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BACKGROUND OF THE | NVENTI ON Techni cal Fielld of the Invention: [0002] The
present invention relates to a process of hydrocyanation of ethylenically
unsat urated organi ¢ conpounds to conmpounds having at |east one nitrite
function. 100031 More particularly, it relates to the hydrocyanation of

di ol efins such as buPROEERS OFt SONTHESIS| QB COMPGENDS HAMNES al kene
nitriles such as pentenenitri| 8TRIDESEUNQUITIONSOFROM Prior Art: [00041

French Patent No. 1, 59RTISYLESICAIICE UNSKPURAT BN COPIOBND® of nitrites
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 performed with or without the presence of a
sol vent. 100051 When a solvent is used in this prior art process, it is
preferably a hydrocarbon such as benzene or the xylenes or anitrile such as

acetonitrile. [0006] %gtﬁlf;‘osp éﬁ ’1‘6 Pﬁimf&g&nes ¢ npl ex

containing |igands suc I'neés, arsrnes osphi tes,

arsenites, or [gow| mIThistzQ)%hcéEhﬁic@ilﬁ@%ﬁ@ﬂqﬂindeﬂﬁ)mt?ﬂl“)@faCtl vate the
cat al yst, such as a boron conpound or a netallic salt, generally a Lews

acid, is |ikehRs&/ bby58afiledRasembremiied00h lmnbysaprdsq@atr@mpormed poaderendeich wor k
has been carried out to find catal ytic systens generally

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.



conprising an organophosphorus ligand and a catalytically active netal, nore
particularly nickel, and exhibiting higher and hi gher performances. [00081
The perfornmance of a catalytic systemis evaluated by determ ning severa
characteristics such as, in particular, the stability of the catalytic
activity of the system the yield of the2reaction, and the selectivity in
the synthesis of advantageous products: in the present case, the selectivity
for linear pentenenitriles or for adiponitrile. [00091 Thus it was proposed
at an earlier tine to use as a catalytic system nickel associated with

or ganophosphoff®7] i yhurmtisyekdaebsinngridedsaut gy Bngbasigtio systenat gamerallyer nmed
nonodentate |igands. The indystrially used, conpound of this class of
products is tFPTBSNE %e@aﬂ?n%s Heapd aad éygﬁaﬁﬁﬁﬂ%a@éﬁ AR cBBEab e

per for mance | brgtien SNILDESk ot BERHABLIILES ol BBy Or ocyanat i on of

but adi ene, but a p ormance I n ne I nprove the synthesis of

adi ponitrilc poospydhepydmmidned opPi cAsRtie Rtunt [sidvemated By R lerhitihHesvemie, this
catal ytic system has good stability and solubility in the reaction medium
Such cat al yt i ehasgaiereatiss piphaaspaaartgadasthp slability ef e cdfalytipactevitysof theich as, for
exanpl e, U.S. Patent No 96, 215 19953058,. FR 1,529, 134, FR 2 069, 411,
05 pat et NBECS e Ol (i ado, an i SRS Ruin I ptiesis o 4 Apbesini n
catal ytic per hRJIBECE thé Prefaft hseUihdlsclBét@htySBt Bidak Bbrt¥ndnitrildd@rgéep of
hydrocyanation of al kene nitriles, nore particularly pentenenitriles, to
dinitriles, aadipemtrdkass of organophosphorus |igands has been proposed,

[ gands compr [ QB8 o B B CpMIPELH EEAIBEHEE PUSCELATHYYSEDEIG TS phor us
T
| i gands. [ 001&im&datonodenpare higsndsnd'he atdulstyiallg usgdséomtpouad ef thiotlestedd by
numer ous pat ent s, | By vay, of examlg, theecan,be rent foncd W 09/ 06355, WO
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



99/ 06357, WD 99/06358, WD 99/52632, WD 99/ 65506, WO 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, and WD 02/ 13964. [0013] The structure of these
conpounds is nore or |ess conplex, particularly as regards the groups
carried by the phosphorus atons and the s@8ructure connecting together the
two phosphorus atons. [0014] Wth this class of bidentate ligands, it is
possible to obtain a catalytic systemhaving in particular a better
selectivity in the production of linear dinitriles in the process of

hydr ocyanat i oNo0$,685,843, I<W(i)e967ﬂl821’, MO 9p(20Q964, U-Bvieatent Nd. I5¢38d, 1i2d@rd at e | i gands
of nore conplex structure are nore difficult to synthesize, nmaking their

cost hi gher. @Uﬁ@%éﬁﬁ@l%’/mﬂﬁﬁ@dn\@@e@éh}%ﬁ and inportant that their
stability in L gLe%‘ﬁE sf%u tlrl%dofltllli@se %o%ﬁ&%d@.sﬁ?&eﬁorﬁ?ﬁ@o& lI'etx' &){11%1?& aﬁ?as' n an

i ndustri al from an econom oV ng- account

of their Corm!re%&rd%tﬂﬁ@grbup@carhé@by th%?)'hbﬁihbhis)atdlﬂs arltethe @&@éth&%oﬁﬁ@ﬁtﬁ@ can be
reduced and can lead to a lowering of catalytic activity and thus of the

total yield ofogether thlqywp@bymbamsmﬁpm@actu on. SUMVARY OF THE | NVENTI ON [ 0016]

One of the obj f res s to e.a s l.ution which
permi ts cat ol JinaT s b s SASSE Moo e PrandnaLie aoilla iReoais s SN
specifically g ASvih P ﬁﬁﬁ&ﬁﬁﬁﬁét&% sdé&cti9fty ol ﬁl\é%tr&ﬂlcﬁﬁﬁ SPBhéHr HMnm\I\é},' ihe
reduci ng the di sadvantages linked to their instability and their |evel of
solubility. [ﬂﬁkﬂ@mﬁbofhyﬁmmmmmnmmséanwﬂmncnuﬂht|on proposes a process of
hydr ocyanati on_of  conpounds conprising at |east one ethylenic unsaturation
by reaction wWSh y@i"b‘@é{ﬁr t}tey?%hidﬂétatql}gafl‘ﬁfeOfﬂF‘é@éﬁﬁ’@ ‘iﬁ‘fsuélc@é? ACPRGTE syst em

conprising a i y S with
organophosphogﬁgaplgﬁﬁﬁs C d @%¥f§&%§$%} 60&& &h “qé &ﬁ&ﬁhﬂﬂm
or ganophosphoirhp@sant ﬂragalraﬁmtubﬂnp imiHe@8action g&ﬂﬁmh imelﬂy h@h 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



or ganophosphi tes, and organophosphoram des, characterized in that the
catalytic systemconprises at |east two organophosphorus |igands, a first
| i gand bei ng chosen 4 fromthe group of nonodentate organophosphite
conpounds, and a second ligand chosen fromthe group of pluridentate

or ganophosphorus |igands. DETAI LED DESCRI PTI ON OF BEST MODE AND

SPECI FI ¢ PREFERRED EMBCDI MENTS OF THE | NVENTI ON [00181 According to a
preferred characteristic of the invention, the ratio of nunber of noles of
the second |igand expressed in phosphorus atons to the nunber of atons of
the netal lic &banbagriup ditmdnedsntatequgdnophosphiteieampainds.eindrasstgnddigapdi sed

