0Q50/ 49095 gpos50/49¥93 YSt conprising a conplex of a metal of subgroup VIII
based on a bi (?ent at e phosphonite |igand and preparation of nitriles 5
The present invention relates to a catalyst which conprises a conpl ex of
a netal of subgroup VIII, which conprises at |east one bi dent at e
phosphonite Iigand, a process for the preparation of m xt ures of

nonool efinic (Jerr]-nononitriles and a process for the preparation of

adi podi ni tri lcath}ysttaimprisimy dr copphex iaf ai metdle of0spparairc ¥I5T kased a
catal yst. doa bi@ertadesphosphopiedutidand ahd pdeparatien dfheierikesa

consi derabl e demand wor| dw de for [err]-al kyl enedi am nes, which serve as

an inporta tarting material. a, )- vl enedi amM nes

hexanet hyl 2#1 eaﬁfﬁ%e?’ntarléwgﬁ h?“ngéle‘?%%(uta agé@{gﬁ% V%%gh %ﬁ%)z%es a
hydr ogenat i nFAREeERF & PERat Rf FURPTOTR &1 vi ¥ ’Lfgﬁ F m%%/’rses YAt 8P
routes for tHedentatetphospboniieadigengt ehIeanfheiosr she preparafipn of

essential |l y weixtapes af nolheopshidiict Comarfonitr Bispedina tprdcessofomttiheh about

1.0 mllion a¢al D615 o Ba2fodimaduces mnraahlyt WOhlerbehmanation ¥ the
Vi ssermel 49 H -l AL PSS sk;@ﬂ“%tédt%ll g¢Organi sche Chenie, 4th edition, VCH
Wi nhei m pade 66" et seq., describe four basically different routes for

the preparation of adipodinitrile, including 25 the direct ,hsydrocyanat I on
of 1, 3- but adiRafe thet w&wﬁegémr@)ﬂ&ﬁm@ of POAYRRESSasthfEfti%Red process,
nmonoaddi t i on ¢ansdderalste slemgad wonjdvwéde afar wt wr-alkiflenediamines, which

pent eneni tri | frveWd Cén | imposoakt istadting imat@rietond csaagplémedjiaménes,
predom nanis Vouin a80hdrRANGIENdialiRe, are\bbROGEH Wirtgally EheMubnialyd |n
athird stag n - r , r ni it reaction
with 4 perpofudredffariod tﬁ%‘*ﬁ?ééﬁl e o

O ganonet al i C-RSEGaAHsToutes (R ."R’f,.p ' Hh@?mexﬁg‘ﬁg %%%"e Hagsls @

descri bes i n theanefaretersensiatity tMagAapea@f dheoPrefftdgBretyani de with

ol ef i ns underadipddéhetnigeneotiswiainh abougehdomsltiomimesirsc tansparei cul ar,

catal ysts zod}bm@eanamppi Wwerldwiasphi t e and phosphinite conpl exes of
ni ckel and of palladiumare used. For the preparation of adipodinitrile

by hydrocyanati on .of butadiene, predon) tl. LC I-t.e
czlt al>/yst syar exué’qéd',ss?ﬂ“?ffe I?pr'é_ﬁe% éa’or%gké%egn%%%f %g)écgg%%%ghgé .4119, a
pronot er . e@itleﬁenYC‘Sd@.lPh%mpaQSnﬁ% et £§91- §é%§9§?“rdé’§8%?%le%§’
chiral ar ylliffiqrieosptoutes for | thea RASPRERtIANdPECIHPROLBAt By YEFEUAING 45
t hese |i gar8sthd i rpbosiphiroeyanation fbbndtamhtadaenevwidh hydrogenogyarident ons
to the 3- andigd'enROShbiBRstabnad rdcebl Papdtidagbitionidint o fd#dt whtiagd it thus
forms a 7'neng@%égjahﬁ&§%6¥§y%keiséﬂéric pentenenitriles, which is isomerized

in a second stage to give predominantly 3- and 4-pentenenitrile.

Adipodinitrile is then formed in a third stage by an anti-

30 Markownikow hydrogen cyanide addition reaction with
4-pentenenitrile.

{4

»applied Homogeneous Catalysis with Organometalic Compounds”,
vol. 1, VCH Weinheim, page 465 et seq., describes in general the

35 addition reaction of hydrogen cyanide with olefins under
heterogeneous and homogeneous catalysis. In particular, catalysts
based on phosphine, phosphite and phosphinite complexes of nickel
and of palladium are used. For the preparation of adipodinitrile
by hydrocyanation of butadiene, predominantly nickel(0) phosphite

40 catalysts are used, in the presence or absence of a Lewis acid as
a promoter.

J. Chem. Soc., Chem. Commun., 1991, page 1292, describes chiral
aryl diphosphites as ligands for hydrocyanation catalysts. In
45 these ligands, the phosphite group is bonded via two of its
oxygen atoms to the 3- and 3’-positions of a 2,2'-binaphthyl
unit, with which it thus forms a 7-membered heterocycle. In



0Q50/ 49095 gos50/49095 2 addition, two of these

het erocycles may |i kewi se be |linked via a 2,2'-binaphthyl unit to forma
bi dentate chelate ligand. In J. Chem Soc., Chem Conmmun., 1991, page 803
et..seq., anal ogous chel at e di phosphi t$ conpl exes of ni ckel (0) and

pl ati num(O) are 5 described for this ose, - bi phen unc{t .bei ng
used i nst addiviony xwo' ofithese: h¢ T.eqﬂﬁyplg% “E"’H’e 115}‘? EE ?'(E) a

US- A- 5, 449, 8@72¢elsiorapbsbyh yridcsosfom a hedgratsa%ébethr and‘ CI}hnat i on of
di ol efins ingthengiesorce Clera Sompaiiedonickmdgel 803 attalsest. , basaicdbgonsat

| east one bi dgptate RPRsBPhite Icoipitked be mém(mbosmﬁl%tghﬁﬂm) *&%“9
bridged by %%%n%t@s& Iftogt gﬁllsokﬁurggggsq tZULf.’edb h%né PREMYe 186 O

US- A- 5, 440, €sSCrl | SOHE?I zat | on of
2-al kyl - 3- morigsERRALE @ Ardri lé’gppﬁhblr VR ARa o i%ﬁ

4- monoal kenenitriles in the 15 presence of the catalysts descrlbed in

US- A- 5, 449, 8WB-~A-5, 449,807 1d&kT ithes ca i ipemeas pfac ade fas-phasenhwdoryanat i on
of  nonool efdydsatidch Wi aholedidlsy $hSthmgresefice @f0aVahEitirtedChixdkeand

g'r gﬁgts a gget %SareQ Mf%'aa@aad@ﬁaélgssu%% bhaeﬁ@a%fphbg@m 1&E§n@0 ;}@Fsmlste e
7- menbered h 8r8 Ig‘teng?usps “th s a% %nggﬂétltutg egft]henybrl dged
by aryl - f useURFkY ‘é‘i’?éi Q;VBUTJ‘%’-RHe&Y}h%m gg%r? aA‘t48 FfréP%s ot part of

t he het er ocy @ireces@5faySthe 59&sHPhegS 1$qa@m§etm@rfu Besllarlpﬁo@@%%alrl@fler he
hydrocyanat i aiitefile®neokete nkireart Be grdysenéenmfoadkanekiirilescan adihest which
conprises g5 Hjrdgphéd &PhasphidA yskgadsbcribed W VB-A13 B4 gl@wari bes a process
for hydrocyanation in the 30 presence of a ni ckel catal yst based on a

bi dentate or V%?l%?ﬂ]é%t ?8?8’6 hosph| te | i C)%nd yl %Qctgnea&gogsggl te groups

are not part ap

phosphi t e gr Goseclefins, é§p‘61i‘1’tfht GaFﬁ sdé’éé?‘iltfﬁb ZeROVYH K1 RESEE

US- A- 5, 523, 458 ddetaté Iphosphpreddgenfiemayy deovsethatiiohhese tlhsandspr@@ence of
a ni ckel ca6 Pnpsphbes e olps acdyjeddpiravet itgandf vithedlr oxygematosesamd paeast
one phosphi nige ,dr oHpr Fided ’f—%énﬂ%i‘ed héﬂ&aeb@r&s?ﬁqaga&ﬂiﬂn@srmmtsh i s

sel ected from phosphlni,t | Th oL ls -GNt ai ni ng
groups of theqaxlO YRS Bi den?’ate ngg ar tfﬁged qi{eﬁ VI a aryl -fused
y

1995
gr oups. V\G’@’?P?Bﬁ%“sdé@&?}?tfé% ROp BT etsg% %ﬁ ¥5Sanat i on of
diolefins and for the isonerization of 2-alkyl- 3 nmonoal kene- nitriles in
t he presenz® us-aAcal 513,995 hikeriseodesspidesd poprdress fordewrri bed in
US- A- 5, 523, 453%dré8yanation of monoolefins in the presence of a nickel

catalyst which comprises a bidentate phosphite ligand.

WO 96/11182 describes a process for hydrocyanation in the

30 presence of a nickel catalyst based on a bidentate or polydentate
phosphite ligand in which the phosphite groups are not part of a
heterocycle. The groups used for bridging the phosphite groups
correspond to those described in WO 95/14659.

35 US-A-5,523,453 describes a process for hydrocyanation in the
presence of a nickel catalyst based on a bidentate ligand which
comprises at least one phosphinite group and a further
phosphorus-containing group which is selected from phosphinites
and phosphites. The two phosphorus-containing groups of these

40 bidentate ligands are in turn bridged via aryl-fused groups.

WO 97/23446 describes a process for the hydrocyanation of
diolefins and for the isomerization of 2-alkyl-3-monoalkene-
nitriles in the presence of catalysts which correspond to those
described in US-A-5,523,453.

45



0Q50/ 49095 0050/49095 3 WD 96/22968 |ikew se
descri bes a process for the hydrocyanation of diolefinic conmpounds and
for the isonerization of the resul ti ng, nonconj ugated

2-al kyl - 3-nonoal kenenitriles, a ni ckel (0) catal yst based on a pol ydentate

hosphite |i and beln 5.used in the presence of Lew s acid as rormter
‘Fl)'he Bhosphl tg 6¥k‘?vf°r§§ed?)§ﬁ§?d’?€ﬁt at%r?‘ieééng%r arg §¥ g a%
conmponent s off dmlﬁfmmgeapmmeﬂacmd &orahle rwmﬁélﬁfrld’g’eﬂfw%e aryl -fused
gr oups. Noagu { irigh e nahearejugat éd riach 1y b 3 eainoah senksidriibes, l/dr ocyanat i on
10 catal yst sn@a ncahaus;mo Bhab&d | drjange1ydéhtpdet pesdpliitendigamhbaliygt s
dosori bes 3 SEs8 t E“%&%S?%S“e%ﬁfiégo BOprpiier. Th bl e e
conpounds V\thEﬂu%)P ES‘F B ?n'i f‘%%aar ncé’ ag@n% h!:%%&{&?%l f’e in

t he presenceasylafufiedkbpteroqysigsyand mpyeRe Byide, ép Ela"‘ta'ﬂry réui%"r % OPBE
| i gands of the formula MX Y, 2Z), where X, Y and Z, independently of one

anot her, AbBe EFE tha aadx}éiﬁﬁntli?oﬂéd @RrandaRidms gebecited hydnoatdnatiand
aryl OrQURS+ 91 y 4ty %Qséé &@f BE RSBTR 1HQNRMET TnOpadt iRRQEBNi mes and 20
phosphi t es agﬁt ”t ! 0%% ﬁgﬁ% yaiiaen%hgﬁg%é'}%%s Hoﬁ:l(.}.f‘e e’éi‘gpéxé‘écnbeﬁor the

hydr ocyanat i ose at phosphonites
can be used as Ilgands for n| ckel (0) hydr ocyanati on catal ysts
particul ar, H8-Bideti6ald7 clricyibes a OsSERENFIE tlhleghmcé(@éaéé%‘brqued 25
It is an Obj ethyDénided 1pr essrturaned tanpounds priowhdmayocwsie furtkem| yst s

based on awr%ﬁ&tmnaaula% , Wukh. adheitrshes) din thpr pfedentlyohay migted
sel ectivity a EQLgﬂiéké&cEéﬂ%fﬁét@ncarrﬁaé ubY g Ngki et Of

