; ‘/012e3e4 X4PPQSVTWBWI, X{ 2 6 NOV 202 Catal yst conprising a conple ab
met al of subgroup \ﬂ“”wummmmmm ar bi dent at e phosphonite |igand and 25 NUV 2002
prepar ation of nitr resent invention relates to a catal yst which
conprises a conplex of sge@®tal of subgroup VIII, which conprises at |east
one bidentate phosphonite ligand, a process for the preparation of m xtures
of nonool efinic Co-nononitriles and a process for the preparation of

adi podi ni t rideealyst atetptiiscnigy dr coyplvat iognai metak difd spbgseus VT dashda
catal yst. Foin theibsgusid iphosphedues i Niaah pAkYardsies: ibhese ik les

consi derabl e demand wor | dwi de for a,w al kyl enedi am nes V\hl ch serve as an
important starting nateria al kyl enedi ani n

hexanet hyl i BRERGLE A AR AP S08S 4 Pf%&%eftﬁsﬁ VB G MRh e Rat i ng
the correspsidPAGXdPHid rmatad. ofi FRRGNIUP NTTTi nditidl COMDTI8es et fléftastthene
producti on dfideexatetphydsphediiani higand theretese fwsehei ptéyanarioanps of

t he product ifixkt@keadspasbndidieifi fic of ;-tdnehi ebDlds bn@ Hi plocdsITELE €hé ONS
are 20 prOdé%% ai‘QE'_’:'@xlt | o ‘%EirlpoW!LHftrﬁe ‘6‘%‘ sasiPlic MyadocPiReidndustriel I e
Or gani sch 4tp d|t| 0N, P-LV‘EI nhei m page 28’ et” seq., describe
four basi cala y fer en rout &8 F oYt he preparation of adipodinitrile,

i ncl udi ng 25 the d| rect hydrocyanation of 1,3-butadiene wth hydrogen

cyani de. | n Rofethasindighyigde8rphoeetan ofpReAvemidesn theaefis st st age gives
a m xture ofconsdderaksleetamamdnivor Ldeiie florch, wsallswnmarediedines a vgeednd
stage to gi werpeedonimanigort3ntaptadcRRNmanenidli 6. o-Adikgodhadidiimsi,s then
formed ima stuenr ds St &6 dDhydRnAE AnSlk Markoynt koYL @gsm}w&wl@elwﬁyt' on
reaction wi tbh REBLENSIL] b€ coPPRLIGA HaMRaenaals JCat al Vol 5 it
Organonet al i &SWB o aa el m %f escri bes
in general tifGuss éﬂjdlrtci”(fﬁsr &8Et f‘B‘ﬁ RFPMCE 8 et E'V%‘?l“ﬁ ?IPF‘HI PRs2bfider
het er ogeneoudiezrdone mranddad lyavar st of ntpareyedncaioncafal ysts based on
phosphi ne, phidpplatetaiie plodsphiohtabadnpl.éxesl bfomirekelicanchofangal | adi um
are used.2d@rodlieegr epasatliyowooidatdegodi nitril e by hydrocyanati on of

but adi ene, predom nantly nickel (0) phosphate 40 cat al ysts are used, in the

b
Cormun. , 199 %gggge‘%éj? e Rl 2 fgsm% © Qi ?t” C@’E g&gg“s for
e 7Re3k. Thead Hdsaldl, I g

hydr ocyanat i Sgal
bonded vi a tdAdE6FePt sr%&?ﬁet“r"ﬁt bhg FEEFHaPTé‘tSma‘Pt’EI 5311 t'LFBh%e 'of1“§ludllng

2, 2' - bi na®fhtthgl dineet Rydrueoyanehiee ehus Fbrhadiere neﬁbehe@rmremepéﬂe I n
| ~NAI Bd~d~~ In +the 2as2-rraddnedoprot¢ess ,omonhadéi ticireriocypckesstegtagekew se
be |inked vigvas2a2Zmibiniaphkithybonetic tpentenehatbi tent ahechhed aisonleirgaad. | n
J. Chem SogG, aCQe%n&Qmmj& rtolé%e pagRn8danely SRO.ans@d3L08M e Bhel ake

di phosphite cd%gg %Eér fe Nig clgg% 0%0&% lLat Qﬂﬁ@)sftaaé;% %ngﬁ%d ed for this

pur pose, nit .nstead i nap thyI uni t
as the br| AR ‘é ng§n4ﬁ§a c?egé?:ll%sr%acbtrlé’@eg’%tt‘or the gas- phase
hydr ocyanat i%o®€8FeBed 5% in the presence of a supported nickel 10

catal yst based on at |east one bidentate phosphate |ligand, the two - »
phosphat e grogpdibéi homdyarndged Dytahysisswhishi OugacbnertadubsCotpbedis”,

2, 2" - bi phenwlo1gr eypvcit/SrArihed 40, Pode dasFleitbesqa, MRS DebOlint fenegag- RRase

i soneri zajg %d‘lftlgnatgé/étl?bnm%'ioﬁﬂzﬁﬁaé‘é}l yah@Se t 01 A ‘éﬁ.éf&ﬂ@%n@er and/ or

4- nmonoal ken I Lrl | 3 e of at ib
S A 5. 449, g%% @%éi‘g 46323’ 3} 8%86‘ S catatlgglg Al ty;hatr%ﬁ §I&r ‘l[a.l sts
monool ef i ns,Pask \Aﬂf‘cﬂh‘?;%ﬁrti'lr&?st ?hﬁﬁglejdteor?nf]ePB"%%kI‘b‘HttenlceR‘éFe’é qu d‘éﬁt‘ﬁte
phosphat e Ilagtain9§ ralladiuséde pAed heBr [thgandspaxaision0 ofhadpped i igradps
t oget her w tdy hwdrotyéiieei fonoxfgentad tere apeefaninaitian ndeckkl{ Upsgthosphite
7- menber egh ttettengeyglere Raldas oh tReSErd¥easRhal CaglidaniRs o3f 8 LRk kididged by
aryl -fused gl %Ioﬁ%eegroups via the oxygen atons which are not part of the
het er ocycl e. A-5,512,695 |ikew se describes a process for the
hydrocyanati on of nonool efl ns in the presence of a nickel catalyst which
conpri ses a ‘bi §8fFat 2Pho<HIeRe CPIPaRd. 1ABL36P294 852 Hes SESBESPES fitddéds for
hydr ocyanat iagyli diphesBoi tasesendégahids fvrchebroayanatsitorbgecdlpsts. Hindent at e
or pol ydess aihesphospieds, |dganptosphivke cdrdulpe iphospded & igr @upsofirecsnot part
of a heterogyglen hgmgrw%eugedaggubl SgikRgnk hge pﬁfbs@hak‘?mgé
S

correspond tQ~ hosetgeslgzrl be ﬁug\ofgSI(l 4659, mg eie?c%:é 4 nst:’ri bes a
process for uhy r’ocyana |on in e presence of“ a ni c(?<er] cat ai"y based on a

bi dent at e conprises at |east one phosphinite group and a
further ph mﬁm m& ai ning group which is selected from phosphinites and
phosphat es. osphor us-cont ai ni ng groups of these 40 bidentate

ligands are in' ?"Bﬂzn bridged via aryl-fused groups. WD 97/ 23446 describes a
process for the hydrocyanatl on of d| oI efi ns and for the |sorrer| zat| on. of

o - o o T T



z 6 Nou zooz 3 WD 96/22968 |i kew se describes a process for the
,hydrocyanation of diolefinic conpeunds and for the isonerization of TR0V 2002
‘resul ti ng, nonconj ugated 2-al kyl - 3-nonoal kenenitriles, a nickel (0) catalyst
based on a pol ydentate phosphite ligand being 5 used in the presence of a
Lew s acid as pronoter. The 1|a1)hosph|te oups of these polydentate |igands
are once agadditdmporteint ©fothes§|hdieyosyRéeermay dikevane eyl inkeBr viged vi a
aryl -fused g@r,Qupsindydrshydf uhbe aboiement bodedt gueblcheatitenkigtesicr thes

hydr ocyanat i;anciém ¢ yﬁmﬂaas&simm Rhasphonbdfe Ielogaeésseci n ra%&b ylh@r no

I b hg d
gﬂgg;g; dgzlgﬁ.’?gé' PRt €e %‘&L ‘%{el% pH?&kéle ﬁd 8§ {]rf?ﬁg &

eSss 0cC, n
unsat ur at &d 9€§fb 61&‘?1% q%n glﬁsnﬁ EP%ﬁFe’ 1au t'?lergllél‘q‘”@(ﬁc?%ﬁal?e%}go&ﬁ such as
nitriles, i ﬁnﬁﬁéa%r%fs@née%f’bhnﬁ‘ﬁ’ml gathl §sttherhad dIhng kEIOWPat al yst s
carry four | i gands of the formula M X Y, Z), where X, Y and Z, independently
of one anot eLa-gf 2 Ea0N detddived RpeocERs afsk Rhes gaslprdisd hfyﬁ@mal kyl and
aryl groups c%ny@l&p o8 4§81 D At M BeheHRWEY Efice Qﬁ‘ % ebaﬁmerae%lengl 20

phosphi t ment i,one pr cjtl n £ nple or t he
hydr ocyaﬁéﬁl 0 t%a % ﬁ Jh ie syt %n% BY g?ﬁl%aece |P?‘°SHE%% lﬁﬁnéphom tes
can be used t¥§ PF‘@%RT&stef §F°HP% ’(r@ W}}ﬂ%ﬁy%aﬁq &HSBQFH%tcesd oFn

particul ar, shbsbiteridatie 2¢heiphenyphesphoni ¥e-31ydids 087 edefasdbeBed. 25 |t
is an obj eciproi:esélefq:tr edenyas fApieadd drsomerpeavide afovehlknl el yohsabkeesd- on a
nmetal of subgkeuped/ldd givBeyisdonlzl phalerabliodtakegendeseleaCtinvihy and

good cat g fdd A4 ¥nkNchber ¥arabLen Pfysladsb e and
1, 3- but a?i%tﬁggggn%%l ni Br% 38 hydr ocar bon mit ulf esUS Iér gfg%g,g%(?n t hey shoul d

al so be suitable,fo e catalytic isonerization of nonoal kenenitriles and
forthe aduiDr 851 fad ERCRIEEY @ PRREE BP Bt RO PEnt e, et h
sai d monoal KeReRlefinses inf Bhiek AANGYESF PATEDIBHECEPIBALITt AdFHBdi #d ri | e.
35 W have $udpntstergihpspbihe 1igandshimeyobg ewted s Iachhevedl igandat atlyst s
based on @ pRbaphDie SHHUBOUPoybtHembBiich €oOPsE Ihedlr bRagén e deat e

phosphoni t e Je gang-y 4G, Ibe PLASAMrddveRbESdydher eheke bel@ld® bRosphite

catal yst conpr n ¢ I

caalyst comis e N R AT AT ?35&‘%%% 8! Shou 5 T ra

~0- P-OR2 A $*YFEP-PrS wgi:c 1%r\a/\hrére PRTs® a oS3 Jr<y1 ene bridge which
may have 1, 2 or 3 double bonds and/or 1, 2 or 3 substltuents whi ch are

sel ect ed & SerarRy312,608 dakRyisardesgrybesi @ BeIaR§spdesi vhe for the aryl 15
substi t uent haddotyanetlilop bd memoglefing on Bheubstsengent§ ariictkedre sel ected
from al kyl , cakkbDyyy vhdlcbgeampttsdd uomadehbyte phidsphital kogarernr bonyl and
cyano, and/or the C2- to C-al kyI ene bridge may be interrupted by 1, 2 or 3
nonnei ghbor ia0os USRS ek 26 Zg%%te' sbUEEH hAI0ahalEon A6k 20 the Cz-

to C--al ene nma one ee ar
het aryl glg%%’lo@resen?e gb% n%¥‘1055| bl & la'r tﬁgs ‘asoe%l % r)}ldegftiat%e? ary yg?%tate
edch to car P@‘OEPh?teorl@ EE}béPl‘t"h’e‘?ﬁ FhRnPERSBR B & ATOUPEJFF o“rﬁ"alpﬁg

cycl oal kyl , hgtgrocegleox Fhecgepers kiped farybvidgingcyphe Rhpeppsite groups,

trifl uoronetchylresﬁ@mlttor thoeg adess cicidrelgoxyl WO a$ kobéesar.bonyl and NEI E2, where
El and Ez are identical or different and are each al kyl, cycloal kyl or

