8 MARCH 2006 - 1 - METHOD FOR OLI GOMERI ZI NG AN a- OLEFI N The present
invention relates to a nethod for oligonerizing an a-ol efin, p%rﬁlkﬁ'(@}iifdoé
et hyl ene, by neans of a catalyst conprising a specific chrom um conmpoun
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 combination of a chrom um conmpound and an organoal um num conpound. For
exanpl e, Japanese Exam ned Patent Publication No. 18707/1968 discloses a
met hod for preparing 1-hexene and polyethylene fromethylene by a catal yst
system conprising a Cr-containing Goup WI-B transition netal conpound of
the forrmula MXn and a pol yhydrocarbyl al um num oxi de. Further, Japanese
Unexam ned PaEgHEOD POB| OTLAGOMERNGE.ING23904~DIEFIdNd V. W Seidel and W
Rei chardt, Z. Anorg. Allg. Chem, 404, 225 (1974) disclose a nethod for
produci ng a chr offhempeestea thiimy € tNKRCH 260®s 2 a ewgpthod] favi ng a
chromi um pyrrolyl bond by reacting a chromumsalt and a netal pyrrolide in
t et r ahydr of updngome rdizivghaxy et-lodred ioonipairtiicg Lam lox yeddry latnem &y an el ectron
pair donor elenent. Further, Japanese Unexam ned Patent ?ublication No.
128904/ 1991 desobkosoés aa cagtaiyd tf @ompriisimg A spemi H-oladfianim means of a
catal yst obtained by a conbination o this chrom um containing conpound
with a netal calmphndr aadl @ni € Ligilelurdwmenne compeoing + He asdves tristeiatls, t he
one disclosed in Japanese Exam ned Patent Publication No. 18707/1967 has a
probl em t hat obKa iansubt ogucoloparpseshdaindymed asitnilmemdausaPdii t h
1- hexene is subigantial, and if it is

yield.

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

For exampie, Japanese Examined Patent Publication No.
18707/1968 discloses a method for preparing l-hexene and
polyethylene from ethylene by a catalyst system
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, 2. Anorg. Allg. Chem., 404, 225 (1974)

disclose a method for producing a chromium-containing



attenpted to reduce the anount or the polyethylene, the Overall activities
tend to deteriorate. On the Other hand, the nethod di scl osed insﬁ PESR06
Unexam ned Patent Publication No. 128904/1991 has drawbacks such that the
operation -for isolating the chrom um conmpound is cunbersone, and it is
extrenely difficult to selectively obtain a single chrom um conpound, and
that the catalytic activities are poor-fpr_ the oligonerization reaction of
an a-olefin using the chrom um containing conpound as a catal yst. Further,
it has been known tgaEGE,conpound cont ai ni ng . an electroqégaig.donor el enent
forms a conpFBRPPHNGC GG diNfatd SiF AAT ™ RY Gt ¥ 1 P HELY E3metft? fuch as a
chromumelenent. .In the process for .producing the above-nentioned

chr om um confar APtAg™c S FdS £ AFGT BT MaFRH DDOeR r VIR 1ESETH OF net al
pyrrolide arg.reacted by using a .conpound containing an el ectron pair donor
el enent as aClé“SWQﬁtﬁ’,e%?&eeWQ%é“é&?pﬁfth’&ﬁﬁ%i MY 2 B HFOT Hhi r
donor elenent tends to cqonpete with the nmetal pyrrolide in coordination
with the chrBAEENFEAPE GRS t o FUGMRES + M3BIH T HUBIRN IR Prifchidts
wherein the el ectron pair. dqnor. comaound,.|igand and the pyrrolyl group are
coor di nat ed £BPLAEZERAPGNNGM giz@ﬁ@rﬁ/i%ﬁ%vgﬁscfglsosep? Cﬁ)d?’%ttrkﬁ%.:%rt her,
according to the anouynt of an _alkylal umi num coppound, the selectivity of

1- hexene anpR§imBEXERES FrodiCed idndy A Tarkfe,2 WA ISE RASEAEE to be
attributable _to the cqordinated el ectron pair donor . conpound contained in
t he chroni unP¥ofp6aRAL e Py é’sler?tmisn\f:é‘ﬁtog‘}lsu%aﬁ%“ﬁoﬂ‘d’tﬂﬁ SPRBREITsi ve
researches to_ sol ve the abq&e-nentioned.problens of the conventional

met hods and H&%8 PelflFel LaCofpHeEted 23 present invention. The

present invention provides a nethod for oli orrgri Zj ng an a;ol efi n by nmeans
of a catal yst sy§P gver, among the above methods, the one disclosed

in Japanese Examined Patent Publication No. 18707/1967
nas a problem that the amount of polyetaylans Zormed
simultaneously with l-hexene 1is substantial, and if it is
attempted to recducs the amount of the solyethylene, the
cveralill activitiss tenéd to destesriorats.

cisclosec in Japanese
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On the other nand, the meth

Unexamined Patent Publication No. 128504/1991 heas
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irawbacks such that the operation 2
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chromium compound is cumbersome, ané it is extremely
Gifficult to selectively obtain a single chromium
compound, and that the catalytic activities are poor for
the oligomerization reaction of an c-olefin using the
cnromium-containing compound as a catalyst.

Further, it has been known that a compound containing
an electron pair donor element forms a complex in
coordination with a transition metal element §uch as a
chromium element. 1In the process for producing the

ébove-mentioned chromium-containing compound, a chromium



conprising a chrom um conpound having at |east one chrom um pyrrolyl bond
and an al kyl al um num conpound, wherein the a-olefin is contacggthrn¢tiRotde
chrom um conpound and the. al kyl al um num conmpound without prelimnarily

contacting the chrom um conpound to either the a-olefin or the

al kyl al um num conmpound, and/or wherein the al kyl al um num conpound is used
in an anount of at |east 20 mmol per g of the chrom um conpound. 8 MARCH

2006 - 4 In the acconpanying draw ng, 3FFgure 1 is an IR spectrum of the

powder of chrom um conpound 6 obtained in Catalyst Preparation Exanple 6.

Now, the pres§gaﬁ%§¥§g%%ggl¥%%LE%figgsgggbggakggdggkahg;ﬁhégareference to

the preferré&d r'on um conpoun tarn

o Y L Sbdlng N2 181RE UREILCEBE BRe3CBbabPYETLRER: YD | he one

whi ch cont aFR%? rom omato a pyrr group, y V€ ot her

organi c of LARLAAN G, 000UR9. cARCLhodBYg LURLUSHSRANLA' 1gEbeonBLal s 11

\"2
the present>Pnvention,  su om um conp obtarned*as a

mxture of JGPOUURe ol LERALSLO!SEOUPS Lifen! ki }SEE%%&.‘;YEEQEFt he

Peri odi c Ta% € when suc chr om um conpoun prepare eaction of

a_chr oni um sal dodid iy 2 [8h 2l  BYERO! dfifom Bndessti bRY, ELCLBAELEL. oI n the

present i nvention, such a mxture is also 1ncC romum

compound copLal (NG A EORBTLUMLPYGLOLY! wRRY; o @n%.hsége'e%gﬂtc papeci fication,

a specific chromum conp ndi cat es | 'owi ng eac Fom um

comound,  dond CASA R CORINACaARVENG Bb:LEaSh GEBuENLORT UM DyI ol

bond, 2. a chrom um-conpound”prepared by e reaction of a chromum salt
With a composd Gted ™ H0cRe PYRFOhYIm S16MBnkNia D¥diggarbon solvent. In

t he present 1nvention, the chrom um conpound containing a chrom um pyrrolyl
bond, can berfid@iingdts bY Further, according to the amount of an
alkylaluminum compound, the selectivity of l-hexene among
hexenes produced Eends to change, which is believed to be
attributable to the coordinated electron pair donor
compound contained in the chromium compound.

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

The present invention provides a method for
oligomerizing an «-olefin by means of & catalyst system
comprising a chromium compound having at least one
chromium-pyrrolyl bond and an alkylaluminum compound,
wherein the e¢-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.



reacting a chromumsalt and a conmpound containing a 8 MARCH 2006 - 5
pyrrolyl group. Nanely, for exanple, it can be obtained by reagjf 113606
chromumsalt with a conpound containing a pyrrolyl group in an electron
pair donor solvent. :ere, the chromumsalt nmay be represented by the
general formula CrXn wherein X is an organic or inorganic group, and n is
an integer of from1l to 6, preferably_ 24 or 3, provided that when n is nore
than 1, the plurality of X nay be the sane or different. The organic group
i ncl udes, for exanple, a hydrocarbon,  group, a parbonYI, grou an al koxy
group, a carboxyﬂngﬁ&ﬂuﬁCQPQS%ﬂﬂ&ﬂ%nﬁﬁ%Vl@ﬁouﬁ}gﬁffI-ké?o%%rﬁ%xylic group, a
f-ketoester group and - an am de group. The carbon nunber_of the organic
group s usiRAQHF YT &k fheo PRydedn® r@”r%‘r%aﬁ'wp‘b?gu?) ORtRYNFFLSLD f or
exampl e, an al kyl group, a cycloal kyl _group, an aryl group, a:: alkvlarvl
croup and arfaddlVIdH FEERFF2 THAR EXGT S group may, for exanple, be a

hal ogen, nitrate, sulfate or oxide. Preferabl the, chromumsalt is a
hal i de, such asNﬂWmnﬁﬂﬁ;Rﬂﬁ%ﬂqQk%nV§ﬂﬁkﬁﬁcwhﬁloPFd@?SEﬁ¥%%%u§1bronide,
chrom c bronmide, ~chronous iodide, chrom c iodide, chronpus fluoride or
chronmic fludEtaél patdi CREATANGS: &lertdlf P IGhDNRG eRPPGIRGREDr chroni ¢
chloride. Further, a conplex conposed of such a chromumsalt and an

el ectron pair @G&FoChIQFENT, COMPRNEICUY DI RKNG af SRFRPLEBTRYEBOLYE ket one
conpl ex, an _ al dehyde co x,. an_al cohol conplex, .an am ne conplex, a

nitrile conpr8L, OpF?ngI%!e 100 HhiBePT ST 1 Bt he?D c MR B8 Gihey one
hal ogenated chrom um 8 MARCH 2006 - 6 specifically C Ce3-3THF, .
Cr C23. 3di ox#féCNCFeBE AL B3 EOSHE CBGNE) ftéi“féﬁa’t%%déz%z%é} - B3 O C3HTOH)
0 C23-3[ CB(GR IO AR 0G| O.Ce8 Apyridiney Q0821 M),
[ Cr C23. 3MeCNFKeBRVEMBCREL Organt g v
further contain other metals. In the present invention,
such a 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
oyrrolide, as described hereinafter. 1In the przseat
invention, such a mixture is also included in the
chromium compound containing a chromium-pyrrolvl bond.
In the present specification, a specific chromium
compound indicates the following each chromium compound,

