’; e3e26. ./ T1"rJ27565T26y PROCESS FOR THE MANUFACTURE OF NI TRI LE COVPOUNDS
The present invention relates to the manufacture of nitrile conpounds from
.unsaturated 5 organi c conpounds by reaction with hydrogen cyanide. It
relates nore particularly to the manufacture of nitrite conpounds of use in
the synthesis of adiponitrile, an inportant chem cal internmediate in the
manuf acture of nmmj or chem cal 10 conpounds, such as hexanet hyl enedi am ne
and s-caprolactam The invention provides a process for the manufacture of
or gani ¢ conpoundsPRIERS SHOR) BHE |MEEIFACIEURE t OF t I TRFCE | GPEPOGRBEp by
carrying out a hydrocyanation reaction between hydrogen cyani de and an 15
organi ¢ conmpound conprisiing at |east one ethylenic unsaturation. This
reaction is carried out in the presence of a catalytic systemconprising a
netal el ement chosen frBa¢tbecerpupleveRtsPnngedrtasckel thgl ati num and

pal | adi um and an or ganophosphorus_|i gand, 28 the reaction nedi.um

addi ti onal | y eampr3SEWEE oL | BRFEL1E qoPBPPHRE Re T FPRulBSeEHEBTSE | east at the

t t t which the hyd tion., t] ' i ed , 1

PROCESS FOR THESVRAERACTORES CF 1 TR B ERPOLKRS Y SHRES: B8R avent i on

relates to the nanufacaﬁﬁer% %Eéérkégec QPQ?Q??aLi?"kB”EﬁE“ratEd 5 organic
h refa

conpounds by reaction ogen cyani de. €s nore particularly

to the manuf aglupa0fuPLLLE! 1 COIPOUBEROBLnHSCoEMuERe LAY RhREST S Of
adi ponitrile, an Tnportant chem ca I nter nedi at e Inthe manufacture of
mej or chemi Caéyl%ghégﬁgoafld%iﬁ&ﬁbtﬁlQ?xaﬂﬁmﬁbfesﬁta@haﬁi@ad
~-caprol actam e last two conpounds are used in
intermediate in the manufacture of major chemical

10 compounds, such as hexamethylenediamine and
g-caprolactam. 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. This reaction is carried out in the
presence of a catalytic system comprising a metal
element chosen from the group consisting of nickel,
platinum and palladium and an organophosphorus ligand,

20 the reaction medium additionally comprising an ionic
liquid in the liquid state at least at the temperature

at which the hydrocyanation reaction is carried out.
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.particular in the manufacture of polyners, such as pol yam des, and nore
particul arly pol yam de-6 and pol yam de-6, 6, or other polyners, such as 15
pol yur et hanes. Several processes for the manufacture of nitrite conpounds
"have been provided. Among these, the direct hydrocyanation of an olefin or
pol yol efin, such as, for exanple, 1, 3-butadiene, by reaction with 20

hydr ogen cyanide is an industrially devel oped process which forns the

subj ect of numerous patents or publications. This process consists,

basi cally, in cappying-oubet hepatdihkRBrukl 8rf NrSkr3kagemronpse ml ecul e
of 25 HCN to one—etfyrentrc—ufsaturatTomn, to produce an unsaturated nitrite
conpound. In fact, this stage | eads to the production of numerous isoners
of unsaturated 2 nitrifes. The addition of a further nolecule of HCN

results, in ~a fol | oW RGStAYSed AT Hdlacdoreexaml e in a
dinitrile, such as adiponitrile when the starting olefin is 1, 3-butadiene.

5 To avoid angJjfidedhe 47 eduatiien afmgeypiddueicsn noisatawvratgedi gni fi cant
use properties, the process conprises, after the first hydrocyanation
stage, a s aga-ddiawn cisngdithds Spnmardaraticon wsittdyetyduegesh @¢s in
converting nost of the branched 10 nitrile isoners to linear nitrite

i soners, such as, in the caskmteds tier ehyrdchanarbn o Hi® adi ene, to 3- and
4-pentenenitriles. These reactions are generally carrjed out in the liquid
phase in the nmrestmind of cattlike PRERRVNH 15f 1%@t4E, tRneral Iy ni ckel ,
present in the formof a conplex with an organic |ligand. This reaction can
be carried ouynthesimmiatmenhegd L %rhe“E%?%tF%'? ‘?rﬁjgcigl uble in the
hydrocyanation nedium in particular %n t he q%ffin.or themnég%ites or in a
third sol ventintermeieakf atR ot e BARVIAT R U P2 Fredi o 8%hi bi ti ng
several |iquid phases, the catalyst being, soluble.] of the phases,

nor e specl@ic%?W@o?Wﬁ%he5$ﬁ%s%sf%ﬁﬁ@®e% & po %%S%%grﬁﬂgolvent, general |y

wat er, whi g[l —2%§@ero;l.[sacg:i St %% from that Jﬂﬁ{%‘cﬁ@é’ ;;11:@ &fimand 25 the

nitrites, _ i'e enper at ure. atter enbodi nent makes it
possible to npre easily eXt{AG!naRArLEEAVE ot NBoTahakyst saBl BBUS to obtain

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 oOr
publications. |

This process consists, basically, in carrying
out the addition, in a first stage, of one molecule of

25 HCN to one ethylenic unsaturation, to produce an
unsaturated nitrile compound. In fact, this stage leads

to the production of numerous isomers of unsaturated



.3 nitrite conmpounds conprising fewer inpurities contributed by tlfe
catalyst . These catal ytic systens have been disclosed in nunmerous patents
and several classes of |igands have 5 been studied. The |igands are

- general | y organophosphorus conpounds, such as phosphates, phosphinites,
phosphoni tes or phosphi nes. They can be nonodentate or polydentate. Tn the
case of processes in a two-phase nedi um2 t hese organophosphorus |igands 10
advant ageously conpri se one or nore ionizable groups, such as sul phonate,

phosphonat e, _carb I o] ﬁgggghugkgéoyg§thg9rm%&@@gn@,oEoHrgmder t hem
soluble in t%%éﬁ%?§¥'gﬁ§%e%d ntion may be nade, as exanple of the 15

di sclosure of LNese PIACEsPEsofinBakenbelSia 498o2yhicuine dickcl oses t he
synthesis of "adrponitril'e by reaction of hydrogen cyani de with butadiene in

the presenceeﬁ md1catal ystihasedien Biuekehscadpbexad riilteh when gared, such as
triaryl phosphate. This reaction is 20 carried out with catalysis in a

si ngl e- phasesprdi upy Mithinegard, opbredsknBatent No. 2 338 253, it also

di scl oses a process for the synthesis of adiponitrile by hydrocyanation of
but adi eneg The reacti ofoi sveadr bed Audtiinthet woroghasddn qfi d nedi um 25 the
catal yst being present in an aqueous phase. This process makes it possible
to recover tbhepaedipenit nokehatvéwng ¢ighifdcanysusendndraedfi®se dheretal, in
t he 4 organi c phase. The catalyst disclosed is al so a catal yst based or a
netal , such psoubsbebpmpmigﬁﬁbiﬁéﬁ&ﬁ1ﬁhﬂi¥%§ﬂqg§¥ﬁ¥QﬁY%qﬁ¥¥m%sphine type.
However, this ligand conprises sul phonate radicals, .5 naKinﬁ,jt possible to
render the catabgst asstaBee k&owl $Fertdieh| d SOPSHUZEAT* Furt re, it is

al so known to_conbi ne the nickel -based catal yst wi t.h , such as
Lewi s aci ds, "&deh §§Psf16‘rtse>&§mﬂ°é1,vez‘ﬁtﬁﬁlgcmogﬁ d)eéMotrhﬁ %ﬁ%ﬁﬁ%@lyl bor ane, for
the hydrocyanatiqn of, an unsaturated nit.ril.g comound aareh s,

cont i nualli% E‘éitﬁdq&ndélpf“ﬁggn%too 3 eraorvethJhlJele'Lﬁaerq’f or rranc'eR%? the synthesis of

or by modi Ty KT CRES Sc i o Tt ot F e o Yhe o system
hydrocyanati%Qﬁgﬂyéﬂgnitriles.
These reactions are generally carried out in
the liquid phase in the presence of a catalyst based on
15 a metal, generally nickel, present in the form of a
complex with an organic ligand. This reaction can be
carried out in a homogeneous medium, the catalyst being
solublé in the hydrocyanation medium, in particular in
the olefin or the nitriles or in a third solvent. It
20 can also be carried out with a medium exhibiting
several liquid phases, the catalyst being soluble in
one of the phases, more specifically in the phase
formed by a polar third solvent, generally water, which
phase is distinct from that formed by the olefin and
25 the nitriles, at least at ambient temperature. The
latter embodiment makes it possible to more easily

extract and recover the catalyst and thus to obtain



. Anmong the nost recent patents published, Patent US 6 169 198 di scl oses the
use of novel |igands of netall ocene-phosphorus type. Likew se, Patent 20 US
5 773 637 discloses the use, as Lewis acid, of perfluoroal kyl sul phonat e

