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sel ecti vi W:onéﬁ@!hté@rhaéasl%r Qﬁgtﬂkﬁ/l@%\i%aTQi ﬁr?saft%fr%téﬁh[ﬁ/@]d d%ﬁﬁl%% ance

in practice. dr of or reac sults because o
possi bi | i ty o;H d8¥ S|eonr<1:eo Q{L §? 1’?1 ®C atoms in a doubl e bond,
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35°J. Chem Soc., Chem Commun., 1991, p. 1292, describes chiral ar S; 0w
.di phosphites as |igands for hydrocyanation catal ysts. The phosphate rD(.E)E[Z
i'n these ligands is bonded by two of its oxygen atons to the 3 and 3
positions of a 2,2'-binaphthyl unit, with which it thus fornms a 7-nmenbered
heterocycle. It is additionally 40 pos%i ble for two of these heterocycles

| i kewise to be linked via a 2,2 -binaphthyl unit to a,bi dentathe chel ating
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unit. 1 hyQrErGrRP0% i3nV0: 051 A28 rdeR6t | s aREoCeSS for the
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unconj ugated nitril oup _or, an ynconj ugat ed, .or..conjpugat ed .ester group.
The ni ckel (GF3¢¥EAT Mog PGP :Jcr? Pﬁ%ggﬁﬁsrélﬁrill}&ﬁj_ t’ég%o??ﬁ’flgé’gﬁ bi dent at e
phosphat e 1iFgHdsei frsuirertt hedpHo<fHatBPEF tARSSE -afB1paFene Tl Lyr J RV tiasd
het er ocycl esactingsi@@ts3ddeser iy adefinsess ther prheehselragc panaebbn of
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carries a t& é’FW-%%bstitut ed phenyl radical which may have further
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enpl oyed i %Iﬁ'?ﬁgg reﬁﬁgé%%gpg {)gatﬁs%eaoggbgg@%%ﬁt TBQ %dbﬁtssgﬁg%]cg fgc'ri.oups
'n these mHTIBRT ate B SARNLE PqRe BAPRT CHRAUIERERIS, dHSREVRCF (Rl

het er ocycl &3°5REOREEL IFOTPLAKRE Abgeckel A RAVIAIEUBed groups. 25 WO

96/ 22968@escri bes a process for the hydrocyanation of diolefinic conpounds
and for therhesaBRal zedtaQpseé fde vheshytirogyanuidonugaé edin particular,

2-al kyl - 3- raRoak KOOt phbesh e r@aGhyBEs afeGvakhCaBbddhatic diolefin with
a source of hydrogen cyanide. The 30 reaction in this case takes place in
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cat al ysts BHs&gléoh) wpiiesphpte eempiAXes Banied SRsFosphateentiigands k&cri bed
above, cat @fiferssbaksdewis pbbdphmithe hidgands afehmlisogdnemanide. Am Chem
Soc., 1994, 40 116, pp. 9969 et seq. and US-A-5, 484,902 descri be catal ysts
for the enamiaselest |Q&aﬂ§§i99m%§de0339f _1%Q”&Eh@eﬁ(i@ﬁré‘é%@ﬁé‘ﬂﬂ?{p&ased
on a chif@ly R0B4aCalves bl AEAla:158Ckali A ASER! fddydraaagd. The

| i gand pref erc%ggycenﬁl o%égd |§Et 1S 4ase B? a]heb enyl .
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cyano group in the presence of a Lewis acid as pronoter and of a nickel (0)
cat al yst3s Theggefidt /.St €hBRY ecdnn@iaNgs 1based on20hel aésdiHeRosphiai tes 5

where two afpph- aypﬁéggmttgq QQOfﬁ}iaHst %ogrﬂy@&@a%auaieﬁ%aqgm%wéa their
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ref erences pé]egg%l? eesg%oﬁ?r 68yg}fﬂ%ﬁ g}r%?@é‘fial i?%t s°'b‘%|§e§3’o phas |_nf’f%(_3efq gands
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het er ocycl e/higs- At 3tines f23Ms destmdnbergdphefesrnsyicde . t e Iy ddddpaerallon of
et hyl eni #aldossibh3at ffatted oo npeess hetkrobydbys Nakewhs&eto fuendtinbedl vigr oups,
e.g. nitrite, 2F biNpHHgIese: ofo & Biakgtadd &@tlaky5§<-1i g ni ckel

catal ysts have f-our ligands of the general formula M X Y,Z) where X Y and
Z are, independentl|y of e _anot her, a ical R.qr OR and Ris,selected
from al kyl anggﬁ“sflg ’dugg‘eﬂav' W 1t 55§‘g' cpﬁ'bgrqga?*éré‘?q'ﬂoﬁ?\%?}b%snl y
phosphi nes A¢daRodPPAsPhispecempiaxest P§ REFkeIdPed apAeh At aAdOenpl oyed in
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di scl osur e off at be2 pasigidphlchyy @fitenpl oyi ng phosphinites in which the
phosphinite group is part of a heterocycle as |Iigands for nickel (0)

hydr ocyanation catal ysts. 25 It is an object of the present invention to
provi de novel catalysts based on conplexes of a netal of group VIII. They
are preferably intended to be suitable for hydroformnylation and/or

hydr ocyanati on and to have good catal ytic activity.



30 W have found that this object is achieved by catalysts based on

conpl exes of a netal of group VIII which conprise at |east one uni- 1l9|EE ZW
nul 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 conplgx of a nmetal of group VIII wth at
| east one un| mul ti dentate phOsphinite |ligand of the %eneral
formula | >?5/23228 deSCElPGSF& Rrqcess; a5 the \1WdERCYaRanigEo02 5 A,

t oget her wiakinhiasiparenesflefhas piosphimeivt edgibignaldywhavée an unsopdndatedis a
5- to 8- nenbierreidehgterpaiclag wheteljugatedt bonadd jugadait &seed |grdups ethence,

twice or tha&ell o?scaalwlsoainﬂsyéyecﬁrlﬂ tang/ Qs atireywh se Wiy ikBe fused
roups (S ee or
groups may,y,&d-Rden asﬂam&seﬁ ik gf DA NG Qﬁﬁ%‘iﬁ?’?{ 5{1 ghee xtélx\ﬂws the

four substitu nts se Cle cyano,
car boxyl arftf%e rBSXW %1‘77%‘1 Sryl or hetaryl each of whi ch
optionally has one, 10 tvvo or three substltuents sel ected from al kyl,

cycl oal kyl ,WCar9>5I/29a5k(ﬂ@s,crd-peSoaIm;dQ§ﬁ)%, farytixyhydrgkpgeat ian iofl uor onet hyl ,
nitro, cyammnovaelionylemplayhayytatelysacybased|dromelro-REl&?t anidkel and

al kyl enem\ﬂi{rﬁ%emﬁw s%qtgzmgaldﬁe@hbcaho@gmlchef t;%@ptlxartdue%@e sel ected
from al kyl, axck gasén gi ea 1 afcﬁ}' 186 shedengnal, formil a
X -X—Y(II (5’ i fer enegg i s
optlonally EIQIfU § ?ﬁ P N heRfr-%“ Gigr &€ YR and Rb
are hydroge?f-°“al° 1tﬂa9’€f§}§?1 CaZSlFF'l ?IW’GN&FHWS‘C%H‘%W BReRYano,
and R~ is M‘-L@@énwhmfkyﬂamhaaeyfurmwr eubsyituentepti onal | y nono- or

di substiisited by al kyl, al koxy, halogen, trifluoronethyl, nitro or cyano,
optional ly vbta%m@asﬁvaééarnbege@ prUHse ?QPdt?h@"lﬂ/dQBCy%QMdrP%' l'y fused
once, twi cearLhige Al te'tﬁxggeag ) oARALOLL NS Wokbon) ona‘ﬁ WAS A" ¥he OF

hetaryl gro ave one ano
three or fo &ﬁﬂéfl? gejciét? COM APk Kt AN 85 ‘%‘F)?Itur%ﬁ%xy,
cycl oal kyl d3&PUPaPY¥| b&whlr?éq Gﬂénet’ﬁﬂeﬁ‘llﬁofja emhon nFLFr6°n

car boxyl 20 35tear boRyp at’l® thasfoxse, asmitbaif®) q\aEIaEzsanldaﬁ&@Inene NEI E2
where E1 amthlEddkavetd rmuorspamte]g]sigarrdi cdat edipjoymd dustye @mrubemcdpacend fused
rings are opienakhy Lopreabedr byridi BaBephitd sdrdupsNRr, tiy S or by a

Cl- C6- al kylene jRehdgee Vﬂg%lﬂdgp&fé’% lohraddbhd Onaleny s 40 afyaf rf'u‘%éda group

selected fr r gare as
defi ned gé)oﬁ\aeenge§ R@B{’ an op |on§[ ny egubs?e#}g]%{wy&%negzgfl ocene Efal'l%g and
45 Y is radi cal of theforrmlalll 1 1 DEC 2002 6 5

WO 96/22968 describes a process for the hydrocyanation of
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-f-D-glucopyranoside. _



-(0)m- ~ (I1l1). (0~ n in which D has the nmeanings indicated previously for

(A, and 10 mand n are, independently of one another, 0 or 1, or a sdltDEC 200

thereof. 15 For the purpose of the present invention, the term"al kyl"

conprises straight-chain and branched al kyl groups. These are preferably

straight-chain or branched Cl-C8-al kyl, preferably Cl-C6-al kyl and

particularly preferably Cl-C4-al kyl gr‘"oups. Exampl es of al kyl groups are,

in particubEr® Petddplé53edestrit®d pr BPYTess Sfopr dpgl hydrannapet 190 ek vl |

sec- but yl , mbeooldfiins whnepemyladd2tpendyly Haveethygyang \droup- aetthd but yl |

