PROCESS FOR PREPARI NG NI TRI LE COVPOUNDS FROM ETHYLENI CALLY UNSATURATED
COVPOUNDS The present invention relates to a process for 5 hydrocyanating
an ethylenically unsaturated organic conmpounds to compounds containing at

| east one nitrile function. It relates nore particularly to the
hydrocyanation of 10 diolefins such as butadi ene or of substituted ol efins

such as al kenenitriles, for instance pentenenitriles. French Patent No. 1
599 761 descri bes BRAFEEESEORGPRERARING] NATRILE] COMPRUNDS]FROM, of
hydrocyani c acid w th IEriBfoa oo PavedcoRanes Cedpdasg one et hyl eni c
doubl e bond, in the presence of a ni ckel catalyst and of a triaryl
phosphite. This reaction can be carried out in the presence or absence of a
sol vent. 20 ‘When gprsadarent isvesedonn thkilmtyocess ok thergréos @bk, it is
pr ef er abl ahg¥%rocarb n, such as Henzene, or Xyl enes, or ? nitrghe such as
acet oni tr7 | e YPRECERPRYES udl | BT B compraxibr ATt ck8FIan3E

cont ai ni ng | icgapdsinslgc it casc phpsphdsespnaasnneyg, atstlidagtesonphosphiifes,
arsenites orf%ﬁgkqggytes. The presence of a pronoter for activating the
catal ysts, such as a boron conmpond or nmetal salt, 30 generally a Lew s
acid, is also recoomended in said patent. Patent FR-A-2 338 253 has
proposed car i ng104ted hRorBY Y0a4aNAHAR, Of o CORROURAS hHayd ik Abn | &St one
35 ethylenic unsaturation in the presence of an aqueous solution_of a
conmpound! &f élpﬁgﬁéﬂﬁ(ﬁP%%téﬁ,hq¥aq%ﬁW%c%¥anm§HQ§§1%%ﬂ¢%dPgﬁﬁstiron
and of a sulspkenakedlpkogpiitigles,2 for instance pentenenitriles.

French Patent No. 1 599 761 describes a process for
preparing nitriles by addition of hydrocyanic acid with
15 organic compounds having at least one ethylenic double
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.

20 When a solvent 1is 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,
25 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,
30 generally a Lewis acid, 1is also recommended in said

patent.

Patent FR-A-2 338 253 has proposed carrying out the
hydrocyanation of compounds having at least one
35 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

sulphonated phosphine.



The sul phonat ed phosphi nes described in that patent are sul phonated
triaryl phosphines, and nore particularly sul phonated tri phenyl phosphi ne
This process allows correct hydrocyanation, in particular of butadiene
of pentenenitriles, and easy separation of the catalytic solution, by
sinple settling out, and consequent!|ly &oids as nuch as possible the
di scharge of effluents or of waste 10 containing the netals used as

cat al yst. Re3Bar eHlphonakede pliosphdaesc sascad im tGraferpaeenti agenew

catal ytic syshephowhteh 9t¥$a99@§h65?h@ﬁé§0f”EH&G hhréerpireicgahalytic
activity and OEE 15 st abi e ains of the present invention

to propose RPFQH?ﬁytEFP%?ﬁgﬁ Qoﬁﬁgéﬁesmﬁth the transition nmetals,

it possible to obtain catalytic systens 20 exhlbltlng |nproved activity

d the k To th ff t
g?ggg;gs Y EPbégssgggeeﬁﬁdroéggﬂgﬁfngcéfﬁgﬂ?gga?% ﬁoﬁgg %8ﬂp3ﬁﬁ§nlgg

cont ai ni ng apakEasulame ef hyhwermadi ems ataurdat bdin pynteaenubnlﬂasa | agai d

medi um i th Bydroasp,euanide e e BLeseyes ofoaycalglyst,comprielng a

metallic elene romtransition als and an org or us

| i gand, charﬁ@téﬂﬂ@@d pﬁtbha@n@heQymﬁﬂﬁéﬁﬁﬁhbsﬁﬁﬂ%ﬁﬁI|§ﬁumm@@hre%%onds
general formghasibhd behew Qsdidgd\ FeX3cReX(eAtz or of waste

10 containing the metals used as catalyst.

Research has, however, been carried out in order to

find new catalytic systems which give greater

performance in terms of catalytic activity and of
15 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
20 exhibiting improved activity compared with the known

systems.

To this effect, the present invention proposes a
process for hydrocyanating a hydrocarbon-based compound

25 containing at least one ethylenic unsaturation by
reaction in a liquid 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

30 organophosphorus ligand corresponds to general formula
(I) below:

s. 5
and

is
make

to



in which: X1 and X2, which may be identical or different, represent an
oxygen atomor the divalent radical NR2, in which R2 represents a hydrogen
atomor an 5 al kyl, aryl, sul phonyl, cycloal kyl or carbonyl radical, X3
represents a coval ent bond, an oxygen atomor the divalent radical NR2, in
which R2 represents a hydrogen atom or 3an al kyl, aryl, sul phonyl, 10
cycl oal kyl or carbonyl radical, the radical Rl represents a linear or
branched al kgl whadhecal having from1l to 12 carbon atons that may contain

hetero atonms, or R substifutegdnorh URSHDELI tid&e ArLMBLLC @ifﬁ&f&ﬁ@"phatlc
radi cal 15 that nay contain hetero atons or one or nore rings in fused or

nonfused form L F@BF@§§HPS%?IP%%%?noﬁtBWhﬁéheHhﬁl@%W%ﬁeﬁﬂkﬁ?dl?%ﬁlcm
having from1 to ﬂrﬁzcaﬁhomvrﬂtmz hﬁépﬂ@yen@@nhawd&egeho aaitcﬁrHTBor O#na
substituted or g? Ebstitu ed arg tlc or ¢ gggratlc d|v | ent, radical
t hat nay'%ontaln ActEéto afb¥s ang ORECBY L mofEC n Phsed® Oﬂ%%fused

form In a preferredieabodi nent, X1 and X2 are dlfferent and 25 represent

equal I'y an oxygeny atggkggsgng%v%ieg%ﬂgfgﬁgakonQRZ IFL ggl tdnesponds of

the di val ent radi Cal he ortho-position’in an aromatic
radi cal 30 or carhtedibplens sadecedr B&2 . oﬁnnmhkﬁhtﬁﬁmi¢pr¢$@nts a

al pha-position “‘BQdES%bﬁCt dedrPneAnogher shpytihe casg | of sanpReyglic or
cyclic al kyl radical reover, in a preferred enmbodi‘'ment of the 1nvention

X3 35 ﬁ@bresentsc5g}@§ﬁkyl or carbonyl radical,
- the radical R; represents a linear 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

15 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

20 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
25 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
30 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 Xj;

35 represents oxygen.

In addition, L advantageously represents:
* a derivative of salicylamide, optionally

functionalized on the aromatic ring, and/or by



In addition, L advantageously represents: * a derivative of salicylamde,
optionally functionalized on the aromatic ring, and/or by - 4 formation of
the aliphatic or aromatic secondary am de, for instance salicylanilide or
naphtol AS. * a derivative of anthranilic acid, substituted on the aromatic
ring, and/or by formation of the aliphatdc or 5 aromatic secondary am ne,
for instance N phenylanthranilic acid or NNnethyl anthranilic acid, * an

al pha ami no &ciruatmoneopr ¢her &dlipha tiat wralarmiatol c apecon@aryasiny@ei n whi ch

the ”'tr099“fBEOth%anHBHQQQQék&BHEQQdEﬂEQ a8 ﬁkb@hﬁb'c aromatic, aryl 10
sul phonyl or carbonyl grou ese conpounds g be obtained by reacting, in

the presencd 8f 9&TH; 1V§ ﬁ@rﬁpb¥l$oﬁﬁﬁﬁa EUPE SRR A% RAKX3H with
an appropri ata@ohat@@hga@l@qr Lemd/r&r ebpafbmglt %hYOfC e aphosider ¢lser

derivative of forpula (I % 8 g \ X~, 20 The N~

halophosﬁﬁorﬁ§ Bafrivati vESCER Bﬁyobta?ﬁéﬂeby QEti ngtPEE3"GFt h acompound
of fornmul a (p¥enpehowhrénXilic bc28 XIHN-Sechyidt anchuaed ldakc farimyl a (1V) that
are preferreg gﬁnalpha amino acid, more preferably a natural amino
acid derivative in which the nitrogen atom is
monosubstituted with an aliphatic, aromatic, aryl

10 sulphonyl or carbonyl group.