between 1 and 6, advant ageous C ri sed between 1.and 5 and nore
preferably coffft5% m@gtgg%’é’rptjﬁﬁﬁ?fgg%te‘f@m 0%8815(])1?5‘?68]?0 anot her
characteristic of the invention, the ratio of the total nunber of npl es of
or ganophosphorus |igands expressed in nunber of phosphorus atons to the

nunber of atons of netallic elenent is conprised between 2 and 100. However,
this ratio is not critical. "Total nunber of nDI]ﬁ%Fof ar.gangphosphor us

i gands” is to be underRESAILED BESCRIFTIONOFB &OL first and second
| i gands [00201 ASPE(IFIG/RREFERRER EMBOMMENTSOFARBINVENTIQNOf t he
invention, the ratio of the nunber of noles of the first |igand and the
nunber of noles of the second |igand is advantageously greater than 0.1, and

nor e advant agpsid8| ¥ AcebREh afeRmed ch@Miaistit @f thedinveiffddlthe o of number
or ganophosphorus ligands suitable as the first ligand are chosen from the

group conpri sfigoimsnd dertceatrel logagd eapiessp i pleospborps atodss te tlodhnwsber o€ atoospounds

of the foll OWioP %egr?eqsliiglele];n%%pumla?le(alst) equigl toR jI anct)i igpreferably comprised between 1
and 6, advantageously comprised between 1 and 5 and more preferably comprised
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 (I}

in which R;, R;, and Rj3, identical or different, represent a linear or branched alkyl

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



| RZ in which R, R2, and R3, identical or different, represent a |linear or
branched al kyl radical having 1-12 carbon atons and possibly including

het eroat ons, an aromatic or 5 cycloaliphatic radical, substituted or
unsubstituted, which can include heteroatons, and one or nore rings of
condensed formor not, with the radicals Rl, R2, R3, able to be connected
together two by two. [00221 As an exanpl e of nobnodentate organophosphite
conpounds suitable for the invention, there can be nentioned

tri phenyl phosphite, tritolyl phosphite, and trithynol phosphite. [00231

Tri t ol yl phospbydielipbatidmdpak sebstiaded ompsubsiitutbd cehistecant inblade etorbatomhs,bi | ity

or ganophosphoRHOECHTBYRADEA CHIFEERT SBrS: FOR tHadEaE s aRp Gattle ar e i n
parti cul ar thFag?ﬁgaégh%§9k§@?€ggg§@horated conmpounds of the follow ng

general fornu p-X6-L- XS-P X/ X4 R2 R4 in which R1,

R2, R3, and Rf0022pemisianalxampled firh@iodsiitateroegineplssphie bompaunde suitabdnfoned  al kyl
radi cal havi na_[el 12 carbon atons, which can include heteroatons; an aromatic
or cycl oal i phiheilavansiancthere cenbs mantiperd tsphenydnhospinte irdalylnkieseHtesai i ncl ude

het er oat ons on re rings in condensed formor not; an al kyl aryl
radi cal ; or ﬁ-ﬂgW?l:q}\?yPthradl cal; where the radicals R and R2, and/or R3

and R4, can bﬁmgpnq@lmsilph@gﬁtemhe ﬁilefeﬁ% cofidouttd, be¥Buseaiiehs$dod 's&lﬁﬂﬂﬂt)@ al or
different, represent a covalent bond

in the reaction medium and is relatlvely 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 }Ks
P—Xe-L—Xs—E

X >|<4

Ry Ry

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

X1, X3, X3, X4, X5, and X, identical or different, represent a covalent bond,
an oxygen atom, or a divalent BNR;-- 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.



an oxygen atom or a divalent BNR5-- radical in which R5 represents a
hydrogen atomor an al kyl, aryl, sulfonyl, cycloal kyl, or carbonyl at ed
radical, and L represents a coval ent bond or a divalent l|inear alkyl radical
having 1-12 carbon atons, which can include heteroatons; a divalent
cycloaliphatic or aromatic radical, which can include heteroatons,
substituted or unsubstituted, able to include several rings in condensed
formor not; a divalent alkylaryl or arylalkyl radical. 6 [00251 As exanpl es
of bi dentate organophosphorus conpounds, there can be cited the conpounds
descri bed i n t0985Shaterxamples phbidantatgmppdnophdspherus comgolraisetharehpude citfd0261

Li kew se, th b ) ticul arl i d dlLi d h
Conpounds exelICPRPRISEETIHEAGh AT SHEIS P B S0BR GO 11182, WO
99/ 06358, VIO RPrRIBkew I ARAEANTR mHO LR AT rerBledQ BLRHHGMAGs AR0271 The

foll ow ng structures are given by way exanpl e, erein Ph ans phenyl. O
0 0/0\ | Ccoripoutids Exd?hdifleditheTollbwing patdnts: VO IB/ID6EY, WO RPHRIRPHO \ / |\

/7 PPh2 PPh2 - 1_Q OO
99/06358, WO 99/13983, WO 99/64155, WO 01/21579, and WO 01/21580.

[0027] The following structures are given by way of example, wherein Ph means

La

phenyl.

o)
\

PPh, PPh,

O”P\O o—P
e ! CLC
O—"\O O/\O



\' / 0 PLOQP~ p [0028] These conpounds have a nore conplex structure than
the first ligands described herei nabove and often have poor solubility in
the reaction nmediumand greater instability. However, these second |i gands,
or bidentate |igands, have better catalytic properties, particularly as
regards selectivity for nitriles or dinit#iles. [0029] According to the
process of the invention, the use of a mxture of two |igands, nonodentate
and pluri (bi)dentate, enables the catalytic properties of the pluri
(bi)dentate conpound to be preserved, particularly as regards selectivity,
while inproving their stability in.the action ne [0030] According to
the invention, the catal ytic syst i y by the

fol |l owi ng genéﬁﬁ& foPRbja I11: M|[L,].| K& (ren) g M rlepresents a
transition metial haviing catal ytic~getfvity, Lt repreyeénts~the Jnonodentate
or ganophosphorwys fipst |igang; L2)represeb s the plugydenta

x| and y represent a decimal nu

or ganophosphorug=®&cond | i gand;
correspondi ng e nunmber ~ef oles of . the respe Rﬂjgllganc in t\he

catal ytic syste /%031] Accor di ng reféﬁped(ﬁ%ara rigtig of the
invention, the netallic elenent avi ng cat & actlv 5 chosen from
the group conprising nickel, cokl iro F g pal | adi um
osmum iridium platinum copper;~silyv i
[0032] This fornmula is given solely by wa
that each nmetal atom Mis coordinated w
possible that a portion of the netal at oor di*nat ed solely with the
first |igand, t d, and
finally, al agidi%l)rtl gélile %B&Ohbﬁe two e ot Fggﬁl sxﬁﬁggﬁmﬁﬁg‘&g‘?&gﬁ ?gns. The

above fornul adémﬁb&hhc}telln&megmd@ﬂteﬁaa&rpodr solubidity nthafchcfion melawd 4nd and is

based on the quantities of conpounds used and not
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 [Li]« [La]y (TIm)

