89" ; <=e3enf PRBRYRABBATN U0050/ 5261 Phosphinites 40 The present invention
.relates to novel phosphinites, in 5 particular chelating phosphinites,

nmet hods of preparing them their use as ligands in transit
conpl exes, novel transition netal conpl &xes, a process for \Mﬁwmm‘mmhe
conpl exes, their use as catal yst and processes carried out resence
of such tran?h&é&ﬂtr{ﬁéél conpl exes as catal ysts. 10 Chel ating bﬁ&%phl nites,
ni ckel conpl exes contal ni ng such phosphinites as |ligands and the use of

such conpl exes as catal ysts are known. 15 US Patents Nos. 5,693,843 and

5,523, 453 delB?BRESEnS, SRRy TEABLHS drb OPYRLL PRYFRILMALESL it ed or gani ¢

conpounds &ndarnicyleanehekatinsh phpsphiniteass matheds mfeprapar 419 rfiherel (0)
conpl exes conheimniusy abeliagamis fhospansitiesn asthl gangslexgs, | towadul d be
desirabl e totiapsRM@nt Aetsl addrigllexesf attﬁro@laebatbflqm@ya&ﬁmgntﬁ@ ligands to
;Rgrggfgct I“SI §1§ﬁi{5@ésﬂ9théi§ &ge taQecEé‘é S tanal £85&§§§E¥ Carflled 'H?Ito‘iﬁ Hé in

S nt ene e in
hydrocyanatl BhEBT" UL gdf‘.’gﬁlg %rr lts&téaf’p’g%r%ir FPQPF%X%)%@%ﬁ&ESi%Watl on of 25
3-pentenedPtrile, and an inprovenent in the space-tine yield are desirable.
It is an obj ébelmlrtqt@hpseh@rﬁttqmvehck@h qapdeaes deorgiadaphonsuas which are
suitabl e as phesptimigeshas phiqandss anddtis seapfhseth Ibmplakesidsy, hi gh
reactivity apdehigptss@kr8Ckhdtidty When used as catalysts in the
hydrocyanation of unsaturated organi c compounds. W have found that this

obj ect is _achieved osp, 0 h or mul or rmula 1
fotmil a > BoPhuraropte BR8Py, e s aph £329s5 A00eer a”pfegnq Tp1,% 1
\ / R7 1 \ | thefydgoryroatien joff upsaturgted Ryganie gompopnds ang they R 45
where R1, R2isfuenizatdgohofimidejidedein| thepfpresenamortharickry(f bgramplames
0050/ 52961 Roatkininmy chkkyt bite phwephimbbesn@sf LOgaddd.0 8 carbon atons or an
al koxy group having from1l to 8 carbon atons mﬁth t he proviso that at

| east one jof lt:h“io@fé)gﬁs B&ir STe B &ﬁp F ﬁbiﬁ %Ee PRE le X g': Cl
or CF3 nis g xtyres (r]tg? i&g mvg]nlon | so
provi des net ﬁbﬁ%Prb‘fnl&tee ét?‘?‘h%s ttt?er’rf‘cﬁ?%ﬁﬁ PBPERHERS 1d<8 85 ti%ands in
transi ti on nEehRlydnpFaxsbernoyreyr g9 dBRTINRRENtt LANEhe iSelerbivit @fplteRes
and processesatalygir,efari eganplemtopBepentenenditrihei in dde agdredywnastioand
provi des proegspesadidinel 68 BdtadipohlerpresianedeohystsdydnagishtéodHn net al

conpl exes 23s 3Q§£§ié&§4n1t391é\cc&l{dj'aﬁ‘tg ihBréndite$aNthd ’Bgﬁ%%LQEmetﬁ%lrcianEa| S
Rl, R2, R4 ang |ndependently of one anot her, rogen, an al kyl or

al kyl ene group %aw ng from1 to 8 carbon atons or an al koxy group having

from1l to 8 carbon atonms, with the proviso that at |east one of the groups
Rl, R2, R4 i Itnds an object of the present invention to provide phosphinites

which are suitable as chelating phosphinites and display high
30 stability, high reactivity and high selectivity when used as
catalysts in the hydrocyanation of unsaturated organic compounds.

We have found that this object is achieved by phosphinites I of
35 the formula 1, 2 or 3

formula 1 formula 2 formuia 3
"" ﬂ?"" % of 7o
F ©_ o O‘P
R1 R1 Xn
- S e
A2
R2
45 where

R1l, R2, R4 are each, independently of one another, hydrogen, an

G
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25 f Rl is PP8O048261t hen it is possible for R2 to be hydrogen and R4 to
_be an al kyl or al kyl ene group having from1 to 8 carbon atons or an al koxy
group having from1l to 8 carbon atons or R2 to be an al kyl or al kyl ene
group having from1l to 8 carbon atonms o2 30 an al koxy group having from1
to 8 carbon @tﬁﬁgﬁ &N h1RG 1L Re D@ I hageRg Of rdn? 128 A LM &eokE or an

| ndependent | ;9 CE%%Q% z iiylco% @Jﬂ%ea@oﬂg owatﬁ\aseh@gpéaﬂ@ol to 8

car bon atom; r avin 4 CAL ho tons. 35 R1
is an al kyl &fe& ﬁ/a]e Pg ﬁaw *nd* gr%mq{&]t 8 caeron gt gr’rs or an aI koxy

group having from1l to 8 carbon atons, then it is possible for R2 and R4 to
be hydrogerP & ke Iﬂmﬂo@sethmélependently of R1, an al kyl or al kylene group
having from1 to 8 carbon atons or an al koxy group having from1l to 8
carbon atons y4@sangd d¥ drockg hydrogen or R2 to be hydrogen and R4 to be,

i ndependently of R1, an al kyl or al kylene group having from1l to 8 carbon
atons or an aI kox oqfrp having from1 to 8 carbon atons or R2 and R4 each
to be, |nde£ 8{ 3ne anot her and i ndependently of R1l, an al kyl or

al kyl ene up haV| ng from1l to 45 8 carbon atons or an al koxy groupo

havi ng from Bndomg8xtunedsotharens. 0050! 52961 3 As al kyl or al kyl ene group
having from1l to 8 carbon atons, preference is given to an al kyl group

having from kpk0p §e§él{1-pq|ﬂvéﬁeﬂ&1 alrsopa%vma@rmefthem lof %Alpsei NerRinQITS,
advant ageousl y. %‘ib&%tf‘o 5 %VO‘iﬁgSRA"% Jt%t 'tQQng %I%{t a1 CL oM rex

n-propyl, 5 iF-pro , 1N At cul ar

fromthe ghb @5°86H€?s‘ﬁ"g a%’t n Sf:ﬁ I°°“?f>i6?‘85y?n |pr;5’|¥85§? artf t - butyl .
As al koxy grwﬁphé%’??ld-qef‘bn?{w{’eﬁ% Earpbhekr dife, 2pr et erlamte2pd RIPAPEN t o
an al koxy gr expchaséhganrdpdlont ih chrbpresanmes ofadveinttapesdsion sedtadt ed
fromthe grodempdasestdsngadbly®t hoxy, ethoxy, n-propoxy, i-propoxy,

n-but oxy, s-butoxy, i-butoxy and t-butoxy, in particular nmethoxy. 15

Accor di ng 49 Lhe. B 656N t'hevEpé ﬁ%em? i\f ggab%élsgraqupaz Ageprdiang o

th i ung 't b
unsubst i t ut e ”béﬁépqn%agg R BRI dRodey P Sy 5, om iy be

per phenyl grid#gleB® qupaP havingfxpm 1 b7 & .cappent %Ofpﬁ]éﬁylangﬁb’&b’s\’ 9FQHE t o
a phosphor us hatvangcfrpnndv ¢oi 8ecarbal adpme) fWidihenhesphbotigouttheh platleasts; in

the case of inkf 6Fetiie YHlombbt RIj QR ,pRUt €& NSot tHhe di fferences may be both in
25 the nunfer of substituents and in the type of substituents. For the

purposes of tf}eRErfé éﬁ'ﬁ”t Ll tth‘ispggﬁé"bl%“%ﬁPsnPchﬁ%et Rgﬁr&%‘}?% rus

atomin the formil enti C
di fferent subid FRUPS G SIAr AE 2Ty LABEFER R T iPRELFIboeiP FnoatiTbn, X

is F, ClL or Gt8msppefalt AHkpxF gFousrdavingt e ds&oof eRERGMGLoms t ¢re R0
radical s X1 dred aj2atleyl e BElkglemr gZE8pi haejpendeom ¥ v Hrarbpot &ieoms iore. F
and F, F agdl &6l alkogpndgrfupChavikd ftth Clto Gl cithotF3tofdAnin@4CES3, be

