Title: METHRYSHRAYIGOVERI ZI NG OLEFINS Abstract: The invention relates to
a nethod for oligonerizing olefins according to which an olefin is brought
into contact with a catalyst systemconprising; a) at |east one transition
metal conplex having a nultidentate conpl ex |ligand, and: b) an

al kyl al unoxane in quantities in which the nolar ratio of alumnumto
transition rgitlglo L?i% eafer ¢t anfllnos wher eby at | east one portion of the
guantity of th PFRnST i 0h conprex 1s added continuously or in portions
over the course of oligonerization. The nmethod enabl es the production of
great er quarfhet presert cinveinnioni ywiedes wot & prapesenfguarhety of

al kyl al untxan@gomerization of olefins, in whicWQhD2341d is Ardgemer igedi on of
ol efins The pneaeptwi Ll eiheR: & ?éﬁ%ehocﬁnégz%%ﬁs at:oie%]%‘?_o%e transition
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with a cat almegfalszgrf‘%lreiﬁxcgﬁupcpi %i%‘%ﬁyﬁﬁ%&%tc%@g%’?gﬁsi %“?%Ihd A%t AP conpl ex
with a pol y@ek¥agtuBH1@€i-ng |igand and an al kyl al umi noxane. 10 O efin
ol i goners having up to 30 carbon atons have great econom c inportance as
conononers foaefphastigeneds asvpi@ay 30 SO OArie0 atams Ol dafeiathe s son it
For the ol | aparEa e A R B s B oy oA e,
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used in dai R}2SkiFEeeRRDI00/ BERY Y Hes EFPEEESSS (fiBc &8s Phiaesdzatagn of

ol i goners oflower olefins produced in, for example, steam crackers are thus
15 of central importance in the production of products used in daily
life.

WO 00/58319 describes a process for preparing oligomers of
olefins using an oligomerization catalyst which is obtainable

20 from a chromium compound and a 1,3,5-triazacyclohexane and an
activating additive such as an alkylaluminoxane.

EP-A-0 537 609 describes the oligomerization of ethene in the
presence of a catalyst comprising a chromium complex with a
25 pelydentate complexing ligand and an alkylaluminoxane.

Although the mechanism of olefin oligomerization over transition
metal complexes has not been fully elucidated, it is assumed that
. the “activation” of the transition metal complex by the

30 alkylaluminoxane involves a ligand exchange reaction between an
abstractable ligand of the complex and the alkyl group of the
alkylaluminoxane. This forms a catalytically active species which
adds on olefin molecules in a stepwise fashion. The olefin
mclecules react in the coordination sphere of the transition

35 metal complex to form an oligomer. Liberation of the oligomer
regenerates the catalytically active species. However, even with
substantial execluaien ¢f impuritises, the catalytic activity of
the catalyst system becomes exhausted after some time. In
general, the catalyst system is then discarded.

40
The alkylaluminoxane 1i5 usually used in a large excess based on
the transition metal complex in order to achieve satisfactory
activation. The associated high consumption of alkylaluminoxane
therefore represents a considerable cost factor in such olefin

45 oligomerization processes.
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al um num lkyls. These products are obviously not in the form of pure
chemical compounds, but are mixtures of open-chain and cyclic
structures of the types Ia and Ib which are presumably in dynamic
equilibrium with one another,
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In the formulae Ia and Ib, the groups R are identical or
different and are each, independently of one another, C;-C;;-alkyl
such as methyl, ethyl, ne-propyl, i=propyl, n=butyl, i=butyl,
sec-butyl, tert-butyl, n-pentyl, i-pentyl, sec-pentyl, necpentyl,
1,2-dimsthylproprl, i1-amyl, n-hexyl, i-henyl, secc-henyl,

45
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I - hexyl . ylal um noxane Is parti cuI arly preferred- mis an I nteger from
0 to 40, preferabl fromO to 25 and in particular fromO to 22. Cage-like
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(cf. O gab@nstealllittesati®ds, (<5, Oppan@BitxldG s VekIondls., Spap221BES; 97, pp.

