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FOR THE CONVERSI ON OF AN ETHYLENI CALLY UNSATURATED COVPOUND AN AL COHOL
The invention relates to a process for the hydrofornylation o g‘%ﬂﬁﬂém cally
unsat ur at ado cespsygsds by reaction thereof with carbon @qnﬁﬂ 096s:8pd hydrogen
in the presence of a catalyst. The hydrofornylation o t enically
unsaturated conpounds to form alcohols is of considerable i ndustri al

i nportance. The process has been in comrercial operation for decades and
over the years nmuch devel opnent work has been done to optinize the reaction
conditions, the catalyst system and the equi pnent. Although significant

progress %Dﬁ@ﬂ%‘}%ﬂ(ﬁhﬁﬁodﬂsglﬁﬁ@%%&@ﬁdﬂﬂhtd p g the desired reaction

products has been nade sone aspects further inprovenent
of the proBBELENECALLY] 4"1‘5“\%’%@@@ CRFPVERtTOOARIALPPHR of operation are based
on the recovery of a cobalt carbonyl hydrocarbyl tert-phosphine conplex by
use of a fec ut i.o rge stream as_was disclosed in Us 3,418, 351.
Accor di ngti Xg‘!'enfﬁgxlrlorceelggeesg% AP CERTLAPE ¥ the reactor pass to a stripper
wher élydhyﬁnryge#ioeaﬁ)@thM%ﬁb@ uasrturhbedtchppemidsal |y  unsat ur at ed

Conpwnﬂeaﬂftﬁoﬂ%@@of Qri@h' &G¥6h GrcnORTUL 8RO Myabskd §huned to the reactor. The
al cor@F roduct s are taken off overhead of "the stripper and the bottom of

t he 8P°F LT3 HGLY ST of the catal yst conplex and high- boiling
bypr oduct'ﬂw,e mmxﬁfoamﬂdtﬁemfaetﬂmeamycaeng}wns'EIﬂ&ratbsat tomsolution is recycled

(D ' RembSafkoke Db donBISUSILe MLEIRLFL (RGN G000, B0 Teast a portion

of stream1s subjected tOo a process to
importance. The process has been in commercial operation

for decades and over the years much development work has
been done to optimize the reaction conditions, the
catalyst system, and the equipment. Although significant
progress as regards higher yield and selectiviiy to the
desired reaction products has been made, 1t is felt that
in some aspects further improvement of the process is
still needed.

Conventional modes of operation are based on the
recovery of a cobalt carbonyl hydrocarbyl tert-phosphine
complex by use of a recycle solution purge stream, as was
disclosed in US 3,418,351, According to such processes
the contents of the reactor pass to a stripper where
hydregen, carbon monoxide, and the ethylenically
unsaturated compound are vented to a recycle compressor
and retuned to the reactor. The alcohol products are
taken off overhead of the stripper and the bottom of the
stripper is a solution of the catalyst complex and high-
boiling byproducts, which are known as heavy ends. The
bottom solution is recycled to the reactor, bhut to
prevent build-up of heavy ends, at least a portion of

this stream is subjected to a bleeding off process to



2 7 MAR 2007 WD 2004/ 054946 PCT/ EP2003/051027 2 separate the catal yst
conplex fromthe heavy ends. Unfortunately, this bl eeding off procedure
leads to a substantial loss of active catalyst, which cannof7 #a8i0l§y be

separ at ed wiPsmpl/euedsy fromthe heavy ends. Since the catdigpshaisiozrhe nost
expensi ve constituent of the process there is a need for a process

preventing such loss of active catalyst conplex. It is therefore an
objective of the present inventsan to provide a process that does not |ead
to substantial |oss of catalyst during the recycle process and that

prevent sségiaterymat b@&l@fst%ﬂe:erf@sma&ew% 8nqPossi bl e. The present
|nvent|og %h? refore pﬁfé s to a __hydrofor Iatlon process for the

conver si O BF “Ah-=2&t h H5G9 HEaPTR%RABEE d8AFDHRI2t 0 an al cohol

an
conpri si pgpaftialt 1gsemiohctivactatadyat, whiel ewahed ecakeDperature in a reactor

the et hybenidgalsedBsaiuuial pdrof WTROOKLy CALROB fINOKLde, hydrogen, and

phosphi ne-_ contai ni ng cobalt hydr of or I"ation C yst, which are dissolved
in a sol G&RYSF ot ('iﬁﬁd“"ﬁ;fr SERSEE LR CQP%"p"tBF“t SEEIRETAGESS mi xt ure conpri si ng
t he al cohlméreamd haaey f(ﬂﬂd&cﬁdc@ﬁﬁ drevéntding s wRANPEdsSiorg the catal yst and the
sol vent, @%93 S,gtaco step of recycling the solution to the reactor.
In the pre erre ocess accordlng to the invention the phosphine is
attached to &t *R)r\'-hﬁmﬁ@epm Fojeviigeyof &he ndesesbl vent is selected to

d: ssgl ?/eutuk&t;iaﬁaJOY§l'oﬁRi@ %qnfoe%ga ash%*ﬁ%egmt hé&iﬂtt@ sySEem Wi tA h thg_ t
al conol a enperat ure n e reaction tenperature. ccorairng to
the i nveﬁ?l?g:ﬁ gvgollﬁﬁﬁt II EATALYST tIREEngthe recycle process

and that prevents the formation of heavy ends as much as
possible.

The present invention therefore pertains to a
hydroformylation process for the conversion of an
ethylenically unsaturated compound to an alcohol
comprising a first step of reacting at an elavated
temperature in a reactor the ethylenically unsaturated
compound, carbon monoxide, hydrogen, and a phosphine-
containing cobalt hydroformylation catalyst, which are
dissolved in a solvent, followed by a second step of
separating a mixture comprising the alccohol and heavy
ends from a solution comprising the catalyst and the
solvent, followed by a third step of recycling the
solution to the reactor. In the preferred processes
according to the invention the phosphine is attached to a
non-ionic polar moiety, and the solvent is selscted to
dissolve the catalyst and to form a two-phase liquid
system with the alcohol at a lower temperature than the
reaction temperature.

