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PROCESS FOR THE MANUFACTURE OF A HYDROCYANATI ON CATALYST The present

‘invention relates to a process Iﬁmwmmn,mmmﬂlgcture of a cat @bynsdy J0m3 the 5
hydr ocyanati on of an organic co ing ethylenic unsaturation. It

relates nore particularly to a process-for the manufacture of a

hydr ocyanawoonogatalzast conpri sing iniparticul ar ni peeyFrad/e3eaker-sol ubl e

phosphi ne. 10 The hydrocyanation reaction, in particul ar of

or gani c- conpounds conprising at | east one ethylenic unsaturation, is an

i mportant i NdURROCHSS GO I'THE MANUMATIURE ORIMHEYDBROCYANATILOR! OUS

conpounds. Thus, this reaction Is enployed In the synthesis of organic 15

i ntermedi ates, such as 3-pent eneni CATABYSThich is used in the manufacture

of nonomers such as am nocapronitrile or hexanet hyl enedi am ne. *cooo002*

This reaction is di sThesp#esenpaihvenkaoni wekaeeshtBatepirochss 1, 599, 761

and No. 2,338,253 and 20 United States Patents US 3, 655, 723, US 3, 850, 973,

US 3, 925, 448rothgSmanegecesde oiii 8 regeflivet iforgeherally carried out in the

presence of a catalyst conprising a transition netal. Such catalysts are

di scl oséd hwdrhevapatéopaPéntBs. OPgaghgs COMPEHBA PAFPNESNBY 2, 338, 253

di scl oses in particular a nickel -based catal yst which is forned 26 May

2003 2 Thi $tB¥L§PySt UP§26BEAFABR by addition, to an aqueous sol ution of

phosphi ne, of a nickel congound whi ch iﬁ.sohubhe or insoluble in water. The
amount of nickel in theT848E68s™PhEsBEFhaRULBF 1 EspBnBsPFECERSt E6F

the manufacture of a hydrocyanation catalyst comprising

in particular nickel and a water-soluble phosphine.

10 The hydrocyanation reaction, in particular of
organic -compounds comprising at least one ethylenic
unsaturation, is an important industrial reaction
allowing the manufacture of numerous compounds. Thus,
this reaction is employed in the synthesis of organic

15 intermediates, such as 3-pentenenitrile, which is used

in the manufacture of monomers such as mmmmmmmm

i

*G00002*

aminocapronitrile or hexamethylenediamine.

This reaction is disclosed in particular in

French Patents No. 1,599,761 and No. 2,338,253 and
20 United States Patents US 3,655,723, US 3,850,973, US
3,925,445 or US 3,686,264.

This reaction is generally carried out in the
presence of a catalyst comprising a transition metal.
Such catalysts are disclosed in the above patents.

25 Thus, French Patent No. 2,338,253 discloses

in particular a nickel-based catalyst which is formed



5 nickel extracted or conpl exed by the water-sol ubl e phosphi ne conpound.
However, in a preferred enbodinent, it is advantageous to use a nickel

- conpound which is soluble in the phosphine/water m xture. TheMay0each
Patent No. 2,338,253 specifies that the nickel cyanide 10 conpound) which
is insoluble in water but soluble in the aqueous sol ution of phosphine, is
a preferred conpound in the manufactur2z of such a catal yst. O her

conpounds, such as organi c conpl exes or salts of nickel, can advantageously
be used to manufacture the 15 catal yst. These various nethods for the
preparation of a hydrmidyanastadlystatiad yditaeddudilys addb tmgror th sadvant age of
using a nickel conmpound which may be either very difficult to manufacture
W th a suf faciesmts 2@ ldggoge off phwsphing, mdfy shaveke o snmpmmdn

avai lability which affect the econom cs of the industrial operation of the
hydr ocyanatmihdiely dsctsadmblan agbjigaclublsy ithavatrentfhs amoury: ®fer come t hese
di sadvant ages by provi ding a novel process for 25 the manufacture of a

hydr ocyanafiiskedatidl yre \RIIUEPUEaPhsE ot hary K PrasBPnas i ddvds i e ni ckel

conpounds as starting materials. 26 2003 3 To thi d, the invention
provi de® a s $¥FRqHR ﬁrreﬁé\“b’l’t]ied‘r?l\égfybya tg’ﬁ étﬁ;setr'ﬁ?rsl“g}@ hydr ocyanat i on

of an organic conpound conpased, of an aquequs sql ution of . | east one

wat er - sol uke icr‘i’é"pé’ﬁ%f R araa&ré%iezrer(f$r?"%ogé{mﬁnatdonsi sts in
bringi ng an aquequs sol uti f at.J east. - . phine and a
ni ckel hydfﬁki&b%ﬁ%ﬁ#ﬁ%ﬁﬁéﬁ%th%$ﬁ%%32§é%%§'g% %ﬁ%ﬁg@%ﬁ%pg%ipound to be

hydrocyanated,,Jia. 49diad BYUO98MONAMAE nfi R cOMReRAL Whidfigener at es

hydrogen cyanide to the nixture, 1 n keeping the m xture stirred until the

ni ckel has pafe dnRasio .Par, i@, 128 3dispeRl e ARGhalth cHEIAEKY digisal d m xture
to a reduction of at least a portion of nickel with an oxidation state of

gr eat ern o hampu@ad,0 whighZ 8s0 idodaibi@N st alateAGRE® Gidlaidie drpreferred
characteristic of the invention, the mxture, after addition of the

hydr ogen cyawe depdonskeptl uttiion’ ed ghosphdmger disuae pofe fleezeed han | 00C,
preferably of between 20C and 80C. The anount of hydrogen cyani de added is
at | east egquaipodund e shel oceinofeictivceamdusuchora carradntsitng Othemi ckel

hydr oxi de to ni ckel cyani de.
compounds, such as organic complexes or salts of

nickel, can advantageously be used to manufacture the
15 catalyst.
These various methods for the preparation of
a hydrocyanation catalyst exhibits the major
disadvantage of using a nickel compound which may be
either very difficult to manufacture with a sufficient
20 degree of purity or may have a cost and an availability
which affect the economics of the industrial operation
of the hydrocyanation reaction.
An objective of the invention is to overcome
these disadvantages by providing a novel process for
25 the manufacture of a hydrocyanation catalyst which can
be of high purity using accessible nickel compounds as

starting materials.



The amount of hydrogen cyani de added wi |l advant ageously be from 30%to 200
greater than the stoichionetric nount. After at |east partial dissolution
of the nickel hydroxide, the aqueous solution is subjected 2®May2008e of
reduction of the nickel with an oxidation state of greater than zero in
order to obtain nickel with the zero oxidation state. 26 May 2003 4 This
reduction reaction is advantageously carried out after addition, to the

m xture, of a small anobunt of nickel in the zero oxidation state. This
addition can be carried out by the addition of a small 5 anpbunt of catal yst
conprising ni ckel inTbhehier endxi diid dmvenatien Previidge «ofpraganer ati on of
the catalyst, or in other words the reduction of the nickel to the O

oxi dati on $bat thecamepareaionedfoat dayadewsdr dlorl@®her ocesses, such as a
reducti on by gaseous hydrogen, an el ectrochem cal reduction or addition of
an or gani chydrpgyrgationr efuenngrageric. comporaducompesadocdsses are known
and are disclosed in_particular in Patents WO 97/24184, EP 0, 715, 890 and FR
1,599, 761. aU9ePHE ERBUKLOBf Ofi akelleasirponsd vased -isoleddsen so that there
is, per litre of .reaction solution, between 10 4 and 1, and preferably

bet ween 0. DBSSRRANE. 5RAnBE BfckrdkerhatRetamdant &P W& idol ubl e phosphi ne
used to 20 prepare.the reaction solution i Qhose% Eglihat t he nunber of

mol es of tHIESISEPpdMnBT IR H'S pEEHPYS 15t t s Rifc F% BR 0.5 to 2000
and pref erabl ar f9Qipb2et ph3éffhine and a nickel hydroxide into contact in

the absence of the organic compound to be hydrocyanated, in
adding hydrogen cyanide or a compound which generates hydrogen
cyanide to the mixture, in keeping the mixture stirred until
the nickel has at least partially dissolved and in subjecting
the said mixture to a reduction of at least a portion of
nickel with an oxidation state of greater than zero to the

zero oxlidation state.