* conpounds. One of the ains of the present invention is to provide a novel
process for the manufacture of nitriles by hydrocyanation of an olefin by
reaction 25 with hydrogen cyani de which3nakes it possible to obtain high
yi el ds of and high selectivities for linear nitriles and an inproved
stability Ofn&?ﬁifét8&¥gbﬁndsSCéMﬁkﬁghnEOféhéﬁ efgurtibeéeisnvention provides
a process for e manufacture of oOrgani c conpounds conprising at |east one

nitrite funcgbggghbgggggbpytggrEghaqygut a 5 hydrocyanation reaction
d S

bet ween hydrogen cyani de and ‘an organi ¢ conpound conprising at |east one

et hyl eni ¢ unsaturationrhfbe kathkeitéenpeundmsi hhvie beehediedliosed or
greater sinplicity, in the present invention as an olefin or polyolefin,
when it conpihsasmsevaeapaténeshyhdnisevensat glasisess ofHIWeads HFVE t er m
"ol efin" should not be interpreted as Iimting the organic conpounds

suit abl e Bor btka knudnedonThe Ryjdesdsr boes Jemerialllyl so relates to organic
conpounds conprising at |east one ethylenic unsaturation and which can
conprise 15 atgamophbephblras conponnssd KyEhogen PSR G%s of

hydr ocar bons, such as the m xture aobtained by distillatjon of oil known in
t he hydrocar bbesphiiaigess Ph@SB@C@GﬁﬁsTﬁFSP@GFHh§n§ﬁVaﬁﬁﬁﬁééﬁ§1}xireated to
remove or convert inpurities, such as conpounds 20 conpri.si cetyl enic
unsat ur at i onmon@deEkas O PRYFERIETE i I, tz?se cﬂasgtﬁ oo e(frioné%a ent” US No. 6
the present - PrboirPBAS R iCH T EEE £7 CORSA R and S R 11 te o
compounda bR 7 MR SZBET G o N L A ol yaTer i ARL6 di g to
one CharaCtegd%H(ééﬁséﬂgionate, phosphonate, carboxylate or
ammonium groups, for example, to render them soluble in
the polar phase.
Mention may be made, as example of the
15 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
20 carried out with catalysis in a single-phase medium.
With regard to French Patent No. 2 338 253,
it also discloses a process for the synthesis of
adiponitrile by hydrocyanation of butadiene. The
reaction is carried out in a two-phase liquid medium,
25 the catalyst being present in an agueous phase. This

process makes it possible to recover the adiponitrile,

devoid of catalyst and therefore of metal, in the



-6 invention, the reaction is carried out in the presence of a catalytic
system conprising a netal elenent chosen fromthe group consisting of
ni ckel , platinumand pal | adium and an or ganophosphorus |igand, the reaction
"5 medium additionally conprising an ionic liquid which is in the liquid
state at least at the tenperature at which the hydrocyanation reaction is
carried out. In a first enbodinent, the4onic |liquid and the conpound to be
hydrocyanated are conpletely 10 miscible, at |east at the reaction
t emper at ur e. ayd nat,@n LeN gk Aldlelded Oouh g s2 honbgeneous or
single-phaseoﬁggPE%1bﬁggg'sgggngggﬁggggngﬁﬁfqthe ionic liquid and the
conpound to Qﬁtaxggecmeéhe@naéemiemlsciskalcel Qs afiekkd ofly partially
m scible at the reaction tenperature. The reaction is carried out in a
nonhonogeneoygngh nh M oRhase hmadi ydankin oithithee ppediptEne, tylre catal ytic
systemis advantageously soluble in the ionic liquid. In both these
enbodi ment s, gblvelyerpPoshiilel @ i5and0 cafprd seal warltphofndtewy qealiaralts, This
solvent of low polarity can be added fromthe beginning of the reaction but
can al so be mardnonkiy abiseribillee tendenetrhd hreeasttiadry;sti magrdelre tdius to
pronote the separation of the hydrocyanated products and of the ionic
liquid, in 28ippetisibllar imn wat@er- t o nake possible the extraction of the
catalytic system This is because the solvent of |ow polarit. hai the role
of rendering the ionic urfiegmore.nddl dis &4se tkHE)"Hhé'E‘é 2d"8F the
sai d solvent, the _unconverted olefin and the nitrile oggg nds, forned .

t

Wiat ever t heNémbadi-hamed G bad fte Mertdb IPF Tt & § he VY stemto be
at least partially mscible in the ionic li.quid., Advantageously) this
mscibility éatdse MNE Rsd tﬁ;’rt ﬁé‘%qu*?enczeﬁ'bcf C&if\ R %ﬁe i oni zabl e group
in the npl ecul e of t or ganophgsphor ys 1. i y be made, as

i oni zabl & %r 56&?%e5lfyq g p%hod:f I%gqrﬁ glmdcr%a%%% c?af; %ﬁl phonat e,
phosphonat e, bphosphinate. ;GarRxyl I3 sul phinate, or of cationic type,
such as guani&inlunl amoni um pyridinium imdazolium phosphoni um or

sul phoni um for exanpl gegth dHnered e natpe thefuddeseakomi €015 groups
are preferably chosen in order to render the ligand soluble in the ionic

liquid. It cambe adva ageausriaicd ket natersymfhédies i ofizabtlgsoup to be
identical to that of the anion or of the cation associated with the ionic
liquid 20 Thedaialadw qystemheatibablerdlorpime noveht fatabyeliehose which
preferably conprise the elenment nickel in the zero oxidation state or a
conpl ex % h syregaamep hos o musd i §yarg st ivhi e elaior opprd Sl eegerBf | oni zabl e
groups descri bed above or nore 25 generally conmpounds conprising phosphorus
capabl e of gicdmmp= tciowrsi plattilon okhpearnak 10 tFedsPei on netal s and nore
particularly the abovenenti oned catal ytic 8 netals, in ti,cular with

ni ckel . These conmpoundshReE B fdMEt X SFor Eﬁﬁ?ﬁ%ﬁt%?%lgﬁ °dan exhibit a

hydr ophobi ¢ or hydraophilic pature.. These conpounds hav N- @] sed in
numer ous pat ePrﬁ%grr‘teI[‘E?i%gl‘?% 1[5?1% %l%%%%fla@; i BN 0 gbﬁ?‘%?e%gb%ﬁégbel ong
to several classes, jncluding in rticul t op Ltes,
organophosphdﬁ$t%§§ai;%ﬁ§{§5' §%%?$§¥%% §¥§ébrggﬁ§%%§§bh?%ggﬁt

20 US 5 773 637 discloses the use, as Lewis acid, of

perfluorocalkylsulphonate compounds.

One of the aims of the present invention is
to provide a novel process for the manufacture of
nitriles by hydrocyanation of an olefin by reaction

25 with hydrogen cyanide which makes it possible to obtain
high yields of and high selectivities for linear

nitriles and an improved stability of the catalytic



. Such catalytic systens and their preparation 10 processes are disclosed,
for exanple, in French Patents 2 338 253, 2 710 909, 2 71Z 987, 2 739 378
and 2 778 915. Mention nay be made, as exanpl es of organi c phosphorus

" conpounds which are suitable for the 15 invention, of alkyl phosphi nes,
aryl phosphi nes, al kyl aryl phosphi nes, al kyl phosphates, aryl phosphates,
al kyl aryl phosphat es, al kyl phosphi nites? aryl phosphinites,

al kyl aryl phosphi nites, al kyl phosphonites, aryl phosphonites or 20
alkylarylph%§%Q%HLtes, the organic noiety of which conprises up to 36
carbon atons-“‘and which are preferably substituted by one or nore ionic
groups described aboven, Maild @mdarayHe imRdmtiasn exampldess of REe@HPpounds,
of tributyl phosphine, dinethyl(n-octyl)phosphine, tricyclohexyl phosphine,
tri phenyl phgsghivie nl=eludddtasahiore, otgarsi(q-amidmxydh ersiy Hhdisphi dle, 9
di phenyl et hyl phosphi ne, di net hyl phenyl phosphi ne, _

1, 4- bi s(di pheant phes phime)hut@nmest toniat st oyhdapheaer Bingli ey |
phosphat e, the said conpounds preferably conprising at | east one ionic
group desgr ilsettabyare t Forverdd ari omybdfeveritl iy @EOFSRANPY BT OF UKD
conmpounds, of triphenyl phosphi ne(nono neta sodiun1su|ghﬁtfg £TPPNBNa),
(5- sodi ocar wgenire ZampeliphergTRifbsHIF Rt ofeast one ethylenic

(3-sodi osul phi nat ophenyl ) di phenyl phosphine. LO is dj Lp the
abovenent i onetsELERE 0N t HERQ at &F y&¥ %WP%%p%rﬁgg}é%ebtég%gﬁggsta’
introduction into the medijumor.jin situ.. For ' : 1 5:pRrekerahl y made
of the conpoi@EsIEtatee %%ngﬁc*BYhihﬁ The %E%g%égigﬁg?gﬁég?,E%SQEUCh as

ni ckel, which are added to di um.j i gapgebgsphorus ligand is
al so sol ubl 21 Suth %Fn@ﬂiﬁﬁf%ggnbe %ﬁ ?@n?gmﬁ?gﬁgg. The catal ytic system

thus formed is afdded t 9G¥ anab,e0epedinay Themprefieriad conpounds
anong thggzoeﬁB%ggﬁ%%t?%%ggug%ﬁ%gﬁ%ds are ?hose of nickel. Mention nmay be

mede, as nonliglLngoexpopteserpleceal he sonBeundsthe whiahithe nickel is
in the zero GxXrdation state, such as potassiumtetracyanoni ckel ate

K4[ Ni (CN) 4], -Bihsbags¥! enitable) BbekeheOinvahthibs( toshyyderbeasbatisene) ni ckel
and derivatives conprising ligands from G oup va, such as

t et raki s(trighenytphosphicaehnieek eb( B)yganit0 complwngdisc leeMpPEd®E&ddnd< i n whi ch
the nickel is in an oxidation sate greater than zerq, such as the

car boxyl at es1éhkBtpanti ethgienlie apesLEpt icar BHFat@1iB CAHSTIRE, > F5or at e,
brom de, chloride, citrate, 5 thiocyanate, cyanide, fqg%Pte, Qﬁgroxide,

hydr ophosphi kecmshospleat &hapheshare aafd yeroggn s "PIHFE Titrate,

sul phate, sul phite, aryl- and al kyl sul phonat es, .al l.yl or.__acetyl acet onat e.
P hgfdrocarbo);ls, such asy the %'HXture ob%al)ﬁe&) b}ﬁ y

distillation of oil known in the hydrocarbons field as
the C, cut. This cut is advantageously treated to
remove or convert impurities, such as compounds
20 comprising an acetylenic unsaturation, for example by
hydrogenation, as disclosed in Patent US No. 6 197 992.
A compound will be regarded as an volefin” within the
meaning of the present invention which comprises an
unsaturation and a nitrile functional group, such as,
25 for example, the unsaturated nitrile compounds obtained
by the reaction of HCN with a polyolefin.

