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ETHYLENI CALLY UNSATURATED COVPOUNDS CROSS- REFERENCE TO PRI ORI TY APPLI CATI ON
[ 0001] This application clainms priority under 35 U S.C. 3 119 of

FR- 02/ 16550, filed Decenber 23, 2002, hereby expressly incorporated by

ref erence. BACKGROUND OF THE | NVENTI ON Tedhni cal Field of the Invention:

[ 0002] The present invention relates to a process of hydrocyanation of

et hyl eni cal |y unsaturated organi ¢ conpounds to conpounds having at | east one
nitrile function. [0003] Mrre particularly, it relates to the hydrocyanation
of diolefins such as PROSGESHOF SYNTHESIBOF (OMPOUNDSHAVING as al kene
nitriles such as pentenenitril eNITREEFCFUNOTIONS FRIOMPri or Art: [0004]

French Patent No. 1, 599p T8y RRECARISY UNNOLERATHED RIGRAFGUNDS of nitriles
by the addition of hydrocyanic acid to organic conpounds having at |east one

et hyl eni ¢ doubl e bond, in the presence of a catalyst of nickel and a triaryl
phosphite. This reaction can be perfornmed with or without the presence of a
sol vent. [0005] Wen a solvent is used in this prior art process, it is
preferably a hydrocarbon such as benzene or the xylenes or a nitrile such

contatning | 'gS'nd[sOSSf?] HOSSRERRRINGE T PRIBRAOE AR AR N T e
arseni tes, or pliZlRnRIARE ARl undRr PS BIDEES 119oRCt I vate the

cat al yst, such as a bo conmpound lic salt, generally a Lews
acid, is I|i kemFRd)Zﬁl&Séﬁdﬁtled@mambadBd 2D®Q,mla3byaxptemy mabrpofzhted by reference.

BACKGROUND OF THE INVENTION
Technical Field of the Invention:
[0002] The present invention relates to a process of hydrocyanation of
ethylenically unsaturated organic compounds to compounds having at least one
nitrile function.
[0003] More particularly, it relates to the hydrocyanation of diolefins such as

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

Description of the Prior Art:

[0004] French Patent No. 1,599,761 describes a process of preparation of nitriles
by the addition of hydrocyanic acid to organic compounds having at least one
ethylenic double bond, in the presence of a catalyst of nickel and a triaryl phosphite.
This reaction can be performed with or without the presence of a solvent.

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

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

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



[ 00071 Much work has been carried out to find catalytic systens generally
conpri sing an organophosphorus |igand and a catalytically active netal, nore
particularly nickel, and exhibiting higher and hi gher perfornmances. 100081
The performance of a catalytic systemis evaluated by determ ning several
characteristics such as, in particular, tRBe stability of the catalytic
activity of the system the yield of the reaction, and the selectivity in
the synthesis of advantageous products: in the present case, the
selectivity for linear pentenenitriles or for adiponitrile. [0009] Thus it
was proposed #007h &dumdh workthaabeemcaméeimatmﬁnét:athb'tibcsysgms generallyckel
associated with organophosphorus | i gands p sses a sin phosphor us
atom  ter med HOREHER AR BN PRIATRRoTUS Reand dad acralyt Hnggafegrs BRE of thi s

class of = pr O?Fﬁltcﬁlahg nididef, % laxlﬁﬂf?ﬁxglﬂgéhgr O-I&Tl?éh FOrRYREeEM has very

accept abl e pertormance in e synt nenitriles by the

hydr ocyanat i oogus} bm@eﬁaﬁnmﬁubfacatﬁg’tﬁ@mﬁﬂ@waﬁum dterniiping vevepdlt f or
the synthesis of adiponitrile by hydrocyanation of pentenenitriles. [00101
Furt her nor e, tchargct@astwsyucrhcaswsnaérmtmsthg@tﬁbﬂgy aﬁtheucay'd)émcgmtmf thety in the
reaction medi ym

patents such %éeﬁ? i‘gﬁé%élrgaﬁ?@ teg b ené@gg% eSlS[fI‘:tja%g@ég%gusFR

1,529,134, FR n?du@@%ﬂtiaéprés!exfe caP@E}ié%lewﬁty Br ﬁﬁéar}a%ﬁteﬁé}ﬁtrﬁes7&6fm231 FR
2,523, 974. 811] To obtain catalytic performance, in particular high

selectivity |mdmhannkep of hydrocyanatlon of alkene nitriles, nore
particularly p initri) es, new cl as

tene triles, f of )
organophosphoﬁ?fgo gwr%ﬁ a?mlé%ﬁr%ep@d}sw&apm YR s¥HeBdutkel pe
associ ated wi taEhoBia?éa%th elllyaﬁ ﬁﬁ\gfgﬂ]ﬁélﬁé §136s9,@§3ﬂ§ a%?@é haﬁ&% ghAapgRhosphor us

conpounds posSessi ng sev uri entate 1i gands.
Anong t hese, &Meamﬁmaeﬂamtgaﬁamdﬂwan@m@mbd ymﬁpdsmﬂttrfdlslslcmsé ofli ng two

phosphorus at (}))ggduc’;[sei\g mn%gly?i)l?cig%lgé (eT’ll“PI)g Th(ljs system has very acceptable performance in
the synthesis of pentenenitriles by the hydrocyanation of butadiene, but a
performance in need of improvement for the synthesis of adiponitrile by
hydrocyanation of pentenenitriles.
[0010] Furthermore, this catalytic system has good stability and solubility in the
reaction medium. Such catalytic systems have been described in numerous patents
such as, for example, U.S. Patent No. 3,496,215, DE 19953058, FR 1,529,134, FR
2,069,411, U.S. Patent Nos. 3,631,191 and 3,766,231, FR 2,523,974.
[0011] To obtain catalytic performance, in particular high selectivity in the step of
hydrocyanation of alkene nitriles, more particularly pentenenitriles, to dinitriles, a
new class of organophosphorus ligands has been proposed, specifically intended to
be associated with nickel. This new class of ligands comprises organophosphorus
compounds possessing several phosphorus atoms, termed pluridentate ligands.
Among these, the proposed compounds are generally compounds including two
phosphorus atoms, termed bidentate ligands.
[0012] Such compounds and catalytic systems are protected by numerous patents.
By way of example, there can be mentioned WO 99/06355, WO 99/06356, WO
99/06357, WO 99/06358, WO 99/52632, WO 99/65506, WO 99/62855, U.S. Patent



[0012] Such conpounds and catal ytic systens are protected by numerous
patents. By way of exanple, there can be nentioned WD 99/ 06355, WO

99/ 06356, WO 99/06357, WD 99/06358, WD 99/52632, WD 99/ 65506, WD 99/ 62855,
U S. Patent 3 No. 5,693,843, WD 96/1182, WD 96/22968, U.S. Patent No.
5,981,772, WO 01/36429, WO 99/ 64155, and3WO 02/13964. [00131 The structure
of these conpounds is nore or |less conplex, particularly as regards the
groups carried by the phosphorus atons and the structure connecting

toget her the two phosphorus atons. [00141 Wth this class of bidentate
ligands, it i Nop5683 B#H WO it H2n WO 96t23P€8,I(ES. Ratentdvn. $3s881nty2 WQar ti cul ar a

better selectiy) i r.aduct.i f.linear dinitriles in the process of
hydr ocyanat i OHWQ%X%%{)&@@lﬁgtWI@B %b% * However, these bidentate |igands
of nore conpl r b&ddas YRLRESHAE nafiRki their
cost higher. goglaqﬁgl%tg frg‘fﬁfef" f@sﬁgglggé%dglﬁaﬁgko?ﬁp%h gﬁjltl t hat Fﬁlfel?ra
stability in tdpardselecgioaps caerdediby the phesphohisgitbrhoarpikthastruetitd donagdtimg i n an

i ndustrial process froman econom c viewpoi nt. Furthernore, taking account
of their conptegethst thedwapbosphesssatarss-ubi lity in the reaction medi um can be

reduced and eag: .a I . l.yii iLVi . of the
otal oo o d oL ® ok 8ol HAAIE HEAE Visbe it bl @Rz, 2L 105 ¢
One of the obikpedns hefing htpaHiogand bty sdédt@ity s tHeProduR b6 f Binsfditiirdes inhi ch
permts catal ytic systens based on pluridentate Iigands to be used,

specifically thegroeags ohaydroeyandicarafsmiatkenenitaleevat ed sel ectivity, while
reduci ng the di vant ages . | i nked .their.instability and their |evel of
Golubi ey, [ AR BEEER thosk PiGeleignah cmiRicgmRlpeip BBt Hehtisecs o
hydr.ocyanat i og;fEut g)osgamemé hAARS thelristdfige? 2B bnferftly 118 Hbdessibp igHr at i on
by reaction vm%fﬁ fydragen r st HigheR2€bn 2 erthy 1 sy

important that their stability in the reaction medium is very high to permit utilization

in an industrial process from an economic viewpoint. Furthermore, taking account

of their complex structure, their solubility in the reaction medium can be reduced

and can lead to a lowering of catalytic activity and thus of the total yield of the

hydrocyanation reaction.

