1 Process for produci ng conpounds conprising nitrile functions 5

[ 0001] The present invention relates to a process for producing
conpounds conprising at least one nitrile function by hydrocyanation
of a conpound conprising at |east one nop-conjugated unsaturation.
10 [0002] It relates nore particularly to a production process

i npl enenting the reaction of hydrogen cyanide with an organic
conpound conprising a non- conjugated unsaturation in the presence of
a catalytic systemconprising nickel having the oxidation state of
zero (hereinafter P&cessédr produsingiqompounidsteonaeridiegsitrilerfenctions

or ganophosphorus |igand and a cocatal yst belonging to the Lewws 15
acid fam.ly. [0003] Such processes have been known for many years and
are expldited industrially, in particular for the production of a
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Thus, the conpany DU PONT DE NEMOURS has devel oped and 25 exploited
a process for pr oduci n%ﬁadl ponitrile by double hydrocyanation of
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production of by-products and therefore to pronote the 35 fornmation
of linear dinitrile cogpounds co ared with the formati on of
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chloride, Zziindudially de particular for the production of a major chemical intermediate,
adiponitrile. This compound is in particular used in the production of
20 hexamethylenediamine, which is an important monomer for the production of
polyamides and also an intermediate in the synthesis of diisocyanate

compounds.

[0004] Thus, the company DU PONT DE NEMOURS has developed and
25 exploited a process for producing adiponitrile by double hydrocyanation of

butadiene. This reaction is generally catalysed by a catalytic system

comprising a complex of nickel(0) with organophosphorus ligands. This system

also comprises a cocatalyst, in particular in the second hydrocyanation step,

i.e. hydrocyanation of unsaturated compounds comprising a nitrile function,
30  such as pentenenitriles to dinitrile compounds.

[0005] Many cocatalysts have been proposed in patents and are generally
compounds belonging to the Lewis acid family. The role of this cocatalyst or
promoter is to limit the production of by-products and therefore to promote the

35 formation of linear dinitrile compounds compared with the formation of
branched dinitriles.

[00086] Thus, many metal halides, such as zinc chloride, zinc bromide,



2 stannous chloride or stannous brom de, have already been proposed,
for exanple in US Patent US 3 496 217. Zinc chloride is the
preferred cocatal yst. [0007] Organic boron conpounds such as

tri phenyl boron or conpounds 5 conprisingztwo boron atons, as
described in Patents US 3 864 380 and US 3 496 218, or organic tin
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are of acce&egﬁlpéc’%@% 's and easy to use. [0010] One of the ains of
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[0010] One of the aims of the present invention is to provide a new family
20  of compatible cocatalysts which give adiponitrile-selectivity levels that are
suitable in the pentenenitrile hydrocyanation reaction.

[0011] To this effect, the invention provides a process for producing
compounds comprising at least one nitrile function by hydrocyanation of an
25 organic compound comprising at least one non-conjugated unsaturation,
comprising from 2 to 20 carboen atoms, by reaction with hydrogen cyanide in
the presence of a catalytic system comprising a complex of nickel having the
oxidation state of zero with at least one organophosphorus ligand chosen from
the group comprising organophosphites, organophosphonites,
30  organophosphinites and organosphosphines and a cocatalyst, characterized in
that the cocatalyst is an organometallic compound corresponding to general
formula I
(RY—M'—X—M*—(R%p (I
(R®)
35
in which:
R' R? and R® which may be identical or different, represent a branched or
unbranched, aliphatic organic radical, a substituted or unsubstituted,



