1 PROCESS FOR THE PRODUCTI ON OF NI TRI LE COVPOUNDS FROM ETHYLENI CALLY
UNSATURATED COMPOUNDS [1] The present ilnvention relates to a

process for hydrocyanation of ethylenically unsaturated 5organic
compounds so as to give conmpounds conprising at |east one nitrite

functi on.PROEESEIFOR THECRRODUEC TIONIOE NIFRILE GOMPOVNDSIFROVPETHY DENFSALLY
di ol efins such as butadiene o 5 such as

al kenenitriles, for instance 3] French pat ent

No. 1 599 764 describes a process for preparlng nitriles by adding
hydrocy@dllc adiedpreserdigentian etatpotonalprobesd foghgdrodyaastoroofestigtidrytadipivosaturated

or ganopteainarTebisRec g Bieerfrop RS oie® Bk i Rogfofe ™"

carried out in the presence or absence of a solvent. 15[004] Wien a

sol vent u f |y, pydr I benze

ol enedod, 3 ibiele ided ERHELBR Yo P NPES B $hatidha Sf °HE ffsoiere o
an or gasubstitnteclatefins suph ex alkeonettitzles| fog instapaagentenertitrites. phosphi nes,

arsi nes, stibines, phosphites, arsenites or antinonites. 20 [6] The
presence of a pronoter for activating the catal yst, such as a boron
compoundodr cFramdhalpatmt tNo. geri®Oart4 destribsissa anbcbssi for glrsparingc nitrikesn dg dadding
in sai other catalytic s been

gener alMRESAF; 2o SR08n S AR BER AL B Fsth o b YRR P b BREE: im the

phosphigresergbhas pmatalsmpoqnbn@pmnmkelanaraﬂx q:rgammbsmwdrmri{gaﬁd d tres@phosphite. This
or ganopho E}horu n@c{J g tian co ri.se one Q hor us atom per
nol ecul €34 8C§P ecf@é FiBed gpﬁ%sfeg Bt 4 '?See”F?g hey can conprise

several phosphorus atons per nolecule, they are then cal | ed :
urld te ands; nore riicularl | i gands, cont ai ni ng t

Phoondftd o khe™Bapialr B RshE it BirRienbee FRIYrub IR eV e BRdk ediser i, or o

in nanwtﬁ@pmcamssacetohar]llej—bwever, the search for new catal ytic systens

that are nore effective both in terms of catalytic activity and in

terns of stability is still being undertaken. 35[009] One of the

obj ect i[0@3 ofTHeheatgysiaemet is an@trgérmamlicseltcorrmtacxvbdreta'mirrgdigehdé aatH §s phosphines,

| i gands ) Ini ch iBeTiaks?S iot I'ﬁtOSSirbl |te “ﬁ wth transition netals,

cat al ytei 2 %ﬁlssf HE ‘\ﬂlﬂ S &R BFY 6(%8 %?%‘eﬁ’tl c activity in the

hydwocyanati on reaction. 2

[006] The presence of a promoter for activating the catalyst, such as a boron compound or a

metal salt, generally a Lewis acid, is also recommended in said patent.

[007] Many other catalytic systems have been proposed, generally comprising
25 organophosphorus compounds belonging fo the phosphite, phosphonite, phosphinite and
phosphine family. These organophosphorus compounds can comprise one phosphorus atom per
molecule and are described as monodentate ligands. They can comprise several phosphorus
atoms per molecule, they are then called pluridentate ligands; more particularly, many ligands
containing two phosphorus atoms per molecule (bidentate ligand) have been described in many

30 patents.

[008] However, the search for new catalytic systems that are more effective both in terms of

catalytic activity and in terms of stability is still being undertaken.

35 [009] One of the objectives of the present invention is to provide a novel family of ligands which
makes it possible to obiain, with transition metals, catalytic systems which exhibit good catalytic

activity in the hydrocyanation reaction.



[010] To this effect, the present invention provides a process for the
hydrocyanation of a hydrocarbon-based cori’pound conprising at |east

one ethylenic unsaturation, by reaction in a li qU| d nmedi um vm th

hydrogen cyanide in the presence of a catalyst conpri si ngg al

el enent[0¢BbselP ﬁ*ﬂ'%rﬁfﬁePbﬁg‘? tﬂr%??”ﬁé'ﬂV&F‘Eorarﬁ’do‘@/?é Brorpgsiss for the hydrocya”at'on of a

0 I‘ gano mm@ﬁbééegmouﬁb ajoRfriei Zﬁdeééﬂ 6rféaéth§lbh|@ lﬂfsgﬁiﬂﬁmo %9 heastdn in a
rises at |east one conpound correspondi gener al

gand co (%31
f or mJI allocjrggn@pmm with hydragen syagide i theyrissqinge 9f @ gatafiisk Romprigingyagnedg! element

whi ch ngyssbe fﬂoﬁ?ﬁéhé&ﬁin RBtafd éﬁcﬁéﬁ‘é‘br Mo?@b@%%bho%phbr@x@%a@ds Qhaﬂ%fé‘?iged in that
aliphatic 10 nonoval ent radical, a nonoval ent radical rising

ar orfat i e grazspehesRcpdigped PPWQF'SW"&%‘S" 8ng GaEPPYng eryregponding to general formula
unsubstitdigd, or several aromatic rings which are condensed or
connect ed to one another by a coval ent bond, R7 represents a

di val ent radical of general forrmula (Il I) bel ow. 15 R4 25
Rs~0,
2
0
/
R

N
B, p—x ()
\_/

in which:

- Rs and Rg, which may be identical or different, represent a linear or branched, aliphatic
10 monovalent radical, a monovalent radical comprising an aromatic or cycloaliphatic ring,

which is substituted or unsubstituted, or several aromatic rings which are condensed or

connected to one another by a covalent bond,

- R7 represents a divalent radical of general formula {ll1) below:

15
R4
0 (1)
20 /
R 0 Ry
R>
25

or a divalent radical of formuia —(O)-Rs-(O)-, in which Ry represents a linear or branched,

aliphatic divalent radical, a divalent radical comprising an aromatic or cycloaliphatic ring,



3 which is substituted or unsubstituted, or several aromatic rings

whi ch are condensed or connected to one @nother by a coval ent bond,

or a divalent radical of general forrmula (1V) bel ow (Iv) 5

in which Rg and R10 dentical or different, represent a
o | et

10, whi.ch ma e .
| i near or br E%é%?“%?tﬁt%ﬁ%tofé‘xﬁ‘ﬂ%éﬁ . O SEVRIAL ARt RIgRgMiEry ATeL cenglegsed or

carbon at onsgonRécteBdo oS afdtBer, a ¥dafdht BBid,be i dentical or different,
represent a hydrogen atom .a linear 10 ranched al kyl radi cal

cont ai ni ng f‘?%’?lﬁ‘i et redicelnf ggherat 8%&?zl&'t)gﬁﬁv-cont ain heteroatons, a
radi cal conprising a substituted or unsubstituted aronmatic or
cycloal i phatic radical that may conprise_heteroatons, a carbonyl,

al koxycar bonyl or al koxy radical, a hal n atom a nitrile group or
a hal oal kyl group contai ni ng fromJ_LéZ s, - X represents
a hal ogen atom sel ected fromthe group™Ngopsi sting of fluorine and
brorg ne. 15 [011] Advant ageously, Rl1l, R2,Rfg3 and R4, which may be

I dentical or different, represent a hydrogen atom or a linear or

branched al kyl radical containing from1l to 12 carbon atons that may
cont ai n het einodiidn®y aB0[R]. 2V Reieheyaid identided op difepdrdr ieprdseghadines @ branched,

conpound of - gepet 18t THbiRalcohtairf% REH 1 6l@rbon atoms,
Ry, Rz, Rs and Ry, which may be identical or different, represent a hydrogen atom, a linear
10 or branched alkyl radical containing from 1 to 12 carbon atoms that may contain
heteroatoms, a radical comprising a substituted or unsubstituted aromatic or cycloaliphatic
radical that may comprise heteroatoms, a carbonyl, alkoxycarbonyl or alkoxy radical, a
halogen atom, a nitrile group or a haloalkyl group containing from 1 to 12 carbon atoms,
-X represents a halogen atom selected from the group consisting of fluorine and bromine.
15
[011] Advantageously, Ry, Ry, Ry and R, which may be identical or different, represent a
hydrogen atom, or a linear or branched alkyl radical containing from 1 to 12 carbon atoms that

may contain heteroatoms.

20 [012] Preferably, the phosphorus ligand is a compound of general formula (Il) according to

which R;represents a divalent radical of general formula (lIl) or (IV).
[013] Advantageously, the organophosphorus ligand is a compound corresponding to general
formula (11} with the radical X representing fluorine and the radical Ry corresponding to formula (111)

25  or (V).

