
EP 0 626 943 B1 Description This invention relates to a co-oligomerisation
process and is particularly directed to the preparation of olefins of the
general formula R-(CH2-CH2)p-CH = CH2 in which formula R is a hydrocarbyl
group and p is s  an integer of at least 1, comprising reacting ethene with
at least one further alpha olefin of the general formula [err]
Oligomerisation processes for the production of linear alpha olefins are
well known. For example, from GB-A-1353873 it is known that [err] linear
alpha olefins can be prepared from ethene by oligomerisation in the
presence of a nickel containing catalyst. Linear olefins, especially linear
alpha olefins, over a range of 10 carbon chain lengths have found use as
valuable intermediates in the preparation of polyolefins, detergents and
lubricant additives. While the known processes for the oligomerisation of
ethene provide linear olefins of which the number of carbon atoms is even,
for certain application areas of olefins it is desirable to have at one's
disposal olefins which have special structural features, such as linear
alpha olefins which have an odd number of carbon atoms or alpha olefins
which have one or more hydrocarbyl substituents located at 15 or near the
end of the carbon chain opposite to the end at which the double bond is
located. The object of the present invention is the provision of an
oligomerisation process by which olefins having such special structural
features can conveniently be prepared. A process for the preparation of
olefins of the general formula R-(CH2-CH2)p-CH = [err] in which formula R
is a hydrocarbyl group and p is an integer of at least 1, comprising
reacting ethene with at least one 20  further alpha olefin of the general
formula R-CH = [err] under oligomerisation conditions in the presence of a
catalyst system obtainable by combining a first component which is a
bis(cyclopentadienyl) Group IVA metal compound containing a substituent
which is attached to the metal and which is capable of reacting with a
cation, and a second component which is a compound having a bulky anion
containing a plurality of boron atoms and which is substantially
non-coordinating under the reaction conditions and a cation, and 25
recovering an oligomeric product comprising linear olefins of the general
formula [err] is the subject matter of the Applicant's non-prepublished
European patent application 91200367.0 of earlier date. By this
co-oligomerisation process it is possible to prepare mixtures comprising
co-oligomers of high linearity which may have an odd or an even number of
carbon atoms and which have a high content of alpha olefins. These
oligomeric products are prepared in conjunction with oligomers of ethene,
from which 30 they have to be separated to obtain them in a state of high
purity. This separation may in some instances be difficult to perform. It
has now been found that, when in this process the further alpha olefin,
designated by the general formula R-CH = CH2, in which R is defined as
hereinbefore, is present in the reaction mixture in a quantity of at least
1 mole per mole of ethene and at least one of the cyclopentadienyls of the
Group IVA metal 35  compound is (cyclo)alkyl and/or arylalkyl substituted,
an oligomerisation product can be obtained which has a high content of
olefins of the general formula [err] in which R and p have the meanings
given hereinbefore. The oligomerisation product thus obtained has a
relatively low content of other oligomers, for example oligomers of ethene
and different co-oligomers of ethene and the further alpha olefin, such as
co-oligomers which have the double bond in the 2-position. 40     Products
of the general formula [err] may comprise linear alpha olefins which have
an odd number of carbon atoms or alpha olefins which have one or more
hydrocarbyl substituents located at or near the end of the carbon chain
opposite to the double bond. Therefore, the present process is capable of
providing olefins with special structural features as indicated
hereinbefore, in a single step from readily available feedstock. The
desired oligomeric alpha-olefins can be prepared with relatively little- 45
formation of by-products and, accordingly, they can be purified relatively
easily. The present process therefore constitutes an improvement over the
process described in the Applicant's earlier European patent 



application 91200367.0. Accordingly, the present invention provides a
process for the preparation of olefins of the general formula
R-(CH2-CH2)-CH = [err] in which formula R is a hydrocarbyl group and p is
an integer of at least 1, 50 comprising reacting ethene with at least one
further alpha olefin of the general formula R-CH = [err] under
oligomerisation conditions in the presence of a catalyst system obtainable
by combining a first component which is a bis(cyclopentadienyl) Group IVA
metal compound containing a substituent which is attached to the metal and
which is capable of reacting with a cation, and a second component which is
a compound having a bulky anion containing a plurality of boron atoms and
which is substantially non-coordinating under 55 the reaction conditions
and a cation, and recovering an oligomeric product comprising linear
olefins of the general formula [err], wherein the further alpha olefin(s)
