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conmpounds containing at |east one nitrile function.
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organic compounds having at least one ethylenic double
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triaryl phosphite. This reaction may be conducted in
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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.
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Research has nevertheless been conducted in order to

find new catalytic systems which give greater

performance in terms of catalytic activity and of
35 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



15 in which: U3\T~ Va | U& YQz ~m T and T1lr which are
identical or different, represent a phosphorus,

arsenic or antinmony atom 20 Ulr Uz, U3, W, U5 and

U6, which are identical or different, represent an

oxygen atomor a radical NR, R representing an alkyl,
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15 in which:

T and T;, which are identical or different, represent a

phosphorus, arsenic or antimony atom,

20 Ui, Uz, Uz, Us, Us and Us, which are identical or
different, represent an oxygen atom or a radical NR, R
representing an alkyl, aryl, sulphonyl or carbonyl

radical,

25 Ri, Rz, R3 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
30 R; and R; on the one hand, Rs;, Rs and on the other hand
may be interconnected by a covalent bond, a hydrocarbon
chain or a heterocatom, and, when one of the radicals Ui,

Uz, Uz and Uy includes an N atom, the associated radical



t and u represent integers between 0 and 6, with a sum

20

u+t greater than or equal to 1, Z representing a

dival ent radical selected fromthe group consisting of
aromatic or cycloaliphatic radiscal s containing one or
nore rings, which are in fused form25 or not and
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Q: and Q», which are identical or different, represent a

group corresponding to the general formulae II, III or
IV below:

in which Rs, R, Ry and Rg, which are identical or
different, represent aliphatic, cycloaliphatic or
aromatic hydrocarbon radicals containing 1 to 12 carbon

atoms, Rs and Rg also representing the hydrogen atom,
and

t and u represent integers between 0 and 6, with a sum

u + t greater than or equal to 1,

Z representing a divalent radical selected from the
group consisting of aromatic or cycloaliphatic radicals
containing one or more rings, which are in fused form

or not and which may be substituted and may contain



Me Me in which RO represent an al kyl, aryl, hal ogen,

al koxy, thiol, cyano, nitro, aryloxy, alkoxycarbonyl,

acyl or fornyl radical. As exanples of |igands which

are suitable for the inventioen,g nention nmay be nade of

the follow ng conpounds listed in table I below Ph

OvehereppPat@ub. AP ~O Ph Ph O/P OO M0 OV 0 /P O O

MO N\O Table I: I / N
Suitable substituents for Z include alkyl, halogen,
aryl, alkoxy, aryloxy, nitro, thioalkyl, secondary

5 amine and nitrile groups.

Preferred ligands of the invention include those with
the following structure of the formula (I):
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n -z “dm

10

and selected from the group consisting of the following
Structures:
O o© o O O O o 0
= I R; /N
R
Na ¢ '
R NN
Ry 9
NR NR
) SQ *Q R\S'Q
15 Me Me
in which Ry represent an alkyl, aryl, halogen, alkoxy,
thiol, cyano, nitro, aryloxy, alkoxycarbonyl, acyl or
formyl radical.

20

As examples of ligands which are suitable for the
invention, mention may be made of the following
compounds listed in table I below:
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In which:
Ts represents the tolyl radical,
tBU represents the tert-butyl group,
Me represents the methyl group, and
Ph represents the phenyl group.

According to the invention the catalyst corresponds
advantageously to the general formula (V):
M[L¢lv (V)
in which
M is a transition metal,
Ls represents the organic ligand of formula (I) and

v 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 of the metals mention may be made 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
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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.

By way of example it 1is 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 (II),
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 4iron or of copper, are
preferably used.

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

Non-limiting examples include:

- compounds 1in which nickel is in oxidation state

zero, such as potassium tetracyanonickelate
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K4 [Ni (CN)4], bis(acrylonitrile)nickel zero,
bis(cycloocta-1,5-diene)nickel zero (also called
Ni(cod)z) and derivatives containing ligands, such
as tetrakis(triphenylphosphine)nickel zero;
5
- compounds of nickel such as carboxylates
(especially the acetate), carbonate, bicarbonate,
borate, bromide, chloride, citrate, thiocyanate,
cyanide, formate, hydroxide, hydrophosphite,
10 phosphite, phosphate and derivatives, iodide,
nitrate, sulphate, sulphite, aryl- and
alkylsulphonates.
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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 BH4Na and BH4K, Zn powder, 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 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,
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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,
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 wused 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
selected transition metal compound and where
appropriate of reducing agent to 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



- 37 In which: Ts represents the tolyl radical, 5 tBU
represents the tert-butyl group, Me represents the

nmet hyl group, and Ph represents the phenyl group.

According to the invention thedtatal yst corresponds 10
advant ageousl¥ to the general formula (V): MLt]~ (V)

in RhPchoM i ef a nirdemsl t iogn aét athe Lfothepr esennsithen metal
or and of formula (1) and 15 v represents a
nu%ggqggté\%een 1 and 4 (inclusive). Metals which may

be conpl exed by the organic |igands of the invention
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1nclude

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
20 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
25 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 ionic media. These radicals are, for
example, sulphonate, carbonate, carboxylate, phosphate,
30 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
35 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.



By way of exanple it is possible to indicate that in

the organonetal lic conpl exes of the invention rhodi um

is in oxidation state (l), rutheniumin oxidation

state (I1), platinumin oxidatégn-state (0), palladi um

in 15 oxidation state (0), osmumin oxidation state

(I'1), iridiumin oxidation state (1), cobalt in

oxi i 0 (1 iC X|dat| n state .

| f ?ﬁtet hgyggéggg o% Qﬁgd%r e&% a‘%%pocg o Zoprepage2j from

org@ﬁéﬁétaFV?élééﬁpleﬁspﬁélﬁéﬂal ssdenmloygdnmdea or from

hi gbghnexiaaine) Sé@e ials PRSSIHRE 9, i ok

% gguceylr15|tu The org%%%ﬁgga %§% gb%&fa of by any
S§tng"PtHE SﬁﬁéﬁﬁélESPFpﬁﬁﬁés of the |nvent|on may
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is withdrawn, after cooling, and the reaction products

are isolated, by distillation for example.

