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present invention relates to a process for the trinerization 5 of a-ol efins
of 3 or nore carbon atons by reacting an a-olefin or a hyd ure
whi ch contains a-olefins at fromO ta 150C and from1 to Zdw llmmm mm&
presence of a catalyst. The present invention furthernore relat, Iesg
trimers t I es obtainable by the trine y
hydrogena?#gl‘nﬁ&%bheﬂygggl co%é$%L%%F§Fnabl e fromthe triners, the
pl asticizers and surfactants obtai nable fromthe oxo al cohol s, and
| ubri cant Shanpréssmit dddentvers ndliaths comtaiprdceest fonerise ardheriideiqy kanes.
15 A ef isnofr aneresf iafs WE B0oBGndaar Bapbak CiEomdy eyofres@@ﬂgd%ameléﬁﬂw}”‘ c
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t he Iatter Ln_tur el anen surfactants a &St creets for

pl astics. 2538 % cft)rlnlc%nt gggn%a Ul téﬁd?f??/e&cec%sﬁl EUtE ¥ S urt her field of
use for such triners. In the integrated product system of the chem cal

i ndust ry, Thei pegderdt iiovept bresRwsharvotdaredfates fo kehe strdapef & orRdsdust ri al
ol ef i n 19t bbagbnadliesh taei glkaied, obohiLXEIB LS, tﬁéoﬁtirﬁ'@rsStb?am crackers to
products Qlqfakdnaties, gﬁe“@wgﬂbhog‘%tal%% hd EPIMRIC L 13, (1992), 277
and Organ tall |zcesrs~a%9 Qf %47% d| scl 0Se . gt et hene ‘and_ propgene can be
pol ynerl z | n e Vs@ Systeh FPSF%‘SO}BIIGGFS) 3 and
Cp' VR3 c&“ 65%% aﬁ*filBJrvefr Wwhigh” gontajn gheckppmgs

Fur t her rmﬁed/@f gré’r?oﬂé*apﬁcs 15 (1996), 693, J. Organonet. Chem ~$.

(1997) 1523, Macronol ecul es 2$ (1995), 8021 and J. Chem Soc., Chem Conmun.
(1995), 1066ffh saliasest be wsa0Bot Berksd altbak §§e5d18tc%%98€13£ﬂ>fé ng

r~5- CSMeS f d

and of IS%&%&%‘Q&GQ@E@@O%{ CBE}egég&i;?{% hg@h&gf dgslcn;sbgg t?\teytrjggeof
conpl exes*oF 1 Hhe Jta;}ﬁe f? SO’E%I-?@? 8 cRE2®¥2Ph, 40

Si Me2Ph, ERRROHEn FIEIEED PR R lCdﬁeranépr plastlcs

(r~5- CQHgEIﬂPth)ant(SCHEthGel rﬁdd#él]@e#; yerstiguicena of uiprhepe fice Ld/kefr aisel ecul es
33 (2000) fo28Oict?2&r4mand. Algashie Thesyradtlkd Meodddt (3 of5dis 4521 reports

that the éMéﬁﬁH][ GaMa ST 3&:&%@@55&&:4@&%@&&;6&4 heecQELLLES 'kég,t' on of

two et hen n i iyl yg) 904 st
nol ecul e, er as ?%qu% erleozlg‘fflgné%i Wth i lsm%u(:hfo ﬁyc?f“pg&y bl e
4y SEopehin g

t her ewi t ht ci’ﬂet at é:le;?rs“tcg‘-i‘/ G E8nPT? %3 and B(CBF5)3 is
also 5 Esed according to thronnlecules 32 (1999) 4491- 4493, in the
specific Mﬁbmv%lti Ghent , bragid Seamente: (Gd (PRY) erd® shdrting from et hene.
1- Hexene Dsgabeertaddias B2 byym9sduci41hetisclapgeithatCh@iend 13ndNpropdnk2001),
2584- 2587cdh%‘é Cgﬁﬁ_@mtebaﬁeéou{ (tne- PR3 LE Ehal éamhlakypiypxane is a

pol yneri zggﬁ, ecrneda% M Cp’=
[(~5-C§ I6|4 her}yI /net hyl al i Roxage 5 8F L2 ar’ Vst TFoPTiher

