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as a tet ra( perfl uorophenyl)boron anion. The catal yst system nay be forned
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The procedur es RRBFELL FRPRAFAEHI® (i h ri gorous é%el usion of oXygen and

noi sture. Cat alprekshdeqybsrs were prepared by condoni ng the fold owi ng
ingredientg Catalyst liquor A applied in conparative Exanple 1:

bi s(cycl opent adi enyl ) zi rconi um di net hyl (0.251 g, 1.00 nmoty—

tri-n-butyl anmmieagrion céme admdecacarborate of B8rnula [&r], Bul®n- 40
butyl), toluene (30 nm) Catalyst liquor B, applied in Exanple 2:

bi s( pent anet hyl cycl opent adi enyl ) zi rconi um di mret hyl (0.196 g, 0.50 mmol)
Bu3NHB [ers] (0.164 g, 0.50 nmol) 45 toluene (30 ml) The catal yst

| i qguors were added to an autoclave (500 m vol une) containing propene
together with toluene (270 m in Exanple 1, 70 m in Exanple 2). The

aut ocl ave was then pressurised with ethene, using a predeterm ned quantity
of ethene, and rapidly heated to the reaction tenperature. Pressure was
mai nt ai ned®by conti nuously rechargi ng of consunmed et hene. The reaction was
term nated by releasing the 50 pressure in the autoclave, exposing the
contents to air and addi ng nethanol. The product distribution was

det erwisned by anal ysing a sanple taken fromthe content of the autoclave
with gas-Ijquid chromatography (G.C). In order to assess the selectivity of
the co-oligonerisation relative to ethene oligonerisation a selectivity S
is calculated which is defined by: 55 4 EP 0 526 943 B1
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[err] 5 Petails of the reaction conditions and of the anal ytical results

are gi'ven in Table 1. 10 : Xable 1
Exanpl e EP 0 526 943 B1) 2 15
2 Catalyst liquor ) A B Propene
charge (9) ' 10 23 Echene initial charge
(9) 19.3 7 20 Mol ar racio C/C
0.35 2.2 Reaction tenperiitirie (§amfiqued) 125
90 Pressure (bar) 30 15 25
Reacti on t| me (gaad 30 , 1 2 15 30 35
no 500 %5 e (Belible o0 043 b1 Table 1 (continded) kI 2
[err]‘ﬁefrn yi e-ds—a-C—{g—f-e++} oafins 21. 36
14. 82 22.06 C10 ol efins 11. 39 -
37.94 Distri bUtbl‘%@i%ield@g &Icelﬁ)ns 15 but ene (Qg)
7.02 0 0.82 78 1-but'ene [err] 47.8 86. 6
83.7 2-butenes [err‘fa - c9 olefins 52.2  2L.363 414.82 182 96pent enes
(9) - Gjg olefins 1.42 4.99 11.39 4.90 20 37.96
1-pencene [err]pigerib - ¢ 15& 84.0 73.9 2-pentenes
[err] seribuchn S ° n% 25.5 2- et hyI 1-butene [err]
14.0 s 0.6  buteng)(g) o5 hexends?y g) ©0-8 1.78
6. 49 1.01 21-Bbtdneh@wine [err] 47.8 86.6 5835 54.5
75.3 2-hexenes [err] 4.4 3 38.9 52.2 8-913.4 196@
2- meehyl - 1- pentene (9 ucenes (3w . 6 36. 6 14
4- mesly! - | - pent ene R%%gm (8) 0.0 0. 4-42 439 hep‘té’ﬁes (9)
0. 87 2 3.97 Gpgdcehe Hapl ene [err]  50.1 84.0 39.%4 83. 4
Zg.s 35 2-pladdfld /eSS (W) 35.9 15.529.825,5  15.4
' 2-methyl-l-butene (%w) 14.0 0.6 0.6
25 hexenes (g) 6.49 1.01 2.75
1-hexene (3w) 58.5 54.5 75.3
2-hexenes (3w) 38.9 8.9 . 10.6
i 2-methyl-l-pentene (3%w) 2.6 36.6 14.2
S0 4-methyl-l-pentene (%w) 0.0 0.0 0.0
heptenes (g) 0.87 1.97 5.24
1l-heptene (3w) 59.4 83.4 76.2
25 2-heptenes (3%w) 29.8 15.4 22.9
iso-heptene (%w) 10.8 1.3 1.
; octenes (g) . 4.85 0.97 2.72
.v‘
40 l-octene (3w) 66.1 50.5 75.4
2-octenes (%w) 30.1 8.3 9.9
iso-octenes (3w) 3.8 41.2 14,7
. nonenes (g) - 0.71 3.06 4,83
l-nonene (%w) 58.8 83.3 78.1
2-nonenes (3w) 29.4 15.4 21.1
iso-nonenes (3w) 11.8 1.3 0.8
60 Seleccivity S (%) 12 79 65
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i so- heptene [err] 10.8 1.3 1.0 ocenes (9Q)

