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10 THIS INVENTION relates to the production of oxygenated products. It
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,
t5 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 triphenyl
phosphine ligands used with rhodium, and alkyl phosphine ligands used

30 with cobalt. Specific examples of the latter are frialkyl phosphines and
bicyclic tertiary phosphines such as 9-phosphabicyclo [3.3.1] nonane and




ance. Not es on Codes and Abbrevi ati ons"appearing at the begin- ning._of each
regul ar issue of the PCT Gazette. (54) Title: BICYCLIC PHSSFIR R SI NG
HYDROFORMYLATI ON CATALYST AND USE THERE®F | N PRODUC- TI ON OF OXYGENATED
PRODUCTS (57) Abstract: A process for produci ng oxygenated products from
an ol efinic feedstock, which process includes reacting, in a by
drof ornyl ation reaction stage, an ol efin feedstock: w th carbon nonoxide
and hydr ogen 9athaspéabicyelor Fhpdi atanasecanepregpaicg: hysfewias (Dravdull in the
presence of ad pg&ﬂkannylation catal yst. The hydroformnyl ati on catal yst
conprises a mxture of a netal. M where Mis cobalt (Co), rhodium
(Rh). ruthenium (Ru) al l adi um (Pd); carbon no ide; and a bicyclic
tertiary phosphene a |igating phosphorusyato The |igating
phosphorus atomi s rl jn.a bridgehead. posili CaHgenber of a
bridge lipkage. The “ptoduces oxygenat ed s conprising
al dehydes and/ or alc -1 PRODUCTI ON OF OXYGE PRODUCTS 5 14
February 2005 10 THIS INVENTION rel ates to the production of oxygenated
products. It relates ijn particular to a process foj produci hg oxygenat ed
products from an olefinic feedstock, and to a hydrofornylation catal yst.
Hydr of ornmyl ati on processes for the production of oxygenated products, 15
particul arly al dehydes and/ or al cohols, by the reaction of an olefinic
f eedst ock wi Thedigabda Inrantbdi ate availabledcoereraially,chevampdutes ypeleative es  and
_ pressures_in _the presence of hydrofqgr ati ,Lcatal ysts, are well known.
The al cohbl s tﬂ%ﬂt'g? Cgﬁﬂg?ﬁ}@@@%ﬁ'ﬁpsﬁrpg%b?%%eh in these processes
generally correspond to the conpounds obtained, in the 20 hydrofornylation
reaction, by the addition of a carbonyl or carbinol group to an
ol efi ni cal | y Aindisadvantage cefr Kan catalisedh hystofosewiatiook pieaassesi iBulthéineous

saturation ORUMB%r Oé)fefljnr\kal?]?@éj'side reactions that result in the formation of

undesirable side products, such as heavy ends and paraffins. These

15 products not only impact negatively on the design of commercial
processes but furthermore decrease the yield 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 unmodified

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.

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

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




A hydrofornyl ation catalyst is selected according to the parLi cul ar
“oxygenat ed products which are required froma particul ar ol ‘é%‘?q’i‘faéyzoos

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.
Speci fi ¢ exanalefins fedddtdak | \aith ecadooa tmoadkige phds;bnlydnmnami dievajed i c

terti h hi h O- hab | o d 14 Feb
2005 2 5- bhodBRIRBI Sy P HPHARARIE o prEstit ot £951 BIETangs elyaand (11
respect vl yi RarsAObr ool 0L RplindenlBRIGE obBifhtoh o g | abl e

commercially,” as a ture, under lo collective chemcal name eicosyl
phoban (' EP' M, W@Bsﬁblﬁaﬂ@@b(@@) Gbodml(ﬁi@drutymldﬁb(lﬂy] aripallagiuptesses i s
t he nunber o@scgnwanted side reaéjl ﬁs th resu Nt forﬁtign of
‘undesi rabl e $1Ue B9 PPN ¢d 2 83&‘2}&9 SH&W 8 BS%QJP%f VHY a1iH8tRe 15
products not mséphdm@afdmnsmbbv@a[srs 1 PRoSSIFALIEy WncHaMeEprédentdd OCesses
but “furthernore decrease the yiel'd of tHe desirable and comrercially

val uabl e al cohfarmutai{ll} al dehyde 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 far | ower than R1h@{e obtained with unnodified Co

catal ysi g p

Ra

15 1]
where R is an alkyl, branched élkyl, cycloalkyl, or aryl group;
Rz is an alkyl group; and
Rs is an alkyl group
20 to produce oxygenated products comprising aldehydes and/or alcohols.

