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WO 2004/ 060855 PCT/ FR2003/ 003475 - 1 METHOD OF
PRODUCI NG NI TRI LE COMPOUNDS FROM ETHYLENI CALLY
UNSATURATED COVPOUNDS The present invention relates to

a propegodefosdegydrocyanating an ethyl enicdgdlgdRb003/003475
unsat urated organi ¢ conpounds to conpounds contal ni ng

at | east one nitrile functionl Ht relates nore

RO 5 et O PRODGEHRE Bt PRECE,) coMpOUNDS iy

abkeneni tri | eETHYLENTCALLYC ONSATURATED ICOMEOUNDSENCh
Patent No. 1 escri bes a process ftor

preparing nitriles by addition of hydrocyanic acid
wi thhd5 prgaent cdnpaumw&nhavkegaaésleagi ofe process for

set hwygpég%mgﬁ% bgﬂ.d, ettpytlg%l%f 93§" satueraa'ctf%‘ég' organic

catal yst and o riary 0osp |s r
canC%@P@@m¢$e§00@pmn®umdﬁaqﬂnﬁaﬂnxn@raabéease(mhaanltrlle
sol yentr i, Wien a solvent is used in this process of

the prior art, it is preferably a hydrocarbon, such

as benzene or xylenes, or a nitrile such as

acetpnirknibkes Hteréapakw&umé@@yl Scoantl@é gﬁg}u%o%%@ala@c&on of
of ni c 25 ¢ ntaln ands such as

e
Cor THOLSE 27 | Bl SHnBULRRI G0 Ziacnf t SUPBELThted Glefins
ant$WQM|assalﬁhmemIEBEhee,ofoa pheotahes pertanéhvatibgs.
the catalysts, such as a boron conmpond or netal salt,

erally a Lewis acid, is also recommended in said
pat%ﬁ@ncm%uﬁﬁﬁeﬂﬂQ Koz 38852837ks drapuses car ryragess for

OUlptd®aring nitriles by addition of hydrocyanic acid with

15 organic compounds having at least one ethylenic double
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bond, in the presence of a nickel catalyst and of a
triaryl phosphite. This reaction can be carried out in
the presence or absence of a solvent.

When a solvent is used in this process of the prior
art, it is preferably a hydrocarbon, such as benzene or
Xylenes, or a nitrile such as acetonitrile.

The catalyst used is an organic complex of nickel,
containing ligands such as phosphines, arsines,
stibines, phosphites, arsenites or antimonites.

The presence of a promoter for activating the
catalysts, such as a boron compond or metal salt,
generally a Lewis acid, is also recommended in said
patent.

Patent FR-A-2 338 253 has proposed carrying out the
hydrocyanation of compounds having at 1least one
ethylenic unsaturation in the presence of an aqueous
solution of a compound of a transition metal, in

particular nickel, palladium or iron, and of a

R
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sulphonated phosphine.
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hydr ocyanati on of conpounds having at |east one 35
et hyl eni ¢ unsaturation in the presence of an aqueous

solution of a conmpound of a transition netal, in
particul ar nickel, palladiumor iron, and of a
sul phonat ed phosphi ne. -2 The sul phonat ed phosphi nes

described in that patent are “sul phonated
triaryl phosphi nes, and nore particularly sul phonated

Lrgﬂh@nyiE?Q&&QEQ@Sphés%Hi§?§rQé?éﬁi?égpﬁﬁ Qﬁégeﬁ%tent are
ydr ocyanat.ion, in, rticular of butadi ene and of .

pert TR 170, L Y AP R e | GHchT TIRE cRedItidarLy
solaulighmndyedi ngpl gherselphdgithiotds . and consequent |y

avoi ds as nmuch as 10 possi ble the di scharge of

effluents or of waste containing the netals used as
catTysst . FRexefTh Eslowowesarrdsden dadmoeyamgtt liom in

or gefrd Reufdind Jrewppabali ¥hieC a¥at es® Wit @int& riles, ang
greater 1 erformance in terns of catalytic activity

5p f . .
andcHTY SERBFATLPR e &Ft PR IEETF ERéupiesentPy simple
i Nwestti oing S 4wt pr opede cansewuéaniVvy gboldgands much as

whi ch, _ Wi t transition 20 netal make it possible
o i Car s | B E5brgRs” T 5T MR ror Veq OF | waste
actdan ttaiwiompariee] netdls hesdchovn catyaslherts. To this

effect, the present invention proposes a 25 process

for_ hydrocyanati ng a hydrocar bon-based conpound

coMt&i SRR aft@SeastoWrécet hyssH cCahshedr M4tonipy order to

find new catalytic systems which give greater
performance in terms of catalytic activity and of

stability.

One of the aims of the present invention is to propose
a new family of ligands which, with the transition
metals, make it possible to obtain catalytic systems
exhibiting improved activity compared with the known

systems.

To this effect, the present invention proposes a
process for hydrocyanating a hydrocarbon-based compound
containing at least one ethylenic unsaturation by
reaction in a ligquid medium with hydrogen cyanide in
the presence of a catalyst comprising a metallic
element chosen from transition metals and an
organophosphorus ligand, characterized in that the
organophosphorus ligand corresponds to general formula
(I) below:
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reaction in a liquid nediumw th hydrogen cyanide in

the presence of a catalyst conprising a netallic

el ement chosen fromtransition netals and an 30

or ganophosphorus ligand, characterized in that the

or ganophosphorus |igand corresponds to general fornula

(I') below. O -3 in which: - X1 and X2, which nay be
identical or different, represent an oxygen atom or
theigiwalemt radical 5 NR2, in which R2 represents a
hydr ogen,at om.or_an al kyl , aryl, sul phonyl, cycl oal kyl

o¥ Ea?bo Ian?adPCaV?h%ggs“F%%r%%eﬁ@§n§l€ al eht rent,
an oxygereptesent anhexdigal eatomadircalhdNR2iviDembi Gladical

R2 repregents; y a0 tomaor a |, aryl
sul phonyl 'c§§|g§?E§|%§r cgfgﬁﬁitxﬁéﬁp%g$gg?%% afon or an
radi cal FKYkpr edent s Suinkenylor branardylal log - carbonyl
radi cal hayi®grfrom1l to 12 carbon atons that may

contain hetero atons, or a substituted or 15
unsubst i Fut BEPET DRRLT ¢ orC WA BH i BPRE | ¢ SPadreen  ARPM or

may contehe devalentt oadical ONR2 Or indwkirhnge represents a

fused or U%P§ d - L repres a Linear or
branchegnélvéﬁéﬁt é?ég} Ofédfggl %§€$§g f%g ?1 t §Yphonyl,
carbon PP HaYl nely campemt afadiralero atons, or a

substit utiesl afadinsbshit WL AILPRL I & Olinear or branched
cycloalgg@g%ic dival ent. radical that may contain
het er o afd G lorPavbRe nags n ¥Uséd grarbon atoms

nonf usedcat nmay contain hetero atoms, or a substituted or
unsubstituted aromatic or cycloaliphatic radical
that may contain hetero atoms or one or more rings
in fused or nonfused form,

- L represents a linear or branched divalent alkyl
radical having from 1 to 12 carbon atoms that may
contain hetero atoms, or a substituted or
unsubstituted aromatic or cycloaliphatic divalent
radical that may contain hetero atoms and one or

more rings in fused or nonfused form.

In a preferred embodiment, X; and X; are different and
represent equally an oxygen atom or a divalent radical
NR2.

Preferably, the bonds of the divalent radical are in
the ortho-position in the case of an aromatic radical
or carried by the same carbon or two carbons in the
alpha-position with respect to one another in the case

of an acyclic or cyclic alkyl radical.

Moreover, in a preferred embodiment of the invention Xi

represents oxygen.