1, ﬁ di Ims*t gpkaé@nl@cyé ,oflalrﬁéw@tefm:dpaepysfem@j& dinaebhya Q{icﬁk)é:l,(Ol-@iMy@:tQpW )

n- hexyl , by t z n 1 afi :

A s AR A 1 e

1! 1 di mePhYPBEE 0 2TTLaPRRT TRHISEE, PhosPhiilite BROPRY) qhe Linked togethe

L1, 2-tri n¥tRyFM G PRYIEn 2aten rainﬁeﬁﬂy?ﬁYJo‘pf;HS,edl-ai{‘}ﬁJ;ﬁrlfutbfP?g?= et hyl butyl ,

et hyl - 2- net hyl propyl, n-heptyl, 2-heptyl, 3-heptyl, 2-ethyl pentyl,

propyl butiphe @fttte aBOvémentiibaedurpdsrmerafest kiesct hivesnthyarpcy fga ttiemm

"al Kyl ene” cg0aDy4 &£ Sasbl by BdepAi Ait&PL i Riidls! X nSURSEH tiheednabiyigne groups

with 1 46 8 6a5ban Aener | fs XioS gaRepbddd £1@tRLLAGE e L his has 2 to 8,

preferably™3 to 6 and particularly preferably 3 to carbon atons. The

al kyl ene bridge_can be_interrupted by hetero groups, 35 e.g..Si [sic],

Si RaRb, N [J§i'g]3,'m~',23@ gesxyibes BaPFPeRfsrfar &HE RrEraGyapAted rf and Rb

are hydr ogenhybgnidallyl kosatutesledgeamponndy whichendy | havei otbedr cyano, and

R~ i s hydr dgeotialddylgroupsy d.g.Whereibsy) irs thpt poasdrdae wiEna- nidkel

di subst ittsutedabystal kitbseah kel cAah0gers Haviel lfdQE ODESdNds, ol LRO JAneE}aNo.

A kyl ene_4Qobhh 095 03V 5 POl S CLOMANE et BRELELIRMAY oX ofdie al kyl ene

bri dge may Rt over, lake ong, Lo hree, BLsherablor oG pr, (i, doybl o
’atlona?zg &% G5 t R E oo t B ot

1
1
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bonds and/ 8F nay 'opt, éd once, S, pre?’erabl y
once or =t wIEBYPY J'&iPE URAFDriShERRPYP, ATHWT-e FRHPYST o UKy PReRPR YIS BP9t used
aryl or hephp§phifrasugsenexpys itdyemer wtipchddsreyn oind @EPaAYEGeln tdge, two,
t hr ee or2of ewamppeefofr abkyhypimmcyenetdon{ reechesobbér thegmt sheeéets edb from

al kyl, cyckeatkydure dkythe Bde@iviley gl onldnploy¥ngapydspiinibas opekhichl 1 D
E C 2002 s hE Rlodphiditadicly 96 bher 98NS detbbBYe fe lds 1Xgdndd 190> then X
is preferab 'ﬁkﬁgf cthecgrfor Oama%i%hxxgﬂf 8¢ 2, 2' - bi phenyl yl ene,

2,2 -bi naplﬁ‘tl yI'y ne? an yary ene, 1In arti cul ar phenyl ene and napht hyl ene,
l'i nked bzy 0, S and NR~, where R has the neaning indicated above. It is

nor eoverZopddsidl ¥ fBieshcht pHEnPreaRrt HIANIGRatP yPIY H¥gvBOYELl 2 or 3
subst i t uenctestakystis raphthyt asmptlexdstof awetalt of 4grqupeV@Eabl Thely tage3,
substit uenpsefeedeiot ddténded aldk pe, soycdnld kplr, hadydfomlyk gk dxy, artloergen,
trifluoromaybybeydtidtion &¥@ND hav¥l gosdrdxpallytapdacedhiayyl ate, in

particul ar al kyl, al koxy, trifluoronethyl and carboxyl ate. The phenyl and

napht hyl, unLt Y, itionall. Lipked by . r NR~.or o]
C6- al kyl3gngeb$a‘d@e€°%%§i %hgt 6Eym‘?oé'eglgﬂ{aéegrJt'Jéjtae %vae% 8% %}ﬁ%gt?%%eéd’s ﬂh has”
Che. meani nGORPHERE, Ginai BaFak OfgveuP WILE SRl SHISF BeoRishiit one -
phosphoni t 8Pér . gios i AL eldergang RheskhitHeeplpgand fehereothe- 0 group (n=0)
is |ikew sphpaphirgfteagBoup ociBpmerbefed hettar Gepehberdhdeseabeyei.s al ready
made above about the 20 heterocycle of the phosphinite Iigand of the
fornul a 35 age0pLddht! Gnb BRI dN @RLsO0Pe By dN@r 8hPalydt RBMbLES A att he
neart 19s deLhop by QuniakYod U ncPPLY d:bud vARH Ay aldeDiEa0, Rind centi cal
or different. glh]e can ov%ver, aso € a, a ogecgfs ri ge ch
optional | ySRas’ o &F MBFEIRTTEE s BRRERI TS 119ARI 1 hPendFAft¥ene” for
the purposé®8Pithik invention is a sandwich metal conplex with two r~5- or
r ~6- bonded unsaturated or 30 aromatic ring systens which nay be arranged
paral | elaoor at an angl e, depending on the central nmetal atom The netals
suitable as central netal atomare a ose which form stabl e sandw ch
conpl exes with adequate stability alfso-under the conditions of use of the
catal ysts according to the invention, butpespgciallyI35 Fe, Co, Ni, Ru, OCs,
Rh, M, O or V, particularly preferqbl’yFe, Co and Ni. The netals in the
nmet al | ocene conpl exes preferably have the .formal oxidation nunbers 0, +1 or
+2. Sui t4s®bl e r~5- and r~6-conpl exabl e unsaturated or aromatic ring systens
are cycl opentagi@nyl, indenyl, fluorenyl, azulenyl, benzene, 40

napht hal ene, ant hracene and phenanthrene. Said ring systens may have, for
exanple, 1 to 5, preferably 1 to 3, of the abovenentioned substituents, in
particul ar al kyl, al koxy and al kyl ene~~lI El E2 and, particul arly-preferably,
met hyl, isopropyl and tert-butyl. 45 X is preferably a radical of the
formula IV.1, IV.2, IV.3, IV.4, IV. S IV.-6, IV.7 or IV.8



11 DEC2002 95R RRR, R3, R R3 (1V.1) '10R15y, (IV%%%%&H
30 (1V.2) R B R2, R3, R3 R2 R8 R?, R3. R12' R12 R12' 71 ~ RiBDRE
RI® RS R R~-~RPRE, HHRS , R~ ~\ R8 (IV.7) in WhICh (IV.5) (1V.3)
(Iv.6) B R2. Z\ R3, Rz ~\ Z3 (IV.8) 35 R2 ( R2’, R3 and R3' are,

I ndependent|ly of one another, hydrogen, alkyl, alkoxy, hal ogen,
trifluoronmethyl, vitro, cyano, acyl, c%\rboxyl or carboxylate, R4 is

hydr ogen, &:kyltogptberrwisihy thet ReFt of theyphosphimdtahbyoun Bheyich &hi ch

may optional | y ilsebsnded, tist @d5bytal &ydembalrkdxyetdraoygen, whick [igor onet hyl ,
vitro or cyanoopaiién&bly ala@ntonBﬁly med~ol?8e, A ce~oBBEMr & timeRlEo ~ R12'

~ R13 and R13' c?@‘iSai ngﬁdﬂ@{‘tk{&%‘ggﬂ ‘5?3 q’-rﬂg E@;@& &I’O%p & kyl | -

i ndependent | | |
whi Ch ey be | APEPPER ?eer%ﬁg"g By IASEanBr" di %t%?*afe ar’é“?&d?’éal of

the formul a NEEEYT %"é-tli‘fnéﬁds TRk HERB AbERi mGLRe

nitro, cyano, carboxyl and carboxylate,

Rl is alkyl, aryl or hetaryl, each of which optionally has one,
10 two or three substituents selected from alkyl, cycloalkyl,
aryl, alkoxy, cycloalkyloxy, aryloxy, halogen,
trifluoromethyl, nitro, cyano, carboxyl, carboxylate, acyl,
sulfonyl, NE!E2 and alkylene-NE!E2: where E! and E? are
identical or different and are selected from alkyl,

15 cycloalkyl and aryl; or is a radical of the general formula
IT
-X-Y (II)
20 in which

X is either a C;-Cg-alkylene bridge which is optionally

interrupted by SiR2RP, N [sic], NRS, O or S, in which R2
and RP are hydrogen, alkyl, alkoxy, halogen,

25 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, 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 SiRaRP, N [sic], NRS, O or S or
by a C;-C¢-alkylene bridge which optionally additionally

