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‘COVPUNDS AND THEI R METAL COMPLEXES The present invention relates to

phosphat es and their nmetal conplexes, and the preparation gﬂ@w he use of
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catalyst to formth aving one nore carbon atomis knmaww as 10
hydr of or nyl a WB%1(OXO process). As catalysts in these reactions, use is
frequently made of conpounds of the transition nmetals of groups 8 to 10 of
t he Peri odi cNGubl.ePHOSPHETEl €0¥AUNDS| ANDaTHEEZRI METABNEOMREEXEE r hodi um and
of cobalt. Conpared to catalysis by cobalt 15 conpounds, the

hydr of ornyl ati on usi ng rhodi um conpounds generally offers the advantage of
hi gher sel ecThei bremsdti sinvieRt ieakeyakefe € oRBAFRARLLEFn a1k EB&E  of the
rhodium cat aluzgd BEebaERY! BhORR S duh bt rdmugorpt oxes
conprising rhodiumand preferably 20 trival ent phosphorus conpounds as

| i gands. *KnoRACEPBaRES aﬁe}lﬂépdéxéﬁpFéFaégﬁﬁSUE&chﬁ8ﬁfthe cl asses of
phosphi nes, phosphates and phosphonites. An overview of hydrofornyl ation of

ol efins may be found _i,n B. LS, W_..A HE " L eous
Catal ysis wi Fﬁezg SeCEANG TR %"‘fecenCoor%peofulr{ldsq?m%lf ) &Zégwdﬁﬁ%gﬁ% New
York, 1996. Eadhhyalralgest isystleen prebahteopfr hodiar®lvisds tia stepectiec
advant ages. [ 0 e st [ t eld,alos0 and, t ako0eknBlAdUSE,

di fferent caggﬁéggd%%stgﬁgggge ﬁé%dgg%%grﬁglldﬁ1and tripﬁeny?phosphine are
enpl oyed} 0 a- blydirioforowa aisé ofy df Sf@r RFPSEES) at Al 8REGEVFEFovpr BRSERes. An

excess of triphenylphosphide; is reeperAltly usaik asf phesphemnds- cont ahai ng

i gand; a hi %h 35 ligand/rhodium_ratio is ecessaiir tg itﬁg%eﬁse.tgec

selectivity GFapRd tiORctTRR 4P vidty FHRURdmter EPal (i// Qtsi ehtdenyde

product. TabPeZ. 03806he 2E1LmeAts, 694n10paandcubas- 4c8TPodh8sr eblte to

bi sphosphi ne |igands and their. u i hydr o {d 0 i ns at

| ow synt hesi & ug p&l'rb‘gs?lgeg?bia-’ggt’i gﬁ%grglr%dl ﬁ_‘%t hée%%%f%%l %P?é%gof

propene, 15i gh;oaqidmridsi,es:mmﬁlghfwmybaﬁi_am i w$in@sr @@mmhr:@m_éeua@lmg

1 gands of s Luhsy VO:fe2a/ 30080 cacilbes Bidafiia Plasebiag; tygands
ata

and 10 their 95s€1n ysi's, including in hydroforny| ation re%cthons.
Fer r ocene- br iadged shi tgptosiiaely Jrereli ecPRBHcat or Toxahip| €asppot the

US- A- 4, 169, 864,0d4Sicdat?llsz6kf 1otk difo sy Pt k93, 948 88 Likganls fade
hydr of or nmyl at i ons. .. .
of complexes comprising rhodium and preferably

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

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

Each catalyst system (cobalt or rhodium) has its
specific advantages. Depending on the starting material
30 and target product, different catalyst systems are
used. If rhodium and triphenylphosphine are employed,
a-olefins can be hydroformylated at relatively Ilow
pressures. An excess of triphenylphosphine is generally
used as phosphorus-containing ligand; a high
35 1ligand/rhodium ratio 1is necessary to increase the

selectivity of the reaction giving the commercially

L
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desired n-aldehyde product.




A di sadvant age of bidentate phosphine ligands is their relatively
'conpl i cated preparation. It is therefore often not economcally viable to
use such systens in 20 industrial processes. Rhodi um nonophosphite

conpl exes arg suidgdd e catal ysts for the hydrofornylation of branched

ol efins having internal double bonds, but the selectivity for 25 terninally
hydr of or nyl at ed conpounds is | ow. EP—A ® 155 508 discloses the use of

bi saryl ene-substituted nonophosphites in the rhodi umcatal yzed

hydr of ormyl ation of sterically hindered olefins, e.g. isobutene. 30

Rhodi um bi sphosph teo £onps exes @t al yge-hhe, bydrqﬁgrnyl&@y@meof | igzear
ol efins having termnal and_internal dou | e bgnds to ve predonl ntIy

termnal |y Hyv@Resmying ed producss, e bFafitfied o ?lns Ravi nt
i nt er nal dOLM&r@ﬂBlﬂﬁy@é@J_dSﬁaCde toqe;;ﬁiun)e a sl ILoext eyhth@sico- cgada nati on

to a transition netal te phosphl f 1ncreased
activity? bU?r?%%uB%%ratPﬁﬁg?FFg Yind¥e 5&taly§? §§§%@ﬁ%ﬁ§é&éﬁ O Z. 5806 -
3 unsati sf astepyne panigly becauseleé ahd hy@homwm:ﬁ&iﬁﬂﬂ#ﬂkﬁ#%ﬁcﬁrﬁhe
phosphate Ii nﬂ%ve%hgsﬁﬁg {9§H8%tbiuﬁﬁ b£§5 diols as starting

€ ,

materials fo phospha gands escCri ed in EP-A-0 214 622 or 5
EP- A-0 472 071, has enabl ed consi derabl e i nprovenents to be achi eved.

According togbhg_ %s?%ééyreest:?%regowlu%%gml @&@%pﬂi‘lﬂ&eﬁ%ﬁ@amﬁd are
extrenely actrve hydrofornylation 10 catal s for g% $ %

US- A- 4, 6688, 65Reiususs, g coshlyfd sus- 1 al ‘8‘%‘5“910}% X B BB IR TPhat e
Ilgands by nmpagst9bnwhi ch a-ol efins and al so 2-butene can be converted with
hi gh selectivity into the termnally hydrofornylated products. In

US- A-5, 312,996, bidentate 15 ligands of this type are also used for the

hydrofornylaFeeﬂocénbubaddgaé ;Nndphqﬁphﬂneins@h@sp@ﬂﬁ&iQﬁ%ﬁlon%@rare

good conpl exi ng Fgands f or rggd%uw mggrgggr ny|l thg g\rl42@0qat7ql4yst Sand@t 1S
desirabl e t o geV® op new ypes of read Erepara e phosphates to further
i mprove ImelHSeﬂfécﬂﬁﬁeﬁé§sanéﬁgéﬂéﬁpﬁérl YRYBESKFBYAFCACASN. 1t has

surprisingly been found that novel phosphates of 25 the structural formula
E4OL ', R g %ié;d;;;éggeF%f bldenggte phospglne 11ganéglzsﬁ§h/ 9 PLO Q
relatively complicated preparation. It is therefore
often not economically viable to use such systems in

20 industrial processes.

Rhodium-monophosphite complexes are suitable catalysts
for the hydroformylation of branched olefins having
internal double bonds, but the selectivity for

25 terminally hydroformylated compounds is 1low. EP-A-
0 155 508 discloses the use of bisarylene-substituted
monophosphites in the rhodium-catalyzed
hydroformylation of sterically hindered olefins, e.g.
isobutene.