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.



on a structural analysis of the catalytic system obtained. [0033] The
preparation of the organonetallic conplexes form ng the above netallic
system can be performed by placing in contact a solution of a conmpound of a
chosen nmetal with a solution of each ligand (first or second) or a solution
of these two |igands. [0034] The netal c®npound can be dissolved in a
sol vent. [0035] The netal can be present in the conpound used either at the
degree of oxidation which it will have in the organonetallic conplex, or at
a higher degree of oxidation. [0036] For exanple, it can be indicated that
in the organofo®s2] | Thisdompllexegveaf sol¢lhdy mwayefiiridication hod does net nadantiee degr ee
rut henium at the degree of _oxidatjon (I1), tinum at the

of oxidation (1), g ) | . pl
degree of oxi ‘é%l’i“éﬁ’ﬁal(aﬁ)l? M i3 soopdinsted vithihe teyligandys TL‘b%(‘it quﬂhﬁ(tgﬁt,a osm um at

the d f oy . | L ' . . . ni ckel
e, deor ce. of AR M dopnk §f LM Al (AP RO LA ) ke
degree of oxi patibebf therakdifs with thy peddligand, 4fd fifailg, Olagogwrtei afithithe canpl ex, it

can be reduced in situ, £0038] Compounds of transition nmetals, nore
particul arly lbgandsimvsiabe pippéipns. The abaye farmuia lms onby beepgpvan asgpe pref er abl y

utilized as th icta{ié‘ﬁ‘%%&p foR a1 %iéd i 293P, @g%grg%&t{heﬁ o‘%%%ﬁ&nﬂl:%%&lg%{‘%ig] s

her ei nabove, € nos refer conpounds 0Seé O

non-1imtativen @¥@iGHabanad R/ &f R fathISidBRtnPSREined. cOnpounds in which ni ckel
has degree of oxidation zero, such as potassium tetracyano nickel ate,

K4[ Ni (CN) 4]; H083hciThe preparalipe pf the okgdanomstadic dsing(laxes forming theodbovadi ene ni ckel
(I'i kewi se terne | vatives.containin nds_such as

etraki s (tri BRGHYA BRGEH RS PeroRE] PEBAHRE i fisp sttpb dhacoeatHas

carboxyl ates f pRisth Gtk With ASHERIEINcalRT PR or second) or a solution of these
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, rhodium is at the degree of oxidation (I), ruthenium at the degree of
oxidation (II), platinum at the degree of oxidation (0), palladium at the degree of
oxidation (0), osmium at the degree of oxidation (II), iridium at the degree of
oxidation (I), nickel at the degree of oxidation (0).
[0037] If the metal is used at a higher degree of oxidation during the preparation of
the organometallic complex, it can be reduced in situ.
[0038] Compounds of transition metals, more particularly compounds of nickel,
palladium, iron, or copper, are preferably utilized as the transition metal.
[0039] Among the compounds mentioned hereinabove, the most preferable
compounds are those of nickel.
[0040] As non-limitative examples, there can be mentioned:
- compounds in which nickel has degree of oxidation zero, such as potassium

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



bi carbonate, borate, brom de, chloride, citrate, thiocyanate, cyanide,
formate, hydroxide, hydrophosphite, phosphite, phosphate and derivatives,
iodide, nitrate, sulfate, sulfite, aryl and al kyl sulfonates. [0041] Wen
t he ni ckel conmpound used corresponds to a state of oxidation of nickel
greater than zero, a nickel reducing agen? is added to the reaction nedi um
and preferentially reacts with nickel under the reaction conditions. This
reduci ng agent can be organic or inorganic. As non-limtative exanples,
there may be nentioned borohydrides such as NaBH4, KBH4, Zn powder,

magnesi um or cypanctagésne nideldikewirsrienmied Milaokde), andrdetivaiey ea serfaigny ligapdnds t o

the O oxidation state of .nicke . reduci.ng agent of the abovenentioned type
can |ikew se f}!sché'ageé&klst)(ﬂi‘pr}‘(eﬂ?ﬁghbﬁ’ﬁmefplﬁﬁeliZgrohot i nperative. [0043] Wen an
i ron conpound. hRkd$8HpolifkE B Es ERBNGIAE @IRRhRIIGaBta), (c@foRate, [ 0044] 1n the
case of palladium the reducing agent's can in addition be elenents of the

reacti on medi bicarbonge tmpitosphmide, eldoddeypdrate) thiscyanates cyanidef fomnate] 0045] The
solutions of the first and second |igands can be, added. si nul.taneously or
successi vel y. fﬂ:ﬁﬁ?}flﬁ&%@,ﬂomﬁllﬁes&wg@r%p@m@ atsra%g?révths&d?%éﬁmta lic
conpl exes W thegachind & ‘Jn&%‘l‘?{?f&ﬂﬁh% sgthen to mx the two systens before
introducing them ‘into the reaction metgl'um or to introduce themdirectly
into the sai d[0odd]] uWhdnGhe hickdi@npogadusdeonpsponds tonastate@f akidagasdf one

et hyl eni ¢ doubl e bond nore particularly used. in the present process are
di ol efi ns suchickel geaterdhaneero, apkd rrducmzmge dx adiicd e theyreatiopanediem and ene,

ethyl enically_unsat.urated. al iphatic nifriles.. articul anl h L hear
pent enent o111 BETSRHIREEL Xl R IR et o v pon PRIR Y i eeb b MABFY 6 oo

as styrene, neidBH srhili€BLinoYdanid. ALt halt@ne exaiiplRneeN8ay bembitioned
cycl ohexene, and al so m xtures of several of these conpounds. The

pent eneni t ri | berohydritlep auah asiVaitly Kddht £h powdenintagnesgumeordiydyogennor, of ot her
compounds SURRAD. SindlSh IRl B SIS oS BlEL WL 0BRSS | &
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,



adiponitrile, 2-methylglutaronitrile, 2-ethylsuccinonitrile, or butadiene,
arising for exanple fromthe prior hydrocyanation reaction of butadiene to
unsaturated nitrites. [0047] Indeed, during the hydrocyanation of butadiene,
non-negli gi bl e anmobunts of 2-nmethyl-3-butenenitrile and