These compounds can be obtained by reacting, in the

presence of a base, a compound A of formula (II) below:

15
R1X3H
with an appropriate halophosphorus, more particularly
chlorophosphorus, derivative of formula (III) below:
0
X,
L \ Cl
/P
X
20 !
The halophosphorus derivative can be obtained by
reacting PCl; with a compound of formula (IV) below:
0O
X,H
L
XH
25

Such structures of formula (IV) that are preferred can

correspond to the compounds below:



correspond to the conmpounds bel ow. 5
NH2 cC Naphtol AS o ~~ o0

~ OH eNHO

I

salicylam de salicylanilide O
~ ffanthranilic acid

N—phenyl anthranilic acid 0 OH NH2 The conpounds of forrmula (I) can be

obt ai ned by neans of other processes,

coval ent bond. 5 By way of exanples of- conpounds of general

mention may be nade of the conpounds |
fornul ae, the synmbealioyamidghi fies the
signifies the tert- 10c5)utyl radi cal ):
|l M O eNe O/ N [/ I%

Naphtol AS

O -

N
N
H

OH

anthranilic acid

O
OH

NH,

The compounds of formula
of other processes,

covalent bond.

in particular when X3 represents a

formula I,
i sted bel ow_(|. he.foll ow ng
met hyl radlségﬁ!aézﬂget he synbol tBu
\ OO0\

6 OO0 / N-PNLO\ | It
0

Iz

OH

i O

NH

N-phenylanthranilic acid

(I)

can be obtained by means

in particular when X; represents a

By way of examples of compounds of general formula I,

mention may be made of the compounds listed below

5
the following formulae,
methyl radical,
10 butyl radical):

(in

the symbol Me signifies the

and the symbol tBu signifies the tert-



oof | Me
preferred characteristic of the

\ 5e, ~cFH\QP NcQI~ Me tBu

t he group

conpri sing nickel

cobal t,

i nventi on,
i ron,

Ocrl OP.O\ 10 tBu

t he net al
rut heni um

pal | adi um osm um

iridium platinum copper, silver,

and nercury. Among these netals, nickel6is the preferr
According to the invention, the catalyst advantageepsly
general formula (V): MUF] t (V) tr
represents the orga

nunber between 1
contai ning the cd

According to a

el ement is chosen from

rhodi um 15

gold, zinc, cadm um

ed netal. 7
corresponds to

ansition metal, Lf

epresents a

i ¢ conpl exes

ngi ng a

solution of a co h a solution
of a compound of fornula an be di ssol ved
ina solvent. In the ) Bxi dation 20
state that it wll ha
O
? /J::::L\
P
N~ O Me O
@ ]
P
o~ ~o Me
5
O i > 0] i >
| \
Me tBu
O
?
o/P\o
10 tBu
According to a preferred characteristic of the
invention, the metal element is chosen from the group
comprising nickel, cobalt, iron, ruthenium, rhodium,
15 palladium, osmium, iridium, platinum, copper, silver,
gold, zinc, cadmium and mercury. Among these metals,

nickel is the preferred metal.



or in a higher oxidation state. By way of exanple, it may be indicated that,
in the organonetallic conplexes of the invention, rhodiumis 25 in
oxidation state (l), rutheniumin oxidation state (11), platinumin
oxidation state (0) , palladiumin oxidation state (0) osm umin oxidation

state (Il), iridiumin oxidation state7Il-), and nickel in oxidation state
(0). 30 If, during the preparation of the organonetallic conplex, the netal
is used in a higher oxidation state, it may be reduced in situ. 35 The

organonet al | h6-6PARhEXES THITirdidHE fiRE QAP WIS v é&W&Hééﬁéb&sP |n be
used as catalysts in alefln hy drgcganathon [ actlons or the hydrocyanation

of unsaturaF@HrﬁﬁﬁﬁB Ad§CcEBRPEF AL NGOG 2 a nitrile function. - 8
As transition netal, use is prefiérahl y nade of Vhe conpounds of transition
net al s, re. Bawgchlarly the conpounds of nickel, of palladium of iron or
of 5 copper: the abovenenti oned conpounds, the nost preferred
conpounds ar¥ thosetohnmitkeh m&édaBy way of non- limting exanples, nmention

may be nmade eWh on ¢St such
as potaSS|un1fetr% anonlckgﬁate6£€ ?%§5%§ Qé_ (%rglon?%?lyz§nlcke
zero, bis(cyéFdo IESrGPéﬁé?ﬂtékéIHjSﬁi ¢¥ﬁpnhﬂ(@@@g2§ ahdmiesi vati ves
containing ligandsivaych as tetrakis(triphenyl phosphine)nickel zero;

10
The organometallic complexes containing the compounds
of formula (I) can be prepared by bringing a solution
of a compound of the metal selected into contact with a
solution of a compound of formula (I).

15

The compound of the metal can be dissolved in a

solvent.

In the compound used, the metal may be in the oxidation
20 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
organometallic complexes of the invention, rhodium is
25 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
state (0).
30
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
unsaturated compounds containing, for example, a

nitrile function.



20 - conpounds of nickel such as carboxylates (in particular acetate),
carbonate, bicarbonate, borate, brom de, chloride, citrate, thiocyanate,
cyani de, fornmate, hydroxi de, hydrophosphite, phosphite, phosphate and
derivatives, iodide, 25 nitrate, sul phate, sulphite, aryl- and

al kyl sul phonat es. Wen the nickel conpod¥hd used corresponds to a nickel

oxi dation state greater than zero, a nickel-reducing 30 agent that reacts
preferentially with the nickel under the reaction conditions is added to the

r eaclt ion Weﬂisur&r%ﬂéﬁtI@duﬁﬁé’tgala,geghtseWBYSb%)l?éig@fﬁb 'ﬁl}gr mdddé)r Mﬂi €heAS
non-limting exa S, ntion r e e of _boro ri.des suc BH4ANa or
BH4K, Zn pomﬁ8W?gB§§snégﬁegFﬁﬂ?ggxﬁ9dWE%P FLV%@ﬂr?hé%ﬁﬁfﬁ%ﬁjﬁgﬁ%ogﬁ% used
corresponds tomphender oofoxndakedn sbét epalladium|,, of | srahsoopossible to
add a rq?ucgggagggnt of the abovenentioned type, but such - 9 - addition is

not mandatory. en an iron conpound is used, the sane reducing agents are
suitable. 5 In the case of palladiumthe reducing agents may, in addition,

be el ements @f o hheheagHRR @B i Whed U, SAUNENosP! gEbRerrdd The
or gani ¢ conpoundS contai ning at | east oné ethylenic double bond that are

nore particuFarppundedarg thesepprésBatkflocess are diol efins such as
but adi ene, isoprene, hexa-I,5-diene, cycloocta-1,5-diene, ethylenically
unsaturated aliphatic_nitriles,, 15 particularly linear penteq;nitriles such
as 3-pe GneBy way of non—llmltlné)examp es,” mention may be made

of:

- compounds in which nickel is in oxidation state
zZero, such as potassium tetracyanonickelate

15 K, [N1 (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;

20 - 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,

25 nitrate, sulphate, sulphite, aryl- and
alkylsulphonates.