and ethene are present in a molar ratio of at least 1 and wherein at least
one of the cyclopentadienyl groups of the metal compound is (cyclo)alkyl
and/or arylalky) substituted. 2    EP 0 526 943 B1 Metals of Group IVA are
as defined in the Periodic Table of the Elements published in Kirk-Othmer,
Encyclopaedia of Chemical Technology, 2nd edition, Vol. 8, p. 94. The
starting reactants comprise ethene, which may be supplied in the form of an
ethene-containing gas together with an inert diluent such as nitrogen or
helium. The further alpha olefins are suitably alpha olefins 5  containing
from 3 to 20 carbon atoms, such as 1-butene, 4-methyl-i-pentene,
5,5-dimethyl-1-hexene, styrene or allylbenzene, dependent on the desired
oligomerisation product. Mixtures of alpha olefins may be employed. When
the further alpha olefin is linear and has an odd number of carbon atoms,
the oligomeric products [err] comprise olefins having odd numbers of carbon
atoms. It has been found in io  performing the process according to the
invention that when oligomeric branched olefins are formed as by- products,
these branched olefins are to a large extent iso-alkenes of the general
formula [err] CR = CH2, in which formula R and p have the meanings given
hereinbefore, especially when the oligomerisation is carried out at a
temperature below 120 [err] in particular below 100 [err] As the further
olefin has an odd number of carbon atoms, these iso-alkenes have even
numbers of carbon atoms. As a 15  consequence, the desired linear
oligomerisation products differ from the iso-alkenes by at least one carbon
atom and can therefore relatively easily be recovered by separation from
the iso-alkenes, for example by distillation. Thus, in the case that the
further alpha olefin is linear and has an odd number of carbon atoms it is
an unexpected advantage of the present process that the linear
oligomerisation products can relatively easily be obtained in a purified
state. Accordingly, the preferred further alpha olefin is linear and has an
odd 20  number of carbon atoms, in particular of less than 20, for example,
propene, 1-pentene and 1-heptene or mixtures thereof. The most preferred
further alpha olefin is propene. When the further alpha olefin is an aryl
substituted alpha olefin, such as in particular styrene, it has been found
in performing the process according to the invention that a relatively
large proportion of the product oligomers formed are the co-oligomers (as
distinct from the ethene oligomers). 25    In both cases, when the further
alpha olefin is linear and when it is aryl substituted, it has been found
in performing the process according to the invention that a relatively
large proportion of the product olefins are alpha olefins. The relative
proportions of starting monomers present in the reaction mixture should be
at least 1 mole of the further alpha olefin(s) per mole of ethene. Suitably
the quantity of the further alpha olefin(s) is at least 



30  20 moles per mole of ethene, more suitably at least 50 moles per mole
of ethene. Preferably the quantity of the further alpha olefin(s) is less
than 1000 moles per mole of ethene, more preferably less than 500 moles per
mole of ethene. Ethene and the further olefin(s) may be supplied at the
initial stage of the co- oligomerisation. In a preferred embodiment of the
present process, the ethene to be reacted is only partly supplied at the
initial stage of the reaction, the remainder of the ethene being supplied
in the course of the 35  reaction, typically at a rate which is suitable to
replenish the ethene consumed. To effect oligomerisation, the reaction is
suitably carried out at elevated temperatures, preferably in the range of
from 20 to 175 [err], more preferably 50 to 150 *C. The reaction is
suitably carried out under conditions of moderate elevated pressure,
preferably in the range of from 1 to 100 bar, more preferably from 5 to 60
bar. The optimum conditions of temperature and pressure used for a
particular catalyst system 40  to maximise the yield of the desired
oligomer and minimize competing reactions such polymerisation can readily
be established by those skilled in the art. The catalyst system, which may
be formed initially prior to introduction to the reaction vessel, or which
may be formed in situ, may be obtainable by combining a first component
which is a bis(cyclopentadienyl) Group IVA metal compound having a
substituent which is attached to the metal and which is capable of 45
reacting with a proton and at least one of the cyclopentadienyl groups
being (cyclo)alkyl and/or arylalkyl substituted, and a second component
which is an ionic combination of a bulky anion containing a plurality of
boron atoms and a proton-donating cation, the anion being such that it is
substantially non-coordinating under the reaction conditions employed.
Thus, it is intended that the anion should not coordinate, or at least
coordinate only weakly, to the bis(cyclopentadienyl) metal entity which is
formed by reaction of the donated 5o  proton and the acceptor substituent
of the first compound. Examples of such catalyst systems, normally regarded
as polymerisation catalysts (as distinct from oligomerisation catalysts),
are to be found in EP-A- 277003 and in the paper by Hlatky et al, J. Am.