4.85 - 0. 97 2.72 40 | -occene (%)

66. 1 50.5 75. 4 2-occenes EP#%26 943 B1 ' 30.1 8.3
9.9 iso-octenes (%) 3.8 41. 2 14. 7 nonenes (Q)
0.71 3. 06 4.83 45 1-nonene (%) : 58. 8

83.3 78.1 Zl@on%gscgm@qison 29. 4 15. 4 21.1
i SO- nonenes (%N) 2 11.8 1. 50

Sel eccivity S [er r]) A contained bis(cyclopencadiirgl)zirconiunygmethyl 65 55 6

EP 0 526 943 Bl 1) B @bnt€HiRBEHiS Oferithme thirlEAdTopbieidienyl) zirconium

bi s(c opencadl enyl) ni,um di net hyl B contai ned
bi s(py‘fﬁ anet hyl cycl ope‘#ﬂ“ﬁ‘g} el‘nyl )zirconiumdinethyl 10 Exanples 3, 4 and 5

The procedures were carried out with rigorous exclusion of oxygen and

noi sture. '‘An autocl ave (500 m volune) was charged with tol uene, ethene,
propene ang EkdmpisBU4 dadmoni um 1- car badodecacarborate of formula [err].
After heating the contents of the autoclave to the reaction 15

tenperature, a Tebistddies @bre @arBedaiut withQigbrols! exviisivg ofra@ﬁn afdOmpigweds i n about 10
mM tol uene was AnrdutocieeCBID rhinblomé)ws abdrged| vatl eolushe) ethen) propens asd fribncbifylagymBnium 1-
bi s( cycl opentabldedeghcabbraie ®hiommiadBualiith yCH:watdten leatilg é® corentsat thalautoakavp tuthelreadtion
Exanpl e 4 bi shpemntuene sdhibregiohe pgfdim falibiving yrielal ¢ompoundsiimabloutr £ ihibluena dras intrddueedirite
5 bis- (pent &eetegiavey bn| copesietiiel Example) hbis@ydeneriadienyaiydoniumfdimsethyl wasruseries the metsf
the nmetal coRYSORGHRY, itEpmRle \ﬂ/a@s(eqaﬁmpﬁxlwlspzmasle mptiicenim @imetiyl ang incPrneleat bis-
rate. of aboufPepfamet QW'?PGPH‘"EBYMI“@ dimgihy. After dntiodyctionoef e iptal Foppupd. ftheng was
ExanplLe 5, V\ﬁ?’lt'%‘{"” Vns"ER'%& @‘W“W?‘Pé‘e t & eata f @oquf, 0.8 igininy iny Examnle & anghat an'ﬁ‘ier?f %FPerH

b 7B §'1 hilg SRPSHR In g @uipglaye was malpizined b

bidfggéég i nS ko i; gg} Lrﬁfg’ awgi'é;ef@s? ééﬁ éﬁgﬁa@ AEEBRe 5;, e
{

and addi ng UI éﬂr%? ei%%h W.ﬂ?.s

sanpl e taken g& ,g ave as'"qu' P
Gichigth

(GLCO) . Theggzse sectl t)? I'S asssgssf'é' cuﬂ at |"% t1ﬁ selectivity S as

defi ned for Examples 1 and 2. 25 30 35 40 46 50 55 7
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EP 0 526" 943 Bl Details of the reaction conditions and of the anal yti cal
result’s are given in Table 2. Table 2 5 Exanpl e