2-met hyl - 2-butenenitrile are forned with the linear pentenenitriles. The
catalytic systemused for the hydrocyanation according to the process of the
i nvention can be prepared before its introduction into the reaction zone,

for exanple, by the addition, to mxtures of the first and second |i gands

al one or di ssdibemtile,2-megnlgletatonitpde, ﬂmh)dppcmpnitléleeorduamimwmﬁingfm chosen
transition netal ounds. a ossi bl y of th ucin a ent ccordi ng
to the procesgx*’d’é@ﬁ%’ngb@‘e pﬁ‘@FEY‘HQ %tlor{qeaqtgmﬂ IPB ege hpu r%te‘f]BItEEépare t he
catalytic sys i L cond

| i gands and oimﬁ tﬁll’(%hgﬁl 0 tﬁ@ﬁy rr%g)tl}%g%h%ag%@ Oﬁcﬁl Igb%h%%%a??gﬁs ?gactl on
medi um bef or -mdéthwfl- bﬁtehdﬂﬁtrﬂcdﬁhd Imth,ﬂ 2ttheeraimleune fortned widethg tinear

hydr ocyanat i on. [0048LﬁThe gquantity of a nickel or other transjtion netal
conpound usedPsienanisias. The calBlysic sysiers yprdior thethvdrpcyanation jaseording e Bissi t i on

metal per f (o]

i soneri zati onsr(% Sween Tgi{lt%%g&a ﬁ%g%erpé eéjkﬂég(]% ag @@ggtqﬁg%@%%a%thS nol e per
nol e of ni ckekowy, féteR@iple! aﬁ&ietadamoﬂesoahlxtutsse@hhé B4 9hd Jétend digaddsausmat i ty of
or ganophosphorus |igands used to formthe catalyst is chosen such that the

nurmber of nol esdlgiolquielgel sebigpb@hthe appropripespertityod therghopes! teansgfontetalsi t i on

metal is 0.5-500 an 10 0050] Alt hou r eact

Gener al Iy contBP A Ae oS s P B Pt ARRn g ScseigLife W BE BOVRS ASTEN | ner
organi ¢ sol Veﬁéreln-gt)@vescﬂ %8IKewshoBEbIR t§9}e}5§1@tth@éatﬁlpﬁ‘c sﬁ‘?&ﬁl'i}ﬁ%‘itu R s

m sci bl e at the hydrocyanation tenperature with e phase including the
conpound t o usidedgaddiyeir of:lyalﬁasnaodsecéxsd dgamislaed oﬁfhesttanhltxsolnmﬁtcsmpoumcbre can

Pycr ocyanat | ofp VEPEHLOL BRI Podits PODHLM ST oot Rngt dpomtased | |
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.



to 200EC and preferably from 30EC to 120EC. It can be perfornmed in a medi um
possessi ng one phase or two phases. 11 100521 The process of the invention
can be carried out continuously or discontinuously. [00531 The hydrogen
cyani de used can be prepared fromnetallic cyanides, particularly sodium
cyani de, or from cyanhydrins, such as aceltlone cyanhydrin, or by any other
known process of synthesis. [00541 The hydrogen cyanide is introduced into
the reactor in gaseous or liquid form It can also be dissolved beforehand
in an organic solvent. [00551 In the context of discontinuous performance,

t here can be H942[jedhe ptoses ofitisaint entjonman he datviedl onetamidumadhoan i nert gas
(such as nitrogen,.arg?n) either a solution containing the whole or a
portion of theSCRIMYYE Constituents, such as the conmpound to undergo

e covanet | SgsShe AR Bk APLAD Gl ey gparer L on ot o

conpound, the pos agen vent; tonstituents

separatel y. Tpaticslady sxding cgarias, ak fipni Hanhariny gHukch b9 addieneadyasiewdring @rtper at ur e.
The hydrogen cyanide is then introduced, preferably in a continuous and
regul ar nmannefly athgdepwpspcashel Hathesison (the progress of which can be

foll owed b | has .finished, t £ i xture i
o thar ann af ¢ BPEboTP BBEEFORBRR iR fR ing e {806 P ReB RS, exanpl e
by distillati ffim. I0mGlsolhediBoPe@Teiathand i o ¥aaalcis8vepf. ethyl enically

unsaturated conpounds according to the present invention |ikew se relates to
t he hydrocyanH088h bf thelgentexsi af dissohiphusis peiférynanns dhere strebe chargéd st bt ai ned

her ei nabove by reaction wi.th hydr.qgen. cyanjde, and consists qf utilizing a
catal ytic sys e@ﬁPE@HfS?Brheﬁﬁgtfa&dtvﬁgPﬂ‘é‘ﬁ%ﬁﬁs (SP %?HIFTB%CW\F{%?“%C’BWI dat al yst

consi sting of s&ﬁtiéne&ﬁaiﬁmg theEWhSle BF b BortibARP He VEBuEESMKLiRIhEAS UK aWiRAL UT at ed

conpounds which can be useéd in this Step are
compound to undergo hydrocyanation, the compounds of formulas (I) and (II), 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.



generally those cited for the basic process. However, it is nore particularly
advant ageous to apply it to the reaction of hydrocyanation to dinitriles of
ethylenically unsaturated aliphatic nitriles, particularly to |inear
pentenenitriles such as 3-pentenenitrile, 4-pentenenitrile, and their

m xtures. 12 [00591 These pentenenitril ek can contain generally m nor
quantities of other conpounds, such as 2-nethyl-3-butenenitrile,

2-met hyl - 2-butenenitrile, 2- pentenenitrile, valeronitrile, adiponitrile,
2-nmethyl glutaronitrile, 2-ethyl succinonitrile, or butadiene, arising from
t he previous [008PpcCTassktpentenciaiits cam amhtaixbgﬁmfﬁngnﬁmaﬂqlﬁmitiés ofothére

i sonerization of 2-methyl-3-butenenitrile to pentenenitriles. [00601 In the

case of hydr oE%P%P{qdér?uélP a%?ﬂ%‘@ﬂr%‘éqtf’%ﬁnﬂﬁk%\?ﬂ?%{bﬂdz Butepemtrile Znitriles, the
Lewi s acid us gl-. nFtH C@%}@}&ﬁﬁhlé@%hb& lgri Xleﬁ‘]}?giu?ﬁoﬁlnﬁeli 9f' ty of the

obtained din ercentage-of |inear

dinitrile w tbudcﬁﬁ)ﬁﬁﬁte bﬂbdtﬁkﬁend, afisthg ﬁioﬁi the pfazsodsmymymﬁndﬁ %achblﬁoﬁc'[l vity
and lifetime of the catalyst to be increased. 100611 By "Lewis acid" in the

present text putadinneprider from thesisemerzationiof 2oncthyiahbrignenitdedsounds which are
el ectron pair ar& E‘s [00621 In particular, the Lewis acids nentioned in
the vol une edPYEd f%v SA. O ah, "Friedel- Crafts and Rel ated Reactions," Vol.

