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Field of the Invention The present invention relates to a process for

pr epar i ngv@anvaléemhol from an ol efin, wherein the olefin PeT/ER@OBRT W th
syngas in the presence of a 5 hydrofornylation catalyst. Background of the
I nvention The synthesis of "oxo" al cohols by hydrofornylating an olefin
foll owed by the hydrogenation thereof is known. As described in Chapter 1
of Fal be's "New Syntheses with 10 Carbon Mnoxi de" (Springer-Verlag, 1980),
the synthesis involves the preparation of an al dehyde by the foll ow ng
reaction: R CH=CH2 - % §1£;@1§%§B h I | reaction
is typically condugﬁgggg§5ﬁ§§ fﬁnggésence 0 C% gh%g%ﬁégﬁ£¥%§%g yst on the
basis of a transition netal, such as cobalt, nickel, palladiumor

pl ati num Thi §. clLi-0n..L.S ensively described in Chapter 4 of
"C‘arbonation"§ £ £ e Iﬁk%%tg enum Press, 1991). 20 A secondary
reacti on occurri nfhsi pubkbsantousigntinnokredstiele thy dr pgeratssofoaf t he
oxo- al dehyde jnto_an__oxo-alcohol. .-The extent .of this secondary.reaction
can be increggéﬁa5fggv39i8 goﬁggsﬁfgg;agiFﬁ&ﬁjﬁ”iFhﬁﬁ§FIb39ﬁbFH€§%Fn ni nd
that these nedsureacoey Weail sgngasyimnddés paklsende sifder products (Fal be,
Chapter 1.5.2 Zdléf SonE gonngengoHs catal ysts have sufficient activity to
hydrog@nate t R REQTIY L A5 ABdC8%B 4Fdehyde into the desired oxo-al cohol .
However, in nBatkgpst:adCces a&heSe&pakateopost- hydrogenation finishing step of
| i iderations. It
the oxo 30 alCOhO%héssgggﬁgg&glo%ugokg”qg%cga%lgo%? hydr&formylating

an olefin followed by the hydrogenation thereof is known.

As described in Chapter 1 of Falbe’s “New Syntheses with

10 Carbon Monoxide” (Springer-Verlag, 1980), the synthesis
involves the preparation of an aldehyde by the following
reaction:

R-CH=CHy + CO + Hy > R-CHy-CH»~CHO

The hydroformylation reaction is typically conducted

15 in the presence of a homogeneous catalyst on the basis of
a transition metal, such as cobalt, nickel, palladium or
platinum. This reaction is also extensively described in
Chapter 4 of “Carbonation” by Colguhoun et al (Plenum
Press, 1991).

20 A secondary reaction occurring simultaneously
involves the hydrogenation of the oxo-aldehyde into an
oxo-alcohol. The extent of this secondary reaction can be
increased via various measufes, although it must be borne
in mind that theée measures may lead to many undesirable

25 side-products (Falbe, Chapter 1.5.2.2.1).

Some homogeneous catalysts have sufficient activity
to hydrogenate the in-situ formed oxo-aldehyde into the
desired oxo-alcohol. However, in most instances a
separate post-hydrogenation finishing step of the oxo-

30 alcohol is essential due to quality considerations. It



1 WD 01/ 70660 PCT/EP01/03276 therefore remains desirable to be able to
produce alcohols in a single-step process without the necessity of a

post - hydmogenatsson fini shing step. Sunmary of the | nventi pOT/BPHuseTedi Ngl Yy,
the present invention provides a process for the preparation of an al cohol
froman olefin, wherein the olefinis reacted with syngas in the presence
of a catalyst,ayskEPLCOBRALSLNA.3;BARRECREOUS Q)Ag(eoftar prbatican  catalyst
and a heterogeneous catal yst conprising copper on a support. Detailed
Descri pti on oflegBolfvént RoAinpyeretepnplraress oiithousl dhien niegesisd tyr esence
of a honogengpug trapsitheBqgaBLRL ofaEALY docurmented. Such
processes relgﬁférﬁlnsta%ceegn cl agglca# %g%g g?EEIS such as Co-, Rh-,

