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phosphat-e conpounds and new phosphat e-nmetal conpl sent invention
rel ates to new phosphate conpounds and new phospdmmM@@Mm&’ﬂnpl exes, and
to their use in catalytic 5 reactions. Thg reaction o conpounds,
carbon nmonoxi de and hydrogen in the presence of a cat&fy%t to formthe
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process). Catal ysts used in these reactions ar requently conpounds o

transition netals of groups 8 to 10 of the Periodic Table of the El enents,

in particul,i‘;i;l con‘goun s,of rhqdiumgnd of .cobalt. Compared to catalysis
Bo

usi ng cobal 8RAS, *RYEPSASPAFCAAESS R MEY RRRERE LA CoMRRURLR cAnd 5
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economical . In the case of rhodiumcatalyzed hydrofornylation, use is

usual | y Aadtedetdengkexes whi ch conprise rhodium and preferably trival ent
phosphorus conpounds as |igands. Known |igands are, for exanple, conpounds
20 fromthe classes of phosphi nes, phosphates and phosphonites. An overview

of the hydrwher rghetion of olefiims compdundsgurhrborB. mdidtide, and Kydro-
HERRVANN, " lied ngmgeneous Catal ysis with O ganongetal li¢c Conpounds”,
Vol . 1&2, D \iR nhBem PRRICRCR k OF1096 caliplival, Eot Sy She pidelydes or

rhodi um hagaiffigSReud f mbr@dVeatBess atdmPeldi Nehdih t BB Sﬂﬁ%ﬁaﬁﬁi&éig}.
and target product, different catalyst systens are used. rhodium an
tri phenyOphéophi mragessinp| Ggbalyats| afded inn these/ dredctidlds marst efirat

| ow . hosphorus-cantaining Jigand, jt i |t |
el phenyt prOSBRERY EreBarnds SFFahethiod Reads of B250pe Mo dRld \of o
i ncrease t heheelbegiodicy Tabldcof ceRéi ElementBS GHTHHW fdd Var cSbhpbhRds

n-al dehyde product . OXENO O efinchem e GibH o0.z. s808 2 US-A-4, 694, 109
and US- A- 4, 8forhedipm and of GobMsopiGampanashks eatrlvls waing cehalt

hydr of or myl atj ol gfy hesi: S ~0 ur, ' lylLiies
and high n/ ?E’g‘g{a‘ég{ifx’/i ?lwe%soa% Pt ﬁ%?“ﬁ‘g FTS%% S ot“%?"ﬁ’i°§l"t%%p2§£’g&
parti cullar| alig oifEerpdtdfeoraxiitaitage 0d6f phighere. svbebtivAilQtdhdlchertives

bi dent at e phos t#l_ne | i gands and,their use |n catalysis, jing¢|udin

hydr of or ry | BERBALY e BT ESOREMEERT e L - BBy RAFBI SRR T Cftalyzed

di scl osed, h@arexaehirtation/S-dsd 4G, 88hally Andd80bf/ léonplexes which
US-A-4,193,943 as ligands for hydrofornylations. is The disadvantage of

bi dent at e prRe®prife |rhediwm| and,cpreferablye|trixainnt apbesphopusat ¢om-
For this regslas’ ha' 1180hA3."Rncui®19Yaild Yard 2k | QedliS1 & BorySISEE "
20 from the classes of phosphines, phosphites and phosphonites.
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
Fach catalyst system (cobalt or rhodium) has its specific

advantages. Depending on the starting material and target
product, different catalyst systems are used. If rhodium and
triphenylphosphine are employed, oa-olefins can be hydrofor-
30 mylated at low pressures. As phosphorus-containing ligand,
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

A
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product.




20 Rhodi um OXENQ lodgipéheine GabIp| exes are suitabl e catal ysts for theo.z 5808
hydr of ornyl ati on of branched ol efins having internal double bonds, but the
sel ectivity to terminally hydrofornyl ated conpounds is |low. EP-A-0 155 508
di scl oses the use of bisaryl ene-substitutgd nonophosphites in the r hodi um
25 catal yzed hydrofornyl ati on of sterlcally hi ndered ol efi ns,

i sobut ene. HEOLLANEHNOEHHAt £n§ONHE SXEE, 67 24 Oub%&f%@xdr%org%é@&a%hfﬂe

| i near ol efins haV|ng term nal and |nternaT onds to
pr edomi nantlw%mﬂm naﬂl fhigjigr ofss Mg athe bydtofbnnyhut:.bnamfhmqﬂ:ais nest

havi ng i nt e nal e .bonds are reacted t nly a,smal,l exte When
coor di nat ed{?‘g 5’?\% A5 SR PEOSENKES I?hé)]% \éﬁﬁdé’ﬂﬁ&teés oin ehégthal'&@fs
of increasegepéétivivies! tbﬁaghaéﬂfemraism%l | 1 BgRRd8Vif Ofnide

cat al yst OXENO d efinchem e GrbH O Z. 5808 systens is unsatisfac or y,

partly bécapastbeulaslyyimotheibydvafprmylayion oficpphpephite | i gands.

Consi derabl e i nprovenents were able to be achieved by use of substituted

bi saryldiols as starting materials for the phosphate |igands, 5 as

descri bed iwoER-95030864062deserfbed- Obiddntate AptwsPhigd O Tiardd eradar e,
the rhodi um coppl exes of these |igands are extremely active

hydr of or my| EReHR ARSI Y&t s CASALYSABaf | hRC1pding, reformyinpion 7 et
and US- A-4, 885,401 10 descri be pol yphosphate |igands by neans of which
a-olefins and al so 2-butane can be converted with high selectivity into the
term nally hydrofornyl ated products. In US-A5, 312,996, bidentate |igands of

thi.s type e_al so used.for _the hydrofqrnylation of utale 15 Al t hough
t he. phosphgf%grﬁ%%??gﬁ’éﬁé%?g 5‘38%88 nd*i gAhas ?5? fh%(?rrurﬁm mi ng
hydr of or nyl fhi ouscatal yedsseil i gsdasiarabhe7ha diaweoversfard ey ,iapsli |4
prepar abl e phosphates to achi eve further | nprovenents in thelr effec 20
tiveness, fbioaRdspferihvdrefermyh9tiondn. Phosphates having salicylic acid

bui | di ng bl ocks of the formula 0 O 25 ~Oa P O- FOR where R - al kyl, aryl,
aral kyl, al kenyl .. cycloal kyl, acyl, 30 COPh, have been described as

st abi | i 2&r sTR®r %%ﬁ?%%@ t o€ ph%éﬂ’c‘%a‘a?’ M%‘GJIMMG’@@%IB? theigp
10081801. Fp fihqtﬂréﬂc 94 calted %ﬁ%ﬁ E§ T | £8488nPT QRETH4 €S

of phosphates having salicylic aci 'Ioc
often not economlcally viable to use such systems in indus-

trial processes.

