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present invention relates to a process for the trinerization 5 of a-olefins
of 3 or nore carbon atons by reacting an a-olefin or a hydr Xt ure
whi ch contains a-olefins at fromO tq 150C and from1l to 20 @&m ’mw,’m NL
presence of a catalyst. The present i‘hvention furthernore r

trimers thus 10 obtai nabl e, the al kanes obtai nabl e by the tri nenisby

hydr ogenatiRIMERT ARTTOM OXfl 8OPEA-OIEFIASNnabl e fromthe triners, the
pl asticizers and surfactants obtainable fromthe oxo al cohols, and

| ubr i cant sﬂ@ngréyeﬁt atllichk Y68 MARSCOB! &l PrdddRs! EbEPESe ABdkBE 1 Lheid kanes.
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|nportance I'CS or,as X0 al cohol s,
Lhel ot or® PROFAPREN A BHR OIS CORCatHhT ATHACLnar i e B

pl asti cs. a2’(91 Egpmi tatr 20Ankar vt thedPreserce aifs@i catel¥st.urther field of
use for such triners. In the integrated product system of the chem cal

i ndust ry 'Ithrel @eégéﬁélmeawseseﬁsc@rr&oteef@iﬁee 2okeNe Steimerisognagdust ri al

ol efin i&h a{eg %1 gs cIqocr g@pl% @@%H@rét m cr ackers to

Qﬁé’d”océinﬁwéﬂfaﬁﬁ abidh Ehgeds PoBbtalianis, TEPRolS HHATSFBACE can be

pol yner i z&laskicheehF aldhEur c‘%%%&?&??@%b%%/sftr@m EBW’?%@H@°B(’ F5)3 and
Cp' MR3 ( Cpind C8bBicantGhp8~faek addigriveés, wiBcIRconfeinr tigHAR merFur t her nor e,
Or ganonet arld/os the (dB&Mmes.693, J. Organonet. Chem 548 (1997), 23,
I\/acrom)i@cul es 28 (1995) 8021 and J. Chem Soc., Chem Conmun. (1995),

1065 di h t t Me5Ti Me3
and B( ICEI(; %llh ? ot n?zgglgdn%bgﬁ i?‘%‘tslse;grf %;%czﬂhée%ée;ﬁ% %SI soblutene
J. O ganorff °@ﬁ8n’?‘m f§9§? c%’flﬂ‘eiﬁgs PF RILSHESURE ¥ conpl exes of the
type (r-5-ietammedieres ok eXR-agohals ckedptier 4D SRR ARiNACHPH?) |

(r ~5- C5HA QviaRCHRPhY Z {0l shirfdabamtral Jnd-HlasHICHRITE) Toe ChkMYs.n t he
pol ymer2@ aiubaicahtrane fael Madd DittesC doast B8ute? Q0 Fhurt REO /£ AWM o@Ndséngew.
Chem 112 f s%éh(@@ﬁ@ns 4§£&9ﬂ4§211ntr Qb8 prdudtheysyehes® the

[ CoMeSTI 9@':?%&’11%% § %%f%%rna Lééé‘?ée!ﬁz%&b"{?hé’%%fc}% &t Fgge

nol ecul es

Tl oo ooiste 6708 inguscann |°E|181Ph‘é‘°r v 4T ex3fiRLe

cat al yst sf;rﬂrr\eﬁheww%mgcksrmw%stane aGGB’S)‘SGrs al so 5 used,

accordi?m to Macronol ecul es 32 (1999), 4491-4493, in the specific

prepar at i (akomblit ythdi 3nRapiid podmneiniyl.engs(sdsd)t,i 2g7f andn et hene. 1- Rexene

i s obser VQﬁ:g%%oﬁie9¥PIﬂ§ngt2 é;lygﬂ?)_ﬂ MgeWai GheMe khdtNathdrie (B0 bropénrés- 2587
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trimeri ¥%t® 6h Mef o8t ®)t0 1-hexene. However, the trinerization results
achi eved by neans of the known 15 processes on a-olefins of 3 or nore
carbon at graxtheemodé, \RigahaesABTicy W5 (1996) An6ady) @Gt opfardigetir eneint

i nvention 44 ergwsie :?e pﬁﬁ%@éﬁoi&éui‘é}ﬁ 23el esdiye atorzllnaﬁazat 'éHémOf soc.