According to a preferred characteristic of
the invention, the mixture, after addition of the
hydrogen cyanide, is kept stirred at a temperature of
less than 100°C, preferably of between 20°C and 80°C.

The amount of hydrogen cyanide added is at
least equal to the stoichiometric amount for converting
the nickel hydroxide to nickel cyanide.

The amount of hydrogen cyanide added will
advantageously be from 30% to 200% greater than the
stoichiometric amount.

After at least partial dissolution of the
nickel hydroxide, phe aqueous solution is subjected to
a stage of reduction of the nickel with an oxidation
state of greater than zero in order to obtain nickel

with the zero oxidation state.



Mention may be made, as suitable water 25 sol uble phosphi ne conpounds, of

t he conpounds disclosed in Patent 2,338,253 or in Patent Applications WO
* 97/ 12857 and EP 0, 650,959. This listing does not have any | Rériviayr2g0Bat ur e.
26 May 2003 5 Thus, suitabl e phosphines for the invention correspond to the
followi ng general formula (1): ' (SOgMnl1 Ark ~1~ml ~ (SO3Wgn2 P Ar2 2)n?
(SO3Mn3 Arg ~ 3)mB 5 in which: * Arl 4 Arz and Ar3, which are identical or
different, represent aryl groups * Y1, Yz and Y3, which are identical or
different, represent 10 . an alkyl radical having 1 to 4 carbon atons , an
al koxy radi cal havi nghist seduchibonrapedonaikapdyentagesusly . a ON

radical, an NO2 radical, an OHd radical, an NRIR2 radical, in the fornula of
whi ch Rl aperreedwanrEhaiferi additéan, ofodtheemantureg Pépﬁe§@ﬁﬂ1an al kyl
radi cal having 2 to 4 _carbon atons, 26 May 2003 6 * Mis an inorganic or

or gani ¢ ca?P%HPE Pésﬂaﬁheéhb§eﬁhesGeFﬁapxﬂﬁétéeﬁpéﬁﬁéeofThéﬁnula (1) is
sol uble in ter, fromthe group conS|gt|n of ;. H+ 5 . cations_derived from
al kal i metaPdibion) kapi ke earrhedePyfs! YtheRéﬁﬂRSRGH)Of anfdpdlRs | R4

RS and B6 . whichoare,identical or, different . represent ag alkyl radical

oxidation state.

The stage of regeneration of the catalyst, or
in other words the reduction of the nickel to the 0
oxidation state, can be carried out by several

10 processes, such as a reduction by gaseous hydrogen, an
electrochemical reduction or addition of an organic or
inorganic reducing agent. The reduction processes are
known and are disclosed in particular in Patents
WO 97/24184, Ep 0,715,890 and FR 1,599,761.

15 The amount of nickel compound used is chosen
so that there is, per litre of reaction solution,
between 10* and 1, and preferably between 0.005 and
0.5, mol of nickel.

The amount of water-soluble phosphine used to

20 prepare the reaction solution is chosen so that the
number of moles of this compound with respect to 1 mol
of nickel is from 0.5 to 2000 and preferably from 2 to
300.

Mention may be made, as suitable water-

25 soluble phosphine compounds, of the compounds disclosed
in Patent 2,338,253 or in Patent Applications
WO 97/12857 and EP 0,650,959. This listing does not

have any limiting nature.



having 1 to 4 carbon atons or a hydrogen atom 10 . other cations derived
fromnetals, the benzenesul phonic acid salts of which are soluble in water,
*mM, n2 and nB are identical or different integers from O 2®&May 2083 * nl ,
n2 and n3 are identical or different integers fromO to 3, at |east one of
t hem bei ng equal to or greater than 1. Mention may be nade, as exanpl es of
metal s, the benzenesul phonic acid salts of which are soluble in 20 water,

of lead, zinc and tin. The expression "soluble in water" generally neans,
in the present text, a conpound soluble to at | east 0.01 g per litre of

wat er. Preference i sTiisensubp@ple pploephhhrssoforsther imbantidn to those in
which: - Arl) Ar2 and Ar3 are phenyl groups,_- Y1, Yz and Y3 represent
groups chdierresrend g Wag Q@géowl%ﬁk??nﬁéﬂic§P§mHé@ihé)Fron11 to 2 carbon
atons, al koxy radicals having from1 to 2 carbon atons, 5 - Mrepresents a
cation chosen fromthe group consisting of H+ cations derived from Na, K,
Ca and Ba, 10 NHQ+ -- . tetranethyl QaMin1 t et r aet hyl ammoni um

t et r apr opyl anmoni um and tetraquy anmoni um cations - m, n2 and nB are
integers fromO to 3 15 - nl_, n2\aqgfﬂ§ are integers fromO0O to 3, at

| east one al so bei ng great than 1. mtore particularly preferred anong
t hese phosphi nes are theodi um potassium calcium barium anmonium

t et ramet hyl ammoni um angt et r aet hyl a ?a} 0 salts of
nnno(sulphophenyl)gjp enylphozgthe{'glz u hophenyl)phenélphosphine and
tri(sul phophenyl ) phospiine, i Qhe\iprnulae of which the(B03 groups are
preferably in the nmets position. (Y2)m2

X - (SO3M)na

Ara
) (Ya)m3a
5 in which:

* Ar;,, Ar, and Ar;, which are identical or different,
represent aryl groups

* Y,, Y, and Y;, which are identical or different,
represent

10 . an alkyl radical having 1 to 4 carbon
atoms,

an alkoxy radical having 1 to 4 carbon
atoms,
a halogen atom,
15 . a CN radical,
an NO, radical,
an OH radical,
an NR;R, radical, in the formula of which
R; and R;, which are identical or different,
20 represent an alkyl radical having 1 to 4

carbon atoms,



Mention may be made, as ot her exanples of 25 phosphines of formula (I)
whi ch can be enployed in the process of the invention, of alkali nmetal or
" alkaline earth netal salts, amobniumsalts or quaternary anB®May2083lts of
(3-sul pho-4- et hyl phenyl )di (4 26 May 2003 8 net hyl phenyl ) phosphi ne,
( 3-sul pho- 4- met hoxyphenyl ) di (4nmet hoxyphenyl ) phosphi ne,
( 3- sul pho- 4- chl or ophenyl ) di (4chl or ophényl ) phosphi ne,
di ( 3- sul phophenyl ) phenyl phosphi ne, di (4-sul phophenyl) phenyl phosphi ne, 5
di ( 3-sul pho- 4-net hyl phenyl ) (4- net hyl phenyl ) phosphi ne, )
di ( 3- sul ph&- 4- n¥t h6xPpheRPFEEIiRe CHoRYPREMNA raitdopiicngesidue
di(3-su|pho-4-ch|orophenyl)gé-chlorophenyl)phosphine, )
tri (3-sul phopheR}PFBRosBRI RBatt Fhea compPeheshety Frgawdghi(dd, is
(tri(3-su|pho-4-nﬁtgilphen | ) phosphi ne, .10 .
Lri (35 sul pho- 4. FBLHBLE phBYRT BRos biCRs EhEr SESUS,CoRSiFting of :
chl or ophenyl ) phosphi pe,
(2- sul pho- 4- net hyl phényl ) (3sul pho- 4- net hyl phenyl ) (3, 5- di sul pho- 4- net hyl phen
yl ) phosphi ne or . . .
(3-su|pﬁophenyl)(3-sﬁ?ﬁﬁgpi-gﬁféygghgﬁ$F5F%Fg}éi?ﬁfﬁ%&-gfbhlorophenyl)phosp
hine. 15 It is ¥?ﬁ¥l§hSaEE%FHOﬁ§EQh§,tO use a m xture of these phosphines.