)p(r iefselr:abltﬁelzsﬁggo e“é}né @”Qn?:ﬁé.e éaﬂ:rﬁtBLﬁéer{rﬁQ HQQQ{:P%PVHf; ngeeﬂn@%ﬂé‘r{ and
phosphor us atom%tblk% dm{ a%’f&egﬁ CEII U5 fltﬁ ?ncgﬂ %henyf’ Fi oguﬁgglf‘é b 9’
phosphor us atad1]ﬁ°ang’é°‘fRJrhlaI’féP fﬁ%‘fé’rf‘@d e “m?ﬁ? When nis 1 and Xis

CF3, the substituent is present in the p position relative to the 45
phosphor us3&tIdfmRoisdan @lklyé phemlityleneggroum hatvengl fromgl kouBdcéxbaen
phosphorus ataydims oiiUdidlikpity §rdip Havihg3frdih M4 tbnsacrireatefls £t et
;’\hwe)nmn 'OS f gl%d p&s @btk %ﬁh@ggﬁ&ﬁ)ﬁt& rB@ ﬁ&@ﬁde&ué%ﬁz %&rgér eﬁentIL'P the .
posi ti u | i
oSt f}@egsha%a,t% 3 KOS BROSRNYUE SLAaRUBELLE HAEBNEENh 1100

h orus
ermbodi nent , ERTROP AP éPrX B 2l eh gépgp ]ilahvems?uﬁﬂ“t]ue‘?ﬂ 38 SFEb‘brr‘éasté’Fﬂs in

the two m $snd BAste drathydsogent e &?h@@ph@r%&dr@t%m BBARE tt® PRe phenyl
ring in a phemdependgntiournd Rd, aaphdsyliopusaHtydranel §r&ap thaonilngr Eyomrefter r ed
phosphi ni t es fauebbheatdignelr-agn! a1idxydereup HM:@ om0l ot Bhrbb¥, atidhsand
R4 have the mzaphnggyldsteedn' Bo 1HO) %njdeplaﬁééﬁlé‘lf d£€oh8" B theP abaF
independently of R1, an alkyl or alkylene group having from 1 to
45 8 carbon atoms or an alkoxy groupo having from 1 to 8 carbon
atoms.
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0850/5296R- Rt RA | ~RBR3 | R4 formulalc F/ \ ~~F 00\
| ~RER3| ~ R4 fortnulele FFFI ~- F'O0O\ RL\ RL R4 |
rrulalp Fl I' / - F\ oo\ / FR \~R F RA~R3 R3~-R4 R2 3
\~00\/ RILRFRA| ~RBRBI| ~R4A R 40 CFACFA | I~ CFA [\

Cks Hky1-or afﬂyﬂg%eRgroﬂb‘hd@in@offﬂw|fiHddS'carBoﬂ]%%ohs/ I/
} ferér:meRS.f ?1vejn \toR; B%Mnlaz %ogf -QcplBAclaf:b&FA

r feteRted; AEOP Sthe ArOURICORHTTIRIN

| ivpropylRt nRAUtYIR3 SRRty R4 Jr@uml frd aﬁw@umlham R¥Fgicular

RBF¥ alhe klbbbup |adnsilsdling| @f meithly]l, | gthyll ,hin~-pkopyl ] jil-iebpiiH
and t-butyl.

As alkoxy group having from 1 to 8 carbon atoms, preference is
given to an alkoxy group having from 1 to 4 carbon atoms,
advantageously selected from the group consisting of methoxy,
ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy, i-butoxy and
t-butoxy, in particular methoxy.

According to the present invention, R3 is H or a methyl group.

According to the present invention, the phenyl groups bound to a
phosphorus atom may be unsubstituted or bear, independently of
one another, 1 or 2 substituents X per phenyl group, so that n is
0, 1 or 2.

The two phenyl groups bound to a phosphorus atom can have
identical or different substitution patterns; in the case of
different substitution patterns, the differences may be both in
the number of substituents and in the type of substituents. For
the purposes of the present invention, the phenyl groups bound to
a phosphorus atom in the formulae 1, 2 and 3 may in each case
have identical or different substitution patterns.

According to the present invention, X is F, Cl or CF;, preferably
F or CFs.

In the case of n being 2, the two radicals X1 and X2 can be F, Cl

e bl B %FF%R‘* carge??’{%%f“sﬁéﬁét eBpe] Cfﬁﬁ}

etpyy, |n-PIppYl, o.p O

or CF3 independently of one another, i.e. F and F, F and Cl, F and

CF3, Cl and Cl, Cl and CF3, CF3 and CF3, preferably F and F, CFj3
and CFj.

In a preferred embodiment, when n is 1 and X is F, the
substituent is present in the m position relative to the
phosphorus atom bound to the phenyl ring in a phenyl ring bound
to a phosphorus atom.

In a further, preferred embodiment, when n is 1 and X is CF3, the
substituent is present in the p position relative to the
phosphorus atom bound to the phenyl ring in a phenyl ring bound
to a phosphorus atom.

/
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0050/ 52961 ¥Y8Y43<18t25 30
la2,1b2,1¢c2,1d2,1e2, 112,192, EtEtHH h2,1i 2, 1j2la3,1b3,1¢c3,1d3,1e3,1f3,1g3, n-
S Prn-PrHH h3,1i3,1j3la4, 1 b4, 1c4,1d4, 1 ed, | f4,1gs,t-But-BuHH h4, |i4,1j4lab, | b5
,1cS,1d5,1e5,1f5,1g5, Et MeHH h5, 115, 1] 51 46, | b6, | ¢6,1d6, 1 €6, 1 f6, 1 g6, n- Pr MeHH
h6,1i6, 1] 6l alnldhpdereridd, smthdiinént g AvierBulVEsHR hand iX2, land| 83, 448 elhe8, F (8, | e
8,118,198, MebgEMAIBR ikh8nts &0 prbBeh€ % del Qo Ih HdsiRibnBuNeIHVEILST 9, | ]
9 Table 1 F%gg{sho%g;hwﬁgﬂ Ady uahers ehP pashPl nE4&5 ihayephdie, f @iyl ae

| k-10, where,t roups, R1 .and R2 have the nmeanings listed in 20 Table 2.
formia Ik {BPHGE &4 P PBPRRA Y5 BFSM nul e 1 n F, EERL U S FL U
FI / 1/ P~p~00O~1/\p~O~~0Cal ~poO-~~OFR\/ RLR\/
RL R \ / RL1In & funther\, pre¢fegrrned embodiment,| whep RAs 2| apd/X pre epchy
fornmul a to RZFR2 thébshbsthrsmtsoane | presednlte inathe atlwed Rlpasit hshaetat ine
fol | ow ng neagi ﬂ%:ptﬂ)‘ggﬁbm Mbkhndlt]&:tﬂe{‘kheﬁ ring ¥BH Kdherdyllrihgl

Inl, ol M I T and 2, e abbreviations have the
follomjngégggﬂgﬁggg) : E?é#ﬁﬁﬁgg §%°$' 0050/ 52961 6
Me: met hyl E{™: et hyl n- Pr: n-propyl t-Bu: t-butyl 5 Ove: met hoxy Phospinite | can be

prepared by RefrhirislardyeBrerPRunssphaerkitides Pavesimiformylapsia-3i523, 453
and 5, 693, 84Below, tWwierphthphjrtupe RilgaRlis Riceodi Rédchaveertbe heanigganpl e by
reacting a substéd Uredable10. unsubstituted (Xn-phenyl) (Xn-phenyl ) phosphi ne
chloride with a di okmla@ari ng the groups Rlemi&?, R3 and R4. The preparation

pr oceeds elfsfi ciently an ononf ly fromreadil °’ avai | abffe starting
material s.”~15 The di] phosphi | ori des us as sta ng conpounds
Lle from irndl bauer,

and their preparatio re~oknown , T otr€ o
Monat shefte Chem e, volf - ! pages 193%% ._Th soctess descri bed
there for preparing 20 ré= O] | di chl or ophgs e, e enpl oyed
anal ogously for prepagring the (Xi-phenyl) (Xp.Rhenyl p'hosp i ne chlorides.
The opti myy paramet ees f(or) prepar@ the respect jprs
( Xn- phenyl ) ( Xn- pheny JBh \cPhi ne c,_ches cahyeagfly be c@ ned by a
few sinpl e prelininapy”experi mentls. .28, { >, o
A1 R1
Besss il e e ol
[

formula le formula tf

25 F F@ (>S
E F
m "o o” —RQ CFM—QE?O o'P_O_CF‘
Rt A1
R4 O R3 R3 O R4 0 R3 R3 O R4

A - R4

30 formula Ig formuta 1h R2
F F
\o od
S O ¥ & Ol
R4 R3 R3 R4

9,
o

1 F

-

9

R4 R3 R3

or, o 9 ©

o
o oY IO
R1 Rt
A4 R3 R3 R4 O O
H R2 R4 R3 R3 R4

40 "
In these formulae, the radicals R1l, R2, R3 and R4 have the

following meanings:

Formula R1 R2 R3 R4
45 |Ial, Ibl, Icl, Idl, Iel, Ifl, Igl, |Me Me

Ihl, Iil, Ijl

fas
fa ]




The phosphi @DB@£5R963an be used as ligands in transition netal conplexes.
Transition netals which can advant ageously be used are the netals 30 of
transition groups I, Il and VI to VIII of the Periodic Table, preferably
transition group VIII of the Period Tagle particularly preferably iron,
cobalt and partiat Ri-clce 35 1f nieckel is used— it can-be
present in 3%?#@68202?%E%i¥83 sF%&eém%ﬁc %E 5? +1,\§E, +3 Prefef%nce it s
given to ni R&/(Bi2anEi4i ckel (+2), in particular nickel (0). To pfeparelthe
transition 3l Ibdnmplekedd3a tadnIfd, EgRpoundlr of |AfPm t(Bnsitipgh nmetal or
preferably prdy,anshlipssmetal can be reacted with a phosphinite |, with the
phosphi ni tsewbmWWtswgi ScPRPSPME N te [gor a
m xt ure of Iurallt¥.£f phosphlnltes . 4% 0050/ 529617 Priof to the
reaction, t drt 1 ? hed from suitable cheldcal -
conpounds, E-&p’ §3Ptsl%fh'cﬁ% ch bﬁﬁeslgﬁm Ebxanpl®® by reductiofff wit h|base
metal s such|Hs,ziIab, 5J3f a transition netal conpound is Used fof preparing
the transit|Tap,nabél TosplleesIebdVEit,adgéusnePmpouMels ar eHsal t s|Buch as
chlori dego Qﬁgﬁngg gf@tylacetonates sul fates, nitrates; for exanple
nickel (2) cpy 7, Ot i ({47, Coap! orEs SUGt €S8 |Me H "
bis(1, 5-cyc oocta |ene N (0). 10 After the'feaction of the trans|tion retal
compound or | ¥Me #dnsI8{on netal with a phogphinite | the oxidapion state
of the tranpfa8odb8et 5F8i T8neleBnpiide d9R H¥eal tef¥¥ by MBans ofM&uitabl e
oxi di zi ng ofrhssdudBngId@ents, for exanple base nmetals 15 such as|zinc qr
hydr ogen 50| TdemIeal,l yehouad,f aedy, BEQY. I1g0dijurBbor phgdri déMe or | e nol equl ar
form or eleg gocﬂgm gﬁq,ly In a parti cuI arlly preferred epbodi nept, a
COITp| ex of tH—ot gam C IIUIIU}JIIUD}JIII e; ||uuup||u:p||i m-te;
nonophospho 20 mon h hi t a n react

phosphi ni te%f‘1 glsll rtlc%:ggrﬂzgsreé%rréghé% s(?%%nlgg dha% %E’ \A%ée%}mﬁnepat ent
appl i cati on §0;IL‘36 e thR FHRIRS RisPPS off MAvaEl E%rffﬁaé%é‘gs thet ‘%ﬁllé‘r ratio
of transidd §ab2e #etal to phosphinite | can be in the range from1 to 6,
preferably from2 to 5, in particular 2, 3 or 4. The transition netal

conpl exes canerex free of |igandsweiher than the phosphvsmi tes |. 30 The
transition nmetal conplexes may further.conpgise other |igands in ddition
to the phosphi nis I, f exanpl:e riles h as aceitrile
adlponltrlle entenenlt e, etenenltr I : /1 - 3- butee k| e,
ol efins [V 9l hos pr nds ¥

nDnophosphlnes, nites, no
preparation of s . tion nmetal X ) s can be car @
met hods anal ogous t6 Bh0Se descri be Heliterature, 4077 o#” xanple in
DE- A-2 237 78 uIaInUS-A-3 850, 973, Ug A 3 766 237 or US-A-3,903, 120, for

preparlng3 rans on netﬁ%;conplexe ontalnl trl-o tolyl phosphite,
tri-mtolyl “phg ite or hosphlt[g3 gands by repl acing these
phosphi t es p%"kyoor co he phosph s | of the present 45

i nvention. c/006 FnT , T rrarfsd Rt conpl exes of the present

i nvention can be d as 'atalysts i ar | ar as honbgeneous cat al ysts.
It has been found “Rbﬂ'kartlcularly ) eous to use the 5 transition
metal co exes of tHE& present invention s catalysts in the_addjtion of
hydr ocyani ¢ Id’cﬁ'-ﬂeﬁﬁt@rcﬂ“éﬁlem ehe|gimsticapsnis, a1 Rgapeve iber f844BYE Donds

whi ch are comjangaged with a further ol efini ¢ doubl e bond, for exanple onto
a doubl e bond of butadiene to give a m xture conprising

2-met hyl - 3-butenenitrile and 10 3-pentenenitrile. It is equally
advantageous_to use the transition netal] conplexes of the |nventjon as

cat al yst sagp nFPFBAXdi ti on of hydr ocyani Racid onto difinic doubl e bond

whi ch are notktonfligaidd, Wil d%urt her |¥8 efinic doudl e bond. fof exanple
onto the doybké, bond dml3-Ppaht &ednitril Ber 4-pentenéMetrile or 5 m xtures
thereof, preferably 3-pentenenitrile, to give adiponitrile, or onto

3- pentenoi c meler 2 or 4-pentenoic esters or mxtures thereof, preferably
3-pentenoic esters, to give 5-cyanovaleric esters. 20 It has |ikew se been
found to & particul ar | % AYvap,ASEUS JiQe e Sl LADSEST Wb 15! faHg exes
of the present ‘invention as catalys s in the isomerization of “organi C
nitriles, in particular ones in which the nitrile group is not conjugated
with an ol effini c doubl 956981 for exanple the isomerization of 25

2-met hyl - 3-butenenitrile to give 3-pentenenitrile. It is equally

advant ageous to use the transition netal conplexes of the present invention
as catalysts in the isonerization of organic nitriles in which the nitrile
group is conjugated with an ol efinic double bond. 30 Processes for the
addltlon of hydrocyanlc aC|d onto an oleflnlc double bond or for t he