40 ) carries a group selected from SiR2Rb, N [sic], NRS, O or
S, in which R2, RP and RC are as defined above; or

is an optionally substituted metallocene bridge; and

45 Y _is a radical of the foiﬁuia 11T



-/ .... R4 1 1DECZ2002io indicated above; or in each case two

adj acent substituents R5, R6, R-, R$ and/or R5', R6', R-', R8' repregenbgiC 2001
with the part of the cycl opentadi enyl ring connect i ng them an aronmatic or
nonaromatic 5- to 7-nenbered carbocycle or 5 heterocycle, where the

het erocycl e has 1, 2 or 3 het erogroups selected fromO N [sic], NR- and S,

Mis Fe, Co, N, RuCBRh~ Sr v, 10 Z1 is O SandNR~oraC2-
to C3-al kyl ene brldge which is |nterrup by O S or NR~-, Zz and Z3 are,
i ndependent|y of one another, CH2, S| Ra S, NR~ or CRaRb, where Ra, Rb
and R~ each have the neaning |nd ab ve. The_above statenents about
preferred A radicals apply corres d| rky tg pref efbt¥Y D radi cals. 20 wen
one of the radicals R5, RS, Re, R6' , Re or RB" in IV.7 is alkyl
which i§ interrupted by an oxygen atom i n ether |inkage, they may be, for

exanpl e, 2-nethoxyethyl, 2-ethoxyethyl, 2-propoxyethyl, 2-butoxyethyl, 2-
or 3-net hoxypropyhin tzhicchr 3-et hoxypropyl, 2- or 3-propoxypropy|, 2- or

3- but oxypropyl, 2 25 or 4-nmethoxybutyl, 2- or 4-ethoxybutyl, 2- or

4- bUt OXybUtyl Wign 0pgs Ofnd rfH%a[’fi‘{'iugé?a:*.rﬁi:L%%’t:eBsprevnl%ﬁms156for Rafd" . R8 or
RB' in,LV.7 is alkyl which is subsfituted by a radical "of the formul a

NE E2 they may be, exanpl. e % Iam nome&i g ,

N, N- di et hyl ani no@t "ﬁ?‘? n ﬁrﬁJdFE{l?‘Rﬁ ycl“fe RPRTGP th?/l%ﬁrilnoet hyl or

N, N- di et hyl am nopropyl . When in each case two of the substituents R5, R6,
R7, R8 and/ oroR5a,sRE thRxepf RB' in adjacent positions in IV.7 represent,
35 together with the part of the cycl opent adi enyl ring connecting them an

ar omat i) %rn@rt@rﬁrfebge resaperﬁdreqaaegcy@t@ @rnhetaetpwcl e which
ggd' ]E:)f“g)k(gét fsse 15&%519@11@_ %tl fgﬁ{: rﬁﬁte%‘:%? iﬁ% Si d hey may
cycl opent BbP ?‘Eﬁ lry 158 ?‘?\h*‘t‘ffg’aﬁr& §F|‘B’caefﬁ=é’e Cth(eﬁ'ta&?‘ raPt aﬁ?ﬁ@ be

present | A1ed-iapsEY ¥Rd REAagaerbEr BoTGLREEP BN GU-Ch-3BFXA B§OEBAT or mat i onal
angl es. : TEgapp baefohlkhe gnwipspeneadirerpaArticngsr neetieylpaethyel or
incli nezd pebﬁyi Ve sopropel Anoidwer 1, f Dbty lexaeptputgieperdirguoyl t he central

metal . 1_defeh ,C22802cdil, A REeh§lLh pnboﬁlleeﬁpib@é it,he invention
]ngpmrj: Zef été‘ia(éé&%u bg 001”11 'd%ﬁeﬁltx 10Nn¢ P. OS' 'E? ﬂé'ﬂang of the
which it i smg]@ﬁ hﬁ%%e eﬁgt'%?%ré %%\y n%g ti onal ly

be 5 fused ’Bﬁ'&léyltﬁe“tt\xnlcelt%'ddﬂ?lthé{ﬁ e 'hét argimepihehy Y He fused groups may
have 0?8, 2t hodBretthydbutpi, t he -sidpsthy Hayd i ﬁd?c@t@i*}ﬁ’rl@v%hsl y. The A

radi cal i §,8haimetthyrlbexabplk,1,2-2r2neiyiipeopl )l ebhel, Zk&rﬁmathblmﬂhyl yl ene
or 2, 3-xyhyeengiagilcab-ewhybucyay Dasenyll-22methPBlsndisil,t uenéstrsl ect ed

fromalkylz,_h Y3Q'h 8y P9 LetAviKbnt i t Nipregg oSy 10r gbeyabl y Cl- CQ al kyl
and, in partlél(B: eE % Tq Ae @gxg I|1nﬂt hi si’(r:agg |s®prefergbl y C1- C4 al koxy
rticul ar, met ho HaI ogen IS

and, rtic flyorine
ohl or :}é’pgf’rb?‘b‘?npﬁgmfﬁe i ebterpy crEhnarh Talliasts appiy
cor r espon@tRgt It whsias e?P’é%P‘Blrlé{dFB}a¥%ltUted 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}, SiR2RP, N [sic], NRS, O or S, in particular O and
NR®, in which R2 and RP are hydrogen, alkyl, alkoxy, halogen,
trifluoromethyl, nitro or cyano, and RS is hydrogen, alkyl or
aryl, where aryl is optionally mono- or disubstituted by alkyl,
alkoxy, halogen, triflucromethyl, nitro or cyano. Alkylene
40 bridges haGIBg no heteroatoms are preferred for X. The alkylene
bridge may moreover have one, two or three, preferably one or
two, double bonds and/or may oﬁtionally 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,



In anot her preferred enbodi nent, the catalysts according to the invention
conprise at |east one phosphinite ligand of the fornmula 20 | where RETIIEC 2007
phenyl or naphthyl, which may have one, two or three of the follow ng
substituents: al kyl, al koxy, halogen, nitro, cyano, carboxyl or NEl Ez where
El and Ez have the neanings 25 indicaged previously, or a radical of the
formula Il in which Xis a C4-C5-al kyPene bridge which may have one or two
doubl e bon¥E Bindfor Fadiced phsthe givdergt faF®ela dlaryl and/or hetaryl,

where the aryl or hetaryl groups nmay have 30 one, two or three of the
foll owi ng substituents: al kyl, cygleal kyl, arylky al koxy, cycl oal kyl oxy,

aryl oxy, halogen, nitro, cyano, carboxyl, carboxylate, alkylene-NEl E2 or

NEl E2, d t i gdiC revosl 35Yis
N caP ST s phesedly 981%%%% 2SRRI T R | )
'V 2, v, 3l err\m P BLTARGESYSYLIRE 5 2Of) SFF LIRS oF r?@ﬁyr-%faﬁ BNEHIFDS ¢ hi &
pr ef er abl yasfhghaphthydeney §1}B§?F1t’aiérﬂ»s Ss @nEc FRYr NWC& A%y [the| meaning

Ci - C4- al kokydigratied| sgeve . The isubsteduesniposaibleatdd @alchr pesel ectied from
t-butyl, neddidéynatlyfidaiaeeethyt,of |L@ubBEitadhey,| RRACANHaplitHYIN@nig5 | f Rl
s a raghcal wlvel hetécu I%fEJL:abeV\f“tQh 3>< gﬁbétm%t@ gkkyd&ne pbhdge, the

the. phenyl “HY TragkERSE %1"”" bl RaBRE ORI 0 T

fol | owi ng Bt CYBALs: a‘iylbuFﬁFbmFﬁélt caE PBY e‘za(t én PRELITHET chl ori ne
or brom nealkyi .a adkp¥abltEidisoarnetyl @nd FRERPHY Fitee FheaPkRNYS anfe
formul a 5 haphrtthydeheattednayr addbit jemadslyoibet hénked rhy ®,1 & bo ¥RC 20 gxLR1o 15
(la) 201R1do/ce2alkyindOMRiahE) wH@h Bay3B8e OMetddiptel bylo3% lbrGere;, ~~' ' O |
40 (1) éheré"Rk RYE WHe ﬁegging already indicated above. Y is preferably
a phosphite, phosphonite or phosphinite ligand where the 0-P-0
(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
20 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.

25 X can, however, alsoc 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 n5- or nf-bonded unsaturated or

30 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

35 Fe, Co, Ni, Ru, Os, 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 n5- and
né-complexable unsaturated or aromatic ring systems are
cyclopentadienyl, indenyl, fluorenyl, azulenyl, benzene,

40 naphthalen&, 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=NEE? and, particularly preferably, methyl, isopropyl and
tert-butyl.

45 .

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



(lc) 45 11 DEC200213CL1Cl15\ ~~/ OPPO\\ ~~1/ éi%?
150 O\ I \ 20/ OPP- 0\ / Ol / \ ~1 \ 25 (lh) 30 v 35/ |1b9 01
\' / \/ 40 ""-" (li) in which-: _ 45 R9 and Rl~ are, independently of one

anot her, hydrogen_ or trifluoronethyl, al 1l DEC 2002 14 Ril is fluorine
or trifluoronethyl.

