PF 0000053BB6000005333%er i zati on of ol efins having at |east three carbon
atons The present invention relates to a process for the 5 oligonerization
of a-olefins having at |east three carbon atons. O efin oligonmers having up
to 30 carbon atons have great economi¢ inportance as conononers for
pl astics or as precursors of oxo al cdhol's which are in turn a constituent
of surfactants and 10 plasticizers for plastics. Processes for the
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activating g%gjtive. According to WO 00/58319, the radicals on the
ni trogen aPOREMOIOLIFETETF B YRekAnt HaEbepPeptpmDh Npavepgreat economic
P- al kyl - subBPPERANSE ASkyemonanersx ap| plastdicsy bheay | precurdons podHmpuciept vl .
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et hene and)@Qfer %l%ggewhié&]%%eexggpléé&ﬂ riemhkg‘lé&ﬁlgttéutene LS. used, use is
made 25 OL & ot ale¥13t ;n. i(i-. the_radical's’qn e nlaf"r853ﬁ %ﬁsorﬁf of the
triazacycl GRekfte KAVE2E - HIERASABFEnERT nidie RECBPEHRP oF WEPBRFSBIMIChy bor on
conpound af¥e RRTH @ AdidwIddfe-can be used as activating additive. 30 It
I's an object of the present invention to provide a process of the type
nment i onadd WO a0¥s83UYsdesehids lacpdscéss Mdih pyepheitnPloligbRéi§ & i gomers and
Cel et Vi Ly e n ot DLERRE Rxatfon Q%%“?“%?‘a%ﬁ 35 Sppdladbid 30 o
S i vi .
the oli go?rlé??z :e?lgnﬂﬁ’."aé)o e Itﬂ%SLP%.Vé ﬁlq%gts'l%éé%%aﬁiﬁc é’g‘eéﬁ?’%p‘ﬁf‘ﬁp&%, in
whi ch t he %‘f‘éﬂ%ﬁ“@ Baﬂb‘@h‘fe-i RCGOTOHR A WOt APA5831 % foe E3dieadsi9mai nabl e
from 40 a)tBR NidZogenndtent Gfi Ghesbriazacyslohexarestreppoeferalky of t he
fornul a2 B52IKY1GE0DOEEBRE® aRRyl, for example 2-ethylhexyl or

Z2-n-propylheptyl. Preferred olefins for the oligomerization are

olefins having from 2 to 10 carbon atoms. The examples of

WO 00/58319 describe the oligomerization of ethene and of

l-butene. In all examples in which l-butene is used, use is made

25 of a catalyst in which the radicals on the nitrogen atoms of the

triazacyclohexane have f-alkyl branching. According to

WO 00/58319, a boron compound and an aluminum alkyl can be used

as activating additive.

30 It is an object of the present invention to provide a process of
the type mentioned at the outset which leads to high yields of
olefin oligomers and preferably gives defined oligomers, in
particular trimers, with high selectivity.

35 We have found that this object is achieved by a process for the
oligomerization of a~olefins having at least three carbon atoms,
in which the olefin is brought into contact with a catalyst
system obtainable from

40 a) at least one chromium source,

b) at least one ligand of the formula I
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(1) 5 wher ®FRDODOOB3 33w each, independently of one another, C4-C30-al kyl
whi ch has no a, 13 or y branching, 10 RAis an organic group having from1l
to 30 carbon atonms which is bound via a silicon atomor a carbon atom and
pis fromO to 6, preferably fromO tg 3, and 15 c) at |east one activator
conprising a boron conpound, with the™ nmolar ratio of B:Cr being at |east
5. The radicals RL to R3 are eac®? i ndependently of one another, 20

C4- C30- al kyl which has no a/18 or y branching, but they can be branched at
a position further reno¥edNronpthe nitrogen atomat which they are bound.
RlL to R3 are preferably eac Nndependently of one anéther, linear

C4- C30- alkkyl , nore preferqﬁ{ n ar C4-C18-al kyl such as n-butyl,

n- hexyl, n- octyl or n- dodecylp 2§ RA is, for exanple, Cl-C18-alkyl,
preferably Cl- C12-al kyl such as nethyl, ethyl, n-propyl, i-propyl, butyl,
pentyl, hexyl; C5-C7-cycloal kyl such as cyclopentyl and cycl ohexyl;

