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WO 2007/ 028660 PCT/ EP2006/ 062872 1 Carbonyl ati on

net hod by addi ng secondary sterically hindered am nes
WOﬂQQMO%%yQH on relates to a carbonyl ation proceBsTfi2006/062872

reacti on of a carbonyl atable conpound in the presence

of a netal conplex catalyst donprising a netal of

transition group VIIl and an 5 organophosphorus

ligand and in the presence of a sterically hindered

Car?%gm' efH0d Yy addih 95%'11@5. SeREAR Qeréd e CESSES

al dehydes can be prepared froman ol efi n. havi nig one
| ess .carbon atom by catalytic _hydrofornylation (or _
The gReniibredde)to a AR ByAHAR PEFesT fof eashom pEe RyleRylgrble sompound in
' ] ] .. for far
e AR o Ik R b1 Sl LS L3 n RS OPGrif g Vit s
orgahdyhosptoaes1yias agd ethe padsbroe)dfiaGtedizhiths hikiereh s€RAISRS amine.
used, for exanple, for producing drying accelerators
for surface coatings or as stabilizers for PVC. The
r 1.0 en.olefin c ounds ar bon nonoxi de an
Cartp B e ol et PRGN e PLR0 dn PER: GBehf. Thus,
aldeldldde st ebe aspangl Gren NBY 14T BETinat 6B i1&sKEPYEh dfom by catalytic
hydrof ornmyl ati on (oxo process). catal ysts in these
hydrefernylaters (oruee processpddiehogspation of dicse oidsbydrd givds algadhols which
t r.ansi tion netals of groups.8 to 10 of t Periodic, ..
o YIRRE r° ErdPe Tunpr ot Bupeieeitap” s oifyents iidation of the
aldelfydedigiues ajacboRb1i€ Qleadst whithecaRyBd QE&, st @khi@PleU$bNBroducing drying
rhodi um conpounds generally offers the advantage of
accelgragfie forsheapseoltingd arias ptahtetsdbt BYCr aw nateri al s
utilization 20 conpared to catal ysis using cobalt
conmpounds and is thus usually nmore economical. The
The #RQEHNUEBLRdnad 1Y@ By 6Lkl Of b rPinbAGk S atB HAIrb YenGalthd fsence of a
out using conpl exes whi ch conprise rhodium and
catalyst 6 givebihy aldahyddseletvingh osp hore sarbomatum ds kasvit agapdieformylation
[ : . f h
(oxo g?cgc\éégsglsl %ggaiyé?s;ﬁb@ggﬁr Wégt?l(o%ﬁnﬁh%bﬁffggxoexg d?nadéoo ctom%ounds of the
transRIRASRBAN b€ 8 QYahVhEW 0 | ic
ransolefins naygggﬁgound,in B_eg%E%Pﬁéﬁﬁg% @gﬁ%?ﬁ%kﬁ&%ﬂ%kpaﬂmubr
compbApgd o€ dhédmmg ek of coBalt.alys ity dwifoimyQitgmn asieg ahbdiom compounds
Ogrrp? nds", . Vol . (é &%k? VCH, Wi nheim New York, 1996. .
genenglly 1o fg%&tgp 9gyan§23gbet rhl% 5 5hemosstecH g angﬂ)et];%gaw faterials utilization
compIR&CHof bz&algﬁy %@ﬁgg&%ﬁlt Riohd Rl al‘f(flﬁsah}{ﬁtusug%f %rﬁ)qg e?tgrﬁ)mical. The
used depenhdi ng On the sté}tlng material an ar ge
rhodipmedchtadyzed | Hydrdfomhylmianid usdally cardbé oyt phios pbinpRxéy #hich comprise

enpl oyed, a-ol efnms can be hydrofornyl ated at | ower.
rhodlﬁme;ggiﬁpr@ger% trivalent phosphorus’compounds as ligands. Known ligands are, for

example, compounds from the classes of the phosphines, phosphites and phosphonites. An

overview of the hydroformylation of olefins may be found in B. CORNILS,
W. A. HERRMANN, “Applied Homogeneous Catalysis with Organometallic Compounds”,
Vol. 1&2, VCH, Weinheim, New York, 1996.

Each catalyst system (cobalt or rhodium) has its specific advantages. Different catalyst
systems are used depending on the starting material and target product. If rhodium and
triphenylphosphine are employed, a-olefins can be hydroformylated at lower pressures and

temperatures than when using cobalt catalysts. As phosphorus-containing ligand, it is usual to
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tenperatures than when using cobalt catal ysts. As
phosphorus-containing ligand, it is usual to 2 use an
excess of triphenyl phosphi ne, since a high
ligand/rhodiumratio is necessary to increase the
selectivity of the reaction 2o the comercially
desired n-al dehyde product. US-A-4,694,109 and
US- A- 4,879,416 rel ate to bi sphosphi ne |igands and
use M@do&ss%b&n&%ﬁo%hﬂiég 5iREox Highaﬁg;aﬁﬂyﬂﬁfdilﬁh e4tl018 ndlestd@Wto increase
synthesis gas” pressures. Particularly in the case of
the stleetivityyalithé mrotydnatoi thecahmpregblyriesirdd rhldebydevirodues and
high n/i selectivities are achieved using |igands of
this type. WD A-95/ 30680 descri bes bi dentate phosphi ne
[ a r i :
S PR L 3o hoshle i use i the
hydrbfosiklagphiofedefarseatdiosc bymtledisagas| prgssncts. Particularly in the case of the

hydrof ornyl ations in, for . exanple, US-A-4,169, 861, US ,
hydrafonmylgtion of gFnesighactitics 0 high TR S@eg%\av%@r&g@hb@ed using
. ' . phosphine ligands is the relatively
hgm@%%gﬁ%%%?%d preparation. It is therefore often not

cost-effective to use such systens in industria

processes. phosphi t e, conpounds are

I n addi tion, ) . .
WO-AsPBPRY Jesarbesapientatyiphesphine f2apds angghey ype & ealysis, including
: gEﬁg . . lity of phosphites and phosphonites
1me1é§§m%g [ 0%832%%9 %iaddition of organic am nes and an
aci d-binding netal salt. 20 Rhodi um nonophosphite
conpl exes are suitable catalysts for t

. ! he .
Ferrqegui-bridgedy Puphespiiges ase ahehessdorsedicaadsh i Rydefarayiipns in, for
i 2 AD b he I \rird Va inally
exa“%’?/éc; ?%%‘r %3?%;3% kﬂ}cso%pij%@nlgéﬁ%“%\/%%ﬁ %’3-9 %’%@155 508
di scl oses the use of bisaryl ene- substituted
nmonophosphites in the rhodi umcatal yz

d
The dsaihBrigenyl BitrsHe ohohuerlEmds s fhwsbitsely ompleeed pesparation. Iis
therego'ér%,J aqf{yeé grpc# chgﬁé):/ff r%lﬁ?g o) 'qsg {sﬁ% 82&{1’%% % (ﬁ%‘{gtrga;f .%%oceﬁses. In addition,

or ornyl atl near O NS navi ng

* phospiffeTtaapordial dré) relbaly dasable. ThOEISEP fOO6TE MOS states that the storage

predominantly termnally hydrofornylated products,, ,
stabiljtyeaferhosiititen 6hé photpbpnites deabienigeieatedryatddganibeleongeitig gmines and

in, the vicinity of the 30 branching point are '
anachPB‘(’j’Hg’lgtIPVa]rsé tted to only a snmall extent. Wen

coordinated to a transition netal center, these

phosphites give catal ysts having an increased

- Rhodaohimdértophodphite t trenpeasatienguitable catalysts for the hydroformylation of

branched olefins having internal double bonds, but the selectivity to terminally
hydroformylated compounds is low. EP-A-0 155508 discloses the use of bisarylene-
substituted monophosphites in the rhodium-catalyzed hydroformylation of sterically hindered

olefins, e.g. isobutene.

Rhodium-bisphosphite complexes catalyze the hydroformylation of linear olefins having
terminal and internal double bonds, forming predominantly terminally hydrofoi'mylated
products, whereas branched oleﬁns having internal double bonds in the vicinity of the
branching point are frequently reacted to only a small extent. When coordinated to a transition

metal center, these phosphites give catalysts having an increased activity, but the operating
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3 life of these catal yst systens is unsatisfactory
because of, inter alia, the hydrolysis- and
oxi dation-sensitivity of the phosphite |igands.
Significant inprovenments have been able to be
achi eved by use of substitutéd bisaryl diols as
starting materials for the phosphite Iigands, as
described in EP-A-0 214 622 or EP-A-O 472 071. 5
: [ | i d exes
e B ey T PR B Rolysis- and

oxidedabensitivith @f the phaaphite ligiHda- SIgﬁﬁSarﬁSﬂnprd&SfrAnt% hé#8 bediilable to be
and US- A-4, 885, 401 descri be pol yphosphite |igands_ by
achigyedrhy we afisibyiiteed biserhsliclnas APERE matstialsder (b8 Ahpwhite ligands, as

RV AR R 0 e Ser el

bi dentate |igands of this type are also used for the
hydrof ormyl ati on of butadi ene, Al though the
Accc@"dg@n@pﬁ@slpqug &@nﬁb@éwas camplexened t}éﬁsé liggpds are extremely active

hyar PR GERY AT i b e BT RO ar o e 4748261 and

US-§¥§§§'ﬁd"la¥i@:{cpiB§ lyﬂk@sﬁ}ﬁ{eahg%ﬁis%f'rﬁéhn§ed§‘fsb\1hhéﬂ b)olefins and also
which’l'eads to the catal yst systemor the |igands used

2-bulzak ogn be Icam\remtiwlquhlgk Isylectautyrlptmsthd tmmml]ydlydmfomdaed products.

co n st carbonyl ati o reacti ons, .
in USpEreilenss; RenBic, FEoda ol Bf Hankie aoateg Toh 26 divdzapanylation of
butaditRces of oxygen or perOX|des. I'n industrial

processes, the conpl ete exclusion of oxygen is
difficult. In general, the starting 20 olefins and the

Alth@iébg gﬁs el Jggﬁgg?% ik t_%l: gﬁ%ggl:q&g arrrrxogﬁlljtl%% ? z];{g K :gcg;ggqg)/ugé ligands for
rhod RN HERbFAMLRRoh %aMﬁHﬁl ¥ b ﬁf ij'XEhé pﬁakr)ﬁ? BP%yAa%tly@ E‘ystem ﬁave/has a

““reactions “carried’out in industty because of the

relativelychighf senkigivitat whigh t icadsv én tismaithlystneystdrs @f th@xlymds used being

|ntroduced wth the startin terjals has a |ar
relatiyglye Awigklyr flgomnased g SHdige Ltrrr&e%ﬁ%e &epdifions, ofs mgfth garbonylation

react 6iing aiﬂgﬁdﬁ’lg 1%6%#6&%9@& ARagasial )}y ﬁ{a§01d1ﬂ'e Z?E%rebdi %?gént OIJI ﬂ'éromdes

ecreas e space-tinme
the selectivity or an increased consunption of
catalyst. It is therefore an object of the invention

In m%stlaaé\rép@@seé, therqemeta ereHsipR OF e8¥SeRNs diffigalisnpgeneral, the starting
oleﬁn avx?d %e@%ﬂgﬁ% coﬁt%u% Slt?zﬁy %ﬁ%ﬂ}l ofe gx erc'f ad(lil g‘?‘S’g‘%} -containing

compb‘l&ﬁlié tSin@y ﬁleu%ﬂyst%nceer:tra?lon is usua?lijys Io?)v in >’zhel :arbonylatlon reactions
carried out in industry because of the high price of the catalyst, even small amounts of oxygen
introduced with the starting materials has a large adverse effect on the stability and activity of
the ligands or metal complex catalysts. This can result in a decrease in the space-time yield, a

reduction in the selectivity or an increased consumption of catalyst.

It is therefore an object of the invention to develop a carbonylation process which does not
have one or more of the abovementioned disadvantages even when starting materials of

customary industrial quality are used.

It has now surprisingly been found that the deactivation of the catalyst system by
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It has now surprisingly been found that the

deactivation of the catalyst systemby 4

carbonyl ation reactions can be reduced by addition of

sterically hindered secondary am nes, i.e. secondary

am nes which have no hydrogert atom on the two carbon

atons bound directly to the nitrogen atom 5 The

present invention accordingly provides a carbonyl ation
e e o RO SR LM secondary amines,
i.e. sgooraiaydaemings méiadt leve not Hyldrapen bom marthe tvie carbott Atoms bound directly

presence of a netal conplex catalyst of a netal of
to the pfFRgep . group VI11 of the Periodic Table of the

El ement.s whi ch has an organophosphorus conpound as

i gand, wherein the carbonylation is carried out in
The tphesepy BSemid afcoadifglerproddby ahdaristeryRtion IRoces emdetigh at least one

am ne having the general structural formula | Rc Rd, .
compgyadaich i Capakle ¢f beipe ngbp@’dat% ’byp@ganpgd)’f cpidog fpoycide is reacted
Withacra%cgldﬁ%&ﬁgé gp %he xfege%%g %% ah%g{ag g@ﬁP _R cra%gy'fs‘t: %!f% ﬁ[i@tlaf: gf transition

nay be  J ol ne 0 ‘one ‘anot her. e present

group 'WIEINGfl the) Peii&diwiTablepofakié GBhgnentsrivkichrias ao mpgan®phgphorus compound
nmetal conplex catalyst of a netal of transition group. .
as ligand, viyerqipéhepearbemiilationais| @rped pReinEthemrpteaceyrf @rsterigglly hindered

i gand and a
secoffhgy AR IR AL P SR UREHT ol L % Ravi ng t e
grgeral Rfructural formula | Rc Rd Rb+N+Re 20 Ra H

K rd Ra, Rb, Rc, Rd, Re and Rf are identical or
Rb dqfr&ﬁeqt

drocarbon radicals which nmay be joined to
ORg anower. The process of the invention has the
advantage that the stability of the catal yst systemis
' I

where Ra, Rb, Rc, Rd, Re and Rf are identical or different hydrocarbon radicals which may be

joined to one another.

The present invention likewise provides a mixture comprising a metal complex catalyst of a
metal of transition group VIII of the Periodic Table of the Elements which has an

organophosphorus compound as ligand and a sterically hindered secondary amine having the

general structural formula I
Rc Rd
S
Ra H Rf I

where Ra, Rb, Rc, Rd, Re and Rf are identical or different hydrocarbon radicals which may be

joined to one another.

The process of the invention has the advantage that the stability of the catalyst system is
significantly improved, particularly in respect of the oxidation sensitivity and/or hydrolysis
sensitivity. Due to the improved oxidation sensitivity, it is possible to use starting materials

which contain small amounts of oxygen as impurity. In addition, the reaction is simpler to
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25 significantly inproved, particularly in respect of

the oxidation sensitivity and/or hydrolysis

sensitivity. Due to the inproved oxidation

sensitivity, it is possible to use starting materials

whi ch contain small amounts of oxygen as inpurity. In

addition, the reaction is sinpler to 5 carry out

since 100% excl usion of oxygen is no |onger absolutely
: 4 : i oyed, t | ]
carr BEFFABE NG BARIGTES TRIPKFo LIRETaRSTLEY pidekal. Due 1o the
improa¢d tesmeludtatsitity ofethatligaatly thé ghrbbeylpésmtaactensatanvibe cdrried out at

rapi d deconposition_of the |igands is ghservedq wthout .
relativgly bighitemnpsiatyres g éﬁhﬁ‘é‘l Kagidy §eeOMROEHPR Sg thesligands 1s observed without

il ; .abi L. y 1. :

the a3 oAy 1J UR, BRckiobbr s ABEEYTAMbiL0 cory aut the parponyation
reactidns @ Bighby emberaturey rasiss it fsibkaotih@sase alicereactiva rpteocess

of the invention is described by way of exanple bel ow

wi thout the invention being restricted to these

' ts r A ' | : .

The BEREE, PEBe Ay RS Mhachlbl £5, T 2l Bt PARPHE, inventon
beinglBdstrfieddb thdie efibos@iEntd. AVEtEdnkillathiasiee &€ aflebé sble to devise further

~defined by 10 the description and the clains. In the
variagtsr Wil peet iksivige wbiessmatter ofdhe Aresentildentipn Wipase cepe is defined by

| east. one,canpound which is capable of being
thed@%?%%ﬁ?ﬁ%?%ﬁqﬁ§nﬁéans of carbon nonoxi de is reacted
wi th carbon nonoxide in the presence of a netal

conmpl ex catal yst of a metal of transition group VIII o
In thef carbenyisiongetioeess 31 Tthp| iavesttionhén mhagkeat deajihpenh cpapowl which is

r ophaosphar.us .conpound. | rticul ' .
oot S RRRL ARSI Ba B B EQTAR g o
in thé PRs&ReRFANheh] iplex Eailkitest a0dttal Hf trdRBionr&FENTR 0O the Periodic

a sterically hindered secondary am ne having the

Tablgyefitheaflementy srhietmhas @y aigeaonhospRormRyconPpOMdRE paEc R compound

. Wh d d Rf id ' . . )
il B M R B PR LT ou m

preschBe 81E BRI Hinderdise8biRiatF@hink halinGekesbns LT SiRediMI formula I,
amne of the fornmula | functions as stabilizer. In

tRe proﬁ@bs of the invention, preference is given to
Rp-Y i ng,.s colggary am nes whi ch have a
2[ 2,6, 6{tetranet hyl pi peridine unit 11 25 H Il

where Ra, Rb, Rc, Rd, Re and Rf are identical or different hydrocarbon radicals which may be

joined to one another. The sterically hindered secondary amine of the formula I functions as

stabilizer.,

In the process of the invention, preference is given to using secondary amines which have a

' 2,2,6,6-tetramethylpiperidine unit IT
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6 or 2,2,6,6-tetranethyl piperidine itself. Particular
preference is given to using am nes which  have a
2,2,6,6-tetramet hyl pi peridine unit and are substituted
in the 4 position and have the general structure Ila
R N I Hlla 5 where Ris & organic radical, a
hydr oxyl group or a hal ogen. The organic radical R can
be, for exanple, an organic radical bound via a
I, t
or 2';}? S g&%gt Parl? %ﬁxyl&fﬁ%mﬁﬁ@%k}? ?%1%%??{&{&%%963 g{?\{%lztﬁalﬁsm% amines which
haveos @a0)6,6-te@athethyIpipariding mitaarbarg nembstitutet rin thel quaosmobeand have the
an organic radical 10 having from1l to 50 carbon
genezplspucrillai f desired, heteroatons. The organic
radical particularly preferably has carbonyl groups,
e.g. Rketo, ester or acid am de groups. The organic,
ignal Il y heteroat om containing radical can be, in
ar, a substituted or unsubstituted,
alicyclic, aliphatic-alicyclic,
Ic, aliphatic-heterocyclic, aromatic,
romatic or aliphatic-aromatic hydrocarbon
radi dal having from1 to 50 carbon atonms, with 15
substi tuted hydrocarbon radical s being abl e {13 bear
substituents selected fromanong primry, secondary
whe@rR iseant drgatr;ic aidli(qall agrydupy] gadup oy elhaloggn. sy gamameicakR can be, for

exang{lg,ﬁgqq grgamgdqaﬁg:al b@ﬁ@% vyé( @)heﬁroeftclgrg; érlqzxallnp e&%;)%yggn atom, to the
struc\”;\ﬁgﬁn -C(ONR, -OCO - and/or -Si(R)3,
ere |s a nonoval ent hydrocarbon radi cal which

preferably has fromlto 20 carbon atons. If a

ity of hydrocarbon radicals R are present, 20
can be identical or different. The substituents
erably restricted to ones which have no

n the reaction itself. Particularly

ar,
hal og:ens such as chlorine, brom ne or iodine, alkyl

substituents can be selected from anong
radi gal s such as nethyl, ethyl,

(ID).

