- i PROCESS FOR PREPARI NG NI TRI LE COVPOUNDS FROM
ETHYLENI CALLY UNSATURATED COVPOUNDS The present

i nvention concerns a process for hydrocyanating

et hyl eni cal | y unsaturated organic conpounds to
conmpounds containing at least-one nitrile function. It
relates nore particularly to the hydrocyanati on of

di ol ef i TBROCESS cBOR UPREPARENG rNITRELE SCOMPOENDS | EROMS

such as al ke et irede (O bNsATVRAT P RRMPBRANTS || €5

According to action
is i npl emrented in the presence of a netal conplex
dl%ySt pFOSPAE S| nﬂnﬁeﬁfﬁ&ﬁ'“@éhé@fﬁé Hhekel  for
an organlc i gand. -2 PROCESS FOR PREPARI NI TRI LE

COVPEX B FROMS ETHA TV IeRiop JINSAT URRS EBUSetPAUNDS IgRni c

Pr 8§@PbuhAY CBbl BERAGRINScAnIY DEASS L€r ledst one nitrile
hydroc anating ethyl enically unsaturated organic

©h8St 0 conpounds containing at |east one nitrile

It relates more particularly to the hydrocyanation of
dioclefins such as butadiene or of substituted olefins
such as alkenenitriles, for instance pentenenitriles.
According to the process of the invention the reaction
is implemented in the presence of a metal complex
catalyst comprising a transition metal such as nickel

and an organic ligand.
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function. It relates nore particularly to the

hydr ocyanati on of 10 diol efins such as butadi ene or of
substituted ol efins such as al kenenitriles, for

i nstance pentenenitriles. Ee hydr ocyanati on of

but adi ene to pentenenltrlles |s an I mportant reaction

whi ch has been |n8 in r allé for a nunber
of year E$$p R, PEEP%RIQE HETR LE SCOMPQUNDS FROM
synt hesi Zi ng mmnmﬂm wmmﬂmMmﬂoms
internedi ate which allows access 1n parfrcular to the
nmononers of numerous polyners, forenost anong which are
t hehpol ypredest 20ikventhopat endndebRd 764 dept@tbss a for
pr pari 4 S;.py addition
B aESeh e s Bhe o Dl S ot agRg ot oToanic
Ieagmponedethpl@mmpqnndﬂexommnmnlm@ ahe lpessernpe ofiitrile
nlfgﬁ c§8halyst and a triaryl phosphite. This reaction

e conducted in 25 the presence or absence of a
solvent When a solvent is used in this prior art
DVPEG%%Pdté§5m&%@f%E%EE%u@aQX?rqgﬁrﬁﬁé H?&?bd?énatlon of

benzene or xylenes, or anitrile such as acetonitri
diolefins such as butadiene or of substituted oleflns

such as alkenenitriles, for instance pentenenitriles.
The hydrocyanation of butadiene to pentenenitriles is
an important reaction which has been implemented
industrially for a number of years, particularly in the
process for synthesizing adiponitrile, a major chemical
intermediate which allows access in particular to the
monomers of numerous polymers, foremost among which are

the polyamides.

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

the presence or absgsence of a solvent.

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

or a nitrile such as acetonitrile.

The catalyst employed is an organometallic complex of
nickel, containing ligands such as phosphines, arsines,
stibines, antimonites, arsenites, phosphites, phos-

phinites or phosphonites.

The processes for hydrocyanating dienes generally
comprise two steps: a first hydrocyanation, leading to
branched and 1linear unsaturated mononitriles, and a
second step which allows the dinitriles to be obtained.
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30 The catal yst enployed is an organonetal Iic conpl ex
of nickel, containing |ligands such as phosphi nes,
arsines, stibines, antinonites, arsenites, phosphites,
phos- phinites or phosphonltes 35 The processes for
hydrocyanatlng di enes generdl I3 -~ conprise two steps: a

ég hydégc anat |on, Ieadlng % branched and | i near

EGRal i 13592, nhhEl Les sBESn@istidy- sHfitth for the

?Ib?mshébfsdlmftrnhﬁﬁ tprbeuebsai padh Ohlsgn ofby tdRample,
In ni Nt er est

nemﬁ% B4t u%? gucﬁkgge ngcgffﬁﬁlg%eﬁﬁgaﬁﬁn%i??elnqﬁ%g% an
pr bueeswedihteef @teml sowhichudésan refdereddi abe st=p, the

“miQBmé§1£§E§5ﬁed§ééﬁ‘ Sﬂgranc dgatign g &%%é%%% the

consists 1 n treatl unsat ur at e
nnh@ﬂnchedeynﬁ@uummng& m¢nﬂn1unxies|h@ac0@mgmnnthemi1nto

mﬂ?ﬁé&f'hﬁéatﬁ?ﬁt@&e%ﬁs&lEgli‘eerOrmter to activate
t he catal yst such as a boron conmpound or a netal

salt, generally a Lewis acid, is also recomended for
CaTﬁé'@}é&&ukheof a promoter to activate the catalyst,

such as a boron compound or a metal salt, generally a
Lewis acid, is also recommended for carrying out the

gsecond step.

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

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

sulphonated triphenylphosphines.

This process permits proper hydrocyanation,
particularly of the butadiene and the pentenenitriles,
easy separation of the catalytic solution, by simple
decanting, and, consequently, goes as far as possible
to avoid the discharge of effluent or of waste

containing the metals used as catalyst.

Regearch has nevertheless been conducted in order to
find new catalytic systems which give greater
performance 1in terms of catalytic activity and of
selectivity and stability.

One of the aims of the present invention is to propcse
a new class of ligands which with the transition metals
make it possgible to obtain catalytic systems exhibiting
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second step. Patent FR-A-2 338 253 proposed carrying
out the 15 hydrocyanation of conpounds having at | east
one ethylenic unsaturation in the presence of an
aqueous solution of a conpound of a transition netal,
particularly nickel, palladiufhor iron, and of a
sulghonat ed phosphene 20 The sul phonat ed phosphi nes

dedBri BAFGIF WA pakentimprovesd)| phghackavity to linear

trhatylpBespbi aempanreddnptiehpanki kubahl ¥ysgehhonat ed

tri phenyl phosphines. 25 This process permts proper

hydr ocyanati on, particularly of the butadiene and the
pe’nﬁhenq_:metsérhtes ,invemylosepacab'rdmnglyt hereaiddyt iac process

SO eGs and, consequent | . goes
Sorgh AarByahdRifig S°FERLI AR cRISEH LA 088 ac
orleasm/am €0hgdanat niump athe atetcal sbyse:daaas:icra; akiystin a

Refg 8htd R@ﬁlﬂﬁv%ﬂéﬂs'ﬁ&@iﬁ&‘(ﬁ%%&é%n‘ thd {Sfeddhce of

new catalytic sys Ivé greaté
pedf SRANBAYSL TS 1979 cat aeyaﬂélacﬁl@meyltarﬁﬁkﬁcted from

transition metals and an organic ligand, characterized
in that the organic ligand corresponds to the general

formula I below:

in which:

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

phosphorus, arsenic or antimony atom,

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

radical,

Ri, Rz, R; and Ry, which are identical or different,
represent a substituted or unsubstituted, aromatic,
aliphatic or cycloaliphatic radical comprising one or
more rings, which are in fused form or not and which
may contain one or more heteroatoms, where the radicals
R; and R; on the one hand and R; and Ry on the other hand
may be interconnected by a covalent bond, a hydrocarbon
chain or a hetercatom, and, when one of the radicals U,,
U, Us and U, includes an N atom, the associated radical
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present invention is to propose a new class of |igands
which with the transition netals mnake it possible to
obtain catalytic systens exhibiting - 4 in particular
an inproved selectivity to Iirfear nitriles as conpared
W th the known 3¥stens. The present invention

