25 JANUARY 2006 O Z. 5806-WO - 1 NOVEL PHOSPHI TE COVPOUNDS ANQSW@AW%OG
COWPLEXES The present invention relates to phosphites and their™ Tete
conpl exes, and the preparation and the use of the 5 phosphites as |igands
in catalytic reactissmss-wWhe reacti ons between ol efin conmpounds, carbon
nonoxi de and hydrogen in the presence ofja_catalyst to formthe aldehydes
havi ng one nore carbon atomis known as 10 hydroff)rrryl Stl OP (oxo prgcesfs).
As catalysts in these reactions, use is frequently nade of compounds o
the transiti G\l FHOSHHIZE, CRMROGNDS G THEIFDAIATHL COMPIEIES! t he
El ements, in particular conpounds of rhodium and of cobalt. Cﬁrrgared to
catal ysis by balt 15 conpounds,. t he drofornyl ati on using rhodium
conmpounds geﬁ[glreallf’@e%?rfugr Dtvﬁéﬁ:&(%‘arﬁ ot E?gﬁ’é’@%%@ﬁ VAng thadris
t hus usual |y meteleconmanicads, land hehesqsneepﬁrattlhteon réodi tine casal Mﬁeghe .
hydr of or nyt at ipp, deS I f exes canprising rhodi um an
p%leferabl y 20 tris\/ﬁgﬁgnt S%Zgg#(%ﬁlﬁgggnﬁ%&r? as 1% grcg:&g;?lsKnovm l'i gands
are, for exanple, conpounds fromthe classes of phosphines, phosphites and
phosphoni t es. The @é%fdﬂi%ﬁ@fbemégﬁf&féﬁ’ﬂr@té%&jmﬁééa,ef+§§b&?ym$ﬁo%gé'gd in
B. CORNILS, W _A. HERRMANN, Aﬁgl i ed Honobgeneous talysis w
Or ganonet al | i gﬁryﬁgﬁ?@s‘m, AB| Hhe ghresenre B nReidhtaNeWwt Yo koo gehe Each
cat al yst syst eddebydelst bavihgdi ang h&SrétZ:axs:Rﬁﬁ! Ht%nad%@nttﬁglgvgnt [gge{]g:nr;g
on the stafti I nd get _product, different catalyst sys
are used}.?élfﬂrgﬁgglkﬁ%&n?%&%groﬁphg% p%ggﬁ?ﬁ "l eﬁi‘;F%i%ﬂFs in “thesé
reactions, use 1s frequently made of compounds of the

transition metals of gi:oups 8 to 10 of the Periodic
Table of the Elements, in particular compounds of
rhodium and of cobalt. Compared to catalysis by cobalt

15 compounds, the hydroformylation using rhodium compoﬁnds
generally offers the advantage of higher selectivity
and is thus usually more economical. In the case of the
rhodium-catalyzed hydroformylation, use is usually made
of complexes comprising rhodium and preferably

20 trivalent phosphorus compounds as ligands. Known
ligands are, for example, compounds from the classes of
phosphines, phosphites and phosphonites. An overview of
hydroformylation of olefins may be found in B. CORNILS,
W. A. HERRMANN, “Applied Homogeneous Catalysis with

25 Organometallic Compounds”, Vol. 1&2, VCH, Weinheim, New
York, 1996.

Each catalyst system (cobalt or rhodium) has its
specific advantages. Depending on the starting material
30 and target product, different catalyst systems are
used. If rhodium and triphenylphosphine are employed,
o-olefins can be hydroformylated at relatively low
pressures. An excess of triphenylphosphine is generally
used as phosphorus-containing ligand; a high
35 ligand/rhodium ratio is necessary to increase the
selectivity of the reaction giving the commercially

desired n-aldehyde product.
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a-ol efins can be hydrofornylated at relatively |ow pressures. ,An ﬂ&m
tri phenyl phosphine is generally wused as phosphorus-contalnlngzslﬁﬁﬁ@gﬁir

hi gh*35 ligand/rhodiumratio is necessary to increase the selectivity of
the reaction govengsgshe-gomercially desired n-al dehyde product. AMENDED
SHEET 25 JANUARY 2006 O Z. 5806-WD - 2 US-A-4,694,109 and US-A-4,879, 416
relate to bisphosphine |igands and their 2use in the hydrofornylation of
olefins at | ow synthesis gas 5 pressures. Particularly in the S
hydrof ornmyl ation of propene, high activities and high n/i selectivities
are achi eved Usithg4| 6gandsoof thing typers-WO4As99/ 30680 deseridhes bidentate

hosphi ne |iga 10 _their. use in catalysis, .including in .
Eydrgfornylatigggpﬁggg i ofs. ﬁ@ﬁ?ﬁ%&he-b??%gedt edphosphffies afle didet osed,

for exanple, hﬂdtﬁi¢rmy169iaﬁl,oWSw%&hﬁHﬁh'7kﬂ:andow1559§ta3%d%93@gﬁ§ as

| i gands forg hy I ati . D. ;et .. An te em e, _
In?ernatioﬁ%l g%ﬁ%??g%%'yogﬁﬁélggagE%Y Q}EMV% -V%ﬁﬁ%ﬁgﬁéﬂfgg%ﬁﬂoﬁ\N9ﬁ1he|m
2001, pages 1696°P®R469Bidhsarsiws thephespghitigh2@ /i garids: tdonittaiey ng-a

phosphori none st¥ileted abs gt 1 298nat hekrense §95e hydrof ornylation
catal ysts. A disadvantage of bidentate phosphine [igands is their

rel atively conplicated preparation. It is therefore 25 often not
economi cal |y Wbk €93 .03 Us80 sdebcsybeenbitianthBduphbhphiBRE0GE8$EE s and.

10 their use in catalysis, including in hydroformylation

reactions.
Ferrocene-bridged bisphosphines are disclosed, for
example, in UsS-A-4,169, 861, US-2-4,201,714 and

15 US~-A-4,193,943 as ligands for hydroformylations.

Selent D. et al, Angewandte Chemie, International
Edition, wvolume 40, No. 9, WILEY-VCH Verlag GmbH,
Weinheim 2001, pages 1696 to 1698 discloses biphosphite

20 ligands containing a phosphorinone structural unit and
their use for hydroformylation catalysts.

A disadvantage of bidentate phosphine ligands is their
relatively complicated preparation. It is therefore
25 often not economically viable to use such systems in

industrial processes.

Rhodium-monophosphite complexes are suitable catalysts
for the hydroformylation of branched olefins having
30 intexnal double bonds, but the selectivity for
terminally hydroformylated compounds is low. EP-A-
0 155 508 discloses the use of bisarylene-substituted
monophosphites in the rhodium-catalyzed
hydroformylation of sterically hindered olefins, e.qg.

35 isobutene.
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Rhodi um nonophosphite conpl exes are suitable catalysts for th
hydr of ormyl ati on of branched ol efi ns having 30 internal doubl eﬁggﬁ‘ggUA%Xtm%
the Selectivity for termnally hydrofornylated conpounds is low. EP-A- O
155 508 di scl oses. thepsisigo of bi saryl ene-substituted nonophosphites in the
rhodi um catal yzed hydrofornylation of sterically hindered olefins, e.g.

35 i sobut ene. AMENDED SHEET 25 JANUARY 2086-0.Z. 5806-WD - 3

Rhodi um bi sphosphi te conpl exes catal yze the hydrofornylation of |inear
ol efi ns havi ngRAXHHiTPL sPRPSPint B2 nal  deaBbiesends t ocgiadypeedoni rdt |y

termnally hw@f@f@wﬁl@@lmoeﬁctﬁm\é@ Icﬁéﬁ%&d}%ﬂhgef t@ﬁ?ﬁéﬁ” 2
i nternal double bonds, are %iacﬁqod to on a snall extent co- orcrjl nati on
to a transitioh WEtA" Rt RESe Th Jp‘ﬁ‘?t@§eePWénelaFéYySvle§ff@ﬂallrlé’r eased

activity, buthydmmmmwlat‘@ilpf@d@étsh hele:CQt Bk&ﬁ&héasb@%ﬂﬁ hav:Lnﬁ
unsati sfacgory,, e t hydr oI 0 sensjitivity of e
phosphi te i gands ]ye %e Tse su S, |tu &d :6 E? di%l THY star €
materials for Q??Feentpho@%hifpeolfﬁgaﬁ@sona§0d@sctraxmjltmlERﬂé\t@lZ&énﬁéz or

EP-A-0 472 07kndias SRabbed:songhder ablie, 1hmiovesment red o B€ - Eh' ?‘ng
According to the Ilgerature f he rhod| um conpl exes o ese |gan g are
extremel y act iRHF hy#Pof BrFhA Y IDNn 11t aPysttdiensr aabnbyshs swusSotst, 668, 651,

US- A- 4, 748, 26 ineantd d#5Aok885, A0ttlescrdenpal yphesphite | hgards by,

10 sensitivity of the phosphite 1ligands. The use of
substituted bisaryl diols as starting materials for the
phosphite ligands, as described in EP-2-0 214 622 or
EP-A-0 472 071, has enabled considerable improvements
to be achieved.

15
According to the literature, the rhodium complexes of
these ligands are extremely active hydroformylation
.catalysts for o-olefins. US-2-4,668,651, US-A-4,748,261
and US-A-4,885,401 describe polyphosphite ligands by

20 means of which o-olefins and also 2-butene can be
converted with high selectivity into the terminally
hydroformylated products. In US-A-5,312,996, bidentate
ligands of this type are also used for the
hydroformylation of butadiene.

