;e3e. T D6zT ., C-('~0 1 15~1-~ as | ~BI N~I I N911~BAV i ~i u~~w~~~m - 1 Br=.
METHOD FOR OLI GOVERI ZI NG AN a- OLEFI N - The present invention relates to a
‘met hod for oligonerizing an a-ol@fin, pargicularly ethylene,?§e4?neg, , of a
catal yst conprising a specifigAHr oni 'ébnpound and an al kyt™altum Af

in

A

conmpound, to selectively obtafn a prgﬂ ct conposed mainly of-a triper in. p
good yield. Heretofore, it has beep\ Kndwn to ol i gonerize aﬁ“a“ﬁﬁﬁTgﬁgﬁqﬁhww}
as ethyl ene by neans of a catalj@t.conposed of a conbination of a chromu
conpound and an organoal um num conpound. For exanpl e, Japanese Ex?ﬁﬁné,

Pat ent Publication No. 18707/1968 di scloses a nethod for preparing 1-hekene
and pol yet hyl ene fron1ethy|ener@Od(ﬁﬁﬂaE&st system conprising a
Cr-containing Goup VIB transition netal conpound of the fo MXn and a
pol yhydrocar byl al uni num oxi de. Further, Japanese Unexaninehmmwmmmmmmw
Publ i cation No. 128904/1991 and V. W Seidel and w. Rei char dt"" 2" !
Allg. Chem, 404, 225 (1974) disclose a nethod for producing a *66166*

chrom um cont ai ni ng - 2 conmpound having a chrom um pyrrolyl bond by
reacting a chromumsalt and a netal pyrrolide in tetrahydr

di mret hoxyet hane cont ai ni ng an oxygen atom as an el ectron p mmﬂmmHWHMMM'
el ement. Further, Japanese Unexam ned Patent Publication No. 12?&8&11 1
di scl oses a nethod for trinmerizing an a-olefin by nmeans of a catalyst
obt ai ned by a conbination of this chromaum containing conmpound with a netal
al kyl or a Lew s acid. However, anong the above nethods, the one discl osed

in Japanese L 55 dr bRt 80t cBMBRI@aNGORNNe ~OLEFAW 1967 has a probl em t hat
t he amount of ormed sinultaneously with 1-hexene is
substantial, and Eﬁei?rh§eﬁktaﬁpb%¢ﬂumlﬁymahESFtbeanmﬁthQﬁ fowe _

pol yet hyl ene, the overall activities tend to deteriorate. On the other
hand, the nEtng%gh§9h9§ﬁg bR Japae€de,UpaerdiiouddrRat @ithyensg cdY on No.
128904/ 1991 has drawbacks such that the operation for isolating the

chrom um comppeadsi §£caNbaragyet @othprtisiingera rspesl Hf i fehaRiuR o
selectively obtain a single chrom um conpound, and that the catalytic
activities argopgeanfoanshanokilgyimliurdmiuon qaRmAUTsh d710 FLR G} Ef§HY using

t he chrom um contai ni ng conpound as a catalyst. Further, it has q§en known
that a conpousBtsont ai proguant cospased FEinigorr e’ 0t nEOC conpl ex
in coordination with a transition netal elenment such as a chrom um el enent.
In the procesgiédd.produci ng the above-nentioned chrom um contai ni ng

conmpound, a chrom um - 3 salt and a netal pyrrolide are.reacted_by
usi ng a conpound Bemeiofiaff an-telfds r ?mﬁ?oﬁgn%? %%%ﬂ%ﬁ%?éégagéofvent,

wher eby the conpound containing an electron pair.don n ddsgto
conpete with ehefiBt SMSHyAS0l§ 651"?r1"e(: 4 d?%f?o%f vmgt%%%ié?gﬁr%%%ﬁm sal t
thereby to forma m xtyre of conplex ,pro S j g ghectron pair
donor conpounéflﬁg&ﬁ&béﬂﬁqqﬁ9[ﬁgnﬁﬂiﬁ%%ﬁ%ﬁﬁ)%#%?%%%@d%ﬁate to the
chrom um el enent i n vari,ous éﬂﬁ§§" jons. Further, according to the anmount
of an al kyl al GFBAM , b ectivity of 1-hexene anpbng hexenes

produced tends 10 ehang i oy 5. heLs ekt Rebezat shEbpUBlieska oo,
nor

coordi nated el ect npound contained in the chrom um

conpound. The&gﬁﬁzz#gééﬁ?ﬁ%ﬁiﬁé@?vg ROPKGEt edr eyt epayagr eshaxehes and

sol ve the abo one ens of the conventional nethods and as a

result, have ' t r {eh8VBHt AOBatiD@spr egetem nvention
provi des a ne?ﬁ%gﬁggbﬁgﬁﬁa&%ﬁ??z?ﬁgpan a-o?efin by geans of a catal yst
system conpri Sigyh A SIHPE U cesReaDEihavéngupt VIBasraose tdlnomeralpyrrol yl
bond and an al kyl*al um num conpound, wherein the a-olefin is contacted with
the chroni um copuUKE o the Abkybbkurknuandoappodd hyidrieear Bydel i ni nari |y
contacting the chrom um conpound to either the a-olefin or the

al kyl al um numampowunsl, oaidié or Rhetbin ,t GepankpleaUneixamhneshFeRft s used
in an anount of at |east 20 nmol per g of the chrom um cqonpound, -4 In
t he acconpanyimupXicathon Foguiasd04£18A1 RnSpdet-ubedahésoltrer of
chrom um conmpound 6 obtained in Catal yst Preparatjon I Now, the
present inventRehchardt beZdeécﬂFBedAilﬁ‘JdeFQieF“ Vi tﬂ’e%@ﬁ@;fﬁ t he

preferred enbodi ments. The chrom um conpound containi ng a chr.om yrrolyl
bond. to be uséis¢hosheaphesBAE £RFeRTPONC Ry aoe‘:%\rr?émgh“g %é:rlft#rg{(ﬁ]?ai ns a

chrom um atom and a pyrrolyl group, and may have ot her organic or inorganic
groups, and it may further contain other netals. In the present invention,
such a chrom um conpound nay be obtained as a m xture of conpounds of
nmetals of Groups IA IIA 111B or IvB of the Periodic Table when such a
chrom um conmpound is prepared by the reaction of a chromumsalt with a
metal pyrrolide, as described hereinafter. In the present invention, such a

o o - o T ]
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- phenyl group), may al so be enployed. The conpound containing a pyrrolyl
group is the one derived frompyrrole or a pyrrole derivative. The pyrrole
‘derivative includes, for exanple, 2,5dinethylpyrrole, 3,4-dinethylpyrrole,
3.4dichloropyrrole, 2,3,4,5-tetrachl oropyrrole, 2fornylpyrrole,

2-acetyl pyrrole and 2-acyl pyrrole. The conpound derived from pyrrole
includes, for exanple, a netal pyrrol'ide., The netal is selected from
Goups IA IIA I1IB and IVB. A preferred netal pyrrolide may, for exanple,

be lithiumpyrrolide, sodiumpyrrolide, potassiu rrolide or cesium
pyrrol i de. Fur€chBPOUndshaydngf as G of ’Qyﬁﬁ%;ﬂn %‘é“é)pkw rF o % Pyrrol e

derivative itself, may al so be enployed. The el ectron i e

may be seIecteﬁhéﬁﬁhamn§P4695H§,ao%Vé@ﬂLP%ﬁﬁéiﬂé%tﬁﬁ é§%#%§§§%§§€g%¥a$%ing
conpounds. The _nitrogen-contai ni_ Nq _GOIRO r b, ptrile,
an anine or andaRfyBe 5%8% & &4 l@%#%e%?%ﬁi%%ﬁ?é ;e)a;/‘—rli%}%%?%ﬁ

di met hyl pyri di ne, di,methyl far 1 de, I L dey; o {

ni t robenzene, Péﬁfaﬂﬁpﬁ§lSﬁgﬁgﬁgketﬁ%ﬁ%ﬁﬁﬁgiéﬁgéﬂyid?gq?ﬁggﬁgﬁg? Patent
pyrrolidone. The., ox ncontal ni STYR d ex anPt b n ester,
an et her, a'kep8ﬁgfgg§1§ﬁc§ﬁﬁllg% an aqﬁghfggMgH%Q%%fgspecﬁ??cg??y be et hyl
acetate, nethyl tetr e H i diedtylvet hebtained

di met hoxyet hangf’ilgl%?%?rg? '(taah gl é(égglg{:g{yorﬁﬁn%ml eféhyl ¥<et one, nethanol,
ethanol o acepgl deRue. nkia ANERHUS chicdhi @nieosk SDTDAYNdoMpYUnéor
exanpl e, be hexanet hyl phosphor am de, hexanet hyl phosphorus triam de,
triethyl phosphiten &rimathy Rhasphige HXisleiorasidet hyl phosphi ne. The

sul fur-cont ai ni ng conmpound nay, for exanple, be carbon disulfide,

di met hyl sul f oxi de, HRlevaTel BAETEsthé ctisovée hmepheds, othei apehgisalbsed.
Anong the foregoing electron pair donor solvents, ethers are preferred.
Anong them t etihabrgaofgeaEx ki intddy | Patdrer Ruwhll icakidoxyet haBe0ar&9hdr e
preferred. As a nethod for reacting the chromumsalt and the netal
pyrrolide in thaselaegiroml gmithatoritre samawnt , of hpothebhy Lengaferaad t he
nmetal pyrrolide are m xed at an optional ratio and reacted usual |y under

at nospheri c pr edsuléamesfuesrlgblwi ih Ttkexgrent® sEPaRaABKI@eN ﬁﬁﬂeéélé? Fhe
reaction tenperature may be at an optional |evel, but the reaction i
preferably condstesptesddo rgduse ofhe RMeryeft. the BRLYRERY Fﬁ@’rEEEtion
may be conducted under irradiation with ultrasonic_waves. The reaction tine
is usual ly fro®vesahln@cds it V85 nerRS. Lo det@TIORRERr conpletion of the

reaction, by-products are renoved by fjilJtratipn nd then.an_e

el ectron pair dono@PsdiRether p?%?éra{'ai‘ﬁ W@hﬁ9gdalﬂgagsﬁgt ﬁ&d)&%g’%%regr?ovi ng
the el ectron pair donor sqlvent, it js_possib t I od of
renoving it un&&e%QQiﬂﬁﬁj%ﬁ?ﬁﬂiﬂé??#lﬁgtt??cﬁgét?%§g§ﬁ9¥%g%gﬁé§s at high
tenperature or at ordinary tenperat , et h : LR;a .S ent ot her
t han the electﬂﬁé%gﬁqk%k#kﬁhs %%n?ﬁgnogéf%ﬁgﬁheggrgﬁgég?gﬁ?goﬁgéund is