C6- C15-aryl sweéraRlphenkt aneeehyhphimidpendentlohtdfy loneoanéhdrd,5- ar yl al kyl
such 30 as beneydczoRaskeybhéricadhss! so RS BOUATDy Hrandhsngd, con atom are for

exanpl egpotrial kyl silyl groups such as tri rret hyI silyl. Wien pis 3, the
radi cal s RA arg ref r arra ed, s each _carb tom
in the triazac cI 0 eg‘aﬁgg%{?n hg\vl}lé% EA%S%J ﬁlangprgiamﬁ d’&h‘&

the formula | 3% Pound3vaa; p; H’d’(?d’eé‘ﬁPmP% % WP&Ba@W'oW@ﬁane

1,3,5-tri-n-octyl-1,3,5-triazacycl ohexane,
1,3,5-tri-n-hepyis ]:Ezﬁa;rﬁﬂt toae aqprelfelrabapefzond 0 to 3, and
1,3,5-tns-n-butyl-1,3,5-triazacycl ohexane. 40 The ligands of the fornula I

in which pejs Qe ar&steﬂ%naagaeﬂ&aé’lcoﬁg B & bAEOh | Sdlndidl, PG BE SaRL ed 11
a nmanner known r_se pﬁfgf té ar {% t|5ng primary an nes w ft

f or mal dehyde o’ng rlf‘?‘af’ﬁ e ARl Bho éﬁ}‘ I'i gands of the fornula I

whi ch 45 bear radi cal s RA on the carbon atons of the triazacycl ohexane ring

can be obt BheetpdicedspRl i R3apre ezacind ingeperplandtly af detsy dawthend/ or
ket ones 20Fo{-Cgy+4 Hbt e widthoHas afo [,epabaty Granching enta Bhe OO F336

branched at a position further removed from the nitrogen atom at
which they are bound. R! to R3 are preferably each, independently
of one another, linear C4~C3g-alkyl, more preferably linear
C4-Cig—-alkyl such as n-butyl, n-hexyl, n-octyl or n-dodecyl.

25
RA is, for example, C;-Cjg-alkyl, preferably C;-Ciz-alkyl such as
methyl, ethyl, n-propyl, i-propyl, butyl, pentyl, hexyl;
Cs-Cy-cycloalkyl such as cyclopentyl and cyclohexyl; Cg-Cps-aryl
such as phenyl, methylphenyl or naphthyl; or C;-C;s-arylalkyl such

30 as benzyl. Possible radicals RAR bound via a silicon atom are, for
example, trialkylsilyl groups such as trimethylsilyl. When p is
3, the radicals R? are preferably arranged symmetrically, i.e.
each carbon atom in the triazacyclohexane ring bears a radical RA.

35 Preferred ligands of the formula I are
1,3,5-tri-n-dodecyl-1, 3,5-triazacyclohexane,
1,3,5-tri-n-octyl-1,3,5-triazacyclohexane,
1,3,5~-tri-n-hexyl-1,3,5-triazacyclohexane and
1,3,5-tri-n-butyl-1,3,5=-triazacyclohexane.

40
The ligands of the formula I in which p is 0 and the radicals Rl
to R} are identical can be prepared in a manner known per se, in
particular by reacting primary amines with formaldehyde or
paraformaldehyde. Analogously, ligands of the formula I which

45 bear radicals RA on the carbon atoms of the triazacyclohexane ring
can be obtained from primary amines and appropriate aldehydes
and/or ketones. For suitable methods of preparation, reference