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

however, cobalt is preferred. .

25  More particularly, Ry of the [3.3.1]phosphabicyclononane of formula (lll)
may be a linear C; to Cy hydrocarbon chain; and R; = R;.  Still more
particularly, Rz and Rs may each be methyl.




25 It is hence an object of this invention to provide a prq&ﬁss f05

produci ng oxygenated products from an ol efinic feedstock, HAEYEHY A PRese
problens are at |east reduced. Thus, atcording to a first aspect of the
invention, there is provided a 30 process for producing oxygenated ,
products froman ol efinic feedstock, which process includes reacting, in a
hydr of ormyl ati on reaction stage, an 14 February 2005 3 ol efin feedstock
wi t h. carbon nonoxi de and hydrogen at el evated tenperature and

- superatnospheric pressure in the presence of a hydrofornylation catalyst

conprising a mxture or conbination of a netal, M where Mis cobalt (Co),

rhodi um (Rh) Thé lféﬂi\ﬁﬂ'of' 4M35 offorald ﬂﬂ) Wﬂvﬁ:cﬁ"ﬁ)—ﬂg&ﬂﬁ&ﬁﬁ isKédleimand a
bicyclic tertiar ine having a li1gating phosphorus atom and being a

[ 3.3. 1] phos p(i?é}lﬁ'@?% |l!gama@ lwrepnmdeé'ded)bes@ﬁagh digand can 1@ genaied | | |

eyt or dup: Tina tedktneP iR SR sPpe ST Yy ke elort Rt 8 Ry dlacis ™

conpri si ng abﬁl@bwm:méﬂt/@frth@hm@mbﬁ thENyametraby b Limey8.bThasyLiar¢s of

“cobal t, rhodi um ruthenium or pall adi umi  however, cobalt is preferred.. 25
Nbre parti cuWﬁ'rtP%/femesQﬁfe@Ibé't['%f@'"ll]@I‘MsWhﬁlﬁ Ry# Grbhane of formula (111 )
may be a linear C2 to C20 hydrocarbon chain; and R2 = R3. Still nore

particularly, R2 and R3 may each be nethyl.

10 _ Hs7C1a~_

P
CHj

HsC

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
20 C10H21.

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

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

' The hydroformylation reaction stage may be provided by a reactor capable
of handling a homogenously catalysed chemical transformation, such as a

30 continuous stirred tank reactor (‘CSTR’), bubble column, or the like.




- 14 February 2005 4 The famly of ligands of formula (II11) in i ch
R2=R3=net hyl is nanmed Lim (as these Iigands are |inonene &%F%‘(ﬂ’}?ooﬁhus,
each ligand can be denoted 5 "Lim, together with a suffix corresponding to

t he carbon nunber of RL. In one enbodi ment of the invention, the |igand

may be Lim1 8. Thus, Lim1 8 .wll be represented by the formula IV,

where R, is C181-137. 10 15 H37Cl18 P CH3 . H3C I n anot her enbodi nent of the

i nvention, the ligand nmay be Lim10. In other words, Rl of the

Fonctio tenpaPhobinCIE8agEeR mal iEbefictanbe & GI8 Lanitocigionsdt’ o
200C. 25 Thedérpaet olefin piresipilr hiBy tHeeokfinicefaetisitiek iaay bESPRs obtaipsef er abl y
between 50 bar (750Qpsi) and 100 bar (1500p s%, typi cally about 85 bar