35 in which: R, R2 and R3, which nay be identical or different,
represent a branched or unbranched, aliphatic organic radical, a
substituted or unsubstituted, 3 aromatic or cycloaliphatic radical,
or a halogen atom ML, M2, which may be iglentical or different,
represent an elenent of valency ml, nR, respectively, chosen from
phg_groupdconpwbmbﬁgo;bmﬂpahﬂﬁnmgﬁd@?qMraﬂuﬂb%ﬁﬂgﬂkgﬂl gal I'i um
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group conprisixng bArslemenlt Wi vzlshByardhaseR - frdd 1he0dlupPeahBriginlYoxyARn,
represents al umni um.or zi nﬁi’ﬁ and I\/% rie% eﬁents boron or al um ni um
In an even noF8 PP 58 HERDUT T PROTRIEHE's  al uni ni um or
zinc, M represerinsntageorqoel @l mfini um and X represents oxygen. 20
[ 0014] Accor d'gqg a@n@%%?léﬁha%%aqt eristic of the invention, the
n are

radi cal s Rl [ _ I"I"'néar or branched al kyl radicals containing
from1 1@ 6 caivanintagenequali®std.t uted or unsubstituted phenyl
radi cal s, or hal ogen atons, preferably chlorine. 25 [0015] The
conpounds that can be used as catalysts in the hydrocyanation
processes are, for exanple: 4
[0012] According to one preferred embodiment, the elements M and M?
are chosen from the group comprising boron, aluminium and zinc.

15
[0013] Preferably, M? represents aluminium or zinc, and M' represents
boron or aluminium. In an even more preferred embodiment, M? represents
aluminium or zinc, M’ represents boron or aluminium, and X represents

oxygen.
20
[0014] According to another characteristic of the invention, the radicals R*
and R® are linear or branched alkyl radicals containing from 1 to 6 carbon
atoms, substituted or unsubstituted phenyl radicals, or halogen atoms,
preferably chlorine.
25

[0015] The compounds that can be used as catalysts in the hydrocyanation
processes are, for example:



(C2H5)2-B-O- Al -(C2H5) 2 (C2H5)2-B-OAl-CI2 5 (iBU2-A-OCA-(iBU?2
(mes)2-B-CGA-(C2H5)2 2H5 d 10 (nmes)2-B-OGA-Cl 2
(mes)2-B-0zZn-C2H5 (C2H5)2-Al-O Al-( CQH5)2 in which: iBu
represents the isobutyl radical, 15 nmes rgpresents a nesityl
(2,4,6-trinethyl phenyl) group. [0016] The conpounds used as catal yst,
in accordance with the invention, may be present in the form of

i ndependent nol ecules or in a form aggregated by noncoval ent bonds
such as dative bonds, thus formng diners, triners or 20 tetraners.
[0017] By way of exanple, the dbz'r?s&mnﬂ—(@esf)‘lzf(lﬁzﬁskl -(C2H5)2 i's
generally present in the form Of(cghgjg_r__%]_(_@_&@@)_%;@- OA-(CH5)2]2. In

the interests of greater clarit i'n the present text, reference
will be de only to 25 the si nﬁr%)?mﬁbt@“é/‘\bf—('gabh conmpound, wi thout
thereby linmting the scope of (ihbe)paBerd—a-Lt(W,Fssi nple form [0018]
In one preferred enbodi nent of the invention, the t]_?l ytic system
of the invention contains a cocatalyst in accordapl&'With the
invention in a 30 nolar ratio of (cueataBysO-rAl &tive to the nunber
of nickel atons of between 0.01 and 50, and prefe @ ly between 0.1
and 10. 50018] The cocatal ysts of the invention are conpounds which
are dedBribed in the literatureMefrS-tRe—pProéss for producing

them By way of 35 exanple, aS(nqaég)'b_cJHasgiezﬁr_L@%HBg t he processes for
produci ng these conpounds, ne !:l ﬂ’} b(ﬁ gﬁde ﬁ?ﬂ t)he articles by J.
Serwat owski et al., published (FaNsendigano Che?dP?zy, 1999, 38, 4937
and | nprganiirmvx@itém stry, 2000, 39, 5763, and also the article by
V.G G bson igh & eseRBhE IR NabiRGr 9ani ¢ Chemi stry,

15 mes represents a mesityl (2,4,6-trimethylphenyl) group.