1. 2 chromium compound having at least one chromiunm-
pyrrolyl bond,

2. a2 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



acetonitrile), CCe3-3PPh3 (PPh3 = triphenyl phosnhine), C C22.2THF,

CrCe2. 2pyridine, CCe2. 2[(C2H5)2NH) 2], CC22.2MeCN (MeCN = acegﬁﬁhhg%%§%6
CrC22. 2[ P(CH3) 2Ph) (Ph phenyl group), nay al so be enpl oyed. The

containing a pyrrolyl group is the one derived frompyrrole or a pyrrole
derivative. The. pyrrole derivative includes, for exanple, 2,5-

di met hyl pyrrol e, 3,4-dinethylpyrrole;~ 3, 4 dichloropyrrole,
2,3,4,5-tetrachl oropyrrole, 2- fornylpyrrole, 2-acetyl pyrrole and

2-acyl pyrrobynarbgl §esnpuUNdndaelyederbEorkRybi @l e iithdawdes obekiexdmpl e, a

metal pyrrolide. The netal is selected fromGoups IA IIA Il1IBand IVB. A
preferred ngyatepytinli €RenBicohn@im €X28PLELhbE lcidnbidimdpyonelige ngsodi um
pyrrolide, potassiumpyrrolide or cesiumpyrrolide. Further, instead of

such a nmetal pytrelydegrBupr 0heafdr edepYEbal Baideiondd L@ 1knel.f, may al so be
enpl oyed. The ‘el ectron pair donor solvent may be selected anbng nitrogen-,
oxygen-, phosphoeds, and sHrbhiuOBE2LNNRY beOFRAHUEentB¥ by the
ni trogen-containing conpound may, for exanple, be a nitrile, an amne or an
ani de and ngyne sRECEbtmalbyche agréeaihrk! es BHrbeigR@icdbretRRkg¥hidi ne,
di met hyl f or ram de, N—nethy!forﬂanlde, aniline, 8 RCH 2006 - 7
ni trobenzengrok gl ran@t Ay di ani naeegbane: £hewanetbylsdi Yrledzang19r 2
pyrrol i done. The oxygen- containing conpound may, for exanple, be an ester,
an ether, ark®{opegovadedl enbiel wRenan akdmbydetadd MHY thepeliufriagcakly be
ethyl acetate, nethyl acetate, tetrahydrofuran, dioxane, diethyl ether,
di met hoxyet baine, magdi igéyoRe t&ingl yrediffetene, nEhkylorgizhylc kebane,
met hanol , et hanol or acetal dehyde. The phosphorus- contai ni ng conpound may,
for exanpl eindbrudéexafiet hgkpipiphoa ayddeczahewanegtloplpphasgkaboaylri am de,
triethyl phosphite, tributyl phosphi ne oxi de or

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

group, a B-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

includes, for example, an alkyl group, a cycloaikyl

j-

groud, an arcyl group, an alkvlaryl group ané an aralkvl
groupd. The inorganic group may, for example, be &
halogen, nitrate, sulfate or oxide. Preferably, the
chromium salt is a halide, such as chromous chloride,
ciromic 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 a2 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 thioether complex of a halogenated chromium,



triethyl phosphi ne. The sul fur-containing conpound may, for exanple be
carbon disul fide, dinmethylsulfoxide, tetramethylenesulfone,

di mret hyl sul fide. Anobng the foregoing el ectron pair donor solvents ﬁers
are preferred. Anong them tetrahydrofuran, diethyl ether and

di met hoxyet hane are nore preferred. As a method for reacting the chrom um
salt and the metal pyrrolide in the eLegtron pair donor solvent, the

chrom umsalt and the netal pyrrolide are mxed at an optional ratio and
react ed usualle‘;gsi der atnnafherlc pressure preferably in the absence of an

oxygen nol eG& Y LY 4t ot 3(’I\‘é*nfi)'erc‘art':h‘l"ae et wt(Gn&PaPevel , but
desired, thEsFare: ﬁ5§5§§k¥g§8 ﬁa‘%& et sl o sovent. 1
2006 - 8 MG a0 gret L8 of 1T etts Loibh, Gt ot A 5% removed by
remved. A CF afer 10d Lors e vfhgﬁ%%?@?&mﬁ Bai(#288n6r o vent, 1t 1%
BT oul at i ng 78 'Qytt lggese)t'gfcdfrﬁo%h %P&t Blse ot TEH AP er at ur e, or
Whih the  Gfcder GTECompBGe O &G e?d&@fzﬂo 3T nbn the formeg
N th the adddfs 3&“&% UICEE Rt et e Chadles FRAIETC S ANG - iee

sol vent ot her Epa the electron $§ gonq£ folgﬁ alinear or alicvclic
sat ur at ed hydfghé? a feXaResY eptane or cycl ohexane, an

ar omati ¢ hydroc?}?&%eﬁ%&?&@é c@ﬁé‘% tQ'g?P ?m IrSUgh[lO”!aQe@ﬁe

chl ori nat ed rocar bon such as c for

di chi or oet hang, Red %J&&'Bﬂé@f@aé‘xe a Oﬁy@rsféoaépfeséwe. 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,



aromati ¢ hydrocarbon such as chl orobenzene or dichl orobenzene, may, for
exanpl e, be nentioned. However, it is preferred to enploy.a_liqﬁﬂk H 2006
alicyclic saturated hydrocarbon. Another nmethod for obtaining chrom um
conpound containing at |east one chrom umpyrrolyl bond to be used in the
present invention, is a method of reacting a chromumsalt and/or conpl ex
soluble in a solvent other than the electron pair donor solvent, with a
nmetal 8 MARCH 2006 - 9 Dyrrolide. As ghg sol vent other than the el ectron
pair donor solvent, the one used for the renoval of the electron pair
donor sol vent as descrlbed above, npl oyed The chrom um salt and/ or
conpl ex SNQHﬂRQQQPﬁﬁﬂﬁrsﬁﬁFﬁ#ﬁe?ﬁYkgl%%bﬁovﬁéhéﬂéctron pai r donor sol vent
may, for exanple, be t he above-nenti oned. conpl ex of a hal ogenated chrom um

and an el eft&XGMeddhbrdl SikaraRe £F %Yﬁé?léé%ifex ThR es¥gficonpl ex, a ketone
conpl ex, an al dehyde conpl ex, an aI ohol nglex an am ne conplex a
ML p

nitrile corfANS@1minsh (ﬂﬁﬂex F %x%ﬂ 8thBE 2BoRPSIEX 0PNa

hal ogenat ed chron1un1 %?e0|f|cal 3. 3THF, .Cr Ce3- 3di_oxane,

Cr Ct 3- (CH3 r@@ag,n( %z%)ancfb@ehxéﬁ esdy oAy,

Cr Ce3. 3( CH3( CHZ,) 3CH( CHZ Cr Ce3-3pyridine, CrCe3.2(i-C3H/NH2),
[ Cr Ce3. 3V PRI o?ﬁ‘%‘?ﬂ%) m%;F@éé apphatepphs =

tri phenyl phosph Cr Ce2. 2THF, Cr Ce2. d Cr,C22- 2[ ( C2H5) 2N
o ba. 2NeC °e?p koS5 S eBlL, LS, SRE TN

group). Fur er |t qg% e a chromumf - dlki opat a, chrom um car boxyl at e,
n

a chroni um t & %ﬁﬂ??ﬁ% ey ?aﬂ?gn§Ft8BEplexes of
h | e h |
Spect 1 cal 1P R BOdIAR e A e eddt oo e P ESkBNBEIRS . & (0O 5,

DO Ce2 (Cpontalnlng compound may, for example, be

hexamethylphosphor amide, hexamethylphosphorus triamide,
triethylphosphite, tributylphosphine oxide or
triethylphosphine. The sulfﬁr-containing compound ‘may,
for example, be carbon disulfide, dimethylsulfoxide,
tetramethylengsulfone, 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 reacting the chromium salt and;the
metal §yrrolide in the 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.



=cycl opent adi enyl group), (Cp CrCeCH3)2 (Cp* = pentanethyl cycl opent adi envl
group), (CH3)2CrCe or 8 MARCH 2006 - 10 CrPhC22-THF3. As a neg HRE?ROWS
reacting the chromumsalt and/or conplex and the netal pyrrolide in e
solvent other than the electron pair donor solvent, the chrom um salt
and/or conplex and the netal pyrrolide are m xed at an optional ratio and
reacted usual |y under atnospheric pressure preferably in the absence of an
oxygen nol ecule. If desired, the reactg an may be conducted under irradiation
with ultrasonic maves The reaction tenperature may be at a level from

-100C to the b |ng p of the sql vent ependi ng u t he types of the
chromi um sal t “458ForO 5@3‘&%9%%‘: t n‘eecaﬁ Y %éré)‘:%rfe sr@afc“%ll on tineis
usual |y fron130eglgy s.to 48 hours., After conpl etion.of .the reaction,

e~ Ir

by- pr oduct §HaY Hoved P i EaEER Aoke\F&S S \ﬁlter?otLFtor%L?@H emoval ,

th t .b d tly f th t t

of an_ a ol SPTGE 4 r{vﬁé‘?y s&#%%&rah%ﬁ%m% B oR et U et on' pr oduct
may be i ed di S ﬁ r the ali onerlz%ﬁﬁon reacgti.on of an_ a-olefin.
Uhan & he' r ESROT oRSs bhSefmt el e Be e Sy B dSEROIS T under

or di mary  SipEPaLaY s B ERogoTen AN IR aif (e SFor A E e AR Eompound | S
e T MR Tl B N B
e T T PR, e B T s oo
of a- olefip,,PRLl CYLRL Y nCHIA M8 sH1G e H bt iAE HHON

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 sﬁch as chloroform, methylene chloride,

dichloroethane or tetrachloroethane, or a chlorinated

aromatic hydrocarbon such as chlorobenzene or

dichlorobenzene, may, for example, be mentioned.

