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COWPLEX OF A VI 11 BASED ON A PHOSPHI NI TE LI GAND, PROCESS FOR
HYDRCFO?WLATWWHWML%M invention relates to a catal yst which
conprises at |easf; 9)€ conplex of a nmetal of group VIII, which conprises at

| east one uni -, b|- or mul tidentate phogphinite |igand in which the
phosphorus atom and the oxygen atom of the phosphinite group are part of a
5- to 8-nenbered heterocyc rocesses _for 10 the d ation
and hydr ocyahatBir¥st Egﬁﬁﬁﬁﬁﬁg Wﬁoéﬁp EnP5hith MEC A eS8V Y qét ﬁg%%%%aﬁ y
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Hydrof ornyl ation or oxo synthesis is an inportant industrial 15 process and

i s used towmemg:%sahéeM%léﬁ%m&fsl RS, a CAthaps FOROX R oRpei dwdlraagen.
These al dehydg }9@@;{/1% BT QRfd AhC o gD rmpdwg?.“% fghwckﬁl bygroggn in
Cas oone Lo e 5

t he sane ope e correspond n e, reaction

itself is h.{; X6t B Jrm (’,’lanar epy2 g@?’@ééiglﬁhtoe(arll@laé at2d' B 8ssur e

and at 20 el*'e%tfétﬂ’spéﬁ’b‘e?r &cgRean rFftené’xiziﬁ%%eaff@é‘ of. tha ANPSPSINTHR GrRUAI yst s

enpl oyed areap,pat of Rb-corpdrmeteredcbapdmoysluhni aid ey phecesshis ifed with

ani ne- or 1phesphiyteogorhliating andayds obpanatfloneBEecod>uaelsi whiyh and/ or
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possibility ron to ea "atons in a doubl e bond,
in the formation of mxtures of isoneric aldehydes. In addition, when

i nternal ol efYdreigraylatibn psopke iMmtheaisfis Ba dBROTEBordddRs o

i nternal tBwaratesst endiimluspdsts imrepamy etdahydebnftéresd dfsorereariBh

m xtures, thgobsdlddeBydenyasogenertidse havenpibsoxay, tiee des @ppteshyie bue,
because the Hy@éé&%‘ﬁ)ﬁ%& WNAKRChGRRSI LT ADL He O £l %Fek&@ib%t rt'oagﬂrémg{et ance,
one aimis tg /5' %éﬁn%%xfohﬁﬁé&iﬂéw Lr?x&'?é‘a&%ﬁ ygLd £ Q24% éﬁr/f. greater n
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part of a 5-mddiBedenbet athihet eso@hsphidd-dctA101i5H9A 2Bhddesaridfdsence
cycl ool efin pid yarehivirey Hndg o€ 08PNsd diveRg . Wi dit 13h&1 Shiduidtiezednavd hodnto

or ganophosph@i s ARGy g§h8§ftéﬂ%‘éa@}le§ira@c)ﬂcgat tN& hyd¥eEBBhylation

and- phot ogg {’éa&a!mﬂa?@ %& %*5?&% 1S %%‘iaw?]t& ToC83e
are, inter a %& gﬁ?t |t’est i'n vvh|dc 5@ orus he oxygen
atomin the P 6% Sy GuptaPe ldbl’at 8t etd‘en F‘o%lg/crf_e -A 40
21 195 and W¥I766308 HROERriBed HahivsesssT ‘fc?rddﬁltéﬁarl‘ﬁ‘&“t HeseThalse166* 11
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t her eof for Stteyinailztogpyl astersindoppkékigompyundsunf Trhedese isomeric

or ganophosphoizisire8 POk ds adtehdeii's dsrepslly gandsed roverdrbéotsy| ati on
cat al ysts arg dutyqdesgt] Hadaude C@&@Irwauaeﬁyﬂso%aaa&a;mde@aewp@f&t@kt rites
from ol efi nslrka&get%af Dign6al, J]feu il 2L Jqmathance oo s general |y

i nvol ves re 1Nt reseng f _suitable

o ol yer s oA TBl S L pr b i Y R by StPstEnd AR BSPURH ot or
m xtures thereof, which are of outstandl ng inportance in particular as

am ne preé@r%oﬁ%’,ie@. gf Hwsirofpepwkdtrignpokgeed whss 1s" apydt da Behbyerktodsd -/

Cat al ysi s w IduxrajanenmsdcutaCorpoiliydd’s, ALSL0Mol(ages L, pAgdswelAdRi Monpp. 465
et seq., gives thedeResAdndaspehPid iy QBeP@ir?rdé@.@EQBé@ wa}ohamgmws

?gtr a![ %?!ssa]; Ce)é a B astrt:soﬂaféd 'axdﬁi’ge aseé@'lggn % 13951'1 teT|1§ 9@&5‘3&%&% used
phosphoni t e EQ) é’iBb“&thengR%P PP Pgd$ I% Eﬁ%ﬁ%h gﬁﬁcﬁ’ € *f or

t he hydroé%anation are, in particul ar, the ni ckel (0) phosphite catal ysts
ment i oned ab®R-eh 0C5A9 I nesceibed .cyd:ésoftébien ipe 1@mga oyt iglgl Fempdpig4.ong,
pp. 33 et 25w1$ﬁ£h“atr*aes@ﬁlallybucWhryrdraowaaaﬁd:msohoehgfm@duadta@amsasence
of ni ckel (0)yphasRh gé geXQ l@adsgﬁ&%heﬁ%spta%g?eo 5hey ef f.e¢ks of
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group are part of a 6-membered’ heterocycle DE~-A 40 21 195 and
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ni ckel - catal yzed hydrocyanation of olefins. The catalysts enpl oyed ar1e| DEL 2002
hi ckel (0) conpl exes wi th phosphi ne and phosphite ligands. 35 J. Chem

Chem Commun., 1991, p. 1292, describes chiral aryl diphosphites as Ilgands
for hydr ocyanati on catalysts. The phosphite group in these ligands is
bonded by two of its oxygen atons to t 3 and 3" positions of a

2, 2" - bi napht uni t Wnchl orms a eredh rocycle. It
is additi onacf%&?n by %%rs?rbllsec?)m??/&fl §§’eg'r?e‘t Fggtg‘?s‘elss I |aI?eW|gé§ L?oeybe

li nked via athfr?'Obe PaptreRyt i e g &1&5515§ dé’?ﬂ“&tléxcﬁ%‘f‘%ﬂ‘mﬁ’@ PEgEhese 3.
Chem -: Soc. ,cr@erphCephmms, cag®dnindsp ang0Bheir seq. as dbkgandsesnchel at e

di phosphi t e ATRIfexepladfioni 6kedy¥tsandephat idusatdpeds> anal ogous thereto,
enpl oyi ng & 2~2' - bi phenyl [sic] unit in pl ace of a 2,2'-binaphthyl unit.
11GE, 20 228 _descri )C the hydr nati on of

al i phatic er:znaecaIlV\g Xf\ﬁocﬁag 5 At 2‘ gﬁo e“hiré?é% gt]rrcf'(l:“ %‘ie%%(sgd nitrite
group or an %&Yﬁfﬁ edr6pt b‘l‘ﬁ”t?&&t"é é%? tagFBup?T %é’eﬁeERngO’}nV@&t"SFysts
enpl oyed i n negicsipaseondkedi seox medricsef ndiidehat pregensshatestitprids in
whi ch the phosphgses griohpaydregqarysandlle atylgifvesadnbiet eriocyalies. wO

95/ 29153 gesulyhesr aldy Reensxiied RBeR¥Er PGYARAL bol &f JmBeaheiids

enpl oyi ng_Cahalokehcbanedaon: Zerd- va! ahindibheehiants 1Q. y QSPtB% hagphat e
| i gands. The hamgdate gfoup in these ligands 15 once adai W th
two of its c?xyé’en at ons, part of an aryl-fused 7-nmenbered het erocycle The
third oxygen at om of the phosphate group carries a t-butyl-substituted
phenyl radi ¢APPiAiEe HHerpgeRaoes faxteRas 1supbsth rganeme s iDCOBPQUNSY’

descri besi® lacess, f\IH whénhgih,oppandbs oet cleqal, | phe¢s @ gewroet hyl enicatly
unsat ur at ed eEFRAPPLS: idF Wet&FoddiRorkhyhe Mdndderbbes et 1lys iB0fo£ ON] ugat ed
wi th anot her, d418abyr 8¢ %‘;d%&é‘rp é%fan:.'&e"‘@h@ck‘ dieigk th?er"cCatQQ bte hond £,

conj ugat ed vgth an, 20 est ‘]g{a ug:élosg ?Sd o%s%hog?ﬁickel ﬁf{{ I%t based

on a mul ti dentat e e neﬁr Sent ew s
aci d as promSreph O‘%n"ee &‘PB‘E 8&5%8??9&%@@& Adt¥Tdent at e Ilgands are in
turn cons#qtuents of aryl- fused het erocycles and may be |inked together via
aryl -fused dgrheupsualR5ar@l96t9 2848 tesbydtmyamapiotesse ,f dn pheticular,

hydr ocyanat itha afickéDef bRbspitinedndsysts rfenit ibhed | sveri zati on of the
resul ting unconjugated 2-al kyl - 3-nonoal kenonitriles by reacting an acyclic

al i phatic dicolef g1 heda E L’cFé‘s‘i‘:r‘lfoeh}igr&@gea’hoﬁX@Qiﬁf‘cs 13843031 65€1 '3@”el:”

this case, a S ce .l ui drocyanati ts
enpl oyed agre fll %é C:g;%g%f% %Y“ar ﬁ_g'gfglggf%l g i ]}14’8 %Eépié*c%lﬁ%%
has a di scl S¥Gr&EOhtRIEPELTT SSPEHEFRT ‘E’%Y’t“r‘?atSP‘B?"% AO°G51493 Apar t
fromthe hy@®fdeghnatt Jevdat afidt Srpabedadh tder- of phydraggrnbV ettt at e
phosphate | i gands descri bed above, catal ysts based on phosphinite |igands
are al so knawvandes Ain CghehysSoc Voli®8433 AQL9BE6, Appdentitd Pebsselpc angp.

US- A- 5, 4830 902tdesgr) hfiveat al ysiiew-0ikt hee Ri1ERLE 6 €b £ tdnegehysi®Cyanat i on .
of aromatic MicRkh-£omIQURESH aPRtdok b f &1 £0RY: rAGLTata1Pident at e

chel at| ng. PhRBYL &4 19308k (e lb9aRss RERHCLABL S SIP LAXC L LA NS case

2, 3- bas- 0- (3ll§a8§§(tr|fl uor onet hyl ) phenyl ) phosphi no- 4, 6- O benzyl 45 idene
-~-Dg| ucopyranosi de. _. 1 1 CGEG 2002 4 US-A 5,523, 453 describes a
process f3 k-h€hhpdrozy-anghenn Gimwneol2ding. WBRBR, rmaﬁca:déﬁﬁl omEtdly have a
cyano group arylt Beplpsssdnee 8 laida@dssSfaciltydascpanaviear cardloéta. rohekel (0)
catal yst. ngﬁ@epﬁeﬁelg&sﬁs RAVEéndddangdanlased mnaelehpivwrd oRhoephd Rideds S
wher e 1o arflosUbStLtdIbedn Bhos B80T ouRs 2ake bl isd i e0hler oila their
oxygen atom an a fused al 1.d vemenrllloned
ref erences Elhl b‘ésﬁ%&fdrf%g}%n%tléﬁ"‘gﬁfﬁ‘ﬁ qsersagaﬁ ®ort s Jn*i]toé1 “dands
i n which ‘%%é’oﬁﬁéébﬁl § awpo§riiasre Separecwiles dikewisr menber &bpked ‘”—a

het er ocycl e.a RS2A-Bi VGG tAZY delsc riobeasbademtoesshédatinye ligdndcyanati on of

et hyl eni cal |l y unsaturated conpounds whiTh may have ot her functional groups,
e.g. nitril t. re e ni c cataky hes

catal ysts hgs\éﬁc ém cpangggrgf t . enerw% tprfu%%@ \?E 8 %-{Cl Y and
Z are, indepdfidé 5 et%n%ﬁ“}? | ? RO&r dnﬁ“ V'sel ect ed
from al ky#3 MIQBWS d%ftﬁiﬁsohawm@yl}ﬁ% 8 A chriBbANKE olfC IHIREY et RIrIcp
phosphi nes afdapRed phaitrephahel explti.citly nmentioned therein and enployed in
the 20 exanpl es of t.he hydrocyanation. On the other hand there is no

di scl osure of the possibility of enploying phosphanites in which the
phosphinite group is part of a heterocycle as |igands for nickel (0)
hydrocyanation catal ysts. 25 It is an object of the present invention to
provi de novel catalysts based on conpl exes of a netal of group VIII. They
are pref erably |ntended to be swtabl e for hydrof ornyl ati on and/ or

. .




