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

10 collective chemical name eicosyl phoban (‘EP’).

A disadvantage of Co catalysed hydroformylation processes is the
number of unwanted side reactions that resuit _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
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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 cne of cobalt, rhodium, ruthenium or paliadium;

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.
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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.
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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 ~—
. ) =]
Ra

30
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conponent, carbon nonoxi de; and, as a fhird conponent, a bicyclic ter
tiary phosphine having a ligating phosphorus atom and being a

[ 3. 3. 1] phosphabi cycl ononane represented by forrmula (111): 25 RL P / R3 30
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cycl oal kyl , lorthadjawipgsup; R2 is an al kyl group; and R3 is an al kyl group,
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February 2005€8518Ki#d dr awi ngs, FIGURE 1 shows a sinplified flow di agram
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formati on ofwith tmepfioolimi18.with time for Lim 18.

Referring to Figure 1, reference numeral 10 generally indicates a
process according to the invention for producing oxygenated products

10- 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
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hydr of ormyl ati on reaction stage 12 géplca y conprises a hydrofornylatlon

reactor systeaRsiaidMEERYEi WEh @&ﬂﬁﬁ% liveregven weatand F-oreachi fus theecycl e.
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 eonversions were
based on GC analysis of samples‘ taken at 2 hours. Results are

- summarised in Table 1.
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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
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1- dodecene was carried out in the
EXAMPLE 3: Comparative example
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.
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Feedst ockk' |(P) @TQFP}‘HEF?EW}%?%@? h-deri ved0. 81 1- 9;%1ecene0. 82 EXAMPLE
5: Hydrofornyl ati on of1-dodeskeene was cafried out in g2 manner descti bed
‘above using Lim10 as ligand with reactlon conditions of 170C__85 har 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 shorter al kyl :

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




chain affords conparabl e reactivity. TABLE 5: Effect of and al k1¥ chain
i gandk' (h-'") Lim180.82 Lim100.80 15 EXAMPLE 6: A sarrpl ¥5a 600
m autoclave was carried out for hydréformylation of 1- dodecene usi ng
Lim 18 as ligand. Reaction 20 conditions of 170C, 85 bar of 2:1 H2: CO ,
syngas, 1000 ppm Co and 2:1 ligand to netal nolar ratio were enpl oyed, and
sanples were taken at_various tinme intervals and anal ysed by GC to
determ ne paEXANMBLERKe with tine. The results are indicated in Figure 2.
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carried out I%y@?&@lﬂ@”@ei%#—%ﬂg g@aes %ﬂa}éﬁgrggét% gﬁ% ﬁ%’f’eﬁns of
170C, 85 bar deécribict AZoveDwithynrgeton LoAGitioRsofa76vT, 85 bal bpandHi.coret al
molar ratio. As can be 5 seen in Table 6, ligands in accordance with the

i nvention an8YRgRs: !0 PP Retangd H.h@aan@twnetﬂhéwla( ratiQ. s carabpl e, aryl

I Kk I ) f RL 10

i gand 1 Raeerh 1 TpBR o REHRASTR dtobRiiob itk B ineklin Sng WASEIRT 160, 50

Thus, it hasissnopai MGmla{kwe@mlrﬁ c(umthls lexampde,c aiyororr eyotodlisyl) pmwﬁe;ed and
comparable reactivities.

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.




the nunber of side reactions in the hydrofornyl ation procesE is reduced i f
a novel catalyst consisting of a conplex m xture of cobalt YRS
nonoxi de and a bicyclic tertiary phosphine where the Ilgatlng phosphorus
-atomis neither in a bridgehead position nor a nenber of a bridge Iinkage,
is used as a hydrofornylation catalyst,yjowith either pure olefinic
feedstocks or with ol efinic feedstocks derived from Fi scher- Tropsch
~processes. Wiile the phosphorus atonms in ligands (1) and (11) 20 are bridge