However, 1t 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



is that the reaction of a chromumsalt with a conpound containing a

pyrrolyl group is conducted in a hydrocarbon solvent as the SOl%ﬁkagtﬂﬁg
than the electron pair donor solvent. In this nmethod, the chrofi (of0) und

can be prepared in a good yield even w thout adopting the above- nentioned
cunber sone isol ation operation conpared when the reaction of a chrom um
salt with a netal pyrrolide is conducted in an electron pair donor one.
When an a- olefin, particularly ethylene, is oligonerized on using such a
chr oni um conmpound prepared in a hydrofarbon solvent, it is possible to

obt ai n hexenes having a high selectivity of 1-hexene. Besides, in spite of

the changepyifolb@el eagki eReceBdibhenstadehthBat thBeedBBURbnObat e
al kyl al um num conpound is reduced, the selectivity of 1- hexene in the

resul ting dexenesotasnke GBenbaknededt far BhehrbAwokl bf the present
invention, it is essential that such a chrom um conpound contains both

chrom um agpse@nen Pyieobighogr subvedbeaghdestunbeanpeuid , phapabed by the
reaction of a chromumsalt with a conpound containing a pyrrolyl group in
a hydrocarggtlspeédent may be obtained as a mixture of chromumatom a
pyrrolyl group, other organic or inorganic groups, and/or netals of |A,

1A 111B, orrh¥BchtoimiemPeriledaadfabl eomblielk aomusier éni $h@ MARCH 2006 -
12 also included in the chrom um conpound in the present invention. The

chrom um cespeeintl eenebethbhathedebycteent pagradoabrogblienal hagnd a
conpound containing a pyrrolvl group in a hydrocarbon solvent. in detail,
when the chopneéxamshbi apdthbeabovpomedtionatiacompyea p¥rwmol yl group are
reacted in the hydrocarbon solvent, the chromumsalt is preferably

sol ubl e i nhahegbyadtedacboamsonvent. adsetachrancdapoundsuch ekr em um

Q di ketonate, a chrom um carboxyl ate, a _

" 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, specifically
CrC#,-3THF, CrCé¢,y-3dioxane, CrCé,y-(CHyCO,n-C Hy),

CrCé,- (CH4CO,C,Hs), CrCey-3(i-C4H,0H),
Crce3~3[CH3(CH2)3CH(C2H5)CHZOH], CrCé,-3pyridine,
CrC¢,-2(i-C4H,NH,), [CrC¢;-3MeCN]-MeCN (MeCN =
acetonitrile), CrCé¢,-3PPh,; (PPh; = triphenylphosphine),
CrC¢,-2THF, CrCé,-2pyridine, CrCé¢,-2{(C,Hg),NH],
CrC€2°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(CH3(CH2)3CH(C2HS)C02]3, Cr(CO)g., CpCrCe, (Cp
=cyclopentadienyl group), (Cp CrCe¢CH,), (Cp" =

pentamethylcyclopentadienyl group), (CH;),CrC¢ or



chrom um 6- ket ocar boxyl ate, a chrom um am de conplex, a chrom um carbonyl

conpl ex, various cycl opentadi enyl conplexes of chromum a Chr@ﬁ&g&ﬁ'z‘ﬁ%
conplex or a chrom um phenyl conplex nmay, for exanple, be nmentione

Particularly preferred is a chromiumfl-di ketonate, a chrom um carboxyl ate
or a chromumfl-ketocarboxylate. Mre specifically, it may, for exanple,
be O (CO6, CpCrCe2 (Cp =cyclopentadignyl group), (Cp*CrCeCH3)2 (Cp' =
pent anet hyl cycl opent adi enyl group), (&}B)ZC}CB, chromum (I11)
acetylacetonate, chromum (111) 2,2,6,6- tetranethyl-3,5-heptanedi onat e,
chroni um (FFPRCS2- TRyt hexanoate, chromium (111) naphthenate, chronium
(1) methyl acetoacetate, or chromum (I1) bis(trimethylsilyl)amde. As

t he hydrocar bofSs8| FerFtioda faFdrieE&GYdH S UHEMigHY 22 hal IRBIRAE ed

hydr ocar bon conpound ma¥l, for exanple, = be nentioned as typical exanples.
More speci EPERLEY, 2N Shepmemalo®y rrofid dg ddl fdes sFdreskatiies, Wdmhatic
and alicyclic hydrocarbon conpounds such as n-hexane, cyclohexane, n-

hept ane anBh@- 8&BaRECNaPRPRaCORCENnE A ied ol it eurfdHrQit gt b a Hy dmsADon
conmpounds such_as 1-hexene, cycl ohexene and cycl ooctene, aromatic

hydr ocar boRCRBHBYURBS SHEnMES2 Lt BV L dfeffendiaif s34 &t ORF®TR ogenat ed
hydr ocarbon conpounds such as carbon tetrachl oride, chloroform nethyl ene
chloride, ERFdPoBBAZERBCARA YiSURIGRoNEAEn &L MORRIRF hdthe Y fhat i c,
alicyclic and_aropati ¢ hydrocarbons e preferred. The conpound contai ni ng
a pyrrol ylPgRbEparsY &RenpFi P%é&“&? P%:aaé‘aﬁé‘yﬁx,?é‘cﬂ%%ei Mrefore. As a
met hod for _reacting the chromiumsalt and the conpound containing a
pyrrolyl gf®8predchtle Zeastaen ﬂfﬁer(ﬁ9qq¥qﬂ%§ Scar 1§&Rﬁ§u, t he

chrom U Sel Ly S1Hs 0852 BOAL, COMR! DS ISl AP e @ et
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 is 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 may be used directly for the
oligomerization reaction of an «-olefin. Further,
without removing the solvent, the reaction product may be
supplied directly for the oligomerization reaction of an
a-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.



reacted usual ly under atnospheric pressure preferably in the absence of an
oxygen nol ecul e. The reaction tenperature nay be at a | evel of -

to the boiling point of the solvent depending upon the types o?RL@ﬂ%H%Q&?
chrom um salt and/or conplex and the conpound containing a pyrrolyl group.
If desired, the reaction may be conducted under irradiation with ultrasonic
waves. The reaction tinme is usually frgqm30 mnutes to 48 hours. After

conpl etion of the reaction, by-product&‘nay be renoved by filtration, but
the chrom um conpound may be 8 MARCH 2006 - 14 obtained by renoving the

sol vent from t h&nog&etr ore hastiuber Wwitmininemvspegcsfith GYrerbeuct s.

Further, wthout renoval of the solvent, the reaction product may directly
be used for cempoBndgombrlichatdadia ks i e ofl igpmer biation @€ «r met hod for
renovi ng the reaction solvent or the washing solution, it is possible to
enpl oy a neLREANWhERSILE crl@ rddt Aty ¥ere 4 Het Vidshi pre st it inventsionli stil | ed
of f under reduced pressure or by circulating an inert gas at a high

t enper at ur ei6r thetr 68, redsdridruraf 2 BT on i ol § %ﬂrﬁeﬂ@@?owm%pletion
of the reaction, the product is left to stand still, followed by filtration
or renoval cohtehaiggpar PATARLYL HEPUMd S esinfikcied wekhedhydredea ity with a
hydr ocar bon conmpound whi ch has low boiling point such as n-hexane. After
renovi ng t heolxashki a§ $beusicdenthe difforinan ddrpotier t soB i hedkndm t he
present invention, the specific chrom um conpounds can be_used as supported
on a carri eFO3yERtas I&nthisr RO Dxitde ANFRRAM GOMRARME L£3hkE t he
amount of polyner formed tends to increase. Therefore, it is preferably
used si npl yPFRPEERBI A&t BoAORG Y k& AY8A iRt 2RReirfl WHe RRAV&ENDI oyi ng
such an operation. Nanely, according to the nethod of the resent

i nvention, RPGRLILEEYI FHMPCISOMA t4SQLaH P HEOP R B e L AIFR “WHH oyi ng a

cunber sone operation.of . . . .
the reaction of a chromium salt with a metal pyrrolide is

conducted in an electron pair donor one. When an e-
olefin, particularly ethylene, is oligomerized on using
such & 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
alkylaluminum 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



supporting on a carrier. Further, the nethod is free fromsuch a problem
that the total anmount of the catalyst used (the total anount of&hggﬂp ({ier
and the chromi um 8 MARCH 2006 - 15 catalyst and the aIkyIaIuniﬁ & Sﬂd)
is increased by the use of the carrier. In the present invention, the

ol i gonerization of an a-olefin is conducted by the conbination of the
specific chrom um conpound thus obtained, with an al kyl al um num conpound.
The al kyl al um num conpound i s preferabhy an al kyl al um num conpound of the
followi ng formula: RlmAe(OR2) nHpXq (1) wherein each of Rl and R2 which may
be the sane_or different, is _a Cl-15,. preferably ClL 9, hydrocarbon croup,
Xis a haloﬁzﬁoafB “EEﬁKéP %@ﬁ<§%rﬁﬂiﬁi qsa?gﬁegﬂhr_q¥%$ﬁ$ﬁfgﬁ For

exanpl e, alkxlalgninun1conpounds of the following fornulas (2) to (7) may
be mentioned”™V&"t#PRI'ky!l al uni num conpound of the fornula: RL3Ae (2)

