PROCESS FOR PREPARI NG NI TRI LE COVPOUNDS FROM

ETHYLENI CALLY UNSATURATED COVPOUNDS The present

i nvention concerns a process for .hydrocyanating

et hyl eni cal | y unsaturated organic conpounds to
conmpounds containing at. | eagt-one nitrile function. It
relates nore particularly to the hydrocyanati on of
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diclefins such as butadiene or of substituted olefins
such as alkenenitriles, for instance Epentenenitriles.
According to the process of the invention the reaction
is implemented in the presence of a metal complex S
catalyst compriéing a transitioﬁ metal such as nickel

and an organic ligand.



such as al kenenitriles, for instance pentenenitriles.
The hydrocyanati on of butadi ene to pentenenitriles is
an inmportant reaction which has been inpl enented

i ndustrially for a nunber of years, particularly in the
15 process for synthesizingzadi ponitrile, a mgjor

chem cal internediate which allows access in

parti cul @ROCESSh FORNPREPARI NG NATRILE CONPIOPNEISS FROM

for errost amongryey g iy BsRRYREY GomAbtnebt enCh
patent 1 599 SS 1 OT prepari ng

nitriles by addition of hydrocyanic acid with organic

compRUNds, Ry atinRast sane ebhvkenisc daubl @rdpead,  for
in_the presence of a nickel catalyst and a triaryl

5 phdspHiayantiing eaceFBYIfRYCAEI K ondiiSAFYHRted t herganic
Pr esfifcurls ahseasepoinds Sebnentiniferta SelyenbnesSnitrile

useg inthis prior art process it is preferably a
hy , such as benzene or xylenes, or anitrile
such as acetonitrile. 30 The catal yst enployed is an

SUC opgi.%&eécmgggplpeg&'@fculrgﬂ l C%%tealljriklrmn %ﬁggfon of

osSphi nés, —arsine
10ar @elmlteefsmqoh@s@m B8s blpmﬂy-eqﬂn m‘t &f o?ulp%sb%ﬁdt edefins

35 sl PEOCESS&h B e MELCY PR | gk 1HRAES pRBRRhdhl Y riles
The hydrocyanation of butadiene to pentenenitriles is
an important reaction which has been implemented
industrially for a number of years, particularly in the

15 process for synthesizing adiponitrile, a major chemical
intermediate which allows access in particular to the
monomers of numerocus polymers, foremost among which are

the polyamides.

20" French patent 1 599 761 describes a process for
preparing nitriles by addition of hydrocyanic acid with
organic compounds having at least one ethylenic double
bond, in the presence of a nickel catalyst and a
triaryl phosphite. This reaction may be conducted in

25 the presence or absence of a solvent.

When a solvent is used in this prior art process it is
preferably a hydrocarbon, such as benzene or xylenes,

or a nitrile such as acetonitrile.

30
The catalyst employed is an organometallic complex of
nickel, containing ligands such as phosphines, arsines,
stibines, antimonites, arsenites, phosphites, phos-
phinites or phosphonites.
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The processes for hydrocyanating dienes generally
comprise two steps: a first hydrocyanation, leading to
branched and linear unsaturated mononitriles, and a
second step which allows the dinitriles to be obtained.



conprise two steps: a first hydrocyanation, leading to
branched and |inear unsaturated nmononitriles, and a
second step which allows the dinitriles to be obtained.
- 3 Oten only the linear nitgiles are of interest for
the synthesis of new products such as, for exanple,

adi PHoéd r bhey Ihesqmre@@e&ﬁe:&ﬂfé%r ehl &ofl $RrbAgkHdgoan the
i nter dlate st is referred to as the 5

i SO 2%t ton € HEWG éﬁﬁgqﬂ i PU4Gtkatifg tﬁ%f example,
bramih@mnumsalmraThdsernocéssé@Stheréﬁ@ﬁerhlébeﬂhbmhae an

te non| r.il.es.. The presence of a
pro éHH?o a€?|vg t he "Bk ystS fgﬁgﬁaas%ﬁ’bd?%n the

5comﬁmmirmafal@mt aBtsaIt argienecamsystas Le\nms acrelhtimg the

10

15

20

25

30

35

a'%&éﬁ%ﬁ&@megsgggPéggéf&%hﬁﬁlgyﬁlége 4%?$?e€q%n into

Patent FR--A- propose carrylng ou

hyﬁmamwwamwm at | east one

et hyl enic unsaturation in the presence of an aqueous

sol ytion of a conpound of a transition netal,
partte uPAFFERRPC apRCRRLER oFC | PERiVakE dthey catalyst,

sulsalmnaagdapmw NeompSurh Jheasorhanalad PhosphiNes, a
deié&ﬁfdaégdsald iso I%E%mmended for carrying out the

second step.

Patent FR-A-2 338 253 proposed carrying out the
hydrocyanation of compounds having at least one
ethylenic unsaturation in the presence of an aqueous
solution ©of a compound of a transition metal,
particularly nickel, palladium or iron, and of a
sulphonated phosphine.

The sulphonated phosphines described in said patent are
sulphonated triarylphosphines and more particularly
sulphonated triphenylphosphines.

This process permits proper hydrocyanation,
particularly of the butadiene and the pentenenitriles,
easy separation of the catalytic solution, by simple
decantirg, and, consequently, goes as far as possible
te avoid the discharge of effluent or of waste
containing the metals used as catalyst.

Research has nevertheless been conducted in order to
find new catalytic systems which give greater
performance in terms of catalytic activity and of
selectivity and stability.

One of the aims of the present invention is to propose
a new class of ligands which with the transition metals
make it possible to obtain catalytic systems exhibiting
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in which:

T and T3, which are identical or different, represent a
phosphorus, arsenic or antimony atom,

R;, Ry, Ry and Ry, which are identical or different,
represent a substituted or unsubstituted, aromatic,
aliphatic or cycloaliphatic radical comprising one or
more rings, which are in fused form or not and which
may contain one or more heterocatoms, where the radicals
R, and R, on the one hand and R; and R; on the other hand
may be interconnected by a covalent bond, a hydrocarbon
chain or a hetercatom,

U,, U, Us and Uy, which are identical or different,
represent an oxygen atom or a radical of formula NR in
which R denotes a monovalent alkyl, aryl, cycloalkyl,
sulphonyl or carbonyl radical,




5 for hydrocyanating a hydrocarbon conmpound cont ai ni ng
at | east one ethylenic unsaturation by reacting it in a
l'iquid nmediumw th hydrogen cyanide in the presence of
a catal yst conprising a netakl gc-el enent sel ected from
transition netals and an organic |ligand, characterized
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cycloaliphatic radical conprising one or nore rings,

which, are in fused formor not and which
n is an integer equal to 0 or 1,

Ln

Li, wher n is 0, represents a divalent radical selected
10 from the group consisting of the groups NR;, PRg,
SiRgRig, BR11, S, PORjz, 80, and CO, in which R; is as
defined for R above, Rg and R;; may represent the
radical OR;3, and Rs, Rs, Rip, Ry1, Ryz and Ri3 represent
alkyl, ary~ or cycloalkyl radicals,
15
Ly and Lz, when n is 1, are identical or different and
represent a covalent bond or a radical selected from
the group consisting of the groups O, NR,;, PRg, SiRgR;g,
BR1i1, S, PORj2, S0, CO and ~CRyyRis-, in which R, is as
20 defined for R above, Ry and Ri;; may represent the
radical OR,;3, and Rg, Ro, Rio, Ri1, Ryz, Ri3, R4 and Rye
represent alkyl, aryl or cycloalkyl radicals, it being
possible also for Ryy; and Ry to represent a hydrogen
atom.
25
Examples of structures
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include the following formulae listed in Table I below:
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in which Ri7; represents an alkyl,

thiol,

cyano,

nitro, aryloxy,

formyl radical.

aryl, halogen,
alkoxycarbonyl,

alkoxy,
acyl or

Ligands in accordance with the invention include the
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According to the invention the catalyst corresponds
advantageously to the general formula (II):

M [Lk (11}
in which
M is a transition metal,
Lf represents the organic ligand of formula (I) and
t represents a number between 1 and 4 (inclusive).