[ e

In particular, I ST poOsSI 0 use a m xture of nono-, di- and

tri-neta-sulphonatedeﬁq§@@kas.vh@gggqggahg ag?EQkﬁngaggigﬂogggines of 20
( a '

fol |l ow ng gener al for muf ae 1) and (I11T) are so suitable for the

invention: (Arlihantp}dl-oP-diAréybnt, (kkprededkCani B1WRiICRadicd® May 2003
9 - Arl and Ar2, which are identical or different, represent aryl groups or
aryl groups conpair$h§glope 0or capbensdbsiit uenashyduweheasatomal Kyl or al koxy
radi cal having 1 to 4 5 carbon atons, - halogen atom - hydrophilic group,
such a$f - COOM .- SO03dther- €88Mnkl depiesdnfirop metamher gahiec or organic
cationic residue chosen from 10 proton, cations derived fromalkali netals
or al kal i ne earbénpenasslphonhruarédt sahts- NERvhich ahe Soinble of which
the R synbols, which are identical or different, represent a hydrogen atom
or an al kyl radt@av¥ah@ving from1 to 4 carbon atons, and other cations
derived 15 fromnetals, the aryl¢ rboxglic aci.d, _aryl sul phonic acid or

aryl phosphoni ¢ Bei dsaRtsMef afRi tACRFECRL| Ob| 81 F feRBREr 1ntegers

from 0 to 5,

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

Mention may be made, as examples of metals,
the benzenesulphonic acid salts of which are soluble in

20 water, of lead, zinc and tin.

The expression "soluble in water” generally
means, in the present text, a compound soluble to at
least 0.01 g per litre of water.

Preference is given, among phosphines of

25 formula (I), to those in which:
- Ar;, Ar, and Ar; are phenyl groups,

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



-N(R)4, in the fornmula of which the R synbols, which are identical or
different,represent a hydrogen 20 atomor an al kyl radical having from1l to
* 4 carbon atonms, -OH - Ar3 represents an aryl group conprisi pgMage008 nore
substituents, such as: 25 - alkyl or al koxy radical having 1 to 4 carbon
atoms, - halogen aton) - - hydrophilic group, such as:" 26 May 2003 10
-COOM or -PO3M M representing an inorganic or organic cationic residue
chosen from proton, cations derived fromalkali nmetals or alkaline earth
nmetal s, amonium cations -N(R)4 in the fornula of which the R 5 synbols,
whi ch are identical or different, rapkgierhdachydr agefinat gxoar 1an al kyl
radi cal having from1l to 4 carbon atons, and other cations derived from
netal s, the aryl carboxylitoazi dasboar gkphssphoni c acid salts of which are
soluble in water, 10 -N(R)9, in the forrmula of which the R synbols, which
are identical or different, represealkaxiydadgealat bavangafirainkyl radi cal
having from1l to 4 carbon atons, -OH, 15 at | east one of the said
substituents of Ar3 beingta hydavbon| ftogseup as defined above) - a

represents 0 or 1, - b represents O or 1, - c represents an integer fromO
to 3, 2D - D represents a¥ BERYyPSGREBp2 GaEyERoaNRFENGEBAP bhean al kyl or
cycl oal kyl group conprising one or nore substituents, such as: - al koxy

radi cal having 1 to 9¥@@P oA 8t ®HENI-%hal ogen atom 25 - hydrophilic group,
such as: -COOM -S03Mor -PO3M. M representing an inorganic or organic
cationic residue chosen fromproton, cations derived fromalkali netals or

al kal i ne cations derived from Na, K, Ca and

Ba,
10 : NH,"

- . tetramethylammonium,
tetraethylammonium, tetrapropylammonium
and tetrabutylammonium cations

- m;, my and m3 are integers from 0 to 3
15 - n;, n, and n; are integers from 0 to 3,

at least one also being greater than 1.

The more particularly preferred among these
phosphines are the sodium, potassium, calcium, barium,
ammonium, tetramethylammonium and tetraethylammonium

20 salts of mono(sulphophenyl)diphenylphosphine,
di (sulphophenyl)phenylphosphine and tri (sulphophenyl)-
phosphine, in the formulae of which the S0, groups are
preferably in the meta position.

Mention may be made, as other examples of

25 phosphines of formula (I) which can be employed in the
process of the invention, of alkali metal or alkaline
earth metal salts, ammonium salts or quaternary

ammonium salts of (3-sulpho-4-methylphenyl)di (4-



26 May 2003 11 earth netals, ammoniumcations -N(R)9 in the fornula of

whi ch the R synbols, which are identical or different, represent a hydrogen
atomor an al kyl radical having from1l to 4 carbon atons, a4fdMayBeQd3 cati ons
derived 5 fromnetals, the aryl carboxylic acid, arylsul phonic acid or
phosphonic acid salts of which are soluble in water, -N(R)4, in the formula
of which the R synbols, which are ideBtical or different, represent a
hydrogen 10 atom or an al kyl radical having from1l to 4 carbon atons, -OH -
d represents an integer fromO to 3, the sum (atb+c+d) is equal to 3; 15
(A-1 )a t Arethy Yihehyl) phiosplPigd) (3 + s }plioa-4 bretRexyphenyhl @h{4- Arl, Ar2
and D have the neanings indicated above for the formula (II{_ZO - a, b, a
and f eacHie@dpregdrnyl phasphige aniB gsebehor éprlelereragnyht@yéd-from o0 to
2, - the sum (a+h+d) is equal to 2, -_the sum(e+f+g) is equal to 2, 26
Vhy 2003 Ehipronhey) kmsRhing: bt 3 var bragPBeRYl Bheraval ent

1y ocar bonaceau LB Sl Rean Ak ot L ol oalkyl ene
COMPLI S0P 81180 Y8 RIS O PEFT Sl TP RORIEIEA e T 19
DnOSBIOr U o O ek L PHSRIBNA £ P00 DL AL OLHANE L 0E, o (1
havi ng fr(H‘ﬂ(13—s;ulpho—ll—chlorophenyl)(4—chloropheny1)phosphine,
tri(3-sulphophenyl)phosphine, tri(4-sulphophenyl)-
phosphine, (tri(3-sulpho-4-methylphenyl)phosphine,

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

15 It is very clearly possible to use a mixture
of these phosphines. In particular, it is possible to
use a mixture of mono-, di- and tri-meta-sulphonated
phosphines.

