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 conmpound conprising at |east one non-conjugated unsaturation.

10[ 0002] I't relates nore particularly to & 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 system conprising nickel having the oxidation state of
zero (hereinafter referred to as Ni(0)) with at |east one

or ganophosphor us | iRjagepsdied pepdustnatcanipoungds comgrisigg ndrilefenctionss
15acid famly. [0003] Such processes have been known for many years
and are e§1pl oited industrially, in particular for the production of a
maj or chem cal internediate, adiponitrile. This conmpound is in
particul ar u$®@1j n thee praséotinventionf reiehimxameichys éredodudinecormpouriis
i's an i nport 8Bk RBIRG R =Rt dride nit| ' f ' n

internedi ate | npt.hegs pt hesi s oF g??@ﬁ%@@gg?eh%%ggﬁ c?fO%O Lll@a
t he conpany WP&W@%%@W@QOH@W@@W%&%@% exploited a
process for producing adiponitrile by double hydrocyanation of

but adi en THesor €ach | [ t . | C < m
conpri si ﬁ% awggrrzw_]pl eiﬁ (})@&ﬁbm%%ﬂﬁi%mgrﬁﬁggﬁéﬁyp%%ﬁg[ Iﬁfg%ﬁaégﬂg?hlgs
system al so E&ReHPD Ahvalregrrneyanide withnap rgania|camaoyngdheorsprisingl a non-
hydr ocyanat i esnjeg#ted unsatudayion dgyﬂq@ag:s@@n@é dﬂrﬁada!ﬂélﬁﬂicf@yﬁ@ﬁ@@bﬁ@ﬁsin
conprising a r Cli: C itriles.tao di. rl.Ee
conmpounds. [B@B%l]%%ﬁ %oé’f‘gg@%r{ gt%héavef%ggﬁg%ﬁgag%gé errﬁaﬁ%@éﬁ}‘@)gw&
are gener al | ¢t lsafipimergaperbegphagus igandeandeavcocatalyat belanging tathe kewie
of this ¢mcanalyshi@r promoter is to limt the production of
by-products and therefore to pronote the 35 formation of |inear

dinitrile conpounds conpared with the formati on of branched
dinitriles. [0208tanrfdush phtesseddave beearknows for wanygeatseare areresqbbjied

been proposepgqué@aieXaPrlfbcdiir 187 thaediucith 3 Aagﬁmiélr?che;ﬁieg AlrRELES,
0007 0 h . as

f ] i

is the preferred cocatal yst. I ani ¢, boron ounds such

tri phenyl bo?‘yﬁo'@ﬁ'ﬁ o;@ﬂ%n‘&gﬂ WEhs i B RgTicHETheReh By dhg, Prgduction of

descri be2d i nh@aneethglelSdiamat) @E6h dsndn WBpariddttmaa8menforathganbdudtion of

conpounds asy PR8N bnkSatho8 i SREmMORYER 3h S ESAHNRP MFCHiisocyanate
d%] e nd make |¥

[ 0008] These cocat al ysts have different properties’a
possi bl e to 4UPYBICF n sel ectivities for different linear dinitriles
such as adiponitrile. Sonme of these cocatal ysts have drawbacks

associ ated w t he g L.fi,cu i } he reaction

medi um or vmy\ftoh@ﬂhe Jﬁ)@%l k)hlcﬁ %é%péﬁ%agagﬁt %Fﬁ@pﬁﬁﬁ%%gﬁgp / ppd

system o#° t hexAipiede P (PCPeY4pi Prasiucing peipsriite uf double lystracyvanpden dfn

or de[ ltO [ecbﬂﬁb@iehé.- s [ %I%H-P'%r Qge’ﬁbtdﬂ? %étlaf‘ws%da Ug?%_jtéé??lﬂdié‘?shﬁ%

cocat al ysts [ Lning,selecti | or linear dinitri .t ha

are of ; ce ep%oiwrgslﬁﬁgg@ é:]og%é%o@gg@@g wﬁg @rganophospﬁorus Ilgands.ef%s sys%em
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.