wherein Rl is as, defined.above; Q en%}ed al kyl a gyinun1co ound of the

a ha
formul a: RlnmAeX Bﬁﬁ (:g)ro\ﬁ"ré“lmeicr?mﬁfué%dd Tare aosb et yabro%f‘ec,t 3 . 5<nk3;
an al koxyal kyl al um num,co und of the fornula: . RimAe(OR2).3.m (4) wherein
2 and R arb Rl R ERA e Ao Ba F i i JPIE G S o
aIkyIaIuninun1hygride coggound of the formula: RLImMAPH3_m (5) wherein Rl is

as defined &BofelYSRGCAHENOR SSAEF&tably 1.5<nx3; 8 MARCH 2006 - 16 an

al um noxane of &%?d%%%qﬂhthen the chromium salt and the compound

containing a pyrrolyl group are reacted in the
hydrocarbon soclvent, the chromium salt is preferably
‘soluble in the hydrocarbon solvent. As such a compound,
a chromium g-diketonate, a chromium carboxylate, a
chromium f-ketocarboxylate, a chromium-amide complex, a
chromium-carbonyl complex, various cyclopentadienyl
complexes of chromium, a2 chromium-alkyl complex or a
. chromium-phenyl complex may, for example, be mentioned.
Particularly preferred is a chromium f-diketonate, 2
chromium-carboxylate or a chromium B-ketocarboxylate.
More specifically, it may, for example, be Cr(CO),,
CpCrC¢, (Cp =cyclopentadienyl group), (Cp'CrCéCHy), (Cp"
= pentamethylcyclopentadienyl group), (CH5),CrC¢,
chromium (III) 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 & halogenated hydrocarbon compound may, for example,

be mentioned as typical examples. More specifically, it



R12AQ QAe) . QAeR12 (6) or ~(7 OQAe) R1) In the formulas (6) and (7), Rl is as
defined above, and mis an integer of fromO to 30, preferably SSVMAREIE2006
10. Specifically, trimethylalum num triethylalumnum triisobutylal um num
di et hyl al um num chl ori de, diethyl al um num et hoxi de, di et hyl al um num hydri de,
met hyl al um noxane and i sobutyl al um noxane may, for exanple, be nentioned.
Among them a trialkylalumnumis prefesred, since only a snmall anpunt of
polymer formed as by-product. To conduct the oligonerization using the

specific chéog% §m copp ound_abt ai n q bX E 1e reaction IE .a hydrocarbon
sol vent, the anbunt ‘o fh@xﬁTR Fal ﬁ% uﬁ]lgoﬁﬁ ufd*€8Hé used per g of the

h d 0. f bI han 5 I
Chat | the caaf9es E598t FOREraac It FRe"Senaberonty FSFiPRE<SPr nbr w11 be
d. Th t hod_f d h b
ol vent has SPTENT (oPR "rREFSAE CONbANEH N A% AdLEXES LAndraahy; %?%ﬁfﬁin .
d d_i | ect d I t th
amount o (e %?%fg%‘ﬂﬁ?ﬂﬁﬁ?ﬁ%ﬁ%Bﬁﬁ%-[ 3 og}gggngg;%goggg? "Shd yer the
| ect t fith | t h | t
decr case.  ERRHPEoB08 - 1% Ther RECRPeEERER HosReraRS %Hg%oefé“m [ 2at i on
t duct I I t,
[T near or ZI FEVRIT ¢ Baar B oSy hrERd, DaRe bR ogsns&sé“gvd%gﬁ?aﬁég hexane,
hept ane, tn?neu a§Y EARBE a0%s PEORVLEYELBRERB0G 0 CATEaLicBrpan arommlic
hydr ocar bon™s THRAAS benzene; f £n F gnzene of tetralin, a

chain_chl orjqat o hyd Rmgﬁaneéyf&aﬁeﬁghﬁgga%nhlgﬁtl'a%%@ﬁzsmaor' de,

di chl or oet hane, rlch or oe or tefrac oet han ori nated
Among them, aliphatic, alicyclic and aromatic

hydrocarbons are preferred.

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

As a2 method for reacting the ch;omium salt and the
¢compound containing a pyrrolyl group such as a metal
pyrrolide in the hydrocarbon solveat, the chromium salt
and the compound containing a pyrrolyl group such as a
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 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. If 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



aromati ¢ hydrocarbon such as chl orobenzene or dichl orobenzene, may, =or
exanpl e, be used. Amons these solvents, a linear or alicyclic iﬁé#@ltﬁ) 6
hydrocarbon is preferred. Further, the c-olefin as the startina eria

for the reaction itself, or an a-olefin other than the main starting
material for reaction, may be used as the solvent. As such an c-olefin, the
one having from 4 to 30 carbon atons may be enpl oyed, but the one which is
liquid at roomtenperature, is particulayly preferred. 1In a case where the
ol i gonerization of an c-olefin is conducted by specifying the contacting
met hod of the catalyst and the anount of the al kylal um num conpound to be
used, it is pP&RéReEd biyo resevamgaltiney Sloly emdriooa Bore @asiig Athese sol vent s,
since high catalytic activities can thereby be obtained._ Further, in a case
where the oPrg6HerLi Yatthontr E2FOVART §UEHN AT DIC tF es FUIHNES 4 he
concentration of the chrom umconpound, it is preferred to use a chain

sat urat ed hyd#isdarbon 2aQdR 1la® b Fhgn& O 1y eIRCH IR0 0B 2C TP e, Medkane,
heptane or octane. The a-olefin as the starting material to be used in the
present inveAtirgAtlys g &1518st ifogt &82o0ligomestizakian weastdiam dfavdmhg from 2
to 30 carbon atonms. Specific exanples include ethylene, propylene,

| -but ene, 1- cpBALEAB, 1RKeReMELhedoéPEnd emMviigihying fRacdHie®nase lyent

met hyl -1 -pentene, The present invention is particularly suitable for the

ol i goneri zat PEntBE FeByidge SOMELEPY 1t HEx&NS ddhl &R @UBAEY e obt ai ned
in good yield. The tenperature for the oligonerization reaction is wusually
fromO0 to 258€thpleiBeaBip theémsolvgntsder &tk warhigle s ian dsually from
at nospheric pressure to 250 kg/cnR, but it may sufficiently be not nore
than 100 kgRésptiliRd odfenridsr rrREcRE PIFAIUFNAhiRY £iwige GMs @bm 1
mnute to 20 hours, preferably fromO0.5 to 6 hours. :

inert gas at a high temperature or at room temperature,,
or 2 method wherein after completion of the reaction, the
oroduct is left to stand still, followed by filtration or
removal of the supefnatant, then the residue is washecd

preferably with 2 hydrocarbon compound which has low

doiling peint such as n-hexanse. fter removing th

1]

washing solution, the chromium compound is obtzined.

In the present invention, the specific chromiunm
compounds can be used as supported on & carrier such as
an inorganic oxide. EHowever, 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 employing such an
operation. Namely, according to the method of the
present invention, high catalytic activities can be
obteined without employing a cumbersome opération 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



The reaction may be conducted by a batch system a sem -continuous system
or a continuous system The apparatus for the reaction is not ﬂi&ﬁéﬁ& ‘%y
limted. For exanple, a tubular reactor or an agitation tank tgpe Fedact or
may be enployed. In the present invention, it is necessary either to
contact the c-olefin to the chrom um conpound having at |east one
chrom um pyrrolyl bond and the alkylglﬁgigun1 conpound without prelimnarily
contacting the chrom um conpound to t a-ol efin 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 |eastc20ahyot ped ghef afllkgleBuainum compowrd ) Heneverreaseide®ybot h of
the above conditions are satisfied, the |argest effects can be obtained
with respecthe¢ oustecfcahal gerciactivities and the selectivity for triner.
When t he above-nentioned contacting nmethod is enployed, the anmount of the
above al kyl al uninutheoppesedt tiavemtioed a@a msltigdme ciwatmamaioiround
having at |l east one chromumpyrrolyl bond may be at any |evel so |long as
it is at | easdldEimolspeonguotetthbychhentombdordwid aff -thet sloeastEizs mmol
per g of chromumnetal. As a specific contacting nethod, the reaction of
bat ch syst enhcamib®e ceopductiedhby abiethed  wwertdi mrt el kgt ladlual immimnum
conpound is present in a solvent, and the chrom um conpound and the

c-ol efi n areompowhd aneBbsl g§lkylrodméadmt hempoundori sa praftarad lyhemei n
firstly, the c-olefin and the alkyl al um num conpound are contacted, and
then the caltlovdabvsbnpouadmpouindt pédided frRdoetiag Tarmudast i on of

conti nuous system can be conducted by a nethod wherein the respective
conponents are Buppf i LFg%e reactor diredtdly and independently, or a
met hod wherein the respectiye conggnen;s are supplied and transported to a
reactor thro@hetdgeaghpes RonasetBd Yi¢hemRBaBBokhe F2MEhBZor der to

realize the_sane contacting state as in the
different, i1s a C,_,;q, preferably C;_g, hydrocarbon group,

X is a halogen atom, 0<m;3, 0;n<3, 0ip<3, 0;q<3, and
m+n+p+g=3. For example, alkylaluminum compounds of the
following formulas (2) to (7) may be mentioned:
a trialkylaluminum compound of the formula:
R AC (2)
wherein R! is as defined above;
a halogenated alkylaluminum compound of the formula:
1
R ACX,_ (3)
wherein R! and X are as defined above, and 1.5<m<3;
an alkoxyalkylaluminum compound of the formula:
1 2
R AC(OR?),_. (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:
1 hd
R ACH,_ (3)
wherein R} is as defined above, and 0<m<3, preferably

1.5;m<3;



above-nenti oned nethod for batch system Under the conditions of the
present invention, the interaction between the alkylaluninun1c9 OAREH 2866
the c-olefinis so snall that the above-nentioned various contacting
met hods 8 MARCH 2006 - 20 can be regarded as substantially the sane nethod.
In the present invention, the state of "without prelimmnarily contacting” is
acconpl i shed by the above contacting nethod at the initiation of the
reaction. Further, for the additionalésaupply of the reaction substrate and
the catal yst during the reaction, the supply nmethod is not particularly
limted so | ongmS 1t AER L YH atld Fhedale 1S acconplished with respect to
the respective materials to be supplied afresh. By enpl oying the above
contacting metig@gdaesaongybshanti al inprovenentgyindrhe catalytic activities
and an effect of e.g. sﬂppres%ing formati on of polyners, can be obtained.
I n the catal yst—systempf the present invention, a solvent-soluble
conponent forjpred by the| reaction of the specific chrom um conpound and the
al kyl al um nuntet s considered to have(7bligonerizing activities. It
i s considered thdt whén the e-olefin is contacted to the specific chrom um
conpound and the&!al kyl al unm num conpound wi thout preliminarily contacting
the specific chrom um conpound to either the c-olefin or the alkyl al um num
conpound, the resule T rraQtasy g 9pacidey 7ar.e rt ali laisz @& Al e’ Gbos@or di nati on
of the <c-olefin present, and the amount of the active species wll
increase. @adt ke iet Aer imarderwadn fthbe @- @loefion ipt e feadtAG et afdeyt
contacting the specific chrom um conpound to the al kylalum num conpound in
t he absenceoof Shecdfieadfliyn, trimeatplal uafinue actiewhydpScindsukecr eases for
8 MARCH 2006 - 21 the above reason, and reduction of the chrom um conpound
triisobutylaluminum, diethylaluminum chloride,

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 as
by-product.