[014] The preferred ligands of the invention correspond to the following chemical formulae:



whi ch R7 represents a divalent radical of general formula (I11) or
(1v). [ 13] Advant ageously, the organophosphorus ligand is a
conpound corresponding to general formula (Il) with the radical X
representing fluorine and the radical R7 corresponding to formula
(rrr) 25or (1V). [ 14] The preferred |igands of the invention
correspond to the followi ng chem cal fofnulae: 4 [ 15] These
conpounds and the nethod for producin em have been described in
several 5scientific comunications$ ubl fjcati ons. By way of
exanpl e, nmention nmay be nmade of th blicdqtion by Downing et al.,
Organonetal | ics, 2008, vol. 27 No 3216-3224. [16] O he
preferred |igands of the inventio nd to the foll ow ng
chem cal fornul ae: 10[017] T hosphorus |i gands

(fl uorophosphites) corresponding to/formuiNa (1) or (Il1) that are
suitable for the invention are in particul descri bed in patent
application U520080081 759. [018] According to the invention, the
conposition of the catalytic systemnay be represented by
general formula (V) (this formula does not correspond to the
structure of the conpounds and 15conpl ¢xes present in the catalytic
system): MJ[I-f]t(v)

O
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[015] These compounds and the method for producing them have been described in several
5 scientific communications or publications. By way of example, mention may be made of the

publication by Downing et al., Organometallics, 2008, vol. 27 No. 13, pages 3216-3224,

[016]  Other preferred ligands of the invention correspond to the following chemical formulae:

10 [017] The organophosphorus ligands (fluorophosphites) corresponding to formula (1) or (1) that
are suitable for the invention are in particular described in patent application US20080081759.

[018] According to the invention, the composition of the catalytic system may be represented
by general formula (V) (this formula does not correspond to the structure of the compounds and

15  complexes present in the catalytic system):

MLl (V)



5in which: Mis a transition netal, Lf represents at |east one

or ganophosphorus |igand of formula (I) oP (1), t represents a number
between 1 and 10 (limts included). [19] In one enbodi nent of
the invention, the ligand Lf is a m xture of organophosphorus
conpoun@vhi le | east one of which is a compound corresponding to

ei t her mf.sgmag.gbnﬁ-@(grul ae (1) and (Il1). The m xture may conpri se,
for exanmp a nonodent at e or{?%anophosphl te corrpound such as tritolyi

phosphi lrféeRr@P’?”t%F“t lepstone rganaRaesiciys liggpppf formula (DEbAY. 1 n the rest
of the ﬂ@ﬁ@sbﬁt&@%ﬂmﬁéﬂ%eﬁv@eﬁﬁ SMOPNOReFRNAMYR conpound” denotes
equal ly the conpounds of forrmula (I) or (I1) and a m xture of
orgéhophosphorus conpounds conprising, for exanple, an

organopfoep hi meoﬁ@@%%ﬂhﬂsfn@ of WP GWeAticH) dhatighf@ st @@emﬁs@urmoafn&ggﬁophosphoms
formula (I 21] The nmetals M whi ch can_be caonpl exed

'
in genefANPOURHS, ribisione i o7 FRIPRAUS ST BRRIING toreithep of ganeralormuae (1)

5b, 6b, antP(1BNth8 rﬁ‘&uir@%d%,’eed;rﬂslﬂ.é:e Tabbarile B endidentads o bg» flité Bompound
"Handbook K of Chem str ysics, 5lst Ed|t| on (1970-1 rom

The CheerCEaﬂS iglybele %éw)%@’phFQﬂ]Phﬁ?RM@ (fRBse netals, mention nay

morf particularly be made of the rret aI s that can be used as catal ysts
in hydroc anation reactions. Thus, way of nonlimting exanples,

ment i on© Ha thadestqrt the éﬁéwpt'e&btapttemﬂ r@fﬁan%hora@!mru%ncome irflenotes equally

pal | adi HB1coRPBURER of fokrHLIEM) d?(Af aﬁwmm&t@moefr@rgghwﬁgph&gé @om{sbmds comprising,
cadm um and nmercury. N ckel s the preferred el ement

25hydr of89QF%PP'Sna%PFQ?ﬁg%!T%Paﬂ%H’OHP@?fI’f%Téé?OHWGUB‘F and @é 'east 9"51 com:éound of formula
pr epar a(qc?dmupf the catal ytic systens conprising organophosphorus
conpounds according to the invention can be carried out by bringing a
solution of a compound of the chosen nmetal, for exanple nickel, into

CO O B Py St Bk 2 BORRBLEE B 3RS P 3 Mo Bt e of

sol ventgrolpe 1heth) Shaag«b bﬁ; 6n Tthend dpbihedPadatlc Teblchefr Elemenke as pubhshed in
i dat ..

o] et SnShapiol enidnbid FigUEs ! N2 REOPRATEAN iR Beficd Rubter

oxi dat i@emBate (0), osmiumin the oxidation state(ll) iridiumin
t he;goxi dation state (1), and nickel in the oxidation state (0) [26]

If, during the preparation of the organonetallic conplex,
i s used® a% a NP IMNeSEalsi BFNYQTMeY mqre r?éﬂ'CH@”Vé’&dE%‘ée PWh§|rt“t°:Fa|3 that can be

[27] Anmseg éshEate[ymsQuﬁd,@rdﬁyaﬂ‘mtom t%abﬂdnbatrh@sarbybﬁajd%@%oﬁmﬁltlh@%xamples mention
preparation of ment i on ma

ey of RBAEPHTEIhG BRAApRaRi dPh HEMTBIT o HY i FALE o HB LRt e Piatinum,

copper, silver, gold, zinc, cadmium and mercury. Nickel is the preferred element for the
25  hydrocyanation of unsaturated nitriles and olefins.

[023] The preparation of the catalytic systems comprising organophosphorus compounds

according to the invention can be carried out by bringing a solution of a compound of the chosen

metal, for example nickel, into contact with a solution of the organophasphorus compound of the
30  invention.

[024] The compound of the metal can be dissolved in a solvent. The metal may be, in the
compound used, either in the oxidation state that it will have in the organometallic complex or in a
higher oxidation state.

35
[025] By way of example, it may indicated that, in the organometallic complexes of the
invention, rhodium is in the oxidation state (1), ruthenium in the oxidation state (l1), platinum in the



conmpounds in which the nickel is in the zero oxidation state, such as

pot assi um 6

tetracyanoni ckel at eK4[ Nl (CN) 4], bi s(acrylonitrile)nickel (0),bis(1,5-cy

clo- octadiene)nickel (also called N (cod)2) and the derivatives

cont ai nd»rlgatioh@adgiﬁ Oslnaﬂaarﬂntratth@bklﬂéﬂidri ﬂhter(m aasghiimeendidaion Gate (11), iridium

car bonal 4 SRBA e SRy SR MY SRR SRRl e el rare, T J

t hi ocyanate, cyanide, format e hydr oxi de, hydrophosphite, phosphite,

phosph nd u

Bry1 Ut Bhohat e b g Fbers Rl S0ne brbdy Bl kBNBleR, 1B tCysed o higher
used co@ﬁ*‘é@lﬁaﬁéﬁéet'bmahb@k?q}@?ﬁb’h&gt ate of the nickel of greater than

0, a reducing agent for the nickel is added to the reaction nedl um

which r cing agent preferably reac s wth the nickel under

Condi ¢ | BAL orApARS rlas SeBTouah o PR MGhaEAT SondoBb 1Y damiRiaigraton of the
i nor ganbrgandvietiilio ncomgplexes, Mektionasanotd inmdel, ny exangf Asnlintifing examples, of the
bor ohyd U@}deg such as Na§H4 or KBH4, Zn powder, nagnesium or hydrogen.

25 [ 029 ng{‘ﬁe nioCker %orrpound used corresponds to the 0 oxidation
statte of nickel, a reducing agent of the type of those nentioned

above can al so deenpditidsl,in bytticht ties nEdeli i ionthe szemotoxediemtstatk, such as potassium

30[ 030] W
ut tabl e, 1n T e adeSSABRR, |G RARRONLY GORR RSB BRRL T | O 5-vee

conponents of tct&acr@ragﬁrtm (Ql@@“cblll@c( nio@t&nzr)lana thé abigiiiles @brﬁéinﬁrg Ilgands such as
[ 031] The organic corrF S co "1% | east one et hyl enic double
¢ i g%p

bond nore par t i RIS ﬂpﬂgﬂylp*ﬂ}?@ ine resent process are di ol efii ns,

such as but adi en |so ren hexadren i ene,
ot oo oal ! ke ARG B 1 AepRyites” G, I Brslate. carbonate,
pentenenitril esbrca‘rbonatewttam:te 33rpmltteenehﬂorticta | eitrate, 4 thiesybeateni ¢yanide, formate,
nonool efi ns, st

éfd\' cyc gﬁﬁx@ Pﬁrte O]{] Eﬁate an erlvatlves iodide, nitrate,

vi nyl napht hal en cycl ene, the m Xt Ures

of several of t%@@t%@mbﬁmmlsqlmwmﬂt%@homi%es may conprise,

in addition to the 3-pentenenitrile and the 4-pentene- 5 nitrile,
generaIIX m nor anounts of other conpounds, such as

2- et hy[p 8l pulaserhe Migke! C?"”R@‘t"l‘ﬂ/i's?d qetr?wﬁﬁtfn% oxidation state of the nickel of

2- pent egreatet EHaneg, a/Beld%bmglatgeh{ for tt@éihi@laéllrﬁ Tatih@i to the reaction medium, which reducing
adi ene

2- et hyl gl ut ar.on hyl tril

origin aaq%ﬁg prelf%rfe\bfér ﬁ%fs &rthftbgrﬂr 3 e F%% c'ng oqltﬁe refapépon This reducing agent
hydr ocyemabé orgamic buiredisrie Mantas may @eweaatmmt oorditreétthgnexarnples . of borohydrides
10[ 033] [ Uy of but adi ene, not

i nsi gnr%&%ﬁtﬁﬁaﬁﬁtﬁt S of ﬂgbb\ﬂ&ert n‘%ggé(%ﬂt engﬁ%é&fe and

2- st hyl - 2-butenenitrile were forned with the linear pentenenitriles.

