~12 April 2005 WD 02/30854 1 PCT/FRO1/ 03047 HYDROCYANATI ON. NERHODZGUSR = -
ETHYLENI CALLY UNSATURATED ORGANI C COVPOUNDS The present invention relates -
to a process 5 for the hydrocyanati on of organi c conpounds conprising :
et hyl eni ¢ unsaturati on to-conpounds conprising-at |least one nitrile

. functional ﬁéo /36% relates nore partucularly to thecﬁwdr éﬁggéhon of

di ol ef i ns, suc utadi ene, or 10 substituted olefins.,-su
alkenenltrlles for exanpl e pentenenitriles. French Patent No. 1 599761. .

di scl oses a pr?@%%%rhﬁh PR RESRRRA ﬂnE%hYEbk?b#EinﬁNgggURAQEDOf

~hydrocyani c ac t o organi c conpounds havin one et hyl enic

"doubl e bond in the presence OfOﬁGﬂNﬁﬁeboﬁﬂbﬁhb§t@63nd atriaryl phosphlte
This reaction can be ..carried out in the. presence or absence of, a

“sol'vent. When a-sol vent is'used in this process of the prior art, it -is
preferably a hydrocarbon,"-such ‘as 20" benzene or xylenes, or a nitrile
such as acetonitrile. Tﬂhepr:eé@zhwySinv@wi@Nepeléi.Sesﬁrt&ré)qﬂd‘céBé?kel conpl ex .

‘conpr|5|ng li gands such as stibines, phosphitesl arsenites or
5 for the hydrocyanatlon of organic 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-pentenenitriies; | . ‘. |
_ 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 .
15. 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 solventr
When a_solvent is used,ln_thls ‘process of_the
prior}art;-it isgpreferabiy 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 then
257 catalyst, such as a-boron compound or a metal-salt,
. generally aILewis‘aCid, is also recommendedbin thejsaid

fpatent.




phosphi nes. arsines, antinonites. The presence of a pronoti@Adrib2005
activating the 25 catal yst, such as a boron conpound or a netal salt,
generally a Lewis acid, is also recomended in the said patent. 12 Apri
2005 10 Patent FR-A-2 338 253 provided for the inplenentation of-the
hydrocyanati on of conpounds having at,l east one ethylenic unsaturation in
the presence of an aqueous sol ution o? a conpound of a transition. netal,
in particular. nickel, palladiumor iron, and of a sulphonated phosphi ne.

"The sul phonated phosppéggﬁtdﬁ%%eg?} nzgf@ 5% Iacgeecpt éﬂ phonat ed
y

triaryl phosphi nes and nore parti cul ar sul r| p enyI phosphi nes.:

Thi's pr0093§mﬁ§5ﬁén99§§b}9|Sfc@l'ié dyt/df'é/ r&?é’@ﬂ?&'&f‘ cdrﬁpcﬂﬁ{&é cular of -

but adi ene and pentenenitril es, easy separation-of 't catal ytic

sol-ution byhsvm@beaﬁep@éatl@nebé/ttspléﬂlwgnedhct&mwemlﬁ/mpr events . as
.far as possible discharge 'of" . 15 effluents or' waste conprising the

: rret al s actipgeasnceadal astaqm%olmﬁ&ﬁarma&mm@aﬁ@d out to f| nd
~novel catalytic- systens which are nore effective
5 transition metal in partlcular nlckel palladlum or
v - ironm, - 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 | |
‘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.

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

for the hydrocyanatlon of organlc compounds comprlslng




baoth as regards catalytic activity and as regards 20. stali2Apy2005 One of
the ainms of the present inventionis to provide a novel famly of |igands
which nakes it. possible to obtain, with. transition netals, catalytic
systems exhibiting an inproved activity with respect to. 25 the known
systems. To this end,-the invention prgvides a. process for the

hydr ocyanati on of organi c conpounds conprising 12 April 2005 3 at |east one
‘et-hyl eni-c bond by reaction wi th hydrogen cyanide in the presence of a
.catal ytic' system € i siit &hid ansid 'k@ﬁ_r’@%t@éi:cﬁ’f‘%i% jganpphosphor us
~ligand, characterized in that the ligand is a phosphine “corresponding to
‘the. fol | owi ggageaeral {1y Mitaser(dd 'of I WhRitehiytE J epfasgnts 0 or S; 10 n
represents 0 or 1 (1) Rl, R4, R5 and.R6, which- are identical. or
different, ceppebeinig a hyhrogen @t agtaan 00t isenaldgsarmpisidpghdred, , saturat ed
~or unsaturated, aliphatic hydrocarbonaceous radical conprising 1 to 40
carbon 15, higamsd, tdtentedrenciapdsbriac ediag ¢hai i iefanwhiich d phosphine

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

O

' in which:
E represéﬁts‘ororis;i
' iﬁ' ”i .n reﬁiesents 0 oi 1;:
A '_ﬁlﬂ'R4,_R5.ana Rg, whicﬁ:aré idenficél,Or_.
rdifferent{ represenﬁ é-hydrbgéﬁ étoﬁ;-an:optionaily :
.sﬁEStitutedjfsaturéﬁed'or unsaturated, aliphafié
.hydtocarﬁonaCebusvradical'comprising‘l to 4Q‘Ea£bon'
 -15f atoms,—thé_hydrocafbonaceous chain,offwhidh is
rnoptionally interrupted by é'ﬁeteroaﬁom;}an'optioh#ily7
sﬁﬁéfituted, monocyclié'o;lpolyéyclic, Sétﬁiafed; ”
ﬁnéaﬁurated'of‘arOmatic, carboéyclic or:he?e:oéyqlié
radical;'ér_a_séturétea or-uﬁsaturated,.aliﬁhﬁtiér:
i20 'ﬁydfécaquﬁécépué‘radical,_the hydrocarbénaéégﬁs-éﬁain
Q'pf ﬁhibh'is3qptibnally intéf;upted by:é héteroatom'énd.:
_carries a cérbo;yélicrér hetérbcyclic ;adiéal ésl:", ‘
rdefinéd.abové,.the‘said fadiéél'éptionallf béipg

‘_substitﬁted{




optionally. interrupted by a heteroatom-an optionally subsi2iApd 2ohs

~nonocyclic or polycyclic, saturated,. unsaturated or aromatic, carbocyclic

or .-heterocyclic radical; or a. saturated or unsaturated, aliphatic 20

“hydrocarbonaceous radical, the hydrocarbonadeous chain of which is

optionally interrupted by a heteroatom,and carries a carbocyclic or.

het erocyclic .radical as defined. abové the said radical optionally being.
substituted; 12 April 2005 4 or else R4 and R5 form together with the 5,

'10 carbon atons which car t optiona substituted, saturated or
“unsat ur at ed, carbocyé?ﬁc f%%&%tg%ﬁa%ﬁ g?ﬁ?abkogﬁae?ﬁgwt#% £§ to 7 carbon
atons; R2 r ent e 0 R3 represents the X
radi cal or (?%Ek?% caI &? %a np'hé e’rgjl Ifaailrye and one al one of
“the R2 and e C chosen froma -
gg%i#%gﬁﬁéd‘rgétﬁfﬁﬁéﬁ“ﬂgfhﬁ%%ﬁ(: gﬁgt aﬁarﬁ%éﬁ%fﬁh

-nmonocyclic or aromati c carbo let erocy c radi cal having

from2 to 20.nearden i ar ke £ el salo mamwt&a@u bi ting one
or mor e addltlonal o
5 7 7 R, 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 havrng
'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 carboﬁ 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:




unsaturations in the hydrocarbonaceous chain and having 15 fx&mi2089 12

“carbon atoms; a 1l-alkynyl radical optionally exhibiting one or nore

addi tional unsaturations in the hydrocarbonaceous chain and having from 2

to 12 carbon atoms; or a -CN, [ ((Cl-Cl2?al kyl] carbonyl,- H C3- Cl18) aryl]
~carbonyl ,~ 20 [-(C1-C12)'a[koxy]'carbongl, [ (C6-C18). aryl oxy] carbonyl,

- carbanoyl, [ (Cl-Cl12) alkyl] carbanmoyl~or '.[di '(Cl1l-Cl12) al kyl] carbanoyl
“radical; and Y taking any one of the nmeanings of Rl; R7 has the neaning of

"Rl, R4, R5 and .R6 or 25' represepts a.hydrocarbonaceous radical conprising
a carbonyl functional. group or (a radi@arfof fol | owi ng formul ae: 12 April

2005 5 ORe OP\- 0-Re or OA

_'_PP A121. in which, A represents a
hydr ogen atom (C1l-Cla) al kyl: N ' .
_‘ ‘ _ 0—R,
or - : o
o :fA oA,
O0—P ]
- O—Ar,
in which;
S - A;representsja hydrogeﬁ atom; (Cl—Cunalkyl;

orr(Cﬁ—Cm)arylror (Ce-Ci0) aryl (C1-Cyo)alkyl iﬁ_wh;ch-the
:arYl-part is.dptionally.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: .




or (C6-Cl10) aryl or (C6-Cl0) aryl (Cl-Clo) alkyl in which-tihengigbos part is
optionally substituted by one or nore' radicals chosen from (Cl-C6) alkyl,
(C1-C6) al koxy, trifluoronethyl, halogen, di(Cl-C6)alkyiam no; 10 (Cl--C6)
al koxycar bonyl, carbanoyl, (Cl-C6) al kyl ani no- carbonyl and

di (G -C6) al kyl am nocarbonyl; -Arl; Are represent: either the dival ent

radi cal of formula: .15 in which each of the phenyl nuclei is optionally
substituted by one or.nore Z grn:‘ fined below, or the divalent-

radi cal of formula: 12 April ich each of the phenyl nuclei is
~optionally substituted by orRe__2 groups as defined below, Z
represents (Cl-C6) alkyl, (Cl C6) al koxy, trifluoroinethyl, hal ogen,
(C1-C(;) al koxycarbonyl di -2 kyl am nor (Cl-C. 6) alkylam nocarbonyl
or di (G -C6) alkylam nocarbo dnd RO, which are identical .or
different; represent a substitwied ar_sAsdbstituted aryl radical. In an
aspect .of the present invention, - there is provided process for the
hydrocyanati on of organic conpounds conprising at |east one ethylenic bond
by reaction with hydrogen cyanide in the - o ' _

in whlch each of the phenyl nuclei is optionally

_substltuted.by one or more‘Z'groups as deflned'below;
Z represents {C1 Cg)alkyl (Cl—Cg)a;kéxy,
. trlfluoromethyl halogen, (C;jcg}alkoxfcarbqay1f;
ud;(clfCG)alkylamlnoi (CI—CE)élkylamidocarboﬁ?l 05'
':dikcl;CG)alkylaminocarbonyl; o |
. Rg and'Rg} which are 1dentical or different,

represent a substltuted or unsdbstltuted aryl radlcal.