In particular, the organic radical can have a polymeric structure or be an organic radical
having from 1 to 50 carbon atoms and, if desired, heteroatoms. The organic radical
particularly preferably has carbonyl groups, e.g. keto, ester or acid amide groups. The organic,
optionally heteroatom-containing ra_dical can be, in particular, a substituted of unsubstituted,
aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic, aromatic-

aromatic or aliphatic-aromatic hydrocarbon radical having from 1 to 50 carbon atoms, with |
substituted hydrocarbon radicals being able to bear substituents selected from among primary,
secondary or tertiary alkyl groups, alicyclic groups, aromatic groups, -N(RY,, -NHR!, -NH,,
fluorine, chlorine, bromine, iodine, -CN, -C(0)-R’, -C(O)H or -C(0)O-R', -CF;, -O-R',
-C(O)N-RI, -OC(0)-R! and/or -Si(R")s, where R is a monovalent hydrocarbon radical which
preferably has from 1 to 20 carbon atoms. If a plurality of hydrocarbon radicals R! are present,
these can be identical or different. The substituents are preferably reétricted to ones which
have no influence dn the reaction itself. Particularly preferred substituents can be selected

from among halogens such as chlorine, bromine or iodine, alkyl radicals such as methyl, ethyl,
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7 propyl, isopropyl, butyl, sec-butyl, t-butyl,
neopentyl, sec-anyl, t-anyl, isooctyl, t-octyl,

2- et hyl hexyl, isononyl, isodecyl or octadecyl, aryl
radi cal s such as phenyl, naphthyl or anthracyl,

al kyl aryl radicals such as talyl, xylyl,

di net hyl phenyl , di et hyl phenyl, trinethyl phenyl,
triethyl phenyl or p-al kyl phenyl, aral kyl radicals such

e A, B, SR LB oA A, oo,

2—eth},l‘lheﬁ<%& ﬂﬁbﬁbﬁngﬁbdé@l()dr odthdeoxly drgldiaiidats Suchh aaphenyl, naphthyl or
met hoxy, et hoxy, opoxy, butoxy or pentoxy,. _aryloxy
anthyagyfh, o Alleylaryc hraddicalthemishy %5 WRpht myﬁ dimefofphonily diethylphenyl,

trifn%t%lg%l%riylace?th%?ﬁg& i f pﬁ] )yﬁméhﬁbxy EjllM ﬁetsﬁeﬂl 'as benzyl or

}Qaﬁlﬁsgblﬁkafdditglst :hfcﬁ s chdlepatdl byolotieadi, @%ISoctyl cyclohexylethyl or
-Sl trimethylsilyl, triethylsilyl or

1- mwthylemmyli, |a§1¢ox'ynadmlé Shel a3 Mehee FHREE PIODERY AMiaxy or pentoxy,
aryl%%/rgg)ﬁwalg\%ﬁl a5 pél}}etnox¥ OP L hhﬁ%x\yﬂ(g&d)ﬁa r—é&b)%' & gRacetyl propionyl,

trimethylabotéxy, t £ictiRitirlyP iop fripibmadatixydli 4@ BIOC kadivalk bearing three
nore than one, vqr& particularly preferably no

hydrﬂmrbcma radupa(mﬁSz(R JINHRE. mmﬁbylsﬂﬂmn@thﬂ@éyl A triphewibly Particular

have a s [UcCt ura f t he
prefE gl e &0 PP OrE o At ngis M8 i TL Y BT gt hove, apar
fromCRRTPOYBES tdiAvi R, dﬁlb@ncﬁhé Bailgnhalbl1bak, Mot aforé kihnt éhel |v@ry particularly
shown bel ow or erivatives thereo 8 HN O O NH |

prefagatdy ng furghet -N(R ), NIHRn anglier Wz gromp= 1 to 20,
preferably froml1l to 10 208 OO

As secondary amines which have a structural unit of the formula II, very particular preference

is given to using the compounds having the structural formulae IIb to IIg shown below or

derivatives thereof.

HN . O (e} NH
ITb
N
|
H
T L | >

where n = 1 to 20, preferably from 1 to 10
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H1-~ NNH NN I I HHIlidIlI II'\ HNOOIlle

where n =1 to 12, preferably 8 HNp 5 IIf where n =
1to 17, preferably 13 H25C12 NNH Ollg The
conpounds of the formula Il are commonly known as HALS

(hindered amne light to st&bilizers) and are used
for stabilizing polyners agai nst agi ng caused by
ight. Nunerous publications (Pieter G jsman, Polymer
gradation and Stability 43 (1994) 171-176; Peter P
E enchuck, Matthew E. Gaij%; Pol ymer Degradation and
bLP$Lé/22\L;988%E%£}-7 ~Peter P. Klenthuck,
H™ vat Nhew B Gande, rolfol . them, Macromol. Synp. 28,
1174144, (1989)) are cqoncerned with the nmechani sm of
stabilizatio no concl usive 15
' Conpounds of the
avai | abl e and = can be
obt @i ned; for exa | he conpanies I1Cl Anerica,
Si gqae- Al drich, Fluka, 94 ABCR, G ba, EﬁSF and Degussa.
The preparation of these conpounds ig, for exanpl e,
outlined in Polyners & Pol yner Conposites, Vol.8, No.
cally hindered secondary amine | is
inanolar ratio to the catalyst 5
1:1 to 100:1, nore preferably in a
rom2:1 to 50:1, in the reaction mxture.

for exanple, be introduced i? 0 the
hydr of or nyl ati on reactor together w t he

where n =1 to 12, preferably &

H 3 .
\ ~ . e

HN 0)
If
where n= 1 to 17, preferably 13
H2sC12 —
N { NH
™~
O . Iig

The compounds of the formula II are commonly known as HALS (hindered amine light
stabilizers) and are used for stabilizing polymers against aging caused by light. Numerous
publications (Pieter Gijsman, Polymer Degradation and Stability 43 (1994) 171-176; Peter P.
Klemchuck, Matthew E. Gande, Polymer Degradation and Stability 22 (1988) 241-74; Peter
P. Klemchuck, Mattﬁew E. Gande, Makromol. Chem., Macromol. Symp. 28, 117—144,
(1989)) are concerned with the mechanism of polymer stabilization, but no conclusive
explanation has yet been given. Compounds of the formula II are commercially available and

can be obtained, for example, from the companies ICI America, Sigma-Aldrich, Fluka,
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starting olefin and/or the recircul ated catal yst

solution. The amne is preferably introduced into the

reaction together with the ligand. Preference is given

to adding a conpound of the formula Il whichis

sui tabl e as secondary amne & early as during the

storage of the ligand or ] o the conplex used as

catalyst. It should be pointed out that, specifically

r trd i tril.S j: t S Fgﬁn

ABda}{r]idBﬁ-qh%A?%%h@P oasr?dsT hge_?rfégé'gh r %rfnt??wsg ﬁ)intl er %Qﬁy&% example,
outlifet i PlveR & RESen Soamdsitds, Voks, Mo.njJeoedl secondary

am nes thensel ves, since they are reduced to the

sterically hindered 15 secondary am nes under the

reaction conditi . Th r /. at C . t he, ;
mhe EREHLPBROPRTShP e 1 EOMSED RANEOERG: Pl Bt caao
metal QFFRHNGS :1 &f 1001€, ﬁbf—‘&%@fe&a‘tﬂif e rati@ oo fidnv2 af tot 30el, in the reaction
Peri odi c Table of the Elenents (nitrogen, phosphorus,

mixtyyes Erfian, foaprammieybe ibirediped yntashq hyghplgsmylpon gagios taggther with the

s SR T SRV CEREARRT e EGR0 26y a0ty o

into EeAF8RLEON foBEhEIOWRRURE $igBRD e REINOW s Bivet GIROAAGES dmpdund of the
contain at |east one of the functional groups shown.

formpk Mhvehichoispoitakls apseqondary giming as ¢arly RPRBRANG tpragp gfjthe ligand or
the cEXE usi v&l#a?rg%ni c radicals which are all bound via a
e comPIsPss 8hAYihe phosphorus atom as radicals R2 to
R4, e.g. phosphines or a phosphino group. 30 The
conpounds of the fornmula IV PRRR3(TR5) 1V 10 have ’
It shawlddnipointelibus dhas, speifhally i sidrofbonyiation, at ia pessitde ip atedhe N-oxyls

t he phosphorus .ato s radicals R2 and R3 and an
and PP PRRPESIA AR SoB i e s RSBl BL BN Thstead of the
hind&8d Gt &flaly Mined MBAsQ¥I YRNMhe i dré G8@MRed QotthE sterically hindered -
phosphorus atomas radical R5. In the case of T =
secomdayy emines suddn tioorepdinnd®nditionsf or exanpl e, phosphinites
or a phosphinito group. 5 The conpounds of the formula
V PR2(TR5) (TR6) V ‘

The carbonylation process of the invention is preferably carried out ﬁsing trivalent'compounds _
of the elements of main group V of the Periodic Table of the Elements (nitrogen, phosphorus,
arsenic, antimony, bismuth) as ligands. In particular, trivalent organophosphorus ligands are

vsed.

As organophosphorus ligands, it is possible to use, for example, the compounds shown below

or compounds which contain at least one of the functional groups shown.

The compounds of the formula ITX
PR’R’R* 111
have exclusively organic radicals which are all bound via a carbon atom to the phosphorus

atom as radicals R? to R*, e.g. phosphines or a phosphino group.

The compounds of the formula IV

- PR?R¥(TR?) . v
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have an organic radical which is bound via a carbon

atomto the phosphorus atomas radical R2 and an

organi c radi cal which is bound via a heteroatom T

sel ected from anong oxygen and 1o nitrogen to the

phosphorus atom as radical RO and R6, with the

het eroatons being able to be identical or different.

Wien T is in each case oxygen, such compounds are, for

e ] : ) ] Nl r
haveco%oﬁ n gwgg Ofﬁgg][y sér %ﬁl I%Hu\x}lﬁ ?E%;(Q&%{F;{% t(a'?'oRr%)t?'lLt%C?)pﬂgli?phoms atom as
radidaivR® and ®° gadian orgatiic addicathivdtich & Yromd dria adeteroatom T selected from

heteroatom T sel ected from anbng oxygen apn nitro '
amoRg, oK ygen e MFReCn 0 AegphosRhqruypion) & rﬂgw@ Rgﬁ,i the ¢ase ?ﬁ = oxygen,

r 0 ' I . ' ' : | fferent.
suchRb oA, BELA A0 pfoliles of S ol e o
exanpl e, phosphites or a phosphito group. 20 In the
structural formulae Il to VI, T is oxygen, NH or NRS8.
The @yapouads ehths fromula VR are identical or different
2,4,8ahL,6 radi cal s which have from1 to 50 carbon atons
PR(gﬁdﬁﬁgsibe; joined to one another. 25 As nen??oned
havead0M@anit tradial 315ch RASRINBIvEn & @artbSB atdr t¢ &et plisplevius atom as radical
, conpounds having two or nore functional groups of the
R® angt gruprganiciradienl Whielsis|boyahis 4 istarpetopy bedsdedfroppgnong oxygen and
nitrolsé%%g%n{;%o@glgﬁ%pﬁsﬁéﬁgag%ggcﬂﬂﬂ el }t{w&ﬁj{h%tl#e?f{}ﬁietoms being able to be

'S ‘present’,” onée o

identicdllior &lifferem WRerRT isSintda¥R|casd okgden, shddf c@xgiple are, for example,
formula VIIb, in which the radical R2 is divalent). It »

| phosgitondtss ree pRosphisito@odnunct i onal groups and can be

assigned to either. In the case of conpounds having
three functional phosphorus groups, one of the

The éEhiRalS ofRBefnRla W3 trivalent or two of 11 the

ra |cals7R2 to R7 are divalent. The pol yval ent
P(TRPY@RCKITR connect the functional groups to on¥l

anot her.. An anal. ogoys situatjon applies,to.c ounds
have ARG tcioel ROHET P oRB0 S OIRALTh dr e g AMGE oxygen and
nitrogfrpﬁwr @bk ﬁ%b%ﬁx%ﬁﬁ AEmCRRGUALRTBIRS Yah ik HenReddieiRbeing able to be
r ganophosphor us conpounds are, for exanple,
identixia} ph asfidreme 3Viianoris iatdacm cafe dxygeni suehl ¢dmipounds are, for example,
bi sphosphinites (conbination of IV with IV, when T is
phosphytes 98 & PAGERIIY TSPy gen at om), bi sphosphoni t es
(conmbination of Vwith V,

In the structural formulae III to VI, T is oxygen, NH or NR®. The radicals R* to R® are

identical or different organic radicals which have from 1 to 50 carbon atoms and may be

joined to one another.

As mentioned above, it is also possible to use, in particular, compounds having two or more

functional groups of the groups III to VI as ligands in the process of the invention.

If a compound having two functional organophosphorus groups is present, one of the radicals
R? to R7 is divalent (cf., for example, formula VIIb, in which the radical R” is divalent). It
connects the two functional groups and can be assigned to either. In the case of compounds

having three functional phosphorus groups, one of the radicals R* to R’ is trivalent or two of
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when all radicals T are oxygen atons) or bisphosphites
(conmbination of VI with VI, when all radicals T are
oxygen atons). |In addition, each functional group (111
to VI) can be conmbined 10 with another functiona
group (Il to VI), for exanplle phosphinite-phosphites
(I'V conbined with V, when all radicals T are oxygen
-atons). An anal ogous situation applies to conpounds
of. beast e
the r%érl%agén %pﬁogp g%gﬁengo’ﬁﬁe Igoq%aléﬁf pfdgca(lé +(;ntn£3<9c i %uélgfé%nal groups to one
anothdde ARV Rklofdus Sslmraa&er aphliescas r |061@1p@mﬁdsui1aﬂglga more than three
compound of the 15 fornula R2[ PR3R4]x, VIl where x =
orgargphpspbegesrgrovsm 1 to 10, preferably from1 to 4 and
particularly preferably 2, R2 = an x-valent organic
radical and R3 and R4 = an organic radical, with R3
GencdlCc1ied 8F B8MPOIRIst or Rech bE@ttioaal or@indphbéghoart coafbunds are, for
being able to be bound covalently to one another and
exampihe rbisphiosptings, (cpmbittagion adi IdbMgth]ﬁl)amjspthspjﬂmtqﬁe(combmatlon of IV

. struct raI units bej bet |de
with §V1 FEPRAS LD S LSRR R GIAEC™ER (e B Gosdey with V.
WherP£11 H?i?calsnl" &R 4:8/3en B GHbAPhRPRAQ! @HG8inafo®)b¥ ¥ wifh VI, when all
usi ng at | east "one conpound sel ected from anong the
radichls r’lmuiean:yg&ﬂ atpmy). Vh additivh, dach RejcER8R4grongt (I8l to VI) can be combined

with @otﬁ%iilu rgﬁ pad VH.Ibtg?\%a[ gg @Lﬁédqlggg@hl?f Pli\llf!s%iteghr@&ecombined
with 52 Iﬁﬂ%l 1'35‘15 3“%2 %%X%é}le?tggls)RgM aftrﬁl'i&%hs %@lgatltoﬁ%gglliees tto (;:ompounds

cals and "R4" bel ng

of at hiesﬂ td&ﬁtduﬁc&bntaypeﬂ;l (Il M) of amgandphibsydhoalsl grots. be
coval entl'y bound to one another, as organophosphorus
ligand. The conpounds of the fornmula VIIb are a

e RAhGRRG-3f o FOTRBUIE Tl S oundor

formiuldentical. The radicals R2, R3, R4, R3'and R4' are

'Rﬁpggeferably organic radlcals mhlch have no heterogat om

R'dan have, for exanple, oxygen or sul fur
het er oa The r.ad " 2 _
Whel‘%é r—telmclalfegﬂ f;/rorglr']le elﬁl)akﬂ%%rgbl?%gﬁ ’tc% ag g{lgrt @gl%ﬂgﬂl]efé?ﬁﬁy 2,R"=an

X-Valé’xﬁttﬁ%arﬁd: facical ah@ROaha TR4 %ﬁ%ﬁga@m Mdiexly 6th RT amd Rf bgiap able to be
to the phosphorus or organic radicals, in particular

1denti¢ykjm1ahﬁ"mt¢uhamhbhlmgal§¢ tavbé bornaraovhlentiyitoone anotheappdwhen x is 2 2,
the ra?ilca[n lip 4 8P t%g FfPﬁf }yﬁ ‘structural units being able to be identical or different, as

organophosphorus ligand. In the process of the invention, particular preference is given to

using at least one compound selected from among the formulae VIIa, VIIb and VIIc

RYPR’RY] Vila
[R*R*PIR*[PR’R"] VIIb
[R’R*PIR’[PR*R*] Vile

where R®, R*, R¥and RY = an orgarﬁe radical, with R® and R* and/or R* and RY being
different and the radicals R® and R* and also R* and R* being able to be identical or different

and being able to be covalently bound to one another, as organophosphorus ligand. The

‘compounds of the formula VIIb are a special case of the compounds of the formula VIIc in

which the organophosphorus radicals —[PR’R?] are identical. The radicals R% R® R, R¥and

RY are preferably organic radicals which have no heteroatom or can have, for example,
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5 Possi bl e compounds of ligands of the fornmula VII are
phosphi nes, phosphinites, phosphonites or phosphites,
or when two or nore organophosphorus groups are
present, bisphosphites or pol yphosphites,

bi sphosphi nites or pol yphospht nites or bi sphosphonites
or pol yphosphonites or else |ligands which have two or
nore different organophosphorus groups, e.g.