i nsoluble, is added,. and the e;fo Lpi e;ef ;&h i
conpound is col9 (ﬁﬂi?qnquqéké§i%% éﬁﬁgagéﬁ§5'm%?ﬁ %Eelgdgggggggegﬂi to
renove the el eci.r i 3 okyegt eOthebntiltan t he

el ectron pair %’n%l%%e%@%l??ﬁﬁggi%réériggya/clﬁi (I? sgt urat ed hydrocarbon
such as pent anecorl{b%fm-ﬂﬁ J¥ept @St OEneYehehgyane, adkivieNels @rlkypoerarfemn
such as benzene, toluene or xylene, a |linear chlorinated hydrocarbon such
as chloroform Jmd Wl €] pit dén deablobaebliaaa erolefiachlsingetdene, or
a chlorinated aromati ¢ hydrocarbon such as chl orobenzene or

di chl or obenzeneh i ud-dorxaihi g bempeahidoasda kawalest.it is preferred
to enploy a linear or alicyclic saturated hydrocarbon. Another nethod for
obt ai ni ng the chronfumisenpoisdhaenbaieni kgosn Itdedt orePmpound (BRI IR
bond to be used in the present invention, is a nethod of reacting a

chrom um sal t saml/®Yectonph epa ol dbheri rlemeaty KMt ReCAMRARR e el ect ron
pai r donor solvent, with a netal _ g _ pyrrolide. As the solvent other
than the el ect repopdinadbonrwibhvantranga taRd® T&SR Y &LaMRNY SHRMIZDH t he
el ectron pair donor solvent as described above, be enpl oyed, The
chronium sal t a®kly@rlewnplenesskubis FHEtPéQQﬂ§%;§6§nHﬁ§Hﬁ tHE el ect ron
pai r donor solvent may, for exanBIe,_be thetabove-nentioned conpleg &Quﬂ
hal ogenat ed chr®ReY@aTRAAt BANBAENFERL1BRGP N tATIH NS COFRIYRS - P e W
ester conpl ex, a ketone conpl ex, an al dehyde conpl ex, an al cohol conpl ex,
an amne conplex, a nitrite conplex, a phosphine conplex or a thioether
conpl ex of a hal ogenated chrom um specifically C C233THF, CrC233di oxane,
Cr CP3( CH3C02n- CgH9), Cr C23( CH3C02C2H5), CrC233(i - C3H-OH),

Cr Ce33[ CH3( CH2) 3CH( C2H5) CH20H], Cr C233pyri di ne, CrC232(i - C3H-NH2),

[ Cr C233MeCN] MeCN (MeCN = acetonitrile), CrC-33PPh3 (PPh3 =

N I P I — N PN NN PN PN P~ I\ AR DN -



obt ai ned by renoving the solvent fromthe reaction product w thout renoving
such by-products. Further, w thout renoval of the solvent, the reaction
-product may directly be used for the oligonerization reaction of an
a-olefin. As a nethod for renoving the reaction solvent or the washing
solution, it is possible to enploy a nethod wherein the solvent for the
washing solution is distilled off undet geduced pressure or by circul ating
an inert gas at a high tenperature or at roomtenperature,. or a nethod

wh i ft et f th g th d i left t t and
StTT Lt ol | owest byt 14 Matadn B A AT T REE CERePhaTSHES Fhen ¢ ho

id i hed f bl.y with bon: d i h
boi 11 poi n RS SPRREIES AT SYECRERH nB% FoBRRdh et ohe R 128 =T e
chr om um conpound, j;s SRAINSH. ) ddi AL RS REnL BYEIAL OB bhECERBRI bit:

chrom um co cdan u as supported on a carfier such as an

i nor gani c OXid‘goeisoe{H%‘“T%é?e%t iegr%gcmqg 6p<ﬁ'§§eté hgi eNOERE REtLRY! YyeREoL oRER

tends to incr ore, It 1 referably used sinply In conbination
with the al kyl alyg UR6300 4N W EKO Ush S5R1 @i 881 EUeReaBbYPEBAELER. a
Nanel y, accofﬂ}ng to ?%e met hod of the present invention, high catalytic

activities caf 48 ROl ReghpdNPEo@IBH HYiNgr 81 fUBher sDERLOPAT phiion of
supporting on a carrier. Further, the nmethod is free fromsuch a problem
that the tot oo Wmpfurddiel iapired yaid usieel pyheololagranpuateof the carrier
and the chromum - 15 catalyst and the al kyl al um num conpound) is

i ncreased by ddegdisatefd tdre tes raleromiumt ékepersenn vavéauson, the

ol i goneri zation of ar. a-olefin is conducted by the conbination of the
speci fi ¢ chr grioporedmmesund Runtsheibt adeeel divng htanthekgmahoki adndBonmpound
The al kyl al um num conpound i s preferably an al kyl al um num conpound of the
fol | owi ng f orahklyd:a IRmidRrORMpdpiad ( IheheeteateuéhyoPfRI-BR¥ERE ARPEA may
be-the sane or different, is a Cl1 15, Preferably Cl1_8, hydrocarhon group, X
i s a hal ogen hatemes) anluaetdEndx-t3, clapes, WRdchwaspPgiievedr texafpl e,
al kyl al um num conpounds of the following formulas (2) to,(7), my be
ment i oned: aa&ﬁnﬂﬂgﬂ%ﬂhﬂﬁ?ﬂuﬁhﬁnﬁﬁﬁﬁﬁ?%ﬁt?ﬁee¥8FﬁﬁPa:PR&ﬁA¢°P°§ )
R1 is as defined above; a hal ogenated al kyl al um num conpgound of the
fornul a: R mSERPMNDB)CARH 1 Rina?ﬁeﬁ%%/%mégmdéf’f“ﬁ@&n bove, and 1.5<nk3;

| k | kyl al uni d of th la: Rl mA : 4
aﬂe?eigxéi a%daR%ggggg%%g ??ﬂ%ﬂgQBBES,L%%guﬁgﬁngtﬁﬁe%g%§§s§v .ngK3;)an
| kyl al um hydr i f — in Rl
:”‘ls b def L%‘fe;?gvecf eeas‘n’Stl'%‘ié‘fiﬂv,é’p*fé%?%%%f%%?g&%g?%ﬁ%@?@f@s) g‘ﬁ’“:“@' 2 N
al um noxane o e f.or ; 0 =—EZma13
In the forrrulczfgw(e&tléjr{l}}% %‘?t flgs%é %gf%%ésgg)&e?agﬁéa%ciogﬁéﬁsi r??:ger of

fromO to 30,_.pr y 10. Specifically, trimethylal um num
triethylalum9ﬁ§€g€%€§%§ﬂ£ﬁ§%§ d%?hunl di et hyl al um num chl ori de,

i et hy [ al umi num e o) e o gt of byLAL YBRNETLIYdelsl, mEtad aldx noxane and
i sobut yl al um noxane Y, ?or exanpl e, be nentioned. P.nong them a

trial kyl al umgyugdate P21 04 184, - Sb1ELi ONbY RedfiBl bfaavuak a0y spokysrent or med
as by-product. To conduct”the oligonerization using the specific chrom um
Conpound obt aidist 184 ddiea r @eesnh Dimi Bofpbyddoravion ael lesst dwe amount of

t he al kyl al um num conpound to be used per g of the chrom um conpound is at

| east 0.1 mMmuihrdmfumpFferebyy boné ahdnab adblyladentimagm tdeepestnd ytic
activities and the selectivity for the trimer will be inproved. The nethod
for produci ngeitdree iohricme uwrrcbepboinils | contagtedc aidn the COTOTHAS a nerit in
that as conpared with the case where a chrom um conpound produced in an

el ectron pai rcapmnd dnv@nthe sabkplajeninufe compewndo™ ithoW kyl al umi num
conpound to be used may be small, and yet the selectivity of the resulting
lhexene annngmﬁ%@mkﬁﬁ{#bMu@@dtaFFFnﬁoghéeépééﬁéﬁm comppund, §he igh&fent
invention, the oligonerization reaction_is conducted usuallqja using a

sol vent. As sikﬁl%f%kﬁ@%%t?ratPFnééFYBFIHWFEV@IF@Wﬁﬁﬁﬂ@atéﬂy fé}ocarbon

such as but ane ent ane, hexape, heptane, octane,. cycl ohexan~e,

met hyl cycl ohe‘$’<llét‘=n’gebrl1 @é%a?f'ﬁ}’géﬁuﬁr"gﬁﬂt Feml?%’f‘o%gaﬁ'sbourfes ' & R,

tol uene, xylepg,_ ethyl benzene or tetral i, chalj ri ydr ocar bon

such as chIor%fo?ﬁlfﬁ%?ﬁyggn@m8ﬂl8?fd§,ogig%ﬁo?%%?ﬁgﬁg?c#?ﬁ%ﬁﬂgfbethane or

tetrachl oroet hane, or chlorinated aromati c hydrocarbon such as

chl orobenzene or dichl orobenzene, may, for exanple, be used. A~-nong these

solvents, a linear or alicyclic saturated hydrocarbon is preferred.

Further, the a-olefin as the starting material for the reaction itself, or

an a-olefin other than the nmain starting material for reaction, may be used
as the solvent. As such an a-olefin, the one having from4 to 30

oy o

wher ei n
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- 21 the above reason, and reduction of the chrom um conpound proceeds
beyond a proper reduction degree before initiation of the oligonerization
-reaction upon contact of the a-olefin, which are believed to be factors for
deterioration of the catalytic activities. The catalytic activities
deteriorate also in a case where the chrom um conpound and the a-olefin are
prelimnarily contacted and then the &l kyl al um num conpound i s contact ed
thereto. In this case, it is considered that the chrom um conmpound becones
to be hardly soluble, when reacted.wt he kykahugisnam ganpound, by the
prelininary connatmev@Q¢PTPﬁﬁ¥%?ﬁe??%vbﬂ§énF?h a case where the above
contacting nmethod is_nqt_ enpl d. e T @l F LY i BinOBoRbbOBAEE Dbrgiaeti inti es and
selectivitypéQFIQWi?ﬁnéhﬁﬂggkﬁ%gt%fngé yladjustan t he anobunt of the

al kyl al um num conpound to cRy mbug gompound to a level of at |east 20
nmol per gC®¥a¥$£P ?%Pﬁ{ﬁéggﬁp%u%ﬁbhaving at | east one chroni umpyrrolyl
bond or at |eagt 10 Lt 0iabeaRion willete dgsatideblin at | east 30
nmol per g of Fﬂ%’cg?%gﬁtﬁggonpound or at least 150 nmmol per g of chrom um

metal. If {he 0 ytal yaenprecerpednenbodimentshan 20 nmol per
g of the c ?Bﬁ?ﬁﬁ#géﬁpéﬁﬁggﬁgsgng at Iegst one chrom um pyrrolyl bond,

sel ectivity fop %ﬂr)i:g?gm?gg[ eahpbyhidc casttiadintings & eritr erol Uk PYIF 0Byl

i ncreasing the g ant of the alkylal um num conpound to the chrom um
conpound. ,  the sgbugglhggdognthﬁe pre22ntchmyantiaonpeathdg st it ed, and
the anmount °3F Aactive species increases. This is believed to the reason why
it is possbp#ghteoﬁéhﬁhg faichirpmiiugh adlomy@nst ia iBRF BT Vi 15 VP arft?
selectivity tor trimer even when the above-nentioned contactjng nmethod is
not enpl oygdy AheEEokReBOopamniculoar INENIATLT HFAEPTo M {&nééylinix f or
t he anmount o? t he al kyl al um num conpound. However, if t?e.al% {? X num
conpound i gyesRErUBDRCESSAKthe i Metaldge HhothR  PTRREHF et Y ¥ e’ product

per the al kyl al um num conpound decreases. The upper linit unt of
the al kyl akyghnamctaomaund CGompRUsTce MaAY P& t%ﬁﬁ?épﬁ?n% %?LF%QSC ?gnium

conmpound having at |east one chrom um pyr olyt on 0 g g of
chroniun1nebmboumdseoﬁrab@aﬂﬁ3Pﬁﬂﬁf9ﬁég'%%f Igf ?ﬁgécggogyggggoggound or

