. 1"#e3er:r223T56969T: WO 02/ 30854 1 PCT; FRC1/ 030. ~7 HYDROCYANATI ON METHOD
FOR ETHYLENI CALLY UNSATURATED ORGANI C COVPOUNDS The present invention
relates to a process 5 for the hydrocyanati on of organi ¢ conpounds

“conprising ethylenic unsaturation to conpounds conprising at |east one

nitrile functy nf% It relates norgq particul arly geor tfhigy1 /03
hydrocyanatlon o} JQ%?M¥|n such as but adi ene, or 10 substit ut'ed oleflns
such as al kenenitriles, for exanple pentenenitriles. French Patent No. 1

99 761 discl °f5g?PﬁoEQRﬂﬁﬁofqoquﬁ"ﬁ@BpF@Raﬁ%h'r%N%AﬂLW bivearbkadadi tion of

hydr ocyani ¢ aci 0 organi c conpounds having at |east 15 one ethylenic
doubl e bond in the presence of apRigkeb eamdbyibsand a triaryl phosphate.
This reaction can be carried out in the presence or absence of a solvent.
When a solvent is used in this process of the prior art, it is preferably a
hydrocarbon, such as 20 benzene or xylenes, or a nitrile, such as
acetonitrile. The catalysé¢ erpseyedinsention geelatas ckel aconptexs conpri si ng
l'i gands such as phosphines, arsines, stibines, phosphates, arsenites or
antimonites. fibe pheskydeoofama piomnerofganict compowyds heoRsr tatadyst ,
such as a boron conpound or a netal salt, generally a Lewis acid, is also
recommended i athhkerit dunsaturation to compounds comprising at least
one nitrile functional group.
It relates more particularly to the
hydrocyanation of diolefins, such as butadiene, or
10 substituted olefins, such as alkenenitriles, for
example pentenenitriles.
French Patent No. 1 599 761 discloses a
process for the preparation of nitriles by addition of
hydrocyanic acid to organic compounds having at least
15 one ethylenic double bond in the presence of a nickel
catalyst and a triaryl phosphite. This reaction can be
carried out in the presence or absence of a solvent.
When a solvent is used in this process of the
prior art, it is preferably a hydrocarbon, such as
20 benzene or xylenes, or a nitrile, such as acetonitrile.
The catalyst employed is an organic nickel
complex comprising ligands such as phosphines, arsines,
stibines, phosphites, arsenites or antimonites.
The presence of a promoter for activating the

25 catalyst, such as a boron compound or a metal salt,

generally a Lewis acid, is also recommended in the said

patent. VKU
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pat ent . 2 Patent FR-A-2 338 253 provided for the inplenentation of the
hydr ocyanati on of conpounds having at | east one ethylenic unsaturation in

t he presence of an aqueous solution of a conpound of a 5 transition netal,
“in particular nickel, palladiumor iron, and of a sul phonated phosphi ne.
The sul phonat ed phosphi nes disclosed in this patent are sul phonated

triaryl phosphi nes and nore particularly sul phonated triphenyl phosphi nes. 10
Thi s process makes possi bl e correct "hydrocyanation, in particular of

but adi ene and penteneniﬁg{éﬁé,%ﬁgg_ga ?%sgggr 599d%é E?fygﬁéalytic

solution by sinple separation by sett g and consequen prevents as far

as possi bl e digshange:ofids §ffilﬁ'§n1§§d96cy\}‘§1§$€i&ﬂn@fié&?}ig?]‘gﬁﬁs”m al s acting

as catalyst. However, research is being carried out to fli novel catalytic
systens whi chha¢endgioi€e Bédectove Lok 891 egrsdsusat dbytig agbivity and as

regards 20 stability. One of the ains of the present invention is to
provide a novetedamie yobfah i ganesushsshutddesof ta compound of a
5 transition metal, in particular nickel, palladium or
iron, and of a sulphonated phosphine.

The sulphonated phosphines disclosed in this
patent are sulphonated triarylphosphines and more
particularly sulphonated triphenylphosphines.

10 This process makes possible correct
hydrocyanation, in particular of butadiene and
pentenenitriles, and easy separation of the catalytic
solution by simple separation by settling and
consequently prevents as far as possible discharge of

15 effluents or waste comprising the metals acting as
catalyst.

However, research is being carried out to
find novel catalytic systems which are more effective
both as regards catalytic activity and as regards

20 stability.

One of the aims of the present invention is
to provide a novel family of ligands which makes it
possible to obtain, with transition metals, catalytic
systems exhibiting an improved activity with respect to

25 the known systems.

To this end, the invention provides a process

for the hydrocyanation of organic compounds comprising



possible to obtain, with transition netals, catalytic systens exhibiting an
i nproved activity with respect to 25 the known systens. To this end, the

i nvention provides a process for the hydrocyanati on of organic conpounds
“conpri sing 1 3 at | east one ethylenic bond by reaction with hydrogen
cyanide in the presence of a catalytic systemconprising a transition netal
and an or ganophosphorus ligand, characterized in that the ligand is a
phosphi ne 5 corresponding to the follomjng general formula (1): RS R Re

R-R~ (1) R (E)p iBawhi che E @éﬁ;@%@ By §eaé918nr%9£ﬁ8ﬁgh§ geaf 1 R,

th
R4, R5 and R6, wnhich are |den?|ca ent, represent rogen aton1

an optional | ycguhstbt hedheSpiusahed gt anéaEH&9E§é ggteﬁatic
hydr ocar bonaceous radi cal conprising 1 to 40 carbon 15 atons, the

hydr ocar bonaceempribahg of tubhshtisnopbtanakhy hAt 8rgHALBHoBYHB- A8t €r 0at om
an optionally substituted, nonocyclic or polycyclic, saturated, unsaturated

or aromati c, Eagbndycbharactbﬁieedcyﬁlthatadhéahlgaﬁdaléaéupﬁbgﬁhﬂﬁe
unsaturated, al i phatic 20 hydrocarbonaceous radi cal, the hydrocarbonaceous
chai n of whi chorsespondnay| yoi hher fopledihby gehetretofbomudad(Tarries a
carbocyclic or heterocyclic radical as defined above, the said radi cal

optionally being substituted,
Rs

R4 RG
H

in which:
E represents O or S;
10 n represents 0 or 1;

Ri, Rs, Rs and Rg, which are identical or
different, represent a hydrogen atom; an optionally
substituted, saturated or unsaturated, aliphatic
hydrocarbonaceous radical comprising 1 to 40 carbon

15 atoms, the hydrocarbonaceous chain of which is
optionally interrupted by a heteroatom; an optionally
substituted, monocyclic or polycyclic, saturated,
unsaturated or aromatic, carbocyclic or heterocyclic
radical; or a saturated or unsaturated, aliphatic

20 hydrocarbonaceous radical, the hydrocarbonaceous chain
of which is optionally interrupted by a heteroatom and
carries a carbocyclic or heterocyclic radical as
defined above, the said radical optionally being

substituted;



4 or else R4 and R5 form together with the carbon atons which carry them
an optionally substituted, saturated or unsaturated, carbocyclic nonocycle
preferably having from5 to 7 carbon atons; 5 RZ represents a hydrogen atom
"or the X radical; R3 represents the X radical or the Y radical; it being
understood that one and one alone of the,R2 and R3 substi tuent s represents
the X radical; 10 X being chosen froma m)nocycl ic or bicyclic, aromatic
carbocyclic or heterocyclic radical having from2 to 20 carbon atons; a

1-al kenyl radical optiogallyg xﬁl Ritd g %al : anggﬁ«ghggdﬁlgﬂn@he

unsaturations in the hydrocar onaceous ¢ avin from2 to 12

carbon at ons; &-HdsR! XYays &ﬁ%ﬁa%ydroc%l yaﬁxgbpi% agypne or nore

addi ti onal unsaturations in naceous chal n and having from 2

to 12 carbon si9eEit@fed, £3£ufaée&30£3éhéaﬁﬁfaie& casbooyc1ié ( C3-C18 )
aryl ] carbonyl , 20 | (Cl Cl12) al koxy] carbonyl, (C6- Cl%) aryl oxy]

carbonyl, carhew®yycle [pfefdrdB R, ) hadiayd ir@@f®a@@YW @&rbon atoms;
[ di (C1-C12)al kyl ] carbanoyl radical; and Y taking any one of the neanings of

R1l; R~ has5the neani ng Bf reprdentib aamydEReogen 2B darepreddrd X a

hydr ocar bonaceous radi cal conprising a carbonyl functional group or a

radi cal of fofdadiday: f or nul ae: 5 O0Por O-Are OP OGArZ in which, 5 A
represents a hydrogen atom (Cl-do)alkyl; or ( C6-Clo ) aryl or ( C6-Clo )
aryl ( Cl-do ) alkyl iR weRyiesemdEsartie @iarrtad@adptqrorréiel Y F@ssidalut ed by
one or nore radicals chosen from (Cl-C6) al kyl, (Cl-C6) al kox
trifluoromethyl, hal ogeht RR¥wd - WijerKyPediHept one and one alone of

the R; and R; substituents represents the X radical;

10 X being chosen from a monocyclic or bicyclic,
aromatic carbocyclic or heterocyclic radical having
from 2 to 20 carbon atoms; a l-alkenyl radical
optionally exhibiting one or more additional
unsaturations in the hydrocarbonaceous chain and having

15 from 2 to 12 carbon atoms; a l-alkynyl radical
optionally exhibiting one or more additional
unsaturations in the hydrocarbonaceous chain and having
from 2 to 12 carbon atoms; or a -CN,

[ (C1-Ciz)alkyl]lcarbonyl, [(C3-Cig)aryl]lcarbonyl,

20 [(C;-Ciz)alkoxyl)carbonyl, [(Cs-Cig)aryloxy]carbonyl,
carbamoyl, {(Ci1-Ciz)alkyl]lcarbamoyl or
{di (C1-Ciz)alkyl]lcarbamoyl radical; and

Y taking any one of the meanings of Ri;
R; has the meaning of R;, Rs, Ry and Rg or

25 representg a hydrocarbonaceous radical comprising a

carbonyl functional group or a radical of following

formulae:



10 ( C1-C6 ) al koxycarbonyl , carbanoyl , ( Cl1-C6 ) al kyam no carbonyl and
di (Cl1l- C6) al kyl am nocar bonyl; -Arl ; Ar2 represent either the divalent
radical of forrmula: 15 "' in which each of the phenyl nuclei is optionally
"substituted by one or nore Z groups as defined below, or the divalent
radi cal of formnula: 6 in which each of .t he phenyl nuclei is optionally
substituted by one or nore Z groups as défined below, 5 Z represents
(C1-C6) al kyl, (Ci1-C6) al koxy, trifluoronethyl, hal ogen,

