ORGANOPHOSPHORUS COMPOUNDS, CATALYTIC SYSTEMS COMPRISING SAID COMPOUNDS
AND METHOD OF HYDROCYANATION OR OF HYDROFORMYLATION USING SAID CATALYTIC
SYSTEMS 5[001]The present invention relates to organophosphorus compounds, their use in catalytic
systems and methods of synthesis of organic compounds using said catalytic systems, notably the

methods of hydrogyanatiorabsibyierisgaibonrsaiNeisCArpaNa OIS LOMIPRPOINIIS A@Mprising at

least one nitrile function and the n‘@&mgégﬁggqmﬁg m&g %@@Iﬁg\ﬁqnm%gor the
manufacture of aldehydes. 10 [2] The reaction ot nidrjc\)&g au%n IS, £T:or example, described in French

patent 1 599 761 which relates to ALARGES SR

oo %uu oy atoitort o iyt §yanlc acid to
organic compounds having at least one ethylenic double bond, in the presence of a catalyst comprising

nickel and an[adganopio gpdsenisinigaindn adikisy|phosgmdehddpisoraacimnpoandbe thairriesk ant datdhgic
15presence ay Y%ﬁ%‘&%%&rﬁ%’@f‘éydﬁkﬂhﬂa a$ﬁ!4 s gédﬁ%@@siﬁg%ﬁiﬁ%@?ﬁé ?@M@Q%ﬁ%@ tACh as

benzene or xylenes or |t5|Ie sucq as ace %n|trlle "2 h? 8ata stem d IS an organic n nickel
rocyanation, o ale anic C

complex, contalnlng I|gana/s SR phos e\h €s, ar§/|nes s%blnes p(%/m éo arsenltes or gnlflmonltes

[5] The prese?fﬂ@%'tsm)r@rﬂ?ﬁ‘é? RﬂeaBWSUWé‘CtP@C%TSIQE? SRtAods o W@Hﬁﬁ%lﬁ’ﬁd%r%?ﬁﬁ‘f&?%lt

generally a Lewipeaiids ivetisdmaooiariven dbadehgdés.patent. 25 [6] Numerous other catalytic systems

have beef proposed, generally comprising organophosphorus compounds belonging to the family of the

phosphites, %8§Ph°‘f‘i¥§$e£’é?faﬁp$}'Wﬁ%é&%&l&ﬂﬁghkﬂﬁﬁxéﬂﬁ&%‘e&H%BGWH’%QE&%H%&%H?F’PBQQ%@”
comprise one horus atom per malecule and ar CI‘I monodentate li and or several
it B R e R et R S A
numerous I|g§ﬁ@§%@1@§aﬁﬂwgﬁ\ﬂb'ﬁ’ﬁé§bﬁd?b®'awtﬂé? RiSIeclENoRIBTRAEE RArTIREICHBRISHEsCribed
in numerous patehtsd [af] btowepbnspbuvusaigdytic syritsmsosptiithertes Eadfirmamcechaiiiatiduréspect to

catalytic 35acijullyRRG MR tairtability are always being sought for improving the general
economics of the method. 2 mixture of carbon monoxide and hydrogen under pressure to form an

aldehyde, is also described in numerous documents. For example, a general account of the

hydroformyla{Rm’]of OVFER & AAMEE LTI BS CHSTRIRDY iR R AraH PEASZH et B BHBneous
Catalysis withiDitgandgnastatitodtiittpounds, Vol. 1 and 2, Weinheim, 1996 and in the article by E. KUNTZ
5 published in the encyclopaedia "Les Techniques de I'ingenieur J 5 750-1, 2002 edition. The catalytic

systemsgseqqp,ghis ’fﬁ@cﬁ%|9§”8|‘}?d|¥;@9m?”§r‘? %%QH@YHEKQF'@8%;9&90*88!&%%0‘11 vRigh can be
complexed by an grgano hosphoru otab anop hines such as trlphenylphosphlne or
organophosp )éh[%sp sheTara St&'lp ﬁBteéa%f‘ftg %tgm' Q8&in the hydroformylation of alkenes
is given in patent US7495133. Just as for hydrocyanation, new 10 catalytic systems are being sought for
improving the@%iperiies pletencaethagrootbtevitir kesipaidigohi egiaytrneahces ef boeosatatysiusddwnith
respect to simplification&fdheymettnd acid, is also recommended in said patent.
25
[006] Numerous other catalytic systems have been proposed, generally comprising
organophosphorus compounds belonging to the family of the phosphites, phosphonites,
phosphinites and phosphines. These organophosphorus compounds can comprise one
phosphorus atom per molecule and are described as monodentate ligands, or several phosphorus
30 atoms per molecule, which are then called multidentate ligands. More particularly, humerous
ligands containing two phosphorus atoms per molecule (bidentate ligand) have been described in
numerous patents.

[007] However, new catalytic systems with better performance both with respect to catalytic
35  activity and with respect to stability are always being sought for improving the general economics

of the method.

[008] The reaction of hydroformylation, which consists of reacting an olefinic compound with a



[9] One of the aims of the present invention is to propose a novel family of ligands which makes it
possible to obtain, with transition metals, catalytic systess displaying good catalytic 15activity notably in
the reactions of hydrocyanation and hydroformylation. [10] For this purpose, the present invention
proposes organophosphorus compounds, characterized in that said organophosphorus compounds

correspond ta/paer&bthargenaiahdRus ulaeHyr et (He?BreSsmé ofmR alitp)ad-i{ ABoRBEALERL 0 0 0
in which: R1; RemR36 R o &R dfiFE TgunBRIdemlna Pt HGERIb IS RSEOE St agan atom, a
found in B. Cornils and W.A. Herrmann (Eds.), Applied Homogeneous Catalysis with
Organometallic Compounds, Vol. 1 and 2, Weinheim, 1996 and in the article by E. KUNTZ
5 published in the encyclopaedia "Les Techniques de I'Ingénieur® J 5 750-1, 2002 edition. The
catalytic systems used in this reaction generally comprise carbonyl hydrides of cobalt or rhodium,
which can be complexed by an organophosphorus ligand, notably organophosphines such as
triphenylphosphine or organophosphites. A general description of the catalytic systems used in the
hydroformylation of alkenes is given in patent US7495133. Just as for hydrocyanation, new
10  catalytic systems are being sought for improving the properties of the method both with respect to
the performance of the catalyst and with respect to simplification of the method.

[009] One of the aims of the present invention is to propose a novel family of ligands which
makes it possible to obtain, with transition metals, catalytic systems displaying good catalytic
15  activity notably in the reactions of hydrocyanation and hydroformylation.

[010] For this purpose, the present invention proposes organophosphorus compounds,
characterized in that said organophosphorus compounds correspond to one of the general
formulae (1) and (lI):

20
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5 linear or branched alkyl radical having from 1 to 12 carbons which can contain heteroatoms, a radical
comprising a substituted or unsubstituted aromatic or cycloaliphatic radical which can comprise
heteroatoms, a carbonyl, alkoxycarbonyl or alkoxy radical, a halogen atom, a nitrile group or a haloalkyl
group having 1 to 12 carbon atoms X, X1 and X2, which may be identical or different, represent an
oxygen, nitrogen, sulphur, carbon 10or silicon atom R6 Fepresents a covalent bond, a linear or branched
aliphatic radical, a radical comprising a substituted or ungubstituted aromatic or cycloaliphatic ring or
several aromatic rings, condensed or joined togethg d n and nl1, which may be identical or
different, are integers respectively equal to the valency of 15¢lements XI, X2 reduced by 2.
[011]According to a particular embodiment of the i tion, these organophosphorus compounds belong
to the family of organophosphinites and corrégpo neral formulae (Ill) and (IV): 4 R4
in which: 5- RI, R2, R3, R4, which may be identi nt, represent a hydrogen atom, a linear or
branched alkyl radical having from 1 to 12 carbon gfoms Wﬁk\:h c ontain heteroatoms, - Z represents a
substituted or unsubstituted aromatic or cycloaliphafic radicaPWni h5jmn comprise heteroatoms, a
carbonyl, alkoxycarbonyl or alkoxy radical, a halogen atom, a|nitrile group or a haloalkyl group having 1 to
12 carbon atoms, 10- R5 represents a covalent bond, a lineaRer branéHéd aliphatic radical, a radical
comprising a substituted or unsubstituted aromati&or cycloalibhatic ring or several aromatic rings,
condensed or joined together by a bond. 5 P/ xz\(R>

"Inl

R4 O R2

in which:

- Ry, Ry, Rs, R4, Rs, R7 and Z, which may be identical or different, represent a hydrogen atom, a
5 linear or branched alkyl radical having from 1 to 12 carbons which can contain heteroatoms, a

radical comprising a substituted or unsubstituted aromatic or cycloaliphatic radical which can

comprise heteroatoms, a carbonyl, alkoxycarbonyl or alkoxy radical, a halogen atom, a nitrile

group or a haloalkyl group having 1 to 12 carbon atoms

- X, X1 and X2, which may be identical or different, represent an oxygen, nitrogen, sulphur, carbon
10  or silicon atom

- Rg represents a covalent bond, a linear or branched aliphatic radical, a radical comprising a

substituted or unsubstituted aromatic or cycloaliphatic ring or several aromatic rings, condensed or

joined together by a bond

- n and nl, which may be identical or different, are integers respectively equal to the valency of
15 elements X;, X, reduced by 2.

[011] According to a particular embodiment of the invention, these organophosphorus
compounds belong to the family of organophosphinites and correspond to one of the general
formulae (1l1) and (1V):
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in which:

- R1, Ry, Rs, R4, which may be identical or different, represent a hydrogen atom, a linear or
branched alkyl radical having from 1 to 12 carbon atoms which can contain heteroatoms,

- Z represents a substituted or unsubstituted aromatic or cycloaliphatic radical which can
comprise heteroatoms, a carbonyl, alkoxycarbonyl or alkoxy radical, a halogen atom, a
nitrile group or a haloalkyl group having 1 to 12 carbon atoms,

- Rs represents a covalent bond, a linear or branched aliphatic radical, a radical comprising
a substituted or unsubstituted aromatic or cycloaliphatic ring or several aromatic rings,
condensed or joined together by a bond.

