; WKYZe3et ~*6" Ty *159159* WD 03/ 024919 1 PCT/ FR02/ 03166 METHOD fmFUC
NITRILE COVPOUNDS The present invention relates to the nﬁ””ﬂﬁ@%ﬂ“ﬁ
nitrile conmpounds fromunsaturated 5 organic conpounds b

hydrogen cyanide. It relates nore particularly to the manuf aetsusde of

nitrile compenes@i2493® i n the synthesis of adi ponitripbe/rFRE2iOBREEANt
chem cal |nterned|ate in the manufacture of nmajor chem cal 10 conpounds,

such as hexanet hyl enedigde @ doopEENE©! veteie ThempESipg Wwo conpounds are
used in particular in € manu ure of polynmers, such as pol yam des, and
nore particularly pol yam de-6 and pol yam de-6,6, or other polyners, such as
15 pol yuret hanes. Several processes for the manufacture of nitrile
conpounds have been praqyided. Among these, the .direct h rocyanatlon of an
ol efin or polyolefin, gﬁ’@npfs e;ﬂ%r% SR £ AR di% )4: © by reaction with
20 hydrogen cyanide is an |ndustr|ally developed rocess which forms the
subj ect of nEFEVERS Peicels ot S iCCRABITES FHHR roaddy i sts,
basically, in carrying out the addition, in a first stage, of one nolecule
of 2 HAN t@@f@%tqmp@ﬂr@mrbsetnﬁ%tﬁm widhp hatfleg & QueEder-at ed
nitrile compound. In fact, this stage |leads to the production of numerous

i soners of unsaturated:rﬁtﬂéﬂ&ﬁES'murauﬁﬁﬂﬁiuukﬂrkyfuﬂtﬂna' nmol ecul e of HCN

manufacture of nitrile compounds of use in the
synthesis of adiponitrile, an important chemical
intermediate in the manufacture of major chemical

10 compounds, such as hexamethylenediamine and

g-caprolactam. The last two compounds are used in
particular in the manufacture of polymers, such as
polyamides, and more particularly polyamide-6 and
polyamide-6,6, or other polymers, such as

15 polyurethanes.

Several processes for the manufacture of
nitrile compounds have been provided. Among these, the
direct hydrocyanation of an olefin or polyolefin, such
as, for example, 1,3-butadiene, by reaction with

20 hydrogen cyanide is an industrially developed process
which forms the subject of numerous patents or
publications.

This process consists, basically, in carrying

out the addition, in a first stage, of one molecule of

IR

*G00002*




5 results, in a followng stage, in a polynitrile, for exanple in a
dinitrile, such as adiponitrile when the starting olefin is 1, 3-butadi ene.
To avoid and limt the production of byproducts not having significant use
" properties, the 10 process conprises, after the first hydrocyanati on stage,
a stage known as the "isonerization stagf", whi ch consists in converting
nost of the branched nitrile isomers to finear nitrile isoners, such as, in

the case of trey irpey anatyehif Bbadieiord,0 5 gyshdde an

4-pentenenitriles. These reactlons are generally carried out in the liquid
phase in the pr gﬁgng tal y, lﬁﬁ&f’ alyph fd ndigkel
present in the Torm a corrp lzéx évé“% an o?g“aﬁ’?é@‘lt. gan%er?%l S reaction can
beZOCarrle%ﬁ c&#@ ne%wrmduj thecauﬂy%n% n s%umeln

t he hydrocya %He e i TS i YHE o1 €17 n HE W Triles or
inathird solvent. It can also be carrled out wth a nedlun1exh|b|t|ng

several |i quifdltm'ﬂalsﬁa?s-, Fhee addidien Yeihd Wothed 93P 3E S RE HCN he phases,
nore specifically in the phase 3 fornmed by a polar third sol vent,

gener al | y Watmesulid chiphmstol ovifing i teagd r o teharo ¥ wrieol kg, tfer ol efin and
the nitriles, at |east at anmbient tenperature. The |l atter enbodi nent makes
it possible texample easid Wdinextilbet sunch raes ovdipdinet chlalwisdn arfte t hus to
obtain nitrite conpounds conprising fewer inpurities contributed by the

cat al yst. These catmd Yd1&f Sy stens, haver depsngli scl osed in numerous patents

and several classes of |igands have
To avoid and limit the production of
byproducts not having significant use properties, the
10 process comprises, after the first hydrocyanation
stage, a stage known as the “isomerization stage”,
which consists in converting most of the branched
nitrile isomers to linear nitrile isomers, such as, in
the case of the hydrocyanation of butadiene, to 3- and
15 4-pentenenitriles.
These reactions are generally carried out in
the liquid phase in the presence of a catalyst based on
a metal, generally nickel, present in the form of a
complex with an organic ligand. This reaction can be
20 carried out in a homogeneous medium, the catalyst being
soluble in the hydrocyanation medium, in particular in
the olefin or the nitriles or in a third solvent. It
can also be carried out with a medium exhibiting

several liquid phases, the catalyst being soluble in

25 one of the phases, more specifically in the phase



10 been studied. The |ligands are generally organophosphorus conpounds, such
as phosphat es, phosphinites, phosphonites or phosphi nes. They can be
nonodent ate or polydentate. In the case of processes in a two-phase nedi um
" these organophosphorus |igands 15 advantageously conpri se one or nore
i oni zabl e groups, such as sul phonate, phosphonate, carboxylate or ammoni um
groups, for exanple, to render themsoluble in the polar phase. Mention may

be made, as Ei‘"g'ﬁ:’ﬂgc? d R%120 dirsGlosiyg K b 106eSaf%r Ofyriadent US 3
496 217, whic dlscfﬁiesqﬁke synthesi s of adi onitriléﬁby ré%cf%dh of

hydr ogen Cyanihdae emJ{shh cgl"%tt?idr{cecneff-cﬂn t‘é}leatprfosr?rpecqe b%o‘%lpﬁig%%fy% zﬂﬁfEd on

ni ckel conplé&e gand,” such as triary IS reaction is
25 carried out with catalysis in si.ngl e- phase nedi u 4 Wth regard to
French Pat ent*§ P S5Rt ilteaaﬁacs@td%%lﬁba{%efaenﬁﬁeorc&%ref’or %e synthesis
of adiponitrile by hydrocyanati on of butadiene. The reaction is carried out
in a two- phaseiieuihRadinaRt Makes ddt AEILG P VLM ¥%n aqueous
phase. This process nakes it possible to recover the adiponitrile, devoid

of catalysi antrawmr efrot ecaxfovmst dihe igattdly s gard ctlptased e igat al yst
disclosed is also a catal yst based on a netal, such as nickel, in 10

conbi nati on wiitridd i@gansbuidd heonphwispimgef dwepe. indoweMeies this | i gand
conprises sul phonate radicals, making it possible to render the catalyst

fﬁluble or disparsidiecd hyatied .cfugtypgrnore, it is also known to conbine
e
These catalytic systems have been disclosed
in numerous patents and several classes of ligands have
10 been studied. The ligands are generally
organophosphorus compounds, such as phosphites,
phosphinites, phosphonites or phosphines. They can be
monodentate or polydentate. In the case of processes in
a two-phase medium, these organophosphorus ligands
15 advantageously comprise one or more ionizable groups,
such as sulphonate, phosphonate, carboxylate or
ammonium groups, for example, to render them soluble in
the polar phase.
Mention may be made, as example of the
20 disclosure of these processes, of Patent US 3 496 217,
which discloses the synthesis of adiponitrile by
reaction of hydrogen cyanide with butadiene in the
presence of a catalyst based on nickel complexed with a

ligand, such as triaryl phosphite. This reaction is

25 carried out with catalysis in a single-phase medium.



15 ni ckel -based catal yst with pronoters, such as Lewi s acids, such as, for
exanpl e, zinc chloride or triphenyl borane, for the hydrocyanation of an
unsaturated nitrile conpound. Research is continually being undertaken to
" 20 inprove the performance of the synthesis of nitriles by hydrocyanati on,
ei ther by devel opi ng novel catalytic systens or by nodifying the reaction
condi tions and conpositions of the hydrotyanation nedium Anong the nost

recent patents pubIish@qth2§e%§&@nkoU$r@nE@9p%%%nﬁiN@Loges3@hQ5@$e of novel
| i gands 5 of netal |l ocene-phdsphorus type. Likew se, Patent US 5 773 637

e P M 3T s PR B R A Lo, e e oG toyritlepianalee compounds.

One of the ainms of thé present vention is rovi de a novel process
for the manuf agcture of, ni%%j%§§ by hydr.ac angtio %{ ol.gfin by reaction
wi th hydr ogeROdyPomidd Wi E‘e‘?ﬁyﬁﬁ&& HoE ERaSs %'hiT‘g%ﬁ yiel ds of and
hi gh selectivities for linear nitrites and an inproved stabiljty of the
catal yti c 10 repstd@n 16 OFE i@ outhe rﬂ/é?ﬁﬂ‘(?r?aﬁreo\;i%da“ﬁddi%%s for the
manuf acture of organi c conpounds conprising at |east one nitrite functional
group by car rofiengaduatl vas thydriowgy arstsent ridadn UUsSUbe M afrdr dder cyani de
and an 15 organi c conmpound conprising at |east one ethylenic unsaturation.
The latter cemaeys Wdkeddtr efcarsidd & g0 frercayresattdre sidipardittyile,n the
present invention as an olefin or polyolefin, when it conprises several
et hyl eni ¢ unsadydiaf i ScatdoWRMerand Rirfedeidie defidtal, in the
organic phase. The catalyst disclosed is also a
catalyst based on a metal, such as nickel, in
10 combination with a ligand of the phosphine type.
However, this ligand comprises sulphonate radicals,
making it possible to render the catalyst soluble or
dispersible in water.
Furthermore, it is also known to combine the
15 nickel-based catalyst with promoters, such as Lewis
acids, such as, for example, zinc chloride or
triphenylborane, for the hydrocyanation of an
unsaturated nitrile compound.
Research is continually being undertaken to
20 improve the performance of the synthesis of nitriles by
hydrocyanation, either by developing novel catalytic
systems or by modifying the reaction conditions and
compositions of the hydrocyanation medium.