1, 3- but adi t
Pr ef elrJagI ;?n?ﬁgwg d%ié\'?1 e"ﬁ% Cﬁgt a IE'lgz'f shagt oF: ghe! G

C | C.1SO r| ation
of nonoal kené&et ??‘I’lésa Zadieat R RE OR apyRy F'ﬁnserjf&?ﬂjoﬁr%‘f X‘H?gl Cge E
mol ecul e of lyrdnpgert aypahpdes wiarhon atqgisd HOVREAe ABRY thqs@ﬁl,m?%raf&anpl e
for the prap®hakpRiter are mehithocedi xplieit3p and Weehased siar phe séxaiplesound
that this Obe%‘}_-t thé tﬂﬁﬁbéyQHa@bn of ot Yehér HRaRY] €8 s MRitabiiedlcuedgr oup
VIT1 which c Sf%s ho 1t£§?c% Qeué)édj%%t QE& rﬂp%gboﬂiél@ell (ogand. 40 The

present invern |on I
of a metal ofYSEBGYHAT J'Vglr%a ﬁge% t? Eenfa & ngoﬁgé%ﬂgg%t eh?lfag%(r)lgposx

t he formul a [phosphonite llgands are scribed
25
It is an object of the present invention to provide novel
catalysts based on a metal of subgroup VIII. They should
preferably have good selectivity and good catalytic activity in
. the hydrocyanation of 1,3-butadiene and 1,3-butadiene-containing
30 hydrocarbon mixtures. Preferably, they should also be suitable
for the catalytic isomerization of monoalkenenitriles and for the
addition reaction of the second molecule of hydrogen cyanide with
said monoalkenenitriles, for example for the preparation of
adipodinitrile.
35
We have surprisingly found that this object is achieved by
catalysts based on a metal of subgroup VIII which comprise at
least one bidentate phosphonite ligand.

40 The present invention therefore relates to a catalyst comprising

a complex of a metal of subgroup VIII, having a bidentate
phosphonite ligand of the formula I

45



0050/ 49095 0050/49095 4 [err] 10 where
A is a C- to Cr7-al kyl ene bridge which nay have 1, 2 or 3 double

bonds and/or 1, 2 or 3 substituents which are selected from al kyl ,
cyel oal kyl and aryl, it being possible gor the aryl 15 substi t uent
additionally to carry 1, 2 or 3 substituents whi ch are selected from -
al kyl, al koxy, hal ogen, triflyoro- met hyl, nitro, al koxycarbonyl and
cyano, and/or the C2- to C/- al kyl ene bridge nmay be interrupted by 1
2 or 3 non- nei ghbgsAgP-QR¥subst it ut ed or substituted heteroatons,
and/ or 20 the C2- to IC7-al kyl ene bridge nmay be {mpsed with one, two or
three aryl gnd/ or hetarﬁ! groups, it being possible for the fused
aryl and hetaryl groups R-ORéarry 1, 2 or 3 substituents which
are selected from al kyl, cyc” al kyl, aryl, al koxy, cycl oal koxy,

aryl oxy, acyl, halogen, trifluoronethyl, 25 nitro, cyano, carboxyl,

al koxycarbonyl and [err] where E[err] and E[err] are identical or
different and are each al kyl, cycl oal kyl or aryl, [err]

I ndependenid Y,;n@keone anot her, are each al kyl, 30 cycl oal kyl, aryl or
hetaryl, each of which may carry 1, 2 or 3 substituents which are

sel ected from al kyl, cycloal kyl..and . ar.yil R2 and \
i ndependent | f‘ of l%n% %?%oFﬂe+1’%&F§T%xéecl?réflﬁfllvf%f%l may l%:ayc geu y?r: 3aflo’lﬂ:’loer
hetaryl, it bei n§opéssansl/eridr 3 g dr§ypbstituents yhich: aF§|SeEHHS 40 1 o
carry 1, 2 or 3 sdbgplitay@loslighl @ind aryl, igr beird awissdble ofaraltkg|aryl
cycl oal kylis aryl suBkkDient additictptipat&k@arryalylDxy, 3asybstiabogen,
trifluoronethyl, (RithOare selectéd @36m SALAOXKhkoR) KW4Y64ERO W £2R6d-Lr ']
where [erf] MY 3leny1 MR rb!Ca ARAYRIPRAANGHa BAHI 93na/or tRE &S cfl
" alkylene bridge may be interrupted by 1, 2 or 3 non-
neighboring, unsubstituted or substituted heteroatoms, and/or
20 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,
25 nitro, cyano, carboxyl, alkoxycarbonyl and NE!E2, where E! and
E2 are identical or different and are each alkyl, cycloalkyl
or aryl,

R! and R!‘, independently of one another, are each alkyl,

30 cycloalkyl, aryl or hetaryl, each of which may carry 1, 2 or
3 substituents which are selected from alkyl, cycloalkyl and
aryl,

R?2 and R?‘, independently of one another, are each alkyl,

35 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 NE1E2, where E! and E2? may

40 have the abovementioned meanings,

or a salt or mixture thereof.

In the present invention, the term alkyl includes straight-chain
45 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



| n-the presepjosioysdooison, the term al kyl includes straight-chain 45 and

branched al kyl groups. These are preferably straight-chain or branched
[err]-alkyl, preferably [err]-alkyl, particularly preferably [err]-al kyl
groups. Exanpl es of aIkyI groups are |n 0050/ 49095

5 particular methyl, eth propyl, |s pro n- but yl byt

sec-butyl, t@FtheR r“‘ﬁt é%t thyg (?L g%%‘f Ilbu?S/‘?thZ‘L' l"Jné‘rlﬂ%'butyl
1, 2- di met hyl peephutyly, reurnhnﬁnm pnopgntykz 2—a¢¢ﬁ¥l' 2eRGHprONEY L,

1- et hyl pr opyla-mathﬂmtylz bheaydime2hphptogyient yl-dime8hpiprtodydent y2-dime-

4- ”Ethy|pent)ﬂh l '”ﬁtgiﬁ Bopyl} mertixzyrt hylhexy1hub Yhethylpentyl,

2, 3- dlnEth t 1 5 %Lnt g-éﬁﬁégﬁ&gﬂﬁy 1, 1,3- dlmethyl-
33d|rrethy trlma£ m‘% 1 1

1- ethylbutyl T i EP%Y
3-heptyl, 2- é’tr F‘b’éﬁ’%*wlbultl’br ol u?f&meoﬁ’d BE?RI I 'group

i s preferabl y-e¢hylbutydl,0d+&hylbutgh, ab-ethWCZﬂMN}Promy]ol @hbﬁgtYJor
cycl oheptyl . 2-nheptyl hes-cipptpn) I@detgymﬂy&,smbgidptyllbeﬂyl iandppeter abl y has
1, 2, 15 3494 or 5, in particul ar 1, 2 or 3, substituents selected from

Fol ol | ylyl Mg SrRerua hf‘%] ‘i%fsm{gi%gﬁ; Aheicunte! etahl yopheny!

tolyl, xyl enant ren or
nap%t hacgnyl °Y°&°B‘éﬁ¥’f3flculc H O50°¥S Jnyl | f the argl group is
substituted, it preferably has 1, 2, 3, 4 or 5, particularly preferably
1, 2 or 3, esrmactihal d:yc]:balkybrgﬂ;upsu'lbswhaj:e'musetﬂn J'etny:rpﬁsirathl(ynhas 1, Bet aryl
i's pr?feraﬁw pwr bey$, iGupaetidulagcli d2 rod 3, pyibstazueyts sHiepyednixbmyl or
pyrazinyl . @Hbsédﬁéiﬁtf«‘dhg%@éﬂ'orréﬁiﬁﬁl&oﬂéaﬁﬁ ably have 1, 2 or 3

e 0

substituents s éte m al kyl, al koxy, hal ogen and trifl uororrentyl
30 The above statenents on al kyl, cI oal k and ari;L r adi cg f a
appl i cabl e i PEY1coPrRgf6rabhy PREWr F %}I kéﬂ(iyltﬁﬂs&’é oRPPREY

| oxy

radi cal s. 3GamErEgenyl prbbeeriisenyl NoHinARhEppceny I dp Pt icular, R épyl ,
N, N-di i sopeopyt naphdhyll - m£bthe |aryll, Mroup tier substitiuted, N pmbifeysblhdyepl or
N, N-di phenyl .1, 2, bal pgan si, spditidiilaely GteFeraBly br,0mi 62 D espdciglly 1
preferably 40 If |2U0ghggtﬂ,_rueﬁ@ioir{ NGy positibnlne phosphonite ligands of the
formula I, [er

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 and
aryloxy radicals.

35 NEE? 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.

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

In the phosphonite ligands of the formula I, R! and R?, and Rl
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



and [err] ar@o8plyabboked to one another. 45 Ais preferably a

C2- C7-al kyl ene bridge which is fused with 1, 2 or 3 aryl groups and

whi ch additionally may have a substituent which is selected from al kyl,
cygl oal kyl and unsubstituted and 050/ 49095

6 substituted aryl and/or which additTonally ma nterru t ed .
unsubst i t ut e@uBst e ?HY%&W%rW%addltﬂ%@lﬂ*&s@ﬂYat?eyl? § r‘f‘?ﬁ?“?ﬁ&l cal s
A are preferabl ynherstdtoted & suphtititade heFepeatrofenzene rings are
preferably unsubstituted or have 1, 2 or 3, in particular 1 or 2,

substituents pyai ehsed %ryl§e$§ct§r@drﬁdi£b‘§l%| KYhre %iﬂ'é‘léi‘abrwmeéne or

trifluoro y bﬁ}i]g@ Rused

napht hal err:?s%k’htﬂﬁé’n %?3 unsu%sillt 5% er?ijl nq*%ﬁgﬁgﬁ frusegrrl ng

and/ or in 10 PaK¥e US7ed’ LRt (o er) % tpsarwf‘ ular 1 or 2,

of  the subselegted sfrﬁ@nﬁgbhbd adhove ff@rlosﬂ%r f%ﬂé&ugﬁ%w i fH<ECr  Fused

napht hal enes caltbokyhs @lkobgtathengd amd tdyanpeusewsad ngphtlm@esa@w have a

substi t uent |§3:effaf-‘a191§ h9spBstitudedt 6r thtre, RhOSEGBLLLugEd ting Timd/ orsihhen

prefer abl vy @litel eQled 3 salkoty AldROBYLe 1,021 B8 Fa56 garémﬁ&b@tif Lnenbtshor
e fuse yls refer JeSELL c nmet hy

i sopropyl or t?‘(? }B *i’gﬁ“\é ﬁfko ntmnea‘re eragf’ fﬁ se nbé}&reglb Fifgs.

particul ar né“t“ﬁ&?yna%%%?ﬁ%ﬁ‘ e [ﬁ“é’lsér"‘g’tﬁ ‘ii{ rlngcar bonyl .

