8 MARCH 2006 - 1 - METHOD FOR OLI GOMVERI ZI NG AN a- OLEFI N The present
invention relates to a nmethod for oligonerizing an a-olefin, p&MARGHR00¢
et hyl ene, by neans of a catalyst conprising a specific chr omi um conpound
and an al kyl al um num conpound, to selectively obtain a product conposed
mainly of a trimer in good vyield. Heretofore, it has been known to
oligonerize an a- olefin such as ethylene by neans of a catal yst conposed
of- a conbi nati on of a chrom um conmpound and an orcganoal um num conpound. For
exanpl e, Japanese Exam ned Patent Publication No. 18707/1968 discloses a
nmet hod for preparing 1-hexene and pol yetjhyl ene from ethylene by a catalyst
system conpr|5|ng a Cr-containing Goup VIE transition netal conpound of
the formul a W @ QJTNOX|de Further, Japanese
Unexam ned and V. W Seidel and W

Rei chardt, Z. A”%gnp?gﬁ?‘;ﬁtq}%%é‘ﬂ%g@%t(ejsgw Q’desé‘tlc% c53,_,m=3thod for

producing a chromu ni ng conpound‘haV|ng a

chrom um pyrg ol yhnbend;h aﬁagtb@g=@n, LRl maght, ang.a diRtalpyrrolide in

tetrahvdrofuran®cc ci methoxyet hane contai ni ng an Oxygen atom as an el ectron

D oaonor ChESRRLoc FUI Lheh1 13038RsE \IRKAR ReddRakenion Rublspati on M.

128904/ 1991 discloses a neth for “trinmerizing an a-olefin by neans of a

catal yst Obt@éﬂ@éunEYaﬁdCQﬂbh@ﬁ§ugﬁuﬂﬁnhﬂ'%o&%b%%ﬁ””&%P%%@éEﬂﬂbéi ound
with a netal alkyl or a Lewis aCid. However, anmong the above nethods, the

one d'50'05e@btéﬂnJ@D@BS&@CEXé6h@6@eeahﬁﬂhl@U@L|%aE&Q%eNOJfﬂ§ﬁ9%11967

yield.

Heretofore, it has been known to oligomerize an c¢-
olefin such as ethylene by means of a catalyst composed
of a combination of a chromium compound and an
organoaluminum compound.

For example, Japanese Examined Patent Publication No.
18707/1968 discloses a method for preparing l-hexene and
polyethylene from ethylene by a catalyst syétem
comprising a Cr-containing Group VIB transition metal
compound of the formula MXn and a polyhydrocarbyl
aluminum oxide. Further, Japanese Unexamined Patent
Publication No. 128904/1991 and V.W. Seidel and W.
Reichardt, Z. Anorg. Allg. Chem., 404, 225 (1974)

disclose a method for producing a chromium-containing



has a problemthat the anpunt of polyethylene formed sinultaneously with
1- hexene is substantial, and if it is attenpted to reduce the HBU%?HGPOQhe
pol yet hyl ene, the overall activities tend to deteriorate. On the other
hand, the method di scl osed i n Japanese Unexam ned Pat ent Publication No.
128904/ 1991 has drawbacks such that Lh% operation for isolating "the
chrom um conpound is cunbersone, and it “is extrenely difficult to
selectively obtain a single chrom um conpound, and that the catalytic
activities acempoencfbavitheaokhgomerinzayoplyéatindnbgf rarcéiaigerei n usi ng
the chrom umcontaining conpound as a catalyst. Further, it has been known
t hat a conpocimgorcbuhasalhgandnaeheteiopnypacl idendn ékeerentvéfoingaa oanpl ex
in coordination with a transition netal elenment such as a chrom um

el emrent. in ¢imephoxesshfoe ppodachnggt ke oalygea- eEphi asedn elactron
chrom um cont ai ni ng conpound, a chrom um 8 MARCH 2006 - 3 salt and a netal
pyrrolide argzieagtémdrbgleseng.a Fuotpeundieoehaise Ugearméhedt Panapai r donor
el enent as a solvent, whereby the conpound containing an el ectron pair
donor el enenfuthbidstioncBopel@sdpé)/ilohe desallogpesr @l mé&hoidn fo@or di nati on
with the chromumsalt thereby to forma mxture of conplex products
wherein the etenérdnipai en dondbeftonpwundzhsgaiddaardtthespyobakyhagr oup are
coordinated to the chromumelenment in various proportions. Further,
accordi ng t oot he aomibbhabficanofakkykathromdnmeaopaaidngheogebeati vity of

1- hexene anong hexenes produced tends to change, which is believed to be
attribut abl ewichthemebaldahhyddoel act.ewhaspacicdonor conpound contained in
t he chrom um conpound. The present inventors have conducted extensive
researches. to sébwevehe abong- tbat rbnrd pedsblodiss ahet kae disclosed

in Japanese Examined Patent Publication No. 18707/1967
nas a problem that the amount of polyetiaylens Zormed
simultaneously with l-nexene 1i1s substantial, and if it is

attempted to reduca the amount of the solyethvlens, the

(R4

cveralil aétivities tend to deteriorats.

On the other hand, :the method disclosaé in Japanese
Unexamined Patent Publication No. 128504/1991 hnas
drawbacks such that the operation for isolating ths
chromium compound is cumbersome, anc it is extremely
difficult to selectively obtain a sincle chromium
compound, and that the catalytic activities are poor for
the oligomerization reaction of an c¢-olefin using the
chromium-containing compound as a catalvst.

Further, it has been known that a2 compound containing
&n elactron pzir donor element forms a complex in
coordination with a transition metal element such as a

chromium element. 1In the process for producing the

above-mentioned chromium-containing compound, a chromium



conventional nethods and as a result, have acconplished the pr
i nvention. The present invention provides a nethod for ollgon§ﬁﬁgﬁkﬁlgw6
a-ol efin by neans of a catalyst system conprising a chrom um conpound
having at |east one chromiumpyrrolyl bond and an al kyl al um num conpound,
wherein the a-olefin is contacted wth the chrom um conpound and the

al kyl al um num conpound w thout prelimgacily contacting the chrom um
compound to either the a-olefin or the al kyl al um num conpound, and/ or
wherein the al kyl al um num co oun J'M&]lﬂ?sed in an gngunt .of at |least 20 mmol
per g of theszht ARdR &FFFou Robe2chedi Ryt wat88cdnpanyi ng
drawing, Figure 1 is an IR ectru of the omder of chyom um conpound 0
obt ai ned i n CTRRMNFS (5 S [éiﬁﬁﬁ%?% ibﬁ/d?ﬂgrp?gggﬁ?tiﬁ%e tion will
be described in detail W|th reference to the preferred epbodi ments, The
chr oni um conpifd tfeotlE TR Mg HRCHUIRUTR y‘f‘?‘b?%fm%nﬁ“ BLEBETQReR2EF t he
present invention, t he, one whic cont a chromum atom and a
pyrrol yl gr dffiC%afd ﬁ%ﬂFr&ﬁRﬁ%nﬁﬂnc rhn bt |ﬁB?g§ﬁFET5PBUﬁ% 1ided it may
further contain ot[&é netal s...l.n the present |nVﬁnt| on, . such a chrom um

conmpound maytTh&ER5 r\‘?‘é:d'% it &85 O S hpda HstB‘Fr?@fa\:% B aups | A,
I1TA 111Bor IVB of t P rlodlc Taqﬁh]when sucE romum co pund is
prepared by EeQ <ﬂ? %19ﬁ94ﬂﬁ wgre i kb F%FroﬁyQ?b i de, as

descri bed he elnafter % the %) i nventio such a mxture is al so

i ncl uded i n 9H¥€* rﬁ%ﬁrﬁ%ﬁr f%ﬁr%ﬁ?ﬁﬁ}ﬁ§?rolyl bond. In
t he present S e%¥ro %g(y% é%é;é¥¥ga€hﬁﬂg#n am fgnpgyng gndlcates t he

fol |l owi ng eat m-Um conpoun on1un1conpoun% havi ng at | east
one Chro”‘“%ﬁoportlons. Further, according to the amount of an

alkylaluminum compound, the selectivity of l-hexene among
hexenes produced tends to change, which is believed to be
attributable to the coordinated electron pair conor
compound contained in the chromium compound.

The present inventors have conducted extensive
researches. to solve the above-mentioned problems of the
conventional methods and ds a result, have accomplished
the present invention.

The present invention provides a method for
oligomerizing an «—olefin by means of a catalyst system
comprising a chromium compound having at least one
chromium-pyrrolyl bond and an alkylaluminum compound,
wherein the o-olefin is contacted with the chromium
compound and the alkylaluminum compound without
preliminarily contacting the chromium compound to either
the «-olefin or the alkylaluminum compound, and/or
wherein the alkylaluminum compound is used in an amount

of at least 20 mmol per g of the chromium compound.



pyrrolyl bond, 2. a chrom um conpound prepared by the reaction of a
chromiumsalt with a conpound containing a pyrrolyl group in a8MARGEZPHoN
solvent. In the present invention, the chrom um conpound containing a
chrom um pyrrolyl bond, can be obtalned by reacting a chromumsalt and a
conpound containing a 8 MARCH 2006 - pyrrolyl group. Nanely, for exanple,
it can be obtained by reacting the éhﬁ%n1unlsalt with a conpound contai ni ng
a pyrrolyl group in an electron pair donor solvent. :are, the chrom um salt
may be representmd the taveorgamerialg fdoramilng ,Crm.gwdmrleiirs Xn dRan organic or
inorganic group, and nis an integer of from1l to 6, preferably 2 or 3,
provi ded t hajpesttenmnoifs tiver powiden ©f che oplimmaldompouaid X @y 2heedhénsane or
different. The organic group includes, for exanple, a hydrocarbon group, a
carbonyl groagplvan 8klkeoryagiownpExampdebéxyl group, a /3-di ketonate croup,
a g-ketocarboxylic group, a Q ketoester group and an am de group. The
carbon nunber ofNowhe thrgariesagrtoimveint ivsualilyl fhreomelsdro @@ iand t he

hydr ocarbon group includes, for exanple, an al kyl group, a cycl oal kyl
group, an amrdgkzaglowpthamedlekenaryltogtaep pared ear ear s&mopld imgmdasp. The

i norgani c group may, for exanple, be a halogen, nitrate, sulfate or oxide.
Preferably, theThehctmomiugaldonmpouadhaicinde i singh s oiomnme yeltlodrilde,
chrom c chloride, chronous brom de, chrom c brom de, chronous i odide,
chrom ¢ i odicdeg,choobheusstbudni dbeopreskngniiavienidonde mayabiei ¢thkeaphy
preferably chromous chloride or chromc chloride. Further, a conplex
conposed of wBich aocshrénsum salremann amO@I@@ﬁr@ntwawpleoHGpuDsuehdas an

et her conplex, an ester conplex, a ketone conplex, an al dehyde conpl ex, an

al cohol conpk¥xhave other organic or inorganic groups, and it may
further contain other metals. 1In the present invention,
such a2 chromium compound may be obtained as a mixture of
compounds of metals of Groups IA, IIA, IIIB or IVB of the
Periodic Table when such a chromium compound is prepared
by the reaction of a chromium salt with a metal
oyrrolids, as described hereinafter. In the praseat
invention, such a mixture is also includad in the
chromium compound containing a2 chromium-~-pyrrolvl bond.

In the present specification, a specific chromium

compound indicates the following each chromium compound,

1. a chromium compound having at least one chromium-
pyrrolyl bond,

2. a chromium compound prepared by the reaction of a
chromium salt with a compound containing a pyrrolyl
group in a hydrocarbon solvent.