20 Rhodium~monophosphite complexes are suitable catalysts for
the hydroformylation of branched olefins having internal
double bonds, but the selectivity to terminally hydroformy-
lated compounds is low. EP-A-0 155 508 discloses the use of
bisarylene-substituted monophosphites in the rhodium-

25 catalyzed hydroformylation of sterically hindered olefins,

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



OXENO d ef i pghROIReffatitRidcibE. 5808 in the Russian Journal Vysokot ss0s
Soedin., Ser. 8 (1970), 12 (3), 189-192. It has surprisingly been found
that phosphites of the for 5 mula | R~ R' where Rl is selected from anong
monoval ent substituted or 10 unsubstituteg aliphatic, alicyclic, aromatic,
heteroaro matic, mxed aliphatic-alicyclic, mxed aliphatic-aromatic,

het erocycl i 1 xed | § Co ro | r i i DO
from 1 1o sovecend 160 IR CRLFLLS BERRRR & O fifasoldile
i ndependent bgnéitivatpn@fl ch®nphesphiteulligandsed Considerxiiid uinpfrove-
aliphatic, alicyclic, aromatic, heteroaromatic, m xed aliphatjc-ali cgc_:l I C,
n xed al i phBEPEBaWSRS | 1R ter RS cRrRieNPdedYal WM aPEC HBIRS e} bis-

hydr ocar bon I3€ [ 1 r a , s,
_CF3, -CH2 %?E?%%B%eggaf—é?ﬂ% mage 5(2133_%028‘?* “EBEC PR e g
- SOZR9, 3$SORm9, degogibed- $03WP-ASO2RRIRE22- NRORP-A-R=@R2R071where RO and Rl
are selected i ndependently from anong H, nonoval ent substituted or
unsubstituted aliphatic and aromati c hydrocarbon radicals having from1 to

25 carbon aphegbranfigMtcs tie alkeérat®ié) tR8, rhodiamWdnpleaids ave atkakane
earth netal ion, an amoni umion or ghosphonl umion, or adjacent radicals

RL to R4 todégnBAsSf &R LHLEMLLULICE i chvirofesmmdatione Faiahuatie, for
i xed. ar onafGLaRBRa: U B 4S8R etk |42 A% pirid 09 Rif 98B ehes
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
Although the phosphites mentioned are good complexing
ligands for rhodium-containing hydroformylation catalysts,
it is desirable to discover further readily preparable
phosphites to achieve further improvements in their effec-

20 tiveness, for example in hydroformylation.

Phosphites having salicylic acid building blocks of the

formula A
25

P
o~ oRrR
where R = alkyl, aryl, aralkyl, alkenyl, cyclocalkyl, acyl,
30 CoPh, have been described as stabilizers for plastics in the

patents JP 06025493, JP 2000038487 and JP 10081801.

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

erties of phosphites having salicylic acid building blocks



and k = 0 opxENO OlefinciRhhpibH e- et al conpl ex conprising a netal ob.swgp 4,
55 6, 7, 8 9 or 10 of the Periodic Table of the Elenents and one or nore
of' the phosphites of the fornmula I can be used in catalysis. The present
invention is preferably directed at the uge of 10 the phosphites or the
phosphite-netal conpl exes in honpbgene ous catalysis, in particular in the
hydr of or nyl n 1al vi d orq
hydrofornylg%lon o? QFEFh §ou¥§§& %é%% gghspggﬁﬁ% thgﬁﬁfesen |nv£nt|on
is the abovéedent 189eti9phosphite-nmetal conpl exes. The invention further
provi des phosphates of the fornula 1, with the proviso that when R, R2, R3
and R4 are each an Hatomand k = 0, RL is not an al kyl, aryl, aralkyl,

al kenyl or gyChagl ktrdiiiihg @%%W%unal,tﬂ% FRodPrifls 26¢ Qarh #orH
atomand k =1, RL is not an kyl or aryl group. In a preferred phosphate,
t he radléalmﬁaaoI t he phosphate is selected fromanong aromatics and

het eroaronmati cs which are 25 unsubstituted or substituted by at |east one
radi cal selected fromanong aliphatic, alicyclic, aromatic, heteroaromatic,
m xed aliphatic-allcyclic, mxed agitphatig-aronatic, heterocyclic, m xed

al i phati c-heterocyclic hydrocarbonjradicgls having from1 to 25 carbon
atons, F, d, 8r, I, 30 CFﬁg CF3 wherej - 0 - 9, -0OR9, -COR9,
-CQZR9, -CO2M -SR9, -SQZR9, ™ -503M/ \SO2NRORYyy - NRORI  or
-N=CROR1, where R9, R and M ar 4 bove[ @ \OXENO O'ef i ncheni e
GmH 6 O Z. 5808 In a |likew se nreferred phosphat Il he radical Rl is

sel ected from anong aronatic? QA AN C ch have fused-on
aromatic, heteroaronmatic an@/ or allphatlé)rlngsOWhlc k Rre unsubstituted or
substituted by at |east one radlcal4se 5 lected from anong aliphatic,
alicyclic, aromatic, heteroaromati & m xed aliphatic-alicyclic, mxed

al i phatic-aromatic, heterocyclic, m xed aliphatic-heterocyclic hydrocarbon

radi cal s havi ng fron11 to 25 carbon atonms, F, C1, Br, |, -CF3, -CHZ (CF2)
j CF3 where jwher8 -R'9.is CR@lecteR9, frcﬁﬂiRﬁonéO mcﬁQZleexﬁR9 subB8tiltutedS@P,
-SBR9, -503M -SOZNRIOR1, -NRORL qr CRORl ,_. where R9, R and M are as

deflned1QboV§s“bPFéFEF8ﬁce§1§99P§&°g|véﬂ%ﬁ?qiﬁ g RIMMALAE o BRBLECATO-
radical s R pheiR4 Weﬁliﬁﬁﬁﬁciaifgyéiﬂgm h&xé&e'[ﬂfé‘ﬂmj-ﬁroﬁétlc,

al i phati c, nlxed aromatic-al i phatic or ™ xed heteroaro I caliphatic ring
syst em whi cheteroayabiti t andd mixed sabirhaviedhéyernocivedic onpdredarhén

sel ected from,ano | i phat i.c # c%ic atromatic, heteroaromatic, m xed
allphatlcaIFegéFFEg ﬁFY@BgaFFBWa g& 8WEFF§ 8%8F8¢yclic m xed 20
al i phati c- hgter gy ck? caﬁudnbcaé@oaa&adus@ab%tbav '1ﬂméﬂdaiaehﬂ1@ 5@:&&”&@6:19
atoms, F, d, Br, I, -CF3, -CHZ (CFZ) | CF3 where |
_COzR9, 150@9}103'5?29“ sepketitgted %3mglsulajamutesbzmhatmma&-
- N=CRIRI, él T’@%'m?' &é}%ﬂf&ﬁa{ﬁ% LI 2§1£§H%€§8“£i‘1&¥811c,
phosphat e Ilgan S0 ornu for use dccording to the Invenilon are:
OO/ tBu | m3%e® Oaliphatic- aromat:l.c, heterocyclic, mixed aliphatic-
heterocyclic hydrocarbon radicals having from 1 to 50 carbon
atoms, H, F, Cl, Br, I, -CF;, -CH2(CF;)iCF; where j = 0 - 9,
20 -OrR®, -cOR’, -CO,R’, -co,M, -SR°, -SO,R®, -SOR®, -SO3;R®, -SO;M,
-SO,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, heterocaromatic, aliphatic,
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mixed aromatic-aliphatic or mixed heterocaromatic-aliphatic
ring system;

and k = 0O or 1,

or 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 of the phosphites of the formula I can be

used in catalysis.

The present invention is preferably directed at the use of
the phosphites or the phosphite-metal complexes in homogene-
ous catalysis, in particular in the hydroformylation of
olefins. The invention also provides a process for the

hydroformylation of olefins.

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
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
unsubstituted or substituted by at least one radical se-
lected from among aliphatic, alicyclic, aromatic, heterocaro-
matic, mixed aliphatic-alicyclic, mixed aliphatic-aromatic,
heterocyclic, mixed aliphatic-~-heterocyclic hydrocarbon
radicals having from 1 to 25 carbon atoms, F, Cl, Br, I,
-CF;, -CH,(CF;);CF; where j = 0 - 9, -OR®, -COR°, -CO,R®,
-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.