1, pages 191- g@l%o{ 196ak cﬁmm@dk&%auohQﬁaﬁ}mmmlﬁﬂaﬁu@t@a dfip mbqlhnre%n be

used as co-catalysts in the present process  are thosen rom anong t he
conpounds of ehedmm ac1¢i1scﬁrastqoscatd1>yst padbiculatly anablldsithe lihaaity of tb obMinedVb, VI b,
VIIb and VIII ti eriodi c, Tabl.e of the el enents., These. conpounds are

nost often safiltném eﬁé? Feuprawr«%» tha|is, dhespercgntage 9 lipear sinifrde with 1esRoRs lgdhe
| f at h I
sul fates, ha uor Oa {(fofﬁ{ Aot the mwﬂg%lﬁa%cq?kw&at%tft&ﬂé}n%ﬁeased.

parti cul arI y onat es or uor oa onat es,

hal ogenoacet a{08s1] B@r“lﬂa{vmwaﬁeﬁeaﬁre@nt RAar Raxtghdddaie uanddpiitphaaaely, [ 00641

As non-] imtative exanples of such Lewis acids, there can be nentioned
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, I1la, [1Ib, 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, hafhium, erbium, thallium, ytterbium and lutetium, cobalt

chloride, ferrous chloride, and yttrium chloride.



zinc chloride, zinc brom de, zinc iodide, manganese chl ori de, nmanganese
brom de, cadm um chloride, cadm um brom de, stannous chloride, stannous
brom de, stannous sulfate, stannous tartrate, indiumchloride, indium
trifluoromethylsulfonate, indiumtrifluoroacetate, the chlorides or brom des
of rare earth elenents such as |anthanum3 cerium praseodym um neodym um
samarium europium gadolinium terbium dysprosium hafnium erbium
thallium ytterbiumand lutetium cobalt chloride, ferrous chloride, and
yttriumchloride. 13 [00651 Conpounds such as triphenyl borane and titanium
i sopropyl ate [065p! Sontpeundsssadh as triphehybaraneand tadiaalisdpropyinesantlssdeer al
Lewi s acids can of course be used. 100671 Among the Lewis acids there are
nmore particul H?qdfsﬂﬁéffse‘?‘cr’% zinc chloride, zinc bronm de, stannous chloride,

stannous bro lgﬁ@gégggggﬁe&lgggg%@t# L{gglbgggédﬂyl sul fonate, and zinc

chl ori de/ stan ous c or1de mxtures ew's acid co-catal yst used

general Iy rep[esent AntbridithdDewhtl RfdsRkdre affh6re Partlcubiisi dréferredreinglchp@i@pound,
nore particul arlg of nickel compound. [0069] As in performng the basic

process of t heint pvapidectannohecilaridg, ptangousybsemide, tm)élén}flb@rah@sdn B§anati on in
t he presence a Le id can p d befo . ntroductl on into
the reaction E[)Eﬂ’f‘@rmg? ?lﬁl%g ates a?%?‘“&k‘éﬁ% “cSiﬁ”t‘é Y% reaction zone
of the differ WSEO'TBQ'E%WESSacﬁf cd-BAal zﬁtlééd’géﬂéraiw%ﬁr%eniso@@'%o'rﬁolbsspér' kew se
possi bl e, under the conditions of e hydrocyanation process of the present

i nvention, andmﬁramﬂtransitmnlnyetaip:@nqmumg mo'repmelcp}ads@rﬁneckelfcmm&)upd eviously
descri bed cat al t| c system conprising at one nonodent ate Ilgand and a

bi dentate | i gHf89hndsdR perdgapng e tta§1&|p§q>qe e bR SRR YR GOSYSERY orm i n
the absence ?é d%ldﬁﬁgﬁ(g/aﬁyt?dﬂ itl§ne éﬁé?enbéBf‘? é\;ﬁta'cf?ig:aﬁf[l))re é)rca)éil;%i l%ﬁf?re ltsbr anched

2- met hyl - 3- buteneni tri Into penteneni tr|

unsat ur at ed nintfodhi&on iRtootht reaeddn zotesad inrsittiefdr Bxdnfiplk ®$ addition to the reaction
zone of the different components of the catalytic system.
[0070] 1t 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
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] Tt 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.



[00711 The 2-nethyl-3-butenenitrile subjected to isomerization according to
the invention can be used alone or in a mxture wth other conpounds. [00721
Thus 2-met hyl -3-butenenitrile can be used in a mxture with 2-nethyl -2-
butenenitrile, 4-pentenenitrile, 3-pentenenitrile, 2-pentenenitrile,

but adi ene, adiponitrile, 2-methyl glutari@gnitrile, 2-ethyl succinonitrile, or
valeronitrile. [00731 It is of particular interest to treat the reaction

m xture fromthe hydrocyanation of butadiene with HCN in the presence of at
| east one m xture of conpounds of forrmulae (1) and (I1) and at | east one
transi tion mef0874r ohmpthe RonterDsfahis prteedilteynative) thk ehtaBaiopguad beingdegr ee of
oxidation 0, as previously defined. 14 [0074] In the context of this
preferred al t aFgedy piesentifpieths hiydrogyanatian esastirel hydadiciey dagisnfBeisaldastopor t he

hydrocyanat i of y 1ﬁ§‘§(tlﬁcglian ok hg(?#)g%{ &{&gidgi tlto ASwIHE {sioﬁ{.eﬁ%ti&fregétpo% to praceed.

i ntroducti on of rogen cy ow the iIsomerization reactlionto

proceed. [ OOfors] f imped bbas sizhffludhiMg dfl the Flab@r GhthtaRGnére &t REh Wh ﬁihro%& i nert
gas such as nitrogen or argon can be performed in order to expel the

hydr ogen cyandmageincatbegumnfodmed in ¢rdetrte eppeldbahydrp Goaghnith evhichorautd stdt i on
reaction is generally perforned at a tenperature of | OEC to 200EC, and
preferably fr TPEHEE t 0 180EC. [0077] In the preferred case of isonerization

preferably fr i : | . | oner | zat i
| mredi atel y f gl B e USARIARANL Bhe ARGl BN ?t%te%ﬂ%ﬁﬂﬁe o fom! 1 he

advant ageous erate at t tenperature rocyanati on was

carried out. {0BOBIC, Aed prefdritdly Gasec@EC ky tBOBLy anati on of ethylenically
unsat urated conpounds, the catalytic systemused for the isonerization can
either be already present in the nediumor prepared according to the fashion

| dy d i h i 0079] Al.t h t i i i ti i
Genoral 1y per 107 Fe MR EFGbLIBE AL IomPrizla TDE B CARH08 o add an | nert
or gani ¢ ol vefqrohlbrRuiinRe buRICAEIYEA be fdVantadBolsab Bperditai B 1 On- Thi s

is particularly the case when such a sol vent S béen
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



used in the butadi ene hydrocyanation reaction, and serves to prepare the

medi um subjected to the isonerization reaction. Such solvents nmay be chosen
from anong those which have been nentioned herei nabove for hydrocyanati on.

[ 0080] However, the preparation of dinitrile conpounds by hydrocyanation of
an olefin such as butadi ene can be perforyred by using a catal ytic system
conformng 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 perfornmed with a catalytic systemaccording to
t he i nventi onthat ofithy iotchdon,aht stbyy bf bydregyahaivnal fruasadyratedmitnilésaw diditrides eact i on.
[0081] Simlarly, the olefin hydrocyanation reaction to unsaturated nitriles
and the i sonbfing aesfermediwitina chtabviic pystein agroTHBE FQMEdRVSRIIPR a di f fer ent

catal ytic sys h n f [ i it he step of hydrocyanation
of unsaturate nliri gia%oc‘)’slagtﬁ)f%??lfggglus Aétlg%ﬂgg? Ofired with a catal ytic

system accor d{(u@3} O It he ckBwp¥s] 1Al abthrBi8ddns Iked hale thvhianiaxamai@kdibelowst rat e
the invention. 100831 In the exanples, the abbreviations used have the

meani ngs i ndi ced etlStsgtloogtadiensl : 1, 5-cycl ooct adi ene eq : equival ent 3PN :
3-pentenenitrile 4PI}I -pentenenitrile 3+4PN. 3PN + 4PN TT(Y)
Transf or mat i ofid r 84S product Y to undergo hydrocyanation, corresponding
to the rati o gpNt:he,dpprRgsiRl moles of Y transformed to the initial nunmber
of nmoles of Y. Linearity (L) : Ratio of the nunber of noles of adiponitrile
(AdN) forned #BNt:Hepentamehirleof noles of dinitriles fornmed (sum of noles of
adi ponitrile gAd , ~ethylsuccinyl dinitrile (ESN), and nethylglutaronitrile
+4PN: 3PN +4PN

(M) .