In the present invention, the chromium compound

containing a chromium-pyrrolyl bond, can be obtained by

reacting a chromium salt and a compound containing a



an amne conplex, a nitrile conplex, a phosphine conplex or a thioether

conpl ex of a hal ogenated chromi um 8 MARCH 2006 - 6 specifical BYMARCH 2006

Cr Ce3. 3THF, Cr Ce3-3di oxane, CrCe3-(CH3CX2n- C4HI9), Cr Ce3- (CH3CORC2Hb),

CrC23-3(i-C3H/OH), CrCe3-3[ CH3(CH2) 3CH( C2H5) CH2OH], Cr Ce3- 3pyri di ne,

CrC13. 2(i -C3H/NH2) 1 [ Cr Ce3- 3MeCN] - MeCNs (MBCN = acetonitrile), C Ce3.3PPh3

(PPh3 = triphenyl phosohine), CrCe2. 2THF, CrCe2-2pyri di ne,

CrC12. 2[ (C2H5) 2NH) 21,  Cr Ce2- 2MeCN (MeCN = acetonitrile), C Ce2, 2[ P(CH3) 2Ph]

(Ph pheny! BFFE@RY! F&PUR so Mlehh .&98/BP L3 npé GinG2BoREaPRFAG 28 pyrr ol vl

group is the one derived frompyrrole or a pyrrole derivative. The pyrrole

derivati ve B¥nce3&L N %ﬂﬁﬁ@“’?,%%l‘di‘hh‘ttﬁy? p§PREPENA3CAFE HBERATI pyrrol e,

3, 4- dichloro%y[rﬂlq, 2,3,4,5-tetrachl oronyrrole, 2- forgzlpﬁlrole,

2- acetyl pyfr &Y€ “&nd 2 SF8HByr} k. & THe- F Lo ripdthd288PIFvERA-FEBRT pyrrol e

i ncl udes, for exanple, a netal yr%flide. The netal is selected from G oups
I

TA IA | By N PRIV helaY B§rFEPEESeRteC P8r theéxanpl e, be
l'ithiumpyrrolide, sodiumpyrfolide, . assium pyrrolide or cesium
pyrrol i de. SRS r,"-ori"}‘rgtae%‘%f Wrﬁp%t’eﬁ ﬂr‘%ﬂf-aé? PYriPeddRi@ pyrrole
derivative itself, “ﬁay al so be. enpl oyed. Jhe eiectron gai r. donor solvent may
be sel ect e &g 34 F dger:? Jd?(%%%e/,o‘p 5¥Rot uk® AmdPEEFEERPLBNEai ni ng
conpounds. The nitro -cantai ni.ng conpound may, fo exanple, be a nitrile,
an am ne offa 'aﬁrt?@q‘%édc#?at s‘btb%f 1 = 15P b g%é?oﬁli'tlt??gg&bﬁ?fﬂme,
di et hyl pyr.idine, i_met hyl f or mam de, - N-net hyl f or mani de, .ani line, 8 MARCH
2006 -7 5 oY, Do E N ATy 1A TE et hatpe Oreanid"grols

includes, for example, a hydrocarbon group, a carbonyl

group, an alkoxy group, a carboxyl group, a f-diketonate

group, a fB-ketocarboxylic group, a f-ketoester group and

an amide group. The carbon number of the organic group

is usually from 1 to 30, and the hydrocarbon group

Jo

ncludes, for example, an alkyl group, a cycloalikyl

¢roud, aa aryl group, an alkvlar

[
(el

¢group ané an aralkyl
¢roup. The inorganic group may, for example, be &
halocen, nitrate, sulfate or oxide. Preferably, the
chromium salt is a halide, such as chromous chloride,
cnromic chloride, chromous bromide, chromic bromide,
chromous iodide, chromic iodide, chromous fluoride or
chromic fluoride, particularly preferably chromous
chloride or chromic chloride. Further, a complex
composed of such a chromium salt and an electron pair
donor, such as an ether complex, an ester complex, a
ketone complex, an aldehyde complex, an alcohol complex,
an amine complex, a nitrile complex, a phosphine complex

or a thiocether complex of a halogenated chromium,



hexanet hyl di si| azane or pyrrolidone. The oxygen- contai ni ng cogpound qaﬁ
for exanple, be an ester, an ether, a ketone, an al cohol or ar® MARSH, 6and
may specifically be ethyl acetate, nethyl acetate, tetrahydrofuran,

di oxane, diethyl ether, dinmethoxyethane, diglyne, triglyne, acetone, nethyl
et hyl ketone, nethanol, ethanol or acetal dehyde. The phosphorus- contai ning
conpound may, for exanple, be hexanéiﬁ&thosphor am de,
hexanet hyl phosphorus triam de, triethyl phosphite, tributyl phosphi ne oxide
or triethykphosphicadlyTioe Ceyl BTEFGOoArdicyiAdiovapeundridy; (CELO gxanpl e, be
carbon disul fide, dinethylsulfoxide, tetranethylenesulfone, thiophene or

di met hyl sul €j%g) @m@ﬂﬂ-t¢K§deGy@gDmgCeC€gtBOh-ﬁgH;OEbnor solvents, ethers
are preferred. Anong them tetrahydrofuran, diethyl ether and

di met hoxyet Qafé, ad ECHp( €Hpy (IR C i) CAS OH JneCined yf pyreddneng the chromi um
salt and the netal pyrrolide in the electron pair donor solvent, the

chrom um saCtCapd2{ heCrB{RH, oy i@ Qe el Mt (MaCN opt i onal ratio and
react ed usual |y under atnospheric pressure preferably in the absence of an
oxygen nol eeakéonithéeledacCirCHd 4t 8BPEral BPE;mayt bephenphpbpspbiaé) | evel , but
the reaction is preferably conducted under reflux of the solvent. If
desired, theér€éac?2TBR,nflyCBe- 2pndidied, ufdEF,i 2 QLB Y M ilth ul trasonic
waves. The reaction tine is usually from30 mnutes to 48 hours. 8 MARCH
2006 - 8 Af€efZgoPpeeNi ¢MeGN rhacesavtitonlely- fr€dycR§P4FCE,) jRMbvERD by
filtration, and then an excess electron pair donor solvent is preferably
renoved. As=aPhenibdgteonp)remyi Bdschdeelemmlayedai r donor solvent, it is
possible to enploy a nethod of renmoving it under. reduced pressure or by
circul ating an FREr CogROUMA FoRHt 2ldHpdr & R 1y group is the one

derived from pyrrole or a pyrrole derivative. The
pyrrole derivative includes, for example, 2,5-
dimethylpyrrole, 3,4-dimethylpyrrole, 3,4-
dichloropyrrole, 2,3,4,5-tetrachloropyrrole, 2-
formylpyrrole, 2-acetylpyrrole and 2-acylpyrrole. The
compound derived from pyrrole includes, for example, a
metal pyrrolide. The metal is selected from Groups .IA,
IIA, IIIB and IVB. A preferred metal pyrrolide may, for
example, be lithium pyrrolide, sodium pyrrolide,
potassium pyrrolide or cesium pyrrolide. Further,
instead of such a metal pyrrolide, pyrrole or a pyrrole
derivative itself, may also be employed.

The electron pair donor solvent may be selected among
nitrogen-, oxygen-, phosphorus- and sulfur-containing
compounds. The nitrogen-containing compound may, for
example, be a nitrile, an amine or an amide and may
specifically be acetonitrile, pyridine, dimethylpyridine,

dimethylformamide, N-methylformamide, aniline,



ordinary tenperature, or a nethod wherein a solvent other than th g@ﬁ)éron
pai r donor solvent in which the chrom um conpound is insolubléﬁﬁﬁgc @ ,
and then the fornmed precipitate of the chrom um conpound is collected by
filtration and washed with the added solvent to renove the electron pair
donor solvent. As the solvent other than the electron pair donor solvent, a
linear or alicyclic saturated hydrocarbon such as pentane, hexane, heptane
or cycl ohexane, an aromatic hydrocarbdn such as benzene, toluene or xyl ene,
a linear chlorinated hydrocarbon such as chloroform nethylene chloride,

di chl or oet haveowent eheachbkoranbbapedienidoakiteidnat ed aronmatic hydrocarbon
such as chl orobenzene or dichl orobenzene, may, for exanple, be nentioned.

However, iheksmpteyedieflioarapboypgririonedoner. alihey diygersat urat ed
hydr ocar bon. Anot her nethod for obtaining the chrom um conmpound cont ai ni ng

at | east opéntdiebhgnceypoohyl mBondfbe keawmsad, ive tdre d¥E@sentap nvention, is
a nethod of reacting a chromumsalt and/or conplex soluble in a sol vent

other thaathége, ehekétonepaah dbBohosobtenln, aliddhy@dreind #aMARCH 2006 - 9
pyrrolide. As the solvent other than the electron pair donor solvent, the

one used f@%e&hﬁid&@lmyabeOéthbe aekeateqnmpally lde@t 04 yent as descri bed
above, may be enployed The chrom um salt and/or conplex soluble in the

sol vent ot betrahpdrbdberahectionapair dderdy 1s@tveit, HymetHouyexednd 2, be the
above-nenti oned conpl ex of a hal ogenated chrom um and an el ectron donor,
such as andieglfmee, conpgeymeanzesteneconmpltéyl @ Hhetlorke tommgpl ex, an al dehyde
conpl ex, an al cohol conplex, an am ne conplex, a nitrile conplex, a
phosphi ne sebpiealprebhahbbepheacetaldehyde. The phosphorus-

containing compound may, for example, be

hexamethylphosphor amide, hexamethylphosphorus triamide,

triethylphosphite, tributylphosphine oxide or

triethylphosphine. The sulfur-containing compound may,

for example, be carbon disulfide, dimethylsulfoxide,

tetramethylenesulfone, thiophene or dimethylsulfide.

Among the foregoing electron pair donor solvents, ethers

are preferred. Among them, tetrahydrofuran, diethyl

ether and dimethoxyethane are more preferred.

As a method for reactiné the chromium salt and the

metal pyrrolide in ;he electron pair donor solvent, the

chromium salt and the metal pyrrolide are mixed at an

optional ratio and reacted usually under atmospheric

pressure preferably in the absence of an oxygen molecule.

The reaction temperature may be at an optional level, but

the reaction is preferably conducted under reflux of the

solvent. If desired, the reaction may be conducted under

irradiation with ultrasonic waves. The reaction time is

usually from 30 minutes to 48 hours.



conpl ex of a hal ogenated chrom um specifically CC?3.3THF, CrCe3. 3di oxane,
Cr C13_(CH3CO2n- C4H.), COrCe3-(CH3CORC2H5), CrCe3.3(i-C3H70H), 8MARCH 2006
Cr Ce3- 3[ CH3( CH2) 3CH( C2H5) CH2OH], CrCe3. 3pyridine, CC?3.2(i-C3H/NH),

[ Cr Ce3- 3MeCN| MeCN (MeCN = acetonitrile), C Ce3.3PPh3 (PPh3 =

tri phenyl phosphine), CrCe2.2THF, CrCe2.2pyridine, CrC?2-2[(C2H5) 2NH]

CrCe2. 2MeCN (MeCN = acetonitrile) or Ce2-2[ P(CH3) 2Ph]  (Ph = phenyl
group). Further, it may be a chronmi um¥- di ketonate, a chrom um carboxyl at e,
a chrom um carbonyl conplex, various cycl opentadi enyl conpl exes of
chromium a chfvetrugeabkgkicanpliexher raacttiom,umpypipeeductsngirex,
specifically C[CH3000H=C(O )CH3]3, Cr(CH3(CH2)3CH(C2H5)C2]3, Cr(C0)6

CpCr Ce2 (Gemevsd|pehidtrahybngr eng) the@pa@r EECEBE2el€p'tron pair

pent anet hyl cycl opent adi enyl group), (CH3)2CrCe or 8 MARCH 2006 - 10

Cr PhCe2THRnoAssal vet hodls f prefeaebilyg relovebr onPemas slett hadd£or conpl ex and
the metal pyrrolide in the solvent other than the electron pair donor

sol vent, tdemahrogi theselechndhopaicodpinex andvehs métalispposslibde are ni xed
at an optional ratio and reacted usually under atnospheric pressure

pref er abl yta renphkonbsemethofl afi orygendngoliécuhderl freddesidr edestheer eacti on
may be conducted under irradiation wth ultrasonic waves. The reaction

t enper at urar iy bercatabingvah finemt- ge8Catohihb hbeimbemgtpoenbroétt he

sol vent dependi ng upon the types of the chromumsalt and/or conplex and
the netal Qydimatyietemperatucei-onr & methoduwbareynf rposol@entnatberto 48
hours. After conpletion of the reaction, by-products may be renoved by
filtrati orthapvidvereleftrent P3déhdparsyaPrlvenfeineadiicbntpeoduct may be used

directly for the o .
chromium compound is insoluble, is added, and then the

formed precipitate of the chromium compound is collected
by filtration and washed with the added solvent to remove
the electron pair donor solvent. As the solvent other
than the electron pair donor solvent, a linear or
alicvclic saturated hydrocarbon such as pentane, hexane,
‘heptane or cyclohexane, an aromatic hydrocarbon such as
benzene, toluene or xylene, a linear chlorinated
hydrocarbon such as chloroform, methylene chloride,
dichloroethane or tetrachloroethane, or a chlorinated
aromatic hydrocarbon such as chlorobenzene or
dichlorobenzene, may, for example, be mentioned.
However, it is preferred to employ a linear or alicyclic
saturated hydrocarbon.