2rzl OalR& %n%sBA 5, smea,ggn%g&wb@é é)rﬂﬁ'o@@QEh%r ng,{dr%o% ghadldylin Sge Lent s
y y é)?ec% % J‘c’e g%kk?faggt 'b%gegagn tage ngc?an% Qﬁﬂ:ﬁ

which are s fTom ¥ cl_éQas \é and %%}/I ?

i ndependent | mBFl%"n% andeRaF, O%F & tk§1 9% gaFRYFPeLr v or
hetaryl, itPH éﬁﬁﬁoﬁtﬁsﬁoﬁl"—élf‘bﬁgt?@% y'lhlﬁhdlﬁe‘i%ﬂr%ﬂte&r 6LPR RSP tlél‘é‘aﬁry 1,
2 or 3 substamtiuphosplvn&ue(sh ghe tswed gitephbroaradikydinicycbgoabkylqf ahgke

al koxy, opchaakkexye Elgphaxyaracih .tial egeaged rvid %Q@Qﬂﬁﬁbé’ch ,grdubEQ, cyano,
car boxyl, a'w@é)’?@i@ﬁ“é'esé?gbéﬁ§?prdﬁé%ref5} a69t£@¥ &t he

abovenent | O%ﬁ lrrganl ngs, .9 eﬁ‘ [t or_mxiure % 3‘% resent

i nvention, AT c’I'V'nc e S AR R YAd ]B?’?ﬁ &4%al kyl

groups. Thedétaieehriat &bP§e§?‘P%‘?gchft-cé‘ﬁéllﬁsB$ which correspond to thosé
described in US-A-5,523,453.
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branched Cl1-Ce-al kyl, preferably Cl-C6-al kyl, particularly preferably
,Cl-C4-al kyl groups. Exanples of alkyl groups are in 2 0 you 2002 gﬁNOVZWZ
particul ar nmethyl, ethyl, propyl, isopropyl, n-butyl, 2-butyl, sec-butyl,
test-butyl, n- pentyl 2- pentyl 2. nethylbutyl 3- et hyl but yl

1, 2-di net hyl pr opyl, 1 1- dlnethylpropyl 32, 2- dlnethylpropyl, 1- et hyl propyl,
n- hexyl, 2- WGX96(ZZBGﬂeﬂhybpeaeydesdixkemeahyt¢mnuﬁﬂfpr4tnetHudqmewhyhtion

1, 2-di met hybugybie findwdcBRbBYAAP WNH £02, §hé“:['§iﬁrl&|lgﬂ{:i/$n of the

1, 1-di et hy
1,1, 2- trlnekﬁggylln %o%h%ﬁ%@%#?ﬂiﬁLaﬁ%y I&ﬁﬁ EH% v a etgy#butgl
1. et hyl - 2- R b DpyHatanThE p3Ted. mﬁ 3

1- pr opyl b@t yEednth o‘%heylpreignqﬁeoﬁy%ll@a’llﬁyﬁcwcﬁﬁppFé’mﬁF@Fer% )Phosphlte

C5- C~-cycl ogkkyps cfuctheas pytydeperatd ligyodshereylonoe syzimoheppphents ¢he
cycl oal kyl gkgupﬂ@&%&bkbu&@ms idndpraepabyidiRs ¥ia2aryis fAsed §Folpsi N
particular 1, 3, substituents selected fron1a|ky| al koxy, halogen or
trifluorometh r referabl tolyl, X

napht hyl , k ﬁ?d%éﬁéf a%ﬁeﬁ%? %%ﬁl %QX % Ig%gﬁs ¥ Bés Qﬁ‘rogéﬁg?tl%enyl
20 or na&ﬁtﬁ?FalY?tﬁlﬂﬁsﬁpyPngP Q&?¥§ﬁb%f ?Qﬂ%ﬁilana %ﬁ%ﬂ%&bl?ohas 1, 2,
3, 4 or 5, parelyetsbapegrenebidantate ghetate Eé@ﬁebpa t§s Jaxnsr dgscribed.
substituents in any position. Hetaryl is preferably pyridyl, quinolyl,

acri dinyl, p¥LAdfziewl23728eByFivadliaYroksPyFaz ithyl hy@b@%}dﬁa‘tﬁ@ﬂ betaryl
radicals pr ggggm%pm uilxsa@uPe[teﬁ BhEH@%ﬁc%elnsgt fald fﬁ@tﬂbky'

al kox I trifluo tenment s
cycIoéIkG% gﬁHCE} a%éﬁ]BEFs %Héh asI |C§6 e ina gSrPE% O M naﬂh%$é%o
al koxy, cycPBéFkﬁ(‘y IhGssr PLokst r“e?dia&éﬂs§5 iR SRR %l?)"i“ﬁse bithe

N, N- di met hy formuda gt @&/ FAyE) » N\vbexR pgh.ofy AN N-idepspdenyly af rqneu apobhgs |
N, N-di -tert abatydch N Madicyl| BhexydR eand\NRNigli geieaykd fﬁmgel.rkyllsahﬁumrylne
chlorine, bgeshpe &f dpbd'bn@s PidaT altloyhs40ndeiir,nendy shddphines hndt he

phosphonijge LhibggRase OfarkhReiol SAL R dxp1REi 8¢ % a2Bdubda ﬁf‘q:hezexagg fediot
|1nked to Oge robgl *}gdméﬁ fat ol AR e Loy Al kYL SN P Idsdagonby ch 1s

fused with

substltuentthﬁFcPP?%PQQQ §8geﬁa$ %ﬂe FS %&%ﬁQéﬂ Eﬁr ﬁﬁaggﬁéﬂbstltuted and

2 6 N O U 2bFSrecsiisiionycatrhysts arfdy BATHRFERTadart Pisentatenghepate

i nt er r upt ed phbysphenitsuBdganas earordesgydbpdut ed het eroarom The fused aryls

of the radicals A are preferably benzene or 5 naphthal ene. Fused benzene

rings are pref esabl YousReubsti twd gfke¥enRa¥fvdat drOko3prévidi@oveul ar 1 or 2,

subst i t uent Ea 1§§tsarb%s§e' ﬁtgqnégaqm o gﬁbgr&lﬂ(@ﬁfﬂi "2h o0 Shou1d

trifluoromebhyke, Bl %avgag 58Yla: dld %xgag TlocADde YN0 L3569,
era l§;£ non

ht hal
and/ or ﬁ”iah?rhﬁy#){%cev&nﬁta Debd Bl Sl IS o[ the i g,

of the s9sPYEERFADLMeALFERESS ahAL FEPLY het’f“iﬁééd‘oﬁe Azah A geitehied
napht hal ene§ovhtled catalytbst Lsensidaripneof usenpalkegepief ekefolapdhior the
substi t uent addithen arelaeaiposof i the tsecohd pbbspliEnicfehgdoegen Hylasids . ¢itehn
preferably ahkil néfoahkenkoxycasdomdr ekample £asenel ptbgasithsh beent's of
the fused apyh§oqfl#Hi1led preferably Cl- to CQalkyl, in particular nethyl,
i sopropyl _o.T1 tert- butyI Al koxy is preferably Cl1- C4- al koxy, in
partlcular met hoxy. Al koxycarbonyl is preferably C - to C4- alkoxycarbonyl
Hal ogen is IR B%Y?l%HHE%lSFPE$¥|$&PQﬂ REoFPRR. Ogﬂ?CFlehéc?i?Vﬁﬂo Z--al kyl ene
bri dge of tRetahystmlbagedsonng eretidt of Ispbarogp HIIZ whichstImnnisd at
substi t ut edlheteroat dnglenthesepasspigelieet @édgdndm O S or NRS, where R5 is
al kyl, cycl oal kyl or aryl. Preferably, the Cz- to C~-al kyl ene bridge of the

radi cal Ay t u
9158 20 B siohe b D! Lpleg 20 e dpistsglom,
2 or 3 subsf |fﬁ%%f' Gn pEF SQPQfBB?tl#ﬁégnhaWhﬁgcﬁ P §e|ected
from al kyl , PBOEPRRIISA 1dA@nAr 9F  the G98TWéa3B possible for the aryl

subst i t uent additionally to carry 1, 2 or 3 substituents iahich are

sel ected from al kyl, al koxy, hal ogen, trifluoronethyl= nitro,
al koxycarggonyl and cyano. Preferably, .the alkylene bridge A has one
substituent which is selected fromnethyl, ethyl, isopropyl, phenyl or

p- (Cl- to C4-al kyl)phenyl, 35 preferably p-nethyl phenyl or p-(Cl- to

C4- al koxy) phenyl , preferably p-nethoxyphenyl, p-halophenyl, preferably

p- chl orophenyl, and p-trifluoronethyl phenyl. Preferably, Ais a C- to
C~-al kyl ene bridge which is fused and/or 40 substituted and/or interrupted
by unsubstituted or substituted heteroatons, as described above. In
particular, Ais a C4- to C-al kyl ene bridge which is fused with one or two
phenyl and/or naphthyl groups, |t belng p055|ble for the phenyl or napht hyl

. . a ~ o ~ - Y b1



45 ‘aboverent i oned substituents. In particular, Ais a radical of the )
formulae I1.1to I1.5 2 ~~ov 200z 5 R3 R4 | (I1.1) R3 R4 R3, R4, AOMNGVIH
n3'" n4'" F R3 R4. 15 (I1.4) where 20 (I11.2} RBRA R3. R4, X (11.3) R R4 R3.

R9. Rg...
I s al kyl,

of the fornula Il.1, where

a radi cal

R3" R3... R4.,. R4' X R4..

(11.5) Xis O S or NRS where RS

cycl oal kyl or aryl, or Xis atCl- to C3-al kyl ene bridge which may
have a doubl e 25 bond and/or an al kyl, cycl oal kyl or aryl substituent, it
bei ng possible for the aryl bstituent to carry 1, 2 or 3 substituents,

whi ch are selected from dp-ogkkoxy, hal ogen, trifluoronethyl, nitro,

al koxycarbonyl and cyand, 30 or Xis a C2- or C3-akgylene bri dge which is
interrupted by O S or WR5 , and R3, R3', R3", R3"", 'R4, R4', R4" and R4"',
independeﬁily of one an eLp-@k= each hydrogen, al kyl, al koxy, hal ogen, 35
trifluornethyl, nitro, aIkoquarbonyl or cyano. Preferably, A is a radical

"'and R4 are each hydrogen. 40 Preferably, Ais

of the fornmula IIl.2a 45 2 GNO~ 2002 s RA RMA5R3 ~1 R3
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where

A is a Cy~- to Cy-alkylene bridge which may have 1, 2 or 3 double
bonds and/or 1, 2 or 3 substituents which are selected from
alkyl, cycloalkyl and aryl, it being possible for the aryl
substituent additionally to carry 1, 2 or 3 substituents
which are selected from alkyl, alkoxy, halogen, trifluoro-
methyl, nitro, alkoxycarbonyl and cyano, and/or the C;- to Cy-
alkylene bridge may be interrupted by 1, 2 or 3 non-
neighboring, unsubstituted or substituted heteroatoms, and/or
the C;- to Cy-alkylene bridge may be fused with one, two or
three aryl and/or hetaryl groups, it being possible for the
fused aryl and hetaryl groups each to carry 1, 2 or 3
substituents which are selected from alkyl, cycloalkyl, aryl,
alkoxy, cycloalkoxy, aryloxy, acyl, halogen, trifluoromethyl,
nitro, cyano, carboxyl, alkoxycarbonyl and NE!E2, where E! and
E?2 are identical or different and are each alkyl, cycloalkyl
or aryl,

R! and R!’, independently of one another, are each alkyl,
cycloalkyl, aryl or hetaryl, each of which may carry 1, 2 or
3 substituents which are selected from alkyl, cycloalkyl and
aryl, ;

R2 and R2’, independently of one another, are each alkyl,
cycloalkyl, aryl or hetaryl, it being possible for the aryl
and hetaryl groups each to carry 1, 2 or 3 substituents which
are selected from alkyl, cycloalkyl, aryl, alkoxy,
cycloalkoxy, aryloxy, acyl, halogen, trifluoromethyl, nitro,
cyano, carboxyl, alkoxycarbonyl and NE!EZ2, where E! and E? may
have the abovementioned meanings,

or a salt or mixture thereof.

