1 CATALYST SYSTEM AND METHOD FOR R@MMEFI N FI ELD OF THE (pat
| NVENTI ON The present invention relates to a catal yst system and a
nmet hod for reaction of an olef in. Mdre particularly, it relates to a
novel catalyst system which can be pref¢rably wused in the trinerization,
ol i goneri zation or polynerization reaction of an olefin, and a nethod for
the trimerization, oligonerization or polynerization reaction of an

ol efin, which co ri ses usi t he catal yst system BACKGROUND OF THE
PNVENT] O CATARESR, SETTAN) b JEEBRP. APR N RERNTEGN R PHHF The

trimerization, oligonerization or polynerization reaction of an olefin, a
catal yst system conprising a netal source pyrrole-containing conpound and
a netal alkyl is known (see Japanese Patent Kokai (Laid-open) No.
6- 239920). FIELD (R PHE HABENTIONunst ances, an object to be acconpli shed
by the present invention is to provide a novel catal yst system which can
be preferably usecthe pregentrinventign selates tgonwaitadyissrsyatemd gndri zati on
reaction of an olef in, and a nethod for the trinerization,
ol i goneri zat aonetirod mﬂzymanaonmf ragacliedinef Mere|pstrticulailyh gbnpri ses
using the catalyst system
relates to a novel catalyst system which can be preferably
used in the trimerization, oligomerization or polymerization
reaction of an olefin, and a method for the trimerization,
oligomerization or polymerization reaction of an olefin,

which comprises using the catalyst system.

BACKGROUND OF THE INVENTION

As a catalyst system which can be used in the
trimerization, oligomerization or polymerization reaction
of an olefin, a catalyst system comprising a metal source
pyrrole-containing compound and a metal alkyl is known (see
Japanese Patent Kokai (Laid-Open) No. 6-239920).

Under these circumstances, an object to be accomplished
by the present invention is to provide a novel catalyst system
which can be preferably used in the trimerization,
oligomerization or polymerization reaction of an olefin, and
a method for the trimerization, oligomerization or
polymerization reaction of an olefin, which comprises using

the catalyst system.



2 . SUMVARY OF THE | NVENTI ON That is, the present invention relates
to a catalyst system obtained by contacting the foll ow ng conponents (A)
to (O: (A) a chrom um conpound, (B) an im ne conmpound, and
(C. a netal al kyl conpound. DETAI LED2DESCRI PTI ON OF THE | NVENTI ON

The conponent (A) constituting the catal yst systemof the present

I nvention is a chrom um conpound represented by the general formula
CrX[err] (wherein X represents an arbltrary organi c or inorganic group or
an el ect r oneSEMARY PHTHE INENTIOMts an integer of 1 to 6; and each X of
X[err] may be the sane or different when 1 is not |ess than 2)

Exanpl es of the oFlahi ks gridim nuesenie IAYEREEGR HERLJFUFC rﬁa\ﬁ%lﬁto 30
carbon atons, carbonyl grou al koxy group, carboxyl group

[err]-diket oAzEbemreRA L Ned E’]Y R@@b@@ih‘@ﬂ()ﬂhﬁgﬁé%owwm@}mﬂk@% dA)gr oup,
am de group and the |like. Exanples of the hydrocarbon group include al kyl
group, cycl ot®k{®)group, " aryl group, al kylaryl group, arylalkyl group,
cycl opent adi enyl group and the |like. Exanples of the inorganic group
include nitric grbup, aswhirgmismgrompeurdano group and the |ike. Exanples
of the electronegative atom include hal ogen atom oxygen atom and the

|l i ke. Anong them(B) an imine compound, and

(C) a metal alkyl compound.

DETAILED DESCRIPTION OF THE INVENTION

The component (A) constituting the catalyst system of
the present invention is a chromium compound represented by
the general formula CrX, (wherein X represents an arbitrary
organic or inorganic group or an electronegative atom; 1
represents an integer of 1 to 6; and each X of X, may be the
same or different when 1 is not less than 2).

Examples of the organic group include hydrocarbon group
having 1 to 30 carbon atoms, carbonyl group, alkoxy group,
carboxyl group, [ -diketonate group, 0§ -ketocarboxyl group,
B -ketoester group, amide group and the like. Examples of
the hydrocarbon group include alkyl group, cycloalkyl group,
aryl group, alkylaryl group, arylalkyl group,
cyclopentadienyl group and the like. Examples of the
inorganic group include nitric group, sulfuric group, cyano
group and the like. Examples of the electronegative atom

include halogen atom, oxygen atom and the like. Among them,



3 . an al koxy, carboxyl, [err]-diketonate salt of chrom um having a val ue
of 2 to 4, a salt of [err] -ketoester and anion, and a chromum halide are
preferred. Specific exanples thereof include chromum (I1l)
tris(2-ethyl hexanoate), chromium (I1) b3s(2-ethyl hexanoate), chrom um
(1) tris(naphthenate), chromum (11) bis(naphthenate), chromum(I11)
tris(acetate), chromum (Il1) bis(acetate), chromum (l11)
tris(acetylacetonate), chromum (11) bis(acetylacetonate), chromum (I11l)
tris(2,2,6, 6nelkar¥rhgararhedl sdekietoraty sadftr ofi chromiiwy having
tetra(tert-butoxide), chromum (111) chloride, chromum((1l) chloride,
chrom um (1118 velus @8, 2 cte dvi @rsaltl pfbboketoestbroandmafidn) dddiari de,
chromum (11) fluoride_and the |ike. A conpl ex conprising the above
chr om um coms&&eaiandhadide| ake rpreirnrad cafpeelfrefexanples sdkrenfe
el ectron donor _is selected from conpounds containing nitrogen, oxygen,
phosphor ous dncdydeyphromium k| taeisdi2tgthylbexsgeatepnt @hnémiumonpound
include nitrile, amne, amide and the like. Specific exanples thereof
i ncl ude acet dAitr big(2+ebhybpgxannate®) n- but yl am ne, di et hyl ami ne,
di ethyl am ne, di-n-propylamne, di-n- butylamne, ethylenediam ne,
pyridi ne, N, ghromium (III) tris(naphthenate), chromium (II)

bis(naphthenate), chromium (III) tris(acetate), chromium

(II) bis(acetate), chromium (III) tris(acetylacetonate),

chromium (II) bis(acetylacetonate), chromium (III)

tris(2,2,6,6-tetramethyl-3,5-heptanedionate), chromium

(IV) tetra(tert-butoxide), chromium (III)} chloride,

chromium (II) chloride, chromium (III) bromide, chromium

(IT) bromide, chromium (III) fluoride, chromium (II)

fluoride and the like.

A complex comprising the above chromium compound and

an electron donor can be preferably used. The electron donor

is selected from compounds containing nitrogen, oxygen,

phosphorous or sulfur.

Examples of the nitrogen-containing compound include

nitrile, amine, amide and the like. Specific examples

thereof include acetonitrile, isopropylamine, n-butylamine,

dimethylamine, diethylamine, di-n-propylamine, di-n-

butylamine, ethylenediamine, pyridine, N,N-

dimethylaminopyridine, picoline, lutidine, quinoline,

isoquinoline, aniline, dimethylformamide,



di met hyl am nopyri dine, picoline, lutidine, quinoline, isoquinoline,
ani | i ne, dinethylformam de, 4
hexanet hyl di si | azane and the |ike. Exanpl es of the oxygen-cont ai ni ng
conpound i nclude carboxylate, ether, kekone, alcohol, aldehyde and the
| i ke. Specific exanples thereof include nmethyl acetate, ethyl acetate,
t et rahydr of uran, di oxane, diethyl ether, dinethoxyethane, diglyne,
triglyme, acetone, nmethyl ethyl ketone, nethanol, ethanol, isopropanol,
acet al dehyde hexameghy}dasdbagare ant tthe |Jike. Exanpl es of the
phosphorous-cont ai ni ng_conpound include tributyl phosphine,

tri butyl phosphi neEsamgées of i phe maydersptonta iningpkenppphdsphehedexi de,

triethyl phosphate, triethyl phosphite, hexanethyl phosphorous triam de

and t he |ikecarboxylBkespethems keheneullgohmdnt aldehpde @ansobhd liks.ude
carbon disul fide, thiophene, dinmethyl sulfide, dinethyl sulfoxide,

di met hyl sul fspeeifid ekemplé&e.thereof Acsuindiengiethydxampteteof ethel conpl ex

conprising a chrom um conpound and an el ectron donor include nitrile

conpl ex, am reetatel, exetaahgdrciumdrex destare caigithyl ether, conpl ex,
ket one conpl ex, al cohol conpl ex, al dehyde conpl ex, phosphine conpl ex,

t hi oet her corjimethosyethafhegchdiyliyme, triglyme, acetone, methyl ethyl
ketone, methanol, ethanol, isopropancl, acetaldehyde, n-
butylaldehyde and the like.

Examples of the phosphorous-containing compound
include tributylphosphine, tributylphosphine oxide,
triphenylphosphine, triphenylphosphine oxide, triethyl
phosphate, triethyl phosphite, hexamethylphosphorous
triamide and the 1like. .