lr-, Ru- or (Bumaebyn9Fsther Tomenpvonfi ed catalysts (e.g., wherei n t he CO
Ilgand are repl sp p Lar intet gsl are modi f
paIIad?un1or plat$§§%¥ Xﬁgh?b EBP ?%gﬁgégtg ePglgn28r?Ne SF08e§§OSFSFhe
present |nvenfonnthenprepesathen nﬁdahlaatbhnlofrsmchnhpdedﬁnrth@kedn

rocesses by n Lng. t.he h for Iatlon [ presence of
Eatalyst systeﬁgcg#%%%%lng 5eﬁég géﬁggﬁg ﬁ?d?g? P5FE§P§F|8E Bat al yst
and a het er ogeacaligstasgakystn EBmp@mpﬁnglaghcmﬂgeheansahydﬁbﬁbkmyihelbhoceSS
of the present n%f |on |nv$lges using % i gst s%%tenxfurther
conprising a gﬁtﬁ ?ea?E8ppeletehrdrysrusSTRatedy sy SP GBS A§PESPper on
a support i s ohehiewpdota.be at least partially in a metallic state 30

in itions..The catal may be, a
under OperatIDgtgofgdtDescrlptgon o% Xhe In%entlon

Hydroformylation of an olefin in the presence of a
homogeneous transition metal catalyst is well documented.
Such processes rely for instance on classical catalysts

i5 such as Co-, Rh-, Ir-, Ru- or Os-carbonyls, or on
modified catalysts (e.g., wherein the CO ligands are
replaced by phosphines). Of particular interest are
modified palladium or platinum hydroformylation K
catalysts.

20 The process of the present invention comprises the
modification of such hydroformylation processes by
conducting the hydroformylation in the presence of a
catalyst system comprising a known homogeneous hydro-
formylation catalyst and a heterogeneous catalyst

25 comprising copper on a support.

The process of the present invention involves using a
catalyst system further comprising a supported copper
catalyst. The catalyst comprising copper on a support is
believed to be at least partially in a metallic state

30 under operating conditions. The catalyst may be a
sophisticated catalyst wherein the copper is part of an
alloy, and/or wherein the catalyst comprises additional,
promoter, metals. Suitable alloys can include one or more

metals of Groups 8 to 11 of the Periodic Table of



sophi sticated catal yst wherein the copper is part of an alloy, and/or
wherein the catal yst conprises additional, pronoter, netals. Suitable
al | oys camoonoiessde one or nore netals of Groups 8 to 11 PET/ER&/BeTs odi C
Tabl e of 2 WD 01/ 70660 PCT/EP01/03276 Elenents. Suitable pronoter netals
can include one or nore netals of Goups 1 to 7 of the Periodic Table.

However, ordi naepetidbal gatisabhaspeondte@PRRta3s e QR udRCidnee gzonponent

are qui te acceptable. 5 The nature of the catal yst support is not
essenti al . S’E}PFSbT“gt%ﬁp&ft §*PHEFude tondr PLc & Eerioshisodedls a
metal lic or ghéﬁévéEOng%dlﬁérﬁ}a%éﬂa%}s%@, ' r&arsg@mo&a e Phedpndg, Or

carbon. For instance, the support nmay be based on oxides of G oups 2-6 and
12-14 netal oRCEDVEhEOMBPREAte FABI BUARE ACLEMtedl tehereof e.g. ZnO

titanig, alunina, Tﬁérﬁaerl@e skl kaa ea%@gzsée% Fb%%t i)Y elr Ied syppgrts are

resistant to an acidic nedium Suitable“results in nodel reactions have
been achi evedSuitehleopppposhszanclydesiihiess, candienrsCcpaposksl Tfe asupport