In the present invention, the term alkyl includes straight-chain
and branched alkyl groups. These are preferably straight-chain or
branched C;-Cg-alkyl, preferably C;-Cg-alkyl, particularly
preferably C;-C4-alkyl groups. Examples of alkyl groups are in



(11'.2a) where 10 R3 is hydrogen or Cl- to C4-al kyl, preferably nethyl
isopropyl or tert-butyl, and R4 is hydrogen, Cl- to C4-al kyl, prefer?a&lNQV 2002
met hyl , isopropyl or 15 tert-butyl, Cl- to C4-al koxy, preferably nmet hoxy,
fluorine, chlorine or trifluoronmethyl. Preferably, Ais a radical of the
formula 11.3a R4 R4 20 R8 ~ ~ ~ R3 RO (%1.3a) 25 where R3 and R4 have the
meani ngs nepatrenedl &baezhyl, t &ehghs erepylheisfpfapynyl a-bhtyYh, @ntuk9l] s
gdrfgen )C%ecteué?ﬁx a'é&)ﬁ'tgi:)ﬁﬁ?ierrﬁq:le)ﬁt pat hyl @z’itye.ll haneyhphsaML p-(Cl- to
al koxy) phe ra
p- chl or ophen %ﬁ;ﬁ(t (%(I Lor or]r'g?%g’)é%g%n% #%&9 fﬂyﬁ( % 23 drladl cal
of the form}?{‘é(lP?oWl'\M‘}eFé hexyl zR‘Zie et Y ' and
R4' ' ' arfe 3ealéhhh3§&ﬁittg’én 44!)eﬁ?§é¥mﬁrfé=bflly 1A2r%l%trhé’dpé‘a}’10f1rt}r@lﬂéthﬂl*a
1.4, wher ebBﬁle32 3iimeR4y1butdl, '1,drdifRéthylbutarle @azhdinathygentahd R3
" and R3' ' 3 3.-gineenandent |y of, nne iaeehbepropfe anhzatkﬂa@&@up@awl,
preferably me be ?m! on»' et 2r Boayhy nz.qaeoo@l PnyA @by,
i sopropoxycar cu ar 3139 % R? r tt 5’
phosphoni t e °g 88 74 eé’ @ abt VP Ry e‘ﬂ 8t the
formul a 140 5, where R3 R3 rR3" ", ", R4-, R4' , RA' ' and R4" ' '
are each hyd’hegehcmkxll STORY is \/ﬁnﬁ‘f@rﬂglhags-t%ecnmﬁ@mﬂbi enell aeani ngs.
5 Preferabl ¢yc£§o'p6n@1r,adiyeabh®iy1h&-fc@trlbhaptﬁS, where R3, R3', R4, R4' ,
R4 ' and R4" ' ' are each hydrogen Xis CR9 and R ' and R3" ' ' |

'ngfﬁg;‘;ge”t llﬁy?ixe &gcl%’&‘iﬁcpg fsa(‘s*{&gg%%i’ & JQn Eefé?{?é %)%'sé’lrbonyl

In parti i’lﬁg 9 ort1Ho t §F tg %‘r‘}&é‘ ﬂ{éﬁ %el (r%(%lpg-El PR the
fornula I, ik%d ﬁik"xy'naéb%%l‘érﬂq Vatetc Bﬁéoﬁﬁﬁt%r are preferably al kyl

or aryl, in particul ar phenyl, 1-naphthyl or 2- napht hyl . 15 20 Preferably;
R2 and RZ' Argdepe noerfelrgbdf plum'xsa]nottlmeyl arelgicCmesheny) wdphechydqy carry | 1
or 2 substi @Rt ScaifIGh pakRasehaaiyad o aapBtkydenyal K@XYypa il Q@R phenyl
trifluorofpthyhap¥idd10: 18Y8RE, arylalé(‘if%?:caﬁ bomydt 1 tedl beXYhredraB1pr RS red

R

ervout ent. g Bveepiofutee i o Foeckorln oo A

| i gands of tHe'forhu ae
40 45 2 605Cﬁ"2ﬁﬁﬁf uents in any posit
Hetaryl is preferably pyridyl, quinolyl, acridinyl, pyridazinyl,
25 pyrimidinyl or pyrazinyl.
Substituted hetaryl radicals preferably have 1, 2 or 3
substituents selected from alkyl, alkoxy, halogen and
trifluoromentyl.
30
The above statements on alkyl, cycloalkyl and aryl radicals are
applicable in a corresponding manner to alkoxy, cycloalkoxy angd
aryloxy radicals.

35 NElE2 is preferably N,N-dimethyl, N,N-diethyl, N,N-dipropyl,
N,N-diisopropyl, N,N-di-n-butyl, N,N-di-tert-butyl,
N,N-dicyclohexyl or N,N-diphenyl.

Halogen is fluorine, chlorine, bromine or iodine, preferably
40 fluorine or chlorine.

In the phosphonite ligands of the formula I, R! and R?, and RI’
and R2’, are not linked to one another.

45 A is preferably a C,-Cy-alkylene bridge which is fused with 1, 2
or 3 aryl groups and which additionally may have a substituent
which is selected from alkyl, cycloalkyl and unsubstituted and



ORIRESPp~RI R 1o/ ss (Ib) 15- 020 ~P R7 R- 25 6 8 (Ic) whez'e in
the formula la R3, R4, R- and Rs have the follow ng 30 neanings: R3R2182~MQ&2002
_HHHHt er t =but yl et hyl HH35t er t - but yl met hoxyHHHHet hyl HHHet hyl HHHI sopr opy| H40
HHt er t - but y| HHC1HHHCF3HHHHN®et hyl met hoxy 45 in the formula Ib R4, R~, Rs and

RO have the follow ng neanings: Z 6 N60 V 2002 11 5 10
RAR7 R8 RO HHHIG bislHlHere t dxd xeyrtyHIHialEp be nth e talaiti Hidbineet Ty agt hexyttdmtdytedebpoxy p

gegyLHi N thenf ghBubse1utRe aRdsReshamddnaetokbominng neani ngs: 15 20 25
~Re

met hyl Het hyl Hi s yl Ht.ert-b 1 t hoxyi so SO | met hoxyHC
TH e or oo e BRE SR A 20 Kb oA GG nbeass Pomse @ﬁﬁﬂ%ﬂ%rﬁp Kis of the
fornul a | B@arbthatere ofpnsed-benzene rings-gre ppFEerably yRsyhstdéritgedor
above, wher dat® R2 2nsk R ini pdepénudent [ly oof 2 preutmtdtthent s arrel araelreal kyl |
cycl oal kyl , sangbtod Hesmralkylitabesng massybhe £:00f lbeoneyhy Bnaikebar yl
groups eaCthaQbSQ{;i alllény%a:?EQﬁ Etm@aﬂfe' ChRu £ n3 ‘foh%ﬁ%f&'né‘é QReal kyl

%

| | kyl
hit ?‘Sorﬁrretpﬁ YorgBly AhenrXLOfLd B nadky' ofYend S clecdIoths REFLSE fhere

El and E 0rn§§1“3bé“’e@‘? “6’%0&‘“266% 1‘23stedént ?c%F o 1d’i PPéFéﬁ‘Elaarnd &Fe’eath
al kyl , Cyc|¢@pk§ubQWleqﬂts.mentloned above for the fused benzene rings.

Fused naphthalenes which are substituted in the fused ring
preferably have a substituent in the ortho position to the
phosphonite group. This is then preferably alkyl or

15 alkoxycarbonyl. In the case of the substituents of the fused
aryls, alkyl is preferably C;- to Cy-alkyl, in particular methyl,
isopropyl or tert-butyl. Alkoxy is preferably C;-Cs-alkoxy, in
particular methoxy. Alkoxycarbonyl is preferably C;- to Cis-alkoxy-~
carbonyl. Héiogen is in particular fluorine or chlorine.

20
If the C,- to Cy-alkylene bridge of the radical A is interrupted
by 1, 2 or 3 unsubstituted or substituted heterocatoms, these are
selected from O, S or NR3, where R> is alkyl, cycloalkyl or aryl.
Preferably, the C;- to Cy-alkylene bridge of the radical A is

25 interrupted by an unsubstituted or substituted heteroatom.

If the C;- to Cy;-alkylene bridge of the radical A is substituted,
it has 1, 2 or 3 substituents, in particular 1 substituent, which
is/are selected from alkyl, cycloalkyl and aryl, it being

30 possible for the aryl substituent additionally to carry 1, 2 or 3
substituents which are selected from alkyl, alkoxy, halogen,
trifluoromethyl, nitro, alkoxycarbonyl and cyano. Preferably,;yhe
alkylene bridge A has one substituent which is selected from
methyl, ethyl, isopropyl, phenyl or p-(Ci- to Cs-alkyl)phenyl,

35 preferably p-methylphenyl or p-(Ci- to Cs-alkoxy)phenyl,
preferably p-methoxyphenyl, p-halophenyl, preferably p-chloro-
phenyl, and p-trifluoromethylphenyl.

Preferably, A is a C4- to Cy-alkylene bridge which is fused and/or
40 substituted and/or interrupted by unsubstituted or substituted
heterocatoms, as described above. In particular, A 1s a C4- to Cs-
alkylene bridge which is fused with one or two phenyl and/or
naphthyl groups, it being possible for the phenyl or naphthyl
groups to carry 1, 2 or 3, in particular 1 or 2, of the
45 abovementioned substituents.

