1 ORGANOPHOSPHORUS COVPOUNDS, CATALYTI C SYSTEMS COVPRI SI NG SAI D
COVPOUNDS AND METHOD OF HYDROCYANATI ON USI NG SAI D CATALYTI C SYSTEMS
5[ 001] The present invention relates to organophosphorus conpounds

bel ongi ng to the phosphinite-phosphite famly, their use in catalytic
systens and net ho@@RGANOPHOSRHORUS CONROUNDS PATALYTICSS YIS TENMEd

catal ytic systens, noﬁ@ﬂR@ﬁG@AlB@éMﬁO!w %@& BfF

et hyl enically unsatur rising
at least one nitril edX¥ ' 3| NG g ' 38

Is, for exanple, descrl bed in French patent 1 599 761 which rel ates
to a nmethod of preparatlon of nitriles by addition of hydrocyanic

aci & t dOBlganThe GBARMNBYCTIRDI FRIAIES 10e R54aNGRROSPNPRIS e APEPRINISSI Belopging to the
in the ;mc@gﬁ.ﬂ@@pﬁéspm@aérﬁilwsﬁeuﬁess@m &dt ggldﬂé yekdths andl ndthods of synthesus of organic

or ganophosphorus | i Lriar S I

a1 oS TRBI AR A G B ey Y mBReaACT PE&oc R lanah elpienicaly
sol ventunsatutsted organid conroahes abdéompounyds compridhanat lsast lonasitkile fiarestion.or

xyl enes or a nitrile such as acetonitrile. [4] The catal yst enpl oyed

i's an organi c nickel conplex, containing |ligands such as

20pHosdAPZles, Ther iantien ok nydspenanatigriss (o @x@eplardssaibasksingrrench patent 1 599 761
ant 1 NONLRKIES rel {eéltoTahﬁwor Ocﬁasgﬁﬁl%pgifaé@n FHfQﬁHFegrtiyf Cillﬂﬁ]t bﬁ’ﬁf/drat%/a%h:eamd to orgamc

catal yst, suc as a conpoun , general’l
aci d,  iomaaupds Bayrenahiragt Phe sHvienisadauie 9@[0@ dea\DrPERRRES 0T ﬁéta'yst Comprising

cat al ytméketiﬁﬁa aﬁﬁargt@\oph&@ﬁart@n@aﬁ@ efl triag@stsphitel TRRMBALIRINMEN be carried out in the
or ganophosphaor us nds, bel onging to the famly of the phosphites,

0
phosphcﬁﬂe? eoﬁﬁ'B%‘?ﬂEEr???éleﬁﬂtd phosphi nes. These or ganophosphor us
compounds can conpri se one phosphorus atom per nolecule and are
descri as I 1
ol ecu%é’s} &ggg@[\/ﬁéﬁs&fg g& rﬁjr?{era}yg h?broP?%gﬁ dé”cH%%e?t%n& &f xylenes or a
parti culitsite %Chﬁémﬁ@ﬂéf”@ol i gands contai ning two phosphorus atoms per
nol ecul e (bidentate |igand) have been described in nunerous patents.

[ 007] However,_new catal ytic systens with better performance both W th
respectlO¥Y cahgi ﬁtag/st employed; I AP SMRENG Dickele SpBREX: $OBRHINY iliggndy such as
al V“i'%’yé phebpignen agdiesf etibina®) paydphdes, Resates bRanteamiesi cs 350f the

met hod.

[005] 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.

25 [006] Numerous other catalytic systems have been proposed, generally comprising
organophosphorus compounds belonging to the family of the phosphites, phosphonites,
phosphinites and phosphines. These organcphosphorus compounds can comprise one
phosphorus atom per molecule and are described as monodentate ligands, or several phosphorus
atoms per molecule, which are then called multidentate ligands. More particularly, numerous

30 ligands containing two phosphorus atoms per molecule (bidentate ligand) have been described in
numerous patents.

[007] However, new catalytic systems with better performance both with respect to catalytic
activity and with respect to stability are always being sought for improving the general economics
35  of the method.

[008] One of the aims of the present invention is to propose a novel family of ligands which
makes it possible to obtain, with transition metals, catalytic systems displaying good catalytic



2 activity notably in the reactions of hxdrocyanation. [009] For this
pur pose, the present invention proposes organophosphorus conpounds

bel ongi ng to the phosphinite-phosphite famly, said organophosphorus
conpounds correspondi ng 5to one of the general formulae (1) and (I1):

I N whi cactivity Ritablgdy theR8actidbs oReydrocyaRAtionshi ch may be identical or
different, represent a hydrogen atom a 10 |linear or branched al kyl

radi cal having from1l to 12 carbon atons which can contain

het er 0al08fE, leorr dhi cRbrpessptesipnegsent siub@ltionupe;wows ueTgarmephios phasds compounds

aronmmt i | r
L RS D o SR A g
grodp o %efpcil“?%gqﬂﬂra é?rau{ﬁ to 12 carbon atoms - RS and Rg,

whi ch nmay be identical or dlfferent represent a linear or branched
al i phatic radical 15 having from1 to 12 carbon atons which can
contain heteroatoms, a radical conprising a substituted or
unsubstituted aromatic or c '
het er oat ons or several aro
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ic rings, condensed or jloined together.
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in which:

- Ri, Rz, Rs, Ry, Rg and Ry, which may be identical or different, represent a hydrogen atom, a
10 linear or branched alkyl radical having from 1 to 12 carbon atoms which can contain heteroatoms,

a radical comprising a substituted or unsubstituted aromatic or cycloaliphatic ring which can

comprise heteroatoms, a carbonyl, alkoxycarbonyl or alkoxy radical, a halogen atom, a nitrile

group or a haloalkyl group having 1 to 12 carbon atoms

- Rs and Rg, which may be identical or different, represent a linear or branched aliphatic radical
15 having from 1 to 12 carbon atoms which can contain heteroatoms, a radical comprising a

substituted or unsubstituted aromatic or cycloaliphatic ring which can comprise heteroatoms or

several aromatic rings, condensed or joined together.

[011] As preferred compounds of general formulae (I} or (Il) of the invention, we may
20 mention the compounds of the following formulae:



[012] The present invention al so proposes a nmethod for preparing these
conmpounds, according to which a conpound3obtained by reaction of the
conpound of fornula OH R5-0H with an organoal kali netal conpound is
reacted, on the one hand, with a CgPX conpound of formula 5 (1) bel ow
where X represents a hal ogen atom and, on g other hand, with a

hal ogenat ed or ganophosphite corregspondi t he phosphite residue
linked to R5 in general fornul osmula (2) or (3)

101, XX Re pZ''. '7--0-%40" - --- I o ,Z. R7 (2)(3)

10[ 013] Advant ageously, the co vd obt ained by reaction of the
conmpound of formula O+ R5-0H wi th jan ofganoal kali metal conpound is
reacted with a CgPX conpound of forwu (1) ina first stage, and
then the product of reaction with tﬁE}»alogenated or ganophosphite
corresponding to the phosphite residte linked to R5 in general
formulae | and 11, of formula (2) or (99ndfs reacted in a second

stage. 15 5
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[ 15] These CgPH conpounds are described in the scientific article
publ i shed in the journal ORGANOVETALLI CS*Vol. 27, No. 13 p. 3215-3224
of 2008: "General Routes to Al kyl 5Phosphotri oadamant ane Li gands" by
Joanne H Downing et al., as well as their nmethod of synthesis.