2500 nmmol per g of chromumnetal. On the other he.c gtkag net hod
and/ or t he Penwdti coffadnd eaWha ™I SHF AN TOHPBLRG gggégupﬁ fﬁeBgF?gonerization
of an a-olefin in the present invention of, apkigyl arly restricted
by using t iy chealnsacthrn & vthi OFF 981D %%geglgﬁoﬁ1ﬁﬁe chr om um conpound

prepared by the reaction of a chronj it h gnCemROWREsealt ai ni ng a
pyrrol yl gEDUEQL+4¥¢n&ﬁcékﬁ?ﬁé?%@?%%g%§§%%§é$er, when b%th of either the

sanme contacting net hod and/ or a t jekl1aded ky ahem num conpound
stat ed bef VeI HHY y%dmli%gtlﬁgngfi ggﬁgri zation of an a-oolagi n wherein
t he chrom um conpound_i L 9iaiA¥daoeariean useipyantol tlhe dvity -
23 and trmFQﬁﬂQ&HTv??@s?%gépggﬂgglgéﬂﬁtEnd to increase. (Simlarly

menti oned herei pbe e r thilen | e regmesEineid oframieli®ict i vity
and t he selecti€?t§8%oP}?gPﬁ§rg?geggﬁgﬁdered to be the sane descru?ed

her ei nbefore. T o] kO f £bhe oeingrieanic ahpmmidin reqigound
oIigonerizaf?%ﬂgg?gtgggggéﬁé?iEh?nfthe prégght invention is usually from
0.1 ny to 5 g of LASSEER Fompotndinavirmmourkeast oot GIDMAEYITo 1 g of
chrom um netal, peér a of the solvent, preferably froml1l ng to 2 g of the
specific Cth”iﬁggegﬁgquﬁénﬂn fromO0.2 ng to 0.4 g of chromum netal, per 2
of the solvent. wevér, by adjusting the concentration g[efergbgy to a
level of at pDsh L5Qomiuti dompaindmuepatedobyidtR8yFRECELCPel5t Zone
chrom um pyrrolyl bond or at nost 30 ng of chrom um, netal er ~l§ﬁ t he
sol vent, nore pt&EQMQWMlﬁﬂlUnuith(h)¢Qﬂ2@uBﬁeCEHFﬁﬁP&HﬁCBnggﬁﬁa i at nost
20 ng of chromumnetal, per 2 of the solvent, the catalytic activities (g
ol efin/g chrom wrwip dmd a ey &zeea yRET %?*YEPEncy (r olefin/g chromi um
conmpound) wi |l substantially increase, The bowehflhght %%@#g pgoncentration
of the chron1Lunnnnqhnuptésﬁmﬂnl%%@%FéﬁParF | P PEG. er, if the

concentration is too low, the yield of th uct, pek Q%q}V@Iﬂ be | ow,
such beinglﬂﬂﬂﬁﬁhﬂﬂﬂQaa'ﬁﬂ#Qﬂ%ﬁ@fPYﬁ%oiﬁgeggﬁﬁﬁi%aﬁé%ﬁgﬁglIyngt allevel of

20 mg of the chrom um conpound or_4 f_cC 1 Mta it@mng? 20f the

sol vent . ngﬁﬁﬁﬂﬁﬂﬂsﬁnQﬁgamkPWn%?égggngfatEgﬁgggﬁyitiega - fﬁ is not yet
clearly understood, but it is considered tha by the decrease of the
concentration of the chrom um conpound, the solubility of the conpound

i ncreases, or the association degree decreases to bring about an increase
of effective active sites. Further, in the oligonerization of an a-olefin
of t present invention, an inprovenent in the catalytic activities and
selectivity for trimer is observed when hydrogen is present during the

. p— -, = . oy



transferred by a syringe. This operation was repeated tw ce, and the
obt ai ned brown sol ution was concentrated to obtain 340 ng of a brown
-powder . CATALYST PREPARATI ON EXAMPLE 6 Preparation of chrom um conpound 6
To a solution of chromum (I111) acetylacetonate (2.5 g. 7.3 mmol) in

tol uene (15 nR), a suspension of pomdery_h%thiunIpyrrolide (1.60 g, 21.9
nmol ) separately prepared, in toluene (5 ), was added at room tenperature
under a nitrogen atnpsphere. The reaftiogénixture was ,gr adua

|1y heat.ed to
100C, and the RYTFIMY BELWRINt i TRBEY or£25 RBEAPELRMI ﬁ&i”ntbe/rﬂb RALS

t t T tid 1. Xt I t t t , th
Lhe solvent wabXiSaaqt £ of8e LHaETETwhiRea phREbl Ao PR Re SrBsAtionS

i Xt , t btain 4. 15 f ddj sh . JFor_ t
o1 goner i zat | orf 1BHET A 1 Ry T ot PhF S RORGEF haf oURR SR Y0 Shas. The
| t f th I I | ySi t i Th
Jield per G s calENat clbr S ORE An APy S VaPte ToP e Tl 1 atl% ned
, 100%.. . I f L S; i PRI i
mmasur bment waS ST Uy 4 e R PR Jet Ao 65 BRdaC BF. poroemite

manuf act ured by, i eris Gn Integel o2/£0Un I to ¥ ¥erertBly 2
CATALYST PREPAF&% %&%I\/PLEI% P?ep%r a?i on of chrom um corrpII(;’Iund 7 Y 30

To a sol ution ofy cir pam ddd ! dn42- 9hby! Aexanpare) thhnld 9.thd I yF@ldty n

f
toluene (15 nR), a suspension of powdery sodium pyrrolide (0.65 g, 7.2

ol ) separ at el ye pf aRay e tHe tOAHENEr (8iFPerends added oxlgamandreygier ature
under a nitrogen atnosphere. U trasonic waves were irradiated to the
reaction m xturghdnidds, sl Sexdpleg shhgdpeceebont e owgt,era-teammatur e of
the ultrasonic wave cleaning apparatus rose to a |evel of 40C. After

conpl etion of tdwoupAacdin cdikdéde gtipeppabankriegyl girdupin & E-dEkmtdnate
unreacted chromum (l111) (2ethyl hexanoate). Then, the residue was washed

wi th heptane, auwbumpe =ypchetab@atbowyl iengveupi nat fekedoest@rgrcap andve.
The residual solid was vacuumcried at roomtenperature to obtain 0.97 g of
a deep green pawanidhegresplt SThé cacbehenvnbglr @faltyhs Lugfanid gysouper
were as follows. The yield per O as calculated fromthe anal ytical val ue
of O and the obs atswal byofmen hatog3079@ngr the bydrocagdonm,gneuryr. 4% N
7.2% EXAMPLE 1 A 300 n2 autoclave_heat-dried_by a drier at 150C, was
asserbl ed whi | einglu@es stfeT ewamMPhfd BRUIABYLWBERURt Pof3FiAfddsY vacuum
Thi s autocl ave was provided with a catal yst feed_tube equi pped with a burst
plate. 50 n2 ofITRYR arRN Y D. A A¥Br 87 gF-I‘&lWIY&I Grﬁ%%ﬁeq?@rbﬁé'@glé‘cﬂto

t he body side of the autoclave. On. the other han%, 10 f cIl{orri um
conpound 1 sl ur$i¥¢Pi n el BPTHRPEGNETRHE ™aY 3 OICI?d‘gg"Eglet’o & catal yst

feed tube. At ti th h ' d triethyl '
wer e not in ComERSThy Gk O Rer ~ The BuBBCPAE Sins ORARTY B0CS and
t hyl i ntrod 0C.t h I f :

Gyl ene pressur CRTER GEFAT Bt of coBUr SPa=CaRePSuSo CTHRE CUTTRRE 1 he

chrom um cat al y n?rﬂ‘f‘ctméflgéI‘%?I—g{ﬂhgg%‘f’%hﬁa@,”@&% HdortiY acted to

one anot her, and oll goneri zation o ene was initiated. Et hyI ene was

i ntroduced uptiéh#&ﬁo Ot 8ba PEESSEREoReEARNBA408 ek IchFdmoty ANseafd &fr
ol i goneri zation of ethyl ene was conducted for one hour while maintaining

the total pressgheomic4P1ket £ag, Qethamémk beRFeralbine ¢frdeuaut ocl ave
becanme 90C by the polynerization heat, and thereafter the reaction

t enper at ure waschedhi@é netl ehrSNCc Engobade.| afartheitharolcomslénj ected to
term nate the reaction, and the product was quantified by gas

chromat ogr aphy. cdmposed ubf ssack shohmomiufabld t2.anBXAvPLEE ex-t o paer sane
autocl ave as used in Exanple 1, 10 ng of the chrom um conpound 1 and 0.4
mol of triethyfaham nsucheas ghaetybdri pompd egan@Nm@etEr ¢HRPRIEN aas
introduced to 3.5 kg/cn2, and the autoclave was heated to 90C. At such a
ti me, the chronkehkPe®npenpderndarhaldehgdRy COMPHEUMARrEl ¢R0T rF Bt Rt

with each other. Then, etgnyll ene was i ntr_oduce(ljrpﬂt 90C t hrough, t he cat aI%/st
feed tube. The BlréRipfatemplexgoa BiFEies FPTEHEXet Ry g fnple

wher eupon the ethylepe, the chrom um conpound.and the friethylal um num were
cont act ed sinul?én%oggIVEFBeBnﬁoﬁﬁgﬁﬁeP?pén a&%%ﬁ%ﬁﬁ%éﬂ?QﬁP Ut hyl ene was
initiated. Ethylene was introduced until the total pressure becane 40

kg/ cn2, and thereafter polynerization of ethylene was conducted for 0.5
hour while maintaining the total pressure at 40 kg/cnR2. The

i nternal ~tenperature of the autoclave becane 110C by the pol ynerization
heat. The autocl ave was cool ed and thereafter the reaction tenperature was
mai nt ai ned at 100C. 0.5 Hour later, ethanol was injected to termnate the
reaction, and the product was quantified by gas chromatograph. The results

