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PROCESS TO SEPARATE A GROUP 8-10 METAL/ PHOSPRI TE LI GAND

COVPLEX MRDM/OBEIORGANI C LJOQUID 5 The i peeiNLIgob4s®! at es
to a process to separate a group 8 1D sretal / phosphite |igand conpl ex
froman organic liquid mxture. 10 A process to recover

rhodi um from an organlc I|qU|d derlved froma hydrofornylatlon process
i s descri bed BROCEESATRN TEI ~ : : & PH 7
containing liquid is firs

_lon- exchange resin 4
‘ 5 | i gand (adsorption 4

havi ng bonded jonically tTereto o ganophose

of rhodi &M . Subsequent | y rhodlun1|s desorped fronlthe t hus obt ai ned !
support by treating the support with a liquid in which the different or
preferably the correspondi ng or ganophosphorous ligand is di'ssol ved.
According to 20 thls dusnéosuventmenrbeﬂauasceacsnpfa&egg t8 the liquid

S preferablﬁ e. less than 20 ££71rho I U It has

been found t ﬁ?arﬁﬁ%n agpRBRphT L& met 'Bﬁﬂﬂppétﬁr%égﬁFdlﬁ°WHEe§rgan|c

m xture, thefpbRsghi beganicl 19g0dai gigehreecovered by the process according
to EP- 25 A-355837. Furthernore the efficiency of the process is | ow,
resultind in that under PrBEPFESF EBNHFEPBAE BAPYium fHPW{@Res can be

treated havi 8gganiew £gIe8NEERLVE8 Bfom a hPBroEQHRyBatdofBhRbeedECOr di ng
to a preferredg nbgdlnent of the ro%esg gs descr?beaﬁF% EP—A—355837 30

the desorptidf ?%SEE%Pﬁﬁn%H EPaRr 38897 t hIBr Bhhs cknownnpxegees, cbheai ni ng
di ssol ved OrQHB&PHQSBBQEHﬁnihgaﬁﬂéuld 1Ea¥i99tf9 bSﬁmﬁcﬂQae%Y TQHS a group

8-10 netal / or ganophosphorus | the gand
has an ioni c1fBrekghangereshn bﬁﬂlaﬁthpﬁéﬁd l@ni@aBSthMEVQﬁoaGVantageous

E2C2L22QF:éaﬁ§§aﬁgﬁhégﬁﬂb£bﬁg 1igaf@Ph8XokPr RolYSE OLRLAYLAS | ON reaction.
Subsequently rhodium is desorped from the thus obtained
support by treating the support with a liquid in which
the different or preferably the corresponding
organophosphorous ligand is dissolved. According to

20 this disclosure the rhodium concentration in the liquid
is preferably low, i.e. less than 20 ppm rhodium.

It has been found that, when a phosphite
ligand is present in the organic mixture, the phosphite
ligand is not recovered by the process according to EP-

25 A-355837. Furthermore the efficiency of the process is
low, resulting in that under practical conditions only
mixtures can be treated having a low concentration of
the group 8-10 metal. According to a preferred
embodiment of the process as described in EP~A-355837

30 the desorption is performed starting with organic
mixtures containing dissolved organophosphorus ligands
having an ionic moiety. Thus a group 8-10 metal/
organophosphorus ligand complex, in which the ligand
has an ionic moiety, is at the end obtained. It is

35 however advantageous to directly use the resulting

complex in a hydroformylation reaction. Because ligands
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-2-
cat al yst

having ionic noieties are normally used for water sol ubl e

v&ﬁm and because phosphite |igands are Ung&pRiLesbodss he
presence 0 r

one skilled in the,art would not be notivated to use

t he teachings of 5 EP-A-355837 for the separation of a group 8-10
net al / phosphite ligand conplex froman organic |liquid m xt ure.
The object of _the invention iig)s?.a proces

met al / phosphi é”‘lniggd‘r? l(?or[&ﬂ

1B e R A1y nRERTERECWRLREOP D

conpl ex can keluble embadyet aydtemspland decadsas paosphdlkesligands
The obj ect

I s _achieved.in.,h t he fol l.ow.ng_steps ar r f,aor med
(1) contacti A& Pﬂél%ﬁag’&ﬁ fou % PLHEERCE gégfﬁ'&tgri gne S%ﬁlﬁglilﬁg bonded
thereto an oRgaNGOSULE Hotgdad motivated tandssepdeatieaghtihegsoogani c

m xture which_is poor

conpl ex,

met al / phosphite |igand

in _gro 8-1
EP"@Z}”é&rWaéfﬂrng}%éeP%}?%&?Paﬂ%e& B5248d 8sdfport with

an organi ¢ sgletenl/pHybpraton iReKicdmpakek 2¢om an orgepdicatiiimgiihe thus

obt ai ned organi c solvent rich

in group 8-10 netal / phosphite

| i gand conpl SLXTHFE- (3) reusing the support obtained in step (2) in

st ep

(1). The object of itHWI ek ibauid aharodelss toe

process 25 according to the invention group 8-10 t,al / phosphi.te
i&e pgead com

| i gand conpl SERANRAe & GFAUR &% Hf

Rl€%h a hi gh

yield inigteEdoh ANbrpaomensddid dnd thefwhich thee domplledd cad) beh its
, catalytically active = form A further advantage of the
process accorrfignyereSanheinniohtiered aha ately=tup 8- 10 netal may be

present in the Iiquid in highwpnaentd aldnsedist tafat the advantage is

ori gi nal

that the process of the invention redqenerat es the support for direct
reuse. iggidy7igen steps are performe PCT/ NL98/ 00433
-3-
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(1) contacting the organic liquid with a support
having bonded thereto an organophosphine ligand
and separating the organic mixture which is poor
in group 8-10 metal/phosphite ligand complex,™

(2) contacting the thus obtained loaded support with
an organic solvent and carbon monoxide and )
separating the thus obtained organic solvent rich
in group 8-10 metal/phosphite ligand complex, and

(3) reusing the support obtained in step (2) in step
(1).

It has been found that with the process
according to the invention group 8-10 metal/phosphite
ligand complex can be separated from the organic liquid
with a high yield in step (1) and recovered for further
use in step (2) in its original, catalytically active
form. A further advantage of the process according to
the invention is that the group 8-10 metal may be
present in the liquid in high concentrations. Anothex
advantage is that the process of the invention

regenerates the support for direct reuse.

-



The use of a group 8-10 netal of the Periodic System of the El enents
(New | UPAC not ati on; Handbook of Chem stry and Physics, 70th eg'tion
CRC ' MWQ407469989. 1990) such as rhodi um or iridium as pBETNGPEAH4
honogeneous catal yst systemis well krmowh+in the .art.. Typi cal
exanpl es of such processes include the hydr of or myl ati on of an

unsat urated conpound wi th carbon nonoxi de and hydrogen to give an

al dehyde, the hydr oc F&gatisgn oéf augseupr 8-a8 @é#ﬁéuﬁgthﬁhe 10

hydr ogenat | 0edh @i g isst eiOBROUALS FAUMEbE (mewP YIB! nBRLEABRG! Of efins.
In such a process, the~“group -10 netal catalyst generally TIs
stabi |l i zed wHamd®ook dfi ghemistry and Physics,TA@tbr gdiatdomni,qGRE to be
treated in theoll BAGES9533CALMAS! LT LEN 981 kS BAr DRI
obt ai ned in a“hydrofornylation processin which a honngeﬁbous cat al yst
syst em i s5 usead hoongensiong catalyst gysinensis0wedidakhphosini tiel jiagdnd

conpl ex. It R n fyaun t r 8+ a hosphite |igand
20 conpl ex ‘%%@aﬁ??ﬁ‘&%§|%ftggggp EEEE%QEFO%§?%g§E |t41%roduct"streamof
such processhydroformylation of jamomnsmtiurasedh compouhdr miltit icerrbon

processes is _the si_bl unul ation .Qf hig bl N0 conmpounds in the
recircul ati n&‘of’ﬁ:%%sta%s‘f?%?r%%ﬁeﬁ }té) g%%et K& gﬁ%%hyg%ésggrey to separate the
hi?h boi!inghydrduyqﬁuuﬂbh.bﬁ mmam&u?ht&dpmm@@ofﬁds,atm@nFE{ci?IIy t
interesting progcess it s necessarny. o recover catal yst system .
conprisihy t %%Qﬂﬁ?%§¥ﬂ¥ °* 9 (ﬁﬂﬂﬂqggqsiﬁiﬁdtgﬁhplex from such a
pur ge golgt rmmm‘aﬁ:rigaﬁﬁceslpgcmajde]mm?/mﬁ Fesu 0 TR \pﬂt@m:hm,ng:he graxfp uabl e
group 8- nmet al / phgsphi t i gand co Xes Syc .Qr_exanpl e
descri bed i n 33%! Eﬁéialég% generally 15Tﬁ§a§P§&5e%Ef%9ﬁ%fﬁl

conplex to

be recovigithdly the process according to the invention is WO
99/ 07469 \ .. PCT/ NL98/. 00433
- 4- present as a sOMHIFIHFGH @%%Qalgrec&?ﬁa&?d W it

15 process according to the invention is for example
obtained in a hydroformylation process in which a
homogeneous catalyst system is used comprising the :
group 8-10 metal/phosphite ligand complex. It has been
found that the group 8-10 metal/phosphite ligand

20 complex can advantageously be separated from the
product stream of such process.

A problem in such hydroformylation
processes is the possible accumulation of high boiling
compounds in the recirculating catalyst stream. It is

25 therefor necessary to separate the high boiling
compounds by means of a purge. For a commercially
interesting process it is necessary to recover the
catalyst system comprising the group 8-10
metal/phosphite ligand complex from such a purge

30 stream. This is especially advantageous when using
valuable group 8-10 metal/phosphite ligand complexes
such as for example described in WO-A-9518089.

The group 8-10 metal complex to be

recovered by the process according to the invention is



wi shing to be bound to any particular theory, it is believed that in
step (1) of the process according to the invention the group 8-10 netal

conpl ex vg %%“ » 5 coordination conplex with the organop? gﬁﬁgﬁybkgand

whi ch is bo on t he support, whereby ,at | east one
conplex is displaced for the or ganophosphi ne |i gand. Accordlngly, it is
preferred that at | east one exchangeable ligand (L) is present in 10

h I ' ' I
510 moral o Brerent BB RO uBLe group, Baap MELRROGORTChal FhERERE "
platinun1hozwnahnagdtbrbd}hg?ndhEOiangﬂpamnibnlar thepeyiaityldirected to
0 u -
rechant sm of PERESTERsERaPeihcBREB: F) PO kbR Bracesr pRsarainTsES”

represent ed thef dhivemtion the greupls-10+metaBRhbofpléx forms al-* Pl - RhHCO+

whi-ch =
s the TrHrobPPPEGIP8F4aRoSRBRBRFELFPokRE oroammabesphine Ligibdihite

| i gand and Lwhichh&sebchaageahlEh855ubpg&nd whereby at least bnés for

exanpl e CO, n ite hosphonite, olefin,
e TiBaRRbRENEns, cquBIREP . A1sBIZRRY BErLrln ) o C
The tenper at segadpphbephduei Mgghha. 3ﬁccadaﬁnguyonlaf1bhpréheﬁkad1conplex i's

eneral ly between and 1500C, pr en 15 and OfC and
%DSt y EPéFaBFylEéFﬁeeﬁeZGX& Bnggaga ﬁéggﬁﬁpéﬁitﬁﬁengsen pPef erabl y

rel atlveio/ | ewet eofibnie 26 Begiadavesadof the support and the
I mobi | i zed conpl ex. The pressure al glied during
the adsorption Examples of suitable group 8-10 meta are

nickel, cobalt, ruthenium, rhodium, palladium,
platinum, osmium and iridium. The invention is
especially directed to recover rhodium because of its
15 high price.
The mechanism of thé first step can, for
example for rhodium, be represented as follows: :

=+ P, + RhH(CO)L -> - P,-RhHCO + L
20 — | :
3 Py P
in which P; is the immobilized organophosphine ligand
and P, is the phosphite ligand and L is the exchangeable
25 ligand.

L is for example CO, a phosphine,
phosphite, phosphinite, phosphonite, olefin, nitrile,
B-diketone or a p-ketoester. L is preferably CO.

The temperature applied during the

30 adsorption of the rhodium complex is generally between
0°C and 150°C, preferably between 15 and 80°C and most
preferably between 20 and 30°C. The temperature is
preferably relatively low to minimize degradation of
the support and the jmmobilized complex.



Is generally not critical and will in practice be bet ween at nospheric
pressure ressures hi gh enough to overcone any pressure drop in the
process Sgﬁg‘ﬁ% t. 5 The adsorption of the G?Bﬁbwﬁwﬁﬁpnetal
conpl ex on the support having bonded théreto organo- phosphi ne |i gands
can sinply be performed by contacting the liquid containing the rhodi um
conpl ex and the support batchw se, sem -continuously or continuously.

10 Wien perform ng the c8ReaPrrRAgUNSt apmlied duripgrbpeasdsorptasnunt of

Lhe support &8 sbhoead1yl hBelBesbigyrdahg o1 salhealedountll a sufficl en

degree of adsorption is achi eve exanp uri about 0,5 to 6
hour s. shsswaaBnatpospherigaprassupporndi preepuresetighoenbtighls

treated orgaphCelbgbbileWh | g=1 LQui separation met hod.
Exanpl es of sui?ab?gbggpa% t?gﬁsgagggg?ﬁédgna?ggfgf??%??oﬁqgﬁament‘
centrifudation. Preferabfe adsorpbionnbéicthaggieupesbomedtadnt-i nuously by

[ th ' ' b [ | beds 20
bt he supposPTPLRSL B EirSubBSRL HAG L' BHAASRY LY RLe S SEEhRaT S ppor
fron1}he !gqphdsphipahéiganﬁy c;n éémp%ythee?grfgfmbgdbpagohgaatihged bed
or a liqui . z .Prefera a fixed bed is.use
The groﬂp 8-Eﬁen%%gkgéognggggéﬁgZgﬁguﬁgéaﬁgﬂtF9m8£e¥eﬁﬁeeﬁh?rohﬁthe | oaded
suPporE byd suppontabatngwﬁbe,lgedﬁdgenfm?gbuslyhogr?uhtﬁbg?u?%gaggcorbed
sol ven 0 noXi es S ' S
gr oup 8}%8 n@ﬁéﬁ gﬁ%gﬁgwégscgﬁﬁlEQnﬁ?Sﬁ%ng g?gﬁgggﬁﬁor?n(§?ﬁﬁ°?ﬁ7yg

Preferably ahmousbnefhyHeogeppddti $spseieptd whehdener pigendotot e group
8- 10 net al cgnﬁlex Lz gerf %ned iQ éhe gresgncg of ap organic

sol vent in whFEACEHe BELS: eﬁug bEpeBt16SHERGI OL 2dBpERPphPRe Bonpl ex i s
sol ubl e. W thohiewedhi Agrt exhple dheiing E6raa¥oRerdjsutarstheQey, it is
bel i eved t ha | east the

t ) _6-
organophosph%ﬁgsFﬁﬁﬁﬁﬁlgf Fhe loppsftspeport issperreatedrfxe® EBebon
nonoxi d ussedtkr8até@Potrgdhnivheiiquid WwhehJaAYPkBowR §81§ﬁ—Ph&§Paite conpl ex

di ssolves in_the . ,

separation method. Examples of suitable separation
methods are filtration and centrifugation. Preferably,
the contacting is performed continuously by passing the
liquid to be treated continuously over one or more beds

20 of the support, whereby the separation of the rhodium
loaded support from the liquid is inherently
facilitated. The bed may be a fixed bed or a liquid
fluidized bed. Preferably a fixed bed is used.