As preferred compounds of general formulae (1), (1), (1ll) or (IV) of the invention, we

may mention the compounds of the following formulae:



ligand 10 [012]These compounds can be prepared from compounds called hereinafter CgPH of the
following formula: 5 [13] These CgPH compounds are described in the scientific article published in the
journal ORGANOMETALLICS Vol. 27, No. 13 p. 3215-3224 of 2008: "General Routes to Alkyl
10Phosphotrioadamantane Ligands" by Joanne H. Downing et al., as well as their method of synthesis.
[14] The CgPH compounds are transformed to CgPX compounds, in which X represents a halogen atom,
preferably bromine, by reaction with the molecular jhalogen in an organic solvent 15such as
dichloromethane. [15] The CgPX compounds are hen reacted for example with a compound obtained by
reaction of a hydroxylated compound corres he residue Z or R5 in general formulae Ill and IV
with an organoalkali metal compound, preferably’ organplithium compound, in a solvent 20such as
tetrahydrofuran. [16] Details and additional infoymationjon the methods of manufacture of the compounds
of formulae | and 1l will be given in the exa elow. 25[017]According to another object of
the invention, the organophosphorus com AhA (1)) or (IV) are used for the
manufacture of catalytic systems by combini i ic/element to form a complex. Overall, the
composition of these catalytic systems can be 9 represe ! al formula (V) or (VI) (these
formulae do not correspond to the structure of the compounds plexes present in the catalytic
system): [Lf]t (V) or 5 HM [Lf]t+,,(C0)4.,, (VI)

{and co

ligand 1

ligand 2

ligand 3



in which: V is a transition metal 10Lf represents at least one organophosphorus ligand of formula (1), (I1),
(lll) or (IV) t represents a number between 1 and 10 (ingjusive) n represents a number between 1 and 4
(inclusive) [18] The metals M that can be complexed are in general all the transition metals of groups 151
b, 2b, 3b, 4b, 5b, 6b, 7b and 8 of the periodic system, such as published in "Handbook of Chemistry and
Physics, 51st Edition (1970-1971)" by The Chemical Rubber Company. [19] Among these metals, we
may mention more particularly the metals thaf can be used as catalysts in the reactions of hydrocyanation
s 20 non-limiting examples, nickel, cobalt, iron,

Iatlnum copper, silver, gold, zinc, cadmium, mercury.

of olefins and unsaturated nitriles and cobalt or

that in the organometallic complexes of the 35 inven
at degree of oxidation (Il), platinum at degree of oxid |o (0), palladium at degree of OX|dat|on (0),
osmium at degree of oxidation (ll), iridium at degree of oxidation (1), nickel at degree of oxidation (0). 10
[23] If, during preparation of the organometallic compi##%fAe metal is employed at a higher degree of
oxidation, it can be reduced in situ. [24] Among the compounds of metals M that can be used for

preparing the organometallic
o] o]
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5complexes, notably when the metal is nickel, we may mention, as non-limiting examples, the following
nickel compounds: compounds in which nickel is at degree of oxidation zero, such as potassium
tetracyanonickelate K4[Ni(CN)4], nickel zero bis (acrylonitrile), nickel bis (cyclooctadiene- 101,5) (also
called Ni(cod)2) and derivatives containing ligands such as tetrakis (triphenyl phosphine) nickel zero.

rhodium, for preparation of catalytic systems comprigigedmpounds of general formula (1), (11), (ll) or (IV),
the complexes can be prepared using, as rhodium £ompounds, the compounds of the formula (acac)Rh
(CO)2 or (acac)Rh(COD), in which: 35- acac denotgs: acetyfacetonate - COD denotes cyclooctadiene 11

ligand 7

ligand 9



particularly of diolefins for the manufacture of nitrile compounds, more particularly of dinitrile compounds.
[30] The organic compounds bearing at least one ethylgnic double bond more particularly 5employed in
the present method are diolefins such as butadiene, isoprene, hexadiene-1,5, cyclooctadiene-1,5,
ethylenically unsaturated aliphatic nitriles, particularly the linear pentenenitriles such as pentene-3-nitrile,
pentene-4-nitrile as well as monoolefins such as styrene, methylstyrene, vinylnaphthalene, cyclohexene,
methylcyclohexene as well as mixtures of several @f e compounds. 10 [31] The pentene-nitriles can
contain, in addition to pentene-3-nitrile and pentengfd-nitrile, amounts, generally minor, of other
compounds, such as methyl-2-butene-3-nitrile, m - bytere-2-nitrile,pentene-2-nitrile,
valeronitrile,adiponitrile,methyl-2-glutaronitrile,ethyl-2- sﬁtrile or butadiene, resulting for example
from the previous reaction of hydrocyanation of 15butadiene 0 unsaturated nitriles. [32] In fact, during
the hydrocyanation of butadiene, there is formation, along with the linear pentene-nitriles, of
non-negligible amounts of methyl-2-butene-3-nitrile and methyl-2-butene-2- nitrile. 20 [33] The catalytic
system used for the hydrocyanation according to the ligetkddd of the invention can be prepared before it is
fed into the rgagtion zon@etar &xappadyAdsdingdeatbe camepampeLabitosantiand)eid brdl I gsHl ¥ trlone or
dissolved in afo?BWﬁ?tfo ﬁppropriate amount of the selected transition metal compound and optionally of
the reducing agent. 1t Is also possible to 25 prepare the catalytic system "in situ” simply by adding the
compounf}l of formula (1), (I1), (1) or (IV) and the transition metal compound to the hydrocyanation reaction
mixture before or after adding the compound that is to updergo hydrocyanation. [34] The amount of
compound of nickel or of another transition metal used is selected to 30obtain a concentration in mol of
transition metal per mol of organic compounds to ¢hdefgo hydrocyanation or isomerization between 10-4
and 1, and preferably between 0.005 and 0.5 mol of aickel orf of the other transition metal employed. [35]
The amount of compound of formula (1), (11), ( ‘)8 m the catalyst is 35selected in such a
way that the number of moles of this compound yelative to 4 mol of transition metal is from 0.5 to 100 and
preferably from 2 to 50.

TIT

[013] These CgPH compounds are described in the scientific article published in the journal
ORGANOMETALLICS Vol. 27, No. 13 p. 3215-3224 of 2008: "General Routes to Alkyl

10  Phosphotrioadamantane Ligands" by Joanne H. Downing et al., as well as their method of
synthesis.

[014] The CgPH compounds are transformed to CgPX compounds, in which X represents a
halogen atom, preferably bromine, by reaction with the molecular halogen in an organic solvent
15  such as dichloromethane.

[015] The CgPX compounds are then reacted for example with a compound obtained by

reaction of a hydroxylated compound corresponding to the residue Z or R5 in general formulae IlI

and IV with an organoalkali metal compound, preferably organolithium compound, in a solvent
20  such as tetrahydrofuran.

[016] Details and additional information on the methods of manufacture of the compounds of
formulae | and Il will be given in the examples presented below.

25 [017] According to another object of the invention, the organophosphorus compounds of
formulae (1), (1), (1) or (IV) are used for the manufacture of catalytic systems by combining with a
metallic element to form a complex. Overall, the composition of these catalytic systems can be



12 to add an inert organic solvent. The solvent can be a solvent of the catalyst which is miscible with the
phase comprising the compound that is to undergo hydgpcyanation at the temperature of hydrocyanation.
As examples of such solvents, we may mention aromatic, aliphatic or cycloaliphatic hydrocarbons. 5 [37]
The hydrocyanation reaction is generally carried out at a temperature from 10C to 200C and preferably

from 30C to 13Pfesdhtanheysasri@ebantin @)stngleynivase mxadilue 438t dae susshe doohbysiaeyrnation of
the invention ﬁ%@&ﬁp%ﬁﬁgs%iwa&%%9&?99&@%%‘}!3&3]@“ hydrogen cyanide employed can

be prepared from metal cyanides, notably sodium cyanide, or from cyanohydrins, such as acetone
cyanohydrin or by any other known method of synthesis such as Andrussov's method consisting of
reacting methane with ammonia 15and air. [40] Alhdké¥s%ydrogen cyanide is fed into the reactor in the
form of gas or liquid. It can also be dissolved beforehand in an organic solvent. 20[041]For discontinuous
(batch) application, in practice a reactor, previouslmwpgﬁg(w@ﬂ_ga/ipert gas (such as nitrogen, argon), is
charged either with a solution containing some or all ot the various constituents such as the compound of
formula I, 11, 1l or 1V, the transition metal (nickel) compound, the optional reducing agent and solvent, or
with said con&tivfttits separately. Generally the reactor is then heated to the selected temperature, and
then the compbisrdrdmsitisnto@dlindergo hydrocyanation is introduced. The hydrogen cyanide itself is then
introducegl, prefepabiyreontirueusty areRpRBEhorldijaMhertdheureastion (heoppegress of which can be

monitored bytqgﬁpggg}gssgmmgg) E’,%tg\%@piegﬁg,ﬂﬁrmgn mixture is withdrawn after cooling and the

reaction products are isolated 30and seEarated or example by distillation. [43] Advantageously, the
synthesis of d]ﬁﬁ?ﬂ%%%ﬁc%%@%ﬁ%%ﬁ HBie éi rllgh‘r?év? utadiene) is conducted in two successive

stages. The first stage consists of hydrocyanation of a double bond of the diolefin to obtain an

unsaturated rjfgaspnitrileTheheselsavidnstage bersistseatdarkyd gyaaaticheotr dheitionsatuaitioiyafuihe
mononitrile to;gbtain 3he £oregspBneNGdindrie AE Gialisirssydhane W sagesirreoanaaliviayriemented

with & catalytic ysiom corRlsing AN ALgRReMEIAIIG FOMpley LG sams Al HWever. the
organophosphorus compound/metallic elemeht ratios and the concentration of catalyst can be different.
Moreover, it is preferable to 13 combine the catalytic system with a cocatalyst or promoter in the second
stage. This cdethlyst ohpromtiteseisngeaterabynzay eveitiacichorlapmipdar\iie auithiagbat asrcbeatsdyist
notably makessitpagsiblg, the thadiase 6fhydrocyanation and of hydroformylation. Thus, we may mention, as
20 non-limiting examples, nickel, cobalt, iron, ruthenium, rhodium, palladium, osmium, iridium,
platinum, copper, silver, gold, zinc, cadmium, mercury. Nickel is the preferred element for the
hydrocyanation of olefins and unsaturated nitriles and cobalt or rhodium for hydroformylation,

notably of the alkenes.