(C1- C6) al koxycar bonyl, di (Cl-C6) alkyl amno,~(Cl-C6) al kyl am nocarbonyl or
di (C1- C6) al kyl am nocar bonyl ; Re and’ R9, ch*tre identical or different,
10 represent a substituted or unsub¥hitwed aryl radical. This famly of
phosphi ne conpounds is disclosed in Frengh Patent Applications Nos. 2 785
610 and 2 785 611. Exanples of a process {p~Rpe manufacture of these
conmpounds are al so disclosed in 15 the abovenenti oned docunents. Anong the
conpounds descri bed, the conpounds corresponding to the fornmula (I) in
whi ch: or

A

{ )D——An
o—F |
\
O—Ar,
in which,
5 A represents a hydrogen atom; (Ci-Ciplalkyl;

or (Ce¢-Cio)aryl or (Ce-Cio)aryl(Ci;-Cio)alkyl in which the
aryl part is optionally substituted by one or more
radicals chosen from (Ci-Cg¢)alkyl, (C;-Cg¢)alkoxy,
trifluoromethyl, halogen, di(C;-Cg)alkylamino,
10 (C1-Cg)alkoxycarbonyl, carbamoyl, (C;-Cg)alkylamino-
carbonyl and di (Ci1-Ce¢)alkylaminocarbonyl;
-Ar;; Ar; represent:

e either the divalent radical of formula:

15

in which each of the phenyl nuclei is optionally
substituted by one or more Z groups as defined below;

e or the divalent radical of formula:



Rl, R2, R4, R5 and R6 independently represent a hydrogen atomor else a T
radi cal chosen from 20 . a saturated or unsaturated aliphatic

hydr ocar bonaceous radi cal having from1 to 12 carbon atons, the
“hydr ocar bonaceous chain of which is optionally interrupted by a heteroatom
chosen fromO0O, N and S; 7 a monocycl i ¢ carbocyclic radical which is
saturated or which conprises 1 or 2 unsaturations in the ring, having from
3 to 8 carbon atons; 5 . a saturated or unsaturated bicyclic carbocyclic
radi cal conposed of 2 single rings copefergs one anot her, each single
ring optionally conprising 1 to 2 ung and exhlbltlng from3 to 8
10 carbon atons; a nono- or bicyclTTREG romati ¢ carbocyclic radical;
a saturated, unsaturated or aromatic 5-jto 6-nenbered nonocyclic

het erocyclic radical 15 conprising 1 ®™g oat ons chosen i ndependentl|y
fromN, Oand S; a saturated, unsatur omatic bicyclic heterocyclic
radi cal conposed of two 5- to 6-nmenbewngd { rings condensed 20 to one
anot her, each single ring conprising 1 to 3 heteroatons chosen

i ndependently fromO, N and S; and

in which each of the phenyl nuclei is optionally
substituted by one or more Z groups as defined below;
5 7 represents (Ci1-Cg)alkyl, (Ci1-Cg)alkoxy,
trifluoromethyl, halogen, (C;-Cg)alkoxycarbonyl,
di(C1-Cg)lalkylamino, (C;-Cg¢)alkylaminocarbonyl or
di (C;-Cs)alkylaminocarbonyl;
Rg and Ry, which are identical or different,
10 represent a substituted or unsubstituted aryl radical.
This family of phosphine compounds is
disclosed in French Patent Applications Nos. 2 785 610
and 2 785 611. Examples of a process for the
manufacture of these compounds are also disclosed in
15 the abovementioned documents.
Among the compounds described, the compounds
corresponding to the formula (I) in which:
Ri, Rz, R4, Rs and Rg independently represent a hydrogen
atom or else a T radical chosen from:
20 . a saturated or unsaturated aliphatic
hydrocarbonaceous radical having from 1 to
12 carbon atoms, the hydrocarbonaceous
chain of which is optionally interrupted by

a heteroatom chosen from O, N and S;



"a saturated or unsaturated aliphatic hydrocarbonaceous radi cal having from
1 to 25 12 carbon atons, the hydrocarbonaceous chain of which carries a
car bocyclic or 8 heterocyclic nonocyclic radical as defined above, the
-said T radical optionally being substituted, [lacuna]. 5 Preferably, X is
chosen froma (CZ-C6)al kenyl group, a (C3-C6)al kynyl group, phenyl,

napht hyl, thienyl, furyl, pyrrolyl, imdazolyl, pyrazolyl, thiazolyl,
oxazolyl, pyridyl, pyrazinyl, pyridazinyl, isothiazolyl, isoxazolyl,

benzof uryl, benzothienyl,al Obg@gkxgt E%?F%@@Eﬁﬁc i %SEEEiWﬂitH q%azolyl,
purinyl, quinolyl, isoquinolyl, Benzoxazol'yl; bénzothiazol ylI'and
pteridinyl. Anong the | at C ri:Sig 1a radi ca
optionally substituted byg‘(%&l-r %gl%gF?H%%%(%%gﬁ%%%f%aﬁkg%yﬁ , ( C1-C6 )

al koxy or ( C2-C6 ) acyl hn%aEQQb%%bn%hQ§e%hErQEhngﬁaQ@Ggg{rbﬁa3N€%1
-Ra-CN, di (Cl1l-C6) al kylam no, di (Cl-C6) al kylamno (Cl-C6) alkyl,
-Ra-CO-N(Rb) 2, -Ra-hal, -Bagk3peh dtofdsGF3 (in Wiich Ra represents a bond
or (Cl-Co6)al kyl ene, Rb, which are 20 identical or different, represent a
hydrogen at om or (Cl-C6) akkgktugadedabr epsasaiasdabage)licor
alternatively the radical: (Rd~m-Rc 25 where Rd is chosen from (Cl- C6)

al kyl, (C2-C6) al kenyl, (c€tbGéyrlakkoagicglCo@popedcylf 2 sRaglTeORb,
-Ra-N02 , -Ra-CN, 9di ( C1-C6 ) alkyl amno, di ( C1-C6 ) alkylam no (
G-C6 ) alkyl , -Ra-CO N fRpps2congensgld, toRgneranaider)- €F3N( siinowei ch Ra,
Rb and hal are as defined above); mrepresents an integer between 0 and 5;
5 R~ represents a bond, (G}neﬁPpéprPéEE,CD@PFlS@EQ,1—%902, - NRb-,
-CO-NRb-, -S-, -S02- or -NRb-CO, Rb being as_defined above, are
particularly preferred. MSRSPSHTR&}OBS exhd bitdngr £€8mcdmsGufids of the

10 carbon atoms;
a mono- or bicyclic (Cg-Ci1p) aromatic
carbocyclic radical;
a saturated, unsaturated or aromatic 5- to
6-membered monocyclic heterocyclic radical
15 comprising 1 to 3 heteroatoms chosen
independently from N, O and S;
a saturated, unsaturated or aromatic
bicyclic heterocyclic radical composed of
two 5- to 6-membered single rings condensed
20 to one another, each single ring comprising
1 to 3 heteroatoms chosen independently
from O, N and S; and
a saturated or unsaturated aliphatic
hydrocarbonaceous radical having from 1 to
25 12 carbon atoms, the hydrocarbonaceous

chain of which carries a carbocyclic or



10 invention, of the conmpounds of following forrmulae (I11) or (Ill): Formula
(It): y 15 Forrmula (I111): Ph Pt CHO Transition netal conpounds, nore
particularly 20 nickel, palladiumand iron conpounds, are used as
transition netal. 10 The conpounds which are the nost preferred anong

t he abovenenti oned conpounds are nickel gonpounds. Mention may be made, as
nonlimting exanples, 5 of - conpounds in which the nickel is in the zero
oxi dation state, such as potassiumtetracyanoni ckel ate K4[ Ni (CN) 4],

bis(acrylonitriIe)nickel(gkte95%9%1§c monocyclic radical as defined

above,
the said T radical optionally being substituted,
[lacunal.

5 Preferably, X is chosen from a (C;-Cg)alkenyl
group, a (Cz-C¢)alkynyl group, phenyl, naphthyl,
thienyl, furyl, pyrrolyl, imidazolyl, pyrazolyl,
thiazolyl, oxazolyl, pyridyl, pyrazinyl, pyridazinyl,
isothiazolyl, isoxazolyl, benzofuryl, benzothienyl,

10 indolyl, isoindolyl, indolizinyl, indazolyl, purinyl,
quinolyl, isoquinolyl, benzoxazolyl, benzothiazolyl and
pteridinyl.

Among the latter, the compounds comprising a
T radical optionally substituted by (C:-Cg)alkyl,

15 (Cy-Cg)alkenyl, (C1-C¢)alkoxy or (Cz-C¢)acyl; a radical
chosen from: -R;-COORp, -Ra-NOz, -Ra-CN,

di (C;-Cg)alkylamino, di(C;-Ce¢)alkylamino(Ci-Cg¢)alkyl,
-R,-CO-N(Rp)2, -Ra-hal, -R,CF3 and -0O-CF3; (in which R,
represents a bond or (C1-Cg¢)alkylene, Ry, which are

20 identical or different, represent a hydrogen atom or
(C1-Cg)alkyl, and hal represents halogen);

or alternatively the radical:

_O(Rd)m
—Rc

25 where Ry is chosen from (C;-Cg)alkyl, (C,-Cg¢)alkenyl,

(C1-Cg)alkoxy, (Cz2-Cg) acyl, -Ry-COORy,, -Ry-NO2, -Ry-CN,



10 cycl ooct adi ene) ni ckel and the derivatives conprising |igands from G oup
Va, such as tetrakis(triphenyl phosphi ne)ni ckel (0), - nickel conpounds, such
as the carboxylates (in particular the acetate), carbonate, bicarbonate, 15
"borate, bromi de, chloride, citrate, thiocyanate, cyanide, fornmate,
hydr oxi de, hydrophosphite, phosphate, phgsphate and derivatives, iodide,
nitrate, sul phate, sul phite, aryl sul phonates and al kyl sul phonates. Wen the
ni ckel conpound used corresponds to 20 an oxi dation state of the nickel of
greater than §; I G t far,Ah i j el he reaction
medi um  whi ch 7 & hcﬁﬂé'aggﬁ?ggngé@ééﬁye?E%@%@Lﬂfﬁﬂgﬂ%%qﬁ?§%§ EUnder t he
condi tions of _ghe-dgaaaihon. -Ahiss T educi kg, agrAt _6aprbe af gan

i 52, imti o & &asha, 7

i norgani c. Mention may e made, as nonlimting exanples, o

powder, magnegj WARAd KB and hordwiiédesove)l~ 1 Wien the nickel conpound
used corresponds to the O oxidation state of nickel, a reducing agent of
the type of those nmentimnedpabsurtsaanalsoeberaderdebut 0t Bhg gddition is
not essential. 5 Wien an iron conpound is used, the same reduci ng agents
are suitabbe. In the caBe mdpysddradi umbdrhd, r@uCinglikgeshs, cap-pe, in

addi tion, conponents of the reaction nmedi um (phosphine, solvent, olefin).
10 The or gani eCQonpolPds, ColiRs- .si1P-NR-eastS~one S&Lhydben+KReHaIM e lgond nor e
particularly enployed in the present process are diolefins, such as

but adi ene, i septesieas 198fhesddakaeeor 1,5-cycl ooctadi ene, aliphatic
nitriles conprising efhylenjC unsaturation, 15 particularly |inear

pent eneni tri| 836¢ BEERIGRLAT bR PEREATERRt e or 4-pentenenitrile, nonool efins,

such as styrepe, nethyl styrene, vinyl naphthal ene, cycl ghexene or
met hyl cycl ohe %%E}O%h%a¥H%eﬁT§§%re%zd?r£€9ﬁ¥% DFTRPARRES cOhpbRERds. 20 The

pentenen'ié'lEﬁvéﬂtpgﬁF'gylgﬂecggmpounds of following formulae (II)

or (III):
Formula (II):
Ph
Ph P Ph
15
Formula (III):
.Ph
/:£:
Ph P “CHO

Transition metal compounds, more particularly
20 nickel, palladium and iron compounds, are used as

transition metal.