OXENO A
(N .

ef | OXENOIQRefloaiRimidGrbH 5808 (H) 10 15 20 25 30 ~Bu (J) (K) (d.2.560%)

10

15

20

25

30

6

In a likewise preferred phosphite, the radical R is selected
from among aromatics and heteroaromatics which have fused-on
aromatic, hetercaromatic and/or aliphatic rings which are
unsubstituted or substituted by at least one radical se-
lected from among aliphatic, alicyclic, aromatic, heteroaro-
matic, mixed aliphatic-alicyclic, mixed aliphatic-aromatic,
heterocyclic, mixed aliphatic-heterocyclic hydrocarbon
radicals having from 1 to 25 carbon atoms, F, Cl, Br, I,
-CF;, -CH,(CF,)iCF; where j = 0 - 9, =-OR°, -COR°, -CO;R’,
-co,M, -SR’, -80,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,
aliphatic, mixed aromatic-~aliphatic or mixed heterocaromatic-
aliphatic ring system which is unsubstituted or is substi-
tuted by at least one radical selected from among aliphatic,
alicyclic, aromatic, heteroaromatic, mixed aliphatic-
alicyclic, mixed aliphatic-aromatic, heterocyclic, mixed
aliphatic-heterocyclic hydrocarbon radicals having from 1 to
50 carbon atoms, F, Cl, Br, I, -CF;, -CH;(CF;) CF; where j = 0
- 9, -orR’, -COR’, -CO,R’, -co;M, -SR’, -SO,R’, -SOR®’, -SO;R°,
-S0;M, -SO,NR’R'?, -NR°R'® or -N=CR°R!°, where R°, R'®” and M are

as defined above.

Representative phosphite ligands of the formula I for use

according to the invention are:

(a)
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phosphites for use according to the invention can be 30 prepared by a
sequence of reactions of phosphorus halides with al cohols, carboxylic acids
and/ or a- hydroxyaryl carboxylic acids in whi ch hal ogen atons on the
phosphorus are replaced by oxygen groups. The basic procedure will be Hag
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O Z. 5808 idxreod ORfinchemit GhmH Of exanpl e for a route to conpounds ofz. sdoe
formula-l: In a first step, an a-hydroxyarylcarboxylic acid is reacted 5
with a phosphorus trihalide PX3, e.g. PC13, PBr3 or PJ3, preferably
phosphorus trichloride PC1l3, in the presegice of a base which is preferably
used in an equivalent or catalytic anmount to form a hal odi oxaphosphori none
(). RLORZ ~OR3 ~0OH 10 Ra HPX3 R" X (1) In a second reaction step,

t he hal odi oxaphosphorinone (1) is rea@ted with an al cohol HORl or a
carboxylic acid HOOC- R~ in the presen
in an 15 equivalent or catal yti R
the formula (I ) in which R~ - .
al cohol, k in the phosphite of Th¢ fopfiube
the reaction with a carboxylic ac|d,
HCO ~X The radicals R to R4 and R~ are agkg
A efincheme GbH 11 O Z. S808
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Si nce the abxeholotefiaénemardxpey! i ¢ aci ds used and their downstream prRdsgt s
are frequently solid, the reactions 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 phosphorug conpounds. Exanples of suitable
Solvents are tetrahydrofuran, ethers such as diethyl ether or MIBE (nethyl
tert-butyl ether) and aromati c hydrocarbons such as toluene. 10 The
reaction of phosphorus halides with alohols forns a hydrogen halide which
is bound by added bases in equivalent jor catalytic @ﬂpunts Exanpl es of
such bases are tertiary am g€s ™3 a4s Ttoi et byl am yridi ne or

Nmet hyl pyrrol i dinone. It is s 0 Uus§ to convert 15 t(Rd

al cohols into netal al koxi des @t heg stTon, for exanple by
reaction wi th sodi um hydri de or butylllthlun1 he phosphltes are suitable

| i gands for conplexing metals of grou@ 4, 5 6BY7, 8, 9 and 10 of the
Periodic Table of the 20 El enents. The conplexes may contain one or nore
phosphat e |i gands and possi bly j i
catal ysts, preferably in honbge
are rhodium cobalt, iridium

S ~a dh.ati num iron, ruthenium
osm um chrom um nol ybde 25 and t ungst en. conpl exes with netal s of
groups 8, 9 and 10 are especi ¥ useful as catalygts for hydrofornylation,
car bonyl ati on, hydrogenation and hydrocyanati on reactions; particular
preferedbe is given to rhodium cobalt, nickel, platinumand ruthenium For
exanpl e, the use of 30 rhodiumas cat & yst netal gives particularly high
catalytic activities in hydrofo at jlon reactions. The catal yst nmetals are

used in the formof salts or corfpl e} n t@e case of rhodiumas, for
exanpl e, rhodi um carbonyls, rhog nitrgate rh0o|un1chlor|de
Rh(CO) 2(acac) (acac = acetyl ag 0 Oraf i Ne GrbH O Z. 54@3 12

tonate), rhodium acetate, rhof oct anoatg or i um nonanoate. The
active catal yst species for thesfionbgeneoussg 7Sis is 5 formed fromthe
phosphatlé |igands and the catal yst nmetal und¢r reaction conditions, for
instance in the case of hydrofornylation, 2 bonyl hydri do- phosphi te codex
on contact with synthesis gas. The phospha And, if desired, further

| i gands can be added to the reaction m xturs free 10 formtogether Wth
the catalyst metal (as salt or conplex) to generate the active catalyst
species in situ. It is also possible flo use a phosphate-netal conplex
conprising the abovenenti oned phosSphatedigagds 3 he catal yst netal as
precursor for the actual cataly i VIt These 15
phosphabe- net al conpl exes are preps e appropri at(g)cat al yst
nmetal of groups 4 to 10 in el enental formof a chem ca
conmpound with the phosphate |igand. 20 As addi 4l |igands present in the
reaction mxture, it is possible to use phosr s-cont ai ni ng |i gands,
preferably phosphanes, bisphosphites, phosphsqite€s or phosphanites.
Exanpl es of such ligands are: 25 Phosphines: traphenyl phosphi ne,
tris(p-tolyl)phosphine, tris(mtolyl)pl&sphine, tris(o-tolyl)phosphine,
tri s(pnet hoxyphenyl ) phosphane, tri i
tricycl ggexyl phosphi ne, tricycl ogéntyl phtsphafe, tri 30 ethyl phosphi ne,
tri-(1-naphthyl)phosphane, tribe dhane‘ tri-n-butyl phosphi ne,
tri-t-butyl phosphine. Phosphit phise, triethyl dﬁBsphate
tri-npropyl phosphite, tri-i-p - but yl

phosphlte
EtO

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

are replaced by oxygen groups. The basic procedure will be



OXENO d ef i pgEROIReffmofthliclGmb Z. 5808 phosphite, tri-i-butyl phosply.zagos
tri-t-butyl phosphite, tris(2-ethyl hexyl) phosphite, triphenyl phosphite,
t.ri s(2,4di -t-butyl phenyl) phosphite, tris(2-t-butyl-4-methoxyphenyl)
phosphite, tris(2-t-butyl-4-nethyl phenyl)jgphosphite, tris(p 5 cresyl)
phosphite. In addition, sterically hindered phosphate |igands as descri bed,

US4 760, $BReBEERRAS B Juar o [efibtl ) a i Sodédy £ spmpounds of
US- A- 5, 059, €48, £0FmAls, 113, 022, US-A-5, 179,055, US-A-5, 260,491, US-A 10