According to one characteristic of the



It is not necessary for the nickel conmpound 10 to be itself soluble in the
preparation medium such as the ionic liquid. This is because it is
sufficient for the conplex to be soluble, that is to say for the
“dissolution of the nickel to take place during the addition of the Iigand
to the ionic liquid. 15 When the nickel conpound used corresponds to an
oxi dation state of the nickel greater tkan 0, a reducing agent for nickel
whi ch preferably reacts with the latter under the reaction conditions is

added to thei%@%ﬁ%igﬂ nﬁgé“?éagbiénrEguéﬁﬂgiégeﬂhtciﬁ baeopgarietic20 or
i norgani ¢ or hydr ogen: ntion may be nade, as nonlimting exanples, of Zn

powder, mRgngsi 4., KBty ; MaBHA: andcbrpehydnidasnetal eeabhensoldbisisen n
water. This reducing agent is added in an anmount such that the nunber of

oxi dati on/ redygt,i pReegubMpl 88h512Bihg bEt weekel ,apdat@nukowener, val ues of

| ess than 1 and greater than 10 are not excluded. Wen the nickel conpound
used correspgadsaBoum addthe Brgahdphbephstrase lagamidckéhe geseduding agent
of the type of chose, nenti oned above can al so be added but this addition is
not essenti ahedThe satettedatipgcagent.siage asuilratiice Lifgayidaws Gty oif
conpound is used. In the case of palladium the reducing agents can, in
addi ti on, beimonhengntimidf sthser efclleantnadi GiRe( HFTPRSHES SAvent ,

olefin). According to the invention, the reacti,on 10 nedj um.conprises an

i oni ¢ | i qui dwhihkhs thenhydrpgiraatdoin TEERItE PorFoiid 1% THti on of which

is of oniumtype having at | east on etergatqm such as .N. . .P. ,
carrying the positive gﬁaﬁgélirﬁtc& Sa&ﬂe 'vm%thr? a Bor” é—lgjeu deroa{andisaronnti c
ring, and an anion. 15 Such compounds_are descr.ibe §%anple, in the
article by YF&& ERERGH gaﬁ&’ %@F@H@qﬁqxﬁqu- oﬁﬂﬁgﬁ%ﬂgﬁgﬁltled " Nonaqueous
ionic liquids,as.teaction.salyents',, i [ 86 . Bhe 1995, p.

66, the aé’pefnlﬁfl%ie\mlat%o%eﬁﬁ\él i%tsthéé‘eipt]i%fé%gq%g‘m&R V.. 1699, p. 2071, or
patents, such, a5 Patent: ;£ 9LL A Accorfingd Qi Prefeniafbahasass eri stic

of the invention,” tthe 1 onic |iqui onprises at |east one
or single-phase medium.

Tn a second embodiment, the ionic liquid and
the compound to be hydrocyanated are immiscible or are
15 only partially miscible at the reaction temperature.
The reaction is carried out in a nonhomogeneous or
two-phase medium. In this embodiment, the catalytic
system is advantageously soluble in the ionic liquid.
In both these embodiments, it is possible to
20 add a solvent of low polarity. This solvent of low
polarity can be added from the beginning of the
reaction but can also be used only after the end of the
reaction, in order thus to promote the separation of
the hydrocyanated products and of the ionic liquid, in
25 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



-cation chosen fromthe group consisting of the 25 structures

t et raal kyl anmoni um  N-al kyl i m dazol i um N-al kyl pyri di ni um

N-al kyl pi col inium N-al kyltriazolium N-alkylfluoropyrazolium 12
"N-pyrrolidinium alkyl sul phonium tetraal kyl phosphoni um and

al kyl oxorrium ., Mention may be nade, as_ exanples of preferred rations of
the invention, of alkylimidazoliunms, such as 5 1,3-dinethylinidazolium
1-butyl -2, 3-di met hyl i m dazol i um 1-butyl-3-nmethylim dazolium or

1, 2, 3-tri net hylsloTu@aeoli nurheMVehizisen dtapdeedrade tias garief esglackrani ons of the
i nvention, of an anion chosen from halides, 10 nitrate, phosphate,

hydr osul phat & hepe&iidoneieaaleky lidw fihpraideshe nitrile compounds

bi s(perfl uoroal kyl sul phonyl )am des, bis(fluorosul phonyl)am de,

bi s(fl uor ophaspinery.| ) am de, tris(perfluoroal kyl sul phonyl ) net hi des, boron,
alumnium galliumor iron tetrahalides, phosphorus, Z5 arsenic and

anti nony hexahal i des, #hadeared ttihe tendegdiimpey, ot doppareifraielekor The
preferred anions of the invention are Br-, |-, BF4 , PF6-, SbF6-, Al d4-,
Znd 3-, SiC 3heam@tElerdsosY)staw to ke Rie Jedfitc Raxfial LY I bCEtq abl e for
t he process of the invention, nust be in the |iqui dréistat.e at Jeatt at the
tenperature af WHiEcHAHE MFPS arrHEYRINE on T L TSP Lt tY However ,

ionic liquids which are fou in.the liquid stat t a tenperature of |ess
25 t han 1000%%&&%@%3’3{ RES esioo]feaetoglﬁ%sl‘*t sée%%r ati on and
extraction of, the catal yst fr.omthe react|-0 ' '

t wo- phase sys]toé’rﬁza%qﬁ E%lrrﬁmzfdci'irfitokhe, mcfgli)leeénd |‘:'nng(§?(;(r1rl eélgq%rg(g‘]o}?m%é (g%utéhe

i nvention (si -1 Of - t t i i L4 Qud i chypecones

m sci bl e or ajtqqiag‘éis't Mﬁ?ﬁégp?‘%%’mﬁgezi ee i na&tehle&geact:} otll‘iI rre%m only at the

t enper at ure %ﬂ}uq\i‘gﬂlcf@ dhedragyanatian deasiipodscearried out, or in
the vicinity of the latter, I1s entirely conpatible for the inplenentation
of the inventdiihpHdhdthe gmadinmMed N cdydphase sedsephibhete, or
of cationic type, such as guanidinium, ammonium,
pyridinium, imidazolium, phosphonium or sulphonium, for
example. The number and the nature of these ionic
15 groups are preferably chosen in order to render the
ligand soluble in the ionic liquid. It can be
advantageous for the nature of the ionizable group to
be identical to that of the anion or of the cation
associated with the ionic liquid.
20 The catalytic systems suitable for the
invention are those which preferably comprise the
element nickel in the zero oxidation state or a complex
with organophosphorus ligands which can comprise
several ionizable éroups described above or more
25 generally compounds comprising phosphorus capable of

giving a coordination compound with transition metals

and more particularly the abovementioned catalytic



immscibility of the ionic liquid, at least at |low 10 tenperature, is
preferably obtained by addition to the reaction nmedium of a solvent of |ow
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 |ow polarity, of
sat urat ed hydrocarbons, such as hexane,8heptane, octane or tol uene, or

et hers, such as diethyl ether, diisopropyl ether or nethyl isobutyl ether.

The condi ti gas her Gar KA Qulaxt RE 20 ydeacy analdOtdgRainds eae
descri bed below, by way of exanple. Thus) the anopunt of nickel conpound or

conpound of pana{hey- ,t ANSidY PblRRicalt Atsedrid chipsethibitoraer to obtain a
concentration as noles of transition 25 netal per nole of organi c conpounds
to be hydrogyanaipedidc icaomsrdroetidfi detawesre .10Fhe sndcdnpeuhds diaveabl y

bet ween 0.005 and 0.5 nol of nickel or of the other 14 transition netal
enpl oyed. Theeadiniclafsdd gandursethuso Hedrantsher sataingtte stkfiosen so t hat
t he nunber of noles of this conpound with respect to 1 nol of transition
netal is55 bydvesya0es: igm G0 kit direste sl Poaniked ERFAD. The
hydrocyanation reaction is_generally carried qQut at a tquerature of

bet ween 10Ccd@dSECOC ol WHaI® ridbI BRI GHEIGT 0t HiParseRd 1 rBcess of

the invention can be carried .
organophosphonites, organophosphinites and

organophosphines.
Such catalytic systems and their preparation
10 processes are disclosed, for example, in French Patents
2 338 253, 2 710 909, 2 711 987, 2 739 378 and
2 778 915.
Mention may be made, as examples of organic
phosphorus compounds which are suitable for the
15 invention, of alkylphosphines, arylphosphines,
alkylarylphosphines, alkyl phosphites, aryl phosphites,
alkylaryl phosphites, alkylphosphinites,
arylphosphinites, alkylarylphosphinites,
alkylphosphonites, arylphosphonites or
20 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
25 compounds, of tributylphosphine, dimethyl (n-octyl)-
phosphine, tricyclohexylphosphine, triphenylphosphine,

tolylphosphine, tris(p-methoxyphenyl)phosphine,



10 out continuously or batchw se. The hydrogen cyani de enpl oyed can be
prepared fromnetal cyanides, in particular sodiumcyani de, or
cyanohydri ns, such as acetone cyanohydrin, or by any other known synthetic
process. 15 The hydrogen cyanide is introduced into the reactor in the
gaseous formor in the liquid form It can also be dissol ved beforehand in
an organic solvent. In the context of a9batchw se inplenmentation, it is in
practice possible to charge to a reactor, 20 purged beforehand using an

i nert gas (§§¥gE§§2$%%ﬁg?éﬁkéghfﬂéﬁ”ﬁiméﬁﬁi@ﬁhéh?;bh%é§Wiﬁ@ppriSing all or

a portion of Ituents, the transition nmetal conpound, the

possi bl e reducj ng Age1s. ANthISdMeIMS) biEakdle 621 dciepnsphossni seseparatel y.

