’ ;e3e*~*{tja*$6%¥§} 050/ 48850 0 9 S E P 2002 Catal yst conprising a conpl ex
of a netal%% I'1th transition group based on a phosphonite Ii% @EF
hydr of ormyl ati on process 5 Specification The present invention rel atle$'t
catal yst conprising a conplex of a VIIIth transition group netal other than
nickel with at 10 | east one bi- or nore highly dentate phosphonite |igand
wherei n the phosphorus and one of the oxygen atons of the phosphonite group
are part dfataliys@ncdmpitisihgranbenpleheiferonygti e, ofithet VIBIPH oS itddn
hydr of or myd.a3ipg 828 08P NS HE8BhEh NI X iRfankiCasd BRE &bmp&f&l |ﬁkocess
unsaturated double bond in the presence of such a 15 catalyst. The
hydroforgylatlng or oxo process is wdely used for the |large scale
product i orspciflidehyaes from ol efins, carbon nmonoxi de and hydrogen. These
al dehydes may optionally be hydrogenated wi th 20 hydrogen in the sane

operation 4 f&@%hb%&%ﬁ%ﬂ%di@&&% al eqbol st Eh,apﬁamjcm dompebk i
hi ghly eXO&Per%;lix%H L gsnenal, #‘nyg}:@%%\%@ iicgﬁig £ ¥n @k& @{t%%%fe and

terrperatur s use are cobalt

r hodi umer "ﬁftthé’ﬁfauﬁ?'cd?f:pdl?ﬁ&s b?hl% ntRte Wi‘f??m’ RFhStheFeHPt h
ani ne 25 oOrhBSSRNATUS hese Afidihe mpepremsH# ﬁé@ep %Mlé'enot

achi eved agmouwy gmef peatncef ian frbm 5+ ches B-pmembécedhartefrocpylat i rteaeti on
gi ves ri septdrdsiie rbor mpdridForal1h6DME IdompauAed yeknvdinlingest bpsitsenef t he
possi bl e @lﬂﬁ%ﬁbgﬂﬁ %r%aa%lﬁrgf:e& heodte $8hEOM, at rekeAcdYblsgRopd. In

addi tion, |f ijpiernal” ol efins 30 are used, the doubl'e bond may isonerize
from anlsncfernaq i'nto a termnal position. In these isomeric mxtures, the
n-al dehyde is generally favored over the iso-aldehyde, but because of the
si gni fi cantie/ HyidedEefmy Nlisigr bl oxdydcesseiofwidid ynuabdetystlame tLakge

ggﬁ: (ra\a/l|b|ng S 1P g:;iﬁétichf Jvdngiry cﬁ% %ﬂoﬂ”oﬂ@fﬁ{é’ Sfc%r%ﬁgm%h%aﬁﬂfl;?

Cat al ysi s ?&rfé%h %i:e ajj.%tegghédes ﬁgl%e%%égg nggew&%ﬁ

catal yse@ P¥ir °[9ﬁ8 | 8??’6?1“0? I 8\/\/@8’6%? &’%FFH%

di sadvant ad&2PhflEhR Ebetlffeaﬁ?lé’at arsets ig bighly ?Weéﬁhcoﬂ? s@eprebAr ed
usi ng or gavare Pllhre wedgrertlevaned tprassue ahgarampeyastraren dilefi cult and
expensi ve presance. of ncakliyisiten, Théasxaiyesphissi e tbbdltatdodium are very
sl ow to hygdiafrinm abfpduar b2l cogﬂeﬂe&hhﬁﬂbﬁlxﬁhyﬁ% bransted vﬁ.'t%f afgnand

230 oSk 53@@%&5@93@%&4 L Nafa r8hOfBrs MR RUERILTd Tt~

escrib h g g JH h| ne
li gands whdFESRE £R¥ A8 rlorbp 'Trr?' bon&e YEo ryi- radi cal
and t hese TS&FEOR 9%‘0’1%? c‘aHS§ f8r °Br‘? gePregAfhdl ‘F?%Yéjtf ring system
i n whi ch onxtofreshbecawshaidgbs Ew@{esc@f agitohopgdn 8ach a&flithgr t8oat om
Rhodi um corgtimregatbas eolf an donbie bomhnds addiussf,ulifagnhgdnal arlefliasi on
cat al ysgg, asndistelde byeélrddupiay bahd amayofisbaesiral frarehhnnsnpémddaanta good
n/iso rati@rmif@10bsadvaii.age ehetidosmehel ah otk BRSPRhBES-d RadhhRk! is
di ffi cul tyeg erarﬁga Sy 3R bR 1dlushihdde PifieRREabIgh gl v on such
chel at ed p %&11 cata It ‘g 12 onom ¢ %ﬁ
US: A, 165 B L O8RF P o S 7 o RRausals SmBSrY P o ERE Wh fERydes 1
hydr of or my}:it98%¢Tabae e3 RPLiALERERR é’é’é‘ﬁé’é%‘f‘y%ﬁ i98d Fakr YR Mdthy| at i on
cat al yss beegatrdofoaadh thyitngt @ Brg@r&r andgelschividnbdent at e I i gand. The
preferred bidentate ligand is 1, bls(dlphenylphosphino)ferrocene The

nonodent at pref er abl h| n

di phenyl et ﬁﬁlﬁ)ﬁ ghﬁfne' %‘é‘rﬁag éﬁa’@f 5 crealy li‘9§ 043! hekP2>3 7 simi | ar

di scl osur el Aescike QPaP?dPP%flﬁF}erB?‘d’éH‘t %aﬁﬁﬁgirﬁ%f‘:@?r ocene 20
| i gands re@LﬂM@rmhéam of dryaboheing bilefirngdites dighdvantagesexpehsi ve to
nmake, péOttipehydtalpsty/latel ehaprougssas dbhay wmpreparbdsesiosf al ysts at an
econoni ¢ dbsatheaetadeic Aeaddenhs Sardd 21396 tdesLiddirs ﬁsﬁaoﬁﬁésdnffcf&cﬁlﬂpa“ ng
1,6- hexaneﬂale,&ngm QEcPGx{Eb’c'eat kﬁ‘gaéditt%he”@hé# s B‘i‘ﬁ@r}&?‘d 4fj eRydr ogen

and car bon OXI

di
conpl exes \’/ﬁftah yﬁofyﬁﬁ%speﬂryyélfj gé%dﬁya&\ﬂ?g%ﬁnﬁ{ athey 15%8§ A fﬁgea:ldot :Ngmof t he
oxygen at oFer I h nehd éa@?Eﬁﬁ>9%%§lﬁar?“Qﬁa oleflns having more