Another method for obtaining the chromium compound
containing at least one chromium-pyrrolyl bond to be used
in the present invention, is a method of reacting a
chromium salt and/or complex soluble in a solvent other

than the electron pair donor solvent, with a metal



ol i goneri zation reaction of an a-olefin. Further, wthout renoving the

sol vent, the reaction product may be supplied directly for the 8 MARCH 2006
ol i goneri zation reaction of an a-olefin. Wien the reaction solvent is to be
renoved, it may be distilled off under reduced pressure or by circulating
an inert gas at a high tenperature or an ordinary tenperature, or a solvent
in which the formed chrom um conpound is insoluble, is added, and then the
precipitate containing the chrom um cenpound is collected by filtration and
washed with the added solvent to renove the reaction solvent. 8 MARCH 2006 -
11 Anot her net.hod for_ obt.aini a specific .chrom um _conpound,. which

cat al yzes BHE 13 ‘rrerpl‘%attr?%rlscgfﬂ’e&‘-t cﬁéﬁ%,“}faﬂt? gl %&‘F‘flgg?%y?%hre, in the
present inyention, is that the reactjon of .a chromumsalt with a conpound
cont ai ni ngd APy rFHYA yr &]’be i%“%oqﬁﬁiict F IS ’?ﬁf‘b‘?‘b%g]r%‘onth%ol vent as the
sol vent other than the electron pair, donor _solvent. In this nethod, the
chromi um coffSUhTl Bt HEOF et Bt 1t a8 JAF ViRT A 2R2Ye i TR URe adopt i ng t he
above- nentianed gunbersone isolation operation conpared when the reaction
of a chrorfi %ﬁﬂéithh a netal pyrrolide is conducted in an electron pair

d . W - olefi t I t hyl is.olj i zed
(2T S n L et S SR LRV "
ossible to . i n.hexenes | | sel ectivi 0 - hexene. Besi des,
Fo-sorts PSRRI LR g o S el i H o
u u u : Vi - X i
resul ti né f:‘;jlloe&eer%(ea;ill{gcl'éeri'mbbee nrk%?éntaaqoﬁged-%ftqité‘&}ﬁd;hc?“? %?’.‘ ’?1 T he pr esent

nvent i o, Jtod % A33PN A Pttt 1 KVAIR WB.ESFPOURSh cgptgh ns both
ether complex, an ester complex, a ketone complex, an
aldehyde complex, an alcohol complex, an amine complex, a
nitrile complex, a phosphine complex or a thioether
complex of a halogenated chromium, specifically
CrC#,-3THF, CrC€3-3dioxane, CrCé4- (CH3CO0,n-C Hyg) ,
CrCé,- (CH4C0,C,Hs), CrCey-3(i-C4H,0H),
CrC€3-3[CH3(CH2)3CH(C2H5)CH20H], CrCé,-3pyridine,
CrCeé4-2(i-C4H,NH,), [CrCe;-3MeCN]-MeCN (MeCN =
acetonitrile), CrC¢,-3PPh; (PPhy = triphenylphosphine),
CrCe¢,-2THF, CrCé,-2pyridine, CrC¢,-2[(C,Hg),NH],
CrCé,-2MeCN (MeCN = acetonitrile) or CrC€2-2[P(CH3)2Ph]
(Ph = phenyl group). Further, it may be a chromium g-
diketonate, a chromium carboxylate, a chromium-carbonyl
complex, various cyclopentadienyl complexes of chromium,
a chromium-alkyl complex or a chromium—-phenyl complex,
specifically Cr[CH3COCH=C(O-)CH3]3,
Cr(CH;(CH;)3CH(C,H:)CO,]4, Cr(CO)q, CDCICe, (Cp
=cyclopentadienyl group), (Cp CrCéCH,}, (Cp” =

pentamethylcyclopentadienyl group), (CH,),CrCe¢ or



pyrrolyl group. The chrom um conpound prepared by the reaction of a
chromumsalt with a conpound containing a pyrrolyl group in a8 MARGCHZ00ON
sol vent may be obtained as a m xture of chrom umatom a pyrrolyl group,

ot her organic or inorganic groups, and/or netals of IA IIA |1IB, or |IVB
of the Periodic Table. Such a mxture is 8 MARCH 2006 - 12 also included in
the chrom um conpound in the presem 10 nvention. The chrom um conpound can -
be obtained by reacting a chromumsalt and a conpound containing a
pyrrolyl @ir@wes. i-Ag@d_hydrocarbon solvent. in detail, when the chrom um salt
and the conpoun& coﬁtaining a pyrrolyl group are reacted in the

hydrocarbon sqlsventme th63Chpenmreatsahy ktRePERFBRADMY sa3@l Bhkgoi-n the
hydr ocar bon sol vent. As such a conpound, a chrom um/3-diketonate, a

chrom um ¢ampeed airfd ©he GhE©8L UBY £ Bokebecanbexy! abeveatChEqEEURKARAT de
conpl ex, a chrom um carbonyl conpl ex, various cycl opentadi enyl conpl exes

of chrom wHe 21&WBAMa KydoseAPEEXvERt tBET BAt VA ReBXh ccopplex may, for
exanpl e, be nentioned. Particularly preferred is a chrom um Q di ketonate, a

chrom um campew alfl Ofh& KEEQN pot Fbikebosaebaxykat a+ albpgrspgsifically,
it my, for exanple, be Cr(CO6, CpCrCe2 (Cp =cycl opentadi enyl group),

(Cp” Cr CCH3R2 1CRnd =cé@@té@n@swyiyy@b@@ena@ﬂbggub r4eopPessEEB) 2Cr Ce,
chromium (I11) acetylacetonate, chromium (II1) 2,2,6,6-

t et r anet hyred eaaltapt aiedt p@ad s e fbe OFE Uah (bkyyer- metBYLexangate, chromi um
(1) naphthenate, chromum (l111) nmethyl acetoacetate, or chromum (I1)

bi s(tri medeglisieldy| )tare deeafsidbhembydbecashéictedventeraibydaneaidan conpound
and a hal ogenat ed hydrocarbon conpound may, for exanple,

with ultrasonic waves. The reaction temperature may be

at a level from -100°C to the boiling point of the

solvent depending upon the types of the chromium salt

and/or complex and the metal pyrrolide. The reaction

time 1s usually from 30 minutes to 48 hours.

After completion of the reaction, by-products may be
removed by filtration. However, without such removal,
the reaction product méy be used directly for the
oligdmerization reaétion of an «-olefin. Further,
without removing the solvent, the reaction product may be
supplied directly for the oligomerization reaction of an
e~olefin. When the reaction solvent is to be removed, it
may be distilled off under reduced pressure or by
circulating an inert gas at a high temperature or an
ordinary temperature, or a solvent in which the formed
chromium compound is insoluble, is added, and then the
precipitate containing the chromium compound is collected

by filtration and washed with the added solvent to remove

the reaction solvent.



be nentioned as typical exanples. Mre specifically, it 8 MARCH 2006 - 13
~includes, for exanple, aliphatic and alicyclic hydrocarbon conpMARISH 204sh
as n- hexane, cycl ohexane, n- heptane and n-octane, aliphatic and alicyclic
unsat urated hydrocarbon conpounds such as 1-hexene, cycl ohexene and

cycl ooctene, aromatic hydrocarbon conpounds such as toluene, benzene and
xyl ene, and hal ogenat ed hydrocar bon -cpnpounds such as carbon tetrachl ori de,
chl orof orm nethylene chl oride, chl orobenzene and di chl orobenzene. Anobng

t hem aliphatic | cli ar.o drocarbons are preferred. The
conpound contalnlng %gpy E%? fSrognglﬂlgﬁeﬁplQFcﬁdléécpﬁ%m§§%% descri bed

her el nbef or g, p@&rgq ryrﬁmp&fggtgg%agnghghsﬁlgw@rq@a g, 3pd Lhe  compound

contalnlng group such“as™ a ol in-thé hydr ocar bon

solvent . the chvpmaun eallyap0d bbgyemmOURd SAN 3lagcR iRkErelly o oup

such as a are’m xe an opti onal io an react ed
usual Iy undeg HAOSET L &2 L ESFUGE Qféﬂ?%*%?g%ﬁ K0y %tﬁbae%ﬁog N oxygen

rd
mol ecul e. THe Feaction %enpera ture may a‘Tevel of “front-100C to the

bol |1 ng POl a0l iy o %ﬁpéoﬁggeg%agl H0OBoRRACEAS I %% dEEA AT 57!

and/ or conp &x-End oun ontainrng a pyrro e5|red

the reactiog, J‘@r}'tbaeslctﬁ{‘ém&éfg 8£he£r@gsﬁt gagowe'&tm] g%ﬁ@' Goi The

reaction tinme 1S usua fron1 m nut es conple |on of

the reacti ofy) s o t%ggyxpg hoB ETEHEdeRY ol L Aok %Bunﬁurcakh% gchrom um

conpound may obtar né y renovi e solvent fromthe

reaction pﬁ%ﬁeaﬂﬂfm%tgééavywydseesnbwleae%cta%pﬁ%t;h%e above-
mentioned cumbersome isolation operation compared when
the reaction of a chromium salt with a metal pyrrolide is
conducted in an electron pair donor one. When &n e-
olefin, particularly ethylene, is oligomerized on using
such 2 chromium compound prepared in a hydrocarbon
solvent, it is possible to obtain hexenes having a high
selectivity of l-hexene. Besides, in spite of the change
in the reaction conditions such that the amount of the
glkylaluminum compound is reduced, the selectivity of 1-
hexene in the resulting hexenes can be maintained at a
high level.

In the present invention, it is essential that such a
chromium compound contains both chromium atom and
pyrrolyl group. The chromium compound prepared by the
reaction of a chromium salt with a compound containing a
pyrrolyl group in a hydrocarbon solvent may be obtained
as a mixture of chromium atom, a pyrrolyl group, other
organic or inorganic groups, and/or metals of IA, IIA,

IIIB, or IVB of the Periodic Table. Such a mixture is



wi t hout renoval of the solvent, the reaction product may directly be used
for the oligonerization reaction of an a-olefin. As a nethod f8MAaRGHNG
the reaction solvent or the washing solution, it is possible to enploy a
met hod wherein the solvent for the washing solution is distilled off under
reduced pressure or by circulating an inert gas at a high tenperature or at
roomtenperature,. or a nethod wherein, after conpletion of the reaction,
the product is left to stand still, followed by filtration or renoval of
the supernatant, then the residue is washed preferably with a hydrocarbon
conmpound wHlse herclwied bt | ting potenisnchomgonndekanthe Apresenknovi ng t he
washi ng sol ution, the chrom um conpound is obtained. In the present

i nvention, ¥kershHe@ific chromi um conpounds can be used as supported on a
carrier such as_an inorganic oxide. However, in such a case, the anmount of
pol yner fornmed TeadshreniwareaspouFiefanobe, obtaigedpbyf spabkyngsad sinply
in conbination with the al kyl al um num conpound w t hout enpl oyi ng such an
oper ati on. QEFAMIUM sHTbE cﬁfﬁé 2 oCoRRowRE heenbRinheg prp¥ERelYAvVencuDdn, high
catalytic activities can be obtained w thout enploying a cunbersone
operation ofnh ZUppFAGHPDN LB RFer. Further, the nmethod is free from
such a problemthat the total anmount of the catalyst used (the total anount
of the carrier BhodewikthrenetintBe MAREPMPODGSalt5angathryspmaAUnEhe

al kyl al um num conpound) is increased by the use of the carrier. In the
present i nHtEHNiRhR BY Gyl 23X PR dFe afea@tdfieiPnth® conducted by the
conbi nation of the specific chrom um conpound thus obtained, with an

al kyl al umi M#AT ARRRAMEC TR Gt ki GRF FBRR o?pblindSi BIBFRFRPEBI y an

aIkyIaIuMIEgEégggx§Hu¥ég g;ﬁ%éé&égg%ngoigégy!a:As such a compound,
a chromium fg-diketonate, a chromium carbdxylate, a
chromium fB-ketocarboxylate, a chromium-amide complex, a
chromium-carbonyl complex, various cyclopentadienyl
complexes of chromium, a chromium-alkyl complex or a
- chromium-phenyl complexbmay,'for example, be mentioned.
Particularly preferred is a chromium f-diketonate, 2
chromium-carboxylate or a chromium fg-ketocarboxylate.
More specifically, it may, for example, be Cr(CO)g,
CoCrC¢, (Cp =cyclopentadiényl'group), (Cp'CrC€CH3)2 (Cp'
= pentamethylcyclopentadienyl group), (CH;),CrCe, |
chromium (IIIj acetylacetonate, chromium (III) 2,2,6,6-
tetramethyl-3,5-heptanedionate, chromium (III) 2-
ethylhexanoate, chromium (III) naphthenate, chromium
(III) methyl acetoacetate, or chromium (II)
bis(trimethylsilyl)amide.

As the hydrocarbon solvent, a hydrocarbon compound

and a2 halogenated hydrocarbon compound may, for example,

be mentioned as typical examples. More specifically, it



RimAe(OR2),, HpXqg (1) wherein each of Rl and R2 which nmay be the sane or
different, is a C-,,, preferably d-,, hydrocarbon group, X i$MAREH:HEH
atom 0<nx3, 0<n<3, 0<~<3, 0<g<3, and mtn+p+q=3. For exanple, al kyl al unm num
conmpounds of the following formulas (2) to (7) may be nentioned: a

trial kyl al um num conpound of the fornmula: R13AQ (2) wherein Rl is as

defi ned above.; a hal ogenated al kyl al W8 rum conpound of the fornmul a:
RImMAQX3_m (3) wherein RL and X are as defined above, and 1.5<nx3; an

| k | kyl: j f_t f : 4) wh i R1
al koxya ylﬂag;ﬁed%ﬁ%ae fsesla{g'yipge?na?lg\gégﬁgié_m() erein

and R2 are as ove, and 0<n¥3, era .B<nNK3; an

al kyl al U s dyclis, SOTRONADTsdde JOTUb s RITLBL g Lol auhesei n Rl s

as defined above, and 0<n¥3, prefer y 1.5<nx 6 - 16 an

al um noxangcafe e L Tl JR2ASLOARIIONER 21 (B): e Qe MERLade 1 | Lhe

formulas (6 Rl i1s as d above, and s an 1nteger of fromO

L1 ot hyl a1 CGRaee o] AR TER O ' d TS Gt R SR or T g

di et hyl al urd puyrgRidaged de r f ALY IR HB B EY i fSounds such as
toluene, benzene and xylene, and halogenated hydrocarbon
compounds such as carbon tetrachloride, chloroform,
methylene chloride, chlorobenzene and dichlorobenzene.
Among them, aliphatic, alicyclic and aromatic
hydrocarbons are preferred.

