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- 7 SEP 2006 i OLI GOMERI ZATI ON OF OLEFI NS COWPRI SI NG AT LEAST THREE CARBON
ATOVE The present invention relates to a process for the 5 oligonerisﬁii %
of a-olefins having at |east three carbon atons. O efin oligoners ﬁg dﬁ p
to 30 carbon atons have great econom c inportance as conononers for

pl astics or as precursors of oxo - alcohols which are in turn a constituent
of surfactants and 10 plasticizers. for plastics. Processes for the

ol i gonerization of |ower ol efins which, cone, for exanple, from steam
crackers are thus of central |nportance for the production of products

whi ch are pabiléﬁME@%bh¥Iéﬂ”&@'oﬂﬁ%ﬁ“@ 0B PREERcALS Cf i 2GS TARIE QER8SEN f OF
preparing oligoners of ol efins usingaapu®ligonerization catalyst which is
obtai nable froma chrom um conpound and a 1, 3,5-triazacycl ohexane plus an
activating additive. According to WD 00/58319, the radicals on the nitrogen
atons of t Imhet praganty cliveaxdne seknymseter abpyoc2Es( Joal kKyd - substituted al kyl

for exany e13yehbyi feddn OF aloleiMPWaheRy Vit R@kethede obHfHdIS akemst he

ol i goneri zation are ol efins haV|ng from2 to 10 carbon atons. The exanpl es
of WD 00/52@}% des ribe thg g nerlnglon of ethene_and of butene. In
al | exanpl AT wh ’c‘??“frl?u BhERY PR, 480 20 SR figBs ﬁ%v%fg’%eac?ateﬁf’%‘[‘“f n
whi ch the AABPESRPECHMS FOMARPPOYRECR BAESHICE IRE aSr PESARYIITGh@EanEohave
P-al kyl br alchhoys vAticdr direginotiin @G0Lb83EBLuanthoforuebapoantd and an

al umi nummlﬁmht@aﬂzm Foedplastaed | vablcagsadldidr “Be 80iddmd:SiaRioh] 6t Of

the presentclgyegideihd nRERVELe & P06 E@Pé 36 gwgm@!ﬁa&g@ the
4¥C%Qners an ($ %ﬁer Y gives
t9R SEIREQIH we have
f ound thataFﬁiBaEEuQ§ndﬁl§Yaéhf%ved by a process for t he ollgonerlzatlon of

- a-olefins having at |east three carbon atons, in which the olefinis

brought lisntwo oons8x1Y We@br&bﬁﬂtﬁlQ&SﬁcesSYﬁéﬁ@Ma&llﬂgbbﬁlédﬁﬁs‘lﬁfa) at | east

~one chrom yiksoHE Csiddy aﬁtohﬁééﬁefyyithbgaéﬁkél Jdthenkeh M4 bHtainable

from a chromium compound and a 1,3,5-triazacyclohexane plus an
activating additive. According to WO 00/58319, the radicals on
the nitrogen atoms of the triazacyclohexane are preferably
20 f-alkyl-substituted alkyl, for example 2-ethylhexyl or
2-n-propylheptyl. Preferred olefins for the oligomerization are
olefins having from 2 to 10 carbon atoms. The examples of
WO 00/5831% 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 PB-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,

bf at least one ligand of the formula I

45



-radical RA. 35

45 - 7 SEP 2006 2 N RL N(l) 5 (RAP\R3 where R1 to R3 are each,

I ndependently of one another, C4-C30-al kyl which has no a, (3 or vy
branching, 10 RA is an organic group having from1l to 30 carbon atons 7\/\(;§1E|Pc_w]B
I's bound via a silicon atomor a carbon atom and p is fromO to 6, .
preferably fromO to 3, and 15 c) at heast one activator conprising a boron
conpound, with the nolar ratio osz:Cr being at least 5. The radicals R1L to
R3 are each, independently of o{n/eR.anot her, 20 C4-C30-al kyl which has no a,
(3 or- y branching, but th]e_y gampe branched at a position further renoved
fromthe nitrogen atom &t l,ch/they are bound. Rl to R3 are preferably
each, independently of one\kgémﬂher, | i near C4- C30- al kyl(:,[) nore preferably

| i near C4-Cl18-al kyl such RA - by yl, n-hexyl, n-octyl or n-dodecyl. 25 RA
is, for exanple, Cl-Cl18-alkyl,®préferably Cl-Cl2-alkyl such as nethyl,
ethyl, n-propyl, i-propyl, butyl, pentyl, hexyl; C5-C7-cycloal kyl such as
cycl opentyl and cycl ohexyl; C6-Cl5-aryl such as phenyl, nethyl phenyl or
napht hyl ; or CwiEms R'ytelid/larsueacB) iaslependemtlPedsbbkeanaiheoal s RA bound
via a silicon atpzgrelkyflowhienanad eno lof,i pl &y lySbkyhcgimyps such as
trinmethyhgilyl. Wien pis 3, the radicals RA are preferably arranged