30
Rhodium-bisphosphite complexes catalyze the
hydroformylation of linear olefins having terminal and
internal double bonds to give predominantly terminally
hydroformylated products, while branched olefins having

35 internal double bonds are reacted to only a small
extent. On co-ordination to a transition metal center,
these phosphites give catalysts of increased activity,
but the operating life of these catalyst systems is



O Z 5806 - 4 where RL, R2, R3 and R4 are each sel ected i ndependently
from anong nonoval ent substituted or unsubstituted aliphatic, aromatic,
het eroaronatic, mxed aliphatic 5 alicyclic, mxed aliphatic-aromatic,
het er ocycl i Co . g1 Xeglg@l i phati c-heterocyclic hydr ocar bon radi cal s having from
1 to 50 carbon atons, H F, C1, Br, I, -CF3, -CHz (CFzZ) ~CF3 where j - O -
9, -OR9) -COR9, COZR9 OOZM -SR9 ~SB2R9, -SOR9, -S03R9, -S03M
- SOZNROR1, -NRORI 0, 10 -N=CROR1, where RO and R are sel ect ed |ndependently
from ampng Hinsehbs&hehorgubstianiled obedasEBst ittt edD8l | phady el ¥its

aromatic hydggﬁggpg{;l,g{}dl g@l S tp@w Rl t Qi .bonrtad onks@ndoM i s an
al kali metal "1on

or nal an aI kal i ne earth netal n| um 15
i on or phosphvhELATIBAS Ellsééjyéc@ﬁp FadiSc & QRIS Wt?]b]gag]tsh f?o?‘ a fused
substituted groupaybat lij_.g,@ms?u ormt | GesbeipedariiaEpeA-al 2katiee, or xed
aromatic-aliphatic or et eroar c-ali at| r|n Qis a
k- val ent %ubEPrﬁuPe@ﬂar 07ﬁ$u 27t Lﬁn@g’r%4 pﬁgpis’g eﬁf"l cycli c§¥ ‘%g%“gg
al i phati c- al keypki achhetedocyclic, mxed aliphatic-heterocyclic, aromatic,
m xed al i phatic-aromati c hydrocarbon radical having from1 to 50 carbon
atons, where aliphatic parts of Q may contain 25 oxygen, sulfur and/or
nitrogen, k Becardiegstt® the RiteRRtuwe anth®4ThRCERE GRITRASKRE of

structural ekﬁg@@t S 1pgaﬂest 0aQeCaBxbeefibher SBElfzéOWh9ﬂ€oﬂﬁﬁmbEatlahe
sui tabl e conpl exi ng

structur®? elcéﬁélﬁb’é"?t@O s%__éjfoethrg?;aﬁggg 5%8 g%ﬁfohg éhgtllzuég gkgual
phosphite iswasygpearucebs, Abe l@d@@&ibénzﬁdmyghanphmrxecdagb@ﬂes b¥ the

phosphite |igands w th 3, 1 f the
Peri odi ¢ TabF&25¢ t RE E%Ei‘rﬁﬁts a?l%jgf’ $r p?(gpaarﬁla?on bu%e?{e %291 5%%6

The present Id‘maz@trlb@ai f uither hpgbvisebedorvite Uswof thise phosphaiey and

t he phosphat S lysis,g@referabi yodd, hgmgg@g@gs

catal ysi s, ﬁ" % SN %t%tgfgﬁggé%f or%:'rrly a%)l on of o%/efl ns. Fur&1

aspect s b5 tﬁagamﬂehtl of arehasprdoes fere he@h§8r of TRV atﬁ% oftB6l ef i ns
and a pr oces?,n)‘ ofd}rnﬁﬂaa[ﬂlr!ﬂl tcnu_e m@;@ ligands. 10 In preferred
phosphates o e fornula I or at least two adjacent radicals Rl to R4
together forma fused aromatic, heteroaronatl c, aliphatic, m xed
aromatic-al i phatHdugh mxes hebesohcopni tesal i peationedng syst emomeidch i s
unsubstituted or is substituted by 1 er e 3Eh RGeS rom
anmong al i phat‘?q{“p]aﬁ’fjtﬁ&l i ci LOFRRt i §oﬁet e?gég%%tl C?Q}d‘i%fg "

al i phati gal i deaiaxystm xed tal nphacﬁemmlohat it I@@N@rl@@ycniﬂ‘d wipes of

al i phati c- het £ro q:%l S gb’;lVf ngtlfléiamlgﬂ t-8v20 tgarikon
atons, F, CLFt éyf 55§é928§8écggo %gﬁ) where j - 0 - 9, -CR9. - CORY,
C02R9 COZMfﬁSRQlVGISEi@RQ fOlSG?QamP@SR@ Y Sehe mBSJGf’Z‘NF@F?i, -NROR1 or

- N=CR9R1, vvhere R9, R and M are as defined above. In the phosphates of the
formula | or Qis 25 preferab a di val.en o] tetrav ent .radj cal . For
exampl e, Q ca¥1t hag® ﬁuéPFhﬁ%Hgéyagégﬁo%ﬁupﬂ F%ﬁa Ingvlell Aot G

25 the structural formula I or II,
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R11 R1 30 bi(w ~ R~ s Rl4 R15 ~ R17 Rls where R11 , R12 , R13 , R14 ,
'R15, RI6 , R~ and Rla are as defined for RL to R4 in claiml or 2, Wis
t he dival ent radical CRI9R2, where R19 and R2 are as defined for RO

O.Z. 5806 - §. ganggfd, m- 0 -1 and the positions a and b represent the
1inkage points. Adjacent radicals R11 to R18 may, in a manner anal ogous to
Rl to R4 in formula (I) or (Il), togethdr forma fused substituted or
unsubstituted 5 aromatic, heteroaromatic, aliphatic, m xed
aromatical i phatic or m xed heteroaromatic-aliphatic ring system The ring

systemis prgfgrabky spbstrtuied RY atel @ash anadadicaln &cd&d- 1y om
anong al i phatic, alicyclic, aromatic, heteroaronmtic, m xe aljphatlc 10

alicyclic, nfxem aﬁmﬁﬁgt|@°§PUﬁ&?P€ RIRSTIAHESSE, R xaysubstituted

al i phat ti giaﬂBpﬁa@iwCmeﬁB Iﬁlﬁﬁifcb?n Hed@realrenaaid)g fn[iﬁé‘dl am@@a@mbon

at ons, r I‘Ej -

. -CO2R9> - &haf¥© i%ﬁg I%b’é% %géhgtjsﬁéi‘@oma }S%%T\ﬁ@‘ﬁic Bror or
15 - N=CROR1, mikede R8]iBhaaid-keaeeoaycdaf nem}a‘tmnarkﬁrher exahphks of Q
areaphenyl a apht hyl a bi sar di gal , ra radi cal of a
di phenyl ethe‘[r;‘ggrrl8 kroﬁlg QFaséngé?g ﬁcéFoﬁav ﬁ %he gfrégf fe Zgg
correspondlngCHmHﬂhQJCanﬂm%r¢\ﬂ mﬁere9R210Rﬁ22 GAR° R2F QRS seFedf ed

i ndependent | ygk¥ om_2%, arong st | Lg@?qg or _gpsebstidaiiipekal i phagdgge and
Lo

aromat i ¢ _hydrocar bop fadi cal's havi m1lto 25 car bon atoms, H _F, C1,
B, T, Gr3, -NCPB {GF2)WheES Wherand R arey selepdgd irsypendentiprod |
-$%4§R24from8®2r&fb » H; SER2Abva 1SR dubs S08M ed SCRNR24RRSs ti tMRRaR25 and
- S

1péat§§0gnd aromatic hydrocarbon radicals having from

1 to 25 carbon atoms and M is an alkali metal ion,

formally half an alkaline earth metal ion, an ammonium

15 ion or phosphonium ion,
or adjacent radicals R! to R! together form a fused
substituted or unsubstituted aromatic, heteroaromatic,
aliphatic, mixed aromatic-aliphatic or mixed
hetercaromatic-aliphatic ring system;

20 Q0 is a k-valent substituted or unsubstituted aliphatic,
alicyclic, mixed aliphatic-alicyclic, heterocyclic,
mixed aliphatic-heterocyclic, aromatic, mixed
aliphatic-aromatic hydrocarbon radical having from 1 to
50 carbon atoms, where aliphatic parts of Q may contain

25 oxygen, sulfur and/or nitrogen,

k is at least 2 and R', R?, R’ and R* in the individual
structural elements bound to Q can be different from
one another, are suitable complexing ligands. If the
radicals R' to R* in the individual structural elements
30 bound to @ are different from one another, the

phosphite is unsymmetrical.

