1 *159159* PROCESS OF SYNTHESI S OF COVPOUNDS HAVI NG
NI TRI LE FUNCTI ONS FROM ETHYLENI CALLY UNSATURATED

COVPOUNDS CROSS- REFERENCE TO PRI ORI TY APPLI
[0001] This application claims priority undgmhﬁmmmﬂmm
US C 3 119 of FR-02/16550, filed Decenber ) ,
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OF THE | NVENTION Technical Field of the | nvention:
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hydr ocyanati on of diolefins such as butadiene, or
substituted ol efins such as al kene nitriles such as
pentenenitriles. Description of the Prior Art: [0004]
French Patent No. 1,599, 761 descri bes a process of
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_ is uSed in this
prior art process, it is preferably a hydrocarbon
such as benzene or the xylenes or a nitrile such as
acetonitrile. [0006] The catalyst used is an organic

ni ckel compl ex cqp) AiRiRBUNSBITHALRIVENTISIOSPNI Nes,
phosp r

ar si nes, stibines, ites, arsenites, o

antTdeanidaEField bEtHY [@vengen:0f a pronoter to activate
the catal yst, such as_a boron conpound or a netallic
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nitrile function.
[0003] More particularly, it relates to the hydrocyanation of diolefins such as

butadiene, or of substituted olefins such as alkene nitriles such as pentenenitriles.

Description of the Prior Art:
[0004] French Patent No. 1,599,761 describes a process of preparation of nitriles

by the addition of hydrocyanic acid to organic compounds having at least one
ethylenic double bond, in the presence of a catalyst of nickel and a triaryl phosphite.
This reaction can be performed with or without the presence of a solvent.

[0005] When a solvent is used in this prior art process, it is preferably a
hydrocarbon such as benzene or the xylenes or a nitrile such as acetonitrile.

[0006] The catalyst used is an organic nickel complex containing ligands such as
phosphines, arsines, stibines, phosphites, arsenites, or antimonites. The presence of
a promoter to activate the catalyst, such as a boron compound or a metallic salt,

generally a Lewis acid, is likewise already recommended in the said patent.

AT

*G00002*



*G Q0002* 2 [0007] Much work has been carried out to

find catalytic systens generally conprising an

or ganophosphorus ligand and a catal ytically active

metal, nore particularly nickel, and exhibiting

hi gher and hi gher performances.“ [0008] The perfornmance

of a catalytic systemis eval uated by determ ning

several characteristics such as, in particular, the
stability of the catalytic activity of the syste
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but .a performance in need of inprovenent for the
syﬁpﬁﬁ?ﬁgkbf adi ponitrile by hydrocyanation of
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systemhas good stability and solubility in the
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FR preaiR69s 4dibiyl ghSsphite {(emp). Notsis syktddd haslPeky abétptable performance in
T phoe [0

3,766,231, FR'2,523, 9] 011] To obtain catalytic
perthosyntlresis, ofipenisaenitried lay thi hy#roseanation of bytadigne,at a

st f hyd ti f K it il .
D er Py e Srfaiare el ot TS ieplscauirSR ele by
cl qﬁ,ar&fya,%igﬁ!a,@ Boshhiuss. | i gands has been proposed,

specificCally intended to be associated with nickel.
Thi[80HEw Birtiesmore, thigeatalstic systam Bassgaodgtaboliti@sg soubBity in the

glogggqlggdﬁtsr%%)dgéqsq:e éilﬁlg ga}tgl%g rs%'ten?sh}?zfv%rl])%rllj 3eLBI®Pin ﬁuerrrlqugs patents
such as, for example, U.S. Patent No. 3,496,215, DE 19953058, FR 1,529,134, FR
2,069,411, U.S. Patent Nos. 3,631,191 and 3,766,231, FR 2,523,974.
[0011] To obtain catalytic performance, in particular high selectivity in the step of
hydrocyanation of alkene nitriles, more particularly pentenenitriles, to dinitriles, a
new class of organophosphorus ligands has been proposed, specifically intended to
be associated with nickel. This new class of ligands comprises organophosphorus
compounds possessing several phosphorus atoms, termed pluridentate ligands.
Among these, the proposed compounds are generally compounds including two
phosphorus atoms, termed bidentate ligands.
[0012] Such compounds and catalytic systems are protected by numerous patents.
By way of example, there can be mentioned WO 99/06355, WO 99/06356, WO
99/06357, WO 99/06358, WO 99/52632, WO 99/65506, WO 99/62855, U.S. Patent



Among these, the proposed conpounds are generally
conpounds i ncluding two phosphorus atons, terned

bi dentate |igands. [0012] Such conpounds and catal ytic
systens are protected by numerous patents. By way of
exanpl e, there can be nentioned® WD 99/ 06355, WO

99/ 06356, WO 99/06357, WD 99/06358, WD 99/52632, WO
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uci ng the disadvantages |linked to their
instability and their |level of solubility.

SUMMARY OF THE INVENTION
[0016] One of the objects of the present invention is to propose a solution which
permits catalytic systems based on pluridentate ligands to be used, specifically
having the characteristics of elevated selectivity, while reducing the disadvantages
linked to their instability and their level of solubility.
[0017] For this purpose, the invention proposes a process of hydrocyanation of
compounds comprising at least one ethylenic unsaturation by reaction with hydrogen
cyanide, in the presence of a catalytic system comprising a metallic element having
catalytic activity associated with organophosphorus ligands chosen from the group
comprising organophosphonites, organophosphinites, organophosphines,
organophosphites, and organophosphoramides, characterized in that the catalytic

system comprises at least two organophosphorus ligands, a first ligand being chosen



[0017] For this purpose, the invention proposes a
process of hydrocyanation of conmpounds conprising at

| east one ethylenic unsaturation by reaction with
hydrogen cyanide, in the presence of a catalytic
system conprising a netallic el enent having catalytic
activity associated with organophosphorus Ii gands
chosen fromthe group conpri si ng organophosphonites,
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or ganophosphi te conpounds, and a second |igand chosen
fromthe group of pluridentate organophosphorus
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invention, the ratio of nunber of nples of the second
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Accordi ng to anot her characteristic of the invention,
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quQPZQ]O éc%ordmng to yet anot 8re?erredy chalgacte%st?c 0 I?le invention, the ratio

of the number of moles of the first ligand and the number of moles of the second

ligand is advantageously greater than 0.1, and more advantageously, greater than or
equal to 0.5.
[0021] The organophosphorus ligands suitable as the first ligand are chosen from

the group comprising monodentate organophosphite compounds such as the

compounds of the following general formula (I)

in which Ry, Ry, and R, identical or different, represent a linear or branched alkyl

radical having 1-12 carbon atoms and possibly including heteroatoms, an aromatic or



[ 0021] The organophosphorus |igands suitable as the
first ligand are chosen from the group conprising
nonodent at e or ganophosphi te compounds such as the
compounds of the follow ng general fornmula (1) O R2
in which Rl, R2, and R3, identital or different,
represent a linear or branched al kyl radical having
1-12 carbon atons and possi bly including heteroatons,
an aromatic or 5 cycloaliphatic radical, substit
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are in particular the bidentate organophosphorated compounds of the following

general formula II:

Pp
X
1\ /X3
P—Xg-L—Xs— 8
x%/ X
R, Ry

in which Ri, Ry, R3, and Ry, identical or different, represent a linear or branched
alkyl radical having 1-12 carbon atoms, which can include heteroatoms; an aromatic
or cycloaliphatic radical, substituted or unsubstituted, which can include heteroatoms
and one or more rings in condensed form or not; an alkylaryl radical; or an arylalkyl
radical; where the radicals R; and R;, and/or R3 and Ry, can be connected together,

X1, Xa, Xa, X4, Xs, and X, identical or different, represent a covalent bond,
an oxygen atom, or a divalent BNRs-- radical in which Rs represents a hydrogen
atom or an alkyl, aryl, sulfonyl, cycloalkyl, or carbonylated radical, and

L represents a covalent bond or a divalent linear alkyl radical having 1-12
carbon atoms, which can include heteroatoms; a divalent cycloaliphatic or aromatic
radical, which can include heteroatoms, substituted or unsubstituted, able to include

several rings in condensed form or not; a divalent alkylaryl or arylalkyl radical.



