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

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

LT

*G00002*



synt hesi s of new products such as, for exanple,

adi ponitrile. These processes therefore al so include

an internmediate step, which is referred to as the 5

i somerization step and consistsS i treating the

branched unsaturated nononitriles to convert theminto

| i nedkenneatyr &hed kg thiteklegharpr ofericdeafess for the

pr OWhﬁheEQsaCblfVatr%‘J hepﬁéa@é&/sﬂ , sudfl sugh asf% boé)?é}nple,
8und or a_netal salt, %enera a Lew $ acid,

2| S8 BCBHREAYEd FBPSEaPEPLRGSSR IRT eI & piclude an

Pat enteFlRedi 2t 838 st=p,pr opeserl casr yIMéMed hetol5as the
de o] anatlgn of CQ! ounds havi n | east

one
et hyt &fir ¢ 6 é?ﬁrat i n*Pfe 5P éﬁ@@ of 14n &4G&5de9 the
sol brannhefl ansampmamedommndnrnumIe@ntuetahvert them into

par&%ﬁggér xs LGk £edpa§hsggygaf iron, and of a

sul phonat e osp I ne € su honated phosphi nes
described in said patent are sulphonated

trienyl phesrhidessang g@f&n@@é{*' ¢ ardy; v sl p@ﬂgatc,ecg:alyst,

tri phenyl phosphi nes. This process permts prope
LGy arBehanst |aonb°r‘b%r FP@BPHPfiy o8f & hHeebyt aliPéhe @@@etrlﬁély a

pent.enesi tardllces iseas¥osepaehmOnded the Cd A Yyihg out the
sol ution S|nple decanting, and, consequently,

goege%g ?a? R possible to avoid the di schar ge of

ef fluent or of waste 30 containing the netals used as

catggyéﬁt RgﬁeﬁrQh 3 n%ﬁﬁgth§£§éésgsen EQQgﬁ%Eedodl the

order to find new catalytic s
1yr eBvdrocperdbifancefi n ¢eppeuRds cabhavinidc a@tlvdﬁﬁst one

ande 0hy18ki sele@Eat\irtat i shaliHd t YreQBBCRF deadl Byueous
of thgggresent nvention is to prgpose a new class o

|i gARdSE WA ch Qi t hat hEFTRAENY i oRfnetdl strABRAtEPN metal,
posphbtbctbaﬁbYainleaéaLytbalﬁﬁaﬁaﬁB exhi RirdrNg ighd of a

pgrgu%%%gﬂ tﬁﬁ§%éﬁd selectivity to linear nitriles

ared kAown systens. The present
20 nventi on accordlngly provi des a process 5 for

hydfﬂéyéﬁﬁgh A éeBVBBBEEEQREsCQQEQE geEOQBmégﬁggﬁgtent are

| east one @‘5 eni ¢ unsat uration by react Ing |
| i qBF HPRewR Lok wi Fﬁlﬁwﬂ@@@ﬁpbyaﬁmeamd t Mo nsr egentel @flarly
sulphonated triphenylphosphines.

25 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

30 containing the metals used as catalyst.

Research has nevertheless been conducted in order to

find new catalytic systems which give greater

performance in terms of catalytic activity and of
35 selectivity and stability.

One of the aims of the present invention is to propose
a new class of ligands which with the transition metals

make it possible to obtain catalytic systems exhibiting
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T and T,, which are identical or different, represent a
phosphorus, arsenic or antimony atom,

Ri, Rz, Rs and R4, which are identical or different,
20 represent a substituted or unsubstituted, aromatic,
aliphatic or cycloaliphatic radical comprising one or
more rings, which are in fused form or not and which
may contain one or more heteroatoms, where the radicals
R; and R; on the one hand and R; and Rs; on the other hand
25 may be interconnected by a covalent bond, a hydrocarbon

chain or a heterocatom,

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

sulphonyl or carbonyl radical,



radical OR13, and R8, R9, RIO Rll1l, R12 and R13
represent alkyl, aryl or cycloal kyl radicals, 15 L1
and L2, when nis 1, are identical or different and
represent a coval ent bond or -aXadi cal selected from
the group consisting of the groups 0, NR7, PRS,

Si ROR1o, BRllr S, POR12r SO2, CO and -CR14R15-, in
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Ly, when n is 0, represents a divalent radical selected

10 from the group consisting of the groups ©NR;, PRg,
SiRgR19, BRi1i1, S, POR;2, SO, and CO, in which R; is as
defined for R above, Rg and Rj;; may represent the
radical OR;3, and Rg, Rg, Rip, Ri1, Rz and R;3; represent
alkyl, aryl or cycloalkyl radicals,

15
I, and L,, when n is 1, are identical or different and
represent a covalent bond or a radical selected from
the group consisting of the groups O, NR;, PRg, SiRgRjg,
BR;1, S, PORiz, SO, CO and —-CR;s4Ri15-, in which Ry 1is as

20 defined for R above, Rg and R;, may represent the
radical OR;3, and Rg, Rg, Rig, Ri1, Riz2, Ri3z, Rys and Ris
represent alkyl, aryl or cycloalkyl radicals, it being
possible also for R;s and R;s to represent a hydrogen
atom.
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include the following formulae listed in Table I below:
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\ OR15 R14 in which R17 represents an al kyl, aryl,
ogen, al koxy, thiol, cyano, nitro, aryl oxy,

oxycar bonyl, acyl or fornyl radical. 5 Ligands in
ordance with the invention itnciude the follow ng

conmpounds listed in Table Il below Table Il 10 - 7 O:
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in which Rj;; represents an alkyl, aryl, halogen, alkoxy,
thiol, cyano, nitro, aryloxy, alkoxycarbonyl, acyl or
formyl radical.
5
Ligands in accordance with the invention include the
following compounds listed in Table II below:
Table II
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particularly of the netals nention nmay be nade as non-
limting exanples, of nickel, cobalt, iron, ruthenium
20 rhodium palladium osmum iridium platinum
copper siIver, gold zi nc,-ca8nm-um and mercury.

)\CD UII}JII ST TTY LhC UI Uulll u
'ands of may be prepared by
9,

co tactln ? f_a conpound of the selected
e al onQof organic |igand of the
in entlo B may be dissolved in a
sol vent . 'n tge conpoynd enpl oyed may be
in|the s3 d [ st ake”which|it will have in the

or in a higher oxidation state.

- 29 By way of exanple it is possible to indicate
that in the organonetallic conplexes of the invention
rhothnrdisgint@ximhﬂi(ﬂmwammMen(lﬁheruthemlyﬁtirborresponds

oXi ga&aﬁpagé%slx(gwm ghgygafgg ?at'g state

(0) adrum’i OXI |on amin
OX|dat|on state (I1), |Mdbmun1|n OX|dat|on state (1), ()
gobaht yhhcpxi dation stage (1) and nickel in oxidation
state (0). If in the course of the preparation of the

10 Yr§8ndnkFarpitieBnBerERlthe netal is enployed in a

Eu gherrepx ekad i on tﬁt@tcﬁrhc_.katni% Iilcjmacplqlﬁslmlandm (1) tond
e . r situ. -The organoneta
con%r?gﬁggg?ﬂesorganm%erlgegwagﬂdg 8Pdtﬂ EESEH?FSﬁ
may be used as catalysts in olefin hydrocyanation
1d eagLions. r I HiO L etn ot RS tal
co ounds, wgﬁ%&eﬁggr%chogﬁl%xeh 5 onpouﬁ%gﬁﬂpﬁ?l' %nds ot
e paivalimn oﬁr@otﬁﬁrteradfly r 8hlort N Lioppwr , matels of
pr ea‘;eeapbym?egb Aﬁengzlbhe saf, Ol Tenty qned o od'méjSPerlodlc
the ngﬁ? B erre npounds are t hose of nlcke
nTfPAft Phgt8Ra F@?ntﬁclééepu %kﬁ%%hﬁdéqh?\Mﬁ%ﬂﬁbOOk of
nuckhémnstrp ayidlaphgBiskdtl e Sz%rqxh&MQhuaslgobaigvmm from

14 eLHACYBRONE Eke! BLe,30 KL, (Y 4T,

acryl oni r|Ie nrc
bi s(cycl ooct a-1, 5-di ene) ni ckel zero (al so called

Among these metals mention may Dbe made  more
particularly of the metals mention may be made as non-
limiting examples, of nickel, cobalt, iron, ruthenium,

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

Organometallic complexes comprising the organic ligands

of the invention may be prepared by contacting a
25 solution of a compound of the selected metal with a

solution of the organic ligand of the invention.