Monodentate and bidentate phosphines of

20 following general formulae (II) and (III) are also

suitable for the invention:

(Ar1)a

|

(O)g~ P—(Ar2)p ' (

(Ar3)e

in which:



10 to 4 carbon atons, it being possible for the ring or rings which are

optionally parts of the divalent radical L to conprise one or nore

substituents, such as [lacuna] al kyl group having 1 to 4 cazéblay2008s. The

expression "soluble in water” neans a 15 conpound soluble to at |east 0.01

g per litre of water. Mention may in particular be made, as nonlimting

exanpl es of phosphi nes of general formula (I1), of

tris(hydroxynet hyl ) phosphi ne, tris(2-hydroxyethyl)phosphi ne,

tris(3-hydroxypropyl)phosphi ne, 20 tris(2-carboxynethyl)phosphine, the

sodi um sal t+ mt1tand(Brzarbbkyhatepheédghypbaipbrndifferent,

tris(3-carboxyethyl)phosphine, tris(4-trinethylamoni unphenyl) phosphi ne

i odi de, theepondsemtsatrylofroups(@xpavgphgnatipst hphpphesphi nereobr25

bi s(2- car boxyet hyl ) phenyl phosphine. Mention may in particul ar be nmade, as

nonl i m ti ngoexaspbetivhephssphiiaksasf general formula (111), of the sodium

salt of 2,2'-bis[di(sul phonato 26_May 2003 13 _

phenyl ) phosphi no] - 1, 1' - bi a&kWE h9F, alkex¥oupdiraal haging 1 to 4

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

1,2-bis%dihydroxynetﬁ??%ﬁ%s%g?ﬁﬁ)ethane,

1,3-bis(dihydroxynethylpgﬁthino) rOﬁane or the sodium5 salt of

2, 2' - bi s[ di (sul phonat ophe?y ?%ﬂ%sgﬁ? omet hyl ] 1, 1' - bi napht hyl . Some of the

wat er - sol ubl e phosphi nes ofdforﬂuia (I} to (é&é% are comercially

avai l abl e. For the prepar%¥|5%po thed ot s¥UF R @F ence 10 may be made to

the general or specif} roc or Y I . _phasphi nes descri bed
Sol! §6§F%J Pc%ﬁ‘?_ %3&%‘%%5%%%311 an

in the general literafture, such as Houben er organi schen

Chemi e, or gah}-§&RE: PHPSERQAN MeT i PHYRDe N L AaNEdshE P BRRRC Chem stry)
Organi ¢ Phosphorus Conpounds], Part 15 1 (1963). Finally, for the

preparadi oprSt oMt €4t SOhHDEEr feed Vot eS1 N1 £ imbeyes net Heear gdescri bed) it
is possible, starting with phosphi nes not conprising water-soluble

subst i t uendsr €ef mees) apoytmon Duh NE& Otlbiee 2A9(RNE iaf HHY & crimile s
hydrophi |l i ¢ substituents. Thus, sul phonate groups, for exanple, nmay be

i nt r oducedvlbi/ch hehe emRcsymaino bé, SG3ich aud phdenicieal dor Cai bbayémat £,
phosphonat e and quat ernary amoni um groups can |i kewi se be introduced by
appl yi ng thepcheentar medhogen kabon 5 dnratkyl rypecal kywnikesis. The
organi ¢ conpounds conprising at |east one ethylenic bond which can be

subj ect ed £6Pm hy& ot yeRERPB R F PN he2 Bl RERRE AL IORRU IS Prepared 26

May 2003 14 according to the process of.the jpvention are djolefins, such
as but b e#@?mi%%ﬁ%%e,tﬁ??m%?@’ Cl?%*%ycﬁ‘%%?‘é]cﬁ’wcal i phati c

nitriles co ising e | eni c_unsat uratipn rticularly i 5

pent eneni tar“%? OF s%@hié%c’%’@r&b%%cén%ﬁ r??]gt%rgg-"géﬁ e t?‘?f@?i%nool efins,
such as st§$§%§%epethylstyrene, vi nyl napht hal ene, cycl ohexene or

met hyl cycl'ohexeng,’ and ni xtures of several of these conpounds. The

pentenenitriles in pagigcul am GaR 10 GRMRAN ioFe RN he $ERSL@J1%, M nor

amounts, of other conpounds, such as 2-nethyl-2-butenenitrile,

2- et hyl 2-pat @nedid Iidént ZePENSLNEN tdidifs, Wb et id ey debpaditrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile or butadiene, originating,
for exampl&som remaid 4 ey priadidyrneoyanat f 0o reass i Orcfbdrit adi ene.  Not

i nsignificant amounts of 2-nethyl-3butenenitrile and
2- met hyl - 22thahenenitrile are formed, with the linear pentenenitriles,
during the hydrocyanati on of butadi ene. 20 The process for the preparation
of a -OH

- Ar3 represents an aryl group comprising one or more

substituents, such as:

25 - alkyl or alkoxy radical having 1 to 4
carbon atoms,

- halogen atom,

- hydrophilic group, Such as:



catalytic solution in accordance with the inventionis, in a preferred
enbodi nent, carried out before the introduction of the catalytic solution
into the reaction region for hydrocyanati on of an ethyl eni c26 May2803

unsat urated organi ¢ conpound. The hydrocyanation reaction is generally
carried out at a tenperature from 10C to 200C and preferably from30C to
120C. 26 May 2003 15 The process ofl@he invention can be carried out
continuously or batchw se. The hydrogen cyani de enpl oyed can be prepared
frommetal cyanides, in particular sodiumcyanide, or 5 from cyanohydrins.
The hydrogen cyani de-€80MnorodBOgd. iMtrepheserbtroran nindrega@seoes form or
inthe liquid form It can also be dissolved beforehand in an organic

sol vent. VP¥@api¢heatbenest resigqupacbafpBefrom pppEaRNnt GRLAANSIt i S

possi ble, in practice, to charge to a reactor which has been purged

bef or ehandd@%iNgdahr PReRtkahs PebRhSa8TnpLkdyéReoP2AEROMFLELEMer an aqueous

| uti i Si 11 t of, th i tit ts, h th
wat er - S0 UBREOPRUBLAR REORT HEN 18) ¢ riihsiiS o HBEHE LorPbti, Cifietopt | onal
duci { dt ti | ! t . id tit t
Capar ot 1 yoremn e vEcRRer otueBl V8T nenChF BRERLCr o PRECERACOR
t t dth . t | S.i d d. Th
hyar ogen CHERTAECHSR oo RErer Lk RS UL AEVERE; EPakys’ BB T UCLG) ) ane

uni formy. Wen the reacthgno(hbe PhOILRSSaaEi YBHCR, GANMBEaTRNI tored by
quantitative determ nation of sanples w thdrawn) has finished, the reaction

m xture i spdsaypy, Poarhbxpiieraspal bR%a2Plphbspheasti 8RiAr dUEESoare
i sol ated by separation by settling, optionally followed by extraction of

t he agueoughi @y eardsSsdguBle aPRI RREERT € 26 May 2003 16 solvent, such as,
for exanple, the abovenentioned water-inmm scible solvents. The aqueous
catal yrdc sol ution cam{Rhgn ie vlecyidmihlan &f fwleisth ridactr asyriilasl 4 he
hydr ocyanati on of 5 organic conmpounds conprising at | east one ethylenic
doubl e bomdhiglit&re hbdemygi bebnoopdibhalénti reaprdséyt aarbgdnegani on
Process. atom or an alkyl radical having from 1 to 4 carbon
atoms,
-OH,
15 at least one of the said substituents of Ar3 being a
hydrophilic group as defined above,
- a represents 0 or 1,
- b represents 0 or 1,
- ¢ represents an integer from 0 to 3,
20 - D represents an alkyl group, a cycloalkyl group or an
alkyl or cycloalkyl group comprising one or more
substituents, such as:
- alkoxy radical having 1 to 4 carbon atoms,
- halogen atom,
25 - hydrophilic group, such as:
-COOM, -SO3M or -PO;M, M representing an

inorganic or organic cationic residue chosen from

proton, cations derived from alkali metals or alkaline



It is also possible to use the catalyst in conbination with a Lewi s acid.
10 The Lew s acid used as cocatal yst makes it possible-in particular, in
"the case of the hydrocyanation of aliphatic nitriles conpri 28Mpye200g! eni c
unsaturation, to inprove the linearity of the dinitriles obtained, that is
to say the percentage of 15 linear dinitrile with respect to all the
dinitriles fornmed, and/or to increaselflthe lifetine of the catalyst. The
term"Lewis acid" nmeans in the present text, according to the usual
definition, conpounds 20 which are el ectron-pair acceptors. The Lew s acids
cited in thérmbrmeééﬂsedaQWOGiAm Cgh onsFr-Neldls- Cnathe dndmRdbkabéd
Reactions", Volume |, pages 19 to 197 (1963), can in particular be