3 4 5 10 Metal conEPwWBPe(@MB®1) [err]
[err] 1.0 0. 05 0.05 15 Propene charge
(9) . . 300 100 100 Ethene initial charge
(9) Details of thg regction conditiong and of the analytigal xespjis| agg given TsoPErr]
67 133 133 Total volunme of toluene (M) 300
100 100 20 Reaction tenperaturqhgﬁgg] : 125 150
150 Presgure (bar) 30 50 50
Reaction tinme (mn) 60 16 8 25
Oefinyields, _GQC (a) &4 - C9 olefins 3. 37 5. 83
16.29 [err] [eg,ga]nfgeflns 31 0. %7 0. 35
2.42 30 Di strlbutlon C4 - C9 ol efins butane (g)
0. 43 70 0. 36———I1—20—1—bH-eRe—er] 58.0 95. 8
97.5 2-butenes (%) 42.0 4.2 2.5 35
pentenes (9) uecal 1 1.70 2,01 3 8. 95,4 4pent ene
[err] sra comf%pgcmmo) 91.2 861902)pen8e%es (%% od y
23.7 6.3, NHB, , CHyppo (mmald ] 29.01.0 2 0505 0.93 0 hexenes
(9) 16 Propene charge (g) 0.81 1. 21300 31086 1- heroene (%)
11.5 8. 4 es (%) < 8.5 0.8
0.6 45 Ethens mirZi'al ct‘]% *L Tg{;entene [er rJ 3.0 07%%. 0 0.5 68.0
53. 0. 4- et hy| -Mplpefaeire Ca %) 2.0 722.7 133 44 W¥3heptenes (g)
0. 315\ o O 9Moral volumd 68 taluene (nml) [ | 30D- hept e® (%) 100
39.4 79. hep nes err 6 6.9
11.7 i so- hept eRrsi‘éc'iiv‘v’)“ cdbbedactid! PEF 1255, o A o 2
0526943 Bl Talfiressurecee? nued) Exarrpl e 10 30 50
Reaction time (min) - ' 60 16 8
25 Olefin yields, GLC (g)
Ca - C9 olefins , 3.37 5.83 16.29
€], olefins 0.17 0.35 2.42
Distribution ¢, - C9 olefins
30 _ :
butene (g) 0.43 0.36 1.20
1-butene ‘(%w) 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 (3%w) 47.3 91.2 86.9
s 2-pencenes (3w) 23.7 6.3 12.1
© 2-methyl-l-butene (%w) 29.0 2.5
hexenes (g) 0.81 1.21 .36
l—hexen_e (sw) 11.5 8.5 b
2-hexenes (%w) 8.5 0.8 .6
% 2-methyl-l-pentene (3w) 78.0 ' 68.0 53.0
: a-methyl-l_.-pencene (sw) 2.0 22.7 44.0
heptenes (g) " 0.31 0.96 2.09
50 1l-heptene (%w) 39.4 79.5 81.1
2-heptenes (3%w) 28.6 6.9 11.7
iso-heptene (%w) 32.0 13.7 7.1
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oct'enes *(g) 0. 07 0. 03 0.05 1-octene

(%) 54.0 50.0 80 2-octenes (%)

36.0 6.7 10 15 EP 0 526 943 Bb- oct enes (%)

10 43. 3 10 nonenes (9Q) 0. 05

0. 26 0. 64 1-nonene (%) 48. 0 76. 8 48. 0
20 2- nonenes (%) 32.0 6.6

6.9 iso-nonenes (%W . Tab}ﬁ 2 “mcimefé. 6 " 45.1 Selectivity
S (% 61 72 71 25 1) for

conpari son 2) bi s(cycl opent adi enyl ) zi rconi um di net hyl 30 3)

bi s( pert anet hyT CyCT Opent adl enyT ) Zi rconi um ar mecnyy. 4) j

bi s( peht anet hyE%3®E8pent adi enyl ) haf ni um di methy® 35 Exarfbl es 6 afd 7 The
procedures were carried out with rigorous exclusion of oxygen and npi sture.
I n conparative Exanple 6, catalyst liquor A as described in Exanple 1 (1
nmol of bgth ingredients) 40 was applied. In Exanple 7, catalyst |iquor B
as described in Exacpdres2(g)l mol of both ingredi.@hts) viad3appli 85 The

ol i goneri sation reactign p ormed as in les 1 d 2, e
reactants being styr eng' and et Egr?e. The pr odua%glastri b?J(?i@on watssbdet erm ned
by GLC on a sanpl e také@nc¢sessst{®)content of t#-8utocl &+ aftero

term natirmg the reacti Qgo-dtrenbs T3uwf EP 0 526 943 Bls{atai |l s10f the
reaction conditions and of the analytical resul tosogre gia/eie in Tgb e 3.
Tabl e 3 Exanple  nonenes (g) - )| ‘ 9710

Cat al yst | i quor l-nonene (3%w) A 48.0 76.8B Styk8n@ charge

(9) N\ ) 1,‘{ 84 19. 8,Ephene igigtial chagge (9)
8.5 20 3.1 I\/blzaP°?eagFo( §'t)yr ene/ et hene =" ' 0.63
1. 73 Reaction tenper at ise-fjasens (%w) 2090 16.6 #35l Pressure
(bfar) Selectivity S (8) 10 61 5 20 72 Reacjtl Qp tine
(mn) 30 30 25 Aefin yields (g)
[err] 25 -0 1+0-—6—30
Di scribution of ethene oligonmers (g) [err]
1) for comparison .
2) bis(cyclopentadienyl)zirconium dimethyl
% 3) bis(pentamethylcyclopeantadienyl)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
ethens. The product distribution was determined by GLC on a sample taken from the content of the
autoclave after terminating the reaction.
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[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. BR 0[526 9113 B1 0. 16 0. 20
0.47 0.07 CT14 0. 10 0.11 0.42 0. 06
6100;316 0 Bgfails of the reactiggboglgitions a@jj % @%E\g?hftifal res9lt's%r79 given in Tagleg chg 0.03
0.28 0.04 [err] 1.84 2.58. 3.53 0.52