Ly T S ' N 1 o, —_ I




The prepar a0050/B2960bnool efi nic C5-mononitriles by the process of 45 the
‘present invention is preferably carried out using a hydrocarbon m xture
havi ng a 1, 3-but adi ene content of at |east 0050/ 52961 9 10% by vol une,
preferably at |east 25~ by volume, in garticular at least 40$ by volune. To
pr epare mx ures of 0;?' efinic Co-nononitriles which 5 conprise, for
exanpl e, E%htenenl t PP and 2-nmet hyl -3-butenenitrile and are suitable as
i nt er medi at B8* for f ur ERRYL processing to produce adiponitrile, it is

possi bl e t onuBe: pure BuP¥ERR¥Ne or 1, 3- but adi ene-cont ai ni ng hydr ocar bon

m xt ures. 16-Hy3- But adilgrlcont ai ni ng hydrocarbon m xtures are avail able on
an i ndust si ghescal e. hbtloxy or exanpl e, the processing of petrol eum by

st eam cr acki ng of napht ha produces a hydrocar bon m xture known as C4

f i which h h | ef h, ab 0~
L bus adl pESsp R, 0 Bt BreBafl had d%fbﬁ%*%%aggﬁe“ Aeirafea

mul tiply undat¥s aﬁaéﬁnﬁﬁd?’%%ar%éﬁé* an %ﬂdsc'):’ é RaPdd forndbe RROIPHEIAPways
cont ai n smaliggrdpaiescohbedfthpmeer 401 yexarple by vdactiignassulstitaitedesr and
vi nyl acetipl ansubdtirtmted3¢ onipidingg (Rarphemylg phasgiti fe” @l bnids twitdl ky

avai |l abl e 2@131/0&;43;%5091@ JidddpBS rRDY , RE OR3E%AEPRE, extractive distillation.
C4 fractions are, if desired, substantlally freed of al kynes, e.g. propyne

or butyne, 1, 2-dienes i ene, .and _of al ken

Uyl aver vl Bhe BrnzARion SydhedlsoBRE i 19 En! oBnSERE Ry Bl 1ong | s
conj ugat ed ﬁFPﬁlJc%e“’eéﬂdaB%‘ﬁoe"a?‘rré?%Sn’B?WFe‘salﬁbt ained. It is known from
"Appl i ed HBonobgeneous Catal ysis with O ganonetalic Conpounds", vol. 1, VCH
Vi nhei m pThé?&pHdi@tlphbepmmd whabeildes prride agnstdndiggl oompsunds tahe

i soneri zati @RePf trQ!!Loﬁ” Lo %%thﬂiér} esea”%f? Jﬁ'&e@!rbfhl lg, acts as a

reaction 30 Egﬁﬁ}gaquf 0{40#1 }1}% a? ‘?’gl ,t 'v%'iuﬁ{ %‘@/ r@gggoﬁj de to form

adiponitrile é_%e rrg 1 'one gated nitriles
obt ai ned in SnH’f‘?‘Eﬁ‘? Feﬁﬁr’cﬁﬁﬂ' E&t ﬂr(ﬁfqﬂaa&flﬁon al so act as
cat al yst o#séhaoiaphenddichlarapdeeph e a@p Pef ePPeYRce RRAPIIE 10T £54i pi c
aci d, nanel prepar3® robeod¥d+phienylof Xhyphegdn pbyaph e dhiderifes. th@son, it
may be usef bt iurh IR amBeehy dfC prepar M tilhee rpapédtiver conpl etel y of _
conponent s ‘Q’ﬂhcﬁhérﬁflm(ﬁ‘(ﬁtﬁhéﬁﬁl)%ﬂ'o%@fﬁné neHikeiaat abatt irealydyogyanation, in

particul ar I S n 0 renove these
conponent FE‘X{@‘%drlg ti oﬁ&?s S 18 gfgldﬁéo aié{?&%ﬁ[‘%‘f élt%-artl al

hydr ogen on before the addition of h drogié_ cyani de This parti al

hydr ogenat i 8hei Bhesahindgesut ¢ap breupe@sthdddanda Hydiregeaairnmetadal yst

whi ch i s capabbkexds.sel ectively hydrogenating al kynes and 1, 2-dienes in 45
the presence of other dienes and nonool efi ns. " 0050/ 5296I 10 Suitable

het er Ogeneo‘i‘§aﬁ§i@idi§§ne%¥§é Spif '&%haLJi\YaMHébﬁ?y Bpd NARY Bk@nt}{@tniéLtals
conmpound 44 oah, el SUPROE e U1 12D ﬁd'w&a%gsxsgpwet%e@&ﬁd{ & {8 Omary

oxi des, i ‘Jf al um num cates,

zeol i tes, cgfﬁgﬁ’ééi’lymtlrfaf‘ﬁe%m% 9er't°&?p cfﬁoi‘thﬁr Bérlf‘?fgr @g’g "Preference is
given to usPagtrawslyspoefarably )%Feﬂeschr?elrteéﬂdagl%lﬁﬁi‘porllnspaﬂhlcb‘d-ratrl cul ar,
t he het erogenebeas. catal ysts used are those described in US-A-4, 587, 369;

US- A-4, 704, 492 and US- A-4, 493,906, which are hereby fully incorporated by

ref er enceys Ryr hbaﬁequt %Qle& o ot he L0 ISHOTR DRBRSODxEHaRIsh kted by

Dow chentelougn Ko cdialval Il e reguph ob AR AN e

cO a|n|n r ocar
a pretreat ed‘lchﬁfﬁ%\)l'l 3}“h98?6’g@ﬁ§t‘e81 Qet i on, can be carried out 15
continuously, sem continuously or batchw se In a useful variant of the
process of tlheppepsmentthenteansoniont hetatldidnpdiexeeaca i drerafcal heompalmag e
cyani de g0 @akkhfeiOidn @eBAL NGO YSHefer Sl ¥ ablteaheacion metal aafapd i nuous
reaction ar ge2Bekaqysy @ EHQ&%?A&H ol 2d dilch AheAbhodth AR 4°fE8d engf or
exanpl e, | 0 o LTBR, FIEYKLopatlcdebrb sl AChEn e Sl o |

edi tion, i n8ousPvarian The process of t he
present |nvé’rJrf‘F6n1'f3é %@P@FHBH/“E% fired out using a cascade of stirred
vessels or a tube reactor. 25 In a preferred variant of the process of the
present i4®/ention, the addition reaction of hydrogen cyanide wth

1, 3-but adi ene or a 1, 3-but adi ene-cont ai ni ng hydrocarbon m xture is carried
out sem continuously. 30 The sem continuous process conprises a) charging a
reactor with the hydrocarbon mxture, if desired part of the hydrogen
cyani de and a hydrocyanation catal yst 35 according to the present

invention, if desired produced in situ, and, if desired, a solvent, b)
reacting the mxture at el evated tenperature and superat nospheric pressure,
wi th hydrogen cyanide being fed in 40 at the rate at which it is consuned,
c) conpletlng the conver5|on by a perlod of after-reactlon and subsequently

o T 1 . o



0050/ 52961 0050¢#B2p6L, the process of the present invention is carried out
~using an autoclave which may, if desired, be provided with a stirrer and an
~internal lining. For the above steps, the follow ng procedures/conditions
are preferred: 5 Step a) The pressuresrated reactor is charged with the
partially h dro enat CA fracti o] but di_ene dr g

hydrocyanatié §tr%$%thnf gggl s%ls)(r)ll meht cra‘?"oge gyﬁ%n%gmfrgﬂ%enent
of the reacFPbﬁab]SLu aﬂt‘éa]scﬂ%‘é’ﬁ’t@d%r e tr0$8 Fr%n?‘?‘ﬁhé‘& 8569%1‘?%’ £RE

pr epar at i onesémplre bhyarafiyst profwithebgseatalsngeeh ias 2ipfef erably aronmatic
hydrocarbons such as toluene and xylene, or tetrahydrofuran. 15 Schritt b):

The m xt uerisa gl,etﬂﬁfs&lth.&nrr@@t?éle@oﬁbo@ﬁ&\héﬁ Qdetiefpe pepae iagdthe

super at ”Dspgﬁgh J SEHEE SBS! | B URERAL W hdond8NEEE! dof ¢eNsdok ANge
from about ﬁ rOJC"n Ct ptr sure.l s
general l'y i A%4 lr'l ’Q%tfe%ﬁns ?5’1?9 &Y 58? FSReaBoi?E 1 t o
100 bar, nepamﬂ%mlakeﬂ%tntht%lée beF Nigdnt FenpsRISp ﬁruét‘e"f‘%bl y from1l to