a-ol efins. _hz%g'h onwﬁ H_Ilé@fq) %?g J.%cq@sgCLhé s%saectyfeséﬁg ‘ﬁr ocess for

the tri ng carbon a%ﬁ X Ctll’}%’
a- ol ef i TP oY% 8?’8‘3’5&% Hl xcfflﬂ’aéTM?%:ﬁ oRfG858d 3 41| RS1¥PeT 3t

150C and quomlfff-BSZW IS4V TERet #RA RfedEpbEteRea 25 catal yst, in which a
catal yst which is obtainable froma) a conpound RMX3, in which Ris a
cycl opent arli @rghngnetip, Chemies592 eldoxf, 8koge diyst&:dg;ee Bhe alisofcan be
substi t ut %nﬁﬁeb:é@n&f Gé&le Q'ggél fﬁﬂc%ﬁhRPi'i@/h %QHQSR f.’ﬁ N, L BWPS

wh 2, t t ed
nyar ocal Dbl U9l pcathRaRh P %%n%?n ot 95 tho o oups X

i ndependeri’y CoHfaCER b%‘t%?g)hr’é‘ &5‘&?8&1”5%‘?’@35‘&[9859 ePTWE e and b) at
| east one activating additive 40 is used. Furthernore, the trinmers thus
obt ai nabl eMacromode&aless 33bt(aD0GP) e2807a-2181d and nAargewhy Chemt ochiEhatNoon23t he

oxo al coholz0eht, ak 52l 45245 rbprt & Nendt ithRr Systéif [U:Reltieaqy 8 (6514 ),
SurfaCtﬂqtéat%g&?anﬁé oteim Pg’%?%%ﬁ'g%fst%o Rl o8 Bu P& WS onand

| ubricants an t|ves ontain e trimers and/or the al kanes
have been found. By neans of the novel process, it |s p055|ble to obtaln
trimers 5 of a-olefins of 3 or nore carbon atons in yi el ds and
selectivity. Preferred a-olefins of 3, 4 or nore carbon ato mmnwmwmm @m
strai ght-chain and branched a-olefins of 4 to 22, preferably

carbon atons. 1-Propene, 1l-pentene, 1l-hexene and 1-decene are pawcbieul arly
preferred and 1-butene is very particularly preferred. Mxtures of the

a- oleflns mnth one another and/or mnth alkanes 15 can also be used In t he
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20 Preferrpe Qg000p52804n the conpounds RMX3 are cycl opent adi enyl groups
whi ch may be substituted by identical or different by identical or
different Cl- to C22-al kyl groups, such as the nethyl group, and those

cycl opent adi enyl groups in which 2, péeferably nei ghbori ng carbon atons of
t he cycl opentadi enyl ring are |inked 25 to one another by a saturated or
unsat ur at e¥F B0 AL ARGV HE nWheFras chhfh tFimerizatim &fops, Osekefiasasn i ndenyl
and 1, 2, 3, 2ughetisamplr pesridrhe thppmewitdul arly preferred groups R are the

pent anet hyl cycl opent adi enyl group, the isopropylcycl opentadi enyl group, the

et r amet hyhigy olaRankads povdn GoaLR: ANt YPLY,RATRAL] Ikl BTLYe AL SlerAly the
unsubst i C i I reter at gl,ysts, I'n"the povel
process reth %@E%?#?e%%ggﬁ%m%ﬁﬁ U B, TSI R ERS, e
conpounds T3 4Fe PrEPRE} U Ots EhY LbrengBed RO LISEOLRBRES | YRt nand
especi al | yExaR &thgae - 4b-Hexepey gt ebsenviet asea hynnogictotbéor at e,