According to the invention a solvent is used that at
the reaction temperature forms a homogeneous single
liquid phase with all the reacticn components of the

hydroformylation reaction, including the ethylenically



the reaction tenperature forms a hompgeneous single |iquid phase with all
the reaction conponents of the hydrofornylation reaction, including the
ethylenically 2 7 MAR 2007 WD 2004/ 054946 PCT/ EP2003/ 0510272 BMARIAHt ur at ed
conpound, wiH HesNsd carbon nonoxi de, dissol ved hydr ogperebiesnsizr

phosphi ne-cont ai ni ng cobalt hydrofornylation catal yst, and al so the al cohol
product that is fornmed during the reaction. The reaction m xture, however,
forns a two-phase liquid systematter cooling down to a tenperature that is
| ower than the reaction tenperature, for instance at roomtenperature or

pr ef er ablysaRi Bk, c¥ihgdin@] & REERRACOMMohShdHbxt i, SOl vent and the catal yst
and the of he g‘n ([3 conpr] Si ng the al cohol prod'uct and heavy ends that are
formed ddtasRY” ??H BYG Py it PEASRNdAeTGoghainiag; el sol vents can easily be

f ound byhpmoffmnmlagim sahplyst, estd hLde tAs Saly:ohby p:daﬁ@ﬂs m ni ng whet her a
t wo=phasgy 3y 3L &fBrhga  QITRY el peahﬂ?on ALfeNalaRlof QM erper atur e and whet her

this sysfem “transforns t0 one-phase sy s em-upon heattHy to the reaction
t enper at iRPHEVeDy i HOEBP @ SYPVBIHIES Wlﬁegﬁéﬁlé@tfédr ¢qodanam de-, im de-,

sul f one- doy 6 @ It@hﬂ@ratu@@d:haltWlﬁ@éﬁéﬁtﬁ@ﬁ‘ttﬁﬂenk%tqghvent s, and N-contai ni ng
aromatlc solvents, £ qpn% xt ures thereof I\ég%t referred are sulfolane and
m xt ur es EEFH? TEthg %{J BFaiE. 2THO R {RIPETH Fl&unsaturat ed conpound, used
as st arprefgrabtehiaher,i vigh oherpiasy compoi sifrigntha\sodgedtr om 2 to 100 car bon

atons pe conpri se one or nore
doubl e b%%ﬂghgwtglrgzﬁ%gnm%%ﬁee% ?ggﬁgfrcgmlf%{gg%{%aﬁ%ol efins having from5 to

60 car boﬁlc"&f’grﬁm‘iﬁﬁﬁ‘énﬁr BeEWaBPYR b 239 EABEFWRIGES, or mixtures
t her eof . hfpiteliofhyfak o peh bt Rmsar Buii aRTE 61 Sdrity eaaacyahyly

be found by performing a simple test tube assay, by
determining whether a two-phase system is formed with the
alcohol at room temperature and whether this system
transforms to one-phase system upon heating to the
reaction temperature. Sultable solvents may be selected
from amide~, imide-, sulfone-, pyrrolidine~, and
imjidazole-~containing solvents, and N~containing aromatic
solvents, and mixtures theréof. Most preferred are
sulfolane and mixtures compﬁising sulfolane.

The ethylenically unsaturated compound, used as
starting material, is preferably an clefin having from 2
to 100 carbon atoms per molecule, or a mixture thereof,
They may comprise one or more double bonds per molecule,
Preferred are internal olefins having from 5 to 60 carbon
atoms, more preferably 6 toEBO carbon atoms, or mixtures
thereof. Such olefin mixtur%s are commercially readily
avallable, for example the élefin mixtures, obtained as
products of a process for tﬁe oligomerization of
ethylene, followed by a douéle bond iscomerization and
disproportionation reactioné In the process of the
invention, these internal oiefins, usually mixtures of

linear internal olefins with 2 to 100 carbon atoms per



avai | abl e, for exanple the olefin m xtures, obtained as products of a
process for the oligonerization of ethylene, followed by a double bond
i sonerization and disproportionation reaction: In the procgdMAafiliThe

i nventi onyg esHesaddet €rnal ol efins, usually mxtures of pefhkBPiidins Ll Nal
olefins with 2 to 100 carbon atons per 2 7 MAR 2007 WD 2004 654946

PCT/ EP2003/ 051027 4 nol ecule, or closer boiling fractions of such m xtures,
can be hydrofornylated at high_rates and al nost conplete conversion.
Exanpl es are m xtures of linear internal C6 to C8 ol efins, and of |inear

i nternalp,3l0uid Qi':“cﬁsﬁl'ﬁbﬁllzﬁ'%'b&tahdfﬁn%do@ '%ﬁi‘ al so be used, for

exanpl e unsat urated carb acl est ers 0 c?‘n ‘aci ds, or unsaturated
esters ofaicBf ydrPfermydpted aé bigharates apgalmeet compidte corr espondi ng

nitril esconastsiesm, axamphab og@nmﬁaﬁrébeifemineaandnﬁéﬁatld%e- I f desired,
branched ol efi ns such gr opene trinmer or isoneric butene diners (such as
DI MERSOLY9Y CRaStafdnsy JePEde IRGEFGE oF 1y (t8t Fon 9pediiFet wil | then, of

course, cont m&thkafwedeﬂdsuaayraqso% weld,. £8) SQampl&finically unsaturated
pol ymeric fgedst actic poI on efins |I1ke "Shube's m xture" (a

t
m xt ure Y13 Pf%t@%efirb@fty&% aSFg i Fayenfapt cbo? s e® into interesting

al cohol sur(sasuranedr aethrat ef dasbexyltibedaids, lallari ganas, functional i zed
addl tl Ve§cet§£g )OI.‘ Hét ﬂ*e J%B]HI% Rhﬁgllgg 8 Sas rl oct ene and pr Opene and
di ol efins, such as norborn iC cfo en dlene 1, 5- hexadi ene and
1, 7- oct abRloREnifef beereg§eAndThee d|16¢ef| ns will of course yield
(pr edoni nant ky)aesax&h, Ia,xdﬁ@i‘e@rayéfahsdsu%om%op&et Rougdy al so nono- hydr o-
fornyl ated ,product 8 MY, 86ud:3" "By as piMersor=) may be

used, but the hydroformylation product will then, of

course, contain branched structures as.Well.

Also, olefipically unsaturated polymeric feedstock,
such as atactic polyolefins like “Shube's mixture” (a

mixture of cligomers of Cig-clefins) may be converted

into interesting alcohols (as intermediates to synthetic
lubricants, functionalized additives, etc.).

Further, alpha-clefins, such as l-octene and
propene, and diolefins, such as norbornadiene,
dicyclopentadiene, 1,5-hexadiene and 1,7-octadiene may be
used. The diolefins will of course yield (predominantly)
a di-hydroformylated product, although also mono-hydro-
formylated products may be formed.

Carbon monoxide and hydrogen may be supplied in
equimclar or non-equimolar ratios, e.g. in a ratio within
the range of 5:1 to 1:5, typically 3:1 to 1:3.
Preferably, they are supplied in a ratio within the range
of 2:1 to 1:2.

