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(54) Titre : PROCEDE D’'HYDROCYANATION DE COMPOSES ORGANIQUES A INSATURATION ETHYLENIQUE

: (57) Abstract: The invention concerns a method for hydrocyanation of ethylenically uisaturated organic compounds into com-
- pounds comprising at least a nitrile function. More particularly, it concerns a method for hydrocyanation of organic compounds
"I comprising at least a ethylenical bond by reacting hydrogen cyanide, in the presence of a catalytic system comprising a transition
Q0 metal and an organophosphorus ligand. The organophosphors ligand is a componnd with monophosphanorbornadiene structure.
The invention concerns in particular hydrocyanation of butadiene into adiponitrile.

(57) Abrégé : La présente invention concerne un procédé dhydrocyanation de composés organiques 3 insaturation éthylénique en
composés comprenant an moins une fonction nitrile. Elle concerne plus particuliérement un procédé d’hydrocyanation de compo-
sés organiques comprenant au moins une Haison éthylénique par réaction avec le cyanure d’hydrogine, en présence d'un systéme
(catalytique comprenant un métal de transition et un ligand organophosphoré. Le ligand organophosphoré est un compose & structure
monophosphanorbornadiene. Elle concerne notamment I’ hydrocyanation du butadizne en adlpomtnle
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~The invention concerns in particular hydrocyanation of butddiAemk2005%to -
adiponitrile. 12 April 2005 WO 02/30854 1 PCT/ FRO1/ 03047 HYDROCYANATI ON
METHOD FOR ETHYLENI CALLY UNSATURATED ORGANI C COVPOUNDS The present
invention relates to a process 5 for the hydrocyanation of organic

. conmpounds ¢ ethylenic‘unsaturation to conpq ri.sLng at
| east. one nﬁ§p6%75?unctlonal group.'ItITeIates nor e par &qu3€§HO t he

hydrocyanatlon of diolefins, such as butadiene, or 10 substltuted ol ef i ns,

such 25 &l keneRbkbRaRarholy SEAIBLe ETERAORENTEAOE) ofEgRGhabRbent Mo

-process for the prepara I on rocyani ¢ aci o or

‘a of nitriles by addition of ceggq @@SCBﬁﬁbBﬁ t Ieast 15 one ethylenic
doubl e bond in the presence of a nﬁcke cataP%st and a triaryl phosphlte

~ This reaction . carried out in the’' presence can be
| The present inuention relates to a process_

5 for the hydrocyanatlon of organlc compounds comprlslng
ethylenlc unsaturatlon to compounds comprlslng at least
one nltrlle functlonal group |

It relates more partlcularly to the
hYdrocyanatlon of dloleflns, such as butadlene, or'
10 substituted olefins,-such.asjalkenenitriles, for |
example-pentenenitriles; | . ‘. |
_ French Patent No. 1 599 761 discloses a.
process for the preparatlon of nltrlles by addltlon of
hydrocyanlc ac1d to organlc compounds hav1ng at least .
l5. one ethylenlc double bond in the presence of a nickel p
Acatalyst and a trlaryl phosphlte ThlS reactlon can bep
. carried out in the presence or absence of a solventc
When a_solvent is used,ln_thls ‘process of_the
prior}art; it isgpreferably a hydrocarbon{-suCh as -
“{”20' benzene or xylenes,_or a nltrlle, such as acetonltrlle
The catalyst employed is an organlc nlckel':
:'complex comprlslng llgands such as phosphlnes, arsrnes,:f'
st1b1nes,=phosph1tes, arsenltes or antlmonltes
| The presence of a promoter for actlvatlng thea
257 catalyst, such as a-boron compound or a metal-salt,
. generally aILewis‘aCid, is also recommendedlin thejsaid

fpatent.




or absence of a solvent. Wien a solvent is used in this prd@dysil 30 he
prior art, it is preferably a hydrocarbon, such as 20 benzene or xyl enes,
or anitrile, such as acetonitrile. The catal yst enployed is an organic
ni ckel conpl ex conprising |igands such as phosphines, arsines, stibines,
phosphites, arsenites or antinonites. The presence of a pronoter for
activating the . 25 catalyst, such as a boron conpound or a netal salt,
-generally a Lewis acid,” is al'so recormended in the sald pat ent. Patent

"FR- A-2 338 253 provingtggr +hen -4 §§n§§§3gé$@% : 4 Ir;]g%/%rocyanatlon of

conmpounds having at [east one et enlc u presence of

an aqueous §ﬁbyéhéﬁt9t1§nc8ﬁp@1¥é‘dh§9dr@c A ANsid Ton. o QAnad N parti cul ar
ni ckel, palladiumor iron, and of a sulphonated phosphi ne. . The sul phonat ed

phosphl,nes Hhschgsed ;.aas;hl@n@aé_ 188 £ i&ﬂé&lﬂﬂaéi%ﬁ rigrgfohosphi nes and
nore particularly sul phonated tr.iphenyl phosphines. 10 This process makes

- possi bl e coprestnpenteneni dqidé@ss oy separanpyured dhe catal ytic
“hydrocyanation, -in particul ar of butadi ene and sol ution by sinple
separati bn byalssitiqmgnamllpomammdnylar mami{esl,ag:a‘la]rachasaxqoasﬂ bl e
dlscharge of : : ,
1ron, and of a sulphonated phosphlne
_ The sulphonated phosphlnes dlsclosed in. thlS
' patent are sulphonated trlarylphosphlnes and more
"partlcularly sulphonated trlphenylphosphlnes |
10 ‘ . ThlS process makes p0531b1e correct
rhydrocyanatlon, in partlcular'of butadiene and
_apentenenitriles,rand easy.separation-ofdthe catalytic
. solutlon by 31mple separatlon by settllng and o
‘dconsequently prevents as far as p0551ble dlscharge oft,-;aﬁm~-
-15' effluents or waste comprlslng the metals actlng as o
_catalyst
- | However, research 1s belng carrled out to
_ flnd novel catalytlc systems whlch are more effectlve
:both as regards catalytlc act1v1ty and as- regards
::20:lstab111ty.
e R One of the'aims of the present:rnvention is“
fto prov1de a novel famlly of llgands whlch makes 1t
dp0351ble to obtaln, with tran31tlon metals,woatalytlc
- systems exhlbltlng an 1mproved act1v1ty w1th respect to
-25 the known systems. A

: To this end, the 1nventlon prov1des a- process

for the hydrocyanatlon of organlc compounds comprlslng




15 effluents or waste conpr catalyst. However, research i s20hg0@arri ed
out to. find novel catalytic systens which are nore effective both as
regards catalytic activity and as regards 20 stability. to provide a novel
famly of |igands which nmakes it possible to obtain, with transition
netals, catalytic’ systens'exhibiting'gn | nproved activity with respect to.
To this end,, the invention provides a; process 25 the known systens. for
‘t.he hydrocyanati on of organic conpounds conprising at |east one ethylenic
_bond by reagtipg, ¥ téhdyenogeihi CYHAS Ndhe RIELSENAE WAt al ytic
.system conprising a transition netal and anorganophosphorus i gand, ‘
characteri zggahdd hat the pre&p¥ittd o aowmﬁqcccwﬁ&ﬁondl ng to the
followi ng general formula (1): in which: (I) Rl R4, 'R5 and R6, which,

are |dentlC@bmpwléimngEﬁMﬁﬁgaﬂidﬁ m&talleﬂm,e@pkﬁgﬁmﬂdpﬂbsphdkus
llgand characterlzed in that the llgand is a phosphlne

'5‘-correspond1ng to the following general formula (I):

O

' in which:
E repreeeets‘ororis;i
' iﬁ' ”i .n reﬁiesents 0 oi 1:
A '_ﬁlﬂ'R4,_R5.and Rg, which are idenficel,Or_.
rdifferent{ represent a hydrogen atom, an:optionaily ,
.sﬁEStituted;fsaturated'or unseturated, aliphafie
.hydtocarﬁonaCebusvradicel'comprieing‘l to 4Q‘ea£bon'
 -15f atoms,—the_hydrocefbonaceous chain,offwhieh is
rnoptiOnally interrupted by e'heteroaﬁom;ﬂan'0ptioheily7
substltuted monocycllc or polycycllc, eetﬁiafed'
runsaturated or aromatlc, carbocycllc or . heterocycllc
rad;cal; or_a_saturated or unsaturated, ellphatlc':
i20 'ﬁydfecafbeﬁeceeue‘radical,_the hydrocarbenaéegﬁs-eﬁain
Q'of ﬁhieh'is3optienally intefrupted by-e heteroatom'end.’
.carrles a carbocycllc or heterocycllc radlcal as ':‘* |
‘defined above, the said radlcal optlonally belng

‘_substhuted




different, represent .a hydrogen atom an optionally hydrocad2rpnheeass
~radical conprising 1 to 40 carbon substituted;, saturated or unsaturated,
al i phatic 15 atonms, the hydrocarbonaceous chai.n of which is optionally
“interrupted by a heteroatom an optionally substituted, nonocyclic or

pol ycyclic, saturated, wunsaturated or,aromatic, carbocycllc or

het erocycli c .20 hydrocar bonaceous radléal t he hydrocarbonaceous chain
radical; or a. saturated or unsaturated, allphatlc of mhlch is optionally

lnterrupted by a heteroatg %?rrl 2 arboc cI| or %§r8§§C|IC radi cal
“as. defined. above, t¥e Saitd QdiCars %?F%ha ?96 BFRg“a April 2005 4.
or else R4 paat t e whi ch carry them
-an optiona subj?rg%t sgg%réﬁ {béﬂi unsg{ :ﬂ?edﬂﬂgarbocyclic

~monocycl e p é@é&rﬂﬁL ci‘avéé\gf{%tfgﬂ B Qs HADOL AL Uy dR, LepL esent s a

‘hydr.ogen at om or R3 represents the X radical or the Y =

radical; gl dindessdeadh h?évﬁﬂf 18R Cmec@mrt?aﬁtoﬁ her dwds and R3.

substltuents represents the X radical’
5 Rz represents a hydrogen atom or the- X

,.radioal; 7 |
Rﬁ represents'the X‘raoical or the‘Y radical;
it belng understood that one and one alone of
:the Rz and R3 substltuents represents the X radlcal
'10 ' : X belng chosen from a monocycllc or blcycllc,_
1laromatic carbocyclic or heterocycllc radlcal havrhg
'from 2 to 20 carbon atoms, a 1- alkenyl radlcal
'optlonally exhlbltlng one or more addltlonal
“unsaturatlons 1n the hydrocarbonaceous chain and hav1ng-wﬁkea
:15 from 2 to 12 carbon atoms; a 1 alkynyl radlcal ‘
Aoptlonally exhlbltlng one or more addltlonal
'junsaturatlonstln the~hydrocarbonaceous charn and having
~from 2 to 12 carboh atome; or a-%¢N,. | |
 7{(Cr4h2)alkyl}carbonyl [(C3~C1g)erfijcarbonyl;o
e5267 [Kh—Cm)alkoxy]carbonyl '[(Ceecﬁﬁeryioijcarbonyl,
- carbamoyl {(Cl Cn)alkyl]carbamoyl or

_[d1(01 Cu)alkyl]carbamoyl radlcal and

Y taklng any one of the meanlngs of Rl,
R7 has the meanlng of Ri, Ra, R5 and R¢ or.
25" represents a hydrocarbonaceous radlcal comprlslng a
| carbonyl functlonal_group or a radlcal'of_follow1ng '

formulae:




10 X being chosen froma nmonocyclic or bicyclic, aromatic gashpopgsic or
“heterocyclic radical having from2 to 20 carbon atons; a 1-al kenyl radical
optionally exhibiting one or nore additional unsaturations in.the
hydr ocar bonaceous 15 from 2 to ‘12 carbon atons; a 1-al kynyl optionally
~exhibiting one or nore additional unsaturations in thehydrocarbonaceous
- chain and having from2 to 12 carbon atons; or a -CN,
“[(C1-C12)al kyl-]carbonyl, [(C3-.Cl19)aryl]carbonyl, 20 '
[ (C1-C12) al koxy] car bonyl, [(C6-Cl@)aryl oxy]carbonyl, carbanoyl,
[ (C1-C12) al kyl ] carbamoyl or  [di ((C1=ClZyarkyl ] car banoyl radical; and Y
t aki ng any one of the neanings o Sﬁgip R7 ‘has the meaning of Rl, R4, R5 and
R6 or 25' represents a hydrocarb acepus radi cal conprising a carbonyl
~functional group or a radical of foll ov@_ng;;{aor mul ae: 12 April 2005 5 A j
-R8 OP ORBoOr --t G-Ar1. 0P B

or - 7
o fA /O—-—Ar,
O0—P ]
- O—Ar,
in which;
5 - A;representsja hydrogeﬁ atom; (Cl—Cunalkyl;

orr(Cﬁ—Cm)arylror (Ce-Ci0) aryl (C1-Cyo)alkyl iﬁ_wh;ch-the
:arYl-part is.éptionally.substituted-by one or moré' -
radicais cﬁoéen'from'(Ci—CG)alkyl,'(Q£—C5)alkdx§;
‘ triflﬁdrémethji;,halogen,‘di(cl—¢g)éikylamino;i
_ AIO (61~C5)alkoﬁycarbonyl, cafbamoyi;,(Ci—Cs)élkyléﬁiﬁo— -
ﬁarbonyl and'di(Cy{k)éikyléminocarbényl;' h
| —Arl;‘A;g represent: |

e either the divalent radical of formula:

: ih-which'each of the'phehyl'nuclei_is optionally
".'Vsﬁbstitutéd by one or more Z groups as defined below;f

e or the divaleﬁtiradicai of formula: .