5,264, 616, US-A-5, 288,918, US-A-5, 360,938, EP-A-472 071, EPA-518 241 and
WO A-97/ 20795 are al so suitable |igands. Phosphonites:

met hyl di et hgxy h e en QﬁHF
phenyldlphegéxebhos 41&5 ﬁenoxy&?%éﬁgg C, ?F*ﬁ%ﬂ%_ %aah osp SFFﬁe
and its derwiehi v&s phbsﬂhm:;ﬂi:rdhaadm obxj he ehydr opel; At ®Bx arer r ®d;aced

by al kyl and/or ar radi cal s or halo en atons_and | igands as are descri bed
in WO A 98/ E§9§9r5¥Pﬂ>YAP5‘9 oxifies BQls794dmrihe ProRense neh 2
pat ent appl i nggﬁ, f
phosphlnlteb ?%a s°§F€éhé§§?.%”%g |ﬁ?g?55 In A-5, 710Q%§ Hhtalytlc
V[>A—95/066aﬁpuus-A05£3&ﬁ,a3aadpdinAphbeﬁhb&inoﬁzaﬁnDes are

di phenyl ( phenoxy) phosphi ne and its 25 derivatives in Wiich all or sone of

t he hydrogen atons are replaced by al kyl and/or aryl radicals or hal ogen

at ons, diphenyl(nethgfy)pgpsphlne and di phenyl (g#thoxy) phosphi ne. The
phosphi tes or phosphi gt al conpl exes can be ysed iln 30 processes for the
hydr of or nyl ati or%.Qof defillg, preferably ol BN 3

atons, to give the Esporffi ng #ixdehydes.
given to using phog 2 conpl exes—wi-tir et al &
cat al yst precurgdf ¥
from1l to 500 nol, prqferably from1l to 200 nol 4m)re preferably from2 to
50 nol, 1&f the phospﬁite according to the |nvenfﬁon are used per nole of
nmet al of transition 5 group 8. Fresh phosphite ligand can be added to the
reaction at any point in tine in order to keep the concentration of free

| i gand consfan@ sgwdﬂﬁanﬁﬂﬂniqneﬁﬁqnvc#hQrhﬁhe¢b¢x¢ﬁh9ﬁeh¢eéno$9n(hixiare

th from.1 00 f er abl h fromp,
Lo 300 ppm ZRAEEENAEIE i 81 ooarbhBBER" R, 4 CRrtPoRrhi H7Ed " pbE R 1R"

the presence of a base which is preferably used in an

s in this case
tion group(

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
(I) is 0, while in the case of the reaction with a carbox-
ylic acid, k is 1.

20

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



The hydr of cOXBEN@Diefinche@r@mbINS carri ed out using the phosphites ob.4 beas

i nvention or the corresponding netal conplexes were carried out by known
net hods, as described, for exanple, in J. FALBE, "New Syntheses wi th Carbon
Monoxi de", 20 Springer Verlag, Berlin, Haidel berg, New York, page 95 ff.,
(1980). The ol efin conpounds) is(are) reacted in the presence of the

catal yst wigihge mcfs%us&ceho@ P S SUPLIESaS1885hsba mgaméﬁaza'a’&mﬁes
havi ng one nore carbon atom 25 The reaction tenperatures for a

hydr of or ny| sit xeam prrocebectsi e hErplquepltilyes solighosphet erex¢tionsnmEmxes
of the invention cat al ¥s& are pr efe ablgé I n t‘ﬁ-?{ range from 40C to 180C,
more pref erdtRSFaThr, SaE-{891988 1a,g0iventarcSatvazta mand e sprotic
hydr of or ny| géieénbs ORREER 268cE" 8b2EABEY with3@nDA1R¥hdAAls B tdes _
nmore preferably 10 - 64 bar. The nolar ratio of hydrogen to_carbon nonoxide
(H2/ CO) ?n a¢ddsypeFedithkhe sphospheasy donmauwrnis. : Bxampbesn@fnpreit-

Catalyot riire Mopysded, ‘pre, SRR, Callith, Iic ap, et

m Xt ure congtheér ngrsMIBE NEnetiiydr | tért {Imitefl neéthest) sundhaxicmagds) Mrdko-
products (al dehydes, al cohols, high boilers formed in the process). A

sol vent carC®EPGRS J3ReR 2% T‘?i‘t‘,@’é *if desired. OnMing to their relatively
hi gh ol ecul ar wei ght, the phosphites of the invention have a | ow
volatility. They can therefore be separated off easily fromthe nore

vol ati | 0 10Theagsteagrt ivmdatft phddphote e halddiesi civith | wlgmitblsn| Gbrinst ya i n

custonmary aqrgani c_solvents. e.startin terigls. for the hydroformylation
are ol efi nghg‘ir?ﬁ%u*‘gglé? 8’?;31‘:%5“}1&% f n?gd?g g'gssgrb‘(% THvne 15
a termnal & icatalptlicCémconbse ExachplEacyofaBubh |Hawed , abearntdwesh Oy

cyclic and can also have a plurality of olefinically unsaturated groups.
Exanpl es ar¥ReBane;8ucChut af® ci $riefhydsming, ops- pygiddne i sebut el
but adi ene, i 5orPE1 f4100R01 NEr GF UdiddiEnedC14S $1aBER52 SRR Ene,
2 20 net hyl - 1-%&%%5, 2 matty%- 2- but ane, 3- rretiéjyl -1- uglg%g?&%q% e‘?%l> ns s‘ﬁch
as 1- hel&nethe-atcahels3ihteametailhelBoxddeli priort toe the meshdtiide for
di meri zation of propane (djpropepe); CZ;olefips,guch 1- tene, further
- hept enes. SsamRER By FeachEoR BPhER LoodinchungideSr Brrxl LEbRRun,
1-octane, 25 further n-octenes, 2-nethyl heptenes, 3-nethyl heptenes,
5nmet hyl - 2- he&t ene, 6-methyl-2-heptene, 2-ethyl-1-hexane, the isoneric
CB- ol ef i n nfheupkosphibes| arehsudtable; ddcendst fon sempleiting ambals of
C9- ol efins s,1-gongne, fuyther ongnes, .2 I ee
3- et hyl oct%%’ce‘@?étﬁé 89 gl’e?i'nlggomreri X urgsf %?'mta: °r%t°?ﬁé’ ?‘h derrat oty
propane2(t rEpamegrnte) ; THeo- cbepleges umayascontieirnene 2ort hprel pshidspleite
Cl2-ol efins_ such_as n-dodecemgiﬂ the Cl2-olefin _m xture forned,in.the

e

tetraneri zal+97nae rﬂ_"(ﬂ)aﬁBst" yrtheT z&f“P&ﬁdﬁ‘f H_i‘?ar?é‘se (EeiFaBi8pde or
tributene), c4dd1phes] Nproteraliyn in &5 S CERTREYySTRI HhabipA esO 8IS
tetradecenes, G s-olefins such as n-hexadecenes, the solefin mxture
formed in teeiteblenmetalsi aneotrhpdiumes cobalitab dmdddumnhisial ol pEida-

m xtures pr ed i g | zat | ef i avi pg di.ff erent. nuabers
of carbon 5&%?%#5 p?é}: g‘?‘ g%"ébﬁ'y r’o?nié&?%ga‘f?' i ;’g%%'ﬁlrlbprc?éftogdla ’er'p%%%t i on
into frastimim Aad MurmystedeniThal complefebakwittnistLils cOf bgroapsns,byd
distillation. It is |ikew se possible to use olefins or_olefin mxtures

whi ch are pRBdudfdafe MeRedadiohisetyht ABsratadygts for ydrrtermedeare

obt ai ned bYtion, 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-



10 ol i gomer bXBNOWleffathetiid @ Or are obtai nabl e via netathesis reagdy @Qgg g or
tel-onmeri-zation reactions. Preferred starting materials are a.-olefins in

general, e.g. propane, 1l-butane, 2-butane, 1-hexane, 1l-octane and also 15
dimers and trinmers of butane (di butene, digy n-butane, diisobutene,
tributene). The hydroforndylation can be carried out continuously or

bat chwi se. S of..l tri ar a : Whi C 20_enp re
stirred vesjsééf;g?L Ubb gb@g urmsa?"lejtgt ﬁozz: e redg(gt o‘%s‘?%%’gere%%t oirigggg‘ﬂﬂ

| oop react onenanoateof 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 al dehyde com pounds fornmed and
the catalys a ALl t v | ta 4
fract onat | e B e a1 Eholitecu dlalvais is

di stil | abi ofiovmedsefxdm a thel | Phgsphiteeidgarsisr apd othéi caftialysey apetalor .
These are 30 Harticul aﬁlé usef ul . when t he_ cat %ﬁ-} | s separated off as 2
sol ution i nPBORFGhEBRFTLRY SEPVRhY PR 12 | 1% i 13 pr8fuctdseThe

cat al yst sohyfireovhirtatiian, bean sRBcHyAthyddidoupHsspiacek f déorfpidber on
hydrof ornyl ati ons. then | ower ol efins (e_.eg(.s propane, butane, pentane) are
used, di schePBEast witkeNyThhesif@a8e HPhpsphitess and.helfrdagireds r om
t he reactor gyi e a i I ' ' I