The compound containing a pyrrolyl group is
exemplified as the same described hereinbefore.

As a method for reacting the ch;omium salt and the
compound containing a pyrrolyl group such as a metal
pyrrolide in the hydrocarbon solvent, the chromium salt
and the compound containing a pyrrolyl group sucn as a
metal pyrrolide are mixed at an optional ratio znd
reacted usually under atmospheric pressure preferably in
the absence of an oxygen molecule. The reaction
temperature may be at a level of from -100°C to the
boiling point of the solvent depending upon the types of
the chromium salt and/or complex and the compound
containing a pyrrolyl group. I desiréd, the reaction
may be conducted under irradiation with ultrasonic waves.
The reaction time is usually from 30 minutes to 48 hours.

After completion of the reaction, by-products may be

removed by filtration, but the chromium compound may be



met hyl al um noxane and i sobutyl al um noxane may, for exanple, be nentioned.
Among them a trialkylalumnumis preferred, since only a snall| 8aViARGH 2006
pol ymer formed as by-product. To conduct the oligonerization using the
specific chrom um conpound obtained by the reaction in a hydrocarbon
sol vent, the anount of the al kylal um num conpound to be used per g of the
chrom um conpound is at least 0.1 mmol, but preferably nore than 5 mmol, so
that the catalytic activities and tﬁé3§bréctivity for the trimer will be
i nproved. The nethod for producing the chrom um conpound in a hydrocarbon
sol vent has ebteindd iby témdvisgcompasellvehthitbra casereheréoa chrom um
conpound produced in an electron pair donor solvent is enployed, the
amount of theradkyt ab ivhowtn cempoimg $ochebusedoduytshe Fuakha-zand yet the
selectivity of the resulting 1- hexene anong hexenes produced will not
decrease. 8 WMARGL200Emevdl of nthéiesplesen] theenkikenionhherebhgomrei,zation
reaction is conducted usually by using a solvent. As such a solvent, a
| i near or aldiyedily sow wstk@dfohydhiocal bgomenthagsohutranesipanbangn hexane,
hept ane, octane, cycl ohexane, nethylcycl ohexane or decalin, an aromatic
hydr ocar bon stshe Zisn benzene, mé ohaknin r xyémoeinget hgl beazenenogot etral in, a
chai n chlorinated hydrocarbon such as chloroform nethylene chloride,
di chl or oet hatie, thé rizdh bngpesbhuoeion, t £t r ashposetébhaneo emptbloki nat ed
aromati ¢ hydrocarbon such as chl orobenzene or dichl orobenzene, may, for
exanpl e, be msetbd Aoaige imesee solwemt sSfon thaeaasaingl soyckionsasur at ed
hydrocarbon is preferred. Further, the a-olefin as the starting naterial
for the reacdisnille®ldff under ccededed ptéssureham bgechmicnlatangi ag
material for reaction, may be used

inert gas at a2 high temperature or at room temparature,

or a2 method wherein after completion of the reaction, the
product is left to stand still, followed by filtration or
removal of the supernatant, then the residue is washed
preferably with a hydrocarbon compound which has low

ooil

[

ng peint such as n-hexans. £ter removing th

(]

washing solution, the chromium compound is obtzined.

In the present invention, the specific chromiun
compounds can be used as supported on & carrier such as
an inorganic oxide. However, in such a case, the amount
of polymer formed tends to increase. Therefore, it is -
preferably used simply in combination with the
alkylaluminum compound without employving such an
operation. Namely, according to the method of the
present invention, high catalytic activities can be
obtained without employing a cumbersome operation of
supporting on a carrier. Further, the method is free
from such a problem that the total amount of the catalyst

used (the totél amount of the carrier and the chromium



as to solvent. As such an c-olefin, to one having from 4 to 30 carbon atons
may be enpl oyed, but the one which is liquid at room tenperat uB&AREH 2006
particularly preferred. In a case where the oligonerization of an c-olefin
is conducted by specifying the contacting nmethod of the <catalyst and the
anount of the al kyl al um num conpound to be used, it is preferred to use an
alicyclic hydrocarbon anong these solMents, since high catalytic activities
can thereby be obtained. Further, in a case where the oligonerization

reaction i scoonopet esh by peestkiy Dhngnt Aem SORHBLMEYL iigniatrbhgeghppm um
conpound, it is preferred to use a chain saturated hydrocarbon such as

but ane, 8 MARCHZDOHr -+HS8 cpeptiape, hexane, heptane or octane. The a-olefin
as the starting nmaterial to be used in the present invention, is a

substituted or Hﬂsﬂbét%i—ékéﬁt anokfatiAnhavhegohiedm rie a30 opaklzoanat ons.
Specific exanples include ethylene, propylene, I-butene, 1- pentene,

1-hexene, l;Qoteéfieh 5 NESAThcte®UbENEn@NEorbi ABEABh- bfPeAkeRgecThecpresent
invention is particularly suitable for the oligonerization of ethylene,

whereby 1- dfpdiiau® domsbersi YeRLY He-obiadpeditn aaodlx'g%q!umi'h@mt enperature
for the oligonerization reaction is wusually fromO to 250C, preferably from

0 to 150C, @mpodrte. prﬂséuaek%ﬁay@uahdny toBbahADSEheEe€cPEBESUER t O 250
kg/cn2, but it may sufficiently be not nore than 100 kg/cnR. The retention

time is usudAldylaflidtidum comgéund of rewe 1f01 holent0£30mboEES, preferably
fromO0.5 to 6 hours. The reaction may be conducted by a batch system a
seni-pont!nuousaﬁ&%ﬁ«nn%;kH%xgont!nuous systeql)The apparatus for the
reaction is not particularlFy°limted. For exanple, a tubular reactor or an
agitation twirdcditpeeach of R! and R? which may be the same or
| different, is a C;_,45, preferably C; g, hydrocarbon group,
X is a halogen atom, 0<m;3, 0;n<3, 0;p<3, 0§q<3, and
m+n+p+tg=3. For example, alkylaluminum compounds of the
following formulas (2) to (7) may be mentioned:
a trialkylaluminum compound of the formula:
R1jA¢ (2)
wherein R! is as defined above;
a halogenated alkylaluminum compound oi the formula:
R AeX,_ ’ (3)
wherein R! and X are as defined above, and 1.52m<3;
an alkoxyalkylaluminum compound of the formula:
R _A¢(ORZ),__ (4)
wherein R! and R? are as defined above, and 0<m<3,
preferably 1.5<m<3;
an alkylaluminum hydride compound of the formula:
R ACHy_ (5)
wherein R! is as defined above, and 0<m<3, preferably

1.5<m<3;



r eact or may be enployed. In the present invention, it is necessary either to
-contact the a-olefin to the chronmi um conpound having at |east HSMARCH 2006
chromi um pyrrolyl bond and the al kyl al um num conpound w thout prelimnarily
contacting the chrom um conpound to the a-olefin and the al kyl al um num
conpound, or to use the al kylal um num conpound in an anount at 8 MARCH 2006
- 19 least 20 mmol per g of the ch+opgum conpound. However, when both of

t he above conditions are satisfied, the |argest effects can be obtained

W th respect tg_t talytic activities. and the selectivity for triner.
Waen t he abovegﬂegiﬁgggax %ﬁtggt%hﬁ GRFAB43°s  enpl oyed, the amount of the
above al kyl al ug o) 1to be used against the chrom um conpound
havi ng at IeasglggagiggyﬁﬁQﬁ%wbyrroIyI bond?ﬁgy 5¢ at any level so long as
it is at |east 5 mml per g of the chrom um conpound or at |east 25 mol

per g of chrdmiumnetall As a specific contacting nethod, the reaction of
bat ch systemlcag,he_cadnducted by a met hod yein the al kyl al um num
conmpound is pﬁe*eﬁﬂ*?n a solvent, and the chrom um conpound and the
a-olefin are singltaneously i ntroduced thereto, or a mnethod wherein
firstly, the c-olefin and the al kylal um num conpound are contacted, and
then the chronju o] IS (=Rt u t her et.o., . The ti f

cont i nuous sys?én?%gngggHggﬁ uéfgdggg ggﬂét odgkhgfepgblﬁﬁg Fggggdtive
component s, 4 en SLOPL L enk gkRCoECRELAT o S 881! %3R4 LBdeRaRIqRELL of a
met hod wherein the respective conponents are stpplied and transported to a
reactor thipuONsged; tPERESyCORRERLEAyL 1 LRACALAACk e k1 ulih ok 1O
realize the sane contactlng state as’in the above-nentioned nethod for

_bat ch S%/_St &R i Lbgety i BeumsAGA, t BOBEn QR 2l DRI RLASBRL oirRweNt i on, the

i nteraction :

diethylaluminum ethoxide, diethylaluminum hydride,

methylaluminoxane and isobutylaluminoxane may, for
example, be mentioned. Among them, a trialkylaluminum is
oreferred, since only a small amount of polymer formed &s
by-product.

To conduct the oligomerization using the specific
chromium compound obtained by the reaction in a
nydrocarbon solvent, the amount of the alkylaluminum
compound to be used per g of the chromium compound is at
least 0.1 mmol, but preferably more than 5 mmol, so that
the catalytic activities and the éelectivity for the
trimer will be improved. The method for producing the
chromium compound in a hydrocarbon solvent has a merit in
that as compared with the case where a chromium compound
produced in an electron pair-donor solvent is employed,
the amount of the alkylaluminum compound to be used may
be small, and yet the selectivity of the resulting 1l-

hexene among hexenes produced will not decrease.



bet ween the al kyl al um num conpound and the a-olefinis so snmall that the

above-nenti oned various contacting nethods 8 MARCH 2006 -
regarded as substantially the same nethod. In the present invention,

t he

state of "without prelimnarily contacting” is acconplished by the above

contacting nmethod at the initiation of the reaction. Further, for the

addi ti onal
reacti on,

substant i aly JaR@RE BN cd iR L URMIF HAF

supply of the reaction suBgtrate and the catal yst during the
the supply nmethod is not particularly limted so |ong as the sane

contacting statmg ivhAqePddshad, Mdihd e tof pcbherifgshsetive materials
to be supplied afresh.” By enpl oyi ng the above cohtacting nethod, a

20 cHMARCH 20006

|didd es sy effect of e.g.

t
suppressing formation of polymers, can” be obtaihed. In the catal yst system

of the preseilh o RWARLIAN, A 15G16Nt5 S Ul R CANON&Nta faf med by the

reaction of the specific chromum conpound "and the al kyl al um num conpound

|5 consi dered pahaus AldIUEH AN Aditdles ndiads, QA dered that when

the a-olefi'nis contacted to the specific chrom um conpoun

al kyl al um @e@a%@m%aﬁémg, ARy ide x &Nt Aetd ik Hie, specific
|

chroniun1conpound ther the a-olefin or the al kylal um num conpound,

resul ting

a-olefin present, and the anount of the active species Ww Il 1ncrease.

t he ot her

2248 SRR R AR S AR 2 bdiz éhd), ORI datipnpf, the
Rang1beheR i e R-@@fdind,s a coiactan &f 104« LOHwd M dde

nd t he

On

t he

speci fic chrom um conpound to the al kylal um num conmpound 7i n t he absence of

the a- ol efgyrn bRe CARIHYE Fm

21 the above reason, and reduction of the chr om um conpound

trichloroethane or tetrachloroethane, or chlorinzated

aromatic hydrocarbon such as chlorobenzene or

Cichlorobenzene, may, for example, be used. Among these
solvents, a linear or alicyclic saturated hydrocarbon is
preferred. Further, the ¢-olefin as the starting

material for the reaction itself, or an ¢-olefin other

m
v

or rsaction, may be used

n

than the main starting material

[{]