[ i i P i e 1 et '
xS BHER o Bert bR RAG Hd e RE R R R IR AR R Ry proferably
orgahia N dicdls arkichces beumd via prirteoabdhy peafgrablycoxygdh oalmtrogen, to the
whi ch are bound directly or via an _ oxygen atomto the

phosphergpesrigani radieals, i ig naaticwigrdrxskegerRam faglifalsa Mgdthpiehbound via a
may. be subst i fut or unsubstituted. The |igands of
cardiffhopSp S Hebp A

are preferably not phosphoramdite
compounds. 15 Anong phosphi ne |igands, substituted
trialkylphosphine or triaryl phosphi ne conmpounds_ are )
Possibdg eommpaivads 91 Bgandapf thefformuls & I arethosphinese BBosphinitee phosphonites
or plléogﬁ 'nEftslegln gxﬁxgliﬁvie){j{rglgo Po(%g %I Egip:hl?uagcsmp F&te prefsgllit, bisphosphites or

polypHdsPRERY bRPIREBRINAES or hél sphiditb@br bfsﬁﬂ&@ﬁ&ﬁites or polyphosphonites
phosphi nes in which at [east one of the phenyl ,
or elsealdgands whivbdraye swe oF frome tifarem osganopimsphomws ISEquP§, €29 phosphonite-

e e BRI OS4SR o s 2, 2,
R¥arld ROGR AQRLMin Y QroRIBSy obdansd Brdicalsy whRdhosRMbd@d directly or via an

tris(p-nmet hoxyphenyl) phosphi ne, .
oxygen atfip tadthegthosplemis, dp hattighlap hpdpedrhen radicals which may be substituted

or kLU S RRSR o FLIEL SAFTINBARSRIL "ot phsphoramidic
Comﬁcﬁl'hggnzyl phosphi ne, tri-n-butyl phosphine, tri-t-

but yl phosphi ne. 25 Custonmary phosphonite |igands are
described, inter alia, in US-A-5, 710, 344,

WO A- 95/ 06627, US; A5, 360, 93 JP-A-07-082281.
Amopg SSRGS RIS SRS HES Bh A B g compounds ar

parti iy Qﬁf[aﬁfcsfg'f RsMH ®R RblesObf BRMBvAtichh PrdR OHRRpBNEO Wands are,
are replaced by al kyl" and/or aryl radicals or hal ogen :
for atampds, ehitphitugd (orethswbylifpbeds phipheayphdsphinseny| par§Cular triphenyl-
(et hoxy) phosphi ne. 13 . As phosphorite |i ds, it.i .
phosplags 15] el 2y lsastne of i%%@fffﬁ@%ﬁ%% a8l Talgal Particularly
prefe%@ %Tl'ogphines are selected from among: triphenylphosphine, tris(p-tolyl)phosphine,
tris(m-tolyl)phosphine, tris(o-tolyl)phosphine, tris(p-methoxyphenyl)phosphine,
tris(p-dimethylaminophenyl)phosphine,  tricyclohexylphosphine,  tricyclopentylphosphine,
triethylphosphine, tri(1-naphthyl)phosphine, tribenzylphosphine, tri-n-butylphosphine, tri-t-

butylphosphine.

Customary phosphonite ligands are described, inter alia, in US-A-5,710,344,
WO-A-95/06627, US-A-5,360,938 or JP-A-07-082281. Examples are diphenyl(phenoxy)-
phosphine and its derivatives in which all or some of the hydrogen atoms are replaced by alkyl
and/or aryl radicals or halogen atoms, diphenyl(methoxy)phosphine and diphenyl-
(ethoxy)phosphine.
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~radi cal s bound via an oxygen atom and one organic

radi cal bound via a carbon atom with two or nore of

t hese radicals being able to be covalently bound to

one anot her. Exanples of phosphonites which can be

used in the process of the inmvention are

nmet hyl di et hoxyphosphi ne, 5 phenyl di net hoxyphosphi ne,

phenyl di phenoxyphosphi ne,

- phenoxy:- 2H- di .be -al [.1, 2].oxar: [ ' -

As GRGRREETE T BRSufb g, SLHE g ePRRREE (B EaE ek Eiwo organic
radi@lsShduaBhacatoBigen alokyindsHd @paris ydidabbowdl Wa akabah agen with two

atonms and |igands which are described in WO A-
or m38¢ 489BBe radicals (ginzsahls 2o hedcavelently dgund ty one gagther, Examples of

the .Cer at.ent i.cation - A :
oSSR BB e RUEHL SR O0Re i uf R st bt
phen$HitPbRyHkpHing pHeaFRsheddxyphodphenel PvsRhbOR2HRLIbdn2[c,e][1,2]oxa-

particular for a hydrofornylation are described, for
phosphenirphed itydetivativegamerhith pldransoae ofithe hydiegen ptoms are replaced by

DE- A- 199 .54 .721. Phasphonjte |igands, whic re,\Ver .
alky]pﬁ’?‘ﬁ% GFYAr‘iaQICé%S e?repégBE?’ E#soér&f f’u?fg llg%ndﬁ r ‘@Yck:necg1 Sz?rgf d‘%ﬁ‘@%d in WO-A-
98/439W5e0P10002681 NS DELLAYEd 0f0anha i Gdithan parpOsdRations DE-

of the fornulae VlIla-1 to Vlla-24: ' BU 'Bu 'Bu BU

A-19034 BU 81d DE-A-109640,1P. Bigandywhigh aBy paticulgrly Buitale fpryae process

or 9% Dt B A 4 LA AR B, by
geneg}/efonwﬂﬁe &kc16sed b OE-A-899 54 721. Phosphonite ligands which are very

| particularly preferably used in the process of the invention are ones selected from among the

compounds of the formulae VIIa-1 to VIIa-24:

/Bu
% ; ‘Bu

OMe




VIla-5 VIla-6 VIla-7 VIla-S 14 | ae~o e'op /0o M Me
NVei BU Hu Bu Bu 'Bu H B. Ow Owe Bu 'Bu Ove Ow

VIla-9 VIla-10 VIla-11 Vila-12 Yo e O a%9o Owve NW M
M BuBu BU\ Il \ "Bu'Bu\ BuBu\l\ Il Bu Ow Ow

Ove Ove OV OWe VIl a-13 Vilal44 Vila-15 VlIla-16 n O
OAP O~ O, NEt, We Nwve2 OOwe Bu Bu\ \ Bul Bu Bu Bu
Ovwe Ow Vila-17 VIla-18 VIla-19 VIla-20 \ / e"O'p "Bu

"Bu_Bu NEtp O NEti~0 , OBu Op/0_~\ \ \ \ &H 604
| Hi Vlila-21 VI 2 VIl a-23 Vi |4 Phosphi te
I -suitedli for the prss of thein
hat i t ut ed t NuadNk phosphi te-0¥,-fri aryl phosg .T

coppoungs are parti &kl y suitablge foguse as
el 4.0 gapd [ Pl OCE BAVent i op
rly pre phosphite are,
OMe OMe ‘Bu ‘ﬁu OMe  OMe
VIIa-9 VIIa-10 " VIIa-11 _ VIIa-12

i OMe i NMe, | i

O O O OMe 0 OMe
OMe OMe OMe OMe OMe OMe '

VIIa-13 VIla-14 VIla-15 VIila-16

¥ f NEt,
0 OMe ?
U OC
OMe OMe
VIIa-19 ~VIIa-20
MeQ OMe )
. O O 'Bu‘Bu
Bu ‘Bu 5 o
O\ll’/ 0 . \P/
H,  OMe éH, OMe
VIIa-21 VIla-22 VIIa-23 ; VIla-24

.Phosphites are well-suited ligands for the process of the invention. Substituted trialkyl
 phosphite or triaryl phosphite compounds are particularly suitable for use as phosphite ligands’
in the process of the invention. Particularly preferred phosphite ligands are, for example,

substituted or unsubstituted triphenyl phosphites, in particular triphenyl phosphites in which at
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5 substituted or unsubstituted triphenyl phosphites,
in particular triphenyl phosphites in which at 15
| east one of the phenyl radicals bears a sul fonate
radi cal . Exanpl es of phosphites are: trinethyl
phosphite, triethyl phosphit&§ tri-n-propyl phosphite,
tri-i-propyl phosphite, tri-n-butyl phosphite,
tr|-| but yl phosphlte tri-t-butyl phosphite,
leastt ?)ﬁe: 50% tﬁé 39(1 Fﬁ)t() cia&hgg‘aﬁ € lforfaﬁé PREQY! ERQI’HEQQ'erphosphltes are:

tnm%thyls( Ep}fgﬂé% yt}rreﬂ'ryﬂTE%)]ri]ﬁklphﬁﬂe l‘ﬂllyl)n)pﬁpjﬂh qﬁlpbpﬁﬂe tri-i-propyl  phosphite,
ris utyl - 4-me en
tri- nthuitsé (gbomhetgyrr)-l -prids pmsm 1tealtﬁ talaayltpmﬁphﬂes fas(ZethiBexyl) phosphite,

5?5{ h%ﬁ,ostpih@gf“ gbig%%ﬁ @h%é&@ cr h%%fj-t—b{ngﬁ 8lmethoxyphenyl)

phos gﬁ-&ba L4-hiShA HenK@9 pﬂBﬁ)hlthJS‘tﬁs(ﬁwc?eE‘ﬂfl)3§Hosphlte In addition,
35, 2 US- -4, 885,401, US-A-5,059, 710,

stenazy@yAhmdm@l omgspm;s Agwd.s?gs 085, desrined, ywer 49, in EP-A-155 508,

oSG R AR RN R, s

Us-Au gBhlg, | UsandsosoPo9s| UBEAJSI gards, osths, 1791054 aUS/lAe 260,491,
are phosphite- phosphlne conpounds ‘phosp hite-
US-piscdtdi tESO‘bﬁrﬁﬁ@rﬂi& PR pIAOIS3BNCTLACAIA &1, EP-A-518241 and

h t e-.phosphit e conpounds,
VWDﬁhQ@%ﬁﬁ%@?ﬁ nggnpounds, phosphi ni t e- phosphi ne

conmpounds, phosphonlte phosphi ne 15 conpounds,
phosphoni t e- phosphi ni t e conpounds,
Possﬂ(ﬂmslggands tod- p}hoﬁpmm t\élle ompop]mj;gh@q:—phosphme compounds, phosphite-

TR R R R -
phos%hﬁ@%ﬁé%‘xr{y doRshoulisS PReSMNARLIRSpIEAE c&hﬁ&ﬁﬂ%%oﬁsﬁﬁanlte-phosphme

osphi nes whi ch Can be used for the process of the
compcmmds]t plorsphond tet preisphipite paomatouods, apkosplipiterebesrhidte, cempounds or

ST e ROl L SEOT PR FTETARSE v
blspﬂog%l'ﬁﬂéé gﬁgg(!;s‘g)hﬁﬂt%i Hlﬁ)s T HORitEParldSi@rdkpialeent

stitut unsubstituted al kylaryl radica
(-CH, -Ar-CH2-) [R4R3P] RZ-[PR3' R4']. Di phosphi nes of
the, fornula [ RAR3P] [ PR3 R4(; n.which th ﬁadlc
BispRepPhiges, WSPRgbe B34 foF 485 BT OTAPE N PR@ASE thel pieparation are

0 Hifdd déserib d thers which
a5 S e JEPOED %D, RS MBOMIRR B ey i are
prefeh@HH‘@id\ftHégpI@@éEBQiﬂ’tﬂs invEBtivM Brd BneR inxwMER FB-16 2 d1valent substituted or
unsubstituted alkylaryl radical (-CHy-Ar-CH,-) [R*R’P]-R*-[PR*’R*]. Diphosphines of the
formula [R‘R’P]-Ar-[PR”R*] in which the radical R* is a divalent aryl radical Ar are

likewise suitable for the process of the invention.

Compounds of the formula VIIe¢ can, for example, be the following compounds.
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| PQQQFY-00ZY-00Z Vic-1 Vllc-2
WR P-x WOXP-OQOF P-OQOP- Y-00ZY-002Z .
VIlc-3 VIlc-4 WO x Wx P-OQOP P-OQOP~- Y-0Z
VIlc-5 Y-OOZ VIlc-6 Wx Wx i P-OQOP P-OQOP "

Y-OZ Vllc-7 Y ZVilc-8, 5 Where W X, Y and Z are
substituted or unsubstituted, aliphatic, alicyclic,
aliphatic-alicyclic, heroc ~i* 1' hatic t. 1
w—gomat i c-aro%—g or aliphwati c-zwe@(?t r hydr ocas-bgn
te_y._C p ey C r radicals havijng L_Og.]_bi _.é?carbon
or%, 8ch?h X, Y and Z being ,ablzg to be |8de tical
Y~®r differentO0of be coval ently BouRd to one andthér,

and Qis an at |east dV¥gtlent, substituted or 10 VIIc-2
_lnsubstituted aliphatic, alicyclicy_ _
w dj\l i phati c-al# cykl ic, heterocycli c,CW 2 X

\ /
l aPTsHaR Q@hBt er pcyclic, aromatic, arop@ticc-Arohan ¢ or
Y—al i phati c- ar @maZi ¢ hydrocarbon rad¥té& having froRri
to 50 carbon atons. Thelledbstituted hydrocarbon VIlc-4
radi cal s may have one or nore substiWents sel ec&ed
_P{ om anong primary, secondary or terthary al kyl ,
grouPs,Qabidyclic groups, aromatic gritups; - RR) 2,
Yy—oNHR9, -NH2, fluorine, chlorine, byem ne, iodine, O—€N,
-C(O-R10, -C(OH 15 or VIl O R', -CF3, -ORI12,
w O NR13, -0C(O-R14 and/or -Si (R15y3, Were R8 %o
5 ar ach a nonoval ent hydrocarbonmradi cal ~wht ch
?ﬁ@?gﬁl—@_&’as from1 to 20 carbon at o/r'?s_.aglgl aO\ME)\ ,
Y—@®lurality of %ydrocar bogy.afdi cal s R8.Yo R15 are “ VIIc-8,
present, these can be identical or different. The

Viic-6

radicals having from 1 to 50 carbon atoms, with W, X, Y and Z being able to be identical or
different or be covalently bound to one another, and Q is an at least divalent, substituted or
unsubstituted aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic, aliphatic}-heterocyclic,
aromatic, aromatic-aromatic or aliphatic-aromatic hydroéarbon radical having from 1 to 50
carbon atoms. The substituted hydrocarbon radicals may have one or more substituents
selected from among primary, secondary or tertiary alkyl groups, alicyclic groups, aromatic
groups, -N(R®),, -NHR®, -NH,, fluorine, chlorine, bromine, iodine, -CN, -C(0)-R'’, -C(0)H
or -C(0)O-R", -CF3, -0-R'?, -C(O)N-R*, -OC(0)-R™ and/or -Si(R'%)s, where R® to R are

each a monovalent hydrocarbon radical which preferably has from 1 to 20 carbon atoms. If a

plurality of hydrocarbon radicals R® to R" are present, these can be identical or different. The

“substituents are preferably restricted to ones ‘which have no influence on the reaction itself.

Particularly preferred substituents can be selected from among halogens such as chlorine,
bromine or iodine, alkyl radicals such as methyl, ethyl, propyl, isopropyl, butyl, sec-butyl,
t-butyl, neopentyl, sec-amyl, t-amyl, isooctyl, t-oétyl, 2-ethylhexyl, isononyl, isodecyl or
octadecyl, aryl radicals such as phenyl, naphthyl or anthracyl, alkylaryl radicals such as tolyl,

| xylyl, dimethylphenyl, diethylphenyl, trimethylphenyl, triethylphenyl or p-alkylphenyl, aralkyl



10

15

20

25

substituents are preferably restricted to ones which
have no i nfluence on the reaction itself.
Particularly preferred substituents can be sel ected
from anong hal ogens such as chlorine, 20 brom ne or

i odi ne, al kyl radicals such a3 nethyl, ethyl, propyl,
i sopropyl, butyl, sec-butyl, t-butyl, neopentyl,
sec-anyl, t- any1 i sooctyl, t-octyl, 2-ethylhexyl,

radicigiso%%g\%!%ﬁ bén%g b Rt ryg)lh[er%gethglg taﬁgg&%l radﬁ{{ ?Jcﬁ C@c g'{grg cyclohexyl,

cycl§oesh, @S&ldlr@k}’lleth 18yl Yﬁethﬂby'@d&ﬁéx p'&ﬂdb}tbf ,radibeﬂﬁ bl)kihmaﬂb‘ﬂhoxy, ethoxy,

trimethyl pheny triethyl pheny - al kyl phenyl 14
pr0pax3a|bay¢xy1crr pangeNye mommﬁl@b whza;alpmnomh@rnwpéfWV, -OC(O)R™ or

kcyclic r dlcals such op
et ST ayEPaRg e RSP SRR e lF R eppleniacetoxy, and
silyl affahfb)ébé badigatiges L}Bﬁrcﬂzﬁrﬂ@t RRNALs G{tglgiyﬁrocaﬂb&gf)m@g trimethylsilyl,
but oxy or pentoxy, "aryloxy radicals such as phenoxy or

triethydgahyl bootxipheny®IYO) R14 or C(OR , e.g. acetyl,
propi onyl, trinmethylacetoxy, triethylacetoxy or
tri phenyl acetoxy, and 5 silyl radicals bearing three

Exari¥ig¢ 8€ %ﬁﬁ&hﬂd@%}ﬁﬁ{ 8ar boULLAYAL BISFHORYhie3)in tik ﬂrocess of the invention

trimethylsilyl, triethylsilyl or triphenylsilyl.
are cﬁxmﬂeﬁ)roéxaw&qaon M GRDO67 & awitlh éheu'Seadmata 1117 mentioned there (not

