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PROCESS FOR.THE HYDROCYANATI ON OF UNSATURATED NI TRI LES TO DINITﬂFEEg%fhé}QS
preéent i nve®l on relates to a process for the hydrocyanation of nitriles
containing ethylenic-5 -unsaturation to saturated dinitriles, in
particul ar the hydrocyanation of pentenenitriles to adiponitrile, one of
the basic conpounds for the production of ynylon 66. French Patent No.
1,599, 761 descri:bes a process for the preparation of nitriles by addition

of 10  hydrocyanic acid pRopEGSNFORC MHROHPHROLRKNAIIGH bpast one ethylenic
doubl e bond, in the presence of a ni cKel catalyst and a triaryl phosphite.

This reaction may be car rmmi-mtm%w DyNameaEse of a sol vent.
When a solvent is used in this process of the prior art, it is :
preferably a hydrocar bonThecpresehtninvenvion yteleise®rta aniprodesssuch ‘as
acetonitrile. The catal yst used is an organoni ckel conpl ex containing

| i gands such afophbbphhydrocpasatien efihitmibes ptoxtainioyy ethyleniss or
antinonites. 20 _ ~The presence of a pronoter to activate the

cat al yst, Buchuasatupatiencbepsabturated dinitriles, iprpaxticulan &he acid,
is also recormended in the said patent. In this process, the mediumis .
entirely 25 BYdrar¥apatiencofspentengpitriles fomdipaniteilen anp

difficulty of separatjng, at the end of the reaction, the hydrocygnation
product s §r om PRCCRa BRGEPCCOBPARAOR Lo Hh MEPLIIOR GRol it~
(nickel complex, ‘French Patent No. 1,599,761 describes a

process for the preparation of nitriles by addition of

10  hydrocyanic acid to organic compounds.having.at least
one ethylenic double bond, in the presence of a nickel.
catalyst and a triéryl phosphite. This reaction may be
carried out in the_pfeSence,or absence of a solvent. |

Wheh a solvent is used in this process of the

15 prior art, it is preferably a hydrocarbon such as

benzene or xylenes or.a nitrile such as acetonitrile.
The catalyét used is an organonickél_complexl

:conta;ning ligands such as phosphines, arsines,

stiibenes, phosphites, arsenites or antimonites.

20 | The presence of a promoter to activate the
catalyst, such as a boron compound or a metal salt,
generally a Lewis acid, is #lso recommended in the said
patent. : |

In this process, the medium is eﬁtirely

25 organic and one of its majo: disadvantages lies in the'
difficulty of separating, at the end of the reaction,
the hydrocyanation products from the caﬁalytic solution

containing several constituents (nickel complex,
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2 triaryl phosphite, prompter), with a viewin particular to recycling the

| att’er solution in a new hydrocyanation reaction. Such a separation is
difficult and inperfect, and a substantial |oss of catalyst-is 5

observed, as well as the presence of the said-catalyst in the
hydrocyanation products. It has been propoged in Patent FR-A-2, 338, 253 to
perform the hydrocyanation of conpounds having at | east one ethylenlc

unsaturation i Ry §HIEPhi¥e, rpr&ote%quew%hsgl Wile@ igf p&r‘EQEﬂQHﬂ‘d of a
transition metal, in particular ‘ni‘ckel , pal'l adiumor iron, and a

sul phonat ed phasphtatsrelliiry lttd qrauﬁe},cwmw in goaéwhydrocyanat lon, in
particul ar of pentenenitriles, and 15 an easy separation fromthe

catal ytic sol utliyatrdgyariatilon deearttizin.olSuchhe separhtiont dsnddfficudg t he
hydrocyanation reaction are relatively good with various substrates and in
particul ar wit fambd imgerfadtonand ed substtantialcloss péncetedysti ies.

However, it turns out that the percentage of linear dinitrile conpound
formed rel &iveohaemed oag wells aferthe praseagey ofcithel paddesakalyskceed 65
%to 70 % 25 Furthernore, it |s observed that the catal yst
becomes rapi dl y"lblé'a{ﬁ |Mré?ﬂ’yanat‘-°“ products.

' It has been proposed in Patent FR-~A-2,338,253
to perform the hydrocyanation of compounds having at
least one ethylenic unsaturation in the presence of an

10 aqueous solution of a C6mpouhd of a transition metal,
in particular nickel,'palladiuﬁ or iron; and a
sulphonated phosphine.

The latter process permits good |
hydrocyanation, in particular éf-pentenenifriles, and

15 an easy separation frém the catalytic solution by
simple decantation.

‘The results obtained during the
hydrocyanation reaction are reiatively good with
various substrates and in ﬁarticuiar with

20 functionalized olefiﬁs éuéh as-pgntenenitriles.
However, it turns out that the pe:centage of linear -
dinitrile compound formed relative to all of the
isomers obtained generaily does not exceed 65 $ to
70 %. | ] |

25 " Furthermore, it is obsérved that the catalyst
| becomes rapidly deactivated.

_ The present invéntion proposes to overcome

these disadvantages, in particular to improve the



The present invention proposes to overcone these disadvantages, in
particular to inprove the 3 degree of linearity of the products forned
and/or to increase the lifetinme of the catalyst. It consists of a process
for the hydrocyanation of an aliphatic nitrile containing 5 ethylenic .
unsaturation, by reaction wth hydrogen cganide in the presence of an _
agqueous sol ution of a catalyst conprising a transition netal conpound and a

sul phonat ed ph@sgpédcof ClPhEaEPEY 26f the | PRbdides SBothed! atid tox A0
contains a cocatal yst consisting of at 1 | east one Lewis acid. The

nitriles contajnépgagéhvheénlifetine ushiithe catselystiicul arly used in the
present process are linear pentenenitriles such as 3-pentenenitrile,
4-pentenenitrile and thelt consists. ofica process for Tthee pentenenitriles
may contain anounts, generally mnor, of other conpounds such as
2- et hyl - 3-. bubydeecyanation. oftay| abiphatiemitrile ot nitrile,
valeronitrile, adiponitrile, 2-nethg| lutaro-. nitri}

o]

2- et hyl suc®i nofFhyienig upsatprahio %jF%%FEEP?rYﬁﬁﬁrﬂ¥1ﬁ?§ﬁQms

hyd ti ' but adi / f he_] ' [ f
2 et hy 13- but ERGBLAP L 1R Ehe PRERERRE PF (11 caditRngcn Rl R AT o

palladi um and 8;t5i92t comprising a transition metal compound and a

sulphonated phosphine, characterized in that the said
solution also contains a cocatalyst consisting of aﬁ
10 1east_oné’Lewis acid.

The ﬁitriles containing ethylenic
unsaturatioﬁ moré pafticularly used in the'present.
process are linear pentenenitriles such as
3-pentenenitrile, 4-pentenenitrile and their mixtures.

15 These pentenenitriles may contain amounts,
generally minor, of other compounds such as 2-methyl-3-
butenenitrile, 2-methy1-2—butenepitrile, 2-pentene-
nitrile, valeronitrile, adiponitrile, 2-methylglutaro-
nitrile, 2—ethyisuccinonitrile or butadiene, obtained

20 - from the previous hydrocyanatioﬁ reaction of butadiene
and/or_from the isomerization of 2-methyl-3-butene-
nitrile to pentenenitriles.

Compounds of nickel, of-palladium and of iron
are preferably used as transition metal compounds.

