in an aqueous phase while the
reagents are in an orgaorgafbpResplbrisi agmatdn@sut smdigati on of the nedi um
gives 10 efficient catalysis. At the end of the reaction, the catalyst is
recover ed By samplieudepayaiinporbgntezppl atdbhonfas heigawdpheses. The
conpany Rhone- Poul enc has devel oped this
transition metal elements to prepare catalytic systems
for various organic reactions such as carbonylation,
hydroformylation, hydrocyanation and the isomerization
of olefinic compounds.
15 These catalytic systems are generally used in
reactions involving a single phase and thus an
occasionally complex step of separation and recovery of
the catalyst is required.
At the start of the 1970s, water-soluble
20 compounds able to form complexes with metal elements in
oxidation state zero were proposed. These water-soluble
compounds generally belong to the family of
organophosphorus compounds comprising at least one
sulphonate group. Thus, F. Joes and M.T. Beck in an
25 article published in React. Kim. Catal. Letters 2
(1975) 257 and Bawoski et al. in an article published

in the review Nouv. J. Chem. 2 (1978) 137 describe a



technique for the preparation of several inportant 15 organic reactions
such as the hydroformylation of olefins for the production o21 &drédcgopdes, as
described in French patents 2 505 322 and 2 541 675. Another inportant
application of this catalytic system described in particular in French
patents 20 Nos. 2 338 253 and 2 366 237, concerns the hydrocyanation
reaction of olefins and the isonerization of the nitriles obtained, for
exanple for the synthesis of adiponitrile, which is a nmajor chem cal
internediate in particular for the manufacture 25 of pol yam de nononers.

Investigation%a%@%-%%a%h@%tangghaghgﬁﬂﬁgba%%@phgpggggggph&Hs which

cost-effectiveness of these procesSes, in particu ncreasi ng the

cycle tinme %&nﬁ%&eb%0@§t§a%ﬁ@dtQ@thiE%FEH@COEORO@nE§Ea|ytiC system as
wel | as reducing the consunption of catalyst per quantity of adiponitrile

produced. In the coursemdt thasbBesh¥esti gakkenprodudegr alabivea ehet he
wat er - sol ubl e sul phonat ed or ganophosphorus conpounds has been observed. One

of the ai ns ofietkaoprmeaenbfi averti sethed bfi pattilgsiarreferogéreconest hese
dr awbacks by proposing a water-sol ubl e sul phonat ed organophosphorus |i gand
10 which i $ r egiospanset gatledradat i Specafidcahliy, t bheroposkyatnore stabl e
two- phase catal ytic system To this end, the invention relates to a process
for carryi ng 6@nsés§aREcofehERPE8RE1BY PRE2PhGIEMERES| FITRLILBAPrYSEhg an
organi ¢ phase containing.the 15 reagents and the reaction products, an
aqueous phase“EaRBr PEMHELE CAPAPFEEOSRACK. Rar FOCGTABI et SUPHROTAL i

hosph Pieriagd, | .
or ganophosp og%saggggggﬂghaggaaﬁgisrEﬁgoﬁ%gggﬁeg Lbe ¥9t§ad§ag§p% e of

sul phonat ed organophosphorus comnmpoun Ses an anoun
less than 100 pp@Landchas; HYdRhE0BRu s 201 EQFDYR! o Bf cigd!l Akt gn GRIRAUNdS or

radi cal s.

10 efficient catalysis. At the end of the reaction, the
catalyst is recovered by simple separation by
decantation of the two phases.

The company Rhéne-Poulenc has developed this
technique for the preparation of several important

15 organic reactions such as the hydroformylation of
olefins for the production of aldehydes, as described
in French patents 2 505 322 and 2 541 675. Another
important application of this catalytic system,
described in particular in French patents

20 Nos. 2 338 253 and 2 366 237, concerns the
hydrocyanation reaction of olefins and the
isomerization of the nitriles obtained, for example for
the synthesis of adiponitrile, which is a major

chemical intermediate in particular for the manufacture

25 of polyamide monomers.

Investigations are constantly being
undertaken to improve the cost-effectiveness of these

processes, in particular by increasing the cycle time



According to one preferred characteristic of the invention, the sul phonated
or ganophosphorus conmpound has a wei ght concentration of sul pRltkneR0d®ss
than 50 ppm According to another characteristic of the 25 invention, the
renoval of sulphites is obtained by convérting theminto sul phurous gas.
Anmong the organic reactions catal ysed by a two-phase catal ysis, nention may
be made of 21 June 2003 4 hydrofornylation, carbonylation,_ oxidation,

i someri zat i oand@nthpydidefamet odn thea@EteHy it gugtsntulas wpplied to

unsat urat ed conpounds. According to one preferred enbodi ment, 5 nention
will be naderfRuphngi Ehearoasumps IRPd Cdc FRTRIGT RAACITWRPoEtBvrahni ¢
conpounds co rising at | east, one ethylenic bond, making it possible to
manuf act ur e QB%PPPé Ebhﬁoﬁﬁ8§u§€ as adiponitrile for the synthesis in

ticul f lact ' id 1 ' s fo I i des. Thi
Syntheti c process in piFt FEEl &PUEGRDPIsCo S hyd ot T oL
3- t iteil L t [ d I_Si itrit
Funct i on) o1 riBIRaRERCE: PLeEhPolaRRFCROE S PR F: Sing &

| phite-f 1 ' ' d Iy i ti
corponent | S RAFErEAPAR Ty ot Fabpe RSN AR R LU an "
application, the Iifetggg_gg %ﬂg gakal ygt cgan sEgatly dmraveds This

i mprovenment is observed, in the case of the 20 hydrocyanati on of organic

conpounds copprhsipPc-SEYB! akoebhrkeBine koRde FRGwWDA P tﬂwéﬁxafp@gi@, bot h
for the hydrocyanation reaction of the first ethylenic bond and in that of

the second ej hyhesicsboiadleThalphonasedobrivhacphventhicamsrakesrid 25
possible to carry out the hydrocyanati on of butadi ene
10 which is resistant to degradation, and thus to propose
a more stable two-phase catalytic system.

To this end, the invention relates to a
process for carrying out organic reactions by two-phase
catalysis comprising an organic phase containing the

15 reagents and the reaction products, an aqueous phase

comprising a catalyst and a water-soluble sulphonated

organophosphorus compound, characterized in that the

water-soluble sulphonated organophosphorus compound comprises an
amount of sulphite of less than 100 ppm and has undergone a

20 Yremoval of sulphite compounds or radicals.
According to one preferred characteristic of the

invention, the sulphonated organophosphorus compound has a

weight concentration of sulphite of less than 50 ppm.