25
Although the bisphosphites mentioned are good
complexing ligands for rhodium hydroformylation
catalysts, it is desirable to develop new types of
readily preparable phosphites to further improve their

30 effectiveness, for example in hydroformylation.
It has surprisingly been found that novel phosphites of

the structural formula I or II,
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20 nmeans of which a-olefins and al so 2-butene can be converte

selectivity into the termnally hydrofornylated products. %WAN)UMQ%OM
US- A-'5, 312,996, bidentate ligands of this type are also used for the

hydr of or myl at i on zqof slgukadgiene. 25 Al t hough the bi sphosphites nentioned are
good conplexing ligands for rhodi um hydrofornylation catalysts, it is
desirable to devel op new types of readidy preparable phosphites to further
i nprove their 30 effectiveness, for exanple in hydrofornylation. It has
surprisingly been found that novel phadphites df the structural formula |
or 11, AVENDED SHEET 25 JANUARY pR06 Q) Z. [|5806-WO - 4 (1) -Q k .Q k
where R1, R2, R3 and R4 are each| se g |ode endently from anong

nonoval ent substituted or unsubsit: 5 api phatic,®aromati c,

het ercoaromatic, m xed aliphatic- Rl oyel i o, no ' aI i phatic-aromati c,

het erocyclic, mxed aliphatic-heterogyclic hydrocarbon radicals haV| ng
froml to 50 carbon atons, H F, d, Br, I, - , -CH2(CF2) CF3 where | =
0-9 -0R9, -COR9, -CO2R9, -CO2M 10 -SR 9, -S2R9, -SOR9, -SO3R 9, -S3M
- S2NR9R10, -NR 9Rlo -N=CR9Ri o[ wherg RQ and R o are sel ected

i ndependent |y R2 _ .

o)
! (1

where R!, R?, R’ and R are each selected independently

from among monovalent substituted ér unsubstituted

5 aliphatic, aromatic, hetercaromatic, mixed aliphétic-

alicyclic, mixed aliphatic-aromatic, hetercocyclic,

mixed aliphatic-heterocyclic bhydrocarbon radicals

having from 1 to 50 carbon atoms, H, F, Cl1, Br, I, -CF,,

~CHy (CF2) ;CF3 where j = 0 - 9, -OR’, -COR®, -CO;R?, -CO.M,

10 -SrR’, -SO;R’, -SOR’, -SOsR%, -S03M, -SO,NRRY®, _NRIRM,

-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,

15 formally half an alkaline earth metal ion, an ammonium
ion or phosphonium ion,

or adjacent radicals R' to R® together form a fused

substituted or unsubstituted aromatic, hetercarcomatic,

aliphatic, mixed aromatic-aliphatic or mixed

20  hetercaromatic-aliphatic ring system;

Q is a k-valent substituted or unsubstituted aliphatic,
alicyelie, mixed aliphatic-alicyclic, heterocyclic,
mixed aliphatic-heterocyclic, aromatic, mixed

25 aliphatic-aromatic hydrocarbon radical having from 1 to
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from anong H, nonoval ent substituted or unsubstituted aliphati
aromatic gydrocar bon radicals having from 1 to 25 carbon ato g&mﬂ‘}‘?%@ﬂﬁ
al kali metal ion, 15 formally half an alkaline earth nmetal ion, an amoni um
i on or phosphogi.gr_n E@Rs-@b adj acent radicals Rl to R4 together forma fused
substituted or unsubstituted aromatic, heteroaromatic, aliphatic, mxed
aromatic-aliphatic or mxed 20 heteroaroratic-ali phatic ring system Qis

a k-valent substituted or unsubstituted aliphatic, alicyclic, m xed

al i phati c-al i cy€l Ferbpat atompgcl “@er&nad@dawumalard:-sheiér@amlmnmmu c,

m xed 25 al i phaki g=ar ogggfgrhggagggr gg@rggghcal having from 1 to AVMENDED
SHEET 25 JANUAEY 2006 Ci)L 6- VWO - arbon atons, where aliphatic
parts of Q mayXcdfit &m %&Fg& agd| Rur %ndlpor G rogem dheg sindiviedssl 2 and

R1, Rz, R3 ands&éubnuthe |e1;]1|cﬁm/érdual bo&hﬁglcﬂdﬂ@ C%Inen&x_;lt allgggggntt?f@t%gn be
d|fferent one. .anot er, are sSui.t e co exin ands

radi cal s ]I?Qg a[]n 4 ndPoe dLFaLfltﬁl?ﬁect EPQPTE?‘éﬁEnt gé’gliﬂrﬁ} t 6£Q Hre

di fferent fromf@ﬁecahat Rér tot R& phospilei UdeSfllsﬂlﬂlﬁ)lmmirrdC(tﬁrallcbl%nts
aroup 45 6B e Rt h e b ob T RESeeent ma
rou

'?hellro prepar aP]ilﬁﬁphi‘SeThé pRe¥ERetragahti on furt her provi des for the use
of the phosphites and the phosphite-netal conplexes in

10 The invention also provides complexes of the phosphite
ligands with a metal of group 4, 5, 6, 7, 8, 9 or 10 of
the Periodic Table of the Elements and their

preparation.

15 The present invention further provides for the use of
the .phosphites and the phosphite-metal complexes in
catalysis, preferably in homogeneous catalysis, in

particular in the hydroformylation of olefins.

20 Further aspects of the invention are a process for the
hydroformylation of olefins and a process for preparing
the phosphite ligands.

In preferred phosphites of the formula'I or II, at
25 least two adjacent radicals R' to R? together form a
fused aromatic, heteroaromatic, aliphatic, mixed
aromatic-aliphatic or mixed heteroaromatic-aliphatic
ring system which is unsubstituted or is substituted by
at least one radical selected from among aliphatic,
30  alicyclic, aromatic, hetercaromatic, mixed aliphatic-
alicyclic, mixed aliphatic-aromatic, heterocyclic,
mixed aliphatic-hetercocyclic hydrocarbon radicals
having from 1 to 50 carbon atoms, F, Cl, Br, I, -CFi, -
CH, (CF3) CF; where j = 0 - 9, -OR®, -COR’, -CO,R®, -CO,M,
35 -SR’, -SO,R’, -SOR®, -S0:R®, -S03M, -SO,NRRY®, -NRRY or
-N=CR°RY, where R’, R and M are as defined above.
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catal ysis, preferably in honbgeneous catalysis, in particular i
hydr of ornyl ation of ol efins. 20 Further aspects of the inventi ﬁr}ﬁg%m{m%

rocess for the hydrofornyl ation of olefins and a process for prepari ng
t he phosphite Ja gang? Q pref erred phosphites of the fornmula "I or I, at
25 |l east two adjacent radicals Rl to R4 together forma fused aromatlc

het eroaromatic, aliphatic, mxed aromatd e aliphatic or m xed

het er oaromat’i c-al i phatic ring systemwhich is unsubstituted or is
substituted byInattheasphosghiadscabfsetiet eflofmoDaanpngoAl lph,ath_; &9

alicyclic, aro er Qar [ ed ali hatlc- allc ,

al i phati c- aro (L'kg ﬁg?%r o%yc%[{gtal%rn]‘itxe “al %p A E & er J¢ %’f:ar bon
radi cal s havi ﬁigampbm 1Q 0c80 dwvsonaattnsictRired asBrshdwn - Cﬁs ferrﬁl—]?a (CF2)
jCF3 where j =r97- 9, -OR9, -COR9, -CO2R9, -002M 35 -SR9, -SO2R9, - SOR9,

- SG3R9, -503M -SO2NRIOR10, -NROR10 or -N=CROR10, where R9, RlOand M are as

defi ned above. AVENDED SHEET 25 JANUARY 2006 O Z. 5806-WO - In the
phosphites of the fornula I or le prefeaably a dival ent to

tetraval ent radical. For %rrpl e have stru,gture as shown in
formula I11, 51 Rl4 R15 -R R14R15R16R17and
R18 are as , un

R14R15

where RY™, RY™, RY, R™, RS, R'Y%, RY and R'® are as
defined for R" to R! in claim 1 or 2, W is the divalent
radical CR™R?’, where R and R* are as defined for R®
10 and R™, m = 0 -1 and the positions a and b represent
the linkage points. Adjacent radicals R to R}amay, in
a manner analogous to R! to R* in formula (I) or (II),
together form a fused substituted or unsubstituted
aromatic, heteroaromatic, aliphatic, mixed aromatic-
15 aliphatic or mixed hetercaromatic-aliphatic ring
system. The ring system is preferably substituted by at
least one radical selected from among aliphatic,
alicyclic, aromatic, heteroaromatic, mixed aliphatic-
alicyclic, mixed aliphatic-aromatic, heterocyclic,
20 mixed aliphatic-heterccyclic hydrocarbon radicals
having from 1 to 50 carbon atoms, F, €1, Br, I, -CFi,
-CH; (CF;) CF3; where j = 0 - 9, -OR®, -COR®, -CO,R®, -CO.M,
-SR?, -S0;R’, -SOR’, -SOsRY, -S0sM, -SO,NR’R'’, -NR°R™ or

-N=CR’R'?, where R®, R and M are as defined above.

