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present invention relates to a process for hydrofornylating a NH’ B
havi ng at Wweemstosesse ol ef i nic carbon-to-carbon bond (al so catirgroamnssi efinic
conpound herein). In particular, the present invention relates to 5 the
production of al dehydes and/or al cohols by the addition of carbon nonoxide
and hydrogen to an olefinic conpound in the presence of a cobalt catalyst.
various processes for produci ng al dehyde and/or al cohol conpounds by the
reaction of a conpound having at 10 | east one ol efinic carbon-to-carbon
bond wi th carbon nonoxi de and hydrogen in the presence of a catalyst are
known. Typically, these reactions are perforned at el evated tenperatures
and pressures. The al dehyde andydscfsirsyledisouRtoadat are produced
generally correspond 15 to conpounds obtained by the addition of a carbonyl
or carbinol group, respectively, to an olefinically wunsaturated carbon

atomin the startirRg prkeehal 1M EArishmubiapeeuscsat yegkegs ebrthe olefin
bond. Isonerization of the olefin bond nay take place to varyi ng degrees

under 20 cert dydrofpdmyiiahingi & hconpoyndsbaveng &br laesbnone ehefipioducts

obt ai ned. These_processes_are i,cal kno s__hydrofornylation teactions
and invol ve rESEEPBH Oﬁﬁ?ﬁﬁo éggge?gh%ﬁnCFmT?ﬁeaﬁeégFgfn%§28°%8°¥%
fol | owi ng equakiedn)2516apakystul RER2Ehe PREBnt ChventRox RERREGEE GRBRACHO

and/ or RLR2CH- CRBRACH2CH + ‘i soners thereof 0 7 APR 2006 WO 03/ 080550
PCT/ EPOZ/ 1285%he2prrdupEianovt eqdehydns erdhoyradpoRels obrathay
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o compound in the presence of a cobalt catalyst.
Various processes for producing aldehyde and/or
alcohol compounds by the reaction of a compound having at
10 least one olefinic carbon-to-carbon bond with carbon
monoxide and hydrogen in the presence of a cétalyst are
- known. Typically, these reactions are performed at
elevated temperaturés and pressures. The aldehyde and
alcohol compounds that are produced generallﬁ correspond
15 to compounds obtained by the addition of a carbonyl or
carbinol group, respectively, to an olefinicélly
_ unsaturated carbon atom in the starting material with
o simultaneous saturation of the olefin bond. Isomerization
of the olefin bond may taie place to varying degrees under
20 certain conditions with the conseguent variation of the
products obtained. These processes are typically known as

hydroformylation reactions and involve reactions which may

be shown in the general case by the following equation:

25 catalyst
R'R*C = CR°R* + CO + H, ——> RR?’CH-CR’R‘CHO

and/or

R*R?CH-CR3*R*CH,0H + i somers thereof



or hal ogen atom or a hydroxyl group. The above reaction 5 may al so be
applied to a cycloaliphatic ring having an ol efinic |inkage, fidrARBRHdpI e

cycl ohexengyg o3ldBasspat al yst enpl oyed in a hydrofornyl ati on repet/epPir/12857
typically conprises a transition nmetal, such as cobalt, rhodium or

rut henium in conplex conmbination with carbon 10 nonoxi de and |igand(s)
such as an organophosphi ne. Representative of the earlier hydrofornylation
met hods which use transition nmetal catal ysts having_ organophosphi ne

| i gands are US 342Z08%&e BHO30 BELG LISN , 344815 Br cu® FM4020R! Wy 3369050 and

US 3448158. 15 | tt tao. i th ffi.ci . of hydr of |_ati
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novel catalysts have been devel oped which may exhibit inproved 20 stability
at the required hiddRoesadtioon canmpetydcsyl gcsnd .ysihe by s irse didem

devel oped Wi gl MY JBCE Lot ocPlidle 3tage REaduG on of calaghioles, rat her

than a two-step’ “procedur ing séparate rogénati on o

internedi ate ahdehinde. 1Nbkaaeer fororRRaAMPeeUEyeddewEn® .25 have been
devel oped which may permt inproved reaction_rates whilst providing
accept abl e yi el ds ToR cRE2d¥Sitr eAPlpyedudns 2 Nydredgrmtiald daveasdar™ aken

to develop i a - .ect at f
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cobalt cat al ysheddanpeirsirnghealalt, iih complex combiimztiionm withh caabban .
nonoxi de and a Ii%gnd may. geconpose dur%gg the reaction to produce cobalt
car bi dé% a coRPBEXAS: ARG B0 SAPRUSHOES WD GIBGSPRHE SPERFERP02/ 12857 3

and carbon, enpirigeakebahRHkaEOXE tHBERE1ikS AyRErotbrmyPRkalch GRERLES IS

catalytically inactive in hydrofornylation reactions, thereby resulting in

an which use transition metal catalysts having o
organophosphine ligands are US 3420898, US 3501515, .US
3448157, US 3440291, US 3369050 and US 3448158.

15 - ~ In attempts to improve the efficiency of a
hydroformylation process, attention has typically focussed -
on developing novel catalysts and novel processes for
recovering and re-using the catalyst. In particuiar; novel .
catalysts have been developed which may exhibit improved

26', stability at the required high reaction temperatures.
Catalysts have also been developed which may permit the
single-stage production of alcohols rather than a two-step .
procedure involving separate hydrogenation of the

_ intermediate aldehyde. Moreover, homogeneous catalysts

25 have been developed which may permit improved reaction
rates whilst providing acceptable yields of the desired
products. '

Although steps have been taken to develop improved
catalysts, we have detected that some of these catalysts

30 suffer from problems. In particular we have detected that
cobalt catalysts comprising cobalt in complex combination
with carbon moncxide and a ligand may decompose during the

reaction to produce ccbalt carbide {(a compound of cobalt

*



i ncreased rate of catal yst usage. The cobalt carbide is 5 not on
catalytically inactive in hydrofornylation reactions but also hdi7APR2%5
rel ati vel yvwmbigsoszoor ous structure and is insoluble in thepgaroeemsmedi um
This represents a significant disadvantage, particularly for honbgeneous
cobalt catal ysts, because the cobalt carbide 10 typically tends to

aggl onerate and formdetrinental deposits on the internal surfaces of the
production facility, The deposition of cobalt carbide i npedes the running

of a hydr of or i aPEROPr oBURE F8R2LaEPFIRY 2nfPH - oI HRI X etF i €i BNl - 15 The
present i nvenicopgthepelone 5eekschdyEoLus:yhenaal euenenli oned probl ems

associated with a hydrofornylation. “process that enploys a cobalt catal yst.
Accordi ng to aybrecsbvragpettien trkecpiessnt thavehyi pasuptovgdes an

hydr of or myl ati,on process conprising.reacting a _20 co und havi.ng,.at | east
one ol efinic ¢EAFBEASE -EQFBgEbeHHg%YFE H?ﬁgﬁgeﬂgﬁnﬂogggﬁoﬁaﬁEHGQiH% in the
presence of asgobahi E§E§h¥§icémﬁy3iﬁﬁhﬁyﬁéCQHtHy8k890§HQEEtYSn wherei n
the additive suppresses the " formation of cobalt <Tarbide in the reaction

m xture. 25 Threagtoorssbatcaldonhasoat helptevehy buikpti paromddresses the

af orenenti oned techni cal Hroblens ﬁave recognised assgciateg wth

hydr of or my! at £ & EbfpdH dlshéVFﬂgﬁﬁ eoFEfFﬂ?p %3?Bbﬂgt8? aPBon Bbﬁd.in1the
presence of gepeBakhtsabakbyshirobhhBbEYsaliPEntagé Ushapt 9but Be130radditive
in the reaction mxture suppresses the formation of cobalt_carbi de conpared
wi th perforniﬁ@mpﬁéne@bﬁr@@g@hﬂiﬂgtﬁ%ﬂﬁbﬁorh?¢®m$%nthéa@Pb®htiﬁathéd@resence
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catal ytical | ydeppactisvencohal incathallesufhgceedbitt tion protiietionmati on of.
cobal L car bl e i Lg% Tne "l o st 03 %ot "obba1t *earBide impedes the
running of a hydroformylation production faci1ity with
optimal efficiency.
15 The present invention therefore seeks to sclve the
aforementioned problems associated with a hydroformylation'.
- process that employs a cobalt catalyst.
According to a first aspect,  the present invention
provides a hydroformylation process comprising reacting a

20 compound having at least cne olefinic carbon-to-carbon
bond with hydrogen and carbon monoxide in the presence of
a cobalt catalyst and a sulfur-containing additive,
wherein the additive suppresses the formation of cobalt
carbide in the reaction mixture.

25 The process according to the present invention
addresses the aforementioned technical broblems we have
recognised, associated with hydroformylating a compound
having an olefinic carbon-to-carbon bond in the presence
of a cobalt catalyst. Suitably, the inclusion of the

30 additive in the reaction mixture suppresses the formation
of cobalt carbide compared with performing the

corresponding hydroformylation reaction in the presence of

the cobalt catalyst but without the additive. Suitably,



cobalt catal yst consunption, thereby increasing the 5 effici erbc7y Em
productivity of the hydrofornylation reaction. Suitably, the e tbn in

t he for mat wap o®bsessobal t carbide in the process of the preseptTiERrYVRIPREON
decreases the anount of cobalt carbide depogited on the internal surfaces
of the production facility. 10 Consequently, an increase in efficiency my
be achieved. Typically, during a hydrofornylation reaction a cobalt

catal yst may deconpose to a mnor extent to form precipitates of netallic
cobal t. Al t hougte afidiHetorfrdiesdnths ﬁW%Wtoga?%W%YH@@lhsents | 0ss

Compar od wi § h ORIV LRI (PR 0. T R 1 OF B AR pek PRSP

preci pitates ftaﬂa:cﬁ:a]rtelcﬁ:rb/ﬁ:ke' wapl e surf ane ar@@cmreﬁl thé hr@'@i)aiﬁ
‘car bi de. havi ng the sanme wei ght of cobalt and unlike cobalt carbide. 20
they typically¢ %tcaai%g?j‘l)b?f‘br%c?lésumﬁwréadgéeﬁﬁ@’ SHRBT e pF UBY ehlRe of

deposition on However ,
al t houghé)onl y %{uﬁoérl;%ﬁ aélné ‘YS/%%;J{% p{ﬁgq@;#ﬁoﬁé,% %n%ypr eci pi tat es
may absorb can‘énnt:rnrnomuﬁetafhsm tiitee rsadid toiornn Xi urlee afwhme ohmt eof he 25

di ssoci ati on of the cartih1 monoxi.de to formcobalt carbide, It is believed
that the addi tfRAUsERIH e prive ST 1Rf pq'}é“sé‘?ﬁe?%%n’t?‘é‘ﬁ“}’sorhbsor bed

by the netalli& cohald ARG &f B LErENss 4o AR e,
t her eby suppressing the absorption of carbon 30 nonoxi de and the for mat i on.