— AR AN I/~ /™~ 1 .
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A 300 n2 autoclave heat-dried by a drier at 150C, was assenbled while it
was still hot, and flushed with nitrogen under vacuum This autocl ave was
-provided with a catal yst feed tube equipped with a burst plate. 50 nR2 of
hept ane and 0.4 mmol of triethylal um numwere charged to the body side of
t he autoclave. On the other hand, 10 ng of chrom um conpound 6 obtained in
Catal yst Preparation Exanple 6 slurried in 1 nme of heptane, was - 36
charged to the catalyst feed tube. The aufocl ave was heated to 100C, and
et hyl ene was introduced at 100C fromthe catal yst feed tube. The burst

pl at e bur st ed speaifel et by eheC py IBHI e, Cnbhey edpboxshe, eCh@l eneCHE QM-
chrom um conpound and the triethylal um numwere contacted sinultaneously to
one anot her, d&n#qili §6%<ri-4&H;6R,65Hel hyTehé; whbit@iEiQH)ed. Et hyl ene was
introduced until the total pressure becanme 35 kg/cn2, and _thereafter the

t ot al pressur@ﬁﬂ%s‘@&Qﬁfmﬁgﬁ3§§(§5Hkb¢€ﬂ931an@fgﬁe‘3PYéa@%ﬂ©n t enperat ure
was mai ntai ned at 100C. One hour |ater, ethanqgl was injected to term nate
the reaction, S 1 Hd ¥ &) pr 6856¢ 3nd¥e&dnMeNed MaFNy&s chr omat ogr aph
The results are shown in Table 4. EXAVPLE 20 Into the sane autoc| ave as

used in Exanpl3&EFORF g &k chir o Utk _ 6 obt PRy IRh IR YRt .
i L L HR S
. o ST bt L o
?L??!;?gg?uéig Fgloﬁé'éﬁggﬁgffud%ﬂ o$|gon$r;zgglgr 6: ethygéng was

kg/ cnez, and thgreaIéggﬁ¢é§%§§af8g$%géﬁég §a§§3%?%¥gi§235§%1%o%§gf8ﬁg and

the reaction WM WomdSyrroledlor R Py ALHed abrifdeiyOne hgur later,
et hanol was injected to terninate the reaction, and the product was

quanti fied bypg?a&cmy Fetogenle IHeLidssy) t soar exaRgWB,i B, Table 4. EXAVPLES
21, 23 and 24 The reaction was conducted I n the sane nmanner as in Exanple

19 except t haidikea Hyaastd 1oL €,0mlj 4+ ditfe gl pH€r 6 DePNBYP-cOnpound wer e
changed as identified in Table 4. The results are shown in Table 4. EXAVPLE

22 The reacti dicMsrepyducilag, i, 3 he, Safet rachkoérepyrfobsanple 19 except
that the anount of heptane was changed to 150 ne. The results are shown in
Tabl e 4. COVPARATIYNIE yEXANR E 2I-aideet y kpyet 1 ohe wvasdconduglegrirolehe Tasge
manner as in Exanple 9 except that the anmpbunt of heptane was changed to 62
n8 and t he amsgmpoging destinddl fimdmpy sl ehingbddes-0£62 ewelpl&hearesults
are shown in Table 2 (continued). COVWARATI VE EXAMPLE 2 The reaction was
conducted i n PR&E23Iamy IFdiridte as The ik at § vee Erafpef10mx68pEPEhAR /3. 5
kg/ cn2 of hydrogen _was introduced prior_to the introduction of

triethylal uni Rehy 3ddE RO HVA- erEs%rLﬁ%ex/\h%d mekal cRPrrohédeeBarysfare
shown in Table 2. ARATI VE EXAMPLE 3 The reaction was conducted in the
same manner aS¥*RAPler Be IR Bt eSAI2UBeBY T ERAEIENtL 0 t he

aut ocl ave, triethyl al um num and, the chrom um co und were charged in a
hept ane soIveﬁ?lééélﬁgbﬁxﬁ%§;¥ﬁfeﬁrEﬁﬁ?*?ﬂ %brggﬁhaés BHAtPREN et hyl ene

fosul 15 are SHBRRSRE Thniw s = medt PRSI SRR Brker o 1

0O 11 LOTN-N- R AT S0 M AoF SMERT By o Ul . o

OLf" INFl ~~C MCr1 Qe eleetrdPpd il TN ventVma9 be BEYectEd 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,
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Thr ee conponemﬁﬁ¥ﬁm%§¢®4%h%ll%ﬁ?%ﬂ1%ﬁ1Eﬁﬁﬁ%hhéoaﬁd t fihet /YA num ar e

contacted sinulta eouslg Eth% ene ang chrom um conpound are cont act ed
and heated, andhet" 179 T RPPRA L RaHt i SOEoRTARPLE, B éﬁr&ﬁﬁﬁﬁ@dﬁbound
and trlethylalu num ar e, heattreat ed, and en con ted to yl ene. - 42
N 4J r~ SR A5 “ONERAt TRt TAE SebFbas cﬁ%gg <gmﬁlyr

ur,-'|Nr|~CpC“%gééy¥fgg¥iy be ethyl acetate, methyl acetate,

tetrahydrofuran, dioxane, diethyl ether, dimethoxyethane,
diglyme, triglyme, acetone, methyl ethyl ketone,
methanol, ethanol or acetaldehyde. The phospﬁbrus-
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 reacting the chromium salt and the
metal pyrrolide 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.
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I M7 removed by filtration, and then an excess electron pair
donor solvent is preferably removed. As a method for
removing the electron pair donor solvent, it is possible
to employ a method of removing it under reduced pressure
or by circulating an inert gas at high temperature or at
ordinary temperature, or a method wherein a solvent other
than the electron pair donor solvent in which thé
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
alicyclic 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
saturatgd hydrocarbon.
Another method for obtaining the chromium compound

conta;ning 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
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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¢4-3THF, CrCé3-3dioxane, CrCé,4- (CH3CO,n-C Hy),

CrCey- (CH3CO,C,Hs ), CrCeéy-3(i-C,H,0H),
CrCce4-3([CH,(CH,);CH(C,H:)CH,0H], CrCé;-3pyridine,
CrC€3~2(i—C3H7NH2), [CrC€3-3MeCN]-MeCN (MeCN =
acetonitrile), CrC¢,-3PPh; (PPh, = triphenylphosphine),
CrC¢,-2THF, CrCé,-2pyridine, CrC¢,-2{(C,H;),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[CH,COCH=C(0-)CH;l;,
Cr(CH3(CH,)3CH(C,H,)CO,1,, Cr(CO)4, CpCrCe, (Cp
=cyclopentadienyl group), (Cp"CrCeCH3)2 (cp* =

pentamethylcyclopentadienyl group), (CH;5),CrC¢ or
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a-olef n in the preseénce df a catal yst conprising a chrom um conpound

having at |east ongsChrABLHBHPYELOaRARd apd @ﬁ)ﬂﬁl%@tﬁ}}&}bgpound,
a-o e c

conprising the steps of: (a) contacting the lefin wth t r‘om um

conpound and tdwmpl &y | @h&nt AEMEGENOBRE roi Tdlet AREAWS ¥ NI Ulother than
prelinunarily contacting the chrom um conpound with either the a-o etfl n or

t he al kyl al um yhen edepotiod, pdb)y Gbhoomebilziend ,t ke edc®l@rilimtis A eam-h?{&t ure
of fromO to 2SO0 C. under a pressure from at nospheric pressure to 25

kgl cn2, and t heommleerandt the métahepebroide eewpaiikdd 2 - rMdbtli dARL O 5
g per liter of solvent, and the al kyl al um num conpound is in an anount of
at least S mulatpey apdnredctéé chuabilymuadepoandosphebiie pridwd far
oligornerizing an a-olefin according to claim1, wherein the chrom um
conpound, the rrefesfabl yintint biee abkgbatanpfiuancoxygennthodreeuenpl iz to a
reactor. 3.~ The nethod for oligonerizing an a-olefin according to claim 2,
conpri si ng sudigsATRA 1 ctke reeeebionhsaghbengandootedunddetrhd ra-anlieft immnd

t he al kyl al um num conpound directly and i ndependently. 4. The nethod for

ol i goreri zi ng ¥t ha-WiteFasPREG OYRY 8§ - t oTRRaFARC L iOONBEIMPeTE torTet aratyi e t he
chrom um conmpound, _the al kyl al unzi num congound_arjd the a-olefin to forma
mixture, and tife Fib&¥Fe F5o0 hehOQUppFPelneobaitéast ®Ping. ofhdheet hod for
ol i gorneri zi ng@gg a-ol efin accordi ng to claim1) wherein the al kyl al um num
conpound i s préseiftty (PR tUBPH ot NF eB¥PES RbplthNBerhg oBh umeaditx~onuum
conmpound. 6. Th oneri zi an a-o in according to claiml,

wherein the alalgﬁ/z%%m%%é}rﬁor’&g% umjeirgeg‘g%—:-sgﬁfrPh?gﬁ'arrSEﬁt I§RCALOeast 25
aorer im0 ¢ SR BRI £ S0 i BHER oo E BRFGRum conpound
R AR 4 R SR A S
compound with gi %;anﬁfgéa{q%?ﬁ%? t%@w%{’%ﬂa{g%%ﬁ%h% gg%%oggégmslfild

wherein as t heneat@lakstion HHAl SStndPDE | $i 09 é_i?BEQﬂ%U%?OQ}%QU”d obt ai ned
by reacting a chrom um salt and a conpound cont ai ni ng pyrrolyl group or

radical in a bydgeserieoa Sy edaceivh adr adkyh-8l 8pt AUM eqeeaERd, is used
wherein the oligonerization is conducted at a tenpera tore of fromOto 250