4

acBor dinglRe PFroedBeYa fprBc és £ing tigic Hidirmsa vt N nglament
hygdeoenebgaigorpauadigont ai ni ng at | east one ethylenic
unsaturation by reacting it ina liquid nmediumwth

hydr ogen cyanide in the presence of a catalyst

comprinsi ng areaetidenitd callerent dfefecéntd fihergersarnsdtwesn o
net al,s.and, an_organic_|.i ized 10 in.that

apd, charact
thegr Gant BEPP o BoPRESpBRISTES Ehe gBRorE SHBrmica L
I below R\ ,R2 (1) m15 in which: T and T1, which are
: dS{“éx&?'on,r uﬂ'llfcfl'ﬁraerrg i ISR RSAN A different, represent a
group corresponding to the general formulae II, III or
IV below:

R,
m%i“ (1
Rg
Tl
T ™
Relt L Rylu

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

and

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

u + t greater than or equal to 1,

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



phosphorus, arsenic or antinony atom 20 Ul, U2s U3l
U4, Usr and U6, which are identical or different,
represent an oxygen atomor a radical NR, R
representing an al kyl, aryl, sul phonyl or carbonyl
radical, 25 Rl, R2, R3 and R4,6 which are identical or
di fferent, represent a substituted or unsubstituted,
arbﬁﬁ?r@atoﬁﬁlphatlc or cycloaliphatic radica
conprising one or nore rings, which are in fused form

or not and which may contain one or _nore heteroatons,
wheRetahéer oebabstaente afivk RE odnchddencahkyd  anbakagen,

ané’!rfﬂ Onaﬂl&@x?t heraRarsy, My ike-d nt encoodBed £d b¥edondary

5 covalent b E dfocarbon” chai'n or a heteroaton1
and™ }f et nBIBFl e9FgP8al s UL, U2, U3 and W
|ncludes an N atom the associated radical R1, R2, R3

forma rjng udi e. N eIe the .
oPREraRYelr 1Teade ok F EhB il “fFEBPEdhode with
|nthgefelbeWmegnsﬂruEtand 6f wher Eomula st be
greater than or equal to 1, QL and @, which are

i dentical or dlfferent represent a group
corresponding to t hel eneral formul ae II or

od_fel,

10
and selected from the group consisting of the following
structures:
C O ©o 0O O O o o
~ l R; /N
Na Rs I
R R, =
9
NR NR NR NR o O
NR me R~g;
Me Me R;/
NR
15 Me Me Ry
in which Ry represent an alkyl, aryl, halogen, alkoxy,
thicl, cyano, nitro, aryloxy, alkoxycarbonyl, acyl or
formyl radical.
20

As examples of 1ligands which are suitable for the
invention, mention may be made of the following

compounds listed in table I below:



IV below. 10 RS c¢cH RIts _C_(Il} R8 7 -Sj- (l11)
RBt RT RS Uin which R5, R6i R, and R8, which are
identical or different, represent aliphatic,
cycloaliphatic or 15 aromatic hydrocarbon radicals

containing 1 to 12 carbon atons, R5 and R6 al so
representing the hydrogen atom and

Table I:




t and u represent integers between 0 and 6, with a sum
20 u +t greater than or equal to 1, Z representing a
di val ent radical selected fromthe group consisting of
aromatic or cycloaliphatic radicals containing one or
nmore rings, which are in fused form 25 or not and which

y-cont ailn heteroataons
Z |nclude a

may
Suitable s
I, alko

¢ Wth t

from t(gﬁ:groﬁg 530215/& |Qi
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NR NR 15 NR NR in which RO represent an al kyl, aryl,

hal ogen, al koxy, thiol, cyano, nitro, aryl oxy,

al koxycar bonyl, acyl or fornyl radical. 20 As exanpl es
of ligands which are suitable for the invention,
mention may be made of the fold owing conpounds |isted
intable | below - 7 Table I: Ph Ph Ph O tBu 8 MO
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Ph R IPhl - 36 Ph OO PNIs Nls - 37 | | TsN NTs
NTs 00 Op p-O11 TsNNIs - 38 In which: 5 Ts
represents the tolyl radical, tBU represents the
tert-butyl group, _ 32 -

O o.OF-, o O Q
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Me represents the nethyl
group. 10 According to the invention the

advant ageously to the general
in which Mis a transition

phenyl

cat al yst corresponds
formula (V): M[LfI

group,

v (V)

and Ph represents the

metal, 15 Lf represents the-otdanic ligand of formula
() and Vv represents a nunber between 1 and 4
(inclusive) Met al s which nmay be conpl exed by the
organic Irgands of __the fnvention are neralrly_at
tranS|tio tals 20 groups|| b, 2b, . 4D, 6b
7b a TabIP ement as,
publl the " » K of tr and Phl
51St oltpqp (1970- #971) from enjcal Rubie?
Conpany. 25 A0 these met al s nentlon bsfﬁhde nor e
part|cularly as nq@ limting exanples, nlck%
cobalt, iron, enium rhodi um pall adiu m um
iridium plat| copper, silyer, gold, zi cadm um
and imercury. SMe




30 - 39 Oganonetallic conpl exes conprising the
organic ligands of the invention nay be prepared by
contacting a solution of a conpound of the sel ected
metal with a solution of the_organic |ligand of the

i nvention. 5 The netal conpbu%ﬂ Tay be dissolved in a
solvent. The metal in the conpound enployed may be in
the sane oxidation state which it will have in the 10
organonetal lic corplex or in a [
‘ is possib
‘ 8 : Phexes of
is & | dagi on spat , ruthe
15 (I -ati nunpbi® oXi dati on

[ te (/0), osmumin
iridiumin oXi dation state (1)
stage (1) and el in oxidation state GD) 020 If in

t he:course of reparatlon pf the org tallic
i ¥0enpl oyed iin a
| NO,
Q\ /@ /@‘OF,’P g,o/©\
~o o’/
- -0
° P\ /P

o O
2 iNO

2




hi gher oxidation state it wll
reduced in situ.
conpri sing the organic

be possible fbr it to be

25 The organonetal i c conpl exes
| i gands of the invention may be

used as catalysts in olefin ?gd[ocyanation reactions.
As transition nmetal the transTtion netal conpounds, 30
nore particularly the conpounds of nickel, of

palladiun1 of cobalt, of

iron or of copper,

are

Among_theaf o

racyanoni% s
i1 e)ni
5 gi ene )m

as tetrakls(trlp'

phosphi ne
of nickel such a )

ement i onesy COﬂ'pﬁandS the
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(especially the acetate) , carbonate, bicarbonate,
borate, brom de, chloride, citrate, thiocyanate, 10
cyani de, formate, hydroxi de, hydrophosphite,

phosphite, phosphate and derixgtives, iodide, nitrate,
sul phate, sul phite, aryl- and”~alkyl sul phonates. 15
When t he nickel conpound used corresponds to a nicke
oxi dation state great er than zero a ni ckel reducing

agent—whi_ch react STpr et el entTaly Wwth tge ni Cig_el under

Zn powg

the zero 25 o¥i dgti on state of

possible to & educi ng agerjt of the or gnent i oned
type! but su addltion is not mandat or y n an iron
conmpound i s used the sane redugi ng agents are
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In the case of palladiumthe reduci ng agents may be,
furthernore, elenents of the reaction m xture
(phosphi ne, solvent, olefin). 35 The organi c conpounds

containing at | east one ethylepic double bond that are
more particularly enployed in"the present process are
di ol efi ns such as butadi ene, isoprene, hexa-I|,5-diene,
cycl oocta-1,5-diene, - 41 ethylenically unsaturated

a|ipnati

it rTtes, _gspecialty inear gentenenitriles

pentgn. |trfhﬁ§ in ggﬁtl,. ar may
general ly m norN&nowm¢ s, of otrerﬂ%onpoJ\W& uch a® 10

2- nethylbut 3-e r|Ie 2- met|hyl but - 2- e -- r|Ie
pent-2-enenitril leronitrile, adlponltr

2- nethylglutaronl | e, 2-ethv|su00|non|tr|l- Y:
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but adi ene, originating for exanple fromthe prior

hydr ocyanati on reacti on of the butadi ene to unsaturated
15 nitriles. The reason for this is that the

hydr ocyanati on of the butadiene is acconpani ed by the
formation, along with the ti#&ar pentenenitriles, of
not inconsiderable 20 anmounts of

2-met hyl but-3-enenitrile and 2-net hyl but-2- enenitrile.

