; e3e\ 4H364T\ 4 METHOD FOR COLI GOVERI ZI NG AN a- OLEFI N The present invention
relates to a nethod for oligonerizing an a-olefin, particularly ethyl ene,
by neans of a catal yst conprising a specific chrom um conpou

al kyl al um num conpound, to selectively obtain a product conpmmmmmmeMHNMLf
a trimer in good yield Heretofore, it has been known to oligone[ize, an c
ol efin such as ethylene by neans of a catal yst conposed of a conbination of
a chrom um conpound and an organoal um num conpound. For exa e
Exam ned Patent Publication No. i 18707/1968 di scl oses a memnmmmmmm
prepari ng 1-hexene and pol yethyl ene from et hyl ene by a catalyst*$%§5em
conprising a Or-containing Goup VIB trahsition netal conpound of the
formul a MXn and a pol yhydrocar byl al um num oxi de. Further, Japanese
Unexani ned PHETHID MO i ClhIGOMERRZ INGa8NA¢1@BEFERY V. W Sei del and W

Rei chardt, Z. Anorg. Allg. Chem, 404, 225 (1974) disclose a nethod for
produci ng a chr cFf&InPe®nERF nipgentisnceapating havenBeiherr dRitum pyrrol yl
bend by reacting a chromumsalt_and a netal pyrrelide in tetrahydrofuran
or di met hox Rt Civht R n@%g"%ﬁ’ll%%’y@enpéfBh?‘éﬁaé?ayeﬁééﬂéﬁepapﬁ donor

el ement. Further, Japanese Unexam ned, Patent Publication No. 128904/1991

di scl oses aMf&MoPE G $35HbY3 i FePRRL 8L B8 efi PR ARENSNEPRAURAL al yst

obt ai ned by a conbi pati on of thi hr om um cont ai ni ng conpound wi_.th a netal
alkyl or a ISAFROURT ENqihibvaty LALHBLIHE SEBRELREY hods SCEAE GNELd scl osed

i n Japanese Exam ned Panﬁnt Publicatﬁﬁn No, 18707/ 1967 has_a gr%blen1that
the amount &P [oi% et R THEEF or WP SF TR AREDUSE yEWEF ARES haRe AR s
substantial,.aqg if it is attenpted t0 reduce tile amount O t:12 ~O- yeth
yl one, the &K1 actIVitleS t2nd t0 deterlOrat. 0il tile QLl2l hand,
ti.e nethod d; S . 1_Japa: ;. esSe P blLiicatl Na. 128904/ 1991
has Unexam ned ﬁiéﬁggﬁigggbcg@tﬂgg Pﬁgnogéggbigg kégak?ggé?%né e chroni um

compound | S UG SAIE, ANck iy ]S exby eiEals b fhcubtalgstebenbioely obtain

a single chrom um conmpound, an t the catalytic activities are poor For

the ol igomerjzal i QM BaetioN Of &Nck:OhLhhNcYRbOGnkhgnghEQM um cont ai ni n;
conpound as a catalvst. Further, it has been khown that a conpound

contai ni ng gfy £l REA NG Mdh FcSipOEngl enent dorms a conplex in coordination
with a transition netal elenment such as a chromumelenent. In the process
for producing theoaboyempes; i 98e8nebeonkaMt AOAL REREAG PABRAWaEich ¢fy.om um
-3 i | salt and a netal pyrrolide are reacted by using a , conpound
contai ni ng ars A EBL1I968) did¢laondraeheterod Asrapseprethhg Whaeskyet ked
conpound contai ning an el ectron pair donor elenment tends to conpete with
the netal pywalgtetdeyienecbrah nathphenethytaecehadpetineyakent hereby to form
a mxture of conplex products wherein the electron pair donor conpound

| i gand and taeenQRigiolyla fouportai zbog dF hatedViB tRanshtemnumedladnent in
various proportions. Further, according to_the anpount of an al kyl al um num
conpound, t FERRAERd |94 t§hofLarmekendXanehy AeReh¥BYPFOE8EEY it ends to
change, which is believed to be attributable to the coordinated el ectron
pai r donor CorHIbUHT M3 nedf ¥ AERBE, chRBANERE CBRBEEARA PeEh&35edsent

i nventors have conduct ed._extensiyv arches to solve_the .above-nenti oned
probl ens of %ﬁﬁﬁ&ﬁﬂi%ﬁall%%?%géigéﬁdaﬁ Q'Ves Ff%eﬁaﬁéda%bonplished t he

present inventiagn._ JThe present in tio [ OVi a t f.qr

ol i goreri zi ng an A% éffh ?Oﬁ%anéfg?'aE%g?arygﬁzéygggnRggﬁﬁ ising a

chrom um conpound, havi e . oni r.alyl .and an

aIkyIaIuningﬁiconﬁgﬁﬁ%?ge@@%%réﬁ% ?Egdgggﬁéf?Lyﬁggéégﬁa§9323aﬁfﬁ\ he

chrom um conpound and t he al kyl al um num conpound wi thout 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 i s used

in an anount of at |east 20 mmol per g of the chrom um conpound. -4 1In

t he acconpanying drawing, Figure 1 is an |IF spectrum of the powder of

chrom um conmpound o obtained in Catal yst Preparation Exanple 6. Now, the

present invention will be described is detail with reference to the

preferred enbodi nents. The chrom um conpound containing a chrom um pyrrolyl
bond, to be used in the present invention, nay be the one which contains