In an aspect of the present invention, there is provided
process for the hydrocyanation of organic compounds comprising’QEQLA&m
least one ethylénic bond by reaction with hydrogen cyanide in the
"presence of a catalytic system comprising a transition metal and
an organcphesphorus ligénd, characterised in that the ligand is a

phoshine corresponding tc the following general formula,(I)é

- ‘a §§tqtéted or unsafufatedﬁaiipﬁ;tic*
| hydrocarbonéceous radical'ﬁa?ihglfromﬁl‘fo
12 dafbon-atom%,‘ﬁhe hyqrocarboﬁaceoqé'
" chain ‘of which is obtionally;iﬁtgriupted by -

" a heteroatom chosen -from O, Niaﬁd Si

in which: .

"E represents 0O or S:




presence of a catalytic systemconprising a transition netal2 ggHizoesn
organophosphorus |igand, characterised in that the ligand is a phoshine
corresponding to the followi ng general formula. (1): a saturated or
unsaturated aliphatic hydrocarbonaceous radical having from1l to 12
carbon, atoms,' the hydrocarbonaceous,_chain of which is optionally
interrupted by a heteroatonlchosen - %9 fom'0, Nand S;" (f} in which: E
represents 0 or S.; ril] 2005 6a n represents 0 or 1; Rl, R9, R5 and
R.6, which are |cﬂwﬁ?Qﬁﬁ FPrifrereht, represent a hydrogen atom: or a

radical T chosenf{ g: sat u r. unsaturated, aliphatic
hydrocarbonaceous Ca? ‘%ﬁL%S| CT’@§Q4Gd@§¢BSW1'&anB the

hydrocg naceous chai n of which is .optionally interrupted" by a.

het er.oatony nOERETIC 0P POTIKAIPE -PEOME e niraatred can Shtdioakead fréadi cal ;. or
or aroaatmmata@abbamwﬁkm&aeédhehg@ggygg|c a saturated or unsaturated,

al i phatic

hydrocarbonaceous radical comprlslng 1 to 40 carbon
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 chétn
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 whigiobss
optionally interrupted by a heteroatomand carries a carbocyclic -or

het erocyclic radical as 12 April -2005 6b 10 defined above, or else R4 and
R5 form together with the carbon aggns which carry them saturated or
unsat urated, carbocyclic nonocycle preferably having from5 to 7 carbon
atans; R2 represents a hydrogen atomor the X radical; R3 :represents

-the---X 'radical..-O the Y radical; it being understood that one and one
alone of the R2 and R3 substituents represents the X radical; X being
choosedefipedaahprdeyclic or bicyclic, .aromatic carboeyclic or

-heterocyclic.radical having from 2- to 20-carbon atons; a 1-al kenyl
radical 15 optionally exhibiting one or nore addltional unsaturations in

t he hydrocarbonaceou chain and having from2 to '12. carbon atons; a
1-al kynyl radicaf® %g??o%alar‘}fj e&%lfﬁ?lfqlngtﬁﬁétbﬁfnﬁﬁéhameu onal

unsat ur at.l ons_ thhw t%ﬁlrocarb gFeous chain and-having 20 from2 to 12
car bon™ at o1\, s Pyal kyl] carbonyl, [ (C3-C18) aryll

car5_bo_nyl, [ (CI g&u@z:llil;(géyc])r—unsaturated carbocyclic
monocycle preferably hav1ng from 5 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 e
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, [Uﬁ—Cu)alkyl]— T
) carbonyl [ﬁ§~CmJaryl]carbonyl {ﬂhmcn)alkoxy]— B
"carbony‘l [(Cg—cm)aryloxy] carbonyl, " carbamoyl ‘_ ,d_j___'-'-
_[ﬂhfgn)alkyl}carbamoyl or [dl(Cl Cu)alkyl]carbamoyl
rad1ca1~ and o
ZSi y . Y taklng any one of the meanlnos of Rl, w1th

'the exceptlon of a. hydrogen atom,




carbonyl, [ (C6-C18) aryloxy] carbonyl, ' -carbanoyl, - - - (18xprif a5 al kyl ]
carbanmoyl o [di (Cl1 Cl12) al kyl} carbanoyl radical; and .25 Y taking any one
of the meanings of. Rl., with the exception of a hydrogen atom 12 April
2005 R-7 has the nmeaning of Rl, R4, R5 and R6 or represents a

hydr ocar bonaceous radi cal conprisingca carbonyl functional group or a.
radi cal of followwng forrmulae: | -R8. O-P5 ORY oOrt ---ArY OPO-A2
in which, Arepresents a hydrogen atom (Cl-Cl O alkyl; 10. or (C6-C10)
aryl or (C6-CEo) aryl (C-CEO alkyl in which the aryl part is' optlonally
substituted by-ong 104s ke mhadhgalgs cahasen &,r om (Sla-rC@ Al kyl ., (C1-' C6)
al koxy., trifluoronethyl, halogen, di {C-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- (Cl-06) al kyl ardi nocarbonyl -and di (Cl-Cfi) alkyl am nociarAmingbos - Arl;
Ar.e- represent: either the divalent radical of fornula: 12 April 2005 6d in
whi ch each of the phenyl nuclei is optionally substituted by one or nore Z
groups as defined below, or the dlvalgnt radi cal of fornmula: in -which
each of the phenyl nuclei is optlonaIP substituted by-one or nore Zgroups
as-.defined below, Z represents (Cl-C6)  al kyl, (Cl-C6)al koxy,
trifl.uoronethyl', hal ogen, (Cl-C6) alkoxycarbonyl, di.(C-C5)

.ai l kyl am no, (C.1-C6) al kyl am nocarbonyl -or di (Cl-C6)

al kyl aghneaachoeylch 8 wd RBenWhi hicace hHdewpitaalnaiary different,

represent an aryl radical This fam|ly' of phosphi.ne conpounds' is

di scl osedsth¢brencbyPatrento Appbreat i gnsuples as2 dé85 ngtl bedndi ;2 785 611
Exanpl es of -a process for'the manuf-acture. Hof these.conpounds are al so

di scl osed i n the+abo- vbeertiivnieth docatere 5. o Arbageuihe conpounds descri bed,
t he conpounds corresponding to Lk ila (1) inwiich:. RL, ' R, R4, R5
and R6_-independently represen e-n atomor-else a T radical

chosen. from

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)élkpxycarbogyl,

ailc;—CG)alkylamino, ((h—Cs)alkylaﬁinocarbonyl~o;
‘-di(Cf{kjalkyléﬁinécarbonyl} -

'_t'Rs and Ry, which are idgﬁticai-q: different, 

_ représenf an aryl radical. | |

. ' ThlS famliy oflphosphlne coméounds is
.'di$c1§s¢d in French Patent Applications Nos. 2 785 610
'“1 :and 2 TQS—éll-_Ekampies of a érocess for ‘the |
manufactﬂré.oé these comﬁéunds are élsq‘discioéed in
;_J;_the abovementloned documents.' |
' Among ‘the compounds descrlbed the cémpounds'
-.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 chosén}from;'




12 April 2005 6e a saturated or unsaturated aliphatic hydpogsabggpceous
radi cal having froml| to 12 carbon. atons, the hydrocarbonaceous chain 'of
which is optionally interrupted. by a heteroatom chosen-fromO, Nand S.;.
12 April 2005 7 a nonocyclic carbocyclic radical which is saturated. or

whi ch conprises 1-or 2 wunsaturations. in the ring, having from3 to 10 15
.20-25 8 carbon atons; a saturated or_unsaturated bicyclic carbocyclic
radi cal conposed of 2 single rings cBfidensed to one anot her, each single
ring optionally co rising 1 to 2 wunsaturations and exhibiting: from3 to
8 carbon atons; @& >2hBRdredr Obi BpEptaratesl clodphatimti c . car bocyclic

radi cal ; ' : : :
hydrocarbonaqeous radical having from 1 to
12 carbon.atoms, the hydrocarbonaceoué
" chain of which is optionally ihterrupted by -

arheteroatom,Qhosen-from.O;AN‘add S;




a saturated, unsaturated:or ‘aromatic 5- to 6-nmenbered nonoyAril 0005

het erocyclic radical, conprising 1 to 3 heteroatons chosen independently
fromN Oand S, a saturated, unsaturated or aromatic bicyclic heterocyclic
radi cal conposed of two 5-- to 6-nenbered sing-le rings condensed. .to one
.another, each single ring conprising 1 to 3 heteroatons chosen
i'ndependently fromO,.N and S; and a s&turated or unsaturated aliphatic
hydr ocarbonaceous radical having from1 to 12 carbon atons.,, the-

- hydr ocar bonaceous chai n- of mhlcg carries a carboc C|IC or. 12 April 2005
heterocyclic nonocycli c®r381eaYCasCdefTReayC bSan %ﬁ%ls%?HC& tadical

-optionally being substltu Xi s, chosen from a.

d | a
(C2- CB)aIkenyI group, %e aE%% ﬁfkvﬁéth?BﬂBrlﬁﬁ%n§lo Tndpht hyl

thienyl., furyl, pyrrolx sgFILAREORY, 1o PYRRZOLNL: nLDLAZOL Yo §X@é°'~y'1
pyridyl, pyra2|nyl pyri.daziny |sot la.z-o0 azoly

benzofuryl, . benzoth|englcarggnlgggﬁgl |50|ndolyl |ndoI|zihyI i ndazol yl,
. purinyl;, qU|nonI i soqui nol yl - benzoxaz ol yl, . benzothlazolyl and ,

-5 E a.saturated or unsaturated bicyclic
carbocyclic radical composed.of.2 single
ringé-gqndénsed to onedanothér, each sing;é 

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

10 - o carbon atoms, | |

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

n.a'satufated,‘nnéatnrafed:or afoma?iCS— fo
6-membered mohodyqlic”heterbdyclid fédical;g‘;w“:f

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

independently_fromrN;'O and S;

. a saturatedl“unnaturéted or aromatic
.biCYClic heterocyclic rédicalﬁcomnodéd of

.ntwo 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 n

. 'a saturated or unsaturated aliphatic
, hydrbcarbonacequs radical having from 1 to
‘25'- ' : 12 carbon atdms, the hydrocarbonaceous :

chaln of Wthh carrles a carbocycllc or




pteridinyl. Anong the.| att_er " the corrpounds conpri s. |ng a 'ﬁzr,qg}irgad)s
optionally substituted by: (Cl--C6) alkyl, 15 (C2-C6) alkenyl, (Cl-C8)