[0018] The compounds used as catalyst, in accordance with the invention,

may be present in the form of independent molecules or in a form aggregated

by noncovalent bonds such as dative bonds, thus forming dimers, trimers or
20 tetramers.

[0017] By way of example, the compound (mes),—B—O—AI—(C,Hs), is
generally present in the form of dimer [(u-mes);—B—0O—Al—{(C,Hs)2)2. In the
interests of greater clarity, in the present text, reference will be made only to

25 the simple molecule of each compound, without thereby limiting the scope of
the patent to this simple form.

[0018] In one preferred embodiment of the invention, the catalytic system
of the invention contains a cocatalyst in accordance with the invention in a

30  molar ratio of cocatalyst relative to the number of nickel atoms of between 0.01
and 50, and preferably between 0.1 and 10.

[0018] The cocatalysts of the invention are compounds which are
described in the literature, as is the process for producing them. By way of
35 example, as articles describing the processes for producing these compounds,
mention may be made of the articles by J. Serwatowski et al., published in
Inorganic Chemistry, 1999, 38, 4937 and Inorganic Chemistry, 2000, 39, 5763,
and also the article by V.G. Gibson et al., published in Inorganic Chemistry,



5 2001, 40,826. [0019] Exanples of the production of these conpounds
are given below. 5 [0020] The catalytic system of the invention
conprises a conplex of nickel(0) with at | east one organophosphorus
conpound, preferably a nonodentate conpognd such as

tri phenyl phosphite or tritolyl phosphite, described for exanple in
Pat ent s US34962180 82619953058, FR1529134, FR2069411, US3631191,
US3766231 or FR2523974, or a bidentate conpound 10 such as the

or ganophosphi te conpounds descri bed in Patents W9906355, W9906356,
WD9906357, WU9D6358&Xxanes 6Bz, pradogBs60hev® 806R8bhds ausEBEBdASow.
W961182, W9622968, U85981772 W0136429, W9964155, WO0213964 and
US6127567. 15 00215 IS also possi bl e to use conpl exes of
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conpounds b ongl n e or'ganophosphoni te or organo
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or ganophosphebi2 964 anhgUssinpsgmi ni tes  or or ganophosphi nes, as
described in Patents WO03/011457 and 30 W2004/ 065352. [0024] The
description of the hydrocyanation process is given in several

pat ent s19i nd02di ng ttHesésonpensiliadd useeeeplexas afl ickelD)twith monodertatdgr
C. A Tol man \piihith t%hﬁﬂahﬂpﬁ Hn?é’b@ o%ﬂ@%@r@sﬂégé&% ﬁ’aférﬁ%h%(ﬁ@/ﬁ%df

seq., 35 Advances 6/
Conmmun (199W002/053527 VV 03/06 729 004/007435, WO04/007432, FR2845379

and WO02004/060855, and more particularly the DPPX described in Patent

WQ02003/031392.
20
[0022] Similarly, the catalytic system of the invention may comprise a
complex of nickel(0) with monodentate or bidentate organophosphorus
compounds belonging to the organophosphonite or organophosphinite family.
25  [0023] It is also possible to use the cocatalysts of the invention with a

nickel(0) complex obtained with a mixture of organophosphite monodentate

ligand and of bidentate ligand chosen from the families of compounds

belonging o the organophosphites, organophosphonites, organophosphinites

or organophosphines, as described in Patents WOO03/011457 and
30 WO02004/065352 .