25 Generally,  the reactor s then brought to the chosen tenperature and
then the compgisho heodpyiosyatied eshis compodneedordhexraytiyogen cyani de
is then itself 15 i'ntroduced, preferably continuously and unvaryingly.
Wien tie reaghmpiidsng apl bé€st tdee rbact ¢ ogroupt deect sbedlt Adovuan after
cooling and the reaction products are isolated, for exanple by separation
of the 5 phase conpri sieg: tde mway dbgtnadsyseencaaupbest @é puaBe formed by
the solvent of low or no polarity, the hydrocyanated products and those
whi ch have notmpeerdsonvertetpheényiprospinefnanewsephasedsydtem The
products fromthe |l atter phase can be separated, for_ 10 ?éa | e Ey

di stillationsulphate) cHERPISNG) si At 2OBHASRTRGEY WY BT KE %ggﬁPX fon means
can be enpl oyed, such as, for exanple, disti Iat;gg.og | iquid/liquid
extraction. ProspliRaser whar8CtheshroiiRt tPB BRY 15°HHaF8¢yanated i s an

unsat ur at ed comgound conprising a nitrile functional group, it is
advantageousp?% ReECwnith the catal ytic system a cocatal yst conprising at

| cast onggLews acid Jhi s.rsacionegonsl she Lochartheubaba n 20 converti ng

aliphati%onitriles con%?i%?ng eéni ¢ unsaturation, 1n particular |inear

D eneni b EPenBUoNcAS BaPEIYECRTbL opr dpRERRBRALLE! kesand Lhel !

m xtures, obtarned by hydrocyahation of butadiene, to dinitriles, nore
Spec'f'callyiﬁQf?&hBQﬂbﬁrhhgo 2he Thegeunentenankieyl.es can conprise
y

anounts, genera m nor anounts, of other conpounds, such as
2-met hyl - 3-buteneni tri bgr 2niBt hMke2ibupeagsirbbillemade of the
compounds of the metals forming the catalytic element,
15 such 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
thus formed is added to the hydrocyanation medium.

The preferred compounds among the

20 abovementioned compounds are those of nickel. Mention
may be made, as nonlimiting éxamples, of:

- the compounds in which the nickel is in the
zero oxidation state, such as potassium tetracyano-
nickelate K,[Ni(CN),], bis(acrylonitrile)nickel(0),

25 bis(1l,5-cyclooctadiene)nickel and derivatives

comprising ligands from Group Va, such as

tetrakis (triphenylphosphine)nickel (0);



16 2-pentenenitrile, valeronitrile, adiponitrile, 2-methylglut~~roni"trile,
2-ethyl succinonitrile or butadiene, originating fromthe prior reaction for
t he hydrocyanati on of butadi ene and/or fromthe 5 isonerization of

“2-nmet hyl -3-butenenitrile to pentenenitriles. The Lewis acid used as
cocatal yst makes it possible in particular, in the case of the
hydrocyanati on of aliphatic nitriles cohPrising 10 ethyl enic unsaturation,
to inprove the linearity of the dinitriles obtained, that is to say the
percentage of linear dinitpiLesxwht Bofgspaet i@ ahlchhendi miliddies s or med,
and/or to increase the activity and the lifetine of the catalyst. 15 The
term"Lewi s agidy bgidadebst e@dtkogFeaberi Bhkhe zRreserudhexds, taecording to
t he usual definition, conpounds which accept electron pairs. It is possible
in particul apat8ceppkekst henl pairs iatids ehkedcenaltks ,workbetiatted by G A

A ah, 20 "Friedel-Crafts and Rel ated Reactions”, Volunme |, pages 191 to 197
(1963). The bLewsgbatiade , Whiotl tean bremddel, oyéd cas deocatidinggtes i n the present
process are chosen fromthe conpounds of the elenments from Goups Ib, Ilb,
l11a, 25 EllbhibdgankVe, Yyandde,Viformdteh dydrexideof the Periodic Tabl e.
These conpounds are generally salts, in particular halides, such as

chl ori des or hiydowiphesphitel 7 phylsplidtes, Phgsphcha ed KRWEMAPHGTAt es,

per hal oal kyl sul pr, onates, in particul ar fl uoroal kyl sul phonat es or

per f | uor oal kytlosliideh omdttad. t eoardPjedces SUImRdESfat &y1l- an

bi s(perfluoroal kyl sul phonyl) 5 ami des an

d
tris(perfluo@d&w%ﬁqﬁﬂﬁﬂﬂﬁﬁﬂ%méﬁﬂﬂﬁe§?Iﬁﬁﬁﬁ%ﬁ?qﬁﬁPqﬁgﬁnukz as nonliniting
exanpl es of such Lew s _aci.ds, ogzl;(gfﬁ'c%és%grélgrﬂodre’t?% r}lcicg{eé,{m(:%gnrﬁ%dm i odi de,

manganese chl oride, nangandsé m-um ¢hl or roni de,

Car 1t 6.1 AL 4TI OROL IR bNEae Lo e o e B i o

tartrateFQI1'QJ uor one e chlorides or brom des of

rare-earth mghgl .i%rﬁ@rfi%ui%‘.crh?i | AnthaniBe Y | 1M s PEens tor

neodym um samari'um eudropl um gadolinium terbium dysprosium hafnium 15

erbi um t hal Lijum it ensbigsnanddiuietd urshobad teshday i fler diesrous chlori de
or yttriumchloride.” Use nay al so be nade, as Lew s acid, of organonetallic

conpounds, Sy A1 diidtheny | oy anieclasl tid anikenglidsophopoxg dehe It is, of
course, possible to 20 enploy m xtures of several Lewi s acids. Preference
is very partizidiarion givethe anorend ew stlesiidsyic ol #qwied chl ori de, zinc

brom de, stannous chloride, stannous brom de, triphenyl borane and zinc

chl ori de/st annous chl orfiten nilxe urieskeD 5 aRowbi eeedi FPr HPERePaB| {Obe made
of a Lewis acid having an anion identical to or of the sanme nature as the
ani on of the domxidagien stakeh ok themispp Freater 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

20 or inorganic or hydrogen. Mention may be made, as
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

25 1is between 1 and 10. However, valueé of less than 1 and
greater than 10 are not excluded.

When the nickel compound used corresponds to



18 zinc chloride when the ionic liquid conprises znC 3- as anion, alum nium
.chloride when the anion of the ionic liquid is the anion Al 4-, |anthanum
tris(bistrifluoronethylsul phonyl am de) when the ionic 5 nediumis conposed
"of the bistrifluoronethylsul phonyl am de ani on, or neodyni um
tris(trifluoronethyl sul phonate) when the_anion of the ionic mediumis the
trifluoromethysul phonate anion. It is al$o possible to enploy an ionic

| i qui d conposed of a m xture of 10 pol ynucl ear ani ons, such as the anion

Zn2C15- and efZ8ChRida®hoAlé€ite afdnatkA1Cl4- reblincang elemted fenbodi nent
of the invention, the Lewws acid will be contributed by the anion of the
ionic |iquidthdhtgpeosEcihbge flentiehkbdcabbriebutes aflbe Mo efddct loft
cocatalyst to the nmedium The Lewis acid cocatal yst enpl oyed general ly
represents fthms0a8ditdob0isDhopeeswehneiefl .transition nmetal conpound, nore
particularly of nickel conmpound, and preferably from1l to 10 nmol per nole.
20 It is al so possi bl eThengemet keducAdict fgestef atige SydradcheatdiaTo P br ocess
of the present invention and nore particularly in the presence of an ionic
liquid, t& carpy eampoppdt B6 HBSEnce of hydrogen cyani de, isonerization of

2-met hyl - 3-butenenitrile to 25 pentenenitriles and nore generall éﬁ
branched unsat urated nilfr th&s CB§e OfeRALIFEAH T atdE madH9ee S

2-met hyl - 3-butenenitrile subjected to 19 is ri zation .accordi.ng to the
i nvention caf2Be é&RpPOFedi&fon eoFPW%?Q?Wﬁ%UﬁﬁH%hﬁtﬁ?%ﬁ qné%ﬁ%ﬁg%ds.
Thus, 2-nethyl - 3-butenenitrile, can ed as a mxture with

b be..
2-nethy|-2-bﬁ?@ﬁ§ﬁ' PFPeFC%VEpﬁénfgﬁgﬁgﬁriIe, 3-pentenenitrile,
2-penteneni trile, butadieng.q;y .R%Pi%ﬁlqavé%t )”ﬂﬂ%"fﬂéHﬂﬂéﬂ'e’
€.

2-ethyl succinonitrile or valeronitri I's particularly advantageous to
treat theqregeliom '@oﬁﬁg_lirie;se%r @i nRJHiRg 1filRMd heridrieayanat i @ @fid0

but adi ene by HCN according to the conditions of the invention, that is to
say in the pgesered Ofcipdudid,C dieWatidm diheitian edd of drhiwm prgder red
alternative :
having at least one heteroatom, such as N, P or S,
carrying the positive charge in conjunction with a 5-
or 6-membered aromatic ring, and an anion.
15 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,
12, 1995, p. 66, the paper by T. Welton published in
20 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
cation chosen from the group consisting of the
25 structures tetraalkylammonium, N-alkylimidazolium,
N-alkylpyridinium, N-alkylpicolinium,