In addition, L advantageously represents:



25 In a preferred enbodi nent, X1 and X2 are different

and represent equally an oxygen atom or a dival ent

radical NR2. Preferably, the bonds of the dival ent

radical are in 30 the ortho-position in the case of

an aromatic radical or carried,by the same carbon or

two carbons in the al pha- P05|t|on with respect to one

anof har inA9evaddee of aft acyckréierlapétee al kypptionally
radf@ﬂbtlSﬁaMDEéﬁVeanlntﬁepre£§6m§@1@nb99kﬂﬁnt ghatBe by
|nv§nt|o feg ese ts OXX%E In addition, L
ndVERFEEAER! 951 BhFegarPLa iy Or ZhedA g (A qdary amide,

salfcylansdenceptabmaylynlimﬁetobnahphedlonsthe

§”OHH5'8eEHQgt1®@ﬂ&¥ gﬁk%géﬁfigéOQCQ tggbg ed on the

or aromatic secondary a ance
saI@E?WéﬁFFlééngn FaysHtos] h¥3fQﬁma%@@@rPﬁtheeadﬁphatlc or

ant!a]f@:ﬂhl:i@ aci decsHBst{t ut esnpie f he agoMat |1(}1§t!5ﬂ'92e N-

and/ or ormation of the allphat C,O0r _aronm

e cBNBRr o hR R FBr A dRE e RIC BGhy FARRFABRHF cacid.
aci t an hHpbthymiant beaind | itosei drefeaabay phanafui@l amino
aci r y na .
(ﬁerggﬁ v?%y¥g(¥€§§thgnn bﬁgggn a Oﬁllkltrogen atom  1s

nnh@@@@%@bﬁgtéﬂtﬂﬂthwaﬁhalﬁphatablpbﬁbnatlcaramytlc aryl

sul phopybnpt g@r@gpgbngiogpoughese conpounds can be
obt ai ned by reacting, 1n 15 presence of a base, a
conmpound A of forrmula (I1) below R X3H wth an

appriops ¢ atenalwopirosphnr Uss sbraipadt i syl akely:t3@g, 1n the

15! OrophosEhgEUs, el i vatiye of oxmutas (11 1), below, O

R,XH

with an appropriate halophosphorus, more particularly

20 chlorophosphorus, derivative of formula (III) below:

25

The halophosphorus derivative can be obtained by

reacting PCl; with a compound of formula (IV) below:

0
)\\XEH
L
X,H

Such structures of formula (IV) that are preferred can

correspond to the compounds below:



The hal ophosphorus derivative can be obtained by 25
reacting PC13 with a conmpound of formula (1V) below. O
X1H Such structures of formula (1V) that are
preferred can correspond to the conpounds below. -5
salicylam de O salicylanilide O Naphtol AS 0O
anthranilic acid 0 OH N-phenytanthranilic acid NH2 The
compounds of fornula (1) can be obtai ned by neans of
ot her processes,,  in particular when X3 r ] a 5
coval ent gylamidenay of exanpl es of con%%ﬁ&%gmgge
gener al fornu. I, nmention may be made of the

conpounds |istied below (in the follow ng forrf ae,
signi fies the 10 nethyl radical,jjand t

'QF%S the tert- butyl r | ?ﬂ’
H
OH OH
Naphtol AS
Q 0
N OH
OH NH
anthranilic acid
N-phenylanthranilic acid
O
OH
NH,

The compounds of formula (I) can be obtained by means
of other processes, in particular when X; represents a
covalent bond.

By way of examples of compounds of general formula I,
mention may be made of the compounds listed below (in
the following formulae, the symbol Me signifies the
methyl radical, and the symbol tBu signifies the tert-
butyl radical):
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15

10 tBu According to a preferred characteristic of the
invention, the netal elenent is chosen fromthe group
conprising nickel, cobalt, iron, ruthenium rhodium
15 palladium osmum iridium platinum copper,
silver, gold, zinc, cadniunngd_nercury. Anong t hese
netals, -7 - n&pkel is the preterred net Accor di ng

to the inventlin, t he catal yst advant agequsly

correspopes_to : t in

whi ch: @ 5-?1 repr@sent

or ganop D andpt
fber RN S

represents
i ncl usi ve).
t he conpounds

b organonetal | i c conpl exes [cont ai ni ng
formul'®Y 1) can be preps

Atact with a 15 solutilgQ ©
conmpound of formula (lI). The conpound of the netal can
be dissolved in a solvent. 20 In the conpound used,
the nmetal may be in the oxidation state that it wll
have in the organonetallic conplex, or in a higher

By way of exanple, it may be

i ndi cat ed in the 5 organonetal i c conpl exes of
the invg , rRodiu n oxidation state (1),
r ut heni | oxi gatio e

N Me 0

@) @) Me

O
) wﬁ
o Ne) o~ ~o
tBu

Me

tBu

According to a preferred characteristic of the

invention, the metal element is chosen from the group

comprising nickel, cobalt, iron, ruthenium, rhodium,

palladium, osmium, iridium, platinum, copper, silver,

gold,

zinc, cadmium and mercury. Among these metals,



(1), platinumin oxidation state (0), palladiumin
oxi dation state (0), osmumin oxidation state (11),
iridiumin oxidation state (1), and nickel in
oxidation 30 state (0). If, during the preparation of
the organonetallic conplex, the netal is used in a

hi gher oxidation state, it may be reduced in situ. 35
Thé& 1GKFanorfettdla iR¥ ek &8 tEnpri si ng t he conmpounds
of forrmula (I) can be used as catalysts in olefin

hydr oc ation reactions or the dro nation of -8
USRI i bR Lo nEitr GRCBRapI savantageously
ni taddre sfpomeis an g aradndidunmari aretal:;, use i s
spreferably made of thg,l[ 5]conpounds q& transition
nmetal s, nore particul arfy’the conpoun 3, of nickel, of
palidraditdf:of iron or of copper. Anong the

abayenent ignet icoMmoWRds1 the nost preferred 10
conpounds are those of nickel. By way_ of non-lLimtin

ox ipF 85T SREREFoR DG TBBNARAESPBPT U151 198BRpBENASTTHIE (1)
whiaghl nitckeépresentexidatiumbest abetweeno, 1 sud a$  (limits

10 Potassi | J8t racyanoni ckel ate K4[ Ni (CN)4],
bi s(acryloni'trile)nickel zero,
bi s(cycl oocta-1,5-di ene)ni ckel (also called N (cod)?2)

anader b¥ghh¥Rec 0Nt &l iy 1ld:@andsonsdehing0 @ compounds

tetr k%s t@gh?n\a/l phosphi ne) ni ckel zero; conpounds o? .

ni el Q}E s (Lar 56Xy I1Rf BT EPRAT e PaPli QNidg &Cetat 8plution

carjorateyminwat bohatlee metal selected into contact with a
15 solution of a compound of formula (I).

The compound of the metal can be dissolved in a

solvent.

20 In the compound used, the metal may be in the oxidation
state that it will have in the organometallic complex,

or in a higher oxidation state.

By way of example, it may be indicated that, in the
25 organometallic complexes of the invention, rhodium is

in oxidation state (I), ruthenium in oxidation state

(IT), platinum in oxidation state (0), palladium in

oxidation state (0), osmium in oxidation state (II),

iridium in oxidation state (I), and nickel in oxidation
30 state (0).

If, during the preparation of the organometallic
complex, the metal is used in a higher oxidation state,
it may be reduced in situ.

35
The organometallic complexes comprising the compounds
of formula (I) can be used as catalysts in olefin

hydrocyanation reactions or the hydrocyanation of
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borate, brom de, chloride, citrate, thiocyanate, 25

cyani de, formate, hydroxide, hydrophosphite,

phosphi te, phosphate and derivatives, iodide,

nitrate, sul phate, sulphite, aryl- and

al kyl sul phonates. 30 Wen the ni ckel conpound used
corresponds to a nickel ~oxidation state greater than
zerSSH iR - r €QFEPHEISagefRnE bt in@act §0r example, a
preferentd afdnyctidd. t he nickel under the reaction
conditions is added to the reaction nedium This

reduci ng agent nay be organic or 35 inorganic. As
runﬁSilﬁnﬂmﬁ}u%gmnpmesalnenM$en1ﬂmaypbefenabéyofmade of the
borolpydsifes é@cfk@a%ﬁ%'\éﬁu %e@s&lg
magnesi um or hydrogen. - When t he nlcke
us EPTEAFEEorfths tfblct]‘ffél'zel‘%f- ®aldadiom st @tfe gfron or of
ni ck@lpett is also possible to add a reduci ng agent

of the abovenentioned type, but such addition is not
mandatory. 5 When an iron conpound is used, the sane

r edumingy Egendlsovemensiudohadl eompoundie, casReofmost preferred
pal y, in 10 addition, be

el é#gﬁéyﬂé$ :égﬂgg%??aﬂgﬁgﬁﬁﬁ%? (phosphi ne, sol vent,

ol efin). The organic conpounds containing at |east one

et lyt enhg Stouhbg-bondti RGt P TE PREAE Coh aklaY, USedmade
in t e 15 present process are diolefins such as

butadi ene, i soprene, hexa-I,5-diene,

cycl ooct a-1, 5-di ene, ethylenically unsat ur at ed

a|Lpha“é%¢§#JﬂA§slﬁ %y%éﬁuh Byl i at | yigation state

ggtlcul%rly the

pent enenit esS SsucC pen ene-
zero, such as potassium tetracyanonickelate
K4 [Ni(CN) 4], bis(acrylonitrile)nickel zero,
bis(cycloocta-1,5-diene)nickel (also called

Ni(cod),) and derivatives containing ligands, such

as tetrakis (triphenylphosphine)nickel zero;
- compounds of nickel such as carboxylates (in
particular acetate), carbonate, bicarbonate,

borate, bromide, chloride, citrate, thiocyanate,

cyanide, formate, hydroxide, hydrophosphite,
phosphite, phosphate and derivatives, iodide,
nitrate, sulphate, sulphite, aryl- and
alkylsulphonates.