IR 0B 0 bR i EeBrsons o
formuﬁovml & thk Ipres@ﬁtnfnlveﬂﬁgl e Rséfifon HOWIHEDDOECA ist 1ﬁcorporated by

he formula’lll of this patent text) being conpounds
refermeointoctmpwsqmdntclosumhe formula VIIb of the present
i nvention. The description of WO 02/.00670 is
incorporated by reference into the present

A paftiRed: 351 Bf 1R IH%{)HOE&H{@ rené&ﬁﬂﬁs@és hbeidts @Bgﬁﬂﬂ% 813 acyl phosphite-

enconpasses the bisacyl phosphites or acyl phosphite-
phosplateplim spidhtths structwhl wiit $he structural unit S xO- ~L A
P YO O(S) where Ais a divalent substituted or
unsubstituted al kyl or aryl radical which can forma
ri g~ _system corresponding to the structural unit S
aAd the radical L is an organic radical bound via an

0 or carbon atomto the phosphorus aton] IS
pregent tw ce or once. A specific

O

)
where A is a divalent substituted or unsubstituted alkyl or aryl radical which can form a ring
system corresponding to the structural unit S and the radical L is an organic radical bound via
an oxygen or carbon atom to the phosphorus atom, is present twice or once. A specific
embodiment of bisacyl phosphites is disclosed, for example, in WO 03/016320 as the
formulae I and II (in each case with k = 2). The compounds of the formulae A to H disclosed
in WO 03/016320 correspond to the formula VIIb of the present invention, while the
compounds of the formulae I to M in WO 03/016320 are examples of compounds of the
formula VIIc which can also be used as organophosphorus ligand in the process of the
invention. The description of WO 03/016320 is incorporated by reference into the present

disclosure.
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20 enbodi ment of bisacyl phosphites is disclosed, for
exanple, in WO 03/016320 as the formulae | and Il (in
each case with k = 2). The conpounds of the fornmulae A
to Hdisclosed in WO 03/016320 correspond to the
formula VIIb of the present l&vention, while the
conpounds of the fornulae Ito Min WO 03/016320 are
exanpl es of corrpounds of the formula Vile which can
S [ Lt CBSS
Gendy s B 231 BLASREP IORERARYS o B8 oo oI PstAT g STollowing
comﬂ,@nﬁgcorporat ed by reference into the present
di scl osure. 18 Ceneral exanples of acyl phosphite
conpounds of theQornula VIII are the fol | owi ng
X —oonpounds: 0 OX¥4O O Rl P-OQOP Y-0 O\ RL7 R19
ylg-8— pﬁf XOQRWG P-OQOPP Y-0 0\ R17 R19 R18

y_Milc-10 O 18 OP-,QHQOP Y O\ R17
R‘IQ R18
VIIc-9
(@]
X je R'6
P—0—Q—0—FR
. \ 17
Y—O 0] R
R19 R18
. VIIc-10
O
X o) R'6
\ / /
P—0—Q—0—FR
/ \ 17
Y O R
R19 R18 .
VIe-11

where X and Y are substituted or unsubstituted, aliphatic, alicyclic, aliphatic-alicyclic,
heterocyclic, aliphatic-heterocyclic, aromatic-aromatic or aliphatic-aromatic hydrocarbon
radicals having from 1 to 50 carbon atoms, with X aud Y being identical or different or being
covalently bound to one another, and Q is an at least divalent, bsubsvtituted or unsubstituted
aliphatic, alicyclic, éliphatic-alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic, aromatic-
aromatic or aliphatic-aromatic hydrocarbon radical preferably having from 1 to 50 carbon
atoms, with substituted hydrocarbon radicals having substituents selected .ﬁ'om among
N(R*),, -NHR?, -NH,, fluorine, chlorine, bromine, iodine, -OH, -CN, -C(0)-R*’, -C(O)H or
-C(0)O-R®, -CF;, -O-R%, -C(O)N-R®, -OC(0)-R* and/or -Si(R™®)s;, where R* is a
monovalent hydrocarbon radical which preferably has from 1 to 20 carbon atoms and if a
plurality of hydrocarbon radicals R? are present, these can be identical or differént, and R’ to
R are selected independently from among monovalent substituted or unsubstituted aliphatic,
alicyclic, aromatic, heteroaromatic, mixed aliphatic-aiicyclic, mixed aliphatic-aromatic,

heterocyclic, mixed aliphatic-heterocyclic hydrocarboh radicals having 1 to 50 carbon atoms,



R19 R18 5 VIlc-11 where X and Y are substituted or

unsubstituted, aliphatic, alicyclic,

al i phatic-alicyclic, heterocyclic,

al i phatic-heterocyclic, aromatic-aromatic or

al i phatic-aromatic hydrocarbbth radicals having froml

to 50 carbon atons, with X and Y being identical or

different or being covalently bound to one another,

a n d nt ubsb it 10[ 21 21
H, FOBL L Scs eéﬁ#@a?&w@e? 073 Sﬁﬁ WERR10ICo,R?, -COM, -SR
-SO&1 pharP - g@gféws@M hsoem&ly(é? i- R”R22 N=CR*R?%, where R* and R22

allphatlc het erocyclic, aromatic, aromatic- aronm

are sslec@ﬁ.xp@mn@aﬁwmua@mdﬂo@aw@km subséigyted P@fl%ﬁubﬁwted aliphatic
and ?,Wlallagcg g}/cgrégﬁarﬁ%%}oaggci%%s aarv?rP n or%tl WBs c\%‘t;o?x a%&g c{M & n alkah metal

avith g substltuen S se
5 iom, Q’Mly hdAV B2 031RalineNElR 12 Onetal Neam drlimar b gho hbmﬁmn ﬁ)n or adjacent
brom ne, io |ne -OH, -CN, -C( O-R 211, -C(OH or
radwaKS( @ E} oR @pgetherofpag@ a- Gyseyl Nsmtutewx()) urRppstituted  aromatic,

heterﬁwp@gg,r Bshé‘}j%l?fﬁd FBﬁ‘\f/g}\ﬂﬂI%aﬁlcpalhé’?‘ %t}Cak? Iﬁ(as \i%reg?nar?mfl {ic-gijphatic ring

systeBl R AfbRHEteN ﬁydx%c&bor@'rﬂﬂl@llllsth/avﬁﬁg Riskti@eatdOe¢lected from among
radi cals. R20 are present, these can be identi cal

or
“N(RDS, f-ymaq%,, Néhdﬂwnmeo chiptige, diremins) indingd-OHI&PENEERIRY -C(O)H or

o clpTRETRER TR Pyt ST SN o s
mon@\!'a!lé?ﬁ ﬁ&&&czﬁ‘bbﬂ Yadidag Wﬂﬁﬁ(ﬁt‘éfe@é’dlﬁ Rad fr@maI RITBG tdibon atoms and when a

heterocyclic, m xed a atic-heterocyclic hydrocarbon
pluraligdif hydotebommpdicalsoR oar@ ardsent, thesersan b idemticat ordifferent, and the

radicHls B R " s e IR s D1 Csoror

-SBR21, -SBM -S02NR21R22, -NR21R22, -N=CR21R22,
Wiere R21 and R22 are selected independently from
15 A geaemh @)ﬂﬁulmﬁmmmhcspm caropaaide whighs g qreferabbused as ligands in

hatjc. and aromatic ro r.adi avi ng
the Pchs% of theiny8ntion s 6 <y &Eg gwal %FR??B C‘Zﬂlf’ tal
- ion, IGOrmaIIy hal f an al kaline earth nmetal, anmoni um
8dni um jon, or adjacent radicals R16 to R19

Rﬂ oge her orm a|fused substituted or unsubstituted
detefoaromatic, aliphatic, m xed

t(s substi tuted hydrocar bon radi cal s

S selected fromanong -N(R23)2,
-NHRR3, -NH2, fluorine, chlorine, brom ne, iodine,

- _oH, -ON, C(O)-Fezs - C@bitor 10 -C(O O R23, -CF3,
-OR23, -C(ONR23, -0OC(O-R23 and/or -Si(R23)3, where
R18 4® a~ nonoval ent hydrocar bon radi cal which

bm 1 to 20 carbon atons and when a

VIIb-2 -

20 where k =2 and R'S, R, R'®, and R" having the meanings given for the formulae VIIc-9 to
VIIc-11, Q is a divalent substituted or unsubstituted aliphatic, alicyclic, mixed aliphatic-

alicyclic, heterocyclic, mixed aliphatic-heterocyclic, aromatic, heteroaromatic, mixed



10

15

20

25

30

plurality of hydrocarbon radicals R23 are present,
these can be identical or different, and the radicals
R16, R17, R18 and R 9 are identical or different. 15 A
general formula for bisacyl phosphite conpounds which
are preferably used as ligang® in the process of the
invention is given by the fornmulae VIIb-1 and VI M 2.
RI6 0 [:Ox4Q zz~ R19 k VIIb-1 RI6 0 R17 OO R81 O
. . ] VI - { = , T~ A .
stiptEh ot R et AShR o 15 STt FhC R atiphatic parts
of Q\Belirgz £b1é © coMtdin okygen Qulfhr andlowaitrepén sdosibititutedhydrocarbon radicals
unsubstituted aliphatic, alicyclic, mxed,aliphatic- i
Q being afle e baverrabgitpenye hadng rheﬁéalean%@msiaél*heweﬁoc?m pigparation of

SR R GH BRI B 9 RO P K IO 01620,

who¥d ddiciaptic@atrcerioadtt Sby efferehahitghablert @it n
oxygen, sulfur and/or nitrogen and substituted

hydrocarbon radicals Q being able to have
ubsti tuents, having; t he s . meanih as 6 9. .
s SR PbIEOR, (7B PRl e T R RAL R B8y 8l o oteinically

unsaREREET doRthorn® adicdrat sofP¥ndag f Apitolefind\Onts#h£ 16188As, &ycloolefins,
whose description is incorporated by reference into

alkenyh allpil etherst andi alsdnobs. wath theseseamnaungs easlsiiimiatle thbe substituted or

rbonylated, it i ossibleto use, for.ex | e, ~a
unsu§RRHY AP §roctmelttr B Bt Sl £6r Bl EAP R el sgmpounds
are pRopee; ht&@fel PsnterdeNbebhdidhe, PehiatiRbe, ICHEHAO) BhéPISne, 1-octene, 1-nonene,
al'’kenyl alkyl ethers and al kenol's, with these .
1-decspapodntsicesach Belodgeeai) e thexbpdecsumst 2-ethykd-bekenpp 1,4-hexadiene,

L7 Rl G BB ek BIHS al, scetse, viny
formBfeORERE ac&h‘t{ee'@ﬁiiyl PRIMiGNE, Ayt AN thdReRinglbRABA ether, vinyl ethyl.
1- hexeéne, 1-hep ene, 1l-octene, 1-nonene, 1-decene,

ether] allylddoshod, 3-phahyl égeomene 1 hdxekautdeanect-1-en-4-ol, 3-butenyl acetate, allyl

proplzo_ng’cte!q Xflillﬁulgfrét%,n rellpr%py%:’;]gc)%gn%a ef] e‘7’-octenoic acid, 5-hexenamide, 1-methoxy-

2,7-octadiene and 3-methoxy-1,7-octadiene. If the process of the invention is a
hydroformylation, the starting compounds to be carbonylated are preferably selected from

among olefins and mixtures of olefins. In particular, it is possible to use monoolefins having

from 3 to 24, preferably from 4 to 16, particularly preferably from 3 to 12, carbon atoms and

terminal or internal C-C double bonds, e.g. 1- or 2-pentene, 2-methyl-1-butene, 2-methyl-2-
butene, 3-methyl-1-butene, 1-,2- or' 3-hexene, the Cg-olefin mixture formed in the
dimerization of propene (dipropene), heptenes, 2- or 3-methyl-1-hexene, octenes,

2-methylheptenes, 3-methylheptenes, S5-methyl-2-heptene, 6-methyl-2-heptene, 2-ethyl-1-

Vhexene, the isomeric Cg-olefin mixture formed in the dimerization of butenes (dibutene),

nonénes, 2-or 3-methyloctenes, the Cy-olefin mixture formed in the trimerization of propene
(tripropene), decenes, 2-ethyl-1-octene, dodecenes, the Cij-olefin mixture formed in the
tetramerization of propene or the trimerization of butenes (tetrapropene or tributene),
tetradecenes, hexadecenes, the Cig-olefin mixture formed in the tetrémen'zation of butenes
(tetrabutene) and olefin mixtures prepared by cooligomerization of olefins having different

numbers of carbon atoms (preferably from 2 to 4), if appropriate after fractional distillation to
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1, 7-oct adi ene, 3-cycl ohexyl -1-butene, styrene,

4-vi nyl cycl ohexene, allyl acetate, vinyl formate,

vinyl acetate, vinyl propionate, allyl nethyl ether,

vinyl methyl ether, vinyl ethyl 15 ether, allyl

al cohol, 3-phenyl -1 -propene, Zhex-1-en-4-ol,

oct-l-en-4-o0l, 3-butenyl acetate, allyl propionate,

al 'yl butyrate, n-propyl-7-octenoate, 7-octenoic acid,
gve?a%ﬁé o%{yl %n %%{Ifg éﬁ‘gﬁglml?a Zh% é‘%g}ggglgqggwwe gosmble to use olefins
or olefiventxituas lvxshlcih hawdreof @radriced by ngschb{eTﬂmecr}t symthesis and also olefins

ds to. b bonyl at ed f I | ect ed
Whlthlt?ﬁ’g %gﬁ’; ﬁbt%megfhg’?fglgg%ﬂ%t%nﬁ eheg];eecgﬁ)réqafb Zw}iglh (cegn ge obtained via

fd
metaglger %s rgégt%ﬁf.o réfifé% ?tgﬁﬁfrg%?[sﬁ@? g’?h% 'Tt[hgg ,idége Cgr ?L{% cﬁ@f n mixtures.
preferably from3 to 12, carbon atorrs and term naI or

|nternal C- C doubl e bonds, e. pent ene
drlitipn Wythe FarhoR Beoxide gad Ha}g starfing gq@mgmd to be carbonylated at least one

com]?n Jﬁ[%ur s eld E&geﬂﬁor\gﬁlgfdg%ﬁegr w%teli] CXHE oafﬂi hﬁcogéf Qinegé I[lsed as further

orrre neri zati on

reactafli Pt @ie pE)cesshePtieN @sienon. OParBeuleit bbéfex’end@eiseglﬁen to using at least
oct enes,  2-net hyl hept enes, 3-net hyl hept enes,
hydrggapeashijirther. tsagsentria ad@mﬁ@tt%wrbgn Hposide angd the figiting compound to be

corsJFNERE PSRRI § R0 Rl of ARl IR ek R ormtaion
reactioneichiyded@enes, the C9-olefin mxture fornmed in the

trimerization of propene (tripropene), decenes,
2-ethyl -1-octene, dodecenes, the Cl2-olefin mxture

The {)r%Eg% of lthe 1§1vent1 be%.n ?gg;[m%?%)e?l%é pgrva?{o‘aE’ gﬁglygg %@?r li %a)nds

neri zation o enes opene of
t etradecenes, hexadecenes, the Cl6-olefin m xture

forned i.nthe_tetrarrerization of butenes 30 o
Poss(cdeetcatabu:?@be9ct9/ﬁdrn9ﬂabf 1A the xegiple of graspiicaderpyp VI of the Periodic

Tabl%?fa @Ig?ﬁg%ﬁ&gz at| o?%‘ﬁ%‘?le?&}?:l &PFaVI 29 {%h%ﬂ?ﬁ?gz th pa. HanBFar %reference

bein%agl%@m hahe caltesr rhédehl maétaldéﬁianhlk@h ig@dupt WITRAS theiPéHodic Table
racti ons having an identical or simlar chain |ength.

of th¢ Eleneents. kewi se possible to use olefins or olefin
m xt ures whi ch have been produced by Fi scher-Tropsch
synthesis and al so ol efins which have been obtai ned

The é}xlve 'ch@%’ﬁj&drﬁﬁl&k oot A cEbBENSHA isTHRAdSoY Gl £ATdRBound of the

obt ai ne la netathesis reactions. Preferred starting
metahédawlyﬂlmecan@r);lthe 188nd, 09-cartCh2monoxi®i Gaa)| Effapphcable the further

m Xf ur es. ddition to. the carb rmOX|de
react%memst#larca%‘gf lz:y puRdatien plethe v Eogs- gﬂeaa ‘?Ptalgé%i‘sgyy @fyrs in situ

dmngqugﬁgg?ﬁft i Te %wfnr e d?cg{:g&?m?}’eg RSk the B forln?‘ﬁ‘étxtﬁgx). Customary

catalyt preasonfard, Her dxaueid, oofanodtey én aceldy&betbﬁﬂéﬁ rence is
given to using at [|east

If the process of the invention is a hydroformylation, this is preferably carried out according to
known methods, as described, for example, in J. FALBE, “New Syntheses with Carbon
Monoxide”, Springer Verlag, Berlin, Heidelberg, New York, page 95 ff., (1980).

