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| NVENTION rel ates to the production of oxygenated products. It relates in
particul afyg @347 ocess for produci ng oxygenated products gy eflsL! efinic
feedstock, and to a hydrofornylation catal yst. Hydrofornylation processes
for the production of oxygenated products, 15 particularly al dehydes

and/ or al cohols, by the reaction of an olefinic feedstock with carbon
nonoxi de and hydrogen at el evated tenperatures and pressures in the
presence of hydrofornylation catalysts, are well known. The al cohol s
and/ or al dehydes that are produced in these processes generally correspond
to the conpounds obtained, in the 20 hydrofornylation reaction, by the
addition of a carbonyl PRODEETHONDFIOEYGENATED PRE@DUSTRI | y unsat ur at ed
carbon atomin the feedstock with sinultaneous saturation of the olefin
bond. A°hydroformylation catalyst is selected according to the particul ar
25 oxygenated products which are required froma particular olefinic

f eedst ock. Thus, the hydrofornylation catalyst may typically be a
phosphi ne and/ or phosphite |igand nodified rhodium (Rh) or cobalt (Co)
honbgeneous catal yst. Exanples of such catal ysts are triphenyl phosphine

| i gands used with rhodium and al kyl phosphine |igands used 30 with cobal t.
Specific exanples of the latter are trial kyl phosphines and bicyclic
tertiary phosphi nes such as 9-phosphabi cyclo [3.3.11 nonane and

CONFI RMATI ONHIGORY VR TOBNL 448 sPET /thBOKbAG4EEn & Bxphssnbalirerate. [ 4t 2. 11

nonane represented by fornmulas (1) and (I respectivel y:
relates in particular to a process for producing oxygenated products from

an olefinic feedstock, and to a hydroformylation catalyst.

Hydroformylation processes for the production of oxygenated products,
15  particularly aldehydes and/or alcohols, by the reaction of an olefinic
feedstock with carbon monoxide and hydrogen at elevated temperatures
and pressures in the presence of hydroformylation catalysts, are well
known. The alcohols and/or aldehydes that are produced in these
processes generally correspond to the compounds obtained, in the
20 hydroformylation reaction, by the addition of a carbonyl or carbinol group
to an olefinically unsaturated carbon atom in the feedstock with

simultaneous saturation of the olefin bond.

A hydroformylation catalyst is selected according to the particular
25 oxygenated products which are required from a particular olefinic
feedstock. Thus, the hydroformylation catalyst may typically be a
phosphine and/or phosphite ligand modified rhodium (Rh) or cobalt (Co)
homogeneous catalyst. Examples of such catalysts are tribhenyl
phosphine I{gands used with rhodium, and alkyl phosphine ligands used
30 with cobalt. Specific examples of the latter are trialkyl phosphines and

bicyclic tertiary phosphines such as 9-phosphabicyclo [3.3.1] nonane and

CONFIRMATION COPY



5 P- CoH4i (:2p- C2oH4t | Il 10 The ligands | and Il are avail able
comercially, as a mxture, under the collective chemcal nane eicosyl
phoban ('VE»P0)/14248 di sadvant age of Co catal ysed hydr of or nyl B€T/BO1pH4secesSses i S
the nunber of unwanted side reactions that result in the formation of 15
undesirabl e side products, such as heavy ends and paraffins. These products
not only i myaehosidpdicwadd yldea. tihaonese giepedsenteararycifarmuasodésamd (Hut
furthernore decrease the yield of the desirable and comercially val uabl e
al cohol andFaPeal't Hyde products from such a process. 20 Al though

phosphi ne-nodi fi ed Co catal ysed hydrofornylation affords inproved
selectivity towards |inear alcohols, another disadvantage is that reaction
rates are generally | ower than those obtain wilkh unnodi fied Co
catalysis. 25 It i njto provide a process
for pro&ucing oxygenat (g&g‘ucts from an ol ef|i ni cEfaddsiock, whereby

t hese problens ar ast reduced. 30 Thus, accoighng to a first aspect
of the invention, t is provided a process for producing oxygenated
products froman ol efinic feedstock, which process includes reacting, in a
hydr of ornyl ati on reaclion stage, an WO 02/ 14248 PAW/ 1 B0O1/ 01452 3 ol efin
feedstock with carbon nonoxi de and hydrogen at el evated tenperature and
super at nospheric pressure in the presence of a

10 The ligands | and Il are available commercially, as a mixture, under the

collective chemical name eicosyl phoban ("EP').

A disadvantage of Co catalysed hydroformylation processes is the
number of unwanted side reactions that result in the formation of
15 undesirable side products, such as heavy ends and paraffins. These
products not only impact negatively on the design of commercial
processes but furthermore decrease the vyield of the desirable and

commercially valuable alcohol and/or aldehyde products from such a

process.

20 |
Although phosphine-modified Co catalysed hydroformylation affords
improved selectivity towards linear alcohols, another disadvantage is that
reaction rates are generally far lower than those obtained with
unrﬁodified Co catalysis.