of cobalt carbimeninal eir frasact ioh Uhatmrniucmradbhtulnetmy be an inorganic

d_whi ch | ud | fur_ at b) 7. {PR 2006
W0 03/ 08b550” KA ERS 057 B ARTHG i (o gL T B G

additive is any smhdfiaiciGnt adu iy @Wdﬁwla@&ap@é&&mn fordapgadt a
sul fide anion (S2-) in the reaction mxture, able to be
catalyst may decompose to a minor extent to form
precipitates of metallic cobalt. Although any
decomposition of the cobalt catalyst represents .loss of
15 catalyst, the metallié cobalt precipitate is relatively
innocuous compared with- cobalt carbide formation.
Typically, the metallic cobalt precipitates have a
relatively small surface area compared with cobalt carbide. ...
having the same weight of cobalt and unlike cobalt carbide.
. 20 they typically do not agglomerate. and cause the same

problems of deposition on the internal surfaces of the

production facility. However, although only theory, it is
believed that the metallic cobalt precipitates may absorb
carbon monoxide from the reaction mixture and promote the
25 dissociation of the carbon monoxide to form cobalt
carbide. It is believed that the additive used in the
process of the present invention is absorbed by the
metallic cobalt precipitate in preference to carbon
monoxide, thereby suppressing the absorption of carben
30 monoxide and the formation of cobalt carbide in the
reaction mixture.
The additive may be an inorganic compound which

includes a sulfur atom, preferably in an anion.



absorbed, suitably in preference to carbon nonoxide, by 5 the netallic
cobalt precipitate. Such additives may include a sulfide anionﬂdSﬁP&ZNﬁer
se, for exewpdsmsasso i norganic sul fide such as sodi um sul fi dectAlropinstively,
or additionally, such additives include thgse conpounds which do not
include a sulfide anion (Sr) per se, but are. 10 capable of generating a

sul fide anion during the hydrofornylation reaction, for exanple sodium
hydrogen sulfide, Thus, preferred inorgapic sul fur-containing, additives
ncl ude: metal subtPHELETERSr LRAEBFILF BHDFRFCSPRFOIRLRE 2981 MKES ihere M s

a netal catiopnpgnd,ekbheloXthSningl cdmBHdnd t8ad, 187 c¥phB1@ 8RUf¥rhsnd
nmetal hydrogen sulfides, preferably of enpirical fornula M SH)z where M

represents aanetdfidat&nhoands? )i $nlrh2 geadtiend Miyxtuagen aplef tdebe
Preferably x is 1 or .2 and s 1. Preferably z is or 20 2., Suitably, the
metal catlon REFSTBERecEBUCTPh, b kAT L Chancd) fal FAEoSh, PRRREISY 5. BY
preferaly freAesRdtaM icPebBSEt UPtebab Lt s . NBYAESLE A0 &I Rgy Most

preferably the netal cation is potassium or especially, sodium Especially
preferred i notgahhdesal sutfedmtanihdng(S5)adeirt sees foncEdaarsedrom sul fi de

Na2S), hyd 1§i.d Lal Ly sodi umh | £ de (NaHS) .
The. addi 1) ve WEYTBE S5 Srabnis SUPFUEadmalR: T L olR e S b ™

organi ¢ sul f uprceatiat Dongl bgldi ShyEsaddiei vee it Dhde those f tamsouride oet hers.
and t hi ophenes. A 30 preferred thiol is_represented px the general formula
R5- SH, where FBiFBpResBPt sitohiete ot k§Hlbtdargnier H8f ) nBET §6r ePHAf BER. A

Ro. and 47 cach™PToe AIR SO0E U003 CBOLEt P TR0 2T T2 T8 ndependent |y
represents | ohedraf&ynybatanylredat homghl for peedngr e dsall Swrh f hykdsodpert h R6 -and

R represent |loywer alkyl. A preferred thioether is represented by the
gener al salfiae. :

Thus, -preferred inorganic sulfur-containing additives

include: metal sulfides, preferably of empirical formula - .

15 - MyS, where M is a metal cation and either x is .1 oxr 2 and '

y is. 1, or x is 2 and y is 3; metal hydrogen sulfides,

preferably of empirical formula M{SH), where M represents .-
a metal cation and z.is 1, 2 or 3; and hydrogen sulfidé.
~Preferably x is 1 or 2 and y is 1. Preferably z is 1 or

20 2. Suitably, the metal cation M is selected from alkali . .

and alkaline earth metals; preferably from sodium, -

""" potassium, calcium, magnesium and zinc. .Most preferably
the metal cation is potassium, or especially, sodium.

Especially preferred inorganic sulfur-containing

25 additives include sodium sulfide (Nay5), hydrogen sulfide
and, especially, sodium hydrogen sulfide (NaHS).

The additive may be an organic sulfur-containing
compound. Preferred organic sulfur-containing additives
include thiols, disulfides, thiocethers and thiophenes. A

30 preferred thiol is represented by the general formula
R®-SH, where R® represents lower alkyl or aryl as defined
hereinafter. A preferred disulfide is represented by the

general formula R®-8S-R’, wherein R® and R’ each



formula R6-S-R7 wherein R6 and R7 each independently 5 represent |ower alkyl
or aryl. Highly preferred thioethers include di(lower alkyl) b
especi al | yw eszishsdy  sul fide. A preferred thiophene is thi ophEHEPG2A1S%T .

Hi ghly preferred organic sul fur-containinggdditives include

di met hyl sul fide and thi ophene. 10 An especially preferred sul fur-containing
additive is sodium hydrogen sulfide which generates a sulfide anion (S -)

during the hydrofornylation reaction. The term.|ower al kyl includes |inear
or branched, IQPEPESdSNtAYy SISRE eSS TS WRTUR Y L P HHon AbiE IR ch 15

may be interryped By 06y 4R £ s gfozclrg!abmgn Re tOpReLiNe 10%¥pem R PIE are

present in an~al kyl chain. Mre pre y there are no. oxygen
at oms. present A prefferalelkyithdesithert he clepre seort ddadybare) deriengalnade up of

only carbon atons tional substjtuents may include, for 20 exanple, halo,
cyano, . . hydr o%ﬁ{muéf%d'grﬁokﬁe@ybﬁ; &% kS?ﬂ]’i‘ ¢ ?Eﬁn‘aile%i?') car bonyl ,
am no and MNGeRlecdnt §Lwet ahkyhamgNQ Groups gl Ak alled iR Hes s

substituted it preferably has 1-3 substifuents. reéf erably, however, an
al kyl group i sngsdlestiit(dteer 23 kyduesudlfkglesgr espe ot yavbumediivd have up

to 16 carbon a . preferahl to.10, nore pref.erabl tq 6, and nost
preferably Upﬁﬁé%g%eAgyglPEGEF%§%%gFg&B§h§P§'lﬁféﬁéFFgﬁF%Lﬁﬁﬁﬁﬁfgroups are
preferred. Preferpgdnigwpierahkitls @roups ci Bohyde - tRieRy adikubils

groups, 30 especially n-propyl and n-butyl, and, nost preferred, ethyl and,
especi al | y netipgludehdimethyasll fildel aads toiephenten- nenber ed carbocyclic

SO SRR, BB TUITY (o) D90 W MLER.IONIE, QAR08 VO
substi t uent.s, sdddmekgdpbgeh- 3uddhsiel Whephs gepeehekablay ssAlfdetecdrficam hal o,
cyano, nitro, (lsgy\ferduarliggl ’thleovlvie);drhoafloor?rllyklya!t’ion reaction. '
The term lower alkyl includes linear or branched,
cyclic or acyclic, groups of up to 20 carbon atoms, which
15 may be interrupted by oxygen. Preferably no more than five-
- oxygen atoms are present in an alkyl chain. ‘More
- preferably there are no oxygen .atoms present in the alkyl -
'chain, the chain (or backbone} being made up of only
carboh atoms. Optional substituents may include, for
20 example, halo, cyano, hydroxyl, C;-Cq alkoxy, C;-C,
halocalkoxy, {(C;-C; alkoxy)carbonyl, aminc and mono- or di-
C,-C, alkylamino groups. When an alkyl group is o
-substituted it preferably has 1-3 substituents.
Preferably, however, an alkyl group is unsubstituted.
25 Lower alkyl groups may favourably have up to 16 carbon
atoms, preferably up to 10, more preferably up to 6, and
most preferably up to 4. Acyclic alkyl groups are
preferred. Linear groups are preferred. Preferred lower
alkyl groups include the propyl and butyl groups,
30 especially n-propyl and n-butyl, and, most preferfed,
ethyl and, especially methyl.
The term aryl includes six to ten-membered carbocyclic

aromatic groups, such as phenyl and naphthyl, which groups



C(ORE, C(OOR8 where Re represents a |ower alkyl or aryl 5 grogp.pﬁqm@erred
aryl groups are unsubstituted. H ghly preferred aryl groups are phenyl and
tolyl. Thewoewsrmstssho i ncl udes fluoro, chloro, brono and i odeCT/EEimsabl y
the additive provides sulfur in an anmount 7of up to 60 ppm (parts per
mllion), preferably up to 50 10 ppm nore preferably up to 30 ppm and nost
preferably up to 15 ppm by weight of the total reaction m xture.

Preferably the additive ovides sulfur jn an anpunt ..of_at.|least 5 m
Tost pref or abRFeabPt 85T 1Y 0SRBRT L Yt ChePYheneS OF NECT i BPPFEAERFOR m Xt ur 6.

15 Suitably, acpressss1éniagcendanceudhts, t%@efé‘f@m' OBelebPEHUSLHE @
sul fur-containing additive,:produces I ess than :50% of the cobalt carbide,

over a given hake, peyand, nitreonbewed aiknli hbeower odateadllyl i HeR®,
correspondi ng of | afsi O rocess in the absence of e.additive; 20
and preferabl§?¥ggs’3%g%cg§%¥$ gkt /WP ERTT BT t 2B ST ?%Eyﬁd%¥t?5%Fdoes
not subgtanti gkbuﬂaf fpeéfeiPed agti Vi d¥oaps/ HFe Stadhbst Yt @t ed henTowa} t

catalyst in the hydrofornylation process. In other words, the rate of
hydr of or nyl at PR redt deY rgTedpPemer Phenvddrad veelnlt he 25 reaction

m xture i s subst i t e of of i on. Wi t hout
t he inclusion of %%%%%Tt?%%éﬁﬁcﬁdéé%]e%{c@%%’ n%%?%?‘é %%%Jﬁ aélzléjée)ﬁ#&cém
reaction conditi opsefeByblgutisé aadd bt 1ye tieosoded swel feanit hat ,ampsefter abl y,-

the rate of h drofornglation with the inclusion of the 30 additive in the
t

reaction mixt8feWPst@at®P BRT HoRE%GF B ™ihtePRr: AR bFHT Y atR orP it hout
the addigive. ;54 tably, ptbLeSIBPL lif Ve OF 36 Nk OLAd RS2 §éfé¥ﬁlﬁi%1ﬁ he

hydr of ornyl ation reaction with the inclusion of the 0 7 R 2006
03/ 080550 PCTtE&PD2/ R85 7by Swatight i wb et otsa b ubsa et Pl hixtiwee sane as the
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.0f at least 5 ppm, most preferably at. least 10 ppm, by -
weight of the total reaction mixture.
15 © . Suitably, a process in accordance with the invention,
including a sulfur-containing additiwve,: produces less than
.50% .0of the cobalt carbide, over a given time period,
. compared with that produced by the corresponding
hydroformylation process in the absence of the additive;
20 -and preferably less than 25% .(weight/weight).
Suitably, the additive does not substantially affect
the activity and/or stability of the cobalt catalyst in
the hydroformylation process. In cother words, the rate of .
hydroformylation with the inclusion of the additive in the
25 reaction mixture is substantially the same as the rate of
hydroformylation without the inclusion of the additive in
the reaction mixtﬁre, under identical reaction conditions.
By “substantially the same” we mean that, preferably, the
rate of hydroformylation with the inclusion of the
30 additive in the reaction.mixture is at least 90% of the
rate of hydroformylation without the additive. |
Suitably, the stability of the cobalt catalyst during