3 may be o003 IDE 58319 and the references cited therein. The
processes described can be enployed anal ogously for the preparation of the

| igands of the formula |I. 5 Suitable chrom um sources are chrom un(l1)
and/ or preferabl y chr om un(l 1) conpoynds. Suitable chromun(llIl)
conpounds are, icular, those of the fornmula C X3, where X is an
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useful. 15 F ources f or mul a
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and the | i ggﬁﬁe’b*fa cf?éef'oﬂ-ﬁﬂi‘%t?' Weﬁ‘fﬁﬁﬁc@“ I@tT&ToﬁYbb?x%@a(t@ -gCrCiphasxanypl e,
W A Herr Rafn, foundsgio; be: pagyimulerily weefidds of Organonetal lic and
Anorgani ¢ Chem stry", Vol. 1, Thiene-Verlag Stuttgart, 1996) and to

i sol at e 1shirgrenelr Lﬁﬁtlablbncﬁf&nﬁnp‘é%ﬁx?c@é aﬂéﬁ%oﬁbséﬁ&lé df“(:%@t £
al ternative, ;ﬂe thé?g] *'rE§%lér ﬁgf gdsa%o% bgﬁgﬂa U Ellﬁgh?oérg’l | ar e

br ought |nto c n ac and of the

formila | % gaﬂg('eae1gr1 SF ?‘é‘%ltex@&uﬁﬁﬁpa?s amount based on the
chr oni um s&&f t%&ﬁXG?ﬁf‘é@'ﬁsrcﬁF%(GﬁPﬁﬁm: egtepcednliergst suchaas
present i nGe@li(mrbusilacetatslor CeChpratdiyigcatate pastlcohel bosmplexespoueh i s
al so used. adherdioy(drpeopaneid , i srusﬁd-eitnysh!@:khrﬁﬂ)@mminé h;%hpléﬂeéml ar
rati o B: Cr shéh ads 8% (Byridid) @ra@fdl &Qﬁk&&iél of suitable

99, &XalfRires
boron conmp Em?f l@gﬁ é Q Z3 ana/or Cato §Z4e where Z
is an 40 e?ec roxneaé‘rvvl(astu ?ggvl ng 3 Ica nltpll; reI:ééFabl y a phenyl radical which

bears from2 to 5 substituents selected fromanong fluorine atons,
trifluorondthis RARFiBARL 5P| RESRAECEhP| Chremium:compies fxom itbe, chremiammbl y a
terti ar gSosoupee endatheabhigpandimic aheofioxmula I by methods known per se

(e.g., for example, W. A. Herrmann, A. Salzer: “Synthetic Methods
of Organometallic and Anorganic Chemistry”, Vol. 1, Thieme-Verlag
Stuttgart, 1996) and to isolate this and use it in the process of
the present invention. As an alternative, the chromium source and
30 the ligand of the formula I are brought into contact in situ in

the reaction medium. The ligand of the formula I is generally
used in an at least eguimolar amount based on the chromium source
(calculated as chromium atoms).

35 According to the present invention, an activator comprising at
least one boron compound is also used. The boron compound is used
in such an amount that the molar ratio B:Cr is at least 5,
preferably from 10 to 100. Examples of suitable boron compounds
are compounds of the formula BZ; and/or CatﬂaBZ49, where Z is an

40 electron-withdrawing radical, preferably a phenyl radical which
bears from 2 to 5 substituents selected from among fluorine
atoms, trifluoromethyl and pentafluoroethyl, and cat® is a
cation, preferably a tertiary or quaternary ammonium cation or a
triarylcarbonium ion. Preferred radicals Z are pentafluorophenyl

45 and 3,5-bisperfluoromethylphenyl. Suitable cations Cat® are, for
example, tritylium, tri(C;-Cg-alkyl)ammonium,



triaryl car ppnpoopognsszereferred radicals z are pentafl uorophenyl 45 and
3, 5- bi sperfl uoronet hyl phenyl . Suitable cations Cato are, for exanple,
tritylium tri(Cl-Ce-al kyl) amonium PF 0000053336 4 tetra (Cl-C8-alkyl)
ammoni um di (CLl- C4-al kyl ) anilinium g (C1l- C4-al kyl ) benzyl ammoni um and t he
|l i ke. Preferred boron conpounds are s€l ected fromanong 5

t ri spent af FeleriheRyt Hidvadnammapimy Pdy FytGamallkyi bapilinium,

t-et r aki spedt &3 1-Gar abtieineney Aamnortium anbutle anikeni um
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E:t {:E: :é 3p P AUSRE bbHoh WBidaY hagg%é )l 84 Hsm %@H}%;ﬂ%m um

t et r aki spe ? %ea%%o hb'?o nryrai¥’89a n%fq%‘?g‘?gt ﬂ’l éﬁ" preference is
ARSI U IR G N AU

