25 JANUARY 2006 1 New phosphite conmpounds and new phosphite- ”Etzg'mﬁﬁ‘kas
The present invention relates to new phosphite conpounds and new

phosphi te-nmetal conplexes, and to their use in catalytic 5 reactions. The
reaction of olefin conpounds, carbon nonoxi de and hydro- gen in the
presence of a catalyst to formthe al dehydes having one nore carbon atom
I's known as hydrofornylation 10 (oxo process). Catal ysts used in these

reactions arNe®r ghoyphiitey eonpounds Ofnd r s tﬁﬂ&sﬂﬁié‘é%&éaﬂr%ﬁﬁé& 10
I of rhodi um

of the Periodic Table of the Elements, in particular conpounds

and of cobalt. Conpared to catalysis using cobalt conpounds,

hydr of or my| ahy ' r ' gener 15 ally, qffers the advantage
of higher s2?%%??€§%€ﬂ%ngﬂggﬂg%ggntgggﬁﬁy%ﬁDPgwé %ﬁg Atk COMPPHBUE, 8800 f
rhodi um cat ahgw ephosphii bé emayaht conplefes) Satausbl ¥heldeyah GaMMaexagERi Ch
conpri se %hodiun1and preferably trival ent phosphorus com pounds as

| i gands. ndﬁﬁ???tﬁﬁﬁs are, for exanple, conpounds 20 fromthe classes of

phosphi nes, phosphites and phosphonites. An overview of the
hydr of ormyl ati on of olefins may be found in B. CORNILS, W A HERRMANN,

"Appl i ed HorftRrmeeactinn i -otefini comogadsetarbbn KOAPREAES AndVEYdrd&2,

VCH, Wi nhei w, York, 1996. 25 EFach catalyst system (cobalt or rhodium
has its spe I|lc§'l%ad‘\:/\€%é1t RESESRSE, Rhi Yy Sﬁt?%sgtéqiﬁﬁ%t@q apldabvdesget

having one more carbon atom is known as hydroformylation
10 (oxo process). Catalysts used in these reactions are ffe-
quently compounds of transition metals of groups 8 to 10 of
the Periodic Table of the Elements, in particular compounds
of rhodium and of cobalt. Compared to catalysis using cobalt
compounds, hydroformylation using zhodium compounds gener-
15 ally offers the advantage of higher selectivity and is thus
usually more economical. In the case of rhodium-catalyzed
hydroformylation, use is wusually made of comple#es which
comprise rhodium and preferably trivalent rhosphorus com-
pounds as ligands. RKnown ligands are, for example, compounds
20 from ;he classes of phosphines, phosphites and rhosphonites.
An overview of the hydroformylation of olefins may be found
in B. CORNILS, W. A. HERRMANN, “Applied Homogeneous Cataly-
sis with Organometallic Compounds”, Vol. 1&2, VCH, Weinheim,
New York, 1996. |
25
Each catalyst system (cobalt or rhodium) has its specific
advantages. DPepending on the starting material and target
product, different catalyst systems are used. If rhodium and
triphenylphosphine are employed, a-olefins can be hydrofor-
30 mylated at low pressures. As phosphorus-containing 1igand,
it is usual to employ triphenylphosphine in excess. A high
ligand/rhodium ratio is necessary to increase the selectiv-
ity of the reaction to the commercially desirable n-aldehyde

product.



roduct, different catalyst systens are used. if rhodi um and 20
Priphenylphosphine are enpl oyed, a-olefins can be hydrofor 30 nyFA?H&&RY 06
| ow pressures. As phosphorus-containing ligand, it is usual to enploy

tri phenyl phosphine in excess. A high ligand/rhodiumratio is necessary to

I ncrease the selectiv- ity of the reactiopto the commercially desirable

n- al dehyde product. 25 JANUARY 2006 2 US- A-4,694, 109 and US- A-4, 879, 416

relate to bigRQSPIEdE, 1dd 93N Wﬁ@'ﬁ?ﬁjgﬁ. act:clte\r;l. t@ydr fo'i{;?é tl % :Lna

ol efins at Iom1synthe3|s gas pressures, Ies
select|V|t|&ﬁgaud%cmmévbuem=|ngelugamma(ﬁwdibfbﬁmgmatléhpmmtbmakgﬁgyabn

t he hydr of | atiop, of ,propene. WO A-95/30680 descri bes bidentate
phgspﬁi;gfﬁ{gﬁmgyﬁﬂaes?ﬁ'égﬁwgr?ﬁEEE?ﬁry§¥9 |?ﬁ#%ﬁﬁﬁbeﬁyﬁﬂﬁcﬁh@haplén

reac. i ons sdfbdinviirne- bidloadhiarkosiings ueHdac! a3edeyler exgp! e,
in US-A-4,169, 861, US-A-4,201, 714 and US-A-4, Ilgan or

hydr of or n%ll mwulﬁtnhenmlmmmmyhm Mﬁanﬂmﬂa.ng i gands i s
their relatively conplicated preparation. For this reason, it is often
not economcally viable to use such systens in indus- trial processes. 20

Rhodi um non e as{HE A30 6807D | o et S Ubiddharat %ﬂé&ﬁhiﬂé iY§ands ana
hydrof ornyl ati on of brapched ol efi ns having internal
their use in catalys:.s, including hydroformylation reac-
tions.
10 |
Ferrocene-bridged bisphosphines are disclosed, for example,
in US-A-4,169,861, US-A-4,201,714 and US~-A-4,193,943 as

ligands for hydroformylations.

15 The disadvantage of bidentate phosphine ligands iz their
relatively complicated preparation. For this reason, it is
often not economically viable to use such systems in indus-

trial processes.

20 Rhodium~-monophosphite complexXes are suitable catalysts for
the hydroformylation of branched olefins having internal
' double bonds, but the selectivity toc terminally hydroformy-
lated com;;ounds is low. EP-A-0 155 508 discloses the use of
bisarylene-substituted monophosphites in the rhodium-
25 catalyzed hydroformylation of sterically hindered clefing,

e.g. isobutene.

Rhodium~phosphite complexes catalyze the hydroformylation of
linear olefins having terminal and internal double bonds to
30 form predominantly terminally hydroformylated products, but
branched olefins having internal double bonds are reacted to
only a small extent. When coordinated to a transition metal
center, these phosphites give catalysts of increased activ-

ity, although the operating life behavior of these catalyst



doubl e bonds, but the selectivity to termnally hydroforny s%ﬂf@ﬁ?%@
Is low. EP-A-0 155 508 discloses the use of bisaryl ene- substl?ute 6

nonophosphites in the rhodium 25 catal yzed hydrofornyl ation of sterically

hi ndered ol efins, e.g. isobutene. Rhodi um phosphite conpl exes catal yze the
bydrof ornyl ati on of |inear olefins havingsterm nal and internal double
bonds to 30 form predomnantly term nally hydrofornyl ated products, but
branched ol egirBeeaViiRd drd¥AIHactUsl} e p%g%,a t JB |
extent. Wen !goor dinated to a transition neta ng%tﬁgrg %?htél%eep 0s ﬁllt;es

gi ve cat al yssengitimdtrasdd thea iphosphital ﬂ-ﬁmﬁ%h@w@nﬂgd |Imarove-

behavi or of {h Y, 25 JANUARY 006 atlsfactor
partly becau}sneggg tgﬂet% ro?y5| S se?ig ¢V ?a %X'f 1"f‘""h% ﬁ ?ﬂﬁﬁ 8=
Consi der abl eaigpafeves Wt§tdﬁﬁ1@bhﬂtsz.aisaCﬂBzeV€ﬂe bbh'é:%f:h@.fl:es L@fédﬂd& ed

bis- aryl d| ols as starting materials for the phosphite |igands,
descri bedSi naEpdgsgribadein EP-Er0 28£462209%. ERcAoPdETE Pdlehe | i terat ure,
t he rhodi um conpl exes of these |igands are extrenely active

hydr of ormyl ati on catal ysts for a-olefins. US-A-4,668,651, US-A-4,748, 261
and US- A- 4, 885¢éﬁd:.ﬁﬁ tes thieb el jrangthnanhi tite | rHoddiembyonpaases’ ofhittese
a-olef ins but ene can be converted with hlgh selectivity into

the term naI ﬁ?é?oﬁﬂa bRRtEve | hydeoformyiabigns capadysts: £or
i gands of t&'-alwﬁs?fﬁséh§2,gés9s§9f, o8-y 9480 969 3 UYL e
10 describe polyphosphite ligands by means of which a-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.
15 s
Although the phosphites mentioned are good complexing
ligands for rhodium-containing hydroformylation catalysts,
it is desirable to discover furthexr readily preparable
phosphites to achieve further improvements in their effec-

20 tiveness, for example in hydroformylation.

Phosphites having salicylic acid building bilocks of the

formula A
25

P
o OR
where R = alkyl, aryl, aralkyl, alkenyl, cycloalkyl, acyl,
30 C€OPh, have been described as stabilizers for plastics in the
patents JP 06025453, JP 2000038487 and Jp 10081801.

P. A. Kirpichnikov et al. demonstrate the stabilizing prop-

erties of phosphites having salicylic acid building blocks



15 Al though the phosphites nentioned are good conpl exi ng IigaaggA_ ARY 2006
rhodi um cont ai ni ng hydrofornylation catalysts, it is desirablée ™ to di'scover
further readily preparable phosphites to achieve further inprovenents in
their effec- 20 tiveness, for exanple in hydrofornylation. Phosphites

having salicylic acid building blocks of tlhe formula A 25 A where R =

al kyl, aryl, aral kyl, al kenyl, cycloal kyl, acyl, 30 COPh, have been

descri bed asiat ghkl RaREIahoToRrASI & dokdnita . RRAIRALS ,J%eQQO%“@%voJ)F: 12
2000038487 and JP 10081801. P. A Kirpichnikov et al. denonstrate the
stabilizing pPbp-1BPriL83.0f phosphites having salicylic acid building
bl ocks 25 JANUARY 2006 4 in the Russian Journal Vysokonol. Soedin., Ser. 8
(1970), 12 (3), 189-192. It has surprisingly been found that phosphites of

the for- 5 notahks( lgusheisidgly shechegbadd’ Har FPHEERIYR! 88t the for-
substituted or_, 10 unsubstituted aliphatic, alicyclic, aromatic, heteroaro
matic, mXed™®phatic-alicyclic, mixed aliphatic-aromatic, heterocyclic
and m xed aliphatic-heterocyclic hydrocarbon radicals having from1l to 50
car bon atons,