25
Other examples of (Q are a phenyl radical, a naphthyl
radical, a bisaryl radical, a radical of a diphenyl
ether or a calix[nlarene radical having the structure
corresponding to the formula IV:

30
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defined for RLto R4 inclaiml1l or 2, Wis the divalent radic
Wner'e R19 and R20 are as defined for RO 10 and R10, m=0 -1 %th““ﬁ

positions a and b represent the |inkage points. Adjacent radicals R11 to
R18 may, in aOm@dnnéBi@nalcogous to R to R4 in formula (1) or (I1),
together forma fused substituted or unsubstltuted aromati c,

het eroaronatic, aliphatic, nmixed aromatit-/ 15 aliphatic or nlxed
heteroaronatic-aliphatic ring system The ring systemis preferably
substituted by at |east one radical selected,fromanong aliphatic,
alicyclic, aromatic, heteroaromafic, ng¥ed aIi hatic- alicyclic, m xed

al i phatic-aromatic, heterocyclig, 20 xed hati c- heterocyclic

hydr ocar bon radi cal s haV|ng fr bR n atoms, F, d, Br, |, -CF3,

-CH2(CF2)j CF3 where | 0 - 9, R9, -CO2M -SR9, -SO2R9,
-SOR9, -SMBRI, -SBM -SCJZNRQI O R —CROR1Y), where R9, R10 and
M are as defined above. 25 O he a phenyl radical, a
napht hyl radical, a bisaryl i i a di phenyl ether or a
cal i x[n]arene radi cal having corg ¢sponding to the formula
I'V: 30 AMENDED SHEET 25 JANUARY 2006 O. Z. 5806- - 7 where R21 R22 and

al i phatic and 5 aromati ¢ hydrocar
atons, H F, d, Br, I, -CF3, -CH(

where R?*', R* and R are selected independently from
among  substituted or unsubstituted aliphatic and

5 aromatic hydrocarbon radicals having from 1 to 25
carbon atoms, H, F, ¢l, Br, I, —-CF3, - -CH; (CF;)} ;CF3; where

i =0 -9, -0orR™, -COR*, -COR?, -cO,M, -SR*, -S0O;R%4,
-SOR™, -S0;R**, -S0sM, -SO,NR*R?S, -NR™R® and ~N=CR*R?",
where R* and R* are as defined for R’ and R and M is

10 an alkali metal ion, formally half an alkaline earth
metal ion, an ammonium ion or phosphonium ion, or
adjacent radicals R** to R?? together form a fused
substituted or unsubstituted aromatic, heteroaromatic,
aliphatic, mixed aromatic-aliphatic or mixed

15  heteroaromatic-aliphatic ring system; Y is the divalent
radical CR™R*® or CR™R®-0-CR™R®; n = 3 - 6 and the
positions a represent the linkage points or are

occupied by OR?*!, where R* and R* are &s defined above.

20 Representative phosphite ligands of the formula T or IT

are:
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j =0- 9, -0OR4, -COR24, -CO2R24, -CO2M -SR24, -SO2R24,

-SO3M - S02NR24R25 - NR24R25 and - N=CR 24R2s where R24 and m%ﬁp[ﬁ%ﬁ%
defined for RO and R10 and Mis 10 an alkali metal ion, formally half an

al kal i ne eartho.pet aBosowp an amoni um i on or phosphoniumion, or adjacent
radicals R21 to R23 together forma fused substituted or unsubstituted
aromatic, heteroaromatic, aliphatic, mx&-aromatic-aliphatic or mxed 15
het ercoaromati c-aliphatic ring system Y is the divalent radical CR24R25 or
CR24R25- O- CR24R25, n = 3 - 6 and the positions a represent the |inkage
points or are occupied by O'Ir where R24 & d R25 are as defined above. 20

Represent ati ve phosphite ‘ of the f or Il are: AMENDED SHEET
25 JANUARY 2006 O Z. 58( (A (B) K C) (E) AMENDED SHEFT 25

JANUARY 2006 O.Z. 5806- V6 0/6\6?)—(6904%
‘ (B)
©

(D)

(E}
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AMENDED SHEET 25 JANUARY 2006 O Z. 5806-WD - 10 (1) (KW (M T
(I) to (M are unsymmetrical phosphites. 5 The phosphites for ?ﬁéiéﬁgghﬁﬁum6
accoifding to the invention can be prepared from phosphorus-halides by

means of a sequencssob-weactions with al cohols, carboxylic acids and/or

a- hydr oxyaryl carboxylic acids in which the halogen atons on the phosphorus
are repl aced by oxygen AVENDED SHEET 25 -JANUARY 2006 O Z. 5806-WD - 11
groups. One of a nunber of possibilities for preparing the phosphites of
the invention is the following synthetic route for bisphosphites: 5 1n a
first step, an a-hydroxyaryliggarboxylic adgg (1) is reacted with a
phosphorus tri halide PX3, p g PC13, ﬁﬁi' and Pl 3, preferably phosphorus

trichloride PCL3, in the ence of pbase which is preferably used in
equi val ent or catalytic annd- s tlo f 10 hal odi oxaphosphori none (2).
PXg (2) In a second reactig ' di oxaphosphorinone 15 (2) is
reacted with a diol (HO QA4 0 i caj ylic acid (HOOC-Q COOH) in the

O~ OMe O
Q 0 >/0 : (F)
A

SeoNN
do/ P\O
)

\H/J:::;y/K\O/P\U/JLMﬁA

(H)
:: :O\\',O
T
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preferably used in equivalent or catalytic anbunts to give th
phosphite (1) or (I1). 2 20 HOQ OH or ()) HOOC- Q COON (11) (2?5%‘%&9‘5&&”“06
raditals RlL to R4 and Q are as defined above. AMENDED SHEET 25 JANUARY 2006
O Z. 5806-wWO -gl2 &80k synthesis of unsymmetrical bisphosphites, two
differently substituted chl orodi oxaphosphorinones (2a) and (2b) in which

at least one radical Rl to R4 and (2b) -hb® a different meaning in (2a) are
prepared in the 5 first reaction step and these are then, in the second
reaction step, reacted in succession with theodiol or t he di car boxylic

acid in the presence of a base @mlch |s%pref-rably used in equival ent or
catal ytic anounts. Since the diols di Cayboxyt sy aci ds used and their 10
downst ream products are frequently ﬂ e rg ons are generally
carried out in soIv? S Sol vents used “qy€ “apf sol vents whi ch react
neither with the dig¢
conpounds. Exanpl es
such as diethyl ether BE l(nei
hydr ocarbons ~such as 0

s are 15 tetrahydrofuran, ethers,
tert-butyl -ether) and aromatic

(K

(L)

O 0
0 o] '
i g
0/'\o/f*ﬁ\0/‘\o

The examples (I) to (M) are unsymmetrical phosphites.

5 The phosphites for the use according to the invention
can be prepared from phosphorus-halides by means of a
sequence of reactions with alcohols, carboxylic acids
and/or o-hydroxyarylcarboxylic acids in which the

halogen atoms on the phosphorus are replaced by oxygen
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The reaction of phosphorus-halides with alcohols forns 20 hydr

whi ch is bound by added bases. Exanpl es of bases which can be Sg@{h@ghtlydhf@ﬁ
purpose are tertiary am nes such as triethylam ne, pyridine or

met hyl pyrrolidhngnesght_pgy al so be useful to convert the al cohol s into
nmet al al koxides prior to the 25 reaction, for exanple by reacting themwth
sodium hydride or butyllithium The phes;ohl{es are suitable ligands for
the conplexation of netals of groups 4, 5, 6, 7, 8 9 and 30 10 of the
Peri odi c Tabl egbpubhe Ehenmert s debeonpfepessibanicdabaifidrongdfa e
phosphite |iga a Si ed, rt ds and re suitable as
catal ysts, prggéragﬂgs?fﬁl%gg %%eo&sgcapgl% gtg.%ﬂ 21 JJ!‘Jsllill F58t%
netal s are rhodVukietbBareuter glfu]ﬁirslﬁh@ﬁléllllt% pal I adl um pI atinum iron,
ruthenium osm um chromum nol ybdenum and tungst en Particularly in t he
case of tal s_of gro%g 8.9 or e resulting nEI exes can .AI\(ENDED
SHEET 25 JANUARY 2006 0FZ° %@06‘&%‘1“ ¥ rOB&%&%&%@O Litaryecddfdrl) is
hydr of or nyl at i verctedrbbtlyl at phnsphy)ﬂuggelﬁahammdénﬁxbydé O%YF@@M Onli(le,r|3
reactions; par ubar n.to cobal t, nicke

pl ati num and r%ltl e%?}umloEg o’?é]g%gf Iéhggp he"t gerLE%agﬁmPF&3paﬂfll &hear as
cat al yst net alPTeFsRee hi gh cat alk&atslec agdtial t i 53 ipraferabby nyhatidonin
reactions. Thee(g;@;g@éy@&t met gks argusertd N thgpforoyof ,saltsgor conplexes,
in the cage of {10 for _ exanpl e, rhodi um carbonyl s, hod| um ni t Fat e,

r hodi um ] oxaphOSPhorlnone {2).

R'. O | R" 0O

R? R
o
— |
r3 OH R3 o~ P\X
R *
1 : (2)

In a second reaction step, the halodioxaphosphorinone

15 (2} is reacted with a diol (HO-Q-0H) or a dicarboxylic
acid (HOOC-Q-COOH) in the presence >f a base which is
preferably used in equivalent or catalytic amounts to
give the desired phosphite (I) or (II).

R' 0O
2 -Q-OH .
. ) HoQoH

2 i or
P

R 07 X HOOC-Q-COOH

4 - m

R

20

The radicals R' to R* and Q are as defined above.
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10 chloride, Rh(CO) 2(acac) (acac - acetyl acetonate), r hodi um 6l 2006
r hodi um oct anoat e or rhodium nonanoate. The active catal yst s&gmggy

t he hormogeneous 15 catalysis are formed fromthe phosphite Iigands of the
invention and oha.cagabysd nmetal under the reaction conditions, for
instance in the case of hydrofornylation a carbonyl hydridophosphite
conpl ex on contact w th synthesis gas. The phosphites and any 20 further

| i gands can be_i ntroduced hnto the_reaction mxture in free formtogether

with the catal y3t TH aPYRERESLS| (OBr HESHEFeHK licd lor BéspResglhteat e tvve
active cataly@ifﬁﬁeemebyi&uﬁdﬂitdﬂedScﬁh590&9§§é§h§s§§o£%ﬁoﬁes (%ﬁbands
pnos

hosphi t e- net o] X; CONPELSIN he abovenenti oned osphite (
gnd Fhe catalsé?&ng?éf éﬁ %ﬁ%%ﬁr%grie?ﬁ PHE &2 ﬁa?fcgtaH?t$cé¥¥% @&l ve
conpl ex. Thesehaphésphi feeneral meemingxesnar@apr e@?ée@ﬂt@pla&eﬂ:tm? drhe e
appropriateg c t koaf g, | enent a rmo

fglrom gf a che;ﬁ%“ly@pggrrgggngﬂ ?%e\%yﬁn%hgﬁf)%gs%%ﬁ gtlrfe!nganlol.1 Cadditi6nal

| i gands presentS3Tti9e PESEt| RaRbEUrE} suecesspossiblith tthaisdiol or

phosphor us- conilat nihgatbgaplsce =fay exanphe ?Qgégﬂhlgie%éfn Sogggét Sﬁ}i:iﬁBED

SHEET 25 JANUARY 00 00 7 5505 o A L BHoSphi 1t L psrpiposphi ne.
tris(p-tolyl)gHosphi hbe diols or dicarboxylic acids used and their
10 downstream products are frequently solid, the reactions
are generally carried out in solvents. Solvents used
are aprotic solvents which react neither with the diols
nor dicarboxylic acids nor with the prhosphorus
compounds . Examples of suitable  solvents are
15 tetrahydrofuran, ethers, such as diethyl ether or MTBE
(methyl tert-butyl ether) and aromatic hydrocarbons

such as toluene.