20 bar. mrbmg(lk&-dyeaobcbmldmweg@n cyanide is fed in at a rate
correspon@ ng to that at which it is consunmed, with the pressure in the

autocl ave r ﬁ@f@éfﬂﬂ% eeacpiorldy t%enétatgltlmeméeaftd&eohhaeot StHe' Om about

25 30 mnutes_to. lete EINe the r tion
ti me can be(?;'f:of’fltmdl %’e%al%ﬁq‘ r-rpeacie e%é f &iaé% h %]trﬂg’ug& ggg
preferably FFBWBW%B%F’" & GOBPESH SRS Peydtt YeReAL® fbr e _hydrogen
cyani de is Padtabie qmélaw@cqra\r@duew RPSISs FPﬁeexaanéet Bapematale i s
kept esseai isabthyagonistcanr bhydidgen éacthemidadidpebound eogot, dugi repdibe

addi tion of pBydhp@eiteGyani ge. moMyckldp fSrmgaloki eleftitodnemiualoyary net hods
and conprises separating off the unreacted 35 1, 3-but adi ene and the

unr eact ed h)idr 29 Qrt%’c%rilag?gaéxfgferg‘%d\;\?ﬁ% Qnggtgéeété bf‘.aﬁijb gﬁtt'.honal ly

distilling t i ni C{?PS“ ct of
val ue and ré’E@?%%c {IRROPAPEPRLRG j FONORPAFRAY nlt&@ Fanep RBFESBF ul vari ant
of the pracaosophosmiuter diagands mﬂenbeoneathéi Hdght & Phasphdpibn bfusipg a
hydr ogen cyaeitdedvibdded be tha3t bidsadibaé- Donthe Gengah\whteesr bppl ivattione i s
carried out jpatghgs se. Here, essentially the sane reaction conditions as
described for the sem continuous process are naintained, but no 45

addi ti onal en ani.de is fed in,ste A f_th d ni de
is incl udedql n%ﬁ% r{ystl*tafm etal compb%ﬁ%%’gl ﬁ ?ratl% B¥ {P%Eglﬁ%ﬁ

pr epar at |%§n"‘t?l"'aad??)cﬁﬂ°tslppl’-81'f‘? céanFaH‘i‘ e £6RPSI F MY i ?t Er e by addition
of 2 nol ar eogifentlei from Ryte dyerincpantdeulagn 2he3devidted into three steps:
5 1. Preparation of m xtures of C5-nonoolefins having a nitrile function.

2. ]lc 50m3r3i Z&l{hieoeré)tfxsith.%nzm@E&hy&oﬁiﬂ!&HEQD@iﬂ tb:;é EgeELﬁﬁgﬂiIgainﬁst Bﬁf&@c _H‘.:hkﬁhur es
to form 3-pgpte nd i sonmerization o t he pentenenitrile
formed i r&&lhwe g/a%éﬁﬂll?ﬁg g pentenenitrile al ready present in the m xtures
fromstep to formyvarious n-pentenenitriles. A ver h proportion of

3- pent eneni tie] X8RS HLI0INMERR| TR IEXGR MY vfét"%hEi‘raF ’tgf‘ﬁof’t: Lgands
conj ugat ed Zrpeddéhion tho ktheapkpsphinifes Kl -forhgxampie trrwreleamw P8y act
as cat al yst geeitsabstrilkshouddpbeifmilegd3-Benttepdtatien Hipeadiepenitriles by

addi ti on of hydiagem oarndgiori | ReediRend @Akt bit£d Wtet Brhplogpirituaus! y
been for”?eaoagggn&gtghc@y 'ssggga(r}fcatdoﬂepﬂ{)sﬁﬂ%eé PROLSAEIYph bl ged Or Med i n

step 2. By-pro are, faor ex mét hyl gl utaronitrile from

t he Mar kovni"KoVP 58%?‘%?’8?‘%81‘ Oy IRREPAPSRY 4 gﬁ?de onto 4-pentenenitrile or the
anti - Markovni kov addition of hydrogen cyanide onto 25 3-pentenenitrile and
et hyl succi rithei preperdtion piesneh Kawaskbion du eilogoBplenas cganbe yeafirdedont o
3- pent eneni toutl ey méehotm ehatagalsy Hios thaseddexrribedphn nittee litgaatsresan al so
be used 3fp achtarkagsDdSiny DonA-thesvshrotzqtusai 3, 3BOE Y 2 atigun-andesmil erbond

| someri zall op j135h6P, orENdes ttﬁ, 5860002200 1,000 1 vl AggasCyani de in
frPa

tep 3. Advantageb t 35
;Sn\?gntl on \n?f’?n% Igf)ggﬁ’s 2y '§°ﬂ¥ éﬁpel&??m‘?cgor%Pﬁgln%olnoosé%’&%?%ﬁnproducts

obt ai ned |rt?qﬂaphyﬁibkyﬁﬁﬁppéﬁeo#lﬂ?ﬂgsbBYaEﬁEﬁﬂ?%96nFEF?ﬁrﬂTQWFHFB%%rbon

m xt ur es butpartdy omnceumsl@tieéy abyn thed pivoshhamiteec s of ofhehyahesgah cyani de

wi t hout apgrasieakliendeposition of inactive nickel (11) conpounds, e.g.

ni ckel (11) 40 cyanide, occurring. In contrast to known hydrocyanati on

catal ysts based on unconpl exed phosphi ne and phosphite |igands, the

catal ysts conprising a phosphonite | are thus suitable not only for

conti nuous hydrocyanati on processes in which an excess of hydrogen cyani de
in the reaction mxture can generally be 45 effectively avoided but al so
for sem continuous processes and batch processes in which a | arge excess of
hydrogen cyanide is generally present. The catal ysts used according to the
present 0050/52961 13 |nvent|on and the hydrocyanatlon processes based on

o o . oy .




20 presence0050452964al yst system according to the present invention, in
particular the isonerization of 2-methyl-3-butenenitrile to
3-pentenenitrile, can advantageously be carried out in the presence of one
or nore Lewis acids as pronoters whichgi nfluence the activity, selectivity
or both of ’H;'ee .tcz%tnasli)éignsﬁ{e}taﬁmcg:[n i@)?esz%qu:gée&eé %{eﬁhbﬁ&lﬁo%ﬁhbbg
pronoters are |nofgani ¢ an o_rganPc.corrpoun HowWhi ch Lhe cation s

sel ected frBaed P §READYEUHrsiit PAGEHTY ETaAsi ﬁ?r‘f‘oqqqeé’ﬁisuﬁ?t%%%(ﬁ'um

chrom um nanganese, iron, cobalt, copper, zinc, boron, alumnum yttrium
zi rconi um 0t didsueenpfyintd mombecpaint iomlarignadvararegebun. t&xaawpltde whi ch
may 30 besnepainitddnametdDBohpldRbe, oZHe2 prés&i, indea2on Qllcatalysts
%‘g OgSC_Fr%Z%n C%gTi?addQ?hém P{ﬁgﬁdrgs 2§ics %%ZOKE%%%&EHELHEMJ%Q (2%?{!3@ Z,
(CBHLS) 2 G RS &@%ﬁ%ﬁ bR %C(:*'Pﬁi‘j‘:c‘i‘%‘,‘“%g%% W olY PWorpe

Nod S, vC13olefitis dppeis bapdys Fopgerarple,epse gt 1633@%)‘% bpageRe3) 3,
SnCl 3, B( C6EB) BlveTaCmbxture fampyéatral -yneddydr teuteneaitexdbepsingd i n US

6, 171, 9940B1-péntdriearitsill ¢ abite igr equa Els agiventegasised usettiee patents US
3,496, 217, USass A3Bn2h8taNkddp14xéddoBrhe TROSRL LA 88t ABfHs Sal tReSUCh

as Znd 2, ; I u C
R3S 038@30%35 2 qu r n%QQQS?E“%f d o‘ie‘f‘ﬁ?ﬁ'P@%%lF B&@%ﬁéﬂajs&%%tem

@i(}ghg ere RIS al kyl_.arou r, a gr pups.

No. 4. 574, 8BIt dETEIREEd etk & SRFFHRE STPeLinif (Rl eapPydar e G RplBLe
conbi nat i onSPEP Heororkie kepd oy éaE%“E%@“&&FéE?s‘H A-REPEGRERL G lener

cat al yst 1Symixtirey ¢hereefl, muaferabiy i halandenenIRilere€p29ivhd Z, B(C6H5) 3
and (C6H5) 3saZpomitaride b8 GRISG3pefHA(Hid]888ed5 ar (40pLh)3BEN est@D50652961
14 The ol apikelids ¢heREORPiYere@aBigklpdntehBEc Cad@dinsst teygiwm can be in

the range fro : 1 80, A further advantageous enbodi ment of
hydr ocyanat Fog}%?]%gg'te?slon%gﬁezati on may be found in US 5,981, 772, whose

contents are hereby incorporated by reference, with the proviso that a
cat al yst 2y3tehdaclcdeding Peen HOUpHetR e BIFEATTEAT oF 2VANKRIRW SoftOs BER
cat al yst syshensransifded hetpl sompdexeheofc hgl presenntinganti¢m ashe pat ent
cited. 10 Achdalyets davahé apemes ieabbon nmehtorghnby diicayaeal | dm gardicular