Hal ogen is i ronederakly dave| aoﬂhﬁl@lﬂe%wl@r the. 032@0 P°F¥t1t9?et€2t ?0

C7-al kyl ene Ilphodghowite eonpdiTels Asishampeefepdleldy alkpy or, 2 or 3

unsubst i tuwdn%x abﬁ;d teﬁn h@ﬂeebaaécms theheslsifttents S&f enbedudgédm 0, S

or NRS, whereg lb& leQr t@ré‘{ alkylprﬁ{ %a%@h&’uléﬂ”‘%te@g 1}0
C7-al kyl ene br o5in U ?uted
or sub)s/t i tut elcf‘ﬁ‘?gf’EY %\er ut'1f tAﬁ#-:\ ﬁpﬁ(ﬁgengc‘g e t:

radi cal A is RATGdERIAR é‘t?thoxyt tMFFéPé‘Y‘?Lar ”(¥|1 Ss % "ra} 2 ar

substituent, cerbohyl. Hadbger s?elJecpedtiwimralfkwrlf@yero‘ammm&nd aryl, it
bei ng 30 pm3|ble for the aryl substituent additionally to carry 1, 2 or 3

substituents mhigh @{etge 18916h&MB1aldkY! of AlHeOXYdidel @088, interrupted
trifluoromet ' ”gtéxo 3 BnSOBYCARARYbr ANMEYBieg FHeBEPERING, LhEse are

| Kyl b d fr
Ct o " sopr o BRI G ? STl s 3R St JEROYL.

I,
p- met hyl phenyEreferpblyr rt]heaFk'oM’) Frehilylene kb‘?‘é%@r 8% ﬁgf‘ﬁ%&fpﬁényl
p- hal opheng$ , ipresfreptéd oypaohimsupstitupere eyl Suhﬁ@m‘b@ﬁl W*‘tﬁﬁ‘?@ﬁfé@hyl phenyl
Preferably, Ais a C4- to C7-alkylene bridge which is fused and/or 40

substituted apd/i@e £ &hor @Wﬁd{ﬁ)&é‘@ﬁi@%ﬁ' bHt@ft Fadsedsta tikt sebstituted,
het er oat ons, fg;ﬂqgsfr|fﬂ%1 %ngﬁétléﬂeﬂeéf'fHJbQEtlé%lé% q g@bsgf%ugﬁt, 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, the
alkylene bridge A has one substituent which is selected from
methyl, ethyl, isopropyl, phenyl or p-(Ci- to C4-alkyl)phenyl,
35 preferably p-methylphenyl or p-(C;- to Cs-alkoxy)phenyl,
preferably p-methoxyphenyl, p-halophenyl, preferably p-chloro-
phenyl, and p-trifluoromethylphenyl.

Preferably, A is a Cs- to C;-alkylene bridge which is fused and/or
40 substituted and/or interrupted by unsubstituted or substituted
heteroatoms, as described above. In particular, A is a Cy- 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.S5



al.kyl ene bri ¢gsovaiopasi s fused with one or two phenyl and/or napht hyl

groups, it being possible for the phenyl or naphthyl groups to carry 1,
2 or 3, in particular 1 or 2, of the 45 abovenenti oned substituents. In
par.ticular, Ais a radical of the fornmutae I1.1 to Il.5 0050/ 49095

7 [err] where 20 X is 0, Sor [err] where

Rerr] is aIkyIR3cycIoaI§ or aryl, Py or X.is a grr+-alk Lﬁne bri dge

whi ch may have R-bond RARor a '%JRV , Cy r aryl
substituent, it ei ng poSgib CUHe aryl titu ocarry 1, 2
or 3 substitu whi ch 2d from all , hal ogen,
trifluoro hyl , ni al koxyca cyano, X or Is a C- or

[0
C3-al kyl ene” bridgeiwhi ¢h is interlrupted By O, S or NR'err] and

Le[r]lndependently(gi 1) one anothgra)are each hydrpogen,) al kyl, al koxy,
al ogen,

4 p3' 4
10 R3 R? R R
R3'I R3III ,, 3,,,
R4" R4r1: R4 - R4,,,
15 |
(II.4) (II1.5)
where
20

X is 0, S or NR3, where
RS is alkyl, cycloalkyl or aryl,

or X is a C;- to Cia-alkylene bridge which may have a double
25 bond and/or an alkyl, cycloalkyl or aryl substituent, it
being possible for the aryl substituent to carry 1, 2 or 3
substituents, which are selected from alkyl, alkoxy, halogen,
trifluoromethyl, nitro, alkoxycarbonyl and cyano,

30 or X is a Cy- or Cz-alkylene bridge which is interrupted by O,
S or NR3,

and R3, R3‘, R3"’, R3'’’, R4, RY, R4’ and RY"'’, independently of
one another, are each hydrogen, alkyl, alkoxy, halogen,

35 - trifluormethyl, nitro, alkoxycarbonyl or cyano.

Preferably, A is a radical of the formula II.1l, where R3 and R4
are each hydrogen.

40 preferably, A is a radical of the formula II.2a

45



33 trif'“%b%??ﬁ!b ghitro, al koxycarbonyl or cyano. Preferably, Ais a
radi cal of the ornu?

all.l, where R3 and Rl err] are each hydrogen. 40
Ais aradical of the formula Il.2a 45 0050/ 49095

preferably methyl, isopropyl or
met hoxy, fluorine, chl ori

Preferably,

8 ..

(11.2a)

| sopr opyl

a radical of

25 mher%

t he 30 fo
10

15

20

25

30

35

40

45

R4 R4 R3 R3

5
where 10 R3 is hydrogen %r [err]-al kyl, preferably nethyl,

or tert-butyl, amr# R4R* | s hydrogen, [err]-al kyl,

the formula I1.3a R4 R4 20 [err]
R3 and R4 hayg tioned above in the case of
roula I'l.2a and
(II.2a)
where

R3 is hydrogen or C;~- to Cy-alkyl, preferably methyl, isopropyl
or tert-butyl, and

R4 is hydrogen, C;- to C4-alkyl, preferably methyl, isopropyl or

tert-butyl, Ci- to Cyg-alkoxy, preferably methoxy, fluorine,
chlorine or trifluoromethyl.

Preferably, A is a radical of the formula II.3a
R4 R4

O\ L,

R? (II.3a)

R3

where

R3 and R? have the meanings mentioned above in the case of the
formula II.2a and

RY is hydrogen, C;- to Cs-alkyl, preferably methyl or ethyl,
phenyl, p-(Ci- to Cs-alkoxy)phenyl, preferably
p-methoxyphenyl, p-fluorophenyl, p~chlorophenyl or
p-(trifluoromethyl)phenyl.

Preferably, A is a radical of the formula II.4, where R3, R3',
R3"’, R3'’', R4, RY, R4’ and RY'’’ are each hydrogen.

Preferably, A is a radical of the formula II.4, where R3, R3', R4,
R4’, R4’ and R4’ are each hydrogen and R¥'’ and R3'"',
independently of one another, are each alkoxycarbonyl, preferably
methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl or
isopropoxycarbonyl. In particular, R3'’ and R3''’ are ortho to the
phosphonite group.

tefqt-butyl, [err]-al koxy, preferably
i or onet hyl . Preferably, Ais



R9- i s hydrogpso/a®0els al kyl, preferably nmethyl or ethyl, phenyl,
p-[err]-al koxy) phenyl, preferably p- met hoxyphenyl , p-fluorophenyl,

p- chl or ophenyl or 35 p-(trifluoronethyl)phenyl. Preferably, Ais a
radi cal of the fornula I1.4, where [err% are each hydrogen. 40
Preferably, Ais a radical of the fornufFa 1.4, where [err gre3each

hydr ogen and PFeEeTablymdependididdigadfoh fdeafisrmEa 13, 2r CaRkoxyy/car bonyl ,
preferably R¥Eth&R{Car RbnRe:, &*hoapdaRbonydre gaph orxgdtpggnbery (X ¢ CR?,

I sopr opoxycardneryl R haspéhé i dbdvement vreld aesnidigsho to the 45 phosphonite
group. 0050/ 49095 9 Preferably, Ais a
radi cal of f LI .5, \ ers] S ch-hydr nd %1 54CR9,
where R9 ha% %ﬁgg%%%i\)g Anﬂ?,o%\é%ed’r}gg%xi 8¢ %zhe 2515}1@?%%@?{% A Zri?sﬁa' drlggi.?al' of
the fornula . ,Rwhe"r"g‘E err ] 8¥® £28 egg MWehr ofett K i &) 2° ’

i ndependent | yingependentdat REroneya@okhehr AneoRFehIrPFNRFYCaFhanydy gprsLerably

met hoxycar bomgthosytabyongi h oesHoxyeapbongiyy caphepodycerbemylp 0P dRYPropoXy-
carbonyl. | n pabbheul am phetiduidre RIThand Rt e at® @lwmploNthe group. I'n

the formul g, | iddepgpdently of one another, are preferably alkyl
or aryl, |?\°;}Ja?r+?éﬁ %r eﬁgf, 1- napht hyl or 2-napht hyl . 15 Preferably,

[err], independently of one another, are each heny] whi ch \1/. carry 1 or
2 substit uent® whecEOEREas&r ekt @84 Ry POH%Wd?ng}X%P“ﬁa? I, are
trifluoromet tpdefenpbly alkyinor arval kdxyrartdonyar gheasl pokyaphebyl qm g
preferred enmdiaphbhyli he phosphonite |igand of the formula | is selected
fromligangs of the fornulae la to Ic ' R4 R4 25

Preferably, R?2 and R2', independently of one another, are each
phenyl which may carry 1 or 2 substituents which are selected
from alkyl, alkoxy, halogen, trifluoromethyl, nitro, cyano,
alkoxycarbonyl or carboxyl.

20
In a preferred embodiment, the phosphonite ligand of the formula
I is selected from ligands of the formulae Ia to Ic

R4 R4

Jele¥
“ @/Z/o OI“@

R7 RrR7

25

35 8 (1a) R®

40

45



Lerr]
10

L)

0050/ 49095

0050789095 45
R4 R4

10

R4 R4

[err] 15 20

5
0 9
O " 70
R? R7
10
8 8
(Ib)
15
20
I/ \L
R? R7
25
8 8
(Ic)

where in the formula Ia R3, R4, R7
30 meanings:

and R® have the following

R3 R4 R7 RS
H H H H
tert-butyl methyl H H
35 tert-butyl methoxy H H
H H methyl B
H H ethyl H
H H isopropyl H
40 H H tert-butyl H
H Ccl H H
H CF3 H H
H H methyl methoxy
45

in the formula Ib R4, R7, R® and R?

have the following meanings:



25 [err] oos0/M@p9si N the fornula la [err] have the follow ng 30

meani ngs: R3 R4 R7 Rl err]
H H H H tert-butyl nmet hyl
H.. H 35 tert-butyl 177et hoxy H H
H H net hy H H
et hyl H R4 H R’ H RE i sqpr opylR? H
40 H H H B er - oaryl H H H H
d H -+ 3 H
H H cl H H et hyl H  petHoxy 48 i
the formul g | b [ ¢rr]méevexyt he ol | owimg meani ngs: H 0450/ 49085
11 RFerr erTi
Rlerr] o " i A phenyl
Cl H| H H  methyl H H et hoxyH
Hh | H] H methyl [F methoxy H H
en H ety H H
ﬂ y met hbl H | othhyy Methyl 4 1drethoxy  Phenyl
met hyl _ met hoxy phenyl in the formula Ic [err] have
the follow NG ATERO! fill3mula Ic R7 and R® have the f%ilowing meanin%fz
Rl err] H H1
met hyl R? H et hyTgs
H —septepy H
tert-butylis H H H
methyl H
ethyl H
isopropyl H
tert-butyl H
20 methyl methoxy
isopropyl H
isopropyl methoxy
H cl
25 H CF;

The present invention furthermore relates to phosphonite ligands
of the formula I

30 Rl
|
/‘O-—P—OR2
A (I)
\-O-IP—ORz !
35 R’

as defined above, where
40 R? and R2’, independently of one another, are each alkyl, cyclo-
' alkyl, aryl or hetaryl, it being possible for the aryl and
hetaryl groups each to carry 1 or 2 substituents which are
selected from alkyl, cycloalkyl, aryl, alkoxy, cycloalkoxy,
aryloxy, acyl, halogen, trifluoromethyl, nitro, cyano,

15 carboxyl, alkoxycarbonyl and NElE2: where E! and E? may be



29 0050/49685"Y! et hoxy

i§opropy| H | sopropyl

nmet hoxy H a 25

H.. CF3 Tgsfpresent i nvention furthernore
rel ates to phosphonite |igands of th S

i [ . ormul a | err a
defi ned above, whéerticed P§r¢}fﬁﬁmﬁébéﬁﬁbﬁFPye%ﬁh(ﬁ%gygndﬁ alkyl @ach
al kyl, cycl o- aryl. al kyl, aryl or hetaryl, it being possible for the aryl
and het aryl groups each to carry 1 or 2 substituents which are

Syl hal ogen. T £YEdRBpentis BE o, Sabknefy @rasp fomdnanty each 2 VI oY,
al koxycar b%n?lheﬁﬁij "flg‘t’:?l] m@%e‘%/agrf”e!rlrcfp’zna%)% Elge abovem%%tég{/x%goéébstltuents.