The reaction of phosphorus-halides with alcohols forms

20 hydrogen halide which is bound by added bases. Examples
of bases which can be used for this purpose are
tertiary amines such as triethylamine, pyridine or N-
methylpyrrolidinone. It may also be useful to convert
the alcohols into metal alkoxides prior to the

25 reaction, for example by reacting them with sodium
hydride or butyllithium.

The rhosphites are guitable ligands for the
complexation of metals of groups 4, 5, 6, 7, 8, 9 and
30 10 of the Periodic Table of the Elements. The complexes
can contain one or more phosphite ligands and, if
desired, further ligands and are suitable as catalysts,
preferably in  homogeneous catalysis. Examples of
suitable metals are rhodium, cobalt, iridium, nickel,
35 palladium, platinum, iron, ruthenium, osmium, chromium,
molybdenum and tungsten. Particularly in the case of

metals of group 8, 9 or 10, the resulting complexes can
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tris(o-tolyl)phosphine, tris(p- tris(p dinmethylam nophenyl)pho g
trisgnwtolgl)phosphine, met hoxyphenyl ) phosphi ne, trlcyclopentg$ ﬁ@ﬁBNRX&006
napht’hyl ) phosphi ne, tricycl ohexyl phosphi ne, triethyl phosphi ne,

tri benzyl phosphine, 5o ywphosphi ne, tri-t-butyl phosphine. Phosphites:
trimethyl phosphite, triethyl phosphite, 10 tri-n-propyl phosphite,
tri-i-propyl phosphite tri-n butyl phosﬁ%ite tri-i-butyl phosphite,
tri-t-butyl hosphite, tris(2-ethylhexyl)phosphite, triphenyl phosphite,
tris(2,4- d|-tqﬁ%tyl I)pﬁésphl?%ta¥Yﬁ§€2- or hydroformylation,

iyl bhar nEthﬂﬁM@ﬁﬁﬁyéﬁpﬁesphlt&ydﬁd éﬂé&iﬁﬁuty%ﬁ%'15 Hyﬁﬁ%§¥an€ngf%ally
nmet hyl phenyl osphite, tri resy osphite n

hindgrgd pKolﬁﬁ é)on ndgaﬁggngardéggg] IC§ ni8r HMeR R EReALLES, 508,
US- A- 4, 668, 651CObELEZ,A- ¢A¢k3126]pldaﬁlﬂupﬂ %ﬁﬁ498thg§1€mi Wcﬁa_%@l{,ample
US- A- 4, 835529 S- 5, 0,20 U

US- A5, 179, 0520 héJus-”%-e 5o 28‘9&1&’%8- R g’%%ﬁ%%arusai Sadad t8 metal

Us- A- 5, 360, 93@1‘7@ /h Wfaw 5E& AT tdres WDnA- B7A20 8T mai e tdbsio

sui tabl e ||gaﬁﬂﬁnﬁﬁﬁnﬁhosﬂm9néé@élyﬁ?tHﬁkglgtQgéyQQQ§pqipethe form of
phenyl di met hoxyphosphi ne, 5& | di phepnoxyphosphi ne,
2- phenoxy- 2H o[ e]9 HGAphosphot iR af@set sOf derhoditmes Earwhi ch

all or sone okﬂﬁhgﬂhydr3@6dlahonﬁarbonyls, rhodium nitrate, rhodium

10 chloride, Rh{(CO),(acac) (acac - acetyl acetonate),
rhodium acetate, rhodium octanoate or rhodium
nonanoate. '

. The active catalyst species for the homogeneous
15 catalysis are formed from the phosphite ligands of the
invention and the catalyst metal under the reaction
conditions, for instance in the case of
hydroformylation a carbonylhydridophosphite complex on
contact with synthesis gas. The phosphites and any
20 further 1ligands can be introduced into the reaction
mixture in free form together with the catalyst metal
(as salt or complex) in order to generate the active
catalyst species in situ. It is also possible to use a
phosphite-metal complex comprising the abovementioned
25 phosphite ligands and the catalyst metal as precursor
for the actual catalytically active complex. These
phosphite-metal complexes are prepared by reacting the
appropriate catalyst metal of groups 4 to 10 in
elemental form or in the form of a chemical compound

30  with the phosphite ligand.

As additional ligands present in the reaction mixture,

it is possible to use phosphorus-containing ligands,

for example phosphines, phosphites, phosphonites or
35 phesphinites.

Examples of such ligands are:
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30 have been repl abed by al kyl and/or hal ogen atoms, and al so 006
aryl radicals or are described in WO A-98/43935, JP—A—09 2681 5“%@%‘

the German Patent Applications DE-A-199 54 510. DE-A-198 10 794 DE-A- 199
54 721 and amgl. tsefabsphosphinite |igands are described, inter alia, 35 in
US- A-5, 710, 344, WO A-95/ 06627, JP-A-07-082281. Exanples US-A-5, 360,938 or
are di phenyl (phenoxy) phosphine and its dek4vatives in which all or sone of
t he AMENDED SHEET 25 JANUARY 2006 O Z. 5806-WD - 15 hydrogen atons have
been repl aced BRI RINCANdFEEPREPY I DEREREARS  ort e Gyeie latlomosphine,

di phenyl (et homy:)@h@stD@mB) pﬁ@ﬂpﬂi@éenx&&@t BQ)&YJ)lQHQEBBbBﬁlné The-jphgsphi tes
or phosphite-net npgl ex](re) of tge i nvention can be used in processes for
the hydr of or iy ‘%E?}S’ﬁp PRIt erabl y those having fromiZFi(2s
carbon at ons, dindtdryi drtinophieespopitd mghine dehydesy dietesx leieRnee | S
given to usi “&meg&é&;%%ﬁi&?é vmthtrletahyslpq{ostprh%rhsé’tlon 9;04P. 8 as

cat al yst

naphthyl)phosphine, tribenzylphosphine, tri-n-

butylphosphine, tri-t-butylphosphine.

Phosphites: trimethyl phosphite, triethyl phosphite,

- 10 tri-n-propyl phosphite, tri-i-propyl phosphite, tri-n-

butyl phosphite, tri-i-butyl phosphite, tri-t-butyl
phosphite, tris(2—ethylhexyl)phosphite, triphenyl
phosphite, tris(2,4-di-t-butylphenyl)phosphite, tris(2-

t-butyl-4-methoxyphenyl)phosphite, tris(2-t-butyl-4-

15 methylphenyl)-phosphite, tris(p-cresyl)phosphite. 1In
sterically hindered phosphite ligands as are

in EP-A-155,508, US-A-4,668,651,

addition,

described, inter alia,

US-A-4,748,261,
US-A-4,835,299,

US-A-4,769,498,
Us-A-~4,885,401,

Us-a-4,774,361,
Us-A-5,059,710,

20 US-A-5,113,022, Us-a-5,179, 055, US-a-5,260,491,
Us-A-5,264,616, US-A-5,288,918, US-A-5,360,938,
EP-A-472,071, EP-A-518,241 and WO0O-A-97/20795 are also
suitable ligands.

25 Phosphonites: methyldiethoxyphosphine,

phenyldimethoxyphosphine,
2-phenoxy-2H-dibenzo[c,e] [1, 2] oxaphosphorin

phenyldiphenoxyphosphine,

and its

derivatives in which all or some of the hydrogen atoms
have been replaced by alkyl and/or aryl radicals or
30 halogen atoms, and also ligands as are described in
WO-A-98/43935, JP-A-09-268152 and DE-A-198 10 794 and
in the German Patent Applications DE-A-199 54 721 and
DE-A-199 54 510.
Useful phosphinite ligands are described,
35 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

derivatives the

inter alia,

in which all or some of
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precursors. In general, from1l to 500 nol, preferably from1 t
nore preferably from2 to 50 nol, of the phosphlte 15 of the |2§§%Udgﬂjgrzg%

used ‘per nol of netal of transition group 8. Fresh phosphite |igand can be

added to the geactigpsafpoany point in time in order to keep the _
concentration of free FI gand constant. 20 The concentration of the nmetal in

the reaction mxture is in the range f+am 1-ppmto 1000 ppm preferably in
the range from5 ppmto 300 ppm based on the total weight of the reaction
m xture. 25 Theydyeoyeh ortypinat hemwer decti onsp Lared edy oafl kydi Iagldt/hﬁ‘ aryl

e by T RaL Y Entdi0nnal obRE SOrSASpOR i Il ”@eth PRGSRIE « Now

carried out by known neth SCI’I
Syntheses wi tEabORCRBhoRT ey ) Hpespigine Ver | ag, Berl i n, 30 He| del ber g,
New York, page 95 ff., (1980). The olefin conpound(s) is (are) reacted in

t he presence the . catal yst with ure of CO and H2 (synthesis gas)
to formt q%tlb%h)}%l'é% RISy dte r%f%slﬁéﬁr%ﬁ“%‘i% PR Gea@] orfhe

terrperatures forventiwi of arany| atheon ywatessinisi nrddie:phospldes @he

AVENDED ST DSRS0 0 ' BISRALE . BeSPrai Ry il Tt <o
180C, nore prefegmbRy 5 ofP 7EChon 1afo@ns Theoprisssur ese undern estmiotiil itre

hydr of or nyl at '&l@ﬁﬁ?@@dsH@f@ pﬁf"@?&?&h&’e 1§0819é£ eb u%iﬂbh%ﬁo%pgﬁ%e nore

referably 10-64 bar. The
P ¥ complexes w1€g metals of transition group 8 as catalyst

precursors.