trlrrerlza on ot ne ’[o 1- hexene. However, the trinerization results
aghi eved by means of the known 15 processes on a-olefins of 3 or nore
carbon at Basthgmnayst QPrganpomaitaldfiastby v(.1996)i s63h, cbj Octandmdthe cheasent
inventionst® (Eravi)de2a, praceswlbonléh2sql1006) yesdzl mREI ZatdHun.Okoc. ,

a- ol ef i nschaf. Workiave {0998l t Nakst B sc1yeethel Ss& WY Q}sedcbﬁ’a@s@ ocess fOf
the tr '3'§EE&§@éﬂ1 %nff)frlglgﬁeﬁd—'& MQJTL%Ie?r gtcgu bOEIn ”%o'i%??f&atél%g

a-olefin Qk & 1g/drocar opn rene M g ST ns T A rom

150C and Pr MT S 568 % He presen’c‘,1 °8f- a 25 cat al yst, in which a

catal yst which is obtainabl e from a) a conmpound RMX3, in which Ris a

cycl opent ddi @rganapedupChemmbadr (3399 bf 8ArddedegciridyentBO atonst can be

subst i t ut edmpyesedeniti b oypeli(hPeCanR) PLEY wheosPE=ARIPR] EMSLCHIFIOUPS,

where 20Sdbgé, :Imeeh@hspgtheésfg@meﬁfgehseféna S@fd/l-ahed or unsat urated
hydr ocar bgﬂ 'ﬁ(Ehtﬁﬁ' um1 Gld (gg&% hl%fnnl m and 35 40 the groups
X, 1 ndepe ent an are racha&b e oppogl?e"i ons, and b) at
| east one acti vatl n additive i s used. Furthernore, the trinmers thus

obt ai nabl BaC¥PROIENARESIBt2AN0Ab| 88972 &14e and| Magey .HFhapdr igenadoi.0R3 t he

ox0 al cohgR800bt A51QBKE2 U Srapeomst hizat riheesgstéme] aMasTiME 328 6CaM0,

sur f actagntatabfAiNableecotrimerization of two ethene molecules with one
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PF 000005R5040%40%38%4ese oxo al cohols, and lubricants and fuel additives
whi ch contain the trimers and/or the al kanes have been found. By neans of

t he novel process, it is possible to obtain trimers 5 of a-olefins of 3 or
nore carbon atons in high yields and i gh sel ectivity Preferred a-ol efins
of 3, 4 org C to ra n _and branch d olefins of 4
to 22, prefgﬁl EF ﬂé%l@ %ge%% E%ln g?gﬂrrgfp%ltﬁro 8fiean fgﬁ‘easz hexene
and 1- dec&N& art8 Ib%ﬁ tqo(§3|1§ BythEEthed and 1- butene is very particul arly
preferred. Mxtures of the a-olefins with one another and/or w th al kanes
15 can al Sthebeatiskyst Isysthr oometigingcg8scsMasnles; awtmm@@%@&lso

subst ants alskW, CepéGidLy $bNh&r dndllettin Bsans! jﬂg@ gdi hhon LN Oip al kanes
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f | arl
pr of Qifeﬁr?’%xﬁﬁe& Hiacdeh O RSl BorveRRi ok iy ?Bb'g‘n’t‘aﬁf enyl

groups whi*€ h%’ee Le}bgg?‘?ﬁ%)ebs Sieﬁgﬁflrﬁ%rla&rYPHPfiF%Fe‘Fher@y i dentical or
di fferent Cl- to C22- al kyl groups, such as the nethyl group, and those
cycl opent adigeny| Cigeroudd 3i Nowhl T h 2001pr, ek 88 akd 58 Tnai gbbesd g near bon at ons of
the cycaloonemﬁa@henué3rm@gﬁme&nquqmaﬁomq@qe angbighe 42 134t Urated or