In particular, A is a radical of the formulae II.l to II.5



R2 ‘and R2', independently of one another, are preferably each 5 pheny
Wwhich may carry 1 or 2 of the abovenentioned substituents. The noveQEiNUVZWZ
catal ysts nmay have one or nore of the phosphonite |ligands of the forrmula I.
In addition to the ligands of formula |I which are described above, they may
al so have at |east one 10 further ligand which is selected from cyanide,
hal i des, am nes, carboxyl ates, acetylacetone, arylsulfonates,
alkanesulfonatég, g, CGR3 oIemesg di engs, @ycloolgiu@s nlﬁqlles
N- cont ai ni ng heter es, aroxas ) 'er oar PF3 and
nmono-, bi- and pol S : h|n|te hos te and

Wl ;

phosphite |igands./Thgse furth 0 s—ay |ike

pol ydent at® and y have coordi nate bondg to the net su group VII

Sui tabl e further phosphoruscontalnln | jgands are, for exa l e, the
phosphi ne, phosphlﬂﬂié and phosphlté gnds descri bed (dbove as prior art.
20 Preferably, the netal of subgroup VIII is cobalt, rhodium ruthenium
pal | adium or nickel. If the novel catalysts are used for hydrocyanati on,

the netal of subgroup VIlfaigs-ingaarticular nigkel .gr25 _For the preparation
of the phU%phonlte Rfgands f the fornula | which e ygsed yn the novel

catal ysts, a dlha|0ph0‘ 3 ) conpound 11 ere K R1') has the
abovenenti oned nean|no fiI/st be reacted a nmongaAt cohol 1V, where

Rz (or Rz') has 30Rthe (i onB ”neanlﬁ@ gi ve ppadnd of the
formula V, accordi gg, t g’ { Q0w ng sche [ o4 (Fhis conpound V
can be isplated afd/or \pdri filed’ by Khown nethod g, by—disti®¥ati on

before the further reactilon. The conmpound V is theh reacted with a diol of
the formula VI to give the bidentate 35 phosphonite |igands of the formula
(1). Where, in the fornmul@I(.K), Rl is identical to RIF.5and R2 is identical
to RZ', twa equivalents of the fornmula V can be reacted with one equival ent
of the formyer¥l in a one-stage reaction. Qtherw se, first one equival ent
of the foggula Vis reacted with one equivalent of the 40 formula VI and,
after formatjon of th qﬁgpn a second conpound of the formula (\0
Cl- PR1' CRQ)! é@ s gP %ﬁ% er. reacted to give the phosphonite of the
formula (1). 4 256"“ QG@E %E’h‘zl °rP>"<‘ZY '5 (I11) RL2 X - P- ORZ 10 (V)
X=d,Br 15 RL - HX HORZ --~ X - P- (I1V) (V) - 2HX + HOA-OH-~ (1)
(V1) The conpourst & ishe ¢por rral ﬁa-(alllqif)leln§ preqi@er afilighamay have a double

di chl or op®sphorhs(d khji/eonpowlidyl Sucyaldal kydnpouadsgl aisngttéet, it
abovenent i oned rmdingabss&RibBY GNENB. atfl Jubstexaspt &o Bhrks pPhenydr 3

Eﬂg ?8?ﬁ3?2d|§f éHH%@EQEQP@@”XhHEQSQPtgﬁéléﬁ%e%5f§9m3§u§H!t%Qka :Eg&?%%nOf
known. Suitable aro%gfggma o 3 o? E %%%ggg Hﬁ%ﬁ%ﬂg g %6r exanpl e,
2-tert-butyl 4- neth&lphenol 2 i sopr.op Ipheno 2- tert but yl phenol ,
4-tert-bul9l pheR X 3562 dF21 OFt CHTANAY: Aehge PRidgmathdich 1s interrupted by O,
2,4-ditert- butyﬁbhéhﬁﬁs 2,6-di-tert-butyl phenol, 2 4- di met hyl phenol

2, 5-di met hyl phenol , 2,.6- dLnEthyIphenoI 3, 4- dlnethylphenol

3, 5- di et hylaeero| , R2- ekhryl, pheno| ,rG- eshyiphenala - et hih@@ﬁé\xﬂiently of

5-i sopropyl - 2- ”P&Jy'aaagﬂei &P re‘ééﬁ' Be g Olaix 1crfﬁ94

2- napht ho. pheqp £ 15020 OF l-na o¥ o Epﬁ
4-chl or 0-3, 5- dlnefh F henhotY " 2- chFofo |ﬂﬁﬁ1 &ro
4-chl or o- 3- nethylphenol 2-chl or o- 6- nltrophenol 2- chlorophenol

3- chl or opherfslefezabhy orbpiteforadicah|af dhes Spernbt 112 13- where dtlophdndt |
2, 4-di chl or epleeeakh Ry&eaberhl or ohphenol [sic], 2, 6-dichl orophenol,
3,4-dich|oropheno| 2-fluorophenol, 3- quorophenoI 4- quorophenoI,
3-met hyl quiﬂzierf%EQSBg ‘A %é %09589&1 4 IdHORBERM 4 11,24

3-i sopropyl -4-ni trophenol ni troani sol e, 4-nitropyrocatechol,

2-ni trophenol, 3- n|trophenol 2- met hoxy- 3- net hyl phenol , 40
2-nethoxy-4-nethy|pheno|, 2-nethoxypheno|, 3-nethoxypheno| and

4- met hoxyphenol . Preferred al cohols of the fornula HORL are

2-i sopropyl phenol, 2,6-di-tert-butyl -4-nethyl phenol,

2,4-di -tegd butyl phenol, 2,6-di-tert-butyl phenol, phenol, 2-fluorophenol
3-fl uorophenol, 4-fluorophenol, 4-nitropyrocatechol, 45

2- met hoxy- 4- net hyl phenol , 2-trifluoromnethyl phenol,
3,5-bis(trifluoronethyl)phenol, 4-cyanophenol, etc. | ~ ~~V 2002 14
Sui t abl e al cohols of the formula HO A-OH, where A has the abovenenti oned
meani ngs, are known. These include, for exanple, biphenyl-2,2'-diol and
bi napht hyl -2, 2" -diol. Further suitable diols are nentioned in

US- A-5, 312,996, colum 19, which is hereby

orqu|n 8 ol ,



5 expressly incorporated by reference. Both the reaction of the conmpound
(111) with (1V) to give (V) and the further reaction to give the bi deni@lt &0l
phosphonite |ligands of the forrmula (I) take place in general at elevated
tenperatures of 10 from about 40 to about 200C. Both reactions can be
carried out in the presence of a base, 8or exanple an aliphatic am ne, such
as di ethyl am ne, propylamne, dijputylamge, trinmethylamne, tripropylam ne
or preferably triethylam ne or pyridine. The elimnation of hydrogen halide
is preferably effected purely in the first reaction step.
Advant ageously, the preparatio gphonite |Iigands of the fornula
whi ch are used according to t ef fected wi t hout using

Tfe 20 sinple reaction sequence
permts a wide variation of the Ii%ands. The preparation is thus carried
out efficiently and econonically f(*fdnfRadi |y available starting materials.
For the preparation of the novel catalysts, at |east one 25 phosphonite

ligand of the formula | can be reacted with a netal of subgroup VIII, e.g.
ni ckel , or R€a conmpound of the metal in the presence of a reducing agent
or a conpt®x of the netal, in each case in an inert solvent. Suitable

ni ckel conmp®&indssohydfogerexanphe, techpedkid, i praferellyhsetndnsiisbpnopgt al
assunmes an 30 oxrdatiorpsiyl,eafidgher than 0 and which are reduced in situ
during the reaction with the phosphonite ligand of the fornula I, in the

presence or _gbsenc uid ab edyei,ng ese. l.ncl
exanpl e, té’ug haﬁ?’dgggioﬁ ‘e Cté{bl Lgﬁfeqliﬁlbgf i glg%fgrfﬁégt ﬁgt}lé@g’t g%%&’r%? {']f he
abovenenti%ned FF§H§F?€%%'ﬁ%faF§. NPCRO*Y ¢ BES 1 eraraBF b esed F18AF 1% e
reduci ng agent s CAFETiRQ o RSl eorpetN%. - preferably alkali nmetals, such as
Na and K, alum num zinc and trial kyl al um num conpounds. |f conpl ex
conpounds oferkleribBpsia iienanthdlcar @ ft haesebymsl 415ad340 for the _
preparation of the phosphonite-nhﬁkel(O)I?onplexes, the transition netal i's
preferably, already in the zero-vglent state in said conplex conmpounds. '
Preferably, conplexes having |liga i correspond to the

abovenenti oned, additional lig ovel conpl exes are used for the
preparation. In this case, the™E is carried out by partial or
conpl ete ligand exchange R 1 the phosphonite |igands of
the fornmula (I) which are described above. The nigckebagonpl ex

bi s(1, 5- gl ooct adi enyl )ni ckel (0) is 5 preferred. Suitable inert solvents
for the preparation of the nickel (0) conpl exes are, for exanple, aromatics,
such as benéggg t ol uene, ethyl benzene and chl orobenzene, ethers,
preferably ietﬁyl ether 10 and tetrahydrofuran, and hal oal kanes, for

exanpl e dichgononeuhane, chl orof arm di chl| oroet hane and trichl orget hane.

Ot her sui t alf eI Refe¥eat ke (FeNIngai BeRELIShGOREEet T a1 SAGFOPTE pii¥fduct s
of the cat%l yzedormuéti bh.2aTR@dt enperature is from-70 to 150C, preferably
fromOC to 100C, particularly preferably 15 about roomtenperature. If

el erant al nirekelisi ﬁygﬁ@glﬁ ,0><:1t-hec£| mfaakgui, opr@feﬁattayphgsmr&ﬂ etnw:]ge_g (0?( I
conpl exes, it ignRhgiergbld; - Bot A f1xoFy9bnenPPViSiereFhB1y €acti on of nicke
and phOSphO”'tep-hﬁ@ﬂ&x*ﬁhéﬁ} prgtg%@giglﬁﬁégpfggchp fééyggggc of the
cataIyZﬁTojlasreactlon,C sgf as ‘the hg Focyanati 6ncr eact n, as the sol vent,

for exanpi®e in & ATREOrEHTGHIXSOPREP At ¢ C5-nononi tziles or, preferably, in
3-pentenenitrile or 2-methyl-3-butenenitrile. If required, the |ligand may
al so be usedrasesablentr iBhe radpesrlatafr ehies fbrom albiduid,26hére R3158E,,
preferably &' t,0R200C. RTher4™| BF ‘T ahd OROT ' NEtaleach HYbEsGEM VIII to

bi dent at e phosphonite ligand is preferably fromabout 1:1 to 1:5,
parti cul afd . BLEl b APl Y L0 1udi L0 430 TG, PL G30NL LAYENUONgs- e,
furthernore i€ aﬂes 0.a,process for The pr epar ati gn. df-@uiiurés of
monool ef i ni & 5-Frondtfid M'l es AAEVPATT I HHFAIER 899tRd 29 dld C = N bond by
catal yti ¢ hyddeegagentlon off opat aupiars orref each, BLinnyadrepey bomrsiteragly
hydr ocar bon meitkbyyearidmpiheeehoxyderdorgrloc papadpaxydaxboaylied out in the
presence of iabpk8asiy¥dRly1t hen nomelicatkal yats dagcri‘bedhrbovenoFes de
preparatign %%Sghgﬁyg§§¥g% nmonool efi ni ¢ C5-nononitriles which contain, for
exanpl e, 3-pentenenitrile Snd 2-nmethyl 40 3-butenenitrile and which are
suitable as internediates for further processing to give adipodinitrile,
pure butadi ene or 1, 3-butadi ene-contai ni ng hydrocarbon m xtures nay be
used. If a hydrocarbon m xture is used in the novel process, said 45

m xture has a 1, 3-but adi ene content of at |east 10, preferably at |east 25,
in particular at |east 40, o by weight. 7. GI1QU 200? 16

1, 3- But adi ene-cont ai ni ng hydrocarbon m xtures are avail able on an

i ndustrial scale. Thus, a hydrocarbon m xture referred to as a &4 cut and

. o T T 1 I Y . - I T Y 1 r I T




Pur'e 1, 3-but adi ene can be isolated fromindustrially avail able hydr @Nggzmz
‘nlxtures for exanple by extractive distillation. C4 cuts are, é
essentially freed from 1, 2-di enes, such 15 as propadi ene, and from

al kenynes, e.g. vinylacetylene, before the hydrocyanation of al kynes, such
as propyne or butyne. O herwi se-, profBucts may be obtained in which a C=C
doubl e bond p:f% fRIre5ER] Anwcmrzraaa&aprbﬂwﬂé tflaem@a\l bond. yhBesermBR3aCt as _

cat al yst poggons B0k I fi Rist paeaghijopsste f 2 9
preparatron noa ﬁut o reac%%gnﬁof hgﬁgo en c?anr%ﬁi%ﬁ¥pﬁegar?%d

t hose conponBift: E?F 9¥e??%ﬁ9?ﬂ§chF Spoisons, in particular

al kynes, 1,2-d|enes and m xtures thereof, are therefore partially or

conpl et el y5 risrafegdbiiyonht he a2Faldydabeaf bde foxtwie. IS ,r eheve Rhe&é’, R4,
conponent s, #éhe R 'cHhdi®t sulyecladnt By@rdud,i &l igatwd )ﬁbthhydraﬂgeﬁat’i on
before the aﬂﬁietp'eﬂeeﬁgf‘ftdf)rbnw bRobydlr O%@:@ %X@H' gﬁ{ox a§b8ﬂ)?]1 & referabv\%I ch

hydrogenatron a

i s capabl e of° ﬁ%ﬁﬁ?gaeﬁa?¥r1 &%ﬁyxgégéﬁﬁ?i1 2 B Q§% ?@V%c??v%ﬁ%? aPBAYSI de
ot her di ene<CafRPnyD noBPel??rgfslcuéGFt Bl e ﬁ%@e‘?ogeﬁé&u@r@é‘?aﬁ/ﬂ esyst ens for

t he sel ectQ whasplicogemagiiP-are known and conprise in general a transition
metal compound on an inert support. They are in particular those 35