To conduct the oligomerization using the specific
chromium compound obtained by the reaction in a
hydrocarbon solvent, the amount of the alkylaluminum
compound to be used per g of the chromium compound is at
least O.l 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.



proceeds beyond a proper reduction degree before initiation of the

ol i goneri zati on reacti on upon contact of the a-olefin, which %ﬁlﬁﬁ?&i{%ﬁj
to be factors for deterioration of the catalytic activities. e catalytic
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 |s considered that the chrom um
conmpound becones to be hardly soluﬁlé' when reacted with the al kyl al um num
conpound, by the prelimnary contact with the a-olefin. Even in a case
where the abovelrcortiacptagenet hadensionet taEpbayegdmeirdizalty ohi gh
oligonerizing activities and selectivity for trimer can be obtainer by

adj usti ng tdemc@mmunts afotdecadé&ybsbhabl pubycaospagnd solivkatchrBsi um
conpound to a | evel of at |least 20 mvl per g of the chrom um conpound

havi ng at |sadt oo lohson wn pineat ybr bdbbdyol iat skeaskt2d0 Mol per g of
chromumnetal, preferably at [east 30 mmol per g of the chrom um conpound
or at | easthviidbaaabompesuch ods chuoanem pehakne, | hetdk@aeamhantang, t he

al kyl al um num conpound is less than 20 nmmol per g of the chrom um conpound
havi ng at |egstne oneyclwoeaxame pyme ohylcpohdhesehecbicvidegallon,teanmer and
catalytic activities tend to be low. By increasing the anmount of the

al kyl al um reomatoinp duniir ¢ ©a t then chu o aisn benpenad, tbleesel, ukiylehy, of the 8
MARCH 2006 - 22 chrom um conmpound is pronoted, and the anpbunt of active
speci es i nerdgsld:nénes o5 betraled, t® thaineasdornihptiet hvdrpossbbihe to
obtain fairly high oligonerizing activities and selectivity for trimer even
when the ahosre-amemiilomeclcon ave thglese hodlosidet, éiphdpedetasee is no
particular restriction as to the upper limt for the anount of the

al kyl al um mmmqmmhamv@xxeteumchlcheoatkgnabumnam-@@mpénﬁd is used

unnecessarily in a
aromatic hydrocarbon such as chlorobenzene or

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

material for the reaction itself, or an e¢—-o0lefin other

r

o r

[}
1]

ction, mey be used

n

than the main starting material
&s the solvent. As such an ¢-oleifin, the one having from
¢ to 30 carbon atoms may be employed, but the onz which
is liquid at room temperature, is particularly preferred.
In a case where the oligomerization of an c«-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 by prescribing the
concentration of the chromium compound, it is preferred

to use a chain saturated hydrocarbon such as butane,



| arge anount, the yield of the product per the alkylal um num conpound
decreases. The upper limt of the anount of the alkylalumlnunﬁﬁﬂﬁgﬁggﬂé;
preferably 1000 mmol per g of the chrom um conpound having at 1east one
chrom um pyrrolyl bond or 5000 mmol per g of chromium netal, nore
preferably 500 mmol per g of the chrom um conpound or 2500 mmol per g of
chromumnetal. On the other hand, the contacting nethod and/or the anopunt
of an al kyl al um num conpound added i n-t¥& - ol igonerization of an a-olefin in
the present invention may not be particularly restricted by using the

cat al yst ??é,?gg,y@ q{b{g,ngonﬂpéﬂ@gg%fépn&hg_‘ghr om um conpound prepared by

the reactio a chrom um sal t- Wit conpound containing a pyrrolyl group

in a hydrocarbonrnso} Vend ;i floyevere Wb \_FH%thEe?hEh}eEot Be da@e jgontacting
met hod and/ or the sane anount of an um num conpound stated before

are/is enpl OM?éjn%d fesddie pAw@m&za;gog Q&béeleueLsfw %gnsgeREg%fghrom um

conpound is for In a hydrocarbon solvent, the activity 8 06 -

and the sel ectdddyn frPa(vitrfcj "Bfofaf (&G0 ! Oa b BEH CABEms . (ScBkLaEky ment | Oned
herei nbefore.) The reason why the increasement of the activity and the

selectivity dpImpidd MBiclsa&onehyies £d, t r Sy 1 Bge Samepdesaki bed
her ei nbef ore. The concentration of the chron1un1conpound in the

oI|goner|zeuééukéﬁetmeﬁéfgﬁgjru;@bﬁgﬁeprgsgggny@ugnghggnelgngsgalIy from
0.1 ng to 5 of the specific chrom um conpound or from0.02 ng to 1 g of

chrom um rretx@éunppxlaperoieme smé/e@fes@zﬁ@fﬁﬁabhyléﬁomlﬁagtaeuzagmf t he
specific chrom um conpound or from0.2 ng to 0.4 g of rom um netal, per e

of the sol vequitdvevids the &UjgshenNYzdbEogobEeathaleng, pRbeeRl ¥ to a
| evel of at nobst 150 ng of the chrom um conpound having at | east one
chrom um pyriextene b ¢l edt Idsly e Npb©d igdd 0bhugbod 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 batch system, a
semi-continuous system or a continuous system. The
apparatus for the reaction is not particularly limited.
For example, a2 tubular reactor or an agitation tank type
reactor may be employed.

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

compound to the e-olefin and the alkylaluminum compound,

or to use the alkylaluminum compound in an amount at



nmetal, per e of the solvent, nore preferably at nost 100 ng of the chrom um

conpound or at nost 20 ng of chromum netal, per e of the solv
catalytic activities (g olefin/g chromumhr) and the catal yti g%ﬂ{{:@ﬁg%y

(g olefin/g chrom um conmpound) will substantially increase. The | ower
limt of the concentration of the chrom um conpound is not particularly
limted. However, if the concentration is too low, the yield of the product
per reactor will be |low, such being wsdesirable. Therefore, the |ower
limt is usually at a | evel of 20 ng of the chrom um conpound or 4 ng of

chrom um net al , pel e f_gty%e1 gjsooé vterpé 'Clirp‘%i‘mh@&i‘gﬁhpé' tgﬁ";%ﬁ‘{‘ef,a:e of the

activities &e IS not ye early understo

id d that ,by.th f . tion: of-: i
ggg;'ouﬁg? et SOk BE ;L%g%e S df 418 coneeni f 2 gé)@losgélﬁ,g (& omi um

e conpouhd 1 Nncreases, associ ation

degree decrggses L o ¥d i aboyty ANy | G EASE: O ELLgEl Vi agtd ve s tes.

Further,lrfﬁ € "ol igonerization of an a-o0 present invention, an

ey ek SUR WL G SR (AL UL OR 01 MV S Bl d 11 BT 1S

observed whe ogen 1s presen ion. Especially when the

ol gomer | zal | oy RGl 100, L e BE £5FE LOHEDEL ORI e gBBCLELEd [ 0 an

alicyclic hydrocarbon solvent,and I n resence o ydrogen, the

catalytic agbhuilles dndl actfl ctde ie [iodd | 4BEy L2TLK AT Kaloo ey | mpr oved.

In a case where the oligonerization reaction of” an c- , ~especially

ethyl ene, s SANdUEPd Wit Nthet QALY cSATBEAS N, L Rhrzddgm conpound

havi ng at | east one omum pyrrolyl bond and an al kyl a um num an

i mpr ovenenpnien chRr@mG ! pifd o BEL IndAd afa Pk S&t egdy Vidvel f tddd®is i s
observed by the presence "of hydrogen, but the selectivity of 1-hexene anobng

?22?32: Progugedatentast & GRI LGS o JPANE cfoh i\ RIS Ind Nt i oN
at least 25 mmol per g of chromium metal. Aas 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 e-olefin are simultaneously introduced thereto, or a
method wherein firstly, the e¢-olefin and the
glkylaluminum compound are contacted, and then the
chromium compound is introduced thereto. The reaction of
continuous system can be conducted by a 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 c¢-olefin is so

small that the above-mentioned various contacting methods



in that when the oligonerization reaction is conducted by wusing a catalyst
conprising the specific chrom um conpound obtained in a hydrogﬂngbﬁng@nt
and an al kyl al um num not only an inprovenent in the catalytic “activities
and selectivity for trimer is obtainable, but also no substantial decrease
in the selectivity of 1 8 MARCH 2006 - 25 hexene anong hexenes produced is
observed by the presence of hydrogen. Formation of polyners (those
insoluble in a hydrocarbon solvent _at,qyqomtenperature) in the

ol i goneri zation of an c-olefin according to the present invention, is not

nore than 25% wei ght %% t he total ﬁﬁ%OdUCt' Accordin t$ a preferred
met hod of 4 FtedaHar 48R At i DS 137 bR 1 5K BPesﬁéﬂep‘B?gtﬁ% s, is not nore