Thdical R 55 B aerRod T ndEoBP PhE Kbragal | Carly casbon Sedne dnieh! S 2
1,3,5-tri-n-dodbt Q"i‘FIBYB@tgi%fz]dé’y?Bl BheX fte 2 carbon atom, and
,5-tri-n-octyl-1, 3,5-triazacycl ohexane,

, 5-tri-n-hexylidl £3ph- 0rt@azgcyekedhexane @tk 0 to 3, and
5-trign-butyl-1,3,5-triazacycl ohexane. 40

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

1,3
1,3
1,3

The radicals Rl to R3 are each, independently of one another,

20 C4-C3p-alkyl which has no a, P or y branching, but they can be
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 Cy4-C3p-alkyl, more preferably linear
C4-Cig~alkyl such as n-butyl, n-hexyl, n-octyl or n-dodecyl.

25 , |
R® is, for example, Ci-Cjg-alkyl, preferably C;-C;z-alkyl such as
methyl, ethyl, n-propyl, i-propyl, butyl, pentyl, hexyl;
Cs-Cy~cycloalkyl such as cyclopentyl and cyclohexyl; Cg-Cis-aryl
such as phenyl, methylphenyl or naphthyl; or C;-Cis-arylalkyl such

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

35 Prefexrred 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-butyi~1,3,5-triazacyclchexane.

40
The ligands of the formula I in which p is 0 and the radicals R!
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 R® 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



The ligands of the fornmula i in which pis O and the radicals RL to R3 are
I dentical can be prepared in a manner known per se, in particular Qy7 P 2006
reacting primary am nes with formal dehyde or parafornmal dehyde. Anal ogoélFs §/

|l i gands of the forrmula | which 45 bear radicals RA on the carbon atons of
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| i gand of
complexes such as rCl3(aceton1tr11e)3.

It is possible to prepare a chromium complex from the chromium
25 source and the ligand of the formula 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 equimolar 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 CatEBBZ4e, where Z is an

40 electron-withdrawing radical, preferably a phenyl radical which
bears from 2 to 5 substituents selected from among fluorine
atoms, trifiuvoromethyl 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(Cl—pg—alkyl)ammonium,



used in an at | east equinolar anbunt based on the chrom um source
(calculated as chromium atons). 35 According to the present invention
activator conprising at |east one boron conpound is al so used. The bgﬁﬁ?mE
conmpound is used in such-an anmount that the nolar ratio B.Cr is at.|east 5,
preferably from 10 to 100. Exanples of suitable boron conpounds are
conpounds of the fornula BZ3 and/ or Cats Bz4e, where Z is an 40
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tri spentafl uorophenyl borane and, in particular, dinethylanilinium
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activator nera east one

Vi
netal -carb “l%r’rﬁe EJ % CpUPY aé’fln?h%t eé"’ss@nfmﬁa{“‘éﬁ’i‘ aﬁf”%l PRaPPBR: such
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Repr esent atdompometial amd kgiferoagpoumdldeet2fely kad imenbhualicgdnpounds,

al kyl magnesddmpouaa® ol ntdpreabkyyh2iwe méi:QIIDQMHfiB choanaal kyd | it hi um . v
conpoun C oun S.
They cart hasa e na i oneh, RELGI B HeR g At R o o
Al 2R3Hal 3, Qﬂﬁ? n &/ 2€a ium compoun S. ong these, pre Trence
is given to alkylaluminum compounds. They can have the formulae
AlRz, AlR»Hal, AlRHal,;, AIR,OR’, AlRHalOR’' or Al;R3Hals, where R
and R’ are each, independently of one another, methyl, ethyl or a
25 straight-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 1l:1 to 1:200,
preferably from 1:5 to 1:100.
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and R are each, independently of one another, nethyl, .ethyl or a 25