~.al koxy -or (C2-C6) acyl; a radical chosen from --Ra-COORb, - Ra- NO2i -
-Ra~-CN, di (d--C5) alkylamirio, di (Cl-C6) al kylam no (:C1-C6) alkyl,
"-Ra-CO-N (Rb) 2, -Ra-hal, -RaCF3 and --0-CF3 (in which Ra represents :
a..b.ond or . (Cl-C6) al kylene, Rb, whfch are '20 identical or different,
represent a hydrogen atom or (Cl-C6). al kyl, and hal represents hal ogen) ;
or alternatively the-radical: 25 where Rd i en from (Cl- C6) al kyl,
(C2=C6) al kenyl, (C1- Cg‘)e LRrR6XY 1€C?Oééfyﬁi§/§ 11‘?3 1 oR? é ‘T@%r Ra- CN,
12 April 2005 9 di (C3- Cg) alkylanlno di (Cl--C6) alkylamno (Cil- C6) o
al-kyl , -Ra CO-N (Rb) 2° ’hal -Ra-CF3 and -0-CF3 (in which Ra., Rb and

hal 0.and5; 5'R
Teprosents & o%%Pd SHEled] [RATENS, Mol SORLASNRR, 0 295, SR

--S, -SQ2-:PLe -CO, Rb being as defined above, are partlcularly
preferred REntlon may be made, as. preferred conmpounds of the 10 |nvent|on

| of the cgnpounds of fpﬁé@!é}ﬂlj oryul Ae-Hdden Faiomila @Eld:s)alkenyl
. _group, a (Cp- Ce)alkynyl group, phenyl, naphthyl
lthlenyl furyl,. pyrrolyl 1m1dazolyl pyrazolyl
| thlazolyl, oxazolyl pyrldyl pyra21nyl pyr1daz1nyl
‘_1soth1azolyl, 1soxazolyl benzofuryl benzothlenyl
‘-10 1ndolyl,_;501ndolyl 1ndollzlnyl indazolyl, purlnyl,-
 quin0ly1 .isoquinolyl, benzoxazolyih ben;othiazolyl‘and't
.pterldlnyl : ‘ |
Among the . latter, the compounds comprlslng a
T radlcal optlonally substltuted by (C1Ck)alkyl =*WJH
15 (Cz—gsyalkenyl, (Cl—Cﬁ)alkoxy_or (Cz—Cs)aoyl; a radlcai,
| ‘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(Rb).,_—Ra hal, -R.CF3; and -0- CE@ (1n whlch Ra'f
rep:eeentSfa;bohd ot.(Cl—nga}kylene, Rb, whlch-are :
',.201 identicaljor differeﬁt, repreeeot aofdtogen atom or
.:(Cl Cs)alkyl, ‘and hal rebresents'halogen);;jr .

or alternatlvely the radlcal.

N _@rwm
—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,




15 or (II1): Ph V'Ph Formula (IIl): Ph P CHO Transition mapaipn2foas ckel,
pal 'adium and iron transition netal .- .conpounds, nore particularly
conpounds; are used as 12 April 2005 10 The conpounds which are the nost
preferred anong the abovenentioned conpounds are nickel -conpounds.
Mention may be made, as nonlimting. exanples, of: conpounds in. which the-
nickel is in the zero oxidation state? such as potassium _ :

t et racyanoni ckel ate K4[Ni (CN)4], bis(acrylonitrile)nickel (0), bis(1,5 10
cycl ooct adi ene) ni ckel_and the derivatives conprisin | igands from G oup
Va, such asdlﬂ@@?%ﬁ&%&ﬂﬂ%ﬁﬂ&ﬁ@myﬁ&HSSﬁ%¢%ﬁ%ﬁﬁ%ﬁ@ﬂnFﬂﬁngéhﬁ%ﬁ¥§4 conpounds,

such as the car | at es in, partjcular the-acetate), r bonat e,
%3—882(&/(1%)2, —.Igia—g‘taf. -Ra-CF3 and ~0O-CFs (_el)n W aic Ra,

bi car bonat e,

Ry, and hal are as defi-ned_above);'“
| m represents an inteéer between 0 and 97
5 _ | R. represents a bond, 7.('C1-'C'6')‘alkylene, -0-, -
| ~CO-, -CO0-, -NRy—, —CO-NRy=, -S-, -SOp= or ~NRy-CO-, Ry -
 being as defined above, |
are I;Jafticﬁlarly preferred.
Mention may be méde, -as preferred ‘compounds of th“e‘
-10‘ invention, of the cbmpounds_ of followiﬁg formﬁiae. ;(Ii)

" or (III):

Formula (IT):

15

P

Transition metal compounds, ;h_o.re' particularly
20 Anickel, pa‘.ll'ad'ilum and iron. compounds,;"_are used. as

_ trans ition metal.

1




15 borate, bromide, chloride, citrate, thiocyanate, cyani d@Agﬂme e,
hydr oxi de, . hydrophosphite, phosphite, - phosphate and derivatives, |od|de
nitrate, sulphate,., sulphite,_aryl sul phonates andAaIkyIsquhonates

When t he nickel compound used corresponds to 20 an oxidation state of the
ni ckel of greater than 0, a reducing a ent for the nickel is added.to the .
reaction medium which reducing agent re e-ferably reacts with the '
ni ckel under the conditions of the reaction. This reducing agent can'be
_organic or _inor gan| c._Mention may 25 be made, as nonlimting exanples, of
“NaBH4, anowder |‘iﬁﬁ‘p%ﬁl-‘%‘3 a‘ﬂdl%r%?ﬁ/d?ki%é%osﬁzp%ﬁlfr%% 11 \When
t-he. ni ckel conp ed corres s to t 0 oxidatjon state of nickel, a
r educi ng agﬂW? qf PG4 Qﬂé&i%ﬂﬁnﬂ?%@. al so be added but

this additi on Egosurpc% essential .. 5 V\hen an iron conpound is used, the same-
'reduci ng agennils are sui tabI e. In the case of palladium the redu0| ng agents

can be, . in addition, t e i qeﬂ, e,
solvent., olefin). 10 The orga aﬁf ggecon%édng% crgdr;nplrl S|¢1{{gﬂ%t e sm%ne

. et hyl en|§ dopbl e bond nore particul arl y enployed in the present process
are d| ol efins, such as butadi ene, N _
- compounds in whlch the nickel is in the

. Z8ro oxidation state, such as pota551um\
tetracyanoniokelate'Kq[Ni(CN);], -
' bis(acrylonitrile)nickelIO), bis(l,ﬁe
E 10 cyclooctadiene)niokel and-tﬁe derivatives comprising ,;'
. ligands from Grou§ Va, such as - N
tetrakis(triphenylphoaphine)niokel(0}}
| | —_niokel;coﬁpOunds,isuoh as-the.catbogylates
fin‘partiCular the-acetate)h catbohate,'bioarbonate, VRN
15 borate, bromide, chloride{ c1trate, thlocyanate,' |
cyanide, formate} hydroXide, hydrophosphlte, phosphlte,
phosphate aad derivatives; iodlde, nltrate, eulphate
sulphite,_ arylsulphonates and alkylsulphonates
“When the nickel compound used correspoads to,
20 an ox1datlon state of the nlckel of greater than 0 a
A.reduc1ng agent for the nlckel is added to the reactlon
medium, which reducing agent preferably_reactg‘W1thAthe
niokel under the'conditions_of'the reaotiodT'This
reducing agent can“be'orgaﬁio or inorganicf'Mentioh may
25'.be:made; as noﬁlimiting exaﬁpleag of NaBHQ,'Zn,powder,:r

magnesium,'KBH4 and borohydrides.




i soprene, 1,5-hexadiene or 1,5-cyclooctadi ene, aliphatic nit2rAgri¢2005
conprising ethylenic unsaturation, .15 particularly linear
pentenenitriles, such as 3-pentenenitrile or 4-pentenenitrile, nDnooIeflns
such as styrene, nethyistyrene, vinyl naphthal ene, cycl ohexene or

.met hyl cycl ohexene,. and the m xtures of. several of these conpounds.. 20
The pentenenitriles in particular can'llconprise amounts,. general |y ninor
anounts, ' of other. conpounds, such as 2-nethyl-3-butenenitrile, 2-methyl -

2- butenenltrlle 2-pentennenitrile,.valeronitrile adi ponitrile,

2-met hyl gl ut ar on| tri fen @Q-@%%mﬁﬂiﬁq el somFRSRATEIe, tO

originating, r ..exanpl e, fromthe pri reactjon for. the | drdeyanation_
of butadi ef®e & &%ﬁé&ﬂﬁb&?ﬂqe} i9leyicfs Apﬁ Ire?{%’%nﬂZ a9t €5 s because,
~dur.i ng the hydr.oc n of byt.adi e not insi nlflcant nt.s of

2- met hyl - £06) ﬁeﬁ% SR it |b2°t?ut°€r\‘erﬁ Eeperg cckipsiiveg with.

-the linear %ﬁ@t%@%Ttr'lgt Qeéggé%eﬁaf:systen1used for the

hydr ocyanati on accor “he process of the .invention can be prepared

before igs |ntroduct W O 1rtJhe Jo%%dn%ﬂ ey, e el e by addition
to the ' o o

“ reduc1ng agents are suitable.
V‘ -In the case of palladium,‘the reducing agents
eaﬁ be,.in sdditien, ceﬁposents of the reaction medium
(phosphlne, solvent elefin) v | |
flOr o The organic compounds comprising at least cne
ethylenic double bond more particularly employed in the"
present process are diolefins;rsuch as butadiese, |
isoérene, i,S—hexadiene'or 1,55cYclooctadiene{ |
aliphatic nitriles eompiisingiethyienic uﬁssteratiqh,;mtwe¢3”~'“
U:iSt partlcularly llnear pentenenltrlles, such’rasj
B 3—pentenen1trlle or 4—pentenen1tr11e, monooleflns, such
_es styrene, methylstyrene, v1nylnaphthalene,
i o cyelohexene-or methylcyclohexene, and the mixtures ef_j
;sevéral 5f'these‘eom§ouhds:'
200 . | Tﬁe»pentenehitfiies-in §articﬁlar_can'
| comprlse-amounts, genersily miﬁorzambunts,sof Othet' '
:_compounds, such as 2~methyl 3- butenenltrlle,;gjmethfi;
'. 24butenes1tr11e,_2—pentenen;trlle/tvaleronltrlle,
'édipeﬂitrile; Z;methylglﬁtatohitrile}
'25{'2¥ethy15ueeindﬁitrile-of'butsdiene,.originating, fOr
| fexample, from the prlor reactlon for the hydrocyanatlon .