45 than 7 carbon atoms
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" 30 7-nenbepeso peggEocycl e. JP-A 97/ 255 610 describes a process for
preparing al dehydes by hydrofornylation in the presence of rhodium SEP 2001
catal ysts conprising a nonodentate phosphonite |igand. 35 None of tH§
references cited above descrlbes hydr fornylation catal ysts based on bi- or
nmor e hi ghl dentate pho |te s wherein the phos honite group is
part of a.%b %54 §Gﬁﬁnﬁ%§ teﬁgﬁg WA PAOSPRIPE Lifadgselher? thie tYPesent
i nvent i on PegRhdREdarevne|areabathshendatds e an by |w@ddicadf ard mdiege o¥ot he
VIIIth tramsyl iradigadsipforihay dehhaly Haeidyedhl| grtiseffusedorihy dsydtammihat i on

and possesghgapéneabal yid Gtv\%cbk!ﬁéé/s cﬂ'ﬁts:.s@g59f4§85gty%ea SEPa 20,3 V& have
found that, o'%‘m S R%thﬁxrn écﬁ*ﬁ | FVE sec?LUant'hﬁls,Qgi Eahé/éh?l hgsed on

oo oo R e ot s i e ﬁyga%om%w S graEafin 2

group i s paefiss Rrgvidemasgopd B/ Hamtidtd@-htherdsadvantyge of
i nventi on clhxlatéidnghyspringsdes aheit adlﬁucubnprwﬁlpr@parebhmeﬁmfthatVI [1th
transiti onigHudHr idet procddds Wwhash Nt€leelonWstiBh achi rated ﬁﬁb@plhirgam y dentate

phOSphOﬂbtéaéa{l%Q@ afethe 210 Q6R60AE di¥adhAthgel ~1 15 A p--Rl-- ~ Q)
m where 20 mis or 1, A conbines with that part of the phosphonite group

to which it is attached to forma 5- to 8-nenbered heterocycle which may
opti onal | yuber-dddicPi 86l descTiibgbya midsisy dertpreparingsedrmindl cycl oal kyl ,
aryl and/ oildwiyalegl byi Ryddfoimgaacitdex-Aeflingediortiy eupsenty eBeh bear
one, two Ofhddi@e h§apétéﬁntﬁratt§oﬁeé@@atle_,¢tf 5@%&% o weﬁeaéé Sth'ag.dotnal kyl,

al koxy, 16a) GgenaoitLEQ.  £aRe 400 & +éatge ke g | ene
o ety "ot W&F%FPB?Vi&E‘Z"ggh%? ceaﬁd/  haradeneaRs Dladi dfce | he

aryl or hePEREATaplyupsPRREPIHESr BhEh %WlBPePﬁt%fé‘@tP@?FPPh’éﬁts sel ected
fromthe gédth-4c@03i 314 mpdfUsabkyl19T\d30hkkey|a simillaragbkexigsure

cycl oal kyl @dxyterﬂ-f ylra¥yprdpdra@ebn 8b titd folidenoaes IBHosphiihbPertitine, car boxyl
gngl QEI Eﬂi 1YW Elg aﬂpeﬁztrar %séd@f‘tdfgﬂnoﬁtétgliqurﬁltgeﬁ@g e@?ﬂ:ﬂ()%r@' ky: L
y Y'e S;E%rﬂ% reoEQ xE?J? ' %t@?ﬁg %%giéi@ i ‘é%efsQEs A nH eﬂaﬁagf‘

and m xt ure g Fes nvention,
denot es botH%® CAGHYSTh A 2And°8 %th%él&s&FK?? 29N kyI is preferably
straight-chain or branched Cl-C8-al kyl, nore preferably 45 Cl-C6-al kyl,

particul arby-grsianabby &Elsc@&balskalprcaeargpkeﬁ Sfemidinly Uf OLpsxae@ial

especi aPPy §E¥J3gofo§ﬁpyatlﬂB'%B¥5d1éﬁ%”¥HOQKE pPedtod ofZnPetdden 2o@-bUtyl,

tert-butyl ca rboonei?r;[o%oxlge pel@)ey ydroformylation catalysts used are rhodium
complexes with polyphosphite ligands wherein the phosphorus and
two of the oxygen atoms of the phosphite group are part of a

30 7-membered heterocycle.

JP-A 97/255 610 describes a process for preparing aldehydes by
hydroformylation in the presence of rhodium catalysts comprising
a monodentate phosphonite ligand.

35
None of the references cited above describes hydroformylation
catalysts based on bi- or more highly dentate phosphonite ligands
wherein the phosphonite group is part of a 5- to 8-membered

heterocycle.
40

It is an object of the present invention to provide novel
catalysts based on complexes of a metal of the VIIIth transition
group. They shall be highly useful for hydroformylation and

possess good catalytic activity.
45



0050/ 488500058/ 58858 2002 4 2-net hyl butyl, 3-nethyl butyl,
1, 2-di net hyl propyl, 1,1-dinethyl propyl, 2,2-dinethyl propyl, 1-ethy|qf§§¥ﬁ2wz
n- hexyl, 2-hexyl, 2-nethylpentyl, 3-nethyl pentyl, 4-nmethyl pentyl,
1, 2-di met hyl butyl, 1, 3- dlnethylbutyl 32, 3- dlnethylbutyl 5

1, 1-dineth |_bu 3 3- di net hyl but
119 tri ok AR 5B 2 Ly CBBYRGE hoayhISTt: RARRRGERSRY el but yl
1-ethyl - 2- ﬂ@ﬁ#ﬁMﬁ&ﬁo ?FEGrpﬂuﬁﬂﬂPﬂexes t%MWEtﬁlheﬁtSMe VIidthyFperfition
1- pr opyl bugydyp odtigh. cdfipxdsd @l Rgast oner dfier abl yoxes-GghdycHeatdnd , such as
cycl opent yhhogpHonakexyl gaia GiHelrehaptivd ph&l@abhwé egrdigclieapkyt o &f erably
has 1, 2g o U o aeﬁ&%ﬁid :ﬁe%Er&c yAr 3, substituents selected from

0

t he group consisting oxy and hal ogen. Aryl is preferably
phenyl, tolyl, xylyl, nES|tyI napht hyl , ant hracenyl, phenant hrenyl or
napht hacenylhe aprcésespethaémyithanybr&ﬂlgily paphidgs  a Sidsilystt ech@mriding
pref er abl yah@smplex2of3a #rortd traf®e€ici Igrolp Re®dl rheabshih L&ﬁrﬂk%lsel ect ed

fromthe OLouP £a1s! 8EIAG O dh &g del?ij,el‘c@()bhég héRl Q0N gana EELAL!
cridinyl, azi ny pyrim |nyI or

pref er ahby y noj I n

pyrazi nyl . ‘g%e"ﬁ(}b&’f:ﬁﬁ{“ het aryl pref erably has 1, 2 or 3 substituents

sel ected fromthe group consisting of alkyl, al koxy and hal ogen. The above
remar ks concerning al kyl, cycloal kyl and aryl apply mutatis nmutandis to

al koxy, cycl oal kyl o &xcji aryl oxy. 35 NEYEQ™\s preferably N, Ndinethyl,

N, N- di i sopropyl , NN— butyl, or N, N-(di phepyl. N, N-diethyl,

N, N-di paspyl, N, N-&i-t- bﬁry'IO—N R=diyciBhexyP 40 Hdfdgen is fluori ne,

chl ori ne, broni ne oniefi ne, preferably kL] Jne, chlorine or bromne. In a
preferred enbodi nent, the present inventi (Sn B ovi des 45 catal ysts

conpri si ngyRérd €ast one phosphonite ligand of the fornula | wherein A
conbines with that part of the phosphonite group to which it is attached to
forma 5- or 6-nenbered heterocycle which may optionally be singly cr
doubly RQsmed wis 0 or0050/ 48850 0 9 S E P 2002 5 aryl and/or hetaryl, in

whi ch caseat he{iisatks0R: 0 ObRs: wtb%r?mimofs#é?mté zg:%pofcotm h it

abovenentloned uent he ene,

2, 2" - bi napht hyl e8¢ R‘ 8 ﬁ “}er’?‘euj came\ﬂ)r?e dn‘é teif'é:’é:lyc ‘Qmo h gay
substituents sePekaned VrB?n? L tdeaapLlE oK Yirn °B‘f’13él‘?<3/|tr18ilko§<‘§/5%?nd

hal ogen. _Al kyl whigr evicdoplybr vyt erdar &W}’lesp@c‘?@lqw cesputhe . Al koxy
here is 25r ef er aded-Ch- Ghoapkoray @adhebgecricalel,y twet doxyhredalsogetitwents
especi al ly fl ussidvtedChremni fite QroaposdmeistitgPoefl &1l Y .a1Rbxys Wala@dngal of
the formula Il nderd,) cdanbladd Wardbbxdi, R2 R3 R2 15 20 (11.1) (I1.2)

Rl is a C3~ to Cg-alkylene bridge which may have one, two or
three double bonds and/or may be singly, doubly or triply

30 fused with aryl and/or hetaryl, in which case the aryl or
hetaryl groups may bear one, two or three substituents
selected from the group consisting of alkyl, cycloalkyl,
aryl, alkoxy, cycloalkyloxy, aryloxy, halogen,

35 trifluoromethyl, nitro, cyano, carboxyl and NE!E2, where E!

and E? are identical or different and each is alkyl,
cycloalkyl or aryl,

D has the meanings specified above for A,

40 or salts and mixtures thereof.