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

oxidation state which it will have in the

organometallic complex or in a higher oxidation state.



Ni (cod)2) and derivatives containing |ligands, such as
tetraki s(tri phenyl phosphi ne)ni ckel zero; 35 -

compounds of nickel such as carboxylates (especially

the acetate), carbonate, bicarB8nate, borate,

brom de, chloride, citrate, thiocyanate, cyanide,

f or Bt e"ashy@f 0B*@EP ey drlophss pieiasdblephbephndécate that in

phosphatergHyhklerd vatd V@%mpi@ﬂ‘lege'of %Qe i/ eRleq rhodlum

sul phate, syl phite, aryl- and al kyl sul phonates.

t he 18i é@elo’%ﬂ%ﬁ&&ﬁﬁ SFSE® corresPOHRN I gl %%’(bqiat%fm state
oxi datiygn ﬁl@tﬁn@rﬁeaﬂrﬁr okhaatzeno atat&keloyr, edE@Jl'lﬁdlum in
gen g?lch reacts pgg erentially with the

UndsFUARdOReatTi Oh doRdi 1 THEUT & R §BE 108 State (1D,
readtridpaumm ki urexideiionr edtieiteg agent amelte angaoktdation

or gaRi ti.ng I, [ d
o O R e
magnesi um or hydrogen. Wen the nickel conpound used

COr £@Spopds tihd he ;zen@e Oxbdat i st %Jr%p%fra@i e' b the
gs al so possible to add_a 15 reduci ng agent of .
foPéﬁéﬂPWSﬁé&lﬂ?pecoﬁﬁﬁe§ucHheadE?FFén ig n%@PlOYed in a

mandaghey. owidatabni @A teOMROWIA 1l SUSREINE SAHB it to be
reduci,n agents. are suitable. 20 In the case of
paIF§8|§ﬁ1 K& Pédlci ng agents may be, furt hernore,

el enents of the reaction mxture (phosphine sol vent,

Oherh) | p28a1BReCLIRTLE CONPRUPAS COBRBLRLI] Iculllxgastt)rganlc

one eth e bon at are np ar |
153rrp|lé§?é&d§n thneth9r S8R tosc g8Y abe di st faﬁs @r@iyﬁs in

but adeena, hydsepkanatiBaxaz=4cdidhene,
cycl oocta-1,5-diene, ethylenically unsaturated

al i phatic n|tr|Ies 30 especially linear
penAeneﬂfansieSoﬁuohewﬁlpeﬂma3tﬁﬁ®61mhbhi|ﬁe&§@ compounds,
pent-4-enepitrile Pgnool i ns such as styrenehickel’ of

net yFstyr% l%?%? %poht HiF ené "R Biex

2Gret py&dydhcmexené andbailtt, ur e ofitom arr N ofophese are
CONBRURE$ 139 used.

Among the aforementioned compounds the most preferred
compounds are those of nickel.
25

Non-limiting examples include:

- compounds in which nickel is in oxidation state
zZero, such as potassium tetracyanonickelate

30 K4 [Ni (CN) 4], bis(acrylonitrile)nickel zZero,
bis(cycloocta-1,5-diene)nickel zero (also called

Ni(cod)2) and derivatives containing ligands, such

as tetrakis(triphenylphosphine)nickel zero;

35 - compounds of nickel such as carboxylates
(especially the acetate), carbonate, bicarbonate,
borate, bromide, chloride, citrate, thiocyanate,
cyanide, formate, hydroxide, hydrophosphite,

phosphite, phosphate and derivatives, iodide,



The pentenenitriles in particular may contain anmounts,
generally m nor anounts, of other conpounds, such as
2-met hyl but - 3-enenitrile, 2-nmethyl but-2-enenitrile,

pent-2-enenitrile, valeronitriBe,-adiponitrile, - 31
2-met hyl gl utaronitrile, 2-ethylsuccinonitrile or
but adi enB1tEREGr nat | B lPdatexanpl sUulrdvittehe priagyl- and

hydr ocyagaki,98ulipaehbeBs0f the butadiene to
unsaturated nitriles. 5 The reason for this is that

t he hydrocyanation of the butadiene is acconpani ed by

t hewheamatheonp i @k®NgcoinbBuntih@idddedd r PESHERNERI £bi |£Sh1ickel
gf not igconsiderable a untghof , ,

- meERGPBUPE3- BT t FHSR S5Td 2DABt YA DAL 22- njgkel reducing
enenpentl ehithe reatalsy $irefpsteernivdad; fwarc hethe nickel under

hydEggyaQQBEQQBQaC%%% HQQg%% the pr%ﬁﬁﬁ;. f thﬁ%%d reaction

i nvention may be prepareéc efore it s inttod
i nt 8lrRereeactiiors 15redmeingor agratpl endyy addi ngrdemic  or
appk aBk ahgcanvwgﬁ-fimiéfﬁéckﬁgm&ﬁ§ﬁ§'&hemuastaéoro%ydrides

conmpound and where appropriate of reducing agent to
14 heSPFHan@Si n BH4leor @8Ace Bliskn t 8 | Mrssiston, magmsigm  or
in soHubgen.in a solvent. It is also possible to
prepare the catal yst 20 system"in situ"” by sinply
adding the ligand and the transition netal conpound
t o Whenhydreocyarikd 1 onompeanti arsead xton sededod€ Qb the zero

af t - I 0 ' d anat 25 . The
ook B2ELBY RS ROTIOMNAR P Y ROk LB paE0  aa
13vet 4PdUséHgi s2ettectodd sheasa forement ronedndemter,at boh, such

in pehesieh tkapskthanqgebal, . per mole of organic
conmpounds to be hydrocyanated or isonerized, of

between 10-4 and 1, and preferably between 0.005 and
30 @hénmah dfran ckelpaindfid hesetihehet e ticid®ifl agents
enpgg¥eguiggg amount of organic |igands of the
i nventi on use% fo formthe catalyst is selected such
2@ hat the nunber of 35 noles of this conpound relative

to 3, myl,of J1Langicti 1 dret Lgfr 570 d

pr efrélrrnz}k}))iey ?rom It ({%%olﬁgﬁ t eu%elaéi%ﬁ%lgg ma'y be,

gen&PAFRGTBBARAuCt e@lRMERSEt ©of  the  reaction  mixture
(phosphine, solvent, olefin).

25 The organic compounds containing at least one ethylenic
double bond that are more particularly employed in the
present process are diolefins such as butadiene,
isoprene, hexa-1, 5-diene, cycloocta-1, 5-diene,
ethylenically unsaturated aliphatic nitriles,

30 especially linear pentenenitriles such as pent-3-ene-
nitrile and pent-4-enenitrile, monooclefins such as
styrene, methylstyrene, vinylnaphthalene, cyclohexene,
methylcyclohexene and mixtures of two or more of these
compounds.

35
The pentenenitriles in particular may contain amounts,
generally minor amounts, of other compounds, such as
2-methylbut-3-enenitrile, 2-methylbut-2-enenitrile,

pent-2-enenitrile, valeronitrile, adiponitrile,



solvent it may be advantageous to add an inert organic
- 32 solvent. The solvent may be a solvent for the
catalyst which is mscible with the phase conprising
the conmpound to be hydrocyana8&d-at the
hydrocyanation tenperature. Exanples of such solvents

i ncEomethglaglvrarpeitaiiphati c dretheloaccphanitrile or
hydbeeaabeﬂé TBh:&giﬁLa‘t‘.@ﬁb r@bxal J@rtfr’ﬂnly the prior
mscihle wt conmpounds to be h rocyanat ed,

par B EPSVP?aRﬁQH Fﬁéctﬂegcpﬁoﬁhﬂ>Hqﬁq9hgpqutqiunsaturated
tenpecatlee.l onwer than the 10 reaction tenperature.

nce at such tenperatures a two-phase system may be
obt ai ned. Where the catalyst systemis soluble in
sai @Ghsolreerson t&oexthast ien fhramm théehydactiyanafishurcf the

IS a i g [y, or cible
solégﬁ 8?¥ Etﬁf% i@%%ﬁ%@ﬁ?%& té?lorfégﬁ%rganfc sﬁqg with
in BBEt ﬂ@mmamtrp%ntemﬁﬁxir#%&%cteof 8@9th solammtsderable
areaH§§Ht§aﬂiﬂCQLﬁéfﬂyTB§9 ﬁhgngﬁgéPife ah@an?— ethylbut-2-
contains anionic radicals which render it so I%Ie I n