C. under a presishoatf rrcamca,tjlmﬁpfteafi@owmsurEhéOrQ&tKGth‘iodaad MA® be
concentration of the chrom um conpound is fromO.1 ng to g per liter of
the sol vent, angpilhiedaldiyiexting Momn toepoligonsr i sagboanpeatt@bnabsl @ast
0.1 nmol per gram of the chrom um conpound. 8. The nethod for

ol i gome~ri zi ng-ahe§iol.ef Wheacddradirgpdmian asol Yenwnhiseto bberehvosdymigal t
is selected fromthe group consisting of a chrom um ~i -di ketonate, a
chronni um car Ba¥yb&t d1s& idhireshiafifi «indext oozsdiboad| ptessarehponbymanude

conpl ex, a chrom um carbonyl conplex, a chrom um cycl opent adi enyl conpl ex,
a chronmi um al RYFCEéASILEE AT inesth cdum bhenyligkotenperadurghernenhod for
oligonerizing an,a-olefin according to claim7, wherein said solvent is

sel ected fronPfHé“@Féfuﬁe&ﬂ?sriasttqfrﬂj AT 2 BRE R bbh ¢dipbuhbieafgraed

hal ogcnat ed hﬁgrrocar bon %%gpo%d. 10. t hod, for _oligoncrizing an
a-olefin in tKe prasEnEEMRPUR L disal e i sth@ddeRr oANdntB8RPSENA
having at |ea ne .chram um pyrr.ol yl_bond and. an al kyl al ynynum conpound)
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wherein X is an organic or inorganic group, and nis an integer of froml
to 6, provided that when n is nore than 1, the plurality of X may be the
sane or different fromone another, and a netal pyrrolide in an el ectron
pai r donor solvent, conprising oligonerizing the e-olefin at a tenperature
of fromO to 250 C. under a pressure from atnospheric pressure to 250

kg/ cn2, and the concentration of the chrom um conmpound is fromO.1 rng to 5

Y " o o o, o



28. The nmethod for oligonerizing an a-olefin according to claim23)
conprising supplying to a reactor the chrom um conpound the a-olefin and
-t he al kyl al um num conpound, directly and i ndependently 29. The nethod for
oLi gonerizing an a-olefin according to claim23, conprising contacting the
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m xture, and the mxture is then suppli to a reactor. 30. The nethod for
ol i gonerizzng an a-clef n according to claim 25, wherein the chrom um

compound, the a-clef n and the_al kyl al umi num conpound are supplied to a
reactor. 31. The ‘h%?%%lff'&?t’é@ﬁiggﬁér PPFAgNaR Ia 20ISPECH falc ST WD cl ai m

25, wherein contact (b%% r'rns g ture, and the mxture is
suppl |ded to aF?”B%RH ‘%h ‘Eﬁ%ﬁe?oF SLPgbﬁBF‘Ffﬁﬁatﬁﬁ“ S Ié‘::tn .
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chromium-phenyl complex may, for example, be mentioned.
Particularly preferred is a chromium gB-diketcnate, a
chromium-carboxylate or a chromium B-ketocarboxylate.
More specifically, it may, for example, be Cr(CO)g,
CpCrC¢, (Cp =cyclopentadienyl group), (Cp*CrCecH,), (Cp°
= pentamethylcyclopentadienyl group), (CH;),CrC¢,
chromium (III) acetylacetonate, chromium (III) 2,2,6,6-
tetramethyl-3,5-heptanedionate, chromium (III) 2-
ethylhgxanoate, chromium (III) naphthenate, chromium
(III) methyl acetoacetate, or chromium (II)
bis(;rimethylsilyl)amide.

As the hydrocarbon solvent, a hydrocarbon compound
and a halogenated hydrocarbon compound may, for example,

be mentioned as typical examples. More specifically, it
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- The compound containing a pyrrolyl group is

exemplified as the same described hereinbefore.

As a method for reacting the chromium 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 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 desired, 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
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&110%& () - Z1&110%&' () - Z1&110%&' () - Z1&110%& () - ZLLMNQSTsi 06/ &110%& () - Z1&110
08 ()-2Z18110%& () - Z1&110%&' () - Z1&110%& () - Z1&110%&' () - Z1&110%&' () - ZLTUWKYI
R8i Ob/ &1109%& () - Z1&1109%& () - Z1&110%& () - Z1&110%& ()-Z1_te

R#EYZ[\]"_“a}cl/&L10%&' () - Z1&1109%& () - Z1&1109&' () - Z1&110%& () - Z1&110%& () - Z

1&1109%&' () - Z1&110%&' () - Z1&1109& () - Zlabcdef kQr}cl/ &&1109%&’ () - Z1&110%& () - Z1



Rit* &1109%&' () - Z1&1109%& () - Z1&110%&' () - Z1eE 10&110%0%&' ()-1 ,f $10%& () -

f @109 ()-s ,0@L0%& ()-) ,109%& ()- 10 10pP4

10109’ ()- 1109 ()-110%& ()-1109%&' ()- 110%& ()-1) 10%& ()-1(10%& ()-1hL4

10109&' (109&' ()-110%& ()-1109%& ()-1109%& ()-110%& ()- 1(10%& ()- 1hH, L410%& ()

-1&810%& ()-110%&' ()-1109%& ()-1_R# ? #qG

cCA109&' (109& ()-110%& ()-1109%&' ()- 11109%&'Y9 -110%& ()-110%& ()- 1! cCA109%&' (1

0% () - 1109%& () 11098 ()-11109%&' ()- 1109%& ()-1109%& () - 1! " #$%&hLOCA10%& ()- 11

0% ()-1_R# ?

#qG10%&: () - 11058 Y5 21D 19 AR T U H09R T7™R2858 (151165875 2 116%: ()

- 1109%& () - 110%& He) k234689 il 01098 §9 - 110%& () - 110%& () - 110%&' () - 110%&' () -1

109%&' () - 110%& () -19:; <=>hLOhLO10%& ()- 110%& ()- 1109&' ()-110%& ()-1_R# ?

#0qG>? @ABCDEt X<1010% (ﬁhél%@ééﬂt 11098n €1 oA 10¥Re( b1 14ba%E i(Zath HRV® £ )anl 109&

' ()- 1EFGHI LL, t X<109%&' ()-1_R# ?

#QGH10%&' () - 1105 1©F ikl Q%R dQndUl MNPQERE! vd OdORBRIL H2 £ 16H0UE' Ehel EQURIF)Ec110%

& ()-1#109%&' ()- 1109 ()- 110%& ()- 1STUVWKYt X<10109%&' () - 1#10%& ()-1109%&' ()- 11

0%&' () - 1#10%&' (Chrbhiio (Jorddued (Y hus/Zph ta it &< 109&h( pnl 20%K1EN unlGuR () - 11

0% ()-1_R# ?

#qG " abcdef t X< HOMRMMH ) - TIO9@A Y By 14 DoL 1) 1¢08@ound 14 $0pRefrr2bAYRan) - 110%

& ()-1f ghi | nl t X<109%4.09%&' () - 110%&10%& () - 1109%&' ()- 1109%& () - 110%& ()- 110%& ()
- 1noqr st hLOt X<B0%& Y@L urtiovs (ompdead (9£ 1tnerf o) lowRpg? formula:

#qGt uwyz| } hL, 109& ()~ 110%& () - 1109%& ()-1109%& () - 110% ()-110%& () - 110%& ()-

1#hL_RH# 2 #qGLO%&' (B nBeIORE)(FpXd 0% () 1109&' (){39G R# ?

#qGLO%& () - 1109%&' () - 1109%& () - 11 %8 ( 0%& ()-1109%& ()-1 C R# ?

#qGLO%&' () - 110%ReDRIM RAER QA B /&f( C(*% “ﬁio%kﬁ(%hic%:am QT

#qGLO%&' () - 110%& 110%& ()-1109%&' () - 119%& % # VR (% é’P#CIO%& (é/ 1 R# ?

#qGLOYE () - 11094 1(% -3 frr1694 BIRLEF 2PA¥0%m-87 - BYBRCET P2R0SESFR 110

& () - 1109%& 10%& 1 Ta10% 0%& 10 % 100 1100
118/«& ()- 118 ( 6&’6&% {@ﬁé% %’@i @é 1("“%55 0
#aQ X<10°/‘1010°/“§éﬁ%) ]+10°/§g‘ ()Folrloé)/xarﬁﬁl 110Wfk§iaiﬁﬂ19r{ﬁﬁn( Eoi’n%%é“%d(s) SH10¥E (-1

H, t X<109&'
ﬁqfif’i/“i‘ofyé gio‘%”%&o}m’ho‘y*%oééwﬁ)&%%iép{?oﬁoz& (FEATBREPER RO () L% ()1
FG X<L0vA0%E () 1TOVE (T MOV 1) TROSECT. 191806 )~ ETORE D) 1100 ()-1L,

t X<109%&' ()-1_R# ? Rl

#OGHLO%& () - T10%& () oo ()-1t T810% () - 110%& é) 1109%&' () - 1109& () - 1#10%&
“()-110%& () - 1M dr R is as defined above;

kO 109& ()-1109& ()- 1109 ()- 1109& ()- 1109%& ()- 1109 ()-1(109%& ()-1, kQ R#
? #qGLO%&' () - 1109 d )hdldW@ndged 18Uy (a1dminum compound of the formula:
"$UhH, 109& ()-110% () - 1109%&' ()- 1109%& ()- 110%&' ()- 1109%& ()-110%& ()-1%*, .1
3_?, 1094.09%& () - 110% (A)exZBRg%& ()-110%: () - 1109%&' (B3110% ()- 1345678hL07?, 10%
& ()-110%& ()-110%&: () 2 #qGLO%& () - 189:

=>?@T8109& () +whEA%E r )R EOME’ N )a rlel 04 48 £ Uri8@A v e 10868 ( L~ SX8YE: () - L@BCD
EOpT8_R# ?

#qGLOYR' () - 110%& ()ammxganwmwmmgmwsﬁ o6o&he) ErroMda:) - 1109& (
) - 1109%& () - 1( 10%&' (). 1(10fy ()-1(10% () - LMNOPQRSTt X<_109&' ()- 110%& () - 110%
& ()-1109& () - 110%RPLUCTIR'3(H- 110%& () - LTUNKYZER)t X<109%&' () - 110%& () - 110%
& ()-110% ()-1 _R# ?

#qGZ[\ ] at X< ORERE (F) PI@)/«@()&rﬁ@md@flﬂ%@/@??va#m@& Pfmtioom ()-110%
& () -1labcdef LOt X<10%&' ()

#qGH10%&, () - 11@?&%‘%@/&“@“&‘?%” Kl mt X<1010%&' () - 1#10%& () - 110%& ()-110%

& () - 1#10% () - 1109%& ( x<1010%& 7 %& 11
0%(&)() 1#10%(&)() 1@/&23(‘51178 gu)é‘lr(\ymlgfg ﬁLSR’E?B&&() 1]1t8'b7 58 & 8 11

0% ()-1 R# ? )
Oy ~hL. 109& () - PLofEFern1100@ () - 1109 () - 110687 () - 1109%& () - 110%& () - 1ch
L, 10% () - 110° 0% U8 () A 1093 ( %R 109& (

b Ir00e 11 10%@%%0% /&%0 &% Féfél&eo%aéével Y& (dxhlQ%& btk

#qGeC, 10%0%: (1) -<h4 () - 1109 () - 11109 () - 110% () - 110% () - 1kC, 1096 0%

()-1109%& () - 110%™ ) - 110%&’ () - 110%&' () - 110%& () - 1hL, C, 10%& ()- 110%& ()- 110%
& ()-110%&' ()-1 _R# ?