[ 16] The CgPH conpounds are transformed to CgPX conmpounds, in which X

represents a hal ogen atom preferably brom by reaction with the
nol ecul ar hal ogen in an organic s ﬂ%ﬁe; 10sgeR_as di chl or onet hane.
[17] The CgPX conpounds can then;%ﬁg ct ed conmpound obt ai ned
by reaction of a hydroxylated co dhd cogre'possrng to the residue
R5 in general formulae | and Il with]an o[fganoal kali netal conpound,
preferably organolithium conpound, Eigalzéjvent such as 15tetra hyd
rofura n. [18] The resulting conpo then be reacted with a
hal ogenat ed or ganophosphite correspondiywgdtto t he phosphite residue

linked to R5 in general fornmulae | and Il, preferably a
chl or ophosphite. 20 [19] Details anhd addit%jinformation on the
f

met hods of nmanufacture of the co ds of ae | and Il will be
given in the exanples presented [ 20] rding to anot her
obj ect of the invention, the org osphorhg conpounds of 25

fornmulae (1) or (Il) are used for”the manuf ac ¢ of catalytic
systens by conbining with a netalliciele orma conpl ex.
Overall, the conposition of these c @ ms can be
represent ed by general formula (111 A4 or rruI a does not

correspond to the structure of the compewads and conpl exes present in
the catalytic systenm): 30M[1-d1 (Il1) in which: Mis a transition
netal [[012] epr eRenpesaht lire@stioroeso0 pEPOSE @S plettods fdri geperigy tieentbpounds,

(5 Odecbiaind’io'yAigiP R SRRk Snd oBUITE by FELUBE b In PRk Rl BH-Ro-OH with

[21] Th be"Co
t r ansi tdnoprgaeealiali roetabegrapeund is reacted on the one hand with a CgPX compound of formula
5 (1) below where X represents a halogen atom and, on the other hand, with a halogenated

organophosphite corresponding to the phosphite residue linked to R5 in general formulae | and I,

of formula (2) or (3)
e}
0 X
G /\ / ° - \P e
8
0 - \l Cf)
\ R
(1 X 2) (3)
10 [013] Advantageously, the compound obtained by reaction of the compound of formula

OH-Rs-OH with an organoalkali metal compound is reacted with a CgPX compound of formula (1)
in a first stage, and then the product of reaction with the halogenated organophosphite
corresponding to the phosphite residue linked to R5 in general formulae | and I, of formula (2) or
(3), is reacted in a second stage.

15
[014] Specifically, the compounds of the invention can be prepared from compounds called
hereinafter CgPH of the following formula:



1b, 2b, 3b, 4b, 5b, 6b, 7b and 8 of the Periodic system such as
publ i shed in "Handbook of 5Chem stry and’ Physics, 51st Edition
(1970-1971)" by The Chem cal Rubber Conpany. [22] Anpbng these
netals, we nay nention nore particularly the netals that can be used
as catalysts in the reactions of hydrocyanation. Thus, we nay
mention, as non-limting exanples, nickel, cobalt, iron, ruthenium
rhodi um palladium osmum iridiumg copper, silver, gold,
10zinc, cadm um nmercury. Nickel is rred el ement for the
hydr ocyanati on of ol efins and unsatu riles. [ 23] The
preparation of the catal ytic sys onpounds of gener al
formula (1) or (11) can be carried/Q ringing a solution of a
conmpound of the netal selected, for np{} 15nickel, in contact with
a solution of the organophosphorus cOnmpound of the i nventi on. [ 24]
The conpound of the netal can be dissolved in a solvent. In the
conpound enpl oyed, the netal can be either at the degree of oxidation

that i tIO0p] | haVEeSPrpQ%C@P@%ﬁﬁ%pﬁ%'b%r‘ﬁﬂr@ﬁ@%‘i'f'%ma'eml@ﬁfé?ed in the journal

degr ee ORGANGMETAILICS Vol. 27,2%o. AR &) SXABIE, dft 2008y t@enemtR@urteQ to Alkyl
t hat the rhodi um,i

anonetal | ic_cqnpl ex he invention, at
PR A LA o T M o L A
pl at i nwyntitesgegr ee of oxidation (0), palladiumat degree of oxidation
(0), osmum at degree of oxidation (Il), iridium at degree of
oxidation (1), nickel at degree of oxidation 0%@9 [ f, during
prepar dPil@in of TtheeCalrld samwevrdd are twoaormasd ta GaP mpoued%rmwbrpbd( rgoresents a
hi gher I%e@ieatgifn Q?Ef%BIy(B?DmHe B¢ RedGioh GHACHE rholedlidrithalogenl id An AFBAE solvent
t he cog{csnds | s Mthat can be used for preparing the
or gdno esidic 5{5%'8 PFBXes, notably when the netal is nickel, we may
mention, as non-limti ng exarrpl es, the foI I ovm' ng ni ckel corrpoundS' -

COMp O 1 VA KSh o RS o Sl Fd nhShg P 8P reacton or
(acryl dydteiylatgd compiuld torsespoyding de il remidie BSlin Yengedl s‘m’rru;tdd e¢and 1l with an
Ni ( COd)&?ﬁrﬂﬁ@aﬂeHe\l’é}t b(yrﬁﬁoLﬁﬂ?tﬁbfelré}ﬂy ldrgm%ilﬂ‘lcgoﬁlﬁoﬁﬂ rAKLS solvent such as

(triphen
15  tefrahydrofuran

[018] The resulting compound can then be reacted with a halogenated organophosphite
corresponding to the phosphite residue linked to R5 in general formuiae | and 1l, preferably a
chlorophosphite.

20
f019] Details and additional information on the methods of manufacture of the compounds of
formulae | and Il will be given in the examples presented below.

[020] According to another object of the invention, the organophosphorus compounds of

25  formulae (1) or (Il) are used for the manufacture of catalytic systems by combining with a metallic
element to form a complex. Overall, the composition of these catalytic systems can be
represented by general formula (lll) {this formula does not correspond to the structure of the
compounds and complexes present in the catalytic system):

30 MILd ()
in which:
M is a transition metal

L¢ represents at least one organophosphorus ligand of formula (1} or (1)



phosphi ne) nickel zero. - nickel conmpounds such as carboxyl ates

(notably acetate), carbonate, bicarbonat®, borate, bronide, chloride,
citrate, thiocyanate, cyanide, formate, hydroxide, hydrophosphite, 7
phosphi te, phosphate and derivatives, iodide, nitrate, sul phate,

sul phi t erepeasghts samanizdribgtveadnphamht @fnclidad] When t he ni ckel conpound

used corresponds to an oxidation state of the nickel 5 greater than

0, a reducing agent of the nickel is added to the reaction m xture,

pr ef er alBRY] r eacthengeidls M that ¢am heheoropaxkid drers gofierahall the dransition mMEfd!s of groups

reduci ng, agieny, Gan SIBe 69r ggrﬁn% Qrofgpa?gﬁeﬁbdlc \g,ﬁstgﬁ’y s%l’i‘ta‘so%ﬁi%%dzm "Handbook of

nonllmtln exaaB oro% es su

powdier , 'H%IBHHL‘F‘[] BVS'Pﬁ/éﬂ%‘g@iﬂo m@EERIPTNe Ry The Chemicsl Ré@bﬁf&m@p%ed
corresponds to oxidation state O of the nickel, it is also possible

to add duci agent such as those nt i oned but

ndar o) di2EE ot AT Hese JHSs e S BT Taivors B EaRBb P&, Batoan be used
t he sanss cadysts iy thegeattonarcd hgdrotydnadon. [ Thus we casemditivh, panbadmitimg examples,

the reg‘ﬂ%ﬂeg%\?g%?q ﬂ?haﬁum ar%g @lﬂ %%LA&(Um eA lIr]It Fidi tplaet‘mgﬁlgg&grpgq?,aﬁilggr, gold,