| i nkages andCLWlgISShar ed bet ween both heterocyclic rings, the [ligating
phosphorus atomin ligands (Ill)-and (IV) fornms part of onty one ring in
the bicyclic System In contrast to |igands (I) and (I1) where the

hosph f two tert t h t
Phosphor s alom i o COMSEen TP RiEing Giodi s roascte drafese Gilaanip 25
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these structural differences resulted in an i ?ove alyst 8m so

that these esactionurtage dan flefm desisto ek twitds caPRs ASrokided =hidCdrodén
February 2005 11‘29 Eél[l\/fs 1 A process for producing oxygenated products from
an ol efi ni c *5SFYR mpem%a“%ﬁééém%é’haﬂeweme|lngtha presence

hydr of or nyl ag# 9 I edst ock wi th carhon noxi de
and hydr ogen f a?@ﬁ%ﬁﬁ%ﬁ?ﬁr@@@n% P%\F%%&ﬁecr“’"&b‘BPBEElﬁ%l n the
presence ofmatahydﬂpfwmml Aliier tolsit ACws! rROGMF IRAY Authkiiug Rﬁm e

r ut eni um

conmbi nation of a where Mis-cobalt (Cc); rhodi um (
(Ru) or % pﬂﬁ"ﬁgtﬁ"ﬂn&ﬁ' ‘G}P@?fb%mﬁxmn@ﬁﬂ@btmﬂc aertnacsychnspmlaethaamg

hosphi ne h hor.us_at om
FB 3p1) phosp cy@l %ﬁy ons Fg}gﬁgé téamgyaf g?%‘uﬁghegﬁlﬁb':}i@c’?@”%re R
is an al kyl reprreaenmwﬁﬁdﬂ%ulaqum oal kyl, or aryl group;
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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 process' accordmg i) Clalm ;1, whei'ein. in  the
_hydroformylaﬁnn catalyst, M is cobalt.

36 3. A process accerdmg 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, respecﬁveiy, an alkyl

. group, methyl and methyl.




R2.is-an al kyl group: and R3 is an al kyl group, to produce ‘g'g a,%@
products - conprising al dehydes and/or al cohols. 2. 'A procé 'ng to
Claim 1, wherein, in the hydrofornylation catalyst, Mis cobalt. 30 3_ A
process according to Claiml or Caim2, wherein, in the hydroformnylation
catalyst, Rs, R2 and R3 of the [3.3131lphosphabicyclononane of formula
(I11). are, respectively, an alkyl group, nethyl and nethyl. 1 4 February
2005 13 4. A process according to any one of Claims 1 to 3 |ncI usi ve,

wherein, in; the hydrofornyl at '
]phos:ohab: cy%l onona pg?ca,sg)r/wug '(nPI 19 %"gfsa“‘?. ega”@? {]OLOCES '“%”ﬂyﬁ'r ocar bon
chai n. 5 AvHEeRsS apCcor hdd tHydfbRr Mm\mer%mﬁ@ 't e, rofg{erryl ation.

cat al yst Rl of the LS 3. 13phosphabi cycl ononane f ormul a (111)

G st-147, 1034 plesy ah@wﬁnpngneootj wirmulg  (ileriei @, lineat 6z to Czu

hydr of or tIdOI’l taI R of the [3.3.1 ]phosphabl cycl ononane of
formul a ?}1/1% r%c 5"%|s 7. A process according to any one of C ains 1

to 6 inclusive, vvherel n the reaction tenperature is from 100C to 300C,
while the - reactl on. pressure is at least 20 bar, $. A process accordi ng to
any one of &-ains 1At 0PTOGESS| UAFSAITING0 theFlEim t e onberainc freddEock i s a

catalyst whi VIR HEEER" EBLlet Ry e, 5‘?&? %eﬁtfleﬁg"m'eg%ﬁ*@ U e o "

cobal t, rhodhpiala (Uh ke WMy, Or

o '
B. A process according to Claim 4, wherein, in the
hydroformylation catwalyst, R1 of the [3.3.7lphosphabicyclononane of
formula (i1} is CrcHzr, : |

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 ‘ | ' :