The group 8-10 metal complex can

25 subsequently be removed from the loaded support by
contacting the loaded support with a suitable organic
solvent and carbon monoxide to desorb at least a part
of the adsorbed group 8-10 metal phosphite complex from
the support (step (2)). Preferably also some hydrogen

30 is present. The desorption of the group 8-10 metal
complex is performed in the presence of an organic
solvent in which the desorbed group 8-10 metal
phosphite complex is soluble. Without wishing to be
bound to any particular theory, it is believed that at



organi c solvent. The tenperature applied during the 5 desorption is

general ly

between O[err]C and 150[err]C, nore preferably between

60[ err] Cvwaorndo/d7aéf err] C. Sui t abl e sol vent spefALa§/60d8s i C

sol vent s,
sol vent s,

for exanpl e benzene, tol.ugne, xylene; hydrocarbon
for exanpl e heptane, octane, nonane; 10 functionalized sol vent s,

for exanple ethers, for exanpl e nethyl tert-butylether or esters, for

exanpl e

conpounds,

15

Ebh#taﬁﬁéabﬁgaﬂBﬁhogﬁﬁiﬁéeﬂ %Qhaeafstﬁéesuﬁﬁéfé'ﬂ _
pr.oducts and roducts o ydrofornyl ati on) reaction.
1SP¢F§F@r§BFytgﬁeﬁaF§?nl§°Béx¥@r“%@da}na$tEPoK2), wigen H2

parti al preSEHée?QBuBehmﬁgantél1gh5£gh1&@rsomplefrﬁiﬁ§5f9e§tfﬂ £ﬁ%vent

per f or med
which is

by con actlng ort th the organic so
oxganigt ealvpnk. C@l@rtwmatgaeuapplmdu@uplwetlagl y 20

per formed; at 4 %ge_ngﬁe ggﬁg%\??gzgégwygg @ear{’g)lfsrooc mo%%l o CO and H2

S preferably

en 1 nnre pr ef'er abl out 1:1.

The nechanlspretethblyesatpééﬁnssicxaﬁlezo°c can, for exanple for rhodium
be represented as 25 foll ows; - Plerr] - RARHCO + CO[err] -
Plerr]+ RhH(CO) 2, Suitable| sglvents are argpatic solvents, P2

Step (2) cangbe BﬁaﬁﬁlaﬁﬁeﬁﬁéﬁamﬂEGluéﬁH‘ xylen€ OnhyBHOUSkYoA! CONLi nous| .
ba

When perforn1n€ step
an 35 approffPi¥

chwi se, fhe loaded support is stirred with
F§tém)ﬁﬁ¥ grarRée ohgRhABE 5 0POBRRE | nnPRRANE ;

-7- 10prfﬁﬁeegoﬂglgaeaoaomveﬁﬁgdefaeté&a@%fgfétﬁéfat gsgree of

desorption is achieved. Contacting fine may

exanple 0,5 to 6

hours and prEKaFRBEymBEhKeheXtahdtglether or esters, for example

15

20

25
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ethylacetate. Most prefered solvents are, starting '
compounds, products and by-products of the
(hydroformylation) reaction.

Preferably step (2) is performed at a CO or
CO/H, partial pressure of between 0.1-10 MPa. More '
preferred step (2) is performed by contacting the
ioaded support with the organic solvent, which is
saturated with CO or CO/H,. Saturation is preferably
performed at a pressure of between 2-15 MPa. The molar
ratio CO and H, is preferably between 10:1 and 1:10 ‘and
more preferably about 1:1.

The mechanism of the desorption step (2)

can, for example for rhodium, be represented as

follows:

=

]- P, -~ RhHCO + CO -> o9~ P; + RhH(CO),,
- l |

- P, P,

Step (2) can be performed batchwise, semi-
continuously or continously. When performing step (2)
batchwise, the loaded support is stirred with an

appropriate amount of the organic solvent in the



Subsequently, the support is separated fromthe organic 5 solvent
contai ning the desorbed group 8-10 net al / phosphite conplex with any
known sol W@ d separation method. Preferably, the FE%98(00433
performed continuously over a fixed or‘I?qU|d fluidized bed of the
| oaded support. Preferably a fixed bed is 10 used. The
process according to the invention can be carried out batchw se or,

preferably, iRFefence niGaHRAT Heide untid comubdidiciientr degreea he

reaction i s pyeflaiaiipt £ L htilevdd 2 CAHHd IS t]ﬁ\e gﬁ Wiggt such a
type of operation |s utlllzed at | east two co ums contal ning the

support are CHERIRI 0,5 tﬁarﬁalh@-}rs iandmrgexaldar fhﬁﬁﬁ@tneﬁ- @nd t30 (3)

si mul t aneouslgj;nde &ﬁg@rp &hd Nfs o] ﬁ%&

conti nuously pass&%1 ugh a fi rﬂtcg}cﬁo uér?ngg ﬁh “f |‘—1 | Zi n&’%tqﬁ]lcs
support fbér #Epreant @Qﬂ&?@dllp’a itdee desaqytbad rgarou;hea-f:HOow of the |iquid
mxturelsp I Q | u step (1).
The first column c/d?}%al nllng Irboa }%s)lr}giptg?t Je% &)1%4]11 C{]

desorption stsgpiiytiocx tmthmtornr&@natel% thdmtbsmigd:hmptmde corrpl ex from
t he support f P od t t.he .fJrst can be
reused for afsub J?;oer'(.qt‘llj':‘edntécgg:sorp ﬁﬂs eéé)f(ste e(%?‘%ar llqu]’finfé' 1zae%
desor pti on cymdde afartiee Yepbad eshﬁpnrtal |Preferdid @ fiined émd tiisng in a
conti nuoys remval | and 30 retrieval of the rhodi unf phosphite conplex from

t he grgani o T qui d. The process according to the
invention will be dedthre l;erbderssrmcrcﬁaiﬂig HforctHdhadvadtwmaar ef err ed
enbodi ments. - 1t shal.l%é) etV| nt that the belé)w s%at ed

- 8- comff (TRt 2 R P55 Ta R T 8 e dfbve descri bed

starting nm xtesrasinuows rveEse) €At 4 camercialskiddabs tide art. _
A suitable organqphgeril s ddady ML I8 Sue IMIPLON I SuppOrt. 18

15 mode. When such a type of operation is utilized, at
least two columns containing the support are operated
parallel, in order to perform step (1) to (3)
simultaneously. For example, the liquid mixture to be
treated is continuously passed through a first column.

20 After utilizing this support for a predetermined period
of time, the flow of the liquid mixture is passed
through a second column in order to continu step (1).
The first column containing loaded support is subjected
to the desorption step (2). After desorbing the

25 rhodium/phosphite complex from the support for a
predetermined period of time, the first column can be
reused for a subsequent adsorption step (step (3)).
This ad- and desorption cycle can be repeated for all
the columns resulting in a continuous removal and

30 retrieval of the rhodium/phosphite complex from the
organic liquid.

The process according to the invention will

be described in more detail for the following preferred
embodiments. It shall be evident that the below stated



or ganophosphi ne Iigand which is able to coordinate with t he rhodi um

conpl ex. These organophosphi ne |igands are well known in the art. A
preferred, &%ﬁf, or ganophosphi ne |i gands are nonodegd-piEostioths

bi dent at e 10" or gani ¢ phosphi nes. The m)sé pref erred organophosphi ne ]

| i gands are nonodent ate phosphi nes. - Preferably the support
havi ng bonded thereto an organophosphine | i gand can be represented
with a structur c.cordln owW_n raI 15 formula (1) or (2):

R2 supp % % gilR[ag.;ﬂ Eﬁg q.:.% e for tL ove( 1) 20

[err] 30 i rdem:mlhem %&mﬁ.ﬁg iRthures liml mgngeeupleR?, tB3onBl err],
Rlerr] and R7 _.are the s or_different optionally substituted

hydr ocar bon gﬁkdl}éseég g:lr{"raﬁ bl to 30 carbon atons and Rerr], Rerr]
and Rlerr] are dival ent QIQbfu’i.tC‘able d&rgadwpws@muasmgunag ¥hieh3@scar bon

atons. 35 e hydrocar bon .gr.,ou r oups err R3,
Rlerr], RB aRPigesd qntg é:b&yt@%ﬂty éf?géitkﬁrm&ﬁ?ﬁegépwgryﬁ[ b ar al kyl

or cycl oal kylozgjmhdréﬁxmeirlqwﬁmmﬁr&ms ablRr €belcabhriitatieawithfi rom 1

to 18 carbon atons and nore . pref erabIIy to 12 _car b(ir] at.qms. - Exanpl es
of possible the rhodium complex. These o ganophospglne r@(’f&r bon

groups are mejdml krfduty!in RIPMrt bW Wreferrd®tilassCyg ohexyl and phenyl .

organophosphine ligands are monodentate and bidentate

10 organic phosphines. The most preferred organophosphine
ligands are monodentate phosphines.

Preferably the support having bonded

thereto an organophosphine ligand can be represented
with a structure according the following general

15 formula (1) oxr (2):

Rz
support - SPn-R'-P w ._ (1)
20 \R.3 '
RS
25 support -  SP,~R*-P-R®-P (2)
1'15 R’

30 in which m = 0 or 1; SP is a linking group; R?*, R®, R®,
R® and R’ are the same or different optionally
substituted hydrocarbon groups containing 1 to 30
carbon atoms and R}, R* and R® are divalent organic
bridging groups having 1 to 30 carbon atoms.

3s _ The hydrocarbon group of the groups R?, R?,
R®, R® and R’ are preferably an alkyl, aryl, alkaryl,
aralkyl or cycloalkyl group. The hydrocarbon group
preferably contains from 1 to 18 carbon atoms and more

preferably 1 to 12 carbon atoms. Examples of possible

Pl



Preferably, at |east one hydrocarbon group of Rerr], Rerr] and R err]

in formula (1) and at |east one 5 hydrocarbon group of and
Rlerr] i WA¥H#%a (2) is a phenyl group. Mbore preferi‘?{fﬁha{ﬁseast t wo

hydr ocar bon groups, and nost prefér&bly all the hydrocarbon groups,

of Rerr], R and Rerr] in formula (1) and R err], Rerr] and Rerr] in
formul a (2) are heng groups. These hydrocarbon groups_.10 nay contain one-
or nore subshYExeRR¥PORxIRPPRE B8Fe MetRlyiy aBFRYLubBTPPYiEntBURY L al ky!

groups, prefﬁéﬁghy 9§ciohexy10aﬁdC§ﬁQ991at0”5 al koxy groups, hal ogen
at ons, hydroxy, Cyano, hitro_and am no grou pS.

Di val ent groups Rlerr] aRa#eResablyaratotgasfcons hydragrrpon: StRuP

cont ai ni ng 1o§0Rtaf;b%r§i 1ﬁn§or 1pr(h9n§hhyaE0ﬂaag9Iaﬂeheteroatoms for
exanple O, NoO Preter err and are al kyl ene, arylene or

conbi nat |Eonshyﬂranaablayxl gmeuaanan arg @méi @romp formula (2) is.a Exanples
of sultable dhyalInt, pﬁgﬁL%&Lfg&g 29, BY01GEBEDLUoURHPSOEbOn

hydr ocar bon grou on groups are” bridge th an
oxygen-, snghonps, and mpstogenfatabﬂyThélhyheobzﬁggﬁagbenpgppépérabIy

contains .1 t§Flﬁlca§borh(flté3rr§ 3% gﬁ?g g&ry ?Ezabhy 1Ret% cal r?12ncarbon atons.

Most preferably, R[er IS a lent Ta containing from
2 to 8 carbotficatnadm, (2) aréopheng&pgecapbylEhesephypybeﬁgbgn gueybene.

The linggFt rou%ggtglh o%egggu§9 e %G stltuehg§3 EQQ ?pgkne ligand to

the sup dirfe cova ent bon et ween the
| i gand and 3&uhhabﬁ&ppmb&t1&aeh&s axanpﬂky%hgmoupSphpNyEEEhbéﬁhpﬁe1|s

bonded 10,2 9l SULSIG SURRATL (35l SOUIEGS! Hulacn scpie) a0l from
as for exanpquroxygd@g@mbbemlkmothmdabmuaongmbupued EP- A- 355837.
group, If a silica support il it d TANESSE gPBapY S16 U ably a
-Si (R) (88) - grdd@ginigh gifvups Ronmad/mingR1-can dazbeom atoms and
optionally containing heteroatoms, for example O, N or
S. Preferably R' and R are alkylene, arylene, or
combinations of an alkylene and an arylene group.
Examples of suitable divalent groups R® are
20 hydrocarbon groups or hydrocarbon groups whereby two
hydrocarbon groups are bridged with an oxygen-, sulphur
or nitrogen atom. The hydrocarbon group preferably
contains 1 to 16 carbon atoms and more preferably 1 to
12 carbon atoms. Most preferably, R® is a divalent
25 alkylene radical containing from 2 to 8 carbon atoms,
for examﬁle ethylene, propylene or butylene.
‘The linking group SP, is a group which
links the phosphine ligand to the support. If m=0 a
direct covalent bond is present between the ligand and
30 the support, as for example when triphenyl phosphine is
bonded to a polystyrene support as is commercially
available from Strem Chemicals. The linking group can
for example be ionic in nature, as for example
described in the afore mentioned EP-A-355837.