When the nickel compound used corresponds to a nickel
oxidation state greater than =zero, a nickel-reducing
30 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 BH;Na or BH4K, Zn powder,

35 magnesium or hydrogen.

When the nickel compound used corresponds to the zero
oxidation state of nickel, it is also possible to add a

reducing agent of the abovementioned type, but such



nitrile or 4-pentenenitrile, nonoolefins such as styrene, nethyl styrene,

vi nyl napht hal ene, cycl ohexene, nethyl cycl ohexene, and m xtures of several

of these conpounds. 20 The pentenenitriles in particular nmay contain
anounts, generally mnor anounts, of other conpounds, such as
2-met hyl - 3-butenenitrile, 2-nethyl-2-but®nenitrile, 2-pentenenitrile,
val eronitrile, adiponitrile, 25 2-nmethylglutaronitrile,
2- et hyl succi REALEEPRe 16r NofuMaddéseryori gi nati ng, for exanple, fromthe

pri or

hydrocyanati on reaction of the butadi ene to unsaturated

nitril es.

30

The reason for this i,s that the hydroc aqgti n of butadiene is acconpani ed

by the format'P6R, 38 FFGTWIFPY Ifihedt®

i nsigni fi canbreagnintdlef. 2- net hyl - 3-butenenitrile and 2-nethyl -
2-buteneq§tri|e. 35 The catal yst system used for the hydrocyanation

according to the process of the invention may be
introduced iAo thee ceaet icdn pabhaditwr téeanpdidingaddgrgtshenappr opri at e
amount of - é8d1§§B§Ctedb%ranghgk8ﬁtQEtaEfCO”PHQ”d §QQct9§£'°”@éb%um°f
reduci ng agent fo t 0 e

solvent. It i(phappbipgssisblleens prdgdria) -t he catal yst system"in situ" by

¢ conpoun ornmula (1), "al one or

I SSOIl Vv

e eHRET | FRSUCHRInggents

prepared before it is

In a

sinply adding the 5 conpound of fornmula (I) and the transition netal

conpound to the hydrocyanation reaction nmedi um before
conpoundt® o BEEhPIREEY&n SOSP OIS

double bond that are more particularly used in

or after_adding the
1M FHpotRRE of ORE cRENY 6RGF anot her

the

present process are diolefins such as butadiene,

isoprene, hexa-1,5-diene, cycloocta-1,5-diene,

ethylenically unsaturated aliphatic nitriles,

15 particularly linear pentenenitriles such as 3-pentene-

nitrile or 4-pentenenitrile, monoolefins such

as

styrene, methylstyrene, vinylnaphthalene, cyclohexene,

methylcyclohexene, and mixtures of several of these

compounds .
20
The pentenenitriles in particular may contain amounts,
generally minor amounts, of other compounds, such as
2-methyl-3-butenenitrile, 2-methyl-2-butenenitrile,
2-pentenenitrile, valeronitrile, adiponitrile,
25 2-methylglutaronitrile, 2-ethylsuccinonitrile or

butadiene, originating, for example, from the prior

hydrocyanation reaction of the butadiene to unsaturated

nitriles.

30 The reason for this 1is that the hydrocyanation of

butadiene is accompanied by the formation, along with

the 1linear pentenenitriles, of not insignificant

amounts of 2-methyl-3-butenenitrile and 2-methyl-

2-butenenitrile.
35

The catalyst system used for the hydrocyanation

according to the process of the invention may be

prepared before it 1is introduced into the reaction

zone, for example by adding the appropriate amount of



10 transition netal used is chosen so as to give a concentration, in noles

of transition netal per nole of organic conpounds to be hydrocyanated or

i sonerized, of between 10-4 and 1, preferably of between 0.005 and 0.5 nol
of nickel or of the other transition netal 15 used. The anount of conpound

of fornmula (1) used to formthe cataly3® rs chosen such that the nunber of

mol es of this_conmpound, relative to 1 nol of transition nmetal, 20 is from
0.5 to 500, &Rdegiteferapinsitinn 2nebalogompprRgugina hecreberabhyi sOfeneral |y

carried out welleyhg $Qet®Ntso ithd Yoo ddy ast agsews1 4 0 (add anchaept organic

solvent. The solvent may be a folvent for tgg_catal st. 25 which is mscible

with the phaéésé’c?ﬁf{ﬁfisi%{b 3 h&° 1 ¥ohbountd £6 e Sy dt t ed® BFePRES

hydr ocyanat i ahe teapelastr esyByemay iof exanpl esy ofsisuslhy seldédnrics, thaent i on

may be e of _aro ticf a%&pha%@c O(I)cxg&falé Qat{gag¥gégcarbon al30 The
arte

hydrocyanatigﬁmpgg i o5 s géﬁ%%élly carried out at 8rat UFe®f 10C to

200C, and pr ebepabing ofo 308e tlyd2OGandtimy beacaipnednesiifum nbafore
si ngl e- phase gr i - j T i nvention may
o' alfl e Jl9WQ %21% %ﬁg‘ﬁ%é%o %% ﬁmé%gaﬁaéélf

be carried out continuous wse. T n cyanide used may be
prepared fromnetal - 11 cyanides, in particular sodiumcyanide, or from

cyanohydri ns rhguch s ACet one CYapommdri B Onik¥%eAny o0t hef kaawpnsynt hesis
process. 5 The hydrogen cyanide I's introduced into the reactor in
10 transition metal wused 1is chosen so as to give a
concentration, in moles of transition metal per mole of
organic compounds to be hydrocyanated or isomerized, of
between 10™* and 1, preferably of between 0.005 and
0.5 mol of nickel or of the other transition metal

15 used.

The amount of compound of formula (I) used to form the

catalyst 1s chosen such that the number of moles of

this compound, relative to 1 mol of transition metal,
20 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
25 which 1is 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.

30
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.

35

The process of the invention may be carried out

continuously or batchwise.

The hydrogen cyanide used may be prepared from metal



gaseous formor in liquid form It may al so be dissolved beforehand in an
organic solvent. In the context of a batchw se inplenentation, it is 10
possible in practice to charge a reactor, purged beforehand by neans of an
inert gas (such as nitrogen or argon), either with a solution containing
all or a part of the various constituehls; such as the conpound to be
hydr ocyanat ed, the conpounds of fornula (1), the 15 transition netal
conpound, thEYBPLR6Hal reducPAGEAGRART arfPLIVenEYaBidfit h Fai dErom
constituent scyapahgtielis, Goneh aklsy, aédeoni€aetahohydrtiern tekemyt oahpe
selected te rature en_cyanide is then itself introduced,

. _The @¥Qro Y.
preferably cBrt'thudUSy SHE-FeFdraPy =26 ‘When the reaction (whose
devel opnent can be nonitored by assaying sanples) is at an end, the

reaction gm x e ' MY frer. j a h I roducts
are isol a%nedfﬂ%y h(ﬁdgfto}gﬁtrg?{ on %? lega%rgﬁgl?agge%\n qgﬁ%aﬁtck{eererea%é%?o?hggpr ocess
for hydrocyafaseays etfRyMenicdal 13 udsiduicht P@onpotihdsmatcord8fg PB t he

present inveptkapikebabesor-Bhaant ieubar okgahhe sBydkeeyanation of said
ethylenically unsaturated 30 nitrile conpounds by reaction w th hydrogen

cyanide and consists in using a catalyst systemin accordance with the

present invenhi othav Idhnk e@cabal st baeabiwsEeNdi bl ednt £85ébnpna d ewss aci d.
35 The et ernicahH unsaturatgg conqpund that may be used int
R

hi
enhanceneht &P enéfal HGe That™Svere 25t i Bnetdt3or°t he 83§988pr0cess.
However, it bsfpeebandardy cudansyoddvewant agadusgas dpplon ids t nithegeracti on

consisting OErhyaq:rg%%a;naéi%ePf w.ed:ﬂylaené.&ﬂ.llé:%n containing all or a
part of the various constituents, such as the compound
to be hydrocyanated, the compounds of formula (I), the

15 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 cyanide 1is then itself

introduced, preferably continuously and regularly.