Among the most recent patents published,

25 Patent US 6 169 198 discloses the use of novel ligands



20 shoul d not be interpreted as limting the organic conpounds suitable for
the invention to hydrocarbons but it also relates to organi c conpounds
conprising at |east one ethylenic unsaturation and which can conprise atons
" other than carbon and hydrogen or m xtures of 25 hydrocarbons, such as the
m xt ur e obt ai ned by 6 distillation of ©il known in the hydrocarbons field
as the ¢4 cut. This cut is advantageously treated to renpbve or convert
inpurities, sfichegsltConpaurghosphprisi hgpan ag¢ReylericPansaturation, for
exanpl e by hydrogenation, 5 as disclosed in Patent US No. 6 197 992. A

conpound wi | jsbe regardedqascaBsesl ehienusw,t Bsnikhesmaanngoef the present
i nvention which conprises an unsaturation and a nitrile functional group,

such as, forEgﬁﬁ&ﬁ#ﬁogggg%ggﬁgpgﬁag dBhbbihgsconpounds obt ai ned by the 10

reacti on of ccording to one characteristic of the
invention, the reaction is carried.out in ﬁhe r nce _of a.catalytic
system conprising a nepgﬁ S?eﬁéﬁta&WSSSS F Snpgﬁgngoﬁﬁvgggéggt?ﬁg of
ni ckel , platinumand 15 pal |l adi um and an or% nophosphorus |igand, the
reaction medt@nPER¥iLERoRaPPYeLoRpPFESRg AR L8R BANVEGCE YRR OF is in the
liquid state at |east at the tenperature at which the hydrocyanation
reaction is vatriégsoby. hydrgcvensetienbedi ranclefha bynireactaend and 20 the
conpound to be hydrocyanated are conpletely mscible, at |east at the
reaction tenpétat twerofee hydnddgamatiichnmed&ast iionpiossdhilei ¢éd obtain a
honpbgeneous or singl e-phase nmedium In a second ermbodinent, the ionic
liquid and high yields of and high selectivities for linear
nitriles and an improved stability of the catalytic
10 system.
To this end, the invention provides a process
for the manufacture of organic compounds comprising at
least one nitrile functional group by carrying out a
hydrocyanation reaction between hydrogen cyanide and an
15 organic compound comprising at least one ethylenic
unsaturation. The latter compound will be referred to,
for greater simplicity, in the present invention as an
olefin or polyolefin, when it comprises several
ethylenic unsaturations. However, this term “olefin”
20 should not be interpreted as limiting the organic
compounds suitable for the invention to hydrocarbons
but it also relates to organic compounds comprising at
least one ethylenic unsaturation and which can comprise

atoms other than carbon and hydrogen or mixtures of

25 hydrocarbons, such as the mixture obtained by




25 the conpound to be hydrocyanated are imm scible or are only partially
m scible at the reaction tenperature. The reaction is carried out in a
nonhonogeneous or two-phase nmedium In this enbodinent, the catalytic
" systemis advantageously soluble in the ionic liquid. 5 In both these

enbodi nents, it is possible to add a solyent of |ow polarity. This sol vent
of low polarity can be added fromthe beéinning of the reaction but can

al so be used DYvi 1afdtarornt her eidl adndvhie readtd AydridbHMstats thiusid aagpronot e
the separation of 10 the hydrocyanated products and of the ionic liquid, in

particul ar inprder Lo ng gsp%%' blse P%n‘%’é RGN 2k althe ¢al ée)%kf%

system This IS because t he sol vent 0 ol arl y has he ro
rendering the ionic liquid |n qub é) conpose d .of. the said

sol vent, 15 tHe CLﬂ&:O erltng’dlo efT anlﬁ: he nlqn}pcf%n o@omLPnrdISSfobq med.

What ever the enbodi nent, it is referable for the catal ytic s sten1to be at
| east parti al3SETIEI It dM§RY M e 195t é’@é%‘if%q iRy
ﬁlSCIbI|It% 20 can be obtai ned by t he presence of at |east one ionizable

e

group in the amldaslostd tie tRmoghohoruisl 11 gddv. MegRmRRUTAY be made,
as ionizable groups, of groups of anionic type, such as sul phonate,

sul phi nate, phidslphsnatesyaphess @Es reat €0 loaf ok w it lel rort s A miate, 0o Or 25 of
cationic type, such as guanidi nium amoni um 8 pyridinium imdazolium
phosphoni um aihe Wit wMndért fxangi fch Thenprides andaidder medtien of t hese
ionic groups are preferably chosen in order to render the |ligand soluble in

5 pguioo?ioc LT G2 11 G2 D e oh ANVAU AP f Budheadat #6 £ Ofarbhfife | ONi zabl e
the unsaturated nitrile compounds obtained by the
10 reaction of HCN with a polyolefin.

According to one characteristic of the
invention, the reaction is carried out in the presence
of a catalytic system comprising a metal element chosen
from the group consisting of nickel, platinum and

15 palladium and an organophosphorus ligand, the reaction
medium additionally comprising an ionic liquid which is
in the liquid state at least at the temperature at
which the hydrocyanation reaction is carried out.

In a first embodiment, the ionic liquid and

20 the compound to be hydrocyanated are completely
miscible, at least at the reaction temperature. The
hydrocyanation reaction is carried out in a homogeneous
or single-phase medium.

In a second embodiment, the ionic liquid and

25 the compound to be hydrocyanated are immiscible or are



be identical to that of the anion or of the cation associated with the
ionic liquid. The catalytic systens suitable for the invention are those
whi ch preferably conprise the 10 el enment nickel in the zero oxidation state
" or a conplex with organophosphorus |igands which can conprise several
i oni zabl e groups described above or nore generally conpounds conpri Ssing
phosphorus capabl e of giving a coor di nat{ on conpound with transition netals

15 and nore panti galranlay ivheizkayarentd anred realdlivn & diledlatuden particul ar
wi th nickel. Thése compounds can be nono-, bi- or polydentate and can

exhibit a hydrapholid ;h MBI RAL Uif o HiERRAERAINGS djave been
20 hydrocya

di scl osed i n nunmeérous patents relating to the nati on of

but adi ene an belg%% to sgever al sses
Ja

cl i hel udi.ng J rti gr the
or ganophosphit&s P F¥5hdh ttg‘ > (?,rmé)é’ndgﬁégcﬁhierﬂ% %%téanl Y

or ganophosphi nes. Such catalytic systens and their preparation 25 processes
are di scl osed@YStEN déasiV@ntiagaasich o 1n §'}‘?p§ﬁ12‘5§,1q211 ‘0 909, 2
711 987, 2 739 378 and 2 778 915. Mention may be nmade, as exanpl es of
organi ¢ pHosphorus congauids hwttihes earasmbag imestes f ort tife PSSR iteh, of
al kyl phosphi nes, aryl phosphi nes, al kyl aryl phosphi nes, al kyl phosphat es,
aryl phosphatsgi] aaldoilvaeemt qthdsphatedss ridd ky | Tihics i Inidras ,ofariydwphosphi ni t es,
al kyl aryl phosphi ni tes, al kyl phosphonites, aryl phosphonites or 10
al kyl aryl phogfhoiiittes ,cdheorgaiid fmiretdhedfbedlirating of the
reaction but can also be used only after the end of the
reaction, in order thus to promote the separation of
10 the hydrocyanated products and of the ionic liquid, in
particular in order to make possible the extraction of
the catalytic system. This is because the solvent of
low polarity has the role of rendering the ionic liquid
insoluble in the phase composed of the said solvent,
15 the unconverted olefin and the nitrile compounds
formed.
Whatever the embodiment, it is preferable for
the catalytic system to be at least partially miscible
in the ionic liquid. Advantageously, this miscibility
20 can be obtained by the presence of at least one
ionizable group in the molecule of the organophosphorus
ligand. Mention may be made, as ionizable groups, of
groups of anionic type, such as sulphonate, sulphinate,

phosphonate, phosphinate, carboxylate or sulphinate, or

25 of cationic type, such as guanidinium, ammonium,



conprises up to 36 carbon atons and which are preferably substituted by one
or nore ionic groups described above. Mention nay be nmade, as exanpl es of
15 conpounds, of tributyl phosphine, dinmethyl (n-octyl) phosphine,
" tricycl ohexyl phosphi ne, triphenyl phosphi ne, tolyl phosphine,
tris(p-met hoxyphenyl ) phosphi ne, di phenyl et hyl phosphi ne,
di met hyl phenyl phosphi ne, 1, 4-bi s(di phenyl phosphi no) but ane, tri ethyl

phosphate or pg&lemlh@lwl iphesphatiem,t Rt osphdng AP N &S 1pheingial! ¥or
conprising at | east one ionic group descri bed above. Mention nay be nmade,

as exanpl es %ésﬁg%%)cqgg? of, Q%%nhkﬁlQ%E%&IQQQéQﬁHQ@HRﬁOHEta

sul phonate ( |ocar oxyfuryl i phenyl 25 phosphine or

(3- sodlosulphlnatophen hosphln scl sed in the
abovenent i onéd Hgﬁeﬁfgy e&?@él §P ﬁ Be SFg%gf§§ be |?%

i ntroduction _into the nedlun1or n situ. 5 Far thls s preferably nmade
of the conpoddd@ensF SRS &Instlh@rﬁoﬁ’glct He Al yx 2&‘?& such as

ni ckel, which are added to a nediumin which the organophosphorus ligand is
al so sol ubfl e adSaeHagesnd farcAheh@athgs o ¢he dondzatie @roapyttic system
10 thus forned is added to the hydrocyanati on nedium The preferred
conpounds amig itdes tdlwee roenttiharie @ fc drineo BMderace tdfoddeofcatiickel . Menti on
may be made, as nonlimting exanples, of: - the compounds in which the
ni ckel is inddwchiateRy aidh dMd dorsitatld,quinh as pot assi um tetracyano
The catalytic systems suitable for the
invention are those which preferably comprise the
10 element nickel in the zero oxidation state or a complex
with organophosphorus ligands which can comprise
several ionizable groups described above or more
generally compounds comprising phosphorus capable of
giving a coordination compound with transition metals
15 and more particularly the abovementioned catalytic
metals, in particular with nickel. These compounds can
be mono-, bi- or polydentate and can exhibit a
hydrophobic or hydrophilic nature. These compounds have
been disclosed in numerous patents relating to the
20 hydrocyanation of butadiene and belong to several
classes, including in particular the organophosphites,
organophosphonites, organophosphinites and
organophosphines.