t et raki s( pent af | uor ophenyl ) borat e, hexafl uor ophosphat e,

hexaf | uor omigewiroCakA. aDIB tet.r aphesyd Hor abe4s—_25867 -ditse 16505 cashoxyl ,
especi abby &ﬁbbyidi@g%%iﬁ/mé@H%Jrfﬁmﬁ%ggﬁg9994 o /g?l E%éz%géﬁ al kyl' and
v ;

| h A |, - bulky,
noncoor di 1rtayel BRI s ool cue vl Ve b S omeithag o i

ani_o
parti cul arcastc?qt fht £Phet R FFGTRYL FABEP L Bht SFRFRR) thdmhRESRe good sol ubility
in any solvent used. Particularly preferred groups X are chlorine and

t osyl at e, HowelM@rpathe ctutiaerdzhoiomeresultaddehiidred ®yt heas® GO Whds kRS,
their cosphexessest 6nveakleripengded ilmozk &ML atloh@aRls i RSO

sui tabl e, dar;i%aaple, conpl exes of the type [RVML3] X3, where L i's, for
exanpl e, 15 tetrahydrofuran or triethylamne and X is, for exanple,

tetrafl uoroborate, hexafluoroantinonate or .

t et raki s( pEntEf PRoPBpten ) bBraPESSaRr YRRt RN dW, PAPKjfe andracksRyfomYi Ng
as a rul e the geective hrdmerapatyian taf &-odepimsal ly 1 to 4, carbon atons.
Exanpl e80of al kyl are in particular nmethyl, ethyl, n-propyl, isopropyl,
n-butyl, Zidayk, rbemduindt, thestobydat isNa®kidvda by Hep¥beess 198V kne
n-heptyl . Zriiealivheidh ¥ Woo18z06d Ylr AN ZnSL OV BE1 2 Vs TR e§i8£

al koxy ar eai{ r&_gagﬂgu(lnara rEetdrgég 25 et hoxy, Nn-Qro oxg,_ |sopYr oﬁ&f )

n-but oxy, 2 BULOXY " | SoButexy CCT e BirsRyS %Pﬁghngﬁ ¥PS 2RI IRy at

2- hexyl oxyEr ﬁeﬁgyﬁ&ﬁ aédhg’b?’w]o%ﬁ 240 okax/| gk Fhe2pressnas wiand

2- et hy| #xcatalyery. in whiled mocetalysdcebicht he aadeabiat from of the conpound
RVW3 is 30 usually from1l x 10-~ to 1, preferably from1l x 10-6 to 0.1, in
particul arayf r eMchbmpodfd R 0i PLHdn per kg of the reaction mxture. The
concentration of activator ¢onpound is usually from1 x 10-a 35 to 500,
preferably fr%?H% X %0-~ tot;%. inlparticular from5 x 10-5 to 2

especial |y up 45025 OB aieBY L {FROUPaa EPPB T 3dtlu PE, WhAse Hydragenof t he
al kyl al thi nox frEMEafRl B8 srbssikpredbyaidrgticahamididfeseptrabwiskilled in
the art opti mM¥Fe¥PEhandmc erylagrowprsf wherevat subsiorquentd togerer cahar
with regard t @140 fbempa costirneed ot hihspragassd HRRUcAkbYseehadt] purity of
the starting materials. It was observed that the anount of netal alkyl in
the case of a atk ar, i {vely proportionately
smal | er,t han f%q%hghgﬁg%n%fZ%ﬁﬁ?ﬁ%%pﬁgfgﬁggggﬁ%£gﬁitable activating
additives are for exanple netal al kyls, sonme of whose al kyl groups can be
repl aced by hdih6gEROWRRI/Yor 18dRBRYdeHHY b Pheramrtdesl kel abstrackabie bor on
conpounds and opPgsir@esionshFadd00052904 5 of the abovenentioned activators,
for exanple conbi nations of netal alkyls, sonme of whose al kyl groups may be
repl aced lyj haltogeasernsieoracelkaXyng WddltRegon conpounds and combi nations of
al kyl al 4gm noxanes with boron conpounds. 5 The nolar ratio of netal Mto
activator conpaound - in the case of al kylal um noxane, the nolar ratio of