12 identical or different and are each al kyl, cycl oal kyl or

aryl . [ er Thei nolegle wdéalystsofmapnkaem Gnigepr RATe PEeths APEFPRRIS phenyl
whi ch may canhigadd®rof? thé fdémmuaho¥enbntaddietors tosthe ubigasnds of Thrgmudeel

cat al ysts nmayhhal €a ) feQbr U E aBbvé NeHEFORRY Ol doe have i gandasefodene formul a
I In addllltd Qb Red ;ﬁ.dahgaﬁg&hogif Qéfg'gt%dl froniiyaRi 8L € Hiasaes bedniglaaye,

they may also have |"east one urther | ' '
cya%i de?/ hal CF@E8OXEH&Es, 3°Y 91358 o 657 5‘33% %r%ag\g?l)%#n%rs éﬁéﬁﬁt‘t%%ét (rag,m
al kanesul f on&¥éside, [GRir PYefinsg dbeRes nEYCYP nSe RGP ns, nitriles,
N- cont ai ni ng Nrebetainicigebeteranyaiees anrhaiécera: daherearomathes s ethepEg and
nmono-, bi- ang;peiy denbal eoiphaaphpsydepitasepispeind5 ghosppinikd.e and
phosphi te J4 gARAShod &S AnfUpHdMphikh ORI dBRY Thesd ifkevhae 11Gan@S nay bi - oOr
go! ydentate gnd, %e %a%oﬁgg,r q;0ake pol}}a%lﬁgﬁté Ui RafBidle QbosaliauUP VIII.
uitable furtherp ogp orus- .
bonds' to the metal of subgroup VIII. Suitable further phosphorus-
containing ligands are, for example, the phosphine, phosphinite
and phosphite ligands described above as prior art.
20
Preferably, the metal of subgroup VIII is cobalt, rhodium,
ruthenium, palladium or nickel. If the novel catalysts are used
for hydrocyanation, the metal of subgroup VIII is in particular
nickel.
25
For the preparation of the phosphonite ligands of the formula I
which are used in the novel catalysts, a dihalophosphorus(III)
compound IIT, where R! (or R!') has the abovementioned meanings,
can first be reacted with a monoalcohol IV, where R? (or R2") has
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
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 R?', 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



cont ai ni ng | pggogdagons, for exanpl e, the phosphine, phosphinite and

phosphite |igands descri bed above as prior art. 20 Preferably, the netal
of subgroup VIII is cobalt, rhodium rut henium palladiumor nickel. If
t ke novel catalysts are used for hyqéocyanation, the netal of subgroup
VIIl is in particular ni ckel . 25 or the preparation of the
phosphonite |igands of the formula I whi ch are used,in the novel

catal ysts, a di hal ophosphorus(Il11) conmpound 111, mﬁere [err] has the
abovenenti oned neani.ngs, can first beHXeacted with!a goal cohol 1V,
where [err] has 30 ¥heab®Xensht iHORéd Treanihgs, t& g1 ve £Xconpound of the
formul a V, according to the follow ng schene. If desired, this conpound

Vv can bg i sol at ed(BX¥&Y or puri¢IWd by known met hod§V) e.g. by
distillation, before the further reaction. The compound V is then

reacted with a diol of thgifornula VI to give the bidentate 35 phosphonite
| i gands of the fornula (I)). Were, in the fornula (1), [err] is

identical to [err] %s kggﬁiLgﬁﬁZti?[ﬁiij%%—lri- ﬁﬁﬁ;valﬁfts of the fornula

V can be rgacted with One "equrval ent e fornul a i n a one-stage
reaction. herw se, first one equi valent of the fornula V is reacted

wi th one equival ent of thevd0 fornul gvyh and, after formation of the
nonocondensate, a second conmpound of the formula (V) d-[err] is added
and is further reagtegitprgi ve the phosphonite of the formula (I). 45
0050/ 49095 13 [err]

15
The compound of the formula (III) is preferably a dichloro-
phosphorus (III) compound. Suitable compounds having the
abovementioned radicals R! are known. If, for example, R! is
phenyl, the compound is dichlorophenylphosphine.

20
Suitable alcohols of the formula IV, where R? has the
abovementioned meanings, are likewise known. Suitable aromatic
alcohols of the formula HOR? are, for example, 2-tert-butyl-
4-methylphenol, 2-isopropylphenol, 2-tert-butylphenol,

25 4-tert-butylphenol, 2,6-di-tert-butyl-4-methylphenol, 2,4-di-
tert-butylphenol, 2,6-di-tert-butylphenol, 2,4-dimethylphenol,
2,5-dimethylphenol, 2,6-dimethylphenol, 3,4-dimethylphenol,
3,5-dimethylphenol, 2-ethylphenol, 3-ethylphenol, 4-ethylphenol,
5~-isopropyl-2-methylphenol, m-cresol, o-cresol, p-cresol,

30 l-naphthol, 2-naphthol, phenol, 1l-bromo-2-naphthol,
3-bromophenol, 5-chloroquin-8-ol, 4-chloro-3,5-dimethylphenol,
2-chloro-5-methylphenol, 4-chloro-3-methylphenol, 2-chloro-6-ni-
trophenol, 2-chlorophenol, 3-chlorophenol, 4-chlorophenol,
4-chlororesorcinol, 2,3-dichlorophenol, 2,4-dichlorophenol,

35 2,5-dichlorohphenol [sic], 2,6-dichlorophenol,
3,4-dichlorophenol, 2-fluorophenol, 3-fluorophenol, 4-fluorophe-
nol, 3-methyl-4-nitrophenol, 3-isopropyl-4-nitrophenol, 3-isopro-
pyl-4-nitrophenol, 2-nitroanisole, 4-nitropyrocatechol,
2-nitrophenol, 3-nitrophenol, 2-methoxy-3-methylphenol,

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(trifluoromethyl)phenocl, 4-cyanophenol, etc.



Xs= d,Br 1500s50e909spound of the formula (I11) is preferably a dichloro-
phosphorus(l11) conpound. Suitable conpounds having the abovenenti oned
radicals [err] are known. If for exanple, [err] is phenyl, the conpound
i s=di chl or ophenyl phosph| ne. Sui taphe al cohols of the for mula |V,

where R2 has nt| an| i kew se no Sui t abl e
aromatic ‘Etﬁ%’llg 6?0‘?%{{’3 ?nﬁ?ea %r‘@‘ﬁ'&i -but yl -
4- et hyl pheno¢b°"2“'ie§§f3?’@ﬁﬁllnﬁﬁéhms, zr?ek’@mﬂw Wﬁﬁ%rﬂé}duﬂsr for example,

4-tert - butyl phipheiny122 62 didibdr and Hipaphthet 42 2phéiml ., FArdhelr -suitable
tert-butyl pheafdis aré- ﬁ@nﬁﬁﬂhbdbiﬁ)ﬁﬂah€59312)99@ désRinty hphemedch is hereby
2, 5-di met hygp, s’slg %; %.Qgé ggfﬁﬁ? :di et hyl phenol ,

yl'p

3, 5-di et hyl p enol eno 3-et enol, 4-et hyI phenol

5-i sopropyl - 2- net h)ﬁl phenol mcresol o-cresol, p-creso 30 1- napht hol |
2- napht hol , pmzﬂbl 1 TERYHPROR MR FomPound F1EE e 6V5 to give (V) and
5-chl or oqui n- Bhe)lfurzlthehlma@-tso& W pdvRythhdridentate phokbbowit® daghydplednol |
4- chl or o- 3- netiy | folrendad , (1) abkerpldfrenin gendradphensllevaZed htenipejriaennés of

3- chl or ophggofront-abBLET £PRRNBbout 20806 Nl LA 88LECIINR! cart. be daeblod QRiteRAl
2, 4-di chl'orophgn r’es§§?% o’%%‘ Qéé’r%%ht@ﬁ&llogl[es'a%] alrfph%tggcgkhﬁ{ Opﬁﬁgﬂ'as

3,4-dichlorop en

3- met hyl - 4-ni éﬁiﬁf*neeﬂré’ fﬂb’ﬂem nrt A8t , tTeLBH "B“me' tri-"
pyl - 4- ni trOph@mﬂY aglﬂ?t%meé@r@lmrﬁmawﬂﬁeat@&mylrldlne-z Tkt r ophenol ,

3- ni trophenol elikrimathox yof3-hydrbgepheddte U rZefetdivlyy effaetdy Ippehpl ,

2- met hoxyphsnehermylngt hoXgHRhENSst aR@ctiod-s@iphoxyphenol . Preferred al cohol s
of the fornula HCRl are 2-i sopropyl phenol

2,6-di-tert- pheno,
2. 6-di-tert- bu‘% ‘ﬁshﬁ} héﬁ%g’f?%?étgér’ ko Phgs%g‘%f‘gggp% 204 of the
4- 11 uor ophenof® lﬁl ?r 2ae eeifs acﬁgr‘iﬁ?ﬂattﬁo?( &W’Pﬁi‘/‘?’bﬁéﬂ(ﬂffe“ed
2-trifluor one‘t’ﬁ&hont us ik PFIganonagnesd ol 0¥ |QrepsabithiumpAenepunds. The

4- cyanopheRol singile. reaction GG PErmits a wide variation of the ligands. 14

Sui tabl e al cotd prebatdeidrongutudiCatr Qkli oMteegffettat1yhend e’dﬁﬂﬁ‘éﬁlﬂ&&\l]iyoned

meani ngs, aregkno SKaiRsh et Q% l-€a15. bi phenyl - -diol and
bi napht hyl - 5 - di oladIg(ejrtﬁelr s%}lgt at‘)a | e n§ | ol s grse rrentloned |n