15-25). The aiedmahung arlgssargyﬁLpg ahlse2t9r the purposes of the present
I nvention regardless of their structural nature. 15 The transition netal

conpl ex can I x which, after ctivati is ca e . of
o1 1 Gonbr i 21 M ol Al RS VT PRRes 228, SkraPleoFort 1 BYSRORFE Wodthi bed i n
"Frontiers Hifesﬁé‘ﬁ:alm‘é%?‘h’r%i‘zé”&g%ﬂ%'ﬁ iofatPehr s'@d’@r’ﬁ“%v“%l 2000, Vol .
100, 15
The transition metal complex can be any complex which, after
activation, is capable of oligomerizing olefins. Suitable
catalysts of this type are described in “Frontiers in
metal-catalyzed Polymerization”, Chem. Rev. April 2000, Vol. 100,
20 No. 4, pp. 1167-1645. The transition metal in preferred complexes
is selected from among chromium, vanadium, tantalum and titanium.

Suitable transition metal complexes can be represented by the
formula LMeXy, where Me is a transition metal, preferably Cr, V or

25 Ti, L is a polydentate complexing ligand, X are identical or
different anions and k is 2 or 3.

The polydentate complexing ligand preferably occupies three
adjacent coordination positions on the octahedrally coordinated

30 metal atom. Nitrogen-containing polydentate complexing ligands
are preferred. Particular preference is given to cyclic polyamine
ligands, in particular ones having a 1,3,5-triazacyclchexane or a
1,4,7-triazacyclononane skeleton.

35 Suitable complexing ligands having a 1,3,5-triazacyclohexane
skeleton are described in WO 00/58319, whose disclosure is hereby
incorporated by reference. Among these, preference is given to
1,3,5-triazacyclohexanes whose nitrogen atoms are substituted
independently of one another by substituted or unsubstituted

40 C;-Ciz-alkyl, Cg-Cis-aryl or C;-Ci;s-arylalkyl, e.g. by methyl,
ethyl, N,N-dimethylaminoethyl, n~propyl, n-butyl, tert-butyl,
hexyl, octyl, dodecyl, 1l,1l-dimethyldodecyl or l-phenylethyl.

Preferred 1,3,5-triazacyclohexanes are 1,3,5-tri-tert-butyl-

45 1,3,5-triazacyclohexane, 1,3,5-triethyl-1,3,5-triazacyclohexane,
1,3,5-tris[(l1-phenylethyl)]-1,3,5-triazacyclohexane,
1,3,5-tris[(1l,1-dimethyl}dodecyl]-1,3,5-triazacycliohexane and
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where R? is hydrogen, C;-Ce-alkyl or C;-Cs-alkoxy and Y is
N-methylimidazol=2=yl, RljP=X= or RljN=X-, where R! is C;=Cg=alkyl,
Cs5-Cg-cycloalkyl or Cs-Cig-alkyl and X is C;-Cg-alkylene.

40 Suitable anions X are, in particular, halides such as fluoride,
bromide, i1odide and in particular chloride; tosylate, triflate,
tetrafluoroborate, hexafluorophosphate, hexafluoroantimonate,
tetraphenyvlborate; C,-C g-carboxylate such as acetate, butyrate,
neopentancate, laurate, stearate or 2-ethylhexanocate.

45



t-butylcycl opent ‘301 enyI or 2-phenyl prop-2-yl cycl opentadi enyl. 25 Further
alternative polydentate conplexing |ligands are bis(N nethylimdazol-2-yl)
conmpounds of the formula 30 35 where R2 is hydrogen, Cl-C6-al kyl or

Cl- C6-al koxy and Y is N-nmethylimdazols2-yl, R12P-X- or RI2N-X-, where Rl

'43 gﬁ. gbﬁgwh tr@s@}d}ﬁ’ﬁl}aﬁah kd/dm;l;ﬁrex@@ @&gllfg I@etgﬁggdw sne%ol‘&@ Rhéwil ene.
é:% tRBse él?llq.’ed anﬁtgr Crﬁ:l SE; 82 tq'ao l??cruﬁ Lél.[ eée

brom de,

de an n
tetraf | uor odSrHte fdﬁ%I"\E‘EFOp fosh hé‘teérmﬁ’é&'afpf uéﬁ&éﬂfr rr'bgri’d’tté‘etlc Methods
t et r apheny! 19dr Q%’éan@le@ﬂé—l@aﬁb@xmmnsgc%h%tslsa'@e'f'at Thidng Weatleg,
neopent andatSeptigaratin9égt.ean bt ablar cAmpl bydhear@andateribekd 0w/ 6844435, The
transition m@LaLocmlwgeSRﬁeﬂelbe bkl Bed, rJbRads) Ko ool 0 fhose
skilled in ‘p?;e g :(széby,,, EBLP}QH'? z@”%lto “S (Sr?%atn ﬁé%al{lciﬁ %ooflorzﬁxa”p' e, W