al umi numto netal'®ff: is usually from11:10 to 1: 20 000, preferably from
1:50 to 1:1 000, in particular from1:200 to 1: 700 especially up to 1:500.
10 Anong tugthermeres kpestwinets ahasuebtlafmaldet,i vhti abkatkl tobtainabhe

al ky |b al um;;uﬁtﬁharﬁigr;egelbyewydr‘&déhhahbﬂi NEKES 10320 BB c8ho Y4 Wt s he 97 OUPS
can be fo! ; r iy

ol Kyl ol i s the adthepS, ORE PATS I Arre el o Bhiiipapae

Al RHal OR~ and A12R3Hal3 and m xtures thereof, where R and R, independently
of one another, are methyl, ethyl or a straight-chain or branched C3- to
C8-al kyl group and Hal is fluorine, bromne, iodine or especially chlorine,
for exanple trinmethylalumnum triethylal umnum tri-n-propylalumnum 20
triisopropylalum num tributylalum num diethylalum num chlori de,

di et hyl al um num brom de, diethyl al um num et hoxi de, di ethyl al um num
phenoxi de or et hyl al um num et hoxychl ori de. Al kyl al um nuns of the type ALR3
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5 The amow# ogdodgdsz9td al al kyl, sonme of whose al kyl groups can be repl aced
by hal ogen and/or al koxy, is usually from1l x 10-8 to 500, preferably from
1 x 10-~to 10, in particular from5 x 10-5 to 0.5, nol per kg of the
reaction mxture. 10 Preferred trinerjzation catalysts according to the
tnvention are furthernore those whiclir contain an al kyl al um noxane as the
acti vat i nfr8adFhese. oxgiadgpheled lafdal bRt Hkattte andr Buell sddisades foriaixanyl e,
in 15 DE- Ao3@ady 76 tnimers sndioxt thesableanss alvet hedn aidunduncl ear. They
are products of the careful partial hydrol ysis of alkylalunlnuns (cf. DE-A

Xt Ur o £, BRERS BE THE v EL BiREY o, 10 poRPTBEY o LA “—’é’“% " i ch
are pre?’umaf ?L Sﬂeﬂé&gg gjfagmg ngw 15 r‘gl Bnf 905, * (5’ni\1 ﬂo%/jﬁegld Ffla Bl oo\ 0
\ / Rlo ~ EtNil‘iianl RoRoROIIbRIOI AL O-~OI \ Al ~Al~ Ro~ ~O
MR o 30 In the formulae Ila and Ilb, the groups Rlo are identical or

di f f er ent PaederredeperidEinkyodf3 one cannbhercarion &tokd 2 kyl, such as
met hyl, etdithight PErdid andSEPARINEd aﬂo?élfi/tlxs dﬁqb%%z %ﬁ%f@?%ﬁiy 3 to
tert- buid’ ) ncgfﬂ+x¥ latdn%Op?nﬁyAphen% 19§Qltn¥rie 33, RSé&P}e x%ﬂd 1- dﬁcé%??llare