According to another characteristic of the
25 invention, the removal of sulphites is obtained by
converting them into sulphurous gas.
Among the organic reactions catalysed by a

two-phase catalysis, mention may be made of



for the synthesis of adiponitrile with a catal yst based on water-sol uble
sul phonat ed or ganophosphorus |igands and on at |east one netal jghepens in
oxi dation state zero) with a consunption of catal yst per kg of 21 June
2003 5 adiponitrile produced which is natkedly lower than that found with a
catalyst or a ligand which has not undergone a renopval of sulphites.
According to one preferred enbodi nent of the 5 invention, and this is

anot her subj bydreformy liarhiem i errhanyhat iat, t¢n;@nﬂ¥ﬂmxes contained in the
wat er - sol ubl e sul phonat ed or ganophosphorus conpound is obtained by |owering
the pH of théssBryiresion enghmyshempirnall avmrasdeond dval ue of |ess
than or 10 equal to_4 and mai ntenance of the solution at a pH of | ess than
or equal to @aﬁﬁﬂFplérs@PE%Hﬁg(ﬁﬂﬂﬂﬂﬁﬁﬁRHQﬁ?qrFQWR?QRﬁ%nlon of less than

100 ppmis obtained. Assay af, the sulphlte co in the solution is
carried out, for exanpﬁEC%E inghite P& Ig§¥§ﬁﬁ§° towering of the

pH of the solut on_can.bhe.carriged ,out b .a SUIt e neans However ,
according5to 8ﬂ BPeWé ?eg Ce 5 ﬁ@h@%ﬁQ%qﬁg tﬁ this lowering is

obtai ned by g réfggnghansveg%q 'osg,g%%a%rg;a%qco QEGANL g i pure form

or, nore pre n-sol ution e acidic solu |on can a3 ‘concent r at ed

or dilute sohtiggee n@%gangh% o1 Uikl flcy d yention,

menti on may acids with exanpl e, a of éss than or equa

to 4, the C%&ﬁﬁ?@@éh?ﬁ ﬁ@'ﬂ!‘qll'ed%%n@&im@%r %Lﬁ@n%rsalalowp@mtqurﬂéom which is
chenlcally inert with respect to th

the synthesis in partlcular of lactam, amino acid or

10 amine monomers for polyamides. This synthetic process
in particular comprises a hydrocyanation of
3-pentenenitrile (unsaturated organic compound
comprising a nitrile function) into adiponitrile, for
which the catalyst comprising a sulphite-freed

15 organophosphine in accordance with the invention as a
component is particularly suitable.

Thus, in the case of such an application, the
lifetime of the catalyst can be greatly improved. This
improvement is observed, in the case of the

20 hydrocyanation of organic compounds comprising several
ethylenic bonds and in particular dienes, both for the
hydrocyanation reaction of the first ethylenic bond and

in that of the second ethylenic bond.

The process of the invention makes it
25 possible to carry out the hydrocyanation of butadiene
for the synthesis of adiponitrile with a catalyst based
on water-soluble sulphonated organophosphorus ligands
and on at least one metal element in oxidation state

zero, with a consumption of catalyst per kg of



21 June 2003 6 organophosphorus conpound and which can | ower the pH of a
solution. By way of non-limting exanple, acids which may be2mgpté gom are
sul phuric acid, hydrochloric acid, 5 trifluoroacetic acid,

par a-t ol uenesul phonic acid, perchloric acid and nitric acid. Mreover, the
sol uti on of water-sol ubl e sul phonated organophosphorus conpounds is
preferably an aqueous sol ution. However, éolutions using 10 water/al cohol

m xtures as solvent are also suitable. The al cohol can be replaced with any
wat er-m sci bl e solvent. According to another characteristic of the

vention, ¢ he oldiiin 1S pIRLRLALNGAAL 35PH0 Legs L LBChan.ar crgual Lo

4, at a tenperat bel ow vant ageou ween C. The

sul phurous gasRERAUSRE BY ceeRYSLL BY tah@.iguhehuhgéhi fas! foene preferred
enbodi nent of the i1nvention) renoved from the nedium by entrainment with 20

a carrier fluighdeonecar refbvhliUbe kalphekegably non oxidi zi ng. Thus,
carrier fluids which are suitable for the invention are, for exanple,

ni trogen, carbon di oxi dakcoatiehgvapovhe pak€e@ietin@inbogimest afdthe
oxygendepl eted air. 25 The wat er-sol ubl e sul phonat ed or ganophosphor us
conpounds \hi dmvaneisni t abbdethos tiseahntherasubpidchgofotbbe process of the
invention and which are useful as Iigands in the processes of two 21 June
2003 7 phase dawvgnysps, aremgeadr afl yhensusphphenaacedtatgadobmoshpdor us

conpounds prepared by_carrying out one or nore sul phonation steps, as
described in Fﬁéeéf?P&PglﬁuSPg§H8BaFﬁ JOTERBAPhRBRNOFAF ecoBRRURd 258 (1958)

or obtained by lowering the pH of the solution of
organophosphorus compounds to a value of less than or
10 equal to 4 and maintenance of the solution at a pH of
less than or equal to 4 until a sulphite concentration
in the solution of less than 100 ppm is obtained.

Assay of the sulphite compounds in the

solution is carried out, for example, by ionic
15 chromatography.

The lowering of the pH of the solution can be
carried out by any suitable means. However, according
to one preferred embodiment of the invention, this
lowering is obtained by addition of a strong inorganic

20 or organic acid in pure form or, more preferably, in
solution.

The acidic solution can be a concentrated or
dilute solution.

As acids which are suitable for the

25 1invention, mention may be made of acids with, for
example, a pKa of less than or equal to 4, the
corresponding anhydrides and more generally any

compound which is chemically inert with respect to the



5 GB patent No. 1 066 261. They can al so be prepared by reacting sodi um

p- chl or obenzenesul phonate w th di phenyl chl or ophosphi ne as deg¢yukegoan t he
article H Schindl bauer, Mnatsch. Chem 96, pages 2051 - 2057 (1965). 10
General ly, these processes for synthesizing sul phonated organophosphorus
conpounds do not make it possible to obtain a conpound which is free of

sul phite conpounds or radicals. Consequently, in order to avoid degradation
of these compounds during their use as a 15 catalyst or a ligand of a
catalytic system it is necessary according to the process of the invention

to remove t hesg SilPHdfhAd ool ball Ynieh %ke&av%ekg@%g ?H' gponat ed

phosphi ne conpounds "whi ch are suitable for carrying out t nventi on
mention may be rdeitdfort.he conpounds belonging to the famly of phosphine
conpounds described in French patent No. 2 338 253 or in patent
applications WO 97/ 285ByanciyEBf0n6h0 1969+t ifhuexapbbephasedswhhtbhar e
suitable for the 25 invention correspond to the general fornula (I) bel ow
21 June 2003 &ay-3¢) merAtieoned] prel sulSb8Mjin2aPid, Ah¥dro¢h)oftie)a®id SO3M n3
Arg ~ 3)nB in which: * Arl) Ar2 and Ar3, which nay be identical or
di fferent, ¥eprdfdnoraapetgrogsd . sparyttoypegaguyghonhecachay be identica
or different, represent an alkyl radical containing 1 to 4 carbon atons, an
al koxy radi calPeESRLeTHicnGCES 8neonAatEAFBRidt ons, a hal ogen atom a CN
radical, an NOZ radicah‘b anVCH rggical %5 a %adical NRL in which
formula RL and R2, whi chOR&EYVEE i G8Rt FRAFCOPdPFf &P ERE TSP ERent an al kyl
radi cal contai%! L teqd .¢ashg LOABrus M, LN I ic
. . 1pfionated’ o h as NPL L FfePIp A 440
cationic 20 régl ue chosen guchgtﬁag t gsconpéaﬁﬁ of prete £
aqueous solution. However, solutions using
10 water/alcohol mixtures as solvent are also suitable.
The alcohol can be replaced with any water-miscible
solvent.
According to another characteristic of the
invention, the solution is maintained at a pH of less
15 than or equal to 4, at a temperature below 100°C and
advantageously between 40°C and 90°cC.
The sulphurous gas produced by converting the
sulphites is, in one preferred embodiment of the
invention, removed from the medium by entrainment with
20 a carrier fluid. This carrier £fluid is preferably non-
oxidizing. Thus, carrier fluids which are suitable for
the invention are, for example, nitrogen, carbon
dioxide, water wvapour, rare or inert gases, and oxygen-
depleted air.
25 The water-soluble sulphonated
organophosphorus compounds which are suitable for