SUMMARY OF THE INVENTION

[0016] One of the objects of the present invention is to propose a solution which
permits catalytic systems based on pluridentate ligands to be used, specifically

) having the characteristics of elevated selectivity, while reducing the disadvantages
linked to their instability and their level of solubility.
[0017] For this purpose, the invention proposes a process of hydrocyanation of
compounds comprising at least one ethylenic unsaturation by reaction with hydrogen
cyanide, in the presence of a catalytic system comprising a metallic element having
catalytic activity associated with organophosphorus ligands chosen from the group
comprising organophosphonites, organophosphinites, organophosphines,
organophosphites, and organophosphoramides, characterized in that the catalytic

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



cyanide, in the presence of a catalytic systemconprising a netallic el enent
having catalytic activity associated with organophosphorus |igands chosen
fromthe group conprising organophosphonites, organophosphinites,

or ganophosphi nes, organophosphites, and organophosphoram des, characteri zed
in that the catalytic system conprises at | east two or ganophosphor us

| igands, a first ligand being chosen 4 fromthe group of nobnodentate

or ganophosphi te conpounds, and a second |igand chosen fromthe group of

pl uri dent ate qrganophosphorus |igands. DETA] LED DESCRI PTI ON OF BEST MODE AND
SPECI FI ¢/ PREFERREDe mfmemwmtmmmwﬂg]mﬁéé@?mwa% a

preferred char g‘?rﬁl"%ih%sgg%lﬁ‘;n}%é oru@am{ﬂﬂrmﬂ}i Sﬁ dQunber of nol es of

t he second Ilgan expr es nunber of atons of
the netallic element is at |east equal to 1, and is preferably conprised
between | and 6, advantageously conprised between 1 and 5 and nore
preferably conprised between 1 and 4. [0019] According to another

characteristic of the Id@é k‘ ﬂl er of ol es of
or ganophosphor us ? gg%%ﬁ,g ém % to the
nunber of atons ois Iglp L\

However, this ratio is not crltlcal "Total nunber of noles of
or ganophosphorus |igands" is to be understood to nean the sum of noles of

the first and[EESPNAJcOGRMLD a profeARH chureaeritiR@ I tie etntimothHeaatiPo Liatiteed
characteristic of the invention, the ratio of the nunber of npbles of the
first |igand aﬁmo!qs@fmﬁm«pnd)hgammeépreésedmeh@s@b@m atomsgtaribe Iﬂsmb‘%l\ﬂfﬁtoél@eousl y

P0021] The- or SEMsaRARRaIReAt KGR KESTEIRL Ly B ER whefet P Pinri S EHE  Chosen
from the groupd 60MahtEpEHsHRDAHRREEbSWRED R RAPH a8PHotEp LRFRY BeMpasan as the
between 1 and 4.

[0019] According to another characteristic of the invention, the ratio of the total

number of moles of organophosphorus ligands expressed in number of phosphorus

atoms to the number of atoms of metallic element is comprised between 2 and 100.
However, this ratio is not critical. "Total number of moles of organophosphorus

ligands" is to be understood to mean the sum of moles of the first and second ligands

[0020] According to yet another preferred characteristic of the invention, the ratio

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

ligand is advantageously greater than 0.1, and more advantageously, greater than or

equal to 0.5.

[0021] The organophosphorus ligands suitable as the first ligand are chosen from

the group comprising monodentate organophosphite compounds such as the

compounds of the following general formula (T)

in which R;, Ry, and R3, identical or different, represent a linear or branched alkyl

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



conpounds of the follow ng general formula (1) RBRL O-vD 0 I R2 in
which R1, R2, and R3, identical or different, represent a linear or branched
al kyl radical having 1-12 carbon atons and possi bly including heteroatons,
an aromatic or 5 «cycloaliphatic radical, substituted or unsubstituted,

whi ch can include heteroatons, and one of nore rings of condensed form or
not, with the radicals RI, R2, R3, able to be connected together two by
two. [0022] As an exanpl e of nonodentate organophosphite conpounds suitable
for the invention, there can be nmentioned triphenyl phosphite,

tritolyl phosptyclaalipbatit radical; H:}hstitut?ﬂwsplhilbséitutf‘gwm}h an; ineluge heteroptomse i s t he

preferred conpound, because it has d sol uhili I n. the reacsi di um
and is rel at {TM ei%é&%&ﬁé‘ﬁ%8£°‘1"36%%ﬁ%ﬂ*m°fo‘? a‘ﬁﬁ%ﬁlfsrﬁﬂIS?lﬁ?‘cghB{}u%g%%EMi ch
are suitabl e {05, 1hGed RIRMM: {\;,Qg?g,,o_are in particular the bidentate
or ganophosphor ated conpounds of the following general fornmula Il: Rt R3 X
| ~ X3 P- X6- [0022p- Rs aX eka¥gle df monodentate organophosphite compounds suitable for

the invention, there can be mentioned triphenylphosphite, tritolylphosphite, and

trithymol phosphite.

[0023]) Tritolylphosphite is the preferred compound, because it has good solubility

in the reaction medium and is relatively inexpensive.

[0024] The organophosphorus compounds which are suitable for the second ligand

are in particular the bidentate organophosphorated compounds of the following

general formula Ii:

Pp
X
N /3
P—Xg-L—~Xs—E
xlz/ Xa
R, Ry

in which Ry, R;, Rz, and Ry, identical or different, represent a linear or branched
alkyl radical having 1-12 carbon atoms, which can include heteroatoms; an aromatic
) or cycloaliphatic radical, substituted or unsubstituted, which can include heteroatoms

and one or more rings in condensed form or not; an alkylaryl radical; or an arylalkyl
radical; where the radicals R, and Ry, and/or R; and Ry, can be connected together,

X1, X2, X3, X4, X5, and X, identical or different, represent a covalent bond,
an oxygen atom, or a divalent BNRs-- radical in which Rs represents a hydrogen
atom or an alkyl, aryl, sulfonyl, cycloalkyl, or carbonylated radical, and

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

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



Rz R4 in which RI, R2, R3, and R4, identical or different, represent a

| i near or branched al kyl radical having 1-12 carbon atons, which can

i ncl ude heteroatons; an aromatic or cycloaliphatic radical, substituted or
unsubstituted, which can include heteroatons and one or nore rings in
condensed formor not; an alkylaryl radicll; or an arylalkyl radical; where
the radicals R, and R2, and/or R3 and R4, can be connected together, X, X2,
X3, X4, X5, and X6, identical or different, represent a coval ent bond, an

oxygen atom or a divalent BNR5-- radical in which R5 represents a hydrogen
atom or an al k§025] aAﬂexa@mqs@ﬁplden@gﬁcqrsmomyosphem@am@n sathese eamdieccated and L

repr esents a &loval e%hn(iofeﬁcﬁjeg gll\e[ qitg ten? 1ca 1on§ gge;;l%erel \6|vgg 1-12

carbon atons, en |phat|c or

aromatic r ad mlq WMilkeHlse; @ikré %Moﬁqiaﬂidﬁﬁr@rfﬁentﬁiﬂ@&hé §dtbRd 1iQ4nds the
e

unsubstituted, ab to i nclude several rings in condensed formor not; a
di val ent al ky Icemycbunds exepplafied/in theftillonting watert) OF O] 95A30680a D 86/1d1 8%iWent at e

Che-pat ent E“S?%&?Wé&%? o83, R ST B8 Mo B s 0 5d PR ke cc.
ool 11 ed | DR Rorioy Ao Kl SR B RR 0 e 5 P s

99/ 06358, V[)QH&$$983 WD 99/ 64155, WD 01/21579, and WO 01/21580. [0027] The

followi ng structures are given byway of exanple, wherein Ph neans phenyl.
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[ 0028] These conpounds have a nore conplex structure than the first |igands
descri bed herei nabove and often have poor solubility in the reaction nmedi um
and greater instability. However, these second |igands, or bidentate

| i gands, have better catalytic propertieg, particularly as regards
selectivity for nitrites or dinitriles. [0029] According to the process of

the invention, the use of a mxture of two |igands, nonodentate and pluri
(bi)dentate, enables the catalytic propertles of the pluri (bi)dentate
compound to be preserved, particul gkl sgar ds el ivity, while

inproving their stability in the

onNding to the
i nvention, th&Phat al PPh

y by the

X[L

foll owi ng gen (i) in represents a
transition netd ’eunl\nt 0 LI repr egy Epnodentate
or ganophosphor ug ; L2 represen{s the plufidentate

or ganophosphor ¢ eppesent ber
correspondi ng i n fYhe

\ ) the\KBsp t|vet
catal ytic system [0031] Accordiq{ ,

invention, the netallic elenent }
the group conprising nickel, cob
osmum iridium platinum copper,

5 chosen from
pal | adi um

[0028] These compounds have a more complex structure than the first ligands
described hereinabove and often have poor solubility in the reaction medium and
greater instability. However, these second ligands, or bidentate ligands, have better
catalytic properties, particularly as regards selectivity for nitriles or dinitriles.

[0029] According to the process of the invention, the use of a mixture of two
ligands, monodentate and pluri (bi)dentate, enables the catalytic properties of the
pluri (bi)dentate compound to be preserved, particularly as regards selectivity, while
improving their stability in the reaction medium.

