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FOR THE PREPARATI ON BY HYDROGENATI ON OF CATALYSTS BASED ON
TRANSI TI ON METAL AND PHOSPHI NE The:present invention
tfelates to a process 5 for the preparation, by reduction usin dr ogen,
of conpouwods S®iR2den838an be used as catlal ysts. PCT/FR96903E
conpounds towards which the process of the invention is directed
contain at | east o/BROCESS EOR) 'FHE PREPARATION B DRONRINE N MO 1

combined 10 with at |east one nnnodentate or bldentate mater-
sol ubl e phosphi ne CATALYSTS BASK N RS RN, ME LA A e s
as catalysts in place of the catalysts used I n the

hydr ocyanati on reaction of ethylenlc conpounds as 15 described in

patent FR-A-2,338,253. In_ the res t ext he ferred to
as catal ysts wi t hout The; p ?‘PN&“t“t’r@F‘r zielt?ltt s’yf*: pl%%cr L

Besides th the f h tal ysts

their regefer %Pan b2 F%é%aﬁ%a 5 B Feduftaon, %W%S@#%ﬁ?ﬁ o

such catal ysts f uﬁﬂ%hh Q?P AN Llcatlai¥/gtia . conpounds, gradual
a

oxi dati on of tﬁe ran5|t|on met ey contal n occdrs, t hus | eadi ng

in the long- or short-teihd Qolpduiidll towardsP¥hiicl wWRAGroMdPBO! t he

said catal ysts. 25 The process for the preparation of
catal ysts the invention is directed contain at least one

¥= exanpl e,

transition metal in oxidation state 0 or 1 combined
10 with at least one monodentate or bidentate water-
soluble phosphine.

Such compounds can be used,'for example, as
catalysts in place of the catalysts used in the
hydrocyanation reaction of ethylenic compounds, as

15 described in patent FR-A-2,338,253. In the present
text, they will be referred to as catalysts without
this limiting their field of use.

Besides the synthesis of such catalysts, the
present invention allows their regeneration. The reason

20 for this is that during the use of such catalysts for
the hydrqcyanation of ethylenic compounds, gradual
oxidation of the transition metal they contain occurs,
thus leading in the long- or short-term to at least
partial deactivation of the said catalysts.

25 The process for the preparation of catalysts
containing at least one transition metal in oxidation
state 0 or 1, combined with at least one monodentate or

bidentate water-soluble phosphine, consists in treating



bontainfng at least one transition nmetal in oxidation state 0 or 1,

conbined with at | east one nonodentate or bi dent at e wat er - sol ubl e
phosphi ne, consists in treating 2
an aqueous solution containing at | east one transition met al conpound
and at | east one nonodentate or bi dei® at e wat er - sol ubl e phosphine with
hydrogen in the absence of carbon nonoxide._ 5 . The
expression "'naFhéqaﬁgﬁﬁCEOBFtéQPbﬁﬁntalnlﬁEnéila&‘sﬁe8ﬂ§ trapsition

i ndustri al - grade hxdrogen containing.only very | ow residua
amounts of carBGﬁa c°”ﬁ8ﬁ5§|ﬁﬁd PteleéﬁﬁuﬂP§ H?ng ¥§§s°¥han 0.01 nol %

per nole, iis used in the S entio h no
addi ti onal anDHﬁ epfatpcwakey- gaﬁuﬁie 8??5 ne W1¥h ﬂyg 385 th chd

The wat er - sol ub, hosgglne gsed in th process of the inventionis a
nonodent at e ph ﬁg car 8PrE?B8ﬁﬁ|ﬁg to the general formula (I) 15

P (Arl)[er ](Ar2)[err](A&§ [ SD%LLegbkﬁﬂéé[%Erkarboﬁ
i n which: 5 - Arl, Af . ggikgg;kwﬁ' % are I tical or different, 20
represent arylng QHEEeQrmﬁﬁﬁh Qhﬁ%pinaﬂQEihﬁiﬂﬁraaﬁ hydrogenObo#Bidly
substituents suc or al koxy radical having 1 to 4
carbon atons, conta;ning only very 1ow residual amounts of carbon

monoxide, i.e. amounts usually less than 0.01 mol% per

mole, is used in the process of the invention, and that

10 no additional amount of the said carbon monoxide is
added.
The water-soluble phosphine used in the

process of'the invention is a monodentate phosphine

corresponding to the general formula (I):

15
P (Aﬂ),(Arz)b(Ar3)c(D1)d(D2),(D3), (1)
in which:
- Arl, Ar2 and Ar3, which are identical or different,
20 represent aryl groups or aryl gfoups containing one
or more substituents such as:
- alkyl or alkoxy radical having 1 to 4 carbon atoms,
- halogen atom,
- nitrile group,
25 - nitro group,

hydrophilic group such as:
- COOM, -SO,M, -PO;M, M representing an inorganic or

organic cationic residue chosen from a proton,



- hal ogen at om

- nitrile group, 25 - nitro group,

hydrophilic group such as: _ - COOM -sgerr]M -PJerr]M M

representing an inorganic or

froma proton, 3
cations derived fromalkali netals or al kal3 ne- earth netal s,
ammoni um cations -N(R)[err] in which formula the_synbols R

organi c cationic residue chosen

whi ch are identical ofations deriVQHi#F@FEﬁﬂkaﬂépﬂﬁgéﬂP Shpddddmest om or

an al kyl 5

. e
other cations derived®Ar&m Metals ,Agoonium cations sN{R)ar bBxYRiCR,ci d,

| ph hoaqi, i d t
formuly ghe i‘%ﬁ-&ﬁiﬁo?” I %ﬁ‘at%;’r'f? ig’rag QFhi ch are

aryl sul phonic acid or

wat er - sol ubl e,

radi cal having from1 to 4 carbon_atons, th

ég al ky! raijidggf ! ﬁgin %‘%Irefg];% £or ffefi’rrg %g%ﬁgt h%%%re%geﬁgﬁ,?%? an alkyl
OH, -ga, b and i lw of h , 15
L B Do anatRERERES B HRRA OR ¥ CacBR sVl che

represent an alkyl or geRer? catdlond @eri¥edFrci metals whidlsey! oOr
cycl oal kyl group contai ning one or nore

10

15

20

25

arylcarboxylic acid, arylsulphonic acid or
arylphosphonic acid salts are water-soluble,

- N(R), in which formula the symbols R, which are
identical or different, represent a hydrogen atom
or an alkyl radical having from 1 to 4 carbon
atoms,

~ OH,

a, b and ¢ represent, independently of each other, 0
or 1,

Dl, D2 and D3, which are identical or different,
represent an alkyl group, a cycloalkyl group, an
alkyl or cycloalkyl group containing oné or more
substituents such as:

- alkoxy radical having 1 to 4 carbon atoms,

halogen atam;

nitrile group,

nitro group,

hydrophilic group such as:

- COOM, -SO,M, -PO,M, M representing an inorganic or
organic cationic residue chosen from a proton,
cations derived from alkali metals or alkaline-

earth metals, ammonium cations -N(R), in which

or

or



substituents such as: 20 - al koxy radical having 1 to 4 carbon atons,

- hal ogen at om - nitrile group, - nitro group, -
hydrophilic group such as: 25 - cooM -SJerr]M -PJerr]M M
répresenting an inorganic or organi c cationic residue chosen
froma proton, cations derlved4fron1alkall metal s or al kal i ne-
earth netal s, ammoni um cations -N(anerr I n whi

4 f or nul afPFBULPEBRsE RHPCR'aWblFBeﬂFPcéﬁeBFlcal or

different, represent ﬁ§¥dro en atomor an a havi ng

from1l to 4 carbon at ] t' represent Bth@%rEEFPoﬁ§°ﬂePFv§B Figﬁﬁnetals
mhpse 5 carboaﬁllg ﬁg%ghgsgrgmpg gﬁ;gl Bﬂprlﬁﬁethe

acid salts are water-88

symbol s R, which are other catlonkdsgkiggh ?oﬂ LLELE twhgﬁgresent a

hydr ogen at om or an a aving'rromIto 4 carbon 10

o s Coemmemishtaihegetersata buigmesauy o+
a bidentate phosphi neaggarsapendaps watkkessganlal
- N(R), in which formula the symbols R, which are
identical or different, represent a hydrogen atom
or an alkyl radical having from 1 to 4 carbon
10 atoms,
- OH,
- d, e and £ represent, independently of each other, 0
or 1,
- the sum (a+b+c+d+e+f) is equal to 3

15 or a bidentate phosphine corresponding to the general

formula (II):
(Arl),(Ar2),(D1),(D2) P-L-P(Arl) (Ar2),(D1),(D2), (II)

20 in which:
- Arl, Ar2, D1 and D2 have the meanings indicated above .
for formula (I),
- a, b, d, e, g, h, i and j each represent 0 or 1,
- the sum (a+b+d+e) is equal to 2,
25 - the sum (g+h+i+j) is equal to 2,
- L represents a single valency bond or a divalent
hydrocarbon radiéal such as an alkylene radical, a

cycloalkylene radical, an arylene radical, a radical



formula (I1):
(ArDJerr](Ar2)[err](DL)[err](D2)[err]P-L-P(ArD)e[rr](Ar2)[err](D1)[err] (D2
Ylerr] (I1) 20 i n which: - Arl, Ar2, D1 and D2 have the neani ngs
i‘ndi cat ed above - for fornmula (1), - a b, d e g, h, i and j
each represent 0 or 1, - the sum (a+B+d+e) is equal to 2, 25 - the
.sum (g+h+i +j) is equal to_ 2, represents a single val ency bond or

- L . a,
a dival ent dexrlyed fxom A rhetferPexets ontaining e 5JIFERI, a

cveloal kvl ene, 12, cole LSS LEhchlyyd LEE e cne ring, emegs, o
00T B b O er ) L0401 3 pongas SALERITH Y6 e o 1o
the t h h | h
e 110 PIOSPO U e piodhflBd! s EhP P BECMA 00 Bhbl-abospIOr s

radi cal hawng fr t i e r the
Ve % y&f %&ﬂi% &85¢0 6n§t ?lggtdllz?/ ?hospﬂ&?&é 6?_‘&%)0

ring or rings whic ormpart o al ent” radi ca

contain one or NMe tdOche twd'DFid talCIH Sest Chr ASrih@rEd (€IkyEEnEOr Arl,
Ar2, Ar3, D1, D2 and D3.

radical having from 1 to 4 carbon atoms, it being
possible for the ring or rings which may form part of
the divalent radical L to contain one or more

10 substituents such as those defined for Arl, Ar2, Ar3,

D1, D2 and D3.