[0024] The description of the hydrocyanation process is given in several
patents, including those mentioned above, and also in the articles by
C.A. Tolman published in the reviews Organometallics 3 (1984) 33 et seq.,

35 Advances in Catalysis (1985) 33-1; J. Chem. Soc. Chem. Commun (1991)-
1292 and (1991)-803.

[0025] Briefly, the process for producing compounds comprising at least



1292 and (1991)-803. [0025] Briefly, the process for producing
conpounds conprising at least 6 one nitrile function, and nore
particularly dinitrile conpounds such as adiponitrile, consists in
reacting, in a first step, a diolefin suchh as 1,3-butadiene wth

hydr ogen cyani de, generally in the absence of solvent and in the
presence of caecattaleytfuoctyst emd Thaer eactiduarhy sdiciailei edmpoundadsuch as
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nitrile conpéindydredah eyanideengemaially rinl & ahsentedof raalventsaednio the
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presence of a catalytic system [0028] The dinitrile conpounds forned

are separ at gsholay Su%ﬂ%éﬁfa\g%ouglb/ﬂﬁé RhliRes @@éaefﬂra?%& frﬁﬁﬁésoeb%ﬁqédﬂﬁq the
cat al yt| system fromt € reactl on nedl um everal processes or
extract i hg %’Fﬁi HaP A9t $ULIReH dmh I dselibzativadstepop Pgestamsarwertithem to

Pﬁtents IUS Bndas @%turét&%%i&%s, 4/¥Higi9f apRd ?JEQ %tﬁﬂ:{ho&%l-intg@ﬁégéébdnd
the catal ytic system can. be separated fromthe reaction medi um by
BRI

separation i 860 py settling out, obtained by control of
the ratios between the nononitrile conpounds and the dinitrile

, e . . ( . ved
by The add: 0z of i e seol T Hibey BNalioh 86 PN AL et PRER Ao
catal yt 12 sy e9aGted vithdiydregereevaude in thenereseees of @ catalytin systemise a

nonpol ar solvent for extracting the catalytic systemand separating
The tenperature conditions for

IR e A L M S LR R R
syst ens usedistifiatidres &ftesexiaacticreodtid batdiyeicysmsadr Gromshepsasatish edetium.
in the i Son@eivé?éii 8%0%%888 Aof gﬁpaecrt%bl Yhe icnéitél%c siy's(?émt re]a?é/ &eos%tri%leg, for
20  example, in Patents US 3773809, 4082811, 4339395 and 5847 191.
Generally, the catalytic system can be separated from the reaction medium by
separation into two phases by settling out, obtained by control of the ratios
between the mononitrile compounds and the dinitrile compounds contained in
the medium. This separation can be improved by the addition of ammonia. It is
25 also possible to precipitate the catalytic system in order to recover it and
recycle it, or to use a nonpolar solvent for extracting the catalytic system and

separating it from the nitrile products.

[0029] The temperature conditions for these various steps are between 10
30 and 200°C.

[0030] The catalytic systems used in the first and second hydrocyanation
steps and also in the isomerization step are generally similar, i.e. they contain
an identical nickel(0) complex. However, the ratio between the number of
35  nickel atoms and the number of ligand molecules may be different in each of
these steps, and also the concentration of the catalytic system in the medium.

[0031] Preferably, the cocatalyst is present only in the catalytic system



an identical nickel (0) conplex. However, the ratio between the numnber
of 35 nickel atons and the nunber of |igand nol ecul es may be
different in each of these steps, and al so the concentration of the
catalytic systemin the nmedium [0031] Preferably, the cocatalyst is
present only in the catalytic system7 used for the second

hydr ocyanat iusedsfoethe bevawk hydictyamaticd Si@prdWEﬁ@gnlt nilafiy alsbebe plresenlt in
i soneri zati : he characteristics and performance | evel s
of the procgﬁgggﬁﬁeﬂ%%ﬂ@te ore of the catalytic systemused are
determned and illustrated by the degree of conversion (DC) of the

conpound i n ced;Thin t u d n
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obt ai ned r elraspact to dnedrediniirfiee msodficethli.es tref ndmbit of hedes ODlinmaedt diitNes
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3- pent eneni rdfldoﬁapod.mfé WA&M)%mbasreléth/% to?trri@mmﬂfé}stéf' hﬁ‘)léss o@ dinitriles

connerC|aII 0034] In these exanpl es,
fol |l ow ng a Q%t}%ﬁség&m &@%ﬂ) 20 - cycl ooct adi ene - 3PN
3-pentenenitri I e - AdN adiponitrile - ESN et hyl succinonitrile