Tot al [err] 4.48 Table 3 4.05 50 55 10 EP 0 526

943 Bl Table 3 (continued) Exanple

[err]:d S Distribution of ethene/styrene co-oligoners (Q)
a Example aferr] 6%) 0.16 5 -0.13
0.40 0.04 10 [err] ' 0.17

0.17 B4+ 8—08—e++ 568 0.11
0. 40 10 0.07 [err] 0. 05 0. 06 0. 34
0.06 15 err] 0. 03 0. 03

0.28 CagabE Y éﬂ"]& o2 0503 0.24
0.05 [err] Styreme charge (g) 0.01 0.8 "~ 0.28.8 0. 03
[err] Ethene initial ch&&@l(g) 0.01 g.s 0.17 3.1 0.02 [err]
0.54 5 2.5 0.40 Tot al Lerr] 0.99
2.90 25 Iﬁz&tli”c')sr“é?l SRFEM/epRMes [err] ol i gdhé 1.73

0.71 Reaction temper@cud@® [®C¥ ] co- ol i gonedcs 125 0. 98
6.25 30 E@ngué¥)(ﬂl goner s/ ol i goners 10 0. 22

0. 72.1) conp on 35 Exanples 2, 4, nd -7 are acéordlng to the

i nventi &n. ReactigmetiBeapims the nolar ratio BI the furthd® al pha olefin to
ethene is nore than 1 and the cycl opentadi enyl is al kyl substituted.
Exanples 1, 73 and 6 are not_according to tne 1 nvention. Thney nave peen

i ncl uded as conparative exanples. In Exanples 1, 3 and 6 the

cycl opegpt adiogeyin gielys (W@ unsubstituted. In Exanples 1 and 6 the mol ar
ratio of th -fyré;ger al pha 40 olefin to ethen®.os:less thao.d, whilst in
Exanple 3 thiks ratio is nore than 1. By conparison of Exanples 2 - 5 with
Exanpl e 1 i t—camte—seemtiat—Tmcreaseof—tteotar—ratto—-of—propeme over
ethene | eads to a substantial increase of the selectivity S, which inplies.

a substanti @l si AGLLERE of echene _

oligomers (g) @ B . a 8

cé 0.73 1.23 0.58 0.09

35 c8 0.47 0.57 0.57 0.08

clo 0.27 0.33 0.52 0.07

W, CEZ 0.16 0.20 0.47 0.07
o cls 0.10 0.11 0.42 0.06

cie 0.06 0.07 0.37 0.06

cls 0.03 0.04 0.32 0.05

c20 0.02 0.03 0.28 0.04

* cé - c20 1.84 2.58 . 3.53 0.52

Total c6 -C20, a + 8 4.48 _ 4.05
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of the formation of co-oligoners of propene and ethene over the formation
of oligoners of ethene. Conparison of Exanple 3 with Exanple 1 shows that
the increase of the nolar ratio of tHEP @b2d943B1does not 45 influence the
relative quantities of the al pha ol efins anong the co-oligonerisation
products. Relatively high proportions of al pha ol efins anong the
co-oligonerisation products are acltaeled Dgontshued)a bi s- (cycl opent adi enyl)
nmet al compound derived froman al kyl substituted cycl opentadi enyl (cf.
Exanple 2 vs. Exanple 1 and Exanples 4 and 5 vs. ;Exanple 3). Exanples 2, 4
and 5 ShOWs i nExsmplei on_ that a relatively highéoportion of the branched
ol ef i n§7whi ch 8§ eedi8LPESR bE. Jchgngﬁtgﬂrgonerl sation of propene and et hene so
are |s\0jal kenes havi ng an even nunber of carbon atons. Conparative Exanple
1 of the presefiP” %?ﬁ'ﬁ?'i‘%‘ét {8h is a reprofuction & Exanpl® 6 of tHe
Applicant's earlier dategdd European pateotigppl i @atdon 91@3@367. 00.penti oned
her ei nbef age, suppl ene d with addi- tipoppl dat The nt of .efhene
initially present in tkrgel.%r eaction m xt uregiiof tk?gléxanp?‘ggylof EP— Bé.'
91200367.0 and the cor rfé-épondl ng nol ar Qa9 os of0.2ke fur@Hér ol ePi.®7to
ethene are given in Takifg 4. 55 11 ER.§ 526 YgsBl Ta@lﬁ‘ 4 Exgnpse in
EP-91200367. 0 Cat al ysfts' ) Et hyl ene % Mol ar E:atl 0 2)