N-alkyltriazolium, N-alkylfluoropyrazolium,



form the catalytic system being already present for 15 the reaction for

t he hydrocyanation of butadiene, it is sufficient to halt any introduction
of hydrogen cyanide to allow the isonerization reaction to take place. In
‘this alternative form it is possible, if appropriate, to carry out a
slight flushing of the 20 reactor using_an inert gas, such as nitrogen or
argon, for exanple, in order to drive of# the hydr ocyani ¢ aci d whi ch m ght
still be present. The isonerization reaction is generally carried out at a
tenperature Rt 196:019320QGmand 125 1Ruabeakyh , of eG@Gall &y 120E.splhortien
preferred case Of an isonerization imediately follow ng the reaction for
t he 20 hydggeyanakiemonfivautadiene, it will be advantageous to carry out
the isonerization at the tenperature at which the hydrocyanati on was
carried out. As for theeprdessmafyoibet madeydesc exeapiles of Prsferoiats
conprising ethylenic unsaturation, the catalytic systemused for the

i soneri zat i onactdonse ofr ¢har ddvieeftdron i 1of iadtkivdduddace il t F1Ghe & i on
region. It is also possible to prepare the catalytic system"in situ" by
si npl e ni %i ng .6 dimesdwaniceg old ubndtiurerdt. . 3TKE ~of transition

met al conpound and nmore particularly of ni.ckel cqnpound used and the anmpunt
of I'igand ar émig@zedadims L-HuteHe 3PHFER ETIHEH? t4%on. However, the

preparation of dinitrile 15 .caonpounds by hydrocyanation of an ol efin such
as butadiene10§n35§9ﬁ§%%hg§ ﬁﬂéxﬁf { reaction systemin accordance with

the invention for the ages of formati on of jtrdles and
Hebt e’ 1 el s e G o

the stage of isoneriza pos or the reaction 20 for

the hydrocyanat] qo.of. s, UNSAtA ALad Nididdds £0.lixpiiiddes to be caried

out with are on Systerhin accordance with the invention or any other

catal yti qosyafiegpapgg,egﬁ%ggﬁ}m,f Hydsu 1 8aatd Opedd Ke SeLkfhe reaction

for the hydrocyanatio 5%f the olefin to unsaturated nitriles and the
i somer i zat i o, OfpHdie ded | @41 LA b S¥dd Be 101l Py ) dreiadds pn- syst em

different fromthat of the invention,

bis (fluorosulphonyl)amide, bis(fluorophosphoryl)amide,
tris(perfluoroalkylsulphonyl)methides, boron,
aluminium, gallium or iron tetrahalides, phosphorus,

15 arsenic and antimony hexahalides, zinc and tin
trihalides, or copper dihalides.

The preferred anions of the invention are

Br~, I, BF,, PFs, SbFs, AlCl,", ZnCl; , SnClj and
(CF380,) 2N

20 The ionic liquid, to be suitable for the
process of the invention, must be in the liquid state
at least at the temperature at which the hydrocyanation
reaction is carried out. However, ionic ligquids which
are found in the liquid state at a temperature of less

25 than 100°C are preferred as they make possible better

separation and extraction of the catalyst from the

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



21 the stage of hydrocyanation of the unsaturated nitriles to
dinitrile:being carried out with a reaction systemin accordance with the

i nvention. The exanples given below, solely by way of 5 indication, wll
“illustrate the invention and its advantages. PREPARATION OF | ONI C LI QUI DS
Synthesis of 1-butyl-2,3-dinethylimdazolium10 bi s ( tri f |uoromnethyl

sul phonyl ) amide ( BMM +TF2N- ) 40.50 ¢3(0.215 nol) of

1- butyl -2, 3-di met hyl i m dazolium chl oride are dissolved in 300 mM of
distilled water. 61.62 19 (3R P! Jadfeddilty WA the embodiment of _

bi s(trifluoronethyl sul phonyl)am de are added and the 15 mixture is stirred
under argon fidle A ROUiHrAL( AMY RN dehps- Hnlee Hdtdmphasiee syshem i s
formed. After extraction with 250 m of dichl oronethane, the organic phase
is washed w i S0& Whioh WEEmeanthideiblonnendt aedst Ttwercoapbynd exi sts
inthe formof a 20 slightly pinkish liquid which is purified by

chr omat ogr apimi sanikd eneut ridle atesn tnisore odaddnunf ednigntat dilod| oergpetdttumeg . 1t i s
then concentrated, taken up in acetonitrile in the presence of active
carbon and fidtt evteicth Aftteerhydinoayprfadri arevierad £ hour s ataB0iEd tdret 250 onpound
is obtained in the formof a colourless liquid (83,78 g, 90%. The
structure of irhithepreduidtd:t YCIHIEING SEOAES: kS cohf I ForEd SoMBPRRIRbRct r al

anal ysis . 22 Synthesis of 1-butyl-3-methylimdazoliumbi s (
trifiuoronet AT stiHHEBASHEHA LT BV HTIE2NVERY0D2 g (0. 240 nol) of

1- butyl - 3-met hyl i m dazal i u%hlrﬁ#e are dissolved in 300 nj. of distilled
water. 69.46 g (0.242 mot)Ht § TR S rd TR RIS ‘ﬂfﬂm%“?am de

are added and the m.xture is.stirred under argon hour t anbi ent
t enperat ure. RS PFHasd¥5y2% Ztr%l‘? slcf%lrcne%gil.qlﬁf(?’era%x ?%%%i%ﬁ ]\?\?‘tgh 250 m of

di chl h i I L4 h d
then concant 1A RE B e P B o I B o e v A ko
li qui d whi Chh]{esacpé&rci IRl Qi ¥ OUTBE OTFAPNYo O Gy NEYE &AL £l URh g col um

(eluent: dichloronethane). It i1s then concentrated, taken up in 15

acetonitrile ddn4die R{ESANGR Hft REtd MEF T bad @éldhdgrafé eflat St ghadryi ng
for several hours at 60C, the conpound is obtained in the formof a

col ourl ess |iwpd chi{t8di ¥l Produded sdridiCtetide r Clphd SNSSPO4ESquds confi r ned
by NMR anal ysis. 20 Synthesis of 1-butyl-2,3-dinethylimdazolium

hexaf | uor ophoisphzitieo (BN +#RE5-91 SBI13Y and On 20D hes ) pobdsoed un¥ention

hexaf | uor ophosphate and 37.50 g (0.199 nol) of .

1- but yl 2,13 dimast Hyg inddaz A5 IR ETERE | o bee RIPEaBived PH 28LYLRLAT of
acetone. After vigorous stirring at anbi ent tenperature under argon for 72

hours, the sONATRRFRTRONS ] 1By 2hridergireel FeREARY t AEh2RBntENt rated. After

23 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
or isomerized of between 10™? and 1 and preferably

between 0.005 and 0.5 mol of nickel or of the other



“chromat ography on an alum na colum (eluent: dichloronethane),the salt is
taken up in acetonitrile in the presence of active carbon and filtered.
Concentrating the solution gives 50.41 g (0.170 nol, 5 85% of a white
"solid. The structure of this product, C9HI~N2PF6, is confirmed by NMR
spectral analysis. In the exanpl es bel ow, the abbreviations used have the
foll ow ng neani ngs: cod: 1, 5- cyclooctad?éne 10 eq: equival ent 2MBBN:

2-met hyl - 3-butenenitrile 2M2BN:. 2-net hyl -2-butenenitrile 3PN

3- pent eneni t trhAas4PNondmpeal erapilbede 15 3+4PN. 3PN + 4PN DN: ADN + MGN +
ESN MGN: net hyl glutaronitrile ESN. ethyl succinonitrile DC (Y): degree of
conversion of the prodOte ¥mpbpnie oZ0lhgdndcysest ¢éd, foymr édyondi ng to the
rati o of the nunber of noles of Y converted to the nunber of starting noles
of Y TY (X):cetadygtelig choskn sonmpbatdtie swmbespeddimegeso athdhdgtio of

t he nunber of noles of X 25 forned to the_maxi mum nunber of mples of X YD
(X): selecti vnotnpquari vREhc ERFPESE RO éoF“Pésﬁ’(fnd?lrﬁ@sthltoﬁ’e MetEilo G TY (X)
to 24 DC ( . Ilnearlté YDA~/ Y S chronato%dapr TPPMSNa:
sodlun1tr?ph€ﬁ§W6ﬁ856h§t€n§- @PﬁPﬁPﬁ§€éﬁgably etween

(3- sodlosulphlnatophen d hosphi ne P h)zF CIQNH
(5-sodi ocar boxyf ur - 2- yI b&gﬁ§¥8%8 hi°fe *B Cirlﬁh Ir%oraﬁ% In CF3SO3

) 3 ZnPhz 10 Zn CE%SO IS%%E@E%A&L%% & %é@%giﬁ—f%

(2MBBN) TO L ﬁﬁﬁ tests were carried out accordlng to
the 15 fol | ow %%%%Q&HS?%%Qdé% BBB%d%%£§1 ral | el reactor which nmakes

possi bl e sim REGus St i ng and si mil t aneous reflux of 12 gl ass tubes

known as Schl enk t ubes rnENS Rl 1 iRlarRdUse st Gessimeles and 20
under argon into a glass tube: - 10 ng (0.036 mmol, 1 equival ent) of

Ni (COD) z 10 66uy dRthiduBmdly Dreqitedivaniss) of TPPMSNa - 1.5 g of ionic
liquid - 400 ng (4.93 mmol, 137 equivalents) of 2MBBN. 25 The solution is
stirred at anbi ent tenmreathyderdgem yamide espdng/dadherarn & mMrexfatespt ane
are added in order to obtain a two-phase reaction
from metal cyanides, in particular sodium cyanide, or
cyanohydrins, such as acetone cyanohydrin, or by any
other known synthetic process.
15 The hydrogen cyanide is introduced into the
reactor in the gaseous form or in the liquid form. It
can also be dissolved beforehand in an organic solvent.
In the context of a batchwise implementation,
it is in practice possible to charge to a reactor,
20 purged beforehand using an inert gas (such as nitrogen
or argon), either a solution comprising all or a
portion of the various constituents, the transition
metal compound, the possible reducing agents and
solvents, or the said constituents separately.
25 Generally, the reactor is then brought to the chosen

temperature and then the compound to be hydrocyanated

is introduced. The hydrogen cyanide is then itselt



25 medium 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. 5 A known anmpount of butyl benzene (approximtely 40 ng, to
‘act as chromat ography internal standard) is added to the two-phase reaction
medi um which is diluted and honogeni zed by the addition of 10 ml of THF.
The sol ution obtained is filtered throudgf a short silica 10 col um and
injected in gas chronmat ography (GC). In the tests carried out according to

the above pragRttddicddie tefdrdl redsit BhisooTprase MBN angl et her
products. The nolar formul ati on of these products is given in Table | bel ow
(the mai n conponents 15pgre hwwgactlodh eid complete, the reaction
Conponent Abbr evi ati onMbl ~2- Met hyl - 3- but eneni tri | e2M3BN792- Met hyl - 2- but enen
tril e2M2BN12.miG2:=Rentieneni tthid it e2PNEE 1304 - Reot Bngnand ' thedBNOSt Pent enenitril e
3PN1. 30 The results obtained with various salts are 20 collated in Table I
bel ow. By waypwidworparisogokatedst fws emamplke oytsepahatieat af yshebased
on ni ckel 26 and on a ligand, triphenylphosphine, in a single-phase

medi um Tdbl oHdseec@Rnipge)the catalytic system and of the phase

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

10 example by distillation. In the case of a single-phase
system, other separation means can be employed, such
as, for example, distillation or liquid/liquid
extraction.

