1 0 MAR 2006 1 TRI MERI ZATI ON OF ALPHA- OLEFI NS The present invention rel ates
to a process for the trimerization 5 of a-olefins of 3 or nore carbp@Mgﬂgmg
by reacting an a-olefin or a hydrocarbon m xture which contains a--ole

at fromO to 150C and from1l to 200 bar in the presence of a catalyst. The
present invention furthernore relatds to the trinmers thus 10 obtai nabl e,

t he al kanes obtai nable by the trinmers by hydrogenation, the oxo al cohols

obt ai nabgrfit M Aot bF BfsabherIRs asti ci zers and surfactants obtai nabl e
fromthe oxo al cohols, and Iubri cants and fuel additives which contain the

triners and/or the aI kanes. Gefln trimers of up to 30 carbon atons are

of consi aﬁ?a%t%se“écéﬁgﬁ?%lqw& pERB AL PIREETTEFT f'%‘re bF 3ugy iZ@tdpnag
i nt er mBdp&t @so¥efiinsxofa} cuh@loge chrbomiatomsi hyt teartigiongn cepefiianps of
sur f act aat Bydnstgrbaat ntxaares whathptastd ins. a201&fbis canttsonnd daialsoaddi ti ves

constit upgaartdtf 1Nk ﬁb@'l&h:‘)flnuiﬁedﬁ%se%‘é‘éhokré”c?e[t?aly's% the integrated
product system of the chem cal stry, trimerization processes are

therefore a key step fromindustrial olefin streans which originate, for

exanpl e, The  BrfseRd PBERE IR dREERSTBOLS J@dates oo e Frd®ers 2 Ushkr onol .
Chem 10Rapt@|u&hﬁmmtbe alkynesopbtraablandy €hgakoimers bycs 12 (1993), 4473
di scl osehybpsgaidtdna, atite pxopalecheds dajabpier fzed the themgrsssenee of the

g?t ;Iryst §¥§Ef&ﬂze&@.”ﬁf1&Sétﬁgfa@iﬁzzgﬁgé)@b%ﬁta@e%r&éﬁﬁ;ﬁoﬁé%&@é 19'\/25 'E\S/lg; TS
fhaty et R e YRR ELON i SR ), 5%

Or ganone
Chem Soe (1995), 1065 disclose the use of t he cat al yst 35

syst eﬁn"'conprl sing 15- C5Me5Ti Me3 and B(C6F5)3 in the pol ynerization of
ol ef i ns ahefi ywramerandf ofp iteoBat eanebon] .atomgaaoersdf cCnsideb&2ld 1999), 84-94
%?/2(2:84 t2>g§ct>ﬁ&qu Bﬁtsﬁmlaexea yhdies teRep ﬂ.é@lﬁﬁ@%ﬁ) 50 3 vmgre R=CMe2Ph,
r an

(r)5- CSHﬁh'}%éél]%'l 'L_E?%EZf gﬂy)ﬂlceﬁél %ﬁ@éﬁ%ﬁ i% %rrg\pbgrm Macr onol ecul es
33 2000 %‘Es’bj::3 t‘:ﬁ‘g aStsoRgers of 2519- 4521 reports
that tzﬂe EVE%%WCBNESW% PGEFS)‘?‘H%&F%I ?fz%‘é“'tk}?é éé??‘iin%frl“fgt i on of
two et hefier npladc (Hrdmews ¢ Hirorkde] ioteaRZgDPraduct system of the

chemical industry, trimerization processes are therefore a key

step from industrial olefin streams which originate, for example,
from the steam crackers to products of daily use.
25
Makromol. Chem., Rapid Communic. 13 (1992), 277 and
Organometallics 12 (1993), 4473 disclose that ethene and propene
can be polymerized in the presence of the catalyst system
comprising B(CeFs5)3 and Cp'MR; (Cp’'= CsHs or CsMes, M = Ti or 2r,
30 R = Me or CH,Ph).

Furthermore, Organometallics 15 (1996), 693, J. Organomet. Chem.
548 (1997), 23, Macromolecules 28 (1995), 8021 and J. Chem. Soc.,
Chem. Commun. (1995), 1065 disclose the use of the catalyst

35 system comprising m3-CsMesTiMe; and B(CgFs5)3 in the polymerization
of olefins and styrene and of isobutene.

J. Organomet. Chem. 592 (1999), 84-94 describes the use of

complexes of the type (n°-CsH4R)TiCl; where R=CMe,;Ph, CMe,CH,Ph,
40 SiMe,Ph, CHPh;), (n5-CsH4CMe,CH;Ph)ZrCl; - dme and

(n5-CsH4CHPhy ) Ti(CHzPh)3 in the polymerization of propene.

Macromolecules 33 (2000), 2807-2814 and Angew. Chem. 112 ©No. 23
(2000), 4519-4521 reports that the system [CsMesTiMe3;]/B(CgFs5)3
45 catalyzes the cotrimerization of two ethene molecules with one



styrene nol ecul e, whereas the trinerization of an a-olefin as such is not
possi bl e therewith. The catal yst system conprising g5- CSMe5Ti Me3 angp MAR 2006
B(C6F5)3 is also 5 used, according to Macronol ecul es 32 (1999), 4491-4493,
in the specific preparation of butyl-branched pol yet hyl enes starting from
et hene. 1-Hexene is observed as a byproduct there. Angew. Chem 113 No. 13
(2001), 26Pdetbbldcate psasreaat thd Ocdiel3zE0HCMES)aki Cl-3Léfixt gl al um noxane

is a pol ynek i ZAtIRANposai Bl e/ HnebBRE€RS _

[ (15- CSH4ACWe2phenyl le C13] / met hyl al um noxane is a catalyst for the
trimerization of. ethene to 1-hexene. wever, the trinerization results
achi eved™By FRERHY S5 SYREST FRRT 1880 (5 ckalesd iR 05 B(Chks)st 18 }S%or e
car bonSaugesd: acroFdingcto Magreapdecwlias 32t (189%h AfEct 488, tire theesent

i nvent i oapéai fifo\prépanapi@c ess bhoyl-tencheldepdlyet Hylieieei 8841t timgof

a- ol ef i NgroRQiferRaV e fioksid tRAbLELEFedRisea! bysraltitevadrby a process for

the trinmerization of ct-olefins of 3 or nore carbon atons by reacting an
a-olefin_or a hydroc r?on m_xt ur ich contains, a-olefins at fromO to
150C and®R9Dm fx"teg"Zgé;—b%‘?'i t(ﬂﬁoﬁ'egé_’ﬁééZBWad%]ﬁteél YB®t in which a
cat al Y8t [ {in-CsHsEMesTAChabinethydal upinpxesspbena RM¥Rerigapbdeh R is a

cycl opentathlgmtd wheoeps bOTFeColisCe,pényihadel hytieganaldfindanm danabe

substit utggalpsd doRt tBel timediibheientolbndr QOIPE RGLQL aryl groups, where
2 substituents together can also forma saturated or unsaturated