The molar ratio of metal to ligand is preferably from 0.1/1 to 1/1000, more preferably from
1/1 to 1/100 and particularly preferably from 1/1 to 1/50. The carbonylation process of the
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hydrogen as further reactant in addition to carbon
nmonoxi de and the starting conpound to be 10

carbonyl ated. For exanple, this is used in the form of
synthesis gas and a hydrofornylation reaction is
carried out. The process of 2he invention can be
carried out using various catalysts and/or |igands. 15
Possi ble catalytically active netals are the netal s of

inve%ﬁog}q% ip%éfgr%ggf;c? H . %dg‘:’}.it :}llrsn&fg é%‘% gll'gtgl’%%}%gé}?oms-r iy rna if Is%éﬂqf mr%lar ratio to

, num rutheni u
the Wetdd tBay e Woahd 0§ efiey pheent beiff@ UEMEN id GhelSeagion mixture. The
cobalt or rhodiumas netal of transition group VIII of

concefeativar ¢fodie anatalinethegragtion mEixéweris S0 tho rapge fam lvepm by mass to
toor b s SRS R ASe A0 by ey LY 850

precursor), the ligand, the carbon nonoxi de and, if

applicable, the further reactant, in the case of
Fresinyitgand orany bataidded ¢6 thherehsiipnogle any Tioiny ddVimst dgewigs| tp keep the

oCCUrs i ity during the.carbaonyl ation,reaction
concgirgion. ph{53s, Hemie CoBtAingn Ry AP o BRRY | SOIPurY Catalysts can be
syntiedSE@BBIoYe uSAHwkr, RhE CAhISAEARERive fc@ﬁag@k@ﬁ'@ffeegeneraﬂy formed in
octanoates or acetylacetonates. 25 If the process of
situ intilee Teastmt medivinsfrem hyedtabyisbpreniract asd, the prigengphosphorus ligands.
preferably carried out according to known nethods, as
descri bed, for exanple, in J. FALBE, "New Syntheses
In th¥ich&t &8 RABoroMApRNbAShe reaRtibh &@hpey St 'ﬁ,thggfdchzﬂ,of the invention is
Hei del berg, New York, page 95 if, (1980). 30 The nol ar
preferatly droof 60t & 18@5Q, impae gréferaplyefremBI°GE thrldATQ. apdithe pressures are

1/.10Q0, r eferably.from. 1/ 0 10Q, and .
prefeiity fetn L 0BFEr Brapry ey 17 i 6] Y Tphgolar ratio of hydrogen
to caftHnlaBYb:3Hd Bl,/BOPGE R QhiHeB8 282 usdd WMk IH9BrdfSrmylation is preferably
preferably carriéd out "using the organophosphorus

fromllioglatodl /1 harslimhresprefotably framild2 tw2/1t he metal that the
ligand is also present as free ligand in the reaction
m xture. The concentration of the nmetal in the

The rfg%gfsﬂ O, M KL UhEal Sinl nﬁéag% gﬁ?gﬁefaﬁmémggéﬂegﬂsl}gm%%cgv@d in the

ppm by nass, prefe n the range from _
carbdnylaties sniktur8 émpyisind ytartmganat&ridir(eklin) arghpradecin(abdehydes, alcohols,
added to the reaction at _any pojnt

. C Nt in tinme in order. t
high |bedprsi-hd sadtsibentr MIVEN, JFx4nQ eDI‘thg Eﬂltﬁcéﬁslﬁ%?ﬁ?r.e eff{]@pgenyl and
.ot Lhi | e t i :
oo T PRl Y0 I SN ISEAAE, i
phth1489) loe ¥Q6rs af €, 208 RByhekdnoid aide dar dptionally be used in addition.

If the carbonylation reaction according to the invention is a hydroformylation, this can be
carried out continuously or batchwise. Examples of industrial apparatuses in which the
reaction can be carried out are stirred vessels, bubble columns, jet nozzle reactors, tube

reactors and loop reactors, some of which can be cascaded and/or provided with internals.

The reaction can be carried out in one or more stages. The separation of the aldehyde

compbunds formed and the catalyst can be carried out by a conventional method, e.g.

fractionation. In industry, this can be effected, for example, by a distillation, by means of a

falling film evaporator or a thin film evaporator. This is particularly useful when the catalyst
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situ in the reaction nediumfroma catal yst precursor
and t he organophosphorus |igands. 10 In the case of a
hydr of ormyl-ati on, the reaction tenperature in the
process of the invention is preferably from60C to
180C, nore preferably from 99 to 150C, and the
pressures are preferably from1l to 300 bar, nore
preferably from 15 to 60 bar. The nol ar ratio of

30 B R TR SRR e co

solufiér® Fhidd Has tb@erlééb@ra@élﬂoﬂ&h&wlﬁél@ ﬁf%f;ﬁ@ddmﬁlﬁﬂrﬁait/ oF th® sedohdary amine
The catalyst, i.e. the netal and ligand, is preferably

of theorfoyrwlaclisthichiiis sisedad prafershly abser pmsyntatca@rbemum nf@ a further

L NENE T T IO E I .

the ﬁr@cﬁd&%ﬂﬁwm-[ﬁé(ﬁﬁ&br viRitRhyds phestt igalsb ossimgeur e of bip h e ny|
and 20 di phenyl ether); high-boiling residues,

phthalates such as d|(2 ethylhexyl) phthalate or
ht hal at es, sters .of

Cantgoiaon taflies: Poregh g B R SF, e Agied out by means

of th%"’}:frgéégé' batHeORvERRA BN oﬁ‘l‘if%)irﬂélp st f llgﬁld OV eRILR r@»yé,témaoccumng
hydr of ornyl ati on, this can carrie

Apait drrimn ribe tlwlre;fowr lobat chwte smunﬁdafnp rmaccmenhdﬁﬁterluaimd or the catalyst
s in which,the .25 reactio an be carried
systGh ROF STEFF pBale LBy SrodGRoY BOE BTl (RO HcE of te ligand

and \R/S@lﬁto%eﬁ*ms% BRGe fARGERIFe AN JbRAR TR A BbSess SO i¥fention.

can be cascaded and/or provided with internals.
The reactl on can be carried out in one or nore st ages.

e%lr Egﬂ%gg qulf,l on%q%fsq)tgp tgsﬁlrl}vdegg Iblﬁtixwgg) co%g{g? a: gl?i corgplex catalyst

of arﬂ%tla??f tﬁn%ﬂoxfl mgﬂ z’WII' SNdlel PRiodid) TaPEUSH fhe. EfeBiefitsCRRAIch has an
be effecte xanmple, by a distillation, by means
organdphaspieirtd cgnpduntae ligpod atda sericalt hindered Iseqondary amine having the
evaporator. This is particularly useful when the
genegaﬁg-pg;gqa I'osmulglssol ved in a hi gh-boiling solvent is
?ar atggy fromthe | ower-boiling products. The
catal yst|  solution which has been separated off, in
Rb Bleedom nant part of the secondary am ne of
t e &ﬁ | a which is used is preferably al so
can be used for a further hydrofornylation.

wheré?%& bR R Bvaﬁ@»ﬁ&"f@mﬁ%ﬁﬁ%ﬁe‘%ﬁﬁtﬁ@s Fhigh may be

Jometdhcg &Q%n%@? %ré §bt§‘ln§9 O?Qéid %l ﬁ}l BYiRd tPMhe invention preferably
y or ny

reacti ons, i’n partlcu ar tlon reactions,

compr&Bs b@amﬁferha@dlg(wl 2 oyo-teeamsthypiperidmepmitcdss of t he
invention with only a small 1oss of |igand or catalyst
systgm occurring. :

N
I

H I

as secondary amine.

In particular, the mixture can comprise the abovementioned secondary amines, in particular

ones of the formula Ila. The mixture of the invention particularly preferably comprises at least



Apart fromthe therefore | ower costs incurred for
replacenent of the ligand or the catal yst 10 system
itself, smaller amounts of -by-products which result
from deconposition of the ligand and would otherw se
have to be renoved are obtaipgéd in the process of the
i nvention. Wen carrying out the process of the
invention m Xt ures conprising a netal conpl ex
one %)ZI%I?O elreg{)epg‘rog?ta?{%l et crzér’lrﬂ cgutnI ﬁ'xre%gxgm}ﬂé hfgtfo ItIE Br derivatives
ﬂwngﬁganophosphorus conpound as I|gand and a sterically
hi ndered secondary ami ne having the genera
structur%I fo a +NtRe Ra H Rf where
i . identical or different
y be joined to one

; 6, 6-tetranet hyl pi peri {ine unit Il N HIlI as
secondary amne. In particular, the mxture E%h
rconpri se the abovenenti oned seegondary amnes, in

i a lla. The m xture of
erably conprises at

| easto -gcted from anong the
compounds Il'b tlo I'lg or derivatives
t her eof: NO)7-21N H nille
N
I
H
T o i
5 wheren=11020, preferably from 1 to 10
O
/U\ /\/\/\___
Q g}
I1d
RS
N O O
Ile

where n = 1 to 10, preferably 8

IIf
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5 wheren =11to 20, preferably from1l to 10 ONN
NH NNHHIId 11 Il \ NOOIle where n =1 to 10,
preferably 8 Hr , e HNO10 IIf 25 wheren =11to

17, preferably 13 O H25C12 NNH Ollg as secondary
amne. 5 The m xtures of the2gnvention preferably
conprise at | east one conpound of the fornmula Ill to
VI or a conpound containing at |east two functiona
r oups the f.ormula Il to VI as organophosphorus
whe | aﬂJPq%ngﬁ¥%ﬁﬁ?gs of the invention nore preferably
comprise@ conpound of the forrmula Vila, VIIb or VIII
ligand. The m xtures of the
arly preferably conprise at |east
formula VIl1c-9, 10 VIIc-10 or
rticularly preferably at | east one
f the formula VI1b-1 yr V7ri._7 as
or gannnhosphnrug | i gands. IIg

as secondary amine.

The mixtures of the invention preferably comprise at least one compound of the formula III to
VI or a compound containing at least two functional groups of the formula III to VI as
organophosphorus ligand. The mixtures of the invention more preferably comprise a
compound of the formula VIIa, VIIb or VIIc as organophosphorus ligand. The mixtures of
the invention particularly preferably comprise at least one compound of the formula VIIc-9,
VIic-10 or Vile-i1, very particularly preferably at least one compound of the formula VIIb-1
or VIIb-2 as organophos
In the mixture of the invention, the organophosphorus ligand is preferably present in a molar
ratio to the metal of from 0.1:1 to 100:1, more preferably from 1:1 to 50:1. The mixture can
comprise the abovementioned metals as metal of transition group VIII of the Periodic Table.
However, the mixture preferably comprises cobalt or rhodium as metal of transition group

VIII of the Periodic Table of the Elements.

The sécondary amine compound of the formula I is preferably present in the mixture of the

invention in a molar ratio to the catalyst metal of from 0.1:1 to 100:1, more preferably in a

molar ratio of from 2:1 to 50:1.

The mixture of the invention can consist exclusively of the metal complex catalyst, if desired
free organophosphorus ligand and the secondary amine of the formula I. The mixture of the
invention preferably comprises not only these components but also further components, e.g. at
least one solvent, starting materials, products, catalyst precursors or products formed from the
catalyst or the 'catalyst precursor. The solvent can be any substance which is inert in the |

reaction in which the mixture of the invention is used. If the mixture of the invention is to be
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In the mxture of the invention, the organophosphorus
ligand is preferably present in a nolar ratio to the
nmetal of fromO0.1:1 to 100:1, nore preferably from1l:1
to 50:1. The m xture can 15 conprise the
abovenentioned netals as netzd of transition group
VIIl of the Periodic Table. However, the m xture
preferably conprises cobalt or rhodiumas netal of
t PP t r I
used g FRIsL Fy Pt b o o SR IR Tolfaon process,

it cah bes aagiagealsl 10 pseaebducy dihthe maxhicmymloﬁ reimion?@. g the aldehyde
invention in a nplar ratio to the catal yst netal

produgtogs lvent. Thés makesiit pegsibde E’raé’foéﬂ' HHISGESSHY e?onWH}I%EI’UOinaﬁf tige reaction
prod@ct ltIO\erQle% ‘&’1 'h%xél s]bf ti;@ﬁ\{ uzfl?o ﬂlfcluth CedcAYE kt‘ﬁfbs% ined when

Chn'sPEFY BB GEFVEY conpl ex cat al yst

usingh®is iab&ek- désbﬁ@e@cra@am pbRpRRey aifl stibglureds.and t he
secondary amne of the formula |I. The m xture of the
25 invention preferably conpri ses not only these

The gxl grggecg)t:ea%%p s ltll%s a?c% féﬁérng&@ﬁno‘iﬁ%%%g E%Sttrgctq&sast%g?é &A% is defined

by thBldescip&i6h nd@theRlfghdct s formed fromthe catalyst or
the catal yst precursor. The solvent can be any

substance which is inert in the reaction in which the
Exa ture of the invention is used. If the mxture of
———quéq nvention is to be 26 used as catal yst sol ution
in a carbonylation process, in particular a
hydr of ornyl ation process, it can be advantageous to
Example 1a Prerechiion chfﬁhetlh&ﬁndalﬁ%nyl ation reaction, e.g. the
al ' dehyde product, as solvent. Thi.s makes it possible
to avoi d unnecessary contam nation of the reaction
In thiReQ8tHETe; thEPYEUition T ehdTigaht TE1s€d inf dk@mipl/EHill fstigltealescribed.
i ncl ude reaction m xtures obtai ned when 5 using the
above- descr“ﬂ 4ttal yst conpl exes and stabilizers.
The fol | owng aqples illustrate the invention but do
not restr ' ope which is defined by the
descr igpi bai ms. 10 Exanpl es: Exanple 1:
Preparatloqjof t ;all gand used In this exanple, the
preparatign of t igand | X used in exanple 2 wl|
tBRirstyly pe descri§§d{) %H-t Bu-t t-Bu Bu-t #l
’ /

Bu-t

Ligand IX (of the type VIic)

Further information on the preparation of the intermediates and ligands described below may
be found in, for example, J. Mol. Cat., 1983, 83, 17 and US 4,885,401. The preparation of
analogous ligands is described, for example, in EP 1 201 675. The preparation of chloro-

naphthyldioxaphosphorinone analogs is, for example, also described in BE 667036.
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O t-Bu QAP P-0 O Bu-t Bu-t 15 Bu-t Ligand I X (of
the type VIII) Further information on the preparation
of the internediates and |igands descri bed bel ow nay
be found in, for exanple, J. Mdl. Cat., 1983, 83, 17
and US 4, 885,401. The preparzition of 20 anal ogous
‘ligands is described, for exanple, in EP 1 201 675.
The preparation of chloro- naphthyl di oxaphosphori none

 Exafpf Eggpr%ﬁaéatiof}ggF%?'ﬁ‘&'séést-ﬁ%%ﬁaﬁﬁﬁ%ﬂeﬁﬁd(LbBz)BE 667036.

epa
2,2"-bis(3,5-di-tert-butyl)phenol (LO02) Reaction
ReacEi@H@fhadn: t-Bu t-Bu t-Bu 2\ Qu/QZ Bu-t Bu-t -Bu OH
OHOH M= 206.33 M= 410.65 5 2 1 of nethanol were
placed intd@B4W 1 reaction flask providegdgyth prggjsion
glass stirjer (Teflon blade stirrer),
t enper ataf exsensor, iGUED ,tube with fJ
5 reflux ¢ondeser and—outletswith "b
ogfgg Npg~ 1000 g (4.85 nol) of
2PAHi - terft - butyl phenol were tBent “di
W th vigopeps stirring. 4 g (23.5 m’mlcm_‘of COpRE
chloride dihydrate and t to the i0 4 (26.5~7m
of N@@'ﬁg% \;5 t et ranetliyl e ulyl enedi ampe wep@

tioi)

subs y a stirred solution. The reaction sol ution
was then stirred at roomtenperature while passing in
air, recogni zable by vigorous "bubbling”. Small | osses

21 obethanalayare placed wonpbrreatienilask provided with precision glass stirrer (Teflon

blade stirrer), internal temperature sensor, inlet tube with frit (for air), reflux condenser and
outlet with “bubbler” in the offgas line. 1000 g (4.85 mol) of 2,4-di-tert-butylphenol were then
dissolved therein with vigorous stirring. 4 g (23.5 mmol) of copper chloride dihydrate and

4 ml (26.5 mmol) of N,N,N’,N’-tetramethylethylencdiamine were subsequently added to the
stirred solution. The reaction solution was then stirred at room temperature while passing in
air, recognizable by vigorous “bubbling”. Small losses of solvent were ‘compensated by
making up with methanol. To make up for losses due to evaporation caused by “strippirig”,
another 4 ml of N,N,N’,N’-tetramethylethylenediamine were added after a prolonged reaction
time. During the duration of the experiment, the product precipitated from the greenish blue

reaction solution as a light-colored sediment.

For the work-up, the precipitated salt is filtered off with suction. It is then washed 3 times
with 100 ml of methanol which has been cooled to 0°C. The salt was subsequently distributed
over a large area on a metal dish and dried at 55°C in a vacuum drying oven for 24 hours. The

yield was about 70%. The purity was > 99% by mass.
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maki ng up with nethanol. To make up for |osses due to
evaporation caused by "stripping", another 4 nml of

N, N, N , N -tetranet hyl et hyl enedi anmi ne were added after
a prolonged reaction 15 tinme. During the duration of
the experinment, the product pgecipitated fromthe
greeni sh blue reaction solution as a |ight-col ored
sedi nent. For the wor k-up, the precipitated salt is

Examp&ehfz gra%;atl é#xoosahlté LL(LO% @giébrl{x\%%gl ?s(ﬁ tStdlg%%
buty Ree 8’( S subsequently distributed 20 over a |large
area on a netal dish and dried at 55C in a vacuum

[ en for 24 hours. The vyield was about 70%
Rﬁm%ﬁéeﬁg¥8¥§ was > 99% by mass. 28 Exanple 1.2:
Preparation of chl orophosphite (LO08 01) fromPu t-Bu
2,2' -bi s(3,5-dit-Auert -t-But yl ) phenol (L002) Reggtion
equation: t-Bu -Bu t-Bu PC[3 + Bu-t (B
P‘{r‘ Bu-t / Bu LO02 M = 410. 65
he f okl ow ng was car+t+eed dBd-t usi
M= 1376t ecti gg-tgas gdexd4.1 g (0.1 nol) @gf
bi sphenyl conpgund LQQ2 were weighed into a sésuned
500 m Schl enk“Vessel” " The filled Schlenk vesssa was
subsequent |y evacu&bed and argon was adm tted. ile
stirring, 200 Of o dried toluene and, by nean§!of a
syringe which had préviously been flushed w tg -2/7898.
33.4 g 10 (0.33 nol) = 46 m of dried triethylam ne

The Mloﬁflﬂgj&qﬁnﬁféﬁt Whsetivdtut u'EihgdﬂhS pedty@ive lgas ichpifeaydl.1 g (0.1 mol)
npound, sl i &t war m ng by means of the hand) may be

of blﬁ@tﬁegls%angpouzé 082 vesre aifer ghgd tpfo e i (SO0 Fhlarcddenikryvegsel. The filled
Schlg'rﬁ( xlfjesgeq w]a% s Cslglql?e%%ly ASEsi edaa%gl a}ggdn&wgs a(ch&eMﬂerstlmng, 200 ml of

7 means of a syringe which had previously been flushed with argon, 33.4 g

(0.33 mol) = 46 ml of dried triethylamine were added and dissolved. To dissolve the bisphenyl

compound, slight warming (by means of the hand) may be necessary.

200 ml of dried toluene were placéd in a secured 11 Schlenk vessel and 13.8 g (0.1 mol) =
8.8 ml of phosphorus trichloride (added by means of a syringe flushed with argon) were
dissolved therein. The previously prepared diol/toluene/triethylaminé mixture was siphoned
dropwise into this solution while stirring at a temperature of from -5 to 0°C. Should
ammonium chloride precipitate and make stirring of the mixture difficult, additional solvent
can be added at this point. The reaction mixture was then allowed to warm to room
temperature by being left to stand overnight. The ammonium chloride obtained was

subsequently filtered off by means of a frit and the filtercake was washed with 2 x 50 ml of

- dried toluene.