Lo a lovel of Tt e ERERn Sy B=0ETght  CRECBEAFAGOFo FRERABENod of the
present i_nvent1i.or1, a . product conmposed W&i(l;ﬂ% of a érti)rrer can, be sel ectively
obt ai ned i PGod@ NI hyC R FRorENT zi 1Y) ARCATBEEFIRS Phabhe cePaVey et hyl ene;
and fornmati on of polyners can be controlled. Thus, the present invention
or ovi des a CRVGHRTAATRE S IRAIAS | 12 Rt AGLONFF { HBF, TB5C6iPRy as a
Py ocar borf S8 /ent O RHUIF ARG AT b SPRPLY CBFaFhy EERGFERB, (o
"t oved, By i1 T o7 YA HOREHBI pe. ESRELeRT | E0Fon wi || be
o ond SR Y L SR PRSP 8L 28 Rk oRo B8, P T
precloe RS RRACRS ke ALA06,01 0008 uEoh! Shopfar LonREcCoel:
_2006 respective materials to be supplied afresh.
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 1is considerec¢ that when the

¢—olefin is contacted to the specific chromium compound

and the alkyléluminum 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

c-olefin present, and the amount of the active species

will increase. On the other hand, when the e«-olefin is

contacted after contacting the specific chromium compound

to the alkylaluminum compound in the absence of the ¢~

olefin, the amount of the active species decreases for



- 26 of the present invention for industrial application is high. Now, the
present invention will be described in further detail wth refgﬁﬁpggﬂbmm
Exanpl es. However, it should be understood that the present invention is by
no mneans restricted by such specific Exanples. CATALYST PREPARATI ON EXAMPLE
1 Preparation of chrom um conpound 1 To 0.815 g (20.3 nmol) of NaH, 15 ne
of THF was added, and 1.4 ne (20 mmol) of pyrrole dissolved in 5 ne of THF
was dropwi se added thereto. The mixturélwas stirred at room tenperature for
one hour, and then this solution was dropw se added to 1.23 g (10 nmol) of

CrCe2 suspendegdbbiie 2PegBoAf, IHE rAlfuet ibhe ¢ epw @ raddiuki edmpoande of THF
was added thereto, and the m xture was refluxed for 20 hours under heati ng.

The preci pi pabee®@s béibher 8dpebberTheductiBnQfr sReBledde evas added to the
filtrate, and the m xture was left to stand still” at 5C. The forned

precipitateinasisoibgcoedthy biligoakireRadidn Feiakd ilon Aol kA:2Q6 g of a
dark green powder. The contents of elenents in this powder were as foll ows.

Cr: 19.1% 6fF BRe38eolkfdn4SWnibh 31ebYeliehell ¥oT bBRERARAIEONCEXAMPLE 2
Preparati on of chrom um conpound 2 To 19 ne (30 mmol of n-BuLi) of a

n- BuLi / n- he&é@@rié@éuibﬁndEZtﬂerEa(tﬁng| hcefi vayrireel e diheselated yitn c20 ne
of THF was dropw se added at -78C, and the m xture was 8 MARCH 2006 - 27

stirred foradbivipiéssdetlibeforkhie ilxbuie wagake! wheee the cARBmiemperature,
and stirring was continued at room tenperature for 2 hours. To this

solution, lcbRp@ufdOandmohg efoCe€ed wae pddedminadipgwdentteted Zhan, the
m xture was refluxed for 5 hours under heating. After being left to cool,
the formed phesi phéadkkyasltimihamedompound is contacted thereto. 1In

this case, it is considered that the chromium compound

becomes to be hardly soluble, when reacted Qith the

alkylaluminum compound, by the preliminary contact with

the q-olefin.

Even in a case where the above contacting method is

not emp}oyed, 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

bond 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 chromium 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



off. The filtrate was dried up to obtain a powder. The contents of elenents
in this powder were as follows. C: 6.6% C 69.2% H 7.3% N:8§E§%8/ 6
CATALYST PREPARATI ON EXAMPLE 3 Preparation of chrom um conpound B2
(16.5 muol ) of NaH, 15 nme of THF was added, and 1.0 ne (15 mmol) of pyrrole
dissolved in 5 ne of THF was dropwi se added thereto. The m xture was
stirred at roomtenperature for one-heyr .- and then this solution was
dropwi se added to 0.79 g (5 mml) of CrCe3 suspended in 25 ne of THF. After
the dropwi se addition, the mxture was refluxed for 5 hours under heating.
The precipitate was filtered off. Then, the solvent was distilled off to
obt ai n 1. 65chrohiam btaagoymodwes . pddeotcadt eaid tife aadcemantof iacttivies powder
were as follows. Cr: 6.5% C 58.0% H 6.6%, N 10.5% CATALYST

PREPARATI ONs g% Ei dc Reepas at Tloiis of s dbe oingwed conpdiendreasbm Whyreitof a THF
solution of pyrrole (10.1 mml), MLi (7.5 nme of a 1.4M Et 20 solution, 10.5
mol ) was s opwssebhelded albtai8Cfainflerhidylopviiisromeddizingn, the 8 MARCH 2006
- 28 mxture was stirred at roomtenperature for 30 mnutes. To the

lithi um pyraotivetiessandt a¢heet vty oy dringn &vesd whenditdsol vi ng Cr Ce2
(THEE*)2 (1.33 g, 4.82 mmol) in 5 me of THF, was added at roomtenperature,
and the niapPoye neBtiened cgonbrcBingurethathdrempt rpleyed-ofhess ution
turned bl ack. The reaction solution was filtered throu%ﬂ_a & filter, and

the filtrateSwie PRERESM AR ERSEHIOBIAR A% 17 dde pRReST L1 Hdn Eof0 ne of
toluene and_3 ne of pyridine re ded t hereto, d the mxture was heated
by an oil b&E® amount | oby Hae 1A %nb?maﬂéf“lw MU (HPH VSR 3t 11 hot . The

obtained filtrat slowy cooled.to roomtenperature.. The supernat ant
of proci pi 1 abec e pu TRl o iRaita b by IR gy 15 ¥
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



crystals were washed with toluene to obtain 593.6 g of brown needle-Iike
crystals. The obtained crystals were pulverized and used for tI8MARCH 2006
ol i goneri zation reaction. The contents of elenents in the needle-like
crystals were as follows. C: 10.0% C 69.2% H 6.06% N 13.7%
CATALYST PREPARATI ON EXAMPLE 5 Preparation of chrom um conpound 5 To 12 ne
of a THE solution (0.5 M of Na (pypfoigde), a THE suspension (8 ne) of
CrCe3-3 pyridine (0.79 g, 2 mol) was“dropwi se added at room tenperature.
The mxture was stirred for one hour and then refluxed for 5 hours. After
cool i ng t heard Xthe esebecodm tenferatuimer16anneeofl THEinwaeasdded t heret o,
and the supernatant was 8 MARCH 2006 29 transferred by a syringe. This
oper ati on weSiniggeal ednen i ored aherehebebbakned Bhewnessbat Wby was
concentrated to obtain 340 ng of a brown powder. CATALYST PREPARATI ON
EXAMPLE 6 iPreapmsasiiemt odf chhendativdiopoand 6h#osaleoltuaviiday dbrchromi um
(I'r1) acetylacetonate (2.55 g, 7.3 mmol) in toluene (15 ne), a suspension
of powdery tdindrd uis pyonsidedeed 1£t60bg, tRe. Samrpipssepaedtely prepared, in
toluene (5 ne), was added at room tenperature under a nitrogen atnosphere.
The reacti drerainiiefereas gradually heated to 100C, and the stirring was
continued for 25 hours while maintaining the tenperature. The reaction

m xture was codllel concenhratéaperht bhe, chndmiban composwidvémt thas di still ed
of f under reduced pressure fromthe reaction mxture, to obtain 4.15 g of
a reddi sh Blgemowdeit ieorof hehe ok Tgbaeinzani bher pagseos dhvenhydane, this
powder was used as it was. The results of the elenental analysis of this
powder was & W bef 0o Ghe H9etd ped Of BBe eRPedface€hFrPBALPhe anal yzed

val ue of O and the obtained .
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
mg of the chromium compound or at most 20 mg of chromium
metal, per ¢ of the solvent, the catalytic activities (g
olefin/g chromium-hr) and the catalytic efficiency (g
olefin/g chromium compound) will suﬁstantially increase.
The lower limit of the concentration 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



armount, wa
nmeasur emen
manuf act ur
CATALYST P
2006 - 30

nmmol) int
7.26 nmmol)
t enper at ur
to the rea
t enper at ur

s 100% The IR spectrumof this powder is shown in Figure 1. The
t was conducted by a nujor nethod using 165 Mbdel FT8MARCH 2006

ed by Perkin Elmer. C: 9.1% C 57.0% H 5.9% N 7.4%

REPARATI ON EXAMPLE 7 Preparation of chrom um conpound 7 8 MARCH
To a solution of chromum (I11) (2-ethvlhexanoate) (1.14 g, 2.36

ol uene (15 ne), a suspenslog

of powdery sodium pyrrolide (0.65 g,
separately prepared, in tofuene (5 n2), was added at room

e under a nitrogen atnosphere. Utrasonic waves were irradiated

&6 BRtNYRtucd erEA Y1 rndREE£90dpUbUtg itthils manDfenate Shdtter

e of the wultrasonic wave cleaning apparatus rose to a |evel

of

40C. AfterP¥ofipPedr6iestet RE tBEcEPBRENEE td@Fediatdit CRAERRIN™ hdr awn to
eacted chromum (I11) (2- ethyl hexanoate). Then, the residue was
fOomRephdne thenGOLRE 134 5&r Rat &RE \RESE e GeasRs s@fe manner as
residual solid was vacuumdried at roomtenperature to obtain
hhgeapsgréat ippnwdenr eeTRECE 88 §eSs toF BiHA %13t AN anal ysi s of

renobve unr
washed wit
above. The
0.97 g of
this powde
anal yti cal
58.1% H:
at 150C,
under vacu

r were as follows. The yield per O as calculated fromthe

ipgraassr of edi@cth¥eoBCEiN8d SATSEnt, was 83.7% Or: 7.5%

G

7.4% N 7.2%, EXAMPLE 1 A 300 nme autoclave heat-dried by a drier
vwas &8935 Ted Whithe ol 1eREestizat ¥Rt P 19 TR Mi%th thE t r ogen

um This autoclave was .provided with a catal yst feed tube

equi pped WPERSENBuLSVeRdC8: BF ABPIBVeAEftand 4N Faf 2 Gof

triethylal
ot her hand

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 conductecd by
using a catalyst comprising the specific chromium
compound obtained in a hydrocarbon éolvent and an
alkylaluminum, not only an improvement 1in the catalytic
activities and selectivity for trimer is obtainable, but

also no substantial decrease in the selectivity of 1~

um num were charged to.the_body side aof the autoclave. On the
SOV E Sy 20l SLARECSpRUABEL SR OF (3PS THE IRt ane vias