(1232psi). Tlmeswyjépmg)argmnm%ﬁgaé@@mmwrg ORgoRXige dnHdBEiregen react or

capabl e f QS I %‘gﬂ tion, such
as a 30 5gon |nu{:)|jlljés}ggl?)f)rre (%dé’né@fb%% Mﬁ%‘? C%a(gafe co QEQB‘ éor the

- like. 14 Febgolmitybadbob aTheonloebambeséeeﬁstlkanmpsch|cmt@§1$fg |v¢|tH ahie be a C2
"to C20 Fi scher - Trr(F)ltgslce?B derived olefin stream the olefinjc feedstock

may be that E§HER e B[ﬂﬂ”@&tth% consitingsthe Q@%”E’ofﬁﬁdlsgqq]fgo $%on

monoxi de and,vds@Yethe invention, or a component thereof constituting the olefinic
feedstock of the process of the invention.
10
In other words, the olefinic product from the Fischer-Tropsch reaction 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

15 process of the invention.

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
20 component, carbon monoxide;, and, as a third component, a bicyclic
tertiary phosphine having a ligating phosphorus atom and being a

[3.3.1]phosphabicyclononane represented by formula (ll1):

25 : _ Ry ~—

Rs

30

I




5 to Fischer-Tropsch reaction conditions in the presence of Fn iron-ogased,
a cobalt-based or an iron/cobalt-based Fischer-Tropsch cafal§&¥aY {i%h t he

- resultant ol efinic product then constituting the olefinic feedstock of the

process of the invention, or a conponent thereof constituting the olefinic
feedstock of the process of the invenijon. 10 In other words, the olefinic
product fromthe Fischer-Tropsch reaction can, if necessary, be worked up
to remove unwant ed conponents therefrom and/or to separate a particul ar

ol efinic conponent therefro jth said artjcuyl ar ol efinic component then
const it uti ng WHECol effirls @nraksbaensd Al Cyelallyh araryigrobe i yent i on.
“According to a second st slkyPdroupeahdvention, there is provided a

hydr of or nyl ati on cata?yst whi ch includes, as a first conponent, a netal M
where Mis cobalt, riReiiamalkyl@ieani with the cpmipoagnisheing imthedosn®f 20
conponent5 csﬁgaﬁannnoxide; and, as a third conponent, a bicyclic ter
tiary phosph aving a ligating phosphorus atom and being a

[ 3. 3. 1] phosphabi cycl ononane represented by formula (I11): 25 RL P / R3 30

R2 11l 14 February 2005 -5a where R1 is an al kyl, branched al kyl,
cycl oal kyl, bhe gstal Mrangthe bigydlis temiagy Ryesriting mayhrias hereinbefore

described with respect to the first aspect of the invention.

10 The invention will now be described by way of example, with reference to

the following drawings.




R3 is an al kyl group, with the conponents being in the forg@fnano208s5Xture.
The netal Mand the bicyelic tertiary phosphine nay be as herei nbefore
described with respect to the first asPpect of the invention. 10 The

i nvention will now be described by way of exanple, with reference to the
foll owi ng drawi ngs. 14 February 2005 6 In the draw ngs, FIGURE 1 shows a
sinplified flow di agram of a process according to the invention for
produci ng oxNidbaar@ayingsoducts froman ol efinic feedstock; and 5 Fl GURE 2

Referiing to Fi piGORE fayisE ekl o GeBE T okt abhY [ O cos

accordi ng t oot tie iimeitiohoforf prodacivgu okygerted giatiactspfrop ahs oleliflicf r om an
ol efinic feedstock, The process 10 includes a hydrofornylation stage 12,
with an ol effegfgtockedt ock flow line 14 as well as a synthesis gas feed

e 16 1eadi ng fiofuRethenBhadforlBxafolt BIYK AU foghBil ads from

‘the 15 hydrofornylation stagé roces I nc €s a separation
stage 20 i ntwithvimehfor hamd1iBne 18 .l eads, with a product  wi thdrawal |ine 22
"leading fromthe stage 20. An unreacted feedstock recycle line 24, for
recycling unreacted feedstock 20 which is separated fromthe product

produced, | rfifid ot mﬁ%ag? réfreR&S knd eFa'F%@@&?erél?y iﬁdiﬁ?fg;@' yst recycle

line 26 also leads fro stage 20 back to the stage 12, recycling
cat al yst whiphcess sepanding:do the emveartiionpioo gueduding txygenaigd @odubiack to the

stage 121'0- from an olefinic feedstock.