O Ar2. in which, Arepresents a hydrogen atom (Cl-d o)al kyl12 Apsil 2663%5- C10) -
aryl or (C6-Cl0) aryl (G -Cl10) alkyl in which the aryl part is optionally
substituted by one or nore' radicals chosen from (Cl-C6)al kyl,
(C1-CE) al koxy, 10 trifluoronethyl, hal ogen, di(Cl-Cg)alkylani no;

(Cl- Co6) al koxycar bonyl, carbanoyl ;. {Cl-C6)al kyl'am no car bonyl and

di (Cl1- C6) al kyl am nocar bonyl ; -ArI Are represent: ei ther the dival ent
radi cal. of formula: in which eackr . phenyl nuclei is optionally.
substituted by one or.nore Z gr fined below, or the divalent
~radical of fornmula: 12 Apri whi ch each of the phenyl nuclei is
optionally substituted.by one or Z groups as defined below, Z
represents (Cl=C6)al kyl, (Cl-C6 . [ rifluoronmethyl, halogen, (Cl-C(,
) al koxycar bonyl di (' Cl1-C6) al ky -C.6)al kyl am nocarbonyl or. -di
(C1 C6) al kyl am nocar bonyl ; #ich are, identical or different,

in whichleach ef‘the phenyl nuclei is optionally
_Substituted.by one or more‘Z'groups'as defined'below;
Z represents {C1 Cg)alkyl (Cl—Cg)a;kexy,
trlfluoromethyl halogenr (C;jcg}alkoxfcarbqay1f;
-d;(clfca)alkylam1n05 (CI—CE)elkylamidocarboe§l 05'

':dikC1~CG)alkylaminocarbonyl;

Rg and'Rg} which are identical or dlfferent

represent a substltuted or unsdbstltuted aryl radlcal.

In an aspect cf the present invention, there is provided

process for the hydrocyanation of organic compounds comprising at'®

least one ethylenic bond by reaction with hydrogen cyanide in the
"presence of a catalytic system comprising a transition metal and
an organophosphorus ligand, characterised in that the ligand is a

phoshine corresponding te the following general formula (I):

- ‘a eetqtéted or unsafufatedﬁaiipﬁetic*
| hydrocarboneceous radical'ﬁa?ihglfromﬁl‘fo
12 eafbon-atome,‘ﬁhe hyqrocarboﬁaceoqe'
" chain ‘of which is obtionally;iﬁteriupted by -

" a heteroatom chosen -from O, Niaﬁd Si

in which: .

"E represents 0O or S:



represent a substituted or unsubstituted aryl radical. |In ame mspeocts of the
present invention, théere is provided process for the hydrocyanati on of

or gani ¢ conpounds conprising at - | east one ethylenic bond by reaction with
hydrogen cyanide in the presence of a catalytic systemconprising a
transition netal and an organophosph T us | i gand, characterised in that the
ligand is a phoshine corresponding t “the foll owing general fornula. (1):
a saturated or. unsaturated. allphatlc hydr ocar bonaceous radi cal havi ng
from | to 12 cdl HoPreiTHss ¢ H%fhydrocarbonaceous chain of which is

optional ly interr Bpt d bg <£ﬁif on1chosen fromQO, Nand S; 12 Apri
2005 6a n represedfs s 130 Ih #T@ peenwficel & i dentical or

differ Dlee rg&resent a hydrogen aton1 or aradical T chosen froma

“sat ur afseT e s AERF SN, AaPYPReNC 2R9ET cvarh ondE ealiST radiseal £r6RNPT i Sing 1
to 40 savicrtedt opsundd@ryds ocaripapraggous chain of which is unsaturated or
aromatic, carbocyclic or heterocyclic. optionally interrupted by a

het er oaiyerfocaTBRRGYIdE QaRle Chighos 312480 0o A, OF @ saturated
or unsaturated, aliphatic _
atoms, the hydrocarbonaceous chaln of whlch is . '
optlonally 1nterrupted by a. heteroatom‘
monocycllc or polycycllc, saturated
_ unsaturated or aromatic, carbocycllc or heterocycllc
-radlcal or a saturated or unsaturated, allphatlc -
:hydrocarbonaceous radlcal the" hydrocarbonaceous chaln

of whlch is optlonally 1nterrupted by a heteroatom and'k

1carr1es a carbocycllc or heterocycllc radical as




hydr ocar bonaceous radical, the hydrocarbonaceous chain of wiadi bsos
optionally interrupted by a heteroatomand .carries a carbocyclic or
heterocyclic radical -as 12 April 2005 6b defined above, or else R4 and R5
form together with the carbon atonsgyhich carry them saturated or

unsat urated, carbocyclic nonocycle preferably having fromS to 7 carbon
atans; R2 represents a hydrogen aton1or the X radical; 10 R3 .represents
-the -X.radical.-or the Y radical; it being understood that one and one
al one of the R2 and R3 substituents represents the X radical; X being
chosend¢foned abAveyclic or bicyclic, aromatic carbocyclic or heterocyclic
radi cal having from2 to 20-carbon atons; a 1-al kenyl radical 15
optionally exhibiting one or nore addltlonal unsaturations in the

hydr ocar bonaceous chiln and having- from2 to 12. carbon atons; a 1- al kynyl
radical optionaPFyeERfi Bt 13y Rnf D moFe@IaBBPL] wAdh tdesaturations in the

hydr ocar onaceous_c and - havkﬂg 20 from2 to 12 carbon atons; or a -CN,
ry I, : i - ‘

[(01 cfiaz‘ja Byffoms i1 ch °0ar

Saturateo or unsaturated, carbocyclic
monocycle preferablythaving from S to 7 carbon atoms;
R, represents a hjdrogen atom or the X
fadical; | -
Eh;repteseoteotﬁeix redioal?Or the Yiradioai}
10 -ZA : it being undetstood that one and one alone of
the R, and Rj substituehts represents the X radical;
X belng chosen»from a monocycllc or blcycllc,
:aromatlc Carbocycllc or heterocycllc radlcal hav1ng
~ from 2 to 20 carbon atoms, a 1 alkenyl radlcal L f:JT;;;@'“*
i5 .optlonally exhlbltlng one or more addltlonal
unsaturatlons in the hydrocarbonaceous chain and haV1ng
from 2 to 12 carbon atoms, a 1- alkynyl radlcal
'optlonally exhlbltlng one or more addltlonal
unsaturatlons in the hydrocarbonaceous chaln and haVlng
.20 - from 2 to 12 carbon atoms, or a -CN, [(Cl—-Clzlalkyl]— T
) carbonyl [ﬁ§~CmJaryl]carbonyl {ﬂhmcn)alkoxy]— B

"carbony‘l [(Cg—cm)aryloxy] carbonyl, carbamoyl ‘_ -

—

_[ﬂhfgn)alkyl}carbamoyl or [dl(Cl Cu)alkyl]carbamoyl
‘ rad1ca1~ and -
25 y . Y taklng any one of the meanlngs of Rl, w1th

'the exceptlon of a. hydrogen atom,




‘car bonyl, [ (CS C18) aryl] carbonyl, [ (Cl-_Cl12) al koxy] 126Ga5iPod04
[(CGC18) aryl oxy] car bonyl, carbanoyl, j-(Cl-cl12) alkyl] carbanoyl or [di
(C1; C12) alkyl? car bam)yl radi cal ; and 25 Y taki ng. any one of the :
meanings of R ., with the exception of a-hydrogen atom 12 April 2005 RY
has_the meaning of Rl, R4, R5 and R&cor represents a hydrocarbonaceous,
radi cal conprising a carbonyl functional group 'or a radical of follow ng
formulae: 7/ -Re OPOR, or jr, OPO-A2 in which, 10 or (C6-C o)aryl
or (C6-Clo)aryl (Cl-do)alkyl in which the aryl part is optionally
substituted by ong wis o€ madheaks oichgsem,fram 464- )& kyl .,

(C1-Co6) al koxy, trifluoronethyl, halogen, d.i(Cl-C6)alkylam no,
( Cl- Co)yepp koxyoas banyydroapbdabylceous radical comprising a

:cai:bodyl" functional group or a radical of following

formulae:
: A
f ' O0—R,
O—P
-\
s . O0—R,
. vor_ -
A
‘ O—Ar,
o]
N\
O—Ar

in which,___r_
A re'pro'sents a ﬁyd;:ooren étom‘; i“(Cl;Cm)al.kyl- | .
iO' ‘or’ (Ce—-Cio) aryl or (Cs‘“clg) aryl (Cl Cio)alkyl in which the-
-aryl part is optlonally substltuted by one or more
radlcals chosen from (C1 Cg)alkyl (Cl_-_CG_) alkoxy_,
.A_trlflu'oro_mef:_ﬁyl, halogen, di(C14C§)a1kylmoino,' :
{leCG}a-.'_'l-_}':oxycarrbonyl, ca'rbamofl,' |
15_"- :(Cy—C;f,)al‘kyla.minocar_k.)onyhl. and
‘ di (Cl—é&) aiicylaminoca_}:bony;l%
—~Ary: Afz— r.ei.)roser{t :

. _eii;héf the_diva_ieni: radical of formola:




15- (Cl1- C6) al kyl am nocar bonyl and di (Cl-CG) al kyl am nocar borpyApril 26¢5L; Ar 2- -
represent: either the divalent radical of forrmula: 12 April 2005 6d in

whi cth each of the phenyl nuclei is optionally substituted by one or nore Z
groups as defined below, or the dlvalgnt radi cal of formula: in- which
each of the phenyl nuclei is optlonaIPy substituted. by one or nore Z
groups as defined below, Z represents (Cl-C6)al kyl, (Cil-C6)alkoxy,
trifluoronethyl, hal ogen, (Cl-C6)alkoxycarbonyl, 'di.(Cl-CB)aIkyIanino,

(C. 1-C6) al kyl am.nocar bonyl or di (Cl-C6)al kyl am nocar bonyl; R8 and R9,

whi ch arewhdent eealh @t difd epleshylr epeesent sappariyhanadi cal . di scl osed in
French Patent Applications Nos. 2 785 610 and 2 785 611 Exanples of a

pr ocessubstitheedmbyufact ure méréhésgroappoand@e&uaeﬂfnehmwsclosed in Among
t he conpounds descri bed, the conmpounds corresponding to the formula (J) in
which:. R ,-'.R2s R4, tRS aidraRBnthdepthdeht 6§ fepmatent a hydrogen atomor
else a T radlcal chosen from Aprid, 2005 6e

1n whlch each of the phenyl nuclet is optlonally
lsubstltuted by one or more Z groups as- deflned below,'
.: . B Z represents (C3-Cglalkyl, (Cr{k)alkoxy,
trifluoromethyl, halogen, [Cy%k)élkcxycarbogyl,
cilc;—CG)alkylamino, ((h—Cs)alkylaﬁinocarbonyl~o;
T '-di(Cf{kjalkyleﬁinccarbonyl} -
'_t'Rs and Ry, which are ideﬁticai-q: different,c
_ represent an aryl radical. | |

. ' ThlS famliy oflphosphlne coméounds is
.'dlsclosed in- French Patent Appllcatlons Nos. 2 785 610
'“1 :and 2 785 611- Examples of a process for the |
manufacture of these compounds are also dlsclosed 1n
f_J;_the abovementloned documents.' |
' Among ‘the compounds descrlbed the ccmpounds'
-.correspondlng to the formula (I) 'in Wthh‘ T

Bl, R, R4, Rs and Rs-lndependently rep:esent a hydrogen

‘atom or-else a T radical chosenjfrom;'




a saturated or unsaturated aliphatic hydrocarbonaceous radiaGgl bgyd ng from
1 to 12 carbon-atons, the hydrocarbonaceous chain of which is optionally
interrupted by a heteroatom chosen fromO, N and S; saturated. or which
conprises | or 2 wunsaturations in the ring, having from3 to 10 15 20 8
carbon atons; a saturated or unsaturated bicyclic carbocyclic radical
conposed of 2 single ring optionally gorrpri sing .1 to 2 unsaturations and
exhibiting: from3 to 8 carbocyclic r&dical; carbon atons; a nono- or

bi cyclic .(C6-Cl0) aronmtic 6-nenbered nonocyclic heterocyclic radical. a
saturated, unsat Ut at2bUb?t&F ottt PRSI vrE teshprliigthrfic t o 3 het er oat ons
chosen -independently from N, 0 and S; .a saturated, unsaturated or aromatic
bi cyclic het eroc?@ﬁi%o?% LAPCRBPoERicE Lty ¥ 6-Tfbler'ed singl e rings
conAd.ensed: to onel@nggﬁ%n_'ge&psyQg!aehgfldn Soprising .