hyd hai s titani, ' [ f ni d .35 th X,
hdopendBRTTSP T SBReCENB AR her AR Pae AP Ee aRpAeerE P ARVR) br

| east 18nBreRasSest PRy vt finse of03i or (REE. CRGPPRcY RS arehBOt rY8fers t hus
obt ai nabkatisfeetairlkanes obtainable via the triners by hydrogenation, the
oxo al cohol s obtainable 45 fromthe triners, the plasticizers and :

sur f act apt s; SLEAIR3BLE Jf ArdABreL&ke 3inveh@ibh NES iR ddl 8OPRbSEssAREr
| ubricantg aé‘quc%glagﬂrﬁéflj%%}: Lehe Loitgin the trimers and/or the al kanes
: mea

have beefi T oun y ns o € novel process, it is possible to obtain

trime® 5 of a-olefins of 3 or nore carbon atons in high yields and high
sel ecti vAeyhave found that this object is achieved by a process for the

trimerization of a-olefins of 3 or more carbon atoms by reacting
an a-olefin or a hydrocarbon mixture which contains c-olefins at
from 0 to 150°C and from 1 to 200 bar in the presence of a

25 catalyst, in which a catalyst which is obtainable from

a) a compound RMX3, in which

R is a cyclopentadienyl group, some or all of whose hydrogen

30 atoms can be substituted by identical or different alkyl
groups and/or aryl groups, where 2 substituents together can
also form a saturated or unsaturated hydrocarbon chain,

M is titanium, zirconium or hafnium and

35
the groups X, independently of one another, are abstractable
opposite ions, and

b) at least one activating additive
40
is used.

Furthermore, the trimers thus obtainable, the alkanes obtainable
via the trimers by hydrogenation, the oxo alcohols obtainable
45 from the trimers, the plasticizers and surfactants obtainable



Preferred a-olefins of 3, 4 or nore carbon atons are straight-chain and
branched a-olefins of 4 to 22, preferably 3 to 10 12, carbon atons.

1- Propene, 1-pentene, 1-hexene and 1-decene are particularly preferir@esaands
1-but'ene is very particularly preferred. Mxtures of the a-olefins with one
anot her and/or with al kanes 15 can also be used. In the novel process,
a---olefin streams which substantiadly contain a single a-olefin and in

addi t i onframe these mne adkkhobs, aimel pubt ey ansiedue Thaidizdves whidmgl e

a- ol ef i AR aifUeRe I iRRELT 64 AYd XnRr §LREAEH na?@ BLéh efdith groups Rin the
conpounds RMX3 are cycl opent adi enyl groups which may be substituted by

I dentical or differ nt b}; i dentical ,or different Cl- to C22-al kyl groups,
such as E%é‘eﬁﬁﬁhﬁ% Vel RFQ975Se ihcipRansddient? Ftips trimeds ch 2,

pr ef erastfy c-pdef rqfné our hove AAGHENOALOME gy dlighenieldie@pd highy are i nked
25 to om=lerefibetyby a saturated or unsaturated carbon chain of, preferably,
4 carbon atons, such as in indenyl and 1, 2, 3 4 tetra- hydroi ndenyl .

Parti culp';}:rl £ %gfgrcgl gogp% R4a A= BIQ F{é ﬁl c cI opent adi enyl group,
t he isopr cg 0 e%t g ren ??1 e Fafsthy ycI opent adi enyl group
and verys"ég‘lﬁ %‘?"é}e%of’y*ilﬁél%s‘tﬁoﬁ 1"E’ut?éd REFASSARAY adli h

gr oupl® Ref Glﬁrb@ln MSysﬂstq'quWe Aopenteneac dsbexerne targh d -drcang carrel\/l | S

titani urpaxiicbief by paefgrpepsant ilkbhbens ol owngs pRMEBelrslyhal ogen, such as
fluori neprteéQ%&l.e, i odine and especially <chlorine, 40 - tosylate, triflate,
tetrafl uoroborate, tetrakis(pentafluorophenyl)borate, hexafl uorophosphat e,

hexaf | ugr.oanti m)n and hen | borate, Cl-- Cl10- car especially
2- et hill M%ﬁf‘e el“O ﬁt&%@'rfg oRe | FRotheY, Ia&Flz 5‘3‘ X@'T‘ oups, such

as nmethygan éﬂ-ﬁ?lbe ysedpr dpythe giesey| paﬁ@e%npwoleﬁmnk@trmmbmh nati ng
ani ons, sushaasidll36lesntadn Thesigydepe—dlafin cdsén addjairdn onkaorso that the
Cormoundno'%lwalksm airkl pgetéedB1iAvee800ths Aldtbidtl hysinyrNv-—sqk¥ehtadised.

Particul@ydnyipr (R a9 QUPS PE3%R . Chl orine and tosylate, in 10 particular
chl ori ne. Inladgcf‘ﬁlon £0 ?he compounds RMX3, their conpl exes with weakly

bonded neutral conplex ligands are al so suitable, for example
0 Preferred groups R in the compounds RMX3 are cyclcopentadienyl

groups which may be substituted by identical or different by
identical or different C;- to Cyz-alkyl groups, such as the methyl
group, and those cyclopentadienyl groups in which 2, preferably
neighboring carbon atoms of the cyclopentadienyl ring are linked

25 to one another by a saturated or unsaturated carbon chain of,
preferably, 4 carbon atoms, such as in indenyl and 1,2,3,4-tetra-
hydroindenyl. Particularly preferred groups R are the
pentamethylcyclopentadienyl group, the isopropylcyclopentadienyl
group, the tetramethylcyclopentadienyl group and very

30 particularly preferably the unsubstituted cyclopentadienyl group.

Preferred catalysts in the novel process are those in which M is
titanium.

35 pPreferred groups X in the compounds RMX; are:

- halogen, such as fluorine, bromine, iodine and especially
chlorine,

40 - tosylate, triflate, tetrafluoroborate,
tetrakis(pentafluorcphenyl}borate, hexafluorophosphate,
hexafluoroantimonate and tetraphenylborate,

- Cy~ to Cyp—carboxyl, especially 2-ethylhexanoate,
45



conpl exes of the type ; RML3] X3r where L is, for exanple, 15 tetrahydrofuran
or triethylamne and X is, for exanple, tetrafl uoroborate, 1&]MA 2006
hexafi uoroanti nonate or tetrakis(penta- fluorophenyl)borate. Here and bel ow,
al kyl and al koxy having as a rule 1 to 20, 20 preferably 1 to 8, especially
1 to 4, carbon atons. Exanples of @ kyl are in particular nmethyl, ethyl,

n-propyl - i s@pkPpylary1aixput ¥id a&'ylluﬁﬂ)upé;,s%lﬁﬁh)’las hefybUyhy1 N- pentyl,

n-hexyl, 2-hexyl -h - n-octyl, 2-octyl” and 2-ethyl hex-1-yl.
Exanpl es of a?é%x?@r'egpﬁxggr%%%% J}Lrbt hoxy, 25 ethoxy, n-propoxy,

| sopropoxy, n-butoxy, 2-butoxy, isobutoxy, tert-butoxy, n-pentyloxy,

n- hexyl oxy, PulEky | NPRFooRdbRME D RpIOND, Faisthy BExP (CeFsdeTy| oxy, 2- octyl oxy
and 2-6&t hyl hex-1-yloxy. In the novel process, the concentration of the
conmpoundThe/Xgrdups R0atié Ustidderf Hanpdriicklar 568 dhattafeecakbyuhd GMx] X 10-6 to