the hydroformylation reaction with the inclusion of the



addi tive under identical reaction conditions. Suitably, 5 the stability of
the cobalt catalyst nay be determ ned by nethods well known toUt7Mf3Re2l]ﬁ/ﬁ '
skil I ed i nvid@sadobso for exanple infra-red spectrophot onetrypof/ppheimeet al
analysis, by nonitoring the anount of cobadt |ost froma known
concentration of a catalyst during the hydrofornylation of 10 a known
concentration of an olefinic conpound, at a specific reaction tenperature

and specific pressure of hydrogen and carbon nonoxide. Preferably the
cobal t cat al ySAdHps FePaddsalItulst antdl % duhiiang ioh. the 19+ akak

monoxi de and T AcETTelo] sl IJch - %’g}]% onbi nati on" we
nmean a coordina#?gh con%%u%%ﬁgp rneéﬁﬁvkgﬁéiﬁﬁggﬁ f ones%r nore. carbon
nonoxi de and dngardphuydlkitienlesaties witthcarte e inrleaciahaldf atlens. |1 n
its.active formithe suitable cobalt.  catalyst contains the cobalt.
conponent in a?rgrdé&dé’t,?d PoFa bSO 153t & &3S 18| TP hosPHi 5P 1% -gands

i ncl Udedé hose davifi@nia it Vel @Me RRAFANOTUSR ALAP haW N N& AYdidaPhy, or
unshared pair of electrons. Any essentially organic “derivative of tri‘val ent
phosphor us wi titetitegist ereddokmgwds tel edtoseniskiddefd gur athieorkrits £ogui t abl e

ligand for the_ _cohalt catalyst. It thus will operate.as a li.gand.,n.
forming the dESTR] caBire CAra /RSt "GRMINT AT G & iy Sieve Lk
conposi tion My hRnikended thel RedRReSRIFOIEDALOMo IOl A E IdWhREe 30 B
or ganophosphi ne Iigand may conprise a trival ent phosphorus having aliphatic

and/ or cycl oaldopegnite agdd@horthet epd@lyisitc dugrasort i dvstncd arailedlion of

e Y L% R RReRs e s TRCRE BRI SRR 2 et ol
car boxyl , nit repecdfiico relydioxy tesplethaiaed @nd wrsatidriat edesandren-dfo- carbon = -

| i nkages, and _ saturated and wunsaturated non-carbon-to-carbon |inkages.
hydrogen and carbon monoxide.

Preferably the cobalt catalyst comprises cobalt in
complex combination. with carboh monoxide and an
15 . . organophosphine. By the term “complex combination” we mean
a coordination compound formed by the union of one or more. - -
. carbon monoxide and organophosphine molecules with one or
more cobalt atoms. In its. active form the suitable cobalt.
- .catalyst contains the cobalt component in ‘a reduced
20 valence state.

Suitable organophosphine ligands include those having

a trivalent phosphorus atom having cone available or
unshared pair of electrons. Any essentially organic
derivative of trivalent phosphorus with the foregoing

25 electronic configuration is a suitable ligand for the
cobalt catalyst. It thus will operate aé a ligand in
forming the desired cobalt catalyst.

Organic radicals of any size and composition may be

bonded to the phosphorus atom. For example the

30 organcphosphine ligand may comprise a trivalent phosphorus
having aliphatic and/or cycloaliphatic and/or heterocyclic
and/or aromatic radicals satisfying its three valences.

These radicals may contain a functional group such as



It is also suitable for an organic radical to satisfy 5 nore EQPR @ﬂﬁEOf
the val ences of the phosphorus atom thereby form ng a heterodyc 1
conpound whhox080350val ent phosphorus atom For exanpl e, an PATKER0SBST adi cal
may satisfy two phosphorus val ences with ts two open val ences. and
thereby forma cyclic conmpound. Another exanple would 10 be an al kyl ene
dioxy radical that fornms a cyclic conpound where the two oxygen atons |ink

T e ene T RarEBhy LD EaEncRURRROLYS ALAThe, Mk Betey) 18aEIIRLASr | 1

third .phosphorus val enc be satrsfre ér “organic, radical
15 Anot her typesetustatedt uaebbAavebvtagbbni Yahkagesphaadhenusrbhaedngnd
an. available pair of electrons is one containing a plurality of such
- phosphor us atBREtHFAkEE BN -GrERANCLPAGRERPR. 1 ¥RK&9BFpe of a conpound is

typically calledra bLdeqntat s%kgﬁmg %P”aﬁ"‘@rgﬁﬁtﬂcp?%@@gﬁUanEQH‘EsEQ ar e
present, a tridentate |1 gand en three such osphorus are present,” and so
forth. Suitabhmereobhkt catabjfsthefvalaseesnof hehpr pbesphotust heopr esent

i nventi on and &heir ngthods of regarati n are disgloseg in US Patents
3369050, 3501525reRY482EB1NG5a3398359CY 3456368 BAHTS4%65812 EFEVRteHhhich are

incorporated BREELACPYsT SE6MENFEr Bkehsiabl ¥n hiRytehal bageabal ¥a)y is
substanti al |l y honbgeneous with the reaction mxture. Preferred cobalt

catal ysts forsatsésin t¥e phoesphervé vabDenhespriétinitEntvent Phanavalenose .

whi ch include_a rganic -tertiar hosphi ne | i.ga ecial |l bicyclic
et o cycl 1o Fart EBReeRR FREM Baric TR crarlaryt Sohtes RarE sheYe Wb os0sso
PCT/ EPGR/ 12858e 3R dikelesedaioxidSrRaieanl 8584545rmRepar egebiat tydpoxedpl es.

of: . such ligands include: 9-hydrocarbyl-9-phosphabi cycl o[ 4. 2.1]nonane;
9- ar yl - 9- phosBREBE ceF of 4o 20XYHBRaREOTMS 1ink an alkylene radical to the

phosphorus atom. In these two examples, the third
. phosphorus valence may be satisfied by any other organic.
radical.

15 Another type of structure involving trivalent
phosphorus having an.available pair of electrons is one
containing a plurality of such phosphorus atoms linked by -+ .- -
organic radicals. This type of a compound is typically
called a bidentate ligand when two such phosphorus atoms . ..

20 are present, a tridentate ligand when three such

" phosphorus are presenf, and so forth.
Suitable cobalt catalysts for use in the process of
the present invention and their methods of preparation are
discleosed in US Patents 3365050, 3501515, 3448158,

25 3448157, 3420898 and 3440291, all cof which are
incerporated herein by reference. Preferably, the cobalt
catalyst is substantially homogeneous with the reaction
mixture.

Preferred cobalt catalysts for use in the process of

30 the present invention are those which include an organic

tertiary phosphine ligand, especially a bicyclic

heterocyclic tert-phosphine ligand, preferably as



5 such as 9-phenyl - 9- phosphabi cycl o[ 4. 2. 1) nonane,; 0

(di)al kyl -9-aryl - 9-phosphabi cycl o(4. 2. 1) nonane, such as 7 APR 2006
3, 7- di met hy¥0 93/¢86850y| - . 9- phosphabi cycl o[ 4. 2. 1] - nonane and PCT/EP02/12857
. 3, 8-di net hyl - 9- phenyl - 9- phosphabi cycl o[ 4. 2.01] nonane; 10

. 9-al kyl - 9- phosphabi cycl o[ 4. . 2. 1] nonane, . such as

9- oct adecyl - 9- phosphabi cycl o[ 4. 2. 1) nonane,

9- hexyl - 9- phos c 0[4
9- ei cosyl - O- phors]sacﬁacbl CyCJI O[Lﬁ': ?a{h §3n5e0151% Representative examples of
.9-triacontyl &mhq&@m—bjgm-lcq[\ﬁez 1] nonane; 15

9- cycl oal kyl - phosphablcyclo[4 2 | ] nonane, such as
9 cycl ohexyl - St YAt SofRb ahﬂgy@; H4. 2.1l nonane;

o- cyéﬁoiftkiﬂ% %Qgiospﬁl% %*%%ﬁ*@%f oo e,

9- cycl oozt enylsiftphaes phadianadl -of phbshhuttiongs 1o 2. 2. 1l nonane ;
9- hydr ocar byl - 9- phosphablcyclo[S 3. 1]nonane

9-aryl - 9- phosp@%.%lq XYl TR RAREPhakiGy Gko [4 - 2 . 11 nonane,

o phenyl -9 PhasRBAREYC!Rld diAa lol4.2.11-
9- al kyl - 9- phosphabi cycl'o[ 3.3 ngﬁ egﬁ} SEPhosphablcyc ol 1

9- hexyl - 9- phosphuﬂmnynkb[s 3. I]nonane and 25

9- ei cosyl - 9- phosphabi cycl.of 3. nan rti a preferred |igand
includes a tri’ E@ﬂﬁﬁﬁ g??’qg %EV%W%ﬁ &%é% CEHRtRG. A

particujgrly py.%fl@crﬁe@.(ig{dg dy‘clllgjpis A defdvatd ve thereof, believed to
be a conplex, with cobalt. The cobalt catal ysts can be prepared by a :

diversity of  sustheds mqtmmeopmmamay@epm 2 hHd ngnanss  di scl osed

in US Patents , 3 03/080550 11 _
PC3' / EA2) 1T8' Sq;)'hé%% 8'par?dg%g‘]aﬁf%§f9lf ﬂlA (lea\fieorﬁaenn met hod is to conbine.a

cobalt salt, m@amdsﬂr-éwc@ﬁdbldym tshe dasidgeshe phasphi ne |igand, . for
exanple, in liquid phase _foll owed Aé reduction and carbonyl ati on. Suitable

cobalt salts §7&ﬁﬁQQQﬂ§Y#(ﬂ’R§QﬁﬁH 1casra 14 carbdidRaR%s such as

.15 9-cycloalkyl-9-phosphabicyclo[4.2.1])nonane,
such as 92-cyclohexyl-%-phosphabicyclof4.2.1]lnonane -and
. 9-{l-octahydropentalyl) -9-phosphabicyclo{4.2.1]nonane;
9-cycloa1keny1-9~phosphabicycio[4.2.1]nonane,,
~ such as 9-cyclooctenyl-3-phosphabicycloi4.2.1]lnonane; -
20 .  g@-hydrocarbyl-9-phosphabicyclo[3.3.1])nonane;
9-aryl-9-phosphabicyclo{3.3.1]lnonane,
such as 9-phenyl-9-phosphabicyclo[3.3.1]nonane;
9-alkyl-9-phosphabicyclo[3.3.1]nonane,
such as 9-hexyl-9-phosphabicyclo[3.3.1]nonane, and
25 9-eicosyl-9-phosphabicyclo{3.3.1] nonane.