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

preparation.



where R24 and R25 are as defined for RO and R1 and Mis an al kali netal

ion, formally half an alkaline earth netal ion, an anmoni umion or

phosphoni umion, or adjacent radicals R21 to R23 together forma fused 5
substituted @rzunsgpsti tuted aromatic, heteroaromatic, aliphatic, m xed

m xed heteroaronatlc aliphatic ring system Y is the
radi cal CR24R15 or CR24RZS O-CR24R25; n - 3 - 6 and the positions
a represent the |inkage points or are 10 occupi ed by OR24, where R24 and

aromatic-aliphatic or

di val ent

R25 are as dBR¢nedcsEdfe.imeandsent BUrvBephgpVALESs | frihd5hef uske dfornul a |

or Il are:

.0/ '~~ 0O/ tBu \ ~/ O-P~-O

Oclgé\%hcpsﬂhftg) a(ﬁa @h@ flg)s%iglge]-%e}:a\l téébﬁ%léﬁ%/ _10:9 NEO?/EO
- u 0~ ~

{CBu O - \ FabaluBie b bregrrably iRy bogeEsRegYs oaatelysis, | in

10

15

20

25

30

particular in the hydroformylation of olefins.

Further aspects of the invention are a process for the
hydroformylation of olefins and a process for preparing

the phosphite ligands.

In preferred phosphites of the formula I or II, at
least two adjacent radicals R' to R* together form a
fused aromatic, heterocaromatic, aliphatic, mixed
aromatic-aliphatic or mixed heterocaromatic-aliphatic
ring system which is unsubstituted or is substituted by
at least one radical selected from among aliphatic,
alicyclic, aromatic, heterocaromatic, mixed aliphatic-
alicyclic, mixed aliphatic-aromatic, heterocyclic,
mixed aliphatic-heterocyclic hydrocarbon radicals
having from 1 to 50 carbon atoms, F, Cl, Br, I, -CFi, -
CH; (CF;) CF3 where j = 0 - 9, -OR’, -COR’, -CO;R®, -CO3M,
-SrR?, -S0,R®, -SOR’, -SO0;R’, -S03M, -SO,NR’R'’, -NR’R! or
-N=CR’R'®, where R’, R'® and M are as defined above.

In the phosphites of the formula I or II, Q 1is
preferably a divalent to tetravalent radical. For
example, Q can have a structure as shown in formula
IITI,

R (W) R18

R12 RM RIS rY
R13 R16

where R, R'?, R, R, RY®, R, R'Y and R!?® are as
defined for R* to R* in claim 1 or 2, W is the divalent
radical CRY™R?°, where R'® and R are as defined for R®

O
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(H) () (K (L) oo\ \\, (M p~P.~0/---~0~P~0 / [/
0.Z. 5806

-6 -

and R%, m = 0 -1 and the positions a and b represent
the linkage points. Adjacent radicals R to Rﬁgmay, in
a manner analogous to R' to RY in formula (I) or (II),
together form a fused substituted or wunsubstituted
5 aromatic, heterocaromatic, aliphatic, mixed aromatic-
aliphatic or mixed hetercaromatic-aliphatic ring
system. The ring system is preferably substituted by at
least one radical selected from among aliphatic,
alicyclic, aromatic, heterocaromatic, mixed aliphatic-
10 alicyclic, mixed aliphatic-aromatic, heterocyclic,
mixed aliphatic-heterocyclic hydrocarbon radicals
having from 1 to 50 carbon atoms, F, Cl, Br, I, -CFs,
-CH, (CF;) CF3 where j = 0 - 9, -OR’, -COR®, -CO,R®, -CO.M,
-SR’, -SO0,R°, -SOR®, -SO0sR’, -SO03M, -SO,NR°R!?, -NR°R!® or

15 —N=CR%§°, where R9, R and M are as defined above.

Other examples of Q are a phenyl radical, a naphthyl
radical, a bisaryl radical, a radical of a diphenyl
ether or a calix[nlarene radical having the structure

20 corresponding to the formula IV:

(v

where R?', R*? and R?® are selected independently from
25 among substituted or unsubstituted aliphatic and
aromatic hydrocarbon radicals having from 1 to 25
carbon atoms, H, F, Cl, Br, I, -CF3, -CH;(CF;);CF3 where
j =0 - 9, -OR**, -COR*, -CO;R**, -COM, -SR**, -SO,R*,
-SOR**, -S0;R**, -80:M, -SO,NR*‘R*®, -NR?*’R*® and -N=CR*‘R?’,



O Z. 5806 - 10 5 10 15 20 25 The exanmples (1) to (M are unsynmetri cal
‘phosphat'es. The phosphates for the use according to the invention can be
prepar.ed from phosphorus-halides by neans of a sequence of reactions with
alcohol s, cafbpxyddggaci ds and/ or a-hydroxyaryl carboxylic acids in which
the hal ogen atons on the phosphorus are replaced. by oxygen groups. One of
a nunber of possibilities for preparing7the phosphates of the invention is
the foll ow ng synthetlc route for bisphosphites: In a fi rst step, an

a- hydr oxyar ywherdoRy| iandh®d 419 as deddned Viarth R phwskRior esdt M ha i de

PX3, e.g. PGL3, a'fﬁ%?tla’}&’eféﬁ 1BRef ef%a/lﬂhoﬁg'ﬂ@r%tétLEQh%ladeeaPrCt‘:]@ in

the presence of a base which iIs preferably used in equivalent or catalytic
anmounts to f%?‘l'ﬂﬁja HedTodi GFapREEWREMMoABNR( 29T RPROSPRERIY® \iQ¥oH PR3 ~ OH

Ra RA R O \gghhaded Rradid¥hd 2)r%tn @osef@?éndtégagﬁe@n £66R) 4 herFused

hal odi oxaphosphor j none (2) is reacted w (
di car boxyl i ¢ ‘gk& et B COBGURHE - eggﬁﬁ‘étbF H%?%eg%ﬁoﬂ?qlsc
preferably LE;Btb]nantﬁqul valmeitedr cadmdnydtioc-aaibiptistio gi wer t he ndesid ed

phosphate (1)o0L {dtdmatic-A4n2EPE Bind Bostel? B ik W ent

radical CR*R?® or CR%*R?°-0-CR**R?*; n = 3 - 6 and the
positions a represent the linkage points or are

10 occupied by OR?**, where R* and R?° are as defined above.

Representative phosphite ligands of the formula I or II
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20 25 30 - 11 HOQOHOoOr P HOOC-Q COOH The radicals RL to R4 and Q are
as defired above. In the synthesis of unsymetrical bisphosphites, two
differently substituted chl orodi oxaphosphorinones (2a) and (2b) in which at
| east one ragigal sRdgto R4 and (2b) has a different neaning in (2a) are
prepared in the first reaction step and these are then, in the second
reaction step, reacted in succession with-the diol or the dicarboxylic acid
in the presence of a base which is prefegably used in equival ent or

catal ytic anounts. Since the diol #8r di garboxylic acids used and their
downst ream products are fregue ; " b-' e~y eactions are generally
carried out in solvents. sedjare tic solvents which react
neither with the diols nor ‘di carboxyl i€~actds nor with the phosphorus
conpounds. Exanpl es g% suitabl e dol vénts areltetrahydrofuradDethers, such
as diethyl ether or BEo(meohy | _Aert~butyl é8ther) and aromatic

hydr ocar bons such i on of phosphorus-halides with

al cohol s forns hydr W s bound by added bases. Exanpl es of
bases whi ch can be used floryARi s purpose are tertiary am nes such as
triethylamne, pyridine ar Nne?ﬂ?lpyrrolldlnone It may al'so be useful to
convert the alcohols into netal al koxides prior to the reaction, for

exanple by reacting themwth sodlun1hycr|de or butyllithium O Z. 5806
- 12 The phosphates are sui ; Bg% 0 %t he conpl exati on of netals of
groups 4, 5 6, 7, 8 9 and 1Q the|Per| Tabl e of the Elenents. The

| i gands and, if desired,
further |igands and are suitable as catalysts preferably |dEﬂoaneneous
catal ysis. Exanpl es of 8UIt%b|' netals are rhodium cobalt, iridium