Metals which may be complexed by the organic ligands of
the invention are generally all transition metals of
groups 1lb, 2b, 3b, 4b, 5b, 6b, 7b and 8 of the Periodic
Table of the Elements, as published in the *“Handbook of
Chemistry and Physics”, 51%° Edition (1970-1971) from
The Chemical Rubber Company.

Among these metals mention may be made more
particularly, as non-limiting examples, of nickel,
cobalt, iron, ruthenium, rhodium, palladium, osmium,
iridium, platinum, copper, silver, gold, zinc, cadmium

and mercury.

Organometallic complexes comprising the organic ligands
of the invention may be prepared by contacting a
solution of a compound of the selected metal with a
solution of the organic ligand of the invention.

The metal compound may be dissolved in a solvent.
The metal in the compound employed may be in the same

oxidation state which it will have in the
organometallic complex or in a higher oxidation state.
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By way of example it is possible to indicate that in
the 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 (I1),
iridium in oxidation state (I), cobalt in oxidation

stage (I) and nickel in oxidation state (0).

If in the course of the preparation of the
organometallic complex the metal is employed in a
higher oxidation state it will be possible for it to be
reduced in situ.

The organometallic complexes comprising the organic
ligands of the invention may be used as catalysts in
olefin hydrocyanation reactions.

As transition metal the transition metal compounds,
more particularly the compounds of nickel, of
palladium, of cobalt, of iron or of copper, are
preferably used.

Among the aforementioned compounds the most preferred
compounds are those of nickel.

Non-limiting examples include:

- compounds in which nickel is in oxidation state
Zero, such as potassium tetracyanonickelate
K, [Ni(CN),.]. bis(acrylonitrile)nickel zero,
bis (cycloocta-1,5-diene)nickel zero (also called
Nii{cod);) and derivatives containing ligands, such
as tetrakis(triphenylphosphine)nickel zero;

- compounds of nickel such as carboxylates
(especially the acetate), carbonate, bicarbonate,
borate, bromide, chloride, citrate, thiocyanate,
cyanide, formate, hydroxide, hydrophosphite,
phosphite, phosphate and derivatives, iodide,
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nitrate, sulphate, sulphite, aryl- and
alkylsulphonates.

When the nickel compound used corresponds to a nickel
oxidation state greater than zero a nickel reducing
agent which reacts preferentially with the nickel under
the reaction conditions is added to the reaction
mixture. This reducing agent may be organic or
inorganic. Non-limiting examples include borohydrides
such as BHNa and BH4X, 2Zn powder, magnesium oOr
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 aforementioned type, but such
addition is not mandatory.

When an iron compound is used the same reducing agents

are suitable.

In the case of palladium the reducing agents may be,
furthermore, elements of the reaction mixture
(phosphine, solvent, olefin).

The organic compounds containing at least one ethylenic
double bond that are more particularly employed in the
present process are diolefins such as butadiene,
isoprene, hexa-1,5-diene, cycloocta-1,5-diene,
ethylenically unsaturated aliphatic nitriles,
especially linear pentenenitriles such as pent-3-ene-
nitrile and pent-4-enenitrile, monoolefins such as
styrene, methylstyrene, vinylnaphthalene, cyclohexene,
methylcyclohexene and mixtures of two or more of these

compounds .

The pentenenitriles in particular may contain amounts,
generally minor amounts, of other compounds, such as
2-methylbut-3-enenitrile, 2-methylbut-2-enenitrile,
pent-2-enenitrile, valeronitrile, adiponitrile,
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2-methylglutaronitrile, 2-ethylsuccinonitrile or

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

The reason for this is that the hydrocyanation of the
butadiene is accompanied by the formation, along with
the linear pentenenitriles, of not inconsiderable
amounts of 2-methylbut-3-enenitrile and 2-methylbut-2-
enenitrile.

The catalyst system used for the hydrocyanation
according to the process of the invention may be
prepared before it is intrcduced into the reaction
zone; for example by adding the appropriate amount of
selected transition metal compound and where
appropriate of reducing agent to the ligand in
accordance with the invention, alone or in solution in
a solvent. It is also possible to prepare the catalyst
system "“in situ” by simply adding the ligand and the
transition metal compound to the hydrocyanation
reaction mixture before or after adding the compound to
be hydrocyanated.

The amount of compound of nickel or of another
transition metal used is selected 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, and preferably between 0.005 and
0.5 mol of nickel or of the other transition metal
employed.

The amount of organic ligands of the invention used to
form the catalyst is selected such that the number of
moles of this compound relative to 1 mol of transition
metal is from 0.5 to 50 and preferably from 1 to 10.

Although the reaction is generally conducted without
solvent it may be advantageous to add an inert organic
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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. Examples of such solvents include
aromatic, aliphatic or cycloaliphatic hydrocarbons.

This solvent may also be partially miscible with the
compounds to be hydrocyanated, particularly when the
reaction mixture is at a temperature lower than the
reaction temperature. Hence at such temperatures a
two-phase system may be obtained. Where the catalyst
system is soluble in said solvent its extraction from
the reaction mixture is thereby facilitated. Partially
or immiscible solvents of this kind may be water or
organic salts in melt form with an ionic character.
Such solvents are used particularly when the organic
ligand contains anionic radicals which render it
soluble in 1icnic media. These radicals are, for
example, sulphonate, carbonate, carboxylate, phosphate,
ammonium, guanidinium and imidazolium groups which are
substituents on the aromatic radicals of the ligand.

The hydrocyanation reaction is generally carried out at
a temperature from 10°C to 200°C and preferably from
30°C to 120°C. Advantageously it is carried out in a
single-phase medium at the reaction temperature.

The process of the invention may be implemented
continuously or batchwise.

The hydrogen cyanide emploved may be prepared from
metal cyanides, especially sodium cyanide, or frdm
cyanchydrins, such as acetone cyanohydrin, or by any
other known synthesis process.

The hydrogen cyanide is introduced into the reactor in
gaseous form, as a gas mixture or in ligquid form. It
may also be dissolved beforehand in an organic solvent.
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In the context of a batchwise implementation it is
possible in practice to charge a reactor, purged
beforehand by means of an inert gas (such as nitrogen
or argon) either with a solution containing the

5 entirety or a part of the various constituents, such as
the organic 1ligand of the invention, the transition
metal compound, the reducing agents and solvents where
appropriate, or with said constituents separately.
Generally the reactor is then taken to the selected

10 temperature and then the compound to be hydrocyanated

is introduced. The hydrogen cyanide is then itsgelf
introduced, preferably continuocusly and regularly.

When the reaction (whose development can be monitored

15 Dby assaying samples) is at an end the reaction mixture
is withdrawn, after cooling, and the reaction products
are isolated, by distillation for example.

An enhancement of the process for hydrocyanating

20 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

25 the present invention with a cocatalyst composed of at
least one Lewis acid.

The ethylenically unsaturated compounds which may be
employed in this improvement are in general those which

30 were mentioned for the basic process. However, it is
more particularly advantageous to apply it to the
hydrocyanation reaction to dinitriles of the
ethylenically unsaturated aliphatic mononitriles,
particularly to apply it to linear pentenenitriles such

35 as pent-3-enenitrile, pent-4-enenitrile and mixtures
thereof.