conprise anounts, generally m nor anounts, of other Conpounds, such as
2-nmet hyl -3-butenenitrile, 2-nethyl2-butenenitrile, 2-pentenenitrile,

val eronitrile, adiponitrile, 2-nmethylglutaronitrile, 25
"2-ethylsuccinonitrile or butadiene, originating, for exanple, fromthe
prior reaction for the hydrocyanation ofQutadiene to unsaturated nitriles.
"2 1 This is because, during the hydrocyanation of butadi ene, not

i nsignificant amounts of 2-nethyl 3-butenenitrile and

2 methyl - 2- but eneni (11| 88! BohgbaRdsyhichne-b! pRarBER! BOBRLLLELCS. 5 The

catal ytic systemused for t rocyanation accordin e process of

the,'nVent'Onaﬁéﬁgbéhéréﬁéﬁéﬂeﬁgieﬁéd'EémthﬁeguﬁkéoﬂleEQ the reaction
region, for exanple by addition to the phosphine of fornula (1), alone or

di ssol ved in aoégoﬁgagent of the appropriate amount of chosen transition
met al conmpound and optionally of reducing agent. It is also possible to
prepare the catal ytic sMshelbn~hdySbeuUnhally, Saephenadaiting ekampeephosphi ne
and the transition netal conpound to the hydrocyanation reaction nedium 15
before or &aftef:the addition of the conpound to be hydrocyanated. The
anount of conpound of nickel or of another transition netal used is chosen
in order to obtain a concenmpatndsa, inswhotk bhetnaakeli oa met sheper 20 nol e
of organi c conpounds to be hydrocyanated or isonerized, of between 10-4 and
1 and pref er abpyobexihdarionostahnd sushnds petagekem or of the ot her
transition netal enployed. The anpunt, of phosphine of forrmula (I) used 25

i s chosen so FﬁEFaFH%nﬂﬁhﬁﬁﬁléFenﬁ4@%L63 k4i's conpound with respect to 1

nol of transiiion net ) 00, and, preferably from2 to 100.
13 Althoughﬁf'ﬁéaFEfég?Fbﬁr?‘i g]’ah‘égﬁ ?9?caw£a 55t without a Sol vent, it

can e SIE A9EOLRL8oRidsRALLIGL" gBA0EALCaRELYERLy ol kP, PRso
hydrocarbons.ligands from Group Va, such as
tetrakis (triphenylphosphine)nickel (0),
- nickel compounds, such as the carboxylates
(in particular the acetate), carbonate, bicarbonate,

15 borate, bromide, chloride, citrate, thiocyanate,
cyanide, formate, hydroxide, hydrophosphite, phosphite,
phosphate and derivatives, iodide, nitrate, sulphate,
sulphite, arylsulphonates and alkylsulphonates.

When the nickel compound used corresponds to

20 an oxidation state of the nickel of greater than 0, a
reducing agent for the nickel is added to the reaction
medium, which reducing agent preferably reacts with the
nickel under the conditions of the reaction. This
reducing agent can be organic or inorganic. Mention may

25 Dbe made, as nonlimiting examples, of NaBH,;, Zn powder,

magnesium, KBH,; and borohydrides.



The hydrocyanation reaction is generally carried out at a tenperature of
10C to 200C and preferably of 30C to 120C. 10 The process of the invention
can be carried out continuously or batchw se. The hydrogen cyani de enpl oyed
‘can be prepared fromnetal cyanides, in particular sodium cyanide, or
cyanohydrins, such as acetone cyanohydrip, 15 The hydrogen cyanide is
introduced into the reactor in the gaseous formor in the liquid form It
can al so be dissolved beforehand in an organic solvent. In the context of a

bat chwi se i npl enent at i ofy, jyt ghg hgcmea%'ofa oﬂﬂﬁslu%le% %&E@ga%%dtso

reactor, 20 purged beforehand using an I ne asn trogen or

argon), eithegna @05%5589169”EEh§bngfahHcQEla QO&Eﬁgalﬂb hienyagisous
constituents, such as the phosphine, the transition netal conpound, the

possi bl e reduehagtgg@nbfaeﬁobaemaﬁsibhba sBbventanohlkBepeabdada but
constituents separately. Generally, the reactor is then brought to the

chosen tenper ahliseadddttibanikhaotospeenditd.be hydrocyanated is introduced.
The hydrogen cyani de 1~ is then itself introduced, preferably

conti nuousby and unvar yWhghyanWhenont hempeaatli as (tbkd, pthgr gasmeof whi ch can
be nonitored by the assaying of withdrawn sanples) is 5 conplete, the
reacti on mi xt ueduringi apeénsanazaet eniteblleng and the reaction products are
i sol ated, for exanple, by distillation. An inprovenent to the process for
t he hydrocyanatlon of cénpshadsasenpfi phhgadihyl ebhe redursaturaenon
according to the Bresent invention relates in particular to the

hydr ocyanat i oR2Bf Fhe1§aﬁéthﬁPPPeCEGHﬁBEHH§ eénphrPsrRECELAP| BAREUM

unsat uration Qé reaﬁtlon Wi hydro eﬁ.c ani de and consists in using a
catal ytic systBRPFR™4BEor 88 ¥8n t B1E éngresent invention with a

10 The organic compounds comprising at least one
ethylenic double bond more particularly employed in the
present process are diolefins, such as butadiene,
isoprene, 1,5-hexadiene or 1,5-cyclooctadiene,
aliphatic nitriles comprising ethylenic unsaturation,

15 particularly linear pentenenitriles, such as
3-pentenenitrile or 4-pentenenitrile, monoolefins, such
as styrene, methylstyrene, vinylnaphthalene,
cyclohexene or methylcyclohexene, and the mixtures of
several of thege compounds.

20 The pentenenitriles in particular can
comprise amounts, generally minor amounts, of other
compounds, such as 2-methyl-3-butenenitrile, 2-methyl-
2-butenenitrile, 2-pentenenitrile, valeronitrile,
adiponitrile, 2-methylglutaronitrile,

25 2-ethylsuccinonitrile or butadiene, originating, for
example, from the prior reaction for the hydrocyanation

of butadiene to unsaturated nitriles.



15 cocatal yst conprising at |east one Lewis acid. The conpounds conpri sing
et hyl eni ¢ unsaturation which can be enployed in this inprovenent are
generally those which were nentioned for the basic process. However, it is
"nore particularly advantageous 20 to apply it to the reaction for the
hydrocyanation to dinitriles of aliphatig,nitriles conprising ethylenic
unsaturation, in particular to |inear pentenenitriles, such as
3-pentenenitrile, 4-pentenenitrile and their m xtures. 25 These
pentenenitriles can co Lse. ge y.aLn . 0f her
conmpounds, such as 2-ng?h§§-é?ggggﬁéﬁnyﬁﬁ%?hé-E§Fh§?9gg§§?§%§%§ r?%e, 15
2-pent eneni tr bhieaqyshe! ORbE! 1hei oAdERABLL bhBundsMBENYLALULGION t11 | e,

2- et hyl succinonitrile or tadi ene, originating fromthe prior reaction for

t he hydrocyanatiboiepbnbut-adieaggandmheenfiombieenechs el bZatbORPhea

2-met hyl - 3-butenenitrile to pentenenitriles. The Lewis acid used as
cocat al yst nakéshi thpotshbhe pBnpankhidtalesin the case of the
hydrocyanati on of aliphatic nitriles conprising 10 ethylenic unsaturation,
to i nprove5the |inearit¥hefcahelgtinct sybeemobbaidnédy thaet is to say the
percentage of linear dinitrile with respect to all the dinitriles forned,
and/ or to inchegdsecyanabtonvacgoadingheol thet pmeceést hé theal yst. 15 The
term"Lewi s acid" is understood to nean, in the present text, according to
t he usual def tRVENBAONcEBAPORAIBrRRREAdabeépreel bat tnhrpdictiont iptopossi bl e
in particular to enploy the Lewis acids nentioned in the work edited by

G A O ah, 20therregeFleraredignd ReratsamRéachyopddityenule Fhepages 191
to 197 (1963)., The, Lewi s agids igh can_ be englgéed as cocatalysts in the
present proceBBC8PRIRR0SENTPFBM Ehé It onPbaRBsOhf AeFERERES FRof Groups I b,
[1b, Illa,,ll IV, ,.Va, Vb, _Vib, VIIb and VIII of the,Periodic
Tabl e. Théle %g%ﬁéﬁgdsggréﬁgeﬁng?P§i§5?t§W°PﬂgpgftFEBF%P Eﬁ??ﬁé 1%8yuch as
chl ori des or iy d p phen . hal honat

per hal oal kyl st ShonoemRoud SHUPURLESna Yy POECELER 18, B0LNR T £8

per {1 uor oal kyksubpPgsaisse €8 BRXyhALEn@NLaPHOSRNA! 855 SnETL] ORciRY e

made, as nonlimting exanples of such Lewis acids, of” zinc chlori zinc

bromi de, zincpjodidglemaaganess 65l OhtUBhoSBRIABESRADERAT €8anEadbym
chl oride, cadm um broni de, stannous chl oride, stannous brom de, stannous

sul phat e, st anapas tampoahd, td0thadhydrbeyihaoi onet8xtsubphasat €m, t he
chlorides or brom des of rare-earth el ements, such as Lant hanum cerium
pr aseodyniém batod¢munpafsamathempdéut dpnuof ghadotompoundt eo bbam
dysprosium holmum erbium thulium ytterbiumand lutetium cobalt
chl ori de, hydrocyanated.
The amount of compound of nickel or of
another transition metal used is chosen in order to
obtain a concentration, as mole of transition metal per
20 mole of organic compounds to be hydrocyanated or
isomerized, of between 10™* and 1 and preferably between
0.005 and 0.5 mol of nickel or of the other transition
metal employed.
The amount of phosphine of formula (I) used
25 1is chosen so that the number of moles of this compound

with respect to 1 mol of transition metal is from 0.5

to 500 and preferably from 2 to 100.