- MGN. neth tar 't'--T:r p

triet hyI al uir%5 ﬁ %@v&eﬁﬁ h‘};r PE I Qﬁ%@ghﬁﬁ,&e g%%ﬁpé%d’ﬂeaxs bf the

et hyl al {®i meﬁml%awgwend@elow Oﬂ y by way of indication, relating to the production of
adiponitrile by hydrocyanation of 3-pentenenitrile. In these examples, the

3-pentenenitrile is a commercially available compound.

[0034] In these examples, the following abbreviations are used:

20
- Cod: cyclooctadiene

- 3PN: 3-pentenenitrile
- AdN: adiponitrile
- ESN: ethylsuccinonitrile
25 - MGN: methylglutaronitrile
- TTP: tri-para-tolylphosphite
- TEA: triethylaluminium
- DEAC: diethylaluminium chloride
- EADC: ethylaluminium dichloride
30 - TIBAO: tetraisobutyldialuminoxane
- mes: mesityl (2,4,6-trimethylphenyl) group
- Et: ethyl group
- iBu: isobutyl group
- Ph: phenyl group
35 - DPPX: bis(diphenylphosphinomethyl)-1,2-benzene
- DC(Y): degree of conversion of the product to be hydrocyanated Y,



30 - Ti BAO tetraisobutyldialum noxane - nes: nesityl

(2,4,6-trinethyl phenyl) group - Et: ethyl group - iBu: isobutyl
group - Ph: phenyl group 35 - DPPX:

bi s(di phenyl phosphi nonet hyl ) -1, 2-benzene g DC(Y): degree of
conversion of the product to be hydroc anat ed Y, 8 correspondi

the ratio of theCRURBRPNYNIdeMaratehibe asnferef canyeiéed maieepf }630 the
initial noles of 4y rl t ) atio of the nunber of noles of
AdN formed to theurrln rﬁ)edr{l%glélr%‘r% IeSSOfg; dinitriles fornmed (sum of the
nmol es of AdN, ESheanig (MERtS of TR3GIMBynbhesics @)‘fActMéarcrmIatoaﬂhﬁstumber of

conpounds of fornula I of the variou

carried out accomlﬂﬁ‘:’{g'r‘t’tﬁ'?&tﬁF §Z§l§§ Cdé@%m%%%ofﬁgwg%ﬁ?%mf\]
publ i sheg in the review Inorganic Chemi stry nmentioned above. These
synt heses are carried out under an argon atnosphere. 10 Exanple 1:

Synt hesi s of0035k s BInBe@isAbt theidepfa ¥R @3 polirds of farindanol ar sol uti on

f TEA h
of di mest tyia EtResEr of (oE Pasdus BOfpalinbs erd Bafied uf ARG T, ahe
mxture i s REPRESSEP rdaswb@dm éfﬂe edigiRg avbﬂsé]erdom Be revient dwrgehiorhemistry

bei ng conpl ﬂﬁeﬁitbnéﬁ%o@é ‘Fﬁéé’é )ﬁgﬁthbgeé AR Mﬁl@@%ﬂﬁdbpan%‘?%ém aﬁ‘ﬁé’%’ﬂﬂe‘?e.
2: (mes% -B-O Al ~ZHs 75 'ar soldtion o
DEAC i n‘hexane are added rapldly and vvlth stirring to a solution of

di mesi tyl borinic aci &xabfple): Synthesislobised)o-EBReO—AL t)H:)The

m xture is kept stirring and at tenperature for 30 m nutes before
being conpletely used for the hydrocyanation test. 25
[0037] 179 mg of a molar solution of TEA in hexane are added rapidly and

with sfirring fo a solution of dimesitylborinic acid (68 mg) in anhydrous toluene
15 (1 ml). The mixture is kept stirring and at temperature for 30 minutes before
being completely used as catalyst in the hydrocyanation test.