enpl oyed. ¥BiThe thewRs symbad swhiwbhchantise isimsitdrad @y chiddierienst,s in the
present process are chosen from conpounds of the el ements from groups Ib,
lIb, 111a, TPPFESePyad hydroggn gbomypp, ay g kadd r@dijcadf hatydng 26 May 2003
17 Peri odi sificatiopn of the Elenents, in so far as the said conpounds
are at IeagFOBaitFal yCQEBBBIEtPWSmaFB ofhELe ASioBEnderdveSyener al | v

salts, i.n artlcu des r ef rab chl arj des qnd b nldes, 5
<ul phat 8. anba%ﬁéﬁ bR SR BERREP Y L Ao fiy 150 LARAE 1 cae

non- Ilnltln such e |ds, nc chl orlg zi nc brom de,
zi nc |od|d3g ﬁaﬁgaﬁeggpc Pori é &Laﬁﬁgnesg H%&ﬁ?dgre £3m3 ﬁlCﬁPOrlde
cadm um brogide, stannous chloride, 10 stannous brom de, stannous sul phate,
stannous tartrate, chlorides or bromides of rare earth nmetal elenents, such

as | anthanum Cer'U”1N9k§§eQﬁ¥nE&Enf6@H@Y£1Sﬁ1wﬁﬁeﬁrt#Q]ReHyﬂﬂb %]
gadol i nium terbium dysprosium hol m um erbium thalium Yytterbium and

lutetium ¢hienbakt ehkatidel 6@rapa§e@aherl@@pgesuhtrhUHyaQb@bhde 't is)
of course, possible to enploy m xtures of several Lew s acids. is also
advant ageoaseomi dbrappr apkiyat eadieast havvihge firha Lewos 4aekdbbha aqueous
solution by the 20 addition of an alkali netal or alkaline earth netal
hal i de, suahoms,|ithium chloride, sodiumchloride, calciumchloride or
magnesi um chl oride, in particular. The alkali netal or alkaline earth netal
hal i de/ Lewis acid not@H ratio varies very widely, for exanple fromO0 25 to
100, it being possible for the specific ratlo to be adjusted dependi ng on
the stabil Tty BPPYRECLER 3N atPEHEYRHr waFem 0 to 3,

- the sum (a+b+c+d) is equal to 3;

15
(Ar1)a (Arl)e
O — L =0 ay
(Ar)p (Arz-)f

in which:
- Arl, Ar2 and D have the meanings indicated above for
the formula (II),

20 - a, b, e and f 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,

the sum (e+f+g) is ecqual to 2,



26 May 2003 18 Preference is very particularly given, anong the Lew s
acids, to zinc chloride, zinc brom de, stannous chloride, stannous brom de,
* stannous chloride stabilized with Iithiumchloride, stannougt Waya@edsle 5
stabilized with sodiumchloride and zinc chloride/stannous chloride

m xtures. The Lewi s acid cocatal yst enpl oyed generally represents from 0. 01
to 50 nol per nole of nickel conpoundiand preferably from1l to 10 nol per
nole. 10 As for the inplenentation of the process which forns the basis of
the invention, the catalytic solution used for the hydrocyanation in the
presence of Leweprasedtsaa bénglepunddnbef boad bri a divadeéanted i nto the
reaction region, for exanple by addition, to the 15 aqueous solution of the
wat er - sol ubydrphasphnaecons radiappr opncht esampunikyflenieckedilkpdr oxi de, of
the Lewis acid and optionally of the reducing agent. It is also possible,
under the dofdfripakkybenehzadjdnbeyanapryhepeosesicell pheapresent

invention, 20 and in particular by carrying_out the reaction in the
presence ofFafheadafary¥ingesEPMpadhgbEyRCY6AEr FOMRGiGLNTQEE BFe

wat er - sol ubl e phosphi ne, and at | east e nickel c¢ompound, to isonerize

2- met hyP- StBBt@ﬁeﬂgPrrPetFBQﬁ%n?EnﬁH?PBPFe?tPWStﬁB B€eRiBYof hydrogen

cyani de. 25, The 2- neth utene Ltr | e, subj e o.the ri zation
agcordrng FBeFﬁeV?ﬁ68H Cthh 5% 8y8813b ﬁ gﬁéaglﬁeﬁkiYHFB with ot her

d 3.19 Th bl
Tl R P
4- t t | t t
£ pentenentlhlove MBRTESTGRN 5| enconbolAREOL kg bt ey

valeronitrilg. 5 T@Pﬁe?ftofsbPQﬁ&héél§ik¥légéaPBQQEQYSh591£§e§£oﬁh? reaction
m xture originating fromthe hydrocyanati on of butadiene wth HCN in the

presenge oftoll aArpEdeHsSmSO! UtivBing pbskeBsk 6pe waberifngl ybl e
phosphi ne_ [l acuna] of at |east one nickel conpound, nore preferably of a

ni ckel conpbngd whitheabe oxpthdbhablgt phersasfdehendatvabene. VAithin the
context of this preferred 15 alternative form as the catalytic systemis
al ready preséntalol thechyprbsyapaei on mernet sohsbitbenbdi emechi asi s
sufficient to stop any introduction of hydrogen cyanide in order to allow

t he isoneri}acioal redkyl csrewrthikeingateto2d farbgnpatendle, |if

appropriate, in this alternative form to gently flush the reactor using an
inert gas, such as nFReogERressiPYonsotvblexdfpvateri Bedes 20 drive of f

t he hydrocyanic acid h m ght t|II resent._ 25 The_i sonerization
reactig% 'éoﬁgﬂ%? I??yggf?r%ﬂ %Et %TS 8 ﬂgegaPﬁreler?r%ﬂ1%%E?¥o 200C and

preferably fron160C:&o 120C % 90§ 20 In thg preferred case of an
|soner|zat|on |nned|a?%r ?cW?%mrngp he y%rocyana?roh 72attTon of

but adi ene, 4 @%ﬁé %Q?ﬂgyggt@geﬂygs R 5aL " fo& nép§1|§gpﬁ%igatron at the

tenperature at hydr'ocyanati on een carried out.
(II), of tris(hydroxymethyl)phosphine, tris(2-hydroxy-

ethyl)phosphine, tris(3-hydroxypropyl)phosphine,

20 tris(2-carboxymethyl)phosphine, the sodium salt of
tris(3-carboxylatophenyl)phosphine,
tris(3-carboxyethyl)phosphine, tris(4-trimethyl-
ammoniumphenyl)phosphine iodide, the sodium salt of
tris(2-phosphonatoethyl)phosphine or

25 bis{(2-carboxyethyl)phenylphosphine.