An enhancement of the process for hydrocyanating
30 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
35 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
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related Reactions”, volume I, pages 191 to 197 (1963).

The Lewis acids which may be employed as cocatalysts in
35 the present process are selected from compounds of the
elements of groups Ib, IIb, IIIa, 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,
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35 oxidation state 0, as defined above.

In the context of this preferred version the catalyst
system is already present for the butadiene

hydrocyanation reaction and it is therefore sufficient
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triprenytdprang dmtidandtiiron sepr agaxoden IdyaMilde ben order

appreci_at t . : f two or. .nore Lewi.s aci ds
nay eag‘r%%oyeg. gg frl%ﬁz;atl_eovr\} sreaalcqt&sorbgcroci e'a\rpcl‘i‘c"‘"

preference is given to zinc chloride, zinc brom de,

st arI&OUJ?sCBBQEEQQe,SWSa%@F%%?Jg%%Sa%n l}:Shl version to

tri phenyl borane and to zinc no ¢hl OF T Ge
i xCHEST i hdPERT LRI PRGIENGordnethy | Sapphonabey, nerfiunef an

trifinearoages ot euahd 4 ngitkbhbHOIRACEESLS. £Ehe LeWiSie, in

acid cocatal yst enployed represents generally from _
0 0P TR T I FRBEL o BCTICHATAS ofcngl aihigh might scill
conpeumdesmmte particularly of nickel conpound, and
preferably fromO0.5 to 10 nol per nole. As for the
i npl ementati on of the basic process of the invention,
1@ he Tt al setesigiaftion ueadtforn thegene4Blly carried out at
hy drocyanad 4 Lot pr ce 0fy dpah s [ b
pr epar.ed pr%%?uﬁ% ifggmi nﬁr;‘géc]ugtoi 02n I nt oaﬁée%rreeacetrlagonly trom
zoné;O Fort°e>@z§r?plce, by adding the ligand of fornula
(1}, the appropriate anount of selected transition
met ?ln Stﬁ:eongourf)d Lﬁvvi s acid_and, where appropriate,
reddi ng agBRt L E5 e PSSt Pon R XIAMET 33510y spmediately
1posdicBlevwiogprtdearke: ttadud erat dl yto st ioh "teastter by will
Si y 8. e rj nstituents. 10 It is :
R L R e R
hy dic88y &varicsy appséess wess chadpcssdnt i nvention, and
especially when working in the presence of the
aboyedescri bed cat al yst com%)ri sing at |east one |igand
of f8rmiPE (FieanBraFefeasPionkydfapsrpabhnget athylenically
2conpasaduribetio compoyinaldt, the isamnjAatd Pt used for the
2-methyl but-3-enenitrile to pentenenjitriles, nor e

and :
gendPalty *6f TBPEnEREd Pin £t <Y BR 19 1% 1165 | thkgpduction
unsantpat elde niteddteinn i monke absencexafiplydr @genadding the
cyaniidenq20 sFhe £2- et hyl but,- 3- eneni tr i subj.ected to
the i goﬁgri ggti of%rg%cl%r di (nb% "t oeet}heg i#\fieﬁ?ﬁyoln trreay jgount - of
enpFBy8at&Fone tdaNiSAtadoRi xt Medadi t h anprursbnpamdls.  where

25ThuapBrapichyk byt -eiteiid r khenfBt deadeR)ioxed astg 2% 4150
m xture W th 2-nethyl but-2-énenitrile, pent-4-ene
ni t PPPELPpENtES- BRERPERI 1K€ peRtadyehemvtstigme, “in situ” by
gut adinphe, adtidiony t Iri:heseZ- :ﬁﬂi}d@ _ult %ﬁg%iflhéﬁts to the
-e Jceinonitrile or.valeronitrile, t is .
par%?%%?g:&ﬁy a \fgtn &ieous’S o ??‘8%?£th8fr eddtdiphrtion metal
m x€ameosnflgi nand ngndremptare ilppdreodyanatfi oniokel compound,

3put agiene by, Q@ idhd h@né’rgrtﬁ&]@ﬁ\? ?E Qtigla%@Stofo.rF’ormula (1),

ligand of formula (1) and east one’transition
met aFSchbhfodAtie Adr EOpr Eher ABPyoayapapbandrepchioke
in 35 oxidation state 0, as defined above. In the

f thi f, d, ' th tal yst t
o AFFBRHG" pr Gt SPTERA “BELAR ertE Ay Teyandt | renCuCted

reagénenaahyg withsutheoéene duf friagi &8 advantageous to add
35 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



- 46 to stop any introduction of hydrogen cyanide in

order to allow the isonerization reaction to take

place. It is possible, where appropriate, in this

version to 5 effect a gentl e-purging of the reactor by
means of an inert gas, such as nitrogen or argon for
exampketipn.or fecht osekpent s hendy decy seilecaedd #hbrh those
m ghtishi LkoRe 1 tion reac

is generall §gc59%ﬁ§§%%89 QPESS gﬁ%gﬁé 3¥dFP8XFT6%lPB

200C and preferably from60C to 160C. In the preferred
casenaf anﬁkgggggtgghlon bE“Ed'é£§£¥r}§?f°||8&ﬁ88u53§ by

but adi ene drocyanation reaction i1t
%vaHPé@éb’%aFéOBpé?%t 8Nato kel efipehataf ebatadheénd may be

theCh¥ﬁEQdY@®&“d§lM@SaCQQQHE edl. sAStRAr ithe U PLESTe with
gdroc ana g % I 20 unsat ur at ed
nE ands" Ve ta USed S-6PSt het  formation of
|souesatataoadnHWOManmepheedenkiomhbo LESmerlzatlon step;
'ntEgguﬁkHQBcggkgtEE% f%%%ﬂf%%)é¥1qu%i &ﬁ%? %pggﬁtriles

addi n
1Oam)E|ﬁt dgnissiéesedanr &esiimpdementtald omqjmmobaimﬂ,yst system

wheg g %@c@&@%ﬁ%@zﬂf%hr@ﬁgmiﬁgeﬁgfgﬁ Le %ﬁyNS%ng lralyst

is al so possible to prepare the catal yst syste
si t 8YSh§ s?ﬁﬁﬁ?dﬁdﬁpﬁﬁntﬁ@§etbéﬁl69§C§éﬁ§t|tuents to
the reaction m xture. The anmount of transition netal