2Hs
Example 2: {mes);—B—0—Al
20 Cl

[0038] 175 mg of a molar solution of DEAC in hexane are added rapidly and
with stirring to a solution of dimesitylborinic acid (66 mg) in anhydrous toluene
(1 ml). The mixture is kept stirring and at temperature for 30 minutes before
being completely used for the hydrocyanation test.

25
Example 3: (mes);—B—0—AI—Cl;
[0039] 182 mg of a molar solution of EADC in hexane are added rapidly and
with stirring fo a solution of dimesitylborinic acid (68 mg) in anhydrous toluene
(1 ml). The mixture is kept stirring and at temperature for 30 minutes before
30 being completely used for the hydrocyanation test.



Exanple 3: (nmes)2-B-OG- A -Cl2 [0039] 182 ng of a nolar solution of
EADC i n hexane are added rapidly and wth stirring to a solution of
dinmesitylborinic acid (68 ng) in anhydrous toluene (1 m). The

m xture is kept stirring and at tenperatuge for 30 m nutes before 30
bei ng conpletely used for the hydrocyanation test. 9 Exanple 4:
(mes) 2- B- O Zn- C2H5 [0040] 221 ng of a 1.1 nolar solution of ZnEt2 in
tol uene are added r gy an h stitri Ha sol ution of

di mesi tyl bori ni ¢ aci a?% '%43) iﬁm i"rdéou(g 4}9_& & (1 nl). The

m xture is kept stirring and at tenperature for 30 mnutes before

bei ng conpl ep@ioy USQQ1frﬁ§] dfrh?1h1yﬁ'fd?é‘1y§tﬂ§ﬁ6r?6f Ett4zl ﬁ%@@ére gdded rapidly

Hydrocyagatl on of Ive rocedure is

. as
e Doy B i i sirnauine soboganbd el apd JAGROaI ArGyRrouS
at rr:)sphe{ e, tmrnuteﬁea(qﬁm rnThegﬂrmaret ubeeptf sfﬁfilhg][énc% )éi@&fenﬁ!é'#a@g@dor\/\@t){ﬂnlﬁutes
sSe um Sto val ent.s I gan er atom
OprI if tﬁ qf?rgat?]edn§§og%i%e%%§g}3mQ’ie ﬁl‘éc{f(?ﬁyacﬁatﬁg Jorgz 5 gol ar

equi val ents of |igand per at om of N if the ligand is bidentate,

such as DPP)ﬂxamplés 20y Srobdan 08 of 339,\13&51%% E%Sfidqu anhydr ous 3PN,

- 138 m% mmol, 1 equivalent) of N (Cod)Z, - tewis acid (see the
i ndi cat i an |n Tables | and | | below for the nature and 20 the
anount ) . [ 04@41] The Tiiexaracedire ipithe fiowing:70C with stirring. Acetone
cyanohydri N ne ct ed, into the react han nedi

o Tyt i gl bR oAb sy e leie T HmaodE, A RP R 1R 4 Bb mi
injecting faqlasy tuberes,Schde t9ye | dflepsd WRH d SeptsthoRBgser: The m xture is
cool ed to ambi ent tenperat u?% di | uthgéd W th e?cetonesgl%d 25 analésed

by gas chronmat g figsd [oesr esivalenisiof §oane per atam oh Niifhedgan
11 beloys  Tabl e thon SRIMAA N EFRBPLES 55bRr quiBients of ligand per atom of

Ni if the ligand is bidentate, such as DPPX],
- 1.21 g (15 mmol, 30 equivalents) of anhydrous 3PN,
- 138 mg (0.5 mmol, 1 equivalent) of Ni(Cod)a,
- Lewis acid (see the indications in Tables | and Il below for the nature and
20 the amount).

c—F‘

[0042] The mixture is brought to 70°C with stirring. Acetone cyanohydrin, an

HCN generator, is injected into the reaction medium via a syringe driver with a

flow rate of 0.45 ml per hour. After injecting for 3 hours, the syringe driver is

stopped. The mixture is cooled to ambient temperature, diluted with acetone and
25  analysed by gas chromatography.