For the purposes of the present invention, alkyl denotes both
straight-chain and branched alkyls. Alkyl is preferably
straight-chain or branched C;-Cg-alkyl, more preferably
C;-C¢-alkyl, particularly preferably C;-Cys-alkyl. Examples of
alkyl groups are especially methyl, ethyl, propyl, isopropyl,
n-butyl, 2-butyl, sec-butyl, tert-butyl, n-pentyl, 2-pentyl,

45



where R2 Rod®/48850O R4 ~ Y (11.3) (I1.4) RZ and R3 are independently

hydr ogen, al kyl, al koxy, hal ogen, trifluoronethyl, nitro or cyano, %5%51
R4 is hydrogen, alkyl, preferably nmethyl, or aryl, preferably phenyl", @W
may optlonal I y be substltut ed by al kyj, aI koxy, hal ogen, trifluoronethyl,

nitro or oncer ni referred A apply nutatis
nut andi s t hp’ig‘étgﬁ’l ta'ﬂ S’hgﬁgaé{i’eﬁtg ?ﬁ@e% Rilte || aggsyof t he
fornul a | ]arr]e'déé‘Péﬁl'bEF‘?RYd-m £mé- @+f&ﬁrﬂufé@ﬁ§m§h n’g‘QﬁhﬂlPﬁaﬁﬂ%r di-hexglas
formul ae |2-Hexyllg 2emeithylpedS@L 48835tk thydpSEPy ROC-revbyOhentyd, O O O O/ ~P-~
~P~\ 10 \1 (d-@imébhylrby1,01,p-dimdt e lbuty), | 2/3 HimekBy180tl, CL i 35 O O O
O\ ~\p§ 3, r=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.

10 Cycloalkyl is preferably Cs-C;-cycloalkyl, such as cyclopentyl,
cyclohexyl or cycloheptyl.

Substituted cycloalkyl preferably has 1, 2, 3, 4 or 5, especially
1, 2 or 3, substituents selected from the group consisting of

15
alkyl, alkoxy and halogen.

Aryl is preferably phenyl, tolyl, xylyl, mesityl, naphthyl,
anthracenyl, phenanthrenyl or naphthacenyl and especially phenyl
20 or naphthyl.

Substituted aryl preferably has 1, 2, 3, 4 or 5, especially 1, 2
or 3, substituents selected from the group consisting of alkyl,
alkoxy and halogen.

25

Hetaryl is preferably pyridyl, quinolinyl, acridinyl,
pyridazinyl, pyrimidinyl or pyrazinyl.

Substituted hetaryl preferably has 1, 2 or 3 substituents
selected from the group consisting of alkyl, alkoxy and halogen.

30

The above remarks concerning alkyl, cycloalkyl and aryl apply
mutatis mutandis to alkoxy, cycloalkyloxy and aryloxy.

35
NE!E2 is preferably N,N-dimethyl, N,N-diethyl, N,N-dipropyl,
N,N-diisopropyl, N,N-di-n-butyl, N,N-di-t-butyl, N,N-dicyclohexyl
or N,N-diphenyl.

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

fluorine, chlorine or bromine.

In a preferred embodiment, the present invention provides
catalysts comprising at least one phosphonite ligand of the
formula I wherein A combines with that part of the phosphonite
group to which it is attached to form a 5- or 6-membered
heterocycle which may optionally be singly or doubly fused with

45



" 40 (Ic) 450056(75@/35885 09 SEP 2002 CH3 CH3 5\ ~\ I / O POOP ~0 \ \

L /N1 /7 10\ 1 | (d)15\||/200000\|\P/\~i/25(§)52%&
.35/ O~P| OO-P~O\ \ | / \ I / 1\ / 40 (1f) 45 0050/ 48850 (19 SEJ HH08
8OV O 5~1 ~1 000, P~~P- 0 g

aryl and/or hetaryl, in which case the fused-on groups may bear
one, two or three of the abovementioned substituents.

A is then for example a 2,2'-biphenylene, 2,2’-binaphthylene or
2,3-xylylene radical which may bear 1, 2 or 3 substituents
selected from the group consisting of alkyl, alkoxy and halogen.
Alkyl here is preferably C;-Cs-alkyl, especially t-butyl. Alkoxy
here is preferably C;-Cs-alkoxy and especially methoxy. Halogen is
especially fluorine, chlorine or bromine.

10
Preferably, R! is a radical of the formula II.1, II.2, II.3 or
II.4:
?ﬁ TP <&
R4
(I1.1) (I1.2) (1I1.3) (II.4)
20
where
R? and R3 are independently hydrogen, alkyl, alkoxy, halogen,
trifluoromethyl, nitro or cyano, and
25

R4 is hydrogen, alkyl, preferably methyl, or aryl, preferably
phenyl, which may optionally be substituted by alkyl, alkoxy,
halogen, trifluoromethyl, nitro or cyano.

30 The above remarks concerning preferred A apply mutatis mutandis
to D.

In a suitable embodiment, the phosphonite ligands of the formula
I are selected from the group consisting of ligands of the
35 formulae Ia to Ig

40
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i ol (10)podbsibgseatal ysts of the present invention may include one or
nore of the phosphonite |igands of the fornula |I. In addition to th% SEP 2002

above-descri bed |igands of the general formula I, they may conprise é%

| east one further |igand selected fromthe group consisting of halides,

am nes, carboxyl ates, acetylacetonate, 20 aryl sul fonates, alkyl sul fonates,

hydri de, CO, olefins, dienes, cycloolefins, nitriles, N-containing

het erocycl es, aromatics, het eromer oneiMecs, et hers, PF3 and nono-, bi- and

nore highly dentate phosphine,| phosghinite, phosphonite and phosphite

| i gands. These further liga : kewi se be nono-, bi- or nore 25 highly

dentate @and coordinate to t : of the catalyst conpl ex. Exanpl es

phosphi nite and phosphité lig nds 30 To prepare the phosphonite |igands of
the formula | used acese opn@/to the‘bgegé-t vention, it is possible, for
exanpl e, to react aoxyl cont ai ni ng cod of the formula Il with a
phosphorus tri hal i deyXxp S a conmpound of the 35 formula

|V and tjlgen to react this forrruIaIVvvltha
hydr oxyl - cont ai ni ng conpouno of the fofflul a HORLOH and a conmpound of the
formula V as per the followng schene: OH 40 p, PCL\ H-2HC1 Il ~O HOR10H
A.P- Cl\~/ -HC1 1V 45 0050/(48850 0 9 SEP 2002 9 ~1 A ,P- ORIOH + C1
\~/ -HC15 (OmV~1~110Ap- O RL- O ~ (1)~ (0O- m15 wherem A D
and Rl are each as defined above. If desired, it is also possible to react
2 nmol ofisa conpound of the formula IV with one nole of a conpound HORLOH to
form a bidentate phosphonite 20 Iigand containing two identical phosphonite
radicals. A process for preparing these |igands is described in Phosphorus
and Sul fur, 1987, vol. 31, pages 71 ff., for the construction of
6H di benz[ c, e] [ 1, 2] oxaphosph@ systens. 25 Suitable al cohols of the
[ 2 and bi napht hyl -2,2'-diol, for
exanpl e.20Furt her suitable dioljs are [nentioned in US-A-5, 312,996, col. 19,
i i pregare bidentate Ilgands of the
Bd Owe osphite group, it is