treatment according to the process of the invention and

which are useful as ligands in the processes of two-



formula (1) is soluble in water, in the group conprising: 21 June 2003 9
H+ cations derived fromalkali nmetals or al kaline-earth neta2sJuneN003R3
RORSR6 ) + with R3, R4, R5 and R6 , whi ch 5 may be identical or
different, representing an al kyl radical containing 1 to 4 carbon atons or
a hydrogen atom .other cations derived fromnetals whose benzenesul phonic
acid salts are soluble 10 in water, Mm -, nz and nB are integers ) which
may be identical or different, fromO to 5, nl, n2 and n3 are integers,

whi ch may be identical or different, fromO to 3, 15 at | east one of them

bei ng gr eat er EQ% Qét qyali st 9. 8?53?5@@' €ﬁe°£uﬂﬁeé‘£§t¥‘(§'ose

benzenesulpho I C aci ts are s e Ih water ntion may be made of

| ead, zinc an@rtghﬂopﬁesbﬁoybg BbRS8RhAL eXkephPEA NPl €881 PIhg SAhdIRdL T N
wat er” general ly neans a conpound which is soluble to at Ieast 0.01 g per

litre of watebr AgpBgstbphphaspbhneseps &ordusar{Bedw cthargrpielferred are
those for which: 2 5 - Al , Ar2 and Ar3 are phenyl groups , - Y1 ( YZ and
Y3 represent gublipshetiosendfroOhemal Byt . rpdgeal 376ont 28Hi (P38 Joro2 car bon
at ons) 21 June 2003 10 al koxy radicals containing 1 or 2 carbon atons,
5 GB patent No. 1 066 261. They can also be prepared by

reacting sodium p-chlorobenzenesulphonate with

diphenylchlorophosphine as described in the article

H. Schindlbauer, Monatsch. Chem. 96, pages 2051 - 2057

(1965) .

10 Generally, these processes for synthesizing
sulphonated organophosphorus compounds do not make it
possible to obtain a compound which is free of sulphite
compounds or radicals. Consequently, in order to avoid
degradation of these compounds during their use as a

15 catalyst or a ligand of a catalytic system, it is
necessary according to the process of the invention to
remove these sulphites at least partially.

As water-soluble sulphonated phosphine
compounds which are suitable for carrying out the

20 invention, mention may be made of the compounds
belonging to the family of phosphine compounds
described in French patent No. 2 338 253 or in patent
applications WO 97/12857 and EP 0 650 959.

Thus, phosphines which are suitable for the

25 invention correspond to the general formula (I) below:



- Mrepresents a cation chosen fromthe group conprising 5 H+ .cations
derived fromNa, K, Ca or Ba, NH4+ tetranethyl amoni um 21 June 2003

t et raet hyl ammoni um tetrapropyl anmoni um and tetrabutyl 10 ammoni um cati ons
-mM , nm and nB are integers fromO to 3 - nl, n2 and n3 are integers from
O to 3, at least one also being greater than 1. Anong these phosphi nes, the
ones which are 15 nost particularly prefgrred are the sodi um potassium

cal cium barium ammoni um tetranethyl ammoni um and tetraethyl anmmoni um salts
of nmono( sul phophenyl ) di phenyl phosphi ne, g&éﬁﬁﬂhphophenyl)phenylphosphine and
tri (sul phophenyl ) phosphine, in mhirh,Lanu ae the 20 Sp3 groups are
preferably in the nmeta position. 10$hgr exanpl es of phosphi nes of formula
(I') which can be used in the prodcess of f#émi nvention, mention may be nade
of alkali metal or akaline-egfth netal salts, ammoniumsalts, and 25

guat ernary anmmoni um salts o¥ (3-sul pho - (SO3M)n2

4- met hyl phenyl ) bi s( 4- nethy. )Ahesphi ne; (3-sul pho @

4- met hoxyphenyl ) bi s(4- et xyphenyl)ﬁhesph+ ;

( 3- sul pho-4-chl or ophenyl ) bi 4-ch|oropheny'§§hosphine; 21 June 2003 11
bi s(3- sul phophenyl ) phenyl phospR{ ne; bi s(4: phophenyl ) phenyl phosphi ne;

bi s( 3- sul pho4- net hyl phenyl ) (4- ne %]25::3$%b sphi ne;

bi s( 3- sul pho4- net hoxyphenyl ) (4- netfi®yphenyl ) phosphi ne; 5

bi s( 3- sul pho- 4- chl or ophenyl ) (4- chl or opfref¥dmphosphi ne;

tri s(3-sul phophenyl ) phosphi ne; tris(4-sul phophenyl)phosphi ne;

tri s(3-sul pho-4-net hyl ptemyhiehosphi ne;

tris(3-sul pho-4-met hoxyphenyl ) phosphi ne; . . .

tris(3-sul pho4- chl or ophedyh) phbs FHichdrs¢ 2vBirphBay- ket h§epheagt )98 10

sul pho- 4- net hyl phenyl ) (3, 5-.di sul pho- 4- net hyl phenyl hosphi ne;
(3-su|phophenyl)(3-su|ph@éiggﬁFB opﬁ@ﬁ§?fe¥t aryl grgups'

(3, 5-di sul pho-4-chl or ophenyl ) phasphj ne, . Needl ess. to.say,.it,is_possible to
use a nixtire of these %%ﬁshﬁfﬁ%§£Qgh Hg%Fﬁcﬂ?gr?ei%g?éti%a%d?%ibIe to use
a mxture of nono-, di- angrkbint®t fepresent

«an alkyl radical containing 1 to 4 carbon

atoms,
«an alkoxy radical containing 1 to
10 4 carbon atoms,
«a halogen atom,
«a CN radical,
«an NO, radical,
«an OH radical,
15 «a radical NR;R;, in which formula R; and
R,, which may be identical or different,
represent an alkyl radical containing 1
to 4 carbon atoms,
* M 1s an inorganic or organic cationic
20 residue chosen such that the compound of
formula (I) is soluble in water, in the

group comprising:



sul phonat ed phosphi nes. Mnodentate or bidentate phosphines of general
formula (I1) or (Il11) below are also suitable for the inventpogund 2e0B) e
(Dd - P- (Ar2)b (!'l) (A~)c 20 in which: - Arl and Ar2, which may be
identical or different, represent aryl groups or aryl groups conprising one
or nore substituents such as: 21 June 2003 12 - al kyl or al koxy radical
containing 1 to 4 carbon atons, - hal oger, atom - at |east one hydrophilic
group: 5 -SO3M Mrepresenting an inorganic or organic cationic residue
chosen froma proton, cations derived fromalkali netals or alkaline-earth
metal s, ammonium cations -NgR)4 in which fornula the synbols R which may
be identical or different, 10 represent a hydrogen atom or an al kyl radical

containing from1l to 4 carbeatabassdepited €abnOASKAEL iMeeafs s metal s
whose aryl carboxylic acid, arylsul phonic acid or aryl phosphonic acid salts

are soluble in water, 15 -NaRxdlinewbacbhfmesula, the synbols R which may
be identical or dlfferent represent a hydrogen atomor an al kyl radical
containing from1 to 4 carbUhRQMGBBQ . @HtRORs, ARB rRepreseRts wriaryl group
conpri sing one or nore substituents such as: - al kyl or al koxy radi cal
contai ning51 to 4 carbon at®d¥, Pe hafobbpahtemdifferent,

representing an alkyl radical containing
1 to 4 carbon atoms or a hydrogen atom,
«other cations derived from metals whose
benzenesulphonic acid salts are soluble

10 in water,

*m;, m, and m; are integers, which may be

identical or different, from 0 to 5,
*n,, n, and n; are integers, which may be
identical or different, from 0 to 3,
15 at least one of them being greater than or
equal to 1.