[34] Theogat alen QhéYrﬁék%mdéﬁ%un@rustebecd?bégb&?déafbattﬂé)'0 8LaMA BQtd of nlckel a
the p rocgss of the inventian can

red before it ucti o
into t HECHEA PO of 4R bive qfd‘i“’%@x'ﬁﬁ%‘l“’é‘eﬂf%atﬂ%l??" giso b E’lﬁgct i)Hb’f is addition is not
or ganopdwesptidr us conmpound(s), alone or dissolved in a solvent, the
appropri ate anmount of chosen transition netal conpound and,
optionally, of reducing agent. It is also possible to prepare the
cat3@ yt[030]sysibem ‘ahrirosi don'ipcmd 38 npede thaelshrhe oedusingt dgents gansyitbblspnothasase of

conpou Iﬁé ﬁn“(ithre&Jb%r?t Ngﬁ'ﬁétéa@ealg@tb@ c aﬁ?‘%ﬂ&d tﬂréad ction me%d t{r?.'éphosphine,

hydr oc anatl oh reacti o ore or I on
conmpountest.iéefiiydr ocyanat ed.

[031] The organic compounds comprising at least one ethylenic double bond more particularly
35 used in the present process are diolefins, such as butadiene, isoprene, 1,5-hexadiene,
1,5-cyclooctadiene, ethylenically unsaturated aliphatic nitriles, particularly linear pentenenitriles,

for instance 3-pentenenitrile or 4-pentenenitrile, monoolefins, for instance styrene, methylstyrene,



20 [35] The anount of conpound of nickel_ or of another transition

netal used is chosen in order to obtain d concentration, as nole of
transition netal per nole of organic conpounds to be hydrocyanated or

i sonerized, of between 10-4 and 1, and preferably between 0.005 and

0.5 nol vinfinaphttegéneor cyafohekeneo oh enethylapsotiexene, mehd thel sasttur@d of [ Sfvbralhd these
anount &j %ﬁﬁﬁgophosphorus conpounds used for formng the catalyst is
chosen suc at the nunber of noles of this conpound with respect to

1 mol of transition netal is from0.5 to 100, and preferably from 2

to 50. BepP37kd bé}glél%hltmég h&AESh S, %ﬁﬂﬁfﬂolt“e% ern'téar%nﬂxldé a%tthé’ﬂtpentene-

a sol vent It cah eavanta eous to add an i nert ?
The 5ol Nt 9ﬁﬁ9‘"aﬂlé”‘élw§@mpé'ﬁis qf gther sempaurgsy suchygs £me fylﬁt%ermnénlw methyl-2-

t he phaggessHimalel gtmtetrbﬁnm@waﬁhru@ d@ﬁ)dmfﬁﬁéogmwgdtaﬁémtmez ethylsucclnonltrlle
hydr ocya ture | es .of sych s

nte
ot § oroaene BN B R 5 TP S ST i Y G7acUGE [ de prgipEaton of butadiene
hydr oc agdant. gidbunsdturatefl 3&tilehe process of the invention can be
carried out continuously or batchw se. [ 40] The hydrogen cyani de
used can be prepared fromnetal cyanides, in particular sodium
cyatfi del038F  clfiméhyehatins, dusing thebydroeyamatior phbagidné.mot dnsignjficant/amounts of 2-

ot her knew-5¥0{h r?uiﬁe@ﬁ SSrveth |- ShifidhetrifeWerd s R .%%ﬁ ' i
consi sts W reactlgngr mat ane y ammnpa and aIHI’é %ﬁ?‘ﬁtl‘?ﬁ e%ﬁﬁgbgggﬁes'
cyanide, free of water, is |ntroduced into the reactor in the gaseous

form orpoga t hend |c§iélyﬁcf§3,fsf8m |dse§af®r ahéWaﬂ)d%ﬁa@hvg&ohﬁﬁ@rtshmedpﬂoee@nof the
organi c, sol . ven 1 enmentatio

0
"t OrS, PR epn b gt Belos® i BTGELGsn P 43R oG on feale o GerGP e citon.
usiTsg ao therergangpisosphomb caspound(e)y elneror aisgongd irea sblesntathe Glpptdpdiate amount of

cont ai #}H?)geﬁltrgngfoﬁa‘mgfy Eéc)ﬁ odﬂd ér{&eoéﬁr{aﬂysoff%&%ﬁ ta"é%m Ytis gﬂg%oggbltqu prepare
or ganophosphor us s 1 n accordance nventt on

transi tthgm:at?dsttlalsy#ﬁrnchesl)u dyrayopladdditine of pa @‘gamoni@amrn@ corgeenrsi{greand of the
sol Ve”ttrar%ft;oﬁ@hé’tapéﬂ?ﬁﬁddnquattﬁe BERBEANStiIYN r&%ﬂ&?}fﬁe’d)ﬁm bberd S@Eﬁé}rthé %ddmon of

t hen brought to the 15chosen terrper ature an he conpound
hydrocy@ﬁ&?@ﬂoi‘%d forfte HgiRwanatete hydrogen cyanide is then |tself
i ntapoduced, preferably continuously and unvaryl ngI y. [43] When the

W ¢ nar SR anEy o b el ot ey BTl el BR < en n order
af t er cloobhtaig amdntdndratiencas mvl@mtbdmlsmoametﬁnp@otrmteedf arghngepanpdieds to be
Woni £ xR SeyaRtedl P eolleRb b ekt ANARLAY SR Bloferab ggoegogg‘%mﬁ%bg ol 0.5 mol
obt ai ne?f ﬁ'%etwfﬁlﬂ:@tégfstr%'t@ﬂd@%@ US‘FHe f| rst stage consists in
hydisocyanating a doubl e bond of the diolefin so as to obtain an

v oG S o bSO ST er U o e Bt s chosen
t he porsﬁﬁpl@aitdhﬁgudibli bf inbleé 2F thid keseolimdwhlh Agpsciatoe! Genst tadrilslltton metal is from
carrie t th a cat tic em conprising an organonetal lic

conpl ego'g;fo ?we aggr%& fﬁyyfmm Igig\’y\éé the rati os of organophosphorus
conmpound/ net al el enent and concentrati on of the catalyst can be

g'r‘;afrgg[ gpé th%t?rﬁ%ﬁ 'tr%%abt on |§ Bﬁé‘r&ﬁ{ %Pt. d b&% vﬁ%’ﬁié‘@olé‘erﬁ%ﬁéﬁby alivdMtageous to
cocat al %ﬂ;ﬂtafbmeﬁr%@m't"é|50|V%n'f3'15|©%ﬁ‘é|¥%ntlrya)ab%évﬁoéleabﬁod the ¢atglystmich_isviniscible with

aci d usuaé pﬁﬁs&@@rﬁ{)ﬁ’dlﬂéihef@ﬁ%uhﬁ t@%%y@#&yarﬂdﬂe@arﬁqbwhafcyamohh@mﬁé\%ﬁ;re By
of the \g fo((a:)?/an hyl eni cal | y unsat urate
nitrile

P§% qc’iﬁ‘ﬁ’i’é‘ﬁ MSAlgR Mayebeymede af Iaé%!“%)t& al'l?h@él'c o cycloaliphatic
t he perr@@rﬁ@gﬂan@f linear dinitrile relative to all the dinitriles
foryyed, and/or to 35increase the activity and the lifetine of the
catal yst.
[038] The hydrocyanation reaction is generally carried out at a temperature of from 10°C to

200°C, and preferably from 30°C to 120°C. It can be carried out in a single-phase medium.



9 [47] It is possible in partlcul ar to use the Lewi s acids nentioned
inthe work edited by GA Oah "Friedel &rafts and rel ated

Reactions", volune |, pages 191 to 197 (1963). [48] The Lew s acids

whi ch can be used as cocatal ysts in the present process are chosen 5

f rom t hp3gpnpohnpieceds ¢fltiearméstiohrcambgroatiesl dud cordtindpusly babatiivibe. | Va,

| Vb, Va, Vb, Vb, VIIb and VIIl of the Periodic Table of Elenents.