1G onPBeRe8FALleThese radicals are, for exanple,
sul phonate, carbonate, carboxylate phosphate, 20

a Lum ni um nd imd um groups which are
SubLEPL LSRRI heSERBRB | Cisat chPE of Tehe T dam@ Anation
Theahydrdcygnatoontheacproness geﬁerahéy Ttavenetdooutmay be
r rom 1 t pt ra f 5
al gf C&gg@gzg&cgf%%an{@a ggusqn%%ﬁu%%% iREErabhy. oM ion
1% ngreephdse rsthmpd it byh@ddé@@tutdmtéﬁpépamaée munt of

prosgsscetbdt he driaventtiom maymdeai npl esRpLEHd and where
conti nuously or batchw se. 30 The h drogen gganlde

eonB?Eﬂpﬁﬁ tHe 6P%pa¥%ﬁu?+%%1 ﬁﬂ?& cylghi d ligand in
eSDECCakaﬁnsédmummnﬁﬂﬁ(ﬁhvéﬁtfdﬂynaEdﬁ@Obydﬁmm%oﬁﬁﬁﬁbn in

as acetone cyanql ydrln nown
synth&si{=p E g 15520 ﬂ?%?gﬁ%ﬁ gﬁaﬁﬁﬁgﬁﬁ$ the catalyst
20ntsmdbe&d‘thOSih@"reamtsumpky gddeogstﬂuwnilgand the

”‘XEEE 89 ibR l'ﬁ%%éhfcnég(ﬂéundTaytglSotﬁg Coﬁ?iéqatlon

bef ore In an organi c s
of 5655?&% @éxtﬁﬁ?eﬁéﬁpéﬁu eF iaftiey adding the compound to

be hydrocyanated.

25 The amount of compound of nickel or of another
transition metal wused is selected so as to give a
concentration, in moles of transition metal per mole of
organic compounds to be hydrocyanated or isomerized, of
between 107 and 1, and preferably between 0.005 and

30 0.5 mol of nickel or of the other transition metal

employed.

The amount of organic ligands of the invention used to
form the catalyst is selected such that the number of
35 moles of this compound relative to 1 mol of transition

metal is from 0.5 to 50 and preferably from 1 to 10.

Although the reaction is generally conducted without

solvent it may be advantageous to add an inert organic



possible in practice to charge a reactor, purged

bef orehand by neans of an inert gas (such as nitrogen

or argon) either with a solution containing the 5

entirety or a part of the vari8éds-constituents, such

as the organic ligand of the invention, the

tr afSiLVPBL - Mbeals MRy t he ﬁe@@éwﬁ@tadéﬁt§ﬂ§hdcatalYSt

sol waAts WHES € mBPIes | ayethor thet h piRisd CoOsipAULMS the
separ at el Gene allﬁgthe reactor, i s then taken to

thecggp88¥gd £8 t Bfpel¥taPeYaRatefenat net@8mpbygnogyanation
be Inysdlpecr:‘,fianaéed Esampteeduced. Thechydr egefefyani denclude

I trod d, t
S P EarkEY y - ORER 2 fo oF e S2P BF L RAG LS CdBVEr B ABRDRS
can be nonitored 15 by assayi ng sanpl es) |s at an end

t heppeactd on,d xt Hgsslﬁ%tﬁgr% dlaafllg.? 199 ? @)1‘11:11 the

the reaction produc are isolate
f or CEXRAPPES A&OeﬁﬁhnééﬁéﬁFyéﬂaFﬁérpﬂ%%%%%?qkﬁrly When the

hydi-eeyanahi ngi x20ret Yl et cal | Yempsakuhiabed GRAMPOURES the
ﬁccordln to the present invention relates in

ar tPEGIFaP ™t o “ERBSTAVHFScyalglFEn BF sipgl temperatures a
et hylerpbakky siys@émr atgd bai bb'rtlaené@ﬂpaﬂlkﬁ@ﬁe bfhe catalyst

rea with hydrogen.cyanid consists in usi

a c§&5?3?t1§§s enmf% € adlordarte® %fY%nES HRe S Hﬁﬁﬁ%lé% from
i nvéhei oreagdttitpra rtoctzg yss coepebyd Gfcidtitdteast Baetially
Lew,$ @%ﬁﬁs&?ﬁi@tg$h%@h%§|h¥quﬁ§Eurﬁhﬁg %QQPQHQd%ater or

whi ch may be loyed I n this inprovenment a
15gen8FgFmt1ﬁos°eaJv/\H‘ﬁ CHHSO“‘%Fe feeth | BAEH f¥r fpailpasfharacter.

prosass. ddMBMeds bFelSus@@rﬁﬁE@ﬁEbQﬁE§&|ywhen the organic

et BRar o ST S oTHe | ERRYPEAfcaffycn  render it

unsabupafed aMImmnnxnrnmmmiarlIesesepamhmaubaslydrb, for

app ' o | r te trlles sSuc

pen%%/{g%né%éh tslr“lriﬁﬂon%g%t’ Z:er?e?ﬁll 1711 ecaarnaoxr?{laf (frePhosphate,
2Qheﬁ@mﬁnlmmes@qﬁﬂudynyumram®31ma9acohiamngawmpﬁt&Hdch are

gengﬁagkxtughegroﬁﬂgﬂetaroﬂthEhggdeegﬁguegsthaUSEgéﬁd.
2-met hyl but - 34 3-enen

2-met hyl but - 2-enenitrile, pent 2-ene- nitrile,
Va|eh@nhyﬁkb&ya&ﬁtﬂaﬁlE%bb%ao%'ﬁﬂi@édﬂﬂgﬂﬂyJcéﬁﬁﬂéd‘%ut at

-ethylsu00| onitri.le or g; ?le orl |nat|
t he® prlor P c aﬁﬁ??&n}&z ac ?ogﬁ¥% pre%%ra%ay from
25 30°C to 120°C. Advantageously it is carried out in a
single-phase medium at the reaction temperature.

The process of the invention may be implemented

continuously or batchwise.

30
The hydrogen cyanide employed may be prepared from
metal cyanides, especially sodium cyanide, or from
cyanohydrins, such as acetone cyanohydrin, or by any
other known synthesis process.

35

The hydrogen cyanide is introduced into the reactor in
gaseous form, as a gas mixture or in liquid form. It

may also be dissolved beforehand in an organic solvent.



5 the butadi ene and/or fromthe isonerization of

2-nmet hyl but-3-enenitrile to pentenenitriles. The Lew s

acid used as cocatal yst makes it possible in

particular, in the case where @Bhylenically

unsaturated 10 aliphatic nitriles are hydrocyanat ed, _
TRpriehe (IRRte%tnesfity detFhwinei drplegeapagioed, it is

'| n pbbeibwer dsn t beapereent age ofhddqeears dlféééﬁdﬁs purged
relati.ve o entirety _of the dinitriles f
and$8F°F8 ﬂa%@éHQQﬁFa%FlFPtfﬂﬁﬁFs%?%lééquféﬁﬁnltrogen

theocatakgsh) 1% iAHeeM SwiiCh d &N Bb&umﬁeﬁemcdﬁﬁdLnlng the
cc h sual finitio refe
? 8ounggt&hog S r% fd% HEye%%? §§ch as

accept elefiron palrs
madehen pagancul digend heflLewhs doivestdiconed tha tttueansmlon

Wm}ﬁe@Qth %@mlg%uﬁdA thahredLﬁiJg &'eég%gét %S@g) o) Q:t edwhere

Reactions™, volumé I, es
LewPBPEEPES2 R choﬁaywﬂ msiadyed wm@%t ssemarately

tZg GB?eEé@%?nttfms? ogas@t@&e %f't)%@l:e?lld Ea{aﬁg%qoeeﬂgs Hiected

e _elenents o ou a a

145, TSYEC PO BEOVATS BB EPeofSqtRe it | bR beTAbl e vanated
thelsElEﬂEﬂbSucé@eseﬂﬂﬂnpquhdﬁxﬁfecWﬁ&hd@ftEB sehés, itself
es [i rlde rom 30
supgﬁk?ghxcgﬁfp g%% gégm Fk Fpﬁoﬁgaegegﬁg?ﬁéVo-

al kyl sul phonat es, espeC|aIIy quoroaIkyIsquhonates or

per ﬁhgﬁr Qa]ekyi st phanat @ﬁosgalcﬁﬁlé(]]yc%%feggtla be monitored

er hal oal kyl acet ates, especi al ky acetates
r PEepFPadisal BT EdEsat elss %‘lar%@x?r‘ét éfiegripaction mixture

phosgha;tle&draanl\brkﬂaén tédwn X PLes @heSUELdeBWrS products
aci ds i ncl 2|n brom de, zinc