The process 10 includes a hydroformylation stage 12, with 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 stage720. An
unreacted feedstock recycle line 24, for recycling unreacted feedstock

20  which is separated from the product produced, leads from the stage 20
back fo 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 Inuse, 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. In the stage 12, the olefinic feedstock reacts with the

- carbon monoxide and hydrogen in the presence of a catalyst comprising
- 306 an intimate mixture or Comb’inetion 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




25 In use, a Fischer-Tropsch derived ol efinic feedstock isifggidy sooshe
~stage 12 along the flowline 14, as is a synthesis gas conprising a
m xture of carbon nonoxi de and hydrogén, which enters the stage 12 al ong
the flowline 16. In the stage 12, the olefinic feedstock reacts with the
car bon nonoxi de and hydrogen in the presence of a catalyst conprising 30 an
intimte m xture or_conbi nation of cobalt, carbon. nonoxide and a bicyclic

tertiary phodphndel Hhd, hikotheuprespung is fypicallnargund Sbebamekds2esildescri bed.
The t t i J i . i i Feb
2005 7 ar ound sRaelf pRUER, Uisfihy Meithiiaicthos, 4¥krbdlbgn, ghd ebruary

(1232psi). &ywithnirhae glongts ine ¢8 fsi farthegwork-opy of al cohol's, are

produced, and are withdrawn along the line 18 for further work-up. 5 The
hydr of ormyl ati on reaction stage 12 typically conprises a hydrofornylation

react or st [ | o ve ; recycl e.
EXAI\/PLESSsyloﬂF%n ?ﬁghgggﬁ%?ggn hg‘%%t@ t gfr%%%i vg%, ﬁkgﬁf: QI!yeagta'ﬁ%lrr%é%vera: carried
out in a 30Chydrokinmytdtieasresctr| systemriadornoratirich catabyst retederptard/O0 r pm at
“the desired (iolns ant pressure with syngas delivered on demand. For each

run the ol €4 ﬂysér&rcéﬁ’lte'rni c solvent, and required amount of catalyst stock
solution were |oaded into the autoclave under argon, the reactor closed
and is purged with syngas, ie synthesis gas conprising a mxture of carbon
monoxi de ancEXAWIRIJER, and then heated to the desired reaction tenperature
at at nospher, ¢, or- anbi en},?ge(ies ure. Th

preasur B ngrine o EJRES el &3 EBEEOIERR eder ol M A nYas
enpl oyed WasmPs@Iess sicl kirrad Autdhawe dpdrated ot 11200 frprahiidr @adiredand car bon
onoxi de. Caéoﬂsi/asr%t p;srlégscljkres\?r;t#tslyfggass Vc\jlec-:-r[i\?er%rdecr))r{;1 r<:!eecr]|nand. 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 mikture 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 C1314 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 Hx:CO ‘
syngas, 1000 ppm Co and a 2:1‘Iigand 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 6onversions were
based on GC analysis of samples‘ taken at 2 hours. Results are

- summarised in Table 1.




usi ng cobalt (2) octanoate and the appropriate |igand (EP, _
Lim10) in-the required ratios. The ol efins enpl oyed were 1fw§%%§§§25 and a
Fi scher-Tropsch derived C13114 ol efin feedstock. 25 EXAMPLE 1: Conparative
exanpl e Hydrofornyl ati on of 1-dodecene was carried out out in the manner
descri bed above. Using 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
carried out EAB&EfTeG@mpaf%tw&ew@taW%ts reactdBy dit divdrefermglatiencel rite and
conver sions. nstants were determ ned from anal ysis of gas uptake

data, and conversions were based on GC analysis of sanples taken at 2
hours. Results are summarised in Table 1. 14 February 2005 8 TABLE 1:
Conparativecatalyst reactivity in hydroformyl :.\flnn of 1- dodecene lLigand |