These pentenenitriles may contain amounts, generally
minor amounts, of other compounds, such as 2-methylbut-
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3-enenitrile, 2-methylbut-2-enenitrile, pent-2-ene-

nitrile, valeronitrile, adiponitrile, 2-methylglutaro-
nitrile, 2-ethylsuccinonitrile or butadiene,
originating from the prior hydrocyanation reaction of
5 the butadiene and/or from the isomerization of
2-methylbut-3-enenitrile to pentenenitriles.

The Lewis acid used as cocatalyst makes it possible in
particular, in the case where ethylenically unsaturated
10 aliphatic nitriles are hydrocyanated, to improve the
linearity of the dinitriles obtained, in other words
the percentage of 1linear dinitriles relative to the
entirety of the dinitriles formed, and/or to enhance
the activity and service life of the catalyst.
15
A Lewis acid in the present text, according to the
usual definition, refers to compounds which accept
electron pairs.

20 VUse may be made in particular of the Lewis acids cited
in the work edited by G.A. 0Olah, “Friedel-Crafts and
related Reactions”, volume I, pages 191 to 197 (1963).

The Lewis acids which may be employed as cocatalysts in

25 the present process are selected from compounds of the
elements of groups Ib, IIb, 1IIIa, IIIb, IVa, IVb, Va,
Vb, VIb, VIIb and VIII of the Periodic Table of the
Elements. These compounds are most often salts,
especially halides, such as chlorides or bromides,

30 sulphates, sulphonates, halocalkylsulphonates, perhalo-
alkylsulphonates, especially fluoroalkylsulphonates or
perfluorcalkylsulphonates, haloalkylacetates,
perhaloalkylacetates, especially fluoroalkylacetates or
perfluorocalkylacetates, carboxylates and phosphates.

35
Non-limiting examples of such Lewis acids include =zinc
chloride, zinc bromide, zine iodide, manganese
chloride, manganese bromide, cadmium chloride, cadmium
bromide, stannous chloride, stannous bromide, stannous
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dysprosium, hafnium, erbium, thallium, ytterbium and
lutetium, and cobalt chloride, ferrous chloride and
yttrium chloride.

As a Lewis acid it 1is also possible to use
organometallic compounds such as triphenylborane or
titanium isopropoxide.

It will be appreciated that mixtures of two or more
Lewis acids may be employed.

Among Lewis acids particular preference is given to
zinc chleoride, zinc bromide, stannous chloride,
stannous bromide and triphenylborane and to zinc
chloride/stannous chloride mixtures, indium tri-
fluoromethylsulphonate, indium trifluorocacetate and
zinc trifluoroacetate.

The Lewis acid cocatalyst employed represents generally
from 0.01 to 50 mol per mole of transition metal
compound, more particularly of nickel compound, and
preferably from 0.5 to 10 mol per mole.

As for the implementation of the basic process of the
invention, the catalyst solution used for the
hydrocyanation in the presence of Lewis acid may be
prepared prior to its introduction into. the reaction
zone; for example, by adding the ligand of formula (1),
the appropriate amount of selected transition metal
compound, Lewis acid and, where appropriate, reducing
agent to the reaction mixture. It is also possible to
prepare the catalyst solution “in situ” by simply
mixing these various constituents.

It is also possible, under the conditions of the
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n urse of the .preparation of the 10
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employed alone or in a mixture with other compounds.

Thus 2-methylbut-3-enenitrile may be deployed as a
mixture with 2-methylbut-2-enenitrile, pent-4-ene-
nitrile, pent-3-enenitrile, pent-2-enenitrile, buta-
diene, adiponitrile, 2-methylglutaronitrile, 2-ethyl-
succinonitrile or valeronitrile.

It is particularly advantageous to treat the reaction
mixture originating from the hydrocyanation of
butadiene by HCN in the presence of at least one ligand
of formula (I) and at least one transition metal
compound, more preferably a compound of nickel in
oxidation state 0, as defined above.

In the context of this preferred version the catalyst
system isg already pPresent for the butadiene
hydrocyanation reaction and it is therefore sufficient
to stop any introduction of hydrogen cyanide in order
to allow the isomerization reaction to take place.

It is possible, where appropriate, in this version 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 stilil
be present.

The isomerization reaction is generally carried out at
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der'%ﬁ;'%ﬁ% rgacglén zone; for example, by adding the
ligand of formula (I), the appropriate amount of
selected transition metal compound and, where
appropriate, reducing agent to a solvent. It is also
possible to prepare the catalyst system “in situ” by
simply adding these various constituents to the
reaction mixture. The amount of transition metal
compound, and more particularly of nickel compound,
that is used, and the amount of ligand of formula (I),
are the same as for the hydrocyanation reaction.

Although the isomerization reaction is conducted
generally without solvent it may be advantageous to add
an inert organic solvent, which may be that of the
subsequent extraction. This is the case particularly
when such a solvent has been employed in the butadiene
hydrocyanation reaction that was used to prepare the
mixture which is subjected to the isomerization
reaction. Such solvents may be selected from those
which were identified above for the hydrocyanation.

The preparation of dinitrile compounds by
hydrocyanation of an olefin such as butadiene may be
carried out using a catalyst system in accordance with
the invention for the above steps of formation of
unsaturated mononitriles and the isomerization step;
the hydrocyanation reaction of unsaturated menonitriles

to dinitriles can be implemented with . ,a catalyst system
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R, R,
L2
n
15
in which:
T and T:, which are identical or different, represent a
phosphorus, arsenic or antimony atom,
20 '

Ri, Rz, Rs3 and Ra, which are identical or different,
represent a substituted or unsubstituted, aromatic,
aliphatic or cyclcaliphatic radical comprising one or
more rings, which are in fused form or not and which

25 may contain one or more hetercatoms, where the radicals
R: and R; on the one hand and Ry and Ry on the other hand
may be interconnected by a covalent bond, a hydrocarbon
chain or a heteroatom,

30 Ui, Uz, U3 and Uy, which are identical or different,
represent an oxygen atom or a radical of formula NR in

I |
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nitrile and pent-4-enenitril-e39%mnool efins such as
styrene, nethyl styrene, vinylnaphthal ene, cycl ohexene,
nmet¥id &y cRokiStatEsand merpupdensf alkylor avyk, ofcychesdkyl,
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hydr ocyanati on of the butadiene is acconpani ed by the
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era

not inconsid mount's of 2-itet hyl but-3-enenitrile
10and 2- nmet hyl but-2- 10 enenitrile. The catal yst system

used,f ohethe, MErocy2dtddhers a divalent radical selected

from the group consisting of the groups NR,;, PRg,

SiRgRyg, BRi1, S, POR;z, SO0, and €O, in which R, is as

defined for R above, Ry and R;; may represent the

15 radical OR:;, and Rg, Ry, Ryo, Ryi, Riz and Ry; represent
alkyl, aryl or cycloalkyl radicals,

Ly and L;, when n is 1, are identical or different and
represent a covalent bond or a radical selected from

20 the group consisting of the groups O, NR,, PR;, SiRgRj0,
BRi1, S, PCR;2, S0z, CO and -CRyqR15-, in which R, is as
defined for R above, Ry and Ry, may represent the
radical OR:;, and Rg, Ry, Ryg, Ryj, Riz, Ris, Rie and Ris
represent alkyl, aryl or cycloalkyl radicals, it being

25 possible also for Ry and Rijs to represent a hydrogen
atom.

The invention relates in particular to the
organophosphorus compounds listed in Table II above.