27 R?’
R2 R3 R R3’ R2 R? R3 R3’
@_@ . Bl
5
R4

0

(IV.1) (1v.2) (IV.3)
R2 R3 R2’ R3’
10
R2 R3 R2' g3’
R12’ R12 R12’
RL3’ 7l e A R13’
15
(IV.4) (IV.5) (IV.6)
20
R5 R3 R2'
RG: i , z2\ R3
25 Y RS R? S
RS- R3’
30
(IV.7)
in which

35 R?2 , R?', R3 and R3’ are, independently of one another, hydrogen,
alkyl, alkoxy, halogen, trifluoromethyl, nitro, cyano, acyl,
carboxyl or carboxylate,

R¢ is hydrogen, alkyl, preferably methyl, or aryl, preferably
40 phenyI;” which may optionally be substituted by alkyl, alkoxy,
halogen, trifluoromethyl, nitro or cyano, and

R5, R5", Ré, R€', R7, R7’, R®, R&-, R!2, R12', RI3 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 NE!E?, where E! and E2 have the meaning



The catal ysts according to the invention nmay have one or nore of the
phosphinite ligands of the formula I. In addition to the 5 |igands &fl Q{002
general formula | described previously, they may al so have at | east one
ot her ligand selected from hali des, arri nes, carboxyl ates, acetyl acetonate,
aryl - or al kylsul fonates, hydride, oleflns di enes, cycloolefins
nitriles, N-containing heterocycles, aponatl C and het er oar omati ¢ conpounds,
10 ethers, PF3ingh@atgfl -aboyes aﬁdlfmﬂatclhdéﬁ’é'at*é”q)msﬁ?ﬁe syfddisHPRES €,
phosphoni te an&SphrRispRt erd iagarids. RTheBE' ,oRAer HE' guewmksesemy , | wieli e be
uni " bi - E)C()r rr:g»h&dfﬂtatee c@&doﬁ@@iéﬁﬂéﬁm ﬁﬂnc_fj hebrRicalingt omendf ahge cat al ﬁst
conp ex anp 0 rrhﬁﬁnfé‘}% a s are t he
usual phi ng@SmQ l(ﬁ eD gala%-&eﬂ%%h%hoggh?t a%dggf%Jdé%ggg

d.%s P tero‘? O“’15 fo lri‘%e ogroups

| i gands t he "FornuT A accordrn i’nvention can

prepared, for E&RaRPFET ‘B&Pmr ac hﬁma]'hyﬁ Seont ai ni ng conmpound of the
formula V wth a phosphorus 20 tri hal i de, preferably PCl3, to give a
conpound oM t hesf pe Mtw, Wi, Rhe o=t tRér, Ms,tteror egcted with an

organonetal lic corrpound of the formula RIIMQq]i. The latter is prepared
fromRI[ g]r ;an t co n t previously
i sol ate (o he 5?e§ar atl o caaérb;]::clzl g??%t gdgg?gﬁ bq%oglaoaﬁh%%h%f schene O
OH A PC13 ~ Pi ‘€ ed] ~’~1 nl\/(Q)qCI () 30 VVI where A and
Rl have the neani ngs i ndi cat ed previously, and Mis lithiumor magnesium X
is H Cl, B arfdiZz eres indepgndently aff 03§ another.ofdss DIRIRA; Ot e NREY
synt hesi zi ng pbespRirb,t esets RPgSRPI el Reneddh Aixv@0386, medriinly iisdicated

i ncor poriat ed hgpsiva. by reference. 40 Exanpl es o' ~suitabl e conpounds of the
fornmula V are 2-bi phenyl ol, 2-binaphthylol, 1,1"-biphenyl-4-phenyl-2-of
[sic], 1,1 b| hen tetra-t:but 2. c]

1,1 b| phenfylB gb%vé/cftatltegﬁ{ﬂ:s 5abq:’31t Bref o%:&y rSfil% ir dpply

1,1 -bi pheﬁ?lrr%s%@n%ngtlybﬁ?yﬂ’r%fegredl Pre’f%&ﬁ 2-of [si c] 45

1,1 -biphenyl-3,3 -di-t-butyl-2-of [sic],

1,1' - bi poempken 3o -af tﬂlebuh&ieaﬁl,s(SR-"’dim%bhyf ROFf RS ®,, R® or R8' in

1, 1' - bi phenyl, 73153 al5ay5. wheth ard -ibibyuftdd -1 BBt Byygen Chfto[nsh.ﬁ]etherl 10EC
2002 15 1,1 fm mﬁ 9% tfofi%sé!amélé zi&nefthew,eew 9f LBl S)etny,
1,1"-Dbipheny: - p xyeth t:I. % lgut X etﬁg'l < g%hlaxypr]dpyl, 2- or

1,1 blphenyPg?% d°r¥e %/ -o

1,1' - bi pheryPt ‘3°’3YE’%H zh(_% i B5PEEPR m%eaf&e)f 50%; 3&%@@{8&9@&21'5 251

[sic], 1251°Ibi4p41%‘?ﬂﬁlx uﬁyld|¥0r‘?¥yl4‘5t5°xid?”r?éftlho%y or of-Hudicaybakl

1,1 - b| phenant hryl -2-o0l, in particular 2-bi phenylol and 2-bi napht hyl ol .
Exanpl es ofthetni dmd| et e@epeu@d&lmf REherT or RY) RSRL[K™Q @fr, &R®eoOR8’ in
unsubstit ut@d7aioratdyd ¢aIPR UK Sub@eTtiles Ush aasabeszenss, tRaphéialiene,
tetralin, %@ﬁfﬂ aGeR$ Rhy p&@n%&héﬁaﬁpleesneﬁ' alhde RANAE ABmEDE, Napht hal ene,

nmonosub |c un Br, |
for exafrztpﬁ h gorﬁee gﬁ‘ ﬁQFPOl tﬁa#é%‘%}%'slammgf“g?m c%for o%enz%lne and .
brom)benzeﬁ‘ﬁ1 a?ﬁ':ihli %Hoﬂrﬁweﬁa aﬁbﬁ%%ﬁ?ﬁy ‘omatics, where al kyl or aryI
may have the neaning al ready defined previously, but especially Cl-CB-alkyl
radi cal s oWhensimbstadhuicedeotws udfs ttheusens tpiterepltsr Reli &kl SR7 BEREnphésonf

sui t abl e nrALGAIRGY| agOpBRECYn( dFaddntapesieiowein avhyl bepzaseant ,

N- pr opy| 33 Re8BEhe £ URHE £hB- f&@é’ | FeRABNEyc BSifent@aPbhy] DENZLREnADE: ing
tert-butyl Q&e% aexso%%%&é" &o%a‘é%ﬂﬁtu?“ﬁe’l% %“Qeﬁnﬁé} f%%%k?@f&f&%

Exanpl es o SUl t 2bl S are
bi phenyl s. "85RPBH Cd]se g’?‘lf’ﬁe ‘fl‘g‘r “& g?‘.{% or %\AHFC?I 'a?‘teqanEBWs%ejsetﬁthbl e
are 25 pol )ﬁ§8ﬁis@t tNitad &r oRBEY ChadoRBouftl XFEPlgs apfEAYL ofluorenyl,

aryl - subst iazutedyhaledzar.omat i cs, pol yal kyl - and/ or pol yaryl - substituted
aromat i aeconpounds amd substituted or unsubstituted netall ocenes. Exanpl es

of suitabl enal kyb Sé&}lsﬂdptewc@él&?}llo%‘il%t 1 6StHQ metdi1&end brakfe 2edinidla- OF
30 4-al kyl - ul;st £yt ed _hal o

ani ng
al ready de ?nedm%% e(?refeng'%P ECllP ggrﬁl ﬁ%grrea?gé§¥%ﬁﬁégﬁ°n dﬂ}ah
parti cul ar '$TBr8 e?%%?ma%é?%% a”@tlﬁﬁl- T‘i“‘sdﬂrad&ﬁl °inthe é:rYFlsa‘FS}‘Fadlenyl
2-Met hyl chirérepemaerke PRrAbled|dr dmobinedmrelativet hyl ot Gnolba? entor

4- et hy |45 exebphe ernispeddtiagt ebuthd cabteal aredzanzene,

2-tert-butyl bromobenzene, 4-tert-butyl chl orobenzene and

4-tert-butyl bronobenzene are particularly preferred. Exanples of suitable
aryl -substituted hal oaromatics (Q=C, Br, |I) are 2-aryl- or

4- aryl hal oaromati cs, where aryl can have the 40 neani ng a~"ready defi ned
previously and is, in particular, phenyl and substituted phenyl radicals
and preferably phenyl, 2-tolyl, 4-tolyl and 2, 4-di net hyl phenyl . Bi phenyl,
9 9 dlnethylxanthene and