tri spent af tm@@mﬁym&mmwlbmmft iNG ti-dimethiyigniy indohi ni um

t et r aki s( peatadkisqBephbiypeniinaiome t Byl pheayl ) botatd ha riohobuedsmishdumt he
acti vat or a@wﬁlé %, Buﬁiiﬁzflﬁgﬂgﬁéﬁﬁl 91 §bo £ ARd cPVy Nt | €ast one

tal - b t | t
Such oaopbeted e“fg’?lrre pRebbIBGTa 3‘“1328@‘%% ke ik f&p cé(égohﬂgs
Repr esont BPTYAETRICE| 18| ¥5TeT S BEALEL RN afigen Heﬁﬁ% Qhoate,

al kyl nagne%ﬂﬁﬁ%?ﬁéuﬁﬁ%gh%mppzam ancboﬁvaoeﬁa%ltaﬂehror damﬂyhmnmlamum
conpounds. teétmakg st{pestaf uafophengt) bématgi.ven t o al kyl al unm num conpounds.
They can have the fornulae AlR3, AlR2Hal, AlRHal2, Al1R20R , Al RHal OR or
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tri met hyl a¢emgannds PFFet?ﬁﬁré]edrrFﬂumlqum—Vﬂlﬁr6?))/1%’5@#1 Alkyl
trii sopropydregpammdstin) Répresentatyial metalumlk3l tompaoidst wikal um num

di et hyl Qbuﬂlmrﬁlﬁmlﬁﬁind@omﬂlﬂﬁﬁw al Kyimtigies i i Ofdmiundis§t BYkyl 2iHcNUM
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In pr eferrg acti vat or ses m num

such as trifet tﬁr’r#‘u%% Di‘ﬁ.?m ?¥|carp 35
e ML 1 AR b AR ORE T ARRASLORE | o1 ¥a1umwhaﬁ?amd an
al kyl al um mﬁnﬁfalalreeewleh ixslepdndentylylafiriongnagdtled daetbyhy | ethnli ogna
di chl or eHestaraight-chain or branched C3-Cg-alkyl group and R’ may also be

aryl such as phenyl and Hal is a halogen atom such as fluorine,
bromine, iodine or in particular chlorine. Representative
compounds are trimethylaluminum, triethylaluminum,
tri-n-propylaluminum, triisopropylaluminum, tri-n-butylaluminum,

30 triisobutylaluminum, diethylaluminum chloride, diethylaluminum
bromide, diethylaluminum ethoxide, diethylaluminum phenoxide and
ethylaluminum ethoxide fluoride.

In preferred embodiments, the activator comprises a
35 trialkylaluminum such as trimethylaluminum, triethylaluminum,
tri-n-propylaluminum, triisopropylaluminum, tri-n-butylaluminum
or triisobutylaluminum and an alkylaluminum halide such as
diethylaluminum chloride, ethylaluminum dichloride or
diethylaluminum bromide. The molar ratio of trialkylaluminum to
40 alkylaluminum halide is preferably 1-50:1, in particular 3-20:1.

The molar ratio of chromium source to metal alkyl compound, in
particular alkylaluminum compound, is usually from 1:1 to 1:200,
preferably from 1:5 to 1:100.
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di et hyl al uppWyooR¥3dkg: The nolar ratio of trialkylalum numto 40

al kyl al um num halide is preferably 1-50:1, in particular 3-20:1. The nol ar
ratio of chrom um source to netal al kyl conpound, in particular

al kyl al um num conmpound, is usually froam1:1 to 1:200, preferably from1:5
to 1:100. 45 PF 0000053336 5 The proéess of the present invention is
general | y Eherprerenst oifnthe erdsegdi dnpértsieon dsagenénalilly. c8uriedlatsdinvent s
i'ncl ude aptaei l:lqusm vhate, ie. d.scdlviepbat $10i tsller abwbﬂwjrmeaﬁb@r@ﬁﬂb as
but ane, pQBlﬁ@H%s =Tt hyk PeRdaiRe sakexan&n H?@Ebégﬁboﬁ% @EEBYLQEBGEH%e