5 alkyl, alkoxy, aryl or aryloxy group and/or R and/or R' is a

coval ent bond to the silica support. Exanples for R or R' are nethyl,
ethyl, | sapssgivés i sobutyl, butyl, phenyl, methoxy, ep&Xyss/grBI0Xy
groups. ) Preferably nnnop&ntate phosphi nes according 10 .to
formula (1) are used. Specific exanples of the nonodent at e

or ganophosphine Iigand to be used for the or ganophosphine ligand in the

present [ nveptbeBraply eﬁéuéﬁsg%%gpﬁeyapﬁﬁgﬁéﬁgsp sl £ ghigspni ne.

tri- o-tol yl phosphine, tri I ne

chl or opheny| @he8Bhi &E, adﬁphéﬁ?lSEDpﬁﬁby{phuspﬁrﬁhea&H -group is

di phenyl cycl ng¥t3g9§pglne The nost preferred nonodent at e phosphi ne -
is triphenyl I'ne The support is, for exanple, (a) a
solid supﬁbKR‘)@RY)agroupolmblﬁhpohyREranalarnkﬂ @ynZﬂe aol ymeri sation .
of a sui tabl o] m € n n

Cross- I|Eﬁlnglggﬂag§§§§&gteé£yi %c?r%%°%§s§?8%$ & g( bg‘aq"ilimg%o’r'nsoluble
support. RExasphesanlentthbhé polyher51hieap@uyp¢ytennxamp1es

pol yet hyl ene yvrny ¢hlLori | yvi pyridine, rylonitrile
and ponacryFageg ab?ﬁecW8§§§9' eéﬁyiki¥§°%5%3¥§ a}%gﬁ?%?ﬁylbenzene,
but adi ene anbutyl, dphbhyn pineahake, ébhoxpliﬂhsm@pprgroap@referably an

[ [ t. EX f t ab t
SiTi G, pol yol lowanes. SRRACSERALY. Bgnadansafe PRpEBRLLes aedoBfig i o

titani azand aet Epaialla (1) carbonisedn speeﬂfﬁblyxanﬁpielé opoggani ¢ support is
silica. | '

e supported organophosphi ne |igapds na be
prepared u5|W8n8d9§FFEFy°5?aﬁ8£ﬁ888hkﬂ8mg19ﬁ ?h%ghbe used“for th
- oaghnoihesghhnsalsgaaariﬁdtnenpﬁegéﬁtelﬁh@ﬁ@baﬂe l'i gands
can be prepared_b oceduyes as. descri Jour nal of

CrganonetalIFBcéﬁéﬁFs§F§P§7ngi§§85P 3ge: trl‘EO§°§X%P%ﬂﬁPPhn?no?5hnlc

Chem, 35 (1896b1§§§ﬂ03§m9nendt51a5 ﬂeen&x?eﬂenpéﬁhes hehe, neeiLened
references n to.the Bbre descri be t hods rt greferred

to reactE%IICBFOFHBhﬁBM&PgQEPQanﬁyd Ryeﬁyaaﬁgpsepy%ghosphlne an
diphenylcyclohexylphosphine. The most preferred

monodentate phosphine is triphenylphosphine.
The support is, for example, (a) a solid
support; (b} an insoluble polymer obtained by
20 polymerisation of a suitable monomer or mixture'of':
monomers and subsequent cross-linking as appropiate}
(c) or a soluble polymer on an insoluble support.
Examples of suitable polymers are polystyrene,
polyethylene, polyvinylchloride, polyvinyl pyridine,
25 polyacrylonitrile and polyacrylates. Suitable cross-
linking agents are divinylbenzene, butadiene and
diallyl phtalate. The solid support is preferably an
inorganic support. Examples of suitable solid inorganic
support are silica, polysiloxanes, sand, glass, glass
30 fibres, alumina, zirconia, titania and activated
carbon. An especially useful inorganic support is
silica.
The supported organophosphine ligands may

be prepared using a variety of methods known in the



silica support with a reactive conpound (so-called end- copping) in

or der t(%ﬂ% gég&% that "free" hydroxy groups 10 are pres&gﬁgﬁggé@§3support

whi ch may vel ly i nfluence the_performnce of t

according to the inventi on. Exanﬁlé% of these reactive conpounds are

et hoxy trinethyl silane or phenoxy trinethyl silane. The
anount of or sphrne I| and on the 15 port is not critical and is
generally b % PRF ﬁﬁDWDPP&e§G§88rPhoﬁPEFEPaBPgaﬁéﬁween 0. 05
and 0. 5d@mpbéqﬁlé§dﬁéawby means of procedukbshas Beserfipeadiphat the
process accor(:i‘u to the I nvent,i on_can adv7ntageous|y be used 20 for
recovering ﬁ%b tadddiCe Chem3BtEN /87, 39d8n| PaBRquI d

cont ai ni ng a0 Nigghadwiiln rxgm armedrc@rfear rw;% I(@.@s@@ﬁﬁ@uadaaﬁushdm xtures
her ei naft er can be obtalneg in the hi oi ling purge of

commer ci Bl [RFdGEssEHRed iioh theoddese ggntloned referePFeﬁasIBeen f ound t hat
with the progestioh to ttﬂae HeRU iR 1400 HRebg RROSENbbecegaex can be

recovered in its ori gl nal active formw recovery
of the phospifi tredadqtgadd iof the mme@@é@glshw@@awe%pupﬁeoﬁetbeu vel y high

cost price Mupla AsRANGSRN 1L 0Byl tonBRAHACK saduanage gl e

process accor ing t i nvention i1s t at t egra atron
product s ofCQ&R&RQkﬂH%/QﬁﬂQﬂ(kﬂﬂpnﬂyent th@ho§§ﬁﬁ?é hwganay QGOMOS adsorb

to the pp a e the ligand
20 qgfeg} At on pr hﬁjctu?ﬂ%ﬁ ol @%@gg%g% S%;a#? omthe
rhodr un1 phoslmﬁlt@mmrn@( Wﬁqnmaqmeo@efss:he process accordnilgetm gh boil er

purge is gengalingd xaq#i %%.s% %@ac&&%@ cBh?ﬁhh&gfﬁgg'the >

hydrofornylatlon Sys enl'Th € nay irectly from
t he reactoremhoﬁxwtnmmﬁnﬁYi sumane or ghrenoxyi nirimethlyd edftahest recycle

E?ggggg for the separatlon 5¥&¥lth§? IS t F&ggﬁﬁﬁg!sal% B%p%%ch% 2

15 support is not critical and is generally between 0.01
and 10 mmol P/g support, preferably between 0.05 and
0.5 mmol P/g support.

It has been found that the process
according to the invention can advantageously be used

20 for recovering a rhodium/phosphite complex from an
organic liquid containing also high boiling
hydroformylation compounds. Such mixtures hereinafter
can be obtained in the high boiling purge of a
commercial hydroformylation process.

25 It has been found that with the process of
the invention the rhodium/phosphite complex can be
recovered in its original active form with a high
yield. The recovery of the phosphite ligand is
advantageous because of the relatively high cost price

30 of these phosphite compounds. Another advantage of the
process according to the invention is that the ligand
degradation products of, especially multidentate,
phosphite ligands do not adsorb to the support in step
(1} . This is advantageous because the ligand



10 phosphite ligand conplex catal yst from an organic m xture conpri sing
hi gh boiling hydrofornylation conpounds. The _
concent revioi74b t he rhodi um conpl ex in the |iquid tedreNieseedsad i s not
critical. In a 15 hydrofornylati on highdailer purge, the concentration

wi Il generally be higher than 100 ppm r hodi um and | ower t han 2000 ppm
rhodium Preferably, the rhodi um concentration is higher than 200 ppm

and | ower ”‘d?é‘gradatlf&i) Wuc?@s’ arirefieg 8ebié'o ddpar el WpdkP tration is
20 equal to or ‘E;r t han, 300 ppm and equal to or | ower than 800 ppm

The concent r‘é}%?%ﬁ" PRORPIN &y %1‘91??@ by thinRFaf®Ss.n the high boiler
hydrof ornyl ation nixturerpe n GOW@inyefrﬁmg@é’ég&neéaﬁff uﬂ:wﬁééb the i
i gh bo

concentration 25 is between 2 iler
hydr of of ny| a‘FCPWIhﬂC%ﬁMé or llb‘b?ﬁf%ﬁﬁfﬁ?@tlmefmﬂdﬁ)r rryl ation catal yst and

hi gh 5boi 4, \%e,\rper lg%g) wt . % of
t he al dehyde roduct and 1- %ﬂ%/% % |gfgrl1 eqgr dat I on proe%cts
Af ter havi n?b@ﬁbrﬁﬁa’dﬂ%aﬁ%@ﬂﬁh@rﬁ%&@@r ox, (for exmmnlesatfadnl i quid

c]?nt ai ning the, hi 1%111919 14 NGhe cat%@fﬁ&}&fé |é)&ecaqr{rpounds can beTﬁgsﬁ?;ﬁd

boil er purge is pref er abThe rimnantiion is righexefomadfsy dieadted sb,cst em for
hydr of of myl ot 1RGSR o 2F Y FepEiat iSO o HIEMO M RRAR o
or rmrelfﬂuncplu@ﬂs@hlge olltpgand cqn}mlmdm@talyébrm‘m gr8)oxrganic CH3- CRO =
ﬂe;r ]hytlﬁ gga%%%%r%r%%m rls:'n %rblbonm%fld‘ééo%oefnoér%ﬁl%eér (ra] ngsagdcs[aﬁlr (rj]e
group or a hgompoandsn
The concentration of the rhodium complex in
the liguid to be treated is not critical. In a
15 Thydroformylation high boiler purge, the concentration
will generally be highexr than 100 ppm rhodium and lower
than 2000 ppm rhodium. Preferably, the rhodium '
concentration is higher than 200 ppm and lower than
1200 ppm. More preferably, the rhodium concentration is
20 equal to or higher than 300 ppm and equal to or lower
than 800 ﬁpm.
The concentration of the high boiling
compounds in the high boiler hydroformylation mixture
may vary from 10-95 wt.%. Preferably, the concentration
25 is between 20-60 wt.%.
The high boiler hydroformylation mixture
containing the hydroformylation catalyst and high
boiling compounds will generally comprise also 40-80
wt.% of the aldehyde product and 1-5 wt.% ligand
30 degradation products.
After having performed the adsorption step
(1), the treated liquid containing the high boiling

hydroformylation compounds can be disposed of.



group, whether or not substituted with one or nore functional groups
whi ch contain a hetero atom for exanpl e oxygen, sulp |t r.ogen or
phospHortY%Q”%@?“ﬁDr eferably, use is made of internally unsgﬁ.fpﬁgéé@“%g

ol efi ns having between 4 and 20 carbon ¥ ons accordi ng to fornmula (3),
where R err] and R err] are hydrogen. Exanpl es of

i nternally unsaturated ol efins havi ng between 4 and 20 carbon atons
according to 20 formul aT®®)Bighdrel e rPyrgmdi RRFeeraklnyermered are 2-
pentene nitritem 3-RPSLEBESrMYIAtion SyPesth SFOk GrRCi ELL L

Cerr]-Cerr ;alkylﬁgster of” 3- enteﬁ%ic acid..1Tmﬁé¥eparresd?t?%gaaldehyde
hydr of or nyl atieeakr datcksrmipal) aldelyde ebtadnalde dYornyl valerate, are

i nt er medi at 11l Lbe; i tam or adipic
acid, whi chegfér?gétgﬂyﬁ gnéwﬂrrat 6%1{?% gﬁégﬁyﬁﬂlﬂéﬂtd%éée%?:%%%of nyl on- 6
and nyl or% 6, sybsbipetedveith one grampresfwictional groups ; -

Cerr]-Cerr]- - 3- pen ers are nethyl -, ethyf:; propyl -,
i sopropyl -, %%r%¥%%?§|?$ %§%@§%$ g%% 30 cycl ohexyl - 3- pent enoait e.
Preferably, use is nmade of met hyl - and et hyl - 3- pent enoat e, because

t hese conpouags_ s _apgiogadi |y obtainable. 3-pentene nitrile, 3-e§ntenoic
acid and CIerri-%%eF ?-al yl esters of pentenoic acid may be present in
the reaction mxture as a m xture which al so

and Qe - PERFE- & rEr er av g RO ERECathom o dim U B SRR vty
The nul ti denhgtieogbnsphiit MY iiganad cytintide Grobpdownachypirexatbohe recover ed
preferably h8§oﬁg? whetLgL|8%‘ﬂgtgsgggégtgéégcéfgﬁ:onéqéé]more

functional groups which contain a hetero atom, for

example oxygen, sulphur, nitrogen or phosphorus.

15 Preferably, use is made of internally unsaturated
olefins having between 4 and 20 carbon atoms according
to formula (3), where R’ and R are hydrogen.