In the case whére the product to be

15 hydrocyanated is an unsaturated compound comprising a
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

20 converting aliphatic nitriles comprising ethylenic
unsaturation, in particular linear pentenenitriles,
such as 3-pentenenitrile, 4-pentenenitrile and their
mixtures, obtained by hydrocyanation of butadiene, to
dinitriles, more specifically to adiponitrile.

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

2-methyl-3-butenenitrile, 2-methyl—2—butenenitfile,



2MBBNYD (% 3PN + 4PNYD (% 2M2BNYD (% 2PNMass bal ance

(99 A(1)4257-3.15.8861[BM] [ TF2N] 95902. 9- 0. 4962 BW ]

[ PF6] 93900. 22. 3943[ BMM ] [ TF2N] 96940. 81. 698 (1) conparative test without
“ionic liquid with triphenyl phosphine as Iigand 5 Tests were carried out
wi t hout using a nonpol ar sol vent, such as heptane, in order to obtain a
si ngl e phase system The procedure usedlés identical to that described

above, with the exception of the absence of 10 nonpol ar solvent. The

results obtajnsd,aLfehi siedel nylablenktlihel owgifabkerkhk Ex. lonic
| i qui dYDYDYDMVESSDur a- DC3PN + 4PN2NEBN2PNbaIancet|on2NBBN4fBNNI] [ TF2N] 3

N9588- 0. 10. 2925E EMA b1 L PRSDA1 894901 . 31c40506BML hERINEI 1094901 10,807 - 27

Hydr ocyanati on of to ADN The follow ng are introduced successively and
under argon biit@daegeassrighbgating0frpm( @hédprivel rebceqony &loentheof

Ni (COD)2 5 - 264 nmg (0.72 nmml, 5 equivalents) of TPPMSNa - 1.5 ml of ionic
liquid or 2.hy@rotiahheisal bfi busetiidnat aadibentt roenpéweat ure - 400 ng (4. 93
mol , 34 equivalents) of 3PN - 1 equivalent of Lewis acid. 10 The tube is
cl osed wi 6h assmeppeatfibht ef @mkthydeptbuotelkaiteadei ¢ m xture is stirred
and heated at 70C for 3 hours, during which period acetone cyanohydrin is
sl owl y addedpe¢hteneratsides2 ni/h, 0.36 nl, 3.95 mmol, 27 equivalents). 15

At the end of .the reaction, 15 nl of acetone )
The Lewis acid used as cocatalyst makes it

possible in particular, in the case of the
hydrocyanation of aliphatic nitriles comprising

10 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
lifetime of the catalyst.

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

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

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

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

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

particular halides, such as chlorides or bromides,.



are added to the tube, which has been cooled to anbient tenperature. The
solution is stirred for 10 m nutes and then poured into a flask containing
a known ampunt of butyl benzene (approximtely 250 ng, to act as 20

" chromat ography internal standard). This solution is filtered and injected
in GC. Afirst series of exanples was carried out using various Lew s
acids. The results obtained are shown it Table |V bel ow Table IV

Ex. 789101112Li gandTPPMSNal oni ¢ | i qui dBMM TFzNLewi s aci dZnC 2BPh3l n ( CF3S03

) 3CoQ 2ZnPhg K a &S5 03ulpiEdkaté s, MZDbaSdlpREndB8e83. 626. 8L (in _
% 57. 345. 578. 557. 950, 650. 9TY (DN) (in 0)16.06.10. 93 91.813. 1TY (NV) (in

% 2. 13. 60. 9lp@dhSlodNegEs B AL €6 N D) IPadOBchDAY 796. 299. 787.9 N 29 A
second series of exanples was carried out using various ionic |iquids and

| i gands. Thef I @stbd Skpbéal plech at €s sbowei fil Tabbel My bslidphonatabl e V

Ex. 1314151617Li gands TPPMSNaP( Ph) ZPhS02NaP( Ph) ZFuCOz NaTPPMSNaP( Ph) 2FuCOz Nal o
ni c |iqui dBMMArG&zNBM e JFANBMPhPESE Wb 35 fpeé dZhGbzOE1L BPNsilphonyl) -
0)25.95.712.132.54.5L (in 9%57.3"' 36.619. 860. 016. 9TY (DNL' in
e) 16. 02. 07. 52Bi@es 5and (t Nis Jp¢rfhuerpalkylgulphogyl) mgthidefass bal ance (in
0)92.197.496.793.599.1 w0 31 CLAIM5S 1. Process_for the manufacture of

or gani ¢ conpounds conpfeRtHeR Ay a8t MaRe, nREr RPRLLBAELRENEKABP4ESUp by

reaction between hydrogen cyani de and, an organi ¢ conpound conpri sing at
| east one etfl| enFl H%%h%u?é%gﬁn ?ﬁ ?h@cp?égQH& €of 2 nEaﬁﬁP?&Peconprising

an el ement chosen, f qﬁ1the [oup _con 'st&gg of niggggé BE%%hg%n1and
pal | adi um ant™3h b?%h %ph%%%%%?%geng%ﬁﬁ, , mang '
cadmium chloride, cadmium bromide, stannous chloride,
10 stannous bromide, stannous sulphate, stannous tartrate,
indium trifluoromethylsulphonate, the chlorides or
bromides of rare-earth metal elements, such as
lanthanum, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, hafnium,
15 erbium, thallium, ytterbium and lutetium, cobalt
chloride, ferrous chloride or yttrium chloride.

Use may also be made, as Lewis acid, of
organometallic compounds, such as triphenylbérane or
titanium diisopropoxide. It is, of course, possible to

20 employ mixtures of several Lewis acids.

Preference is very particularly given, among
Lewis acids, to ziné chloride, zinc bromide, stannous
chloride, stannous bromide, triphenylborane and zinc
chloride/stannous chloride mixtures.

25 The choice will preferably be made of a Lewis
acid having an anion identical to or of the same nature

as the anion of the ionic liquid, such as, for example,



10 characterized in that the reaction is carried out in the presence of an
ionic liquid which conprises at |east one ration and at | east one ani on and
which is liquid at |l east at the tenperature at which the reaction is
“carried out. 15 2. Process according to Claim1l, characterized in that a
solvent of low polarity is added to the reaction nmediumin order to forma
t wo- phase system 3. Process according ¥% Caim1 or 2, 20 characterized in
t hat the organophosphorus |igand conprises at |east one ionizable

functional grgup el d Q& OF04IPs o c PLOGESS a6eprdisg tacCaiam 1 or 3,
characterized in that the ionic liquid conprises at 25 | east one ration

chosen fromdhe gr %rﬁﬂﬁﬁﬁrﬁt.ﬁzlﬁgo@idé hehét I ticé Uarsohebf aghky i amioni um
N-al kyl i m dazolium N al kyl pyridinium N-alkyl picolinium 32

N-al kyl triazpldwia 1 ad eyl 4hUen opycaZol ilamchinpyr r ol i di ni ~um

a, | kyl'sul phoni um tetraal kyl phosphoni um and al kyl oxonium 5. Process
accordi ng t orene (1o s €3 8f TwoAomet By isutphcagienidell whenhghet henignic |iquid
conprises at |east one anion chosen fromthe group consisting of hali des,
nitrate, phosehate,idydoososedave, therbiaorbalkgrouephphsiéphonyl-

bi s(perfl uoroal kyl sul phonyl) am des, bis(fl uorosul phonyl)am de, 10

bi s(f 1 uor ophasphershiam der nebéyméumlHé%ééFR9ﬁ1§9F8ﬁéﬁ§V}ﬁethides, bor on,
alumnium galliumor iron tetrahalides, phosphoruys, arsenic¢ and antinony
hexahal i des, selpeonatet | ¥heri RARi ABEONaRE EBBpLPRYFhERAGEE. 1858 process

L a8y 81 b St ol L 053000 tiogsa fegmihe
e 2ty o S TRRSE R R R DR B0 5
iighs;r? B%L%ﬁ@?ﬁﬁ? %%g}?é%gg%él%Pgﬁg?gfﬁﬁélth?%fgg%gF%uﬁPdSPfProcess
according toygpe of (JahTE1} g 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

15 effect of cocatalyst to the medium.

The Lewis acid cocatalyst employed generally
represents from 0.01 to 50 mol per mole of transition
metal compound, more particularly of nickel compound,
and preferably from 1 to 10 mol per mole.

20 It is also possible, under the conditions of
the hydrocyanation process of the present invention and
more particularly in the presence of an ionic liquid,
to carry out, in the absence of hydrogen cyanide,
isomerization of 2-methyl-3-butenenitrile to

25 pentenenitriles and more generally of branched

unsaturated nitriles to linear unsaturated nitriles.