Tenper at ur e| ( CHIANAH NeMBPE@WEdPCLi m| 18/ 1706 .)8299% [EP / $R0¥®SSit7 4%

Lim 181 1803%&@9%%%@87*% 0 LY .
EXAMPLE 2: [Lonparative ‘exanple Hydrof ornyl ati on of 1-ldodecene was carfied
out out in fhe mannegp /dggeci bed aboye. Usi pgigst andarid-condiz4%ns of 170C,
85 "bar T of 214 H2: CO svnaas..and..1000 ppm Co _ t he..l.i g nd to netal ratib was’

changed. Lim~-18 7180°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 /41 ' 10.99
Lim-18 / 8:1 8.12
EP/81 11.43




lo Paraffin formation was determ ned from GC anal ysis of tfg: ruary 2005 -
hydr of ormyl ati on reaction m xture sarrpl ed after 2 hours. Resu ts are
summarised in Table 2. TABLE 2: Paraffin formation in hydrofornylation of
1- dodecene ‘15 Ligand / L:MParaffin (mass 9% Lim 1812:15.39 EP / 2:18.50
Lim18 / 4:16.98 EP 14:110.99 Lim18 / 8:18.12 EP 18:111.43 14 February
2005 : 9 As seen from Table 2, an undesirabl e side-reaction where a portion
of the olefinic feedstock (1-dodecene) is converted to a saturated

hydr ocar bon _ t I : at al yst
systemis errp('L?gc))gg F}ﬁh} Eéb%ro'#g@%ga on%%p}% (r)%%ggn ‘@?&W@l’g‘:“’ frpar ative
exanpl e Exhatinet i olefiriy dfefdstank a(mdndemfené) disdaroewverteds toaar isaturatdd i n t he

manner descrl bed above, th reaction conditions of 170C, 85 r of 10 2:1
DI symoas VT OeRDapIdeecageD 15 Mugaaipso PHIDROREONAEN 16 &ricn

tenperat ure GR,RRALYSES i©bnidIS RO MY oMY IERoNBRoGRS! | ed out to
m TSRS T I

quantlfyformatlon of heavy ‘en the formation of
unwant ed "heavi es" fractions are suppressed when the LIFM catal yst system

: 'lsdgg‘e)izgﬁgd EﬂM@%% 3: CoHreﬁ%\élr R,efé)xrarrrnargléon i n hydrofornylation of
' Exhaustive hydroformylation of 1-dodecene was carried out in the
manner described above, with reaction conditions of 170°C, 85 bar of
10 2:1 Hx:CO syngas, 1000 ppm Co and 2:1 ligand to metal molar ratio.
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 whe_n the LIM’ catalyst

system is employed.

15
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 Cizq4 olefin feed was
carried out in the manner described above using Lim-18 as ligand, with
25 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 e
“calculated k’ values for this reaction corhpare very well to those obained

from pure feedstock.




LI GANDHEAVI ES (mass EP1. 56% Li m 181. 36% 20 EXAMPLE 4: Hydr?lgr%géi n of a
Fi scher-Tropsch-derived Cl13/14 olefin feed was carried ou Gpr Mariner
descri bed above using Lim18 as ligandl®with 25 reaction conditions of
170C, 85 bar of 2:1 H2:CO syngas, 1000 ppm Co and 2:1 ligand to netal nolar.
ratio. As can be seen fromTable 4, the «calculated k' values for this
reaction conpare very well to those obained frompure feedstock. 14
February 2005 10 TABLE 4: Conparison of feedstocks Feedstockk' (P) Cl13,14

~Fi scher-Tropsch-deri vedO. d ﬂH% : %%\43 . Hydrofornyl ati on of
1- dodecene was carried ou?ﬁii“%[?%e%r%r’a n(ehrsgadgs |%§ﬂéabove using Lim10 as
ligand, with reaction conditions of 170C, 85 bar of 2:1 H2: CO syngas, 1000
ppm Co and 2:1 ligand to 1o netal nolar ratio  As can be _seen in Table 5, a

ligand with |a short er kergstockhai n af f or s conpar abl & (@é)ct ivity. TABLE 5:
Ef fect of Ii gd”éwﬂil iFYéCh‘éi"—*fébédh%}‘%d (hi )ty 186: 8%.8.'1 m 1068015
1-dodecene 0.82

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 H2:CO syngas, 1000 ppm Co and 2:1 ligand to
10 metal molar ratio. As can be seen in Table 5, a ligand with a shorter alkyl

chain affords comparable reactivity.