R’ 0

Rz

- ‘f @
R® o N X KR

R4

where R is selected from among monovalent substituted or
10 unsubstituted aliphatic, alicyclic, aromatic, heteroaro-
matic, mixed aliphatic-alicyclic, mixed aliphatic-aromatic,
heterocyclic and mixed aliphatic-heterocyclic hydrocarbon
radicals having from 1 to 50 carbon atoms,
R', R’, R® and R® are each selected independently from among
15 monovalent substituted or unsubstituted aliphatic, ali-
cyclic, aromatic, heterocaromatic, mixed aliphatic-alicyclic,
mixed alipbatic-aromatic, heterocyclic, minxed aliphatic-
heterocyclic hydrocarbon radicals having from 1 to 50 carbon
atoms, H, F, Cl, Br, I, =-CF;, -CH(CF,;);CF; where j = 0 - 9,
20 -or®’, -cor®, -co,R’, -co.M, -SR®, -8O,R°, -SOR®, -SO;R’, -SO:M,
~-S0.NR’R', -NR’R'®, -N=CR°R'°, where R® and R!® are selected
independently from among H, monovalent substituted or unsub-
stituted aliphatic and aromatic hydrocarbon radicals having
from 1 to 25 carbon atoms and M is an alkali metal ion,
25 formally half an alkaline earth metal ion, an ammonium ion
or phosphonium ion,
or adjacent radicals R' to R' together form a fused substi-

tuted or unsubstituted aromatic,rheteroaromatic, aliphatic,



R1, R2, R3 and RQ are each sel ected i ndependently from anong %JWXLQ&%E)G
substituted or unsubstituted aliphatic, ali- cyclic, aromatic,

het eroaromatic, m xed aliphatic-alicyclic, mxed aliphatic-aromatic,

het erocyclic, mxed aliphatic- heterocyclic hydrocarbon radical s having
from1l to 50 carbon atons, x, F, O, Br, B, -CF31 -CR2(CF2)j CF3 where | =
0-9, 20 -0R9, -COR9, -CO2R9, -C2M -SR9, -S02R9, -SOR9, -SMBR9, -SMM
- S2NRIR ' 0, mikBARIGromdELR- #RIhather @2R9mandaR1Ne €& FodkdRet £Laliphatic

i ndependent |y from anong H, nonoval ent substituted or unsub- stitut eda'

al i phati c and*BFoAYEEEMAydr ocarbon radicals having from1 to 25 carbon
atons and N Lggap al kak getal ion, 25 formally half an al kaline earth
metal ion, an amroniumion” or phosphoniumion, or adjacent radicals Rl to
R4 toget her borm pHospid taadwitial tadmpslent cmapibdingt @dmatafbifC group 4,
het er oar ogat Lc,  al i_@habi c,. 25 JANUARY 2006 5 m xed aromatic-aliphatic or

m xed het 8r odr ofdt i &= aPt pfat9%c 199§ &her Aariadiq (Tabke opf ) ther Elements

phosphi t e- negals eR@! r gl rQep «4, , or
10 of the Pe??odi C Taﬁeﬁgggtﬁg %fm%é%%%e%ngeortﬁﬁorfzo%?uﬁezpﬁ%?p%et es
of the fornmumaed danchbbalysdd.in catalysis. The present invention is -

preferably directed at the use of 10 the phosphites or the phosphite-netal
conpl exes in honobgene ous catalysis, in particular in the hydrofornylation

of The present invention is preferably directed at the use of
10 the phosphites or the phosphite-metal complexes in homogene-

ous catalysis, in_ particular in the hydroformylation of

-blefins. The invention also provides a process for the

hydroformylation of olefins.

15 A further aspect of the present invention is the abovemen-
tioned phosphite-metal complexes. The invention further
provides phosphites of the formula 1, with the proviso that
when R', R?, R’ and R* are each an H atom and k = 0, R is not
an _ alkyl, aryl, aralkyl, alkenyl or cycloalkyl group, and

20 when R, R’, R’ and R* are each an H atom and k = 1, R is not

an alkyl or aryl group.

In a preferred phosphite, the radical R of the phosphite is
selected from among aromatics and heteroaromatics which are
25 unsubstituted or substituted by at least one radical se-
lected from among aliphatic, alicyclic, aromatic, heterocaro-
matic, mixed aliphatic~alicyclic, mixed aliphatic-aromatic,
heteroayclic, mixed aliphatic-heterocyclic hydrocarbon
radicals having from 1 to 25 carbon atoms, F, Ccl, Br, I,
30 ~CFi, -CH;(CF;);CF; where j = 0 =~ 9, -0R’, -COR’, =-CO.R°,
-CO.M, =~SR°, -8S0;,R’, -SOR’, -SO;R’, -80:M, -SO.NR°R'®, -NR°RY or

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



ol efins. The invention also provides a process for the hydrof '
olefins. 15 A further aspect of the present invention is the agégéh§%§ﬁﬁ?ﬁﬁm
ti oned phosphite-netal conpl exes. The invention further provides

phosphites of the fornula 1, with the proviso that when Rl, R2, R3 and R4
are each an Hatomand It = 0, R is not @n alkyl, aryl, aralkyl, alkenyl
or cycloal kyl group, and 20 when Rl, R2, R3 and R4 are each an H atom and k

=1, RQis ngh aaaldddiﬁlsé)rpﬁﬁérﬁd)%oé%&é’reéﬁérfgdﬂg?fpﬁ" i dséf@cted

radi cal Rl of the phosphite is selected om anong aronatics an
het er oar onat E¥SMWAMERIa REFoRRtiesy g thﬁtaxmcmmqs ileidcthheate | fropdd-ane

radi cal se- ro hatic cyc aromat,i ¢, heteroaro-

matic, m xedhgﬁ;ﬂ%g %fc%@%gé&ﬁﬁe Eha?‘{l‘ﬁPﬁ?‘B?'rﬁt *¥dngs, -vhichy ate
m xed al i phatnsubstéeaepdl ior hxdbgedcaeeda rﬁii“ G S18a¥ENGfd 0?&&&212%?9

carbon atgns, F, ¢, Br, 1, 30 -CF31 - CHZ(CFZ)] CF3 where | =

Rbectedfppm among. sézmatl 1icsudns, es@n;mozrmro-
-NR9R10 or ERIOR e Qv 25 JANUARY
2006 6 I'n a ?AEEWI sé‘gxmé%]eé%e f{%"gﬂf% rgﬁl‘xg q‘s"@“&}‘t"é'lf E3Grom
anong ar onat hesexnadybgie; oar nﬁxbﬂcs wmmatt&\tﬁ-ﬁdmd:@%h%ronﬂiyl&ocarbon

heteroaromatlcdand or .al i,phat gs which are wunsubstituted or
subst it ut ed BYOATAL RSB %’c’ﬁ“E & 52P e AAFPIR oRtAMBNgFal iPhatBr, I,

alicyclic, arerpli ccHRGER)N@FQ- WAL, M xedy; all pgati Gl i cy&gﬁsc _r_rbé&gb
al i phatic-aromati c, . d
10 -coM, ~-SR’, -SO,R’, -SOR®, -SO.R’, -SO:M, -SO,NR’R'®, -NR°R'’ or

~N=CR°R'°, where R’, R and M are as defined above.

Preference is also given to using a phosphite whose radicals
R' to R' together form a fused aromatic, heteroaromatic,
15 aliphatic, mixed aromatic-aliphatic or mixed hetercaromatic-
aliphatic ring system which is unsubstituted or is substi-
tuted by at least one radical selected from among aliphatiec,
aliceyclic, aromatic, heterocaromatic, mixed aliphatic-
alicyclic, mixed aliphatic-aromatic, heterocyclic, mixed
20 aliphatic-heterocyclic hydrocarbon radicals having from 1 to
50 carbon atoms, F, Cl, Br, I, =CF;, -CH; {CF;) sCF; where j§ =
- 9, -orR’, -COR’, -COR’, -CO;M, -SR°, -SO,R®, -SOR®, -S0:R°,
-50:4, -SO,NR’R!®, -NR°R'® or -N=CR’R!®, where R’, R!® and M are
as defined above. |
25
Representative phosphite jJigands of the formula I for use

according to the invention are:

0
30 i
(a)




het erocyclic, mxed aliphatic-heterocyclic hydrocarbon radica
froml to 25 carbon atons, F, d, Sr, I, -CF31 -CH2(CF2)jCF3 W%g?@ﬁi&ﬁY 006
9, -OR9, -COR9, -CCaR9, 10 -CO2M -SR9, -SM2R9, -SOR9, -SO3R9, -SCBM
-S02NROR', -NROR10O or -N=CRORlp, where R9, R10 and M are as defined above.
Preference is also given to using a phosphfte whose radicals Rl to R4
together forma fused aromatic, heteroaromatic, 15 aliphatic, m xed
aromatic-aliphatic or m xed heteroaromatic- aliphatic ring systemwhich is
unsubstituted or is substi- tuted b at |east one radical selected from
anong al i phatic, alicyclic, ' het er paromatic, m xed aliphati c-
alicyclic, mxed aliphatic- ar pia
al i phati c-heterocyclic hydroc
atoms F, d, Br, I, -CF31 -

et er g ic, mxed 20

ralcal |ngfrom1to 50 carbon

> whet€ j =0 - 9, -0R9, (BPR9,
gOZ -SRI, -SO2R9, ‘ -SBRI9, -SBM -SO2NRI9R10, -NROR10 or

-N:CR9R10 where R9, R10 and M as defined above. 25 Representative

phosphite ligands of the formula | for use according to the invention are:
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5 10 15 20 25 (0) (P) (Q (s) (T) The phosphites for use accorgkg Nﬁ%d%%ﬁoos
i nvention can be 30 prepared by a sequence of reactions of phosphorus
hal i des with al cohols, carboxylic acids and/or a-hydroxyaryl- carboxylic
acids in which hal ogen atons on the phosphorus are replaced by oxygen
groups. The basic procedure will be 25 JANJARY 2006 10 illustrated by way

of exanple for a route to conpounds of the fornmula I: In a first step, an
a- hydroxyaryl carboxylic acid is reacted 5 with a phosphorus trihalide PX3,
e.g. PC131 PBr3 or PJ3, preferably phogbhorus trichloride PCL3, in the

presence of a base which is fl used in_an ival ent or catalytic
anount to form a hal odi oxaphgdphgfi mafie (?). 19 ©)
/P\O
5 'Bu
(B}
10
(Q})
15
20 (8)
25
(T)

The phosphites for use according to the invention can be
30 prepared by 2 sequence of reactions of phosphorus halides
with alcohols, carboxylic écids and/or o-hydroxyaryl-
carboxylic acids in which halogen atoms on the phosphorus

are replaced by oxygen groups. The basic procedure will be




(1) I'n a second reaction step, the hal odi oxaphosphorinone (1) i
with an al cohol HX or a carboxylic acid HOOC-R! in the preseg§énggﬂgh§§gg6

which is preferably used in an 15 equivalent or catalytic anount to give

t he desired phosphite of the formula (1) in which 1~ = R11. In the case of
the reaction with an alcohol, k in the phgsphite of the formula (1) is O,
while in the case of the reaction with a carbox- ylic acid, k is 1. 20 The

radicals Rl §91%s80deBh 22 ity I8l ki) ero25a) ARY 2808olborhliG® de®
u

al cohol s or carboxylic acids used and their down- stream pro s are
frequent |y sthedformalpedieti ons are generally carried out in solvents.
Sol vents used are aprotic solvents which react neither with the al cohols
or carboxylic 5 acids nor with the phosphorus conpounds. Exanples of suit-

abl e sol vent gnage gigldahudnof Uﬁﬁ”a-ﬁ&&@ﬁﬁy§ﬂ§fc§§%§%§ib¥l ﬁcﬁihqrs (}[aaewz%?o

(methyl tert-butyl ether) and aromatic hydro- car such as tol uene.
The react bonwdthphos phospholralsi desihalhdel aahol sefgt nedl;, hyPBopgesrhapgge
whi ch is bound ?é gﬁfed aseg i n e%uLVﬁlenL or _catalytic anounts. Exanples
of such baseBTSFE*RRIY| BROSPRATHES LEaCRIQEIAR BCHyt attnEhepprrgrRECPEN
met hyl pyrrol bdsg0aficht ikS pRURRIIAPES, Al USET bh EQuseaYeht L2 thga-aleahol s
i nto nmetal al koxides prior to the reaction, for

amount to form a halcdioxaphosphorinone (1).