30
These compounds are obtained in particular by mixing a
solution in toluene of a diphenol compound
correspecnding to the structure of the following fomula:
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N
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according to the process of the invention may be
prepared before it is introduced into the reaction 15
zone; for exanple by adding the appropriate anount of

"~ selected transition netal canggupd and where
appropriate of reducing agent to the ligand in
acedrtdance Widlidrie: | ENidioh HONe OrchibSPntd O td of
a l.vent,. It_ is also possible to prepare the catalyst
20 OXHhPS ﬁoﬁ‘?ﬁ'ﬁ(w ‘sinply adding the ligand and the
transition netal conpound to the hydrocyanation
reaction mxture before or gfter addkpg t he conpound to
be hydrocyanated. 25 The anoli of ~coApound of nicke

or of another transition nmetal™~psed is selected so as
to give a concentration, in nolés of transition netal
per nole of organic conpounds t@! be hydr ocyanat ed or

i sonerized, of between 10-4 and 1, and preferably

bet ween 0.005 and 30 0.5 nol of nickel or of the other
trapgi/ti-on metal enployed. The anount of organic

i gands of the invention used to formthe catalyst is
sel ected such that the nunber of 35 noles of this
conpound relative to 1 nol Rf transiR,on netal is from
0.5 to 50 and preferably from@d_tqQl0. Although the
reaction is generally conducted W thout solvent it may
be advant ageous to add an i nert rganic

In the above formulae the symbols have the same
meanings as in formula I. '

The mixture is stirred for a number of hours {of the
order of 8 to 15 hours) at ambient temperature (between
15°C  and 30°C). The organophosphorus compound 1is
recovered, for example, by filtering the mixture.

This preparation procedure is given solely by way of
example and indication. Other preparation processes may
be wused without departing from the scope of the
invention. |

Moreover, the phenols and chlorophosphites are
generally available commercially or may be synthesized
by conventiconal processes described for obtaining these
compounds .

The examples which follow illustrate the invention.

In the examples the abbreviations used have the
meanings indicated below.
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GC: gas chromatography
ml: millilitre

mol: mole (s)

mmol : millimole(s).

The various products in accordance with the invention
may be prepared by one of the two following procedures:

Procedure I:

A phosphochloridite is used which is prepared from a
phenol or biphenol derivative and PC1; according to a
conventional procedure (see, for example, the method
described by G. Buisman et al. in Tetrahedron,
Asymmetry, vol. 4, (7), pp. 1625-34 (1993)), and a diol
available commercially. The following general procedure
is representative:

In a 100 ml reactor under argon 6 mmol of
phosphochloridite are dissolved in 20 ml of anhydrous
toluene. The solution is stirred at -10°C. A solution
of 3 mmol cf diol and 10 mmol of triethylamine in 20 ml
of anhydrous toluene is introduced dropwise into the
reaction mixture, which is held at -10°C: a white
precipitate forms. The suspension is stirred vigorously
at 25°C for 18 h and then filtered under argon over a
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20

25 30C to 120C. Advantageously it is carried out in a
si ngl e--phase nedium at the reaction tenperature. The
process of the invention may be inpl enmented
continuously or batchw se. 304,7he hydrogen cyani de
enpl oyed may be prepared from netal cyanides,

es R a&fybee%u'al zfrems gn&fka YA 133, 634EN the
as acetone cyanohy r| , y any
syrﬁ%asteprlﬁcé%@m%fﬁf@ rrezs%xmﬂdjmeﬁsure to give

| ntgreduged ireko HhEaneact afhidh 4daseqyeds opitnésta fdsther
m xtur.e .or i.n I|qU|d form It may al so be dissol ved

be @19 N or ganic solvent. - 33 In the context
of a batchmnse i mpl ementation it is possi ble in

pragtic charg ctor ef or ehand by

reaie ofolbofni dike R se ReBRagen” Sreatglg to the
ei trercadurie @eamnmbedha©@NEaln|ng the 5 entirety or a

part of the vari ous constltuents such as the organic

o[RS IR agent s and_ sol q&NPiRer e [P

ppr opr i At e, or| with said constituents cheititat el v.

(o
a
Cenerally the rleactor i s then taken tqg the selected 10
t ehper at Y and t d to He b oc anati & OH
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Procedure II:

A phesphoramidite 1is used which is prepared from
Cl,PNEt; (available commercially) and a substituted or
unsubstituted phenol according to the following
procedure:

A mixture of Cl;PNEt, (0.20 mol) and triethylamine
(0.44 mol) in toluene (800 ml} at 0°C is admixed
slowly, with wvigorous stirring, with a solution of
phenol (0.40 mol) in toluene (100 ml}). The formation of
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is introduced. The hydrogen cyanide is then itself

i ntroduced, preferably continuously and regularly. \Wen
the reaction (whose devel opment can be nonitored 15 by
assaying sanples) is at an enddihe reaction mxture is

wi t hdrawn, after cooling, and the reaction products
arealybﬂﬁeeQIEEypdtstelnatp@setuedexahplm;xﬁure is allowed
enh@BC%qﬁmb(ﬁotQﬁbPéHEegﬁm%%EagﬁgEo%Xﬁp%. gtﬁngH still
ethylenically unsaturate ounds accor ng é

pr e¥&APTPRGENt | 0AOF el At €8 i nTP&r t Médftaret o ishe subsequently

hydf oTyapasi o ofa spkd €34y lsaniical |¥n8n3@6ﬁgé{@atcﬁ under
nitrile conpounds b{ reaction wth hydrogen anl de an

cy
conéFSEYR; FsFhige a thst aﬁ’%@ﬁp@%@‘@rﬁ#q‘? addBPYaRNRE 0 whth a
25 pheipyesnhoravemdm onsw th a ﬁocatalyf} conposed ?fd
t Lewi s acid et nj ca nsat ur at_e
o it EGtodifLy fra§OBEST Sh#@ea‘%f%fﬂ% fhalojsnbsed. The
ar e ¢ hl geirey a@hemém;b mhd odrdi 80 vies exeperdd eattedk fvag: t he
bast r;oce HQyever o aick oS parti.c y
adVgﬁtgagougg?o appl y&Ft %8 théﬂaﬁgdrocﬁgﬁﬁ% h mmol  of
r e REPHNPEAH i & | PES ofntrrducatylianid®l i of anhydrous

UnS@@lﬁéﬁéﬂifﬁép§@1ﬁ81@@n9§'£ﬁif§§d a@aﬁﬁtcaﬁarhystﬂl of a
0 I|near enenitriles such

Pé ’é éﬂ HELPR L Eﬁ rﬂcgﬁ@ﬁiﬂlalcédanﬂ'lnﬁ%@@#esare added
thetrlmnfetd’hmmerﬁosnﬁmdtrésl S THRY Gt odMWHt Sa  white

geQEEéE{ﬁ&tate is observed, and the mixture is stirred at
5 ambient temperature for 1 hour. A solution of 3 mmol of

wn

diol and 10 mmol of triethylamine in 20 ml of anhydrous
toluene is subsequently introduced dropwise into the
reaction mixture, which is cooled at -10°C. The
suspension is stirred vigorously at 25°C for 18 hours

20 and then filtered under argon on a bed of basic

alumina. After rinsing with toluene, the filtrate is
concentrated under reduced pressure to give the desired
product, which is used without further purification.