Examples of the sulfur-containing compound include
carbon disulfide, thiophene, dimethyl sulfide, dimethyl
sulfoxide, dimethyl sulfone and the like.

Accordingly, examples of the complex comprising a
chromium compound and an electron donor include nitrile
complex, amine complex, amide complex, ester complex, ether
complex, ketone complex, alcohol complex, aldehyde complex,
phosphine complex, thioether complex, etc. of chromium
halide. Specific examples thereof include
trichlorotris(ethylenediamine)chromium (IIX) 3.5 hydrate,
trichlorotripyridine chromium (III), trichlorotri{(4-

ethylpyridine)chromium (III), trichlorotri(4-



hal i de. Specific exanples thereof include
trichlorotris(ethyl enedi am ne)chromum (111) 3.5 hydrate,
trichlorotripyridine chromum( (lIll), trichlorotri (4-

et hyl pyridine)chromium (I111), trichlorogri(4-

5 | sopropyl pyridine) chromum (I11), trichlorotri(4-tert-

butyl pyridi ne)chromum (111), trichlorotri(4- phenyl pyridine)chrom um

(1), trichlorotri (4- phenyl propyl pyridi ne)chromum (111),
trichl oro(4- {Sopropylpyriplinie)i chromiomni BT §} | t¥ichXdmitimir(di—tier3-5-
| utidine)chromum (I111), trichloroisoquinoline chromum (I11),

trichl orotri batylper bdirss)iaimofilaim) (IIT) i, chibeblorestz @i-~ret hyl am nopyri di ne)
chromum (I'l11), tribronotripyridine chromum (I111), trifluorotripyridine

chrom um (1| phengl syt id i iromdiume (COI P weidhlorotdiilygenobi spyri di ne

chromum (I11), trichlorotritetrahydrofuran chromum ((lI1),

di chl orodi ni prhesylptredyIpyidiveyenzpnian XILp) cluriwhilono (4-(5-
di chl orobi s(tri phenyl phosphi ne oxi de)chrom um (I1),

di chl or odi ni 1681 ﬁ{ﬁg{ﬁdwﬂsqyrdh&bmhmchmm ymtrichlorotri(3,5-
trichl orobis(tributyl phosphine)chromum (I1) dimer, trichloro(1l,4,

7-trinmethy- 114t ¥diné Jercaoiem Q1an3neLeRERIbLo1dddd indlithd kirdomiem
conpound (B) constituting the catal yst system of

(III), trichlorotrianiline chromium (III),
trichlorotris(4-dimethylaminopyridine) chromium (III),
tribromotripyridine chromium (III), trifluorotripyridine
chromium (III), dichlorobispyridine chromium (II),
dibromobispyridine chromium (II),
trichlorotritetrahydrofuran chromium (III),
dichlorodinitrosylbis(triphenylphosphine oxide)chromium,
dichlorobis(triphenylphosphine oxide)chromium (II),
dichlorodinitrobis(4-ethylpyridine)chromium,
trichlorobis(tributylphosphine)chromium (II) dimer,-
trichloro(1,4,7-trimethy-1,4,7~
triazacyclononane)chromium (III) and the like.

The compound (B) constituting the catalyst system of
the present invention is an imine compound, that is, a
compound having a double bond between carbon and nitrogen.
Specific examples thereof include N-benzylideneaniline,
N-benzylidenebenzylamine, N-benzylidenemethylamine, N-
benzylidene-2-naphthylamine, N,N'-{1,2-

ethanedylidene)biscyclohexylamine,

The



t he present

> I nvention is an imne conpound, that is, a conpound having a
doubl e bond between carbon and nitrogen. Specific exanples thereof
N- benzyl i deneani li ne, N-benzylidenebenzyl am ne, N benzylidenenethyl am ne,
N . benzyl i dene-2- napht hyl am ne, N, N -(8, 2-
et hanedyl i dene) bi scycl ohexyl am ne,

gl yoxal bi s(di i sopropyl net hylim ne), glyoxal bis (di-n- propylnethylinine),

i ncl ude

6

gl yoxal bi s(isobutylimne), glyoxalbis(heptylimne), x | bis(1,1,3, 3-
t et r anet hyl b@LyP¥aihts (dH1seREAny lér(%hw mnebutglz% Ithhe) ,

gl yoxal bi s(cycl ododecyl i m ne) yoxalbls(adanantane|n1ne
glyoxalb|s(tPFPPYlﬁ?ﬁéyllmﬁﬂ%d»«ﬂ ioxadhd Sy LsaPREY1imine),

gl yoxal bi s( 2- nethylghen i m ne) gl yoxal bi s( 2, 6-di net hyl phenyl i m ne),

gl yoxal bi s( 49lyasakbi

Syiinine), wdyeyRdbysLar bi (- 6-

di met hyl phenyl i mi ne), diacetyl bis(nmethylimne), diacetylbis
(i sopropyl | nkatyamethybbytyldnine), edyioxrphanyhrherey

di acetyl bi s(2, 6-di met hyl phenylinmine), diacetylbis (2,

6- d||sopropybphyh9Y¢h¢hﬁ§YlImxne)AMQiYPZalbéﬁéQBClﬂé@deczﬂ5@&%@)dlOX|ne

di met hyl gl yoxine, gl yoxal bi s(2-hydroxyanil), glyoxal dithiosen carbazone,
NN -dlsal|cglabnah&ieh@damantﬂnenmnﬂe)1dgéapxeybas(§r2tyl$mbm%hed|an1ne

N, N -di salicylal-1, 3-propanediamne, N, N -disalicylal-1,4-butanedi am ne,
N, N - dlsal|cglgbxalbls(phenyllmlne), glyoxalbls(2-methylphenyllm1ne),

glyoxalbis(2,6-dimethylphenylimine), glyoxalbis(4-
methoxyphenylimine), methylglyoxalbis(2,6~
dimethylphenylimine), diacetylbis({methylimine),
diacetylbis(isopropylimine), diacetylbis(2-
methylphenylimine), diacetylbis{2,6-dimethylphenylimine),
diacetylbis(2,6-diisopropylphenylimine), 2,2'-bis(2-
oxazoline), glyoxal dioxime, dimethyl glyoxime,
glyoxalbis(2-hydroxyanil), glyoxaldithiosemicarbazone,
N,N'-disalicylalethylenediamine, N,N'-disalicylal-1l,2-
propanediamine, N,N'-disalicylal-1l,3-propanediamine,
N,N'~disalicylal-l,4-butanediamine, N,N'-disalicylal-
1,6-hexanediamine, acetone azine and compounds represented

by the following formulas (Bl) to (B5).



1, 6- hexanedi am ne, acetone azine and conpounds represented by the
following formulas (Bl) to (B5). 7 [err]

B5 As the conponent (B), a diimne conpound represented by the
followi ng general forrmula (1) or (2) is7preferred. An a-diimne conpound

represented by the genera formula(l) wherein mis.0 is nost preferred.
pYe e
TR e
(O-¥ N~ \,~N N-—:
B1 :
| B2

C{{},b O_N/L e O

<
BS
As the component (B), a diimine compound represented
by the following general formula (1) or (2) is preferred.
An a-diimine compound represented by the general.formula (1)

wherein m is 0 is most preferred.

l !
| 6

R—N = C—(C);—C=N-R" (1)

R
R R RY
1 ] 1
§=N—cc>n—N=F (2).
R® Il{m R 12

(wherein R' to R” represent a hydrogen atom or a hydrocarbon
group, and the hydrocarbon group is an alkyl group having

1 to 30 carbon atoms, a cycloalkyl group having 3 to 30 carbon



(wherein Rlerr] to Rlerr] represent a hydrogen atom or a hydrocarbon
group, and the hydrocarbon group is an al kyl group having 1 to 30 carbon
atons, a cycl oal kyl group having 3 to 30 carbon
8 . atonms, a cycl opentadi enyl group havigng 5 to 30 carbon atons, an aryl
group having 6 to 30 carbon atonms, an al kylaryl group having 6 to 30
carbon atons or an arylal kyl group having 6 to 30 carbon atons.
Furt hernore, these grougs may be groups containing a hal ogen atom an
oxygen at om aBom$ rogeflapentadieny) grenpRAnS 3£ S 3PIERATRAHALORE /| east
two of Rlerr] to Rerr] and Rerr] to Rerr] my bond each other to forma
ring. mand An ampr gtewp having €der 36fcarhom afoms, an albkpkares 95PURN al kyl
group include nethyl group, ethyl group, n-propyl group, isopropyl group,
n-butyl groubavingobutoy30grcagbont atems gy langasypalpehtgtoup dayingegky|
group, diisopropyl nethyl group, heptyl group, tetranethyl butyl group,
octyl group tndQa parbohktatoms. FExtheimeref thespofmmigsyimayrimigronpsude
cycl ohexyl group, tert-butylcyclohexyl groupcyclododecyl group, adamantyl
group and t heoht&Ening avhakxgeplaomf an cyydepatoadi enyitmygampatom| ude
cycl opent adi enyl group, pentanethyl cycl opentadi enyl group and the |ike.
Exanpl es of ansilidomratogm can alskylifarybatgmoudtorleast awpl affkRl tgr ®ip
i ncl ude phenyl group, fluorophenyl group,

and R’ to R® may bond each other to form a ring. m and n

represent an integer of 0 to 6).