ni ckel, pall adi um 2 r rut henium osm um chroniun1 10

nol ybdenum and tu yn. %arti arly in the case of nmetals of group 8, 9
or 10, the resulti i ¥an be used as catal ysts for

hydrof ornyl ati on, carboflyl ation, hydrogenation and hydrocyanation
reactions; particular preference is given to rhodium 15 cobalt, nickel,
platlnunland rutheni um For gexanpl e, thg use of rhodiumin partlcular as
catal yst nmetal gives high catalytlc‘mc ivities in hydroformylation
reactions . The catal yst et 2 : ed in the formof salts or conpl exes,
in the case of rhodium for - @xap rhodi um carbonyl s, rhodiumnitrate,
rhodi um chl ori de, Rh(CO) 2(£ acetyl acetonate), rhodium acetate,
r hodi um oct anoat e or rhod x€—25 The active catal yst species for
i's ar OMe om t he phosphate |igands of the

i nvention and the cat4 d?Lothe reacti on conditioffe, for

i nstance in the case dr8f or nyl a omquﬁarbonylhydridophosphite conpl ex

at es and any further |igands
can be introduced i t he beaction nj in free formtogether wth the
catal yst nmetal (as S¢ or conpl ex) it or 0 generate the active
catal yst species in situ. It is also possigle to use a 35 phosphat e- net al
conpl ex conprising the abovenenti oned phosphate |igands and t he catal yst
nmetal as precursor for the actual cgtalytically active conplex. These
phosphat e- net al conpl exes are preg reacting the

I

P
0" o
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O Z. 5806 - 13 appropriate catalyst nmetal of groups 4 to 10 in el enental
formor :in the formof a chem cal conpound wth the phosphate |igand. 5 As
addi tional |igands present in the reaction mxture, it is possible to use
phosphor us-cgntai Bgag | i gands, for exanpl e phosphi nes, phosphates,
.phosphoni tes or phosphinites. 10 Exanples of such |igands are: phosphines:
tri phenyl phosphi ne, tris(p-tolyl)phosphithe; tris(mtolyl)phosphine,
tris(o-tolyl)phosphine, tris(pnethoxyphenyl)phosphine, tris(p 15

di met hyl am nophenyl ) phosphi ne, tricycl ohexyl ghosphi ne,

tricycl opentyl phosphi ne, trlethylphosphlne Ingpht hyl ) phosphi ne,

tri benzyl phosphi ne, trl-nbutylphosph|na tﬁ? phosphi ne. 20
Phosphat es: trinethyl phosphate, ) ymat ez tri-n-propyl
phosphate, tri-i-propyl phosphatu i - nBut y[9 phosphat e, tri¢gybutyl
phosphate, tri-t-but 0S s(2-ethy|hexyl)phosphite, triphenyl
phosphate, tris(2,4 ty enyl ) phosphite, tris(2 25

t - but yl - 4- met hoxyp sphjte, tris(2-t-butyl-4nethyl phenyl)-phosphat e,
tris(p-cresyl)phosph yTn addltlon sterically hindered phosphate |igands
as are described, inter jalia, 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, 30 US-A-4, 835, 299,

US- A- 4, 885, 401, US- A-5, 059, 710, US-A-5,113, @22, US-A-5,179, 055,

US- A- 5, 260, 491, US-A—5,264,61§‘3 US-A—5 288, 918, US-A-5, 360, 938,

EP- A-472, 071, EP-A-518,241 and®Wo. A >0 so suitable |igands. 35

Phosphoni tes: net hyl di et hoxyphosp phdnyld A oxyphosphi ne,
phenyl di phenoxyphos phi 2- pheno »‘P5=. &€l [ 1, 2] oxaphosphorin and
its O Z. 5806 - derivatives ip which all or sone of theIhydrogen

and/or aryl radicals or hal ogen atons,
O A- 98/ 43935, JP- A-09- 268152 and
3, Pa Ent Applications DE-A-199 54 721 and
e |igafds are described, inter alia, in
US- A-5, 710, 344, WD A-95/ 06627, US-A-5,360,938 or 10 JP-A-07-082281
Exanpl es are di phenyl (phenoxy) phosphine and its derivatives in which all or
some of the hydrogen atonms have been replaced by @ukyl and/or aryl radicals
or hal ogen at ons, diphenyl(nethoxy)phosp.ine nd di phenyl (et hoxy) phosphi ne.
S Nhe i nvention can be used

5 ef erabl y (Khose havi ng

Y yondiAAg 20 al dehydes. Here,
S|ng phcsphate conpl ekes with netals of transition
group 8 as catal yst'xg ©rs. 0 1n general, 9rom 1 to 500 nol, preferably
froml to 200 25 nol, e preferably fron12 to 50 nol, of the phosphate of
the invention are used pe® nol of nmetal of transition group 8. Fresh
phosphate |igand can be added to the reaction atgany point in time in order

to keep the concentration of free |Iigand constanﬁ
NG / w/d\
0O 0]
PP
No gl e o~ o

and al so ligands as & dlescr bed
DE- A-198 10 794 and &

preference is give



30 The concentration of the nmetal in the reaction mxture is in the range
from1l ppmto 1000 ppm preferably in the range from5 ppmto 300 ppm
based on the total weight of the reaction m xture. 35 The hydrofornylation
reactions card4 edos¢ using the phosphates of the invention or the
.correspondi ng netal conplexes are carried out by known nethods as O Z.
5806 - 15 described, for exanple, im J0 FALBE, "New Syntheses with Carbon
Monoxi de", Springer Verlag, Berlin, Heidel berg, New York, page 95 ff.,
(1980). The Bieferarmhpduntls)te s(fhraye rersyareipicht phesehteesf the 5
catalyst with a mxture of CO and HZ (synthesis gas) to formthe al dehydes
havi ng one nore carbon atom_The reaction tenperatures for a _

hydr of or nyl afrnPPPERBLECFSIHRT t Hee pHES /AT BRDhbR phife-EteH iRy

conpl exes of cdhebenyaigaaie RSt £ah abhskpabeuprbherdeky Wy hbgngasge £ rom 40C
to 180C, nore preferably from 75C to.%4OC.lT e ]g%essurgs uEder whi ch the
hydr of or Ryl at FERERT DcEddst §F - HeT elaby al-(fﬁr}ff) r GRTEVAYHESI SYEE nore
preferably lédnélobar a-hdroalyatryloatrdbixgldlt hyabriagen in cahbeh norioxi de

(Hz/ CO in the nt hesis_g [ r r 1 /

preferably fIP%Jrng%ri ?goéf 1%%@1&3%%@?&%# t%ggl ?/Sérllégieé ' ;%)S’esééﬁ{geeans a
honbgeneous @o0oews ut PR of tehenunpernf OF nplPasiba Lcxedr & ccomprerA ISt art i ng
materials (olgfi nshaBphsyakhegks gas) andpraduct s aldghydes,1abarpol s,

hi gh boilers fornmed in the process).. A solvent can be additionally used if
desi red1025 exnHgetsCct RerFenfgh RbPRROFBRLIGRFght, the phosphates of the

i nvention have a low volatility. They can therefore be separated off easily
fromthe m)rﬁ vol ?ti Ig rEacti on products. Th(iy have ﬁt.suffi.c' eﬁt)l y.good
solubility ih™38 cuEEonmEryPor §ini% WOVEHEEY “Tie Y tihd Tat evi’al s for the
hydr of or nmyl ateaotadewbdtkf anphosphioxtisr ¢ ibkldldef iB¥s, wei.gh Ba&ve, fPBmMm 2 to 25
carbon atons d term i =C T be

| i near, bran%ﬁgdPgF' h%%E§L%§EYi @hg%?g%frg?e %ﬁ?yclg)rﬁgé;?tﬁla?\?quyp urality
of ol ef ikH cabrgsenasat gfat @ asHs. WiEk@Rpl &8 aPEefespbie: HSAs enel

Ci s-2-butenegqh{fRseRtbUt &1, | sQbyiePee butadhens ©Z. 384 - 16

m xt ures of -ol.efins; CS-ol efins such as 1-pentene, 2pentene,

2- met hyl - 1- bh%‘éﬁ@,l°§§H%Pﬁ9h9§-189¥1@né,2) 3net hyl - 1- but ene; C6-ol efins such as
1- hexene, 2-hexene, 3-hexene, the Co6-olefin mxture formed in the 5

di meri zation of propene (dipropene); C--olefins such as 1-heptene, further
n- hept enes, 2-nethyl - 1- herkne, 03net hyl - 1- hexene; C3-ol €fins such as

1-octene, further nogteneg, 2-jyethyl heptenesg23-nejhyl htenes,

5- et hyl 2- hept ene, & e LR 2RdEne, g-et hyl % Rxgrfe, the 10 isoneric
Cg-olefin mxture forne t he di nerd »oN Of
C9-ol efins such as 1-ng further n- nonen%_g £z efre es,

propene (tripropene); d oRoI efins such as n-deceneg? 2-ethyl-1
(1) : (2)

20
In a second reaction step, the halodioxaphosphorinone
(2) is reacted with a diol (HO-Q-OH) or a dicarboxylic
acid (HOOC-Q-COOH) in the presence of a base which is
preferably used in equivalent or catalytic amounts to

25 give the desired phosphite (I) or (II).