m xt ur e prese I hventiFon

to & mlmwadmlmdmw@ndﬂtpkﬁi l%)fthQ)IpEEFferm@ elepreat ferr the duldsedygnagion of olefins and
di ol ef i safphiel PRriggnuf acture of nitrile conpounds, nore particularly

of dinitrile 20 conpounds. [32] The organic conpounds bearing at

| east one ethyl enic doubl e bond nore particularly enployed in the

pr esent[op®t hod ‘ereprdp@’eﬁcﬁri Bﬁthéldéfhlﬁﬁ é?ﬂfe&@l c%ﬂﬁ)rlslng%h%ﬁnds of general formula (1)

hexadi en ni ca

o+ phactrdiheet b BEed S Py, BNy 2isnBpY oEdicoBemtnd B°Rb St Selactadt for example
such asigkehtire pent8strwithra $c&utrqne:rﬁttlm1m'génmprtospﬂ1c1¥uasommdndaﬁ tminoartiehi ns

such as styrene, nethylstyrene, vinylnnaphthal ene, cycl ohexene,

nmet hyl cycl ohexene as well as m xtures of several of these conpounds.

[ 33] THéZ‘Hent enéerfioniiouad of B raetat eanbe dipscliehdl iniacelvent. In the compound employed,

pent enangniditdi'chh e @ftHemR @ﬁ@@é@j’rée Bi 6>E|diét%n that & VAITRENE B thtggl@_%ﬁ&lnlebélllc complex, or
m nor, agf ot her , such as nethyl-2-butene-3-nitrile

met hyl Wﬂeéﬁggrfelﬂ?f)f“ PPN pentene-2-nitrile, valeronitril e

adiponitrile, nethyl-2-glutaronitrile, ethyl-2- succinonitril e or

but adi resyltin r.e from.t he Vi QuS reacti

nyclr ooy Gaelt | on ot B G apiendt FBY hit BEIoELBHRT 8 T orde3BsEaN pomaleyes of the
dur i ng inveatioy,dhodiyenatat degiee d:fmxa:tdiilennél) ruthenieim _at fegrembl oxidatanofiyy platinum at
with t rb%gtéen@faéxmpa‘?% ?6)9 p'%héd’mctﬁeaci dh? een&rb)&bea%ﬁ g@)bbgmﬁ{ﬁ?gpﬁégr% of oxidation (1),

met hyl tene-3-nit tene-
iridium at degree of omda’uon ), nickel a degree of oxidation (0).

25
[026] If, during preparation of the organometallic complex, the metal is employed at a higher
degree of oxidation, it can be reduced in situ.

[027] Among the compounds of metals M that can be used for preparing the organometallic
30 complexes, notably when the metal is nickel, we may mention, as non-limiting examples, the
following nickel compounds:

- compounds in which nickel is at degree of oxidation zero, such as potassium

tetracyanonickelate Kg[Ni(CN)4], nickel zero bis (acrylonitrile), nickel bis (cyclooctadiene-
35 1,5) (also called Ni(cod),) and derivatives containing ligands such as tetrakis (triphenyl

phosphine) nickel zero.

- nickel compounds such as carboxylates (notably acetate), carbonate, bicarbonate, borate,

bromide, chloride, citrate, thiocyanate, cyanide, formate, hydroxide, hydrophosphite,



8 [35] The catalytic systemused for the hydrocyanation according to

the nmethod of the invention can be prepafed before it is fed into the
reaction zone, for exanple by adding to the conpound of formula (1),

(rr), (1) or (1Vv), alone or dissolved in a solvent, the appropriate
anmount of tﬁmsseiteacplmﬂ;phatarmid dervatieés| iodidapaitraté, asutbhaf, i sulphitty agf- and alkyl-
t he reduci n&@%%ges is also possible to 5 prepare the catalytic
system"in Si sihply by adding the conpound of forrmula (1), (Il),

(I11) or (1V) and the transition netal conpound to the hydrocyanation

reacti opofj xt Ur\ﬁlh@ﬁftﬂé%ﬂfel %BFT‘%E)UR@CUSQQ ctogr%sﬁé?ﬁe%n% t ﬁ:taii&? sltteﬂe of the nickel

under go hydr ocyanati on he anount
another 9€pigh &N & edreEng ag%t qf $hesaickal isepddeg to 1'0? Eﬁﬂca@m"wture preferably reacting

concent yigh Ithl‘ﬂ thdlccﬁﬂliltidhfs df iR eddction THM ?ﬁdu@iﬂg ageht &n Qé %?g’Hnﬁ: &Or'ﬁmékhﬂdﬁle may

to under drocya on or i zation etwee

pref er a'BIgS}toxS’)é é%g ”"@F% rFE‘F Rarobydeides siic ofistlﬁ'é‘a}‘!ﬂ h@l"‘*K Z” powder,
transitmagnemlrabrbymbgmed. [37] The anmount of conpound of fornula

(I') or (Il) used to formthe catalyst is selected in 15such a way

that the nunber of noles of this conpound relative to 1 nol of

traisi tl08 net alvhes the oicke. ®mpound Wisahdopesfondalis pxidation Stat 0 of Stk nickel, it is

[38] Alfi&wpedsitife. ead Péai'ﬁcn g AHEREERH ¥s %'éé'n%tﬁ Ly %B r13%1"I!Jtut §9P\’aedai£tmn is not

it my be advantageous an 1nert organic so vent he so

can be HP§EtY@nt of the catalyst which is miscible with 20 the phase
conprising the conpound that is to undergo hydr ocyanati on at the

t enper e of rocyanation s of ch solvents,

ront o0& ormt 1 AN AR SRR SR Rgn e ol i sarie g ebiorye syl g Wrige case
hy drsoc yarpelladinmy gecteidoning saggeinearabé yadiitionaltyl etemteras ol tHeergaetiat mixgure (solvent,
fron11qgémﬁ 25200C and preferably from30C to 120C. It can be carried

out in a srngle-phase nedium [40] The nethod of hydrocyanation of

the invention can be used continuously or discontinuously. 30[041] The

hydr oggpzfjy ani q%eeﬁﬁégémeiﬂv&ﬁlﬂn basPrapased 4 ﬁ%d@hﬁhycﬁ%é\}é‘n@ﬁ&q of olefins, more

not abl sod um cyan rom cyanohydrins, such as acetone

cyanohy %'V (Bi ’a'ﬁﬁn%ﬁ?fewekfﬁamaﬁ@f%ea nsrﬁ'es%rin?@g% @Qten Pakicularly of dinitrile
Andwous sowippungd. hod consi sting of reacting nethane with amoni a and

air. 35[042] Anhydrous hydrogen cyanide is fed into the reactor in the
formof gas or liquid. It can also be dissolved beforehand in an

or gani d0334| ventThe organic compounds bearing at least one ethylenic double bond more particularly

employed in the present method are diolefins such as butadiene, isoprene, hexadiene-1,5,
cyclooctadiene-1,5, ethylenically unsaturated aliphatic nitriles, particularly the linear pentene-

25  nitriles such as pentene-3-nitrile, pentene-4-nitrile as well as monoolefins such as styrene,
methylstyrene, vinylnaphthalene, cyclohexene, methylcyclohexene as well as mixtures of several
of these compounds.

[G33] The pentene-nitriles can contain, in addition to pentene-3-nitrile and pentene-4-nitrile,

30 amounts, generally minor, of other compounds, such as methyl-2-butene-3-nitrile, methyl-2-
butene-2-nitrile, pentene-2-nitrile, valeronitrile, adiponitrile, methyl-2-glutaronitrile, ethyl-2-
succinonitrile or butadiene, resulting for example from the previous reaction of hydrocyanation of
butadiene to unsaturated nitriles.