25  [020] The preparation of the catalytic systems comprising compounds of general formula (I),
(I, (1 or (IvV) can be carried out by bringing a solution of a compound of the metal selected, for
example nickel or rhodium, in contact with a solution of the organophosphorus compound of the
invention.

30 [021] The compound of the metal can be dissolved in a solvent. In the compound employed,
the metal can be either at the degree of oxidation that it will have in the organometallic complex, or
at a higher degree of oxidation.

[022] As an example, it may be mentioned that in the organometallic complexes of the

35 invention, rhodium is at degree of oxidation (I), ruthenium at degree of oxidation (lI), platinum at
degree of oxidation (0), palladium at degree of oxidation (0), osmium at degree of oxidation (ll),
iridium at degree of oxidation (1), nickel at degree of oxidation (0).



5 hydrocyanation of ethylenically unsaturated aliphatic nitriles, to improve the linearity of the dinitriles
obtained, i.e. the percentage of linear dinitrile relative tqll of the dinitriles formed, and/or to increase the
activity and the working life of the catalyst. [45] Lewis acid means, in the present text, according to the
usual definition, compounds 10that are acceptors of electron doublets. [46] It is notably possible to use

the Lewis acigipgpentionedumipréperkipriishe drgironfidit Abindreicdel-ealissanthisleded Reigations”,
Vol. |, pages &%&JQ F i é%%r‘?’)n 150471 hedewisacids that can be employed as cocatalysts in the

present method are selected from the compounds of the elements of groups Ib, llb, llla, llib, IVa, Vb, Va,
Vb, VIb, VlIb and VIII of the periodic system. Most often these compounds are salts, notably halides, such
as chlorides d@%ﬁomideé[“@tiq)F’i@té%‘@@lﬁh’éﬁéﬂ@@?%lﬂé@%ﬁ%é&%?%fmawmgmsm@ﬁt@@?%tﬁbly
fluoroalkydsulphapeies onqasfiiuateal kits ulptubd s task da o xyigtesanth pho spinatedingOefddpRs, the
non-limiting exampigsRkeaiehkRiRI&cids, we may mention zinc chloride, zinc bromide, zinc iodide,
manganese chloride, manganese bromide, cadmium chloride, cadmium bromide, stannous chloride,
stannous bromide, stannous sulphate, stannous tartrate, indium trifluoromethylsulphonate, chlorides or

bromides of rare earf?BRIMSISRuBRIEE HAKRhrBIn?! 289855 A PSRy AR, ﬂé’@dﬁlma‘%%%num
europium, gadolinitetracierimioickethys ptaii(EN\ ahfmiokal eetiurrs, (aediianiilzitenisikeh andodetictadiensbalt

chloride 16errous chleyidgsytuausa atilenale) dAP]déisake pessiimdoiyasiergatoremtiseomRpALRgs as
Lewis acid, such 39 HW& Rdkerane, titanium isopropylate or the compounds described in the

unpublished Frenc nt a Ilcatl iled on 25 Janu 008 under No, 08 00381. [50] It is of course
possible {o use m.xfﬁ%?a?@ R e O e R e
bromide, stannousPEHTHRIe CBiRtifIfouSTHHEMIHWRIRERY DGR alREMARe dMOTEBstamheR epmstite
mixtures are quite gatjtularyhospfetrednd 405 2jVee icelivs adichtep Gatpiyst, esn platee choéneandllgikyl-
represents from 0.QidigypRdx0l per mol of transition metal compound, more particularly of nickel
compound, and preferably from 1 to 10 mol per mol. 5[053]The unsaturated mononitriles employed in this

second stage are advantageously linear pentene-nitriles such as pentene-3-nitrile, pentene-4-nitrile and
mixtures ther When the "nickel compound used corresponds to an oxidation state of the nickel

greater than 0, a reducing agent of the nickel is added to the reaction mixture, preferably reacting
with it in the conditions of the reaction. This reducing agent can be organic or mineral. We may

20 mention, as non-limiting examples, the borohydrides such as BHyNa, BH;K, Zn powder,
magnesium or hydrogen.

[026] When the nickel compound used corresponds to oxidation state O of the nickel, it is
also possible to add a reducing agent such as those mentioned above, but said addition is not
25  imperative.

[027] When an iron compound is used, the same reducing agents are suitable. In the case
of palladium, the reducing agent can be, additionally, elements of the reaction mixture (phosphine,
solvent, olefin).

30
[028] When the metal used is rhodium, for preparation of catalytic systems comprising
compounds of general formula (1), (Il), (Ill) or (IV), the complexes can be prepared using, as
rhodium compounds, the compounds of the formula (acac)Rh (CO), or (acac)Rh(COD), in which:
35 — acac denotes: acetylacetonate

— COD denotes: cyclooctadiene

[029] The present invention also relates to a method of hydrocyanation of olefins, more



[054]These pentene-nitriles can contain amounts, generally minor, of other compounds, such as
methyl-2-butene-3-nitrile, methyl-2-butene-2-nitrile, pentgne-2-nitrile 10 [055]The catalytic solution used
for hydrocyanation in the presence of Lewis acid can be prepared before it is fed into the reaction zone,
for example by adding, to the compound of formula (1), (I1), (lll) or (IV), the appropriate amount of
transition mefsd GauRpO USIHRREREEE throhbawis @atturn doptitaallrpbiedscingragrmiclidaaliodnssible to
prepare the C@éﬁlk{ slution "in situ” simply 15by adding these various constituents to the reaction
mixture. [056]It is also possible, in the conditions of the method of hydrocyanation of the present
invention, and notably by working in the presence of the catalytic system described previously comprising
a compound &3@rmula e Q1yagit) SMPeY s arIed At dPRS COM RIUNENIST P HRiA Siedmh RorenRaBICYEBarry out,
in the absencengfidyedrageaehecyasider, thetthedmesizditiefinaf saebhyls 2bhtidinge 3-gvipridado peattaeanittes, and
more generallyqbdb@duapansdaanzeiicaied rifilesde |énﬁ%t?én§%ﬂé€at%grf‘éml\‘ﬂ§ {05 T8 pentene-
methyl-2- buten[e -3- mtnlg submlqedt IS erlzapon Crﬁt?ﬁe ng t\(/)vt e mventbome 2an gu5ch eag@Pl%ed alone
or mixed with o{her comp Suride. us, |{ IS Bssﬁe to use meth ? Z%U{gne SonitrilR mix@d with

methyl-2- butéﬂ%thz'ﬁbffﬂ@e p‘é’?ﬁl@ﬁ%hﬁﬂﬁﬁ?e Ckﬂ@ﬂ?@h@@ﬁ?ﬁﬂ@'%@'ﬁf@ﬁ%@ ARMe! BRRNERS PHSBIR'A
particularly ad¥thresyenusotmdeat the reaction mixture resulting from 30hydrocyanation of butadiene with
HCN in thie presence of at least one compound of formula (1), (1), (Illl) or (IV) and of at least one

compound C\’/‘:} ?”S't'oﬁm@ﬁéﬂleﬂéoﬁﬁrwﬂ%r@%ﬁ&H"F#%'dﬁﬂf&ﬂ%“ﬁ%w#@ depireAh Pudanon Qias defined
previously. Within the sc&g fthl ref ng vananf as the c t|cs yiiem IS alread preser}glor the

reaction of hﬂP889§na9? Nfand CL RS st?)L %8'%%’ 69 Hiae™EBWii6w the
|somerlzatlonh‘éaﬂ?r@rﬂﬁﬁ"?aké’%@ﬁl@c&”'?[@?m@ﬁ'ﬁéﬂﬂl%‘é pré@@ﬁ'ﬂ'”{%@] TiRENErab B RnbHSeattivhas
generally cardectiouhiaila de mpadzne erdeivirepiorl ©Grapid 260Ehandepi@ie rabtyidetiveghdaaivt H40C. 5

15  butadiene to unsaturated nitriles.

[032] In fact, during the hydrocyanation of butadiene, there is formation, along with the linear
pentene-nitriles, of non-negligible amounts of methyl-2-butene-3-nitrile and methyl-2-butene-2-
nitrile.
20
[033] The catalytic system used for the hydrocyanation according to the method of the
invention can be prepared before it is fed into the reaction zone, for example by adding to the
compound of formula (1), (I1), () or (IV), alone or dissolved in a solvent, the appropriate amount of
the selected transition metal compound and optionally of the reducing agent. It is also possible to
25  prepare the catalytic system "in situ" simply by adding the compound of formula (1), (II), (111) or (IV)
and the transition metal compound to the hydrocyanation reaction mixture before or after adding
the compound that is to undergo hydrocyanation.

[034] The amount of compound of nickel or of another transition metal used is selected to

30 obtain a concentration in mol of transition metal per mol of organic compounds to undergo
hydrocyanation or isomerization between 10-4 and 1, and preferably between 0.005 and 0.5 mol
of nickel or of the other transition metal employed.

[035] The amount of compound of formula (1), (ll), (lll) or (IV) used to form the catalyst is
35 selected in such a way that the number of moles of this compound relative to 1 mol of transition

metal is from 0.5 to 100 and preferably from 2 to 50.