15 octene; Cl2-ol efins such as n-dodecenes, the Cl2-olefin m xture forned
‘in the tetranerization of propene or the trimzeration of butenes
(tetrapropene or tributene), Cl4-olefins such as n-tetradecenes,

Cl6-ol efins gugh aggp- hexadecenes, the Cl6-olefin mxture forned in the 20
tetranerization of butenes (tetrabutene) and al so ol efin m xtures prepared
by cooligonerization of ol efins having dlfferent nunbers of carbon atons
(preferably from2 to 4), if desired after separation into fractions having
the same nunmber or a simlar 25 nunber of carbon atoms by distillation. It
is likewi se possible to us® olebins or olefin mixtures produced by the

Fi scher-Tropsch synthgesis and aljso ol efi ns whH{olQ@te obtai ned, by

ol i gomeri zati on of ethene e gt ai nabt e vIa met hat hiesi s réhcti ons or
tel omeri zation 30y eacti
general , e.g. propene , _Autene, 1-hexene, 1l-octene and al so
dimers and triners oﬂ‘{é Pbut ee, di m%%@@%4i i so@ t ene,
tributene). The hydrofornylation can be carried out continuously or

bat chwi se. Exanpl es of i ndBstri al apparatuses are O Z 5806 - 17 stirred
vessel s, bubble colums, jet {@pzzle reactors, tube reactors and | oop
reactors, sone of which nay be cascaded and/or provided wth internals. 5
The reaction can be carried out in one or nore steps. The separation of the

al dehyde compounds forpged_and the c | yst can be..carried out by a
convent i onalm%ﬁﬁt HGE}}CEEQ.R frQacki &Y%{i%%r?rq RruSE 99 2RN S can be

achi eved, for exanple, by neans of a distillation, by neans of a 10 falling
filmevaporator or a _thin fi.l a his i i.cul.arly u ul when
a solutio o#nt highecatsélllhfs eéllnsmagﬁi g'ﬁ{ (o] ef%%-léso v%ﬁ%ﬁlﬁl;os%glﬁgre%edg‘?%om t he
| ower boi | i ngdpféeuens lyTheuksit bt ysed s shlorediwraghosphoyaamengspatagded of f

can be used £ap fiuphher Lpikydnef apdaldnsadien 10wee akebhas (£8) 9.
propene, butene, pentene) are used, it is also possible for the products to

be di schar ge82fr din Gié LEE§ETorMSA R RPe 1gas (phhs@r0PTRRaF 81| o n§P8xanpl es
illustrate therpresectivenstop. ahvamplease Adde exasnl esnnetlee caecbrd out

under pro@ective as 25 using_ st ngar.d Schl enk techni ues., Thc?. | vent s
were dri¥ 05§Fc§gppab?tee%’es?§%5ﬁ? B&f osruecchessesfl%l‘ﬁf'g co ounlaosg 2tp-a o
30 Chl oro compeunii daxt:qhlior cadid 118, 2ienzodeseaphospher i vasle owk) chas

by o¢ ggego% 0 gﬁgdp%%ig%ggeﬁ%ge{dc eNeidaueed 8% AR anifies806 - 18

Since the diols or dicarboxylic acids used and their
15 downstream products are frequently solid, the reactions
are generally carried out in solvents. Solvents used
are aprotic solvents which react neither with the diols
nor dicarboxylic acids nor with the phosphorus
compounds. Examples of suitable solvents are
20 tetrahydrofuran, ethers, such as diethyl ether or MTBE
(methyl tert-butyl ether) and aromatic hydrocarbons

such as toluene.

The reaction of phosphorus-halides with alcohols forms
25 hydrogen halide which is bound by added bases. Examples
of Dbases which can be used for this purpose are
tertiary amines such as triethylamine, pyridine or N-
methylpyrrolidinone. It may also be useful to convert
the alcohols into metal alkoxides ©prior to the
30 reaction, for example by reacting them with sodium

hydride or butyllithium.



5 Chloro conpound B was prepared from 2-hydroxy- 1napht hal enecar boxylic acid
using a nmethod based on that in BE 667036, Farbwerke Hoechst AG 1966;
Chem Abstr. 65 (1966) 13741d. The follow ng description explains 10 the
procedure fop thecgypthesis: Reaction of 2-hydroxy-1-naphthal enecarboxylic
.acid wth phosphorus trichloride 15 9.22 g (0.049 mmuol ) of

2- hydr oxy- 1napht hal enecar boxyl i ¢ aci di 200-m of dried toluene and 0.48 g
(0.005 nol) of N-nethyl-2-pyrrolidinone are placed in a 250 nl Schl enk
tube. 10.14 g (0.073 nol) of phosphorus trichloride are slowy added to
this m xtur eTFlg \Ahglh%s?gﬁr ddng. Afd er dhe J6hl enkg fybeshas pgen cepgect ed
to an offgas [ine provided wth a gas flowreter, the reaction mxture is
caref ul | y hespeglesagscnaf meetrabs ned SEouwss 4-enper Gture for % ABHrs. For

the work-up, 19hgf eafd imt- it e fot t @€l Bade?Es t NEhEOLYRPLeRESt he
filtrate is removed under reduced pressure. Yield: éé 01 % (44.6 mmul ),
correspordli n§afo §PN8%:-Bf PREoryY FFEERVRATIRRI - PEFANE™S15878  ppit 30
(O._Z. 5806 f da%sili‘réetparf@trimroflicg@lﬂd@[ Hred eqvee bss{ alatyl aphoaphilye)sl

m xture o iastereqners) 1. .BuLi. THF / [/ 2. ~ ~.OB ~~Cl. 1 [/ -0 O
O proom-~ 0 Bratarably oin pxdtglenitur o cipalysit % RIS obf

n-but yl |it hi smitkbeemohétial?. agemmhddiumhexabelivas sfioWyn.addédket, r oom

t enperature i : O £dn 48, hmla) 5 : ;
p-tert-butyl %%%%aﬁea%x%ﬁq{lﬁﬁar ene’ | an 4%ﬂ#£bfosﬁﬁumrHFFh§ﬁgl}lgéul ting
sol ut i onl@as metlivhdeaum R/ U siir-s. Parybcyleplye impkheofcase of

3-chl oro- 2, 4yglirgxa- 3Fhoprhaphenant by eno 1- ene Fésdi s$8vedmphekenl cah THF
was subsequently addeg dropwi se via a needle.. A col or ch%n%e t_Lrgm col orl ess
to yel | owi sh®ccur FE8%f t e?St he catalysts for ydroformylation,

carbonylation, hydrogenation and hydrocyanation
reactions; particular preference is given to rhodium,
15 cobalt, nickel, platinum and ruthenium. For example,
the use of rhodium in particular as catalyst metal
gives high catalytic activities in hydroformylation
reactions. The catalyst metals are used in the form of
salts or complexes, 1in the case of rhodium, for

20 example, rhodium carbonyls, rhodium nitrate, rhodium

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

25 The active —catalyst species for the homogeneous
catalysis are formed from the phosphite ligands of the
invention and the catalyst metal under the reaction
conditions, for instance in the case of
hydroformylation a carbonylhydridophosphite complex on