) IV with a conmpound of the

g of the forrula VO35 d p~~V

(Ib)

30
cl Cl
A4
35
<S¢

40

(Ic)

45



~ where D hagoibgaggsei ngs defined above for A to forma mixed 40 ligand of

t he fornula . The conpounds of the formula IV may, if desired, be bﬁolated
. and subjected to purification, for exanple by distillation. The 45 SEP 2007
conversion of the conpound of the forgula Ill into a conpound of the

formula IV generally takes place at an el evated tenperature within the
range from about 40 to about 200C, and the reaction nay also be carried out
by gradual l'y increasing the tenmperaicuse. 0050/ 48850 0 9 SEP 2002 io In
addition, at the start of thereaction or after a certain reaction tine, a
Lew s aC|d for exanple zincc or alum num chl oride, may be added as
catalyst5 The rest of they cd i he conmpounds of the fornmula IV
into the™5 phosphonite I7g : ggul a | used according to the
present invention generally takes pliace i'n the presence of a base, for
e, psfich as Odjetd ine, dipropylam ne,
Hm ne or trlpropyl and preferably triethylam ne
) t~s~possi bl e to prepare the
phosphopjpte |igands of th ch are used according to the
present invention wthout recourse t f ganomagnesi um or or ganol it hi um
conpounds. The sinple reaction sequence provi des broad scope for 15 varying
the ligands. The preparation istlys efficient and econom cal, from
starting materials which are readily obtainable. In general, the catal ysts
or catalyst precursors used in a 20 particular case give rise under the
conditiggs of a hydrofornylation to catalytically active species of the
general formula HXMy(CO) ZLg, where Mis a netal of the VIIIth transition
group, L is a phosphonite ligand according to the present invention and q,
X, y and z are each integers dependent on the 25 valence and nature of the
netal and the denticity ofZxhe NL. Preferably, z and q are
i ndependently at |east 1, 1, 2 or 3. The sumof z and q is
preferal2oy from2 to 5. If the conpl exes may additionally conprise
at | east one of the abo e- dg ur%per ligands. 30 The netal Mis
preferably cobalt, i r hodi umppaltadium plati num osm um or
iridium espeC|aII rhodi um o um 35 In a preferred
enbodi ment, the hyd ; s{s are prepared in situ, in the
reactor used for the hyd grmyl ati @ eaction. If desired, however, the
catalys@§ of the present invention nmay al so be prepared separately and
isolated in a conventional manner. The in situ preparation of the catal ysts
of 40 the present invention is &ffected by reacting at |east one
phosphonite Iigand of the general fornula I, a conpound or a conplex of a
nmetal of the VIIIth transition group, optionally at | east one further
| i gand, ,and optionally an actlvatlng agent in an inert solvent under the
hydr of ormryl ati on conditions. A 050/ 48850 0 9 S E P 2002 ii Exanpl es of
sui tabl e rhodi um conpounds of are rhodiun(l1) and rhodiun(lI1)
salts, such as rhodiun(l11) hodi um(I11) nitrate, rhodiun(lIl)
sul fate, potassiumrhodiums podi um(11) carboxylate, rhodium(1I1) 5
carboxyl ate, rhodiunm(ll) ace ¢ Alun(111) acetate, rhodiun(l11) oxide,
sal ts ofggrhodiun{l11) acid, trlbnnn i um hexachl ororhodate(l11), etc. It is
al so possible to use rh dloqhgoopleags osuch.as rhodi um
bi scar bonyl acet yl acef 3 et hyl ener hodi un{1), etc.
Preference is given 1O~US i scefr bonyl acet yl acet onate or
rhodi um acet ate. Rut heni um ounds are |ikew se suitable.
Exanpl es of suitable ruthenNw gFe rutheniunm(l11) chloride,
rut heni wo(1V) oxide, ruthenium(Vl) oxide, ruthenium(VI11) oxide, 15 alkali
metal salts of ruthenium oxygen aghds such as K2RuO4 or KRuO4 or conpl exes
of the general fornula RuXl XZL1L2(L3)n, where L1, L2, L3 and n are each as
defi ned above and X1 and X2 each have the neani ngs specified above for X
for exanple RuHO (CO (PPh3)s It is simlarly possible to use the netal

carbonyl s of ruthenium
45

di butyl am ne, trinet
or pyridine. 10 It i




20 such aspdsosssgse@ni um dodecacar bonyl or hexarut heni um oct adecacar bonyl ,

or mxed fornms in which COis partly replaced by |igands of the forﬁ%IQ:

. PR3, such as Ru(CO 3(PPh3)2, in the process of the present inventio g?Mﬂ
Exanpl es of suitable cobalt conmpoundsgare cobalt(l1) chloride, cobalt(lIl)
sul fate, cobalt(1l) carbonate, cobalt?ll) nitrate, their amne or hydrate
conpl exes, cobalt carboxyl ates, such as cobalt acetate, cobalt

et hyl hexanoat e, cobalt napht haMeat epMand 30 al so the cobalt caprol actamate
conplex. Here too it is possible tojuse the carbonyl conpl exes of cobalt
such as dicobalt octacarbon bal t dodecacar bonyl and hexacobalt
hexadecagar bonyl . 35 The cobalt, rhodi um and rut heni um whi ch
have been mentioned are
described in the literat
inthe art simlarl
sui tabl e activating

re of theylcan be prepared by the person skilled
ﬁepg8npoun5§1glbeady known. 40 Exanpl es of

pre Bronsved acids,, Lew s acids, for exanple
BF3, A1Cl13 and zZnd 2;

LW ents there are preferably
used t hepal dehydes mhlch | | i ' '

course of the 45 hydrofornytation, 4 | heir conparatively high boiling
consecutive reaction products, for exdanple the products of al dol
condensation. G ven sufficientlyIdydrophilicized Iigands, it is

0050/ 48850 0 9 SEP 2002 12 al so possible to use water, al cohols, such as
met hanol , et hanol, n-propanol, isopropanol, n-butanol and isobutanol,

ketoneslswcggag QEQQ?E apd B?éé’%t ‘?Jn%htjk@ﬁ% :.%E‘iudé Jie Joka Eer@f' 0 of
phosphoni t& d @%agghg ;4015 gensrale il d o Mefalagh, iftyi ALpEh

transition gr t he range. of

The pr esembYvRraREFEIFdERd, r%.*d’ées GENBFOR LA Ry dPio MRy at i ng
conpounds YRTASRI AY KTt LSE é%t*ﬁmyllléﬁpéaﬂlfqmatfﬁﬂat’étﬁ @#@¥Pe bond by
reacti on wedrsisaibgnofromediidee , aamliteadr cgehokylattes ,presentacagfonatel east one
of the ﬁ?@ﬂfl@uﬂbﬁhi@sﬂ cakyl¥sl sorftdshehpaesednt do)veneiims, Hehuk) abl e
substr at es. o, otleelnydrrpﬂ&rlmatfq%r&ra%@aa RédR E'.‘L€§e”$rdrr&\(:‘i%' on