"strai ght-chain or branched C3-C8-al kyl group and R may al so be aryl §@cﬂ]
as phenyl and Hal is a hal ogen atom such as fluorine, bronm ne, iodine 0t
particular chlorine. Representative conpounds are trinethylal um num
triethylalum num tri-n-propylalumnum triisopropylal um num
tri-n-butylalumnum 30 triisobutyl al @i num  di et hyl al um num chl ori de,

di et hyl al ufhaupyodsseniode theli prdnandl dnientmat Hexvdreralllat lepraliedi owimin
phenoxi de and lajund ahdsenim etdeaxede. f fwiddde. sbhveief enceddendoebtirnt s,

the activakgliv&oid ies3es alﬁ&éﬁl@lsﬁxhaéwa %HSPb@és tédc'ﬂ%@%@ié}{@ num

trlethylalpgbgéﬁg §:%etﬂgg$g %) ﬂ;g&ﬂ% thept gBrOP Y
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tri-n-but am num _0 um num=an

Li'ri}hum nuMm hal i de such
as di et fyPEFERT nFXCERNGFRER, B8 IlSVﬁ?'r‘i’l?ﬂﬁﬁndﬁ'cﬁkarﬁi“e‘y EhYBERAT umi num

bromi de. THecablmy hedpgenated rhydriegraboms mnaht es40ichlordasitbahaum halide is
pref er abl yatenftily hydrpaatboend auch- 38: Benzellke mBlLasne atiydedk, chrom um sour ce

to nmetal abkyi1siERNdmel ey Rad ioguggfr@iilg-w al um num conpound, is usually
from1l:1 to 1: 200, preferab¥yfrom15to :100. 45 - 7 SEP 2006 5 The

'process&%f he present _invention is generall - carried out in the liquid

phase i T88| esssift Hhe PNt v?‘h@t%ésafﬂlb??t&le dorvihes, e. g.
al i phati c siigvearidafjenecht bar-isydnr a‘sheblﬁ&&ﬁétlvgewlalmlzatmhw%ent ane,
hexane, heptahefir metvhpbhéxamest Jeastaheto Qrelfebakanel 0 rtrbphcyedmhexane,

2,2,4-tri metjyl ngivopeae, desalddd, haheganatpd 1hideogar konssuch asy
di chl or oet QGEEablea %@&hclé‘yﬁ %FIQO”?.E c&%]lr%% 93”&&91 tuttrgzl H&@ﬁ igy! ene,

et hyl begﬁe 5 |£&y ene_or tetr esent

i nvent i 8 ‘g‘?ﬁst BrPoPrEfRt 'oI é'oﬁ’é??az‘éﬁel'or’rn Fﬁ %’a‘?aﬁec&llar the selective

trimerization, of a-olefins having fromat least 3 to preferably 10 carbon

atons, e. gecdusy gfenbe tehdemme oflthexernslonlkyllecemmundispasedcas arly '
sui tabl e oketivatidrsltbuhgdeolyde, d@skl BEoddbADF XhelBraddnt ihsendfor S@Mers as
are presen enéﬂs[ny“ E@EEQ &k rvﬁft‘h' Bab&cdiriBeeaHSEs Ain WIenbeoLeAcy ¢f the

et al ab%y era uggrrled out under protective gas. Protective gases

whlch can be used are all gases which are chemically inert under

the reaction conditions, e.g. nitrogen 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 0ligomerization is preferably carried out at from 0 to 120°C,
in particular from 25 to 1109C. 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 advantagecusly 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)CrCls

' 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



activators to hydrolyze, the process of the present invention is generally
carried out with substantial exclusion of noisture. It 20 is preferably
carried out under protective gas. Protective gases which can be used7§Epzmﬁ
all gases which are chemically inert under the reaction conditions,

nitrogen or argon. The olefin to be reacted can itself also take over the
function of the protective gas, as qug as it has a sufficiently high vapor

o ovany y AE: sp 25 b Seckban 00t g0t ol epb OB O e
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desired, so@nachdéfmnerhlviduhoyerordlseohpksc) hapuadugls of the
ol i goneri zati on are advantageously purified by 35 distillation. Unreacted

startin terial can be res overed.an ret e reacti The

i nventi gnnﬁs ha US et é’&sﬁy t?itér?u(ﬁhl 5&]5 inglth gg "f‘he anmount
i ndi cat ed iflekéor gpihe FEPBGL 3fure was malntalned at 40°C. After one hour,

(1, 3,5-tri thedodection was5stoprerhdyc bdbbkbore)ddr CE3m] Bodamuinesntx8fed or

(1, 3, 5- t10 BydrethydiiexHclidlis, 50 tll dZamychalsX and) Eh&lde AR iCEXAIREEret,

corr espondﬁy sEf?fHH efo%la%tﬁ[& Qt(y ﬁ@ké&@ést %ﬁi ?‘ir of%ééha%%‘i maﬁgftﬁé}l uene