25

It is hence an object of this invention to provide a process for producing
oxygenated products from an olefinic feedstock, whereby these problems

are at least reduced.

30 Thus, according to a first aspect of the invention, there is provided a
process for producing oxygenated products from an olefinic feedstock,

which process includes reacting, in a hydroformylation reaction stage, an



hydr of ormyl ati on catal yst conprising a m xture or conbination of a netal,
M where Mis cobalt (Co), rhodium (Rh), ruthenium (Ru) or 5 palladium
(Pd); camponz/maoxi de; and a bicyclic tertiary phosphi ne haviBig/ 1452l i gati ng
phosphorus atom w th the ligating phbsphorus atombeing neither in a

bri dgehead position nor a nmenber of a bridge |inkage, to produce

oxygenat ed piJductesdstngk i withg carbemy Benoxidy candhl kythoben X0 Fleyatedal , M

b bal t, I hodi t henj pal | adi h , cobal t
o pre er iRy Rolh PP RIR e PR e ShE ST et
hydr of or ny| Wdr@fbrnﬁﬂéﬂbﬂséaﬂéﬁ?élt?éogw{{r%ir%a ]@g&%h?cﬁ QBPHIIRGHGRCof a

represented by fornula 15 ( 25 where R, Is an

al kyl, branohtal, dVlkywhergydVloi lopibaltodCal, yrhaglieup (RhiR2rutheaiunal &) gr oup;
and R3 is an al kyl group. More particularly, R, of the . _

[3.3.1] 8hos‘fﬁ@gf%éﬁgﬁo‘%§ﬁ%n ShoRoXiAgi 3”3 @ g‘fygéfotermﬁr\bahasﬁ“ﬁséﬂav@ to C20
hydrocar bor, ¢lyatiRg Shés Gs Brorot Wi ; i may
each be net hyl:@. IV\% 02/ 1@;%%8 PC'?'FIS'Bkédll{/homg Ilgﬁﬁ#ﬁeﬁ%ﬁﬁ&;u%%loﬁggjnls of
formul a (IIngithen whachridRPeheal3 positietnhybr iss nmamber offi anl{radpd hiekagd,i gands are

| i ronene derived); thus, each |igand can be denoted 'Lim, together with a
suffix cor rRSSAYA ioﬁdg?BaWeDré’QPBg?]Cﬂm%'éF’g aldehydes and/or alcohols.

10 The metal, M, may be any one of cobalt, rhodium, ruthenium or

palladium; however, cobalt is preferred.

In particular, the bicyclic tertiary phosphine of the hydroformylation
catalyst may be a [3.3.1]phosphabicyclononane represented by formula

15 (lh:

R1 \
Rs
20

11X

25  where R, is an alkyl, branched alkyl, cycloalkyl, or aryl group;
R, is an alkyl group; and
R; is an alkyl group.

More particularly, R, of the [3.3.1]phosphabicyclononane of formula (lll)
30 may be a linear C, to C,, hydrocarbon chain; and R, = R;. Still more

particularly, R, and R; may each be methyl.



of RL. In one enbodi ment of the invention, the ligand nay be Lim18. 5
Thus, Lim1l 8 will be represented by the fornula IV, where Rl is C18H37.
H37C18 PwabiB2/14@ H3C IV 15 In anot her enbodi nent of the PawEBion4s2 t he
| igand may be Lim10. In other vvords4 RlL of the [3.3.1

] phosphabi c onane f L11), t he 10H21. 20 The react| on
t enper at ur eyrﬁ‘ﬁy{g’ﬂ?é ¥ PBE’\Q , “ﬂ@/[ﬁn d’éh'lc{} '%: =188t Y &5 266 The
reaction pr r S p r tween 50
bar (750pSIL)% cfe{'g‘%éleb ?a?ﬁgoﬁgyT,%ﬂtgggidc{arﬁégpallg%lﬁst gg&ﬁe{&’ghgfﬁ 2psi ).
The hydr of afenwhed i'ldm’r eagéthen veitlagesuttiy doeregpordithediddheacamaatumbeapabl e

of handling a honbgenously cat al ysed chem cal transformation, _such as a
conti nuous %t Rr-r d8 2amienkedimant (ofcthrrinvengighpitae digangnmayr be hém-59- | i ke.

0 02 L2 TR O zb&tggeggm o EAEINCHIRY R, i@ hgaLicul ar, be

aCto derTve ream "I €finic
feedst ock may be that obtained by subj ectl ng a synthesis gas conpri sing
car bon nonoxi de and hydrogen to Fischer-Tropsch reaction conditions in the
presence of an iron-based, a 5 cobalt-based or an iron/cobalt-based

Fi scher-Tropsch catal yst, with theHs7C18

~
P
CHj;

10

HsC

IV

15
In another embodiment of the invention, the ligand may be Lim-10. In
other words, R, of the [3.3.1]phosphabicyclononane of formula (lll) is

then C,oH,,.