" 15 ferrous chloride or yttriumchloride. It is, of course, possible to
enpl oy m xtures of Lewis acids. Preference is very particularly given,
anong Lewis acids, to zinc chloride, zinc brom de, stannous 20 chloride,

- stannous brom de and zinc chloride/stannous chloride mxtures. The Lew s
acid cocatal yst enployed generally represents from0.01 to 50 nol per nole
of transition netal conpound, nore particularly of nickel conpound, 25 and
preferably from1l to 10 nol per nole. As for the inplenentation of the

basi c process of the i rR/let__rHoiugg‘ra}1 orftﬂbﬁ LA ydd cigcg(%,éé%he%zféeiadr%%%df or the

hydrocyanation in the presen ew s acid can ore its

i ntroduction jnt gf%fr.{}ﬁodt?aa‘:té 4801 ony d %%&@%ezagé;tg@rbda Oart he

reaction nedi um e phosphine of formuia (1), of t appropriate

amount of chosgh-¢ r@lzg%ﬂi@rg@p\;@{tporrpound, of the Lewis acid and
optionally of the reducing agent. It is also possible to prepare the

catal ytic solution "in pddth'od)ms) e endde) Ngs dxdniebes Vaf | ©ush
constituents. 10 It is also possible, under the conditions of the

hydr ocyanag i asb pré&ciess of ddwngriasendliphventd oor anyeloapgohateid ar by
carrying out the hydrocyanation in the presence of the catal yst described
above conpri shydretatisast. one phosphine of formula (1) and at | east one Z5
transition netal conpound, to carry out, in the absence of hydrogen

cyani de, isomerization Bie ZhydnogyBidit @nefRa¢len t oS pEen Xriles and
more generally of branched unsaturated nitriles to |inear unsaturated
nitriles. 20 dRmerPededny|aB3-HuteMerarere Qhipte et t49F ot zat i on
according to the_invention can be ﬁf£¢9 ed alone or as a mxture with other
conmpounds. THeEeferaRtnyPLt 3Hif e i¥e can be used as a mixture with

2-met hyl - 2-butenenitril 25 4-pentepenitrile, 3-pente Lt

2- pent eneﬁ?tri l e, but adﬁ% A Pon? rﬁ%,“}‘-’%%?hyrll g%%r?:h?%n%%f Eh
2-ethylsuccinonitrile.or valeroniftrile. ._ _18 It is particularly
advant ageous ?%tt?%%?l?lﬁ%ugie\éc Il'ﬁol%é#'né@%&r"%' originating fromthe

hydrocyanation of The hydrogen cyanide employed can be prepared
from metal cyanides, in particular sodium cyanide, or
cyanohydrins, such as acetone cyanohydrin.

15 The hydrogen cyanide is introduced into the
reactor in the gaseous form or in the liquid form. It
can also be dissolved beforehand in an organic solvent.

In the context of a batchwise implementation,
it is in practice possible to charge to a reactor,

20 purged beforehand using an inert gas (such as nitrogen
or argon), either a solution comprising all or a
portion of the various constituents, such as the
phosphine, the transition metal compound, the possible
reducing agent and the possible solvent, or the said

25 constituents separately. Generally, the reactor is then
brought to the chosen temperature and then the compound

to be hydrocyanated is introduced. The hydrogen cyanide



‘but adi ene by
and at | east

conmpound of nickel in the O oxidation state, as defined above. In the
context of this preferred alternative form the catalytic system being

HCN in the presence of at |east one phosphine of formula (1)

one conpound of a 5 transition netal, nore preferably

al ready present for the reaction for the%derocyanation of butadi en

10 sufficient to halt any introduction o

i sonerization reaction to take place. In this alternative form it

i . L f i f
2RPLARK %ﬁeﬁo ; HREDRLRHE aggggggs?%wgphgg%#gﬁg. Leact or

possible, if

using an inert gas, suc

as nitrogen of

drive off the i,c acid which mght still be present. The
ufly E?Sﬁ@@y.

i soneri zati on reac

a

€,

is

200C and preferably of Gfient ent20eac2ohn (the prebeesedosassieh adn

i sonerization i mediately follow ng the reaction

it

hydr ogen cyanide to allow the

but adi ene, it bei hbnheozedabi,agheuaskayiayr prowt thieaiwvaoBBmpZakionsat the

tenperature at which the hydrocyanati on was carried out.

process fob themhydtecyaheat reacofionomprtnds denpithingwat Bfkemni c

unsat ur ati on,

the catalytic systemused for the isonerization can b

25 As for the

e

19

prepared bef oreolisgi andotbet reackhpn phedunesst rvr hdegilenedf ofoexanpl e by
the reactjon mediumof the phosphine of formula (1), of the
appropri ate afbanPles PHodéRtitaasienen metal conpound and

addition, to

10

15

20

25

An improvement to the process for the
hydrocyanation of compounds comprising ethylenic
unsaturation according to the present invention relate

in particular to the hydrocyanation of the said nitril

S

e

compounds comprising ethylenic unsaturation by reaction

with hydrogen cyanide and consists in using a catalytic

system in accordance with the present invention with a
cocatalyst comprising at least one Lewis acid.

The compounds comprising ethylenic
unsaturation which can be employed in this improvement
are generally those which were mentioned for the basic
process. However, it is more particularly advantageous
to apply it to the reaction for the hydrocyanation to
dinitriles of aliphatic nitriles comprising ethylenic
unsaturation, in particular to linear pentenenitriles,
such as 3-pentenenitrile, 4-pentenenitrile and their
mixtures.

These pentenenitriles can comprise amounts,
generally minor amounts, of other compounds, such as

2-methyl-3-butenenitrile, 2-methyl-2-butenenitrile,

is

,Jinorder to
ion is generally carried out at a tenperature of 10Cto

or the hydrocyanation of



5 optionally of the reducing agent. It is also possible to prepare the
catalytic system"in situ" by sinple m xing of these various constituents.
The amount of transition netal conpound and nore particularly of nickel
“conpound used and the anmount of phosphine of 10 fornula (1) are the sanme as
for the hydrocyanation reaction. A thoughgthe isonerization reactionis
generally carried out without a solvent, It can be advantageous to add an

i nert organic solvent which can 15 be that of the subsequent extraction.
This is in pakt] he_case i a4t .eaction butadi ene

whi ch has bee% g%ﬂ}%@?éggfgﬁghe$?§§ﬁ§g?kg%ggéngggggﬁégg%&%fon1those t he

hydrocyanat | 09..8U5 181 Sek¥BAL thasebeonata LliEc¥dnoeyanat bon of used to

prepare the nediumnation reaction. Such solvents wer e menti oned

above for FbmeﬁeadiEHe,pb@@@&ﬁ&&@ﬂgotrehnkh&hbeieenpe369§oﬁyfB¥d&9gyanation

of an olefin such as butadi ene can be carried out by using a catalytic 25

systemin acchydadeganbtiohheti Bueatiienef ahdybe stagesnef formation of the
unsaturated nitriles and the stage of isonerization above, it being
possi bl e fér themer2fateant b6n2fmethhe-Byduoeyanatrdbeotot he unsat ur at ed
nitriles to dinitriles to be carried out with a catalytic systemin
accordance w penthersenntenieen or any other catal ytic system al ready known
for this 5 reaction. Likew se, the reaction for the hydrocyanati on of the
olefin to unsaturated nThei Lewignacifieurednesi gacabalybtt makpatitr can be
carried out wwth a catalytic systemdifferent fromthat of the invention
10 the stage BPSEYBEBcyBNBRFBACBLaEhellnsBEUFAEBdOAI EPPl es to dinitriles
being carried oyt with a ,catalyti¢ systemin accordance wth the invention.
The inventionhMFFPCB@nﬂBFEncPéaFF?pngbgtPéFéHIFﬁ FABPFL§RTI0f t he exanpl es

gi ven bel oW by A5 ey olaLndheation 2pd LhLUSLLALhgM iho.theseos¥eR! oo
dinitriles obtained, that is to say the percentage of
linear dinitrile with respect to all the dinitriles
formed, and/or to increase the activity and the
lifetime of the catalyst.

15 The term “Lewis acid” is understood to mean,
in the present text, according to the usual definition,
compounds which accept electron pairs.

It is possible in particular to employ the
Lewis acids mentioned in the work edited by G.A. Olah,

20 “Friedel-Crafts and Related Reactions”, Volume I, pages
191 to 197 (1963).

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

25 1Iva, IVb, Va, Vb, VIb, VIIb and VIII of the Periodic
Table. These compounds are generally salts, in

particular halides, such as chlorides or bromides,



abbrevi ati ons used are given bel ow 2~ 1 PNP PNA: 5 cod:

1, 5-cycl ooct adi ene 2M3BN. 2-net hyl -3-butenenitril e 2M2BN

2-met hyl -2-butenenitrile 10 3PN. 3-pentenenitrile 4PN. 4-pentenenitrile
"ADN: adi ponitrile MAN: nmethylglutaronitrile ESN. ethyl succinonitrile 15 DN
dinitriles = ADN + MaN + ESN AC: acetone;gyanohydrin EtPh: ethyl benzene EG
et hyl ene glycol ih P11 CHO DC (V): degree of conversion of the conpound V
to be 20 hydrocyanated or isomerized, equal to the ratio of the difference

bet ween t he nHH@ﬁEaQEsUngﬁ§pﬂgn59359OHH?Hlephonates,

perhaloalkylsulphonates, in particular
fluoroalkylsulphonates or perfluorocalkylsulphonates,
carboxylates and phosphates.

5 Mention may be made, as nonlimiting examples
of such Lewis acids, of zinc chloride, zinc bromide,
zinc iodide, manganese chloride, manganese bromide,
cadmium chloride, cadmium bromide, stannous chloride,
stannous bromide, stannous sulphate, stannous tartrate,

10 indium trifluoromethylsulphonate, the chlorides or
bromides of rare-earth elements, such as lanthanum,
cerium, praseodymium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium,
thulium, ytterbium and lutetium, cobalt chloride,

15 ferrous chloride or yttrium chloride.

It is, of course, possible to employ mixtures
of Lewis acids.