Chem. Soc., 1989, Vol. 111 p. 2728-2729. The first component is typically a
compound of zirconium or hafnium. The compound preferably has the formula
(Cp)2 MR, R2 where each group Cp, which may be the same or different,
represents a cyclopen- 55  tadienyl group of which at least one is
(cyclo)alkyl and/or arylalkyl substituted, M represents a Group IVA metal
atom, typically zirconium or hafnium, and [err] which may be the same or
different, each represent a hydrogen atom or a substituted or unsubstituted
hydrocarbyl group. Preferably the groups Cp are the same and have in
particular at least three substituents, more in particular five
substituents. The 3    EP 0 526 943 B1 substituent(s) of the
cyclopentadienyl are typically alkyl groups, in particular having up to 5
carbon atoms, more in particular they are methyl groups. Very good results
can be achieved when both cyclopentadienyl groups are
pentamethylcyclopentadienyl groups. [err] are preferably alkyl groups,
typically of up to 5 carbon atoms, such as methyl. 5     Such complexes are
known and can be prepared for example by the routes described in "Chemistry
of Organo-Zirconium and Hafnium Compounds", by Lappert et al., published by
John Wiley & Sons. The second component preferably contains, as the boron
containing substantially non-coordinating anion, a carborane anion,
suitably a carborane anion of formula [err] while the cation is preferably
a proton donating cation, preferably a quaternary ammonium cation such as a
trialkylammonium cation, for to example tri-n-butylammonium cation.
Alternatively the cation may be a metal cation, such as a silver ion. Such
carboranes are known and can be prepared for example by methods such as
that of Shelly et al, J. Am. Chem. Soc., 1985, Vol. 107, p. 5955 to 5959.
Other bulky boron containing anions may be used such 



as a tetra(perfluorophenyl)boron anion. The catalyst system may be formed
by mixing together the two components, preferably in solution in a 15
solvent such as toluene to form a liquid catalyst system. The two compounds
are generally employed in substantially equimolar amounts. However the
molar ratio of the first compound to the second compound may vary within
the range of from 0.1 to 5.0. Such a quantity of the catalyst system is
usually employed in the reaction mixture as to contain from 10-1 to 10-7
gram atom, in particular 10-3 to 10-5 gram atom, of the Group IVA metal per
mole of ethylene to be reacted. 20     The oligomerisation is generally,
although not necessarily, carried out in an inert liquid solvent which is
suitably also the solvent for the catalyst components. The reaction can be
carried out in batch or continuous operation. Reaction times of from 1
minute to 5 hours have been found to be suitable, dependent on the activity
of the catalyst. After a suitable reaction time, a conventional catalyst
deactivating agent such as methanol, or another alcohol, may be added if
desired to the reaction mixture to terminate the reaction. The 25 resulting
mixed olefins preferably have a chain length of from 5 to 24 carbon atoms.
The reaction is preferably carried out in the absence of air or moisture.
Product olefins are recovered suitably by distillation and further
separated as desired by distillation techniques dependent on the intended
end use of the olefins. If desired, unconverted starting material and
oligomeric product having a molecular weight which is lower than the
desired molecular weight may be 3o recovered and recycled to be used as
starting material in a subsequent oligomerisation reaction. The invention
will now be illustrated by the following examples. Examples 1 and 2 35
The procedures were carried out with rigorous exclusion of oxygen and
moisture. Catalyst liquors were prepared by combining the following
ingredients. Catalyst liquor A, applied in comparative Example 1:
bis(cyclopentadienyl)zirconium dimethyl (0.251 g, 1.00 mmol).
tri-n-butylammonium 1 -carbadodecacarborate of formula [err], Bu =n- 40
butyl), toluene (30 ml) Catalyst liquor B, applied in Example 2:
bis(pentamethylcyclopentadienyl)zirconium dimethyl (0.196 g, 0.50 mmol)
Bu3NHB [err] (0.164 g, 0.50 mmol) 45    toluene (30 ml) The catalyst
liquors were added to an autoclave (500 ml volume) containing propene
together with toluene (270 ml in Example 1, 70 ml in Example 2). The
autoclave was then pressurised with ethene, using a predetermined quantity
of ethene, and rapidly heated to the reaction temperature. Pressure was
maintained by continuously recharging of consumed ethene. The reaction was
terminated by releasing the 50 pressure in the autoclave, exposing the
contents to air and adding methanol. The product distribution was
determined by analysing a sample taken from the content of the autoclave
with gas-liquid chromatography (GLC). In order to assess the selectivity of
the co-oligomerisation relative to ethene oligomerisation a selectivity S
is calculated which is defined by: 55 4    EP 0 526 943 B1 



[err] 5 Details of the reaction conditions and of the analytical results
are given in Table 1. 10                                     Xable 1
Example                                     1 )             2 15
2 Catalyst liquor  )                        A                B Propene
charge (g)                         10              23 Echene initial charge
(g)                  19.3             7 20   Molar racio C /C
0.35            2.2 Reaction temperature [err]                 125
90 Pressure (bar)                             30              15 25
Reaction time (min)                        30          2         15 30 35
40 45 50 55 5    EP 0 526 943 B1 Table 1 (continued) KJ