20
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 isolated, by distillation for example.

25

An enhancement of the process for hydrocyanating
ethylenically unsaturated compounds according to the
present invention relates 1in particular to the
hydrocyanation of said ethylenically unsaturated
30 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 Lewis acid.

35 The ethylenically unsaturated compounds that may be
used in this enhancement are in general those that were
mentioned for the basic process. However, it is more
particularly advantageous to apply it to the reaction

consisting of hydrocyanation of ethylenically



- 12 unsaturated aliphatic nitriles to dinitriles, in particular apply it
to the linear pentenenitriles such as 3-pentenenitrile or 4-pentenenitrile,
and m xtures thereof. 5 These pentenenitriles nay contain anounts,
generally mnor amounts, of other conpounds, such as 2-nethyl -
3-butenenitrile, 2-nmethyl-2-butenenitril®e, -2-pentene- nitrile,

val eronitrile, adiponitrile, 2-methylglutaro 10 nitrile,

2- et hyl succi Hpaatrirpeedr butirhenee odtgidgsi ngtdr oMirhd yrdiesy, in

hydrocyanati garteaatihen @1yt hee bubadhena japdrordipd e + Spa®r bgahi on of
2- met hyl - 3- butenenltrlle to pentenenitriles. 15 The Lewis acid used as

cocat al yst n@Res |Re?ﬁﬁEﬁTﬂEF}ha OFr t4 RERFENERI R Rl as @t ThELUTES

hydr ocyanat i @he@tofet hyl enical | y unsaturated aliphatic nitriles, to inprove
the linegrity of the dinitriles obtained, i.e. the percentage of | i near
dinitriles relative to the 20 total dinitriles fornmed, and/or to increase

t he activityhaad spenierehiteibést heacatcaingstin | ambhetpr,eseatetakly t he

term "Levis ey Ianbaiendeds (oneancAgEardlng Lo-he dshahopalini Lion,

conpounds at accept ‘el ectron pairs I cul ar made of
the Lew s achbUtﬁEﬁﬂﬂéﬁé&ehn t%@%ﬂéﬁmh@(ﬁw%mlﬂ ah2-pentedet- Crafts

and rel ated B@%EE&8”5"va16¥éﬂﬁtf11&39%81%%%1E911%0 19médRGBY1udheolew s
acids that may be used as cocatal ysts in the.  present process are chosen

from comgbunBatatiehe eI%n@HP¥16PCSFBGBéthleIIb PFla, IPrB2adi®me. |vb, Va,
35 Vb, Vib, MrligiaadiMyl |f:dmt bRePeirtiadh Chyabbey@hation reaction of

the butadiene and/or from the isomerization of

2-methyl-3-butenenitrile to pentenenitriles.

15 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.
the percentage of linear dinitriles relative to the

20 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
to mean, according to the usual definition, compounds

25 that accept electron pairs.

Use may in particular be made of the Lewis acids

mentioned 1in the work edited by G.A. 0lah, “Friedel-

Crafts and related Reactions”, volume I, pages 191 to
30 197 (1963).

The Lewis acids that may be used as cocatalysts in the
present process are chosen from compounds of the
elements of groups Ib, IIb, IIIa, IIIb, IVa, IVb, Va,
35 Vb, VIb, VIIb and VIII of the Periodic Table of
Elements. These compounds are most often salts,
especially halides, such as chlorides or bromides,
sulphates, sulphonates, haloalkylsulphonates, perhalo-
alkylsulphonates, especially £fluoroalkylsulphonates or



El ements. These conpounds are nost often salts, especially halides, such as
chl orides or brom des, sul phates, sul phonates, hal oal kyl sul phonat es,

per hal o- al kyl sul phonat es, especially fluoroal kyl sul phonates or - 13 -

per fl uoroal kyl sul phonat es, hal oal kyl acet ates, perhal o- al kyl acet at es,

car boxyl ates and phosphates. By way of hdn-=limting exanples of such Lew s
acids, 5 nmention may be nmade of zinc chloride, zinc bromde, zinc iodide,
manganese chperfdeorpahlihcvérbroates, badarlisyEtaretptes, cagaroai®romn de,

stannous phl9nk9§acegaeQQQU§a95@&ydat¢§taﬂapgaogghah@ge, stannous tartrate,
indiumtrifluoronethyl sul phonate, indiumtrifluoro 10 nethyl acetate, the

chlorides or bromdes of rare earth elenents such as | anthanum cerium
praseodym unBy mendyst umorsdnatitiimg eakapples @adosuahumediar baoinls,

dyspr osi haf pi.um erbium thalli tterhiumand |utetiu and cobal t
chi ori de,>  ePFBUSCRNITY d¥ aniF g5 St ¢ PR CHSTT " ASTRCLARP e LaFd it is
al so possi bl eiho usedideganvaegahtbse cohpounds, suchngsnesephenghbdeane or

titanium | SoptaRethdnl Mat uteandlns IRl ad oWt A0S, CaR1ot; gaur se be

used. Anmong [Lew s aci .zinc chloride, zinc brom stannous™ chl ori de,
st annous br oRAtE@BNOUE| BEEAVASor &t@nnEsisy i lahat oh| DraRREUSt BaRbLatehl ori de

m xtures are;AB$tim pafﬁiElﬁé&éﬁéiﬁ?ﬁéﬁIﬁﬁan@@,LeWhEi%ﬁid @?9?1@&%@1 used
general | regre eEts fromO0.01 to 50 nol per nole of té€n3|t|on netal 30
conpound® mo EtEX t PEGLAFFy &f%ni rﬁE%ﬁxﬂﬁuPrQWﬁéeiw eF 3BT ye?Foh 1 to 10
nol per nol eelements such as lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium,
dysprosium, hafnium, erbium, thallium, ytterbium and
lutetium, and cobalt chloride, ferrous chloride and

15 yttrium chloride.

As a Lewis acid it is also possible to use
organometallic compounds such as triphenylborane or
titanium isopropoxide.

20

Mixtures of several Lewis acids can of course be used.

Among Lewis acids, zinc chloride, zinc bromide,
stannous chloride, stannous bromide, triphenylborane,
25 and zinc chloride/stannous chloride mixtures are most

particularly preferred.

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

preferably from 1 to 10 mol per mole.

As for the implementation of the basic process of the
invention, the catalyst solution used for the
35 hydrocyanation in the presence of Lewis acid may be
prepared prior to its introduction into the reaction
zone, or in situ, for example by adding the wvarious
components of the catalyst system to the reaction

medium.