ﬁesclr)l bfedI : A Jena- éo%@l&&gﬂ RUSard %1794114@8;:&{&11@ Poth, &%,a%éhei‘\hlmat are
ere u L a en éﬁﬁ c st ens
basedyon co fé%%QaBQ% %%g%bxféﬁ%g%engg asEEEéFégia yst ﬁé&¥%§; ition

reaction of ﬁﬁ?bgex tyanide with 1, 3-butadiene or with

1, 3- but adt®ne- cont ai ni ng hydrocarbon m xture, for exanple a pretreated,
partially hyRfedgeabied &4 apdt R? ‘saringependentdy odt ocemnahess| pre each

sem cont i nuqusiny lowhbeb cirevy mrr;tSlSw talubstéaceénrs whikht hee resicddted are -
known to a peicwol1fki) | £0kdyy,t helegén and idnaocdeséetnipigdnites, exgany,e, in

U | manns Engm&%&gwgkgo dechrbsgpen Cheme, Vol. 1, 3rd edi tion, 1951,
page 743 m et seq. and page 769 et seq. Preferably, a

stirred ca?alyst cascade or .a tube re or is used f, or nt.i nuous
process. |f ¥hé& RIAFEFoRA reé‘g’(?flﬁ'ﬂﬁmbf ttafrf'e BEPBERH & v g 9\? pe; formula

1, 3- butadlehblérSﬁﬂﬁﬁteﬁIfQW%G%SﬂP@ﬁeI%dﬁFﬁ?ﬁFﬁ@lﬁydﬁbéarE@n m xture is
carried out sem continuously or batchw se, for exanple, an autoclave which,
if desired, can be provided wthsa Stigiring apparatus and an interna
lining isasised for the novel 10|proce$s. A suitable sem continuous process
conprises: a) Filling a react g 3- but adi ene or with the hydrocarbon
m xture, if required, a part ogen cyani de and a 15 nove

hydr ocyanati on catal yst whi g7 g begs produced in situ and,-if

required, a solvent. Suitable Sulventn are those nentioned above for the

preparation of the nove stagygts, pPeEgLé%f% aromat i ¢ hydrocar bons, such
an b) Reaction of the m xture

as toluen¥or xylene, tefrahydrofu
at el evated tenperatures and uperatnDsE
tenperature is in generakzfrom about O
150~C~ The pressure is in QeAeral fro
fromabout 1 to 100, in par ar fr
from1l to_20, bar. During theJreaction, Thydrogen cyanide is fed in at the
rate at wiich it is consunmed. R30 ¢yajf Required, conpletion of the reaction
by continued reaction and subsequent working up. To conplete the reaction,
the reaction tine may be followed by a subsequent reaction tide of fromO
m nutes to about 5 hours, preferably fromabout 1 hour-to 3.5 hours, in

whi ch hydrogen cyanide is no longer 35 fed into the autoclaves. The
tenperat ufe is left essentially constant at the previously set reaction
tenperature during this time. Wrking up is effected by conventional

met hods and conprises the renoval of the unconverted 1, 3-butadi ene and of

t he unconverted hydrogen cyani de, for exanple by mashing or 40 extraction,
and working-up of the remaining reaction mxture by distillation to isolate
t he desired products and recover the still active catalyst. In a further

sui tabl e riant of the novel process, the addition 45 reaction of the

hydr ogen Cyanide wth the 1, 3-butadi ene containing hydrocarbon m xture .is
carried out batchw se. Essentially the reaction conditions described in the
7 6 NOV 2002

heric pressure. The reaction

0 206G, preferably from about,50 to
.1 to 200 bar, 25 preferably

to 50, partrcularly preferably




i $ 'sem continuous process are nai ntai ned, no additional hydrogen cyani de
being.fed in in step b) but hydrogen cyani de being conpletely initia'iﬁ)NO\”[m2
‘taken. 5 The addition reaction of the hydrogen cyanide with 1,3-butadi ene

or a 1, 3-but adi ene-cont ai ni ng hydrocarbon m xture is preferably carried out
continuously. The reaction is generallgocarried out so that essentially no

relatively |large anmounts of unconvert
Suitabl e processes B for t
to a person skilled in the ar
in which 1, 3-but adi ene and
separate feeds at the rate

reactor.

for exanpl e,

terials or v

ed hydrogen cyanide are present in the
¢ conti nuous hydrocyanation are known
They |i ncl ude,

a feed process

ia a separate

gy are consuned. The catal ysts can be

feed. Suitable, preferably thbroughly,m xagtg reactors are |ikew se known
to a person skilled ;aft. hey IT® for exanple, stirred

catal ysts, catalytic cazcaﬂfs and_ tubeg reeet/ors, which, if required, are
provided with an internal 19 ning. The rki ng-up of the reaction products,
too, 20 is preferably Karried out by alconygntional continuous nethod. In
general , 1the 3-pent eneni 2-meth but enenitrile ratio obtained in

t he nonoaddi ti on reacti on\gf “hydr oge anide wth 1, 3-butadi ene or the

of the addition
is at
pl ace at hi gher
in the pridsence

2-met hyl - 3-butenenitrile rati
preferably about 5:1, in partf
preparation of adipodinitrile
hydr ocarbon m xture by additi
cyanide can be divided into t

reaction (

of theé novel

conv
| east 0.4:1. Advant ageousl

t)t)ed

reaction tenperatures and/or during | onger
catal ys

ts,

pt 8:

1. I n gene

xture 25 immedi ately after the end
drogen cyani de no | onger present)
an isonerization additionally takes

reaction tines
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the ligand 11
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100~ P\ OH3CO-/ OCH3 0 ~- P/ \OO~ O15 (Ligand I) (Ligarid IIQ &Pﬂml
Exanple 1 (according to the invention): Sem continuous hydrocyanati ﬁ
"1,3-butadiene 0.41 g (1.5 mmol) of bis(1,5-cyclooctadienyl)nickel(0), 2.14
g of ligand I and 10 ml of toluene are initially taken under argon at 25
roomtenperature in a glass autoclave a@d stirred for 10 m nutes, the

reaction batch gegHtiédy o AETbrend £ Qre Aabh XALKA ,0tyf18aBky1l4r Mol )
of 1, 3-butadieng,gpd 40 g of toluene is then added. The gl ass autoclave is
tightly closed and the reaction mixture is heated to 70C, an initial
pressure of 1 2 bar beln 30 established. A mixture of 3.2 ¢ §118 mol ) of
freshly di s&?| #e@l Bfy rdeagily PhH ome @nekhebt LBife AT TEEAPLINIRAR v
netered i 15 gphenya wemmdxag- £a®by M mut @s of Thies edfavement hengt esgstethasts.
fa-11x?n to 0.5 bar. The reaction is then conpleted in the course of a
further 120nRnHbes] dat@Qdts 7R hweugae b8 sRd SOk nuashd JHhdnhiee 35
reaction di icharge J*Lt%e"%%%%&la ggvuron |stggnht§£d‘g Q:yf RY, ﬁgfreland
t enper at ur e “TE4SUT ubsequen 0 % erm na

hydr ogen cy¥higR %W&Hegfa%‘fe’e tHEY BIL § Odé‘ta¥?n?ﬁe 2540 OB anal ysi s
(col um: 180 fnrstxabullgﬁa@hyhlt:@nb%rsahﬁacéeﬁrég%rﬁya@lﬁlﬁmub@hld%t RELREFIy at
50C, then heatrbogylgtesxt, aceaytacdtdie, arplstlAGEesgaslkamemdifograph;

Hewl ett Packgbdi&l, 5901wt hs | A, staneeudkiRgnzepiitdéd,e): 99.4 of

3- pent eneni bbﬁta%nﬂg BRekeneplidd) %reagtgcmmlhe%epasﬁmltas' | eendased

on hydrogen ani use z eneni tri.l
2- et hyl - gu e etg:nfrlol e br_ and %X Lii % es‘?:';hc’vxlll:fﬁlmte eh qlnlte Exanpl e

2, the I‘éil‘tsl BhgpPhonLLA @ﬁ‘é‘nPPPFPté”c‘b l’égﬁﬁfiﬁ ITréesr?utféﬁEH'FﬂH@ri% A¥fted in
favor of 5 3ipeviemd manle,bpipren d%?dﬁ’ﬁ@n‘f—%*ee radgc PRgnhayerecqsas@dnate he end
of the hydr bgedscyanitde meddilt o HnsubbBreoupdUiIt orfwiftadlpr fwotler iphosphorus-
necessary. Ebatmi@lng (laceatdi age | Edrhexafpea}] i101e) phdEphene £ PHdspHAHSte

hydr ocyanat i,gg ? rrdditadhgas a&g&llb%angﬁé@taso%r%ﬂlagt(l 5 mml ) of
bi s(1, 5-cycl ooc adlenyl)nlckeI(O) 2.9 g of ligan and 10 g of toluene

are initially taken under an g her roo ure in a

gl ass autocF %95 ShRRY %1t t?‘teeﬂ Eg{f%‘{] sﬂ&?gﬁf’ tlﬁecf’ggi ¥ on antét "8 acquiring
a red- br own reshepivm Ralfadéupforn nicked| 55 rﬁ'ﬁﬂ POSEL1CIERLY U ERE URRFH 40 ¢
of tol uene ifsrt hpdrocwidedioThethg anaFaguprdcsaharauwy VIGHt iy B opedigndax he

reacti on m xtivkelis heated to 90C. A m xture of 4.0 g of freshly _
distill edgshydrocyanic acid in 40 g of toluene is netered in 20 conti nuously

over a gggle@@roing Cﬂﬂ%%‘%%ggpgﬁe elnhd @%ggggomt% 2§§|§gggt b@ntg;_t he.LeNpeF at ur e
sed” 1 n t ihal us(III
nherval s trl gz‘ %[tg‘ l é ?%9& %égveéned‘eg % gelae "%)%lﬂﬁlriil e

intervals (0 i n%ans og dCh N
1. The resuFes’ EPéstzdoesﬁ&@ﬁ PR Wi @ 1ONPafFRNiaL 1V, where ey
30 the abovementioned meanings, to give a compound of the formula v,
according to the following scheme. If desired, this compound V
can be isolated: and/or purified by known methods, e.g. by s
distillation, before the further reaction. The compound V is then
reacted with a diol of the formula VI to give the bidentate
35 phosphonite ligands of the formula (I). Where, in the formula
(I), R! is identical to R!’ and R? is identical to R2’, two
equivalents of the formula V can be reacted with one equivalent
of the formula VI in a one-stage reaction. Otherwise, first one
equivalent of the formula V is reacted with one equivalent of the
40 formula VI and, after formation of the monocondensate, a second
compound of the formula (V) Cl-PR!'-OR?’ is added and is further
reacted to give the phosphonite of the formula (I).