i someri zat i gRe&BYn RAiLAURHe i (i 1WS16, 2duP b6 nWROSEN fiRNHLRAL &1k earher eby

| ncor por at e@l?ﬁiﬁfé Houleé: bé!\%&,h_ffoﬁ}ee%@ié Qh%hﬁé?l_l@eﬁfazta@i)éﬁt ofystem
according t e @;%ts_ﬁngc i nvent.ion, or mdaxture of .such_cat aleyst ii’/stems
is used i 8r§%‘éh ~FRETERE M Firis SRt P e d PROFRRSHEENE et etf SAUPULY her
advant ageouddEaBERTamNSt tOf UK disc FAARE 1 BPMEPTRE TG XRR 06 Bhespyegant
whose cont ednsentidrhesebgtalywrspanatbe o iretf eorrafe organbc tihigrddesi so

t hat a cat aiyS¥hsysted@ aceoiTh nFoup LHecdirantdi vinantanoBlefimidridchble of
such catal yghppgystens is used in place of the catalyts nentioned in the
patent cif.ed. A further advantageous enbodi nent of hydrocyanati on nay be
found 25 1 n_US 5,523, 453, whose contepts are hereby incorporated .
reference, WPRCTIE FP5vIES ?%ﬁtt’j&ncﬁgali‘%fgﬁocé’ﬁgf"én%é‘é_{c](?f‘a ng™t e[ﬁélﬁr esent
i nvention ofobhe RN o5f £e%i e 48aMGEIZ_KANeRE PEIRISH PLAT pl e a5 Pehe

cat al yt s necarobed dut tiheapmanner @naddgodd thhéhphvégrdrdbveds for ietampiled by
the foll ow Ag wONd9 ATiIBBJoL XS4 1EX ANt earddy Toe otnplldseipreepeicdngi ned
by gas chysoRREOBREYEN6N[(¢8E Uddscr3®eld PhéRd |5y RABSphéSMGHALET € &F ABedM 5

m nutes iso I then heating at 'a rate of 5C mn to 240C, gas
chr omat ogra%%ggggtw%he%gggﬁérd HP 5890) 40 All exanples were carried out

under a protective argon atnosphere. The abbreviation nickel (0)-(n p-tolyl
phosphi te) TheusrteFtdiong 2kFX tRFY iCeAPR | BYIRESE. §9r bpreRarghe BEXPYEP °f19~ by
wei ght of 4mo8eopbef grieniChrndreraitrad 118s Ghavimg wengbn judfatetpC+ol ard sphite
havi ng arombpnaatby Hidrdcganat DbG£5296) 3 ut@dekae+aghtddigangshydastardon: |
VSTV N phixkufd RnlQukl pkb g be adSi1&dkt lone SFPrid 3@RYe2described

systems according to the present invention as catalyst.

The preparation of monoolefinic Cs-mononitriles by the process of
45 the present invention is preferably carried out using a
hydrocarbon mixture having a 1,3-butadiene content of at least



25°30 /1 Ligana/s2¢61 PPO/ | \ \ F/ OP N (COD)2 for
bis(1,4-cyclooctadiene)N (0), 2M3BN for 35 2-nethyl-3-butenenitrile, t2MBN
- for trans-2-methyl-2-butenenitrile, c2MBN for

cis-2-methyl-2-butenenitrile, t2PN forgtrans-2-pentenenitrile, 4PN for

4- pent eneni t t n i N f

Ci g 3- pent e%é%] tf%,rlvlto?iﬁyﬁfa%;% {eﬂﬁg 2 ?gﬁuﬁ%%ﬁo%?%rﬂf V,ocligﬁ'f%ﬁ %Orttlﬁglgﬂm of

t 3PN and c3pPk, 85 3}0 ‘ﬁﬁtué‘ﬁl ene, HCN for hydrocyanic acid, ADN for

adi ponitrile and THF for tetrahydrofuran. \ FI/ |/ \ Exanples 1-5:

Hydr ocyanat Torpxdparet adkenes off npnedEef3ndenCermemoniitkéles 0OE@Hh52961 16

Exanpl e 15( eompiisesotipr (dxanplle  08-pef€hnent teque valent of N (COD)z was

\sN; i r;gtrin W'eé b 13?&%' %abﬁeé&rpﬂ‘tﬂemgaaﬁd lade sI'i'EilB% ea;sﬁll@ilteyﬁr}éémtp},h %o§?lnutT IH gn
S X

pl aced in a %lges §3uto o%?gﬂeél %t ggédl?ée %f%lggqat?glegod’ pészsrr%élre a%N &€

during the PRER{BUGRIEERE (P 1Yy 3sRUER Jr‘?ﬁec CP@&E%PHPS 1W<'§’§°E]é’€ ‘?’Pn“FI-é‘GuB?sneans

of an internal thernoneter and after 180 m nutes the conversion of HCN i nto
2MBBN and 03P\3 vt adid bee Acorewh iy ngaby dfbasrbonan bt wyesy a(r@Cammta by an

wei ght, int epdadtrSilaandaate. einngl, besz esedmp1Ehethd! B aveRa ik £¥B1L8um
obt ai ned: Tb @éa‘%{ %%Llck %fatn%ﬁéﬁé e;l\éda%%ég m 2 ab %82%{5;%

m n86. 12060 112 co V.er. si og 9 'gﬁgnto ﬁ'%gg &g‘gw 30
SBaRFS == By cetal o5 NGRS )

The ratio of
1 equi val en{“o%fberﬁn@kél'@w“?qﬂlﬁnﬁo??@ %§6H‘Pf~%§e¥/\é’a‘“§ﬁl Prde 4R of

equi val eAPsmerodiefdng and uiHE plyr ungatigiated W%O%h%ﬁoﬁn@(ﬁlﬁ@s adm xed
Wi th 462 eqailkaent Thete Bixsrahs38lwaysicmmtanhssodl Hgdopordfibns pifaced in a

gl ass aut OCFQH@rﬂlﬁﬁg t8 G heat adxyRe80G , 2LagehEIMAIALYhQ1 ShEdIGnkhe
reaction (slightly exotherm c reaction) was determ ned by neans of an

internal th te n er con erS|o of H to 2M3BN
and 3PN wnePUEe dh SPHERGIETS, cd*&sgshf»%%tg& 5By PREna0AY s ulebahe

i nternal 28t BREERRTDOPhPLEEIA &Y, TRE THTRRY n@x‘ire%‘iﬂlt‘@ %?*‘el t<§ci°‘ﬁed

Ti mel nternal tenperature4030 m n9140 m nl 2250 m n8460 m n80. 2120 m n80.2 45
The conver scpntxaicthiGhs i aten, ANBEM BRI Wanbevant 21y Fheed adi aleyn@dBRNGPN

was 2.5/ 1. gxameeo% (aaep@é digyg 1t 0-&hendy ee€8l p ﬂeae), fda erol of N (0))
0050/ 52961 17ydy “tvﬂfgl'él' %QgPége QR el E & ? §d§8é%1 gzﬂkénOf

ligand 2.} Sol ut.l nvvas

n_T F g S
equi val edPs®o élr?é %q]lf \73Péﬂ9%teo c%ﬂelﬁ?“}? gl"a8s
aut ocl ave af E%@%d Iﬁeé? khavg goem ﬂ@%’@ﬁp@?’ﬁ?iﬁr@%‘ir Fﬁba]ﬂﬂ’ﬁewﬁéacti on
(slightly eRogéronetalicacenpavndsds velerlvi V68 Weimhedms of 4N9i rithettnahe
t her nonet er canfugdtedr 2186ntarunies il 8efeapdeini Ohe Oisdielikat tor? BN and 3PN

\SA?Z ngg: gr m Qeﬂemymsbgeémtqqu@gaud (@e@ﬁ@?@ﬂit@ﬂé’@cﬂgt as | {4 @a0Rk on
Ti mel nt er naﬁnﬂlpﬂ%g@‘é%&ﬂ_ essa% d %ﬁgﬁ;’[ %f ﬁ geen }%E% tol%(?ﬂ‘o

m n8360 nlngﬁﬁﬂi ﬁBOIt a ee? oun at t a ovementlone
conjugated nitriles obtained in the hydrocyanatlon of an

unpretreated C4 fraction also act as catalyst poisons for the
first reaction step of the preparation of adipic acid, namely the
35 monoaddition of hydrogen cyanide.