As examples of metals whose carboxylic acid,
sulphonic acid or phosphonic acid salts are water-
soluble, mention may be made of lead, zinc and tin.

15 - In the present text, the expression water-
soluble is understood to refer to a compound which is
soluble to at least 0.01 g per litre of water.

The preferred water-soluble phosphines are
the phosphines of formula (I) or of formula (II) in

20 which Arl, Ar2 and Ar3 are phenyl groups or phenyl
groups containing one or two substituents as defined
above. D1, D2 and D3 represent an alkyl group having
from 1 to 6 carbon atoms, a cycloalkyl group having 5
to 8 carbon atoms, an alkyl group having from 1 to 6

25 carbon atoms or a cycloalkyl group having 5 to 8 carbon
atoms containing one or more substituents as aefined
above, L is a single valency bond, an alkylene radical

having from 1 to 6 carbon atoms, a monocyclic or



As exanpl es of netals whose carboxylic acid, sul phoni c acid or
phosphonic acid salts are water- sol ubl e, nention may be nade of

| ead, zinc and tin. 15 - In the present text, the expression
wat er - soluble is understood to refer to a conpound which is

soluble to at least 0.01 g per litre of wdter. The
preferred water-sol ubl e phosphines are . t he phosphines of formula (1)
or of formul a Pieyclic cycippdkyAene radigad haviage fypen¢l tgr d8ps or
phenyl groups containing one or two sybstituents_as gefined

above. D1, D2 SRHPPR RLPMEscAt PARR¥LRPE FRELF2havPngiPhenylepgy 1 1o 6
carbon atons, a cl oal kyl havi ng .5 .0 8 bon_atons, an al kyl
group having fFB#2te 8 nfghgg§&?38nrgéﬁﬁ§10raadéﬁﬁngﬁwgfnﬁroup havi ng 5
to 8 carbon . ms_cQnkai.nkn RE_Qr re_s i as defined
above, L is a g?ﬁﬁgéiva?e%3§§88%dgegﬁsggk§¥§ﬁeara§?%5%3$g&g having from1

to 6 carbog ategﬁta%?§§§E8¥8|5§ ko oxygen, nitrogen or gylphur atoms

6 bi cyclic cy arkyl'ene radical“having _
atoms, a phenyigneneading . tRedePYRRIbERCcyclic radicahs Bfeaﬁahbbﬁhsae

radi cal, a dinaphthylene™ radical, a radical derived froma
heterocycle &ire€€liyat8i 88e0BE Ghe! pRoSKNOBLAs AtbmBJBR b tHePBwb at ons
in the ring, these various cyclic radicals being bonded directly to

one of the phophbspherasoatomns bg betni\Wbonded tpheaghefushat ons or being
bonded to one of the
phosphorus atoms or to the two via a linear or branched

10 alkylene radical having from 1 to 4 carbon atoms, it
being possible for the ring or rings which ﬁay form
part of the divalent radical L to contain one or more
substituents such as an alkyl group having from 1 to 4
carbon atoms.

15 The preferred water-soluble phosphines are
the phosphines of formula (I) or of formula (II) in
which:

- the substituent or substituents of Ar, Ar2 and Ar3,
which are identical or different, represent groups

20 such as: |

- alkyl or alkoxy radical having from 1 to 2 carbon
atoms,
- chlorine atom,
- hydrophilic group such as:
25 - COOM, -SO,M, -PO,M, M representing an inorganic or
organic cationic residue chosen from a proton,
cations derived from sodium, from potassium, from

calcium or from barium, ammonium,



phosphorus atons or to the two via a linear or branched 10 al kyl ene

radi cal having from1l to 4 carbon atons, it bei ng possible for the
ring or rings which may form part of the divalent radical L to
contain one or nore substituents such as an al kyl group having from1l
to 4 carbon atons. 15 "TRe preferred water-sol ubl e

phosphi nes are t he phosphines of fornmula (1) or of formula (I1) in
whi ch: - the subttrupethy bammemivp, (Eattagrhylampenivymy Ar 3,

which are identical or different, represent grougs 201 such as:
AT kyl or al Koxy. r adFeEFeREGR YRR 4ad “EaF Fan €yl ammontin, o0

- chlorine atom . -_hydrophilic.grpup,spch as; 25 - - COOM
-Sgerr]M -PJerr] Mcﬁ:f'%rb?és%?ﬁ???@sa gfﬁ%g‘éaﬁf%mo?lnc’ from 1ea%r%5ni C
cationic residue chosgpa$r9ﬂ&a pr ot on, cations derived from
sodi um from potassiun from’ calciumor from barium anmoni um

t7et rapr opyI%m'r;[)ﬁ}[ Lﬁ@%’gmgﬁiy ham%%ﬂﬂw’ (Ba't ivt)hr?'sc,h Cag:;[el ons
derived fromzinc, frpjeh€feaPlor different, [+&Présént a hydrogen atom
or an alkyl radical having from 1 to 4 carbon
atoms,
- OH

10 overall at least two of the said substituents of Arl,
Ar2, ArB, D1, D2 and D3 for the phosphines of formula
(I) and of Arl, Ar2, D1 and D2 for the phosphines of
formula (II) being a hydrophilic group as defined
above.

15 - Non-limiting examples of phosphines of
general formula (I) which may be mentioned in
particular are the alkali metal or alkaline-earth metal
salts, the ammonium salts and the quaternary ammonium
salts of (3-sulpho-

20 4-methylphenyl)di (4-methylphenyl)phosphine; (3-sulpho-
4-methoxyphenyl) di (4-methoxyphenyl) phosphine;
(3-sulpho-4-chlorophenyl)di (4-chlorophenyl)phosphine;
di (3-~sulphophenyl) phenylphosphine;

di (4 -sulphophenyl)phenylphosphine; di(3-sulpho-

25 4-methylphenyl) (4-methylphenyl)phosphine; di(3-sulpho-
4-methoxyphenyl)(4-methoxypheny1)phosphine;

di (3-sulpho-4-chlorophenyl) (4~-chlorophenyl)phosphine;

tri (3-sulphophenyl)phosphine;



5 - N(R)[err] in which fornula the synbols R, which are

I dentical or different, represent a hydrogen atom or an al kyl
radi cal having from1l to 4 carbon at ons, -OH 10
overall at |east two of the said substituents of Arl, Ar2, Ar3, DI,
D2 and D3 for the phosphines of fornmula 8 (I) and of Arl, Ar2, D1 and
D2 for the phosphjnes of formula (11) being a hydr OphI|IC group as
defi ned abot &4 -sulphophenyl) phogphing ;i t¥h {3 288:BRes of phosphi nes of

arkal | metal ork “%s#”‘#gﬁ v 1ot iﬁé’.”etréa?fgulm 2 amoni um salts and
t he quaternarylg 3 E Q_ 2% _
PR amEh AP ctrt sty

e P cod
83 SU|pPOh4 ﬁhloro P§$§§é¥g ¥ ehyr?pﬁuégﬁlne I )

3
i (3-sul phoy 2L REREP ROy Bl S e h%ﬂ‘ﬁ“%%? PR arageLpaes T e
4- et hoxypheny| 4 {fle OBy DEKSRYE RO SPRERE} NES - sulphophenyl)(B sulpho-

di (3-sul pho-4-chl orophenyl ) (4-chl or ophenyl’) phosphi ne;
tri(3-sul phopheswdRDespengl) (3, 5- d;sulﬂ o-4-chlorophenyl)phosphine, 8

tri (4-sul phophenyl ) phosphi ne; tr|(3 sul pho

tris (hydroxymethyl)phosphine,
tris(2-hydroxyethfl)phosphine,

10 tris (3-hydroxypropyl)phosphine,
tris(2-carboxymethyl)phosphine, the sodium salt of
tris (3-carboxylatophenyl)phosphine,
tris(3-carboxyethyl)phosphine,
tris(4-trimethylammoniumphenyl)phosphine iodide, the

15 sodium salt of tris(2-phosphonatoethyl)phosphine,
bis (2-carboxyethyl)phenylphosphine,
hydroxymethylbis (2-hydroxyethyl)phosphine, the sodium
salt of tris(para-phosphonophenyl)phosphine, the sodium
salt of bis(meta-sulphophenyl) -para-

20 carboxyphenylphosphine and the sodium salt of bis(meta-
sulphophenyl) -2-sulphoethylphosphine.

Non-limiting examples of phosphines of
general formula (IX) which may be mentioned in
particular are the sodium salt of

25 2,2'-bis[di(sulphonatophenyl)phosphino]1,1'-binaphthyl,
the sodium salt of
1,2-bis[di (sulphonatophenyl)phosphinomethyl] cyclobutane

(CBDTS), 1,2-bis(dihydroxymethylphosphino)ethane,



4- et hyl phenyl ) phosphi ne; tri (3-sul pho- 4- met hoxyphenyl ) phosphi ne;
tri(3-sul pho- 4- chl or ophenyl ) phosphi ne; (2-sul pho- 5

4- et hyl phenyl ) ( 3- sul pho- 4- et hyl phenyl ) ( 3, 5- di sul pho-

4- et hyl phenyl ) phosphi ne; (3-sul phophenyl) ( 3- sul pho-

4- chl or ophenyl ) (3, 5- di sul pho- 4- chl or opheny?) phosphi ne,

trls(hydroxynethyl)phos hi ne tris(2-hydroxyethyl)phosphine, ., 10
tris(3-hydroxypy Wwethylghqg@%}m R pFRe #RFMm { he

o L wmw bt SRUSER SRS St nomotiy) -
tris(4-trimethy n phosphi ne i odide, the 15 sodium salt of
tris(2-phosphon qggﬁﬁ' qﬂﬁ%@éL1

bi s( 2- carboxyethyl)phenyl 5*%
hydr oxyret hyl bi s{ 2- hydr oxye i;}ﬁosp'hu‘nse pogeible; to,use @ mixture of

trls(para v ) s Eiifes0di UM salt of
bi s( et a- su phopﬁenylg-para- E#ﬂgﬁguigiyphenylphosphlne and the sodi um
salt of bis(neta- kb OPF ¥ de SeStePIei vl bithes of

Non-limting exanples of phosphines of general fornula (l11) which may

be nmentioned i rformula PEI) icw| (XIPr£rd Eommseciahy tavdiladSle.
2, 2" -bi s[di (sul phonat ophenyl ) phosphi no] 1, 1' - bi napht hyl , t he sodi um

salt of 1, 2- bi s[ di (B mawsmmmmmmgpmmm
(cBDTS), 1,2- bls(dlhydroxynethylphosphlno)ethane
may be made to the general or specific phosph;ne

10 synthesis processes described in general texts such as
Houben-Weyl, Method der organischen Chemie, organische
Phosphor Verbindungen, Volume 1 (1963).