35 [034] In fact, during the hydrocyanation of butadiene, there is formation, along with the linear
pentene-nitriles, of non-negligible amounts of methyl-2-butene-3-nitrile and methyl-2-butene-2-
nitrile.



9 inert gas (such as nitrogen, argon), is charged either with a

solution containing sone or all of the various constituents such as

the conmpound of formula | or Il, the transition netal (nickel)

conmpound, the optional reducing agent and solvent, or with said
constiti®8hl s sephae a;atailnﬁc Peteer akey fomther brooanation hesortieattedhe anethed of the
sel ecte b i d, t
hydrocygln%]ﬂagﬁéa?’s 5% c%%ﬁniT&uhse e%gi;ﬁgboiéh% Bgt?]c{n &}et g%rl %ﬂ?%ﬁﬁ adding to the
i nt rodu@@ﬂpo%\déﬁ&rm@(lbﬂﬁtG”HLMBII)yalgrrrﬁjored; ved in a splyant, (Weeappremsiate amount of

react i ofhe(deRtdd 1PEHsRD rﬁ’étab’%nﬁbuﬁa%nﬁ%pﬂ'@ﬁﬁu&%‘? & RYuBAS %Mérﬂglt $@5@b 883sible to
is conpleted, the LYeaCtl yre is wthdrawn after cooli

t he
react | oRfepREdR £ata F'@SY§6mat"e%t“15'H?W Repening &g, Comoueslamr@ul%ﬂ ) . (1 or 1v)
di stil|aid the.trarlsitioh retulpdiragrod b Yhe hjtosanbti@sieacidn fixtirerbdf@s o WeBr adding

as adi p%nl toé_{plgg%i{h%?ﬁce{oPpg%rpggygbut adi ene) is conducted in two

success 88“’31 €sts of hydr ocyanati on of a
doubl e bond of the diolefin to obtain an unsaturated nononitrile. The
second [%Jtsé‘j?e COfgd §rrn ul¥f of ckﬁgﬂﬁqé QF Witk ddrocﬂ a%)tl-fep‘ﬁ'aﬁglﬁé}'ﬁ Hi %E'u@@d@g selected to
t he nononi rlletootaln correspon dinitri dinitr
Theke t9aist agescetetige e el §f Irﬁ'ﬁﬁ'@f’emeéﬁi tholaofcatmyat P@ﬂﬁwldérﬁo undergo
conpri Sh%@@n@tl’cﬁ%ﬂ%ﬁéﬂlﬂa{l&n GEffRleAX1 094 ahiig, §ﬁcﬁ@ré‘i‘%lﬂﬁz%ehﬁ@’i@@ 805 ah89.5 mol
organop os&sﬁru§ ngound/ [{IEt al li c el ement ratios and the
concent FANGKSHOTGY e, pthptEansition mydalfeRlay_d . Moreover, it is
preferable to conbine the catal ytic systemvvith a cocatal yst or
pr onot nth S r.OND
GeneralPy/n Lo & 480 S BfRpoti 8 BRREH TG lert I8 R ks yst s selected in
not Ebl ysushleegay thapthegiumber of motesef dhis eombomWeMyatml imeh obfransition metal is from
ethyl e 5ad yoo uRPplabipflop d pRaBAC Nitriles, to improve the

es

linearity of t e dinitr 0 tal ned, i.e. the percentage of |inear
dinitrile relative to all of the dinitriles formed, and/or 25to

i ncr eaS[es ghe amlthwugwtmabm ivQekéngdy batied @Dt mﬂw%@émsrt may[tfbﬂdvantageous

Lew s means n the cC the u
ot 1 ni 11 GHY ARORIb BIARE SUENEr Boob Bt (i sl Bdk!She HelabiRapch is miscible with
30[1@48]the prﬁasa@batpinymgdbeldmhmoum uB:ﬂ ithe drelergd aszrirdeyamaﬂrﬁn ane tempeature of

work p ' : " Eri | - S d e S
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sul phonat es, notably fl uoroal kyl sul phonat es or

per fl uor oal kyI sul phonat es, carboxyl ates and phosphates. 10 [50] As

non- | i rfD40]ng exdnep Imeshaf cﬁahwrtmhaticaciaﬂsthevmvamjomahi b& asenic continuously or
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brom de, m un chl ori de, cadm um broni de, stannous chlori de,
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el enments such as, | antha
sodium cyanide, or from cyanohydnns such as acetone cyanochydrin or by any other known
method of synthesis such as Andrussov's method consisting of reacting methane with ammonia

and air.

35 [042] Anhydrous hydrogen cyanide is fed into the reactor in the form of gas or liquid. It can
also be dissolved beforehand in an organic solvent.

[043] For discontinuous (batch) application, in practice a reactor, previously purged with an



5 cerium praseodym um neodym um samarium europi um gadolinium

terbium dysprosium hafnium erbium thal I'i um yt t er bi um and

| utetium cobalt chloride, ferrous chloride, yttriumchloride. [51]

It is also possible to use organonetal lic conpounds as Lewi s acid,

such asingtdtgaspbeshyasoitrage, argdrg,ns tmh’arigedmtberyxhnﬂt e sohtmﬂneomtalrimwmdse or all of the
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pentene-2-nitrile. [57] The catalytic solution used for
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t he pr eyearangipllic ﬁ@me@mfﬁe gangg sebie.ddewsvepdle @rm@b@ﬁpyowrﬁﬂmmun@metalhc
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20  promoter is generally a Lewis acid.

[046] The Lewis acid used as cocatalyst notably makes it possible, in the case of

hydrocyanation of ethylenically .unsaturated aliphatic nitriles, to improve the linearity of the

dinitriles obtained, i.e. the percentage of linear dinitrile relative to all of the dinitriles formed, and/or
25  toincrease the activity and the working life of the catalyst.

[047] Lewis acid means, in the present text, according to the usual definition, compounds
that are acceptors of electron doublets.

30 [048] It is notably possible to use the Lewis acids mentioned in the work published by G.A.
OLAH "Friedel-Crafts and related Reactions", Vol. |, pages 191 to 197 (1963).

[049] The Lewis acids that can be employed as cocatalysts in the present method are
selected from the compounds of the elements of groups Ib, b, llla, Hib, iVa, Vb, Va, Vb, VIb, Vilb
35 and VIl of the periodic system. Most often these compounds are salis, notably halides, such as
chlorides or bromides, sulphates, sulphonates, halosulphonates, perhaloalkyl sulphonates, notably
fluorcalkylsulphonates or perfluoroalkylsulphonates, carboxylates and phosphates.



11 pentenenitriles, and nore generally of t he branched unsat urated
nitriles to linear unsaturated nitrites.! [59] The

nmet hyl - 2- butene-3-nitrile submtted to i sonerization according to the
invention can 5 be enployed alone or m xed with other compounds.