' R'" o _ R' ©
, R2 RZ
| OH  px, ?
e ! (1)
10 R* R
In a second reaction step, the halodioxaphosphorinone (1) is
reacted with an alcohol HO-R or a carboxylic acid HOOC-R in
the presence of a base which is preferably used in an
15 equivalent or catalytic amount to give the desired phosphite
of the formula (I) in which R = R'. In the case of the
reaction with an alcohol, k in the phosphite of the formula
() is 0, while in the case of the reaction with a carbox-

| y¥lic acid, k is 1.
20

HO-R of
HCOO-R

1)

The radicals R® to R® and R are as defined above.



exanple by reaction with sodium hydride or butyllithium The p |
suitable ligands for conplexing netals of groups 4, 5, 6, 7, g?%@ﬂg%§ﬁ¥§hﬁﬁ
of the Periodic Table of the 20 El enments. The conpl exes nay contain one or
nore phosphite |igands and possibly further |igands and are suitable as
catal ysts, preferably in honogeneous catalpysis. Exanples of suitable

netals are rhodium cobalt, iridium nickel, palla- dium platinum iron

rutheni um oggh g AR Q%Bﬁblﬁn'&ib%ﬁ%:@gieﬁc?a’%ﬁ@gﬁ%%@ afid® ?:%I’{E‘Lﬁ;pes =

with netals of groups 8 9 and 10 are e Yy USé as c
hydr of or nyl astxéeam, mzodisrbd ataren, freduentisyt | solidd hyls oGy ich: r e
tions; particul ar P ef erence.i s'gi yen tggr hodi um _cobalt, nickel, platinum

and rut heni FTPPEH L ApTE e hRubsdnoFOdFeRrESdi SRLNERES: IRk aFer APTHLICs
particul arl yadiebnest #hiéh Cre&ﬁﬁi %ﬂaii:ﬁé:];i Qilélid &afsombpbhgn o&?%&%&&&e
i

catalyst _netals are used in the formof salts or conplexes,

of rhodi uin &cid®r nexamiith the dphasphrpusy compohadisum Examphese, of hatitm

chl ori de, 2 acac = etyl ace .25 JANUARY 2006 12 tonatg)
rhodi um acetate, rg%g%%r%goc a?,ogérg%‘w?ﬁg&zpaﬁp:noﬁ, R e SUFRe 2%t AEthyl
catal yst spestiger for MPBENqMRSRRAOUteRATAItSl Settfer)d &0 "REcMALTE! BGdro-
phosphite |igands and the catal yst netal under reaction conditions, for

i nstance in qg?@%eg‘%ﬁh a FUYERMBA ati on, a carbonyl hydri do- phosphite
conplex on contact with synthesis gas. The phosphites and, if desired,

10 The reaction of phosphorus halides with alcohols forms a
_hydrog‘en halide which is rbound by added bases in equivalent
or catalytic amounts. Examples of such bases are tertiary'
amines such as triethylamine, pyridine or N-
methylpyrrolidinone. It is sometimes also useful to convert

I35 the alcchols into metal alkoxides prior to the reaction, for

example by reaction with sodium hydride or butyllithium.

The phosphites are suitable ligands for complexing metals of
groups 4, 5, 6, 7, 8, 9 and 10 of the Periodic Table of the
20 Elements. The complexes may contain ome or more rhosphite
ligands and possibly further 1ligands and are suitable as
catalysts, preferably in homogeneous catalysis. Examples of
suitable metals are rhodium, cobalt, irid:i.um,_ nickél, palla-
dium, platinum, iron, ruthenium, osmium, chromium, molybde-
25 num and tungsten. The complexes with metals of groups 8, 9
and 10 are especially useful as catalysts for hydroformyla-
tionl, carbonylation, hydrogenation and hydrocyanation reac-
tions; particular preference is given to rhodium, cobalt,
nickel, platinum and ruthenium. For example, the use of
30 rhodium as catalyst metal gives particularly high catalytic
activities in hydroformylation reactions. The catalyst
metals are used in the form of salts or complexes, in the
case of rhodium as, for example, rhodium carbonyls, rhodium

nitrate, rhodium chloride, Rh(CO).(acac) {(acac = acetylace-



further |igands can be added to the reaction mxture in free 195f NUARY 2006
together with the catalyst netal (as salt or conplex) to generate

active catalyst species in situ. it is also possible to use a

phosphi te-nmetal conplex conprising the abovenentioned phosphite |igands

and the catalyst nmetal as precursor for tqpe actual catalytically active
conpl ex. These 15 phosphite-netal conpl exes are prepared by reacting the

appropriate ganak¥yl, "hddith IR0 o el q;@g{ ﬁ! td form or . n_the
formof a chem cal corrpound W t ﬁ t he phosl:h%‘%;e%nfi gand. As afadl’fl?%%'?m
| i gands presefnappakRe reaction mxture, it is possible to use

phosphorus-contai ning |igands, preferably phosphines, bisphosphites,
phosphoni tes or phosphinites. Exanples of such |ligands are: 25 Phosphines:

triphenyl phogpBi @etivel shRaligky kpee3Rl Ry
tris(o-tolyl)phosphine, tris{p- n%thoxyphenyl)phgggﬁ#ﬁ% o CiUis 1

tris(p-di et Boraatn oﬁﬁ@hyF?Bh@OMh@ tln.gapdlsohen@I pih@s pbatalyst metal

tricycl opent sp [ Ny |ne ri-(1-ngphth I)phosph|ne
trlbenzylphoégaggln%égﬁ?%éé-tné%ﬁ%ﬁgéﬁkﬂ on i ngt | pfBsp Eacase of

Phosphi t es: hydmafbmphascmtea tbh&b&h&rlﬂi}ﬂ&&ﬁbtﬁhok hite P lex on
‘phosphi te, tri-i- @ phosphite, tri-n-butyl 25 JANUARY 2006 1

phosphi te, t??nFa LtBh&¥ptbeeis gas- Jthe | rhaeebites, and, if desired,
tris(2- ethy|bﬁ%ﬂh&rpﬂﬂéﬂﬂaéecaﬁrthEa&EdpQQSEBBtQEaEE 1302 mixture in free

10 form together with the catalyst metal (as salt or complex)
.to generate the active cétalyst species in situ. It ig also
possible to use a phosphite-metal complex cémprising the
abovementioned phosphite ligands and the catalyst metal as
precursor for the actual catalytically active complex. These

15 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 with the

phosphite Iigand.
20 As additional ligands present in the reaction mixture, it is
pessible to use phosphorus-containing ligands, preferably

phosphines, bisphosphites, phosphonites or rhosphinites.

Examples of such ligands are:

25
Phosphines: triphenylﬁhosphine, tris(p-tolyl)phosphine,
tris(mrtoly;)phosphine, tris(o-tolyl)phosphine, tris(p-
methoxyphenyl)phosphine, tris(p-dimethylaminophenyl)phos-

phine, tricyeclohexylphosphine, tricyclopentylphosphine, tri-
30 ethylphosphine, tri~({l-naphthyl)phosphine, tribenzylphos-
phine, tri-n-butylphosphine, tri-t-butylphosphine.

Phosphites: trimethyl ﬁhosphite, triethyl phosphite, tri-n-
propyl  phosphite, tri-i-propyl phosphite, tri-n-butyl




di -t-butyl phenyl) phosphite, tris(2-t-butyl-4-nethoxyphenyl) [
tris(2-t-butyl-4-nethyl phenyl) phosphite, tris(p 5 cresyl) phoggﬁmﬁ‘&ﬁ?{m%
addition, sterically hindered phosphite |igands as described, inter alia,
in EP-A-155 508, US-A-4,668,651, US-A-4,748,261, US-A-4,769, 498, US-A-
4,774,361, US-A-4,835,299, US A-4,885,401,.,US A-5,059, 710, US-A-5,113,022,
US- A-5, 179, 055, US- A-5, 260, 491, US-A 10 5,12°'64-, 616, US-A-5, 288, 918,

US- A- 5, 360, 93 s A-472 071, EP. A-518 241 and WO-A-97/20795 are al so

suitable |i @ﬁﬁ%ﬁbﬁ%sph&ﬁf‘f'éé'g“ﬁé’ﬁhyP&C'éﬂ]i%fphom'ﬁé}mtﬂ phosphite,
phenyl di et hexyshaset R Rexy PhepUbEpRRBROX LR PSRRI phosphite, tri -
2- phenoxy- 2H- di bgnz[ C,Hg] 15 [?,g] oxgphosphori ne a?g' |pt gs er it\?at it\fé"s? (lzr{4

whi ch al |l ordéotebutylrhenviilir phosphites dimls @httadut iy darathorybemydry |
radi cal s or | n,at ogs. i gapnd a escribed |n A- 98/ 43935,
JP- IA-09-Sze581 °§§§1 !AﬁégQ%Gk%gﬂgﬁrai?'ﬁ‘e[‘ﬁb’%%&?‘#gﬁ Bﬁ?&ﬁ%&ﬁpl CE3E Bs
DE- A-199 54 d2dsgly DipRospRif99 541510.addeRiidn phosiiimidaa iy Jandsanaad

described, inter alia, in US- A-5, 710,344, WO A-95/06627, US-A-5, 360, 938 or
JP- A-07- 082pPBaspkikepiléganis aspAesgribrdnointerosdinne ian&P-ds185 508,

derivatives ga_xbjcheal r sonk Qf .t hydr,0gen gt 0N | aced, by, _
al kyl and/ orﬁgr%é"rgg?ﬁg?g' or % %ggﬁqg‘tsd?*s%rl' di pﬁ%nﬁ%ﬁe@fo&%’phosgﬁﬁe
and di phenyl 4 eThx3§phopshined, 838, 20Ws plis-as-4r8g8\all) t seaL-al, 06enThieses

can be used j 3 c es for th rof ormyl ati on of ol efins,

preferably o‘{"‘g'f%ﬁg'#!i%ﬁgffrome"t“é'%Zg'%_ga o at JRETATY WNUAThe coPFeB~

spondi ng1gl defwyelese1 &) ehSLRAS 288, H08] NBE-RA8C38bY 988! Orp-a-472 071, EP-
' A-518 241 and WO-A-97/20795 are also suitable ligands.