US- A-5, 312, 996 colum 19, which_is hereb ressly incorporated by
reference.  Fotiher RESPAALLPBOHthEn8OF QIY% $4 PYWeRSK 19F to give (V)

and the RBrepiresphoaiteibigand of et Hormikiedt gap lpm@@pm;ﬁqi twith gameealof
the formul a (¢f dublgeopp &IXIi, neg@neariaked @t enahea damppendtef eheofeddl fimom

about 40 to abuitprd@Rh&s IdfCa Boddringaaled orCANchHfp 16X bifethdWethl, inthe
presence of aem%asgofn E‘a?ha'IHLPt %l@t&h@haédicta@%nl’?jzck%licgoﬁﬁounds 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. These
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



di et hyl am ne go8oyR¥098 ne, dibutylam ne, trinmethylanmne, tri-

propylam ne or preferably triethylamne or pyridine. The el imnation of
hydrogen halide is preferably effected purely 15 thermally in the first
reacti on step. Advant ageously, the Risepar ation of the phosphonite

| i gands of the formula | which are uséd accordi the invention is '
effected  wvihButhe Ahe§PBPRL O AEGARY Fh 5?}30&@%‘}‘?@ i %g? J{hl@énﬁﬁ?mds. The 20
si npl e react ideacsikpb@dovpernits a wi de variation of the |igands. The
preparation is thus carried out efficiently and economi cally from

readily avai lngjgl g3 sker fcioﬂgléﬁt&!si@',S-cyclooEﬁédiéiﬁ{lphﬁ%@%ﬂmomsOf the novel
cat al yst s, %tprleggﬂ fne 2 phosphonite ligand of the formula I can be
reacted withFa netal. "~ of subgroup VI1I, e.g. nickel, or with a conpound
of the netal in t he presence of a reduci ng agent or conglﬁe of the
netal, in  Sad&pbtasinerk salvendst £9B) then PreRRTd Chi o ﬁgﬁ%nds of ,
for exanpleompierg®ards £or Hagple hcanomandesi (chefal benrenfestRede

oxi dati on st ajtayhbghesnd hna éhRsrdbbehiete areheesluqedfenalsiy diethyllrethgrt he
reacti on W4 h{eePhOsRNRRLEEn | I8RNHadalkaeb pr £BY @xhmple iN the presence
or absence 0y ArTHLbfline® (el 10,808 1 ai HIBPBet narle Shil Wi chdbr b, the
hal i des, pref%’?g Py T 2 ORI o i es, and t.he, ceta&__es of_.the 1 d/o
abovenent i onédPerafsttal)s ﬁﬂi‘éﬁ‘?,s PEPr§he d19819 T AP PAREEA2 BRY Yo e
reduci ng agernrodacts ¢hrthexapprlyzed meacion.pfhe eaBprPyatIt&® FE9IY0 such
as Na and K, & usbeamprefaraslyfoonr 090 kyl 20006, npartiomieuhyispreferpbly onpl ex

conpounds 9% ittt Fab®iddmPBraBisd, are thensel ves used 40 for the
preparation of the phosphonite-nickel (0) conpl exes, the transition netal

is preferably_al ready, i.n _t.h er o-val.e t | l,d | ex conpounds.
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15 with the;PhasPhoaidanbeaoslseaktibe, far b asdlventhi Sor axampleleicr bed
above.  The,ALGKe! of QlcetePipd o-finagciadl eyl preedkaltg) ie S
preferred. ui ab?e, [ rﬁrt sol ver sljg_rb ttlg%eg%&pﬁreat &9”::%115:@8 nickel (0)
conpl exes ar 3 AR 2 8F ofrdli ¢S, Such as. benzerie, tO0 eng S

et hyl benzene BHERIShFAY bidie, BReUSSS [78r SOLYRM o TAB| [PTRSERRITE dth&FOR PRONE

t et r ahydr oR6r @nto dhd halpraifkoaeky, 6Poroek?Bre  di chl or onet hane,

chl orof orm dichl oroethane and tri chl oroet hane. O her suitable solvents

are the |iquiehstRnhlNsadi Skl AéSa1ad@/ Siibgroup 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.



products of igpsoyalogegzed reaction. The tenperature is from-70 to
150[err] C, preferably fromO[err]C to 100[err]C particularly preferably 15

about room tenperature. I f elenental nickel is used for the preparation
of. -t he phosphoni t e- ni ckel (0) corrpl exgs, it is preferably in the form of
a powder. The reacti on of nickel hosp onite |i and 1S 20 ferably
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| east one of & ary SCri aration
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a hydrocarfon S r%ﬁ [ el xture has
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i ndustrial scedtalyShusoisonsyfiepctiehdarat xiaacsippfsiare@ft hayaddreg acidit and
havi ng a heghptetadlat0bef ithef mendadititien ateamitiion, of drydrogsmamyasideén t he
wor ki ng-up of mneral oil by steam cracki ng of 5 naphtha, about 40% of said
fraction bein aCCO“”&?d Qe iom e%t?%f?ﬁheﬁsy%ﬁet Qgséeimlda@srty@w

| efi d
ronoolefins, ot b Sl LS S ge s Dot Al caerdlese

al kynes, 1, 2- gfertderafers iparragetyQneomatetely, Fam °§1 BaPAdi¥he can be
i sol ated f Benhydnhmu:boalﬂlvtmtal- I'@mlr@mOVhy@?ﬁ?@aPWPfrﬁfmsuré%e Gaofuexidnpl e by
extractive di sibjdcrktioto 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 Enzyklopé&-
die der technischen Chemie, Vol. 1, 3rd edition, 1951, page 743



C4 "cuts are, goso/a9eeked, essentially freed from 1, 2-di enes, such 15 as

propadi ene, and from al kenynes, e.g. vinylacetylene, before t he
hydr ocyanati on of al kynes, such as propyne or butyne. Q herw se,
pr.oducts nmay be obtained in which a C= oubl e bond is present in

conjugation with the CN bond. These may act as catal ys Isons for the
first reacti 6% 8e¥p ¥ PRECahD it 829 d DIGIFFRYH atdi Eﬁfr’%/q’?fe cpﬁgﬁg%% ition
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and monool ef igiscess. Suitabl e heterogeneous catalyst systens for the )
sel ective ;4 hydrogenation are known and conprise in general a transition

metal compound on_an inert support. The re 10 particular those 35
doscr i bed i n RSTALADE, PeRgGon -“RPE,%?{%/ez?%zg%ﬁrﬁ‘%‘%%?LA-4, 493,906,  which
are hereby fully incorporated by reference. Further  suitable cat aloyst
syst ens based)on Fidppey areassrd WhEhDdw3-but@ahdape Ar ¥tk vhe ydroserbon o
The addition reaatixenref ifydequirediyanpaet wift fthe Bydnegedi eyanigie andwi t h
1, 3- but adi gfie- conforeni RgarHdanseidiDtalhXysk eshibhImBxXaapkebeen prpdetedaned,
e cont ] nubus! y ipnd e eGilpediOd, SpLAAL, SG1EubLe sobfMHeausy M one.
i nuous Wi, Se. ul e
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known to a persoffe®k . ,in
U | manns Enzykl offf@feFably agppas hYESCARRERINSn EReHia® tQorend or3rdlefiti on,
1951, page 743 or te@o&8tyduoFosan. 17 et
seq. and page 769 et seq. Preferably, a stirred catal yst cascade or a
tgbehreﬁcéor by UsRdLioh & taBthlkAIte ng@mr,ed téripdraupelelidricon reaction
of the hydrogenh ¢ > : di ’ ure is in

1, 3- but adi ene- con%%gr%lg%& l_tééh%rr%ga %%%%%%r%ﬁ?ﬁ?%%mggﬁ%%:t 50 to

sem cont i nuously Qﬁneﬁﬁpc 8PP “CekanpiePrEh acutf _gckave | Q A
desired, can be prdffddhenpERsSITe 4B 1R | IRPeEphHarAECARE Bto ﬁﬁ R’ 1ini ng
i s used foR5the rpreferably duessabdi: 1 Aosiflalinepaeticdari Btus SPoelss
conpri ses: particularly preferably from 1 to 20, bar. During the

reaction, hydrogen cyanide is fed in at the rate at which it
is consumed.

30 ¢) If required, completion of the reaction by continued reaction
and subsequent working up. To complete the reaction, the
reaction time may be followed by a subsequent reaction time
of from 0 minutes to about 5 hours, preferably from about
1 hour to 3.5 hours, in which hydrogen cyanide is no longer

35 fed 'into the autoclaves. The temperature is left essentially
constant at the previously set reaction temperature during
this time. Working up is effected by conventional methods and
comprises the removal of the unconverted 1,3-butadiene and of
the unconverted hydrogen cyanide, for example by washing or

40 extraction, and working-up of the remaining reaction mixture
by distillation to isolate the desired products and recover
the still active catalyst.

In a further suitable variant of the novel process, the addition
45 reaction of the hydrogen cyanide with the 1,3-butadiene-

containing hydrocarbon mixture is carried out batchwise.

Essentially the reaction conditions described in the



a)* Filling @o6878b@bsWi th 1, 3-butadiene or with the hydrocarbon

m xture, if required, a part of the hydrogen cyanide and a 15 novel
hydrocyanation catal yst which may have been produced in situ and, if
required, a solvent. Suitable solvents 1Y € t hose menti oned above for

the preparation of the novel catalysts, . pr ef er ab) r tic
hydr ocar bons SeBL@PREHAUOYE UBFRESSE R1¢ dipdntained, ng, a?@ﬁ%fﬁ?gr g;&;%n 20
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of the react isanthyt cesseinniielly eactrebatively largel agubsesiEhungenrkertgdup. To
conpl et e t he HyARELeRbyadnAle are preb@@EtirORhki F@adtdy . bsuitaiblenwprodrssas
subsertuentyg &l 49 LBnons pycbbe UL Y B 10 orSbObIe
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is no |onger @Stge A%t T?’ﬁ?ol?%é’%gﬂt%%ﬁ ae\fcglsnpgetlj'hed tfggd%?%rsgygé%r&th g
essential Iy 1.3-butadipneapnd RYIREYRRERiAGHS! #recied ggc?i‘iﬁ‘?cttB &t%t ur e
during sephirate | feeds\\t kileg rapei at afficht ke preoforsinegnalheret hods and
conprises theatalpyes oin bbefethdanveyétiterl wdthudradioéneharatagting t he
unconver t eg hydeegss OraRidea Jepartamnidd.byuresilie)Jpoetadiitbly tRadaRMlyoN,
and wor ki ng- x%i)l%hfea{cg:ggknéf@ &riﬁaﬁiéé)mdgwﬁt U5€ person dRiidedt ihl@dd on to

i solate the désire ro s a recover . th tL)l i cat al yst .
In a further &it EB?g V’Eﬁi"gﬁt il teﬁgm?l]g‘?/fels%fﬁ%%scsa%a? ﬁ%‘l’sa’d %F‘%gt . y
reaction of tdeschsies oifch taPaTeRSREEN WiHEMY 3 RWIFERe-aFe PIGREIS G
hydr ocar bon mimxtinterasl demined Thet whakitoriupeof theegsentien IpFodhets ed@Ciron
condi ti onsz¢lest reedraslyt karried oulObP/alHdMventional continuous method.