A particularly preferred ligand includes a
tricarbonyl-9-eiceosyl-9-phosphabicycloe nonane compound. A
particularly preferred catalyst includes a derivative
thereof, believed to be a complex, with cobalt.

30 The cobalt catalysts can be prepared by a diversity of
methods well known to those skilled in the art as
disclosed in US Patents 3 369% 500, 3 501 515, 3 448 157, 3



acetates, octanoates, etc. as well as cobalt salts of mneral acids such as
chlorides, fluoride, sulfates, sulfonates, etc. as well as npxt of one
or nore ofwolhssesFobalt salts. The val ence state of the cobgprzpm 10
reduced and the cobalt-containing.conplex.formed by heating the solution

in. an atnosphere of hydrogen and carbon nonoxide. The reduction may be
performed prior to the use of the catalysts or it may be acconplished

sinul taneously with the hydrofornylation process in the 15 hydrofornylation
zone.. Alterns20 &8 andhe’ ct@l3st s Xaroipeen jprpanethdd ois &t ¢ ardrgvi mreoxi de.

conpl ex of cobalt.. Far. exanple, it is possible to start,with dicobalt
oct acar bonyl %‘%ﬂ?ltbysag'i&'i F IS %b’srf%]?&%mvﬁ't hw’aagutfl?eabqeemi) sphene
ligand, the |pgadchieplacamone oF i, the 2lyead homssonaxi da.amigeul es,
producing the desired catalyst. The ratio of catalyst to the olefinic

conmpound to beeduysidrast G | cRdebnisl afeiter al Jui el e r¢ebakl smdbgmy vary
widely. It may be vari t o .achi.eve a.suhstanti all hompgeneous reaction
m xture® Sol v%oﬂ%rlasree' t1er e%}i)ar"g’lnedt CZ%D#E Lﬁarréffx)fﬂ%a\'/\%%sers, el'I’1easijse of

sol vents whi cdrett £ dderdot foatdl Cheto. Nl watierdereia mnalsihdant i al
degree with the desired hydrofornyl ation reaction under the conditions
enpl oyed, nay"HeidledCicHt Ut RS i Yuir Iaf o ddiisride f sruliaé@fl e, may be

gig?oﬁist ??: \e/,eagsluﬁkoﬁt%ﬁse’f)r andsaseqfﬁl\lggl.als %%&%a%%ggl%}e ?al?a o;S/fset C%fo the’
ol efii.ni ¢ conpriunsze iqolddle gedand | AThez orel eatcearnyt Yiev et |tist ardbaiet wegn bebout
1006 W 03/ CEUHSS PErERTE EIRE CP ettt AR A Bb ol of i nic
AP T RGNS e Mt W 4f AS0Hes o8 lydsegratlr 1L
mol e rati o ofcambdreawincaicigt. Thes rpdirasgem tmayt drsh Eerfmroedi®r oy &epl oyed.
Suitably ratiéﬁ% use .of the catalysts or it may be accomplished
simultaneously with the‘hydroformylation process - in the
" .15 hydrcformylation zone. Alternatively,; the catalysts can be - -
prepared from.a carbon monoxide. complex of cobalt. For
-example, it is possible to start with dicobalt
octacarbonyl and, by mixing -this: substance with a suitable
phosphine ligand, the ligand replaces one or more of the ..
20 carbon monoxide molecules, producing the desired catalyst. . -
' The ratio of catalyst to the olefinic compound to be
hydroformylated is generally not critical and may vary
widely. It may be varied to achieve a’substantially
homogenecus reaction mixture. Solvents are therefore not
25 required. However, the use of solvents which are inert, or
which do not interfere to any substantial degree with the
desired hydroformylation reaction under the conditions
employed, may be used. Saturated liquid hydrocarbons, for
example, may be used as solvent in the process, as well as
30 alcohols, ethers, acetonitrile, sulfolane, and the like,.
Molar ratios of catalyst to the olefinic compound in the

reaction zone at any given instant between about 1:1000

and about 10:1 are found to be satisfactory; a higher or



of hydrogen to carbon nonoxi de conprise those within the rangzﬁpfmiéﬁn1
about 1 to 10. Higher or lower ratios may, however, be enpl oy _.A 0§ atio

of hydroge@d@m?@gspon monoxi de enpl oyed wi || be governed t gpE@RR2EXsent by
the 10 nature of the reaction product desired.. If conditions are selected

that will result primarily in an al dehyde ~“product, only one nol e of

hydr ogen per nole of carbon nonoxide enters into reaction with the olefinic
conmpound. .. When an al cohol is the preferred product of the process of
15.:.." the pilesent ranventifopatblysaokes odk fliydrogempanthd maynoheweverof

car bon nDnoxige reaﬁt gith,each nnlg of . olefinii conpound. .The use. of
rati os of hydP6gBfi®fo CHFboR ABREXPdetwhidh &fel§6Fe Lovler than. -t hose

defined. by these ’I‘ﬁlel@ﬁti‘Beo@eﬂgg?‘bgé?pESf BLEBEn Adnokl@ePHRGeSRr9f the

present -invention may be carri at various pressures. “Conséquently,
hydr of or nyl at wodelyn docgedamsé,wat mofiherprocess eft flieespr edent Lnvention
may typically carrigd out . at gressures bel ow o as,lLowas 1

b 06 _ Pa,
05 e o BREGaEE  BF ERELORCBERENSES ndEnelBn Ve nEHLEP LY Bt i Ph © o

inits applicabih%ayogen tBechoweh RLASRYAES cBRPrREeSEHLAE WAthhg bread
range from 1 x 105 Pa up to about 14 x 106 Pa and in some cases up to

about 20 x 108apge of &vem hbghtrl taylbe Bapheyeor Tpperaklgicshwaypecific
pressure usedhmﬁlb be overngd t ig song.extﬁnk §% tg% %BeCiE%C charge and
catal yst enpl 0Y8dY St n"gefier Pyegre Gre8ttR Phe WEAGETOr “Frofrabdut 2 x 106
Pa to 10 x 10fmcRexadd paplbouhawiyli Bet Beveanga eb boad egbeut By7tXe106 Pa
to about 9 x 106 Pa are greferred, 0 7 APR 2006 WO 03/080550 PCT/ EP02/ 12857
13 Tenpér at ur B3LBEP| B8feBNEnTeRBE hPBCcEESABELt ABSEHGENt FEn CORFRF1GBRAPEE] v -

range from abgut <d086 R BDAYY ) 300G, 2pdo - hEbEl 9DLK BROU alhfGet 0 aboul

210C, a tenperature of abou el ng generafly satistactory. Somewhat
hi gher 5 or | pweduteppenayucrs majye bdHweydrogbe peedmoithpfi thebon

“ monoxide enters into reaction with the .olefinic compound...
When an alcohol is the preferred product .of the process of

.15 .7 the present invention, two moles of hydregen and one mole .
of carbon monoxide react with each mole of olefinic -

. compound. The use of raties of hydrogen to carbon monoxide
.which are somewhat lower than.those defined by these
values are generally preferred.

120 The process of the present invention .may be carried
out at various pressures. Consequently, hydroformylation
in accordance with the process of the present ‘invention
may typically be carried out at pressures below 7-x 10°
Pa, to as low as 1 x 10° Pa. The process of the present

25 invention is, however, not limited in its applicability to
the lower pressures and pressures in the broad range from
1 x 10° Pa up to about 14 x 10° Pa and in some cases up to
about 20 x 10° Pa, or even higher, may be employed.
Typically, the specific pressure used will be governed to

30 - some extent by the specific charge and catalyst employed.
In general, pressures in the range of from about 2 x 10°
Pa to 10 x 10° Pa and particularly in the range of from

about 2.7 x 10°® Pa to about 9 x 10° Pa are preferred.



- scope of the invention. It will be appreciated by those skilleﬁd n ﬂﬁ art
t hat dependi ng upon the specific charge and cobalt catalyst e IAW% ,Bthe
process ofwols/ggo®sent invention 10 nmay effect the direct, ecTgirm2sisage
“hydrofornyl ation of an olefinic conpound i{p yield a reaction product
wherein the al cohols predom nate over the al dehydes. By sel ection of
reaction conditions, charge and the cobalt catalyst within the above

defined ranges it _is possible to obtain greater 15 than or_equal to_ 80% of
strai ght chain al ¢BRBRE2tRERRefMPEA¥ACyVAR| BE BYaRERBJCE sbh@r snYEBRLPRe

hydr of | at ] f | efini ds., Typi Ly, .th I I th

dbsi red ond o BARCEmPERLYRr EBge VEF ST ngPOHE. GRRr b g SRORaPEoRe R

d i bed herg] t ti ° I b
var ed. The ppbeece ol i REOBECA8ATE, E0 A0SRV PEELCE 2 FROM Sl Pl T Che

hydr of or nyl at 4 88,0f 285Yc abd L dnOF a1 Ly Ch 98] s Phatd £y P%mﬁ&m?aéﬁaafiag%@t
| east one olefinic carbon-to-carbon bond. Thus, 1t 'may be applied to the 25

hydr of osnyl at Ponlovenl eénpera conpounalg, cbopever ngbe oheéd nvealhlly timsat ur at ed
conpounds havin%P fo eﬁanPIe from2 to 19 carbons, to produce reaction
m xtures predoiPRa?f ngPFnt A TPhE?Rc al dehydes and al cohol s having one nore

carbon atom than gheysiarbé Ngopr&1 Mt £q COPPEHOE: SR Mae- ph edndi &reonmpounds,
such as et hyl ene, propyl ene, utyl enes, anyl enes, hexyl enes, heptyl enes,

octyl enes, nbhyteAeBendiny|wpes, thederyt ehes, ciatee ydrhesob®@lt7 APR 2006 WO

03/ 080550 PCTLEPQ2/12857 .14 tridecyl enes, tefiradecylene ent adecyl enes,
hexadecylenes?aﬁgg¥3 e%@?%%%%é'o% %d%¥%§?%%e I g%%dﬁﬁ%gi‘%ﬁéﬁeéﬁﬁP%heir

honol ogues, ahgyexarptestid Sitéab| esMSPé UsBigd WpdPSERESy W Ldh ey 218 S
hydrof ornmyl ated in the process of the present jnvention. -Suitable
unsat urat ed cOhPELMHS FHEPRMIRA ek Y 1R bhcheeamion product wherein the

alcchols predominate over.the aldehydes. By selection of
.:feaction conditions, éharge andlthe coba1t cétalyst within
the above defined ranges it is pdssiblé'ﬁb obtain greater
“15 7 than or equai to 80% of straight'cﬁain'aléohols,'father
| than various bfanchedﬂiSOmers:ffom"thé;hydrdforﬁylation of .
olefinic compounds . Typicélly:iéhé alcohols are the o
"désired eﬁdlproduct. Hbﬁéver[xby'véryinémthé dpefafing
conditions as describeduhereiﬁbéfaré the ratio of
20 éideh?des to alcohols pibduét may be varied.

h ~ The process‘of the pfe5ent invention is genéfally"
applicable to the hydroformylation of any aliphatié.or
cycloaliphatic compound having at ieast oﬁe olefinic
carbon-to-carbon bond. Thus, it may be applied to the

25 hydroformylation of olefinic compounds comprising
olefinically unsaturated compounds having, for example,
from 2 to 19 carbons, to produce reaction mixtures
predominating in aliphatic aldehydes and alcohols having
one more carbon atom than the starting olefinic compound.