45



30 35 Tine after end of addition3-Pentenenitrile2-nethyl-3- butenenltr$)¥Jﬁz\12[][]2
ratio[h]00.27:1 -31.94:164.75:1_ 228.25:1 Since, owng to the takln

sanpl es for gas chromat ography, an exact determ nation of the yield was not
possi bl e, the sane batch was run again w thout sanpling. There was no
subsequent reaction tine. 40 Yield: 9918% 3-Pentenenitrile .

2-met hyl -3-butenenitrile ratio = 0.22:1 (Determnation of yield : see
Exanple 1) 45 a s you 2002 24 Exanple 3 (according tRd the invention):

| soneri zation-of 2-nethyl-3-butenenitrilg,to 3-penten¢nitri|e 0.72 g of
[Tgand | 181 of Rt olueBE, and OHAHZ gtO bl ) Gf—5 b oR2

bi s(1, 5-cycl ooct adi enyl )ni ckel (0) are initially taken under an argon

at mospher & and stirpegd at roon1§§gzerature for 45 mpyyes. The catal yst
conpl ex which forns IS precipitated fromthe initially honogeneous
solution. The volatile conponents are renoved at highly superatnospheric
pressure. 40.5 g (500 mo}) of 10 2-nethyl-3-butenenitrile are added to the
renalnlng solid. The soluhlon is heated to 110C 2dhe course of the reaction
is investigated at2regu-ab— OReér val 80by aAreas! -of—a—@as (Thr onat ogr aph. The
product ¥ io after a reaction time of 300 minutes is shown in Table 2. Al
products and by-products own there &@Le 15 assi gned beforehand by neans
of gas chromat ogr aphy, Gé— , I R"&hd NVR A1l values are in GC per cent
by area. Wight of sanp ? 1. 0160 g Weight of ~standard: 1.4416 g 20 Table
2: Product ratio aff&r & r@ﬁctlon time of 300 m nutes ConpoundAnmount (GC %
by

area]traﬂé 2- et hyl - 2-but eneni tril e0. 982-net hyl - 3-butenenitril e7. 4125t r ans-
2- penteneanPFI%ﬁﬁﬁ9¥¥§ REL BYS - %PQRH%énéﬁF¥}|}%NPQEf&IEEhYéhéHFFﬁPF@ﬂ 33trans-
3- pent eneni PhPFRAFUEIGIE ) 3cprprunteniSuitielle 3Tmpobptgl baaingnithei | e0. 1430benz
onitrile (standeneltlionbl radidaler KRloare Mndblh €|, ecdr \dxiapipler RO %s( Not e:

The startin h&ﬁymltale icbfgblin® Oy aiik%18Bopnit1ph¥sghigd s- and i

trans-2-nptnyl - 2-butenenitrile) As denonstrate by Exanpl e 3, isonerization’
usi ng the ngvej: é:ft alysts,1s, 289 %§§‘ bl er i t hou &5121 addition of a

pronot er. % g according to be i nvVenti 0 TS Soeri zati on of

2- et hyl - 3- BBPEﬁégﬁﬁﬁan PORBLME T SRENtLFTT 9. wé of Ut aRdcd aFPmatiGy  of

t ol uene andadcoioks (f. 2henfRANul HORE (3rs- Pl 68eTRLE erAriteAitcRetYD) are
initially té4ksathyidéenah, 45-squreratipbephbr e -tred tsbiity Bshestol,oom
t enper at wse 4F0er Bhutylphesol S -ofi -t het chiallyt-meonpl ghendli,cl, fodirs is

preci pi t at edeif%ﬂﬂﬁ%hieﬁbli a} ) ¢-died cheIpgeNBMEn oI Q! w; wcﬁhmemgmgé@éi le
conponents are_qiget 1p 9022 %%&%@?}(9%@@&&1' ghl ¥

éy Eg ric
pressure. 29, 2_g; §‘ t:Lpe?in?l’l §E y#ﬁe U s6 %0 ?é% redct|on

remai ni ng s (P

|s
is |nvest|g téﬁP%ﬁ°H¥% grﬂ?t RIS B CHeifty GTCaeHas: ATFTECY 5 graph.
The proddét rﬁ?ﬁ’lb“%?f]t'elz aaP’é‘é}t‘IluorPhFP » ob-BOWOTZnneRBthGl shown in Table 3.
All product §-bremdphepodduttsh bhmaninkérel wet-ehdospgn ell-distaghgiahendl, neans
of gas chr ofatblsEpty-meEhy MiherddVS4H-Bhaoto NMre thilpiaheBs Bich lbfo & s cent
by area. 10t¥épidto10f 258ADbLopHendh09 30cNEb K nedlo15t aDERT Shophe®8262 g Tabl e

3: Product gath DoRfl8t ralﬁgfctﬂ%ducmp&p M BULes; deUmAURdAmount [ GC

~ by
area]trans 2 At ISHLos oBRP &R %&1&%ﬁﬁ]é3 8929 HERIRACPEeBB enenj t ri | 2. 16t r ans- 2-
pentenen|tl'?rétp%ﬂﬁﬁ9§oﬁ fRehy | 2L yerenkepeti (£ lggrophenol, 4-fluorophe-
_4- pentenenh@irI%ﬁmezbZQtﬂaﬂstﬁpqhﬂﬂpémeﬁrL$¢nn§§?12@cn$t89mnﬁnq§neari$¢nn§} 60m
et hyl gl ut ar ppl+4+4diatlophznal | ridme tishandald) 4% ropyrocatechol,

2-nitrophenol, 3-nitrophenol, 2-methoxy-3-methylphencl,

40 2-methoxy-4-methylphenol, 2-methoxyphenol, 3-methoxyphenol and
4-methoxyphenol. Preferred alcohols of the formula HOR! are
2-isopropylphenol, 2,6-di-tert-butyl-4-methylphenol, 2,4-di-tert-
butylphenol, 2,6-di-tert-butylphenol, phenol, 2-fluorophenol,
3-fluorophenol, 4-fluorophenol, 4-nitropyrocatechol,

45 2-methoxy-4-methylphenol, 2-trifluoromethyl-
phenol, 3,5-bis(trifluocromethyl)phenol, 4-cyanophenol, etc.



25 Conversion: 95.74 30 35 40 45 2 6 NO1 2002 26 W claim 1. A C:}@NW%UZ
conprising a conplex of a netal of subgroup VIII, 5 having a bidentat
phosphonite ligand of the fornula | RL ~OP-ORz A ~I) 10 ~O p_OR2~ R1. 15
where R1 and R2, and Rl' and RZ', are not |linked to one another, and Ais a
CZ- to C~-al kyl ene bridge which may hav®%1, 2 or~3 double bonds and/or 1, 2
or 3 substitseitablwhiad¢hoboks 21X Sdleecbenuia dN-A-RH| , wingmd Gahkyl tled aryl, it
bei ng possi bhgoddieriienad yhe siihisds, t dedt xasih t itpeak| ¥nd dedr E¥r lexdnglle 3
subst! tuent s, 125025Ch 861 Shd baML AL -2l 0kY o1 NAAARRY syitanie
trifluoronet . |troé g oxycar ban QHRNO0, nd/ﬁr t E.E%-.tqﬁ b
C~-al kyl ene BFPFyE FalBE- ¥ Hrke Gét’% 2o oC3Hm 1 WBFGRLOY iRF Y
unsubst i t uP eBFRiC BN EPERYRAF HCe PEat BERTCNGSd/ or the C2- to C~-al kyl ene
bridge may be fused with one, two or three aryl and/or hetaryl groups, it
bei ng possi bbetH ahet heattiSetl & theatdmpolral AL ) gwOLDS( WAC ROt giear w) kna?
or 3 substituents Wakehr3lc@idh 28l §evediid UNRhkYte MUIRRRKYE 185 Mas of
al koxy, ©y¢1 DAl Kot 8 Y1 P AGH,ceNh ORI T LT LUPLATELAY LeDLLL Oy cov AR
car boxyl, _al kox c%r onx n =4 er T %an are 1den Pca or )
di ff er ent 18n’6|r°fi¥ EPRREN Y| KY 12D PBAP %y (BOSR ZPGFELIONS RENaRE F@vried out in
i ndependent | YhofPrererafothict Pagee &arhexanple 2ayalbrhadjilc amipe, cfudietasr yl |
each of whi ciiewhyleainy, lprdhydram3dnewbdibuiydeind nehi chirgrthydehese edefi-om
al kyl, cycl ogtdpylaniteasy| prefeBp1gner R hy liandapess effdiyviiak . onge anot her,
are each al ky¥];miG¥eliea! K¥ | nydolenOhal€@r ¥ prickebRLNY f338kBhenf A1y he aryl
and het ar#’ gﬁeo#%sng,aﬁg élgs)e CAIN 1..2: 900, 3¢ lf)bstltuents whi ch ‘are Sel ected
) oal'Ry[l, APR )

from al ky cycC aryl, oxy, cycloal koxy, aryloxy, acyl,
hal ogen, trifluoronmethyl, nitro, cyano,~ Z s ~0o~ 2002 27 and NEl Ez, where
El and E2 nefAYARr@IeRBs hhovidie PEPBAEAEE FPaMingde BhosPhogyiteoligendsaf the
thereof. 5 2formudat dl ysichsand aiseddacpoCiigigntd, the beiveptdonadls cef fegfteghe
formul ae || .%ithoultl uSifk3 d¥gakdmhghbs{bh.d) RFaR41lRBhidmd cohpoundd). Rhe
20 simple reaction sequence permits a wide variation of the ligands.
The preparation is thus carried out efficiently and economically
from readily available starting materials.

For the preparation of the novel catalysts, at least one

25 phosphonite ligand of the formula I can be reacted with a metal
of subgroup VIII, e.g. nickel, or with a compound of the metal in
the presence of a reducing agent or a complex of the metal, in
each case in an inert solvent. Suitable nickel compounds of, for
example, compounds in which the transition metal assumes an

30 oxidation state higher than 0 and which are reduced in situ
during the reaction with the phosphonite ligand of the formula I,
in the presence or absence of a suitable reducing agent. Thesé,
include, for example, the halides, preferably the chlorides, and
the acetates of the abovementioned transition metals. NiCl, is

35 preferably used. Suitable reducing agents are, for example,
metals, preferably alkali metals, such as Na and K, aluminum,
zinc and trialkylaluminum compounds.

If complex compounds of the transition metal are themselves used
40 for the preparation of the phosphonite-nickel(0) complexes, the
transition metal is preferably already in the zero-valent state
in said complex compounds. Preferably, complexes having ligands
which correspond to the abovementioned, additional ligands of the
novel complexes are used for the preparation. In this case, the
45 preparation is carried out by partial or complete ligand exchange
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(rr.4) (11.5 Xis 0, Sor NRS, where R5 is al kyl, cycloal kyl or ar

‘or Xis a Cl- to C3-al kyl ene bridge which may have a doubl e bond and/or an
al kyl, cycloal kyl or aryl _ substituent, it being possible for the aryl
substitue~t to carry one, two or three lsubstituents, which are sel ected
fromal kyl, walthoxye PRbéSERIhIiter Liandorort hyk, febmuid r@) ’hkexyaay bonyl and
cyano, or >(dé%d%lgéa ggcgg al kyl ene bridge which is interrupted by O S or
NRS, 40 and R3 , , RB" " , R4, R4 , R4" and R4 " '

I ndependent |y of one another are_each hydrogen, al kyl alkoxy, hal ogen,
trifluorometfy@ nifkel ccomples Pisf honyAYdrochanten ) mekad (0R4ls x 3. A
cat al yst &% myefieeddin either of clains 1 and 2, Rl and Rl', 45

i ndependent|y of one another, being al kyl or aryl pref erably phenyl,

1- napht hyl Cﬁ'ul%aﬂ?ﬂ@hirmé’ft solvgnésl\gf:@@z p#8p éraﬁcﬁ?—tcﬁl Y8k @&}QIQ'OWEd in

el ng. pLZﬁyF&E;g E%‘ ?uen‘?asr%lhgﬁaﬁgge 5%%""‘%929&9?%'%@ ey o e

sel ected f1 P2Eng |0, CIGFBRRREeIo] PEOGF o TRACEeBIH L1 A0y &RASE
alkoxycarkknﬁﬂd éﬁﬁrébY@RﬁéHraHS apd cha knajldenas, cfer m@m™PAcany of claims 1 to
4, the phosphahilbeohéegeare ofchiheoformuldichlpererghae eatdetr feloinddeghnds . of
t he fornul aodrert euicadle Rb1REénts|ade Ithe3 1iQuid\star@ing/ mhterinl3~aBd/30 | |
s (la) s R4 Rbadetslof thd cath1yz8® rddttioR! The teémperhture is from -70
to 150°C, preferably from 0°C to 100°C, particularly preferably
15 about room temperature.