TABLE 5: Effect of ligand alky! chain

Ligand kK (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-dedecene using Lim-18 as ligand. Reaction
20 conditions of 170°C, 85 bar of 2:1 Hy:CO syngas, 1000 ppm Co and 2:1

ligand to metal molar raﬁo 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




EXAMPLE 6: A sanpling run in a 600 nml autoclave was carried oqut for
hydr of ornyl ati on of 1-dodecene using Lim18 as |igand. Rea&f?%tﬁuar&%f)% |

condi tions of 170C, 85 bar of 2:1 H2: C® syngas, 1000 ppm Co and 2:1 |igand
to netal nolar ratio were enployed, and sanples were taken at various tine
i nterval s and anal ysed by GC to determ ne paraffin make wth tine. The
results are indicated in Figure 2. 25 14 February 2005 1I EXAVPLE 7:
Hydr of or nyl| aBXMMBEE17dodecene was carried out in the manner described

o Go and 4 AOISy RN oo ebhBinas” aRfied) oft e Shg mA R aD & o
| i gands i n adestrtarcabivd, Witheadctivg @bheifioad éf Wier®, $8 bar sf pat H&CQ near

al kyl chain (in this exanple, arall or. cycl oal kyl) provide conparable
reactiviti esSYNgasn. 20 ppiebe aid 1l ligand darnetal mlar ratic. 14s ican be

phenyl 0.41 1 : Nk ' aTRUS: L I.shngly been
found tha I’éé%lﬂ-i"gﬁ%lb%?@ I?%Aq%ﬁﬁﬁeégggﬁaggg%ﬁlﬂﬁhn#gép@@?a n?ﬁglgéljﬁ efgd:t lons in
t he hydr of or ig/het bolingar calleglschain r(edthiedéxandple, aoyar oaladikd) providge st i ng of
a conplex mxture qf cobalt, carbon 15 nonoxi de and a bicyclic tertiary
phosphi ne m&P@P?F?g)'?F%%ﬁtWHt?S- phosphorus atomis neither in a bridgehead
position nor a nmenber of a :

TABLE 6: Effect of Ry

10
Ligand / Ry K (h™)
I} / phenyl 041
i1l / cyclopentyl 0.44
Lim-18 0.36

Thus, it has surprisingly been found that reaction rate is increased and
the number of side‘re_actions in the hydroformylation process is reduced
if a novel catalyst consisting of a complex mixture of cobalt, carbon
15 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 processes. While the phosphorus atoms in ligands (I) and (ll)
20 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 (1) and (ll) where the
phosphorus atom is flanked by two tertiary carbons, the ligating
phosphorus atom is connected to a tertiary as well as to a secondary
25  carbon atom in ligands (II)/(IV). It was thus surprisingly found that these
structural differences resulted in an improved catalyst system so that

these structural differences are thus apparently critical.




brldge Ilnkage is used as a hydrofornylation catalyst, wth either pure
olefinic feedstocks or with ol efinic feedstocks derjved frdhlE@nes -