[0006] Thus, many metal halides, such as zinc chloride, zinc bromide,



[ 0010] One of the ains of the present invention is to provide a new
famly 20of conpatible cocatal ysts which give

adi ponitrile-selectivity levels that are suitable in the
pentenenitrile hydrocyanation reaction. [0011] To this effect, the
invention provides a process for producing conpounds conprising at

| east one nitrile function by hydrocyanation of an 25 organic
conpound co][rpsrtamcng ahlolidasdr siaanogsLeonjdegat-ed sifsafyubaéh Proposed, for
conpri sing ré%%h?p N &t e

cyanide in the pr eés@ncg %?}éﬂ‘lé%?, Lﬁj@zl']c?b?)'/ict@(r@r!:o%ﬁ%%é F%egé{rgécg%t%&stof
ni ckel having the oxidation state of zero with at Ieast one

or ganODEOSpEQDWH [ 9m§arﬂb%¢cﬁh coemolings Qﬂfwﬁsfiﬁ 'bBEbneor compounds
ogphi

or Siﬂgﬁphﬁ’ﬁph‘%Oﬁ@’f'saﬁg“Qg 3950 ol aéhé?%&ﬂb%? Qﬁ’a?‘% 143 74890 ana

cocat al yst i SR ”&%%@épégam%mmmpam&:@ ind3gfondifigt 874 G@mdraak also

formula 1: (REEA-gWBpdsd- (R3)p (1) (R2)t 35 in which: Rl, R2 and R3,
whi ch nmay be identical or different, represent a branched or
unbranched, aliphatic organic radical, a substituted or

unsubst it ut edf008B ar dhese cocatalgsis! heakidifferenicproaditieal gndanake tgiosgiele to

atom Mlﬂo'VQ’obYQ?h %!é@i%tu@@ fbldﬁff'@é:rﬂllmﬁér glmtﬁﬁgeﬂ#ch £§%H§%ﬁﬁﬁlea§0me of
el enent of v nc nP, respectiv

conpri si ng zﬁ?\%s g%‘iaéﬂ'VStélflﬁﬁen gy aé’é%lﬁﬁﬂﬁ'af@‘édw*tmme dlﬁmugmi@ﬁatrwtmg
it being i npdiseanbtcen fioe rédctiondmbdint or siththé poesibityy arne RRES & texPaEIMG

Corbonr o TSR RS0y gﬁ%ﬁﬂﬁ {6 BHRRONBF ol P oayaet)

carbon, nitrogen hur hot
equal to ni- Pr %t%e%'q it eger equal to n2-1, 10t is an integer equal
to x-2. p9012] According to one preferred enbodi ment, the elenents ML

and M are ¢ I’IS or on iniumangd . .
zinc. [0013] W?Er IIel\/gt'lfJ g‘%gss egl lﬂnqﬂauﬂ?%rc%axgygﬁn@r ,\;rﬂ‘g%ammg
represents béel@ﬁﬂ‘dﬂeaa oufineRrdinitriles ﬂnat avecol avseptapledivels addembp th nent |
M2 represents alumniumor zinc, ML represents boron or alum nium

and X repr esf‘d?ﬁﬁ] OXYERE 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 carbon 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%% (1)
(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,



[0014] According to another characteristic of the invention, the
radicals R1 and R3 are |inear or branched al kyl radicals containing
froml to 6 carbon atons, substituted or unsubstituted phenyl

radi cal s, or hal ogen atons, preferably chlorine. [0015] The conpounds
that can be used as catalysts in the hydrgcyanation processes are,
for exanple: 4 (C2H6)2-B-0-Al -(C2115)2 (C21-102-B-0-Al -C12
(it3,1)2-Al - O ArerbaiRupRcychomsipBatit: Gdiat, E2HR)GYeimtémes) 2- B-0- Al d