30 W have found that this object is achieved by catal ysts based on1 LEC 2002
¢onpl exes of a netal of group VIII which conprise at |east one uni- L

mul ti dentate phosphinite |igand where the phosphinite group is part ‘of a 5-
to 8-menbered heterocycle. 35 The present invention thus relates to a

catal yst conpri si ng at | east one conplex of a nmetal of group VIIT with at

| east one u | ti.dent at e phosphi nite and of ner al
fornul a | 85,0 95 8&’% SErLess ago@ oc:"-ntth L{Q@Yaniﬁ 859;% %et her
with the pardTighathe PORRYBERNS éﬂfglrc&ufﬂaroamtéﬁnﬁ%ly shaHGnéédun?%“Jélgé

8- nenber ed heitarideygreumbvirc Ani snaymbugated yoddnt i gatad ystaseGrMeTha ce
or three tirneiskeq (0yctoadip¥ks @iplloyaadinreiiet aaye, LiMwiiset bemprised groups
may, 5 independenthy oéﬂh@ténﬁg}ﬁﬁs SACGH NAVeneNEhodpMAtet BEEGOTarbOUr

substituents selecte K hal ogen, nitro, Cyano, carboxyl
and car boxyl aat% % J':sy Icyl??d %erﬁﬁr% 8?;;/% aryl, each of which optionally has

one, 10 two or three substltuents sel ected from al kyl, cycl oal kyl, aryl,
al koxy, cycl'BalRyRX§3 dasgiréRgs Hharegems £ax ftlhaohmwmath%r cyano,
car boxyl, cardroopkeéies apibyisyldaaylstiBid=2dand aéqu;—lvarlenNEhEzcelvvlaade E1l
and EZ arﬁohﬁﬁ.@bh@él:e%hdiﬂpﬁﬁ.@é erifgadiad . aﬂ@e $oeshete formpalilkytheskd

cycl oal kyl aﬂ%a% |3 Onds5 o2 L0 Rl b LPEIORNET Bk 1o Bl Beh lqeaisY (1) 20
o o B %gg af NV iaEhEg Pl G0t atieh 4 o 0Bt RO L oo

i nterrupt ed
hydr ogen, al%')ﬂm °5I R}awhqﬁahb AT osp F?‘Wlf%raoﬁ'é}f"h‘iﬂf -SPPEF&EBret PRRBY Land

R~ i s hydrogagicalkyhiay nayyhava/wfelﬂréhary?fuhss:l@p@nbﬁal |y nono- or
di substitused by al kyl, al koxy, halogen, trifluoronmethyl, vitro or cyano,
optional ly has 9@0@11@%&,@:&%@% @eubLes b@ld%hénﬁi{z&&odys.nﬁﬂlb@rtaﬂ ly fused

once, twce O hlree, 30, g c%rlit &Qéja(t‘?xrratﬂ@&aéé(x{ ou%grfntvblﬁc%r ¢heor

h |
ety o o tte. ISEELETY °°“igqf‘§§§ pzi;';t '8 i %‘izozyj%%ra%xy,
|

cycl oal kyl 08FCU&r §F oXy, “H&P ol ett"‘ﬁﬁlf*f‘h%r
car boxyl , 28R E&rhEXGPat €0 §m$ srafe, 3uPFdRdt@) F\E'Paézysén&aé?@(ﬁ’éﬁe NEl E2~
where E1 andnBzxidaveatdeheennitrrydigrddcks ehpdrged ouslthe anegsemtjeacént f used
ri ngs are opmdwdaraktyd canmpeschetehy TheRakhspiNtlesyedyp\Rn, these S or by a

Cl- C6- al kyl enf thubdogg:ahiighn@ptdrenahl yuadddnsenahdst AQf~agfl +iR%da group
sel ect ed fr(HQt%EB@gplequhﬁ'ﬁly gg%lunQe@rté%eﬂh@r“@iéﬂhﬂ$§~fﬁ@b&”ﬂiéapsare as
defi ned ve; s an optiohally subst=ituted netal locene bridge; and 45

Yisara (%g 9%/25?gbfé2;g¥Lgéglg process or t%gzhﬁhé%cygogtlon oéll Hr (0~

diolefinic compounds and for the isomerization of the resulting
unconjugated 2-alkyl-3-monoalkenonitriles by reacting an acyclic
aliphatic diolefin with a source of hydrogen cyanide. The

30 reaction in this case takes place in the liquid phase. The
hydrocyanation catalysts employed are analogous to those
described in WO 96/11182.

US-A 5,512,695 has a disclosure content corresponding to that of
35 WO 95/28228.

Apart from the hydrocyanation catalysts based on uni-, bi- and
multidentate phosphite ligands described above, catalysts based
on phosphinite ligands are also known. J. Am. Chem. Soc., 1994,
40 116, pp. 9869 et seq. and US-A-5,484,902 describe catalysts for
the enantioselective hydrocyanation of aromatic vinyl compounds
based on a chiral, non-racemic, bidentate chelating phosphinite
ligand. The ligand preferably employed in this case is a phenyl
2,3~bis-0-(3,5-bis(trifluoromethyl)phenyl)phosphino-4,6-0-benzyl-
45 idene-B—b—glucopyranoside. _



n in which D has the neanings indicated previously for A and 10 m aian@L 200
are, independently of one another, 0 or 1, or a salt thereof. 15 Fo

pur pose of the present invention, the term"alkyl" conprises straight-chain
and branched al kyl groups. These are preferably strai ght-chain or branched

C1- C8- al kyI preferably Cl-C6-al kyl ang parti cularly pref erably Cl1-C4-al kyl

gr oups. | es_of_ .alk rou, ar e, rtrcu ethyl 20
propyl , |songoﬁyfr’ §2n3 B tyjyfigs?’%ﬁlsyf‘ p’é%"te tf)‘?lr {‘ qy%&ﬂ"/%na% Berdy! |
2-pentyl, 2TeBPRYEBHidsyWhigh menhypdBitjPnalily) havaet Y aiCogyPup in the

1, 1- di met hylppespydes o, 2- tewid didr epyprorbterhuhgropyd ninkbeky) ,cazabgsyl
2- et hyl pentT)ﬁEse%dE%Iﬂ%é'tBemi\bé 1i4afiBs hydfeenbyl chéldigmphbypbitiites

% g g: gt %lbgg}é/ltwc;%&ér QXEQ%&YcLsph'm?LtQ' %gé % t&'ﬂeyimked together

:
1,2, 2-trinet’h %li’éo]pryl YIERt % Xﬁéb&f‘ff ﬁzaré']]héuﬁﬁfly? kALeden g1¥“}g‘;"rr’et hyl propyl ,
n- heptyl 2- heptyl 3-heptyl, 2- ethylpentyl 1- propylbutyl octyl. 30 For
t he pur poseNofletdmf si:kienaénveizmtibhedtJeefﬁr@ldeyl éaedrinmphvgeecyanation

strai ght - chaikbalpdd ®asklyos Wsisbhih £k dligphaseigreiieh whehpdodphiifiiear bon

atoms. | foXgrgughi Aldevkene bridge, slhbpdias Retoréeydleeferably 3 to 6 and
parti cul arly preferably 3 to 5 carbon atons. The aI kyI ene bridge can be

i nterrupted byh e e.g. Si C R, or
S o e AT T Ra s e raariny TBb 5P% HRPSHBREE ST al Koy,
hal ogen, trrefcfll!rb?fblr?étlﬁyl un?ﬁ*t\rr@tGFl emndénahmhrrgawewegewerar kyl or
aryl, wherefangtiéomalogrpopal le. gnonbtrbkesi subshet prasenop af kynickekoxy,

hal ogen,1s cathlpdtomahbygk, nididelocata ysd0 hakek ybenel danksi df eshehaenhagano
het er oat ons £3kfu 4 &f (&, k) fie X xTh? Kyl are, b hage JmRYt IPreowle have one
two or thregy, pfgf erah}hmyf Plort ¥R, %9& qsbggﬁéc@ébd/f%m@ykﬁpenanﬂ*y

fused once, tvm ce or .

hetaryl, pr €F8’I’%T)It§7vt189ar‘§/|t° @t Fﬁﬁlé?rf ftfoﬂlg‘édgﬁ‘f’?/‘fe%r O\ﬁ\ﬁei{a‘?msr’ E r,\,%
have, i ndep@haentHiRsoRTEnXRHsReY  MeMetonsfo EheREER 3o £BRFOY EVTRY,
one, two ¥ exhmpkes sfbshet Mednosysppbieed Oy Ghﬁa@klwr hepd| emlkéylls naryl ,

al koxy, cyclddatkydumey ofatlé possibhalogemt empldy Gids R@G2hinhease mnwhld;lwo or
three, prefenhabbyodPaneket ¥bupdebherbairs asdépscyane apt Logadsy fbe fused

once, tw cenqgkéb{@ehg,rdrrgé ad¥8barebty1nGe or twice, to aryl and/ or
het aryI pref erably to ary:r Opt i onaIIy fused aryI or hetaryl groups may

have, endentl of . on not her or. four preferably
one, %’ soty?8§ﬁ tcﬁrgnfta}’é=3 BEFRLTY &WVFSE?QPK i PrOVlfleaIf?(el é

al koxy, cycF65Fk¥/§%%<)?a55?y?‘b>&?m9ﬁﬁf‘%§e‘?‘if 3 MRERLOP DRI VIHT 1 rT(S‘eYc9 fo,
acyl, carboeykferstlyosipranded NR| BZ o¢itAtdp &re- NEREOTRi bR L 3BHdOEZ ar e
i dentical ohydFé¢wsmastioanandr® bevsefewt edthiphialdgivicyel oal kyl and aryl.
I f an al kyl ene group carries an NEl E2 group, it preferably has 1 to 4

car bon atfweangvdadunautaLt ytharsef;sﬁ@@é Visl a@hidvERIdPRah 0PSes HadeAELAYI ENE
and et hyl e”%oﬁ{a?eyeesr %fparf\%&ﬁ ! &B&&fﬁf f@mlﬂe &kﬁ}%bt HeniéasQf ohbe fused

aryl s and het ary are )é sel ecte frorin h oxy
trifluoromet ége kffa:l 0g SR aht CarbSxY LAt e &yt oal“ke rou | S
preferably & @mé‘y?cﬁ‘o’awy‘fs §Rohp §u?:f? -a$ocfc %rb%‘?ﬁ%?ly SEGE? or

cycl oheptyl. 20 If the cycloal kyl group is substituted, it preferably has
1, 2, 3, ¥% Ghebpresenganniventim thug pel&kesstbsti ta.rfemltﬁtsebepltiedrn‘gr em al kyl ,
al koxy or hakegemnndcsiplex FEfaemabhy Phejplup Votylwivtybyl led@sidngl ,
napht hyl, 2§n§nt hsjy. orPRE ANk e Bﬁ@éﬁﬂ%&%@yhlegﬁd df”tH@réér?éijafir phenyl
or napht hyI §§ 81 %ut ed aryl radicals preferably have 1, 2] or 4, in
particul ar , Substituents selected fromalkyl, al koxy 30
carboxyl ate or haI ogen. Hetaryl is preferably pyridyl, quinolinyl,
acri di nyl40 pyridazinyl, pyrimdinyl or pyrazinyl. 35 Substituted hetaryl
radi cal s preferably have 1, 2 or 3 s <?\kuents selected from al kyl, al koxy
or hal ogen. The above statenents abo al cycl oal iﬂ{ and aryl radr cal s
apply correspondingly to al koxy, cycAoaI_k -oxyRland ar 'bxy 40 radicals. The
NEI Ez radicals are preferably N, N-di , N, N-di ethyI N, N- di propyl ,
N, N-di i sopropyl, N, Ndi-n-butyl, N Ndi-fert -butyl, N, N-di cycl ohexyl or
N, N- di pheffyl ami no. — -

in which



45 '1 1 GE ~ 2002 s If R is a radical of the general fornula Il -X—T(1 BEL2002
(1) 5then X is preferably selected from 2, 3-xyl yl ene, 2,2'-biphenylyl ene,
2,2' -bi napht hyl yl ene, and arylene, in particul ar phenyl ene and napht hyl ene,

| i nked by 0, S and NR~, where R has the neaning indicated above. It is

nor eover possible for each phenyl unit ﬁddltl onally to have 1 2 or 3
substituents, each ht it 10 to A4, refera

substi t uent sA’seTe%Q%g %‘fﬁ aq‘1‘<=ylp‘_:lr %OSPQ} lt%a?ﬁ Lfoxy, éa’fogleth
trifl uoronethyl, l%qunéedcyhﬁoa SacyP, ‘d’ﬁ“@é%?ﬂ ’éﬁﬁ‘&r@&b’ﬁéﬁwlhltc@ isn
particul ar al kyI optaiokekyy 4ddifdigordhetiusedandceardvixyl at ethrBee tphesyto and
napht hyl units negcladdiilpnadyly ahe/dt Meadrhy, OGrheTeOk hBRFusHd rodpd Smdyo
C6-al kyl eng bri dggse \é/ﬂki&ﬁ'tf@%fb%nlanéx%{ﬂé?t edady HaveSoRE, I\Bzo, wheLe & has

phosphoni L6 or ' phed, et e ) sl npkosate,

0S
is |ikew se partmd:frpa gYaRgy §aﬁ€ﬁﬁ%} ead’dné’taép%’é té' The statenents already

made above about the 20 heterocycle of -the phosphl nite ligand of the
formula | ackbr dinglkelt herilnwenthetary@pplegch het ethdchl appisrtdlayl Ras de

rreagi P?s dof i ng%vw Vi ensdy sfu%rst'f\tf@:pisy sk@e&edtdofh amdiﬂ g@'&l\?ﬁlk nt i cal
or different. ca ; o i dge whic
optionally has onléi.'qr Qlk \é CIOQ deq&uenggi‘ﬁl#heﬁtg@?