Lastly, for the preparation of the water-
soluble derivatives not described, it is possible,

15 starting with phosphines containing no water-soluble
substituents defined above, to readily introduce one or
more of these hydrophilic substituents. Thus, the
sulphonate groups, for example, may be introduced by
the reaction of S0, in sulphuric acid. The carboxylate,

20 phosphonate and quaternary ammonium groups may likewise
be introduced by applying the chemical methods known
for this type of synthesis.

Transition.metal compounds which are
preferably used are nickel, cobalt, iron, palladium,

25 platinum, rhodium and iridium compounds, at least
partially in an oxidation state other than 0. Water-
soluble compounds or compounds capable of passing into

solution under the reaction conditions are used. The



9 1, 3- bi s(di hydr oxymet hyl phosphi no) propane and the sodi um - salt

of 2,2'- b| s[ di (sul phonat ophenyl ) phosphi nonet hyl ] - 1, 1' - bi napht hyl .
Qovi ously, it is possible to use a m xture of 5 several of these
phosphi nes. Sone "of these wat er-sol ubl e phosphi nes of
formula (1) or (I1) are commercially avai lldbl e. For the
preparation of the ot hers reference . may be made to the general or

speci fic phosphigfidug) bonded ke i the mrtal dis d&%r?%}%ﬁf“’r’r?’gé?@‘é’r edxt s

such as uben- W\ thod der or schen Chem e, organische

Phosphor Ver bi #&ﬂ"‘bgﬂ’ %/?cﬁjtﬁl‘\gt ‘g“ﬂit’@ns' Lastly, for the

preparation of the water- soI e deriyvatiyes not cfscrr bed, it is
3% X8 ubl e

possi ble, 15 starting IWW p'ﬂ'bes %e?%b‘?ﬁ% cgo%o’ﬁ

substituents def [ dpre of these
hydrophilic subst’Il&’t%d‘é‘:?\‘#iis)\ﬁfélle}1"I }Jﬁgéd‘i ﬂé ona e groups I?or exanpl e,
may be intredugethiding exangie ?H %bﬁiﬁéﬂdidﬂb&%w% H.g;{/afr{se The

carboxyl ate, 20 phosphonat'e an ry anmoni um gr oups W se

be introduced RLAPRlY idikKdle dﬂﬁfﬂ:ﬁiﬂ.ai@ hods get¥eular adé¥atd) s type of

synt hesi s. Transition nmetal conpounds which are
preferably usedornate ¢l citiitld), inivkelPaddrisbridge, Ihickgl ati num
rhodi um and iridi um conpounds, at |east partially in an oxidation

state ot her th&idarbiatrte, nickel borate, nickel bromide, nickel
chloride, nickel iodide, nickel thiocyanate, nickel
10 cyanide, nickel hydroxide, nickel hydrophosphite,
nickel phosphite, nickel phosphate and derivatives,
nickel nitrate, nickel sulphate, nickel sulphite and
nickel aryl and alkyl sulphonates.
It is not neceseafy for the nickel compound
15 itself to be water-soluble. For example, nickel
cyanite, which is sparingly soluble in water, dissolves
well in an aqueous solution of water-soluble phosphine,
in particular one which is sulphonated.
The reduction with hydrogen of the transition
20 metal compound in the presence of at least one
monodentate or bidentate water-soluble phosphine may be .
carried out in homogeneous phase, optionally in the
presence of a homogeneous catalyst which is soluble in
the reaction medium, or in heterogeneous phase in the
25 presence of a catalyst which is insoluble in the
reaction medium.
Homogeneous catalysts which may be used are

the usual catalysts for this type of catalysis, such



5ol ubl e conpounds or conpounds capabl e of passing into " solution under’
the reaction conditions are used. The . .
10 resi due bonded to the netal is not essential provided t hat
tt satisfies these conditions. Anong t he abovenenti oned
conpounds, the conpounds nost prefetted are those of nickel. Non- 5
limting exanples which nmay_be nentione re conpounds such ni ckel
- carboxyl ates (PRRsp&PE CXPEPLE:cMALET-80 “glbeﬁEFP. R CoMPafESs ﬁ&ikel
car bonate, nickel .. bi.car bonat e, .ni ckel..,bor,ate, ni¢ckel brom de, nicke
chloride, nickERoRdHRYe iTidipm, Fﬁ;@&}an§P§P3518Eg|n1f§ei &ani de, ni ckel
hydr oxi de, nicke&lh&QQ%ﬁhosphite, ni ckel phosphite, nickel phosphate
and derivative®3++t3%: WM yi crel nitrate, nickel sul phate, nickel sulphite and

ni ckel aryl and al kyl su : ibh mvdle MRSy for
t he nickel ponppund 15 hg?%ggbﬁifgugeﬁﬁﬁﬁéxigi Hb‘?@ Fo?nexanple, nickel
cyanite, WP' Chehd $RFHNS het@1d0ls icimphtids GfS thewRS metals,"aiHidH an
aqueous solution of water-sol ubl e phosphine, in particular one which

i s sul phonat edgre or are not depbad tiedlon a0 Buppdit)y dndwhich tadre
transition 20 nmetal conpound I n the presence of at |east one

nonodent at e or gné@alldlye enplleyed limblcatalgrit hydrogenation. daranged out in

honbgeneous phase, optionally in the presence of a honbgeneous
cat al yst whi chtheseomeltlad si,n those most commonly used are the metals

of group VIII of the Periodic Table of ﬁhe Elements, as

10 pﬁblished in the Handbook of Chemistry and Physics,
51st Edition (1970-1971) of The Chemical'Rubber'Co.
Among the metals of this group VIII which are more
particularly suitable, mention may be made 6f platinum,
palladium, ruthenium and nickel.

-15 Supported catalysts are advantageously used.
The supports Are very varied. Among these, mention may
be made, without any limitation, of aluminas, carbon
black, silicas, various metal oxides such as cerine,
zirconia and titanium dioxide, and metal salts such as

20 calcium carbonate and barium sulphate.

Among the non-supported heterogeneous
catalysts, Raney nickel and Raney cobalt are preferably
used. Raney.nickel is most particuiarly suitable.

The catglytic reduction is generally carried

25 out at a hydrogen pressure, measured at 25°C, of from 1
to 200 bar and at a temperature of from 5°C to 200°C.
Preferably, the hydrogen pressure measured at 25°C is

from 1 to 150 bar and the temperature is from 10°C to



the reaction nedium or in het er ogeneous phase in the 25 presence of

catal yst which is insoluble in the reacti on nmedi um

Honbgeneous catal ysts which nmay be used are t he usual catalysts

this type of catalysis, such as, for exanple, water-solu
phosphi ne conpl exes of rhodium iridikdn cobalt, ruthenium nicke
pal | adi um Het er ogeneous catal ysts which nay be used a
the various net¥%°®r conmpounds of these netals, which are or ar
deposited on a support, and which are generally enployed in catg
hydr ogenati on. Anmpng The golutien | ef theskrapiiticR eyl (comPapR

nmet al s 0

oup V| the Periodic Table of the Elenents,. as,

f | f
bl ohed i n LHES IBREetRe et BAE L0 UM IRG foRpounds WEdRT BT 1A

(1970-1971) of e %}gﬂg e e et this

VIIl which are t:FrrCLt])r'::e %%%%u‘%%%lyyssﬁi?:é%ﬁ%?g%eé&bi %1%@%3%%&%& % o]
plati num g | { RPEAES oft Ut | &ﬂﬂc | gke 1 : Suppo
catal ysts are atgs%n% ageous?{i/ u@g%gm" &egs%f)%brté% ar'ret:'\'/célrﬂi/al\:/?iri ed.
Anong these, NMepdyOd LEWds. be made, without any limtation, of

al um nas, carbon bl ack, silicas, various netal oxides such as ce

zirconia and titani um di oxgh Oghe opFed@rhel téRt ] Sthe/Ctel Lewis acid is

10

15

20

25

understood, according to the usual definition, to refer
to electron-pair-acceptor compounds.

The Lewis acids mentionedlin the text edited
by G.A. Olah "Friedel-Crafts and Related Reactions",
Volume 1, pages 191 to 197 (1963) may be used in
particular. _

The Lewis acids which may be used in the
reaction mixture are chosen from compounds of the
elements of groups Ib, IIb, IIIa, IIIb, IVa, IVb, Va,
Vb, VIb, VIIb and VIII of the Periodic Table of the
Elements, as published in Handbook of Chemistry and
Physics, 51st Edition (1970-1971), insofar as the said
compounds are at least partially soluble and stable in
water or more generally in the aqueous solution to be
treated. These compounds are usually, but with no
limitation being implied, salts, in particular halides,
preferably chlorides and bromides, sulphates, nitrates,
sulphonates, in particular trifluoromethanesulphonates,
carboxylates, acetylacetonates, tetrafluoroborates and
phosphates.

Non-limiting examples of such Lewis acids

a

for
bl e
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20 cal cium carbonate and barium sul phat e. Anong t he
non- supported heterogeneous catal ysts, Raney nickel and Raney cobalt
are preferably used. Raney nickel is nost particularly suitable.
The catalytic reduction is generally carried 25 out at a hydrogen
pressure, measured at 25[err]C, of from1 13 to 200 bar and at a
tenperature of from5[err]C to 200[err]C Preferably, the hydrogen
pressure measur¥aiek Day ?]@P¥§1°ned areorinctghlgpide, zhmcthgomide,
tamaaunelsf om 10

120[err]C. ne 1°é de' Tﬁ%nﬁoFEi-FBH°B?“‘FF|’%3’E‘P§H§PP?’Bﬁtﬁet Z#12€ onpound

to be reduced d | ement
Lhe cat ol yst pra¥aFBHebySLRE BF EEREE: oFiacolPREaFRYBREPORA tese conpounds

e e e S afheenese chfdkiall ﬁ%%anss%o’?ﬁ 1ap, phixbICcRISICAL | PX!
Lot o or i 45 rornfeReEbEGHIAG, A LERED! %aﬁmo”ﬁgébeklg‘&“#ﬂ%??:‘é AFdEY a1 s

and Rel at ed Reagfamiism chloridéblHgamiumpﬁﬂéﬁlégl bPanldub 18RO 18Y, be used

12

in particul ar. he Lewi s acids which may be used in
the 15 reacts@dniibds UbLodidef heﬁeméﬁe NELPRALEJISs0AnhE8s tartratepents
of groups Ib, Ilb, Illa, Illb, IVa, |Vb, Va,

the chlorides, bromides, sulphates, nitrates,
carboxylates or trifluoromethanesulphonates of rare-

10 earth elements such as lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and
lutetium, cobalt chloride, ferrous chloride and yttrium
chloride.