Examples of internally unsaturated olefins
having between 4 and 20 carbon atoms according to

20 formula (3), where R’ and R are hydrogen, are 2-
pentene nitrile, 3-pentene nitrile, 3-pentenoic acid
and C;-Cg-alkyl ester of 3-pentenoic acid. These
resulting aldehyde hydroformylation products, in
particular methyl-S-formylvalerate, are intermediate

25 products in the prepération of ¢-caprolactam or adipic
acid, which are in turn raw materials for the
preparation of nylon-6 and nylon-6,6, respectively.
Examples of C,;-C¢-alkyl-3-pentenocate esters are methyl-,
ethyl-, propyl-, isopropyl-, tert-butyl-, pentyl- and

30 cyclohexyl-3-pentenocate. Preferably, use is made of
methyl- and ethyl-3-pentencate, because these compounds
are readily obtainable. 3-pentene nitrile, 3-pentenoic
acid and C;-Cs-alkylesters of pentenoic acid may be

present in the reaction mixture as a mixture which also



15 where nis 2-6, X is an n-valent organic bridging group and R err]
and R err] are independently two organi c nonoval ent aryl groups and/or
one di vakghbe/diyéyr y! group. Rlerr] and R esci/neysmogasef er abl y
nonoval ent ofganic groups with 1.tg,2Q carbon atons or Rerr] and -
Rlerr] form20 together one divalent organic group having 6 to 30

carbon atons. Mst preferably, R err] and R err] are nonoval ent aryl
groups haV'ﬂﬂmﬁpffbéé'Qaféﬁﬁ'éﬂﬁéﬁkeﬁgﬁié¥ffé¥*§u anq éﬂﬁﬂﬂq$ﬂ3¥% Rierr]
groups in the |igand may be_different. For exanpl e i'n the sanme |igand
some groups ¥ randrer WQseplkyhastess2ef neandvatpentepole atide ot her

gr oups R[err}eggggg{@gi ,are nonoval ent groups. : Xis
preferably an organic oup having | between 1 and 40 carbon atons, and
more preferably bet weerflge amel Bodentrdton phiaaphitan ldgand efofthe | i gand

30 havirg [ ' ] [ bri dgi ng
group cor%r egﬁ%ﬁ%{%%%%%gﬁﬁ%%%%éfeg %%%ﬁﬁyﬁr%a%&e, havi ng a

bi val ent brifiolhowimeupeneral aserwatsurd r equent |y nmentioned in the patent
literature. Exanpl es of such phosphite |ligands are 35
described in US- A- 4748261, EP- A; 556681 and EP- A-518241.

- 15 - en internplly ethylenically unsaturated

organi ¢ conpounds, for exfnpl e0oRBuf ene or 3- pent enoate, are used as a
startingOmaterial to prepgare / terfrnal aldehydes, use is preferably made
of a 5 multidentate phospfdot® |iganfd that can form a chel at e- (48ype
conplex with the rhodiumi{n thYe reaftion zone- A chel at e-type conpl ex
i s understood to mean tha of{wdbptantially) at |east two phosphorus P
atons of a | i gand nol ecul e forn) a coordi nated bond with one 10 rhodium

o oM |00 A JRBLETS. 2310 RPLE D Fen SO MAG I LA only
Wi th one and R*® and R™ are independently two oxganic monovalent
aryl groups and/or one divalent diaryl group.
R¥? and R are preferably monovalent organic
groups with 1 to 20 carbon atoms or R*! and R* form
20 together one divalent organic group having 6 to 30
carbon atoms. Most preferably, R’ and R are monovalent
aryl groups having 6 to 14 carbon atoms. The different
R*? and R*® groups in the ligand may be different. For
example in the same ligand some groups R*? and R*® may be
25 one divalent group while other groups R and R are
monovalent groups.

' X is preferably an organic group having
between 1 and 40 carbon atoms, and more preferably
between 6 and 30 carbon atoms. An example of a ligand

30 having a tetravalent organic group is a ligand having a
bridging group corresponding to pentaexrythritol.
Bidentate ligands, having a bivalent bridging group,
are most frequently mentioned in the patent literature.

Examples of such phosphite ligands are

35 described in

US-A-4748261, EP-A-556681 and EP-A-518241.



rhodi um atom' i on. The choice of bridging group X of the l'igand wi ||
deterniagﬁﬁggéger a chelate-type conplex 15 can be for @Rqaribsibfsr €action

zone. EX of bri dgi ng groups #guu. result in a ligand that can_form
a chel ate-type bridging group are for exanple described in
WO A- 9518089. A preferred ligand for use in the process 20

according to the inventgo,h ) O 5 = 1.1..-Dbinapht hal ene
bridging group, which bri i%gt&ga%%%%{gg%%%fae%%l%/J%%J%%ﬁﬁ'?%#)ed at the 3
and 3' Pe3anioneommpinds i gionl esamphe r2phutsans el B~ t he fol | owi ng
general for . r . X - 16 -
where Y an g?%ggﬁ ét%?%é%?%dd%%é? ??%ﬁF*ﬁgk%ﬁﬁﬁF%ﬁ&jto p¥€¥ﬁ¥7 and
Rlerr] are téxminak aldehydes emssubstpreferhbly madovet ent -aryl groups

and/ or any r connected to one .phosphorus atom
f or s ar% 5 &%%%ﬁg%)%?g%h%ggﬁ%ﬁ?a? 3P A éhit© %;%tné)'c gr oup
cont ai ni ng type oconpbearyitiyropsrhodivm in the reactiwn szdusé j-taients Y and
Z are preferab Qrgani c. groups._cont ai ni at_| east. one carbon atom
ore’ pref er SFLAESFUPR RaE1 S5 HE pATE LR fad b ImedE tnal'® C2TRR0 100
Y ard Z are(sabfsvantubhlyy) atskéest etwdrphvépieoioup LO5mE i cfng al kyl ,
aryl,

triarylsilyl riaglkylsilyl, _ carpboal koxy, gcarboaryl oxy,
aryl oxy, al&kbd% ,daW?¥F€5#50ﬁ9F¥ %r?%%ﬁ?b%ﬁ ?3-%&%§deéh o€ ani de, amine or
a nitridee. #hodium atom/ion.FRrndnadle¥atéheypé kydbmeroxpiss preferably
a CJerr]-Cerr]_ alkyl grou for exanple nethyl, ethyl, propyl,
i sopropyl , BB?%??L?é?thu?g?? FE%BU?€£¥ 8%ﬁt9ﬁbiﬁh°rgsh%x?ngﬁﬁfeianple of
a suitabl e 1igangl mblgbubeoBpring a codbrdPhebyli shoyd wieheysapl es of a
sui tabl e trlﬁ|5¥|SI|X| . , .
rhodium atom/ion. The choice of bridging group X of the
ligand will determine whether a chelate-type complex
15 can be formed in the reaction zone. Examples of
bridging groups that result in a ligand that can form a
chelate-type bridging group are for example described
i_n WO-A-9518089.
A preferred ligand for use in the process
20 according to the invention has a 2,2'-dihydroxy-
-1,1'-binaphthalene bridging group, which bridging -
group is preferably substituted at the 3 and 3°
positions. This ligand can be represented by the
following general formula:
25

.88 .



20 group are trinethylsilyl and triethylsilyl. Preferred aryl groups
have 6 to 20 carbon atons, for exanple phenyl, benzyl, tolyl, naphthyl,
ant hr an\WO #/07469 phenanthryl . Preferred aryl oxy groups HRERNBI$0§4382

carbon atons, for exanple phenoxy. Preiérred al koxy 25 groups have 1 te 20
carbon atons, for exanple nethoxy, et hoxy, tert-butoxy or isopropoxy.
Preferred al kyl car bonyl groups have 2 to 12 carbon atons, for

exanpl e net Whezar Borpd, Zt are- subgkisnpohgl otkerf thandhydrogen| aadbonyl

groups havegptat 1Ba n 0, f §ggg!e Bngny onyl. Preferred
am de groupg coér%%dlai?nn aggatﬁe%??cfg{a%gﬁf groups an p%e‘%cf)red am ne groups
contain monevelent] agydr gicoupky angvoupsny one of OR'? and OmBYt

pref erabl vy, re odi yi boal koxyl or a carboaryl oxy
or oup. -Ctﬂﬁgngﬁgﬁ%$€ﬁ%Rogg PraUBhbYud atom £81R93LK 17 i}
is a Jefr] -84 dydrarmuphmre R36- 13§ ea rdivaldntyroagmraia groumr ef erably a
Cerr]-Cerr |_keyls . | es. of sujtable R groups aré nethyl,

et hyl , propfk?iﬁé§ﬁﬁgéﬁﬁg ﬁ§§§§§|?ryg gfgppgbutyl, i sobutyl, phenyl and
tolyl. Even nore 5 pref @ablsypstiandnfsaveahdt ahe pasteeabbparyl oxy and

e e o r e L BRghrile AR AR IR 2" 940:PCRESEat DGy atohtS!! 1 N

| i gands are
2, 2" - di hydr exoyrel pYeflivadiit abatainingbordgi Bgxrgonuatems.optional Iy be

further_substituted 10 _wi th_other groups, for ex Le hal ogen, for exanple
c ¥ F or one of tﬁ§e§§5§¥3?ﬁe%t§n§ &h?ﬁﬁ_ﬁﬁgggégﬂ?gignt on the
bri ]ggi ngl gr@#newtd&ﬁdnbaﬁgfim&p comprising alkyll, Raeyl] and (I}[err] are
preferably € samne ,Qr i tferen noval ent ar roups, and nore

Dot or abl 3 H LI gup s kYA stgvdo SaEbon koY, SrEbPstYOhY.
under st ood g oady, faakoxy,eankyard rBoakn], a&?masrsaﬁﬁme oxaz@iLkf erent.
Preferably all, foughgroups are ,the_sane because the resulting |igands

are nore reAi4e OFall &1EALErnativel y, ORL2 and OR[err] (connected

to the 2§ same P atom o oamgan,- €nel ankl1OgeeappiswpeegeRbBLy] is a
di val ent group of 6 tQ 40 carbon atons contai ni ng_one or two_aryl
groups. Prefeabfy R gToNg . RECFr pxample methyl, ethyl, propyl,

isopropyl, butyl, tert-butyl, iscbutyl, pentyl or
hexyl. An example of a suitable triarylsilyl group is
triphenylsilyl and examples of a suitable trialkylsilyl

20 group are trimethylsilyl and triethylsilyl. Preferred
aryl groups have 6 to 20 carbon atoms, for example
phenyl, benzyl, tolyl, naphthyl, anthranyl or
phenanthryl. Preferred aryloxy groups have 6 to 12
carbon atoms, for example phenoxy. Preferred alkoxy

25 groups have 1 to 20 carbon atoms, for example methoxy,
ethoxy, tert-butoxy or isopropoxy. Preferred
alkylcarbonyl groups have 2 to 12 carbon atoms, for
example methylcarbonyl, tert-butylcarbonyl. Preferred
arylcarbonyl groups have 7 to 13 carbon atoms, for

30 example phenylcarbonyl. Preferred amide groups contain
a C;-Cs alkyl group and preferred amine groups contain
two C;-Cs alkyl groups.

Most preferably, Y and Z are individually a

carboalkoxyl or a carboaryloxy group, -CO,R, in which R

]



nonoval ent aryl groups, for exanple phenyl, containing at | east one

group, Rh®R¥dolorseat her than hydrogen in an ortho 25 positi W?Jﬁe to the
oxygen atorr{~ 6gre Rlerr] is a (err]. 1-ﬁ . to C20 al kyl (ﬁa’éerr -(ferr]

aryl group and preferably a CJerr]-(err al kyl group. O her preferred
nonoval ent aryl groups for Rlerr] and R err] are nonoval ent fused

aronmatic ri el | re I+4.n avy - carbon atons.

Rl err] and g%ssaly?[s%r ?%oc?alr{(%%mt%%%‘g? %’rg ?‘urqlﬁga?r@uﬁs%%engpmth for

exanpl e (] erPFefperply ok k§i-CaCpéky]- group} Bxgmplescof]swieableakoxy or
err]-Clerr I 0] g or e l.e F, Cl1 or

Jerr]-ger %}E%lb%% LY RV PUREnPL, NBLGHPT, I RfRRpy O SRIRC,

Wien t he arytegt oopbyR| eisdbulyl Riphejyhrand tolyibstBvar esbnd t h at | east

one R err e grth sition relative to th henaol j ¢ oxygen
atom a r#g fél?é@g?li}r%éa? %%‘?e%t?l\’/?t o%R %%%esf%ed %é??atﬂéscg‘xi ds are 5
used in a hydoné opryfatrably prive essme kx@ripdakk @ty hgsmip beddieyd Jtigs oups are
met hyl , et hyl opyl , - Lsoptopyl i sob | . tert-hutyl or n-butyl. For

Rlerr] pref e?%%ﬁ%tgﬁgyhga&éﬁegﬁﬁl’ﬁ?/r%r %T)H%a‘éﬁtﬁguﬁ" %ric hinderance of

i sopropyl or greater, isThethp2Sudihydtbeg- D theimipitadiengroup. Wen | ess
bul ky substi e(ﬂés are_used

tu bot h_, t ho positions are preferably
substitut ed WFTRITAEsErOUP %?%u%g?l%%fhg?%r %ﬁ%r?"}%%%?‘{]t ed aryl
group fam Riwith othefngdr&hps||fos fxmpld)éa@ail cmjaﬂf,ylfdnlf a’&cérlqsle]EEMyl phenyl
group. 15 Apot her preferred class of ar roups for
R err] and Iéfﬁr?]ofo%?iggstgﬁsﬁﬁb%’?b%?w&sr}?n‘é‘%tﬁél?g/’ﬁt egent o ppre
ri ngs havi ngodOthe BOi88ihgngadePtashdesicHib&@tabove Necessarily have to be
substituted at the ortho_,, &Bgsgion on fhe _carbon atomm%gj acent to the
carbon 20 atom which i sRbof Rto%éﬁ&gfé?b&tyomensﬁ&e a (5) wi th
groups ot herdihpar8ydr ageovatearPAepl Ofrsuss, fars@duore prorEtdw1y i NY
systens are phenanthryl, anthryl napht hyl groups. Preferably

9- phenarthr yR¥¥t 9rAUBAt ¥yFh 6 t‘@??r;gp%a’él?‘énu%"e‘éﬂ‘s-'r Aok’ iR€ring systens
can 25 optigpabkytBEasHREE| hul eloNE 7 QraeXMMR:ubke can bR OF enent i oned
substituents, for exanple at the '
different. Preferably all four groups are the same
because the resulting ligands are more readily
available. Alternatively, OR? and OR™ (connected to the
20 same P atom) can form an -0-R¥-0O-group, where R™ is a
divalent group of 6 to 40 carbon atoms containing one
or two aryl groups. Preferably, R*? and R™ are
monovalent aryl groups, for example phenyl, containing
at least one group, R*®, other than hydrogen in an ortho
25 position relative to the oxygen atom, where R*® is a C,
to Cz alkyl or Cg-Cy aryl group and preferably a C;-C¢
alkyl group. Other preferred monovalent aryl groups for
R and R* are monovalent fused aromatic ring systems
with 2 or more rings having 10-20 carbon atoms. R and
30 R can optionally be further substituted with for
example C;-Cyo alkyl, Cg~Cze aryl, C;-Cio akoxy oxr Cg~Cazo
aryloxy groups or halogen groups, for example F, Cl or

Br or amine groups.