These conpounds are nost commonly salts, in particular halides, such

as chl oj0ddes ©he bydnperesyarsld pieat s ba ptq@lamhfres métal ogmidekpimaparcular sodium
per hal o r

perfl uo‘?%‘lg}dk P %ﬂﬁﬁ}}r\oglt%gséd%g%rg l?t&l:(}ﬁ)ﬁ xgﬁ'p%lcr)g}éﬁ E%P%géﬁfﬁ@?heﬁls process.
way Sof ﬁt?ﬁl&lsrfh? Aﬁ@rt@wé@whl%@qm@éwgea@mgnethmﬁw@hamﬁ\pn@ea

of zinc chlori de zinc bromide, zinc iodide, nmanganese chloride,

mangane ropi cadm um ch] ori cadm um brom de, stanno

chl ori d@i ﬁ G\?r?ﬂ%ﬂﬁV&B' s P‘M%tehﬁ iplagueed dntg A (Racioa i ‘h!‘ﬁtgé‘seous form or
i ndi um irthé hqtm fonmt hycbsulsprberwéselveﬂ befoedHzpiiigl@s offanky wiledes of

rare-earth el ements, such as 15 |anthanum cerium praseodym um

neodym um sanmarium europi um gadolinium terbium dysprosium

haf i unf042} bi lonthetdeatexi ofna batcheyibd implameéniatiort it igrin prabtde pedsitie itdeharge to a
ferrous r r 5

Lovi 5. agpaoboiefed bolirchardiaiy 2 K8 gos, (RS MBHod) P cRiorlp fher ¥ solution
titani u?ﬁrit%ﬁ'ﬂg @B@kiad@”@ﬂ“ ¢ftge (Y@'?'ﬁ}@LﬁW§t'teI@'§§r$Lt§écﬁsl thetorg@ngpmﬁnhpgﬁe@mpounds
French jpadRbidanb® it athe GRgentibh, elﬂeQan%ﬁoﬂ ﬁlﬁ'étélr %l&@?%olﬁlﬂ)@@ﬁd Npe d:b%onal reducing
00381 and 21 t ober, 2008 und 51:5 |Ia i s of cour

possi bl 95 AL S uPT ' 1°°'§ sq:_mtglya PB% Yadhe geapluds |”!f‘é‘db'"PH9ht fo the
t he1s25ushpisbh itethpetafaremal thet ¢t cappbungatol lﬁmhf/drb@ianetiadag idtesduaey. PR Bydrogen

under Ngoof8R 12088 Yops MR ATDRRIASy LSRRG SRg RIEL RIS |5 oSt

partic gl ven Po 7 PRdEhP5T Zinc awxous chl ori de,
st annous bronlde tri phenyl bor ane and zinc chlorlde/stannous chl ori de

m xt ur 43ﬁepﬂlﬁ5ﬁ( l'téorreb@ﬁ& Wﬂr@ﬁﬁe@@ ofPRRich &hh %bWBVéd tg} tﬂla%%%&ﬁvithdrawn

30 [53 Lews acid cocata used generally repreéesents

0. 01 t o°2ePIPRIis BUPPIRIS @edﬁa%tloarfglrfvr%ﬁ éﬁWf’t:QfF?p‘iGe?Jt!FQ ahgrtae reaction products are
pardg cukalbied 2l s@ﬁ@ﬂé@d eRRREMPR, baowetitieher ably from1 to 10 nmol per

nole. 10 [55] These pentenenitriles may contain generally m nor

anounts of other conpounds, such as 2-nethyl-3-butenenitrile,

2- met hyl044} buAdvaetageoudly tios syhtipesid efrdimitried, bech ad &fiponivile, damadiyltfines (butadiene)
solutio f.or t C lert‘ﬁyq

can be Qgﬂtca%d Rt\glb QE?%Q&Q%Y%:%%W&%.HS st%ﬁ@ cgﬁseiﬁ% ﬂ\eﬁ‘\p%%% natl gdgﬁﬁlg bond of
for exathpl élownaa@h 2% da, obleint v eNgRINGRT IperANitElec ohso redend cﬁtaqawe:onmsts in

appZSOPri?}@ﬁ@cyﬁﬁﬁHﬁt th@funQQ@?cﬁBntdf éilﬁ@ Wn@ﬁntﬂf@%@lasqg R Ghe Q(f)rrééb%n&ﬁ%?‘o@nltnle s).
acid opt i onal of the reduci nP ent . is al so possib

pr epar e THase twat%@%ﬂsl gre %F%‘i'bﬁar”ﬁﬁ osf ¥ gﬁt@wpp%@t%&Pmpaﬁn@fant%@pmeta"'c
vari ogfccmﬂ@g bft therdamet rﬁlatﬁrléeHb@@Géfrl mr? r@ﬁ@b Uﬂbrg&ﬂcﬁ&ﬁﬂafhdrus &o@b@lﬂ}dfmﬁtal element
posSsSi under e C 1 ti S, 0 t.he roce I he .

P eeent S PRt A e, oh@R3 Sop i AFOERRs Pt AT o Béierable fo"Combine
hydr ocyatatalyshor protmieter pritbsbe catalyfic systero dt mlewet;ordisﬂage ik adwatadyst or promoter is

conpyi si A, o 18358 a9ge or ganophosphorus conpound in accordance wth
t he mV%é}%lrokaaﬁegﬁ £ ?’east one transition netal conpound, to carry

out, in the absence of hydrogen cyanide, the isonerization of

2- et hyfo2 8 bUtrﬁ@@JéMsr béig 1RBd AR dRaliyse rﬂ%ﬁ(@E GNSSYsIIId, |1|’°?§)art%{l%r MBlfe case of the
15gener al lé(gCYﬁlﬂ@t ranched unsaturated nitriles so as to give |inear

unsat urf@ jon| & ethyfes\aqa"wszf%ﬁﬂﬁhpéa%@éwéﬁ' tq imero¥gpihe clinegriypof the
i somer i m“truaﬂotaasﬁ@d dienghet pbr&dfiﬂagdw@lﬁéammﬁﬂ’é’rélmw?t@dll HeQhiitres f@fméd, and/or to

ur e vvlth 0 ‘ﬁﬂ Th thyl -3-butenenitrile can be
usegdr’ as"y ﬁ‘?'?( \Rﬁ’tE{H&%H tI%H Ogﬁmﬁaéﬁe Slitrile, 4-pentenenitrile,
3- pentenenltrlle 2- pentenenltrlle or
[046] The term “Lewis acid” is intended to mean, in the present text, according to the usual
definition, compounds which accept electron pairs.



20but adiene. [59] It is particularly advantageous to treat the
reaction mixture originating fromthe hyd ocyanation of butadiene
wi th hydrocyanic acid in the presence of at |east one

or ganophosphorus conpound in accordance with the invention and at

| east ojpa7l r amsd bo¥blena phrtidfigomPeiethe IBWE apitie nesraiBhyd m@nmuraalnt@a by G.A.

Tont S'xtb[%ﬁ"?ﬂ?@t%'%ﬁ%f?%ﬁﬂﬁf&'ﬂ?%tf REaionst SouMe Rt Jeg o 5L (idbaly s

al ready present for the reaction for the hydrocyanation of but adl ene,

it is S@gé‘ ci ﬂ% Lgﬂlskﬁac! Js RAY c@]"lrb%db'ﬁcetd' QQC éatgygégﬁﬁ‘{%ﬁ%@?ﬁtdﬁﬁa&s are chosen

all ow t sonerization reac ace
var i%nt fromithe sorppawidsiat eleirmeréﬁ)ﬁsmmrom%b il [HarlHy, at Ve, ¥ei ¥ht Vib, Vilb and VI

flushi ng gk F’é‘rﬁ)d oeqfﬁBIQr ofUSiR@nan ﬁh@@é Tco&?%uno%uﬁﬂ% ﬁﬁ)sf"c&ﬁm%ﬁfg %Its m ﬁaﬁlcular
argon, for exanple, in order to drive of ocyani ¢ a id

F
ni ght shalides, beS‘ﬂﬁ*’bséﬁt chlofifles 0] | Brofifespr é“ﬁ}h?éé c &&lphgpatgs ha'°SUIPh°nates

lsonerlgahalaalky[mrpmm@ y irf opa@isiiag flieosRASIIbKIhatedr drheperfluoroalkylsulphonates,
hydrocyan it will be advantageous to carry out the

e
|soner|%az5 ’8’ t%ﬁarfqtzéhotsgh%tg?ature at whi ch the hydrocyanation was
cartd ed out, or slightly above. 5[064] As for the process for the