" chain of which is optionally ihterrupted by -

arheteroatom,Qhosen-from.O;AN‘add S;




1 to 3 heteroatons chosen independently fromO,.N and S; amdagilgepsirated
or unsaturated aliphatic. hydrocarbonaceous radical having from1l to 25 12
carbon atons, the hydrocarbonaceous chain of which carries a carbocyclic.
or 8 heterocyclic nmonocyclic radical as defined above; the said T radical
.optionally being substituted,. [Iacuna%. Preferably.,. X is chosen froma
(C2- 6) al kenyl isothiazolyl, isoxazolyl, benzofuryl, benzothienyl,

t hi.azol.yl, -oxazol yi, pyridyl pyrazinyl pyridazinyl group, :
- (.C2- C6) ai kynyl group, phe napht h t hi en fur rrol

i mdazolyl, pyrazolyl, m¥H88V9E g%FﬁBSV?ilglﬁﬁBFFﬁithggth%zolyI

purinyl,  quinolyl, i Lyl b b hiazgl yl and: o

P%[%N(Rﬁi“zgo-éa-héfogﬁ%no 0L R SR CPARGRE SRE o OF oy dsents 4. . bond
C1- C6) al kyl

glr((Cl 06) ;?ky?/arennﬁo(m k}ﬁ?hf‘g ?{f"oﬁ%g% ﬁ?&%i‘x%%g EFRRN2E° - Ra- N,

pteridinyl. Anong the baggggontggoﬁﬁnpounds conprising a T-radical
.optionally substltuted by. - (CL- Co) al

-5 : .oa saturated or unsaturated blcycllc
carbocyclic radlcal composed of 2 51ngle'
ringa-gdndénsed to onedanothér, each sing;é 

.rring optionally cOmptisingll‘to'Z
unsaturatlons and exhlbltlng from 3 to 8

10 - o carbon atoms, |

a mond— or blcyclié ICG—CuD ardmatic”
_carbocyéiic radical; | |

n.a'satutated,‘unaaturated:or atomatiCS— to
6-membered mohodyqlic”heterbdyclid iadical;g‘;whff

15',d. i , 'cdmprising 1 to 3 héteroatdﬁs cnbéén -

independently_fromrN;'O and S;

. a saturatedl“unaaturated or aromatic
.biCYClic heterocyclic radicalﬁcomnoaad of

.dtwo Sf;tn.Gfmembered'éingié-ringé'condenééd

'EZO' n' | -td'one another, each single rlng comprlslng

21 to 3 heteroatoms chosen 1ndependently '

'from-O,.N and S; and
©. 'a saturated . or unsaturated aliphatic
, hydrbcarbonacequs radical having from 1 to

‘25'- ' o 12 carbon atdms, the hydrocarbonaceous :

chaln of Wthh carrles a carbocycllc or




_15 (C2- C6) al kenyl (Cl C6) al koxy or (C2 C6) acyl; a radical 120prilents cal or
different, represent a hydrogen. (Cl-Cs6). al kyl, and hal represents hal ogen);
~.or alternatively the radical: atomor 25 where Rd is chosen from -
(C1-C6). al kyl, (C2-Co6)alkenyl, (Ci1-C6) al koxy, (C2-C6) acyl, -Ra-COORb,
"R -NQ2, . -RaCN 12 April 2005 g. di(Cl-Co)al kyl am no, :
di(Cl-CB)aIkyIan1no(C1 Co6) al kyl -, -Fa-%I}hKFb)Z, -Ra- hal, -Ra-CF3 and .
-O-CF3 (in which Ra, Rb and'hal are as defined above); n1répresents an

i nt eger. between 0 and. 5; ?[ resents a_bond, (Cl- CG a en -0 -CO,
-COO-, -NRb - CO NRb- @e ef@@k’c gF RRBSEO 1 Rp2 BEF iy ‘i’:‘:e’%/} "above,
Mention may be made, greferred conpounds of the 10 |nvent|on of ‘the
conpounds of follomnng Ml ae (Il') .are particularly preferred. Transition

~metal . conpoynds, lff’ P%féacf'c%éﬁfor?aolﬂ} Hlng Rl cuednd tron: Co”pounds

are transitron ne
[lacuna}

 5 L ' Preferably, X is chosen from.a (Cz—Cs)alkenyl
_groﬁp,-a (Cz—Cs)alkynyl group, phenyl, naphthyl i
'fthienyl furyl,. pyrrolyl 1m1dazolyl pyrazolyl
| thlazolyl, oxazolyl pyrldyl pyra21nyl pyr1daz1nyl
‘_1soth1azolyl 1soxazolyl benzofuryl benzothlenyl
‘-10 indoiyl,_i501ndolyl 1ndollzlnyl indazolyl, purlnyl,-
,QUinolyl .isoquinolyl, benzoxazolyi, bén;othiazolyl‘and't
.pterldlnyl : ‘ | |
Among the . latter, the compounds comprlslng a
T radlcal optlonally substltuted by (C1Ck)alkyl ‘ ;;i;;;“~"
15 (Cz—gsyalkenyl, (Cl—Cﬁ)alkoxy_or (Cz—Cs)aoyl; a radlcai,_ B
‘cho-sen' from: —Q'Ra—cooin, -Ra'—NlOZ,‘—R'a'—CN~ L
dl(Cl-Cs)alkylamlno, dl(Cl Cs)alkylamlno(cl Cs)alkyl _
A“RafCO N(R.b).,-_-—Ra hal, -R.CF3; and -0- CE@ (1n whlch Ra'f
rep:éséﬁtSfa;bohd ot.(cl—C§)a}kylene, Rb, whlch-are :
20 identicaljor differoﬁt, répreéeot aofdtogen atom or
.:(Cl Cs)alkyl, ‘and hal reoresénts'halogen);;j .

or alternatlvely the radlcal.

N _@(Rd)m
—Rc o

25 where Rq is chosen from (Ci=Ce)alkyl, (C-Ce)alkenyl,

Y

(C1~Ce) alkoxy, (Cz-Ce)acyl, ~R,~COORy, -Ra-NOz,. “Ro~CN,




The - conpounds mhrch are the nost preferred anong t he abovqaaqiﬁgmﬁﬁ
conpounds are nickel conpounds. Mention may be nmade, as nonlimting
exanpl es, ~of: - conpounds in which the nickel is in the zero oxidation
state, such as potassiumtetracyanonickel ate KA[Ni (CN)y],

bi s(acrylonitrile)nickel (0), bis(1,5 10 cycl ooct adi ene) ni ckel and the
derivatives conprising |igands from G8up Va, such as _ :

t etraki.s(triphenyl phosphi ne)ni ckel (0) - nickel: conmpounds, such as the
carboxylates (in gartrcular t he acetate) ‘carbonate, bicarbonate, 15

borat e, br ofidE:~eHIEdHYdemigry r fid C1rhi Golfanams.ncifanta2 Lk bk mat e,

hydr oxi de, hite, osphite, phosphate and deriyatives,. iodide,
nitrate, suré' ?@?g?, Pphr?éqmgﬁylgﬁrﬁﬁén% LIl 3l Jﬁﬁbﬁ%tes When
t he ni ckel Ponggqg psed correspond to 29 an oxidation state of the ni ckel
of great-er Ran” rreduci ng agent- He nickel is added to the

reaction nedium “h'ﬁhréﬁgggéﬂgsaQﬁ”iqﬁéiéf“@%ﬁ&éé§a§t§n gh the- nrcke

under the conditions of e reaction uci ng agen Can be organic

o Fape R R S
: —CO— -CO0-, -NRp-, —-CO-NRp~, -S5-, -50;- or ~NRp—CO~, Ry -
"belng as deflned above,
are’ partlcularly preferred
Mention may be made, as preferred‘compounds of the
iOlllnventlon, of the compounds_of follow1ng formulae.(Ii)
" or_(III): | |

Formula (IT):

15

- Formula (IITY:

“CHO
Transition metal‘compdunds,qure'particularlyr
20 Anickel, palladium and iron_compounds;rafe used. as

_trénsition metal.




12 April 2005 11 5 10 Wien the nickel conpound used corresplsiiboos the 0 .
oxi dation state of nickel, a reducing agent of the type of those nentioned
above can al so be added but this addition is not essential.. Wen an iron
conpound is used, the sanme reducing agents are suitable. In the case of
-pal |l adium the reducing agents can be, in addition, conponents of the
reaction nedi.um (phosphi ne, solventrﬂiblefin). The organi ¢ conpounds
conprising at |east- one ethylenic double bond nore particularly enpl oyed

~in the aliphatic nitriles conprisiqg}ethylenic'unsaturation, ... present
‘process. are di ol ef i nsIPSUCHREIHR 28t rte, 21§ oy diest psetriErf ene or

1, 5-cycl ooct adi e .15 particularly linear pentenenitrjles, such as

3- pent eneni ?W‘?W%%e ﬁjlf)oe‘g?né%i?ﬁcfl}‘?c% e:° ngﬂ%,ms%# as styrene,
nethylstyrqpe \ﬂﬁggnaphthalene, cycl ohexene or net hylcycl ohexene,” and the
e ompo _ Nt . .

m xtures of .- -Several of these conmpounds 20 The-pentenenitriles in -

Do S0, SOTRNSE SIPAN o GSIE] |3 T A Sl
"5 of: - ' ' . : '
- cOmpounds iﬁ-which the nickel is in tﬁe
. Zero oxidation stété, shch as potassium .
fétracyanoniékglate'Kq[Ni(CN);], -
' bis(acrylonitrilé)nickel{O), bis(l,ﬁ;
E 10 cyclooctadiene)nidkél and-tﬁe derivativés comprising ,;'
. ligands from Grou§ Va, such as - N
tetrakis(triphenylphosphine)niékel(O},‘
| | —_niékel;caﬁpOunds,isudh as-the.céxbogylates
fin‘partiCular thé-acét;te)h caﬁbohéte,'bibérbonéte, H.Z;P53~
15 borate, bromide, chloridé{ citrate, thiocyahéte,' |
cyanide, formate, hydroXideL.hydrophdéphite,phqsphife,
phospﬁate aﬁd dérivatives;,iodidg, nitrate,.éulphafe,”
sulphite}_aryléulphonaﬁés,and‘allesulphohgteSlg L
_',When_fﬁé ﬁiCkel démpouna usedrédfréspaﬁds to
20 an okidati?n staferdflthe,niékei-of greéterrthaﬁ 0, a :
A.reduéing'égent'fqr_the hiqkel is-éddgdﬂto thé feﬁéfioﬁ
medium, which reducing agent préferabiy_reabtg‘wifhAthe
niékel undér the'conditions_bf'thé reaétioﬂT'This
reducing agent can“be'orééﬁic br inorganicf'Ménﬁioh may
25'.be:made; as noﬁlimiting exéﬁplesg of NaBHQ,'Zn,powder,:r

magnésium,-KBH4 and borohydrides.




2-butenenitrile, 2-pentenenitrile, valeronitrile, adiponitri2Aprii2005
2-methylglutaronitrile, 25 2-ethylsuccinonitrile or butadiene, originating,
for exanple, fromthe prior reaction for the hydrocyanation of butadiene to
unsaturated nitriles. 12 Apri.l 2005 12 This is because, during the
‘hydrocyanati on of butadi ene,. not |n5|%o|f|cant anounts of 2-nethyl -
3-butenenitril'e and 2-methyl - 2-butenerdiltrile are formed with the |inear
pentenenitriles. 5 The catal ytic systemused for the hydrocyanation
accordi'ng to the process of the invention can be prepared before its

i ntroduction into H@%J&tﬁ dﬁ‘?“@j‘l SIPTHBP extfs € By eaRAdSoFY o -t he

phosphi ne of f qr mul ,_al.one or_dissolved in-'a, 10 sol vent, of

the appr opri &ﬁéaﬂ %Wléﬁﬁﬁﬁtqq %Fﬂon %%%ﬁ%ﬁﬂﬁléﬁh optlonally
-0 redUC|n al so _passi bl e to.p cat system"in
ik 31 FaBRa 1 10195t TR DM e a3 Birs AR et

-conpound t e a I I nedlun1 ) 15 before or after the
addi tion o%hﬁ%eag%ﬁpg%%Hq%; lehéﬁ%%%ﬁgﬁated The amount of conpound of
n'CkeL s Of When an iron compound is used, the same

“ reduc1ng agents are sultable
In the case of palladium,‘the reducing agents
oaﬁ be,.ln eddltion, coﬁpooents of the reaction mediuﬁ
(phosphlne, solvent olefin) v | |
flOr o The organlc compounds comprising at least cne
ethylenlc double bond more particularly employed in the"
present process are diolefins;rsuch as butadieoe, |
isoorene, i,S—hexadiene'or 1,55cYclooctadiene{ |
aliphatic nitriles oomptisingiethylenlo uﬁsstoratioh,;m?weat”~'“
U:l5l partlcularly llnear pentenenltrlles, such’rasj
| 3—pentenen1trlle or 4—pentenen1trlle, monooleflns, such
_es styrene, methylstyrene, v1nylnaphthalene, 7
i o cyolohexene-or methylcyclohexene, and the mixtures of_j
| ;sevéral of'these‘oomoouhds:' |
200 . | Tﬁe»pentenehittiles-in §articolar_can'
comprlse-amounts, generelly miﬁorzambunts,lof Othet'
:_compounds, such as 2~methyl 3- butenenltrlle,Jgjmethfl;
'. 24buteneo1tr11e,_2—pentenen;trlle/tvaleronltrlle,
'edipooitrile; Z;methylglﬁtatohltrile}
'25{'ZeethylSuooinooitrile-of'butediene,.originating, fOr
| fexample, from the prlor reactlon for the hydrocyanatlon .