As examples of metals whose benzenesulphonic
acid salts are soluble in water, mention may be made of
lead, zinc and tin.

20 In the present text, the expression "soluble
in water" generally means a compound which is soluble
to at least 0.01 g per litre of water.

Among the phosphines of formula (1) which are
preferred are those for which:

25 - Ar,, Ar, and Ar, are phenyl groups,

-Y,, ¥, and Y; represent groups chosen from

«alkyl radicals containing 1 or 2 carbon

atoms,



25 - hydrophilic group such as: -COOM or -PO3M M representing an inorganic
or organic cationic residue chosen froma proton, cations dexi uead 2008m

al kali metals or alkaline-earth netals, 21 June 2003 13 ammoni um cati ons
-N(R)4 in which formula the synbols R, which may be identical or different,
represent a hydrogen atomor an alkyl radical containing from1l to 4 carbon
atons, other cations derived from netal stéwhose 5 aryl carboxylic acid or

aryl phosphonic acid salts are soluble in water, -N(R)4 in which fornula the
synbols R, which may be identical or different, represent a hydrogen atom
or an al kyl radical containabgokyonadi¢ald cembainilfoat oms,2 -Giban | east
one of the said substituents of Ar3 being a hydrophilic group as defined
above, - a represents 0 or atoms,- b represents 0 or 1, - c represents an
integer fromO to 3, - Drepresents an al kyl group, a cycloal kyl group, an
al kyl or cycloal kyl group! CEPESSINGG SnEash oppclosehs firpettie §GSHPas: 20 -
al koxy radical containing 1 tqo 4 carbon atons, - hal ogen atom -
hydrophilic group such a&°"BEAENM?S-503M or - PO3M M representing an

i norganic gr organi c cati 0,“,!{0 resi due chosen froma 25 proton, cations
derived fromal kali netals or al kalineearth netals, anmmonium cations -N(R)4
in which formula the synbo] - [ i i gal | fferent,
represent a hydrogen aton1o§a§%o%$ﬁg ?ﬁ%??%ﬁhgq%% ?ﬁnéﬂgéggl%ﬁ cont ai ni ng
from1l to 4 carbon atons, offigr cations derived fromnetals whose

aryl carboxylic acid, arylsul phonic acid or aryl phosphonic acid salts are
soluble in water, 5 -NR) 4 tetwdmethy oanmobra dne tsetded thyR amurciluntyay be
identical or different, represent a hydrogen atomor an al kyl radical
containing from1l to 4 carboateamnegy Ladeharolum dand gregs@ituEydn | nt eger from
0to 3, -lghe sum (a+b+c+d) is equal to 3;

ammonium cations
- m, m; and my; are integers from 0 to 3
- n;, n; and n, are integers from 0 to 3, at
least one also being greater than 1.
Among these phosphines, the ones which are
15 most particularly preferred are the sodium, potassium,
calcium, barium, ammonium, tetramethylammonium and
tetraethylammonium salts of mono (sulphophenyl)diphenyl-
phosphine, di(sulphophenyl)phenylphosphine and
tri (sulphophenyl)phosphine, in which formulae the
20 S0; groups are preferably in the meta position.
As other examples of phosphines of
formula (I) which can be used in the process of the
invention, mention may be made of alkali metal or
akaline-earth metal salts, ammonium salts, and
25 quaternary ammonium salts of (3-sulpho-
4-methylphenyl)bis (4-methylphenyl)phosphine; (3-sulpho-
4-methoxyphenyl)bis(4-methoxyphenyl)phosphine;

{3-sulpho-4-chlorophenyl)bis (4-chlorophenyl)phosphine;



or, (Ar,) a (Ar,) a (Dd- ~-L- ~"-(Dg (lIll) ~rz) bin which: 15 - Arl,
Ar2 and d have the neanings given above for formula (11), - a1 June®odgd f
each represent 0 or 1, - d and g each represent an integer fromO to 2, -
the sum (a+b+d) is equal to 2, 20 - thelslum (e+f+g) is equal to 2, - L
represents a single valency bond or a dival ent hydrocarbon-based radi cal
such as an al kyl ene radical, a cycloal kyl ene radical, an arylene radical, a
radi cal deri Wwéé (Bremlphephemch)alemoighespmignene or two 25 oxygen

nitrogen or sulphur atons in the ring, these 21 June 2003 15 various
cyclic radi cis (eistd phopbenydi irdenydnhpspleing; this phosplohes atons or to

t he two' phosphorus atons aor being |inked to one of the phosphorus atons or
to the two vi4am§tlhiyr3r@§1tendr1)HM@%%H/@WSQH@TF%RQ@GB Rioht & s Hh®Tom 1 to

4 carbon atons, it being pqssible for the rin optjonally form ng part of
t he divalentqﬁﬁﬁdéﬂxﬁP 3%3ﬁﬁﬂ@ﬁ?hﬂﬁyéheqﬁﬁgﬁéﬁ&ﬁﬁﬂ%@nts such as an

al kyl groyp cantaini 1to carbon at . non-limd#ti exanpl es of
phosphi nes o lfdggéﬁgg °Wﬁﬂéﬁﬁ9¥?ﬁﬁqﬁxfﬂxgﬂ€§}?§ﬁgpqﬂ¥%ﬁéﬁ?%ﬁ%{ﬁ%iicuIar
of the sodi um_sal f : .