-B-0-Al - - B-0-Zn- AL -O Al - i
(fes) 2 B.0- Ay Rghindy Bt ol SR ol o R Bt oy
mesityl (2,4, 6M7yiFet KIEREYSIY,) chperip. frqroothe] Frasirc sepwuiitg ained tason,
catal yst, in aefonidaneeadidiiint f&liimyRaiun®and tin, MRS YRS fo M'tdhe

form of i pdepe ; es or in f orm aggr egat ed by noncoval ent
bonds sucﬁ ag aﬁ?%gﬂ@?ﬁ%@s@ﬁﬁ%re]sgpﬂ?oﬁan,di mg?s trimers or 20
tetraners. [00X7PByn wigment efeaiphey, xtdesemripoutite group comprising oxygen,
(mes) 2- B- O Al - c&:28) RiroSeSeIRIoA SipRiesRNShdsprbRg, form of dimer
[(p-nes)Z-B—O-AI.-&CZHG&%]2. k the interests of greater clarity, in
the present teRtSHEHE net"éjamf ﬁnﬁe made only to 25 the sinple

nol ecul e of eaplis eninpegercsqual tohmbt!, t hereby linmiting the scope of the
patent tegt hi St@éﬁ%h?ede?éﬂhal[@%lﬁ] In one preferred enbodi nment of the
invention, the catalytic system ~ of the invention contains a
cocatal yst in accordance with the invention in a 30nolar ratio of
cocatal yst relative to the nunber of nickel atons of between 0.01 and

50, and prefgpabl y beINeaRg Yo ord "Sretdred smbodiment, the elements M! and M2
are chosen from the group comprising boron, aluminium and zinc.

15
[0013) Preferably, M? represents aluminium or zine, 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:



[ 0018] The cocatal ysts of the invention are conpounds which are
described in the literature, as is the process for producing them By
way of 35 exanple, as articles describing the processes for producing
t hese conpounds, nention nmay be nade of the articles by J.

Serwat owski et al., published in Inorganig Chem stry, 1999, 38, 4937
and | norgani c Chem stry, 2000, 39, 5763, and also the article by V.G
G bson et al., published in Inorganic Chem stry, 5 2001, 40, 826.

[ 0019] Exanpl es of the production of these conpounds are given bel ow.
5[ 0020] The catal ytic system of the invention conprises a conplex of

nickel (0) with at |east one or {fartgiroBptdrud—dOoidaind, preferably a

nonodent at e conpound such as tri@ag%].@.a@ohm_ec r tritolyl phosphite,
descri bed.for exanple in Patents, ? 215, DE19953058, FR1529134,
5 u o7A—

FR2069411; US3631191, US3766231 v& bi dentate conpound
10 such as the organophosphit e (mespediidO-ddse{CHeL i N Patents
W9906355, W9906356, W9906357, W9906358, W9952 %35 W9965506,
W9962855, US5693843, W961182, W9622968, US598 , W0136429,
W9964155, W0213964 and US6127567AMesr082191Alis al so possible to
use conpl exes of nickel (0) with nonodentate or bidentate

or ganophggphi ne conpounds as desgriledn n~Pat,ents W02/ 30854,

W02/ 053527, W03/ 068729, V\D04/0®57é4"§% Bv\l)n(84f%0%§2, FR2845379 and
W02004/ 060855, and nore parti culBes)y—BreOpsfnc-Geler i bed in Pat ent
W2003/031392. 20 [0022] Si m | a0,Mg), ety U%HE)XSt em of the

i nvention nHYn\%Rféﬁ“ se a conplex of nickel (0) wth nonodentate or

bi dent at e or ganophosphorus conpounds bel onging to the

or ganophosph&#i Epresenss wisphidyipatist e family. 25[0023]1t is al so
possi bl 1650 was repRsentdd Aoshiig2 A 6-tritfethPashiPgroupt h a ni ckel (0)
conpl ex obtained with a mxture of organophosphite nonodentate |igand
and of bidentate |ligand chosen fromthe famlies of conpounds

bel ongi ng t o[G0He] or ghmophosphidsessedas aatapishIpooortdasge with the invention,
or ganophosphijt t | i

W03/ 011457 oy HoP @sgggglftg%gg@ﬁ B:l%%é@@éﬁ%@??%gf ke {f@“fﬁ%@egated
hydr ocyanat i BN NonGREEN Rorgls e BPNEttBNE forming Kifpetsg ti@/seor
ment i oned0 abteimmeaad al so in the articles by CA Tol man published in
the reviews Organonetallics 3 (1984) 33 et seq., 35 Advances in