30 Mono-olefinic compounds, such as ethvlene, propylene,
butylenes, amylenes, hexylenes, heptylenes, octylenes,

nonylenes, decylenes, undecylenes, dodecylenes,



strai ght-chai n conpounds having one or nore olefinic sites. V%ﬁg tﬁgﬁ%r
nore doubl e bonds are present these nay be conjugated, as in 1, HfXPene.

I n the caswoafsdfsspol yol ef i ni ¢ conpounds, it is possible to fydembatssy! at e
only one of the olefinic sites or several all of these sites. The

unsat urated carbon-to-carbon olefinic |inkages nmay be between term nal and
their adjacent carbon atons, as in 1-pentene, or between internal chain
carbon atons, 15. .:as in 4-octene. Preferably an ol efinic conpound used in
t he process isridenpherneteftateadeapdands, Ppefiendkkylanesl, ef i ni c conpound

used in the process as an olefinic |inkage between term nal carbon atom
and 20 its ah?ﬁ%éﬁ?YQ%Pﬁﬁn Q?BH?dFﬁﬂiﬁFﬁﬁnyPEFPgﬁ'SyﬁﬁﬁgFonnlecular

material s i nvRbNhAgcyBENEL] CaHAl tRef hBR-BDQVE:L YREE: eRHGR1RS of
pol ydi ol efinic conpounds, for exanple polybutadiene, as well as copolyners

of ol efini c asditiblefinssteoapedndsypbond@5whxahpimaysbgr ene- but adi ene
copol yner, | sp be _acc | i shed by the ocess_of th resepnt

i nvent i on. nEg%ﬁT%g%Bﬂ%%ﬁﬁﬂgng?etgﬁu8¥¥9e§ﬁi5%bF§ETBFeﬁ§E%iEHVﬁEPbPBCess of
the present i|gyepihP8. uSHhtaPLE8YEbhSouRAEPPHRUSAENBbYHEbASRhHAALRE
alicyclic conpounds such as 30 the cyclic ol efinic conpounds containing

car bon- t o- car ona i@kt chatn oopempaghdashaythgpeneens, meyel chegéndc and
cycl ohept ene. so included in_this category. are the terpenes, and
Fsed-ring pof DGR  BEGHef 1R 6 BRES AOSDES HIARR 98660 SBoEar 050580 maY
PCT/ EP02/ 12858e d6n$uacaa, 2ad- DhCcych onexZalenept adi ene, cds4, éa, 5, 8, 8a-

hexahydro-1, 4, 5, 8- di met hanonapht hal ene and the |ike. The process of this
i nvent #8n i s Pgpyebefinugeactpoungr of br hy| RPBSHPeRi RPchrarpéATPYled® bon

o ! oY BRI En bl SRR 50 b oL Ob AT 008E BB T
sites. The unsaturated carbon-to-carbon olefinic linkages
may be between terminal and their adjacent carbon atoms, .-

as in l-pentene, or between internal chain carbon atoms,
15 . .as in 4-octene. | | | _
Preferably an olefinic compound used in the process-is
‘a mono-olefinic compound. -
Preferably an oiefinic comppupd used in the process
has an olefinic linkage between a terminal carbon atom and .
20 its adjacent carbon atom. _ |
Hydrofofmylatipn.of macromolecular materials involving
© acyclic units of the above types, such as polydiolefinic .-
compounds, for example polybutadiene, as well as
copolymers of olefinic and diclefinic compounds, for
25 example styrene-butadiene copolymer, may also be
accomplished by the process of the present invention.
Cyclic compounds are equally suitable for use in the
process of the present invention. Suitable cyclic
compounds include unsaturated alicyclic compounds such as
30 the cyclic clefinic compounds containing carbon-to-carbon
unsaturation, such as cyclopentene, cyclohexene, and
cycloheptene. Also included in this category are the

terpenes and fused-ring polycyclic olefinic compounds,



-unsaturated al cohols, epoxides, al dehydes, and acids to corresg nggﬁ
al cohol s, al dehydes, and acids containing an aldehyde or hydro g 3 %

on. one of Hfivop@odzgn atons 10 previously involved in the ol eldmmmad of
‘the starting material. The follow ng area; {ew specific exanples of
different types of ol efinic conpounds that nmay be hydrofornyl ated by the
process of. the present invention and the products obtained thereby: 15
catalyst (a) CH3(CH2)3CH=CH2 + CO .+ H2 > CH3(CH2)5CHO and/or . 20

CH3( CH2) 5CH20|ush; psoRebrbipyedades2cal Arpsadiene=CHoE 420D 8. BR-25 cat al yst

C1CH2 CH2 CH2OH C1CHR .
oasmzmzcﬁigag’g%& %r'*cn%;%;%‘i\g@%%g?é?él %?_thg%cﬁ%%%htene + CO +

H2 fornyl cycl openthaepandbes of yhbiepenvgheachi nel tOp7cAPRy20864W»03/ 080550
PCT/ EP02/ 12857 16 5 10_catal yst ~CHO C2H50COCH=CHCOOC2HS5 + CO + H2
C2H50CcoHCH2 00 dnsIghiiyépte olefinic carbon-to-carbon linkages of

5 hydrocarbons but may also be used for non-hydrocarbons.
Thus, it is possible to hydroformylate olefinically
unsaturated alcchols, epoxides, aldehydes, and acids to
cérresponding alcohols, aldehydes, and acids containing an
aldehyde or hfdroxy group on.one of the carbon atoms

10 previously involved in the olefinic bond of the starting
material. The following are a few specific examples of
different types of olefinic compounds that may be
hydroformylated by the process‘of.the present  invention
and.the products obtained thereby:

15

o S : catalyst . .
{a) CH3{CH2):.3CH.=CH2 + CO.'+ H, —-—% CH;(CHz)_r,CHO
and/or

20 o CH3; {CH;) sCH,OH + .isomeric .products

. catalyst
...... | CH;=CHCL + CO + Hp ——————3> C1CH;CH,CH;OH
. o | ‘ and/or
C1CH,CHCHO
25

catalyst
CH;COOCH,CH=CH, + CO + H —2 CH3;COOCH,CH,CH,CHO

and/or
CH.COOCH,CH;CH;0H
30 i

catalyst
cyclopentene + CO + H, — > formylcyclopentane

and/or

c yclopentylcarbinol



CH20H C2H5000C CH2000C2HS catal yst allyl benzene + CO + H2 )
ganmma- phenyl but yr al dehyde and/or del t a- phenyl but anol + i someri cl pAGRIJEs

The ol ef i n{yo ¢H@oe to the process of the invention may congfy/ggyliides70r
nore of the above-defined suitable 15 olefinic conmpounds. Oefinic

conpounds may be hydrofornyl ated under the conditions defined above to

. produce m xtures of al dehydes and al cohols in which the alcohols

predom nate. The process of the. present invention nay thus be 20 enpl oyed
to effect the direct, single. stage hydrofornylation of ol efinic conpounds,
preferably nono- ol efinic conmpounds, and espec%gb% nono- ol efins, having,
for exanple, from2 to 19 carbon atons per ., _prefer BPy to pr oduce
predom nant |y tesCREFHEFHERBFHR S HiVindlz5 to—20—2ar ok }ééfpoﬁeﬁsecul e,
respectively. Qdefinic fractions, such as, for exanple, ngy ric olefinic
fractions, cracked wax fractions, and the like, containing substantial
proportisons of olefinic conpounds, may be readily hydrof or @Hd,@8ed to
fractions of 30 hydrofornylated products conprising nt3.0CeshTH,CO0C;Hs
predom nantly term nal al dehydes and al cohol s having one nore carbon than

t he ol efinic conpounds in the charge and wherein these alcohols are the
predom nant reaction product. Such sg&&s@%gtfeeds consisting of olefinic 0 7
oo 2006 V0 934980820 Sl ER02 L1480 Fa8] IRl DhbB R0 8XTRL e G -
Cg8, (9, C13 an Klg er o701 fimi ¢ fPactions as well -ag orefi hic hyﬁr%carbon
fractiams of wi der boiling ranges such as C7-C9, Cl10-Cl3,and/ié C17 ol efinic
hydr ocarbon fractions and_ the like, In 5 broad ternms C8-Cl6 ol efinic
conpounds, in partiCu|aget5acghenylbutanol + isomeric products

The olefinic charge to the process of the invention
- may comprise two or more of the above-defined suitable
15 olefinic compounds. Olefinic compounds may be
hydroformylated under the conditions defined above to
- produce mixtures of aldehydes and alcoheols in which the

alcohols predominate.’

-The process of the present invention may thus be

.20 _employed to effect the direct, single stage
hydroformylation of olefinic compounds, preferably mono- -
olefinic compounds, and especially mono-olefins, having,
for example, from 2 to ‘19 carbon atoms per molecule,
preferably to produce predominantly terminal alcohols
25 having 5 to 20 carbon atoms per molecule, respectively.
OClefinic fractions, such as, for example, polymeric
olefinic fractions, cracked wax fractions, and the like,
containing substantial proportions of olefinic compounds,
may be readily hydroformylated to fractions of
30 hydroformylated products comprising mixtures of

predominantly terminal aldehydes and alcohols having one
more carbon than the olefinic compounds in the charge and
wherein these alcohols are the predominant reaction

product. Such suitable feeds consisting of olefinic



ol efinic hydrocarbons, are preferred. It will be appreciated that under the
above-defined. conditions, the olefinic charge may react with c@osR 2006

nmonoxi de awrgh hyskoggen to formreaction products conprising ¥ragsehwdes
~and/ or al cohol s havi ng one nore carbon at per nolecule than the olefin

charged. The proportions in which reactants are fed to the reaction zone
may vary over relatively wide limts, for exanple, fromabout 1 to about 5
nol ar anounts of an 15 ol efinic conmpound as descri bed herei nbefore may be
reacted. w tHrcodoabodnclutie, about ex@mpbees, of Chydhog€ne aardd dlnagiter 1 to

bout 7 noles qf carb i de. Sufticient it f ol efini d
are however | RUFAGBAS ATERBSPBEARFovot hooFoRd RO FoR¥P 96 SRRt ur os. of

promoters, stabikizens apdwiher! bke19BY rahgesbsubnAckyded ¢ tdig-of,0cess of
the present invention. Thus, mnor anbunts”of phenolic stabilizers such as
hydr oqui none, Calahi aeebhieiht shydicheasbany df ox¢tesnsfaad ke 1kkeal sInfor

exanpl e OH and may be. added_to.the 25 reaction zone. Tge reaction
XLt o8 obt aPRGAOTRyTBe. SEL§Rcrattt b banprREFEtat Ay BEE BAG I ABARETCre
separating meansfeaARr h$ERBCca®PBn8] BPEEpstepsrefor exanple, stratification,
solvent extraction, distillation, fractionation, adsorption, etc. 30 The

specific nmethod ofitpréddcbeannrracarysd Shphrunion threrbpuBryeéiprdyed will
be governed t86%8?@igﬁg??khgyo§9§1n§9e§b£% e’R Igéa?gdwgﬁﬁcgggggncharged.