-of butadlene to unsaturated nltrlles




-phosphi ne of fornmula (1), alone-or dissolved in- a 10 soIthquQOOS

t he. appropri ate anount of-chosen transition netal conpound and optlonaIIy
of‘reducing agent. It is also possible to prepare the catalytic system"in
situ" by sinple addition of the phosphine and the transition netal
compound to,. the hydrocyanation reacti medium 15 before or after the
addi tion of the conpound to be hydrocfggated._'The,anount of conpound of

ni ckel or of another transition metal used is chosen in order to obtain a

concentration, ~as noleg.of transition taJ nol e of. org
conpounds to be hydro@§anaF3%Ecaq%ﬁmg$| Eﬁe ﬁ@ﬁ#FQiF%P%i 1 and

"preferablymeg é) Q09 & qg% Iﬁ{@{ é}#glﬁe: o ¢ Of rﬁ her transition
et al enploye e ‘anount osp |ne 0 rmula used 25 is
‘chosen S0 thas, e unbere ofndol 8% 10y 1 &@a:pag@z ]‘[’\é gto 1 nol -
of transition netal 'is from0.5 to §60 and pre er ab y---fron} to 100. 12
CApril 2005 53 Al g ughdhe g@aﬁﬂé}ﬁﬂﬁ]g@g\eral ly carried out wthout a _
'solvent, it can be advantageous to.add an inert organic solvent. Mention
‘may be- rfade ‘as exanqites eftasiyahic %yssﬂetleni&d Of.foﬁrtfﬂ@tl c, aliphatic or
*cycloallphatlc :
hydrocyanatlon accordlng to the process of the
.1nvent;on can be prepared before its 1ntroductlon into
the reaction region, for example by addition to the
phosphine of formula (i)} alone-or dissolved in a
10 ~ solvent, of the appropriate amount of "chosen transition
'metal compound and opticnally of reducing agent. It is
also p0351b1e to prepare the catalytlc system_“ln situ”
by 31mple addltlon of the phosphlne and the tran51tlon
'metal_compound to the hydrocyanatlon reaction medlum,“,”nng*”:
15 before or after the addition of ‘the compound to be
‘ hydrocyanated; | |
The amount of compound of nickel or of |
‘another transition metal used is chosen in order to-
'ootain a concentration; aé moie_bf ttansition_metal per
'201‘mole of organic CompoundsAto belhydrocyanated or
'iSOmerized, of_between,ldﬁ-and 1 and preferably befween
20.005 and 0.5 mol of nickel or of theﬁother t;ansition
metal employed.. |
| The amount of phOsohinenof'formUla‘(I)'used
.25 ie chosen 80 that'the number of moles of this compound
"w1th respect to 1 mol of tran31tlon metal is from 0 5

to 500 and preferably from 2 to 100




Y

The hydrocyanation reaction is generally 10 hydrocarbons. c‘eerpredoogt at a
tenperature of 10C to 200C and preferably of 30C to 120C. The process of
the invention can be carried out continuously-pr batchw se. The hydrogen
cyani de enpl oyed can be prepared fromnetal cyanides, in particular sodium
cyani de, or cyanohydrins, such as aceé%ne cyanohydrin. 15 The hydrogen
cyanide is introduced into the react in the gaseous formor in the
liquid form It can al so be dissolved beforehand in an organic solvent.

-In-the context of ab%% tatian, it practlc "possible to
"charge-to a react.or pur(éqdt efroeral r]llab u5| rﬁgenenralr‘l[é/r arrsle (such as

ni trogen w9 oneid 1%k ggghqﬁpnﬁfﬁégﬁéaéoﬁy 2 R4 ign of the

vari ous COI’]StI tuents such as t e I ne, ransition - rreta

- .conpound, tﬂeep@s&@lrelé eégwé}g;_agent and-t he possible solvent, or the said
25 constituents separately. Generally, the reactor is then brought to the

chosen tenper at ur e- angkritiesh e, GRMERER]  d0 hepdroerandiced 1S
i ntroduced. The hydrogen cyanide 12 April 2005 14 .is then itself:
_jntroducéd s¢&f§ﬁﬂ&ﬁﬂqfGﬁmmmﬂﬂﬂusmﬂupmitlc or cycloallphatlc_
- hydrocarbons.
The hydrocyanatlon reactlon 1s generallj
carried out at a temperature of 10°C to 200°C and
- preferably of 30°C to 120 C.
10 _ The process of the invention,can be carried
“out continuously»or batchWise. . |
The hfdrogen cyanide employed canrbe prepared
from metal cyanides, in particular‘aodlum cyanide, or |
-'cyanohydrins,'such as acetone cyanohydrin;“ | |
15 ' | The‘hydrogen-cyanide,is'introduced‘into the l
reactor in the-gaseoue form oxr in the liduid.form. It
' can also be dissolved.beforehand'in'an organicisoluent.
" In the Context'ofra batchwise.implementathn,'
it is in practice possible to-charge-to a"reactor,
'20 purgedfbeforehand using;an inertrgas (such as nltrogen
or argon), elther a solutlon comprlslng all or a
_portlon of the various constltuents, such as the .
‘phosphlne, the tran51tlon metal compound the p0331ble
'reduc1ng agent and the p0331ble solvent or-the sald
25 constltuents separately Generally, the reactor is then

brought to the chosen temperature ‘and then the compound’,

‘to be hydrocyanated is 1ntroduced The hydrogen cyanlde "




~unvaryingly. Wien the reaction (the progress of which can {peagmpogsred by
‘the assaying of withdrawmn sanples) is conplete; the reaction mxture is

‘Wi t hdrawn after cooling. and the reaction products. are isolated, for
-exanpl e, by distillation.. An inprovenent to-the process for the

hydr ocyanati on of conpounds conpr|5|ng%fthylen|c 1.0 unsaturation accordi ng
to .the present invention relates in particular to the hydrocyanation of
the said nitrile conpounds'conprising et hyl eni c. unsaturation by reaction

‘wi th hydrogen ¢yani d pnsiistsiin using a cat ytlc ste

“ccor dance it FiERe  prabentEPREEREFan R TP e SRR AL ng a

| east  one LSH%% ? ? The conpounds conpri si ng ethylenlc unsat urati on whi ch
“can be enpl oyed i n %ys i nprovenent _are generally. those -which .were

~mentioned for.. .the ﬁﬁéhctﬂéofééétlﬁﬁ""’ﬂ’l?é pidgilds @x@?ﬂéﬂ'%é]na”y

advant ageous . 2C) to apply it to_the reactlon for the hydrocyanation to.

dinitriles pé abhpbatéq Byt théi 55014 i SF ngt%cﬁ}ya&ﬂ@‘ampl@%%atllg ation., in
“particular to linear pentenenitriles, “-such-as 3=pentenenitri

4- - pent eBenctmpl etandthbersast konrwsxture 26 Thieseirayantaaites tr i J es can
conpri se anounts, .generally mnor anmounts, of other -conpounds,'such as
- 2-met hyl - 3- bu@bnngjandlEheZIee¢tqon:brmmunksnareIlaolated for
example, by dlstlllatlon
~An improvement to- the process for’the
- hydrocyanatioh of compounds 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_
ransaruration,_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



12 April 2005 15 2-pentenenitrile, valeronitrile, adiponitnglagril 2005
.2-methyl glutaronitrile,.2-ethylsuccinonitrile or butadiene, originating
fron1the prior reaction for the hydrocyanati on of butadi ene and/or fromthe
i sonmeri zation of 2-nethyl-3-butenenitrile to pentenenitriles. . The.Lews
aC|dHused as cocatal yst nakes it posshgle'jn particular, in the case of the
‘hydrocyanation of aliphatic nitriles nprising 10 ethyl enic unsaturation,
to.inprove. the.. linearity. of the dinitriles obtained, that is to say the
near dinitrile.wth resp ect to_all. hiﬁdlnitriles forned,.

agﬁéfﬁ?t?ge.ie%&se%%éﬁ Vi tag%emﬁtﬁé %1 PECPREISE 'R catalyst. 15 The
Lerm "Low <) g6l o HAARESLOY o 0 JTBRR ) L BRRYESFRL Lex( . according fo

t he usual ron parrs. .1's possible

in particul I i n e r dited by
G.Ap a h,}ﬁﬁg%ﬂ;%g?egﬁmkgggg%sﬂgﬁ %eggfgggéggc?ggﬁglgg f¥9 gh% pages' -

191 to 197 {AP&3)vathe ileict aeitdsiiwhichnaanrberepptayed as cocat alysts in
the present process are. chosen fromthe conpounds of elenents fron1C}oups
.|b 11b 5||ﬂébmdﬂﬂﬂatlon of 2- methyl 3-butenenitrile to
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-obteined,_that is to say the.percentage of
' ;lineer dinitrile withlrespect to'ail the dinitriles
formed,. and/or to 1ncrease the act1v1ty and the‘d
llfetlme of the catalyst B . '  -.:",'[J;;ﬂ;¢~
'eiS : ' The term “Lew1s ac1d”‘1s understood to mean; | N
in the present text accordlng to the usual deflnltlon;'
compounds which accept electron palrs
| 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, pageSti
',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




25 1Va, IVb, Va, Vb,.VIlb, VIIb and VIII of the Peri odic Tahbexrﬁﬂmge :
- conpounds are generally salts, in .particular halides, such as chlorides

-or brom des, 12 April 2005 16 sulphates 'sul phonat es, halosulphonates
per hal oal kyl sul phonates, in particul ar fluoroalkylsulphonates or
per fl uoroal kyl sul phonat es, - carboxylah%i and phosphates. 5 Mention may be
made, as nonlimting exanpl es of suc ew s acids, of zinc chloride, zinc

brom de, zinc i odide, nanganese chlorlde manganese- broni de,, cadm um
chloride, cadm um brom stﬁ@p (Nléh st annous brom de., stannous
sul phate, st = Frart't Cﬁﬁﬁﬁﬁ%ﬂhylsulphonate t he -

chlorides o ert%{aolo(?cﬁsylogul %ro%aec%rt h % nudulaurch as | anthanum cerium
praseodym un~ Neo narlun1 eur lun1 gadol i ni um terbium

dysprosi um ¢hel A 4R 4% orlé%ﬁ%%liﬂn éﬁﬂl Jﬁ %yygquﬁgd . cobal t

chl ori de, 15 ferro riumchlori -0 -course .
-possi bl e t(béyﬂﬂgpaéﬂéglgﬁgSﬁHbéﬁﬁMﬁ%g&CldS Preference is very particularly.

given, anong Lews. acids, to zinc chloride, zinc brom de, stannous 20
chlorides stannous bll\@ﬂtd_%rﬁlﬁdayzﬂdecn@deqr|a%e/r§ira_rlikﬁ_u§lnq3f'éﬁrdﬂ%§n xtures.
of such Lewis a01ds,‘of zinc chloride, zinc bromide,