[err] Olefin yields, GLC (g) [err]     olefins                      21.36
14.82      22.06 C10 olefins                          11.39       -
37.94 Distribution C4 - C9 olefins 15            butene (g)
7.02       0.82       1.78 1-butene [err]                  47.8        86.6
83.7 2-butenes [err]                  52.2       13.4       16.3 pentenes
(g)                           1.42      4.99       4.90 20
1-pencene [err]                  50.1       84.0       73.9 2-pentenes
[err]                 35.9       15.5       25.5 2-methyl-1-butene [err]
14.0        0.6        0.6 25            hexenes (g)
6.49       1.01       2.75 l-hexene [err]                   58.5       54.5
75.3 2-hexenes [err]                  38.9        8.9       10.6
2-meehyl-1-pentene (%w)          2.6       36.6       14.2 30
4-mechyl-l-pentene (%w)          0.0        0.0        0.0 heptenes (g)
0.87       3.97        5.24 1-heptene [err]                  59.4      83.4
76.2 35                  2-heptenes (%w)                 29.8       15.4
22.9 



iso-heptene [err]                10.8        1.3        1.0 ocenes (g)
4.85       0.97        2.72 40                  l-occene (%w)
66.1       50.5       75.4 2-occenes (%w)                  30.1        8.3
9.9 iso-octenes (%w)                 3.8      41.2        14.7 nonenes (g)
0.71       3.06        4.83 45 1-nonene (%w)                   58.8
83.3       78.1 2-nonenes (%w)                  29.4       15.4       21.1
iso-nonenes (%w)                11.8        1.3        0.8 50
Seleccivity S [err]                          12         79         65 55 6
EP 0 526 943 B1 1)    for comparison 2)   A contained
bis(cyclopencadienyl)zirconium dimethyl B contained
bis(pentamethylcyclopentadienyl)zirconium dimethyl 10 Examples 3, 4 and 5
The procedures were carried out with rigorous exclusion of oxygen and
moisture. An autoclave (500 ml volume) was charged with toluene, ethene,
propene and tri-n-butylammonium 1- carbadodecacarborate of formula [err].
After heating the contents of the autoclave to the reaction 15
temperature, a solution of one of the following metal compounds in about 10
ml toluene was introduced into the autoclave. In comparative Example 3
bis(cyclopentadienyl)zirconium dimethyl was used as the metal compound, in
Example 4 bis(pentamethylcyclopentadienyl)zirconium dimethyl and in Example
5 bis- (pentamethylcyclopentadienyl)hafnium dimethyl. After introduction of
the metal compound, ethene was continuously supplied to the autoclave at a
rate of about 0.3 g/min in Example 3 and at a rate of about 1 20 g/min in
Example 5, whilst in Example 4 the pressure in the autoclave was maintained
by continuously recharging of consumed ethene. The reaction was terminated
by releasing the pressure in the autoclave, exposing the contents to air
and adding methanol. The product distribution was determined by analyzing a
sample taken from the content of the autoclave gas-liquid chromatography
(GLC). The selectivity is assessed by calculating the selectivity S as
defined for Examples 1 and 2. 25 30 35 40 46 50 55 7    



EP 0 526 943 B1 Details of the reaction conditions and of the analytical
results are given in Table 2. Table 2 5 Example
3         4          5 10 Metal compound (mmol)                     [err]
[err]                      1.0        0.05       0.05 15     Propene charge
(g)                       300       100        100 Ethene initial charge
(g)                 3.0        0.5        0.5 Molar ratio [err]
67        133        133 Total volume of toluene (ml)            300
100        100 20 Reaction temperature [err]               125        150
150 Pressure (bar)                           30         50         50
Reaction time (min)                      60         16          8 25
Olefin yields, GLC (g) C4 - C9 olefins                      3.37       5.83
16.29 [err] [err] olefins                          0.17       0.35
2.42 30     Distribution C4 - C9 olefins butane (g)
0.43       0.36       1.20 1-butene [err]                 58.0       95.8
97.5 2-butenes (%w)                42.0        4.2        2.5 35
pentenes (g)                         1.70       3.01       8.95 l-pentene
[err]                47.3       91.2       86.9 2-pencenes (%w)
23.7        6.3       12.1 [err]         29.0       2.5        1.0 hexenes
(g)                          0.81       1.21       3.36 1-hexene (%w)
11.5        8.5        2.4 2-hexenes (%w)                 8.5        0.8
0.6 45                2-methyl-1-pentene [err]        78.0       68.0
53.0 4-methyl-1-pencene (%w)         2.0      22.7       44.0 heptenes (g)
0.31       0.96       2.09 50                1-heptene (%w)
39.4       79.5       81.1 2-heptenes [err]                28.6       6.9
11.7 iso-heptene (w)               32.0       13.7        7.1 55 8    EP
0526943 B1 Table 2 (continued) Example 10 



octenes (g)                            0.07        0.03       0.05 1-octene
(%w)                   54.0        50.0       80 2-octenes (%w)
36.0         6.7       10 15                iso-octenes (%w)
10         43.3       10 nonenes (g)                            0.05
0.26       0.64 1-nonene (%w)                   48.0        76.8       48.0
20                2-nonenes (%w)                   32.0        6.6
6.9 iso-nonenes (%w)                20          16.6       45.1 Selectivity
S (%)                           61         72          71 25 1)   for
comparison 2)   bis(cyclopentadienyl)zirconium dimethyl 30    3)
bis(pentamethylcyclopentadienyl)zirconium dimechyl 4)
bis(pentamethylcyclopentadienyl)hafnium dimethyl 35 Examples 6 and 7 The
procedures were carried out with rigorous exclusion of oxygen and moisture.