20  The reaction temperature may be from 100°C to 300°C, typically from
150°C to 200°C.

The reaction pressure may be at least 20 bar (150psi), preferably
between 50 bar (750psi) and 100 bar (1500psi), typically about 85 bar
25 (1232psi).

The hydroformylation reaction stage may be provided by a reactor
capable of handling a homogenously catalysed chemical transformation,
such as a continuous stirred tank reactor {"{CSTR’), bubble column, or the

30 like.



resultant ol efinic product then constituting the olefinic feedstock of the
process of the invention, or a conponent thereof constituting the olefinic
f eedst oclwoD2/142¢8 process of the invention. 10 In other wopdwBailessel efinic
product fromthe Fischer-Tropsch reaciion can, if necessary, be worked up

to renmove unwanted conponents therefromand/or to sgqpar ate a_particul ar
ol efi ni ¢ cofperiptinichiaedstk Ma: th PEEliCHIMArRe 8t afo S.efisaher-dopmtitent t hen

tituti : i f s ' [ on. 15
Accor di ng 18" %P8 ey Srfemn; B AEE ALANEoREORER Rl AT Puty tiERSY

hydr of or ny It s@ifjecahaly syntiaisBhganebueisinggadon FdhokRIEPaRERydraggretal M
where Mis cobalt, rhodium ruthenium or palladium as a second
conponent , tedrigdiernbesrrbideaatien cagdidionriin dhedrrpeeras of anbiagylageasl, 20

tertiary p ine _havin | i, gati.ng phosphar us- at o ith the. |igating
phospho)rgus%%t%gtr% kg"’]eslengoFle"’}g} ﬁr&n/&f‘baét %?S%éggﬁ'gﬁgpzr@?#ﬂoﬁ\é\dﬁac!YSta Wh‘b Sof a
bridge |i nkaggitaritooRFPt @Ro @XM Qﬂn:ﬁh@@b\?tﬂw&@[é?fﬂi@ifaﬁdﬁbgﬁhﬁdﬂﬁe and/ or
al cohols, with the conponents being in the formof a mxture. 25 The netal
M and t he iregess ef tle tnantigrghesphtempeagnbéhersohepasiibding the deioid bed
wth respegt (%o \tﬁge ffi rst asgec% of .the invention. The invention will now
be descri bdGCHRFOREP N RTEPS O Ji¢ Ve ence to the fol | owi ng draw ngs.
30 WO 02/ 14248 PCT/1B01/01452 6 In the drawi ngs, FIGURE 1 shows a
sinmplified fl ow di agram of a process according to the invention for
produciiig dmygeat\wdrgs,othetadefiniorpraduct dfami the fFestist-dctpsdindeaction

can, if necessary, be worked up to remove unwanted components
therefrom and/or to separate a particular olefinic component therefrom,
with said particular olefinic component then constituting the olefinic
feedstock of the process of the invention.

15
According to a second aspect of the invention, there is provided a
hydroformylation catalyst which includes, as a first component, a metal
M, where M is cobalt, rhodium, ruthenium, or palladium; as a second
component, carbon monoxide; and, as a third component, a bicyclic

20 tertiary phosbhine having a ligating phosphorus atom, with the ligating
phosphorus atom being neither in a bridgehead position nor a member of
a bridge linkage, to produce oxygenated products comprising aldehydes

and/or alcohols, with the components being in the form of a mixture.

25  The metal M and the bicyclic tertiary phosphine may' be as hereinbefore

described with respect to the first aspect of the invention.

The invention will now be described by way of example, with reference
to the following drawings.

30



5 FIGURE 2 shows, for Exanple 6, the formation of side products wth tine
for Lim1l 8. Referring to Figure 1, reference nuneral 10 generally

i ndi cat esv@aopreess according to the invention for produpCvigoxygenat ed
products froman 10 oI efinic feedstoek. The process 10 includes a
hydr of ormyl ation sta 12, with an olefinic feedstock flowline 14 as well
as a synt he@l E"'eggéa"f’ I|ne 16 leading into the stage 12. A product

wi thdr awal || neydBreeRdnollond RBind® By LAIpEM AL PR SkaliteldingThe

process 10 includes a separation stage

with a prodbet invdriidrawidr Iprogudigl e&gigegaﬁeﬁorprbbec&t Fgem2Gan Avlefinig eact ed
feedstock recycle line 24, for recycling unreacted feedstock 20 which is
separ at ed feeREtORK Bﬂéduct produced, leads fromthe stage 20 back to the

stage 1 A ca re I S d nlth back to
t he stage 12, ?ﬁéxféki% %ﬁ%gcé?gﬁbéﬁnﬁﬁ @h g ﬁgpargpea?f?aéﬁgﬁﬁégbroduct
in the stagatBQ“n@a@kLnﬁq&he stage 12. 25 In use, a Fischer-Tropsch derived
olefinic feedstock is fed into the stage 12 along the flowline 14, as is
a synthesis gas conprising a m xture of carbon nonoxi de and hydrogen