and 12,53 4 o rany §&“5”5ﬁ e o 7*“3%@%%1&%%%%9%;“ T

and 1,2,3,4 2 h% %h Y ? erre

pent amet hfRES Y%ﬁ Fadit&nyt 1 BFOASE lf’ﬁe s® e'd‘ﬁyl"‘(:’y LrigEfeadi enyl group, the
t et ramet hyl cycl opent adi enyl group and very 30 particularly preferably the
unsubst i t Howeveycl BperradeehyitigmoupsuPtef aririettedabpl yesdrs of the el
processsapeotbsses ioh WhiotBf s Sof it aRi HBTe XnrBodl BLERE AHOWRS Yebn the
corrpounds sBMX3rg¢€ory. hal ogen, such as fluorine, bromne, iodine and

especr ally chlorine, 40 - tosylate, triflate, tetrafl uoroborate,

t et r aki s(ggnt af | uorlgohen I ) bor at e, hexafl uorophosphat e,

hexaf | uor cant-Fndhat Fe‘f’?%rﬁf&ﬁ;‘?l"ﬁorﬁ‘("e“tloncio PERPIAR @aPEORgSS for
especi al | Fhe- eehgFHeseadarer 12 1onppf0060bS296G4 4 - al kyl, arylal kyl and
aryl grdups, such as nethyl, ethyl, isopropyl, phenyl and benzyl, 5 -

bul ky, nomeonEdlé nemy tABE OBKis SibGRcas iB(AREATHE ar&msé £ ghosen in
parti cul akr3fet Dbt idie ocfoapay@pu@vvs% §0g# %w@a&ias gogeéf" uotlity
in any solyept fé\_eﬂE Iz_arthgg %oglr% e ﬁed og}p re [0 rene

tosyl ate, Jn 18 of i €. s ﬁﬁﬂ%s FWD(B
their compF8%e gﬁ’tlﬁs%\ﬁaﬁﬂl ddt ﬁea? ab(arc& FE’%‘( R#%&? afeaal so

sui t abl%5, cR&ALEKBIte "WWAADI @xeatadysthehigipely Rlvrea}rxaaolwfem Lis, for
exanpl e, 15 tetrahydrofuran or triethylamne and X is, for exarrpl e,

t et r af | uoaQboratempbexdfAMX9r cantihieRat e or

t et raki s(pent af | uor ophenyl )bor ate. Here and bel ow, al kyI and al koxy havi ng
as arule 1t al t e ecraII on at ons.
Exanpl eg, of alq'k%g (gyc'rpln%%gl%tg iiéﬁ?}l O%Bﬁl =8 mﬁ{;’r o Wse ?‘ggs?%‘?ﬂ/l

n- but yI*° 2- bufyr “slg%'bLﬁey £ ?’Y’u?ﬁﬂﬁ epkif Sement) agky

n )heptyl 2- h@FeyPs rpdfcftryraryé SEQURS amlepe e rgnbﬁéxtnexyrs togetrbeescaf
al’koxy are i nadspt fexma smsbhokgd &5 upshouyated pydpoxyrbors @adpQXy,

n- but oxy, 2-butoxy, isobutoxy, tert-butoxy, n-pentyloxy, n-hexyl oxy,

2- hexyl oxy, nwheRt ¥i0xiumg- REPEIH QY orNhREA VP Ma 2- OCt Yl Oxy and

2- et hyl hex- 1- onxy I'n the novel process, the concentration of the conmpound
RMX3 is 30 us I froml é 4?61 preferably from1l x 10-6 to 0.1, in
particul ar fr 0‘1%5 ot d“ °pan tJlr¥ef’ Egnofanohber ea?%e Gbstrarkekie. The
concentration °@P°§é‘t¢?v’d¥t‘ﬁr éé?’rpound is usually from1l x 10-B 35 to 500,
preferably from1l x 10-i to 10, in particular from5 x 10-5 to 2,

especi al | p)up att018abt Mle RPetikge Dig tdaiteasti on mxture, in the case of the
al kyl alggm noxane cal cul ated as nol of Al/kg. Otherw se, a person skilled in
the art optim, zseg %ﬁe concentration of activator conmpound in particular
with regard to 4 e procedure in the process, reactor used and purity of
the starting materials. It was observed that the anount of netal alkyl in
the case duriheerexendbg FaiperHithys pPbtazimpdeat thelal kamesopbt airatdley

smal | er thvda ikhet treinease bgf hpdmddemnthan chase okb Suddrafllse oBehiNabidNg

addi ti ves faom ERe ©XaEse RS p1atkkk sers U ehrrhose @ 'S}S'ta%%%s can be

repl aced by hal ogen and/or al koxy, and furthernore al kyl al um noxanes, boron
conmpounds and m xtures PF 0000052904 5