In comparative Example 6, catalyst liquor A as described in Example 1 (1
mmol of both ingredients) 40 was applied. In Example 7, catalyst liquor B
as described in Example 2 (1 mmol of both ingredients) was applied. The
oligomerisation reaction was performed as in Examples 1 and 2, the
reactants being styrene and ethene. The product distribution was determined
by GLC on a sample taken from the content of the autoclave after
terminating the reaction. 45 50 55 9    EP 0 526 943 B1 Details of the
reaction conditions and of the analytical results are given in Table 3.
Table 3 Example                                   6)              7 10
Catalyst liquor                           A               B Styrene charge
(g)                        19.8            19.8 Ethene initial charge (g)
8.5             3.1 Molar ratio styrene/ethene                 0.63
1.73 Reaction temperature [err]                 90             125 Pressure
(bar)                            10               5 20   Reaction time
(min)                        30              30 25   Olefin yields (g)
[err]                                   9.0            10.6 30
Discribution of ethene oligomers (g)                  [err] 



[err]                   0.73       1.23      0.58       0.09 35
[err]                   0.47       0.57      0.57       0.08 [err]
0.27      0.33       0.52       0.07 [err]                  0.16      0.20
0.47       0.07 CT4                  0.10      0.11       0.42       0.06
40 C16                  0.06      0.07       0.37       0.06 Ct8
0.03      0.04       0.32       0.05 [err]                  0.02      0.03
0.28       0.04 [err]             1.84       2.58.    3.53        0.52
Total     [err]            4.48                 4.05 50 55 10    EP 0 526
943 B1 Table 3 (continued) Example
[err]               7 5 Distribution of ethene/styrene co-oligomers (g)
a                       a [err]                     0.16        0.13
0.40        0.04 10                [err]                     0.17
0.17        0.47         0.08 [err]                     0.09        0.11
0.40        0.07 [err]                     0.05        0.06        0.34
0.06 15                [err]                     0.03        0.03
0.28         0.05 [err]                     0.02        0.03        0.24
0.05 [err]                     0.01        0.01        0.20        0.03
[err]                     0.01        0.01        0.17        0.02 [err]
0.54        0.55        2.50        0.40 Total  [err]                  0.99
2.90 25    Ratios, on weight basis [err] oligomers
0.71                    6.79 [err] co-oligomers                   0.98
6.25 30    Total co-oligomers/oligomers               0.22
0.72 1)    For comparison 35 Examples 2, 4, 5 and 7 are according to the
invention. In these Examples the molar ratio of the further alpha olefin to
ethene is more than 1 and the cyclopentadienyl is alkyl substituted.
Examples 1, 3 and 6 are not according to the invention. They have been
included as comparative examples. In Examples 1, 3 and 6 the
cyclopentadienyl group was unsubstituted. In Examples 1 and 6 the molar
ratio of the further alpha 4o olefin to ethene is less than 1, whilst in
Example 3 this ratio is more than 1. By comparison of Examples 2 - 5 with
Example 1 it can be seen that increase of the molar ratio of propene over
ethene leads to a substantial increase of the selectivity S, which implies
a substantial increase 



of the formation of co-oligomers of propene and ethene over the formation
of oligomers of ethene. Comparison of Example 3 with Example 1 shows that
the increase of the molar ratio of the olefins does not 45 influence the
relative quantities of the alpha olefins among the co-oligomerisation
products. Relatively high proportions of alpha olefins among the
co-oligomerisation products are achieved by using a bis- (cyclopentadienyl)
metal compound derived from an alkyl substituted cyclopentadienyl (cf.