i ncl ude in 3%@%F8m§t§%; %gﬁgggn n@luhﬁh 8&guzn31 oggdom?ggan gagy enically

unsaturate or _€exal h as

a- ol ef i ns, 9§t Qﬁenﬁp°§ N&aP H?P%ﬁﬂﬁﬁ? raRACTRY} Baaﬁ% ef i ns.
Exanpl eg_otigandeabFhese JusthnRs higansdsh PREnLikeiiiee hE, Ma0P die, OI- ¥R ene,
1- hexen8® Hidhdpt deatate Guidegeordimmhrerte, the deetkale atomupficdensatalstiecene,
etc. 25 Ei&dmﬁﬂe&.sEkamgﬂﬁs-@hahmitaﬁky'ﬁaktnéefphnnguEuaFeémraﬂwimgC4- to
Czo- ol ef i nBigandehane QudidnRg, pRoHRHIR) e phdsPieXate, addhsisshitd- hept ene,
3- hept ene, ; Zs0eiene, 3-octene, 4-octene, etc. Suitable branched internal
olefins are preferably C4- to 30 Czo-ol efins, such as 2-nethyl -2-butene,
2- met hyhg 2- pent ene, 3-net hyl - 2-pentene, branched internal heptene m xtures,
branched iTr emeplbrectienehusphanése bigandhedt | theerfioaimuhanenssead xt ur es,
branched iadeirddhgdesetiee Prebefiesindmichedit nisipoal inbepcfire elanpLe £5,

Er Spgpg? | e:rera@lt Qoﬁf&%ﬁlﬁbéﬁ’é&ﬁﬁngfkgmpééncﬁ%ﬁ hee ebehlls tugelubn for
cg;cl ohexen‘L (? C e ’tqh %e’cPoocten I§’a%§§ﬁ'e§:% r%togf'?1 < c[qlﬁ g P for eg<arrp| e
their Cis T8 c:?x K P F AT U PRBPT BT £Be 5 TR TV Wit

substi t uert shYdFlE?P‘VF'le?°’btfae‘1“’i1H§ BRI GF H?ﬂr%ﬁ%‘}“ﬂfl 5931(9‘? &8 &romatic
vi nyl conpermrpyndsaéhthes forpnédacy as merhyhet foklnwing- sehgnayl st yrene, etc.

Further olefins useful for hydrofornylation are a, ~i-ethylenically
unsat ur at ed nono- aqﬂéor di car boxyl joc @cids, 45 their esters, nobnoesters
and am des, such as acryl igacid, thadvylic aciggdpigml efic acid, fumaric
aci d, c#0t oni ¢ adid, it cid neth —3-Plentenroat®» net hyl

4- pent enoat e, netﬁyh;oledtgc nmet hyl | at e, netﬁ??lnethacrylate

unsat ur at ed 0050/ 48850 () 9 SEP 2002 13 nitriles, such as
3-pentenenitril gzy4-pentenenitrilegyacrylonitrile, vinyl ethers, such as
vinyl nethyl ether, vinyl ethyl ether, vinyl propyl ether, etc., Cl- to
CZO al kenol s, -al kenedi ol s and - al kadi enol s, such as 2,7-octadien-1-ol. 5
Sui t abl #5substrates further include di- or polyenes having isolated or
conj ugat ed doubl e bonds. These include for exanple 1, 3-butadiene,

1, 4- pent adi ene, 1, 5-hexadi ene, 1, 6-heptadi ene, 1, 7-octadiene,

vi nyl cycl ohexene, dicycl opentadi ene, 1,5, 9-cyclooctatriene and al so

but adi ene honopol yners and



" 10 copol ymposo/2aiBesioydr of or nyl ati on reaction may be carried out
continuously, sem continuously or batchw se. 15 Suitable reactors fob tﬂ(—ﬁ
. continuous reaction are known to the person skilled in the art and a g 2002
described for exanple in Ul mnns Enzykl opadi e der technischen Chemie, vol.
1, 3rd edition, 1951, pages 743 ff. 20 Suitable pressure-resistant reactors
are |likew se known to the person skill N1 the art and are described for
exanple in U manng Enzykl opadi e der ﬁ?ﬁschen Chem e, vol. 1, 3rd
edition, 1951, pages_ 76 ridy 1n @eneral, t pr ocess—efmthe 25 Present
invention is w? out using an ath(r:I avg which, if%rdesired, can be
equi ppedgwi t h irrer and an internafrdy;ning. The conposition of the
car bon nonoxi de/ hydrogen synthesis gas used in the process of the present
invention may vary within wide 30 linmits. The nolar ratio of carbon
nmonoxi de to hydrogen is generally wthin the range from about 5:95 to
70: 30, preferably witlgnn the range froma t 40:60 to 60:40. Particular
preference is gi venﬁg}v ng a nol ar ratio of\carbon nonoxi de to hydrogen
Wi t hin tilee region abou.g,t__lo'LRQS__Tge_t nper at ur e o(fI)t he hydr of ornyl ati on
reaction is gener aM hin"thé range f&gm aout 20 t'd 180C, preferably
from about 50 to 150C—The reaction is gengylly carried out at the partial
pressure of the reaction gas at the reaction tenperature chosen. 40 In
general, the pressure will be within the range fromabout 1 to 700 bar,
preferably within the range from1 to 600 bar, especially within the range
from1l ti® 300 bar. The reaction pressure may be varied as a function of the
activity of the novel hydrofornylation catalyst used. In general, the novel
cat al ysts #8epased Pon PpRbE pho@ireeeply i Sediaphcabene + ddcEpoired tidkéspl ace
0050/ 48850 al4ovwpeds iblieheor egaain 20fmoll opkra praageundsof fidre doample W twiith t he
range fromohet foldbar condSurd HMOR1EH0 Hramhydbodéaitateaphospaialeysts of
the present;;AN@N 4t iMBYgPEve iRPRE 8ABIpHdPRohR e YA RIQTY haptadedseact i on
ef 1 uent2®hy st grry et Dods, J0wg 19 ARE.8LR08, Shiddad g Lhe art, and
can gener al Py be el ad r ﬁd r of or at on, 10 T %cagza sts of the
present im?é‘ﬁf"l”éh %Z'aﬁ?gnt e@&geﬁn gef%:‘g \}Jé’rry BRtFRRSTTLS f‘ﬂétofhe
cor r espondifigdaPerRtiraed [Ar 2] FARNCEPROT PR i 4TEd SYRLEBH yiel ds. In addition,
when used in the hydrofornylation of a-olefins and of internal |inear

ol efins ,gl%%s-tegﬂ e VAIbnb oW S£liget ifxifﬁ%{}]é("iﬁdklbﬁgé‘féj Bi®dnkle1 0y 9 aganat Lea 15

pr oduct e ef sed. .Thase 0 ahove-describ catal ysts of the
pr esent in&éﬁ??gﬁhwh]r}cﬁ E% ti ST RFPR %hosuﬁ%(r)lﬁftséu 1]’Z'goar?dsl&gt?l":eeforrml a
| are usef MEPFLPP¥har U858 ectiv@ Ry dFot orifyl APFBRPOZATSth 8SER AfpPes
her ei nbel oweEPrents atl® PREPaFR didednatexhiginds 26 wye Fraggwdat fowhyh | i gands
la to | g Evanpl end pl@GpRrepes andoenef phogplnidel group, it is possible to
30 react a compound of the formula IV with a compound of the formula
HORIOH to form a monocondensation product and then to react this

monocondensation product with a compound of the formula V
///,0-\\

D
\0/

35 Cl— P

where D has the meanings defined above for A, to form a mixed

40 ligand of the formula I.