0.1, 1N oBftdifitednlhOflve Yot 20igh G O%Lﬁﬁﬁrséﬂeﬁt pgsdreact ' on

m xt ure. concentration act1vator I's usualTy from1 x 10-B
35 to 500, preferably from1l x 10-7 to 10, in particular from5 x 10-$ to 2,
especi al Fprtirulardyspreferrad |ggoups thaneegblpoine mnd rosyleket Ha case of the
al kyl dlbupanvkariercahtotriteed as nol of Al/kg. Gtherwi se, a person skilled in
the art optimzes the concentration of activator conpound in particular
with regard,to: t ' p S r purity of
the staff 3%%% ?% il °§n2§§%?§éd“°§%£? %%%%ﬁgf%ﬂ%@w alkyl in
the case’8FE &AL Pvef IR 1Hapes 47 & :@a?'éﬁ % RFoptRMRIShat el y

snmal | er FRAEARLSXesS RE Ehectye JRYEs Bfs-biherest i85 $ort aBrBPkti vating
addi t ilPesebrahfdnofexanpbe trEeghydakites ansoeis pf favhes@mplliy| groups can be

r epl acedtbéyrdluegebotdt OrheXdal€Quyroamiithondit b her Nbsr adilsy bahtigd noxanes, boron
conmpoundg] @hkbgHerl ) Bsrded. MAR 2006 5 of the abovenentioned activators, for
exanpl e conbi nati ons of netal alkyls, sone of whose al kyl groups may be

repl aced_b ha gen and/or al kox wi t h horon conpounds and conbi nati ons of
al kyl al uﬁ?%%ﬁﬁ’leg ¥h Bt a(?&n?iyﬁ‘?fﬂé hayipfeasmt ruleatli 5°0f0nmetal Mto
act i va@Ooprefeianiadl- tenB+ rsnegdaldy 1 dicdl,ararbem atnms -t Bsamples ofati o of
al um nunmelbybhetral iM parsiculsoameyhft orathyl(Q heprofl ,0Q8pppopfrr ably from
1: 50 to A~Bu®P0, 2-batprf tisfdﬂu%zltr@é&ttbmg}lt, onlpdiSgspeseayly up to 1:500.
10 AmDNg,thgeymet al_hebﬁyi,s MiepRyal en URAG13S 2865 LyALIRP additives,
2-ethylhex-1-yl. Examples of alkoxy are in particular methoxy,
25 ethoxy, n-propoxy, isopropoxy, n-butoxy, 2-butoxy, isobutoxy,
tert-butoxy, n-pentyloxy, n-hexyloxy, 2-hexyloxy, n-heptyloxy,
2-heptyloxy, n-octyloxy, 2-octyloxy and 2-ethylhex-l-yloxy.

In the novel process, the concentration of the compound RMX; is

30 usually from 1 x 10-7 to 1, preferably from 1 x 10-6 to 0.1, in
particular from 1 x 10-3 to 0.0l mol per kg of the reaction
mixture.

The concentration of activator compound is usually from 1 x 10-8
35 to 500, preferably from 1 x 10-7 to 10, in particular from
5 x 10-5 to 2, especially up to 0.5 mol per kg of the reaction
mixture, in the case of the alkylaluminoxane calculated as mol of
Al/kg. Otherwise, a person skilled in the art optimizes the
concentration of activator compound in particular with regard to
40 the procedure in the process, reactor used and purity of the
starting materials. It was observed that the amount of metal
alkyl in the case of a relatively large batch is comparatively
proportionately smaller than in the case of smaller batches.

45 Suitable activating additives are for example metal alkyls, some
of whose alkyl groups can be replaced by halogen and/or alkoxy,
and furthermore alkylaluminoxanes, boron compounds and mixtures



the al kyl al um nuns are preferred. Al kylalum nuns, sone of whose al kyl
groups can be substituted by hal ogen and/ or al koxy are, for exarrpli[] AR 2005
al kyl al um nuns of the forhulae ALR3r A1R2Hal, Al1RHal2, 15 Al R20R , Al

and Al12R3Hal3 and m xtures thereof, where R and R, independently of one
another, are nethyl, ethyl or a stkaight-chain or branched C3- to C8-al kyl
group andf Hetle iasbovbhantidisd kel &tors ,0doRee RimENp eGmblihyt LdiOiEne, for
exanpl e méEéWlWl%' Ugh eIy %bgéhyixa}lura,&eu?; rﬁ.{j BE I% E?Xé@é lH]? num 20

et hor Lot @Eam ADYLSLHBRA Ahgbinasl Y Wb el Ord e

di et hyl a i UM et OXI e, ﬁn‘Tt odlr% num

phenoxi d& ]6¥ WP&?‘E‘IW"?}% PHB??/C‘FHW“&Q.S Al kyl al um nuns of the type A R3
and Al RHal 2 are preferably used, triethylalum numalone or a m xture of
tri et hyl aheimolian aadidSoftretaal untaﬂwnuijvahbﬁrd:ai&pdsﬂidng parthe Wazel yf

preferr ealgjffal%mabksﬁ@atﬂh\ée moQaf Bt & i AlkY b Pum SR +of mebeseam al kgl groups can

b | |
of the cussatl TAOTIANY 328 55’5y<}’fefe?§%?§§%?9"c§§§?a? o Ll W0 wini ch
the net al? RAIguL §gng’? ]\M‘?Bge a1 kyi00 geBEpLatHh YR tPep Fé?;%‘d by hal ogen

and/ oAQal koxy, formin situ in the reactor. Suitable cocat al ysts here are -
al kyl hahmetes thel mgksl|adgnshahidrsare3msaidas eadisivaciidgnedal tivalsi,des, such

as tin teﬁé ANyl dfi nGiRd R Bk 88 dmk hymxﬁm};ﬂsﬁ gbhgrw%@@.@ titani um
tet rachi giy tgnlptheE{u?d?ﬁc%%gﬂﬁééd Ry 98?&{ i i

i odi de, tetrachl ori de,
ger mani ufif LS aPFy lhe Equq}'t RaREILIrem

conpr 18 AYRIAR"al AARESIOR's@RE Bl:Refiede aidkpixgrpepstheseihevhers &t aadpy

hal ogen Rhd/igrdepekdzytlamE ocoeatndyisir, e newhylomedydnds are present in a
mol ar rajtPaifntfchain: Sr tKrad@hdd dp poetgraidyl ghetpladd trai1l3sl. 1 0 MAR