positions of the ring systens other than the ortho position descri bed

above. Exampl es where Rl err] and Rlerr] are linked to form
30 di vaMn9/63468ups Rl err] are Cerr]-Cerr] diaryl grou@ST/NIg8ed4danpl e

a 2,2 -diphenyldiyl or 2,2'-dinaphtyl-dil8 -group. These

| i gands may be prepared using a vari ety of methods known in the art;
see for exanple - 19-

descriptions in US- A 4768%98; theS-axicdR88pard’ Jand\re’. axre Chem Soc.,

1993, 115, 2066+ 3 . T "6l H.)é roxy- 1,1 -hinapht hal ene
bri dged organi cs%}%l%%?%t%ltp ogs%hll?ae&go“’r?lripeo&nd aglgor%’l #glfe §t%tt51°[)he I nvention
can be prepapesinion rékatBiveorto the Remilbst idxyigeoh atom, a higher )

2,2 -di hydr - B of al ene - ri.dai comaaunds,.  The bi napht hol
bri dgi ng co(r)ri(p%rﬁgr‘l%é Sgig‘gg{r};%g p%sepoﬁseeﬂ#%%%%ﬁsﬁ%%%s% descri bed .
in Tét r aseld oin L2t hyd AOBHmAlLtDon 4h>okls .0ExamplesAn: thesehem Soc.
1954, 76, 296sand Org. Proc. gr p. I nternai]i opal , 1991, 23, 200. The
phosphi te conpodRGEP= aTE fieh Ygreﬁ‘é%ﬁ'bi}r%lr’ g 1FPTIR¥%Ess described in
L h'ed - af ormmd&pmd%é&h&&h@%ﬁllrguﬁﬂoymo& ll?l”réspreferég):]:?'gd[s‘ﬁhﬂi 9 PG

ri dgi ng conpounds_ wi t osphor po- chl oridites, err err :
ot epar od by SHEATHEY FEENE PaY Lt Ry The A HFGRTANS 9 3
The cat al ystisystepyUset dgredter Prifestho- sutandit@ toh thes drjaention can
be prepared b¥ m Xl a .. suitable rhodiumor iridium cg}r@%{;n with the
phosphi € 208TPHRantieR pt 83 APHIKY FUPShATUSRTS a8 dfed i or dance
Wi th wel | - Kneithe opPs BXided Ny ped hoetsh1 v st iveied wit Itthegeneral |y be
the solvent used in the hydr of olgrrzl ation. Suitable rhodizgom coiypounds
are for THARF e THErPTRETTL] iRlesSUBPHARRECA R Y S aFTQUP O80T R
acetyl acet ongh@sr*? AQr gans6paepglpRELTL OXi ﬂ%ert-bu@fl?ﬂ@ﬂi'l conpounds and
am ne conpounds of these netals. anpl es of suitable catalyst
precursors aFECRR( OAc) 3, Rh[err] @, Rh(acac) (CO 2, Rh(CO 2(DPM,

[ Rh( QAcy 5( 0OD) ] 2, R84 SN £rpdte RUETd 1401 @iy, JRUHOEdPN3P) 3,
(Rh(QAQ) (CQ,lerr] 13, and 30 RhCJ(COD)]tz, (where "acac |_sha51
acet yl acet onBt e2§fokp; comprises fused aromatic ring systems wit

or more rings having 10 to 20 carbon atoms which do not

necessarily have to be substituted at the ortho

position {on the carbon atom adjacent to the carbon’

20 atom which is bonded to the oxygen atom in formula (5)
with groups other than hydrogen. Examples of such fused
aromatic ring systems are phenanthryl, anthryl and
naphthyl groups. Preferably 9-phenanthryl or l-naphthyl
groups are used. The aromatic ring systems can

25 optionally be substituted with for example the
aforementioned substituents, for example at the
positions of the ring systems other than the oxtho
position described above.

Examples where R'? and R are linked to form

30 divalent groups R are C¢-Cp;s diaryl groups, for example
a 2,2'-diphenyldiyl or 2,2'-dinaphtyldiyl group.

These ligands may be prepared using a
variety of methods known in the art; see for example



"Ac" is an acetyl group; "COD" is 1,5-cyclooctadiene; and "Ph" is a

phenyl. Mis a 2,2,6,6-tetranet hyl - 3, 5-hept | group).
However %oul d be noted that the rhodium conmpounds @@ﬁﬁ&%&ﬁ

20 - are not necessarily linmitéed o the conpounds |isted above.
The nolar ratio of the nultidentate phosphite ligand to rhodiumin the

hydr of or ny| I cti e _hi Ller purge to be
treated is geeneréqiloﬁfsom a@(ﬂﬁﬁwﬁt‘%% éﬁd"‘%gaggﬁ'eﬁﬁfjaﬁl' Apegm 1 to 10
and nost pr €h@mblSod.essIa983n 115, 12036( nmol ligand/nol netal). Preferably

the ratio is higher%t.] r?"h 0! It has been ggundthat in this range 10

the ligand stability du r‘?}’ﬂ%’&n i'sbdpaphkhalenesnd the | oss of

ligand in thaidga bmda&ﬁd)lﬂmntatea@ﬁs@h&ﬁet @o&BbﬁnﬂQVSBEbQB.}.h m ni mal .
The invepti ﬁ’fd %therefore al so directed t rocess to prepdre a

linear aPdefrPdd e HIVEREHAN, &R e rPrt%re@hé’lFBI E8&i Ag STeps ‘aie
perforned: 3, 3*@%@& rwlzaudmyafroa@-ﬁ' at'eb&ﬁ!abm:haﬁléﬂtewat ed

organi c con%g und in the presence of a catal yst system conpri si ng
rhodi um and ¥ ¥Agime Gampqunds . The bigaphhholpkadgaing ppgﬁﬁundmer eby the

20 hydr0 i 48 HRAGL |
preferably 1.05- I'Zﬂﬂe}i nmul t@ggﬁﬂdg{%@%%&d&%&%@ 2 aeégﬁlgg(nidlger nol

rhodi um Tet(’@)hesdéi%? &9ty (ARS0.i 3del3)al ddRyda st PEminhd -r 8met i on

m xt ur eq gbt e ighSt elgg,la’) TEsYdd '&91& '@)1‘? 2%roc. prebraction containing
the linear al dehyde and fraction containing the catalyst system

and hi gh Internatl@(ﬂnafhg 1@(%30%5 200. Thecphosphditrgcpappuntist he organic
m xture con i i g conpounds
@I gfbr'? qhd btye usi x eptp(r%é%tsgmdgggg?bgﬁ bai bia

and 30 recy st t separating the
cat al yst syﬁf&ﬁm@ﬁlm%%lk 5,235,113 ¢id icoypdenpbesds with the process

according tQinaphthol Bdidihe UdnPbunds with phosphoro-

15 chloridites, (R'20) (R*0)PCl, prepared by treating R?0H
and/or R™OH with PC1,.

The catalyst system used in the process
according to this invention can be prepared by mixing a
suitable rhodium or iridium compound with the phosphite

20 ligand, optionally in a suitable solvent, in accordance
with well-known complex-forming methods. The solvent
will generally be the solvent used in the
hydroformylation. Suitable rhodium compounds are for
example hydrides, halides, organic acid salts,

25 acetylacetonates, inorganic acid salts, oxides,
carbonyl compounds and amine compounds of these metals.
Examples of -suitable catalyst precursors are Rh{OAc),,
Rh;0;, Rh(acac) (CO);, Rh(CO).(DPM), [Rh{OAc) (COD)1},,

Rh, (CO) 32, Rhg(CO)i¢, RhH(CO) (Ph;P);, [Rh(OAc) (CO).1,, and

30 [(RhC1 (COD)]);, (where "acac" is an acetylacetonate group;
"Ac® is an acetyl group; "COD" is 1,5-cyclooctadiene;
and "Ph" is a phenyl group, DPM is a
2,2,6,6-tetramethyl- 3,5-heptanedionate group).
However, it should be noted that the rhodium compounds



- 21 - (e) reuse of the catal yst systemobtained in step (d)

in step (a). The above descri bed preferences regarding
hydr of or yD29AO69 st arti ng conpound, conditions and, 5 careirpanssess em al so
apply here. Step (a) is preferably - perforned as described in for -
exanpl e US- A-5527950, EP- A-712828 or WO A-9518089. Step (b) may be

per f or med usi ng any separation techni que known to a person skilled
in the art. #&xanppbsnefeggaribyeliwpbedt tontié® compbunduetiated(vacuum
distillationgpgystallisation and extraction using a suitable
extraction agent The invention wll further elucidated by

means of the follomﬁng ibe- mokari ngt éxaoPl eke ﬂhbtldenthbéiunlanalysis
wer e done by b 1 ect t0s y. ol L owi ng

abbr evi at i on8 ghitg f?égﬁh ° gBﬁéﬁvw lﬁﬁgﬁge?ig? fa%%ﬂ%xy, OVe =
nethoxy,EﬁcAmeacamenymaxeuneaand tBe -Bi6R Boileklpqrge tgregp SP with three”
coval ent bon he si whi c resented by Si2. 20
Exanmple 1 rﬁ?gﬁgréfl ﬁnSFaéﬁgpgrgg a%but 6 Q éo 108 aF‘Separation of
Ph2P( err] HippeSezsbd@: frod51 Pb2PC] ena] dsp- SréfbtaBly 18E62than

Ph2PC6H4- p- Si The

reaction was céS#WQa sigandduplnperagin P ﬁeferag%gl9??cﬁégﬁggggbéolvents,
whi ch were dnigHebethaa wses.30t h3sSbgeff FSuRE éh@tcknlﬁﬁisWQSnQéied in
vaou o OO e | Canagh Shi LSV ted SO oR R S ELILG ALy com
Ph2PC err] H4apaStheFp3si BE5Qighnal ihexneenygn Bodedrapdryae
according to this invention is minimal.
The invention is therefore also directed to
a process to prepare a linear aldehyde, characterized
15 in that the following steps are performed:
(a) hydroformylation of an (internally) unsaturated
organic compound in the presence of a catalyst
system comprising rhodium and a multidentate -
organic phosphite ligand, whereby the
20 hydroformylation reaction mixture contains 1-10,
preferably 1.05-1.2 mol multidentate phosphite
_ ligand per mol rhodium,
(b) separating the linear aldehyde from the reaction
mixture obtained in step {a) resulting in a
25 fraction containing the linear aldehyde and a
fraction containing the catalyst system and high
boiling compounds,
(c) purging part of the organic mixture containing the
catalyst system and high boiling compounds and
30 recycling the rest to step (a),
(4) separating the catalyst system from the high
boiling compounds with the process according to

the invention,



resul ting suspension was stirred at roomtenperature

- 22 - - woobRke 72 hrs. Then 50 m of toluene were added
tenperature was raised to reflux tenperature. Wthin 6 Péﬂ@@@“&’r

solvents were distilled off. Then 7 m (45 mol ) of Me3Si CEt were added
and stirring at reflux 5 tenperature was continued for 16 hrs. After

cool i ng, dhe | el f d.foyr.tines wth 40
n of tol uen(e gnd&ﬁu\/s(eé }tﬁsqgf? W@aﬁﬁiggt s%‘éﬁg(géi}%ame h&h FREPpABduct was
dried in vacuo at 1I’O(§[t@(l>r](@)for 16 hrs. Yield: 13.43 g off-white solid.

El ement al anal yses: 6 %%% Cal cul at ed from t he P-
anal ysis: 0.187 mol éhé ag&%xd et pre%%%ﬁ iTgPaRdiqsport 2 15

Pr eparati on dm@mwmﬁx @n:@.iﬁtlng commihwnd | Rédi-orid Qi [err] +

(fl gt(e']r-l)rl5 gag%ﬁg%ﬁé%% gr? %EY A%%g,%ﬁgp () ighRegfinmaplno
The reacti orpevafoxmed | sl MCnﬁﬁm mtf@ﬂ%kadéplseant{a@ﬁoiﬁezd'ifec gé!gd'gescrl bed
?S'rvgﬂ.ﬂﬁor%%*m &' 'Egﬁ-%%{f%aéz ¥ éoéna(w@ecwemarw 21.22 g (50
25 ol ) ofuirderajPGepatat bon | teciidi )kdaid Jto Ryt he coupling was
performed ingdep 4 O QU808 A a5t TR ebdy Sse%i‘létrlo'n
10 techniques are (vacuum) distillation, crystallisation
and extraction using a suitable extraction agent.
The inventién will further elucidated by
means of the following, non-limiting examples. The
rhodium analysis were done by atomic absorption
15 spectroscopy (ARS). The following abbreviations are
used: Ph = phenyl, Et = ethyl, OEt = ethoxy, OMe =
methoxy, AcAc = acetylacetonate, -Si=Si0, = linking |
group SP with three covalent bonds to the silica
support, which is represented by Si0,.

20
Example 1 _
reparati of

Preparation of Ph;PC¢H,-p-Si=Si0,:

25 PthC;H.;-p—Si (OEt)3 + "SiOg" -> th_PCsH4'p"SiESi()2
(+ EtOH) .

The reaction was carried out under nitrogen in
analytical-grade solvents, which were dried before use.
30 13.5 g of 8i0; (Merck 100) was dried in vacuo at 230°C
for 6 hrs via a cold trap at -80°C. At room temperature
and under nitrogen a solution of 3.32 g (7.82 mmol) of
Ph,PC¢H -p-Si(OEt); in 50 ml of hexane was added and the

resulting suspension was stirred at room temperature



the presence of 1 m of Et3N. Yield: 59.87 g off-white solid. Elenental

anal yses: 12.41% C, 1.20%H, 1.44% P. Cal cul ated fromthe P-anal ysis:
capaci t yWO.928%6fmol 30 P/g. PCT/NL98/00433 273 _
Exanpl e 3 Preparation of Support 32 - Preparation of
Ph2PC err] H4- p-Si (Me) =Si O2: 5 Ph2PC6H4-p-Si(Me) (CEt)2 + "Sigerr]"

Ph[err]PC[err]H[err] p-Si(Me)Siderr]
(+ EtoH)  for Pﬁzh@[%rﬂ]tqqm-ysosm@wﬁ Spmenemesecxﬁded anéntihappl ng 10

The reactiogg r%%%&l@%a U%ggggﬁrtglk QgﬁglEnge ?§€$ig %00) was

sol vents, which were ore use
dried in vad¥s &0 DiOF@ﬂNF@ts werhodl%thﬁiedlafﬁ thdntVamla(4580[err]C At”

room t enper gt ur a utlon of, 38. (96.4 mmol)
of 15 Ph2P8 13r]°|54“‘33§9?#)€d‘s%ét§§8?‘§ R e Sl (00 2 .
the resusti htgmpespénsieowasasonitinued &brrmenhrs Afearecebniﬁgfor 72 hrs.