Examples of an alkyl group include methyl group, ethyl
group, n-propyl group, isopropyl group, n-butyl group,
isobutyl group, tert-butyl group, pentyl group, hexyl group,
diisopropylmethyl group, heptyl group, tetramethylbutyl
group, octyl group and the like.

Examples of a cycloalkyl group include cyclohexyl group,
tert-~butylcyclohexyl group,cyclododecyl group,  adamantyl
group and the like.

Examples of a cyclopentadienyl group include
cyclopentadienyl group, pentamethylcyclopentadienyl group
and the like.

Examples of an aryl group, an alkylaryl group or an
arylalkyl group include phenyl group, fluorophenyl group,
trifluorophenyl group, pentafluorophenyl group, 2,6-
dimethylphenyl group, 2,6-diisopropylphenyl group,
acenaphthyl group and the like.

The component (C) constituting the catalyst system of



trifluorophenyl group, pentafluorophenyl group, 2,6- dinethylphenyl group,
2, 6-dii sopropyl phenyl group, acenaphthyl group and the I|iKke. The
conmponent (C) constituting the catal yst system of
9 ., the present invention is a netal aBkyl conmpound. Exanples of the
met al al kyl conpound i ncl ude conpound whose netal is alum num nagnesium
lithium boron or zinc. Exanpl es of the al kyl alum numincl ude
trialkyl alum num alkyl alum numhydride and the |ike. Specific exanples
of the trial ke arespatininveRitidn tisi apnetdl Alkyilngampoundet HEXamPlesi num
tri-n-propyl alumnum tri-n-butyl alumnum triisobutyl alum num
tri-n-hexyl a&futhaurgtak alkyloconpouwndiinalindambnpgound waosgpeetdl dsexanpl es
of the alkyl alum num hydride include diethyl alum num hydri de,
di i sobutyl aladmimionmhyuiagoesi@peciitilduaiolres ot ghecal kyl nmagnesi um
i ncl ude met hyl magnesi um chl oride, nethyl magnesi um brom de, et hyl
magnesi um chl or i déxamphgs ofratie silkylbadummdanmnibalyiiet hyiahigginesi um
di -n-butyl nmagnesium di-n-hexyl nagnesium and the |ike. Specific
exanpl es of wlemdnkp, aikil valwmirpouhydnideudednebkyliket hispgeifdchyl
lithium n-butyl lithiumand the |ike. Specific exanples of the alkyl
boron conpourcampilesdds the erhylkpbabomiamd ihkd ubeker imStrdyilfd Jureboamygl es of
t he al kyl zinc conpound

triethyl aluminum, tri-n-propyl aluminum, tri-n-butyl

aluminum, triisobutyl aluminum, tri-n-hexyl aluminum,
tri-n-octyl aluminum and the like. Specific examplés of the
alkyl aluminum hydride include diethyl aluminum hydride,
diisobutyl aluminum hydride. Specific examples of the alkyl
magnesium include methyl magnesium chloride,
methylmagnesium bromide, ethyl magnesium chloride, ethyl
magnesium bromide, n-butylethyl magnesium, di-n-butyl
magnesium, di-n-hexyl magnesium and the like. Specific
examples of the alkyl lithium compound include methyl lithium,
ethyl lithium, n-butyl lithium and the like. Specific
examples of the alkyl boron compound include triethyl boron
and the like. Specific examples of the alkyl zinc compound
include dimethyl zinc, diethyl zinc and the like. Among them,
an alkyl aluminum compound is preferred and a trialkyl
aluminum is most preferred.

A ratio of the amount (molar ratio) of the components
(A), (B) and (C) used is normally 1:(0.5-50):{1-500),

preferably 1:(1-50):(5-100), more preferably 1:(1l-



i ncl ude di methyl zinc, diethyl zinc and the |like. Anong them- an al kyl

al um num conpound is preferred and a trialkyl alumnumis nost preferred.
A ratio of the amount (nolar ratio) of the conponents (A), (B) and (O
used is normally 1:(0.5-50):(1-500), prgferably 1:(1-50):(5-100), nore
preferably 1:(1- 10 30): (5-100). When
t he anbunt of the conponent (A) is too snall, the activity is sonetines

i nsufficient. When the anount of the conponent (B) is too small, the
activity is 38pmeS+he8) i nsiblehi thenamouitenf ttiee ayomponentt t{(Re denponent (C)
Is too small, the activity is sonetines insufficient. In the present

I nvention, tbealljnehezattionity dis gonetimaesi dnsweffpolegmes | Faenotheeacti on
of an olefin is conducted using a catal yst system obtai ned by contacting
the above campantndés {i¢ dompgdfentVWBn dsspeci$mall owHeh ackdviageds is
used, in addition to the conponents (A) to (C, the catalytic activity and
selectivity sometimédhdnsufgiovent . amthent ttes ehougt offttHesscopmpbreniedc)Exanpl es
of the fourth conponent include at | east one conmpound of the conpounds (D)

to (G. isABoonsmell | hend isdivitgnEenegbhet imdd| DYRNF Lidiiaaitni ng
conpound (D) is used. The hal ogen-containi ng conpound may be any corrpound
contai ning a hal ogentigé gites¥NAnvBaiod, the trimerization,
oligomerization or polymerization reaction of an olefin is
conducted using a catalyst system obtained by contacting the
above components (A) to (C). When a specific fourth
component is used, in addition to the components (A) to (C).,
the catalytic activity and selectivity are further improved
. and, therefore, it is preferred. Examples of the fourth
' component include at least one compound of the compounds (D)
te (G).
As one of the fourth component, a halogen-containing
compound (D) is used. The halogen-containing compound may
be any compound containing a halogen atom. Among them, a
halogen-containing compound containing an element selected
from the group 13 (IIIB) and a group 14 (IVB) of the periodic
table is preferred. The halogen element may be fluorine,
chlorine, bromine and iodine. Preferred are chlorine and
bromine. The element of the group 13 (IIIB) may be boron,
aluminum, gallium and indium. Preferred are boren and
aluminum. The element of the group 14 (IVB) may be carbon,

silicon, germanium and tin.



hal ogen-cont ai ni ng conpound contai ning an el enent selected fromthe group
13 (I'1IB) and a group 14 (1VB) of the periodic table is preferred. The
hal ogen el enent may be fluorine, chlorine, brom ne and iodine. Preferred
are chlorine and bromne. The elementipf the group 13 (I11B) may be
boron, alumnum galliumand indium Preferred are boron and al um num
The el enment of the group 14 (1VB) may be carbon, silicon, gernmani um and
tin. Exanpl es of the hal ogen-contai ni ng conpound_ i ncl ude
netal hal ogen conB&an@leRaPbgbhathkalagan-GeatdR1IRAICPRRORPR eINC D] es of
t he netal halo%gglconpound I ncl ude i norganic netal hal ogen conpound and

or ganonet al | metRd kjagenaomeeirnd, Fxlogeratast hydrodarhapeanad shenyidkecar bon

i ncl ude hal ogenated chai n hydrocarbon conpound, hal ogenated cyclic
hydr ocar bon Exgmpdesdofhihgguetakhalagan icomppindcanpbnde obporganimd t he
i ke. Speci fic_exanpl es of the hal ogen-contai ning conpound
cont ai ni ng amegiadnkalogen compguod@mBorganaietalcl imibabogen campaindor i de,
boron tribrom de, alum numtrichloride, ethyl alum numdichloride, diethyl
al um num chl Exatglest ¢f theahaldgrnatagshyd coddarbate incdvtlethd lagensatedm
dichloride, dlisobutyl alum numchloride, galliumtrichloride and the
like. chain hydrocarbon compound, halogenated cyclic hydrocarbon
compound, halogenated aromatic hydrocarbon compound and the
like.