R4 R2in which R, R, R3, and R4, identical or
different, represent a linear or branched alkyl

radi cal having 1-12 carbon atons, which can include
het eroatons; an aromatic or cycloaliphatic radical,
substituted or unsubstituted, vwhich can include
heteroatons and one or nore rings in condensed form
or not; an al kylaryl radical; or an arylal kyl
radlcal where the radicals R and R2, and/or

Re 10023 s exsmies oldbid eyt Reganophospheriss sgmpoun s@ereacaa be cited

X0 50N 8 B B BB g R 520 v,

R5 [06P6]ESEREWisE, tlﬂbﬁférdaﬁ ®B mak gﬂﬂu@ﬁlaﬂp rrﬁ%nlﬁhihed & s}ébond llgands the
sul fonyl, cycloal kyl, or carbonylated radical, and
r epoamennds exeoplidiedin thsdatowngpatnisa WA O 5130888 W4 9@/;1 1182, WO

neos Gty S, RO SR SR TR Al PSR, STyt S0

r aqom THY oGty étﬁﬁtuwseare giv%h B tviRof esiitplel WibReh PH means

unsubstltuted able to inclu several rings in
compdengled f or m or not; a divalent alkylaryl or
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there c nore p cul arly nenti oned-a gcond
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[ 0028] These conmpounds have a nore conpl ex structure
than the first |igands described herei nabove and

of ten have poor solubility in the reaction nedi um and
greater instability. However, tyese second |igands, or
bi dentate |igands, have better ’catal ytic properties,
particularly as regards selectivity for nitriles or
dinitriles. [0029] According to the process of the
invention, the use of a mxture of two Iioands
monodent at e and pluri
catal ytic properties o (b|)d¢ntate
coffund f¥Fhpe preserved, pg arly as.r.ega
[ oyi ng their stabill [
0030% Accor di to the i@ventiol, q

yt| c systlem can be defi syrrb<i4 ically by
oW ng generaly” f\or mul aOI_J.JP M[ HN3ly (]

i n W Mrepresents 2PtearSition Rt hawng

catal ytic activity; Liesents the pnodent

or ganophosphorus first gand; th
pl uri dentate organophosphorus x and y
represent a deci mal nunber corr§ [ 19 the

nunber of noles of the respecti
catal ytic system [0031] According to a preferred
chgoexs]ertisdse Gomf)oﬁx’ﬁﬁ Hany & pridre tomplee strettatd then thel festdigands

M having catalytic activity is chosen fromthe
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paI %@:ﬁi&l‘imtaﬁﬁ T'-f&wév%f gllnéég‘sed%athgﬂxil’dﬂ 810191@?&5% ligahds/ Rhve better

zi nc um and cerium hi s
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two
improving their stability in the reaction medium.
[0030] According to the invention, the catalytic system can be defined

symbolically by the following general formula III:
M [Li]x [Lay iy

in which M represents a transition metal having catalytic activity; L; represents the
monodentate organophosphorus first ligand; L, represents the pluridentate
organophosphorus second ligand; x and y represent a decimal number corresponding
to the number of moles of the respective ligand in the catalytic system.

[0031] According to a preferred characteristic of the invention, the metallic
element M having catalytic activity is chosen from the group comprising nickel,
cobalt, iron, ruthenium, rhodium, palladium, osmium, iridium, platinum, copper,

silver, gold, zinc, cadmium and cerium.




ligands in variable proportions. The above fornula has
only been given as an indication and for clarity, and
is based on the quantities of conmpounds used and not
on a structural analysis of the catalytic system
obt ai ned. [0033] The preparatid% of the organonetallic
conpl exes formng the above netallic system can be
performed by placing in contact a solution of a
conpound of a chosen netal with a solutlonﬂgf each
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OX i HREARIN e{rﬂd)for Eldtitye Blhdlmb%edt diethe qgﬁxﬁﬁle@fof conpomidsaed and not
(rr), platinum at the degree of oxidation (0),
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ation during t Ae preparation of
or gachoset mktal withengalwon afteactaligand (fisstiot exbond) ayia gplution of these
[ 00381, Conpounds of transition netals, nore
parodigafiyy conpounds of nickel, paI | adi um iron, or

co biezpdoRed i@ séiwansi ti on
ol 0039?%%?15%139{)%5%33%0%%3? Tent oned

her[eDm]boTlee mietad carplsd prpsast a1 tiblcempowndusedcbitherr as thdegsee of
of ni ckel [.0040]..As non-limtatiyv exa | es,

CarP e BB BN Doy A AR PRSP T Eieal ohADIEher degree of

degy e, Oxi dation zero, such as pot aSSI um
tetracyano ni ckelate, K4[ N (CN)4]; bis(acrylonitrile)
ni c0e36]z eFar, exiaimplel jitcad be indicated that in the organometallic complexes of

the invention, thodium is at the degree of oxidation (I), ruthenium at the degree of
oxidation (II), platinum at the degree of oxidation (0), palladium at the degree of
oxidation (0), osmium at the degree of oxidation (II), iridium at the degree of
oxidation (), nickel at the degree of oxidation (0).

[0037] If the metal is used at a higher degree of oxidation during the preparation of
the organometallic complex, it can be reduced in situ.

[0038] Compounds of transition metals, more particularly compounds of nickel,
palladium, iron, or copper, are preferably utilized as the transition metal.

[0039] Among the compounds mentioned hereinabove, the most preferable
compounds are those of nickel.

[0040] As non-limitative examples, there can be mentioned:

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

tetracyano nickelate, K4[Ni(CN)4); bis(acrylonitrile) nickel zero; bis(1,5-



cycl ooct adi ene nickel (likewi se termed N (cod)2), and
derivatives containing ligands such as tetrakis
(triphenyl phosphi ne) nickel zero. - nickel conpounds
such as carboxylates (particularly acetate),

carbonate, bicarbonate, borate’ bronide, chloride,
citrate, thiocyanate, cyanide, formate, hydroxide,
hydr ophosphi t e, phosphite phosphate and derivati ves,
iodide, nitrate fate

su |oy@lﬁg§té§16ncf @@hql] (11 ige {Q{QCH E\E 5)22} &t}ﬁ&gﬂﬁa h\selé nglltaining ligands
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than ZEer o, cin ent 1s added to the
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V\h%mfbtéesmﬁtékeﬂ}lmmmﬂumads corresponds to the 0
oxi dation state of nickel, a reducing agent of the

abd0@#Hnt Wwa the yiglel camppindwied soespeades a gate of ipidation of
addl 1 xéreiager {t}éaélaze %él%é X,Eedruégtgdégént% g('i]de%rto 'tl'ie fLaction medium and

ents
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reduci ng agents can in addition be elenments of the
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i RO B iy Kl Panadtepyt e Ehndid REERp.