252{ gﬁ}y@!&%i ]?%SFQJ Z&f?ﬁ%ﬁ@g@é r!#iésato%‘ ﬂér?‘i’_e%%”BgH%d@ent Jhep%?tbaé W€ of zinc
i nt r odudterisie, mnpcbr@rhlder@a@tqdm ﬁ@@g@mesequor@ﬂamngawemr&mwg eddneibe chloride,

or ganowmrbfﬁnﬁ@%%%@chloﬁae t QQnr%lBrQBchﬁt %tém%l}@tsu@ﬁat‘éh%%‘ﬁﬂous tartrate,
transition nmeta opt | of the reducing agent. It

is al sdn%@s|tr5luerqnaﬁnﬁ¥'%ﬂ%n°@a£e}aethea%fécrrgdﬁﬁcors9'§1r@ﬂ¢8 ioh rafergaTthy §legem, esuch as
addid i qanménmrhe&@numr i mu&aa«ym&tmt lmeﬁtﬂﬁ*r&mm 1€anbarRInd, eaaﬁopmm n?éhamtmrh%rblum
anount transiti.aon me ound, and nor rtic i cke .
o o e i R R B, B gL B o o
as for yttgmrhgtdonidecya nati on reactl on. [65] Although the

i sonerization reaction is generally carried out without a solvent, it

can be 15 advantageous to add an inert organi c sol vent whi ch may be
subsequiff®] y Wesednas asa rhscmmaste, sz JLemis apifl soff organoptalicc gompourds such as

ﬁagggyo\éhgﬁgfr%r%}esgﬁm% |§E§’p’i0[52§<ﬂ:fé BISg@nbd}nﬁélﬁ]dg%ﬁ[l%rﬂefnoﬂhetthbubllshed French
| u
Cb] oot BT PRAEA 08 T SAB o TRMMaRCAILEN Qe OERT R AT sibicheb Hoge under

from t hes.cades2h. wer e nenti oned above for the hyd rocya nation. 20

[ 66] However, the preparation of dinitrile conmpounds by

hydrocyanati on of an ol efin such as butadi ene can be carried out by

usi ng a0B#t al lyid of syrsepossibladoasdamixtures phsevesali lavdntacion, aois tlascribed in the
stages @ioub PeréBtFrQﬁbhoéatéHg%PE!‘!;%%HEL%E%H @'hﬁhi@%@@%&&% (035588,

i somerization above g possible for t reactlon or the

hydr ocyanati on of the unsaturated nitriles so as to give dinitriles

to 25be[0521rrIﬁdowtthwuemsaa@.agabs%r@n@éfﬁ eABst a@&@ﬁrl@a«{!% \ thhct BRloride, zinc
i nvention

catalytic temalre nown
o, e LA Xohsesi, Bl SR, e Boar . b3 i eprde iannous
oI ef i n chiorade mistugesy diphesylbarnid athydiide ahcetraisdbtithiedialamireixaaat i on of
0| atter can be carried out with a catalytic systemdifferent from

Othat of the invention, the stage of hydrocyanation of the
unsat urf@63ld nThe Lewis anid ascatalysfi useddiamerally | reprebentadraalrdletd Bmohipeh mole of
a cat al I, PR
et ai | e ToR e B A AR S MR PP 2 Rt o to 10 mo
exanpl e2ergd}en bel ow only by way of nonliniting indication.

35 [054] The unsaturated mononitriles used in this second stage are advantageously linear
pentenenitriles such as 3-pentenenitrile, 4-pentenenitrile and mixtures thereof.



12 EXAMPLES Abbrevi ations used 5- Cod: cycl ooct adi ene Ni (Cod) 2:

bi s(1, 5-cycl ooct adi ene) ni ckel - 3PN: 3-perfenenitrile

AdN: adi ponitrile ESN: ethylsuccinonitrile 10-

MEN: et hyl gl utaronitrile DN dinitrile conmpounds (AdN, MaN or ESN)

-tritol M)BSphO'Bﬂi&sietp%nten'EhiBﬂéﬁ inal/ bﬁh@ﬁ%ﬁfﬂymlmﬁmof other compounds, such as

RY(DN) leld of .dinitril orr e ratio of the
nunber §Sbu$?nefgﬁl ? thyé-g%g gﬁg(?r TP@ Wﬁ'ﬁBﬁ} 'of noles of 3PN
charged L| nearity (L): ratio of the nunber of noles of AdN formed to

12 IR A e O S L e

UP &i phrengiedobefare l@nW@ﬁM@@“Z@G‘PHQ@UﬁH@P” sorkn duys agdiien, to the
ar e conﬁf?éﬁéﬁolsyh&wbbaeb@adssksn&nlaeaiigﬁod?ﬂ‘até &%omrm%s% PAnsiRREH8k| compound,

f or nul ] X aving the follow ng fornul a:
25 ofdhe ﬁWﬁe%q'dz%Jl é)@éfefﬂ%!'wn@f thg r%c!ﬁ@wr%@égét 'aég@rn%é@'q ‘ﬁ Rrgare the catalytic

publ i cagdi@ntry: dRAWBY Bighphi addition dPtigese0RBEbad tdrettuerR0A8 thevi@beticAm&iuml13,
pages 3216-3224. This compound is used as starting 30material for the
synthesis of the ligands A and B having the followng formula: 13

10 [057] It is also possible, under the conditions of the hydrocyanation process of the present

invention, and in particular by carrying out the hydrocyanation in the presence of the catalyst

described above comprising at least one organophosphorus compound in accordance with the

invention and at least one fransition metal compound, to carry out, in the absence of hydrogen

cyanide, the isomerization of 2-methyl-3-butenenitrile so as to give pentenenitriles, and more
15  generally of branched unsaturated nitriles so as to give linear unsaturated nitriles.

[058] The 2-methyl-3-butenenitrile subjected to isomerization according to the invention may be

used alone or as a mixture with other compounds. Thus, 2-methyl-3-butenenitrile can be used as

a mixture with 2-methyl-2-butenenitrile, 4-pentenenitrile, 3-pentenenitrile, 2-pentenenitrile or
20  butadiene.

[059] It is particularly advantageous to treat the reaction mixture originating from the
hydrocyanation of butadiene with hydrocyanic acid in the presence of at least one
organophosphorus compound in accordance with the invention and at least one transition metal

25 compound, more preferably a compound of nickel in the 0 oxidation state, as defined above.

[060] In the context of this preferred variant, since the catalytic system is already present for
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.

30
[061] In this variant, it is possible, if appropriate, to carry out a slight flushing of the 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.

35 [062] The isomerization reaction is generally carried out at a temperature of between 10°C and
200°C, and preferably between 60°C and 140°C.



Conmpound A 5A solution of Br2 (3.5158 g, 0.022 mol) in CH2A 2 (30
m) is added, over 30 minutes, to a solut'fon of conpound CgPH (4.3243
g, 0.02 nol) in CH2A 2 (60 n1) at 0C and stirred at this tenperature
for 30 m nutes, and then for one hour at anbient tenperature. The

sol vent[068] eviap@eaprefbreidf c@g@doaaﬁl|h@héﬂuaatuu:elulnm&dmél'ydoicswﬁ@tt@é nésktion for the

(Compo 2

Compoanyaresandlicn, bt pufaciediss 6 Wil 55 ehapiauep i ooy St B Bomstgsion at the
16. 12 neoipgrature BHvh{cbQherhydraochnbtien wax tarried pst, peslighttedbdver 72 hours.

The m xture is then filtered during cooling to anbient tenperature,

the solvent of the filtrate is evaporated off under vacuum and a

whi t5e SlBF41d iAs fandBe prcssader. thedhyrrocyenalion ol eetiaeniediiy ingaieaied chepounds, the

Co”es%%‘wyﬁws?é@rﬁe@s%dofbr' the I%ﬁﬁﬁféﬁonté&‘ﬁ B&XRESard Be?@reoi&g?rﬁﬂo@uctlon into the
solution is evaporated off under vacuumand a white solid is finally

obt ai ngg§aRNgegRD. iy erampleRYJRYBGR] e OrQEPQWQ?ruéﬁSWQP%d(S)‘ Suie appmp“ate

géglfs;imz&h@ﬂ)t :0f Ghobdn Hangifidn AXal ddmfdufi8 4n@, 8Blionaliy,PofNMR redddindidgent. It is also

209. 84 R¥*! J?%%P‘%@#‘] (& 'yiE'gCgSGYf%mr\,{ﬁSlélg)?}yoslg\lm'\@g%%gﬁp%f@%@%gépstituems to

andi0As ythe Paadiie€! mediami ngetdnmdnobf dmnsnty:)rf metallcaspound and more particularly of nickel

Sym Phc{%PQ' a@BOtPﬁeC' a'ﬁu it Y rb&g %ah%@fsoéﬂh&guﬁé’ %{#&e Y EFRS as for the

descri be publi c rnsuk,
hydrocyanatlon reactlon

[065] Although the isomerization reaction is generally carried out without a solvent, it can be
15  advantageous to add an inert organic sclvent which may be subsequently used as extraction
solvent. This is in particular the case when such a solvent has been used in the reaction for the
hydrocyanation of butadiene having been used to prepare the medium subjected to the
isomerization reaction. Such solvents can be chosen from those which were mentioned above for
the hydrocyanation.
20
[066] However, the preparation of dinitrile compounds by hydrocyanation of an olefin such as
butadiene can be carried out by using a catalytic 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 for the hydrocyanation of the unsaturated nitriles so as to give dinitriles to
25 be carried out with a catalytic system in accordance with the invention or any other catalytic
system already known for this reaction.