Thus, i tOSD]s POsAs loa-linttings exarepley bf %ahluL@me -abidsnivie’ inlag mextRE Bhé Rhloride, zinc
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as the @ﬂ 4 tlc systemis already present for the reaction of

hydr ocy on of butadiene, it is sufficient to stop all feed of

hydrogen cyanide, to allow the isonerization reaction to take place.
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carried out at a tenperature between 10C and 200C and preferably

bet ween 60C and 140C. [63] In the pref erred case of isonerization

i medi goekly f ol BwfBgurtb@ossisle td ose Mfxtirys bosaRALEWR Rfdsbut adi ene, it

w || be advantageous to work at the tenperature at which the
25hydrocyanati on was carried out or slightly higher. [64] Just as
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redu0| Zﬁgent i S aIEl ossi bl e to repare the catal ytic syste
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hydr ocyanati on. 35[ 065] Al t hough the isonerization reaction is

gener alhysjcarr i that%feiamﬁﬁ) ﬁr‘a rlye%n%md ge&TE}M tﬁf’% Q&\éﬂgtﬁggglﬁ% ta%vgrqggeously
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ext r actiBgen Pertgne-nitsilassiushiag Pﬁﬁ@néﬁs@fﬂbﬁw@ﬁ”@ﬂ@ﬂ"ﬁt”&ﬁﬂﬂéﬁtﬂuﬁ%th@mﬂf oyed

i n 4she reaction of hydrocyanation of butadi ene, having been used for
prepar I[B@G]t he rﬁ%‘sg ?e%%é%g]ntittm%(sj éa?*u éohn?alh Sa?nnc?urnltsz ag}eln%pallg/en%l%g} Oof other compounds,

such as methyl-2-butene-3-nitrile, methyl-2-butene-2-nitrile, pentene-2-nitrile.

[057] The catalytic solution used for hydrocyanation in the presence of Lewis acid can be

30  prepared before it is fed into the reaction zone, for example by adding, to the compound of formula
(1) or (I}, the appropriate amount of transition metal compound selected, of Lewis acid and
optionally of reducing agent. It is also possible to prepare the catalytic solution "in situ" simply by
adding these various constituents to the reaction mixture.

35 [058] it is also possible, in the conditions of the method of hydrocyanation of the present
invention, and notably by working in the presence of the catalytic system described previously
comprising a compound of formula (1) or (11} and at least one compound of a transition metal, to
carry out, in the absence of hydrogen cyanide, the isomerization of methyl-2-butene-3-nitrile to



12 Said solvents can be selected fromthose nentioned previously for
hydrocyanation. [66] However, the prepatlation of dinitrile conpounds

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

using a catalytic systemaccording to the invention for the stages 5

of f or npentemerdtfileshand naereugericesllynaft thel iraneivd tieaterhRUEnRINS RRtbastAG8turated
of isonﬁigrh tion, and the reaction of hydrocyanation of the

unsaturated nitriles to dinitriles can be carried out with a

catal ytic systemaccording to the invention or any other catalytic

system ady )6 1.t S A | : 7. g L-ar | . i

of hydr Bevanat | he HPDRE ehftne RS biliniied Rfikorrbanih aleoré i B8higHon can
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syst em glirlid st whth OfethbRd-batenb DenitriRy HntedB-4-hitfe, ShHIen B nitrile, pentene-2-nitrile,
hydr ocya a(%_l on of the unsaturated nitriles to dinitriles being

carri edblgﬁ ®Wth a catal ytic systemaccording to the invention. [68]

O her details and advantages of the invention will be illustrated by

h [ | ' f i]llustrati d
hexaapes o5 LB VB Pkt o L S0 o
Cod10 cyhydeenyenaticarnd butadigneod)2HCNI is (e Bresyndeoafcit detist neg nompielnd of-formula (1) or
3PN 3-p¢Bha et }e:'ab{ @nt%)\lmﬁ%ﬁdh@f?égpgﬁgiﬁcﬂ InBtal, ot Ripferaply a nickel compound with

et hyl succinonitrile - ] I'utaronitrile - . '
conpourféIreaaloxigedionop. askpfinedrpmriously WithinsibsLroppeich thiinmefraee vadant, as the

RR( DN) : caltdlite: stisRimtlisQiiredéinplebbhtasr thE ré L5080 BhBodyanhtitd drdutRlictk, & REsufficient to

nunber s(%t];p gﬁ) *e%a O?Lyéjrlogér'% é;}aln?dse, to allow the isomerization reaction to take place.
15
[061] In this variant it is possible, if necessary, to carry out a light purge of the reactor with
an inert gas such as nitrogen or argon for example, in order to expel any hydrocyanic acid that
might still be present.
20 [062] The isomerization reaction is generally carried out at a temperature between 10°C and

200°C and preferably between 60°C and 140°C.

[063] In the preferred case of isomerization immediately following the reaction of
hydrocyanation of butadiene, it will be advantageous to work at the temperature at which the
25  hydrocyanation was carried out or slightly higher.

[064] Just as for the method of hydrocyanation of ethylenically unsaturated compounds, the
catalytic system used for isomerization can be prepared before it is fed into the reaction zone, for
example by mixing the compound of formula (1) or (Il), with the appropriate amount of transition

30 metal compound selected and optionally of reducing agent. It is also possible to prepare the
catalytic system "in situ" simply by adding these various constituents to the reaction mixture. The
amount of transition metal compound and more particularly of nickel used, as weli as the amount
of compound of formula (1) or (11}, are the same as for the reaction of hydrocyanation.

35  [065] Although the isomerization reaction is generally carried out without solvent, it may be
advantageous to add an inert organic solvent, which can be used subsequently as extractant. This
is notably the case when such a solvent was employed in the reaction of hydrocyanation of
butadiene, having been used for preparing the medium submitted to the isomerization reaction.



formed to the nunmber of noles of 3PN used - Linearity (L): ratio of

the nunber of noles of AdN fornmed to thel’nunber of noles of

dinitriles forned (sum of the noles of AN, ESN and MaN) 13 Exanpl es

Ito 3: Preparation of ligands Ato ClIn a first stage, a solution of

Br2 (3. 54i88glvedts@2n berle)ectad f@R Giode (BMtiohgd previadsle tborihyd@Byamatiab.es t o

a solution of CgPH (4.3243 g, 0.02 nol) in 60 m of dichloronethane

(cH2d 2&0 at 0C and is stirred at this tenperature for 30 m nutes,

then fol068he hodewavery herrerarpiioreidiaitrilaempoundsy hydresvapation efemsalefin such
a S' i ghéé Mutﬁ@lbh@%ﬁﬁb'cﬁrﬂe‘a &@h@hﬁ%%a&ﬁﬁ%&fy}.ten{\lg@oﬁﬁ) &P theInvdnflon for the stages

PBr 10l n Sec , a.solution of
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added t maaticﬁocbfutytim&ye)‘iaubn f mlﬁﬂrﬁemﬂﬁﬂ"I%w dinitrilfeddatbbecarfeddbt with 3 catalytic

to r oornblmerdfPe il niebodhy s odSrealalioR i Fiealy ROt Rissie flotn.
(2.9511 g, 0.01 nol) in THF (50 m) is then slowy added to the above

suspen np@ﬂ at OBy dng'rdadieR At dFo?gar{Qnéﬁ 4 Gnd §|eﬁﬁ' t6 "t RltecpRALY 8nd the

r oo erature evapor ate the so
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organi c g%lalses are drie P{gl filtered and the sol vent

evapor &t EJ2YHHRYSEIAFEEH ‘”@é‘?’ 8"f ormul a below) is purifi ed by

silica colum chromat ogr aphy usi ng an ethyl acetate/hexane m xture

(1/6 by | une) res o GO n P-OH .
Anmount %@al nedOt;ﬁ% @%E'YS %ﬂ%ﬂ% gﬁﬁqﬂh@ﬁ? @';b%'”t’“ J%Eyﬂ]ec&amples given
25Prsod uestidvarwhigh ariegmndyibrilwmﬁmWarglnpmhmtmgone (0.01 g, 0.1 nmmol)

is added to a m xture of R-binaphthol (1.00 g, 0.00349 nol) and PCl 3
(5mM) with stirring. The mxture is refluxed for 10 m nutes and

t hen, X t tenperature, all the volatile conmpounds are
evapor at ed under vacuum Toluene (20 m) is 14