és the solvent. As such an c¢-olefin, the one having from
¢ to 30 carbon atoms may be employed, but the one which
is liguid at room temperature, is particularly preferred.
In a case where the oligomerization of an ¢-olefin is
conducted by specifying the contacting method of the
catalyst and the amount of the alkylaluminum compound to
be used, it is preferred to use an alicyclic hydrocarbon
among these solvents, since high catalvtic activities can
thereby be obtained. Further, in a case where the
oligomerization reaction is conducted bv prescribing the

concentration of the chromium compound, it is preferred

to use a chain saturated hydrocarbon such as butane,

t ke EAlierR WG Ed decd rasrsr JadhahdVARCH 2006 -



proceeds beyond a proper reduction degree before initiation of the

ol i goneri zation reaction upon contact of the a-olefin, which &MARSH MPaq
to be factors for deterioration of the catalytic activities. The catal ytic
activities deteriorate also in a case where the chrom um conpound and the
a-olefin are prelimnarily contacted and then the al kyl al um num conpound is
contacted thereto. In this case, it +sigonsidered that the chrom um
conpound becones to be hardly sol uble, when reacted with the al kyl al um num

conpound, by eljmnary n with . the a-olefin. Even in a case
where the aﬂ%%gg%ﬁ%ta% *%geheﬁggégﬁé °hoPC&RBFoyed, fairly high

o 90Er 2110 2ckiyiyLeettd ogel i YLt 10" Ll can B Qs ner oY

adj usting the amounf al um € chrom um

conpound to éh%egfgsgﬁta{n¢§géiogo gPDL Bgésgightg eorcﬁkgg%#gg%%g% ugdof

having at |eas ne Cchfom um pyrr ol bond~or "at" Teast

chroniun1netQggﬁégﬁﬁﬁgégggofi%ﬁe§s£o390 Fbgngq?ﬁé‘th%D%gﬁggkrﬂg conpound

or at least ¥ per g romum metal . | anoant

aIkyIaIqunggéﬁgqggugﬁéfuégsgtﬁ 20 egoggﬁg&lggﬁéglg%ukggﬁchﬁqniun1conpound

having at |eas one chromumpytroly cfivity dr trinmer and

catalytic acldylddes 1ankdeberl ot Ry, | SChEARLRAILRG AHAALAOY ! he

al kyl al um num  conpoun 0 e chrom um conpoun the solubiTity of the 8

MARCH 2006 - ' ' i ; ,
nééh fimé#%ﬁﬁ%&pnpoﬁﬂg b?eQéﬁ@DERGen%@%ﬁyﬁﬁt%E?gQEuQar‘?'Ve

speci es increases ] bé!ieved“;o_t_e reason It possibl'e to
obtain fairly, hgho!igomess zanggaﬁém%génaa@ E%lt‘n?citein\é',t ghfe%bfyr her even

when the above-nentioned contacting ne is not énployed. There 1is no
particul ar nestddeLtdon H814Ot 191 YPPET obt Al heBOkn good yield.

The temperature for the oligomerization reaction is
usually from 0 to 250°C, preferably from 0 to 150°C, and
the pressure is usually from atmospheric pressure to 250
kg/cm?, but it may sufficiently be not more than 100
kg/cm?. The retention time is usually within a range of
from 1 minute to 20 hours, preferably from 0.5 to 6
hours.

The reaction may be conducted by a batcnh system, a
semi-continuous system or a continuous system. The
apparatus for the reaction is not particularly limited.
For example, a tubular reactor or an agitation tank type
reactor may be employed.

In the present invention, it is necessary either to
contact the e¢-olefin to the chromium compound having at
least one chromium-pyrrolyl bond and the alkylaluminum
compound without preliminarily contacting the chromium

compound to the a-olefin and the alkylaluminum compound,

or to use the alkylaluminum compound in an amount at



t he amount of the al kyl al um num conpound. However, if the al kyl al um num
conpound is used unnecessarily in a large anount, the yield of 8iVWeREGHAEUct
per the al kyl al um num conpound decreases. The upper |imt of the anmount of
t he al kyl al um num conpound is preferably 1000 mmol per g of the chrom um
conpound having at |east one chrom umpyrrolyl bond or 5000 mmol per g of
chromum netal, nore preferably 500Q . per g of the chrom um conpound or
2500 nmol per g of chromumnetal. Onthe other hand, the contacting nethod
and/or the anount of an al kyl al um num conpound added jn the

ol i goneri zagéast F0 amce e % ¢ EHRe Preiim | ¢RARAYMh  HEMSHAL e
particularly restricted by using the catalyst systemwhich is conprised
from the chrten BRtSoFoite ARVFAreRN YL 1S rdR 13V F1 8 cHf¥i um sal't with
a conpound containing a pyrrolyl group in a hydrocarbon saolvent. However,
when bot h dfargieehker RS tearad RtREF LIt ol EERRSFE t1R Sde anount of an
al kyl al um num conpound stated before are/is enployed in the oligonerization
of an a- ol ERAtALNkeC RS titYe DR R poteRr 16l $oriRAd §HiRe hydr ocar bon
solvent, the activity 8 MARCH 2006, - 2 and the selectivity for trinmer can
tend to increadl ?“(QEQﬁqgﬂY%FWﬁﬂﬁ+%m% FRPb?rbbrDreejhadel$ eason why the

i ncreasenent of the activity and the selectivity for triner is considered
to be the SERECHELer damﬁﬁﬂﬁrﬂﬁﬁéﬁ%aaﬁ?¥5 Yt Puly iR FomB Y hr o um

s Usual |y Hr B B3ECIASRI ety e 9 SRR (T PRah AN B oY 11 om
0,02, OgheSeLoBIATAPIRA Bl o, o U S Yol RS SIEPl g oM 1
| it is at least 5 mmol per g of the chromium compound or
at least 25 mmol per g of chromium metal. As a specific
contacting method, the reaction of batch system can be
conducted by a method wherein the alkylaluminum compound
is present in a solvent, and the chromium compound and
the ec-o0lefin are simultaneously introduced thereto, or a
method wherein firstly, the c¢-olefin and the
glkylaluminum compound are contacted, and thnen the
chromium compound is introduced thereto. The reaction of
continuous system can be conducted by a2 method wherein
the respective components are supplied to the reactor
directly and independently, or a method wherein the
respective components are supplied and transported to a
reactor through e.g. pipes connected to the reactor, in
the order to realize the same contacting state -as in the
above-mentioned method for batch system. Under the
conditions of the present invention, the interaction

between the alkylaluminum compound and the e¢-olefin is so

small that the above-mentioned various contacting methods



chromum netal, per e of the solvent. However, by adjusting the
concentration preferably to a level of at nmpst 150 ng of the chMaR(HH2006
conpound having at |east one chromi umpyrrolyl bond or at nost 30 ny of
chromium netal, per a of the solvent, nore preferably at nost 100 ng of
the chrom um conpound or at nost 20 ng of chromum netal, per 2 of the

sol vent, the catalytic activities (g l efin/g chrom umhr) and the
catalytic efficiency (g olefin/g chr 8 i um conmpound) will substantially
increase. The lower limt of the concentration of the chrom um conpound is
not partic@adr bg Fegiarded Revsudrstant iddy coneesematnathdd. t oo | ow, the
yield of the product per reactor will be low, such being undesirable.
Therefore, thdn &her Huedant singeniian atthe | evateopi2bwnghotitt he chrom um
conpound or 4 ng of chromumnetal, per a of the solvent. The nechani sm of
t he increafdedinipa radyl vAanter BingARAls Zo0BompRished pptthyetahdear|y
understood, but it is considered that by the decrease of the concentration
of the chr e@ngactiogpd@tdiod it ddlaupinitia tofon hef corpoterct her eases, or the
associ ation degree decreases to bring about an increase of effective active
sites. Furthathern £R& dhig@fditdanadn ofPRly 20 bl el nredctien present
invention, an inprovenment in the catalytic activities and selectivity for
triner is Ghdstvagenhasd thedrFfatyiss e | RRREHEOR eak® on. Especial |y
when the oligonerization reaction qof the present invention is conducted in
an al i cycl iSUPR}Hr BEAPRSh iSoInRntPahtd G ahy biBkedteSdfLPRArdYy ket he
catalytic activities and selectivity for trimer car renarkablg be i nproved.
In a ~case SAA8r EOPKE CEHNGofdrd atliSo FGOTR ) ioHhed %hy%:ﬁﬁiﬁﬁ?ﬁ QshReially
eLhyl ene. 1 :2s0RRfucled L MY & 42 Yty s SO BELsLR9 the chrom um compound

By employing the above contacting method, a
substantial improvement in the catalytic activities and
an effect of e.g. suppressing formation of poiymers, can
be obtained. 1In the catalyst system of the present
invention, a solvent-soluble component formed by the
reaction of the specific chromium compound and the
alkylaluminum compound is considered to have
oligomerizing activities. It is considerec¢ that when the
«-olefin is contacted to the specific chromium compound
and the alkylaluminum compound without preliminarily
contacting the specific chromium compound to either the
c-olefin or the alkylaluminum compound, the resulting
active species are stabilized by e.g. coordination of the
e—-olefin present, and the amount of the active species
will increase. On the other hand, when the ¢-olefin is
contacted after contacting the specific chromium compound
to the alkylaluminum compound in the absence of the eo-

olefin, the amount of the active species decreases for



chrom um pyrrolyl bond and an al kyl al um num an inprovenent in the
catalytic activities and selectivity for trinmer is observed bﬁ”ﬂﬁ3(3¥@¥@nce
of hydrogen, but the selectivity of 1-hexene anbng hexenes produced tends
to decrease. A feature of the present invention resides in that when the

ol i goneri zation reaction is conducted by wusing a catalyst conprising the
specific chrom um conpound obtai ned-imla~hydrocarbon sol vent and an

al kyl al um num not only an inprovenent in the catalytic activities and

kyl al u only an i mprovel e  act |

The el et | ATy or 74 be1Apln 96857 0usttha, BrctuRo s RN AR EBreORFRCE T, "
b db 2 i f I h

o g T A R S B it i Y

ol i gomer i Z%}%ﬂi&@h@ gkﬁéLgl?ggigngigrgSant he EE?%E\”LDEHV‘E%EQQ |'s not

nore than 2 y welg uct. "According to a preFerred

thod of t | j [ | . £l t
Than 165 ) vel gt OBy kbl Byrr5 The BFoney SHothof FEeeakehs>cont rol | od

o2 revel ol dolofBfolnar BREDL-valght . ageardingslo whe EBthe]. el the

present invention, a product conposed nain atrimer can Sélectively

obt ai ned | %@Pﬂf’ié’i% dd@i/e?ibggg@r LZkBg iiﬂnaabg%%f L e r PRRL! Egk?fnhﬁmet hyl ene,

and formation of polyners can controlled. Thus, the pres invention

provides a -ShgHliddcang LREUSLHY ak;pdyant gg@115%8‘&123&%@&9%@%3%3

catal yst the specific chrom um conpound taine e reaction in a
hydrocar bon.p 9! Medta1 WpeR] éRi AuRl ebhBouRar tsCebathkteihyheReeolS In

ol i goneri zed, the selectivity of 1-hexene anbng hexenes produced wll be
inproved, wierehyadayiftcati @9n8idéred that the chromium compound
becomes to be ﬁardly soluble, when reacted with the
alkylaluminum compound, by the preliminary contact with
the «-olefin.

Even in a case where the above contacting method is
not employed, fairly high oligomerizing activities and
selectivity for trimer can be obtainer by adjusting the
amount of the alkylaluminum compound to the chromium
compound to a level of at least 20 mmol per g of the
chromium compound having at least one chromium-pyrrolyl
pond or at least 100 mmol per g of chromium metal,
preferably at least 30 mmol per g of the chromium
compound or at least 150 mmol per g of chnromium metal.
If the amount of the alkylaluminum compound is less than
20 mmol per g of the chromium compound having at least
one chromium-pyrrolyl bond, selectivity for trimer and
catalytic activities tend to be low.

By increasing the amount of the alkylaluminum

compound to the chromium compound, the solubility of the



hexene by e.g. distillation will be easy, and the costs for the
purification apparatus can be reduced. Further, a product of &MARGHZ00G (y
can be obtained without requiring a particularly precise purification
operation, and the oligonerization reaction proceeds at a high catalytic
activities. Therefore, the value of the nmethod 8 MARCH 2006 - 26 of the
present invention for industrial appli"Cation is high. Now, the present
invention will be described in further detail with reference to Exanpl es.
However, it should be understood that the present invention is by no nmeans

restricted L T, ARAT FANRLE 1
Prepar at i oﬁgﬁ?rﬁgﬁ}o%&ﬁ%%%ﬁpg%ﬁ%mﬁ%e%ﬁf????%ﬁ m"ml(g\‘of NaHé,r 15 ne of

THF was agdgdedje@nfndrdad®s ( 2Pn 00| d 1941 PWLAR! €0 K s Ol &b oy e of THF
was dropw se added thereto. The m xture was stirred at room tenperature for

one hour, agdpbdeibldiso SHEaLH Ofa VEBy df DM SEi gétekeei 4 thdl- 23 g (10 ol ) of
CrCe2 suspended in 20 ne of THF. After the dropw se addition, 5 nme of THF

was added abeiei©iednsndhge Déat W Eryasor refinkededar Qkhaiis under heating.
The precipitate was filtered off. Then, 100 ne of pentane was added to the

filtrate, abdvéheentkéned® westieting onstiopdl ¢ ihdt admployedherHexrared
precipitate was collected by filtration and dried to obtain 0.506 g of a
dark greenipomdeparffheulaontestsiofieh caents the tupsepokert isse as fol | ows.
C: 19.1% C 52.3% H 5.45% N 11.6% CATALYST PREPARATI ON EXAMPLE 2
Pr epar at i ohhef anduohi afn thepalinyll 21 gl ien neoniBoundo| HafeveBulij of a
n- BuLi / n-hexane_ solution, 2.1 me (30 mml) of pyrrole dissolved in 20 n2

the alkylaluminum compound is used unnecessarily in a

large amount, the yield of the product per the

alkylaluminum compound decreases. The upper limit of the

amount of the alkylaluminum compound is preferably 1000

mmol per g of the chromium compound having at least one

chromium-pyrrolyl bond or 5000 mmol per g of chromium

metal, more preferably 500 mmol per g of the chromium

compound or 2500 mmol per g of chromium metal.