Mention may in particular be made, as non-
limiting examples of phosphines of general formula

(IIT), of the sodium salt of 2,2’-bis[di(sulphonato-



As for the process for the hydrocyanati on of conpounds conprising ethylenic
unsaturation, the catalytic solution used for the isonerization can be

- prepared before it is introduced into the reaction 10 regi o2 MapR0eXanpl e
by addition, to the aqueous solution_of a water-soluble phosphine, of the
appropriate anmount of nickel compound and optionally of the reducing agent.
It is also possible to prepare the catmlytic solution "in situ" by sinple
m xi ng of these 15 various constituents. The anount of nickel conpound and
t he amount of water-sol ubl e phosphine are the sane as for the

hydr ocyangth&iy I asteddsiiind i 5, Tatlad ysphelapl al she bso@i epas&ic byft he process
of the invention before it is introduced into the reaction region. 20

Al t hough the4lsioniii st iphonataopheny 1 splgesph shoyetthyt | edebobuvahdout a
third solvent, it can be advantageous to add an inert water-inmscible

or gani ¢ sol GEHES Whi ki dairs i hhdroxgfme blay tpheepene ) ekhaneti on. This is in
particul ar the case when such a 25 sol vent has been enployed in the

hydr ocyanat i broiebdihwirafynirihidl Rresnini od) Preepare oy stlde t sogiwpar e t he

m xture subjected to the isonerization reaction. 26 May 2003 21 Such

sol vents o3 heofe HosemBioliAt HosrhenaFrpheRy bbebe st pefrnebbve for the
hydr ocyanati on.. | At the end of the reaction, it is very easy to separate

t he cat al y]s'tlﬁ“rkb‘rﬁ"’l%}?@m’reri zation 5 reaction products, as has been

i ndi cated for the hydrocy

tion, and to. r cle it,..if appropriate, in one
of the hydrocyanati or?eeaoca:{iatgh% V&%%%?T%é;]d‘ﬂgg%v%h%?pkﬂfl%sfé)gsh i sonerization
reaction, after,treat t t queou pgfg the solid phase
accordi ng éli‘br“t‘%l% h@p?%égeggho)f hﬁ% i nve%f‘fpon t aﬂ;ﬁl r%‘gen cyanide in
order- to dissolve t ' i : a tails of
P Sald Mg%ﬂ?@% o £ ek @gy@fg,hegﬁﬁ@,ﬁ@.g hdl

the invention which becone nore early apparent int t he .
exampl g5 Ghuebd L S alne %/ery@yapfof g &AL £ 0. pSeEEAMPLEA 150 cnB of a
c

1 nol/litre  aqueous nickel oride solution are charged to a 1 litre

Erl enneyertHd ask @i ipesk WHdsph itasd elésc bibed 1940 e gdnaradl nol /litre
aqueous sodi um hydroxi de solution are run 20 in, with stirring at room

t enper at urlel texestturge peniddd aof Houleer-dweynld, tNerhddiedet xdntfami scheapt stirred
for 1 hour. The systemis subsequently |left standing for the tine necessary
for the niGHesiehydrmgardissgire dipapdied Verksiotdurgeut [Maithdds athe super nat ant
25 aqueous solution to becone clear. The nickel hydroxide precipitate is

t hen washé&kgarsidShanistms MArgpnis fhesthearwd GePraupts hatRBart aqueous
phase is siphoned - off, 200 ml of distilled water are added, stirring of

26 Mayt2008 2P &Xe systemis resuned for 1 hour and then the systemis

again left standing for the tinme necessary for the separatian._hy settling
of the solid phase; Ftlt’l'i‘_"sl1§<=,fritleosr otlr‘]"eoé)erreéf%/r F9% L% l-tee’:d'Slﬂglt“}hfbl'?‘a

super nat argeraig%gtoll{%ﬁSt ase h‘?{véﬂ'%\{fﬂeé}ﬁ éessrchgfkgs%c{]eqtt Tlrge solid phase is

then recovered by ration through a sinter ass of "porosity 4. The
o ! LRI, A EU P AR SN gty ron ce 0 he
water-soluble substituents defined above, to introduce
20 one or more of these hydrophilic substituents. Thus,
sulphonate groups, for example, may be introduced by
the reaction of SO; in sulphuric acid. Carboxylate,
phosphonate and quaternary ammonium groups can likewise
be introduced by applying the chemical methods known
25 for this type of synthesis.
The organic compounds comprising at least one

ethylenic bond which can be subjected to a

hydrocyanation in the presence of a catalet prepared



10 precipitated and wet nickel hydroxide. Quantitative determ nation of the
Ni on 3 wthdrawn sanples of this wet paste stored in a closed contai ner
“results in a nean assay by weight of 25.2 wgt o of Ni. 57.52¢May 28030 wgt o
solution of sodiumsalt 15 of trisul phonated triphenyl phosphine (TSTPP) in
water are charged to a 150 cnB gl ass reactor purged with argon and equi pped
Wi th an auto-suction turbine. This sohytion is degassed. 1.445 g of freshly
preci pitated and wet nickel hydroxi de obtained above are 20 subsequently
i ntroduced. Wth stirring (1200 revol utions/ mnute) and at room
t enper at ur accOr@4Qgrktoothbygiroerssi ofache iinvientéeohedriento the reactor head
space, with a constant flow rate and over a duration of one hour, via a
syri nge thdipdefahscabligh28scbntadlileae,ati sop@€neDuni, sSghiekadienecti on of the
HCN, the solution rapidly becomes orangey and then red. After injection,
the m xtureri 3, kepycidbbrteditoe, 3ahophstac 80Craddst kempedsliag t o room
t enperat ure, 26 May 2003 23 where it is kept stirred for 12 hour. After
fl ushi ng t eehiéadispussadbhrahéoneaprotiguilhrdygdanteer approxi mately 1 hour,
a honogeneous and clear solution with a dark red colouring is recovered.
Quant i t at i pensegendExiAgsi ofU6h REe3NPeBieRSRiLtRdAgaWATsanpl e filtered by
nmeans of a MIlipore MIlex-HV filter (Hydrophilic PVDF, 0.45 ~.m gives
the fol | owtngepEgnrRitIdbemBPPRGLeFABSs0PUEPOASt RE¥TPREovBRERYEAN be used
as catalytic solution after ngina been uggected to a ﬁo st age of
el ect r ochefiF¥aPPPedttRY SRABPERR L8HET t F¥F L8P CAPRRePT| HEFR¥LEYTI8xi dati on
state. av r_s. gfd57.8 grgf gf30 mgt T gglggion of sodignlsalt of
trisulphona?éan?ripﬂen??ﬁﬁospﬁine f?g 53} Pn owatar 137RPe" ﬁarged to a 150
cnB gl ass reactor pugged g%ggngﬁgggizgg ggu%gpggcgﬁgp an,aut o-suction

i 8 : ngy a

turbine. This solution’i egasse comer cral ni ckel hydroxide

(Al drigB) eomBLisSbNImBRRELXI gBLELY15) MBhoR Qhodhrar e gubsggpently
i nt roduced. th stirring 20 (1200 revol utions/m nute) and at room

t enper at ur eomPotA@s M s@Enhy8r pcyabhglagiButenknjeslied, i ptgetherLeact or head
space, with a constant flow rate and over a duration of one hour) via a

syri nge therboséaentalriyecobipeohtedenitril€, wléngniteiiaj ection of the
HCN, 25 the solution rapidly becones orangey and then red. After injection,
t he m xturadipokeprideir2emetbyl8lhbarsnatr8DE, ahdethghsgooirad-t 0 room
tenperature, where it is kept stirred for 12 hours. After flushing 26 May
2003 nitrile or butadiene, originating, for example, from
15 the prior hydrocyanation reaction of butadiene.
Not insignificant amounts of 2-methyl-3-
butenenitrile\and 2-methyl-2-butenenitrile are formed,
with the linear pentenenitriles, during the
hydrocyanation of butadiene.
20 The process for the preparation of a
catalytic solution in accordance with the invention is,
in a preferred embodiment, carried out before the
introduction of the catalytic solution into the
reaction region for hydrocyanation of an ethylenically
25 unsaturated organic compound.
The hydrocyanation reaction is generally
carried out at a temperature from 10°C to 200°C and

preferably from 30°C to 120°cC.