C % 8.4 .32 &g’ 119805

0.4 3 c2D 11.8.02 o.o®.4 40.26 0.05 C
25 0.4 5 C 2.3 . 3,10

6 3) Cczz 19 .3 0.0 $-9ig "~ 0.20 8.3 E
17. 8\./ 0.14 1) GZécont ai ned bi s( 0y@l opent®a@ienyl)2ik7coni ud. a2 et hyl
D: contai f&d bi s(pent th§g,cycl opent adigegy! ) zi rcgei um dkrg%t hyI B 40

cont ai ned bi s(gent anmef hy!l gi(cl opent adi enyl ﬁvmf ni um di met hyl

2) of further &¢Ha ©l®fintt.oeettfene 3) |deftP?al to Corrpara?r?ﬂa Exanpl e 1
descri bed herei nbefore ) The data of Table 4 shows that the reaction
condi ti onsy of the of EP-9TZ00367.0 are outsrde the 20 sScope of

t he processs of T'Hil?sl' ?r}g ?Q}H: bafiscxanples 6 and 7, styrene was used as the

further al pha ol ef epgdlligaidrane. Conpari somd.dt the results shzas that in
Exanpl e 7, which |§ CG rgia{%g %9 the inventiy O?’I relatively ngr; of the

co- ollgoners is for H and%elatively nore of the al pha-oligoners and

al pha- co- @bi gofierad, co’rrd#swﬁv@dnb!eaoaet:/e Exafp??® 6. 25 O ai ms0172 A process
for the preparation of olefins of the general fornula R-[err] in which
formula R is aynyadrocarbyl group and p 1S an Integer or_at feast I,

conpri si ng reacti n§oBtIPTAREIALL at | east one further al pha olefin of the
general formula R CH = CH2 under oligonerisation conditions in the presence
30 of % cat aﬂ{st S tem obt ai nabl e b comnbi ni ng a f| rst conponent whi ch

is a bis(cycl Q invep 5Jﬁ§p HBlaé_l'atIO of the further
Y%& '\XHF gl F'ébs?}'é‘ 51‘ P!?F ‘r%%i'&t"u
B‘H%l‘ 'Th

substituent <o
f&u% § 8 ntpg (?lfe mglﬂ'brgt{o the ?%

wi th\a/ cat i o[ﬁ, 8
OB wfif? ﬁﬁa{ Rleas gf%fthﬁ Y?a% 99

ani on cont«?u %‘\Lfrl)l I ;2) vg)fl
non- coor di na |on r{
an ol i goneri Eroﬂgng Wﬁth%mﬁé ﬁ'arkgbétdn{b?@lﬁreég ‘c:ﬂf lhé"&l i Q/vhg:ﬁqﬁ'ﬂh Gncrease
R- ( CH2- 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 olsfins 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
s0 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 olsfin to ethene are given in Table 4.
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35 CH2) p-CH = CH2, wherein the further alpha olefin(s) and ethene are
present in a nolar ratio of at least 1 and wherein at |east one of the
cycl opent adi enyl groups of the netalEPOPRMIBY s (cycl o) al kyl and/ or

aryl al kyl substituted. 2. A process according to claim1, characterised in
that the further alpha olefinis a Iinearr plffin havi ng an 40 odd

nunber of carbon atons. 3. A process acco?bcﬁ hg to claim 2, characterised in

that the further al‘ﬁm—w—pwm—po claim
1, characterised i tEvampleih&PPIR003E0 hI Belyshlef i Rthilenedy yr Melar rali) 5. A

process according tto any ofyclainms 1 {o 4¢g chafactgrl seq ingighat the ratio
of the further alpha olefings) to ethgne gs W | hi nqlghe nangg4of frjom 50 to
500 nol es per nolelethene. §. A procefs apcord|{ng 1@ any of gp@lains| 1 to 5,
characterised in that the o4igomerisatjiongis carrizgd ouf at oa 50
tenperature withinjthe range of fromp0 t¢ 150, C amd atf a pwessurle within
the range of from% to 60 b&#. 7. A pfoce€s actordioldg t¢ anwsof clainm 1 to
6, characterised i that the nolar ratio & thg fiws$t cenpomeat to the

second conponent of 1 B%ot@hdd bistdyciopbra@ iyl Src It "ﬁilqetme range of fromo0.1 to
5.0. 55 8. A processD:@&ﬁmeélb@q,emn&meya pefitadrBzirdoniufh dimetyiar act eri sed in
that such a quantit ¥ @imdidd8 be@bfnietlylcydispbRMidnFnRARMARIN N the reaction
m xture & to cont aiofiREn dighk bibfinds afendt om of the G oup | VA netal per nole

of ethylene to be rea@bmical tolComparaiil Elanipld1 A ibBd heléitlefred Exanpl e in