25 °~ Compounds which are water-éoluble_or capable of
diséolving under the réaction conditibns are used. The
residue bonded to the metal is not critical, as long as

it satisfies these conditions.
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are preferably used as transition netal conpounds. 25 Compounds whi ch are
wat er - sol ubl e or capabl e of dissolving under the reaction conditions are
used. The residue bonded to the netal is not critical, as long as it

satisfies these conditions. .4 Anong t he abovenent i oned conpounds, the
conpounds nost preferred are those of nlckgl and theré may be nentioned by
way of non-limting exanples: - conpounds In which the nickel is in 5

oxi dation state zero, forahdisd e db¥veiintidnid Tonpouneia,Cledleat e '
K4(Ni CN4) , bis(acrylonitrilé§%ickel zero, bis(1,5- cyclooctadlene) 2 ni cke

and derivati vescafphnds Nibst Jrifeifed dtd thibsd &f hitkelgeand there
tetraki s(tri phenyl phosphi ne)nickel zero (in the latter 10 case the

conpound nay benay dse®|mentioned iy aray iofivirmri-1limitdnge exampdlesas t ol uene,
and an aqueous sol ution of sulphonated phosphi ne then extracts some of the
ni ckel , a red col our devet opmppumis Hi;m adhishutheomicked s dm separ at es out
by settlin ;15 - ni ckel conpounds such as carboxylates (in
particul ar cetexidation whake, zﬁ%r%dﬂ@ ansiepotagediEetairor i de, |

Phosphrte. phosaranaiaeeg e RHERT; RS e,
sul phite, ar yl %H.SD PP ,r?-!c?ysclaé]éjcéal&fgnselﬁlzpﬁg@ﬁ&isand derivatives

containing ligands of group Va, for instance
tetrakis(triphenylphosphihe)niékél zero (in the latter
10 case the compound may be dissolved in a water-
immiscible solvent such as toluene, and an aqueous
solution of sulphonated phosphine then extracts some of
the nickel, a red colour developing in the aqueous
solution which separates out by settling);
15 - nickel compounds such as carboxylates (in
particular acetate), carbonate, bicafbonate, borate,
'~ bromide, chloride, citrate, thiocyanate, cyanidg,
formate,-hydroxide, hydrophosphite, phosphite,
" phosphate and aerivatives, iodide, nitrate, sulphate;
20 sulphite, aryisulphonateé and alkylsulphonates.

It is not neceésary for the nickel compound
itéelf to be water-soluble. For example, nickel
cyanide, which is sparingly soluble in water, is very
soluble in an aqueous solution of phosphine.

25 When the nickel compouhd used.corresponds to
a nickel oxidation Qtate greater than 0, a nickel-
reducing agent which reacts preferentialiy with nickel

under the reaction conditions is added to the feaction
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It i,s 'not necessary for the nickel compound itself to be water-soluble. For
exanpl e, nickel cyanide, which is sparingly soluble in water, is very

sol ubl e in an aqueous sol ution of phosphine. 25 When t he ni cke
conpound used corresponds to a nickel oxidation state greater than 0, a _
ni ckel - reduci ng agent which reacts prefegentially w th nickel under the
reaction conditions i's added to the reaction 5 nmedium This reducing

agent nmay be omgdihfi. OChi80reanéing Bigeny iy W& -didddidmexanpl es there
may be nentioned [err], Zn powder, nagnesium [err] and borohydrides which

are preferabl yinetganiel uByewap of non-limitihiy Sextziplds) tlrgratmdys balded in
an anount such that the nunber of redox equivalents is between 1 and -10.
However, val uementibmsed NaBH,,l Zm powdeat,cmaignesiht,aKBHpcandxcl uded. When

t he ni ckel conmpound used corresponds to 10 a nickel oxidation state of O,

it is al so posbpppbydriddd whichuarepreferably twatenaolyblerwse nenti oned
above, but_this addition_is not essential. Wen an iron conpound is used,
“the sane reduci ng agent sTR48 Tedugbng agept is added in an amqupte of

pall acium e hSAUERL FHE"hRnlEY, BE ARG SP 1 Ueled '
and 10. However, values of less than 1 and greater than

10 are not excluded.
When the nickel compound used corresponds to

10 a nickel oxidation state of 0, it is also possible to
add a reducing agent of the type of those mentioned
abbve; but this addition is nét essential. -

Wheﬁ an iron compound is used, the same
reducing agents are suitable.

15 | In the case of palladium, the reducing agents
may additionally be components of the reaction medium
(pho;phine, solvent, olefin).

The sulphonated phosphines used in the
present process are more particﬁlarly sulphonated

-20 phosphines of general formula (I):
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The sul phonat ed phosph

nes used in the present process are nore

particul arly sul phonated 20 phosphi nes of general fornmula (I): 6 [err]
in which: * [err] and [err], which may be identi-cal or different,

represent aryl groups, -

different, represent *

[err] &and [err], which may be identical or 5
- an al kyl radical gaving 1 to 4 carbon atoms;-*"

an al koxy radical having 1 to 4 carbon atons, 10 . " a hal ogen
atom * a CNradical, * an [err] radical * an OH radical, * a
radical [err] in the fornmula for which SO3M)n4 ., lerr] and [err],
whi ch may be identical or differeRt epresent an al kyl radical having 1 to
4 carbon atons, Mis an inorgani organi c cationic residue

' m1 -

(SO3M)n2
A 2/ | )

_~(SO3M)n3
Akf”/” n
' \\\‘\fﬁﬂnm

in which:

*

-

10

15

Arl; Ar, and Ar;, which may be identical or
different, represent aryl groups,
Y,, ¥, and Y,, which may be identical or
different, represent
an alkyl radical having 1 to 4 carbon
atoms,
an alkoxy radical having 1 to 4 carbon
atoms,

a halogen atom,

. a CN radical,

. an NO, radical

. an OH radical,

. a radical NR;R, in the formula for which

R, and R,, which may be ident_ical or
different, represent an alkyl radical

having 1 to 4 carbon atoms,

- M is an inorganic or organic cationic residue
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7 chosen, so that the conpound of formula (1) is water-soluble, fromthe

group. conpri sing: * [err] cations derived fromalkali nmetals or 5

al kaline-earth netals, * - [err] with [err] [err] and [err], which may be
identical or different, representing an al kyl radical having 1 to 4 carbon
atons or a hydrogen aton1 10 7 other cations derived from

netals for which the benzenesul phonic acid salts have water-soluble, *

[err] and [err] are integhbdenyhsohtiay thei dolpband Of fofiglr£n(I)from 0
to 5, 15 [err] and [err] are integers, which may be i1dentica

or different, fron10 to 3s watkrasblubtepf frémsthécgnoupreanprisimg: or

equal to 1. Lead, zinc and tin nay be nentioned as 20 exanpl es of netal s-
for which the benzenesulphoniB*acid salts are water-soluble. The expression
wat er -sol ubl e is understood, in the present text, to refer to a conpound
with a solubility of at I‘'eastcgtdong derived frem abkali metals or
"~ Anmong t he Bhosphlnes of fornulgbéi} t hose, are eferred for which: -

[err] and®[err] are phenyl gf ne-earth petaisdy[err] represent groups

chosen from N(R;RR:R;)* with R;, R, R and R;, which
may be identical or differenf,
. representing an alkyl radical having 1
to 4 carbon atoms or a hydrogen atom,
10 . other cations derived from metals for
| which the benzeneéuiphonic-acid salts
have water—solﬁble,-
m, m, ahd.nh are integers, which may be
identical or different,-from 0 to 5,
15 - *  n,, n, and n, are integers, which may be
| jdentical or different, from 0 to 3, at least
one of these-being greater than or equal
to 1.
Lead, éinc and tin may be mentioned as
20 examples of metals forlwhidh the benzenesulphonic acid
salts are water-soluble.
The expression water-~soluble is understood,
in the present text, to refer to a compound with a
solubility of at least 0.01 g per litre of water.
25 Among the phosphines of formmla (I), those
- are preferred for which:
- Ar,, Ar,.and Ar; are phenyl groﬁps,

- Y,, ¥, and Y, represent groups chosen from



8 aIkyI radi cals having from1l to 2 carbon atonms, * al koxy radical s
having from1 to 2 [err] atonB 5 - M represents a cation chosen
fron1the group conpr|5|ng cations derived fromNa, K Ca and Ba *

Jerr] tetranethylannnnlun1 t.et r aet hyl ammoni um
tetrapropylannnniuh1and t et rabutyl anmoni gm cati ons - [err] and [err] are
integers fromO to 3 - [err] and [err] are integers fromO to 3, at 15

| east one al so being greatergiijgn FadfBRLS ﬁmae?pfwm nes .2 tdrisli um
pot assi um cal cium barium ammbnium tetranet ammoni um and
tetraet hyl ammoni um sal ts of aﬁaﬁsgulphophenyl)dlphenylphosphlne,

di (sul phophenyl)- 20 phenyl phosphi ne and tri (sul phophenyl ) phosphi ne in
the fornul ae for which the [elkdxyroagicale haeing aftgmikh the? net a- position
are the nost particularly preferred. There nay be nentioned, as other
exanpl es of phosphines of fofnGi a¥am@smhi ch may be used according 25 to the

process of the invention, ‘alkali metal or,alkagline-earth tal salts,
annnnlun1§alts quaterngryepresents a cation chosen from the group