2006 6 kilydfid)0bebmPhO aRAiakNE: 129y {1 GOIHROURE: 1 Usual |y

rrom 1 x A0t aLunPhgh o LD LSO Xl 0010 by BRI CUT ar | Trom £ x

reacti on ReYanount. of. the met al

al kyl zosﬁﬁ’e“tﬂpr\ﬂﬁ’éfiél‘é‘f” m' FEE:BB%W%““F‘ep‘F’a%‘éB’W“H‘&P‘&‘Qe‘%P]ﬁ&FSr al koxy,
i s usual fiethB@lumingp. larqmd%oglebmelfaémanymfwm@dﬁ 10-7 to 10, in
parti cul diefirydmliminif-phertoxideSer nathylelukdnah methoxgablooided xture. 10

Pref er r efl1ky1dRimiAdhs 0Pt GaHedlkypbSABEL Qhdi AUREL) f Bee | PveitrabNyatsed,
further ”PEE&H}&%%MMH FUNALE @Al leabY M POXANA A HEm &% 1 Vating

add|t2¥ ethylaluminum dichloride being particularly preferred.

As an alternative to metal alkyls, some of whose alkyl groups can
be replaced by halogen and/or alkoxy, it is also possible to use
mixtures of the corresponding metal alkyls and suitable

30 cocatalysts, from which the metal alkyls, some of whose alkyl
groups can be replaced by halogen and/or alkoxy, form in situ in
the reactor.

Suitable cocatalysts here are alkyl halides, alkylsilicon halides
35 and Lewis acid metal halides, such as tin tetrachloride,
germanium chloride, aluminum trichloride and titanium
tetrachloride. Preferred cocatalysts include n-butyl chloride,
n-butyl iodide, trimethylsilyl chloride, trimethylsilyl bromide,
tin tetrachloride, germanium chloride and especially n-butyl
40 bromide.

In the system comprising metal alkyl, some of whose alkyl groups
can be replaced by halogen and/or alkoxy, and cocatalyst, the two
components are present in a molar ratio of from 1:3 to 30:1,

45 preferably from 1:1 to 15:1.



Sui t abl e al kyl al um noxanes are di sclosed, for exanple, in 15 DE-A 30 07 725,
their structures being substantially unclear. They are products of T‘G‘ﬂAR 2006
careful partial hydrolysis of alkylalumnuns (cf. DE--A 30 07 725) ese
products are evidently not present in pure formbut as m xtures of
open-chain and cyclic structures of6the type Ila and Ilb, which are
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formul ae I cal

i ndependdifPy! of %Fh?ﬂ Her mgfs'ep?ﬁ k@l? aFR?Ireacstdé’H Q%xﬁlé‘fehyl et hyl |,
n- pr opyl , |sopropyl n-butyl, isobutyl, sec-butyl, text-butyl, n-pentyl,
i sopentWIThesenexpantoyfl thé&nmteaipaliﬂcyﬂ. égrae d:immhbyépanp,yll ,grioapanwén be hexyl ,
| sohexyl re ie@e@qayylhaw @ﬁpérldﬁorl a@ias Ylis 'ﬂx‘s‘&@.ﬁ.ﬂ/ £¥ran¥l 107 decyl and

n- dodecy lsgopr el ity E@ﬁ i3S oL s 8L o T 7 9B
P ¥ s 55 * B
DGR g Jisth pez ”%%ﬁ%e %ﬁﬁﬁ?iﬁwmx&@rﬁsoam hexl | 1 eonexyl or

sec- hexyl, particul arI y preferably nethyl. mis an integer from 0 to 40,
pref erla:bIPy:e’fen:rmD tram@bji zatpior icathaysys preforddhbytd retre Anven?2on laxd he

i terat UleRrtRéfiford kBoSE Macidl %ntainaéyralwamaﬁlﬁfarﬁé %@ tfie di scussed
(cf. %%839%91%%%#2 fé.996) 2213-26; MacCronol. Synp. 27 (1995), 15-25).

1 0 MAR al um noxanes display their activity as an
activating additive in the context of the present invention independently
of thei Pudtikite @laylahupiraxanest pes. dscinsedonéent AN oLn

al kyl adlsumErdx3n 07 §26s utheir fatommctuxed (bding sub8banpiailgr abkyedrom 1 x 10-7
to 10, i mhRriie Pradubtsmnod vhelGabeft0 partdsneaiyakbyysis g 0.5 nol per kg of

t he reacta'mylmaﬁl%ﬁs <Jfle ﬁzatpl %oobvcwpurﬁ rmééye ;’#ét by3hd Ay

al kyI aI ul noxane. i.s . era Ié/}ffroml 50

to 1.1 008 RbTSNt, th ?afr‘ bufy B aio‘b”f"“rfsﬂig Spetsliain BRE Syl i Koo

structures of the type IIa and IIb, which are presumably 1n
20 dynamic equilibrium with one another.
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30
In the formulae IIa and IIb, the groups R19 are identical or
different and, independently of one another, are C;-Cjij;-alkyl,
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl,

35 neopentyl, 1,2-dimethylpropyl, isoamyl, n-hexyl, isohexyl,
sec-hexyl, n-heptyl, isoheptyl, n-octyl, n-nonyl, n-decyl and
n-dodecyl; preferably C;-Cg-alkyl, such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,2-dimethylpropyl,

40 iscamyl, n~hexyl, isohexyl or sec-hexyl, particularly preferably
methyl. m is an integer from 0 to 40, preferably from 0 to 25,
particularly preferably from 0 to 22.

In the literature, cage-like structures for aluminoxanes are also
45 discussed (cf. Organometallics 15 (1996), 2213-26; Macromol.



calculated as the nolar ratio of netal Mto al um num Exanples of boron
conmpounds suitable as activators are triarylboranes and salts of 10 MAR 2006
tetraki saryl borates, preferably 15 those having el ectron-attracting aryl
radicals. Here, aryl is preferably carbocyclic aryl, in particular phenyl,
which preferably has 1, 2, 3, 4 or75 electron-attracting substituents,
such as Theiglkydadndipexdrdasoddapkyy ,tislichaasivity lasoaamatbifat(ing

ferII uor ga®i tivle) 1nPEﬁé|é‘dﬂtférxltYOEr€tf1@rﬂr%@eﬁﬁpi?ﬁ#éxgclg?{‘%lnﬁgﬁeﬂ&%tag berate are
ertiary ﬁgﬁ Q.EQE such as I but yl anmoni um and

N, N- di rre%' a%th’?lﬁf:g?ngyan %Eﬂ 1?ﬂ'lssi umion (= [(C6HO3C]+). Exanples of
preferred eI ectron- attractflpﬁharyl radi cal s are pentafl uorophenyl and

3, 5- bi §( peg reUEEFERRIPY O ylalymingxaas o8 wenalilouifaemyl pt d0sf red bor on
conpoundSsohavprege2dbey efrtaron- at 10dctbny0f aih qalr igndar from 5 x 10-5

trispent glalorapa emaibpr@l% olN5 Nnsti iRIrh¥haBE | £#d Wlaction mixture.