met.al | ocenel

the purpose of t Pﬁ/% tirgr‘} |§l§r%arfd’\ﬁ“ T Yde ?rel?f’Wlta et W ¥

r ~6- bonded unsatst}’r]afPéHlorN%l@ a?‘&ﬁra’tliké’lﬁf’?rgfwsﬁ t SRETRNE CIRSR b@earranged
paral l el or at arleatgrel erpdidengnrandhereeseesitedefadm atldml, The netal s
sui tabl e a8 centawlloatkpl afdorrgle @llist hosadidulchff ehen gimlrae searmwiiach
conpl exes with agequate stability also under the conditions of use of the
catal ysts according to the invention, but especially 35 Fe, Co, N, Ru, GCs,
Rh, Mh, C or V, particularly prefer)gb)t f’ Co and Ni. The netals in the
met al | ocene conpl exes preferably have h&¥or mal oxi dation nunbers 0, +1 or
+2. Suitable r(5- and ~6-conpl exabl e unsat ur at ed or aromatic ring systens
are cycl op@nt adiienyhichndenyl, fluorenyl, azul enyl, benzene, 40

napht hal ene, ant hracene and phenanthrene. Said ring systens nmay have, fox
exanple, 1 to 5,x prefseeabhyr ha 103-8;-a0fkylbre ahavgaenhianead spbséndugnts, in
particular alkyl, aljk@xyrapckLidyykeree, Nl B4 andarpard isgukar L 9~iehegabl y,

rrethl,isoro | a tegt s nnefera adi cal of the
forrrﬁlal p I|O¥/2 %dg a\% y’hn\’/‘ﬁl"?n 1vyh ihiat p\gyvae,; 1 GEi, 2002

, r
o5 R Rt R, EEINgERy &;ﬁw i%a*m%% Eo s PSR RS RO,
R3, R3, R2 R3 R2 RE: ﬁ&2°¢Ui?ﬁ§12w&ﬁ ary}ils defippagly peno- or
disubstituted by alkyl, alkoxy, halogen, trifluoromethyl,
nitro or cyano, optionally has one, two or three double
bonds and/or is optionally fused once, twice or three
30 times to aryl and/or hetaryl, where the aryl or hetaryl
groups have, independently of one another, optionally
one, two, three or four substituents selected from alkyl,
cycloalkyl, aryl, alkoxy, cycloalkyloxy, aryloxy,
halogen, trifluoromethyl, nitro, cyano, acyl, carboxyl,
35 carboxylate, sulfonyl, sulfonate, NE!E? and
alkylene-NElE2: where E! and E2 have the meanings
indicated previously, and adjacent fused rings are
optionally connected by SiR2RP, N [sic], NR¢, O or S or
by a C;-Cg-alkylene bridge which optionally additionally
40 carries a group selected from SiR2RP, N [sic], NRS, O or
S, in which R2, RP and R¢ are as defined above; or

1s an optionally substituted metallocene bridge; and

45 Y _is a radical of the foiﬁula IIT



RS R R7T ~Ra R, MRy, ~\ R~ Ra' 30 (IV.7) in which (IV.5) (IV.3) ( @)mm
R3 R2, Z2 R3, R2 \z3/ (I1V.8) 35 R, R, R3 and R3' are, |ndependent i
one anot her, hydrogen, alkyl, al koxy, hal ogen, trifluoronethyl, nitro,

cyano, acyl, carboxyl or carboxylate, R4 is hydrogen, alkyl, preferably

met hyl, or aryl, preferably 40 phenyl'; which may optionally be substituted
by al kyl, al koxy, halogen, trifluoronethyl, nitro or cyano, and R5 ~ Rg , ~
-R6 ~Rg, ~RT ~R7T, ~Ra ~Re_-'-~ RI2 g-R12 , ~ R13 and R13' have the
meani ngs nentioned for R2 and R3 or are, /ind endently of one 45 anot her,
sel ected fromcycl oal kyl, aryl or }ky_ whi ¢€§#%nterrupted by an
oxygen at om or substltuted by a réd Tal SI th fornu El E2, where E1 and
E2 have the neaning R2 R2, R3 Rg, R4 E ~ 2002 to indicated above;
or in each case two adjacent substituents R5 R6, R~, R$ and/or RS' , R6
R~ , R$' represent, with the part of the cyclopentadlenyl ring connecting
them an aromatic én wokely omatic 5- to 7-nmenbered carbocycle or 5

het erocycl e, where the heterocycle has-1,. 2 or 3 heterogroups selected from

0, N[sic), NR~ ang S, hbighdea@ngN indatcd prRAMI1yCEoPra Vand0 Z1 is
0, Sangf\NR- or a CZ- to C3- alkylene bridge which is |n¥errupted by O S or

NR-, ZZ “and Z3 dent | h Si RaRb, .0, S, NR-
CRafo, o e Pa. FlB 3 e CachrNSn N e A5 PRAFRST ed) 03 dbove. The

above statenents about preferred A radicals apply correspondingly to
preferred D radircal sal2@hwhenf one of the radicals R5, R', R6, R6' ( R-,
R~ ( Reor RB inIV.7 is alkyl which is interrupted by an oxygen atomin

et her |iykage, thdedurdR¥ebss Y p2¥a3ERE Cin2nRBLAOXMRL Rlm Zagimxyet hyl,
g p{)?pgxyretgla)ébrlgesb%tt@é¥8{1@yc!h g:tagé §r£¥?éﬁ@8xéﬂ%&°y&roﬁ Ok 2 '}Qxypmpy'
4 et hoxy buEy, 220 B sZ‘Bh%&‘;fgﬁﬁ‘) ERReg G nt it it ot e
R6', R7, ROI-CqeLéylRand RprycylpslniREgreqppbh GisCotaldtilt GFREPDY a radi cal
of the for FxRaphes RA, aflkey W%earﬁorllemmmﬂw NTgtREL hye i Inonet hyl |

20 propyl, isopropyl, n-butyl, 2-butyl, sec-butyl, tert-butyl,
n-pentyl, 2-pentyl, 2-methylbutyl, 3-methylbutyl,
1,2-dimethylpropyl, 1,l1-dimethylpropyl, 2,2-dimethylpropyl,
l-ethylpropyl, n-hexyl, 2-hexyl, 2-methylpentyl, 3-methylpentyl,
4-methylpentyl, 1,2-dimethylbutyl, 1,3~dimethylbutyl,

25 2,3-dimethylbutyl, 1,l-dimethylbutyl, 2,2-dimethylbutyl,
3,3-dimethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl,
l-ethylbutyl, 2-ethylbutyl, l-ethyl-2-methylpropyl, n-heptyl,
2-heptyl, 3-heptyl, 2-ethylpentyl, l-propylbutyl, octyl.

30 For the purpose of this invention, the term “alkylene” comprises .
straight-chain, optionally substituted alkylene groups with 1 to -
8 carbon atoms. If X is an alkylene bridge, this has 2 to 8,
preferably 3 to 6 and particularly preferably 3 to 5 carbon
atoms. The alkylene bridge can be interrupted by hetero groups,

35 e.g. Si [sic], SiRaRP, N [sic], NRS, 0 or S, in particular O and
NR¢, in which R2 and RP are hydrogen, alkyl, alkoxy, halogen,
trifluoromethyl, nitro or cyano, and R° is hydrogen, alkyl or
aryl, where aryl is optionally mono- or disubstituted by alkyl,
alkoxy, halogen, trifluoromethyl, nitro or cyano. Alkylene

40 bridges havxng no hetercatoms are preferred for X. The alkylene
bridge may moreover have one, two or three, preferably one or
two, double bonds and/or may oé%ionally be fused once, twice or
three times, preferably once or“twice, to aryl and/or hetaryl,
preferably'to aryl. Optionally fused aryl or hetaryl groups may

45 have, independently of one another, one, two, three or four,
preferably one, two or three, substituents selected from alkyl,
cycloalkyl, aryl, alkoxy, cycloalkyloxy, aryloxy, halogen,



30 N, N-di et hyl am noet hyl, N, N-di et hyl am nonet hyl , N, N-di et hyl am noet r;ly1l B%‘F e
N, N- di net hyl am nopropyl. Wen in each case two of the substituents R5, R6,

R~, Re and/or R5', R6', R-', RB in adjacent positions in |IV.7 represent,

35 together with the part of the cycl op7ent adi enyl ring connecting them an
aromati c or havaraneat teo or ttdirZe nepisdieedbtardiec pel ewar deabdeobged® whi ch

addi tional |l yah@Srlmag &ptoraglier patfisedsehest esiteost @hrieandnSs, t hey nmay

be, for exaﬂgt@ efa,tsctsnartce fdw%@@érl ,toaayt@na/rtd/o%t ﬁetélﬂ/l-rh?ﬂe‘f@rably to
cycl opent adi T or mul

n the tfall.oc
present in ett %l 'S Etg?n%&ég are a%Ynlf cc)’rrrrg‘te ‘brr?'l gtrﬁu}\jls mayn *d6nf or mat i onal
angl es. " TRelpfeRrfasieptly (%‘EI BpRHiaddi 8AFt TihgSPREY e Tp4ral PEFEGRADLY

i nclined rel anévewoooonehzatot lsebstityrents exlaniied, fdeperidivig eKcierlkyént r al
nmet al . 11 & 2G0Rok{, Ayrleheky bekyenbediognt haflogée, itnigdtboomeongr,i ses
catal ysts V\'hh.@@r&O%EEhée ady1l eaatbone phaspbiniate, | kgandopef the fornmula I,
where A, toggﬁs fen\@—g 1§2hew9é1£e qu abEeEZOQ(Bép c!i tl%agrgypdfﬁe%bghaﬁ% Afr%sed

bonded, is a r%ﬁ%ﬁhet‘éﬁ‘ %ir%ﬂ YL oY ﬁ}&a é’HF}é be i Use
T

once or twlc&lE

two or thr eecerrteweaeuuﬁtﬁ t EPHER |lﬁdP€%€%chbéﬁfe0F%ulslt3¢ Rarkoen aﬁﬁoelar apg

t hen, for exapaptisulary2brdfigrhenyl ylene, catbd Atohs naghd melthlyéare cand

2, 3- xyI yl enectrlicil arvhvady maytbaviarly BroferFesiUbohé tdidnescaehested theom
al kyl', al koxy,9&q f&%&z@tge@nd Aldodlryi 8 0 %::E@éfaﬂl%; Reeferablatolabhyal kyl and,

[ parti culagy, o bV b A LD LCE Gase, 15,806 rably CLCial koxy

and, in partlcu ircutar; fluorine, 15

chl orine or brom ne. The above statenent s about preferred A radical s apply
correspondi ngh§ s lppéFEl rEPuD Ladvrafiesabin arfotfAercyslenrtky bdIaoalftnt

t he cat al yst ssacydogengyl o dyeéohayehtdronycooprdtyd .at | east one phosphinite
| igand of the fornmula 20 | where Rl is phenyl or naphthyl, which may have
one, two g tRreg Q_fyctbeutﬁl Igewrlaglssmgtty@mos i@l byéﬁelaéaigxxashel agen,

nitro, cyano, crbo yl .or a TNaS
i ndi cated prayj ousl )é 5 ns |ca N tﬁe 1? St@f/? = nented; fg‘g“

CQ C5- al kyl eALXHi & gotﬂ]ﬁl% 9fi%ve one or two doubl e bonds and/or may be
fused once or twice to aryl and/or hetaryl, where the aryl or hetaryl
groups may havel 3G pmeferawlymphehyke toflylhexylgtll, oneagtslubsiaphabnts: al kyl ,
cycl oal kyl2s anyhry1al khsyantirglloahkyh thagengl yaraxy inhph ogiesulafi, t pRengl o,
carboxyl, caphgxsyate, al kyl ene-NEI E2 or NEI E2, where El and E2 have the
meani ngs indicated previously, and 35 Yis a radi caI of the formula I'll in
whi ch Dlsaradlqcalegft farmul ae | IV5 V.6 or

IV.8. 40 If RI°YEHF IS iaapht \éer?}ﬁi t]S'rvgf Zr‘a:b'l °§s 1, 5 or 3
subst i t uent sP&EHEEd f‘r ®1 3C45%?Wtueéisd§]zﬂcﬁﬁﬂyfb?m 1k ggena P -
subst i t uedOscarkoxydetpco¥ dtdpggel ected fromt-butyl, nethoxy,
trifluorQrethyl, fluorine, chlorine and bromne. 45 If Rl is "a radical of

the fornul a hbtddyWisCPre€dratdy pididi- abkyhenahr,i dgeidatdia ,l atter is

preferably fH§,_egd&r1% lor %}W.nﬁ.%lb ngrewragg or naphthyl, where the phenyl
or napht hyl 002 12" groups nay have 1, 2 or 3 of the follow ng

substituents: met hoxy, carboxylate, fluorine, chlorine or brom ne.