may be used aﬁFEéﬁ%?OMeprlgéafgggﬁg |nrog %Oﬁg%s kplg%msg_ sfor exanple,

pellets, granule ing ne nown in t art such as
those describedbideuUsoa. 536deg4onhicerbdis c Fosuiasitanier, ertﬂne |Srmcp@c>|1drr at ed

by reference.?égtgéngggggl %n Eg_gdggpﬁ ng;g?]érzg l%e | t&he h?n% 3

honeyconb, a m —a sponge or gé R0l ur?t of
coppeiOmay al rsbevaeylwddel frabEer andnstianoeest hhecreprfere rga.y zlfm@ pr esent on

t he support gyant .0f 0.1 to 80 V\P/ refer 50 w4 nore
25 preferabl ygﬁga?o 35 WA PEr af T EOPG Y hE %8580?? l}‘f%e h‘t’ﬁ’??l 's of the

copper CatalyBreferredvenppomab,are resistant to an acidic medium.
Suitable results in model reactions have been achieved

with copper on ZnO, on silica, and on Crp03.

15 The support may be used as fine powder or shaped into
mouldings such as, for example, pellets, granules, or
extrudates using methods known in the art, such as those
described in US-A-5364984 which disclosure is herein
incorporated by reference. Alternatively, the support may

20 be in the shape of a honeycomb, a foam, a sponge or
similarly large monolith.

The amount of copper may also vary widely. For
instance, the copper may be present on the support in a
quantity of 0.1 to 80 w%, preferably 10 to 50 w%, more

25 preferably 25 to 35 w%, relative to the support.

The synthesis of the copper catalyst is conventional,
typically involving the co-precipitation of copper and
support precursor. Optionally it cén also be prepared by
doping a carrier with a copper solution, calcining the

30 loaded carrier, and reducing the same at elevated
temperatures under Hy. Various supported copper catalyst
are commercially available, e.g. for use in the

hydrogenation of esters to the corresponding alcohols.

Copper containing catalysts are also described in



typically involving the co-precipitation of copper and support precursor.
Optionally it can also be prepared by doping a carrier with a copper

sol uti onwaal/miend ng the 30 | oaded carrier, and reduci ng tPRET/ERMEIATG

el evated tenperatures under H2. Various supported copper catalyst are
comercially available, e.g. for use in the hydrogenation of esters to the
cor r espondi ng ua-a0helo%.6 8 5CORRE A GRR-ATHJ A A VSt foRl ol S dgscri bed in
3 WO 01/70660 PCT/EPQ1/03276 US-A-5096688, in a two-stage process for
converting syNIREESdsyees A hitgdera adsimhals Tk sictammant descri bes
its use for thrdivdrRgenald QReofrNdeRl ARG gL Al ol Qygenatgs and

the conversion of water and 5 carbon nonoxide in hydrogen gas and carbon
monoxi de. Th&opredeohodf cpfygamadseniarichudr iomvensinn of ooritemnuoud f
process, a Sem.- ti e Qe8SS5n | se 0

conti n%ous pro@gerg)%glsw%%g%% q}%‘oﬁ‘ﬁﬁdy}f"s?%ég a\cl%lac{gtl es c)o ngb%%ﬁ'%él t o about
10 h-1 are 10 preffder pdocassbaticlirhsr poessey, impastiiom mawdea ying from
about 0.1 to . our. syjt 2. ti i ich.the
support ed cop(f)q:g)r?ll&t(fzfllt%l a(é)flu)r%’sb¢ I?r)ad%rs%é léussgegf!l icr?%a n&ﬁoq%rf] crte%csee% \Aérr?aya \}Oaar Fh

wi dely, e.g. pavgesg. Imormhebaatse).of tordaboutous) hcqgaefer dhlguifd om about
1.0 15 to about 10 w¥% cal cul.ated on the weight of the olefin. _Fleed and
process condi F’i%‘ﬁéyals@aé’ﬁ’t MiedioFl tewy &t i . OByl iy adioudxafpile ~ tawe f eed
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be linear, branched or cyclic. Theé 20 hydrogenation conditions are not very
critical. The froanwpdoatule Indp whoptnildebpuns qrd rommtadoe. Mhe o about