whi ch ent er, he st age 12 the flowlLi he sta t he
olefinic fEsaerikts e i BRoehE npBih ebfetay naiCRyS SERSHH ¢ e
presence 0fac§oﬁ‘cﬁﬁ§'%S'Ethé?QHPérﬂt%mgoBQ)r@cﬂhélﬂé' TR ferEked WredQEtsCRER @t i on of
cobalt, carbon nonoxide and a bicyclic tertiary phosphine having formula
(1v), ile Liokefige faedstionkef ore described. The tenperature in the

hydr of ornyl ation stage 12 is typically WO 02/14248 PCT/1B01/ 01452 7 around
170C, while the pressure is typically around 85 bar (1232psi). Oxygenated

products, eeRSheddddg 7B Mouddls &lIRIBESTMAEBoRTR9Ysetd, a”th an olefinic
feedstock flow line 14 as well as a synthesis gas feed line 16 leading
into the stage 12. A product withdrawal line 18 leads from the

15 hydroformylation stage 12.

The process 10 includes a separation stage 20 into which the line 18
leads, with a product withdrawal line 22 leading from the stage 20. An
unreacted feedstock recycle line 24, for recycling unreacted feedstock

20 which is separated from the product produced, leads from the stage 20
back to the stage 12. A catalyst recycle line 26 also leads from the
stage 20 back to the stage 12, for recycling catalyst which is separated
from the product in the stage 20, back to the stage 12.

25 In use, a Fischer-Tropsch derived olefinic feedstock is fed into the stage
12 along the flow line 14, as is a synthesis gas comprising a mixture of
carbon monoxide and hydrogen, which enters the stage 12 along the
flow line 16. vln the stage 12, the olefinic feedstock reacts with the

- carbon monoxide and hydrogen in the presence of a catalyst comprising

30 an intimate mixture or combination of cobalt, carbon monoxide and a

bicyclic tertiary phosphine having formula (IV), ie Lim-18, hereinbefore

described. The temperature in the hydroformylation stage 12 is typically



are withdrawn along the line 18 for further work-up. 5 The hydrofornyl ation
reaction stage 12 typically conprises a hydrofornylation reactor system

i ncor por avOnzj1423% al yst recovery and/or catal yst recycl e. PERMMRIES2 10 | n

t he Exanpl es hereinafter given, all reactions were carried out in a 300 i
stainless steel stirred autoc]ave operated at 1200 rpm at the _desired
constant pr@ 1:KAOIOI¢'S‘S‘/Héj%@kﬁé?r?%%‘réds&MpEFé’H’ér?d?U'F‘é)rS%éP@ﬁ (1 &R 2Phi-

ol efin, par { j at al C | ution
vere 1 oadod D Frd riflene, TCIARY RRnRTBRlodtole e BRAUEEE ol
purged w t larswnigagraw e akyt iresliree §8sfoe duphesivegkapm xt ure of carbon

nonoxi de and hydrogen, and then heated to the desired reaction tenperature
at atnospheric or anbient pressure. The reactions were initiated by

DI esur ] R PR NECHERA] CLUSECH N DEESRYI oo TliE oY RS

enpl oyed was a conmmerci y avai m xt'ure gen and car bon
nmonoxi de. Cajtdab§snysdesk ré@éﬂd)'friQbﬁehﬁﬁﬁr&:o@b@r@&iﬁ%dcatmﬁmmw drdlor

octanoate and the appropriate ligand (EP, Lim1 8 or Lim 10) in the
required r#atdyst Myc-ef i ns enpl oyed were 1-dodecene and a

Fi scher-Tropsch derived C13, 14 ol efin feedstock. 25 EXAMPLE 1: Conparative
exanpl e Hydrof ornyl ati on of 1-dodecene was carried out out in the manner
descri bed ghoxgiplEs ng standard conditions of 85 bar of 2:1 H2: CO syngas,
1000 ppm Co and a 2:1 ligand to netal nolar ratio, hydrofornylations were
car ri edooutinghedifdnepleathereinptientivers aloredotides everienearriedoriton a 09 and

BRI TR S RTIE GERE N E R R
hours. ResWdrgt@f€praWirani#8dyiyatalbi®eled on demand. For each run the
olefin, paraffinic solvent, and required amount of catalyst stock solution
were loaded into the autoclave under argon, the reactor closed and
15 purged with syngas, ie synthesis gas comprising a mixture of carbon
monoxide and hydrogen, and then heated to the desired reaction
temperature at atmospheric or ambient pressure. The reactions were
initiated by pressurising with syngas to the desired reaction pressure.
The syngas employed was a commercially available 2:1 mixture of
20  hydrogen and carbon monoxide. Catalyst stock solutions were prepared
using cobalt (2) octanoate and the appropriate ligand (EP, Lim-18 or Lim-
10) in the required ratios. The olefins employed were 1-dodecene and a

Fischer-Tropsch derived C,;;,, olefin feedstock.