Then 3001 o5l LAY Gl 1 cered® 048 207 A 0B A BBEL AL RS B0 A% 500 10

40 ml of toluene and five times with 40 ml of MeOHi
Then the product was dried in vacuo at 100°C for 16 hrs.
Yield: 13.43 g off-white solid. Elemental analyses:

10 5.36% C, 0.5%4% H, 0,58%P. Calculated from the P-
analysis: 0.187 mmol P/g.

Example 2
Preparation of Suppoxt 2
15 Preparation of Ph,PCH,-p-Si=Si0,:
Ph,PC.H,-p-Si (OEt), + “S$i0,” -> Ph,PC.H,-p-Si=Sio,
(+ EtOH)

PhoPCgH4-p-Si=Si02 + Me3SiOEt ---> endcapping

20
The reaction was carried out under nitrogen in
analytical-grade solvents, which were dried before use.

The same procedure, as described for Support 1, was
applied to 52 g of Si0, (Merck 100) and 21.22 g (50

25 wmol) of Ph,PC.H,-p-Si(OEt);, but now the coupling was
performed in 125 ml of toluene at 90°C for 16 hrs and in
the presence of 1 ml of Et,N. Yield: 59.87 g off-white
solid. Elemental analyses: 12.41% C, 1.20% H, 1.44% P.
Calculated from the P-analysis: capacity 0.465 mmol

30 P/g.



tenperature. Wthin 3.5 hrs 150 m of solvents were 20 distilled off.
Then 80 #o 4972469500 Mol ) of Me3Si OEt wer e added anq,csl?,i,ﬁgs}oaggsat
reflux tenperature was continued for 18 hrs. After cooling, the solid
was filtered off and washed two tifres with 300 m of hexane.
Thereafter, the solid was extracted in a 25 Soxhlet apparatus for 8 hrs
with toluen for, 8 hrs wi t h met hanol, respectively. Then the
product was drl in.vacuo at 100[err]C for 24 hrs. Yield: 163.6 g
col ourl ess Prepstitiibn Hfememipgrtanal yses: 6.38% C, 0.95%H, 0.40% P

Cal cul ated fromthe P-analysis: capacity 0.129 mmol 30 P/g.

- 24 - Exanpl e 4 PrepamadismnaoifoPhaPCalyppost (Me)=8i0,:

Preparati on of Ph2PC6H4-p-Si (Me) =Si Q2: 5 Ph2PC err]H4-p-Si (M)
(CEt)2 + "Si " -> Ph2PC6H4-p-Si (Me)=Si o[ err]

(+ EEO)s  Ph,PC.H,~p-Si(Me) (OEt), + “Si0,” -> Ph,PC.H,-p-Si (Me)=Sio0,

{+ EtOH)
PhyPCgH4~-p-Si(Me)=Si03 + Me3SiOEt ---> endcapping

10 The reaction was carried out under nitrogen in
analytical-grade solvents, which were dried before use.
167 g of Si0, (Merck 100} was dried in vacuo at 240°C
for 8 hrs via a cold trap at -80°C. At room temperature
and under nitrogen a solution of 38.04 g (96.4 mmol) of

15 Ph,PC.H,-p-Si(Me) (OEt), in 600 ml of hexane was added and
the resulting suspension was stirred at room
temperature for 72 hrs. Then 300 ml of toluene were
added and the temperature was raised to reflux
temperature. Within 3.5 hrs 150 ml of solvents were

20 distilled off. Then 80 ml (ca. 500 mmol) of Me,SiOEt
were added and stirring at reflux temperature was
continued for 18 hrs. After cooling, the solid was
filtered off and washed two times with 300 ml of
hexane. Thereafter, the solid was extracted in a

25 Soxhlet apparatus for 8 hrs with toluene and for 8 hrs
with methanol, respectively. Then the product was dried
in vacuo at 100°C for 24 hrs. Yield: 163.6 g colourless
solid. Elemental analyses: 6.38% C, 0.95% H, 0.40% P.
Calculated from the P-analysis: capacity 0.129 mmol

30 P/g.



Ph2PC err] H4-p-Si (Me) =Si Q2 + Me3Si CEt ---> endcappi ng 10 The reaction

was carried out under nitrogen in anal yti cal - grade sol vents, which were
dried beVeP07#62, The sanme procedure, as described fBETSLAPYMES 3, was
applied to 99.82 g of Sierr] (Davisik4646) and 37.8 ¢ (95.8 mmuol-) of
Ph2PC err]H err]-p-Si (M) (OEt)2, but now the 15 coupling was perforned
in 320 mM of toluene at 90C for 21 hrs and in the presence of 2 m of
Et[err]N. YEZRBRle & 106,06 g colourless solid. Elenental analyses: 9.21%
C, 0. 82% ) ) I -t‘d fromthe P-anal ysis: capacity

0. 300 mol : R Preparation of Support 5

Preparation of Ph2PC6H4 a&ughgnobgl@g,Pc1g5pE§ga@L¢_glbm p-Si (Me) 20Et +°
"Si Q" o--> Ph2PC err ] H4- p- Sl(Nb)Z

Ph2PC err] H4-p-Si (Me) 2-O- Si O2 + Me3Si Cet ---> endcapplng -
- 25 - The reacti,on i ed _out under nltro en

rr
5 Ph,PC.H,-p-8i(Me OEt% + %8i0,” -> Ph,PCH,- Sl(Me) =8io0,
{+ EtOH)

Ph2PCGH4—p-Si(Mé)=Si02 + Me3siOE£ ---> endcapping

10 The reaction was carried out under nitrogen in
analytical-grade solvents, which were dried before use.

The same procedure, as described for Support 3, was
applied to 99.82 g of SiO, (Davisil 646) and 37.8 g
(5.8 mmol) of Ph,PC.H,-p-Si(Me) (OEt),, but now the

15 coupling was performed in 320 mi of toluene at 90°C for
21 hrs and in the presence of 2 ml of Et;N. Yield:
106.06 g colourless solid. Elemental analyses: 9.21% C,
0.82% H, 0.93% P. calculated from the P-analysis:
capacity 0.300 mmol P/g.

20
Example S5

rati 3be t

Preparation of PhaPCgH4-p-Si{Me)2-0-Si02:

25 PhyPCgH4-p-Si{Me)20Et + "SiOz" -->

PhoPCgHg-p-Si(Me)2-0-Si03 + EtOH

PhoPCgHs-p-Si(Me)2-0-Si0s + Me3SiOEt ---> endcapping



anal yti cal -grade sol vents, which were dried before use. 65 g of SiO2
(Al fa, 2 dried in vacuo at 240[err]C for 8 of43s0l d trap
at 80[err8]%%f ¥)§§ roomtenperature 5 ang under nitrogen 2@8%3?’. on of 11.38
g (31.22 mol) of Ph2PQ err] H4-p-S“CMe) 2CEt in 200 m of hexane was
added and the resulting suspension was stirred at room

tenmperature fggy Thﬂ% I $ ded and the

t enperature vvase rz'%iés.ge re chﬁa%ﬁ toe&r}:gé#lgé%r\egﬁ PETh '35 hrs 150 m of
sol vents wer @nalytmshgraeﬂe cﬁfcflveﬁtem 2&igH mmm:il)ed)mdm Qe wer e

2??%1? 2§2| .S:n'g“ SOESIE LR ”rv%s“%e%”? & W39, At AR n225W th
?gen d:‘)I eEiOI lr?&e @r}\%gcb)(;ﬁatal%oéoj[ﬁag f orS%AfmhroA % E%S“p%&%g f- Whl te

solid. El snerdrd anddy Sestrdyeérd®a Golutlikdn kf A1L3% G (31. 22Ca{nQﬂJ)at ed from
t he P-anal ysi s capacity 0.049 mmol P/ g 20 Exanpl e 6
Preparation Gt KpgRFEHGP-Si(Me)20Et in 2°q3ﬁ@pa>r%tf49(%¢r¥ﬁ was added

Ph PC6H4- ' ) 2- 2 h2P H4- P- 2 + " ->
Lerr]PCo é)nci'S ! éh res%lsé:l.or?g suspeSnsti):n W Sersr irred Sa!t(lve Ot S

temperature for 22 hrs. Then 150 ml of toluene was
added and the temperature was raised to reflux

10 temperature. Within 3.5 hrs 150 ml of solvents were
distilled off. Then 25 g {212 mmol) of Me3SiOEt were
added and stirring at reflux temperature was continued
for 18 hrs. After cooling, the solid was filtered off
and washed three times with 50 ml of toluene and five

15 times with 50 ml of MeOH. The product was then dried in
‘vacuo at 100°C for 24 hrs. Yield: 59.88 g of f-white
solid. Elemental analyses: 2.64% C, 0.81% H, 0.15% P.
Calculated from the P-analysis: capacity 0.049 mmol
P/g.

20
Example 6
Preparation of Support € .

Preparation of PhyPCgHgz-p-Si(Me)2-0-SiO3:

25 PhyPCgHg-p-Si(Me)20Et + "SiOa" --»>

PhoyPCgHya-p-Si(Me)2-0-8i02 + EtOH

PhyPCgH4-p~Si(Me)2-0-8102 + Me3SiOEt -~--> endcapping



Ph2PCE[err] H4-p-Si (M) 2-O-SI 2 + Et OH Ph2PC6H4- P-Si (Me) 2-O-SI Q2 +
Me3Si OEt ---> endcappi ng - 26 -

The reacwpPo®0%&s carried out under nitrogen in anal yPCTALIg0ME
solvents, which were dried before use. 36 - The sane procedure, as descr-i bed
for Support 5, was applied to 52 g of SiJerr] (Merck 100) and 9.05 g
(24.8 5 mmol) of Ph2PC6H4-p-Si (Me) 20Et, but now the coupling was

per f or ned imﬁ&&ﬁcmoﬁ%a@r&ﬁu&@[&iﬁ lénde¥ nli&d¥gen in and in the

presence of ri N. Yield: 59.49 ¢ ourI ess solid.
El enental arfF3s¥kic 69% soLMenys. Whlcfom ;ﬂn@é} &afared yseom t he

P-anal ysi s: TH@aghhy ﬁ:&@@duﬁé) F0ded¥Bibed for @%g&lﬁ &, wagreparation
of Support 7 Preparation of Ph2P(CH2)[err] S =SiQ2: 15

Ph2P(CH[ err] E)lPIell?@i ﬁ;@\ﬁg 3 +of FiIW,' (Mexek2 ROCH2 phdr O). 85 gr (RSi.62 (+MeOH) .
The reaction a ut under, nitrogen in anal yti cal,- grade
sol vent s, m‘i‘“&‘ﬁ ?% %‘g 6RATRTSL (MR) 208t but now the %@?n@ of SiCe

(Alfa 22629) maspgékormeg in 175 ml of toluene at 90°C for 16 hrs

and in the presence of 1 ml of Et,N. Yield: 59.49 g

colourless solid. Elemental analyses: 9.67% C, 1.21% H,

0.95% P. Calculated from the P-analysis: capacity 0.306
10 wmol P/g.

Example 7
ation _of Su 7
Preparation of Ph,P{CH;)s Si=8i0,:
15
?_thP(CHg) eS1(OMe)s + "SiO;" -> PhyP(CH;)sSi=Si0, (+MeORH).

The reaction was carried out under nitrogen in
analytical-grade solvents, which were dried before use.

20 55.17 g of Si0, (Alfa 22629) was dried in
vacuo at 230°C for 8 hrs via a cold trap at -80°C. At
room temperature and under nitrogen a solution of 13.8
g (33.1 mmol) of Ph,P(CH,)sSi(OMe); in 200 ml of hexane
was added and the resulting suspenéion was stirred at

25 room temperature for 65 hrs. Then 100 ml of toluene was
added and the temperature was raised to reflux
temperature. Within 3.5 hrs. 150 ml of solvents were
distilled off. Stirring at reflux temperature was
continued overnight. After cooling, the solid was

30 filtered off and washed four times with 50 ml of
toluene and six times with 50 ml of MeOH. The product
was then dried in vacuo at 100°C for 24 hrs. Yield:

59.23 g off white solid. 3'P NMR in CDCl; (slurry):



vacuo at 230[err]C for 8 hrs via a cold trap at -80[err]C. At room

t enper at w8 s@kgsinder nitrogen a solution of 13.8 ﬁ%ﬁ of
Phlerr] P(CH2)[err] Si (Ove)3 in 200 m of ,hexane was adgégh‘ RS
resulting suspension was stirred at 25 "roomtenperature for 65 hrs. Thén
100 M of toluene was added and the tenperature was raised to refl ux
tenperature. (hii N 3H s (k30 vent.s i,stilled off.
Stirring at refI ux tenpeﬂ%t ur%émarsﬂle%ergtgin %r?lue ver rzhzgﬁg * Afrter cool | ng,
the solid was -36% . tlerBRBf fCalmulatsite Edfapuithel PeanalyisisQ o, 40f

tol uene and gimeqt| with 50 M of MeCH. The product was then dried

I n vacuo at 1 err]™C for 24 hrs. Yield: 59.23 g off white solid.
[err]P NMR in CDA 3 (slurry): - 27 -
(P)ca. -14 p ) I al yses 12. 38% C, 1.56% H, 1.53%.

Cal cul at e% f%g TR 'AE ﬁé{%%o?rst a,g mol P/ g. 5 Exanple 8 (Support
7) nferyhauif what eonflem Hfixtn hdidneboiiehydr of or nyl ati on
pur ge A Jcal hi gh- b0|Ier re5|due was obt ai ned froma
hydr of or nyl a h nmethyl-3- 10 pentenoate is

hydr of or ny! at ed to met hyla ypicalf origgH -\buliQledt @esi dtieC alsl BWRWS n@@nner. The
cat al yst or th| drofor |.ation consi,sted of Rh( AcAc)
(CO) 2, a bi d g’r}’o‘i‘iﬁﬁ iNeRn in whighopethyl-3-

10 pentenoate is hydroformylated to methyl-5-
formylvalerate in a continuous manner. The catalyst
employed for this hydroformylation consisted of
Rh(AcAc) (CO),, a bidentate phosphite ligand as is shown
below:

15

20

triortho-tolyl-phosphine added as an anti-oxydant and a

25 carboxylic acid (mostly mono-methyladipate). Performing
such a hydroformylation reaction in a continuous way
for 250 hours, in which constantly fresh make-up ligand
was added and continuously 100 g per hour of methyl-3-
pentenoate was added at 95°C under 0.5 MPa pressure

30 (CO/H,=1) and the products were removed by distillation
yvielded in the end 1000 g of a residue. In this residue
all the initial added rhodium was still present and at
least 8% high-boilers were build-up. This residue
mixture was used for rhodium recovery experiments.