-of butadlene to unsaturated nltrlles




-anot her transition netal used is chosen in order to obtain 12 Awiheedsration,
as nole-of transition netal per 20 nole of organic conpounds to be
hydrocyanated or isonerized, of, between. 10-9 and 1 and preferably

between 0.005 and 0.5 nol of nickel or of the other transition netal

.enpl oyed. The anount of phosphine of faornmula (1) used 25 is chosen so that -
t he nunber of noles of this conmpound ﬁﬁ{h respect to 1 nol of transition
metal is from0.5 12 April 2005 13 Although the reaction is generally

carried out wthout solvent ..t can, be advant us to d an _inert
“organic sol vent NEntlﬁ%lnS rrJaSy e rle‘?‘(%n‘%?%%%é? %‘EP@’IH 401Nt s, of
-aromati c, arF‘T Orné:é’clrf’% ﬁ@%&@yﬂ 99@(%3 /dr ocyanat i on

reaction |s gener y carrie at .a tenpera ure of to 200C and

‘preferably 0f, 306,40 420G Ay jiﬁ-me%lm%ﬁnf%i@vﬂg | Q- Gan be

carried out continuously or batchw se.
- with the linear pentenenitriles.

-5 | The catalytic system used for the
hydrocyanation accordihg’to,the process of the
jinveﬁt_ioo can be prepared'before itsrintroduction into
the reaction regiop, for example byladdition to the
phosphiﬁe‘of formula (i)} alone-o; dissolved in a

10 ~ solvent, of the_approériate amount of“chosen transition‘
'metal compound ahd optioﬁally of reducing agent. Ittis

also p0351b1e to prepare the catalytlc system “1n situ”

by 31mple addltlon of the phosphlne and the tran51tlon

'metal_compoqnd to the hydrocyapatlon reaction medlum,“,“sng*”:
“15 _befote‘or after the addition of ‘the compoond;to be': |
j hydrocyenated; | -
| The amount of compound of nickel or of |
‘another transition metalrused is chosen in-order.to:.
'ooteip a concentration; as ﬁoie:ofrttansitionjmetal per
'201‘mole of orgahic.compoundsAto beihyd:ocyeﬁetéd or
'iSOmerized, of_between,ldﬁ-and 1 and preferably betﬁeen
20.0Q5 and 0.5 mol of nickel or of theﬁother t;ensitioq
ﬁetalremployedf". | -
| ' The amount of phOsohinetof'formUla‘(I)'ﬁsed
t-25. is chosen 80 that'the numbet of moles of this oompound
l'w1th respect to 1 mol of tran31tlon metal is from 0 5

to 500 and preferably from 2 to 100




The hydrogen cyani de enpl oyed can be prepared cyanohydri ns,12 &pii 2088
acetone cyanohydrin. fromnetal cyanides, in particular sodiumcyanide, or
The hydrogen cyanide is introduced into the reactor in the gaseous form or
inthe liquid form It can also be dissolved beforehand in an organic
solvent. In the context of a batchw s L]4)'rrpl ementation, it is in practice -
possible to charge to a reactor, .20 SL rged beforehand using an inert gas
(such as nitrogen or -argon), either a solution conprising all or a portion
. of -the various const i]&i‘@ﬂ‘éé h stLhceh A tthleOn phosphi ne lb.I1ty2e- transjtion netal’

“conpound, the possibl'e “reduci hg agent "and th epno%rsali SOIVERt, or the

sai d 25 congfd tLEent S t I ' LSt rought to
t he chosen ct%étnper at%ieﬁﬁgﬂvﬁégﬁt% ﬁgﬁg{)aﬁlpyuendat%%%ai%og{sog?aﬁgﬁ]e&% s
~introduced. ; Jher hysso9en Ly@pide ti- 14 is then itself introduced,
preferably continuously .and wunvaryingly. Wen the reaction (the progress
of which can be nonideigibbndh®axeE, NG Ofe MANEAWE ST es) is 5.
conplete; the reaction mxture is withdrawn after cooling and the reaction
product s5 aselvaniat asf dmmatedgnpildphtidi sid [dwiliceniphatic - :

- hydrocarbons.
‘The hydrocyéﬁaticn ieacéion is geﬁerallj
carried out-at a t@mperatufé df.io?c to 2006C énd
 preferably of 30°C to 120°C. |

10 _ The process of the invention,can be carried
“out contiﬁuously»or batchWise. . |

The Hfdfpgeﬁ cyanide employed canrbe prepéred
from métal cyanides, in particular‘sodiuﬁ cyanide, or |
-'cyaﬁbhydfins,'such as acetone ¢yapbhydrin;“ | |
15 ' | The‘ﬁydrogen-cyanide,is'intfoduced‘intb the 5
reactor in tﬁe-gaseQué form oxr in the liéuid.férm. It
' can also be dissblved.beforehand'in'an orgahiciéolﬁent.
" In the Coﬁféxt'bfra batéhwise.impléméﬁfatiOn,'
it is in practice possible to-chaﬁgé-to affeagtér,

'20 pqrgedfbeforehand using;ah,inéxﬁrgas_(éuéh aé'hitrogen'
or afgoh),.eithgr»a sqution‘comprisiﬁé all or a -
.po:tion_of the various;ébnétituénts, such as the
‘phosbhine, the tfansifionjmetal'compouﬁd,'fﬁé'possiblé_"
}educing égent.andAthé poésiblé sdlﬁeﬁt, or théJséid‘[l

25 cOnstituents séparately. Genéréll§, the reéétdr is ﬁheh
broughtrto}the éhoééh'temperéturefand-ﬁﬁen the coméoﬁ#d’;

to be hydrocyanated is_intrdduced,gThe hydfogen_cyanide W




An inproverment to the process for the hydrocyanation of comphrdeos
-conprising ethylenic 10 unsaturation according to the present invention
‘relates in particular to the hydrocyanation of ‘the said nitrile conpounds
-conpri sing ethylenlc unsaturation by reaction wth hydrogen cyani de. and
consists in using a catal ytic. systeni%n accordance with the present
invention with a:, 15 cocatal yst ConprTSing at |east one Lews -acid. The
conpounds conprising ethylenic unsaturation which can be enployed inthis

i nprovenent . ar enera whi.ch_were i on for the sic
process. thﬁnggn' ?%hﬁo%é@par ?%%1a?¥e %ﬁéﬁﬁk %ﬁﬁ) ly it to
the reactiop %QF RH@ 9ydrocyanat|on to d|n|tr|Ies of allphatlc nitriles

- Canpri si ng eP gnl unsaturation, in particular to |inear

--p_entenemtrlles - SuChn@s @h@%‘é@@@ﬂéﬂrt%ﬁe Ar oS anedy thfil g and their
m xtures. 25 These. pentenenitriles can conprise amounts, generally.m nor

anounts, . Obe OhBEEtEPERONPUShE SEHa REng- FBLIMA ndr A ANp1ldd) as
,2~nethy| _2- butenenitrile, 2 pentenenitrile, valeronitrile, adlponltrlle

. 2-met hybgl obapdatéfithe Peethydsusixtnont tid |l wdhinradienre, origi nating
fron1the prior reaction for the hydrocyanation of butadiene and/or fromthe
‘lsonerlzatlooobinQ‘andhyhe3£emwtnmnuprodmnﬁ$)are isolated, for

example, by dlstlllatlon
~An improvement to- the process for’the
- hydrocyanatioh of compouhds'comprising-ethylenic

10 unsaturation according to thehpreSenf invention relates

in particular to the hydrocyanation'of the eaid hitrile'

,compounds comprlslng ethylenlc unsaturatlon by reactlon

'w1th hydrogen cyanlde and. con51sts 1n using a catalytlc;
system in accordahce wrth-theﬁpreseht 1nventlon,w1th a.
15 .cocatalyst-oomprising,at least one Lewis acio. B
The compounds comprisihg'ethylenic'
1unsaturatlon which can be employed in this 1mprovement
"are generally those Wthh were mentloned for the baSlC
lfprocess. However, 1t is more partlcularly advantageous
ﬁZﬁ; to apply it to the reactlon for the hydrocyanatlon to.
lenltr;les of allphatlo nitriles comprising ethylenlc_
ranearuration,_in particular to lihear'pentehehitrilee,
'euch-ash3£pentenenitrile, 44pehtenenitrile ;hd.their._
| mixtures. | o o |
25 -e_t - These pentenenltrlles can comprlse amounts,
fgenerally minor amounts,_of other compounds, such as

_2-methyl -3~ butenen1trlle, 2—methyl—2—butenenltr1lef



pentenenitriles. The. Lewis acid used as cocatal yst makes 1RWpripa®si bl e in
parti-cular, in the case of the hydrocyanation of aliphatic nitriles
conprising 10 ethylenic unsaturation, to inprove. the.. linearity of the
dinitriles obtained, that is to say the percentage of linear dinitrile with
respect to all the d|n|tr|Ies f or med, and/or to increase the activity and
the lifetime of the catalyst. 15 The 93 "Lewi s acid" is understood to
nmean,. in the present text, according to the usual definition, conpounds

whi ch | ect b I t I th

e o LS R, R TR L 0 ey the
d Rel I 3)., The L d

aﬂlchecghe%eﬁg%ﬁ§%#l aggﬁﬁﬁﬁ%%&r st%%iﬁigécggnégéﬁglggoégss :reegkisgﬁl >

fromthe nds. ofrqﬁﬁg%&E% G%ggpﬁoé % Bthohaﬁotltﬁ 25 | Va,

| Vb,. Va, Vb, VIb, VI'lb a VITI e Per ese conpounds are

general by s@)dSocydhaRald G %taellleﬁesanavea @:i»oﬁhkﬁél des or brom des,
sul phat es, sul phonates, hal osul phonat es,  per hal oal kyl sul phonates, in

particulzmr 1§dnté¥’1&%|t|iﬂr§b|fp|29m&:ﬁ§rlgl3 pat&huﬁﬁe@hwl 8yl phonat es,
-Vcarboxylates and phosphat es.
_ pentenenltrlles
The.Lewis acid used es cocatalyst makes it
‘.poesible in pattiouler;.in'the case:of the
: hydrocyanatlon of allphatlc nltrlles comprlslng
10 ethylenlc unsaturation, to 1mprove the. llnearlty of the
dinittiles-obtéined,_that is to say the.percentage of
' ;lineér dinitrile withlrespect to'ail the dinitriles
formed,. and/or to 1ncrease the act1v1ty and the‘d
llfetlme of the catalyst k RO . '  -.:",'[Jn;ﬂgr~
'eiS : ' The term “Lew1s ac1d”‘1s understood to mean; N
in the present text accordlng to the usual deflnltlon;'
compounds which accept electron palrs
o It 1s pOSSlble An partlcular to employ the
lt‘iewis acids mentioned 1n the work edlted‘by G. AL Olahr
20 d“Frledel Crafts and Related Reactlons”, Volume I, pageSt{
',191 to 197 (1963) | | |
The Lew1s ac1ds which can be employed es
Hcocatalysts in the present process ‘are chose; from the
._compounds of elements from Groups Ib, Iib, IIIa,.IIIb
25 1va, Vb, Va, Vb VIb, VIIb and VITI of the Perlodlc -

