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| nvention The present invention relates to a process for preparing an

al cohol froman olefin, wherein the olefin is reacted with syngas in the
presence of a hydrofornylation catalyst. Background of the Invention The
synt hesis of "oxo" al cohaols by hydrofornmylating_an olefin_followed by the
hydr ogenat i on thePrRé)GFSFsFQ%oR/%PA NGd%%E%/If%(?Li RRAA I SLEFINE Fal be' s " New
Synt heses with Carbon WMbnoxi de" (Springer-Verlag, 1980), the synthesis

i nvol ves_t he prgggration,of an al dehyde by the foll ow ng reaction:

R- CH=CHX1eldgof ATEHBOPLD - CHO The hydroformyl ation reaction is
typically congctiddentt RRve Rt REENGE 0ksathoRDgepEOss £t Prephrongt be basi s
of atransition_ netal, such as_cobalt, nickel, palladiumor platinum This

react i orPihRLs STeRt @hs VAW dEbEF BRI %&Peﬂ%“&?c’f% nd¥Pen® by
Col quhouih @heabrébbeiumPaesfdrdShyl afhi sECONDARN LI eaction occurring

si mul taneously involves the hydrogenation of the oxo-al dehyde into an
oxo-al cohol. The extent of this secondary reaction can be increased via

vari ous ERAGHHE8d ofldHoughehtidiSt be borne in mind that these neasures
may | ead to nmany undesirabl e side-products (Fal be, Chapter 1.5.2.2.1)
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al cohol ssffaram olegf 1 ewethaebithen hberdddidtisheptratad y/tiic axenati ogs of the
olefin to the aldehyde in the presence o honbgeneous hydroforgglatlon

f a
cat al yst3FEEaPed tife SRARARTaI he®f afdIy de tH¥h BERMREIRFr BhEhat2E°®D t he
desi r ed mreehigk” US{9tGinGel Gredly ,Ni 1080 8) yShe | SyridiRsseconthaitveR. Sigdre
honogeneous catal ysts have sufficient actjvity to hydrogenate the in-situ
f or med d%&?PéFaEh?/%e"ﬁ [0 2t ABN YL iH¥e ¢ PEx 62 L HI B0 F S 2Bt er, in nost
I nst ances-cu=gapar alce +past> hydrpgenatdguen finishing step of the oxo-al coho

is essential due to quallty considerations. It .
The hydrofeormylaticon reactlon 1s typically conducted 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).

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 measures,
although it must be borne in mind that these measures may lead to
many undesirable side-products (Falbe, Chapter 1.5.2.2.1). US-A-
4982011 and W094/06739 disclose two stage processes for making
alcohols from olefins whereby in the first step catalytic
oxonation o©f the olefin to the aldehyde ih the presence of a
homogeneous hydroformylation catalyst occurs, the so obtained
aldehyde then being hydrogenated to the desired alcohol using
Cu/Cr and Ni catalysts in the second step.

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-alcohol 1is essential due to quality

considerations. It



114SEP 2004 W 01/70660 PCT/EP01/03276 therefore remai ns desifab$fr HR
be able to produce alcohols in a single-step process without the necessity

of a postWy7e€@nati on fini shing step. Summary of the |nvegtiErdss2s _
Accordingly, the present invention provides a process for the preparation
of an al cohol froman olefin, wherein the olefinis reacted wth syngas in

t he presence I t C Lsing,a h geneous
hydrgfornylat?%ﬁ&egggg.f%%&%§%§d&%%%§$§£3nt8u§ecﬁgggy§9 @5QQRQQrm)copper f
10 on a supporilcobetld ligd Desimgbe+sbepf prbeekBvaithont HEd fNdnd ALl on o

an olefinint resence of a- hopogepeous transition neta! catalyst is
wel | docunentggéapgﬁ ﬁé&éﬁﬁgﬁﬂP?¥W€ Fthishingngkepn cl assical catal ysts

15 such as CoSumiary lOF tHI-T8FedBi&Rr bonyls, or on nodified catalysts
(e.g., _wherein the | | aced by phosphines). O particular.

gands a . ( ) .
interest are nndﬁFF@&dﬁEEﬂawlﬁh&ﬂpﬁﬁsﬁntummﬁwﬂtnﬁﬁrpybatd$5 a?FaﬁmgfgéUCh
20 The proces f e o [ Lse e__nodi fi.cat ,
hydrofoPnyIat?gg Bﬁgcg§s§s§%§uig%n ué%?ﬁgﬂgﬁéoiygfg?o?ﬂy EFF&H’IN &1in
presence of atheaciefin iwst@manyqnwinhmsg?g?@m?nggnegpgggggﬁgyggggér o
f | ation c and het er ogeneous catal ys conpr.i si >
sﬁgggr?. | The %%géﬁétogyfﬁgnbrcé’ 1§41/ ﬁb‘?F“ geRPous bydrgfarmydasipnt
syst em furt hecatabpstsangd a meﬁﬁagéhéaﬂﬁxﬁatéiﬁéﬁYé%mp;hgiﬁgtéb¥?%rin .