The compounds of the formula IV may, if desired, be isolated and
subjected to purification, for example by distillation. The
conversion of the compound of the formula III into a compound of
the formula IV generally takes place at an elevated temperature
within the range from about 40 to about 200°C, and the reaction
may also be carried out by gradually increasing the temperature.
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206 g (1. 5p68o)yaggsphosphorus trichloride and 204 g (1.2 nol) of

2- bi phenyl ol are gradually heated to 50C and, over 8 hours, further ﬁ%d’[bﬁﬂ?
.While stirring in an argon atnosphere. The sol ution turns yeIIowvvip
pronounced 35 evol ution of hydrogen cgborl de. After cooling to 120C, a

tal yt f | dded, and.the
%ax?u%/el fs%ﬂea‘?éﬂg’ﬁnz'llggct %?gtffthg% Ehg ’ﬁe"‘l%oé’o%ifs%f%r g §85§%ﬁ’&ent

distill atléﬁacF¥RPr§%m9F|BnL$W¥ﬁd@§ﬂd for example zinc chloride or

6- chl or o- ( 6Ehmthwe cA{loréefig 1, Myoephddefions matadilysk | STy eresat of0tke boi | i ng
poi nt of laaEvéf)s:?ommr the YedthgbundB8408 €hd 6fbrmudb MhriimcLrpst al s; 31P NWR
Spectrums Pidn i3 ﬂgaﬂ&’s b 3h%7zomhia Of Lgeehheé&dl@d) i Eﬁ@z[ c,e]l1,2]

f}ﬁdzﬁazrgzﬁ“”' ol i TSt ity GO ot e

4, 4' - met hoR§s8: 61°% S3@PPLe 227 2l3PHREADI am‘z‘t%z&“ﬁh( 8S ARy L8PLp®§ et hyl ani ne
(dri ed ovedirCrpykamingdddibutianise, atrimenhylagdse/ a83530.propylaenrP ang(?2

t enper at ur prefheabiliy ttutiethgldnieve ot pyetldiaie 90C for 120 minutes. The

triet hyligmoni um hydrochl oride forned is filtered off and the filter

residue is washed with tetrahydraofuran to conplete the yield. The organic
phases ar el L®n¥FRAFagRAUE helarol 4t FFeE°%'T"Lp]FeﬁBVBHeQ?fé¥é‘PFoﬁPPﬁPlFﬂ’b‘%

vacuum Théipgppdeicf dbheafaamlas I WhARH 2%e (YFeH0BoFerding Hoeltle A¥RSemtti ti sh
yel | ow sol idvestign twizhbytweesdeosel th ordencanagnanduh hen omghhotliehiud et her.
10 Owe OVEc\omboﬁnds A1The Oimple Ire@cPhiokh PséddericeV protided b2dall 8¢opd FNVR

spect [ urts b (pp éﬁéﬁl&%agésa‘ﬂ@?ge%ﬁrfif&?rﬁt ttaeso%fuﬂlcqegq beigLi gand ¢

L?o%egglrgr 8n%m| 5 S'|IEZ]§¥‘FX m&?ymaﬁ H3 pu egr%y A gg?'oc’iag%ﬂarbr g in

[
n- hexane for 12 hours. The supernat ant hexane sol ution is separated off t
| eave |i ganel fénéSaly, Wheet apOWERSs. 085ciila Gist\Wprechrsdkés /uskdOik © O P~ | \
(Ic) \I ﬁﬁrgighfgg?C%Q@C5{$Enrﬂ%e(Qﬁalrjégg‘%%ndltlons of a
hydroformylatlon to catalytically active species of the general
formula HyMy(CO).Lq, where M is a metal of the VIIIth transition
group, L is a phosphonite ligand according to the present

invention and q, x, y and z are each integers dependent on the
valence and nature of the metal and the denticity of the ligand

L. Preferably, z and q are independently at least 1, for example

1, 2 or 3. The sum of z and g is preferably from 2 to 5. If
desired, the complexes may additionally comprise at least one of
the above-described further ligands.

25

30
The metal M is preferably cobalt, ruthenium, rhodium, palladium,

platinum, osmium or iridium, especially cobalt, rhodium or
ruthenium.

35 In a preferred embodiment, the hydroformylation catalysts are
prepared in situ, in the reactor used for the hydroformylation
reaction. If desired, however, the catalysts of the present
invention may also be prepared separately and isolated in a
conventional manner. The in situ preparation of the catalysts of

40 the present invention is effected by reacting at least one
phosphonite ligand of the general formula I, a compound or a
complex of a metal of the VIIIth transition group, optionally at
least one further ligand, and optionally an activating agent in
an inert solvent under the hydroformylation conditions.

45



1H NMVR spe@os0y488%0 esponds to proposed structure  0050/48850 0 9 SE P
2002 16 Purity of crude product: > 89% Exanple 3: 5 Preparation of and
1f 7.95 g (33.8 nmol ) of 6-chloro-(6H)-dibenz[c,e][1,2] oxaphosphorﬂ%gE&EﬁﬂZ
4.84 g (16.9 mmol) of 2,2'-di hydroxy- ?_ - di napht hyI are introduced as

initial 10 _char ecoptalnl 2 tol uene at roo terrperature In an
argon at nosf ﬁE‘Pgesﬁ Bg?m‘g'? RW“eC%P%%“%' 42 c?m S @S riethyl ami ne
are added EP@E&P@&I%Néndlﬁhﬁﬁiﬁm‘eTsI.I)Tﬁélﬁﬁxtf‘t}% 2§ §BB§b‘€fm(eWtII)y stirred at
90C f or onehiouide ;Thehadined EYT hrmiciriaden, hybedoim (GTiIdestbfater, ipothsbiemed of f
and the 15 ﬁh@h&ﬁhlﬁﬂﬁrt@ rEmﬂﬁn(iﬂ)acbkabxwmrhedi@m/ﬂﬂal 5 g of a
slightly é"ada': D50 'r‘iﬁoﬁ?%m?f/ ‘é@%aﬂae' f'ﬂodﬂﬁx &9 V§cé{a?cfées of
i mpuriti es, z OXlggpeatﬁd ﬁogl lx\qfl](} cﬂ' ampunt s S o[d cold
SO )j &

met hyl tert |n|n ken up Chd8 assed

net hyl ene é"ﬁF‘BF El‘émfﬁ?élaé'?ééﬁ? b &Hcut F[Bnl? sﬂ‘?pé’&?é&ﬂ’}e e5Q ruset ShoM th
degassed wsompledes edsuphe essobiodimm Blisgacbenyl asetydaceeratre,o0 dryness to
| eave a whiacetgbhtetorioB@sétiyFine®hGdi®m(X ), \etlc./ Preference i85qgfivén tRlp

NVR specid W¥ing fﬁ&ﬁﬁunﬂ%&s@Qrbéﬁylé%%tylageﬂghaﬁhzBr15hb&hdh‘ﬁ%e&ﬁ&éo of
1:1:1: 1 (stereoisoners) Purity of crude product: 97.6% 1H NVR corresponds

to proposed structure Exanple 4: 45 Preparation of ligand Ib 0050/ 48850 0O
9 S E P 20@®ethepavm 3 tfaorpeemravadss pne| bikewise Bxarphle 3 Exaardes dhed as
a white solsudtable ruthenium salts are ruthenium(III) chloride,

ruthenium(IV) oxide, ruthenium(VI) oxide, ruthenium(VIII) oxide,

15 alkali metal salts of ruthenium oxygen acids such as X;RuQ4 or
KRuO; or complexes of the general formula RuX!X2LlL2(L3),, where
Ll, 12, 13 and n are each as defined above and X! and X2 each have
the meanings specified above for X, for example RuHCl(CO)(PPh3)j.
It is similarly possible to use the metal carbonyls of ruthenium

20 gych as trisruthenium dodecacarbonyl or hexaruthenium
octadecacarbonyl, or mixed forms in which CO is partly replaced
by ligands of the formula PR3, such as Ru(CO)3(PPh3)2, in the
process of the present invention.