The catal yst_system used for the hydrocyanatloﬂh

aceor qi ng he prog i nventigp may

pr epajed gke /1 t dintg t act

zong eXanpl e Ty ad a r4.ak e a
sega. A tr@nsition negal e v d el
appro«rlapepof redu0|n§ -Qgen o ligand @ n acco@Qany

e invention, alpne g soltthn in a sop¥ent.
301t is aIsoNpQSS|bIﬁT§o prepdre @he cahal yst gystersu
"in situ" by\si addi ng the |igand an¥st heNls
transition negs pound to tihe hydrocy on

' ' ffore or aftler adding t npound

i
L

In which:
Ts represents the tolyl radical,
tBU represents the tert-butyl group,
Me represents the methyl group, and
Ph represents the phenyl group.

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

v represents a number between 1 and 4 (inclusive).

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

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

and mercury.
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35 The anmount of conpound of nickel or of another
transition netal used is selected so as to give a
concentration, in noles of transition netal per nole of
or gani c conpounds to be hydrogyanated or isonerized, of
- 42 between 10-4 and 1, and preferably between 0.005

angranémQPélPic”bS ﬁheg s co%ﬁ 1%&9§r Jﬁ?%ﬁé%ﬁgbn?igénds

enpl oyed he anmount of organi
i noEnt FaR u%’é‘de]t‘%lolflorWYheb%atI%W?B@rﬁi@ skYec¢entagehng a

t had1 theoRuBTer aofconnp&ﬁ&l opbft fhmse cgeme%@dr e\hé\me Wi®h a
IS rom

tra
pr%?£?5b? F ﬁ&? ?Bgiﬂlc1@13PPﬂ095htPﬁelP¥§€F98ﬁ i s
general ly conducted mnthout solvent it may be
S in ani c solvent
sl B FEERY %8BT at "B, aPRaBLkEy 58 ¥ RRivRnrs
m sci bl e MAth t he phase conprising the conpound to be

hYFﬁQC%@EQ;Le%ﬁttﬁQecBbﬁ BBEXa% il%“}ehg Wrgf%ﬂpﬁéa*ﬁr ethe (Same

| es of such solvents inclu al
rO%Jy@qi‘éthphaFF@tﬁydrb’baﬂbonslt will " Have ©in the

organometallic complex or in a higher oxidation state.

By way of example it is possible to indicate that in
the organometallic complexes o©of the invention rhodium
is in oxidation state (I), ruthenium in oxidation state
(II), platinum in oxidation state (0), palladium in
oxldation state ({0), osmium in oxidation state (II),
iridium in oxidation state (I}, cobalt in oxidation

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

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

reduced in situ.

The organometallic complexes comprising the organic
ligands of the invention may be used as catalysts in

olefin hydrocyanation reactions.

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

preferably used.

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

Non-limiting examples include:

- compounds in which nickel i1is in oxidation state
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This solvent may al so be partially mscible with the
conpounds to be hydrocyanated, particularly when the 20
reaction mxture is at a tenperature |ower than the
reaction tenperature. Hence a%%such tenperatures a

t wo- phase system may be obtai hed. Wiere the catal yst

system | ol ub in said .1t1S [ s

the resierdn myfche tab Pebgtut, AR o P ace
25 or i¥aitsici@alsol venthsi sofaamhilorkitnd Imsynbekealat er orero,
Organ'Cb§§k&§c1808€511tQLaiéhéFn§Eké9n'Eef araei£6: called

Such sol vents are used particularly when the organic

|i gand ¥bhEedhy amndnferivatéyes whncRindmgerligands, such
sol ubl eaé ntéopaki FRdkaphdhesphosghenbsnatrelfl ebrd)
exanpl e, sul phonate, carbonate, carboxylate, phosphate,
anmoni um guani di ni um and i m dazol i um groups which are
subst i toempsundst heoéir onatiickeladi calch of dde |cgaboxylates
The hyd ' r.eact | ' eneral| rried o

35 o | enplar it b GHE Ot TR o00C SRATSPAF B by TR Ce.
30C t o hood:e Adkiranigtous iohlioride cacifedteut fhiacyanate,

single-@pgﬁgdg?QiungEaEgg re%QQﬁgﬁfaggxﬂ }ﬁfbpﬁggphite,

process of the invention_may b ement ed o
phosphite, phosphate and derivatives, iodide,
nitrate, sulphate, sulphite, aryl- and
alkylsulphonates.

When the nickel compound used corresponds to a nickel
oxidation state greater than zero a nickel reducing
agent which reacts preferentially with the nickel under
the reaction conditions 1is added to the reaction
mixture. This reducing agent may be organic or
inorganic. Non-limiting examples include borohydrides
such as BH/Na and BHK, Zn powder, magnesium oOr
hydrogen.

When the nickel compound used corresponds to the zero
oxidation state of nickel it is also possible to add a
reducing agent of the aforementioned type, but such

addition is not mandatory.

When an iron compound is used the same reducing agents

are suitable.

In the case of palladium the reducing agents may be,
furthermore, elements of the reaction mixture

{(phosphine, solvent, olefin).

The organic compounds containing at least one ethylenic
double bond that are more particularly employed in the
present process are diolefins such as butadiene,

isoprene, hexa-1,5-diene, cycloocta-1,5-diene,
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- 43 continuously or batchw se. The hydrogen cyani de
enpl oyed may be prepared from netal cyanides,
especi al ly sodi um cyani de, or from5 cyanohydrins, such
as acetone cyanohydrin, or ny other known

synt hesis process. The hydrogé cyanide is introduced

f t
nefentPane | | R e dRddiRd Do or BRERALSS
i negRegigahyc koteant pememelld:mﬂest sich ket chahse3-ene-
| nRi epenLat Lo | thdrt - RQIR 6%1ﬂé‘”EH§ﬂégﬁéfﬁ $ar38cﬁ as

reactor, purged “beforehan y neans an 1 ner
(SBEWTEEREn| hefgunl Aty peney gyAPYAreRst halemen s@YQi- pbaxene,

conéshil 8gclbRexefbi beldy ixthRA topf ti,Be o‘i’arn\c%@ of these
constltuegt such as the organic |igand of the

i nV@WPPYR9Sthe transition metal conpound, the reducing
agents and sol vents mhere appropriate or with said

CPERE! BASRLPOALRSITLE Yoo 20a ERELPLLY DS SSAELRK  hSounce,
coapoendliy b@r‘ﬂytdr empanased of sotherodusrapoudde, such as
hyslt ggeny e¥apl §eehsntifeibi sel f 5 _nethylbut-2-enenitrile,
pent-2-enenitrile, valeronitrile, adiponitrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile or
butadiene, originating for example from the prior
hydrocyanation reaction of the butadiene to unsaturated

nitriles,

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

enenitrile.

The catalyst system wused for the hydrocyanation
according to the process of the invention may be
prepared before it 1is introduced into the reaction
zone; for example by adding the appropriate amount of
selected transition metal compound and where
appropriate of reducing agent to ligand in accordance
with the invention, alone or in sclution in a solvent.
It is also possible to prepare the catalyst system “in
situ” by simply adding the ligand and the transition
metal compound to the hydrocyanation reaction mixture
before or after adding the compound to be

hydrocyanated.