2 2" -bi s[ di (§6|16H§ﬁ%tu&6’ﬁlé°ﬁ%e)“a’hl&§’6h°uSr%]l-"f; i S SRR RS um sal t of
1,2-bis[di(s h l) (R honet %@Ht 1S) and the
sodi um sal t g@%%gﬂgh%e g::}éf)é?( %ﬁﬁ?hﬂgﬁgto%%eﬂr{ﬁy@p ( sp) I noéré:tﬁ%ﬁsz])

1, 1' - bi napht hyl; & (S0ug 1% oLhe MeRt RIS dHRI16 dihashhides of;  oraydashd!) to
(1'11) are commercially avail able. For the preparation of the others,
reference 204may1beopndaylo phiespdanry;al (200 SIReE 14 -Gnd1B LR sR S, )03 -

synt hesi zi ng phosphi nes described in general texts such as Houben- Wyl ,
Met hoden 1der sanghbi-4cherhglehienyl) (3, 5-disulpho-4-methylphenyl) -
phosphine; (3-sulphophenyl) (3-sulpho-~4-chlorophenyl)
(3,5-disulpho-4-chlorophenyl)phosphine.
Needless to say, it is possible to use a
mixture of these phosphines. In particular, it is
15 possible to use a mixture of mono-, di- and tri-meta-
sulphonated phosphines. Monodentate or bidentate

phosphines of general formula (II) or (III) below are

also suitable for the invention:

(Ar1)g

(D)g —P — (Ar2)p (1)

(Ar3)c
20 in which:
- Arl and Ar2, which may be identical or different,
represent aryl groups or aryl groups comprising one or

more substituents such as:



or gani sche Phosphor - Ver bi ndungen, part 1 (1963). Finally, for the
preparation of the water 25 soluble derivatives not describedq] Jute 2603
possi bl e, starting with phosphines not conprising any water sol uble
substituents defined above, to carry outl?2 he introduction of one or nore of
t hese hydrophilic 21 June 2003 16 substituents. Thus, the sul phonate
groups, for exanple, can be introduced by the reaction of S03 in_ sul phuric
aci d. The carboxyta@tkybHes phbiexe sadigaidt ePRbRNARGDA tM ¢r dagboman
simlarly be introduced by applying 5 chem cal nethods known for this type
of synthesis. As wa@%ol ubl e sul phonat ed or ganophosphorus conpounds whi ch
are suitable for ttﬁ;i nventi on, nmention nay al so be nade of the conpounds
BI SBI'S, NORBOS and BHeSEe T bed in the article by Boy Cornils and 10
Emle G Kuntz published ip "Journal of Qganonetallic Chem stry” No. 502
(1995) pp. 177-18E.a%iﬁ??ﬁgl9?etmgéﬁﬁgﬁflé#Lﬁﬁ%P?Urylphosphine conpounds
descri bed.in French pagga%da lication No. 98/06559 filed on 20/05/98 - not
yet publighed - fall w FPhtn' the ntext ~1590f 't HeF HF8AET 8. CAS3HEft i oned

above, thesecéHiBHiEeifa&Eage%%?%ﬂh‘%%BHP%U?Jr%‘E%OU'&%ﬁ:i%rrf‘s Usad |

particul ar asS conponents of catalysts conprising d transition netal elenent

chosen, for ﬁi‘@xﬂpéfkaﬂO%E9§s969uﬁlﬁaﬁﬁh!esie%&t%on{éit_%ii‘aé,’ R stum | FON,
rut henium rhodium palladium osmium iridium platinum copper, silver,

gol d, zinc, gagdibH8 aNURIPrLrwhidhvesimble exédaymeplstates. As exanpl es,
it my be nentioned that, in these catalysts, generally, rhodiumis in

oxidation 25 state (1), ru%ﬁgghug&psbgnigéhggéégnoft@{gf%+%%t’platinunlis

in oxidation state (I), pa lumis in oxidation state ), osmumis in
oxi dati am stab@ekBht a RId#HHEn2008mldri &hdhuKyiSradi@xidation state (0)

and nickel is in oxidation state (0). The catal yst can al so conprise
netal lic el enephsnasgpEoomt &r tor 4dopabdtn dt&hderotiedai ¢dst fots advant ages of
the invention will become apparent in the light of the exanples bel ow,
gi ven pur el feasvadghirde. matahs wehgse, ary joapbegy bic aacs@ueous sol ution
cont ai ni ng 30~ , ) , )
arylsulphonic acid or arylphosphonic acid salts are
soluble in water,
15 -N(R)4 in which formula the symbols R, which
may be identical or different, represent a hydrogen
atom or an alkyl radical containing from 1 to 4 carbon
atoms,
-0OH
20 - Ar3 represents an aryl group comprising one or more
substituents such as:
—alkyl or alkoxy radical containing 1 to 4 carbon
atoms,
— halogen atom,
25 ~ hydrophilic group such as:
-COOM or -PO3;M, M representing an inorganic or

organic cationic residue chosen from a proton, cations

derived from alkali metals or alkaline-earth metals,



10 by weight of the sodiumsalt of triphenyl phosphine trisul phonate and
initically containing 1540 ppm of sul phites (pH = 6.2) is plageduneg0320
litre reactor stirred using a turbom xer (180 rpn) and fitted with an
ascendi ng condenser, a nitrogen inlet via a dipping 15 cannula and a

bubbl er contai ni ng an aqueous sodi um hydroxi de solution (1 nol/litre). This
solution is degassed. 222 g of an aqueous3 sul phuric acid solution at 2
nol/litre is then introduced, which leads to a pH 21 June 2003 18 of 1.8.
This mxture is heated to 80C with stirring and under a stream of nitrogen
SO0 as to entrammohivemsudphomousN GRS, isssdiadf fidremdal phiet egmbylisoRi, C
chromat ography on sanples taken every 15 mnutes nakes 5 it possible to
moni tor the cehvehsnan bé¢ identidphicesdifferent pmepmisstitde After 1 hour
at 80C, the assay in question gives the followng result: 80 ppm of

sul phites. AfR¥Aragen ABLeM ¥ eal A ey s i eal comttearim gt frem |led® than or
equal to 40 pEm (detection limt 10 of, the ionjc chromatography_analysis).
After 2 hours*atdBpen #FMFi xQEher i @t ish trd5ran ﬁ‘&%ta&sr yemse

sol ution of wei ght, of Exanple 1, is placed ina 1l litre

gl ass round-bottonmed flagkrf, tiedmaichh rar2018R@RGL kGmBbLEr RNOwRBEKL AN an
ascendi ng condenser. The solution is degassed. 20 g of Ni (cycl ooctadi ene)?2

are then intragyced, idénti &4l rér ni) Bfukattderrepbradgegamaohydirogegen, fol | owed
by 350 cnB of pre-degassed orthoxylene. This mxture is heated at 45C for
15 h. After 2&tooody mp dbeyl wedgiwske gystaaming deventledo Abcatrb8s cnB of

t he aqueous phase, which is a strong red colour, are taken and introduced
into a 1580 cmBtynass reactor fitted with a turbom xer and purged with
argon. Thi s agueous 21 June 2003 19 phase is heated to 90C and 3.2 cnB of
an aqueous sol ution of e chloride at 70% by wei ght are then added. The

mxture is maintalnad gt 90C wilh st rring for 48 houns, Abter gooling to
roomtenperature, a Sanpl'e O the aqueous sol utlon 1I'S™taken and anal ysed

by phosphorusﬁh%?r%yﬁiw%%p NBINEL#iG JELSqRANRce) . The anal ysis, perforned
on a Bruker AMX 300 Il spectroneter at a frequency of 121 MHz, shows t hat

the TPPTS cont ad nsegiaesldlsS swwhi de (content | ess than the 10 detection
limt of the analysis technique, i.e. less than 0.1 nold of the total
phosphor uss i n- S0l tép ey en E=XAVRIAE 13