S P — Y T | ~ o~ N L T T o L T



11 DEC 2002 16 The conpounds of the fornmula | can if required be

i solated and purified by known nethods such as distillation, 11 DEC 2002
crystallization, chromatography and the like. 5 A preferred area of use of
the catal ysts according to the invention is for the hydrofornylation of
olefins. In general under the hydrofornylation conditions there is
formation, fromthe catalysts or catadlyst precursors enployed in 10 each
case, of cmtpﬂe)fErcadlqnm.rmetsgéctf% ipfrenheomermepalisker aart 2l vtk vOBZLg i n
whi ch M i scemptaisel aof 1gis3upny! phosphinite phosphad ttdel Fganslaacowdeng to

the 'nventAonao @ﬁeﬂ,wﬁn X:h@ngaft B ehlat SH@E hﬂe&@%'reg oeotmecxakenfy and
nature of th t al a oV E rLeferred

for z and '8] %di 'ngd %nderﬁrli(i ~of %%e ar%a r°c¥chﬁ71ave “a Va uept]‘fo ? east 1,
e.g. 1, 3 Hisedl opRe ‘P’bt"a'lm@f to any c?’i%"ﬁr@?%"i‘@bll'ywﬁ’re’o'ﬁ ohe Fuged| ¢ g

mor eover pwsBinsl @ayohavch@neonprexas thyeraod tie reavpsitisdents |iswdrate? of the
ot her |i gapuwksrid@seyl bed previously in addition. 20 The netal Mis
preferably cobalt, ruthenium rhodium palladium_platinum osmum or

erbodi megt "3 e D ABLLCU S GObokL: BT 205 SISy di%hrasf’{ i the

reactop?gn%'l a" %Béafﬁé'q% ydr 8f o fl'l a' gﬁn?ela%? E'h"L f"g ﬁ‘ | re h%)(/ve er,

t he cat al y% gé@@éFH’F‘rfd‘ttso sFPrécF?l@efrﬁq“bﬁ K¥hr a‘?Js}EP"’de oBr Bf)h‘?%ed‘ -sBpk¥Lt el y

and i sol at &l thiscoavents ergfeprblte Gef4-TYr @pdr ein hraxtdcalgst s accordi ng

to the invesuwyn.i Alkexy,inathlieasdseons phesphabiy &,-Cgeaaickosly ahe, general 30

formul a |, pA-1GRANAHNtnddhoyG OHRL Sder0fisy HRL r@ifcﬂraQUpfi/théﬂ'mne\M"ere

appr opr i gt &, a1, sheast i ernadtidyed r;%tgrn ggnaegpaop“ ate, an
e ﬁ)d§¥‘ il

activator ar%rarégcte L an % Oi vent under ation
condi ti ons® L S EEEPPABHE h & B’r;n % “tohpl exes are
rhodiun(11) and rhodr un(l11) salts such as rhodi um(l 1) chloride,

rhodi un( | 111 amothar eprefreagiednenpojinranti,atbe patalysitgmarhoniing sol the e,

r hodi un( | | inwentribadcomgdilsle) a¢aldasty |caee phobpliiniyd Iligand shadieudpthbla
acet ategorhiggiapx(111) oxide, salts of rhodiun(lll) 40 acid, tris nmonium
hexachl or or hodat e(I I ) etc. Rhodi um conpl exes are al so suitable, such as
r hodi um bi scar bon Iace e, .2est yl actonatobl ethlee od3um( )
etc. RhodrlfJ brssc‘é’re tl"l(%[t]l Fefo }?)[% od; u?ﬁeafc%woté a?‘eIr %r g?er ably
e P I Eweaz PRl Rk S G
conpounds. Exafyines ehrkexxlhisre NEIEhahpnm Balang &F chava Hési mﬁfrmg)s

chl ori des rut hemdiwatk¥) previdwedyunty/|d mdicaihehi thg \ormplaxIten ghkahi
metal salts of ruthenium oxoacids, such as KzRu0O4 or KRuO4, or 5 conpl ex

EOWDO}[JRO'S of txe gﬁjﬁr al, é@a@&&e%@%ﬂe'—%k&ﬂnay gla%| 6he Lds thié, L3t agd n
ave t he neani ngs a v e :FTPtf%ﬂ g cate
for X (see above) d d(é% EME%%{] %Pﬂ%f Tt |Ss%alg§E PO g Fo Mlatvrée
rut heni um netal cat'b gl;:farr s u"?h fd 85 a%argrf 59?

hexar ut B8ni um oct a%f?ca@é(?b%y‘fhrefo ofr the xeRF YRR PRPSIHT e nEs’ |% }i:Yd'r't ly -
repl aced by |igandaydaidkglf ormi aaﬁmXYemﬁlm%wa(Wgﬂr in the
process accordi ng taldgee,i nverd, amyanbxargptlescydf, sarbaky:tegbal t conpounds
are cobal t (11) chlariydenelRetsbakt ytiER, swhérd el aabakl bbby €itd heaatifgs
cobalt(Il) nitrat elnélrégttgdalg}é\el&rslp ydrgge conpl exes, cobalt carboxyl ates
such as 4 obalt acetate, cobalt ethylhexanoate, cobalt naphthoate, and the
cobal t - Caprol act anpt e cor‘rEI ex. An this case fqQo.,it E tgosm ble t rerI oy
the carbonyl chnpl ¥kds *8RicabA% theyERTRELRi TPt BECR A ddaPhbRTice

t et racobal t dodeca%fartli@nﬁprla%ha%éﬁaémbavt2heWa@ecaEaﬁbo¥1‘§ll5 T Q:Ibrrpounds
of cobalt, rhodi unta®d rut heniumare known in principle and are adequately
described in the literature, or they 25 can be prepared by the skilled

B g 9“%% a'tﬁ‘ﬁ?ﬁﬁ‘ré‘fu@crf*’a TR 37002 and
Lew s basesab%a‘rhe%so?v %ré F fksl ‘fea]t%dr?xy Phe ald)g’snM| ch

are producttf &PW&FB‘F%‘?W’% Pﬁﬁtb‘fu]t Ypé?%?%'iﬁ%r et H%ty]a'n&‘eftﬁgxy'

hi gher - boi trhfluprengthyl offlyecdnearshimioei and bymnige., e.g. al dol
condensation products. QO her suitable solvents are ar omati ¢ 35 conpounds
gu;:ht a843?tﬂeﬁrelshxdf&uaaerab.06§ She rmcf&tnrariegmfuhérﬁi@%a&beasex aaso for duct
iluting y,products.
Wher e the 8Yf£§4“éa§9§9 %@ﬂ b aia R %f 'Ble to
enpl oy wat E‘l’ A CoRGERY Fﬁﬁn'ﬁ]i‘ FH“ pgﬁo §’é’&r opanol ,

n- but anol and 40 i sobut anol ; ketones such as acetone and nethyl et hyl
ket one etc.



The ra io of the nolar quantities of phosphinite ligand of the genera

formula | and of netal =of group VII| is generally in the range from dboltC 2001
1:1 to 1000: 1. 45 11 DEC2002 is The invention further relates to a
process for the hydrofornylati on of conpounds which contain at |east one
ethylenically unsaturated [sic] doublﬁ bond by reaction with carbon

nonoxi de and hydrogen in the presence & at_|east one of 5 the

hydr of or ny| RAY88 BaY ahaKea 4 adclF o IRf tdet ARl PNt SYRSt SIS e tsBBEY F at es
for the hydrathoxity| edimxyeseessleatiordi nglopinther byveniton are in

principle all conpounds which contain one or nore ethylenically unsaturated

. [sic] doublg bapdsabilhes@®ouisbrde t hkO phBEpRXAHY Qi gRh&f I 1S tHeChoBRu1a

a-ol efins rg i e cped. ol efins. Exanples
of sui tab?f fr3‘&% e?#eréé%fe&g&h F@ér{as&%&oﬁg%egﬁ‘ﬁ% g%epgl pentene 1- hexene,
1- hept ene, 1-octe onene, 1-degepe, Al-undecene, 1l-dodecene etc. 15
Suitable strai gl | nt er nal o @ pref er abl y / | efins such
as 2-butene, 2- 2- hexene, 2- hept.ene, £, 2-o0ctene,

3-octene, 4- oct ene, etf. Suitable brans ed |nternal ol efin§ aye preferably
C4- C20-ojgfins 20 STUEh as 2-net hyl -
3-net hyl - 2- pent ene, _lranched |nternal -
octene m xtures, b ed internal nong M xtures, branchg ht ernal
decene m xtures, ed i nternal undecefie m xtures, ) ed i nterna
dodecene m xtur e&d etc 2R16ui table olefins for the hydrofornyl ation are
additionally CS-CB-cycl oal kenes such as aycl opent ene, cycl ohkaxene,

cycl ohepi®ne, cycl ooctene and derivatives thereof, such as their

Cl- Czo-al kyl derivawives with 1 to 5 qkkyl substituents. guijtable 30
olefins for the hydrofornylation are additionally vinylaromatic conpounds
such as styrene, a-nethylstyrene, 4-isobutylstyrene etc. Suitable olefins
for the hydrof orm 0 a a, ~-et hyl eni cal | y unsat ur at ed
nono- and/or di ast ers,. nonoesters and am des,
such as 2@ryli el efic acid, fumaric acid,
crotonic acid, i i 3- pént enoat e, net hyl 4-pentenoate,

nmet hyl ol eate, i Bt hacryl ate, unsaturated nitriles
such as 3-pentenoni i 4 N &rylonitrile, vinyl ethers
such as vi nyl ether, vinyl propyl ether etc.,
C~- C20- alkenols nol s such as 2, 7-oct adi en- 1-ol .
Sui t abl e23ubstrates are additional d| or polyenes with isolated or

conj ugat ed doubl e bonds. These=i ncl ude, for exanple, 1, 3-butadiene,

1, 4- pent adi ene, 1,&%exadi ene, 1, 6-hegdtf&di ene, 45 1, 7- oct adi ene,

vi nyl cycl ohexene~ di cycl opent adi ene, 1,5, 9-cycl ododecatri ene, and but adi ene
hono- and copol yners. 1 1DEC 2002 19 The hydrofornyl ation reaction can
be carri;? out continuously, senlcontlnuously or batchw se. Reactors
suitable for the continuous re®%ion®fe known to the 5 skilled worker and
are described, for exanple, i
Chem e, Volume 1, 3rd editio
pressure-resi stant reactc
are described, for exanple
Chem e, ¥lume 1, 3rd ediW
general ly be used for f
required, be provided wi

743 et seq. Suitable
known to the 10 skilled worker and
Nzykl opadi e der technischen
et seq. An autoclave wll
o the invention and can, if