FUV[&)b@i]ﬁDWimnltﬁe hiRk81QgipBLAd hisediotiedionds Rethe 0 oxidation state of
organonetal lic conplexes wth each |igand separately

t hawicke, anieducing agew of fistabesemeritisned typerced dnécpwgsetm@ﬁded but this
into the reaction medium or to introduce them

di rGftQp I8 ROHINFLANS g edi um [ 0046] The organi ¢
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more particularly used in the present process are
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1, 5- cycl goct adi en unsatur

2l | BRECBOR et e aRRigr e SPURGTH SaUg, olefin).

penfﬁgﬁﬂn' Thé 's,&§t1§ﬁ’scctf tAe ﬁ%‘t BEDNERBED hgidds%an be added simultaneously
4-pentenenitrile; nonoolefins such as styrene,

met drydustapsienly, Furthgimarephismisshls, to pyepashidr erganomstaiid complexes
with each ligand separately, then to mix the two systems before introducing them
into the reaction medium, or to introduce them directly into the said medium.
[0046] The organic compounds having at least one ethylenic double bond more
particularly used in the present process are diolefins such as butadiene, isoprene, 1,5-
hexadiene, 1,5-cyclooctadiene, ethylenically unsaturated aliphatic nitriles,
particularly the linear pentenenitriles such as 3-pentenenitrile, 4-pentenenitrile;
monoolefins such as styrene, methylstyrene, vinyl naphthalene, cyclohexene, methyl
cyclohexene, and also mixtures of several of these compounds. The pentenenitriles
can particularly contain amounts, generally minor, of other compounds, such as 2-

methyl-3-butenenitrile, 2-methyl-2-butenenitrile, 2-pentenenitrile, valeronitrile,



cycl ohexene, and al so m xtures of several of these
conpounds. The pentenenitriles can particularly
contai n anmounts, generally mnor, of other conpounds,
such as 2- nethyl-3-butenenitri

2-nmet hyl - 2-butenenitrile, 2- peﬁpenenltrlle
valeronitrile, 10 adiponitrile,

2- nethylglutaronitrile 2 ethylsuccinonitrile or

but adi ene, ari sing xanmple fromt.
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are formed with the |inear gentenenltrlles
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eXFhtRs oPtheliMendeflcird Bétprep@edbifont @Sindlodbétéon intosthe agudtion
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o SPRRAE oA o Be aagolile abuTish S @EFRhitop metal
I's dd:ﬁ&%%é@arm%%blbl)eoﬂtﬁe RIdB AR agtiioraRt@lditg to thy ploesss described
"in si'tu” by t i npl e addition of the first and

s ectemeinatiqyan étss ahdwxse posseble taprshare die ¢asalyic Bty UiRgiu" by the
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hy dg, Qg ﬁﬁﬁf&éy‘ﬂﬁatﬁrﬂ@ﬂ@donFﬁ&llﬂlﬂaBéfbieYOrQﬁeﬁtHel adlRlon®Tf the compound
ot her transition netal conpound used is chosen to

obttaiumdergodiydwnyaatipon, in nol es of transition netal

Py clof81e e GHABY SRR LPEs bpt e gowgoup popd s chosen
Pr eh&lbedth ¥ chfdeRatol) 19 BfdFesTralsiBonBletal BeF moly &f drhanic

ni ckel or other transition metal wused. [0049] Theg
t ot aimppwads fot yndefgodryderrypiatiop oo isemerizataem betvesss 100 and 1,

Lg {]rérng}eéﬁal}( ﬁt a Xlg: br@ﬂ@% ﬁE@ 8 \%e nciz}se %%glﬁltgtet a ngcg%h gfj %F:rr trgxgslition metal
trapghtion netal is 0.5-500 and preferably 2-100.

[ 0050] Al though the reaction is generally conducted
wi t hout solvent, it can be

[0049] The total quantity of organophosphorus ligands used to form the catalyst is
chosen such that the number of moles of these compounds with respect to one mole
of transition metal is 0.5-500 and preferably 2-100.

[0050] Although the reaction is generally conducted without solvent, it can be
advantageous to add an inert organic solvent. The solvent can be a solvent of the
catalyst which is miscible at the hydrocyanation temperature with the phase
including the compound to undergo hydrocyanation. As examples of such solvents,
there can be mentioned aromatic, aliphatic, or cycloaliphatic hydrocarbons.

[0051] The hydrocyanation reaction is generally performed at temperature of 10EC
to 200EC and preferably from 30EC to 120EC. It can be performed in a medium

possessing one phase or two phases.



advant ageous to add an inert organic solvent. The

sol vent can be a solvent of the catalyst which is

m sci bl e at the hydrocyanation tenperature with the

phase including the conmpound to undergo

hydrocyanation. As exanpl es of lduch solvents, there

can be nentioned aromatic, aliphatic, or

cycl oaliphatic hydrocarbons. [0051] The hydrocyanation

reaction is generally perforned at tenperature of 10EC
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erfornmed in a nedium possessing one phase or two
z&iés@gnmiufudeSZ] The process of the invention can be
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fromc n%drl ns, %Facetone cyanhydrin, or by
anyhy O %%Mr%fe%sc s%m S1%ynt hesis. [0054] The

hg gg%ﬁ n ﬂy&{ydg@geh%?/bﬂﬁé AHEE8 el tqu ttl'ﬂ@re%@t%@ hpéasb@us or liquid

['1"quid orm It can al so be dissol ved
befformeh#trodn also de dissghveid befoodhasdin arff GBSk sbhvenhe
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al nf e or a portion of the various

ﬁ Odl’b‘E)IUtiob;iQ@hﬁlmﬁglﬂiﬁ wisolt bea peviopofitict tavious densgituents, such as the
y rocyanat| the conpounds of fornulas_(I

(1 19pmpoped tq Wilesaq PSHORBRRHORe gresomngundhef é’&gglaag?% and (II), the
reducin :
BB B B Bl SERSEER PR s

t h&:oﬁb@t&e{ﬂs sépRffElyatThe eeacldigs Q@tﬂfab]g'ethemlymughitetmthe tﬂwm
i ntroduced, Ereferabl in a continuous . and

marif@perafoséhe hydiazeherapidsds theR MtEgcR é’g?fsgag i’ continuous
vvhlgﬁlla ggﬂ ‘b‘ﬁ R owed by assay of sanples) has

finrsh e reaction mxture is withdrawn after

cooling, and the reaction products are isolated, for

exa[r(gglsg,] b h%lnst}txé Jelac?'[tlgno(rt]he progress of which can be followed by assay of
samples) has finished, the reaction mixture is withdrawn after cooling, and the
reaction products are isolated, for example by distillation.
[0057] The process of hydrocyanation of ethylenically unsaturated compounds
according to the present invention likewise relates to the hydrocyanation of the said
ethylenically unsaturated nitriles obtained hereinabove by reaction with hydrogen
cyanide, and consists of utilizing a catalytic system conforming to the present
invention with a co-catalyst consisting of at least one Lewis acid.
[0058] The ethylenically unsaturated compounds which can be used in this step are
generally those cited for the basic process. However, it is more particularly
advantageous to apply it to the reaction of hydrocyanation to dinitriles of

ethylenically unsaturated aliphatic nitriles, particularly to linear pentenenitriles such

as 3-pentenenitrile, 4-pentenenitrile, and their mixtures.