__compr1s1ng.
H*
. cations derived from Na, K, Ca and Ba
NH,* |
10 . tetrahethylammonium,'tetfaethylammonium,
tetrapropylammoﬁium and
tetrabutylammonium cations
- m, M, and m, are integers from 0 to 3
- n,, n, and n, are integers from 0 to 3, at
15 least one also being greater than 1l.°
Among these phosphines, the sodium,
potassium, calcium, barium, ammonium,
tetramethylammonium and tetraethjlammonium salts of
mono(sulphophenyl)diphenylphésphihe, di (sulphophenyl)-
20  phenylphosphine and tri(sulphophenyl)phosphine in the
formulae for which the SO3 groups are preferably in the
meta-position are the most particularly preferred.
Tﬁere may.be mentioned, as other examples of
pﬁosphines of formula (I) which may be used according
25 to the process of the invention, alkali metal or o
alkaline-earth_hetéi salts, ammonium salts, quaternary
ammonium salts of (3-sulpho-4-methylpheny1)di(4-methyl-
phenYl)phosphine} (3-su1phoé4-methoxyphenyl)di(4—methoxy-
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ammonium sal ts of (3-sul pho-4-nethyl phenyl)di (4-nethyl - phenyl)phosphi ne;
( 3- sul pho- 4- net hoxyphenyl ) di (4- net hoxy- 9 phenyl ) phosphi ne;

(3-sul pho-4-chl orophenyl ) di.- (4- chl orophenyl ) phosphi ne; .

di ( 3- sul phophenyl ) phenyl - phosphi ne; di (4-sul phophenyl ) phenyl phosphi ne;

di (3- sul pho-4-net hyl phenyl ) (4-nethyphenﬁl) phosphi ne; di(3- 5 ' .
sul pho- 4- net hoxyphenyl ) ( 4- net hoxyphenyl ) pRosphi ne;

di ( 3- sul pho- 4- c4_chlqL Lag, L - (4-
tri(3-su|phophgﬁéﬁ?gﬂgggﬁkhgée rk?4?§g§gﬁo%h€ﬁ§€€é ﬁ%%g%%lne€4
(tri(3--sul phozh1B8RbpKE OBPASABE N&i (3~sulphophenyl)phenyl-
tri(3-su|pho-4-nethogypﬁgﬁgP?phgsphiﬁe;lgfi?%-ghl%ho-%m)%o 3
chIorophenyl)pbhaﬁbhmﬁe;(aiglLﬁhmﬁHoﬁﬁéhyi RéyylpRosphine; di(3-

sul pho- 4- net hyl phenyl ) (3, 5- di sul pho- 4- et hyl phenyl ) - phosphi ne;

( 3- sul phophenyshlphoripmethytphenyphbh¢4yhethylphenyl )phosphine; di(3-.

(3, 5-di sul pho-4-chl orophenyl ) phosphine.. It is, of course, possible to use a
m xture 155 osulpbhoséphetbokypbenyl) pdrmethoxyphenyd kphesgphinebno-, di-

and tri-neta-sul phonated phosghines may_be used. The sul phonated phosphi nes
used in the predédssuipbentng %Br?BBeBYEkéﬁr°h¥ﬂﬁﬁkhﬁﬁw*é%h?EPEﬁ%$bred by

| oyi Kk ._Jh in 20, ., d ith th hi f H
Schi nll bauer,  KBRASSERLDEABRPIRY) PRaRBLIBEK 1E5564-subasphenel Logi um sal t
of (- sul phopheRXLbfLRRe YL RRPSLLLAFHBYs Do RSy TYpASASLAS; SO0 U

p- chl or obenzen
tri(3*sulpho-4—methoxypheny;)phosphine; tri(3-sulpho-4-

10 chlorophenyl)phosphine; (2~sulpho-4-methylphenyl) (3~
sulpho-4-methylphenyl) (3,5~disulpho~4~-methylphenyl)-
phosphine; (3-sulphophenyl) (3-sulpho-4~chlorophenyl)-
(3,5~disulpho-4~chlorophenyl)phosphine.

It is, qf course, possible to use a mixture

15 of these phosphines. In particular, a mixture of mono-,
di- and tri-meta-sulphonated phosphines may be used.

The sulphonated phosphines used in the -
process according to the preseht invention may be
prepared by employing known processes. Thus, in

20 accordance with the teaching of H. Schindlbauer,
Monatsch. Chem. 96, pages 2051-2057 (1965), the sodiﬁm
salt of (p-sulphophenyl)diphenylphosphine-may be

-prepared by reacting sodium p-chlorobenzenesulphonate
with diphepylchlorophdsphine, in the presence of sodium

25 or potassium. According to the method described in J.

“ Chem. Soc., pages 276-288 (1958) and in Engiish Patent
No. 1,066,261, phenylphosphines of formula (I) may be

prepared by employing the reaction for the sulphonation



2

wi t h di phenyl chl or ophosphi ne, "in the presence of sodium 25 or potassium
According to the nethod described in J. Chem Soc., pages 276-288 (1958)
and in English Patent No. 1,066, 261; phenyl phosphines of fornmula (1) may be
prepared by enploying the reaction for the sul phonation 10 of aromatic
ring-systems using oleum followed by neui§ari2ation of the sul fonic groups
formed using a suitable basic derivative one of the netals represented

by Min the foBf“Sfoﬁé%; Then gg éﬁs SELR ?o onategﬂgﬁ tai ned may

contain, as a mxture, e co r ng su oxi de, whose

presence does ﬂgﬁtrgpm§x€1oniBfeﬁﬁéréurféﬂléhﬁn&ﬂ% Yféﬁhéuﬂuéinéfﬁf
e v

hydr ocyanati on process according to the pres ention.

The hydrocyanagi@Bab®acChafilci 8eSEREEBYEYoPCEHET HE I1td x@eﬁﬁmerature of
10[err] to 150[err] and preferably of 30[err] to 120[err]. The anount of

ni ckel conpountdepsedentedhbgen incthéhfdbrinbrsae(ip. lPhevwmruderr] and 1 and
preferably 15 between 0.005 and 0.5 nmol of nickel per litre of reaction
sol ution. Fhe awbphonatedhpboaphinefobbained pay ceathim, ;38les to prepare
the reaction solution-is chosen such that the nunber of noles of this
conpound rel athésture, the gorsespendingesulphopated phosphine vxide000 and

whose presence does not, however, interfere with the
carrying out of the.hydrocyanation process according to
'~ the present invention.

10 The hydrocyanation reaction is Qenerally
performed at a temperature of iO°C to 150°C and
preferably of 30°C to 120°C.

The amount 6f nickel chﬁound used is chosen
such that there is between 10 and 1 and preferably

15 between 0.005 and 0;5 mol of nickel per litre of
reaction solution.

The amount of phosphine of formula (I) used
in order to prepare the rgaction solution is chosen
such that the number of moles of this compound relative.

20 to 1 mol of elemental metal is from 0.5 to 2000 and
preferably from 2 to 300.

The Lewis acid used as dbcatalyst allows the
linearity of the dinitriles obtﬁingd to be improved,
that islto say the percentage of linear dinitrile

25 relative to all of the dinit_:ﬁles formed, and/or to
increase the lifetime of the qatélyst.