25  EXAMPLE 1: Comparative example

Hydroformylation of 1-dodecene was carried out out in the manner
described above. Using standard conditions of 85 bar of 2:1 H,:CO
syngas, 1000 ppm Co and a 2:1 ligand to metal molar ratio,
hydroformylations were carried out at different temperatures to
30 determine reaction rate and conversions. Rate constants were
determined from analysis of gas uptake data, and conversions were
based on GC analysis of samples taken at 2 hours. Results are

summarised in Table 1.



WO 02/ 14248 PCT/ 1B01/ 01452 8 TABLE 1: Conparative catalyst reactivity in
hydr of ornmyl ati on of 1- dodecene Ligand / Tenperature (C k' (h-')

Conver si w0 02/14m88 / 170C 0.82 99% EP / 170C 0.46 74% Li pe/8801/0182C 1. 54
99% EP / 180C 0.70 87% Lim18 / 190 2.69 100% EP / 190C 1.14 96% 5
EXAVPLE 2: %Oﬁgar ative exanpl e I-Q/droforrryl_atio_n of 1 -dodecene was carried
out out in tHSrRANECPMRAIGHYE hEATHYV deatidyify Wt dhekptprrovration op§ &f 170C,
85 bar of 2:1 H2: pgas and 1000 ppm Co, the ligand to metal ratio was
changed. 1o Paraffin tormation was determned from GC anal ysis of the
hydrof ormyl ati on reaction m xture sanpled after 2 hours. Results are
summarisedin Tahle 2 TABIF 2: Paraffin formation in hydrofornylation o

1- dodecend UdgandjaAdemparatrpdf@ifi h (mask’ W'} Lim 18 / Qodvérsis EP 2:f1
8.50 Lim@E8—+ J‘*L:L%m@l §9} 17%-:’5 4-1—310-99 Lio"?-’rgi'ig +—8+1—8—32 9%!:(%/ 8&1-1 1 .43
EP / 170°C 0.46 74%
Lim-18 / 180°C 1.54 99%
EP / 180°C ‘ 0.70 87%
Lim-18 / 190°C 2.69 100%
EP / 190°C 1.14 96%

EXAMPLE 2: Comparative example

Hydroformylation of 1-dodecene was carried out out in the manner

described above. Using standard conditions of 170°C, 85 bar of 2:1

H,:CO syngas and 1000 ppm Co, the ligand to metal ratio was changed.
10  Paraffin formation was determined from GC analysis of the

hydroformylation reaction mixture sampled after 2 hours. Results are

summarised in Table 2.

TABLE 2: Paraffin formation in hydroformylation of 1-dodecene

15

Ligand / L:M Paraffin (mass %)
Lim-18 / 2:1 5.39

EP/ 2:1 8.50
Lim-18 / 4:1 6.98

EP / 4:1 10.99
Lim-18 / 8:1 8.12

EP/ 8:1 11.43




WO 02/ 14248 PCT/ 1B01/ 01452 9 As seen from Table 2, an undesirable
side-reaction where a portion of the olefinic feedstock (1l-dodecene) is
convert edwo o02/a28tt urat ed hydrocarbon (dodecane) i s nuch PeRsBROsMRNent
when the LIM 18 catalyst systemis ehployed in the hydrofornylation
process. 5 EXAMPLE 3: Conparative exanpl e Exhaustive hydrofornyl ati on of
1- dodecene s Sean rfrem Eg&ei A EheUndesiiable gislecreaastignabbrees awpotiioneatt i on

conditions gof 1 . 85 of - 1 H2: CO.syngas, 1000, ppm Co and 2:1 |igand
to netal nn‘]gP]éer (erg K iege F%%ktih‘gé’:a‘swﬁeé aE HPNUPEied of° t Re SPEY: ‘?‘%n
m xtures wagyGrabaiRp Adbodeeand)uadt hfuehf 9648t hmiRbnPeAREneNAS - LAW-Bgen from

Table 3, the formation of unwanted "heavi es” fractions are suppressed when
the LI M catcdtglyst syytstnens iesndapedjrethe hpd MABINEyIatioRlgaecess.f or mation in

hydr of ororyl ati on of 1-dodecene LI GAND HEAVIES (rmass %9 EP 1.56% Lim 18
1.36% 20 EXAVPLE 4: Hydr of ornyl ation of a Fi scher-Tropsch-derived Cl13114

ol efin feedyRMmpLEAId:] e‘t&ﬂbaﬂa@iv‘er@%aﬁ‘?pg%er descri bed above using Lim 18 as
ligand, with reaction conditions of 170C, 85 bar of 2:1 H2: CO syngas, 1000

ppm Co andExhalstivgahy drofometyddtion| @fr r-dbtecers was kearrseenodir am Tlabl e 4,

the 25 calculated k' valuyes for this reaction conpare very well to those
obai ned f rrBABefr Qef"%rétb"s‘; veww is reasug mendjtimy @14520°C, 85 bar of

2:1 H,:CO syngas, 1000 ppm Co and 2:1 ligand to metal molar ratio.
10 High temperature GC analysis of the reaction mixtures was carried out to
quantify formation of heavy ends. As seen from Table 3, the formation of
unwanted “heavies” fractions are suppressed when the LIM catalyst

system is employed.

i5
TABLE 3: Heavies formation in hydroformylation of 1-dodecene

LIGAND HEAVIES (mass %)
EP 1.56%
Lim-18 1.36%

20 EXAMPLE 4:
Hydroformylation of a Fischer-Tropsch-derived C,;,, olefin feed was
carried out in the manner described above using Lim-18 as ligand, with
reaction conditions of 170°C, 85 bar of 2:1 H,:CO syngas;, 1000 ppm Co
and 2:1 ligand to metal molar ratio. As can be seen from Table 4, the
25  calculated k' values for this reaction compare very well to those obained

from pure feedstock.