When the nickel compound used corresponds to a nickel
oxidation state greater than =zero, a nickel-reducing
agent that reacts preferentially with the nickel under
the reaction conditions 1is added to the reaction
medium. This reducing agent may be organic or
inorganic. As non-limiting examples, mention may be
made of borohydrides such as BHsNa or BHiK, Zn powder,

magnesium or hydrogen.



nitrile or 4-pentenenitrile, nonoolefins such as 20
styrene, nethyl styrene, vinyl naphthal ene, cycl ohexene,

nmet hyl cycl ohexene, and m xtures of several of these
conpounds. The pentenenitriles in particular may

contain amobunts, 25 generally,m nor anounts, of other
conpounds, such as 2-nethyl -3 %utenenltrlle

2- ey | i@ebmle"rwt@@m@ouné pesdermannesnands to the zero

val 8% 08kt Lbhestadipeni h&bk81 2emethyhglbutieniiid 118 3348 a

2-et hyl succinonitrile or adi ene, or nati ng,
exa %{%Cy‘f‘?lorﬁqqlﬁ% Iprol or -39 rﬂ}?ﬂlc%‘if'ﬁﬁt rlt?%réé@te?orp‘é‘? such

t headdi adoenes t mounsatdaaded. nitril es. The reason for

sthis is that the hydrocyanation of butadiene is
acconpani ed by the formation, along with 35 the |inear
perteeen?br iFes, compaBnd] ASi et cale samsumtesiugfing agents

2-ngthysaBedwtenenitril e and 2- et hyl -
2-butenenitrile. -10 The catalyst system used for

t he hydrocyanation according to the process of the

i nvEnt ittue rm/sé)eofprpmdaraeﬁdnefom@ irbdius:iin@t raafiicesl may, in

i nt act i z addl t he .
10 é’dcﬁ{]t? (%I’? oy %’f%n ?ecte ey Tgn medium

appropri at & anount ran5|t|on
conpoupEPakee . opeloert| yolefiny educi ng agent to the
conpound of formula (1), alone or dissolved in a

sol yvent [s al so g sible to prepare_ the catal yst
sysT%%1@¥%a§?fu¢°BQO P%ﬁl§°888?ﬁ@nghét d6Rs6uR@eofethylenic
fordmmb&él)bdmwd thattraﬂsltmdﬁbIﬂ@dﬁtlbﬂlaQupouﬁgeao in the

th yapa reacti on di n1befor or af
lBadﬁ?ng%%é c npoun to%be hynﬁbcyéﬁﬁtedu he®*&no Fﬁtﬁﬁlene

coﬁﬁﬁmﬁ@e@ﬁ ni ckelhesra-of , Sarrbitdne, cycloocta-1,5-diene,

ethylenically unsaturated aliphatic nitriles,
particularly linear pentenenitriles such as 3-pentene-
nitrile or 4-pentenenitrile, monoolefins such as
20 styrene, methylstyrene, vinylnaphthalene, cyclohexene,
methylcyclohexene, and mixtures of several of these

compounds.

The pentenenitriles in particular may contain amounts,

25 generally minor amounts, of other compounds, such as

2-methyl-3-butenenitrile, 2-methyl-2-butenenitrile,
2-pentenenitrile, valeronitrile, adiponitrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile or

butadiene, originating, for example, from the prior
30 hydrocyanation reaction of the butadiene to unsaturated

nitriles.

The reason for this is that the hydrocyanation of
butadiene 1is accompanied by the formation, along with
35 the linear ©pentenenitriles, of not insignificant
amounts of 2-methyl-3-butenenitrile and 2-methyl-

2-butenenitrile.
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transition netal used is chosen so as to give a 15
concentration, in noles of transition netal per nole
of organi c conpounds to be hydrocyanated or

i sonerized, of between 10-4 and 1, preferably of
between 0.005 and 0.5 nol of;pickel or of the other

transition nEt al used. 20 The anount of corrg]é,und of
forthfi a ERFEU¥EH t SUSHSM t heSedat 419Fst Fle g osyemation
thastcd‘d’teijmmbefro ofthl| gxrcafesd hiof cemeoungvengliain Veay be

0 r ti rreal is.fromO0.5 to OO and
égre:ggbﬁ yé i frbé%% ngO EZSi%Jf%%Lb%%gl hjgltroeac ontFgction
ger?é?rrm | yfenr exetpdgt th@@tngsoheerappndpnm/:ebeamount of

advantageQys: £ on addi an ine%& Qfoq@yu%d %q{a/e%pt Qﬁany, of
solvent may be a solvent for the catal

ni SEBIE 137 He phaske c%?l‘b??‘éﬁl‘?agotf-héogmu%@nﬁ)ébndaﬂéne or

be Jl)éﬁh’cﬂ_ﬁmaixeda ébltrbﬁthyctﬁ:o%éarbﬁlé@npoé§imﬁé atyr 8repare
such. sol menti on ma

anpl es , y. be
at\g\‘laof cgﬁ:gﬁﬁ’m ngéeﬁlﬂat i orSlt&’ycI BYI i pHa 1 Hding the
hy draoeardyehs. of35 Adrenidedr oty Anasandn tkact tpansstion metal

agpi [ 1C
gSQ%&@g%%ugrE?e?gmpyﬁyéio%%?ﬁ§gp%é %%a%tq Q% Qim before

cardt & [t sty egmpesmdrta e &M@E@%’h@@éed
medium -11 The process of the invention nay be
car,lrl ed out cont nugusl bat.chwi.s 5 The h

ro
cyanide USE e 5%“%%?188 f PSm rﬁs?tc el cyRhi d%g gHOther
partmaclsﬁlancgodlmﬁhadyamaml drs f chiwsenyasohydsi nsp sgtke a

as RGRINS BV ifb1 & B @¥nsition metal per mole of
organic compounds to be hydrocyanated or isomerized, of
between 107 and 1, preferably of between 0.005 and
0.5 mol of nickel or of the other transition metal

used.

The amount of compound of formula (I) used to form the
catalyst is chosen such that the number of moles of
this compound, relative to 1 mol of transition metal,

is from 0.5 to 500, and preferably from 2 to 100.

Although the reaction is generally carried out without
solvent, it may be advantageous to add an inert organic
solvent. The solvent may be a solvent for the catalyst
which 1s miscible with the phase comprising the
compound to be hydrocyanated, at the hydrocyanation
temperature. By way of examples of such solvents,
mention may be made of aromatic, aliphatic or

cycloaliphatic hydrocarbons.

The hydrocyanation reaction is generally carried out at
a temperature of 10°C to 200°C, and preferably of 30°C
to 120°C. It may be carried out in a single-phase or in

a two-phase medium.



ot her known synthesis process. 10 The hydrogen cyani de
is introduced into the reactor in gaseous formor in
liquid form It may al so be dissolved beforehand in
an organic solvent. In the context of a batchw se

i npl enentation, it is 15 posihble in practice to
charge a reactor, purged beforehand by neans of an
inert gas (such as nitrogen or argon), either with a

soltHd onp£oRE a4 Ni HY akﬁeorlﬁveH@EBnOfmﬁge VariQ4sried out
constituents, such as the conpound

hy dT Ty ELY tHe ROHPHARE: of formula (1), the 20

transition netal conpound, the optional reducing agent

Conral i*"ﬁ%hré@%s@% SERED iR SR A e meta

terﬁiéf’iﬁhjt TRE hyEdgettlarani dediymt héh’éll’tlsﬂaf or from
i ntrpdusedir Mef esabhy £ONLLRYEUS YC%H%@M@I! Yr ékgy any

When .t he reacti on (whose devel opnment can noni t or
by AL i P B e &S d?r%ﬁ?%%d the reaction

m xture is wthdrawn, after coollng and the reaction

L0810 g Rfeh SpUaeR, B oA alion tor BXaTpLe: ox

et lgAsanwal | joumsavur ated @qundndéoamcordtngmay t heéso be
Pr eseito I e ntd Ry 416l e, | a}r&% Ao hedde
hydrocyanati on of said ethylenically unsaturated 35
nitrile conmpounds by reaction with hydrogen cyani de

andn cohsi stentextisiafg a Oﬁtaimﬁtsesyimpnrbmanaaﬁ%ﬂancft is

152%&§?§%H%19r?ﬁ?”t %ggg?ééont%gaﬁgaggogatal eactor, purged
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I Ng of eas one
beforehand by means of an inert gas (such as nitrogen

or argon), either with a solution containing all or a
part of the various constituents, such as the compound
to be hydrocyanated, the compounds of formula (I), the
transition metal compound, the optional reducing agent
and solvent, or with said constituents separately.
Generally, the reactor is then taken to the selected
temperature. The hydrogen c¢yanide 1is then itself

introduced, preferably continuously and regularly.