Such catalytic systems and their preparation

25 processes are disclosed, for example, in French Patents



ni ckel ate K4[Ni (CN) 4], bis(acrylonitrile)nickel (0),
bi s(1, 5-cycl ooct adi ene) zni ckel and derivatives conprising |igands from
~ Group Va, such as tetrakis(triphenyl phosphi ne)nickel (0); 20 - the nickel
conmpounds in which the nickel is in an oxidation state greater than zero,
such as the carboxylates (in particular the acetate), carbonate,

bi carbonate, borate, brom de, chloride, Citrate, thiocyanate, cyanide,
formate, hydroxizie,o2b hydraphesphis e71 phesphat er3phosphate and
derivati ves, 11 iodide, nitrate, sul phate, sulphite, aryl- and

al kyl sul phonat es;g ad{y| or acetylacetonate. It is not necessary for the
ni ckel conpound to be itself soluble in the preparation nmedium such a:~ 5

the ionic liquid. This s because it is sufficient the compl.ex to be
soluble, that is to sa;fhefrbtrlcf%énacﬁ sbseolnbaf(?edn %t ?’haemgn]?e(rﬁeqf o nglrzirklee(pl ace
during the addition of the ligand to the ionic |iquid, Wen the nickel
compound usedRITREPHH FEORRPURE S G AT s St AR DL ckel greater
than 0, a reducing agent for nickel which preferably reacts with the latter
under the %ealtver iwndiaf onskykpheritines + L ylesningesl um This
reduci ng agent can be organic: or inorganic or hydrogen. Mention may be

made, as 15 rerityityIghexanpies, afkyhn provelstd tesmgnesy UphdBi tdaBH4 and
bor ohydri des preferably soluble in water. This reducing agent is added in
an amount sucdl kyedriheonesmdierted, oxdalprosdgiethiciéon equi val ents s
between 1 and 10. However, values of less than 1 and 20 greater than 10 are
not excluded.;ryiphosphinites, alkylarylphosphinites,
alkylphosphonites, arylphosphonites or
10 alkylarylphosphonites, the organic moiety of which
comprises up to 36 carbon atoms and which are
preferably substituted by one or more ionic groups
described above.
Mention may be made, as examples of
15 compounds, of tributylphosphine, dimethyl (n-octyl)-
phosphine, tricyclohexylphosphine, triphenylphosphine,
tolylphosphine, tris(p-methoxyphenyl)phosphine,
diphenylethylphosphine, dimethylphenylphosphine,
1,4-bis(diphenylphosphino)butane, triethyl phosphite or
20 diphenyl phosphite, the said compounds preferably
comprising at least one ionic group described above.
Mention may be made, as examples of such
compounds, of sodium triphenylphosphinemoncmeta-

sulphonate (TPPMSNa), 2-(5-sodiocarboxyfuryl)diphenyl-

25 phosphine or (3-sodiosulphinatophenyl)diphenyl-



When t he nickel conpound used corresponds to the O oxidation state of

ni ckel , a reduci ng agent of the type of those nentioned above can al so be
~added but this addition is not essential. 25 The sane reducing agents are
sui tabl e when an 12 iron conmpound is used. In the case of palladium the
reduci ng agents can, in addition, be conponents of the reaction nmedi um
(phosphi ne, solvent, olefin). 5 Accordi to the invention, the reaction
medi um conpr i giideonic liquid. This ionic liquid is an ionic conpound,
the cation of which is of oniumtype having at | east one heteroatom such

as N, Por S, carryi ng Adhe P -istcjlvcpsﬁairrgecm Eelolel] di¥haM th a 5 10 or

6- menbered aromatic ring, and an anion. Such conpounds are descri bed, for
exanple, in the article by Yves gp uvi n.a Hel en i vi er.-Bour bi gou,
entitled " I\Ior?aagcueenotuss’ itglnei cc‘%agw % s(’jlcaasn ?) eeatr:hct‘]eéjnarseo ng% A st'e; lpﬂj’snl ished in
Chent ech, 15 12, 1995’1?' 66, the paper by T. Welton published in Chem
Rev., 1999, p-NPPAUCIGHOMLATR hes NG o ¢t ¥-W71 854. According to a
preferred characteristic of the invention, the ionic liquid conprises at
| east one 20 cation chds¥h Frigin ture grouprefoazty depds atheth® ruct ures
tetraal kyl ammoni um  N-al kyl i m dazol i um N-al kyl pyri di ni um
N al kyl pi col icuompnuridtaalddfy | tthre awet & Jusm £ d\enal riqy | fHeicradp/dnaziot ialmment,
N-pyrrolidinium alkylsul phonium tetraal kyl phosphoni um 25 and
al kyl oxoni umsuch as nickel, which are added to a medium in which
the organophosphorus ligand is also soluble. Such a
medium can be the ionic liquid. The catalytic system
10 thus formed is added to the hydrocyanation medium.
The preferred compounds among the
abovementioned compounds are those of nickel. Mention
may be made, as nonlimiting examples, of:
- the compounds in which the nickel is in the
15 =zero oxidation state, such as potassium tetracyano-
nickelate K4[Ni(CN),], bis(acrylonitrile)nickel(0),
bis (1, 5-cyclooctadiene)nickel and derivatives
comprising ligands from Group Va, such as
tetrakis (triphenylphosphine)nickel (0);
20 - the nickel compounds in which the nickel is
in an oxidation state greater than zero, such as the
carboxylates (in particular the acetate), carbonate,
bicarbonate, borate, bromide, chloride, citrate,

thiocyanate, cyanide, formate, hydroxide,

25 hydrophosphite, phosphite, phosphate and derivatives,



13 Mention may be nade, as exanples of preferred cations of the invention,
of al kylim dazoliunms, such as 1, 3-dinethylimdazolium 1-butyl-2,3-dinethyl
i mdazolium 1-butyl-3-nethylimdazoliumor 5 1,2,3-trimethylimdazolium
~ Mention nmay be made, as preferred anions of the invention, of an anion
chosen from halides, nitrate, phosphate, _hydrosul phate, perfl uoroal kyl
sul phonat es, bi s(perfl uoroal kyl sul phonyl*y-am des, 10

bi s(f1 uorosuliphamd,) et sfilgiephespitite,ad[de, - and

tris(perfluoroal kyl sul phonyl) net hi des, boron, alum nium galliumor iron

tetrahal i des,alg%;sg{}%rhg)?haﬁszggﬁ@n%]rargg Vs dU ddes, zinc and tin

trihalides, or e preférred anions of the invention
are Br-, 1-, BF9-, PF6-, ShF6-, Al1Cl4-, 7znQ 3-, .SnC.3- and (CE3S02) ZN-.
The ionic liquid, to besditdli% r\‘eaﬁes[g‘r?erypgoocres eofmt%eeaji /e ?Wnd,z nust be
inthe liquid state 20 at | east at, the tenperature at which the
hydr ocyanat i ¢iP Radiissi§ STdilied bdile BARARLIFhiRed i Wi dGhidth are
found in the liquid state at a tenperature of |ess than 100C are preferred
as they neke ghessidilie Petquid .s deirsativhegabssxtitactd avifiqinntediat yst from
the 25 reaction nmediumin the case of a two-phase system 14 In addition,
dependi ng on titee compadidresd of ddienbeenthiam i(sitglssy dfot whrphase systen),
the ionic liquid which becomes miscible or at least partially mscible in
the reaction yiRdidiMoOdy &t dhe dieimer aldiitake place during the
addition of the ligand to the ionic liquid.
When the nickel compound used corresponds to
10 an oxidation state of the nickel greater than 0, a
reducing agent for nickel which preferably reacts with
the latter under the reaction conditions is added to
the reaction medium. This reducing agent can be organic
or inorganic or hydrogen. Mention may be made, as
15 nonlimiting examples, of Zn powder, magnesium, KBH,,
NaBH; and borohydrides preferably soluble in water.
This reducing agent is added in an amount
such that the number of oxidation/reduction equivalents
is between 1 and 10. However, values of less than 1 and
20 greater than 10 are not excluded.
When the nickel compound used corresponds to
the 0 oxidation state of nickel, a reducing agent of
the type of those mentioned above can also be added but

this addition is not essential.

25 The same reducing agents are suitable when an



5 at which the hydrocyanation reaction is carried out, or in the vicinity
of the latter, is entirely conpatible for the inplenentation of the
invention. In the enbodinment in a two-phase nmedium the immscibility of
“the ionic liquid, at least at low 10 tenperature, is preferably obtai ned by
addition to the reaction nedium of a solvent of |ow polarity. This sol vent
di ssol ves the olefins to be hydrocyanaté& and the nitriles produced and

renders the i;Q0i€ ddfddhd nsolydd g in the olefins and nitriles produced.
Mention 15 néy 6% nggg{ as solveﬁf of low polarity, of saturated

hydr ocar bons, such as xane, heptane, t or .tol .Qr. et her,s, such
as diethyl ether, dii sgpe?r g%‘ﬁ e orpaorrlgtaﬁ%%n}’s%luet fe%gjt%lerg ths
conditions for carrying out the 20 hydrocyanation reaction are descri bed
bel ow, by wayad¥ del.tlﬂ{hsi’e[ FOTRRIFRE Do i |re@&$ﬁihd“%$”é‘brrpound
of another transition netal used is chosen in order to obtain a

concent r at i onl P SR I ofsAlvaidisn it et al per ol e of organic conpounds
to be hydrocyanat ed 15 or isonerized of between 10-4 and 1 and preferably
bet ween 0.905 and 0.5 rolcaxfdimickel tre dfnudre igirherthte aresidtiom net al

enpl oyed. The anpbunt of ligand used to formthe 5 catalyst is chosen so

that the nunbeddiaim reungsridfed Rrs icmpouNnciwid h Treispeidni® idmid aofs
transition nmetal is between 0.5 and 50 and preferably between 2 and 10. The

DLESSIPTB! SR SRR bl S i e
having at least one heterocatom, such as N, P or S,
carrying the positive charge in conjunction with a 5-

10 or 6-membered aromatic ring, and an anion.
Such compounds are described, for example, in
the article by Yves Chauvin and
Héléne Olivier-Bourbigou, entitled “Nonaqueous ionic
liquids as reaction solvents”, published in Chemtech,
15 12, 1995, p. 66, the paper by T. Welton published in
Chem. Rev., 1999, p. 2071, or patents, such as Patent
EP 971 854.
According to a preferred characteristic of
the invention, the ionic liquid comprises at least one
20 cation chosen from the group consisting of the
structures tetraalkylammonium, N-alkylimidazolium,
N-alkylpyridinium, N-alkylpicolinium,
N-alkyltriazolium, N-alkylfluoropyrazolium,

N-pyrrolidinium, alkylsulphonium, tetraalkylphosphonium

25 and alkyloxonium.