@’ i ned. 15 The carbon nonoxi de
the process according to the
i nvention may have a conposition varying within wide limts. The nol ar
rati o of carbon nonoxi de to hydrogen is usually about 5:95 to 70: 30,
preferabky from40:60 to 20 60:40,_A nolar ratio of carbon nonoxide to
hydrogen in the regi on of about ﬁ;ﬁ?ls particularly preferably enployed.
The tenperature i the hydrofornylation reaction is generally in the range
from about 20 to 180C, preferably about 50 to 150C. 25 The reaction is
ordinarily carried out at the partial pressure of the reaction gas at the
chosen reaction tenperature. The pressure.is generally in the range from
about 1 4® 700 bar, preferably 1 to 600 _bar, in particular 1 to 300 bar.
The reaction pressure may be varied depending on the activity of the
hydr of ormyl ati on 30, catal yst according to the invention which is enpl oyed.
The catal ysts according to the invention based on phosphinite Iigands
generally allow reaction in a | ower-pressure region, such as in



the range from1 to 100 bar. 35 The hydrofornyl ation catal ysts accqrpppgzmp
the invention can be renoved fromthe discharge fromthe hydrofornyl ation
reaction by conventional processes known to the skilled worker and can
generally be enpl oyed anew for the hydrofornylation. 40 The catal yss
according to the invention advantageoyﬁly show high activity so that the
appropriate al dehydes are ordinarily obtained in good yields. In addition,
on hydrofornylation of a-olefins and of internal |iner olefins, they show
very low selectivity for the&lhydrogenati on product of the ol efin enpl oyed.
45 110 EC 2002 20 The | ati on process according to the
invention is suitable and r preparing a mxture of isoneric
al dehydeg, in which case tj enpl oyed for the hydrofornylation
contains at |east one term g bond, 5 wherein a m xture of isoneric
al dehydes whi ch has an n/KBo_ratIO of cat _least 3:1, in particular of 5:1,
particularly prefer m N The present invention further
g o8 des which has an n/iso ratio of
8:1 or greater and is obt

le b is process. The catal ysts according
to the imvention which hav e

phosphinite ligands of 15 the formula | are suitable fox enantiosel ective
hydr of ormyl ati on. Another preferred area of use of the catal ysts according
to the invention is the hydrocyadgti on of ol efins. The hydrocyanation

catal ysts according to the invention also conprise conplexes of a 20 netal
of group VIIl, in particular cobalt, nickel, ruthenium rhodium palladium
pl ati nums preferably nickel, palladiumand platinum and very particularly
preferably nickel. The netal iguLrdigarily present with a valency of zero
in the netal conplex according to the invention. The netal conplexes can be
prepared 25 as al ready descrilye ev] ously for the use as hydrofornyl ation
catal ysts. The sane applig i tu preparation of the

hydr ocyanati on cat al yst s~agc« ke~ nventi on. Hydrocyanati on

cat al yst2P according to thé |$ ntion wth*30 nickel (0) as netal can be
prepared by reacting a ~®Pne phbsmhlnlte l-igand of the formula | with
ni ckel or a nickel co i nl.t he of a reducing agent or with a
ni ckel conplex in an inert s of suitable nickel conmpounds
in this case are conpounds i C e transition 35 netal assunes an

oxi dation state of greater than ze and which are reduced in situ in the
reacti or®ith the phosphinite ligand of the fornula |, where appropriate in
the presence of a suitable reducimg agent. These include, fox exanple, the
hal i des, preferably the chlorides, and the acetates of the transition 40
netals nmen' ~ioned previously. NN 2 is preferably enpl oyed. Exanpl es of

sui tabl e reduci ng agents are netals, preferably alkali metals, such as Na

and R, ajgim num zinc and trial kyl al um num conpounds. _ 45 If conpl ex
conmpounds of the transition netal sare enployed for preparing the .
phosphi ni t e-ni ckel (0) conpl s ansition netal preferably already

has a val ency of zero
preferably enpl oyed for
the additional |igands

2002 21 conpounds. The conpl exes

ave |igands which correspond to

tioned previously in the

conpl exess accordi ng t case, preparation takes pl ace

by partial or 5 conpl gapds by the phosphinite |igands

of the fornula | descr s n a suitabl e enbodi mrent of the

i ni ckel conplex is

bi s(1, 5-cycl ooct adi ene) 10 nlckeI(O) Exanpl es of suitable inert solvents

for preparing the nickel (0) conplexes are aronatic conmpounds such as
benzene, 400l uene, ethyl benzene, ?ﬂ ) orobenzene, ethers, preferably diethyl

et her and 15 tetrahydrofuran, or oalkanes for exanpl e di chl or onet hane,

chl orof orm di chloroet hane and trlchloroethane The tenperature for this is
in the range fro -70C to 150C, preferably from O-C to 100C, particularly

preferably ot aﬁﬁ oxi mat el y room t enperat ure. 20 | f elenental ni ckel is
enpl oyed to prepare the phosphinite-nickel (0) conplexes is preferably

in the féfnkofand Bbiwder, Indeperwienitdi @i_QﬂQ:W@PtEﬂH oﬁyéﬂﬂﬁ§ﬁh6ﬁite | i gand

preferably takesriflaoeomatidylpr oduct of the hydrocyanation



25 reaction as solvent, e.g. in a mxture of nonoolefinic CS-nononitriles

gr, preferably, in 3-pentenonitrile. It is also possible where approﬂﬂi Bl (200
~1o enploy the ligand as solvent. The tenperature is in the range from about
0 to 150C, preferably 60 to 100C. 30 The hydrocyanation catal ysts may,

where appropriate, be prepared in mgg‘;l n anal ogy to the process described
for the hydEof %Iatlon catal ysts The ratio of the nolar quantities of
phosphi ni t B*1i % "(?frlf‘ﬁeo’@e"ﬁ'e"rfd-l‘lOFBF‘ﬁﬁlPél1 and metal of group VIl is
generally in the range fromabout 1:1 to 1000: 1. The invention further

rel at es toThe praxeaysth odcqurefiayi Ag thd ridventd6nbyay dtavdeybhe by drcoeyatiati on,

wher ei n t henbygHGHaRaté O JadkaSob! 66€ ddrnfule Pl esenaRiiehioat tédeast one of
the catak yﬂéa.gfst%rfdwg dhdae EBYRRLL OF %%gabggdpxcirﬁ 8451 Yendd ghlns

Ul e o SIS LA ke el e L e ot

previ ousl y2 ecific 45
enbodi nent 2BiNesre CBFB%&?%OPEPH& %‘?Jettcﬁ’étiemvéﬁl’lr'orﬂ’rr Sty dsutinafes

prepar at i ohydfidse ,xCaOr eslefinspndobnés nicydsodefions { rmitedlest h unconj ugated C
= C and C m-dbboiitdnhyhendicyicl 6syar amararatn@nheteroaroma@if €ong@0Rdda?

1, 3-but 3@l eeﬁreper br3; biadingne- sont Aldinkdd th¥Eh oLEd e sphxhelf es and

i somer i zat [ pn J%%r éﬁ&g&ho%qtg 38 AT O LD | TS s PEEL 2Dl ¥
di t d th
o wa IR IR I SNl %?IY Rt EpAPRr P HOHBOERT | ni o

i nvention.
CS- nononi t EP| &ke Meteheatrocds $haceptdfi ¥R comPhex*} rﬁﬁ@'ﬁtﬂl@ﬁ Pf ehe3referred
to enpl oy auhyahlec@hbsphorua-gostahnthg Hadgaads, drduthedivene l cpmysmitinef | east
10~ by wuel gpaespHurdfcer ahd Vphdspheasat 12dand®. vol ume, in particular at | east
40~ by volunme. 10 To prepare m xtures of nonool efinic C5-nmononitriles which
contain, f e npgr t u { and

whi ch are gil:l.llet hqnlge pﬁ%gg bk Li@ %ﬁg? QXﬂlogrseng %89?{;& ar{c# plggnl trile,
it is possfBf el’l"ﬁnéﬂrﬁf‘oiﬁ*b&reepﬁ‘a%’aﬁ? 'hef°d:r efgmg g gﬁi 58?82%} 22 dht ai ni ng

hydr ocar boRY&F R¥i-eentaimimy canpenad httiienitAE™ R ¢diboR PRGRARCEYS ar e

obt ai nal2betoihhd higlei,ngueferalys@ale. tRhuwsvef ar cemxzonmde oft hive piaawwedsi VWl of
petrol eum bye SIﬁﬁ:l%SrCIiaciﬂié'tg rehcraphthieh rags vleyanome ta ydr eoapdn 2@ ghxt ure

\Qﬂlo 3[1 |4 8~r%§:ﬁx5f‘éj RL QM h dée fife qclf[tt@Bdea&ﬁébdameghfi'Qﬁ\aél[Qb@f]ﬁla%gn; ﬁgt
pol yunsat ur a%f%'%dé ggfé? Cﬁg)%uﬁe E?%a[ nes. l'IHI' Ei;ieijn rovas V\% o)
a

ca 111y ow1ng
contain sma to eS 01s I'enes “and
vi nyl ac@PyFEPl%“‘e 25 Pure 1, 3- but adl ene can be isolated from i ndustrl ally
obt ai nabl e hydrocarbon m xtures for ahpl e by extractive distillation. The
catal ysts according 08 the inventi car _be enpl o§ed 30 advant ageously for
the hydrocyanatiof of suctP@Qisgfi n- tal NbNg, c1 {QNade (1)