oun nd r rticularly of nickel ound,_ 30
Chap HE sl R RRE At i PTefrh ok $r Rl Lagin to
15 aneséhersaes aenfoor tiriid ofsy dirot yahat iieoneedeiatddn thereof
Al t ghth rizati eact +C duct ed
AL LRYO o SOOI 2Rl Lo eB0L 00 | % SRS oer chan
addtBata ﬁﬂrﬁhq éﬂﬁaﬁFéO§0I%@ﬂ hwdﬁqﬂvangmimnthaepobf the

t heugsubseaueatl Axhbactr9NesTRLS di$ikh8 16358 s empl yed with
partlg%gaigﬁgmhen such a sol vent has been e Io%ééj

t he®b ﬁyaFS@yéﬁa?F69r¢é36?|Bhtbhabemhgva§5a0ﬂo
2(prepare the n1xture which is subjected to the

i so i za eaction. Such solvents

selgg% %#gQQ ose TERURT e iRfEHY ?%d 9$h°Sph°rus

theChWH©039anatoonesﬁh&dpm@patatIDMeofgehémaIIIfbrmula (I)

conpeypds by 5 hydrocyanation of an olefin such as

but adi ene may be carried out using a catal yst system

in accordance with the invention for the above steps

250f fornplkeni of Uﬁﬁ@\?i’(ﬂé\% edk N ddrd Gifo UL FNE  compounds
drOC anat | On reaCtl on of

|soner|zat|0ﬁbste€ %F
uns&? if 28R AHASNF£r FPEs T ﬁeFS ditRrPHLPEs 1dgrese in Table I
i npéleoeated with a catal yst systemin accordance with
the invention or any other catal yst system already
known for this reaction. Simlarly the hydrocyanation
r eathf opxafrige whethnfedbla® ubdastratedthenomienties.
30and the isonerization thereof may be carried out with
a catal¥st system_ot her than that of the invention;
t hel Ry dFBBy aR¥EMEr &St ept N t MePtPShdti@ped used have the
mnesdhingesihieidapédrbeéeswis enployed with a catal yst
systemin accordance with the invention.

cod: 1,5-cyclooctadiene
35 eq: equivalent

3PN: 3-pentenenitrile

4PN: 4-pentenenitrile

3+4PN: 3PN + 4PN

DC(Y): degree of conversion of the product to be



20 The invention |ikew se provides organophosphorus
conpounds corresponding to the general formula (1)

above. 25 It likew se provides the organophosphorus
conmpounds corresponding to thedgereral fornulae |listed

in Table |I above. The exanples which followillustrate

t he hiydreosyiamate’l | ¥, t eoesespdrdinde tabbtbei atatixs of th

e
useghyhdve e e ngs %m%%%@%ogﬁitial number of

1,5-C{clooctadiene 35 eqg: equ
3- p8ESeift il e 4PN 4-pentenenitrile 3+4PN: 3PN +

oy anared. e P bordeng AL of Pgfejes o

- hydr.ocyanated, Y, corresponding to the ratio o

2 he SAHRBEL o Ll LAY ¥ rf8d & t RETPREt i @f moles of
nunmbdniafrifelses dbrMeli neasuhy (df: radd 0 aloltre of  AdN,
nu f l.es _of 5.adi ponitrile (AN f d to the,
nug%g%Y§ u%%ﬁggn& r&ﬁﬁitrﬁ?ég)forﬁég (sﬂﬁgégf?ﬁgtﬁﬁP%§trlle
of A#NN)et hyl succinonitrile (ESN) and
met yl.gl ut ar,gni tkid . gas chromat ography 10
m: l%w Bk tg%E %’f:"?“r?&gg?s%)h%m  millinole(s). The

1Qar Mdus prodddtd lilfrgecordance with the invention 15

may m@ :pr epaed (gy one of the two follow ng
proced%(es: Prﬁced re |: A phosphochloridite is used
whi 89S pr 8daredoted®a 20 phenol or bi pheno

derivative and PCl3 according to a conventiona

pro ur S r .exanpl.e, the nethod descrihed b .
& R e nt 5%, bRbABRRTY AR 4 o TRy VA Hivention
1% 7pay pe. rrepsr34 pby9e3g) of ahe awdi dloldvaiingblpeocedures:
commercially. The followi ng general procedure 25 is
representative: In a 100 ml reactor under argon 6 Mo
of PBERSSHNERIdridite are dissolved in 20 m of
anhydrous toluene. The solution is stirred at -10C. A

tri Z%'r@?%%fh%ﬁg%gf 8505 SHF{EEE 1 uBAgppsed from a
20 nt pbeunodd air opnpsendt deioatdaet i amd MPRLYr accoltidéhg to a
suspondrar ot BrdatOTeRr Gy aFss T BIPLG 1 thigy method
t hedepiciriibedd nder Gar gémiowan a ded efl .basirc aTeniahedron,
Af t @ls vhkSIrR9 Wihh ol uene, Jde 1625-34 (1993)), and a diol
available commercially. The following general procedure

25 1s representative:
In a 100 ml reactor under argon 6 mmo 1l of
phosphochloridite are dissolved in 20 ml of anhydrous
toluene. The solution is stirred at -10°C. A solution
of 3 mmol of diol and 10 mmol of triethylamine in 20 ml
30 of anhydrous toluene 1is introduced dropwise into the
reaction mixture, which 1s 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
bed of basic alumina. After rinsing with toluene, the
35 filtrate is concentrated under reduced pressure to give
the desired product, which 1is used without further

purification.