EP-91200367. 0 Catatyst—)—Ethytemne g WotarTatTo 2T '

g 4 3 \) The 8d'at% of Table 4 s wg 'tl?’at %e reactioE forglitions of the Exar%aleﬁof 4EP-912003&;ID a8re outside the

C- 20 sc of the process of the j yeéﬂig)n. T :

43 10 Examples 6 and 7, Styr %is used as the further alpha éefin with ethene. ﬁ:gm;g;ison of the
. results shows that in Example 7, 'whith is according to the invention,telatively more of the’cobligomers is

0.3 8 formed, and relatively rhore of the alpha-oligofefs and alpha-co-oligdthel<? thdn in ComSidt SERRBle 6.

bi s(cycl opent adi enyl) zi rconi um di nethyl D: cont ai ned
bi s( pent gnmegirscycl opent adi enyl ) zi rconi um di met hyl E: cont ai ned
bi s( pent anet hyl cycl opent adi enyl ) haf ni um-di net hyl 15 2) of
further al phaAgrabsstortite predeesion o olekithodh the @anerdl rlodTBICH tGH R-CHXEMp linewhich formula
descri bed her &iinbéaydoerbyigroupcnd p df anTistbgee ofdat Bhsiscaripdsing raactingeaishe @ith at least one
condi ti ons of futhe algha pipiingd thefgededrl SR BEH =(THa uadep aligeingrisation goriéiionssia the @resénce
t he proc#®ss obf & tatalyshsustami abtainabble biEsembising 2 figst geraporient whigl ie pdisieagiongrtadieraly Grdup
further al phalVél restelrrompaund ceriainiig, 2 Sbativent whigh ip attachrd to draumeta) ast whish istrapablerpf
Exanpl e 7, whre@pfing &vith a Sgiop. 39g atsecons somnegan whighis arcampeund Bawng #giullsy grion ¢pgtaining
co-ol i gormers P&y phberongims and ahichy is) sybstaglially d??‘@ﬁ'é""ﬁ‘l“ﬁH&"-%P‘P%’ﬁﬁi?f@”!&’ﬂ&‘s and
al pha- co-ol i g?ﬁé"l" - an P%H"ef'?l?'.ﬂb‘?‘%%?%ﬁ 8““5%‘????‘%9 insaroishiny of fthegeneral jormplg BACH,-
for the BrepaldprEi= Z;W?P‘f‘ﬁ'f of gipha 7 d PSR FoPPsaptiq @ mpl ?‘l ﬂatl'easr
formula Ris 3“%%("6&?‘%@ ongrb B CYFiEPepEYiYLgIouPR PR Mot ComPond g (eygolaly! andior
amt a SUDSIY . .
COW@I ng readtl g ethene with at | east one
' 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 cléim 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.

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 fo 5.0.
85 : .
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 1072 to 10~% gram atom of the Group
IVA metal psr mole of ethylene to be reacted.
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further” al pha ol efin of t he general fornmula R-CH = CH2 under

oli gorrerr sation conditions in the presence 30 of a catal yst system

obt ai nabl e by conbining a first coFP®H261949Mich i s a bis(cycl opentadienyl)
G oup | VA netal conpound containing a substituent which is attached to the
metal and which is capable of reacting with a cation, and a second
conponent which is a conpound having a %Pléy anion containing a plurality
of boron atons andwhich is siihstantial I v_non-coordinati ng inder t he
reaction conditi or}us Eganpledin E&Biaomapzar%l Gmw;ri righyiene g |i gmmrra'tic?)p oduct
corrprr si;ng |inear [OT€TTnsS of The generarstornula F(CHZ- 3ps err],

wherei @ the furthe¢r al pha plefin(s) fand gtherle ayggpresentgyn a polar ratio
of at™least 1 and|wherein st |east one thg cyg Qpe adl@gyl gfoups of
the metal conpound is (cycd o)al kyl and/ og aryl al gyl substiggted. 2. A
process accordingfto claim l, characteriged ijn thag the fuwgher falpha
olefin ks a lineaj olefindmving an 40 ¢ odd nwsber |of cagbon htons. 3. A
process accordi ng to claim 2, charac erilsed iIn thag the fusider Al pha

the ot el o ene o [;t&e%% Ao I cnargsﬂ eTTSed in that
the further al pha ,byc{§ d'eﬁ( Pikc3 Er. ording to any o
pRafid %E EimyUr t her al pha

claims 1 to 4, charg
olefin(® to et hene)dfﬁmmr hglo,gﬁ ® dtBRYE ofd fromb5 00 ol es per nole
ethene. 6. A procesfiaafacPloGomparhife BAp@T1 dGécﬁbd?:ﬁrer%mBé?or@ characterised in
t hat the ollgonerl-sat—rmﬁ-rc-aﬁ-red—om—at—ﬁﬁ—t-ameratm—e—wthln t he
range of from err a ressure m5 to 60 bar.