[ 0057] The process of hydrocyanation of ethylenically
unsat urat ed conpounds according to the present
invention |likew se relates to the hydrocyanation of
the said ethylenically unsaturgted nitriles obtained
her ei nabove by reaction wth hQ rogen cyani de, and
consists of utilizing a catalytic systemconformng to
the present invention with a co-catal yst consisting
of at |east one Lewis_acid. [0058] The ethyl enj.cal
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q%h&h%Mnﬂkgor quantities of ot her conpounds, such
as 2-nmet hyl -3-butenenitrile, 2-nethyl-2-butenenitri
~ [p@6)enkrthe caseof hydioeyanatien pi &hylgairpgbhinseiuraed aliphatic nitriles,
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of 2-nethyl - 3- butenénitrile to pentenenitriles.

| 0060f dinsriesconmesh andlonyiaastyanend baoe obligaAy e 49 by increased.
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t he &ﬁécﬁl&]ﬁ?@huﬂ' 4 Lkt @pdiPadegptbfir oved, that is, the

percentage of linear dinitrile with respect to t he
total dinitriles formed, and/or the act|V|ty and

lifetine catalyst ta.be incr

L lROTR et i e e ey Bp e, B Bl e A A Ol
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acceptors. [0062] In partlcular the Lew s aci ds
menf068edThe LEWES actlsumEcledirt lchisog ag:qxcat@jyaﬁ in the present process

L ErbSE Sialh S ang el e SR gngsor Bles by RS8R v,

E‘P 'otz\lébs S VRE VIS BFTRSn £ OTIE Bf ke WefiSdic TablkeoMAEseients. These
compounds are most often salts, particularly halides, such as chlorides or bromides;
sulfates, halogenoalkyl sulfonates, or perhalogenoalkyl sulfonates, particularly
fluoroalkyl sulfonates or perfluoroalkyl sulfonates, halogenoacetates,
perhalogenoacetates, carboxylates, and phosphates.
[0064] As non-limitative examples of such Lewis acids, there can be mentioned
zinc chloride, zinc bromide, zinc iodide, manganese chloride, manganese bromide,
cadmium chloride, cadmium bromide, stannous chloride, stannous bromide,
stannous sulfate, stannous tartrate, indium chloride, indium trifluoromethylsulfonate,
indium trifluoroacetate, the 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, and yttrium chloride.



are chosen from anong the conpounds of el enents of
Goups Ib, Ilb, Ma, IIlb, IVa, [Vb, Va, Vb, VIb, VIb
and VI11 of the Periodic Table of the elenents. These
conmpounds are nost often salts, _particularly halides,
such as chlorides or bronides; 13sul fates,
hal ogenoal kyl sul fonates, or perhal ogenoal kyl
sul fonates, particularly quoroaIkyI sul fonates or
perfluoroalkyl sulfonates hal ogenoacet at es,
per #43 g Prapeinds such asdripbsayihorans andianipsispnippyate can also be
[ 0064 non-limtative exanples of such Lew s acids,
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course_be used. [0067] Anong the Lew s acids there
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trip eny orane tri Iuoronethylsulfonate and
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unsaturated nitriles.

[0071] The 2-methyl-3-butenenitrile subjected to isomerization according to the
invention can be used alone or in a mixture with other compounds.

[0072] Thus 2-methyl-3-butenenitrile can be used in a mixture with 2-methyl-2-
butenenitrile, 4-pentenenitrile, 3-pentenenitrile, 2-pentenenitrile, butadiene,
adiponitrile, 2-methy! glutaronitrile, 2-ethy! succinonitrile, or valeronitrile.

[0073] It is of particular interest to treat the reaction mixture from the
hydrocyanation of butadiene with HCN in the presence of at least one mixture of
compounds of formulae (I) and (II) and at least one transition metal compound, more

preferably a nickel compound of degree of oxidation 0, as previously defined.



zone of the different conponents of the catalytic
system [0070] It is |likew se possible, under the

condi tions of the hydrocyanation process of the
present invention, and particularly operating in the
presence of the previously dedéribed catalytic system
conprising at |east one nonodentate |igand and a

bi dentate |ligand and at | east one transition netal
conpound, to perform in the absence of hydrogen _
cyd00 8, Inhbe cavemsiof as pesferesd aternativg|thacailyohaystan beisg

unadeaPareshten bt b beRas st R bRl e ¥ dent o sop
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subj ected to isonerization according to the invention
carf00s]usi¥deal by e stight flushingiof ther reastpt Withah enert gas such as nitrogen

conpounds. [0072] Thus 2-nethyl -3-hutenenitri.l.e can be .
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of particular interest to treat the reaction m xture

f r sm20RBC, tryipreteyainfioaroBiC k8 Cene with HCN in the

presence of at |east one m xture of conpounds of
formulae (1) and (11) and at |east one transition

et @70 "BOYBE BrefedEcas@bElseiaidtion ifdeitelg dtsving tiod
degree of oxidation O, as previously defined. 14
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the catal yti c system bein al r ead [ nt for the
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al l'ow t'he Isomerization réaction to proceed. [0075]
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is generally performed at a tenperature of 10EC to
200iECan beadyantigeowstb pdd po mesESMQ salggrovhich could be the solvent

for the later extraction. This is particularly the case when such a solvent has been
used in the butadiene hydrocyanation reaction, and serves to prepare the medium
subjected to the isomerization reaction. Such solvents may be chosen from among
those which have been mentioned hereinabove for hydrocyanation.

[0080] However, the preparation of dinitrile compounds by hydrocyanation of an
olefin such as butadiene can be performed by using a catalytic system conforming to
the invention for the above steps of formation of unsaturated nitriles and of
isomerization; the hydrocyanation reaction of the unsaturated nitriles to dinitriles can
be performed with a catalytic system according to the invention or any other catalytic
system already known for this reaction.

[0081] Similarly, the olefin hydrocyanation reaction to unsaturated nitriles and the

isomerization of the latter can be performed with a different catalytic system than



[0077] In the preferred case of isonerization

i mredi ately follow ng the hydrocyanation reaction of

but adi ene, it will be advantageous to operate at the
tenperature at which the hydrocyanati on was carried

out. [0078] As in the case of A drocyanati on of

et hyl eni cal | y unsat urated conpounds, the catalytic

system used for the isonerization can either be

already present in the nmediumor prepared according . . .
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Al t hough the [somerization reaction i.s .general.
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| sQuerLZAkican reaction. Such solvents may be chosen
fr% aeh%ﬁ]ge t hose whi ch have been nenti oned
her@Nhabpestehanitrily dr ocyanati on. [ 0080] However, the
preparation of djnitrile conmpounds by hydrocyanation
of 4XMN : bipepteperdiidey as but adi ene can be perforned by
usi C | yipG system conformng to the invention
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reaction of the unsaturated nitriles t initriles can..
e cpEeRIRE ArthTaR o e o sckn Ao G e e hital
i ny ' ther catalytic system already known
f oriuppel Of Holck b ¥ [0081] Simlarly, the ol efin
hy driaearandl) :Maticesfthé ammber afnsaltioddiebmitrile (A&N) fomehed to the
the isonerization of the | atter?fan be g&.rfo_r ms? \éﬂ'qr)h
a dimler off modestof|djaifries fpamed{ surnef males gf pdigpniflg (AdN),
i nv L.anN; . S § j : ur at ed
i 1 RRjny! B ERESTD, BEROEIARRHAN R (ORS),
catSdlydtivity $Ye t dunstet of diohg of dhhforined enithi respecf @0B2fheoretical
The followi ng exanples illustrate the invention
[ 008BRber 9f pide a%ﬁéé‘,lcuﬂaﬁ%d é%r%w&ﬂ’%fr&f plesiohitApn
thgmmﬂS jfags indicated below. cod :
1, 5-cycl ooct adi ene

CPG : gas phase chromatography

ml : milliliter
mol : mole
mmol : millimole

Ph : phenyl

EXAMPLES 1-12:

[0084] These trials relate to the hydrocyanation of pentenenitriles to adiponitrile.

These trials were performed according to four operating modes described

hereinafter.