The amount of compound of nickel or of another
transition metal used is selected 80 ag to give a
concentration, in mcles of transition metal per mole of

organic compounds to be hydrocyanated or isomerized, of
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i ntroduced, preferably continuously and regularly. 25

When the reaction (whose devel opnent can be nonitored

by assaying sanples) is at an end the reaction mxture
is withdrawn, after cooling, 2$d_the reaction products
are i solated, by distillation Tor exanple 30 An

ééfﬁm d’ﬁ thy PEOC E_%e@légE\Bi
co

et eni ca unsat urate oun cor ?oo 005 and
pr%s%nmoan@ﬁtmGﬂkﬁélaPés ¢h ﬁéﬁtl@@b@ﬁ't@rﬁhéltlon metal
hysihgcypaat i on of said ethylenically unsaturated

nitrile conpounds by reaction with hydrogen cyani de and

35 consists in using a catal yst systemin accordance

W The hheuﬁteﬁ@ﬂoﬂgaﬁﬂ&iI&gdﬁd@ @fceﬁat@ﬂ#ﬁhﬂﬂaﬁﬂﬁ%ﬁﬁ to

f Lewi id. T |

artSinr SBES oot s A FEReRay o Ut st hEf L Fige piyper of
trm61¢apoﬁv£mmm ampaundensl at i vdose mhwdd ofereransition
”Eﬂétgfeﬁsfffo@hs §a§6058r§ﬁ85 p?f9¥§¥§g ngm'é £8Ph6.

particularly advantageols
hydr ocyanati on reaction to dinitriles of the 5

et AV RHigR! Iohd/nsaheiabad £Li RMG1MNOBLLAELLESd without
solvent it may be advantageocus to add an inert organic
solvent. The solvent may be a solvent for the catalyst
which 1is miscible with the phase comprising the
compound to be hydrocyanated at the hydrocyanation
temperature. Examples of such solvents include

aromatic, aliphatic or cycloaliphatic hydrocarbons.

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

subgtituents on the aromatic radicals of the ligand.

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

single-phase medium at the reaction temperature.

The process of the invention may be implemented
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particularly to apply it to |inear pentenenitriles such
as pent-3-enenitrile, pent-4-enenitrile and m xtures
thereof. 10 These pentenenitriles nmay contain anmounts,
generally mnor anounts, of Qgher conpounds, such as
2-methyl but- 3-enenitrile, 2-fethylbut-2-enenitrile,

Debndi RASus Ty k! BarkaleLgni trile, adiponitrile

2-methylglutaro- nitri -ethyl succinonitrile or
but adi ene, 15 originating fromthe prior hydrocyanation

r egigé i Qﬁy@fogéﬁ‘e @31@@”% é@d frRp tBe prepared from
i sonerization, 2-meth gi nltrlle to
pefE eAtni t¥YAILL esTheeEB %a Yd TSe4"Es EB%%%Q?ystor from

nackgsnohy@fJSﬁs bl eigh 28 pardiand abyanBhideiegseohere any
etggﬂg |§§ % g¥ﬁg£grate§r$%éghatlc nitriles are

hydroc ana Ilnearlty of the
dinitriles obtalned in other words the percentage of

llfﬁérh?ggbkéhl anql Ly § llqtal:ﬁguc&@t éﬁby t@if tlhgac%tor in

dinitri or ne an /or t o enhance he act
arde 3ePYF c & oy e Qﬁ fh&agtBiysure ACkevis ééﬁdlﬁnﬁcmjﬂ It

Preseniléexbe L6806 88 borbbehavguah dafbrbhh9B. solvent.

refers to conpounds which accept
In the context of a batchwise implementation it is
possible 1in practice to charge a reactor, purged
beforehand by means of an inert gas (such as nitrogen
or argon) either with a solution containing the
entirety or a part of the various constituents, such as
the organic ligand of the invention, the transition
metal compound, the reducing agents and solvents where
appropriate, or with said constituents separately.
Generally the reactor is then taken to the selected
temperature and then the compound to be hydrocyanated
is introduced. The hydrogen cyanide is then itself

introduced, preferably continuously and regularly.

When the reaction (whose development can be monitored
by assaying samples) is at an end the reaction mixture
is withdrawn, after cooling, and the reaction products

are isolated, by distillation for example.

An enhancement of the process for hydrocyanating
ethylenically unsaturated compounds according to the
present invention relates in particular to the
hydrocyanation of said ethylenically unsaturated
nitrile compounds by reaction with hydrogen cyanide and
consists in using a catalyst system in accordance with
the present invention with a cocatalyst composed of at
least one Lewis acid.

The ethylenically unsaturated compounds which may be
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el ectron pairs. 30 Use may be made in particular of the
Lews acids cited in the work edited by G A d ah
"Friedel-Crafts and related Reactions", volune I,
pages 191 to 197 (1963). 35_The Lewi s acids which may
be enpl oyed as cocatalysts in "the present process are

se r (0] e t 0,
PhA187ed o SSTOUMB Rt G eghr gl WiBehynicn
ofW?ﬁ% PENtIANESrabrs e heasr e pRCessTheBewevapourids is

afﬂoﬂ@Sth{*EEBu§§£‘l§ ad9¢8nt 8888652l ¥ habh@gs, j8UChoaSthe
h#orldes or brom des, sul phates, sul phonates,
ha

BAFRGYRDRphOHat eLS35EA o- &P kyl éanHGﬁéﬁéS of the
eS@E?yBéhycélerFaﬁhﬁbﬁukﬁh@ﬂate%fﬂ@hatlc mononltrlles,
pe sulp tes a acet
peé%%# a?? ate§p§¥565C|ﬁ(%fqa%ﬁnQﬁﬂ %ﬂ%&%ﬁ%&%@so?UCh
pe&$|tmmm%&ky¢aceiareée capboikyt a¢esnindi paosphdt esixtures
“thé +83Fi ng exanpl es of such Lewis acids include zinc

ride, zinc brom de, zinc iodide, nanganese 10
chl ori de, manganese brom de, cadm um chl oride, cadm um

These pentenenitriles may c¢ontain amounts, generally
minor amounts, of other compounds, such as 2-methylbut-
3-enenitrile, 2-methylbut-2-enenitrile, pent-2-ene-
nitrile, wvaleronitrile, adiponitrile, 2-methylglutaro-
nitrile, 2-ethylsuccinconitrile or butadiene,
originating from the prior hydrocyanation reaction of
the Dbutadiene and/or from the isomerization of

2-methylbut-3-enenitrile to pentenenitriles.

The Lewis acid used as cocatalyst makes it possible in
particular, in the case where ethylenically unsaturated
aliphatic nitriles are hydrocyanated, to improve the
linearity of the dinitriles obtained, in other words
the percentage of linear dinitriles relative to the
entirety of the dinitriles formed, and/or to enhance
the activity and service life of the catalyst.

A Lewis acid in the present text, according to the
usual definition, refers to compounds which accept

electron pairs.

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

The Lewis acids which may be employed as cocatalysts in
the present process are selected from compounds of the
elements of groups Ib, IIb, IIla, IIIb, IVa, IVbk, Va,
Vb, VIb, VIIb and VIII of the Periodic Table of the

Elements. These compounds are most often salts,



10

15

20

25

30

35

brom de, stannous chloride, stannous brom de, stannous
sul phate, stannous tartrate, indiumtrifluoronethyl-
sul phonate, indiumtrifluoroacetate, zinc trifluoro-
acetate, the chlorides or bropides of rare earth 15

eI ements such as |anthanum céfium praseodym um

ney Q&fﬂlfﬁgﬁé}iy&%seur%&ffm gad&]ligi_ﬂ?%et eéP' ulgi'%mldes,

dyspr osi um Tum erbium t Fal 1 rbruma
ILﬁ%ﬁpmmﬁe%ndSﬂﬂﬂhqnﬁﬁﬁ%wlEéloﬁékvéﬁglﬁhpﬁﬁtééuﬂﬁﬁrhalo‘

)”ééﬁéﬁ%&ﬁﬁ@éhgﬁeszoe@%é%ﬂé%@f‘§@hgrb51k§l§h§9honates or

possi bl e ﬁg anonetal | i'c conpounds”suc
trf P Hof %1%’1“ ]P‘P?%Fl‘?ﬁm i sopr opoxi de2193lkgy}qceeates,
am%ﬂmhb@]ﬂkj:h@&:eﬂhxéasl[ esspbctiuQler ﬂm{jcﬁ:oaa&yllei/m&ates or
acj e Anmong_lew cids cula

e o SR L BT B ey TR B st Be SrflcPbratnabes:
st annous chI oride, stannous bron de and

trﬁ&ﬁ d% nlx eeﬁaﬁpﬁg md¥3§ﬁ%§hLQ&igeé§E?%nqﬁ?lude zinc

chl ori res rumtri - Iuororreth sul phonat e,
i e lerides | uorbaGet dpeomie,  zinc ide,  manganese

chloride, manganese bromide, cadmium chloride, cadmium
bromide, stannous chloride, stannous bromide, stannous
sulphate, stannous tartrate, indium trifluoromethyl-
sulphonate, indium trifluorocacetate, zinc trifluoro-
acetate, the chlorides or bromides of rare earth
elements such as lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium,
dysprosium, hafnium, erbium, thallium, ytterbium and
lutetium, and cobalt chloride, ferrous chloride and

yttrium chloride.