Specific examples of the halogen-containing compound
containing an element of the group 13 (IXIB) include boron
trichloride, boron tribromide, aluminum trichloride, ethyl
aluminum dichloride, diethyl aluminum chloride, ethyl
aluminum sesquichloride, "isobutyl aluminum dichloride,
diisobutyl aluminum chloride, gallium trichloride and the
likec o

Specific examples of the halogen-containing compound
containing an element of the group 14 (IVB) include carbon
tetrachloride, chloroform, methylene chloride, methyl
chloride, n-hexyl chloride, n-octyl chloride, benzene
chloride, 1,4-dichlorobutane, 1,6~dichlorohexane,
1,1,2,2-tetrachloroethane, pentachlorocyclopropane,
1,2,3,4,5,6-hexachlorocyclohexane, ethyl bromide, n-butyl
bromide, isobutyl bromide, tert-butyl bromide, n-hexyl

bromide, n~octyl bromide, benzene bromide, 1,4-

dibromobutane, 1,6-dibromohexane, hexafluorbbenzene,



Speci fic exanpl es of the hal ogen-containi ng conpound containing an el enent
of the group 14 (I1VB) include carbon tetrachloride, chloroform nethylene
chloride, nethyl chloride, n-hexyl chloride, n-octyl chloride, benzene
chl.,oride, 1, 4-dichlorobutane, 1, 6-dichl®2ohexane,
1,1,2,2-tetrachl or oet hane, pentachl orocycl opropane,
1,2,3,4,5, 6- hexachl orocycl ohexane, ethyl brom de, n-butyl brom de,

i sobutyl bromide, tert-butyl brom de, n-hexyl brom de, n-octyl bronide,
benzene br oni $ikl icon tetgagndashdeandimetby i ithaniesidade hexaf | uor obenzene,
12 silicon tetrachl oride, dinethyldichlorosilane, chlorotrinethylsilane,
ger mani um t et¢RkM G imethyilgilager agarvanten tetragihdorddedetand the |ike.
As one of the fourth c%gﬁgnent, a phosphorous- containing conpound (E) is

used. Exanpl ekeraqiHerigiess shor dishtontide mad) thenddded i ncl ude phosphi ne
conpound, phosphi ne oxi de conmpound, phosphorous acid ester conpound,
phosphonat e conpou¥fd onghefpkhaofisurth dcerpenentonpoPhdsphplosphi nat e
conpound, phosphate conpound, phosphite conpound and the like.
Speci fi c examngaigiincheoppospti (B) chaposed. | Exhupéest of pbkeyl phosphi ne,
trimet hyl phosphi ne, triethyl phosphine, tributyl phosphine, 1,
2- bi s(di phenypistaphsirions)-consadning composadi inndmderosgpti ine pempeured and t he
li ke.
phosphine oxide compound, phosphorous acid ester compound,
phosphonate compound, phosphinous acid ester compound,
phosphinate compound, phosphate compound, phosphite
compound and the like.

Specific examples of the phosphine compound include
triphenylphosphine, trimethylphosphine, triethylphosphine,
tributylphosphine, 1,2-bis{diphenylphosphino)ethane,
1,3-bis(diphenylphosphinc)propane and the like.

Specific examples of the phosphine oxide include
triphenylphosphine oxide, triethylphosphine oxide and the
like.

Specific examples of the phosphonous acid ester
compound include phenylphosphonous acid diethyl,
methylphosphonous acid diphenyl and the like.

Specific examples of the phosphinous acid ester
compound include diphenylphosphinous acid methyl,
dibutylphosphinous acid ethyl and the like.

Specific examples of the phosphinate compound include

methyl diethylphosphinate, methyl methylphosphinate and the



Speci fic exanpl es of the phosphine oxide include triphenylphosphine oxide,

tri et hyl phosphi ne oxide and the Iike. Speci fic exanples of the
phosphonous acid ester conpound include phenyl phosphonous acid diethyl,
met hyl phosphonous aci d di phenyl and the18i ke. Speci fic exanpl es of

t he phosphi nous acid ester conpound include di phenyl phosphi nous acid

nmet hyl , di butyl phosphi nous acid ethyl and the I|ike. ' Specific
exanmpl es of the phosphi nate conpound include nethyl diethylphosphinate,
met hyl net hylld%&sphi nate and the li ke. Speci fic exanpl es of

t he phosphate conmpound include _trinethyl phosphate, triethyl phosphate,
tri-n-propyl phoSpR&LEiCt examples f g phesehake FABDPVRE. include specific
exanpl es of the phosphite conpound include trinethyl phosphite, triethyl
phosphite, trﬁrmmeﬁhUSyPhOEEBQFQrt%IlQ¢h¥llHhﬂﬁﬂhaﬁﬁ@sﬁﬁité -BE@PYhe | i ke.
As one of the fourth conponent, a silicon-containing_ conpound (F) is used.
Specific examm0§§hﬁﬁéne&tlrhcb%@Eﬁ phasphateh@dgsithgndikeet r aet hoxysi | ane,
t etrai sopropoxysil ane, tetra-n-butoxysilane, trinethoxy(nmethyl)silane,
tri et hoxy(nethyl) Speaaic examplesyaf réiehyphospliise aenpowndrimelwde sil ane,
trimethyl phosphite, triethyl phosphite, tri-n-propyl
phosphite, tri-n-butyl phosphite and the like.

As one of the fourth component, a silicon-containing
compound (F) is used. Specific examples thereof include
tetramethoxysilane, tetraethoxysilane,
tetraisopropoxysilane, tetra-n-butoxysilane,
trimethoxy(methyl)silane, triethoxy(methyl)silane,
dimethoxydimethylsilane, ‘methoxytrimethylsilane,
1,1,1,3,3,3-hexamethyldisilazane, trimethylsilylacetamide,
N,N~diethylaminotrimethylsilane, nonamethyltrisilazane
and the like,

As one of the forth component, alcohols or phenols (G)
are used.

As the alcohols, those having 1 to 20 carbon atoms are
preferred. Specific examples thereof include methanol,
ethanol, isopropanol, 2-ethylhexanol,
hexafluoroisopropanol and the like.

As the phenols, those having 6 to 30 carbon atoms are

preferred. Specific examples thereof include phenol,

hydroquinone, resolcinol, catechol, bisphenol A, 2,4,6-



1,1,1,3, 3, 3-hexanet hyl di sil azane, trinethylsilylacetamn de,
N, N-di et hyl am notri net hyl si |l ane, nonanethyltrisilazane and the |iKke.
As one of the forth conponent, alcohols or phenols (G are used. As
t he al cohols, those having 1 to 20 carbpp atons are preferred. Specific
exanpl es thereof include nethanol, ethanol, isopropanol, 2-ethyl hexanol,
hexaf | uor oi sopropanol and the |ike. As the phenols, those having 6 to
30 carbon atons are preferred. Specific exanpl es thereof include phenol,
hydr oqui none trieterti-hotylpherchol 3 -dingithydaminophenod, 3,4,5-
14 tri-tert-butyl phenol, 3-dinethylam nophenol, 3,4, 5- )
tri met hoxyphdmdmethozyshenot hl 25 bphdimichdedophenpilkand the lik®en using the
conponents (D) to (G, the total anount of the conponents (D) to (G per
mol of the conponWhen(w§ing $her edtmpaments r(®h 80 1(G) Zhenbbtabmmoumtef er abl y
from0.5 to 30 nol. The catal yst system of the present invention is
a catal yst syfsthen obmponentdy(Epicaqi@)ngerhmohbofet® npovmmment ((A) to (O
as an essential conponent, in addition to the conponents (D) to (Q, if
necessary. Adsapspferéblynttdmwd.lotoplemrl nqoxecprafgsablby sfmom 0f.6r
exanpl e, there may be

to 30 mol.

The catalyst system of the present invention is a
catalyst system obtained by contacting the above components
(A) to (C) as an essential component, in addition to the
components (D) to (G), if necessary. As a specific method
of preparing a catalyst system, for example, there may be
used a method of dissolving or suspending the respective
components, which form the catalyst system, in a hydrocarbon
or halogenated hydrocarbon solvent with stirring under
atmosphere such as inert gas (e.g. nitrogen, argon, etc.)
or ethylene. Examples of the solvent include propane, butane,
isobutane, pentane, hexane, cyclohexane, 1-hexene, heptane,
l-octene, octane, toluene, xylene, chlorobenzene,
dichlorobenzene and the like. These solvents may be used
alone or in combination thereof.

The contact embodiment of the respective catalyst
components is not specifically limited. Examples of the
preferred contact embodiment include method of firstly
mixing the component (A) with the component (B) and adding

the component (C) to the resulting solution or suspension;



used a nmet hod of dissolving or suspending the respective conponents, which
formthe catal yst system in a hydrocarbon or hal ogenated hydrocarbon
solvent with stirring under atnosphere such as inert gas (e.g. nitrogen,
argon, etc.) or ethylene. Exanples of {de solvent include propane, butane,
| sobut ane, pentane, hexane, cycl ohexane, 1-hexene, heptane, 1-octene,
octane, toluene, xylene, chlorobenzene, dichlorobenzene and the |ike.
These solvents may be used alone or in conbination thereof. The

cont act enbosietbod off fihstlymixingwhecatmpysent ¢B8ypatdintheicomponent
specifically limted. Exanples of the preferred contact enbodi nent include

met hod of fishl gndmdding tthe compomemt ((3Y) twi thetheswbnimneotllutRpnand
adding the conponent (C) to the resulting solution or suspension;

15 nmet hod ot suspdrision ;xmaethdd e fcimposntingBthaiddmpoinentenponens) (C) and
addi ng the conponent (A) to the resulting solution or suspension; nethod
of 1 ntroduci agdt he) cinpanesdct oY) vesBel ,asdmGiCrahacaspaadd on vessel,

si mul t aneously and i ndependently; method of introducing a solution or

suspensi on olihdependéytIpnimettioy dfhdnteodanseny §4Asolatiod her conponent (B)
in a reaction vessel, together with the conmponent (C), independently; and

met hod of i nktegefisgn dbtadnetl I cohtavsPeg MmN conponact (RYy whEH agki ng the
conponent
component (B) in a reaction vessel, together with the
component (C), independently; and method of introducing a
solution or suspension obtained by contacting the component
(B) with the component (C) in a reaction vessel, together
with the component (A), independently.