25 The following ligands were prepared according to the

procedure described above:

Example | Ligand | Structure Phosphor- Diol

amidite

P D Q- X
b, o 0 k@




m nor anounts, of other conmpounds, such as 2-nethyl but
. - 34 3-enenitrile, 2-nethyl but-2-enenitrile,
pent-2-ene- nitrile, valeronitrile, adiponitrile,
2-methyl glutaro- nitrile, 2-gshylsuccinonitrile or
t hut adi ene ariginating fromthe prior hydrocyanation

Bacti or|Bof 5 the a6li ade /or flom ome |1G  OH
il soneri Zati on -thylb 3 eneniftri to kw:ij

entenenitrile he %emnsoa0| sed |ag—cocdt al ysit
kes it| possip ~o-Pspar pitc in @S’e,s:/Wre
¢t hyl enijcal |y unsagydr atedi1Q..gl i phat i c ni hrlles are

€ e
hydrocygnated, | to inprovElBhe lineanity of the

linitrilles obtpined, in er words [the percentdge of

Fgnear dqipgnitri TN®0  oH
dinitrilles for vi tly land
service|life o \ agi d in|the
present |text, @ccordipgg to K finmdion,

[efers tlo conmp mblch a¢ceo ; mairs.| 20

se may |be nadge part c® ar® o) ' cited
in the vork edj¥ by -Crafts |and

fel at ed |React , volu ,. pa 191 to 197 (1963).
The Lewijs acids which may be enployed as cocatal ysts in

(8] &)

|
-P.
4!» O™  nEY,

b Oy

23 the pgiGesent agensefact g fro nd$iCof OH
FYES (5S4 310y Forf ooy 5

Examples of hydrocyanation of 3-pentenenitrile (3PN) to
adiponitrile (AdN)

5
The general proceduré used is as follows:
Under an argon atmosphere a 60 ml Schott glass tube
equipped with a septum stopper is charged in succession
with
10
- the ligand (2.5 eq),
- 1.21 g (15 mmol; 30 eq) of anhydrous 3PN,
- 138 mg (0.5 mmol; 1 eg) of Ni(cod):; and
- the Lewis acid (0.5 mmol; 1 eq).
15

The mixture 1is taken to 70°C with stirring. Acetone
cyanohydrin is injected into the reaction mixture by
means of a syringe driver at a rate of 0.45 ml per
hour. After 3 hours of injection the syringe driver is

20 stopped. The mixture is cooled to ambient temperature}
diluted with acetone and analysed by gas
chromatography.




el ements of groups Ib, Ilb, Illa, Illb, IVa, |IVb, Va,

Vb, VIb, VIIb and VIII of the Periodic Table of the

El ements. These conpounds are nost often salts,

especi al |y halides, such as THYrides or brom des, 30
sul phat es, sul phonat es,  hal oal kyl sul phonat es, per hal o-
al kYR uf fivhes eare eSprmei bed yin | the oabde seelivwnat es or
per fl uor oal kyl sul phonat es, hal oal kyl acet at es,

per hal oal kyl acet at es, especially fluoroal kyl acetates or
iar aoal vl ae rboxvl ates _and D OSphat es.

per—H-dvereoal-kyta y ' L_|

35 %ﬁnﬂ“?rrﬁtgaﬁ'& Béch Leylimeastwls i ncl ude
ziinc chloride, ginc brom de(alg,g c ijodi de, pmnganese
chlori de, |manganese brom de,*cadm um chl oride, cadm um
bri@m de, s$BannouZreliiori de, |{84BNOUS7O¥OM d

- - i El' t | Elt e"
t rli¥ | uor om hyl - Ziﬁ"phonat e | 1| um

ziq@trlrl TO- [BEpthat e, thessdorty rom des of
rdre earth” el engnts2such assz?ént han i um
priddeodymiDm 5 [Bn@lym um $34%S | um 7€ opijum

E ini ium— dysprosi um  hafpi um fer bi um

tHdB i um |Gt t er bjdn@land | uf @1%um aRcobalt chl ori de,
f gnrous TitgorTd —yttr fHorge—+0-4As a Lew s
ad i1 it :sEaI SO pc(;t&‘?bl eto ﬁ%dé’ 74%

14 F ZnCly 16% 67%
15 G ZI'IC|2 48% 80%
16 G YCly 64% 88%

, Stannous

{194 | uor oacet at e,

1S =




organonetal | i c conpounds such as tri phenyl borane or
titaniumisopropoxide. It will be appreciated that

m xtures of two or nore Lewis acids nmay be enpl oyed.

15 Anong Lewis acids particul ag preference is given to
zinc chloride, zinc brom de, stannous chloride,

stannous brom de and tri phegxhbmgane and to zinc

chl ori de/ stannous chloride mxtures, indiumtri 20

fl uor omet hyl sul phonate, indiumtrifluoroacetate and

ziﬂc trPﬁbueseadhnatnydﬂ$myamﬂtfn@chdhymxﬁbﬂnbﬁn compound

t mQ.01 to 50 nol
m)l & o%qflrlglﬁ; t%%n S'L("’%t%rkler correptc%'1 denlr%reugbsa%’ELfm&tﬁ]acfrfy by
> of reiagkéngcafpdane, ldnicomefdEnablwi iy dipdxdgaro dtamiole in
PERHED| @refenker Uit Pl enental OQ:ICM J_It}:%.lrgls'a? metallic
a gt SO C{a

process of the invention, theé cat i on use
f oPLERENE0 IR RSOParfaiaToNET 33 Hel oR e@eheés ofNBeits Qrganic

nallgandpre@ﬁdﬁid@éﬂ%ﬁédJ'ﬂ& 'ﬂﬁé@duﬁhbondﬂﬁéhﬂé“f1lgand
reaction exa the |igand of

foFﬁﬁFﬁsPP?gneFHetgﬁppﬁgEFﬁge éﬁ@ﬁ ¢ gf bglP¥ct ed

10transition nmetal conpound, Lewis acid and, where
approprlagq reduci ng ;35 age to the reggction m xture.
is als hb33|ble tO 2prep t he catal st sol ution

"in situ" by 1n%dy 5 LB\TV,LH
|1
O
L
\R:/ \Re/
L2 :

n

(1)

in which:

15
T and T;, which are identical or different, represent a
phosphorus, arsenic or antimony atom,

Ri, Rz, Ry and Ry, which are identical or different,
20 represent a substituted or unsubstituted, aromatic,
aliphatic or cycloaliphatic radical comprising one or
more rings, which are in fused form or not and which
may contain one or more heteroatoms, where the radicals
R; and R; on the one hand and R; and Ry on the other hand
25 may be interconnected by a covalent bond, a hydrocarbon

chain or a heteroatom,

Uy, U, Uy and Uy, which are identical or different,
represent an oxygen atom or a radical of formula NR in

30 which R denotes a monovalent alkyl, aryl, cycloalkyl,
sulphonyl or carbonyl radical,
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m xi ng these various constituents. It is also possible,

under the conditions of the 4 - 36 hydrocyanati on

process of the present invention, and especially when

working in the presence of thed4abeve- descri bed

catal yst conprising at |east one ligand of formula (1)

and at | east one transition netal conpound, 5 to carry

out gi.h S ri.gat ut.- 3- - nitrile to

pent Snends i coticthle FalRL G byt Al¥ertne, Fepfesent
uns &Fur &E¥d n@¥r|¢¥ﬁiQQilnhﬁﬁﬂC u@yaumrawhdchnlmaylesqmprlse
in h@%eabaeaﬁxg AhdNE QaRN &Y he;

% met hyl but_- enenltrlle subj 2@?%% fo ?% in fused form or
soH@FlzépﬁoW éEBoﬁHFnéupétﬂ Btpdvent peaukayipeted,
enployed al one or |n a mxture with other conpounds.