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

It will be appreciated that mixtures of two or more

Lewis acids may be employed.

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

zinc trifluoroacetate.

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

As for the implementation of the basic process of the
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zinc trifluoroacetate. The Lewis acid cocatal yst

enpl oyed represents generally 35 from0.01 to 50 nol
per nmole of transition nmetal conpound, nore

particul arly of nickel conpou?gi, and preferably from

0.5 to 10 nol per nole. As fof the inplenentation of

L NenDBAL SoR 0CCERe O ddWaTyd® IIMALIGN. LR dLal SYSt cpe
solution used for the yd\focyanatl on 1n the preseérnce
of hy@vpevaeptinay be theeppredepeeoroft olewss acid may be

| Nb+OPHBEH O the factl onf © agplee, i
ag%iﬁg_tge Irbiglg]lg of fo'f@nullgg?lo)dﬁzgggﬁe :gn%?ogﬂeat EQé(ctlon
‘0

anboh OTePERMBA St r RYsiaGddRandthe 1 U, feempka (I),
act e andpp ¥H1ST Ea B Praofiuel € off edetiebfedadePrhnkotiBe metal

t ot I ible to repare th ,
cosamblindl 1vGie » 1518 ATy VRS FRI FPETORAG osESIuCing
vaagens condthid ueeastidf hixitsral.sdtpossi bllep yretesilile to
g?@g% éPQS QﬂthSat§¥g£9°y§8f&£? Procgssy o uxheb% tﬁ%mply

sent i nvention, especrally when working 1
priesEheg bhespevabbows constituents.

It is also possible, under the conditions of the
hydrocyanation process of the present invention, and
especially when working in the presence of the above-
described catalyst comprising at least one ligand of
formula (I) and at least one transition metal compound,
to carry out the isomerization of 2-methylbut-3-ene-
nitrile to pentenenitriles, and more generally of
branched wunsaturated nitriles to linear unsaturated

nitriles, in the absence of hydrogen cyanide.

The 2-methylbut-3-enenitrile subjected to the
isomerization according to the invention may be

employed alone or in a mixture with other compounds.

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

guccinconitrile or valeronitrile.

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

oxidation state 0, as defined above.

In the context of this preferred version the catalyst

system is already present for the butadiene
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descri bed catal yst conprising at |east one |igand of 15
formula (1) and at | east one transition netal conpound,
to carry out the isonerization of 2-methyl but- 3-ene-
nitrile to pentenenitriles, apd nore general |y of
branched unsat urat ed nltrlles o |linear unsaturated

. i de. 20 The. ..
oAbyl 8 ARBERERCI 00950, U HordOalFRicten:
i sePresto®t MY atobraingtiont o ihwdregem swpnbdde in order
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Thus 2-net hyl but-3-enenitrile may be depl oyed
m xture with 2-nethyl but-2-enenitrile, pent-4-ene-

niteilie, d;ﬁﬁ&rh’o’.‘t@,:’leﬂhbe %,ppﬁ@@irtj.%‘t@'}epiﬁlrthﬁg b.tgl%lon to
adi_poni trile aronitrile e
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presence of a ornu
| dastpoReenRE ansi ti on netal

The isomerization reaction is generally carried out at
a temperature from 10°C to 200°C and preferably from
60°C to 160°C.

In the preferred case of an isomerization immediately
following the butadiene hydrocyanation reaction it will
be advantageocus to operate at the temperature at which

the hydrocyanation was conducted.

As for the process of hydrocyanating ethylenically
unsaturated compounds, the catalyst system used for the
isomerization may be prepared prior to its introduction
into the reaction =zone; for example, by adding the
ligand of formula (I}, the appropriate amount of
gselected transition metal compound and, where
appropriate, reducing agent to a solvent. It is also
possible to prepare the catalyst system "“in situ” by
simply adding these ~wvarious <constituents to the
reaction mixture. The amount of transition metal
compound, and more particularly of nickel compound,
that is used, and the amount of ligand of formula (I},

are the same as for the hydrocyanation reaction.

Although the isomerization reaction is conducted
generally without solvent it may be advantageocus to add
an inert organic solvent, which may be that of the
subsegquent extraction. This is the case particularly
when such a solvent has been employed in the butadiene
hydrocyanation reaction that was used to prepare the
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35 conpound, nore preferably a conmpound of nickel in
oxi dation state 0, as defined above. In the context of
this preferred version the catal yst systemis already
present for the butadiene - 47_ hydrocyanation reaction
and it is therefore sufficient® fo stop any

in i 0 ydt Qge ani.de |n ord to.al .
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as nitrogen or argon for exanple, in o expel
the hydrocyanic acid which mght still be present. 10

ThEhéSOWEpréﬁétaﬂlbﬁaCtl@B i s geneeally cargbRfolHlisat by
h}ig‘gerature from10C to .200C and referabi:%iiﬁrom 60C

eCY3BALjophelhr BRe Ths8UGHR &F i SY ¢8I firy be
innadrﬂédlwutf@dxngr@ theabusadisgae ehy droyEnstdfmce with

[ORAL, il | B AR WRUE LRPRBE® Bbrhlltion o
unsaturated mononltrlles and the isomerization step;
the hydrocyanation reaction of unsaturated mononitriles
to dinitriles can be implemented with a catalyst system
in accordance with the invention or any other catalyst

system already known for this reaction.

Similarly the hydrocyanation reaction of the olefin to
unsaturated mononitriles and the isomerization thereof
may be carried out with a catalyst system other than
that of the invention; the hydrocyanation step of the
ungsaturated mononitriles to dinitriles is employed with

a catalyst system in accordance with the invention.

The invention likewise provides organophosphorus
compounds corresponding to the general formula (I)

above.
It likewise provides the organophosphorus compounds
corresponding to the general formulae listed in Table I
above.

The examples which follow illustrate the invention.

In the examples the abbreviations wused have the

meanings indicated below.

cod: 1l,5-cyclooctadiene
eq: equivalent

3PN: 3-pentenenitrile
4PN: 4 -pentenenitrile

3+4PN: 3PN + 4PN
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t he hydrocyanati on was conducted. 20 As for the process
of hydrocyanating ethylenically wunsaturated conpounds,
the catal yst systemused for the isonerization may be
prepared prior to its |ntrodu¥%i9n into the reaction
zone; for exanple, by adding i gand of fornula
(1Dc(¥fe apaypeL! abe albiPLrOiog> Sel eehed bradstt! oo e
met al conpound and, where appropri ate, ci ng agent
t N¥dBeFVRRRted; %, al%reﬁ@@g%lnetéopr@p%ré’atm@ of the
cahahyetr S¥Sin8Mesi BESt korkertSid Ry takddi g ¢ Hebenumber of
var us constituents to the reaction mxture. The
t° P tfansition metal 30 conpound, and nore

pamimea:tﬁt:{zy dL) ni ckelt iconpeiindthe t hatimberused, amslldde of
a i gand, of -.f or.nul a (I are t he, sane for
bR e L E T R LR A2 nodh PHERFEome piadisy of
re@xmlbnllssconﬂmnmaﬁ 36wenercd Iythethomblsslvenf i tAdN,

I{gﬁ MATHAQEOHE1 L0 APHSRN NG ONHANOL SALYEMbniErile

at of the subsequent extr 'S

|s M%@ base particularly when such a solvent has been

engt oyed |@a§h§hpg&§gb§93phpydrocyanat|on reaction that
was, used to {efﬂéﬁe

mol: mole (s)

mmol : millimole (s) .