25
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 naphthanoate, and
also the cobalt caprolactamate complex. Here too it is possible
to use the carbonyl complexes of cobalt such as dicobalt
octacarbonyl, tetracobalt dodecacarbonyl and hexacobalt
hexadecacarbonyl.

30

35 The compounds of cobalt, rhodium and ruthenium which have been
mentioned are known in principle and have been extensively
described in the literature or they can be prepared by the person
skilled in the art similarly to the compounds already known.

40 Examples of suitable activating agents are Bronsted acids, Lewis
acids, for example BF;3;, AlCl3; and ZnCl,, and Lewis bases.

As solvents there are preferably used the aldehydes which are
formed from the respective olefins in the course of the
hydroformylation, and their comparatively high boiling
consecutive reaction products, for example the products of aldol
condensation. Given sufficiently hydrophilicized ligands, it is

45



31p NVR spegsoragsso (ppm) 128.20 5 1H NVR corresponds to proposed

structure Purity of crude product: > 99~ 10 OO OO0 vy ~pi w~ 15 20[f4§EP2%2
. Exanple 5. 25 preparation of ligand le Ligand le was prepared simlar
Exanpl e 3 and obtained as a white soljf. 30 31p NMR spectrum b (ppm) 127 2
1H NMR: corresponds. to oposed structure Purity of cr oduct: > 97~ 35
30 45 oMo B9abiele KEER0RItEL, Sigthg1s, rish B ethend)  gthgo 2,
Hydr of or m2-Rbopagcbx ak§ART opangd, F@TPQ%%&O%yP89|%ﬁphﬂtagpéen¥ﬁﬁﬁﬂﬁ%n'FPé In a
10 m st eeds asesohavand nethydygebhyl Hediome, bescar bonyl acet yl acet onate, 12.3

ng of ligand If, 1.5 g of 3-pentenenitrile and 1.5 g of xylene were reacted
at 100C:g5 mnth a 1:1 COH2 synthesjs gg%&nixture at 80 bﬁ ?under ar on
ct

prot ect i verRfadOLAFt E?tJaP Pa PPPERNP R TS nd o Lhe geNgHR
deconpressmﬁrﬂin@fehb@|¥i¥1thhérﬁﬂi%t#QP\ﬁE@uanhﬁyﬁﬁﬂfﬂ&}lﬁeﬁhﬁhkﬁ the agalnst
an i nt er natarsjeapdaadoutlHe Icanve08d on. was 58~. The yields were 57$% of 30
fornylval eronitrile isoners (120 of n) and 1.2~ of pentanenitrile.

The present invention further provides a process for
hydroformylating compounds containing at least one ethylenically
unsaturated double bond by reaction with carbon monoxide and
hydrogen in the presence of at least one of the hydroformylation
catalysts of the present invention.

10

15
Suitable substrates for the hydroformylation process of the

present invention include in principle all compounds which
contain one or more ethylenically unsaturated double bonds. These
include for example olefins, such as a-olefins, internal

20 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.

25 Suitable straight-chain internal olefins are preferably C4- to
Cyo~0lefins, 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- to
Cyp~olefins, 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.
35

30

Further olefins useful for hydroformylation are Cs- to
Cg-cycloalkenes, such as cyclopentene, cyclohexene, cycloheptene,
cyclooctene and derivatives thereof, for example their C;- to
Cyp-alkyl derivatives having from 1 to 5 alkyl substituents.
Further olefins useful for hydroformylation are aromatic vinyl
compounds, such as styrene, a-methylstyrene, 4-isobutylstyrene,
etc. Further olefins useful for hydroformylation are
a,f-ethylenically unsaturated mono- and/or dicarboxylic acids,
their esters, monoesters and amides, such as acrylic acid,
methacrylic acid, maleic acid, fumaric acid, crotonic acid,
itaconic acid, methyl 3-pentenoate, methyl 4-pentenocate, methyl
oleate, methyl acrylate, methyl methacrylate, unsaturated

40
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" 35 40 45 Qu¥EYAEYE Transl ation of amended sheets annexed to the I PER ' .
190 9 SE P 2002 we claim 5 1. A catalyst conprising a rhodium C‘HWE‘PXZU?
.with a bi- or m)re hi ghly dentate phosphonite |ligand of the general fornula

| ~0~ A P- O- -0-~~(I)~10~(0)mwherem|300r1 15 A
conbi nes W|th t at part of he hom e group to which it is attached to
forma 5- Tt A8t 27 %’gtcﬂ WF&& {/ PORALFI 1y addi tional |y

singly, do@l?lryléﬁl’{fﬂ]fﬂryVﬁaxbde‘mﬁﬂrﬁrcﬁépbaﬁi%y‘{ln}’ér pethnl/efheret Hip¥1l in

whi ch case ethglf eskesl,0vigydupsoply exheln, beter. 002 towCpralBendirse

substit uentaixehesi®xs fan@m s Neadi il sGOBEER AN, 9Lodtkdlenaldeaxy, hal ogen,

nitro, CyanRQ;ang; &?uﬁ%?‘&'ateglfﬁéc /rcinc&{?d Al ‘&é' E8&y Qﬁ%{%v‘&’ﬂl@ﬁh may have
e | e or

, t t b | ly f d
one, Lo o e dauLe on b?ssgﬁﬁﬂ% FHoieop ki 2 erambltd my
bear one, thd-8F ?%%\?'sﬁbérﬁ’?%@ﬂ‘se%el éc?e‘be’fatddﬁf‘?he 'Cnﬁ?t@GP@P%tl ng of

al kyl, cycllodl-hytéd:eﬁrrgﬁl,, vahkbxyc lahexienal kgiepolopenyadisne hal ogen,
trifluoromatBybrcicldattatytene afd sy batsdbeEaAomvbeIymdrs and Ez are

i denti cajo Qopdi{herent and each is alkyl, 30 cycloalkyl or aryl, D has the
meani ngs specified above for A or salts and m xtures thereof. 35 2' A
catalyst as clainmed in claiml, wherein RL is a radical of the formula
1.1, 11.27Thel hgdee fqrmyl aRROR3 AL tHPIRBaRIDRT g r4ed 100 Gatipppusly (1. 2)
(11.3) (1 .s&midbnreramsRy andbdB-rarisei.ndependent |y hydrogen, al kyl, al koxy,
hal ogen, trifluoronmethyl, nitro or cyano, and AVMENDED SHEET @ 0050/ 48850
Transl atisn of amended sheets annexed to the | PER,0 9 SEP 2002 20 R4 S
hydr ogen, E§UQ§P %r%ﬁiﬁ%&ﬁﬁ ﬂ%t?ﬂﬁ cqg;15p9¢s reaction are known to the

person skilled in the art and are described for example in
Ullmanns Enzyklopiddie der technischen Chemie, vol. 1, 3rd
edition, 1951, pages 743 ff.

20
Suitable pressure-resistant reactors are likewise known to the

person skilled in the art and are described for example in
Ullmanns Enzyklopddie der technischen Chemie, vol. 1, 3rd
edition, 1951, pages 769 ff. In general, the process of the

25 pPresent invention is carried out using an autoclave which, if
desired, can be equipped with a stirrer and an internal lining.

The composition of the carbon monoxide/hydrogen synthesis gas
used in the process of the present invention may vary within wide

30 limits. The molar ratio of carbon monoxide to hydrogen is
generally within the range from about 5:95 to 70:30, preferably
within the range from about 40:60 to 60:40. Particular preference
is given to using a molar ratio of carbon monoxide to hydrogen
within the region of about 1l:1.