#qCGgGr10%&: () - 11098 () - 110% ()-11109%& ()- 1110%& ()- 110%& ()- 1109%& ()- 1C gG
+10%& ()-1 R# 2

#QGLOY&' () - 110%& ()- 110%& () - 1t X<109&10%&' () - 1q10%& () - 110%& ()- 110%& ()- 11
0% ()-1109%& ()- 1109 () - 1t T<10%R10%& ( 10%&’ ()- 1109 ()-110% ()- 110%& ()- 1
109! () - 1109 () - 1hLOT<109%& () - 110%& () - 110%& () - 110%& ()-1_R# 2
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#qQuvy| ~hL, 109%& () - 110%& ()- 110%& ()- 110%& ()- 110%& ()- 110%& ()-110%& ()- 1G
'hL, 10% ()-1_R# ?

-#qGLOY&' () - 1109&' () - 1109 () - 1cG 10%& ()- 110%& ()- 110%& ()- 110%&' ()- 110%& (
)-1109%& ()-110%& ()-1_C, 10%& (10%& ()-110%& ()-110%& ()-110%& ()-110%& ()-1
10%& () - 1hLOC, 10%& ()- 110%& ()-110%& ()-1_R# ?

#qGLOY%&' () - 1pT8109%& () - 1109%&' () - 110%&—()glLl0%& ()-1109%& () - 110%& ()- 110%& (
)-1(pT8_R# ? #qGLO%E ()- 110%& () - 110%& () 1109%&' () - 1t X<R# ?

#10%& () - 1109%& () 11Q9& () - 1109%& ()~ 1109 ()-110% ()-1109& () - 1t X<R¥t ?

#109& () - 110%& ( 98%!180@1@3/@ ) “fl mré% 13100& ()-110%& () - 1hLOt X<109%&
()-110%& () - 110fy 1( )¢

#qQ& X<10109&' () - %&8%@‘%&&(3 1109 () - 1#10°%%& (S5 1109 () - 1109%&: () - 1LOt
X<109& ()-1_R# 2

#qGH109&' () - 11098 () 1109 () - 1t X<1010%&' () - 1#10% () - 110%& () - 1109%& () - 1#1
0% ()-110%& ()k t X<10109%& () - 1#10%& (¥3110%& ()- 110%& () - 1#10%& (

) - 1109%& () - 1109%& ()[- 1Ht‘6x<10%& ()-110% () - 110%& ()-1109& ()-1_R# ?

#qGhL, 10%& ()- 110%g1() - 110%& ()- 110%& ()- 110%& ()- 110%& ()-110%& ()-1G+hL, 1
0% ()-1_R# ?

#GLOYE! () - 1109%8/16) +hEO%E k1 hs?, (BDVRLRIE 1) - FIO%R (3s 1dOPRA 4] - A9, () 110
%& ()-110% ()-1_C, 109%8109&" () - 1 fov ()-110% ()- 1109 () - 1109%& ()- 110%& ()
- 1hLOC, 10%&' fhalA0¥8 ah- 120UB'el) oF R#oh #GHOMW ()preferably at least

| pT810%& ()-110%&' ()-110%&' () - 1109%&' ()- 1109%&' () - 1700 ()-11 }6%& () - 11 " #$%&0p

T8_R# ? 10. Specifically, trimethylaluminum, triethylaluminum,

#QGLO%&: ()- 110% ()- 1109%&' () - 110%& ()-1& ()*+, -t X<_R#10% ()- 110% () - 110%
'()-110%& () t110%@b( )y 120U Auml 1 E%R' t Y1l un(IRdn tobd SHIDIR () - 110%&' () - 110
%8 ()-110%& ()-1109%& ()-110%&' ()-110%& ()- 1456789hLOt X<10%&' ()- 110%& ()- 110
& ()-110%&k @jethRita?umgelm; ethoxide, diethylaluminum hydride,
<>?@\pT810%& ()- 110%& ()-110%& ()-110%& ()-1109%& ()- 1109 ()- 110%& () - LABCD
EFLOpT810%& pethrlRFuminoxane and isobutylaluminoxane may, for

#qGLO%& () - 110%& () - 1109%& () - 1FGH JKLQ X810%&' ()-110%&' () - 1109%&' () - 1109%& ()
-110%&' () - 11@WP§E119@/@@)111@313%-%91’@0/@@}%1?0%J(‘c) lkvbaiuninum 0d&' () -
L09%& () - 110%: () - 110%& () - IWKYZ[\ hLOXB1Qu& () - 110% () - 1100& () - 110%& () - 1
RE ? preferred, since only a small amount of polymer formed as

#9G ]~ _cdf hpPOL10%&: () - 1 110%& ()-110%& ()-110%& ()-110%& ()-110%& ()-110%& ()
- 1hi j kI mLOpPBIDBES €§

#qGLOY%R' () - 1109%&. () - %& () parsut xs1 % () - 110% 1109&. () - 1109%& ()

-1109% () - 1109%& F% EEG {‘Wé 1”150’6%@%1%1%9&“ 59110%&' ()-1

10%& () - 110‘y<§‘h£27m}&§3°/“§‘o&2>o%h} oB':QX%%%‘y“%y()tnjel‘%"/“%éél 00§ {)-110% () -1 _R#
#qG o 109 (hyd10¢8:bont1810Ch, 1L RbULIOYE (W (A rdd i - 1C 1L 1

0% () -

# GlO%& 1 a119% L o 10% % 10%&

)qllo%& 8 1%%"%’%‘?‘ 1%?( ook %B phS1 68" ( )JC 4“%1%%{%(?‘]‘?‘{*%@?@’?%%)?? 100

"()-110%& ()1&5'#9%19%1161 13Q%&; @ef%%@i@i’( 0% dn -5l o1
#qG’1L010%& ()-110% () - 1109& () - P100&: ()-1109%& () 110%& () - 110%&%) 10hLO_R
the catalytic activities and the selectivity for th

#quO%& ()-110%&' ()-110%&' ()- 110%& ()- 1t X<_R#10%&' () - 110%& () - 1100& ()-110%

& ()-1109%&' (}ridOo@v{)11Ba%&NpYoveS7 1R MmethcHD %R o )piddddad ) tHé 10%& ()

1( 10%& ()-1(10%&' ()-1(10%& ()-1hL00S710%&' ()-110%& ()-110%& ()-110%& () -

chromium compound in a hydrocarbon soclvent has a merit in

#qQoTSlO%& ()-110%& ()-110%&' ()-110%& ()-110%& ()-110%& ()-110%& ()-1LOpT81

0% ()-1& R#tRat as compared with the case where a chromium compound

#qGLO%& () - 110%& () - 110%& ()- 1t X810%&' ()-1109%&' ()- 110%& () - 110%& ()- 110%& (

)-1109&' () - moo@pwd1@57400/&19):1:1900/aa%y HEDeRE, OLVIEM0 %S (§mptaved:s () - 1( 10

&' ()-1(10%& ()-1hL00S710%& ()-110%&' ()-110%& ()-1109%&' ()-1_R# ?

#qGpT810%&' (5%1@%%} ef ot@e( pLkydedumintFogemBRURth ok (§e Tu9ek 13¥ 1L0pT81

0%&’ 1& R#, 2

#q Glf)t))/& ()- 188087211 11898 ¥et1£Re168368 LV 1FH B B o $3 09 1b9&: () - 110%

& 1109 .

pT(<)10 109 ( (1%%%% 15854 PEXEDBSR PP L6 O MR 45558 () - 1

hL, T<10%& () - 110%& ()-1&109%&' ()-1&10%& ()-1_R# ?

#qQ& X<1010%&' ()-110%&' ()-110%&' ()-1109%&' ()- 1#10%& () - 110%& ()-110%& () - 1LOt

X<109&' ()-1_R# ? #qG#109%& ()-1109%& ()-1109%&' ()-1

L #$pT810%&' ()-110%&' ()-110%&' ()-110%& ()-110%& ()-110%& ()-1109%& ()- 1$%& (
+, pT810%&' ()-110%&' ()-110%&' ()-110%&' ()-110%&' ()-1109%&' ()-110%& ()-1,-./01

hLOpT810%& ()- 18109 ()-1810%& ()-110%& ()-1 _R# ?
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? #qGLO%&' ()-110%& ()-1

kO 10%&' ()-110%& ()-110%&' ()-110%&' ()-110%& ()-110%&' ()-1109%& ()-1

kK+109%&' ()-1109%& ()-110%&' ()-110%&' ()-1109%& ()-110%& ()-110%& ()-1

| #$98dH, kKK+109%&' ()-1)10%&' ()-1_R# ?

#qQGLOY%&' () - 1109& () - 1&(+-027_?2+10%0%&' ()-110%& ()-110%& ()-110%&' ()-1109%&

()-1109%& ()-179:;

=>?@&CB10% ()- 110%& ()- 1109&' ()- 1109%& &Y- T109%& ()- 1109& ()- 110%&' () - 1@BCD
EhLOkO310%& ()-1109%& ()-1_R# ?

#qGLO%&' () - 110%&'10) +hieF GlieHevitT S04 t{ Jori 1 0ke (L 1GOREL §3at109® () - 1109& ()

-1109%& ()-1109%& () - 1MOQSVXZ_?810%&' ()-110%&' ()-110%& ()-110%&' ()-1109%& ()-1
109&' ()-1Z[\ Feakt0?810%R condbtossd (WsualdoR ¥y -usipg 22 solvent. As

#qGLO%&' ()-1_acdf gi gG8109%&' (10%&’ ()-110%&' ()-1110%&' ()-1109& ()-110%& ()-11
0% () - 1i knpstcB820$R1VENE @160%KgaAr Plﬂ)%l{‘))lqlﬂ)@/@?%%u&ib%' ()-1109%& () -1t

uvwxzhlL, G810%&' () - 110%&' ()-110%&' ()-1109%& () -

1 RE ?
#qGz| gG810%RhYGYRCRY LOTOGRCH) 251 (R aNe 1 RRAEEFTE 11008215 - 118DR2LF<1 Ry ?
#qGLOY& () - 110%& () - 1109& () - 1109 () - pP4F? 2 .