- ¢ represents an integer from 0 to 3,
- D represents an alkyl group, a cycloalkyl group, an
alkyl or cycloalkyl group comprising one or more
substituents such as:
20 — alkoxy radical containing 1 to 4 carbon atoms,
— halogen atom,
— hydrophilic group such as:
-COOM, -SO3M or -PO3M, M representing an
inorganic or organic cationic residue chosen from a
25 proton, cations derived from alkali metals or alkaline-
earth metals, ammonium cations -N{(R), in which formula
the symbols R, which may be identical or different,

represent a hydrogen atom or an alkyl radical



500 cnB of the aqueous solution of TPPTS at 300 by weight, initially
contai ning 1540 ppm of 15 sulphites, are placed in a 1 litre Xl Ra8 2003
round- bottoned flask fitted with a nagnetic stirring bar and an ascendi ng
condenser. The solution is degassed. 20 1# of Ni (cycl ooctadiene)2 are then
introduced, with stirring and under a stream of argon, followed by 350 cn8
of pre 20 degassed ortho-xylene. This m xture is heated at 45C for 15 h.
After cool i ngonthénting- fhemelsyst éncasbdacanbrgd, ObRet 35:¢aBsof the
aqueous phase, which is a strong red col our, are taken and introduced into
a 150 cnB gl 985ivedcfspmf netadiswvhbsa auyboarkexyand 25i@urged with argon.
Thi s aqueous phase_.is heated to 90C and.3.2 cnB of an_aqueous sol ution of
zinc chlori dé‘@é( S’i‘ép?WJ\ﬁeiaé’rﬁdoé’rre AR PRRRRRPN Hh @ T % 134 EEF 2HRi nt ai ned at
90C with stirr&ng at ,48 hqurs. After cooling to 21 June 2003 20 room
t enper at ur e, SRIERES dT0#"3HE ‘aqueous sol ution is taken and anal ysed by
phosphorus-31 NMR (nucl magnetic _re nee) ... Ihe analysis in.question,
ARa0n “hieh FaREEER kb SyPPRL oy et

performed~on a Bruker Al ect rone 21 VHz,

shows that i opt.ai: PP i Kk xt ent of
4.5 nol o of #ﬁ% ﬁ%t%pgﬁﬁégpﬁoégg%ﬁﬁ%gg%%ﬁﬁoﬁ%&u- f;HﬁEQHE%%§%§T$CLAINB 1
Process for gaphyhRdaQul19kganieriieactddois ity dorJase tt%ﬁt@'a/z&ﬁon

conpri sing an organi c phasé containing the reagents and e reaction 5
products, angagmgous phase conprising a catalyst and a water-sol uble

sul phonat ed or ganophosphorus conpound, characterized in that the

wat er - sol ubl e sul phonat-ed or ganophosphorus conpound conpri ses an anount of
sul phite of |ess than 100 ppm and undergoes a treatnment 10 for at |east
parti al | $0r erpndi ngrreeeatibphnt éntegpauddeomo0 tadidcal s. 2. Process according
to claim1, characterized in that the weight concentration of sulphite
conpounds or -r BHEcaP® dptbrctféatsesauad Itess$i15 than 50 ppm 3. Process
according to claiml or 2, characterized in that the water-soluble

sul phonat ed ®f ganophosphorus conpound is treated to convert the

(ar), (ar)e
(O} —P—t — J——(% )
(Ary), (Asy),
in which:
15 - Arl, Ar2 and d have the meanings given above for

formula (II),
- a, b, e and £ each represent 0 or 1,
- d and g each represent an integer from 0 to 2,
- the sum (a+b+d) is equal to 2,

20 - the sum (e+f+g) is equal to 2,
- L represents a single valency bond or a divalent
hydrocarbon-based radical such as an alkylene radical,
a cycloalkylene radical, an arylene radical, a radical
derived from a heterocycle comprising one or two

25 oxygen, nitrogen or sulphur atoms in the ring, these



sul phite radicals into sul phurous gas. 20 4. Process according to one of
the preceding clains, characterized in that the organi c react2iQunk20gHosen
fromthe group conprising hydrofornylation, carbonylation, oxidation,

i sonerization and hydrocyanation reacti &¥. 25 5. Process according to
claim4, characterized in that the organic reaction is a hydrocyanation of
organi ¢ conpounds conprising at | east one ethylenic unsaturation. 21 June
2003 22 6. Prvesaousacyshdicngads cals mesng Hamdkedrdizertly ttatondeobHr gani c
compound is a diolefin or an unsaturated organic conmpound conprising a
nitrile functihénphosphopugcadomsc @3t dichghe tore Ritosphopie ARy @ ai ns,

characterized in that the catal yst conprises _the water-sol uble sul phonat ed

organophosphé’re&§_gcéﬁ‘ﬁ5@ﬁd ten@r&t Alfeddt® AROTHUIT I .EACIE  Process
recordng {0 Gl SR ot SO AP U Lo Tl 1 choser
PRd 16 meBcurrtainiPgc Ee i g SPu G SR BRI or s PEIS RABAVEARI | n ¢ ha
Che catalst comjocs BigmLe: or dobenl kel Slom s 00 Hassss o

char act eri zedjgg cbhay, kb coRRIILS dhellor Rapddelduedmudig dhe

sul phite conmpounds or groups by lowering the pH of a solution

conpounds toaa %akye ghkoligseohitanindhgeedUalo 4o chrii d8my enance of the pH
of this 25 solution at a value of less than or equal to 4 down to a wei ght

concentration of sul phakenof-thaisahdt iexamtl e Wi whodpHiesss tdfan 100 ppm
11. Process according to claim 10, characterized in that the | owering of

t he pH i 40cagenedatutfoyuaddi(iran ,oneatian thay tempaded.in 21 June 2003 23
12. Process according to claim 11, characterized in that the acid is a
strong i nor geairtionlergatfii thacisddiid sPldceds 2addotdisiglitieuwddion 12, 5
characterized in that _the acid has a pKa of |ess than or equal to 4. 14.
Process accorataghesyénpheppiiacds 111 'rdirgphdhddactde AZafium Sdit t he

acidic conpound_ is chosen fromthe grou risi sul phur.i ¢ aci d,
hydrochlopPCOf 1,2-bis[di (sulphonatop e%y%?g%ospﬂy%omeé%yl]—

cyclobutane (CBDTS) and the sodium salt of
15 2,2'-bis[di(sulphonatophenyl)phosphinomethyl]-
1,1'-binaphthyl.
Some of the water-soluble phosphines of
formulae (I) to (III) are commercially available.
For the preparation of the others, reference
20 may be made to the general or specific processes for
synthesizing phosphines described in general texts such
as Houben-Weyl, Methoden der organischen Chemie,
organische Phosphor-Verbindungen, part 1 (1963).
Finally, for the preparation of the water-
25 soluble derivatives not described, it is possible,
starting with phosphines not comprising any water-
soluble substituents defined above, to carry out the

introduction of one or more of these hydrophilic



10 acid, trifluoroacetic acid, para-toluenesul phonic acid, perchloric acid
and nitric acid. 15. Process according to one of clains 10 t ®@11ine 2003
characterized in that the solution is naintained at a tenperature bel ow
100C, preferably between 40 and 15 90C. U%. Process according to one of
claims 10 to 15, characterized in that the sul phurous gas is renoved by
entrainment with a carrier fluid. 17. Process according to claim 16, 20
char act eri ze§ubsritatentte s erthe ylpkoraos et dups t fier gesappienpri si ng
ni trogen, carbon _dioxide, water vapour, rare or inert gases, and