In a suitabl éu’%?ﬁi&d‘rtﬁ@nteti‘rﬁ’el FROSTH hiPrefrF RIS a8E the f¥rRula 5 | are
sel ect ed frofhPsydngstsf selretesr AU alkyvlo 2lkgxyl@r| hgboRrRro 15 (1 a)

The above statements about alkyl, cycloalkyl and aryl radicals
apply correspondingly to alkoxy, cycloalkyloxy and aryloxy
40 radicals.

The NE!E? radicals are 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-diphenylamino.

45
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If R! is a radical of the general formula II

-X-Y (II)

then X is preferably selected from 2,3-xylylene, 2,2’'-biphenyl-
ylene, 2,2'-binaphthylylene, and arylene, in particular phenylene
and naphthylene, linked by O, S and NR¢, where R¢ has the meaning
indicated above. It is moreover possible for each phenyl unit
additionally to have 1, 2 or 3 substituents, each naphthyl unit
to have 1 to 4, preferably 1 to 3, substituents, selected from
alkyl, cycloalkyl, aryl, alkyloxy, halogen, trifluoromethyl,
nitro, cyano, acyl, carboxyl and carboxylate, in particular
alkyl, alkoxy, trifluoromethyl and carboxylate. The phenyl and
naphthyl units may additionally be linked by O, S or NRS or a C;-
to Cg-alkylene bridge, which may be interrupted by O, S or NRS,
where R® has the meaning already indicated above. Y is preferably
a phosphite, phosphonite or phosphinite ligand where the 0-P-0O
(n=1) or P-0 group (n=0) is likewise part of a 5- to 8-membered
heterocycle. The statements already made above about the
heterocycle of the phosphinite ligand of the formula I according
to the invention apply thereto. In particular, the meanings
defined previously for A apply to D, and A and D can be identical
or different.

X can, however, also be a metallocene bridge which optionally has
one or more other substituents.

The term “metallocene” for the purpose of this invention is a
sandwich metal complex with two 13- or nf-bonded unsaturated or
aromatic ring systems which may be arranged parallel or at an
angle, depending on the central metal atom. The metals suitable

as central metal atom are all those which form stable sandwich
complexes with adequate stability also under the conditions of

use of the catalysts according to the invention, but especially
Fe, Co, Ni, Ru, 0Os, Rh, Mn, Cr or V, particularly preferably Fe,
Co and Ni. The metals in the metallocene complexes preferably
have the formal oxidation numbers 0, +1 or +2. Suitable n°- and
né-complexable unsaturated or aromatic ring systems are
cyclopentadienyl, indenyl, fluorenyl, azulenyl, benzene,
naphthalené, anthracene and phenanthrene. Said ring systems may
have, for example, 1 to 5, preferably 1 to 3, of the
abovementioned substituents, in particular alkyl, alkoxy and
alkylene<NE!E? and, particularly preferably, methyl, isopropyl and
tert-butyl.

X is preferably a radical of the formula IV.1, IV.2, iv.3, Iv.4,
IvVv.5, IV.6, IV.7 or IV.8



35 /°1 O-Ppl \ ~ / 1 \/ 40" (li) in which-: _ 45 R9 and R o ar&1 OEC 2002
i ndependently of one another, hydrogen or trifl uoronethyl, 1 1 GEC 2002

t'" 14 R-1 is fluorine or trifluoronmethyl. The catal ysts according to the

i nventi on may have one or nore of the phosphinite |ligands of the formula I.
In addition to the 5 ligands of the gengral fornula | described previously,
they may al so have at | east one other |igand selected fromhalides, am nes,
carboxyl ates, acetylacetonate, aryl- or aIkyIsquonaEes, hydga-de, CO,

ol efins, dienes,Réycqu@eﬁlns, =MNitriles, N centai nRhg her®eracycl gs:

aromati ¢ and het ep 6npounds, hers, P nd u bi - and
mul ti dent ate phos hinite, ph igkbe an SQDL i gands.
These otheg |igandsymay | i Rgw se be uni or nul tifdentyat e Jand
coordinate to the of the catfal yst conpl ex. | es’ of ot her

sui t abl e phosphorus-containing |igands 'are the usual ine, 15

phosphonite and phosph | i gands. The osphinite liga f the fornula |

enpl oyed accordi ng tgqyﬁg)invention cad t\}'ﬁgrepared, fo?gixghple, by

reacting a hydroxyl -contaiging conpound of the forpula ¥V wth i3phosphorus

20 trihal igle, pr&ferablgs FC13,g3t0 give a conpoundRof the rmupa VI. The

| atter is then re 2 formul a

RI(MQaq]r. The |anier i ar r enpl

conpound generate i i 3

illustrated by the&

\ H-2HCL ~ -nM'®) e

previouslys and Mis'lit magnesi um ) - Br is 0 or 1 and

ris 1 or 35 2. A process of this type_for synthesizin? hosphinites is

described in wo 92/ 00806, which is inéS¥pbrated herein B@'?bference. 40

Exanpl es o' ~sui tabl e conpounds of the formula V are 2-bi phenyl ol ,

2- bi napht hyl ol , 1, 1'-bi phenyl -4-phenyl -2-or [sic],

1,1 -biphenyl-3,3,5 5 -tetra-t-butyl-2-01 [sic],

1,1 -bi phédyl -3, 3" -di-t-anyl -5~ 5" -di net hoxy-2-of [sic],

|,1" -bi phenyl -3, 3" -di -t-busyl -5, 5" -di met hoxy- z3of [si gz 45

1,1 -biphenyl-3,3 -di-t-bytyl-2_-0I i z? R3’

1,1' - bi phenyl -3, 3' - df% i st

1,1 - bi phenyl-3,3",5,5" - hyl - (sic], 11 GeL

2002 15 1,1 - bi phenyi* '-t-buﬁxy 2-of [sic],

1, 1' - bi phényl - 3, 3" - d&%!

1,1 - bi phenyl - 3-t-butyl -

1, 1" - bi phenyl - 3, 3' - il i oxacycl ohexane) k19.®) - di net hoxy-2 5 Ol

[sic], 1,1 -biphenyl-3,3" -difornyl-5,5"-di net hoxy-2-of [sic] and

1, 1' - bi phenant hryl -2-ol, iRi'particul ar 2-bi phenyl ol and 2-bi napht hyl ol .
30

-di nmet hoxy-2-of [sic],

(IV.7)

in which

35 R2 , R2’, R3 and R3' are, independently of one another, hydrogen,
alkyl, alkoxy, halogen, trifluoromethyl, nitro, cyano, acyl,
carboxyl or carboxylate,

RY is hydrogen, alkyl, preferably methyl, or aryl, preferably
40 phenyIl, which may optionally be substituted by alkyl, alkoxy,
halogen, trifluoromethyl, nitro or cyano, and

R3, RS', R, R6', R7, R7’', R®, R&", R12, R!2', R!3 and R!3' have the
meanings mentioned for R? and R3 or are, independently of one
45 another, selected from cyciéalkyl, aryl or alkyl, which may
be ihterrupted by an oxygen atom or substituted by a radical
of the formula NEL!EZ?, where E! and E? have the meaning



Exanpl es of suitable conpounds of the fornmula RI[(Qq]r are ZO 11 GEC 2002
unsubstituted aromatic conpounds (Q = H) such as benzene, naphthal ene,
tetralin, anthracene or phenant hrene, especially benzene and napht hal ene,
nonosubstituted aromati c conpounds such as hal oaromatics (Q = C1, Br, 1),

for exanpl e hal obenzene, halonaphthalqu especially chl orobenzene and

br onobenzene, anlq'td]l% rrggogbdo eI-Tocjgr ;1 fono; X ly |%ts)ac éars% Itk¥kir9%3arl i

nmay have the nean mg ; preyj § 8

radical s or unsubst ?utped Br SF Fut'eB ph&nyi IT'adF*‘c%qeé”enExa e

sui t abl e nonoal k3ardr efiat he scQopepffadiramyiloF Ued esoraeley i e rthene, an

n- propyl benzene,arctiae e, on-idatohebzerss, tset-méndutey beruwiye landr

tert-butyl benzertf‘ete%eg%@tél | Whdr@! BEE e e BERELANGh S &1 L 2 B3l ¥ ReBgedieroups
Exanpl es of suitgahle. n?ﬁ‘g‘ﬁ%r%nﬁlglﬁ[%@g cp\%ﬁnyl and substit ut ed
e farnula

bi phenyl s. Conpounds 0 ich are |ikew se suitable
are 25 polysubstituted aromati c conpounds such as al kyl - or

aryl - subst i tfit ed-sh&reaf®mei cRu/pBs y Ay Mn, af/BT Vpol yaryl - substi t ut ed
aromati ¢ conmpounds and substituted or unsubstituted netall ocenes. Exanpl es
of suitable @l kydssehsti and exkchakoargnats cs;-aQky1ede Wiidge)wiich 2sal kyl - or
30 4-al kyl - substjifdt-edrhah off ¢raki gs.ypehere al kyl may have the neaning

al ready defined previously andis, in partl cul ar, Cl1-CB-al kyl and,
particularly preferably, methyl, eth I |sopro and tert.-butyl

2- Met hyl chl &oB@ﬂz@ﬁé‘reZ Bt i\g ag%/’%tﬂrrylc@m GHiGpRRz e S« NR®
4- et hyl br onoberZe R&R- t*’@retfeb&trle%@Q:rﬂco?mm?ethe meaning indicated
2-tert-butyl br omblverzene, 4-tert-butyl chl orobenzene and

4-tert-butyl bronobenzene are particularly preferred. Exanples of suitable

aryl - substi tpfeedphal O LBHeints 4500+ GletBred A 2aBilsBy 36'9 191
4- aryl hal oar relsggl,ldxlyt&el t%r Iregéarr}e agerécpl AQ nmeaning a eady defi ned
tic

previously a ar phenyl %substi t ut ed phenyl radicals
and prefer abI y phenyl t ol y IyI and 2 4- - di rret hyl phenyl Bi phenyl,
9, 9- di met B9 I Whs Héﬂe°%ﬁd‘e rallicals R, RS, R’ in
4,5-rlibronot\2774idi atksrlt whichl 19, Qlt@rfrﬁéph%ﬁl Mtanenéy%re apamtmlﬁtettepry
preferred. lidkage]l fhhdy may BOO2fdi6 ekhmptonoumedbonfetiyd ,f Drenhaxyletbgh, i f
requi red be isebabeeeanid purbhitegydinyknomwn Jsretshadensuadtopglist idd ati on,
oLhara g AR Sy ool B s ©
ol ef i ns. ??1 dare%eggf' 1'u-'(;’)’llﬁegh (?f or 91(%?41:% andl{]l or?g ?%l}gar( t%}l
formation, fromthe catal ysts or catal gecur sors errpl 0 10 each
case, of cat'§1%t PRIPY 4t FeeicpEtifds 30/ Jener®lr Rornd ’H)ﬁ% ) ZLg in
which Mis a&Virdt &F ®tksgr olpd el ¥-$ qus‘tét‘at%@pﬁoﬁﬁﬁbcqlr @énﬁh%c@ﬁ%lﬁg to
the inventi ofE'Edndhey mayybandfcz: arenp e e eNsd tepemdiangnore tthyd ,val ency and
nat ur e of3d he NretattiarichndmokRy Touwe INe At et10fL it ok giayid, v, ntdiethy-ef erred .