Eetraklseﬁgﬂfqg %Oggpﬁgfga §P§3 ?%:'ﬁg aQH£ 31 '%lﬂghalumlnoxane is
etrakis t uor.o ora | -

Lot r aki o572 FWE Okt fo? m& SFRBLY (50, 150y £y i8Ry

t et r aRPsiBs, Ml@p Af| tmrmrieﬂml ytphbnmoboeapecsmbndlpt itiot \k $Qha

t et r aki spahtwefdtedr aphetny Inpdeat eatid heSachalon teafuminds.are di sclosed in
EP- A 468 537 and EP-A 426 638. Trityliumtetrakispentafl uorophenyl borate,

trispent aflord h&?ﬁ% YARSuad pcea%' 13! £¥ QéE‘R} anLELNT um
p s, T

tetrakis e

uor o ar. e rther
preferre gﬁ")ﬁ@ﬁ?s r%‘l BVETE ‘?Ef@é?ésg ??Farﬁﬁsi zRFFB?\r@:jtyal yst which
cont atfisthege tﬂ@é’laﬂtﬂf%tfﬂ'rw a&HH'P‘F‘F-VlQ 2w 1| éﬁ@%c%]rﬁe Beren 2B¥hddnd and at
| east onprefddapllyl oarbesyclseneryl, wosaraikylagrmhery lnayhbehr epl aced by 40
hal ogen préiferrabalykaxy, 1 2/ ar, at ot ensdleeheonl kit eddtiingoxabpstituentsgd. I N0
these enbedi NS uok fndArd %L.-ﬂuaf@aﬂaqvegﬁeﬁ'wa&ﬁ%epommoqegs havi ng
el ectron- at% ract hngh fj c&r%lgglgr%%fq t rf|e§p_e %%(r)é{)ep 1%#' :

N, N- di rre?%r lélrﬂr kil u%f‘ t etraki 38 uor o riltyI anmoni um

t et raI?PsB%Fﬁtaﬁ 2E6r GBREHRT D GGt ERaARERRARY, Pé | F9RumSPeh MR 2006 8
t et r aki s¢Bpwdiagmentiumanshat, wyﬂ}pﬁ‘etmﬂlabmlapeumt rand rthisutyibydom den
t et r aki s(8, brdaHs paT]f) UoEXamglws pfpheafdhedakdeandon+atittaicting aryl
t et raki seg@iﬁﬂsua&@pb&ﬁ%ﬂ%abgheﬁyp &id 338LB1is pperdNivorBREERFE) - These boron
conpound néd d'z%ﬁln %fg g@?técé@gr z%'%g ?eg%%ﬁ?@ogggumﬂ |l M
tgtra% Eﬁnt Iuor act Al 51 tri‘spent af o ppher ne_an espeC| ally
di met K9] g ra icals are trispen or eny orane,
N—dlmethylanlllnlum tetrakispentafluorophenylborate,
tri-n-butylammonium tetrakispentafluorophenylborate, N,N-di-
methylanilinium tetrakis-(3,5-bisperfluoromethyl)phenylborate,
tri-n-butylammonium tetrakis(3,5-bisperfluoromethyl)phenylborate
* 30 and tritylium tetrakispentaflucrophenylborate). These boron
compounds are disclosed in EP-A 468 537 and EP-A 426 638.
Tritylium tetrakispentafluorophenylborate, trispentafluoro-
phenylborane and especially dimethylanilinium tetrakis(penta-
fluorophenyl)borate are preferred.
35
In a further preferred embodiment of the novel process, a
trimerization catalyst which contains, as the activating
additive, at least one boron compound and at least one
alkylaluminum, some of whose alkyl groups may be replaced by
40 halogen and/or alkoxy, and/or at least one alkylaluminoxane is
used.

In these embodiments, in particular the abovementioned boron
compounds having electron-attracting radicals (e.g.

45 trispentafluorophenylborane, N,N-dimethylanilinium
tetrakispentafluorophenylborate, tri-n-butylammonium
tetrakispentafluorophenylborate, N,N-dimethylanilinium



tetraki s(pentafl uorophenyl )borate are preferred. The anpunt of the
activating boron conpound used is dependent on 10 its nature. The nol ar
rati o of conpound RMX3 to the activating boron conpound is as a rul & {fwgniils
1:1 to 1:50, preferably from1:1 to 1:10. Regarding the concentration of
RMX3 and netal al kyl or al kyl al um noxane and regarding the nolar ratio of
RW3 to netal alkyl or alkylalum n8xane, the statenents nmade above are 15
appl i cabtetrauiist(ahb ebid gt fahovronetisy 1 )pheRy Dboydiase tali ki b @t ylanthoiiymbe

repl acedt@wrzhal 8¢5-BiEkar1abkendrhyA$hahl YhSt E RAKaRest & fum t hose menbers

of these gl egt:a§ g&ggglwac&c}ageengnb ﬁa df?% LHr her above, in the

anount s state her e pre ara)tlon of the

cat al yst Sogge 8PwF@EP r 8F By Hﬁ}xfﬁed( R ERYRyA08nefal #7Es 8 (1989), 476,
and | i Fe?%rt&:r@ﬁcﬁ@@d TW%chtehﬁ@@lﬂeesagBuqmpyl%l@te.under
Exper i meut &dpeSaafilooyopinghy lbbearsé carel eegeti 51 Giifmethian EXiniamat i ons. Sone

of the ceé@dalsilsypedt s AlHOpRARYEKdAlteY ad¥abl &t gdf,or exanple from
Al drich). The novel process is carried out as a rule in a solvent. Aprotic

30 sol Veftés are ref erred. I.n gartlcul ar, the sol vents contain no water or

only extTehetRPY t?FetIWata&tlaﬁ 1BF RATLReSoBPOIY d16E. 1 S XIS toP s ui t abl e
sol veAPsitsdlatagest The gmlaghaphio miasompdund RMYs tpcthe adtivesied
hydr ocar houtsn @iompotind 2ik @ar hopubé ofym dWthtasl : Jyt prefepalvfrom 1:1