Abbreviations used
20
- Ph: phenyl radical
- Cod: cyclooctadiene
- Ni(Cod).: bis(1,5-cyclooctadiene)nickel .
- 3PN: 3-pentenenitrile
25 - AdN: adiponitrile
- ESN: ethylsuccinonitrile
- MGN: methylglutaronitrile
- DN: dinitrile compounds (AdN, MGN or ESN)
- TIBAO: tetraisobutyldialuminoxane
30 - RR(DN}): true yield of dinitriles corresponding to the ratio of the number of moles of dinitriles
formed to the number of moles of 3PN used
- 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)

35 The following compounds: 3PN, Ni(Cod),, ZnCl,, TIBAO, BPhs,, diphenylborinic anhydride
(Pho.BOPh,) are known products and are commercially available.



added and the solvent is evaporated under vacuum so as to renove the
traces of PC13, and the bi naphthol chl orBphosphite conmpound obt ai ned
is dried under vacuum (0.067 nbar) for 1 hour. A solution of CgP-COH
conmpound (1.2206 g, 0.03464 nol) and of NEt3 (1 m, 0.7260 g, 0.00717
nol ) in THEx4bples| 1) td 3: Priepatayioadifdigands & toad ut i on of bi napht hol

%hi(?lrjfgmfiﬁg étgg e’% %&ﬁrﬁ g qu' @:ﬂ%ﬁ&:o n%:?é;ﬁ\;cgh %g?lgk%f) r@ |§ ﬁ%dead in SB minutes fo a
suspens$evtiansoftdgii (4.3248r% @02 hel) sel®mi of mw@memanh (THECIE) 22t 9°Q@ndi9) stirred at

and t heth@t%%b%uk?oﬁy@ﬂﬂf@ése%en-?gﬁow‘é'f‘FB e'réthr%dTn% sélbérjltqgevaporated
col um chromat ography using, as solvent, an exan
mi xtur eBd §@h§y g Vﬁﬁ%lbd 'ﬁﬁh@meﬁl(PgBEQnNMPesB ér%‘ 5 (ilm&feblt obt ai ned:

1.09 g (yield 47.1% 31P NVR JP 140.6; 140.2 and 86.9; 86.4 (CD2d 2)
Production of |jgand B 1-Methyl pyrrolidin-2-one (0.01 g, 0.1 nmol) is
added to a mxtyre of biphenol (1.0000 g, 15 0.00537 nmol) and PCl 3

i ing. The mxture is refluxed for 10 m nutes and

then, at a erature, all the volatile conpounds are

evapor at ed er vacuum Toluene (20 m) is added and the solvent is
evapor at e umso as to renove the traces of PCl 3, and the
bi pheno phi /e conpound obtained is dried under vacuum

(0. 067 hour. 20A sol ution of CgP-COH conpound (1.7997 g,

0. 00510 nol 95%Brand of NEt3 (1.5 m, 0.0107 nol) in THF (50 M) is

slowy added to a solution of bi phenol chl or ophosphite, synthesized

above, in THF (40 m) at OC, and the m xture is stirred for 3 hours.

At anbi eompeuwngidegRPBrure, the suspension is then filtered, the cake is

washed with TI-1F (2 x 20 n) and the solution is evaporated. The
n@ound is purified by silica colum chromat ogr aphg usi

sol

n
ent!N Z$pENA pladge étS&‘lL@Pﬁ@iHH@”'M KBl bin(hexase K6 M) Qjﬁg)nquﬁi%’i ml) is slowly
ni t r ogestidet &s SEEutiNTBL NR-KEdM-ah emqetﬁar;bh @. dms@l @.04%. %) is 1&rdMNYFohFan (THF)

139.0 a2 30P oduct

T Vet nyPigit i RRStitun DRRERE Sy ot Bp it e stigestor Liourh solution
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130- 13%@% Bfaskds @QtFéHtéH \%ﬁbs@m of @L%d:bz %h 9{&&}3&9&5 5.%@6 Ep%%&% b8ried over
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b| s( o- tp(mhyéd binlstic® pblamNeHremaloyraphd 18inglarDBthyOadBidte/heRanEHhnixtute (16)bydolume)
0C, and_t irred for 3 hours. At anbient tenperature,

15 the aglfgvgﬂ Iugﬁer 'gtrtfsgr’?@r{)r??si'ﬂreéred the cake is washed with THF (25

m) and the|solution is evaporated. The conpound is purified by
silica colQm chromat ography using, as solvent, an ethyl

acet at e/ m xture (1/20 by vol une) under nitrogen pressure.

. b

Compound CgP-OH
Amount obtained: 2.82 g (yield 82%)
*IP NMR &P 87.9 (CDCl3)

25 Production of ligand A
1-Methylpyrrolidin-2-one (0.01 g, 0.1 mmol) is added to a mixture of R-binaphthol (1.00 g,
0.00349 mol) and PCl; (5 ml) with stirring. The mixture is refluxed for 10 minutes and then, at
ambient temperature, all the volatile compounds are evaporated under vacuum. Toluene (20 ml) is



5Amount obtained: 1.91 g (yield 72.8% alp NVR JP 129.4 and 86. 3

(CD2d 2) Exanpl es 4 to 12: Hvdrocvalati on of 3-FN to AdN 10The
follow ng general procedure is used: Under an argon atnosphere, a

60-m tube of Schott type gl ass equi pped Wth a stopper-septumis

char gedaddecassthecioent ishevapotdted Linggndciim Sorastto, re@oes| they fh@t & FQl;, and the

AR 0 MG Dot kM A
anDunt)ATﬁ@iUhﬁ")(thr &9PsOHt cempaurat (13206 gc ed.03b4opethodmedrdfnNEg (1 ml, 0.7260 g,

i nj ecteg OOW'PmBhelnr GREL S 3 'éfo?vlyy"'atdlaeé t%y'é' Q&thcf?'ﬁ'gf’ tﬁﬁapﬁltﬁéio%lérﬁfyﬁosphlte
of 045n1 per hour. Ater@gjectlon punp

20stoppdhth eﬁ?@ dgbavgr & TEFC49I Bl at §° f=3oc'3‘f’ﬁj ttaﬁﬁ'@%ﬂt’%ﬁeﬁ"ﬁq Cﬁfe'%jhwfﬁhm ambient
acet oneteaip@rat0R, Weedudpengion i€ e ake?ed, atﬂb}baké' he mfa@ﬁéd mhaerF rez RPOMIEAnd the

S ac
ggl g?ﬁ" fcgllrl}iﬂoms? ta%&%‘t 5e %Qmpour%( nBUI'Ierd (Iic olumn ¢ romaefography using, as
solvent, an ethy! acetate/hexane mixture (1/15 by volume) under nitrogen pressure.

10 Amount obtained: 1.09 g (yield 47.1%)
*'P NMR 6P 140.6; 140.2 and 86.9; 86.4 (CD,Cl,)

Production of ligand B
1-Methylpyrrolidin-2-one (0.01g, 0.1 mmol) is added to a mixture of biphenol (1.0000 g,
15 0.00537 mol) and PCl; (5 ml) with stirring. The mixture is refluxed for 10 minutes and then, at
ambient temperature, all the volatile compounds are evaporated under vacuum. Toluene {20 ml) is
added and the solvent is evaporated under vacuum so as to remove the traces of PCl,, and the
biphenol chlorophosphite compound obtained is dried under vacuum {0.067 mbar) for 1 hour.