As for the inplenmentation of the basic process of the invention, the
catal yst solution used for the 35 hydrocyanation in the presence of Lew s
acid may be prepared prior to its introduction into the reaction zone, or
in situ, for exanple by adding the various conponents of the catalyst
systemto the reaction nedium - 14 -l1t4is al so possible, under the
conditions of the hydrocyanation process of the present invention, and in
particular by working in the presence of the above 5 described catalyst

conprising agleagt gngocoppeyndief fRsaul ackd) @@Qdﬁelbﬁast pnecheansi tion
metal compound, to carry out the isanmerization of 2-nethyl-3-butene-

nitrile to pEH@EﬁENPPPFF@& PIREFERSr & Tgdisr AUSFDIE HRUER undB3t ut Bt ed
nitriles to papeaculiasativy amkﬁ@; Nnihridies, prastheeahsenegeof a]lawléogen
cyani de. The 2- netﬁéé-Brgy nitrile subj ecteg to . the isonerizati

n

ion
accor di ng® t o9 ERETT B REF L ohe of 285 10 xT UM Ogther
conpounds. 15oFhua2-(det ayld- Fthuteermmnidne |terareyi thisordepd oy decaspaund) xt ur e

with 2-nmethyl-2- ri rile, n N
2- pent eneni tr| I e@é%lf}? %I tetnekﬁ 31 I'ponit rkeﬁtlrgrg %elj@ft h2 Sm ?o‘ﬁ%ﬁ%ﬁg
2- ethylsu00|ﬁétr2®en|tp|I@amteﬂﬂnyﬁﬁﬂhﬂﬁ Ieaﬂd.|@P¢ﬁﬂt@%@#%@l¥Yad©§ntageous

to treat thepkgaehign quéEHEgt@H'ghﬂékhmgsfr981thnQ¥9r0§M§Q§uf99e@f
but adi ene with HCN in the Eresence of | east one 25 conpound of formula

(1) and ¥} aPif&asesSondht £ ﬁs?P?SﬁcenﬁﬁaPYQERESBnGYaﬁﬁﬂg preferably of a
conpound of nickel in oxidation state 0, as defined above.

The 2-methyl-3-butenenitrile subjected to the
isomerization according to the invention may be used
alone or as a mixture with other compounds.
15

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

20 nitrile or valeronitrile.

It is particularly advantageous to treat the reaction
mixture originating from the hydrocyanation of
butadiene with HCN in the presence of at 1least one
25 compound of formula (I) and of at least one transition
metal compound, more preferably of a compound of nickel

in oxidation state 0, as defined above.

In the context of this preferred variant, since the
30 catalyst is already present for the butadiene
hydrocyanation reaction, it i1s sufficient to stop any
introduction of hydrogen cyanide in order to allow the

isomerization reaction to take place.

35 It 1is possible, where appropriate, in this wvariant to
effect a gentle purging of the reactor by means of an
inert gas, such as nitrogen or argon for example, in
order to expel the hydrocyanic acid which might still

be present.



In the context of this preferred variant, since the 30 catalyst is already
present for the butadi ene hydrocyanation reaction, it is sufficient to stop
any introduction of hydrogen cyanide in order to allow the isomerization
reaction to take place. 35 It is possible, where appropriate, in this
variant to effect a gentle purging of Lthe-reactor by nmeans of an inert

gas, such as nitrogen or argon for exanple, in order to expel the
hydrocyani c acid which mght still be present. - 15 The isonerization

rea]gti OB| is ?ﬂaerl@ldméﬁg{)agﬁda Otkba@tiom 1§W§@glé§rdﬂ@y0fca]x€iqéd3 209Gt and
preferably o to 1 p rred case i Soneriza |on

i mredi ately 2 Fﬂ&ﬁﬁ%&uFﬁécﬁit%Q énﬁo ?g Potyaf {ﬁﬁéb nF aﬁ &
advantageoustbolepeCate at the tenperature at mhlch t he hydrocyanatlon was
carried qut. 10 As for the process for hydrocyanating ethylenically

unsat urated conmpounds, the catalyst systemused for the isomnerization my
be either al fsadyhepreseherradt ltasereelf uanori seme iz yiriapar édmadéatdivg to the

preparation fé_ﬁl%&h dg @l kﬁ&%ﬁ A8ReniRed AR 1 A t%@é@&weltsem@ zati on

reaction is general carried out w thout "solvent, 1t may be advantageous
to add an i Rér tadma@éﬁig@% VENtOPORRER ARy tHE temPIra e 2t sWbdeRuent

extraction. Ihbshyarbaygﬁath@@I aast bereasg owen such a sol vent has been
used in:ﬁge but adi ene hydrocyanation reaction that served to prepare the
medi um subj ected to the isonerization reaction. Such

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

15 methods already described above.

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
20 subsequent extraction. This is in particular the case
when such a solvent has been used in the butadiene
hydrocyanation reaction that served to prepare the
medium subjected to the isomerization reaction. Such
solvents can be chosen from those that were mentioned

25 above for the hydrocyanation.

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
30 the invention for the above steps of formation of
unsaturated nitriles and the above isomerization step,
it Dbeing possible for the reaction consisting of
hydrocyanation of unsaturated nitriles to dinitriles to
be carried out with a catalyst system in accordance
35 with the invention or any other catalyst system already

known for this reaction.

Similarly the reaction consisting of hydrocyanation of

the olefin to unsaturated nitriles and the



sol vents can be chosen fromthose that were nmentioned 25 above for the

hydr ocyanati on. However, the preparation of dinitrile conpounds by

hydr ocyanati on of an ol efin such as butadi ene can be carried out using a
catal yst systemin accordance with 30 the invention for the above steps of
formati on of wunsaturated nitriles and t&e-above isonerization step, it
bei ng possible for the reaction consisting of hydrocyanation of unsaturated
nitriles to deamerikasips pBdrarmaf ednait bt hcarsaed ystutsysieihvi na

accordance 3g;¥hthsthes{ BVERt I QhOr 1anYqPERetefat 8t ¥Sh Dinftemozl regdy known
for this reaction. Simlarly the reaction consisting _of hydrocyanation of

the ol efin toNYABALGPat cBNR tFF8Rs AP ittdng 161 |§Mﬁ§PFZ§FP6ﬁOFhe?€of may
be carried ouhs¥ttifaBedcatat ySlesSysleeniiAatriSedi fierent daremedhabuef the

invention, the _step consksglng of _h drocyanatlon of . unsatur.a ed triles to
Ginitril 6k bERRG ciftriGatALY"S wiTYE e hat APy st CAHTR ad Suith the
i nvention. Thevkakbiow.ng exanples illustrate the invention. 10 In t he

exanpl es, the abbreviations used have the neanings indicated bel ow. cod:
1,5-cycl ooctadi ene eq: equivalent 3PN 3-pentenenitrile 15 4PN
4- pent eneni t Theefo31igPNng3prampiPN DELvptrasgr beofi nyemidiosi-on of the
product to be hydrocyanated, Y, corresponding to the ratio of the nunber
of nmoles of Y converted to _the initial nunber of

10 In the examples, the abbreviations wused have the

meanings indicated below.

cod: 1,5-cyclooctadiene
eq: equivalent
3PN: 3-pentenenitrile
15 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
20 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
25  (MGN))

GC: gas chromatography

ml: millilitre

mol : mole (s)

mmol : millimole (s) .
30 Ph: phenyl

Example 1: Synthesis of ligand A of formula below

t-Bu



20 nol es of

(AdN) formed
of AdN, eth
gas chromato
phenyl Exanp
17 For the

ortho-t-buty

process is Spdescihdehrdparhtaid Cb€ byidadd Iabi seMatink Vmabesigrev, A E
shed in Zh. GObshch. _ Khi 1937 37, 732-4, of f0£nula bel ow.
quE% PEPT ows:

Arbuzov, pub
O NPh \ O
g of phospho
anhydr ougs te
100 M 15 ro

10

15

20

25

30

Y Linearity (L): ratio of the nunber of noles of adiponitrile

to the nunber of noles of dinitriles fornmed (sum of the noles

yl succinonitrile (ESN) and nmethylglutaronitrile 25 (Ma)) GC
30 Ph:

graphy m: millilitre nol: nole(s) mml: mllinole(s).

le 1: Synthesis of |igand-Aléf-fornula below 0O N Ph OCOt-Bu -

preparation of ligand A starting nmaterials that are used are
| phenol and a phosphoro- chloridite for which the preparation

I ,
EheF arg HREDr dERIAFEPPF PPRBOL §aiH A PROSE
ehtblradidiet e ffr f owhtibh alihee apeepdirasobied grodedd ois

t.rahydrofuran.and 10 ml of anhydrous tol ueng, uynder argon, in
HRACESPEGed #hask. “the sSTGLTLR | o BYi rreh At Sa6EFo%a!