[0030] According to the invention, the catalytic system can be defined
symbolically by the following general formula III:

M [Ll]x [LZ]Y (HI)

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

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

silver, gold, zinc, cadmium and cerium.



silver, gold, zinc, cadm umand cerium 8 [0032] This formula is given
solely by way of indication and does not nean that each netal atomMis
coordinated with the two ligands. Thus it is possible that a portion of the
metal atonms Mis coordinated solely with the first |ligand, the other

portion of the atoms with the second ligafd, and finally, a last portion
with the two I|igands in variable proportions. The above fornula has only
been given as an indication and for clarity, and is based on the quantities
of conpounds used and not on a structural analysis of the catalytic system
obt ai ned. [ 00@9B2IThEhisfemarlas smerbsfolqlméyo‘famﬁm%@a&pniaedégm@mnﬁwm ng the

b tallj t b . | acing i . : ti f
2 conpound of e TENANE i fochRpe Wi, B v BERE rhuf RELAR B B, " ©
second) or a ptibh bPtheQhethNBS8s M Wobtdimdtétbsoldl) Qarhl thd st Tighd, tedsmaund can

be dissolved in a solvent. [0035] The nmetal can be present in the conpound
used either aportine ofithgratemevithdlxe staondhgandi artd finallyj 4 lastpartion withitbe two

tallig c | ex, ,or at hi gher .degr.ee of oxidation. [0036] For
oo 1t cligts et ibedians. S AR er Y BeOEHAERE of ¢ he

I nvention, rhodt | : ' A i e
degree of ox?1 gicftdﬁgllrl]é?(ﬁo)rtcr%tg?? ?}‘Ssﬁqbag%d %Eﬂﬁg‘?@é&g&ff ’Cgﬁlﬁggﬁgodég? %%d hél
pal | adi um at bie saheguabarcdysiood thatatalyti¢ ystenosbtaingdat t he degree of oxidation

(rr), iridiumat the degree of _oxidation (11), ni ckel at. the degree of

oxi dation (0) [0083b3Fhe preparstionef the argangmetallig complexgsdprraimgtheabpveoxi dat i on

during the pr td 0 J | I i ed in
situ [o03s] AR fianEan bl RRAT By BBl cSRIR sTjuddoh FALRBEEHCTS (f
ni ckel, pal | adhdseh nidtflWwittPd sS1QRRESE cadh Hgadaiestabkotorll) b Zadutdsh dfliBese

transition netal.
two ligands.
[0034] The metal compound can be dissolved in a solvent.
[0035] The metal can be present in the compound used either at the degree of
oxidation which it will have in the organometallic complex, or at a higher degree of
oxidation.
[0036] For example, it can be indicated that in the organometallic complexes of
the invention, rthodium is at the degree of oxidation (I), ruthenium at the degree of
oxidation (II), platinum at the degree of oxidation (0), palladium at the degree of
oxidation (0), osmium at the degree of oxidation (I), iridium at the degree of
oxidation (I), nickel at the degree of oxidation (0).

/ [0037] Ifthe metal is used at a higher degree of oxidation during the preparation of

the organometallic complex, it can be reduced in situ.
[0038] Compounds of transition metals, more particularly compounds of nickel,
palladium, iron, or copper, are preferably utilized as the transition metal.
[0039] Among the compounds mentioned hereinabove, the most preferable
compounds are those of nickel.
[0040] As non-limitative examples, there can be mentioned:
- compounds in which nickel has degree of oxidation zero, such as potassium

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



[ 0039] Anmong t he conmpounds nentioned herei nabove, the nost preferable
conpounds are those of nickel. (0040] As non-limtative exanples, there can
be nentioned: - conpounds in which nickel has degree of oxidation zero, such
as potassium tetracyano nickelate, KA[N (CN)4]; bis(acrylonitrile) nickel
zero; bis(1,5 9 cyclooctadiene nickel (lpkew se ternmed Ni(cod)?2), and
derivatives containing ligands such as tetrakis (triphenyl phosphine) nickel
zero. - nickel conpounds such as carboxylates (particularly acetate),
carbonate, bicarbonate, borate, brom de, chloride, citrate, thiocyanate,

cyani de, for nBjcooctddidhe RdkeE(likeWeARRIAMNIdod), ) Pivd SRRl htgves RBAGINRL Beanas!

derivatives, iodide, nitrate, sulfate, sulfite, aryl and al kyl sulfonates.
[ 00411 When t suehris ¢dteskisoonphsoylghespbihe) vickelgstmds to a state of oxidation of

ni ckel greater than zero,,a nickel, redyci agent is added to the reaction
nmedi um and  pf E’FE&&HP’I@W‘{F gh ag carhey ‘R?ﬁ (E’g‘éch@ﬁéf@f’etf‘ﬁg cf"g’é’é’?ﬁeon condi ti ons.
Thi s reduci ng ' i ' sdel 1 | ve

exanpl es, t helr)iggﬁn)géatg’ce)[%r?r%tgﬁrgneg ’ b@Sfr:lgeH; g%%glgbg%agﬁﬁémdgﬁrﬁ%{gm’ zZn
powder , magnehkydroxiderhydyaphogyehite, plaBgRile, phesphoteandidefedti vegipdidechinsted

corresponds to the O oxidatiogn state of nickel, a reducing agent of the
abovenent i oneﬁi‘ﬂ%%é“](flé?} aﬁllé‘éaﬂg‘é(} B%t%%‘ﬁéd, but this addition is not

mperative: [RRATY, YA AE plckertoRARAN DI BriSfihus L2 aRTR ifieligh pp agent s

are suitable. e case e reduci ng agents can in

addi tion be ehi%ﬁar%réatéﬁthaﬁ he&ro emickd] eeduahidi agemt(i9 hdraap asebeiont raedicangpaund,
solvent, olefin). [0045] The solutions of the first and second |igands can
be added si nupreimentimlyyeacsy with aickelungder the reagtipn epnebtiens. ikhis redpeisg pgné t o

o P Lhe O BBEIELALL AR A S 0 SR bondeT 10
borohydrides such as NaBH,, KBH4, Zn powder, magnesium, or hydrogen.
[0042] When the nickel compound used corresponds to the 0 oxidation state of
nickel, a reducing agent of the abovementioned type can likewise be added, but this
addition is not imperative.
[0043] When an iron compound is used, the same reducing agents are suitable.
[0044] In the case of palladium, the reducing agents can in addition be elements of
the reaction medium (organophosphorated compound, solvent, olefin).
[0045] The solutions of the first and second ligands can be added simultaneously
or successively. Furthermore, it is possible to prepare the organometallic Complexes
with each ligand separately, then to mix the two systems before introducing them

) into the reaction medium, or to introduce them directly into the said medium.

[0046] The organic compounds having at least one ethylenic double bond more
particularly used in the present process are diolefins such as butadiene, isoprene, 1,5-
hexadiene, 1,5-cyclooctadiene, ethylenically unsaturated aliphatic nitriles,
particularly the linear pentenenitriles such as 3-pentenenitrile, 4-pentenenitrile;
monoolefins such as styrene, methylstyrene, vinyl naphthalene, cyclohexene, methyl
cyclohexene, and also mixtures of several of these compounds. The pentenenitriles
can particularly contain amounts, generally minor, of other compounds, such as 2-

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



into the reaction nedium or to introduce themdirectly into the said

medi um [ 00461 The organi ¢ conpounds having at | east one ethyl enic double
bond nore particularly used in the present process are diolefins such as
but adi ene, isoprene, 1,5- hexadi ene, 1,5-cyclooctadiene, ethylenically
unsaturated aliphatic nitriles, particuljgrly the linear pentenenitriles
such as 3-pentenenitrile, 4-pentenenitrile; nonoolefins such as styrene,
nmet hyl styrene, vinyl naphthal ene, cycl ohexene, nethyl cycl ohexene, and al so
m xtures of several of these conpounds. The pentenenitriles can

particul arly gipddirie, @'ﬁﬂéﬁh@?lutﬂ@ﬂﬁﬂf& b3ty sueEinonifrile] dtayutLHROAkNISs fosuch as
2- methyl-3-butenenitrile, Z-nethyl-2-butenenitrile, 2-pentenenitrile,

val eroni tri | egxatiple frdingbe ptiei hyslrocyanasiomyreagtion af bufiadien¢ & unsaturated nitriles.

2-ethyl succingpitrile, or. butadiene, arising, for. exanple.fromthe prior
ydr ooy anat | ofb0¥ahclise ks nibrey e gn Shbiptient, MPTiegl b rpoubal

| ndeed, duri ngidig,ly ERARERL Al etALb Arht GBRiriIB AR fREALA Gifhl tRe BROKN S OF
2-met hyl -3-buteneriitrile and 2-nethyl “2-butenenitrile are formed with the
| i near pent epantértenittiles. Théeatalgtiakystent ussdsoethe hydwbefarativh acdoydingty theat i on

according to the process of the invention can be prepared before its

i ntroducti on PIREESSIOR e 1Bxentiog £an beﬁ@pmsﬁe@x%w@pdagﬂqwmd TeacHn ¢ o

m xtures of t fET and L . ' | lL.vent,
of "t he- appr opfiist " i, SPER oI IR RN P FirsEhaE ke bt ahfhe 2T
possi bly of thediswiediing sapent, of tic appopriate gantity b thehes@StsardRivamdasid
herei nabove. It is |ikew se possible to prepare the catalytic system"in
situ" by the campginds andipessibly of the ieduringagentner aseerdiitt toithaprgsessrsigsatbed he

transition nefal. c ound,.,to.the drocyanat,j on.r.eacti on pediu efore or
after the addMtFBAOBR: this WERissdRantie e CRALE gi TAVEL vtk B rt bl “The
quantity of asifinikaeldi®én St Firdt hAd Sdcbh@ NgAMRIs ahd 6 PR AANEItIYA RbtalToRipesAN 1O
obtain a concentration, in noles of tranSition netal per nole of oOrganic

conpounds to tertliehydrobyatrtiay mactioromedinm;, befoeriradier the,addistoned thel@mppouadd 1,

to undergo hydrocyanation.