The 2-methyl-3-butenenitrile subjected to



- 25 7, characterized in that the ligand is chosen fromthe group consisting
of nono- and pol ydent at e or ganophosphi tes, organophosphonites, 33

or ganophosphi nites and organophosphi nes. 9.. ~Pr:ocess according to Caim
8, characterized in that the organophosphorus |igand conprises at |east one
ionic group. 5 10. Process according to Claim9, characterized in that the
ionic group present in the organophosphbtus |igands is chosen fromthe
group consi sting of groups of anionic type belonging to the group

consi sting ofsswdphwneien phasphoRgt€o dRe PRRSPAEL DbhEcafiapoxyl ate and
sul phi nate anions or of cationic type belonging to the group consisting of

guani di ni umempI®EVEdINg 1 Eys | o, ndsina mikecazrel wilth pbhsphoampouadd .sul phoni um
rations. 11. Process according to one of Clains 1 to 15 8, characterized in
t hat the organophosphofiuss] i Zanethgl ehosenehenntthéegecanpbeonsedt Beg of

tri butyl phosphi ne, dinethyl (n-octyl)phosphine, tricycl ohexyl phosphi ne,

tri phenyl phosphixeyre ovytphospaiingl - 2 rhetenaei hoxyehenyl ) phosphi ne,

di phenyl et hyl phosphi ne, 20 di net hyl phenyl phosphi ne, o

1, 4- bi s( df pherpepheRphi e} bat aheberierehi I rphosphapenhfgeniphéAd!
phosphate. 12. Process according,to Caim9 or_10, characterized in that

t he or ganopHospRdEeRe | i IAHCTEEDELR hodeRe FRBHPL REAYPBUP Y €bRsi sti ng of

tri phenyl phosphi ne(nono, net a spdi um sul phat e .

(5- sodi ocar bOXy %Yi%gf/?}%l‘i’%%ﬁ&f%h%gpﬂ?ﬂ%r‘a’ﬁétrlle-

It is particularly advantageous to treat the
reaction mixture originating from the hydrocyanation of
10 butadiene by HCN according to the conditions of the
invention, that is to say in the presence of an ionic
liquid.
In the context of this preferred alternative
form, the catalytic system being already present for
15 the reaction for the hydrocyanation of butadiene, it is
sufficient to halt any introduction of hydrogen cyanide
to allow the isomerization reaction to take place.
In this alternative form, it is possible, if
appropriate, to carry out a slight flushing of the
20 reactor using an inert gas, such as nitrogen or argon,
for example, in order to drive off the hydrocyanic acid
which might still be present.
The isomerization reaction is generally
carried out at a temperature of 10°C to 200°C and
25 preferably of 60°C to 120°C.
In the preferred case of an isomerization

immediately following the reaction for the



-34 (3-sodi osul phi nat ophenyl ) di phenyl phosphi ne. 13. Process according to one
of Clains 2 to 12, characterized in that the solvent of low polarity is
chosen fromthe famly consisting of saturated 5 hydrocarbons chosen from
t he group consisting of hexane, heptane, octane and tol uene and/or ethers
chosen fromthe group consisting of diethyl ether, diisopropyl ether and
met hyl isobutyl ether. 14. Process accorfding to one of the 10 preceding
clainms, characterized in that the netal elenent of the catalyst is nickel

in the 0 or hy@xiodgbinelt i¥ralst blradlleRress tacaaNdiby davaitagioldieco
preceding clains, characterized in that the organic 15 conpound conpri sing
at | east onecatrityl emitc thrs dlddhairicatdismmatoltefd ntaperaintefdh wioigh i si ng
from3 to 12 carbon atons. 16. Process according to one of the preceding
cl ai ms, char atikeehyzetdyariatdtont e sorganiie®@uwonpound conpri sing at | east
one ethyl enic unsaturation is 1, 3-butadiene. 17. Process according to one
of Clainms 1 to 14, chaksctien zéde ipradests they dritgadivlcwryanatd oo b
hydrocyanat ed conpri ses at |east one ethylenic 25 unsaturation and one
nitrite f&ncespaungiso @eMPLrs. s imd @y leadst ANt alt i 1the characteri zed

in that the conpound conprising a nitrite , 35 functional grogg i's chosen
fromthe groGptEdN$iist iVFEM Asschid@tefing iiememE L Idht e ditri | e.

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
10 constituents. The amount of transition metal compound
and more particularly of nickel compound used and the
amount of ligand are the same as for the hydrocyanation
reaction.
However, the preparation of dinitrile
15 compounds by hydrocyanation of an olefin such as
butadiene can be carried out using a reaction system in
accordance with the invention for the stages of
formation of the unsaturated nitriles and the stage of
isomerization above, it being possible for the reaction
20 for the hydrocyanation of the unsaturated nitriles to
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
25 of the olefin to unsaturated nitriles and the
isomerization of the latter can be carried out with a

reaction system different from that of the invention,



19. Process according to one of Clains 1 to 14, characterized in that it
consists in isonerizing 5 branched unsaturated nitrile conpounds to |inear
nitrile conmpounds. 20. Process according to Claim 19, characterized in that
"the isonerization stage is carried out in the absence of hydrogen cyani de.
10 21. Process according to either of Cains 17 and 18, characterized in
that the reaction is carried out in th&lpresence of a Lewis acid. 22.
Process according to Claim?2l1l, characterized in that the Lewis acid is
chosen fromdihe ok QU 1IN Sfdrt it tde warmewdseftdden et eneats from
Goups Ib, Ilb, I'lla, Illb, IVa, Vb, Va, Vb, VIb, VIIb and VIIl of the
Peri odi ¢ Tall®.qi33.t ANeseSse Bef g niged ol aritR2 cdudacder s¢etenn that

t he said conpounds are chosen 20 fromthe group consisting of halides,

sul phat es, siH phanatdes, cearbdxlad eisyveptaisphat es, hal osul phor ~at es,

per hal oal kyl sul phonat es chosen from the group consisting of

f 1 uor oal kyl sul phonat esTtence>pendl e raaldy sl phoret ksly 25y way of

bi s(perfl uoroal kyl sul phonyl ) am des and

tris(perfd ucmokidat isarl phoiid ) et us deate 2dhe Prvcesstsiee condli hgSt o d ai m 21,
36 characterized in that the ionic liquid conprises an anion formng the
Lewi s aci d. axb/arfyastesss according to one of the

PREPARATION OF IONIC LIQUIDS

Synthesis of 1-butyl-2,3-dimethylimidazolium

10 bis(trifluoromethylsulphonyl)amide (BMMI'TF,N™)

40.50 g (0.215 mol) of 1-butyl-2,3-dimethyl-
imidazolium chloride are dissolved in 300 ml of
distilled water. 61.62 g (0.215 mol) of lithium
bis(trifluoromethylsulphonyl)amide are added and the

15 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
concentrated. The compound exists in the form of a

20 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
filtered. After drying for several hours at 60°C, the

25 compound is obtained in the form of a colourless liquid
(83.78 g, 90%). The structure of this product:

C11H19N38,0,F¢, is confirmed by NMR spectral analysis.



precedi ng clains, characterized in that the reaction is 5 carried out at a
t enperature of between 10C and 200C. .AY .
. A&N&. Aa. A. Au. As. Aa. Au. A9. AL. Au. A. A Aa. A. A. As& A . As. AL. As. A& A9. A9. A" . AL. A
"mA A t.A5A . A .A9. Ass. A Aa. A39E12Y$% +\2?p8j = n
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]ca] c: a] cRa] ca] ca] ca] ca] ca] ca] c”*a] cal
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"()-F 10%&' ()-!'F 10%CC& ()- $ S10%& ()-MLO%&' ()-Y :109%& () - Lx{$}[9llﬁ
1098 ()-8 ($acetonitrile in the presence of active carbon ‘and
109%& () - &s! 109%&' () - gl 1s! 10%&' ()-yF10%08& ()-! DF10%& () - $%& (O) +\’\bC!
109 ()-y: 1004 kteyedgshpuer ¢yying forigeveral hours at
% 10%& s$6109%& ~?pdEbC! D1 % & 10% & 10% I 10fV & 10% &
) - 9g10@éé.()cﬁ§P8Eéé Bs o taine g%e ?orm g% a %o&%less 1q id (

10% & 109 Z &L L1096 &( ).+ | 9% & ().:.10% dEbC! D,
10% & 8 9 1%%15&21() ]1( %E/‘sf&;E FRTO% &C%%@ﬂ% 6('§ 2""811%053"‘%%3“‘6‘1 {}i%lEbC! D 7
0% & 5 0% & 110% & ()-/310% & ()--10% & ()- ~_=!"!,
09@[&‘%)y g%@é@éﬁgéygg%Bf10%&?()-2Lt10&é&f()- 10"() 0 B

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

hexafluorophosphate (BMMI'PF, )

33.37 g (0.200 mol) of sodium
hexafluorophosphate and 37.50 g (0.199 mol) of 1-butyl-
2,3-dimethylimidazolium chloride are dissolved in

25 150 ml of acetone. After vigorous stirring at ambient
temperature under argon for 72 hours, the solution is

filtered through celite and then concentrated. After



10" 10" &L9F10% & ()- )CzX6~ =1 @t!10%&' ()-:!1-t!10%& ()-: !10%& () -
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10Y7MLO%G&' (d1 éBB4AONEEhEde B1OLEE £31 4108084k enylipl0P@&cé)roniO¥gRe()-I~% @
10 109&' () -! 10% . & ()-S10%&' ()-10%&' ()- 10g 10g

in the presence of active carbon and filtered.