Example 2 vs. Example 1 and Examples 4 and 5 vs. Example 3). Examples 2, 4
and 5 show, in addition, that a relatively high proportion of the branched
olefins which are formed in the co-oligomerisation of propene and ethene so
are iso-alkenes having an even number of carbon atoms. Comparative Example
1 of the present application is a reproduction of Example 6 of the
Applicant's earlier dated European patent application 91200367.0, mentioned
hereinbefore, supplemented with addi- tional data. The amount of ethene
initially present in the reaction mixtures of the Examples of EP-
91200367.0 and the corresponding molar ratios of the further olefin to
ethene are given in Table 4. 55 11    EP 0 526 943 B1 Table 4 Example in
EP-91200367.0    Catalyst')   Ethylene g    Molar ratio 2) 1
C            8.4          0.3 2                   C           11.8
0.4 3                   D           11.8          0.4 4                   C
25            0.4 5                   C            2.3          4.3 10
6 3)                 C           19.3          0.3 8                   E
17.8          0.14 1) C: contained bis(cyclopentadienyl)zirconium dimethyl
D: contained bis(pentamethylcyclopentadienyl)zirconium dimethyl E:
contained bis(pentamethylcyclopentadienyl)hafnium dimethyl 15
2) of further alpha olefin to ethene 3) Identical to Comparative Example 1
described hereinbefore )     The data of Table 4 shows that the reaction
conditions of the Examples of EP-91200367.0 are outside the 20  scope of
the process of the invention. In Examples 6 and 7, styrene was used as the
further alpha olefin with ethene. Comparison of the results shows that in
Example 7, which is according to the invention, relatively more of the
co-oligomers is formed, and relatively more of the alpha-oligomers and
alpha-co-oligomers, than in comparative Example 6. 25 Claims 1. A process
for the preparation of olefins of the general formula R-[err] in which
formula R is a hydrocarbyl group and p is an integer of at least 1,
comprising reacting ethene with at least one further alpha olefin of the
general formula R-CH = CH2 under oligomerisation conditions in the presence
30     of a catalyst system obtainable by combining a first component which
is a bis(cyclopentadienyl) Group IVA metal compound containing a
substituent which is attached to the metal and which is capable of reacting
with a cation, and a second component which is a compound having a bulky
anion containing a plurality of boron atoms and which is substantially
non-coordinating under the reaction conditions and a cation, and recovering
an oligomeric product comprising linear olefins of the general formula
R-(CH2- 



35     CH2)p-CH = CH2, wherein the further alpha olefin(s) and ethene are
present in a molar ratio of at least 1 and wherein at least one of the
cyclopentadienyl groups of the metal compound is (cyclo)alkyl and/or
arylalkyl substituted. 2. A process according to claim 1, characterised in
that the further alpha olefin is a linear olefin having an 40     odd
number of carbon atoms. 3. A process according to claim 2, characterised in
that the further alpha olefin is propene. 4. A process according to claim
1, characterised in that the further alpha olefin is styrene. 45 5. A
process according to any of claims 1 to 4, characterised in that the ratio
of the further alpha olefin(s) to ethene is within the range of from 50 to
500 moles per mole ethene. 6. A process according to any of claims 1 to 5,
characterised in that the oligomerisation is carried out at a 50
temperature within the range of from 50 to 150  C and at a pressure within
the range of from 5 to 60 bar. 7. A process according to any of claims 1 to
6, characterised in that the molar ratio of the first component to the
second component of the catalyst system is within the range of from 0.1 to
5.0. 55 8. A process according to any of claims 1 to 8, characterised in
that such a quantity of the catalyst system is employed in the reaction
mixture as to contain from [err] gram atom of the Group IVA metal per mole
of ethylene to be reacted. 12    EP 0 526 943 B1 Table 4 Example in
EP-91200367.0    Catalyst 1)   Ethylene g    Molar ratio 2) 1
C            8.4          0.3 2                   C           11.8
0.4 3                   D           11.8           0.4 4
C           25             0.4 5                   C            2.3
4.3 10                        6 3)                 C           19.3
0.3 8                   E           17.8           0.14 1) C: contained
bis(cyclopentadienyl)zirconium dimethyl D: contained
bis(pentamethylcyclopentadienyl)zirconium dimethyl E: contained
bis(pentamethylcyclopentadienyl)hafnium dimethyl 15              2) of
further alpha olefin to ethene 3) Identical to Comparative Example 1
described hereinbefore The data of Table 4 shows that the reaction
conditions of the Examples of EP-91200367.0 are outside the 20  scope of
the process of the invention. In Examples 6 and 7, styrene was used as the
further alpha olefin with ethene. Comparison of the results shows that in
Example 7, which is according to the invention, relatively more of the
co-oligomers is formed, and relatively more of the alpha-oligomers and
alpha-co-oligomers, than in comparative Example 6. 25 Claims 1. A process
for the preparation of olefins of the general formula [err] in which
formula R is a hydrocarbyl group and p is an integer of at least 1,
comprising reacting ethene with at least one 



further alpha olefin of the general formula R-CH = CH2 under
oligomerisation conditions in the presence 30     of a catalyst system
obtainable by combining a first component which is a bis(cyclopentadienyl)
Group IVA metal compound containing a substituent which is attached to the
metal and which is capable of reacting with a cation, and a second
component which is a compound having a bulky anion containing a plurality
of boron atoms and which is substantially non-coordinating under the
reaction conditions and a cation, and recovering an oligomeric product
comprising linear olefins of the general formula R-(CH2- 35     [err],
wherein the further alpha olefin(s) and ethene are present in a molar ratio
of at least 1 and wherein at least one of the cyclopentadienyl groups of
the metal compound is (cyclo)alkyl and/or arylalkyl substituted. 2. A
process according to claim 1, characterised in that the further alpha
olefin is a linear olefin having an 40     odd number of carbon atoms. 3. A
process according to claim 2, characterised in that the further alpha
olefin is propene. 4. A process according to claim 1, characterised in that
the further alpha olefin is styrene. 45 5. A process according to any of
claims 1 to 4, characterised in that the ratio of the further alpha
olefin(s) to ethene is within the range of from 50 to 500 moles per mole
ethene. 6. A process according to any of claims 1 to 5, characterised in
that the oligomerisation is carried out at a 50     temperature within the
range of from [err] and at a pressure within the range of from 5 to 60 bar.