The hydroformylation reaction can be suitably
carried out at moderate reaction conditions. The term

Yelevated temperature” as used throughout the description



Car bon nonoxi de and hydrogen may be supplied in equinolar or non-equinol ar
ratios, e.g. in aratiowthin the range of 5:1 to 1:5, typh gh\lRy 1 to
1:3. Preferably, they are supplied in a ratio within the rag 2:1to

1: 2. The Rysisgeiedesa¢l ation reaction can be suitably cappigg, % 1§4; nmoderate
reaction conditions. The term "elevated tenperature"” as use 5hroughout t he
description 2 7 MAR 2007 WD 2004/ 054946 PCT/ EP2003/ 051027 5 neans any
tenperature higher than roomtenperature. Tenperatures in the range of 50
to 200 C are recommended, preferred tenperatures being in the range of 70

to 160 G\eagﬁaﬁ{y' REngra S S %:a:gm then rr%QﬂQ:eﬁL Path@e 100 bar are preferred.
Lower her ressures sel ected But ‘are not considered

parti cuITe?f“Pgratéla %rftnaﬁa?)l}?ng%ﬁfeégetr" 2Rf’gl‘i"ef“r?)ressures requi re speci al
equi pnentecpmuarideilp e fPrafictalderat ttes pemgess ihe eaﬂig"d ed out in the

resenc he i L b for ion catalyst havin
ltohe for?uoﬁgoaclo@ éPmeQm%f&ﬂbﬁéJHqusﬁ?, gﬂﬁ% rtaﬁé O%t gn 1?% R1R2- P-X—B V\/nerelgn

RL and RRF aF% FrRERFeddeinvey o IWI?#CQFWWQ?M het h Cl-Cl12 carbon atons
or toget&a&ede hb@hQ’&ﬁhﬁkﬁﬂJ%oﬁ&ﬁ@rE’d @ da1agyg! i ¢ hydrocarbyl noiety wth

Co- C20 ca}{ gaetoggs Al E?%‘be substituted, and A-Bis a group with a
non-i onic 15 rrblr'}atr %eorr?p R URE S &FTURecEPeAAki th the fornmul a
CnH2n V\h%quepmem‘- psomStigns_Q or cyclic ChnH2n_2 wherein nis 6-12, or aromatic

Onbin-2, wher gidr<0n81,0r chdhrBeld RO AL oUF JBY;PepLepl aced by N, 0, and/or
C=0O and a EOl ar. noi ety In the organic bridging group, represented by
RIR2, presence of a phosphlne-containlng cobalt

hydroformylation catalyst having the formula Co-I, in

which L is a ligand that stands for RjRp-P-A-B wherein Rq
and Ry are independently a hydrocarbyl group with C1-Cip
carbon atoms or together with phosphorus atom P form a
cyclic hydrocarbyl moiety with Cg-Cgp carbon atoms; which
may be substituted, and A-B is a group with a non-ionic
polar moiety comprising an apolar spacer A with the
formula ChHypn wherein n is 1 to 12 or cyclic ChHop.2
wherein n is 6-12, or aromatic CpHp-», wherein one or
more carbon atoms may be replaced by N, 0, and/or C=0:
and a polar moiety B.

In the organic bridging group, represented by RjR2,
preferably all bridging groups are carbon atoms.
Preferably, R and Ry together with phosphorus atom P
form a cyclic hydrocarbyl moiety. The bivalent
{optionally substituted) cyclic group, represented by Rj
together with Rp, in general comprises at least 5 ring
atoms and preferably contains from 6 to 9 ring atoms.
More preferably, the cyclic group contains 8 ring atoms.
Substituents, 1f any, are usually alkyl groups having

from 1 to 4 carbon atoms. As a rule, all ring atoms are



preferably all bridging groups are carbon atons. Preferably, Rl and R2
together with phosphorus atomP forma cyclic hydrocarbyl noiety. The
bi valent (optionally substituted) cyclic group, represented? byARI0Tt oget her

W th R2, i Q6Rkak conprises at least 5 ring atons ap@rppRbHisaky contains
from6 to 9 ring atons. More preferably, the cyclic group contains 8 ring

atons. Substituents, if any, are usually al kyl groups having from1l to 4
carbon atons. As a rule, all rigg atons are 2 7 MAR 2007 WO 2004/ 054946
PCT/ EP2003/ 051027 6 carbon atons, but bivalent cyclic groups containing

one  or ch¥Bor@teRNALATBLIVALEME chETD gSUGE BSniRIKIg) LE Nitrogen, atons are
not precl uded.h Exar%l es ,of ﬁw tabl e "bivalent cyclic groups are

1, 4- cycl°BhESR PERRZCECRS 10 ERRHABFy 1S¥AR 231 OBYE8f: PBhept yI ene,

1, 2- cycindtoodepl, eatoms drS-noy cheat hydde NBxanblds yfckadedbikene,

1, 5-cycl eR€a11 Z-ggﬁfgy - 1.5:cyel Lene, 6-di met hyl -1, 4-

cycl ooctbglgginéeqt 2?%- gi ﬂet yl Lrlelg'é I (])'glg I Sﬁé;’ &(%ﬁps, and |inonenylene. Rl
and R2 rGINepsYhene: ndedeyaboepyyianey| 1. {pcaekasostiekenss et hyl, i sopropyl ,
secl-bﬁt w,I:s—qiuiobefﬁbenblutJy,l4-gyal¢|ast¥]1@)sej ogbkyicmgyp&lng:;ch as cycl opgntyl agd
cycl ohexyl grqups._ar roups such .as_pheny] and tolyl groups, and Rl an
R2 may )b%m%%{)& gh% c&l%ﬁ%%ygﬁc% zsgadlmﬁggvgngt iyl ene group. Preferred bival ent
cyclic (volpxtylensellettdigethgml, i5dctyadtydensy lgeneps,1 abdcycl ooct yl ene, and

met hyl  jGelbaciishe | W edhdILi ¥af LYES e i fBEtaaMribuLag10f |igands conprising
different bivalent Ccyclic™groups nmay be used as"well, e.g. m xtures of
| i gands gxeups Bugh e kbbbl y liereroants Isegandylwi add ted:- cycl ooct yl ene groups.

butyl groups, cycloalkyl groups such as cyclopentyl and
cyclohexyl groups, aryl groups such as phenyl and tolyl
groups, and R] and Ry may be bivalent groups such as a

hexamethylene group.

Preferred bivalent cyclic groups are selected from
1, 4-cyclooctylene, 1,5-cyclooctylene, and methyl
(di)substituted derivatives thereof.

Mixtures of ligands comprising different bivalent
cyclic groups may be used as well, e.g. mixtures of
ligands with 1,4-cyclooctylene and ligands with 1,5-
cyclooctylene groups.

A-B is a group with a non-ionic peolar moiety
comprising an apolar spacer A. The nature of A is not
essential to the catalytic activity and may be any
alkylene, cycloalkylene, or aryl spacer. The spacer may
be substituted or may contain heteroatoms, carbonyl

groups, and the like. Preferred spacers are CnHzp wherein
n is 1 to 12 or cyclic CphHap-2 wherein n is 6-12, or
aromatic CpHp-2. wherein one or more carbon atoms may be
replaced by N, O, and/or C=0.