T ustrat o FRECBeEc 1iFRnBiteas b e vy Lafe dolfed fn WLAALNE Eae
carri ed 16ut fomertogetthext iwitlyathesicagadiyatd anakb £ hl aak sadehroxuesmpIax)
sol.vents ware dried over .suitab) e desicgcants Eri or t(-}L use. 10 Chlorine

conmpound A Bngelnef"éelé"h_G Ao heSRbhp¥EhgsRecies in situ. It is also
(Eufi Sinareladotshene i o pRbagh i B2 SO SSRRIIAY el

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 ligand.
20 As additional ligands present in the reaction mixture, it is
possible to use phosphorus-containing ligands, preferably

phosphines, bisphosphites, phosphonites or phosphinites.

Examples of such ligands are:

25
Phosphines: triphenylphosphine, tris(p-tolyl)phosphine,
tris(m-tolyl)phosphine, tris(o~tolyl)phosphine, tris(p-
methoxyphenyl )phosphine, tris(p-dimethylaminophenyl)phos-

phine, tricyclohexylphosphine, tricyclopentylphosphine, tri-
30 ethylphosphine, tri-(l1-naphthyl)phosphine, tribenzylphos-
phine, tri-n-butylphosphine, tri-t-butylphosphine.

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



The chl or i nexenoPMtReheRie@HLEPT epar ed from 2- hydr oxy- 1napht hal enecardesogl i ¢
aci-d usi'ng a method based on that of 30 BE 667036, Farbwerke Hoechst AG
1966; Chew. Abstr. 65 (1966) 13741d. The follow ng description of the
synthesis illustrates the procedure: OXBNO d efi nchem e GrbH 18 0.z. ssos
Reaction of 2-hydroxy-1-napht hal enecarboxylic acid with phosphorus

trichlorid 0. 049.:nwl 2- +1- h d,
500 m of dPiegepdres Ce2iTsbuBl? REGERRLLE. NRIA BB Dot as O
are pl aced tﬂ13(256thY1ﬁthEmkphubphxuhuIerﬂphenmuLphuhnhth((tfﬂﬁ(ﬂpl} of

phosphorus trichloride are_slowy added to this mxture. After connectin
Phe” Bonl enkabubeovty Sanaryyhs Bhoseliltay donlal f1E et 4 e Shomenaraythe

reaction mﬁaéﬁhiée,caeeaul(bxcthsawd-hom%i ARl FHEUbKALd,N Eris (p-

tenperature for 5 hours. To workup the reaction mxture, it is fiTtered and
t he sol véntcresybhovephésphitéee f|Inrated@hdeoniedu%tdrp¢ettnre hindexied

11.01 g (44, L QLLes ondi 0%,0f,_ the .15 or,

(Da_t ol uene?ﬁ"ggﬁiés. "Hﬁf‘h yﬁfh sfr&?’eflhe W@fpfﬁ’t’éac ’?lﬁ) }Eﬁégflﬁ\%s 2%091 54¢g
of 2,4-di-testabulgbphese, (2uda-aolg, 26%, di sgelned,7691@0871 ofudtik-
13.6 mM of a 1.6 mol [sic] solution of nbutylllthlun1|n hexane (21.81

mol ) are alldéd4dd3bbni sBSt 4h9§5s%?%t|d%sa§'42®Q§'ﬁﬂ%ll|W$ﬂQﬂ§ okdQe
| ut b 6 M 25 | At
sol ution obhgl ped i§3sb yly a‘lif%% 2. a% 1?&hsazfi%o 491 oslat i on

of the chloring tb oun A (2 e'resdlfing mxture is
subsequaotls,neataxed UBFA&ShQBB.QABLEMSHﬂﬁENﬂSQﬁQIEKEERHAH!RZlDﬂE% EP-

(educed breRsuig ak80uth o KBHOaHSE! ReRenl OIRHLAD g, 13 casdl of Nonane
pressure gives an oily product.
Phosphonites: methyldiethoxyphosphine, phenyldimethoxyphos-
phine, phenyldiphenoxyphosphine, 2-phenoxy-2H-dibenz[c,e]-
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-
082281. 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.



Yi el ds 6. 580XEXA Dlefibhemtv@nmbH cor r espondi ng to 81. 2% of 5 theory Ebensgigal
analysis (calc. for. CalH25~4F, M= 372.39 g/nmol) : C 68.05 (67.73)t H 6.96
(6.77); P 7.98 (8.32) Sip-Nit (De-toluene) : 8 119.8 ppm EI-M (70 eY) :
372 (38% M) , 357 (100% 10 Synthesis afa the phosphite conpound (J) 3.617
g of 2-phenyl phenol (21.25 nmml) are dissolved in 100 m of THF. 13.28 nil
of a 1.6 Msolution of n 15 butyllithiumin hexane (21.25 mvol) are added
dropwi se to this solution at -20C. The |ithium phenoxi de sol uti on obtai ned
is slowy othcgeneradl, tfrgm 0§ kb 500amyls6Prefesahlyofrem thea R0 imel,

conmpound A (21.25 1), in IHE agd,.the resulti } Xt ure i.s, .subsequent |
refl uxed f ae hBﬁgggﬁ%)b;!Xt gfo?'e%m‘fgl %8f d s°&g \Fg%ﬁ °cﬁﬁh:rté%&%%°r in
pressure, 8fgonthel irmieriomr 8radadmddnsed holleXidl emétali lfershndivion
filtrate is freed conpletely of solvent under reduced pressure. An oily
product ?s SPPWPnRd. 25 Yield: 5.80 g (17.24 mml), corresponding to 81.7%
of theory El enental analysis (calc. for CI9HLI3OU4P;, M= 336.28 g/nol) : C

68.24 (67.86); H 4.02 (3.90); P 9.66 (9.21) OXENO d efi nchem e GrbH 20
O Z. 5808 3eFeshRphGBpEifLe 1ligyahlB. clamphe Bdded (tt) the redadbiboA2¥t My
167 (100% M+, OC6H4- o- C6H5), Synt hesi s of. t he osphat e conpound ) O-P. O
1°0 65 4 BELEE ot Fime ! rototde ) oeb o RBS e aTE TR (R 0§ T 57 S
adm xed at 3PQ4ndnedShseaded Wth 16.6 nl of a 1.6 Msolution of
n-butyllithiumin n-hexane (26.59 mwol). The lithium nenthylate solution is
war med 18 roomtenpera 10 ture and then added to a solution of 5.385 g of
the chor oDigsphorUg, eoUPRURdoR (RS FAeMD!s) ikhal ol JH Jnithliolh NS figen
cooled to 0T e reactron mXxture is su sequenﬁy refluxed for Hour-,
evapor at ed thedirunges £asier 1r pomc amb PLOO O UpPmaNdridBeradliyduni Thiedkedngy i n
100 mM of hexane._ 15 Filtration and renoval of the solvent under reduced
pressure gi FEORhS RRRUEP 0% BERht PPERALWPRI IEhey; EPhals waight 20f1 TR ),
correspondi pgatPidr%mPkthpgory. 31P-NNat (CDzZCl2) : 8 127.4 ppm. EI-M (70
eV) me = 323 (2% M++H); 167 (33%; 138 (92%; 83 (100% . 20

Hydr of odfryl ati on of 1-octane and di-n-butane using the phosphate conpounds

(A,

(J) an'ghéD)hydroformylation reactions carried out using the pho-
sphites of the invention or the corresponding metal com-
pPlexes were carried out by known methods, as described, for
example, in J. FALBE, “New Syntheses with Carbon Monoxide”,

20 Springer Verlag, Berlin, Heidelberg, New York, page 95 ff.,
(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 is preferably from 10/1 to 1/10 and more
preferably from 1/1 to 2/1.