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
particul ar sodi um cyani de, or 15 cyanohydrins, such as acetone cyanohydrin,
" or by any other known synthetic process. The hydrogen cyanide is introduced
into the reactor in the gaseous formor in the liquid form It can also be
di ssol ved beforehand in an organic solvém. 20 In the context of a

bat chwi se i npl enent ati Qfland {od Snd P B aRddEE POSSINS1dS ShagHerd Orén
reactor, purged beforehand using an inert gas (such as nitrogen or argon),

either a soluti.on co .51 00, r POfti [ OUS tituents,
the transiti o%atZ]SO%'?(g# @%%@%‘}9%%‘2' p%fss%%ﬂéﬂ%%%gng{%ﬁ%’nt%?%déé 16
solvents, or the said constjtuents separately. nerally,.the reactor is

t hen brought %cﬁT@kﬂ?ﬁR%i;W%éﬁﬁﬁﬁ%HTwei%ﬁﬁFY?&gfﬁ?é;%%ﬁ%%hﬁd to be
hydrocyanated is introduced. The hydrogen cyanide is then itself 5

i ntroduced, pirefdzzdliuronttweyst @ﬁéh!#%@&@@?@ﬂ%@mV%%n the reaction is
conplete, the reaction mxture is withdrawn after cooling and the reaction
products abe 1s2)atediméonykimhpizobjuseparati on of the phase conprising
the catalytic systemand of the phase 10 fornmed by the solvent of |ow or no

pol arity, the hydrocyanaéeei@n odagtise analdé hose phé £&r hadt eanddnbeeh
converted, in the case of a two-phase system The products fromthe latter

phase can be sgpajgtesdeibQl &xagP! Snbyndinbithation nnidbe, case of a
si ngl e- phase 15 system ot her separation neans can be enpl oyed, such as,
for exanple, gié%é%é?t$98585a£é9uﬁ9é£&9&ighate, perfluoroalkyl-
sulphonates, bis(perfluorocalkylsulphonyl)amides,
10 bis(fluorosulphonyl)amide, bis(fluorophosphoryl)amide,
tris(perfluoroalkylsulphonyl)methides, boron,
aluminium, gallium or iron tetrahalides, phosphorus,
arsenic.and antimony hexahalides, zinc and tin
trihalides, or copper dihalides.
15 The preferred anions of the invention are Br,
I, BF,, PFs, SbF¢, AlCl,", ZnCli , SnClz and
(CF3S0,) 2N™.
The ionic liquid, to be suitable for the
process of the invention, must be in the liquid state
20 at least at the temperature at which the hydrocyanation
reaction is carried out. However, ionic liquids which
are found in the liquid state at a temperature of less
than 100°C are preferred as they make possible better

separation and extraction of the catalyst from the

25 reaction medium in the case of a two-phase system.



extraction. In the case where the product to be hydrocyanated is an
unsat urated conpound conprising a 20 nitrile functional group, it is
advant ageous to use, with the catalytic system a cocatalyst conprising at
" least one Lewis acid. This reaction consists in particular in converting
aliphatic nitriles conprising ethylenic 25 unsaturation, in particular
| i near pentenenitriles, 17 such as 3-ﬂéntenenitrile, 4-pentenenitrile and

their m xtures, obtaing?bgﬁkﬁxgkgﬁy drii i Jtadl e odihddidide i1 es,

nore specifically to adiponitrile. Thése pentenenitriles can conprise
amounts, 5 generall 1.nQr nunt s, %) 1€ cmmoq% sugh as._.
2- et hyl - 3- bﬁztr}leenelrﬂ‘%/err}nglleo,c%1 Zé'%qr}yel . uttq{ag]n nr}atsrel Is’é%é ?np}én'lt{gir?enllotnrlici e,
val eronitrile,, adiponitrile, 2-methyl I%Paronitrile, 2-et hyl succinonitrile
or but adi ene,Ligigt Mgl BsEmah&is & Scdton §6It BFF drocyanati on
of butadi ene and/or fromthe isonerization of 2-nmethyl-3-butenenitrile to
pent eneni tri IdssCifHe igwihaadiapafsiaan aedidimtys athdihes fampeeiwi®e in
particular, in the case of the 15 hydrocyanation of aliphatic nitriles
conpri si ng etdty lwdnich wisathydtdamnato amprenat itdre 1s neariied gfutt,heor
dinitriles obtained, that is to say the percentage of linear dinitriles
with respect i il wiheimity tof s florumsk, and/@rtielnageqse idle activity
and the 20 lifetime of the catalyst. The term"Lewis acid" is understood to
mean, for the implementation of the invention.
In the embodiment in a two-phase medium, the
immiscibility of the ionic liquid, at least at low
10 temperature, is preferably obtained by addition to the
reaction medium of a solvent of low polarity. This
solvent dissolves the olefins to be hydrocyanated and
the nitriles produced and renders the ionic liquid
insoluble in the olefins and nitriles produced. Mention
15 may be made, as solvent of low polarity, of saturated
hydrocarbons, such as hexane, heptane, octane or
toluene, or ethers, such as diethyl ether, diisopropyl
ether or methyl isobutyl ether.
The conditions for carrying out the
20 hydrocyanation reaction are described below, by way of
example.
Thus, the amount of nickel compound or
compound of another transition metal used is chosen in

order to obtain a concentration as moles of transition

25 metal per mole of organic compounds to be hydrocyanated



in the present text, according to the usual definition, conpounds which
accept electron pairs. It is possible in particular to enploy the 25 Lewi s
acids cited in the work edited by G A d ah, 18 "Friedel -Crafts and
" Rel ated Reactions”, Volune I, pages 191 to |97 (1963). The Lewi s acids
whi ch can be enpl oyed as cocatal ysts in_the present process are chosen from
the 5 conpounds of the elenents fromGd ps Ib, I'lb, Illa, Illb, IVa, |Vb,

Va, Vb, Vib, oW hBoaadiYehl o@f e eRar 10dt ankabl exnd haseramigunds are
generally salts, in particular halides, such as chlorides or brom des,

sul phat es, - SuLRRAARA 8 0082 .ATHRROARL e 1A REANBLORCKXLBULRRGRat es, i n

particul ar fluoroal kyl sul phonates or perfluoroal kyl sul phonat es,
car boxyl at es phothates bis%gﬁrflugroalkylsulphonyl) am des and
I S

tris(perfl uoFGaPRYIFEIPpRSHFL) FOPHCIES: Menti on may be made, as nonliniting
exanpl es 15 of such Lew s acids, of zinc chloride, zinc bromde, zinc
i odi de, manganese chl oft'@e 2MRERGaRds e 1828 d8e &@nite e MR6ri de, cadni um
brom de, stannous chloride, stannous brom de, stannous sul phate, stannous
tartrate, 5 ndagmlysits Lgochoseny ssultpiadnihe, numbeghiodr mgdesorf2¢EBoni des of
rare-earth netal elenents, such as | anthanum cerium praseodym um
neodym um saapiowmnd edthpirespegaddlo Ai mal todr kinams idyopr ositady ilsaf ni um
erbium thallium ytterbiumand lutetium cobalt chloride, ferrous chloride
or yttrium ce@iiede. 025 HeRl HaY adlds @ ree draday &% thewns 2acind, 10f.
The hydrocyanation reaction is generally
carried out at a temperature of between 10°C and 200°C
10 and preferably between 30°C and 120°C.
The process of the invention can be carried
out continuously or batchwise.
The hydrogen cyanide employed can be prepared
from metal cyanides, in particular sodium cyanide, or
15 c¢yanohydrins, such as acetone cyanohydrin, or by any
other known synthetic process.
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.
20 In the context of a batchwise implementation,
it i1s in practice possible to charge to a reactor,
purged beforehand using an inert gas (such as nitrogen
or argon), either a solution comprising all or a

portion of the various constituents, the transition

25 metal compound, the possible reducing agents and



19 organonetal lic conpounds, such as triphenyl borane or titanium
dii sopropoxide. It is, of course, possible to enploy m xtures of several
Lewi s acids. Preference is very particularly given, anong 5 Lewis acids, to
“zinc chloride, zinc brom de, stannous chloride, stannous brom de,
tri phenyl borane and zinc chloride/stanngﬁs chloride m xtures. The choice
wll preferably be made of a Lewis acid-Raving an anion identical to or of

the same nat uoevEQtas he tari @Rief dhetieicttls Guidratealy.as, for exanpl e,
zinc chloride when the ionic liquid conprises ZnC 3- as anion, alum nium

chi or i de whefebieo10n ol LSO ¢ d ki e bt ) GpeALEben | ant hanum

tris(bistrifluoronet phonyl am en the“ionic 15 nediumis conposed
of the bistrifluoronet%ylsng?ggyl am de _ani on,

or__neodym um
tris(trifluotGMEERATES SRk R SRR F o P Y TESVENA S Lm i s ¢ he
trifluoronethysul phonate anion. It is also paossihle to enploy an ionic
li qui d conpoded 18t regwcecyr dh6F e Eeaein segddeadisoties d&Fd< t he ani on
Zn2C 5- and of zZnd 3-, or Al12Cl~- and of AlCl4-. In a preferred enbodi nent
of the i nentingrodused.emrs fagiadhlwi |dondd neemtslivh @ingd Unywanyd ngidivon of t he
ionic liquid. This ionic liquid itself contributes the 25 effect of
cocatal yst to the nedi When t2&@ THeadtdwns iscicbrmepdedtegl ywdte ergaaiyiech general |y
represents fromO0.01 to 50 nol per nole of transition netal conpound, nore
particul arly rafxthirekels aarmpeisain aift gy efolakly didrehk treakiew per nole.
products are isolated, for example by separation of the
phase comprising the catalytic system and of the phase
10 formed by the solvent of low or no polarity, the
hydrocyanated products and those which have not been
converted, in the case of a two-phase system. The
products from the latter phase can be separated, for
example by distillation. In the case of a single-phase
15 system, other separation means can be employed, such
as, for example, distillation or liquid/liquid
extraction.
In the case where the product to be
hydrocyanated 1s an unsaturated compound comprising a
20 nitrile functional group, it is advantageous to use,
with the catalytic system, a cocatalyst comprising at
least one Lewis acid.
This reaction consists in particular in

converting aliphatic nitriles comprising ethylenic

25 wunsaturation, in particular linear pentenenitriles,



51t is also possible, under the conditions of the hydrocyanation process
of the present invention and nore particularly in the presence of an ionic
liquid, to carry out, in the absence of hydrogen cyani de, isonerization of
- 2-methyl -3-butenenitrile to 10 pentenenitriles and nore generally of
branched unsaturated nitriles to linear ynsaturated nitriles. The
2-met hyl -3-butenenitrile subjected to i&gnerization according to the

i nvention can R PR RIHIAE 131 18S a-Perftdrenitdl 16t held gemaqunds. 15
Thus, 2-nethyl-3-butenenitrile can be used as a m xture with