For the further work-up, the solvent was distilled off from the filtrate at room temperature in
an oil pump vacuum using cold traps cooled by means of liquid nitrogen. The chlorophosphite
obtained was analyzed and stored in a glove box. The yield was about 90% and the purity,
determined by GC/MS, was > 99% by mass. |
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8.8 ml of phosphorus trichloride (added by neans of a
syringe flushed with argon) were 15 dissol ved
therein. The previously prepared
di ol /tol uene/triethylam ne m xture was si phoned
dropwi se into this solution 2hile stirring at a
tenperature of from-5to OC. Should anmonium
chl oride precipitate and nake stirring of the m xture
difficult, additional solvent can be added at this
poi nt. The reaction m xture was then allowed to warm
Exalhﬁler PINPreh@AN6H 3F U dNOIR DN Gyl reddtioh @f shrAshhowiei (@O08_01) with
e anmoni um chl orirde obtai ned was 20 subsequently
2,2’-pis[3,&deterobitybghameb@d$08f a fit and the filtercake was
washed with 2 x 50 ml of dried toluene. For the
further work-up, the solvent was distilled off from
Rea&lgﬁeﬁﬁa{tfohate at roomtenperature in an oil punp
vacuum using cold traps cool ed by neans of Iiquid
Bu The chl orogggsphlsge 25 obtai ned was
d.and stored i gl ove box. The yield wag
h and t he p et er mi ned by GO/ VS, '@ O
Bu-t fasSssu 29 D \JPreparation of BPFga
5 y react%“én 0 anosphlte E+-008 A th OH
2, 2™497s(3, 5-di -tert “But y%'phenol  (L002) gact’y on
equat|| on: t-Bu t-Bu t-Bwo-Bu t-Bu t-Bu :
i Buet -BU O O But -B -0 OH OH F
M=84fdshk M = 410. 65 l!Bhuﬁkj%fs / L008_01g/r|t Bu
47 f 5(§u t The follow ng experinment was garried out
using the protective gas technlque 41.1 g (0.1 nol)
The following experiment was carried out using the protective gas technique. 41.1 g (0.1 mol)

-Bu

of the bisphenyl compound L002 were weighed into a secured 1 1 Schlenk vessel. The Schlenk -
vessel was subsequeﬁtly evacuated and argon was admitted. 350 ml o Y
means of a syringe which had previously been flushed with argon, 12.2 g (0.12 mol) = 16.8 ml
of dried triethylamine were then added and dissolved with vigorous stirring. To dissolve the

bisphenyl éompound, slight warming (by means of the hand) may be necessary.

475 g (0.1 mol) of chlorophosphite L008 01 were subsequently weighed into a secured

250 m] Schlenk vessel under protective gas in a glove box. 200 ml of dried toluene were
subsequently introduced into the Schlenk vessel and the salt was dissolved with stirring. The

solution obtained was siphoned dropwise into the diol/toluene/triethylamine solution at a

.temperature of about -10°C. The reaction mixture was then allowed to warm to room

temperature by being allowed to stand overnight. The mixture was then heated to 80°C and
maintained at this temperature for 1 hour. To test for complete conversion, ammonium
chloride was allowed to settle and a GC/MS analysis was carried out on the supernatant
solution. If the analysis indicated that the starting materials had ﬁot yet reacted completely,
heating was continued at 80°C for 1 hour. The test for starting material by means of GC/MS
was subsequently carried out as before and the procedure was repeated again if necessary. The

precipitated ammonium chloride was subsequently filtered off on a frit and the filtercake was
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of the bisphenyl conmpound LO02 were weighed into a
secured 1 1 Schl enk vessel. The Schlenk vessel was
subsequent |y evacuated and argon was adm tted. 350 in
of dried toluene and, by 10 neans of a syringe which
had previously been flushed 3 th argon, 12.2 g (0.12
mol) = 16.8 m  of dried triethylam ne were then added
and di ssolved with vigorous stirring. To dissolve the

bi_sphenyl_ c ound, .slight warm ng (by neans of the
Was}ﬁémg?* %9%@%&8@8&&]‘%- 47.5 g (0.1 rmol) of

chl or ophosphite LO08 01 were subsequently weighed into

a secured 15 250 ml Schl enk vessel under protective
For thasurther avogk-aycthb arlve@0@andistildd ofif ifiedn thel filonte atepen temperature in

subsequently jntroduced into the Schlenk vessel .and
an off PEMPYACUHRISHESOH AR GRole W Meprsnef ligd mtkogeny {hserude product

o i i i 1 . . e .
ool ARS8 B ARTREPO SR, AT s s s

a erature

~ off beffilahus on 2QKL, vidshed esict ivdth 50 xfl wf elried sicetheitrila) driadednalyzed and

to warmtq rogm tenperature b

. bei | .owed to. d
storeg Vs E e DO d D HEAPESBo % v D YE BC RS 3) means of

31P-1\5W[kntwf:3%9%°/9ﬁ thls tenperature for 1 hour. To test for

conpl et e ‘conversi on, amoni um chloride was allowed to
settle and a GC/ M5 anal ysis was carried out on the
supernatant solution. If the analysis_indicat edéj@%1

hat .. .
Example k4 :aPreparatioraeicligandd-08340 hby repetion ah bbwdroxsrm @%gﬁ, acid with
' ' - ¢ Th f
phos s PRLAEe &7 Rt it BAeibBionpadtRbihond T8 et Iy

carried out. as before and the procedure was repeated
again if necessary. The 25 precipitated anmoni um

_Rawﬁﬁmewm@@nMas subsequently filtered off on a frit and

the filtercake was 30 washed with 2 x 50 m ~pf dried
tol uene. For the further work-up, the solvent| was
distilled off fromthe filtrate at roomtenpgrature in

an oQHpufHvacuum usi cold traps cool edDby n®ans of
[ iquid nitn. The crude product 5 obtaijned
dtcwtth about 500 _m of dried acet~pnjt C
g salt was sep§¥£¥ed of f by | on a
gashed twice with 50 ml of dr asetomtrile,
dried, analyzed and stored in a glové box.” The yield

2 Q 0% and the purity, detergn gRis of
M-\Q@ﬁ%@' s > 97% by mass. 10 Exang‘ e%%zzég
Preparation of |igand LO62_01 by reaction of

1- hydroxy-2-napht hoic acid with phosphorus )
The expetiient fleheribal bdpwm wid cardedpht hsihgl ithexpiotrstphars eehrique. 18.9 g

(0.1 rrl?gl?%% I1- @d?o%- -hgpq{thoic acid were weighed into a_secured 500 ml Schlenk vessel.
The Schlenk vessel was subsequently evacuated, heated to hand heat by means of a hair dryer

and, after cooling, argon was admitted. 250 ml of dried toluene were then siphoned in and the

mixture was stirred vigorously.

100 ml of dried toluene were placed in a second secured 250 ml Schlenk vessel. 30.7 g
(0.3 mol) = 42.2 ml of triethylamine and 13.9 g (0.1 mol) = 8.8 ml of phosphorus trichloride
wefe subsequehtly introduced by means of a syringe which héd been flushed with argon while
stirring. The solution obtained was siphoned a little at a time into the naphthoic acid solution

at room temperature over a period of 1.5 hours while stirring vigorously. During this addition,
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I Cd | HOHPCI3 Olp '0 \ \ EE3NIT \' '\ M=
188.18 g/nol M = 252.68 g/ nol. 15 The experi nent

descri bed bel ow was carried-out using the protective
gas technique. 18.9 g (0.1 nol) of

1- hydr oxy- 2- napht hoic acid were weighed into a secur ed
500 m Schl enk vessel. The Schlenk vessel was
subsequently evacuat ed, heated to hand heat by neans

a jhair dryer . and,. [ 0
the Geidr oPRl Si¥fka SR pRLFE FRBRATHL BIPRE MBS fhmns (uspension
reactidh) 2Nk feh&iondBixHhrs tikbl SubRGueHtlyTstifdd vhGIohe ﬂﬁlomngtﬁ@nﬁhg
of "dried tol uene mere pl aced in a second secured 250

m Schl enk vessel . .79 (0.3 nmol) =42.2 n1 of

The K@i 6o RN et Tty Pt g sinee the

largdP¥mBBANT RfiméniS! EHISEdMIA L RothRet g Bpdryl Tihe hnhétium chloride was |
argon while 25 stirring. The sol ution obtai ned was

thenéirgtboﬁb@teé olfﬁ art & Eribandawashed twiveovitth €0hanb lof Hope tadeeng. GC/MS was
sol uti on 00 tur .ove dof 1.5
subsggiety Sftried out o e IR B g ot o Lk e ShudsBron,

31 the acid slowy dlssolved and i nsol ubl e amoni um

chl oride was forned (suspension reaction). The
To detemminiedine miasst afroblonashasphise qll of the)/whlem: wesl separat¢d offby means of an

oil pglﬁ{pls\?%mg e 1‘:9%@ Th %%Ps\ér&egrj?%l :}L gtléleg 1%2 ugﬁfutrogen and the
prod8itN6BidhN Semalnd AvRR_ /EpHRYE. Phr ATHREH BROcERiAY, | @8 h&@ﬂleﬂoimount of

settled properly. The "anmoni um chl ori de was.
chlorfophsstplhye ﬁ)vdst(hssebledfvmﬂo stimingrint3 0@l m’iaén@ﬂtqlwmemm wés stored in a

e g e SR 5 U5 SRR Mo mens
of@@ms%@\gegg% g? mak@ determne the mass of

chl or ophosphi all of the toluene was separated off
by nmeans of an 10 oi | punp vacuum at roomtenperature

using cold tragps filled with |iquid nltro n ! .
Exarapl?dﬁér Rreremtior refi Heandvd& R¥i {ﬂ%@%on 96 SO P Moshilife hydroxide

r hhor ophosphi te was
(LO3Z#§§§ﬁve 1nhﬂﬁ%€ﬁ@P?ﬁgxﬁﬂ gggnﬁﬁlgg—ggied t ol uene and

was stored in a

Reaction equation'

Cl
I
t-By l o” t-Bu
L062_ 01
Bu-t M = 252.68 g/mol Bu-t
Bu-t Bu-t
L 037_01 M= 1065.39 g/mol

M = 848.21 g/mol

The experiment described below was carried out using the protective gas technique. 42.5 g
(0.05 mol) of diorgano phosphite hydroxide 1037 _01 were weighed into a secured 500 ml
Schlenk vessel. 200 ml of dried toluene and, by means of a syringe which had been flushed
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refrigerator until used further. The yield was about
90% and the purity determ ned by neans of GO M5 was >
99% by nmass. 15 Exanple 1.5: Preparation of ligand I X
by reaction of diorgano phosphite hydroxide (L037_01)
wi t h chl or onapht hyl di oxaphosphori none(L0O62_01)
Reacti on equation: Bu-t Bu-t Bu-t Bu-t Bu-t j | t-Bu
aBu-t (t-Bu OCHI 00t-Bu OPOOTt-Bu Cop P-00

it oA 2 41 o293 M e B a0 and
dissolh& GxReatitim trhdesnitidefadghhmedadop@ise iveille GtitringsSviggrously into a

the protective gas technique. 42. 593 25 (0.05 nol) of ]
secutidot @¥thmIphddpik vesshly demigining tie3valodaigd, mepwireth amopnt of starting

o SR et SR R ) Rl i
a terhpdtatagd oB8-4°0 tihe 368N sblutonOwhd subkeqi¥nily 211d%e® tdwaRin to room

triethylam ne were subsequently added and dissol ved
tempeiatire stvermightgOn The sexs ahemingn thesammppiionddonieoioningd was allowed to

s S B SSRTYR,  epBFAREEE AR P comeriono
staﬁﬁig'?ﬂﬁériﬂgfﬁéxﬁéﬁti 187 60 Withe tafing H8@A1s ha@MbeyidicRd completely,
174 [0.06 nol (wth™a’'slight excess of

the moixhwe oy deplei tag PP °Gitfors2 Aotmnmpetestt for theofregengCof Fiarting material was
reacti on sol uti subse | owed t.o

subs{<GGTALY CERBLPH: 5 B 00 R I of Gt b e g cFidgdormed was
then BERA HFELH EAAndend BfrdFR MRS BhdheIRSHI0K 50 ml of dried toluene.

For the work-up, the solvent was distilled off from the filtrate at room temperature by means

‘of an oil pump vacuum using cold traps filled with liquid nitrogen. The crude product

obtained was washed with about 400 ml of dried acetonitrile. The washings were separated off
by means of frits and thevpuriﬁed salt was washed with 2 x 50 ml of dried acetonitrile, dried,
analyzed and stored in a glove box. The yield was about 70% and the purity, determined by
means of * 1PfNMR, was > 99% by mass.

Example 2: Hydroformylation experiments

The effectiveness of the stabilizers was tested by means of repeated autoclave experiments.

The procedure was as follows:

The experiments were carried out in 300 ml autoclaves. The autoclaves were electrically
heated and could be operated at a temperature of up to about 150°C. The pressure was kept
constant by means of Bronkhorst pressure regulators. The autoclaves could be operated at a

pressure of up to 6 MPa. The autoclaves were additionally equipped with a stirrer and a

sampling facility.

In examples 2.1 to 2.4, about 23 mg of rhodium nonanoate and 0.31 g of ligand IX (from

example 1) together with about.75 g of tetrabutane were in each case placed in the autoclave.
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settle and a sanple for GO M5 was taken fromthe
‘supernatant solution [test for conversion of starting
material (fragnment LO3701)] if the starting nmaterials
had not yet reacted conpletely, the m xture was
heated at 60C for 2 hours. A3iest for the presence of.
starting material was O subsequently carried out as
bef ore by nmeans of GO/ MS. The anmoni um chl ori de forned
14 i | e [ [

The %@%lezgp‘\%gi {glfaﬁécﬁlrnf)%;e ?Ia;x{og%@g?l? é Cf‘i%ngifﬂ%gk grs)l oér)&%ﬁ g@l&erh\e@ﬁlm (about

10- t0Q0Koldexcthi® sol vent was distilled off fromthe
filtrate at roomtenperature by nmeans of an oil punp
vacuumusing cold traps filled with I'iquid nitrogen.

T crude product 5 I.: '

e S0 Bl P udd SR B BT S 10, 8082 5 hours, and

the préRaravad il sebYo PEMRS 8f dbbut 35 gnsf 1-beteidikietd adtiedalih a heatable
was washed with 2 x 50 ml of dried acetonitrile, |

pressiire dwmb. ghd hydgfamylatiosr wa far A hpvsyeThosteactine Mixdprg was then

depr%%ja o%%g@ 0{&%3(%51/; t.g?e}p%éé.li et:,ybiﬁrﬂ%iegr%}tg eaggoqy anc{T?e%nl%too{he top of a
fallind/ GO b Qi @t Ta8 raNpe Fimevifordibewaé bpahicdanes aPohind NBO°C. Under
stabilizers was tested by neans of repeated autocl ave

theseesquelitionsnths .aldehfidespwere sdparatedepdt. ddhefcgialyshsolutipre was obtained at the

oG BEBRTERL R 5L o e R gt soen

lost, ¥R r&liRdlatdd B the BRBEIBVAR tIRf ndi rin® TBRAUHMbEE BEcycld¥achieved before
pressure was kept constant by neans of Bronkhor st

the comession ef the gldfa daceeaserhaascameiuzs efthe effbetiveaess o6 thet seabilizer.
at a pressure of up to 6 MPa. The autocl aves were
additionally equipped with a stirrer and a sanpling

Exalﬁﬁﬁzi | ty. (@8mpRrRIRTP 'e%ﬁer?mént‘)? Hkiro &Iati&@ NWitRbut  stabilizer
rhodi um nonanoate and 0.31 g of ligand I X (from
(expeiaenllé04)) together with about 75 g of tetrabutane

N AN o L AR T T —

_Si il over rhodi um (about 10- to
 dropdaf glfz;dzwﬁl Ble USSR, (

excess). The Catal yst was preactivated under
synthesis gas at 120C and 5 bar for about 2.5 hours,
n set to 2 MPa and about 75

and. 5 the pressure was_t
Tablgyl:g§x @E@Sﬁg?@%ﬁ@&gfa a heatable pressure

Expgrzﬁée;:)r{ti gf"‘é"lrer; )Y(X{l}?ﬂén%{‘ﬁg a'ea%[bu él"#n%gnﬁf” ' Olefin ! fAlcobols, | Octane,
Som o Npura S e [T SRR T | o
oo et Uy fe] 8 9 % o) [%0]
1104 0 | 0 | 75.967 - 76.2733 80.54 0.27 0.61
1104 1 1 84.7757 - 72.5452 70.17 0.26 0.60
1104 2 2 81.3123 - 74.8923 14,25 0.13 0.18

Example 2.2 (according to the invention): Hydroformylation using the stabilizer bis(2,2,6,6-
tetramethylpiperidyl) sebacate (experiment 1126) |

~In this experiment, 0.5475 g of stabilizer (stabilizer bis(2,2,6,6-tetramethylpiperidyl) sebacate)

were added. The evaporator temperature was 125°C. Otherwise, all conditions were set as in
example 2.1. The fbllowing results were obtained: 14 cycles were achievéd. The conversion
dropped from 79% to about 29%. Aldolization, hydrogenation to the alcohql and
hydrogenation of the olefin played virtually no role. The results based on the individual cycles
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10

falling filmevaporator.
was operated at 18 hPa and 120C. Under

condi tions, the al dehydes were separated off.

t hese

The

The falling film evaporator

catal yst solution was obtained at the 10 bottom of the
falling filmevaporator and,34fter being suppl enent ed

by the anmount of sol vent

t he autocl ave for the next r

are sAGHH &Y 881

ecr ease
stabilizer.

fore

| ost,

un.