[067] Similarly, the reaction for the hydrocyanation of the olefin so as to give unsaturated
nitriles and the isomerization of the latter can be carried out with a catalytic system different from
30 that of the invention, the stage of hydrocyanation of the unsaturated nitriles so as to give dinitriles

being carried out with a catalytic system in accordance with the invention.

[068] Other details and advantages of the invention will be illustrated by the examples given
below only by way of nonlimiting indication.



M Eberhard, N. Fey, R van Gnkel, A Hamlton, W P. Mu!, A G
Orpen, H Phetnung, P. G Pringle, J. Am'2Chem Soc, 2009, 131,
3078-3092. These conpounds are used as starting material for the
synt hesi s, respectively, of the ligands C and D having the foll ow ng
formul ae: 10Conmpound C A m xture of Sym PhobPCl (0.500 g, 2.83 mmol)
and Cs%gé@%n 28.4 mmol) in acetonitrile (8 mM) is refluxed for 1
hour . t is then evaporated off and then dichl oronethane (6
m) is ABaddetbnsTUsedsuspensi on obtained is filtered and the sol vent

i s evaporated off under vacuum Ampunt obtained: 0.341 g, 75%

El enent al aq .ySi Sﬁ)ﬁg‘ %i%{g&a' culated): C, 59.87 (59.99); H, 8.59
(8.81) 31P{11-1} N % : 159.45 (d, '"inp = 865 Hz) 20Conmpound D
A mi xt ur e - oRi(Ped)m PistbPCyclodtaiengnickeli83 nmol ) and CsF (4.31 g, 28.4
mol ) in acgs@nitril 1 ).is refluxed for 1 hour. The solvent is
t hen evapor%@d of?pgﬂgf%{aﬁﬂg}rlledi chl oronethane (6 m) is added. The
suspensi on Adt:ai ne&di'penifril&teyed and the solvent is evaporated off
g2(7je53v?ggu&%SzA%gBE&?P&@E@ggapguﬁgSEg, 43% 31 P{1H} NWR (CDCI 3):
(2,® -et h1yl Meehebi stethy@daronérile- but yl phenyl ) f | uor ophosphi te) havi ng

the foll owigg. for ” i §ﬁl§§ﬁ cially avail able.
10Exanpl es qlqto 12&”&&'}8%@@%’3% @HRIOM@ 305 as to give AdN The
general protBdure triddd phesphite f ol | ow ng:

- TIBAO: tetraisobutyldialuminoxane

- RY(DN): real yield of dinitriles corresponding to the ratio of the number of moles of
15 dinitriles formed to the number of moles of 3PN charged
- Linearity (L): ratio of the number of moles of AdN formed to the number of moles of dinitriles
formed (sum of the moles of AdN, ESN and MGN)

The following compounds: 3PN, Ni(Cod);, ZnCl,, TiBAO, TTP, diphenylborinic anhydride

20  (Ph,BOPh,), are known products that are commercially available,

Synthesis of the compounds of general formula (1)

A compound, called CgPH, having the following formula:
25

=0

I

is synthesized according to the process described in the publication by Downing et al.,
Organometallics, 2008, vol. 27 No. 13, pages 3216-3224. This compound is used as starting
30 material for the synthesis of the ligands A and B having the following formula:



A 60 m Schott-type gl ass tube equi pped with a septum stopper is
successi vely charged, under an 15argon at'dosphere, with: the |igand
(ligand A ligand B, ligand C, ligand D or ligand E) (1 mml, 2

equi valents with respect to P) 1.21 g (15 nmol, 30 equival ents) of
anhydrous 3PN 138 ng (0.5 nmml, 1 &g2PRendA) of N (cod)2 20- Lew s
acid (see Table 1 for the anpbunt and the nature). The m xture is
brought to 70C, with stirring. Acetone cyanohydrin is injected into
the reaction nmedium by neans of a syringe¢ driver at a flow rate of

0.45 m per hour. After injecting fog
halted. The m xture is cooled to anbje
acetone 25 and anal ysed by gas chro
inthe following Table 1. 16 Ta

Lewis acid/Ni (nolar) Linearity RY

10

15

20

, the syringe driver is
erature, diluted with
The results are given
i gand Lewi s acid
zZndCl 2

Br

A solution of Br; (3.5158 g, 0.022 mol) in CH,Cl, (30 ml) is added, over 30 minutes, to a solution of
compound CgPH (4.3243 g, 0.02 mol) in CH.Cl; (60 ml) at 0°C and stirred at this temperature for
30 minutes, and then for one hour at ambient temperature. The solvent is evaporated off and a
slightly yellow solid is obtained (Compound A). *'P NMR & 53.5 (in CH,Cbh).

Compound B

0.92 g of compound A (3.1 mmol) is added to a suspension of dry CsF (2.45 g; 16.12 mmol) in
THF (50 mi) and the mixture is refluxed for 72 hours. The mixture is then filtered during cooling to
ambient temperature, the solvent of the filtrate is evaporated off under vacuum and a white solid is
thus obtained. 20 ml of hexane are then added, the corresponding suspension is filtered, the
hexane of the organic solution is evaporated off under vacuum and a white solid is finally obtained
(0.532 g, 73%) (Compound B).

Elemental analysis, found (calculated): C, 51.10 (51.28); H, 6.88 (6.89).

*IP NMR (121 MHz; CgDg): 8P 125.4 (d, 1J(Mp) 896.9 Hz).

¥F NMR (282 MHz; C¢Ds): 6F 209.84 (d, 1J(Mp) 897.1 Hz).



1100 1.9 2 ATIBAO 0.5 94.9 2.8 3 A Ph2BOBPh2 0.5 100 2.4 4 B zZnd 2
1 65.6 82.6 5B 14

10

15

20

25

Two compounds, called Sym-PhobPCl and Asym-PhobPCl, having the following formulae:

Sym-PhobPCl Asym-PhobPCl

are synthesized according to the process described in the publication M. Carreira, M. Charernsuk,
M. Eberhard, N. Fey, R. van Ginkel, A. Hamilton, W. P. Mul, A. G. Orpen, H. Phetmung, P. G.
Pringle, J. Am. Chem. Soc, 2009, 131, 3078-3092. These compounds are used as starting

material for the synthesis, respectively, of the ligands C and D having the following formulae:

Compound C

A mixture of Sym-PhobPCI (0.500 g, 2.83 mmol) and CsF {(4.31 g, 28.4 mmol) in acetonitrile (8 ml)
is refluxed for 1 hour. The solvent is then evaporated off and then dichloromethane (6 ml) is
added. The suspension obtained is filtered and the solvent is evaporated off under vacuum.
Amount obtained: 0.341 g, 75%

Elemental analysis, found (calculated): C, 59.87 (59.99); H, 8.59 (8.81)

3P{"H} NMR (CDCl3): 159.45 (d, Jy, = 865 Hz)

Compound D

A mixture of Asym-PhobPCl (0.500 g, 2.83 mmol) and CsF (4.31 g, 28.4 mmol} in acetonitrile
(8 ml) is refluxed for 1 hour. The solvent is then evaporated off and then dichloromethane (6 ml) is
added. The suspension obtained is filtered and the solvent is evaporated off under vacuum.
Amount obtained: 0.193 g, 43%

3P{'H} NMR (CDCl,): 217.33 (d, Ju, = 808 Hz)



TIBAO 0.5 69.3 31.5 6 B Ph2BOBPh2 0.5 84.9 20.6 7 E ZnC 2 1 63.7 26.6
8 ETIBAOO.5 51.2 9.5 9 15

Compound E (2,2-ethylidenebis(4,6-di-tert-butylphenyl)fluorophosphite) having the following

formula:

Compound E

Y™
O\ /O

is commercially available.

10 Examples 1 to 11: Hydrocvanation of 3-PN so as to give AdN

Thé general procedure used is the following:

A 60 ml Schott-type glass tube equipped with a septum stopper is successively charged, under an
15  argon atmosphere, with:
- the ligand (ligand A, ligand B, ligand C, ligand D or ligand E) (1 mmol, 2 equivalents with
respect to P)
- 1.21 g (15 mmol, 30 equivalents) of anhydrous 3PN
- 138 mg (0.5 mmol, 1 equivalent) of Ni(cod),
20 - Lewis acid (see Table 1 for the amount and the nature).

The mixture is brought to 70°C, with stirring. Acetone cyanohydrin is injected into the reaction

medium by means of a syringe driver at a flow rate of 0.45 ml per hour. After injecting for 3 hours,

the syringe driver is halted. The mixture is cocled to ambient temperature, diluted with acetone
25 and analysed by gas chromatography.