2- met hyl - 2- byt. itsil - t i 3.0 -.pent ot gsl

2- pent eneni tﬁﬁ%ﬂﬁi’a@%&ﬁé&g&;ibsg%&%ﬁdﬁ nf%&&qﬂyﬁﬁgﬁd&ﬁﬁer'i Iteo,

2- et hyl succi ngni tri.l.e or valeronitrile.. .20 It i articul arly advant ageous
to treat the FPEHCHITSH AU FIGiTE Y ftroorﬁcfwgonrﬁ}:d:rl &yanati on of

but adi ene by HCN according to the conditions of the invention, that is to
say in the presence of RFIMPUGHERIGLIIEART FAFhETHRIS FPWS preferred
alternative 21 form the catalytic system being already present for the
reaction for gemenaldnbayides iasPwit hutafdicther iqonppungs,i duait a% halt any
i ntroduction of hydrogen cyanide to allow the isonerization reaction to
take pl ace. 3 -metthhils-3ddueraratn iver ifler,m2 -rte ity lIpgsddtlenen ift ragpr,opri ate, to
carry out a slight flushing of the reactor using an inert gas, such as

ni trogen or gr-ghtdridniexan e, vd kel e drdase it #ihes hydr ocyani ¢ acid

which mght still be present. 10 The isonerization reaction is generally
2-methylglutaronitrile, 2-ethylsuccinonitrile or
butadiene, originating from the prior reaction for the
10 hydrocyanation of butadiene and/or from the
isomerization of 2-methyl-3-butenenitrile to
pentenenitriles.
The Lewis acid used as cocatalyst makes it
possible in particular, in the case of the
15 hydrocyanation of aliphatic nitriles comprising
ethylenic unsaturation, to improve the linearity of the
dinitriles obtained, that is to say the percentage of
linear dinitriles with respect to all the dinitriles
formed, and/or to increase the activity and the
20 lifetime of the catalyst.
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

25 Lewis acids cited in the work edited by G.A. Olah,



carried out at a tenperature of 10C to 200C and preferably of 60C to | 20C
In the preferred case of an isonerization imediately follow ng the
reaction for the 15 hydrocyanati on of butadiene, it will be advantageous to
~carry out the isomerization at the tenperature at which the hydrocyanation
was carried out. As for the process for _the hydrocyanati on of conpounds
conprising ethylenic unsaturation, the 72 catal ytic systemused for the

i soneri zati on wane e f P £h e B ddS ReUdOodid+ onvd Nikk the reaction
region. It is also possible to prepare the catalytic system™in situ” by

simple mxin hese Vvari pus tituents. The anount of transition netal
conpound 25 gﬁﬁ*ﬁ%re partiéﬁra y of " ni ckel conpound used and the 22

amount of ligand are thﬁ}s%ge as for the h drg%{ nati%gnga ti on. However
the preparation of dinith '€ Eomsiniifs ‘ﬁ&&? hat TP e & ol ef i n such
as 5 butadi ene can be carried out using a reaction systemin accordance
with the i nveiRGBOR BTt S Nt sEhyrafeTloRRAGOTs Fre O Qaratine® ddhaitril es
and the stage of isonerization above, it being possible for the reaction
for the hydr cexyepratndsm of the almeanratodmiGriurs o 1Mki nit¥ales to be
carried out wth a reaction systemin accordance with the invention or any
ot her catal ytITItsystvam avieadia Known ¥y, (Vi reedtvorr d4f kevd se, the
reaction for the hydrocyanation of the olefin to unsaturated nitriles and
the 15 isonerpgatd®it ofaghe, IBides @cﬁlﬁpchﬁl&@réi@%é}%ra\/!hh $hlts, in
particular halides, such as chlorides or bromides,
sulphates, sulphonates, halosulphonates,
10 perhaloalkylsulphonates, in particular
fluoroalkylsulphonates or perfluoroalkylsulphonates,
carboxylates, phosphates, bis(perfluoroalkylsulphonyl)-
amides and tris(perfluoroalkylsulphonyl)methides.
Mention may be made, as nonlimiting examples
15 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,
indium trifluoromethylsulphonate, the chlorides or
20 bromides of rare-earth metal elements, such as
lanthanum, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, hafnium,
erbium, thallium, ytterbium and lutetium, cobalt

chloride, ferrous chloride or yttrium chloride.

25 Use may also be made, as Lewis acid, of



reaction systemdifferent fromthat of the invention, the stage of

hydr ocyanati on of the unsaturated nitriles to dinitriles being carried out
“Wwith a reaction systemin accordance with the invention. 20 The exanpl es

gi ven bel ow, solely by way of indication, will illustrate the invention and
its advantages. PREPARATION OF IONIC LI QUIDS 25 Synt hesis of
1-butyl -2, 3-dinethvlimdazolium 23 bi %trifluoronethylsulphonyl) am de

BWMM +TF2N- a0 . 124156 - - - i P ium
((:hl oride ar)e ﬂ%ssolr%e%%ﬁnlj%o%%rgoﬁd%i ts)éﬁihlykll ea?dEx \%a%eé%rg{l%%f%&?é%l 5 nol) of

lithiumb5 bi s{(tsd.f4.u0r60 honyl ] de e ed and the mxture is
stirred unde?’(lagrég%ln oc?ln%&#o rsﬁg?&ar%?eqn ! togfnpceoﬁ‘ggsuer’e.p%‘?%ephta%e system
is fornmed. Afet 1 &xtra iron Wigh 250 of dichl oromethane, the organic
phase is washed W+t H 38@%'1 Mo ot e Hnd S 'Heh a8 Toncentrated. The conpound
exists in the formof a slightly pinkish liquid which is purified by

chr omat ogr aphy on a nelBTSHICENAR NS R UMPIE rerkar i Gieonameie) . It is
then concentrated, taken up in acetonitrile in the presence of active
carbon and 15-99ig é@fs Afterzidry iy dordesevasirat Hourisieagt BG@nddwe conpound
is obtained in the formof a colourless liquid (83.78 g, 900). The

structure of dHiicriptendudtanrchiHbNIEHFG; riigharorfioreet ndNMR repect r al
anal ysis. Synthesis of 1-butyl-3-nmethylimdazolium 20 bis

(trifluorometdnilstilgyavdnncars da (BMaelmiNudls 92 g (0. 240 nol) of

1-butyl -3-nmethyl imdazoliumchloride are dissolved in 300 m of
The choice will preferably be made of a Lewis

acid having an anion identical to or of the same nature

10 as the anion of the ionic liquid, such as, for example,
zinc chloride when the ionic liquid comprises ZnCl;™ as
anion, aluminium chloride when the anion of the ionic
liquid is the anion AlCl, , lanthanum
tris(bistrifluoromethylsulphonylamide) when the ionic

15 medium is composed of the bistrifluoromethylsulphonyl-
amide anion, or neodymium tris(trifluoromethyl-
sulphonate) when the anion of the ionic medium is the
trifluoromethysulphonate anion. It is also possible to
employ an ionic liquid composed of a mixture of

20 polynuclear anions, such as the anion Zn,Cls” and of
ZnCls™, or Al,Cl; and of AlCl, .

In a preferred embodiment of the invention,

the Lewis acid will be contributed by the anion of the
ionic liquid. This ionic liquid itself contributes the

25 effect of cocatalyst to the medium.



distilled water. 69.46 g (0.242 nol) of lithium
bi s(trifluoronethyl sul phonyl)am de are added and the 25 m xture is stirred
under argon for 90 hours at anbient 24 tenperature. A two-phase systemis
~fornmed. After extraction with 250 ml of dichloronethane, the organic phase
is washed with 800 m of water and then Epncentrated. The conpound exi sts
inthe formof a 5 slightly pinkish qu&id which is purified by

chromat ography on a neutyealLediiata £ st {18)s+eRinip 18 vt Qjedr@thane) . It is
t hen concentrated, taken up in acetonitrile in the presence of active

carbon and fiIJetpq{]e fnt%f te8lonfroY N9 P15 05 Gear 3%651?%5'11%4%;fg§5&%qstihcqo}p conpound

is obtained in"the formof a colourless |iq ts structure,
CloH15N3Sz~4Fs s confirped b NN?_ al.ysi.s. Synt.hesi.s of
1-butyl -2, 3- ARG YITTRCGES0! M5t eh ST oy SRS At TRMMCTBRS Y Yrs 33,37 g
(0.200 nol) of sodium hexafl uorophaos te and 37.5Q0 g (0.199 nol) of
1-butyl 2, 3- @feRATERAPEY01500M clhltcﬂPi e Mle RSN ed in 150 M of
acetone. After vigorous stirring at anbient tenperature under argon for 72
hours, the solution is X0 i |al@edPasfidugh cvldare taed adneh tdomgestfr at ed.
Af ter chromatography on an al um na colum (eluent: dichloronethane), the
salt is takerthg hytlracataomittidn] @rhatesse qif édenger egferdce tiinve rddrdro mrahd
filtered. Concentrating the solution gives 50.41 g (0.170 nol, 25 85% of a
white solid. mbe siantcidulerdfy titl $HY edietdence 2 GIHE-IMARFG.idwsidsonfi rmed
by NMR spectral analysis.

: to carry out, in the absence of hydrogen cyanide,

isomerization of 2-methyl-3-butenenitrile to

10 pentenenitriles and more generally of branched
unsaturated nitriles to linear unsaturated nitriles.

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

15 Thus, 2-methyl-3-butenenitrile can be used as
a mixture with 2-methyl-2-butenenitrile,
4-pentenenitrile, 3-pentenenitrile, 2-pentenenitrile,
butadiene, adiponitrile, 2-methylglutaronitrile,
2-ethylsuccinonitrile or valeronitrile.

20 It is particularly advantageous to treat the
reaction mixture originating from the hydrocyanation of
butadiene by HCN according to the conditions of the
invention, that is to say in the presence of an ionic

liquid.