A Herr mann and' | norgani c

Chemi stry" @41 %‘E}Eﬁrt ef'r't ‘719@6)5’t it taﬁ?%e‘é'or?ﬁleé‘xeg e
descri bed i ril\?\o vos 5]83919’? Eﬁ’e‘ﬂﬁr@ 37 609, Ruther, T. et al.,
Organonetl® | i cs 2001, 20, pp. 1247-1250; Dohring A. et al., Oganonetallics

2001, 20, pRe L2adsidA4n aBdaDecdi®1®xPand tW AkydhilumANg@iNe EheMsedlh
113, No. 135,pp. a,aaﬁﬁsz&‘agzt 49.; & §a§ia|@$baqa;n§g orml % 3B @@a P

| kyl al t
Cransi tion EEAFST sha die oF: ?hﬁoﬁ‘a”% Bl 2= EE-atJo00 208, 4 bl

from 10 to °860.~ 1MIn§Ot Bhe HRFaseesehVeTORi B8R, 12ASY @23t PArENdf the
15 anountlSofmpnansef itenget adn ourhelle xonp ek nzsedddedadabm:t icoundishyusly dm

portions duinngoitiomd ieiRyi ZRd icdlgomeeizadicar, ol efiatteraldkygltahym noxane
and a parti %'lk?ﬂ?lmﬁ:.dgxahgeaﬁ@@|;‘ﬁ‘a’£t@§¥ear§’cﬁﬁﬂ: olir QHQhéorﬁﬂlte‘% QQGEaﬁéedJ”der
condi tions %QSS ht %g} %Ilg?nfrlz t' gndl (Pns u%d? %hléﬁnéfigoFe¥%§ 1on’

t he total am) um nox ne

are conbi ne8* ]ﬁe s‘?]teifﬁnnﬁﬁ PEE el &P G@PSF%IUS?’}?Q tPﬁé oMM YBHefitzat i on
react i on.20 ahkybabyninaxangeand | ymartiiaddameunt] cifethe ecconrliey aral tymzingdged
and/ or addedncsitu nimnesiiytoly i e fratet uoisg tthd e igombr twk icat akgustion.

components. TS glefid &NakI Mﬁlgdrﬂeﬂlfzeﬁoé‘&h bl & ek@ket BE ﬁ'll%‘ﬂ&'l@&a!?ﬁaz?gaecﬁnd
the olefin tgy pt? 'ﬂ&%dalclc%tg%%l%g% g@dbﬁffozfélo%fs Qgr{ﬁglco@qﬁggt cflalyis
transition mata %&E?g f t he g f
ol i goneri zaf 88ul r’rVFhe |I'\?ISF i t&’&t 39‘ B} nQXANEe
has deter%%ﬁafieﬁh%pfplreéémabpybe fmltaﬁléXafh’iﬂr@ealf Fé‘f" Bhe j i sgf partidhst 30
m nut es or amhount ,ofa ther thensipiam metadnoemdlexf tbhke taddesi.ti on net al
conpl ex can be added to
During the course of the oligomerization, advantageously when the
activity of the catalyst system has deteriorated appreciably, for
30 example after a time of at least 30 minutes or 1 hour, a further
partial amount of the transition metal complex can be added to
the polymerizing system. This procedure can be repeated as often
as desired, as long as the total amount of transition metal
complex, i.e. the sum of initially charged and added partial
35 amounts, and the amount of alkylaluminoxane present in the
reaction system correspond to a molar ratio of
aluminum:transition metal of greater than 10.

ex

In a preferred embodiment, a partial amount of the transition

40 metal complex is initially charged together with the
alkylaluminoxane and the molar ratio of aluminum:transition metal
is reduced to less than half of the initial value during the
oligomerization by addition of at least one further partial
amount of the transition metal complex. The initial molar ratio