The following ligands were prepared according to the



35 filtrate is concentrated under
gi ve the desired product,

reduced pressure to
which is used w t hout

further purification. The follow ng |igands were
prepared according to the --4@9 procedure described
above: Exanpl eLi gandStructurePhosphochl oriditebD ol 1A/

\ /progedureHdestitibed wbOvE+O O-p, O/ \/ \ P - O- SC

2B/ 1l ~~ OO \ ~ / \ OiHO CH ~
Example |Ligand | Structure Phosphochloridite | Diol

1 A HO  OH
B = T

O/P\O O,F’\O O’lID\CI
TP O Q[T

@\ ’F? : /é @0"&\0

0 \o o/ \O

N QO (2 L
o o 0 ﬁ

Q 0" oP-0 Q Q 0P

10

15

20

Procedure II:

A phosphoramidite is wused which 1is
Cl,PNEt,

unsubstituted

prepared from

(available commercially) and a substituted or

phenol according to the following
procedure:
A mixture of Cl,PNEt,
(0.44 mol) in

slowly,

{0.20 mol)
(800 ml) at

stirring,

and triethylamine

0°C 1is

with vigorous with a
(0.40 mol) (100 ml).
a white precipitate is observed. The mixture is allowed
still
subsequently

toluene admixed
solution of
phenol in toluene The formation of
to climb to ambient temperature and is stirred,
for 2 h. The

filtered on a bed of silica

vacuum to give the phosphoramidite

vigorously, mixture is
and concentrated under

(ArO),PNEt, with a

purity of more than 95%.

Additionally a commercially available diol is used. The

following general procedure is representative:




/'\ ~OP-OOCP-O/ .~-OPC 3¢ \ /[ \ - - [ \ [\
PP\ -~/ \HOOH\ | ~~OQO P, 000 P~-Cl Procedure Il
5 A phosphoram dite is used which is prepared from
C12PNEt 2 (avail abl e commerci & 150 -and a substituted or
unsubstituted phenol according to the follow ng

prodedur @: 1DOQA nimdt ur eesttCtzPNEI®ex 0. 2@goml ) &nd mmol  of

tri A i ed¢ apk) ik A (B00, gt ﬁlatopcain%ydrous
adm'xed ‘sl o , Wth vigorous stirring, wmtha
sol (tqi3ensy- ookt igmn s ) sthrxed ueheO (G0N Y. 5Tné of a

for maM 080 2hit BoMhide RYGELEhIGEECT SiARSeINedthll® are added
gi Xttlf{ e i.s all owed The

ereto over of a
and the mixture is stirred at

30 minutes. formation

white
precipitate is observed,
ambient temperature for 1 hour. A solution of 3 mmol of

diol and 10 mmol of triethylamine in 20 ml of anhydrous

toluene 1is subsequently introduced dropwise into the
10 reaction mixture, which is «cooled at -10°C. The
suspension 1is stirred vigorously at 25°C for 18 hours
and then filtered under argon on a bed of basic
alumina. After rinsing with toluene, the filtrate 1is
concentrated under reduced pressure to give the desired
15 product, which is used without further purification.
The following ligands were prepared according to the
procedure described above:
Example | Ligand | Structure Phosphoramidite |Diol
P Q- O Q- L
ok 0
o-Ps ) _
Q L io Q Q\O "N,
HO
T |0 | O [T
o 9 0
~P_ P~ -
Qo 0 O OQ Q\O P NEt,
OMe MeO OMe
°F ~ AP
0 o 0
Oyt Jd YOt
0™~ oP-o O™ ™ NEt,




15 to clinb to anbient tenperature and is stirred,
still vigorously, for 2 h. The mxture is subsequently
filtered on a bed of silica and concentrated under

vacuumto gi ve the phosphoram dilte (Ar0)ZPNEt2 with a
pufsty—ofTapre—t ally a

| i €V o /Th RO OH
coercrallS g {2 0 ing [ &

m | react o under rarp dlte a e

i nt roduced in 20 u 2 "THet sol utli on
is|stirred at 0Q a 2 N so i on of
hydrochl ofi ¢ aci|d i n etHer added 5 reto over| 30

m nutes. The forjmation of a white prlecipitate is

observet—antd—thHe—mture—s—stirred—at—anbient
tenperature for 1 hour. A sol utlon of 3 mmol of diol

?QFE%%“{EI%'S £ WIS AE NS ex‘?{en”hi’ﬁfffehgm to

10 esdeondd rdibet yASN)whi ch is cool ed at -10C. The
suspension is stirred vigorously at 25C for 18 hours

and then filtered under argon on a bed of basic

Al uifa SeRRTEL PERSERY LR M8 eColiFeds, foRdoMsitrate is
converierat &6 Widen rLeHESShOFESIUI 60t G190 g@héb@ glass tube
deS|er%dl 15 prq%.ﬁl]ct which is used wthout furth

pur i1 ¢&H e % oﬁe]powr?]gsW%‘%ﬁﬁjsl?/ve?}%af)?%‘f)a?"édsuccessmn
accordihng to the procedure described above:

Exanpl eLi gandSt ruct ur ePhosphoram diteDiol 4D \ / \ /

\ W/ \ PP~~Ho off | ,~0p~~—~\ ~~\~\ P- O
1A NEr2/ the ligand (2. 5 eq),

- 1.21 g (15 mmol; 30 eq) of anhydrous 3PN,
- 138 mg (0.5 mmol; 1 eq) of Ni(cod), and
- the Lewis acid (0.5 mmol; 1 eq).

15 The mixture is 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
stopped. The mixture is cooled to ambient temperature,

20 diluted with acetone and analysed by gas
chromatography.

The results are compiled in the table below:

Example |Ligand |Lewis acid DC (3PN) Linearity
8 A ZnCl, 64% 70%
9 B ZnCl, 14% 71%
10 Cc ZnCl; 20% 73%
11 D ZnCl; 44% 76%
12 E ZnCl;, 11% 72%
13 E CoCl;, 32% 74%
14 F ZnCl, 16% 67%