1,2-dinmeth I soa

i sohept yl Jaﬁg {g%ﬂnpﬁg%#e érb‘éﬁﬁmﬁ d’&’fy’l Pa‘f)’i'Jé“‘r“éraéBVy Cl- C6- al kyl ,
such as né’crﬁ;f‘ﬁrr%@hyl n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, |sopentyl, sec-pentyl, neopentyl, 1,2-dinethy|propy|,
40 isoarrylulxmuhe.xyéf theohenyéf is s@ehheny | andaaiell aHiiaét Wwihehekahby net hyl .
m i fS ambyi @a%gﬁﬂ.s%rw&erdq 48, t 1Y @lofeabbyoddm Q—B@egﬁn é)cazreta![rngutvﬂﬂf

prefera a a r.uct ures

al uni noxaBrTé'éls%a('}lrgh l%ﬂf%§n8?§65§ Jléltgg[a _éfefﬁo%@tdawlaé&lt% Pl@@%fr 2213 26;
Macr onol ﬁ’g rfg@’s‘egera gegl. T te ME€0850B52 gt e7 aTRAeLIn as

al kyl al um%kahésp%ﬁ%lﬂuéﬁrihe?#ef&éﬁfieﬁrt y as an activating additive in the
context of the present invention independently of their structural

char act2 ipxeifesred JompsORCEMt IR icompehindd katha! HAE NYARPensadseyly from 1
X 10-s tOg@QQEspd}ﬁ:icﬁf% YbérQEBs]tﬁ:uq:Qa'b§01cijé}rt1'cglp§ftdﬂ‘fle§'éni:rﬁ)_ﬂ1e5 x 10-5

2 f
compound AR T e Bl %%9;"1 §°%aazaﬁﬁﬁgxra§r2°‘ifpé°”s@s (4 & Bk o o

1: 20 000, %PBPer%‘b‘P "f°rs8rrF3_[° a Enb FEoPS; Frnp‘&’f”c?fb&ranprﬁﬁ%ﬁﬂlmo to
1: 700, esﬁ@&ﬁa PYARED Gtaébenwtpm%:awfcﬁhatw%@etnﬁedmnhl igg eref limked Mto
al um nLBﬁ tex ang| arotiferbbyoa sarpetedsosmnsdiurasedacsrivat @haiar ef,

triaryl bopae€srally sal carbbntLidnki saey! aé)Ql[rﬁtleﬁen?I eirﬁf 61[2'2?315 'E@Q.Seﬁ-

havi ng el @%ﬁ:@ﬂn@éﬁﬁacbwa@ﬁy&rl&a%s%f eferably

b [ i 4
e ect r o eaPhe “‘%’1% 3 ggﬁy% i 18 Vﬁlﬂh@f |138Prﬂ%Y ekttt ¢ O
such as t 9 PPBorbie g‘ BFBH%‘HFSFM ILPPi R 9Ty preferred

opposi t3 |Péﬁ§l?‘63|=a’{]ii’e rreipsrkie t@leeuﬂéuwiaﬂylt@ddcqg@mmeammmm J ons,
such as di butyl ammoni um and N, N-di net hyl anilinium and the trityliumion (_
[ (C6H5) 3Clptpfefradmlaaalebtpr i ahectoebBChfsuesat hiracthdkk amywniadigas are
pent af | uorgphgyh. and 3, 5- bi s(perfl uoronet hyl ) phenyl . Exanpl es of
particularly preferred boron conpounds havi ng 25 el ectron-attracting

radi cal re_trispentafl ugrpphenyl bor ane N-di net hyl ani |'i ni um

ot 1 aki T EREEPTIY GBRERD| Borhig™ EPPPAREA JPRamBHE Um

t et r aki spent af | uor ophenyl borate, N, N-di net hyl anilinium

t etraki s- (3, 5hbilepen f |anghoret fHllgpmeny bbonbtne, itadine- bnd yéspedal um

t etraki s(3, 5- ehspeidd uor onet hyl ) phenyl borate 30 and tritylium

t et raki spent af | uor ophenyl borate). These boron conpounds are disclosed in

EP- A 46% 537 gg}ﬁﬂﬁ:?b@’qﬁﬁgé Téétt@élfhﬁg]ﬁg%{%é' spent af | uor ophenyl bor at e,