Operating Mode 1:



eq : equivalent 3PN : 3-pentenenitrile 4PN :
4-pentenenitrile 3+4PN : 3PN + 4PN TT(Y)
Transformation ratio of product Y to undergo

hydr ocyanati on, corresponding to the ratio of the
nurber of noles of Y transformdf to the initia

nunber of noles of Y. Linearity (L) : Ratio of the
nunber of noles of adiponitrile (AdN) formed to the
nunber of noles of dinitriles formed (sum of nol es of

adulwﬁ]t rWnhder pradneyt atrr@spiwes tlesge ARp changﬁd s¥qepesiyaEgigto a 60-ml
taronit Sel ectivit %
th%ﬁge& ?‘/a gr%’l SSquPP tfg%ﬁ'\@%t? “Fespect %/o(t/ohe
t | f |
h ?‘?}%ﬁéﬁ fﬁ#of@egj;ofgligaﬁ@ I 8% fSf mAdentard lggéh& %%51%@8&1 of ligand

3+4pn transforne gas
phai%fcmbldaaat@grgapd@ m : mlliliter nol : rmle nmol

cmllinole . _phenyl LES 1-12: [0084] These
tr@aﬁ@%@ﬂ%ﬁ‘@ﬁ? 62 8=4‘M®A nation of pentenenitriles
it e were perforned
(!?g 8& C¥C30?c§%drleneg I)?lglt(élrgbﬂr?% es degcri bed

her];e{hréqdekxggaCIQf()ﬁ@@y I\/bde 1: 16 [0085] Under an
i nert atnosphere, there are charged successively into

a q0ess] Behendtioqy mediutibbeaeiofEd, withegitatiept dagtone
St %F)Jfgnhydrm is fed into the medium by a pressure syringe with a throughput of 0.45
m] per hour. After 3 hours of injection, the introduction of acetone cyanhydrin is

stopped. The mixture is cooled to ambient temperature, diluted with acetone, and

analyzed by gas phase chromatography.

Operating Mode 2:

[0087] Under an inert atmosphere, there are charged successively into a 60-ml
Schott glass tube equipped with a septum stopper:

B the bidentate ligand (1 mole eq of ligand / Ni);

B the bidentate ligand (4 mole eq of ligand / Ni);

B 3-pentenenitrile (1.25 g, 400 eq / Ni);

B bis(1,5-cyclooctadiene), nickel (21 mg);

B the Lewis acid (1 eq / Ni).

[0088] The reaction medium is then heated to 70EC under agitation. Acetone
cyanhydrin is fed into the medium by a pressure syringe with a throughput of 0.45
ml per hour. After 3 hours of injection, the introduction of acetone cyanhydrin is
stopped. The mixture is cooled to ambient temperature, diluted with acetone, and

analyzed by gas phase chromatography.

Operating Mode 3:
[0089] Under an inert atmosphere, there are successively charged into a 100 ml

stainless steel reactor:



Bthe ligand (6 nole eq of ligand / N for nonodentate
ligands, 3 noles eq of ligand / N for bidentate

ligands); B 3-pentenenitrile (1.25 g, 400 eq/ N); B

bi s(1, 5-cycl ooctadi ene)2 nickel (21 ng); B the Lews

acid (1 eq/ N). [0086] The réacti on nediumis heated

to 70EC, with agitation. Acetone cyanhydrin is fed

into the nedium by a pressure syringe with a

t hroughput of 0.45 m per hour. After 3 hours of ,

i njBetbeiligand (Gmolerrarofdizend 6N &ir menadsnatedigrnfs; drampl of ligand /

st ed...The m xture is cooled to anbient t t ’
o PRSEsgpttre Hesb o | ent tenperature

e, and analyzed by gas phase
chreemLaeh Mcgﬁﬂ@ﬁ@@qnqﬁybde 2: [0087] Under an

i nert “at nospher here are charged successively into
a @0biefl,5-Spdieddtadiémdsnickdi€l 8q);pped with a septum
stopper: B the bidentate ligand (1 nole eq of l|igand /
Ni )B theBemheadid epd 4N8- 1 i gand (4 nole eq of ligand /
Ni); B 3-pentenenitrile (1.25 g, 400 eq / N); B

bi s(1, 5-cycl ooctadi ene)2 nickel (21 ng); B the Lews

acifodpt efhe redition hOABBis e neses uh@t ARl SSEEriquid HCN
heated 'to 70EC under agitation. Acetone cyanhydrin is

f eds hded to e redicamédium hyraggsssuee syyingeyathv thrpughput of 1.92 ml
t hroughput, of 0.45 . per hour. After r.s_of

| njRSE EPn A He ot %ﬂ%&f—ﬁl%t i nkedpdiee %yfgﬁ‘ﬁ;}wt?ﬂp“rds The

st QRR&Re is/H1H Sl iferltIehPRhRek, HAuRARN 8NcetddRPAIdandTy2ed by gas
di luted wth acetone, an anal yzed by gas phase

¢ hrphiasd dgomaptograpBper at i ng Mode 3: [ 0089] Under an

i nert atnosphere, there are successively charged into
a 100 mM stainless steel reactor:

Operating Mode 4:

[0091] Under an inert atmosphere, there are successively charged into a 100 ml
stainless steel reactor:

B the bidentate ligand (1 mole eq of ligand / Ni );

B the monodentate ligand (4 mole eq of ligand / Ni);

B 3-pentenenitrile (30 g, 75 eq / Ni);

B bis(1,5-cyclooctadiene), nickel (1.30 g);

B the Lewis acid (1 eq / Ni).

[0092] The reaction medium is then heated under agitation at SSEC. Liquid HCN
is added to the reaction medium by a pressure syringe with a throughput of 1.92 ml
per hour. After 5 hours of injection, the introduction of HCN is stopped. The
mixture is cooled to ambient temperature, diluted with acetone, and analyzed by gas
phase chromatography.

[0093] The results obtained are collected in Table 1 below:



17 Bthe ligand (6 nole eq of ligand / N for
nmonodentate |igands; 3 eq nole of ligand / N for
bi dentate ligands); B 3-pentenenitrile (30 g, 75 eq /

Ni ); B bis(1,5-cyclooctadiene)2 nickel (1.30 g); B

the Lews acid (1 eq/ N). [Od§0] The reaction nmedi um

is then heated under agitation at 55EC. Liquid HCN is
added to the reaction nmedium by a pressure syringe

with a throughput of 1.92 nhaﬁg hour. After 5 hours

of injection, the introducti is stopped. The

m xture is cooled to anbient tenperature, diluted with
acetone, and anal yzed by gas phase chronat ography.

Opéraf, 1 hg Mpdsa 4: | [RGOTT ewdel @perither | Latirospderiety | Solubility
there are suseaess| vedNy chaddied | Mode a 100 | AdN(%)

st al nl elss mgae@t r bacé or| ZBCthe bi dent af e 8bi gand 791 Yes
nolre—eg AtH+—N—)——B—tfhe—rognodentgte a—¢

. ! 1 ! '3 JaH ( Yes
nDIezeq ofL‘%‘\ggnd [ N “§231 pent'enen tl‘llP (30 g 5

eq{/ i) ; Ieabd 8(1}5-6yc| dChadi end) 2 n ckél |(1.30 g)| Yes

B trhe—t T N TT 009 The neact |

nedi lf'm %g(aﬁ&+%e tédqlqu dzeﬂlrcjlzamlt mﬁfﬂon bt 82'%::?‘ ??ﬁlui H Yes
HCN_5 s| addedd €0t hebr eacdiChn [medilum by #bpressiffe Yes
syri rige| wiltigendCt hit oudihplitZogt: 1. 92 I per83hour  7Aftef  Yes
5 Hour s| ofLigamfiBct il oné t heZnCht foduch i anl of54HON i &3 Yes
st Qpfed| Iigaed CHiBxi urlet i 5 46bl ed t Nanbl e 74 Yes

t erpex at urldgandDl uf ed6wi | EnT¥éetlone,2 and|arfdl yred 8y gas No
phdseo chr drngnd8r aphy?2 [ DOIERs The resul s bt msﬂH ard Yes

colll act ed Ligendabl ¢ 16be| dWFA] 2 81 Yes
12 Ligand D+ A 2-4 InTFA, 2N 92 81 Yes

v

(1) The selectivity could not be determined because the rate of transformation was
too low.