300 G, prefer%ﬁbﬁt&%?”ﬁ%b@ﬂﬁéﬂjﬂﬂéEgﬁﬂﬂofggh(aopper catalyst may be

used, in batch processes, may vary widely, e.g. ranging

from about 0.1 to about 50 w%, preferably from about 1.0
15 to about 10 w%, calculated on the weight of the olefin.
Feed and process conditions are entirely
conventional. By way of example, the feed may be an
olefin or substituted olefin of 2 to 20 carbon atoms,
which may be linear, branched or cyclic. The
20 hydrogenation conditions are not very critical. The
temperature may vary widely, e.g. from about 10 to about
300 °C, preferably from about 20 to about 150 °C.
Similarly, the pressﬁre may vary from about atmospheric
to about 30 MPa (300 bar), preferably from about 0.5 to
25 ' about 7 MPa (5 to 70 bar). The hydroformylation catalyst
is employed in conventional guantities too, varying from
about 0.001 to about 10.0 mmole per mole olefin. The
process may involve the use of a solvent.
Synthesis gas is a blend of hydrogen and carbon
30 monoxide. It typically is made by partial combustion of a
petroleum feed. Commercial syngas comprises hydrogen and

carbon monoxide in an Hy/CO ratio of about 1.0-2.0.

Syngas with a higher Hy/CO ratio, e.g. up to about 10.0,



Simlarly, the pressure may vary from about atnospheric to about 30 MPa
(300 bar), preferably fromabout 0.5 to 25 about 7 MPa (5 to 70 bar). The
hydr of or wo at/fwepo cat al yst is enployed in conventional QqUROT/EPIIES21600,
varying from about 0.001 to about 10.0 mol e per nole olefin. The process
may involve the use of a solvent. Synthesis gas is a blend of hydrogen and
carbon 30 nonQx{e; A YRiLAY d w@qé?i ial ti f_a
petrol eum f eed. _Corﬁ%%eci'ql a?f/lngasﬂx(s:e npri steﬁs(Y %ﬂé 0%%ﬂ§a§%‘§cv%%%xﬁ fbhoxi de
in an H2/ CO r siiid tofregydutory,. Gl GuclSygamess wash aldv dgheruddl Gor ridté o, e. g.
up to about 1Q, 70 P 3276 nd_.hi r e prepared
by the so-cal %ergjcv%ts\é\?fog];%lse %g_%%g% 5&% €|érg‘-ﬁl,°r%i'n 1'éuc}ﬁe ggb}?%%r ;E%"% st be
used in the proecesadfanteyoresdiie ipnerEnionn@ntiimn dteet tamby idopé s an
advant age of th resent invent.ion that it may co wi th carbon :
nonoxi de-ri chtw&%shgs?,araonl-lf}o(?(?xrla S0 qﬁ?s’asataﬁ%lﬁsc%.@%ﬁ% 35 ¥ r ed
H2/ CO ratio hepcepwaid @S 5. afle 3N 10, ARPULL LG Gy erdBY r
fromabout 1.0 to about 5.0. ePrepareati onx-(g)br nonaan%jl 10e I'n ﬁl%%fl%ryng
exanmpl e a hydebgenatli.on twataddorst S D, hermafgeifslesent eebmeybdie: used whi ch
are provided for iIIu%trati ve purposes and are not to be construed as
limting the i V&SN 2 -Gu/ zn a znQ al uni na cat al yst containing -40 w% of

Cu 15 Cu/Si @raidareaicat alfysioreeiai ning -29 whof Cu Cu/Cr a chromte
of Qu Prior to the reaction, the hydrogenation

catal yst contai ning -37 W&
cat al shoul d Eg‘ Fgﬁu%&,lq”&nq RRIRE athvsreenadrion WEHYsStimdE 0.5

MPa (5 bar) Haereafter described may be used which are provided for

illustrative purposes and are not to be construed as

limiting the invention.