Catal ysis (1985) 33-1; J. Chem Soc. Chem Commun (1991)- 1292 and
(1991) - 803. 8" lone BY ¥avI & exaierlpoHie spapawic (paskr s+ -d{FaHs) ise
conpounds sugéneaslipgdigeent i thecforrt @TiBES [(1nEH2CBLR0—AIR-@ Hb Bt In the

cenaraity. i nigrEsE G el BlnE Ben: bl SRR S Bp Hhace only to
cat al yt i €5 sy Heesinpihgaleads obaatly cempolied, withoultbereby ligyting thesecope 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 as to be in aliquid nedium The unsaturated nitrite conpounds are
separated by successive distillations. The linear nitrite conpounds,
such as pentenenitriles, are fed into a second hydrocyanati on step.

[ 0026] Advant ageousl y, the nonlinear unsaturated nitriles obtained in
the 10 first step are subjected to an is rization step in order to
convert themto linear unsaturated nitrites, which are also

i ntroduced i m0Q1f 4@ 88€cond hydrocyanati on step. [0027]In the second
hydr ocyanati on step, the linear unsaturated nitrites 15 are reacted
wi th hydrogen cyanide in the ?resence,of a catalytic system

[ 0028] The di P19} | e Exapbigs®s teoplivddctioreofdbese earapowdsare givesi hedow.
distillations after extraction of the catalytic systemfromthe

reaction di Several processes for, extracti.ng the catal ytic

system aré di02P] ped ¥ oS BHIG SiRR O fhepitiential GeTPTEes 8 oeemalen gyt
811, 4 339 39ikal@d) 5vigu7atl daast Gener algapophosphoatsl gdnmousyist preferablybe
separ at ed fr omjduRntR&CEbRPolrRe] hbyassetﬂéfgﬁyigféggﬁﬁé) 61"‘({[_@!'@&?0%;39%,

settling out,, obtained by contro 8f t he t ween t

mononi trile CERBBIENASOn RKAMRIE dlfhi TATENE Mraiasatds CBIRERBR FR153I34,
medi um Thi s FRepea4dt | bIS36HIMobeUBaPEeaee dr tFR2580 7 dir td bidentatangoanpdind
It 05 25191 58up0Ss! HbeolBnBRSRI UfddiRaS URLULLS 1 Y MloBEsiEs
to recover it and recycl’e 1t, or to use a nonpolar sol vent for

extracting t NEOEAPE t \VOORYEIEENNPRI0S 3G ‘WOPIRREEE, YIQHPEEIRS, WOPPa2855,
products. [O0Q29pd3sast enpesaisr) evoosmiobs 0Nss5be1772hes00 Y840 USNObERA 55,

are between %@ﬁ@é{}&%@%g&?@?ol The catal ytic systens used in the

first and secon oCyanati on steps and also in the isonerization
step are generally simlar, i.e. they contain an identical nickel (0)

Che numbor o LNt oo een o o Uee Qe TS of Ackaly iR Pon e TaIYIC
steps, and aLEﬂgnf@ﬁ%o&qﬁpggﬁ?gipri\%ﬁgrgpowﬁ%s R HGFS]] @'%3’??%&? Wﬁ&ﬁé%&,
medi um 7 uﬁ%@03/653$273_ &‘é@%fﬁ&w OBSROHID0BIBSS t BI04 , FRZ840879
al so be presgpy Wo20be/06p88E! hr@th&e sérﬁeulam?%@]ﬂmmﬁﬁﬁé&ﬁh Hdt&itt
and performgf@%ﬁ@@%&?% the process and 5 therefore of the

catal ytic sy determ ned and illustrated by the degree of
conversi?2h (DC) of the conpound introduced, in particular of the
unsat ur at ed ni trd; Fat N S : b
linearity w {Bﬁggespeglmtagﬂl ]lﬂ-%gg%% I I'r?i ﬁ#@gﬁﬁﬁ%c@gg]ﬂop ﬁgyt%oéﬁ%ﬁogr
of noles of FPHREX @F nnickel(Qs Wi speRadeniate nar nkideriateforganerhasphorus
dinitriles fosmpdundsbdibegingsetheforybeoprd@photitiietdrgansghodghiptieifamily.e,
the linearity corresponds to the percentage of noles of adiponitrile
(AdN) obtained relative to the nunbers of noles of dinitriles formnmed
(AAN ESRP MERE3] [ 008 Rse paseddieitonusg ithe wecatplystst phthed invendor [vély Ry
byI rrteans ?f hfﬂﬁel(@%@ﬁ@_@@&ﬁ?igéd’?fﬂtm_@' M?Sﬁtur@nbw?]r@gnmoéﬂhtitéﬂﬁbﬁ?dérﬂéte
relating to product i adi_poni t.ri ro, nati on o