24 the head space of the reactor with argon for approximately 1 hour, a
honogeneous and clear solution with a dark red colouring is recovered.
Quantitative determination of the Ni on a withdrawn sanpl e 46 Meer@@p 5 by
means of a MIlipore MIlex-HV filter (Hydrophilic PVDF, 0.45 um gives the
followi ng result: 103 nmol /kg. The solution thus recovered can be used as
catal ytic solution after having been $bbjected to a stage of

el ectrochem cal reduction after addition of 10 nickel in the (0) oxidation
state. 26 May 2003 25 CLAIMS 1. Process for the manufacture of a catal yst
for the hydrocyanatiBheopraaessgahi theokrpyenticonpesebeotaamigdueous
solution of at |east one_water 5 soluble phosphine and of nickel,
char act eri 268 fantkaeonsl¥onsi BREChWiBRingi ng an aqueous sol ution of at

| east one water-sol ubl e phosphi ne and, a ni ckel hydroxide into contact in

t he absence of the oTB%nﬁEdEeﬂﬁBuﬁUandﬁeQHQaPMEQaﬁéPeH? PReR@8RAg hydr ogen
cyani de or _a conpound 10 i ch generates Egdroggn cyani de to the m xture,
in keepi ngf¥AR BEkR4r 8YRRiFPEd Rt PRTFREVAREKEPARHE g¥apeder Bhrtially

dissolvgd gnd in sub'egting the said m xture to a reduction of at | east a
porti on>of ThPBKEY 2P TH R Bxi dati on state of greater than zero to the 15

i dati tat P ] t j C ized i
(Pt Che sol ution | STRERYAFPTRE CEFREEL RS, PafLBulipa, LREBTERET OO0 1"

pr ef er abl yregwﬁﬁn-hzo&éngaég&ls@oém Broggsehace i 89sbPms! gk m 1 or 2,

characterized In that, before the stage of reduction of the nickel, nickel
in the zerg,Qxitabi p8 §1ak81\v8aadedrbRahfei Al ¥hUbegafticPs8E@satraccording

to one of the 25 preceding clainms, characterized in that the anmount of
hydrogen cyani de addgfthsnathéeashtefuabfta bA€chwise
10 implementation, it is possible, in practice, to charge
to a reactor which has been purged beforehand using an
inert gas (such as nitrogen or argon) either an aqueous
solution comprising all or part of the various
constituents, such as the water-soluble phosphine, the
15 transition metal compound, the optional reducing agent
and the optional solvent, or the said constituents
separately. Generally, the reactor is then brought to
the chosen temperature and then the compound to be
hydrocyanated is introduced. The hydrogen cyanide is
20 then itself introduced, preferably continuously and
uniformly.

When the reaction (the progress of which can
be monitored by quantitative determination of samples
withdrawn) has finished, the reaction mixture is drawn

25 off after cooling and the reaction products are
isolated by separation by settling, optionally followed

by extraction of the aqueous layer using an appropriate



26 May 2003 26 stoichionetric anobunt necessary for converting the nickel
hydr oxi de to ni ckel cyanide. 5. Process according to claim4, characterized
in that the anmount of hydrogen cyanide 5 added is greater by638y 20832000
than the stoichionetric amount. 6. Process according to one of the
precedi ng clains, characterized in that the anmount of water-sol uble
phosphi ne, expressed as nunber of nolds 10 per 1 nol of nickel, is between
0.5 and 2000, preferably between 2 and 300. 7. Process according to one of
the preceding clains, characterized in that the reduction of the nickel is
carried outsdiyenteatsweht as.t fgaseeue s it cjery ersdretci sroadieni cal
reduction or reduction by inorganic or organic reducing agents. 8. An
organic coWﬁ@@ﬁdhmmm$qah%ﬁmﬂQk¥qnnﬁm|onaI|ty obt ai ned by a process as
defined in any one of clains 1 to7. .A3.Y.AfuL.A
al. A9, . A9, . A& A9. AL. AReAQUESRS AL YAULASNLUSemicam thery bers. AS. A, . ASU&
A@bAII#Z\]kQ ~ytoj e’ [V]ca ca]ca]calca ca]ca]ca]ca]ca]ca]ca]c%]ca]ca]ca]c
al ca] ca] caF@&P’é’g afees %%Aﬂ%é]%lﬂiﬁ%ﬁm%

.4=1 S)EF] } xsni d_Z]c cal cal cal.ca] ca] cal.ca ca] ca al.ca] cal ca] ca] ca] cal ca
] ca] ca] @a] CEPCRLEAFC 5‘]9 “&J]lch]ncga]acf:a] %‘Jéé]ﬂ

double bond, after having been optlonally treated by a

regeneration process.
It is also possible to use the catalyst in
combination with a Lewis acid.

10 The Lewis acid used as cocatalyst makes it
possible in particular, in the case of the
hydrocyanation of aliphatic nitriles comprising
ethylenic unsaturation, to improve the linearity of the
dinitriles obtained, that is to say the percentage of

15 1linear dinitrile with respect to all the dinitriles
formed, and/or to increase the lifetime of the
catalyst.

The term “Lewis acid” means in the present
text, according to the usual definition, compounds

20 which are electron-pair acceptors.

The Lewis acids cited in the work edited by
G.A. Olah, “Friedel-Crafts and Related Reactions”,
Volume I, pages 191 to 197 (1963), can in particular be
employed.

25 The Lewis acids which can be employed as
cocatalysts in the present process are chosen from
compounds of the elements from groups Ib, IIb, IIIa,

IITb, Iva, IVb, Va, Vb, VIb, VIIb and Vfii of the



tv}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]c
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
" #N340OnMKFy| wr mhc”™Y] c] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca]2§d\]'%’a§Q9§] cal ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca!"V]
& 4STh4BCoY} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajida] ca] ca! Y{- X efdpr. LNzupkfa\W]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
U ca]cal ca]calca]ca! <F.9:f"' (2U.0[\ _~}xsnid_Z]]c]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca]Pm]w@i]m]Cda]S@a]foa:]ada]om]crfa]Qi’aq dalergntad calre s dflaza)an] ca] cal cal k
LA\ ]IrtsitlLY "}xsnid Z]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] cafheajsedid spiwrsaiEapes @] deasl] arE]ablx T IIRNR &( 83848
C&F&G&O&V\&Y&e&f & &IMEWEEEE&EE!

'} } xr nhe” VaYera) FAeEs] CEFPRURES| @&]%@%ﬁ@]%]%]%] dd] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca].cal.ca] ca ca cajcaljcalcal}' ~ """ ée ((((d(T) U) | )J))))))v*}****

artlcular ha es, preferably chlorides and brom
+GHI xsnl d .z ca aJ ca cal.ca] ca] ca] ca] ca] ca ca cajcalJcalc
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halide, such as lithium chloride, sodium chloride,
calcium chloride or magnesium chloride, in particular.
The alkali metal or alkaline earth metal halide/Lewis
acid molar ratio varies very widely, for example from 0
25 to 100, it being possible for the specific ratio to be
adjusted depending on the stability of the Lewis acid

in water.
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stannous chloride, stannous bromide, stannous chloride
stabilized with lithium chloride, stannous chloride
5 stabilized with sodium chloride and zinc
chloride/stannous chloride mixtures.
The Lewis acid cocatalyst employed generally
represents from 0.01 to 50 mol per mole of nickel
compound and preferably from 1 to 10 mol per mole.
10 As for the implementation of the process
which forms the basis of the invention, the catalytic
solution used for the hydrocyanation in the presence of
Lewis acid can be prepared before it is introduced into
the reaction region, for example by addition, to the
15 aqueous solution of the water-soluble phosphine, of the
appropriate amount of nickel hydroxide, of the Lewis
acid and optionally of the reducing agent.
It is also possible, under the conditions of
the hydrocyanation process of the present invention,
20 and in particular by carrying out the reaction in the
presence of the catalyst described above comprising at
least one water-soluble phosphine and at least one
nickel compound, to isomerize 2-methyl-3-butenenitrile
to pentenenitriles in the absence of hydrogen cyanide.
25 The 2—methyl—3—buteﬁenitrile subjected to the