45 of aluminum:transition metal is advantageously greater than 100,
preferably greater than 200, in particular greater than 300. In
place of addition of the chromium complex in portions, the
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particularly useful olefin is 1-butene, if desired in admixture
with its isomers as are present, for example, in raffinate II.
30
Owing to the tendency of the alkylaluminoxane to undergo
hydrolysis, the process of the present invention is generally
carried out with substantial exclusion of moisture. Preference is
given to carrying it out under protective gas. Protective gases
35 which can be used are all gases which are chemically inert under
the reaction conditione, e.g. nitrogen or argon. Furthermore, the
olefin to be reacted can itself take on the function of
protective gas if it has a sufficiently high vapor pressure under
the reaction conditions.
40
The oligomerization is preferably carried out at from 0 to 120°C,
in particular from 25 to 110°C. It 1s carried out at a pressure in
the range from ambient pressure to 120 bar.

45 After the reaction is complete, the catalyst system is generally
deactivated. Suitable deactivators are for example, water, which
may be acidified, and lower alcohols. The products of the
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ol i goneri zatgd,Qn ?5e advant ageously purified by distillation. Unreacted
starting materlg can be recovered and returned to the reaction. 5 The
invention is illustrated by the follow ng exanpl es. Exanple 42.1 unol of
(1,3,5-tris-Ad-dodBey 2% (3, PrFfé‘zsa'd'&r@PGHEthb)@%E?Slai@cIQigélePFéfle‘hﬁW3250
m of tolukenegether phadedsindérohrntdngon wernmgdleerd under gne arigber

f our - necked aktimasshorovirded okt Di €A —nb LSO HIRER! pr&vidddEhivi thabhttt

metal and gq ek{%ﬁ t%f’b%tqtrrépcheam Saéugi% S@L%@tﬁﬂ,e Lithghagt ene.
14. 74 mol

m_noxane rres | | ar ratlo of
15 al um num é‘ﬁr 8%# o1l WL oxahe, (O, CRitceborfing Lo 1Bl &
sol ution i nMEShYeRRIMINGFGNENEMHR) §§EP‘PWJ€R§§W% ﬁemoﬁfgrﬁatg}toeéﬁlyel | ow
sol ut i on ¥otdupeodunfehyominm afdiid.owvest then adeed Ant the divemhofira h-6 Wt her
40. 2 unol ofsothtooh uin clpkaz. Werktitenddeds pasdddathtbegtmday rati o of
al um num chnaghdoywasn ARW14R0s0 A6 %btalrﬁéa tARerhOHE  aditAtikAr o#0¢ 3 Mol Of

chrom um Coﬁbe"a?@%ﬁ oq%d‘i’xﬁg;éang éJlr%ht j{n{l OnSE ﬂﬁluwg%géfg%%r:@gﬁ

t hen 120. e
of 15 m oPdE‘SHCe?ﬁ rtahaetd ?d‘F%]cefﬁ 6F’|t&°a‘af oﬂa%www hEPmIt® W250PO%ntfO + he

reacti on 48 RErPE aBrrherr BEUF orangtdeled 0415 WHOGUPESChDTELUY CRBP&EX rRateanol
were then adddddammd tie moXaurvatvias oft el nethdnaichaomi um twees thennildéit es. The

product was awashes td¥aae olfi BeBowtd,h twat esacwith dakedtOysda $Ydiada) e1did a:tfe
The yield OISngeSP%d‘n\Q@%trﬁgéc? V\%pd}%@h%rgfsa&w QHHS@@H& &eﬁﬂahé’ﬁ aé;cﬁ
t al A een

t he solution g ecen
30 formed, CORpafa ti“lvoen exa uf% * o lardenér 1? min?

(1,3, 5-t r4% 9. B%El%%‘y?l rezesthen aﬁz@@;ﬁcﬁaﬁet(%év@te{s wagshiggethéPrw t h 250
m of tol uederpber *ﬂgmyagtpﬁ aT@rodnet was washed three times with water
and dried over sodium sulfate. The yield of dodecene was

determined by gas-chromatographic analysis of the solution
. obtained in this way. A total of 25.8 g of dodecene had been
30 formed.