B can be any polar non-lonic group. Preferred B

comprises an amide or imide group, preferably a



A-Bis a group with a non-ionic polar noiety conprising an apolar spacer A
The nature of Ais not essential to the catalytic activity and may be any
al kyl ene, cycl oal kyl ene, or aryl spacer. The spacer may be BUNAR 2800t ed or
nmay cont aiwy Welee@t oms, carbonyl groups, and the |ikgerRpshSbd64 spacers
are CnH2n wherein nis 1 to 12 or cyclic CnH2n-2 wherein n is 6-12, or
aromati ¢ CnHn-2, wherein one or nore carbon atons may be replaced by N, O,
and/or C=0. B can be any pol ar_non-ionic group. Preferred B conprises an
am de-or imde group, preferably a 2 7 MAR 2007 WD 2004/ 054946

PCT/ EP2 aé aroub. hgtd#g ,OLIPy. t e red is aligand with
t he stfgl}%{’!ﬁ)?%@ N-g sz’l—blﬁg% a%ﬂﬁ%ggde?ﬁ %plilgy‘??éfimfh%]?l igand is a novel
conpounthFB?t“’iﬁﬁi ch protection is also sought. These |igands can be prepared
by nethods well known ingthe art. For instance, an organic bromnide or

i odide B- A-Hal, wherein and B have the eviously given neanings and Hal
stands for brom ne ORy o€ ith the phosphi ne H PR1R2,
wherein RL and R2 theN1&|Le¢|i1 Shyp n meanings, to RIR2-P-A-B. As a
non-limtative exa Lmde ligands with n =1, 2, or
3 were prepared: Hal O -kt OO

wherein n is 1-3. This ligand is a novel compound for
which protection is also sought.

These ligands can be prepared by methods well known
in the art. For instance, an organic bromide or iodide B-
A-Hal, wherein A and B have the previously given meanings
and Hal stands for bromine or iodine, can be reacted with
the phosphine H-PRiRz, wherein Ry and Ry have the

previously given meanings, to RjRo-P-A-B.

As a non-limitative example the following
phthalimide ligands with n = 1, 2, or 3 were prepared:

0
,Hal (0]
Ol
_—> N—Cn-
0
(9]

The obtained HBr salts {for Hal is Br) were washed
with acetone, neutralized with base in water, and
extracted with toluene. The overall product yields were
about 50%.

Similarly, pyrrolidine and benzamide derivates were
synthesized from the pyrrolidine alcohol and benzamide

derivatives, respectively, for instance:



The obtained HBr salts (for Hal is Br) were washed wth acetone,
neutralized with base in water, and extracted wth toluene. The overall
product yields were about 50% Sinilarl y, pyrrolidine and hagnegmge
deri vat eswiefobsosaydgt hesi zed from the pyrrolidine al cohpbrapseheigam de
derivatives, respectively, for instance: 2 7 MAR 2007 WO 2004/ 054946

PCT/EP2003/051027 -0 O0n!l OHNOCh -I. SCCIZ NNC + SOZ + HCI O Nal
N-Cn Nacetone n=20r3 and O \_j~/d Nal N'-",""I HHacetone O eH or Fl
N Nal fr~=Y NI SCI -~/ O acetone / O H I NP
? OH
/
N—Cn 4 SOCIZ _—_— --Cn + so, + HCI
Nal
—_— N—Cn —— N—Cn—p
acstone
n=2or3
and
0 2 |
Nal AN
H acetone
0
P
—— I
H
or
i ;
Nat
ON\H/\/\G - ©/ WI
O
8] acetone
H

— T

The quantities in which the catalyst system are

used, are not critical and may vary within wide limits.



O The quantities in which the catal yst systemare wused, are not critical
and may vary within wide [imts. 2 7 MAR 2007 WD 2004/ 054946 0
PCT/ EP2003/ 051027 9 Usually anounts in the range of 10-8 t(ZHWlZ,U

pref er abl wo 200463846 ange of 10-7 to 10-2 nole atom of epablooshess netal
per nole of ethylenically unsaturated conpound are used. The anounts of the
participants in the catalyst systemare conveniently selected such that per
mol e atom of cobalt group netal fromO0.5 to 6, preferably from1l to 3

nol es of bidentate |igand are used. The anmount of solvent to be used in the

process t | nt | a apsideraply. Lt is within the reach of
t hose sl??Ff]éldh?ﬂJ)%g Fzlairlt egg%nsgt\éa%?i@h i 77 ggch' }é’fgt%ralbﬁlg opti mal amount of
sol vent imeths redgd et UdsEabvioTd hble aasmlofstotand §heyf or mati on of a

t wo- pha L.qui d.1.eaet ' rinental .results provided

her ei na?“t%(g?i, p%?eﬂ% esggi%\‘%‘l@%gi?lfg\?g%f&?%%&)agﬁ%ﬁn"frg%gf’"%dola\’/:%nt, preferably to be
used. THEeBr Fhesammte el ithe airi-baiaagtenimehe [qptalystable to be used for the
pr epar atsy@emofaral esivehsedtionzdrcesdauch alngti g abidigbmrate, in particul ar
by usi ng .a cbatl%l sl systemas odgfé n%d abqve, based qn _cobalt. The invention
will be Ot PR af e Ph et He SRR 2 Pi TR O RESEREIYeETo%d H8scri bed herei nafter.
Exanpl e mples 2E0bidenklist diggndCagetusetiave a solution of 0.5 mmole of

di cobal t octagaLhomt of QRACER ) APR, igand L (see Table) in 5
m of 2-ethyl hexanol {(jEHA) was a}g@dgééctio%a s%)ﬁ)urto%sﬁégg 20 M of Cl11/Cl2 SHOP

(Shel | HReghuEneier MY Prajdesesidpraiiys, It denyitdinsthe ol ane and 25

reach of those skilled in the art to establish in each
case the optimal amount of solvent required for
dissolving the catalyst and‘the formation of a two-phase
liquid reaction medium. The experimental results provided
hereinafter, are also indicative of the amount of
solvent, preferably to be used.

The process of the invention is eminently suitable
to be used for the preparation of alcohols from internal
olefins at high rate, in particular by using a catalyst
system as defined above, based on cobalt.

The invention will be illustrated by the non-
limiting examples, as described hereinafter.