[0043] The results are given in Tables | and !l below.

Tabie I: Comparative Examples 5to 7

30
Example Ligand Lewis acid Lewis DC (3PN) Linearity
acid/Ni
5 TTP (mes),BOH 1 23.6 67.7
6 DPPX ZnCl2 1 72.8 59.0

7 TTP Ph.BOBPh; 0.5 14.3 73.8




Exanpl e Ligand Lewis acid Lewis DC (3PN) Linearity acid/ N

5 TTP

(mes)2BOH 1 23.6 67.7 6 DPPX zZznC 2 1 72.8 59.0 7 TTP Ph2BOBPh2 0.5
14.3 73.8 10 Table 2: Exanples 8 to 16 Exanple Ligand Lewis Lewis DC

Linearity

0.25 36.7 78.7 10

73.5 12 TTP Ex.3 0.5 35.8 71. 1Tabk Z:TPxdples 8.t6 151 78, 2

acid aci d/ Ni

TTP EX.

1 0.5 38.2 76.2

3PN 8 TTP Ti BAO Qg5 47.9 76.8 9 TTP Ti BAO

11 TTP Ex. 2 0.5 34.0

14 DPPX

TiBAO 0.5 78.4 84.7 15 DPPX Ti BAO 0. 25 77. 8 86.4 16 DPPX Ex. 4 0.5

rnd

33.3 84.1 11 dai
at least one nitri
conmpound conprisin
conprising from?2
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or ganophosphor us
or ganophosphites,
or ganosphosphi nes
cocatalyst is an
formula I: (R1)-M
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14 DPPX | TiBAO 0.5 78.4 84.7
15 DPPX | TiBAO 0.25 77.8 86.4
16 DPPX Ex. 4 0.5 33.3 84.1
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in which: RlL, R2 and R3, which nay be identical or different,
represent a branched or unbranched, aliphatic organic radical, a
substituted or unsubstituted, 20 aromatic or cycloaliphatic radical,
or a halogen atom ML, M, which may be kdentical or different,
represent an el enent of valency m, nR, respectively, chosen from
the group conprising zinc, boron, GHammuml cadm um gallium
indiumand tin, it being inpossible for ML and M2 to sinmultaneously
represent boron, 25 X is an el enent of val ency x chosen fromthe
group conprising oxygen, carbon, nitrogen, silicon, sul phur and
phosphorus, n is an integer equal to m-1, pis an integer equal to
n2-1, t is an integer equal to x-2. 30 2 Process according to

C ai m 1,5 chdr dtosepg dar produgiig WW@pﬂ@%mﬂ‘BﬁflS&ﬂmﬁt itaphane nitrile, fuaetibn
ML represents Wh?&rd&&aﬁéﬁﬁﬂ BF &M oranfdl @&%%uﬁ& g?]%t R8s non-

characterized i'n represents 35 Um ni um or Zi

represents borQﬂ?JléﬁatQTiUHF?ﬁ Fﬁt'oé‘ndcg(”PB%JPgsﬁﬁf‘% 2 dQydén cagbzon gpoms, by
Process accor dieagtiém mmlmrdgéro @antd’earra(lhérp@%énb@ dhat chﬁ@yt[c system

dicals R1 t adi c nin
carbon at ons. @REEE EEERIE of hikeL hAMhE Ihe MR Shtc o Petp Winat
hal ogen1@t om Igagt 0P600l@§$10aboamlmmg hgamlnehwen He)rpr&maegrcnga cloaiprising
ggrar; act ?Lbzfﬁedg pp@wégrﬁescocaiﬁghxaﬁoé@omeéen fr@ghkt}ghawmes and
t hereof : ( C2HZ)rgapoeRhRsph m%@} a(aceal) vt hrastedzed in thatithe cocatalyst is
) 2-Al - O Al - (i Bin pyaidmsetatiBcBrm¥oundddmedpon@dgo general formula I
(RN)a—M'—X—M*—(R%p (1)
15 (R%)