5 of the BBoQGRABABRANAAd activators, for exanple conbinations of netal

al kyl s, sonme of whose al kyl groups may be replaced by hal ogen and/ or

al koxy, with boron conpounds and conbi nati ons of al kyl al um noxanes with
boron conpounds. The nolar ratio of rgetal Mto activator conmpound - in the

case of akkyl all.}{lg(? n?ﬁc?nglcélﬂﬂsrmlaﬁﬁ 18y 1% sk s ah HE AUHD ta@aiRi dés Mirichs

usual ly from 000, in

parti cul afORTHH £heobTiBess fd\ﬁl/g’ Ié qlki/?nﬁﬁ’ ‘;?Lsrg%ﬁy f%Bgig\m)ng t he metal

al kyl s which are used as actlvatlng additives, the alkyl alum nuns are

pr ef er r edBy Ahdarisalafnmithensovesbperooksahoste isl pylssgblﬁlpi@ otape Bkmans ut ed by
hal ogengapd/ QLo Bl Y odl 8, of Qfor@X aBpbén adayl ahunigiungiedidst hed florghul ae
Al183, AIR2F§£ct{§ Iz 15 AIR20R , AlRHal OR and Al12R3Hal3 and mi xtures

t hereof, WRere i ndependent|y of one another, are nmethyl, ethyl or
a straight-chain or branched C3- to CB-al kyl group and Hal is fluorine,
broni ne, Podferrest cevdeéinf|gf chl r Pﬁe‘“orfeorcaég $E°T§ i4T&t hyl al umi num

tri et hyl akupahgim-dheinnapd opsdradhedi oued e st oifj éova o dredenapdy 3 to
tribut yloahgmi B&IfBorplla%hﬁl aj Ui dpetie hi opdrtenedi et hykalainindum-deonicdere

di et hyl al erefied MHaah Uk vane phegexi dsanricelyl 4l uni num
nmet hoxych#or?gg%ﬂ Pa uﬁ’l nuns of the type AlRSygﬁd Al RHal z are preferably

used, trléFﬁ§?5f nun1a|one or a mxture of triethylal um num and 25
ethylalun1nun1d|chlor|de being particularly preferred. As an alternative to
netal al kpdhstusmrmﬁ)ftmh%elag g vgtbupre cHIetherr epf R dith AkkaRRSH and/ or
al koxy,15 tcahSadbs b aseidbl &ntthaisevel xproassof o-héeEr rasspeondi viaigtet al
al.kyl's and suihabl £ 130 ceneat Al ¥ Hinglbr @ W ieh ahbieineddlitdbkybse @pne of

wh | kyl I g o t
'n the r eSOy 99%%.%@%&8%?? %ﬁa %@??&?2 o e o e o
t

hal i des 3§U&Hdlﬁe9\?’ét’§& a* YAl such as tin tetrachlori de,
germani um chl oride, alum numtrichlori de and titaniumtetrachl oride.
Pr ef er ran rrecataéy ssoupsc Rude thewoppoends M, ane htiksAoresspdienyl
trimet hyl sjdonbsChho6h deay bei sebdndtsited] bprofbntg cali or tatffeckhorbyle,

ger mani umschl Qi ide @lncaﬂ@fréeehalély mobuwlamm byipds. shbhtde theshedhyl
conpri si ng et al 5y gglgg WHOURSH L e, perkasssh py

hal 10P afkox h
Tol ar T at iR SGPDPF oA 165 051 3 &?éa Fe‘tf%gl%ﬁ“%t%mgﬂf nfhgeP RGN 10
00000522946 one £REthRK &Y §r BREREat OF HBRARITN egh‘e‘aﬁ‘b%cﬁ}ﬁd“RR&s is

usual |y f rpmaterabl9, ~4 taarbonppbérs alsughf ppnin badeavd #ef OL.2, 3i A-Be¥%aTul ar
from1l x IQdrdindenpl, rertipelakly gireifkere@agtdups Ri aterrthe 5 The anmpunt of

the netal ﬁérl%knetﬁgwﬂ@y@foﬁmsalaﬁwng@ngumh@md@eopgp&memaaamgen
and/of al kOX gsyé-l,gafneftﬁgn}cisﬁe%tﬁdaenép%m%egﬁaa«péwfrom 1 x 10-i to