Exanmples

In a 250 ml Hasteloy C autoclave a sclution of (.5
mmole of dicobalt octacarbonyl (Coj(CO)g) and 1.5 mmole
of ligand L (see Table) in 5 ml of Z2-ethylhexzanol (EHA)
was added to a solution of 20 ml of C11/Cyp SHOP (Shell
Higher Olefin Process) alkenes, 10 ml of sulfolane and 25
ml of EHA. The autoclave was closed, flushed twice with
50 bar of nitrogen, and subsequently 20 bar of CO and 40
bar of Hy were added. The autoclave was heated to 160°C
and kept at this temperature for 7 hours. The autoclave

was cooled to room temperature and depressurized. The



m of EHA. The autocl ave was cl osed, flushed twice with 50 bar of nitrogen,
and subsequently 20 bar of CO and 40 bar of H2 were added. ﬁmt@@cl ave
was heated to 160C and kept at this tenperature for 7 hours tocl ave
was cool eqyd Mod/@eshst enperature and depressurized. The BefebResdd WO
2004/ 054946 PCT/ EP2003/ 051027 10 products were analyzed wth GC techni ques
and cobalt analyses were perforned on both the sul fol ane and al cohol / heavy
products | ayers, using Atom c_ARsorption Spectroscopy (AAS) on a Perkin

El mer 3100 equi pped with a Varian Techtron ner cury hol | ow cat hode | anp,

operati gg, @:ft]:tszée?re afdly3Rd Hihnec ac@cﬁ,aeqtuxgﬁg}ﬁ! YORN flame. Sanples were

diluted"wth met hanol and uantltatlve vmth a calibration curve.
The fol PBMYFES E4F PEriRsre dﬁtﬁ?‘ﬁh&?’a PbanePPB‘Elucts Co in layer (% of |

total Ca)coldlgheubyHeasduchkcnhyelrs, Alscafialtobid fapbangcioands (8) (% |ayer |ayer
15943 g %osg%ﬁly (@S)l%iﬁg Pe%:k?o OC%P ﬁgo&%ﬁ&géd j}}tﬁo* (conmparative) * Co

pl ati ng Bserve and yrrolldone Ligand 2 =
cycl o- O(YFV#EPPTMIBHZE‘N%HY Hbﬂlllﬁ‘i’ d@tht‘?@&ﬁﬂpa OEerating at

cyclo- PQBY'FBmCH?d Qe2nd\-doe BT ke Aoxggét!] dare CahPTCt Yl =P- C20HA2 (I i gand
accordi %% 1&utedl%&£grmé%%g&ol and quantitatively analyzed
with a calibration curve.

The following results were obtained:

Table
Products Co in layer (% of
total Co)
Ligand Heavy Alcohols Alcohol Sulfolane

ends (%) {%) layer layer

1 5 94 35 65

2 10 89 18 B2

3 7 92 10 a0

4 5 93 70 30*

{comparative)

* Co plating observed

Ligand 1 = cyclo-octyl=P-CHp-CHp-2-pyrrolidone

DLigand 2 = cyclo-octyl=P-CHp~CH;~N-phthalimide

Ligand 3 = cyclo-octyl=P-CHp-CHo-N~-benzamide

Ligand 4 = cyclo-octyl=P-CpgH42 (ligand according to the
prior art)

It can thus be concluded that with the ligands of
the invention at similar alcohol production and heavy
ends byproduct yields, substantially greater amounts of
catalyst remain in the solvent rather than in the product
layer, in comparison with the prior art ligand.



It can thus be concluded that with the Iigands of the invention at simlar
al cohol production and heavy ends byproduct yields, substanti reat er
anounts of catalyst remain in the solvent rather than in t hé 73‘“’8&5&
| ayer, |nwgpipassyusen W th the prior art ligand. 2 7 MAR-RePMoR:142904/ 054946
PCT/ EP2003/ 051027 - 11 Synthetic Exanples GCeneral Al reactions wth air
sensitive conpounds or internediates were carried out in an atnosphere of
nitrogen, using Schlenk technigyes. Al starting materials were
comercially available, and were used w thout drying unless nentioned
ot herw @ntﬂmcsgﬁﬁlgg products 9-phosphabi cycl o[ 3. 3.1 3nonane and
9- phospgabl Cécl o[4. 2. ITnonane (SH AH5) were purchased from Cytec as a
solutio 2% 2 : 1 (SH AH5) mixture of isomers in toluene (1). Exanple 1
Synt hesi s ofAll- ¢€agiHospheichcéioneryditiBe I\éonpbulrrdsdysi:pr opane (2) (ligand 2) A
thurel(ﬂftegn%déigeQ e%(élgagmeom'ahp%' pﬁg og( 20 mmole), 15 m of (1)
e,

(60 nmol e) and egassed acet onit °Whi ch formed a white
suspensiGHroIeRasuRRg SehifmcFeqhaiayar: Abk startigars. During heating the
suspensmmebmarmeﬁd eanmeraidl Bl awkilaB19) eaupidt @sed the HBr salt of (2)

was for T nsion filtr ed over a glass frit, and washed
three tl’lﬁggou@%ﬁ % Js.ess W%mtnsdr &%8xcess (1). The salt was

t r ansf erfhedstarting FEPﬂéﬂPﬁﬁe?ethuabﬁlcgsmwea 1mcaboeitantic0 n of dem -water,
after wWy-ghoddhantBfc13qhtz quﬁomut qg;}i/mgpl Wi L NACELs  using phenol pht hal ei n

as indicator. The white LE)r emg
from Cytec as a solution of a 2 : 1 (SH/ AHS5) mixture of

isomers in toluene (1).
Example 1
Synthesis of 1l-(9-phosphacyclononyl)~3-N-pyrinidylpropane
{2) (ligand 2)

A mixture of 13.4 g of N-(3-bromopropyl)phtalimide
(50 mmole), 15 ml of (1) (60 mmole}) and 150 ml of
degassed acetonitrile, which formed a white suspension,
was heated under reflux for 12 hours. During heating the
suspension became clear, and slowly a precipitate of the
HBr salt of (2) was formed. The suspension was filtrated
over a glass frit, and washed three times with acetone
(PA) to remove excess (l). The salt was transferred to an
Erlenmeyer and dissolved in about 100 ml of demi-water,
after which the HBr salt was neutralized with NH.OH,
uging phenolphthalein as indicator. The white precipitate
was extracted two times with 30 ml of toluene. The
combined organic layers were washed with water, dried
over Nap50; and concentrated in vacuo. The product was
crystallized from toluene/methanol, and the white solid
{0.3 g, 56% yield) was identified as pure (2).
Example 2
Synthesis of 1-{Z-chloroethyl)-2-pyrrolidincne {3)
(ligand 1)



was extracted two tinmes with 30 m of toluene. The conbined organic |ayers
were washed with water, dried over Na2SO4 and concentrated ing@ﬂﬂg The
pr oduct vvas crystallized fromtol uene/ nmet hanol, and the whi (9.3

g, 56%yig % sgdentified as pure (2). Exanpl e 2 Sytdh@sesnsib2
1-(2-chl oroe )ﬁ?? 2-pyrrolidinone (3) (ligand 1) 2 7 MAR 2007 WO