Cat al yst- or conponénts ereof,; as we as unconvérted charge, "and 0 7 APR

2006 WO 03/ 08nonoxPad/ ERG2h{dB8oden 18ospby@nteadbtneppbiyets aaypbesiggycl ed
in part or entirety to the reaction_zone. The preforned cobalt catal yst, or
separ at® conpBrERtYTest 2apRACE AR AFGRPL 8 aPABLBI 0P Br BELE RGTPRE &BRPI BRTi n

situ 5 in thgheaghEoRKZANEne "BYePEnadded Ly, mterial separated
The proportioﬁs in whiéh:reactants are fed to the
reaction zone may vary over relatively wide limits, for
example, from about 1 to about 5 molar amounts of an
15 clefinic compound as described hereinbefore may be reacted . :.
o with from about 1 to about 12 moles of hydrogen and about. -
1 to about 7 moles of carbon monoxide. Sufficient amounts -
- 0f olefinic compound.are however included-in the feed to :
the reaction zone.
20 A Admixtures of promoters, stabilizers and the like may
also be included in the process of the present invention.
Thus, minor amounts of phenolic stabilizers such as
hydroquincne, alkaline agents such as hydroxides of alkali
metals, for example NaOH and KOH, may be added to the
25 reaction zone. |
The reaction mixtures obtained may be subjected to
suitable catalyst and product separating means comprising
one or more steps, for example, stratification, solvent
extraction, distillation, fractionation, adscrption, etc.
30 The specific method of product and catalyst separation
preferably employed will be governed to some extent by the
specific complex and reactants charged. Catalyst or

compeonents thereof, as well as unconverted charge, and



fromthe reactor which is being recycled to the reaction zone. gyppRtzpmf an
al coholic reaction product may, if desired, be recycled to the reaction
zone to fuRedpPsedsy sol vent and/or diluent and/or suspendi ngp@Rgpsiiker the
10 catal yst, the catalyst conponents, and-the like, passing to the reaction
zone. A part or all of an al dehyde product™ nay optionally be recycled to
the reaction zone or may be subjected to hydrofornylation conditions in a
second and .separate reaction zone in the presence of a cobalt 15 catal yst.
The cobalt catsally=sntysedtenn empd cyechndhayhyodr afeanmyileat iion =tEp areed not be
the sane as that.usgd i first ste According to a further aspect;,

n he. )
the present i fEISEoN tﬁ?&%ﬁd5§aFﬁéfﬁ%§£%ﬁ'an additive as defined

hereinbefore .20 7h@Qr ;34pRraeSl RGHYNR QLSRN Qfr ceRRlratcardliniordhtd
reaction enploying a cobalt conplex catalyst. The invention will be further
descri bed by Wiy téfe ch¢aliyskl ewpadleoedl pricdusd nex &s @omBaae rarkd i | ot

pl ant experinents.were performed to_25.determne the ability of a

cobal t/_éhosphilr?e%@a?ft §!ef§$lloﬁ zgnﬁydfngfyo})ﬁylagtdegn%roegc t!setgnla&n erattfﬁle of
catal ytic decammroghel 9RaREBHUGHS chEXdMReAnd rEceRaled ite) tife Fesictndar d ‘
cobalt catalyst solution (prelimnary) 30 A phosphine ligand, (268g, 0.63

nmol ) 9- ei cosylzone .pRoPeisbPEy @PoRdralel is eereticnaPradNdr da-ormishel I, and

herei nafter cal he,P- | i |t .60C 7 Q06 _ WO
03/ 080550 'Pd%l?ﬁg%ﬁ%’zag‘? E%g?’gﬁ’aerd\é\g i neo%ga%ttﬁi%?lrez Sﬁ%ags‘? ﬁ’t%%%rgst hi s
was added 298glefena RBAVLY0 dadakh tsahndl/icen sabpealddrty oeiddiate fioxr Zheet hyl
hexanol (equivalent to 0,48 nol _of cobalt), followed _by_268g of

0 ,
Neodol 183* "' 5558&#€FciépenF§F6#¥SGfCGTPOQEHtEISa§dFFH€aﬁl&§beE§@ﬁﬂn&Icbholgiﬁ

3;2;' ggl e TromeShell releioR0kbhon AMga 8! bi' 811 ¥ b0 NAHYR! RBGRR]
' - may optionally be recycled to the reaction zone or may be -
subjected to hydroformylation'conditions'in a second and
.separate reaction zone in the presence of a cobalt
15 - catalyst. The cobalt catalyst used in the second:
hydroformylation step need not be the same as that used in :
the first step.
- " According to a further aspect,.  the present invention
provides the use of an additive as defined hereinbefore
.20 for suppressing the formation of cobalt carbide in a
reaction employing a cobalt .complex-catalyst.
The invention will be further described by way of the -
following non-limiting examples.
Batch and pilot plant experiments were performed to
25 determine the stability of a cocbalt/phosphine catalyst in
a hydroformylation reaction and the type of catalytic

decomposition products.

Example 1: Preparation of a standard cobalt catalyst

solution {(preliminary)

30 A phosphine ligand, (268g, 0.63 mol) 9-eicosyl-9-
phosphabicyclononane, a commercial mixture from Shell, and

hereinafter called the P-ligand, was melted at €0°C and



stock solution for the follow ng batch experinents. The cobalt catalyst
solution was stored at anbient tenperature and pressure. 10 A 103 ARRMS ock
sol uti on ofyg@Rlimespum hydroxide in Neodol -23" was prepar edppy/ossaskyi ng 59
of powdered KOH. in 386g of hbodol-ZBTqugBSOC.This solution was stored at
anbi ent tenperature and pressure: Exanple Bat ch experinent to determ ne
the stability of 15 the cobalt catalyst and the type of deconposition
product wi'thout an additive (conparative) A stainless steel autoclave,

equi pped wit hcbargedrintoeapbrhitre ahdspressute. cBat tbis. waasadfiadiged with
1008 of Neodgl.-;23(err).and 309 of.the_1.3.wW % sol ufi of KOH in_2

Neodol - 23" " o?bgﬁa K 13 %&%ego??béhFﬂ u?h%nsggt%ﬁ#ﬁf?hocﬁ?%¥%g%ﬂ %ﬁd
syngas to reneyByl eBefdsiadl OXygeival 88t Yt OCh gvRovast heabgdt § 0 AV owed
pressurized with H2 and CO (inlet ratio H2/CO = 1.8) to a pressure of 6 X
106 Pa. Subskyjuehtgyct 3godplthe” cobareomaeral §btmsstwre obf of12280Ex8mpl e 1
was | n) geted i?n25§r§e££§ EXPELY UBRL1 s AULE[am) I PULESsL, 1974 and 6 x 106
Pa syngas pressure o a Pow fornatTon of “the actTVve cata yst, a reference

sanpl e was takepuandn angt ysetrbydi fidr ar wedhospecit ophot oxed ryséd slet er m ne
t he conposition and cobalt 30 concentration of the catal yst. The autocl ave
was kept at 197echnBiobukianef Pa Sheghel lpyERs Upat chne¥rReERimeRbR afhg nt erval s

Sanpl es wer o Do, APR. 2008 o Q.03 0BP50. £CTL EPORI 4285 20 W LA Lo

determ ne the cobalt concentration by infra- red spectrophoto
150 hours norenfihprnes9¢%of the cobalt catal yst had di sappeared as

determ ned by infra-red and the autocl|ave S cooled to roomte erature 5'
and depfessuri sed)g gh% ‘f'fﬁlﬁtcf:’_%ééss% %ta%?rédofrﬁo??\%sk‘mi]a%éf%} fcotlected
and anal ysed. R¥odol ay3'di (44 astéPiré@ byled £540 Deiddes§ PP OsbhdOredfrkdihe sol id
residue. The solid : .

o in 386g of Neodol-23™ at 50°C. This solution was stored at

“ambient  temperature and pressure:

Example 2: Batch experiment to determine the stability of

15  the cobalt catalyst and the type of decomposition product

without an additive (comparative)
. A stainless steei gu%oclaye,_eguipped with stirrgr, .
~ temperature and pressure_controlh was charged with 100g of
_ Neodol-23™ and 30g of the 1.3 wt% solution of KOH in
20 Neodol-éB“ of Example 1. After flushing the system with
nitrogen and syngas to remove rgsidual oxygen, the
autoclave was heated to 197°C and pressurized with H; and
CO (inlet ratio H/CO = 1.8) to a pressure of 6 x 10° Pa.
Subsequently, 30g of the cobalt catalyst sclution of
25 Example 1 was injected to start the experiment.
After 5 minutes at 197°C and 6 x 10° Pa syngas
pressure to allow formation of the active catalyst, a
reference sample was taken and analysed by infra-red
spectrophotometry to determine the composition and cobalt

30 concentration of the catalyst.

The autoclave was kept at 197°C and 6 X 10° Pa syngas

pressure, while at regular intervals samples were



resi due was shown to be al nost pure cobalt carbide. The first-order-decay
rate constant of the cobalt catalyst, 1.0 determned fromthe decy gep®i n-
cobalt. concentration by infra-red spectrophotonetry was.0.006 h-1. Exanple
3: Batch eXPRPMY to determine the stability of the cobal FCHEPY%AEY and
the type of deconposition product, withou#%an additive, but in the presence
of added cobalt 15 carbide (conparative) A stainless steel. autoclave,

equi pped with. stirrer, tenperature and pressure control, was charged with
1009 of . = Neqglra23lM ard Q% Afidd& nle TMa1% SUM O i KOy Ninsra-
Neodol - 23" of Exanmple 1. In this particular experiment 2g 20 of cobalt

carbi de in powtst speahrwehcodlene tagdedhiiten Hé utoot averftiean filfshifng t he

vas heated {6 O TERATY 5P KPR AP ARe ST R SRSt B 0O o
1.8) to a presgie -ded 203l 3 LPaurINTRAIGHd oSl Ho Zodheriprndaid e

catal yst solution of Exanple 1 was injected to start the experinent. After
5 minutes at EITCAERT e@ESuriGedRa Thmddsuigh ewsurdeqantdd ard dheatsadiddsf t he
active catalyst, _a_reference sanple was, tak and sed by .infra-red 30
spect rophotorre“fe’rrf tcgl eetcérg%i ﬁ@fﬁ@aggrﬁ?gsi i 8n Tand @or]?a]ﬁcetlco hé&htration of
the catal yst. det@raidin@clraee cwapdeanti cd ok theansblB & Q6 Rae SYM@asolia
pressure, while at regular tinme intervals sanples were 0 7 APR 2006 WO

03/ 080550 PCT/EPGEVE28%FE SROWR Hed Rewd 1Mo sde iy rfehdHd iyl idecod@ént rat i on

by i nfra- red Hectiopnat GRLLY - Al Qonld AUy e ddhian SQ%oh Jhe  cobal t

cat al yst had di sappeare e autoclave was coo 0 anbl en

t enper atwr e - antkteepriessufreed thEheerrdage d maskgddanicetteartd dthensblyi ds were-
diffraction. to detefm ne the conpositi on. R

col |l ected and . al d by X-ra
of the solid rderas CorREeShEORNTOnGTY RS - SndWs to. be-

Example 3: Batch experiment to determine the stability of - -

the cobalt catalyst and the type of decomposition product. . .. -

without an additive, but in the presence of added cobalt

15 ¢ carbide_(comparative) _
A stainless éteel'éutocla#e, equipped‘with.stirrer/
temperature and pressﬁrercontrol, was charged with 100g of .-
. Neodol-23™ and 30g of the 1.3 wt% solution :of KOH in
Neodol-23™ of Example 1. In this particular experiment 2g .
20 of cobalt'carbide.in powder.form was also added to the