3- et hyl pent ane, Rbgaaml hept a8fcerdrRLBY! 0B aﬂe m@Cd BRAKkyEY6EOhexane,
met hyl Cy el QHenaRe nofa tdrt Lol g REU! ABFa  HREALE NrR] Q) ot Lagnain or

br anched ena o ons , aroma
hydrocar?) §u8’ Y:a% %Wéﬁ@e'tgﬁéﬁéte??f‘%é“ad@t WPB%n%reene mesi tyl ene or
tetrallﬁnaPIa]ﬂd?athé -oligomeric reaction products which are |iquid 40 under the
reaction conditions are used. M xtures of the abovenentioned solvents are

al so sui $wdb1ePagkeldi BfhiTahdenionallcE whbeaBA1Ey NSl BN Deand i xtures of
aprotic ls@étfa%fdsb h&fb eﬁemaﬁﬁasqco aléﬁn%ﬁaq EthQHé’é %&jr bons, i.
%)c % 8\éolgurre and
r

in an ampunt of ese ﬁlas éaar Jf U - ﬁ%nt{ere ﬁwthésﬂ ?‘ﬁé R

in 45 a c?Ei:eul a?“b?ofue,ne nor e
than 88, f95iP™ 6PAKR: 1 t@'el\/ﬁﬁc’%’% EGatSEh therer RHSeEnPR, the, SOMPORBE| ar wi t h
t he use ana trimerization catalyst, conprising RVX3 and al kyl al um noxane,
are aprotic solvents, for exanple t he aliphatic and in particular the

aromat i criy df rhogsn nEntthenedtabpue as schyAise gRRdr8SPEAWny 5 tol uene
and m Xt YL es g aBhotd L1132 ¥eptoddy 760 RhL SEi IR uklBited in
25 Macromolecules 33 (2000), 2813, under Experimental Section) and
therefore requires no further explanations. Some of the catalysts
are also commercially available (for example from Aldrich}.

The novel process is carried out as a rule in a solvent. Aprotic

30 solvents are preferred. In particular, the solvents contain no
water or only extremely little water and/or traces of alcohol.
Examples of suitable solvents include straight-chain, branched or
alicyclic saturated hydrocarbons of 1 to 20 carbon atoms, such as
butane, pentane, 3-methylpentane, hexane, heptane, 2-methyl-

35 hexane, octane, cyclohexane, methylcyclohexane, 2,2,4-trimethyl-
pentane or decalin, straight-chain or branched halogenated
hydrocarbons, such as dichloroethane, aromatic hydrocarbons, such
as benzene, toluene, xylene, ethylbenzene, mesitylene or
tetralin, and the oligomeric reaction products which are liquid

40 under the reaction conditions are used. Mixtures of the
abovementioned solvents are also suitable. Preferred solvents are
aromatic hydrocarbons and mixtures of aprotic solvents which
predominantly comprise aromatic hydrocarbons, i.e. in an amount
of more than 50, in particular more than 90, % by volume and in

45 particular toluene in an amount of more than 50, in particular
more than 90, % by volume.



50, in particular nore than 90, % by volune of aromatic hydrocarbons and in
particular nore than 50, in particular nore than 90, % by vol une of

tol uene. 10 Suitabl e solvents when using a trinerization catal yst whi@MAR 2006
conprises, as the activating additive, at |east one boron conpound and at

| east one al kyl al um num sone of whose al kyl groups may be repl aced by

hal ogen and/ or al koxy, are aprotic 9solvents, for exanple the aliphatic or
ar omat i cshiiieasbansnisd, nenpaepeculdy ek ahovsasrsal Yvenhsriandogspeci al |y

tol uene agehlydts Bbmbr{SihgMRMEY £RNtAKY1 ALK HdIBMeI0ard apafiliiccul ar nore

than 90, . % VO ro [ dr.acarbgns and.i.n _partjicular nore than
50, espe%?%?%sﬁgkggfﬁginmpgﬁ %&ngl I}al}n% 8?8tlorf Vi A afntrbeartipul ar
because 6’F°‘Par%‘°t Hg’éﬁ%vl%ﬂﬂsi MepLiPRediIaRPVEnRS i ety k§RS SFRPCAPEE al | y

t he al BnFalianeoapdunistunas ©ds spbdyia [selvent avkials tcompyisg drarley tbant he
trimerizat) adn pasblidulas moreulthanb®), cabyi edlwhd of bometic substanti al

excl usi opy@fod®bohs! &nd W paReiclBAN LT KRRYA NEM 3L pALEidsRH nble Procedure
is pref eEQ.cp%yg%S %alF I‘ﬁ‘ﬁ Qut Jender inert gas and using apparatuses whi ch
have been hor éugh% eated THe Tnert gases used may be all gases which
are chemcally inert under the reaction conditions, expediently nitrogen or
ar gonl10| fuikpkile] splvenks ahsinefiping @ Berimeadzatiomyratafiyet fwiisrhm t he functi on
of the icentriges, psothaledtttibating dmEitdvd) stifidatephbybbi@h vapor pressure
Ut”dfer t hgom@Atld Rd CONdidds@NSne TAEKS T 1R hEAL '1é3cﬂne! %_If_EEvBBEé aplpgicarried out

at from : rricul a : ressyr.e is

pr ef erab%rééh%%gg ?%nr%g%ctggr B&T{ﬁ%ig eerységgsé% sa]ﬂ(é%ﬁfé’di gﬁgl zp%%%olscen so t hat

t he star?%/]rﬁf’@g'rrf% (FEamnd ey the o2l iIRhAtLC, O RFIahis AECSHPEnper at ur e.
Fur t héBrBertionedefybbheskiabioyg A $ovvents,cand resndipldyt teluene and opti mum
product i vhe ymixruze$ evhicdutcdonekyn peofeooruimad BXpein marticalar tmogeetdanr es and

pressuresgj s thevelane b AXGRSt 20 thfirot@rbbRg #hd R@AbakIBYRr aRREOPriate in
each casgpagtQl,NebPec £256 Hord Ch&L! N, R 6§ A5 fuly BEeRbihdhdaseous form at

b
the reaction tenperaturée, the reaction can be operat e?i EI%}FIEI‘ at

at nospheri c pressure or under superatnpspheric pressure. \Wien carried out
at at MBsPhRITEIFPLAT REqse 2foFRe | tendengy af | in PRIFdsudar t o IEk2A sol ution

of the calk¥lssw@ndnespetialdlyl sheohaminum gpepeundsd ang phssbokoudie m xing. In
t he vari antatilgetsptessiir®lyze, ptes stirimest zabi®bh shouild, pagsentulien bbe
condensegariicd olt Mith vV BuREOSI1 BRESEsich RIfekRialhYe USRIKihl has
Hf?ge”hﬂn&fﬁﬁvﬁﬂoéﬁvﬁ& WEQYS w2de! tQNBLbYedtrd'SE BRekOFLS1PaS, Such as
gg ¢carried out under inert gas and using apparatuses which have been
thoroughly heated. The inert gases used may be all gases which
are chemically inert under the reaction conditions, expediently
nitrogen or argon. In addition, the a—olefin to be reacted may
itself form the function of the inert gas, provided that it has a
30 sufficiently high vapor pressure under the reaction conditions.

The trimerization is preferably carried out at from 1 to 120°C, in
particular from 20 to 110°C. The pressure is preferably from 1 to
120 bar. The pressure is expediently chosen so that the starting

35 mixture is present in liquid form at the set temperature.
Furthermore, a person skilled in the art can readily establish an
optimum productivity by a few routinely performed experiments at
temperatures and pressures in the stated ranges and by setting a
heat removal appropriate in each case.