Concentrating the solution gives 50.41 g (0.170 mol,
5 85%) of a white solid. The structure of this product,
CoH;,N,PF¢, is confirmed by NMR spectral analysis.
In the examples below, the abbreviationc used

have the following meanings:

cod: 1,5-cyclooctadiene
10 eq: equivalent

2M3BN: 2-methyl-3-butenenitrile

2M2BN: 2-methyl-2-butenenitrile

3PN: 3-pentenenitrile

4PN: 4-pentenenitrile
15 3+4PN: 3PN + 4PN

DN : ADN + MGN + ESN

MGN: methylglutaronitrile

ESN: ethylsuccinonitrile

DC (Y): degree of conversion of the product Y to be
20 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
25 formed to the maximum number of moles of X
YD (X): selectivity for the compound X,

corresponding to the ratio of TY (X) to
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10% & ()-f33+44B5C5D5E5H5z1 "P110% & ()- 10 10 10!'S /1109 ()-m

@/ ! 10%& ( p-(®@h).PhSO,Na: (3-sodiosulphinatophenyl)diphenylphosphine

P (Ph),FuCO,Na: (5-sodiocarboxyfur-2-yl)diphenylphosphine
BPh,: triphenylborane

In (CF3S0;) 3

ZnPh,

10 Zn(CF3SO3)2

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

LINEAR PENTENENITRILES

The tests were carried out according to the
15 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
20 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.
25 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
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10T110%9& () -y/ 10%& ()--10%& ()-""'10%& ()-F '1" 1109 ()-F

I D' H10%K ()wda3ads 79?7h?i ?j ?2nPxnbC 10T10%& () - 10g 10g
loggzlo%g&f{3-3710%@&f()-SS‘lO%g&f()-‘310%@&f()-n?? @aEAGBz X6mbCl Ss

10990& ()-! @ 10%& ()-thes AQY& {3-tPosd@%Ekek)stirred and heated
10906& () - f @10%& () - GBqBBC DaDbDCD Dzl AP110%& ()- 10 10 101'S

(1109 ()-'SH (16d08&Edn -3 thours with head cooling. At the end of
(T110% ()-y@- 10%& () -f DDDDSEOEEdEMP110%40%g9& () -
10%9&' () - 31099 f9addDSm fhe 3tubes are cooled in liquid nitrogen.
5 A known amount of butylbenzene (approximately 40 mg, to
act as chromatography internal standard) is added to
the two-phase reaction medium, which is diluted and
homogenized by the addition of 10 ml of THF. The
solution obtained is filtered through a short silica
10 column and injected in gas chromatography (GC).
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

15 are shown).

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

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

test was carried out with a catalyst based on nickel
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109& ()-y1l09%& ()- 10z 10z 10z8 10%& ()- PSQAMOROR=SSS}| 9+: 10! D+@

109 ()-,!1+@ 10%& ()-,* 1090& ()-!;1&p18%kr()-" 109%& ()-!; 10%& ()-

SSSSTTUf Ua?: 101 Dl 1sM 100FF& () - @08 ()-Lrf 109y} y& (V- m 1 f 10% & ()-m

&10%& ()- 10 £0f WVWVeMeXXwyase @0! (@ ¢loed’ ()|-vo ! @) | MO&s() - miass

I (F(10% () 4!, F(L0%& () -! Sle é@g%( 53!P§Is%/l é OB () XONXYYZZuSAQL ; 1 100 () - f
()-Yy10% ()

1 (1109 ()-fS 10% & ()-y!'S
(%)

A (1) 42 57 -3.1 5.8 86

1 [BMI] [TF,N] 95 90 2.9 -0.4 96

2 [BMMI] [PF,] 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
described above, with the exception of the absence of
10 nonpolar solvent. The results obtained are listed in

Table III below:

Table IIT

Ex. | Ionic liquid Dura- DC YD YD YD Mass

3PN + 4PN |2M2BN| 2PN |balance
tion 2M3BN

4 [BMMI] [TF,N] 3 h 95 88 ~0.110.2 92

5 [BMMI] [PF,] 3 h 94 90 1.3 1.1 95

6 [BMI] [TF,N] 3 h 94 90 1.1 (0.8 97
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10%&' ()-L"M 10%&' () - %g] 9{ gggghdE~ @' 6! , @7, 109%& ()-" S5109%& ()-s310%& () -
109%& () - y/ Gloset) argo0@nty- aJgkhErMVhRbRi:j b@! 6!, | #M5M 10%& () - @
10%& ()- @10% ()- 10% ()- 10 10 10&910%&' ()-j] ] kI | e[ 9+@ 10! Ns@S
109&' ()-f 310%&' (Y- £t@mI! 109hA% [polist egecma](l)ans) of Ni(COD).
109%&" () -! 65M 109%&’ (E mmm nnnoa?@ 10! N ; &S 10%&’ () - &@ow & ()-! K@ 10%& () -|
(0.72 mmol, 5 equivalents) of TPPMSNa

- 1.5 ml of ionic liquid or 2.1 g, if the salt is
solid at ambient temperature

- 400 mg (4.93 mmol, 34 equivalents) of 3PN

- 1 equivalent of Lewis acid.

10 The tube is closed with a stopper fitted with
a septum. The reaction mixture is stirred and heated at
70°C for 3 hours, during which period acetone
cyanohydrin is slowly added (flow rate 0.12 ml/h,

0.36 ml, 3.95 mmol, 27 equivalents).

15 At the end of the reaction, 15 ml of acetone
are added to the tube, which has been cooled to ambient
temperature. The solution is stirred for 10 minutes and
then poured into a flask containing a known amount of
butylbenzene (approximately 250 mg, to act as

20 chromatography internal standard). This solution is
filtered and injected in GC.

A first series of examples was carried out
using various Lewis acids. The results obtained are

shown in Table IV below:
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1109 " R&:dnk ouﬂ@gﬁééﬁﬁqiéln%ogﬁl1&§s€)oﬂQF 1K£¥1b[funct1%h$N|1096
t& ()-G SLEM TOOMW "W ()= G  sOT 10981 && ()-S s9110% pj & ()- S

S9! 10% | "5 & droSo by! 2096LL &R brtwudRt hOA0MMER' C)ahiBE0MH-AE) - t
610%#& () - 10%X#&f()-10&|"&10&|"&10&|"& [ S10%& " &&' ()-m |- wAI't
610%#& () - SV I c 6EoBpOME&E Onpti 610XEER' [ pabt 64608XE&N)LeniGl0%H#E& () -
() *+, - oOSWWIt 6109X#& ()-5W 6109%x#& ()-t
unsaturation in the presence of a catalyst compricsing
an element chosen from the group consisting of nickel,
platinum and palladium and an organophosphorus ligand,

10 characterized in that the reaction is carried out in
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 ionic 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,

N-alkylpyridinium, N-alkylpicolinium,
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15

20

25

N-alkyltriazolium, N-alkylfluoropyrazolium,
N-pyrrolidinium, alkylsulphonium, tetraalkylphosphonium
and alkyloxonium.

5. Process according to one of Claims 1 to
4, characterized in that the ionic liquid comprises at
least one anion chosen from the group consisting of
halides, nitrate, phosphate, hydrosulphate,
perfluorocalkylsulphonates, bis(perfluoroalkyl-
sulphonyl)amides, bis (fluorosulphonyl)amide,
bis (fluorophosphoryl)amide, tris(perfluoroalkyl-
sulphonyl)methides, boron, aluminium, gallium or iron
tetrahalides, phosphorus, arsenic and antimony
hexahalides, zinc and tin trihalides, and copper
dihalides.

6. Process according to Claim 5,
characterized in that the anion is chosen from the
group consisting of Br’, I, BF, , PF¢ , SbF¢ , AlCl,,
7ZnCls™, SnCl,” and (CF3S0;)oN".

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, 1-butyl-
2,3-dimethylimidazolium, 1-butyl-3-methylimidazolium
and 1,2,3-trimethylimidazolium.

8. Process according to one of Claims 1 to
7, characterized in that the ligand is chosen from the
group consisting of mono- and polydentate

organophosphites, organophosphonites,
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organophosphinites and organophosphines.

9.. 'Process according to Claim 8,
characterized in that the organophosphorus ligand
comprises at least one ionic group.

5 10. Process according to Claim 9,
characterized in that the ilonic group present in the
organophosphorus ligands is chosen from the group
consisting of groups of anionic type belonging to the
group consisting of sulphonate, phosphonate,

10 phosphinite, carboxylate and sulphinate anions or of
cationic type belonging to the group consisting of
guanidinium, ammonium, pyridinium, imidazolium,
phosphonium and sulphonium cations.

11. Process according to one of Claims 1 to

15 8, characterized in that the organophosphorus ligand is
chosen from the group consisting of tributylphosphine,
dimethyl (n-octyl)phosphine, tricyclohexylphosphine,
triphenylphosphine, tolylphosphine,
tris(p-methoxyphenyl)phosphine, diphenylethylphosphine,

20 dimethylphenylphosphine,
1,4-bis(diphenylphosphino)butane, triethyl phosphite
and diphenyl phosphite.

12. Process according to Claim 9 or 10,
characterized in that the organophosphorus ligand is

25 chosen from the group consisting of
triphenylphosphine (mono meta sodium sulphate),

(5-sodiocarboxyfur-2-yl)diphenylphosphine and
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preceding claims, characterized in that the organic
15 compound comprising at least one ethylenic unsaturation
is an olefin or a diolefin comprising from 3 to 12
carbon atoms.
16. Process according to one of the
preceding claims, characterized in that the organic
20 compound comprising at least one ethylenic unsaturation
is 1,3-butadiene.
17. Process according to one of Claims 1 to
14, characterized in that the organic compound to be
hydrocyanated comprises at least one ethylenic
25 unsaturation and one nitrile functional group.

18. Process according to Claim 17,

characterized in that the compound comprising a nitrile
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carried out in the absence of hydrogen cyanide.

10 21. Process accorxrding to either of Claihs 17
and 18, characterized in that the reaction is carried
out in the presence of a Lewis acid.

‘22, Process according to Claim 21,
characterized in that the Lewis acid is chosen from the

15 group consisting of the compounds of the elements from
Groups Ib, IIb, IIIa, IIIb, IVa, IVb, Va, Vb, VIb, VIIb
and VIII of the Periodic Table.

23. Process according to Claim 22,
characterized in that the said compounds are chosen

20 from the group consisting of halides, sulphates,
sulphonates, carboxylates, phosphates, halosulphonates,
perhaloalkylsulphonates chosen from the group
consisting of fluoroalkylsulphonates and
perfluoroalkylsulphonates,

25 bis(perfluoroalkylsulphonyl)amides and
tris(perfluoroalkylsulphonyl)methides.

24. Process according to Claim 21,
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characterized in that the ionic liquid comprises an
anion forming the, Lewis acid.
25. Process according to one of the
preceding claims, characterized in that the reaction is

carried out at a temperature of between 10°C and 200°C.