2004/ 054946 PCT/ EP2003/ 051027 12 15 m of thionyl chloride (201 mol e)
were kept at 10C and stirred, ggd 20 nl of 1-(2-hydroxyethyl)-2-
pyrrolidinone (177 mmol e) was added over two hours. A very viscous white

suspensi on wag {£10r @eg,i G 1\%1 2% (Hhe mxture was stirred for
two hours at 25C afte OWQ & fde \?\g&t ﬁ’gg}feq "F5° 6%E aﬁ%l stirred under

vacuum (1%% ﬁﬁ%r*)tiffée?'eﬁﬂgezos@? ‘?fo#nﬂj'h&ﬁdomr:bnbt-@d thi onyl chloride. The

suspensi pjﬂrﬂoﬂlidﬂﬂdmbrm ﬁlﬂd&ld)gwa&%aaé&lgaveﬂ'hﬁ:osué.%nshon was neutralized with
1M NaO-l/H g’ﬂ.sco ! &ﬂtwas extracted fhree tines with 30 mM of ether. The
conbi ned’ organt &1 ayers FRIREARASH ¥ FEReInterh YRSi ed over Na2SO4 and

concent r head@d; ¥o \23C0o0.Tha migtiure wowderrnedstdn edo (tRbra g 81%vyiel d), which

was i depgid,i gekab Whi MR AR MULLE D56 % ?uﬁ%@ yheld) Exanple 3
Synt hesi s of 1 |odoet hyb%']ﬂ%ﬁp%[ ol idinone (4) A saturated solution of 15
[

g of NatV E'?af nte Epxpedopndriungeact@st one (PA) was prepar ed,

and adde&dn@ll&l%rgd@f Tsa) ndU5R! EdonedSrgSabiinlio wel |- stirred sol ution
was heatgd tunder refl ux te . A NaCl preCipitate formed, which
was filtParaqd: THE s‘f"?ﬁetnFé?ré w\‘}\‘/ﬁs“ ?)%Fﬁfje“bitihnl cuo, and a yel | ow powder

NaOH/H20, and (3) was extracted three times with 30 ml of

ether. The combined organic layers were washed with
water, dried over NapS04 and concentrated in vacuo. A
white powder resulted (21.2 g, Bl% vield), ﬁhich was
identified with YH-NMR as pure (3) (9.3 g, 56% yield)
Example 3

Synthesis of 1-(2-lodoethyl)-2~pyrrolidinone (4)

A saturated solution of 15 g of Nal (100 mmole) in
approximately 100 ml of acetone (PA} was prepared, and
added to 13.9 g of (3) (94 mmole). The resulting well-
stirred solution was heated under reflux for 30 minutes.
A NaCl precipitate formed, which was filtrated. The
filtrate was evaporated in vacuo, and a yellow powder

sublimed during the process. This resulted in incomplete

drying, which prevented exact yield determination. l1H~NMR
analysis showed that (4) of more than 90% purity was
formed.
Example 4
Synthesis of 1-({9-phosphacyclononyl)-2-N-pyrrolidonethane
{5)

A well-stirred mixture of (4) (about 90 mmole in
about 10 ml of acetone), 30 ml of (1} (120 mmole) and 150
ml of degassed acetonitrile, which formed a white



sublinmed during the process. This resulted in inconplete drying, which
prevented exact yield determnation. 1H NVR analysis showed that (4) of
nore than 90%purity was formed. Exanple 4 Synthesis of 27 MAR

1- ( 9- phosRigpeyddsevagny! ) - 2- N-pyrrol i donet hane (5) A vvei,(I:T,ﬁ.joﬁj(gqnm 7xture of
(4) (about 90 mmole in about 10 m of acetone), 30 of (1) (120 nmol e)

and 150 ml of degassed acetonitrile, which forned a V\/m te Z 7 MAR 200? WO
2004/ 054946 PCT/ EP2003/ 051027 _ {3 _ suspension, was heated under ref |ux for
12 hours. During heating the suspenS| on becarre clear, and slowy a

pr eci pi ts@gger;gfm;,hewapglhggdgd die(rB}efm }@J_r r{gdho e pRMS ension was filtrated

over a gla frit, and washed hree times wih aceton (PA) to renove
excess aE’i’)g th?kﬁ”é*’ﬁ??ﬁ?é‘dﬂ?‘?%glqaépe%ﬂdealmﬂéfcause nuch salt precipitated
after figreesditane of saapileseft ME(S)aMhsV!ﬁJ&mediﬂ@'h‘,éZEd with 1H and 31P-NWR

and |derg1|8%%f%qggswﬂ f§ﬂ}ate§f dx(e@a s&i;: was, transferred to a

well-stirr | enneyer soI in abourid D erﬁ of dem -water, after
whi ch t H&rep tdaps ‘W&é" fethong| l%édtwrﬁmwmsmgﬁngl) .phenol pht hal ei n as

lnldl cat amhis Thecebhte wRk SfdpRb t &, eb&\@a%se%dhagsﬁ_ﬁ g wo tlh mes Wlthd30 (rjﬂ of
t ol uene. n ayers were washed with water, dried over
Na2SO4 éﬁﬁf%’%ﬁ(%%ﬁ%g?édhlq‘%rﬁgﬁﬂ‘o R FREPH: Qfuthe walt ¢fdfst al lized from
t ol lﬁene/mwﬁgphittaﬂd -t &gy Whpimmsoa!mcﬂié&xtaf?ed 4Q%:1 Yéa@.lgdg was | dlenti fied
with 1H - NMR, anal ysi s u 5 5% oxi de). Exanple 5
Synt hesi sfagg) N%FE-%\%ﬁoe?% r?n%%ﬁfﬁ% g("ﬁ?)ell iR

Erlenmeyer and dissolved in about 100 ml of demi-water, ’

after which the Hl salt was neutralized with NH4OH, using

phenolphthalein as indicator. The white precipitate was
extracted two times with 30 ml of toluene. The combined

organic layers were washed with water, dried over NasS04

and concentrated in vacuo. The product was crystallized
from toluene/methanol, and the white solid (9.2 g, 40%

yield) was identified with lH- and 31P-NMR analysis as
95% pure (5) {5% oxide).

Example 5

Synthesis of N-{2-icdoethyl)~-benzamide (§)

A saturated solution of 15 g of Nal (100 mmole) in
approximately 100 ml of acetone (PA) was prepared, and
added to 18.2 g of N-{2-chloroethyl}~benzamide (100
mmole}. The resulting well-stirred scolution first turned
blue, but within one minute turned bright yellow, and was
heated under reflux overnight. lH-NMR analysis was
performed, which showed more than 80% conversion to (6).
A NaCl precipitate formed, which was filtrated. The
filtrate was evaporated in vacuo, and a yellow powder

sublimed during the process. This resulted in incomplete

drying, which prevented exact yield determination. lH-NMR



A saturated solution of 15 g of Nal (100 mmole) in approximately 100 m of
acetone (PA) was prepared, and added to 18.2 g of