When the compounds represented by (D), (E), (F) and (G)
are expressed as the fourth component, examples of the contact
embodiment of the respective catalyst components include
method of firstly mixing the component (A) with the component
{B), adding the component (C) to the resulting solution or
suspension and further adding the fourth component to the
solution or suspension; method of firstly mixing the
component (A) with the component (B), adding the fourth
component to the resulting solution or suspension and further
adding the component (C) to the solution or suspension; methed
of firstly mixing the component (A) with the component (B}
and adding amixed solution of the component (C) and the fourth

component to the resulting solution or suspension; method

of firstly mixing the component (B) with the component (C),



(B) with the conponent (C) in a reaction vessel, together wth the
conponent (A), independently. When t he conpounds represented by (D),
(E), (F) and (G are expressed as the fourth conponent, exanples of the
contact enbodi nent of the respective cpgal yst conponents include nethod
of firstly mxing the conponent (A) with the conponent (B), adding the
conponent (C) to the resulting solution or suspension and further adding
the fourth conponent to the solution or suspension; nethod of firstly

mxing the @SARBHcRRS(ZPMRPRANE hEhk difhdHenE e} t1BAdFAGUEHR? fur t h
conponent to the resulting sol ution or, suspension and further adding the
conponent ( CPUsEengdodofnd; ERriohes adddng She FRVFBRY CURPINgny (50 M@ ng t he
component (A) with the conponent (B) and adding a_m xed solution of the
conponent ( CPOANEiPReOT oEREPENE N0 MaThodo of hELFEELY t REK1RDI &R on or
suspensi on; nethod of fi rsglﬁl m xi ng the conponent (B) w th the conponent
(0, component (B) with the componpgt (Sddi addimg ehepbmurih (A) to
the resulting solution or suspension and further adding the fourth
conponent tocomponedkid the Fesydtprasiodutinparosuspens kan Rpd fiurithert he
conponent (B) with the component (C), adding the fourth conponent to the
resul ti ng soladdiinog tre compenanto(a atd the stluticmel syspraséonpoeslod(A) to
the solution or suspension; nmethod of firstly mxing the conponent (B)
with the compdnéprstly mimihgddiengomponentl (F9l wiktbntheé cimrparmntorént (A)
and the fourth

and adding a mixed solution of the component (A) and the fourth

component to the resulting solution or suspension; method

of firstlymixing the component (A) with the fourth component,

adding the component (B} to the resulting solution or

suspension and further adding the component (C) to the

solution or suspension; method of introducing the components

{(A), (B) and (C) and the fourth component in a reactionvessel,

simultaneously and independently; method of introducing a

solution or suspension obtained by contacting the component

(A) with the component (B) in a reaction vessel, together

with the component (C) and the fourth component,

independently; method of introducing a solution or

suspension obtained by contacting the component (A) with the

component (B} in a reaction vessel, together with a mixed

solution of the component (C) and the fourth component,

independently; method of introducing a solution or

suspension obtained by contacting the component (A) with the

fourth component in a reaction vessel, together with the



conponent to the resulting solution or suspension; nmethod of firstly

m Xi ng the conponent (A) with the fourth conponent, adding the conponent
(B) to the resulting solution or suspension and further adding the
conponent (C) to the solution or suspemsion; nmethod of introducing the
conponents (A), (B) and (C) and the fourth conponent in a reaction vessel,
si mul t aneously and independently; nethod of introducing a solution or
suspensi on obtained by contacting the conponent (A) with the conponent (B)
in a reacti ononpements {Byeirk(C) wiindepeadeotpynaathod) ofidatendusdngt h
conponent, independently; method of introducing a solution or suspension
obt ai ned by asotlattibngi sespenpiorobtédhedibyncenacttagbhe gonpenent a
reaction vessel, together with a m xed solution of the conponent (C) and
the fourth coppowmitih ;the rbepondatnt (2) et dodeadtion meggeilng tagebheri on or
suspensi on obtained by contacting the conponent (A) with the fourth
conmponent i nwathezdw compurestl(A)t anpdtfarrth chmpoment, independently;

17 conponents (B) and (C), independently; nethod of introducing a

sol uti on or andpedicshodbist reithding andeldt ivn blres wspgrenient obgBinedt h t he
conponent (C) in a reaction vessel, together wth the conponent (A) and

fourth conpobgnéontaeieia e Ic)ompoaaﬂtrresmodwﬁ tHe roothipdinegta (89! fihi on or
suspensi on obt ained by contacting the conponent (B) with the conponent (C)
in a reaction vessel, together with a mixed soclution of the
component (A) and fourth component, independently.
The contact embodiment of the respective catalyst
components and a-olefin is not specifically limited.
Examples of the preferred contact embodiment include method
of introducing a-olefin in a catalyst system obtained by
contacting the components (A) to {C); method of introducing
the component (C) and a-olefin in a solution or suspension
obtained by contacting the component (A) with the component
(B); method”of introducing the component (A) and a-oleéfin
in a solution or suspension obtained by contacting the
components (B) and (C); method of introducing the components
(A), (B) and (C) and a-olefin, simultaneously and
independently; method of introducing a catalyst system
obtained by contacting the components (A) to (C) in a reaction
vessel, together with a-olefin, independently; method of
introducing a solution or suspension obtained by contacting

the component (A) with the component (B) in a reaction vessel,

together with the component (C) and a-olefin,



a reaction vessel, together with a m xed solution of the conponent (A) and
fourth conponent, independently. The contact enbodi nent of the
respective catalyst conponents and a-olefin is not specifically limted.
Exanpl es of the preferred contact enbodigrent include nethod of introducing
a-olef inin a catalyst systemobtained by contacting the conponents (A)
to (C; nethod of introducing the conponent (C) and a-olef inin a
sol ution or suspension obtained by contacting the conponent (A with the
conponent (Bydependently; iand meidiodgofhintsadentid § MOHHIOR A%efin in a
sol ution or suspension obtained by contacting the conponents.gg and (O);
met hod of i nfrapeRs hen htadseddieaentaching tBe eempenynta k) aidiethe,
si mul t aneously and i ndependently; nmethod of introducing a catal yst system
obt ai ned by compesentg(®heln @rmeastion( xpssel( Gjogether aeldth dhe vessel ,
together with a-olefin, independently; nethod of introducing a solution or
suspensi on obbmporenby({Xpramttd rglefire, cimjspendentAy.wi t h t he conponent (B)
in a reaction vessel, together with the conponent (C) and a-ol efin,
18 i ndependent | Whemtdheneompeunds rapresested by ¢Bh ut(Edn 6F) angspehsi on
obt ai ned by contacting the conponent (B) with the conponent (C) in a
reacti on vesare exprgeskdrasiiid foheth component , @Xprpigsaothé cpntact
i ndependent | y.

embodiment of the respective catalyst components and a-

olefin include method of introducing a-olefin in a catalyst
system obtained by contacting the components (A) to (C) and
the fourth component; method of introducing the fourth
component and a-olefin in a catalyst system obtained by
contacting the components (A) to (C); method of introducing
the component (C) and a-olefin in a catalyst system obtained
by contacting the components (A) and (B) and the fourth
component; method of introducing the component (A) and «
-olefin in assolution or suspension obtained by contacting
the components (B) and (C) and the fourth component; method
of introducing a solution or suspension obtained by
contacting the component (C) with the fourth component,
together with a-olefin, in a solution or suspension obtained
by contacting the component (A) with the component (B); method
of introducing a solution or suspension obtained by
contacting the component (B) with the component (C}, together
with a-olefin, in a solution or suspension obtained by

contacting the component (A) with the fourth component;



When t he conpounds represented by (D), (E), (F) and (G are expressed as
the fourth conponent, exanples of the contact enbodi nent of the respective
catal yst conmponents and a- olef in include nmethod of introducing a-olefin
in_a catal yst system obtained by contaging the components (A) to (C and
the fourth conponent; nethod of introducing the fourth conponent and
a-olef inin a catalyst systemobtained by contacting the conponents (A
to (C; nethod of introducing the conponent (C) and [err]-olef inin a
cat al yst sysmeftholt af nntrdsuciag dbei compérentmpdnen(8) (a)d afft) { Bheand t he
fourth conponent; nethod of introducing the conponent (A) and a -olefin
i n absol uti ofouirthueprpshennt cxidiicedl8Fis ol &t trteygt ildne vessednent s (B) and
(© and the fourth conmponent; nmethod of introducing a solution or
suspensi on olstimudednbyus Ly rdmd tiindgpendentiye neat héd)o i it ndudfiony ah
conponent, together with a-olef in, in a solution or suspension obtained
bycont act i ngsbdatiparmensu§pensidhbbea tnap yeadnfddt impethedomponentisoduci ng
a solution or suspension obtained by contacting theconponent (B) with the

conponent (Cyajtegethertogéitheraridiethe fdurth SOhpinett 2hdSHSRARYIIRN)
obtained by contacting the conponent (A with the fourth conponent;

19 nethod dh ant¢dshiomgesbel coimiamaridentlly; nBLhaddhf Gntridducihngurth

conponent and [err]-olefin in a reaction vessel, sinultaneously and

i ndependent | ¥; s6R&uB96n0dr | figehitiond obtained by contacting the
components (A) and (B) and the fourth component in a reaction
vessel, together with the component (C). and a-olefin,
independently; method of introducing a solution or
suspension obtained by contacting the components {B) and (C)
and the fourth component, together with the component (A)
and a-olefin, in a reaction vessel, independently; method
of introducing a solution or suspension obtained by
contacting the component (A) with the component (B), together
with a solution or suspension obtained by contacting the
component (C) with the fourth component, and a-olefin, in
a reaction vessel, independently; and method of introducing
a solution or suspension obtained by contacting the component
(A) with the fourth component in a reaction vessel, together
with a solution or suspension obtained by contacting the
component (B) with the component (C), and a-olefin,
independently.