for z and q skinbBdepersient, hyd9fe aARRbHEedp 10 have a val ue of at |east 1,.
e.g. 1, 2 or 3. The total of z an q |s preferably from2 to 5. It is

nor eover possi bl e for the co | ex ve i f qui r | east e of the
ot her Iigan?i‘fh cri‘escr F&V ﬁs?€%i E%ﬁtﬁtélﬁnti i %qn;%al %‘@ ‘Pﬁ
pref erably bal f Pu® PRGAFHH BOSRFAeFHim™ ﬁlvafr ?ﬁﬁﬁ358§ﬁ7 um or

i ridium ah® tqgﬁtparthenh &hecpbat tof rthedrysdaned tediBRyl niNg| porngstdingr r ed
enbodi nent, thes, hydrafaratilcabronorcatoahy st SS-arte 25mpniepadedatrivosyidle or t he

reactor enplipyedokpe1d h&uf&md&atm{faﬂaatlyomag eachil op. 3 IHedeeaut 604, sd1@wRuar
the cat al yst&oﬁcgorﬁlrm 0 thgy el;aryer og calal3Q, be n?@. I@ &eeq,?atel y
?oc S he dafalysts

and isol ated b vent 1 onal ses. o preparé t ccordi ng
to the |nvenat| oﬁ t’ﬂ n‘t at Ieast one phosphinite Iigand of the general 30
formula 14%a corrpound or a conplex of a nmetal of group VIII, where

appropri at e T twastyoimpepithdieayldittingaaln lihgandeaatloasner ef appy durimatte, an
activator arg. rzeaeyeule ip’j:e%lénitneﬁtecﬂ.@.b‘é@ﬂltoﬂmrggbh@d tw&rf@tmaﬂyézatmm

fﬁgg: L 'rrgln;s) A i %gﬁ%rﬁ&ﬁﬁalt%ﬂggﬁbiﬁgﬁégo%wnﬁ% q n? ge%ml@t@l
hodi un(111 - RCer T8, 5% REGPAREEI 15, QUIF 26D, 2 TACAYE b o draR € (55Fe,

r hodi um( 143 ed‘ramPFrﬁdr%ﬁﬂqqdrl}lgcarbMF&”éré} msiddn(11) and rhodi un{111)
acetate, rhodium(l1l) oxide, salts of rhodiunm(lll) 40 acid, trisanmonium
hexachl oror hodate(l1-1) etc. Rhodi um conpl exes are al so sui t abl e, such as

r hodi um bi scar bonyl acetyl acet onate, acetyl acet onat obi set hyl ener hodi unt(1)

et c. Rhodi um bi scarbonyl acetyl acetonate or rhodi um acetate are preferably
enpl oyed. 45 1 1 GEC 2002 17 Also suitable are rutheniumsalts or
conmpounds. Exanples of suitable rutheniumsalts are rutheniun(lIl)

chl or| de rut henr um(IV) rut henr um(VI) or rut henr um(VI 1) oxr de aI kal i

. I o - 17N 7~



10 or mxed fornms in which COis partly replaced by |ligands of the er"n{if-‘amz
PR3, such as Ru(CO 3(PPh3)Z, in the process according to the invention.
Exanpl es of suitable cobalt conmpounds are cobalt(l1) chloride, 15

cobalt(ll) sulfate, cobalt(ll) carbonate, cobalt(ll) nitrate, their am ne

or hydrate conpl exes, cobalt carboxyl 3yes such as cobalt acetate, cobalt

et hyl hexano te, obal t _napht hoat e nd.th alt-c | Lex

In this casg oo °tt d e&ggéfnspg fo i Imvg?%lol% COB‘BQP%% ot tfaqgggs q’?m%obalt
such as di CB‘B‘&‘HlSQOch]teééér BBﬁyPho"tpé‘tlf’é&%b]a’igtar@oﬁécég%r AL 2ahd 'HSE&cobal t
hexadecacar bortydgetBaf dvicdnpbanpsrivfofc sbhal phosthcaiom areln oh@hi@in idr é sknown
in principl pogdudi,aie adequat elyemioaed hedetdsryidie Whieh aidy eptdond ey b25 can

be prepar gdf@yeé %ﬁcé kid lt%qc\éousearyln aﬁH%P%ttaQytlhewHQf@%@d§u§éd eady

k Ex bl t L h
e s R MR R Sy R e

are the al d%ﬁ%/"d@é‘s\ll\)ﬁlch are produced on hydroformyl ation of the particul ar
ol efins, and the higher-boiling products. of secondary reactions thereof,
e, g. aldol tondemsdican ipr adecsi sforCelxempdeli taal?l,@ 'soipkerysiydeeear omati ¢ 35
conpoundsospcdr asnbPhtteNgleAY do PCAIDAPIy DEndTInEduEas , Ofhivrdmagandans,, al so
for dilutin tﬁ%uE99¥%Q§ eaggc@édi%@me fuand Lhgoa d@@ﬁ@%@@ﬁonﬁgz
product s. sLhe, 1l asnpr kfsy%ua{% aYLk% rg&) 11ize

possi bl e to tg}) Qy ~Wat er’, t Hiano Imé’ ﬁtn larri pr opanol ,
i sopr opanol © “m?&t‘a‘?ﬁjdfoxé’ndMB ?%o‘iﬁfteaﬁﬁlpr?&rd'?éé’ Stiefr-adk %’éfétad‘ﬁ’e afd

met hyl et hyPalr@tC@héretI@thPPm r Ba 1 egest lﬁhelf?rm%é'rthuéﬁﬁ tflawrgnpephosphinite

| i gand ofi5t tielggemer at Ymominka Tharabovk seitdmesftsgrbapt \fddfersedemeral ly in
the range ffamcabheuipdlyl coe@rdOP®hdingd9y to lprefeltred0p2riagicEhe.i nvention
further relates to a process for the hydrof ornyl ation of corrpounds whi ch

contain at Jt(east gne et Irtla_nacarhl’da/ l'ﬂxgﬁ ecgt %ﬁ g]:s r%lsg O

reacti on w on Fronaxi d dh ogen i n af P esen at. | east one
el e R N U R e R
substrat @8 Forharge hydrof ormyl ati on process according to the invention are
in principle all conpounds which contain one or nore ethylenically

unsat ur at edr{ si 1 penbhl eodbanagachfheseiichchaylehavk) oher, exanpl ehreéedf ns such
as a-ol efins, ifHeLrBalowidAisabttehaddtsandlkyt eraldoxl, anghwkgl aiths,

Exanpl es of Su'éﬁ%e @agﬁyln%raﬁﬁlget DM&@@%: Qﬁap@ﬂ%v& bid efenihgpent ene,

1- hexene,  1- hept nonene e n ecene
etc. 15 Slitabl e d;l%%%d Ht = cﬁ%ursi} ht%(rarrlla f‘e%fn%egrhe QQQrﬁ,ﬁea Fﬁ i &

C4- Czo-ol efins such as 2-butene, 2-pentene, 2-hexene, 3- hexene 2- hept ene,
3-hept ene, 2-ockends 8- BetGonelkilens Hrddee Whish Makl B2¥P Aehed F¥R er nal

ol efins are pref er:ﬂﬂuvl@b@m Gingf PRSP0 beuéhnsed arety kv tcensyl

2- met hyl - 2- pent ene,andl/mnet het ardlperthene, ther anghear i THtemydl gheyisemaynhatelr es,
branchedsbnt er nal asleenewsi od WRSe bf delua&em@adumawenm Xlalk@s,

branched i nternal Q@quglmﬁtq ehghedy bmgﬂ oxli,ndgg &y Xt ures,
branched i nt ernal ql l{géﬁt urg ca%% &:QS for t he
hydr of or nyl ati on ar é Iti ﬁ %ﬁ%@ CP F eneqs/ ent ene,
cycl ohexene, cycl oﬁgﬁ' ﬁBe' Io Iét an “dér Fvatt eEs li‘ ere(S\F %'E’H’ngs

their Cl-CzO al kyl dSHFa8ed REEWHONRLY/ 3% al kyl substituents. Suitable 30
ol efins B88r the hydrofornylation are additionally vinylaromatic conpounds
such as styreney a-iehyb8iydend, tidei sSabutlyl STyremevieioh DSustablagiebefins
for the hydrofornylsatican asanadd tiyopaliy. 23, rves hyteni cakly, unsat wrat ed
nmono- and/or di carblﬁx ylic acids, and their esters, nonoesters and ami des,
such as acrylic aci 35 net hacryl ic acid, malefic acid, fumaric acid,
crotonic acid, itaconic acid, nethyl 3-pentenoate, mnet hyI 4- pent enoat e,

met hyl ofBaf® Rlmis Hieradr 9F abaphtheilny thietaradeyrhie, hamsat dr@fel nitril es
such as 3- psultsrianehts Ig,leétpénfmmmlt-m-lad)cyacrgi-@nl-allkb:ey ozi hplogeher s

such as Vi nyhe r@mﬂt&;mr ar¥i pytt 4Q 16Dy setdard Yk—BM't-FHLﬁE})l' eéhregxyst C.

Cl- Czo- al kepp| §.,+8h I kadi § 2, 7-octadien-1-ol.
Sui tabl e su stratoés .ar iltalog%q? %lh-égr%gg%@e%ggg\}mﬁth i sol ated or
conj ugat Ed doubl e bonds. These i ncl ude, -for_exanpl e, 1, 3-butadi ene,

1, 4- pent 48i Bht! iS5 H@e4@renet thes fREPRLAI R W51 7K gt Adi.ene,
vi nyl cycl ohexéneallidileyel bpeagaditdre latitdy dscpck benaeicatinsedeona@nerbut adi ene

hono- and ceptdeywer-sheny 1l hn@br 2d4bhthe1ThendnedraleobR¥h AL | 30 nagAEky DN can be
carried out continuously, sem continuously or batchw se.



Reactors suitable for the continuous reaction are known to the 5 SkillF?DEC2m9
wor ker and are described, for exanple, in Ul nmnns Enzykl opadi e der B
techni schen Chem e, Volunme 1, 3rd edition, 1951, pp. 743 et seq. Suitable
pressure-resistant reactors are |ikew se known to the 10 skilled worker and
are described, for exanple, in Ul manns Enzykl opadi e der technischen
Chem e, Volune 1. 3rd edition, 1951, . 7169, et seq. An autoclave wl
general |y betQW¥F 67 Eﬂ‘ée proce8s éc%g&d’ienéo%g%wg iSHvse%Jtlu(?r?%ghdgc%\&rf}lll’f
required, bePBERRAYded2hPPFYiRtSyi £FBPTHIRd BBLPTHSd 0T 18T RE %ar bon nonoxi de
and hydrogen synthesis gas enployed in the process according to the
invention maynha\eiaabdepagiddieany Aryidghesphinits deghnds tf. thbef omela
ratio of C§r?0£ké"y&QébQ§atf%d&Y@&gQﬁﬁ%'d% wawakdymakowt & 95 to 70: 30,
preferably from40:60 to 20 60:40. A
hydrogen in the regi about 1:1 }
The tenperature hydr of or nyl a
fromabout 20 to C, \prkferably abeut/ 5 on is
ordinarily carried RQut/at the partial 3 i Qh gas at the
chosen reagti on tenperfature. The pressure[is [generally in thg range from
about 1 to 700 bar, preferably 1 to 600 ba £n particul ar 3Q0 bar.
The reaction pressur 8 ng on the activi f the
hydr of or myl ati on 367¢ he invention whx s enpl oyed.
The catal ysts acc®* di ng t ®¥he invention pased on phosphinitg |igands
generally allow reaction in a | ower-pressiMe regi on, such ascian the range
from1l to1300 bar. 35 The hydrofornylation catal ysts according to the
invention can be refimjed fromthe di schabge fromthe hydrofmennyl ation
reacti on by conventional processes known to the skilled worker and can
general ly be enpl oyed anew for the hydrofornylation. 40 The catal yss
according to the 4nventign advant ageeusly show high activity so that the
appropriate al =@ @ ordinaril . in good yields. In addition,
on hydr of 8Pnyl at hen ol efins and=mf intefnal lineaz olefins, they show
very |l ow selectivity fy f# product of the olefin enployed.
45 1 1 GEC ?pp? 20 The h Hrofornylation %ess according to the
invention is suitabl e~@and %referred NI an a mxture of isoneric
al dehydes, in which @ t he conpou yed for the hydrofornylation
cont ai ns 3t | east one~term nal doubl o, 5 wherein a m xture of isoneric
al dehydes "whi ch has an n/iso ratio of at least 3:1, in particular of 5:1,
particularly preferably of 8:1, is obtained. The present invention further
relates to the m xt of isoneric 10 dﬂﬁ%hydes whi ch has an n/iso ratio of
8:1 or greater and is obtainable by this process. The catal ysts accordi ng
to the invention which have been descri bed previously and conprise chiral
phosphini8e |igands of 15 the fgggul agl.are suitable for enantioselective _
hydr of ormyl ati on. Another preferred area of use of the catal ysts according
A i o of olefins. The hydrocyanation
catal ysts according to then 50 ,conpri se conpl exes of a 20 neta
of group VI1I, in particulsj @ rut heni um rhodium palladi um
pl ati num preferably nicke pl ati num and very particularly
pr ef erabl y5ni ckel . The ne esent with a val ency of zero
in the netal conpl ex acegrdilng to theljnys on. The netal conpl exes can be
prepared 25 as al ready deScri i@. gviofisl y for the use as hydrofornyl ation
catal ysts. The sanme applies t he M situ preparation of the
hydr ocyanati on catal ysts according to the invention. Hydrocyanation
catal ysts according to the invention with 30 nickel (0) as netal can be
prepared B§ reacting at |east one s phosphinite Iigand of the formula I
wi th nickel or a nickel conpound in the presence of a reducing agent or
with a nickel conplex in an inert solvent. Exanples of suitable nickel
conpounds in this case are conpounds in - which the transition 35 netal
assunmes an oxidation.state of greater than zero, and which are reduced in
situ in the reaction with the phosphinite ligand of the fornmula I, where
appropri at@ in the presence of a sui t able. reduci ng agent. These i ncl ude,
for exanple, the halides, preferably the chlorides, and the acetates of the
transition 40 netals.nmen't'ioned previously. NN 2 is preferably enpl oyed.
Exanpl es of suitable reducing agents are netals, preferably alkali netals,
such as Na and IC, alum num zinc and trial kyl al um num conpounds. . 45 |f
conpl ex conpounds of the transition netal are enployed for preparing the
phosphi ni te-ni ckel (0) conpl exes, the transition netal preferably already
has a val ency of zero in these 11~E~ 2002