#q109&' () - 1109&20e~ 1 EYGEONEXEPR/R ™S *&}’jﬂc@)&? 9hexRR 95 -4869&iIT) - 2PX<RY ?

o B 0 (PropEbieIByarORaEbRs £ USIG AR (H0E Tio b s R oplene: o
109&' - 109&! - T10% ' -, 09k’ - .

S0 Lhva ) CERY TSR e et Sem T AL Boain GhIgTIRAFES. PEIERERT oM
@210% () 9.4 1% () OQHE Qe yrib Gl 1a0%0a 2n B @IONEAL) - 01 10%

& ()-Q\ 109%&

kgK/ 4\ 10%&' () - U& ()L 1Q%& £1) - QAN\LO%R (1) 5L \ 1O0YEL ) 0Y& ()-Q'\10%
& ()-a 1" #$?;/gggéi%“\§ff§§)da%o/§q( “)%_e(&r\a?&}éf?r(/{e_ @?%b/é& I(/q)gug?%%‘/é SﬁL O SttJ
nWo&' ) *- 03I L %R (s 0 () - 04! L£3-Qk\ 109 () - QO \ 109%&
()-Q\ 109% (?f‘lg“gﬁg?@?gﬁojf%ﬁ\% 10(0'% fg)%‘r}%&cﬁllﬁ%ﬁ%&d%l%& ()-a Sttd

nw 10%& () - hi , , for example, be used. Among these

<=>71 X<4\ 10\ g?/ﬁ'lf)r CBFNESTE (T8N fove TG Tovk (VSO 1098 (F- O\ 100& () -
O\ 10%& () - Q52 @DBEREX<tXI4\nHA 1 Q& )Y LB 4 Ju kA &d Ihydrocarbon is

nwh 109& () - '\ 109%& () - O D3 MOQS_2<4\ 10\ 109%& ()- O\ 109 ()- QO \ 10%& ()- Q' \ 10%
& ()- O\ 10%8perf@rr2@%E Fur@nMNZ[dHe?<4Silefin as the starting

nwh 100& () - O'\ 10%& ()- O\ 10%& ()-Q'\ 109 ()- Q' \]~_"abct X<4Stt I\ 10%& ()-O/\ 1
09& ()-QO \ 1088teri@1\ FoR the @ealiomsin )+ tFa UDYRS L )an) ¥1OVEE {3 - Gtheef gj pt X<4
SttJ\109& ()-O'\ 109%&' (\10%&' ()- O\ 10%& ()-Q'\ 109%& ()- O\ 10%& () -\ 109%& () -
Q' j kI Mot X<t XraSt thel 0% n( )s-t@\CHOMR M tey AADIROY ) T EA T LDOR: (ap) bet ysed
NWopQr st uvt X<4Stt J\ 109&' () - '\ 10%& ()- O\ 10%& ()-Q'\ 10%& ()- O\ 10%& ()- O\ 1
0% ()-0O\10%8 EheOselyentoS3tRe<ARCDAR (9=a¥ADVR the P8 18RI Ng- EF PRt t J
nw(\ 109%& ()- O ~_2<4S\\ 10%& ()- Q' \ 10%& ()- O\ 10%& ()- O\ 109%&' ()-Q \ 109& ()-O
I\ 109 () - O RA2e4801GRXDON @tBig nay be employed, but the one which

nwh 1098 () - O\ 109%&' ()- O\ 10%& ()- O dD<4S\ 10% 10%& ()- Q/ \ 109%& ;) -\ 1QU& () -
O\ 10% () - OLe189@uil @t To%M (HemyeraRe o\ 19T Yieniapdy PreEprigdr ()-0

oL’ - oL’ - /R’ - S ?2< /R’ - /R’ - /R’ -
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o 100 ()- O 2SASULA0YE O OO0 (Oc 04008 ()7 hRHBa (b OLhA0E )~

nwh 109%&' () - O\ 10%&' () - Q. 10%& () - \LO9&. {)) - YR () = 9%&' (- O\ 10
Ve () 0\ L0vEEE PRI GTE RCATIR (3 Eare Ak B i fuk) cOnb3UHE €

nW 1098 () - OLL10%&'+() Q' \: 0% (. R (da < %R @)z uR' ()-0
I\10%&: () o Prodeey. O S 9e A TD0m (S2 Dt Love {18 bt XEAI68 b () - O
I\ 1098 (\ 109%&: (-0 W LQUE 1 QLD VR { ) = 1\ 10 Y&~ )k v Okt XS X544\ 10\ 1
o0& ()- O\ 10885 T F G T I one (5 O & oo o Fy 87 ebhvaies! ¥a4
SX}A&-L??\ 330/&' EhePebl0¥k Ot & (Fu ¥ A0%n (3 - EhsdO0¥ket)k- GNL10% ()-O\1
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"()-Ot X<l L, 4\ 10\ 10%&' ()-QO'\10%&' ()-QO\10%& ()-Q \10%& ()-Q SttJ nw

| L, 4\ 1098 () cOnCERXNR a(t)icd \dD % & )t a0’ ¢PmEPUAOYRIE) 16 preERr(r)edd \ 10%&
"()-O 1"#$ tX8IL, 4\ 109 ()-O\109%& ()-O'\109%& ()-Q/ SttJ

nwh 10%& () - Qo) WsE567 cbain (9aRt Y ja tpd 1wkr 92 tpon 189@h( psObutey® () - O \ 10%&
"()-Q\V10%& ()- O\ 109%& ()-Q 789: ; <t X<cG+4\ 10% 10%& ()- O\ 109%& ()- QO ¥Bt tJ

nwh 109%&' () - O\ 10%&' () - O <@FI KN_?+4\ 10% 10%&' ()- O\ 10%&' ()- O\ 10%&' ()- O\ 10
%R ()-Q\10%&' ()- QO \10%&' ()- O NPRTVW?+4SttJ
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When the above-mentioned contacting method is
employed, the amount of the above alkylaluminum compound
to be used against the chromium compound having at least
one chromium-pyrrolyl bond may be at any level so long as
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 o-olefin are simultaneously introduced thereto, or a
method wherein firstly, the e¢-olefin and the
alkylaluminum 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 o-olefin is so

small that the above-mentioned various contacting methods
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Further, for the additional supply of the reaction
substrate and the catalyst during the reaction, the
supply method is not particularly limited so long as the
same contacting state is accomplished with respéct to the
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 polymers, 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 considered 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
a—olefin or the alkylaluminum compound, the resulting
active species are stabilized by e.g. coordination of the
«-olefin present, and the amount of the active species
will increase. On the other hand, when the g-olefin is
contacted after contacting the specific chromium compound
to the alkylaluminum compound in the absence of the a—

olefin, the amount of the active species decreases for
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deterioration of the catalytic activities. The catalytic
‘activities deteriorate also in a case where the chromium
compound and the «~olefin are preliminarily contacted and
then the alkylaluminum compound is contacted Ehereto. In
this case, it is considered that the chromium compound
becomes to be hardly solﬁble, when reacted with the
alkylaluminum compound, by the preliminary contact with
the e-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 levei 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
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above-mentioned contacting method is not employed. There
is no particular restriction as to the upper limit for
the amount of the alkylaluminum compound. However, if
the alkylaluminum compound is used unnecessariiy 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 ¢-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
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The concentration of the chromium compound in the
cligomerization of the o«-olefin in the present invention
is usually from 0.1 mg to 5 g of the specifié"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 preferably 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 substantially increase.
The lower limit of the concentration of the chromium

if the

compound is not particularly limited. However,

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
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Further, in the oligomerization of an e-olefin of ¢t
present invention, an improvement in the catalytic
activities and selectivity for trimer is observed when
hydrogen is present during the reaction. Especially wh
the oligomerization reaction of the present invention i:
conducted in an alicyclic hydrocarbon solvent and in the
presence of hydrogen, the catalytic activities and
selectivity for trimer can remarkably be improved. 1In :
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 t
u;ing a catalyst comprising the specific chromium
compound obtained in a hydrocarbon solvent and an
valkylaluminum, not only an improvement in the catalytic
activities and selectivity for trimer is obtainable, but

also no substantial decrease in the selectivity of 1-
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oligomerization of an a-olefin according to the present

ye 8_,3% r1:1%'%5(@e(n)pqu{att.lre) in the

invention, is not more than 25s by weight of the total

product. According to a preferred method of the present

invention, formation of such polymers, is not 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 a-olefin,
particularly ethylene, and fofmation of polymers can be
controlled.

Thus, the pPresent 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 og-olefin, pParticularly 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 pParticularly precise purification operation,

and the oligomerization reaction proceeds at a high

catalytic activities. Therefore, the value of the method
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should be understood that the present invention is by no
means restricted by such specific Examples.
CATALYST PREPARATION EXAMPLE 1

Preparation of chromium compound 1

To 0.815 g (20.3 mmol) of NaH, 15 m¢ of THF 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 CrCe,
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

- £iltrate, and the mixture was left to stand still at 5°cC.
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: 19.1s%, C: 52.3%, H: 5.45%, N: 11.6%.

CATALYS& PREPARATION EXAMPLE 2

Preparation of chromium compound 2

To 19 m¢ (30 mmol of n-BuLi) of a n-BulLi/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



mLO%$ &
mMLO%$ &'
‘nMLO%$&
mMLOY$&
mLO%$ &
mMLO%B &'
mMLO%B &'
mMLOY$&
mLO%$ &
mMLO%$ &'
mMLO%B &'
mMLOY$&
mLO%$ &
mMLO%$&'
mMLO%B &'
mMLOY$&

NN NN AN AN AN AN AN AN AN AN NN NN
N N N N N N N N N N N N N N N N

1{ mLOYB& ()-/{ mLOY& ()-/'(*+, -T8pT8:{ mlOY& ()-/S d: TXF{
~1{ movs& ()-/{ mLOY%s& ()-/-./01345pT8: { mlOWB& ()-/{
SI{ Mo ()-/{ Mo ()-/{ MO ()-/{ Mo ()-/
5679:;8pT8: S d: TXF{ mlOY%& ()-/{ mlOWB& ()-/{ mlO%& ()-/{
L <=>?2@Ct T8: { mLOYB& ()-/{ mlOYs& ()-/{ mOv%& ()-/{

MLOY&& ()-/{ mLOY%& ()-/{ mLOYE& ()-/ CDFG JKM PO: {

{

-/{ mMO%& ()-/{ m0Ys& ()-/& mOY%& ()-/{ m0oYs& ()-/{

{ MLOYS& () -/ MNOPQRt X<I PO: { { mLOY%& ()-/{ mLOYB& ()-/{

S d: sTXFfef 68 10) WiRSEOAAKYITer], {tid Ut )e /Yasrloeher 184/ {

{ mMOY%$& ()-/{ mlOY& ()-/{ mOY& ()-/{

Y[\]5°oS9P%<tFm@EG@$&f(E)r- AME RORpE g YIS eentddygd at room
M OY$& khit: { mLOYS{ miOB& ()-/{ mOYB&

{ eme(%)tp{rén%@%& e e P ThS 1A e b 98 9 £

ml
B (7 - ﬁ%%ﬁf%%s%cﬁd{e i P o,
_?< l%l tu-zlr- as @%l@xed{fml %%\Cg&r un@er/ﬁ'xeél)_lné. After

being left to cool, the formed precipitate was filtered
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off. The filtrate was dried up to obtain a powder. The

contents of elements in this powder were as follows.