—._n'

If elemental nickel is used for the preparation of the
phosphonite-nickel(0) complexes, it is preferably in the form of
a powder. The reaction of nickel and phosphonite ligand is

20 preferably effected in a product of the catalyzed reaction, such
as the hydrocyanation reaction, as the solvent, for example in a
mixture of monoolefinic Cs-mononitriles or, preferably, in
3-pentenenitrile or 2-methyl-3-butenenitrile. If required, the
ligand may also be used as solvent. The temperature is from about

25 0 to 150°C, preferably 60 to 100°C.

The molar ratio of metal of subgroup VIII to bidentate
phosphonite ligand is preferably from about 1:1 to 1:5,
particularly preferably from 1:1 to 1:3.
30
The present invention furthermore relates to a process for the
preparation of .mixtures of monoolefinic Cs-mononitriles having;a
nonconjugated C=C and C=N bond by catalytic hydrocyanation of
butadiene or of a 1,3-butadiene-containing hydrocarbon mixture,
35 wherein the hydrocyanation is carried out in the presence of at
least one of the novel catalysts described above.

For the preparation of mixtures of monoolefinic Cs-mononitriles
which contain, for example, 3-pentenenitrile and 2-methyl-

40 3-butenenitrile and which are suitable as intermediates for
further processing to give adipodinitrile, pure butadiene or
1,3-butadiene-containing hydrocarbon mixtures may be used.

If a hydrocarbon mixture is used in the novel process, said
45 mixture has a 1,3-butadiene content of at least 10, preferably at
least 25, in particular at least 40, % by weight.
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where, in the formula la, R3, R4, R~ and Rs have the foll ow ng neani X
R3RAR~RsHHHHt er t - but yI net hyl HHt er t - but yI nmet hoxyHHHHet hyl HHHet hyl HHHI sopr op
yl HHHt er t - but yl| HHC1HHHCF3HHHHMet hyl net hoxy _ - ~,, in the formula Ib, Rq,
R~, Rs and R9 have the follow ng neani ntfs: R4- R7

- Rs ROHHHHC] HHmsukany trikidripad ay b Giney diyd dddidaat fayk omdde0ayHHaea ydvre baxyahen

glooiZHBB hg 2 gfrmusa:r&si £ 7nd 1R shay eny dve bbb AWn e YRARRESred t2 & N B,V

R~ReHHet hylﬂleft r‘?‘ﬁ%‘%‘éb’%% ayl gélr E-'E)Bﬁ ?ﬁr{eﬁnh;gfﬁ%fh%& - BPSSW?-?’- _pfrogpyl met ho
xy HC1HCF3 156’Ba}mpﬁecaf~’al war Par%ogﬁ ALDRF 24t °%%eb>§r5é‘-€é‘8i SHEIEE whi ch
addi ti onal §ynarithay heewt e ofurehéririqrdiod belegtaarounsadcianiie,

hal i des, am nes-butadbeny|atdsheacenyimdet dyemoaoylefifsorates,

al kanesul f ongd8ansBYdFa €& oehebbfiS,as WwilNESs £MERRl.eThase dYrdaikes,

\- cont ai ni ng, RELET ASYS| Eve £ BMATR! LESuANd JBet & QAATA! LES o LS, PR3
and nono-, bi- @nd pg y .ntateﬁg osphi ne, pliosg inite and phosphite
ligands. 7. AX¥AESrydt2aiRes YHArRFSSY BRE8: precedi ng clains, the netal
of subgro¥® VIII being cobalt, rhodium ruthenium 25 palladiumor nickel.
8. A phosphadnitee 1, Bghuthdiferteheahobauisolat®d fr&t industrially available

hydrocarbon mixtures, for example by extractive distillation.

C4 cuts are, if required, essentially freed from 1,2-dienes, such
15 as propadiene, and from alkenynes, e.g. vinylacetylene, before

the hydrocyanation of alkynes, such as propyne or butyne.

Otherwise, products may be obtained in which a C=C double bond is

present in conjugation with the C=N bond. These may act as

catalyst poiéons for the first reaction step of the adipic acid
20 preparation, the monoaddition reaction of hydrogen cyanide.

If required, those components which may give rise to catalyst
poisons, in particular alkynes, 1,2-dienes and mixtures thereof,
are therefore partially or completely removed from the

25 hydrocarbon mixture. To remove these components, the C4; cut is
subjected to a partial catalytic hydrogenation before the
addition reaction with hydrogen cyanide. This partial
hydrogenation is effected in the presence of a hydrogenation
catalyst which is capable of hydrogenating alkynes and 1,2-dienes

30 selectively alongside other dienes and monoolefins.

Suitable heterogeneous catalyst systems for the selective
hydrogenation are known and comprise in general a transition
metal compound on an inert support. They are in particular those

35 described in US-A-4,587,369, US-A-~4,704,492 and US-A-4,493,906,
which are hereby fully incorporated by reference. Further
suitable catalyst systems based on copper are sold by Dow
Chemical as KLP catalyst.

40 The addition reaction of hydrogen cyanide with 1,3-butadiene or
with 1,3-butadiene-containing hydrocarbon mixture, for example a
pretreated, partially hydrogenated C4 cut, can be carried out
continuously, semicontinuously or batchwise.

45 Suitable reactors for the reaction are known to a person skilled
in the art and are described, for example, in Ullmanns Enzyklopéa-
die der technischen Chemie, Vvol. 1, 3rd edition, 1951, page 743
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In general, the 3-pentenenitrile/2-methyl-3-~butenenitrile ratio
obtained in the monoaddition reaction of hydrogen cyanide with
1,3-butadiene or the 1,3-butadiene-containing hydrocarbon mixture
25 immediately after the end of the addition reaction (unconverted
hydrogen cyanide no longer present) is at least 0.4:1.
Advantageously, an isomerization additionally takes place at
higher reaction temperatures and/or during longer reaction times
in the presence of the novel catalysts, the 3-pentenenitrile/
30 2-methyl-3-butenenitrile ratio obtained then generally being
about 2:1, preferably about 5:1, in particular about 8:1.
In general, the preparation of adipodinitrile from butadiene or
from a butadiene-containing hydrocarbon mixture by addition of 2
35 molar equivalents of hydrogen cyanide can be divided into three

steps:
1. Preparation of Cs-monooclefin mixtures having a nitrile
function.
40
2. Isomerization of the 2-methyl-3-butenenitrile contained in

these mixtures to give 3-pentenenitrile and isomerization of
the 3-pentenenitrile thus formed and of the 3-pentenenitrile
already contained from step 1 to give various n-pentene-

45 nitriles. A very high fraction of 3-pentenenitrile or
4-pentenenitrile and a very small fraction of conjugated
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descrlbed above, for the catalytic hydrocyanation of butadlene or
of 1,3~-butadiene-containing hydrocarbon mixtures, are preferably
25 used for the isomerization. Advantageously, the novel catalysts
exhibit good activity with respect to the formation of linear
monoalkene nitriles. The isomerization can, if desired, be
effected in the presence of a conventional promoter, for example
a Lewis acid, such as AlCl; or ZnCl,. Advantagously, the novel
30 catalysts generally permit isomerization without the addition of
a promoter. The selectivity of the novel catalysts in the
isomerization without the addition of a promoter is in genera;.
higher than that with the addition of a promoter. Furthermore,
expensive removal of the promoter of the isomerization can be
35 dispensed with. Thus, in principle only one catalyst circulation
for hydrocyanation, isomerization and, if required, an addition
reaction of a second molecule of hydrogen cyanide is required.
Dispensing with the promoter and simplification of the process
which is possible in principle generally permit a reduction of
40 the costs compared with known processes.

The temperature in the isomerization is from about 50 to 160°C,
preferably from 70 to 130°C.

45 The present invention furthermore relates to a process for the
preparation of adipodinitrile by catalytic hydrocyanation of
linear monoolefinic Cg-mononitriles, wherein the hydrocyanation is
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In a suitable embodiment of the novel process for the preparation
of adipodinitrile, the catalytic hydrocyanation of butadiene or

15 of a 1,3-butadiene-containing hydrocarbon mixture (Step 1) and
the isomerization (Step 2) are carried out in the manner of a
one-pot reaction without isolation of the hydrocyanation
products. Hydrocyanation and isomerization can be carried out,
for example, in one reactor, the reaction temperature being

20 increased, if required, after the end of the hydrogen cyanide
addition. Hydrocyanation and isomerization can also be carried
out in separate reactors, where, for example, after the end of
the monoaddition reaction of hydrogen cyanide in a first reactor,
the catalyst-containing reaction mixture is transferred, without

25 isolation and working up, to a second reactor and is isomerized
therein.

In a further suitable embodiment of the novel process, all three
steps of the adipodinitrile preparation, i.e. preparation of

30 monoolefinic Cs-mononitriles, isomerization and addition of the
second molecule of hydrogen cyanide, are carried out in the
manner of a one=-pot reaction. -

The present-invention therefore relates to a process for the
35 preparation of adipodinitrile, comprising

a) preparation of a mixture of monoolefinic Cs-mononitriles
having a nonconjugated C=C and C=N bond by catalytic
hydrocyanation of butadiene or of a 1,3-butadiene-containing

40 hydrocarbon mixture,

b) catalytic isomerization of the mixture from a), and

¢) catalytic hydrocyanation of the isomerized mixture from b),
45
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of at least one novel catalyst and without isolation of the

product or products from step a) and/or b).

5 The novel catalysts can be prepared simply and thus economically
from readily obtainable intermediates, some of which are
commercially available. Advantageously, they have high activity
and good selectivity with respect to the monoadducts or
isomerization products obtained in the hydrocynation of

10 1, 3-butadiene-containing hydrocarbon mixtures. In general, they
have higher stability relative to hydrogen cyanide than
conventional hydrocyanation catalysts and, in the hydrocyanation,
an excess of hydrogen cyanide can also be added to said catalysts
without resulting in marked deposition of inactive nickel(IT)

15 compounds, ‘e.g. nickel(II) cyanide. In contrast to known
hydrocyanation catalysts based on non-complex phosphine and
phosphite ligands, the novel catalysts are therefore suitable not
only for continuous hydrocyanation processes in which an excess
of hydrogen cyanide in the reaction mixture can generally be

20 effectively avoided but also for semicontinuous processes and
batch processes in which a large excess of hydrogen cyanide is
generally present. Thus, the catalysts used according to the
invention and the hydrocyanation processes based on them
generally have higher catalyst recycling rates and longer

25 catalyst on-stream times than known processes. This is
advantageous not only for achieving better cost-
efficiency but also from ecclogical points of view, since the
nickel cyanide formed from the active catalyst with hydrogen
cyanide is highly toxic and must be worked up or disposed of at

30 high cost. Moreover, in the preparation of the novel catalysts,
generally no excess or a smaller excess of ligand is required
relative to the metal of subgroup VIII than in the case of . &
conventional catalysts.