On the other hand, the contacting method and/or the

amount of an alkylaluminum compound added in the

oligomerization of an a-olefin in the present invention’

may not be particularly restricted by using the catalyst

system which is comprised from the chromium compound

prepared by the reaction of a chromium salt with a

compound containing a pyrrolyl group in a hydrocarbon

solvent. However, when both of either the same

contacting method and/or the same amount of an

alkylaluminum compound stated before are/is employed in

the oligomerization of an a-olefin wherein the chromium

compound is formed in a hydrocarbon solvent, the activity



of THF was dropw se added at -78C, and the m xture was 8 MARCH 2006 - 27
stirred for 15 mnutes. Then, the m xture was returned to roonBMAREH2006 e,
and stirring was continued at room tenperature for 2 hours. To this
solution, 1.58 g (10 mmol) of CrCe3 was added in a powder form Then, the
m xture was refluxed for 5 hours under heating. After being left to cool,
the fornmed precipitate was filtered_ j._'The filtrate was dried up to
obtain a powder. The contents of elenents in this powder were as foll ows.
C: 6.6% C 69.2% H 7.3% N _15.1% CATALYST PREPARATI ON EXAMPLE 3

Pr epar at i 0@#06f ¥ GALRA CondauntP B3 thime yocan (4snd weroijcoe2d@dH, 15 ne of
THF was added, _and 1.0 nme (15 nmol) of pyrrole dissolved in 5 ne of THF
was dropwi d6igdded thattolone hes@ inke h@se st i rfkel B@2SeBovRY ebperature for
one hour, and then this solution was, dropw se added to 0.79 g (5 mmol) of
Cr Ce3 suspdmge@asemers @f gfheretinfiey 2n@ Whopsekechidi Y ofoT t he ni xture
was refluxed for 5 hours under_heating. The precipitate. was filtered off.
Then, the $61iFeAt WasUsidared 7 fbe othgpsama 4255 §Pod a. bl ack powder.
The contents of elements in this powder were as follows. C: 6.5% C
58.0% H @&eg@inbh@fone 504 CATALYST PREPARATI ON EXAMPLE 4 Preparati on of
chrom um conpound 4 To 15 nme of a THF solution of pyrrole (10.1 nmol), MelLi
(7.5 me of a 1.7QQ BITLREIATHAN ab. BhemphjoRadm @eBPANBe abdedeat - 78C.
After dropw_se addition, the 8 MARCH 2006 - 28 mxture was stirred at room
t enper at ur @GPTEF 1AAFIUE OF e e e i in HyFd I PIRS Mt R IRR, a

sol ution . .
is usually from 0.1 mg to 5 g of the specific chromium

compound or from 0.02 mg to 1 g of chromium metal, per ¢
of the solvent, preferably from 1 mg to 2 g of the .
specific chromium compound or from 0.2 mg to 0.4 g of
chromium metal, per ¢ of the solvent. However, by
adjusting the concentration pfeferably to a level of at
most- 150 mg of the chromium compound having at least one
chromium-pyrrolyl bond or at most 30 mg of chromium
metal, per ¢ of the solvent, more preferably at most 100
ng of the chromium compound or at most 20 mg of chromium
metal, per ¢ of the solvent, the catalytic activities (g
oclefin/g chromium-hr) and the catalytic efficiency (g
olefin/g chromium compound) will suﬁstantially~increase.
The lower limit of the ccncentration of the chromium
compound is not particularly limited. However, if the
concentration is too low, the yield of the product per
reactor will be low, such being undesirable. Therefore,
the lower limit is usually at a level of 20 mg of the
chromium compound or 4 mg of chromium metal, per ¢ of the

solvent. The mechanism of the increase of the activities



obtai ned by dissolving CrCe2 (THF)2 (1.33 g, 4.82 mol) in 5 me of THF, was
added at roomtenperature, and the mxture was stirred for 3 h8MARCHW20eby
the reaction solution turned black. The reaction solution was filtered
through a G3 filter, and the filtrate was concentrated to obtain a bl ack
powder. Then, 10 nme of toluene and 3 ne of pyridine were added thereto, and
the mxture was heated by an oil bathsand filtered through a & filter
while it was still hot. The obtained filtrate was slowy cooled to room
tenperature. The supernatant of_ precipitated needle-Ii k.e,crgr/fistal S was

renoved, and PRE Y&Ly Sl&ad Lo M@ dREShOR i Bt dituehe TNV IF 5986 g of
brown need|e-| ke crystals. The obtained crystals_were pulverized and used
for the ol PYolBEi SREIER SRRt ithR. CPRE SOSFAEHAD BT tRFeTi PR MR he
needl e-11i ke crystgl S que a%.fol I ow%. gee 10.0% C..69.2% H 6.06% N:
13.7% CAFRPYSYNERESARAFCANPEXAMSEL BL5 thfe FATRAYH of "ehi 33t Im onpound 5 To
12 me of a THE solution (0.5 of. Na (pyrrolide), a THE suspension (8 ne)
of CrCe3. 3%p§r F&isl?é:l(a(ﬁ}?%‘ &eggoeemqlgp)t §5drt€pgﬁ%]é1%d%ité?i“%tarf oom
tenperature. The em’é;% ure was stirred for. one hour and then refluxed for 5
i-n

hours. Afté&RCEEEIS e SECEL e 35 VS0 R ETper ature, 10 ne of THE was

added thereto, _and the supernatant was .8 MARCH 2006 - 29 transferred by a
syringe. This &p&rdSion ’\ngthree g@alertwaggorhrfaé)t% 65?%1?‘%1’:3’&! Yr oW sol uti on
was concentrated,_ t.o obtain 340 ”ﬂerf a _brqwn nr%otv%ger. 06er LYST PREPARATI ON
EXAVPLE 6 PBFEFRFatPdf "drOfr 6% dPESNSEERE & "rd i TR R 1% Df chroni um

g}LLémgg$;¥£%§%EQQ%gea %’%%le%ti%i%yn¥%k)éﬂl&é¥l¥g“%ééé%Jga’wf%fusDenSion
hydrogen is present during the reaction. Especially when
the oligomerization reaction of the present invention is
conducted in an alicyclic hydrocarbon solvent .and in the
presence of hydrogen, the catalytic_activities and
selectivity for trimer can remarkably be improvec. 1In a
case where the oligomerization reaction of an ¢-olefin,
especially ethylene, is conducted by using a catalyst
comprising the chromium compound having at least one
chromium-pyrrolyl bond and an alkylaluminum, an
improvement in the catalytic activities and selectivity
for trimer is observed by the presence of hydrogen, but
the selectivity of l-hexene among hexenes produced tends
to decrease. A feature of the present invention resides
in that when the oligomerization reaction is conducted by
using a catalyst comprising the specific chromium
compound obtained in a hydrocarbon solvent and an
alkylaluminum, not only an improvement in the catalytic

activities and selectivity for trimer is obtainable, but

also no substantial decrease in the selectivity of 1-



lithiumpyrrolide (1.60 g, 21.9 mmvol ) separately prepared, in toluene (5
me), was added at room tenperature under a nitrogen atnospher e MARCH 2006
reaction mxture was gradually heated to 100C, and the stirring was
continued for 25 hours while maintaining the tenperature. The reaction

m xture was cooled to room tenperature, and then the solvent was distilled
of f under reduced pressure fromthe-rggaction m xture, to obtain 4.15 g of
a reddi sh brown powder. For the oligonerization reaction of ethylene, this

powder was as_.J |.t.s ;of. the ele al ,analysis of this
powder was %ésj}?% %\M%m%éﬁ\g@v@x?ﬁggy%gﬁguﬁgp o é’;e?secré'%ltbé’t &4 E r%ster‘?g:eanal yzed
val ue of C}%ﬁgﬁ%apgggggained anount, was 100% The IR spectrumof this

powder is Igure 1. The measurenent was conducted by a nujor

met hod using 16 l. ET-1=-R uf.act.yr 2 g K] dmer. C: 9.1% C
57.0% H 5.996§ﬁ?9g$i&9 OéAPXE&%Tr%Ré%ﬁ%éé%ﬁ?{;ﬁkgEtﬁfF%breparation of
chrom um c 0§ .- : lutian -qf romum (111)
(2-ethv|heﬁgﬁg§$g?2b§EW%§§g?%g.gé ﬁégp)zgﬁgfﬁﬁﬁéﬁ% (fglébg, a suspensi on of
powdery sodj roli 0,65.9, .Z I rat el r red. in

tol uene (5 ér%?e,;(91}{\/\/&5'5S‘Bgégggﬁaf)%rngct ‘e’%érqg?ﬁzcé:%ﬁﬁgé‘g é'oynitthr%o?%?\e%tq‘r‘mspher e.

d trasoni ¢ ; yGues; SfY e16r ha Abed tRahN9SRERCL AN JHXIJE Gifckly hours.

During this period, fhe water tenperaturé o trasonic wave cl eaning

apparat us rgses{eca | Ruebraing406 aAbLerecomd Qb Plof Nhd GG the

supernatant™ was w thdrawn to“renove unreacted chrom um ( ) (
et hyl hexanopt @dnt 1980 FbPRaEEShIBE WA N@SASHheMst, N i eI AN dNe

supernatant was renoved in the sane
15% by weight. By employing the proper method, it can be
controlled to a level of not mofe than 5% by weight.

According to the method of the present invention, a
proéuct composed mainly of a2 trimer can be selectively
obtained in good yield by oligomerizing an «-olefin,
particularly ethylene, and formation of polymers can be
controlled. Thus, the present invention provides a
significant industrial advantage.

Eurther, by using as a catalyst the specific chromium
compound obtained by the reaction in a hydrocarbon
solvent, when an o¢-olefin, particularly ethylene, is
oligomerized, the selectivity of l-hexene among hexenes
produced will be improved, whereby purification of 1-
hexene by e.g. distillation will be easy, and the costs
for the purification apparatus can be reduced. Further,
a product of a high purity can be obtained without
requiring a particularly precise purification operation,
and the oligomerization reaction proceeds at a high

catalytic activities. Therefore, the value of the method



manner as above. The residual solid was vacuumdried at roomtenperature to
obtain 0.97 g of a deep green powder. The results of the el endMARCEh#0¢s| s
of this powder were as follows. The yield per Cr as calculated fromthe
anal ytical value of Cr and the obtained anount, was 83.7% Cr: 7.5% C
58.1% H 7.4% N 7.2% EXAMPLE 1 A 300 nme autocl ave heat-dried by a drier
at 150C, was assenbled while it was still hot, and flushed with nitrogen
under vacuum This autocl ave was provieded with a catalyst feed tube

equi pped with. a burst plate. 50 ne of heptane and 0.4 nmol of

triethyla i I r 1ot f ve On the

ot her hanélfmfggmﬁg ggnﬁﬁo%&&n%lcoglnp%&ngq%\(’s urlralgdaé@fﬁ@éuloo ept ane was 8
MARCH 200§ charged to the catal yst feed tube. At such a tine, the
chrom um coﬁpound and the triethylal um numwere not in contact to each

other. The a ay thyl int roduced at 80C
t hrough the gtgt%g ys?‘ﬁdgﬂ dlrg&r&qh 3 EU% e@né(e %?ggévg?%dliﬁ]e bﬂrst pl at e
bursted, wietRURORe LNY &f V&%‘ %erte*hf‘coc%‘”ﬂiﬁgﬂggfé?' YShodd\eh £ NG ¢

triet hyI al'um num were si mil taneously contact 0 one anot‘her and

ol i gomerizatiep gk %tn@@'re{teoﬁstﬂa@ ey ﬁ% Y] e, £d until

the total pressure becane kg/ cng, erea ter 0 |goner|za |on of

et hyl ene duct; N IE%AH) whidie i ng the total pressure
at 40 kg/\(zzé{g nsTEg |Cr’i’t ern(f t};e)rrper at ree oflthe a%%%l ave becanme 90C by the

poI yneri zahr@RvBeabg ek atit eadivir, it he reaction tenperature was naintained
90C. One hour later, ethanol was injected to termnate the reaction,

and t he p@@éga&a\a@%nqwtdﬁd&cim HHound 1

To 0.815 g.(20.3 mmol) of NgH, 15 m¢ of TEF was
added, and 1.4 m¢ (20 mmol) of pyrrole dissolved in S m¢
of THF was dropwise added thereto. The mixture was
stirred at room temperature for one hour, and then this
solution was dropwise added to 1.23 g (10 mmol) of CrC¢,
suspended in 20 m¢ of TEF. After the dropwise addition,
5 m¢ of THF was added thereto, and the mixture was
refluxed for 20 hours under heating. The precipitate was
filtered off. Then, 100 m¢ of pentane was added to the
filtrate, and the mixture was left to stand still at S°C.
The formed precipitate was collected by filtration and
dried to obtain 0.506 g of a dark green powder. The
contents of elements in this powder were as follows.