20 A solution of CgP-OH compound (1.7997 g, 0.00510 mol, 95%) and of NEt; (1.5 ml, 0.0107 mol) in
THF (50 ml) is slowly added to a solution of bipheno! chlorophosphite, synthesized above, in THF
(40 ml) at 0°C, and the mixture is stirred for 3 hours. At ambient temperature, the suspension is
then filtered, the cake is washed with THF (2x 20.ml) and the solution is evaporated. The
compound is purified by silica column chromatography using, as solvent, an ethyl acetate/hexane
25  mixture (1/15 by volume) under nitrogen pressure.

Amount obtained: 2.11 g (yield 72.9%)
*IP NMR &P 139.0 and 85.9 (CD.Cl,)

30 Production of ligand C
1-Methylpyrrolidin-2-one (0.01 g, 0.1 mmol) is added to a mixture of ortho-cresol (10.8138 g,
0.1 mol) and PCl; (6.8666 g, 0.05 mol) with stirring. The mixture is refluxed for 10 minutes and
then, at ambient temperature, all the volatile compounds are evaporated under vacuum and the
residue is distilled under vacuum (0.33 mbar, boiling point 130-135°C) soc as to obtain
35  bis(o-tolyl)chlorophosphite.
A solution of CgP-OH compound (1.5535 g, 0.0044088 mol, 92%) and of NEt; (1.34ml,
0.0096 mol) in THF (30 ml) is slowly added to a solution of bis(o-tolyl)chlorophosphite, (1.345 g,
0.00479 mol) in THF (40 ml) at 0°C, and the mixture is stirred for 3 hours. At ambient temperature,
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the suspension is then filtered, the cake is washed with THF (25 ml) and the solution is
evaporated. The compound is purified by silica column chromatography using, as solvent, an ethyl

acetate/hexane mixture (1/20 by volume) under nitrogen pressure.

Amount obtained: 1.91 g (yield 72.8%)
*'P NMR 6P 129.4 and 86.3 (CD,Cl,)

Examples 4 to 12: Hydrocyanation of 3-PN to AdN

The following general procedure is used:

Under an argon atmosphere, a 60-ml tube of Schott type glass equipped with a stopper-septum is
charged successively with:

- the ligand (0.5 mmol, 2 equivalents in P)

- 1.21 g (15 mmol, 30 equivalents) of anhydrous 3PN

- 138 mg (0.5 mmol, 1 equivalent) of Ni(cod),

- Lewis acid (see table for amount)
The mixture is stirred at 70°C. Acetone cyanchydrin is injected into the reaction mixture with a
syringe pump at a flow rate of 0.45 ml per hour. After injection for 3 hours, the syringe pump is
stopped. The mixture is cooled to room temperature, diluted with acetone and analysed by gas

chromatography.

The results are presented in the following table:

Table

Example ligand Lewis acid Lewis acid/Ni | Linearity RR (DN)
(molar)

4 A ZnCl, 1 78.1 37
5 A Ph,BOBPh, 0.5 86.5 8.5
6 A TIBAO 0.5 75.7 21.5
7 B ZnCl, 1 79.4 31
8 B Ph,BOBPh, 0.5 84.7 10
9 B TIBAO 0.5 73 14
10 c ZnCl, 1 75 30
11 C Ph,BOBPh, 0.5 80.9 7.2
12 C TIBAO 0.5 73.2 24.7




ZnCl2 1 79.4 31 8 B Ph2BOBPh2 0.5 84.7 10 9 B TIBAO 0.5 73 14 10 C
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CLAIMS

1. Organophosphorus  compounds belonging to the phosphinite-phosphite family,
characterized in that they correspond to one of the general formulae (1) or (I1):

R, Rq

in which:

- R, Rg, Rs, R4, Rg and Ry, which may be identical or different, represent a hydrogen atom,

a linear or branched alkyl radical having from 1 to 12 carbon atoms which can contain
10 heteroatoms, a radical comprising a substituted or unsubstituted aromatic or cycloaliphatic

ring which can comprise heteroatoms, a carbonyl, alkoxycarbonyl or alkoxy radical, a

halogen atom, a nitrile group or a haloalkyl group having 1 to 12 carbon atoms

- Rs and Rg, which may be identical or different, represent a linear or branched aliphatic

radical having from 1 to 12 carbon atoms which can contain heteroatoms, a radical
15 comprising a substituted or unsubstituted aromatic or cycloaliphatic ring which can contain

heteroatoms or several aromatic rings, condensed or joined together.

2. Compounds according to Claim 1, characterized in that they are selected from the group
comprising the compounds with the following formulae:
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Or ganophosphor us conpounds bel ongi ng to %he phosphi ni t e- phosphite
famly, characterized in that they correspond to one of the general
formulae (1) or (Il1): 5 in which: - Rl, R2, R3, 111, R6 and R7,

whi ch nmay be identical or different, represent a hydrogen atom
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OO Te) Q I
ijl A D \
o

Ligand B

Ligand D



a linear or branched al kyl radical having from1 to 12 carbon atons
whi ch can contain 10heteroatons, a radical conprising a substituted
or unsubstituted aromatic or cycloaliphatic ring which can conprise
het er oat ons, a carbonyl, al koxycarbonyl or al koxy radical, a hal ogen
atom a nitrile group or a hal oal kyl group having 1 to 12 carbon
atons - R5 and R8, which nmay be identical or diffe QNt, represent a
O
o

| i near or branched aliphatic radical » 12 carbon atons
whi ch can contain heteroatons, a radigal 15conpr g a substituted
or unsubstituted aromatic or cyclo‘?& icring w ] contain
het er oat ons or several aromatic rj densed gor j oi f oget her.
2. Conpounds according to Caim1, . i 3
sel ected fromthe group conprising £he Gonpounds"wi th the=fol | ow ng
fornmulae: 17 Ligand A Ligand B 18 39Met hod for preparing
conpounds according to Claim1l or 2, chdracterijzed in that a conpound
obt ai ned by reaction of the conpound ¢ 1Yy R5-0H with an
organo- 5 alkali netal conpound is red e one hand, with a
CgPX conmpound of forrmula (1) bel ow whers repr€sents a hal ogen atom
and, on the other hand, with a hal ogenat ed biggaddphosphite
corresponding to the phosphite residue linked to R5 in general
formulae | and Il, of formula (2) or (3) 10

Ligand F

3. Method for preparing compounds according to Claim 1 or 2,‘ characterized in that a

compound obtained by reaction of the compound of formula OH-Rs;-OH with an organo-

5 alkali metal compound is reacted, on the one hand, with a CgPX compound of formula (1)

below where X represents a halogen atom and, on the other hand, with a halogenated

organophosphite corresponding to the phosphite residue linked to R5 in general formulae |

and I, of formula (2) or (3)

10



19 4. Method according to Claim3, characterized in that the
conpound obt ai ned by reaction of the comfound of fornula OH R5-0H
with an organoal kali netal conmpound is reacted with a CgPX conpound
of formula (1) in first stage, and then the product of reaction
wi t h the 5hal ogenatled or ganophosphite corresponding to the phosphite
residue linked to in general formulae land I, of formula (2) or
(3), is react I a sgcond stage. 5. Catalytic systen1conpr|5|ng a
netal lic el emeptgformng a conpl ex wnt:ééﬁﬁ ﬁophosphor qupo

according to ajm1l og 2, characterize hat the c | ex

ng general rnqla (rer)y: Mm[Lfh(ril) in
ﬁ on net al ol ..1  represents

| east one organbphosphorus ligand of fornmula (1) or (I1) 15 .~
represents a nlnmber b&tween 1 and 10 (inclusive). 6. Catal y¥ic system
according to O aifh)5, ®haracterized in(®hat the netallic e(3nment Mis
sel ected fromthe group conprising nickel, cobalt, iron, ruthenium
rhodi um palladium osmum iridium platlnun1 copper, silver gol d,

zinc, cadm uppET E%rﬁmﬁﬂd aln{\@téﬁ%?jac?ér A K Q%Y?]f{%a%nqgotﬂnd c?cttalnecg by reaction of

hydrocarbon conmpoun east one et éni ¢ unsatura

by reaction thacamppgnd af ularﬁ?lvlﬁsfphwlth@gw gé@@ﬁﬂf&ﬂéﬂ*ﬁtﬁl edrepqundse reasted with

of a catal ytg GPPX%ﬁ{Boﬁﬁ§%f ﬂirr'ﬂglat((?? A é‘hl@‘t &a%b & £hd tﬁ@ﬁﬂ?e%r%ﬁh@t%ﬁl réaﬂ:tlon wuth the
that the netallic elenment is njcke accord aim