InTFAj: indium trifluoroacetate.

[0094] The L/Ni ratio is expressed in phosphorus atoms per nickel atom; the first
ratio relates to the ratio of phosphorus atoms provided by the first ligand, and the
second ratio relates to the phosphorus atoms provided by the first ligand.

Ligand A : tritolyl phosphite.

Ligand B: trithymol phosphite.



TABLE 1: Ex.Ligand Ratio Lewis Operating

L(% Sel ectivity Solubility UsedL/ N Aci dMbdeAdN( %

1Li gand C6ZnC1218679Yes 2Li gand C2ZnC1218373Yes

3Li gand A6ZnCl1217661Yes 4Ligand C + A2-4ZnCl 21 N8482Yes
5Li and C6ZnCl 218679Yes 6Li and”?C2ZnCl1218373Yes 7L
and B6ZnCl1215413Yes 8Ligand C + B2-4ZnCl12l N8374Yes O9Li
and D6l nTFA329281No 10Li and D2l nTFA3274(1) Yes | 1Li
and A6l nTFA328175Yes 12Li gand D + - 41 NTFA32N9281Yes
(1) The selectivity could%ﬁK@LE%LEé-érnined because

| naP ORI AR ARISAOE BRAPE ot gandid bl Atmutas:

expressed in phosphorus atons per nickel atom the
first ratio relates to the ratio of phosphorus atons
provi ded by the fi€st ligand, and the second ratig
relates to the phosphorus atons provided by the first
| i gand.

Jo
Q
1:'\

[0096] In a glove box, there are successively introduced into a 30 ml Schott type

tube: ligand C (270 mg), ligand A (2 eq.), 3-pentenenitrile (1.0 g), and zinc chloride

(2 eq). A clear, homogeneous mixture is obtained, which is agitated under an inert

atmosphere and to which 2 eq of water are added. The composition of the mixture is

then analyzed by 3'p NMR.
[0097] The following results are obtained:

TABLE 2:
Time Proportion of C, by Proportion of A, by
Weight weight
15 minutes 35% 60%
1 hour 40 minutes 28% 19%
4 hours 30 minutes 28% 14%




Ligand A : tritolyl phosphite. Ligand B: trithynol
phosphite. Ligand C. Ligand D. 19 EXAMPLE 13: [0095]
Hydrol ysis of a mixture of l|igands of the foll ow ng
formulas: C A [0096] In a glov3 box, there are
successively introduced into a 80 M Schott type

tube: ligand C (270 ng), ligand A (2 eq),
3-pentenenitrile (1.0 g), and zinc chloride (2 eq). A
cl ear, honogeneous m xture i s, obta ned r$G{|ch

agi Q(éﬂséd icareresulis #at the PaRGPHASAIISLIMIre SRAf Uit bidepte

? L(le 1ds rasgg dl%g&%gi %Hw qg% 9%) 19fnfgttF1§ g{verﬁtekﬁe%m'v@ ligand by

r eS&ddci‘ng&he ralbbﬂhytﬁdlyst/éBhaEll&s tfd qﬂm%ntbpoﬁlhdﬂnateﬂlg@;d Pith
Proportion of A Wei ght wei ght 15 m nu 59%60% 1
hostepad tarkoneisHimAomPa- NI SOROrinh e oA s9RRC activiy of the

[ 009 S su the protection agai nst
hy3V§%§§n§'§Pgt &%8%% g%ﬁ | i gands or second |igand,

t hqao@zr N dchipa@ing GRRAIhZH 1tgti b end Biefateré petitde/vapolti oglad dr
ucing the rate of hydrolysis as well as the
quandlmtyd b@rem id barelly €xpiegay incpinonated by tfefe&en%eo t he

Cat@ ‘M]l C%gg%ﬁt W%onﬁw@%@g’f G Rfed DSelfY S valious specific and

preferred embodiments, the skilled artisan will appreciate that various modifications,

substitutions, omissions, and changes may be made without departing from the spint
thereof. Accordingly, it is intended that the scope of the present invention be limited
solely by the scope of the following claims, including equivalents thereof.

WHAT IS CLAIMED IS:

1. Process of hydrocyanation of compounds having at least one site of ethylenic
unsaturation by reaction with hydrogen cyanide in the presence of a catalytic system
comprising a metallic element having catalytic activity associated with
organophosphorus ligands selected from the group consisting of
organophosphonites, organophosphinites, organophosphines, and
organophosphoramides, wherein the catalytic system comprises at least one first
ligand selected from among monodentate organophosphites and at least one second

ligand selected from among pluridentate organophosphorus ligands.

2. Process according to Claim 1, wherein the second organophosphorus ligand

is a bidentate ligand.

3. Process according to Claim 1, wherein the second ligand is selected from the
group consisting of organophosphite, organophosphine, organophosphinite,

organophosphonite, and organophosphoramide compounds.



system i ncl uding the second |igand. [0099] Each
patent, patent application and literature
article/report cited or indicated herein is hereby
expressly incorporated by reference. [0100] Wile the
i nvention has been described iAlterns of various
specific and preferred enbodi nents, the skilled
artisan will appreciate that various nodifications,
substitutions, om ssions, and chan

may_ be nmade
wi thout Pd@qyaa? anﬁgimg tﬂﬁikaﬁé Ispbegen t %f-‘ ﬁ@r%%f%ﬂbw nimber of second

A
p?%i Hi n%ﬁ%lé%%dglﬁ)%%rE ?tglaats I?)‘?% 16%%?10%1%9? ﬁéquucg%ﬁlaz o(f) ?toms of
t hepdiAlik et pslgiaéanathamgsudl ng equi vaI ents ther eof .

WHAT | S CLAI MED Process of hydrocyanati on of
conpounds having at |east one site of ethylenic

unsat ur wi.t h. hydregen.c

pr €senc rB?eS%a%“é’f‘g %Ci @ﬂlé‘?& grthe%g Rt %f’gmaqﬁ% ﬂl1“Im|;]3§ of moles
el grendt dhavbdead @@hﬁdlsy kX d}ﬁ'eﬁéﬁ by th%)huﬂ'ﬁ)%ﬂ@f piighovub Btoms, to the

or ganophosphorus i gands sel ected fromthe grou

consintet nfjatofs of mpanbp blevwhio if qoameprised HeiwsshdpHi 190t es,
or ganophosphi nes, and organophosphoran des, wherein
the catalytic systemconprises at | east one first

i gand Sifrl)@éﬁg g&ofrdilﬁg‘t@m TR IR 8o of the total number of moles
or ganophosphi tes an | east one second |igand

sel &dirgdigand m temogbet of mdeavhsasond §jaarshis esgsterthan 0.1.
l'igands. 2. Process according to Claim1, wherein the
second or ganophosphorus ligand is a bidentate |igand.

Tr oc %%C&F %%‘i‘%ﬂg td glﬁnal' WhtreifMRI 5 nidhe d&faeMidand has the

Ilgand i's selecte romthe group conS|st|ng of

or glatiopingsgehetbformutpa@ophosphi ne, or ganophosphi ni t e,
or ganophosphoni te, and organophosphoram de conpounds.