Lewis acid is'underStéod, in the present text

and according to the usual definitiop, to refer to



preferably from2 to 300. The Lewis acid used as cocatal yst allows the
linearity of the dinitriles obtained to be inproved, that is to say the
percentage of linear dinitrile 25 relative to all of the dinitriles
fornmed, and/or to increase the lifetine of the catalyst. Lewis acid is
understood, in the present text and accorg'ng to the usual -definition, -to
refer to conpounds which are electron-pair acceptors. The Lew s aci ds

cited in the Wedkpdfindedwhic ére%%g$%?%§g§§kiQé&£ﬁtéfé, rel ated

Reactions"”, volu pages 191 to - may I n particular be 5

used. The Lew s acids whiphls TR¥iBCa388 a83te@CihatNeéiworR édftéed eppnt
process as chosen from conpounds of the elenents of groups Ib, IIb, Illa,

II'l'b, 1Va, |1Vbg.Xa, o¥ah YIFriedelibcgadtl hhdotel Bed ORERELDONS",
Classification of the Elenents, insofar as the said conpounds are at | east

partial ly sol ukodumed Ist palgesi d9dater 107, (¥963) gmaypr hhl| particaber dseicous
phase of the reaction m xture. These conpounds are nost often, but
non-linmtidglynsedlsts, in particular 15 halides, preferably chlorides and
brom des, sul phates, nitrates, sul phonates, in particular trifluoronethane-
sul phonat es, car boxyl at eFhealewipaasidgawhicht Bay Jbe e A%t es and

h hat es. :
P osp-a ©s . cocatalysts in the present process as chosen from

compounds of the elements of groups Ib, IIb, IIIa,
11Ib, IVa, IVb, Va, Vb, VIb, VIIb and VIII of the
10 Periodic Classification of the Elements, insofar as the
said compounds are at least partially soluble and
stable in water or, more génerally, in the aqueous
phase of the reaction mixture. These compounds are most
often, but nbn-limitingly, salts, in particular
15 halides, preferably_chlorides‘and bromides, sulphates,
-hitrates, sulphonates, in particular trifluoromethane-
sulphonates, carbo%ylates, acetylacetonates,
tetrafluorcborates and phosphates.
By way of non-limiting éxamples of such Lewis
20 acids, there may be mentioned zinc chloride, zinc
bromide, zinc iodide, zinc trifluoromethanesulphonate,
zinc acetéte, zinc nitraté, zinc tetrafluorcborate,
manganese chloride, manganese bromide, nickel chloride,
nickel bromide, nickel éyanide, nickel acetylacetonate,
~25 cadmium chloride, cadmium bromide, stannous dhloride,
stannous bromide, stannous_sulphate, stannous tartrate,
chlorides, bromides, sulphates, nitrates, carhoxylates‘

' or'tfifluoromethaneSulphonates of_rare-earth metal



By way of non-limiting exanples of such Lewis 20 acids, there may be
menti oned zinc chloride, zinc bromide, zinc iodide, zinc

tr.i fluoronet hanesul phonate, zinc acetate, zinc nitrate, zinc

tetrafl uoroborate, manganese chloride, nmanganese brom de, nickel chloride,
ni-ckel brom de, nickel cyanide, nickel ~acpjylacetonate, 25 cadm um- -
chloride, cadm um.bron de, stannous chloride, stannous brom de, stannous

sul phate, stangliemehtk!,’ &be: ifBtahtECsanthofhnf S SceSium) P rfsesdymigs
carboxyl ates or trifluoronethanesul phonates of rare-earth netal 12

el enents, for neotgmiam,aBhhapian, CéurepiuR) dgadsinivm, Neaxbiamm
samarium europi um gadolinium terbium dysprosium holmum erbium
thulium ytterdyesproesdunyt hblmimmgoénbium)| thuliymf eytioarbixim aindle and
yttrium5 chloride. It.is, of course, possihle to use m xtures of several
Lewi s acids, |dutetinme sdbadtaghborideshcferreus schigride andiyttriam he
Lewi s acid_in agueous solution by 10 addition of an al kali netal
chloride, Por FHAPEAEE: |ithiumchloride or sodiumchloride in particular.
The lithiumchloride or sodi,umchloride/Lew s gcid nolar ratio varies very

wi dely, for exanple fromt8 87186, CPRTBR: BP 10 refe X YRRS 9% ratio
to be adjustedaééerageggaggngcggszhe stability of the Lews ach in vat er .
It is also adGantageous, where necessary, to
stabilize the Lewis acia in aqueous solution bf
10 addition of-an alkali metal chloride, for instance.
| lithiuﬁ chloride or sodium chloride in particular. The
lithium chloride or sodium chloride/Lewis acid molar
ratio varies very widely, for example from 0 to 100, it
being possible for the specific ratio to be adjusted
15 depending on the stability of the Lewis acid in water.
Among the Lewis acids, zinc chloride, zinc
bromide, zinc sulphate, éinc tetfafluoroborate,
stannous‘chloride, stannous bromide, stannous chloride
stabilized with lithium chloride, stannous chloride
20 stabiliZed with sodium chloride, zinc chloride/stannous
chloride mixtures,.nickel chloride, nickel bromide and
nickel écetylacetonate, are most particularly
preferred.
The Lewis acid cocatalyst used generally
25 ‘represents from 0.01 to 50 mol perlmole of tramsition
metal compound, more particularly of nickel compound,
and preferably from 1 to 10 moi'per mole. '

The catalytic solution used for the



Anmong the Lewi s acids, zinc chloride, zinc bromde, zinc sulphate, zinc
tetrafl uoroborate, stannous chloride, stannous brom de, stannous chloride
stabilized with [ithiumchloride, stannous chloride 20 stabilized with
sodi um chl ori de, zinc chloride/stannous chloride m xtures, ni ckel chloride,
ni ckel brom de and ni ckel acetylacetonatgg%are most particularly preferred.
The Lewis acid cocatal yst used generally represents fromO0.01 to 50

Comound. _and BYAFECTbbERoT AdeofRIRE Y LAY SrfEie iy % 1 COF o
used for the aP¥&rBE§QPé.ti‘9§.MﬂLé@iér9 id¥o [EhE Bt 18 be

r
pr epar ed beforg ITs Introduction into the reaction zone, for exanple by

addi tion of thgopapreefi ek&mpIe Uy &LddLHDSe bt M dpp¥opiilatle GaguHd, Of
Lew s acid and 5 possibly of reduci ng agent to the aqueous solution of the
phosphi ne of fefnthaséh)trahsition el Stdipound prefh Dewidactial and i C
solution "in situ" sinply by mxing these various constituents. Although
the reacti®n ipogeiklyl ¢f reducing l@gemtittaithe dquecus mblaidamtof it may
be advantageous to add an inert, water-inmscible organic solvent, which
may be that ofthecbhospbineref cformelaoff). It is also possible to

prepare the catalytic solution "in situ" simply by
" mixing these various constituents. |
Although the reaction is generally carried
10 out without a third solvent, it may be advantageous to
add an inert, water-immiscible organic solvent, which |
may be that of the subsequent extraction.
By way of examples of such solvents, there
may be mentioned aromatic, aliphatic or cycloaliphatic
15 hydrocarbons which maintain the reaction medium in the
two-phase state. ' — |
Thus, once the reaction haé ended, it is very
simple,to separate ouﬁ, on the one hand, an aqueous
. phase cdntaining the'sulphonated phosphine of formula
20 (I), the transition metal compound and the Lewis acid
and, on the other hand, an organic phase consisting of
the reactants empioyed in the reaction, the reaction
products and, where appropriate, the water—immisciblé
organic solvent.: ‘
25 Among the organic solvénts-which'may be used
in the hydrocyanation process, there may be meﬁtioned |
benzene, toluene,:xylenes, hexane and cfclohexane,_

The process of the invention may be carried



By way of exanples of such solvents, there .nay be nmentioned aronmatic, _
al’i phatic or cycloaliphatic 15 hydr ocar bons whi ch maintain the reaction -
medi umin the two-phase state. Thus, once the reaction has ended, it is
very sinple to separate out, on the one hand, ‘an aqueous phase contai ning
t he sul phonat ed phosphi ne of formula 20 1), the transition netal
conpound and the Lewis acid and, on the o% er hand, an organi c phase

consisting of the E@@g&g@%ésagfEangshgn&Eﬁusggi ion, the reaction products

and, where appropri at er-inmm scible organic solvent. 25

Among. the organi ¢ sol venigheMiydikodey: Bganiad hBelihflapyHEOp¥a@pakeq@n process,
there may be nentioned benzene, toluengé, xylenes, hexane and cycl ohexane.