L.V. Nesterov, A.E. Arbuzov, published in Zh. Obshch.
Khim. 1967, 37, 732-4, of formula below:

O

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, wunder 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
crude product in the form of a thick translucent oil.
NMR analysis confirms the identity of the product

obtained corresponding to the formula above.

Example 2: Synthesis of a ligand B of formula below

Me

1.

1

a



The dropping funnel is charged wwth a solution of 600 ng of

ortho-t-butyl phenol and of 0.85 m of triethylamne in 2 m of anhydrous
tetrahydrofuran, and this solution is introduced dropwi se into the reaction
20 nmedium mai ntained at -10C. a white precipitate forns. The suspension is
vigorously stirred for 18 h at 25C andl8hen filtered, under argon, on a bed
of basic alumna |. After rinsing with toluene, the filtrate is
concentrated under reduced pressure, to give 1.25 g of 25 crude product in

the formof @aniBi ckghhanskuerRipagidd add¥rany M:?d Strs:é)néarﬁérspi@@ed@@@tl ty of

t he product obt |ned oryesponding to the for abo Exanpl e_2
Synt hesi s of 28 I dCB oé f oPffFE bt oW 30D QC%gbgl 58 This

ligand is prphaspﬂoaocbﬂdrmglte EhﬁiS@WESQyOOédMﬂ&hdﬁfﬂGgﬁﬂK@fV1ﬂ§jng
ortho-or esol undefl He8l LhgaRNAsRNONOCH of i LeANEO- £5: Lo0loatho- cr esol
gi vi ng, under -t h6§6 condi tions, dduc corresponding  to the
formul a aboveo EhanﬁbemglaSthhe3|s of a Ilgand C of formula below 0O N Ph
OL P, O10 M This ligand is prepared according to the same procedure as

ligand A, using netal-cresol: 1.67 g of the ghosphorochlorldlte and 0.65 g
of met a- Cresgxa@pygna Synthesis of a ligand of formula below

O
-Ph

10 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,
15 under these conditions, 1.57 g of the product

corresponding to the formula above.

Example 4: Synthesis of a ligand D of formula below

tBu
20

This ligand is obtained by reaction of ortho-
t-butylphenyl with a phosphorochloridite of formula

below:



15 under these conditions, 1.57 g of the product corresponding to the
formul a above. Exanple 4: Synthesis of a ligand D of fornula below O ONO
Ph 6/ tBu ~ 1 20 This ligand is obtained by reaction of ortho-

t-butyl phenyl with a phosphorochloridite of formula below 19 - Q0 W PAC
I Ph This phosphorochloridite is prepared-according to the follow ng
procedure: 5 15 m of PCl3 are added to 10.7 g of N-phenyl- anthranilic
acid, followed by 20 m of anhydrous toluene, under argon, in a 100 ni
round-bottoned flask. The thick suspensijon thus obtained is stirred for 1 h
at 25C and then gradual ly brought , 10 finally, refluxed for 3 h
The solution thus obtained is codledifo anbient tenperature, filtered under
an inert atnosphere and concentr d derPreduced pressure. Ared solid

i s obtained, which is purified by t¥i tubatiorlin pent ane and then
filtration under an 15 inert atnnsphere.ﬁqg.S g of a red solid approximtely

This phosphorochloridite is prepared according to the

following procedure:

5 15 ml of PCl; are added to 10.7 g of N-phenyl-
anthranilic 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,

10 finally, refluxed for 3 h. The solution thus obtained
is 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

15 inert atmosphere. 12.5 g 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
20 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
25 triethylamine in 2 ml of anhydrous tetrahydrofuran, and
this solution is introduced dropwise into the reaction
medium maintained at 10°C: the initially red solution
loses its colour, and a yellow precipitate forms. The
suspension 1is stirred vigorously for 18 h at 25°C and
30 filtered, under argon, on a bed of basic alumina I.
After rinsing with toluene, the filtrate is
concentrated under reduced pressure, to give 1.3 g of

crude product in the form of a thick translucent oil.



85% pure are recovered. The procedure for preparing ligand Dis as follows:
1.1 g of the phosphorochloridite of fornula above are 20 dissolved in 5 n
of anhydrous tetrahydrofuran and 10 m of anhydrous tol uene, under argon,
ina 100 M round-bottomed flask. The solution is stirred at -10C. The
dropping funnel is charged with a solut2on-of 600 ng of ortho-t-butyl phenol
and of 0.85 ml of 25 triethylamne in 2 ml of anhydrous tetrahydrofuran, and
this soluti oNMRs pRgtvaLuEed anbpiinSe Fheo tdentehrtioh Hedi uPAPRR®E ai ned at

10C: the inibbahliededogob8bbARing086SthbSfeehaUs, aBBded yel | ow precipitate
forms. The suspension is stirred vigorously for 18 h at 25C and 30

filtered, under argon, on a bed of basic alumna |I. After rinsing with
t ol uene, theEkampiatB:i Synthasent vt edliigded Eedicédrpuéssieépwto give 1.3 ¢
of crude product in the formof a thick translucent oil. - 20 NWR anal ysis

confirms The identity of the product rgpbtained corresponding to the formula
above. Exanple 5: Synthesis of a ligagd E of formula below 50 / O 1 Ph/
Me This ligand is prepared according #e_the sanme procedure as |ligand D,
using ortho-cresol: 1.67 g of t 0 phiosphorochloridite and 0.65 g of
ortho-cresol giving, under these J“J&ms, 1.56 g of the product
corresponding to the fornula above. | O

Ph

Me

This ligand is prepared according to the same procedure
as ligand D, using ortho-cresol: 1.67 g of the
10 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 P of formula below

15

Me

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

corresponding to the formula above.

Example 7: Hydrocyanation of 3-pentenenitrile (3PN) to
25 adiponitrile (AdN).




Exanpl e 6: Synthesis of a ligand F of formula below 150 / O 1\ PLO Ph
1~ Me This ligand is prepared according to the sanme procedure as |igand D,
using nmeta-cresol: 1.67 g of the 20 phosphorochloridite and 0.65 g of

nmet a- cresol give, under these conditions, 1.57 g of the product
corresponding to the fornul a above. Exa2Zple 7: Hydrocyanation of
3-pentenenitrile (3PN) to 25 adiponitrile (AdN). - 21 A 60 m Shott-type
gl ass tube efuifhad wPhath-s¥peurdlagoppebei sBUERRSss| Yeb) éhasgedumunder an
argon at nosphgpgerW tily - stibBebb@d8Uy(2.58Yed S -uddd: 9 dnld grf%&r;l 30 eq)
of anhydrous 3PN, - 138 ng. (0.5 mmol; 1 eq) of N (cod)2, and - 68 ng (0.5
mol ; 1 eq) B8FM2FRBEFF) WHEBfide. The mixture is brought to 70C with
stirring. Acetone- #Recyagahgdrinsi eg)njected into the reacti on nmedi um by
means of syringe pu at flow rate of , 0,45 er h . After injection
for 3 hod?s, t he §y$r%gegpﬁg% W?letégpgg? ?ﬁeankXEﬁ?gsi§B§boled to anbi ent
tenperature, dilut&d88wngh(acbtomel;ahdeghabfsBi (bpdyas ardd chr onat ogr aphy.
Under these condlnggsmthg_gohhggﬁng é8§ubksz§ﬁ8(19?t@h@SQidElgand DC( 3PN)

Linearity
The mixture is brought to 70°C with stirring. Acetone
10 cyanohydrin 1is 1injected into the reaction medium by
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

15 chromatography.