It should be avoided to firstly contact the component

(A) with the component (C) in view of obtaining sufficiently



sol ution or suspension obtained by contacting the conponents (A) to (O,
together with the fourth conponent and a -olef in, 1in a reaction vessel,

i ndependent|y; nethod of introducing a solution or suspension obtained by
contacting the conmponents (A) and (B) d the fourth conponent in a
reaction vessel, together wth the conponent (C) and [err]-olef in,

I ndependently; nethod of introducing a solution or suspension obtained by
contacting the conponents (B) and (C) and the fourth conponent, together
with the compdghntatdlythodaetitifyi.n, in a reaction vessel, independently;
met hod of introducing a solution or suspension obtained by contacting the
conponent (A) wthA ddetaonmenperatbre dHdieheespact iva companemtsols
suspensi on obtained by contacting the conponent (C) with the fourth

conponent, apdrigl 1} -HoM L50 toM SECT 8AE l SonVRAS Elime | iRILPEIEIEN lF¥omand
met hod of introducing a solution or suspension obtained by contacting the

conponent (A sytbhdt be §®uiddrgonponent in a reaction vessel, together
with a solution or suspension obtained by contacting the conponent (B)

with the conponenthéGesalimy Ja2fllyst bpdernsientddso be fedl tostnel d be
avoided to firstly contact the conponent (A) with the conponent (C) in

vi ew of obtairehBgi6Hfdf€éHembving the solvent, but can be fed to the20

high catalytic activity.
reaction as it is without removing the seclvent. It may also
be used as a supporting catalyst prepared from an inorganic
carrier (e.g. silica, alumina, silica-alumina, zeolite,
aluminum phosphate, clay mineral, etc.) and an organic
carrier (e.g. ion-exchange resin, polystyrene, polyvinyl
pyridine, etc) which support the catalyst system.

The catalyst system of the present invention can be used
in the trimerization, oligomerization or polymerization
reaction of ‘an olefin. Examples of the olefin used in the
present invention include ethylene, propylene, l-butene,
2-butene, isobutene, 1-hexene, styrene and amixture thereof.
Among them, a-olefin, particularly ethylene, is preferred.
The trimerization, oligomerization or polymerization
reaction of an olefin can be conducted by the solution
reaction or slurry reaction in the presence of a solvent such
as propane, butane, isobutane, pentane, hexane, cyclohexane,
l-hexene, heptane, l-octene; octane, toluene, xylene,
chlorobenzene, dichlorobenzene, etc., or liquid phase

reaction or vapor phase reaction in the absence of the solvent.



A contact tenperature of the respective conponents is normally from-50 to
150[err]C and a contact tinme is normally from 1 second to 48 hours.

The resulting catal yst systemcan also be fed to the reaction after
repovi ng the solvent, but can be fed topfhe reaction as it is wthout
renoving the solvent. It may al so be used as a supporting catal yst
prepared froman inorganic carrier (e.g. silica, alumna, silica-alumna,
zeolite, alum num phosphate, clay mneral, etc.gtand an organic _carrier

(e.g. ion-exénEeAet It amperRtaTe e mormgdilyfnem 0 tey3q U neraferpbifi ch
support the cat al&jgt asé)(/]s em The catal yst system of the present
@

i nvention cafie® i Zerctiompressnyebs norngbhe fromataipspheric
pol ymeri zation reaction_of an ol efin. Exagﬁllées of the olefin used in the
a

present i nveRTESSWERctAdE0R kg SWe, PELERY Erom kGt 108 kg eme.
| sobut ene, 1-hexene, styrene and a m xture thereof. Anpng them
[err]-ol efin, parThewatalyss: of thecpresent dpgepbdon cpebe muafiera®lyon,
ol i gomeri zation or, polynerization reaction of an olefin can be conducted
by the sol ut U§8d ABasbRoReaFtEPMrfar dv iroduchioReofr bshexendfby sol vent
such as propane, butane, isobutane, pentane, hexane, cycl ohexane,
1- hexene, hepTrimerizipgietiyledet.ands grbrdingntend thempbhod aiviage,
di chl orobenzene, etc., or liquid phase reaction or vapor phase reaction in
t he absence &het patadysbnsystem of the present invention, a methodpf
producing l-hexene by trimerizing ethylene will be
explained.
The reaction may be conducted by charging catalyst
components of the present invention and a solvent in a
pressure reaction vessel, introducing ethylene, followed by
heating. Aan amount of the catalyst systemused is set so that
a concentration of a chromium atom in the reaction solution
is preferably within the range from 0.000001 to 0.5 mol/1,
more preferably from 0.00001 to 0.1 mol/l. When the amcunt
of the catalyst system used is too small, the activity is
sometimes insufficient. A reaction temperature is normally
from 0 to 200°C, preferably from 0 to 150°C. When the reaction
temperature is too low, the activity may be low. On the other
hand, when the reaction temperature is too high, the
selectivity of l-hexene as a desired product sometimes
becomes low. A reaction pressure is normally from

atmospheric pressure to 200 kg/cm’, preferably from 10 to 100

kg/cm,. When the reaction pressure is too low, the activity



A reaction tenperature is normally fromO to 300[err]C, preferably from?O
to 200[err] C reactionpressurei snormal |l yfromat nospheric pressure to 200
kg/cn2, preferably from 10 to 100 kg/cnferr]. The catal yst of the
present invention can be preferably wusgd in the reaction for the
production of 1-hexene by trinerizing ethylene. As the enbodi nent of the
nmet hod using the catal yst system of the present invention, a nmethod of
produci ng 1-hexene b ethylene will be e The

getaneriang ﬁgla%%gil
reacti on may e SCBRELRERANAREEASIERRy SaEERGELOD domfohRMP ¥HEFR esent
I nvention and a solvent in a pressure reactjiaon vessgl, I ntroduci ng
ethyl ene, folddwd® B howgsri RFEIRRABES FFOB0 thd o dt AOPEE - syEeimtd&ed i s
set so that a concentration of a chromumatomin the reaction solution
i s preferabl F&RAHD ERBe ddnEee Shemte. trraeict vty semetiines hReonRSf er abl y
fromO0.00001 to 0.1 nol/Il. Wien the anount of the catal yst systemused is
too snall, tHEhaEk vIipyorder skonetsnaatien andf rerener 1Ahedere idmh thamerature
is normally fromO to 200C preferably fromO to 150[err]C. Wen the
reaction terfrREinad Preducso frem, thaereaetion ywishprge inokhecaresenst her
hand, when the reaction tenperature is too high, the selectivity of
1- hexene as alnwefitied pLfeduekaBphet idrarethnd swes Rswdiatibbetiom qatessure
is normally from atnospheric pressure to 200 kg/cnjerr], preferably from
10 to 100 kdienpedr] . Insderto separabe Yheecatialyst conponsnt andactivity
polymer as by-products from the reaction mixture in the
present invention, there may be used a known method (see
Japanese Patent Kokai (Laid-Open) Nos. 7-149671, 7-149674,
7-149677, 8-239419, 8-245429, 8-245430, 8-245431, 8-283330
and 8-295705).
As described above, according to the present invention,
there could. be provided a novel catalyst system which can
be preferably used in the trimerization, oligomerization or
polymerization reaction of an olefin, and a method for the
trimerization, oligomerization or polymerization reaction
of an olefin, which comprises using the catalyst system.
The following Examples further illustrate the present
invention in detail but are not to be construed to limit the
scope thereof.
Example 1
Synthesis of glyoxalbis(1,1,3,3,-
tetramethylbutylimine

1,1,3,3-tetramethylbutylamine (12.95 g, 100 mmol) was



22 I's sonetines insufficient. A reaction tinme is normally from 0.1 to 8
holrs, preferably fromO0.5 to 7 hours. Wen the reaction time is too
short, the reactivity sometimes becones short. In order to separate and
recover 1-hexene as the desired producg3fromthe reaction mxture in the
present- invention, for exanple, a method such as distillation can be
used. In order to separate the catal yst conponent and/or polyner as
by-products fromthe reaction mxture in the present invention, there may
be used a knehargedhds psteachiprrieesseiaraplarelaby(RitEoTpRndndos.