8 MARCH 2006 - 31 charged to the catalyst feed tube. At such a tine, the
chrom um conpound and the triethylalum numwere not in contact %@ geg&o

ot her. The autoclave was heated to 80C, and ethyl ene was introgu A g%c
through the catal yst feed tube. By the ethylene pressure, the burst plate
bursted, whereupon the ethylene, the chrom um catal yst and the
triethylal um numwere sinmultaneously contacted to one another, and

ol i goneri zation of ethylene was initiatéd~ Ethylene was introduced until
the total pressure becane 40 kg/cn2, and thereafter oligonerization of

et hyl ene wahexeaaduaiotd Hyxedtes MAWdudud 6 STBidEEIVED G Nord Pradseddessure
at 40 kg/cnR. The internal tenperature of the autoclave becane 90C by the
pol ynmeri zat bénhhé@abgeand thereafter the reaction tenperature was mnai ntained
at 90C. One hour later, ethanol was injected to termnate the reaction,

and the product Feamaguan idi gsblpnegas (v wai ogshye Ihearesults are shown
in Table 2. EXAMPLE 2 Into the sane autoclave as used in Exanple 1, 10 ng

of the chrohiydpvearpoundol vt Gtd4 roonl tdmpdrdtaidey) alnindteim were charged in
t he sane manner. Hydrogen was introduced to 3.5 kg/cn2, and the autoclave

was heated b@ig0ferAtzatich aft iam c-idle £ ichraerdamd oo rchea st dden ¢
triethylalum numwere not in contact with each other. Then, ethylene was
i ntroduced iavefA@Cohhr dsgmdthencrat ahest Fmedyt uwbeightheotbuwtsd qdwile 8 MARCH
2006 - 32 bursted by the ethylene pressure, whereupon the ethylene, the
chrom um coppodndtand Aidoe ridiinet yd & wmafiem et ene tood axld ethesipaddameousl y to
one anot her, and polynerization of ethylene was initiated. Ethylene was
i ntroduced unvehttibe,t doaimairiess wie swedamo ey cniy reotd more than

15% by weight. By employing the proper method, it can be

controlled to a level of not more than 5% by weight.

According to the method of the present invention, a

product composed mainly of a trimer can be selectively

obtained in good yield by oligomerizing an e«-olefin,

particularly ethylene, and formation of polymers can be

controlled. Thus, the present invention provides a

significant industrial advantage.

Further, by using as a catalyst the specific chromium

compound obtained by the reaction in a hydrocarbon

solvent, when an ¢-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



thereafter polynerization of ethylene was conducted for 0.5 hour while

mai ntaining the total pressure at 40 kg/cnR. The internal tenpgﬁgégéﬁé@66

t he autocl ave becane 110C by the polynerization heat. The auto

cool ed and thereafter the reaction tenperature was nmaintained at 100C. 0.5
Hour later, ethanol was injected to term nate the reaction, and the product
was quantified by gas chromatograph. The results are shown in Table 2.
EXAMPLES 3 to 8 The reaction was conducted in the sanme manner as ir.
Exanpl e 1 except that the reaction totitions and the chroni um conpound
were changed as identified in Table 1. The results are shown in Table 2.
EXAMPLE 9 dftithd her sa8rt auhoehayenasodseddhids Exampkpolicd@isg ief the
chrom um conmpound as used in Exanple 1 and then 62 nR2 of heptane, were
charged. Tigjh. the tenperature was raised to 90C, and et hyl ene was
introduced to 35 kg/cn2. No absorption of ethyl ene was observed. Therefore,
0.4 mmol of tNdwefhyhel prepentwaaventeohedildheredpar ridlegoipti on of
ethylene started. 30 Mnutes later, 8 MARCH 2006 - 33 ethanol was injected
to term natux dheer réacil bnwiTherefeashtontbeBpenpluse Wiaswakent aised at 90C.
The results are shown in Table 2. EXAMPLE 10 A igonerization of ethylene
was conduciteshlid bdeusdeestoadnehadsthe pxasphe Inexaepbnt Rat biyhgor eaction
sol vent was changed to cycl ohexane. The reaction conditions are shown in
Table 1, amshdherd€istltsedrieyshovn spedabie BPxambXANPLE 11 O i gonerization
of ethylene was conducted in the sane manner as in Exanple 10 except that
t he anountCATALYST ePhyPARRATIONNEXAMPERabhged to 0.4 :mmol, and hydrogen

Preparation of chromium compound 1

To 0.815 g.(20.3 mmol) of NaH, 15 m¢ of TEF was
added, and 1.4 m¢ (20 mmol) of pyrrole dissolved in 5 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 THF. 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 5°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 2 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



was introduced to 3.5 kg/cn2. The reaction conditions are shown in Table 1,
and the results are shown in Table 2. EXAMPLES 12 to 14 The regg&%&eﬂwﬁ§6
conducted in the sane manner as in Exanple 1 except that the reaction
conditions and the chrom um conmpound were chanced as identified in Table 3.
The results are shown in Table 3. EXAMPLE 15 ?. 300 ne autocl ave heat-dried
by a drier at 150C, was assenbled while it was still hot, and flushed with
ni trogen under vacuum This autocl ave was-provided with a catal yst feed
tube equi pped with a burst plate. 150 me of heptane and 0.2 mol of

ot her handl S50t B VAREH DBO0R: *55°  my BPRChE ki AREBERotRE S-SRLRFed in 1 me

of hept ane S a c I : e ocla s heated
20 900 “andtSrig TRt arhPe Cahe KEL - LERY, LUR Lok ReahOCk B 1ot e

burst_pl at e st duby 98 gthylene prgseie. suhgeunony khegel pyl ene, the
chrom um cafalyst and the triethylal um num were cont acteé sPmi aneously to
one anot he d-el ¢ ri,zati f:ethy wag . Loiti . hyl ene was

i ntroduced ﬁ%??r ?ﬁetggggl&%geéggﬁg Bgcgnésggg‘kﬁfgﬁﬂ, ghggfhggéafter

ol i goneri zat i on, B ngu f e I ilezpaintainin
thegtotal a%%ggégéegégygg EB%%ﬁefgghg ?%?g?ngﬁdggn%ggg 3&2 ogrggé autoc?ave
becane 100 h I pZati h n af=1d e he . 0N
tenperaturgbgggéng?ﬁgayﬁgébg?' gSC?agﬁgahgﬁ?EFgﬁg??ges %ngf&ggggﬁnjected to
termnate 6E§.refﬁé'Pmtéaéetbssrea%aoaggfgdgs&a&ﬁ/gﬂeow'.edThx gas

chr omat ogr ap The results are shown in T LE 16 Into the sane

autocl ave agopgedtsNoEXaehends. iA0tAYs powder were as follows.
Cr: 6.6%, C: 69.2%, H: 7.3%, N: 15.1s.
CATALYST PREPARATION EXAMPLE 3

Preparation of chromium compound 3

To 0.79 g (16.5 mmol) of NaH, 15 m¢ of THF was -added,
and 1.0 m¢ (15 mmol) of pyrrole dissolved in 5 m¢ of THT
was dropwise added thereto. The mixture was stirred at
room temperature for one hour, and then this solution was
dropwise added to 0.79 g (5 mmol) of CrC¢, suspended in
25 m¢ of THF. After the dropwise addition, the mixture
was refluxed for 5 hours under heating. The precipitate
was filtered off. Then, the solvent was distilled off to
obtain 1.65 g of a black powder. The contents of
elements in this powder were as follows.

Cr: 6.5%, C: 58.0%, H: 6.6%, N: 10.5%.