56/ ~ OMeMeO/ \~\ OveHo OH 0 Oo 4 Ove | ~ MeOOVE 6F-

- ~~~~/\ «~~/ - -Ho off I~/ ~~OP OOP-O -~
V\ ~ 1\ ~~~~OPNEt2\ =-51 7G \ / \ [ \ [\
/' \ -\ /[HOOH/ \ ~ P Op~P~62/-\/ \ 0-P

15 G ZnCl; 48% 80%

16 G YCls 64% 88%




NEt2l / / \ | ~/ \ Exanples of hydrocyanation of
3-pentenenitrile (3PN) to adiponitrile (AAN) 5 The
general procedure used is as follows: Under an argon
at nrosphere a 60 nl Schott gl as&3tube equi pped with a
septum stopper is charged in succession with 10 - the
ligand (2.5 eq), - 1.21 g (1SLAEMS;: 30 eq) of
anhydrous 3PN, - 138 ng (0.5 mmol; 1 eq) of N (cod)?2
and - the Lewis acid (0.5 mol; 1 eq). 15 The nixture
i s tlaken FEOCESE WiQh BYfFeryanapéegore hydumtauhem tempound
i nj echedinihg t ke r eaGddton dAt Usenh PYeMB@NSuRbauration by
yrin%e driver at a rate of 0.45 nml™ per hour. After 3. ,
our§ G- 1) &dt i'Sh & Het BTG A T vt th shdbpped. cpride in
m xtehee ixeceolced taf ardi e:rﬁtdW@teraécbtﬁ;&riQﬂn%i | &t ﬁ‘ﬁietallic
W t n | ysed as. chronmat ogr.ap The .
res%ﬁ?&gggeqﬁ%%%ﬁﬁ%g ?%OThg¥?§BFElB%Igﬁ%aqs aHd anl “organic
Ex aipio@hidgan diteasias taod 0 ( 3PN) Lichear i WGBAm&gMO%gand
9BZ 9 0¢Zn 20%/ 3% 11 4%/ 69 EZnd 211
T2 TAECHT S5 A CAE TN FTeI T g2 oL

R1\ R
R
Uy U

3N /R4
2 U3\T/U4

ul A
, u
Pl

in which:

T and T;, which are identical or different, represent a

15 phosphorus, arsenic or antimony atom,

Ui, Uz, Uz, U4 Us and Ug which are identical or

different, represent an oxygen atom or a radical NR, R

representing an alkyl, aryl, sulphonyl or carbonyl
20 radical,

Ri, Rz, Rz and Rq, which are identical or different,
represent a substituted or unsubstituted, aromatic,
aliphatic or cycloaliphatic radical comprising one or
25 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, Rs, Rs and on the other hand
may be interconnected by a covalent bond, a hydrocarbon
chain or a heterocatom, and, when one of the radicals U,
30 U,, U3 and U; includes an N atom, the associated radical
Ri, Rz, R3 or Ry may form a ring including the N element

of the said radical,

m and n are identical or different integers between 0



15GZnd 248%80% 16GYC1364%88% - 53 CLAIMS 1. Process

for hydrocyanating a hydrocarbon conpound contai ni ng

at | east one ethylenic unsaturation by 5 reacting it
inaliquid mediumw th hydroeged cyanide in the

presence of a catalyst conprising a netallic el enent

sel et®ed £ MR anst ti gmustetd syt an hgane dqganto 1,
characterized in that the organic |igand corresponds

to the general formula | below 10 U U ~n ~Z in which:

T a4 ?%@ War chhafB pgendfeatierldpkf didfierentpr esemesent a
3 1B Mus phor tespan ety Cral (AR IgEHNLAl fddiadfrr Brrr or
U5 aqﬂ)Qy, ich are identical or different,

represéﬁi 2\ oxygen atomor a radical NR R

representing an al kyl, aryl, sul phonyl or carbonyl 20
radical, Rl, RZ, R3 and ROrpwhich are identical or
different, represent a subsﬁPtuted or unsubstituted,
aromatic, aliphatic or cyctgatiphatjc radical

conprising one or 25 nore rﬁngs, whi'ch are in fused

formor not and which may cohtain one or nore

het er oat ons, where the radicals Rl and R2 on the one

hand, R3r R4 and on the other hand nmay be

i nterconnected by a coval ent; bond, a hydrocarbon chain

or a heteroatom and, when gfe of the radicals Ulr 30

U2, U3 and W includes an NStom (tihe associ at ed

radical Rlr RZ, R3 or R4 nax%forn1a ring including the

N el enent of the said radical®,, mand n are identica

or different integers between O - 54 and 6, where m

+ n nust be greater tham @rf G to 1, Ql and @,

which are identical or dif¥ereit,, represent a group
corresponding to the g B lae (wy, IIl or 51V

bel ow R

in which Rs, Rg, R; and Rg, which are identical or
10 different, represent aliphatic, cycloaliphatic or
aromatic hydrocarbon radicals containing 1 to 12 carbon

atoms, Rs and Re¢ also representing the hydrogen atom,
and

15 t and u represent integers between 0 and 6, with a sum
u + t greater than or equal to 1,

Z representing a divalent radical selected from the
group consisting of aromatic or cycloaliphatic radicals
20 containing one or more rings, which are in fused form
or not and which may be substituted and may contain
heterocatoms.

2. Process according to Claim 1, characterized in
25 that the ligand of formula I comprises a structure of
the formula below:



RS -C (Il) R R~ -Si- (IIl) RBRSR7r Cl ~ (IV) Rt
Re u in which R5, R6, R~ and R8i which are identica

or 10 different, represent aliphatic, cycloaliphatic
or aromatic hydrocarbon radi eab5 eontaining 1 to 12
carbon atons, RS and RB al so representing the hydrogen
atom and 15t and u r esent i ntegers betmeen 0 and
6, with a sumu +t great han or e to 1, Z
representing a dival ent aI seI ted fromthe
group consisting of aro & 0al i phatic