oct ane, cygleE g%wyﬂag%tcén%h%@ggne? Sfeptaht] "ELORARLRDS decal i n;

hal ogenate d'r ocar bons

rocar
such as eﬂf lée' tc(ﬂcg@?@xa'} 1 iRt Yl@%’ﬁ@?m‘@nez et ﬁgy R AN in. 10
The proces§esrlinve Hﬁ'rlegéﬁﬁtﬁ!%)@iﬂfpéﬁw%ﬂ%chélblaé *ﬁmhltqmetb#ngbrrerl zati on,
i n particubacomatix dwideotavkons iswehi aat beangernsf, totuedef ixydehayi ng from at

| east 3 toeph¢lwdrdeing, lReS ¥ Pihedlo@MBetr£1iGh. 1- propene, 1-butene, 1-hexene
or 1-decene. A particularly suitabl e olefinis 1l-butene, if desired in

admxtur its 15 I.s rs_as resent for a n rafflnate
Bec&usgh?)fpr%cestseﬁgeﬁge grsind Salirtiihge Sbibttneidoss ehe

act i vat or sOt bg?wlcﬂaﬁégnfth% RRAFdssd antﬁ%éB&PE%ﬁ? F%’ﬁl%hl?%' Qfeneral | y

carri ed our-eiehinsulbawvangi fiforeradl depsh dftopirefarably t1R@arboprafarsabl v

carried out.gndbsprppenect 1visutgar:, Brhégeid @ gadeSena\hix pag8ichbrarised are

all gases whiclprr @16l £l 1 bdcege!, YPdRIsilRes ﬁemn&rﬁraoaﬂtﬁlﬁbs e.g.

Munes odsOlsBROAD asTAEeObELIdhe 0 fdf AEASIES, SANLESRIdLA 30 1AKE DYoT (he

function o rotecti asasuf|C|entIy hi gh
vapor pressure under 25 the reaction cond| tions. The oligomerization is
pr ef er abl yBegry§ePfolheatendena ofotheourtal iadkphr eomrAvmdst pepd 225 to 110C,
It is genepativatows itedhpdtokitzen tpeepsorsss odnthabpmssentr ésgeneido is20C.
30 After thenéesklly earried iy alith bUPs€RitAlalSbx6Yeé RN o HONSt@dy 1t
deact i vajeds &aﬁé%qydeafﬂé/@td%s uaaer the%’fﬁ@l §as w@tr%rtecm& hgag@@y, 1f

e R e

ollgonerlzaPlon are ad ous urlfle s i on, reacted

starting nﬁP%r{%ﬁcquH fendy 'e& ndnltrogen or argon. The olefin to be
reacted can itself also take over the function of the protective

gas, as long as it has a sufficiently high vapor pressure under
25 the reaction conditions.

The oligomerization is preferably carried out at from 0 to 120°C,
in particular from 25 to 110°C. It is generally carried out at a
pressure from ambient pressure to 120°C.

30
After the reaction is complete, the catalyst system is generally
deactivated. Suitable deactivators are, for example, water, which
may, if desired, be acidified, and lower alcohols. The products
of the oligomerization are advantageously purified by

35 distillation. Unreacted starting material can be recovered and
returned to the reaction,

The invention is illustrated by the following examples.
40 Examples

The amount indicated in the table below of
(1,3,5-tri«n-~dodecyl-1,3,5-triazacyclohexane)CrCl; (Examples 1-3)
or (1,3,5-tris(2-ethylhexyl)-1,3,5=-triazacyclohexane)CrCl;

45 (Example 4, corresponds to Example 21 of WO 00/58319) together
with 250 ml of toluene were placed in a 1 1 four-necked flask
provided with contact thermometer, stirrer, heating mantle and



returned tert be00O3333@"N. The invention is illustrated by the foll ow ng
exanpl es. 40 Exanpl es The anount indicated in the table bel ow of
(1,3,5-tri-n-dodecyl -1, 3,5-triazacycl ohexane) Cr C13 (Exanples 1-3) or
(‘1,3,5-tris(2-ethyl hexyl)-1,3,5-tri azgcycl ohexane) Cr C13 45 (Exanpl e 4,
corresponds to,r?arrpl e 21 of WD 00/ 58319) toget her w th 250 m_of toluene
were pl ace®?¥ mitef Fupgupt ke BRERH K 999 oTNE ATMNEH 1BBHE kA tiRefhBnet er |
stirrer, heagkle@imglimeshalrniPAndon0osB3d6 54 peghaf lunnophenbd) erad@C under
argon. The(maRintwasndiddad gckthen rebetidombhlixtafredvaetivdtad Lon70rD, cooled