15 obviously; mixtures of several of these Lewis
acids may be used.

Among the Lewis acids which may be used,
mention may be made most particularly of zinc chloride,
zinc bromide, zinc sulphate, zinc tetrafluorocborate,

20 stannous chloride, stannous bromide, zinc
chloride/stannous chloride mixtures, nickel chloride,
nickel bromide and nickel acetylacetonate.

The Lewis acid used generally represents from
0 to 50 mol per mole of transition metal compound, more

25 | particularly'of nickel compound, and preferably'frqm 0
to 10 mol per mole.

An advantageous variant of the process of the

invention consists in regenerating a spent catalyst,



Vb, Vlb, VIIb and VIIl of the Periodic Table of the El ements, as

publ i shed i n Handbook of Chem stry and Physics, 51st Edition
(1970-1971), insofar as the said 20 conpounds are at |east partially

sol uble and stable in water or nore generally in the agueous sol ution
to be treated. These conpounds are ﬁgually, but with no

limtation being inplied, salts, in_particuylar_ hal]des, referably
chlorides and b ﬁi6§5F°SEPHh&tS?FaﬁVFFaP§§Fg bas L?&Ppﬁﬁﬁ&t@?? gﬁs

particular trifluoronethanesul phonat ,carb | at es
acetylacetonatP§F°F§tP&f&EBP&bgPEFé§iiﬂdinactlvﬁho?ﬁ%ﬁfeg.batalyet
Non-limting exanpl.es of such Lew s acid _

13 whi chéﬁﬁngdbé’nnﬂ‘ﬁﬁ%ﬁ&lﬁa Pe % %é‘%c?_ E8 ey a8 onrde,  zinc
odide, zinc tEL Ul APLAANEALPROAAT £ifl heral inPGRidhecH BEakE ral €,
zinc tetrafl uoPobo a?e, manganese chl oride, nmanganese brom de, nickel

chloride, g5 Qi gkeh bbg@i%alﬂ' l8ls oF VARt n iRiaC lbBle dECmUracelewiat €,
cadmi um chlori de, cadmi Gm bronm de, stannous chlori de, st annous

broni de, stanngudgasyl Riadae inSithienfydrodvanaition reactith f butddiene
brom des, sul phates, nitrates, car boxyl ates or

trifluoronet hagaayorheFapentenendteilel) becontesh grladulily such as

| ant hanum cerium praseodym um ~ neodym um sanmarium europi um

gadol i ni um tedeagtivated, dyspartiicmlarwhby wxidatdiommof ke um ytterbi um
and transition metal. The latter, and more particularly

10 nickel, is at least partly converted into cyanide. At
the end of the hydrocyanation reaction, the agqueous
phase.containing in particular the monodentate or
bidentate water-soluble phosphine and the compound of
the transition metal which is at least partially in an

15 oxidation state higher than 0, may readily be separated
from the organic phase. This aqueous phase may contain
variable amounts of compounds initially introduced,
such as butadiene and/or pentenenitriles, or formed
during the reaction, such as adiponitrile,

20 methylglutaronitrile, ethylsuccinonitrile,
pentenenitriles and methylbutenenitriles. The aqueous
phase is treated as described above in order to.
regenerate the catalyst by reduction of the transition
metal which is found in an oxidation state higher than

25 0.

The examples which follow illustrate the

invention.



Tutetium cobalt chloride, ferrous chloride and yttrium chloride. 15

Qobvi ously, m xtures of several of these Lew s aci ds may be used.
Anong the Lewi s aci.ds which nay be used, mention may be nade nost
particularly of zinc chloride, zinc brom de, zinc sul phate, zinc
tetrafl uoroborate, 20 stannous chl ori d&3 stannous broni de, zinc

chl ori de/ stannous chl oride m xtures, nickel chloride, ni ckel brom de
and ni ckel aceAbbzeyigticps used: The Lewis acid used generally
represents from to 50 nol, per nole of transition netal conpound,
more 25  par 8PNl afl 'BFnﬁFPﬁgth& ound, and preferably fromO0 ~to

10 nol per nol _ . .-An advant ageous variant of the process of
t he invegppbn Eoﬁgﬁgfgifﬁl}ggenerating a spent catal yst,

14 that iga.to say WaiLalga . becone
at | east partigFIy iﬁaE%P%%%q#ﬁﬁg, a CSF%I%SPSQQO%§§gse q'cj)%@%%nodentate or
bi dentate yat er-sol ubleaeive RIZOTRY BEadtiny comipoRindl dopiveFtled in
oxidation state -5 8 or 1, optionally also containing one or nore Lewi s
aci ds, used ingtpe hydiQeydRalr QN nifielr OF amdlUicEidind triles Tdritedf
pentenenitril es becones gradually deactivated, in particular by _
oxi dati on of the pelr’ 3Dl o NIKi0)| employled ter, and nore particularly

coD = cyclooctadiene.

10 Examples 1 to 10: Reduction of Ni(CN), on a
heterogeneous catalyst
The following are loaded into a 5 ml glass ampule:

- the hydrogenation catalyst (10 mol% of metal relative
to the Ni(CN), to be reduced) (mass indicated in the

15 table hereinbelow),

- 2.4 g of an aqueous solution of Ni(CN),
(0.127 mol/kg), of sodium triphenylphosphine
trisulphonate (TPPTSNa,) (0.5 mol/kg) and 2ZnCl,
(0.41 mol/kg),

20 - 100 ul of 3-pentenenitrile (3PN) (0.42 mol/kg).
(These concentrations are expressed relative to the
whole reaction mixture).

The ampule is placed in an autoclave which is
pressurized to 50 bar of hydrogen and heated at 100°C

25 for 1 hour. At the end of the test, the reactor is
depressurized and the agueous solution is analysed by
polarography. The nickel (0) concentration is

calculated by the difference between the total nickel



10 nickel, is at least partly converted into cyanide. At the end of

t he hydrocyanation reaction, the agueous phase containing in
particul ar the nonodentate or bi dent at e wat er - sol ubl e phosphi ne and

t he conmpound of the transition netal which is at least partially in
an 15 oxi dation state higher than 0, na¥6readily be separat ed from
t he organi c phase. This agqueous _phase may _contain vari abl e anmounts of
conpounds |n|t|%PP99PHFFBHEEeﬂnd the rgﬁéﬁ“&% BﬁF&B;eﬁEIbnd/or
pentenenitriles, or forned during the reaction, such as adiponitrile,
20 nethylgluta?BﬂF??FF%tlgPhylsuc0|nonltrlle pentenenitriles and
nmet hyl butenenitril es. The aqueous phase is treated as descri bed above
in order to regenerate t he catalyst by reductlon of the transition
netal which is ¢§&=e _

The exanpl es cmm&gthM/|Ilustratgaﬁﬂﬁa ' [Ni(0)]
Abbr evi ati ons uUped: 3PN = 3-pentenenitrile - di poni tril

RC = selectifity towards a compound obt ai ned é elﬁ%%yf tofft he
starting conmpouhd convert gd t.o. = turnover {= nu f

dinitriles for

5 - | Pd/C containing 2.5% Pd

l Example 2 | Pd/aALO, containing 0.5% Pa | 680 0.029 ||
' Example 3 | Pd/yALO, containing 5% Pd | 74.3 0.024 "

Example 4 | Pd/CaCO; containing 5% Pd | 79.1 0.025
Example 5 | Pd/BaSO, containing 5% Pd | 78.8 0.023 “
10 | Example 6 | PYC containing 2.5% Pt 270 0.115 ||
Example 7 Pt/aAl,O, containing 0.1% Pt 1257 0.026 “
Example 8 | Pt/vALO, containing 0.1% Pt | 1272 0.007 u

I Example O | Ru/C containing 2.55% Pd | 136 0.040 “

" Example 10 | Ru/yALO, containing 5% Ru 69 0.035 “

Table 1

I

15



per mmol of N (0) enpl oyed COD = cycl ooct adi ene. 10 Exanples 1 to

10: Reduction of N(CN)[err] on a het er ogeneous cat al yst The
following are loaded into a 5 nl glass anpul e: - the hydrogenation
catal yst (10 nol % of netal relative to the N(CN)[err] to be
reduced) (mass indicated in the 15 t abl e her ei nbel ow), - 2.449g

of an aqueous solution of Ni(CN)Jerr] (0.127 | /kg), of sodium

tri phenyl phosphExample 11: F?‘?‘éﬁ{’%ﬂ%nﬂfeﬁ-wx’&%)’?‘(ﬁﬂgl / kg) and

ZnCl [err] 0.41 nnl/kgé 20 - 100 3ir]l of 3-pentenenitrile
(3PN) (0.42 nol pxdrocyanatiog Ec3cprmtarenirtiles, e expressed relative to
t he whol e reaction m xture). The anpule is placed in
an autocl ave which is pressurized to 50 bar of hydrogen and heated at

100[err]C 25 a{o g£i°£¢o£h3¥gngaggl g test, the reactor is
a

depressuri zed and aqueous sol otron rsanal ysed by pol ar ogr aphy.

The nickel £0) £ROCEIIISkIAG dfe loaded?fithohoH28Yni NG14LE" SapUEE; Dot Woen

the total nick
concentration andgyhg s£saflUabudbikehoibtion of Ni¢ERFENU AlIP Mol /kg)

in TPPTSNa; (0.5 mol/kg)

- 3.39 g of ZnCl, (24.9 mmol of Zn)
- 6.25 g of Pt/C (0.8 mmol of Pt)
10 - 1 g of 3-pentenenitrile (12.3 mmol).
The ampule is placed in an autoclave which is
pressurizgd to 50 bar of hydrogen and heated at 100°C
for 1 hour. At the end of the test, the reactor is
decompressed and polarographic analysis of the aqueous
15 solution indicates a nickel (0) concentration of

0.051 mol/kg (= solution 1lla).