CATALYST PREPARATION EXAMPLE 4

Preparation 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



of chrom um conpound 4 prepared in Catal yst Preparation Exanple 4, 150 ne
of heptane and 0.4 mmol of triethylal um num were charged. Hydr obRARLH 2006
introduced to 3.5 kg/cn2, and the autoclave was heated to 90C. Then,

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

pl ate bursted by the ethylene pressure, whereupon the ethylene, the
chrom um conpound and the 8 MARCH 2006 - 35 triethylalum num were contacted
si mul t aneously to one another, and'b&“@ﬁ%rization of ethyl ene was
initiated. Ethylene was introduced until the total pressure becane 40

kg/ cn?, ancithereafiaer gl yed | ziat t oom of eepdiys encewasr Bondictessfor 1.0
hour while maintaining the total pressure at 40 kg/cnR2. The internal

t enper at ur @ooft hieha i taitunc | gxer derderet HAO Cobya i hedpokyseluzadnon heat. The
aut ocl ave was cool ed, and thereafter the reaction tenperature was

mai nt ai ned ot 210@G boned nmold Bi@rCrCe) helHE ) )asl § 31 ext etl 82 rneyli nat e t he
reaction, and the product was quantified by gas chromatograph. The results
are shown iim Bahlce cT TEAVRILS dddaddz48rdbe temptranuwas goeddugéed in the
same manner as in Exanple 15 except that as the chrom um conpound, chrom um

conpound 5 miktairkeddsn ol obtEPr epanat i on Exanpbe Sheaseadsedn and the
reaction conditions were changed as identified in Table 3. The results are
shown in Tablletlon EXAMRE BBk 300rme nedoclavesbiatidnieasby a drier at
150C, was assenbled while it was still hot, and flushed with nitrogen
under vacuuml tEviesl atmnigivea via3 Pibvededandt bheafiatakystwéaeed t ube
equi pped with a burst plate. 50 ne of heptane and 0.4 nmol of
tri et hyl al woinoemtwertedhay ggzkaim a hel doklypsvder of Thenault®chévef On the
other hand, 10 ng of chrom um conpound 6 obtained in Catalyst

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

mixture was heated by an o0il 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

vulverized 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 THEF suspension (8 mé) of CrCé¢y-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 supernatant was



Preparation Exanple 6 slurried in 1 ne of heptane, was 8 MARCH 2006 - 36
charged to the catalyst feed tube. The autoclave was heated t o83 MARCHZ486
et hyl ene was introduced at 100C fromthe catalyst feed tube. The burst

pl ate bursted by the ethyl ene pressure, whereupon the ethylene, the
chrom um conmpound and the triethylal um numwere contacted sinultaneously to
one anot her, and oligonerization of ethylene was initiated. Ethylene was
introduced until the total pressure'b®ame 35 kg/cn2, and thereafter the
total pressure was naintained at 35 kg/cnR2, and the reaction tenperature
was mai nt ai ethate AOOE. bPNe HPHIngbat efn; 81 HBBPhLYBA LBEeekpdategterm nate
the reaction, and the reaction product was quantified by gas

chromat ogr aphi.cdhead@Sthé SoBf £i 86@WHr bhin Tah gt 4on EXAYPEENEnt Rh@ekhe sane
autocl ave as used in Exanple 19, 7 ng of chrom um conpound 6 obtained in

Cat al yst Prepasisgd o 3 £xai®! &£ 62 aBeofn 280wBBE . Of triethyl al um num were
charged in the sanme manner. Hydrogen was introduced to 3.5 kg/cn¥, and the

aut ocl ave wagrdresd€dod op AR oN hepampeE hyl ene was i ntroduced at 100C from
the catal yst feed tube. The burst plate bursted by the ethylene pressure,

wher eupon tde el hve 88Ye, o £ hen £ Didh URdRpHRRENE and the triethylal um num were
contacted simultaneousTy to one another, and oligonerization of ethylene

was initiated. t&EtAyienetVes bﬂténd@ﬁedmumnh)tB@et?uat:e%ﬁs_%w?zb%%ane 40
kg/cn2, and thereafter the total pressure was nainftained at 40 kg/cn2 and
the reacti o, tenpeiss Ly einasoBudRCH 2008) ; 37suBBentabnedfabok@8Ey one hour
| ater, ethanol was injected to termnate the reaction, and the product was
quanti fi ed i giasn ohyorel D¢ aph. 60The, resubtamal p sbpamatebyTabl e 4.

pfepared, in toluene (S m¢), was added at room
temperature under a nitrogen atmosphere. The reaction
mixture was gradually heated to 1l00°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
2.15 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 oi
this powder was as shown below. The yield per Cr eas
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




EXAMPLES 21, 23 and 24 The reaction was conducted in the sane manner as in
Exanpl e 19 except that the reaction conditions and the chroniuHh;§€P§H@g6
were changed as identified in Table 4. The results are shown i .

EXAMPLE 22 The reaction was conducted in the same manner as in Exanple 19
except that the ampbunt of heptane was changed to 150 ne. The results are
shown in Table 4. COVPARATI VE EXAMPLE 1 The reaction was conducted in the
same manner as in Exanple 9 except th3® +he anount of heptane was changed
to 62 me and the amount of triethylal um numwas changed to 0.12 mmol. The

results are showg hnsdahk§od CEORhrBHEN (1FIVPARAHLYR 1IRANREELE ) The

reacti on was conducted in the sanme nmanner as i'n Conparative Exanple 1

eXCGpt_that‘§;§4k@{Cﬂ?3Qfmﬂ%@ﬁOgﬁntoW@énEnH&%dHQﬁd Rr i@l sk@stiBR bRt roduction
of triethylaluminum and the'total pressure was 40 kc/ciy. The results are

shown in Ta@&@d@zymmegﬁrEMLEossgha,rgafatsi Qhogs se@adueked in the
8 MARCH 2 I

sanme manner” as in 06 - 38 Conparative Exanpl'e 1 except~that into

the autocl ayeapat£d et Dyl abugbAEM 8ngl st hewalr aridem GempeyRd were charted in
a heptane sol vent and heat-treated at 90C for 30 mnutes, and then ethyl ene

was | ntrodugsfhe AREuEBeunARACHI ANt EBHRAT AL HOE pHRT Chargedaken1@0C. The

results are shown in Table 2. 8 MA 2006 _gb_ No ryNd1-0nO o
waves were irradiated to the reaction mixture for 17
hours. During this period, the water temperature of the
ultrasonic wave cledning apparatus rose to a level of
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
a2 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
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charged to the catalyst feed tube. At such a time, the
chromium compound and the triethylaluminum were not in
contact to each other.

The autoclave was heated to 80°C, and ethvlene was
introduced at 80°C through the catalyst feed tube. By
the ethylene pressure, the burst plate bursted, whereupon
the ethylene, the chromium catalyst and the
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 oné 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 terminzcte
the reaction, and the product was quantified 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 compound 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 compouﬁd 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
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bursted by the ethylene pressure, whereupon the ethylene,
the chromium compound and the triethylaluminum were
contacted simultaneously to one another, and
polymerization of ethylene was initiated. 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
méintained 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 exéept 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
m¢ of heptane, were charged. Then, the temperature was
raised to 90°C, and ethylene was introduced to 35 kg/cmz.
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. Ths
rzaction temperature was maintained at 90°C. The results
are shown in Table 2.

XAMPLE 10

11y

Oligomerization of ethylene was conducted in the same
manner as in Ekample 7 except that the reaction solvent
was changed to cyclohexane. The reaction conditions are
shown in Table 1, and the results are shown in Table 2.
EXAMPLE 11

Oligomerization of ethvlene was conducted in the same
manner as in Example 10 except that the amount of
triethylaluminum was changed to 0.4 mmol, ané hycérogen
was introduced to 3.5 kg/cm?. The reaction conditions

are shown in Table 1, and the results are shown in Tzble

N)

ZXAMPLES 12 to 14

The reaction was conducted in the same manner as 1in

Y|

xample 1 except that the reaction conditions and the
carcmium compound werz changed as identified in Table 3.
The results are shown in Tzble 3.
ZXAMPLE 15

A 300 m¢ autoclave heat-dried by a drier at 150°C,
wés 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. 150 m¢
of heptane 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 mé¢ of heptane was
charged to the catalyst feed tube.

The autoclave was heated to 90°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 thereaftér oligomerization of éthylene was
conducted for one hour while maintaining the total
pressure at 35 kg/cmz. Tne internal temperaturs of the
autoclave became 100°C by the polymerization heat, and
thereafter the reaction temperature was maintained 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 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¢ 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
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triethylaluminum were contacted simultanesously to cne

[o])

enother, and polymerization of ethyla2ne was initiate
Ethylene was introduced until the total pressurs became
40 kg/cm?, and thereafter polvmerizaktion of ethvlane was
conducted for 1.0 hour while maintaining the total
pressure at 40 kg/cm?. The internal temperature of the
autoclave became 110°C by the polymasrization 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.
IXAMPLES 17 and 18

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

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 cztalyst 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

Preparation 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 oligomesrization 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 maintained 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 18, 7 mg
of chromium compound 6 obtained in Catalyst Preparation
Example 6 and 0.28 mmol of triethylaluminum were charged
in the same manner. Eydrogen 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, and the product was
gquantified by gas chromatograpn. Th2 results are shown
in Table 4.
EXAMPLES 21, 23 and 24

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

The reaction was conducted in the szme manner as in
Example 19 except that the amount of heptane was changed

to 150 m¢. The results are shown in Table 4.

The reaction was conducted in th2 same manner &s in
Ex ole 9 except that the amount of heptane was changed
to 62 m¢ and the amount of triethylaiuvminum was changed
to 0.12 mmol. The results are shown in Table 2
(continued).
COMPARATIVE EXAMPLE 2

The reaction was conducted in the same manner as in
Comparative 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/cmz.
The results are shown in Tablé 2.
COMPRRATIVE EXAMPLE 3

The reaction was conducted in the same manner as in
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Comparative Example 1 except that into the autoclave,

triethylaluminum and the chromium compound were charged
in & heptane solvent and heat-treated at 90°C for 30
minutes, and then ethylene was introduced, ané the

reaction temperature was changed to 100°C. The rasul:s

are shown in Table 2.
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Note: Contacting methods

A: Three components of ethvlene, 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 contscted to ethylene.
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NUul U--UNJUI10O Q8 MARCH 2006 -48 Clains: 1. A nmethod for producing an
a-olefin oligoner, which conprises oligonerizing an a-olefin in the
presence of a catalyst conprising a chrom um conpound havi ng at’ MARGH 2006
chrom um pyrroryl bond and/or a chromium conpound prepared by the reaction
of a chromumsalt wth a compound containing a pyrrolyl group in a

hydr ocar bon sol vent and an al kyl al um néum conpound and termnating the
reaction in the presence of an a-ol efl'ﬁl.'z. The net hod for produci ng an
a-olefin oligoner according to Claim1, wherein the term nation of reaction
is carried out by a reaction termnator. 3. The nmethod for producing an
a-ol efin dHABYYer according to Caim2, wherein the reaction ternminator is
et hanol .

1. A method for producing an at-olefin oligomer, which comprises
oligomerizing an a-olefin in the presence of a catalyst comprising a chromium
compound having at least one chromium-pyrroryl 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 and
terminating the reaction in the presence of an a-olefin.

2. The method for producing an a-olefin oligomer according to Claim 1,
wherein the termination of reaction is carried out by a reaction terminator.

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

wherein the reaction terminator is ethanol.