Cu/Zn a ZnO/alumina catalyst containing ~40 w% of Cu
15 Cu/Si a silica catalyst containing ~29 w% of Cu

Cu/Cr a chromite catalyst containing ~37 w% of Cu

Prior to the reaction, the hydrogenation catalyst

should be reduced, for instance, at 300 °C for 11 hours

under 0.5 MPa (5 bar) Hj.

20 Charge a 250 ml magnetically-stirred autoclave with
20 ml l-octene, 50 ml 2,5, 8-trioxanonane, 0.25 mmole of
palladium acetate, 0.3 mmole of 1,3¥bis(di—n—butyl—
phosphino)propane, 2 mmole sodium trifluoroacetate, and
2 g of any of the above hydrogenation catalysts. After

25 being flushed, pressurize the autoclave with carbon
monoxide and hydrogen up to a partial pressure of 30 bar

of each. Seal the autoclave, heat to a temperature of

90 °C, and maintain at that temperature for 5 hours.



20 Charge a 250 ml mmgnetically-stirred autoclave with 20 m 1-octene, 50
m 2,5,8-trioxanonane, 0.25 mmole of palladiumacetate, 0.3 mmole of

1, 3- bi s(&venvimssyl phosphi no) propane, 2 mml e sodi um tri f PODER@ECBEHt €, and
2 g of any of the above hydrogenation catalysts. After 25 being flushed,
pressurize the autoclave with carbon nonoxi de and hydrogen up to a parti al
pressure of 30 bar of each. Seal the autoclave, heat to a tenperature- of
90 C, and maintain at that tenperature for 5 hours. 5 WD 01/70660

PCT/ EP01/ 03276 CL Al MS 1. A process for the preparation of an al cohol
froman olefin, wherein the olefin Eeria&tﬁdSMﬁth syngas in the presence

of a catal yst system conprising a hofegeredas—hydrof ornyl ati on cat al yst
and a heterogeneous catal yst 5 conprising copper on a support. 2. The

process of claimJ], wherein.the, catalyst onprises netal li opper._on a
support. 3. Thé ﬁ%d%%%ge% g?giﬁﬁf BFg ?rﬁﬁéggiﬁ%tﬁg 8;FP#8ﬁ %50 8ffposed
of a clay, ofohefibhalvhereingkhesodpdigeisolreat®eliastdho’yagaisnanhgahieC
carbide, or oxide or carbon. 4. _Th rocess of cl,ai,m 3, erein the
Catalyst is GSFREPER PFom EACBAYIROSYEH R GRMRELSHRISH POROSERSERE or 203,
5. The proceshy@foadymphetobnctaicaBystt and, awheterbgbheoutd ce@pReist S

presen% on the su fort in a %uantity of 0.1 to 80 whrelative to the
suppor?.. 6. ?ﬂﬁpg DRI sCOPPERY OB §FPEPAFNs 1 to 5, wherein the

(substituted)20l efha PaSc@sE0020ccaiRoN, alyRBEeiAN@hkS cablipar | i near,
branched or cyclic, 6 . '
comprises metallic copper on a support.
3. The process of claim 1 or 2, wherein the carrier is
composed of a clay, of a metallic or glass sponge, or
10 based on an inorganic carbide, or oxide or carbon. [
4. The process of claim 3, wherein the catalyst is -
selected from Cu on ZnO, on alumina, on silica, or on
Cro03.
5. The process of any one of claims 1 to 4, wherein the
15 copper is present on the support in a quantity of 0.1 to
80 w% relative to the support..
6. The process of any one of claims 1 to 5, wherein the
(substituted) olefin has 2 to 20 carbon atoms, and is

either linear, branched or cyclic.