oxygen- depl eCé@ Ag IntFOMGRIIY drdrirattion ok 993 dmiswlplotic 17,
characterized i,n that the _solution of the said 25 sul phonat ed
organophosph@tcdéi'cgﬁﬁolﬁﬁf]‘i"?‘y ERuEHRSRPRA TS ARA GRLPIREBY in a

t er/ al cohol__m xt, . A@A@. Al . Adf R A@ A@. A@ . A ALSY.
2\@;\ L A@gé\eg%ggw;@g@ it ?@Rrﬁg@% B ahiced e
"*+op! " sni. cal.cal £al,cal cal ca] cal ca].ca] ca] cal cal.cal ca] ca] ca] ca] ca
cal ca] cg] (:5a] cgﬁeéné]%aé] @é%tgléiéésa]kgﬁc}ﬂ%aﬁc%lla] %J]%'Itﬁée I({ré(;ﬁ’}atlslﬁ?%l_%] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] C%&%Jao%qrg-}aéo@%l&aé Al G e Al galsalsalealggl cal cal
X -

cal ca] ca] ca! M

}xsni 4] cal eareal ot hidhe shilcal ool 6 cale alsalead o) oabselsal cal oal
cal] ca] ca] ca] ca] €Ca] ca] ca] ca] ca] ca! -
may also be made of the compounds BISBIS, NORBOS and
BINAS described in the article by Boy Cornils and
10 Emile G. Kuntz published in "Journal of Organometallic
Chemistry" No. 502 (1995) pp. 177-186. Similarly, the
water-soluble furylphosphine compounds described in
French patent application No. 98/06559 filed on
20/05/98 - not yet published - fall within the context
15 of the invention.

As mentioned above, these sulphite-freed
organophosphorus compounds are used in particular as
components of catalysts comprising a transition metal
element chosen, for example, from the group comprising

20 nickel, cobalt, iron, ruthenium, rhodium, palladium,
osmium, iridium, platinum, copper, silver, gold, zinc,
cadmium and mercury in variable oxidation states.

As examples, it may be mentioned that, in
these catalysts, generally, rhodium is in oxidation

25 state (I), ruthenium is in oxidation state (II),
platinum is in oxidation state (I), palladium is in

oxidation state (II), osmium is in oxidation state (0),



2 [ W&(2;

<g} XS§]i d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cahgahsabg®] cal c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! g{| CXYgh: e+R} xsni d_Z] ca] ca] ca] ca]ca]ca] c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajra] ca]ca] ca]ca] ca]lca]ca]ca]ca]calc

a] ca!

@A\UopNz\ <HJv{}} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c

a] ca] ca] ca] cahgalien] Gad cal cxtidd crdeadeat6al 6p! and nickel is in

0TVi >KMUWI~} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c

a] ca] ca] ca] capddlaad]oen]sxadton] @) ca] ca] cal cal >u>t

M'*P] _no}xsni d_Z] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalca

] ca] ca] ca] ca] ca] ca] ca] Gile adatad loadcadara! 3so2Snprige metallic

}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca]

ca] ca] ca] ca] cdleveinda] ¢ cyjasedteer ox |dopamt: " [ " h"| " HiHH

HU ##AHH##H#A#] XSni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca]

ca] ca] ca] a] ca] ca] ca] c Qe et ] At AR HEESSIG RaBRREREL
"HJj'I'p' V' S(XC(((((C.)xsnid ZU]c cal ca] ca]ca]calca ca] cal caU] cal ca

U] ca] caU] ca] @l PpeamenrRneania) ida TRt caf cEre aprare TEaU] cal.)V)i))
?**3*J*****++!bweé-9|‘-’>’++wg,l’“’,e(§ Rurely as >?srﬁ‘ﬂl_% ta] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca]:ﬁ&]ngﬂ Cf‘] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cal =-?-}

.D.K 1.7 / / ca] ca] ca

ca] ca] ca] ]ca] ca] ca] ca] c céa] ]é%)](éfa]gcrg%iai ca “F&Z% {1 ac% a:]ac}gc] cg% %33} ?g]%ca] ca¥ 03%)
40MDNONDDHO op@@@@@lafltmalaaamgazﬁwwl spliea] ca] ca] ca] ca]
a]J ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal calca]ca]calc
a! E3~3544445€5] S5 £H661 &b G Git6its 17147 Fhe8-e8\rBles nisdt 7 Jpesd @f] ca] ca] ca] cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca!\ 88883B3BBEBHNAFDIORNR ). ,iB:1daced ;in a 20 litre reactor

; }xsni d_Z] ca] ca] ca] ca] ca] ca] ca] cal ca(] ca(t] ca] ca] cd] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cad el eed cid g o] ekl o alL80 x fitted with an
<2< _<<<<ec===>>h>>>7??7??7?7?S AEAI A} xsni d Z] ca] ca] ca] cg}} .ca], gg] ca] ca] ca] ca]

ca] ca] ca] ca] 3T LA CARSHSATa)T A 1H BT A e e -EF1-8S] ca] ca] cal | Az
AAAA
BABeBBr &U%ﬁ%éﬂ—d ﬁ#’éﬁ&%@ﬁmﬁﬁﬁ%{%.a&l f]qélﬁoél% é&ﬁé&]“ca} ca] ca] ca] ca

B

U c”a] ca] ca] £ &) calrad G Rl salcalrakGaUkeid solution

al ca] ca] caj ccgﬁ]a%a] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! TTUBY UQVWWEWCWFWY\\\]] 4
AYN N APANMAAG: "R oI T tdarithah¥dn introduced, which leads to a pH

U] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca! " a@t aaazbbbc%2cEhRhUhxhhhi (i Ui

IMiJjjiMpkkkBlI 1} xsnid Z]

Ul ]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca]ca]ca!:

Vb@ m 10% 9\ 9&' () - S109%& ()-210%&' ()-s10%& ()-L t10%& () -

@&10%&' ()-"D3d}"?&&s10%&' () - &$10%&' ()-" 10%&k ()-! 109& ()-!

109 BKkB& ()-9310%& ()-1}"?4 109109& ()-9

7@0% ()-/s10% & ()-M6/s109%& ()-M,, 109%& ()-9*310%& ()-(Tn\V 910%&& ()-3
109 ()-9S@ 0% ()-9s: 10%&&' ()-s10%& ()-f#@ 10%&& ()- 10 10 M

dEMY 910%@ 10%@& () - 10%a& () - & 109%@& ()-10%a& ()- &10%a& ()-  10%a& ()-M
XqdEMV 910%@y 5@ 0% () -