[036] Although the reaction is generally carried out without solvent, it may be advantageous



[61] In the preferred case of isomerization immediately following the reaction of hydrocyanation of
butadiene, it will be advantageous to work at the tempefature at which the hydrocyanation was carried out
or slightly higher. 10[062]Just as for the method of hydrocyanation of ethylenically unsaturated
compounds, the catalytic system used for isomerization can be prepared before it is fed into the reaction
zone, for exarpplgdyn mxingdhacasneaumdoédaemtdan be dl3oBhosIN cutiiy shenapERIdaiaeamaunt of

transition metgl,com 9@%@%&%&%%%98&9@%% rt%%‘r?ch"e‘%é@%%&%éﬁ%ﬂ BP%ﬁéblgrﬁ%e%‘ﬁH@rSfthe

catalytic system "In situ” sim hese various constituents to the reaction mixture.

amount of traﬂ%‘ffﬁ%@t@?c 8%?18'05% RlordPart ARy o¥hidRRY uBEqiYY \R]&Wé‘gcthé’“éﬂlﬁ%ﬁnt%f
compound of PRI EAC (]YWQHWB‘P"(SPV) are the same as for the reaction of hydrocyanation.
[063]Altheugh the isomerization reaction is generally carried out without solvent, it may be 20

advantageougiyadd aﬁH@q{Q&&?&hﬁtﬁm%Q&nW@ EREHAS H%Q&%Q{S‘aﬂHQQH%Q%@P@V%F@%@% IS

notably the c hen su S oyed in the reaction of hydroc natlon f butadiene,
having been %@gg@/ repf):ee{ﬁﬁl rog1 me urr‘1f E;BLI rr}é%ed t%% tﬁgrflsecc)}rﬁ%qrfga %n fegcfa 10N rT§<’ca}|)dmsolvents can be

selected from those mentioned previously for hydrocyanation. 25[064]However, the preparation of dinitrile
compounds Hp38drocydhatimetbbédnodldfidrscicinaimbuthdienharo@ntios ceamiccbousesingriimatasitiosystem
according to thecbnmosesnfor the stages of formation of the unsaturated nitriles and the aforementioned
stage of isomerization, and the reaction of hydrocyanation of the unsaturated nitriles to dinitriles can be

carried out Wiéh aécatalyt n\q/ éem accord@? tot e |n entlo or ar%?];ﬁ‘r rcatal ste?[n alrea known
for this reactiof 30 [06§]L§ it 'Weﬂ]ecﬂ%{ C(ff\?a Sty e Eﬂ@flﬁn AfltSted’ s and
the isomeriza$RsHUBT HY@ ke OE 1P BeYaRIBrBNE: V\ﬁﬂﬁ*h%%t%ﬂ%@%fé@?ﬁrdﬁfékéﬁttﬂoﬁwr@h@f l‘fﬁ’@"iﬁvention,
the stage of hyettanyahsgraheskthechrsatunditedavitrifestioddoottsileis i efng aairriec @binveithith eatalytia system
according;to theigvention. 35 16 [67] The alkenes employed in the present method are, for example,

linear olefins such as ethylene, propene, 1-butene, 1-pentene, 1-hexene, 1-octene. [68] In general the
reaction of hydroformylation in the presence of a catalyst based on 5 complexes of rhodium and of

organophospf¥fls confYHER SsNHEOSFH < 2R RARTIRICTINEHEALIAER B SOEn SRS QAR Sy fithdses with
carbon monogiglebeSinintyed VefrehaBéianideideitberiye™Mew York, pages 95 ff. (1980). The olefins react
with a CO/H2 mixture (synthesis gas) in the presence of a catalyst. The reaction is carried out at

temperaggresy @H een ﬂgrmérﬁﬂﬁ'ot&r gJS{&B'XﬁE‘A{%n iRQaand %49&%1@ BrVRESH PG RAA dnand

300 b f bet 10 t tio of
nydrogen to il TR RA AU TGART EN AN O

hydroformy|aﬂawpﬁ$e%ﬁn?ﬁswmﬁt@arﬁéﬂ%ﬁawm@meéfar%'i@ént' oy d)fh@ed@taﬂﬁoarme&a\/m@@es of
the invention vwith it sthategh inn the@kamgleg givemd Hudlew, whielitarsapurelydiindirstaaratd are
non-limiting. IEXAYHR-E® reactor is then heated to the selected temperature, and then the compound that is to

25 undergo hydrocyanation is introduced. The hydrogen cyanide itself is then introduced, preferably

continuously and evenly.

[042] When the reaction (the progress of which can be monitored by assaying samples) is
completed, the reaction mixture is withdrawn after cooling and the reaction products are isolated
30 and separated, for example by distillation.

[043] Advantageously, the synthesis of dinitriles such as adiponitrile from diolefins
(butadiene) is conducted in two successive stages. The first stage consists of hydrocyanation of a
double bond of the diolefin to obtain an unsaturated mononitrile. The second stage consists of
35 hydrocyanation of the unsaturation of the mononitrile to obtain the corresponding dinitrile or
dinitriles. These two stages are generally implemented with a catalytic system comprising an
organometallic complex of the same nature. However, the organophosphorus compound/metallic
element ratios and the concentration of catalyst can be different. Moreover, it is preferable to



Abbreviations used 20 Ph: phenyl radical Cod: cyclooctadiene Ni(Cod)2: bis(1,5-cyclooctadiene)nickel
Rh(acac)(C0)2: rhodium dicarbonyl acetylacetonate 253PN: 3-pentenenitrile AAN: adiponitrile ESN:
ethylsuccinonitrile VGN: methylglutaronitrile DN: dinitrile compounds (AdN, MGN or ESN) 30TIBAO:
tetraisobutyldialuminoxane - TT(Y): degree of conversion of the product to be transformed Y

correspondingdiagine fiadie-efiyhe sydraneatitf moespfsY or prsfermadtke hedndiahgenmbrrotanajessf Y -

RR(DN): truep)(mtg d '\ggﬁiégalggr[gwgg&ng to the ratio of the number of moles of dinitriles formed to the
number of moles of 3PN used 35- Linearity (L): ratio of the number of moles of AdN formed to the number

of moles of dinitriles formed (sum of the moles of AdN, ESN and VGN) 17 (Ph2BOPh2), Rh(acac)(C0)2
are known prétfdtts and ke eleyanrsigialRedvasiateatriyst | PREPIp esaked KoPFeERiaraiioldf fgnds 1 to
10 In a fisst siggrecgasaliotioof oftBy2 (i8] 5&gatu 2t natihhai C HR2T42, (30 mbris/addedimed@ymonutes to a

dinitriles obtained, i.e. the percentage of linear dinitrile relative to all of the dinitriles formed, and/or
to increase the activity and the working life of the catalyst.

[045] Lewis acid means, in the present text, according to the usual definition, compounds
10 that are acceptors of electron doublets.

[046] It is notably possible to use the Lewis acids mentioned in the work published by G.A.
OLAH "Friedel-Crafts and related Reactions", Vol. |, pages 191 to 197 (1963).

15 [047] The Lewis acids that can be employed as cocatalysts in the present method are
selected from the compounds of the elements of groups Ib, lIb, llla, Ilib, IVa, IVb, Va, Vb, VIb, VIib
and VIII of the periodic system. Most often these compounds are salts, notably halides, such as
chlorides or bromides, sulphates, sulphonates, halosulphonates, perhaloalkyl sulphonates, notably
fluoroalkylsulphonates or perfluoroalkylsulphonates, carboxylates and phosphates.

20
[048] As non-limiting examples of said Lewis acids, we may mention zinc chloride, zinc
bromide, zinc iodide, manganese chloride, manganese bromide, cadmium chloride, cadmium
bromide, stannous chloride, stannous bromide, stannous sulphate, stannous tartrate, indium
trifluoromethylsulphonate, chlorides or bromides of rare earth elements such as lanthanum,

25  cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium, dysprosium,
hafnium, erbium, thallium, ytterbium and lutetium, cobalt chloride, ferrous chloride, yttrium
chloride.

[049] It is also possible to use organometallic compounds as Lewis acid, such as
30 triphenylborane, titanium isopropylate or the compounds described in the unpublished French
patent application filed on 25 January 2008 under No. 08 00381.

[050] It is of course possible to use mixtures of several Lewis acids.
35 [051] Among the Lewis acids, zinc chloride, zinc bromide, stannous chloride, stannous

bromide, triphenylborane and zinc chloride/stannous chloride mixtures are quite particularly
preferred.



5 solution of CqPH (4.3243 g, 0.02 mol) in 60 ml of dichloromethane (CH2CI2) at OC and is stirred at this
temperature for 30 minutes, then for one hour at room tgmperature. The solvent is evaporated and a
slightly yellow solid is obtained (CgPBr). NMR 31P 653.5 (in CH2CI2): Compound CgPBr 10 [72]
Manufacture of ligand 1: A solution of butyllithium (BuLi) in hexane (1.6 M, 0.02 mol, 12.5 ml) is slowly

added to a sqhsign of phanpbils882-ac AN tenlpitysatrahyagivsarddit ) d20mi) BtfGad hermisture is
stirred for 1 hgug ;ﬁE{Q&%t&Q‘QSH%Hﬁﬁoa%FQ%ﬁQHSﬁVBf%ﬂé\%&%ﬁ&ﬁ%‘&”% U SGRR) frRmCR R %002

mol) in 15 THF (60 ml) at OC. The suspension obtained is stirred overnight prior to evaporation of the
solvent. A solMbREGMAe raw ligand in CH2CI2 is filtered on silica and the solvent is evaporated. The
ligand is purified by silica column chromatography using a CH2CI2/pentane mixture (1/3 by volume) as
solvent, undejoaiyogen Tie sswauAnmo untabiaitked @33 gd(yielthis/ 8ech 2D I1HYN MR 6dFhddgedBC|3) [73]

Manufacture pfdigajadi@nrialedion A8 YehithBeXafe( b Mn QDR MO bntZmaxiie dsilpwly added to a
solution of 2,4,6- trimethylphenol (2.7238 g, 0.02 mol) in THF (20 ml) at OC. The mixture is stirred for 1

hour at 25 room temperature and is then added in 30 min to a solution of CgP Br (5.9022 g, 0.02 mol) in

THF (60 ml) dYYE. The LIFSEPRIBASBIEIRRFIE S RIBPHIYRt PP e PaIbr A dHiNGF RGOSR, The
raw ligand is dissaveteihyCHRGRBO IR anetiBl-2iieneadantideagde@nd2entitjeeous phase is extracted
with CH2€12 (50 ml) and the combined organic phases are dried over Na2S04, filtered and the solvent IS

evaporated. 1| 'ga“dﬁéjk!é'lfa\%@%ﬁmi%ﬂ GO ﬁD&%&?&H&f&PWtHé'B%&ﬁP&H%@\H@ é‘&"% ture

(1/3 by volume) as s nt under nltro% pressure. A ounto tai naéﬁj 600’_/‘3;?31P NS 20 (in
CDCI3) 18 [FATMA S&E‘i‘ré B LR e&%%l%é%”Sf §Uﬁ""1‘ﬂ‘?18 S 9 gHngp §‘s|ow|y
added to a scﬂﬂrti@h Gf')zohﬂé{h)i%@?’ﬂﬁp@ai%%@u@?@i WB‘UH”FPFFWZ@’HHW{ICD@JEFF@ nfixtgrasieeitlrred for

1 hour at roornd optionally of reducing agent. It is also possible to prepare the catalytic solution "in situ" simply
15 by adding these various constituents to the reaction mixture.