[0048] The quantity of a nickel or other transition metal compound used is chosen
to obtain a concentration, in moles of transition metal per mole of organic
compounds to undergo hydrocyanation or isomerization, between 10™ and 1,
preferably between 0.0003 and 0.5 mole per mole of nickel or other transition metal

used.

[0049] The total quantity of organophosphorus ligands used to form the catalyst is
) chosen such that the number of moles of these compounds with respect to one mole

of transition metal is 0.5-500 and preferably 2-100.

[0050] Although the reaction is generally conducted without solvent, it can be

advantageous to add an inert organic solvent. The solvent can be a solvent of the

catalyst which is miscible at the hydrocyanation temperature with the phase

including the compound to undergo hydrocyanation. As examples of such solvents,

there can be mentioned aromatic, aliphatic, or cycloaliphatic hydrocarbons.

[0051] The hydrocyanation reaction is generally performed at temperature of 10EC

to 200EC and preferably from 30EC to 120EC. It can be performed in a medium

possessing one phase or two phases.



preferably between 0.0003 and 0.5 nole per nole of nickel or other
transition netal used. [00491 The total quantity of organophosphorus

| i gands used to formthe catalyst is chosen such that the nunber of noles
of these conpounds with respect to one nole of transition netal is 0.5-500
and preferably 2-100. [00501 Although thellreaction is generally conducted

w t hout solvent, it can be advantageous to add an inert organic solvent.
The sol vent can be a solvent of the catalyst which is mscible at the
hydrocyanation tenperature with the phase including the conmpound to undergo
hydr ocyanat i o052k dheappicess ofithe ivantaes spamesarried pat eordiayordy gnt i oned
aromati c, aliﬁhatic or. cycl oal i phati c hydrocarbons. 100511 The

hydr ocyanati o m?%%%??%ﬂyis generally perforned at tenperature of 1 OEC to

200EC and pr efgasapl Yhé h9dBo§&E@ahQiel1%%§&n[Hoéopgg;]i’die@ﬁ‘oﬁ%étﬁﬂﬁ%%ﬁiﬂe@ medi um

possessi ng one phase or two phases. The process of the invention
can be carri eparticelady sedinmoyshide,cr fragi sypohydrinsosishyas afdox3dyaihgdriny dr g en
cyani de used can Be repared framnetallic cyanides, particularly sodium
cyani de, or fPOIOESE d’rl?rﬂg?ssé’gﬁwr%lsacetone cyanhydrin, or by any other
known process y ' : ' L Sald dinto
the reactor inggge%2%2%??%%‘@%%?%&?{%&?3%&3 is/% og‘ﬁh%é;%% v(ggglgg‘sorehand
i n an organi cfanl Vecdn al§dBb8iksdlved Beforehdiidan tan of gaflicssobvent.nuous per f or nance,
there can be charged into a reactor, purged beforehand with an_inert gas
(such as nit rH{j)éﬁ]g i derrpniext plediseontinegustredfprmeaise dhetiesgn bpehatged Bitor a
portion of the v such a

hydr ocyanat i oﬁe,acéé’?fé’%g%erque %%islén v %me sgaf ﬁs)“&gﬁ%jmff?’g%? %?gog gt egr%glr 19 ?on

met gl conpoungblufidifcdiRfifiing! tRe WREGr Ao B varfoRdk ¢oNtituddts, khidh &ahél
compound to undergo hydrocyanation, the compounds of formulas (I) and (1I), the
transition metal compound, the possible reducing agent and solvent; or the said
constituents separately. The reactor is generally then brought to the chosen

temperature. The hydrogen cyanide is then introduced, preferably in a continuous

and regular manner.

[0056] When the reaction (the progress of which can be followed by assay of
samples) has finished, the reaction mixture is withdrawn after cooling, and the
reaction products are isolated, for example by distillation.

[0057] The process of hydrocyanation of ethylenically unsaturated compounds
according to the present invention likewise relates to the hydrocyanation of the said
ethylenically unsaturated nitriles obtained hereinabove by reaction with hydrogen
cyanide, and consists of utilizing a catalytic system conforming to the present
invention with a co-catalyst consisting of at least one Lewis acid.

[0058] The ethylenically unsaturated compounds which can be used in this step are
generally those cited for the basic process. However, it is more particularly
advantageous to apply it to the reaction of hydrocyanation to dinitriles of
ethylenically unsaturated aliphatic nitriles, particularly to linear pentenenitriles such

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



constituents separately. The reactor is generally then brought to the chosen
tenperature. The hydrogen cyanide is then introduced, preferably in a
continuous and regular manner. [0056] Wien the reaction (the progress of

whi ch can be foll owed by assay of sanples) has finished, the reaction

m xture is withdrawn after cooling, and tjpe reaction products are isolated,
for exanple by distillation. [0057] The process of hydrocyanati on of

et hyl eni cal |y unsaturated conpounds according to the present invention

li kewi se relates to the hydrocyanation of the said ethylenically

unsat urated njgpsd] eTheRtRhRAhiAELINIBAME FhefaBl9 GhihONqntiedYHtRGEN

cyani de, and consists of utilizing a catalytic systemconformng to the
present i nveedmpunds,tshclnacmeinydi3yniterzonsles 2 inmeghydf2-butehemigile,@ne Lewi s aci d.
[ 0058] The ethylenically unsaturated.c ounds ich.can be . used in this
step are genB‘l}'{’é?q"?n’?‘ir?og@er@P’t“ég’? Po’f‘ﬂﬁe’ 'gﬁegyb%%%@&ﬁﬁoﬁé@@f, it is nore
particularly oRd¥aRtARBEOUS tideRPRlidng Frohlht PRIREHRRyfatibY aecyReAL i On to
dinitriles ofS el}tfhgﬁni cally %I{r?gat ulrl%t gd aHJpP{at i CB’ni t}r’i aels, Sart lcularly to
| i near pent enbutadiend &sl/aUedm ds: iSepetitation of 2mdthyl-Ubwendratmdaiad ri l e, and their
m xtures. 12 [0059] .These pentenenitriles can contain generally m nor
quantities of PEHERSPItrikCsnpounds, such as 2-methyl - 3-butenenitril e,

2 T2 OB ko RSOGO EL GRS BRI 61

2-met hyl gl ut succi noni arising from

the previous fhedeagy ai@uscdscoatial@bpaticulaly asibbrane iféRity bf B@obtigned
i sonmerization of 2-methyl-3-butenenitrile to pentenenitriles. [0060] In the

case of hydr odipdrilesitehe ohproved;thaliis the pereantage of lineat dinitrgp atthaesriect tolthes,  t he
Lew s acid us .cqQ-cat al yst .particul arl bl es the l.inearity of the
bt ai ned di netH ArnigE et maeB s i EY = FRERE S el b free
dinitrile wt[po6pPBGI"LERislRI" in the present text is intended the usual definition, namely,

compounds which are electron pair acceptors.

[0062] In particular, the Lewis acids mentioned in the volume edited by G.A. Olah,
"Friedel-Crafts and Related Reactions," Vol. 1, pages 191-197 (1963) can be used.
[0063] The Lewis acids which can be used as co-catalysts in the present process
are chosen from among the compounds of elements of Groups Ib, IIb, Illa, IIb, IVa,
IVb, Va, Vb, VIb, VIIb and VIII of the Periodic Table of the elements. These
compounds are most often salts, particularly halides, such as chlorides or bromides;
sulfates, halogenoalkyl sulfonates, or perhalogenoalkyl sulfonates, particularly

) fluoroalkyl sulfonates or perfluoroalkyl sulfonates, halogenoacetates,
perhalogenoacetates, carboxylates, and phosphates.
[0064] As non-limitative examples of such Lewis acids, there can be mentioned
zinc chloride, zinc bromide, zinc iodide, manganese chloride, manganese bromide,
cadmium chloride, cadmium bromide, stannous chloride, stannous bromide,
stannous sulfate, stannous tartrate, indium chloride, indium trifluoromethylsulfonate,
indium trifluoroacetate, the chlorides or bromides of rare earth elements such as
lanthanum, cerium, praseodymium, neodymium, samarium, europium, gadolinium,
terbium, dysprosium, hafnium, erbium, thallium, ytterbium and lutetium, cobalt

chloride, ferrous chloride, and yttrium chloride.