When the reaction (whose development can be monitored
by assaying samples) is at an end, the reaction mixture
is withdrawn, after cooling, and the reaction products
are 1solated, by distillation for example.

An enhancement of the process for hydrocyanating
ethylenically unsaturated compounds according to the
present invention relates in particular to the
hydrocyanation of said ethylenically unsaturated
nitrile compounds by reaction with hydrogen cyanide and
consists in using a catalyst system in accordance with
the present invention with a cocatalyst consisting of

at least one Lewils acid.



The et hyl enically unsaturated conpounds that may be

used in this enhancenent are in general those that

were nentioned for the basic process. However, it is

nore 5 particularly advantageous to apply it to the
reaction consisting of hydrogyanation of

ethylenically wunsaturated aliphatic nitriles to
dinitriles, in particular apply it to the |linear
pentigderddiylasi slIclh;, ahsitReRiR@eNtbipb8n@s  that may be
4- pent nenlﬁﬁlle nd m xtures 10 thereof I@Fse
pentenenttr F&g ﬁﬁsaESEWSP Fhunts IeRERBLalRPS ithgt were
anouwensiondéd otfeer Tapbeasds, sundesss. ZHWEhyk it is more
3- e, but en ril,; pent ene
515q%%trl§ﬁ££%% eﬁéﬁﬁ?&??ans q&) Eﬁéi l% 133 gﬁ reaction
2- IR Y RS o- Qﬁtrlhﬁercﬁﬁﬁ?Fseémluﬁﬁtrlbﬁhmienlcally

but@@&@tﬂ@rat&ﬂl glarlabh%lﬁ:r omliihﬁlp%é or t{&%df@fﬂf@@ii@@ in
[ rom e

reacti.on q{ PUtﬁglene nd/

i st T LAt TOn %Pp 3 19ut ENEAT t PPREepgnitriles such

peﬁﬁenéﬁpﬁnmba@nlzalIbe<temM9pamm@n@m&draaecocaﬁ@lw&&tures
1omakes.ji,possible in particular, in the case of the

hydrocyanatlon of ethylenically unsaturated aliphatic

nitriles, to inprove the linearity of the dinitriles

obt@idied, ﬁeﬁ%eﬁgiﬂﬂﬁiﬁﬁgCﬁayaggoﬁﬁaihn%ﬂbdaﬂﬁt'wdéﬁ%rally
relative to the tot nitriles fornmed, and

i nAVeE¥e EREURASY | v‘?fy OHRGTs eT FTRLETS e éflcinheas 52 -methyl-
cataliystendmi thiel o esenmetbyl ;2thetereniteWes aci-ggentene-
S d n oacc he usua
lSdefr}lE%ngeﬁ vgqetg%ng%qqtlﬁét ‘%c%&? t%e‘SI)eic?ro% paeltpéllgl%ltaro_
naywﬁrkkﬁmlculéfQﬁbYﬁﬁHFQﬁnqnm;nkﬁﬁs acicds  butadiene,
mend Qth d thd herwhr kgdi bedoby oo Ptthe idd 1 £88Ltion of

the Dbutadiene and/or - from the isomerization of
2-methyl-3-butenenitrile to pentenenitriles.

20
The Lewis acid used as cocatalyst makes it possible in
particular, in the case of the hydrocyanation of
ethylenically unsaturated aliphatic nitriles,  to

improve the linearity of the dinitriles obtained, i.e.
25 the percentage of linear dinitriles relative to the
total dinitriles formed, and/or to increase the

activity and service life of the catalyst.

In the present text, the term “Lewis acid” is intended
30 to mean, according to the usual definition, compounds

that accept electron pairs.

Use may 1in particular be made of the Lewis acids
mentioned in the work edited by G.A. 0Olah, “Friedel-

35 Crafts and related Reactions”, volume I, pages 191 to
197 (1963).

The Lewis acids that may be used as cocatalysts in the



35 Crafts and rel ated Reactions", volunme |, pages 191

to 197 (1963). The Lewis acids that may be used as
cocatalysts in the -13 present process are chosen

from conpounds of the elenents of groups Ib, IIDb,

I'l1a, Ilib, IVa, Vb, Va, Vby3VLb, VIIb and VI11 of

the Periodic Table of E ements These conpounds are
MRATLTIEN RAPLEST e3PRci aMP§SRal fHEH, SQBROHEds of the

chldrdrtes: or o br gfodes, I}:S,U|Dfl]§Ie$II§U| phomat esya, 1vb, Va,

hal_gal k I p tes, per kylsul honat es,
espeti ay\hsp'fl uoroal I&ﬂdgul ?s Periodie rable of
perEﬂleum’roaﬂ kyl @hbphonaicemothwa)al kyéacetoasttes opeehal @alts,
sal kyd I at 1Q.By ) ?za{
of non- | m t| n exa suc Levvl g%té?% S, %r jdes.

mayB e RS of Szlnlﬁéloeﬁrcelsp d&aﬂﬂkﬂwmmwm perhalo-
ICKHIKyléﬁﬂﬁﬁﬂﬁﬁﬁbéﬂﬂ @Eb@@laﬁ@?gaﬁﬂ§§r$ﬁ fg%lphonates or

cadm um chl orj.d um brom d nous chlori de
R S e SIS Seebmigss | berhalo-

t araliiatley cetiath sum dardd:garaoret s Wiphapaitess i ndi um
otrifluoro- nethyl acetate, the chlorides or brom des

of rare earth elenents such as | anthanum cerium

pr &eod§i f nRAROHYIL LN s@xemnes evf opugly Lewis acids,

gad@dtidHN mber DbeiMnadR daﬁprzq%dim:hma.fcmagm £ U omide,

thallium, C%%‘r‘fr biumand luteti um and cobal t

chioM%e, Dus "ENGHEFE acdl S unf'eéreerrds. Rgogide,

Lewisgingicind chlbsidkso qrodsiun ebtkomide, Zannous Chlorlde,
1507 GANQIRRAL | Aok RDOUDERLSUGD 831 5ALPRCNYLBRRANE by crate,
ur es s

titaniumi sopro oxid severa
caniiwpur ssipéugsemethylsulphonate, indium trifluoro-

methyl acetate, the chlorides or bromides of rare earth
elements such as lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium,
20 dysprosium, hafnium, erbium, thallium, ytterbium and
lutetium, and cobalt chloride, ferrous chloride and

vttrium chloride.

As a Lewis acid 1t 1s also possible to use
25 organometallic compounds such as triphenylborane or

titanium isopropoxide.
Mixtures of several Lewis acids can of course be used.

30 Among Lewilis acids, zinc chloride, zinc bromide,
stannous chloride, stannous bromide, triphenylborane,
and zinc chloride/stannous chloride mixtures are most

particularly preferred.

35 The Lewils acid cocatalyst used generally represents
from 0.01 to 50 mol per mole of transition metal
compound, more particularly of nickel compound, and

preferably from 1 to 10 mol per mole.



30 Anong Lewi s acids, zinc chloride, zinc brom de,
stannous chl ori de, stannous brom de, triphenyl borane,
and zinc chloride/ stannous chloride m xtures are nost
particularly preferred. 35 The Lewis acid cocatal yst
used general |y represents from0.01 to 50 nol per
nmol e of transition netal conpound, nore particularly
of nickel conpound, and preferably from1 to 10 nol

peragoker +the Aspi@fedterisp! erErhl itk HPE-bas %f the
process of the invention, the cat ié‘%ﬁ sol uti on used

f or P PR EhSRr ocy%ﬁreatl Gt Yte pFeLRd8of PERHs ak9W the
nayh&xér@cm:e@arm pm otheo presemtd OdlﬁCt]L@JIﬂlE’s Neeidhemay be

s! €36 é Illred O Lo sidd, lﬁer?cgesr?mﬁ ddpﬁg € ction

var onent s of ‘the cafa St emt
rea%@l’rl%n OﬁfedmlmSlI:@ | t£o% @@@Pd@ssbhl @ddimder thhe various

cor@cbrﬁg)&mén@é the dwdr ccypafdOn PF0c6sS «f e reaction

rese$ i nvention, and in particular by working in
t hé"prE¥-nce of the above- described catal yst
conprising at |east one conpound of fornula (I) and

at ast_o a t nd, 15 carry

105, sl SORAL UL AN IS AU, RIS Y o, one
perr@%m@ww*éson aptoEes g‘énéhal pyeeéntbaanene:don and in
Un%@é%?&@ﬂaﬁ' thi | §8rkOnki NEar tHesaé%saérﬁde RIEL Tih €S above-

he apsence of _hydrogen gyanid
TRYTLREBuFBRBAVFF IFETBERPeEFedt ol 43Rt one compound of
i Sofnarrmtz}}il OD) agnar dtngehstt beel m‘r&ﬁtsllﬁﬂoﬁa)helt%tluieﬂlpound,

al o xtyre with other .conpounds us . _
12 E](-t) h%r r:ar{%/bu?g]rcrenl Fi Ilgorrr‘grlggtéepl oyéd a?ey}’y% 3-butene-
m xrrurléw@t htQ- neehyenenbtreheai t r phd, dopent geserally of

branched unsaturated nitriles to linear unsaturated

nitriles, in the absence of hydrogen cyanide.