The wvarious products in accordance with the invention

may be prepared by one of the two following procedures:

Procedure I:

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

In a 100 ml reactor under argon & mmol of
phosphochloridite are dissolved in 20 ml of anhydrous
toluene. The solution is stirred at -10°C. A solution
of 3 mmol of diocl and 10 mmol of triethylamine in 20 ml
of anhydrous toluene 1is introduced dropwise into the
reaction mixture, which 1is held at -10°C: a white
precipitate forms. The suspension is stirred vigorously
at 25°C for 18 h and then filtered under argon over a
bed of basic alumina. After rinsing with toluene, the
filtrate is concentrated under reduced pressure to give
the desired product, which is used without further

purification.
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- 48 mxture which is subjected to the isonerization
reaction. Such solvents nay be selected fromthose
whi ch were identified above for the hydrocyanation. 5
The preparation of dinitrile conmpounds by
hydrocyanation of an ol efi n"sB®h~as but adi ene may be

accordance with

f usi t.al t t [
CEEbbed oI g catal Vet evetem (n pccordanee WA

unsaboedtee dermonibedl aboard the isonerization step; 10

t
t
i

t

e

syst em all peady [Knoymyf oy ti eacti on. S rarld
tthe hydrocyanatiéﬁ{f%?ﬁ{iahgé: ?ﬁe olefﬁzi;f—z

unsat urated nonopitrilges an somsri zatwon t herleof
may be carried i

unsat urajed nornoni
20 a catalyst gystemin

he hydrocyanation reaction of unsaturated nononitriles

- ov/at nnlr}

e—dini tesseanbeiprerented—wHh-p—eatabyst— €
Fxqmpls qLigabd [SIWCWE | nvent i on or aﬁﬁo W%‘i@’@?’
bN VHO

OH

hat of fhe iny

rdance with 4 he i nventilon.

the 4
o a cat sy othier than
on; The) hydreeyanat St'ep of tlhe
riles TRitriles i npl oyed with

heinvention Hikewi se provides organophgosphorus

0,

HO  OH

4 J@
-G
e

AP0

&
A0
O

Procedure II:

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

A mixture of Cl,PNEt, (0.20 mel) and triethylamine
(0.44 mol) in toluene (800 ml) at 0°C is admixed
slowly, with wvigorous stirring, with a solution of
phenol (0.40 mol) in toluene (100 ml). The formation of
a white precipitate is observed. The mixture is allowed
to climb to ambient temperature and is stirred, still
vigorously, for 2 h. The mixture is subsequently
filtered on a bed of silica and c¢oncentrated under
vacuum to give the phosphoramidite (ArO).PNEt, with a
purity of more than 95%.

Additionally a commercially available diol is used. The
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conpounds corresponding to the general formula (I)
above. 25 It |ikew se provides the organophosphorus
conmpounds corresponding to the general fornulae |isted
in Table I above. 30 The exagﬁles whi ch foll ow
illustrate the invention. e exanpl es the

abi@éﬁl’b@ihgnéeﬂéﬁglhﬁ)éScEBSremfé”i:E Se eﬂtae%g@ bel ow.

cl ooctadi ene equl va ent
3- Béntéhemlppl | eml 4P|\Iea4:tp@hteh1@ﬁ1ﬁﬂfn | 2rgen4pNg 3pRod  of

4P@hosﬁﬁorm&ted@i@elﬁ&r@@m«éeasIp:n ob the e;rfodalﬁﬁyaﬁous
g droc at ed . correspgonding to the rati o of {
nuﬁ% ¥e%? %ss8ﬂu?188n9§r§§drF8gt R ik id ninbePl off 2
not ed eblYitSdn nefir iiydrdchl arald caeidt Hey nether efre added
nnéﬁérgéo over 30 minutes. The formation of a white
precipitate is observed, and the mixture is stirred at
ambient temperature for 1 hour. A solution of 3 mmol of
diol and 10 mmol of triethylamine in 20 ml of anhydrous
toluene is subsequently introduced dropwise into the
reaction mixture, which is cooled at -10°C. The
suspension is stirred wvigorously at 25°C for 18 hours
and then filtered under argon on a bed of basic
alumina. After rinsing with toluene, the filtrate is
concentrated under reduced pressure to give the desired

product, which is used without further purification.

The fellowing ligands were prepared according to the

procedure described above:

Example | Ligand | Structure Phosphoramidite | Diol
4 D <:2;_ _g:) <:2T_ HO  OH
1 CIJ O
P P [
QO ? OT OQ QO’P‘NEtz
5 E Q—OMGMBO\Q Qom HO  OH
2 9 0
Qey o | Qo
OMe b MeQ OMe
HO  OH

gs
&
g

0"P~ey,

X
5
90
<e
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adi ponitrile (AdN) fornmed to the nunmber of noles of
dinitriles fornmed (sum of the noles of AdN,

et hyl succinonitrile (ESN) and nethyl glutaronitrile
(Ma&) ) 10 GC. gas chromatogr Ehy m: mililitre nol
© male (s) mml: mllinole(s)2415 The various products

[ accorjggnce éEPpr-wared BY oOH

one of the two etlure |: |20, A
gpared from a
Daet [ 0 a

[
q
phosphochl ori di

phenol of biph

q od
q
A

conventijonal p
lescri bed by G
A\synmret rly, vol

25 availfabl e c;)mrerm ally. The fol I ow ng gener al

v di ol

procedure 1s representative: Tn a 100 ni reactor under
argon 6 mmol of phosphochloridite are dissolved in 20
n Exgdmphdy dodubydrocyanation of 3-pentenenitrile (3PN) to

adiponitrile (AdN)

The general procedure used is as follows:

Under an argon atmosphere a 60 ml Schott glass tube
equipped with a septum stopper is charged in succession
with

- the ligand (2.5 eq),

- 1.21 g (15 mmol; 30 eq) of anhydrous 3PN,
- 138 mg (0.5 mmol; 1 eqg) of Ni{cod), and

- the Lewis acid (0.5 mmol; 1 eq).

The mixture is taken to 70°C with stirring. Acetone
cyanohydrin is injected into the reaction mixture by
means of a syringe driver at a rate of 0.45 ml per
hour. After 3 hours of injection the syringe driver is
gtopped. The mixture is cooled to ambient temperature,
diluted with acetone and analysed by gas
chromatography.

The results are compiled in the table below:

Example |Ligand |Lewis acid DC (3PN) Linearity
8 A ZnCl 64% 70%
9 B ZnCl; 14% 71%
10 c ZnCl; 20% 73%
11 D ZnCl; 44% 76%
12 E ZnCl, 1% 72%
13 E CoCl; 32% 74%
14 F ZnCly 16% 67%




tol uene. The solution is stirred at -10C. A solution 30
of 3 mmol of diol and 10 nmol of triethylamne in 20 m
of anhydrous toluene is introduced dropwi se into the
reaction mxture, which is begg at -10C. a white
precipitate forns, The suspenSion is stirred vigorously
at1®5C fqiG 18 h{anQl,t hen fi|48%ed under|80%gon oyver a 35
beg—efbaste—-alpina—AH-er-rinsing—w-th-toluene, the

f rate ;% con;gﬁbrated und”r educed ﬁﬁgésure to give
t he destred product, wichr 15 used wthoot_further
purification. - 5 0 - The following |igands were
prepared according to the procedure described above:
Exanpl eLi gandSt r uct ur ePhosphochloriditebDiol / \ HO CH
1A0-tX 1 \ O1 1-
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CLAIMS

1. Process for hydrocyanating a hydrocarbon compound
containing at least one ethylenic unsaturation by
reacting it in a liquid medium with hydrogen cyanide in
the presence of a catalyst comprising a metallic
element selected from transition metals and an organic
ligand, characterized in that the organic 1ligand

corresponds to the general formula I below:

in which:

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

phosphorus, arsenic or antimony atom,

U, U, U3, U, Us, and Ug, which are identical or
different, represent an oxygen atom or a radical NR, R
representing an alkyl, aryl, sulphonyl or carbonyl

radical,

Ri, Rz, Rs3 and R;, which are identical or different,
represent a substituted or unsubstituted, aromatic,
aliphatic or c¢ycloaliphatic radical comprising one or
more rings, which are in fused form or not and which
may contain one or more hetercatoms, where the radicals
R; and R; on the one hand and R; and R; on the other hand
may be interconnected by a covalent bond, a hydrocarbon
chain or a hetercatom, and, when one of the radicals U,
Uz, Uz and U, includes an N atom, the associated radical
R;, Rz, R3; or Ry may form a ring including the N element

of the said radical,
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Procedure I1: A phosphoram dite is used which is
prepared from Cl2PNEt2 (avail able commercially) and a
substituted or unsubstituted henol according to the
following 10 procedure: ure of CI12PNEt 2 (O 20

nol ) and triethyl.am ne in toluene
Tom)alS (s T aeTGay' %ﬁt”g Fdoont o ol BRf R, Pefyden O
a aodluéj omhefe phennl m@8t4bBenglkatart ohaaner( #g0ai ko 1,

The formation of 15 a white precipitate is observed.

The m xture is all owed
Q1 and Q., which are identical or different, represent a

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

(V)

in which Rs, Rg, R7 and Rs, which are identical or
different, represent aliphatic, c¢ycloaliphatic or
aromatic hydrocarbon radicals containing 1 to 12 carbon
atoms, Rs; and Rg¢ also representing the hydrogen atom,

and

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

u + t greater than or equal to 1,

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

heteroatoms.

2. Process according to Claim 1, characterized in
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15

to clinb to anbient tenperature and is stirred, stil
vigorously, for 2 h. The m xture is subsequently

filtered on a bed of silica and concentrated under
vacuumto gi ve the phosphoramgdite (ArO2PNEt2 with a

20 purity of nore than 95% Additionally a comercially
av@ghd @bt Bediglydriy USEdsoFRBi1a XL cérg%f%\wgag%w@t re of
procedure is representative; In a1l reactor under
argle® BormeladPeleNasphoranidite are introduced in 20

m of anhydrous toluene. The solution is stirred at 0C
and 7.5 mM of a5 2 Nbsolution of hydrochloric acid in
ether are added theretgQ over 30 minyjes. The formation

of a white precipitatefNs bbserved” &nd the mixture is
stirred at anbient te 1%E3IEJ§@ 1 hour. A solution

of 3 mmol of diol and 10 {f I ethylamine in 20

m of anhydrous 10 tol uene "s “su sequently introduced
dropwi se into the reaction mxture, which is cool ed at
-10C. The_  suspension is stirred vigorously at 25C for
185tRF<ed afF Ihefhei | 95PEH FRIET SHr gsh athed gpllowing
bast fuctures:

NR NR NR NR O O
NR Me Ri,‘-.él
Me Me R{
NR
Me Me RQ
o O o O o O o) 0
= | Rs /N
N Re - |
Re Rg

in which Ry represents a halogen atom, the alkyl,
hgalogen, aryl, alkoxy, aryloxy, nitro, thiocalkyl,
secondary amine and nitrile groups.

3. Process according to Claim 1 or 2, characterized
in that the organic ligand is selected from the group
consisting of the compounds of the formula below:
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with 10 - the ligand (2.5 eq), - 1.21 g (15 mmol; 30
eq) of anhydrous 3PN, - 138 ng (0.5 nmol; 1 eq) of

Ni (cod)2 and - the Lewis acid (0.5 nmol; 1 eq). 15 The
m xture is taken to 70C with géirring. Acet one
cyanohydrin is injected into e reaction m xture by
means of a syringe driver at a rate of 0.45 ml per
hour. After 3 hours of injection the syringe driver
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(1) in which: 15 T and T1i which are identical or
different, represent a phosphorus, arsenic or antinony
atom UL, U2, U3, U4, U5, and Usr which are identical
or different, represent an oxi/gen atom or a radical

NR, R 20 representl ng an al Ry aryl, sul phonyl or
carbonyl radical, RlL, R2, R3 and R4, which are

i dentical or di fferent, represent a substituted or
unsubst i tuted, aromatic, 25 aliphati c amo cycloall phat| C
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of the said radical, - 55 mand n are identical or
different integers between O and 6, where m+ n nust
be greater than or equal to 1, QL and 2, which are
identical or different, rep[e%;%ng a 5 group
corresponding to the general roulae 11, 111 or 1V
below R7 -Si- (l1l1l) RBt U110 in which R5, R6, R7 and
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Z representing a divalent radical selected fromthe 20
group consisting of aromatic or cycloaliphatic radicals
contai ning one or nore rings, which are in fused form
not and which may be substi%%ut ed and nmay contain

het eroatons. 25 2. Process ac

rding to daim1l,

characterized in - 56 that the ligand of fornula I
conprises a structure of the fornmula below L in Z 5
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in which RO represents a hal ogen atom the al kyl,
hgal ogen, aryl, al koxy, aryloxy, nitro, thioalkyl,
secondary amine and nitrile groups. 15 3. Process
according to Claim1l or 2, characterized in that the
organic ligand is sel ected Trof the group consisting
of the conpounds of the fornmula below. U6 - 57 Ph Ph
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- 80 - 81 NTs 82 NIs 19 4. Process according to one
of Clainms 1 to 3, characterized in that the netallic
elenent is selected fromthe group consisting of

ni ckel, cobalt, iron, ruthenjym rhodium palladium
osmum iridium platinum copper, silver, gold, zinc,

4., Process according to one of Claims 1 to 3,
characterized in that the metallic element is selected

from the group consisting of nickel, cobalt, iron,

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

5. Process according to one of the preceding claims,

characterized in that the reaction is carried out in a

single-phase medium.

6. Process according to one of the preceding claims,
characterized in that the catalyst corresponds to the
general formula (V):

M([Lelv (V)
in which
M is a transition metal,
L represents the organic ligand of formula (I} and

v represents a number between 1 and 4 (inclusive).

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

the hydrocyanation temperature.

8. Process according to one of the preceding claims,



Mis a transition netal, Lf represents the organic
ligand of formula (1) and v represents a nunber
between 1 and 4 (inclusive). 7. Process according to
one of the preceding clains, _characterized in that the
reaction mxture conprises a 83ofvent for the catal yst

whi i Lscibl e w he hase conpri sing the
co%%%ﬂ%%t€%l %ghf' o%ggﬁat at-raned oB§ERAt | GpmpPounds
t ewperaickel 8omppuondss sadeotddndrom ate efrdl® consisting

preeeding clainms, - 83 characterized in that the
transition netal conpounds are nickel conpounds

selected fromthe group consisting of: - conmpounds in
whi ch néGgebuhds | N rOXEHELH O iehahe 287 G, SB%FdQ%' tat
pot assi um tetracyanoni ckelate K4 [N (d%b , prs State

(acryloﬂﬁ??ile) 1 ol Fpr o, PYiagsium tetracyanonickelate
(cycl oactlanl (CBnGi enepaisqlery2emne tand edelickalli Vesro, bis-

cont ai nj n i gands uch as, tetrakis(tri- , ,

phenyl pLCo"gcpllhcf ey nt tié‘?l%?)o?l%%ﬁoéﬁ%o ofahfi cld T S{pthives

as car boox strelsng ligands, such as tetrakis (tri-
phenylphosphine)nickel zero;

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

9. Process according to one of the preceding claims,
characterized in that the organic compounds containing
at least one ethylenic double bond are selected from
diolefins such as butadiene, isoprene, hexa-1,5-diene,
cycloocta-1,5-diene, ethylenically unsaturated
aliphatic nitriles, especially linear pentenenitriles
such as pent-3-enenitrile and pent-4-enenitrile,
monoolefinsg such as styrene, methylstyrene,
vinylnaphthalene, cyclohexene and methylcyclohexene and

also mixtures of two or more of these compounds.