Exanpl e Cat al yst Mass of [Ni (O]

cat al yst (nol / kg) - '

(m) 5 Exanmple 1 Pd/ C contai ning 2.5% Pd 134.6 0. 05
Exanpl e 2 Pd/[err]Al[err]Jerr] containing 0.5% Pd 680 0. 029
Exanpl e 3 Pd/[err]Al[err](Jerr] contai nik® 5% Pd 74. 3 0.024
Exanpl e 4 Pd/ CaCO err] cont ar ni ng 5% Pd . 79, 1 0. 025

Example 5  Pd/¥asdes Eokhe i sotution ol of
Exampl e 6 Pt/ C containin . 5% Pt 270 0.115

Exanple 7 Pt/[er r%%?—?#&iﬁ%gont aining 0.1% Pt 1257 0.026
Exanpl e 8 Pt/[err]Al[err](err] containing 0.1 % Pt 1272 0. 007
Exanpl e 9 Ru/ C cont ai ning 2.55% Pd 136 0. 040

Exanpl e 10 Ru/geselALtacrcllaryl cobtalnl g 0e- L0 0030
Table 1 .

Reduction of Ni & r] on sI%t/C and Nl(o?]ydr bcyanati oh of

3-pentenenitril

10

15

20

25

The

H@aueous

a) preparation| t he
m gl ass anpul e: Pleo -
()

i,

Ni(COD),/TPPTSNa,

Ni(CN),(TPPTSNa,), | 0 67.4 0

solution 11a 2.15 28 67

Table 2

Operating conditions of the hydrocyanation test: 3PN =
300 mmol, 65°C, 3 h.
CTl* = comparative test with a catalyst prepared by
exchanging the COD ligands of Ni(COD), for TPPTSNa, +
Z2nCl, (0.5 mol/kg).
CT2* = comparative test with a solution of

Ni (CN),(TPPTSNa,), + ZnCl, (0.5 mol/kg) not treated with

hydrogen.

Examples 12 to 16: Reduction of Ni(CN), in homogeneous
phase

The following are loaded into a 5 ml glass ampule:
- 2.4 g of an aqueous solution containing Ni (CN),
(0.09 mol/kg), Ni(0) (0.03 mol/kg) and TPPTSNa,

(0.5 mol/kg),



in TPPTSNa3 (0.5 nol/ kg) - 3.39 g of ZnC[err] (24.9 mol of Zn)

- 6.25 g of Pt/C (0.8 mol of Pt) 10 - 1 g of 3-pentenenitrile (12.3
nmol ) . The anmpul e is placed in an autoclave which is
pressurized to 50 bar of hydrogen and heated at 100[err]C for 1 hour.

At the end of the test, the reactor is 19 deconpressed and pol arogr aphi ¢
anal ysis of the aqueous 15 solution indicates a nickel éO) concentration
of 0. 051 TARYPRally A %ina dgrivative (see Tablg 3)est of the

solution 1la in t canatlono entenenltrlle
th\./ teneqm:.le (025 mﬁ

Test Cat al yst™

(T Tl o e ﬁmwp%é?éfﬂééwﬁ%’“%ei s,
'?'abl e 2 teSt pré%)era né‘}%o]ho tgao%s thf%ro ey%lr%%yalﬁe t|"‘=E')dn 00°$N =
5 (duration indicated in Table 3). At the end of the
test, the autoclave is depressurized and the aqueous
solution is analysed by polarography. The niékel (0)
concentration is calculated by the difference between

the total nickel concentration and the concentration of

10 residual nickel (II).

Example 12

Example 13 ZnCl, 1.1 1 0.069
15 Example 14 none 0 0.25 0.052

Example 15 none 0 | 0.5 _ 0.067

Example 16 none |0 | | 1 0.106

Table 3

20



300 mmol, 65C, 3 h. CT1l* = conparative test wwth a catal yst prepared
by exchanging the COD |igands of Ni(COD)[err] for TPPTSNa[err] + 15
ZnCl[err] (O . 5 nol/kg). CT2* = conparative test with a solution of
Ni (CN)[err] (TPPTSNa[err])[err] + zZnC[err] (0.5 nol/kg) not treated with

hydr ogen. 20 Exanples 12 to 16: Reducti®® of N (CN)[err] in honpbgeneous

h The foll ] | dinto.,a 5 m | | e: - 2.4
e an aqueou EsemRLeLATz RedniEion\pERLACR] 1if Bomogenspss PRATR )

Ni (O 0. 03 |/ k d TPPTS 25 0. | /kg),

Tot O (003 T0 ol nfaalynRabing: OF 2obententdibriie) Y | o5 [orr)

of - 3-pentenenitrile (0.25 nmmol ). The anpule is placed in an autocl ave
which is pressurized to 100 bar of hydrogen and heated to 100[err]C

5 (duration igyic FR+18R' §£3tne  batleygpd Of the test, the
autocl ave is depreSg%gﬁ%%ép1§¥¥é#%71nnnﬂnﬁrjé;‘ solution is analysed by
pol arography. ThReNEckebwify are 10888ACRLER! hOB2ESmEaktubat aaplYete |
di fference between the total nickel concentration and the
concentration of 4§0g ofeshddgheBlBk8blhtidn of Ni(CN), (0.135 mol/kg)
in TPPTSNa, (0.5 mol/kg)
- 15 g of an aqueous sqlution of Ni(0) (0.11 mol/kg) in
TPPTSNa, (0.5 mol/kg)
10 - 2 g of ZnCl, (14.7 mmol of Zn)
- 0.6 g of 3-pentenenitrile (7.4 mmol).
The ampule is placed in an autoclave which is
pressurized to 100 bar of hydrogen and heated at 100°c'
for 1 hour. At the end of the test, the autoclave is
15 depressurized and polarographic analysis of the aqueous

solution indicates a nickel (0) concentration of

0.078 mol/kg (= solution 17a).



Test Zi nc mrol  of Dur ati on [Ni (O]

conpound zinc (h) (nol / kg) Exanple 12 ZnSJ err]
0.6 1 0. 055 Exanple 13 Znd[err] 1.1 1

0. 069 15 Exanpl e 14 none 0 0. 25 0. 052

Exanpl e 15 none 0 0.5 21 0.067 Exanpl e 16
none 0 1 0.}06 .

Table 3 20 b) test of the solution 17a in the hygﬁocyanatéganﬁfe 17:
Reduction of Ni (CN)Lerr],in hopogeneous phase and hydrocyanation of
3-pentenenitrile L'PeLt§7 @ﬁg G@tion of the catalyst 5 The follow ng
are loaded into a 125 m gl ass anpul e: - 45 g of an aqueous sol ution
of Ni(CN)J[err] (O. 135 nDI/kg) in TPPTSNa[err] (0.5 nol/kg) -
15 g of an aquepsS=Selpi-ton=—ot—>] RO el e DGRl 1 |

(0.5 nol / kg) q:a@ﬂy&nCI [err] (1 0l HON Zn) ¢.00 h
pentenenitrille
(mmol/h)
5 Ni(COD),/TPPTSNa,
Ni(CN),(TPPTSNa;),
I test | solution 17a 3.3 42.9
Table 4
10

Operating conditions of the hydrocyanation test: 3PN =

300 mmol, 65°C, 3 h.

CT3* = comparative test with a catalyst prepared by

exchanging the COD ligands of Ni(COD), for TPPTSNa, +
15 ZnCl, (0.5 mol/kg).

CT4* = comparative test with a solution of

Ni (CN), (TPPTSNa,), + ZnCl, (0.5 mol/kg) not treated with

hydrogen.

20 Examples 18 to 20: Reduction of Ni(CN), on a
heterogeneous catalyst
The following are loaded into a 5 ml glass ampule:
~ the hydrogenation catalyst (mass indicated in Table 5
below),

25 - 2.2 g of an aqueous solution of Ni(CN), (0.12 to



The anpule is placed in an autoclave which is pressurized to 100 bar
of hydrogen and heated at 100[err]C _ for 1 hour. At the end of the
test, the autoclave is 15 depressuri zed and pol arographi ¢ anal ysi s of
the aqueous solution indicates a nlckel (0) concentration of

0.078 mol / kg (= solution 17a).

21 b) test of the sgtutlon l7a in the hydr ocyanati on of 3
-pentenetitrile Y- dl, sedi HPyEFlPhenYlPh°SRP%B? trigwlphonatec ApN
5 Cr3*

f\n ?COD)[err]/TPPTéfRBf"éﬂ’Ts 5(0.5 mol/kg) Y élnma /-h‘§8 51" CE4* *
N'(CN?[err](TPPT$fﬁéeri]$Ee§ éengenen%Erxfe (3p§g (0.42 mS1/xg). Lest

solution 17a

Table 4 10 Tltépgrﬁ&hEgnEPQg%éQ”éer &P%%Q&%léi‘&éibﬁ”t&eéﬁe 3PN =

300 mmol, 65[err Ive test wt catal yst

prepared bys whofécgaggtﬂgntggxggghjlgands of N|(CII»[err] for
TPPTSNa[err] + 15 ZznC [err] (0.5 nol/kg). CT4* = conparative test

with a solution of

The ampule is placed in an autoclave which is
pressurized to 100 bar of hydrogen and stirred at room
temperature (about 25°C) for 1 hour. At the end of the

10 test, the reactor is depressurized and the aqueous
solution is analysed by polarography. The nickel (0)
concentration is calculated by the difference between
the total nickel éoncentration and the concentration of
residual nickel (II).

15 No precipitate of nickel is observed and in
each test the amount of total nickel assayed
corresponds, within the accuracy limits of the
analysis, to the amount introduced at the start of the
test.