20 The 2-methyl-3-butenenitrile subjected to the
isomerization according to the invention may be used

alone or as a mixture with other compounds.

Thus 2-methyl-3-butenenitrile may be deployed as a
25 mixture with 2-methyl-2-butenenitrile, 4-pentene-
nitrile, 3-pentenenitrile, 2-pentenenitrile, butadiene,
adiponitrile, 2-methylglutaronitrile, 2-ethylsuccino-

nitrile or valeronitrile.

30 It is particularly advantageous to treat the reaction
mixture originating from the hydrocyanation of
butadiene with HCN in the presence of at least one
compound of formula (I) and of at least one transition
metal compound, more preferably of a compound of nickel

35 in oxidation state 0, as defined above.

In the context of this preferred wvariant, since the

catalyst is already present for the butadiene



nitrile, 3-pentenenitrile, 2-pentenenitrile,

but adi ene, adiponitrile, 2-nethylglutaronitrile,

2-ethylsuccino- nitrile or valeronitrile. 30 It is

particul arly advantageous to treat the reaction

m xture originating fromthe_Rydrocyanation of

but adi ene with HCN in the presence of at |east one

COMPOERACHRRR bt Al Fe@OLi®md oft at S| sadfif isHent ak’i sitep  any
net aht £6AROUNEn BBI dyRirelenakiyartfaa compeded @6 allow the
[ oxidation state as_ defined above. In

ni ckel 35 in. 0,

{het CORTEREA0F O ht S2pF 678 F8aC 7| BHECSsi nce ¢ he

catalyst is already present for the butadi ene -15

hyd¢ pcyanat {.on cti it fiicient to sto n

e Oatet o o Toiaraare  pRkPaB Y e aan « Srff  atuhac o
i soFefFShat Podared® iDHFIng aké pheceeagtar iy means of an

POSSh&E e, JURET es@dPr QBT irfiltoddh t B S a¥@haNfod Oexample, in
effeg& a %entleeggrﬁ$ng of. the reactor, by nmpans of _an
i ne?t“Ghas SOs e PEr SYEROGY 2Bt GorR Tt ot kel Bighg still
ordee poesxpel the hydrocyanic acid which mght stil

1gbe present. 10 The isomerization reaction is generally
carried out at a tenperature of 10C to 200C, and
pr eT? abF9MerigeLtiono re@Gtions i gereprllercayriageout at
of antbspaeAtdabi ofF ivovedias e} ygod ol hAaw PQeEE?ably of 60°C
but adi Jhydrocyanation reaction it wl be
adv%%tggio 5 to operate at the tenperature at which
t he hydrocyanati on was carried out. 20 As for the
pr ss..for nat L.ng hyl eni_cal nsat ur at e

L o unts, R ST VA E) o WSS Rsr pppiof Wiliiacery

ollowing the butadiene hydrocyanation reaction it will

9]

be advantageous to operate at the temperature at which

the hydrocyanation was carried out.

20 As for the process for hydrocyanating ethylenically
unsaturated compounds, the catalyst system used for the
isomerization may be either already present in the
medium or may be prepared according to the preparation
methods already described above.

25
Although the isomerization reaction is generally
carried out without solvent, it may be advantageous to
add an inert organic solvent, which may be that of the
subsequent extraction. This is in particular the case

30 when such a solvent has been used in the butadiene
hydrocyanation reaction that served to prepare the
medium subjected to the i1isomerization reaction. Such
solvents can be chosen from those that were mentioned
above for the hydrocyanation.

35 _

However, the preparation of dinitrile compounds by
hydrocyanation of an olefin such as butadiene can be

carried out using a catalyst system in accordance with



i sonerization may be either already present in the
medi um or may be prepared according to the preparation
net hods al ready descri bed above. 25 Although the
i sonerization reaction is generally carried out
wi thout solvent, it may be adygntageous to add an
i nert organi c solvent, which may be that of the _
subddiuetveiicitt ifoF,  Thies RBOVA pakePeuldf timemsdsion of
30 wissr wteted fotyeheshandbente usieshvé NnikbRebutadigRe step,
hyd.rtocygenartli on rgacﬂion %hat ?fglrved to _prepare the |
medi um SUb]2ctBA F o the febneffZat FERCFERPt i GRSSSERNY  of
sollwatitac s heorr hoSenunfaouréhedenf hat laer eonmentiieredes to
ab ; h ogyanat Lo he.
5pr g%%grfgtg%gtﬁ%gf %?%l%?g %orrTE'pao%ﬁLd\‘s gyg%)?g%‘ocly%ngtcic&]fdance
of VArFlol €1¢ n1RYRAT BN bo¥ aBPENEtRaN Bataddski edstem already
usivn cedal sts SYysd@md, accordance with -16 the
i nvention for the above steps of formation of
unsaturated nitriles and the above isonerization step,
it Seiinpplgsstbeerkacttibe reeartiisom reponst Shy@go@j/allqation of
h anat j of sat itriles to dinitrile
O L O t R el oGl o8 e
acdraRgicezatiath t HeeFeQEnt MK oPeanyattied cavef yswith a
sysdama)deady s derowenhher 14 sirgetdan. sShi 'ﬁﬁé&/ tde the
reacti on consisting of hydrocyanation of 10 the ,
of SIS Ut attdiFat 8GRI 1 FPRELS BIRO L R | deidgiacyaagion of
t harstumat dikd cartriéesouto widimiaridatsal yeingysdetfied out
that; dys diffe m f ot ' ntion, the,
15st g_&plec}?)nts_%stiér?g{%]ﬁ;#;dr%?%%ﬁglti ofn}?of af6luafide With  the
inventcion.

The following examples illustrate the invention.

20 In the examples, the abbreviations wused have the

meanings indicated below.

cod: 1,5-cyclooctadiene
eq: equivalent
3PN: 3-pentenenitrile
25 4PN: 4-pentenenitrile
3+4PN: 3PN + 4PN
DC(Y): degree of conversion of the product to be

hydrocyanated, Y, corresponding to the ratio of the

number of moles of Y converted to the initial number of
30 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 the moles of AdN,

ethylsuccinonitrile (ESN) and methylglutaronitrile
35 (MGN) )

GC: gas chromatography

ml: millilitre

mol: mole(s)



unsaturated nitriles to dinitriles being carried out
15 with a catal yst systemin accordance with the

i nvention. The follow ng exanples illustrate the
invention. 20 In the exanples, the abbreviations used
have the neanings indicated_QgIOMI cod:

1,5-c¥ Ioocta3|ene equi val ent 3PN

3- p&H

neni P Fém?%eiPN 4-pentenenitrile 3+4PN. 3PN

+ 4PN: DC( Y) phdagiee of conversion of the product to be
hydrocyanated, Y, corresponding to the ratio of the
nunber of noles of Y converted to the initial nunber
of ERgmBbEesd:ofyytheaegr pEyligandrat pd Hbrmhdanbebew
of noles of adiponitrile (AAN) forned to the nunber

of noles of dinitriles for
AdN, ethyl succinonitrile (

8d (sum of the noles of

met hyl gl utaronitrile Z -Pec: gas
chromatography m: m trer nmol: nole(s) -17

mol : nillinole(s). B pgefy), Example 1: Synthesis
of ligand A of fornmula be|OM/5 t{Bu For the
preparation of ligand A, starti tt?él.il al s

10

15

20

25

30

For the preparation of ligand A, starting materials
that are used are ortho-t-butylphenol and a phosphoro-
chloridite for which the preparation process is
described in an article by R.A. Sabirova,
L.V. Nesterov, A.E. Arbuzov, published in 2Zh. Obshch.
Khim. 1967, 37, 732-4, of formula below:

The procedure for preparing ligand A is as follows:

1.1 g of phosphorochloridite of formula above are
dissolved in 5 ml of anhydrous tetrahydrofuran and
10 ml of anhydrous toluene, under argon, in a 100 ml
round-bottomed flask. The solution is stirred at -10°C.
The dropping funnel is charged with a solution of
600 mg of ortho-t-butylphenol and of 0.85 ml of
triethylamine in 2 ml of anhydrous tetrahydrofuran, and
this solution is introduced dropwise into the reaction
medium maintained at -10°C: a white precipitate forms.
The suspension is vigorously stirred for 18 h at 25°C
and then filtered, under argon, on a bed of basic
alumina I. After rinsing with toluene, the filtrate is

concentrated under reduced pressure, to give 1.25 g of



that are used are ortho-t-butyl phenol and a phosphoro

10 chloridite for which the preparation process is
described in an article by R A Sabirova, L.V

Nesterov, A E. Arbuzov, published in Zh. Qbshch.