25 In the context of this preferred alternative



In the exanpl es bel ow, the abbreviations used have the foll ow ng neani ngs:
cod: 1,5-cyclooctadiene 5 eq: equivalent 2M3BN. 2-net hyl -3-butenenitrile
2MeBN: 2-net hyl - 2-butenenitrile 3PN. 3-pentenenitrile 4PN. 4-pentenenitrile
- 10 3+4PN: 3PN + 4PN DN: ADN + MGN + ESN MGN: met hyl glutaronitrile ESN
et hyl succinonitrile DC (Y): degree of cagnversion of the product Y to be 15
hydr ocyanat ed, corresponding to the rati“o of the nunber of noles of Y

converted to ftdien NWrkercafaisiard i 164l aseiafg Y 1RedH) 3%%%6’@1‘1 of the
0

conpound X, corresponding to the ratio of the nunber nol es of X 20

fornmed to the ymxidgup ubes ;fdg: ) - %v y f.0r. 1 he
conpound X, coHrEraespondﬁ ng tort heéT?l |oocgo¥‘ I6 (C&i( C%fo ertr%, Illtgelast'ri ty:
YDpdN~YDDN 25 .. gas .chronmat.qgraphy. . 26, TPPVENa: . sodi um .
tPipphenyI phoss%%le&ﬁ%;%%rpy ylntroductlon of shydrogen cyanide

(3- sodi osul phi nat.ophenyl ) di phenyl phosphi ne P(Ph) ZFuCO2Na:

2- (5- sodi ocartbbﬁ/]f%ﬁ’r"ﬂ/lgll'ti% ﬂféﬁ%%ﬁ%ﬁtﬂ%é%&oa riDHERR BraGfe 5 In
(CF3S03) s ZnPh2 Zn (CF3S03) z | SOVERI ZATI ON OF 2- METHYL- 3- BUTENENI TRI LE
(2MBBN) TO 10 LI NEAR PENTENEN FRUSESEtHere dsimnweite icarpdsslilolg, aictor di ng
to the follow ng procedure and in a "Radl eys" parallel reactor which makes
possi bl e si mdgamgmistst, rod ngpand @itmd tenepits flefdnpnpfoflZigd ass t ubes
known as Schl enk 15 tubes. The followi ng are introduced successively and

under argon irdartdglasing Wieimed0 gak ( BGE6 48 it doRauiomal &gon of
Ni (COD)2 - 66 ng (0.18 mml, 5 equivalents) of TPPMSNa 20 - 1.5 g of ionic
liquid - 400 my (headip180lin BasauyaaiS)od BMBBNdrocyanic acid

which might still be present.

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

In the preferred case of an isomerization
immediately following the reaction for the

15 hydrocyanation of butadiene, it will be advantageous to
carry out the isomerization at the temperature at which
the hydrocyanation was carried out.

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

20 catalytic system used for the isomerization can be
prepared before its introduction into the reaction
region. It is also possible to prepare the catalytic
system “in situ” by simple mixing of these various
constituents. The amount of transition metal compound

25 and more particularly of nickel compound used and the



The solution is stirred at anbient tenperature for 10 mnutes and then 1.2
m of heptane are added in order to obtain a two-phase reaction 25 nmedi um
27 The tube is closed, then stirred and heated at 100C for 3 hours with
" head cooling. At the end of the reaction, the tubes are cooled in liquid

nitrogen. A known anmount of butylbenzeng (approximately 40 ng, to 5 act as
chromat ography internal standard) is ad €d to the t wo- phase reaction

nedi um  whi chircur |04t ad gl R YRRl ZRGhddu d 1 addjd iIreybdaHi of THF.
The solution obtained is filtered through a short silica colum and
injected in gas ghrmatography (GC). 10 In the tests carried out according
to the above procedure, the starting materials conprise 2M3BN and ot her

products. The nolar forjmul ation of these praducts. i iven in Table | bel ow
(the main conponents aF%R§ﬂ§ﬁh)¢9f5pﬁﬁﬂ%§%tl°n of ‘dimitrile

ConponentAbbreviationwﬁgfz-wbthyl-3-butenenitriIe2NBBN792-thhyI-2-butenen
tril e2VRBNL2 CAFRISEHSe Mdhiftdasyiong tHean sdhdh&iahin eMsio®spent enenitril e3

PN1.30 The results obtained with various salts are collated in Table I
bel ow. By WwapudadieRsardadoie £ar@d @t wes neard iked chuonnisvs tem dinal yst
based on nickel and on a ligand, triphenyl phosphine, in a single-phase
medi um 5 TaleedddaBceSalittDC g invention for the stages of
formation of the unsaturated nitriles and the stage of
isomerization above, it being possible for the reaction
for the hydrocyanation of the unsaturated nitriles to
10 dinitriles to be carried out with a reaction system in
accordance with the invention or any other catalytic
system already known for this reaction.
Likewise, the reaction for the hydrocyanation
of the olefin to unsaturated nitriles and the
15 isomerization of the latter can be carried out with a
reaction system different from that of the invention,
the stage of hydrocyanation of the unsaturated nitriles
to dinitriles being carried out with a reaction system
in accordance with the invention.
20 The examples given below, solely by way of

indication, will illustrate the invention and its

advantages.

PREPARATION OF IONIC LIQUIDS

25 Synthesis of 1-butyl-2,3-dimethylimidazolium




2MBBNYD (s) 3PN + 4PNYD (% 2M2BNYD ($) 2PNMass
bal anceA( 1) 4257-3. 15. 8861 BM] [ TFZN] 95902. 9-0. 4962[ BMM | [ PF6] 93900. 22.
3943[BMM ] [ TFZN] 96940. 81. 698 (1) conparative test without ionic |iquid
“with triphenyl phosphine as |igand Tests were carried out w thout using a
nonpol ar sol vent, such as heptane, in order to obtain a single phase

system The procedure used is identical that 10 described above, wth
the excepti orbd ({:hef nhsedtet1of1 \onpebmyl sahvedt (sMIE TFeRY) t s obtained are
listed in Table TTT Dbel ow 29 Table TIT EX.Tonic riquidDura- tionDC

3 PNYD 2 i\ T E 39 _
n9586.0. 10. 2925] BMM | [ DLO] 3 1OUG0L: 31050 M T TEAI 7 hosdhi=it 3o7
Hydr ocyanat i Oﬂm(_)%az?&f 1}:9 uTJQ(g:e fg%o%g%f‘a%e%i%?) (lzm q?s#ccessi vely and

5 under argon ihio a glass val ent) of

Ni (COD)2 - 264, ng, (0. 72 nmol , equi val ents) of TPPMSNa - 1.5 ml of ionic
liquid or 2. 1d3g5@%]f1?%ew%faﬂ- iél's i9 hQ-%&%i%‘?M t@hpetidtiie 10 - 400 ng
(4.93 mmol, 34 equivalents) of 3PN - 1 equivalent of Lewis acid. The tube
i s cl osed i thi®(stbpterafethyil swiphonyl) amide are added and the

mixture is stirred under argon for 72 hours at ambient
temperature. A two-phase system is formed. After
extraction with 250 ml of dichloromethane, the organic
phase is washed with 800 ml of water and then

10 concentrated. The compound exists in the form of a
slightly pinkish liquid which is purified by
chromatography on a neutral alumina column (eluent:
dichloromethane). It is then concentrated, taken up in
acetonitrile in the presence of active carbon and

15 filtered. After drying for several hours at 60°C, the
compound is obtained in the form of a colourless liquid
(83.78 g, 90%). The structure of this product:
C11H17N35204F¢, is confirmed by NMR spectral analysis.

Synthesis of l-butyl-3-methylimidazolium

20 bis(trifluoromethylsulphonyl)amide (BMI'TF,N")

41.92 g (0.240 mol) of 1-butyl-3-methyl-
imidazolium chloride are dissolved in 300 ml of
distilled water. 69.46 g (0.242 mol) of lithium
bis(trifluoromethylsulphonyl)amide are added and the

25 mixture is stirred under argon for 90 hours at ambient



a septum The reaction mxture is stirred and heated at 70C for 3 hours,
during which period acetone 15 cyanohydrin is slowy added (flowrate 0.12
m/h, 0.36 mM, 3.95 mmol, 27 equivalents). At the end of the reaction, 15
" m of acetone are added to the tube, which has been cool ed to anbi ent
tenperature. The solution is stirred for, 10 m nutes and 20 then poured into
a flask containing a known anount of é@:butylbenzene (approxi mately 250

My, to act as.&RORE e APyl S0 Syarsiare) £ Jhisa Sohgtdon is filtered

and injected in GC. Afirst series of exanples was carried out 5 using
various Lew s J T ta i Table el ow.
Tabl o TV Ex. FHOTCANISIT GLHaT PRI oot ot T o AN O oo cotgart

aci dZnd 2BPh3l.n_ (CF3S03) ,3Cod 2ZnPhz7zn ( CF3S03) 2DC (i

99 25. 911. 05. T 632%."8%5}(% 8 g‘ié%fm"é# %.%’3‘%.‘2‘?@(% (in

0) 16. 06. 10.93.91.813. I TY (NV) (in 0)2.13.60.91.21.51. 7Mass bal ance (in

%) 92. 198. 696. IRV BT 9 They compound Rpht S ekt eV EWBDF 8 was carri ed
out using various ionic liquids and |igands. The results obtained are shown
in Tabl e \AbetbightlTablrekish liquid which is purified by

Ex. 1314151617Li gands TPPMSNaP( Ph) ZPhSQz NaP( Ph) ZFuC2NaTPPMSNaP( Ph) 2FuCOz Nal o
ni ¢ | i qui dBMMh déiNBd r IPpIZNBIM a RtGhera 3 atumiind CeXamtN(€ 1uent :

99 25.95.712.132.54.5L (in 0)57.336.619.860.016.9TY (DN) (in

% 16. 02. 07. 523; 321 SdomdtMAnd) N DY 21 4 1t Hdn 32oBdeddMbsseHAl BEEN (4P in
99 92. 197. 496. 793.599.1 w w
acetonitrile in the presence of active carbon and
filtered. After drying for several hours at 60°C, the
10 compound is obtained in the form of a colourless liquid
(81.47 g). Its structure, Cj;pH15N3S;04F¢, was confirmed by

NMR analysis.