7. A process according to any of claims 1 to 6, characterised in that the
molar ratio of the first component to the second component of the catalyst
system is within the range of from 0.1 to 5.0. 55 8.  A process according
to any of claims 1 to 8, characterised in that such a quantity of the
catalyst system is employed in the reaction mixture as to contain from
[err] gram atom of the Group IVA metal per mole of ethylene to be reacted.
12    EP 0 526 943 B1 9. A process according to any of claims 1 to 8,
characterised in that the first component of the catalyst system is a
compound of formula (Cp)2MR,R2 where each group Cp, which may be the same
or different, represents a cyclopentadienyl group of which at least one is
(cyclo)alkyl and/or arylalkyl substituted, M represents a group IVA metal
atom, and [err] which may be the same or different, 5      each represent a
hydrogen atom or a substituted or unsubstituted hydrocarbyl group, and in
that the second component of the catalyst system is a trialkylammonium
carborane, the carborane anion being represented by the formula [err] 10. A
process according to claim 9, characterised in that M is zirconium or
hafnium, and each group Cp 10     represents a pentamethylcyclopentadienyl
group and [err] are each alkyl groups. PatentansprUche 1. Verfahren zur
Herstellung von Olefinen der allgemeinen Formel R-(CH2-CH2),-CH = CH2,
worin R eine 15     Hydrocarbylgruppe und p eine ganze Zahl von mindestens
1 bedeuten, wobei man Ethen mit mindestens einem weiteren alpha-Olefin der
allgemeinen Formel R-CH = CH2 unter Oligomerisationsbe- dingungen in
Gegenwart eines Katalysatorsystems umsetzt, das durch Zusammenbringen einer
ersten Komponente aus einer Bis(cyclopentadienyl)-Verbindung eines Metalls
aus Gruppe IVA mit einem an das Metall gebundenen und gegenOber einem
Kation reaktionsfahigen Substituenten mit einer zweiten, 



20     unter den Reaktionsbedingungen im wesentlichen nichtkoordinierenden
Komponente aus einer Verbin- dung mit einem volumindsen Anion und mehreren
Boratomen sowie einem Kation erhlltlich ist, und ein oligomeres Produkt mit
linearen Olefinen der allgemeinen Formel R-(CH2-CH2)p-CH = CH2 erhalt,
worin das weitere alpha-Olefin bzw. die weiteren alpha-Olefine und das
Ethen in einem Molverhaltnis von mindestens 1 vorliegen und worin
mindestens eine der Cyclopentadienylgruppen der Metallverbindung 25     mit
(Cyclo)alkyl und/oder Arylalkyl substituiert ist. 2. Verfahren nach
Anspruch 1, dadurch gekennzeichnet, daB das weitere alpha-Olefin ein
lineares Olefin mit einer ungeraden Zahl an Kohlenstoffatomen ist. 30  a
Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB das weitere
alpha-Olefin Propen ist. 4. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, daB das weitere alpha-Olefin Styrol ist. 5. Verfahren nach
einem der Ansprfche 1 bis 4, dadurch gekennzeichnet, daB das Verhaltnis von
35     weiterem alpha-Olefin bzw. weiteren alpha-Olefinen zu Ethen im
Bereich von 50 bis 500 Mol pro Mol Ethen liegt. 6. Verfahren nach einem der
Anspr~che 1 bis 5, dadurch gekennzeichnet, daB die Durchflhrung der
Oligomerisation bei einer Temperatur im Bereich von 50 bis 150 IC und bei
einem Druck im Bereich 40     von 5 bis 60 bar erfolgt. 7. Verfahren nach
einem der AnsprUche 1 bis 6, dadurch gekennzeichnet, daB das Molverhaltnis
von erster Komponente zu zweiter Komponente des Katalysatorsystems im
Bereich von 0,1 bis 5,0 liegt. 45  8. Verfahren nach einem der AnsprUche 1
bis 7, dadurch gekennzeichnet, daB die im Reaktionsgemisch eingesetzte
Menge an Katalysatorsystem so bemessen wird, daB 10-3 bis 10-5 g-Atom des
Metalls aus Gruppe IVA pro Mol umzusetzendes Ethylen vorliegen. 9.