2 pont eneni t 19 oA B o0de Bater HbSE" crise8 Rbm dier A TIsRe of codfhpounds
comer ci al | ybeloagingiip he enganamiosplitss4 jorgandpdeephnniiep) erganphkosphinites
g ol | owi ng abby evtgncBASsHifed/Sess  dBscriderd: inCY PhiAEs ai6ns018M8¥  and
-pentengni thidf04/065352 .

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

35 Advances in Catalysis (1885) 33-1; J. Chem. Soc. Chem. Commun (1991)-
1292 and (1991)-803.

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



- AdN: adiponitrile - ESN: ethylsuccinonitrile 25- MGN:

met hyl glutaronitrile TTP: tri-para-tolyl phosphite TEA:

triethylalum nium- DEAC. diethylalumniumchloride - EADC

et hyl al um ni um di chl oride 30- Ti BAO tetraisobutyldialum noxane -

mes: nesityl (2,4,6-trinmethylphenyl) grouyp - Et: ethyl group iBu:

| sobutyl group Ph: phenyl group 35- DPPX _

bi s(di pheny| pines pitrileo fetdiiph) -dhd? -rherz adiculay YiinitdRg reeenpaiund® Nyests igzn

of the produgy; :thfé Bé’r‘[’sﬁ%ﬁr‘?‘ﬁ?&tcﬁﬂg? \fq(a fﬁ‘s ﬂ%ﬁ eastfﬁ:%@(ﬁh cﬁ%st'lhglb[l%%i'ei'lse

of the nunber Of nvert e |n|t

of Y - l|ineaM! é’ﬁ5°98FaFY%’1'@ﬁ Qﬁ@erﬁhhﬁ@rff@f appenos of saverttoamkdnt e
the nunber oforesdnes oifa cataiytic ishesnd %@Q@aéﬁdﬁﬂsﬁarﬁé’tﬁ oﬁphﬁ&eroéreé’éih% so

Formila 17 T §fé§5%f’ﬁ Eﬂiﬁ%?”e%a%n‘v’iv% Ui EERE0NE RAPBRE Aretermgates

according tobNheSl&C@%%%eﬁlsle@’fmﬂSbeJhEn finsar amitiilel esorppdlndshesucm tdse

revi ew | nor gaeh@nGRRMES 4 8@ Md Q%@Qoﬁ’df’ @ocyHiafibn S heses are
carried out ﬁnder an argon at nosphere. ﬁ% Exanpl e 1wbt8ynt hesi s of

(mes)2-B--0-Al-(C2H5)2 [0037] 179 ng of a nolar solution of TEA in
hexane are affifad] r aphdiantagabusly, Wie hoskneariungatusatad gotrilds obtadfed in the

di mesi t yh§or ki Gtéie afb 6B8ie E%H fonaﬁrfg%qér&‘éﬁoﬁ%ébeg?opa%q'%?@%ve%'%ﬁem to
m xture is kept stirrj at tenperature

bei ng conpl ef 3 H9Ea “é%eaaf‘gr 1168t WIHCR naren Al dplpdiGash Mtesithe Eseaepre
2: (nmes) 2- B- Ohpdrocyanation step.

[0027] n the second hydrocyanation step, the linear unsaturated nitriles
15 are reacted with hydrogen cyanide in the presence of a catalytic system.