radi cals 20 containing o rigs, which are in
fused formor not and which nay be substituted and may
contain heteroatons. 2. Process according to Caiml1,
chasaﬁbetededfrmmZﬁﬁkhagrbhp | ¢ gedtls ©ind orgrul @hk following
cong£| gtructure of the formula below. - 55 ~n
Z m Sé ec e fronrthe group consrstrng of the

J ol | owi ng structures NR NR NR Me O O NR

NR NR
u© gQNR 7u© s.©
R/
Me
O O @] 0 o
D P Y
S

in which Ry represents a halogen atom, the alkyl,
halogen, aryl, alkoxy, aryloxy, nitro, thioalkyl,

10 secondary amine and nitrile groups.
3. Process according to Claim 1 or 2, characterized

in that the organic ligand is selected from the group

consisting of the compounds of the formula below:

TP oGP
QTE, 95,

15

~ ’_ N




O Oin which Ry represents a hal ogen atom the al kyl,
hal ogen, aryl, al koxy, aryloxy, nitro, thioalkyl, 10
secondary amne and nitrile groups. 3. Process

according to Claim1l or 2, chab&cterized in that the
organic ligand is selected fromthe group consisting
of the conpounds of the formula below. 15 Ph Ph Ph O

/P-0 OPh-RB | | ~\NRQP-~0j -Si Ph Ph O/P OOPh
Ph O/P O h| 2\ Z I B
P s N 200 % N
|\| 0] l
! N (Ol

7N ] NN
N_ /N\N _
|

O x> 0 0
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s
ANy . o0 J
N O\IID\ F—o— N R /P—-O-@
! NTs NTs N= o O N
1 Ph
1 PH
|
: 2 N Z >N N
| ) 7N | 7\
F | — = | X _
Ny o o N 0 c
| O\I'D\ _F-0 7 N O‘Fl’\ P’—o@
l O O =N 0 o/ =N
|
—Si
: /
i
Z N ~ "N N
| 7 W N L 7 N\
PN O C ~ i
o 0
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OP.ONITs - 79 0 ~P TsN P NIs | 0 OP Nls OO ~-P
P-O1 TsN I NIs - 80 N s 4. Process according to one
of Clainms 1 to 3, 5 characterized in that the netallic
el enment is selected fromthe-gfl®up consi sting of

ni ckel , cobalt, iron, ruthenium rhodium palladium
osm um |r|d|un1 platlnun1 copper, silver, gold, zinc,

cadm pr-ane—reredry—10-5—"Freeess abbu.d.nu to—orre—of
t he p(ecedlnr [ Njar act er i

react|{on_js f( ed g 2. Si I

6. Prog according tlo o

characteeized £n that ¢t he

|
general formil'& (V): RrLiLt] ~ (4
! TsN NTs




in which 20 Mis a transition netal, Lf represents the
organic ligand of formula (1) and v represents a
nunber between 1 and 4 (inclusive). 7. Process
according to one of the preced®g-clains, 25
characterized in that the reaction m xture conprises a
sol vent for the catalyst which is mscible with the

) De hydrquanatgg’at

d sepecte
5-cmm@@m
Qn st ate zero, ch a
tetracyanonlckﬁﬁgte KNP
bi s(acrylonitri\ e)an el zero,
bi s(cycl ooct a- | Z
contai ning |igands ch as tetrnakis(trilO

phenyl phosphi ne) ni ck&l zero; - c¢onpounds of nifcke
such as carboxyl ates, carbonate, bicarbonate, 'borate,

br Orn r~|a r-hl nri r~|a r~| trate t hi ocvanat e; cvant de
a5 Gy CyahH-ae;

rero and derd i ves

fornate hydroxide 15 hydrophosphite, phosphite
phosphate and derivatives, iodide, nitrate, sulphate,
sul phi t ETAFGFS aﬁﬁc%¥%y$§ulbﬁonﬁﬁés of. Phesdmss 1 to 3,

5aC Ceti sht gt & O1 DEE Qﬁ ﬁ:'ﬂétprt@féedh@tgaPi?é MBledfnt is selected

cha acterized in that the ani c _conpounds cont aj ni ng
B8t Wik &5iPent 8“865%F IpoRill arecket ect@PFriom ron,
d|0¢@ﬁh¢ma$mph ashbdiad) enepaliagieng, hesaiumb- di @nd.dium,
cy 5- et cal | nsat ur at ed .
q¢ﬁat%%@¢ntr?+é§$rés g¥h§€¥y é%éf péat'Sneni AR yE  and
251§ﬁ@%P%S pent-3-enenitrile and pent -4-enenitrile,

1omonool efi ns such as styrene, mnethyl styrene,

vi nyl napht hal ene, cycl phexene and nethglcyclohexene
d¥alsdP%99§§ﬁe§c69r@%590F°nﬁF§3d? f t HegePEBRpIdAEs Claims,

30 dkﬁhrilfwleﬁﬁedici?@r dhBg tBeOnRRfcildie 14 e6LEHENEd out in a

clalns acterl ed in that the amount of conpound

of Til cq< o1 W %JILH%T transition netal used is

sel ect ed such that per nole of organic conmpound to be

5hVQi°CVQﬂ§5 tf; %28 %ﬁ%egob%ﬁﬂﬁgﬂflph? ﬁggc%dngp c%ﬁlms,

nic or o transition
an§:4F4¢ﬁﬁr%?ﬁdahﬁuﬁﬁaﬁ tﬂ@aﬁﬁéaﬂwgém$Qﬁr63pqnd%.to the

(V)garseeh1 st sgherd edysuch that the nunber of noles of
this conpound relatgéﬁ to 1 nol of transition netal is
fromO0.5 to 50 v11. Prddéss according to one of
t heimprwciseh ng cl ai ms, characterized in that the

2ohy% Ofé’aa[‘aéf

25

30

.0 carried out at a
t enper at ur et om%&:ntlencazgo

L: represents the organic llgand of formula (I) and

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

8. Process according to one of the preceding claims,



5 12. Process according to one of the preceding clains

for hydrocyanating ethylenically unsaturated nitrile

compounds to dinitriles by reaction with hydrogen

cycani de, characterized in thaglit is operated in the

10 presence of a catal yst system conprising at | east

onechpapsteromedet i dchmgouhbe atrdresisti@nemetgani compounds

co ng s for I C

comgsod eredr PipBunbe, Yol AU ATIR BRlp qqnststing