The process of firom metall cganideshe inapareliculat4sodiunosyanides! gror
di sconti nuously. The hydrogen cyani de used may be prepared from netal
cyani des, in p&romceyanohydrimscyani de, or from cyanohydrins. 5.
The hydrogen cyanide is introduced into the reactor in gaseous formor in
liquid form It may al soThe dydsogeadcyenddeniadintredueedahntostheent.
Wthin the context of a discontinuous inplenentation, it is possible, in
practice, to ckgag&or in gaseous form or in liquid form. It may also
be dissolved beforehand in'an'organic solvent.
Within the context of a discontinuous
implementation, it is possihie, in practice, to chargé
10 to a reactor which has been flushed beforehand using an
inert gas (such as nitrogen or érgon) either an aqueous
solution containing all or some of the various
constituents such as the sulphonated phosphine, the
transition metal compound, the optional reducing agent
15 and solvent, and.the.Lewis acid, or to charge the said
constituents thereto separately. Generally, the reactor
is then brought to the chosen temperature, followed by
introduction of the pentenenitrile. Hydrogen cyanide is
itéelf theﬁ introduced; preferably in a continuous and -
20 regular manner. |
When the reactiqp (whose progress may be
followed by assaying withdrawn samples) has finiéhed,
the reaction mixture is removed after cooling and the
reaction products are isolated by separation of the
25 phases after settling has taken place, optionally
followed by extraction of the aqueous_layer.using a

suitable solvent, such as for example the

abovementioned water-imhiscible solvents.



10 to a reactor which has been flushed beforehand using an inert gas
(such as nitrogen or argon) either an aqueous solution containing all or
sonme of the various constituents such as the sul-phonated phosphine, the
transition netal conpound, the optional reducing agent 15 and sol vent,
and the Lewis acid, or to charge the saidjgonstituents thereto separately.
Cenerally, the reactor is then brought to the chosen tenperature, followed

by introduction of the paienRpiddus @at gﬁ:@.&eﬁoiﬁéﬁlbﬂemhﬁ thes! bet hen
i ntroduced, preferably in a. contlnuous an regul ar manner. Wen the

reaction (\Ahoswamre@sa:dmym hyldroeganar iens @khBgivht hdr awn sanpl es) has
finished, the reaction mxture is renoved after cooling and the reaction

products are isol ated by wEapdmtthen cohtelkt % a pbattauefser settling has
taken place, optionally followed by extraction of the aqueous |ayer using a
sui t abl e sol verimplemsntad ifosr mm processhoesiynthenedganier phasesci bl e
sol vents. 15 The aqueous catalytic_solution may then be recycled to a
new hydr ocyanafiédh hee Femayied \midile the agueeus crtalybici phase -

I npl enment ati on of t.he gﬁl onlL.y the organic phase 5 may be renoved,

whi |l e the_aque gﬁi mains in the reactor.

The examples which follow illustrate the

invention.

EXAMPLE 1 : |
10 a) Preparation of the Ni/TSTPP catalytic
solution.

500 cm® of a solution of 300 mmol of the
sodium salt of trisulphonated triphenylphosphine
(TSTPP) in water are charged to a 1 litre glass round-

15 bottomed flask fitted with a magnetic stirring bar and

- an ascending condenser; this solution is degassed.

Next, with.stirring and under a stream of argon, 20'g
(73 mmol) of Ni(cyclooctadiene), are introduced,
followed by 350 cm® of previously degassed ortho-xylene.

20 : The mixture is heated at 45°C for 15 h. Affer
cooling, the tﬁo-phase system separates out after
settling has taken place and the strongly red-coloured
aqueous phase is wifhdrawn.

2) - gydrggzggation'of'3-pgntenenitrile.

25 | 34.8 cm® of an aqueous solution of Ni/TSTPP
catalfst, containing 5 mmol of Ni and 20 mmol of TSTPP,

are charged to a 150 cm® glass reactor. The mixture is



The exanples which followillustrate the invention. EXAMPLE 1 10

a) Preparation of the Ni/TSTPP catalytic solution. 500 [err] of a

sql ution of 300 mml of the sodiumsalt of trjsul phonated .

tri phenyl phosphine (TSTPP) in water are charged to a 1 litre glass round-
15 bottoned flask fitted wth a nmagneti 6sti"rring bar and an ascending
condenser; this solution is degassed. Next, with stirring and under a

stream of ar9oRenf8a0cb780SE0uL LR sbLLEVah 0ORRALED IO AU Ag dnguced.

foll owed by 35 err] of previously degas 0- xyl'ene.

The m xture isgheabgdigbl 5%@?%%t£8rwﬂ§lg-ﬂﬁ%ﬁfﬁiﬁfﬁ&iEKEsthe t wo- phase

system separates out. afte Ing has ta ace and the strongly
red-col oured agefpegapligee i S W thdrawn. 2) Hydr ocyanati on of
3-pentenenitrile. 25 "~ 34.8 [err] of an aqueous sol ution of
Ni / TSTPP cat al yst, conta#ni ng352noem? of i ajueocis mulutdonl soifaining
charged to a 150 [err] glass reactor.. The m xture is 16 heated to
60[err] wiBh stirring, and t h20fminbdwofigZarehloridesi vely injected while
mai ntaining this tenperature: - 3.2 [err] of an aqueous sol ution
cont ai ni ng - 8 g (105 mmol) of 3~-pentenenitrile
(3PN).
Next, hydrogen cyanide is injected at a rate
of 1.8 g/h (67 mmol/h) for 2 h.

10 At the end of the test, the reaction mixture
obtained is cooled, the possible excess hydrogen
cyanide ihjected'is_neutralized using concentrated
sodium hydroxide solution and the various constituents
are assayed by gas chromatography (GC).

15 The following results are obtained:

~ " Extent of conversion (EC).of-3PN - 89 %
- Yield (Y¥d) of adiponitrile (ADN)
Irelative to the 3PN converted 66 %
L - ¥d of 2—methylglutaroﬁitrile (MGN)
20 _ . relative to the 3PN converted _ - 26 %

- Yd of 2-ethylsu¢cinqnitrile (ESN)

relative to the 3PN converted : 5%
.f Yd of valeronitrile (VN) relative .
to the 3PN converted 3%
25 - Linearity (") _ ‘ 68 %
=~ Activity of the catalyst () ' 20
- Production efficiency for ADN (relative

to the volume of the aqueous phase) . 90 g/h.1l



5 ' 20 mol of Zn chloride - 8 g (105 mml) of

3- pentenenltrlle (3PN). Next, hydrogen cyanide is injected at a rate of 1.8
g/lh (67 mol7h) for 2 h. 10 " At the end of the test, the
reaction mxture obtained is cool ed, the possible excess hydrogen cyani de
injected is neutralized using concentrated sodi um hydroxi de sol ution and
the various constituents are assayed by s chromatography (GC). 15 -

The followi ng results ar f n n (EC) of 3PN
89 % - Yield (Yd) of g&l poni ?Sq-fned(ﬁBﬁ)Ei gt?vgg{eo¥t%ﬁé§PN converted

66 %-  Yd of 2-nethyl Q")Jt Eﬁtﬁﬂiéx‘ ide n(d\igip o0 3PN converted' pedtive to the
3PN converted Yd of 2-ethylsuccinonitrile (ESN)
relative to the 3PN con\mﬂed-,f m_ employed 5 % - Yd of valeronitrile
(WVN) relative to the 3PN converted. 3% 25 -
Linearity (*) EXAMPLES 2 to 5 and Comparative%est 1 Activity of.the

catal yst (**) 20 - Production efficiency for ADN (rel ative

to the volfune -of the aqixamplshdscls re@aj/dd with the(fplAbmingr ned/ ADN +

MGN + ESN for ned
charges and operating conditions:

- Ni: _ 5 mmol

- TSTPP: 20 mmol

- ZnCl,: o see Table 1
10 - water: " gs 38 ml

- 3PN: : : 320 mmol

- HCN injection flow rate: 67 mmol/h

- Temperature: - 65°C

The results obtained are collated' in Table 1
15 (yd of DN = yield of ADN + MGN + ESN relative to the

3PN converted).