Table. These compounds are generally salts, in

particular halides, such as‘chlorldes or bromldes; o




Mention may be made, as nonliniting exanples of ‘such Lew soagrfisgosof- zinc

~chloride, zinc bromde, zinc iodide; manganese chl ori de, nanganese

-brom de,, cadm um chl ori de, cadm um brom de, stannous chloride, stannous

brom de, stannous sul phate,. stannous tartrate, 10 indium '

trifluoronethyl sul phonate, the chlori or brom des of rare-earth

el ements, such as | anthanum cerium “praseodym um neodym um sanarium

europi um gadolinium terbium dysprosium holmum eéerbium thulium
lutetiu balt chloride, 15 ferrous chloride or yttrium

ytterbium an :

chl ori de. Istlg%%t}atoefs’c?dﬁéjgforﬁotseﬁ'blhéﬂtoos PP it ures of Lewi s acids.
Preference js .ver tJ cularl I Vi ew s. acids, to zinc

chl ori de, |?ﬁ?i%%%i éﬁ%ﬁ@ﬁ%ﬁ%ggﬁo%gméﬁggﬁéd%ﬁﬁwmous brom de and zi nc

chl ori de/ st annous. 16R U198, JH4 Y €5 Q}% IS, 138G SIerl! enpl oyed
‘general ly J?lep.r esélg{ys%; r g)% O.E?O%tl t gﬁ:Séj no 15%‘30%%{3}61%01%31 tr ar?\a!si?/%’on met al.
.conpound, N & Ry itEdte aiddy (Hospekels conpound, 25 and preferably from.i to
10 nol per nole. "As for the inplenentation of the basic process-of the

inventicg, the catal Wit 198 wdyobelsedie, 12AWdH1 2005 nlyf examples

of such Lewis acids, of zinc chloride, zinc bromide,
-zinc iodide, manganese chloride; manganese bromide, -
cadmium chloride, cadmium bromide, stannous chloride,

stannous. bromide, StannoUs_sulphate}:stannous tartrate, -

riO indium trifluoromethylsulphoﬁate; the chioﬁides or
bromides df raré-earfh elements, éuch'asilanthahum;
cerium, praseodeium, neodymium} samarium} europium,‘
gadolinium,'terbiqm, dyépfogium, hb1miﬁﬁ, erbium,
thulium, j‘rtte;rbiu'm'arr‘n;l‘lir_l'tétiu'r_ri,,- cébalt c':h_loré.def, .
15 ferrous chloride or-yttrium chloride. ”
It is,'of §ourse, possiblé.to'empléy'ﬁixturéé
Qf Lewis acids. | | | | |
Prefe#ehCe”is ﬁery paftidularly'giﬁéh; among-
Lewis acids,-to ziné_chléride, zinc brdmide; stannous
 20“ch;ofide;AstannousAbromide-and ?inq éhlofide/stanndus-:
chlofide mixtures. | | | | | ‘
| | The LeWis'acidrcocatalyst;emﬁloyedhgeﬁérally |
".represents-ffom,0.0l_to 50.moi per'mble;ofxgiéﬁsition'.'
metal cdmﬁound, mdfe'partiéuiarly.of niékel'éom@ouﬁd,”
25. and préférably'from 1 to 10 mol péf mdle;rg |
o As.foﬁ the implemenﬁatidn df:the.baSic;

process of the invention, the catalytic sblutiqn used



for the hydrocyanation in the presence of Lews acid can bg gsépRecsd
before its introduction into the reaction region, for exanple by addition,
to the reaction nediumof the phosphine of fornula (1), of the 5 _
appropriate anmount of chosen transition netal conpound, of the Lewis acid

and optionally of the reducing agent l is also possible to prepare the
catalytic solution "in situ" by S|npt5 m xi ng of these various
-constituents 10 It is also possible, under the condltlons of the -
hydrocyana % of - the resent hnventlon andf gartlc | ar by
carrying o §H¥ %3%%%?? O it e ep?%%%ﬁﬁﬁfcﬁ tHe' catdryst descri bed

above conpr p. p. and at |east one
tran3|t|on(%e g%;ggﬁ%gu%%§%%0@§§%r£9%u {¥%&4 %U%ncel%ydrogen cyani de,
|soner|zat| gﬁxgg Wdn 3- @ygeg@mﬁdéIgytéhéﬁ%ggﬁmntérﬁﬂ@s and nore

ranc

general |y o ed unsaturated nitriles t near unsaturated' nitriles.:

enpl oyed a'ﬁlfcﬁfor@%n@dmr%télf ecé thh Q4 hern € apoEEsala THHS, of the -
2-net hyl -3-butenenitrile can. be used as '20 The 2-methyl -3-butenenitrile

‘subj ect €3l tapp i GONEL € an@mBCEOT g o £41es i M@ thofa T atorigondyi Xt ur e
with 2-nmethyl-2-butenenitrile., 25 ,4-pentenenitrile, 3-pentenenitrile,
2- pentenenhiflﬂhﬁ Lew1s acid and optlonally of the reduc1ng agent.:

It is also p0531ble to prepare the catalytic solution:

‘“in situ” by simple mixing of -these various

: -constltuents

10 Tt is also p0331ble, under the conditions of

the hydtocyanatlon process of the present inventibn and -
lnlparticular byicerryihg ocut the hydrocYanation_in the
'presence of the catalyst descrlbed above comprlslng at
- least one phosphlne of formula (I} and at least;ene
' '15-.tran51tlon metal compound to carry out, in the abseﬁce'
. of hydrogen cyanlde, 1somerlzatlon of 2—methyl~'
3 butenenltrlle to pentenenltrlles and more generally
V-Of'branched‘unsaturatedtnltrlles_to llnear unsaturated
_nitrilee. 7 |
_'-‘20'-': . . The _2-tnethyl-3-V-buternett_it'rile subjected to
“ 'isometiiation.according‘to'the'invention can be?
_employed alone or as a mlxture w1th other compounds.r"
-Thus,d2—methyl 3-butenenitrile can. be used as"
a mixture'with:2nmethyl-2-butenenltrlle, | ‘
"lQS ‘4¥peﬁtenenittile} 3—pedtenenitrile, 2*pentenenitrile,
) butadieﬁe, adiponitfile,.2emethylgluta;onitrlle;- :

i'2—ethylsuccindnitrile'or valefonit;ile_




but adi ene, adiponitrile, 2- ethylsu00|non|trlle or 2- nethylgtyA@ﬂqoogrlle
12 April 2005 18 It is particularly advantageous to treat the reaction
m xture originating fromthe hydrocyanation of butadiene by HCN in the
presence of at |east one phosphine of fornula (1) and at |east one compound -
of a 5 transition netal, nore preferabl% a conpound ‘of. nickel in the O
oxi dation state, as defined above e context of this preferred.
~alternative. form the catalytic systen1be|ng al ready present for the
reaction for the hydrocyanation, of _bu adl is. 10 sufficient to halt

it
any introduction of hyHrbgeRPEyAAFYRILY g ?Bﬁﬁgﬁ%u?sBﬂeFF%%ElBﬁereact|on

to take place. ternative or si,bl e, g priate,

“to carry oufeictr?ﬁth§€H§ﬁlﬁ@l%%n? ® 8155%T0Ehgoﬁﬂar%ﬂy?%%?ro such as
ni trogen Orb@ﬁ%ﬁ? ?elﬁébﬁ@ﬁ fﬁ qﬂégeﬁégeéftQrdfeggtoéﬁethe hydr ocyani c

acid which mg rese onerrzation reaction is generally

carried out nigOPSEALY Iﬁu% 1o€ 5042000 800 BRE! EEAOLINGILOF L0 120C
20 In the p?ﬁ% ? case- o% an |soner|zat|on ydr ocyanat lﬂllpon of gutadlene
it “"' Qe @QH@@&@Q@QU@eEQl more preferably a compound of nickel
| in the 0 oxidation state, as defined above.
"~ In the context of this preferred alternative
.ferm,-the.catalytip system being already present for
the reaction for the hydrocyahatien of buta&iepe,lif is
-:10 sufficient to halt any introduction'of hydrogen cyanide
"to allew the isemerizarion reaction'to~take piaceQ
| ‘ in this alternative form, it is;possible, if
appropriate,‘to cerry out a slight flushing of.the‘
'reaetor ﬁsiﬁg an inert ges,lsuch as_nitrogen'er,ergonh,1;4;“‘
15 for example, in order to drive off the hydroeyanic'acid
‘which might still be present. | )
| The 1somerlzatlon reaction is generally
‘carrled out at a temperature of 10°c to, 200 C and
preferably of 60°C to 120 C. |
S200 'f' In the preferred case of an 1somerlzatlon—-
“immediate;y following the reaction forrthee
-.hydrocyenerion'of buradiene; it wiil be edVanEegeous fo
_Carry out-rhe iSomerization atrthe'temperat;re-et'Which'
Wthe hydrocyanatlon was carrled out. | -
:25 R o As for the process for the hydrocyanatlon of

‘ compounds -comprising ethylenlc unsaturation, the

-catalyticfsyStem'used for the isomerizatienjCan be




I mmedi ately following the reaction for the 25 carry out thﬁgA§mqgm5zat|on
at the tenperature at which the hydrocyanatlon was carried out. As for the
process for the hydrocyanati on of conpounds conprising ethylenic
~unsaturation, the catalytic. systemused for the isonerization.can.be 12
April 2005 19 -prepared before its introduction into the reaction region,
for exanple by addition, to the reacti 88 medi um of the phosphine of fornula
(I'), of the appropriate anmount of chosen transition netal conmpound and 5
optionally of the reducing agent. It is also possible to prepare the
catal ytic syse@arechbsitoge B szLFiﬁIr@duﬁltkPHngFOt ﬁ@@er%FFéBEI :
constituents. - The anount of i 55 tr nS|t|on metﬁ6 ound ana,nnre
particularlﬁeﬁﬂonmi K&l €6MBokn YUQQ 15487t ke SRBuREAGFBROEBAIHE of
formula (1) t .as faor the rQcyanat reactlon Al t hough the
S 2,40 o Bk BroREReRR bR PRy Y OIRT LSRR R, phEEEbE B et U b
e advant aggge! @ 2dlodBn' RELhsREBA! fietQ) BBhpYEhENaRA" LI Ul a1 the: case

5 optlonally of the reducing agent. It is also p0551b1e
to prepare the catalytic system “in situ” by'eimple
mixing'of these various constitueote.~The.amountlofr
transition metal compound ana more particuiariy of-

nickel compound-used and. the amount of phosphine:of

10 formula (I) are the same as for the hydrocyanation o

reaction.

Although the isomerization reaction is
generally carrled out without a solvent it can be
advantageous to add an inert organlc solvent Wthh can fhegw

,.15‘ be that of the subsequent extractlon. Thls-ls 1n.'
particular thefcase'When such a eolreﬁt has béeﬁ
-eﬁployed io the reaction for the hYdrocyanation of.
butadlene ‘which has been used to prepare the medlum
_sublected to the 1somer;zatlon-reactlon Such solvents

.'20_ can be chosen from thoee:which were_mentioned‘above'for
the hydrocyanatlon - - |

However, the preparatlon ot dlnltrlle
compounds by hydrocyanatlon of an olefln se;h as.
-butadlene can ‘be carrled out by u51ng a catalytlc

‘225 ‘system 1n accordance w1th the lnventlon for the . stages
of formatlon of the uosaturated nltrlles and the stage-t

- of isomerization above;.it being,possibleafor'the'}



be that of the subsequent® extraction. This such a sol vent hasagiteoos for the.
hydr ocyanati on of when enployed in the reaction butadi ene which has been. -
used to prepare the nedi um subjected to the isomerization reaction. Such
sol vent.s 20-can be chosen from those which were nentioned above for the.
hydr ocyanati on. - However, the preparation of dinitrile conpounds by
“hydrocyanati on of an ol efin-such as but&di ene can be, carried out_-by using
a catalytic 25 systemin accordance with the invention for the stages of-.
formati on of the, unsatur

( ted nitriles and the stage of isonerization above,
[t being poSERBEEOTof OF hENOORYRERET I T Or™ 1P BYRINGRSARA F of the
unsat ur at ed .gitgileg t@.giﬂi{iiles to be carried out. ith a catalytic.
system in attofdance W th 't FertiBh oFt Ay otHer At 4 ytic system

Csystemin fte e Frivehti o 5773 cet f
nycr ocyanat Lok BFLEndvef 87T Mot SR IS A L &

i soneri zati of + 1. r rr Wt WM . Gatsal ytic system
di-fferent f%g %ngggo%%%gy?ﬁégsn |‘o($1n§”il éif@aw krY&&rh ﬁr Cé{laé- ' _ .
' ' 5 reaction.