total dinitriles fornmed, and/or the activity and lifetinme of the catalyst to
be increased. [0061] By "Lewis acid" in the present text is intended the
usual definition, nanely, conpounds which are electron pair acceptors.
(0062] In particular, the Lewis acids nentioned in the volune edited by G A
O ah, "Friedel-Crafts and Rel ated Reactildns," Vol. 1, pages 191-197 (1963)
can be used. [0063] The Lewi s acids which can be used as co-catal ysts in
the present process are chosen from anong the conpounds of el enents of
Goups Ib, Ilb, Illa, Illb, IVa, |Vb, Va, Vb, Vib, MIb and VIII_ of the
Peri odi ¢ Tabl HI068] t Femppunds-aush agtwbenylbeanpuidianivm ispRropyeteaan skpids,

particul arly H&ldiag‘i% -Ss%?& as chlorides or brom des; sulfates,
hal ogenoal kyl ~sul At es, or perhal ogenoal kyl sul fonates, particularly

f1uoroal kyl spjgsepanMEsn@és TRevdraiareddl kotlls &l Sfebaise be ubed. ogenoacet ates,
per hal ogenoacet at es, carboxyl ates, and phosphates. [0064] As non-limtative

exanpl es of s[47] ewinsongdhelEewistagids there atsanore paitisnbaly prefeored kingrechlbeidezi ne
brom de, zinc iodide, manganese chl ori de, .,nanganese brom de,. ..cadm um

chl ori de, cad?ﬁ“&gf%?@ﬁ’i%g‘ogf %‘ﬁﬂ’é@f’s StaRnQHs; byem tWﬁSﬁggﬁﬁaBﬁi‘H‘é‘}m st annous
sul fate, stan kNdi aing HCmnh il : :

trifluoronet hy| suf(%rg%tg?%{,lﬁm}ah%%%%g?ﬁg&gr oace(';t.{%tcg@qtdﬁgl 1():(%1 %Sr'i des or

brom des of r p068pamhb Lelvisaeid co-satalystased penptdilgepresenes 0.0mMS0maisepaty m um

neodym um samarium europium gadolinium terbium  dysprosium hafnium
er bi um t hal | M@ig oftransition gastal rempoued,imefe Padisalatly of Rickel epanpquady ous

chiloride. - and bl | Wg LR itbesk GRS, SURPAANROR YRk AR A LNGY! bor ane

and titanium opylaté can used as Lew s dci dSs. xtures

of several Lewied faEhyifo&anattdn i6GhE Srosdd@e b TewlsQRR/danVeiitepdrEEbdBMifs aci ds

there are nore particularly preferred zinc chloride, zinc bromde, stannous
chl ori de, stamtwductionontodtbe reactipimeeng poimastia, for pxingple by addition to the reaction

zone of the different components of the catalytic system.
[0070] It is likewise possible, under the conditions of the hydrocyanation process
of the present invention, and particularly operating in the presence of the previously
described catalytic system comprising at least one monodentate ligand and a
bidentate ligand and at least one transition metal compound, to perform, in the
absence of hydrogen cyanide, the isomerization of 2-methyl-3-butenenitrile into
pentenenitriles, and more generally, branched unsaturated nitriles into linear
unsaturated nitriles.
[0071] The 2-methyl-3-butenenitrile subjected to isomerization according to the

4 invention can be used alone or in a mixture with other compounds.
[0072] Thus 2-methyl-3-butenenitrile can be used in a mixture with 2-methyl-2-
butenenitrile, 4-pentenenitrile, 3-pentenenitrile, 2-pentenenitrile, butadiene,
adiponitrile, 2-methyl glutaronitrile, 2-ethyl succinonitrile, or valeronitrile.
[0073] It is of particular interest to treat the reaction mixture from the
hydrocyanation of butadiene with HCN in the presence of at least one mixture of
compounds of formulae (I) and (II) and at least one transition metal compound, more

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



trifluoronethyl sul fonate, and zinc chloride/stannous chloride m xtures.

[ 0068] The Lewis acid co-catal yst used generally represents 0.01-50 nol es
per nole of transition nmetal conpound, nore particularly of nickel
conmpound. [0069] As in perform ng the basic process of the invention, the
catal ytic system used for hydrocyanatiorl4n the presence of a Lews aC|d
can be prepared before its introduction into the reaction zone, or in situ,
for exanple by addition to the reaction zone of the different conponents of

the catalytic ﬁstenl [0070] It is |likew se possible, under the conditions
of the hydrocif8 éltuBhthpp@@téétsoftbtﬁmﬁm@@mﬂtlvmﬁhemtabﬁcSwﬁ@n;bamgu cularly

ti [ t.h th bed. t t
conprising atE4ZpRSRE e s aiPePrRibd Hieon PRI B U R G
| east one trag§iihiroductiBhdf he &i&%@md@oto&ﬂﬁ&héﬂsohﬁnkﬂﬂm I@SX&R&BQ@ pRicedtd/ dr ogen

cyani de, the isonerization o - met hy |~3-butenenitrile into

pent eneni tri | B975knH need be whghaﬂug}ungﬁfa;h@feadonwﬁhtaunmetrtaglasmuch a$ migrogert o

| i near wunsaturated nitri Ite %007 1 The %#et hyl - 3- but, nen f ﬁPJ ected
to i soneri zat P'HBALEARA REGIOrHeY Heorderfo&xpeld &8 G dst

mxture with g %ﬂg&x@onpounds [0072] Thus 2-nethy|-3-butenen|trlle can be
used in a mxture with 2-nethyl-2- butenenitrile, 4-pentenenitrile,

3- pent eneni t r {00g6] 2The FofieeiRation lectioB s etieN, perfatth it 4 teinperanide 6E10BC
glutaronitrile, 2-ethyl succinonitrile, or valeronitrile. [0073] It is of
particul ar i NtoeH09EC, piod prederebly fieonr 60RE tolSORGt ure from t he hydr ocyanat i on
of butadiene with HCN in the presence of at |east one m xture of conpounds
of formulae (1) and (I1) and at |east one transition nmetal conpound, nore

preferably a 'og‘fﬁ" h?f?lg?)ﬁéf@ﬁlecpéasgﬁgfs fe £atf2ﬁs' ddte 0}9@1%19%% ously

defined. 14 741 1In e context o |s preferre ternative, the
catal yti c syshglodenatipn rehdtimcht bptadﬁaaa,tlt fvill b¢ hdvahtegeasytappeiatemt tigact i on of
but adi ene, it is sufficient to stop
temperature at which the hydrocyanation was carried out.
[0078] As in the case of hydrocyanation of ethylenically unsaturated compounds,
the catalytic system used for the isomerization can either be already present in the
medium or prepared according to the fashion already described hereinabove.
[0079] Although the isomerization reaction is generally performed without solvent,
it can be advantageous to add an inert organic solvent, which could be the solvent
for the later extraction. This is particularly the case when such a solvent has been
used in the butadiene hydrocyanation reaction, and serves to prepare the medium
subjected to the isomerization reaction. Such solvents may be chosen from among
those which have been mentioned hereinabove for hydrocyanation.
[0080] However, the preparation of dinitrile compounds by hydrocyanation of an
olefin such as butadiene can be performed by using a catalytic system conforming to
the invention for the above steps of formation of unsaturated nitriles and of
isomerization; the hydrocyanation reaction of the unsaturated nitriles to dinitriles can
be performed with a catalytic system according to the invention or any other catalytic
system already known for this reaction.

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

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



any introduction of hydrogen cyanide, to allow the isonerization reaction to
proceed. 100751 If need be, a slight flushing of the reactor with an inert
gas such as nitrogen or argon can be performed in order to expel the

hydr ogen cyani de which could still be present. [00761 The isonerization
reaction is generally performed at a tengerature of 1 OEC to 200EC, and
preferably from 60EC to 180EC. [0077] In the preferred case of isonerization
i mredi ately followi ng the hydrocyanation reaction of butadiene, it will be
advant ageous to operate at the tenperature at which the hydrocyanati on was
carried out. {(AQFHe HiSerdtibn! i sfe?%ﬁh?ﬁ:o%ﬂfaﬁ&ﬁ(@f‘ﬁ‘ﬁéaﬁﬁat@& RliRYhGBinfiRlds Y

unsat urated conpounds, the catalytrc systemused tor the 1Isonerization can
ei ther be al reagypepforned vithra dakedytinsydienmacoordpigtpahethvantimr. di ng to t he

fashi on al ready descri bed herei nabove. [00791 Al though the isonerization
reaction is d8B&%al The lelewimerxamplesibugirateshg apention.t "can be advant ageous to
add an inert ni ol vent i | t ol vent.  f.of. er
extraction. ﬂﬁpgﬁl 51?1613? {:)I(a(r:nLﬂlgsr,%% aﬁgée%g%?gsg egnhqgac e%g%é?gfelﬁ@lci&fg(gbgg%h used
in the butadigae ifyefcdsotadaineon reaction, and serves to prepare the nedium
subjected to the Isonerization reaction. Such solvents may be chosen from
among t hose eghieghivaleat been nentioned herei nabove for hydrocyanati on.

[ 0080] Howev the preparation of dinitrile conmpounds by hydrocyanation of
an olefin sﬁ{é’rNag'PB'EtF’é%"éﬁ% can be performed by using a catalytic system
conform ng t gpN hgpbm¥gdfit@e for the above steps of formation of unsaturated
nitrites and of i1sonerization; the hydrocyanation reaction of the

unsat ur at ed rd-+t4PN e3PNo- 4PNitriles can be perfornmed with a catal ytic system

according to the inventjon or any other catalytic  system already known for
this reacti on'}.\T([%’OO8?L‘]a“§PFﬁ1‘?t5WIT§t}X Pﬁ@oél“éf I Widsreodpdreayrpationeact i on to

unsat ur at ed_ el o P AR bPROR of YerkfSifeatd hefidapr | or med

with a different ‘cata iC system
number of moles of Y.