TT(Y) : Transformation ratio of product Y to undergo hydrocyanation,

corresponding to the ratio of the number of moles of Y transformed to the initial

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 AdN 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:



Selectivity (% : Nunber of noles of AAN fornmed with respect to the

t heoretical nunber of noles of AdN, cal culated fromthe nunber of noles of
3+4pn transformed. CPG : gas phase chromatography m : milliliter nol :
mole mol : mllinmole Ph : phenyl EXAMPLES 1-12: [00841 These trials relate
to the hydrocyanati on of pentenenitriles 6o adiponitrile. These tri a] s
were performed according to four operating nodes described hereinafter.
Qperating Mbde 1: 16 [0085] Under an inert atnosphere, there are charged
successively into a 60-nl Schott glass tube equi pped with a septum stopper:
B the |igand [088&p| €nder of inkit gamespherd) théerarawinegtdsuadessivelgamd s, 603mhol es eq of
ligand / N for bidentate |igands); B 3-pentenenitrile (1.25 g, 400 eq /
Ni): B bis(1,Bchojtlascubehairrd Wihck P SOmA: B the Lewis acid (1 eq /

Ni). [00861 TRhe,Igact.ion I Ui t t W th itation,. Acetone
cyanhydrin isﬂﬁ lé%ﬁgaa%'tdcggtnﬁogg %%8?]&%13‘5“6‘3%? fgg%lgg%d}ggs%yll’gaﬁlg% %gtoksaeqtoml%ng put of
0.45 m per hQufor bifehife Bgdnayy;s of injection, the introduction of acetone
cyanhydrin is stopped. The mxture is cooled to anbient tenperature, diluted

wi t h acet one, Baapkntenenityledd.2b\e, §oseqphbpe chr omat ogr aphy. Operating Mde 2:
B bis(1,5-cyclooctadiene); nickel (21 mg);
B the Lewis acid (1 eq / N1).
[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:



100871 Under an inert atnosphere, there are charged successively into a 60-nil
Schott gl ass tube equipped with a septum stopper: B the bidentate ligand (1
nole eq of ligand / Ni); B the bidentate ligand (4 nole eq of ligand / N);
B 3-pentenenitrile (1.25 g, 400 eq / N); B bis(1,5-cyclooctadi ene)?2 nickel
(21 mg); B the Lewis acid (1 eq / N ). 100881 The reaction nediumis then
heated to 70EC under agitation. Acetone cyanhydrin is fed into the nmedi um by
a pressure syringe with a throughput of 0.45 m per hour. After 3 hours of
injection, the introduction of acetone cyanhydrin is stopped. The m xture is
cool ed t o anbBeght liganiémaclaree of Hgind /A fni monadetasngamsisr3 eqnewleeBdcaby / gas
phase chrorrat%gra%hiq. Cgﬁrat' ng Mode 3: 100891 Under an inert atnosphere,
there are suctedy rﬂt/at &84 into a 100 nl  stainless steel reactor: 17 B

the ligand (6xm + 1 dgandz L Ni:.f or nonodentate |igands; 3 eq nole of
ligand / N Pgb%ﬁ%&gﬁé%@?%%ggk\l%‘h)B 3-pentenenitrile (30 g, 75 eq/ N); B

bi s(1, 5- cycl opiigdiseqiRlodbcadfg), MidkeBQ. W g);, B the Lewis acid (1 eq / N).

[ 0090] The reaction nediumis then heated under agitation at 55EC. Liquid HCN
i s added to t Behe tawisiaond (fedji/IMn).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 mxture is cooled to anbient tenperature, diluted with acetone,

and anal yzed pyo8pS ThRDAR o HeAMRE RAhAPIMted MAEALiAHNREISEE. Liquid HON

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:



[ 0091] Under an inert atnosphere, there are successively charged into a 100
m stainless steel reactor: B the bidentate ligand (I nole eq of ligand / Ni
); B the nonodentate ligand (4 nole eq of ligand / Ni); B 3-pentenenitrile
(30 g, 75 eq/ N); B bis(1,5-cyclooctadiene)2 nickel (1.30 g); B the Lew s
acid (1 eq/ N). [0092] The reaction nedifumis then heated under agitation
at 55EC. Liquid HCN is added to the reaction nedium by a pressure syringe
with a throughput of 1.92 ml per hour. After 5 hours of injection, the

i ntroduction of HCN is stopped. The mixture is cooled to ambient
tenperature, diluted with acetone, andlTAB&E/ked by gas phase chronat ography.
[ 0093] The results obtained are collected in Table 1 below. 18 TABLE 1. EX.
Ligand Ratio Lewis Qperating L(% Selectivity Solubility Used L/N Acid Mde

AdN(%) 1 Li gang;CT6 ZTGhe T [BRaded] YEcwis 3 BhGH T AR C5acckvits | Saudifg | 3,
Ligand A6 Zn{O2 1 76&k Yey iAiLlogaed € +mMeaé-4|ZnCl 2| | NiNg9,)82 Yes "§ Li and
C 6 ZnCl2 1 8p (9[YeBigad I |aNg C|Zz£NCI1Z 1T 83 78 ¥RS | 7/ Ll an{l Byl ZnCl 2 |
54 13 Yes 8 lgand C + B 214 ZnCl2 |1 N 83 74 VYes 9 liland D 6lInTEA3 |2 92 81
No 10 Li and|D?2[In¥FegdQ 44 £ vesZiCh 1 83 73 Yes

3 Ligand A 6 ZnCl, 1 76 61 Yes

4 Ligand C+ A 24 ZnCl, IN 84 82 Yes

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 8l No

10 Ligand D 2 InTFA, 2 74 (1) Yes

11 Ligand A 6 InTFA, 2 81 75 Yes

12 Ligand D + 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:




11 Li and A6 INTFA3 2 81 75 Yes 12 Ligand 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. [0094] The L/N ratio is
expressed in phosphorus atons per nickel atom the first ratio relates to
the ratio of phosphorus atons provided byl% he first ligand, and the second
ratio relates to the phosphorus atons provided by the first |igand. Ligand A
. tritolyl phosphite. Ligand B: trithynol phosphite. Ligand C. Ligand D. z
OdP 2P /-\ C --8 19 EXAMWMPLE 13: [00951 Hydrolysis of a m xture of I|igands
of the following formulas: CA \ IEKAMPLE1}X OO OP\ O\ O P\ 100961 In

Cube: T gand 19095 oFyGrSiEE G A mites oL egntictitng Fafing o 0 o) Bna i nc

chloride (2 eq). A clear, honpgeneous mixture is obtained, which is agitated
under an inert
¢ A
L
or 5 @ 7
0 oK

[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%




at nosphere and to which 2 eq of water are added. The conposition of the

m xture is then analyzed by 31P NVR 100971 The following results are
obtained: TABLE 2: Time Proportion of C, by Proportion of A by Wight

wei ght 15 minutes 35% 60% 1 hour 40 minutes 28% 19% [Zurs 30 m nutes 28%
14% 20 100981 These results show the prodecti on agai nst hydrol ysis of the
bi dentate ligands or second ligand, 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 elenment, while conserving
the |l evel of (098] yiTheseaesilisishgwdlic protectiay sgasmst hydrolydisrd thehbidematond | i gand.