10 TABLE 4: Conparison of feedstocks Feedstock k' (h"') C 13114

Fi scher-Tropsch-derived 0.81 1-dodecene 0.82 5 EXAMPLE 5: Hydrofornyl ation
of 1 -dodwaenei2was carried out in the nmanner described aboveBwusI4sg Li m 10
as ligand, with reaction conditions dp 170C, 85 bar of 2:1 H2: CO syngas,
1000 ppm Co and 2:1 ligand to netal nolar ratio. 10 As can be seen in Table
5 aligand with a shorter aI kyI chain affords conparable reactivity.
TABLE 5: Effect of Iigand h- Lim18 0.82 Liml10
0.80 15 EXAMPLE 6: A sanp |ng f' ﬁopwaé'lgggd)r}%eegﬁ{o&(Pave was carried out

for hydrofornylation of 1-dodecene using Lim18 as |igand. Reaction 20

conditions of 170C, 85 bar of 2:1 H2: syngas, 1000 ppm Co and 2:1 |igand
to metal mplar ratio E\ee@tenbl oyed and sanpl es wer & thiken at variols tine
i nterval s and—analysed—by determnre—parat-Hn—rpke—w-th-time—The
results are i fdeeca 'éaﬁ?r Fgﬁﬁbedezlve o5 02/ 14248 PCHOIBO1/ 01452 11
EXAMPLE 7: 1-dodecene 0.82
5
EXAMPLE 5:

Hydroformylation of 1-dodecene was carried out in the manner described
above using Lim-10 as ligand, with reaction conditions of 170°C, 85 bar
of 2:1 H,:CO syngas, 1000 ppm Co and 2:1 ligand to metal molar ratio.
10  As can be seen in Table 5, a ligand with a shorter alkyl chain affords

comparable reactivity.

TABLE 5: Effect of ligand alkyl chain

Ligand k' (h)
Lim-18 0.82
Lim-10 0.80

15

EXAMPLE 6:

A sampling run in a 600 ml autoclave was carried out for
hydroformylation of 1-dodecene using Lim-18 as ligand. Reaction
20  conditions of 170°C, 85 bar of 2:1 H,:CO syngas, 1000 ppnﬁ Co and 2:1
ligand to metal molar ratio were employed, and samples were taken at
various time intervals and analysed by GC to determine paraffin make

with time. The results are indicated in Figure 2.

25



Hydr of ornmyl ati on of 1 -dodecene was carried out in the manner descri bed
above, with reaction conditions of 170C, 85 bar of 2:1 H2: CO syngas, 1000
ppm Co amdo42/14248 gand to netal nolar ratio. As can be seeRCi/mBB/OT&#RI e 6,

| i gands in accordance with the inventlion and where R is not a linear
al kyl chain_(in this_exanple, aryl or cycloal kyl) provide conparable
reactiviti eBXAMBLE &I Effect of R, 10 Ligand / R k' (h-1) 11l / phenyl

0.41 111 | (oTol=Ys A4 L 6. . Thus, .0t .has surprisi been
found t hat W’@fgtl an%‘ﬁ %Q)lfgﬁldhlgfgée%feegv%n%arﬁtgﬁeduﬁuﬁﬂbtgﬁ r@langlg){ig%ée}ggc%ﬂ ons in
t he hydr of ebeykatyioh reaeGes Tohditi@Bused 705C) fsm bap el 2:aaHMOG lsykgasi sti ng
of a conplex m xture of cobalt, carbon nonoxide and a bicyclic tertiary
phosphi ne i@ nare Epgend dgl plasnshe uvetaltronalar satiei tAsecannbe dsendiehead

position n er of. a bridge |inka . 1s used as hydr of or imyl at i on
catal yst, \%%bﬁe Et a‘nd%u'lneacoqoé&%mecW'ﬁ%%ﬁ%t’%\éﬂ'o& aﬂﬁ?t"ﬁﬁ%ﬁ%gi i 0%t bdst ocks
derived framehi SOBIChEIPRRCHLxBARIESHES or Wi SalkNE pPHASENYKSardb in
ligands (1) and .(W) arembri dge [Ii nkagrgs a\r?glczcﬁausﬁgﬁar eg bet vvlien 1B]i{)r"t;h

het er ocycl irea¢iviggs. the ligating phosphorus atomin ligands (I11) and (IV)
forms part of only one ring in the bicyclic system In contrast to |igands
(') and (11) where the phosphorus atomis flanked by two tertiary carbons,
the ligating phosphorus atom i sr23 e@ngeled st a tertiary as well as to a
secondary carbon atomin ligands (T1T)7(iV). It was thus surprisingly
found tihat these structural differences resulted in an inproved catal yst

system so that-these-structural —differences—are thus apparently critical.
Ligand / R, k" (h™)
lil / phenyl 0.41
Il / cyclopentyl 0.44
Lim-18 0.36