Likewise, the reaction for the hyerCyanatioﬁf
of“the olefin to unsaturated nitriles and the
iéomerizatién of the'latter‘can be cafried out with a

 catalytic system different from that of,tﬁé invenfion,_ﬁ-
310 the stage‘of hydrocyanétion 6f the uﬂSatﬁratéd_nifriles
| to dinitriles being carried out with a ¢atalytic:sy5tem'
in_acéordanée with the invention. | o
| The invention_wiil be more gléarlfi
.:illuétratéd'in_thé_light bf‘thé:examples‘given bélow byﬁ,i¥~~'i
15 way of indication and illustration. | o |
| | - In these exampies, the meanings_of'the '

abbreViations.used are given below:




10 the stage of hydrocyanation of the unsaturated nitril es12®ipridioostriles
being carried out with a catalytic systemin accordance with the invention.
The invention will be nore clearly illustrated in the. light of the
exanpl es given bel ow by 15 way of indication and illustration. In these.
.exanpl es, the neanings of the 12° Apr|I 2005 PNP: PNA: cod: :

-1, 5-cycl ooct adi ene 21 2MBBN: 2- net hyl Z3-putenenitrile 2MBN: , o
. 2-nethyl -2-butenenitrile 10-3PN. 3-pentenenitrile 4PN 4-pentenenitrile
ADN: adiponitrile Ma: nethylglutaronitrile: ESN ethylsuccinonitrile 15
DN dinitriles = ADNENENGN + ESN AC: acetone cyanohydrin Et Ph:

et hyl benzene EG. et hyl ene gl ycol DC ( degree of conversion 20
hydrocyanat ed or isomerized, ofPtpe V to be

P T en

PNA:

Ph

‘cod:'1,5-cyc100ctediene 7
 2M3BN: 2—methyl—3—bufeneoitrile f['
'2M2BN: 2~methyl—2fbofeneﬁitriie-”
iO' 3PN: 3-pentenenitrile
o4PN: 4—peetenenitrile 7
- ADN: adiponitrile -
MGN: methylglﬁtefonityile
ESN:'etthsuocinOnitrile
15 DN: dinitriles = ADN + MGN + ESN
o AC: acetone cyanohydrln ,
"EtPh: ethylbenzene - TR S ~
EG: etﬁylene glycol o o o
DC (V): degree of conver31on.of the compound V to be'
20-?hydrocyanated or 1somerlzed equal to the ratio of the

difference between ‘the number of moles of-the compound,




equal , to the ratio of the between the nunber of noles of tfeeamiapgaind 22 V
charged and the nunber of noles present at the end.of the reaction to the
nunber of noles charged TY (U): true yield of the conpound fornmed U = :
nunber of .noles of U forned/ maxi mum nunber of nole of U, 5 calculated .
Wi th respect to the nunber of. noles of 2the conmpound V charged YD (U: - -
“selectivity for the conpound U = TY (l3)/DC (V) L: linearity = YD (ADN)/[YD
(ADN) + YD (Ma&N) + YD (ESN)] 10 GC. gas chromat ography m)l ol e Mol :

T SRR SRS S S S RSB, |
Ni (cod) Z ang, 5. pe P{\g’q{ dgl\lfmlﬁ@qgfq{ @L %&o a reactor eqw pped

-wWith a stirrer aced an argon Approximately 1. m

,(810 ng, d T'YO(LB)]- trMe‘ ﬁﬂeljd? & e ﬁmﬁﬂ%%x@é\@wi%&ﬂfﬁd offhe .
| “moles of U formed/maximum number of mole of U, |
5 <calculated with respect to the number of moles of the
compound v charged
YD (U): selectivity for the comoound U= TY (U)/DC (V) -
L: linearity = YD (ADN)/[YD (ADN) + YD (MGN) + YD .
(ESN) ] | |
iO GC: gas chromatography
molr mole

mmol: millimole

_ Examples 1 and 2: Isomerization of 2M3BN to 3PN
- 15
Ni° 7 PNP or PNA

: . o owec o

H

2MIBN, '. A S 3PN

_Procédure 7
| 20 mg (O 073 mmol M = 275 g/mol, 1. 0 eq) of
20 Ni {cod}z and 5.0 eqg of PNP or PNA llgand are‘charged to
a reactor equlpped with a stlrrer and placed under an 7
argon atmosphere. Approx1mately71,ml (810 mg,-d #_0.81;;“7
M 5‘81;12 g/mol) of degassedleBBN iS'addea. The '
rrmixtare is'stirred and'maintained at a temperatnrerof

25 100°C in a closed system for 1 hour.'The_reacrion-




.mxture is stirred and maintained at a tenperature of 25 1{}04prdin0dscl osed
systemfor 1 hour. The reaction .5 nmediumis cooled to anbient tenperature
(approximately 20C). The concentrations of the various constituents of

the reaction medium are determ ned by analysis by GC - (gas chromatography).
The results obtained and cal cul ated fr t hese anal yses are collated in :
‘Table | bel ow. Ex.LigandMvbl ar DC YD bafance(2MBBN), . (3+4PN) PNP97%87%89%-
PNAQ79%80- 84% Tabl e | Exanples 3 to 5: Hydrocyanatlon of 3PN to ADN 10 YD

R R e TR e S TS Bt AN S e i

‘cyanohydr|n263e ?q%hgrgoncentratlons of the wvarious constltuents

| of the reaction medium ake determined by analysis by GC
(gas'chremategraphy). | |

5 - .. The results obtained and calculated from

these analyses are collated in Table I below:

Ex. Ligand Molar pc . - ¥ YD
" balance  (2M3BN) . (3+4PN)  (2M2BN)
1 PNP - 97% 87% 89% 6%
R PNA 97% 48% 84y 8%
Table T o

Examples 3 to 5: Hydrocyanation of 3PN to ADN

10 .‘ - l. A . o ] 7 . - . 'l-”s 7..‘i‘-;}"m.‘_\

/\/\ : NP 7 PNP or PNA | : ' CN
_ X oN , - chf’\\yxfﬁ\»/’

Lewis acid’ ‘
~ 3PN . ) 85°C. . : . ADN

-Pfecedure: o _ , s
| ' The ;igand-L (é eqj, 3PN (3O:eu);"Ni(cod)2; -
| 15 '(1aeq}}:znc12.(1 eql, therdegéesed cosolﬁent or
cosolvents and acetone'cyenohydtin (30 eq} aree'
tsucceseively introdueed'et ambient tem@eratute:into a
fScﬁienk tube meintained uuder argon. The mixture is
brought w1th stlrrlng (600 rev/mln) to 65 C for 2 hours
QQ and then brought back to amblent temperature 3 ml,of
:acetone are 1ntroduced to neutral;ze the:rema;uing-HCN.

The concentrations. of the various components are




successively introduced at ambient tenperature into a Schlenkpfivbgs

mai nt ai ned under argon. The m xture i.s brought with, stirring (600
revimn) to 65C for 2 hours 20 and then brought back to anbient
tenperature. .3 m of  The concentrations of the various conponents are
acetone are introduced to neutralize theremaining HCN. 24 determ ned by GC
anal ysis in order to calculate the vaffous degrees of conversion and of
selectivity. The results obtained and calculated from these analyses are
collated in Table Il bel ow. Charges(nmol es)Results Ex.Li gand3PNNi - ZnC12
ACSol vent sDEPBETTEEEH) DY'v6FvFR3PKS £ PN} L APKY e BPRP1581gadate 1 5e Ph139639%75%
(2.5)(10) 4PNA15. 60.430.5 15h363982@00®6(2.g) gPNAZ.lOaOS0.0S 2. 4EG

(26) 73. 2065 YASFRIAOSEBIETEL PR £2RYSTILPR FROERANPELSEL 1My HY ocyanati on of

BPN to APN Procedure:Tgé59gsgltg603§aggg&’a%%=c§16ugé€gé)fgém3pN’

these analyses are collated in Table II below:

Charges-(mmoies) . '  'Results
Ex. |Ligand 3PN  Ni- ZnCl, AC Solvents| DC  ¥D L
L (cod), ' (vol%) |({3PN) (DN) (ADN)

3 | PNP 15 0.44 0.5 15  EtPh | 13% 53%  75%

{2.5) (10}
4 | PNA 15.6 0.43 0.5 153 | 633 828 703
(2.5)

5 PNA 2.1 0.08 0.08 2.4 EG (26) |73.2% 65.4% 74.4%

0.4y . EtPh |

(11)

5 ' o ' | Table II

 Example 6: Hydrocyanation of 3PN to ADN

Pﬁocédﬁre: -
- 0.506 g (6.25 mmol, M. = 81 G/mol) of 3PN,

10 340“mg {0.93 mmdl, M = 366 g/molj of PNP, 1.96 g of
Vr'dégassed toluéﬁe,-56.5_ﬁg (0.21 mmci,-M = 275 g/mol) of
" Ni(cod); and 50.1 mg (0.21 mmol, M = 242 g/mol). Gf BPhs

ére‘charged'underlargdnifo a 20 m@ Schott-tube.equipped“
<withﬁa septum. The'mixture-is brddgh; with'stirfing tQ 

15 65°C and 531 mg (6.24.mmol, M < 85 g/mol) of'aceéone
A:nbyanOhjdrin a;é-injécted via:the Septum'andgusing é

éyringé-drivgr at a flow rate of O.l9_mi/h.'After‘.a




10 340 ng (0.93 mml, M= 366 g/nol) of PNP, 1.96 g of degamsmstivobsiene;
56.5 ng (0.21 nmmol, M= 275 g/nol) of N (cod)2 and 50.1 ng (0.21 mol, M=
242 g/nol). of BPh3 are charged under argon to a 20 ml Schott tube _
equi pped with a septum The mxture is brought with stirring to 15 65C and
531 ng (6.24mmol, M= 85 g/nol) of acetone cyanohydrin are injected via
‘the septum and using a syringe driverat a flowrate of 0.19 m/h. After
12 April 2005 25 reacting for 3 h, the mxture is brought back to anbient
tenperature and peutralized to renpve the renmaining HCN. The ,
concent r at | BRICHINY heCY af i lbustRe diperiert sl arkerengist ﬁ?#fé]‘él By GC analysis in
order to 5 calcul ate the various(ge rees of conversion and of selectivity.
The resul t s2BBRt &P hetPHAa Tt Tl 4t dgﬁ’:‘f%lfﬁ‘htzr%get%n%%‘é@s 9%, collated in

(ADN 359 o RS T SR i i S0 S B s0esa 26
N . components are determined by GC analysis‘in'order to :
5 Calculaté the various degrees of cdnversion and of
selectivity. |
The results obtained and célculated from

these analyses are collated in Table III below:

| Ex. DC (3PN-) YD {mononitriles) YD (dinitriles:) Linearity |

(DN} -

6 358 - . 91.8% A 12.4% 69%

w0 - -+ Table III




PCT/ EROL/ 03047 CLAIMS '1,. Process for the hydrocyanati on O Apal200% c
conpounds conprising at |east one ethylenic 'bond by reaction wth hydrogen
cyanide in the presence of a catalytic systemconprising a transition
nmetal -and an organophosphorus |igand, characterized in that. the Iigand is
a phosphine corresponding to the follow ng general fornmula (1):.{1) 10 in
whi ch: 9P e®? £3@%%400r S: nrepresen2é0or 1: R, RACTRER@hAORG47whi ch are
identical or O different, represent a hydrogen atom or a radical T chosen
froma saturated or unsaturated, aliphatic hydrocarbonaceous radical ‘
conprising 1 to 40 carbon atonE__k_éﬂﬁydrocarbonaceous chai n of mhlch IS
optionally |nterrupted by a heteroatom unsaturated or aromatic,

car bocyclic or heterocycllc nonocyclic or polycyclic, saturated
hydrocarbonaceou adug t he_- hydrocar honaceous,  -chain radical; or a.

saturated or unsa uratéami%f?pﬁ%flEh%fh%ﬂFEﬁY?%a%b??dﬂﬁlIy |nterrupted by a
hetero@@ggnléﬂyempounds comprising at- least one ethylenlc

"5 bond by reaction w1th hydrogen cyanlde in the presence-
of a catalytlc system comprlslng a transition metal-and{
an organophosphorus llgand characterized in that. tue::
llgand is a phosphlne Correspondlng to the follow1ng .