conprjsing copper on a support is believed to be at |€ast partia
ne?gl¢¢c st at #'3® BERPLSperating conditions. The catal yst may be a :

sophi sti cat edpseal ¥8! DERBELSHR 1bRE STORRMY Iyl o’ an

Hydroformylation of an olefin in the presence of a

homogeneous transition metal catalyst is well documented.
Such processes rely for instance on classical catalysts

15 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 ‘ “
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



al l oy, and/or wherein the catal yst conprises additional, pronoter q&hghi
Suitadble alloys can include one or nore netals of Goups 8 to 11 b#

Peri odi c wabimosed | 2 1 4 SEP 2004 WO 01/ 70660 PCT/ EPO1/ GRA/fpolos2Tent S.
Suitable promoter netals can include one or nore netals of Goups 1 to 7
of the Periodic Table. However, ordinary catalysts, based on copper as the
only active gpapaneat, rsﬁ&%g%‘i'et PR NS a Ds 1060 U1 §agf oh B gt al vst
support-is not essentia e suppor I'nclude Thert carrrer

conposed of amonetmEl:a&sopngawpspdngm robases PerbodioaoTgibec car bi de,
or oxide, or garbon. l.nstance, sup ort .may be based on oxides of
Groups 2-6 ar %gfﬁ’ngfgﬁngf:ylﬁattﬁ g? el%tfl“i CPRPFT x2%r B8 t et of
.'e.g. ZnO, tiseviae abmﬁbhantzl@Qanmlgﬂladﬁg D&, zeolites. Preferred
suppor%s are resistant to an aC|d|c medi_um uitable results in node

reacti®ns have beBRCaBRAFUYEJIOLWRS E8%Fdvstn surmowh 15 |neh, essrntirlG 203.
15 The supporsuf@abﬂé Heppoatsl LS 10@MIen i 8% rﬁ@;?#cg §, such
as, for exanple, | ets, granul es, or extrudates uslng S nomm in

t he art, suchnek2a hbGeDI‘dg asBbepoRgeUSON 386488 Omian hinbsgdmsar e i s
herei'n incor g{&g bg rg&g?gncgr élaE_%r pat |F\6%1 I}ﬁqté}supp‘%%e%o&_ be in

t he shape of a oneyco am "a sponge or
The anount ofmaygperbasgdabrooxddgswode Grouper 2-!61ﬁrai1C.‘E2 lhaneypot may be

pres on ort uant ity .of O. () preferably 10 to 50
e 25 e ERabrg 8 FenT4iEhg, s Bupas. thenant & o 490
'synthesis Oftitlimi:@pp&luﬂ.ﬁhaly&ﬁ.rbanﬁaf)v%ﬁllh@&a|and/td‘.rp'ﬁe?diM:édW()' ving the
co- preci pi tation_of ggpg
Preferre upports are resistant to an acidic medium.
Suitable results in model reactions have been achieved

with copper on Zn0O, on silica, and on Cr03.

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. Altermatively, 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 wvary 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 Hp. 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



support precursor. Optionally it can also be prepared by doping a.c rthﬁf
with'a copper solution, calcining the 30 | oaded carrier, and reducﬂngs 0t

sane at ewewarmébo tenperatures under H2. Various supportedpepipiinsdd al yst
are comrercially available, e.g. for use in the hydrogenation of esters to

the correspondi ng al cohols. Copper containing catalysts are al so descri bed
in 3 1 4 SEP 2004 70660 _PCTI EPQ / 03276 US- A-5096688, in, a two-stage
process for c&%ggét?ggkgééhtﬁ%s?sggg§5%%93 Prer&sSS) AFVER NG ocunent

describes its sypmthiesishgabyinegehagher afl comdaE.r allis JHmEHohol
oxygenates and,the gconversion of water and 5 carbon nonoxide in hydrogen
gas and carboﬁkﬁﬁﬁﬁ#ﬂ%.?t?hﬁs$r§€§s§h8fh¥ﬁ§°§ﬁ&ﬁﬁwﬂiNﬂéMﬂQﬂﬁIﬂ@bb% a

_ ) ! _ h
conti nUOUS Pr aERsSa1@olEsT oﬁf@éhaﬁegsa.ﬁaoﬁfés c%hv%zl%q]to%h-ofrvpdq%slsa%ﬁ] e

case of_ continuous processes, |iqui ourly space velocities out 0.1
to abod 10 h-cAzhen mrRpexiderbd. hidrbgenhgpsoasss esrboraaidrmxidees

varying from abo . o) hours are.suitable. The., quantity in

whi ch the supportggu% ﬁégeggta y%@enﬁ#eﬁgnéuégﬁ?niﬁoﬁaﬁﬁﬁ'ﬁFbébsses, may

vary widely, equtimumusigprécessabausefiiicbntihaois5eretesy fermiatdy om
cal culafed on,the weight of the olefin. Feed

about 1.0 15 tq about %&}ng )
and process cEHATTVHs HF Nt FRRE yOL O EHENBHE PIBFeRgesef ldamist e, the

feed may be a [ | efin of .2.tg 20.carb t.gns,
whi ch may be ?1.%“?53’, thitfe ni %‘JE{'%% |§£ %jﬁ%‘lgooh}d%géﬁ&ﬁto%cg%& @%Shs
are ndf very emefiegaled. THin hatiqierptrocessay, vaescwidal yimesgvakiyameabout 10

breasure my JACR FEHER W MRIHErTE Teutaoete SeikeRIpaoar),
preferably frouasdty Grb witich the supported copper 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 oclefin 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
pProcess 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,