Khim 1967, 37, 732-4, of formyla below 15 The

procedure for preparing ligand"Ais as follows: 1.1 g

of priedphprodhrer ildi tEhef Leomnwifa abolvickr radsdugkensd oil.
i N e é’ﬁaﬁ( ygr%fﬂrﬁ@hy@r{@f L!ch?éh@fl:g/ ¥ 10l Yrogquct

anhydrous t ol uene, under argon, in a
OUPREBHIE DB FESRRNATIGE S| HiF oFPFEuL |EF1?%'\6€ at -10C.
The dropplng funnel is charged with a solution of 600

10

15

20

25

and 25 thls solution is |ntroduced dropMAse |nto the
reaction nediumnmaintained & -10C. a white

precipitate fornms. The
stirred for 18 h at 25¢ md thn filtered, under

argon, on a bed of basi al umpna | . After rinsing

with toluene, the filtrate i ® SDtDoncentrated under
reduced pressure, to give 1.25 g jof -18 crude product

in the formof a thick transl ugét tMe NMR anal ysi s
confirnms the identity of the pr obt ai ned
corresponding to the formul a abov€é. 5 Exanple 2:

Synthesis of a Iigand B of formula below This Iigand

'S ed a cord he sa I o

|Id§%d§ * %?% crgéoﬁccfng%g % ?hg sahe®brocedure
phosyhoﬁeghhdn(ﬂme aﬁﬁn@ 6©rgh0fcaeshd crelsd7 @i vi a§, the
undefod Neseo CONSHIALRS: ahd2h %0ty PEPIUCtho-cresol giving,

correspondlng o the formula above.
under these conditions, 1. 27 g of product corresponding

RNSi @R IS vigorously

to the formula above.

Example 3: Synthesis of a ligand € of formula below

Me

This ligand is prepared according to the same procedure
as ligand A, using metal-cresol: 1.67 g of the
phosphorochloridite and 0.65 g of meta-cresol giving,
under these conditions, 1.57 g of the product

corresponding to the formula above.

Example 4: Synthesis of a ligand D of formula below




15 Exanple 3: Synthesis of a ligand C of fornula bel ow
This ligand is prepared according to the sane
procedure 20 as ligand A, using netal-cresol: 1.67 ¢
of the phosphorochloridite and 0.65 g of neta-creso
gi ving, under these cond|t|OQ§ 1.57 g of the product
corresponding to the fornul a above. 25 Exanple 4:
Synthesis of a ligand D of fOrnula below-19 O i P
Ph tBu This ligand is obtaingd by reaction of ortho-
t - but yl phenyl mnth a “ﬁ orD@hIorldlte of formula 5
bel ow. O NCI Ph Thils phpsph rochlorldlte IS
pr epar ed accordlng to Fhefgf ng procedure: 10 15
m of PCl3 are added to 10, W g o N—phenylanthranlllc
acid, followed by 20 n of PR nhy i | uene, under

| a

argon, in a 100 m round-botto The thick
suspensi on thus obtained is stﬂzgg for 1 h at 25C and
then gradual |y brought to 60C and, finally, refluxed

15 for 3 h. The solution thus obtained is cooled to
anbi ent tenperature filtered under an inert

at nBEpRer & 198RS cohéentaRitddashdePyr edifdsd igmessafe. 9 tho-
redespht@dlpBenyl with a phosphorochloridite of formula

5 below:

This phosphorochloridite is prepared according to the

following procedure:

10 15 ml of PCl; are added to 10.7 g of N-phenylanthranilic
acid, followed by 20 ml of anhydrous toluene, under
argon, in a 100 ml round-bottomed flask. The thick
suspension thus obtained is stirred for 1 h at 25°C and
then gradually brought to 60°C and, finally, refluxed
15 for 3 h. The solution thus obtained 1s cooled to
ambient temperature, filtered under an inert atmosphere
and concentrated under reduced pressure. A red solid is
obtained, which is purified by trituration in pentane
and then filtration under an inert atmosphere. 12.5 g

20 of a red solid approximately 85% pure are recovered.

The procedure for preparing ligand D is as follows:

1.1 g of the phosphorochloridite of formula above are
dissolved in 5 ml of anhydrous tetrahydrofuran and 10
25 ml of anhydrous toluene, under argon, in a 100 ml
round-bottomed flask. The solution is stirred at -10°cC.

The dropping funnel is charged with a solution of 600



obtai ned, which is purified by trituration in pentane

and then filtration under an inert atnosphere. 12.5 ¢

20 of a red solid approxinately 85% pure are

recovered. The procedure for preparing ligand Dis as
follows: 1.1 g of the phospho5$chloridite of fornmula

above are dissolved in 5 anhydr ous

t etthhyd?bf ur@htaadt 1butpbohenet anandr ousft ol Geds, ml  of

Undﬁ!l@ﬂﬁﬂl"hmlr[é aid 0P mi 69UEHhEQH}QﬂE‘@eftlr§§1|§'dryﬁ%ran and

sol yt.i on | stirred at -10C. oppi n unnel 1s
chéﬂ&@ t%.%oﬁﬁtl@ﬁ rSAUSGE é%?pW£¥)f§nt° the reaction
ormmﬁIuManhphemnbdamd(ﬁOQDBStHb dfnitirdldahhyrafi ge@lution
in 0 n LQys t furan
5sollﬁotslrgosn |i§§| %%é(rio Eéedaq‘; dd Sg'llB% eldprlegagqel ohorms. The
me i WHRSTE IRai hed s&éirred '\tlm-aoncmahal fgrr éd bdolaft i H°6 and

| 05858 dedrfe 0! QHBerangd-goryel baw pr %EHp'cS!;at %aeq méaluﬂi‘
suspension is stirred vigorously f

filAdrd, UndeFiRg goniith a B%Hu%$eba3|5hﬁlunfh&trate is
Afk&muenﬁra&pdmhhdéﬁlu@@&cddupféééﬁﬁée ts give 1.3 g of
congen ce ressure,

1970 HY a% %ﬁg (%éfééﬁwo a tﬁﬁ% 55%?%@%%?n£ oil.
oi INMR NN 355 §omfr#m9rrs thise iidemtiitty offt hehe product
Pr QEB4G i n bt edk eatdespandidie thhe £ ey above.
Exanpl e 5: SyntheS|s of a ligand E of formula bel ow 15
This ligand is prepared according to the sane
pr coetrle s dvhmpdreb iy aliand ierddid B res dorml 167 e 1afw
sthe 20 phosphorochloridite and 0.65 g of ortho-cresol
glVlng, under these conditigns, 1.56 g of the product
corresponding to the formula above. Exanpl e 6:

Synthesis of a ligand E aula bel ow
|
P
"o
Ph
Me

This ligand is prepared according to the same procedure
as ligand b, using ortho-cresol: 1.67 g of the

20 phosphorochloridite and 0.65 g of ortho-cresol giving,
under these conditions, 1.56 g of the product
corresponding to the formula above.

Example 6: Synthesis of a ligand F of formula below

25

Me



25 -21 This ligand is prepared according to the sane
procedure as ligand D, using neta-cresol: 1.67 g of

the phosphorochloridite and 0.65 g of neta-creso

gi ve, under these conditions, 1.57 g of the product

5 corresponding to the fornul? above Exanple 7:

Hydr ocyanati on of 3-penteneni File to

adi Pkt t +igand AlN) prfeaAeéoaﬁposﬁepg tt?péh@l soye ocedure

eqta@peql\gla&ﬂai a sept umlni_;t Opxﬁéfal-éréé@l:ess'lV%'W of the

cha under. an 3 g th - the ,
dg% Q%pgp %orl yteq ?P% (ﬂe9ﬁ cresol give,

anhyrddeenus 3PN se 1500nﬂi&mms(0 51m?rt2| g 1 eff) odhe product

Nnggggggpﬁﬁéé%ﬁ6§Onyhéo %roug ; % %) of_zinc(!l)

chl oride xture 1s OC with stirring.
Acetone cyanohydrin is injected into the reaction

”ECEMMe 20 : MRS Ry aa®Y NI PYPedtededl OM 18 €38 o
0. 45 éﬁ ou Ter injection for 3 hours, tne

syradgu PJHH 1ie {%?%?ped. The m xture is cooled to
anbi ent tenperature, diluted wth acetone, and

anal ysed by C phy....25 der hes
loco%glﬁﬁoﬁg -ﬁ%& %9% SB%%ggarg 1%%?é 311 a septum
LI@%@ER?KSPNFLIm§ﬁ¢Q§5¥¥QMQ49€BQQQEd%)C@ﬁ%ﬁﬁ% an argon

atmosphere, with:

- the ligand (2.5 eq),

- 1.21 g (15 mmol; 30 eq) of anhydrous 3PN,
138 mg (0.5 mmol; 1 eq) of Ni(cod),, and
68 mg (0.5 mmol; 1 eq) of zinc(II) chloride.