- were place our.- tact . t net er,
Cstirrer, ﬁ Iﬁ%lﬁqe m&ﬁ §E’I§ f%ﬁgre ’Eg)%%é 8 \A%B?flbgéﬁl HG&SU %€%ar gon.
The am)unt fllﬂrHFé’é’t% ither RECdyelh @soaghadt Hinesnitiras grith water and
t et raki s( pentiad| ooz Feskiyn) bol fate . IDNVAB}eWhofaddddrendarasedeteomimidt ur e
was heatidd byogd O haaitedrapwid Anaand ishef i tHl Gakadt anduwdlntdbn. :
triisobutylalum num (TIBAL) 5 and di et hyl al um num chl ori de (DEAC) were
added. 1- B_left?ggg was passed through the resulting |ight-green/yellow
sol uti on. enperature was mai ntai ned at 40C. After one hour, the

. reaction SE» 1 OPPEEL DY dhTT QN g +S [T RRL** QNCRRRd < e TOBY T PG oT] C
~acid in 50 n]f of | met hanc@&B tlhe react{i on m xtjure kgCi3/molee/h
20 1 39.4 10 50 5 283
2 38.5 10 50 - 175
Jxkx 40.6 2 50 - 130
gxkk _ 38.1 i0 50 - 67
25

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

30

35

40
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was stirred for another 15 mnutes. 250 ml of nethanol were then added and
the m xture was stirred for a further 15 mnutes. After filtration, Z‘EE
product was washed three tines with water and dried over sodiumsul¥ P 7008
The yield of dodecene was determ ned 15 by gas-chromat ographi ¢ anal ysis of
-the resulting solution. Table Ex. Cat [nol] DMAB* TIBAL** DEAC** Activity
20 kgCl2/nmolcr/h 1 39.4 10 50 5 283 2 38.5 10 50 - 175 3*** 40.6 2 50 -
130 4*** 38.1 10 50 - 67 25 * Molar ratio of B:Cr ** Mdlar ratio of A:Cr
*** conpar at¢velab®inmpl es 30 35 40 45 - 7 SEP 2006 7 W claim 1. A
process for the oligomerization of a-olefins having at 5 |east three carbon

atons, in whichatheoddsaf irari ﬁhé)rdlug;bherm@tlcﬁxoatfa&to%fﬂlsarﬁ@‘&ﬁbyﬂ system

obt ai nabl fro t S u e 0 e and
of the forgrrul aﬂiélas@ e Ea%'@n %0%1 m e@%ﬁﬁ%&g ere E?B?%ﬂé:r%e

each, independeRTTY2%Y W&ﬁé gn%%%ys'% 5SS Eop i%h has no a, j3 or y
branching, ill RAis an organic group having from1 to 30 carbon atons
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~ where R! to R? are each, independently of one another,.
20 C4-C3g-alkyl which has no o, P or y branching,

RA 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

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

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

3. A process as claimed in claim 2, wherein the activator
comprises a trialkylaluminum and an aikylaluminum halide.
35
4. A process as claimed in any of the preceding claims, wherein
1,3,5- trlun—dodecyl -1,3,5~triazacyclohexane is used as
ligand.

40 5. A process as claimed in any of the preceding claims, wherein
the boron compound has the formula BZ3 and/or Caﬁ$Bz4e, where
Z is an electron-withdrawing radical and cat® is a cation.

6. 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,
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~clainmed in claim1, wherein the activator further conprises an

al kyl al um num conmpound. 3. A process as clainmed in claim2, wherein the
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process as cl ait@Egakas ahnp -disphet recawithy leben ey PoRRERei n t he boron
conpound has t heiforhutplaBE®nand/ or Cat (r)BZ4e, where Z is an
el ectron-w t hdraekragis e cali spads (eddonethylphedil \drabe ndracesdias cl ai med
in clai mg, mh@ré%ggkgglﬁemrfqgoggﬂ?&mqmrgﬁe[s sel ected from anong

[

trispentafl uorophenyl borane, N, N-di'methylanilinium
t et r aki spent af | uor ophenyl borate, tri-n- butgl anmoni um :
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t et raki s( 3, 5- bilspetehecromesedybphelgfirborate, tri-n-butyl anmmoni um
tetraki s(3, 5-bi sperfluoronet hyl phenyl)borate and tritylium 5

t et r aki sppnt af | uor ophenyl borate. 7. A process as clainmed in any of the
preceding clainms, wherein 1-butene is used as olefin. 10 15 20 25 30
35 40 45 .
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