Test zZnCl, Activity | % Yd of Linear-

(in of the DN - ity
mmol) catalyst
Example 2 1 5 88 73 J
Example 3 5 14 97 74
20 n Example 4 20 30 97 63 *
Example 5 40 30 97 57

Comparative 0 _ 3 _ 76 62
test . o '

Table 1



-

(**). number of mol es of 3PN converted per nol e of N enpl oyed EXAMPLES 2 to

5 and Conparative Test 1 5 : Exanple 1 is repeated with the
foll ow ng charges and operatlng conditions: - Ni :
5 mmol - TSTPP: ' 20 mmol - [err]: .
see Table 1 10 : -~ water: - gs 38 m -
3PN: 320 mol - Fkﬁlinjection flowrate: 67 nnDI/h
- TenperatuggaggLEN_h 65[err] The results obtained are collated in
Table 1 15 = yield of ADN + MGN + ESN relative to the 3PN -
converted). Test [g&&h 1 ACkVirh Wifh the LESEBSwind D of
t he DN It € cat aF éeaEx fe 2 © 1 ing 5
88 73 Braigks and ogerﬁtlng condiﬂ10n8° 97 74 20
Exanpl e 4 20 0 97 63 Exanple 5 40
30 97 , S7=ConpRiative 0 310 mmol 76
.62 test 0 . 3 - .76 62 Table 1 18
- 5 , - TSTPP: 20 mmol
- ZnCl,: ° . 20 mmol
- water: gs 38 ml
- 3PN: 320 mmol

- HCN injection flow rate: 67 mmol/h
- 10 : - Temperature: " 65°C
The following results are obtained: .
- Yd of DN: ' 98 &
- Activity of the catalyst: 15
- Linearity: | 71 %
15 EXAMPLES 7 and 8
| Example 1 is repeated with the.following

charges and operating conditions:

- - Ni: o _ 5 mmol

- TSTPP: : see Table 2
20 - znCl: ' 20 mmol

- water: gqs 38 ml

- 3PN: . o i 320 mmol

- HCN injection flow rate: 67 mmol/h
- Temperature: | 65°C

25 . _The results obtained are collated in Table 2.



*

EXANPLE 6 Exanple 1 is repeated with the follow ng charges and operating

conditions: - Ni : , 10 mmol 5 - TSTPP:

20 mmol - [err] . 20 mmol - wat er :

gs 38 m - 3PN: : _ 320 nmol - HCN i njection flow

rate: .67 nmmol/h.10 - Tenpgeat ur e: ~ 65[err] The

followng results are obtained: - Yd of DN . 98% -

Activity of the catalyst 15 - Llnearlty 71 % 15

EXAMPLES 7 ang=B—CXETPT € LT 5 T epeat e O OO [CTTar e S T

operating con:itiﬁmcmple Ni TS?PP Acthlty % Ydsofmyl LinearrSTpp:

see .Table 2 2( - (iperr]|: of the DN 20 | -

wat er : S yuoﬁ)- cabmlyst 328l nmo

- HCN inje tlﬂga{‘g,;pgviate: 63 mml/h "6 Tgnper afgur e: 60

65[err] 25 Fhejresutts—olyt-armec—a cottated—tpr—Fabtre—2— 19
- Example 8 32 17 - 98 73

Table 2

5 . EXAMPLES 9 and 10
Example 1 is. repeated with the following.

charges and operating conditions:

- Ni: - " 5 mmol
- TSTPP: | 20 mmol
10 | - ZnCl,: | 20 mmol
- water: gs 38 ml
- 3pN: | 320 mmol

r.- HCN injection flow rate: see Table 3
- Temperature: : see Table 3
15 The results obtained are collated in Table 3

(Example 4 has also been given in the table).

Examples Temper~- | HCN ' Acti- | % Yd | Line-
ature injec- vity of arity
: tion | of DN
flow the
rate " { cata-
' lyst
Example 9 | 45°C 17 mmol/h 35 99 68
Example 4 | 65°C { 67 mmol/h 30 97 63
20 Example 10 135 mmol/h

Table 3



Exanpl e
ity mol
Exanpl e

)
8

condi ti ons:

20 mol

10

TSTPP  Activity  %'Yd of Li near- (in “of the DN
catal yst Exanple 7 6 6 98 60
32 - 17 ' .98 . 73 Table 2 5 EXAMPLES 9 -
and 10 Exanple 1 is.repeated with the foll owi'ng charges and operatlng
- Ni : : 205 nnDI'- TSTPP:
- [err]: 20 mmol - wat er :
EXBMPLES 11 to 23 320 nmol - HCN i nj ection fl ow

gs 38 m

rate: see Table 3 -

Tenper at ur e:

see Table 3 15

The results obtai ned ar Examplet ddisnrépkhted ¢wEthnphe fobhewibhgo been gi ven
in the table). Exanples

i nj ec-
rate
Exanpl e
85[ err]

4

10

15

20

25

Tenper- HCN Acti- % Yd Line-
¢haygesoand opexatingt conditions:of DN fl ow
cata- |lyst Exanple 9 45C 17 mol /h 35 99
65C 67 fmol / iz 30 97 63 28 mmoExanple 10
135 mmol / h 10 99 63 Table 3
_ Co- TSTPP: _ 20 mmol
- Lewis acid'(nature
indicated in Table 4): 20 mmol
- water: gs 35 ml
- 3PN: 200 mmol
- HCN injection flow rate: 67 mmol/h
- Temperatureé ) 65°C
- Duration: 1h

The results obtained are collated in Table 4.

EXAMPLES 24 to 49

Example 1 is repeated with the following

charges and operating conditions:

Nis

TSTPP:

Lewis acid (nature
indicated in Table 5):
water:

3PN:

.HCN injection flow rate:
Températﬁre:

Duration:

5 mmol

. 20 mmol

20 mmol

gs 35 ml
'200 mmol

67 mmol/h
65°C
1 h

The results obtained are collated in Table 5.

at ur
t he

e

68



20. EXAMPLES 11 to 23 Exanple 1 is repeated with the follow ng charges and

operatlng condltlons - Ni : 5 mol 5 -
TSTPP: - .20 mol - Lewis acid (nature indicated in
Tabl e 4): 20 nnDI - wat er : - .. gs 35 mM - 3PN
200 mmol 10 - HCN |njectaqn flowrate: 67 mol/h - .
Tenper at ur e: ' 65[err] - Duratlon ' 1 h The

results obt aif

Exanple 1 |s|rep§8@m@lﬁ th theLGEiﬁoth@ ch iflt i ons
.- Ni : 5 mol - TSTPP: 20
mol - LeWi s acid (natufje 20 of thggichted in Tabl § 5):
20 mmol - wat er : "gs 3p n al tSPN:
200 nmol - HCN injectiom flow rate: 67 nhoFRRaLYSt qomerature:
65C 25 - Dugation. ' —1-h{The bt ai ned
are coll ated lﬂEﬂEﬁbEe511 MnBr, 8
Exampie 12 Mr_xCl2 . 8
Example 13 FeCl, | 6
5 Example 14 CoCl,/2nCl1,(") 19
Example 15 ZnBr, 25
Example 16 Zznl, 23
“ Example 17 YCl, | 8 75
Example 18 CdBr, 20 69
10 Example 19 SnBr, _ 10 88
Example 20 ~ snCl, S 12 88
Example 21 | SnCl,/LiCl(**) 15 _ 87 “
Example 22 | SnCl,/2nCl,(") 15 83 "
Example 23 CeBr,

15 ' Table 4
(*) equimolar mixture of 2 Lewis-agids

(**) supplementary addition of 200 mmol of LiCl



21 Exahple Lews Acid Activity Linearity of the catalysf

Exanpl e 11 * - [Jerr] 8 . : 64 Exanple 12 [err]
8 66 Exanple 13 [err] _ . 6 68 5
Exanple 14 [err] 19 72 Example 15 [err]
25 ' 68 Example 16 [err] _ 23 66 Exanple
17 [err] 8 %% Exanpl e 18 [err] :
20 ) T-==VR — Loacol ey 88
Exanpl e 20 | Eiéﬁéie Lew1h23c1d Aéﬁiéi«yno e1dhearift§ r
15 8 Exanple 22 [err] 15 8% Exanple 23 |
[err] | 64 15 | (*)
equi mol ar m xtjre of 2 Lew § acids (**) supplenentary adglition of 2004 nmo
of Lid" . 228 Exanpl e Lewi s Acid Aatalyst t he
Example ' CoCl, 3 84
Example cdcl, 5 72
Example 26 Snso, 5 ’ 89
5 Example 27 |  Sn tartrate -4 | 87
Example 28 | LaCl, 3 70
' Example 29 ~ CeCl, 3 73
Example 30 PrCl, 4 73
Example 31  Ndel, s | 75
10 Example 32 SmCl1, - 3 77
Example 33 | = EuCl, 5 87
: Example 34 GdCl, -3 78
Example 35 pycl, 4 78 ﬂ
Example 36 HoCl, 3 81 “
15 | Example 37 Ercl, | 3 80
| Example 38 TmCl, 6 - 717
_ ﬂ Example 39 | YbC1, 4 81
“ Example 40 IuCl, .8 81