Thus, it has surprisingly been found that reaction rate is increased and
the number of side reactions in the hydroformylation process is reduced
15 if a novel catalyst consisting of a complex mixture of cobalt, carbon
monoxide and a bicyclic tertiary phosphine where the ligating phosphorus
atom is neither in a bridgehead position nor a member of a bridge linkage,
is used as a hydroformylation catalyst, with either pure olefinic
feedstocks or with olefinic feedstocks derived from Fischer-Tropsch
20 processes. While the phosphorus atoms in ligands (l) and (il) are bridge
linkages and thus shared between both heterocyclic rings, the ligating
phosphorus atom in ligands (lll) and (IV) forms part of only one ring in the
bicyclic system. In contrast to ligands (l) and (ll) where the phosphorus
atom is flanked by two tertiary carbons, the ligating phosphorus atom is
25 connected to a tertiary as well as to a secondary carbon atom in ligands
(IN/(1V). 1t was thus surprisingly found that these structural differences
resulted in an improved catalyst system so that these structural

differences are thus apparently critical.



WO 02/ 14248 PCT/ 1B01/01452 12 CLAIMS 1 . A process for producing
oxygenat ed products froman olefinic 5 feedstock, which process includes
reacti ng,won2/a2i8/drof ornyl ati on reaction stage, an ol ef i PCT/ERASIGRK Wi th
carbon nonoxi de and hydrogen at el evated tenperature and superat nospheric
pressure in the presence of a hydrofornylation catalyst conprising a

m xture or conbination of a netal, M where Mis cobalt (Co), rhodium
(Rh), ruthegpLwmadRu) or 10 pall adium (Pd); carbon nonoxide; and a bicyclic
tertiary phosphine having a ligating phosphorus atom wth the ligating
phosphorus atom being neither in a bridgehead position nor a nenber of a
bridge Iinkage, to ,produce oxygenated products conprising al dehydes and/ or
al cohols. 15°2. A p‘?‘oB@??sﬁé%rpg?Wdc'f‘S efvgepated ng{éitﬁ,fr@'ﬁ gpelefinic

hydr of orqryl add t , ' opal 3. o rogcess rding to Caiml
or Claim 2, \A/ndg?%?ﬁ ?}ﬁlgﬁhbi%gﬁ?i ?\g’rh%qeasr yres @s’%’hﬁﬁe “of cg‘irg)fgrmyglaltlgn

hydr of or ny| egdctioncsitagley sin olefia fe2dsfdi3witH phAsPhalbyEd RRBaNIgBRES ENt ed
by formula (J11): R, PR3 25 R2 I1l 30 where R is an alkyl, branched

al kyl, cycl %le@aﬁe%rteaﬁﬂfafg‘tf%@md SHpefadmasP ey [Preglp; inatite REesescan al kyl

group. WO 0gf %4%&0?%91%%00%45@3‘[ comprising a mixture or combination of a
metal, M, where M is cobalt (Co), rhodium (Rh), ruthenium (Ru) or

10 palladium (Pd); carbon monoxide; and a bicyclic tertiary phosphine having

a ligating phosphorus atom, with the ligating phosphorus atom being

neither in a bridgehead position nor a member of a bridge linkage, to

produce oxygenated products comprising aldehydes and/or alcohols.

5 2. A process according to Claim 1, wherein, in the

hydroformylation catalyst, M is cobalt.

3. A process according to Claim 1 or Claim 2, wherein the
bicyclic tertiary phosphine of the hydroformylation catalyst is a

20 [3.3.1]phosphabicyclononane represented by formula (Ill):

R1\
P

Rs
25

Re

111

30  where R, is an alkyl, branched alkyl, cycloalkyl, or aryl group;
R, is an alkyl group; and

R; is an alkyl group.