Linearity (L) : Ratio of the number of moles of adiponitrile (AdN) formed to the
number of moles of dinitriles formed (sum of moles of adiponitrile (AdN),
ethylsuccinyl dinitrile (ESN), and methylglutaronitrile (MGN)).

Selectivity (%) : Number of moles of AAN formed with respect to the theoretical
number of moles of AdN, calculated from the number of moles of 3+4pn
transformed.

CPG : gas phase chromatography

ml : milliliter

mol : mole

mmol : millimole

Ph : phenyl

EXAMPLES 1-12:

[0084] These trials relate to the hydrocyanation of pentenenitriles to adiponitrile.
These trials were performed according to four operating modes described

hereinafter.

Operating Mode 1:



15 that of the invention, the step of hydrocyanati on of unsaturated
nitriles to dinitriles being perforned with a catalytic systemaccording to
the invention. [0082] The foll owi ng exanples illustrate the invention.
[00831 In the exanpl es, the abbreviations used have the meani ngs indicated
below. cod : 1,5-cyclooctadiene eq : equival ent 3PN. 3-pentenenitrile 4PN
4-pentenenitrile 3+4PN. 3PN + 4PN TT( . Transformation ratio of product
Y to undergo hydrocyanation, corresponding to the ratio of the nunber of
noles of Y transforned to the initial nunber of noles of Y. Linearity (L)

Ratio of the r P ' Ty ]{(?%H) -0t hey punber of-
nol es of dini (Uro ?J?ES [@g?@dlﬁ?% 8%(%?11%1”%%&5%@% [ onsiutgﬁsggglg ngtﬁ)af@ mf

et hyl succi nyl Selioni gladsltabe doaiyjped avith asspturh gloppear onitrile (MAN)). Sel ectivity
(%9 : Nunber of noles of AN forned with respect to the theoretical nunber

of nol es of ABNhe bgandubamaldeq pbligandd Nifavmenerdentats bgands, Bmafss eqtof Hgaridor med.
h - pheny! | EXUArRRASiERE AT These trials relate fo the hydrocyanation
of pent eneni t Bid S dinfftieR?Pst, Ub®eq / Ni);

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

B the Lewis acid (1 eq / Ni).

[0086] The reaction medium is heated to 70EC, with agitation. Acetone

cyanhydrin is fed into the medium by a pressure syringe with a throughput of 0.45

ml per hour. After 3 hours of injection, the introduction of acetone cyanhydrin is

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

analyzed by gas phase chromatography.

Operating Mode 2:

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

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

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

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

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

B the Lewis acid (1 eq / Ni).

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

analyzed by gas phase chromatography.

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

stainless steel reactor:



These trials were perfornmed according to four operating nodes descri bed
hereinafter. Operating Mdde 1. 16 [0085] Under an inert atnosphere, there
are charged successively into a 60-mL Schott gl ass tube equi pped with a
septum stopper: B the ligand (6 nole eq of ligand / N for nonodentate
ligands, 3 noles eq of ligand / N for Bi’dentate |igands); B
3-pentenenitrile (1.25 g, 400 eq / N); B bis(1,5-cyclooctadi ene)2 nickel
(21 ng); Bthe Lewis acid (1 eq/ N). [0086] The reaction nediumis heated
to 70EC, with agitation. Acetone cyanhydrin is fed into the nediumby a
pressure syriBge hgand (amole epohligand dINi doraBonadentaterligaods;.3 off mele of ligand 5 of

injection, the introduction of acetone cyanhydrin is stopped. The m xture
is cool ed tohﬁh‘%’Fg mtaéﬁwlbgﬁngﬁure, diluted with acetone, and analyzed by gas

phase chromatggr Onerad | 2. [0087] Under an inert atnosphere,
‘g’%e%“%m@?%(%ﬁ %%%% 60

there are char succ -mL  Schott gl ass tube equi pped with

a septum StOmgfs(l,ﬁc&a@o&hdiéﬁt?flhﬁkbli(3@;0%&],()1 nole eq of ligand / N ); B the
o] i) ;

bi dentate ligand (4 nole eq | i gan B 3-pentenenitrile (1.25 g,

400 eq / Ni);Bhdliexit asiddyeh 608). adi ene) 2 nickel (21 ng); B the Lewis acid
(1 eq/ N). [0088] The reaction mediumis then heated to 70EC under
agitation. Acetone cyanhydrinis fed into the nediumby a pressure syringe

with a thr OUQ[%B%] O’i‘h@reﬁéﬁon medium is then heated under agitation at SSEC. Liquid HCN
is added to the reaction medium by a pressure syringe with a throughput of 1.92 ml
per hour. After 5 hours of injection, the introduction of HCN is stopped. The
mixture is cooled to ambient temperature, diluted with acetone, and analyzed by gas

phase chromatography.

Operating Mode 4:

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

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

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

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

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

B the Lewis acid (1 eq/ Ni).

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

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



m per hour. After 3 hours of injection, the introduction of acetone
cyanhydrin is stopped. The m xture is cooled to anbient tenperature,
diluted with acetone, and analyzed by gas phase chromat ography. Operating
Mode 3: [0089] Under an inert atnosphere, there are successively charged
into a 100 nl stainless steel reactor: I8 B the ligand (6 nole eq of
ligand / Ni for nonodentate ligands; 3 eq nole of ligand / N for bidentate
| igands); B 3-pentenenitrile (30 g, 75 eq / N ); B bis(1,5-cyclooctadiene)?2
nickel (1.30 g); B the Lewis acid (1 eq / N ). 10090] The reaction nedi um
is then heated under agitation at 55ECTABL&ul:d HCN is added to the reaction
medi um by a pressure syringe wth a throughput of 1.92 m per hour. After 5
hours of injection, the introduction of HCN is stopped. The mxture is

cool ed to anbj GRI [T CHRGRAT U CRatd | UL& ¥ i’tﬁ@t 13v6) Sl by F Selufiiy 025
g

phase chromatpgraphy. ytdaer at]i ngni Mpd@acid: [0 Under ah Adged) pt nosphegre,
there are suc e53|veL¥m@narced3|n 0z, 100 nh stfI kess steel [eaedsor:|] B the
bi dent ate | i gang- wle-—eglot tigand N} BA%—-FFOE“JWGH*QL b gand (4
mol e eq of |ipgahd|/ KegdC Ba- ﬁenieﬁ@ﬁitrllé (30/9,8375/eq”? N ); B
bi s(1, 5-cycl opct adli eniggnd Ani ¢kels (L.2{¢1L,0); B the|lew sj aciad (1] eqyés Ni).
ot | t\n nadl m |p thanh haoat dAd indar altatl an ot CEEC Lidrirn
L%(zlgzj' The re T4 ngana"C+A 244 | znCl, | TIN 0 [°84 | 8 | Yes | ui d
5 Ligand C 6 ZnCl, 1 86 79 Yes
6 Ligand C 2 ZnCl, 1 83 73 Yes
7 Ligand B 6 ZnCl, 1 54 13 Yes
8 Ligand C+ B 2-4 ZnCl, IN 83 74 Yes
\ 9 Ligand D 6 InTFA, 2 92 81 No
10 Ligand D 2 InTFA; 2 74 & Yes
11 Ligand A 6 InTFA, 2 81 75 Yes
12 | LigandD+A | 2-4 | InTFA, 2N 92 81 Yes

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

InTFA;: indium trifluoroacetate.

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

Ligand A : tritolyl phosphite.

Ligand B: trithymol phosphite.

Ligand C: Ligand D:

@@w BReigce

/ \




is added to the reaction nediumby a pressure syringe with a throughput of
1.92 mM per hour. After 5 hours of injection, the introduction of HCN is
stopped. The mnixture is cooled to anbient tenperature, diluted with
acetone, and anal yzed by gas phase chromat ography. 100931 The results
obtained are collected in Table 1 below 198 TABLE 1: Ex. Ligand Ratio Lew s
Qperating L(% Selectivity Solubility Used LINT Acid Mode AN 1 Ligand C 6
ZnCl2 1 86 79 Yes 2 Ligand C 2 ZnCl2 1 83 73 Yes 3 Ligand A6 ZnCl2 1 76
61 Yes 4 Ligand C+ A 2-4 ZnCl2 IN 84 82 Yes N1 11 5 Li and C 6 ZnCl2 1 86
79 Yes 6 Li and C 2 ZnCl2 1 83 73 YeEXAMPLEd3d B 6 ZnCl2 1 54 13 Yes 8

Ligand C + B 2- n IN 83_.74 Yes Li an NTFA3 2 92 81 No 10 Li
and D 2 |nTFAé°§5§4%a%l¥S‘EPfaHHXWr8 °?H$%9§ ‘g tgi?"}g’“ﬁ‘gg?forﬂ“ﬁ’?’gand D+ A 2-4
INTFA3 2N 92 81 Yes (1) The selectivity could not be determ ned because the
rate of transformation was too low. INnTFA3: indiumtrifluoroacetate. 10094]
The L/Ni ratio is expressed n phosphorus atons per nickel om the first
ratio relates to the ratio of phosphorus atons provided by the first |igand,

and the

[0096] In a glove box, there are successively introduced into a 30 ml Schott type
tube: ligand C (270 mg), ligand A (2 eq.), 3-pentenenitrile (1.0 g), and zinc chloride
(2 eq). A clear, homogeneous mixture is obtained, which is agitated under an inert
atmosphere and to which 2 eq of water are added. The composition of the mixture is
then analyzed by *'P NMR.