was recirculated to
The nunber of cycles
the conversion of the olefin

was a neasure of the effectiveness of the
Exanpl e 2.1 (conparative experinment):

of ornmyl ati on wi thout stabilizer

Tabl?%oﬁacpenwné%l 5%$lﬂtﬁé%6><?ﬁlpl,f><za%p

15 (ex

peri nment

le 2.1 was carried out as

= OESTr] ANASIRYITY roppad _
ExpT}Ele‘élz1 ;OEFC‘I'e LA y dﬁ,](;f' ';x éa anll&l%t kffng%rﬁ é)? 1: E)B(f%e i %nt éés?cohols, Octane
Nesul | &Nd. njséixentrpdded oiscEaner |oi£éimtad®¢cdoav oireidolsf | total | total
Ext r a| amount unt| of efin ohol|s, ,Oct an NO [, o
No. spl vent ﬁgg s&gLent oléﬁ add%° con@%}s QLA] 1]
110t@l | tota 7:t91§18[9 [a} [% [7’4_1.235% 13040 0 65967032 | 0.54
76. 2733 80 54 0.27 0.61 11041 84. 1757 - 12,5452
1126 117| 0126| 075804811004 2-2 81, 37f23§7l 747869314965 0045 | 0.52
1196 B8 | 20 Examplg 2.2 (aCCOfCI rrg;ﬂs@zthem@xentoom): 024 | 0.51
Hydr of or my] ati on usj the gqtabilizen bi séz
l1@etdr areBhy pi75p%5r3i3dyl) DéPhacdt e48peni med :Ll@@% | 1022 | 055
1158145 BXREri MeN430. SAy(p; G407 Shsaldh| i 2308t @bphp z€roos | 0.55
%?3(2,2,6,6-tetranethylplperldyu% sebacate) 25 were
latided, TFhe| eVapBBat|or l-hiPerjat W83 hag T25C. | Rherpni @& | 055
113k l6 CONGi L] OASIURT € SOl 435 [N %@m' 67%. |TH8 | 025 | o048
otl ow ng results were o talne 14 ¢ycles were
112¢ 1 eved. Théidbﬁversﬂéﬁ85droﬁﬁéﬁ0$ronﬂ09®6tOQngPt029 0.47
11%6%’- Al dolii zas 4-pg, hygr 299enat | Ao h%s%#c"hé’.bx ndyos | 039
rogenatj on "of the ol e pl ayed virtua no rpl e.
1176 rlesal tis tagsed dn 9l6¢83 ndi Vi4ddss ¢y6R.68 340.1krje 026 | 0.38
h tiab Tabl Experd pent al sul or
”%xg(ﬁgl eﬂ)Z g%é?l ment5 cle e Sn D 5%>5<§ra éi?rlountozg 0.32
1128mpunt 1af O’Eﬂ‘.ilﬂ9C9- B.eoholls,75360aNn¢ 55.27 0.15 0.29 0.36
1126 12 12 75.3528 5.8548 76.2046 51.37 0.09 | 0.19 0.31
1126 13 13 75.3545 3.3502 75.5026 39.68 0.13 0.18 0.27
1126_}4 14 75.5317 10.9327 75.4594 29.41 0.12 0.31 0.31

Example 2.3 (according to the invention): experiment 1127

The experiment was carried out in a manner identical to example 2.2, except that the

evaporator temperature was increased to 130°C. The results are shown in table 3. Once again,

14 cycles were achieved. The conversion dropped from 82.9% to 38.0%. Here too,

aldolization, hydrogenation of the aldehyde to the alcohol and hydrogenation of the olefin to

the alkane played no role.



10

No. No.
conversi on al dols total
194 11260 0 75.0918 -
11261 1 79.5048 -
2 77.1771 -

t ot al
_ 75. 2366 78. 89
75.3371 75.66 0.06 O. 25 0.52 11262
74.5512 78.84 0.88 0.24 0.51 11263 3

.05 0.

sol vent added of solvent ol efin added

[ d] [9] (0] [% [4 [%
32 0.54

75. 0533 6.0473 74.5690 77.88 0.08 0.22 0.55 11264 4
75. 0343 10. 1164 75.1531 78.06 0.10 0.22 0.55 11265 5

Teblg 3 B AU RISRE YR 0 g 0. 25 0_48 11267 7

Expeffmehf] 29cié 9/2185!1n_t'5f §8Q%a Al &maliht 6f PoOBfid 7] @d-26&1Bhols,| Octane
75. 27198 8 7 5. 65 08,0.23 0. 39 9 9
LENCE: 01%0- %’ Vgé‘f aflgfg g Yaatt O’Sﬁ& id‘gd SEESg| 2 1111%156 pigfel | total
10 78. 2252 61 74.5683 59. 20[4H. 11) 0.[%9 O} 32;] 112@/0 [%]
1111 75 110 3 6492 75 3301 55 27 15 Q.Ra q
112796 (120 1p 73.78B28 |5. 8548 7q. 2046061 3.3 09 B39 cﬂzs71 0.53
6|13 18 % 3. 3502 7% S9| 68 & 13 18 Q) &7
1 4 ; 3 0.4
l%ﬁ 121 14 7%72% 10. 9327 '5%%8 2p.41 0. 12@00 3 ?
119731 | 2 Exariglog32. 3 (8463 di ndStSé‘Ct he T&%2en 023 | 047
erli ngn The | men h
an'}e(rr%ner |d3nt|czﬁ tg :f)(}ggﬁ/%? t7§ exc @%ﬂﬁﬂ LH%SI V26 | 049
112%dpQqr &t of t7817R&Y at|urld.0véas mdﬁémd t@'3130C00|6he 0.26 0.4
ullts. afe 3. agajidy, 1 dl
Héz—ﬁe achi e Jégwﬂe co@@xg?gi cn7g'rggg8pe érom ?’%&;tgfm 043
113860% dHel e 780849 gl debsxat i OI’YS.ZBlSQ:irLa &t i jor0. 23 |t HEe35 0.42
ehyde I go I nat ;.0 orf t he
11%%-3 nd7to 6%2?12: al kgh@BI 1y§g'72%er oléea.' 35 blie 033.4 0.5
11Exgeri rent al74oesl tis inoseexanpho14 3 [ rrfmlté (yod.ﬁ 0.46
unt of | Extr un f efi ohol s '
”;%g? R N ke W 20 R e Rl TR I
112901ver $6 o 3bdodes fotal- total 75pgdo [9]63[.@] [%1,22[ % dog | o0.3s
112@ @1 11 75.5993 12.8816 75.8578 56.86 0.28 0.2 0.3
1127 12 12 74.2646 9.3892 75.2502 54.54 0.33 0.18 0.33
1127 13 13 75.0734 10.4896 74.308 4521 0.32 0.21 0.31
1127 14 14 75.2771 8.7704 75.3358 37.96 0.29 0.27 0.29

Example 2.4 (according to the invention): experiment 1128

The experiment was carried out in a manner identical to example 2.3, except that the

evaporator temperature was increased to 140°C. The results are shown in table 4. 12 cycles

were achieved. The conversion dropped from 73.1% to 39.2%. Here too, aldolization,

hydrogenation of the aldehyde to the alcohol and hydrogenation of the olefin to the alkane

played no role.



11270 0 75.7973 -
1 81.7284 -

74.8506 82.94 0.03 0.27 0.53 11271
74.5348 79.65 0.03 0.23 0.49 11272 2

74.9832 8.4589 75.5243 78.72 0.03 0.23 0.47 11273 3
75.853 11.9701 74.1994 74.86 0.05 0.26 0.49 11274 4
75.7285 11. 0764 75.6125 73.136€.06 0.26 0.4 11275 5

75.2402 12.8193 74.8118 68.71 0.15 0.24 0.43 11276 6
74 3849 8.2825 75.2589 67.78 0.24 0.35 0.42 11277 7

ably §: 5385yt agnls didanil 7

0.08 0.34 0.5 1127_8 8
0.16 0.34 0.46__ 11279 9

Experand?g09c16| Udiotint'dr 0ldeh aubtP Adncuft 6. P70RHAS| (WL2[/A1kéhols, | Octane
10 93.619p6 - 75.2969 63.65 0.22 0. 07| 0. 35, 1%%7 11 1%
Ns. sqono.1 pogagddey| gof2give. pejeidn %‘%‘% convgrsipn alqojsyly o tof total
74.2646 9| 3892775. 2502;H4. 54 0. . [L8 16,133 27 1% %
13 79,0734 10?%896 74,308 4% [%i [’)4 0 2[24 11'])67] %]
1128 014 7b. P774.6%17704 75. 3358 370@81 O 2’93-@5. 2i7 0912p 0.30 0.51
ndl e 2 ordl t he t] ony 40 EK I reRt
11%; Tﬁe exge?l ment \r/\lgs%%%zar |gbdﬁg%6tn nJ/Aﬁ)aiA'grnalnﬁg):2 031 054
lipglent|i cal | t 658%&@Npl| e 10.6346 e(cé’ﬁlOS(ilhat The p0.07 | 0.30 0.55
pc t or ratur n t 0C,, nEhE ,
11? garegg'g@ ifn 1?-&@?83 4 952 cyc éb'%meré)'o-g 030 1 051
11@$hu e Thesmnver sg.ore1dr appedoﬂr om 73751% 0®73P. R%S 0.53
Heretoo zat i qn, ydr tipn th | de e
11£8 % He al ¢ %% haﬁrl%zg At ?%gg@‘f th%&gﬂ eri%rﬁ tp {aég 0.62
1188 l(sa:’e 6 ]p ays.d4:rsol N0l18.999d) B676.73dx €| 465.€xpEicoent al10 0.86
resulits fpr _exa e 2.4 Experi e D pf
HE&tr g dopnt>AMSun{ oF88Pef (n @PMAI %130?@ g,l{z 034 | 0.62.
1109.8 No.g spl Wf.gsﬁsaddedz,.;aﬁaso Vesnmzl efiﬁn.mlde@ 12 | 030 0.44
convarsion aldols total tot ¢! [ %, [P .[.%
11p849 11880| 077488361 1275200 47‘47%%8 %)4139;0 3616, 10-3ﬁ 0.38
1128 10 10 75.1516 11.6306 74.4768 56.59 0.15 0.26 0.33
1128 11 11 75.1347 9.1005 74.8443 56.21 0.35 0.34 0.35
1128 12 12 75.5075 15.1794 75.2163 39.16 0.18 0.30 0.36

The examples thus demonstrateb the stabilizing effect of the sterically hindered secondary
amine of the formula I on the catélyst system, and at the same time show that the stabilizer has

5 no adverse effects on the aldolization of the aldehyde.



11281 1 74.7814 14.2622 74.7096 71.49 0.02 0.31 0.54
11289 2 75.8779 10.6546 75.0561 71.19 0.07 0.3
= WO 2098R2866P5 3051 17.2818 75.2654 69.92 0.06 O. 3%‘3%@%2006/062872
11280~4 74.5929 8.7161 74.4077 71.75 0.07 0.36 0.53
11285 5 74.1238 10.1064 74.8812 66.89 0.12 0.32 0. 62
11296 6 75.2458 15.9996 76.7338 65.67 0.00 0.10 0. 86
11287 7 75.2060 8.8916 76.0116 63.92 0.12 0.34 0. 62
Claiki288 8 74.8598 13.8460 75.1726 64.82 0.12 0.30 0. 44
1128 9 9 75.0888 12.5753 74. 6343 59.39 0.15 0.33 0. 38
1128 10 10 75.1516 11.6306 74.4768 56.59 0.15 0. 26
0,33 1128 11 11 75.1347 9. 1005 74.8443 56. 21 0. 35 -
1. A zarhynyigtion pyaces in vhpeh ghlegst) gne) gmpaund whishsig cpgable of being

| . de t o
S Sl ST BRph e RRAR G 308 o .
5 greencaol/a el remplext datalydofial meth! afitrarsiionadratyy ¥II of the Periodic

sr%ztem and at the sanme tine show that the stabilizgr .
le fn hea dlemsetse e shagn 2R hereaneROSRRAIS P AIPoURE as ligand,

S YO RROL L0080 SEMATERON BT o » sy

OivedeglgeooiAridirh 38 Hasingahadrerad ktrindunayformataddony| at ed
by neans of _carbon nonoxide is reacted with carbon
nmonoXi@e i nRehe 5 presence of a netal conpl ex

g@tgaj_%sLNa.LL_aRr@t al of transition group VIIl of the

eri odi clTabl e of the El ements which has an
or garRhblspRbr us conpound as ligand, characterizedyin
that the carbonylation is carried out in the presence

10 ofheae BaeRbCRE, Bd, Bé autk RE dreselentcid oy deffererd Hyddcadpon radicals which
%gan ral_sé!r&yctural formula | Rc Rd Rb+N+Re Ra H Rf

YSPRCRIC ORIANORET: Ry Re and Rf are identical or
di fferent hydrocarbon radicals which may be joined to
one anot her. ~
2. The process as claimed in claim 1, characterized in that an amine having a 2,2,6,6-

tetramethylpiperidine unit II

N
l

15 , H ' 11

is used as secondary amine.

3. The process as claimed in claim 1 or 2, characterized in that at least one of the

compounds of the structural formulae IIb to IIg

. 8 _
>Hr\(’2/ 0 o} NH o
20 : IIb



2. The process as clainmed in claim1,
that an am ne having a 2, 2, 6, 6-
is used as secondary an ne.
characterized in

unit Il N 15 H I
process as clainmed in claim

1 or 2,

characterized in
t et ranet hyl pi peri di ne

3. The

that at | east one of the cd®ounds of the structura
formulae Ilb tollg HNOONH 20 I1b 38 ONO(.):7
-21 NHIllc wheren=11to20 00 Ht, NNH NN
HeHHdII I\ HNOOIle 5 whkeren=11to 12 Ve
Ol or where n = L :
0 N /go (L):7-21
N
|
H
“' Ilc
wheren =1 to 20
><j< Q
! .
H Id
Wheren— 1to 12
\/\”/O \M/Me
n
HN o)
| IIf or
wheren=1to 17
H25C12
(e
~
O Iig

is used as secondary amine.
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15

NNHOIIg is used as secondary amne. 10 39 4. The
process as clained in at |east one of clains 1 to 3,
characterized in that at | east one compound havi ng two
or nore of the functional groups of the fornmulae Il
to VI or at |east one conposid of one of the fornulae
[l to VI PRRRBR4 II1 5 PR2R3(TR ) IV PR2(TR ) (TR6)
V. P(TR)(TRE)(TR) VI where T =0, NH or NR8 and R2

iheToRlsS ot PRIALERY oy UastLhd BF Olin f BP9 haliBllioal & dhat af least one

ave Trom car bon at ons an e J ol ne

tRnPIAn@NEYIAL twd iod ndore @F ahefincherd graups of theufoesuls IIT to VI or at
or ganophosphorus ligand. 5. The process as clained in
deast mnetcompramd of en¢ ebdeiformlag IThto Yeast one conpound

%féqzi\?ﬁ% f v g?gc}v'c; P 3’- oVIOI IFei%ORgsra \Fﬁlsci/llllcfjg )iBOx/ /o
WR%?‘I@)Q OP\ Y-OO\ R17 R19 R18 v

PR*(TR’)(TR®) \Y%
P(TR*}(TR®Y(TR") . VI

where T = O, NH or NR® and R? to R® are identical or different organic radicals which
have from 1 to 50 carbon atoms and méy be joined to one another via a covalent bond, is

used as organophosphorus ligand.

The process as claimed in claim 4, characterized in that at least one compound of the

formula VIIc-9, VIIc-10 or VIIc-11

o)
X —O O J r16
\ /
P—O0—Q—O0—P
/ 17
Y—0O o) R
R19 R18
‘ Viic-9
o)
X _ Je R'6
P—0—Q—O0—P
\ 17
Y—0O o) R
R19 R18 )
VIlc-10
o)
X o) R0
\ /
P—0—Q—O0—P
/ \ 17
Y o) R
R19 R18
Vile-11

where X and Y are substituted or unsubstituted, aliphatic, alicyclic, aliphatic-alicyclic,
heterocyclic, aliphatic-heterocyclic, aromatic-aromatic or aliphatic-aromatic hydrocarbon

radicals having from 1 to 50 carbon atoms, with X and Y being identical or different or
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1I5VIIGC10 O XORI6 P-OQOP Y ORL7 R19 R18
VIlc-11 where X and Y are substituted or
unsubstituted, aliphatic, alicyclic,

al i phatic-alicyclic, heterocyclic,

al i phatic-heterocyclic, aromdfic-aronmatic or

~aliphatic-aromatic hydrocarbon radicals having from1.
.to 50 carbon atonms, with X and Y being identical or

dﬂ)é& cmlerﬁléf % ndPg) 8196 Yiaben! 5\ QQ URdatt R2@NBvalent, substituted or

anotther 'S an at easf I'ent’, substituted or
uwnsubsitited tabiphaic) phaiclic, alqalha@g/-a]hctychc heterocychc aliphatic-heterocyclic,
al i phatic-alicyclic, heterocyclic

SATPIBAAG. | 25T CRTOBIEF (0 ahpfa%ﬂ@r?a@méﬁc Bydspraron adigplarpierably having
%ot 1 BY! ?Er) 'oc%rb%ﬁgag&ég,cwm{ A BGRARA hylRe hﬁﬁé urgﬁlgglg rh@@l*g& substituents

havi ng carbon atons,” wt st tut

fbaecb“cwaaﬁckm ranro@gi-N@R@)zb aNHRG’, SNbs | flborenet shlﬁnﬁﬁlbecrhmé iodine, -OH,
from anon é I—% - NHR20,, - NH2, f|2ldOI‘Ine chl o % 20
1640 R GEOH G CQBRR™, 10y Rt s ~(EOT R on-OC(O) R andlor

T T R

deRBa Bomsraadiit Q:;)lm@lﬁt@fbf niyefoetbh Yadiedls R Osre brésent, Hbse can be
carbon atonms and if | ality of hydrocarbon
rlé@ntzs:al @ffgreat, angfes é(hR arh eafectedindgpendrelh pRAmenE monovalent

SR e BRaARubE ORES, FRUPE G Ee oAby, mics

3d1ipﬁ£\t@d—ali‘aycﬁé | IﬁM&HI aﬂl,phaﬂi@émtﬂaﬁc hette paico Eﬁikect alipiagiedeterocyclic
al i phatic-alicyclic, mxed aliphatic-aronat

Hydmﬂopalrﬁ@calﬁm@ag&fppiﬁ)actamam@@@ﬁo%y& ¢k Br, I, -CFs, -CHy(CF2)CF;

dr Of:al‘ on?r %gléoggl é@ﬁs%;l&ggoﬁ\\%hgﬁéhfrg@g{onggoﬁm -SOsR?,
- %@M WWRZNRH@Z MN=GR'R?SORRZ: 8ORZhISEBR2re selected

-SOBM - SO2NR21R22, - NR21R22, -N=CR21R22, where R21
andepradentlyefrem| aporg Phanpwtﬁ@ﬁ guhtityted r%n%ﬁb%ﬁ@utﬁd aliphatic and

monoval It t a

AP Byt oty AR BRI, g FiaR AR 5o M an el
GR&BIOb natrexR 19kl Ve Sallé%l'ﬁnél'déﬁhlmetﬁptaﬂimd)rﬁﬂm $roptimsbhohium ion, or
hal f an al kal i e eart h metal, ammonium or dphosphonl um
iadracemrradicals R to R" together form a fused substituted or unsubst1tuted aromatic,
heteroaromatic, aliphatic, mixed aromatic-aliphatic or mixed heteroaromatic-aliphatic
ring system; with substituted hydrocarbon radicals having substituents selected from
among -N(R®),, -NHR?*, -NH,, fluorine, chlorine, bromine, iodine, -OH, -CN,
.C(0)-R%, -C(O)H or -C(0)O-R%, -CFs;, -O-R®, -C(O)N-R®, -OC(0)-R? and/or
-Si(R*)s, where R'® is a monovalent hydrocarbon radical which preferably has from 1 to
20 carbon atoms and when a plurality of hydrocarbon radicals R® are present, these can

be identical or different, and the radicals R' R R' and RY are identical or different,

is used as organophosphorus ligand.