[056] It is also possible, in the conditions of the method of hydrocyanation of the present
invention, and notably by working in the presence of the catalytic system described previously
comprising a compound of formula (1), (1), (1lI) or (IV) and at least one compound of a transition

20 metal, to carry out, in the absence of hydrogen cyanide, the isomerization of methyl-2-butene-3-
nitrile to pentenenitriles, and more generally of the branched unsaturated nitriles to linear
unsaturated nitriles.

[057] The methyl-2-butene-3-nitrile submitted to isomerization according to the invention can

25 be employed alone or mixed with other compounds. Thus, it is possible to use methyl-2-butene-3-
nitrile mixed with methyl-2-butene-2-nitrile, pentene-4-nitrile, pentene-3-nitrile, pentene-2-nitrile,
butadiene.

[058] It is particularly advantageous to treat the reaction mixture resulting from
30 hydrocyanation of butadiene with HCN in the presence of at least one compound of formula (l),

(I, (1 or (IvV) and of at least one compound of a transition metal, more preferably a nickel

compound with degree of oxidation 0, as defined previously. Within the scope of this preferred

variant, as the catalytic system is already present for the reaction of hydrocyanation of butadiene,

it is sufficient to stop all feed of hydrogen cyanide, to allow the isomerization reaction to take
35 place.

[059] In this variant it is possible, if necessary, to carry out a light purge of the reactor with
an inert gas such as nitrogen or argon for example, in order to expel any hydrocyanic acid that



5 temperature and is then added in 30 min to a solution of CgPBr (5.9022 g, 0.02 mol) in THF (60 ml) at
OC. The suspension obtained is stirred overnight prior tp.evaporation of the solvent. The raw ligand is
dissolved in CH2CI2 (60 ml) and 50 ml of water is added. The aqueous phase is extracted with CH2CI2
(50 ml) and the combined organic phases are dried over Na2S04, filtered and the solvent is evaporated.
The ligand is piyfiegl by siéeargolumn chromatography using a 10CH2CI2/pentane mixture (1/3 by
volume) as solvent, under nitrogen pressure. Amount obtained: 5.01 g (78%) 31P NMR 676.0 (in CDCI3)
[75] Manufacture of ligand 4: 15A solution of BuLi in hexane (1.6 M, 0.02 mol, 12.5 ml) is slowly added to
a solution of 24%i-tert- BITIBREHER 153798 52PREITIK AT Y Al P ORS L RRMFRN 4 S0P8E for 1
hour at room #8ATpénstarefeiablyPeiuecadd&dard3ddiin to a solution of CgPBr (5.9022 g, 0.02 mol) in THF
(60 ml) as0C. The suspension obtained is stirred overnight prior to evaporation of the solvent. The raw

ligand is dissgdgel in Ci2GiR (BRMANERA Nk ofwaterisaidrthatRE-AAUSRINIHNARE iscdPiBXtracted
with CH2CI2 {50 ml). and ihe,combiaed qraanic.pPhases.are dried over NagSQdnl t?gr?ed %“v‘&'ht.c'?ﬁ ﬁ}%"’e”t S
evaporated. e figan IS puri |e3%y silica column _cﬁro atography using a E‘EHB% L/Jpen ane mixture (1/3
by volume) a$¥$BRATALAREER RRYGESHhOHFQESIPBIAMIGERt obtained: 6.24 g (74%) 31P NMR 668.8 (in
CDCI3) 25 [76] Manufacture of ligand 5 A solution of BuLi in hexane (1.6 M, 0.02 mol, 12.5 ml) is slowly
added to@ squsgn of dipbeaoidlu#batiBod & hyayanaith 62etiatas uhbauningmispstined dar 1 hour
at room tempgrajure aneLis e AAMRHINARNIRIPHR SRR BEGARRE BLRRASL RA%MAR THF (60
ml) at 0C. The 30 suspension obtained is stirred O\Qr?;rglggqt)oréﬁ to %\ﬁpor tlé?bn of the solvent. The raw
ligand is dissSIARPIR BHBERE 65 BRSPSt htdr i alided e‘é{'éﬁj SUBRBFAXE'S 2R with
CH2CI2 (50 rHpaRi@tHects isnnedndreriptepiRdapigaadyietredieringaestdian d'snepsain i tReBR/ent is
evaporated. ltigacaddlyis pusiied inysiteCpsialli batoidifig theadClHAGIR frastaunts st tire &by mdltunee).
35Amoury obtainadicA 81((996k1 R NMBARRGINGDRID Farldaniacideldigand Gich %A selution
of BuLiin hexanguﬁ'ﬁfM O-Oc?urﬁ'ao'ofl%r%m!g @S@"'f@dgﬁg&}j aa?é)"rﬁéo%é)%én%h?&o}h(%-?eé%ﬁgg Q18
mol) in THF (%1 mi) at Og).mlohe mixture is stirred tot 1 Hour at foom temperature and Is then added in 30
min to a solut¥ABPEEBBR-(5.9022 g, 0.02 moal) in THF (60 ml) at 0C. The suspension obtained is stirred
overnight prior to evaporation of the solvent. The raw ligand is

[063] Although the isomerization reaction is generally carried out without solvent, it may be

20 advantageous to add an inert organic solvent, which can be used subsequently as extractant. This
is notably the case when such a solvent was employed in the reaction of hydrocyanation of
butadiene, having been used for preparing the medium submitted to the isomerization reaction.

Said solvents can be selected from those mentioned previously for hydrocyanation.

25 [064] However, the preparation of dinitrile compounds by hydrocyanation of an olefin such
as butadiene can be carried out using a catalytic system according to the invention for the stages
of formation of the unsaturated nitriles and the aforementioned stage of isomerization, and the
reaction of hydrocyanation of the unsaturated nitriles to dinitriles can be carried out with a catalytic
system according to the invention or any other catalytic system already known for this reaction.

30
[065] Similarly, the reaction of hydrocyanation of the olefin to unsaturated nitriles and the
isomerization of the latter can be carried out with a catalytic system different from that of the
invention, the stage of hydrocyanation of the unsaturated nitriles to dinitriles being carried out with
a catalytic system according to the invention.

35

[066] The invention also relates to a method of hydroformylation of alkenes for the synthesis
of aldehydes.



5 dissolved in CH2CI2 (60 ml) and 50 ml of water is added. The aqueous phase is extracted with CH2CI2
(50 ml) and the combined organic phases are dried ovggNa2S04, filtered and the solvent is evaporated.

The ligand is purified by silica column chromatography using a CH2CI2/pentane mixture (1/3 by volume)

as solvent, under nitrogen pressure. Amount obtained: 3.11 g (70%) 1031P NMR 688.5 (in CDCI3) [78]

Manufacture pfigand 7rifs SMeitieNeA Syt iexpraséi: tnivh SuQ2emak Rl iseslovwdyimdsed ta a
solution of 1*%?@%%??%@598,“1%&%(& %_Yple%tgnQ,-Q-Qm%%n@,qDoE?eFE!F (20 ml) at OC. The mixture is stirred

for 1 15 hour at room temperature and is then added in 30 min to a solution of CgPBr (5.9022 g, 0.02 mol)
in THF (60 ml) at OC. The suspension obtained is stirred overnight prior to evaporation of the solvent. The
raw ligand is 1€8blved In g¥1eEIZiI8 08T M@y APIefMAREeIS A diR AT ePRBCE(Ricd §81plalsbascexdracted

with CH2€12 ¢bbhpridyendfthediom kine diooggmcppbasesare aiediaie isN#2GDdd filterexhaptt the selvent is

e\{aporated. Thekogng isspaifieddy @H%_@wmﬁﬂsemm%awyéﬁwﬁ@%nﬁ%mﬁe@@éh@@ne
mixture (1/6 t%evoyn%e) as so%/{/r{}t, @?%}r %{eo%%ﬂ Rress reithAm /‘_'obta)é%(?g: (S.rf% e%igd'%? }31@I NMR
685.9 and 86. \(Yn é C‘f@?ﬁg anufacture of ligand § 5A Solution 6f BULI in Hexane (98 I\/f1 '52 mol,
12.5 ml) is sIGATEAaRE @ PEYSHOH'Bf RRRIBoE AR 28088 MY IRMRAE (29 AR dC8E: The
mixture is stirpeefefibly heuweat ¥arehigetatate aredsgrenentadded andoaMiratopsesuhltivheti€egRBr
(5.9022 g5 0.QRd7Y) T Hired 6E0M) ahiQGrT RYriteRenpion pitainasis stisgs eveayaighePiordabon

evaporation gf, f,salveif, LR ligand s pyrfied R SHiea GO XY CRECMRRHRR M & BRFFormylation
CH2CI2/pentane.m|xtu§e 1/3b SOVRﬁ%n[f%das solvent, under nitrogen pressure. Amount obtained: 4.81
; |

9, (77%). 31K "8 can gRECng BB TOF NMR 6-75.1, 4JF,p7,-. 34,H 7.3 Hz (in CDCI3)
35[080]Manufacture of ligand 9: A solution of BuLi in hexane (1.6 M, 0.01 mol, 6.25 ml) is slowly added to
a solution of 10B9benzedd(etinwtianot) {va7aGey, d.OkSnveotjdn Wit be( B0t} eat CGhd beampidsrgivisnbrought

slowly to,500rBcigMREHRH4ER: RUELFTIEM RN ASRIMIRRIRCIPBr (2.9511 g, 0.01 mol) in THF (50 ml)
EXAMPLES