[0097] The following results are obtained:

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




second ratio relates to the phosphorus atons provided by the first |igand.
Ligand A : tritolyl phosphite. Ligand B: trithynol phosphite. Ligard C
Ligard D0 a-- dP Z P 19 EXAMPLE 13: [0095] Hydrolysis of a m xture of

| i gands of the following formulas: CA \ 1 1 /I \ OOO O0OP\OO O\
0'"P\ [0096] In a glove box, there are suc¥kssively introduced into a 30 ni
Schott type tube: ligand C (270 ng), ligand A (2 eqg.), 3-pentenenitrile
(1.0 g), and zinc chloride (2 eq). A clear, honbgeneous mxture is

obtai ned, which is agitated under an inert atnosphere and to which 2 eq of
wat er are adde{l09%he Toesepesiltsishow dlic protectivxagainst hydrotyhisof thediigengate by 31P
NVR. [ 0097] Thg foll ow n E.es%gts are obtained:. TABLE 2: Tine Pijogn%ti on of
C, by Proporti 5&nds opsecgyd Li Hrus Refrgiting ecanemizingshe sy expangive ygrndiy

m nutes 28% 1994, 5Qp e rafd JPnYHcERiLRW A3 RO quantity of bidentate ligand with

respect to the metallic element, while conserving the level of catalytic activity of the

system including the second ligand. '

[0099] Each patent, patent application and literature article/report cited or

indicated herein 1s hereby expressly incorporated by feference.

[0100] While the invention has been described in terms of various specific and

preferred embodiments, the skilled artisan will appreciate that various modifications,
\ substitutions, omissions, and changes may be made without departing from the spirit

thereof. Accordingly, it is intended that the scope of the present invention be limited

solely by the scope of the following claims, including equivalents thereof.



[ 0098] These results show the protection agai nst hydrolysis of the bidentate
| i gands or second |igand, thus permtting econom zing the nore expensive
ligand by reducing the rate of hydrolysis as well as the quantity of
bidentate ligand with respect to the netallic elenent, while conserving the
| evel of catalytic activity of the systemincluding the second |igand.
100991 Each patent, patent application ang,literature article/report cited
or indicated herein is hereby expressly i1 ncorporated by reference. [01001
Wil e the invention has been described in terns of various specific and
preferred enbodi nents, the skilled artisan will appreciate that various
nodi fi cations, __substitutions, om ssions, and changes naybe nade w t hout
departing from WHATISGLAIMED K5t~ Accordingly, it is intended that the
scope of the present invention be limted solely by the scope of the v
follow ng clains, including equivalents thereof. 20a WHAT IS CLAIMED I S: 1.
Process of hydrpcyareyotés oPhydiocyanativiof tapipdgndit hdvamsdt 1€k site oPEthglehidl eni ¢
unsaturation by reaction with hydrogen cyanide in the presence of a

catal yti c syst eunsatumtionbyireagtian mathdiydragen cpanide intthe pregencatofip patalytia system t y
associ ated wi th organophosphorus |igands sel ected .fromthe. group consisting
o7 or ganophos JGTHTEEE & B L SRl HTE SRANE GEna BN HL S B ang

or ganophosphor &g 4RphoseRs lidatdi&efedicd! fidnh theYSIPBHERIRE bpes at | east one
first ligand sel ected from anong nonodent at e or ganophosphites and at | east

one second | i gagahopbospbomittsf onganaphosphiptes; organmiphvsphimegaambhosphor us
ligands. - 2. Pr ocesg a(ﬁcordéng ho Claim1 wherein the sec%ggt
or ganophosphor UE83OgaPRpnotagiCes, Ve @W‘P’é’&ﬁé)’“@.‘ cpmpRsesat lastamgifinyg ¢ o

Caimi, wher eil&aﬁ&‘@elé&%ﬁﬂ@m‘ &ﬂﬁ@%&&d@&hﬁ%gﬁokp@it@anﬂt?&& &%%%é&nhi ng of

or ganophosphi t e,” or ganophosphi ne,” or ganophos
ligand selected from among pluridentate organophosphorus ligands.

2. Process according to Claim 1, wherein the second organophosphorus ligand
is a bidentate ligand.
3. Process according to Claim 1, wherein the second ligand is selected from the

group consisting of organophosphite, organophosphine, organophosphinite,

organophosphonite, and organophosphoramide compounds.



or ganophosphoni te, and organophosphoram de conpounds. 21 4. Process
according to Claiml, wherein the ratio of the nunber of second
pluridentate |igands expressed in atons of phosphorus to the nunber of atons
of netallic element is greater than 0.5. 5. Process according to Caim1,
wherein the ratio of the total nunber of gg of first and second |i gands,
expressed as the nunber of phosphorus ato to the nunber of atons of
nmetallic elenment, is conprised between | and 100. 6. Process according to
CGaiml, wherein the ratio of the total nunber of noles of first ligand to

t he nunber of | es,of secon eater than 1. 7. Proces
according to £| mgrocmea}cg?rﬂu{ tgqﬂ ? ‘%FB' c}éﬁfaé‘lonf%%’&WBbﬁaost SFT‘@%

fol | owi ng geneﬁlﬁhdéﬂﬁt@qigﬁn&é dxpré&edin a%m@ofﬂ;ﬂospﬁox@s t(;-theR%mBé’PSf RomsBr, R2,
and R3, which may be identi cal or different e each ' near or branched
al kyl radical mmatalligeldmai 1s grdaten tlendn®. and optional |y cont ai ni ng

het eroatons; an aromatic or cycloaliphatic radical, substituted or
unsubstituted, also optionally containing heteroatons; and one or two ring

mb whet h
e eI PRt BeaSANE R Y B IR RSB B ot
to daim7, \Ah@mﬂsﬂaﬁmcsﬁmg@dls,l @@F&'sém thélﬁulﬂﬁélﬁffqihosﬁmwitam(s,' to)the

number of atoms of metallic element, is comprised between 1 and 100.

6. Process according to Claim 1, wherein the ratio of the total number of moles

of first ligand to the number of moles of second ligand is greater than 0.1.

7. Process according to Claim 1, wherein the first, monodentate ligand has the

following general formula (I):
pop
O\ Il)/O 0
7
R

wherein R, R;, and R3, which may be identical or different, are each a linear or
branched alkyl radical having 1-12 carbon atoms and optionally containing
heteroatoms; an aromatic or cycloaliphatic radical, substituted or unsubstituted, also
optionally containing heteroatoms; and one or two ring members, whether or not in

condensed form, with the proviso that the radicals R;, Ry, R; may be bonded

together two by two.
8. Process according to Claim 7, wherein the second ligand has the general
formula (II):
i ;
Xl /X 3
P—X¢-L—Xs5— P\
X4 X
| Ry



R R3 | X\ X3 P-X6-L-XS-P 1 R4 R2 22 wherein R, R, R3, and R4, which
may be identical or different, are each a |inear or branched al kyl radical
having 1-12 carbon atons, optionally containing heteroatons; an aronatic or
cycl oal i phatic radical, substituted or unsubstituted, also optionally
cont ai ni ng heteroatons and one or nore ri menbers, whether or not in
condensed form an alkylaryl radical; or an arylalkyl radical; with the
proviso that the radicals Rl and R2, and/or R3 and R4, can be bonded
together; X, X2, X3, X4, X5, and X6, which nmay be identical or different,
are each a coval ent bond, an oxygen atom or a divalent BNR5B radical in
which R5 is a hydrogen atomor an al kyl, aryl, sulfonyl, cycloalkyl, or
carbonyl ated radical, and L is a covalent bond or a divalent, linear alKkyl
radi cal having 1-12 carbon atons, optionally containing heteroatons; a

di val ent cycloaliphatic or aromatic radical, also optionally containing

het eroat ons, substituted or unsubstituted, optionally including at |east
one ring menber, whether or not in condensed form or a divalent alkylaryl

or arylalkyl rapdE@lR,, R,, 1), k@RS, VAIGER hidlyDe idéhtichiadriifrered) @FeSd48h aMfiear or
nmonodentate first Ilgan& IS selected ffomthe group consisting of triphenyl

phosphi te, tritrehched phcyb pididabhaving i {12ysadionpiarsg ptienalnebnt4iingihdtentatinss;

second |1 gand 1s, cel et e fLOm L0S g oiiRy NS SH A O LS apaunly o the
containing heteroatoms and one or more ring members, whether or not in condensed
form; an alkylaryl radical; or an arylalkyl radical; with the proviso that the radicals
R; and R;, and/or R3 and Ry, can be bonded together; X;, X;, X3, X4, Xs, and X,
which may be identical or different, are each a covalent bond, an oxygen atom, or a
divalent BNR;B radical in which Rs is a hydrogen atom or an alkyl, aryl, sulfonyl,
cycloalkyl, or carbonylated radical, and L is a covalent bond or a divalent, linear
alkyl radical having 1-12 carbon atoms, optionally containing heteroatoms; a
divalent cycloaliphatic or aromatic radical, also optionally containing heteroatoms,
substituted or unsubstituted, optionally including at least one ring member, whether