Phosphonites: methyldiethoxyphosphine, phenyldimethoxyphos-

phine, phenyldiphenoxyphosphine, 2-phenoxy-2H-dibenz[c,el-
15 [1,2]oxaphosphorine and its derivatives in which all or some

of the hydrogen atoms are replaced by alkyl and/or aryl

radicals or halogen atoms and 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-
20 199 54 510.

Useful phosphinite ligands are described, inter alia, in US-
A-5,710,344, WO-A-95/06627, US-A-5,360,938 or JP-A-07-
082281i. Examples are diphenyl (phenoxy)phosphine and its
25 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.

The phosphites or phosphite-metal complexes can be used in
30 processes for the hydroformylation of olefins, preferably
olefins having from 2 to 25 carbon atoms, to give the corre-
sponding aldehydes. Preference is in this case given to
using phosphite complexes with metals of transition group 8

as catalyst precursors.



usi ng phosphite conplexes with netals of transition group 8 a t
precursors. 25 JANUARY 2006 14 In general, from1l to 500 nol, %P?%“a%?;”“%

from1l to 200 nol, nore preferably from2 to 50 nol, of the phosphite
according to the invention are used per nole of netal of transition 5
group 8. Fresh phosphite ligand can be added to the reaction at any point
intime in order to keep the concentration of free |ligand constant. 10 The
concentration of the netal in the reaction mxture is in the range froml
ppmto 1000 ppm preferably in the range from5 ppmto 300 ppm based on
the total verghgeabrals freachi @ Woo wiod, breHiutabidr Frem™l dld Hbo mol,
reactions carried out using the pho- sphites of the invention or the

cor respondi ngoxet Rreéewabpyefromp@r &oc H0r med ,omf Hihek mhwspidtiteodscasding

descri bed, f a ' . EAL ! nt hes wi t h, Car.bqn Mbonoxi de”
20 Springer Ver Itgfgé, %‘?ﬁ#\?oéieﬁggl &I:gre& hﬁ%%v%g;l? ‘%;g%e fPE %"‘(afﬁ%)"_."nrhe
ol ef i n coffpogpdp)8iLs(are) reacted in the pres- ence of the catalyst with a

m xture of CO and H2 (synthesis gas) to formthe al dehydes havi ng one nore
carbon atom 25 The reaction tenperatures for a hydrofornylation process

using the phpsphAt ehcpHIReS ANidAid Al F8MREAKES +f {H€ reaction at any

point in time in order to keep the concentration of Ffres

ligand constant.

10
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.

15

The hydroformylation reactions carried out using the pho-
sphites of the invention or the corresponding metal com-
rlexes were carried out by known methods, as deécribed, for
example, in J. FALBE, “New Syntheses with Carbon Monoxide”,
20 Springer Verlag, Berlin, Heidelberg, New York, page 95 f£f.,
(1980). The olefin compound(s) is{are) reacted in the pres-
ence of the catalyst with a mixture of CO and H; (synthesis

gas) to form the aldehydes having one more carbon atom.

25 The reaction temperatures for a hydroformylation process
using the phosphites or phosphite-metal complexes of the
invention as catalyst are preferably in the range from 40°C
to 180°C, more preferably from 75°C to 140°C. The pressures
under which the hydroformylation proceeds are preferably 1 -

30 300 bar of synthesis gas, more preferably 10 - 64 bar. The
molar ratio of hydrogen to carbon monoxide (H,/CO) in the
synthesis gas 1is preferably from 10/1 to 1/10 and more
preferably from 1/1 to 2/1.



invention as catalyst are preferably in the range from 40C t o 25830NUARNC2006
preferably from75C to 140C. The pressures under which the

hydr of ormyl ati on proceeds are preferably 1 30 300 bar of synthesis gas,
nore preferably 10 - 64 bar. The nolar ratio of hydrogen to carbon

monoxi de (H2/CO) in the synthesis gas is jyeferably from10/1 to 1/10 and
nore preferably from1/1 to 2/1. 25 JANUARY 2006 15 The catal yst or the

ligand is hoggge di i O, tur
conpri si ng s?glrgt ?%Sugrfek{t)égr |°3'$(¥h\éeqlld3ﬁnés1%'asng¥ nci eé%l%&a s‘i&sﬁ%‘ pﬁdgd‘t'ﬂcttshe :
(al dehydes, hh'duofhmlahﬁ.gh bcmimmré or rmﬁhpﬂg;h@ pr ﬁﬁaﬁﬁ}_ngA me@rg_af@n
be 5 addi t| fx use f des#red Oning to their relativel
nol ecul ar We PRe a’ﬁ]o@ﬁ’ﬂ: BELBf gtaﬁ"é i nPreduARS e (&1ﬂO{WY@9F‘at |ﬂ1|q0f'
They can thgbgg re I I r r I e

Q 15?: AN AL E Hfefabh | ¥nb ggb F gD & %ghAkhke o tagln'&:’%/

reaction products have a sufficiently go Tty 1 n cus

organi c sélvéﬁﬂéti¢hélgrauﬁﬁﬂglﬁaﬂesnaéé for the hydrofornylation are
olefins or mxtures of olefins having from2 to 25 carbon atons and 15 a
termnal or internal C=C double bond. They can be |inear, branched or
cyclic and cewiAgsotbaveleiy Urpdldvivdly! ehigh- ﬁéhé&uﬂ&ﬁatﬁﬁibﬁg gr QYRS
Exanpl es are propene:; 1-butene, cis-2-butene, trans-2-butene, Isobutene,
but adi ene, ﬁ?ﬁ?@%teﬁf°é4QM%ﬁﬂqﬂﬁnﬁaPﬂﬂhﬁVQBasbgw aglﬂtpémtrnerhey can

2-pentene, 2:R0r-8RLPY! He PULPRSacdaMRI£Y ! asg.'i&enf}ro " RMYhote bl%:[o at:.lCG_

10 reaction products. They have a sufficiently good solubility

in customary organic solvents.

The starting materials for the hydroformylation are olefins
or mixtures of olefins having from 2 to 25 carbon atoms and
15 a terminal or intermal C=C double bond. They can be linear,
branched or cyclic and can also have a plurality of olefini-
cally unsaturated groups. Examples are propena; l-butene,
cis-2-butene, trans-2-butene, isobutene, butadiene, mixtures
of C,-olefins; Cs-olefins such as Il-pentene, 2-pentene, 2-
20 methyl-l-butene, 2-methyl-2-butene, 3-methyl-l~-butene; Cg-
olefins such as 1-hexene, 2-hexene, 3-hexene, the Cz-olefin
mixture formed in the dimerization of propene (dipropene);
Cr-olefins such as 1—heptene,' further n-heptenes, 2-methyl-
l-hexene, 3-methyl-l-hexene; Cg-olefins such asg l-octene,
25 further n-octenes, 2-methylheptenes, 3-methylheptenas, 5-
methyl-2-heptene, 6-methyl-2«heptene, 2-athyl-1l-hexene, tha
isomeric Cg-olefin mixture formed in the dimerization of
butenes (dibutene); Cy-olefins such as l-nonene, further n-
nonenes, 2-methyloctenes, 3-methyloctenes, the Co~olefin
30 mixture formed in the trimerization of propene (tripropene);
Cio-olefins such as n-decenes, 2-ethyl-l-octene; Cj,~olefins
such as n-dodecenes, the (Cjy~olefin mixture formed in the
tetramerization of propene or the trimerization of butenes

(tetrapropene or tributene), Cis-olefins such as n-



ol efins such as 1-hexene, 2-hexene, 3-hexene, the C6-olefin Pﬂ@%ﬂ%ﬁﬁ

in the dinerization of propene (dipropene); C7-olefins such as ene
further n-heptenes, 2-nethyl- 1-hexane, 3-nethyl-I-hexene; C5-ol efins such
as l-octene, 25 further n-octenes, 2-nethyl heptenes, 3-nethyl heptenes, 5-
met hyl - 2- hept ene, 6-net hyl -2-heptene, 2-ethyl-1-hexene, the isoneric
C8-olefin mxture formed in the di rreri zatl on of butenes (di butene);

Cy-ol efins sgcg 1- nonene é n- nenes, 2-methyl oct enes

3-net hyl oct eR8ET ?.%E’E%Sm eqll“ 8 f'rf‘ﬁt u'T"éc ordted ’?'ﬂ‘ QGRS 2 deonCot

propene (tri@Lepene)mixkiles Ol @iz SYeh gfien- CeCrRfsriZak %QM' ¢ 0%@%.«,
Cl2-ol efins such as n-dodecenes, the Cl2-olefin mxture orrre in the
tetraneri zat [‘éﬂt%@b‘ﬁ'ﬁ%%%hea@d tabser iodefiingtmixcwted upeerared ebramooﬁ.e‘.n-e

or tributene NS «SU 5 JANU 2006 16 t radecene
C16- ol efi ns %?J% as A- %Jéxg’ eccéc'pneef;fn% h%aﬁ% ?Iiglfl ’E}P@?’bﬁ n’Bg cﬁrlbﬁ’é‘
tetrameri 2atatomef (hréfeeablyt £+ombat eael) andfah@gr@!pﬁalc@ At Qepara-

prepared by copoli- gomarl zation of olef ins having different nunbers of
carbon 5 at oWkoR piaker Spagtiens, bayéng) ani idgpbieati aresaméﬁrsepmbar pifon

nto fracti obsahay! ol bYCALLERLLAE:ShIM L2 10UTREL REe £ALRONA! Q050X

distillation. Tt is ITkewse possible To usé e FRHi XE
which are protetiss bprrichéiin Misparbsswltivisi sreaptoured| By i m-s,suhbe-h

are obtai ned,+‘b 10%0I i ri,zation_of _ethene qr are pbt ai nable via
net at hesi s ’é‘g%?‘l’ n§yggm§§f"8ﬁer%t pifior IRfs which are obtained by
10 oligomerization of ethene or are obtainable via metathesis

‘reactions or telomerization reactions.

Preferred starting materials are a-olefins in general, e.g.
propene, l-butene, 2-butene, l-hexene, 1l-octene and also
15 dimers and trimers of butene (dibutene, di-n~-butene, diiso-~

butene, tributene).

The hydroformylation c¢an be carried out continucusly or
batchwise. Examples of industrial apparatuses which can be
20 employed are stirred wvessels, bubble columns, jet nozzle
reactors, tube reactors and loop reactors, some of which may

be cascaded and/or provided with internals.