isomerization according to the invention can be

employed alone or as a mixture with other compounds.
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nitrile, 4-pentenenitrile, 3-pentenenitrile,
2-pentenenitrile, butadiene, adiponitrile, 2-methyl-
5 glutaroronitrile, 2-ethylsuccinonitrile or
valeronitrile.
Thus, it is particularly advantageous to
treat the reaction mixture originating from the
hydrocyanation of butadiene with HCN in the presence of
10 an aqueous solution of at least one water-soluble
phosphine [lacuna] of at least one nickel compound,
more preferably of a nickel compound in the 0 oxidation
state, as defined above.
Within the context of this preferred
15 alternative form, as the catalytic system is already
present for the hydrocyanation reaction of butadiene,
it is sufficient to stop any introduction of hydrogen
cyanide in order to allow the isomerization reaction to
take place.
20 It is possible, if appropriate, in this
alternative form, to gently flush the reactor using an
inert gas, such as nitrogen or argon, for example, in
order to drive off the hydrocyanic acid which might
still be present.
25 The isomerization reaction is generally

carried out at a temperature of from 10°C to 200°C and

preferably from 60°C to 120°C.
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In the preferred case of an isomerization
immediately following the hydrocyanation reaction of
butadiene, it will be advantageous to carry out the
isomerization at the temperature at which the

5 hydrocyanation has been carried out.

As for the process for the hydrocyanation of
compounds comprising ethylenic unsaturation, the
catalytic solution used for the isomerization can be
prepared before it is introduced into the reaction

10 region, for example by addition, to the agqueous
solution of a water-soluble phosphine, of the
appropriate amount of nickel compound and optionally of
the reducing agent. It is also possible to prepare the
catalytic solution “in situ” by simple mixing of these

15 wvarious constituents. The amount of nickel compound and
the amount of water-soluble phosphine are the same as
for the hydrocyanation reaction. This catalyst can also
be prepared by the process of the invention before it
is introduced into the reaction region.

20 Although the isomerization reaction is
generally carried out without a third solvent, it can
be advantageous to add an inert water-immiscible
organic solvent which can be that of the subsequent
extraction. This is in particular the case when such a

25 solvent has been employed in the hydrocyanation
reaction of butadiene which has been used to prepare

the mixture subjected to the isomerization reaction.
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mentioned above for the hydrocyanation.

‘At the end of the reaction, it is very easy

to separate the catalyst from the isomerization

5 reaction products, as has been indicated for the
hydrocyanation, and to recycle it, if appropriate, in
one of the hydrocyanation reactions described above or
in a fresh isomerization reaction, after treatment of
the aqueous phase and/or of the solid phase according

10 to the process of the invention with a hydrogen cyanide
in order. to dissolve the said solid phase.

Other advantages and details of the invention
which become more clearly apparent in the light of the
examples given below solely by way of indication.

15 EXAMPLE 1

150 cm’ of a 1 mol/litre aqueous nickel
chloride solution are charged to a 1 litre Erlenmeyer
flask equipped with a magnetic bar. 170 cm’ of a
2 mol/litre aqueous sodium hydroxide solution are run

20 in, with stirring at room temperature, over a period of
3 hours and then the mixture is kept stirred for
1 hour. The system is subsequently left standing for
the time necessary for the nickel hydroxide
precipitated to settle out and for the supernatant

25 aqueous solution to become clear. The nickel hydroxide
precipitate is then washed. To do this, as much as
possible of the supernatant agqueous phase is siphoned

off, 200 ml of distilled water are added, stirring of
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5 phase of neutral pH is obtained. The solid phase is
then recovered by filtration through a sintered glass
of porosity 4. The said filtration is carried out so as
to obtain the nickel hydroxide in the form of a paste
which will be subsequently described as freshly
10 precipitated and wet nickel hydroxide. Quantitative
determination of the Ni on 3 withdrawn samples of this
wet paste stored in a closed container results in a
mean assay by weight of 25.2 wgt % of Ni.
57.5 g of a 30 wgt % solution of sodium salt
15 of trisulphonated triphenylphosphine {(TSTPP) in water
are charged to a 150 cm’ glass reactor purged with argon
and equipped with an auto-suction turbine. This
solution is degassed. 1.445 g of freshly precipitated
and wet nickel hydroxide obtained above are
20 subsequently introduced. With stirring
(1200 revolutions/minute) and at room temperature,
0.640 ml of hydrocyanic acid ié injected into the
reactor head space, with a constant flow rate and over
a duration of one hour, via a syripge thermostatically
25 controlled at -10°C. During the injection of the HCN,
the solution rapidly becomes orangey and then red.

After injection, the mixture is kept stirred for

3 hours at 80°C and then cooled to room—fémperature,
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the head space of the reactor with argon for
approximately 1 hour, a homogeneous and clear solution
with a dark red colouring is recovered. Quantitative
5 determination of the Ni on a withdrawn sample filtered
by means of a Millipore Millex~HV® filter (Hydrophilic
PVDF, 0.45 pm) gives the following result: 106 mmol/kg.
The solution thus recovered can be used as
catalytic solution after having been subjected to a
10 stage of electrochemical reduction after addition of
nickel in the (0) oxidation state.
EXAMPLE 2
57.8 g of a 30 wgt % solution of sodium salt
of trisulphonated triphenylphosphine (TSTPP) in water
15 are charged to a 150 o’ glass reactor purged with argon
and equipped with an auto-suction turbine. This
solution is degassed. 606 mg of a commercial nickel
hydroxide (Aldrich) comprising approximately 61 wgt %
of Ni are subsequently introduced. With stirring
20 (1200 revolutions/minute) and at room temperature,
0.640 ml of hydrocyanic acid is injected into the
reactor head space, with a constant flow rate and over
a duration of one hour, via a syringe thermostatically
controlled at -10°C. During the injection of the HCN,
25 the solution rapidly becomes orangey and then red.
After injection, the mixture is kept stirred for

3 hours at 80°C and then cooled to room temperature,

where it is kept stirred for 12 hours. After flushing
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5 by means of a Millipore Mlllex—HV® filter (Hydrophilic
PVDF, 0.45 pum) gives the following result: 103 mmol/kg.
The solution thus recovered can be used as
catalytic solution after having been subjected to a
stage of electrochemical reduction after addition of

10 nickel in the (0) oxidation state.
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10 which generates hydrogen cyanide to the mixture, in
keeping the mixture stirred until the nickel has at
least partially dissolved and in subjecting the said
mixture to a reduction of at least a portion of nickel
with an oxidation state of greater than zero to the

15 zero oxidation state.

2. Process according to claim 1,
characterized in that the solution is kept stirred at a
temperature of less than 100°C, preferably between 20°C
and 80°C.

20 3. Process according to claim 1 or 2,
characterized in that, before the stage of reduction of
the nickel, nickel in the zero oxidation state is added
to the mixture.

4. Process according to one of the

25 preceding claims, characterized in that the amount of

hydrogen cyanide added is at least equal to the
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characterized in that the amount of hydrogen cyanide
5 added is greater by 30% to 200% than the stoichiometric
amount.

6. Process according to one of the
preceding claims, characterized in that the amount of
water-soluble phosphine, expressed as number of moles

10 per 1 mol of nickel, is between 0.5 and 2000,
preferably between 2 and 300.

7. Process according to one of the
preceding claims, characterized in that the reduction
of the nickel is carried out by treatment with gaseous

15 hydrogen, electrochemical reduction or reduction by
inorganic or organic reducing agents.

8. An organic compound with a cyanide
functionality obtained by a process as defined in any

one of claims 1 to7.