7, Char act erfQaFpled: ﬂ@@”?WSBP'&aﬁPEe%ﬁ‘ﬁ@Qn‘d’s“’l?eﬁ*f“i’%?@'t%tre?'%%t““b?ﬂst° RS in

et hyl eni ¢ ungsiets fdrimdiaedrapddebetadaf(2)oon(8)) & rdheteeiin &seSomdistage.

but adi ene, isoprene, hexadiene-1,5, cyclooctadiene-l,S, et hylenically
unsaturated aliphatic nitriles, particularly linear pentenenitriles

such asb.pentCatalytc nkystéme, copunmisimge-at- mietallid eelemenbofoehings sucbmplex with an

30styrene, é Bé’ﬁf%’? c&hﬁﬁﬂnﬁ%@&ﬂaﬂgqeﬁlalﬁyf bPY RS tterized in that the complex
met hyI cycl ohe as we
corresponds to the foIIowmg general formula (111);

M [L: (i
in which:
M is a transition metal
Lr represents at least one organophosphorus ligand of formula (1) or (I
15 t represents a number between 1 and 10 (inclusive).

6. Catalytic system according to Claim 5, characterized in that the metallic element M is
selected from the group comprising nickel, cobalt, iron, ruthenium, rhodium, palladium,
osmium, iridium, platinum, copper, silver, gold, zinc, cadmium, mercury.

20

7. Method of hydrocyanation of a hydrocarbon compound comprising at least one ethylenic
unsaturation by reaction in a liquid medium with hydrogen cyanide in the presence of a
catalytic system according to Claim 5 or 6, characterized in that the metallic element is
nickel.

25

8. Method according to Claim 7, characterized in that the organic compounds bearing at least
one ethylenic unsaturation are selected from the diolefins such as butadiene, isoprene,
hexadiene-1,5, cyclooctadiene-1,5, ethylenically unsaturated aliphatic nitriles, particularly
linear pentenenitriles such as pentene-3-nitrile, pentene-4-nitrile, monoolefins such as

30 styrene, methylstyrene, vinylnaphthalene, cyciohexene, methylcyclohexene as well as
mixtures of several of these compounds.



m xtures of several of these conpounds. 20 9. Method according to
Claim7 or 8, characterized in that the ®nount of nickel conmpound is
selected in such a way that there is, per nol of organic conpound

that is to undergo hydrocyanation or isonerization, between 104 and 1

nol of 8i ckeMethodddccohiéngoibhEaint ¥ @nsi tharactarteal m&hﬁiltl@@!ed]oantioﬂmbldeherbmpound is
t he amount o h und e i h, a

wey chat the HonBE v SoT R 0ay Iyt RE Bel BER ot SEFIT B EPegdinRE R i underao
transition nbstcmcytagahicrrb@n@rﬁermthrmoaetvwn NE amdﬂami@f dicke] or of theethdr transition

Caims 7 to Qetdf Qﬁfpﬁﬁb@%hé‘ﬁﬁjtiiaf‘tﬁe%oﬁntﬂ%f 8@@%&)%55%&1&’ CHHB@E sq.}s%g is selected

conpounds are ethylenically unsaturated nitrite conp

i5 10 calfr§uedagiry that Eh?éwwtz%@ﬁa@le@roféhwt%ng&quedgw,@@mto 1 mol of Transition
corrprl si ng amelabRSton®0& t6agpound of a transition netal, at |east one
phosphi ni t e- phosphite of forrmula (I) or (I1) and a cocat al yst
consisting of at |east one Lewis acid. 11. Method according to Claim
10, chat@ct eMethed accotrdiag tbhen@tdﬁyChnhs:aﬁ lty @nskdractatiad m tthatl ¢he ethylenically

Eocommounds BB BEk A UL HALId Skl AN At R EEREEL R ARAH et it i

nitriles conprising ene s such a
pentlene- 4- ni qariig¢dodina the ﬂ@ﬁeege pﬁer@éﬁlytlcwstavephmdnm@at maagome)compound of a

ei ther of C t?ér’@ﬁioﬂa(}né‘tﬁﬂ a“eas? BR& %ﬁB@ﬁleﬁﬁ%Ho@pﬁlt@éf fo ulh e(ﬁ e(ﬁgéﬁld a ?ocatalyst

enpl oyed as cocataly is selected from conmpounds o
groups | b, OBS'SF'”QQ ati?ﬁf’i%e Lewigacidp, va, Vb, Vb, VIIb and VI of
t he peri odi c system 13. Method according to one of Clains 10 to 12,

o B2 o OBl Gl R el R B B Eeal S e re
cadrfi um chl crineundscig seicbtednirale, theterihmem&nghjrrsaimed dlipmatizusitriles comprising
b i d

Cr 1 ot omet Aor i Rt ritiel 83iPas BEABREYTNR! befode.a il 4Pl migyres thereo

el enents such as | anthanum cerium praseodym um neodym um

samari Wy, eyanby Mecsafg io”leMFBr dretiRinms™ 0 BEIPT PSéHAM ctérRlRl .anhatefh@ Héuns acid
alt chloride, ferrous chlorid

thallium ytterbi um and I

yttrium chi GRIQYesRp ?ﬁ%{ ql"éfﬁ%(ggomﬁgmaﬁﬁ af th?@’%%%em@up%tb lIb, Mlla,
14.20Met hod ditis,dwdj INg, Va, \ﬂ:nellmeILBl axidell| 6f the peBiodiekgstast eri zed in that

the isonerization, to pentenenitriles, of the

met hyl - 2-butene-3-nitrile present in the reaction m xture resulting

f rom t h8. hy dVefbgarearordimgofo b afli Gaie)s 18 teatd; iahdrasterized o Hbatatheehewds acid is

Lo ‘ool T SRS SNG4, ARERIRAE "l FPAREISL BN e
of a transi tre/Ridgetcafmium chloride, ‘cadmium bromide, stannous chloride, stannous bromide,
25 stannous sulphate, stannous tartrate, indium trifluoromethylsulphonate, chlorides or
bromides of rare earth elements such as lanthanum, cerium, praseodymium, neodymium,
samarium, europium, gadolinium, terbium, dysprosium, hafnium, erbium, thallium,
ytterbium and lutetium, cobalt chloride, ferrous chloride, yttrium chloride and mixtures

thereof, organometallic compounds.

30

14. Method according to one of Claims 7 to 13, characterized in that the isomerization, to
pentenenitriles, of the methyl-2-butene-3-nitrile present in the reaction mixture resulting
from the hydrocyanation of butadiene, is carried out in the absence of hydrogen cyanide,
working in the presence of a catalyst bearing at least one compound of formula (1) or (II)

35 and at least cne compound of a transition metal.