accBfding to Claim 12, characterized in that the

ethylenically unsaturated nitrile conpounds are

sel ect ed fron1ethy|enicaLI¥ unsat urated aliphatic

i t7i | esCEBRPANERNgt N | WBAFDpahtErehi £6i |83 oFéRagdon state

ggn:hs-eafabgzilgyand p@@t-4p@@£@é%ﬁﬁkf @@@iQ&%éﬁ6ﬁﬁbkelate

ere roocess. accordin o .Claim13, ,

char act ergi’ Pt TW dnat %tlrf‘e(c“’\qrry %&é?ﬁleq’?é}ﬁq]?‘% es?€ro, Dbis-

contai n dnyahbscob-ot hedieoapoindslsekeevedahidomiéhevatives

group copsi stk f 25.2- yl buf-3-enenitril . .

2- et hyl é?? ?ggggitr%éééﬁﬁih-z-%%ggitrgﬁe, éétrakls(trl_
1Q/al er oni PheNElPREFPbANRE) Rieke2- gerhyl gl utaronitril e,

2-ethyl succinonitrile and butadi ene. 30 15. Process

according to one of Clains, 12 to 14, characterized in

t hat t heCPBRPENGE| d 8fpl o§LEkas cotdthl ys?sis axreesrwkptes,

from conpaundaacé, t becakesBate, obcta@ens ddomilddd, chloride,
Il1la, 11] Vb, VIb, .Ml1b and VIII

Lva, | Va b, of ,
Lhe Per | GOFE=NabI Eh3PCyABatRemiiabitss {3 e ki dtdroxide,
13accordi ngydoophesphiteai ns IthdspHiZe,char aphesphatdei n  and
that the i Ld i lect ed: sal cte ;
fron1thedé?2ﬁ§tg$é%él?é%@fﬁguﬁgﬁé%gg%'sﬁpgﬁ§%§?é5,§hlphlte’
hal oal kyP8¥lphdndt eskyperhaheapkegs- - 83 sul phonates,
hal oal kyl acet at es, perhal oal kyl acet at es, carboxyl ates
and phothates. 17. Process according to one of Cains
12 Po 16:T8CERIr 36COFEBE iHP MR PhetPewRFesgHing claims,
2(sel enbhedctepinvedndnchiait dehe ZbRgahti 8MddghpAindE containing
i odi de, ganese chlqride, nma nese brom de, cadm um
chl %gi S, gcadcr)nn%m Ccrhé/ e s?%ﬂrgg%s%c?ﬁfjor?ﬁee, Sgﬁgﬁﬁ(?ﬁs from
br odidéefsnansowd sad phatedishanndsspramntr,attesxd +idi SHdiene,

trifluepguehby!l 519; sHlphonat &, .y fyl
trifl uoroacetaf e, %incptriflu%E%%g%#g%%%l¥he chl%ﬂ?%ﬁﬁfated

or ﬁ?%ﬁ?ﬂ%ﬁcofn¥%ﬁ%¥§ﬁm1:ﬁSQﬁéﬁéﬁﬂ§ stéheas IRgntRIRmRtriles

25<:egsti1mu_ pr%fod%@mm—@e@ﬁymym ﬁwf i1 urperﬁ%t_r@rér&gnitrile,
gadgl i ni .terbiu ysprosi um hafnium erbium
thaW??ﬁﬁ#gkf?ﬁrbiugbgﬁd 153Fut et iMESATd cobdlgthylstyrene,
chl vindénapethalisnehl oycdehexthei amdc Meahyde y@ldbhexene and
m X S . 48 roce ccording to one of
a a%%§813£¥§ﬁ§€% ¢ aF%élg?iééﬂgiﬁgtﬁg 9 heoTRA B e o
enpl oyed 20 represents fromO0.01 to 50 nol per nole of

30 rangiti pRosELal aeeBRAYRE. t19.orf 06£S$haC G
one_ of Cla?ns 1 ?o 18, c%aracﬁérized in t%%f éﬁl&d)Cl?lms'
2- nERAyRBEer 328denPt MR, thesmunt pf cREPPEREL igh nickel
M xbur e for agd tiaé t ng rhheMchvhadhenel hydeacyahaki0Beted such
i so g'ze%rtocg]:ente enitriles in the Ogbgenge 3{ g
hydrogenPEyanide Ph CRE3PrEs St BI"G £Qt Qfydtydrocyanated
conpri ssomenizédabetwaenol §aniand ilgarnd aff genretedl or of the
f or (1 (M) ..an | eagt ransition,30

35rret gﬁlll%érrp%rua‘r%{cﬁltz c?r?lf-’(r}lg?g%s g%co%&?ln%y% athaaf)ml%&that the
chapBetRki zed i ArgRaLCt héigandt hyifbuttoZmerdeani t(M)l e used is

Subiecé@eed Osi:EAMERRZALHAN NfbeMPlPY &R 18)0RE Ahid @mpound

m xture wth . .
relative to 1 mol of transition metal is from 0.5 to

50.



35 2-nethyl but-2-enenitrile, pent-4-enenitrile,

pent -3enenitrile, pent-2-enenitrile, butadiene,

adi ponitrile, 2-nethylglutaronitrile,
2-ethylsuccinonitrile or valergpitrile. - 84 21.
Process according to either of Clains 19 and 20,
characterized in that the isonerization reaction is

carfrhed a re. f C
Proggss ZEESEES gk?gng¥g%ﬁ€§igéﬁg1%? t%% &99 erlléﬁ Clalms’
t haFh@RaCE88AERAZat M o hat 2th6tmwdﬁnqyanﬂﬁmqnuweapélon is

penba@@mbarbhesatsaceémFegaeukel@rbﬁellP@SQBCQOGﬁCat
%east one transition ne conmpound, at |east one

rgani ¢ phosphorous |igand of the fornmula (1) 10 and a
CocaQaIystoceﬂposﬁmdﬁdﬁﬁg|E@Sbn@nQﬁ%ewh§ @@ﬁ%ed%ﬁg claims
Og noph hor us_conmpoun corres In t he L
gengral 835 ga???nggloﬁ?h¥£?pi%g$ﬂ ?%ﬁatﬂr§%§%6~nltrlle

, Racbepdullds| ~teU6 dinj t+riQ@sm byand-eElat di chwitle hydrogen
i de r f.fer rese S
By ePhoS] et o8 g, 20 BIOSHERS 1o ene

1%m|Eﬁeﬁﬁécﬁdéﬁi|%aFa§ﬁlM§FféM§ﬂemr@ﬁﬁ@%&ﬁﬁn%nabxﬁg@@t one

atOHkQﬁs@tﬂ@ﬂlcakﬂNB, Rbéﬁﬁé@ﬁgnt'%& anl@$§yl’oﬁ%yl’organlc

sul hon 5 radica and
Rm8¥8nadeﬁ? §P¥HF%élfféﬁenPr reﬁ?eséﬁt a?d CocatalYSt

subsbmpused of anhslbstttuhedLeaisnatia, aliphatic or

cycl oal i phatic radical conprising one or 30 nore

rings, which are in fused formor not and which may

15Congé| n BhecessnaecdiimatonsClader €2,hechadecaksiBéd in

andtffgronctbe Qng, {E%¥ﬁ$ﬂ§§ CBﬂs@@gr%@eﬁhenQEPfieh%ﬂgnpounds

may be i nterconnéec oval ent bond
hy dR 68 artorE Tifd nfepma %@@r%%ﬁﬁlﬁanénsﬂﬁéﬁaéﬁé ofliphatic

thentaditaks Ubdfpris8Bg 1linear pentenenitriles such as
pent-3-enenitrile and pent-4-enenitrile and mixtures
20  thereof.

1l4. Process according to Claim 13, characterized in
that the linear pentenenitriles contain amounts of
other compounds selected from the group consisting of
25 2-methylbut-3-enenitrile, 2-methylbut-2-enenitrile,