The hydr of coxgNaOIdciRpaEhEENt S were carried out in a 25 200 mM  au egdsave
from Huddeberg, Mannhei m equi pped with a pressure mai ntenance device, gas

f1 ow measurenent, sparging stirrer and pressure pipette. In the autoclave,

10 M of a solution of rhodiumin the forgg of [Rh(1,5 . OXENO

O efincheme GbH O Z. 5808 21 cycl ooct adi ene)acac] (acac - acetyl acetonate

an| on) (0. ”%{:91 Be 6@Send’ 1iganens q{onS:. de[eﬂr\ﬂél'} t{fs £S5 d i in the

_a-but ane) as cata yst precursor were nixe an argon at nosphere
vv| th the cohydspbodmpjatisonnt mixtume phesmipatising onpbartidgssahakerials

t ol d, nnde, to 41 n th tol 5 nl_of 1- bt
wer o 1t rod PLEELAR, srh wuierls | BpES! dindk PEPARERE A LBHGRRIIOR ALEGOn
at nospher e hy¥1§| URRGRY PHitllerEy S ﬂ@%ﬁ@%k@ces&)l) a g¥avditdised | hgand
m xture was heated while starrmgp(lSOO rpm 10 to 100C in the case of

1- oct aneSoraddbtionalby uvaed &f demiredane under a synthesis gas pressure
of 30-33 bar in the case of 1l-octane or 11-13 bar in the case of

di -n-butane. After the desired reaction tenperature had been reached, the
synthesi s gesifigestor e iy nqremeﬂvéDySOhhgh | molleeulase keiyhtl, octha@e
or 20 bar in the case of di-n-putane and ol efi n_was added.. The reacti on was
carried outPBﬂﬂBFlEﬁﬁsf’§ntthf?r SINBRE LR AR YR oR flPUm"B’rJti%?&"%& (ThRy can

Net her | ands h S as f n Ul of
i but ane. AP TOr TR Hame R et ot | e P e BT e rare EEfe e

was coolléd reactiont produgstisr.c Thyprhaver az stffigientdlye goed hselyboihlity ni
of the autoclaveﬁgol ution in the c f 1-octane or 2 M in the case of

di - n- but ane*RaSHREPRAFY 8ﬁgﬁnéﬁsg°;§§flggd with 5 mM of n-pentane and

anal yzed by gas chromat ography 25 Experimental paranmeters for 1-octane:
Rhodi um concentration = 14 ppm Rh: ligand: 1-octane ratio = 1:10:15700; T
= 100C, p =The s&arsing, matexialssforcthe Iwﬁjroftorﬂw:}awmsmmtel@%i%ne

Ex t 3 ms L
oo R || SEnARRERR o] ofbedhal g "Prl"d U PHTAIA  hrie 140
synt hesils gas tet@ikdl- ok lintdrmal ¢I=C sdbubhé: boolduemhey c@)fEI\l@ linear,
A efinchem g Grb . Z. 5808 .22 drofor | ation

G 1 but encOBRBGRAS: 55 AYBHIE, RIL o IR AR (TR et LU of qorefini-
(ol %91438591§?| Qﬁiéé’tﬁﬂﬁe<§7@r%%scl(”ﬂk LeB- t&ﬂ@n9¥bﬁbﬂe, 1-butene,
(ol % 42826n- sel ecti vity49.843.838.5(nol %9 For the present purposes, the

yield is t hglﬁoﬁabuyﬁépd Sransce- estsohutenesc| hutadiene,; smixeuresi o

of term nal by Y degken, e Al ydER 1 T ILgLRRLhY, ML 2 £

20 methyl-l-butene, 2-methyl-2-butene, 3-methyl-l-butene; Cs-
olefins such as l-hexene, 2-hexene, 3-hexene, the Cs-olefin
mixture formed in the dimerization of propene (dipropene);
Cy-olefins such as l-heptene, further n-heptenes, 2-methyl-
l-hexene, 3-methyl-l-hexene; Cg-olefins such as 1l1l-octene,

25 further n-octenes, 2-methylheptenes, 3-methylheptenes, 5-
methyl-2-heptene, 6-methyl-2-heptene, 2-ethyl-l-hexene, the
isomeric Cg-olefin mixture formed in the dimerization of
butenes (dibutene); Cg-olefins such as l-nonene, further n-
nonenes, 2-methyloctenes, 3-methyloctenes, the Cy-olefin

30 mixture formed in the trimerization of propene (tripropene):;
Cio-olefins such as n-decenes, 2-ethyl-l-octene; Ci;,-olefins
such as n-dodecenes, the Cj;;-olefin mixture formed in the
tetramerization of propene or the trimerization of butenes

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



OXENO d ef | oxXhROI8efipeiehicX3mBHL Al MS: 1. A phosphite of the fornula loRs§s5 R
02 -~-00Il PCs ~0O-~-Ok R ~4 Ro.z. ssos where Rl is selected from
anmong nonoval ent substituted or unsubstituted aliphatic, alicyclic,
aromatic, het eroaromatic, m xed aliphatiig alicyclic, mxed alil0

phati c-aromatic, heterocyclic and m xed aliphatic heterocyclic hydrocarbon

radi cal s haybpgafiblBhds! 0 &0 -626FARs @iBh Rds ME-néRadffefds 2’ &kdClt,

sel ect ed i ndependently from anong nonoval ent substituted or unsubsti tuted
ali 15 phat i elefiihcymikturer ofenmed Hat etder otetromerizetinn of butenes

hatic ali . ved al gl c h . ; )
B ohat o niFebERpRFRREN) Al araBn” SRS L IS fencnattdCly. oophi-
atons, H, FgokbriPatibn d#Jolefills ( GafingChiifite¥ént nufiber8, ofORSarbé#RI,

-OCCZR9, -C0aM 20 -SR9, -SOZR9, -SOR9, -SO03R9, -SO03M - SOaNRORL, - NRIRI,
_NECROR 5 wAEPBSRIPEAGCRRDAY: ExoMme 2 @ ihldepdh RRRTIPTFake Eker Hoepara-

Lent suhst i ot it Li ) ;
adi cal o hattes FhEbegrabelSnd Bl ar b far U HMPLAL SROERPDT
25 orally heatben atbmbi by ddmsth Ileitdlon.oTt de dnfhswise i pes oibld osehasée um

i on, or adjacent radical to R4 together forma fused substituted or
Unsubst it ut BYSRIBARIR ORetiPodHIHS which are profuced by 'Flscher-

Tropsch synthesis, and also olefins 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, 1l-butene, 2-butene, l-hexene, l-octene and also
15 dimers and trimers of butene (dibutene, di-n-butene, diiso-

butene, tributene).