109 () - @ mLO%@&' () - 9d0%@& () -:, #S109%4@& () - &L! 109@& () - + -



bCO10%9s10%& () - #- 10%4& ()- 10@ 10@ 10@5f ;
&109%@& ()-f910%@& ()-, 710%@& ()-- b  2dEbCI109% F10%& ()- 21 June 2003
109648 () -, t 1094 () -
S 109448 () - y10%4& () -y10%& ()-2_/ WIEbC910%810%4& () - f 10%4& () - 9
10%4& () -f10%4& () -y, Z10%&' () - L10%4& () - \W2gdBbCo109%8 | L' #109% HI H&' () - S$10%
& () - SHE109%4& () - &1 10944 () - SYLO%R: () -BYY10%-& () - C: dEhCI10% @, 10%&! () -
3109648 ()- 110%4& ()-9- 10%4& ()- +10%4& ()- L' #10%& ()-: ebC9109% MLOYE ()-L
t 100&' () - #f- 109 ()- 10H 10H 10H@IL10%' ()- 710%4&' ()-+R
aBbCO10%y @ 0YRE( §- BZ1Dh&S (PixEureoiisheated 100@805C WO £ im0 () -
UNJEbCO109%84.09%& () -y, #10%& ()-LL! 10%& ()-f10% ()- " 109%& ()- glO%& ()- <v
dEbC910% 901o%d()méﬁr3&os/&sz§mf@f 1BLRX Pyen*Sq 0BR, {9 -$1 VMDD, ¥he y&s109& () -
0i ; <=>KM>C910% 10%b& @ 10%&
105109%& () - s4589RR t‘io‘&%ﬁ/& ﬁsmgid%@%%&b@)%l&tﬁ BY 09878 Q) - 10%0& () - L
- 10%& () - @L0%& ) bCol

10%& () - 9L! 16%@‘“%%0%%9 ‘{‘ 5"‘1‘6&% S(S%%L‘E)O/%‘&e{% 13 %42 (5% Kb 9109

VW dEb CoLbyg0100maP £ 50 e 7L SR 0 e (T SR ) i %é?%ltﬁsslo%& 0-
IMNOP] _bC910% ; 10%0&; {dnur 18908 4 ; tAPYDE { )nd@ 109889 dq -
1098 () - : \ dELCOL0%A FL0%& () - y10M& ()- L10%E& () - 10%&" () L 10%3& ()

10%& () - S\ dEbLIFN40OL &1 0gbee € ) £154 OPORL dy g 1O9BR o ) -ACHM & ) -

10%¢& ()-L@0%& ()- | z dELCI10%,

10%& () - & * 16%b8Eh{ e 9( 1850&t () -RIDVDEL 1) t 9$,@lTd S Iphittentent

LIT#" X Y" 2" [ " dYNC910% 10b 10b

10b: 10%& () - ROSIVEHEL ¢S F7ZAD DR ffc;ualllsm%%@ (ORm siBRRRE (ORI <#t ##$ <Y

NCO! a 10%y& ()--16 10%  10%
10%U& ()%é 1% Eﬂ&e(&%%‘b‘g ‘?J%?"(?g )é/mmw @ hoprfodEuFug () -

I o4 1N
1z(m0%'1 1&863C, the mixture is cooled with stirring to room

temperature. 324 g of an aqueous sodium hydroxide
solution at 1 mol/litre are then introduced and a
sulphite-freed agqueous solution of TPPTS (pH = 5.4) is
15 obtained.
EXAMPLE 2
500 cm’ of the sulphite-freed agueous solution
of TPPTS at 30% by weight, of Example 1, is placed in a
1l litre glass round-bottomed flask fitted with a
20 magnetic stirring bar and an ascending condenser. The
solution is degassed. 20 g of Ni(cyclooctadiene), are
then introduced, with stirring and under a stream of
nitrogen, followed by 350 cm’ of pre-degassed ortho-
xylene. This mixture is heated at 45°C for 15 h. After
25 cooling, the two-phase system is decanted. About 35 cm’
of the agueous phase, which is a strong red colour, are
taken and introduced into a 150 cm’ glass reactor fitted

with a turbomixer and purged with argon. This aqueous
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5 sample of the agueous solution is taken and analysed by
phosphorus-31 NMR (nuclear magnetic resonance). The
analysis, performed on a Bruker AMX 300 II® spectrometer
at a frequency of 121 MHz, shows that the TPPTS
contains no TPPTS sulphide (content less than the

10 detection limit of the analysis technique, i.e. less
than 0.1 mol% of the total phosphorus in solution).
EXAMPLE 3

500 cm® of the agqueous solution of TPPTS at
30% by weight, initially containing 1540 ppm of

15 sulphites, are placed in a 1 litre glass round-bottomed
flask fitted with a magnetic stirring bar and an
ascending condenser. The solution is degassed. 20 g of
Ni(cyclooctadiene), are then introduced, with stirring
and under a stream of argon, followed by 350 cm’ of pre-

20 degassed ortho-xylene. This mixture is heated at 45°C
for 15 h. After cooling, the two-phase system is
decanted. About 35 cm’® of the agqueous phase, which is a
strong red colour, are taken and introduced into a
150 cm’ glass reactor fitted with a turbomixer and

25 purged with argon. This aqueous phase is heated to 90°C
and 3.2 cm’ of an aqueous solution of zinc chloride at
70% by weight are then added. The mixture is maintained

at 90°C with stirring at 48 hours. After cooling to
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10° performed on a Bruker AMX 300 IT spectrometer at a

5 frequency of 121 MHz, shows that it contains TPPTS
sulphide (peak at 43.7 ppm) to an extent of 4.5 mol% of

the total phosphorus in solution.
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characterized in that the water-soluble sulphonated
organophosphorus compound comprises an amount of
sulphite of less than 100 ppm and undergoes a treatment

10 for at least partially removing the sulphite compounds
or radicals.

2. Process according to claim 1,
characterized in that the weight concentration of
sulphite compounds or radicals after treatment is less

15 than 50 ppm.

3. Process according to claim 1 or 2,
characterized in that the water-soluble sulphonated
organophosphorus compound is treated to convert the
sulphite radicals into sulphurous gas.

20 4, Process according to one of the
preceding claims, characterized in that the organic
reaction is chosen from the group comprising
hydroformylation, carbonylation, oxidation,
isomerization and hydrocyanation reactions.

25 5. Process according to claim 4,
characterized in that the organic reaction is a
hydrocyanation of organic compounds comprising at least

one ethylenic unsaturation.
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comprises the water-soluble sulphonated
organophosphorus compound and at least one transition
metal.

10 8. Process according to claim 7,
characterized in that the transition metal is chosen
from the group comprising nickel, cobalt, iron,
ruthenium, rhodium, palladium, osmium, iridium,
platinum, copper, silver, gold, zinc, cadmium and

15 mercury.

9. Process according to claim 7 or 8,
characterized in that the catalyst comprises promoter
or dopant metal elements.

10. Process for preparing water-soluble

20 sulphonated organophosphorus compounds, characterized
in that it consists in at least partially removing the
sulphite compounds or groups by lowering the pH of a
solution of the said compounds to a value of less than
or equal to 4, and maintenance of the pH of this

25 solution at a value of less than or equal to 4 down to
a weight concentration of sulphite in the solution at a
value of less than 100 ppm.

11. Process according to claim 10,
‘characterized in that the lowering of the pH is carried

out by addition of an acidic compound.
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10 acid, tri i i

luorocacetic acid, para-toluenesulphonic acid,
perchloric acid and nitric acid.

15. Process according to one of claims 10 to
14, characterized in that the solution is maintained at
a temperature below 100°C, preferably between 40 and

15 90°cC.

16. Process according to one of claims 10 to
15, characterized in that the sulphurous gas is removed
by entrainment with a carrier fluid.

17. Process according to claim 16,

20 characterized in that the carrier fluid is chosen from
the group comprising nitrogen, carbon dioxide, water
vapour, rare or inert gases, and oxygen-depleted air.

18. Process according to one of claims 10 to
17, characterized in that the solution of the said

25 sulphonated organophosphorus compound is an agueous

solution or a solution in a water/alcohol mixture.