Abbreviations used
20
- Ph: phenyl radical
- Cod: cyclooctadiene
- Ni(Cod),: bis(1,5-cyclooctadiene)nickel
- Rh(acac)(CO)2: rhodium dicarbonyl acetylacetonate
25 - 3PN: 3-pentenenitrile
- AdN: adiponitrile
- ESN: ethylsuccinonitrile
- MGN: methylglutaronitrile
- DN: dinitrile compounds (AdN, MGN or ESN)
30 - TIBAO: tetraisobutyldialuminoxane
- TT(Y): degree of conversion of the product to be transformed Y corresponding to the ratio of
the number of moles of Y transformed to the initial number of moles of Y
- RR(DN): true yield of dinitriles corresponding to the ratio of the number of moles of dinitriles
formed to the number of moles of 3PN used
35 - Linearity (L): ratio of the number of moles of AdN formed to the number of moles of dinitriles
formed (sum of the moles of AdN, ESN and MGN)

The following compounds: 3PN, Ni(Cod),, ZnCl,, TIBAO, BPhz, diphenylborinic anhydride



20 is then slowly added to the above suspension at OC in 30 minutes and the mixture is stirred for 3 hours
at room temperature. The solvent is evaporated, the sofid obtained is dissolved in CH2CI2 (50 ml) and 50
ml of water is added. The aqueous phase is extracted with 50 ml of CH2CI2 and the combined organic
phases are dried over Na2S04, filtered and the solvent is evaporated. The 5compound is purified by
silica column @ eoRIYRNAYRI00)28re ndvarpladadiexangranisiir(d4fky aplbee) as solvent, under
nitrogen pressure. Amount obtained: 2.89 g (yield 82%) 31P NMR 6P 87.9 (CDCI3) 10[081]Manufacture
of ligand 10: A solution of but Illthlum B in hexane (1.6 M, 0 Ol mol, 6.25 ml) is slowly added to a
solution of thlg)aljlhnol (1. G FAHOBAAGAN P15 mI) at OC. The mixture is stirred for 1
hour at room ffefteratage. &rﬁﬂ"lﬁ'ﬂﬁéﬁ %@&%@lﬁsoqﬁ#?t@%) $ofetldH-dBTHP Bragdes if 30. MNHRAORTHF
(50 ml) as0C sdlbéos s EiPsian. Bdbta iy w0 mtify @060 \veir oi giihjariomn tchena poratonan Db edidsalinead. at he

igand is purig t%amgumf@wme FINORARGABFY 5106 & A %FH@H@ mg%efegcaﬂté% vaple) s
olvent, unaer njtroge r mo Xam
3 das g&[p %eoa\tljisenlﬁ 9 o%%qne(#?i% g R 26 %)3351 ( ) pies

11 to 15: Hydao orm exene general proce ure | ed: Under an inert
atmosphere, an autoclaye is charged with Rh(acac)(C0)2 (6.2 mg, 0.024 mmol), 25 the ligand according
to the invention, the and amount of which are shown in Table I, and 5 ml of toluene. The reactor is
then pressurized with An H2/CO mixture (1:1, molar ratio) at 20 bar and is heated to 60C for 1 hour, and
then cooled to roo mper ture, depressurized and purged with nitrogen. 1.2 ml of 1-hexene is then
added and th rized again with H2/CO mixture (1:1, molar ratio) at 20 bar and heated
to 60C for 1 ho tor is then cooled to 30 room temperature, depressurized and purged with
nitrogen. The prodyct obt&ned is analysed by 1H NMR (analysis by nuclear magnetic resonance). The
product obtained is a mixture comprising the products resulting from hydroformylation, such as: heptanal
(linear produc&) and @elgylhexanal (branched product). 21 Table I: Examples 11 to 15

ound
10
[072] Manufacture of ligand 1:
A solution of butyllithium (BuLi) in hexane (1.6 M, 0.02 mol, 12.5 ml) is slowly added to a solution
of phenol (1.8822 g, 0.02 mol) in tetrahydrofuran (THF) (20 ml) at 0C. The mixture is stirred for 1
hour at room temperature and then added in 30 min to a solution of CgPBr (5.9022 g, 0.02 mol) in
15 THF (60 ml) at 0C. The suspension obtained is stirred overnight prior to evaporation of the
solvent. A solution of the raw ligand in CH,CI, is filtered on silica and the solvent is evaporated.
The ligand is purified by silica column chromatography using a CH,Cl,/pentane mixture (1/3 by
volume) as solvent, under nitrogen pressure.
Amount obtained: 4.33 g (yield: 70%)
20 *'P NMR & 79.3 (in CDCls)

[073] Manufacture of ligand 2:

A solution of BuLi in hexane (1.6 M, 0.02 mol, 12.5 ml) is slowly added to a solution of 2,4,6-

trimethylphenol (2.7238 g, 0.02 mol) in THF (20 ml) at 0C. The mixture is stirred for 1 hour at
25 room temperature and is then added in 30 min to a solution of CgPBr (5.9022 g, 0.02 mol) in THF

(60 ml) at 0C. The suspension obtained is stirred overnight prior to evaporation of the solvent.

The raw ligand is dissolved in CH,Cl, (60 ml) and 50 ml of water is added. The aqueous phase is

extracted with CH,Cl, (50 ml) and the combined organic phases are dried over Na,SO,, filtered

and the solvent is evaporated. The ligand is purified by silica column chromatography using a
30 CH,Cl,/pentane mixture (1/3 by volume) as solvent, under nitrogen pressure.

Amount obtained: 4.21 g (60%)

%P NMR & 82.0 (in CDCls)



example ligand Ligand/Rh (molar) TT(1- hexene) Linear/branched product (mol.%) 11 1 4.5 100 60/40 12
2 4.5 100 65/35 13 3 4.5 100 62/38 18

[074] Manufacture of ligand 3:

A solution of BuLi in hexane (1.6 M, 0.02 mol, 12.5ml) is slowly added to a solution of 2-

methylphenol (2.1628 g, 0.02 mol) in THF (20 ml) at 0. The mixture is stirred for 1 hour at room
5 temperature and is then added in 30 min to a solution of CgPBr (5.9022 g, 0.02 mol) in THF

(60 ml) at 0C. The suspension obtained is stirred overnight prior to evaporation of the solvent.

The raw ligand is dissolved in CH,ClI, (60 ml) and 50 ml of water is added. The agueous phase is

extracted with CH,Cl, (50 ml) and the combined organic phases are dried over Na,SO,, filtered

and the solvent is evaporated. The ligand is purified by silica column chromatography using a
10  CH,Cl,/pentane mixture (1/3 by volume) as solvent, under nitrogen pressure.

Amount obtained: 5.01 g (78%)

%IP NMR & 76.0 (in CDCl5)

[075] Manufacture of ligand 4:

15 A solution of BuLi in hexane (1.6 M, 0.02 mol, 12.5 ml) is slowly added to a solution of 2,4-di-tert-
butylphenol (4.125 g, 0.02 mol) in THF (20 ml) at 0C. The mixture is stirred for 1 hour at room
temperature and is then added in 30 min to a solution of CgPBr (5.9022 g, 0.02 mol) in THF
(60 ml) at 0C. The suspension obtained is stirred overnight prior to evaporation of the solvent.
The raw ligand is dissolved in CH,ClI, (60 ml) and 50 ml of water is added. The aqueous phase is

20 extracted with CH,CI, (50 ml) and the combined organic phases are dried over Na,SO,, filtered
and the solvent is evaporated. The ligand is purified by silica column chromatography using a
CH.,Cl,/pentane mixture (1/3 by volume) as solvent, under nitrogen pressure.

Amount obtained: 6.24 g (74%)
%P NMR & 68.8 (in CDCl5)

25
[076] Manufacture of ligand 5
A solution of BuLi in hexane (1.6 M, 0.02 mol, 12.5 ml) is slowly added to a solution of diphenol
(1.8621 g, 0.01 mol) in THF (20 ml) at 0C. The mix ture is stirred for 1 hour at room temperature
and is then added in 30 min to a solution of CgPBr (5.9022 g, 0.02 mol) in THF (60 ml) at 0C. The

30 suspension obtained is stirred overnight prior to evaporation of the solvent. The raw ligand is
dissolved in CH,Cl, (60 ml) and 50 ml of water is added. The aqueous phase is extracted with
CH,Cl, (50 ml) and the combined organic phases are dried over Na,SO, and filtered and the
solvent is evaporated. Ligand 5 is purified by recrystallization from a CH,Cl,/pentane mixture (1/5
by volume).