18 _Zenhcpntlpugus process are mai ntained, no additional hydrogen
cyani de bein ed in jn.ste 1 n ' ' ‘4G :
initially { aidkh .9‘?“?,“rj,ﬁ'e %&d?f?%%ggégg%{%%%{mtgﬁgﬁf g%ﬁw"cltr%?g?ﬁlt%hy

1, 3- but adi enePbtagped in §-h8u{“%‘i’aéjrﬁ{9‘- &8ﬂt’é?arﬁ%ﬁ8nh g §?g%n crﬁ%%tlﬂr e
preferably kd-busadigne esnthdodsbytadinne-£gptaiingshyeRaazPr) B &
out  so tDhetiremsdatéelhy lafteo tikd @ndvef ythergdinheonmescbionnagsoayerpd
hydrogen cyamyitodef fyLsdet nbdriverr poedentt) Buidtallleasproocesises 10 for the

conti nuous hygyacyapabidy,ahs K ik forP¥aa9Bisndlllyetakes 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-monoolefin 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



inthe art. wcfimc?gje, for exanple, a feed process in which
1, 3-but adi ene and hydrocyanic acid are fed to a reactor via separate

feeds at the rate at which they are consuned. The catal ysts can be fed

i R.together with one of the starting 1g*§mterials or via a separate feed.
Sui tabl e, preferably thoroughly m xabte reactors are |ikew se known to a
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catal ytic cascades cachlysiyepobsmt shonldtie forineédy equired, are provided

W th an internal |ining. The working-up of the reaction products, too, 20
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3- pent eneni t rethyl-3-butenenitrile ratio obtained then general ly
bei ng abo Ogen CYFREELEY S5Euf 5.1, in particular about 8: 1. I'n
general, the preparation of adipodinitrile from butadi ene or froma

but adi ene- corthe pragehty dinveatbom thexefioxe fiprilernows rgtavegong| process

equi val ent s oforhytieogeraloptdpi fisoneaiizheich \dfdedanchiesi wAdpkatic st eps: 1

Prepar at i Ofi5 Oforfoa1¥BROR 181185 MhadiHged Aeddiudatéd fd=c€and c=N b ttoon. 40

2. VsomerizaliQn qhnlle ol Rderitddi SOCULLLEE. GANLALREE Jdtion 15 hese
ve ,3-pen rilfe and | orrerlzgtlono t he

n

m xtures to g
ahralrste al r eady

3- pent eneni t r¥3EFEALEYY m&eaﬂﬁ%ﬁ%% $ Fexf

contained fromstep | to give various n-pentene- 45 nitriles. A very
hi gh fracti onswiftablpebtanuhedt alighagic monoalkenpeitwidesi are Irredggablyery
smal | frachboseywrilieonaliiatdc, noncod§bfa¥D25alkyl-3-monoalkenenitriles
19 2- gl ReBhi{1dif a8 Kot DY prdidngBenid I iMigcubesormay act
as a catal yst Dol g.OE.’Shc(:)LHTSQ ggogi%%qggs, as o%taf%giﬂ%r ﬁ%l 9% (Hro@QEQ,Od' nitrile
by an additi of°¥¥aE 81 o rogern cyantde W th.t ef’s-bo%n enenitrile
formed in stefesrribed aboygy £oB IS FBHRLENTR SHIROCYARTdpp of Hytadiehe’ or
4- pent eneni t rof el , 3-butrpdiangrepneindngs h¥dIncacRop MbHEL B0t PEEESFRRYar e
al so  advast agmbferf tie tiwmpoizational Advahthgebhelhorrdei oyl icasalyets n 10
step 2 and/ orexkididdgbbdd QttiQaty ivithOkesperts @ootile Mureatiien aff linear
monoalkene nitriles. The isomerization can, if desired, be
effected in the presence of a conventional promoter, for example
a Lewis acid, such as AlClz 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 general
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 Cs-mononitriles, wherein the hydrocyanation is



hydr ogen cyappge/apossep 3. The present invention therefore furthernore

relates to a process for the catalytic isonerization of branched
al i phatic 15 nonoal kenenitriles having a nonconjugated C=C and C=N bond to
gi-ve |inear nonoal kenenitriles, wherei he isonerization is carried out
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be 35 di spend@dawpeitabigyembedimentnef fhe sAVSL RTOCEss af ks thej PERRAFALLAR
f or hydr ocyamt adipodigdneileattibencarrilytiic hrdrpavenation afdbutadiene pgacti on
of a secongs gE acu) e-mitabyeie®gontayaingdydsocerhin adxture Qissppnk) reopdwi t h
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monool ef ini ¢ (Gf ar £}z {0 suitMid iehBSdimedtabE! Ef Qidvel Nptdieddy, eaeNCheE a
promoter, fOrsteps 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

c) catalytic hydrocyanation of the isomerized mixture from b),
45



10 "exanpl e a dosg/a9pysd, such as [err] etc. In a suitabl e enbodi nent
of the novel process for the preparation of adipodinitrile, the catalytic
hydr ocyanati on of butadi ene or 15 of a 1, 3-butadi ene-contai ni ng hydrocarbon
m.xture (Step 1) and the isonerizati (Step 2) are carried out in the
manner of a one-pot reaction w thout™Tsolation of the, hydrocyanation
products. HydPEZFERAtHOFEERE * bodr RBGtT b tEafit et CaPPF et JiiE, Presqnse
exanmpl e, in ®feateleasy onehaoyehcatahystednes Withauthdispdabirn Rér kb&ed, if
requi red, aftprodhbe engrobuthe fyor sgep ayandder b).additi on. Hydrocyanation

and isonerization can also be carried out in separate reactors, where,
for exanpl eg gid %Evéfecatet%q.ygfzs q[af_rllt Be di L1y 336t LA QeoR¥fl{Qaay

cyanide in a first ré%%%'

transferred, W¥hdG? . T
i s i soneri zedFommergakly available.; AAVpRtaAgecu§ly aiheYe RBBRIiHEHt 26F 1YY novel
process, all driw geod seltegdvity twichadéspatinitor the nonepddugtisonr i . e.

prepar ati on ofsctriPaedrebirbitctd obhaded riinl €Re hylrweyhaeddrovfand addition
of the  $ecoONdpiRhefdHeR Bht HRIBPILIAHIER: mBkuredl ! 18 Gedkal D S
ranner of a nq’-epgt. ﬁ%cstt'a%lit rellEiPL }%eﬂgdkgqe‘%{‘tcggﬂié@%%@re relates
to a process 1or the Nrepar & i 0 of . adipodrnitril.e, co rising ..o
preparation JTORYeREXPRAe NYATABYRIALAPR FREAGYEFF] 2Mbndf ERE |TBEirocyanation| g
a nonconj ugatasd e@eesarnf GyNrpgen dpnide ;4an @dso be addrgdrd EpddacrEMLYStS

but adi ene or wifthaut, Sedulttddgeie -neokedi depugpid@on of hyndcotes hdekel kILy e,

b) catal ytigs dsupeRhigatd @ afckd 1T Xépdgidel.OMh adontiadt to Mhpbwaatal ytic
1 Cher e 'nqi%e°°§'9§as“2§/$%§°5f’ﬁsﬁm§§ oL %hddongien prosptlds el o
at | east one W&%lggt]a]t , san%‘?/vint‘%{ggtc?tfsao glttlgoahloeoftht? %£ < %%gﬁggf%rmt
products fror®&kYeOR) CetdnyPup)hydrocTaRatiQRe PrecesisPs 8 ¥ P pPEHI%d
sinply and t he hydongen calangde in direr seaittipnopistyrehicani grrandddyabes, sone
of which ape effe@tieery avoidaddhitalalleo falvaemigentisiupnst pegcdsaes amndh

activity  angh«Qeogd-Sedfifdsd YhtvhivH B 185REExcESs Lo Hyaregekl usaniae is
| someri zati on, Qrodyel s, Qg Nedhdd) e SdNge¥Batidl s8kording 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 ecological 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.

tal’nli n reag}':]lon m xture is

i°2’3?§??%?e§ﬁgea %aﬁégzps,m{eo° WSh# Feact or and

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.



10 "1, 3- but adigpse/a®pioa Ni ng hydrocarbon m xtures. In general, they have
hi gher stability relative to hydrogen cyani de than conventi onal

hydr ocyanati on catal ysts and, in the hydrocyanati on, an excess of

hydr ogen cyani de can al so be added to jd catal ysts Wi thout resulting in
mar ked deposition_of inactive nickel (119" 15 conpounds, e.g. nickel (1) -
cyani de. In EFAFPERE to known hydr ocyanati on catal ysts based on

non- conpl ex phosphi ne and phosphite |igands, the novel catalysts are

t her ef ore suithebk€lImiing 10644 fotvas ONded UauExdnfiiescyaarad i30anfdr tlgesses in
whi ch an excqggand of Jdpegeni Lyaphsted B tkhg 4€action m xture can
generally 20 effectively avoided but al so for sem conti nuous processes
and bat ch processes,in whij a |l arge excess of C )
generally present. Th { al ysts used accor di
and the hydrocyanatio based on them ave hi gher
catal yst recycling ra ger 25 catal yst on es t han known
processes. This is ageous not only for ac /i gtter cost-
efficiency,but also fromecol[ogi cal points of view, s| ncelt he ni ckel
cyani de formed fromthe @ 'g)e catal yst with hydrogenp gyanide _is highly
toxic and nust e worked up h\gis-zigd of 0 high cost. , In
the preparati o-t—h%\novel cat’s _alli\x No excess smal | er
excess of ligand—+s reqred 0 relative to net al® of s@bgroup VIl than
in the case of gnventionall cat@hysts. 35 I njadditi

on
hydr ocyanajg on of I, 3- adi ec:f ctont ai ni ng hydr o@ tures, the
3 general |y suitableldor conventi onal

catal ysts of the formu

i nvention

hydr ocyanati on processes., In particular, the hydrocyanatjon of
nonactivated ol efi ns, f@i9ard&anpl e of styrene and(%k%aélﬁt é:’iéni trile, may
be nmentioned. 40 The catal ysts which are descri bed above and conpri se
chi ral phosphonite |ligands of the formula | are suitable for

enant i osel gg tHaaphy dI oGeBaBIRN .to 4he Theremdabrpi ri cting exanpl es which

fol low i || ustgeaf; | BY8Rdy@Ration of 050LARAS
22 Exanpl esg&h%?hgg?uoolulsowyng Iy?lggnéml1 ?I\B.S used in rEl§a<arrpl es 1 and 3 and

t he ligand |1 was used in Exa : , .
g 0.41 g (1.5 mmol) ofrgys?i,g-éygidgctadlenyl)nlckel(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.



[err] 0050/2®08sanpl e 1 (according to the invention):

Sem conti nuous hydrocyanation of 1, 3-butadi ene 0.41 g (1.5 mmol ) of

bi s(1, 5-cycl ooct adi enyl ) ni ckel (0), 2.14 g of ligand | and 10 m of
telruene are initially taken under argo %alt 25 roomtenperature in a glass
aut ocl ave and stirred .for. 10 mn te he reaction batch acquiring a
red- brown col ? ntenaniride of —m?tgyb-:*(-P%eﬁﬂ%mn&p yagig)qt Qdféhk and 40 g
of toluene is then added. The gl ass autoclave is tightly closed and the
reacti on  midst ghewn siche¢heefollowidfeExdnplean, i the rakipres su+pentdénd 2 bar

bei ng 30 est abkishedo A-ﬂéxﬁﬂ-@-@ﬁt&ae”nﬂrﬁié&m&teé ‘fnr eabby &k stil ' ed

hydrocyani Cl |p!1‘9“ I

peri od of 550% bggt&et%t%ér eaIH) glrfgﬂ %%; ggg&é} §o¥ b%g()h@otlb‘i §n ar

The reaction s then Sﬁpf’e?%éﬁuldﬁ ¢ %fa it l°’i‘Lﬁ RePTIBRFSH At es at
about 70[ err PE* HYFRRHFEYrs used for washing the 35 reaction discharge. The
course of the reaction is nonitored by pressure and tenperature

measur ement . Example & qabserdiani tvotharihveyaioshe det erm nati on, hydrogen

cyani de  ROBALSHHE ridbuSORRINIRFAN 206 %fd?t?rﬂﬂtﬁﬁgenél%lth@s@rﬁlﬂ:%ﬁlﬁo?l y

(colum: 30 m Stabil-Wachs, tenperature program m nut es |sot erma
at 50[err]C, .then heat R rate of 5C/ mn at 240[err]

chr omat ogr apf§* Qlfie gf'tg ﬁ&f@jﬁr nglBQbOrﬂ —qYedRoctadiepy kil rﬁﬂhrd 9 of
(benzoni tri| ét9and Uhsasd 39peneeninene| are 4bnitigddy ehakan ninderaad argon

2- met hyl - 3- batwoephdane |at, rvesedenperdattiregen a glyasi aetatd@tte and stirred
0050/ 490995 for 10 minutes, the reaction batch adguirind Eeﬁé@nﬁﬂhhrbbfbr. A

2-met hyl - 3- byl @p@Rd tdd e 17 gt i 056 ot} of 1, /iﬁlt%t} &ﬁb'%ﬁ%%
F;(agﬁl fGt g,‘d ;[ E f;t%teho a%fdeg p?’t‘ﬂge@%ass au#:géiavee tJ(?S tJ[.TEht X' os%%ene e

eactlon mixture is heated to 90°C. A mixture of 4.0 g of freshly
distilled hydrocyanic acid in 40 g of toluene is metered in
20 continuously over a period of 90 minutes. After the end of the
addition, the temperature is increased to 110°C., The course of the
isomerization (ratio of 3-pentenenitrile to 2-methyl-3-butene-
nitrile) is investigated at regular intervals (0, 3, 6, 22 h) by
means of GC analysis, as described in Example 1. The results are
25 shown in Table 1.