tri spentafluoro and es S'hyl ani | i ni um

tetraki s(pent & F? %%ﬂﬂ%?}?fﬁ%?%ﬂ&?%ﬁmg)BPé?E@reﬁfx@§§uPﬁ°EPQ§Bﬂﬂ#6n preferred
enbodi ment of hekef prsaansinerses and tekeabkenylhoreseal yst whi ch contains,
as the activating additive, at |east one boron conpound and at | east one

al kyl al uni-nunt, sofee oqf—odidsyal, Kydpd QUNS BRKtRE1RSRIRGed, by 40 hal ogen
and/ or g koxy, and/or at |east one al kylal um noxane is uséd. In these
enbodi nents, in particular the abovenenti oned boron conpounds havi ng

el ectron-attracting radicals (e. g. 45 trispentafl uorophenyl borane,

N, N-di met hyl ani | i ni um t et raki spent af | uor ophenyl borate, tri-n-butylamoni um
t et r aki spent af | uor ophenyl borate, N, N-di nethylanilinium PF 0000052904 8
tetraki s(3, 5-bi sperfluoronethyl)phenyl borate, tri-n-butyl amoni um

t et raki s(3, 5-bi sperfluoronet hyl)phenyl borate and tritylium

tetraki spent af | uorophenyl borate) are suitable for this purpose. These boron
conpounds are dlsclosed |n EP- A 468 537 and 5 EP—A 426 638 Tr|tyI|um
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PF 0000052904080 G08 2904 € sol vents, in particular with the use of a
trimerization catal yst, conprising RVMX3 and al kyl al um noxane, are aprotic
solvents, for exanple the aliphatic and in particular the aromatic

hydr ocar bons nenti oned above as sol vepts, and especially 5 toluene and

m xtures of aprotic solvent which COﬂ%I’ISE nore than 50, in particular nore
than 90, 9% by ¥dWilneasylatkiaend AvYk craussnssush asnmeshylcethylnore t han
50, in particulsopropyé, t pleanyd0ané benzydl,une of tol uene. 10 Suitable

sol vents when using a trinerization catalyst which conprises, as the
activating addidiine, naacé,m%a(aaﬁ b hCOTREHNEL A} L, Least one

al kyl al ugi num sone of whose ? groups nay be repl a?:ed by hal ogen and/ or
al koxy, r aprotic solvents, for exanple_the aliphatic or aromatic

hydr ocar b ﬁoﬁﬁﬁt%‘oarf'é?dcw??ﬁe%'n é{?&\'iéc%ago‘?f%é?ﬁ% the CIREdaRYEs t ol uene
and the nisQuedaingi eherdavai goedreolubadisy, in rﬁnwaspiltemﬂarusmre t han 90, ~
by volune of aromatic hydrocarbons and in particular nore than 50,

especi al | ypdrtieut Baly Yhe fhrR¥a VO &f atol &8N ind0ah8 BSUJiatel, ainEecause

of the 1@ ci)éuggrl dﬁ?:rltn' cular the metal alkyls and especi al l'y t
al um num conpounds an 0ssibly the cocatalysts to hydrolyze, the

trimerization should, as a rule, be carried out with very substanti al

excl usi on BF asSiEL0R b0 \idek FAEPOREAGHO RYXk nowie iFe coBRlexes (widd. weaklyr ocedur e
i s preferdndegdbnentriakcoypilesntibyandse aregabs@armhitabng, afpareadampts whi ch
have been ddmgrlengbl yf hart egpe ThRMILNGKL| Pases tuse(d &y d@mpléd, gases which
are chegs caddpanyaesturiflQr LPeeERRCGIIiAR GRACE tiONForedR ;5 {I'y nitrogen or
argon. In addidlel ABrodded ohekl PR g iRALI &Ll dPY LEERLL fghm the function