7- 149671, 7-149674, 7-149677, 8-239419, 8-245429, 8-245430, 8-245431,
8-283330 andigsedvedsin 100 ml fof dhiatthde@thiesve, Thict ralivtgaro wase present
i nvention, there could be provided a novel catalyst systemwhich can be
preferably usedled ihan diceewaterikath andgghyexaht(i’oRtog, Poi§mmaliati on
reaction of an olef in, and a nethod for the trinerization,

ol i goneri zat i{d¢@%obypwesgbt i efitanmquesesi swlusfioan whef$howlhiaddednpri ses

usi ng the catal yst system The foll owi ng Exanples further illustrate
t he present drepwnseoritinstiotzing.bukfber thetcamplet iomst thednopuiis® t t he
scope thereof. - Exanple 1 Synt hesis of glyoxalbis(1,1,3,3,-

t et ranmet hyl batddlitidne the readtiolsditeionmatshydmrindamsyestifred fpr 100

mot) was 2 hours with cooling in an ice-water bath. After the aqueous
layer was separated ,lthe organic layer was washed with water,
dried and concentrated to obtain a solid crude product. This
solid crude product was recrystallized from acetonitrile to
obtain a colorless solid. On the basis of 1H NMR, this
colorless solid was identified as glyoxalbis(l,1,3,3-
tetramethylbutylimine) represented by the following
structural formula.

1E NMR (CDCl,, 400 MHz) 0.92 (s, 18H), 1.29 (s, 12H), 1.60

(S’ 4H)' 7-9‘4 (S, 2H)

b

Ethylene trimerization reaction

Under argon atmosphere, in a pressure reaction vessel
(inner volume: 0.2 1) cooled in an ice-water bath,
glyoxalbis(1,1,3,3-tetramethylbutylimine) (B) (0.0280 g,
0.10 mmol) and triethyl aluminum (C) (0.0594 g, 0.52 mmol)

{1.05 mol/1l of a heptane solution) were dissolved in 80 ml



23 charged in a reaction vessel replaced by nitrogen and dissolved in
100 M of diethyl ether. This solution was cooled in an ice-water bath and
gl yoxal (7.26 g, 50.0 mmol) (40% by wei ght of an aqueous sol ution) was
slowy added dropwi sewithstirring. Afpgr the conpletionof the dropw se
addition, the reaction solution was continuously stirred for 2 hours with
cooling in an ice-water bath. After the aqueous |ayer was separated, the
organi c | ayer was washed with water, dried and concentrated to obtain a
solid crude pebdueptamhivhictomias predéopsiyudeasratedandsdghydzagedrom
acetonitrile to obtain a colorless solid. On the basis of 1H NVR this
col orl ess sol Td bhds sdintiénedhaomghpoi@ib) sEis123eBhylhexancate) (A)
tetramet hyl butylim ne) represented by the following structural fornula.
1H NVR (CDCl [ 05903 1D@,MHz)066 8ol s, (HgH)anel s@Dut §on haMingla ebrofpgumadH)
7.94 (s, 2H) [err] Et hyl ene trinerization reaction Under
argon at nospheorsentratjwradiufeddtdyt weilghtssand 40 mieof ephame @eRel)
cooled in an ice-water bath, glyoxalbis(1,1,3,3-tetranethylbutylimne) (B)
(0.0280 g, Oaddedyrfiollamckd by etthidrimqufondd @Thutés059%¢heyn, etsglensl )
(1.05 nol /1 of a heptane solution) were dissolved in 80 m

was introduced at a pressure of 20 kg/crm’G. Furthermore, the

trimerization reaction was conducted by heating with
stirring. Incidentally, the reaction was conducted under
the conditions of a réaction temperature of 120°C, a reaction
pressure of 40 kg/cm’G and a reaction time of 1.5 hours, and
ethylene was fed in response to a demand during the reaction.
After 1.5 hours, the reaction solution was ice~cooled and
the reaction mixture was recovered, followed by solid-liquid
separation. An amount of a polymer produced was determined
from a weight of the solid. The agueous phase was analyzed
by gas chromatography and an amount of the product was
determined. The conditions and results are shown in Table
1.

Example 2

According to the same manner as that described in Example
1 except for changing the amount of (A) to 0.0120 g (0.025
mmol), the reaction was conducted. The conditions and
results are shown in Table 1.

Example 3

According to the same manner as that described in Example



of heptane which was previously deaerated and dehydrated. To this
sol‘ution, chromum (111) tris(2-ethyl hexanoate) (A (0.00318 g, 0.0066
nmol ) (heptane solution having a chromi um concentration of 0.94% by

wei ght) and 40 ml of heptane were addedg followed by stirring for 20

m nutes. Then, ethylene was introduced at a pressure of 20 kg/cnferr] G
Furthernore, the trinerization reaction was conducted by heating with
stirring. Incidentally, the reaction was conducted under the conditions of
a reaction telpetcdpt €oaf addhgrnisatyl bramiden(D prEsndlasol,40.abbenferr] G
and a reaction tinme of 1.5 hours, and ethylene was fed in response to a
denmand duri nguhdie) rEacts ©F. welffherofl aSheptase sdkbutienant befozel addibngwas

i ce-cooled and the reaction m xture was recovered, followed by

solid-liquid (sppanetiéedct #¥h REBWindlctadpol yHecopaadiens ambrdsattsi ned
froma weight of the solid. The aqueous phase was anal yzed by gas

chr omat ogr aphyré&nshewh aifpuwabief 1t,he product was determ ned. The conditions
and results are shown in Table 1. Exanpl e 2 According to the
same manner as thaix @ igbed in Exanple 1 except for changing the anount
of (A) to 0.0120 g (0.025 nmol), the reaction was conducted. The

conditions and rexddrdlides iR ane nHet ds that deserdbRdSi rBExample

1 except for adding 1,2-diphenylphosphinoethane (E1) (0.0199
g, 0.0499 mmol) before adding (A), the reaction was conducted.
The conditions and results are shown in Table 1.

Example 5

According to the same manner as that described in Example
2 except for adding triethyl phosphite (E2) (0.0112g, 0.0948
mmol) immediately after adding (A), the reaction was
conducted. The conditions and results are shown in Table 2.

Example 6

According to the same manner as that described in Example
2 except for adding tetraethoxysilane (F) (0.0160 g, 0.0768
mmol) immediately after adding (A), the reaction was
conducted. The conditions and results are shown in Table 2.

Example 7

According to the same manner as that described in Example
2 except for adding bisphenol A (G) (0.0178 g, 0.0780 mmol)
before adding (A), the reaction was conducted. The

conditions and results are shown in Table 2.



According to the sane manner as that described in Exanple

25 1 except for adding n-butyl bromde (D) (0.00145 g, 0.0106 nmmol)
(6.4% by wei ght of a heptane solution) before adding (A), the reaction was
conducted. The conditions and results @& shown in Table 1. Exanpl e
4 According to the sane manner as that described in Exanple 1 except
for adding 1, 2-di phenyl phosphi noethane (El) (0.0199 g, 0.0499 mmol)
before adding (A), the reaction was conducted. The conditions and results

are shown in Table 1. Exanpl e 5 According to the sane manner as
t hat descri bed | anple 2 except for adding triethyl phosphite (E2)
(0.0112g, 0.0538e o) imediately after adding (A), the reaction was
conducted. The conditions and Teguits are [SowT Tn[raptre 2. —Exanple 6

Accor di ng t o] tien1y3REcoRpUIRIntas] tihagx descrii bgg, in Exagpl g excert for
addi ng tetrapthoxysilane (F) (0.4160 g, 0.[0768 mml) i medjately affer
adding (A), fhe regotion was corjducted. The cendi tfi onsyandjresujts are
shown in Table 2. Exanpl e 7 Agcordi ng o the sa manner | as
that described in ®anple 2 excgpt fier addi ngs bi sphenes A (G (9. 01¥8 g,
0. 0780 mmol) '

(C) 79 20 78 78
(D) 1.6
(E-1) 7.5
Results *2
Activity *3 22995 10629 16849 17186

Selectivity & *4

C, Compounds 12.2 9.6 2.0 8.1
Cs Compounds 7;.4 74.3 Bl1.6 77.0
Cy; Compounds 1.5 2.3 1.0 1.3
C;s Compounds 9.4 10.3 11.1 10.2
Polymer 3.0 1.3 2.2 1.6

Purity of I-hexene *5 80.5 79.2 79.8 80.4




before adding (A), the reaction was conducted. The conditions and results

are shown in Table 2. 26 Tabl e
1 Catal yst conponent *1 Ex. 1 Ex. 2 Ex. 3 Ex. 4
(A« 1 1 27 1 1 (B)
15 4 15 15 (O 79
20 78 78 (D)
1.6 (E-1) : 7.5
Results *2 AFeP¥Pt® *3 22995 10629 16849 17186
Sel ectivity “&*ﬁ—~———€%Efff—€bﬁﬁegrds 122 96 .0
8.1 Jerrk {%Hggylggﬁ £ #1/R-4 gy 5 74.3 . g 816 gy 47.0
qu](bmmmﬁs gﬁ? f% 1§f LS? denr]
Conpounds 10. 3 11.1 10. 2 Pol yymer
3.0 143 gAﬂZ.Z 1.6 Purity |of 1-hexene|*5 80.5
79. 2 79.8 () 80.4 4 4 4 27
(<) 20 19 20
{E-2) 3.7
(F) 2.8
(G) 3.0
Results *2
Activity *3 11788 10409 12088
Selectivity % *4
C; Compounds 8.6 6.6 10.0
Cs Compounds ’77.1 77.9 74.6
C; Compounds . 1.4 1.4 1.9
C,;s Compounds 10.0 11.90 10.1
Polymer c.8 0.6 1.1
Purity of l1-hexene *5 80.0 79.8 79.4