Table 1:
Time after end of addition 3-Pentenenitrile :
2-methyl-3-butenenitrile ratio
0 0.27:1
3 1.94:1
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



5.3- pent eneniggsd A 9095r ol ongi ng the reaction tine beyond the end of the

hydr ogen cyani de addition. The addition of a pronoter is not necessary.
Exanple 2 (according to the invention): 10 Sem continuous hydrocyanation of
1:3-but adi ene with isonerization 0.4l g (1.5 nmmol) of

bi s(1, 5-cycl goct adi enyl ) ni ckel (Q), . 2.9. g of . ligand Il and 10 of
tol uene are iEﬁﬁaf“ngl ‘t%l?@ﬁghﬁ‘éje# ﬁﬁed‘g'&’ftl?nhi nospher e at roomg,
t enper at ur e isomesizationpcl drthydd3 shuteneaitniketol 3-peRHANERitEHe
reacti on batch acquiring a red-brown color. A m xture of 8.1 g (150
gLr?Lzzl g:‘/ 1, 3-@9&;915@@1@@634& @ ommlt 6f UlRene ard fohan «gldplla.cishll miﬁbg‘)gr gitﬁass

e i i VY, ; c : e
90[err] C A§nl§ixsgufe %ﬂl %% 8 0 ytflpgéﬁ ?/f&ﬁ é?g&ﬂ%‘gﬁﬁ?&? ﬁ%ﬁ. a%g in 40
g of tol uene I FRePEPRP 'eﬁeZFi?rﬁ’fﬁﬁ Y FO80FePeEF %%i o‘?rygg mlnatt es.
After the endthsr cehalyst £98P19% Whifhet @it df PRGNSR I BT 4Pt o
110[ err] C. Thienitdaldy heimoghreous isodnbionathenvelaitile cempenaatseatfitrile to
2- met hyl - 3- butegd®red at Milghly esupetraithvssidrgat pesdureegubad g ni5e0vmhel )( 0Ff 3,
6, 22 h) byp 2_n@RaPS- NibuPendNfdNidleS ardSaddRCEs Dt IrdnEXRRY @olid Thmer esul ts
are 25 shown s'cﬂé;{g Jmeiél"heatedTi?éjllﬁog% The coug-ééﬁr%fat:fxgrréglqigfn féjd' tion

3- Pent eneni tr]

2-nethy|-3-tnﬁQ¥?§ﬁFg???QBaFaF?%Plar iLtlrvals by means Sf a gas chromato-
0.27:1 graph. The prodgct ratio after a reaction time off 3 minutes is

6 shown in Table 2. AMYl Prxoducts and by-products six$wn there were
8.25:1 35 15 AWdigBed WéMGehand Ny mekhsdoDigasaspt@mtbgragns, Ge-usptams aphy,
an = exact Clﬁé._%ﬁz[]fhﬂatﬁm ﬁhtx'?ﬁu%'sekf'evﬁrs GBObe RASRI Bl €arddie same batch

was run again w thout sanpling. There was no Subsequent reaction tine.
40 Yield: 99.6% 3-Pentenenitrile : 2-nethyl-3-butenenitrile ratio =
0.22:1 (Det®&ighkapf oirmpleyi &1 60 Jee Exanple 1) 45 0050/ 49095
24  Exanpl e Wightcof ditregdaodt he 4436efit i on): | someri zati on of

2-met hyl - 32butenenitrile to 3-pentenenitrile 0.72 g of ligand I, 15 m
of toluene anghleld: dpfdlivetBtdo Qffter a reaction time of 300 minutes

Compound Amount [GC % by area]

trans-2-methyl-2-butenenitrile 0.98

25 2-methyl-3-butenenitrile 7.41
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

3 methylglutaronitrile 0.14

0 benzonitrile (standard) 45.55

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(1,5-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



5_bis(1,5- cyggggqhggg yI)n| ckel (0) are initially taken under an argon

at nosphere and sti rre roomtenperature for 45 m nutes. The cat al yst
conpl ex which forms is preci pitated fromthe initially honbgeneous
sql.ution. The volatile conponents are renoved at highly superatnospheric
pressure. 40.5 g (500 mmzlﬂ)_ of 10 2- rretzﬁ’yl-S butenenltrlle are add d tg t he-
remai ni ng sokeuoveth@t highly tSuperatmerpieEdcRFeErUrer rdi2 Phé2eb i) ot t he
reaction is 2-metivesili-hatenersittridguhce aldrieérvalt@ebyemmgoﬁoaltba@he

chr omat o- solapion Tlaehpatshiialo nasém ahéesowrseeatt tin ridaneiai i300 mi nut es

is ~ shown iR, %é@i t2d éL'régxﬁqu.lCmémleybprn@%@.t 8f ShQR Ehesaterr e 15

ﬁﬁ/SRI ggﬁj 5 gggp te T}%P ns Of aﬁ: roraraggg%gy %%J\ﬁ’w%mutlgg IR and

Wi ght of st #R@HRD fakk §6§g g Pr°4‘éﬂﬂsea§ W(ﬂft?gl“c?%tslh(?waf %l%? ea"’I‘elTé'Sctl on

time of 300 missdgered beforehand by means ofcgp@d:m;@matography, GC-MS, Gfmpunt

[ GC % by ar eas-IR and NMRLamkl Zratatlyire-ilnuGenmrricent| by area. 0.98
2-met hyl - 3-butenenitrile 7.41 25

trans-2-p n r 0

Ci s- 2- net ﬁﬂ* %%?L %e‘# ﬁslafnpl? 1.2109 g 0.21

4- pentenenlt Mefight standard: 1.00262 g 90.33

trans- 3-pentenenitrile 43. 10

Cci s- 3- pent endlabilei e Product ratio after a rgagpion time of 300 minutes
methylglutarqnitrile 014 30 berzor-t++-e
(standard)qg Congownsi Conver si oh: ARAUHSJEC * Y TRV {y:

> 99% (Not e: [The HrankLith L ahutdneaitrcant ai ng 35 about3.B% of cis- gnd
trans-2-nmet hyl - 2- but engetiyli-3eputenerAsrdesonst rat ¢d by Exanplie 3,
i someri zation using tBeam@\elpentesaiialrysés i s al sp possi bl ed a6t hout the

addi tion of a promeier2-mekhyExanphieneniacts di ng {o the i nviest3i on): An
i sonerization of 2-nethyd-gkntehenttritlei | e to 3-peftenenitril sl 0.39 ¢ of
ligand I1,28 |M of toknens-peénbefdhigrile25 nmol ) |of 38.20

bi s(1, 5- cycl goct adi enyklsiBlpentehemitariilai tial ly tfken under3&® 45 argon
at m)sphere and stirredmeathylgdncaeopisiralare for 30fmi nutes. O Sone of the
catal yst conpl ex whi cherfzonitrike gissengaxdit ed fromjt he i A7ePal 1y red
honbgeneous sorutron. The volatile conponents are 0050/ 49095

25 removed at highly superatnDspherlc pressure. 20.2 g (250 mmol ) of
25 Conversion: 95.7

30

35

40

45



2. rret hyl - 3- buygig/idd9g € are added to the remmining solid._The  solution
Is heated to 125[err]C. The course of the reaction is investigated at
regul ar intervals by nmeans of a gas chromato- 5 graph. Tiﬁ!’m @mumn
afster a reaction time of 300 mnutes is shown in Tabl e SR /AN u
and by-products shown there were ass?§ned bef or ehand by means df das*
chromat ogr aphy, GC- M5, GC- M5-IR and NMR All values are in GC percent
by area. 10 Wetigdhtimof sanple: 1.2109 g Wi ght of standard: 1.00262 g
Table 3: Product ratio after a reaction tinme of 300 m nutes 15

Conpound ]r 5 Zt)catalyst IRYREiddT e Yohy1é¥ @3] a metal of subgroup VIII,

tzr ﬁgts il)zll- [TgE ﬁt ene}ha:%i?xigfgltg{den%ate phosphonite Jigand‘of the formula I

trans-2-pentenenitrile 1 0. 36
ci s-2-nmethyl-2-butenenitrile T 1.43
4-pentenenitrile /,——O-P-ORZ 1.31 20
trans-3-pentenenitrile [ 38.20 (1)
cis-3-pentggenitrile \\_ 3.60
met hyl gl utaronitrile 0-P-OR2’ 0 benzonitrile
(standard) £ﬁ7.95 25 Conversion: 95.74% 30 35
40 45
15 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

20 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 Cy-alkylene bridge may be
interrupted by 1, 2 or 3 non-neighboring, unsubstituted

25 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,

30 cycloalkoxy, aryloxy, acyl, halogen, trifluoromethyl,
nitro, cyano, carboxyl, alkoxycarbonyl and NElEZ, 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,
aryl, alkoxy, cycloalkoxy, aryloxy, acyl, halogen,

45 trifluoromethyl, nitro, cyano, carboxyl, alkoxycarbonyl

This Sheet Has Been Replaced
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ggfgf 32?9(5:0rrporqsso|/r?g90agscorrpl ex of a netal of gﬁbgro\lﬁ S/ll ?”m"“mm"mnml

bi dent at e phosphonite Iigand of the formula | [err] wher e
[ertr] are not linked to one ot her, and |s a - to
C7-al kyl ene bridge which have Ie bon nd/ or