‘autoclave. After flushing the system with nitrogen and

'syngas to remove residual oxygen, the ‘autoclave was heated
to 197°C and pressurized with H, and CO- (inlet ratio H,/CO
= 1.8) to a pressure of 6 x 10° Pa. Subsequently, 20g of

25 the standard catalyst solution of Example 1 was injected
to start the experiment.
After 5 minutes at 197°C and 6 x 10° Pa syngas
pressure to allow formation of the active catalyst, a
reference sample was taken and analysed by infra-red
30 spectrophotometry to determine the composition and cobalt
concentration of the catalyst.
The autoclave was kept at 197°C and 6 x 10° Pa syngas

pressure, while at regular time intervals samples were



al nrost pure cobalt carbide. The first-order-decay rate constagt 3F &@g
cobalt catalyst, determned fromthe 10 decrease in cobalt con % % n by
infra-red, wingsss082 h-1. The experinent denonstrates that ddigcgpgsence of
cobalt carbide in the reaction m xture dr tically affects the stability
of the cobalt catalyst, as the first 15 order decay rate constant for the
cobalt catalyst wwth added cobalt carbide in the. reaction is 0.062 h71,
whereas.. the first order decay rate constant of the catalyst wthout
cobal t carbi d¥itydgawnope. Aetiergibe Ekhfiprebalt ERBEAPRETEZLiBAt 8 &RPERT ment
to determ ne ' Ll o e.e0 o y n he t of
deconposition&ggoaé%?gkkh£¥E§%%Fggén%gt%? %8 g%ﬁ%aﬂﬂ%g%oghgﬂegg%dgfi%ggA

st ai nl ess st eebbaltoekautysequafptisnppbastdr 688, theeapevalarve aagd pressure
control, was charged with 90g of Neodol-23"" and 35g of a 1.3 wt % sol ution
of KOH in Neod8P189 53" apbieRb peBPErakure. 8289 8PreRF8phERE: BPEer fl ushing
the systeem w th_nitsr n g t e esLdua , e
autocla&g masﬁﬁggégdggg ?ggg%féﬁdgg?eggér??ggdémf%ﬁgkéoéﬁ ¥g§§(?% et ratio
H2/ CO = 1.8) toadypedsburk-ody 6ikf#86tRan SBSubdeyeenihy B80g obmpbeisiamdar d

catal yst 30 solutjon of Exanple 1 was injected to_start the experinent. 0 7
APR 2006 D 85 BBBSSEL HETT EPbSrd5Ere iéfk t BF S5 ntiR8sSRE05¢ Bhd 6 x
106 Pa syngasa1pbeeSHlBet BBkl OVEAPHIBE L OPNEf £1hgr astiye- §atal Yshrea ,
reference sanpl e was taken and anal ysed by infra-red spectrophotonetry to

det er mi ne t hecevapaskt POnthmdccbbit t cStebneent deteéoningdt heovatadyst. The
"t orvale canSFEBCRBrel v vRAY huiC PO RE OF APRCY mbTbERa EStontent 1213 on by
infra- red. Aht®r 100 hours nore than 50% of the cobalt catalyst
"~ The experiment demonstrates that the presence of
. cobalt carbide in the reaction mixture dramatically
affects the stability of the cobalt catalyst, as the first -
.15 - order decay rate constant for the cobalt catalyst with
- added cobalt carbide in the.reaction is 0.062 h’!, whereas . .
: the first order decay rate constant of the catalyst T

without cobalt carbide is 0.006. h™' (see Example 2}.

'”Example 4: Batch experiﬁent to determine the’stability of ...

20 " the cobalt catalyst and the type of decomposition product

'in the presence of 50 ppm wt thiophéne additive’

A sﬁainless steel autociave, eqﬁipped with stirrer,
temperature and pressure control, was charged with 90g of
Neodol-23™ and 35g of a 1.3 wt% solution of KOH in Neodol-

25 23™ of Example 1 and 0.022g of thiophene. After flushing
the system with nitrogen and syngas to remove residual
oxygen, the autoclave was heated to 192° C and pressurized
with H; and CO (inlet ratio H,/CO = -1.8) to a pressure of
6 x 10° Pa. Subsequently 30g of the standard catalyst

30 solution of Example 1 was injected to start the

experiment .



10 had di sappeared as determ ned by infra-red and the
to roomtenperature and depressurised. The liquid was decant ed (HhdPR 2080

sol i ds wer | ected and anal ysed by X-ray diffraction to i t he
fro s ettt bidise

conpositio

al nost pure cobalt netal. The first order “decay rate constant of the cobalt
fromthe decrease in cobalt concentration by infra-red
spectrophotonetry; was 0.008 h-1. This experinent shows that by addition of

a sulfur- 20 cont gifiing CTRRMRE the jupsesidied 4 or najs @a al,negalal t carbide
L

is fornmed. "By conparing

catal yst, determ ned

is prevented and the nore desirable cobalt neta

solid residue. The solid residue 15 was shown

aut ocl ave was cool ed

the first orderedemae rat @lleendicantatdfort lof chlwalatctdatealoedta vt t s Exanpl e

with that of

additive has 5

catal yst. Addiddenal,

anple 2, it is evident that the _sul fur-cantaining, 25
SR st [SPBES a8 EKETo A A GRS () IR EHATE Sbbal t

precedi ng exanples to determne the efficiency of various gdditives at

suppr essi ng cobal Thearhit@s 1pyenieiSofeRtd athd 926G &d thhet ddti FAvEYPHAFe on
e e CobRlL O o f t@’@?ﬁ%@ igl\égr /1%8%%%%9/@%/ 12857 23
€ e sy

the stability
catal yst. The

P-1igand/ Co derahelatme tookaltieradnal yiie soballitorocasentestridredyi ifxanpl e 1

The synbol CoxC denates cobalt carbi de, whether 2C or C, or hoth in

results ‘are presen in Tabl'e 1 bel ow. ol

/ PRI Che® R TR S mitnle Mol fc@Rs i A AN DopEdnYi NY
concentrations of additives, and at different tenpératures, referred to as
Experi nents ScaomcEht3@tiionTalil ¢he lweltevyswer e perforned as described in the

adni xt ur e; t h& oS - sAEGEEurELe RENFBc AP TEoFhGRa o0 Rt tdieyMoRaddnCakifd YRds not
determqpned. WR.03/08Qp20a24ddas determined by infra-red and the ;

autoclave was cooled to room temperature and

' depressurised. The liguid was decanted and the solids were

collected and analysed by X-ray diffraction to determine -

‘the composition of the solid residue. The solid residie

was shown to be almost pure cobalt metal. The first order:

‘decay rate constant of the cobalt catalyst, determined

from the decrease in cobalt concentration by infra-red

“spectrophotometry, was 0.008 h''.

20

This experiment shows that by addition of a sulfur-
containing compound the undesired formation of cobalt
carbide is prevented and the more desirable cobalt metal

is formed. By comparing the first order decay rate

constant of the cobalt catalyst for this Example with that

25

30

of Example 2, it is evident that the sulfur-containing
additive has little detrimental effect on the stability of
the cobalt catalyst.

Additional batch experiments, with different
additives, varying concentrations of additives, and at
different temperatures, referred to as Experiments 5 to 29
in Table 1 below, were performed as described in the
preceding examples to determine the efficiency cf various
additives at suppressing cobalt carbide formation and the

effect the additives have on the stability of the cobalt
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catalyst. The results are presented in Table 1 below. The

symbol P-ligand/Co denotes the cobalt catalyst solution as
described in Example 1. The symbol CosC denotes cobalt
carbide, whether Cos:C or Co3C, or both in admixture; the.

5 structure/empirical formula is not significant and was not

determined.
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NNN N WO 03/080550 25 '0 7 APR 2006 PCT/EP02/ 12857 Experinent 30;

Conti nuous experinment to determne the stability of the cobalt cgﬁdﬁ$§m%and
the type oo @d@gedxposi ti on product without an additive (conmparapoyersA
‘reaction zone, consisting of four autoclawgs in 5 series operated 192C and 5
x 106 Pa syngas (inlet ratio H2/CO=1.7), is fed wwth a continuous feed
stream of ol efin NEODENETM from Shell, catal yst conponents (cobalt

oct oat e, P—Ilgand as for Exanple 1, KC%D fresh syngas and catalyst recycl e
stream AfterEYPpremgenti 3@ tipeous E NE S

hydr of or myl at | QQ
heavy by- pro#&te > -
heavy- bott om aéeeraﬁaa@oﬂi@m n;_bﬂ@d{w@ xﬁi)bl@éﬁt cazﬁaéaéitiﬁe r@rcmc;laeﬁdlarelq to the
aut ocl aves. The experinment was 15 operated 1n a continuous node. Feed rates
of the catal yst conponents are adjusted to nmaintain the targeted

st eady-state cataﬁy%?aQBh%%n¥?%?roﬂon%h%tb%%p%%lf?%% Pt 9Tl ¥ es chbal t
P-l1igand/ Co = carbide 3 powder form
was pl aded i nseﬁh‘?%c‘?%\?l%%tq_go%%z?»ca?ﬁfgt%ex rﬁ‘?ﬁ Vieds E’é’dﬁﬁ%u@%‘lfegr ¥&30 hour s

to determne g, /@i & ency pPAidNtee MA@ GOQRRUNR AL Fl QHlaLes giere cool ed
to anbi ent tenperature and ~ depressurised. The solids, both the on-purpose

added 25 carb@béfamdNEQQENE%sth@@oShekﬂ vmﬁmﬁkxﬁteQQm@bmﬂmtseﬁﬁ@b@hﬁ by
X-ray diffracti t condj tions rmation of fresh
cobal t car bi d%cgaﬁﬁ%s %a%%arb(ﬁ ??\e djs d%%ﬁcbbg}f?q%a?)ﬁf%% l e

material . Thecgehalystr 0§¢fé.—9ﬂ. rm@ar adé@@és@@riﬁtf&l cadrgd yst
stability, was determ ned to be 0.075 g Co/kg of h droforqylatlon products
producéa overPragugbaheeholestformed by hydroformylation of the olefin

feed stream, and the catalyst dissolved in heavy by-

products are separated via a short-path distillation. The
heavy-bottom stream containing the cobalt catalyst is
recycled back to the autoclaves. The experiment was

5 operated in a continuocus mode.