-zinc iodide, manganese chloride; manganese'bromideﬁ-

cadmium chloride, cadmium bromide, stannous chloride,

stannous. bromide, StannoUs_sulphate}:stannous tartrate, -

riO indium trifluoromethylsulphoﬁate; the chieﬁides or
bromides ef rare-earfh elements, euch'asilanthahum;
cerium, praseodeium, neodymium} eamarium} europium,‘
gadolinium,'terbiqm, dyepfoeium,ehbimiﬁﬁ, erbium,
thulium, ytterbiumaﬁé*latetium,, cobalt c':h_loré.def, .
15 ferrous chloride or. yttrlum chlorlde ”
It is, of course, pOSSlble to employ mlxturee
Qf Lewis acids. |
Preference 15 very partlcularly glven; among-
Lewis ac1ds, to 21nc_chlor1de, zinc bromlde, stannous
e20“chlor1de, stannous bromide-and ?inc ehlofide/stanndus-:
chlorlde mlxtures | | | | | ‘
The Lewis ac1d cocatalyst employed generally |
".represents from,0.0l_to 50 mol per mole of trans;tlon
metal cdmﬁound, mdfe'partieuiarly.of niekel'eompouﬁd,”
25. and preférably'from 1 to 10 mol pef mole. | |
o As.foﬁ the implemenﬁatidn ef:the.baSic;

process of the invention, the catalytic solution used



The Léwi s acid cocatal yst enployed generally represents friangilQdoso 50nol

per nole of transition netal conpound, nore particularly of nickel

compound, 25. .and preferably from1 to 10 nol per nole. As for the

i npl ement ation of.the basic' process of the invention, the catalytic

solution used 12 April 2005 17 10 15 t .an5|t|on met al conpound to carry

out, in-the absence of hydrogen.: cyadl i sonerization of 2--nethyl- .for

-the hydrocyanation in the presence. of Lemns acid can be prepared before
o.the reaction region, for exa addition, to the

du
Feact | on s t'orﬁ'}b%'hrﬁ%r%%asfbm%no%nf% e 1TeE it ChE P Bbr 1 are anount
of ‘chosen’ téégu%é ﬁgkggﬁéﬁ f%”%ks tﬁ%rééﬁ%éf%%s gg%duagd optional ly of

the reduci ng agent o poOSSi 0 prepare e catalytic sol ution

fin situ” Destaple sgdag %f@aﬁnﬁé'w S EONSLA L Uetshe It 1S al'so

p055|ble e condi tions of the hydrocyanatlon process of the.

present i n@ﬁé&%&%di&n@ﬁti@'@ﬂ ﬁyhﬁ?é ryvE NEb Btk 14 her hy dsooytanat-i on in
t he presence of the catal yst described above conprising at |east one.

‘phosphi re ofpd sl e d | Inantt as £ | @asde®NEr bk efenidtal ecdmpound,
pentenenitriles and nore generally
‘of  the Lew1s acid and optionally of the reduc1ng agent_
VIt is also p0531ble to.p:epare the catalytic solution
r“in situ” by simple mixing of ‘these various
:-constltuents
lb | Tt is also p0331ble, under the conditions of
the hydtocyanatlon process of the present invention and -
lnlparticular byicarryiog ocut the hydrocYanation_in the
'presence of the catalyst descrlbed above comprlslng at
. least one phosphlne of formula (I} and at leastfone
' '15-.tran51tlon metal compound to carry out, in the abseﬁce'
. of hydrogen cyanlde, 1somerlzatlon of 2—methyl~'
3 butenenltrlle to pentanenltrlles and more generally
V-Of'branched‘unsaturatedtnltrlles_to llnear unsaturated
_nitrilee. 7 |
_'-‘20'-': . . The _2—methyl-3-'-butene1-j1_it'ril'e subjected to
“ 'isomeriaation.according‘to'the'invention can be?
_employed alone or as a mlxture w1th other compouods.r"
-Thus,d2—methyl 3-butenenitrile can. be used as"
a mixture'with:2nmethyl-2-butenenltrlle, | ‘
"lQS ‘4¥peﬁtenenittile} 3—peotenenitrile, 2*pentenenitrile,
) butadieﬁe, adiponitfile,.2fmethylgluta;onitrlle;- :

i'2—ethylsuccinonitrile'or valefonit;ile_




.of -branched unsaturated nitriles to Iinear unsaturated ni{xAp@200520 The
2-met hyl - 3-butenenitrile subj.ected to isonerization '
according' to' the-invention can be".. enployed alone or as .a nmixture with
ot her. conpounds. Thus, 2-nethyl-3-butenenitrile can-be used as a mixture
with 2-nmethyl-2-butenenitrile., 25 .4-fentenenitrile,_3-pentenenitri|e,
2-pentenenitrile,. butadiene, adi poni §ile, 2--methylglutaronitrile,
2-ethyl succi.nonitrile or valeronitrile. 12 April 2005 18 It is particularly-
advant ageous to treat_the reaction m xture originating fromthe

hydr ocyanati on of buf&di&8nB2byL FENFFhY t AEV T ELBRERS of gt TFRASt ®ne

~ phosphi ne of.f0£nula I% and at | east ong conggung gf a transition netal,
mor e pr ef er 8BF§ éo%oﬂ%ﬁ REof *hPERBF P n THE B Bxi'Y FPoRehte? & def i ned
above In the,context of héisioPrRLeEredoplierpalive  torm the catalytic

system bei ng_ al feady present Tor reaction for € hydrocyanation of

but adi ene, Lfobsnid0 SHELEREIL 19) NBht 2AYVILOLEOdNCt AR, Ol BYSE ogen

cthide[Jto ‘ow the Isonerizati-on reaction to-t “pla . Inthis"
-alternatgvecfonditibdni RePPSSiMble piefEPRHOPIL AEMpLONGaSE YnPike R SI T ght

flushing of the-
' in the 0 oxidation state, as defined above.

"~ In the context of this preferred alternative
.férm,-the.catalytip system being already present for
the reaction for the hydrocyahatiﬁn of buta&iéﬁé,lif is
-:10 sufficient to halt any introduction'of hydrogen cyanide
"to allbw the isomerization reaction'to~take piacéQ
‘ in this alternative form, it is;possible, if
aépropriaté,‘to carry out a slight flushing of.the‘
'reaétor ﬁsiﬁg an inert gés, such as_nitrogen'§r,argonh,;J;;“‘
15 for example, in order to drive off the hydrdéyanic'acid
‘which might still be present. | )
| ,The'isomefizationhreactioﬁ_is_generally
,carfied éut'atfa‘femperéﬁure 6f-109€.td_200?C;aﬂd_ 
pféﬁerébly of 60°C-£o 120°C. |
_.20-'L"  }'_In the preferred cﬁsé of an iéomérizatiOHV-
“immediateiy following the'réactioﬁ forrthe;
-.hydrocyanéﬁion'of buﬁadiene; it wiil be édﬁan&agéous fo
_¢arry out-fhe‘ispmerization_at the'temperat;re-at'Which'
nthe.hydfgbyanatioﬁ.waé carried out. | |
:25 R o As_fqr the process for_the'hydroCyanation of
o compéundS—comprising ethylenib unsaturation, the 7

-catalyticfsyStem'used for the isomerizatidnjCan be




reactor using an inert gas, such as nitrogen or argon, 15 fgragMampke; in

order to drive off the hydrocyanic acid which mght still be present. 20
25 The isonerization reaction is generally. .carried out at .:a
‘tenperature of 10C to 20'00' G and. preferably of 60C to 120C. In.the
preferred case of an i.sonmerization .imediately follow ng the reaction for

t he hydrocyanation of butadiene, it wi P be advantageous to .carry out-the
i sonerization at the tenperature at which, the hydrocyanation was carried
out. As for the process for the hydrocyanation of conpounds conpri sing
et hyl eni ¢ URSEPFEC B} ICFRe 14t APYEPEUSFIPEMIBS8d thEr TEAETSBNer i Zati on can
be 12 Aoril 200,19 Brepared, beLor s b, bat eduelion nfo the feaction
o forimla (o «yo! pHUSEARRLOBE! BLe,atoyh of chegencitapaition metal
renere s SEAHIC RISUTL ARG, RSB (hese verioue
Of .: 5 optionélly of the reducing agent. It is also posSible ‘
| to prepare the catalytié system “in situ” by'éimple |
mixing'of these various constitueﬁts.~The.amountlpfr
ffansition metal c§mpound ana more pafticuiariy of
nickel compound-used and. the amount df phééphinétbf
10 formula (I) are the same as for the hydrocyanatioh..'
reaction. N | | |
‘ | Although the isomerizaﬁion réaction ié’_[
generally-éarried out without a éblvent{ it can bé_
advéntagequs tp'add'an inert Qrgaﬁi¢ soivent whichjdaﬁ,ﬂhégw
,.15‘ bé-thaﬁ of the subseQuént extfadfion. This-is in '
particular théfcase'When such a éolﬁéﬁt has béeﬁ
-eﬁployed iﬁ the reaction for the hYdrécyanation_Qflr
butadiéﬁe;which has.beéﬁ:used-tokprepareathe ﬁéaiuﬁ‘
_Subjected tO‘the.isomerizétion-reaCtioﬂ.Aéuch solvéh£s'
.'20_ can be chosen from thoée:whiéh %ere_mentioned‘ébove:for
the;ﬁydfoCyanation. e
_ HQQever, therprepapéﬁion ofrdiﬁitfé}g-f
compouhdsAEy‘EYdrbcyahation_of‘an oiefiﬁ-éﬁ;h:és.
-butadiéne Can-be,carried‘but by using_a‘eatélYtic"
‘325 ‘system in accordance %ith fhe inﬁéntibn'foi'the,stéges
of formation of‘ﬁhe unéathﬁéted nitriies'and ﬁﬁe éﬁége- 

- of isomérization above;.it being,pbssible for'the'}




ni ckel conmpound used and the anmount of phosphine of 10 for nalApr Ppomre the .
sanme as for the hydrocyanation reaction. Al though the isonerization S
reaction is generally-carried out without a solvent, it can be o
advant ageous to add an inert organic solvent which can .15 be that of -the
subsequent extraction. This is in. particular the;-case when such a solvent .
“has been enployed in the reaction for 1the hydr ocyanati on of butadi ene _
whi ch has been used to prepare the nedium .subjected to the isonerization
reaction; Such solvents 20 can. be chosen fromthose which were nmentioned
above for th82ChyaPotFankt? oy IFRWEVeT L Lo heC hriefartti b At nitrile
conpounds-bx.€¥diocy§nq%ion of an ol efi n_such as. -butadiene can be,
carried out by hiFRgta LHEATYITE 2%029%t%%¥¥%9‘d%%5d%h With the invention