35

The temperature of the hydroformylation reaction is generally
within the range from about 20 to 180°C, preferably from about 50
to 150°C. The reaction is generally carried out at the partial
pressure of the reaction gas at the reaction temperature chosen.
In general, the pressure will be within the range from about 1 to
700 bar, preferably within the range from 1 to 600 bar,
especially within the range from 1 to 300 bar. The reaction
pressure may be varied as a function of the activity of the novel
hydroformylation catalyst used. In general, the novel catalysts
based on phosphonite ligands enable the reaction to take place

40

45
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The hydroformylation catalysts of the present invention may be

5 separated from the hydroformylation reaction effluent by
customary methods known to the person skilled in the art, and can
generally be reused for the hydroformylation.

The catalysts of the present invention are advantageous in being
very active, so that the corresponding aldehydes are generally
obtained in good yields. In addition, when used in the '
hydroformylation of a-olefins and of internal linear olefins they
have very low selectivity with regard to the hydrogenation
product of the olefin used.

10

15

Those of the above-described catalysts of the present invention
which comprise chiral phosphonite ligands of the formula I are
useful for enantioselective hydroformylation.

20
The Examples hereinbelow illustrate the invention.

Examples

25
A) Preparation of ligands Ia to Ig

Example 1:

Preparation of ligand Ia
30

206 g (1.5 mol) of phosphorus trichloride and 204 g (1.2 mol)
of 2-biphenylol are gradually heated to 50°C and, over 8
hours, further to 140°C while stirring in an argon
atmosphere. The solution turns yellow with pronounced
evolution of hydrogen chloride. After cooling to 120°C, a
catalytic amount of zinc chloride (1.2 g; 17 mmol) is added,
and the mixture is heated at 140°C for 24 hours. In the
course of a subsequent distillation, the reaction product
6-chloro-(6H)-dibenz[c,e][1l,2]oxaphosphorine distils over at
a boiling point of 132°C (0.2 mbar). Yield: 194.8 g (69%) of
white crystals; 3P NMR spectrum: 8 (ppm) 134.5.

35

40

40 g (0.177 mol) of 6-chloro-(6H)-dibenz[c,e][1,2]-
oxaphosphorine are introduced as an initial charge in 400 ml
of toluene under argon together with 31.7 g (0.088 mol) of
4,4'-methoxy-6,6'~-t-butyl-2,2’'-biphenol. 20.24 g (0.2 mol) of
triethylamine (dried over KOH) are added dropwise at room

45
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4. A catalyst as_clained i f "€ <PLE cedln cl.al urt her, conprising
at | east one fg?l?% Il-"-“tlur éngh 'f(lexc{tur(? 7 ojr&n 538 cg‘rS]s?JsCt |fﬁ§ i)%&hal i des,
ami nes, car boxPLRYERS- & t?Fh%@tX}ﬁgF@nla?yq’mWﬁQFé de £918AdsdFf onat es,

hydr i de 35 COfibtefachoffdandethe diiditen| résidne dist waSb@d witdont ai ni ng
heterocycl es, gepr@iydidfubehetodatonpieitesSthetyiang,. Fhé arfghnienphasds -arnd
nore hi ggly dee&%fnéﬁ“ﬁﬁhtﬂ@ vaMSARENhES AdihviRBOSRE}E £rdnl Q?ani?l§gh5 A
process for hygrof of miat |, de\g& %‘{’Agﬁegof'éaiga’ﬁ% 1Y ﬁafoto

ethyl enical ly uns rat ed on nDnOX|de and
water in the p¥eg hgr WA %ﬁd’ °f"o?ﬂ$]/'}%t’rsor’rn&§f %twaWFCHlE%ITDI’I ses

usi ng a hydr of Brh?’F%Rei @ﬁdcébaﬂl ywitthc GapERE} rRfhereat al yst as claimed in any
of claims 1 to 4.

10
15
0T OC
20
(Ia)
3l1p NMR spectrum: & (ppm) 128.14
25
Example 2:
Preparation of ligand Ic
Ligand Ic is prepared similarly to Example 1. The crude
30 product obtained has a brown color and is slightly sticky. It
is purified by vigorous stirring in n-hexane for 12 hours.
The supernatant hexane solution is separated off to leave
ligand Ic as a white powder.

NS

© oy 0o

45 31p NMR spectrum: & (ppm) 128.41

(Ic)

l1H NMR spectrum: corresponds to proposed structure
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20 (Ib)
Example 5:
25 Preparation of ligand Ie
Ligand Ie was prepared similarly to Example 3 and obtained as
a white solid.
30 31p NMR spectrum: 6 (ppm) 127.2
1H NMR: corresponds to proposed structure
Purity of crude product: > 97%
35
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(Ie)
15
B) Hydroformylations
Example 6:
20 Hydroformylation of 3-pentenenitrile

In a 10 ml steel autoclave, 0.75 mg of rhodium
biscarbonylacetylacetonate, 12.3 mg of ligand If, 1.5 g of
3-pentenenitrile and 1.5 g of xylene were reacted at 100°C

25 with a 1:1 CO/H, synthesis gas mixture at 80 bar under argon
protective gas. After a reaction time of 4 hours, the
autoclave was decompressed and emptied. The mixture was
analyzed by means of GC against an internal standard. The
conversion was 58%. The yields were 57% of

30 formylvaleronitrile isomers (12% of n) and 1.2% of
pentanenitrile.
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where
m is 0 or 1,

A combines with that part of the phosphonite group to which

15 it is attached to form a 5- to 8-membered heterocycle
which may optionally be additionally singly, doubly or
triply fused with cycloalkyl, aryl and/or hetaryl, in
which case the fused-on groups may each bear one, two or

20 three substituents selected from the group consisting of

alkyl, alkoxy, halogen, nitro, cyano and carboxyl,

Rl is a C3- to Cg-alkylene bridge which may have one, two or
three double bonds and/or may be singly, doubly or triply
fused with aryl and/or hetaryl, in which case the aryl or

25 hetaryl groups may bear one, two or three substituents
selected from the group consisting of alkyl, cycloalkyl,
aryl, alkoxy, cycloalkyloxy, aryloxy, halogen,
trifluoromethyl, nitro, cyano, carboxyl and NE!EZ2, where
El and E? are identical or different and each is alkyl,

30 cycloalkyl or aryl,

D has the meanings specified above for A,

or salts and mixtures thereof.

2. A catalyst as claimed in claim 1, wherein R! is a radical of

35
the formula II.1, II.2, II.3 or II.4
R2 R3 R? R2 R3 R? R3
\/
40 l
Ré l
(II.1) (II.2) (IT.3) (II.4)

45 where

R? and R3 are independently hydrogen, alkyl, alkoxy, halogen,
trifluoromethyl, nitro or cyano, and
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4. A catalyst as claimed in any of the preceding claims, further
comprising at least one further ligand selected from the
group consisting of halides, amines, carboxylates,
acetylacetonate, arylsulfonates, alkylsulfonates, hydride,
CO, olefins, dienes, cycloolefins, nitriles, N-containing
heterocycles, aromatics, heterocaromatics, ethers, PF3; and
mono-, bi- and more highly dentate phosphine, phosphinite and
phosphite ligands.
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5. A process for hydroformylating compounds containing at least
40 one ethylenically unsaturated double bonds by reaction with
carbon monoxide and water in the presence of a hydrogen
formylation catalyst, which comprises using a
hydroformylation catalyst comprising a catalyst as claimed in
any of claims 1 to 4.

45 6. A process as claimed in claim 5, wherein the hydroformylation
catalyst is prepared in situ by reacting at least one
phosphonite ligand of the general formula I as defined in
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