In general, from 1 to 500 mol, preferably from 1 to 200
mol, more preferably from 2 to 50 mol,-of the phosphite
15 of the invention are wused per mol of metal of
transition group 8. Fresh phosphite ligand can be added
to the reaction at any point in time in order to keep

the concentratioh of free ligand constant.

20 The concentration of the metal in the reaction mixture
is in the range from 1 ppm to 1000 ppm, preferably in
the range from 5 ppm to 300 ppm, based on the total
weight of the reaction mixture.

25 The hydroformylation reactions carried out using the
phosphites of the invention or the corresponding metal
complexes are carried out by known methods as
described, for example, in J. FALBE, “New Syntheses
with Carbon Monoxide”, Springer Verlag, Berlin,

30 Heidelberg, New York, page 95 ff., (1980). The olefin
compound(s) is (are) reacted in the presence of the
catalyst with a mixture of CO and H; (synthesis gas) to
form the aldehydes having one more carbon atom.

35 The reaction temperatures for a hydroformylation
processg using the phosphites ox phosphite-metal

complexes of the invention as catalyst are preferably
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5 ratio of hydrogen to carbon nonoxide (H2/CO in the synthesi
preferably from10/1 to 1/10, nore preferably from1/1 to 2/ 12§‘IJ%{?UA§Y2006
catalyst or the ligand is present as a honpgeneous solution in the

hydr of or nyl ati gnzm xtueygonprising 10 starting materials (ol efins and

synt hesi s gas) and progucts (al dehydes, al cohols, high boilers forned in

the process) . A solvent can be additiorallby-used if desired. 15 Oning to
their high nol ecul ar weight, the phosphites of the invention have a | ow
volatility. They ddve thened otfeombéoé’élpamat 2800€f easid wiafmaiile nbrem

vol atile reactignc proguctsyodthey hawe a,sufliclentlyod sgbupilifyein

customary organi c sol vents. 20 The starting naterials
hydr of or myl at | BHOEPECTBVERLAGNOPTRGREH s aBE dirsfiarshihi ch-h@aVe Derone? t o

25 carbon at oggrnaa@sast ec_r;a@ nalmdie | phereabhntyC doubl e bationdrrhlh%{o:?@@ be
| i near, branched, or C|IC 55 structure and can also have

plurality of &FRi ¢ %II )}W P Ur 5P e FRrtibs MOBRF e s (B ézodroE)Enethe
1- butene, cissgnbukene, dgamansis?2- pnééaeablgohﬁﬁcﬁnelobmtadjemelo M b e es of

C4- ol efi ns; EQE%E59§8§U%?R%S %1 ? 2- pentene, 2-nethyl - - but ene,

2- met hyl - 2- but C6-ol efi ns such as 1-hexene,
2- hexene, 3- h'@h@n@attaﬂé@%-@ efhe higﬁmewopméenn else a diorerd gmtown of

propene (di propgngkiok’- @hef L8 SHEAr&BordyEPiSRe nitriAer Jssnt
2- met hyl - | -hexene 3- et hyl -1 - hexene; -oI efins such as, 1-octene, Ur t her

n 35 octerds, 3:ABEAPFheBR ﬁgéa% né?%?ﬁﬁ’éﬁt cRe, EREPSiS Hawht eted
6- met hyl - 2- heppenéucﬁset(rw]]déh}i‘t‘exe,nealtdaleols, high boilers formed in

the process). A solvent can be additionally used if

desired.

15 Owing to their high molecular weight; the phosphites of
the invention have a low volatility. They can therefore
be separated off easily from the more volatile reaction
products. They have a sufficiently good solubility in
customary organic solvents,

20
The starting materials for the hydroformylation are
olefins or mixtures of olefins which have from 2 to 25
carbon atoms and a terminal or internal C=C double
bond. They can be 1linear, branched or have a cyclic

25 structure and can also have a plurality of olefinically
unsaturated groups. Examples are propene; l-butene,
cis-2-butene, trans-2-butene, isobutene, butadiene,
mixtures of Cs-olefins; Cs-olefins such as l-pentene, 2-
pentene, 2-methyl-l1-butene, 2-methyl-2-butene, 3-

30 methyl-l-butene; (Cg-olefins such as 1-hexene, 2-hexene,
3-hexene, the Cg-olefin mixture formed in the
dimerization of propene (dipropene); C;-olefins such as
l1-heptene, further n-heptenes, 2-methyl-1-hexene, 3-
methyl-l-hexene; Csg-olefins such as l-octene, further n-

35 octenes, 2-methylheptenes, 3-methylheptenes, 5-methyl-
2-heptene, 6-methyl-2-heptene, 2-ethvl-1l-hexene, the
isomeric Cg-olefin mixture formed in the dimerization of

AMENDED SHEET



i someric C8-olefin mxture forned in the dinerization of AMEN
JANUARY 2006 O Z. 5806-WD - 17 butenes (dibutene): Cy-ol ef| ns%ﬁé"%@‘(%"“

1-nonene, further n-nonenes, 2-methyloctenes, 3-nethyloctenes, the C9-
ol efin m xturegf or mgdokayhbhe trinmerization of propene (tripropene);

Cl o-ol efins such as n-decenes, 2-ethyl-1 5 octene; Cl2-ol efins such as
n- dodecenes, the Cl2-olefin mxture forned +n the tetranerizati on of

propene or the trimzeration of butenes (tetrapropene or tributene),

Cl4-ol efins subhtasen- tdibatevenesCsGibeblnd i msclsush hanomehexatieceanes, the
Cl6-ol efin m xpungntgeged bo,bhe, 10-Lehramer 5;ﬁ%k§918£tg%gnesthe o
(tetrabutene) and_also olefin nixtures preparec ~coolgofrerizati nh of

ol efi ns havi ngP4PELer R tfbef Qrmed canboihat brsmef pratépablof frmpend o 4),
i f desired aftetrsppapahepn dipMoIdfacd i ofsnhavi ng dhesame nuber; of_ a
simlar 15 nhunper of c b_on]Xa%fms b¥ distillation. It is |'ikewse possible
to use ol ef] nsOSf'e%Fefi 2T 53 UHeS pPoBudEd BYO4HETF ScheRe TRopsdpLin

synt hesi s and mistupkefbnmedhiah thar eembbaﬂemedaln)iofml oo ol ng_—oq_-fhe_et hene
or are obtain L Y] at hesj tigns..or tel onerizatio

reaction. Pr efgf%géy%t?%???ﬁg CIrf}f:tt teﬁra}:éﬁ%gar e - orer e noﬁerfeﬁ%u,tenee? g.
propene, 1-buteneclefBoserriich- Aexandetradecenes, arfsabsof thsresacands

trimers of buteneetshbuteas, dind- 25-buteng. giisgobut %@%mé&”a engle The

hydr of or myl ati on_can be carried qut continuously or batchw se. anpl es of
i ndustria Gapp%?%{%@%gla?glon of butenes (tétrabutene) and also
olefin mixtures prepared by cooligomerization of

olefins having different numbers of carbon atoms
(preferably from 2 to 4), if degired after separation
into fractions having the same number or a similar
15 number of carbon atoms by distillatibn. It is likewise
possible to use olefins or olefin mixtures produced by
the Fischer-Tropsch synthesis and also olefins which
are obtained by oligomerization of ethene or are
obtainable wvia methathesis reactions or telomerization

20 reaction.

Preferfed starting materials are d-olefins in general,
e.g. propene, l-butene, 2-butene, l-hexene, l-octene
and also dimers and trimers of butene (dibutene, di-n-
25 butene, diisobutene, tributene).
The hydroformylation can be carried out continuously or
batchwise. Examples of industrial apparatuses are
stirred vessels, bubble columns, jet nozzle reactors,
tube reactors and loop reactors, some of which may be

30 cascaded and/or provided with internals.

The reaction can be carried out in one or more steps.
The separation of the aldehyde compounds formed and the
catalyst can be carried out by a conventional method,
35 e.g. fractionation. Industrially, this can be achieved,
for example, by means of a distillation, by means of a

falling film evaporator or a thin £f£ilm evaporator. This
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stirred vessels, bubble colums, jet nozzle reactors, tube reggct
| oop reactors, sone of which may be 30 cascaded and/or prOV|d2§ %&ﬁ#ﬂ$§2006
internals. The reaction can be carried out in one or nore steps. The
separation of the. akdeby@ge conmpounds formed and the catalyst can be

carried out by a conventional nethod, 35 e.g. fractionation. Industrially,
this can be achieved, for exanple, by nebd¥s-of a distillation, by neans of
a falling f|In1evaporator or athin filmevaporator. This AMENDED SHEET
25 JANUARY 2008SOPzrtigodawdy. wssefuls whan iaubathyiosebdl thisen-atasblatt i on

of the catal ysin bnhﬂdm4ﬂ$ﬂlyﬂdrgbfﬁéﬂ@nis'§e§39§ @aegrgﬁo@ﬂg](ﬁﬁaﬁﬁcan

boi l i ng products, . The cat%_yst sol ution wh een separate
be used for fUPPhbinE RYAFYCEEmy IS SFRta\MEn Foherienehash( &ag. hwwpene,
but ene, pentensgpareteded, bEfis akaa posgkbl e f@ed he myroducts,tia he

di schargedefr iat as hase The foll ow ng exanpl es
illustrate thqg%égggé ﬁ§%%§%é |onqﬁE%5n&l g AFFeg%ﬁﬁpIL% Der FXERF%d out
under protectivetes, 15enteng) sﬁaﬁdwm@dSchhenkstathnlgueslbIhef&QlWﬂﬂﬁs

were dried o b Si S compound A 20
Chl oro conpouﬁ%fﬁﬁ%%éﬁhkgrgﬁﬁﬁ?%ﬁﬂk&ggﬁég%%ﬁy&%%pﬁ%é%ﬁg?|n gf Was

procured from#eF¢ch,

10 The following examples illustrate the present

invention.