[ 00991 Each patent, patent. application.and literature article/report. cited or
[ ndi cat ed. her LETS 57 FPBY yeakh S eyItiroBrRERE 5 mEF SXEmSe EBTOBY i | o
the inventiondagsinD et rafesttyRAid & wal S ludiy FGideRae! fdafid AR Ppreferred
enbodi nents, the skilled artisan wll appreciate that vari ous nodifications,

substi t ut i onsrespent ssihemsstalhn éleoiean gpdslervaysdrengdocevdl toli oathlytie petititynaf the om t he

spirit thereof. Accordingly, it is [ntended that the scope of the present
i nventi on be PYSHM Hgluding Beseepndigandcope of the fol | owing clains, including

equi val ents t f W@a CLA gﬁ% S : : ation of
conpounds havt@gggt EIﬂea ;Eeltl)tﬁ% S tero a|t1§;[1 ﬁlg/fﬁlg%égﬁr%ﬁé(g%@%ﬁ ég%&%?/ reaction
wi t h hydr ogenimdyanidderdin is eetpr &pedsly itdorporatad 8l yéfeensy/stem conprising a

netal lic el ement havi ntlg catalytic activity associated with organophosphorus
| i gands sel ect®@0} r dihicHbe grvsnporc basdiesn desgribed 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.

WHAT IS CLAIMED 1S:

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

ligand selected from among pluridentate organophosphorus ligands.

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

is a bidentate ligand.

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

organophosphonite, and organophosphoramide compounds.



or ganophosphoni tes, organophosphinites, organophosphi nes, and

or ganophosphor am des, wherein the catalytic system conprises at | east one
first ligand selected from anong nonodent at e or ganophosphites and at | east
one second ligand selected from anong pluridentate organophosphorus |igands.
2. Process according to Claim1, wherein 2lhe second organophosphorus |igand
is a bidentate ligand. 3. Process according to Caim1, wherein the second
ligand is selected fromthe group consisting of organophosphite,

or ganophosphi ne, organophosphi nite, organophosphonite, and

or ganophosphofani dBrasesspecerding to Claim 1,Pvheeein sheaatio plitheguunbeChbsaepnd  wher ei n

the ratio of the nunber of second . pluridentate |i ds expr ed in atons of
bhosphor us. t oPBAEHTiERn iy SEFGHE pRotatmoruon iRt T Eog TAERS ¢han 0. &.
5. Process acgfMid\dedbnt@ gfefiel thapttes.ein the ratio of the total nunber of
noles of first and second |igands, expressed as the nunber of phosphorus

atons, to the nunber of atons of netallic elenent, is conprised between 1
and 100. 6. Process accordi to Cl.ai , Wwherein t ratjo of the total
nunber of nolés o rqcp%ssqccqrﬂgﬁﬁa q??n‘mc ﬂ]é"]‘?‘?ﬂ%é‘?e 3o Hgﬁlé?ém&* nya ?Ir?gmqt‘?jand is
greater than &ﬁpﬁ I | i [ it
nonodent at e I?{;%Tr%zrhdaés%t e g?gg’%g%%ng&gagﬂée%ﬁhgéﬁm%ﬁkﬁu? a%ﬁsig {hg - (1) O
| Rz wher ei nuriBer dRAtonanel i&allistel caienyy cdrapristd betveeen 1oanddiOof er ent, are each

a linear or branched al kyl radical having 1-12 carbon atons and optionally
cont ai ni ng

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):

oo’ O

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, R,, R3 may be bonded

together two by two.
8. Process according to Claim 7, wherein the second ligand has the general
formula (II):
) :
Xl /Xg,
P—Xg-L—X5— P\
X3 Xa



het er oat ons; an aromatic or cycloaliphatic radical, substituted or
unsubstituted, also optionally containing heteroatons; and one or two ring
menbers, whether or not in condensed form wth the proviso that the
radicals Rl, R2, R3 nay be bonded together two by two. 8. Process according
to Claim?7, wherein the second |igand has2% he general formula (I11): RL R3 3
X1 /P-X6-L-X5-PAX X X4 z 1 2 Ra 22 wherein RI, R2, R3, and R4, which maybe
identical or different, are each a linear or branched al kyl radical having
1-12 carbon atons, optionally containing heteroatons; an aronmatic or
cycl oal i phatic radical, substituted or unsubstituted, also optionally
contai ni ng heteroatons and one or nore ring nenbers, whether or not in
condensed form an alkylaryl radical; or an arylalkyl radical; with the
proviso that the radicals R and R2, and/or R3 and R4, can be bonded
together; Xi, X2, X3, X4, X5, and X6, which nmay be identical or different,
are each a coval ent bond, an oxygen atom or a divalent BNRS5B radical in

which R5 is a hydrogen atom an al kyl, aryl, sulfonyl, cycloalkyl, or
car bonyl at ed WVagf® PRéﬁ%%@ngéhéW%gbgFﬁﬁF1%%WﬂddFd§%H%WaW€ﬁ?¢1PﬁH ©T al kyl
radi cal havin = i AL R 198td I gcontal 0 i85 R med
di val ent cycl grgfxlcl%eﬁléf[ﬂ?}{:;’%ir?c aromafi ¢ radi cﬁt?md%?%a%%tﬁggﬁlyéc%{bgﬁm hg
het er oat ons, arsabadatit ot egtledliptissanadical, witsdutapdr wwRabstiyuted clldodipiignally | east one
ring nenber, whether or not in condensed form_ or a divalent al kgl aryl or
aryl al kyl radf@@gning heteroatoms and one or more ring members, whether or not in condense
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:



9. Process according to Claim1l, wherein the nonodentate first ligand is

sel ected fromthe group consisting of triphenyl phosphite, tritolyl

phosphite, trithynol phosphite, and the bidentate second ligand is sel ected
fromthe group consisting of the conpounds of the followi ng fornmulas: O
OP~-O OP~-00-23 / I I \ PPO-OPRR P2 PPh2 PPh2 \ I /| OQOO
OP\O (7 P O 10. Process according to Claim1l, wherein the reaction is
performed in a single- phase nedium 11. Process according to Claiml1,
wherein the catalyst has the general formula MLi]X[L2]y (i) wherein Mis a
catalytically active tgar el ; Li is the nonodentate

or ganophosphorus fir sf the pluridentate organpphosphorus second
24 ligand; and pl nunber correspondi/ng to the nunber
of noles of the re pectlve | i gandYi n Yhe catal ytic systs S

according to daimi1, rein the tajlic elenment is t he
group consi sti of nickel, cobaltj iron, \ruthenium gdi um
osmum iridiu pIaEynunL copg?ﬁl\§ﬂlver gol d, zinc um Jand mercury
PPh, PPhy
O
PPhy PPhy
5z::j;J C) Ci ?) O
P >
>\\/s/ 0T o C/ \O\ j OD
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

(11I):

MILJx{L2]y iy

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

organophosphorus first ligand; L, 1s the pluridentate organophosphorus second



13. Process according to Claim1, wherein the reaction nmediumincludes a
solvent for the catalyst, mscible with the phase conprising the conpound to
under go hydrocyanation at the tenperature of hydrocyanation. 14. Process
according to Caim1, wherein the transition netal conpounds are those of

ni ckel and are selected fromthe group cadsisting of conpounds in which the
ni ckel has a degree of oxidation as zero, potassiumtetracyanonickel ate
K4[Ni (CN)4], bis(acrylonitrile) nickel zero, bis(1,5-cyclooctadiene) nickel,
derivatives containing |igands, tetrakis(triphenyl phosphi ne) nickel zero;

ni ckel conpoligaid; amdi xiral y emmrepoix § Hedimgl nuatran oomesponding 40 Bermamber bbr at e,

brom de, chlorigde, . citrate, thiqcyanate, cyanide, formate, hydroxide,

hydr ophosphi t@?gﬁﬂggﬁﬁﬁpg?meplﬁ?g ﬁ%ﬁ‘@c W@m&éV%}%i ves, iodide, nitrate,
sulfate, sulfite, aryl and al kyl sulfonates. 15. Process according to Caim
1, wherein the organic conpounds having at | east one ethylenic double bond
are di ol ef i ns12.but Pidces accdrdimgite Gdgimll, svhieeuatheenetal it ebomay o sstecteddioame,
aliphatic nitriles having ethyl enic_unsaturation, |inear entenenitriles,
pent ene- 3- ni t F BEOUPseRtIsRE of tHekel,qopalt, ixgneBithaniym, rpdivgh alladimyQnipgy ene,

vinyl napht hal g 4ﬁMﬁhﬁﬁg%§Q%i%ﬂg&E%hiQyﬁlﬁﬂﬁﬁﬁﬂqnmqﬂgmphﬁtures t her eof .

16. Process according to réin the quahtity o i ckel or other
transition nmetal conpound enpl oyed is selected such that there are between
10-4 and 1 nole of nickel or other transition netal used per nole of organic
conpound to UhderBecessaceegingde Conmol, wheesmthesgactign medigmincdudgsant ity of

compound of fs%l’lxrfgfll# ?t}r%ée ca(tgi storﬁlisfa%rlévayvitﬁ tl?eleﬂl)aséj ?cﬁ-?%ﬂsinéo&?%%%w% r(Ptot hat the

nunber of noles © hI's~conpoun spec ansition netal

is 0.5-100. 1lﬁldeF§oQ@ﬂ§&nyéh®itﬂﬁtéﬁp@aﬁi‘%ﬂhgdmﬁﬂtibnt he hydrocyanati on
reaction is perfornmed at tenperature of 10EC to 200EC. 18. Process of

hydrocyanation to dinitriles of ethylenically unsaturated nitriles,

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



by reaction with hydrogen cyanide, wherein it is performed in the presence of
a catalytic systemaccording to Claim1l and a co-catal yst conprising at

| east one Lewis acid. 19. Process according to Claim 18, wherein the
ethylenically unsaturated nitriles are selected fromthe group consisting of
ethylenically unsaturated aliphatic nitri2®es, Ilinear pentenenitriles,
pentene-3-nitrile, pentene-4-nitrile, and m xtures thereof. 20. Process
according to Claim19, wherein the linear pentenenitriles contain quantities
of other compounds sel ected fromthe group consisting of 2-nethyl-3-

but eneni tri | e(D) or faemhia (1D ubed ie whesen sihethatthp enmberefimelies ef thissdosmenindri | e,

adiponitrile, 2 nethyl glutaronitrile, 2-e succinonitrile, or butadiene.
21. Process a@'&t(}}rraﬁpi‘?@ytf’&qﬁf ior%?rfgs,l{l%@re@?lfd‘ﬂ'ﬁbﬁem s acid co-catalyst is
selected from anong the conpounds of elenents of Goups Ib, IIb, Ilia, IllDb,
I'Va, Vb, Va, Vb, VIb, VIIb and VIII of the Periodic Table of the elenents.
22. Process at@or dPngetsmacChmiing th & lawh & rvelancin tiee hyelndcyanatich resctmaliect ed from
anong the halides, sulfates, hal ogenoal kyl sul fonates, perhal ogenoal kyl

sul f onat es, Hﬁﬁ@@@ﬁ@é@é‘@%@%‘,eOﬁégﬁgl%égﬁ%gcetates, car boxyl ates, and
phosphates. 23. Process according to Caim18, wherein the Lewws acid is

sel ected from anong zinc chloride, zinc bromde, zinc iodide, nmanganese

chl oride, mangganes@rotlss dMytidd9anationd diniteiles of bti§lendalyubsaniraetinitelesst annous
chloride, stannous_ Dbrom de, stannous sulfate, stannous tartrate, indium
chl ori de, i ndbursactien withbydiegem gyanides wheres it isngiciorned it thg presaecstaftae, t he
chlorides or brom.des . of the, rarg earth .el enents | ant hanu cerium
br ascodym um CHaRH e 2ciding B C1ER g R cPRPUAE PhieBT Bt
dysprosi um hatRisyid. erbium thallium ytterbium and lutetium cobalt
chloride, ferrous chloride, and yttriumchloride, triphenyl borane and
titani umisopropylate, and mxtures thereof. 24. Process according to Claim
18, wherein ”1]8 LeWroSce?sCz{cgorLéfnegdtor(ﬁgirfnefg%hsergh (t)h]é-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, Illa, IIb, 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



50 noles per nole of transition netal conmpound. 25. Process wherein, in the
absence of hydrogen cyani de, isonerization is perfornmed of
2-met hyl - 3-but eneenitrile, present in the reaction nediumfromthe
hydr ocyanati on of butadiene, into pentenenitriles, operating in the presence
of a catalyst according to aim1l. 26. & ocess according to C ai m 25,
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
gl ut aroni tri | bronfidetchghiwn cldoride)icadmive) bmmidelstinooig chléréde, stadnouBr ocess
according to C ai.m 25, wherein the isonerizatjon reaction is erforned at a
t enper at 8r e oPrOF@gE-SEﬁ@B@é su?tl te, stannous tartrate, 1nd{um chlog‘ge, 1nc{]1um P

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 glutarcnitrile, 2-ethyl succinonitrile, or valeronitrile.

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

performed at a temperature of 10EC-200EC.