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

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

consisting of the compounds of the following formulas:



\li/ Ol I OPNOC3 POPPh2 PPh2 PPh2 PPh2 \ I I / O - ~QOOOCPOC3
P° "0\6D 10. Process according to Claim1l, wherein the reaction is perforned
in a single- phase nmedium 11. Process according to Claim1l, wherein the
catal yst has the general formula MLi]x[L2]y (IIl) wherein Mis a
catalytically active transition metal; L1.ss the nonodentate

or ganophosphorus first ligand; L2 is the pluridentate organophosphorus
second 24 ligand; and x and y are each a deci mal nunber corresponding to
the nunber of noles of the respective ligand in the catalytic system 12
Process according to Caim1l ereln the netallic elenment is selected from
the group consisting v , iron, ruthenium rhodium palladium
osmum iridium _plat | ver, gold, zinc, cadm and

mercury. 13. Process Spr’ding to Y, wherein the [ 8 i pdi um

i ncludes a solvent {for the catalyst scible with thg s5ing the

conpound to r ga hyd@ocyanatlo t enperat ure ion

14. Process accotding to aim1l, i transitio :g xpounds ar e
roup consisti onpiounds in

t hose of nickel 3§

whi ch the nicke s zero, pot&%@&un1 PPhy

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

phase medium.

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

():
MIL:]x[La]y 11D

wherein M is a catalytically active transition metal; 1, is the monodentate

organophosphorus first ligand; L; is the pluridentate organophosphorus second



KA[Ni (CN)4], bis(acrylonitrile) nickel zero, bis(1,5-cyclooctadiene) nickel,
derivatives containing |ligands, tetrakis(triphenyl phosphi ne) nickel zero;

ni ckel conpounds, nickel carboxyl ates, carbonate, bicarbonate, borate,

brom de, chloride, <citrate, thiocyanate, cyanide, formate, hydroxide,

hydr ophosphi te, phosphite, phosphate and derivatives, iodide, nitrate,
sulfate, sulfite, aryl and al kyl sul fonat €4  15. Process according to Claim
1, wherein the organi c conmpounds having at |east one ethylenic double bond
are diol efins, butadiene, isoprene, 1,5-hexadiene, 1,5- cyclooctadiene,

aliphatic nitriles having ethylenic unsaturation, |inear entepenitriles,
pent ene- 3-ni t rl;gag’g, "’d@rﬁ @%&ﬂr-erﬁaf% Pﬁgc,l ﬂ%ﬁgfcloﬁ,es@t"amﬁf&tge RERRSH Lt yr ene,
vi nyl napht hal goRs oE¥e N ENe) o MR We &V |ﬁll‘§'§t%ﬂxe.’ and m xtures thereof.
16. Process accorﬁ?ng {dﬁgfainf%, mﬂefg%n e“quantity of nickel or other

transition nmetal conpound enpl oyed is selected such that there are between

10-0 and 1 nole of_nickel or other transition netal used per nol e of
organi ¢ conpouldd t oProgerdaceRsdmgde Sdgimnhiwhsrein the metelic edempendis selpeied fiam

gquantity of c d of .f or f | | 1 sed ;S _C n_such
that the numbarearoisPe SRV Rerd sobbh B, bbb, ploglortghal g MR
transition metigldiung flathrubt)Qoppet, siRree,?&s, zRCOddinsh, had fdedduiy. 1, wherein the

hydrocyanation reaction is perfornmed at tenperature of 1 C to 200EC. 18.
Process of hydrocyanation to dinitriles of ethylenically unsaturated

itriles, b td i th hyd id wh init,is perf dinth
LS P FERC SR SO0, Y NS ISR ol BELGRLTES, 1 e
conpr i sing at doasi (R cdbiomitle wil hThipREeEmPAGRE M brhuido m 18,

wherein the ethylenically unhsaturated nitriles are selected fromthe group
consi sti ng of wetdexgdodrydoalybyationss ther tamperatire philaydrocyanstian. es,

14.  Process according to Claim 1, wherein the transition metal compounds are
those of nickel and are selected from the group consisting of compounds in which
the nickel has a degree of oxidation as zero, potassium tetracyanonickelate
K4[Ni(CN)4], bis(acrylonitrile) nickel zero, bis(1,5-cyclooctadiene) nickel,
derivatives containing ligands, tetrakis(triphenylphosphine) nickel zero; nickel
compounds, nickel carboxylates, carbonate, bicarbonate, borate, bromide, chloride,
citrate, thiocyanate, cyanide, formate, hydroxide, hydrophosphite, phosphite,

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

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

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

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



| i near pentenenitriles, pentene-3-nitrile, pentene-4-nitrile, and m xtures
thereof. 20. Process according to Caim19, wherein the |inear
pentenenitriles contain quantities of other conpounds selected fromthe
group consisting of 2-methyl-3- butenenitrile, 2-methyl-2-butenenitrile,
2-pentenenitrile, valeronitrile, adiponi trjél e, 2- nethyl glutaronitrile,
2-ethyl succinonitrile, or butadiene. 21. Process according to C aim 18,
wherein the Lewis acid co-catalyst is selected from anong the conpounds of
el ements of Goups Ib, Ilb, Lila, Illb, IVa, |Vb, Va, Vb, VIb, VIIb and

VI11 of the Pen Qi . glgfrgl . rﬂxgl Claim
18, wherein tf}@l cﬁgbmﬁrslﬂigﬁlguél%fg lée 0esgitle Wb%t%hgétﬁ%ﬁé&ftﬁgéﬁgﬁf@é% cfu?'gt es,
hal ogenoal kyl witth fe3pedt€s 1 nixsle batragsticramistl isus-lodat es, hal ogenoacet at es,
per hal ogenoacet at es, carboxyl ates, and phosphates. 23. Process according to

Claim18, wherein the Lews acid is selected from anong zinc chloride, zinc
brom de, zinc j-odi manganese .chloride,. manganese 26 __brom de, .cadm um
ehi or 1 de, ~cadrom b BHadcC T Tg 6 G4 refn W iFedanafpirdlin T annous
sul fate, st an%%nh@aE{tghﬁ,prétﬁ}glog%_g@l@p_o@m_ i ndi um

trifluoronmethylsulfonate, 'indiumtrifluoroacetate, the chlorides or brom des
of the rare earth elenents | anthanum cerium praseodym um neodym um

samarium eurgpiu gadol i nium terbium . dysprosium hafnium erbium
thal |ium yttedhi unkTose of ay@ppwtl%tpathuva!yw 8f F@@l,emcgﬁy yosetERieg MIgeEs, and

Uhercof . 24 BoaeaaiorA R HAOE A Eraptl whiyb i WL ARERBY B fese VLR ("

represents 0. Ghtalytt sRlctBaqeerdin@iosCiaim i raat aichicalalyt campiGifp @uidst oile. Process
wherein, in the absence of hydrogen cyanide, isonerization is perfornmed of
2- et hyl - 3- butleavden¢idri | e, present in the reaction medium fromthe

hydr ocyanati on of butadi ene, into pentenenitriles, operating in the presence
of a

19.  Process according to Claim 18, wherein the ethylenically unsaturated nitriles
are selected from the group consisting of ethylenically unsaturated aliphatic nitriles,

linear pentenenitriles, pentene-3-nitrile, pentene-4-nitrile, and mixtures thereof.

20.  Process according to Claim 19, wherein the linear pentenenitriles contain
quantities of other compounds selected from the group consisting of 2-methyl-3-
butenenitrile, 2-methyl-2-butenenitrile, 2-pentenenitrile, valeronitrile, adiponitrile, 2-

methyl glutaronitrile, 2-ethyl succinonitrile, or butadiene.

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

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

halogenoacetates, perhalogenoacetates, carboxylates, and phosphates.

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

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



catal yst according to Caim1l. 26. Process according to Caim25, wherein
the 2-nmethyl -3-butenenitrile subjected to isonerization is used alone or in
adm xture with 2-nmethyl-2- butenenitrile, 4-pentenenitrile,

3-pentenenitrile, 2-pentenenitrile, butadiene, adiponitrile, 2-nethyl
glutaronitrile, 2-ethyl succinonitrile, orpgvaleronitrile. 27. Process
according to Claim25, wherein the isonerization reaction is perforned at a
tenperature of | OEC- 200EC.

bromide, cadmium chloride, cadmium bromide, stannous chloride, stannous
bromide, stannous sulfate, stannous tartrate, indium chleride, indium
trifluoromethylsulfonate, indium trifluoroacetate, the chlorides or bromides of the
rare earth elements lanthanum, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, hafnium, erbium, thallium, ytterbium
and lutetium, cobalt chloride, ferrous chloride, and yttrium chloride, triphenylborane

and titanium isopropylate, and mixtures thereof.

24.  Process according to Claim 18, wherein the Lewis acid used represents 0.01-

50 moles per mole of transition metal compound.

25.  Process wherein, in the absence of hydrogen cyanide, isomerization is
performed of 2-methyl-3-buteneenitrile, present in the reaction medium from the
hydrocyanation of butadiene, into pentenenitriles, operating in the presence of a

catalyst according to Claim 1.

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

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

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

performed at a temperature of 10EC-200EC.