Cr: 6.6%, C: 69.2%, H: 7.3%, N: 15.1%.

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 THF
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 1l.4M Et,0 solution, 10.5 mmol) was

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



0% (

VB8 W& ()-/tX<?<: S d: { mLOWB& ()-/{
mlo%&'(g ;é{mrr%?/g&'(%)/}cyg&g@%ﬁ ml0°</$&'() /hH, : S{ mo%s& ()-/{
mL0YSB& ()-/{ mlOYB& ()-/{ mlO%B&'() IX{ mOo%& ()-/{ mO%& ()-/{
mlo%&' )-/ K/ hH, : S{ mloY8& ()-/S d: TX ({ ml0Y%& ()-/{ mOoY& ()-/{

09 &'( [tX<:S{ mlO% miOYB& ()-/:{ mlOYs& ()-/{ mOW& ()-/{
%84@&'8 I m{ mMOY%& ()-/{ mMOY%& ()-/{ o;/gggg-;&xsé{anﬁngoo/;/(s d: TXF{
mlO%B&'() I i mlO%B&'() 1{ movs& ()-/{ Oo0 & ()-/tX< S mooy

ey VYp& o8& ()-/m{ movs& ()-/{
%80//22' 3 % ’HW%BF & %a%éﬁﬂ?ﬁﬁ%o )&{f%ﬁ%ﬁﬁwﬂfé%q%{;/qzﬁmmggwi

! 0, 0, ! 0, &' t X< + 0,

0088 ()11 ﬁ%&ﬁ%%%%té Hﬁ%ﬁé‘a e gombeainads & satoe
0% () - /{ g) &() [{_nmlo%& ) /{
Aives 101 BT G (B D )
g%gggz;gg ;Eg-(ﬁgﬁggéf??gfg&géi %?éfg at ThYX %e%éerature, and the

mixture was stirred for 3 hours, whereby the reaction
solution turned black. The reaction solution was
filtered through a G3 filter, and the filtrate was
concentrated to obtain a black powder. Then, 10 m¢ 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
of 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: 13.71.
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 CrCé4-3 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
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Preparation of chromium compound 6

To a solution of chromium (III) acetylacetonate (2.5
g, 7.3 mmol) in toluene (15 m¢), a suspension of powdery
lithium pyrrolide (1.60 g, 21.9 mmol) separa;ely
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 bfown 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
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temperature under a fitrogen atmosphere. Ultrasonic

waves were irradiated to the reaction mixture for 17
hours. During this period, the water ‘temperature of the
ultrasonic wave cleadaning apparatus rose to a le;el of
40°C. After completion of the reaction, the supernatant
was withdrawn to remove unreacted chromium (III) (2-
ethylhexanocate). 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 were
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
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introduced until the total pressure became 40 kg/cm?, and
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thereafter polymerization of ethylene was conducted for
0.5 hour while maintaining the total pressure at 40
kg/cmz. 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
quantified 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
m¢ 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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EXAMPLE 10

Oligomerization of ethylene was conducted in the same
manner as in Example 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 ethylene was conducted in the same
manner as in Example 10 except that the amount of
triethylaluminum was changed to 0.4 mmol, and hydrogen
was introduced to 3.5 kg/cm?. The reaction conditions
are shown in Table 1, and the results are shown in Table
2.

EXAMPLES 12 to 14

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 3.
The results are shown in Table 3.

EXAMPLE 15

A 300 m¢ autoclave heat-dried by a drier at 150°C,
was asgembled while it was still hot, and flushed with
nitrqgen under vacuum. This autoclave was provided with
a caﬁalyst 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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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 thereafter oligomerization of ethylene was
conducted for one hour while maintaining the total
pressure at 35 kg/cmz. The internal temperature 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 guantified 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
Example 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
burst plate bursted by the ethylene pressure, whereupon

the ethylene, the chromium compound and the
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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 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 quantified by gas chromatograph. The results
are shown in Table 3.
EXAMPLES 17 and 18
The reaction was conducted in the same manner as in
Example 15 except that as the chromium compound, chromium
compound 5 obtained in Catalyst Preparation Example 5 was
used, and the reaction conditions were changed as
identified in Table 3. The results are shown in Table 3.
EXAMPLE 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 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 6 obtained in Catalyst

Preparation Example 6 slurried in 1 m¢ of heptane, was
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d tu st 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 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 19, 7 ng
0of chromium compound 6 obtained in Catalyst Preparation
Example 6 and 0.28 mmol of triethylaluminum were charged
in the same manner. Hydrogen 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/cm2 and the reaction temperature was
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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
Example 19 except that the amount of heptane was changed
to 150 mé. The results are shown in Table 4.
COM?ARATIVE EXAMPLE 1
The reaction was conducted in the same manner as 1in
Example 9 except that the amount of heptane was changed
to 62 m¢ and the amount of triethylaluminum 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
trie;hylaluminum, and the total pressure was 40 kg/cmz.
The results are shown in Table 2.
COMPARATIVE EXAMPLE 3

The reaction was conducted in the same manner as in
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minutes, and then ethylene was introduced, and the
reaction temperature was changed to 100°C. The results

are shown in Table 2.
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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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(a) contacting the a—olcﬁn with the chromium compound
and the alkylaluminum compound simultaneously
without preliminarily contacting the chromium com-
pound with either the a-olefin or the alkylaluminum
compound,

(b) oligomerizing the a-olefin at a temperature of from 0°
to 250° C. under a pressure from atmospheric pressure
to 250 kg/cm?, and the concentration of the chromium
compound is from 0.1 mgtoSg per liter of solvent, and
the alkylaluminum compound is in an amount of at
least 5 mmol per gram of the chromium compound.

2. The method for oligomerizing an a-olefin according to
claim 1, wherein the chromium compound, the a-olefin and
the alkylaluminum compound are supplied to a reactor.

3. The method for oligomerizing an a-olefin according to
claim 2, comprising supplying to a reactor the chromium
compound, the a-olefin and the alkylaluminum compound
directly and independently.

4. The method for oligomerizing an a-olefin according to
claim 1, comprising contacting the chromium compound,
the alkylaluminum compound and the o-olefin to form a
mixture, and the mixture is then supplied to a reactor.

S. The method for oligomerizing an a-olefin according to
claim 1, wherein the alkylaluminum compound is present in
an amount of at least 5 mmol per g of the chromium
compound.

6. The method for oligomerizing an a-olefin according to
claim 1, wherein the alkylaluminum compound is present in
an amount of at least 25 mmol per g of chromium atoms.
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W1th either the o-olefin or the alkylaluminum compound,
and wherein as the catalyst, a catalyst comprising a chro-
mium compound obtained by reacting 2 chromium salt and
a compound containing a pyrrolyl group or radical in a
hydrocarbon solvent, and an alkyl aluminum compound, is
used wherein the oligomerization is conducted at a tempera-
ture of from 0°to 250° C. under a pressure from atmospheric
pressure to 250 kg/crnz, and the concentration of the chro-
mium compound is from 0.1 mg to 5 g per liter of the
solvent, and the alkylaluminum compound is in an amount
of at least 0.1 mmol per gram of the chromium compound.
8. The method for oligomerizing an a-olefin according to
claim 7, wherein the chromium salt is selected from the
- group consisting of a chromium B-diketonate, 2 chromium
carboxylate, a chromium B-ketocarboxylate, a chromium-
amide complex, a chromium-carbonyl complex, a chro-
" mium-cyclopentadienyl complex, a chromium-alkyl com-
plex and a chromium-phenyl complex.

9. The method for oligomerizing an a-olcfin according to
claim 7, wherein said solvent is selected from the group
consisting of a hydrocarbon compound and a halogenated
hydrocarbon compound.

10. A method for oligomerizing an a-olefin in the pres-
ence of a catalyst comprising a chromium compound having
at least onc chromium-pyrrolyl bond and an alkylaluminum
compound, comprising contacting the o-olefin with the
chromium compound and the alkylaluminum compound
without preliminarily contacting the chromium compound
with either the a-olefin or the alkylaluminum compound,
and wherein the chromium compound having at least one
chromium-pyrrolyl bond is a compound obtained by react-
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12. The method for oligomerizing an «-olefin according
to claim 10, wherein the organic group is selected from the
group consisting of a C, ;5 hydrocarbon group, a carbonyl
group, an alkoxy group, a carboxyl group, a B-diketonate
group, a B-ketocarboxyl group, a B-ketoester group and an
amide group.

13. The method for oligomerizing an o-olefin according
to claim 10, wherein the inorganic group is selected from the
group consisting of a halogen, nitrate, sulfate and an oxide.

14. The method for oligomerizing an a-olefin according
to claim 10, wherein the chromium salt is a halogenated
chromium.

15. The method for oligomerizing an o-olefin according
to claim 10, wherein the metal pyrrolide is a pyrrolide of a
metal selected from the group consisting of elements of

“Groups 1A, IIA, IIIB and IVB of the Periodic Table.

16. The method for oligomerizing an o-olefin accordmg

to claim 10, wherein the electron pair donor solvent is a

solvent containing an element selected from the group
consisting of N, O, P and S.

17. The method for oligomerizing an a-olefin accordmg

to claim 10, wherein the electron pair donor solvent is an
ether.
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compound the a-olefin and the alkylaluminum compound,
directly and independently.

29. The method for oligomerizing an o-olefin according
to claim 23, comprising contacting the chromium com-
pound, the alkylaluminum compound and the ¢t-olefin to
form a mixture, and the mixture is then supplied to a reactor.

30. The method for oligomerizing an a-olefin according
to claim 25, wherein the chromium compound, the c-olefin
and the alkylaluminum compound are supplied to a reactor.

31. The method for oligomerizing an «-olefin according
to cIaim 25, wherein contacting step (b) forms a mixture, and

32. The method for oligomerizing an ct-olefin according
to claim 26, wherein the chromium compound, the «-olefin
and the alkylaluminum compound are supplied to a reactor.

33. The method for oligomerizing an o-olefin according
to claim 26, wherein contacting step (b) forms a mixture, and
the mixture is then supplied to a reactor.