~for th?73t?9§§a%g£iéoé éﬂ”i&faé£5%$EE§%L%fﬁﬁ“%ﬁgt*dééﬁ%ﬁy%gcgge stage. of
i somerizati on above, T1 Deéing possible for the Abrl 2005 reaction
[for. the hydﬁgfyﬁﬂﬁékoeaf)él}@fc & 3t £A: A § Ml & F%]Id' fgiles to be
carried out with a catalytic systemin accordance with t I'nvention or.
any othep catatytibg. system already known for this -
| Likewise, the reaction for the hydrocyanation
of the olefin to unsaturated nitriles and the
iéomerization of the'latter‘can be carried out with a
- catalytic system different from that of,tﬁe invention,_ﬁ-
310 the stage of hydrocyanétion of the uﬂSatﬁratéd_nifriles
to dinitriles being carried out with a ¢atalytic:sy5tem'
in_acéordanée with the invention. |
The invention will be moré clearly
'illustratéd'in_thé_light bf‘thé:examples‘given below by:;;EFﬂ'-f
15 way of indication and illustration. | |
In these exampies, the meanings_of'the '

abbreViations.used are given below:




‘reaction. Likew se, the reaction for the hydrocyanati on of 12hgricdog6i n to
unsaturated nitriles and the isonerization of the latter can be carried
out with a catalytic systemdifferent fromthat of, the invention, 10 the
stage of hydrocyanation of the unsaturated nitriles to dinitriles being
.carried out with a catalytic system in.accordance with the invention. The
invention wll be nore clearly illustédted in the. i ght of the exanples -
. given below by-:,. 15 way of indication and illustration. In these

exanpl es, the neanings_of the abbreviations. used are given bel ow. 21 PNP:
PNA: cod: 1,5-cycl ooctddi ene 2MBBN: 2- et hyl -3-butenenitrile 2MBN:
2-methyl -2-butenenitrile 10 3PN. 3-pgntenenitrile 4PN 4-pentenenitrile
ADN: -adi ponitrile MAN: nethyl gl etaroniirile: ESN ethylsuccinonitrile 15.

P T en

PNA:

Ph _ . TCHO

‘cod:'1,5-cyc100ctédiene 7
 2M3BN: 2—methyl—3—bufen§ﬁitrile ff'
'2M2BN: 2~methyl—2fbﬁfeneﬁitriié-”
iO' 3PN:*34pentenenitrile“_
 4PN: 4—pe§tenenitrile 7
- ADN: adiponitrile -
MGN: methylglﬁtéfonit;ile
ESN:'étthsuccinQnitrile
15 DN: dinitrilesr=_ADN,+ gGN + ESN
o AC:racetdﬁe éyanohjdiin  A R
"EtPh: ethylbenzene - TR S ~
EG: etﬁyléné‘glycol. o o o
DC (V):_degreelof conveféioﬁfof the cqmpound Vn£o:be”_
20-?hydroéyana£ed or isémefizéd, équaifﬁo fhelfatié.of the

difference-between'the'numbér of moles of-the comeundi




Et Ph: et hyl benzene EG ethyl ene glycol DC (V):degree of comeesgilieoo®f the
conmpound V to be 20 hydrocyanated or isonerized, equal to the ratio of-the
di fference between the nunber of noles of the conpound 12 April 2005 22 V .
charged and the nunber of noles present at the end of the reaction to the

nunber of noles charged TY (U): true ry%ﬁbd of the conpound forned U =
“hunber of noles of U forned/ maxi mum of nole. of U, calculat ed
wWith respect to the nunber of noles of the corrpound Vv charged YD (U):

[S$'DeftA'r?1\,<,:)lt?iV:;%5?1f\%q§ M%ﬁ?g(ﬁgﬁﬁr : /?%S(;;Q%ﬁ 'E%N Iténog%snml ?S(EDI\/}B?J\I
' é% 7 PRP ort%%% W%%?NB% e it G

. Procedur e:
TY (U): true yield of the compound formed U = number of

“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) ] | B
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 .
argon atmosphere. Approx1mately71,ml (810 mg,-d #_0.81;;“7
M = 81.12 g/mol) of degessed'zMSBN iS'edded. The o
rrmixtﬁre is'stirred and'maintained at a temperetnrerof

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




3PN 20 ng (0.073 mdl.,. M= 275 g/nol, 1.0 eq) of 20 N (cod)zagndods0 eq of
PNP or PNA, ligand are- charged to a reactor equipped with a stirrer and

pl aced under an argon. atnosphere. Approximtely 1. m (81.0 ng, d = 0.81,
M =,81.12 g/nol) of degassed 2MBBN i's added. The .mixture is stirred and _
mai ntai ned at a tenperature of 25 100'5 in a closed systemfor 1 hour- The.
‘reaction 12 April 2005 23 .5 nediumis tool ed to anbi ent tenperature e
(approximately. 20C). The concentrations of the various constituents of

~th eacti on _nedi ur t i'ned. b | ysis, b . ch t hy) . .
Tho rocul t SRGDTARnbA HHALEAI EOI BLGHS T ohe MPRESE MRal JRECCRI - Lol at ed 1n’
Tabl e | bel gwe I : 3+4PN) _Ex. Li . PNP 2 PNA '

(2NpEN) 97oRd5600 BooTtaRsRabAsA ot TS the Bar bIE oD Pudte
E of the reaction medium are determined by analysis by GC

(gas'chrdmatbgraphy).

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%
A Tablé T o

Examples 3 to 5: Hydrocyanation of 3PN to ADN

10 X - 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:e§);"Ni(cod)2; .
| 15 '(1aeq}}:znc12.(1 eql, therdegéésed cosolﬁent or:' '
cosolvents and acetone'cyénthdfin (30 eq} are '
 succes$ively introduced'ét ambient tem@eraﬁafé:into a
fScﬁienk tube méintained,uhder argon. The mixture is
brought with stirring (60o'rev/miq)'to 6§°C-fo£:2Ahqurs‘
QQ andjthén‘bfought back fo ambient\teméerature} 3 ml ‘of
:acetoné are intfodﬁced to'ﬁeutralize thé;remaiping.HCN.

The concentrations. of the various components are




Table | 10 Ni
Hydr ocyanati on of 3PN to ADN Procedur.e:
eq), N (cod) 2 15 (1 eq), ZnCl2 (I eq), the degassed cosol vent or

cosol vents and acetone cyanohydrin (30 eq) are .successively Schlenk tube
brought with introduced at -anbient tenEerature |nto a mai ntai ned under '
argon. ‘The mixture is stirring (600 ré¢/imin) to 65C for 2 hours 20 and

t hen brought back to anbient, tenperature. 3 ml of - acetone are introduced
to neutralize the remainin HON The concentrations of the various
conponent s Q?@ermiéeﬂppylG%OéﬁaéﬁsaétéPnPﬁ@ﬁrb9°GEﬁéﬁaﬂ?E?sthﬁ order to

d f d of | ect t Th
{5 S5, degr ees o conyersien apd,of selegtivity. The.

The results obtained and calculated from

/ PNP or PNA Lewis acid 3PN 65"C Exanpl es Sﬂzﬂ f2 005 :
ADN The ligand L (5 eq? 3PN (30 .

-calcul ate the

resul ts obt ¥PR&USEn

these analyses are collated in Table II below:

Charges- (mmoles) Results
Ex. Ligaed 3PN Ni- ZnCl,  AC Solvents| bc' YD L
| L {cod) , {vol%) |[(3PN) (DN) (ADN)
-‘3 - lPNP. 15 0.4_,4‘ 0.5 15 EtPh 135 533 75%
(2.-5) '. (-10)- |
s | ewa 15.6 0.23 0.5 15.3 638 823 70%
(2.5) | _
5] PNA 2.1 0.08  0.08 2.4 EG {2-6) 73.2% 65.4% 74.4%
(0.4) | Been |
| an
5 ' o - Table II
eExample 6 Hydroeyanatlon of 3PN to ADN
Procedure - B
. 0.506 g (6.25 mmol ._M._='81”. G/mol) of 3PN,
10 340'mg (0.93 m‘l M = 366 g/mol) of PNP, 1.96 g of
| 'degassed toluene, 56 5 mg (O 21 mmol M = 275 g/mol) of
.:_Nl(COd)z and 50.1 mg (O 21 mmol M= 242 g/mol)-of BPha'
are charged under argon to a 20 ml Schott tube equlpped“
‘ with a septum The mlxture 1s brought with stlrrlng to-
-15* 65,@ and 531.mg (6.24-mmol, M = 85 g/mol) of acetone

:vrcyanOhydrin are injected via the Septumxandgusing a

eyringe-driver at a flow rate of O.l9_mi/h.'After‘




these anal yses are collated in Table Il bel ow. Charges(molesiAgigsobss -
Ex. Li gand3PNNi - ZnC12 ACSol vent sDCYDL . L(cod) 2. (vol % ( 3PN) ( DN) ( ADN)
3PNP150. 4. 40. 5 15Et Ph139%%3% 5% (2. 5) (10) 4PNA15. 60. 430. 5. 15. 363%82%0%
(2.5) 5PNA2.10.080.08 2. 4EG (26) 73. 2965. 49%74. 40 (0.4)EtPh (11). Table |
Exanpl e 6: Hydrocyanation of 3PN to ADN Procedure: 0.50.6 g (6.25 mol, M
81. g/mol) of 3PN, 10 340,nmg . (0.93 mwl, M= 366 g/nol) of PNP, 1.96 g of
degassed toluene, 56.5 ng (0.21 nmmol, M= 275 g/nol) of Ni(cod)2 and 50.1
mg (0.21 mmol, M= 242 gérml) of BPh3 . are charged under argon to a 20.n
Schott tube™8aGHpPedt O T i SRptTIFtIHe 1 XIS adghe. with stirring

ar'e- 1] ect oG At HECBGDEII S U P S5 I il VERmaite 4T ow Tate of 0. 19
M ATter dnZi ARG nEPORRS LSRN L 2 SMhe R AL TS brought back
. components are detefmined 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




anbi ent tenperature and neutralized to renove the remaini g AgaN2G05The
concentrations of the various .conponents are determ ned by GC analysis in
order to 5 calculate the various degrees of conversion and of selectivity.
The results obtained and calculated from these analyses are, collated in
Table 111 below. Ex. DC (3PN)- YD (nononitriles) YD (dinitriles). Linearity
(ADN) ."¥B002/3A8B85 12. 4% 69p 10 TaBke 111 12 Apr i PCROBB0 WA 3027 30854 26
CLAI M5 PCT/ FRO1/ 03047 is Process for the hydrocyanation of organic
conmpounds conprising at |east one ethylenic 5 bond by reaction with
hydrogen cyanide in the presencecL®iM3 catal ytic system conprising a
transition nmetal -and an organophosphorus |igand, characterized in that.

t he I|gand is a phosphlne corresponding to the follow ng - general formul a
(1): 10 in mhlch ﬁ?re rese ts O or. S - . L
es or the hydrocyanatlon of

- organic compounds 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. the'
llgand is a phosphlne Correspondlng to the follow1ng .