[0028] The dinitrile compounds formed are separated by successive
distillations after extraction of the catalytic system from the reaction medium.
Several processes for extracting the catalytic system are described, 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



20"C [0038] 175 ng of a nolar solution of DEAC in hexane are added
rapidly and with stirring to a solution of dinesitylborinic acid (66
nmg) in anhydrous toluene (1 nml). The mxture is kept stirring and at
tenperature for 30 m nutes before being conpletely used for the
hydrocyanation test. 25 Exanple 3: (nes)2,B-0-Al-Cl2 [0039] 182 ng of
a nol ar solution of EADC in hexane are added rapidly and with
stirring to asedlfot trensedondi hyeisddyshbier step. ReWvEDR MEY aldb B BKAEAL T
t ol uene the i eriz ?)@n g{e;ﬁture is kept stirring and at tenperature
for 30 m nutes before erng conpletely used for the hydrocyanation
test. 9 Exanple 4: (nes)2-B-0-2Zn-C2H5 [0040]221 ng of a 1.1 nol ar
sol uti on of 206328 I_n:[l'h@l)cﬂﬁ{ﬂ@qtéﬁﬁicﬂgélr?g ?@ﬂah%bfcé |§]ms V&ftihtesfurdcééél?a

a solutiog o si tyl borinic aci I.n_anhydrous, tol uene

T The B x(OFSTE QABE et AL amie Fnieieaned st T HeR fuce
bef ore bei ng degrgs ef ebyvarsied (D§1) tfehsanpmyanmtiodncédsh . paricuin efsthe
ydrocvanatl ofsglurstedthaRrRie! RSty the Sed AR TR ARE BHE St Syitn
the foll ow ng: Thg foll ow. nﬂ, are | oaded successi vl y, urider "anar gon
at mosphere, | #RSCRIGHSAN dyitiles pragecesk Leciigiumirsef rerles phinearidinitnies
sept um st oppeelatitehdo| thgandmbbr nal mbiesquf \diieifdss fendd. danthep eas@tcmpef
Ni if thegli ki t ra.2..9 0ol ar

equi val eﬁ?s g’fé%cgg?lgf %é@gﬁ @%ﬁn{gg ]ﬁFaﬁ?rﬁoﬁ%Sagg%sn% ii'hé pﬁr%ﬁéﬁ?%% 8{ mgl?éh
as DPPX], 1.21 aginensrigntfidN)zeblatervieiativesty b awnyelisook neies, of Smitiites
(0.5 mol, 1fereedv@ldent ESef + MGKpd) 2, - Lewis acid (see the
indications in Tables | and Il below for the nature and 20t he

anount). [0042] The nmixture i s brou ht to 70C with stirring. Acetone
cyanohydri n, [¥43HCN Hemdrvardion wil baj iesteaied nmore Intearkyaby i oaams dif uthe

et T T Pl ey oL i send e icin o
cooled to an%f@ﬁ Rﬁ’én@érrﬁ’gﬁ? an ?‘P%P@dﬁﬁﬁ?”ﬁﬁ@gniﬂ dhese Sxanpisss dlge
by gas chrométhggtensimitile is a commercially available compound.

{0D34] In these examples, the following abbreviations are used:

20
- Cod: cyclooctadiene

- 3PN: 3-pentenenitrile

- AdN: adiponiirile

- ESN: ethylsuccinonitrile
25 - MGN: methylglutaronitrile

- TTP: tri-para-tolylphosphite

TEA: triethylaluminium

DEAC: diethylaluminium chloride
EADC: ethylaluminium dichloride
TIBAQ: tetraisobutyldialuminoxane

30

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,



[ 0043] The results are given in Tables | and Il below. Table I:
Conparative Exanples 5 to 7 30 Exanple Ligand Lewis acid Lew s
acid/Ni DC (3PN) Linearity 5 UP (nmes)2BOH 1 23.6 67.7 6 DPPX ZnC 2 1
72.8 59.0 7 UP Ph2BOBPh2 0.5 14.3 73.8

10
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8
corresponding to the ratio of the number of converted moles of Y o the
number of initial moles of Y
- linearity (L): ratio of the number of moles of AdN formed to the number of
moles of dinitriles formed (sum of the moles of AdN, ESN and MGN)

[0035] - Synthesis of the cocatalyst compounds of formula |

The syntheses of the various compounds were carried out according to the
processes described in the articles published in the review Inorganic Chemistry
mentioned above. These syntheses are carried out under an argon atmosphere.