Synthesis of 1l-butyl-2,3-dimethylimidazolium

hexafluorophosphate (BMMI'PF¢)

15 33.37 g (0.200 mol) of sodium
hexafluorophosphate and 37.50 g (0.199 mol) of l-butyl-
2,3~-dimethylimidazolium chloride are dissolved in
150 ml of acetone. After vigorous stirring at ambient
temperature under argon for 72 hours, the solution is

20 filtered through celite and then concentrated. After
chromatography on an alumina column (eluent:
dichloromethane), the salt is taken up in acetonitrile
in the presence of active carbon and filtered.
Concentrating the solution gives 50.41 g (0.170 mol,

25 85%) of a white solid. The structure of this product,



WO 03/ 024919 34 PCT/ FRO2/03166 1. CLAI M5 Process for the manufacture of
organi ¢ conpounds conprising at |east one nitrile functional 5 group by
reaction between hydrogen cyani de and an organi ¢ conpound conpri sing at
" least one ethylenic unsaturation in the presence of a catal yst conprising
an el enent chosen fromthe group consisting of nickel, platinumand
pal | adi um and an or ganophosphor us Iigana? 10 characterized in that the
reaction is egul;NgAFQUtid nedrite MELsenF M AedYC ddaufgh ywhi ch conpri ses
at | east one ration and at | east one "anion and which is lTiquid at |east at
the temperature at whigh the Leacbhan Le1cHked GbretdadioRLoness
according to Claiml, characteriz in that "'a solvent of Tow polarity is
added to the_reaction Qiun1in order to forma two-phase system 3.
Process accofdi'iig b& éggiﬁﬁfngrmfﬁnéﬁgfharacterized in that the
or ganophosphorus |igand conprises_at |east one ionizable functional group
or one ionicS§Foup. 4. ProdesSsCHELBPEFFYLIRE Caim 1 or 3, characterized in
that the ionic liquid conprises at 25 | east one ration chosen fromthe
group consi s€dag of the stegeidpé8ntetraal kyl ammoni um N-al kyl i mi dazol i um
35 N-al kyl pyridinium N-al kyl picolinium Nalkyltriazolium
N-al kyl f | uor @pBYzol i um N2pPpetblidPnPergnerkdid§ phoni um
t et raal kyl phosphoni um and al kyl oxonium 5 5. Process according to one of
Clainms 1 to 2M2BNar act eri z&dmeshyha-pieenesniterilliequi d conpri ses at | east
one ani on chosen fromthe group consisting of halides, nitrate, phosphate,

hydr osul phat 8PN: 3-pentenenitrile
4PN: 4-pentenenitrile
10 3+4PN; 3PN + 4PN
DN: ADN + MGN + ESN
MGN: methylglutaronitrile
ESN: ethylsuccinonitrile
DC (Y): degree of conversion of the product Y to be
15 hydrocyanated, corresponding to the ratio

of the number of moles of Y converted to
the number of starting moles of Y

TY (X): true yield of the compound X, corresponding
to the ratio of the number of moles of X

20 formed to the maximum number of moles of X

YD (X): selectivity for the compound X,
corresponding to the ratio of TY (X) to
DC (Y)

L: linearity: YDaan/YDoy

25 GC: gas chromatography



‘perfluoroalkylsulphonates, bi s(perfluoroal kyl 10 sul phonyl)am des,
phonyl)am de, bis(fluorophosphoryl)am de, tris(perfluoroalkyl
sul phonyl ) net hi des, boron, alum nium galliumor iron tetrahalides,

bi s(fl uorosul

" phosphorus, arsenic and antinony hexahal i des,

zinc and tin trlhalldes,

and

copper 15 dihalides. 6. Process according to Caim5, characterized in that

the anion is

chosen fromthe group consié ing of Br-, |-, BF4-, PF6-,

SoF6- . ALCLO-pomsfiad-, SnOlskiand cChSplpmdkonAQ 7. Process according to

one of Clains 4 to 6, characterized In t

group consi st (t%) 9bhdo Fadi n@u%lbhh@sq %Hih%pﬂe t)Bdn.phe(rjlylphosphJ.ne

2, 3-di met hyl i

m dazol i um 1-butyl - hyl i m dazdl i um an

at the cation is chosen fromthe

1,2, 3-trimet ylgyyi, ﬁ'@@@'bﬁaumz—z(%—%odEBQS?Bﬁ gﬁ&ﬂl&%r%%ﬁgﬁgeg?%gi ms 1 to

7, characterl

zed 'n that the |gand iIs C romt

consi sting ofpggno- and polyd nggggggophosphltes or ganophosphoni tes,
ni

organophospm
characterigzed
i oni c group.

i onic group Q{%%gnt in the organophosphorus ligands is chosen fromthe
group 10 consi's

es and organo

Ines. 9. Process according to CaimS8,

égg t he organophosphorus | i gand conprises at | east one
fﬁ éss according to Claim9, characterized in that the

an of groups of anionic type belonging to the group

consi sting of s# g%g ate, phosphonate, phosphinite, carboxylate and
£39¢3'8f cationic type belonging to the group consisting of

sul phinate a

ISOMERIZATION OF 2-METHYL-3-BUTENENITRILE (2M3BN) TO

10

LINEAR PENTENENITRILES

15

20

25

The tests were carried out according to the
following procedure and in a “Radleys” parallel reactor
which makes possible simultaneous stirring and
simultaneous reflux of 12 glass tubes known as Schlenk
tubes.

The following are introduced successively and
under argon into a glass tube:

- 10 mg (0.036 mmol, 1 equivalent) of Ni(COD),

- 66 mg (0.18 mmol, 5 equivalents) of TPPMSNa

1.5 g of ionic liquid

400 mg (4.93 mmol, 137 equivalents) of 2M3BN.

The solution is stirred at ambient
temperature for 10 minutes and then 1.2 ml of heptane
are added in order to obtain a two-phase reaction

medium.

5



guani di ni um anmoni um pyridinium imdazolium 15 phosphoni um and
sul phonium cations. 11. Process according to one of Clains 1 to 8,
characterized in that the organophosphorus ligand is chosen fromthe group
- consisting of tributylphosphine, dinethyl(n-octyl)phosphi ne,

tricycl ohexyl phosphi ne, 20 triphenylpho%ghine, t ol yl phosphi ne,
tris(p-nmethoxyphenyl) phosphi ne, diphenyl'&hylphosphine,
di met fyl phenyl phosphi nepnd. b s{4ll phedud phasai 10) Bl @nna KAl !
phosphat e and di phenyl phosphate. 25 12. Process according to alm9 or
10, characterj j ) t r | i gand, i S 37 chosen from
t he group conalstizgﬁdngto so%pﬁonﬁsgwaf% osp ?ln:LeI%g‘n(;‘An%t%hseul%h na e),
2- (5- sodi ocarhoxyf uryl) di phenyl phosphi ne an . . )
( 3- sodi osul phﬁt}ln%t%ep%%%%ﬁr}’dr%h%n‘ﬁfllbﬁ%s%? n%c?éjJSedli%l.n PriftEd Rdcihy to one
of Clainms 2 to 12, characterized in that the solvent of |ow polarity is
chosen from ttheHR 13 UHsi % iRH wbangenat @WW%§£M¢¢ romthe
group consi sting of hexane, heptane, octane and tol uene and/or ethers 10
chosen from tart grouph rursticatiarhofidietial stdretgrd) isoprdged et her and
met hyl isobutyl ether. 14. Process according to one of the preceding
cl ai ms, char adteertivketpliasd hadadthieormeied 1 el enentcrofid hei Baded yatd i s ni ckel
inthe O or 1 15 oxidation state. 15. Process according to one of the
precedi ng cl aismogarhiataat ey ized dduitiadn tde 17 ganier caPoufk conpri sing at
| east one ethylenic unsaturation

solution obtained is filtered through a short silica
column and injected in gas chromatography (GC).

10 In the tests carried out according to the
above procedure, the starting materials comprise 2M3BN
and other products. The molar formulation of these
products is given in Table I below (the main components

are shown).

15
Table I
Component Abbreviation Mol%
2-Methyl-3-butenenitrile 2M3BN 79
2-Methyl-2-butenenitrile 2M2BN 12.70
2-Pentenenitrile 2PN 6.30
4-Pentenenitrile 4PN 0
3-Pentenenitrile 3PN 1.30

The results obtained with various salts are

collated in Table II below. By way of comparison, a



is an olefin or a diolefin conprising from3 to 12 20 carbon atons. 16.
Process according to one of the preceding clains, characterized in that the
organi ¢ conpound conprising at | east one ethylenic unsaturation is
- 1,3-butadiene. 25 17. Process according to one of Clains 1 to 14,
characterized in that the organic conpound to be 38 hydrocyanat ed
conprises at |east one ethylenic unsat u&ti on and one nitrile functional

group. 18. PRQGASSAC g tihWAitA ]a7’caQ:r£i§%q:t LR I r#i@elt he

conpound conprising a nitrile 5 functional group is chosen fromthe group

consi sting of te jtryl - tenenitril.e. 19.. Process according
to one of C éalnr%rfs% taoq?@,a%c a&é@%&ref}lz‘égﬂlloﬁa?ﬁﬁe’i tl%cc?nssllﬁgsl%—r?%assc?rreri Zi ng
branched unsatur.ated nitrile conpounds to |inear 10 nitrile conpounds. 20.
Process accofding t'o Caim 19, characterized in that the isonerization
stage is carried out in the absence of hydrogen cyanide. 21. Process
according to either of Clains 17 15 and 18, characterized in that the
reaction is carried out in the presence of a Lewis acid. 22. Process
accordingxo Claim21, characterizedTaklehdf the Lewis acid is chosen from
the group consisting of the conpounds of the elenents from 20 G oups Ib,

TN AW/ AW, ™ \ /o \ 1 M1l h Aand Fa a ar | I
#Lgie!lggi L;%cés;v;éé%rainé ngth{h: Bﬁt%%aféng%%geéa?Rgghagw%%g!gaid
compounds are chgsen 2M3BN | 3PN + 4PN | 2M2BN 2PN | balance
(%)
A (1) 42 57 -3.1 5.8 86
1 [BMI] [TF,N] 9% 90 2.9 -0.4 96
2 [BMMI] [PFg] 93 90 0.2 2.3 94
3 \ [BMMI] [TF,N] 96 94 0.8 1.6 98
(1) comparative test without ionic liquid with

triphenylphosphine as ligand

Tests were carried out without using a nonpolar
solvent, such as heptane, in order to obtain a single-
phase system. The procedure used is identical to that
10 described above, with the exception of the absence of
nonpolar solvent. The results obtained are listed in