35 Amount obtained: 3.0 g (49%)

%P NMR & 82.8 (in CDCl5)

[077] Manufacture of ligand 6:



14 4 4.5 100 66/34 15 6 4.5 63 59/41 S5Examples 16 to 30: Hydrocyanation of 3-RN to AdN The following
general procedure is used:  Under an argon atmosphgre, a 60-ml tube of Schott type glass equipped
with a stopper-septum is 10charged successively with: the ligand (1 mmol, 2 equivalents in P) 1.21 g (15
mmol, 30 equivalents) of anhydrous 3PN 138 mg (0.5 mmol, 1 equivalent) of Ni(cod)2 Lewis acid (see

Table 2 for amcyémt)&ﬁafkm;mmtuéaaiﬁesm@m ab. 69 of\aetens)Gyanay daads injgcwditiothrieaeion
mixture with aSyrnoe Blﬂfﬁ’n%lﬂﬁ"%w 8 R Oaﬁé@lrn%n%ﬂét&fr}aw%w §t'?86+£ste¥ﬂﬁe$é({d|?l¥e

pump is stopped. The mixture i$ cooled to room temperature, diluted with acetone and anal y gas

chromatograghy. 'ﬁglﬁﬁé"?ggﬂlﬁ?’gr@Erté’s%ﬁ?&ﬂ'?ﬁ B 98#?6&?1@8%5%0 02 mol) VI (80'mi at o€ “the

suspension obtained is stirred overnight prior to evaporation of the solvent. The raw ligand is
5 dissolved in CH,CI, (60 ml) and 50 ml of water is added. The aqueous phase is extracted with
CH,CI, (50 ml) and the combined organic phases are dried over Na,SO,, filtered and the solvent is
evaporated. The ligand is purified by silica column chromatography using a CH,Cl,/pentane
mixture (1/3 by volume) as solvent, under nitrogen pressure.
Amount obtained: 3.11 g (70%)
10 *P NMR 5 88.5 (in CDCly)

[078] Manufacture of ligand 7:

A solution of BuLi in hexane (1.6 M, 0.02 mol, 12.5 ml) is slowly added to a solution of 1,2-

benzenedimethanol (1.2711 g, 0.00092 mol) in THF (20 ml) at 0C. The mixture is stirred for 1
15  hour at room temperature and is then added in 30 min to a solution of CgPBr (5.9022 g, 0.02 mol)

in THF (60 ml) at 0C. The suspension obtained is stirred overnight prior to evaporation of the

solvent. The raw ligand is dissolved in CH,CI, (60 ml) and 50 ml of water is added. The aqueous

phase is extracted with CH,Cl, (50 ml) and the combined organic phases are dried over Na,SO,,

fitered and the solvent is evaporated. The ligand is purified by silica column chromatography
20  using an ethyl acetate/hexane mixture (1/6 by volume) as solvent, under nitrogen pressure.

Amount obtained: 3.87 g (74%)

%P NMR & 85.9 and 86.0 (in CDCls)

[079] Manufacture of ligand 8:

25 A solution of BuLi in hexane (1.6 M, 0.02 mol, 12.5ml) is slowly added to a solution of
trifluoroethanol (2.0008 g, 0.02 mol) in THF (20 ml) at 0C. The mixture is stirred for 1 hour at
room temperature and is then added in 30 min to a solution of CgPBr (5.9022 g, 0.02 mol) in THF
(60 ml) at 0C. The suspension obtained is stirred overnight prior to evaporation of the solvent.
The ligand is purified by silica column chromatography using a CH,Cl,/pentane mixture (1/3 by

30 volume) as solvent, under nitrogen pressure.

Amount obtained: 4.81 g, (77%).
1P NMR & 97.2, “Jp ¢ 7.4 Hz (in CDCly)
YFENMR & -75.1, “Jep= 3Jg 4 7.3 Hz (in CDCls)

35 [080] Manufacture of ligand 9:
A solution of BuLi in hexane (1.6 M, 0.01 mol, 6.25 ml) is slowly added to a solution of 1,2-
benzene(dimethanol) (2.0725 g, 0.015 mol) in THF (50 ml) at 0CC. The mixture is brought slowly to
room temperature and stirred for 1 hour. A solution of CgPBr (2.9511 g, 0.01 mol) in THF (50 ml)



Table 1I: Examples 16 to 30 example ligand Lewis acid Lewis acid/Ni (molar) Linearity RR (DN) 16 1
Ph2BOBPh20.573.13.217527nCI21991.3185 ,,

is then slowly added to the above suspension at 0T in 30 minutes and the mixture is stirred for 3

hours at room temperature. The solvent is evaporated, the solid obtained is dissolved in CH,Cl,

(50 ml) and 50 ml of water is added. The aqueous phase is extracted with 50 ml of CH,Cl, and the

combined organic phases are dried over Na,SO,, filtered and the solvent is evaporated. The
5 compound is purified by silica column chromatography using an ethyl acetate/hexane mixture (1/6

by volume) as solvent, under nitrogen pressure.

Amount obtained: 2.89 g (yield 82%)

1P NMR &P 87.9 (CDCly)

10 [081] Manufacture of ligand 10:
A solution of butyllithium (BuLi) in hexane (1.6 M, 0.01 mol, 6.25 ml) is slowly added to a solution
of thiophenol (1.11 g, 0.01 mol) in tetrahydrofuran (THF) (15 ml) at 0C. The mixture is stirred for 1
hour at room temperature and is then added in 30 min to a solution of CgPBr (2.95 g, 0.01 mol) in
THF (50 ml) at OC. The suspension obtained is stirred overnight prior to evaporation of the
15 solvent. The ligand is purified by silica column chromatography using a CH,Cl,/pentane mixture
(1/3 by volume) as solvent, under nitrogen pressure.
Amount obtained: 2.76 g (85%)
31P NMR &P 21.5 (CDCly)

20 Examples 11 to 15: Hydroformylation of 1-hexene

The following general procedure is used:

Under an inert atmosphere, an autoclave is charged with Rh(acac)(CO), (6.2 mg, 0.024 mmol),

25 the ligand according to the invention, the nature and amount of which are shown in Table I, and
5 ml of toluene. The reactor is then pressurized with an H,/CO mixture (1:1, molar ratio) at 20 bar
and is heated to 60<C for 1 hour, and then cooled t o room temperature, depressurized and purged
with nitrogen. 1.2 ml of 1-hexene is then added and the autoclave is pressurized again with H,/CO
mixture (1:1, molar ratio) at 20 bar and heated to 60 for 1 hour. The reactor is then cooled to

30 room temperature, depressurized and purged with nitrogen. The product obtained is analysed by
'H NMR (analysis by nuclear magnetic resonance). The product obtained is a mixture comprising
the products resulting from hydroformylation, such as: heptanal (linear product) and 2-
methylhexanal (branched product).

35 The results are presented in Table | below:



BPh3 1 69.8 4.4 19 5 Ph2BOBPh2 0.5 79 4.5 20 6 BPh3 1 67 4.6 21 6 Ph2BOBPh2 0.5 78.7
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Table I: Examples 11 to 15

example ligand Ligand/Rh TT (1- | Linear/branched product
(molar) hexene) (mol.%)

11 1 4.5 100 60/40

12 2 4.5 100 65/35

13 3 4.5 100 62/38

14 4 4.5 100 66/34

15 6 4.5 63 59/41

Examples 16 to 30: Hydrocyanation of 3-PN to AdN

The following general procedure is used:

Under an argon atmosphere, a 60-ml tube of Schott type glass equipped with a stopper-septum is
charged successively with:

- the ligand (1 mmol, 2 equivalents in P)

- 1.21 g (15 mmol, 30 equivalents) of anhydrous 3PN

- 138 mg (0.5 mmol, 1 equivalent) of Ni(cod),

- Lewis acid (see Table 2 for amount)
The mixture is stirred at 70C. Acetone cyanohydrin is injected into the reaction mixture with a
syringe pump at a flow rate of 0.45 ml per hour. After injection for 3 hours, the syringe pump is
stopped. The mixture is cooled to room temperature, diluted with acetone and analysed by gas
chromatography.

The results are presented in the following table:

Table Il: Examples 16 to 30

example ligand Lewis acid Lewis acid/Ni | Linearity RR (DN)
(molar)
16 1 Ph,BOBPh, 0.5 73.1 3.2
17 5 ZnCl, 1 99 1.3
18 5 BPh; 1 69.8 4.4
19 5 Ph,BOBPh, 0.5 79 4.5
20 6 BPh; 1 67 4.6
21 6 Ph,BOBPh, 0.5 78.7 7.4




7.4 2222 6 TIBAO 0.564.218.5237 2ZnCI2174.7 39.9 24 7 Ph2BOBPh2 0.5 73.2 5.9

22
22 6 TIBAO 0.5 64.2 18.5
23 7 ZnCl, 1 74.7 39.9
24 7 Ph,BOBPh, 0.5 73.2 59
25 8 Ph2BOBPh2 | 0.5 75.1 15.2
26 8 TIBAO 0.5 60.8 36.3
27 9 ZnCl, 1 93.7 0.8
28 9 TIBAO 2 71 6.8
29 10 ZnCl, 1 100 0.6
30 10 TIBAO 0.5 74 0.8




25 8 Ph2BOBPh2 0.5 75.1 15.2 26 8 TIBAO 0.5 60.8 36.3 27 9 ZnCI2 1 93.7 0.8 28 9 TIBAO

10

15

23

CLAIMS

1. Organophosphorus compounds, characterized in that they correspond to one of the general

formulae (1) or (l1):

£\

in which:

- Ry, Ry, Rs, Ry, Rs, Ry and Z, which may be identical or different, represent a hydrogen atom, a
linear or branched alkyl radical having from 1 to 12 carbons which can contain heteroatoms, a
radical comprising a substituted or unsubstituted aromatic or cycloaliphatic radical which can
comprise heteroatoms, a carbonyl, alkoxycarbonyl or alkoxy radical, a halogen atom, a nitrile
group or a haloalkyl group having 1 to 12 carbon atoms

- X, X1 and X2, which may be identical or different, represent an oxygen, nitrogen, sulphur, carbon
or silicon atom

- Re represents a covalent bond, a linear or branched aliphatic radical, a radical comprising a



2716.829102nCl2 1100 0.6 3010 TIBAO 0.574 0.8 23 CLAIMS 1. Organophosphorus compounds,
characterized in that they correspond to one of the gengygal formulae (1) or (ID: in which

substituted or unsubstituted aromatic or cycloaliphatic ring or several aromatic rings, condensed or
joined together by a bond

- n and nl, which may be identical or different, are integers respectively equal to the valency of
elements X;, X, reduced by 2.