The hydroformylation can be carried out continuously or
batchwise. Examples of industrial apparatuses which can be
20 employed are stirred vessels, bubble columns, jet mnozzle
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 film evaporator. These are
30 particularly useful when the catalyst is separated off as a
solution in a high-boiling solvent from 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



OXENO A ef | oxEremoefiéieiieZm® Z. 5808 al i phatic, m xed aromati c-al iophsgosc or
m xed heteroaro matic-aliphatic ring system and k = 0 or 1, characterized
in that 5 when R1l, R2, R3 and R are each an Hatomand k = 0, R- is not an
al kyl, aryl, aral kyl, alkenyl or cycloal gyl group, and when R, RZ, R3 and
R4 are each an Hatomand k = 1, R~ is not an alkyl or aryl group. 10 2. A
phosphat e agng! rGhdes CERLR lundheeaiciokherigdivial Fael hsdesPhaigoi s
sel ected from anong aronmatics and heteroaromatics whi ch are unsubstituted
or substituwessbhlat | east one radical selected fromanong aliphatic,
alicyclic, aromatic, heteroaromatac, m xed aliphatic 15 alicyclac, m xed
aliphatic-aromatic, heterocyclic, m xed aliphatic-heterocyclic hydrocarbon
radi cal s hathegfélibowingcerdmpiebohliushraté, tie pBesent igFenpticnZ (CF2)

j CF3 vvhegej - 0-9 -0R9 -COR9, -CZR9, -CQZM -5R9, -502R9, -SOR9,
-503R9, =503M -SO2NRI9R1, -NROR or 20 -N=CR9R1l, where R9, Rl and Mare as
defined in ghawil exampfidl)OSEhal eeattibasRibrd) artied, ovenRidert ero-
radi cal R- of the phosphate is selected from anong aromatics and

het er oar onat@esivii gRshasding stepndaxd ofghlenkhsechnigues.ofhe salerts

al i phatic rh&?é &?i&& 808:“9&#95%1&9&891?5&9 .S%&:E%eﬁob&sét. | east one
radi cal selected tfrom anong ali phatic, alircycliC, aromatic, heteroaronmatic,
m xed al i phatic-alicyclic, m xed aliphaticaromatic, heterocyclic, m xed

al i phati 8 het]e_r oct\;cl i c 30 hydrocarbon radicals having from1 to 25 carbon
atons, RV Cghlerine compqundchy (crz) jCF3 where j - 0 - 9, -OR9, - COR9,
-CzR9, -CO2M -5R9, -SQZR9, -SOR9, -SO8R9, -503M -SOZNROR1, -NROR or
-N=CROR1, where R9, R and Mare as defined in claiml. OXENO

A efinchem e GrbH 25 0.z. sso08 4. A phosyu Fg:,ﬁls clainmed in any one of
claims 1 to 3, wherein adjacent rad R1fo R4 of the phosphite together
forma fused aromatic, heteroaronat | i phgtic, m xed aromatic-aliphatic
or m xed heteroaro 5 matic-aliphatic ystem which is unsubstituted or
is substituted by at |east one radical sehected from anong aliphatic,

al i cycl ilé, aromatic, heteroaromatic, mxed ali phatic-alicyclic, m xed

al i phatic-aromatic, heterocyclic, m xed aliphatic-heterocyclic hydrocarbon
10 radicals having from1l to 50 carbon atons, F, d, Br, I, -CF3, -CHZ
(CFa) j CF3 @hdorihe- compoand @RI(2~@URoro~U0aRA3 , 2- 0wt od BiaphSPRIrin-
-SOR9, -SRI, -503M_ -SOzZNROR], _- NRORi.q, ar .- N= ere RO, R d M
are as defiﬁéanﬁg dag Ruocyse .fﬁ°ﬂh%ﬁﬁc@’m§‘?5%%ﬁ%$ * cBRBr i"sﬁ% 38
metal of grgupptieda. 6, 7, 8, 9 or 10 of the Periodic Table of the Elenents
and onez(())r nore phosphites of the formula | R R 20

Chlorine compound B

? g
o)

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:



R' O O PLO @xkN®roisfaciemiclmiis sel ect ed from anong nonoval ent subsioz wged or
unsubstituted aliphatic, alicyclic, aromatic, het eroaromatic, m xed

al'i phatic-alicyclic, ni xed ali25 phati c-aromatic, heterocyclic and m xed

al i phatic heter ocycl i ¢ hydrocarbon radicglgs having from1 to 50 carbon
atons, Rl, RZ, R3 and R4 are each sel ected i ndependently from anong

monoval ent gubst i Lyt egeor SIS 1 St Bhina1 . AR QOONC T T 26
0.z. sso8 phatic, alicyclic, aronsatic Heteroaronati ¢

al i phati c- abhogpho:us ntxéchhorpdeati c-aromatic, heterocyclic, m xed

al i phati c-heterocyclic hydrocarbon radicals havi ng from1 to 50 carbon

atons, H F, d, Br, I, -CF3, 5 -CH (CFa) jCF3 where j - 0 - 9, -OR9,
-COR9, - COagd22 - £02M 0 ; Y . mo BV R%£ - SRhya -naithaletle iR Ry1ic
- pgsRi o~ - N=CRORI1, ere RO and R are sel ecte i ndependent|y from anong H,

monoval eht acbd:i 200emlorofindubedi toluene iggttht 0 cd@nal 4PeRASI mORy dradt aibon
radi cal s havi 25 carbon ons, and M an.al tal, i on,
oty hapetyl L ThyPrd1 14 Aeng 2 paR" sile¥En 48 A L8R dihiadie ine I
ion, or adjwEEDé =adiredng,R11001R4gt Q@RS noaNM &f f phedphdlelsl t ik EshDs-
unsubstituted aromat i c, heteroaromatic, 15 aliphatic, m xed

ar omat i c- aI Fifet preo B lewlYd added ke othifi BizthpRat Afterh Fonnatingthe =
0 or é? fﬂﬁﬂh'tttﬁaére{:é‘l aP"PrfgasdsS 1 glrfﬂ NBfovfaéd ayleh £0 gz £1dw! he

radi cal phosphate is selected fromanong aromati cs a
het eroad@rmmetermhl:hh aeackicmmixtural s cabefullyectiebgedt tieeBi°®nend

radi cal selecte fro n hatlc alicygclic romatic heteroaro tic,
m xed al i ph’&?‘f‘% arre CI&'Iq':D ‘gthf’?(eg PEREHFE Z'goxéréngﬁ"gs hel8r FEFEUR: tRE yed
al i phati c- heegeesyS! maxwébocan;bqrs rﬂﬂ@é&&a haangnkr @91 ent A CRéMOved

atonms, F, d, Br, I, -CF3, -CHa (CF2) jCF3 where j - 0 - 9, -OR9, -COR9,
COZR9 cctmm ‘shg fl'SEZRQe urdey re@@gﬂg prseswre-soZNRgRi -NR9RI or

phosphat e- nerarabondof & (4416 iory, [EbERBbaRated Na ol 06 g2 ey

t he phodphadveyis sel ected from anong aromatics and heteroaromati cs which

have fused- gn
P-NMR (Dg-toluene): 6 150.9 ppm

Synthesis of the phosphite compound (A)

20 4.5 g of 2,4-di-tert-butylphenol (21.81 mmol) are dissolved
in 100 ml1 of THF. 13.6 ml of a 1.6 mmol [sic] solution of n-
butyllithium in hexane (21.81 mmol) are added dropwise to
this solution at ~20°C. The 1lithium phenoxide 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 refluxed for 1 hour.