Cr: 19.1%, C: 52.3%, H: 5.45%, N: 11.6%.

CATALYST PREPARATION EXAMPLE 2

Prevaration of chromium compound 2

To 19 m¢ (30 mmol of n-BuLi) of a n-BuLi/n-hexane
solution, 2.1 m¢ (30 mmol) of pyrrole dissolved in 20 m¢

of THF was dropwise added at -78°C, and the mixture was



chromat ography. The results are shown in Table 2.
autocl ave as used in Exanple 1, 10 ny
nmol of triethylalum numwere charged in the sane manner.
introduced to 3.5 kg/cnR, and the

time, the

wi th each other. Then, ethylene was_iBgraduced

f eed tube.
pressure,

triethylal 8f*AG
ion_ of th%len was initiated., Ethylene was introduced until
gﬁﬁ‘ 26 2EGF Erre 2% ¢ © NS PRRESD &G FRF et hyl ene

ed for, 0.5 _hour il e maintaini n%‘ t.he tot aI1 pressure at 40

pol yneri za
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EXAMPLE 2 Into the sane
of the chrom um conpound8 MARCHQG0e6
Hydr ogen was

aut ocl ave was heated to 90C. At such a

chrom um conpound and the triethylalum numwere not in contact

The burst plate 8 MARCH 2006 - 32 bursted by the ethyl ene

wher eupon t he _et hyl ene, the chrom um conpound and t he
RRWEPE TooMih
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at 90C t hrough the catal yst

t he

polynerizatiag heat . % aut ocl.ave, was _ cooled and thereafter the reaction
3 'SFuFR

t enper at ur B¢

to termnate the reaction, and the product was, quantified by gas

chr omat ogr BpKEUTRe VRS GFELUEEE £RG R rEaindes %S é“tt(g?rB The

Pn&gdSaed 110.% ARSI B - et | & injected

reaction was.conducted in the sane manney as i.n. Exanple 1 .except that the
reaction c ﬁﬂpﬁigﬁgiaﬁﬂ Fﬁ&efcﬁﬁ8mﬁ§% 5&&&3&5@?%ﬂ%ﬁhéﬂﬁ§§4%ﬂﬂuified in
Table 1. The results.are_shown in Table 2. EXANPLE 9 | nto the ne

aut ocl ave 8§€use®HFn%é§§r‘i’6?§ Y2516 C &P (i%e O&‘%I'Dao‘rﬂ lﬂnp@c‘)’%&fand%g%e used in
Exanple 1 gggtEH%Q g% elements in this powder were as follows.

c

P

Cr: 6.6%, C: 69.2%, H: 7.3%, N: 15.1%.
ATALYST PREPARATION EXAMPLE 3

reparation of chromium comvound 3

a

was dropwise added thereto. The mixture was stirred

r
a
2
w
w
o

e

C

P

To 0.79 g (16.5 mmol) of NaH, 15 mé¢ of THF was added,

H
-

nd 1.0 m¢ (15 mmol) of pyrrole dissolved in 5 mé of

s
[

A1)

oom temperature for one hour, and then this solution was
ropwise added to 0.79 g (5 mmol) of CrCé¢, suspended in
5 m¢é of THF. After the dropwise addition, the mixture
as refluxed for S hours under heating. The precipitate
as filtered off. Then, the solvent was distilled off to
btain 1.65 g of a.biack powder. The contents of
lements in this powder were as follows.

Cr: 6.5%, C: 58.0%, H: 6.6%, N: 10.5%.
ATALYST PREPARATION EXAMPLE 4

reparation of chromium compound 4

To 15 m¢ of a THF solution of pyrrole (10.1 mmol),

MeLi (7.5 m¢ of a 1.4M Et,0 solution, 10.5 mmol) was

dropwise added at -78°C. After dropwise addition, the



n2 of heptane, were charged. Then, the tenperature was raised to 90C _and
ethyl ene was i ntroduced to 35 kg/cn®. No absorption of ethyl erfeMARCH 2006
observed. Therefore, 0.4 mol of triethylalum numwas injected, whereupon
absorption of ethylene started. 30 Mnutes |ater, 8 MARCH 2006 - 33 ethanol
was injected to termnate the reaction. The reaction tenperature was

mai nt ai ned at 90C. The results are _shown in Table 2. EXAMPLE 10
digonerization of ethylene was condu¢ted in the sane canner as in Exanple
7 except that the reaction solvent was changed to cycl ohexane. The reaction
condi ti onsmakeurehews istifalelde alt, m@ywh ttengasidyrce afer sShhvnirutekabl e 2.
EXAMPLE 11 A igonerization of ethylene was conducted in the sanme nanner as
i n Exanpl eTd0 t&ec@ptt htiuat piytrer cdnmdentt tofs dbrtisided alaiselum s chanced to 0.4
mol , and hydrogen was introduced to 3.5 kg/cmz. The reaction conditions
are shown bbhtEdlled by aiid sole imgs Qa2 ar(@Egwi 1i.33Tghl & . 82. mEXAYPLES 12 to
14 The reaction was conducted in the sane nanner as in Exanple 1 except
that the réacti od odndHf,omasardidak a tchramm drammapotunce weared ditenced as
identified in Table 3. The results are shown in Table 3. EXAMPLE 15 300 ne

aut ocl ave héatudei edsbysta rdriderfcat 31300 rs nwacheassgnitter] ndddteiod was still
hot, and flushed with nitrogen under vacuum This autoclave was provi ded
with a casballystioheéd ringlde bdquolppedhe treac thorstsqilwetticon 3k e of heot ane
and 0.2 mmol of triethylal um numwere charged to the body side of the
aut ocl ave. f@h telredottheougand, GB) £ilter, and the filtrate was

concentrated to obtain a black powder. Then, 10 mé€ of

toluene and 3 m¢ of pyridine were added thereto, and the

mixture was heated by an oil bath and filtered through a

G3 filter while it was still hot. The obtained filtrate

was slowly cooled to room'temperature. The supernatant

cf precipitated needle-like crystals was removed, and the

crystals were washed with toluene to obtain 593.6 g of

brown needle-like crystals. The obtained.crystals were

pulverized and used for the oligomerization reaction.

The contents of elements in the needle-like crystals were

as follows.

Cr: 10.0%, C: 69.2%, H: 6.06%, N: 13.7%.
CATALYST PREPARATION EXAMPLE 5§

Preparation of chromium compound 5

To 12 m¢ of a THF solution (0.5 M) of Na (pyrrolide),
a TEF suspension (8 m¢) of CrC¢5-3 pyridine (0.79 g, 2
mmol) was dropwise added at room temperature. The
mixture was stirred for one hour and then refluxed for 5
hours. After cooling the mixture to room temperature, 10

m¢ of THF was added thereto, and the superhatant was



8 MARCH 2006 - 34 ng of chrom um conpound 3 slurried in 1 nme of heptane was
charged to the catal yst feed tube. The autocl ave was heat ed t o 80d&RCEHh006

et hyl ene was introduced at 90C fromthe catal yst feed tube. The burst

pl ate bursted by the ethylene pressure, whereupon the ethylene, the
chromium catal yst and the triethylal um numwere contacted sinultaneously to
one another, and oligonerization of ethylene was initiated. Ethylene was

i ntroduced until the total pressure-b2game 35 kg/cn2, and thereafter

ol i goneri zation of ethylene was conducted for one hour while maintaining

the total . presssf et bPSakeftiRgeNe rhitkeRAl dieErALIRIaddie  autoclave
becane 100C by the polynerization heat, and” thereafter the reaction

tenper at urg, #\as, "Rhat @h@egbé‘ﬁlnégogrogﬂe slbqlﬁrt il @fas &I MRS d Nj ected to
terminate the reaction, and the reaction product was quantlfled by gas

chronatogrggﬁbbgbgnrgsylﬁ@ gEeashewanl potklre 3. EXAWMPLE 16 Into the same
autocl ave as used in Exanple 15, 10 ng  of chrom um conpound 4 prepared in

Cat al yst Rfopgyagt obrEXARPren4ExAR@ e g0f heptane and 0.4 mmol of
triethylalum numwere charged. Hydrogen was introduced to 3.5 kg/cn2, and

the autochbpygayasihrabedcheoRem EBRRoudlahyl ene was introduced at 90C from
the catal ySU T€ed tube. The burst plrate pursted by the ethyl ene pressure

wher eupon t hergt Bykenat i bhe o&heaFomDuaO ound s e & YRR 290565

triethylal um numwere contacted sinultaneously to one another,
pol ymeri zagj on. 9f med Nyl enecv@eehni (13t ad), G Rylsppesiadn igH dwmcy until the

total pressure becane
lithium pyrrolide (1.60 g, 21.9 mmol) separately
prepared, in toluene (5 m¢), was added at room -
temperature under a nitrogen atmosphere. The reaction
mixture was gradually heated to 100°C, and the stirring
was continued for 25 hours while maintaining the
temperature. The reaction mixture was cooled to room
temperature, and then the solvent was distilled off under
reduced pressure from the reaction mixture, to obtain
4.15 g of a reddish brown powder. For the
oligomerization reaction of ethylene, this powder was
used as it was. The results of the elemental analysis of
this powder was as shown below. The yield per Cr as
calculated from the analyzed value of Cr and the obtained
amount, was 100%. The IR spectrum of this powder is
shown in Figure 1. The measurement was conducted by a
nujor method using 165 Model FT-IR, manufactured by
Perkin Elmer.

Cr: 9.1%, C: 57.0%, H: 5.9%, N: 7.4%.

CATALYST PREPARATION EXAMPLE 7

Preparation of chromium compound 7




40 kg/cnR, and thereafter polynerization of ethylene was conducted for 1.0
hour while maintaining the total pressure at 40 kg/cnZ. The i it MARKH 2006
tenperature of the autoclave becane 110C by the polynerization heat. The
aut ocl ave was. cooled, and thereafter the reaction tenperature was

mai nt ai ned at 100C. One hour later, ethanol was injected to term nate the
reaction, and the product was cuantd fiiged by gas chromatograph. The results
are shown in Table 3. EXPr!?LEES 17 and 18 The reaction was conducted in the

i le 15 h _th h i d, ch i
compound 5. obt Ahdd SoL kel RF Br et Rk akpr et BT ERE  and The
ti diy t,i | tified in Table 3. Th | t
Chown i n Tam a7 AR i LR, (L5 ot T near = Gonr R $or i o at
150C, | while |t till , fl dwith it
under v\ggﬁur’%%%%%sggu lélléq §>\YIer rm?avrgisdpé?ow bsegd]o‘é\l tﬂf‘ﬁ'g %ﬁ?gfyﬁg%r@eﬁ%ﬁgggen

equi pped wi_th rst. plate. 50 hept a d.0.4 mol of
triethylal Qﬁleﬁ)%r%%%ér emgﬁgorlgueed’e t((r)gatnlllée))f 'bo"ff{;lé s?%%ggfaf'h%o%%t oclave. On the

ot her hand f QI o) iped in.Catalyst Preparation
Exanpl e 6 s’tletgfl Fité ui(gr? %mﬁ%@ognhnelgig;%mmﬁe%ﬁ%m%' 20?)%@?3 *%har ged to the
catal yst f tu T : yvqtq ngg; : ng. et.hyl ene was

i nt roducedggg“%oggref p%nlfdt ‘gaqcegqlgi ys % ee ‘fegjbctég #ggg%ﬂ?s O{;Ilg%le bursted by
the ethyle eSS " d hes et n h 1 nind and
the triet h@?’&?&rﬁ né%%ﬁgg;%ngﬁ?%gelgﬁ'sién}yu% %ﬁ%%%s??m}?%f%n%}%nﬁgf?her, and

CheSemre) SR Rsths e Men URB D ot L L ene, ML cioed unt ]
40°C. After completion of the reaction, the supernatant
.was withdrawn to remove unreacted chromium (III) (2-
ethylhexanoate). Then, the residue was washed with
heptane, and the supernatant was removed in the same
manner as above. The residual solid was vacuum-dried at
room temperature to obtain 0.97 g of a deep green powder.
The results of the elemental analysis of this powder wers
as follows. The yield per Cr as calculated from the
analytical value of Cr and the obtained amount, was
83.7%.