30 contact with synthesis gas. The phosphites and any
further ligands can be introduced into the reaction
mixture in free form together with the catalyst metal
(as salt or complex) in order to generate the active
catalyst species in situ. It is also possible to use a

35 phosphite-metal complex comprising the abovementioned
phosphite ligands and the catalyst metal as precursor
for the actual catalytically active complex. These
phosphite-metal complexes are prepared by reacting the



15 addition was conplete. The solution was stirred overni ght. Evaporation
of the solvent gave crude bisphosphite 1 as a yellow solid. The product was
purified by dissolution in 30 mM of CH2CO z and filtration through Celite
ki-esel guhr fplyersgbd. 20 Evaporation of the solution at 50C gave 1 as a
.yell owi sh air- and noi sture-sensitive solid. Yield: 1.24 g (1 26 mmol ,
85~): mp. 278C . O Z. 5806 - 20 -1H3NWR in CDC13 (400.1 MHz): 8 = 0.51
(s, 18 H C(CH3)3): 0.53 (s, 18 H C(CH3) 3) ; 0.92 (s, 18 H,_ C (CH3) 3) ;
0.95 (s, 18 AppEopCiBfe3d) catglysto retad Hofz) queps % t® HO ATH- Ar)
, 3. 11 (d, eﬂefﬁen%él( H.’EDrm cl:? 1n0 the AbrfaHZAr ) :clén%.c@a. (é@mﬁoﬁhd
0-C _H3); 373@ 26 (d, 4 H 2J(HH) -
Ar-C H2- Ar) ; Wil §5t{18 phPiSPﬁatlﬁH)llgéné Hz, Ar-CH z-Ar); 6 11 (d 2H, ~J(HH)
- 2.4.Hz, Ar_H); 6.13 (d, 2H, 9J(HH) - 23Hz Ar- H; 6.38 (d, 2 H 4J(HH
- 2.3 Hz,. Ar- ( 55 (d, 2
i 4 (hg o he eeadiopal (hidadde Brablat £n a%rea%mmiﬁFum 6. 63
(d, 4 H 4J(HH) is2p®sdzblar - Ep) ;use Ophospmqsmcomaﬁpln@phllgands 96 (d,
2 H 3J(HH) ph ph: 15
13C.NMR i n 058?3 ?%ES‘PE@ME@’S%M%S % gbgchg (@éf’&%ﬁ%ltgg
C, C (CH3) 3phospmigdtes- 6 C C(CH3)3) ; 31.33 (s, 6 C, C(CH3)3) ; 32 06
(s, 4 C Ar-CHzAr) 32 10 (s, 4 C, Ar-CH2-Ar); 33.82 (s, 2 C, C(CH3)3); 33
84(,ZCC é_égs 2 C C(CH3) 3) ; 33 .87 20 (s, 2 C,
C(CHS) 3)~ 061E6§“‘P%e52°é s@c y-9 @fszé‘r@s 2 C, 0-CH3); 118.49 (s, 4 C
naph-C); 124.79-129. 50 (m 40 C, Ar-C and naph-C); 129.87 - 146.21 (m 48
C, Ar-C-,art..and nap

31P-NVR b = 102. 3,
103.5, 104. 1Ph9sP piaes érﬁ%‘egrﬁlzp}toscﬁhmﬁllg’ér%i)p[k&’iygégg%%glj‘l?ﬁ/r+ H -
Rl +' 675 (50ﬁrpwl(m zomyl)pﬁbsm@lml, anal /6 st o GERIploB PN g 11091 85%p-calc. C
73.63 H 6. 36m@tﬁo§i§p Q fy@‘)'Bﬁon%Qn%?’ H 6.37 P 5.30 Hydrofornylatiep.of
I X

1-octene using ca arene bas-0acyl phosphate) 1 35 The
hydr of orh§| afinlalﬁ§hwéua@1@@me@erldmhqsahanmddebé%eyeéehﬁwéetleépawepr ovi ded

Wi th pressur %rriléwtm@@mg&pwsmm@as fl@wlaehwpaa@ﬁﬁﬂﬁfegl ng skigrer. The
autocl ave vag [ REITLrtlERi ) 4 90N BUERRR0T R tbkine, O 4 2808 2

butylphosphine, tri-t-butylphosphine.

20 Phosphites: trimethyl phosphite, triethyl phosphite,
tri-n-propyl phosphite, tri-i-propyl phosphite, tri-n-
butyl phosphite, tri-i-butyl phosphite, tri-t-butyl
phosphite, tris(2-ethylhexyl)phosphite, triphenyl
phosphite, tris(2,4-di-t-butylphenyl)phosphite, tris(2-

25 t-butyl-4-methoxyphenyl)phosphite, tris(2-t-butyl-4-
methylphenyl) -phosphite, tris(p-cresyl)phosphite. In
addition, sterically hindered phosphite ligands as are
described, inter alia, in EP-A-155,508, US-A-4,668,651,

UsS-A-4,748,261, US-A-4,769,498, Us-A-4,774,361,
30 US-A-4,835,299, US-A-4,885,401, Us-aA-5,059,710,
Us-aA-5,113,022, Us-A-5,179, 055, US-A-5,260,491,
US-A-5,264,616, Us-A-5,288,918, US-A-5,360,938,

EP-A-472,071, EP-A-518,241 and WO-A-97/20795 are also
suitable ligands.

35
Phosphonites: methyldiethoxyphosphine,
phenyldimethoxyphosphine, phenyldiphenoxyphosphine,
2-phenoxy-2H-dibenzo[c,e] [1, 2] oxaphosphorin and its




10 M of a 0.604 mM solution of rhodiumin the form of

‘[ Rh( 1. 5-cycl ooct adi ene) acac] (acac = acetyl ace[lacuna] 5 Table 1:
Hydr of ormyl ati on of 1-octene C9-al de- Strai ght-Branched

C9- al dehydespyges;ghai n C9-tot al , al dehydeof

whi chMbl ar Yi el dn- C9i - C8i - C7i - C6n/i sorati o

of [ mol d] [ mol d] [ nol d] [ nol d] [ nol d] [ ol df R4 bi s- phosphi t el: 183. 353. 435. 17. 34. 2
1.151: 285. 458. 934. 05. 02. 11. 431: 1046. 059. 239. 01. 50. 31. 45 n-C9 = nonanal 10

i -C8 = 2-metAgrbvehhuesi iy whighetalyd Hept 8ABE PLoFhe AYHTRIASXMF n/i so

= Ratio of ngpgpaldesdym ebpaddehr hed kG9al deydes.ary1O. £ad5866s- &2
CLAIM5S 1. A phosphite of the fqrmul a ~ 0 P-o a

or Il, R~ ORz ~Qcl).
Ra k R~ O RIRICIPD GYIMY: RIPC & T 01AIREWR 52FhE R%,esﬁ%,l BY ot R4 are
eachbse! ect e‘gouladaaemeeasl, y p-arn @onrgR 18MowalceNDESBbS P Bt iDed9dr and
unsubstituted a

hatic, aligyclic,,aromatic, 10_heteraqar i,G, 1 xed
al i phati -aI?Eyé#ﬁ%,éﬁ¥Q%H Al 5ﬁ%ﬁi%9%$%%% %%?Shg?€%5é%?l%g?%%ﬁxé%Aé
al i phati chet BEeaytbPbc5Hhydi6¢car bon radicals having from1 to 50 carbon
atons, H F, C1, Br, I, -CF3, -CHz ( CFZz ) ~CF3 wherej - 0 - 9, -OR9 ,
-COR9 , -COzR9 , 15 -C02M -SR9, -S02R9, -SOR9, -S03R9, -SO03M -SO2NRORIlo,
-NRORL, - - N=CROREB]l WHErsPIRN iRl Riganfe seleciescrigepend@ery 4+ anong

b qronoval eninsubst it gt od inaunue igmd@aphalis A seeRec o |\
icals ving from 0 car bon ons_a iS.an a [
motal LoHfGPHAI DY RALESAN EMEILS G KOHRNERY | SR A hRRAFER T on o

phosphoni um ke, its derivatives in which all or some of the
hydrogen atoms have been replaced by alkyl and/or aryl
radicals or halogen atoms, diphenyl (methoxy)phosphine
and diphenyl (ethoxy)phosphine.
15
The phosphites or phosphite-metal complexes of the
invention can be used in processes for the
hydroformylation of olefins, preferably those having
from 2 to 25 carbon atoms, to form the corresponding
20 aldehydes. Here, preference is given to using phosphite
complexes with metals of transition group 8 as catalyst

precursors.