PP PR TR LR BT IR N

cadm um chl ori de, cadn1un1 brom de, stannous chl ori de,

Staﬂﬂou% %. g%qgntStQﬂpouﬁhe 3§F0§8 hagﬁf Stﬁgﬁgéﬁyﬁnatlng

tartrate, umtrifluoroneth sulphonate
2Qr|ﬁFDMﬂ-@aééﬂéﬂ-E unsrteratedorapmnetcet eacchgding to  the

chl ?Eéggﬁtor DIRIA8Sh Of edhgegart iy eéaed’r%‘%[}tc%l%&ch 88 the

| ant hanum cerium praseodym um 5 neo
sanBYPGRFY_OREPPOM @hdol $AiEm @%ﬁ%#%%%cah¥%prd%@%ﬁﬁurated
haf Ay 1er BorpbuhBal biyuRe adidienbidMang;drogen cyanide and

consists in using a catalyst system in accordance with
25 the present invention with a cocatalyst composed of at

least one Lewis acid.

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

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

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

These pentenenitriles may contain amounts, generally

minor amounts, of other compounds, such as 2-methylbut-



| utetium and cobalt chloride, ferrous chloride and
yttriumchloride. 10 As a Lewis acid it is also

possi ble to use organonetallic conpounds such as

tri phenyl borane or titaniunri3bpropoxide. It will be
appreci ated that mxtures of two or nore Lew s acids
may3benehprbyed: 15 2AMGHE YLONtS 2aenenisaritdiesul arpent-2-ene-

pref eEeNLe, | SrQichRh e 1 1% nCaBBb%hg?alé' no; oM PRy 1utaro-
st annous_ chl ori de st annous brom de and

tri pheRyiBor ane SHRRBLSNREINeR BFI R/ ot arfbus  butadiene,
?rlcfidﬁnﬁtthr&ﬁonlnﬂh@nk%ﬁknﬁohy?focyanatlon reaction of
upr onet onate,. ,indiumtri or oacet at e.and,

i e T R oy BRO1RE | coF &R acitd SocksaRpE Eation  of
enpleyethytpuesgneésegenei akl yo peohefefittnldH. nol per

nmol e of transition netal 25 conpound, nore

particul arly of nickel conpound, and preferably from

0. 5The lewpsl asdd nolesd ¢ ¢oratabyshphekent ati gossfible in

t he Q?@iEuP£PCe§§ QEetQ%se'Wﬂ@yé‘EEh§ﬂ5%fEQQQY§hmaturated
solutlon used for the 30 hydrocyanation in

10 e@%hﬁ%ancLéwts“d-cﬁ% RES DRYIBPeyRRratedri & t émpEgve the
i gg wda@ﬁw? igt gthfbefdleﬁ.ﬁ:ltﬁleés zepeaifed, exiapbeheby words
addj the ligand o ormul a propriate

armlﬁﬁ% é?ersee[’gtc&{%ed tolfan;f‘??%ﬁ rfzeltrhlitr %1%061? atlyR sto the
aci enthdetwherfe aber ajimidte, lasedtiormgd35 agbfur t oot kenhance
[ CaEE ORCHL LU Canyl ob 8y LI} PESSLE! EnlOcaPLEDBLE | e

catal yst so In situ sinply mxingt

13arious constituents. It is also possi bl e, under the

congli tri<ss obctibe ¢n36chehy Eegﬁaeat&@;&pr QRS Bfnd h%o the
present |n¥en i on, and %eC|aII when working in the

preE%H@é et helhbove- H%§ F$ betl cat AMRRYNED i &Gthg accept

at keastronephigand of formula (1) and at |east one

transition netal conpound, 5 to carry out the

i sonerization of 2-methyl but-3-ene- nitrile to

2CpenUeaemEyrheegpd&ndxnnpergbmelail9fothebﬂamdhe®cids cited
unsab Uy BL kT RS 0 by nedn USRI aked i cBRLTEh8Tes and

int sence of cyani de

2- né@ﬁyrﬁﬁtRsa@ﬁéﬁnﬁ |éo%u@?eéteaa998th81 to 197 (1963).

(6]

The Lewis acids which may be employed as cocatalysts in
25 the present process are selected from compounds of the
elements of groups Ib, IIb, IIIa, IIIb, IVa, IVb, Va,
Vb, VIb, VIIb and VIII of the Periodic Table of the
Elements. These compounds are most often salts,
especially halides, such as chlorides or bromides,
30 sulphates, sulphonates, haloalkylsulphonates, perhalo-
alkylsulphonates, especially fluoroalkylsulphonates or
perfluorocalkylsulphonates, haloalkylacetates,
perhaloalkylacetates, especially fluorocalkylacetates or
perfluorocalkylacetates, carboxylates and phosphates.

35

Non-limiting examples of such Lewis acids include zinc
chloride, zinc bromide, zinc iodide, manganese
chloride, manganese bromide, cadmium chloride, cadmium

bromide, stannous chloride, stannous bromide, stannous



i sonerization according to the invention may be
enpl oyed alone or in a mxture with other conpounds.
Thus 2-nmet hyl but-3-enenitrile nay be deployed as a 15
m xture with 2-methyl but-2-enetttile, pent-4-ene
nitrile, pent-3-enenitrile, pent-2-enenitrile, buta-
di evielPRRftponi $FaPROUD- fAIAgf en ariorfliun | &rifladpsdmethyl-
sucShnmbhdtd e OfnyAker A ifidSroZbdded s PAMd CWAIE Mioro-
advant ageous {0 treai ths reaction mxture
ori PFPEFRy 1 HBM t RBLAYAABEyaREt | BFOBEAesut &di ed@ngy earth
HCNeleméines pr eaehce «3f alamelestumpe kegand, ofpfayaBdyanium,
(1) aq%gﬁt | east _one.transition.mnetal coqpound, nqgf :
pr TP ABITY corpBand Br nfBKBPLIA 2836%iddriBn sttgreum
0, @gspedsnad, abmfmidm t kebdamt,exthellihing pyeferbidn and
ver shon 11, A YSlpaaxS! B b3 8kY a8y, PLESEN f@lide  ana
t he but adi ene  hydrocyanation reacfion and 1t is
t herefBrensepieeidnt 30 to stop any introduction of
hydrogen cyanide in order to allow the isonerization
reaction to take place. It is possible, where
apptopr fat ebSYHS t hifSWer stbn ¢ eft8tt GHINE to  use
purgiqanafiet hel t eacd@ipdbyndeansuci as 3T di@idnyWdsorane or
suc@.gsnlnliltrgggnror argon for exanple, in order to
expet “the RytF Iey@RTE 381 d which might still be
pr ebentwilTheb¢ sappriezdtiten rebat i onixtsirgenesdl ltwo or more
cary UL - 3N ture from10C to 200C
andﬂ%fg? eér[%\]b% T?%rr?e g%r&?{%;% OC. In the preferred
Scase of an isonerization imediately 5 follow ng the
but atlbege thydreocyanaki OfareaEh1 PN idrafddeR® is given to
advant ageo to pperate at the tenperature at whic ,
t he* hydr oc#é?%ﬁ ngg wag*86ndult 8l f TERHEC DT océdgoride,
of dyamwoyanabrngidehylagmi caltyphdylnsmdng atedd to zinc
co yst em used. for the . . .
iso%#?gg??%%@%%@é@éé pr%%%?%l pri STy indium  tri
20i nt ¥ baecenephyl sebrhdmateact ilodizone; tfof lexnoptetaby and
addj ng-the; ¢ Lgand-of s formula (1), the appropriate
amount of selected transition netal conmpound and,
where 15 appropriate, reducing agent to a solvent. It

| S Bh&0LePOS§Shbie tBcREBNIER Ehpledkdl Yo 2Wee® Jdherally
Sltyrogy 0.01 to 50 mol per mole of transition metal

6]

10

25 compound, more particularly of nickel compound, and
preferably from 0.5 to 10 mol per mole.

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

mixing these various constituents.