*1 Catalyst component
A: Chromium (III) tris(2-ethylhexanoate)
B: Glyoxalbis(1l,1,3,3-tetramethylbutylimine)
C: Triethyl aluminum
D: n-Butyl bromide
El: 1,2-Bis(diphenylphosphino)ethane
E2: Triethyl phosphite

F: Tetraethoxysilane



Tabj e 2 Catal yst conponent *1 Ex. 5 Ex. 6 Ex. 7

(A 1 1 ' 1 (B)

4 4 4 (O 20 19
20 < (E-2) 3.7 28 (F)

2.8 (G 3.0 Results *2
Activity *3 11788 10409 12088 Selectivity %*4
C err] Conpounds , . 8.6 6.6 10.0 derr]
Conpounds G: Bipsphencl A 77 9 74.6 Clerr] Conpounds
1.4 1.4 1.9 C[erré Qunds 10.0

11. 0 10. 1 The npgpyﬁgpl values in the gn%geg represent gngamount

1.1 Purity of 1-hexene *5 79.4 *1

Catal yst conpehdit used (mel) BﬁFoﬁPhn?(lth? ?QWERQ?QﬁtﬁH)hexanoate) B:
d yoxal bis(1,1,3,3-tetranethyl butylim ne) C. Triethyl alum num

D n-Butyl brbdi &esults upder the fylklawinempashdophrasiisthans E2:
Triethyl phosphite F. Tetraet hoxysil ane

Reaction temperature: 120°C

Reaction pressure: 40 kg/cm’G

Reaction time: 1.5 hours
*3 Activity: total amount (g) of product per g of chromium
atom as catalyst per unit time

[g-total amount of product/g-chromium atom/hourj}
*4 Selectivity

C, compounds: produced C, compounds/total amount of
product (g) x 100

Cs compounds: produced C, compounds/total amount of
product (g) x 100

C; compounds: produced C, compounds/total amount of
product (g) x 100

C,;, compounds: produced C,, compounds/total amount of
product (g) x 100
*5 Purity of l-hexene: produced l-hexene (g)/produced C6

compound (g) x 100



28 G Bi sphenol A The nunerical values in the tables represent
an® amount to be used (nol) per nol of the conponent (A). *2 Results under

the foll owing reaction conditions Reaction tenperature: 120[err]C
Reaction pressure: 40 kg/cnferr]G 2®Reaction tinme: 1.5 hours *3
Activity: total amount (g) of product per g of chromium atom as catalyst
per unit tinme [g-total anpbunt of product/g-chrom um atom hour] *4
Sel ectivity Clerr] corrpounds produced C[err] conpounds/total anount
of product W§ptxisoglaimed E$err] conpounds: pr oduced derr]
conpounds/total amount of product (g) x 100 err] corrpounds

produced C[err] cdrpduriyalysd system obtaiped ey cqrpacting the derr]
conpounds: produced C[err] conpounds/total ampunt of product (g) x 100 *5
Purity of 1-feidawingreduperentseideneq d)d)produced C6 conpound (g) x 100
29

(A) a chromium compound,

(B) an imine compound, and

(C) a metal alkyl compound.

2. The catalyst system according to claim 1, wherein

the component (B) is a diimine compound represented by the

following general formula (1) or (2):

e ¥y
R-—N C_( (Ij) C"’N”‘R (1)
R4 m o3
R R AR
R7 R9 R T
|
N—(C)n—N-—C 2)
R3 Rm f{m

(wherein R' to R represent a hydrogen atom or a hydrocarbon
group, and the hydrocarbon group is an alkyl group having
1 to 30 carbon atoms, a cycloalkyl group having 3 to 30 carbon
atoms, a cyclopentadienyl group having 5 to 30 carbon atoms,
an aryl group having 6 to 30 carbon atoms, an alkylaryl group
having 6 to 30 carbon atoms or an arylalkyl group having 6
to 30 carbon atoms and these groups may be groups containing
a halogen atom, an oxygen atom, a nitrogen atom, a silicon

atom or a sulfur atom; at least two of R' to R® and R’ to R



What is clained is; 1. A catalyst system obtained by contacting the
foll ow ng conponents (A) to (O: (A) a chrom um conpound, (B)
an-i m ne conmpound, and (C a nmetal al kyl conpound. 2. The

catal yst systemaccording to claim1, wkgyein the conponent (B) is a

di i m ne conpound represented by the follow ng general formula (1) or (2):
[err] (wherein Rerr] to R err] represent a hydrogen atom or
a hydrocarbon group, and the hydrocarbon group is an al kyl group having 1
to 30 carbon mapnBond e3ch aited tor gopmhavidggp dmd 30 oAl horepaessht a

cycl opent adi enyl group having 5 to 30 carbon atons, an aryl group having 6
to 30 carbon ahoimteger adkyd aigyl6)group having 6 to 30 carbon atons or an
aryl al kyl group having 6 to 30 carbon atons and these groups nmay be groups

containing a hal ogen Tleotataly o ygait aif @Bcording’ gedLeindm, @heirkigon

atomor a sulfur atom at least two of Rlerr] to Rerr] and Rerr] to

Rlerr] the component (B) is represented by the general formula (1)
of claim 2 and m is 0.

4. The catalyst system according to claim 1, wherein
themetal of the component {C) is aluminum, magnesium, lithium,
boron or zinc.

5. The catalyst system according to claim 1, wherein
the component (C) is an alkyl aluminum compound.

6. The catalyst system according to claim 1, wherein
the component (C) is a trialkyl aluminum compound.

7. The catalyst system according to claim 1, wherein
a ratio of the amount (molar ratio) of the components (A),
(B) and (C) used is 1:0.5-50:1-500.

8. The catalyst system according to claim 1, which is
obtained by contacting at least one of the following

components (D) to (G):

(%) a halogen-containing congound, N A

(E) a phosphorous-containing compound,
(F) a silicon-containing compound, and
{G) an alcohol or a phenol,
in addition to the components (A) to (C) of claim 1.
9. The catalyst system according to claim 8, wherein

the total amount of the components (D) to (G) per mol of the



30 may bond each other to forma ring; and mand n represent an integer

of "0 to 6). 3. The catal yst systemaccording to claim2, wherein the
cohponent (B) is represented by the general fornmula (1) of claim2 and m
i'sg0. 4. The catal yst system accogging to claim’, wherein _

t hemet al of t heconponent (C) is al um num magnesium i thmm i mumlulllnc
5. The catal yst systemaccording to claim1, wherein t hHEEDNMSOR ; . IS
an al kyl al um num conpound. 6. The catal yst system*ac&or'di ng to claim
1, wherein tdenpomepsnéA) L€) fremali¥ito 54 moluni num conpound. 7. The
catal yst systemaccording to claim1, wherein a ratio of the anmount (nolar
rati o) of the conp@nerhe cAyaly$Bsyatemn(@a@carsdag to ¢leis-150r B, 3duich 8.

The catal yst systemaccording to claim1l1l, which is obtained by contacting
at | east one isf usled fiol thei hgimenbhparint s I@gomeri@ation or (D) a

hal ogen- cont ai ni ng conpound, (E) a phosphorous-contai ning conpound,
(F) a silicompoiymexizatjononpachilon anfl an olefiiB). an al cohol or a phenol,
in addition to the conponents (A) to (C) of claim1. 9. The catal yst

system accordi ng 1a.clamstBod\iioar ehe triinertiostionpmliigoniertikatdionpanent s
(D to (G per nol of the -
polymerization reaction of an olefin, which comprises using
the catalyst system of claim 1 or 8.
12. The method according to claim 11, wherein 1-hexene

is produced by trimerizing ethylene.



conponent (A) is from0.1 to 50 nol. ' 10. Thecatal yst system accordi ng
to,claim1 or 8 which is used in the trinerization, oligonerization or

pokymeri zation reaction of an ol efin. 11. A method for the
trmnerization, oligonerization or polymerization reaction of an ol efin,
whi ch conprises using the catalyst systemof claim1l or 8. 12. The

nmet hod according to claim 11, wherein 1-hexene is produced by trinerizing

et hyl ene.
ABSTRACT

CATALYST SYSTEM AND METHOD FOR REACTION OF OLEFIN

The present invention provides a novel catalyst system
which can be preferably used in the trimerization,
oligomerization reaction or polymerization reaction of an
olefin, and a method for the trimerization, oligomerization
or polymerization reaction of an olefin, which comprises
using the catalyst system.

A catalyst syst'em obtained by contacting the following
components (A) to (C):

(A) a chromium compound,

(B) an imine compound, and

(C) a metal alkyl éompound, and a method for the
trimerization, oligomerization or polymerization reaction
of an olefin, which comprises using the catalyst system are

disclosed.