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

the concentration of free ligand constant.

30
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.

35

The hydroformylation reactions carried out using the
phosphites of the invention or the corresponding metal

complexes are carried out by known methods as



or adjacent radicals RlL to R4 together forma fused substituted or
‘unsubsti-tuted aromatic, 25 heteroaromatic, aliphatic, mixed aromatic |
O Z 15806 - 23 aliphatic or m xed heteroaromatic-aliphatic ring system Q
is a k-val eny_ gubsgpguted or unsubstituted aliphatic, alicyclic, m xed

al i phatic-alicyclic, 5 heterocyclic, mxed aliphatic-heterocyclic,

aromatic, heteroaromatic, m xed allphatlé aromati ¢ hydrocar bon radlcal

havi ng from1 to 50 carbon atons, where aliphatic parts of Q nay contain
oxygen, sul féesandped. nlﬁqlbg@%ampdek i $natT| eFHNLBE andINRY, FMtEBsend R4 in

the indivi duahtﬁtrttﬁéfmh elma&lsié)oundsb@&g@@n bgediffer ensef1.0m one
anot her . ) hos%ate as clained in claiml1, wherein at | eastlégxpn

adj acent radﬁ%é@@l T80 RE% olfet frer PREFM s B fusdd®8Pomatie ©
het er oar omat t@mpahhamabl Cis m(see) ar@@a&t@dalﬂrphahec mredines of the

het er oar tlc tic |ngs tem ubstituyted or_is

substi t ut®ed Sﬁggwﬁga&?‘ %ng f“& é‘lérl V\g &% #m%m i easijlspl'%%?
alicyclic, afomt the 20dbbydesahamanpgcpnei nedeakipbati etahli.cyclic, m xed
al i phatic-aromatic, heterocyclic, m xed aliphaticheterocyclic hydr ocar bon

radi cal s havi ng from1 to 50 carbon atoms, F, Cl, Br, |, -CF3, -CH2 (CF2)
~CF3 where jTheQ -repctiqrg temggr@ture@ozR@or @Ozl\l]lydlSF@Ol”mBZ%atS@m

-SOR9, - S03R3yorel3M o %QZ%Rg%]he NRRRL oY teld=CRRI, ﬁyﬁ@éﬁhf@e -fec@pd Mare

as defined in claim1. 3. g shateasclalrre in c m1l or 2, wherein Q
30 is alf vaF@ﬁPlﬁVGFoc%fr bR r&&n"@&ith t3% FBFALYELI ATe RFISEMEYR Rt -
24 b Rts (ILh) tie r&ige REsoANA OREL, td& 280RE3, mBt4, ddeferlisly REroand R18

CR 9Rzo, wher € K19 Ghd GA5 5o adhter i EESTEroRe AMGT o, vhich LRS! CA
hydroformylation proceeds are preferably 1—300 bar of
synthesis gas, more preferably 10-64 bar. The molar

15 ratio of hydrogen to carbon monoxide (H;/CO) in the
synthesis gas 1s preferably from 10/1 to 1/10, more
preferably from 1/1 to 2/1.

The catalyst or the ligand is present as a homogeneous
20 solution in the hydroformylation mixture comprising
starting materials (olefins and synthesis gas) and
products (aldehydes, alcohols, high boilers formed in
the process). A solvent can be additionally wused if
desired.
25
Owing to their high molecular weight, the phosphites of
the invention have a low volatility. They can therefore
be separated off easily from the more volatile reaction
products. They have a sufficiently good solubility in
30 customary organic solvents.

The starting materials for the hydroformylation are
olefins or mixtures of olefins which have from 2 to 25
carbon atoms and a terminal or internal C=C double
35 Dbond. They can be linear, branched or have a cyclic
structure and can also have a plurality of olefinically
unsaturated groups. Examples are propene; l-butene,

cis-2-butene, trans-2-butene, isobutene, butadiene,



m= 0 -1 and the positions a and b represent the |inkage points. 10 4. A
phosphite as clainmed in any of clains 1 to 3, wherein Qis a calix[n]arene
_radi cal of the formula IV 15 where R21, 8z2 and R23 are sel ected

i ndependent Iy 4 rosm@song substituted or unsubstituted aliphatic and
aromati c hydrocarbon radicals having from1 to 20 25 carbon atons, H, F,
Cl, Br, I, -CF3, -CH2 ( CF2 ) ~ CF3 whete j - 0 - 9, -OR24 , -COR24 ,
-002824 , -CO2M -S824, -SM2R24, -SOR24, -803824 -503M - S02NR24R25 ~
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olefin mixture formed in the trimerization of propene
(tripropene); Cip-olefins such as n-decenes, 2-ethyl-1-
15 octene; Cip-olefins such as n-dodecenes, the C;;-olefin
mixture formed in the tetramerization of propene or the
trimizeration of butenes (tetrapropene or tributene),
Cis-olefins such as n-tetradecenes, Cis-olefins such as
n-hexadecenes, the Cjg-olefin mixture formed in the
20 tetramerization of Dbutenes (tetrabutene) and also
olefin mixtures prepared by cooligomerization of
olefins having different numbers of carbon atoms
(preferably from 2 to 4), if desired after separation
into fractions having the same number or a similar
25 number of carbon atoms by distillation. It is likewise
possible to use olefins or olefin mixtures produced by
the Fischer-Tropsch synthesis and also olefins which
are obtained by oligomerization of ethene or are
obtainable via methathesis reactions or telomerization

30 reaction.

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

35 butene, diisobutene, tributene).

The hydroformylation can be carried out continuously or

batchwise. Examples of industrial apparatuses are



9. The use of a phosphate as clainmed in any of clains 1 to 4 or of a
‘phosphate-netal conplex as clained 35 in claim5 or 6 in a process for the
hydr of or myl ati on of ol efins. ' O Z 5806 - 26 10. The use as clainmed in
claim9, whesetn $gwé her phosphorus-containing |igands are present. 11. A
process for the hydrofornylation of olefins, 5 which conprises reacting a
monool efin or nonoolefin mixture with alfixture of carbon nmonoxi de and

hydrogen in the presence of a phosphate-netal conplex as clained in claim5
or 6. 10 12.SHLP¥eeeyESESLSpr éwiabﬁ@ S£CpHBEShat Eotas NOR &l fe dF §3F RS of

clainms 1 to dubdhireRcenBr iS85 18dp ! easttBesan sty ds Ox¥RLY¥hCaizlgoxyd i ¢ aci d
of the fornmula (1 5 R, OR RS, ~).Rqg with PC13, PBr3 or PI3 in the
presence of %?%é%%e%oa?%{ﬂ¥apﬁ%ng%éX%bE%sbﬁ5?¥ﬂ%%§'of the 20 formula (2),
RLOR w~ \ o0(2) PO ~ Hal R4 where Hal = Cl, Br or I, and 25 (b)
reacti ng f heyfal 0dl0xaphosAo 008 £ 2a! Buke P EIENEE Hord ARG N
The separation of the aldehyde compounds formed and the
catalyst can be carried out by a conventional method,
e.g. fractionation. Industrially, this can be achieved,
for example, by means of a distillation, by means of a
10 falling film evaporator or a thin film evaporator. This
is particularly useful when a solution of the catalyst
in a high-boiling solvent is separated from the lower-
boiling products. The catalyst solution which has been
separated off can be used for further
15  hydroformylations. When lower olefins (e.g. propene,
butene, pentene) are used, it is also possible for the
products to be discharged from the reactor wvia the gas
phase.

20 The following examples illustrate the present

invention.

Examples
All examples were carried out under protective gas
25 using standard Schlenk techniques. The solvents were

dried over suitable desiccants before use.