40
In the case of a-olefins which are present in gaseous form at the
reaction temperature, the reaction can be operated either at
atmospheric pressure or under superatmospheric pressure. When
carried out at atmospheric pressure the a-olefin is usually

45 passed through a solution of the catalyst in a suitable solvent,
preferably with thorough mixing. In the variant under pressure, a
pressure at which it is present in the condensed, i.e. liquid,



establishing the pressure. 5 The novel process can be carried out batchw se
or continuously, the continuous procedure being preferred on an indyPtMAha?h%
scale. The reactors suitable for carrying out the reaction continuously by
the novel process are famliar to a person skilled in the art, 10 for
exanple from U | mann's Enzykl opadi el@er techni schen Chem e, Volume 1, 3rd
Edi tion, phdsd, ipageefed3bey $&4., IR BES Uf RedRTitIvaptovdifaei-ahBagésugdescri bed
there on@geidhal &) else TP MR GROUNRNY GORILEOQUR, Ghrthe [1ierizat Lon

process are iS est’ahl i she a person ed in e art on the basis of
his genefSraPEtiRtis hﬁnBﬁf%‘ﬂ’é‘«?'(i nthis context, cf. for exanple DE -A 196

07 888). For the catal yst deactivation at the end of the reaction, for 20
exanpl & Thet spvahdouresal cahdies cafrried couli0 baarchwhsat @nycaténsouskhl e, it

bei ng posgiebbent nadd beotb@st: Pehstapesterfiatcobal an atndistand] pstale .
subst ances which are conventional inhibitors for transition netal

tal yst h b i d bon . di oxid bon, di sul ] de,
hydr ogen 1361 FRRECIRR] SHABRIS, oI5 CTREY BRplitt $161 TEREE LR S5 BERSYar o

expedi entl¥y thar 1eVeld PEPCESs st49 |Tapidhar 1P & persen skhiledein hhgmWver al |
converHl dior eremplesrfirett UBDnaprolseEnayklopditier deoveeehhinutheneChehim, t o t he

reacti onyolbfet I} MY cabt sbmablw 1hyphhe NoV @l BEQCESSradistirBarbs ek aart Y
sui tabl exfe%tBF%g £RALRLIRL OJhe@Q“BR_%B)'v%gf QL pu@sticizers and

surfactants. thi s purpose, the tri s are expediently 35 subjected to
t he hydrofornylation which gives m xtures of the aldehydes and al cohol s
whose chditg ABREHRAVNEREE e itylogReot clih S les Az ahtPWHEOReaF e2%hen
hydr ogen®tsédbl bskgd/ oyt hepeestr edkildkdobm|tshe Bréd panbke hasishofhhise
hydr of or m¢hataDnedithichY dkegeltaigeo iAr €hidAdontexayt cf S fot0eRa@ple S€ L0 a
person slypl hedsdOy gighhe art and therefore requires no further expl anati.ons
(cf. for exanple Beller et al., Journal of Mbdlecular Catalysis A 104
(1995), 17-851)1. Furtherr‘rgre, the trimers can be hédrogenat,ed bé%lprocesses
known 4% 9FefFeLatplysfederet VR e pBhdt iy &Nk ffeShe 1T9RGHARN2088F 11 The
exanpl 4% exapphe f o13tGR iapdumrrcml@wﬁgﬁ%ehm%ﬁp EREPPP cafOomst 3re 5
Cycl opentsadicehyé | i ttameinygt poshibdel de @ HdCkIeseasubsisawescainaérall000 in
tol uene diciiad av@rpsied BabsEiles MALOY| tdiioeanecohdPQnhibiesrViso0) in the
formof g, 4n8c 0 HetS9! HAE Oy, QLURNEs WBSbon monoxide, carbon

dioxide, carbon disulfide, hydrogen sulfide and ammonia.

25
The products of the novel process are expediently purified by
distillation.

In order to achieve a high overall conversion, unconverted
30 a—olefin can be recovered and recycled to the reaction.

The trimers obtainable by the novel process are particularly
suitable for the preparation of monoalcohols for plasticizers and
surfactants. For this purpose, the trimers are expediently

35 subjected to the hydroformylation which gives mixtures of the
aldehydes and alcohols whose chain has been extended by one
carbon atom and which are then hydrogenated to give the desired
alcohols. The manner in which the hydroformylation and
hydrogenation are carried out is known per se to a person skilled

40 in the art and therefore requires no further explanations (cf.
for example Beller et al., Journal of Molecular Catalysis A 104
{(1995), 17-85).

Furthermore, the trimers can be hydrogenated by processes known
45 per se to give the corresponding alkanes.



added to the solution thus obtained (regarding the concomtant use of
borate, cf. footnote 2 to table 1, see below). An excess 10 of thet( MAR 7006
respective a-olefin was netered into the resulting solution over a period of
60 m nutes at the tenperature T. Thereafter, a mxture of 15 m of
concentrated hydrochloric acid andill5 ml of nethanol was added and stirring

was carrirgd Okdmf1els whRcHl fBIRS iM Akt +220i efidiet hanol were then
added and the 15 m xture was stirred. The solution was then filtered to

remove the ecipitated polynmer. The filtrate was washed with water and
dried OVEF3§£ urh $81 Pate. The conposition of the filtrate was determni ned
by means of quantitative gas chromatography. 20 Table 1 bel ow shows the
subst asc egclopzht ddiengdsdicamaitued tadohhdisideafdptbel fs sast dassslbact ben
par anet epge@ngh @EAAELEEIE Rl eeY! E8dike m3a3? MbA al indndkineQ00l2 E O
= N Vgl g oo WhT LA torn 80,0, 9061, cg?rggi??m%me Qelnl F1e11
Ln 4 o . 1 F|,~r+£%,rr| =Pt 0 é3m/ ,
added to the' solution thus obtained (regarding ‘the concomitant
use of borate, cf. footnote 2 to table 1, see below). An excess
10 of the respective a—olefin was metered into the resulting
solution over a period of 60 minutes at the temperature T.
Thereafter, a mixture of 15 m}! of concentrated hydrochloric acid
and 15 ml of methanol was added and stirring was carried out for
15 minutes. A further 250 ml of methanol were then added and the
15 nixture was stirred. The solution was then filtered to remove the
precipitated pclymer. The filtrate was washed with water and
dried over sodium sulfate. The composition of the filtrate was
determined by means of quantitative gas chromatography.

20 Table 1 below shows the substances used, the associated amounts
and the essential reaction parameters and experimental results.