Verfahren nach einem der Ansprache 1 bis 8, dadurch gekennzeichnet, daB die
erste Komponente des 60     Katalysatorsystems eine Verbindung der Formel
(Cp)2 MR, R2 ist, wobei die Gruppen Cp jeweils gleiche oder verschiedene
Cyclopentadienylgruppen darstellen, von denen mindestens eine mit
(Cyclo)alkyl und/oder Arylalkyl substituiert ist, M ein Metallatom aus
Gruppe IVA und RI und R2, die gleich oder verschieden sein konnen, jeweils
ein Wasserstoffatom oder eine gegebenenfalls substituierte Hydrocar-
bylgruppe darstellen, und daB die zweite Komponente des Katalysatorsystems
ein Trialkylammonium- 55     carboran ist, wobei das Carborananion der
Formel B. 1 CH, 2- entspricht. 10. Verfahren nach Anspruch 9, dadurch
gekennzeichnet, daB.M Zirkonium oder Hafnium bedeutet und die Gruppen Cp
jeweils eine Pentamethylcyclopentadienylgruppe und RE  und R2 jeweils
Alkylgruppen 13 * C   L   M   S *    EP 0526943 B1 darstellen.
Revendlcations -  5  1. Un procede pour la preparation d'olefines de la
formule gen6rale R-(CH2-CH2),-CH=CH2, dans laquelle R est un groupe
hydrocarbyle et p est un nombre entier d'au moins 1, comprenant la r6action
d'6thene avec au moins une alpha-ol~fine supplementalre de la formule
g6n6rale R-CH = CH2 dans des conditions d'oligomerisation en presence d'un
sysftme catalytique pouvant etre obtenu en combinant un premier constituant
qui est un compos6 bis(cyclopentadienyl) metal du groupe IVA contenant un
10     substituant qui est attache au mdtal et est capable de reagir avec
un cation, et un second constituant qui est un compose ayant un anion
volumineux contenant une pluralit6 d'atomes de bore et qui est
substantiellement non-coordinateur dans les conditions de r6action et un
cation, et le recueil d'un 



produit oligomere comprenant des olefines lin6aires de la formule g~nerale
R-(CH2CH2)0-CH=CH2, dans laquelle la ou les alpha-olefines lin6aires
supplementaires et l'ethene sont pr6sents dans un 15    rapport molaire
d'au moins 1 et au moins un des groupes cyclopentadienyle du compose de
m6tal comporte une substitution (cyclo)alcoyle el/ou arylalcoyle. 2. Un
proced6 selon la revendication 2, caract6rise en ce quo l'alpha-ol6fine
supplementaire est une olefine lineaire ayant un nombre impair d'atomes de
carbone. 20 3. Un proc~d6 salon la revendication 2, caracterise en ce quo
l'alpha-ol6fine supplementaire est du propene. 4. Un proc6de selon la
revendication 1, caracteris6 en ce que l'alpha-ol6fine supplementaire est
du 25     styrene. 5. Un proc6d6 selon lune quelconque des revendications 1
a 4, caract6ris6 en ce quo le rapport de la ou des alpha-olefines
supplementaires a l'ethene est compris entre 50 et 500 moles par mole
d'ethene. 30 6. Un procede solon l'une quelconque des revendications 1 a 5,
caract6rise en ce quo l'oligom6risation est conduite a une temperature
comprise entre 50 et 150 IC et a une pression comprise entre 5 et 60 bars.
7. Un proc6de solon 'une quelconque des revendications 1 A 6, caracterise
en ce quo le rapport du 35     premier constituant au second constituant du
systeme catalytique est compris entre 0,1 et 5,0. 8. Un procede solon l'une
quelconque des revendications 1 a 8, caracterise en ce qu'on utilise dans
le m6lange reactionnel une quantite du systeme catalytique telle qu'elle
contienne de 10-3 O     10- aMome- gramme du metal du groupe IVA par mole
d'ethylene devant r6agir. 40 9. Un procede solon l'une quelconque des
revendications 1 A 8, caracterise on ce quo le premier constituant du
systeme catalytique est un compose de formule (Cp)2MRR2 oO les groupes Cp,
qui peuvent 8tre identiques ou differents, representent chacun un groupe
cyclopentadienyle dont au moins un comporte une substitution (cyclo)alcoyle
et/ou arylalcoyle, M represente un atome de metal du 45     groupe IVA et
R. et R2, qui peuvent 8tre identiques ou differents, repr6sentent chacun un
atome d'hydrogene ou un groupe hydrocarbyle substitue ou non-substitue, ot
en ce quo le second constituant du systeme catalytique est un
trialcoylammonium carborane, I'anion carborane etant repr6sente par la
formulo B, 1 CHI 2 . 50 10. Un proced6 solon la revendication 9,
caracterise en ce quo M est le zirconium ou le hafnium et chaque groupe Cp
represente un groupe pentam6thylcyclopentadienyle et RI et R2 sont chacun
un groupe alcoyle. 55    