1, 3- but adi ene- cont\ajl_ﬂl ng,-2xadr ocar Wtures or-ehM@)igLy even wi t hout
previ ouggpurificati of the hydrocartton m xture by distillation. Oefins

whi ch are possi blé present and adve‘?iely affect the efficiency of the
catal ysts, such as al kynes 35 or cunul enes, can be renoved fromthe

hydr ocarbon m xture where appropriate before t he hydr ocyanati on by

sel ective Whyerodermad Bh.haSg thel reaniggssJadiotted|meriieushydrangeMatfon are
known t o thétskin loadmagn&eium, 4@ Thenhyar,0@rangt ion0 axcAr dndgrtis tther
inventi @g gan be carried out continuously, sem continuously or batchw se.
In a suitable _ variant of the process accordi ng to the invention, the

hyd
cont | nuousr BRIT95 O4r BERHAMPSL §oFhEY SRT 24 o RETE Mg BPo § s FEE&PPhcq.

for exanpl &® V¢ 5@ |OI9138FInSWMRFObQB?@%’t%Eﬁﬁ?%H@’hr@#éﬁ?’éce Vol unme 1,
3rd edition, 1951, pp. 743 et seq. A cascade of stirred vessels or a

t ubul ar 4|oeagmgs1é§ ot et et athlley compduhds diheahe foimbld vCaz2@02-B3plmiytibAiyous
vari ant of 2LB§niﬁr&%§§glanqrrde&9hEQ 1&1@_15}12%%@()31 Ridjabl e, where

appr Opl’l at ? JF_)I,’ eg?tge%y&ey EI %n ESQELO{E% geﬂﬁﬁhgl Egﬂ ont| nuous or

contlnuous ocedure rd are descri bed, for
el e A PP eE LS Kt ot By e 8| e BB a3t Ty o & ar 4

edition, 1951' whem@ ét3’ *tAﬁ“‘aEi%o%J_%v'éilmﬁﬁP@hY'c%PlbéSf})%x/l ded i f

requi r edswily b’ ebighenyér 3 aht-die-t-bned] -2s0gdsercdl | y used for the process
accor di ng 191t hieighaneats pp: -di -tAblhel by 06 oayimedhy D2 alt glsyglys according to
the invention caieyhiespyed foQetbe-diseharge b Lemdiig 1nydp ocyanat i on
reacti on by conventlonal processes known to the skilled worker and can
general ly be enpl oyed anew for the hydrocyanati on.



15 The invention is illustrated in detail by means of the follow ng, 0
.nonlimting exanpl es. Exanples 20 Low pressure hydrofornylation of 11 3&@%
Exanple 1: 2.6 ng of rhodi um bi scarbonyl acetyl acetonate (0.01 mml), 80 ny
25 of ligand |.a according to the invention (RO, Rl~ = CF3, 0.20 nmol), 4.5
g of 1-octene (40 nmol) and 5 mM of Texanol OO were reacted in a 50 m

gl ass autoclave with a COHZ (1:1) syrthesis gas m xture at 100C under 10
bar. After lalfchépPheny}-3ms’ ofll4t HhYd -5t Ae-Rint ot uEPEY nase HdEdFdressed and

enpti ed. The lti-kiphenyB0-3was -dhat ytesy 16y , 8C-dindthoxyeZnal (stiaridard. The
conversi on 1aqouaipﬂeﬁ>q-%9%.bibﬁw5 & ‘ddahe bRORNA -01SPBEE B, Was 90% and the
frg't ﬁ;lt g\c“tt%l Toroﬁ : Eg”ﬁi 2y ﬁ%%bﬁ:?@y@f@r%\feaiigzﬁ‘ﬁ%;s'9 Laliffethoxy -2f-

r hodi um bl sgarlﬁon faige Wbé e’ 0. (JJ ﬁnﬁﬁ% é‘{'}? xy'jz’%l (£%P

tri phenyl pH&Sphi he ?llprt?%% }'Y 'l%J'Cd"gJ'Bf P3rY "QT?& (295 ﬂmy)loén&nﬁo m of
Texanol werbigaphelylal.a 50 m gl ass autoclave 40 with a C02 (1:1)
synthesis gas m xture at 100C under 10 bar. After_a reaction time of 4

hours, the HuhpTLaver WAS td8Cenpsmsaedisasl eRptiaehulIhel niost yr exens anal yzed

by GC wi{d dn@hSE@@quéécﬁ%%&gnc Té”kﬁn;fo%\ﬁ%r%bm f?‘)m%%hegstﬁé Qléo The yield
of nonanal § onanal rrgis vvas 89%

45 (73% n- n&? Ffe%%%tf%ﬁ%g‘ﬁ{}[ o%rfmanglcegécfet%}y nnantpren? esPeci

2002 24 vvehﬂné’ﬁﬁ? and paphthpyere ¢ FePRELEYT deésff’mehbc oé‘%défs‘éc}}mt al
of 5 group a# hrlepremaitidsed 9t =odkr B, I)bi foprexanpripdeatehanzengsphinite

| i gand of tHadogepktisdldner, mekpetidllyAcRloRbbéitdene iandwbraiobenzena, and

2,2 -bi pﬂﬁﬂddnbb@ﬂgl %o mobbBapi Fonaie8e Whedd aa,k&lxasfyéme magdhavé , tahi ch
. gy e e Sl i,
S RPN o i 2 0 e R R s

cycl oal kyl GEAMPARS| ¥k BuifabeeRonqalkyl GSPB?r'é’t 1Q A F oarec $e8ar boxyl
car boxyl at eethydpenzens f arrpic opRKEbEZENSd GPRW%GL-NEI':EQIDGW Be¢cand EZ are
i dent i ca20 wutyilbérzend amad tare-iseiEitleadehie presgidaihlly yiod nenley| camenaryl ; or
is a radi calni?eeof-blg 10RAGEAL. foMdRp18s] bt - ik ablll) mSfbd Ay laltomlt Xod Sar@d t her

2 C2-CB- al iyl e, br 99,03k ebut s GRhARGhLy | nterTupted by SiRakb, N [sicl.

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

25 polysubstituted aromatic compounds such as alkyl- or
aryl-substituted haloaromatics, 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 halcaromatics (Q = Cl, Br,

I) are 2-aryl- or 4-arylhaloaromatics, where aryl can have the
40 meaning alféady 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.
45



Ra and Rb are hydrogen, al kyl, al koxy, hal ogen, 35 trifluoronmethyl, nitro

or cyano, and R is hydrogen, alkyl or aryl, where aryl is optionally1{riokt-2002
or disubstituted by al kyl, al koxy, halogen, trifluoromethyl, nitro or

cyano, optionally has one, two or three double bonds and/or is optionally
fused 40 y-- once, twice or three tlnga to aryl and/or hetaryl, where the
aryl or hetaryl groups have, independently -- ' of one another, optionally
one, two, {ThEe€CRROYTSgr of t%%utfsxw@ténisc%"éllefctreéuﬁﬁn%ﬁ Rpplaged| and kyl

aryl, alkopyrlﬁyeﬂ(hM kybwnymethquoxy¢hrﬁ§(ﬂyatgldstiwmiquWSaﬁéﬁhyﬁthn,t =0,
cyano, acykhrémndtenadphycan®osdd atige.NEI E2 and al kyl ene- NEI E2 where E1 and

Ez have the neanings indicated previously and adj acent 110EC

2002 25 fu ed re opt onaII nnect d I RaRb,, NR~, O or
S or by & él f%kan’lgﬁ(qae br| dtfe Whl c T st%%yacé%l%r ln@ngh y léarrl es a
group sele&P@ﬂ“?+Qﬂn¥§ ﬁaﬁbt N qvsire °I?¥i;t¥?“oP fsolefiRfri ch 5 Ra, Rb and R-

are as defined above; or is an optlonally substituted netall ocene bridge;
and Y i s aInademertalofuntibe £l mydxofbimilatibn cOhditiony Ithe)ke iﬁr 15 nin

Whld ch D hagothgti®anisRgnm tﬂéil@aattaqgsageaf cwdayLyfser PecibriOeRpBddebd) i@l €, t
I hae en N 0, e n R S
P S et s@%}ﬂe% g%oméséamf%%y

V. 3, |V4">\f {‘nﬂ/ ﬁ\?@g £1 DE C 2002

26 5 R2 RBpp@sp¢@plgﬁz&lg ng according to the 1nvent10n, and g, X, ¥y and 2
are integers dependlng on the valency and nature of the metal and

on the covalence of the ligand L. It is preferred for z and g

15 independently of one another to have a value of at least 1, e.qg.
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 addition.

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 be 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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formula PR3, such as Ru(CO)3(PPh3)2, in the process according to
the invention.

Examples of suitable cobalt compounds are cobalt(II) chloride,
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
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
can be prepared by the skilled worker in analogy to the compounds
already known.

Examples of suitable activators are Brodnsted acids, Lewis acids
such as BF3, AlCl;, 2ZnCl, and Lewis bases.