Examples
All examples were carried out under protective gasg
15 using standard Schlenk techniques. The solvents were

dried over suitable desiccants before use.

Chloro compound A

20

Chloro compound A (2-chiloro-4H-1,3,2-
benzodioxaphosphorin-4-one) was procured from Aldrich,
Taufkirchen, and used as supplied.

25 Chloro compound B
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Tauf ki rchen, and used as supplied. 25 Chloro conmpound B AMENDED. SH
JANUARY 2006 O Z. 5806-WOD - 19 Chloro conpound B was prepar ed%ﬁéﬁﬂ‘ﬁ%ﬂ%
2- hydr oxy-1- napht hal enecarboxylic acid using a nmethod based on that in BE
667036, Farbweyke HoggbshoAG 1966; Chem Abstr. 65 (1966) 13741d. The

fol | owi ng description exp(l)ai ns 5 the procedure for the synthesis: Reaction
of 2-hydroxy- 1-napht hal enecar boxylic actdl®th phosphorus trichloride 10
9.22 g (0.049 mmol ) of 2-hydroxy-1- naphthal enecarboxylic acid, 200 m of
dri ed tol uene @nbocr®. 48ogpO0nd05 Bolyasf bMrapahy- 2-fpyrr ol 3 -diybrecarle-

I d i 2 10. 14. 073 I f
!to r ?gﬁl olr indzl afrga;g%; %%gérg%%%%y?}gy%%ﬁgs&élgt ggég%a\?\ﬁﬁel)tg%gt ib[r%{}%?]grb%Af eart t he

Schl enk tube h&B BEeht7BéRnedbadrvicgken RAGYw: |12he pPEGL dEdom -t hstgas
floweter, thesseagtdey) NMixtung.i srear eldihlowibeat 8dst9:i 096 and.Jmi i ned
at this tenperature for hours. _ For the wprk-up, the reaction mxture is

5
filtered and 28P% HEFLOrIRnE bfT ¢ FR=fFYEF3881%5 renoved under reduced
pressure. Yield: 11.01 g (44.6 nmmol), corresponding to 91.0% of theory.

31P-NWR (tol ueggs 1B 5 150,9;.080:25 AVENDED, SHEET 25 JAWARY 2006 .

phosphorus trichloride

10 9.22 g (0.049 mmol) of 2-hydroxy-1-
naphthalenecarboxylic acid, 200 ml of dried toluene and
0.48 g (0.005 mol) of N-methyl-Z2-pyrrolidinone are
placed in a 250 ml Schlenk tube. 10.14 g (0.073 mol) of
phosphorus trichloride are slowly added to this mixture

15 while stirring. After the Schleﬁk tube has been
connected to an offgas line provided with a gas
flowmeter, the reaction mixture is carefully heated to
95°C and maintained at this temperature for 5 hours.
For the work-up, the reactlion mixture is filtered and

.20 the solvent of the filtrate is removed under reduced
pressure.
Yield: 11.01 g (44.6 mmol), corresponding to 91.0% of
theory.
lp_NMR (toluene-Dg): & 150.9 ppm

25
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O Z. 5806-WD - 20 Preparation of calix[4]arene bis(O acyl pho
(m xture of diastereoners) 1. BuLl, THEi 5 1.85 m of a solut ?gwAﬁs‘fQ’AﬁYZ““
n-butyllithium (1.6 nmol/l, 2.96 rrm)l) i n hexane was sl owy added at room

t enperature tOOaZSO|5L3t0I6O_IWd)f 1.0 g (1.48 mmol) of

p-tert-butyl bi sdi met hoxycalix[4]arene | in 40 m of 10 THF. The resulting
solution was stirred at RT for 2 hours- G075 g (2.96 mmvl ) of

3-chl oro- 2, 4-di oxa- 3- phosphaphenant hren-1-one Il dissolved in 5 ml of THE
was subsequent Byepgded idgnopefsecal ix bd heedhe. A <@ -aeylchphgephhiam) 1
colorless to yghliowsh egcuiLed AldfleiNe 15 addition was conplete. The
solution was stirred overnight. Evaporation of the solvent gave crude

bi sphosphite 1 as a yellow solid. The product was purified by dissolution
in 30 mM of CH2Cl2 and fiItrati1@mltHhrough Celite(r) kieselguhr filter aid.
20 Evaporation of the solution at g gave 1 as a yellow sh air- and

noi sture-sensitive solid. Yield: (1.26 mol, 85%: mp. 278C
AVENDED SHEET 25 JANU&@% P06 O22 WO - 21 1HNWR in CDC1l3 (400.1
MHz): ~ = 0.51 (s, /8 :‘:(Cls, 18 H, C(CH3)3): 0.92 (s, 18 H,

’ o

1.85 ml of a solution of n-butyllithium (1.6 mol/l,
2.96 mmol) in hexane was slowly added at room
temperature to a solution of 1.0 ¢ (1.48 mmol) of
p-tert-butylbisdimethoxycalix{4larene I in 40 ml of
10 THF. The resulting solution was stirred at RT for 2
hours. 0.75 g (2.96 mmol) of 3-chloro-2,4-dioxa-3-
phosphaphenanthren-l-one II dissolved in 5 ml of THF
was subsequently added dropwise via a needle. A color
change from colorless to yellowish occurred after the
15 addition was complete. The solution was stirred
overnight. Evaporation of the solvent gave crude
bisphosphite 1 as a yellow solid. The product was
purified by dissolution in 30 ml of CH,Cl, and
filtration through Celite® kieselguhr filter aid.
20 Evaporation of the solution at 50°C gave 1 as a
vellowish air- and moisture-sensitive solid.
Yield: 1.24 g (1.26 mmol, 85%):
m.p. 278°C
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C(GB)3); 0.95 (s, 18 H O(OH)3): 3,10 (d, 4 H 23(HH) _ 12.8
Ar-CH2-Ar): 3.11 (d, 4 H 2J(HH) = 13.0 Hz, Ar- 5 CH2-Ar); ég%rs“N%Aﬁ”o“ﬁ
0-CH3): 3.73 (s, 6 H OCH3) ; 4.26 (d, 4 H 2J(HH) = b4 Hz, Ar-CH2-Ar);
4.35 (d, 4H  2JgHHEeselao8 Hz, Ar-CH2-Ar) ; 6.11 (d, 2H, 4J(HH) = 2.4 Hz

Ar-H): 6.13 (d, 2H, 4J(HH) = 2.3 Hz, Ar-H); 6.38 (d, 2 H, 4J(HH) = 2.3 Hz,
Ar-H): 6. 42 (d, 2 H 4J(HH) = 2.2 10 Hz, 2Ar-H): 6.55 (d, 2 H, 4J(HH) = 2.2
Hz, Ar-H 6 62.(d, 2 H 4J(HH) = 2.3 Hz, Ar-H); 6.63 (d, 4 H 4J(HH) = 2.3
Hz, Ar-H): 7.07H=NNR g (FPCR0 (40 haphiHa):: @%QcﬁlZé-lClBJHH_I-D EDglg Hz,
naph-H); 8. 99 H) (.= % , - in

(100, H)M—|z) JLdemd Iy Q@j & 189;,ﬁzc dﬁgby'aa ‘éé )3); 31.30
(s, 6 C, O(CcHB)\8¥s) 81, 395, (% )C333 1B2. 3t)61Qs (A4 € HAATCHE)AR ;

: 32.0%8 g’sZ 4 081Ar 8CHR; AnY - CB3-B2) (s%Bﬁ%gg(d%ﬂﬁ( )33)J(HH33—843(§) H%G%AOI (s 2
g,( O)CHéj; gﬁ 2 chcﬁ%cge) ‘B P74y, 34$7é ﬁapﬁ%)' :rﬁ?i* ¥9-129. 50
(m 40 C, Ar €. aAd (daph- H:) 21Q%B7= - 1()14:5})&1 (g - @1%2@;[ ) Ar 4Cq5ar'a 4@nd

h- Cq"art - NVR
o s e NB) 50 0B fg? %i H2™ §) 1[1,\,'3@ 2§I’R]‘9§%]§k %ojjf [M 2
R *. El enentalHanahysy: ©63 @@1 (?chttigi 25) Zd ¢z, CAE31B3 1 63836(d3 5.58

30 found: C 70. 43uH & @h1)P 5.80 hydr ofariyl ad | oy ofg 1061 erg (ugihng -
cali x[4]a ne Q Bgﬁdgﬁyl p?QS Qlt ) 1‘435 The hydrof or rryl atl ons vvere

carried odt H, *J(HH) = 2. Ar-H; 6.62 (d,
2 H ‘J(HH) = 2.3 Hz, Ar-H); 6.63 (d, 4 H, *“J(HH) = 2.3
Hz, Ar-H); 7.07 - 7.88 (m, 20 H, naph-H); 8.96 (d, 2 H,
*J(HH) = 8.0 Hz, naph-H); 8.99 (d, 2 H, *J(HH) = 7.9 Hz,
naph-H), '

15 YC-NMR in CDCl; (100.6 MHz): [0 = 30.48 (s, 6 C,
C(CHs)3); 30.66 (s, 6 C, C(CHs3)3); 31.30 (s, 6 C,
C(CHs)3}; 31.33 (s, 6 C, C(CHz)3); 32.06 (s, 4 C, Ar-CH,-
Ar); 32.10 (s, 4 C, Ar-CH,-Ar); 33.82 (s, 2 C, C(CHs)3);
33.84 (s, 2 C, C(CH3)3); 33.85 (s, 2 C, C(CH3)3); 33.87

20 (s, 2 C, C(CHs)3); 61.01 (s, 2 C, O-CH;); 61.28 (s, 2 C,
O-CH;); 118.49 (s, 4 C, naph-C); 124.79-129.50 (m, 40 C,
Ar-C and naph-C); 129.87 - 146.21 (m, 48 C, AY-Cquare.
and naph-Cquart.) -

*'P-NMR in CDCl; (81.0 MHz): O = 102.3, 103.5, 104.1,

25 104.86.