The process as claimed in claim 4, characterized in that a compound of the formula

VIIb-1 or VIIb-2
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adj acent radicals R16 to R19 together forma fused
substituted or unsubstituted aromati c,

het eroaromatic, aliphatic, m xed aromatic-aliphatic or
m xed heteroaromatic-aliphatic 20 ring system wth
substituted hydrocarbon radi éhl s having substituents
sel ected from anong -N(R23)2, -NHR23, -NH2, fluorine,

~chlorine, bromne, iodine, -OH, -CN, C(O-R23, -C(OH

ofF -C(OOR23, -CF37y -OR23, -C(ONR23, -0OC(O -R23
ahd/ or R?(F@l)s ere R18 is a nonoval ent
h hpcar pon ripdi cal {whi ch preferably has froml to 20
bOR d wh¢n a plurality of hydrocarbon
di cg ':3 aré pre¢sent, these can 25 be identical or
3 %SI cal s R16, R17, R18 and R19 are
19 , 1s used as organophosphor us
gand. /. The proce¢ss as clainmed in claimd4,
characterized in thak a conyqund of the fornula
VIlb-1 or VIIb-2 41 R16 0 R1419 R1 0~ OQKk VIIb-1
P-1 OQ Rs k VIIb-2 where k =

—— Q9 = 0
=b
D
pon

-9 to Vlle-11, Qis a divalent
ituted aliphatic, alicyclic,
cyclic, heterocyclic, m xed
s Q aronatic, het er oar omat i c,
i xed alihatic-aromafic hydrocar bon radi cal haV| ng
flom1 t® 50 carbon I'IQ al i phatic parts of Q
being able to contain oxyge:g}I @ fur and/or nit rogen
APk S YOS bHE S RYJROT AR AOE IR feadne &Qﬁﬁg@ggﬁ@l f'ort t‘he formulae
have substituent’s havi Ag the same neani ngs as RI16
RIBc-9 ® VHed 129 iok daradpin estphianedort ingabsituted aliphatic, ahcyclic mixed

-aliphatic-alicyclic, heterocyclic, mixed aliphatic-heterocyclic, aromatic, heteroaromatic,

mixed aliphatic-aromatic hydrocarbon radical having from 1 to 50 carbon atoms, with

~ aliphatic parts of Q being able to contain oxygen, sulfur and/or nitrogen and substituted

hydrocarbon radicals Q being able to have substituents having the same meanings as R'¢

to R', is used as organophosphorus ligand.

The process as claimed in at least one of claims 1 to 6, characterized in that the
organophosphorus ligand is used in a molar ratio to the metal at which the

organophosphorus ligand is also present as free ligand in the reaction mixture.

The process as claimed in at least one of claims 1 to 7, characterized in that an
olefinically unsaturated compound selected from among substituted or unsubstituted
alpha-olefins, internal olefins, cycloolefins, alkenyl alkyl ethers and alkenols is used as

starting compound to be carbonylated.

The process as claimed in any one of claims 1 to 8, characterized in that at least one
compound selected from among hydrogen, water, amine and alcohol is used as further

reactant in addition to carbon monoxide and the starting compound to be carbonylated.
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10.

11.

12.

13.

14.

15.

10 7. The process as clained in at |east one of clains
1 to 6, characterized in that the organophosphorus
ligand is used in a nolar ratio to the netal at which
the organophosphorus ligand is also present as free
ligand in the reaction m xtu¢z. 15 8. The process as
claimed in at |east one of clains 1 to 7,
characterized in that an olefinically unsaturated
conmpound sel ected from anong substituted or
unsubstituted al pha-olefins, internal olefins,

CYRd podcets BS clahkériylangl dndl ofthéns latd 9akkaradkszadsin that at least
used as starting conpound to he. carbonyl at ed.

e, 20 9. )
Hivérqgendessechas Eutheragadtant 4a addiionge ¢ar f’nﬁlofmé’ée gnd the starting
char.ac i.zed i t . el ected
P %O%Arr&t;{]ogb%%r roglé’iea%?& %&taeéﬁ%nﬁglgg%%ﬁgﬁ g%éﬁg)luﬁi s used
as further - reactant in addition to carbon nonoxi de

and the starting conpound to be carbonyl ated. 42 -1%;
e poersess daimetdnmay one ehglaaeldp 10, ghargcteriged B that cobalt or

Fipa e i gt e Blion S VLA PULPEAT0

the starting conpound to be carbonylated and a

hydrofornylation is carried out. 5 11. The process %i :
dibsi precess As alaimeshin a1y eniefralaimstlotorbl, charastarizest inby thp sterically

h bal t - hodi i ehal i tei )
Bl R e ReE Rl e VAR et SRR i 011
glogi 1NBdhd Rasidh AB&uref clainms | to 11, characterized in

that the sterically 10 hindered secondary anmine is.
used in a nolar ratio to the catalyst netal of from

0.1:.1 to 100:1 in the reacti ] re. 1T

P T e & el S BRS caPlsT {4 BB of i} B St or
tPeRB&icT 00 Gthé Blevhdnts ®hichMas afPefdapshtwsgialrhec@fipdung as ligand and
El enents whi ch has an organophosphorus_ conpound as

|ai strarivdllphihder®8 secapidenyiagzing hating therasoersbsivietiapyformylad,

havi t he neral structural formula I, Rc Rd
Rb+Nﬂ%e Ra}ga Rf where Ra, Rb, Re, Rd, Re and Rf are
i j il\j—e*—q‘-ké'f erent hydrocarbon radi cal s which

Ra H Rf ' 1

where Ra, Rb, Rc, Rd, Re and Rf are identical or different hydrocarbon radicals which

may be joined to one another.

The mixture as claimed in claim 13, characterized in that an amine having a 2,2,6,6-

tetramethylpiperidine unit II

N
I

H I

is present as secondary amine.

The mixture as claimed in claim 13 or 14, characterized in that at least one compound

selected from among the compounds of the formulae IIb to IIg



may be joined to one another. 20 14. The m xture as
claimed in claim 13, characterized in that an am ne
having a 2,2,6,6- tetranmethyl piperi dine unit Il N |
HI1l is present as secondary amine. 25 15. The m xture
as clainmed in claim 13 or 1443characterized in that at
| east one conpound selected from anong the conpounds
of the formulae Ilb to TiIg 43 8 Oy Ir HNO O NH IIDb
ONO( ):7-21 N,ye8 H Ile whefe n =11to 20 O0 NH
eren=1to 12

IIb

N

|

H
T o Ie

wheren=1to 20
(l)l : 1
H H Iid
, W ~
N -0 @)

Ile

wheren=1to 12

H _
\/\”/O We
n .
HN 0
| . Ofor

wheren=1 to 17’
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16.

17.

Hr ne HNOIIf or wheren=11to 17 44 H25Cl2 N
NH OIllg is present as secondary amine. 16. The

m xture as clainmed in at |east one of clains 13 to 15
characterized in that it 5 conprises at |east one
conmpound having two or nore 4 the functional groups
of the fornmulae Ill to VI or at |east one conpound of
one of the fornulae Il to VI PRRR3R4 111 PR2R3(TRS)
IV PR2(TRS{ TR6) V 10 P(TRS)(TR6) (TR ) VI where T =
Qi L nr XTREB and P2 t R$ are identical or different
or'gant c cals h have from1l to 50 carbon atons
and may be | i
as organ osph ligand. 15 17. The m xture as
clainmed in of clainms 13 to 16
characteriz& in that it conprises at |ed$ one
conpound of the formula VIlc-9, VIlc-10 or Vlilc-11 O
X8 PROS@t Ry secopdaly @@\ Y- O O R17 R19 RI8 VIlc-9 O

The mixture as claimed in at least one of claims 13 to 15 characterized in that it
comprises at least one compound having two or more of the functional groups of the

formulae ITI to VI or at least one compound of one of the formulae III to VI

PR*R’R* III
PR?R*(TR?) ' | vV
"PR*(TR®)(TR®) \Y%

P(TR*)(TR®YTR") _ VI

where T = O. NH or NR® and R? to R® are identical or different oroanic radicals which
where I = 0O, NH or NR™ ang K" to K~ are 1dentical or cgirferent organic radicals which

have from 1 to 50 carbon atoms and may be joined to one another via a covalent bond, as

organophosphorus ligand.

The mixture as claimed in at least one of claims 13 to 16 characterized in that it

comprises at least one compound of the formula VIIc-9, VIIe-10 or VIIc-11

o)
X —0 0 R'6
\ /
P—0—Q—O0—P
/ \ 17
Y—O o) R
R19 R18
VIIc-9
e
X 0 R16
\ /
P—0—Q—0—F
/ : \ 17
Y—O o) R
R19 R18

VIlc-10
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heeryclin @hnhrmlpdreterowcmza@%aﬁwrr@ﬁm a

X O P-OQOP  Y-OORL7 R19 R18 VHc-10 45 0 X

OR1L P-0-QO0-PP Y 0O RL7 R19 R18 VIII-11 where X

and Y are substituted or unsubstituted, aliphatic,

alicyclic, aliphatic-alicyclic, heterocyclic,

al i phatic-heterocyclic, aromtic-aromatic or

al i phati c-aromati c hydrocarbon radicals having from1l

to 50 carbon atoms, with X and Y being identical or

different or 5 beigg coval ently bound to one anot her,

Eﬁs Qis an at_ | eAast djiwwal ent, substituted or
ubstituted %I | alicyclic,

al Pp'r@t‘lcb—@ﬁPchl | et erocyclic,

aV|phat|c het ep RHromatic, aromatic-aronmatic

or aliphatic-aro hydrocarbon radi cal preferably

having from 1l tq4$%0 eagbon atons, wth substituted

hydrocarbon radi Cal s havi ng substituegkf._;gel ect ed

fromanmong - N(R20) 2, -NIHR20, -NH2, fluorine,

GVHe®d XNgnd BT @8isuBstitited o @nsubStkutdd) ahﬁh\htm- ali§)cliR24liphatic-alicyclic,

-C(OHor -C(OO0R20, -CF3, -0OR20, -C(ON R20,
) Lo o flghaélc aromatic hydrocarbon

({é%ai\fs_l_ %evgrtlg % LI agﬁ %grtbgf;i‘rgtogtﬁsd v&Yfﬁl ﬁrﬁn :ﬁg}?ﬁqgkﬂiéﬁgﬁﬁ or different or

lwﬁgocfo%i@ﬁﬂy hadh€ ab onB2hotHee, pdge an tah et dauratelne substituted or
identical or different, and R16 to R19 are selecte

.uns@p@wmﬂlwammhcmiﬁn ghmntlsxpéucmc hsuwwlm@bahaétc-heterocychc

ﬁgq%g% %ta !?}8 d (?%l) h affl aiié)hgﬁlé g%%{altlg ’hg?llr i C%)h Gadical )grea‘erably having

FHonPhabl 50 aéfrﬁ&ﬁhtdfms hﬁﬂﬁ Elﬂ%ﬁﬁitcb& hydfo¥&bon radicals haV1ng substituents
al i phati c- heter rocar bon radicals having 1

seleged (ﬁgrrb@moxg )H N:H -NIgy, fluorine,cghdorine, bromine, iodine, -OH,

R T by, T B8R0 " s

-SI(R20)3, where R¥ is a monovalent hydrocarbon radical which preferably has from 1 to

R16
6

5 et o ¥

20 carbon atoms and if a plurality of hydrocarbon radicals R* are present, these can be
identical or different, and R' to R are selected independently from among monovalent
substituted or unsubstituted aliphatic, alicyclic, aromatic, heteroaromatic, mixed
aliphatic-alicyclic, mixed aliphatic-aromatic, heterocyclic, mixed aliphatic-heterocyclic
hydrocarbon radicals having 1 to 50 carbon atoms, H, F, Cl, Br, I, -CF;, -CHZ(CFz)jCF:;
where j = 0 — 9, -OR?!, -COR?, -co;Rzl, -CO,M, -SR%, -SO,R?!, -SOR*, -SOsR*,
SOsM, -SO,NR*R*, -NR?R%, -N=CR¥R?, where R* and R” are selected
independently from among H, monovalent substituted or unsubstituted aliphatic and
aromatic hydrocarbon radicals having from 1 to 25 carbon atoms and M is an alkali
metal ion, formally half an alkaline earth metal, ammonium or phosphonium ion, or
adjacent radicals R to RY together form a fused substituted or unsubstituted aromatic,
heteroaromatic, aliphatic, mixed afomatic-aliphatic or mixed heteroaromatic-aliphatic
ring system; with substituted hydfocarbon radicals having substituents selected from
among -N(R*),, -NHR?, -NH,, fluorine, chlorine, bromine, iodine, -OH, -CN,
-C(0)-R%, -C(O)H or -C(0)0-R®, -CF;, -O-R*, -C(O)N-R”, -OC(0)-R* and/or

-Si(R*®)s, where R'® is a monovalent hydrocarbon radical which preferably has from 1 to
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3
e
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R

-SBM -SM2NR21R22, -NR21R22, -N=CR21R22, where R21
and R22 are selected independently from anong H,
nonoval ent substituted or unsubstituted aliphatic and
20 aromatic hydrocarbon radicals having from1 to 25
carbon atoms and Mis an alké#i nmetal ion, formally
hal f an al kaline earth netal, anmoni um or phosphoni um
ion, or adjacent radicals R6 to R19 together forma

ffésc%goo%uﬁgﬁl% 51‘(1:'(5 &g&ie{? %ﬁgl?’lﬁﬁ‘t?%fih%é)%grb@ﬁ QURLAISR? are present, these can

het er oar omat | c, m xed aronmatic-aliphatic or
rfieXaehthel @ diffeenptand ted iaphalsiR'S, Ri'nB *sansitRharenidentical or different,
substi tuted hydrocarbon radi cal s having substituents
96 loeganephosph@ls Bgangdhong - N(R23) 2, - NHR23, - NH2,
fluorine, chlorine, bromne, iodine, -CH -CN
C(O-R3, -CCOHor -C(OOR23, -CF3, -0OR23,
THeOniktiR3as clXeh€d iR2AB leastloae of- Ghifd2B8) 3o Mhehaad®iedsin that it
a nonoval ent hydrocar bon radical which preferably has
feoprisestacomgound of gerformde YHb-doy ¥l a plurality of
ydrocarbon radi cals R23 are present, these can be
ildenti c&'orodifferent, and the radicals Rl6, R7, R 8
ical or different, as
’ ¢ lipgand. 5 18. The m xture as cl ai ned

ond of clainms 13 to 17 characterized in
3 i .conmpound of the formula VIIb-1 or
‘ TRL OPLOQRI9 k VIIb-1 RIL6 0
17 O OR'R18 OA P-1] O Q RI19 k VII1b-2 where k = 2 and

R16, R 7, R18, and "R19 havivyggp.pe neani ngs given for

the fornulae 10 Vilic-9 to VIlc-11, Qis a divalent
substi t lr_gmd gr unsubdtituted aliphatic, alicyclic,
n

1'x1e7d

RM

'i\ O j\

18 P. .

R)\/ko’\o Q
19

L dk

VIIb-2

- where k = 2 and R', R"7, RIS, and R'® having the meanings given for the formulae

VIIc-9 to VIIe-11, Q is a divalent substituted or unsubstituted aliphatic, alicyclic, mixed
aliphatic-alicyclic, heterocyclic, mixed aliphatic-heterocyclic, aromatic, heteroaromatic,
miXed aliphatic-aromatic hydrocarbon radical having from 1 to 50 carbon atoms, with
aliphatic parts of Q being able to contain oxygen, sulfur and/or nitrogen and substituted
hydrocarbon radicals Q being able to have substituents having the same meanings as RS

to R', as organophosphorus ligand.

The mixture as claimed in at least one of claims 13 to 18, characterized in that the

organophosphorus ligand is present in a molar ratio to the metal of from 0.1:1 to 100:1.

The mixture as claimed in any one of claims 13 to 19, characterized in that cobalt or

thodium is present as metal of transition group VIII of the Periodic Table.



21.

al i phatic-alicyclic, heterocyclic, m xed
al i phati c-heterocyclic, aromatic, heteroaronmatic,
m xed al i phatic-aromatic hydrocarbon radi cal having
from1l to 50 carbon atons, with aliphatic parts of Q
bei ng able to contain oxygend7sul fur and/ or nitrogen
and substituted hydrocarbon radicals Q being able to
have substituents havi ng the sane neanings as R6 15
S r 9 ] s
f}él rre as% a%%gg @Q@ﬁ@%o# z%lgrlg;?r'éqg %3) cha{%@erﬁ%%gf{h@t B2 stabilizer
ci9 @E@eﬁﬁﬁlaMaﬂ fatib hethetdamlysomgan ophrommhbi ts 100:gand i s
present in a nolar ratio to the metal of fromO0.1:1 to
100: 1. 20 20. The m xture as clainmed in any one of
clainms 13 to 19, characterized in that cobalt or
rhodiumis present as netal of transition group VIII
of the Periodic Table. 47 21. The mixture as cl ai med
in any one of clainms 13 to 20, characterized in that
the stabilizer is present in a nolar ratio to the
catal yst netal of fromO.1:1 to 100: 1.