The solvents preferably employed are the aldehydes which are -
produced on hydroformylation of the particular olefins, and the
higher-boiling products of secondary reactions thereof, e.g.

aldol condensation products. Other suitable solvents are aromatic
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-butanol and
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:zof group VIII is generally in the
range from about 1:1 to 1000:1.
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o C3-al kylene bridge which is interrupted by O S or NR-, Z2 and £1> ,
i ndependently of one another, CHZ, SiRaRb, 0, S, NR~ or CRaRb, where Ra, Rb
and RC each have the neaning indicated above. 15 3. A catal yst as cl ai ned
in either of the preceding clains, mhgée t he phosphinite Iigand of the
formula | is selected fromli ands of “Che fornmulae la to i / \ 20\ / o-/\
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ethylenically unsaturated [sic] double bond by reaction with
carbon monoxide and hydrogen in the presence of at least one of

5 the hydroformylation catalysts according to the invention.

Suitable substrates for the hydroformylation process according to
the invention are in principle all compounds which contain one or
more ethylenically unsaturated [sic] double bonds. These include,
10 for example, olefins such as a-olefins, internal straight-chain
and internal branched olefins. Examples of suitable a-olefins are
ethylene, propene, l-butene, l-pentene, l-hexene, l-heptene,
l-octene, l-nonene, l-decene, l-undecene, l-dodecene etc.

15 Suitable straight-chain internal olefins are preferably
C4-Cyg-olefins 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-Cjygp-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
Cy1-Cop-alkyl derivatives with 1 to 5 alkyl substituents. Suitable

30 olefins for the hydroformylation are additionally vinylaromatic
compounds such as styrene, a-methylstyrene, 4-isobutylstyrene -
etc. Suitable olefins for the hydroformylation are additionally
o,p-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-pentenocate, 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., Cy-Cyp-alkenols,
-alkenediols and -alkadienols such as 2,7-octadien-l1-0l. Suitable
substrates are additional di- or polyenes with isolated or
conjugated double bonds. Thesezinclude, for example,
1,3-buta¢iene, 1,4-pentadiene, 1,5-hexadiene, 1,6-heptadiene,

45 1,7-octadiene, vinylcyclohexené;_dicyclopentadiene,
1,5,9-cyélododecatriene, and butadiene homo- and copolymers.
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for the hydirof déAyeatsash of conpounds which contain at | east one
ethylenically unsaturated [sic] double bond, by reaction with carbon
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process according to the invention and can, if required, be
provided with a stirrer and be lined.
15
The carbon monoxide and hydrogen synthesis gas employed in the
process according to the invention may have a composition varying
within wide limits. The molar ratio of carbon monoxide to
hydrogen is usually about 5:95 to 70:30, preferably from 40:60 to
20 60:40. A molar ratio of carbon monoxide to hydrogen in the region
of about 1:1 is particularly preferably employed.

The temperature in the hydroformylation reaction is generally in
the range from about 20 to 180°C, preferably about 50 to 150°C.
25 The reaction is ordinarily carried out at the partial pressure of
the reaction gas at the chosen reaction temperature. The pressure
is generally in the range from about 1 to 700 bar, preferably 1
to 600 bar, in particular 1 to 300 bar. The reaction pressure may
be varied depending on the activity of the hydroformylation
30 catalyst according to the invention which is employed. The
catalysts according to the invention based on phosphinite ligands -
generally allow reaction in a lower-pressure region, such as in
the range from 1 to 100 bar.

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

40 The catalysSts according to the invention advantageously show high
activity so that the appropriate aldehydes are ordinarily
obtained in good yields. In addition, on hydroformylation of
a-clefins and of internal linear olefins, they show very low
selectivity for the hydrogenation product of the olefin employed.
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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 hydroformylatlon A specific
45 embodiment of the process accordlng to the invention relates to
the preparation of mixtures of monoolefinic Cs-mononitriles with
unconjugated C=C and C=N bonds by catalytic hydrocyanation of
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accordin to the lnventlon it i preferred to employ a

hydrocarbon mixture which has a 1,3-butadiene content of least

10% by volume, preferably at least 25% by volume, in particular

at least 40% by volume.

10

To prepare mixtures of monoolefinic Cs-mononitriles which contain,

for example, 3-pentenconitrile and 2-methyl-3-butenonitrile and

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 1,3-~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 continuously. Suitable reactors for
contlnuous reaction are known to the skilled worker and are

45 descrlbed, for example, in Ullmanns Enzyklopddie der technischen
Chemie, Volume 1, 3rd edition, 1951, pp. 743 et seg. A cascade of
stirred vessels or a tubular reactor is preferably used for the
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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%, R10 = CFj,
0.20 mmol), 4.5 g of l-octene (40 mmol) and 5 ml of Texanol® 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 l-octene (90 mmol)
and 10 ml of Texanol® were reacted in a 50 ml glass autoclave
40 with a CO/H; (1:1) 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 amousted to 100%. The yield of nonanal
isomers was 88%, and the selectivity for nonanal isomers was 89%
45 (73% n-nonanal, 25% 2-methyloct£_nal, 2% ethylheptanal).
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phosp

0&(109%®5& () - 1gg¥g?&9gand of the general formula I

10 N4

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,

Rl 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,
halogen, trifluoromethyl, nitro, cyano, carboxyl,
carboxylate, acyl, sulfonyl, NE!E2 and alkylene-NE1EZ2,
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 SiRaRP, N [sic], NRS, O or S, in which
R2 and RP are hydrogen, alkyl, alkoxy, halogen,

35 trifluoromethyl, nitro or cyano, and RS 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 selected from alkyl, cycloalkyl, aryl,
alkoxy, cycloalkyloxy, aryloxy, halogen,

45 i trifluoromethyl, nitro, cyano, acyl, carboxyl,

’ carboxylate, NElE? and alkylene-NE!E2, where E! and E2
have the meanings indicated previously, and adjacent



10! 0" 10% <t <& ()-!{0"10%<0<& ()-!"10% <}<& ()-!l1"' 109Z& () - 3( 10%8& 5 %ln?
O=<& ()-F[[\]]117}\:M210 10!!{, &B109%<& ()- % DEC

, &$10%u& ()-0Y#109& ()-!{0Y#10% <} <& ()-! YA#L10%Xx& ()-0"109D& () AN AT
| [NA4D 110_10_10_ c03#10% & ()-! q3#10%<<& ()-180! 10%& ()-!{+ "10%<& ()-
t 3(Z10%& () “ar bbcezX6NA40

1! 0&@t10%\ " N" & m 0& 2100
088 () - cert GTITI WaNEIG D Firids T 0EGELO ) R ALY By (oadsb ) - (L

191 1710%" h" & () -109° l$ié&/5*& ¥Br1 §08F 1 3 1Y PR &L 1o DY 0385 - 1 9° 1 $10
9& ()-!0&@10% "r" & () - MRLAR Rﬁlﬂ@ﬂﬂ#kﬁdﬂl@maiéwr(l)e& R1GIPHR ()-G
(10%4& ()- 10 10 1009] 1'sele@tdd -frodl SLRTVE" §" 8519 } kK INRAKrMImWU3ih : which

10!, #10%H48 () -! !, #10% RE, (3> 2hdORHRT'e( hs! O8O UbbE [ Jor | 0& #10%HH () - !
&, #10%/v& ()- ]p@1}rys| s}s~ssszodY:0 ! " 110% & ()- 10 10

100. , #10%& ()-1{0., #10 100 WU3dY: 0
| vO&#10%] h]( 3& (§ Io&ﬁlﬁg;@‘sﬁtle@%(aﬁy&%% %ﬁteao@%t}%v%"%)bfb‘@? %%Z" & ()-!
{ &#10%RW2& () - %<xxcybz£{zx9dY 0 10& (#109& ()-'!Q& (#10%8" A" & ()-‘i i&} @

I
(#1096878&' ()-" % 10% & @-2\viomiiceloof vhe formpla IH0%ec& ()-4{| ||| |
10! 109%&' (Jo-! ! 109%&' () - &M0% & ()- 10" 10" 10 891096 & ()-5! 10% & () - } ~6W3_@

H{&" $10%fcf& ()-!0&"10%""" & ()-!&" 10% " -1 & 10%22&() "1 0&
#10%\’\&()-lv&#10%3P&() &V\n[l\/@'{& fcf 10"
10"" ! h0&"$10% " & ()-!v0&" $10%r&()-l0&$ ()-lvo& $10%1 h" & () -
X8z X6 M —(O)n— (III),
15 (°
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 1Iv.1, IVv.2, IV.3, Iv.4, IV.5, IV.6, IV.7 or IV.8

30

35
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10 R? RI | R3 R
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R12' Rlzr
R12 2! R13"
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RS
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20 RE 72 R3’
- ~
R7 ' RS 2 ~ I//
ré. N R’ R z
25 R7’ :
. (IV.8)
R r
(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
R¢ 1is hydrogen, alkyl, or aryl, which may optionally be
substituted by alkyl, alkoxy, halogen, trifluoromethyl,
nitro or cyano, and
40 R5, R3., Ré, R6', R7, R7', R8, R8', R12, R12’, R13 and RI3' have

the meanings mentioned for R2 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 R5, R¢, R7, R8-and/or R3’,
35’, R7", R8 represent, with the part of the
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zl is 0, S and NR® or a Cz- to Cz-alkylene bridge which is
interrupted by O, S or NRE,

10
22 and 23 are, independently of one another, CH;, SiRaRP, 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

ape

20
25 :
OMe Cl
(Ia) (Ib) (Ic)
30

35 S o :::
Rr1l1 Br
40 —

(Id) (Ie)

45
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(I1)
15 in which
RY9 and R!9 are, independently of one another, hydrogen or
trifluoromethyl, and
20 R!! 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.
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