Under these conditions, the following results are
obtained:

Ligand DC(3PN) Linearity

A 36% 44%

B 12% 34%

c 24% 74%

D 32% 53%

E 10% 72%

F 8% 69%

20



A 36% 44%

medi um wi th hydrogen cyanide in
metallic

| i gand,
gener al

di val ent

aryl, sul phohyl, BYEF&&FkyIfodt

B 12% 34% C 24% 74% D 32%53% E 10% 72% F 8% 69% 20 -
CLAIMS 1. Process for hydrocyanating a hydrocarbon-based conpound
containing at | east one ethylenic unsaturation 5 by reaction in a l

formula 10 (1) below O )LXELAIMSP X3 R, Xl in which: 15 -
X2, which may be identical or different, represent an oxygen atom or
radical _NR2, in which R2 represents a hydrogen atom or an

angtdditald ~ Jdeydregarepretaned

22 -

qui d

the presence of a catalyst conprising a
el enent chosen fromtransitiroR2metal s and an
characterized in that the

or ganophosphor us
or ganophosphorus |igand corresponds to

X1 and
t he
al kyl ,
a

coval ent bondompBuadygentationne att Neagdtvamntetiadl €@l c NRdsatirabieh R2
repr esent$
a

car bonyl

10

15

20

25

30

a
d

hydr ogen_at.om_or. .an_.al kyl .. aryl. ,sul $on I cycl qal kyl
PYal e Fhaoradiod TRETHEprESHTS WY O o b, SPEREde 10
the presence of a catalyst comprising a metallic
element chosen from transition metals and an
organophosphorus 1ligand, characterized in that the

organophosphorus ligand corresponds to general formula
(I) below:

Xy

/X3_R1

L
P
\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

radical that may contain hetero atoms and one or

or



25 al kyl radical having from1 to 12 carbon atons that may contain hetero
atons, or a substituted or wunsubstituted aromatic or cycloaliphatic radical
that may contain hetero atons or one or nore rings in fused or nonfused
form 30 - L represents a linear or branched dival ent al kyl radical having
from1l to 12 carbon atoms that may con2din hetero atoms, or a substituted
or unsubstituted aromatic or cycloaliphatic divalent radical that may
contain hetero atBRESahd"gFeidr tusegd ompppenfisgs fR™Mused or nonfused form
2. Process according to Claim1l, characterized in that X1 and X2 are

di fferent ang represent equall¥ an §:ox§g§n atgn1or a di¥alent radi cal NR2.
3. Process atcord H8C?8Sei?ﬁ%? %f ?he‘%r éﬁﬁhg 'C|SPﬁE?C ﬁg?gggerfged in
t hat X3 repréebent X;ammaky§enarat omffedeht Rrmotesspaesendi rgyuadl lgneanf the

precedingsclg'kggEP ggahag eLi ged hRathat 4k LepPKgsents an aromatic or cyclic
or iC

di val ent radic the bonds are 1n the ortho-position or an al kyl
radi cal for which the bonds 15 are borne by the sane carbon. 5. Process

according tozone gfotBesPracedi-id el Aitds, eithRiACtSr i zekk | Nptbabalhe
conmpounds of ?eneral formula (I)_are chosen fromthe group conprising the
conpounds 2618i™for il BROWEED & IHhaf ¥ PepreSeRhSM@n oxygen

atom.

10
4. Process according to one of the preceding claims,
characterized 1in 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

15 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

20 of formulae below:

0 0
0
's :
tBu Me
0
* Q.
P
Ne! Me O
\
_P
0o~ "o Me

25



OCNO\ M O GPOIM 2524 ccCc PO M tBu O\ O 1 OPO\ tBu 5
6. Process according to one of the preceding clains, characterized in that
the netal elenent is chosen from the group conprising nickel, cobalt, iron,
rut henium rhodium palladium osmum iridium platinum copper, silver,
gold, zinc, cadm umand nmercury. 10 7- Pgoeess according to one of the
preceding clainms, characterjized in that the reaction is carried out in a

si ngl e- phase nmedium 15 8. £ -ss according to one of precedi ng cl ai ns,
characterized in that tfh fornula (V): M

st corresponds to
and 6 (limts i ve) .
O
@ﬁ‘f
P
o~ o
tBu

[LF] t (v) in whigh: 2 an5|t|on me , r--
7N \
5 6. Process according to one of the preceding claims,

P56 eseqt s the
or ganophosphor us @ d ofNf or (I), presNant S bet ween 1
O O

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.

i0
7. Process according to one of the preceding claims,
characterized in that the reaction is carried out in a
single-phase medium.

15 8. Process according to one of the preceding claims,

characterized in that the catalyst corresponds to
general formula (V):
M[L¢] ¢ (V)

in which:

20 M is a transition metal,
L¢ represents the organophosphorus 1ligand of formula
(I), and
t represents a number between 1 and 6 (limits
inclusive) .

25
9. Process according to one of the preceding claims,
characterized in that the reaction medium comprises a

solvent for the catalyst that is miscible with the



25 9. Proces
that the rea
m scible wit
at the hydr
precedi ng cl
netals are t

s according to one of the preceding clains, characteriz
ction nmediumconprises a solvent for the catal yst that
h the - 2 5 phase conprising the conpound to be hydrocy

ed in
is
anat ed,

ocyanation tenperature. 10. Process according to one of the

ainms, 5 characterized in-that-the conpounds of transiti
hose of nickel and are chosen fromthe group conprising

on

conpounds i nPRRABEh afmEREd|sing | hhexiceapiundsttr ebeldyanasyaiatiets bt assi um

tetracyanoni
bi s(cycl ooct
tetrakis(tri

ekel BY8roKhNat AL erplsbackyl oni trile)ni ckel zero,
a-1, 5-di ene) ni ckel and derivatives containing |igands,

phenyl phosphi ne) ni ckel zero; 15 conpounds of nickel such

such as
as

car boxyl at es10.carbobate, doiceardionatte; de abé, threomresedim®reteimseitrate,

thiocyanq;e,
phosphat € an

GRuBlEler Lonmte, hydtoxide  hydiopnesphife, . phosphi L

a
erivatrves, 1| odi de, ate, su

aryl -

and al kyl sul phbaadsesardlthersecess aciotkali ngndo ane cfhaden prfeoesdi bigecl ai ns,

characterize
et hyl eni ¢ do
hexa- 1, 5-di e

Mipt Bakoi-g 1 gLgani ¢ conpounds containing 25 at | east
%BPepbonhparelcﬁosen fromdiol efins such as butadiene, i

ne, cycloocta-1,5-diene, ethylenically unsaturated al

one
sopr ene,
phatic

nitriles, pacticukgfmp¥uhbiBeain PeRtieReMididesisSuth @%idraRairensnateil e or

4- pent eneni t
10

15

20

25

30

35

rile, 30 nDnooIeLins such as styrene, nethglst rene,

zero, suc as potassium tetracyandnickelate
K, [N1i(CN) .1, bis(acrylonitrile)nickel zZero,
bis(cycloocta-1,5-diene)nickel and derivatives
containing ligands, such as

tetrakis (triphenylphosphine)nickel zero;