20



Ni (CN)[err] (TPPTSNa[err])[err] + ZnC[err] (0.5 nol/kg) not treated with

hydr ogen. 20 Exanpl es 18 to 20: Reduction of N(CN)[err] on a

het er ogeneous cat al yst The following are loaded into a 5 m gl ass
anpul e: - the hydrogenation catalyst (mass indicated in Table 5

bel ow), 25 - 2.2 g of an aqueous sol uti @ of N|(CN)[err] (0. 12 to

22 0. 13Fgg : phona

(TPPTSNa[ err]) ) and Zn ] (0 100 g) 10 rr]lfj of
3-pentenenitrilg .¥2 nol/ kgfm&& (These Tgtr%grllt rdtio l£ r
expressed rel atjve to the 5 whole reaction m re g hul e
is placed in an}autoclave ichis pressurf ze ed 00 |bastavedy diflogen
and stirred at f oom t enperature (about 25[rr]C) for 1 ) he

end of the 10 | test, the| reactor is depressuriredﬁudﬂqﬂhe
solution is ana

i

cal cul at ed by tf—“”"‘“"*“‘” P 2 ' ST ) on
and t he concent Il).OJBB
precipitate of I's opserved and in ach test thg anount of
total nickel asgayed g)

Example 19 | Pt/C at 5% by weight (0.269 0.135 0.074

g)
Example 20 Pt/C at 0.88% by weight 0.119 0.053
(0.401 g)

Examples 21 to 25: Reduction of Ni(CN), on a

heterogeneous catalyst
10 The following are lcaded into a 5 ml glass ampule:
- the hydrogenation catalyst (nature and mass indicated
in Table 6 below),
- 2.2 g of an agqueous solution of Ni(CN), (0.112 mol/kg)
and sodium triphenylphosphine trisulphonate (TPPTSNa,)
15 (0.5 mol/kg),
o 130 to 150 ul of 3-pentenenitrile (3PN).
(These concentrations are expressed relative to the

whole reaction mixture).

20 The ampule is placed in an autoclave which is



corresponds, within the accuracy limts of the anal ysis, to the

anount introduced at the start of the test. 20

23 Exanpl e Cat al yst Total Ni Ni (0)

assayed assayed (ol / kg)

(rol / kg) Exanple 18 Pt/C at 5% R# wei ght (0. 234 0.130 0.063
s)) _ Exanple 19 Pt/ C at_5% by weight (0.269 0.135 _0.074

%) ExarfFesspriped ¢t 1190 ‘%%’-‘ %%3“%’?‘@%" nq stirpedat

(0.401 9) 5 anples 21 to

25: Reduct i on cﬁiﬁf?f$ﬂer?Tp?ﬁFEPres (i?ﬂﬁﬁﬁﬁégﬁégdga%%?afy§$¥°ﬂo The
(oo o SRMEE A ot LSS LG gt B SARTAL)

catal yst (nature and mass I ndi _
ey Sheoursig A 6r ofnd! (] Ladics "Bl Kibregpurizafifngod o
5 the aqueous solution is analysed by polarography. The
nickel (0) concentration is calculated by the
difference between the total nickel concentration and
the concentration of residual nickel (II).
No nickel precipitate is observed (except a
10 very slight one in Example 23 corresponding to less
than 0.003 mol/kgf and in each test the amount of total
nickel assayed corresponds,.within the accuracy limits
of the analysis, to the amount introduced at the start
of the test.

15



- 130 to 150 [err]l of 3-pentenenitrile (3PN). (These concentrations

are expressed relative to the whol e reaction m xture). 20 The
anpule is placed in an autoclave which is

24 pressurized to 100 bar of hydrogen and stirred at di fferent
tenperatures (indicated in Table 6 bel ow 25 under the abbreviation
Terr]CQ for d|f er ent duratlon§ﬁ_£g____h_;he end of the test, the reactor

i BRR) “dokechurelion o VB ailod O e

een t he tlotal nickel |conckntrati on| and t he

pol ar ogr aphy.
di fference bet

concentration df residugl nickel (1)) C ~ assayed nij|ckassayed
precipitate isobserved (except a 30 very slight one in BEqanple 23
correspondi ng fjo | ess t han 0.503 Dl / kg) anf i(mob&kgh tlesmolAgg)anpunt
of total nlckel agsayed corres 5, withinjthe accurdcy limts

Of t he anal ySl N o SEAAN A IRa AL E s e pa s o erere e e e L e B2 B N A~ e BBt .
15 Example | Pt/C at 5% by | 65 1h30 p5 0.113 0.091
21 weight
(0.26 g)
Example | Pt/C at 5% by | 25 4h 0.113 0.089
5 22 weight
0.23 g)
Example | Pt/alumina at | 25 4h 0.109
23 0.5% by
weight
(0.99 g)
Example wet Raney | 40 1h30 0.108
24 nickel
0.09 g)
10 | Example | wetRaney | 65 | 1h30 0.109
25 nickel
(0.06 g)

Table 6



Exanpl e Cat al yst Tlerr] Dur ati on Total , b '
C assayed assayed : , I'ww ' ””w
(ol / kg) (ol / kg) Exanple Pt/ C at 5% cO9 m Ls
0.113 0.091 21 vveisght i (30. 26
9) ExXiS7 /24383 at 5% by 25 264 p 0 PET{FR96/02083p39
5 22 wei ght (0.23 9) Exanpl e
Pt/alumina at 25 4" h 0. 109 CLAIMS (44 23 .
0. 5% by wei ght (0.99 9)
Exanpl e wet Raney 40 1 h 30 0.108 0.103 24
ni ckel 0.0 aml.e ) 65
1 h 30 0. 109 1. (f:%qﬁfsgs gQo::' ]tq'ze pﬁ)e%(afmuon anéﬁéaéﬁ'}%’ts
gg/ gglgé containing 236t least one t%s/:ﬁigog"%gé}z% in oxidation VO
CLAI M5 5 state 0 or &, RdMifiSted UitH &G @l f¥inddditatd Sor
bidentate water-soluble phosphine, characterized in
that it consists in treating an aqueous solution
containing at least one transition metal compound and
at least one monodentate or bidentate water-soluble
10 phosphine with hydrogen in the absence of carbon
monoxide.
2. Process according to Claim 1, character-
ized in that the water-soluble phosphine used is a
monodentate phosphine corresponding to the general
15 formula (I):
P (Arl),(ar2),(ar3)_(D1l),(D2),(D3), (1)
in which:
- Arl, Ar2 and Ar3, which are identical or different,
represent aryl groups or aryl groups containing one
20 or more substituents such as:
- alkyl or alkoxy radical having 1 to 4 carbon atoms,
- halogen atom,
- nitrile group,
- nitro group,
25 - hydrophilic group such as:

- COOM, -SO,M, -PO,M, M representing an inorganic or
organic cationic residue chosen from a proton,

cations derived from alkali metals or alkaline-



conbined with at | east one nonodentate or bi de bl e
phosphi ne, characterized in that it consists;i [mmeous
sol ution containing at |east one transition et al ‘cortpoln

at | east one nonodentate or bidentate wate®’sol uble 10 phosphine with
hydr ogen in the absence of car.bqn nonoxi de.

Process according to @3f4R me rnATgenium cations N (Ra 1Ph§hi°%'
wat er - sol ubl e phosphi fr}g use.l?lf |‘_% symbolsmw %r}}c% e %hO.Sé)hl 360 I respondi ng

to the general 15

wni et ) R U%Eéu. 2%’4*%31%4 Ja'rﬁreraé%lglkﬂ a

represent aryl groups Ry e
substituents such as: Hlaiia 1'LH‘HII“%I koxy r &P aV| ng 1 to 4

carbon atomg otHE Qﬁﬁimisoraerivea £rom 'i&ét!dlse HAUE . -
nitro group, 25 - hydrophilic group such as: coaov

-Serr]M -PJerr] M ddylefsantlig aid,NAAdlgionic acid or oOrganic
cationic residue chosen froma proton, cations derived from
alkali metals or al kaldry@phosphonic acid salts are water-soluble, 27

containing at |east one transition metal in oxidat i_i'o&' sta\O“Df 1,

- N(R), in which formula the symbols R, which are
identical or different, represent a hydrogen atom

10 or an alkyl radical having from 1 to 4 carbon

atoms,
- OH,
- a, b and ¢ represent, independently of each other, 0
or 1,

15 - D1, D2 and D3, which are identical or different,
represent an alkyl group, a cycloalkyl group, an
alkyl or cycloalkyl group containing one or more
substituents such as:

- alkoxy radical having 1 to 4 carbon atoms,
20 - halogen atom,
- nitrile group,
- nitro group,
. = hydrophilic group such as:
- COOM, -8O,M, -PO,M, M representing an inorganic or
25 organic cationic residue chosen from a proton,
cations derived from alkali metals or alkaline-
earth metals, ammonium cations -N(R), in which

formula the symbols R, which are identical or



earth metal s, anmoni um cations -N (R[err] in which ' formul a the

synbols R, which are identical or dlff a.
hydrogen atom or an al kyl radi cal havi mm wm mﬂmﬂr bon
atons, the 5 ot her cations derlved from a oses *

aryl carboxylic acid, arylsul phonic acid or 2 aryl phosphoni c acid

Eal&;.aae wat er - SO|Ubhgffﬁﬁ§mﬁ §F@5F5§F%¥ %& n whi ch fozgy%&ﬂt ﬁyn?ols
, ich are 'c F@&? atom
10 | kyl f b :
T P R A R R f’&?’r eﬁ%ﬁo&sﬁertheo o
or 1, 15 - D1, D2 ang s ’ca‘@].lo%@] @’el%zkr%%tf'r%ﬂ met aci's]c fw@xrq

represent an al kyl group, rou

cycloal kyl group cont gy 1% Wit Sulphonis WY dd FlichphiEl AS:

- al koxy radi cal haV|ng 1t04 carbon at ﬁ% | ogén at om

- nitrile QBOUP . acid s3llits0 aelWater- soluble hydrOPh'||C group such
as: CcCooM -Sgerr]M -Pgerr]M M represent| ng an i norganic or
25 organi ¢ caN(®),CihewhitR £oemclal the 8yboLENR, which are
cations derived fromal kal'i metals or alkaline- earth netal s,

ammoni um cati ons - N( Ridentical o different, repriement a thydrogemlatdn
which are identical or
or an alkyl radical having from 1 to 4 carbon
atoms,
10 - OH,
-~ d, e and f represent, independently of each other, 0
or 1,
- the sum (a+b+c+d+e+f) is equal to 3
or a bidentéte phosphine corresponding to the general
15 formula (II):
(Arl), (Ar2),(D1),(D2) P-L-P(Arl) (Ar2),(D1l),(D2); (II)

in which:

Arl, Ar2, D1 and D2 have the meanings indicated above
for formula (I), |

20 - a, b, d, e, g, h, i and j each represent 0 or 1,

the sum (a+b+d+e) is equal to 2,

the sum (g+h+i+j) is equal to 2,

L represents a single valency bond or a divalent
hydrocarbon radical such as an alkylene radical, a
25 cycloalkylene radical, an arylene radical, a radical
derived from a heterocycle containing one or two
oxygen, nitrogen or sulphur atoms in the ring, these

various cyclic radicals being bonded directly to one



28 - different, represent a hydrogen atomor ‘an alkyl

radi cal having from1l to 4 carbon atons, the ons
derived from nmetal s whose car boxyl i ¢ Qli“”lﬂ i %m Tﬂki d or

phosphoni c 5 acid salts are wat er soI ubl R 3 in

which fornmula the synbols R which are |dent|cal or di fferent,
represent a hydrogen ato or an aIkyI radi cal haying from1l to
4 carbon ot tgnpopg:ospj_:@rus atomsngr to ‘the tyo phosphorus, esent,

l Qdfgﬁﬁgf’f? o % O S¥ehs 0% binthe. pendnck Ha FEe 6 S8R RAGRE G B CpBer B
15 [

(Ar 1;){ glrjr ?( ,(Ar 2§ [ er r] (tBl)tPf?r rr]wFDﬁferar ]].Ig,nl_eal:;( Rtrl)h[rgﬁcjh(egr f)]'[ké’r rejn(eDl) [err] (D2
ylerr] (11) r%.'a:.‘gg,'lc ?xavficl)';'g mJ:EIrani(A‘l) ’tdb‘fo ’ca%o%ngbt%fa\i% gé@ﬁ:@eam ngs

i ndi cat ed above ] and |

each represgnt 0 %sqsa.ble for tﬂ@ﬁ‘ﬂ? Gt 4eiER) Wil oo Yaly t:EQ:::%a part of the

sum (g+h+i +j) is equal to 2, - L represénts a single val enicy bond or
a dival ent - thaya&%a@b&nrraa@.lc@ql LS4 cdntAintldng Ve moxd cal, a 25

~cycloal kyl ene radical, an arylene radical, a radical
substituents such as those defined for Arl, Ar2, Ar3,
D1, D2 and D3.
3. Process according to either of Claims 1

10 and 2, characterized in that the transition metal
compound is chosen from nickel, cobalt, iron,
palladium, platinum, rhodium and iridium compounds,
which are water-soluble or capable of passing into
solution under the reaction conditions.

15 4. Process according to one of Claims 1 to 3,
characterized in that the transition metal compound is
chosen from nickel compounds such as nickel
carboxylates, in particular acetate, formate and
citrate, nickel carbonate, nickel bicarbonate, nickel

20 borate, nickel bromide, nickel chloride, nickel iodide,
nickel thiocyanate, nickel cyanide, nickel hydroxide,
nickel hydrophosphite, nickel phosphite, nickel
phosphate and its derivatives, nickel nitrate, nickel
sulphate, nickel sulphite and nickel aryl and alkyl

25 sulphonates.

5. Process according to one of Claims 1 to 4,
characterized in that the reduction with hydrogen is

performed in a homogeneous medium.



derived froma heterocycle containing one or two OXYQgen, Ti.trogen

or sul phur atons in the ring, these varji Yirkl wan st s bei ng
bonded directly to one - T"”mﬂﬂ”"y"ﬂﬂlw -
of the phosphorus atons or to the two phosphorys * ¢ & 0 bei ng
bonded to one of the phosphorus atons 30 or tothe two via a linear or
branched al kyl ene radi cal having from1l to_4 carbon_atons, it being
5 possi bl e for the rindoP5AGReEE AFATHRY & GLFdm Sof characten-,o

di val ent radical, L tqQ _cqonptain_one or nore \ substti ti%erilzthsé such as

those defined fd=ef 2 T khe reaction ds qgrrisd S 3.
Process according to eith of Jains 1 10 ang 2, .char,acternized i,n that
the transition Sgence ot fomﬁfqef%ngf&?]ﬁ‘%m%l&%eﬁs (,s(?r} S i%on,
pal | adi um pIatkﬂ@nr%%yquﬂnﬁgEb£deiun1conpounds, whi ch are

e

wat er - sol ubl e or capa of passing into sol ution under the reaction

condi tions. 5 15 7. brodele SRRl W (986 € aialieek L0 3

characterized in that the transition metal conpound I ~ chosen from

ni ckel conmpoundg zedCAnAEHAItC ke homogetididX Watladystl Lad¥Hdded Fraret ate,
formate and citrate, nickel caﬁ%onate, ni ckel bicarbonate, nickel 20
borate, nickel watrdaolubllec phadphinés complledesd @F dhodium, IHideRim,

t hi ocyanate, nickel cyani de, nickel hydroxide, ni ckel hydrophosphite,
ni ckel phosphit ecbailtkelruthenium, nickel or palladium.

8. Process according to one of Claims 1 to 4,
10 characterized in that the reduction with hydrogen is
carried out in a heterogeneous medium in the presence
of a heterogeneous catalyst which is insoluble in the
reaction medium.
9. Process according to Claim 8, character-
15 ized in that the'heterogeneous catalyst is chosen from
the various metals of group VIII of the Periodic Table
of the Elements or compounds of these metals, which are
or are not deposited on a support.
10. Process according to either of Claims 8
20 and 9, characterized in that the heterogeneocus catalyst
is chosen from platinum, palladium, ruthenium and
nickel.
11. Process according to one of Claims 1 to
10, characterized in that the water-soluble phosphine
25 is chosen from phosphines of formula (I) or of formula
(II) in which Arl, Ar2 and Ar3 are phenyl groups or
phenyl groups containing one or two substituents as

defined above, D1, D2 and D3 represent an alkyl group



phosphate and its derivatives, nickel nitrate, nickel sul phate,

ni ckel sul phite and ni ckel aryl and al kyl 25 suli{ph
5. Process according to one of Clains 1 to 4, 4ﬂmaﬂﬁ!"ﬂﬂmumlt hat
*um

t he reduction with hydrogen is performed in a henogen

30 6. Process according to3@& aim5, character- | zed
in that the reaction is carried out in the presence of a honbgeneous
catal yst whi ch baviggfirom 1 to 6 carbomeatomsy Fed@Vahoalkyl group 7.
Process according to Claim®6, character- i.zed in that the honmpbgeneous

catalyst is chod@¥ifgoh to 8 camhan aA%ams e 35h AR In SRR MBVERDHERM di um
H gglegrsn accor di ﬁgﬁgteoﬁé%&%%g%%mf%(g fg’rclpﬂa?lfk%’g‘hzuﬂn%?&peha?éiﬁ’q m t5fa® t8 he
reduction with en,| r,ried out i hej er eQus diumin
t he presence @é%(?# ag%oegtsercc?élé:ﬁé%‘t}sngcﬁnaei ;?sﬁ r}‘\‘f\%lec | %i'eﬁglcﬁ%&ﬁ (ragesl n the
reacti on neg um : 8 | Cl._gj

character- %15 delfziél(?dl r?'bt hat” tlhé'%éges?b%?}ﬁee%&g%r%}g%#'i ﬁc?&&ﬁ%m

the various netglyidaldhRAng 'fraaf 1t R RBeldddidn taldnfs, a mordeydis

c
El enents or conmpounds of these netals, which are or are not deposited
On a support. or bicyclic cycloalkylene radical having from 4 to 12

carbon atoms, a phenylene radical, a diphenylene
radical, a naphthylene radical, a dinaphthylene
10 radical, a radical derived from a heterocycle
containing one or two oxygen, nitrogen or sulphur atoms
in the ring, these various cyclic radicals being bonded
directly to one of the phosphorus atoms or to the two
phosphorus atoms or being bonded to one of the
15 phosphorus atoms or to the two via a linear or branchéd
alkylene radical having from 1 to 4 carbon atoms, it
being possible for the ring or rings which may form
part of the divalent radical L to contain one or more
substituents such as an alkyl group having from 1 to 4
20 carbon atoms.
12, Process according to one of Claims 1 to
11, characterized in that the water-soluble phosphine
is chosen from phosphines of formula (I) or of formula
(II) in which:
25 - the substituent or substituents of Ar, Ar2 and Ar3,
which are identical or different, represent groups
such as:

-~ alkyl or alkoxy radical having from 1 to 2 carbon



10. Process according to either of Claims 8 20 .and 9, characterized in
that the heterogeneous catal yst I s chosen from pl ati num palTadi um

r ut heni um and ni ckel . 11. Pr one of
Claims 1 to 10, characterized in that the Wa?ﬂnmmmmwﬂfg mﬁi'h‘e 25

i s chosen from phosphines of formula (1) oB2f fdrmila¢ ¢ xl'n whi ch
Arl, Ar2 and Ar3 are phenyl groups or phenyl groups containing one or
two substituents as@tOms8s defijned above, D1, D2 and D3 represent an al kyl

group \ 31 having from1l to 6

carbon atons, a cicl%"lﬁﬂnegﬁﬁfﬁ“ having 5 to 8 carbon atons, an al kyl
group having from .6 carbon atqnms or a cycloal kyl group having 5
to 8 car bon aﬂa’rﬁf"@&ﬁ ﬁfé’u(?n@ e substituents as 5 defl ned

above, L is a single Y‘.‘?Jdﬂ‘

cy. d, | kyl m 1
to 6 carbon atons, a rmnoc'ycléapﬂ @831@, l%ze%esce%ty:é %dﬁaif &?r |ca
having fromgd to 12 , :q%%n i enyl ene

[ = hyl ene raaaﬁcal ré‘sre%y en % 10,{8%16‘ |ca&d¥d}p

radi cal, a napht I naphth a radi cal

derived froma heter o@e¥i®ns den%’d Frdn B Hr¥h PotdbiuM,! rFean or
sul phur atons in the ring, these various cyclic radicals being bonded

directly to one of thealtdiuwh @ Eraind Bardun,0 dudiien, phosphor us
atons or being bonded to one of the 15 phosphorus atons or to the two via
a linear or branched tetramethylammonium, tetraethylammonium,
tetrapropylammonium and tetrabutylammonium
10 .cations, cations derived from zinc, from lead or
from tin,

- N(R), in which formula the symbols R, which are
identical or different, represent a hydrogen atom
or an alkyl radical having from 1 to 4 carbon