Cr: 7.5%, C: 58.1%, H: 7.4%, N: 7.2%.
EXAMPLE 1

A 300 m¢ autoclave heat-dried by a drier at 150°C,
was assembled while it was still hot, and flushed with
nitrogen under vacuum. This autoclave was provided with
a catalyst feed tube equipped with a burst plate. 50 m¢
of heptane and 0.4 mmol of triethylaluminum were charged

to the body side of the autoclave. On the other hand, 10

mg of chromium compound 1 slurried in 1 m¢ of heptane was



total pressure was maintained at 35 kg/cnR, and the reaction tenperature was
mai ntai ned at 100C. One hour later, ethanol was injected to t&MARGHZ09Ge
reaction, and the reaction product was quantified by gas chromatograph. The
results are shown in Table 4. EXAMPLE 20 Into the sane autoclave as used in
Exanple 19, 7 ng of chrom um conpound 6 obtained in Catal yst Preparation
Exanple 6 and 0.28 mmol of triethylalum numwere charged in the sane
manner. Hydrogen was introduced to 3.3 ky/cn2, and the autocl ave was heated
to 100C. Then, ethylene was introduced at 100C fromthe catal yst feed

tube. The dngsded! B echalr 8i esll Pyt t hee @t biybene peesgdhea twherewvpen the
et hyl ene, the chrom um conpound and the triethylalum numwere contacted

si mul t aneogtst g iuin OfepGERd Neiid  @ne! ©f 1 GOAPIa Z@hi AOmOkegkh)ibengnwas
initiated. Ethylene was introduced until the total pressure becane 40

kg/ cn2, arsbhAtwesieadd esadhentwdnl pressure was naintained at 40 kg/ cn2 and
the reaction tenperature was 8 MARCH 2006 - 37 maintained at 1000C. One

hour later, ethnchuveslaid] @sscleibedictsi Bate,t Badr eadlilane @ad the product
was quantified by gas chromatograph. The results are shown in Table 4.

EXKMPLES 2ilnt s edel 24 THE° ¢ egted o ogh Vieise condatyed Eaetihgupane ggnner as in
Exanpl e 19 except that the reaction conditions and the chrom um conpound

wer e changetk ascliylenié fpesssurdabtiee burdhepresel baracedshonarkeapdabl e 4.
EXAMPLE 22 The reaction was conducted in the sanme manner as in E xainple 19
except thathd hectayioamd, ofhdeqit momel wascaztahged ahd the me. The results are
shown in Table 4. .

triethylaluminum were simultaneously contacted to one

another, and oligomerization of ethylene was initiated.

Ethylene was introduced until the total pressure became

40 kg/cm?, and thereafter oligomerization of ethylene was

conducted for one hqur while'maintaining the total

pressure at 40 kg/cm?. The internal temperature of the

autoclave became 90°C by the polymerization heat, and

thereafter the reaction temperature was maintained at

90°C. One hour later, ethanol was injected to terminzate

the reaction, and the product was guantified by gas

chromatography. The results are shown in Table 2.

EXAMPLE 2

Into the same autoclave as used in Example 1, 10 mg
of the chromium ccmpound 1 énd 0.4 mmol of
triethylaluminum were charged in the same manner.
Hydrogen was introduced to 3.5 kg/cm?, and the
autoclave was heated to 90°C. At such a time, the
chromium compound and the triethylaluminum were not in

contact with each other. Then, ethylene was introduced

at 90°C through the catalyst feed tube. The burst plate



COVWPARATI VE EX? _MPLE 1 The reaction was conducted in the same manner as in
Exanpl e 9 except that the amount of : heptane was changed to 628 ¥AREGH 20b@
anount of triethylalum numwas changed to'0.12 mmol. The results are shown
in Table 2 (continued). COVWARATIVE EXAMPLE 2 The reaction was conducted in
t he sane manner as in Conparative Exa le 1 except that 3.5 kg/cn? of
hydrogen was introduced prior to the“introduction of triethylalumnum and
the total pressure was 40 ka/cnz. The results are shown in Table 2.
COVPARATI VEU ERMbLBY 3 tTRe et&ydeingn DA&S segrduched §uPare heaed hydemer, as in 8
MARCH 2006 - 38 Conparative Exanple 1 except that into the autoclave,
tri et hyl al 4@ neif eRduRheompesmidudnco fpeutd Lgdny ledamedm e r£ heot ane
sol vent and heat-treated at 90C for 30 mnutes, and then ethyl ene was
i ntroducedcORERCER@ SiBHtROBOUSAYLSt ONE RAS t&IRENg@MG 0 100C. The results
are shown in Table 2. 8 MARCH 2006 f7CDNONCOOO TO , oNOONC5oU 10 O 0
. 1--4i nNcNpPlymer i p2fé80 0tn@toy lemer WREl Nindttdatt@d. Ethylene was

introduced until the total pressure became 40 kg/cm?, and

thereafter polymerization of ethylene was conducted for

0.5 hour while maintaining the total pressure at 40

kg/cm?. The internal temperature of the autoclave became

110°C by the polymerization heat. The autoclave was

cooled and thereafter the reaction temperature was

maintained at 100°C. 0.5 Hour later, ethanol was:

injected to terminate the reaction, and the product was

guantified by gas chromatograph. The results are shown

in Table 2.

EXAMPLES 3 to 8

The reaction was conducted in the same manner as :in

Example 1 except that the reaction conditions and the

chromium compound were changed as identified in Table 1.

The results are shown in Table 2.

EXAMPLE 9

Into the same autoclave as used in Example 1, 10 mg

of the chromium compound as used in Example 1 and then 62

mé¢ of heptane, were charged. Then, the temperature was

raised to 90°C, and ethylene was introduced to 35 kg/cm?.

No absorption of ethylene was observed. Therefore, 0.4

mmol of triethylaluminum was injected, whereupon

absorption of ethylene started. 30 Minutes later,
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ethanol was injected to terminate the reaction. The
reaction temperature was maintained at 90°C. The results
are shown in Table 2.
ZXAMPLE 10
Oligomerization of ethylene was conducted in the sams
manner as in Ekample 7 except that the reaction solvent
was changed to cyclohexans. The reaction conditions are
stiown in Table 1, and the results are shown in Table 2.
EXAMPLE 11
Oligomerization of ethylene was conducted in the same
manner as in Example 10 except that the amount of
triethylaluminum was changed to 0.4 mmol, ancé hydrogen
was introduced to 3.5 kg/cm?. The reaction conditions
are shown in Table 1, and the results are shown in Table
Z.
EZXAMPLES 12 to 1¢
The reaction was concductad in the same manner as in
Example 1 except that the reaction conditions and the
carcnium compound werz changad as identified in Table 3.
The results are shown in Table 3.
ZXAMPLE 15
& 300 m¢ autoclave heat-dried by a2 drier at 150°C,
was assembled while it was still hot, and flushed with
rnitrogen underbvacuum. This autoclave was provided with
a2 catalyst feed tube equipped with a burst plate. 150 m¢
of neptane and 0.2 mmol of triethylaluminum were charged

to the body side of the autoclave. On the other hand, 10
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mg of chromium compound 3 slurried in 1 m¢ of heptane was
charged to the catalyst feed tube.

The autoclave was heated to 850°C, and ethylene was
introduced at 90°C from the catalyst feed tube. The
burst plate bursted by the ethylene pressure, whereupon
the ethylene, the chromium catalyst and the
triethylaluminum were contacted simultaneously to one
another, and oligomerization of ethylene was initiated.
Ethylene was introduced until the total pressure became
35 kg/cm?, and fhereaftér oligomerization of ethylene was
conducted for one hour while maintaining the total

the

rh

pressure at 35 kg/cm?. The internal temperature o
autoclave became 100°C by the polymerization heat, and
thereafter the reaction temperature was maintained at
i00°C. One hour later, ethanol was injected to terminate
the reaction, and the reaction product was guantified by
cas chromatograph. The results are shown in Table 3.
EXAMPLE 16

Into the same autoclave as used in Example 15, 10 mg
of chromium compound 4 prepared in Catalyst Preparation
Zxample 4, 150 m¢é of heptane and 0.4 mmol of
triethylaluminum were charged.

Hydrogen was introduced to 3.5 kg/cm?, and the
autoclave was heated to 90°C. Then, ethylene was
introduced at 90°C from the catalyst feed tube. The
purst plate bursted by the ethylene pressure, whereupon

the ethylene, the chromium compound and the

ssgos
OC Ll aCrtLLO) Ura707y7bulU> 00OC EO
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cC
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triethylaluminum were contacted simultaneouslv to ocne
another, and polymerization of ethylene was initiated.
Ethylene was introduced until the total pressurs bacame
40 kg/cm?, and thereafter polvmerization of ethvlens was
concucted for 1.0 hour while maintaining the total
pressure at 40 kg/cm?. The internal temperature of the
autoclave became 110°C by the polymerization heat. The
autoclave was. cooled, and thereafter the reaction
temperature was maintained at 100°C. One hour later,
ethanol was injected to terminate the reaction, and the
product was guantified by gas chromatograpn. The results
gre shown in Table 3.
EXAMPLES 17 and 18

The reaction was conducted in the same manner as in
Zxample 15 except that as the chromium compound, chromium
compound 5 obtained in Catalyst Preparation Example 3 was
used, and the reaction conditions were changecd as
identified in Table 3. The results are shown in Table 3.
ZXAMPLE 19

A 300 mé¢ autoclave heat-dried by a drier at 150°C,
was assembled while it was still hot, and flushed with
nitrogen under vacuum. This autoclave was provided with
a catalyst feed tube equipped with a burst plate. 50 m¢
of neptane and 0.4 mmol of triethylaluminum were charged
to the body side of the autoclave. On the other hand, 10
mg of chromium compound 6 obtained in Catalyst

Prevaration Example 6 slurried in 1 m¢ of heptane, was
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charged to the catalyst feed tube. The autoclave was
heated to 100°C, and ethylene was introduced at 100°C
from the catalyst feed tube. The burst plate bursted by
the ethylene pressure, whereupon the ethylens, the
chromium compound and the triethylaluminum were contacted
simultaneously to one another, and oligomerization of
ethylene was initiated. Ethylene was introduced until
the total pressure became 35 kg/cm?, and thereafter the
total pressure was maintained at 35 kg/cm?, and the
reaction temperature was ﬁaintained at 100°C. One hour
later, ethanol was injected to terminate the reaction,
and the reaction product was quantified by gas
chromatograph. The results are shown in Table 4.
EXAMPLE 20
Into the same autoclave as used in Example 19, 7 mg
of chromium compound 6 obtained in Catalyst Preparation
Example 6 and 0.28 mmol of triethylaluminum were charged
in the same manner. Bydrogen was introduced to 3.5
kg/cm?, and the autoclave was heated to 100°C. Then,
ethylene was introduced at 100°C from the catalyst feed
tube. The burst plate bursted by the ethylene pressure,
- whereupon the ethylene, the chromium compound and the
triethylaluminum were contacted simultaneously to one
another, and oligomerization of ethylene was initiated.
Ethylene was introduced until the total pressure became
40 kg/cm?, and thereafter the total pressure was

maintained at 40 kg/cm? and the reaction temperature was
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maintained at 100°C. One hour later, ethanol was
injected to terminate the reaction, ané the product was
cquantified by gas chromatograpn. Th2 results are shown
in Table 4.
EXAMPLES 21, 23 and 24

The reaction was conducted in the same manner as in
Example 19 except that the reaction conditions and the
chromium compound were changed as identified in Table 4.
The results are shown in Table 4.
EXAMPLE 22 |

The reaction was conducted in the same manner as in

neptane was changed

n

Example 19 except that the amount o

ab

-

e 4,

)

to 150 m¢. The results are shown in
COMPARATIVE EXBMPLE 1

The reaction was conducted in the same manner as in
Exemple 9 except that the amount of heptane was changed
to 62 m¢ and the amount of triethylaiuminum was changed
t0'0.12 mmol. The resuits are shown in Table 2
(continued).
COMPARATIVE EXAMPLE 2

The reaction was conducted in the same manner as in
Compzarative Example 1 except that 3.5 kg/cm? of hydrogen
was introduced prior to the introduction of
triethylaluminum, and the total pressure was 40 kg/cm?.
The results are shown in Table 2.

COMPARATIVE EXAMPLE 3

The reaction was conducted in the same manner a2s in
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Not e: Contacting nmethods A: Three conponents of ethyl ene, chrom um conpound
and triethylalum numare contacted sinultaneously. B: Ethylene and chrom um
conpound are contacted and heated, and then, triethylalumnumis contacted.
C. Chrom um conpound and triethylal unmtnd8 are heat- treated and then
contacted to ethylene. 8 MARCH 2006 - 42 NrlrNtoO NcClrr r- cNc%000c O

NOONr 1 CDO Cer- NELERRCORX Example 1 except that into the autoclave,
triethylaluminum and the chromium compound were chargecd
in @ heptane solvent and heat-treated at 90°C for 30
minutes, and then ethylene was introcduced, ancé the
reaction temperature was changed to 100°C. The rasults

are shown in Table 2.
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Note: Contacting methods
A: Three components of ethylene, chromium compound
and triethylaluminum are contacted
simultaneously.
B: Ethylene and chromium compound are contacted and
heated, and then, triethylaluminum is contacted.

C: Chromium compound and triethylaluminum are heat-

treated and then contacted to ethylene.
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Claims:

1. A method for producing an a-olefin oligomer, which comprises
oligomerizing an a.-olefin in the presence of a solvent-soluble catalyst comprising a
chromium compound having at least one chromium-pyrrolyl bond and/or a chromium
compound prepared by the reaction of a chromium salt with a compound containing a
pyrrolyl group in a hydrocarbon solvent and an alkyl aluminium compound.

2. The method for producing an a-olefin oligomer according to Claim 1,
wherein the oligomerization reaction is carried out in the presence of hydrogen.

3. The method for producing an a-olefin according to Claim 2, wherein the

solvent is an alicyclic hydrocarbon solvent.