25
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Ln  4J Nco 41 L° VooOri i<) r! E4 NJ1. 0O O ty,Ililll U>1lo0 rl1 |,
MninmMnM1...fir) VrirlriMiWol.p I1111I1 N ~II!'IlIEL \% 10 MAR 2006
r-1 NWInlDNcorn O MAR 2006 15 Exanple 10 An autocl ave flushed with argon
was heated under reduced pressure 5 for 60 m nutes at 140C. A solution of
11.4 ng of CpTiCl3 in 5 mM of anhy8Pous tol uene (obtainable from Al drich)
was initially

Example 10

An autoclave flushed with argon was heated under reduced pressure

5 for 60 minutes at 140°C. A solution of 11.4 mg of CpTiCls in 5 ml
of anhydrous toluene (obtainable from Aldrich) was initially
taken therein under an argon atmosphere and then 6.4 g of a 30%
by weight solution of methylaluminoxane in toluene were added.
Thereafter, 10 g of l-butene were introduced into the autoclave

10 via a lock and a pressure of 10 bar was established with nitrogen
and heating to 40°C was effected. After one hour, cooling was
carried out, the autoclave was let down to atmospheric presure
and 1.14 g of octane were added to the reaction mixture. While
cooling with an ice bath, 5 ml of a 5% strength by weight aqueous

15 hydrochloric acid were added for deactivation. The organic phase
was investigated in the usual manner by gas chromatography.
Dodenes (isomers) were formed with a selectivity of 86% and with
a productivity of 0.75 kg of Cl2-isomers per g of titanium.

20 Example 11

An oligomerization of l-butene was carried out analogously to

example 10, 14.4 mg of pentamethylcyclopentadienyltitanium

trichloride being used instead of CpTiCl;. Dodenes (isomers) were
25 formed with a selectivity of 81% and with a productivity of

0.26 kg of Cl2-isomers per g of titanium.

Example 12

30 An oligomerization of l-butene was carried out analogously to
example 10, 6.6 mg of isopropylcyclopentadienyltitanium
trichloride being used instead of CpTiCli. In contrast to
example 10, 1.93 g of 30% strength by weight methylaluminoxane
solution and 20 ml of l-butene were used and the reaction was

35 carried out at 60°C. Dodenes (isomers) were formed with a
selectivity of 78% and with a productivity of 0.76 kg of
Cl2-isomers per g of titanium.
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taken therein under an argon atnosphere and then 6.4 g of a 30% by wei ght
sol-ution of methylal um noxane in toluene were added. Thereafter, 10 [ngAszggﬁ
1-butene were introduced into the autoclave 10 via a |lock and a pressure o
10 bar was established with nitrogen j;gnd heating to 4000 was effected.
After one hour, cooling was carried out, the autoclave was let down to

at nospheric_presure and 1.14 g of octane were added to the reaction

m xture. WIS &18B6ring with an ice bath, 5 ml of a 5%strength by wei ght
aqueous 15 hydrochloric acid were added for deactivation. The organi c phase
was i nvestilgat ed proctse fratialhemapnbesr yatgas ofir @reloffimaphy. 3 Bodenes
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pent anet hyl cycldFeReEdi RIS iptréﬁf’g‘ﬁ? ?giacﬁlaGP?H% beftfFedsed FRStOEF of

CpTi C13. Dodenedichsbaephdainabde26rémrned with a selectivity of 81% and with
a productivity of 0.26 kg of. Cl2-isonmers per g of titanium Exanple 12 30

An ol i gofgri zatdon OfotphEt&namias; ¢ aficgd out anal ogously to exanple 10,
6.6 ng of isopropylcyclopentadienyltitanium trichloride being used instead

of CpTiCl3. In contrast to exanple 10, 1.93 g of 30% stren(%th by wei ght
met hyl al umi noxane Fsdfufti DYFLRRFSAIAPI¥E DR ef8MGe?e Aide@TalBothe reaction
was 35 carried out hydregen Twuken€en(bgorthsditneed byridantiiceh ar selectivity
of 78% and with a priddecénvidlkydf gdoudps kapdfor G121i gomgsss paerg »f titani um
40 45 1 {5 MAR 2006 glps¥ereémd dNtobetRePr 6L S0 ok NCa tddtilial2at bon Of
a-olefins of 3 or %%%térﬁ@é@%&%@%b (_rfl{eaqq]ti ng an a-olefin or a

ol e

hydr ocarbon m xture which contal ns a- ins’at fromO to 1500C and from 1
to 200 bar in the presence of a catalyst, wherein a catalyst which is

obt ai nabl e from 10 MaSatebaptihd ZRERINIYH QthihefnRumsard cycl opent adi enyl
group, some or all of whose hydrogen atons can be substituted by identical
or diffayent al kylthgr gupsparnl/ dhdapyghdgitiupsf vher &ncchdy,subst i tuents
together can al so f@ERr-ace 1K IRSsPte LKA Wnat ed hydrocarbon chain,

by at least one activating additive, which is selected from
amcng metal alkyls, some of whose alkyl groups may be
25 replaced by halogen and/or alkoxy, alkylaluminoxanes,
boron compounds and mixtures thereof

is used.

30 2. A process as claimed in claim 1, wherein the activating
additive used comprises at least one metal alkyl, some of
whose alkyl groups may be replaced by halogen and/or alkoxy.

3. A process as claimed in claim 2, wherein the activating
35 additive used is an alkylaluminum, some of whose alkyl groups
may be replaced by halogen and/or alkoxy.

4. A process as claimed in claim 1, wherein the activating
sadditive used comprises at least one boron compound in

40 combination with at least one metal alkyl, some of whose
alkyl groups may be replaced by halogen and/cr alkoxy.

5. A process as claimed in claim 1, wherein the activating
additive comprises at least one alkylaluminoxane.
45



Mis titanium zirconiumor hafniumand 20 the groups X, independently of
one another, are abstractable opposite ions, and b) at |east one aeltq' M%iﬂmﬁ
addi-tive, which is selected from am)na nmetal al kyls, sone of whose al ky
groups may be 25 repl aced by hal ogen ddd/ or al koxy, al kyl al um noxanes,

boron conpdunds: apndcesxtan esatihededi dlnimséd. wBErin Aher ecessataisige] ai ned in
claim1, whereiaddtibevacédmatiiseg atdiiddtvendSBdr 6O MynipsRsdaknd easticaee net al

al kyl, some of ,nwhgseyad klindkaHes may be replaced by hal ogen and/or al koxy.
3. A process as clained in claim?2, wherein the activating 35 additive used

is an al kyl alum num sone of whose, al kyl groups nay be replaced by hal ogen
and/ or alkdxy. MPracespass£igdmed| f #y ofF eLains i %évewaeﬁ’fé‘ &tivating
additive used cowpeifipswinich dasvivheabigr dreeonpoutites wlé@insnbs neseiden with
at | east one netal al kyl, sonme of whose alkyl groups may be replaced by

hal ogen angy or §abi|§853555as A10EE5F Ay oR! UEQ breclalid 4y aher Shibhe

activating ad I ve conprises at one a oxane. 45 0 MAR 2006
17 A process a &FaFﬂg%rr?r}?'cl aim6, wherein the activating 6.additive
conprised at | east one boron conpound and at |east one al kyl al umi noxane.
57. A process as clainmed in any of clains 1 to 7, wherein an a-ol efin which
is virtually free of other olefins is used. 8. A process as clained in any of
the preceding clainms, wherein X is chlorine. 10 15 20 25 30 35 40 45
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