of the ine r suf i Cl en "11? apor
pressure u@d‘@% 88 g)é&qu f-condi tions. The trinerization |g prePerabI y
carried out at from1l1l to 120C, in particular from20 to 110C. The pressure
i s preferdisne fndnbdlaewn BABybaand Rikoxyebsvimg ias expedle ehtdog 20hosen so t hat
the sta20ipgfavablytured iss pspeedllyn 1l kgul f dibdnabtbhie. SBtanipa@Besat ure.
Further morgixyd BeeSHn pﬂgtllt:@@af Nnd 13! Etﬁ_@ﬂ rﬁ%%b 16%@&1&@%{1% opt i mum

productivit ut| er| ratures and
pressures 52‘;%&31 %2}1 ran s‘x‘{alﬁle B:frt EF? Y1 e niRY, propriate in
each case. Qe@’? i MsOFRYLh t|§|1e§E t in gaseous form at
the react |%T‘Ftthéfﬂfbé¥al=ﬂf]e Eﬁﬁ@p%%facqﬁ Glkesy dee dpeparticelahaethoxy,

at nosph@¥ i ethoxys surprapoxyndésopganat,nosphtoxy, @P-bssore, Woebutoayyi ed out

at at nosphsyrtcbptegpure-peheydooy £fithexy1ugyal 1 3hedy 18065 Q@—Héﬁt@llghﬁ
sol ution of_Hpeytak] Wilocth18xy Ul 3. 8t 189) VEM - 2-@t‘ﬁ§r§ or ough

m xing. In the variant under pressure, a pressure a |s present in
t he condense Jn ui d, PF 0000052904, 10 phase is preferabl y. used. It
has frequ q?ép%\’/% d’\‘f&ﬁfag%%sccﬁ’(‘f&“ﬁﬁﬁh?? )Pft FhEseompeyb RMXga%S such
as nitrdYeisusldy E5embl i%HORY tohd  pPESEeFablys fFpR hovel0-free sl .can be
carried owanticohar straw lcenlPrudoesPy0l tivel pemt kguofistipr aeadtien bei ng

pref err ed mirktatrel ndustri al scale. The reactors suitable for carrying out

the reaction continuously by the novel process are famliar to a person
ski 11 ed | idd@ofbln el {0l of APl fad i OMLMLLIRNTES JE02Y K] O gcgn'ﬁ de9o-s

technls i a

pressur rté’sgggan?f? c#’gg's Lom Jde’é&pl e"o° tlﬁ’erénoﬁ %ﬂgﬁa“ g9 £ EPmseq The

ot her bourfidr JOCUAE LirofsPeRially upi herf Zamodnppr cke Bt 4he rsaesial i shed
by a per saonixtkirkel eth ithet lresar ¢f orhe led kigdslsmidfodane geheubdtdd @snimoal of

know edge Kli/kgt. hosh@xwitsext a pérsddrska1aen! en el ak860p¢iBBADs t'ﬁ@r the

catal yst deagbhvahish ¥t hbeieaeh:0lc &Jg%uﬁﬁafﬁ' Mhﬁ%f&@ W@éef and
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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.