Feed rates of the catalyst components are adjusted to
maintain the targeted steady-state catalyst concentration .:
and composition: 0.25 wt$% cobalt, P-ligand/Co = 1.3 and
KOH/Co = 0.5,

20 . Cobalt carbide 30g in powder form was placed in
autoclaves 1 and 3 and the run was continued for 600 hours
to determine a reference point. After 600 hours the
autoclaves were cooled to amblent temperature and
depressurised. The solids, both the on-purpose added

25 carbide and the fresh deposits, were collected and
analysed by X-ray diffraction. Operaticn at these
conditions led to formation of fresh cobalt carbide
depositions on the on-purpose added cobalt carbide sample
material. The catalyst decomposition rate, a measure for

30 catalyst stability, was determined to be 0.075 g Co/kg of
hydroformylation préducts produced over the 600 hour test

period.



period. O 7 APR 2006 WO 0 3 /0 80 55 0 PCT/EPO2/12857 26 ExperL&ent 31: _
Conti nuous experinment to determne the stability of the cobalt aﬂﬁ“ﬂﬂﬁ and
the type ofyo peg0RROSI tion product with a sul fur-containi ng potEbivRsH
reaction was carried out as described in nple 30, 5 except that sodium
sul fide was al so added. Feed rates of the catal yst conmponents are adjusted
to maintain the targeted steady-state catalyst concentration and
conposition: 0.25 w%cobalt, P-ligand/Co = 1.3 and KOH Co = 0.5. 10 Sodi um
sul fide was f&kparitenty e?a:lc-'c dfr*ommxalmtemmmermsu@ detemihrai the 0 ppm

sul fur concent rtat'. ) | t car dc()a (30g) in
powder form ' i H AR ont i nued for

600 hours. 13dcomRiLdiide dﬁﬁ&m@lﬂlfﬂiﬁn@ﬁl réddf@i\r@actors
were cooled to roomtenperature an Epr eSSuri se € SOl he

on-purpose added L£aidy doddeds dsposid s é’@ffbé‘c?' 'r‘?%&%ﬁ‘i@'
anal ysed by X-ray di ffrcgfltc?}gn %Sceralﬁ%gin at ?Ahesee 20 C0ndlltl ons |ed to
formati anh of fecesptcdaialt svetialm aultfiele ovepwilmmseaditid cobal t- carbl de
sanple material. The . catal st deconposition rate was determ ped to

0.106g Co/ kg of HFDLFFTRA &5 di$ Y b [ SHRRAE e r# i he %u‘?o t est
period. 25 Thed:85H S t¥e BHRIIRNM 3 ANG 3k dVRNSIF A dri@dnt 4418 on

addition of a sulfur-containing additive suppresses the formation of cobalt
car bi de and r @ tenipesite dror MatdSonwtd adim Itor € -deigiarabi@e coblalX ametal . 0 7

APR 2006 WO 550 P /EP02/ 12857 27 Exanpl es 32-40: Continuous
experinents t S m
10 Sodlum sulflde was fed to the reactor on a continuous

basis to maintain 10.ppm sulfur concentration in the
reaction mixture. . A
Cobait carbide (30g) in bawder form was placed in
reactors 1 and 3, and»the_run was continued for 600 hours. -
15 ‘to determine a reference poiht. After 600 hours the
reactors were cooled to.roam temperature and
depressurised. The splids, bo;ﬁ the on-purpose added
éarbide and the fresh aeéosits,.were collected and
analysed by X-ray diffracﬁion. Operation at these
20 conditions led to formation of fresh cobalt metal on the
on-purpose added cobalt carbide samﬁle material. The Faeny
catalyst decomposition rate was determined to be 0.106g
Co/kg of hydroformylation products produced over the 600
hour test period.
25 The results of Experiment 30 and 31 demonstrate that
the addition of a sulfur-containing additive suppresses
the formation of cobalt carbide and results in the

formation of the more desirable cobalt metal.



stability of the cobalt catalyst and the type of deconposition product with
a sulfur-containing additive Additional continuous experinments wilhABRZ086 ng
5 concent retd gasosde sodi um sul fide as additive were perfor ped/tmzamsser m ne
their efficiency at suppressing the formatj-pn of cobalt catal yst and the
effect the additive has on the stability of the cobalt catalyst. Al
experinments were carried out in the presence of added 10 cobalt carbide, in

powder form at 192C, over an 1800 hour tine period, and with other
conditions asEdaEPLEBed2i AOrhEONPIBHAHENGXERAAPEBLS1LOCHREEFPARS BRAR results

are sumarised_i l es2, hel reagt -hLoaed/ co
ExaaneS-sour%? b ;SE EB@ ?é@a 70 S ig v?E% E‘ 228 none0. 115Co, c
33none0. 087Co ec3nporedi0R08eoBucB8Sapthum sul fudesbAt 85ALng cadbBodi-am

sul fi del00. 106Co 37sodi um sul fi1 de150. 050Co 38Sodi um sul fi de180. 013Co

39Sodi um sul fi de3R839€46Ra%0s6dt yAuSUL T LEE4PIMARPEOw1Bn ThErvESY! t'S

denonstrate that in a reaction mxture which conprises a sodium sulfide
addi ti vé whi clsoprenidesiansweighedofmsabifirdgr aat eddihavie venets per nillion

of the weight of thedrﬁacéign n&xtugﬁethen %he.ég&n&téoguofrZO gobalt
carbide is suBSFESERGeany SSPEFT et alStE FHF AU K eovBPPTERECEE abiPity
of the cobalt feahakysh bs B6balti gatélgantaydathecéetlect the additive

has on the stability of the cobalt catalyst. All

experiments were carried out in the presence of added

10 cobalt carbide, in powder form at 192° C, over an 1800 hour
time period, and with other conditions as described in the
preceding example 31. Conditions and results are

summarised in Table 2 below.

Table 2
Example S5-source [Slreactors’ P-ligand/Co Deposits
(ppmw} decomp. rate
{g Co/kg olefin)
32 none 0.115 ' Co,C
33 none 0.087 Co,C
33 none 0.070 Co,C
-35 sodium sulfide <5 0.050 Co,C
36 Sodium sulfide 10 0.106 Co
37 sodium sulfide 15 0.050 Co
38 Sodium sulfide 18 0.013 Co
39 Sodium sulfide 30 0.064 Co
40 sodium sulfide 40 0.160 Co
15
The results demonstrate that in a reaction mixture which
comprises a sodium sulfide additive which provides a
weight of sulfur greater than 5 parts per million of the
weight of the reaction mixture then the formation of
20 cobalt carbide is suppressed and cobalt metal is formed.

Moreover, the stability of the cobalt catalyst is not

significantly affected.



0 7 APR 2006 - 28 CLAIMS 1. A hydrofornyl ation process conprising reacting
a conpound having at |east one ol efinic carbon-to-carbon bond vﬂ}@
hydrogen and carbon nonoxide in the presence of a cobalt catalys 3&2@5
sul fur-containing additive, 5 wherein the additive is an inorganic

sul fur-containing additive which i s capaBfe of forming a sulfide anion
(S2-) in the reaction nmixture or an organic sulfur- containing additive
selected fromthiols, disulfides, ChAdefShers and thiophenes, wherein the
additive 10 suppresses the formation of cobalt carbide in the reaction

m xture, and wherein the conpound having at |east one olefinic
carbon-to-carbon bond is an olefinic hydrocarbon. 2. A process as cl ained
in claiml wherein the inorganic 15 sulfur-containing additive is sel ected

froma netal sul fAd dedr MR AP P celdlsl icdmAand ingdneger isly i de. 3. A
process as clained in claim2 wherein the inorganic sulfur-containing

addi tive i s seIURVNG rAH i afn 1 adidr egen o3@ifilindes  caadiapmtsuricfsirdenor

hydr ogen sul fi |, & i | ai m_1 er el e ar.ganic
sul f ur - cont ai nt?cﬁ‘gd ﬁ%oﬁﬁ% A ct%ﬁl%ggﬁg‘r?g%gﬁ'd%dimr?etthyl &?s?%le}'i §e°f5. A
process as cl & nedbalt amtadnestofariche pudded-ognteiaimg whieheivet, he additive
does not substqptiall affe 't‘25 t.he stabilit .and/gr agtivitg of the
cobalt catal yste%im ocaétg‘%l A& A8 PR 6n & Yot "ERECRF8EBAPAg ¢l ai ns
wherei n the addiditereproMicdles @ cagsble aa0EBErmahg Wpso £f8Qepaniignper mllion
by weight of thg.total reaction mxture. O 7 APR 7006 - 29 7. A process as
ciainmed in any'®onk Bt He PFEcEhdt WL Widt STPANE adi%ise provides a

sul fur amount Qfntaining additive selected from thiols, disulfides,
thiocethers and thiophenes, wherein the additive

10 suppresses the formation of cobalt carbide in the
reaction mixture, and wherein the compound having at
least one olefinic carbon-to-carbon bond is an olefinic
hydrocarbon.

2. A process as claimed in claim 1 wherein the inorganic

15 sulfur-containing additive is selected from a metal
sulfide, a metal hydrogen sulfide and'hydrogen sulfide.
3. A process as claimed in claim 2 wherein the inorganic
sulfur-containing additive is selected from sodium
hydrogen sulfide, sodium sulfide or hydrogen sulfide.

20 4, A process as claimed in claim 1 wherein the organic
sulfur-containing compound comprises thiophene or
dimethyldisulfide.

5. A processas claimed in any one of the preceding
claims wherein the additive does not substantially affect

25 the stability and/or activity of the cobalt catalyst.

6. A process as claimed in any cne of the preceding
claims wherein the additive provides a sulfur amcunt of

up to 80 parts per million by weight of the total

reaction mixture.



at least 5 parts per mllion by weight of the total reaction mxture. 5 8.
A process as clained in any one of the preceding clains mhereingt i€ | t
catal yst conprises cobalt in conplex conbination with at | east one carbon
- monoxi de nol ecul € and at | east one organoplkesphine Iigand. 9. A process as
claimed in claim8 wherein the cobalt 10 catal yst conprises a conpound of

the general formyla Aq@f&agﬂamﬂsme& fr?pe[r?ys‘?ﬁtes o Ry diee teg[]ocycl Ic

tertiary phosphine |igand. 10. A process as clained in any one o
precedi ng cla|nﬁl&hmﬁewherﬁéﬂc©m®o@mﬁhtmmﬂrnrqnldaﬁxa anﬁiuﬁeamaunx olf5

car bon-to- carbon o] I rocar to 19
carbon at ons. E’ Pg‘?%cessbgagé%%;?%e@iﬂ r‘fee @rh 3&‘5 g'g)tr?g cl ai ns
wherein the reacte@@tiﬁnpﬁiiﬁmﬂed at a tenperature greater than or equal to
100C and at_ a prgssure of 20 greater,than 1 x 105 Pa. 12. Use of a

sul f ur - contai ni n§- adtli RIRL Y HerFHPeTh dh @ oh &06f otfhéhﬁr PEEGERG NSl ai ns for
suppressing the éﬂﬁfﬁg'&Hbfglﬂxﬁﬁétcéﬁﬁﬁﬂ(B%Hély%thﬁ%&ﬁ A% 2bkan tPrRcess

as defined in any one of the preceding clains.
complex combination with at least one carbon monoxide

molecule and at least one organophosphine ligand,
9. A process as claimed in 'claim B wherein the cobalt

10 catalyst comprises a compound of the general formula
Co{CO)sPL wherein L represents a bicyclic heterocyclic
tertiary phosphine ligand. |
10. A process as claimed in any one of the preceding
claims wherein the c¢ompound having at least one olefinic

15 carbon-to-carbon bond comprises an olefinic hydrocarbon
having up to 19 carbon atoms. ‘
11. A process as claimed in any one of the preceding
claims wherein the reaction is performed at a temperature
greater than or equal fo 100°C and at a pressure of

20 greater than 1 x 10° Pa.
12. Use of a sulfur-containing additive as defined in any
one of the preceding claims, for suppressing the
formation of cobalt carbide in a hydroformylation process

as defined in any one of the preceding claims.