10. Process according to one of the preceding claims,
characterized in that the amount of compound of nickel
or of another transition metal used is szelected such
that per mole of organic compound to be hydrocyanated
or isomerized between 107 and 1 mol of nickel or of the
other transition metal is employed and in that the
amount of organic ligand of formula (V) used is
selected such that the number of moles of this compound
relative to 1 mol of transition metal is from 0.5 to
50.




car bonat e, bicarbonate, borate, brom de, chloride,
citrate, thiocyanate, cyanide, formate, hydroxide,
hydr ophosphi te, phosphite, phosphate and derivatives,
i odide, nitrate, sul phate, sulghite, aryl - and
al kyl sul phonates. 9. Process & cording to one of the
preceding clains, characterized in that the organic
ounds containing at |east one ethylenic double

gg ar Bree¢aat edcordingditat ecbmmsoﬁue:heaspﬂmﬂeaﬁmjleclalms
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ethylenlcallg unsat ur at ed

esPREF ¢ you n%ErapEﬂWEﬂeﬁFFF?I§§Omsh@ﬁca§0 200°cC.
pent-3-enenitrile and pent-4-enenitrile, nonoolefins

S as_styrene, | styrene, vinyl napht hal ene,

ﬁ? pheSen e%%daﬁﬁﬂ? 1091 theRBRe Andthal Pyesedindeschrims

t whoor hpdeoofandeseg C(mﬁwmlcé-p]h Prm@u@%@@adlt Iﬁ‘h:gtrlle
he re i.ng.clai characterized.in

theggﬁtgﬁgéof %on%gﬁnggégeﬁigggl I§ACSH OGhot'erh  hydrogen

traysanidm, nehakagsedizedselrecteat sich id hapepatedolian the

of Qgy [ ri_zed
DRI SIS WLHH AR o VLA one
transition metal compound, least on organic

compound o¢f formula (I) or (V) and a cocatalyst

composed of at least one Lewis acid.

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

thereof.

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

diene.

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

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




other transition netal is enployed and in that the

anount of organic ligand of fornmula (V) used is

sel ected such that the nunber of noles of this conmpound

relative to 1 nol of transition netal is fromO0.5 to

50. - 84 11. Process accordiﬁé to one of the preceding
ar act r| ze t hat the hydroczanati on

re%?ﬁ%ﬂn?g Car Y celatSiyer XEFR2+PRRFLOECRBALES,
Zoeerbdazylazeseaadaphosgihage‘so one of the preceding
claims for hydrocyanating ethylenically unsaturated
nitrile conpounds to dinitriles by reaction with

hyl¥ egeRroegeani decorfiangcteri zutk | oft h&laiims s12 to 16,

0p€ﬁ§f§été91§@8 kY esefcepk iéﬁ¥§ﬂ§§£d5¥§t%@1ec edtfrom

corrprl Si nglj?t east one transition netal conmp
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t N RTHYF enPEEM ' nPERPPRUE o FSIHAEE /. afRannous
sesetplat &5 onzeahybeni cahtyravsat ulrdbemal t phel héromethyl -

sulphonate, indium trifluorocacetate, zinc trifluoro-
acetate, the <c¢hlorides or bromides of rare earth
elements such as lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium,
dysprosium, hafnium, erbium, thallium, ytterbium and
lutetium, and cobalt chlcoride, ferrous chloride,

yttrium chloride and mixtures thereof.

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

metal compound.

19. Process according to one of Claims 1 to 18,
characterized in that 2-methylbut-3-enenitrile, present
in the reaction mixture originating from butadiene
hydrocyanation, is isomerized to pentenenitriles in the
absence of hydrogen cyanide, in the presence of a
catalyst comprising at least one organic ligand of
general formula (I) or (V) and at least one transition

metal compound.

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

valeronitrile.



nitriles conprising linear pentenenitriles such as
pent-3-enenitrile and pent-4-enenitrile and m xtures
thereof. 14. Process according to O aim 13,
characterized in that the |IE§ pentenenitriles
contain anounts of other conpounds sel ected fromthe

group cpgsbéggn%c%rd%]rget@aﬂ Bg&aé e%ee“'éi%llrﬁs 19 and 20,
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that the Lewis acid enployed as cocatal yst is sel ected
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and a cocatalyst composed of at least one Lewis acid.

23. Organophosphorus compounds corresponding to the

general formula (I) below:

in which:

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

phosphorus, arsenic or antimony atom,

U, Uz, U3, U, Us, and Ug, which are identical or
different, represent an oxXxygen atom or a radical NR, R
representing an alkyl, aryl, sulphonyl or carbonyl

radical,

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

chain or a hetercatom, and, when one of the radicals U,



sul phonat es, hal oal kyl acet at es, perhal oal kyl acet at es,

car boxyl ates and phosphates. 17. Process according to

one of Clainms 12 to 16, characterized in that the

Lews acid is selected from zinc chloride, zinc

brom de, zinc iodide, rranganegg “chl oride, rranganese

bram de, m om de, stannou

ch?i’)’r id(%e, q‘ﬂfarﬂﬁnoTt?s%qél%r% th staamn%ust%%ﬁ%%%?%ated radical
st Bnndus tRar pratRe, mapdifomm @ fding dnetlud ing Ul ph o ag Bement
i ndEuphirifhgorgaeehate, zinc trifluoro- acetate, the
chlorides or bromdes'of rare earth elenents such as

| ant hanum cerium praseodym um neodym um sanmarium
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m Xt ures thereof 18. Process according to one of
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ongyof{h@ims 1 to 18,

—C— (1)

—Si— (It

(IV)

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

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

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

containing one or more rings, which are in fused form



characterized in that 2-nethyl but-3-enenitrile, present
in the reaction mxture originating from butadi ene
hydrocyanation, is isonerized to pentenenitriles in the
absence of hydrogen cyanide, in the presence of a
catalyst conpri sing at Ieasf Bhe ‘organic i gand of

gepe | a and t one transition
? conpogﬁd l%ﬁhl rodes eagB%F&|§§%F8-c?% mTey contain
chheaereat@md in that the 2-nethylbut-3-enenitrile
subjected to isonerization is enployed alone or in a
mxture with 2-nethylbut-2-enenitrile,
peft - 4- GRgANPPhPEPhAEHE- 3covAEHNEs| | @prresponding to the
pepbrmuEAeNbELbe, butadi ene, adiponitrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile or

valeronitrile. - 86 21. Proceqs accordlnq to ei ther of

a tts
|nB
At i or1 of




3-enenitrile to pentenenitriles is carried out in the
presence of at |east one transition netal conpound, at
| east one organi ¢ phosphorous ligand of the formula (I)
and a cocatal yst conposed of gg | east one Lewi s acid.

23. O ganophosphorus conpounds”corresponding to the
general fornul a (I) belomr RL ,R2 R3\ .R UU 1,; 2

u3" T"Uu Ull 5 -z LJmin which: (1)
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T and T1, which are identical or different, represent a
phosphorus, arsenic or antinony atom Ul, U2, U3, W,
U5, and U6, which are identical or different,

represent an oxygen atomor a_radical NR R
representing an alkyl, aryl; ghlbhonyl or carbonyl
radical, Rl, R2, R3 and R4, which are identical or
different, represent a substituted or unsubstituted,
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QL and @, which are identical or different, represent
a group corresponding to the general fornulae |1, 111
or IVbelow RT RBR7 | (IV) Rs uin which R5 RS,
R7 and R8, which are |dent|cal or different, represent
al i phatic, cycloaliphatic or “4r6mati ¢ hydrocarbon
radicals containing 1 to 12 carbon atons, R5 and R6

al so representing the hydrogen atom and t and u
repriesent integers between 0 aphd 6, mnth a sum u +t
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het er oat ons. 24. O ganophosphorus conpounds
formul ae below. Ph Ph Ph O O P-0
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