15

The mixture is brought to 70°C with stirring. Acetone
cyanohydrin i1s injected into the reaction medium by
20 means of a syringe pump at a flow rate of 0.45 ml per
hour. After injection for 3 hours, the syringe pump is

stopped. The mixture is cooled to ambient temperature,

diluted with acetone, and analysed by gas
chromatography.
25
Under these conditions, the following results are
obtained:
Ligand DC (3PN) Linearity
A 36% 44%
B 12% 34%
Cc 24% T4%
D 32% 53%
E 10% 72%
F 8% 69%
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PCT/ FR2003/ 003475 - 22 CLAIMS 1. Process for

hydr ocyanati ng a hydrocar bon-based conpound

cont Hi2AP4et06EET one et hyl eni c unsat ur 2CT@FRA00B /003475
reaction in a liquid nedlum\Miilhydrogen cyanide in

the presence of a catalyst co ising a netallic

el ement chosen fron1tran91ﬂé§hfﬁgals and an

or ganophosphorus |igand, characterized in that the

or ganophosphorus |igand corresponds to general formula

10 {]) betoxes® i Bowvhi BRArdoyanXtiagd X2, NSRS ased

e dTAr R SPAF AT O NS, TPRCHER RS AT BCorPe arat on

Shydrogesaat bomoinaa lakkyh, medyum sultph@wdrogen cyanide in
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coval ent an oxygen atomor the rvalent radi

NR2S 1 FRERRi cHE@SRpr et s d-THRIFGEEh attsihdors anand  an

al kdigal%pﬁhos@%ﬂlﬂﬁnyjl.lgaﬁ&d Oélhlé)tlac@ér@@é@on)lh that the
radi cal, the rad pr esent

D ot USsnR 0TS AaPaha ar s B 1oe po9BeEal péprmula

at ohs) bédbdwnmy contain hetero atons, or a substituted
or unsubstituted aromatic or cycloaliphatic radica
that nmay contain hetero akyns or one or nore rings

Xa

L\ /P/XE_R1
X1

in which:

- X. and X,;, which may be identical or different,
represent an oxygen atom or the divalent radical
NR2, in which R2 represents a hydrogen atom or an
alkyl, aryl, sulphonyl, cycloalkyl or carbonyl
radical,

- X3 represents a covalent bond, an oxygen atom or
the divalent radical NR2, in which R2 represents a
hydrogen atom or an alkyl, aryl, sulphonyl,
cycloalkyl or carbonyl radical,

- the radical R; represents a 1linear or branched
alkyl radical having from 1 to 12 carbon atoms
that may contain hetero atoms, or a substituted or
unsubstituted aromatic or cycloaliphatic radical
that may contain hetero atoms or one or more rings
in fused or nonfused form,

- L represents a linear or branched divalent alkyl
radical having from 1 to 12 carbon atoms that may
contain hetero atoms, or a substituted or

unsubstituted aromatic or cycloaliphatic divalent
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in fused or nonfused form 30 - L represents a |linear

or branched divalent alkyl radical having from1 to

12 carbon atons that may contain hetero atons, or a
substituted or wunsubstituted aromatic or

cycl oal i phatic divalent -23 _padical that may contain
hetero atons and one or nore rings in fused or

nonf used 3¢t Rl 2EPPEoCIRYs GRR HE nfeE6rel &tmms, and one or
char act efitzedrimgs 5id halised @nthoRfwsed didferent and
represent equally an oxygen atom or a dival ent

radi cal NR2. 3. Process according to either of the

pr ecedi ngroctss nycahatiagy erticze@lanmt hat Xhamwprieseinted in
an gygen, MRaatomad Sieeessacaondinglo.ane ghubhey an
precedlng cl ai s, aracterized in repres

an AFOHeR | TEYP O’éy%l‘f*-bv%ljr%? eradierft A2 for which the
bonds are in the 15 ortho-position or an al kyI r adi cal

for whi c]g t he bonds a e borne b &Ee sanme r:nﬁgn

Protess BcCoTHt nga?%ojf) "9f the %F &di nB cl 5 briceding
charlaims i zetaractleatl zede lronphandK;ofrggeraraalt  oanuloxygen
20 {l)are chosen fromthe group conprising the

conpounds of formulae below. tBu 25 -24 tBu tBu 5 6.
Process according to one of the preceding clains,

chas act ept3®es s NatBatdthg wet Anel®irephei rehaseRgf IAMins,

characterized in that L represents an aromatic or
cyclic divalent radical for which the bonds are in the
ortho-position or an alkyl radical for which the bonds

are borne by the same carbon.

5. Process according to one of the preceding claims,
characterized in that the compounds of general formula
(I) are chosen from the group comprising the compounds

of formulae below:

N 7

O N O

@ tBu Me

O
P<
N~ O Me 0 Q
i] " |: ]
/P\
O 0 Me
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the group conprising nickel, cobalt, iron, ruthenium
rhodi um palladium osmum iridium platinum copper,
silver, gold, zinc, cadm umand nercury. 10 7. Process
according to one of the preceding clains,
characterized in that the req%tiqn is carried out in a
si ngl e- phase nedium_15 8. Pr éess accordi ng to one of
t he precedi ng ¢l aifs characterized in that

cat al yst corre$pong general formula ¥v)\ ]t

(V) in whj 2 ransition
represe e orNanop orus |
(1), anq nts ber bet jhe
i ncl usive ' 5 Ss~accor di ng

precedi ng clains: chararterized in that The reactijon
medi um conprises a sol\Weat for the catalyst that itBu
mscible with the -25 phase conprising the conpound

to be hydr
tenperat ur ¢

pr eceding _elai ns, Z haracterized in that the
of Yran ' I netal s are those of nickel and
&Y

yanated, at the hydrocyanation
10. Process according to one of the

oup conpri sing: conpounds in
dation state 10 zero, such as
'fkelate

6. Process according to one of the preceding claims,
characterized in that the metal element is chosen from
the group comprising nickel, cobalt, iron, ruthenium,
rhodium, palladium, osmium, iridium, platinum, copper,

silver, gold, zinc, cadmium and mercury.

7. Process according to one of the preceding claims,
characterized in that the reaction is carried out in a

single-phase medium.

8. Process according to one of the preceding claims,
characterized in that the catalyst corresponds to
general formula (V):

M[L¢le (V)
in which:
M is a transition metal,
L represents the organophosphorus ligand of formula
(I), and

t represents a number between 1 and 6 (limits
inclusive).
9. Process according to one of the preceding claims,

characterized in that the reaction medium comprises a

solvent for the catalyst that i1s miscible with the
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KA[Ni (CN) 4], bis(acrylonitrile)nickel zero,

bi s(cycl oocta-1,5-di ene)ni ckel and derivatives
cont ai ni ng |igands, such as

tetraki s(tri phenyl phosphi ne) ni ckel zero; 15 conpounds
of nickel such as carboxyl ategs _carbonate,

bi carbonate, borate, brom de, chlorlde citrate,
t hiRR3Bhaf BTPEV A AN Ee tieor FRIMROURS dE8X iRfe, hydrocyanated, at

hy diraphgsphi dyeanaphiosphi drepitasphat e and 20

derivatives, iodide, nitrate, sul phate, sulphite,
aryl - and al kyl sul phonates. 11. Process according to
ond&ﬁ ttheo qrset eale agrdlmg ns o o@hamﬁttemézpdebldthgtclaims,

t | L
ethy enICG%BE%#EOQHgS g@g{alghgg ﬁsgndgasgfon%ra851tlon

bond are chosen efIrns
as Wicddi ep&e i Sprene®f hekgkpls- Q}’F@n@re chosen from the

cyr@nid admpy-i@ne, ethylenically unsaturated
aliphatic nitriles, particularly linear

pentenenitriles such as 3-pentenenitrile or

4- pent eremdaurids 30 miniodd ehiinRe3ucls asnsStostelesion state
et hyl sty I n t hal cl ohexen .
nethylcyé{ exeﬁ%kﬁ%nd%@ﬂ1x 3?%%56 %Sevg?gfagyaPﬁg§5kelate
conpounds. [NiACNPr beess abésldrnglonionélefnipkel zero,

precedi NG £} dFyoc 3D Char@ddRNizeddin thatyt hed@g@v}%lves
of conpound of .nickel or of, another transition_netal

used i s CHESEMA®h that tHEAESSs, per nol 8968 as
or gani ¢ tcomeduind( tral dieenyiydreepyaimas)ed cxe 1l S@vRY;i zed,
sbetween 10-4 and 1 nmol of -26 nickel or of the other
“transition netal used, and in _ that the amount of
conpound%ﬂmﬁoqnﬁﬁnnzPﬂl) ngickiedr nuisaich( | | psusedairboxylates,
chosen sughhdhate t hei s f MBSt Of promide, chloride,
citrate, thiocyanate, cyanide, formate, hydroxide,
hydrophosphite, phosphite, phosphate and
derivatives, iodide, nitrate, sulphate, sulphite,

aryl- and alkylsulphonates.