The results are given in the following Table 1:



E Ph2BOBPh2 0.5 70.5 11.7 10 C Ph2BOBPh2 0.5 81.8 19.2 11 DzZnd 2 1
100 1 Exanple 12: Hydrocyanation of 3-FNfso as to give AN 5 The
general procedure used is the following: A 60 m Schott-type gl ass
tube equi pped with a septum stopper is successively charged, under an
argon atnosphere, with: 100.32 mol offableghnd

Example Ligand Lewis acid Lewis acid/Ni Linearity RY (DN}
(molar)

1 A ZnCl, 1 100 1.9
2 A TIBAO 0.5 94.9 2.8
3 A Ph,BOBPh, 0.5 100 2.4
4 B ZnCl, 1 65.6 82.6
5 B TIBAO 0.5 69.3 31.5
6 B Ph.BOBPh; 0.5 84.9 20.6
7 E ZnCl, 1 63.7 26.6
8 E TIBAO 0.5 51.2 9.5
9 E Ph,BOBPh, 0.5 70.5 11.7
10 C Ph,BOBPh, 0.5 81.8 19.2
11 D ZnCl, 1 100 1

Example 12: Hydrocyanation of 3-PN so as to give AdN

5
The general procedure used is the following:
A 60 ml Schott-type glass tube equipped with a septum stopper is successively charged, under an
argon atmosphere, with:
10 - 0.32 mmol of ligand

- 5 mmol of anhydrous 3PN
- 0.17 mmol of Ni(cod),
- 0.15 mmol of ZnCl,

15  The mixture is brought to 70°C, with stirring. Acetone cyanohydrin is injected into the reaction
medium by means of a syringe driver at a flow rate of 0.45 ml per hour. After injecting for 3 hours,
the syringe driver is halted. The mixture is cooled to ambient temperature, diluted with acetone,

and analysed by gas chromatography.

20  The results are given in the following Table 2:

Table 2:

Example Ligand Lewis acid Lewis acid/Ni Linearity RY (DN)
(molar)
12 C ZnCl, 0.9 76.4 12.8




5 mmol of anhydrous 3PN 0.17 mml of N (cod)2 0.15 mmol of Znd 2

15The mixture is brought to 70C, with stilfring. Acetone cyanohydrin

Is injected into the reaction nedium by nmeans of a syringe driver at

a flowrate of 0.45 m per hour After |nJ ecting for 3 hours, the

syri ngeExpmrles 13 gne g id yRBaks ENisg asde g AN anbi ent

t enper ag go el sz’nb 0@% d}ééshtuﬁé" @&@Bﬁed @ﬁi@a%@ﬁﬂu)ﬁsﬁgpﬁéf |$9§t§:cesswel)f charged under an
chr omat ogr ap he results are given in the follow ng Tab :

Tabl e @rgmaWS@heregafﬁa Lewis acid Lewis acid/N (nolar) Lineari ty RY
(DN) 12 CznC 2 0.9 76.4 12.8 17 Exanples 13 and 14: Hvdrocyanati on

of 3 PN s0 a@ah@ 1958 TASN3 for nature and amount)

- ligand 2 (see Table 3 for nature and amount)
- 1.21 g (15 mmol, 30 equivalents) of 3PN
- 138 mg (0.5 mmol, 1 equivalent) of Ni(cod),

- Lewis acid (see Table 3 for nature and amount)
10
The mixture is brought to 70°C, with stirring. Acetone cyanohydrin is injected into the reaction
medium by means of a syringe driver at a flow rate of 0.45 ml per hour. After injecting for 3 hours,
the syringe driver is halted. The mixture is cooled to ambient temperature, diluted with acetone,
and analysed by gas chromatography.

15  The results are given in the following Table 3:

Table 3
Example Ligand | Ligand | Ligand1/Ligand2/Ni | Lewis acid Lewis | Linearity | RY
1 2 (molar equivalents) acid/Ni (DN}
(molar)
13 TTP B 4.5/0.5/1 Ph,BOBPh, 0.5 90 5.2
14 TTP - 5/0/1 Ph,BOBPh, 0.5 73.8 1.2
comparative




A 60 m Schott-type gl ass tube equi pped with a septum stopper is
successi vel y charged, under an argon atnd8phere, with: 5- ligand 1

(see Table 3 for nature and anmount) |igand 2 (see Table 3 for nature

and anount) 1.21 g (15 mmol, 30 equivalents) of 3PN 138 ng (0.5

mmol, 1 equivalent) of N (cod)2 Lew sCh®IMS(see Table 3 for nature

and anount) 10 The m xture is brought to 70C, with stirring. Acetone
cyanohydrin is i ng'fect ed into the rt?acti on nmedi um by neans, of a_ .

syringe drlt viBiocgss i fediydregyanajion@r 251vRTocgdionigged canpeynd egraprisingpt least one
for 3 hours, ethiienisYiinga@i@atibr, V§1 rd=etibidlif ed liqli emBliiUvithi Sydeiredydrite in the
anbi ent tenperature, diluted with acetone, and anal ysed by gas

chr Gmat ogr apiFsenesTHe Falalypt omprising 3 S1eR eI AT TEPEWARY ftiongnetals and an
Tabl e 3 Exanglygnddraapibris lighin ehatabtegasttih/that died 8daNbpHd¥phétus ligand comprises at

equi valents) Lewis acid Lews acid/N (nolar) Linearity RY
least one compound corresponding to general formula (1) or (IIY:

\R/
O
/

Rg

M

N
R{/ p—x (D

10 in which:
- Rs and Rg, which may be identical or different, represent a linear or branched, aliphatic
monovalent radical, a monovalent radical comprising an aromatic or cycloaliphatic ring,
which is substituted or unsubstituted, or several aromatic rings which are condensed or

connected to one another by a covalent bond,

15 - R; represents a divalent radical of general formula (Ill) below:
Ry
20
0 (M)
O
/
Rs 0 Ry
25



(DN) 13 UP B 4.5/0.5/1 Ph2BOBPh2 0.5 90 5.2 14 conparative UP - 5/0/1
Ph2BOBPh2 0.5 73.8 1.2 18 CLAIMS 1. Prodéss for the hydrocyanation
of a hydrocarbon-based corrpound corrpri sing at | east one ethylenic

unsaturation, by reactiogn qui d medi um wi t h hydrogen Céani de in
the 5 pr esended djﬂva@%é@@wsqf f@@?#ﬂ? $-RgCa ivevhich é;iﬂefﬁéfﬂseﬁ'ﬁo% pearrynranched,

transition ngiRkfc éﬂgleﬁ{‘ra‘afcﬂﬁrho@ibéléﬁﬂ%ﬂléél Eérﬁé‘r"tﬁhg ShaFGRRAR d)rzz%féldaﬁphatlc ring,
t hat the organophosphorus |iga onprises at | east one conpound

cor r espondi n§hiel iy Epestitteq @f Hm;@sp’qu}ed@,or ©Sevgral pepyoatic rings which are condensed or

connected to one anocther by a covalent bend,

5 or a divalent radical of general formula (IV) below:

Rg
_< >¥ av)
Rio

in which Rg and R4, which may be identical or different, represent a linear or branched,
10 aliphatic divalent radical containing from 1 to 6 carbon atoms,

R4, Rz, R3 and Ry, which may be identical or different, represent a hydrogen atom, a linear

or branched alkyl radical containing from 1 to 12 carbon atoms that may contain

heteroatoms, a radical comprising a substituted or unsubstituted aromatic or cycloaliphatic

radical which may comprise heteroatoms, a carbonyl, alkoxycarbonyl or alkoxy radical, a

15 halogen atom, a nitrile group or a haloalkyl group containing from 1 to 12 carbon atoms,

X represents a halogen atom selected from the group consisting of flucrine and bromine.

2. Process according to Claim 1, characterized in that Ry, Rz, Rz and R4, which may be identical
20 or different, represent a hydrogen atoem, or a linear or branched alkyl radical containing from 1
to 12 carbon atoms that may contain heteroatoms.

3. Process according fo Claim 1 or 2, characterized in that the phosphorus ligand is a compound
of general formula (11} in which R;represents a divalent radical of general formula (111} or (V).
25
4. Process according to one of the preceding claims, characterized in that the compound of
general formula (If) corresponds to either of the following formulae:



(1) 0 R6 R7px(11) 10in which: - R6 and R6, which may be identical or
different, represent a linear or branched® aliphatic nonoval ent

radi cal, a nonoval ent radical conprising an aromatic or
cycloaliphatic ring, which is substituted or unsubstituted, or

sever a

aromatic rings which are condenked or connected to one

anot her by a coval ent bond, 15- R7 reprgsents a dival ent radical of

gener al
-0-R8-0-, in which R8 represents a4’

di val ent radical of formula
r branched, aliphatic

formula (111) below R4 19 o

di valent radical, a divalent radicgl cconpri|sing an aromatic or
cycloaliphatic ring, which is substif|ut ed unsubstituted, or

sever al
anot her by a coval ent bond, 5or
(1V) below (I1V) Ro

or connected to one
radi cal of general fornula
mhich\f@ and R10, which may be

aromatic rings which are

identical or different, represent a |linear por branched, 10aliphatic
dival ent radical containing fromlto 6 carbon atons, R, R2, R3 and
R4, which may be identical or different, represent a hydrogen atom a
| i near or branched al kyl radical containing from1l to 12 carbon atons
that may contain heteroatons, a radical conprising a substituted or
unsubstituted aromatic or cycloaliphatjc radical which nay conprise

het er oat ons, a carbonyl, al koxycarbony
15hal ogen atom a nitrile group or a
1 to 12 carbon atons, X represent$7a Hal o
group consisting of fluorine and 1
Claim1, characterized in that Rl
i dentical 20or different, repreSent |&
branched al kyl radical contain
contain heteroatons. 3. Process acgordin

or al koxy radical, a

| oal kyl group containing from
n atom sel ected fromthe
2. Process according to
nd R4, which nay be

atom or a linear or
to 12 carbon atonms that may

to Cdaim1l or 2,
characterized in that the phosphorius liga is a conpound of general
formula (11) in which R7 represents a divalent radical of general
formula (111) or (1V).