Example 1: Synthesis of (mes)o—B—0—Al—(CaH5s)2

[0037] 179 mg of a molar solution of TEA in hexane are added rapidly and
with stirring to a solution of dimesitylborinic acid (68 mg) in anhydrous toluene
(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 :
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
(1ml). The mixture is kept stirring and at temperature for 30 minutes before
being completely used for the hydrocyanation test.

Example 3: (mes);—B—0—Al—Cl»
[0039] 182 mg of a molar solution of EADC in hexane are added rapidly and
with stirring to a solution of dimesitylborinic acid (68 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.



10 Table 2: Exanples 8 to 16 Exanple Ligand Lewis acid Lewis acid/ N
DC (3PN) Linearity 8 UP TiBAO 0.5 47.9 76.8 9 TTP TIBAO 0. 25 36.7
78.7 10 TIP Ex. 1 0.5
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Example 4: (mes)s~B—0—Zn—CyHs

[0040] 221 mg of a 1.1 molar solution of ZnEt; in toluene are added rapidly
and with stirring to a solution of dimesitylborinic acid (67 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.

Examples: Hydrocyanation of 3-PN so as to give AdN

[0041] The procedure is the following:
The following are loaded successively, under an argon atmosphere, into a 60 mi
glass tube of Schott type, equipped with a septum stopper:
- the ligand [5 molar equivalents of ligand per atom of Ni if the ligand is a
monodentate such as TTP, or 2.5 molar equivalents 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)z,
- Lewis acid (see the indications in Tables | and [l beiow for the nature and
the amount),
[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
analysed by gas chromatography.

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

Table I: Comparative Examples § to 7

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
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Table 2: Examples 8 to 16

38.2 76.2 11 UP Ex. 2 0.5 34.0 73.5 12 UP Ex. 3 0.5 35.8 71.1 13 TTP
Ex. 4 0.5 51 78.2 14 DPPX Ti BAO 0.5 78.4 84.7 15 DPPX

Example | Ligand Lewis Lewis DC | Linearity
acid acid/Ni | (3PN)
8 TTP TiBAO 0.5 47.9 76.8
8 TTP TiBAO 0.25 36.7 78.7
10 TTP Ex. 1 0.5 38.2 76.2
11 TTP Ex. 2 0.5 34.0 73.5
12 TTP Ex. 3 0.5 35.8 71.1
13 TTP Ex. 4 0.5 51 78.2
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




Ti BAO 0.25 77.8 86.4 16 DPPX Ex. 4 0.5 33.3 84.1 11 Cains 51.
Process for produci ng conpounds conprising at |east one nitrite
function by hydrocyanation of an organic conpound conprising at |east
one non-conj ugat ed unsaturation, conpri SI ng from2 to 20 carbon
atoms, by reaction with hydrogen cyani del' in the presence of a

catalytlc system conprising a conple ﬁ% ckel having the oxidation
state of zero with at 10l east one orga Hﬂ sphorus |igand chosen from
t he group conpri sing organophosphites,

or ganophosphoni t es, or ganophosphi ni tes and or ganosphosphi nes and a
cocatal yst, characterized in that the cocatal yst is an organonetallic
conmpound corresponding to general formula I: (R1l)n-M-X-M-(R3)p (I)

15( Fht

di 1£fer en? Whl Pf.écseesﬁtfogjpgoﬁcéﬁ& W@ éﬁ@%s It?ilailt g%%t 02'?%{‘88'& fémct[on
radical, a su Ethyﬂm@@natlormr@iLﬁJ'sDrgaItl@@prTw@mdrmmprl&mg@tdeaﬁl O anoine
radical, or acc'ﬂﬂh@@l%ﬂ %h@ﬁiuréﬁon g/gomgﬁ ? ’Fr%nb‘? oA I, or?r?toms by

dlfferent esent a e enent respective
chosen fromt cHPBupite dwysiregen cevanide 1o nPr%ﬂetﬁ‘ﬁﬁnPUrﬁ C@Eﬁiﬂi%ﬁwsmm

gal lium indi crﬁmaﬂsingl@coh‘ipl@ﬁbﬂ@lldk@p@@ﬁn@ el SiddMlorrBthtdbft&ro w:th at
si mul t apeousl present boro | ene of  ,val ency x chosen
fromthe gr ou% 8‘§ i S48y gi'lgyagtﬁoruga %EHHP CE'PF?'& oM e 5P COmyIRg
and phosphor uerganopbosphliest egegaaqphbsplmnitesl, p oma@nphos;ﬂgaﬁeequahd

to me-1, t is,an, bQ%ﬁ&gfmf&“ﬁ‘ﬁq hoco)&a?al éoéﬂﬁaﬁgé?{%gaﬁﬁ e kst is

t he cocat al yst 'S C rou
an organometallic compound corresponding to general formula I:

(RN—M'—X—M*—R%  (I)
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', M?, 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,
tis an integer equal to x-2,
30 and characterized in that the cocatalyst is chosen from the group comprising
the following compounds or dimers, trimers or tetramers thereof:
(CoHs)o—B—0O—Al—(C2Hs)2
(C2H5)o—B—0—AI—Cl;
(iBy)z—Al—O—AI—(iB),
35 (mes),—B—O—Al—(CzHs)»

2Hs
(mes),—B—0O—Al
Cl



the foll owi ng compounds or dimers, trimers or tetramers thereof:
(C2H5) 2-B-0- Al - (C2H5) 2 (C2H5) 2-B-0- Al - C12 01302-Al - O Al - 01302
35(nmes) 2-B-0-Al - (C2H5) 2 (nes) 2-B-0-Al 12 (nes)2-B-0-Al -C12
(mes)2-B-0-Zn-C2H5 (C2H5) 2-Al ---0-Al - ( CH5)2 in which: 5iBu
represents the isobutyl radical, mes repiesents the mesityl

(2,4,6-trinethyl phenyl) group. 2. Progess agcording to Claiml,
characterized in that M repres(g?ﬁ%-?_%la Tnf)n_r‘gﬁTQ?Z zinc, and ML

rﬁpresent S bgron OL al um ni um(rﬁé)a)g._?-pm;ezﬁ_{gc—grdi ng to Claima1,

characterized in that M2 repr, ts i nj,u r,zinc, ML represents

boron or alumnium and X reéﬁgggﬁt—ﬁ& Egl._r?l(g%ﬁs Process according

to dains 1 t'm‘BhiChharfacterized in that the radicals Rl and R3

represegt an g Ky r%%tg%e%ggﬂ?rp%d}galfrom 1 to 6 carbon atons, a
pheny

substituted or unsubstitute [ radi cal, or a hal ogen atom 20 5.
Process accor Biasgepessnés e mpeidd (Sdf-tmethyphenyd 18s0Wst eri zed in

that the catalytic systemconprises a nolar ratio of cocatal yst

relative tq the noles of Ni of bhetween 0.1 apd. 1Q. . ., Process
accordi ng %o I?)W&eéﬁ BREOTHING: &8 n(galfﬂ ji’ nﬁbar@ﬁ%"éﬁgeﬂﬁ z&?ti M%t Hgprasests
250r ganophos pdlamisiuti @azidc,i sncchib seprefsents bdren @i alumietumy i si ng

nonodent at e and bi dent at e or ganophosphor us conpounds. 7. Process

according to one of the preceding clains, characterized in that the
or gani ¢ codpoRiedess oabeordingy eot ddlaino 1di ohanactesized mrouthés  MPe represents

30pent eneni trji - 1 r di Qs alL my A
chgr acteri zedéllhﬁmﬁﬁgfer@éo@pgﬁﬁggﬁﬁ’prﬁ?@ngi’ g@#@%ﬁ" %ﬁ% %ir?Pﬁseents
function is dtHYS6Aitrile.

15 4. Process according to Claims 1 to 3, characterized in that the radicals R’
and R?® represent an alkyl radical containing from 1 to 6 carbon atoms, a
substituted or unsubstituted phenyl radical, or a halogen atom.

20 5. Process according to one of these Claims 1 to 4, characterized in that the
catalytic system comprises a molar ratio of cocatalyst relative to the moles
of Ni of between 0.1 and 10.

6. Process according to one of the preceding claims, characterized in that the
25 organophosphorus ligand is chosen from the group comprising
monodentate and bidentate organophosphorus compounds.

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

8. Process according to Claim 7, characterized in that the compound
comprising at least one nitrile function is adiponitrile.