21 conpounds. The conpl exes preferably enployed far the preparation hdvielEC 200
I i gands which correspond to the additional |igands which have been

menti oned previously in the conpl exes according to the invention. In this
case, preparation takes place by partial or 5 conplete replacenent of

| i gands by the phosphinite |ligands of fi3e fornula | described previously.
In a suitable enbodi nent of the process according to the invention, the

ni ckel conplex is bis(1l,5-cyclooctadi ene)10 nickel (0). Exanples of suitable
inert solvents for preparing $he ni ck&l (0) conpl exes are aromatic conpounds
such as benzene, tol uene, eth,lbenzene chl orobenzene, ethers, preferably
di ethyl ether and 15 tetrahy 3r hal oal kanes, for exanple

di chl oroneshane, chl or of or hane and trichl oroet hane. The
tenperature for this is in th ron1 70C to 150C, preferably fromOC
to 100C, particularly tely roomtenperature. 20 If

el emrental nickel is e hosphi ni t e- ni ckel (0)

conpl exes, it is pref & powder. The reaction of nickel
and of phosphonite Ilgand p kes place in a product of the

hydr ocyanadi on 25 reaction a ~"e.g. in a mxture of nonoolefinic
Co-nmononitriles or, preferably, in 3-pentenonitrile. It is also possible
where appropriate to enploy the ligand as solvent. The tenperature is in
the range fromabout 0 to 150C, ptflerably 60 to 100C. 30 The

hydr ocyanati on catal ysts may, where appropriate, be prepared in situ in
anal ogy to the process described for the hydrofornylation catalysts. 35 The
ratio of Lhe nolar quantities of phosphinite |igand of the general fornula

| and metal of group VIII is gepgsal |l gudn the range fromabout 1:1 to
1000: 1. The invention further relates|to a process for preparing nitriles
40 by catal ytic hydrocyanatio the hydrocyanation takes place in

the presence of at |east one

descri bed_previously. d ef S

tke olefiﬁg ment i oned preyi ougl

hydr of ormyl ati on. A speg £~ 457 enbog

invention relates to thegpre 3

C5-mononitriles w th unconjugs .

hydr ocyanati on of 11 GEi, ZOS butadlene or

1, 3- but adpgne- cont ai ni ng hydr ocar bo xtures and isonerization/further

reaction to saturated C4-dinitriles, preferably adi ponitrile, in the

presence of at |east one catalyst(Etbording to the invention. Wen

hydr ocarbon m xtures are used 5 for preparing nonool efinic CS-nononitriles

by the process according to the invention it is preferred to enploy a

hydr ocarbon m xture which has a 1, 3-butadi ene content of |east 10~ by

vol une, pBeferably at |east 250 by volune, in particular at |east 40~ by

volunme. 10 To prepare m xtures of\fonool efinic C5-mononitriles which

contain, for exanple, 3-pentg ‘ and 2-net hyl - 3-butenonitrile and

whi ch are suitable as int further processing to adiponitrile,

it is possible to enpl oy~ <15 1, 3- but adi ene- cont ai ni ng

hydrocarbon m Xt ures. i nkpg hydrocarbon m xtures are

obt ai nabl é%on the ind exarrpl e, the processing of

petrol eum by steam cr gtt%5 in a hydrocarbon 20 m xture
as a high total olefin content,

t he hydrocyanation are generally
g materials for the

of tHe process according to the
res of nonool efinic

= N bonds by catal ytic

which is referred to as the
about 40% bei ng I, 3-but adi engxat Femai nder bei ng nonool efi ns and

pol yunsat ur at ed hydrocarbons plus al kanes. These streans al ways al so
contain snmll amounts,_generally up to 5% of al kynes, 1, 2-dienes and

vi nyl acetylene. 25 Pure 1, 3-butadiehe can be isolated fromindustrially
obt ai nabl e hydrocarbon m xtures for exanple by extractive distillation. The
catal ysts according to the invention can be enployed 30 advantageously for
t he hydrocyapatdionrnef such ol efin-containing, in particular

1, 3- but adi ene- cont ai ni ng, hydrocarbon m xtures, ordinarily even w thout
previous of the dr.oc bon—nlxture by distillation. Aefins
which are go§5| %&Rgp€§§ntl%ﬁﬂ¥ ?éEI?EéVFeEPOF?%ktﬁquE gRBy°of t he

catal ysts, such &&! l%yﬁ@%t@ghor currul enes, can be renmoved fromthe

hydr ocar bon m xture where appropriate before t he hydrocyanati on by

sel ective hydrogenation. Suitable processes of selective hydrogenation are
known to the skilled worker. 40 The hydrocyanati on according to the

i nvention can be carried out continuously, sem continuously or batchw se.
In a suitable _ variant of the process according to the invention, the
hydrocyanatlon i's carrled out contlnuously SU|tabIe reactors for

. . o I I L I Y ' N 1 o o A r—- I T 1



1 1 GEC 2007 23 continuous variant of the process according to the 11 GET 2002
i'nvention. Suitable, where appropriate pressure-resistant, reactors for the
geni conti nuous or continuous procedure are known to the skilled worker and
are described, for exanple, in Ul nmnns Enzykl opadie 5 der technischen

Chem e, Volune 1, 3rd edition, 1951, ppgy 769 et seq. An autoclave, which
can be provided i f - ired wt trrer. and be lined, is generally used
for the progess leslc(‘:(E)‘r‘;?(a(ézlulrﬁ';e Pﬁvﬁﬂigflﬁlr?\%tgh J|ék(1)¥|]‘ 10 The hydrocyanati on

catal ysts according to the invention can be renoved fromthe discharge from
t he hydr ocy&hat Fake ¥¥eiét roretsiingoho ekt diwienpioe dvasehakaore (&F Meeeski| | ed
wor ker and ¢ae peosplalniye bkigmulsogédtianeivrinatat he hydddéyaoratdconhelS The
inventiong 3ighhtistdmted hénddahiakbrayldeanssetitdie Jrelhovsng, tm@zlxinar}ti ng

| es. I L ' - le 1:
>0 My of Aadu o Sia oy ARep T e el a%”’é%%é.%%n?%?g S o of

scar bonyl acetyl acet gnat
[igand I a ADCBFGH AP XTAA G a1y BREF DR (TG ARE s SRS OB, SHHRAOPREES g of
1- oct ene (4AOYARDES  &%d Slefing, Fégamdl cYmdreletirtedithiites0 nl gl ass
aut ocl ave wiNtrhoatLdidg pétdjocyyibhesasongas.cnird Ureteabat 0043 imdemptOndsy .
After a rimaetheps| inm,Ohndt Ul Shil Nehcaruoel garer ans pHespiegssed and
enptied. ThenBkxh U & 30 0RSoRRALYZEMe PhIenWi L h i Pisnarp sdandaed. The
conver si on ggunied 19,390, The vi.el d of; Tananal, Tsomer s ez 900, an the
selectivity [ nona}céﬁl I'soners_was 90 90780, h-nonanar ' O
met hyl oct an&P, “0F I B h§F AR tfafhf) C2 8% ¥EmHaFRL$Xre "RBRPFE & 26%hy of
r hodi um bi sE3tBaPlA Feehherua-srataipnyLigtpHy  axss hgyusyal phosphine,
t ri phenyl}dhosphpmeni(te. @ndngidsphie Ol ggasfdsl- oct ene (90 nmmol ) and 10 m of
Texanol were reacted in a 50 m glass autoclave 40 with a C02 (1:1)
synthesi s gasenbiddfndte 10Qand8dst did BYrmufl tLlenp 1668614 QARG 06 4
hours, the ayLorlaus wascdecampressed and eapiied Hoe flaiyie nas anal yzed
by GC with %internal st%n%lar : Cé)me/qer??og m)%r)l d.fo 1000. The yi el d
of nonanal P¥BRBYERLETEE I SREPPHRT K EREi GPTTH Yor KOHArRIPRCEBRARTS was 89
0 45 (733%rrbdhakide, PreferafdhfFbet &RaB1Ve o2 ctanprHapt ahdibe forpula §IE j
2002 24 W Bhai hatter Aschlted yeectofprith Bg argdnemstadhéc commplogrdodt atheet al
of 5 group Ybkhuva tRi[A{Q)gastTiendatner, ibipreparadl fralert at @) JJhospdi nite
| i gand of thapyepes als £R& Mdrolind OgéndatBl (h-~sidu othpeév Housya

2, 2" - bi phenykyh gngi. 2ne pRianhiby! ¥denr Qi1doradaxplyiRhenadi,eay. which
may have ,kL, sgpgrg\e3 substituents selected from al kyl, al koxy or hal ogen, Rl
or

is alkyl, ary hetaryl, each of which optionally has one, two or three
substituents selected from al kyl, 20 _eyal oal kyl, aryl, al koxy,

cycl oal kyl oxy, aryl/ex9? hal pgen, trimo\omet hyl , !Ejgr(g,) gyano, car boxyl ,
car boxyl ate, acyl,Asulfo EZ and al ki4ene: N El d4Aad EZ are

i dentical or differeng and4iC¢ sel eched #f om al kyl ~*¥RI&= kyl and aryl: or
is a radisoal 25 of the general forrmula I

\' VI

where A and R! have the meanings indicated previously, and M is
lithium or magnesium, X is H, Cl, Br, g is 0 or 1 and r is 1 or
35 2.

A process of this type for synthesizing phosphinites is described
in WO 92/00306, which is incorporated herein by reference.