Tropsch processes. Wile the phosphorus atons in ligands (1) and (I1) 20
-are bridge |Iinkages and thus shared between both heterocyclic rings, the
| i gati ng phosphorus atomin ligands (llil) and (1V) forns part of only one
ring in"'the bicyclic system In contrast to ligands (1) and (lI1) where the
- phosphorus atomis flanked by two tertiary carbons, the ligating
phosphorus aCb#MS connected to a tertiary as well as to a secondary 25
carbon atomin ligands (I11)/(IV). It was thus surprisingly found that
these structural differences resulted in an inproved catal yst system so

that these truct u;{& glfé‘lﬁ ences, are thus a rentl critical. 14
February 2005 12 CLATNE E Bé’&“cﬁ“&rw&‘ d’%%}/é@rf&?%%r@ﬂ@@*@s from
an ol ef i rg c: febdbendst a@ch Wak&dbss P react

hydr of ormyl ati on reaction \g?age Ssanﬁﬁﬁa%l nnﬂ% ﬂg ckaa\(/:m rboﬂa%ﬂom de
and hydr ogerfeaauomsaage,edntcdafﬁrelf@édﬂt@c!awmld:ﬁﬁﬁ@ﬁ FRSRH&Id %narﬁiﬁsﬁéggnl n the

préesence’” a hydrofornyl atiori catalyst conprising a mxture or
conbi nat i on %tf P%Wé{ %MHW?@ SUpsaiBwapheicoresyuie dn utihe( Resencait heni um

Ru) or is nd . bIC clic tertiar
g)ho)sphl ne hﬁ Jrzlg a%ggﬁﬁr@agﬁﬁgphorg@%?%aaa cembination of a
[ 3. 3. 1) phosphetal,c M) onitevan® isepsissientey, buoanghmhm(ﬁhia}emu%ﬁ (%QJ)WBFVG R,

is an al kyl, ?ranche al kyl . cycloal kyl, or aryl group; s an al kyl
group: alfd F%EIF‘Q'% (R qﬂk)ﬂaﬂwfbﬂ}?nweplﬁﬂd@blmygmmPbﬂspluneshawng '

a ligating phosphorus stom and being a [33 ‘l]phcsphablcycloncnane
represented by formula {ill);

15 BN
. P

R
20 -
I

where  Rais an alkyt, branched alkyl, cycloalkyl, or aryl group;

Rzis an alkyl group: and

Rz is an alkyl group, to produce oxygenated products
25 comprising aldehydes and/or alcoho[s

42. A prucess' accordmg i) Clalm ;1, whei'ein. in  the
_hydroformylaﬁnn catalyst, M is cobalt.

36 3. A process accardmg to Claim 1 or Claxm 2 wherein, m the
hydruformylat;on r:ata}yst Ry, Rz and Rz of the
- [3.3.1]lphosphabicyciononana of formula (1 are, respecﬁvaiy, an alkyl

; group, methyl and methyl.




conpri-sing al dehydes and/or al cohols. 2. 'A process accordi to Lma1l,
wherein, in the hydrofornylation catalyst, Mis cobalt. 3%)‘{1%9_!3’%@@%%5
according to Cllaiml1 or Claim2, wherein, in the hydrofornylation
catalyst, Rs, R2 and R3 of the [3.3.11lphosphabicyclononane of formula
(11'l) are, respectively, an alkyl gddup, nethyl and methyl. 1 4 February
2005 13 4. A process according to any one of Clains 1 to 3 inclusive,
wherein, in - the hydrofornylation catalyst, RL of the [3.3.1

] phosphabi cygcl ononane of formula (11 is ali .C7 to_C20. ‘5 -hydrocarbon
chain. 5. A rocess%EE%@&Fn@C"TG(Sd@PaHnaE,V Rﬂ%r%ieﬁ,fa”i"ﬁ ﬁh?c%‘n' P8Pyl ati on
catal yst, . &bir, he 3. 3Hs8Phane I na fer FOrmul a 6111 4 S S
Ci st-147, 1(?%A p'rrf)cesi'? acct:%ero,.di ggﬂ{ﬂ%ﬂaﬁﬁgﬁﬁo vv%g}agﬁ;c,' inmtJhe q(f Qhé

hydr of or nyl d8idhlgiwmsghgbicyciRnoone hef [ ®rawila | flogphabilivget oBontneCof