N- (2-chl oroet hyl ) -benzam de (100 mmole). The resulting wel | -5t AR &7

sol ution fwWg sbeésdsseed bl ue, but within one m nute turpegePihdisioye! | ow, and
was heated under ref lux overnight. 1H NVR anal ysis was perforned, which
showed nore than 80% conversion to (6). A NaCl precipitate fornmed, which
was filtrated. The filtrate wag, evaporated in vacua, and a yellow powder
sublinmed during the process. This resulted in i ncorrpl ete drying, which

pr event Sfhagysied shbRlel el oy 98 bo00-crbht MMRpBrk M 2007 VIO 2004/ 054946
PCT/ EP2003/ 051027 - 14 analysis showed th nore than 90% purity was

f or med. %%1 e 6 Synthesis of N (2-(9- phosphacycl ononyl ) -et hyl) - benzam de
(7) A wdidample r6red m xture of (6) (about 75 mmle in 30 mnl acetone), 30 n

of (1) (4204388l g} g~ 19008LoilcycH5AASBEA A0 L LR uhi ch formed a

whi te suspension, was heate ours. sol vents were
evaporat‘e"d with an N2-flow, and a very viscous yell ow brovvn m xture was
obt ai ned. Toa iveptema rhandiiixpgre Tohe(G)m(X)Bdﬂte7B\la§nodé|iﬁ@@ with 20 m of

n- hexan n X cte S th 80 m of hot water.

13C 3“%%&%\‘7%9 gﬂgl&s% o‘]ﬂe {1126 Oq'eit 156%‘3 f’ﬁne presence of the Hl salt
of (7) ﬁﬁﬁeSMFﬁwi\RGﬂeerr Whayeﬁsrmveira w%hedmmenhi@ﬂ m of n- hexane and

the sal tyasVaSatRRAULARH 2810 b N%@éﬂrsus}kﬂgss)mqumzféal ein as indicator.

The resulting very, viscous white droplets were extracted two tinmes with a
mi xt ur e FEPei3ted with @B ¥asifdow, and a very viscous yellow-

brown mixture was obtained. To improve handling, the
mixture was diluted with 20 ml of n-hexane, and
subsequently extracted three times with 80 ml of hot

water. 13C- and 31p-NMR-analysis of the extract showed
the presence of the H1l salt of (7). The combined water
layers were washed with 20 ml of n- hexane and the salt

was neutralized with NH4OH, using phenolphthalein as

indicator. The resulting very viscous white droplets were
extracted two times with a mixture cof ether and toluene.
The combined organic layers were washed with water, dried

over NapS504 and concentrated in vacuo. The resulting very

viscous turbid white liquid was analyzed with 1H-, 13c-
and 3lP-NMR, after which became clear that 2 1 : 1

{mole/mole) mixture of unoxidized (7} and toluene was
formed. After correction, a vield of 18.4 mmole (24.5%)
was calculated. :
Example 7
Synthesis of N-(3-chloropropyl)=-2-pyrrolidone (8)

8.5 ml of thionyl chloride {115 mmole) were kept at
10°C and stirred, and 10 ml of N-(3-hydroxypropyl)-2-
pyrrolidone (70 mmole) were added over 1.5 hours. A very

viscous white suspension was formed, which was heated to



The conbi ned organic |ayers were washed with water, dried over Na2SO4 and
concentrated in vacuo. The resulting very viscous turbid whi t,F m?ﬁdgd was
analyzed with |H, 13C_ and 31P-NVR, after which becane cleak! ! 1: 1
(ol e/ nol ayo pioxbsawes of unoxi di zed (7) and toluene was pb@fEFSRsodbiL"
correction, a yield of 18.4 mole (24.5% was cal cul ated. Exanple 7
Synthesis of N-(3-chloropropyl)-2-pyrrolidone (8 85 m of thionyl chloride
(115 mmol e) were kept at 10C.apg stirred, and 10 m of

N- ( 3- hydr oxypropyl )-2- pyrrolidone (70 mol e) were added over 1.5 hours. A

VEry ViZCoys Ml hExthis Deds k0 as £6:000Bghn bk Gl Wasc heated to 2 7 MAR 2007
WO 2004/ 054944 . 4EP2003/ 51027 The m xXture was stirred for 20
a

arte ic was e #5 25 C.
m nut es At 250 % PSRRI T° RASC HeaF PSS E°FBEY enpve SC2 formed  and
unr eact eshd thestgked Mbhee chTbe dRUSHRNSEFEWasy, wagutralized with 1 H

NaOH/ H2 nd, { r thr imes with 30 m of ether. The
conbi ne %lr%égailn:'iz%21 %}e?@m@?’g%ﬁ%ﬁ;aﬁsg HaRaPET=24PF ed over Na2SO4 and

concent rigired timegakith 36 mihiok cefhewllermer esmined drgadig. 65%yiel d), which

was idengjfi ith LH.NVR.a ure,(8). . EX 8 nt hesi s of
N (3-i ogfog Fg%&fe\)ﬂezﬁf}fego@&oﬁ%g?g)d% P15 gg‘%@olaﬂﬁlon of 7.5 g of Nal (50
Mol e) idoncapyrraed nid elayud0 anbhide powicenfeduPAdd Was4pgepared, and added to
The resul ti‘fr:ig: WFI | - stirred suspension was heated
pysH

7.4 g of 4%18%5'&4% nmo) e) . ,
under r e ¥kl nd¥iHtatee 19epE YRS & MR 3 PuBRefour showed little
conversibyample §9), it was heated under reflux during the weekend. |H NWR
anal ysi ssNRfiePS bR iPA-; Skt 8911 QWS JTBY fadn1ayB0%
A saturated solution of 7.5 g of Nal (50 mmole) in
approximately 50 ml of acetone (PA) was prepared, and
added to 7.4 g of (8) (45 mmole). The resulting well-

gtirred suspension was heated under reflux, and because

14-NMR analysis after one hour showed little conversion

to (2), it was heated under reflux during the weekend.

14-NMR analysis was performed, which showed more than 80%
conversion to (6). An NaCl precipitate formed, which was
filtrated. The filtrate was evaporated in vacuo, and a
white powder (10 g, 87%) resulted.