It 1is also possible, under the conditions of the



simply addi ng these various constituents to the

reaction m xture. The anount of transition netal

compound, and nore particularly of nickel conmpound, 20

that is used, and the ampbunt-o36l+gand of formula (1),

are the sane as for the hydrocyanation reaction.

Al t hudghcyaratsonerpzetedsh odacthen Aressifduénggntion, and

geneggéhyamyh%terﬁq»cyﬁmn' t igaykRe VAt agegts e above-
add 25 an inert organic solvent, which_may be that

g : of
t hedesgbibfte e Bk¥ct FORPTFALET Lt hnde@g§e one ligand of
par Ebembiakl Y I)Waed uch e s30lomentt s aeiesh engd Dy esompound,

he_but adi ene hydrocyanati on reaction .t hat S used

S o' BPep i het kPG o YHCH-1A b Bt ol TR R pLESC-3-ene-
i soneerzati ono30 peeaenieon t rSUes ,solarent sSnarey bgenerally of
sel ec fr.o h ,ch jdengjfi ve

e CRyaF BE At P e R the or bR BT Bn BF df ATER) quniSturated
conpotmdseby ihythecyhaancenosf hadropbehi aysnéHeas

but adi ene may be 35 carried out using a catal yst

systemin accordance with the invention for the above
1&t epheof forRRErHHCREF S UPRRbFEIEY norfdReSaSss ange  the

t heiksaBRizaatban Heprdide hydroayanat ifenedchi Omay be

of unﬁiturgte mononi triles. to dinLEgil%ﬁ can be

i npFBRefYER Gi PR a°Catal %fﬂ%&gt‘fsmw.l 8O I RTaECBPIRRES -

with the invention or any other catalyst system

alr kpno i Lan, Siopll.ar t

Py BSanat 55 PaRer 3r e RES ket aper flaby b¥ ' BBproyed as
lunsatgicared nwhdhi tr2testhrdbvhelrenapitzalfon thereof-ene-

nHYnQ%rqgéﬁi?%éﬂﬁ<3”éﬂéﬁlﬂ¥¥ﬂ§A““péﬁ%ﬁfﬂﬁﬁgﬂﬁﬂriiEV‘ buta-
that of the invention; the hydrocxanatlon step.of the

uns4¢6R&r ed2ABRBALEFLILEs t 3~ RERDPY QFEEaanéﬁﬁFéﬁed 2-ethyl-
W t Bucaigdhdlkyslesyst ealetoncearidance with the
i nvention. 10 The invention |ikew se provides
or ganophosphorus conpounds corresponding to the
2@enédrtalid opaptaculbelpwadRBntRgecdls Reo UtedL UWhe reaction

U3, FixWhrk 0091&1&@@iﬁ§< 6from  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

25 oxidation state 0, as defined above.

In the context of this preferred version the catalyst
system is already present for the butadiene
hydrocyanation reaction and it is therefore sufficient
30 to stop any introduction of hydrogen cyanide in order

to allow the isomerization reaction to take place.

It is possible, where appropriate, in this version to
effect a gentle purging of the reactor by means of an

35 inert gas, such as nitrogen or argon for example, in
order to expel the hydrocyanic acid which might still
be present.

The isomerization reaction is generally carried out at



L2 n 15 in which: T and T1, which are identical or
different, represent a phosphorus, arsenic or

antimony atom 20 Rli R2, R3 and R4, which are

identical or different, repredént a substituted or
unsubsti t ut ed, aronatlc all hatic or cycloaliphatic

r adf c HCTRSRAG UGN gE B 30 Groke 120 ng§ P cRrgferpkly from
fused°gots osoPOt and which 25 may contain one or nore

het eroat ons, where the radicals Rl and R2 on the one

hand and R3 and R4 on the other hand may be

i nt &ncdimee qb e dyred conakerdf band isameydrzatdaohonimmediately

§hak 195V§n$ gﬁ%o%h%ghlégeu%ydy%’ g%a%@%n reS%U Jﬁ6¥§3w1ll

|den i ca f erent esen an oxygen a
r adPeakdypntegrgla NR |qper68$ i cheRtempetreé;uare at whlch

nvneMélﬁparabyxhat§5xlwagyebﬁahgyéd sul phonyl or
car bonyl “radi cal , d R6, which are identical or

di fferent, represent 5 an aryl or cycloaliphatic

gr onp wbbgh fRY COPAPELSE het erogd ofdy Ak Oig ONe:flenically
more rin f used fgrn1oh not, _.and which are

1 pbebiEatEl GHOBGLPAEY: Che Aoralint Mshan es foF the
0 otsdmeifzbtjionhmaynbes pepeepdesariios aaiiad enritroduction

rad ct m gro cQ ing theqs

o1 ot SO N € P e bR e S Briior o DRI sBY ofddtpg che
in WhpendR7ofs AOrmydki ndd) ﬁorﬂ@%ﬂxﬁﬂprqg¥kﬂﬁ$F{qunnt of
repseseRtelhe i3ahadi¢ah ORL3taand %%mﬂ%%ndeownBﬂl where

R12 and R13 represent ~al kyl, aryl or cycloal kyl
13 adPBRFSPTL3t8nd GeHUGHh A9fRE 1 toard S@diental BF is also

di f pesenblando rppﬁp@g@t theC oY@t €1y sHOR s‘tﬁmﬂ T i ealgu" by
select Q the oup conS|st|ng of the groups

TSRSy SHRGANS | BRALC S oRRIs | B (5" b0 the

- CRt4Rt5ioni nmikitolreR7 i’heas aﬂeﬁmnedoﬁoru?aﬂxnnioﬁ%imetal

and re h I

oy B e S e G D) Fopgounc,

2Qw éyétoaskwweﬂamaﬂﬂ:¢hetam@wm@ of ligand of formula I),
are the same as for the hydrocyanation reaction.

Although the isomerization reaction is conducted
generally without solvent it may be advantageous to add
25 an inert organic solvent, which may be that of the
subsequent extraction. This is the case particularly
when such a solvent has been employed in the butadiene
hydrocyanation reaction that was used to prepare the
mixture which 1is subjected to the isomerization
30 reaction. Such solvents may be selected from those

which were identified above for the hydrocyanation.

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

to dinitriles can be implemented with a catalyst system



25 possible also for R14 and R15 to represent a

hydrogen atom The invention relates in particular to

the organophosphorus conpounds listed in Table I

above. 30 These conpounds are 8Btained in particul ar

by mxing a _solution in toluene of a di pheno
cgnﬁélur?d:gcocr&aﬁlé%epo‘ﬁjd‘%gt% LRY¥CBLLQBt KFe FTY thher catalyst
f ol lsgwites homelady HAowh RorlthMB Gea@didn.L2 n - 40

with a toluenic solution of a followng formula(e):

RI\ ,R2 G 5 and/or R\ R4 OP'O1I C 10

chl sioplasply ttheofhydrddeamdoien f oeautaent bed HPbBefin to

' in_forrula l. The mXxture
D2V Epiatuiatea TRADOC: ffed Cabd" B dromdie fAoiigh Cpnereot
8 t gays Wwursyraedamitenvitenpereataby{besweermlslend than
30C%ha{hQ€9rQEQOHQQ%BQQ%%§ o OHQQ%hﬁga%§€9¥§r%Qe fUf the

exanple, by filtering the mxture. Thrs preparatio ,
pr odB@aite ried el manosditaliyl asy tgaydigtit piol & ahp| empheyed with
I NdiaC@kit@ny s@ ks tRHERAN AliceR dRMREesSes WRY hevesedon.
i t hout departing fromthe scope of the invention.
1%%reover, t he phenols and chl orophosphites are 25
gend@hal | y iavenlkdbhe cabdkewdsal | ypoovirdgsbe syghhephzeghorus

?%egg%ﬁ%%%b%n%ége%%%%%%gigd%%cE%%e%e%%&a%b%aEwJ¥% I below:

compou
R1\ U/RZ R3\ /R4
U1\T/ 2 U3\T/U4
| |1
O L o) (1)
N\ 2N /
R, Ry
n
15
in which:
T and T;, which are identical or different, represent a
phosphorus, arsenic or antimony atom,
20

Ri, Rz, Rs and Rq, 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
25 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 heteroatom,

30 Ui, Uz, Uz and Uy, which are identical or different,

represent an oxygen atom or a radical of formula NR in



The exanples which followillustrate the invention. 30

In the exanpl es the abbreviations used have the

nmeani ngs i ndicated below. - 41 cod:

1, 5-cycl ooct adi ene eq equirvaPent 3PN

3- pent.eneni t r| le 4P entenenitrile 5 3+4PN. 3PN

+ APRiSH V3 : dgBgles c?f IB%‘E%?%?BE Glkiie podhct c¥elpalkyl,

hy drsaQpaeatydd orY,.cad®ongapadiirg 1,0 the ratio of the
nunber of noles of Y converted to the initial nunber
of noles of Y 10 Linearity (L): ratio of the nunber
of kel e&dofRe,adilmiarhtaréei(iAdN)ic{adrrmﬂ dof fdeemurbeepresent

%dN%l SBdf B Lol en LORd. (SUBAL WA JIP! 68,”' conprise

IEtgnPEEHoss tarid/ evr (cw@\l) $r1B0CE: rgagsehrionefwgpdphyrm or
; n'z@t' lialnidt R 1 B0 lair TR @) Sk P o Ml 'uﬁg'tﬁt&%)ed 20

The vari ous products in accordance wt i nventi on
may be prepared by one of the two foll ow ng

progedy e iMteeRdUrRal 2> A Rhosphochloridite is
@sed which is prepared froma phenol or biphenol
erivative and PCl3 according to a conventi onal

pr odeduwbepsee,isf dr, exapgEssntthea Nt hwlentdesadibetl byglected

(7) 55 Jhortbos)) T ARaP eg U R AR v, R,

Rall | yBRifle Jo0l PeRing Fenerdd Flocedur which R, is as
reprd%szelrhteail\f%r IR 22380 #eagher wzde&na@,r g%p§e@@91t the
f hosphochlorldlte are dissolved in
1 nhy)%pd‘t‘fsal tPraen@ndriis sdout iFopv i Buist |3‘1ﬁeén§t R—llOEGPAesent
sol wlixgn ,32re8fl drmmici1efaldiyval rard A gymol - of
triethylamne in 20 M of anhydrous toluene is

i ntroduced dropwi se into the reaction m xture, which
is Ael dnat I.10@hen whit® 1, are identical or different and

represent a covalent bond or a radical selected from
20 the group consisting of the groups 0O, NR;, PRg, SiRgR;g,
BRi1, S, POR;;, SO, CO and -CRisRi5-, in which R; is as
defined for R above, Rg and R;; may represent the
Riz, Riz, Rig and Ris
represent alkyl, aryl or cycloalkyl radicals, it being

radical OR;3, and Rg, Rg, Rig, Ri:,

25 possible also for R;s and R;s to represent a hydrogen
atom.

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

30
These compounds are obtained in particular by mixing a
solution in toluene of a diphenol compound

corresponding to the structure of the following fomula:

\/\/

B



precipitate fornms. The suspension is stirred

vigorously at 25C for 18 h and then filtered under

argon over a - 42 bed of basic alumna. After rinsing

with toluene, the filtrate rs4®oncentrated under

reduced pressure to give the desired product, which

i s Wadd wid hdwrluyanihersobirion ca®fona scirherephpephipge of

| i gards cwengy FceRanededceording to the procedure
descri bed above: Exanpl eLi gandStruct ur ePhospho- Di ol

chioridite 0 O 1A0-PlI - .P~CIHO off OO O 2Bl / \ /\
OHOOHOP/ 1IPP\ C O\O QRixO 3CPORY CH 1-6 - 0 O
OP,cl OQOp 10 Procedure I1: A @hosghoranmidite is used

which is prepared from Cl2PNEt2 fhvailable
commercially) and a substituted og15 unsubstituted
phenol according to the follow ng procedure: A

i xture of CL2PNEt2 (0.20 nol) and triethylam ne
(0.44 nol) in toluene (800 m) at 0C is adm xed

10

15

20

25

30

and/or

In the above formulae the symbols have the same

meanings as in formula I.

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

recovered, for example, by filtering the mixture.

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

invention.

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

The examples which follow illustrate the invention.

In the examples the abbreviations wused have the

meanings indicated below.



slowly, with vigorous stirring, with a solution of 20
phenol (0.40 nol) in toluene (100 mM). The formation

of - 43 a white precipitate is observed. The m xture

is allowed to clinmb to ambienfltenperature and is

stirred, still orously, for 2 h. The mxture is
sub§8§uent|} FFVFgPQ&téQlSnﬁed of silica and

conegnt r at edquigdanentvacuumto give the

pho§Bgoran1 ite (ArQ 2PNE 2 wwth a purity of nore
thart-9%% AddPERGREFPY 4 ¢6mmercial |y avail abl e di ol

is 4yyd. The-pénkbnwmﬂgrg&aeral procedure is
gepg%ggﬁtat ﬁ 100 m reactor under argon 6 nmol

of phosp oran1 |te are introduced in 20 m of

anhp@ridus tebuere. ofhecsoiarsonni softi thed mto@@candto be
7. Shglir8ty@natel, SO&Ut'éH}fgsﬂ3HHfH§ﬂ B'CtT_'ckdﬂlo of the

et her are”added hereto over 30 mnutes

f or REFPER 6F éﬂo\?vﬁlst O o cqapiamisd it ofxeriitiahdwmeer of

nixhuuasigfswirred at 15 anbient tenperature for 1
Asolutlo of 3 mml| of _ diol and of

@ ?FﬁﬁFHe |ﬁ)20|ﬁaQﬁoanﬂ§drBB§ W$§Ee|Q§ moles of

subaelqpenultylllat r Galdiced fadropa seoi rttma t hembeeacif omoles of

m X L.gh i ed 710 Th sus |on|

sti ?#égt\#gggous 9%%250?% %%ouftsheZO gﬁgé‘t hen® AdN,

fi| eépgdsungénocaigonlen a(séu)of dadi ¢ mathylpdutAforitrile

ringmag)with toluene, the filtrate is concentrated

under reduced pressure to give the desired product,

13whi &Rt s usQéSwFPHSW?tPGFPHQN purification. 25 The

fol mowi ng | mgands iweee prepared according to the

procedure des r|b d above:

Exaffp éngaW8 dét ur ePhosphor- Diol anidite 4DHo of f

O mNBtl2 - m411¢m®le®s4ﬂ-\ \1/ \ Owe

20 The various products in accordance with the invention

may be prepared by one of the two following procedures:

Procedure I:

25 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

30 available commercially. The following general procedure
is representative:

In a 100 ml reactor under argon 6 mmol of
phosphochloridite are dissolved in 20 ml of anhydrous
toluene. The solution is stirred at -10°C. A solution

35 of 3 mmol of diol and 10 mmol of triethylamine in 20 ml
of anhydrous toluene 1is introduced dropwise into the
reaction mixture, which is held at -10°C: a white
precipitate forms. The suspension is stirred vigorously

at 25°C for 18 h and then filtered under argon over a




5EQ -O-P O O-P-O p2i qOP NO HO OH Ove MeOOVe HO 6F/

\/ \V/ \V/OHO O\ I~ 11000 .0/ \ K-0--NEt2 O\/ 0 HO

OH 1 10 @NEt, O 'O O P-O Exanpl es of hydrocyanation

of 3-pentenenitrile (3PN) to~ 4diponitrile (AdAN) 5 The
general procedure used is as follows: Under an argon

at ntBEghé&te RS nflephBer Jfdes tTbesingurpped tRilaeng, the
SepEuMt 8500PeE conebargeadedn usidesesHtedVgitshiddieo give

ligand (2.5.eq), -.1,21 g (15 l,; 30 eq) of

anhgg?ou € H\?& PEWMFY0. %Wlf e&)seaf Nitewh) Barther
andptheéfieatsoncid (0.5 mmol; 1 eq). 15 The m xture is
aken to 70C with stirring. Acetone cyanohydrin is
Injected into the reaction mxture by neans of a

syrThge farliheiing adigandsofwaxeispineppesed hteordi¥negr t® the

houps,etal,pbegbsepibBg syhi89e driver is 20 stopped.
The m xture is cooled to anbient tenperature, diluted

wi th acetgne and analysed by gas chromatography. - 45
Thé&Exaewle t bigand |Stmstured i n t he t abl e h&hwspho- Diol
EXxanpl eLi gandLewi s aci dDC .-
chloridite
1 A HO  OH
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SN
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Procedure II:

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

A mixture of CL;PNEt; (0.20 mol) and triethylamine
(0.44 mol) in toluene (800 ml) at O0°C is admixed

slowly, with vigorous stirring, with a solution of

20 phenol (0.40 mol) in toluene (100 ml). The formation of



Li nearity (3PN) 8AZnCl 264% 0% 9BZnCl 214% 1%

10CZnCl 220%73% 11DZnCl 244%76% 12EZnCl 211%2%

13ECQOCI 232%74% 14FZnCl 216%67% 15GZnCl 248%80%

16GYCl 364988% - 46 CLAIMS 1- RBocess for

hydr o nati ng a hydrocarbon conpound containing at

| east “(ygﬁé:eetﬂﬁﬁ@rﬂlcta&%a%%r%b$%ﬁv¢ﬂ/ STheasikhgret isnailowed

| quicd dECh MWl el 1LGHH0 OEdn @é}&@fe' Andt he Pse @fl&? still

of a.catalyst conprising a matall el enent se

f r oMLEPHRYSYon Ll & arfy an'®® gafﬁ?-étuF‘?gahﬁ SUbsequently
charfddtterdeziedohn éhailed hafo:rg@ni:@L%I | gadnd coel@re{n%%}@é%lunder
0 ney al forrru a l oW . ,

5T, b%%ﬁ%r/ PiYE Ghe, phys Wo%afllﬁ&e E%AT@ IENEfs jWith a

whi gleritly) of avedeTthamhioSh .are identi cal or different,

I epr, h to

PR A A0S ANR - SO Gl BLITDL RO BB ne
r eprré@3eRtiads FsSeiradt oF osedureu st |rtelEPtr@@ engegiwei:c,

al i phatig oriaycl gal i pP@éé@ofadlLﬁﬁierconH& shng @nenﬁ’r\rol of
re.rings, which are in fused form or and whi

y PEOSPROT 3BEL5C ndre Retesrice s, l’(}vh@loe fhe of anhydrous

radlt(balu&ne The solution is stirred at 0°C and 7.5 ml of a
2 M solution of hydrochloric acid in ether are added
thereto over 30 minutes. The formation of a white
precipitate is observed, and the mixture is stirred at

15 ambient temperature for 1 hour. A solution of 3 mmol of
diol and 10 mmol of triethylamine in 20 ml of anhydrous
toluene 1is subsequently introduced dropwise into the
reaction mixture, which 1s cooled at -10°C. The
suspension is stirred vigorously at 25°C for 18 hours

20 and then filtered under argon on a bed of basic
alumina. After rinsing with toluene, the filtrate is
concentrated under reduced pressure to give the desired

product, which is used without further purification.

25 The following ligands were prepared according to the
procedure described above:

Example | Ligand | Structure Phosphor- Diol

amidite

4 D Q Q HO  OH
S 0 K@
QO \ol OQ Q\O’P\NEQ




R1 and R2 on the one hand and R3 and R4 on the other

hand 25 may be interconnected by a coval ent bond,

hydrocar bon chain
whi ch are identicw

or

a

a heteroatom U1, U2, U3 and W4,

or dlffereﬁﬂ ~ represent an oxygen

at[@nror—argadr cal UIII N 30—} derotas ——on
a |[nonoval ent al Lyl v Mec E’I kyl, | sul PMe O
cgrbonyl fadicall, / OtBu B tBU u t Byl
Mg Me tBuftBu Rc ,p p\%| D \%E]e}\ R17
R|17 0 0 1\ R1Z ‘( \CP(\O @%R'@ EQ0 |0
140 10 AD OR15 R140Mh i RAY representsman al kyl
ariyl , hal pgen, al koxy,
6 F “Iisi» ‘4!> HO  OH
® ¥
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W W,
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O’P‘ o":"0 Q o~ I\NEtZ
O O
Examples of hydrocyanation of 3-pentenenitrile (3PN) to
adiponitrile (AdN)
5
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
10
- the ligand (2.5 eq),
- 1.21 g (15 mmol; 30 eq) of anhydrous 3PN,
- 138 mg (0.5 mmol; 1 eq) of Ni(cod), and
- the Lewis acid (0.5 mmol; 1 eq).
15
The mixture is taken to 70°C with stirring. Acetone
cyanohydrin 1is injected into the reaction mixture by
means of a syringe driver at a rate of 0.45 ml per
hour. After 3 hours of injection the syringe driver is
20 stopped. The mixture is cooled to ambient temperature,
diluted with acetone and analysed by gas

chromatography.




thiol, cyano, nitro, aryloxy, alkoxycarbonyl, acyl or
fornyl radical. 5 3. Process according to Caim1l or
2, characterized in that the organic |igand of
formula | is selected fromthé3>group consisting of: -
49 - OPP 1% p Q sCAP P--0 ?0~ o S_tBu tButBut Bu
Meo TBEMVBEREESS\ 28k CAMPL LRk dNOMBeotPbleaPelom:COVB s
MeCO tBu tButButBu / \ CHO CHOC/-\\ Noo~-j o g ~~p
PR/ 1 P1\ CHOs HOO O\ \~1\ s\ |- tBu

e JEXPIoRle [Ligafl| Epws aqid 6 B2 e eS| t But But Bu

- 50 (3PN)
8 A ZnCl; 64% 70%
9 B ZnCl; 14% 71%
10 o ZnCl; 20% 73%
11 D ZnCl; 44% 76%
12 E ZnCl; 1% 72%
13 E CoCl; 32% 74%
14 F ZnCl; 16% 67%
15 G ZnCl, 48% 80%
16 G YCls 64% 88%
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CLAIMS
1. Process for hydrocyanating a hydrocarbon compound

containing at least one ethylenic wunsaturation 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:

AN JQQ IQ3\ Jq4
U1 \T/ U2 U3\T/ U4

| !
O O
N\ /"/L1\ /

Rs\fl-2 n R

R

()

in which:

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

phosphorus, arsenic or antimony atom,

Ri, Rz, R3 and Ry, which are identical or different,
represent a substituted or 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 R; on the other hand
may be interconnected by a covalent bond, a hydrocarbon

chain or a heterocatom,

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

sulphonyl or carbonyl radical,
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in which R;; represents an alkyl, aryl, halogen, alkoxy,

thiol, cyano, nitro, aryloxy, alkoxycarbonyl, acyl or
formyl radical.

3. Process according to Claim 1 or 2, characterized

in that the organic ligand of formula I is selected
from the group consisting of:
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30 are nickel conpounds selected fromthe group
consisting of: conpounds in which nickel is in
oxi dation state - 71 zero, such as potassium
tetracyanoni ckel ate K4[N|(CN)1Q -

bi g(acTytoni AT B ket eru bi—s=
(cyfcl ooct a- jwsbgr! zero arjd derivatives
cort ai ni n Such etrakifs(tri- 5
phenyl ph h| ng) ni ckel Qzer «@
as |car box}{l a0 bi car onat e, bor at e,
brgm de, ori g7 ot hi ocylanat e, cyani de,
f or|mat e, dro ydrephosphi|te, phosphite,
phgsphat e and es, iodide, nitrate, sul phate,

onpounds of nickel such

sul phite, aryl- and al kyl sul phonates. 9. Process
according to one of the preceding clains, 15
charfact eFirpegsisn tlvao ndigidor gani rconpoundslaiont ai hi ngo 3,

at c%%%%c%@%l%kﬁylqp'@h@@”@h@ berdiane %9&3 {ﬁg %§ogélected

di ol ef i ns such as butadi ene, isoprene, hexa-
cyclF868t athes- arene, %QW@H%%&%QUIQﬁ uRd&tgrlat egobalt, iron,

8l i phahiea it i | ehodaspsei aldayrlddieas, pendepenhfril esidium,
ch.as pent-3-enenitrile andﬁgfn -4-epenitrile,

rmngt)t PETRE suSRPRE gt y e ® Tret yrefic, cadmium  and

vi nyemaphtyhal ene, cycl ohexene and net hyl cycl ohexene

and also mxtures of two or nore of these conpounds.

25 10. Process according to one of the preceding

cl aPrs, PeRge&st @dcasdling tthat ondeodnddet wfecetpomndlaims,

10f &h@%@bte@&z@ﬁ anptdiplt tEROSLELOP i BRt 3k U384 il o t in a
sel ectegﬁsuc that per nole of organic compound to

hydra&y apgéseomepéﬁﬁerlzed bet ween 10-4 and 1 nol of
ni ckel or of the 30 other transition netal is enpl oyed

and g n that the _anounf. of organic Ll of formul a
(1) usedgfgcegéléﬁﬁﬂf%ﬁﬂﬁ1?%g?n?h8 fn (NPQﬁC ng otaims,
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in

t he "prece l"ai'ns, ~"characterized in that the
hydrocyanatlon reaction Ms [lehrried out at a (I
tenpar ghteg from 10C to 200C.