' general formula {1):

o -

10 -
: _ia Whibh:--
E represents-O or S; K
n represents O_dr'i;
Ri, R4¢.R5 and:Re,;whieh are.identieal 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 '
;hydrocarbonaceous radlcal the hydrocarbonaceous charn :
of Whlch is optlonally 1nterrupted by a heteroatom and U

25 __carrles a carbocycllc or heterocycllc radlcal as




n represents 0 ox 1; RL, R4.,. R5 and R6, which are identi d2lApoi 2l f er ent,
represent a hydrogen atom or a radical T chosen froma saturated or
unsat urat ed, aliphatic hydrocarbonaceous radical conprising 1 to 40 carbon
atons, the hydrocarbonaceous chain of which-is optionally interrupted- by
a heteroatom 20 nonocyclic or pog¥cyCIic, saturated, unsaturated or
~aromatic, carbocyclic or heterocy c- radical; or a saturated or

unsaturat ed, aliphatic hydrocarbonaceous radical, the hydrocarbonaceous
chain |ch |s optlonally interrupted by a heteroaton1 -and .25 carries.
a carbocycPF Che ‘erocyclic radical as 12 April 2005 21 deflned above, or
else R4 and R5 form together with the carbon atons which carry them 5
- saturated or unsaturated, carbocyclic nonocycle preferably having from5 to

7-carbon atons; [R2LAERr @S ]%a R, h%gxg@greg ? Fpegr HQ@EX yadical; 10 R3

-represents. the--X radi cal:-or t |ng understood t hat
one andaQBanalaeag\sotmlUﬂecggrg,nthgﬁ“substi tuents represents the X radical;

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 E S 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 N -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, Lﬁﬂiénfaikyilg B
) carbonyl [(Cy{hﬁjaryl]carbonyl {jcy4hzfalk6x§f; .
'_carbbnyl [(Cr4hﬁ)aryloxy]carbonyl 'carbamgyl o _;:;ir
L(Crihzjalkyl}carbamoyl or [dl(Cl(hz)alkyl]carb;;oyl
- radlcal- and ' '
25 : Y taklng any one of the meanlnés of Rl, w1£h

’the exceptlon of a- hydrogen atomr




X beihg chosén froma hbhocyc]ic-or bi cyclic, aromati c éarbﬁb%mﬂﬁbOQr N
het erocyclic radical having from2. to 20. carbon atons; a 1-al kenyl -
radical 15 optionally exhibiting one or nore additional unsaturations in
t he hydrocar bonaceous chai n-and having"- from2 to 12 carbon atons; a

1-al kynyl- radical optionally- exhlbltgﬂg one or nore additional
unsaturations in the hydrpcarbonaceou hai n and- haV|ng 20 frog 2 to 1 2
carbon atonms;- or a -CN1L [ -(Cl-C12) alkyl] carbonyl, (C3--C19) aryl]
carbonyl, .[ (Ca-GC 2)'alkoxy, car bonyl C6- C18 ar xy] carbonyl ;
_.carbarmpyl, .J-(CL- E:’:‘L)haa‘i “befﬂrﬂ*fi{% £ 5{1 fc rch%ﬁz Tal kyl ] -
car banoyl n ny one of neani ngs. of with the
exception o?gggﬁgﬁ?ggeg %?%%%éggﬁgg ?I%%O%aiﬁc ?@EP?+§§' éﬁing of R1,

R4, R5 and e ts. b ising a. - _
carbonyl fugﬁfgéﬂ F g?gggﬂéﬁag ad| %nﬁgﬁfgé}ng f &ngg 5 CSRai O-P

'Oj-Rq or formulae:

A O0—R,
— |
- 0—P
\
- - O—R,
| or ’ R
A ()-Aﬁ”
/.
o]
-
Cr—nﬁg
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(
trifluoromethyl, halogeﬁ; di(Cle5jalkylamino,A;'
(CIPCG)éikqxfcarbonYl, cérbamojl,‘
1157  (Cl—Cg)alkyléminocarbonyi and’
di(Ci—éa)alkylaminocarbonfl:V
o ‘ ;Arl;Afg— feprésent:_i

e either therdivalent radical of formula:




0----Ar 0-P | in which, A represents a hydrogen atom (C1l-CiDagdikpbs 10 or
(C6-C10) aryl or (C6-Cl10) aryl (Cl-C10) alkyl in which the aryl part is
optionally substituted by one or nore radicals chosen from (Cl-C6) alkyl,
(Cl-C(5) al koxy, trifluoronmethyl, halogen, di(Cl-C6)alkylam no,

(CL. - C6) al koxycar bonyl, car barmyl 15 (C1-C6) al kyl am nocarbonyl and di
(Cl-C6) al kyl ami nocarbonyl; -Arl; 2Rrz- represent: either the dival ent

radi cal of forrula:. 12 April 2005 29 in vvhi ch. each of the phenyl nuclei is

optionally substltut ed b% one or nore Z groups as defined below, or the
di val ent™ rdth <al e 1of ntilg Bh?ﬁylm%%a!eﬁ optipeabhenyl nuclei is
opt i onal I%st(subst-l -ut - ed b% one or nore Z groups as defined below, Z

repr esett %)b%l YT, CTCIOER) aI‘s"k‘(SW)PS 1% i9¢Leedneh9Y; hal ogen,
(Ad--Co6). al koxycar banyl; . k _ C6) al kyl am nocar bonyl
or 10 - di (Q - Jikty earr‘%gln‘(’z)ac(:gr[l].)%nyf‘8 ﬁé (fnﬁg),r“édﬁlach are represent an -
aryl -radical . _

.'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 1destlcal or dlfferenttl
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




2.. lc identical-or different, Process according to.Caim 10, April 2005

‘. characterized in that the phosphi ne conpounds are those corresponding to
the formula (1) in which: R R4, R5 and-R6 independently represent a
hydrogen. atomor-else a T radical chosen from 20 a saturated or
-unsaturated -aliphatic' hydrocarbonaceous-radical having from.1, to 12-
carbon. atons, the hydrocarbonaced@s. chain of which is optionally

i nterruptedby .a heteroatom chosen from(c), Nand S; a nonocyclic-
~carbocyclic. radical which is saturated- or which.. conprises 1 -or 2 12
April 2005 30 5 loqmﬁﬂﬂﬂﬁﬂﬁﬁQﬁQ im the riing., hlaaningg focemB 40 8 car bon
atons; a saturated or'unsaturated bicyclic carbocyclic radical conposed of
2 single rings coRd&Rs®®™ ¢toies anot her, each single ring optional l'y _

conprising l1to 2

a saturated or'unsaturated’bicyclic
carbocyclic fadical composed of 2 single

5 - rings condensed to one another, each singlé
‘ring optionally éomprising 1 to 2
dnsatu;ations éhd oxhibiting 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
}5 :‘ - 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 allohatlc .
-_hydrocarbonaceous radlcal hav1ng from l to_:
- 12 carbon atoms, the hydrocarbonaceous '
f:; - ' : chaln of which carries a carbocycllc or .
:5‘ . _:_f. 5_heterocycllc monocycllc radlcal as deflnod
g above_r ‘ . - ' .

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

X chosen from:




unsaturations and exhibiting from3 to 8 carbon atonms; a M Q605
"bicyclic (C6-.C1l0) aromatic carbocyclic radical; . a saturated,
unsaturated or ar6mati.c.5- to .6-nmenbered manocyclic heterocyclic radical
conprising 1 to 3 heteroators chosen independently fromN, .0 and-. S; 15 a
saturated, unsaturated or aromatic --bicyclic--heterocyclic radical
conposed of: two. 5- to 6-nenbered single rings. condensed to-one.

anot her; each. single ring conprising to 3 heteroatons s-chosen
i ndependently -j.a &rapho@yN;iand _Sand ;5 -a saturated or
unsat ur at ed- al i phati c J'yhyérocgigﬁkﬁﬁiﬁ% ?%éh%%} ¥aiFAgisrom 1 -to'.
12-carbon atons, t&euhydeacanbon.iage -chai n, of . ich-carries. a
carbocyclic or “-heterocyclic noné'cygﬁﬁgn?ﬁpl%a %S defined above, Rz

| se a radical X chosen from

ST Ronk SRR O L Bt (A oo
. 8 carbon atoms; :

- @ saturated of'unsaturatedrbiCYClic
carbocyclic'fadical comp;sed of 2 single
rings condensed to one anbther, each single
‘ring optionally éomprising 1to 2 - |
uhsatu;atiqns and exhibiting from 3 to 8
carbon atoms; o

- 4 mono- or bicyclic (Cg—Cie) aromatic

"_carbbcyclic radical.




saturated or which conprises | 'or 2 . unsaturations in thd2png2Q0oshavi ng
from3 to 8 carbon atons; a saturated or'unsaturated. bicyclic carbocyclic
radi cal conposed of-2 single rings condensed to one another, each single
ring optionally conprising 1 to 2 wunsaturations and exhibiting from3 to 8
-carbon atons; a nono- or bicyclic (C6-~-Ci o) aromatic carbocyclic
~radical.. 12 April 2005 3; 3. PBdécess according to Caim1 or 2,
characterized in that X is chosen froma (C2-C6)al kenyl group, a (C2-C6)

al kynyl group, phenyl, naphthyl, thienyl., furyl, pyrrolyl, imdazolyl,
pyrazol yl-, 5 th¥azol yrocegazercyrdipgr itdylClaipyrlanimy., . pyri dazi nyl,

i sot hi azol yl, jSoxazolgl, benzof uryl, benzothienyl, i.ndolyl, isoindo.lyl,

i ndolStATRFLeF hered ol §I Ehptir ¥nyF, CHOPRBL FIrom Sod&rnbsha tkemshz oxazol yl |

benz%rhc;uag,oql l (82Q—%55)g(irkiy%iyr1y lg:rb_up', %%eépgﬁll ,ll n2aopthth3y ,5
.'thiehyl; furyl, éyrrolyl, imidazolyl, pyrézoiyl,

5 ﬁhiazolyl, cxazdly1; pyridyl, pyrazinyl,_pyridézinyl,-
isothiazolyl, isoxazolYl, benzofuryl,,beniofﬁienyl,
indolyi,-isoigdblyl, indolizinyl, indézolyl, bur;nyl,
qﬁinqui,_isoquinolyl; benszazolyl, benzothiazolyl and

- pteridinyl..