Thus neth% g eneni trl|ﬁ may_ be deployed as a 15
nlxpu?g Wt A7 eﬁﬁfhﬁgﬁa 59%cHefifttil e, pent-4-ene

nitrile, pent-3-enenitrile, pent-2-enenitrile, buta-

di ene, o) I e, t hyl gl ut onltrlle hyl

sucglnoﬁﬁ%ﬁlﬁegérbvafepnglF%F% ﬁ%éiqgh %PCted
1QdvARPEgebhS tBrovpatCoOmSi s el | cuf mbd Ulger oupisgi Nasj NQPRg,

froghh hy & agat igyp of ut by

?%§°of gﬁgyeast one [Isgnd%ﬂd$Q$% lFCN6?$: n§7afs as
eionedt r5¢%i tR orfb@tel Rs and Ry; may represent the
radical ORy;, and Rg, Ry, Rip, Ri1, Riz and R;; represent

alkyl, aryl or cycloalkyl radicals,

Iea

15
Ly and L;, when n is 1, are identical or different and
represent a covalent bond or a radical selected from
the group consisting of the groups O, NR,, PR, SiRgRigp,
BRi1, S, PORjz, S0, CO and -CRyRis-, in which R, is as

20 defined for R above, Rg and R;; may represent the
radical ORi;, and Rs, Rs, Rio, Ri1, Rz, Ri3, Ry and Ris
represent alkyl, aryl or cycloalkyl radicals, it being
possible also for Ry, and Rys to represent a hydrogen

atom.
25
2. Process according to Claim 1, characterized in
that the crganic ligand of general formula I comprises
a structure:
‘ // \\\./
30 /T/

selected from the group consisting of the following
structures:
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conmpound, nore preferably a conmpound of nickel in 25
oxi dation state 0, as defined above. In the context of
this preferred version the catal yst systemis already
present for the butadi ene _hydyacyanation reaction and

is therefore sufficient '2(') to stop any introduction

< —

NT *ITTOTQTOTDUVD

tBu

Lr B,/at”.
cted. As for the

15 RH

in which R;; represents an alkyl, aryl, halogen, alkoxy,
thiol, c¢yano, nitro, aryloxy, alkoxycarbonyl, acyl or
formyl radical.

3. Process according to Claim 1 or 2, characterized
in that the organic ligand of formula I is selected
from the group consisting of:

Q 'Q Qo

P ]
/P-. O’P\ ,P-.o
h h

tBu tBu




ligand of forrmula (1), the appropriate anmount of
sel ected transition netal conpound and, where 15
appropriate, reducing agent to a solvent. It is also
pOSSI bl e to prepare the cataty$d system"in situ" by

Si pl Y acheh v these _Val Hous—eohstuerts—+e—the
reaction nt, of transition I
cofrpound, a@%e p IarIy of | ni ckel nd,
thtls, nd the u ofligandoff Ia(l),
are the 5, for the h cyanati tign.

Al { hough 1 i ati 6n feactiop | s cted ,p\
ge1eral|y' od, - SQlwg i may be ageous to add
25|an inert or' @ ent, which e tha
subsequent extrpcti Thi s is the case parti

WhEn such atsQlX¥ [

hydrocyanation reaction that was u

m kture whi

reaction. eMec
which we [ [
The pre g
hyfr ocyan t|°on ‘
cafried du Q S minacmed
i nvention of formatio

t hg g
ungaturated no [ ilsomerizatio
t he hydrocy® ' ' : RS By

o b, A ‘,?,\o
LA %

tBu tBu




to dinitriles can be inplenented witha catal yst system

- 38 in accordance with the invention or any other
catal yst system already known for this reaction.
Simlarly the hydrocyanati on ggaction of the olefin to
5 i i nd the jisonerization
t her eof nma carried¢o Wi th ajcatal yst t em ot he
than that the i nvepon; the hydrocyan on step o
the un uraped nonory t rif to dinitry sipenplondD
with aN atRrst  systefd cor dance R g
i nvention. 10 The d nvyention |ikewj|se provides
origanophospho C unds corregponding to
ggneral formnu b RI\ RR R}\ ,R4 U1l U2
-7 W 1 R5~ ER$ L2 n 15.in ich T
and T1, V\h% ane | (Cal or different, Feprésent A~
CHO HO
QOMe M Q_<
CHOQ £ CHO g ,P}i BP-. /?
P P 0 o
o) O s}

¢

OMe 0 MeO O
B8 {Bu tBu tBu
1Bu tBu

tBu

tBu

tBu




phosphor us,

R4, which are identica

substituted or

cycl oaliphatic radica

di cal of> fo
noval ent al
rbonyl radic
fferent, tBu

-
(0]

or different,

unsubsti t ut ed,

yal €

~0r §pr esent
:

cycl

where t he
d R4 on t

arsenic or antinony atom 20 Rl, R2, R3 and

represent a

aromatic, aliphatic or
conpri $ilng one or nore rings,

ang W4,

an g

whi-ch 25 IIE" contain
radi cals k R

he ot her
bond,| a hydr ot

9 whilch R\déno es'a0\¢

oal kyl|, sul phony
[ are identi
S5.an aryl or cycl oaliphafic grdqup

rijngs, 1 n fxged,;Tor | or,—not, and whi ch are_supstrtutey

or{ unsub , n t eger equahecﬂa M;;@_OOMe
L1, whe , representts a di yal eMeo r adrmsal Me
sgl ect edl he groyp 15i sting of gr Bups NR7i §

PHS, Si 0,"0BRLp, oS, FOf2i S02 and €Q~pri™ LB R#P~o
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COMe MeCO
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ra

defined for R above, R8 and R12 may represent the 15
dical OR-3, and R8, R9, R10 , Rl1l1l, R12 and R13
present al kyl, aryl or cycloal kyl radicals,

re

L2, when n is 1,
represent a covalent bond or

a r adi cal

L1 and

are |dent|cag or different and
eIected from 20

th
Si

wh
re
R1
cy
an
re
CaQ

e group

RyRl o,
ich R
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S
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--40 wth a toluenic solution of a chlorophosphite of
followng formula(e): C 5 and/or R3\ eR4 O-P~-O C 10
In the above formnmul ae the synbols have the sane

meani ngs as informula |. TheS5B xure is stirred for a

nupber—of—hott+s \uf t+he—345—erder—pt 8t0-15 hnurc\ Qf

anpient te ayure {bepween 15C a]nd 300C)
or ;anophosco Tpou is recovered,
filte e m xt | S preparatlon cedure|

by e. i
g| en o@ lfl way oﬁ 0@ anpl ¢ and izgi calo on.
s9 Dtht ,P~. %
: s eupe. 07\t he |nven eove
jhosphites gr
avai | abl e co [ y or may be synthe3|zed
copventi onal prMcesse® descri bed fjor obtaini ng these

aP\

a m«% ral

Q—cuo O—Q
Q\ P 1P~.
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Me Me
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conmpounds. The exanples which follow illustrate the
invention. 30 In the exanpl es the abbreviations used
have the neanings indicated below. - 41 cod:

1,5-cycl ooct adi ene eq: equi-vakent 3PN:
: itrile 5 3+44PN:. 3PN +

rsion off the pro t to be
Y, corr onding to the rat@of t he Q
Ié’s of Y onvgfted to|the i i al pnunber  qf
ﬂn@ nearigf~dt)=Nrati ¢ of t er of 'P‘oD

rmed (sum ()f t he nol €3
N) and net hyl gl ut aroni

etlhyl succi non

(MEN)) 15 GC. gas chrjgmat ography |[m:
o e(s) é”bUl T ot E\'—gh\,o
OMe MeQ
CHO P ? CHO

OMe
o o




20 The various products in accordance with the
invention may be prepared by one of the two foll ow ng

procedures: Procedure |: 25 A phosphochloridite is used
which is prepared froma phen®d or biphenol derivative
ang—PCt3—accordtng—to—a—cofventtopat—preocedure—{see-

for| exanpl scri bedjby G Bui et

i n|Tetrahe vol. 4] (7), p 25-34

(1993)), [ | e cpnmerci a The

folll ow ] GU S represe tIVF Ina g4

109 m rdacfor mol pf @m@blorldlten\

arg dissol i C f amhydroup t ene. 'he T

sollution is s : 10C. A sol ption 35 ofg3 =
digl and 10 ethylamne jn 20

anhydr ous tqu Qe | troduced drppwi se into
regction n1xture mhich is held at] -10C. a whi

at [25C f and t e ered undekeCs Q

42 bed basi c al um nsiHﬁ’mﬁt Me
t he ﬁkls conceu.L under re (j¥§essure t of

gi Ve th deS| | ° ich ijs use hopt 0-~o
fugther = puri . COMe O O MeCO

prECIpIt or ension |s stirrg \vigorously Mo
i eRMer aeco-Q’o
ol uene,

D¢

m\o’i 0 ’i‘o’%
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The follow ng |igands were prepared according to the
procedure descri bed above:

Exanpl eLi gandSt r uct ur ePhospho-Diol chloridite 1A\ HO
OH- 0~OPOQP-QOQP\ C 2B -1 HO OH )F9b: P~ 0o- P

O * O 1 \@ | ‘\ ﬁf‘ﬁﬁhllvg_!’/\‘

AL, IO @31 Fo
HO

QP
é
CHO%OIFE - j'\c; :OQ,CHO 90, p.ho/?
a 2 &
’is f‘ %Q i
;

o GO
WA

Y
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r j OO OP-OOPCI 10 Procedure 11:
used which is prepared from CLl2PNEt2 (avail abl e
commercially) and a substituted or

A phosphoram dite is

15 unsubsti t ut ed

phenol accordi ng to the fol I-oﬁﬂng procedure: A mxture
ofCL2PNEt 20261 ) ro—tr—ethytarre \C 44— P ) A

t ql uene 'a 0 at dm xed| sl opyk OMe M OMe
vilgor ous st oI ution of med p ol (O.f Ms
myl) in Iueﬁe(looﬂ forqation - B3 a Q
white pr |p1' tels d. The m xt Le~gl | owed,s

tq cli |e rrpe ure amd is stdoeree s\é.fll ©
vi|gor ousl vy, e mxture i|s subseque MeCO
fijl tered on a l'ica and ncentr at ed er

vacuum to qgive the phosphor am di (AT O ZPNE=Z Wt

purity of @acndnarmadditionzlly a co iaII@
avai |l abl e is used he foll ow ng ge

procedU| S Pepresenﬂatl N In a|100 reatd or under

arigon 6 et am di t

2( HO
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t ol uene.

2 Msolution of hydrochloric acid in ether
The formation of a white
and tiBe-m xture is stirred at

thereto over 30 m nutes.
precipitate is observed,

haour

The solution is stirred at OC and 7.5 nl of a

are added

A-sol ution of 2 _mml

15amprent—tenperatur-e—Fo+—+—het—

off diol a 0 mol of i et hyl am ne | of
anhydr ous uene is Sequent |y int ¢ dr opwi se
into th eagtion m ichijis d -10C.
The su ston i s stiPk gorously a 18
hdqurs 20 and t en\flltered under argon o cq/ “o
bgasi c al um ng insing with tol uene, S i
fijltrate is pten ed under reduced press to
g|-v-e—t-he_de¢' red. product, whjich ils used w t hOw
fyrther g;QFQEEPE; The foll owi ng |igands were
priepared a rd proceduyre described above:
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3-pentenenitrile (3PN) to adigmonitrile (AdN) 5
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The general procedure used is as follows: Under an
argon at nosphere a 60 ml Schott gl ass tube equipped
with a septum stopper is charged in succession wth 10
the ligand (2.5 eq - 1.21-g6015 mol ; 30 eq) of

anpydrotrs—3L%y; +38—+—{(O0-6-—+rrol—1 eq) of Ni(cod)?2
angd - theacidmml; ljeq). 15 Xt urgg
i sftaken (o=QC with st/ ring. Acetone cy hydrin is
i njecte tofthe reacti off ™ xturé by ns pf a ]
syringe of ineef~cat qa rat®= 00, 45 1 per SHP~

hours of 1 njectl syri'nge drijver ispR0 st ( h
The m xture i§ o anbi ent tlenperature,
Wit h acet ge efhe DY gas |chromat ggr.

The results are conpited T the tabtrebetow
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10CZnCl 220%73% 11DZnCl 244%76% 12EZnCl 211%2%
13EC0C1232%4% 14FZnCl 216%67% 15GZnCl 248%80%
16GYCl 364988% 1 $ - 46 CLAIMS 1. Process for
hydrocyanat| ng a hydrocar bor &@mpound contai ni ng at
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Ln 15 R\ ,R2Z R3\ R4 in which: (1) T and Tlr which

. are identical or different, represent a phosphorus,
arsenic or antinony atom Rl, R2, R3 and R4, which are
identical or different, 20 r&present a substituted or

tic

c—o+—cycloalipha
ng oyne nore rj ngs, W_’]IQQQ&QII OMe
not a may cont,@ﬁon or rem'Jrg%O‘Q Ve
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5 not, and which are substituted or unsubstituted, nis
an integer equal to O or 1, L1, when nis O, represents
a divalent radical selected 10 fromthe group

consi sting of the groups NR? 69R8 Si RgR10r BR11, S,

P Heth—RA—S-ras def+hned—for—R

abpve, R8

RS, RO, R1 =t N,
or| cycl yI adrcal 157% ' ,

i dentic fé:ff- e Si‘ —

or| a radi cal
grioups 0, NR7 ] 3
and - CR14R15- ‘ 57 is as 20 defined f R
a ve RR and R12 ey epfesent the radical

Rg, 31 Rl4|and R15 represent
aIkyI ary :L radical$, it being possible
alfso fo 4 nd R15 esent |a hydrogen atom 25
2. Proc gp ordrng

m 1, ¢haracterized in that
t e crga Ircanr gene al forpula | conprises a

structu O O

Qo "Q @
Ei;lxo,gi. ; _Eiﬁozlgjj o ,P\
00@ (} “ﬁ

% “;? e
SRS
Lo Q\oﬁ

A Come eco

N :s.;.h
Tt | 8 AR




30 Lin O selected fromthe group consisting of the
followng structures: | - 48 S 1 | tBu S #B u tBu
tButBu M Me jtBURa. Rro 0OI Si rr \ \ S\ /RL7 R
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17 to 1 OR15 R14 in which R17 represents an al kyl,

aryl, hal ogen, al koxy, thiol, cyano, nitro, aryl oxy,
al koxycarbonyl, acyl or fornyl radical. 5 3. Process
according to Caim1l or 2, chd&baeterized in that the

! al act.ad

or ganmrc T yggpd—of—fornufa—+—+s—sehe
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4, Process according to one of Claims 1 to 3,

Characterized in that the metallic element is selected
from the group consisting of nickel, cobalt, iron,

5 ruthenium, rhodiumn, palladium, osmium, iridium,
platinum, copper, silver, gold, zinc, cadmium and
mercury.

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

6. Process according to one of the preceding claims,
characterized in that the catalyst corresponds to the
15 general formula (II):
M [Lk (n
in which
M is a transition metal,
Lr represents the organic ligand of formula (I) and
20 t represents a number between 1 and 4- {inclusive).

7. Process according to one of the preceding claims,
characterized in that the reaction mixture comprises a
solvent for the catalyst which is miscible with the

25 phase comprising the compound to be hydrocyanated at
the hydrocyanation temperature.

8. Process according to one of the preceding claims,
characterized in that the transition metal compounds

30 are nickel compounds selected from the group consisting
of:

- compounds in which nickel is in oxidation state




CHOH | \ MM40 ppp CHO, P! 1 0P\ CHOp P~ p \
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Zero, such as potassium tetracyanonickelate
K¢INi(CN},41, bis(acrylonitrile)}nickel zero, bis-
(cycloocta-1,5-diene)nickel zero and derivatives
containing ligands, such as tetrakis(tri-
5 phenylphosphine)nickel zero;

- compounds of nickel such as carboxylates,
carbonate, bicarbonate, borate, bromide, chloride,
citrate, thiocyanate, cyanide, formate, hydroxide,

10 hydrophosphite, phosphite, phosphate and
derivatives, iodide, nitrate, sulphate, sulphite,
aryl- and alkylsulphonates.