For this reason, it may be useful to free the hydrocarbon mixture
partly or completely of components which form catalyst poisons in
the catalytic hydrocyanation, in particular alkynes, 1,2-dienes

40 and mixtures thereof. To remove these components, the C4 fraction
is subjected to a catalytic partial hydrogenation before the
addition of hydrogen cyanide. This partial hydrogenation is
carried out in the presence of a hydrogenation catalyst which is
capable of selectively hydrogenating alkynes and 1,2-dienes in

45 the presence of other dienes and monoolefins.



Thé conver sP@R0H528KN i nt o 2M3BN 3PN was 98~. The ratio of 2MBBN 3PN was
2/'1. 25 Exanple 4 (according to the present invention) (0.52 mmmol of N (0))
* 1 equivalent of nickel (0)-(m p-tolyl phosphite) was stirred with 1.2

equi valents of ligand 2 in THF for 12 fgpurs. This sol ution 30 was adm xed

wth 534 e v, t 4 Iaedlna
gl ass aut OEMA’%@ e peroipiiils depEfihy avapLa, %A‘e‘% ﬁrﬁﬂ%
reaction (sFiyHtityoaxBetREr GOFPPEERtDHM® WAET Het'H ﬂrﬁedSB§7t § 8Fg%1’|’11c

i nternal theyPRATBePranthafUSLtongLY e¥ifess LRePFTHIFLEF ofibfcaCANint o 2MBBN
and 3PN wasaBimigetre pridesl, mlugdsoshl Grettesyr apbyifeEC perbe«h@s,b)nlwengés,,

i nternal steépdlar Gndehbytbeny ehereof hepdeFelrent80id @fiviehs tvei£imPhabOE

Ti mel nternaélé ﬁrﬁiﬁ@fé@tﬂwgw a{H %%ﬁgéétéﬂ W%@rﬂeﬁﬂéxéo N80 45 The
conver si on %tel_:rx(g\l i nggg a al\i/ %ts 4 ? e thhger t| f 21\/1%% N 3PN was 2.7/ 1.

0050/ 5296l Q/é?s ui val ent of

ni ckel (0) - (W TRTPY - phd TAe \7\8‘% a&&mu§eﬁ'%4t 86'e iPaPERt s of BD
and 420 equhexglonttyldy ernmrmﬁd by Hefezante. flgqté@g awitalley eanalYHC and
heat ed t A088¢stelse bhsapesmatr ardumarietidie byebot i chren(ishil ghs | RLrexat hby$t C
reaction) was determ ned by neans of an internal thernonmeter and after 180

m nutes theg £4:51 i Ao 2 ndet er Sy
chr omat ograﬂﬁy C %E.JLgqucgén? qgnmgk ayd 1 'nt ggg ﬁfés\% \ﬁgarg 5 %G{%%ﬂ P%egiaene)
The 1ol | owt Bt PEEHCR SRRt R Ining RV =GR PRO P AT Ko BePai LRSS AR RED: 31550
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45 Suitable pressure-rated reactors are known to those skilled in
the art and are described, for example, in Ullmanns Enzyklopddie
der technischen Chemie, vol. 1, 3rd edition, 1951, p. 769 ff. In
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the addition of hydrogen cyanide. Work-up is carried out by
customary methods and comprises separating off the unreacted
35 1,3-butadiene and the unreacted hydrogen cyanide, e.g. by washing
or extraction, and fractionally distilling the remaining reaction
mixture to separate off the product of value and recover the
still active catalyst.

40 In a further useful variant of the process of the present
invention, the addition reaction of the hydrogen cyanide with the
1,3-butadiene-containing hydrocarbon mixture is carried out
batchwise. Here, essentially the same reaction conditions as
described for the semicontinuous process are maintained, but no

45 additional hydrogen cyanide is fed in step b). All of the
hydrogen cyanide is included in the initial charge.
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Ni(COD); for bis(1l,4-cyclooctadiene)Ni(0), 2M3BN for
2-methyl-3-butenenitrile, t2M2BN for
trans-2-methyl-2-butenenitrile, c¢2M2BN for
cis-2-methyl-2-butenenitrile, t2PN for trans-2-pentenenitrile,
4PN for 4-pentenenitrile, t3PN for trans-3-pentenenitrile, c3PN
for cis-3-pentenenitrile, MGN for methylglutaronitrile, 3PN for
the sum of t3PN and c3PN, BD for 1,3-butadiene, HCN for
hydrocyanic acid, ADN for adiponitrile and THF for
tetrahydrofuran.
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40

Examples 1-5: Hydrocyanation of butadiene to form

45 3-pentenenitrile
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temperature

15 5 Min 85
10 min 89
15 min 92.5
20 min 90.3
30 min 86.1

20 |60 min 82
120 min 81

The conversion of HCN into 2M3BN/3PN was 88.0%. The ratio of
2M3BN/3PN was 3/1.

25
Example 2 (comparison) (1 mmol of Ni(0))

1 equivalent of nickel(0)-(m/p-tolyl phosphite) was stirred with
1.2 equivalents of ligand 1 in THF for 12 hours. This solution

30 Vas admixed with 462 equivalents of BD and 390 equivalents of HCN
in THF, placed in a glass autoclave at 25°C and heated to 80°C.
The temperature during the reaction (slightly exothermic
reaction) was determined by means of an internal thermometer and
after 180 minutes the conversion of HCN into 2M3BN and 3PN was

35 determined by gas chromatography (GC percent by weight, internal
standard: ethylbenzene). The following results were obtained:

Time Internal
temperature
40 |30 min 91
40 min 122
50 min 84
60 min 80.2
120 min 80.2

45 The conversion of HCN into 2M3BN/3PN was over 99%. The ratio of

2M3BN/3PN was 2.5/1.
Example 3 (according to the present invention) (1 mmol of Ni(0))
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This solution was admixed with 480

%%f&i£aéﬁ%logb

equlvalents of BD and 400 equivalents of HCN in THF, placed in a
glass autoclave at 25°C and heated to 80°C. The temperature during
the reaction (slightly exothermic reaction) was determined by
means of an internal thermometer and after 180 minutes the
conversion of HCN into 2M3BN and 3PN was determined by gas
chromatography (GC percent by weight, internal standard:

ethylbenzene).

Time Internal
temperature

2 min 87

4 min 101

5 min 120

6 min 141

10 min 101

20 min 83

60 min 80

120 min 80

The following results were obtained:

The conversion of HCN into 2M3BN/3PN was 98%. The ratio of
2M3BN/3PN was 2/1.

Example 4 (according to the present invention) (0.52 mmol of

Ni(0))

1 equivalent of nickel(0)-(m/p-tolyl phosphite) was stirred with
1.2 equivalents of ligand 2 in THF for 12 hours. This solution
was admixed with 534 equivalents of BD and 432 equivalents of HCN
in THF, placed in a glass autoclave at 25°C and heated to 80°C.
The temperature during the reaction (slightly exothermic
reaction) was determined by means of an internal thermometer and
after 180 minutes the conversion of HCN into 2M3BN and 3PN was
determined by gas chromatography (GC percent by weight, internal

standard: ethylbenzene).

Time Internal
temperature

5 min 91

8 min 130

15 min 89

30 min 81

120 min 80

The following results were obtained:

The conversion of HCN into 2M3BN/3PN was 92%. The ratio of
2M3BN/3PN was 2.7/1.
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1 equivalent of nickel(0)-(m/p-tolyl phosphite) was was admixed
with 500 equivalents of BD and 420 equivalents of HCN in THF,
placed in a glass autoclave at 25°C and heated to 80°C. The
temperature during the reaction (slightly exothermic reaction)
was determined by means of an internal thermometer and after 180
minutes the conversion of HCN into 2M3BN and 3PN was determined
by gas chromatography (GC percent by weight, internal standard:
ethylbenzene). The following results were obtained:

& ()-s10%

Time Internal
temperature

30 min 80.3

50 min 80.5

60 min 80.4

180 min 80.3

The conversion of HCN into 2M3BN/3PN was 9.8%. The ratio of
2M3BN/3PN was 1/3.4.