Iable 5 (start)



-

catal yst Exanple 24 [err] 3 | 84 Exanple 25
[err] 5 72 Exanple 26 [err] 5
895 . Exanple 27 Sn tartrate 4 87 Exanpl e 28
[err] 3. _ .70 Exanpl e 29 [err] 3
73 Exanple 30 [err] 4 23 73 Exanple 31 o
Ndd 3 7510 BmmﬂeSZ [err] '
3 77 pErETEE— = . Anpl e
34 [er ] Lewis Acid 7§ Ectiwd ey 35f ‘
4 i Exanpl e 36 [err] 3 81 1f
Exanpl e 37 [err] the catBGYE%a#ple 38
[err] 6 T?B@mﬂeS : [m; 4
81 Exanpl e 40 E 18741 4 .2 81 Tpbl-e 5ggstart
23 Exanpl e Levﬁ‘asm%\c‘?d | hetivi ty 6f K nearzlty t he [cat al yst Examjll e 41
Ni Br 2 | rewra 8S—Exanpte—dp ferT - T2 77
Exanpl e 43 [ dr rBxample 42 3| Ni(acac),(*}1{5 3Eianp|e 44  T%rr] :
14 LY :
Example 43 | Mg(OTLf),(**) 3.3 71
5 u Example 44 | 2n(OTf),(**) 14 57
Example 45 | Sn(CF.80,), 3 87
Example 46 |  NiCl, 2. | =
u Exainple 47 La(CF,;S0;), 2 77
" Example 48 ZnSo, 7 717
10 | Example 49 Zn)BF4), 11 77

(*)
(**) OTf

Table 5 (end)

acac = acetylacetonate

= trifluoromethanesulphoné.te




»

Bmmﬂé45 [‘err] 3 ' 87Bmmﬂe46 [err]
2 91 Exanple 47 [err] - 77
Exanpl e 48 [err] 7 77 10 Exanp#e 49

[err] 11 77 Table 5 (end) (*) ?ﬂv cetonate
(**) Orf = trifluoronethanesul phonate 24 CLAI IVB m Wﬂ’ﬂ!’# :
hydrocyanation of an aliphatic nitrile containing ethylénlc I on,

by reaction with hydrogen cyanide in therpgssence of an 5 aqueous ol ution
of .a catalyst conprising a transition netal conpound and a sul phonat ed
phosphi ne, characterized I)n t Prtocdss sfurd thel hiydrocyhsaetiont efnana
cocat al yst consisting of at |east one Lewis acid. 2) Process according to
Claiml, 10 cHdnhatdg ndtnide ieontaining ethylevicannsatusatiboni by
unsaturation is chosen fromlinear pentenenitriles, for instance"

3- pent eneni t r i (ReackiQm Witdhihydyogem Fyandide A theepresenceppf als

RREU AL AR AR R NG SR R O
d'SSO|V'ng und%bﬂgTaééﬁiédﬁa1éﬁa“$tﬁdfﬁﬁonated phosphine,
characterized in that the said solution also contains a
cocatalyst consisting of at least one Lewis.acid._
2) Process according to Claim 1,

10 characterized in that the nitrile containing ethylenié
unsatﬁration is chosen from linear pentenenitriles, for
instance 34pehtenenitrile, 4-pentenenitrile and their
mixtures.

3) Process according to either of Cléiﬁs 1

15 and 2, characterized in that compounds of nickel, of
palladium and of iron, which are water-soluble or
capable of dissolving under the reaction conditions,
and preferably nickel dompoupds, are used as transition
metal compounds.

20 | 4) Process according to Claim 3,
characterized in that the nickel compound used is a —
nickel éero compoﬁnd.

5) Process according to Claim 3,
characterized in that the nickel CQmpound.used is a

25 compound of nickel with an oxidation state greater than
zero. | -

6) Process accordin§ to Claim 5,

characterized in that an organic or inorganic nickel-



-

and.‘p.r'eferably ni ckel conpounds, are used as transition-nmetal conpounds. 20

4) Process according to Claim3, characterized in he ni ckel
conpound used is a nickel .zero conmpound. 5) Pr oc_esg H Hu (ﬂ'c!m:ai m 3,
characterized in that the nickel compound used is a c _ ni ckel

Wi th an oxidation state greater than zer@s 6) Process according to daim
5, characterized in that an organic or inorganic nickel- 25 reducing
agent whi ch r enedacingf agent i whighédcts g feratryidlly el imdekedndi ti ons
is added to the reaction nmedium 7) Process according to Claim6, 5

char act eri zed undehathe hreaetiion ngondittions iaidatied) to theomeachicn t hat

t he nunber of redox equivalents is between 1 and 10. 8) Process accordi ng
to one of Claimediume 7, characterized in that the amount of nicke

conpound 10 wused is chosen such that there is between [err] and 1 and
preferably between 0.0057hnd Brocess agcerding t/Claim &,f reaction
soLution 8 chapacierisad th tnie &S KlaQAid adert’ i AMEAY A "

amount such that the number of redox equivalents is
between 1 and 10. _
8) Process according to'one of Claims 1 to
7, characterized in that the amount of nickel compound
10 used is chosen such that there is between 104 and 1 and.
preferably between 0.005 and 0.5 mol of nickel per |
litre of reaction solution.
9) Process according to one of Claims 1 to
8, characterized in that the Lewis acid uéed as
15 cocatalyst ié chosen from compounds of the elements of
groups Ib, IIb, IIIa, IIIb, IVa, IVb, Va, Vb, VIib, VIIb
and VIII of the Periodic Classification of the
Elements, insofar as the said compounds are at least
partiaily soluble and stable in water or, more
20 generally, in the aqueous phase of the reaction
mixture. |
10)' Process according to Claim 9,
characterized in that the compounds. are salﬁs, such as
halides, preferably chlorides and bromides, sulphates,
25 nitrates; sulphonates, in particular.
trifluoromethanesulphonates, carboxylates,
acetylacetonates, tetraflﬁoroborateS'and.phdsphatas._

11) Process according to one of Claims 1 to



>

15 _cocat al yst ‘is chosen from conpounds of the el enents-of groups—tb,
I1la, Illb, I'Va, IVh, Va, Vb, VIb, VIIb and VI1I of

Classification of the El enents, insofar as the said ggi!ﬁ@ “ﬂh Hal EI!I east -
partially soluble and stable in water or, nore 20 ' M .
aqueous phase of the reaction m xture. 103gProcess according to Claim9,
characterized in that the conpounds are salts, such as halides, preferably
chlori des and hogncharacterfizedein 2hat ther hekis acvi@hdsatkesennfrom
particular trifluoronethanesul phonates, carboxyl ates, acetyl acetonates,
tetrafl uorobor ziias ehdoptidephaies. btépiBegceincatodidengzincone of dains 1
to 26 10, characterized in that the Lewws acid is chosen from zinc

chl ori de, 2|nctE#@#pﬂgomsthénﬁoQFAPhOEﬂﬁe:tFiﬂ#ué@%ﬁ%ﬁﬁan@l%%lphonate zi nc

acetate, zinc nitrate, zinc tetraf|uoroborate, nmanganese chlorjde,
ranganese bronP&&raﬁFakEPnEhFGPF&@luﬁFEPBFaBPonPﬂBﬁaﬂ?§%e$ %?Eﬁ?ﬂe nlckel

gfihﬁéﬁiehﬁgﬁtﬁeC%%?ﬁ‘éﬁbgm-y%ﬁ'sﬂip@cﬁ SRSt 5 2 :”de |
1
oul phonat s of BSKET SYeE §§§1’angf‘Sﬁ’eéf%EﬁS?gtﬂg?gﬁ L

praseodym um

chloride, cadmium bromide, stannous chloride, stannous
bromide, stannous sﬁlphate, stannous tartrate,
chlorides, bromides, sulphates, nitrates, carboxylgtes
10 or trifluoromethane sulphonates of rare-earth metal
elements, for instance lanthanﬁm, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and
lutetium, cobalt chloride, ferrous chloride and-yttrium
15 chioride and mixtures of several of these compounds.
'12) Process according to one of Claims 1 to
11, characterizéd in that the Lewis acid is stabilized
in aqueous solution by addition of an alkali metal
chloride, for instance lithium chlorlde or sodium
20 chloride.
13) Process according to one of Claims 1 to
12, characterized in that the lithium chloride or
godium chloride/Lewis acid molar ratio varies from 0 to
100, it being possible for the spegific ratio to be
25 | adjusted depending on the stability in water of the
Lewis acid. | _
14) . Process according'togone of Claims 1 to