13 4. A process according to Cdaim3, wherein the [3.3.1

] phosphabi cycl ononane of the hydrofornylation catalyst is: RL P R3 R2 10
11 whenveOR¥14288 an al kyl group; R2 is nethyl; and R3 isPapiBylo14525 5. A
process according to Claim3 or Caimnm4, wherein, in the hydroformnylation
catalyst, RL of the [3.3.1 ]phosphabicyclononane of forrmula (Il1l) is a
linear C2 t & C20 hydr ocBfIEESchaicsordinde. ta pridedRs sucorwhergin o thai m 5,

wherein, inat i f the [3, 3.1

] phosphabi g&é?@%%ﬁ%ﬂ%‘%ﬁéyyé&nﬂﬁ a %ﬁ% K?éroé%ﬂ@?.“og.c KaNFh&ss accor ding
to Cdaim5, wherein, in the 25 hydrofornylation catalyst, Rl of the

[ 3. 3.1 | phosphabi cycl ononane of formula (111) Is CILOH21. 8. A process
accordi ng to any one of ains 1 thy Y nclusive, wherein the reaction
tenperature is from100C to 300C, whilerthe 30 reaction pressure is at

| east 20 bar. WO 02/14248 PCT/ 1B01/ 014 4 9. RA process according to any
one of Clainms 1 to 8 inclusive, whefeint olefinic feedstock is a C2 to
C20 Fi scher-Tropsch derived

10 11|

where R, is an alkyl group;

R, is methyl; and

R, is methyl.
15
5. A process according to Claim 3 or Claim 4, wherein, in the
hydroformylation catalyst, R, of the [3.3.1]phosphabicyclononane of
formula (Ill) is a linear C, to C,, hydrocarbon chain.
20 6. A process according to Claim 5, wherein, in the

hydroformylation catalyst, R, of the [3.3.1]phosphabicyclononane of

formula (Ill) is C,gH5,.

7. A process according to Claim 5, wherein, in the
25  hydroformylation catalyst, R, of the [3.3.1]lphosphabicyclononane of

formula (lll} is C,oH,;.

8. A process according to any one of Claims 1 to 7 inclusive,
wherein the reaction temperature is from 100°C to 300°C, while the

30 reaction pressure is at least 20 bar.



olefinic stream 5 10. A hydrofornylation catalyst which includes, as a
first conponent, a netal M where Mis cobalt, rhodium ruthenium or

pal | adi uwoaxi1e4second conponent, carbon nonoxi de; and, aBCHIBGoN4h2
conponent, a bicyclic tertiary phosphH#ne having a l|igating phosphorus

atom wth the ligating phosphorus atom being neither in a bridgehead 10
position noP-a membéy PE¥CEss SCCaEng ithieayeong 8f flaidsce toxy ywheged pr oduct s
conpri si ng : ol | ith~th ponent being in the
Form of arinernbong oG TRBaaRe Se Gl R o REREB 4G ro @ ai'm 10,
wherein M disfinis tedhtf . 12. A hydrofornyl ation catal yst according to Claim
10 or Aaim 11, wherein the bicyclic tertiary phosphineis a [3.3.1

] phosphabi cycl ononane represented by formula (l111): 20 R PR3 25 R2 |11

Sher s 1850 1 B S AN e S AR 20, 1
fgt a:qxﬁa AR Fbidht @ ReedIMVILdhadBay 8 BobhiRerHodidnl rliPRARRAAR} cycl ononane
palladium; as a second component, carbon monoxide; and, as a third

component, a bicyclic tertiary phosphine having a ligating phosphorus

atom, with the ligating phosphorus atom being neither in a bridgehead
10  position nor a member of a bridge linkage, to produce oxygenated

products comprising aldehydes and/or alcohols, with the components

being in the form of a mixture.

11. A hydroformylation catalyst according to Claim 10, wherein M

15 is cobalt.

12. A hydroformylation catalyst according to Claim 10 or Claim
11, wherein the bicyclic tertiary phosphine is a

[3.3.1]phosphabicyclononane represented by formula (lll):

20
R, ~
P
Rs

25 R,

II1

where R; is an alkyl, branched alkyl, cycloalkyl or aryl group;

30 R, is an alkyl group; and

Rs is an alkyl group.



R3 R2 10 Ill where RL is an alkyl group; R2 is nethyl; and 15 R3 is
methyl. 14. A hydrofornylation catalyst according to Caiml1l2 or Claim 13,
wherein RL of the [3.3.1 ]phosphabi cycl ononane of formula (I11) is a

linear C2 to C20 hydrocarbon chain. 28 15. A hydrofornylation catal yst
according to Claim14, wherein Rl of the [3.3.1 ]phosphabicycl ononane of
formula (1118 s cléHBydrofgrmulaipar eaiaiyafl aesdingatal §leim at2onvdhargint o O ai m

ng\évIIerei ’%hgjts.s’-.?]%oé%%bﬁ&c?o&oda%@%?habi cycl ononane of fornmula (I11) is

5 AN
P
Ra
Ra

10 111

where R, is an alkyl group;

R, is methyl; and

15 R; is methyl.

14. A hydroformylation catalyst according to Claim 12 or Claim

13, wherein R, of the [3.3.1]phosphabicyclononane of formula (lll) is a

linear C, to C,, hydrocarbon chain.

20
15. A hydroformylation catalyst according to Claim 14, wherein R,
of the [3.3.1]phosphabicyclononane of formula (lll) is C,gH;,.
16. A hydroformylation catalyst according to Claim 14, wherein R,

25 of the [3.3.1]phosphabicyclononane of formula (Ill) is C,,H,;.