EI-MS, m/z (%): 1108 (4) [M]*; 892 (5) [M + H — R]* 675
(50) [M - 2 R]".

Elemental analysis:

CesH79010P; (1109.25) calc. C 73.63 H 6.36 P 5.58

30 found:C 70.13 H 6.37 P 5.30

Hydroformylation of l-octene using calix[4]arene bis-0O-

acyl phosphite) 1

35 The hydroformylations were carried out in a Buddeberg
200 ml autoclave provided with pressure maintenance

valve, gas flow meter and sparging stirrer. The
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200 m autocl ave provided with pressure nmai ntenance valve, ga
and sparging stirrer. The AVENDED SHEET 25 JANUARY 2006 O Z. éédéwﬁ%“

autocl ave was charged under an argon atnmosphere with 10 ml of a 0.604 nM
solution of rhodiumin the formof [Rh(1l.5-cyclooctadiene)acac] (acac =
acetyl aceton&-&- @&#lnji%as catal yst precursor, 5 m of toluene as GC 5
standard and the appropriate amounts of THE and calix[4]arene

bi s(O acyl phosphite) 1. 15 nl of 1- oct ené Were pl aced |n the pressure

pi pette. The u o] Ql uti. n

repl acenent %%tt%he\ég)lre E)Iﬁa%t rmsr}%er eaﬁﬁag?us Hi né Oflh gjéere gg%t}fo
(COH2 1:1) tR& Ffﬂodflﬁjrﬁl@g@% metsgfi@twezg m?atzéwdnom_om e 120Emwbif] e
stirring (150QrHRA). sLadRn od cHWRRES )% caeas REEASUIE ¢ e %3,13351@@&0 nffign the

desired reactl on tenpérature had been reach t he esi s gas pressure
was increased G080 ofS5GHALYAd REPEUISOEongt alit tﬁﬁyn’éai’age@ﬁ &PreSsure

[ﬁgul ator slur ight@nidaed enddd e tﬂg@gt a@ﬁrbpMatéf t %EHno?lgﬁ'st' Q¥ OfTﬂﬂﬂet QEG;' n,
e gaS consu wasS recqrae ans O a | T eC gaS OVWTE er rom
b ooy st (N et B X e & L 4 5 T8 opbr yPaEERR

experiments waer® holacsed ZﬂnTlﬁher gacds DNrdn yipeetwas Thiebsaspent :y16a6l ed to
of ‘The autoo Sie 24 uEranchen o SEAltIat W B0 - Pt SRR AREPERAl yzed
by gas chr omatégrtdihyaraen @tlewmh@yelr byerfaisdr ngr vaJtdnfm&ntflmesmﬁtlgaswere
detected 1 @5 ipol/Rg 208} YELS rhodium/ligand mixture was heated to 100
or 120°C while stirring (1500 rpm) under a synthesis
gas pressure of 30-33 bar. When the desired reaction
temperature had been reached, the synthesis gas
pressure was increased to 40 or 50 bar and kept

15 constant by means of a pressure regulator during the
entire reaction time. After addition of the olefin, the
gas consumption was recorded by means of a Hitec gas
flowmeter from Bronkhorst (NL). The reaction time for
each o0f the hydroformylation experiments was 3 hours.

20 The reaction mixture was subsequently cooled to room
temperature, the autoclave was wvented and flushed with
argon. 2 ml of the autoclave solution were admixed with
10 ml of pentane and analyzed by gas chromatography; no
olefin hydrogenation or alcohol formation were detected

25 in the analysis.

Takle 1: Hydroformylation of l1-octene

Cy—alde- | Straight- | Branched Cy-aldehydes

hydes, chain Cg-

total, aldehyde

of which
Molar Yield n-C9 i-c8 |i-c7 |i-Ccé |n/iso
ratio of fmol%] fmol%] [mol%] | [mol%] | [mol%] | [mol%]
Rh:
bis-
phosphite
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Tabl e 1:'Fwdrofornylation of 1-octene C9-al de- Strai ght-Branche

C9- al dehydes hydes, chain C9- total, al dehyde of which 95 JANUARY 2006
Mol ar Yi el dn- C9i - C8i - C7i -C6n/iso ratio

of[nnld][nnld [nnld%%nnld][nnl@@[nnld] Rh: bis- phosphite AMENDED SHEET 25

JANUARY 2006 5 23 " 1:183.353.435.17.34.21. 15
1:285. 458. 934. 05. 02. 11. 43 1: 1046. 059. 239,Q1. 50. 31. 45 n-C9 = nonanal i-C8 =
2-met hyl octanal i-C7 = 2-ethyl hept anal i-C6 = 2-propyl hexanal n/iso =
Rati o of nonanal/sum off _al brari C9- al dehydej VENDED_SHEET 2
JANUARY 2006 %hz 580614 - 54 S M —A L"‘gs%hi & é Nﬁg Eormil 1.?’ o XX,
(1) 1:2 85 4 58.9 34.0 5.0 2.1 1.43

1:10 46.0 59.2 39.0 1.5 0.3 1.45

n-C9 = nonanal

i-C8 = 2-methyloctanal

i-C7 = 2-ethylheptanal

-5 1i-C6 = 2-propylhexanal
n/iso = Ratio of nonanal/sum of all branched Cg-
aldehydes.
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k k except conmpound where R, R2, R3 and R are each selected i
from anong nonoval ent substituted or unsubstituted aliphatic, ﬁ%@ﬁggﬁ%(}bﬁ
aromatic, heteroaromatic, m xed aliphatic-alicyclic, m xed

al i phatic-aromatic, heterocyclic, m xed aI i phatic- heterocyclic hydrocarbon
radi cal s haviong framjal to 50 car bonatoms - CH2 (CF2) ] CF3where j= 0 F,

a, er, I, -CF3, -- 9, -0OR9, -COR9_ §§ -SRI, --S02R9, -SCR9
-SCBRO, -SBM - SOZNRIOR10, -NR9R10, CR9R10 vvhere R9 and Ri o axe

sel ected 25 JANUARY 2006 O Z. 5806 - 25 -0 independently from anong H,
nonoval ent substifuted or unsubstituted aliphatic ' and aromatic

hydr ocar bon r adi Mhavi ng from1l to 25 carbon atons and Mis an al kali
metal ion, formally half an alkaline earth netal ion, an anmmoni umion or
phosphoni um ikon, @r t fo R4 to her foz a a fused
substituted %r' un%u glt%! tapgltq% é’%grrg"[ae s'Ecj%rhejt “%roarortatic, ali phatic, m xed'
aromatic- aliphatic or mxed heteroaronatic-aliphatic ring system Qis a
k-val ent substituted or unsulgstituted aliphatic, alicyclic, m xed
aliphatic-alicyclic, aromati c,2 het'er oakomati ¢, m xed al i phatl c-aromatic

R .

)

R o
R o o
Lo )
R® o P‘“OJL ~Q
4

0
\
/

QG

-~

except coﬁpound

O
/
P\

- O

s o)

where R', R?’, R® and R®‘ are each selected
independently from among monovalent substituted or
unsubstituted aliphatic, alicyclic, aromatic,
heterocaromatic, mixed aliphatic-alicyclic, mixed
aliphatic-aromatic, heterocyclic, mixed aliphatic-
heterocyclic hydrocarbon radicals having from 1 to
50 carbon atoms, H, F, Cl, Br, I, -CFj3,
~CHy (CF7) 5CF; where j = 0 ~ 9, -~OR®, ~COR®, =-CO,R®,
~COzM, =-SR°, -S0;R?, -B50R’, -SOsR®, -S50sM, -SO,NRR®®,
~NR*RY,  -N=CR®R', where R’ and R are selected



hydrocarbon radi cal having from1l to SO carbon atons, where allzismll&gﬁym%

parts of. Q znmay ain sulfur and/or nitrogen, k is at |eas
R2, R3 and Rafr?h $ﬁ§% i ndi vi dual stryet wl elements bound to Q can be

different fromone another. A phosphite as clainmed in claim1l, wherein at
| east two adjacent radicals RlL to R4 together form a fused aromatic,
het eroaromat i ¢, ainpégendentriyedroar ammtnigc 3l imphedvagleit NER8d+ituted

het er oaromat i c- l.phatjc.ring.: m whj | psubstituted or is.
substituted by a%%eastﬁgﬁgbggéﬁ%{g gs.el eéc%g%}l)%?%m an‘%ﬂﬁ% al i Sﬁgfnfa?,lc

alicyclic, aromatP¥iroRereeBarafiiiaals nhrEdngl ifmt i - atecgd i carbored

al i phati c- ar omat }gtoxhgt gﬁacgzgljig:,aﬁn éﬁgaﬁil ﬂ%@g%}cid%e,t %‘%&%ﬁ hydirocar bon
radi cal s having froml1.tq, carpbon_atons, , F, , Br, 1, - .,

- CH2( CF2)j CF3 m%?eﬁakéq&‘le 9‘?5"?%@!9}“6- TR0 2Ry, BURERIMIE- SRR OFS02R9,

-SOR9, -S03R9, - SERMEPhSIRNROREH, - NROR1O or -N=CRO9Ri o, where R9, R10 and

Mare as defined p z8LaL8L1L. r3a1Asphogphit exas ]{%d ' | ai r 2,
wherein Q is a di va?e%lt h drgga:rLb%n radi cal _of .Cl&{%e orfrm a gI I@}l%g
JANUARY 2006 O Z.5%88BIVitF¢d26 afd R RIPSREFTAINURIS R16 REPRARACRIS are
as defined for RlhtbeRdaromatacm 1 oslPphdtIM] S thﬁ;eh;aal et readtcal

CRIOR21, where nglﬁgﬁlagg -&_fem"i?;e%efhQ@QrEQEor@thanﬂBhatic ring
system; '
Q is a k-valent substituted or unSu'bstituted
aliphatic, alicyclic, mixed aliphatic-alicyclic,
aromatic, hetercaromatic, mixed aliphatic—arcmatic
hydrocarbon radical haviqg'jfrom 1 to 50 carbon
atoms, where aliphatic parts of Q -may contain
sulfur and/or nitregen, ' '
k is at least 2 and R}, R? R?® and R?* in the
individual structurazl elements bound to Q can be
different from one another.