13, characterized in that the Lewis acid cocatalyst .



neodyn1un1 sanmari um europi um gadollnlun1 ter bi um dyspr05|unr‘h”1n1un1

erbium thulium ytterbiumand lutetium cobalt chlorlde fer orlde
and yttrium 15 chloride and m xtures of several- \mm 12)
Process according to one of lainms 1 to 11, characte e Lew s

acid is stabilized in aqueous sol ution byzmddltlon -of *an‘al kal i netal
chloride, for instance lithiumchloride or sodium 20 chloride. 13)
Process accor dusgdt represehts! firom 0.00 t3, 50hmobcperimeleioft hat the
lithiumchloride or sodiumchloride/Lewis acid nolar ratio varies fromO to
100, it being pwesshtéohomethd epmpohnd,rmore particwbarlyicpfisniekelkpendi ng
on the stability in water of the Lewis acid. 14). Process according to one
of Cains 1 tocempoundsaandr pxreferabivafromel | £oi 10 anel ma@‘al?st used
represents from0.01 to 50 nol per nole of tranS|t|on ponpound nor e
l oF Flafny

particul arly of nickel ﬁbouﬁﬂocﬁﬁﬂ PrEPELLRY \tP rORe 1 nol e.
15 P dj f t d t hat
the sul phoflat chapnGbRRRrEeREed 4RcEhAEBher petphaRate Hkiantd Z%%OLBh. nes
~of general forgulbg Gk’ ch8kbh EEbh! the sulphonated phosphines of

general formula (I):

/(SoaM)n1

Ari\m)@

{SO3M)n2
P Ar ' ()]
2\(Y2)m2 o
SO3M)n3
3)m3
in which:
* Ar,, Ar, and Ar,, which may be identical or
10 - different, represent aryl groups,
* Y,, ¥, and ¥Y,, which may be identical_or
different, represent
. an alkyl radical having.I to 4 carbon
atoms,
15 . an alkoxy radical having 1 to 4 carbon
atoms,. |
. a halogen atom,

a CN radical,



i n whi ch: [err] and [err] which may be identical or 10—
different, represent aryl groups, [err] and [err] mhrch ‘k“mgrcal or
di.-fferent, represent * an al kyl radical having 1
an al koxy radical having 1 to 4 carbon atons, * n Wt o
radical, . 28 * an [err] radical an Oueradrcal ” ' a radrcal [err] |n
t he fornula for which [err] and [err], which may be | denti cal or
different, represent an al kyla;{qucghdh_aanng 1 to 4 carbon atons, M is an
i norgani c or organic cationic resi due chosen, so that the conpound of
formula (1) is meter-soluM<eaﬁrGBnnddiq;Ium)conprrsrng 10
[err] cations derived fromalkali netals .or al kaline-earth netals, *
[err] with [err] which may. e ratticdlc AIR,B; in fthe dioxmula for Whlch
R, and R,, which may be identical or
5 _ different, represent an alkyl radical
having 1 to 4 ca:bon‘atoms,
M is an inorganic or organic cationic residue
chosen, so that the compound of formula (I)
 is water-soluble, from the group comprisings:
10 : T -
. cations derived from alkali metals or .
alkaiine-earth metals, '
N(RRR.R;)* with R,, R,, R, and R,, which
may be identical or different,
15 . representing an alkyl radical having 1
to 4 carbon atoms or a hydrogen atom,
‘other cations derived from metals for
which the benzenesuiphonic acid salts
have water—soluble,
20 . 'm, m, and m, are intege:s( which may be
identical or different, from 0 to 5,
n,, n, and n; are integers, which may be
identical or different, from 0 to 3, at least
one of these being greater than or equal .
25 . ~ to 1.
16) Process according to Claim 15,

characterized in that the =sulphonated phosphines used

are chosen from the sulphonated phoséhines of formula



L 4

5. © representing an al kyl radical having 1 to 4 carbon
atons or a hydr ogen atom * other <cations derived fromnetals for which
t he benzenesulphonlc acid salts have water-soluble,_20 . . ... {err]
and [err] are integers, which may be identical or different, fron10 to

[err] and [.err] are integers, which may dse identi ﬂl fromO
to 3, at |east one of these being greater than orﬂwm I"lmﬁn“

1. 16) Procesprpgcin dfRch® C aim 15, characterizell ih that" t e sulphonated
phosphi nes used are chosen fromthe sul phonated phosphi nes of formula 29
(1), inwhich: - = [eras,,ant,| and]Any anegh@henydr grosps, [err] and [err]
represent groups chosen fromal kyl radicals having from1l to 2 carbon 5
atoms, al koxy radieal s Yigvi¥ggahdo¥y ]repre@qrﬂ:r drompsrchosen fmomepr esents a

cation chosen fromthe group conprising 10 Jerr] * cations
derived fromNa, [err], *Ca radicals having from 1 to Z carbon
5 : - _ atoms, _
. alkoxy radicals having from 1 to 2

C~C, atoms,

- M represents a cation chosen from the group

comprising

10 . B
. cations derived from Na, K, Ca and Ba
+  NH

tetramethylammonium, ﬁetraethylammonium,
tetrapropylaﬁmonium and
15 tetrabutylammonium cations
- m,, m, and m, are integers from 0 to 3
- n,, n, and n, aré integers from 0 to 3, at
least one also being greater than 1.
17) Process according to one of Claims 1to
20 16, characteriied in that the sulphqnated'phbsphines
used are chosep from the sodium, potassium, calcium,
barium, aﬁmonium, tetramethylammonium and |
tetraethylammonium salts of mbno(sulphophenyl)-
"diphenylphosphine, di(suiphophenyl)phenylphbsphine and
25 tri(sulphopheﬁyl)phosphine in the formulae for which SO,
groups.are preferably in the meta-posifion.
18) Process according to one of Claims 1 to

17, characterized in that the amount of sulphonéted



[err;[":k t et ramet hyl anmmoni um tetraet hyl anmoni um tetrapropylannnnlun1and
15 t et rabut yl anmoni um cations [err]” and [err
integers fromO to 3 [err] and.[err] are integers f \k ﬁ‘east one
al so being greater than 1. 17) Process according t Xﬂm to 20
16, characterized in that the sul phonated @hosphlneS*us%d‘ar§ chosen from
the sodium potassium calcium barium ammonium tetranethyl amoni um and
tetraethyl ammphaapaahbs uQEd”QQOEﬁBEQHOEHSHY{:&at OE RO SRhIDEY SPR  itS) e s

di (sul phophenyl) phenyl phosphi ne and tri (sul phophenyl ) phosphine in the
fornul ae for waifckhfier bbn@banaSranatmfref £6ab! dol Nof herams P pors ety 18)
Process according to one of Qains 1 to 17, characterized in that the =
anount of sul pisn&tren 0.536opROSPhand prefierablynofeom s2icto t3QA. t he nunber
of noles of this.conpound relative to 1 nol of transition netal is fromO0.5
to 2000 and preferably fA8h 2Procees. acopréingcts one oot Gipims chetaf '
Clains | to 5 18, characterized in that the hydrocyanation reaction is
performed & alBenfbazpgterdgedofinr thatotheohydrocyanabion creastion 30[err]
to 120[err].

is performed at a temperature of 10°C to 150°C and

preferably of 30°C to 120°C.



31
ABSTRACT

PROCESS _FOR_THE HYDROCYANATION'OF'

UNSATURATED NITRILES TO DINITRILES

The present invention relates to a process

for the hydrocyanation of nitriles containing ethylenic

unsaturation to saturated dinitpiies,'in particular the

hydrocyanation of pentenenltrlles to adiponitrile, one
of the bas1¢ compounds for the productlon of nylon 66.
More precisely, it cons;sts_of a process for
the hydrbcyaneiion of an aliphatie ﬂitrile containing .
ethylenic unsaturation, by reaction with hydrogen
cyanide in the presence of an aqueous solutlon of a
catalyst comprising a trans1t10n metal compound and a
sulphonated phosphine, characterlzed in that the said

solution also contains a cocatalyst consisting of at

least one Lewis acid.