1, 2 or 3 substi tuentaéldvxﬂﬁc%'aV’éerﬁ)El and Egs'é’l”éé‘(agﬁ H’% vﬁ ot ci"ce%oal kyl
and aryl, it being meanings, possible for the aryl substltuent additionally
to carry 1, 2 or 3 substituents which are selected from al kyl,

al koxy, hal ogen, gy f bHDE W AXLurdlithe@eof] koxycar bonyl and
cyano, and/ r the [err]-al kyl ene brldge may be 25 interrupted by 1,

and/or the [”iighb”' Fhutt W halabfn graindy pcbefDY GRS BT BRO7 0T

three aryl and/orfEormulae rf]hé?a?%i groups, it being possible for the fused
aryl and hetaryl groups each to carry 1, 2 or 3 substituents

whi ch 30 are selected fromal kyl, cycloal kyl, aryl, al koxy,

cycl oal kox% aryﬂ Xy—acyR* hal ogen,gatgi'f | uogomerhyl, g4 g3’ RAf tro,
cyano, carboxyl, a car bony

ere are
i dentical or dlffer and are cyclo or aryl, 35
[err] independently/of\one anot h aIkyI cycloalkyl
aryl or hetaryl, edgch df which may carry 1, 2 or 3 substltuents

whi ch are selected from al kyl , cyclqalkyl anq1§e%
[err], indggendent I()FIofl)one anot her, (L@l each al kyl , cycl oal kyl ,
aryl or hetaryl, it belng p055|ble for the aryI and hetaryl
groups each to carry 1, subst | tuepf |ch are selected
fromal kyl, cycl oal R34, aryI al koxy, c cIo , aryl oxy, acyl,
hal ogen,
20 R3Il R3l!' R3vr R3ll:
R4ll R4l’l R4'l R4r::
(II1.4) (I1.5)
25 where
X is 0, S or NR3, where
R5 is alkyl, cycloalkyl or aryl,
30 or X is a C;- to Cz-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,
35 nitro, alkoxycarbonyl and cyano,

or X is a Cy- or Cz-alkylene bridge which is interrupted
by O, S or NR3,

40 and R3, R3’, R3’', R3"'’, R4, RY', RY’ 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 R!’,
45 independently of one another, being alkyl or aryl, preferably
phenyl, l-naphthyl or 2-naphthyl.



try [l voromet tgosoMeoss cyano, L f Illllll m'”nm# mm

or a salt or mxture thereof. 2. Acatalyst as claimed ih Otaim

bei ng a radical of the formul ae | 81 toI1.5 [err]

25 wher e

cycl oal kyl or ar)ﬁ‘ cata%éﬁt as cqaé?‘e‘; ing aay %? rﬁheapfﬁ?"e‘ﬁé‘gorc}la s‘\Mﬁ cﬁn‘?‘ray
have a Rfoubirdepsndently Bf 8ﬁea?48ﬁherey@#?ﬁﬂqeypgoPh%ﬂﬂN
substituent, it bsibsgiposstdlvhicbrmaheaaryl oseilst tivaesiibstituents whichcarry
one, two or threeardigelibbtedtfrom\BLEYL ,aa@koxy, halogeff!adiredofomonginkyl ,

al koxy, hal ggen, M«szfd | 8y efE! fmhmxééarbo 1 atMl da@pogfKOXycar bonyl “and

cyano, yl ene bridge which is interrupted

by 0, S or NR5, . i
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

10
R4 R4
15 R 3
Rr7 R7
20
® (1a) RS
R4 R4
25

- O7 " 70

35 8 8
(Ib)

40

45



40" and [erydsdmbemendent |y
al koxy,

al kyl ,
cyano.

hal ogen,

| mdependent |y of one anot her,

1- napht hyl

hal ogen,
5. A catal
|l i gand of t
tolc 10

10

15

20

25

30

35

40

45

e formula |
[err]

or 2-naphthyl.
4. A catalyst as clainmed in any of the preceding clainms, R2 and
i ndependent|y of one another, g
carry one or two substituents
trifluoronethyl, 5

of one another
trifluoromethyl, ni
3. Acatalyst as clained in either of cl ai

bei ng al

0050/ 49095

yano,

mwmmm:‘”

or aryl, pref phenyl
[err]

phenyl substituents which may

are selected from al kyl, al koxy,

al koxycar bonyl and car boxyl .

st as clainmed in a 1to 4, the phosphonite
bei ng f'rom | i gands of the fornulae |la
30
T
R? R7
8
(Ic)
where, in the formula Ia, R3, R4, R7 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 CF; H H

H H methyl methoxy

in the formula Ib, R%¢, R7,

R8 and R? have the following

meanings:
R4 R7 RS RY
H H H H
Cl 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, R? and R® have the following meanings:



40 °
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15

LT

10 [err]
la, [err] have the follow ng nmeani ngs:
R4 - R7 Rlerr] g0
H tert-butyl net hy| H
H tert}butyl - mBf hoxy H R® H
H gt Nyl H 25 H H
H et H H H
i sopr opy! H methyl H
5 ethyl H
isopropyl H
tert-butyl H
methyl methoxy
i-propyl H
10 : propy
i-propyl methoxy
H Ccl
H CF3
15 g, 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, N-containing heterocycles,
20 aromatics and heteroaromatics, ethers, PF3 and mono-, bi- and
polydentate phosphine, phosphinite and phosphite ligands.
7. A catalyst as claimed in any of the preceding claims, the
metal of subgroup VIII being cobalt, rhodium, ruthenium,
25 palladium or nickel.
8. A phosphonite ligand of the formula I
30 llal
/—0-1?-0112
A (I
\—o-p-oaz'
35 R’
as defined in any of claims 1 to 5, where
40 RZ 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 one or two
substituents which are selected from alkyl, cycloalkyl,
aryl, alkoxy, cycloalkoxy, aryloxy, acyl, halogen,
45 trifluoromethyl, nitro, cyano, carboxyl, alkoxycarbonyl



H, ° oo§6439095 tert-butyl

¢ : o R

methoxy inthe formuila Ib, R4 R7, R8 and 'Ro‘have thé following
meani ngs: 35 Ri[Eerr] R7 . , ‘R£err

Rl err] and NEIE2, where E} and E? are idenfical or dif ereJq4and
Cl H are each alkpl, cycloalkyl or jryl. met hoxy

H H H 40 H H

n Phenylbrocess for t%xe déparation of BEhiWdure of monooleflhic

H Smet hy 5-monorfltr1(r]$1% miks mq a nonco % éﬁﬁé/d X5=C and C=N :’i;loriiqhgy
formula IC [err] qaradYEHe By PSW%gnr?Qaﬁ? r}a&a iene orof A hiybutadiene-
30 containig hydrocarbon mixture, wherein thgghydrocyanation is
H carried out in the presence of a catalysit jag| claimed in any
H S of cleimyll to 7. H

i sopropyl ;¢ H tert-butyl

H 10. A prggggglfor the cagtalytic isomeriza{T3A1%§ybran hed

kéf;gggl aliphatic monoa;ﬁenenitriles having a nonédhgﬁgggéd C=C and

H C=N bond to giys linesgr gnonoglkapeRitdiiles, (fhanedd the any of
the preceding cl aismmeriwacion is carmigdi pubrid thehpeesanceealta odallyst sy
ligand sel ggt ed f¢laAmed in angyabi ¢kimsalli €esy. ani nes, carboxyl at es,

alce]'E_yI acet one, aryl sul fonat es, al kanesul fonat es, hydride, CO

ol ef i ns, | en y£l.o f] Ltrll es,. b es,
20 ar omat Pcs dlg%(f %ﬁg 'gér%Aar r ghgt é%}f,arg{t fﬁigelj? sc'e:ES Igf—igb gﬁi;h%gg@ gblg fé{a%éggyfé

pol ydent at e phospHITECY PRSI E?t% ]a?r?(?aﬁhﬁ%’b‘?ﬂlteélf’f‘baﬁ?dgpnaﬁitr'}.lepx cat al yst

as clainmed in anyhsreinethy dyegPAYARatdCPRsls (g ried out gy he RrasgRge b
VI || bei ngzagobal ta catellystmas eilhémédirin 28y of cdalikadl e dr ni ckel .

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
b),

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.

45 183/cb/iT



8. A phosphomjgse/aoagnd of the fornula | 30 [err]

as defined in any of clains 1 to 5 where 40 [err] I ndependent |y of
one anot her, are each al kyl, cycl oal kyl ,

bei ng possible for the aryl 2%nd het aryl gro mg&a ﬁmH ueu !(“/ one
or two substituents which are sel ected fron1a L cyc oal

aryl, al koxy, cycloal koxy, aryl oxy, acyl, hal ogen,

trifluoronet Mgl claimy o, cyano, carboxyl, alkoxycarbonyl 0050/ 49095

31 and [err] where [err] are identical or different and

are e?ch al kyl., ayehoslJot! cOhpAlaihg a cohpled &f AL@BEal 0 téﬁ%g%@;@&flfﬁxh og_ Céf
a m xture (| n at e
bon dﬂgbﬂé y %1éen ecgshHQ@%gir il | 852 AW gh%u %@G?QJ 9

and C[err] ocyanatlon o] Iene or of a
1, 3- but adi ene- contalnépg hydrocarbon m xture, wherein the
hydrocyanation S carrfed out in the presence of a catalyst as
claimed in any fe+a+H§H¥ to 7. 10 10. A process for the

catal ytic isomerization br anched al i phat {x) nonoal kenenitriles
havi ng a ngnconj ugat ed &%C and Clerr]N bond to give linear

nmonoal kenenitriles, wher P@R?’ | somerization is carried out in the
presence of a catalyst as 15p;. clainmed in any of clains 1 to 7. 11. A
process for the preparation of adi podinitrile by catalytic

hydr ocyanati on of a |inear nonool efinic C5-nononitrile, wherein the
hydrocyanation is carried out in the presence of 20 a catal yst as

clainmed insany obhéraiNtBaddt’®,7and Rl'12nd R2PJ AaRSSHot OridKe@ RbeHwd ation of
adi podinitrile, conpgiSifG, ang a) preparation of a m xture of
nonool efi ni ¢ C5- nnnonltrlles 25 havi ng a nonconj ugated C=C and

err] N bond b catal ti
d ] y Z a Cz- to Cy-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 additicnally to carry
1, 2 or 3 substituents which are selected from alkyl,
alkoxy, halogen, trifluoromethyl, nitro, alkoxycarbonyl
and cyano, and/or the C,- to Cy-alkylene bridge may be

25 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

30 are selected from alkyl, cycloalkyl, aryl, alkoxy,
cycloalkoxy, aryloxy, acyl, halogen, trifluoromethyl,
nitro, cyano, carboxyl, alkoxycarbonyl and NE!E2, where
El and E? are identical or different and are each alkyl,
cycloalkyl or aryl,

35
Rl 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

R? 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 1, 2 or 3
substituents which are selected from alkyl, cycloalkyl,
45 aryl, alkoxy, cycloalkoxy, aryloxy, acyl, halogen,
trifluoromethyl, nitro, cyano, j-
#s_ﬁ,,,mﬂm~ﬂ“’“”’“””wﬂ*ww
*ﬂwmﬁ_~g~ﬂ-““””’“¢§”
i i
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hydr ocyanati on of butadi ene or of a 1, 3-butadi ene- cont ai ni ng
hydr ocar bon m xt ure, b) catalytic isonerization of the m xture from
a), and 30 c) catal yti c hydrocyanation of the isonerized m xture
from ]')(_‘:11 WORLD WMLBEWHAIEPMEH‘YG()RGMIRMDN:) are carried out
in the 35 resence of at Ieastlp 453 Y%t as claimed in any of clains-
1 to 7 and wthout isolation of thgemamuc ur products from step a)
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{371 Abstract

The invention relates 10 a cawlyst comprising at least one complex of a metal from subgroup VI with at least one bidentate
phosphonite ligand of Ge_n'raa formula (1) or salts or mixtures therof, to a method for producing mixwres of menoolefinic Cs—mononitriies.
to 1 method for the catalysed isomerization of branched aliphatic moncalkene nitriles and 0 2 method for producing adipodinitrile.

(37) Zusammenfassung

_ Die vorliegende Erfindung betrifft einen Katalysator, der wenigstens einen Komplex eines Metalis der VIIL Nebengruppe mit
mindestens einem zweizdihnigen Phosphonitliganden der aligemeinen Formel (1) oder Salze und Mischungen davon umfasst, ein Verfahren
zur Herstellung von Gemischen monoolefinischer Cs-Mononitrile, ein Verfahren zur katalytischen Isomerisierung verzweigter aliphatischer

~ Monoculkennitrile und ein Verfahren zur Herstellung von Adipodinitril.