5

10

15

5. Process according to one of Claims 1 to 3, characterized in that the compound of general
formula (Il) corresponds to either of the following formulae:

6. Process according to one of the preceding claims, characterized in that the metal element is
selected from the group consisting of nickel, cobalt, iron, ruthenium, rhodium, palladium,

osmium, iridium, platinum, copper, silver, gold, zinc, cadmium and mercury.

7. Process according to one of the preceding claims, characterized in that the composition of the
catalytic system is expressed by general formula {V):
M L (V)
in which:

M is a transition metal,



25 4. Process according to one of the preceding clainms, characterized
in that the conpound of general formula @fl) corresponds to either of
the followi ng fornulae: 20 55. Process according to one of

Claims 1 to 3, characterized in that the conmpound of general fornula
(11) corréspdHigeetd t@?t‘l’f@?”‘?ﬂhoﬁﬁ@r%lhﬂéw(ﬁb #loleqsi Qe of which gorresponds o a

Process aggebdimbofBraing (196r filfe preceding clains, characterized in
that the netal elenent is 10selected fromthe group consisting of

ni ckel , comRAresents AUMPET briweem apAdBi(imis ipethdedi um osnium iridi um

pl ati num copper, silver, gold, zinc, cadm um and nercury. 7. Process
according to one of the preceding clains, characterized in that the
conyosi 8.i Proczfsst Recardingl W6 | Claistrenchaaesfireris Sad it genepedseh@r rall Mixture of

(V): 15M [Lfh

10
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11.

12

13.

14.

rgan()gi)los!prﬁoml I?g%:ndévl c'or%pﬁsi%gr; e (Iaé[slt e q%%ﬁc'i 'corresponding to & compound of

formula (I} or (I} and at least one monodentate organophosphite ligand.

Process according to Claim 8, characterized in that the monodentate organophosphite ligand
is selected from the group consisting of tritolyl phosphite and triphenyl phosphite.

Process according to one of the preceding claims, characterized in that the organic
compounds comprising at least one ethylenic double bond are chosen from diolefins such as
butadiene, isoprene, 1,5-hexadiene, 1,5-cyclooctadiene, ethylenically unsaturated aliphatic
nitriles, in particular linear pentenenitriles such as 3-pentenenitrile or 4-pentenenitrile,
monoolefins such as styrene, methylstyrene, vinylnaphthalene, cyclohexene or methyl-

cyclohexene, and also mixtures of several of these compounds.

Process according to one of the preceding claims, characterized in that the amount of
compound of nickel or of another transition metal used is chosen such that there is, per mole
of organic compound to be hydrocyanated or isomerized, between 104 and 1 mol of nickel or
of the other transition metal used, and in that the amount of organophosphorus compounds
used is chosen such that the number of moles of these compounds with respect to 1 mol of

transition metal is from 0.5 to 100.

Process according to one of the preceding claims, for the hydrocyanation of ethylenically
unsaturated nitrile compounds so as to give dinitriles, by reaction with hydrogen cyanide,
characterized in that the reaction is carried out in the presence of a catalytic system
comprising at least one compound of a transition metal, at least one compound of formula (1)

or (Il) and a cocatalyst consisting of at least one Lewis acid.

Process according to Claim 12, characterized in that the ethylenically unsaturated nitrile
compounds are chosen from ethylenically unsaturated aliphatic nitriles comprising linear

pentenenitriles, such as 3-pentenenitrile, 4-pentenenitrile, and mixtures thereof.

Process according fo either of Claims 12 and 13, characterized in that the Lewis acid used as
cocatalyst is chosen from the compounds of the elements from groups Ib, llb, lllg, lllb, Va,
Vb, Va, Vb, Vlb, VIIb and VIl of the Periodic Table of Elements.



21 Lf represents the organophosphorus |igand(s), at |east one of

whi ch corresponds to a conpound of fornuléd (1) or (Il), t represents
a nunber between 1 and 10 (limts included). 58. Process according to
Claim 7, characterized in that Lf represents a m xture of

or ganommg%cbmm@d@ ERIGH ISR ;_ato t £asharanRizbd GR 0kt R [ 5B BEhosen

to a conp und of f at | east one nmpnodent ate

or ganopho BPﬂ 8¢ 9*8%5353 e l”""éidé'PF’%JE 3C%P9§%et§1?ﬁ[ %“ga”ese bromide,
char act er icagdium d¢Hicride! headmiumad erdraite, (staynanwmmphilet esthnrgaindbidnide, stannous
sel ected f h i te

tri pheny! *SABSnEEnBYD RAE, 10 BhudrbibyKlisRIRSR e cRBes or promides of
cl aisns, cr@reaa@ﬁbr ¢lzmgnisn subhtas keatlergani @WOTW@WVMr heddygiam, samarium,
| east one I 0

25t e BB Rl Rlanoas o IpsERoBlel RRIGR, FUEALRS itm.
unsat ur at 680all FHREds, derraes shiopige. eastfﬂunh cb'aﬁ@e @0 dPixXiyrese dhereof, Y and organome’fa"ic
pentenen|b5mbg@Kﬁuch as 3-pentenenitrile or 4-pentenenitrile,

nonool ef i ns such as styrene, nethylstyrene, vinyl naphthal ene,

cycl ohexene or nethyl cycl ohexene, and al so m xtures of several of

t heiwe ctrPerteds according td bneff disss Atctl, dhagictanizedé thiat tHeeispmedadibngso as to
cl ai s, n

ot “anot heS P rherefifflet b e e ety S BiBhorhie s GRTP A EeBlanl B, oRbinating
mol e of ofrganthe fwdrmwmilono)fw@tadﬁim@y:arrwmtmthesabﬁ@np&i@ﬂhydfegmeyamde the
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in that the amount of ganophosp orus caonpounds _used i s chosen such
that the RUfeFERIAEH Oﬁﬂlé’é‘ Gt lagRbaie cOMRBIAE @82 WeDHtioedisEEt to 1 nol of
transition metal is from0.5 to 100. 25 12. Process according to one
of the preceding clains, for the hydrocyanation of ethylenically
unsaturated nitrile conpounds so as to give dinitriles, by reaction
wi t h hydrogen cyani de, characterized in that the reaction is carried
out in the presence of a catalytic systemconprising at |east one
compound of a transition netal, at |east one conpound of fornula (I)
30or (11) and a cocatal yst consisting of at |east one Lewis acid. 13.
Process according to Claim12, characterized in that the
ethylenically unsaturated nitrile conpounds are chosen from
ethylenically unsaturated aliphatic nitriles conprising |inear
pentenenitriles, such as 3-pentenenitrile, 4-pentenenitrile, and

m xtures thereof 35 14. Process according to either of Clains 12 and
13, characterized in that the Lewis acid used as cocatal yst is chosen
fromthe compounds of the elenments fromgroups Ib, Ilb, Illa, 111b,
lva, 1Vb, Va, Vb, VIb, VIIb and VIII of the Periodic Table of

El ements. 22 15. Process according to one of Clains 12 to 14,
characterized in that the Lewis acid is chosen from zinc chloride,
zinc bromde, zinc iodide, nmanganese chloride, nmanganese brom de,
cadm um chl ori de, cadm um brom de, stannous chloride, stannous

brom de, stannous sul phate, stannous tartrate, indium
trifluoromethyl sul phonate, the chlorides or bromdes of 5 rare-earth
el ements, such as | anthanum cerium praseodym um neodym um
samarium europi um gadolinium terbium dysprosium hafnium erbium
thallium ytterbiumand lutetium cobalt chloride, ferrous chloride,
yttriumchloride and m xtures thereof, and organonetal |ic conpounds.
1016. Process according to one of Clains 1 to 15, characterized in
that the isonerization, so as to give pentenenitriles, of the

2-met hyl - 3-butenenitrile present in the reaction m xture originating
fromthe hydrocyanation of butadiene is carried out in the absence of
hydrogen cyani de, the isonerization being carried out in the presence
of a catalyst conprising at | east one conpound of formula (I) or (I1)