Preference is very particularly given, among
Lewis acids, to zinc chloride, zinc bromide, stannous

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

The Lewis acid cocatalyst employed generally
represents from 0.01 to 50 mol per mole of transition
metal compound, more particularly of nickel compound,

25 and preferably from 1 to 10 mol per mole.

As for the implementation of the basic

process of the invention, the catalytic solution used



22 V charged and the number of noles present at the end of the reaction to
t he nunber of noles charged TY (U): true yield of the conpound forned U =
nunber of noles of U formed/ maxi mum nunber of nmole of U 5 calculated with
‘respect to the nunber of noles of the conpound V charged YD (U)
selectivity for the conpound U = TY (U)/ (V) L: linearity = YD (ADN)/[ YD
(ADN) + YD (M&) + YD (ESN)] 10 GC. gas chromatography nol: nole ml:
mllinole Exanc ples 1 aad 2: Isonerizatioa of 2MB8N to 3PN 15 CN NI | PNP

0 l., .M = 275.a/nol, 1.0
Xi mat e
T p?S‘ioWnéf‘cgn%r%ﬁépé?gdp*’@‘fié‘?sf%%?rlﬁP gg&ggééé@@@@%ﬁ? pdded. The:

mxture is stiesediasndr-egishai ped @kaﬁpﬁ.@nﬁﬁr ah&aieleﬁ 2po1QfAE in a closed
system for 1 hour. The reacti on

reaction medium of the phosphlne of formula (I), of the

5 appropriate amount of chosen transition metal compound,
of the Lewis acid and optionally of the reducing agent.
It is also possible to prepare the catalytic solution
“in situ” by simple mixing of these various
constituents.

10 It is also possible, under the conditions of
the hydrocyanation process of the present invention and
in particular by carrying out the hydrocyanation in the
presence of the catalyst described above comprising at
least one phosphine of formula (I) and at least one

15 transition metal compound, to carry out, in the absence
of hydrogen cyanide, isomerization of 2-methyl-
3-butenenitrile to pentenenitriles and more generally
of branched unsaturated nitriles to linear unsaturated
nitriles.

20 The 2-methyl-3-butenenitrile subjected to
isomerization according to the invention can be
employed alone or as a mixture with other compounds.

Thus, 2-methyl-3-butenenitrile can be used as
a mixture with 2-methyl-2-butenenitrile,

25 4-pentenenitrile, 3-pentenenitrile, 2-pentenenitrile,

butadiene, adiponitrile, 2-methylglutaronitrile,

2-ethylsuccinonitrile or valeronitrile.



5 Ex. Ligand Ml ar DCYDYDbal ance(2M3BN) ( 3+4PN) (2M2BN) 1 PNP 97~87%89~6~2 PNA
97048084~8~ nmediumis cooled to anbient tenperature (approximately 20C).
The concentrations of the various constituents of the reaction nmediumare
"determ ned by anal ysis by GC (gas chronmat ography). The results obtained and
calculated fromthese analyses are collajgd in Table | below Table |
Exanples 3 to 5: Hydrocyanation of 3PN t0o ADN 10 Ni | PNP or PNA CN CN NC
Lewis acid 3PN fi5 C AoN Procedure: The ligand L (5 eq), 3PN (30 eq),

Ni (cod)2 15 (1 eq), ZnGe §éagg}ti&Qfﬂfg@@@%p@g%ﬁgn£00£r8_ goLygnts and

acet one cyanohydrin (30 eq € successi uced at anbi en

tenperature i : b i i ped e r l rec s
brought with g%???iﬁgh%g%gu%gvﬁﬁ?§§ﬁ%gig§Cs?gg ghﬁogggrggbgﬂgkﬁﬁgnsgrought

back to anbi epithgiegeabyrgen3iAl tRE peeLEAEabE Lptadycednto neutralize
the remai ning HCN. The concentrations of the various conponents are 4

determi ned bypkkspRah¥sbs Eorauler (tp galcytaleakbeoMar toMsoGRYr 8855 Of
conversion and of selectivity. The results obtained and cal cul ated from

t hese anal ysesraneitbbhahetdal n Mabkeptréfbeably &hacgps(nd of nickel

nmol es) Resul t sEx. Li gaad3PNNi - Zad a

ACSol vent sDCYDRL Ltbed) 2¢0xbfigs { GRPN t bk ( ADN) GPRIPAE0. 44OVE.

15Et Ph13~53~75~( 2. 5) (10) 4PNA15. 60. 430. 5 _15. 363~82~70~( 2. 5) 5PNA2. 10. 080. 08
2. 4AEG (26) 73. 265. 474. A( D1 4F e ppentext qhbrkis| pEREApPredealtprnativaat i on of
3PN to ADN Procedure: 0.506.g (6.25 mmol, M= 81 g/nol) of 3PN 10 340 ny
(0.93 mml, MerBestieneriabytPRPSYStes febrg already present for

the reaction for the hydrocyanation of butadiene, it is

10 sufficient to halt any introduction of hydrogen cyanide
to allow the isomerization reaction to take place.

In this alternative form, it is possible, if
appropriate, to carry out a slight flushing of the
reactor using an inert gas, such as nitrogen or argon,

15 for example, in order to drive off the hydrocyanic acid
which might still be present.

The isomerization reaction is generally
carried out at a temperature of 10°C to 200°C and
preferably of 60°C to 120°C.

20 In the preferred case of an isomerization
immediately following the reaction for the
hydrocyanation of butadiene, it will be advantageous to
carry out the isomerization at the temperature at which
the hydrocyanation was carried out.

25 As for the process for the hydrocyanation of
compounds comprising ethylenic unsaturation, the

catalytic system used for the isomerization can be



degassed toluene, 56.5 ng (0.21 nmol, M= 275 g/nol) of N (cod)2 and 50.1
mg (0.21 mmol, M= 242 g/nol) of BPh3 are charged under argon to a 20 ni
Schott tube equipped with a septum The m xture is brought with stirring to
"15 65C and 531 ng (6.24 mvl, M= 85 g/nol) of acetone cyanohydrin are
injected via the septumand using a syripge driver at a flowrate of 0.19
m/h. After 25 reacting for 3 h, the mXxture is brought back to anbi ent
tenperature and neutralized to renove the remaining HCN. The concentrations

of the Vafi°U§rg§aygae§%§oegeiégtgﬁgyeaqcbxoﬁféagglgg'Srggceggsf to 5

cal cul ate the various grees o onversion an ectrvi The results

obt ai ned and ¢ at f Sgya esnar eoCphba kR fa NN
bel ow. Ex. DC ¢ %%1 Y%gl(fmé)gg?g%)tm 2 ng)aa%‘s‘(d?ai tri Ffelé) EEAckRof: @E?i\g‘l&) 6 35~

91.8 12.4 69~0#0tAabpRobphineOr0263R854 26) PCIEFREL/ Q30430 ELALNS 1.

Process for the hydrocyanation of organic conpounds conprising at |east one
ethyl eni c 5 banduhy 6€aehbsenWilnbydiegemneeyantdgpbinihangr esence 10 of a

catal ytic systemconprising a transition netal and an organophosphorus
| i gand, chéaraopeibzatilinofhahet hedhcyiagdagena. phosphi agscopovespbbdi ng to
the follow ng general formula (I): R6 ~R2 (I) R~R~ a
to prepare the catalytic system “in situ” by simple
mixing of these various constituents. The amount of
transition metal compound and more particularly of
nickel compound used and the amount of phosphine of
10 formula (I) are the same as for the hydrocyanation
reaction.

Although the isomerization reaction is
generally carried out without a solvent, it can be
advantageous to add an inert organic solvent which can

15 be that of the subsequent extraction. This is in
particular the case when such a solvent has been
employed in the reaction for the hydrocyanation of
butadiene which has been used to prepare the medium
subjected to the isomerization reaction. Such solvents

20 can be chosen from those which were mentioned above for
the hydrocyanation.

However, the preparation of dinitrile
compounds by hydrocyanation of an olefin such as
butadiene can be carried out by using a catalytic

25 system in accordance with the invention for the stages

of formation of the unsaturated nitriles and the stage

of isomerization above, it being possible for the



(E)n in which: E represents Oor S; n represents 0 or 1; Rl, R4, R5 and R,
which are identical or 15 different, represent a hydrogen atom an
optionally substituted, saturated or unsaturated, aliphatic
“hydr ocar bonaceous radical conprising 1 to 40 carbon atons, the

hydr ocar bonaceous chain of which is optigpally interrupted by a heteroatom
an optionally 20 substituted, nonocyclic or polycyclic, saturated,
unsaturated or aromatic, carbocyclic or heterocyclic radical; or a
saturated or t ' ' car bogpacequ the
hydrocarbonacg§%§£g%§|ﬁggfghgpﬂﬁgkgcgggégﬁgﬁl8?'Eﬁ%r?ﬂggggggkea het er oat om

and 25 carri efi greREROEYChL A OFi DELCEOCKE! berkadlicaheaqicn2d defined above,
the said radical optionally being substituted, else R4 and R5 form

t oget her WIthcaeglyai@ogyat:@:qslwhaeeogaaﬁaet@@Erh 8ReOPh{;eRRL LY 3Br
substituted, saturated or unsaturated, carbocyclic nonocycle preferably
havi ng from Sahp drhérbeatalpose &st@ﬂargﬁg@aayakhwﬁog@ﬁ ghog or the X
Tadical; R3 represents the X radical or the Y radical; 10 it being

under st ood5t hatéaoneoand one al one of the RZ and R3 substituents represents
the X radical; X being chosen froma nonocyclic or bicyclic, aromatic
carbocyclic or heterocybikewiadi cehehneangiénofiv2 tbe2bydamobpanatbos; a

1-al kenyl radical 15 optionally exhibiting one or nore additional

unsat ur at i onsof nth@echgfitnche banseteustedanht ahtehagndgtiheom 2 to 12 carbon
atons; a 1l-al kynyl radical optionally exhibiting one or nore additional
unsaturatlonslﬁﬁm?ﬁbzﬁyﬁQ%c% th%c%@é%eéhQP% %ﬂdcﬁéﬁ%ﬁé Qub Vibma to 12
carbon atons ; L é % §: % | kyl car bon C3-Cla ) aryl
] carbonyl faFa%XttﬁZSy BFR %Y o bohOT, t??%ﬁ°€1%§%r&?%%?T%%?bonyl

CarbanDyI the stage of hydrocyanation of the unsaturated nitriles

to dinitriles being carried out with a catalytic system
in accordance with the invention.
The invention will be more clearly
illustrated in the light of the examples given below by
15 way of indication and illustration.
In these examples, the meanings of the

abbreviations used are given below:



[ ( C1-Cl1~ ) alkyl ] carbanmoyl or [ di ( Cl-Cl2 ) alkyl ] carbanoyl

radi cal ; and 25 Y taking any one of the neanings of RlL, with the exception
of a hydrogen atom G R~ has the neaning of Rl, R4, R5 and R6 or
"represents a hydrocarbonaceous radical conprising a carbonyl functional
group or a radical of followng formilae;,0 --~r 0o-~50o0r GA, QP
OAr2 in which, Arepresents a hydrogen atom (Cl-Clo)alkyl; 10 or (C6-d 0)
aryl or (C6-Clo) aryl (Cl-Cdo) alkyl in which the aryl part is optionally
substituted by one or npﬁﬁ:radicals chosen from (Cl-C6) al kyl, (C1-C6)

al koxy, trifluoronethyl, hal ogen, di(Cl-¢6)alkylam no,

(C1- Co6) al koxycar bonyl , carbanoyl, 15 (C1{C6)al kyl am nocarbonyl and di (
Cl-C6 ) al kyl am nocar bonyl ; -ArlPn ent either the divalent

radi cal of formnula: 29 in which eac e phenyl nuclei is optionally

Ph P Ph

PNA:

cod: 1,5-cyclooctadiene

2M3BN: 2-methyl-3-butenenitrile

2M2BN: 2-methyl-2-butenenitrile
10 3PN: 3-pentenenitrile

4PN: 4-pentenenitrile

ADN: adiponitrile

MGN: methylglutaronitrile

ESN: ethylsuccinonitrile
15 DN: dinitriles = ADN + MGN + ESN

AC: acetone cyanohydrin

EtPh: ethylbenzene

EG: ethylene glycol

DC (V): degree of conversion of the compound V to be
20 hydrocyanated or isomerized, equal to the ratio of the

difference between the number of moles of the compound



"substituted by one or nmore Z groups as defined below, or the divalent

radi cal of formula: 5 in which each of the phenyl nuclei is optionally
substituted by one or nore Z groups as defined below, Z represents (Cl-C6)
al kyl, (C1-C6) al koxy, trifluoronethyl) hal ogen, (Cl-C6)al koxycarbonyl, di
(C1-C6) al kylami no, (Cl-C6) al kylam nocagponyl or 10 di ( C1-C6 )

al kyl am nocarbonyl ; R8 and R9, which are identical or different, represent
a substituted or unsubstituted aryl radical. 2. Process accordlng to Caim

1, characterige h e_ g0 e regpondi ng
to the formi 5 (3PFRaRnanen Ry tapgeE ol BRI R BREnL BE0C RS B0 G2
represent a hygsogen-aiom es ehéenaxﬂefagfc]%lge%ﬁar&éem 2 saturated or
unsaturated ali phatic hydrocarbonaceous radical having from1l to 20 12

carbon at ons, T¢heyhydepgar poaagessstElaEBmpbumli €Brined00t LORAbY¥r of
i nterrupted by a heteroatom chosen fromO, N and S; a nonocyclic
carbocyclic radieal odhichorfed Atk thetl Qumbbt CcHfcRopei s€sul or 2 30
5 calculated with respect to the number of moles of the
compound V charged
YD (U): selectivity for the compound U = TY (U)/DC (V)
L: linearity = YD (ADN)/[YD (ADN) + YD (MGN) + YD
(ESN) ]
10 GC: gas chromatography

mol: mole

mmol: millimole

Examples 1 and 2: Isomerization of 2M3BN to 3PN

15

NI° / PNP or PNA

4¢?\\r/CN — - ’//§§°//\\CN
100°C

2M3BN 3PN

Procedure:
20 mg (0.073 mmol, M = 275 g/mol, 1.0 eq) of
20 Ni(cod),; and 5.0 eq of PNP or PNA ligand are charged to
a reactor equipped with a stirrer and placed under an
argon atmosphere. Approximately 1 ml (810 mg, 4 = 0.81,
M = 81.12 g/mol) of degassed 2M3BN is added. The
mixture is stirred and maintained at a temperature of

25 100°C in a closed system for 1 hour. The reaction



‘unsaturations in the ring, having from3 to 8 carbon atons; a saturated or
unsaturated bicyclic carbocyclic radical conposed of 2 single 5 rings
condensed to one another, each single ring optionally conprising 1 to 2
“unsaturations and exhibiting from3 to 8 carbon atons; a nono- or bicyclic
(C6-C o) aromatic 10 carbocyclic radicalj;a saturated, unsaturated or
aromatic 5- to 6-nenbered nonocyclic heterocyclic radical conprising 1 to 3
het er oat ons chosen independently fromN, Oand S; 15, a saturated,

unsaturat ed qfearafiniLcchLEus! L6 Apbecocveboradica! cappaRefaclybue S Lo

6- menbered single rings condense one ano eac

conprising 1 3@ he{*ﬁéoééﬂg%t@ﬁ&éf&né nYePeREens Yol é&ﬂ&Qtué\ha@d S, and

a saturated or unsaturated phati ¢ hydrocarbonaceous radi cal having from
1 to 12 carbopr af RaBred €1 HY HOSRRRONAE EQLEe £HBHEA Oby Wah &1y 6 85 IhESc@
carbocyclic or 25 heterocyclic nonocyclic radical as defined above, the
said T radi calg@&pt tleneha Yodpeapigy subst i t ut ed. 31 3. Process according to
Claim1 or 2, characterized in that X is chosen froma (C2-C6)al kenyl
group, a (%&Z-C6)al kynyl Tige aoesubhenybta aepdt duydl , cahecebytedf firgh, pyrrol yl,
i m dazolyl, pyrazolyl,

these analyses are collated in Table I below:

Ex. Ligand Molar DC YD YD
balance (2M3BN) (3+4PN) (2M2BN)
1 PNP 97% 87% 89% 6%
2 PNA 97% 48% 84% 8%
Table I

Examples 3 to 5: Hydrocyanation of 3PN to ADN

10

P YN Ni° / PNP or PNA NN
CN —» NC

Lewis acid
3PN 85°C ADN

Procedure:
The ligand L (5 eqg), 3PN (30 eqg), Ni{(cod),

15 (1 eq), ZnCl; (1 eqg), the degassed cosolvent or
cosolvents and acetone cyanochydrin (30 eq) are
successively introduced at ambient temperature into a
Schlenk tube maintained under argon. The mixture is
brought with stirring (600 rev/min) to 65°C for 2 hours

20 and then brought back to ambient temperature. 3 ml of
acetone are introduced to neutralize the remaining HCN.

The concentrations of the various components are



"5 thiazolyl, oxazolyl, pyridyl, pyrazinyl, pyridazinyl, isothiazolyl,

i soxazol yl, benzofuryl, benzothienyl, indolyl, isoindolyl, indolizinyl,

i ndazol yl, purinyl, quinolyl, isoquinolyl, benzoxazolyl, benzothiazolyl and
~pteridinyl. 10 4. Process according to one of Clains 1 to 3, characterized
inthat the T radical is substituted by & group chosen fromthe follow ng
group conprising: (Cl-C6) alkyl, (CzZ-C6) al kenyl, (Cl-C6) al koxy or 15
(CZ-C6)acyl; a radical chosen fronl - Ra- COORb, - Ra- NO2, -Ra-CN, di (Cl-C6)

al kyl am no, L I &y a0 | kyl Rb) 2 ,
- Ra- hal , -Rﬁ%%ée nd§§§}%§g§% aﬁ.cﬁqé%qgé%?gséﬁt%a%F %gzghé

(Cl- C6) al kyl epgri Rs EQeéréf'Q&H&éf@ioﬂraﬂaf$§r§81ec€9v£€9resent a
hydrogen atom or (Cl-C6)al kyl, and hal represents hal ogen);

alternatively the radi cahe f&l\)ms Rébta BRedhgh& Bﬁlcﬁlgbeéeﬂr&hom

(C1l-Co)al kyl, (C2-Co6)al kenyl, ( C1-C6 ) al koxy, ( C2-C6 ) acyl , -Ra-COORb,
-Ra-N02 , - RatKdhe dindl{defbaye atkylatedoin Table Cli Gbe)owt kyl am no ( Cl-C6
) alkyl , -Ra- LN(Rb)Z, -Ra-hal, -Ra-CF3 and -0-CF3J(in which Ra, 5 |Rb and
hal are as defingd above); nrhfpess@mbseHN i Nt eger bgt weenrésuwand 5, R~

represents afbond, (Cl Co) alkylene, -0-, -CO, -COO{, -NRb-, -CONRy -,

-S, -S02- onf exN , 3R bewirg aszntef | neml: amm&entﬂsc B¢ Pramess accofr di ng
to one of the precedlng claims, characterized in that|{ the phosphi ne
corresponds mther Lo the fotlcloéw ng fornmula Il (yel%) |(BRN) oloddw KapM)or nul a

[11: Formul a ( : 15 Formula (I11): "h Ph CHD
PNP 15 0.44 0.5 15 EtPh | 13% 53%  75%
(2.5) (10)
4 | PNA 15.6 0.43 0.5 15.3 63% 82%  70%
(2.5)

5 PNA 2.1 0.08 0.08 2.4 EG (26) {73.2% 65.4% 74.4%

(0.4) EtPh

(11)

5 Table IT

Example 6: Hydrocyanation of 3PN to ADN

Procedure:
0.506 g (6.25 mmol, M = 81 g/mol) of 3PN,

10 340 mg (0.93 mmol, M = 366 g/mol) of PNP, 1.96 g of
degassed toluene, 56.5 mg (0.21 mmol, M = 275 g/mol) of
Ni(cod); and 50.1 mg (0.21 mmol, M = 242 g/mol) of BPh;
are charged under argon to a 20 ml Schott tube equipped
with a septum. The mixture is brought with stirring to