' general formula {1):

10 -
: _iu Whibh:--
E represents-O or S; K
n represents O_dr'i;
Ri, R4¢.R5 and:Re,;whieh are.iuentieal or '
'different, represent a hydrogen atem; or a radicalrt chosen fromra
saturated or unsaturated, aliphatic
hydrocarbonaceous radlcal ComprlSlng 1 to 40 carbon
atoms, the"hydrocarbonaceous chaln of which’ 1s
optlonally 1nterrupted by a heteroatom‘ i
20 ’ ': monocycllc or polycycllc, saturated T -

_ unsaturated or aromatic, carbocycllc or heterocycllc
-radlcal or a saturated or unsaturated allphatlc 1
;hydrocarbonaceous radlcal the hydrocarbonaceous charn :
of Whlch is optlonally 1nterrupted by a heteroatom and U

25 __carrles a carbocycllc or heterocycllc radlcal as




Lic or heterocyclic radical as 12 April 2005 S defined abd2é\pribZ00x el se -
R4 and R5 form together with the carbon atons which carry them saturated
or unsat.urated, carbocyclic nonocycle preferably having from5 to 7 carbon
atons; R2-represents a hydrogen atomor the X radical; R3 represents the X
radlcal -or the Y radical; 10 it hejng understood that one and one al one of
. the- RR and R3 substltuents represé%%s the X radical; X being chosen-froma
nonocyclic or bicyclic, aromatic carbocyclic or . heterocyclic. radi cal
havi ng onn % t% 20 carbon atons; a 1-al kenyl radical 15 optionally
exh|b|t|ng Stie YSore additional unsaturations in the hydr ocar bonaceous
chai n and haV|ng from2 to 12 carbon atons; a 1l-al kynyl radical optionally
exhi biting. one. or nore additional unsaturations in the hydrocarbonaceous

~ chai nand havi ng M2 12 ¢ r {C1- Cx2)a|ky|]
carbonyl, [ (C3-Q %Qé) a?}ﬁﬁ %g?bgnyfépﬁ (€§8%§Ef9 V§th thé _
‘carbon atoms which carry them,

S ' | o séturateq or unsaturated, carbocyclic
monocycle preférably having from 5 to 5 carbon atoms;
Rzireprésents a hydrogen atom or the’x
Fadical; | - .
Rgfrep:esentsfﬁhe:x rédigal?or the Y;rédigai;g
10 . - it being understood‘that one  and one alone of
the R, and Rj3 substltuents represents the X radical;
X belng chosenvfrom a monocycllc or blCYCllC,
:aromatlc carbocycllc or heterocycllc radlcal hav1ng
- from 2 to 20 carbon atoms, a 1 alkenyl radlcal . -ijvpj@*“i
iSQ-optlonally exhlbltlng one or more addltlonal ‘
unsaturatlons in the hydrocarbonaceous chain and haV1ng:5
from 2 to 12 carbon atoms, a 1- alkynyl radlcal
.optlonally exhlbltlng one or more’ addltlonal :
| .unsaturatlons in the hydrocarbonaceous-chalngand-ﬁaving
20 -- from 2 to 12 carbon atoms; or a -CN, ['(-(;1;.(:12)'al.ky1<]._' B
) carbonyl [(Cg-CwJ aryl]carbonyl -[_(Cl-.cu)_"alko-xjr-}'; .
'_carbi)ny'l [(Cg-Clg)aryloxy]carbonyl 'ca.rbaméyl "—
L(Cl—cnjalkyl}carbamoyl or [dl (C1 Cu)alkyl]carba;loyl
- radlcal- and ' '

25 : Y taklng any one of the meanlngs of Rl, w1th

’the exceptlon of a- hydrogen atomr




carbonyl, [(Cc-d a)aryl oxy] carbonyl, -.carbanmoyl, .j-(Cl-Ci2hprial2bgs]
carbanoyl or '[di (Cl,-Cl2) alkyl] carbanoyl radical; and as Y taking any
one f the neanings of RL., with the exception of a-hydrogen atom . 12 April
2005 28 R7 has the neaning of Rl, R4, R5 and R6 or represents a :
hydrocar bonaceous radi cal conpri si ng a%?car bonyl functional group or a .
radi.cal of follow ng fornulae: --- Re OPOR or GAi OP OAr2
10 or (C6-Cl o) aryl or (CG Cl o) aryI (C1-Cio) alkyl in which the aryl part
is optionally substit by ,one or .nmore _radicals_chosen from :

(Cl- C5) al kyl , (Cl-CB) §T ﬁb‘i&/ t % £y & ogdn AWoRe PEL- C10) al kyl ;

In which, represents a hydrocarbonaceous radical comprising a
jcarbonyl'functional groub or a radical of following
| formulae:

. f O0—R,
. 0—P
\
: - 0—R,
5
, or : o ‘
A :
f O—Ar,
/o
o—P
\
O—Ar,
in which

A represents a hydrogen atom, (Cl—Cm)alkyl L
10 or (Cs Cio)aryl or (Ce¢- Clo)aryl(cl Cio)alkyl in which the-_- |
-aryl part is optlonally substltuted by one or more
; radlcals chosen from,(Cl—Cs)alkyl,_ lecg)alkoxy(
| trifluoromerhyl, halogeo; di(Cle5jalkylamino,A;'
(CIPCG)éikoxfcarbonYl, cérbamojl,‘
115'r (Cl—Cg)alkylominocarbonyi and’
di(Ci—éa)alkylaminocarbonfl:V
o ‘ ;Arl;Arg— reprosent:_f

e either therdivalent radical of formula:




trifluoronethyl, halogen, di(Cl-C6)alkylam no, (Cl- Cﬁ)alkoxypﬁpmqmmg
carbanoyl, 15 (Cl1-C6)al kyl am nocar bonyl and di (Cl- C6)a|ky|an1nocarbony|

ei ther the divalent radical of formula: -Arl; Ar2- represent: 12 April 2005
29 in which each of the phenyl nuclei is optionally substituted by one or
nore Z groups as defined below, or the divalent radical of fornmula: in

whi ch each of the phenyl nuclei is28ptionally substituted by one or nmore Z
groups as defined below, Z represents (Cl-C6) al kyl, (Cl1-C6)alkoxy,
trifluoromethyl, hal ogen, (Cl-C6)al koxycarbonyl, d|(C1 Co6) al kyl am no,

( C1- CB)4t K§fHfrip n%%%‘ﬂb%ﬁy#h'ér PREIYd FQEICH) al}:kws'mm@hlbonyl R8 and R9,
whi ch are represent radi cal.. '.characterized in that the phosphine

conpourdP Hre g éﬂﬂﬁ?eCBFr@§58n§l&fq%P%rﬁﬁf%ﬁ%$ﬁ%.(?? PR which R RO,

R5 and R6 |ndependentl Je res Nt a h dro en.. %{on1 r else a T radical
chosen from 20 chalin o i's" opf 6ﬁ3 | i éWFﬁﬁted by a saturated

or-unsat urat ed-al i phatic

.'5 ih whiCh~eacﬁ of the phenyl nuclei is optionally
 _ substituted by-one‘ot more Z groups as~&efined'5elow}'
_ Z r'epresen'ts {(Ci~Cslalkyl, (.Cl—Cs)alkoxy_,
-ttifLuorometﬁyi} halogen, tCleG)elkoxycarbonyl,
di(C;{k)alkylamino, (Cl(k}alkylamlnocarbonyl or -
”10-'d1(Cr{k)alkylamlnocarbonyl |
"Rg and Rg, whieh are 1dentlcal or dlfferentt-
represent an aryl radical.
2. Process according to Claim 1,
:characterlzed in that the phosphine compounds are those
ié.lcorrespondlng to the formula (I) in which:
::Bh;w 8“ Iﬁ and Rg 1ndependently represent a hydrogen
atom or else arT radlcal chosen from
"I a saturated or unsaturated allphatlc -
hydrocarbonaceous radical hav1ng from-l to
20‘ N . L B 12 carbon. atoms, the hydrocarbonaceeus .
chain- of whlch is optlonally 1nterrupted by
?a heteroatom chosen from 0 N and S;
- a,mpnqeycl;c-carbocyctlc_radlcal Wﬁlchlié.

- saturated or whichﬁcemptises 1:or 2;_;f




hydr ocar bonaceous radical having from.1l. to 12 carbon atomsaprdibkeos

hydr ocar bonaceous a nonocyclic carbocyclic. radical which .a heteroatom
chosen from O N and S; saturated or which. conprises 1 -or 2 12 Apri
2005 30 unsaturations in the ring" having from3 to 5 10 8 carbon atons; a
saturated or unsaturated bicyclic carbocyclic radical conposed of 2 sLngIe
rings condensed to one another, edéh single ring optionally conprising 1 .
to 2 unsaturations and exhibiting from3 to 8 carbon atons; a nono- or
~bicyclic (C6-C10) aromatic carbocyclic radical; a saturated, unsaturated
or aromatic 5- to GUywEtbErRdd aphotychthe héngr otweling radicca tcconprising 1
to 3 heteroatons cgosen I ndependently fromN,.0 and S; L5 '

carbon atoms:
- @ saturated oﬁ'uosaturated’bicyclic
carbocyclic fadical composed of 2 single
5 - rings condensed to one another, each singlé
‘ring optionally éomprising 1 to 2

unsatu;ations and éxhibiting from 3 to 8

carbon atoms:

a mono- or ‘bicyclic (C¢-Cio) aromatic

10 ‘ . - carbocyclic-radicalg

.-~ @ saturated, unsaturated or arcmatic. 5- to -

ﬁ—mémbered'mohooyc;io heteroéyciic radical

oomﬁ;isiog 1 to 3 hefeioatoms choseo :
o indepéodéntly ffom;N,‘O-aod:S; 1"-.' e
15 :‘ - o oL é,satufateo,_onoatuféted'oraaromatic | e

‘biéyclicvheﬁ€roc§clic radicalncomposed of

two. 5 to 6—membered 51ngle rlngs condensed.'
to one another each sxngle rlng comprlslngAf
- 1 ‘to. 3 heteroatoms chosen 1ndependent1y
20 . S from O, N and S; and |
. 5 saturated or unsaturoted allohotlc .
-_hydrocarbonaceous radlcal hav1ng from l to_:
- 12 carbon atoms, the hydrocarbonaceous '
f:; - ' : chaln of which carries a carbocycllc or .
i . _:_f. 5_heterocycllc monocycllc radlcal as deflnod
g above_r ‘ . - ' .

R, independently repfesenﬁs a hydrogen atoﬁ:or else a radical

X chosen from:




a saturated, unsaturated or aromatic bicyclic heterocyclicigshioabs

conposed of two 5- to 6-nenbered single rings condensed to one anot her;
each. single *ring conprising 1.to 3 heteroatons chosen i ndependently ?0 _
fromO, Nand S; and a saturated or unsaturated aliphatic hydrocarbonaceous
radi cal having from-l-to 12 carbon atons, the hydrocarbonaceous chain of.
whi ch carriswes a carbocyclic or 15 hetgrocyclic nonocyclic"radical as
defined above, R2 independently represaents a hydrogen atomor else a

radi cal’ X chosen gr@%o\%ﬁcﬁ&@ 1.2905 30a a monocyclic carbocyclic radical
dl cal” A : Bhocs ca ig ighi bAs i '
which is saturated or which COITpI’IOSCeYSC-l%l’rﬁd_l‘a%%a‘fﬁ*ﬁhlbﬁs in the ring,
having from 3 to SatarbeBdqabemgy ;& rsat Wl fsdesorl“unsaur_at-ed bi cyclic
carbocyclic radiccal conposed of 2 singl Fings condensed to one anot her,
each single rin td d oyfprissing.1 to, 2

: ‘__g | %d@%ﬂdygﬂléh§:fﬁ)the glng{ having from 3 to

8 carbon atoms; |
- @ saturated of'unsaturatedrbiCYClic

carbocyclic radical compésed of 2 single

rings condensed to one another, each single

‘ring optionally éomprising 1to 2 -

unsaturations and exhibiting from 3 to 8

carbon atoms;
- 4 mono- or bicyclic (Cg—Cie) aromatic

"_carbbcyclic radical.




unsaturations and exhibiting from3 to 8 carbon atons; a el 2005i cyclic
(C6-C10) aromatic carbocyclic radical. 12 April 2005 31 3. Process
according to Claim1l or 2, .characterized in that X is chosen froma
(C2-Co6)al kenyl group, a (C2-C6)al kynyl group, phenyl, naphthyl, thienyl,
furyl, pyrrolyl, imdazolyl, pyrazolyl, thiazolyl, oxazolyl, pyridyl,

- pyraz2inyl, pyridazinyl, isothia3élyl, isoxazolyl, benzofuryl,
benzot hi enyl, indolyl, isoindolyl, indolizinyl, indazolyl, purinyl,
qui nol yl; isoquinolyl; benzoxazolyl, benzothiazolyl and pteridinyl. 12

April 2005 32 5310 .FoPfAfiFa @FFprdgngpitocédsiacdordi g to one of the
precedi ng clains, characterized in that the phosphine corresponds either
to t FFAF R HeLF ot AuFaaF| ¥ol St 6hopRe. 8o dG2reemdlenyd : 15,

Formgfgéggjg_iCy{k)aikynyl group, phenyl; naphthyl,
.'thiehyl; furyl, éyrrolyl, imidazolyl, pyrézoiyl,

5 ﬁhiazolyl, oxazolyl, pyridyl, pyrazinyl,_pyridézinyl,-
isothiazolyl, isoxazolYl, benzofuryl,,beniofﬁienyl,
indolyi,-isoigdblyl, indolizinyl, indézolyl, bur;nyl,
qﬁinqui,_isoquinolyl; benszazolyl, benzothiazolyl and

 ptegidinylL‘




20 preceding clains,. characterized in that netal. conpoundsipriPbeosP Ph-
Process according to one of the are chosen . from nickel, thetransition
pal | adium and 12 April 2005 33 6_ Process according to one of the
precedi ng clains, characterized in that the preferred transition netal
~conmpounds are those of nickel . and gie chosen from conpounds in mhrch the
nickel is in the zero oxidation st such as potassium
tetracyanoni ckel ate KA4[ N (CN)4), bis(acrylonitrile)nickel (0),

bi s(1,.5-cycl ooctadi ene)ni ckel and the derivatives conprising |ligands from
G oup Va, such as 10 . tetraki-s(triphenyl phosphi ne)nickel (0); nicke
conpounds, . such as the carboxyl ates, carbonate, -bicarbonate, borate, .-
brom de, chloride, citrate,