[err] triortho-tolyl-phosphine added as an anti-oxydant and a 25
carboxylic acid Sm)st | y nono-net hyl adi pate). Perform ng such a

hydr of or tYP2PPH r eaction in a continuous way for 250PHEHOEAS/0M433 whi ch
constantly fresh make-up |igand was 2&lded and continuously 100 g per
hour of methyl - 3- pent enoate was added at 95[err] C under 0.5 MPa
pressure 30 (CO H2=1) and the products were removed by distillation
yielded in the end 1000 ¢gF%?matheshighe. b¢ill€m|mxtemajtdaescr1hfld the initial
added rhodi uny stphlmPr Yo h-boilers were

bui | d-up. Thi swgzgl dMJ m? ﬁ?ﬁ@ﬁ?’%&imﬁdﬁu Tor rﬁloaﬁlo% rrécovery

experi ments. atmosphere. The rhodlum concentration of3 this mixture

From t he hi gh,Doi e aken and put
under nitrogen 366 % er e)d % odi ‘um g%ir)lééegdntq‘r %Srﬁ&m%.s si pgx;ﬁ xture .
was 360 p|§m ('AA@}chocmhi%lma@ md@l%dnnﬂons?,ﬁg,ofsdsmmh/ﬁ—nkm th cont ai ned

0. 49 I th t 1/30.. T
sti rrgjmfor SIX our% mfa% ttru)frézg?f[vgaré vﬁﬁwe& oég 153 ur%’égwawzs t aken

from the At quott fafft eanalhisits pebiiod &a@ah@léomaal Bakteh? fEB{ﬁBheSO an
efficiency of 96% adsorpti on was achjeved. 10 qr”agl e 9 (Support 7)
Exanpl e 8 was 1rapid EoF RRa 1 vEieadtlhls sSample coptaringst Ihenshdtose

cont ai ni ng Slélhcéifﬂﬂ&:j[el@c lof 96% adsofﬁ%&%&éﬂ'%dﬂYéD d@l ar ratio was
decreased to 1/5. This 1 m xture was stirred for snyh at 20[err]C and

after tha a sanple fromthe liquid was taken and it contained 62

ppm Rh, so angﬁ%l_at_?_gps@ﬁéﬁ efcy of 82% was reached. | ncreasing the
tenmperature to 95[err|[C for 7 hours gave no i ncrease in adsorption

ef ficiency. 20 Example 8 was repeated but instead of 4.25

g of the phosphorous containing silica only 0.71 g was
used so the Rh/P molar ratio was decreased to 1/5. This

15 mixture was stirred for six h at 20°C and after that a
sample from the liquid was takeén and it contained 62
ppm Rh, so an adsorption efficiency of 82% was reached.
'Increasing the temperature to 95°C for 7 hours gave no
increase in adsorption efficiency.

20
Example 10 (Support 7)

Another 20 ml of the high-boiler purge

mixture of example 8 was taken and diluted with 40 ml
of toluene. This mixture, containing 120 ppm Rh, was

25 put under 1 MPa CO/H, = 1 for 2 h at 95°C, after which
the pressure was released. Then 4.25 g of the support 7
(Rh/P=1/30) was added and stirring at 20°C under
nitrogen was continued for 20 h. After this time a
sample was taken from the liquid and analysis revealed

30 0.7 ppm Rh. This means that Rh is adsorbed with a 99%
efficiency.



Exanmpl e 10 (Support 7) Anot her 20 m of the high-boiler
purge, e of exanple 8 was taken and diluted wt of
t ol uene. wﬂr?g)&}r#xture cont ai ning 120 ppm Rh, was 25 pu?é%d‘%mi“ip CO H2
=1 for 2 h at 95[err]C, after which= 22 the pressure was rel eased. Then
4.25 g of the support 7 (Rh/ P=1/30) was added and stirring at 20[err]C
under nitrogen was continued for 20 h. After this tine a sanpl e was
taken from tHEANRLRI L o RURRRFY ST reveal ed 30 0.7 ppm Rh. This neans that
R is adsorbed “‘th a 99%he siPfdd GENEN¥ample 10 was isol da

29 - npl e, 11 (Support 7) o Theo Sal S ca c'):f exanpl e
10 was i sol a‘%lé%i %h@@um wag RASEIRRA MRdsi vy ashad WJttIWas vvashed with
tol uene. Thepoifhige SitheR MRSs A&l O
met hyl - 5-f or ny vaﬁeerate was add edl @%1 gglwmo%tﬁar/e was ‘%cgtoae‘{? d95[err]C
under 8 BPa €DwR ¢Hrmathyl-5-Edxmylvil evate |wariaildshp|Bhims taken Thi s

cont ai ned )ggg o, R %f@d r;%gngsfj@ﬂ%%&gﬂ %ol‘;llfg g%ﬁ‘esf € WL th an

i
ef ficiency of |n one"s

|25 1 gg Rhgﬁﬁf@r(méh a51ﬂqﬁ®d(§ameo¢:a§ heaken . lbmlmht@drﬁ;m@wgitem
I gand used [ n Exa [is- ort to 0S |ne and 5
met hyl - 3- 15°5 pRRPeRBa léi%r'ee%?§s%]i‘ HIP nC G ?J'%?ﬁp an nj t r ogen

in an autocl @fficTéesylop MR (B sherstepas appl | ed and the t enperature
was raised to 95C while stirring at 1100 rpmfor 3 hours. After this-
time the? hydr of ormyl ati on of the nethyl-3-pentenoate was al nost 20
conpl ete, gimgéo_@gel(g@lgpatﬁyﬂo nmet hyl - 5- fornylval erate. This

m xture was cooled of to room erature and the pressure was

rel eased. The aut ocl 2% et vBS %}&H‘j L 0t me$ i M9 I Sp&IINSLafher
which the pres§eneav@SpRSipRitd- ﬂ-l&?ﬁdnlhé@@efh ﬂ.‘:}féﬁ‘@?é 8tr§§0 ﬁure a

I|qU|d sample (1 m ) was taken whi was anal ysed f 3 ppm Next
3 g of suppbie-er getolylphosphlne and 5 ml methyl- 3-

15 pentencate were dissolved in 75 ml toluene under
nitrogen in an autoclave. Then 1.0 MPa CO/H, was applied
and the temperature was raised to 95°C while stirring at
1100 rpm for 3 hours. After this time the
hydroformylation of the methyl-3-pentenoate was almost

20 complete, giving 83% selectivity to methyl-5-
formylvalerate. This mixture was cooled of to room
temperature and the pressure was released. The
autoclave was purged two times with 5 bar N, after
which the pressure was set at 0.1 MPa nitogen. From

25 this mixure a liquid sample (1 ml) was taken which was
analysed for Rh: 113 ppm. Next 1.3 g of support 1 made
in example 1 was added (P/Rh = 2.5/1) and stirring was
continued for 5 hours after which a 1 ml sample
was taken from the liguid and analysed for Rh: 23 ppm.

30 This means that 79% of all the rhodium was adsoxped on
the silica. Next a CO/H, pressure was applied of 5.0 MPa
after which the temperature was increased to 60°C. After

3 hours a sample was taken and the Rh was found to be



in exanple 1 was added (P/Rh = 2.5/1) and stirring was continued for 5
hours after which a 1 m sanple was taken fromthe |iquid and anal ysed

for Rh: MOSPAI4680 This neans that 79% of all the rhodi URCTRIESSOM3Y ped on

the silica. Next a COH2 pressure was-appl+ed of 5.0 MPa after which
the tenperature was increased to 60C. After 3 hours a sanple was taken
and the Rh was found to be - 30 -

114 ppm Thi $14e®p9 .t FRtisameess ghaht almbstequasbipative desofptiesi um had
t aken pl ace. u Exanpl e 12 was
repeat ed butoingpgdgﬁﬁfﬂfﬁ 11;gk(eﬁgggg‘t"éupport 1 0.83 g of support 7 (nmade
I n exanple 7) (P/Rh = 1/5) was added to the liquid sanple (1 m)

cont ai ni ng 1#%§&&géﬁg§aﬁ th % gélng for 5 hours a 1 n sanpl e was
taken fromt §URRSF for 10 Rh: 14.3 ppm Thi s nmeans that
87.3 % of5all the rhodi uBxampleas2adasr befeabedbusi Lhsteadlest 8. £ Herr]
pressure of 8

i ed f wh th t
i ncr eased togggfeﬁﬁﬁggﬁﬁ; pB oﬁ?g g%“@?#%? ﬂg?ﬂagnpera'¥£§P£g27laken and

the rhodi um G(Wmnt: af/st)he:abl qaaddwas the fogudat oampr8(ppAr) Thi s neans
t hat the adsorb E%glun100ﬁl ge desorbed with an efficiency of 62%
in one sF@ aining nBPR RA- (BhEBYr £E4¥ripg for 5 hours gydnple 12

Was repeatedth@am@&be&dsotakeﬁ fromgtBk §M§ﬁﬂataﬂd én&lﬁs@é ggpport 3 was
added to éh |d sang Smél m ) containing gf
The silit m&g‘tﬂén PEMat d81SnHERBE thrEe87-3 ﬁn?ﬁ a n?h%fr¥6¢hﬁﬁe and

dried in vacwasaradls@(ibo@ar be tae %ﬁliéa hQuks. aYd:@}'ﬂ, prdisurofon 4 i ght
yellom/solld Rhodi um anal ysi s: 065 mol /g. In an autocl ave and

under tPGq¥Rs gPPdigdopt ﬁrswgaphdtamtgmsﬁéﬂ?éae.‘ﬁa%o m of
”Ethy|'5'f0rﬁhb!@5%%@t%o 98h¢ ai A - O3 1o Ofof N ixring a sample

was taken and the rhodium content of the liquid was

15 found to be 78 ppm. This means that the adsorbed
rhodium could be desorbed with an efficiency of 62% in
one step. —

Example 14 (Support 3)
20 Example 12 was repeated but instead of 1.3

g of support 1, 1.1 g of support 3 was added to the
ligquid sample (1 ml) containing 113 ppm Rh.
The silica was then isolated, washed twice
with 40 ml of toluene and dried in vacuo at 100°C for 18
25 hours. Yield: 1.05 g of a light yellow solid. Rhodium
analysis: 0.065 mmol Rh/g. In an autoclave and under
nitrogen, 0.26 g of this solid was suspensed in 60 ml
of methyl-5-formylvalerate, containing 0.15 g of the
bidentate ligand used in Example 8. The autoclave was
30 purged 10 times with 1.0 MPa CO/H,. Then 5.0 MPa CO/H,
was applied and the temperature was raised to 95°C while
stirring at 1100 rpm. Stirring was continued for 3
hours. A 1 ml sample was taken from the liquid and
analysed for Rh: 28.7 ppm. This means that almost



bi dentate ligand used in Exanple 8. The autoclave was 30 purged 10 tines

with 1. 0yWoeodssdd2. Then 5.0 MPa CO H2 was applied a erature
was raised to 95[err]C while stir[igqmgt 1100 rpm S?ﬁ???ﬁgh&g%
continued for 3 hours. A1 m sanpl s taken fromthe liquid and ~
anal ysed for Rh: 28.7 ppm This neans that al nost

- 31 - i Jd e 4 QN [ d,.taken_place. _The
mixture vas SuAPRd o SESEHIAC o AU AR caRER BT, 2hel

rel eased. 15milxtafre headicgoled IoFf to roBmitemperatudesandbedei N Exanple 8
was then added. The 5 autoclave was purged ten times with 0,2 MPa nitrogen
whi | e stirri RFesStune iWaf e easied .ndéd Moo theuhdgh boilatrer eafter the
solid was isql,ated, washed twq.tiJres ‘ ith 40 m  of taqluene and dried
in vacuo for WSS, 28 e réb&‘{%.nz’s@‘%‘ﬂpmﬁ ré01’”’3‘5‘ 3‘}5‘@‘0\% Gi-dTh&nodi um
anal ysi s: 5 1QutQ A6 dmpls Biiged ek TS With roﬁ'zowangi%frogaa

silica was achieved for 92.73%  as conpared with the I rst l'oadi ng. In
an aut ocl ave vimid eirdsirming .o@irint was coptdhueld £oxol2i thomas ;suspended in
45 m of nethyl -5- formylval erate, containing_0.08 g of the bidentate

15 |igand us¥terispibemmbhe ol wan JANAE Stas WaFhG§Sd tre timestimes with
%é?sg/gat goég[%leirt}{“gbv\ﬁ?fed\ég ?:Iorcigér?ge 3% FRldELLn vaciRd f2e ot QTRGAL Ure was
Yield: 0.2 g light of a yellow solid. Rhodium analysis:
10 0.060 mmol Rh/g. This means that reloading of the
silica was achieved for 92.3%, as compared with the
first loading. In an autoclave and under nitrogen, 0.14
g of this solid was suspended in 45 ml of methyl-5-
formylvalerate, containing 0.08 g of the bidentate
15 ligand used in Example 8. The autoclave was purged 10
'times with 1.0 MPa CO/H,. Then 5.0 MPa CO/H, was applied
and the temperature was raised to 95°C while stirring
at 1100 rpm. Stirring was continued for 3 hours. 2 1 ml
sample was taken from the liquid and analysed for Rh:
20 17.5 ppm. This means that the adsorbed rhodium could
now be desorbed with an efficiency of 90.5% in one
step. Example 14 illustrates that the process of the

invention regenerates the support for direct re-use.