The reaction can be carried out in a single pass or in a
25 plurality of stages. The separation of the aldehyde com-
pounds formed and the catalyst can be carried out by conven-
tional methods such as fractionation. This can be achieved
industrially by, £for example, distillation or use of a
falling film evaporator or a thin £ilm evaporator. These are
30 particularly useful when the catalyst is separated off as a
solution in a high-boiling solvent Ffrom the lower-boiling
products. The catalyst solution which has been separated off
can be used for further hydroformylations. When lower ole~

fins (e.g. propene, butene, pentene) are used, discharge of



Preferred starting materials are a-olefins in general, e.qg.
1- butene, 2-butene, 1-hexene, 1-octene and al so 15 d|ners and ??%Qﬁ%xgij06
but ene (di butene, di-n-butene, diiso- butene, tributene). The

hydr of ormyl ati on can be carried out continuously or batchw se. Exanples of
industrial apparatuses which can be 20 enphoyed are stirred vessels, bubble
columms, jet nozzle reactors, tube reactors and | oop reactors, sone of

whi ch may a n JA d |nter Is The_reactioon can be
carried out t}rﬁi}]&aiglﬁgﬁ g8 gél%m :ilr‘f’l a&%%{;%? é‘laft 8f 935, gRhasey s also
separation q@o§§Ebhédehyde com pounds formed and the catal yst can be

carried out by conven- tional nethods such as fractionation. This can be
achieved industrially by, for exanple, distillation or use of a falling
filmevaporaties fsllkovitg datdnip eI Ristratd age dheshaddeutian.y usef ul
when t he fatalyst is separated off as a solution in a high-boiling sol vent
fromthe Tower-boiling products. The catalyst solution which has been
separ at ed of f or, r ol e-
ine (e g Prbpan, SEapTes! i LhoRE LUkt Bkl e ial oS hndiflegoS 006
17 the pr odtmaﬁvmmameuseagt smmﬁarﬁhﬁcgﬂsmhaswm@@ TS SEbleent e

fol |l ow ng ex e ustrate lh resent inventign. 5 In all exanples, the
reacti ons mé? éﬁFl q) esiccants prior to uge.

10 Chiorine compound A

O~ -Cl

15 ' 0

Chlorine compound A (2~-chloro-4H-1,3,2-benzodioxaphosphorin-
4-one) was procured from Aldrich, Taufkirchen, and used as
supplied. ‘

20

Chlorine compound B

25

The chlorine compound B was prepared from 2-hydroxy-1-
naphthalenecarboxylic acid using a method based on that of
30 BE 667036, Farbwerke Hoechst AG, 1966; Chem. Abstr. 65
(1966) 13741d. The following description of the synthesis

illustrates the procedure:



tective gas using standard Schl enk techni ques. The sol vents
over suitable desiccants prior to use. 10 Chl ori ne conpound Aw?é% qtf‘gjrglﬂp{em%
conmpound A (2-chloro-4H1, 3, 2- benzodi oxaphosphori n- 4-one) was procured
from Al drich, Taufkirchen, and used as supplied. 20 Chlorine conpound B 25
The chlorine conpound B was prepared fromgg hydroxy-|I -

napht hal enecar boxylic acid using a nethod based on that of 30 BE 667036,

-Far bwer ke Hogghgk 6; L %966 13741d. The f.ol | ow ng
description of thé'é?ynt esi gch g?r %t gaslg?ﬁlelg ?B%éﬁﬁggﬂgﬁ JAIQGR%Y e 18
Reacti on of PRhlgphorxus| tmdphlbalideecarboxylic acid with phosphorus

trichloride 9.22 g (0.049 nol) of 2-hydroxy-I|-naphthal enecarboxylic 5
acid, 200 mM of dried toluene and 0.48 g (0.005 nol) of N

met hyl - 2- pyrgobndgnon@oaogs%affd 8g8 230 ke P £ sl %}alen%?ﬁwmd

stirring, 10.14 g (0.073 nol phosphorus tr | 0- are
to this nPxtardd, A0S Héormlécdrngdt lteoluSuki emd tawbss t® @0.0060ms1)i b N-

provi ded wit sflowl ter, the action, mxturels carefully heated
to 95C and B a| neEY5F°€ﬁa§“?Bﬁpé*F&t Gﬁ@q’e@r I HRurs0 M fshlesk: itabe.

While stirring, 10.14 g (0.073 mol) of phosphorus trichlo~-
ride are slowly added to this mixture. After connecting the
Schlenk tube to an offgas line provided with a gas .flow-
10 meter, the reaction mixture is carefully heated to 95°C and
maintained at this température for 5 hours. To workup the
reaction mixture, it is filtered and the solvent is removed-
from the filtrate under redﬁced pPrassure. _
Yield: 11.01 g (44.6 mmol), corresponding to 91.0% of the-
15 ory.

*'p-NMR (Ds-toluene): 5 150.9 ppm

Synthesis of the phosphite compound {(A)

20 4.5 g of 2,4-di-tert-butylphenocl {(21.81 mmol) are dissolved
in 100 ml of THF. 13.6 ml of a 1.6 mmol [sic] solution of m-
butyllithium in hesxane (21.81 mmol) are added dropwise to
this solution at «20°C. The  lithium phenoxidé solution
obtained is slowly added at 0°C to 32.8 ml of a 0.665 M

25 solution of the chlorine compound A (21.81 mmol) in THF and
the resulting mixture is subsequently refiuxed for 1 hour.

After removal of the solvent under reduced pressure, 100 ml



reaction mxture, it is filtered and the solvent is renoved f ,&h?
filtrate under reduced pressure. Yield: 11.01 if (44.6 mol), (?grwresp‘%% in%}G

to 91. 0% of the- 15 ory. 31P-NWVR (D8-toluene): 6 150.9 ppm Synthesis of the
phosphite conmpound (A) 20 4.5 g of 2,4-di-tert-butyl phenol (21.81 nmol) are
di ssolved in 100 m of THF. 13.6 m of ad]g?G mmol [sic] solution of n-

“butyllithi umin hexane (21.81 nmml) are added dropwise to this solution at

-20C. The i gl t t dis.slo added at 0C to

32.8 M of a o ?6&5&%%?&[ ol u%?%&ln %’gat ﬁg’gc%%% c’zﬁrféwr}ry&f* RG22 ReMOAb | 9F i n

THE and t hethessblliveptmmfere redutelds paeesins Eﬁfvlagxaﬁ (X1 H%SBGAf ter
RY

renoval of the solvent under reduced pressure, 100 25 JA 19 of
hexane are added and the m xture is filtered. Rem)val of the sol vent under

reduced presgibeaqi VesSsangoi g chyJEfm: I el 53} .17. 669 | ).,
corresponding to 81. 2% of g"05 (t heor J'\Sri’t aﬁjoé%as sﬁ%sd’f‘@al 3’."" Pgarol'z" of
C21H2504P5 Mekeer. 39 g/ m)l) ' 8. 05 (67.73): H6.96 (6.77): P 7.98

557 (100 16 EPRPREL| SnBTVELE Saditr e diBEl S 5. 72 gSom/mol: ¢
2- phenyl phengs. 081(85 789} ) Hageodi $80h¥§Y BNy. 08 (8.32) %
*p-NMR (Ds-toluene): § 119.8 ppm. EI-MS (70 eV): 372 (38%,
M), 357 (100%)
10
Synthesis of the phosphite compound (J)

oo}
e

3.617 g of 2-phenylphencl (21.25 mmol) are dissolved in
100 m1 of THF, 13.28m1 of a 1.6 M solution of n-
15 butylilithium in hexane (21.25 mmol) =are added dropwise to
this sclution at =20°C. The lithium phenoxide solution
obtained is slowly added at 0°C to 22.0 ml of a 0.665 M
solution of the chlorine compound A (21.25 mrol)} in THF and
the resulting mixture is subsequent ly refluxed for 1 hour.
20 After removal of the solvent under reduced pressure, 80 ml
of toluene are added and the mixture is filtered. The £il-
trate is freed completely of solvent under reduced pressure.

An oily product is obtained.

25 Yield: 5.80 g (17.24 mmol), corresponding to 81.7% of theory
Elemental analysis (calc. for CioH1304P; M = 336.28 g/mol): C
68.24 (67.86); H 4.02 (3.90); P 9.66 (9.21) %



100 mM of THE. 13.28 ml of a 1.6 Msolution of n 15 butyllithi
(21.25 mmol ) are added dropwise to this solution at -20C. The Tit A{H*B%i&%%
phenoxi de solution obtained is slowy added at OQC to 32.0 ml of a 0.665 M
solution of the chlorine conpound A (21.25 mml) in THF and the resulting
m xture i s subsequently refluxed for 1 hougg 20 After renoval of the

sol vent under reduced pressure, 80 n1 of t ol uene are added and the m xture

is filtered. 3hagpm | (¢ AiLS ;| 48 of,.sol reduc
pressure. An oily prod%ctgls%%b alne % %ﬁ:(g§863 I¥9g4 ﬁﬁﬁk)hﬁ)r
cor r espondi nd6f7o (300%% of - thEcHg)‘o-EkngT]ent aI anal ysis (cal c for CL9HL3O4P;
M= 336.28 g/nol): C 68.24 (67.86); H4.02 (3.90); P 9.66 (9.21) %25
JANUARY 2006 20 31P-NWVR (CD2C12) : 6 118.4 ppm EI-M (70 eV). 335 (42%
167 (100% t gyRthBdig- 681 h hite conpound (D) 5
4.155 g of nent hol (26?%9%§#D?¥Bg?§§ ?sg%Fbggn?nQ$Z (100 M) and adm xed
at -20C under argon with 16.6 ml of a 1.6 Msolution of n-butyllithiumin
n- hexane (26.59 mml ). The lithium nmenthykate solution is warned to room
tenpera 10 ture and then added to a solutio of 5.385 g of the chloro- _
phosphorus conpound A (26.59 mml) g |n T&E Q_m) which has been cooled to

0C. The reaction mxture is ue P y xed for 1 hour, evaporated
to dryness under reduced

'4.155 g of menthol (26.59 mmol) are dissolved in THF

(100 m1l) and admixed at ~20°C under argon with 16.6 mi of a
1.6 M solution of n-butyllithium in n-hexane (26.59 mmol).
The lithium menthylate solution is warmed to room tempera-
10 ture and then added to a solution of 5.385 g of the chloro-
phosphorus compound A (26.59 mmol) in THF {30 ml) which has
been cooled to 0°C. The reaction miwxture is subsequently
refluxed for 1 hour, evaporated to dryness wunder reduced
pressure and the residue is taken up in 100 ml of hexane.
15 ¥iltration and removal of the solvent under reduced pressure
give the product as a light-yvellow oil.
Yield: 6.48 g (20.1 mmol), corresponding to 75% of theoxry.
*P-NMR (CD;C1;) : § 127.4 ppm . EI-MS (70 eV) m/e = 323 (2%,
M'4E); 167 (33%); 138 (92%); 83 (100%).
20
Hydroformylation of 1-octene and di-n-butene using the

rhosphite compounds (A), (J) and (D)