Examplee 6-8: Isomerization of 2-methyl-3-butenenitrile to
3-pentenenitrile

Example 6 (comparison) (0.5 mmol of Ni(0))

1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was admixed with
465 equivalents of 2M3BN and heated to 115°C. Samples were taken
from the reaction mixture after 90 minutes and after 180 minutes
and analyzed by gas chromatography (GC % by area). The following
results were obtained:

Time 2M3BN t2M2BN |c2M2BN t2PN 4PN t3PN [c3PN (3PN/2M
3BN

90 min |[84.5 1.3 0.3 0 13.0 0.15

180 72.4 1.5 0.5 0 24 .4 0.34

min

Example 7 (comparison)

(0.4 mmol of Ni(0))

1 equivalent of Ni(COD), was admixed with 3 equivalents of ligand
1 and 465 equivalents of 2M3BN, stirred at 25°C for one hour and
heated to 115°C. Samples were taken from the reaction mixture
after 90 minutes and after 180 minutes and analyzed by gas
chromatography (GC % by area). The following results were

obtained:
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10 1 equivalent of Ni(COD); was admixed with 3 equivalents of ligand
2 and 465 equivalents of 2M3BN, stirred at 25°C for one hour and
heated to 115°C. Samples were taken from the reaction mixture
after 90 minutes and after 180 minutes and analyzed by gas
chromatography (GC % by area). The following results were

15 obtained:

Time 2M3BN |t2M2BN |c2M2BN |T2PN 4PN t3PN |c3PN |3PN/2M

3BN
90 min |3.80 1.23 4.88 0 1.70 |76.26 |5.79 |22.02
20 {180 3.28 1.33 6.36 0 2.28 |75.72|6.76 |24.87

min

Examplee 9-12: Hydrocyanation of 3-pentenenitrile to form
adiponitrile
25

Example 9 (0.6 mmol of Ni(0))

1 equivalent of nickel(0)-(m-/p-tolyl phosphite) was admixed with
365 equivalents of 3PN, stirred at 25°C for one hour and heated to

30 70°C. 1 equivalent of ZnCl, was added to this mixture and the
mixture was stirred for a further 5 minutes. 94 equivalents of
HCN/h*Ni in a stream of argon carrier gas were then introduced.
Samples were taken from the reaction mixture after 30 minutes and
after 60 minutes and analyzed by gas chromatography (GC percent

35 by weight, internal standard: ethylbenzene). The following
results were obtained:

Time MGN ADN ADN selectivity (%)
30 min 3.35 10.75 76.2
40 60 min 6.87 26.39 79.3

Example 10 (comparison) (0.51 mmol of Ni(0))

1 equivalent of Ni(COD); was admixed with 3 equivalents of ligand

45 1 and 365 equivalents of 3PN, stirred at 25°C for one hour and
heated to 70°C. 1 equivalent of ZnCl, was added to this mixture
and the mixture was stirred for a further 5 minutes. 130
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Time MGN ADN ADN selectivity
(%)

30 min 5.41 17.57 77.4

60 min 5.02 17.28 77.5

Example 12 (according to the present invention) (0.58 mmol of

Ni(0))

1 equivalent of Ni(COD), was admixed with 3 equivalents of ligand
3 and 365 equivalents of 3PN, stirred at 25°C for one hour and
1 equivalent of ZnCl; was added to this mixture

heated to 70°C.

and the mixture was stirred for a further 5 minutes.

105

equivalents of HCN/h*Ni in a stream of argon carrier gas were
then introduced. Samples were taken from the reaction mixture
after 30 minutes and after 60 minutes and analyzed by gas
chromatography (GC percent by weight, internal standard:

*4" 109X&&

ethylbenzene). The following results were obtained:

Time MGN ADN ADN selectivity
(%)

30 min 3.91 15.38 79.7

60 min 6.25 32.91 84.0




| 370" hH* 4" 10850 929610% & ()-"10% & ()-"10% & ()- Y 10% & () -
109 & ()-10B"10B" _?H+4"10B"
- "10% & ()-"10% & ()-"10% & ()-"10% & ()-"10% & ()-"10% & () -
1"{_C H'10% & ()-"10% & ()-"10% & ()-"340% & () - &
df "7T10% & ()-"#$U&' , t TH'10% & ()-"10%"10% & ()-"10% & ()-"10% & ()-"10% &
()-"10% & ()-"10% & ()-,-.5;
@\ <TH' 1096 B 109 ()-"109% & ()-"10% & ()-"10% & ()- &
df " @GLRW _?H'10% &' 109 & ()-"10% & ()-"10% & ()-"10% & ()-"10% & ()-"10% &
' ()-\]"bhn{ \ £?H 196shi0W&’ 1 Jof' LA ROLPuT1AY & 63 -3 10% & () - §
df "nrty ?8'10% & 10% & ()-"10% & ()-"10% & ()-"10% & ()-"10% & ()-"10% & ()
| " D(H'10% & s 1098 & () -"10% & (dadhs 1098 & ()-"10% & fua df "t, HG
df"&'10% & ()-"10% & ()-"10% & ()-f"10% & ()-"10% & () - $% dBHG|
O - n N Xn
| BH109C
w1 0Ycce,

df "I C#109CC& H1 0% ) 10" 109%CGEY . )
b %Cg_c%} !C#l()_!c#.)()_l
I C#, '()- ! PS¢ 10 YCCE!

2 ) A S bf ghot .‘ Y : ‘A!‘ - ‘.4:’ OO/C@E

C& () - & CH10%O08
0#8&) CH10%GCE () L 10%CL&AF- [\ ]~
() - CH10%0CE. () - CLI%CCA

#& ()-"10% & (%
3' ()_

()-! c#109CCcs ()40 &) -
O#! CHLOUCCE' () -t y~xVA4G[ ! CHL10UCCS () -! CHLOUCCSE () - ! CHLOUCCE' () - ! CHLOUCCE ()
- | CH10%CCE' () - | GHIRUOCE () - y\ 244G | CHLOUCCE' () - CHLO0%OCE' () - CH10%CCE () - G
O#! CHLOUCCE' () - nQAG CH10%CCE, () - CHLOUCCE' () - CH10%CCE () - CHLOUCCE' () - CH10%CC
& O r0mec (45 OFDELL-SEANAGSIITEA Y be'! G WL -hRHbRCE O
0#xV44Q | CH1OURR: Y MICRT 03K G FEFIDRTETE) freR bk CREPen RIEesCY) -1 C
#10%0C& () - y\ 248w a @ERnp ) haGi ngoErem (3 -taCh1 0sgire (@toms 1 0watHR: the- |
0#nQUG | CH10YCOUEOARES thipt Gl OREEE Ehe GH OMBCH T ORPCHRINYBLSE RY - 3 TO%OE&' () - C
#10%CC! &)-' *H(ZOAG | "10% #& ()-# LI 10% #& ()- z10% #& () - CH10%CC&' () -G
O#Hdej naR8G | Og4 LO9BL of) m@PsYL0YB& () - 00s! 109B& () -0 wO$g#109BE () -
0$g#10% ; #{ & ()- $g#10%
#8& ()-nryY94d 1 0s! 109B&' () - 00s! 1098& () - 00s! 1098&' () - 0&) ?q! Os! 1098&' () - 00s!
1098& () - 0y Y94 k! B%1F0588°F ) €00s! 1098&' () - 00s! 109B&' () - 0&) 2q! Os! 109B&' () - 00
s! 1098& ()-0i zY84G ! Y7"10% #& ()-G 510%
#& ()-0s! 1098& 6)198),2q! 68! 2098& ()-00s! 1098& ()-0i vU9! | #10% !s& ()- OVYz
10%" ! s&2Q)- Yz 109%&R& ()- y 10% & & ()-10"10"10" 0Y7"10% & ()-G'&6: ;
_5vU9! 1) ?BH#10%S, ! $ &ibdeu#l0%E & OhoflR¥Bide’ ()-#10%" ! s& ()-#10%"!s& ()
<CHNSTd: vU9! 1)) ?B##10% | S& ﬁ) -#109%6° 1 s& () -#10%" | s& () -#10% ! s& () - #10%
“1s& () - TWér noft: RRRABMIPI R4S (3% qlagmed 1N plaims & 15 Whiehs RlggRE) R 848 1 s
() -#109%,! s& (Pebprtagy Uonepyndentlyodgon)the ‘groupoemes (9tingood oBA/SL: () -
methyl, ethyl, n-propyl, i-propyl and t-butyl.

3. The use of a phosphinite I as claimed in claim 1 or 2 as
ligand in transition metal complexes.
35 s - D
4. A transition metal complex comprising a phosphinite I as
claimed in claim 1 or 2 as ligand.
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