Chloro compound A

30

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




(1) adiol HOQOH to give a phosphate of the fornmula (1), or (ii) a

-di carboxylic acid HOOC-Q COOH to give a phosphate of the formula (I1), 5
where R1 to R4 and Q are as defined in claim1. 13. The process for
preparing a ghgsphabe as clained in claim 12, wherein two differently
.substituted hal odi oxaphosphori nones (Zai and (2b) are 10 synthesized in
step (a) and are then reacted in successBon with a diol in step (b)(i) or
reacted in succession with a dicarboxylic acid in step (b) (ii) to give an
unsymetrical phosphate. 15 14. A process for preparing a phosphate-netal
conpl ex as ctﬁgggg tBmpbah@ B Oor 6, which conprises reacting a netal of
group 4, 5, 6, 8, 9 or 10 of the Periodic Table in elenental formor in
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Preparation of calix[4]arene Dbis(O-acyl phosphite) 1

(mixture of diastereomers)

1. Bulli, THF

1.85 ml of a solution of n-butyllithium (1.6 mol/1,
2.96 mmol) in hexane was slowly added at room
temperature to a solution of 1.0 g (1.48 mmol) of
p-tert-butylbisdimethoxycalix[4]larene I in 40 ml of
10 THF. The resulting solution was stirred at RT for 2
hours. 0.75 g (2.96 mmol) of 3-chloro-2,4-dioxa-3-
phosphaphenanthren-1l-one II dissolved in 5 ml of THF
was subsequently added dropwise via a needle. A color
change from colorless to yellowish occurred after the
15 addition was complete. The solution was stirred
overnight. Evaporation of the solvent gave crude
bisphosphite 1 as a yellow solid. The product was
purified by dissolution in 30 ml of CHyCl, and
filtration through Celite® kieselguhr filter aid.
20 Evaporation of the solution at 50°C gave 1 as a
vellowish air- and moisture-sensitive solid.
Yield: 1.24 g (1.26 mmol, 85%):
m.p. 278°C
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autoclave was [lacuna] under an argon atmosphere with
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total, aldehyde

of which
Molar Yield n-C9 i-C8 i-C7 i-Cé n/iso
ratio of [mol%] [mol%] [mol%] | [mol%] | [mel%] | [mol%]
Rh:
bis-
phosphite
1:1 83.3 53.4 35.1 7.3 4.2 1.15
1:2 85.4 58.9 34.0 5.0 2.1 1.43
1:10 46.0 59.2 39.0 1.5 0.3 1.45
n-C9 = nonanal

10 i-c8 = 2-methyloctanal

i-C7 = 2-ethylheptanal
i-C6 = 2-propylhexanal

n/iso = Ratio of nonanal/sum of all branched Cy-
aldehydes.
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I n

where R!, R?}, R' and R!' are each selected
independently from among monovalent substituted or
unsubstituted aliphatic, alicyclic, aromatic,
10 heteroaromatic, mixed aliphatic-alicyclic, mixed
aliphatic-aromatic, heterocyclic, mixed aliphatic-
heterocyclic hydrocarbon radicals having from 1 to
50 carbon atoms, H, F, Cl, Br, I, -CFs,
-CH, (CF,) ;CF3 where j = 0 - 9, -OR’, -COR®, -CO;R’,
15 -co.M, -SR%, -SO,R°, -SOR®, -SO;R’, -S03M, -SO,NR’R'?,
-NR°RY?, -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
20 atoms and M is an alkali metal ion, formally half
an alkaline earth metal ion, an ammonium ion or
phosphonium ion,
or adjacent radicals R! to R together form a fused
substituted or unsubstituted aromatic,

25 heterocaromatic, aliphatic, mixed aromatic-



S10%4& ()-*b, - -

- - A<UVT

11 XL! 109KHXHE () - ! HP! 109HHHHE () - ! 10948 () - ! C! 10%CC& () - yf mLO%& () - f

MLO%HE (Y- --....... | Z8 11sf109%00& ()- ![sf109%00& ()-  sf10% & ()-
10H 10H 1 10%8% ()sddgL! 10981 & ()-. . ... .. aB| z8 ! ! 3100& ()-Ly,
109 () - LOLO%E ()-95109%&: ()-FS10%: ()-1sf10%-& ()-"...///11aB| 8
11 SI0%& () -! X10%NMNE () - X109%&' ()-& ~ 23

10H

109&' () - MLO%& ()-s:109&' ()-1/022444546474A4{peC 11 6@3 10%& ()-& 10 10 10
10%&' () - 1mlO%& ()alMQ)W()m@m%eé) h%ﬂ%@%%@%@e@lphatlc ring

| |t|_|_l 109%4.18&' () - '%}é

& ()-889:{;[:1};
10(('3)'10%{(&'

z1 AP1f 109 ()- 10(( 10(
)Q FI §§5| 16%&- ya#ep§)| g:(l)tulﬁ-e&]_o% ()unsubstltuted

<<<E_0>A<AP1;~ Oy 1ﬂ§ﬁ§f¥b() -M YOy 108 (e dP HIUBOHItlc-alicyclic,
| 1 o 1 1 _ r) 0, .
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10

2.
15
20
25

3.
30

aromatic, heterocaromatic, mixed aliphatic-aromatic
hydrocarbon radical having from 1 to 50 carbon
atoms, where aliphatic parts of Q may contain
oxygen, sulfur and/or nitrogen,

k is at least 2 and R!, R? R’ and R' in the
individual structural elements bound to Q can be
different from one another.

A phosphite as claimed in claim 1, wherein at
least two adjacent radicals R! to R? together form
a fused aromatic, heteroaromatic, aliphatic, mixed
aromatic-aliphatic or mixed hetercaromatic-
aliphatic ring system which is unsubstituted or is
substituted 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, -CFi, -CH:(CF32)CF3
where j = 0 - 9, -OR°, -COR’, -CO,R®’, -CO,M, -SR’,
-SO0,R®, -SOR°, -SOsR°, -80sM, -SO,NR°R'®, -NR°R'® or
-N=CR°R'®, where R?, R' and M are as defined in

claim 1.

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

L IRYEH&' () -1y LLI 10%&' ()-! pLL! 10%&' ()-!tLL! 10%&' ()-: 10%
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and R', R, RrR!?, RY™, R', R, RY and R'® are as
defined for R! to R?! in claim 1 or 2,

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

the positions a and b represent the linkage

points.

10

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

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

20 25 carbon atoms, H, F, Cl, Br, I, -CFs,
~CH; (CF,) sCF; where j = 0 - 9, -OR?**, -COR*, -CO,R*,
-CO,M, -SR%**, -8S0,R**, -SOr**, -SO;R*, -soi;M,

-SO,NR?**R?5, -NR?**R?®, -N=CR%*R?®, where R** and R*® are
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“OL!' 10% b& ()- ! umPnigny ]L@Ln( PLI pl\?ESP 9@’&‘3&% %)’ncccdef g} [ 9K=/
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.fl;;}gg ééﬁ??hhlZgg 4$§ﬁbs€£¥d£edSI10%& &%éubgtitaéégq&zggé%étic,
heteroaromatic, aliphatic, mixed aromatic-
aliphatic or mixed heterocaromatic-aliphatic ring
system;
Y is the divalent radical CR**R*® or CR*R**-0-

10 CR**R%’,

n=3-6 and
the positions a represent the 1linkage points or
are occupied by OR?!, where R* and R*® are as

defined above.

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 as
claimed in any of claims 1 to 4.
20
6. A phosphite-metal complex as claimed in claim 5,
wherein the metal is rhodium, platinum, palladium,
cobalt or ruthenium.

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

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

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

9. The use of a phosphite as claimed in any of claims
1 to 4 or of a phosphite-metal complex as claimed
35 in claim 5 or 6 in a process for the

hydroformylation of olefins.
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where Hal = Cl, Br or I, and
25 (b) reacting the halodioxaphosphorinone (2) in

the presence of a base with
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15 14. A process for preparing a phosphite-metal complex
as claimed in c¢laim 5 or 6, which comprises
reacting a metal of group 4, 5, 6, 7, 8, 9 or 10
of the Periodic Table in elemental form or in the
form of a chemical compound with a phosphite as

20 claimed in any of claims 1 to 4.