40 Examples of suitable compounds of the formula V are 2-biphenylol,
2-binaphthylol, 1,1’'-biphenyl-4-phenyl-2-0l [sic],
1,1’-biphenyl-3,3’,5,5'-tetra-t-butyl-2-0l [sic],
1,1'-biphenyl-3,3’~di-t-amyl-5,5’-dimethoxy-2-0ol [sic],
l,l’—biphenyl-3,3’-di-t—butyl-S!SC—dimethoxy—Z-ol [sic],

45 1,1'-biphenyl-3,3’-di-t-butyl-2-ol [sic], )
1,1'-biphenyl-3,3’~di-t-butyl-6,6'-dimethyl-2-0l [sic],
1,1'-biphenyl-3,3',5,5'-tetra-t-butyl-6,6'-dimethyl-2-0l [sic],



_x_Y (zlI> 30 in which X is either a CZ-Cg-al kyl ene bridge which is 11 GEC 2002
optionally interrupted by SiRaRb, N [sic], NR-~, Oor S, in which Ra and Rb
are hydrogen, alkyl, al koxy, hal ogen, 35 trifluoronethyl, vitro or cyano,
and R~ is hydrogen, alkyl or aryl, where aryl is optionally nono- or
di substituted by aIkyI al koxy, hal ogegg trifluoronethyl vitro or cyano,
optionally ha r ;three double_bpnds. and/ S 9 i.onally fused 40
~ ~-- once, é% lBP ¥ﬁ' S tlﬂift(£ %g 9 dib ?% T 4%1 élhhe aryl or
hetaryl grodps’ hQ%Ehe?hbébéndéhtﬂyhaxy '50? tﬁﬁ?@&ﬁ@fh '*”odFﬁSﬁally one,
two, three dr, lf'ebiphenginisti-buent-$ Sel-denethdrwdr-al kidicloycl oal kyl, aryl,
al koxy, cyclwal K)ﬁh??ﬁ&mylaﬁy,b(ﬂxéil[ZhﬂdlQQeﬂloﬂ&}id’]jofhEH@ﬁ@ﬁﬁlﬂlw',-d‘iiné'flﬁbxylma-no
acyl, carbpxyl, sEéﬁ boi<>’1 Al oGRS %“dd’ilk&yﬁxyefl% NELEire iRy e 200&9&5‘2]: e

nave the TeallyGe, 8l Gal ol BRI i AL Gt s et
;

rings are op connect or by a

Cl1- C6- alkyléhélBFPH EY%&ﬁch optlonally additionally carries a group
selected from SiRaRb, N [sic], NR-, Oor .S, in which 5 Ra, Rb and R~ are as
defi ned abowxampies soﬁmmhbmmaddmpommbstbf utied foetald cP¢nQ)Prd dge; and Y is
a radi cal 1@furlshest 0t U alrbhad - “c:bmp(:v).xmis 0 (d Iah) suéOasl BeMzieRe Wi ch D has

the meani ngs,doadbealad RRYaoNs] YardthizaBend s A0S ot Bsphotiepgpdent |y

of one anoth alne

O one anot et efle Slnd: faa%ﬁf*i%ae oPBRREahec Sty A-GRlalVebags,hallimd Tn
S, IV.6 |V.aF dplparemaiicss (@ 7 Gl BX,5I), _for exgqple thalobepgenes

halonaphthalene, especially chlorobenzene and bromobenzene, and

15 monoalkyl- or monoarylaromatics, where alkyl or aryl may have the
meaning already defined previously, but especially C;-Cg-alkyl
radicals or unsubstituted or substituted phenyl radicals.
Examples of suitable monoalkylaromatics (Q = H) are toluene,
ethylbenzene, n-propylbenzene, cumene, n-butylbenzene, sec-

20 butylbenzene and tert-butylbenzene, especially toluene, cumene
and tert-butylbenzene. Examples of suitable moncarylaromatics are
biphenyl and substituted biphenyls.

Compounds of the formula Rl[(Q)q]r which are likewise suitable are

25 polysubstituted aromatic compounds such as alkyl- or
aryl-substituted halocaromatics, polyalkyl- and/or
polyaryl-substituted aromatic compounds and substituted or
unsubstituted metallocenes. Examples of suitable alkyl-
substituted haloaromatics (Q = Cl, Br, I) are 2-alkyl- or

30 4-alkyl-substituted haloaromatics, where alkyl may have the -
meaning already defined previously and is, in particular,
C1-Cg-alkyl and, particularly preferably, methyl, ethyl, isopropyl
and tert-butyl. 2-Methylchlorobenzene, 2-methylbromobenzene,
4-methylchlorobenzene, 4-methylbromobenzene, 2-tert-butyl-

35 chlorobenzene, 2-tert-butylbromobenzene, 4-tert-butylchloro-
benzene and 4-tert-butylbromobenzene are particularly preferred.

Examples of suitable aryl-substituted haloaromatics (Q = Cl, Br,

I) are 2-aryl- or 4-arylhaloaromatics, where aryl can have the
40 meaning alf¥eady defined previously and is, in particular, phenyl

and substituted phenyl radicals and preferably phenyl, 2-tolyl,

4-tolyl ‘and 2,4-dimethylphenyl. Biphenyl, 9,9-dimethylxanthene

and 4,5-dibromo-2,7-di-tert-butyl-9,9-dimethylxanthene are

particularly preferred.
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Rz , Rz', R3 and R3' are, independently of one another, hydrogen, alkyl,

al koxy, hal ogen trifluororrethyl nitrps cyano acyl car boxyl or

boxyl at hy,
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In general under the hydroformylatlon condltlons there is
formation, from the catalysts or catalyst precursors employed in
10 each case, of catalytically active species of the general formula
HxMy (CO);Lg in which M is a metal of group VIII, L is a
phosphonite ligand according to the invention, and g, %, y and z
are integers depending on the valency and nature of the metal and
on the covalence of the ligand L. It is preferred for z and q
15 independently of one another to have a value of at least 1, e.g.
1, 2 or 3. The total of z and q is preferably from 2 to 5. It is
moreover possible for the complexes to have if required at least
one of the other ligands described previously in additioen.

20 The metal M is preferably cobalt, ruthenium, rhodium, palladium,
platinum, osmium or iridium and, in particular cobalt, rhodium
and ruthenium.

In a preferred embodiment, the hydroformylation catalysts are

25 prepared in situ in the reactor employed for the hydroformylation
reaction. If required, however, the catalysts according to the
invention can also he prepared separately and isolated by
conventional processes. To prepare the catalysts according to the
invention in situ, at least one phosphinite ligand of the general

30 formula I, a compound or a complex of a metal of group VIII,
where appropriate at least one other additional ligand and, where .
appropriate, an activator are reacted in an inert solvent under
the hydroformylation conditions.

35 Examples of suitable rhodium compounds or complexes are
rhodium(II) and rhodium(III) salts such as rhodium(III) chloride,
rhodium(III) nitrate, rhodium(III) sulfate, potassium rhodium
sulfate, rhodium(II) or rhodium(III) carboxylate, rhodium(II) and
rhodium(III) acetate, rhodium({(III) oxide, salts of rhodium(III)

40 acid, trisammonium hexachlororhodate(III) etc. Rhodium complexes
are also suitable, such as rhodium biscarbonylacetylacetonate,
acetylacetonatobisethylenerhodium(I) etc. Rhodium
biscarbonylacetylacetonate or rhodium acetate are preferably
employed.
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27 cycl opentadi enyl ring connecting them an aronmatic or nonaromatic gj t%’mm

7- menber ed carbocycle or heterocycle, where the heterocycle has 1, 2 or 3
het er ogroups selected fromO, N [sicJ, NR-and S, 5 10 Mis Fe, Co, N, Ru,
GCs, Rh, Mh, C or V, Z1 is 0, S and NR~- or a Cz- to C3-al kyl ene bridge
which is interrupted by O S or NR~, ZZ7and Z3 are, independently of one

anot her, TV ﬂﬁgabﬂ a% NRen %@'é’?ts%&ef%m&u 80, %ﬁiesa@ have the
meani ng i ndi cated_above. 5 3 % cat al yst as,éia fed L elLher o t he
precedi ng cl $he 1ﬁh5¥%9qqh5mpﬁ6%1ﬂn4ﬁet%uF?iﬁﬁHT‘&FIﬂhE #bﬁﬁ#ﬁ'a | is selected
from | i gandstwihenmhemf B ulraghpaive( ML) pr\roghanium(¥yE5IRD RiseoVel Bl | a)
(I'b) /' \ WWdtralCsalte)of rutBbnRid dxod0ifds d)suwth s\ Kpud, br(XmRjoy, otl f~Ei,
2002 as OV &Mpiax comfbuRdsPs® thd densral/ fédrmlal RhXk1x201L2(13),, in which

Ll, 12, 3 and n have the meanings indicated above and X!, X2 have

the meanings indicated for X (see above), e.g. RuHCl(CO)(PPhj)j.

It is also possible to use the ruthenium metal carbonyls such as

trisruthenium dodecacarbonyl or hexaruthenium octadecacarbonyl,

10 or mixed forms in which CO is partly replaced by ligands of the
formula PR3, such as Ru(CO}3(PPhi);z, in the process according to
the invention.

Examples of suitable cobalt compounds are cobalt(II) chloride,

15 cobalt(II) sulfate, cobalt(II) carbonate, cobalt(II) nitrate,
their amine or hydrate complexes, cobalt carboxylates such as
cobalt acetate, cobalt ethylhexanoate, cobalt naphthoate, and the
cobalt-caprolactamate complex. In this case too it is possible to
employ the carbonyl complexes of cobalt, such as dicobalt

20 octacarbonyl, tetracobalt dodecacarbonyl and hexacobalt
hexadecacarbonyl.

Said compounds of cobalt, rhodium and ruthenium are known in
principle and are adequately described in the literature, or they

25 can be prepared by the skilled worker in analogy to the compounds
already known.

Examples of suitable activators are Bronsted acids, lLewis acids
such as BF3, AlClj3, zZnCl, and Lewis bases.,

30
The solvents preferably employed are the aldehydes which are .
produced on hydroformylation of the particular olefins, and the
higher-boiling products of secondary reactions therecf, e.g.
aldol condensation products. Other suitable solvents are aromatic

35 compounds such as toluene, hydrocarbons or mixtures of
hydrocarbons, also for diluting the abovementioned aldehydes and
the aldehyde secondary products. Where the ligands are adequately
hydrophilized, it is also possible to employ water, alcohols such
as methanol, ethanol, n-propanol, isopropanol, n-butanocl and

40 isobutanol; ketones such as acetone and methyl ethyl ketone etc.

The ratio of the molar quantities of phosphinite ligand of the
general formula I and of metal:of group VIII is generally in the
range from about 1:1 to 1000:1.
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in which RO and RIB are, independently of one another, hydrogen or
trifluoronethyl, and 20 R11 is fluorine or trifluoronethyl. 4. A catalyst

as clainmed in any of the precedi ng cl aijgs, wherein the netal of group VIII

is selected 0 i ckel t.heni u rho i | I adi um and
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het er oaronati ¢ conpounds, ethers, PF3, and uni-,” bi- and nul ti dent at e

phosphi ne, phosphinite, phosphonite and ite | i gands. 35 6. A process
for the hydrofbrif}PabPRIFGTegofPbuts h\)CﬂEEﬁ ‘g‘&ﬂﬁéﬁﬁnaﬁrq%ﬁé& agRgrding to

et hyl eni cal |‘ths1éneata@reohz[esule] pHipd ebahl, canponage t vivkriwicontaar e or
nonoxi de andmémedrestyghenicdligy pnesenceedf [ax@yahmbd:e nybmds .0ITheae aliwsiude,
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hydr of or ny| a&?@&n%@&ﬁéfs&ranz:heé‘ &Ié(}ﬁ $S ARafd1Rs"BE é&'u[%r?iemaﬁol&f'ﬂ O¥%i-89

for the hydro C contal ns, a t erm nal

doubl e bond, € lrr%’ 2t%0$ﬁ%?t Pur gpgéjp&f%ednér% aei ‘Fehy a8 kend’3n8

l~octene, l-nonene, l-decene, l-und ecene, ~dodecene etc.

15 Suitable straight-chain internal olefins are preferably
C4-Cyp-o0lefins such as 2-butene, 2-pentene, 2-hexene, 3-~-hexene,
2-heptene, 3-heptene, 2-octene, 3-octene, 4-octene etc.

Suitable branched internal olefins are preferably C4-Cyg-olefins

20 such as 2-methyl-2-butene, 2-methyl-2-pentene,
3-methyl-2-pentene, branched internal heptene mixtures, branched
internal octene mixtures, branched internal nonene mixtures,
branched internal decene mixtures, branched internal undecene
mixtures, branched internal dodecene mixtures etc.

25
Suitable olefins for the hydroformylation are additionally
Cs-Cg-cycloalkenes such as cyclopentene, cyclohexene,
cycloheptene, cyclooctene and derivatives thereof, such as their
C1-Cyp~alkyl derivatives with 1 to 5 alkyl substituents. Suitable

30 olefins for the hydroformylation are additionally vinylaromatic 3

| compounds such as styrene, a-methylstyrene, 4-isobutylstyrene -
etc. Suitable olefins for the hydroformylation are additionally
a,f-ethylenically unsaturated mono- and/or dicarboxylic acids, and
their esters, monoesters and amides, such as acrylic acid,

35 methacrylic acid, maleic acid, fumaric acid, crotonic acid,
itaconic acid, methyl 3-pentenoate, methyl 4-pentenocate, methyl
oleate, methyl acrylate, methyl methacrylate, unsaturated
nitriles such as 3-pentenonitrile, 4-pentenonitrile,
acrylonitrile, vinyl ethers such as vinyl methyl ether, vinyl

40 ethyl ether, vinyl propyl ether etc., C;-Cyg-alkenols,
~alkenediols and -alkadienols such as 2,7-octadien-l-0l. Suitable
substrates are additional di- or polyenes with isolated or
conjugated double bonds. Thesefinclude, for example,

1,3 butadiene, 1,4-pentadiene, } 5-hexadiene, 1,6-heptadiene,

45 1,7~ octadlene, v1nylcyclohexenQL_dlcyclopentadlene,

1,5,9- cyclododecatrlene, and butadiene homo- and copolymers.
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The present invention further relates to the mixture of isomeric
10 aldehydes which has an n/iso ratio of 8:1 or greater and is

obtainable by this process.