15 atoms,
- OH
overall at least two of the said substituents of Aril,
Ar2, Ar3, D1, D2 and D3 for the phosphines of formula
(I) and of Arl, Arz, D1 and D2 for the phosphiﬁes of
20 formula (II) being a hydrophilic group as defined
above.
13. Process according to one of Claims 1 to
12, characterized in thét the water-soluble phosphine
is chosen from the alkaline metal or alkaline-earth
25 metal salts, the ammonium salts and the quaternary
ammonium salts of (3-sulpho-
4-methylphenyl)di (4-methylphenyl)phosphine; (3-sulpho-
4-methoxyphenyl)di (4-methoxyphenyl)phosphine;



al kyl ene radical having from1 to 4 carbon atoms,—it ... being possible
for the ring or rings which may form part of the divalent radical L

to contain one or nore substituents such ast“m!mg“"mm"Fw ng
fromlto 4 20 carbon at ons. 1 ng to

one of Claims 1 to 11, characterized33n that thé watel-sdluble
phosphi ne i s chosen from phosphines of fornmula (I)_or of fornula
(11) in wich: (3ssulphenhé-ghperprphenylddiddnchionanhenyl)phosphingnd Ar 3,

which are identigc¢al or_djfferent, represent groups such as: -
al kyl or a|koxyd+iarea¥9hashﬁ§Yi?BH?EY%BhQSB LB8H at ons,

- i . . L h as: . .
ST S hpap TSR B-guone LT
CaLI onI <, oS! dug. SAPRESCLLA S (R ahyomeoyl) hosp Rk RIS RSEREOT

o LA ARy} YR ygeny phoephEhLger Y T U
| ead or di (3-502phblA-chlorophenyl) (4-chlorophenyl)phosphine;
tri (3-sulphophenyl)phosphine;
tri (4-sulphophenyl) phosphine; tri(3-sulpho-
4-methylphenyl)phosphine; tri(3-sulpho-

10 4 -methoxyphenyl)phosphine; tri(3-sulpho-
4-chlorophenyl) phosphine; (2-sulpho-
4-methylphenyl) (3-sulpho-4-methylphenyl) (3,5-disulpho-
4 -methylphenyl)phosphine; (3-sulphophenyl) (3-sulpho-
4-chlorophenyl) (3,5-disulpho-4-chlorophenyl)phosphine,

15 tris (hydroxymethyl)phosphine,
tris (2-hydroxyethyl)phosphine,
tris (3-hydroxypropyl)phosphine,
tris (2-carboxymethyl)phosphine, the sodium salt of
tris (3-carboxylatophenyl)phosphine,

20 tris(3-carboxyethyl)phosphine, tris(4-
trimethylammoniumphenyl) phosphine iodide, the sodium
salt of tris(2-phosphonatoethyl)phosphine,
bis (2-carboxyethyl)phenylphosphine,
hydroxymethylbis (2-hydroxyethyl) phosphine, the sodium

25 salt of tris(para-phosphonophenyl)phosphine, the sodium
salt of bis(meta-sulphophenyl) -para-
carboxyphenylphosphine and the sodium salt of bis(meta-

sulphophenyl) -2-sulphoethylphosphine.



-"N(R)[err] in which fornmula the synbols R which are

I cal
or different, represent a hydrogen atom alk r adi cal
having from1 to 4 carbon 15 at ons, ﬂjlmn m{t_)’ﬁnrall
at least two of the said substituents of Arl, and D3
for the phosphines of fornula (1) and@%of /vl. Ar2. DL afd B2 tor the

- phosphi nes of 20 formula (11) being a hydrophlllc group as defined
above. 13.1% Reacess AFWFLAD thong o Flaims 1) to

12, characterized in _that the water-sqluble hosg I ne i.s chosen from

the al kali ne netts GhagacheTiaedih that t12olyhle PhRFRRARR Al t s
and t he quaternar ni ym sal of pho-

4- et hy| phenyl )d%f}fﬁ%% Li? ‘%ﬁf’h ag:'(3‘:?. %%I pho-

4- met hoxyphenyl )difA-ne '

(3-sul ph)c/)p4 CK| Z)roz(phen 4@{%@%@&#%mﬁmmu 1'-binaphthyl,

di ( 3- sul phoghenyly hﬁgy (gﬁ?g di (4- sul phophenyl ) phenyl phosphi ne;
di ( 3- sul pho- o i*%hp enyl) (4- nmet hyl phenyl ) phosphi ne; di (3-sul pho-

5  4-met hoxyphenyd J¥#s et gmmsmfmv mﬁm hi thyl lobut
di (3-sul pho- 4- chleﬁwaphenyl (4-chl or opheny )6ﬂﬂ% |ﬁﬁ?me ¥llcyclobutane
tri (3- sul phophenydBraE)s,p i J i bis (dihydidéyme R IFHEEPR I IOStHE e,

tri(3-sul pho- '

1l,3-bis(dihydroxymethylphosphino)propane and the sodium
salt of 2,2'’-bis[di (sulphonatophenyl)phosphinomethyl] -

10 1,1'-binaphthyl.

15. Process according to one of Claims 1 to

14, characterized in that the solution of the
transition metal compouﬁd to be reduced comprises at
least one Lewis acid chosen from compounds of the

15 elements of groups Ib, IIb, IIIa, IIIb, IVa, IVb, Va,
Vb, VIb, VIID> and VIII of the Periodic Table of thel
Elements, insofar as the said compounds are at least
partially soluble and stable in water or more generally
in the aqueous solution to be treaﬁed preferably from

2d the salts, in particular the halides, sulphates,
nitrates, sulphonates, in particular
trifluoromethanesulphonates, carboxylates,
acetylacetonates, tetrafluorocborates and phosphates.

16. Process according to Claim 15, character-

25 ized in that the Lewis acid is chosen from zinc
chloride, zinc bromide, zinc iodide, zinc
trifluoromethanesulphonate, zinc acetate, zinc nitrate,

zinc tetrafluoroborate, manganese chloride, manganese



4- et hyl phenyl ) phosphi ne; tri(3-sul pho- 10  4-nethoxyphenyl) phosphi ne;
tri(3-sul pho- 4- chl or ophenyl ) phosphi ne; (2-sul pho-

4- et hyl phenyl ) ( 3- sul pho- 4- et hyl phenyl ) ('3, 5- di sul

4> et hyl phenyl ) phosphi ne; (3-sul phophenyl) (3-sul phgm,m"ll"l"""lll","l

4-chl or ophenyl ) (3, 5- di sul pho- 4- chl or ophenyBBphosphi rfe,

tri s(hydroxynet hyl ) phosphi ne, tris(2- hydroxyethyl)phosphlne

tri s(3- hydr oxypbsepidehonilcked, chloride,i sxizkedr baomistehy nistkedphi ne, the
sodi um salt of tri s(3-carboxyl at ophenyl ) phosphi ne, 20

tris(3-car boxyecHpmideosHickel adefylacetonate, cadmium chloride,

tri met hyl anmoni unphenyl ) phosphi ne i odi de, the sodi um salt of
tris(2- phosphon&ﬁé@?ﬁﬂ presdia st annous chloride, stannous bromide,

bi s(2-carboxyeth

osphi ne,
hydr oxynet hyi bi %&%ﬁ’gﬁi{)ﬂ hEEIRAERE HAF LTRkemthe; chlagides,
bi (et & suBphoBR A Pa AL PHA LR, RSEASR. Faphem ke s i (he sodi um
salt of bis(netg ol
14. Pr ocess(accoré'l ng FS Or@%@gﬁ.ﬁr) n%f%tg gl %A%%gr ac éarnl zse(fuChthat
the wat er-sol ublyg c%&g he, e?ﬂ}»‘nli alt of
2,2 - bls[dl(sulphonatophgﬁei)phossﬁf gil 1 |hqaithyl Lt

samarium, europium, gadolinium, terbium, dysprosium,

holmium, erbium, thulium, ytterbium and lutetium,
10 cobalt chloride, ferrous chloride and yttrium chloride.
17. Process according to either of Claims 15
and 16, characterized in that the Lewis acid used
represents from 0 to 50 mol per mole of tramsition
metal compound, more particularly of nickel compound,
15 and preferably from 0 to 10 mol per mole.
18. Process according to one of Claims 1 to
17, characterized in that it consists in using an
aqueous solution of a spent catalyst to be regenerated,
based on monodentate or bidentate water-soluble
20 phosphine and on a transition metal, and more
particularly nickel, which is at least partly converted
into cyanide, the said spent catalyst optionally
containing one or more Lewis acids and optionally
céntainihg variable amounts of compounds such as
25 butadiene and/or pentenenitriles or such as
adiponitrile, methylglutaronitrile,'ephylsuccinonitrile
and methylbutenenitriles.

19. Process according to one of Claims 1 to



5 the sodium salt of 1, 2-bi s[ di
(sul phonat ophenyl ) phosphi nonet hyl ] cycl obut ane (CBDTS),

I’ 3-bi (i hydr oxymet hyl phosphi o) pr opane. and thel IIIJIIMI I MR

2,2' -bi s di (sul phonat ophenyl ) phosphi nonet 88 ] nap

15. Process according to one of Clains 1 to characteri zed |n t hat
t he sol ution of18hecharacter'smsdtimnthatatheocmﬂ:udti@ beduetiiamdigonpri ses
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(54) Title: PROCESS FOR THE PREPARATION BY HYDROGENATION OF CATALYSTS BASED ON A TRANSITION METAL
AND PHOSPHINE

(54) Titre: PROCEDE DE PREPARATION PAR HYDROGENATION DE CATALYSEURS A BASE DE METAL DE TRANSITION
ET DE PHOSPHINE

{57) Abstract

-The present invention relates to a process for the preparation throngh hydrogenation of compounds which can be used as catalysts.
The disclosed compounds comprise more specifically at least one transition metal with an oxydation degree of O or 1 associated to at least
one monodentate or bidentate hydrosoluble phosphine. The process for the synthesis of catalysts comprises the hydrogenation of an aqueous
solution containing at least one compound of a transition metal and a monodentate or bidentate hydrosoluble phosphine.

(S7) Abrégé

La présente invention conceme un procédé de préparation, mettant en ocuvre une hydrogénation, de composés pouvant &tre utilisés
comme catalyseurs. Les composés visés comportent plus spécifiqguement au moins un métal de transition au degré d’oxydation O ou 1
associé 3 au moins une phosphine hydrosoluble monodentate ou bidentate. Le procédé de synthdse des catalyseurs consiste & hydrogéner
une solution aqueuse contenant au moins un composé d'un métal de transition et une phosphine hydrosoluble monodentate ou bidentate.




36 18, characterized in that the catalytic reduction is carried
out at ‘a hydrogen pressure, neasured at 25[err]C, of from1l to 200 bar
and at a tenperature of from5[err]C to 200[err]C and preferably at a
hydrogen pressure, 5 neasured at 25[err]C, of from1l to 150 bar and at a
tenperature of from10[err]C to 120[err]C.
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