- compounds of nickel such as carboxylates,
carbonate, bicarbonate, borate, bromide, 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, c¢yclohexene, 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 is chosen such that
there 1is, per mole of organic compound to Dbe
hydrocyanated or isomerized, between 10™* and 1 mol of

nickel or of the other transition metal used, and in



vi nyl napht hal ene, cycl ohexene, nethyl cycl ohexene, and m xtures of several
of these conpounds. 12. Process according to one of the preceding clains,

35 characterized in that the anount of conpound of nickel or of another
transition metal used is chosen such that there is, per nole of organic
conpound to be hydrocyanated or isoner#fed, between 10-4 and 1 nol of

ni ckel or of the other transition netal used, and in - 26 that the anount
of conpoundstBatf §hguladqunt »f f gprpPande | pf Gesaula cHoserr sfiermuhat t he
_nurfPer 01(‘) ngt(@sg gfélségilgscgm@@&d,sa&{ atéhae Et@lel rﬁmjnl?@zf hblfaﬁr&ilté;jspnoffe][ al ,

is fromO. . : .. Process, accordin one o e precedjing clains,
charact er | 2elniR CRIPIHIS hyBT LRyAFat fon T del | B It At 8l Botaht a
tenperature of £66mt 0.20086. 500.14. Process according to one of the preceding
cl ai ns, or hydrocyanating ethylenically unsaturated nitrile conpounds to
dinitriles, by reaction with hydrogen cyanide, characterized in that the
procedure isl@arrPedcegsat darondd ng dxenere opfa tdgt @nsreding egdgdmpri si ng at
15 least onechoanstbignePlal ampoulfle dyd:RA8la:NS o OTRAUI ! formil a
(1) and a cocatalyst consisting of at |east one Lews acid. 15. Process
accor di ng toCeraitfif12utchhr actermpeeativnre 26 LAEE tRe280RH-enical Iy
unsaturated nitrile conpounds are chosen from ethylenically unsaturated

aliphatic nitriles conprising J.inear pentene nitriles such as. |,
S poncerihi 1L e BROFGRBe RN, ShnT bhr S0e (G rpatlains,

for hydrocyanating ethylenically unsaturated nitrile
compounds to dinitriles, by reaction with hydrogen
cyanide, characterized in that the procedure is carried
out in the presence of a catalyst system comprising at
15 least one transition metal compound, at least one
compound of formula (I) and a cocatalyst consisting of

at least one Lewis acid.

15. Process according to Claim 14, characterized in
20 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
thereof.
25
16. Process according to Claim 15, characterized in
that the linear pentenenitriles contain amounts of
other compounds chosen from the group comprising
2-methyl-3-butenenitrile, 2-methyl-2-butenenitrile,
30 2-pentenenitrile, valeronitrile, adiponitrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile or
butadiene.

17. Process according to one of Claims 14 to 16,
35 characterized in that the Lewis acid used as cocatalyst
is chosen from the compounds of elements of groups Ib,
ITb, IIla, IIIb, IVa, IVb, Va, Vb, VIb, VIIb and VIII

of the Periodic Table of Elements.



16. Process according to Caim15, characterized in that the |inear
pentenenitriles contain anounts of other conpounds chosen fromthe group
conprising 2-nethyl-3-butenenitrile, 2-nethyl-2-butenenitrile, 30
2-pentenenitrile, valeronitrile, adiponitrile, 2-nmethylglutaronitrile,
2-ethyl succinonitrile or butadiene. 1727Process according to one of C ains
14 to 16, 35 characterized in that the Lewis acid used as cocatalyst is
chosen from tBe cBhpoards afcerdiapat stof qpouws | Elaimsh, 1811 &0 11Vb, |Va,

| Vb, Va, Vb, -MhPacVblbzand Mh!l kha@f the R%ﬁh%g'ScIabhﬁso%h@§@H”@§om 27
18. Process according to one of Clains 14 to 17, characterized in that the

Lewis acid i§2 Eﬁseﬁh??%ﬁ1 Ws‘Hﬁbs@ﬁopﬁbnpﬁheh@}bﬁﬁsof fatpaates.
sul phates, sullphenates, hal Oﬁhkéﬁh$]di/pb@mph©ﬁaté§r hal oaﬂaaylhaﬁoéykphonat es

hal oal kyl acet at e rhal o ate carbo | .at n osphat es.
Process co?HﬁRébPEESﬁe 0 43 %. f%?f§ thﬁéggﬁ? the
Lewi s acid isachoxgmateenandOphonhahben|de, zinc brom de, zinc iodide,
manganese chl ori de, nmanganese brom de, cadm um chl oride, cadm um brom de,

stannous chloride, stannous brom de, stannous sul phate, stannous tartrate,
indiumtrifl &8ronBrhgesssubphiondiag iwdi wne rid uédemmtshyl4acepat &8,the 15

chlorides or.hpegtdesigbdralge ealh ehemenlsisSughias 14 antharym se6h1 um
praseodym um  neodym um _sanmarjum eurgg;unl gadol i ni.um terbium

dyspr ositfn ﬁéFﬁlu%?1°€%®?un1z%¢ﬁﬂI939ﬁ1 't ePBPGM AR AGE et FARYABRTE cobal t
chloride, feehdusiahbl ondgy=aalkbey/tbroutden! eatfeuaNGhlH>- et us&8mifer eof ,

and Organoneg%gkkgec @%gﬁgghs chloride, stannous bromide, stannous
sulphate, stannous tartrate, indium trifluoromethyl-

sulphonate, indium trifluoromethyl acetate, the

15 chlorides or 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

20 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

25 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
30 originating from the hydrocyanation of butadiene, to
pentenenitriles is carried out, in the absence of
hydrogen cyanide, by working in the presence of a
catalyst comprising at least one compound of formula
(I) and at least one transition metal compound.
35
22. Process according to Claim 21, characterized in
that the 2-methyl-3-butenenitrile subjected to the
isomerization 1is used alone or as a mixture with

2-methyl-2-butenenitrile, 4-pentenenitrile, 3-pentene-



20. Process according to one of Clains 14 to 19, characterized in that the
Lew s acid used represents from0.01 to 50 nol per nole of transition netal
25 conpound. 21. Process according to one of Cains 1 to 20, characterized
in that the isomerization of 2-nethyl- 3-butenenitrile, present in the
reaction mxture 30 originating fromth2shydrocyanation of butadiene, to
pentenenitriles is carried out, in the absence of hyd;agen cyani de, by

wor ki ng in tﬂétpiéGenc@Tﬁenﬁem§ﬂ¥ﬂ§@#econbﬂt@dngn§bI ironettdbhpound of
formul a (')2amétﬁ91§§ﬁééreﬂ§tkﬁﬁas't'0”2“@&@&1§98@9H8H1t§§182 Progess
according to Claim?2 characterized in "that the 2-nethyl-3-butenenitrile
subj ect ed t oVEhBTONdbHerPzation is used al one or as a nlxture Wt h

2-met hyl - 2-butenenitrile, 4- pentenenltrlle 3 pentene - nitrile,

2- pent eneni t but adi ene ponltrlle h lutar nitr

- Byl sdtci Rant i PEPGESE ARIGRIA 19 ceTbhes G detattaced diith €2 ei t her
of C ainms 2lchada?2Periebdr athertlzed ithe hasotmbeizaaden zateonibaacigon i s
carried out : erat ur f 2 2 Pr $S, according to one
of C ains 218%5§§%sngfg ggagag e%gggéhge %g 0 éetlsgggr?zatlon of the
2-met hyl - 3-butenenitrile to pentenenitriles is carried out in the presence
of at |east gpe tpagsLLLON, g&ﬁalngon@&u%@n%fof AkihRASH10Ngs 23,

or gano hos hor us conpound fornul a
g P P charactggl zed in that tI)j

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).