2. A phosphite as claimed in claim 1, wherein at
least two adjacent radicals R' to R® together form
a fused aromatic, heteroaromatic, aliphatic, mixed
aromatic-aliphatic or mixed heterocaromatic-
aliphatic ring system which is unsubstituted or is
substituted by at least one radical selected from
among aliphatic, alicyclic, aromatic,
hetercaromatic, mixed aliphatic-alicyelic, mixed
aliphatic-aromatic, heterocyclic, mixed aliphatic-
heterocyclic hydrocarbon radicals having from 1 to
50 carbon atoms, F,.Cl, Br, I, -CF3;, -CH;(CF,}4CF;
where j = 0 - 9, -OR’, -COR’, -CO.R®, -CO.M, -SR®,
-S0.R?, -SOR®, -SO;R°, -80;M, -SO,NR°R*®, -NR°R!® or
-N=CR°R¥, where R®, R!® and M are as defined in

c¢laim 1.

3. A phosphite as claimed in claim 1 or 2, wherein Q
is a divalent hydrocarbon radical of the formula
III ' '



m=0 -1 and the positions a and b represent the |inkage poin

phosphite as clainmed in any of clains 1 to 3, wherein Qis a ?3&%1“&9@@6
radical of the formula IV 15 where R21, R22 and R23 are sel ected

i ndependently from anong substituted or unsubstituted aliphatic and
aromati ¢ hydr &céar.bé®0tadiiccal s having from1l to 20 25 carbon atons, H, F,
a, Br, I, -CF31 CH2(CF2)j CF3 where | :0 9, -0OR24, -COR24, C02R24
-CO2M -SR24, -SO2R24, -SOR24, -SOBR29, §CBN1 AVENDED SHEET 25 JANUARY
2006 O Z. 5806-WD - 27 24 24 24 21, 24 25 -SO2NR R25 -NR R25 -N=CR 24
where R and R are as defined fa R9 and R10 &nd Mis an alkali netal ion,
formally half an al kaline earth | gumion or phosphoni um
ion, 5 or adjacent radicaRs~Rp a fused substituted
or unsubsti tuted aromati c, : atic, qiyxed - aromatic-
ali phatic or m xed heteroaro system 10 Y is the

di val ent radi cal CR24R25 mf? =R’- 6 and

and r'Y™, R, R, RY™, R'®, R', RY and R!® are as
defined for R! to R in claim 1 or 2,

5 W is the divalent radical CRY™R?®, where R'® and R
are as defined for R® and R
m =0 -1 and

the positions a and b represent the linkage

roints.

10

4, A phosphite as claimed in any of claims 1 to 3,
wherein Q is a calix[nlarene radical of the
formula IV
(V)

15
where R*', R** and R?® are selected independently
from among substituted or unsubstituted aliphatic
and aromatic hydrocarbon radicals having from 1 to

20 25 carbon atoms, H, F, ci, Br, I, -CF,,
~CH, (CF;) iCF; where j = 0 - 9, -OR%*, -COR%*, -CO,R*,

-COsM, -SR**, -50,R*, -SOR*, -80;R*, -S0.M,

AMENDED SHEET



the positions a represent the |inkage points or are oc i o
cupi ed
where R24 and R25 are as 15 defined above. 5. A phosphi tg- met 2%%‘1‘&2006

conprising a netal of group 4, 5, 6, 7, 8 9 or 10 of the Periodic T
, 9, b, [, 9, abl e
,of the Elements and one or nore phosphites as 20 clainmed in any of clains

l1to4d4 6. A hos% ite-petal conplex as clainedi i [

_ - e _ inclaimb5, wherein the
netal is rhp&pg‘m z?t um palladium cobalt or ruthenium 25 7. The use
of a phosphite as clainmed in any of clai2¥s -1 to 4 or of a phosphite-netal
complex as claimed in claim5 or 6 in catalysis. 30 8. -The use_of a

(F:)g?rrsargixt: asI cl ai wzmazjaﬁ?, ofNBPE s -N=CR*‘B*0r wieze pRosphit g%@trél

as claine [ ai or .6 Ln-hgoo s;eakal ¥3ns119-:

a phosphite as cl é’r%%efjrfl% y]5'81‘: & aléﬁ% 35 § t?f4l§r5§f )%k%r%sgﬁﬁ&g- lrjnsat(:aalof
conpl ex as cl ai medidm ctamablyrhélinan pllsdssef 6rthHe Mefdr 3G miat i on

of ol efins. AMENDED 5 . 5806-WD - 28 1
- - - 0.
fm%ﬁl?%%% on fhrd - 1 38 The use as

claimed in claim osphor us-c¢ i ni i
) j -copntaining |igands are
present. 5 11. A processafcentt hsaRygr ﬁor]%h dtF o of t6’lg@lt%r?§, gg%lflc%
conprises reactl ”%%%@“@@éﬁ@ftedmnggl ef iMsWhat Utetadlt h aranattir.e of
carbon nonoxi de and hydrogen in the EE){eslgznce of a _. :
heteroaromatic, iphatic, mixed ~aromatic-
aliphatic or mixed heterocaromatic-~aliphatic ring
system;
10 Y is the divalent radical CR*R*® or CR¥R*-0-
CR‘24R25 '
n =3 -6 and
the positions a represent the linkage points or
are occupied by OR*, where R** and R?® are as

15 defined above.

5. A phosphite-metal complex comprising a metal of
group 4, 5, 6, 7, 8, 9 or 10 of the Periodic Table
of the Elements and one or more phosphites as

20 claimed in any of claims 1 to 4.

6. A phosphite-metal complex as claimed in claim 5,
wherein the metal is rhodium, platinum, palladium,

cobalt or ruthenium.

25
7. The use of a phosphite as claimed in any of claims
1 to 4 or of a phosphite-metal complex as claimed
in claim 5 or 6 in catalysis.

30 8. The use of a phosphite as claimed in any of claims
1 to 4 or of a phosphite-metal complex as claimed
in claim 5 or 6 in homogeneous catalysis.

9. The use of a phosphite as claimed in any of claims

35 1 to 4 or of a phosphite-metal complex as claimed

in claim 5 or 6 in a ©process for the

hydroformylation of olefins.
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phosphite-netal conplex as clained in claim5 or 10 6. 12. A
preparing a phosphite as clainmed in any of clains 1 to 4, mhlcégggﬁ%$#¥gﬂ06

(a) veacting an a-hydroxyaryl carboxylic acid of 15 the fornula (1) 20 OH
(1) with PC13, PBr3 or P13 in the presence of a base to forma

hal odi oxaphosPhér-i R8RE-BP the formula (2), 25 where Hal = d, Br or I, and
AMVENDED SHEET 25 JANUARY 2006 .1 O Z. 5806-WO - 29 5 (b) reacting the

hal odi oxaphosphorinone (2) in the presefice of a base with (i) a diol
HO-Q OH to give a phosphite of the formula (1), or (ii) a dicarboxylic
acid HOOC-Q COOH to give a phosphite of the fornmula (I1), where RL to R4
and Q are as d8fin&lei mwt aim 1¢ladmedheipr odess fr pieparimgiarphesphite

as clained 10 in ﬁhggﬁhggusm@gég%28§w§rehbgﬁ&gnggg gg%_t ltut ed

hal odi oxaphosphorinones (2a) synt hesi z step (a) and are
then reacted in succession with a diol in step (b) (i) or reacted

5 11. A process for the hydroformylation of olefins,
which comprises reacting a monoolefin or
monoolefin mixture with a mixture of carbon
monoxide and hydrogen in the presence of a
phosphite-metal complex as claimed in claim 5 or

10 6.

12. A process for preparing a phosphite as claimed in
any of claims 1 to 4, which comprises

(a) reacting an o-hydroxyarylcarboxylic acid of

15 the formula (1)
R' ©
R2
OH
(1)
Rr? OH
R

with PCli;, PBr; or PI; in the presence of a
20 base to form a halodioxaphosphorinone of the
formula (2),

(2)

25 where Hal = Cl, Br or I, and

AMENDED SHEET




I n succession with a dicarboxylic acid in step (b) 15 (ii) togg ﬁ@ﬂi&RY2ﬂm§

unsynmetri ca

group 4, 5, 6, 7, 8 9 or 10 20 of the Periodic Table in elemental form or
in the form 6 % GRG0 conpound with a phosphite as
clains 1 to 4. AMENDED SHEET

10

15

20

phosphite. 14. A process for preparing a phosph
conpiex as claimed in claim5 or 6, which conprises reacting a netal

13.

14.

- 29 -

(b) reacting the halodioxaphosphorinone (2) in
the presence of a base with
(1) a diol HO-Q-OH to give a phosphite of
the formula (I), or
(ii) a dicarboxylic acid HOOC-Q-COOH to give
a phosphite of the formula (II),

where R' to R* and Q are as defined in claim 1.

The process for preparing a phosphite as claimed
in claim 12, wherein two differently substituted
halodioxaphosphorinones (2a) and (2b) are
synthesized in step (a) and are then reacted in
succession with a diol in step {(b) (i) or reacted
in succession with a dicarboxylic acid in step (b)
(i1) to give an unsymmetrical rhosphite.

A process for preparing a phosphite-metal complex

as claimed in claim 5 or 6, which comprises

reacting a metal of group 4, 5, 6, 7, 8, 9 or 10

of the Periodic Table in elemental form or in the
form of a chemical compound with a phosphite as
claimed in any of claims 1 to 4.
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clainmed in any of