] t h
7. Acpr gocle e Ag g fea‘Ef'P%\F??E“'?L"st%“‘S . r%s%%ﬁ Shreat 7 g e
nol ar ré"t|38° '°F 8172

m rene, v?antus e S CO e% om %nso%t ?lﬂ%St
system is Eﬁ .ri m wr.r.r‘?‘@a gi ,Fr o e.at.v%" rrsz% fﬁé v ‘Zu o
ooflre |

oﬂ'

to any of Ia‘u Grner t ratP/ le 6.
catalyst systemlse nt ereactlon th re as tO contal n I’ m

[err] osanggikem of the Group I VA netal per nole of ethylene to be reacted.
12 EP 0 526 943 Bl 9. A process according to .any of clains 1 to 8,

char act er i fed grdtedshiithel fiépafatidnSdf ol6FHETBPIAE féner@f forndR REBHALH3FCHYCH, afwhich formula
conpound of Ras BH}dockER)glVR aiPp 18128 liffogedt Bt 164D Roriising\Wbiaéting BiByhelwith kiteasb e
or diff erent jurthepiphsasfinf the gyralabfoeniaRiCRaCH, giaigaierisdioncdonditions malst prexefeei S
(cycl 0) & kyl ofanchtaiyst systginablaipibleshylxstnbihing @ first dompapntathieh issa lis(gyciopeptatietiyl) réedup|
atom and [ eiMA metélicompavpd cinininge substituemt whigh fisf attechad fo e metal andardivh isegapadesfit a
hydr ogen at orsagting aiths & baion.tapd & gecond mmrwmmtl%dcmmur@dnwwat bultycanion ceataihingn
that the secamtyraiity apearraratomsfand w@crtnars@hsg;@rallygyg-peq:ﬁmagngaxnﬁqr.tlm rm'%mmlomnd
car bor ane, t R&atioRA9Y FageMaringrAn SHOOMETIRoGUE ROMRIESNO dibpap Jlefing af the)ganprp!domula R (Chig A
pr ocess®accolHe HrSH% wherein Bie fusther alphs elsfinishend; ffope ale PiGpankin 2jmalay e, ph 3 jeast 1
haf ni um and? ﬂgﬁdﬂe phihe cyclopgniadiend groups-of epetalcpmRALRd, s (YRRl @ndiaty |
gr oup and [ efY§ rs SPURY al ky! gr oups. Patent anspr Uche 1. Verfahren zur
Her $¢-€l | u@ Xon cgsseaf I n 1 tg glal a1I ctge\%g%nseg G'E (t) Iihm'?urther al g_%e 2 }s]%’lmeg_ioleﬂn gé\'/nig
worin R _einhe J%fmmbero %‘f r,n[é" ei ne nzeoZant "von m naestens
1 bedeut en, en mt m ndest ens ei nem vvel teren al pha-Qd efin der
al | gemei ned) KQFdIBds aktofdifgTo SR 2Uéafatterishd  M¥PHhé Riithdr QBRI Sistin 64 gagpOEN 1 N
Gegenwart eines Katal ysatorsystenms umsetzt, das durch Zusammenbringen ei ner
ersten Komoomrtrcessau&rdmgm@érauans&rﬁmbr@s@mﬁdmefmm alMRT diin lRgenel Nnes Metal | s
aus Gugpe |VA mt eineman das Metall gebundenen und gegenCber ei nem
Kat | on redkt AphreéshicgelingJol et dof claieis t1a6) 4,rchiracerisel in hathd @tig of the further alpha olefin(s)

to ethene is within the range of from 50 to 500 moles per mole sthene.

6. A process according to any of claims 1 to 5, characterised in ﬂ\at 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.
65 '
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 1073 to 10™5 gram atom of the Group
IVA metal per mole of ethylene to be reacted.
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jeweil s ei ned Pé’ﬂ't?amtfhw eipern o\geﬂmmcamw(%@p@u@hwemzemmt 2B Ldeﬁvéfle!‘héﬁms von
Al kyl gr upgfen 1 weiterem alpha-Olefify bzw.qveiteren alpha-QlsiinenczaFien iy Bersich [vprepP bis 500 Mol pro Mol
Revend! cat i ons Ethen liggt. 1 Un procede pour | a preparation d olefines de |la
formul e gen6ra| e R— CH2- CHZ ueI e R est un rouLEthu

ans I
oo o iGhrH: el e g
& 6t heﬁrebﬁ'vgcegu? 1(1?3}? gﬂf&ﬁﬂp%*rw'f'w@w&ﬁas'r %‘ﬂgﬁ R ek