25
Example 15 (support 5)

30 ml of a toluene based stock solution
containing 139 ppm Rh as Rh{acac) (CO),, 6 eq (to Rh) of
the bidentate ligand used in Example 8, 10 eg (to Rh)

30 of tris-ortho-tolylphosphine and 2 ml of methyl-3-

pentenoate were diluted with 50 ml of toluene and



at 1100 rpm Stirring was continued for 3 hours. A1l nl sanpl e was
taken fromthe liquid and analysed for Rh: 20 17.5 ppm This neans that
t he adsoM&eM7468di um coul d now be desorbed with an &CIMNPP8A4I3 of 90. 5%
in one step. Exanple 14 illustrate32that the process of the -

I nvention regenerates the support for direct re-use. 25 Exanpl e 15
(support 5) . 30 M of a toluene based stock solution
cont ai ni ng 1BY2¢pdh KR a8 sMutachaye(woier sikregenw. FPhemfl.0 MPa he bidentate

| i gand used } e 10.eq (t 30 _of tris-qrtho-tolyl phosphine

and 2 nl of &r:ré{ﬁ’);fwgé ap%ll%%n%é%o@?%%e%q“tﬁeea’a\ﬁ trﬁ‘lf?@dm%‘%?%t& uene
and . while stirring at 1100 rpm for3? nours. APLECOG L @ipautocl ave
under nitrogen. Then 1.0 a COHerr] was applied and the tenperature
was rai sed tbheshydrpormylathpheostthei mgthyl 1100entpendate vdwurs. After .

this ti t he hydrofornylati on of the nethyl-3-pentenoate was :5
aIhnstlgg%plEEEPSﬁiéPWBRQgggSQFEEPQV§§§ peleet W#t%FEO metRE} 181 vai er at e.

Thi's m xturesryRnys9ahedate. @AYk mixthBPFLEILEELE0%S NERpESSUre was

rel eased. The
temperature and the pressure was released. The

autoclave was purged 6 times with 0,5 MPa nitrogen
after which the pressure was set at 0.1 MPa nitrogen.
10 Next 4.3 g of the support made in Example 5 was added
(P/Rh = 5.2/1) and stirring was continued for 3 hours
after which time a 1 ml sample was taken from the
liquid and analysed for Rh: 6.9 ppm. This means that
87% of all of the rhodium was adsorbed on the silica.
15 After 20 hours of stirring the'liquid was analysed -
again for Rh: 5.0 ppm. This means that now 91% of all
of the rhodium was adsorbed on the silica. Stirring for
another 15.5 hours at 45°C, followed by analysis of the
liquid, showed the adsorption to be 93% (4.0 ppm Rh).
20 Next a CO/H, pressure was applied of 5.0 MPa after which
the temperature was increased to 95°C. After 3 hours of
stirring a sample was taken and the Rh was found to be
51 ppm. This means that the adsorbed rhodium could be
desorbed with an efficiency of 76% in one step.
25
Example 16 (Support 2)
v of rhodi le igh boi
oform i u
Example 8 was repeated, but instead of 20
30 ml of the high boiler mixture 24.8 ml of a high boiler

mixture were placed in an autoclave under nitrogen. The



aut ocl ave was purged 6 tines with 0,5 MPa nitrogen after which the
pressur ewidsede at 0.1 MPa nitrogen. 10 Next 4.3 g of tde SiugRgsss nade in

Exanpl e 5 was added (P/IRh = 5.2/]) gng stirring was continued for 3
hour s after which time a 1 m sanple was taken fromthe l'iquid and
anal ysed for Rh: 6.9 ppm This neans that 87% of all of the rhodi um

d bed ] Inkal 0 f.StiLki t liquid
anal ysed - HOQHIR, SohigkRtzaton bETkRe nigtie Mad L5 o Taph ! ¢ 07

t he rhodi um whiledsbibedngn the sblutionSkasrhégréd@rto 95eNoah@sxr 1p. 5 hours
at 45[err]C, followed by analysis of the | i quid, showed the adsorption
to be 93% (4MBapFRYHa)EO0r22 hiwxs . {Theypregsuss Was weleaasd aafter 5.0 MPa

ft whi ch .the.t ' d.to 9 C. ter.3 h
o oy R AbEs ror TRRhC B R nEr | SRR aed PR AR DeS. Baad; oo
This nmeans that ekampadser kad ahag'gu'n»?ﬁ%; d Wgsm {3 ﬂﬂéfé@fﬁ'e%}ﬂean-

efficiency of 76% in one step. anpl e 16 (Support ‘Recovery

of rhodi um cempbelafreomalsi phrged! 20 timeshwdtbf oy 5y MPa onipnogen

Exanpl e 8 was_repeated, .but instead of 20 30 m of the high boiler mxture
24,8 m of avhigR BSAFEANG- NEXky Fbe BFESEREEHAPnSER Abt BoP ¥ER under
nitrogen. Thgj

R . 3 I um
: ogen and stirrin s _cont 4 for § . A Qg
concentration of Che mixture was 198 pﬁn? +ﬁgﬁ, ° wg?Pgsstlﬁglng, t he
sol uti on wastheat pgri@d)Skesamplendas taken from the liquid for
10 analysis. This sample contained 40.8 ppm rhodium, so an
efficiency of 83.2% adsorption was achieved in one

step.

Example 17 (support 6)
15 cov rhodi ' igh boile
Example 8 was repeated, but instead of 20
ml of the high boiler mixture 8 ml of a high boiler
mixture containing 75 ppm rhodium, were added under
20 nitrogen to 4 g of support 6 made in Example 6 (P/Rh =
215/1) . The resulting mixture was stirred for 0.5 hour.
Then a sample of the liquid was taken, filtered and
analysed for Rh: 15.3 ppm. This means that 79.6% of all
of the rhodium was adsorbed on the silica.
25
Example 18 (support 4)
)4 r i igh
hydroformylation purge
Example 8 was repeated, but instead of 20
30 ml of the high boiler mixture 40 ml of a high boiler

mixture containing 75 ppm rhodium, were placed in an



MPa CO H2 for 2 hours. The pressure was rel eased after cooling to room
tenperature. Then 3 g of support 2 nade 5 in Exanple 2 was added (P/Rh =

30/ 1), WYEO¥8T46%r t he aut ocl ave was purged 10 ti nmesPREMNEI#H03I Py
ni trogen while stirring. Next, thegpressure was set at 0,2 MPa ) )
nitrogen and stirring was continued for 2 hours. After that period, a

sanpl e was taken fromthe liquid for 10 analysis. This sanple contained

40. 8 ppm r hadteglase amder nidfddgsendihidfe 83 ioiadsothiel antoad awehi eved in
one st ep. Exampl e 17 (support 6) 15 Recovery of rhodi um conpl ex
from hi gh bdfar%rput undgi o ManA H0A1gur§e 90°C for 2 Rours. Thanple 8 was

repeat ed, by 4150000 20 cacen Peedly LIBigh oLl ey M xture 8 m of a

hi gh boil er m Xt ure ‘contal ni nqg - ppm-r '6%1 wer e added under 20

ni trogen to temperfatufiPortert Mffidh dtariyen,6 16PN 6E the mdkuke The <
resultlag m xture was stirred for 0.5 hour. Then a sanple of the

liquid was twades tdken owld afhdhe autamllapsedrdbrdded 18 § gpwf This neans
Lhat 7060 o Bl gymile L SRR SR iy s 1on 20
resulting mixture was stirred for 1 hour. Then a sample
of the liquid was taken, filterea and analysed for Rh:
6.5 ppm. This means that 91.3% of all of the rhodiuh

10 was adsorbed on the silica.

Example 19 (support S5)

ov rhodium complex f igh boile
h ofo ation purge _
15 Example 8 was repeated, but instead of 20

ml of the high boiler mixture 20 ml of a high poiler
mixture were diluted with 60 ml of toluene and placed
in an autoclave under nitrogen. The rhodium
concentration of this mixture was 50 ppm. Then 0.2 g

20 (5.1 eq to Rh) of the bidentate ligand used in Example
3 was added and the resulting solution was heated to
95°C under 1 MPa CO/H, for 2 hours. The pressure was
released after cooling to room temperature. Then 8.0 g
of support 5 made in Example 5 was added (P/Rh =

25 10.3/1), whereafter the autoclave was purged 5 times
with 0,5 MPa nitrogen while stirring. Then the pressure
was set at 0,2 MPa nitrogen. Stirring was continued for
20 hours after which period a sample was taken from the
liquid for analysis. This sample contained 12.3 ppm

30 rhodium, so an efficiency of 76% adsorption was

achieved in one step. Then all liquid was pressed out
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_ Example 20 (support 2)
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hydroformylation purge

15

20

25

30

Example 8 was repeated, but instead of 20
ml of the high boiler mixture 45 ml of a high boiler
mixture were placed in an autoclave under nitrogen.
The rhodium concentration of this mixture was 204
ppm. Then 99.2 mg (1 eg to Rh) of the bidentate
ligand used in Example 3 was added and the resulting
solution was heated to 95°C under 1 MPa CO/H, for 2
hours. The pressure was released after cooling to
room temperature. Then 1.96 g of support 2 made in
Example 2 was added {P/Rh = 10/1), whereafter the
autoclave was purged 5 times with 0,5 MPa nitrogen
while stirring. Then the pressure was set at 0,2 MPa
nitrogen. Stirring was continued for 3 hours after
which period a sample was taken from the liquid for
analysis. This sample contained 70 ppm rhodium, so an
efficiency of 67.6% adsorption was achieved in one

step. Then a solution of 0.40 g (4 eq to Rh) of the



of support 5 nmade in Exanple 5 was added (P/Rh = 25 10.3/1), whereafter
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20 |l igand used in Exanple 3 was added and the resulting sol ution

was .heatwe sb@78&p[ err] C under 1 MPa CO’H2 for 2 houpeT/NLBS0qABESSUr €
was rel eased after cooling to gltenperature. Then 1.96 g of .
support 2 made in Exanple 2 mas added (P/Rh = 10/1), mhereaften t he
25 aut ocl ave was purged 5 tines with 0,5 MPa nitroge

stirring. Then the pressure was set at 0,2 MPa jmlul MIMJUHI

was continued for 3 hours_after whi ch period a from
the liquid for anal ysis. Thi S babplechnt ai ned 70 ppm r hodi um so an
30 efficiency of 67.6% adsorption was achieved in one step. Then
a solution of 0.40 g (4 eq to Rh) of the -
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MPa after which the“tenperature C Stirring
was conti nued fochaMaatsrlzed iaf tkatwhtbé Hellowingssogpe aws t aken and

t he Rh conc Q&r &hgg was found to be 152 ppm This neans t hat
t he adsor bed rhod um-—co be desorbed with an efficiency of 60.2%in
one step. (1) contacting the organic rifliid with a support

having bonded thereto an organophosphine
10 ligand and separating the organic mixture
which is poor in group 8-10 metal/phosphite
ligand complex,
{2) contacting the thus obtained loaded support
with an organic solvent and carbon monoxide

15 and separating the thus obtained organic

solvent rich in group 8-10 metal/phosphite
ligand complex, and

(3) reusing the support obtained in step (2) in
step (1).

20 2. Process according to claim 1, characterized in
that, the group 8-10 metal is rhodium.

3. Process according to any one of claims 1-2,
characterized in that step (2) is performed in the
presence of hydrogen.

25 4, Process according to any one of claims 1-3,
characterized in that, step (2) is performed by
contacting the loaded support with an organic
solvent which has been saturated with CO or CO/H,.

5. Process according to any one of claim 1-4,

30 characterized in that, the support having bonded
thereto an organophosphine ligand is represented
by the following general formula (1) or (2):



CLAI 1. Process to separate a group 8-10 netal /phosphite 5

| i gand co Iex froman organic liquid m xture, characterized in
t hat , ég$89@%ﬁﬂng steps are per f or med PGTUNLISmOs3Ct i'ng '
t he organlc liquid with a support - 38 - havi ng bonded thprpro an
or ganophosphi ne 10 | i gand and separatin

which is poor in group 8-10 metal / phosphite ?III“”"I"I“MHNM rrpl ex

(2) contacting the thus ohtained | oaded support

organi ¢ sol vent and car bon nonoxi de 15 and separating the thus
obt ai ned organic oIvenZerch in group 8-10 netal / phosphite

| i gand conpl ex, an 3),1r gusi ng the support obtained in step (2)
in sguﬁp?ff ZOS£39R Process according to claim1, (1)
characterized in that, the & up 8-10 nmetal is rhodium 3. .
Process according to any one of claims characterized in that
step (2) is perfornmed in the preseqpe of hydrogen. 25 4.

Process according to any one of clainms 1-3, characterized in

t hat, st (2) is perfor coﬁtactlng t he | oaded support with
an organ?@ su §8F€§nf %ﬁﬁéh -RaR"tRep saturated with CO or H2.

S. Process according to any one of La|n1L 4, 30 characterized in
that, the support having bonded tfieret o an or ganophosphi ne |i gand
is represented by the follow ng general formula (1) or (2):
- 38 -

15

in which m = 0 or 1; SP is a linking group ‘R?' R?,
R®, R® and R’ are the same or different optionally
substituted hydrocarbon groups containing 1 to 30
carbon atoms and R', R* and R’ are divalent organic
20 bridging groups having 1 to 30 carbon atoms.
7. Process according to claim 6, characterized in

that the organophosphine ligand is a monodentate
phosphine according to formula (1).

8. Process accoring to claim 7, characterized in that
25 R*, R® and R® are optionally substituted phenyl
groups.
9. Process according to any one of claims 1-8,

characterized in that the support is an inorganic
support.

30 10. ©Process according to claim 9, characterized in
that the inorganic suppbrt is silica and SP is a
-Si(Rf)(R")-group, in which R' and/or R'' is an
alkyl, alkoxy, aryl or aryloxy group and/or R'
and/or R'' is a covalent bond to the silica

35 support.

11. Process according to any one of c¢laims 2-10,
characterized in that, the organic liquid mixture
also contains high boiling hydroformylation
compounds.
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12. Process to prepare a jlnear al dehyde

contains 1-10 mol multidentate phosphite
10 ligand per mol rhodium,
(b) separating the linear aldehyde from the
reaction mixture obtained in step (a)
resulting in a fraction containing the linear
aldehyde and a fraction containing the
15 catalyst system and high boiling compounds,
(c) purging part of the organic mixture
containing the catalyst system and high
boiling compounds and recycling the rest to
step (a),
20 (d) separating the catalyst system from the high
boiling compounds with the process according
to any one of claims 1-10,
(e} reuse of the catalyst system obtained in step
(d) in step (a).
25 '
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