2. Compounds according to Claim 1, characterized in that they belong to the family of the
organophosphinites and that they correspond to one of the general formulae (l11) or (1V):

Ry

(I1I)

10

O

ls Iv)
|

O

Ry o~ R

15 in which:



10- R1, R2, R3, R4, R5, R, and Z, which may be identical or different, represent a hydrogen atom, a linear
or branched alkyl radical having from 1 to 12 carbons which can contain heteroatoms, a radical
comprising a substituted or unsubstituted aromatic or cycloaliphatic radical which can comprise
heteroatoms, a carbonyl, alkoxycarbonyl or alkoxy radical, a halogen atom, a nitrile group or a haloalkyl
group having 1 to 12 gamomatemanié May<deatshicdl vhigkiayrbsddemticalogéferent, sapeesent an
oxygen, nitrogen, S%ﬁ%ﬂ!ﬂﬁe&%‘i&&ﬁ’%faﬁi'%%&?%ﬁ 1y :[‘5'%5‘?68&‘%&0%9%%%9%%%'H?e‘?&%%#ﬁ%a”c“ed

aliphatic radical, a radical comprisin substituted or unsubstituted aromatic or cycl oa hatic ring or
several aromatic ring§, 'EBIFRERSY scﬁbfé'i?‘f&ﬁj o] lériﬁlét?sﬂg}"g‘iﬁf?&“aﬁca%cfmowgﬂcrﬁ%@ 5&%‘%{] or
different, are integef8T@sHRARIRIGAERIRI focieonlealoralbpnenes Xkoxp rditRied 59@@ aepdunds
according to Claim hitdbaractesizebaindikgtdioay balongl to tieectaboitlyaafiee organophosphinites and that
they correspond 0 ope QLIbEARNEEAUTIARS, Wi (IR fisharIaRbaRa bR ériphighmay be

identical or different reL%rq%etnt a )Gd tquz?tgm Oa}n érill(gaorror lglro%ncn tC rm Ogse Vael aa%/(r%l gf{lgrrrll n%qa 012
titute t’lc or

carbon atoms whict cal confain hetsroat oms, 2 repreésentd ituted of unsu aro
cycloaliphatic radic&CRAGERCEM @Wﬁ’sﬁ’@tﬁérté’?'o%l&ﬂ% a carbonyl alkoxycarbonyl or alkoxy radical, a
halogen atom, a 5nitrile group or a haloalkyl group having 1 to 12 carbon atoms, R5 represents a

covalentipona, adtiegsuddbraehachabiphaiic radicatnareaadicad CONMRISNG arsWesitiateflons thasyrogptuted
aromatic or cycl%p[pd}g}% Wc%ﬁw%%ﬁﬁ&@lvﬁﬁ?m@%ﬂm% fGANAensed or joined together by a bond. 103.

Compounds according to Claim 1 or 2, characterized in that they are selected from the group comprising
the compounds with the following formulae:

ligand 1
15

ligand 2



ligand 1 26
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ligand 3

ligand 4

ligand 5



ligand 3 ligand 4 ligand 5 27 ligand 6 0---7"------- "\-----0 cil, -0--7----- ----- \----2----\, 0/ 5ligand 7 CF3
ligand 8 28 27

ligand 6
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of o)
P\ P

O O

5 ligand 7

ligand 8



ligand 9 5ligand 10 4 Catalytic system comprising a metallic element forming a complex with an
organophosphorus compound according to one of Claigs 1 to 3, characterized in that the complex
corresponds to the following general formulae (V) or (VI): V [Lflf (V) 10HM [I-]t.nC04, (V1) in which: V is a
transition metal Lf represents at least one organophosphorus ligand of formula (1), (II), (Ill) or (IV) 15t
represents a number between 1 and 10 (inclusive) nirepresents a number between 1 and 4 (inclusive) 5
System according to Claim 4, characterized in tha metallic element V is selected from the group
comprising nickel, cobalt, iron, ruthenium, rhodium® dium, osmium, iridium, 20platinum, copper,
silver, gold, zinc, cadmium, mercury. 6 Method oJZjayd(ocyanation of a hydrocarbon compound comprising
at least one ethylenic unsaturation by reaction in a liquid medi@im with hydrogen cyanide in the presence
of a catalytic system according to Claim 4 or 5, charactetizedin that the metallic element is nickel. 25 29
hexadiene-1,5, cyclooctadiene-1,5, ethylenically unsaturated, aliphatic nitriles, particularly linear
pentenenitriles such as pentene-3-nitrile, pentene-4-nitrile;#honoolefins such as styrene, methylstyrene,
vinylnaphthalene, cyclohexene, methylcyclohexene éigavelh as mixtures of several of these compounds. 5
8 Method according to Claim 6 or 7, characterized in that the amount of nickel compound is selected in
such a way that there is, per mol of organic compound that is to undergo hydrocyanation or isomerization,
between 10-4 and 1 mol of nickel or of the other tra ition metal employed and in that the amount of
organophosphorus compounds used is selected |
compounds relative to 1 mol of transition metal is/f . 100.
s—< >

5 ligand 10
4. Catalytic system comprising a metallic element forming a complex with an organophosphorus
compound according to one of Claims 1 to 3, characterized in that the complex corresponds to
the following general formulae (V) or (VI):
M [Ld: (V)
10 HM [L{]t:nCOun (VI)

in which:

M is a transition metal

L; represents at least one organophosphorus ligand of formula (1), (i), () or (IV)
15 t represents a number between 1 and 10 (inclusive)

n represents a number between 1 and 4 (inclusive)

5. System according to Claim 4, characterized in that the metallic element M is selected from the
group comprising nickel, cobalt, iron, ruthenium, rhodium, palladium, osmium, iridium,
20 platinum, copper, silver, gold, zinc, cadmium, mercury.

6. Method of hydrocyanation of a hydrocarbon compound comprising at least one ethylenic
unsaturation by reaction in a liquid medium with hydrogen cyanide in the presence of a
catalytic system according to Claim 4 or 5, characterized in that the metallic element is nickel.

25

7. Method according to Claim 6, characterized in that the organic compounds bearing at least

one ethylenic unsaturation are selected from the diolefins such as butadiene, isoprene,



9 Method according to one of Claims 6 to 8, characterized in that the ethylenically unsaturated
compounds are ethylenically unsaturated nitrile compoygds and in that it is carried out in the 15 presence
of a catalytic system comprising at least one compound of a transition metal, at least one compound of
formula (1), (1), (1) or (IV) and a cocatalyst consisting of at least one Lewis acid. 10. Method according to

Claim 9, charactgeizgfeithal thpcpbtyienrirallysinsaiatedynitieaReoempapRar antrielegeddiemthe
ethylenically “”Sﬂé‘éﬁb‘%ﬂ@#@m}ﬁl‘&s'%'&?l?%%ﬂééﬁ%m& _&%ﬁ&ﬂ%ﬁﬁ&eﬁléﬁ&ﬂgﬁﬁs%gﬁﬁééﬁy@ﬁ@!e1

pentene-4-nitrile and mixtures thereof. . od according to one of Claims 9 to 10, characterized in

that the Lewis adif UXSHGTEY §4¥8RRMI0EE s@1‘é'89§5%8m”g%tmﬁ%ﬁlﬂﬁgxﬁ‘?né‘seI‘é‘ﬁ”eﬂ?s BREYEE L Ib, 1b,
llla, 111b, IVa, I\3pvard, B2 5\ese vipgiBdend VIl of the periodic system. 12 Method according to one of

Claims 9140 11, characterized in that the Lewis acid is selected from zinc chloride, zinc bromide, zinc
iodide, manganegerhicEde MRNGatRSR Bremidensagimide GhIgHEeCafminMmPHRRde, us
chloride, stannous brpmlde, stannous 391sumhate stannouF t?rtrate “indium trlfHJ(aqomethc}/ sulphonate,
. se(ljec ed, In_'suc ﬁ_}Wf\é/ at tere, 15 pler ol” of organic comPoun at. IS 't uné?ar 0
chlorides or bromides of rare earth elements such as lanthanum, erlum,cg?aseod mium, neodymium,

samarium, europ P YAARIRT L ISRRSHAAI ATy S59ERIM haffiBin, BPbRIrAICHTA HuRh, Bt fBRIHaRRd0tetium,
cobalt chloride, ferelisropleydeangttinuhaichio adeemdintiganeshtdseheofs orgarromnistalizd dossienied s 3513.

Method agcording,éa anaptfataias@nipel 3f plorrastengeddshibaidte rigaine itz ating, doupasinandries, of
the methyl-2-butgnge;3-pitrile peesent in the reaction mixture resulting from the hydrocyanation of

butadiene, is carried out in the absence of hydrogen cyanide, working in the presence of a catalyst
bearing at least one compound of formula (1), (I1), (111) or (IV) and at 30 least one compound of a

transition mefal. Y&thorassardina el i ehHRibh oftfkehasmele preseaidBeotBretisR/icueysiaired
according to Clarondpourmiscirareitigsiiealynutizat ttzeerheitelb cetgrnemts saindoditat @ricobaikd out in the
15 presence of a catalytic system comprising at least one compound of a transition metal, at least

one compound of formula (1), (II), (Il) or (IV) and a cocatalyst consisting of at least one Lewis

acid.

10. Method according to Claim 9, characterized in that the ethylenically unsaturated nitrile
20 compounds are selected from the ethylenically unsaturated aliphatic nitriles comprising linear
pentenenitriles such as pentene-3-nitrile, pentene-4-nitrile and mixtures thereof.

11. Method according to one of Claims 9 to 10, characterized in that the Lewis acid employed as
cocatalyst is selected from compounds of the elements of groups Ib, IIb, llla, llib, IVa, IVb, Va,
25 Vb, VIb, VIIb and VIII of the periodic system.

12. Method according to one of Claims 9 to 11, characterized in that the Lewis acid is selected
from zinc chloride, zinc bromide, zinc iodide, manganese chloride, manganese bromide,
cadmium chloride, cadmium bromide, stannous chloride, stannous bromide, stannous

30 sulphate, stannous tartrate, indium trifluoromethylsulphonate, chlorides or bromides of rare
earth elements such as lanthanum, cerium, praseodymium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium, hafnium, erbium, thallium, ytterbium and lutetium, cobalt
chloride, ferrous chloride, yttrium chloride and mixtures thereof, organometallic compounds.

35 13. Method according to one of Claims 6 to 12, characterized in that the isomerization, to
pentenenitriles, of the methyl-2-butene-3-nitrile present in the reaction mixture resulting from
the hydrocyanation of butadiene, is carried out in the absence of hydrogen cyanide, working in
the presence of a catalyst bearing at least one compound of formula (1), (1), (lll) or (IV) and at



30

least one compound of a transition metal.

14. Method of hydroformylation of alkenes in the presence of a catalytic system according to Claim
4 or 5, characterized in that the metallic element is rhodium or cobalt.