[ arti CLﬂ a 0] I xture.
10’ prof 8 rwmuaérhameo%er@ 13 bl dndupBPinile KeTbot I iBagy galb:
furthernore those which contain an aIkyIaIunlnoxane as the activating
additive. Sefexived abkylygtusiinokbearPvelePEPGRIDFEE, these elth el ¥nids DE- A
30 07 725, titwiiunstructures being substantially unclear. They are products
of the careful partial hydrolysis of alkylalumnunms (cf. DE-A 30 07 725).
These prpdyc t ¥ N P& Sfitndls N @rm but as m xtures of
open- chg?n‘ya delirregl ?‘%bs E?u)lctll?r éqgleoé thetn'fi;pRm grtaend 1 b, which are
presumably in 20 dynam c eqU|I|br|un1mnth gne an éher lla 1lb R10 25 Al
Rio O- ~ O-R oh@logen,~spch @s flyoring, bypmipe. pgdineypnd gpReCiadly o R10
R10 R10 30 In thekofigreyul ae Ila and Ilb, the groups R o are identical or
di fferent and, independently of one another, are Cl-Cl2-alkyl, such as

met hyl thy' fm{é&" £k 8OREOPWetrif Dibndborksebut yl , sec-butyl,
tert- butyl ge kls(g%%%??ix}{ézho F\y?ﬁ%%&te,?’ﬁeﬂgf’ﬂf&tdﬁhosphate,

1, 2- dlnethylpr Sec: hexyl n- heptyl,
i soheptyl, n-o& FWf BpY Ilm°?1atcfe€§fi }iﬁg‘ra}P&iﬁ%‘H&Eyf Dreferably Cl-Cs-al kyl,

such as nethyl et hyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl - n-p@nt@d,cﬂﬁnmmhMMyﬂ, ssmsqﬁaﬁﬂyl2-¢khni@nﬂyh9aq92-dinethylpropyl,
40 isoamgg , n-hexyl, isohexyl or sec-hexyl, particularly preferably nethyl.
mis an integer fromO to 40, preferably fromO to 25, particularly
preferably fromO to 22. In the literature, cage-like structures for

al um noxanes are al so 45 di scussed (cf. Organonetallics 15 (1996), 2213-26;
Macronol . Synp. 97 (1995), 15-25). PF 0000052904 7 The al kyl al um noxanes
display their activity as an activating additive in the context of the
present invention independently of their structural characteristics. 5 The
concentration of alkylaluninoxane is usually from1 x 10-$ to 500,
preferably fron11 X 10-~ to 10 |n partlcular fron15 X 10- 5 to 2,
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35 In a fBFt REPOPBEAOAr ed trimerization catal yst additive, at |east one
al kyl al um num sone of 40 hal ogen and/ or al koxy, used. enbodi nent of the
novel process, a which contains, as the activating boron conpound and at
| east one whose al kyl groups may be réepl aced by and/or at | east one

al kyl al um, Lnoxang 13 dyihese @ﬁ@cailyrleatrau kD At asUuhathghe capguenent i oned
boron conpoungs %aw g el ectio tl’%&%l ng radicals (e. g. 45

trispent af | uorBBREMRY HoFane? ~ N f\é&) yl ani |i ni um

t et r aki spent af | uor ophenyl borate, tri-n-butyl amoni um

t et r aki spent abhﬂlbyop‘rcquomdna@‘elng\l aignget 8y¢hFAS Bhfefm) 4 PF 0000052904 8
tetraki g(3, 5 bi sperfl uoronmet hyl ) phenyl borate, tri-n-butylammoni um