tetr ﬁki ts( ge@t@ddcuahapaﬁ@yiada@@e&e axad(;a\%%) o}f’aﬁxﬁijéi%,tyﬁ.ﬂfurguﬁﬂﬁﬂf I(@3pALYLUr e
was hea , . i mounts o

trii sobu?y?}é?u%%%&r)ﬁﬁ?%ﬁﬁtﬁ %hgl%glgge{%%%gl ﬁ%%ﬁénﬁ?%cﬁori de (DEAC) were
added. 1-Butene was passed through the resulting |ight-green/yellow

sol ution. ¥rnteng &g presehdhranghathegesmlidng kighd-gsrenfyriklov t he

react i on weslwtigppe@heytempirtatonreovad Mnalintafined naie ntOcat ebif tdx loper botkpri c
acid in 50ché wfactibhanes swuppedebyesdditdbnbrt Us an) \WES cshiénedhtfed anot her
15 m nuygshyar®iilorqt gBidaNPlsoRE e fmha%@qeﬁn&%é D alt Xo4 R §§e5t' rred

for a furth 5 u ._Atter Iltration e. produ was t hree
times with" ét%’rlr?ﬁg %gfl%%otg\?gr 1%0’&1‘ <&l ?gber."lﬁfg“&?i%g?ﬁfw?ﬁ?d &Re was
det er ni ned24%eh\Pgadhe PHHESy aghPE1EERd Forsacfukher dSuMinkessordtrsn.
Tabl e 20 Ekiltatatdomel FhenmmdncgAvas wEAGd thoeeviines ydth/ water /and

139. 410505@8i3® 3Rexr]1 860idn S5l Fated OTHR 5t-elld0 o * dddedfenkl Yad - 3decerniméd25 *
g/gl Z(r) r abi By Gfasdichiromat & hilcabh@1 PsiflofCihe FésulOMRRLBLhVEEXANMPl es 30

Table
Ex. Cat [pmol] DMAB* | TIBAL** DEAC** Activity
20 kgCyz/molc/h
1 39.4 10 50 5 283
2 38.5 10 50 - 175
Jhwk 40.6 2 50 - 130
ghkk 38.1 10 50 - 67
25

* Molar ratio of B:Cr
** Molar ratio of Al:Cr
*** Comparative examples

30

35

40

45



45 PF 00008g3880005933¢l aim 8. A process for the oligonerization of
a-olefins having at 5 | east three carbon atons, in which the olefin is
brought into contact with a catal yst system obtai nable froma) at |east
one chrom um source, 10 b) at least one ligand of the formulal| R2 RL N
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where Rl to R3 are each, independently of one another,
20 C4-Cip—-alkyl which has no a, P or y branching,

RB is an organic group having from 1 to 30 carbon atoms
which is bound via a silicon atom or a carbon atom, and

25 p is from 0 to 6, and

c) at least one activator comprising a boron compound, with
the molar ratio of B:Cr being at least 5.

30 9. A process as claimed in claim 1, wherein the activator
further comprises an alkylaluminum compound.

10. A process as claimed in claim 2, wherein the activator
comprises a trialkylaluminum and an alkylaluminum halide.
35
11. A process as claimed in any of the preceding claims, wherein
1,3,5-tri-n-dodecyl-1,3,5-triazacyclohexane is used as
ligand.

40 12, A process as claimed in any of the preceding claims, wherein
the boron compound has the formula B2Z; and/or CateBz4e, where
Z is an electron-withdrawing radical and cat® is a cation.

13. A process as claimed in claim 5, wherein the boron compound
45 is selected from among trispentafluorophenylborane,
N,N-dimethylanilinium tetrakispentafluorophenylborate,
tri-n-butylammonium tetrakispentafluorophenylborate,