f or mul a'(sll}_ey is Gol- %2.% is 7.. A process according to any one of Cains 1
to 6 incfusi Ve °“ARBY &Mt he reaction tenperature is from 100C to 300C, '
while the reaction. pressure is at least 20 bar, $. A process according to
any one of Clainms 1 to 7 inclusive, 20 wherein the olefinic feedstock is a
Cz to Czo FiSscher- TRopSEIFadsr | 9eeprdisigef tai cClimeafh owharaiydr & orthpel al i on

| ggé:: %/St rmb&ﬁﬁﬁfﬁyﬁgﬁpuﬁgm@ﬁf RS , of° %ﬁgoﬁaET]pﬁogﬁa%ic%ln%rﬂnee I\éfl S
formula (Iil} is CisMar. I )
- .
B. A process according to Claim 4, wherein, in the
hydroformylation catwalyst, R1 of the [3.3.7lphosphabicyclononane of

formula (HEB is CaoHzs,

15 7. A process ‘according to any one of Claims 1 to 6 inclusive,
wherein the reaction tempsrature is from 100°C to 300°C, while the
reaction. pressure is at least 20 bar. | -

8. A process according to any one of Claims 1 to 7 inciuéive,
20 wherein the olefinic feedstock is a Cz to Cao Fischer-Tropsch derived

——  glefinic stream.

8. A hyd_fofarmyiaﬁon calalyst which includes, as a first :
component, a metal M, where M is cobalt, rhodium, ruthenium, or
25 pal’[adium; as @ second component, carbon fnonuxide; and, as = third
~component, a bicyclic tertiary phosphine having a ligating phosphorus
atom and being a [3.3.1]phosphabicy&lononane represented by férmula
{1

30




Zs pal |l adium as a second conponent, carbon nonoxide; and, E ﬁg
conponent, a bicyclic tertiary phosphine having a Iigating1% ﬂgb ?

atom and being a [3.3.1 ]phosphabicycl ononane represented by fornul a
(Ir1r): 3Q 14 February 2005 14 where Rii is an al kyl, branched al kyl,

cycloal kyl, or aryl group; 10 R2 is &h alkyl group; and | is an al kyl
group, with the conponents being in the formof a mixture 10. A

hydrof ornyl ation catal yst accordinggfg Claim9, wherein Mis IS cobalt.
11. A hydrofornylation catal yst accordigg to Caim9 or Caim10, wherein
Rl, % and RR of the [3.3.1 ]phosphabi cytluo nnan--of formula (111) are,
respectively, an al kyl group, nethyl s . 20 12. A hydrofornyl ation
catal yst according any one of Clains|9 to i nclusi ve, wherein R, of -the
[3.3.1 ] ghosphabi cycl ononane of for 111) is a linear C2 to C20
hydrocarbon chain. 25 13. A hydr dkof ; 7 catal yst according to Caim
12, wherein R, of the [3 3. 1] phosphabi cycrononane of formula (111) is
C18H37. 14. A hydroformnylation catalyst according to Caim12,.wherein R
of the [3.3,1] phosphabi cycl ononane of fgfnula (111) is ClO0H21. 30

where Riis an aik:yl branched alkyl, cycloalkyl, or aryl group;
10 Rzis an atkyl gruup, and
Ra is an alkyl group, with the compcnents being in the form of

a mixture.

10. A hydroformylation catalyst according to Claim 8, wherein M is
15 cobalt, |
11. A hydroformylation catalyst accdrding to Claim 9 or Claim 10,

wherem Ry, Re and Rs of the [3.3.1 ]phcsphabzcyclonnnane of fermula {{iI)
are, respectweiy, an alkyl group, methyl and methyl.

20 , )
12. A hydroformylation catalyst according any one of Claims 9 to
11 inclusive, wherem R: of the [3.3. 1]phosphabucyc:icnonana of formula
(1) is a linear Cz to Czo hydrocarbon chain.

25 13, A hydrofcrmylatiun_t:ataiyst according to Claim 12, wherein Rq |

of the [3.3.1]phosphabicyciononane of formula (I1f) is CiaHar.

14, A hydroformylation catalyst according to Claim 12, wherein R
of tha_'—; [3.3.1]phosphabicyclononane of formula (1) is CioHai.
30 ‘ | ' :