The hydroformylation experiments were carried out in a
25 200 ml autoclave from Buddeberg, Mannheim, equipped with a
pressure maintenance device, gas flow measurement, sparging
stirrer and pressure pipette. In the autoclave, 10 ml of a

solution of rhodium in the form © of [Rh{1l,5-



pressure and the residue is taken up in 100 ml of hexane. 15

renoval of the solvent under reduced pressure give the produc

Pl AR b

light-yellow oil. Yield: 6.48 g (20.1 mml), corresponding to 75% of
theory. 31P-NWR (CD2Cl13) : S 127.4 ppm. EI-M5 (70 eV) me = 323 (2%
M+H); 167 (33%; 138 (92%; 83 (100% . 202iydrofornyl ation of 1-octene and

di - n-but ene using the phosphite conpounds (A), (J) and (D) The

hydr of or ny| atcyel cateidi)adiiie cafgégd out. in &e@%@&
from Buddebe;ﬁ%1 Mannhei m equi pped wth a pressure ntena
f1 ow measur erf®nt604s gk

aut ocl aye

FYevi BBLOPAs

dithFhat¢aserofind-pebeser erpicuaidt e lih tHige Ak 6! ¥€,

10 i of 2 o0f Um0 the f f_[Rh(1,5 25 JANUARY 2006 21
Ct adi o) 26 S lach U AR GrRAD AR erS Rbose iepder (%0 sgonof

cycl ooct adi ene) acac cac a

1-octene or at@wspliere thithatheofcofliefpbNifRg) syt aéysttrt]'[%r g‘?ﬁj’{’%éﬁi‘!\gre

m xed und%r an argog d&t rmsghere W th the correspondi ng anou

phosphite~bs
tol uene. 15

pressure pipette.
wi t h synt hesiptgasieCOpr@ssutel pigdite.r hagtes! bR aHeritU’ S5 Vo

while stirri
case of di-

10

E6mRs +33P4¥edi in otodnengndemddamade tupditor 4wi Ml with
Eb1aknd- ocieng ogedi £ .0 e were.introduced into, the

At er pg’fol g’gen%%@%&%hgrar RS hEREeh iRt rpdnerd
| Bsocifh
Qgggggﬁo r g& Jt.g_t .100C,in the case of 1l-octane or 120C I he
A-putane- anasr u?g‘ﬁf‘ﬁe?ﬁé‘hgm@a(ﬁ (T0/32 Farlil) t ehe
rhodium/ligand mixture was heated while stirring (1500 rpm)
to 100°C in the case of l-octene or 120°C in the case of di-

n-butene under a synthesis gas pressure of 30-33 bar in the

case of l-octeme or 11-13 bar in the case of di-n-butene.

15

20

25

30

After the desired reaction temperature had been reached, the
synthesis gas pressure was increased to 50 bar in the case
of l-octene or 20 bar in the case of di-n-butene and olefin
was added. The reaction was carried out under constant
pressure (regulator from Bronkhorst (The Netherlands)) for 3
hours in the case of l-octene or 6 hours in the case of di~
n~butene. After the time of the experiment had elapsed, the
autoclave was c¢ooled to room temperature, depressurized and
flushed with argon. 1 ml of the autoclave solution in the
case of l-octene or 2 ml in the case of di-n-butene was/were
in each case admized with 5 ml of n~-pentane and ahalyzed by
gas chromatography.

Experimental parameters for l-octene:

Rhodium concentration = 14 rpm, Rh: ligand: l-octeme ratio

1:10:15700; T = 100°C, p = 50 bar of synthesis gas (C0/H,

l:1), £ = 3 h, solvent: toluene

Experimental parameters for di-n-butene:

Rhodium concentration = 140 ppm, Rh: ligand: di-p-butene
ratio = 1:10:1570; T = 130°C, p = 20 bar of synthesis gas
(CO/H; = 1:1), t = 6 h, solvent: toluene



case of 1-octene or 11-13 bar in the case of di-n-butene. Aft
desired reaction tenperature had been reached, the synthesis gi&%&%ﬁﬂ@“ﬁ

was i ncreased to 50 bar in the case 15 of 1-octene or 20 bar in the case of
~di-n-butene and olefin was added. The reaction was carried out under
constant pressure (regulator from Bronkhesst (The Netherlands)) for 3
hours in the case of 1- octene or 6 hours in the case of di- n-butene. After

the time of the expeidiremy 0 I 0ol ed to room
t enperature, depr‘E‘sS‘trrl Zon and us e hfa?‘gg%gglg?ﬁ? %’? 'ﬁ% UEERRCl ave
solution in the case of 1l-octene or 2 m in the case of di-n-butene

was/ vere i p-each—ease—admi-xed with-5 n of p-pentane angd_anal yzed by _gas
chr omat ogr aphy. 25 aperlmntalm&(mﬂﬂm_' phite (D)
concentratipn = IZ ppii R igand—I-octenejratto—=—t104+15406—F—31046C,

p = 50 bar pf synthesis gas (COH2 = 1:1), § = 3 h, solvent: tol uene
Experi ment ajll12gkemeers for di1n-butene: 30 Rhodi um concenfrati on = 140

ppm Rh: [ t ene atio = _1:10:1%70; T = 130C, [p = 20 bar of

synt hesi s g@s q'(%d”l%n]‘%ul 1), t =6 1 sol ve t: toldene 25|JANUARE 2006 22

Tabl e: Hydr Cﬁ-(gdmdcﬁiimxﬁ)f 1-oct ene ggng di - nybut eng; Bhosphjte (@gPtbosphi te

(Z7) Phosphi jt ( (1 1- Cct ene :
mo

Di-n-butene

Yield (mol%) 42 8 26
n-galectivity 49 .8 43.8 38.5
{mol%)

For the present purposes, the yield is the total yield of
> GCy-aldehydes. The n-selectivity is the ratio of terminally

hydroformylated Cy-aldehydes to internally hydroformylated
Cy~aldehydes.



Yield (nmol % 914385 n-sel ectivity67.576.469.0 (nol% Di-n-buten |
(nol 9% 42826 n-sel ectivity49.843.838.5 (nol % For the present pgﬁg§§g§§R¥ﬁg06
yield is the total yield of 5 C9-al dehydes. The n-selectivity is the ratio
of -term nal ly hydrofornyl ated Cg-al dehydes to internally hydrofornyl ated
C9- al dehydes. 25 JANUARY 2006 0 23 CLAIM 1. A phosphite of the formula I 5
where RA is a nonoval ent unsubstituted aI?%hatic. alicyclic, m xed

al i phatic-alicyclic; mxed aliphatic-aromatic, heterocyclic. or m xed

al i phatic-heterocyclic hydrocarbon radi cdldiMaving from1 to 10 50 carbon
atons, or a nonoval ent aronmatic which is unsubstituted or substituted by

at | east one radical selected fromanong alicyclic, aromatic, het-

er oar omat i ¢, 1.mi xAdphdsphite iof-die Eymiiila, Ini xed al i phatic-aromati c,

het erocyclic, m xed aliphatic-heterocyclic hydrocarbon radicals 15 having
from1l to 25 carbon atons,. F, d, Br, T, -CF3. -CH2(CF2),CF3 where ] =0
-9, -OR9. -CON -C2R9, -CzM -SI%Q, - SO2R9, - SOR9,

)
o N AC KRA

5
where R* is a monovalent ‘unsubstituted aliphatic, alicyclic, mixed
aliphatic-alicyclic, mixed aliphatic-aromatic, heterocyclic, or
-mixed aliphatic-heterocyclic hydrocarbon radicals having from 1 to
10 50 carbon atoms,

or a monovatent aromatic which s unsubstituted or substituted by
at Teast one radical selected from among alicyclic, aromatic, het-
eroaromatic. mixed aliphatic-alicyclic, mixed aliphatic-aromatic,
heterocyclic, mixed aliphatic-heterocyclic hydrocarbon radicals
15 having from 1 to 25 carbon atoms, F, I, Br, I, -CF,, -CH,(CF,)CF,
where j = 0 - 9, -OR’, -COR’, -COR’, -COM, -SR?, -SOR?, ~SOR?,

-SOR’, -SOM, -SOMRRY, -NRR™ or -N=CRERM |
~or a monovatent heteroaromatic which is unsubstituteé or substi-
tuted by at Teast one radical selected from among aliphatic, ali-
20 cyclic, aromatic, heteroaromatic, mixed aliphatic-alicyclic, mixed
_ aliphatic-aromatic, heterocyclic, mixed aliphatic-heterocyclic hy-
drocarbon radicals having from 1 to 25 carbon atoms, F, C1, Br, I,
~CF;, ~CH(CF) CF; where j = 0 - 9, -OR®, -COR?, -COR®, -COM, -SR®,

-SOR®, -SOR®, -SOR?, -SOM, -SONRRY, -NR'RI op -N=CRERY,
25 R, R%, R® and R* are each independently a monovalent substituted or
unsubstituted aliphatie, alicyclic, aromatic, heteroaromatic,
mixed aliphatic-alicyelic, mixed aliphatic-aromatic, heterocyclic,



- S03R9, -SMBM - S0ZNROR1p, . -NRIR10 or -NRIR10, or a npnoval en
het eroaronmati ¢ which is unsubstituted or substi- tuted by at ESJ{;NUﬁ%RYZOOG
radi cal selected from anong aliphatic, ali- 20 cyclic, arorratl c,

het eroaromati c, m xed aliphatic-ali cycl ic. mxed ali phati c-aromatic,

het erocyclic, m xed aliphatic-heterocyclicoehy- drocarbon radicals haV| ng

from1l to 25 car bon atom; F, d, Br,2Ba -CF3, -GH2(CF2), CF3 where |j 0 -
9, -OR9, -COR9, - Rﬁ% -SR9 - S02R9, -SOR9, -SO03R 9, -S03M
- S2NROR10, - NRRfﬁX%fﬁ dl Ribetez‘gcmwmdmsa@m ridiaads dwﬁng from 1 to

d dent | bsgi twt t hat i
i oyelic. ol omalreouerortald ol ) &7 o0 bt CH CP oGS Whereri et -

alicyclic, aromatic, eroaromatic,
al i phati c-aromat i9, ﬁE‘i er-@0Ry| i €O,5 JENMARYSRO0650,R234a. Sgﬂsxedg%R SOﬁM

S e T R R
T N g S T T e

substituted or uhydirsrben edddtaishhsvingofrar QMg ivg CMﬁogﬁﬂgonaﬁ@ﬁl gl
having from1l to ?g]carb a,toms and Mis an_alkali netal 1o0n,

al kal i ne earth mB{&31% BRtaL JoRnmamialkalivr ewrthpmetihdanuran @mmcmumadpmcmnt
radicals R to Rph A figpm @ fused substituted or 10 unsubstituted
aromati c, heteroarorratl c, aliphatic, nixed aromatic- aliphatic or mxed

het er oar omat i c- abf piriacent inadieaist 8htoaRl thgethdr féran aREusd® subSid0fedbrar
each an g atom aﬂﬂsdﬁsﬁ?&teﬁp‘amma%w %eter‘oaromatic aliphatic, mixed aromatic-

aliphatic or mixed heteraaromat1c~ahphat‘ic ring system;
and k = 0, '

when R', R%, R® and R* are each an H atom and k = 0, R® is not an

alkyl, aryl, aralkyl, alkenyl or cycloalkyl group,
- 15 “or of the formula A, E, F, G, D or M

cel¥eonl
el

C
sooVen
. P

Bu ' (F)