Table III below:



fromthe group consisting of halides, sul phates, 25 sul phonates,
car boxyl ates, phosphates, hal osul phonates, perhal oal kyl sul phonates chosen
fromthe group 39 consisting of fluoroal kyl sul phonat es and
per fl uoroal kyl sul phonat es, bi s(perfl uoroal kyl sul phonyl ) am des and
tris(perfluoroal kyl sul phonyl) et hides. 5 24. Process according to Caim 21,
characterized in that the ionic |iquid cohprises an anion forming the Lew s
acid. 25. Process according to one of }he preceding clains, characterized
in that the reaction is 10 carried out at a tenperature of between 10C and
200C. .Asnr. Aur. Aar. A. A . ANr. Aar . A. A Ar. Aur. AaL. A
r.Ar. Ar. Ar. AfEA ] AonAcAliguid AdurAe. |AEDA. A A A3{0 A || ABD6A. YD Mass
. ALNR. A3. AF. AF. A9F. A3’
(DNs/ ™'Y, ]8<po~yloje [V]ca] ca]chiwid] e2u3nr]| SaNca] €2 [c28d] | eFNcdjdalhcal ca] ca
] ca] ca] ca] calcal ¢a] ca] ca]call ¢a] callica] caUljcaUl calc<a!G/h E I X+{e 6 d
}xsni d_Z] ca] ¢afca] EPMEA)[€EIHa]| c &) a]|ca]9®a] da] cdlsca] cla}eal d).ca] cadza] ¢a] ca]
ca] ca] ca]ca] ¢alcalcalcal ca] ca]lca] ca!
@J%X- "3e+" v} x8ni d [BYME] Rfst a]| c 3] ba]|ca]oda] ¢a] c#oca] ca]lcd] ¢dl.ca] cap&a] ¢a] ca]
ca] ca] ca] ca] ¢cal ca] ca] ca] ca] ca]ica] caljcal ca] ga] ca! 6T$X>] ; azlL
U. } xsni d_Z] ca] ea] caP¥h) c&H848] ¢a3ca] ga] @4d] ca] ca]a®a] ca] cajicajoca] jca] ea] ca] cal ¢
a] ca] ca] ca] cal ca] cal cal ca] ca] ¢a] calda!. b?vih<nEq(U. d
}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] ca!
el """ " VARG W RO 98B 0BRSS AN } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] cal ca]caJcaJcaJcaJcaJcaJcaJcaJ caJcaJca]l ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c

S Kk * * : cal ca
ca] cal ((:Z\]( f:fa]( zza] c?a]n)ca] laﬁ%}%aﬁ%ﬂ%ﬂaﬁ%}a r%:% Oaé] c&f ‘fc{za%%ﬁ\g%}}gg%r%g] ca] ca]
ig]lii]lig ZI%yIZﬁ%%%]] xs}ygfodn Z] caﬁ/ca] aa] ca] ca ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
aJ ca)l cal cal ca] ca] ca ca ajcalc cal3<3 333434 4445@x5556
F%Sk6%567!’/<7Y]7\ 7!577]77| : ] ] dm‘%]]c'!a]]c] %L]?:%:—]%‘L’] i 2i:a] ca] C)a(.] ca]
ca] ca] ca] ca] ca] ca] cag ca] ca] ca] ca] ca] caj ca] caJc ﬂ caj ca ca] ca] ca!' 9U9u99999: N
Z 1:G s (0.72 'mmol, equivalents) of TPPMSNa

, <[ <<<<=4= e=:=>1>R>>>| wr mhc”Y] ¢] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal c
a] ca] ca] ca] ca] ca] ca]ld] del] caf] cajruial cajas]c @ callka] cal T ajlea! seitt #2777 @ @QnaD
@A? Ay AAABBBr BBBCFCCCCD+DeDNnDDDE} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca]sm]]jaa]a:ta]ana:]jxm]ma:]ar@]@aa]mﬁ]eca] ca] ca] ca] ca] ca] ca] ca] ca! EAEWEEEE
%[ FFFFGEGdGGGHHKHHHHI TI 111" IJWJJJ#KWK} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca]ca]ca] c
a] ca] ca] cgj ca] ca] ca]an] ¢ ced oxd aalsr] oA C@L]: a]&ae]rp@s] calcaip] ca] ca] ca] cal W
KKKK/ LaLLLMMavd MMVNNFNy NNNN!E OPQ) OOOPGP~P PPQAGH xsnl _Z]c]]calcalcalcalca]c

2] cal oal AQ CRORIRHRIES SR G FR TR SR 03] S@‘& coni d %?]cf?]czf‘]czi"]cé
| Ca] ca ca] ca) cal WU XDLG0NS P ANRA DA TR [ S CBHR (19 S thi 0. 2] )
] gg] gg] gg] gg]ag:%eé%%g] g@] ca] ca! ca] ca ca]ucraa])/cl[as] csa] ca]cal ca Ica] caj car?]tgg]c}c)a]sﬁa
d_Z]c]]ca]calca]ca ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca]7c0a]Cc a4 ¥H] ol BT idEd dldete @@ iod acetone

a] ca] ca] ¢4 Cﬂmwmmﬁﬁﬁmbﬁ]m%] (cljove | etjec ) .de] aall/dn] cal j O “jjjji]
KNK~KkKI M 11l M mmmm¥#nRnnnnno?00000zuoj e [ V] ca] ca] ca] ca] ca] c*a] ca] c*a] ca] ca
] ca] ca] ca] ca]c.ae ajlgala) s ajnedd] ¢ B T ajalveAlga]Hn"al ca] ca] cMa] ca] ca] cal ca! oplL
pzpppaq&ayqqqé&r 4rarrrrsBsxssst Ct xt t usuuu\ www{ vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] calcalealaal ¢ Wil dialaaleal oal Gal caaiec@rfeal ca] ca] ¢

a] cal WAWWX XXX XXX

6 +zZ
o) 4l cal eal Gae ol CTe A C AT ol e oy e 2] SR AR N T
~~' ~0~~?BwZ2\
D26{val gal W |\ CAFEASHcal’ ) SRMSRYORN oA cyicaechiten éa‘\fJ“Eé‘JUctaﬁScaf@al ca] cal
ca] ca] cal.cal a] ca] ca] ca]. ca] ca] cal ca] cal! 6e0"K(\y g] dqt}xsnid*Y]]]cal ca]ca]
ca] ca] ca]<h] CAITFORES daYCalalcdic S 0ERdaY) calkewltajeaw]ied] o cal ca] cal
cal ca]ca]ca] caltP, 4dv—8pFu
{vql gb] X]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca] ca]lca]ca]c
a)J ca] ca] ca] ca] ca] ca] ca] ca] c”a]calca!;
| z' UEPt 6¢" N} xsni d_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Pi Gh+] #GyM 3b}xsnid_Z]]]] ca]
ca] ca] ca] ca] ca] ca] ca] cla] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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the presence of an ionic liquid which comprises at
least one cation and at least one anion and which is
liquid at least at the temperature at which the
reaction is carried out.
15 2. Process according to Claim 1,
characterized in that a solvent of low polarity is
added to the reaction medium in order to form a
two-phase system.
3. Process according to Claim 1 or 2,
20 characterized in that the organophosphorus ligand
comprises at least one ionizable functional group or
one ilonic group.
4, Process according to Claim 1 or 3,
characterized in that the ionic liquid comprises at

25 least one cation chosen from the group consisting of

the structures tetraalkylammonium, N-alkylimidazolium,
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halides, nitrate, phosphate, hydrosulphate,
perfluorocalkylsulphonates, bis(perfluorocalkyl-
10 sulphonyl)amides, bis(fluorosulphonyl)amide,
bis (flucrophosphoryl)amide, tris(perfluorocalkyl-
sulphonyl)methides, boron, aluminium, gallium or iron
tetrahalides, phosphorus, arsenic and antimony
hexahalides, zinc and tin trihalides, and copper
15 dihalides.

6. Process according to Claim 5,
characterized in that the anion is chosen from the
group consisting of Br~, 17, BF,, PF¢, SbFs, AlCl,,
ZnCli”, SnClz and (CF3S50;)3N

20 7. Process according to one of Claims 4 to
6, characterized in that the cation is chosen from the
group consisting of 1,3-dimethylimidazolium, l-butyl-
2,3-dimethylimidazolium, l-butyl-3-methylimidazolium
and 1,2,3-trimethylimidazolium.

25 8. Process according to one of Claims 1 to

7, characterized in that the ligand is chosen from the



A ); 10%& ()- L' 109%& ()-3%0%& ()-#10%& ()- 10%& ()->~C~D~] ~c~f ~g~~kMBC
1); 1099& ()- 'Q: ); 10%& ()- ); 1099& ()- ); 1099& ()- 'Q: ); 1099 & ()-
~~~~~~~~ KL.CQ: ); 1099& ()- ); 10%& ()- ); 109%9& ()- 'Q: ); 10%W& ()-
) 1099& () -~ oP1C); 1090& ()- )3610%& ()- ); 1090& ()- ' Q: ),
10002 002 )} Rl R (i ng 2R L 0 & (01001010
1 10%8 & ()-! 10% & ()-! MIOW& ()-) Y-10% & ()-_?m ?V2 10% & ()- V2
109% & ()- V2 Ofe@f}“&p}‘ﬁspvgtf@% QTERNOPRoSPHPRILEES, V2 10% & ()- |-m ?2V2
10% & ()- 5W-
organophosphinites and organophosphines.
9. Process according to Claim 8,
S5 characterized in that the organophosphorus ligand
comprises at least one ionic group.
10. Process according to Claim 9,
characterized in that the ionic group present in the
organophosphorus ligands is chosen from the group
10 consisting of groups of anionic type belonging to the
group consisting of sulphonate, phosphonate,
phosphinite, carboxylate and sulphinate anions or of
cationic type belonging to the group consisting of
guanidinium, ammonium, pyridinium, imidazolium,
15 phosphonium and sulphonium cations.
11. Process according to one of Claims 1 to
8, characterized in that the organophosphorus ligand is
chosen from the group consisting of tributylphosphine,
dimethyl (n-octyl) phosphine, tricyclohexylphosphine,
20 triphenylphosphine, tolylphosphine,
tris (p-methoxyphenyl)phosphine, diphenylethylphosphine,
dimethylphenylphosphine,
1,4-bis (diphenylphosphino)butane, triethyl phosphite
and diphenyl phosphite.

25 12. Process according to Claim 9 or 10,

characterized in that the organophosphorus ligand is
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triphenylphosphinemonometasulphonate),
2-(5-sodiocarboxyfuryl)diphenylphosphine and
(3-sodiosulphinatophenyl)diphenylphosphine.
5 13. Process according to one of Claims 2 to
12, characterized in that the solvent of low polarity
is chosen from the family consisting of saturated
hydrocarbons chosen from the group consisting of
hexane, heptane, octane and toluene and/or ethers
10 chosen from the group consisting of diethyl ether,
diisopropyl ether and methyl isobutyl ether.
| 14. Process according to one of the
preceding claims, characterized in that the metal
element of the catalyst is nickel in the 0 or 1
15 oxidation state.
15. Process according to one of the
\ preceding claims, characterized in that the organic
compound comprising at least one ethylenic unsaturation
is an olefin or a diolefin comprising from 3 to 12
20 carbon atoms.
16. Process according to one of the
} preceding claims, characterized in that the organic
compound comprising at least one ethylenic unsaturation
is 1,3-butadiene.

25 17. Process according to one of Claims 1 to

14, characterized in that the organic compound to be
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