Ee: rati s(3 h ?’f S5 lé%ogﬁémr{ )ﬁh%@%b&ﬁﬁéﬁ s%ndhhfl‘&b@ idéfpound RMXy
etraki spentafl uorop! or a ese boron
corrpoundgcﬁpeaﬁ’i’%’bq k %Fé &}d4%§§§§$ﬂ%8 J%' EBEI @26 63§BgTr| tylium

t et raki spent af | uorophenyl borat e, trispentafl uorophenyl borane and, especially
di met hyl amiakrithcubatlat maRifSE et EHouRSr SphERyIhHlsErae 2k E9FYdPELr e The

anount 1@f palteiaelamyadtilegibheron conmpound used is dependent on 10 its nature.
The nol ar rat| o of compound RMX3 to the activating boron conpound is as a

rule from_1: 0,1:5 f £3842 g

concent r atPoRY éf’tﬁ\%(% %’8 gélgﬁ%%i ka? 'E Irafgl?nplggxanfwggdw%@ggrdl ng the
nol ar rat |b@n§?dmt¥aol ﬁé’f“ 61rs QFﬁy? OUI%UI;I'BX He AP ETeNt s nade
above ar e cbBpappes cabltde SMPFa sdRiy | HEHS hubd: SImE*8FPhRose al kyl

gr oups 1teteaheptabachrbyrhalk deehylardher and kbxiys, fad %Q@}Hl@lrun‘i noxanes are
those menheis a@flubheserdleds aesapfucrdasitancestewirc hearak neianaaed 20 further

above, in Bydakgd there, based on the conpound RMXa. The
preparati oftnlr&%frggﬁgﬁ%:a)t alysts is otherw se generally known (cf.

Organonetal lics 8  (1989), ature ci ted r onol ecul es

33 (2000) ,Hexgr3ndyh ﬁ%?wﬁeﬁéyxnﬁﬂ‘?aqdl@é‘é’t F‘Smn% f§ fnére olrzgc ?/% di res_no

fur t her2@xpiefeapbdns! Sorfo 6EPERERLN A 6t 87 473X LONs BLEBIMEFE P SFai | abl e

(for exaniixylr areALgrpait)iculbe mestetl pesbids H-Propyli etSeERIORYdra rule in a

sol vent. APIHHﬂyQ 30- §@iyae,nt1%oaﬁeypr afear-pdtyl N mpaenitglll an-hesyd ,sol vent s

contain n F] lextzrg J: 1I ifddceynat 2rod/ @hqt races of al cohol .
b e

Exanpl es of allcycllc
sat ur at ed :h Fﬁoﬁs eE%a?ngll ca%b g gL ﬁg? Eu@ﬁ ah;geceth%&ent ane,
3- met hyPpesithaiy s He?éﬂ%°x3fved158H§°P‘?"¥fetlh Iu g’:ﬁyh , rohexane,
net hyl cycl odmebedmve oxg, 2n4pentyerhy | HetaHexgr %i'e‘%ylﬁxyst?d?eg?ﬁ l@l’fé(l'n or
branched halipganabesg, hydsogdosyns?~euatioxy dndhnd-atdothakel -wraivat i ¢

hydr ocar bons, such as benzene, tol uene, xylene, ethyl benzene, nesitylene or
tetralin, fll;ldtﬁ&?of%llgﬁﬂgééé‘s r%ﬁetb@ﬁbé}{t@iﬁ&@bﬁ shitle abRpbhusixix40isinder
the reagpi O candiliony greised ) Mrbubespol &hn abovegntyoger, sgf vents
are al's Piabte S Plef ef r ed

d
tures oPa%Tﬂ‘%’cllaE £5PPeht’s OI \é‘?e?npor 83 ﬁ;%rﬁaylg YRS TpL Ot an

coipri se arofm

hydr ocar bomsxtyres. in an anobunt of nore than 50, in particular m)re t han
90, ~ by volume and in 45 particular toluene in an anount of nore than 50,
in parti CU‘I‘ﬁé M&ﬂt&&@lQﬁ? oP dtytivatoftcompdihd0DH0062904 SrSuil abli®-8

sol vent 5 r@aﬁ a hfﬁé?@ 1uge1 067 aot 1H i ZAkk 9BuTat arsat |
Pt

conprisin Aot t I l e the
al Imlghatl cganﬁ ?1— | tﬁ?sé)re%m T?g% 0;&( égcﬂae%b§%s¥ﬁen%}?e£($§%t%g:§f