10. 4. Process according to one of the preceding clains, dRam@cbeos zed in
t hat the phosphine .corresponds either to the followng f.ornula Il or to
the followwng fornula Ill: Fornmula (I1) 15 Forns Ja : | fl.) Ph P "CHO 5_
Process according td.one' of the preceding clainms, _ characterized in that
-the -.transition 2.0 netal.. co unds are chosen.from . nic-kel, palladium
and iron: conpounds :. 12 April 2005 33 6_ Process according to one of the
preceding clainms, characterized in that the preferred transition netal
conmpounds are those of nickel and-are chosen from 5 conpounds in which
*the nickel is in the zero oxidation state,-such.as potassium
tetracyanoni ckelate K4 (Ni (CN) 41 , bis (acrylonitrile) nickel (Q ,

bi s(1,.5-cycl ooctadi ene). nickel and the derivatives conprising |igands
fram G oup Va, such as 10 . tetraki-s (triphenyl phosphi ne) nickel (0) ;

ni ckel conpounds,. such as the carboxyl ates, carbonate,,

-lp- ' '4_ Process accordlng to one of the
preceding clalms, characterized in that the phosphine
'~.corresponds either to the follow1ng formula 11 or to _. -
the follow1ng formula IIT: -
_Formuls (1115 : . ) ‘ ‘{‘7__‘ -, e 7 i o ‘_ﬂf;ﬁg;;
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'




- bi carbonate, borate, bronide, chloride., citrate, . . thlggmgﬂ@bgg :
cyanide,. formate, "hydroxide., -hyd-rophosphite, phosphite, phosphate and
derivatives, 15 'iodide, nitrate,, sul phate, sul phite, arylsul phonates and
al kyl sul phonates. - 7. Process according to one of the preceding clains,?*
characterized in that the organic conpounds conprising at 1east-one

et hyl en3-c-doubl e bond : 20 are chasen from di ol efi ns, such-as butadi ene,

i soprene, 1,5-hexadi eneor 1,S--cyclooctadiene, aliphatic.'nitriles
conprising-ethyl enic unsaturation, particutarly |inear pentenenitriles,

such as 34pentenen6trmn@amsszbquﬂﬁdim@itbibﬁe ofmeReol ef i ns, -such as
styrene;. . ..2°5 methylstyrene, vinylnaphthal ene, cycl ohexene or -
nethyl@y@*@ﬁ%XéMéiaaW@,am@anﬁﬂ§eﬂn3&dwsm olhat, sbeepak feafreichese conpounds.

12 April 2005 34 -8. Process according to one of the preceding clains,
characFéPPfé&lpﬁ fR4E 1t FETRAISES GTreai dkese cofipolnliebr andnpawend of anot her
transition netal - used. is chosen so that there is, per nole of organic.. 5

conpouft F&“bgroﬁydrocyanated or isomerized, between 10 4 and 1 mol of
G R R T Nl S B RaER ot e 22"3?
th's state, " such .as pota551um tetracyanonickelate

- Kq[Ni(CN),}, bls(acrylos;tslle)nlckel(O),
bis(l S—cyclooctadiene}nickél and-the derivétivssA

. ' compr151ng llgands from Group Va, such ss |
‘iO-_tetrakls(trlphenylphosphlne)nlckel(O),
nickel compoqnds,.sqch as~the carboxylatss; Carbsnsts,'

.bicérbosaﬁs; bsrate,_brsmidé, chloride, citrate, . -
thiocyanaté} éfanide,'fofmate, hydrox1de,

3 -hydrophasphlte, phosphlte, phosphate and derlvatlves,.'.'Qijséd*‘“
s15 '10d1de, nltrate, sulphate, su]_-p_h]_te-r arylsulphonatesj' B “

'and alkylsulphonates. o | ‘

7. Process éécdrding to one af the
pxéqeding c%aims} cﬁéracterized in thaE the:ofgaﬂic
cbmpouﬂ&s'éompsising at_isast one éthylsnicfdouble bond
:20 are sﬁosen from diolefins such -as butadlene, isopréﬁe,_;

“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 these 

_pompounds-




_conmpound.wi th respect to 1 nol of transition netal is 1.01fasn2805 to-
500. - - 9. Process according to one of the preceding clains,
characterized in'that the' hydrocyanation reaction.is -carriedout at

a. tenperature .of 10G t0-200C_ 1 10. Process according to one of the.

- precedi ng clalns for the-hydrodyanat-ion to dinitriles .of nitrile
conpounds conpri sing ethylenic unsaturation by reactlon- wi th hydrogen

- cyanide, 'characterized in - that the reaction. is carried out in-the

presence of a. 20 catalytic system "conprisihg at |east one conpound- of.

transition netal, tat [Prasteoneaphosphhgetandneaotodteal y' st conpri sing. at
| east one of formula Lewis--acid ) -11."'-Process according to Claim1-0,
. Char apreredéngi nlehas. tW@aﬂ4¢ﬁ¢£i@@prundbaCOnpeiahwgntZ&f etliylenic
unsaturatlon are chosen from' aliphatic nitriles conprising ethylenlc
.uns: abyFkel. GANBEHPF Sitngompouryd pf janQppsr transition metal

used is choeen so that there is, per mole of organlc
5 _compouhd to be hydrocyanated or isomerized, between 10*
'and»i mol of nickel or of the other transition metal
'-_emﬁloyed and in that the amouht of phosphine of formula

" {T) ﬁsed is chosen so that the number of moles of this

“compound’ with réspect to 1 mol of transition metal is
10" 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. '
15 R 10. Process accordlng to one of the.
*precedlng 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. ethylenlc unsaturatlon are chosen from_allphatlc -

-‘nltrlles comprlslng ethylenlc unsaturatlon comprlslng



35 Iinear‘pentenenitriles, such as 3-pentenenitrile 4- penteRgibbhs | e and

their mxtures 12 Process according to Caim1ll, characterized in that

the. linear pentenenitriles 5 conprise anmounts; generally-mnor anounts.,
of other conpounds, such as 2-nethyl-3-butenenit-rile, 2-nethy
2-butenenittrile, 2-pentenenitrile, valeronitrile, - adiponitrile,

2.-methylglutaronitrile, 2--ethylsuccinonitr.ile or butadiene 10 13.,
Process. according to one of Cains 10 to 12, characterized in that the
Lewi's_ aci d enployed-.as 15 cocatal yst is chosen-from t he conmpounds of the

e'enemiheifCﬁ@ﬁi@ﬂ@ﬁltbliébb shldr,ad 1ddpedVanehyYbriva, Vb, VIb, VIIb and
VIIl of the -Periodic Table -14 Process according toone of Clains 10: to

13, cMmpﬁnmﬁme@ﬂttnléhahdthaeierMxiqﬂégiis chosen -fromthe salts..
chosen fromthe group -of - the halides, - sulphates,

sul phonat es, -haIoaikyPsqt@h@napesrdlng to Claim 17, _

- per hal oal kyl sul phonat es, ' . car boxyl at es. and' phosphates 20 15. Process
accorﬁhﬂfaQQﬁﬁﬁﬁﬁ%fl@J5Pﬁ§ tbe fdénear cirfrtaznenizedlén that the Lewis acid
is. chosen fromzinc chloride, - zinc brom de, zinc iodide, nanganese

ch? or (SOEPL Ifh FHIHILRE Br oFF BB 2L AdnTHRCh ISR S c afifi N BF omi de, st annous

Chlorlde St%pnmg%ch as Z-methyl-3-butenenitrile, 2—methyl—

- é—buteneﬁitrlle, 2—pentenen1trlle, valeronltrile,
adipénit;iie, 2~methylg1utaronitrile;'
;27éthylsﬁccinonitrile or butadiene:

10- ) ': ' 13”Process_according to one of Claims 107
to 12, chafécterized in that ‘the Lewis acid émployéd;aé
cqcatalYSt'is chosén'from £H§ 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'aécbrding té-;ﬁe 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'phésphatésr

26. {' SO 15. Process accordlng to one of Claims 10!
to 14 characterlzed in that the Lewis a01d,1s chosen'h 
from.21nc chlorlde,;zlnc bromlde,A21nc iodide, ;J_,P'E
° hanganese chlofidé,.mangaﬁese_Brémide;'cadmium

-dﬁibride} cédmium brdmide; stannous ghigridej Sfannbus.

éé_:bromide,;stahnous=sul§hate,,§taﬁnoﬁs far;ra?é,iindiﬁﬁ

'ffifluoxoﬁethylsulphonate, the_chlﬁrides or 5tomidé; 6£ )
;ére«eafth élements,‘sucﬁ,as_1anthanum,;cériuﬁ, |

-




25 -brom de, stannous su;lphate,.stannous tartrate, 'indi um2Apri2005
trifluoronethyl su-lphonate, the chlorides or bromdes of .rare--earth

el enents, such. as |anthanum -ceriuin, 12 April 2005 36 praseodyn1un1
neodym um samarium europium gadolinium terbium dysprosiuM, holmum
erbium thulium ytterbiumand |utetium cobalt chloride, ferrous -
chloride, yttriumchloride and thejg m xtures. .5 16- Process according to'
one of Clainms 10 to 15, characterized in that the Lewis acid enpl oyed
repreSents fromO0.01 to 50 viol per nole of transition metal conpound

'-17. Presesayacor dnbgdymione Qfard @idm, éurélglﬁﬁ 16, characterized in
that the isonerization to pentenenltrlles of . the

2- met hyad@l boienenterblampr eiyespiras ik Nend BACkh ONe b Xt € originating from
the - -hydrocyanation-of butadiene is carried out in-the - absence of

hydr ogem: 1l tymni deterblhen' ansiofertiezdtinon-cotbel ngcibortasyi ed out in the
presence of a catal yst conprising-at.- |east-one- phosphene of fornula
(1)- euﬁ?%ﬁ0¢%a§$loéh@ef.Eéﬁﬁ@@ﬁdqﬁﬂqxﬂdeﬂﬂnd|then£tmdxtﬂ8esProcess

according to-Claim 17,1 characterized in+- that-the
- 22-net hyl - 3- buteﬁ@nlFFPF%5205§GQQQHﬂ&iQQ)QQRWQﬁlqmmﬂ@nle enployed al one

or as a ture. Wth 2- ut enen”
o'9§< characterlz t%at the Lewis acid employed

represents from 0.01 to 50 mol per mole of tran51tlon
- 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—methylg1utaron1tr11e,'
2~ethylsucc1non1trlle or valeronltrlle-

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

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




4-pentenenittile; 3-pentenenitri.le, 2-pentenenitrile bii te2 A} 12005
adiponitrile, 2-methylglutaronitrile,.- - 2-ethylsuccinonitrile or
valeronitrile_ 19- Process according to either of clains 17 and 18,
characterized in that the isonerization 12 April 2005 37 reaction is
carried oqut at a tenperature of 1OC to 200'C. ._20_ process according to
one of Claims 17 to 19, character3zed in that the isomerization to
pentenenitriles of 2-rrethy|-3-b. utenenitrileis carried out in' the ‘
presence. of at |east one conpound of.a transition nmetal-, of at |east one
phosphﬁ:ﬁQC@ﬁOfnomlcmrx(lﬁdandtaaicoaatampetamurmr losﬂ ng “at tloeast-one Lew s
aci d.

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—5uteﬁenitrile 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

ja01d h . : .