(A)

(E)



al kyl, aryl, aral kyl, al kenyl or cycloal kyl group,. 15 or of t

EE F, Q Oor M O (A) COHt9 tB (F) 25 JANUARY 2006 23b igu th &%®Q¥M§$5ﬁm6
or 5 a phosphite of the formulal (C (M (0) (t) where RA i's a nonoval ent
substituted or unsubstituted aliphatic, 10 alicyclic, aromatic,

het eroaromatic, m xed aliphatic-alicyclic,ogm xed aliphatic-aromatic,

het erocyclic,-or m xed aliphatic- het23bcyclic hydrocarbon radicals having
froml to 50 carbon at- o, RlL, R2, R and R' are each independently a
nonoval ent substituted ory 15 unsubstltuted al i phatic, alicyclic, aromatic,
het er oaromat i c, X%2C , mxed aliphatic-aromatic,

het erocycl i c, I X¢ ' ' ocyclic hydrocarbon radicals haV|ng
from1lto :

(&)
(M)
CoHyg
)
or
5 a phosphite of the formula I
R1
Rz
()
R® o ¥ kRA
R4

where R* is a monovalent substituted or unsubstitufed aliphatic.
10 . alicyclic, aromatic, heteroaromatic, mixed aliphatic-aiicyclic,
mixed aliphatic-aromatic, heterocyclic, or mixed aliphatic-
heterocyclic hydrocarbon radicals having from 1 to 50 carbon at-
. oms,
RY, R, R and R* are each independently a monovalent substituted or
15 unsubstituted aliphatic, aljcyciic, aromatic, heteroaromatic,
mixed aliphatic-alicyclic, mixed aliphatic-aromatic, heterocyclic,
mixed aliphatic-heterocyclic hydrocarbon radicals having from 1 to



25 JANUARY 2006 23c 0 50 carbon atoms, H, F. C, Br, I. -CF3, J
where j = 0 9. -OR9, -COR9, -CO2R9, -C2M -SR9, -S02R9, -S Wﬁﬂ%ﬁ
-SBM - SO02NR9R19, -NROR10, -N CROR10, where R9 and R10 are each

i ndependently a H, nonoval ent- substituted or unsubstituted aliphatic or
aromatic s hydrocarbon radi cal s havi ng frem1l to 25 carbon atons, and Mis
‘an alkali metal ion, an al kaline earf¢h¢nmetal ion, an anmoni umion or

phosphoni um i on, ﬂr agj acent radicals, RL to R4 together forma fused
substituted or GHsTASSPTt3H0BS. i orfat FE, Bret Br o&FonaCHACFALGRMahere, jnix@d-

aromatic- 10 alighathg or.pApxed, ero mat q@- al_Lphati ik NQ em__and k
= 1, when R1, Rz?' RSngr']d I%gkérecgﬁh agdzﬁf at%lﬁf anggﬁlg': 'CSdI%A i'ggzﬁit -ayraM.
al kyl or aryl gr oSHNRRE, JAMCERY -260RR¥4 whete B RO Niare @é"chd'i?{tj?‘éﬁdhﬂﬂ

i drtr marmnd’

claim1, wherein_the radical, R of the phosphite is selecte
aromatics and h8t rE'BF'%Y?Q@FE§%§i‘9-3:wt§ﬂe°'im‘§'ﬁ%%ﬁ1tu’€%ﬂ adiphaliist or wredatiay

at | east sone r adhgfocaSidic : [ tbg, | icyclic, aromatic,
het er oar omati c, rr'?:ged al i pyﬁgﬁ‘{:ﬂg%@Q?f@l{" ?ﬁt}%egga‘fqrgﬂgt g, o?m{ ﬁc?s an
heterocyclic, nakedianefiatdon, het alkaliaki eartiionsicdr hom, r@dhﬁﬁmumax(ﬁni
from1l to 25 car nﬁéno B d, Sr, I, -CF3, -CH2(CF2)jCF3 where | =0 -
9, -OR9, -COR9, F wlicigny

or adjacent radicals R* to R* together form a fused substituted or

unsubstituted aromatic, heteroammat'ic,- aliphatic, mixed aromatic-
10 aliphatic or mixed he’éer‘oar‘omatic-aﬁph&t‘i ¢ ring system;-

and k = 1,

when R', R®, R® and R* are each an H atom and k = 1, R® is not an

alkyl or aryl group. o '



-SR9, -S02R9, -SOR9, -SMBRY, -SMM -SM@NROR10, -NROR1O or -
where R9, .R10 and Mare as defined in claim1l. 3. A phosphite agﬂ%‘?ﬁ&ﬁfﬁ’ﬁ
claim1l1, wherein the radical Rt of the phosphite is selected from anong

aromati cs and heteroaromatics which have fusegdson aromatic, het-
eroaromatic and/or aliphatic rings which a#%4 unsubsti- tut ed or substituted
by at | east one radical selected fromanong aliphatic, alicyclic,

aromatic, heteroaro- matic, mxed aliphatic-alicyclic, mxed ali phat i C-
aromatic, heterocyclic, mxed aliphatic-heterocyclic hydrocarbon radicals
having from1-to 25 carbon atons, F, d, Br, I, -CF31 -CH2(CF2)5CF3 where
j =0-9, -0OR9, -COR9, -CRR9, -CO2M -SR9, -SO2R9, -SOR9, -SO3R9r -SO3M
- SO2NROR10, -NROR30 or -N=CROR10, where R9, R10 and Mare as defined in
claim11. 25 JANUARY 2006 25 4. A phosphite as clainmed in any one of clains
1 to 3, wherein adjacent radicals Rl to R4 of the phosphite to- gether
forma fused aromatic, heteroaromatic, ali phatic, m xed aromatic-aliphatic
or m xed heteroaro 5 matic-aliphatic ring systemwhich is unsubstituted or
is substituted by at | east one radical selected from anong aliphatic,
alicyclic, aromatic, heteroaromatic, m xed aliphatic-alicyclic, m xed

al i phatic-aromatic, heterocyclic, m xed aliphatic-heterocyclic hydrocarbon
10 radicals having from1l to 50 carbon atons, F, O, Br,

2. A phosphite as claimed in claim 1, wherein the radical
R of the phosphite is selected from among aromatics and
hetercaromatics which are unsubstituted or substituted
by at least one radical selected from among aliphatic,
alicyclic, aromatic, hetercaromatic, mixed aliphatic-
alicyclic, mixed aliphatic-~aromatic, heterocyclic,
mixed aliphatic-heterocyclic hydrocarbon radicals hav-
ing from 1 to 25 carbon atoms, F, Cl, Bxr, I, =CF;,
~CHz(CF2);CF; where j = 0 - 9, -OR®, ~COR®, ~COR’, ~CO.M,
~8R’, -50,R°, -SOR’, -SOsR°, -SOaM, -SONR°R'°, -~MR°RY or

-N:CR”R“, where R°, R' and M are as defined in claim 1.

3. A phosphite as claimed in claim 1, wherein the radical
R' of the phosphite is Belected from among aromatics and
heteroaromatics which have fused-on aromatic, het-
eroaromatic and/or aliphatic rings which are unsubsti-
tuted or substituted by at least 6ne radical selected
from among aliphatic, alicyclie, aromatic, heteroaro-
matic, mixed aliphatic-alicyclic, mixed aliphatic~
aromatic, heterocyclic, mixed aliphatic-heteroc;yclic
hydrocarbon radicals having from 1 to 25 carbon atoms,
¥, €1, Br, I, -CF3, =-CH,(CF;);CF; where j = 0 - 9, -OR®,
~COR’, -CO;R®, -COM, -SR°, -SO;R°, -SOR®, -SO0:R°, -SOsM,’
-SO.NR’RY, -NR’R' or -N=CR°R!, where R’, R and M are as

defined in claim 1.



|, -CF31 -CH2(CF2)JCF3 where j = 0 - 9, -OR9, -COR9, -CO2R9,
-SCRPRY, -SOR9, -SO3R9, -S03M - SCRNRORLO, - NRORLO or - N=CRIR ' Zg%%%@%%

R10 and mare as defined in claiml1l. 15 5. A phosphite-nmetal conplex
conprising a netal of group 4, 5, 6, 7, 8 9 or 10 of the Periodic Table
of the Elenments and one or nore phosphiteg of the formula | (1) R 20
where Rl is selected fromanmpng nonoval ent substituted or unsubstituted

aliphatic, alicycAi @hodphitld CasheiraGlRar PR . %et SF o ST Ahathi 3

aliphatic-alicyclic, mxed ali 25 phatic-arom
al i phati c- het er déherein hadi seepboradidiada Rhaoi B bEORRE tehc2hitar Ryl

atonms, R ', R each sel ected inde endently from anong
monoval ent subst ::? %'- f%%%ub%t i f’%?%‘g dFromat muwm%%t i @1li-
alicyclic, .aronatpiatie} emiHednbronated 13idhatdRat be- ahicyg! Ih%tero)é,%%_

al i phatic.aromati c, heterp C- I|c m xed al i'phatic-heterocycli

hydrocar bdn radi CBHsiCTalARPRAE e mTing, %Mbwhlahorﬂﬂs ithsEbsﬁ.tuBéd bx
RO,

:gggRgS ) gaz?(QCF-Z)SiOB Rguyﬁgégﬁteasaléﬁlog%nge rad:l.cal seJc.:eogil:véd f:srom

among aliphatic, alicyeclic, aromatic, heteroaromat:.c,
mixed aliphatic-alicyclic, mixed aliphatic~aromatic,
heterocyclic, mixed aliphatic-heterocyclic;: hydrocarhon
i0 - radicals having from 1 to 50 carbon atoms, F, Cl, Br,
I, -CFs, ~CHz(CF;)jCF; where j = 0 - 9, -0R°, -COR’,
~COR’,  -COM, -SR’, -SO,R%, -SOR’, -SO,;R°, -850;M,
~SONR'R'’, -NR°R™ or -N=CR’R™, where R°, R™ and M are as
defined in claim 1. '
15
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 of the formula I

R? 0

0 O
[
R3 O/ \O le

20 R*

where R is s.elected from among monovalent substituted

or unsubstituted aliphatic, alicyclic, aromatic, het-

erocaromatic¢, mixed aliphatic-alicyclic, mixed ali-
25 phatic-—a.romatid, heterocyclic and mixed aliphatic-~