g
sol vent s, ﬁlhat%%‘?)ec‘l“altl Sa?%l‘?.ifer*ri‘ AASErated St

conpri se mBlékyhPtIBOWish, parﬁqliﬁﬂnalskh%ﬁ%d tlﬁ‘aﬁhgoar%wlﬂ‘blzﬁﬁe RF aromatic
hydr ocar bogsnaesh i at jgar bifc ataivatore compewsDd in paphiculay withoregadshifro90, %
by vol ung Qixet Bl sefurel AnSuhé A esel, Vesict ohesedsamy) pmrtitynef | g i on

catal yst whi.gh K {?gﬂﬁziée%alés i@%@-ﬁbb\.@ﬂ&g 4] th¥Candtint! 82Shetdre bor on

conpound an one al kyl al unm.n 0 S may be
reg})aced by ¥ oY ’en §25F 8tk % oxXy, a atlvgl G %8 }gnlfs ¥ ErQE%%e t%e

al i phatic mr0§p§ﬁh@¢q:tq4yd|55\éé}%ﬁ§1af51 l?‘? difeq Pﬁr?lﬁae]r b 95cg S50l vent s,
and especially toluene and the m xtures which contain nore than 50, in
particulgd siakablbascOatingyateitivesobrar tomtexampyernealbedsyand sane

particul ar J£D Lok 39115501 g%%la 6i @l YeTREBLAESD B0 haTobyn waldsoe aikéw}uene.
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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.
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In the formulae IIa and IIb, the groups R0 are identical or
different and, independently of one another, are C;~Cjz-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 isoamyl, 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.
Symp. 97 (1995), 15-25).
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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
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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.
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20 In particular because of the tendency of in particular the metal
alkyls and especially the aluminum compounds and possibly the
cocatalysts to hydrolyze, the trimerization should, as a rule, be
carried out with very substantial exclusion of moisture. Working
methods known per se are used. The procedure is preferably
25 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 o-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,
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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.
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Cyclopentadienyltitanium trichloride (CpTiCli3) was dissolved at
40°C in toluene dried over sodium metal. Methylaluminoxane (MAO,
from Witco) in the form of a 4.75 molar solution in toluene was
added to the solution thus obtained (regarding the concomitant
use of borate, cf. footnote 2 to table 1, see below). An excess
of the respective o—olefin was metered into the resulting
solution over a period of 60 minutes at the temperature T.
Thereafter, a mixture of 15 ml 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
mixture was stirred. The solution was then filtered to remove the
precipitated polymer. The filtrate was washed with water and
dried over sodium sulfate. The composition of the filtrate was
determined by means of quantitative gas chromatography.

Table 1 below shows the substances used, the associated amounts
and the essential reaction parameters and experimental results.
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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 1l-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 CpTiCls;. 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.

40

45
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41090& 6) - h 43@¥Bén (3tdhs by reacting an a-olefin or a hydrocarbon mixture
which contains a-olefins at from 0 to 150°C and from 1 to
200 bar in the presence of a catalyst, wherein a catalyst
which is obtainable from

10 a) a compound RMX3, in which

R is a cyclopentadienyl group, some or all of whose
hydrogen atoms can be substituted by identical or
different alkyl groups and/or aryl groups, where 2
15 substituents together can also form a saturated or
\ unsaturated hydrocarbon chain,

M is titanium, zirconium or hafnium and

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

b) at least one activating additive
25 is used.
2. A process as claimed in claim 1, wherein the activating

additive used comprises at least one metal alkyl, som eof
whose alkyl groups may be replaced by halogen and/or alkoxy.

30
3. A process as claimed in claim 2, wherein the activating
'.) additive used is an alkylaluminum, some of whose alkyl groups
may be replaced by halogen and/or alkoxy.
35 4. A process as claimed in claim 1, wherein the activating

additive used comprises at least one boron compound in
combination with at least one metal alkyl, some of whose
alkyl groups may be replaced by halogen and/or alkoxy.

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

6. A process as claimed in claim 6, wherein the activating
additive comprises at least one boron compound and at least
45 one alkylaluminoxane.
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13. A lubricant which contains a trimer as claimed in claim 8
20 and/or an alkane as claimed in claim 12.

14. A fuel additive which contains a trimer as claimed in claim 9
and/or an alkane as claimed in claim 12.
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