pent-2-enenitrile, valeronitrile, adiponitrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile and buta-

diene.

30 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, IVa, IVb, Va, Vb, VIb,
VIIb and VIII of the Periodic Table of the Elements.

35
l6. 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, halocalkylsulphonates, perhaloalkyl-



U2r U3 and W9 includes an N atom the associ ated

radical R, R2, R3 or R4 may forma ring including the

N el ement of the said radical, 5 mand n are identica

or different integers between 83and 6, where m+ n

nmust be greater than or equal to 1, QL and Qr which

ar espdphonaskeser mak@mlaqmmnt peyhalpalkylacetates,

cor 0 ormulae I, 11l or 10 |V
e e e e L W e AL R A

whi ch R5r RS, R~ and Re, mhlph are |den;|cal_or 15
diffleremprobegrsesgat:oahmaatt@ &€l A | phatins o2 to 16,

romatic h roc rbon radic ontaining.1.to 1
S BBRrEebkeioRe A9 FESLIER, S n P 1 stgicngsh Erom
atoanandcﬁlDorlaed wz irepr éseniidajt egdnhge bebdeds, 0 madganese

6, @%&gr d%umﬂ%?q%qégeaéﬁ {@ nsgrgcgﬂgipﬁio%%é%, cadmium

representing a
gro@pom@dglrstﬂt@gﬂtﬁusar@mh@rtdm syehoakisphatdmide, stannous

radb%@kﬁa@é COBEQthHI oesrekaegre £h89§m “@ff@l@é?e%@thyl—

f used orm - or not and ch het eroat ons
1%ub§tlnlpt}f>@at§md ARG EBNt arhf%zuor@eahebﬁospﬁbms t21fTuoro-

Conpe¥Rds egor ragpoRAilRG i@ st hesrd frdiuil Bas bed oW r e Phearth
elements such as lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium,
dysprosium, hafnium, erbium, thallium, ytterbium and

15 lutetium, and cobalt chloride, ferrous chloride,
yttrium chloride and mixtures thereof.

18. Process according to one of Claims 12 to 17,
characterized in that the Lewis acid employed
20 represents from 0.01 to 50 mol per mole of transition

metal compound.

19. Process according to one of Claims 1 to 18,
characterized in that 2-methylbut-3-enenitrile, present
25 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 ligand of
general formula (I) or (V) and at least one transition

30 metal compound.

20. Process according to Claim 19, characterized in
that the 2-methylbut-3-enenitrile subjected to
isomerization 1is employed alone or in a mixture with
35 2-methylbut-2-enenitrile, pent-4-enenitrile, pent-3-
enenitrile, pent-2-enenitrile, butadiene, adiponitrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile or

valeronitrile.



O/P-OO MO OV O/P-OO MO tBu tBu v OP-OOP t8u
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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.

5 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)

10 and a cocatalyst composed of at least one Lewis acid.
23. Organophosphorus compounds corresponding to the
general formula (I) below:

R1\ ,Rz R
U1\ /LJ2 3\U U/R4
T 3‘T/4
! |
5\, Ug
a Q)
Tt
n

15 z ”
in which:

T and Ti, which are identical or different, represent a

20 phosphorus, arsenic or antimony atom,

Ui, Uz, Uz, Uy, Us and Us, which are identical or
different, represent an oxygen atom or a radical NR, R
representing an alkyl, aryl, sulphonyl or carbonyl

25 radical,

Ri, Rz, R3 and Ry, which are identical or different,
represent a substituted or unsubstituted, aromatic,
aliphatic or cycloaliphatic radical comprising one or

30 more rings, which are in fused form or not and which

may contain one or more heteroatoms, where the radicals
Ri and R, on the one hand, R3, R4 and on the other hand
may be interconnected by a covalent bond, a hydrocarbon

chain or a heterocatom, and, when one of the radicals U4,



0 ~/P-OOO - 87 PhtBu OOAP ~OPh Ph O/P-O O SMe
tBu tBu OOOPp~/POOOPHh tBu Ph Ph OOOp~/P-O0
O NOZ

5

10

15

20

25

- 85 -

Uz, U3z and U; includes an N atom, the associated radical
Ri, Rz, R3 or Ry may form a ring including the N element
of the said radical,

m and n are identical or different integers between 0

and 6, where m + n must be greater than or equal to 1,

Q1 and Qz, which are identical or different, represent a
group corresponding to the general formulae II, III or
IV below:

—C— (i

(V)

in which Rs, Rg, Ry and Rg, which are identical or
different, represent aliphatic, cycloaliphatic or
aromatic hydrocarbon radicals containing 1 to 12 carbon
atoms, Rs and Rg also representing the hydrogen atom,
and

t and u represent integers between 0 and 6, with a sum

u + t greater than or equal to 1,

Z representing a divalent radical selected from the
group consisting of aromatic or cycloaliphatic radicals

containing one or more rings, which are in fused form
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or not and which may be substituted and may contain
heterocatoms.

24. Organophosphorus compounds corresponding to the
5 formulae below:
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