-lp- ' '4_ Process accordlng to one of the
preceding clalms, characterized in that the phosphine
"_corresponds either to the follow1ng formula I or to ;_'
the follow1ng formula IIT: -
Formula (IT): R U
15 - :

| Formula {(III): . .-

5. Process accordlng to ane of the':
precedlng clalms, characterlzed in that the tran51tlon .

20 u@tal compounds .are chosen from nlckel palladlum and

. iron: compounds. : - T B :l'




t hi ocyanate, cyanide,. formate, hydroxide, hydrophosphltea133&g§pb05e
phosphate and derivatives, 15 iodide, nitrate,, sulphate, sulphite,

aryl sul phonat es- and al kyl sul phonates. 7. Process according to one of the
preceding clains,' characterized in that the organic conpounds conpri sing
at. | east one ethylenic:double bond :20 are chosen fron1d|olef|ns such- as

but adi ene, isoprene, 1, 5- hexadlenelbr 1, 5- cycl ooct adi ene,
aliphatic.nitriles conprlsrng et hyl eni ¢ unsaturation, particularly Ilnear
pent-enenitriles,.-such as 3-pentenenitrile-or

4-pentenenitril e, nonodrefdass; acuchdasg styrene; o25thienet hyl styrene,
V|nylnaphthalene cycl ohexene or -net hyl cycl ohexene, ..and, the m xtures of
sever alpreicadisge <ﬁ@ﬂﬁ@un@§aﬁﬁED%HlieQODﬁ BHas. tﬁEopee§amnmﬁd|ng to one of
the - preceding clains, characterized in that the anount of  nickel conpound

or conﬁ&ﬁﬁ&l§ﬂ°§nﬁﬁﬁéﬁ CRRRSHISh g dihosseel | rickedenndoameat there is,
per . ﬁ of or anlc 5 conpound to be hydrocyanated or isonerized, betmeen
10 4 SRESE ] OHT ni ckel or of the other transition netal enployed and in

(Iﬁ used is chosen so that the
e Zero ox1da tion

@%fngﬁeges 3h PRRgRMERE f ™S 14
state, "such .as potassium tetracyanonickelate

" Ka[Ni(CN),], bis(acrylonitrile)nickel(0),
bis(l S—cyclooctadiene}nickél and-the derivétivésA

. ' compr151ng llgands from Group Va, such és |
‘iO-_tetrakls(trlphenylphosphlne)nlckel(O),
nickel compohnds,.gqch as~the carhoxylatgs; Carbhnhté,'

.bicérbohaﬁé; bhrate,_brémidé, chloride, citrate, . -
thiocyanaté} éfanide,'fofmate, hydrox1de,

3 -hydrophasphlte, phosphlte, phosphate and derlvatlves,.'.'Qijhéd*‘“
h15 '10d1de, nltrate, sulphate, su]_-p_h]_te-r arylsulphonatesj' B “

'and alkylsulphonates. o | ‘

7. Process éécdrding to one af the
pxéqeding c%aims} chéracterized in thaE the:ofgahic
cbmpouh&s'éomphising at_iéaét one éthylénicfdouble bond
:20 are Ehosen from diolefins such -as butadlene, isopréhe,_;

“1,5- hexadlene or 1 5- cyclooctadlene, allphatlc nltrllesj
comprlslng ethylenlc unsaturatlon, partlcularly llnear
pentenenltrlles, such as 3- pentenenltrlle or

‘ '4—pentenenltrlle .monooleflns, such as styrene,
-25 methylstyrene, V1nylnaphthalene, cyclohexene or

methylcyclohexene, and the’ mlxtures of . several of theseh

_pompounds-




conpound wiith respect to 1 nol of transition netal is 10 froapf2bgso 500.
- 9. Process according to one of the preceding clains, characterized in
that the 1 hydrocyanation reaction. is carried out at a. tenperature of 10C
to -200C 10. Process according to one of the. preceding clainms for the
hydrocyanation to dinitriles of nitrile conpounds conprising et hyl eni ¢
unsaturation by reaction, wth hytlt ogen cyani de, characterized in. that
" the reaction.is carried out in the presence of a. 20 catalytic system
conprising at | east one conpound of a transition netal, at |east one
phosphlne of formfi.a Froceasd aaccodhbal yst oaenpiri siheg. at | east one Lew s
"acid; 11.-Process according to claim 10, characterized in that the
, nitriIEr@GﬁﬁéqugléémﬁpiQhﬁ}accﬁkkz¢®yientbaunsaeuBmhumm arfe chosen from
aliphatic ethylenic unsaturation conprising. 12 April 2005 35 |inear
pent enBhCkel| eMPEURH g% ToFERWHEM ranethey- peaneadiions mMegadnd t hei r
~mixtures 12. Pr cess according .to Claim1l, characterized in that the.
| i near ®peHt Thef P?FPe§OSt§ q#?ﬁ“%hﬁ%ﬂt%@rg@ﬂé?aPﬁyoﬁﬂﬁéﬁCanounts of

Ot@Fr_compound to be hydrocyanated or isomerized, between 104
'and»i mol of nickel or of the other transition metal
'-_emﬁloyed and in that the amouht of phosphine of formula
H{D) ﬁsed is chosen -so that the number of moles of this
Lhompound'with réspect to 1 mol of transition ﬁetal is
16° from 0.5 to 500.
‘ | 9., Process accordlng to one of the
' precedlng clalms, ¢haracterized in that the
:hydrocyanatlon reaction is carrled out at a. temperature
lof 10°C to.200°C. S e
15 R 10. Process accordlng to one of the. -
'ptecedlng clalms for the. hydrocyanatlon to dlnltrlles .
‘_of nltrlle compounds comprlslng ethylenlc unsaturatlon‘
_by reactlon w1th hydrogen cyanlde, characterlzed in.
3_that the reactlon is carrled out in ‘the presence of a.
éO : catalytlc system,comprlslng at least one compound of a
tranSLtlon metal at least one phosphlne of formula {I}
and a cocatalyst comprlslng at least one Lew1s ac;d-
11 Process accordlng to Claim 10
-;characterlzed in that the nltrlle componnds comprlelng
?5.-ethylen1c unsaturatlon are chosen from_allphatlc -

-‘nltrlles comprlslng ethylenlc unsaturatlon comprlslng




'conpounds; such as 2-nethy|-3-butenenitriIe, 2-met hyl - 2- buieReRibos ! e,

2-pentenenitrile, valeronitrile, adiponitrile, 2-nmethylglutaronitrile,
2-ethylsuccinonitrile or butadiene: 10 13. Process. according to one of
Clainms 10 to 12, characterized in that the Lewis acid enpl oyed as
co-catalyst is chosen fromthe conmpounds of the elenments. from G oups
lb,-11b, Illa, Illb, IVa, IVb, Vazsvb, VI"b, 15 20 VIIlb and VI1I of the
Periodic Table 14 . Process according to one of Clains 10; to 13, .
characterized .in that the: Lewis acid is chosen. fromthe salts chosen from

the gnoueof poecBabhdesiisyl phalces asul-phonesesnibak gal kyl sul phonat es,
- per hal oal kyl sul phonat es, carboxyl ates. and phosphates. 15. Process

accor di-pprtteoanei of i téaand thkirt emikduwedwracterized in that the Lewis acid
is chosen fromzinc chloride, zinc-bromde, zinc iodide, manganese :
chloride, .nmanganese broaede; acadmdimolicoricdaimcagdn um brom de, stannous .
chloride,- -brom de, stannous sul phate,. stannous tartrate, indium
tr|fhﬁhﬂﬁﬁﬁ@%ﬁ%@@%hb%af%attﬁEecHM@Q&%&PQﬂtQHan@ESl©$ rare-earth

elgnents such as | ant hanum cerium.
comprlse amounts, generally minor amounts of other .

Compounds, such as Z2-methyl-3-butenenitrile, Qfmethyl—
- é—bufeneeitrile, 2¥pentenenitrile, valeronitrile,
adipenit;iie, 2~methylg1utaronitrile;'
;27ethylsﬁccinonitrile or butadiene:
10- ) ': ' 13”Process_according to one of Claims 107
to 12, chafecterized in that ‘the Lewis acid employed;ae
cqcatalYSt'is chosen'from £He compounds:qf the elements
.'from Groups ib, IIb, 'I-IIa-, ITIb, IVa, 'i\kb, va, Vb, VIb,
) VIIb and VIII of" the.?eriqdic'Table;;".-‘ 1 -*f- . igar“'
15: . ' 14 Process'aecerding te-eﬁe of Claims 10-;
£o 13, characterlzed in. that the Lew1s acid 1s chosen
from the salts chosen from the group of- the halldes,
. sulphates, sulphonates,-halqalkylsulphonatesh‘
--perhaloalkylsulphonates carbox?latés and'phésphatesr
26. {' SO 15. Process accordlng to one of Claims 10!
to 14 characterlzed in that the Lewis a01d,1s chosen'y
from.21nc chlorlde,;zlnc bromlde,A21nc iodide, ;J_,P'E
° hanganese chlofide,.mangaﬁese_Bremide;'cadmium
-eﬁieride} Cedmium brdmide; stannous ehieridej SfennOus.
éé_:bromide,;stahnoue=sul§hate,,§taﬁnoﬁs far;raee,iindieﬁ
'ffifluoxoﬁethylsulphonate, the_chlerides or 5tomidee 6& )
;ereweafth elements,‘sucﬁ,as_1anthanum,;ceriuﬁ, |

-




12 April 2005 36 praseodym um neodym um - samarium europi upe Apgdelsi ni um
terbium dysprosium, holmum erbium thulium ytterbium and Iutetlun]
cobalt chl ori de, ferrous chloride, yttriumchloride and their m xtures.

16- Process according to one of Cains I10; to 15, characterized in that -
the Lew s ‘acid enployed represents fromO0.01 to 50 nol per nole of
transition netal conpound. -17. Hgcess according to one of Clainms .1 10
to 16, characterized in that the isomerization to penteneinitriles of. the
2-nmet hyl - 3-butenenitrile present in the-reaction mxture originating from

t he hyda@@yapaiu@n a&oagﬁggmen%dﬁ%ggﬁﬁlegupg%lhﬂ t he absence of hydrogen
cyani de, the isonerization-being 15 carried out in the presence of a

cat al ygadebimpiisj ngeabiulkeasly spie ihnsDhendm Ofnf 0t Abt am( 1) and-at | east one
conpound of a transition metal.. 18. Process according to Jaim17,1
CharaC¢@¢lZ@®:IhtthabtheaZGHQMWﬁtihdmﬂcnhﬁﬂtr¢hEor£@e$ubjected to

i sonmerization-is enployed alone or as a mixture with

2- et AL DRt ehbpt LAR) eyt taipantcdieniidd |and 3hpeit enexitrées e,
2-pentenenitrile-, butadiene, adiponitrile, 2-nmethylgiutaronitrile,.

2 gthylsu00|nonlt}?1ePB?Cﬁﬁﬁe?SEPFﬁﬂﬂg to one of Claims 10}

to 15, characterized in that the Lew1§ acid employed
represents from 0.01 to 50 mol per mole of tfaﬁsitioe

- metal compound.

17 Process accordlng to ene of Claims 1
10“ !to 16, characterlzed in that the 1somerlzatlon to
pentenehltrlles of. the 2—methy1—3;butenen1trile present

’ 3in-the'reacti0n miifure originaeing ffoﬁ the -

-hydrocyanatlon of butadiene is carrled out 1n the.

_absence of hydrogen cyanlde, the 1somerlzat10n being - f f’ﬁ7;5wwmh

is "carrled out in the presence of a catalyst comprising- at ” |

'_least one phosphlne of formula (I} and -at least one a

-:;compound of a tran51tlon metal-_. |
| ' 18. Process accordlng to Claim 17]

- characterlzed in- that the 2~methyl ~3- butenenltrlle

;O -subjected to 1somerlzatlon is employed alone oras a
sm1xture-w1th 2—methyl 2-butenen1trlle,'

_Lﬁ—pentenenltrlle, prentenenltrile, 2—pentenen1tr11eq )
butadlene, adlponltrile,.2—methylg1utaron1trlle,'
2~ethylsucc1non1trlle or valeronltrlle-

!5_ o 19. Process aocordlng to, elther of Claims 17

. and 18, characterlzed 1n that the 1somerlzatlon l




.5 19- Process according to either of clains 17 and 18, cher @sieopged in
that the isonerization 12 April 2005 37 reaction is carried out at a
temperature of 10C to 200C. 20_ Process according to one of daims 17 to
19, ‘characterized in that the isonmerization to pentenenitriles of
2-methyl -3-butenenitrile is carried out in the presence. of at |east one
conpound of.a transition netal-, ®7 at |east one phosphine of formula (1)
and a cocatalyst acid. conprising at |east one Lew s

reaCtioﬁ'is carried out at a temperature of 10°C to
200°C. |
.20-'Process accor&ing to one of Claims 17
to 19, characterized in that the isoﬁeriiation to
5 pentenénitriles of'2—methyl*3—buteﬁenitrile is carried
- out in'ﬁhe presénce df at least one compound of a
‘trénsition metal of at least one phosphlne of formula
'(I) and a cocatalyst comprising at least one Lew13

,a01d : ) Z -