21 4. Process according to CTaim1, wherein the ratio
of the nunber of seco pl Ui dentate |igands
expressed in atons of Rhosphgrus to the nunber of
atons of netallic el efenp-Ts greater tdxn 0.5.

|
7
Ry

wherein R;, Ry, and Rs, which may be identical or different, are each a linear or
branched alkyl radical having 1-12 carbon atoms and optionally containing
heteroatoms; an aromatic or cycloaliphatic radical, substituted or unsubstituted, also
optionally containing heteroatoms; and one or two ring members, whether or not n

condensed form, with the proviso that the radicals Ry, Rz, R3 may be bonded

together two by two.
8. Process according to Claim 7, wherein the second ligand has the general
formula (II):
i :
X X
N A
/P—Xs- L— X5_P\
X
I Ry



5. Process according to Claim1l1, wherein the ratio of
the total nunber of noles of first and second

| i gands, expressed as the nunber of phosphorus atons,
to the nunber of atonms of netallic element, is
conpri sed between 1 and 100. 622Pr ocess according to
Caim1, wherein the ratio of the total nunber of
noles of first ligand to the nunmber of nol es of
second ligand is greater than 0.1. 7. Process
according to Claim1l1, wherein the first, nonodentate
I'igand has the follow ng general formula (1): (I) O
I R2 wherein Rl, R2, and R3, which may be identica
or different, are each a linear or branched al kyl
radi cal having 1-12 carbon atons and optionally
containing heteroatons; an aromatic or cycloaliphatic

radi,cal. sty t ut or, .unsubst it ut.ed, -

op TR Ry Rodteatti By A b6 MebiEtor i ent, prgoch  Jnear o
MekRgiched WROL RAIcaPhavied 1110 cafRRAISE GpfionaNy dontdinihf Beteroatoms;
proviso that the radicals R, R2, R3 may be bonded

t ogetanenatiawr dygloaliphatig. ragiedcahstiniedorraingabstisuted,aalsp optionally

\(/\/:1 ?c;Jgelga%ﬁ?@et@%%?c{?&é@g%gdok%?o%ﬁE’i%%ége?ﬁerrg l)whe;té'%rr r&é}x%n Zfondensed
form; an alkylaryl radical; or an arylalkyl radical; with the proviso that the radicals
R; and R,, and/or R3 and Ry, can be bonded together; X, X3, X3, X4, Xs, and X,
which may be identical or different, are each a covalent bond, an oxygen atom, or a
divalent BNR;B radical in which Rs is a hydrogen atom or an alkyl, aryl, sulfonyl,
cycloalkyl, or carbonylated radical, and L is a covalent bond or a divalent, linear
alkyl radical having 1-12 carbon atoms, optionally containing heteroatoms; a
divalent cycloaliphatic or aromatic radical, also optionally containing heteroatoms,
substituted or unsubstituted, optionally including at least one ring member, whether

or not in condensed form; or a divalent alkylaryl or arylalkyl radical.

9. Process according to Claim 1, wherein the monodentate first ligand is
selected from the group consisting of triphenyl phosphite, tritolyl phosphite,
trithymol phosphite, and the bidentate second ligand is selected from the group

consisting of the compounds of the following formulas:

O @)

0
g
) \ /



22 wherein RI, R2, R3, and R4, which may be identica
or different, are each a |inear or branched al kyl

radi cal having 1-12 carbon atons, optionally
cont ai ni ng heteroatons; an ar%ﬁatlc or cycloaliphatic
radi cal, substituted or unsubstituted, also optionally
contai ni ng heteroatons and one or nore ring nenbers,
whet her or not in condensed form an al kylaryl

radi cal; or an arylalkyl radical; wth the proviso
that the ragFcaks , and/or R3 and R4, can be
bonded toge X4, X5, and X6, whig¢h
may be ™ are each a cova
bond, an |oxygen atom or| a i val ent BNR5B
which R5 lis aChydr ogen abom an al kyl, ar)

cyc\ oal kyl , ?U car bonyl ated rad
d or & tryal en l'i near al kyl
heVi ng 1- 2 cgrbon aterfi, optional |y PPh PPhy
3 g hete z t cycloaliphatic or
Rt i g7 adi al sp oplN ong cont ai ni ng
het er oat ons,

Y edjor unsubstituted, optionally

[ ing at |eas g nenber, mhether or not in
condensed for ent al kylaryl or aryl al kyl
' . 9. PRoce# ding to Caim1l, wherein the

nonodentate first ligand is selected fromthe group
consi sting of triphenyl phosphite, tritolyl phosphite,
trithynol phosphite, and the bidentate second l'i gand
is selected fromthe gro 2
conmpounds of the follo
PPhPPIY. PPBless accor

reagtion i perfor
Process cordi ng
t he al fornul (III)

10. Process according to Claim 1, wherein the reaction is performed in a single-

phase medium.

11. Process according to Claim 1, wherein the catalyst has the general formula

(II):

M[L]x[La]y (II)

wherein M is a catalytically active transition metal; L; is the monodentate

organophosphorus first ligand; L, is the pluridentate organophosphorus second



wherein Mis a catalytically active transition netal;
L1 is the nonodentate organophosphorus first |igand,
L2 is the pluridentate organophosphorus second 24 |
ligand; and x and y are each a deci mal nunber
correspondi ng to the nunber of 24npl es of the
respective ligand in the catalytic system 12. Process
according to Caim1l1, wherein the netallic elenment is
sel ected from the group consisting of nickel, cobalt,
i r digandyandenandry aneteaeli uAscimal nunabareprresnending toithe aimbgr of
platlnu CQ Zinc, cadmum and
nmere Q%F%%Veezlégaﬁgé%ﬁ‘%ﬁﬁgﬂw & 1, wherein the
reactlon nedlun1|ncludes a solvent for the catal yst,
m scible with the phase conprising the conpound to
undléZr go Rrpdess egeomding 6m Claimt I evheram BreameteBicaflement is selected from
yd anatian. 14. .Pr accor 0,C.aim1
WS ERBRan SR ingnie b i o B oot gelagipm, osmium,
Ni GK@lund MatAush, %gélﬁ&t 8fef, 1818, L, dBmC S htdupg Of
conpounds i n the nickél has a degree of
oxi dation as zero, potaSS|un1tetracyanon|ckelate
ILtr

. ne
I ( %)9%@5 ggqclg@i]ng%%?ftpzﬂgnci( é!ﬁ?ereua gﬁ' r\ggcizqqpé‘gedlum includes a
C onstoﬁleﬂt R thd &Qﬁ]gs?t mﬁs%ﬂfl@{ﬁ/ﬁtﬁgﬁé piRe Bé/rlnﬁﬁﬁﬁg l’t‘f‘le,n&Qmpound to

ni ckel zero; nic ounds,” ni ckel " carboxyl at'es,

c anbwegodydbioyamdbionat tzhe teopearatiyre bf nyriroeyanatidmor i de,
citrate, thiocyanate, cyanide, formate, hydroxide,
hydrophosphi te, phosphite, phosphate and derivatives,

i odjde, WcEés@ta@eoréﬁﬁgft@t?almsp lvﬂie&&n tl?é’tﬂnsﬁﬂﬁ rﬁleljé)’!:ompounds are

sul fonat'es ess according to Claim1l, wherel
t hehosegefimicket ampara rsdlsctladt\fnongthatgw@a@msmnng oétdmptamdas in which
dou d ar dlolefl but adi ene, . i SO

b Bickal s degres oty aBe'efl%\a?r%ﬁé)tasa1%r?§ﬁaﬁ¥anﬁmﬁl<ﬂa&es
\g{@ﬁl(@w %fb’(&rﬁﬂ&@ﬁl‘é)’ RkkQerd, bRERB-cyclooctadiene) mickel,

nenitriles, pentene-3-nitrile, pentene-4-nitrile
rdmlveﬁvers ,costaymeg hgandsetttryhs(thyp@mg phv:spillyrhe) nickel zero; nickel

napht hal ene, . | ohexene, th ohex
mi )%om@gng% Hxécﬁ(ég?a_r oxylates, cgr%on te, b XarLonate orate %romlde chloride,
citrate, thiocyanate, cyanide, formate, hydroxide, hydrophosphite, phosphite,

phosphate and derivatives, iodide, nitrate, sulfate, sulfite, aryl and alkyl sulfonates.