g6n6rale - conditions d' ollgonerlsatlon en presence d' un

sysftne cat a} Y VbHin RAMY &Rdm 84/ 4 ﬁﬁ{%hgqu i£8, G4 ﬁ'aédahnzla’i&ngtr QLB &ls MGNRMlrid A
qui est un comggpp KcBﬁp% OGS RiMpBRbHe)de s%gtﬁn%e.fe\éﬁv&% 558 fiogh! N
10 substituant qui est attache au ndtal et es¥ capabl e de reagir avec
un cationg €4, WBihRA Atk dirdfSdel AApRIEhetIbis @ Sdadbith GREAABTRNSLYRD ieli FRMIBHgemisch
vol um neux ConbkAgEaGtkte WMdbRgeDALIRAlyskibrsgbtent S Binedien v CaaB 110EM s B g-Atom des Metalls
subst anti el | emaws Gragpe 10m6 Monaizesstzentie Ethyievonioged t ions de r6action et un
cation, et le recueil d' un
8. \Verfahren nach einem der Anspriiche 1 bis 8, dadurch gekennzeichnet, daB die erste Komponente des
60 Katalysatorsystems eine Verbindung der Formel (Cp)2MR;R2 ist, wobei die Gruppen Cp jewsils gleiche
oder verschiedene Cyclopentadienylgruppen darstellen, von denen mindestens eine mit (Cyclo)alkyl
und/oder Arylalkyl substituiert ist, M ein Metallatom aus Gruppe IVA und Ry und Rz, die glsich oder
verschieden sein kdnnen, jeweils ein Wasserstoffatom oder eine gegebsnenfalls substituierte Hydrocar-
bylgruppe darstellen, und daB die zweite Komponente des Katalysatorsystems ein Trialkylammonium-
§5 carboran ist, wobei das Carborananion der Formel By1CH2~ entspricht.

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB M Zirkonium oder Hafnium bedeutst und die
Gruppen Cp jeweils eine Pentamethylcyclopentadienylgruppe und Ry und Rz jewsils Alkylgruppen
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prodU|t ‘ol igonmere conprenant des olefines lin6aires de la fornule g~nerale
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suppl enentaires et |'ethene sont pEFERESASBIs un 15 rapport nolaire
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conti enne ? selon laye S?a ) ??e‘i"%?l'a@ﬁa ﬂ&'ﬂﬁﬁ%"pléﬁ?ﬂ"tﬂﬁresﬁﬁ'l’ee

d' etyl ene dé’\}éﬁ?ﬁ"" ot GY"}"t "'"415’ ro inippir Stalomes; de OB | * une quel conque des
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qui peuvent e |dent|ques ou differents, representent chacun un groupe
cycl opent agli EU?I Y br6csd® Bhiofth FSRInBiSatibhy) 1095?12:%&%# @@ qﬁé“?éﬁﬂaioléﬂdeoéhpﬁlgr){&ﬁéﬁ% akcqyl e
et/ou anyl al cgyne, M represente un atone de netal du groupe | VA et
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atone d' hygr Q@R éd8soldR I'go QuAEONGUSHES FoRdritktionsS 1Y .{ databiBrisd én B8 GueSb! Rippdri déda oDt
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f or mul o 3B, 6.1 UBHirocBdé sefod Il quelaonane desdévendidations|1ad 8.coampiérisé ®h ice Iquéd ['oligomérisation
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7. Un"procédé selon I'une quelconque des revendications 1 & 6, caractérisé en ce que le rapport du

35 premier constituant au second constituant du systéme catalytique est compris entre 0,1 et 5,0.

8. Un procédé selon f'une quelconque des revendications 1 & 8, caractérisé en ce qu'on utilise dans le
o/ mélange réactionnel une quantité du systéme catalytique telle qu'elle contienne de 10~ & 10~5 atome-
gramme du métal du groupe IVA par mole d'éthyléne devant réagir.

8. Un procédé selon l'une quelconque des revendications 1 & 8, caractérisé en ce que le premier
constituant du systéme catalytique est un composé de formule (Cp)2MR;Rz ol les groupes Cp, qui
peuvent &tre identiques ou différents, représentent chacun un groupe cyclopentadiényle dont au moins
un comporte une substitution (cyclo)alcoyle et/ou arylalcoyle, M représente un atome de métal du

45 groupe IVA et Ry et Rz, qui peuvent éire identiques ou différents, représentent chacun un atome
d'hydrogéne ou un groupe hydrocarbyle substitué ou non-substitué, et en ce que le second constituant
du systdme catalytique est un trialcoylammonium carborane, I'anion carborane étant représenté par la
formule B11CHi2™~.

s0 10. Un procédé selon la revendication 9, caractérisé en ce que M est le zirconium ou le hafnium st chaque

groupe Cp représente un groupe pentaméthyicyclopentadiényle et R; et R2 sont chacun un groupe
alcoyle.
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