in which:
R' R? and R® which may be identical or different, represent a branched or
unbranched, aliphatic organic radical, a substituted or unsubstituted,
20 aromatic or cycloaliphatic radical, or a halogen atom,
M', M2, which may be identical or different, represent an element of valency
m', m? respectively, chosen from the group comprising zinc, boron,
aluminium, cadmium, gallium, indium and tin, it being impossible for M' and
M? to simultaneously represent boron,
25 X is an element of valency x chosen from the group comprising oxygen,
carbon, nitrogen, silicon, sulphur and phosphorus,
nis an integer equal to m'-1,
p is an integer equal to m?-1,
t is an integer equal to x-2.
30
2. Process according to Claim 1, characterized in that M? represents
aluminium or zinc, and M" represents boron or aluminium.

3. Process according to Claim 1, characterized in that M? represents
35 aluminium or zinc, M' represents boron or aluminium, and X represents
oxygen.



(mes)2-B-CG-Al | d 15 (nmes)2-B-OC A -Cl2 (nes)2-B-0OZ"-C2H5

(C2H5) 2-Al-O- Al -( C2H5)2 in which: Bu represents the isobutyl

radi cal, 20 nes represents the nesityl (2,4,6-trinethyl phenyl) group.
6. Process according to one of these Claiips 1 to 5, characterized in

that the catalytic systemconprises a nolar ratio of cocatal yst

rel ati ve to4t heramebesaccofding tofClhghsweto 8, thamdtctXed2ih that Fiecadisals R’

according to opgy gl Feﬁgeégrﬁ%pﬁm%l ‘Eéo‘?éﬂsqr?n‘fg\ﬁfngcﬁgﬁwi 186 8 Qalfit ol &
or ganophosphorus i gand 1's choSen fTom the grodp conprisi ng
nonodent at e an@hﬁtlﬁgﬂ@ﬁ@néﬁéﬁtﬁﬁiﬁﬁdﬁlﬂwi tasierdn@or hageBmiem. Pr ocess

according to one of the preceding clains, characterized in that the
ds to be converted to dinitrile conpounds are

or gani ¢ gonpou , .
pent enenpt r B ePESRSOARACT [PpBE o theypissedingyclAbt dkagerized in that the
characterized ¢otatdigst it lvbosempounthe Gpupaitptpridimg tiad fdlle@dsiy esepounds or

nitrile funct i&’:ﬁweirg, tﬁmegg%irttétirérﬁers thereof:
(C2Hs)—B—0—AI—(C2Hs),
(C2H5)p—B—0O-—AI—Cl>
10 (iBu)o—Al—O—Al—(iB,),
(mes);—B—0O—Al—(CHs);

2H5
(mes);—B—0O—Al
Cl

15 (mes),—B—0O—Al—Cl;
(mes)z—B—mO-——-Zn—CzH5
(C2Hs)o—Al—0O—Al—( CzHs)2
in which:
iBu represents the isobutyl radical,
20 mes represents the mesityl (2,4,6-trimethylphenyl) group.

6. Process according to one of these Claims 1 to 5, characterized in that the
catalytic system comprises a molar ratio of cocatalyst relative to the moles
of Ni of between 0.1 and 10,
25
7. Process according to one of the preceding claims, characterized in that the
organophosphorus ligand is chosen from the group comprising
monodentate and bidentate organophosphorus compounds.

30 8. Process according to one of the preceding claims, characterized in that the
organic compounds to be converted to dinitrile compounds are
pentenenitrile compounds.

9. Process according to Claim 8, characterized in that the compound
35 comprising at least one nitrile function is adiponitrile.