Comparative example

40,9 mwmol of (1,3,5-tris-n-dodecyl-1,3,5~-triazacyclohexane)CrCly

35 together with 250 ml of toluene were placed in a one liter
four-necked flask provided with contact thermometer, stirrer,
heating metal and gas inlet tube at 40°C. The solution was
saturated with butene. 14.32 mmol of methylaluminoxane (MARO),
corresponding to a meolar ratic of aluminum:chromium of 350, were

40 then added in the form of a 1.6 M solution in toluene. l-butene
was passed through the solution. After one hour, dodecene
production decreased significantly. The work-up was carried out
as described in the above example. 10.2 g of dodecene were
obtained.

45



four-neckedqq%ﬂﬂéﬁﬁ%hided wi th contact thernoneter, stirrer, heating
nmetal and gas inlet tube at 40C. The solution was saturated w th butene.
14. 32 mmol of net hyl al um noxane (MAO), corresponding to a nolar ratio of
al um num chrom um of 350, were 40 then g@dded in the formof a 1.6 M
solution in toluene. 1-butene was passed through the solution. After one
hour, dodecgn giﬂductlon decreased significantly. The work-up was carried
out as descrlge I'n the above exanple. 10.2 g of dodecene were obtained.
45 0050/ 53411 8 W claim 1. A process for the oligonerization of olefins,
in which anl-5 & erpraess fnroddkt ol ereggaraden vif plgeféasal imtwisipdt am
conprising a) atleéastimrerdughnsihtorcomiaak enrtplaama\matlpsa podvetent at e
conpl exi ng | i gardmapdsdsy b) an al kyl al um noxane in such anpunts that the
nolar ratio of alumnumtransition netal is greater than 10, mherein at

| east part of the ampunt _of the transition ne é& Iex i s, added

conti nuously or 3n F&r tPBRS U CAE EHEIOHIMEYE ??9 ?ﬁ)ﬁ 5 aAP?ﬁ%ﬂﬁ§§§tﬁs
claimed in claiml, ceREleXinG Jdaandapndmount of the transition netal
conplex i@initially charged together 20 with the al kyl al um noxane and t he
ol ar ratio of p3l UBNNEDKYILfHinbRAnEBiMIsuch BRELEES that! eRs mdpdy Rakioof

the initial value hy a%tmﬁm netttaa%tetgrtelt%{Jaetrerpehthato amz)unt of

the transition netal conple : process as aimed 1 n claim

wherein the initial nolar rat|o of alumnumtransition netal is greater
than 100. 4. A pheEeiR ak leastneert Phtpeopmoprt nfedbai REARY AR MGhat ei n
the transi&i on wemplex sigadgieduapnBDnBusAypeocies poasiohai deing thay of the
precedi ng cl ai M®ligbréecizntiioie conplexing ligand is a pol ydentate

ni t rogen- containing conplexing ligand. 35 6. A process as clainmed in cIaim

S5, wherein tzhe t)a(ésp q@:k lgilmgdconp'&rlaﬁgs 12 v}heBre%Int tralngéf‘tci’/acl %rﬂt%{}@@ %

1,4,7-triazacyc o onan e§s as
%hne. 45

precedlng claln§ ewﬁE?%ﬁtqu$0mFﬁ% eﬁ?&ﬂ%&ﬁuﬁ?nb&%ﬁﬁ?% 4 ﬁﬁttﬁﬁéuﬁﬁ%eﬁ

with the alkylaluminoxane and the molar ratio of
aluminum:transition metal is reduced to less than half cof the
initial value by addition of at least one further partial
amount of the transition metal complex.

25 3. A process as claimed in claim 2, wherein the initial molar
ratio of aluminum:transition metal is greater than 100.

4. A process as claimed in any of the preceding claims, wherein
the transition metal is chromium.
30
5. A process as claimed in any of the preceding claims, wherein
the complexing ligand is a polydentate nitrogen-containing
complexing ligand.

35 6. A process as claimed in claim 5, wherein the complexing
ligand comprises a 1,3,5-triazacyclohexane or

1,4,7=-triazacyclononane skeleton.

7. A process as claimed in any of the preceding claims, wherein
40 the alkylaluminoxane is methylaluminoxane.

45