15 65°C and 531 mg (6.24 mmol, M = 85 g/mol) of acetone
cyanohydrin are injected via the septum and using a

syringe driver at a flow rate of 0.19 ml/h. After



6. Process according to one of the preceding clains, characterized in that
the transition 20 netal conpounds are chosen from ni ckel, palladium and

i ron conpounds. 33 7. Process according to one of the preceding clains,
"characterized in that the preferred transition nmetal conpounds are those of
ni ckel and are chosen from 5 conpounds 4f which the nickel is in the zero
oxi dation state, such as potassiumtetracyanoni ckel ate KO[ N (CN) 4],

bi s(acrylonitrile)nickel (0), bis(1,5-cyclooctadiene)nickel and the

derivatives Cﬁ%ﬁé#%ﬁggf Fogangds £y ?% L OUPe V. BPSH%ﬁﬁd%Qck £

tetrakis(trip osphi ne) ni cke ni ckel conpou sucﬁ as the
car boxyl at es, o/g8{ PP Emp Ot £BNBONAE nORE AL €1 208 0Fb UBem&HLOEREE, Citrate,

t hi ocyanate, cyanide, formate, hydroxide, hydrophosphite, phosphite,
phosphat e andrélgsiNahd VSN . 1Phé ogbtleen it abes 68| ghat ear sehphi te,

aryl sul phonat es and al kyl sul phonates. 8. Process according to one of the
precedi ng cl atompordat aciee i determihiddtby heC oagaly €isohpodndsr coapri si ng at
| east one et hyl enic double bond 20 are chosen from di ol efins, such as

but adi ene, 5i soplenbatd, Ehdecradi cune @degless col| convedseme, andli phatic
nitrites conprising ethylenic unsaturation, particularly |inear
pentenenitril®slegttnity. 3-pentenenitrile or 4-pentenenitrile, nonool efins,
such as styrene, 25 nethylstyrene, vinylnaphthal ene, cycl ohexene or

met hyl cycl ohexene, and The resilEesobtateqdrandofal@elatednbeefds. 34 9.
Process according to one of the preceding, clains, characterized in that the
amount of ni cKBRPSRAPRLYREDr AR NPOLHICRE BRotRRtCtFRhPRISH: netal used is
chosen so that there is, per nole of organic 5 conpound to be hydrocyanated
or isonerizeg—between—10-4

Ex. DC (3PN) YD (mononitriles) YD (dinitriles) Linearity

(ADN)

6 35% 91.8% 12.4% 69%

10 Table III



“and 1 nol of nickel or of the other transition netal enployed and in that

t he anobunt of phosphine of formula (1) used is chosen so that the nunber of
nol es of this conmpound with respect to 1 nol of transition netal is 10 from
0.5 to 500. 10. Process according to one of the preceding clains,
characterize e hydrocyanationy,geaction is ¢ ut
tenperature g‘?’ %? %%OC 15 11. Procezsé accordi ng t?%q‘ngﬁqao(?l Oh%btwa
precedi ng clalns for the hydrocyanation to dinitriles of nitrile conpounds
conprising ethylenic unsaturation by reacthe®n W th hydrogen cyanide,
characterized in that the reaction IS'TEWTTEd out in the presence of a 20
catal ytic system conprising at | east one conpound of a transition netal, at
| east one phosphine of formula (1) and a cocatal yst conprising at |east one
Lewi s acid. 12. Process]accopgbdgss Of&t athe lydebayasheibgedri n that the
nitrile compounds conprising 25 ethylenic unsaturation are chosen from

al i phatic nitotrd&si€otPptpShnds et bybLhs tngynsat Ueast obn€08PhySeénge 35 | i near
pentenenitriles, such as 3-pentenenitrile, 4-pentenenitrile and their

m Xt ures. 513.béhdcClegsremcioion ngitlo Ydroyd?, ceghaidet tni zee pnesdatet he

| i near pentenenitriles 5 conprise anounts, generally mnor anounts, of

ot her conpound§, a steba kst Pc ney siyém Scopeheing ra | erashei oyl Rebal eameditril e,
2-pentenenitrile, valeronitrile, adiponitrile, 2-nethylglutaronitrile,

2- et hyl succi ndmi @¥g#eoRRogaER &kl gand 1 4chirareeesi ae omu%atotl@ﬁe of
Clains 11 to 13, characterjzed in that the Lews acid e ed, as

cocatal yst st %%%%@nl$r%h??%%p%b%ﬁo%ﬂHEe%$o?ﬂén%I%ﬂeﬁ?%ng ﬁ?@%%%ps | b,

I1b, I'lla, 1llb, IVa, |1Vb,_ Va , VIb, VIlb and VIl of the Periodic
Table. 15 15. 9BR0tR sf%E%%}%lkﬁ to one of aims 11 to 14, characterized in
that the Lewis acid is chosen fromthefalts chosen fron1the group of the
hal i des, sul phates, sul phonates, h% 8ul phonat es,

per hal oal kyl sul phonat es, carboxyl ate phosphates. 20 16. Process
according to one of Clainms 11 to 1§ ;erlzed inthat the Lewis acid
is chosen fromzinc chloride, zinc bromide, zinc iodide, nmanganese

chl ori de,, jranganese brom de, cadm um céhori de, cadm um brom de, stannous
chl ori de,” stannous 25 broni de, stannous sul phate, stannous tartrate, indium
trifluoromet hyhswhpbnate, the chlorides or brom des of rare-earth

el ements, such as | anthanum cerium 36 praseodym um neodym um

samari um europi um gadel reppagetresbduoxr Sysprosi um hol mum erbium
thulium ytterbiumand lutetium cobalt chloride, ferrous chloride, yttrium
chloride and their m xtmrespresents 0 or 1;

R;, R4, Rs and Rg, which are identical or

15 different, represent a hydrogen atom; an optionally
substituted, saturated or unsaturated, aliphatic
hydrocarbonaceous radical comprising 1 to 40 carbon
atoms, the hydrocarbonaceous chain of which is
optionally interrupted by a heterocatom; an optionally

20 substituted, monocyclic or polycyclic, saturated,
unsaturated or aromatic, carbocyclic or heterocyclic
radical; or a saturated or unsaturated, aliphatic
hydrocarbonaceous radical, the hydrocarbonaceous chain
of which is optionally interrupted by a heterocatom and

25 carries a carbocyclic or heterocyclic radical as



5 17. Process according to one of Clains 11 to 16, characterized in that
the Lewis acid enployed represents fromO0.01 to 50 nol per nole of
transition nmetal conpound. 18. Process according to one of Cains 1 10 to
17, characterized in that the isonerization to pentenenitriles of the
2-nethyl -3-butenenitrile present in the yeaction mxture originating from
t he hydrocyanation of butadiene is carried out in the absence of hydrogen
cyani de, the isonerization being 15 carried out in the presence of a

catal yst conpgl sl a st e sphj f ol ) and at | east one
conmpound of a&%?%ﬁg?t%%%gﬁétgﬁg i8£8P$%§£§%9a8 §%§¥%§1§o%8f3?n118,
characteri zedgjpst hahrbhe 2-nethyl -3-butenenitrile 20 subjected to

i sonerization is enployed alone or as a mxture with

2-methyl -2-butenenitrilgr 4198MRenaM tH F@rm3- REBELEARY {filthe the
2-pentenenitrile, butadiene, adiponitrile, 2-nmethylglutaronitrile,

2- et hyl succi nearbon | £ orms ath lOntaF iy echdh, 28 Hpecessiagcording to either
of Clainms 18 and 19) characterized in that the isonerization 37 reaction
is carried ousulstatteapersdtmeaoéd 160€ tns200€ated, Caps6sgcdLeording to
one of Clains 18 to 20, characterized in that the isonerization to 5

pent eneni t ri |Renotylempigfetably dnevningi fromss cao ri ecanbdn i atdhe; presence
of at |east one conmpound of a transition netal, of at |east one phosphine
of formula (1) and a coRatrfprsserdidprE ividyaster] edsm one thenixs acid. . A

n. AY. AY, . AF. A5. AN2. Aa. A. Ae. Ay. Au. Aay. A. A AL A A A Aa. Ae. ASy. Au_. A A Ayl . A
y.As. Al , . A . ARRRSFR N . A ALy. As. Ay. AH y) dM m &V&x45 V&C

g
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| | | #3@ASe radical; and

25 Y taking any one of the meanings of R;, with

the exception of a hydrogen atom;



CLMrZv} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca!") +Xde+*qs~}xsni d_Z] ca] ca] ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
"a] ca] ca! ! #, Z2KLUVd} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] cRa] cRa] ca] ca] ca] ca] cajga] ca] ca] ca!! 34; <Sghwx(q

CQ 5crs}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] caj ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal s/ 0 > ’7 :

#W-yt oj e’ calcaJcal]c ,g_a% a) cal cal] ca
caj )ca] Jca] E:?ﬂ ca} ca} ca} ca%(cgri cal ca fﬂrf% g@@#% ] E@nxsm %aZU]] ca} ca} ca}
ca] ca] ca] caj CﬁéﬁﬁéQéthél &aﬂ1 él&éifﬁ&ﬁé‘c]:é&]léalﬁéléél Cé])ﬁﬁlr§§lﬁ§] ga] ca] ca] caj
ca] ca] ca] ca] ca] ca! OPVef Qy{$} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cadeBbEpl cehhat cahsr] §2063] 62] §at&al 6al cak cabeabGah§&NSLz* KLduv
#01D{ vql gb] X] ] ca] cafca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca] caJca]calc
a] ca] ca] ca] cafcahcdskeca] ca] ca] ca] cal] ca! Dg%®1pqg" #I Y| } zupkf a\ W] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] a] ca] ca] caD] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca!! 2AB] ~nif 34Y! "] ~k} xsni d ] c] c@]—caﬂlga] ca] ca] ca] ca] ca] ca] ca] cajc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] a] ca] ca] ca] ca] ca] ca] ca! ~!' I "Wru#{ #
#H##H$S2 %) VOORBOBREET &l &~&&&&&zuphc[ caDTu] ca] caD| 1] ca] ca] ca] cal] ca] c
ayl ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca%” aJ ca] ca] ca]ca] ca] ca]ca] ca
6Y] c]ca]ca] ca]ca] ca]ca]cal]c

SE&&& C(6(c((():)j)))x*+t +,,
a] ca] ca] cg] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] cal]ca]ca] ca]ca]ca]c
a! 00013N4z4555B5z5555588X6u6666' 7R77778P88X999: { vqgl gb] X] ] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] (Aa] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
] cay] ca!:: 2; <=? ?#@® BRBBDDDEFG

GVIGGHHHI JK* MNNFN~NNN} xsni d_Z] ] ] ca-]-e-eé cal ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cafxatPa] ca]Jca] caljca!'N

OLOy OO0 PTPPPP&QDQ QRQORRS>SASGTVUVWV: W XI X6 YBYpYYY} xsni d_Z]]] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c ﬁ]"d’a] ca] ca] ca] ca] ca]ca]ca] ca]ca
]calcalca! YZFZ~zzzZ" [ | [p[S[u[y[~[[[TI[L\p\\\\\\\"Ja]lb]clg]lj]|wojb]Xnid Z]]c
a] caDx] ca] caD4] ca] ca] ca]jlca ca]&ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca
]ca] ca]ca] ca] ca]ca] ca]c nj'}' AN

A represents a hydrogen atom; (C;-Cipo)alkyl;
10 or (Ce-Cip)aryl or (Cs-Cip)aryl(Ci-Cip)alkyl in which the
aryl part is optionally substituted by one or more
radicals chosen from (C;-Cg¢)alkyl, (Ci1-Cg)alkoxy,
trifluoromethyl, halogen, di(C;-Cg¢)alkylamino,
(C1-Cg) alkoxycarbonyl, carbamoyl,
15 (C1-Cs)alkylaminocarbonyl and
di (C1-Cs)alkylaminocarbonyl;
~Ar,;Ar,- represent:

e either the divalent radical of formula:



_$VYDbf i myv a  ~aaaanabbbbbb{vqgl e ZUni d_Z] caU] ca] ca

Ul c”a] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] caU] ca] caU ca] ca] ca
Ul c”a] ca] ca] ca] ca] ca] ca] ca] ca

ca] ca] ca] ca] ca] ca] ca] cal] cal ca
LﬂcAa]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca

jjjj +tkdkgkl "I& *1,10121 71 AIVIKITIlnmmnnop

ggfga]q:r | rrzupkf @M\LLCQJ;\EB] g8l cakcgheal tahaahcal ¢al 6ateahgahgal cal caj cal caj

a] cal ca] cal] gahea} cateal 53l 6akcoal raleakr fEblhpgsast dukt ALAL BePbytt vuuuuuuu

/vevgvvvv

wQwwzt oj e [ V]] ca] ca] ca] sabeaikalliced taheatsal 6al)l 6] £81mal £a] ca] cal ca] ca] ca

]ca]l ca]c*a] ca] ca] ca] cal] c )

a] ca] ca] ca] c”a] ca! wwwx OXhxxxxyHyr yyy . Rzz{){g{{{{+|]|}zupkfa\W]]ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca aD03] ca] ca] ca] ca] ca] ca] ca] ca]
<smhc”Y]]]]ca] ca] ca] caU] ca]ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca 3 ca] cal ca]ca] cal calca]ca] ca]ca]c
ajcal)*+, 03V1! <] +. V| w mhc”*Ynmhc”Y] | 0
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] gl cahcalasaD] ca] caDt] ca 4,

er 1! <] +. V| wr nhc”Ymhc”Y] ]]] ca] ca] ca] ca] ca] cafca] ca] ca] ca] ca] ca] ca] ca] ca] cajc

leg el re el gl aa‘a%@%cakcame?m Ll SgSEgEQamY) - FIoN e 0y

1094 & -1,10 .
Ton e )i tbBab T p B By e ddb inble 7o oroups. 35,057 Rea below;
1094 & - MLO% & -+7, ZdE Q . - ' / 1Q9 y = o & -,
Lo (-0 (" SR 1AM 19 B madps O
10(, #F=10% & €)1 #]1940%h&thy 1L 9BaY& 1(1) @ 109 &'16do Q - 2ddEYNC
109& ()-910%& ()-F 10%& ()-y' 10%& s109& ()-Y: 10% ()- 3! SAEYNC

Y 10%& ()-y 18¥%&RE()C6) UK y(1aml 0% (hiﬁ«iﬁaiﬁyl\éﬁﬁﬁﬁoc{érbbnyl GIEYNC

& 10%&' () - F(10%& ()-yy&10%& ()- $10%& ()-": 10%& ()-910%& () - OQ SdEYNC
f5109& ():B108& ¢}~ Aoy )pm' HOMR roonly1&810%& () -, 109& ()-5cs bCy10%

& ()-ss10%& ()-Y 10%& ()- 10 10 10&9: 10%& () - fF7310%& ()-s
Rg and Ry, which are identical or different,

represent a substituted or unsubstituted aryl radical.
2. Process according to Claim 1,
characterized in that the phosphine compounds are those
15 corresponding to the formula (I) in which:
Ri, Rz, R4, Rs and Rg independently represent a hydrogen
atom or else a T radical chosen from:
a saturated or unsaturated aliphatic
hydrocarbonaceous radical having from 1 to
20 12 carbon atoms, the hydrocarbonaceous
chain of which is optionally interrupted by
a heterocatom chosen from O, N and S;
a monocyclic carbocyclic radical which is

saturated or which comprises 1 or 2



}A2?bCLOYE () - 10%&' ()-!yf-10% & ()-! f-10%&' ()-f-10% ()-Y 109%& () -
H#WIELC 109%&' () - &10%&' () - &$10%&' () - Y" 10%&' () -y

GLOY& () - 109%& ()-bC s109& ()-F: 109%& ()-3 10 10 10&3L10%& ()-sF1
109& ()-) 109 () - SCEVWAXIDCIT0%& ()-! 109& ()-t!;

| 109FF& ()-t!! 109 ()-t!hYy310%AV& ()-3 4Yy310%RHRE () -3

Q [ <bCl10%08& ()-!6$! 109%&' ()- f$110% U & ()-!, $! 10%& ()-,! 10% & () -t

(,110% & ()-tvwxy{rSi!

10 10!,

" yY10%AUAU& () - 10% u& ()-! Df 10%g&’ () - $510% u&’ () -
th
y5100& () - maBr S11 ° yY109$! THSRTE A0 ud ) ST S8 S &Y udY ) -

10

10%
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10%& () -10%& () - &10%& er¥logdiclic radical composed of 2 single

10- u” 0109%& () -

10

15

20

25

. 10%& () -
10- u! FyMLGBY& () -

L& 10% u& ()-LzxY:/

L f1090& () -*109%& ()-(: 109%& ()-' @O0%E& ()-%C

"s10%@&' ( )rind@b condensed to one another, each single

ring optionally comprising 1 to 2
unsaturations and exhibiting from 3 to 8
carbon atoms;

a mono- or bicyclic (Cg-Cip) aromatic
carbocyclic radical;

a saturated, unsaturated or aromatic 5- to
6-membered monocyclic heterocyclic radical
comprising 1 to 3 heterocatoms chosen
independently from N, O and S;

a saturated, unsaturated or aromatic
bicyclic heterocyclic radical composed of
two 5- to 6-membered single rings condensed
to one another, each single ring comprising
1 to 3 heterocatoms chosen independently
from O, N and S; and

a saturated or unsaturated aliphatic
hydrocarbonaceous radical having from 1 to
12 carbon atoms, the hydrocarbonaceous
chain of which carries a carbocyclic or
heterocyclic monocyclic radical as defined

above,

the said T radical optiocnally being substituted.
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thiazolyl, oxazolyl, pyridyl, pyrazinyl, pyridazinyl,
isothiazolyl, isoxazolyl, benzofuryl, benzothienyl,
indolyl, isoindolyl, indolizinyl, indazolyl, purinyl,
quinolyl, isoquinolyl, benzoxazolyl, benzothiazolyl and
pteridinyl.
10 4. Process according to one of Claims 1
to 3, characterized in that the T radical is
substituted by a group chosen from the following group
comprising:
(C1-Cg)alkyl, (Cy-Cg)alkenyl, (C1-Cg)alkoxy or
15 (C2-Cs)acyl; a radical chosen from: -R;-COORp,, -R,-NO,,
-R,-CN, di(Ci1-C¢)alkylamino,
di(Ci-Cg)alkylamino(C;-Cg)alkyl, -R,-CO-N(Rp):, -Rs-hal,
-R,CF3; and -~-0-CF3; (in which R, represents a bond or
(C1-Cgs)alkylene, Rp,, which are identical or different,
20 represent a hydrogen atom or (C;-Cg)alkyl, and hal

represents halogen) ;

or alternatively the radical:

_RCO(Rd)m
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R represents a bond, (C;-Cg)alkylene, -0-,
-CO-, -CO0-, -NRp-, -CO-NRp-, -S-, -SO2- or -NRp-CO-, Ry
being as defined above.
10 5. Process according to one of the
preceding claims, characterized in that the phosphine
corresponds either to the following formula II or to

the following formula III:

Formula (II):

Ph
£h p \\Ph
15
Formula (III):
\\[:Tph
Ph 87 eHo
6. Process according to one of the

preceding claims, characterized in that the transition
20 metal compounds are chosen from nickel, palladium and

iron compounds.
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state, such as potassium tetracyanonickelate
K4 [Ni(CN)4]1, bis{acrylonitrile)nickel (0),
bis(l,5-cyclooctadiene)nickel and the derivatives
comprising ligands from Group Va, such as
10 tetrakis(triphenylphosphine)nickel(0);
nickel compounds, such as the carboxylates, carbonate,
bicarbonate, borate, bromide, chloride, citrate,
thiocyanate, cyanide, formate, hydroxide,
hydrophosphite, phosphite, phosphate and derivatives,
15 iodide, nitrate, sulphate, sulphite, arylsulphonates
and alkylsulphonates.

8. Process according to one of the
preceding claims, characterized in that the organic
compounds comprising at least one ethylenic double bond

20 are chosen from diolefins, such as butadiene, isoprene,
1,5-hexadiene or 1,5-cyclooctadiene, aliphatic nitriles
comprising ethylenic unsaturation, particularly linear
pentenenitriles, such as 3-pentenenitrile or
4-pentenenitrile, monoolefins, such as styrene,

25 methylstyrene, vinylnaphthalene, cyclohexene or

methylcyclohexene, and the mixtures of several of these

compounds.
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employed and in that the amount of phosphine of formula
(I) used is chosen so that the number of moles of this
compound with respect to 1 mol of transition metal is

10 from 0.5 to 500.

10. Process according to one of the
preceding claims, characterized in that the
hydrocyanation reaction is carried out at a temperature
of 10°C to 200°cC.

15 11. Process according to one of the
preceding claims for the hydrocyanation to dinitriles
of nitrile compounds comprising ethylenic unsaturation
by reaction with hydrogen cyanide, characterized in
that the reaction is carried out in the presence of a

20 catalytic system comprising at least one compound of a
transition metal, at least one phosphine of formula (I)
and a cocatalyst comprising at least one Lewis acid.

12. Process according to Claim 11,
characterized in that the nitrile compounds comprising

25 ethylenic unsaturation are chosen from aliphatic

nitriles comprising ethylenic unsaturation comprising
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perhaloalkylsulphonates, carboxylates and phosphates.
20 16. Process according to one of Claims 11
to 15, characterized in that the Lewis acid is chosen
from zinc chloride, zinc bromide, zinc iodide,
manganese chloride, manganese bromide, cadmium
chloride, cadmium bromide, stannous chloride, stannous
25 Dbromide, stannous sulphate, stannous tartrate, indium
trifluoromethylsulphonate, the chlorides or bromides of

rare-earth elements, such as lanthanum, cerium,
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absence of hydrogen cyanide, the isomerization being
15 carried out in the presence of a catalyst comprising at
least one phosphine of formula (I) and at least one
compound of a transition metal.
19. Process according to Claim 18,
characterized in that the 2-methyl-3-butenenitrile
20 subjected to isomerization is employed alone or as a
mixture with 2-methyl-2-butenenitrile,
4-pentenenitrile, 3-pentenenitrile, 2-pentenenitrile,
butadiene, adiponitrile, 2-methylglutaronitrile,
2-ethylsuccinonitrile or valeronitrile.

25 20. Process according to either of Claims 18

and 19, characterized in that the isomerization
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