After removal of the solvent under reduced pressure, 100 ml
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al iphati'c rings which are unsubstituted or substituted by at |east one

radi cal selected fromanong aliphatic, alicyclic, aromatic, heteroaromatic,
m xed al i phatic-alicyclic, mxed ali 5 phaic-aromatic, heterocyclic, m xed
al i phati c-heterocyclic hydrocarbon radicals having from1 to 25 carbon

atoms, F, - CE3, i €l g0 - cp%g

- CzR9, - ng?f/l ﬁ?@? ag&%dﬁﬁég %E&Cﬁgfmgésﬁs %&ﬁéﬁ qi%ﬂ%‘ﬁ o7t
-N=CROR1, wbReesBlveht anded! t8daredaprdsburedgites anmoilySpréduct.
phosphat e-netal conplex as clained in any one of clains 5 to 7, wherein

adj acent radicals RL to R4 of the phosphate together forma fused aromatic,
heteroaro lgjgRfic. eabgrgat i(a7.8eeCdmd19R idordlddittdingd’ ¢6 Xeh.2% of
het eroaromati c-aliphatic ring systemwhich is unsubstituted or iIs

substit ubedtbgony | east one radical selected fromanong aliphatic,

alicyclic, gmatic, heteroaronati.c, nixed.,all tic-ali lie, mxed ali
20 phati c-arﬁgﬁﬁ‘ﬁ%?‘lhg‘@ﬁgg)"gli c,alrﬁ'xer%oﬁl ‘Fﬁh&ﬁlglh& ero 1#% % c'ar%on
radi cal s hagsngsf rem. 7399 HEO6COELQRB.aY9EP .96 (8BB2)! % - CF3, -CH2 (CF2)

] CF3 where | - 0 - 9, -OR9, -COR9, -COZR9, -CCaM -SR9, -SQZR9, - SOR9,

- S03R9, -503W-NMBOs (IReRbluekOR] &rl1l9-ERpRme, EhMS PO BAV) :arB72V p38%; e
as defined ip clal .. A phosphite-nmetal conplex as clained in any one
of clains 5“&)’ 8?*%%1’%?@ the netal is rhodium platinum palladium cobalt
or ruthggium 30 10. The use of a phosphite as defined in any one of clains
5 to 8 or a phosphite-netal conplex as clainmed in any one of clains 5 to 9
an cat al ysi Synthegiroc sbacrbepphitgHcoppeurd 4dda 11. The use of a
phosphite as defined in any one of clains 5 to 8 or a phosphite-netal
conmplex as clainmed in any one of clains 5 to @4 honogeneous catal ysis. 5
12. The use of a phosphite as defined in » clains 5 to 8 or a

phosphi te-nmetal codex as cl ai ngd Qﬁyp : Ains 5 to 9 in a process
for the hydrofornylation of oI . 10|13. Thg use as clained in claim12,
wherein further phosphorus-co .

for the hydrofornylation of ol eMns,
or nmonool efin mxture 15 with a m xt
the presence of a phosphite as defin
phosphite-nmetal conplex as clained in any one of clains 5 to 9. 20 15. ‘A
brocess for 3R62H7G! "e? BIZRBRLABnaR0T' TR 2b" mEBY) O afb? HEadolbed: 1A' "

100 ml of THF. 13.28 ml of a 1.6 M solution of n-
15 butyllithium in hexane (21.25 mmol) are added dropwise to
this solution at -20°C. The 1lithium phenoxide solution
obtained is slowly added at 0°C to 32.0ml of a 0.665 M
solution of the chlorine compound A (21.25 mmol) in THF and
the resulting mixture is subsequently 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 C;oH;30.P; M = 336.28 g/mol): C
68.24 (67.86); H 4.02 (3.90); P 9.66 (9.21) %
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where R is selected from among monovalent substituted
or unsubstituted aliphatic, alicyclic, aromatic, het-
eroaromatic, mixed aliphatic-alicyclic, mixed ali-
10 phatic-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 monovalent substituted or unsubstituted ali-
15 phatic, alicyclic, aromatic, heterocaromatic, mixed ali-
phatic-alicyclic, mixed aliphatic-aromatic, heterocyc-
lic, mixed aliphatic-heterocyclic hydrocarbon radicals
having from 1 to 50 carbon atoms, H, F, Cl, Br, I, -CF;,
~CH, (CF;) 4CF; where j = 0 - 9, -OR’, -COR?’, -CO.R®’, -CO.M,
20 -sR’, -SO,R’, -SOR®’, -SO;R’, =-SO;M, -SO,NR°R'°, -NR°R'°,
-N=CR’R'°, where R’ and R!’ are selected independently
from among H, monovalent substituted or unsubstituted
aliphatic and aromatic hydrocarbon radicals having from
1 to 25 carbon atoms and M is an alkali metal ion, for-
25 mally half an alkaline earth metal ion, an ammonium ion
or phosphonium ion,
or adjacent radicals R' to R' together form a fused sub-

stituted or unsubstituted aromatic, heterocaromatic,
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group, and when R1 R?, R® and R®* are each an H atom and

k=1, R is not an alkyl or aryl group.

10 2. A phosphite as claimed in claim 1, wherein the radical
R of the phosphite is selected from among aromatics and
heteroaromatics which are unsubstituted or substituted
by at least one radical selected from among aliphatic,
alicyclic, aromatic, heterocaromatic, mixed aliphatic-

15 alicyclic, mixed aliphatic-aromatic, heterocyclic,
mixed aliphatic-heterocyclic hydrocarbon radicals hav-
ing from 1 to 25 carbon atoms, F, Cl, Br, I, -CFi,
-CH, (CF;) CF; where j = 0 - 9, -OR’, -COR®’, -CO;R®’, -CO.M,
-srR’, -SO,R°, -SOR’, -SO;R°, -SO;M, -SO,NR°R'’, -NR°R'’ or

20 -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 selected from among aromatics and
heterocaromatics which have fused-on aromatic, het-

25 erocaromatic and/or aliphatic rings which are unsubsti-
tuted or substituted by at least one radical selected

from among aliphatic, alicyclic, aromatic, heteroaro-

matic, mixed aliphatic-alicyclic, mixed aliphatic-
aromatic, heterocyclic, mixed aliphatic-heterocyclic

30 hydrocarbon radicals having from 1 to 25 carbon atoms,
F, Cl, Br, I, -CF;, -CH,(CF;);CF; where j = 0 - 9, -OR’,

-COR’>, -CO,R’, -co,M, -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 in claim 1.
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where R 1s selected from among monovalent substituted

or unsubstituted aliphatic, alicyclic, aromatic, het-

eroaromatic, mixed aliphatic-alicyclic, mixed ali-
25 phatic-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 monovalent substituted or unsubstituted ali-
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and k = 0 or 1.

6. A phosphite-metal complex as claimed in c¢laim 5,

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

tuted or substituted by at least one radical selected

from among aliphatic, alicyclic, aromatic, heteroaro-

matic, mixed aliphatic-alicyclic, mixed aliphatic-

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

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

-COR’, -CO;R’, -CO;M, -SR’, -SO;R’, -SOR®>, -SOsR°, -SO3M,
-SO,NR’R'?, -NR’R'® or -N=CR°R'’, where R°, R'® and M are as

30 defined in claim 1.

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

among aromatics and heterocaromatics which have fused-on
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-oR’, -COR’, -CO;R°, =-CO,M, -SR°, -SO,R°, -SOR°, -SOsR’,
-80:M, -SO,NR°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 claimed in any one of
claims 5 to 7, wherein adjacent radicals R' to R* of the
phosphite together form a fused aromatic, heterocaro-

15 matic, aliphatic, mixed aromatic-aliphatic or mixed
heterocaromatic-aliphatic ring system which is 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, -CF;, -CH:(CF;),;CF; where j = 0 ~ 9,
-orR’, -COR’, -CO,R’, -CO;M, -SR°, -SO,R®°, -SOR®°, -SOsR’,
-s0;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, platinum,
ralladium, cobalt or ruthenium.

30

10. The use of a phosphite 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.
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comprises reacting a monoolefin or monoolefin mixture
15 with a mixture of carbon monoxide and hydrogen in the
presence of a phosphite 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.

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)

OH

R® 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
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(b) reacting the halodioxaphosphorinone (2) in the
presence of a base with
(1) an alcohol 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,

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 claims 5 to 8.