25 about 7 MPa (5 to 70 bar). The hydrofornylation catalyst is enpl PX%‘EPi il
convéntional quantities too, varying from about 0.001 to about 10.0 mmle2
per nol e wbafh/7ss0 The process may involve the use of a solMePkporossfshesi s
gas is a blend of hydrogen and carbon 30 nonoxide. It typically i1s nade by
partial conbustion of a petroleumfeed. Comrercial syngas conprises

hydr ogen and % on .nonoxide jn an H2/CO ratio of about 1.0-2.0. Syngas
with a higher 98T o, MRY gPe Brepaxsduby1 the, sp-callsdPwager. was

01/ 70660 PCT/ B¢ 03d4cenen hi gher sueﬁygagéefg.aﬁf s‘igg?/b%h%s%&p G ligd water.

gas shift reaction, and such gases may al so be“use nthe rocess of the
present inventRTAFesHh ehethenerenaant, ihventsonn Odvaheagehelr hamdyr deent

i nvention thatsd tymy i th r oxide-ri.ch ses,, .at _H2/ CO
rati os as hmmliw NG 8_%§e¥%% %&%f ?§3§Ba2fEfFP§%PB %gﬁgel&apﬁgécPR&ﬂ
about @ 5 to abidit ckxion momoxidéerhbhyghses) aheuti,1cO rheiakork 20
Preparation of nonanol 10 In the foll ow ng exanple a hydrogenation
catal ysts as aAferditer0 des Fhe eretgrved SpdCohrahiar beprevivdedekofrom
il lustrative pyrpqgses and are not to be construed as_ limting the
i nventi on. QJF%WD“% %Snglaq%rﬁl?f&‘%a}ti1 §stmepptRrafagably fivewf about1s.0u/Si a
silica catal y¢lo a®thad . -29 Wwoof Cu Cu/Cr a chromte catal yst
containing --37 wwWof Cu Prior to the reaction, the hydrogenation catal yst
shoul d be redfE&Paratiqm@fhmaenangl 300 C for 11 hours under 0.5 MPa (5

bar) h3. 20 Chargepa 2R0 #1118 ié;gejmég%l tir ve with, 20 n

l-octene, 50 mM 2,5,8-tri oxg'nongﬁ{a, : %Ig%gg%)%ﬂ:g%ﬁuﬁ?éﬁgggﬁ, a8. 3

mol e of 1, 3- beregitterhdegcribed 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 trifluorocacetate, and
2 g of any of the above hydrogenation catalysts. After

25 being flushed, pressurize the autoclave with carbon
monogide 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.



phosphi no) propane, 2 mmole sodiumtrifluoroacetate, and 2 g of any 1of SEMX0
above hydrogenation catal ysts. After 25 being flushed, pressurize the

aut ocl ave wi th carbon nonoxi de and hydrogen up to a partial 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 1 4 SEP 2004 CLAIMS 1. A
process for the preparation of an aCt8hH¥E froman ol efin, wherein the
olefinis reacted with syngas in the presence of a catal yst system
conprising a honogeneous hydrofornylation catalyst and a het erogeneous

catal yst;, conprhshREseOPRSF @hed SHEPRFhtidn DT RhOGESHHYL Clfzbf lan
wherei n the heterogeneous catalyst conprises netallic copper on a support.

3. The prlefdss ovheraim lthe 2lefierelin tusadgshoviths swaaséd dihaa cl ay,

of a metallic or glass spo ,...Qr based _on_ _an i.norganic i oxi de
or car b@r{esf.ncﬁne%pfocaessc%?gﬁéfsgﬁ m%}fset r et e eraogg}f\gergd eﬂ%a el yst
i's sel edyetkJficmyAh O rZNC:a081gbYM Rd ONa Si he€drogeheonsCr Ak alyst The
process of any one of clains 1 to 4, wherein the copper is present on the
suppor t dOMPE iU iIAQPRAL P11 @ GSUMPPXRe rel ative to the support. 6. The
process of any one of clainms 1 to 5 wherein the (substituted) olefin has
2 to 20 carbon atons, and is either |inear, branched or cyclic. 6

2. The process of claim 1, wherein the heterogeneous

catalyst comprises metallic copper on a support.

3. The process of claim 1 or 2, wherein the support is
composed of a clay, of a metallic or glass sponge, or based

on an inorganic carbide, or oxide or carbon.

4. The process of claim 3, wherein the heterogeneous
catalyst is selected from Cu on 2Zn0, on alumina, on silica,

or on Cr.0s.

5. The process of any one of claims 1 to 4, wherein the
copper is present on the support in a gquantity 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.