M is a transition metal,
L¢ represents the organic ligand of formula (I) and

20 t represents a number between 1 and 4 (inclusive).

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

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

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

30 are nickel compounds selected from the group consisting
of: -

- compounds in which nickel 1s in oxidation state



- 72 12. Process according to one of the preceding

clains for hydrocyanating ethylenically unsaturated
nitrile conpounds to dinitriles by reaction with

hydrogen cycanide, characterizkdin that it is

operated in the 5 presence of a catalyst system
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of the Peri odi ¢ ‘Tab El enents. 30716. Process
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cadm um chl orj de, cadm um
vinylnaphthalene, cyclohexene and methylcyclohexene and

also mixtures of two or more of these compounds.

25 10. Process according to one of the preceding claims,
characterized in that the amount of compound of nickel
or of another transition metal used is selected such
that per mole of organic compound to be hydrocyanated
or isomerized between 10™* and 1 mol of nickel or of the

30 other transition metal is employed and in that the
amount of organic ligand of formula (I) wused is
selected such that the number of moles of this compound
relative to 1 mol of transition metal is from 0.5 to
50.

35
11. Process according to one of the preceding claims,
characterized in that the hydrocyanation reaction is

carried out at a temperature from 10°C to 200°C.



brom de, stannous chloride, stannous brom de, stannous
sul phate, stannous tartrate, indiumtrifluoronethyl 5
sul phonate, indiumtrifluoroacetate, zinc trifluoro-
acetate, the chlorides or bram’des of rare earth

ele ts such as | anthanum .cerium praseod
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organlc I"i'gan nerar for
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2- Mt -BHerdranenilld i laga peRhtd4ereRintikidi@e PERAY 3mixtures
g |trll%q pent-2-enenitrile, butadiene,
di&ﬁﬁ ‘e, 2-nethylglutaronitrile,
2-ethyl succinonitrile or valeronitrile 35 21.

Progess aheldlnoabeoehifgr of €half 19 a Micierized in

characterize e |soner|za n fe
car rihed od‘-theat lame@rrpep@m@ﬁ@em@m@@@ t ¢or0@cn 22mounts of

Pr ocASR ACEOHSb B8as 0 sEh @B a1 % A 2ene- g%up consisting of
characterlze |n that the isonerization “of

29 mA ABHL P Senadiited ko pent eAehpthyiBytig-enenitrile,
carrﬁeeﬁtmﬁeﬂamtﬂtqldqresenc\ﬁapér@;ﬁl&@ﬁﬁé one adlponltrlle,

ST Rl e & el QI8 QLA P ana puca
cocati@nest conposed of at |east one Lews acid. 23.
Or ganophosphorus conpounds corresponding to the
25 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.
30
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-
35 sulphonates, halocalkylacetates, perhaloalkylacetates,
carboxylates and phosphates.

17. Process according to one of Claims 12 to 16,

characterized in that the Lewis acid is selected from



general formula | below R1\ ,R2\ R4 Ul. U2 U3, T-W 1

1 OL O\51X R5 Rs L2 10 in which: in (1) 15 T and

T1l, which are identical or different, represent a
phosphorus, arsenic or antlnDn?3aton1 Rl, R2, R3 and

R4, which are identical or different, represent a
sub3iNEut Sl oF LS Ul ubEPmisieonmeiac 200difdghatmanganese

or eMChbealkphaiainganadicC abr SPIEE | SEREMQAR ¥h10A'E®, cadmium
rlnggpﬂmalch are in fused formor not and which na

fie Gr-3MBS Shetet Vet Yirs, SHABFEUE h&ToRdC al Stannous
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OXYgeanah Pm OF, s adical 13&5959}4' a 'H%f y}m'ﬁrg%ﬁsodymium,
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ar eqi,¢ %sgain orhaﬂfrﬁieﬁentermw eSeRb1180md Yyt PErbium and
cycl oal i hati c roup whi ch may conprlse het et oat ons

14 hdlBFebhE™or r FRBELE n FHldFdor m SFTTRYE, ooride,

whi gbtat emsuhsbiidéednar mipeubsti thkedord n is an

integer equal to O or 1, L_, when nis O, represents a

di val ent radical selected fromthe group consisting

of tRe gPoopssAR7aCAREIiNG SIRORIG BRLI1C1§imPORL2r to 17,
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and R12 may represent the radical
15 oTSRIZSCRED ARATRE Flopkesfit Mok kmr "@pyP f transition

cycheshkytompéigal s,

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

25 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

30 2-methylbut-2-enenitrile, pent-4-enenitrile, pent-3-
enenitrile, pent-2-enenitrile, butadiene, adiponitrile,
2-methylglutaronitrile, 2-ethylsuccinonitrile or
valeronitrile.

35 21. Process according to either of Claims 19 and 20,
characterized in that the isomerization reaction 1is

carried out at a temperature from 10°C to 200°C.

22. Process according to Claims 19 to 21,



15 L1 and L2, when n is 1, are identical or different

and represent a coval ent bond or a radical selected

from the group consisting of the groups 0, NR7, PR8,

Si RORlo, BR11, S, POR12r SC2, 780-and - CR14R15-, in

which R7 is as defined for R above, R8 and R12 nmay

r eprisERCtend zeg radithat orasriseme RizatRion RS, 2Rmethylbut-

R126—B%%n1@¥ﬁFy“k$n§ehﬁﬁhéﬁﬁﬁkl§égyHﬁsaéﬂfr?éd out in the
cycl oal kyl rad cals, it being é-ﬁ:pOSSI le also for R14

and PRES e%%n%eésFyS‘PSg angigrhonpguetal compound, at

Conn@lamts oarecaml;amd PHIspho s gmqpaﬁgpféwﬂl tige toﬁo:émﬂea (1)
, [ tBu .

? Buth Bu trisatadvs fschiea 38 25 Mengs ans i weid.

S1 Pl 0 CO®B S MCO tBu tButButBu/ \ CHOCHO QI \ \

CHO,3 HOR ! QEQQﬁ@gSEEE\hQUt@Bﬁ%%unﬁg gorEeEBBndlng to the

t But But Bu
general formula I below:

IR1\ JQQ I?3 JR
U. U U *

0 o (1)

10

in which:

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

Ri, Rz, Rz and R4, which are identical or different,

represent a substituted or unsubstituted, aromatic,
20 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

Ry and R; on the one hand and Rz and Rs on the other hand

may be interconnected by a covalent bond, a hydrocarbon
25 chain or a heteroatom,

Ui, Uz, Us and Uy, which are identical or different,

represent an oxygen atom or a radical of formula NR in

which R denotes a monovalent alkyl, aryl, cycloalkyl,
30 sulphonyl or carbonyl radical,



OPOaNo'P~,P'"0ON/ s MMOS Me tBu tButButBu - 77
v o0 CN P, O.0p*%NO OO tBu tBu tBu tBu CH O
0O 07 O MO CHOQ P~ O .~CHO O -P, 09 one 0 ep 1.
s 0.~pl~ MO 9~ 1 &1 tB tBu tB#5tBu u' P O-
Rs and R, which are identical or different, represent
an aryl or cycloaliphatic group which may comprise
heteroatoms and/or one or more rings, in fused form or

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

L., when n is 0, represents a divalent radical selected
from the group consisting of the groups NR;, PRg,
10 SiRgRi1g, BRii, S, POR;z, S0, and CO, in which Ry is as
defined for R above, Rg and R;; may represent the
radical OR;3, and Rg, Rs, Rip, Rii1, Ri2 and Ri;3; represent

alkyl, aryl or cycloalkyl radicals,

15 L, and L,, when n is 1, are identical or different and
represent a covalent bond or a radical selected from
the group consisting of the groups O, NR;, PRg, SiRgRig,
BRi11, S, PORjz, S0,, CO and -CRjsRis-, in which Ry 1s as
defined for R above, Rg and R;; may represent the

20 radical OR:3, and Rg, Rs, Rip, Rii1, Riz2, Riz, Ris and Rgs

represent alkyl, aryl or cycloalkyl radicals, it being

possible also for R;s and R;s to represent a hydrogen

atom.

25 24. Compounds according to Claim 23, corresponding to

the formulae below:
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