9, Process according to one of the preceding claims,

15 characterized 1in that the organic compounds
containing at least one ethylenic double bond are
selected from diolefins such as butadiene,
isoprene, hexa-1, 5-diene, cycloocta-1,5-diene,
ethylenically wunsaturated aliphatic nitriles,

20 especially linear pentenenitriles such as pent-3-
enenitrile and pent-4-enenitrile. monoolefins such
as styrene, methylstyrene, vinylnaphthalene,
cyclohexene and methylcyclohexene and also
mixtures of two or more of these compounds.

25

10. Process according to one of the preceding claims,

characterized in that the amount of compound of nickel

or of another transition metal used is selected such
that per mole of organic compound tc be hydrocyanated

30 or isomerized between 107* and 1 mol of nickel or of the

other transition metal is employed and in that the
amount of organic ligand of formula (I) used is
selected such that the number of moles of this compound
relative to 1 mol of transition metal is from 0.5 to

35 50.

11. Process according to one of the preceding claims,

characterized in that the hydrocyanation reaction is
carried out at a temperature from 10°C to 200°C.
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12. Process according to one of the preceding claims
for hydrocyanating ethylenically unsaturated nitrile
compounds to dinitriles by reaction with hydrogen
cycanide, characterized in that it is operated in the
presence of a catalyst system comprising at least one
transition metal compound, at least one organic
compound of formula (I) and a cocatalyst composed of at
least one Lewis acid.

13. Process according to Claim 12, characterized in
that the ethylenically unsaturated nitrile compounds
are selected from ethylenically unsaturated aliphatic
nitriles comprising linear pentenenitriles such as
pent-3-enenitrile and pent-4-enenitrile and mixtures
thereof.

14. Process according to Claim 13, characterized in
that the 1linear pentenenitriles contain amounts of
other compounds selected from the group consisting of
2-methylbut-3-enenitrile, 2-methylbut-2-enenitrile,
pent-2-enenitrile, valeronitrile, adiponitrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile and buta-
diene.

15. Process according to one of Claims 12 to 14,
characterized in that the Lewis acid employed as
cocatalyst is selected from compounds of the elements
of groups Ib, IIb, IIIa, IIIb, IvVa, IVb, va, Vb, VIb,
VIIb and VIII of the Periodic Table of the Elements.

16. Process according to one of Claims 12 to 15,
characterized in that the Lewis acid is selected from
salts selected from the group of halides, sulphates,
sulphonates, ‘ haloalkylsulphonates, perhaloalkyl-
sulphonates, haloalkylacetates, perhaloalkylacetates,
carboxylates and phosphates.

17. Process according to one of Claims 12 to 16,
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characterized in that the Lewis acid is selected from

zinc chloride, =zinc bromide, zinc :odide, manganese

chloride, manganese bromide, cadmium chloride, cadmium

bromide, stannous chloride, stannous bromide, stannous

5 sulphate, stannous tartrate, indium trifluoromethyl-

sulphonate, indium trifluorocacetate, zinc trifluoro-

acetate, the chlorides or bromides of rare earth

elements such as lanthanum, cerium, prasecdymium,

neodymium, samarium, europium, gadclinium, terbium,

10 dysprosium, hafnium, erbium, thallium, vtterbium and

lutetium, and cobalt chloride, ferrous chloride,

yttrium chloride and mixtures thereof.

18. Process according to one of Claims 12 to 17,

15 characterized in that the Lewis acid employed
represents from 0.0l to 50 mol per mole of transition
metal compound.

15. Process according to one of Claims 1 to 18,

20 characterized in that 2-methylbut-3-erenitrile, present
in the reaction mixture originating from butadiene
hydrocyanation, is isomerized to pentenenitriles in the
absence of hydrogen cyanide, in the presence of a
catalyst comprising at least one organic 1ligand of

25 general formula (I) and at least one transition metal
compound.

20. Process according to Claim 19, characterized in
that the 2-methylbut-3-enenitrile subjected to

30 isomerization is employed alone or in a mixture with

2-methylbut-2-enenitrile, pent-4-enenitrile, pent-3-
enenitrile, pent-2-enenitrile, butadiene, adiponitrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile or
valeronitrile.

35

21. Process according to either of Claims 19 and 20,
characterized in that the isomerization reaction is
carried out at a temperature from 10°C to 200°C.
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22. Process according to Claims 19 to 21,

characterized in that the isomerization of 2-methylbut-
3-enenitrile to pentenenitriles is carried out in the
presence of at least one transition metal compound, at
least one organic phosphorous ligand of the formula (I)
and a cocatalyst composed of at least one Lewis acid.

23. Organophosphorus compounds corresponding to the
general formula I below:

I:{1 N ’ RZ RB\ , R4
u, U

LJ1 \T/ 3\T/U4
| |

0O ’ 0
\R:/ \RS/
T

n

in which:

T and T;, which are identical or different, represent a
phosphorus, arsenic or antimony atom,

Ri, Rz, R3 and Ry, which are identical or different,
represent a substituted or wunsubstituted, aromatic,
aliphatic or cycloaliphatic radical comprising one or
more rings, which are in fused form or not and which
may contain one or more heteroatoms, where the radicals
R; and R; on the one hand and R; and Ry on the other hand
may be interconnected by a covalent bond, a hydrocarbon
chain or a hetercatom,

Ui, U2, Uy and U;, which are identical or different,
represent an oxygen atom or a radical of formula NR in
which R denotes a monovalent alkyl, aryl, cycloalkyl,
sulphonyl or carbonyl radical,
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Rs and Rg, which are identical or different, represent

an aryl or cycloaliphatic group which may comprise
heteroatoms and/or one or more rings, in fused form or

not, and which are substituted or unsubstituted,
n is an integer equal to 0 or 1,

L1, represents a divalert radical selected
from the group consisting of the PRy,
SiRQRlor BRi1, 8, POR;3, SOZ and Co, is as
defined for R above, Rg and R;;

Ry, Rio, Rz,
alkyl, aryl or cycloalkyl radicals,

when n is 0,

groups NR7,
in which Ry
may represent the
radical OR;3,

and Rg, Ri; and R;3; represent

Ip and Lz, when n is 1, are identical or different and
represent a covalent bond or a radical selected from
the group consisting of the groups O. NR,, PRg, SiRgRyg,
BRii, S, POR;z2, SOz, CO and -CRu4R;s-, in which R, is as
defined for R above, Rg and Ry may represent the
radical OR;;, and Rg, Ra, Rig, Riy, Ryz, Riz, Ryq and Ris
represent alkyl, aryl or cycloalkyl radicals, it being

possible also for R;y and Rys to represent a hydrogen
atom.
24. Compounds according to Claim 23, corresponding to

the formulae below:
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characterized in that the catal yst corresponds to the

15

transition netal,
fornula (I) and 20 t
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car bonat e, bicarbonate, borate, brom de, chloride,
citrate, thiocyanate, cyanide, formate, hydroxide, 10
hydr ophosphi te, phosphite, phosphate and derivatives,
i odide, nitrate, sulphate, sulghite, aryl- and
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sel ected such that the nunber of noles of this conmpound
relative to 1 nol
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sul phonate, indiumtrifluoroacetate, zinc trifluoro-
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radi cal OR13, and R8, R9, R10, R11l, R1l; and R13
represent alkyl, aryl or cycloal kyl radicals, 15 L1
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