15. Process according to Claim 1, wherein the organic compounds having at least
one ethylenic double bond are diolefins, butadiene, isoprene, 1,5-hexadiene, 1,5-
cyclooctadiene, aliphatic nitriles having ethylenic unsaturation, linear
pentenenitriles, pentene-3-nitrile, pentene-4-nitrile, monoolefin, styrene,
methylstyrene, vinyl naphthalene, cyclohexene, methyl cyclohexene, and mixtures
thereof.

16.  Process according to Claim 8, wherein the quantity of nickel or other
transition metal compound employed is selected such that there are between 10~ and
1 mole of nickel or other transition metal used per mole of organic compound to

undergo hydrocyanation or isomerization, and the quantity of compound of formula




16. Process according to Caim@8, wherein the quantity
of nickel or other transition netal conpound enpl oyed
is selected such that there are between 104 and

nol e of nickel or other transitéon nmetal used per nole
of organic conmpound to wundergd-hydrocyanati on or

i sonerization, and the quantity of conpound of fornula
25 (1) or formula (H) used is chosen such that the

ol GitorP SRS 1 1 EHeS FERORg eyl e TaRgal Piscompound

acoRfiltdigedt 9o P Bbt raV¥iedBinBial 89 41ygy.ocyanat i on
reaction is performed at tenperature of 10EC to

200EC. 18. Process of hydrocyanation to dinitriles of
ethg eni cal | unsgtura d nitriles reaction

b W, th.
hy o oger @S PERPTINNEEP S | WhETSHE e RERs TR oRgeaction is
prg%%?&e@@ntt%p %ﬁﬁ@e%‘f'l&EéXéb@dﬁcﬁccord' ng to Caiml
and a co-catalyst conprising at Teast one Lew s acid.
19. Process according to Caim18, wherein the
ethylenically unsaturated nitriles are selected from

t hel &r oulroeess oif Sydiegyasetien oy dinitiiles pf ¢thyignically apsagurated nitriles,
al i,phati.c nityril l.near n i ta .
perRanetSpri i hyBecn R wRERHAF et blabin g prgsence ofa

t hegaefiftic ABtenPicRoRERg ACCRIMEI1REd b@oWatilyst E8mpiikiag ai least one
the linear pentenenitriles contain quantities of

ot HedWig @fifounds sel ected fromthe group consisting of
2-nmethyl -3- butenenitrile, 2-nmethyl-2-butenenitrile,
2-pentenenitrile, valeronitrile, adiponitrile, 2-

met /| gbrébedsQBtdrtingo (Taift 18 whettse iheasthylenitAly Wisaturated nitriles
but adi ene. 21. Process according to C aim 18, wherein

t heare seleeted fiom beo-grauradopsistingofsthdenieally ynsatiwraiesbaléphatie nitriles,
f%@l?ﬁ%gggr\ygrgenﬁl ' erér?é}%ngen%gﬂ -%r%ﬁaﬁ%cr{tﬁ%eréf—%?ﬁ]t%l}elllcg‘él})%t{é}&? ’(t:hereo f.
Tabl e of the elenments. 22. Process according to Claim

18, wherein the Lews acid is selected from anong the
hal 3Qes, Progegsaceardingdp Sdanok, peredy fiedigaepentenenitriles contain

por e AR o B REs by A1 AR DRl o 2 et

butenenitrile, 2-methyl-2-butenenitrile, 2-pentenenitrile, valeronitrile, adiponitrile, 2-

methyl glutaronitrile, 2-ethyl succinonitrile, or butadiene.

21. Process according to Claim 18, wherein the Lewis acid co-catalyst is selected
from among the compounds of elements of Groups Ib, IIb, Illa, IIIb, IVa, IVb, Va,
Vb, VIb, VIIb and VIII of the Periodic Table of the elements.

22.  Process according to Claim 18, wherein the Lewis acid is selected from
among the halides, sulfates, halogenoalkyl sulfonates, perhalogenoalkyl sulfonates,

halogenoacetates, perhalogenoacetates, carboxylates, and phosphates.

23. Process according to Claim 18, wherein the Lewis acid is selected from

among zinc chloride, zinc bromide, zinc iodide, manganese chloride, manganese



23. Process according to Caim18, wherein the Lew s
acid is selected from anong zinc chloride, zinc

brom de, zinc iodide, nanganese chl oride, nanganese 26
brom de, cadm um chl oride, cadm um brom de, stannous
chl oride, stannous brom de, s#@nnous sul fat e,
stannous tartrate, indiumchloride, indium
trifluoromethylsulfonate, indiumtrifluoroacetate, the
chlorides or bronm des of the rare earth elenments

| arbreraifignsadeipm shlonies sedspiym Riamidee S@YPROUSRNIQ i lRBRRUS
eurQpi ling r i Vi S| . . .um

oL R LI ol WP YR BE Mo 54
chligflhelemetigdudfosaehindfung &ifh@nashcytate, thenahddridesiod 8romides of the
tri phenyl borane and titanjumisopropyl ate, and .

i xergreash eleareast lanthanuipy eEiass pPraseetya HgL neodyEpm, gnarium,
wherein the Lew s acid used repre 0,01 e .
poree o . T 255 BBAE Bl in DB, i Suerium

oun
whemailetihh, édMRaltRsRHeEfeabulyil608€ Ane yafhshechloride, triphenylborane
i sonerization is perforned of
2- reatlfijaniembsapsepsdaiet and eixtyesdersefi n t he reaction
medi um from the hydrocyanati on of butadiene, into
pentenenitriles, operating in the presence of a
catg yStprae&ehsididing P ClaMsl whéfin eAGNES a@18 ©8EdHePeEsents 0.01-
to Caim?25, wherein the 2-methyl-3-butenenitrile
suldfjlavtles peromplemfdrangition oretdl scompedndal one or in
adm xture with 2-nmethyl-2- butenenitrile,
4-pentenenitrile, 3-pentenenitrile, 2-pentenenitrile,
butadi engocesddiHRR I Lih itheCabsénd¥Rif Myliro@bn b pdn@dY, idoleBization is
2-ethyl succinonitrile, or valeronitrile. 27. Process
acqerivimed oH2-Giethyh P Butendenitvlenprehent i tegeictignimedium from the

re Cytdlroocr}]/arlla%ion %?53{1 ard{gea(ej, i%%o paen]ie%relgi?rril%g,%rp%ra ifng :}I’(l) %pzr(e)soe%gé ofa

catalyst according to Claim 1.

26. Process according to Claim 25, wherein the 2-methyl-3-butenenitrile
subjected to isomerization is used alone or in admixture with 2-methyl-2-
butenenitrile, 4-pentenenitrile, 3-pentenenitrile, 2-pentenenitrile, butadiene,

adiponitrile, 2-methyl glutaronitrile, 2-ethyl succinonitrile, or valeronitrile.

27.  Process according to Claim 25, wherein the isomerization reaction is

performed at a temperature of 10EC-200EC.