The catalysts according to the invention which have been
described previously and comprise chiral phosphinite ligands of
15 the formula I are suitable for enantioselective hydroformylation.

Another preferred area of use of the catalysts according to the
invention is the hydrocyanation of olefins. The hydrocyanation
catalysts according to the invention also comprise complexes of a
20 metal of group VIII, in particular cobalt, nickel, ruthenium,
rhodium, palladium, platinum, preferably nickel, palladium and
platinum, and very particularly preferably nickel. The metal is
ordinarily present with a valency of zero in the metal complex
according to the invention. The metal complexes can be prepared
25 as already described previously for the use as hydroformylation
catalysts. The same applies to the in situ preparation of the
hydrocyanation catalysts according to the invention.

Hydrocyanation catalysts according to the invention with

30 nickel(0) as metal can be prepared by reacting at least one
phosphinite ligand of the formula I with nickel or a nickel
compound in the presence of a reducing agent or with a nickel
complex in an inert solvent. Examples of suitable nickel
compounds in this case are compounds in which the transition

35 metal assumes an oxidation state of greater than zero, and which
are reduced in situ in the reaction with the phosphinite ligand
of the formula I, where appropriate in the presence of a suitable
reducing agent. These include, for example, the halides,
preferably the chlorides, and the acetates of the transition

40 metals mentioned previously. NiCl; is preferably employed.
Examples of suitable reducing agents are metals, preferably
alkali metals, such as Na and K, aluminum, zinc and

trialkylaluminum compounds. =

45 If compléx compounds of the trazgition metal are employed for
preparing the phosphinite-nickel(0) complexes, the transition
metal preferably already has a valency of zero in these
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complexes are aromatlc compounds such as benzene, toluene,
ethylbenzene, chlorobenzene, ethers, preferably diethyl ether and

15 tetrahydrofuran, or haloalkanes, for example dichloromethane,
chloroform, dichloroethane and trichloroethane. The temperature
for this is in the range from -70°C to 150°C, preferably from 0°C
to 100°C, particularly preferably at approximately room
temperature.

20
If elemental nickel is employed to prepare the
phosphinite-nickel (0) complexes, it is preferably in the form of
a powder. The reaction of nickel and of phosphonite ligand
preferably takes place in a product of the hydrocyanation

25 reaction as solvent, e.g. in a mixture of monoolefinic
Cs-mononitriles or, preferably, in 3-pentenonitrile. It is also
possible where appropriate to employ the ligand as solvent. The
temperature is in the range from about 0 to 150°C, preferably 60
to 100°C.

30
The hydrocyanation catalysts may, where appropriate, be prepared -
in situ in analogy to the process described for the
hydroformylation catalysts.

35 The ratio of the molar quantities of phosphinite ligand of the
general formula I and metal of group VIII is generally in the
range from about 1:1 to 1000:1.

The invention further relates to a process for preparing nitriles

40 by catalytic hydrocyanation, wherein the hydrocyanation takes
place in the presence of at least one of the catalysts according
to the invention described previously. Olefins suitable for the
hydrocyanation are generally the olefins mentioned previously as
starting materials for the hydroformylation. A specific

45 embodiment of the process accoia}ﬁg to the invention relates to
the preparation of mixtures of monoolefinic Cg-mononitriles with
unconjugated C=C and C=N bonds by catalytic hydrocyanation of
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enonitrile
which are suitable as intermediates for further processing to
adiponitrile, it is possible to employ pure butadiene or

15 1,3-butadiene-containing hydrocarbon mixtures.

1,3-Butadiene-containing hydrocarbon mixtures are obtainable on
the industrial scale. Thus, for example, the processing of
petroleum by steam cracking of naphtha results in a hydrocarbon
20 mixture which is referred to as the C4 cut and has a high total
olefin content, about 40% being 1,3-butadiene and the remainder
being monoolefins and polyunsaturated hydrocarbons plus alkanes.
These streams always also contain small amounts, generally up to
5%, of alkynes, 1,2-dienes and vinylacetylene.
25
Pure 1l,3-butadiene can be isolated from industrially obtainable
hydrocarbon mixtures for example by extractive distillation.

The catalysts according to the invention can be employed

30 advantageously for the hydrocyanation of such olefin-containing,
in particular 1,3-butadiene-containing, hydrocarbon mixtures, -
ordinarily even without previous purification of the hydrocarbon
mixture by distillation. Olefins which are possibly present and
adversely affect the efficiency of the catalysts, such as alkynes

35 or cumulenes, can be removed from the hydrocarbon mixture where
appropriate before the hydrocyanation by selective hydrogenation.
Suitable processes of selective hydrogenation are known to the
skilled worker.

40 The hydrocyanation according to the invention can be carried out
continuously, semicontinuously or batchwise. In a suitable
variant of the process according to the invention, the
hydrocyanation is carried out eontinuously. Suitable reactors for
continuous reaction are known to the skilled worker and are

45 describea, for example, in Ull@énﬁs Enzyklopddie der technischen
Chemie, Volume 1, 3rd edition, 1951, pp. 743 et seq. A cascade of
stirred vessels or a tubular reactor is preferably used for the
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P S109%& () - seq. An autoclave, which can be provided if required with a
stirrer and be lined, is generally used for the process according
to the invention. _

10 The hydrocyanation catalysts according to the invention can be
removed from the discharge from the hydrocyanation reaction by
conventional processes known to the skilled worker and can
generally be employed anew for the hydrocyanation.

15 The invention is illustrated in detail by means of the following,
nonlimiting examples.

Examples
20 Low-pressure hydroformylation of l-octene
Example 1:

2.6 mg of rhodium biscarbonylacetylacetonate (0.01 mmol), 80 mg
25 of ligand I.a according to the invention (R?, R0 = CFj,,
0.20 mmol), 4.5 g of l-octene (40 mmol) and 5 ml of Texancl® were
reacted in a 50 ml glass autoclave with a CO/H; (l:1) synthesis
gas mixture at 100°C under 10 bar. After a reaction time of 4
hours, the autoclave was decompressed and emptied. The mixture
30 was analyzed by GC with internal standard. The conversion
amounted to 99%. The yield of nonanal isomers was 90%, and the
selectivity for nonanal isomers was 90% (90.8% n-nonanal, 9.1%
methyloctanal, 0.1% ethylheptanal).

35 Comparative Example 1

2.6 mg of rhodium biscarbonylacetylacetonate (0.01 mmol), 262 mg
of triphenylphosphine (1.0 mmol), 10.0 g of 1l-octene (90 mmol)
and 10 ml of Texanol® were reacted in a 50 ml glass autoclave
40 with a CO/H; (1l:1) synthesis gas mixture at 100°C under 10 bar.
After a reaction time of 4 hours, the autoclave was decompressed
and emptied. The mixture was analyzed by GC with internal
standard:. The conversion amousAted to 100%. The yield of nonanal
isomers was 88%, and the selectivity for nonanal isomers was 89%
45 (73% n-nonanal, 25% 2—methyloci§nal, % ethylheptanal).
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in which

A is a 2,2'-biphenylylene, 2,2’-binaphthylylene or
15 ) 2,3-xylylene radical, which may have 1, 2 or 3
substituents selected from alkyl, alkoxy or halogen,

R! is alkyl, aryl or hetaryl, each of which optionally has
one, two or three substituents se;ected from alkyl,

20 cycloalkyl, aryl, alkoxy, cycloalkyloxy, aryloxy,
haleogen, trifluoromethyl, nitro, cyano, carboxyl,
carboxylate, acyl, sulfonyl, NE!E2 and alkylene-NE!EZ,
where E! and E2 are identical or different and are
selected from alkyl, cycloalkyl and aryl; or is a radical

25 of the general formula II

-X-Y (II)

in which
30

X is either a C,-Cg-alkylene bridge which is optionally
interrupted by SiR3RP, N [sic], NRS, O or S, in which
R2 and RP are hydrogen, alkyl, alkoxy, halogen,

35 trifluoromethyl, nitro or c¢cyano, and R is hydrogen,
alkyl or aryl, where aryl is optionally mono- or
disubstituted by alkyl, alkoxy, halogen,
trifluoromethyl, nitro or cyano, optionally has one,
two or three double bonds and/or is optionally fused

40 =~ once, twice or three times to aryl and/or hetaryl,
where the aryl or hetaryl groups have, independently

- of one another, optionally one, two, three or four
substituents selegted from alkyl, cycloalkyl, aryl,
alkoxy, cycloalkyioxy, aryloxy, halogen,

45 ’ trifluoromethyl, fitro, cyano, acyl, carboxyl,

’ carboxylate, NE!E? and alkylene-NE!E2: whHere E! and E2
have the meanings indicated previously, and adjacent
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15 n

in which

D has the meanings indicated previously for A, and
20

m and n are, independently of one another, 0 or 1,

or a salt thereof.

25 2. A catalyst as claimed in claim 1, in which X is a radical of
the formula IV.1, IV.2, IV.3, IV.4, IV.5, IV.6, IV.7 or IV.8

30

35

40 —
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. $" ZX6P: (IV.2) (IV.3)
R2’ R3 2 3’
10 R2 R3 R3’ R R
R2' R3’
R12’ R12’
! '
Ri2 , R13" zl 2 R13
15
R13
(IV.4) (IV.5) (IV.6)
RS
R3 R2’
20 R6 z2 R3’
- ~
R7 ] RB \
rRé N _ms’ R? 25
25 R7’ :
(IV.8)
R8’
(IV.7)
30 in which

RZ , R%?', R3 and R3' are, independently of one another,
hydrogen, alkyl, alkoxy, halogen, trifluoromethyl, nitro,
cyano, acyl, carboxyl or carboxylate,

35
RY is hydrogen, alkyl, or aryl, which may optionally be
substituted by alkyl, alkoxy, halogen, trifluoromethyl,
nitro or cyano, and
40 RS, R5., RS, RS, R7, R7', R8, RE®', RlZ, R12’,6 RI3 and R!3' have

the meanings mentioned for R? and R3 or are,
~- -independently of one another, selected from cycloalkyl,
aryl or alkyl, which may be interrupted by an oxygen atom
or substituted by a radical of the formula NE!E2, where
45 El and E? have the meaning indicated above; or in each
case two adjacent subsfituents RS, RS, R7, R8-and/or R3’,
Rf', R7’, R8 represent, with the part of the
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M is Fe, Co, Ni, Ru, Os, Rh, Mn, Cr or V,

Zl  is 0, s and NR® or a C;- to Ci-alkylene bridge which is
interrupted by O, S or NRS,

10
22 and 23 are, independently of one another, CH,, SiRarRP, O,
S, NR® or CR2RP, where R2, RP and R® each have the meaning

indicated above.

15 3. A catalyst as claimed in either of the preceding claims,
where the phosphinite ligand of the formula I is selected
from ligands of the formulae Ia to Ii

20
P O
25 :
OMe Ccl
(Ia) (Ib) (Ic)
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(1)

15 in which

R? and R0 are, independently of one another, hydrogen or
trifluoromethyl, and

20 Rl is fluorine or trifluoromethyl.

4. A catalyst as claimed in any of the preceding claims, wherein
the metal of group VIII is selected from cobalt, nickel,
ruthenium, rhodium, palladium and platinum.

25

5. A catalyst as claimed in any of the preceding claims, which
additionally comprises at least one other ligand different
from ligands of the formula I and selected from halides,
amines, carboxylates, acetylacetonate, aryl- or

30 alkylsulfonates, hydride, CO, olefins, dienes, cycloolefins,
nitriles, N-containing heterocycles, aromatic and
heteroaromatic compounds, ethers, PF3, and uni-, bi- and
multidentate phosphine, phosphinite, phosphonite and
phosphite ligands.

35

6. A process for the hydroformylation of compounds which
contain at least one ethylenically unsaturated [sic] double
bond, by reaction with carbon monoxide and hydrogen in the
presence of a hydroformylation catalyst, wherein a catalyst

40 as claimed in any of claims 1 to 5 is employed as
hydroformylation catalyst.

7. A process as claimed in claim 6, employing for the
hydroformylation a compound which contains at least one

45 terminal double bond, wherein a mixture of isomeric aldehydes
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hydroformylation catalyst or the hydrocyanation catalyst is
prepared in situ, with at least one phosphinite ligand of the
general formula I as defined in claims 1 to 5, a compound or
a complex of a metal of group VIII and, where appropriate, an

15 activator being reacted in an inert solvent under the

hydroformylation or hydrocyanation conditions.

10. The use of catalysts comprising a phosphinite ligand of the

formula I as claimed in any of claims 1 to 5 for the

20 hydroformylation or hydrocyanation of compounds having at
least one ethylenically unsaturated [sic] double bond.

25

30

35

45