Example 9

Synthesis of 1-(9-phosphacyclononyl)-3-N-
pyrrolidonpropane (10)

A well-stirred mixture of 10 g of {9) {40 mmole}, 15
ml of (1) (60 mmole} and 150 ml of degassed acetonitrile,
which formed a white suspension, was heated under reflux
for 16 hours. No precipitate was detected, but 3lp-NMR
analysis in CDCl3 and D20 showed that the salt of (10)

was present in solution (signal at + 12 ppm). Therefore,
all solvents were evaporated with an Ny flow, and a very

viscous brownish suspension was obtained. To improve



conversion to (6). An NaCl precipitate formed, which was filtrated. The
filtrate was evaporated in vacuo, and a white powder (10 g, 87% resulted.
Exanpl e 9 Synthesis of 1-(9-phosphacycl ononyl)-3-N- pyrrol i d@riphikpAioe (10) A
vel | -stirgerhobdnsissee of 10 g of (9) (40 nmmole), 15 m pOfmkbysdspfd;mol e) and
150 m of degassed acetonitrile, which formed a white suspension, was

heat ed under reflux for 16 hours. No precipitate was detected, but 31P- NVR
anal ysis in CDC13 and D20 showed that the salt of (10) was present in
solution (signal at + 12 ppn) .- fherefore, all solvents were evaporated with
an N2 flow, and a very viscous browni sh suspension was obtai ned. To inprove
Z 7 NARRZAGTANGD )4 REAM G2 PETAFRROWSIRDORY of- ndfexaandl i ng, the mixture

was dil ut d \Msﬁg‘t‘enocv\éte’&raﬁ f%ﬁﬁ%e %QQ wtslg?sﬁ%gygptg &ggxtract ed t_hree tinmes

with 60° € co e e washed with 20 ml
of n-hewaherafiet¢rmbined wahier dayeralviezedraghed WwEH0H) mlusi ng phenol pht hal ei n

as indi Gat QInexaRE it ERACRdt tHsCReutlra MTBSdM ¢h @6, The conbined organic
| ayers were washed with water, dried over Na2S and concentrated in vacuo,

and a clugang \rbieholphthglein @5, H!ldgcam!% apch gt rRared18@eeand 31P- NVR showed
that puri@méd Q)i thestHe@! "Bk cémifi nAR AT C l'ayél?s werd ﬁs'heM S1. A

hydr of ornry| ation p ss for t ver SI | eni cal |l y unsat urated
corrpound"rga witesr c‘iﬁ’r&ﬁ °‘Eﬁfn5??sg’4n§n CPP?eé]t F%%%va ¢ting at an el evated
tenperatye, i § o3, GAGHA" 1118 SNy §Nis8d | nl NSRS ULdEedng

31p-NMR showed that pure (10) was formed.



5. conpound, carbon nonoxi de, hydrogen, and a phosphi ne- containing cobal t
hydr of ornmyl ati on catal yst, which are dissolved in a solvent, q% upy a
second step of separating a m xture conprising the al cohol and eavy ends
froma solution conprising the catalyst and the 10 solvent, followed by a
third step of recycling the solution to-the_reactor, mhereln t he phosphi ne
of the phosphine-containing cobalt hydrofornylation catalyst is attached
to a non-ionic polar noiety, and wherein the solvent at a tenperature which
is lower than the elevated 15 reaction tenperature is able to dissolve the
catalyst and to forma two-phase |liquid systemw th the al cohol. 2. The
process according to claim1 wherein thé Apho¥phi ne- cont ai ni ng cobal t

hydr of ormyl ati on catal yst has the formula Co-L, in which L is a ligand that
stands for 20 RIR2-P-A-B wherein Rl and R2 are independently a hydrocar byl
group with C-Cl2 ca¥ o riorsyde tHogePREFES & £9r phus ST Hitcomof for m a

cyol i ¢ hydr ocar by, i Gt 1hild (062000 8EREBAS B g ) STV D

substituted, and I's a‘group with a non-ionic polar noiety 25 conprising
an apol ar spacemomxvmstlmq lre figsiulsaeCneEnreaheird mt drs ejlet\@tlezi or cyclic

CnH2n- 2 wher ei n. &‘%125’ [{]nor qr TOIrC %"@t@gé@ﬂﬁl& QHIQS re car bon

atons may be reprilace Mol et 7 MAR
2007 - 1&. 3. d&mpqunﬁxxnanmooomdmnglﬂe,chaﬂnm@?meauﬂ|a @hqﬂpmiﬁz— t oget her

wi th phosphorus_atomP forma-.cy E roca i.et %fB co ri ses an
ani de or inide GO % cnéraaltgl %ydro %S ha |Ear'n£ en JiHT-Y B cess

accordi ng to anyide vadd d.lnalarTBolvbﬂt3 foheoeed Hhe mmma rs&e@:ontfal ning
cobal t hydrOfors g§¥£é¥%g %a%§&¥ﬁﬁeh%%mgrké anc%ggta cgk%lsz%%p %E%y
ends from a solution comprising the catalyst and the
10 solvent, followed by a third step of recycling the
solution to the reactor, wherein the phosphine of the
phosphine-containing cobalt hydroformylation catalyst is
attached to a non-ionic polar moiety, and wherein the
solvent at a temperature which is lower than the elevated
15 reaction temperature is able to dissolve the catalyst and
to form a‘two~phase liquid system with the alcchol.
2. The process according to claim 1 wherein the
.phosphine—containing cobalt hydroformylation catalyst has
the formula Co-L, in which L is a ligand that stands for
20 R1R»-P-A-B wherein Rj and Ry are independently a
hydrocarbyl group with C;-C12 carbon atoms or together

with phosphorus atom P form a cyclic hydrocarbyl moiety

with Cg-Cpp carbon atoms; which may be substituted, and
A-B is a group with a non-ionic polar moiety
25 comprising an apolar spacer A with the formula CpHpp
wherein n is 1 to 12 or cyclic ChHyp-2 wherein n is 6-12,
or aromatic CpHp—2, wherein one or more carbon atoms may

be replaced by N, O, and/or C=0; and a polar moiety B.



O N Cn H2n-P O 10 wherein n is 1-3. 5. The process according to any one

of clains 1 to 4 wherein the first step is perforned at a i@ﬂg@g@we
bet ween 50 and 200C at a pressure of 5-100 bar. 6. The proc rding to

any one of clainms 1 to S 15 wherein the solvent is selected froman am de,
imde, sulfone, pyrrolidine, imdazole, and N-containing aromatic
solvents, and m xtures thereof. 7. The pro:'caess according to claim6 wherein
the solvent is sulfolane or a mxture conprising sulfolane. 20 8. A cyclic
phosphi nyl - cont i ni fihe atreiaes shypdicoredmgl 40i ohacat al yseraawi Ry andigand with
the structure: O N Cn H2n P O wherein n is_1-3. .

together with phosphorus atom P form a cyclic hydrocarbyl

moiety and B comprises an amide or imide group,

preferably a phthalimide group.

5 4. The process according to any one of claims 1 to 3
wherein the phésphine—containing cobalt hydroformylation

catalyst has a ligand with the structure:

O
@‘{;N— C, Hzn'-_—P—-/.‘.éi
O

10 wherein n is 1-3.
5. The process according to any one of claims 1 to 4
wherein the first step is performed at a temperature
between 50 and 200°C at a pressure of 5-100 bar.
6. The process according to any one of ¢laims 1 to 5

15 wherein the solvent is selected from an amide, imide,
sulfone, pyrrolidine, imidazole, and N-containing
aromatic solvents, and mixtures thereof.
7. The process according to claim 6 wherein the solvent
is sulfolane or a mixture comprising sulfolane.

20 8. A cyclic phosphinyl-containing cobalt
hydroformylation catalyst having a ligand with the

structure:

O

A Cn Hzn—‘P

wherein n 1is 1-3.