11. Process according to one of the preceding claims,
characterized in that the organic compounds containing
at least one ethylenic double bond are chosen from

diolefins such as butadiene, isoprene, hexa-1,5-diene,
cycloocta-1,5-diene, ethylenically unsaturated
aliphatic nitriles, particularly linear pentenenitriles
such as 3-pentenenitrile or 4-pentenenitrile,
monoolefins such as styrene, methylstyrene,
vinylnaphthalene, cyclohexene, methylcyclohexene, and

mixtures of several of these compounds.

12. Process according to one of the preceding claims,
characterized in that the amount of compound of nickel
or of another transition metal used i1s chosen such that
there is, per mole of organic compound to @ be

hydrocyanated or isomerized, between 10™* and 1 mol of



this conmpound, relative to 1 nol of transition netal
5is from0.5 to 500. 13. Process according to one of
the preceding clainms, characterized in that the

hydr ocyanation reaction is carried out at a
tenperature of 10C to 200C. 1G¢14. Process according
to one of the preceding clains, for hydrocyanating

et hjtekpPéalqty %ﬁs&ﬂﬁ%ﬁ%kﬁﬁlFFPPéltééﬁpéﬁﬁﬁé-t%sed and in
di nthat! ede RmdiRACtd ONcohpdubiysr egeiorayani de) or formula

char er|z int at the procedure. .is carried 15 out
éﬁg presgﬂce of’ Ssggtﬁ g?%?eﬁ#@oﬁﬁ?@??ﬁg gtmOleS of
IeashlanQQNpmundl(ﬂel&ﬂzweCOdeunﬁﬂ.abflaa&hsdmeon metal,

sconmpourd af of ar pyl ggpl) and a cocatal yst consisting of
at | east one Lewms acid. 20 15. Process according to

Claim 14, characterized in that the ethylenically
unsaBuraPedcaskrbh&o@@ﬁngunﬂﬁ oﬁéeoﬁh@ﬁ@nﬂ?éﬁgdlng claims,

ConthRbpaEerY oA S AP o i reaction is

3 peatenedi buk' he, adtpepeeaenrer ofelOandeai x00res 25
1t hereof. 16. Process according to Caim 15,

characterized in that the linear pentenenitriles
contéi n BABERAES eFcosPhag donponmdst chbsemriecedirige claims,

gr oa@rconpawwgné%@lagmé@ﬂﬁé%np@éfnymﬁr{éatﬁlrated nitrile
2-nmeth but enenitri| e, gbtenenltrj

val %?%%?PP?Fe €Qdi %bﬂﬁm%s' Yret YR O tR%r of | |fydrogen
2- echyhsde0|nharactEE1eed buat athiaenehe3prbteddrecess carried

152CCoY E“ 0y tt(]?i ngeadétgsé'd'cgga}?st %E}grtg%t %r 'nﬁﬁ:ggl%g at

that the Lew s aC| use cocat af yst chose
thel%ﬁ’faou%g of ranehehen dﬂe@abupgommound at least one

compound of formula (I) and a cocatalyst consisting of

at least one Lewis acid.

20 15. Process according to Claim 14, characterized in
that the ethylenically unsaturated nitrile compounds
are chosen from ethylenically unsaturated aliphatic
nitriles comprising linear pentene nitriles such as
3-pentenenitrile, 4-pentenenitrile, and mixtures

25 thereof.

16. Process according to Claim 15, characterized in
that the 1linear pentenenitriles contain amounts of

other compounds chosen from the group comprising

30 2-methyl-3-butenenitrile, 2-methyl-2-butenenitrile,
2-pentenenitrile, valeronitrile, adiponitrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile or
butadiene.

35 17. Process according to one of Claims 14 to 16,

characterized in that the Lewis acid used as cocatalyst
is chosen from the compounds of elements of groups Ib,
ITh, IIIa, IIIb, IVa, IVb, Va, Vb, VIb, VIIb and VIII



l[1b, I'lla, Illb, IVa, IVb, Va, Vb, VIb, VIIb and VIII

-27 of the Periodic Table of Elenents. 18. Process
according to one of Clainms 14 to 17, <characterized in
that the Lewis acid is chosen from5 salts chosen from
the group of halides, sul phatgs, @ sul phonates,

hal oal kyl sul phonat es, perhal oal kyl - sul phonat es,

hal &l K§¢ aRe¥f 82e5C %@?ﬂ%l%ﬁlﬂ%?%%@t%tes, car boxyl at es

and phosphates. 10 19. Process according to one of

d aj 4 to 18, characterized in that the Lewis acid
isaic%rgse FETORT ATCTY i i, 2PFc Bfonfeeimgint? to 17,
| odtlher aceeganed e irchtbat deshamngateseadidniide, chosen from

SCAdA U claidle G Ul PRROLEC 0P AR EN! UifRates,
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st annous br om stannous 1 annous
t arf¢-EpRONpRF um t r iHa e Bietkhylvhand gdwonat e, devtialwalkyl-

tridluononetdy] asgtabekyiheershLOri des 10 des R tes,
rare earth el enents such as | anthanum cerium
préﬁg%ﬁﬁﬁ%ﬁﬁe%e RUPTPRATRT i um  eur opi um

gadol i nium terbium dysprosium hafnium 20 erbium

th iu bi ﬁqg- tetiu and_co t
chlaioéri den@,)rc%%%g%us c orlr{ogg Z:r?d ;OTbteri B c‘?f‘li‘)ﬁlsde Yha o 18
m xRReacEeleleed | landtbaariditet Bevis corsbudds.cidfsen from

Progess agCiddidig t@iore Blofhigbl® 1At 0 dfhigeLld manganese
char cterézed in that the Lews acid used represents _
fr&%ﬁf%ﬁ.?o BANABREFEr SRAME S 1FaHsHYT ofn kY Afle, cadmium

corpoemite 21stBhacass cdearidieng 4 thaieudf bebaids, 1 stt@nnous
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but'eneni 1171 e, "present | er
m x@wiehorrtgi nat ingitmom théfhydrovgahnli onaoktate, the

butadi &fded Oor bromides of rare earth elements such as
lanthanum, cerium, praseodymium, neodymium, samarium,
europium, gadolinium, terbium, dysprosium, hafnium,
erbium, thallium, ytterbium and lutetium, and cobalt
chloride, ferrous chloride and yttrium chloride and

mixtures thereof, and organometallic compounds.

20. Process according to one of Claims 14 to 19,
characterized in that the Lewis acid used represents
from 0.01 to 50 mol per mole of transition metal

compound.

21. Process according to one of Claims 1 to 20,
characterized in that the isomerization of 2-methyl-
3-butenenitrile, present in the reaction mixture
originating from the hydrocyanation of butadiene, to
pentenenitriles 1s carried out, 1in the absence of
hydrogen c¢yanide, by working in the presence of a
catalyst comprising at least one compound of formula

(I) and at least one transition metal compound.

22. Process according to Claim 21, characterized in



pentenenitriles is carried out, in the absence of

hydr ogen cyani de, by working in the presence of a 35

catal yst conprising at | east one conmpound of formula

(1) and at |east one transition netal conpound. 22.

Process according to Oaim2l,ocharacterized in -28

that the 2-nmethyl-3-butenenitrile subjected to the

i soThet zathon ?SmEEEﬂlaﬁoh@t©$e%st§lh$xtaﬂbjaﬁthd to the

2- nieddd r iZzPpitenenid riddag 4-PRMeneyd tihd eq 3 B?ﬁ&h.%e with
nlkél|e %hQ% tenenitrile, butadiene, adiponitr

HRAG Lt "r‘ipr?frle Ehleyt hyi QRGERERALLe or 3-Pentene-
valreromile,i | e2- EantEnenésslaecormmnhdxbﬁétheédgbonltrlle,

d a1 r cterized jn_that th
5 & 1h, Lzr%| L0 reac lae % ethé/ s&cftcn_élpnd.trlle or

i SOmMeri z
t erfferelUFEF1E0C to 200C. 24. Process according to
one of Clainms 21 to 23 characterized in that the
|squr|zat|on of the nmet hyl - 3-butenenitrile to

perft

at dreastctonel 2¢dngint | chaget ghe coymEmNct ANhbof @action is

|on IS 10 carri

eneft359%s ?QCEE‘FW%d tP5 Githeh eheCpré¥Encd ofnd 22,

10! east,,ane; QU gangphosphiorus, ampound 4 of formya. (1).
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24. Process according to one of Claims 21 to 23,
characterized in that the isomerization of the
2-methyl-3-butenenitrile to pentenenitriles is carried
out in the presence of at least one transition metal
compound and of at least one organophosphorus compound
of formula (I).