45 PFOOOS 0¢ddios 4904 claim 1. A process for the trinerization of
a-olefins of 3 or nore 5 carbon atons by reacting an a-olefin or a
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to 200 bar in the presence of a cat ala/st, wherein a catal yst which is
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| east one TEtAl  arkyl o Eomd of "WHEEEL R a@f%@‘mﬁrﬁﬁxﬁ%‘a rhit2Eed by
hal ogen arﬁﬂtdﬁ’aﬁllﬂgxﬁd%v&' A process as claimed in claim1, wherein the
activating additive conprises at |east one al kyl al um noxane. 6. A process
as cl ai mredsdirtabllei alkylallumiedbratde aaet diatlogedddiori ¥Ramery) iimes at | east
one bor o sHOPGONA7 arngs AtthegasstAR AR sabkyhd! diiFshanang1ly JAcQ@ae052904 17
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a-ol efin, Wbt QgﬁaﬁPE Y BYTSr S0ER Puks a8 BLxBY e ofnppPen-¢hain@nd epcdic 10
10. An oxcetausshses obttdienalpe Bla emdvadbi onadchpdeopoesymatiliyoinof a tri mer
as cl ai 2@dynamicaequilibrliumAwptinsdriecianether. a surfactant, obtainable from
an oxo al cohol as claimed in claim10. 15 12. An al kane, obtainabl e by
hydr ogenation of a trinmer as_clained in claim9. 13. A lubricant which
contains a trinmer as clai medif claim 8 20 and/or an HPkane as claimed in
claim12. 14. A fuel additive which contains a trinerri@s clainmed in claim?9
and/or an al kane as clainmed in claim12. 25 30 35 40 45
ALY AL2R{ . A{] . Ah. AY. AF. Al . AAl . AUY. Al , A. NA Y&A. n, | h_ AlFR. Ah. AY?
-) gj or UXKCdny~MP: .5 0 o R10 0o o
| wql ga\ VU] ca] ca] c&a]wgiiéU]‘c ﬁéé%c‘;%a]/calﬂ cajcay] cﬂ cal \apllcaU] ca] cal] ca] caU
] ca] caU] ca] cal] ca] caU] cal ca]g ] | Ul ca= 1 R10” \O/Jim \Rlo
R10 R10 0
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In the formulae IIa and IIb, the groups R0 are identical or
different and, independently of one another, are C;-Cj,-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. 87 (1995), 15-25).
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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.
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5 toluene and mixtures of aprotic solvent which comprise more than
50, in particular more than 90, % by volume of aromatic
hydrocarbons and in particular more than 50, in particular more

than 90, % by volume of toluene.

10 Suitable solvents when using a trimerization catalyst which
comprises, as the activating additive, at least one boron
compound and at least one alkylaluminum, some of whose alkyl
groups may be replaced by halogen and/or alkoxy, are aprotic
solvents, for example the aliphatic or aromatic hydrocarbons

15 mentioned further above as solvents, and especially toluene and
the mixtures which contain more than 50, in particular more than
90, % by volume of aromatic hydrocarbons and in particular more
than 50, especially more than 90, % by volume of toluene.

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 c-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 o-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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5 The novel process can be carried out batchwise or continuously,

the continuous procedure being preferred on an industrial scale.

The reactors suitable for carrying out the reaction continuously
by the novel process are familiar to a person skilled in the art,

10 for example from Ullmann’'s Enzyklopadie der technischen Chemie,
Volume 1, 3rd Edition, 1951, page 743 et seq.; pressure-resistant
reactors are described there on page 769 et seq.

The other boundary conditions of the trimerization process are

15 established by a person skilled in the art on the basis of his
general technical knowledge (in this context, cf. for example
DE—-A 196 07 888).

For the catalyst deactivation at the end of the reaction, for

20 example, water and monoalcohols of 1 to 10 carbon atoms are
suitable, it being possible to add to these substances mineral
acids and polar substances which are conventional inhibitors for
transition metal catalysts, such as carbon 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.
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dk@36n3 é%ﬂ%ﬁ%ﬁég%ééggnyltitanium trichloride (CpTiCl3) 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

10 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

15 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.

20 Table 1 below shows the substances used, the associated amounts

and the essential reaction parameters and experimental results.
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Example 10

An autoclave flushed with argon was heated under reduced pressure
for 60 minutes at 140°C. A solution of 11.4 mg of CpTiCl; 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
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
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.

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
formed with a selectivity of 81% and with a productivity of

0.26 kg of Cl2-isomers per g of titanium.

Example 12

An oligomerization of l-butene was carried out analogously to
example 10, 6.6 mg of isopropylcyclopentadienyltitanium
trichloride being used instead of CpTiCl;. 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
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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We claim:-

1. A process for the trimerization of a-olefins of 3 or more
5 carbon atoms 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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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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