"heterocyclic hydrocarbon radicals having from 1 to 50

carbon atoms,

R', R’, R® and R' are each selected independently from

amongy monovalent substituted or unsubstituted ali-



- Rlp, Wiere R9 and R10 are selected independently from apg JARY 2006
rmN;(():\l?zl egt substituted or unsubstituted aliphatic and aromatiC hydrocarbon
radicals having from10 1 to 25 carbon atonms and N is an alkali netal ion,
for- mally half an al kaline earth netal ion, an amoniumion or

phosphoni umion, or adjacent radicals Rl tmeR together forma fused sub-
stituted or unsubstituted aromatic, heteroaronptic, 15 aliphatic, m xedk _
aromat i c-al i phat i @hat i, e feBtariear %dﬁﬁ&,a'ﬁﬁ@féﬁéﬂagﬁéyég%gq aﬁrgﬁiT =
0 or 1. 6. A phosphite-nmetal conplex as clained inclaimb5 ™2 ere e
radical Rl of the dpnrddoyelisl e ontved r edbiphatd canroriaitie, anbeterocyc-

adical Solectod Feamansy Attphar it ERpRroRyRRte Mylirathiton Cremtenls

radi cal sel ected _ _ re _
matic, mxed aliphavingaropclii ¢o GoxedrBbhpasbing, 2k, aF9NBYI Cpy, ﬁavrﬁ‘é'a'

het er ocyclsd ¢, m xed_al | phatic-heterocyclic hydroc rbon’radi cal § _
from1 %10525 car bG%Hék%‘lgﬂg,icE? Yhers i ' 0_cr8, -ORD, (€FOB’,5GRDRier eCp.lt O

- 9, -OR9, -COR9.grén2 co2M R9, _g R9, _a 9, 0, 10- SBMg_10
. SCONRORLD, - NRORED or - - NARoR10. “Fher e ?@%Rm %‘%ﬁ a_f"??ég%‘ 30 déft Red in
claim1. 7. A phosBRER®R'Tet athexmpRex aad &Y nepsb | Belbat8ud, inddiRiRidhdile
radi cal RF of the ﬁsphi te 1§ select eq_ from anong aromatics and

het er oar omat i cs wireh Rawsd Heqfiohoyalent muwpstifiited or unsubstituted

aliphatic and aromatic hydrocarbon radicals having from
10 1l to 25 carbon atoms and M is an alkali metal ion, for-

mally half an alkaline earth metal ion, an ammonium ion

ox phosphonium ion,

or adjacent radicals R' to R' together form a fused sub-

stituted ox unsubstituted aromatic, heteroaromatic,
15 aliphatic, mixed aromatic-aliphatic or mixed heteroaro-

ma.tic-al'iphatic Tring system;

and k = 0 or 1.

6. A phosphite-metal complex as claimed in claim 5,

20 wherein the radical R of the phosphite is selected from
among aromatics and heteroaromatics which are unsubsti-

tuted or substituted by at least one radical selected

from among aliphatic, alicyelic, aromatic, hetercaro-

matic, mixed aliphatic~-alicyclic, mixed aliphatic-

25 aromatic, heterocyclic, mixed aliphatic-heterocyclic
bhydrocarbon radicals having from 1 to 25 carbon atoms,

F, Cl, Br, I, -CF;, -CH;(CF;);CF; where § = 0 - 9, -OR’,

-COR’, ~-CO:R®, -COM, -SR°, -SO;R°, -SOR’, -8O0;R°, -SO.M,
-SO;;NRQRN, -NR°R* or —N:CRSR“, where R®’, R* and M are as

30 defined in claim 1.

7. A phosphite-metal complex- as c¢laimed in eclaim 5,
wherein the radical R of the phosphite is selected from

among aromatics and heteroaromatics which have fused-on



27 5 aromatic, heteroaromatic and/or aliphatic rings which ar
unsubstituted or substituted by at |east one radi- cal select egsf]‘ré\yg%%nzgﬂ%
aliphatic, alicyclic, aromatic, heteroaromatic, m xed aliphatic-alicyclic,

m xed ali- phatic-aromatic, heterocyclic, m xed aliphatic-hetero- cyclid
hydr ocar bon radicals having from1l to 25 carbon atons, F, C, Br, |, -CF31
-CH2(CF2)j CF3 where j =0 - 9, -0OR9, -COR9, -C02R9, -CX2M -SR9, -S2R9,

-SOR9, -SO3R9, - &bdihhtiS MR bardMEBRY anay/brCRYEhavhier 2383s Ralk
M 10 are as defined in claim1. 8. A phosphite-netal conplex as c ai nme
any one of clai nB¥® upsybsiAEnsed a3 a&‘é?ﬁtﬂﬁ%Im%IbYRatt d.e%tofondwe’:ad:.-

phosphite togetheg, %oggigc{:gaegrg ongl %"@oaﬁ%{é} Qaro 1 t| aI |l§{;&;{ I,C

m xed aronmatic-al i phatic or (N

whi ch i s unsubst |hate¢eah:unat£c$uhﬁxéwt mﬂﬂhmd-ﬁd&by@lﬂ.d adinﬂﬁédsﬁli-

| ect ed fr m armngl?)g hat| c, al icyclic, aromatic, het- eroaromatic, m xed
I

al i phati c2 aI i cyc FtenRtiog Mﬁ”i?%&ﬂﬂ cixederaderhatdcHetaro-
al i phati c- het er O‘cfd(ﬁé Ch?di‘&@ﬁi‘ﬁ@ﬂnzf Alss ﬂ’eﬁ?’n{% f:&gﬁn 1 ngig ciaarigmon

atoms, F, , CH2( CF2) JCF ere =
COZR9 002|Vl %DmSSOERWI SE}RQ I,SGGRQ., —GM),@@WJ —.-NI§9R1@J or

- N=CR9R10, where F ¢l Mﬁégnﬁre l\gﬁflnegl in clagm 9, A
phosphite-nmetal co I’ex @QC'I al aﬁé SO;R°, -50R’, -503;R°,
-80;M, -SONR°R', -NR’R* or -N=CR°R', where R®, R! and M

10 are as defined in claim 1.

8. A phosphite-metal complex as c¢laimed in any one of
claims 5 to 7, wherein adjacent radicals R to R of the
phosphite together form =a fused aromatic, heteroaro-

15 matic, aliphatic, mixed aromatic-aliphatic or mixed
hetercaromatic-aliphatic ring system which ig unsubsti-
tuted or is substituted by at least one radical se-
lected from among aliphatic, alicyclic, aromatic, het~
eroaromatic, mixed aliphatic-alicyclic, mixed ali-

20 phatic-aromatic, heterocyclic, mixed aliphatic-hetero-
cyclic hydrocarbon radicals having from 1 to 50 carbon
atoms, F, Cl, Br, I, ~-CFi;, ~CH,(CF;);CF; where j = 0 ~ 9,
-or’, -cor’, -CO,R®, -COM, -SR°, -SO,R°, -SOR®, -SO:R°,
-80:M, -SO,NR’R®, -NR°R' or -N=CR°R!’, where R®, R and M

25 are as defined in claim 1.

9. A phosphite-metal complex as claimed in any one of
claims 5 to 8, wherein the metal is rhodium, piatinum,
palladium, cobalt or ruthenium.

30

10. The use of a phosph:'.te as defined in any one of

claims 5 to 8 or a phosphite-metal complex as claimed

in any one of claims 5 to 9 in catalysis.



claimse 5 to 8 wherein the netal is rhodium platinum pall adi
or ruthenium 30 10. The use of a phosphite as defined in any gﬁg‘A(l)\ﬁ?Rﬁlytm%
claime 5 to 8 or a phosphite-netal conplex as claimed in any one of clains
5to 9 in catalysis. 25 JANUARY 2006 28 11. The use of a phosphite as
defined in any one of <clains 5 to 8 or a2shosphite-netal conplex as

claimed in any one of clains 5 to 9 in honogeneous catalysis. 5 12. The

use of a phoiphitThes ueéi nefl ianh PO asl 2d8BiReli0 §nora§? one of
phosphi t e- net al cog%}‘eé gs clained in _any one of clainms 5 to in a
process for the h§UrLRSfdr i & i 9F & phosphite-reted Jtmpler as cilaimed in

claim 12, wherei njfUshPesndN9B- o PRALLYS t@i i ligands are present. 14.
A process for the hydr%fornyl at‘izonﬂ(;#| %ﬁg?i%sﬂ\rfﬁcllcn?ée%%%’fi%%gaflé%t’ﬁi ng a
nmonool efin or nonoolefin mxture 15 with a m xture of carbon nonoxi de and

hydr ogen &n e sence of. a phosphite as defined in_any one of clains 5
to 8 or asph%gbhi'?%sne q HpPexP s@ﬁ‘&Fﬁedasi rAefinede 0 @Any nom® t 0£9.

20 15. A process ¢Ddirnid e9atbN® P hasphidkPritechdidgd d of clai.ns .1
to 4, which conprjses (a) reacting an a-hy rofygn%lfﬁgaréoo@éll’% i 8&8‘1"‘“9%
formula (1) 1n any one of claims 5 to 9 in a process for the hydro-

formylation of olefins.

10 13. The use as claimed in claim i2, wherein further phog-

phorus-containing ligands are present.

l4. A process for the hydroformylation of olefins, which
comprises reacting a monocolefin or monoolefin mixture
15 with a mixture of carbon monoxide and hydrogen in the
bresence of a phosphite as defined in any one of
claims 5 to 8 or a phosphite-metal complex as claimed

in any one of cla.ims'S to 9.

20 15. A process for preparing a phosphite as claimed in ‘any

of claims 1 to 4, which comprises

(a} reacting an o-hydroxyarylcarboxylic acid of the
formula (1)

CH

R3 OH
25 R (1)

with PCl;, PBr; or PI; in the presence of a base to form
a halodioxaphosphorinone of the formula (2), where Hal
30 " =Cl, Br or I, and




OH with PC13, PBr3 or P13 in the presence of a base to form a
hal odi oxaphosphori none of the fornmula (2), where Hal 30 = C ;2@9A8p1§3¥éﬁ§6
25 JANUARY 2006 29 (2) (b) reacting the hal odi oxaphosphorinone (2) in the

5 presence of a base with (1) an alcohol HOR to give a phosphite of the
formula (1) in which k = 0 or (ii) a carbozglic acid HOOC-R? to give a
phosphite of the formula (1) in which It =1, 10 where RL to R4 and R are
as defined in claim1l. 16. A process for preparing a phosphite-netal

conmplex as clainmed in any one of clains 5 to 9, which conprises reacting

a metal of group 4, 5, 6, 7, 8, 9 or 1Rbf tdhe 15 Periodic Table in

el emrental formor in the form of gz chem calfl conpound wth a phosphite as

defined in any

10

16.

15

one of clalns 5t o

P
R® 0" “Hal

R (2)

(b} reacting the halodioxaphosphorinone (2) in the
Presence of a base with

(i) an a.lcoho]_. HO-R' to give a phosphite of the
formula (I) in which k = 0 or

(ii) a carboxylic acid HOOC-R to give a phosphite
of the formula (I) in which k = 1

r

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

A process for preparing a phosphite-metal complex as
claimed in any one of claims 5 to 9, 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 defined in any
one of ¢laims 5 to 8,