35 In addition to the hydrocyanation of 1,3-butadiene-containing
hydrocarbon mixtures, the catalysts of the formula I are
generally suitable for all conventional hydrocyanation processes.
In particular, the hydrocyanation of nonactivated olefins, for
example of styrene and 3-pentenenitrile, may be mentioned.

40
The catalysts which are described above and comprise chiral
phosphonite ligands of the formula I are suitable for
enantioselective hydrocyanation.

45 The nonrestricting examples which follow illustrate the
invention.
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(Ligand I) (Ligand II)

20 Example 1 (according to the invention):
Semicontinuous hydrocyanation of 1,3-butadiene

0.41 g (1.5 mmol) of bis(1l,5-cyclooctadienyl)nickel(0), 2.14 g of
ligand I and 10 ml of toluene are initially taken under argon at
25 room temperature in a glass autoclave and stirred for 10 minutes,
the reaction batch acquiring a red-brown color. A mixutre of
7.9 g (146 mmol) of 1,3-butadiene and 40 g of toluene is then
added. The glass autoclave is tightly closed and the reaction
mixture is heated to 70°C, an initial pressure of 1.2 bar being
30 established. A mixture of 3.2 g (118 mmol) of freshly distilled
hydrocyanic acid in 40 g of toluene is continuously metered in
over a period of 90 minutes. Thereafter, the pressure has fallen
to 0.5 bar. The reaction is then completed in the course of a
further 120-minutes at about 70°C. Toluene is used for washing the
35 reaction discharge. The course of the reaction is monitored by
pressure and temperature measurement.

In a subsequent Volhard cyanide determination, hydrogen cyanide
conversion of more than 99% is determined.

40
GC analysis (column: 30 m Stabil-Wachs, temperature program:
5 minutes isothermally at 50°C, then heating up at a rate of 5°C/
min at 240°C, gas chromatograph: Hewlett Packard HP 5890) with
internal standard (benzonitrile): 99.4% of 3-pentenenitrile,

45 4-pentenenitrile and 2-methyl-3-butenenitrile, based on hydrogen
cyanide used.
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Table 1:
Time after end of addition 3-Pentenenitrile :
2-methyl-3-butenenitrile ratio
30 h
[h]
0 0.27:1
=3 1.94:1 2
6 4.75:1
22 8.25:1

35
Since, owing to the taking of samples for gas chromatography, an
exact determination of the yield was not possible, the same batch
was run again without sampling. There was no subsequent reaction
time.

40
Yield: 99.6%
3-Pentenenitrile : 2-methyl-3-butenenitrile ratio = 0.22:1
(Determination of yield : see Example 1)

45
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Weight of standard: 1.4416 g

20
Table 2: Product ratio after a reaction time of 300 minutes

Compound Amount [GC % by area]

trans~2-methyl-2-butenenitrile 0.98
2-methyl-3-butenenitrile 7.41

25 trans-2-pentenenitrile 0
cis-2-methyl-2-butenenitrile 0.21
4-pentenenitrile 0.33
trans-3-pentenenitrile 43.10
= cis-3-pentenenitrile 1.32
30 methylglutaronitrile 0.14
benzonitrile (standard) 45.55

= B
Conversion: 71.65%

Selectivity: > 99% (Note: The starting material itself contains
35 about 1% of cis- and trans-2-methyl-2-butenenitrile)

As demonstrated by Example 3, isomerization using the novel
catalysts is also possible without the addition of a promoter.

40 Example 4 (according to the invention):
An isomerization of 2-methyl-3-butenenitrile to 3-pentenenitrile

0.39 g of ligand II, 8 ml of toluene and 0.07 g (0.25 mmol) of
bis(1l,5-cyclooctadienyl)nickel(0) are initially taken under an

45 argon atmosphere and stirred at room temperature for 30 minutes.
Some of the catalyst complex which forms is precipitated from the
initially red homogeneous solution. The volatile components are
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5 graph. The product ratio after a reaction time of 300 minutes is
shown in Table 3. All products and by-products shown there were
assigned beforehand by means of gas chromatography, GC-MS, GC-
MS-IR and NMR. All values are in GC percent by area.

10 Weight of sample: 1.2109 g
Weight of standard: 1.00262 g

Table 3: Product ratio after a reaction time of 300 minutes

15 Compound Amount [GC % by area]
trans-2-methyl-2-butenenitrile 3.87
2-methyl-3~butenenitrile 2,16
trans-2-pentenenitrile 0.36
cis-2-methyl-2-butenenitrile 1.43 . -
4-pentenenitrile 1.31
20 trans-3-pentenenitrile 38.20
cis-3-pentenenitrile 3.60
methylglutaronitrile 0
benzonitrile (standard) 47.95

25 Conversion: 95.74%

30

35

40

45
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15 where Rl and R2, and Rl’' and R2’', are not linked to one

another, and

A is a Cy- to Cs-alkylene bridge which may have 1, 2 or-3
double bonds and/or 1, 2 or 3 substituents which are
20 selected from alkyl, cycloalkyl and aryl, it being
possible for the aryl substituent additionally to carry
1, 2 or 3 substituents which are selected from alkyl,
alkoxy, halogen, trifluoromethyl, nitro, alkoxycarbonyl
and cyano, and/or the C;- to Cj-alkylene bridge may be
25 interrupted by 1, 2 or 3 non-neighboring, unsubstituted
or substituted heterocatoms, and/or the C;- to Cy-alkylene
bridge may be fused with one, two or three aryl and/or
hetaryl groups, it being possible for the fused aryl and
- hetaryl groups each to carry 1, 2 or 3 substituents which
30 are selected from alkyl, cycloalkyl, aryl, alkoxy,
cycloalkoxy, aryloxy, acyl, halogen, trifluoromethyl,
nitro, cyano, carboxyl, alkoxycarbonyl and NE!E2, where
El and E2 are identical or different and are each alkyl,
cycloalkyl or aryl,

35
R! and R!’', independently of one another, are each alkyl,
cycloalkyl, aryl or hetaryl, each of which may carry 1, 2
or 3 substituents which are selected from alkyl,
cycloalkyl and aryl,
40

R2 and R2’, independently of one another, are each alkyl,
cycloalkyl, aryl or hetaryl, it being possible for the
aryl and hetaryl groups each to carry 1, 2 or 3
substituents which are selected from alkyl, cycloalkyl,
45 aryl, alkoxy, cycloalkoxy, aryloxy, acyl, halogen,
trifluoromethyl, nitro, cyano,

/’///,J,
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or a salt or mixture thereof.

2. A catalyst as claimed in Claim 1, A being a radical of the

formulae II.1 to II.5

R3

where

X is 0, S or NR3, where
R> is alkyl, cycloalkyl or aryl,

or X is a C;- to C3-alkylene bridge which may have a
double bond and/or an alkyl, cycloalkyl or aryl
substituent, it being possible for the aryl substituent
to carry one, two or three substituents, which are
selected from alkyl, alkoxy, halogen, trifluoromethyl,
nitro, alkoxycarbonyl and cyano,

or X is a C;- or Cz-alkylene bridge which is interrupted
by 0, S or NRS,

and R3, R3', R3"’, R¥"'", R4, RY, R4’ and RY''’ independently
of one another, are each hydrogen, alkyl, alkoxy,
halogen, trifluoromethyl, nitro, alkoxycarbonyl or cyano.

3. A catalyst as claimed in either of claims 1 and 2, R! and Rl’,

independently of one another, being alkyl or aryl, preferably
phenyl, l-naphthyl or 2-naphthyl.



109%6B& () - #3 10%B& () - 10%B& ()- 10%B& ()-_2vW4l # 10%B& () -
10%BE& ()- 10%B& () -#3 10%B& ()- 10%B& ()- _?2v4l # 10@&$&2&DNOV2%2
10%B& ()- 10%B& ()- 10%B& ()-#3 10%B& ()- <vWl #3 10%B& () -
10%B& ()- 10%B& ()- 10%B& ()-#3 belordDvUAl #3 - 10% & ()- -
10% & ()- - 10%& ()- - 10%& ()- kod 10% & ()-
10%§$§-()'r5&ww“ﬂ dg%g&}s#3§@ 6léymgﬁ&ig)ény'oflg%ﬁ&pfgéedihglg%%§hé)-Rz'énd
10% & () - . .

R2', independently of one another, each being phenyl

substituents which may carry one or two substituents which

are selected from alkyl, alkoxy, halogen, trifluoromethyl,

5 nitro, cyano, alkoxycarbonyl and carboxyl.

5. A catalyst as claimed in any of claims 1 to 4, the
phosphonite ligand of the formula I being selected from
ligands of the formulae Ia to Ic
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109% & () -
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10% & () -

where, in the formula Ia, R3, R4, R’7 and R® have the following

meanings:

R3 R4 R7 RS
H H H H
tert-butyl methyl H H
tert-butyl methoxy H H
H H methyl H
H H ethyl H
H H isopropyl H
H H tert-butyl H
H Cl H H
H CF3 H H
H H methyl methoxy

in the formula Ib, R4, R7, R8 and R? have the following

meanings:.
R4 R’ RS R?
H H H H
Ccl H H H
methoxy H H H
H H H phenyl
H methyl H H
H methyl methoxy H
H methyl methoxy phenyl

in the formula Ic, R7 and R® have the following meanings:
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H H
methyl H
ethyl H
isopropyl H
tert-butyl H

methyl methoxy
i-propyl H

i-propyl methoxy
H Cl
H CF3

A catalyst as claimed in any of the preceding claims, which
additionally has at least one further ligand selected from
cyanide, halides, amines, carboxylates, acetylacetone,
arylsulfonates, alkanesulfonates, hydride, CO, olefins, -

dienes, cycloolefins, nitriles,
aromatics and heteroaromatics,

N-containing heterocycles,
ethers, PF3 and mono-, bi- and

polydentate phosphine, phosphinite and phosphite ligands.

A catalyst as claimed in any of the preceding claims, the
metal of subgroup VIII being cobalt, rhodium, ruthenium,

palladium or nickel.

A phosphonite ligand of the formula I

Rr1
|

/—O—P—ORZ

A

- \-\‘O-IP-ORz'

R1’

(1) @

as defined in any of claims 1 to 5, where

RZ and R?', independently of one another, are each alkyl,
cycloalkyl, aryl or hetaryl, it being possible for the
aryl and hetaryl groups each to carry one or two
substituents which are selected from alkyl, cycloalkyl,

aryl, alkoxy, cycloalkoxy,

aryloxy, acyl, halogen,

trifluoromethyl, nitro, cyano, carboxyl, alkoxycarbonyl
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PUHSYE () * +, aliphatic monoalkenenitriles having a nonconjugated C=C and
C=N bond to give linear monoalkenenitriles, wherein the
isomerization is carried out in the presence of a catalyst as

15 claimed in any of claims 1 to 7.

11. A process for the preparation of adipodinitrile by catalytic
hydrocyanation of a linear monoolefinic Cs-mononitrile,
wherein the hydrocyanation is carried out in the presence of

20 a catalyst as claimed in any of claims 1 to 7.

12. A process for the preparation of adipodinitrile, comprising

a) preparation of a mixture of monoolefinic Cs-mononitriles
25 having a nonconjugated C=C and C=N bond by catalytic
hydrocyanation of butadiene or of a 1,3-butadiene-
containing hydrocarbon mixture,

“b) catalytic isomerization of the mixture from a), and

30

c) catalytic hydrocyanation of the isomerized mixture from
by, - -

wherein the steps a), b) and c) are carried out in the

35 presence of at least one catalyst as claimed in any of claims
1 to 7 and without isolation of the product or products from
step a) and/or b).

13. The use of a catalyst as claimed in any of claims 1 to 7 for

40 the hydrocyanation and/or positional and double-bond
isomerization of olefins.

45