a chromium atom and a pyrrolyl group, and nmay have ot her organic or

i norganic groups, and it may further contain other netals. In the present

i nvention, such a chrom um conpound may be obtained as a m xture of |

conpounds of netals of Goups IA IIA 11IB or V3 of the Periodic Table
when such a chrom um conmpound is prepared by she reaction of a chrom um
salt with a netal i pyrrolide, as described hereinafter. In the present

invention, such a mxture is also included in she ' i chrom um conpound

T ] - T o,



sol vent other than the electron pair donor solvent may, for exanple, be the
above- nenti oned conpl ex of a hal ogenated chrom um and an el ectron donor,
such as an ether conplex, an ester conplex, a ketone conpl ex, an al dehyde
conpl ex, an al cohol conplex, an am ne conplex, a nitrile conplex, a
phosphi ne conpl ex or a thioether conplex of a hal ogenated chrom um
specifically CrCo3-3THF, Cr(C23-3di oxanre,2 G Ce3~( CH3CO2n- C4H9),

Cr C23- (CH3C02CZH5), CrC23-3(i-C3H-0OH), CrC23-3[ CH3( CH2) 3CH( C2H5) CH20H] ,

CrC233 i di 3 [ 2) i [ O . et (MeCN =
aceton?¥;:IL : ~ 3%%%5n?ggﬁghgE?FF%L@%?F%%@?SL|ﬁgyP‘cfgg§Zfﬁﬁ,a

Cr C222pyri di he, ~ ZN - CN = .acetanid ri]
R s R e e e
~di ket onat e, - hr on r.baxyl.ate. rQm car I l,ex,. vario
cylcl opent adice%;/ %%‘ﬁﬁ?&ggeo?ééﬁ?tégn‘ﬂ% gg %ﬁwﬁrgnu%%%{:;éls %gglle‘x “6;66}5' -

c o e O SREREL ot ey R CARIY U e tirag )
(0O 00, e seet b men el RO 2 o0
S0l vent, |t he hE T T h g PR R e MR RS, 6 e oy Sy PR
et o, o0 994 ealatabos i seestspaliy e g v

may be condugigd gqgggairéggpgtbgnamtgbigl%E§§gnic waves. The reaction
tenperature may be at a |level from-100C to the boiling point of the

sol vent ' dependi fg, #pen ,t RRohEPeHOhLEIR GRIGNEINY Sald Ard/als aygdex and
the netal pyrrolide. The reaction time is usually from30 mnutes to 48

hours. | Aftet sosphesibopxehihBe PEAEhEOPUBL-AOEICNS .M 7he merpved by
filtration. However, w thout such renpoval, the reaction product may be used
directly fornddiez obf @OIERI ZAELORhECARbLAR O Abld<dffliens Fuihler, without
removi ng the solvent, the reaction product may be supplied directly for the
ol i goneri zatd i Yeacé 081 0f wvaRnhaiehekkene e ddw:amdelli,orngolivent iig to be
renoved, it may be distilled off under reduced pressure or by circulating
an inert gasaatemotedhtdeppératurteoemanndr difnagne tzalyetatyleas otha sol vent
in which the fornmed chrom um conpound is insoluble, is added, and then the
precipitate contaihiagtinécchsoneuh conpetird iicsacad | ected by filtration and
washed with the added solvent to renove the reaction solvent. i - 11
Anot her nethod f@n bdheabhheg aaspgecichiecnetihed uh soimsadnd,n leipelres®t al yzes
the oligonerization of olefin, particularly ethylene, in the present
invention i SJadamitedratenonoblacahion dim-sal285M4/8 98 LedsSound
containing a pyrrolyl group is conducted in a hydrocarbon solvent as the
sol vent ot hefzdmarcitheserbethah pakr 0BBASK 1861 V@t 1503 athing ®B€hod, the
chrom um conpound can be prepared in a good yield even w thout adopting the
abovenent i orfétF YUHHerSORBOHBE| AFi 6HMBBEFAMEoNn adhdar é@ RHEA M8 Yr eact i on of
a chromumsalt with a netal pyrrolide is conducted in an el ectron pair
donor one. \Weh kol &Pi RelpaEt Vel aPPy2efh@ &idiSliss CHIFiCgéHBY i zed on usi ng
such a chrom um conpound prepared in a hydrocarbon solvent, it is possible
to obtain heX&ETRRM viﬁ@dathﬁﬁhtgélEEFF%%F&COFQPHﬁ%Gﬁié.aBésP&8§,fPﬁ spite
of the change in the reaction conditions sgch that the anount of the

al kyl al uni nUTR T ShpUIRTET $2RE40Re 82 2ERECBePECEN TP 16 LTNERERAE FA%t he

resul ting hexenes, can_be_maintained at a high level. In the present

i nvention, (1Y BESERPTEFIPARE SARROUNENASMALMTTIPSnd cont ai ns bot h

hrom t q | yl. Th hr omi d d .by. th
Feaction of a chi bt URT salt WEEhDESColBOLAG T ot rORF Ao e 1 T tp i 1
a hydrocarbqg spl vent na be 8btaineg as g 1 xture of chrom.umatom a
pyrrol yl group, ot her®or Banf c98ROF nEr oAl gkﬁﬂﬁ%fiéﬁﬂp *méflal s of IA

ITA 111B, VB of the Perjodic _Table. Such i xt [ - 12 I
el uded | n ST BT i EohBoAnd: AHS REPr SR | SRR oR “SFhé Sofir om um

d . bt ai ned b ti hr.omi | t d. d

contai ni ng S BRETRSI S ETBREE  n GPhy AP OBAFEaT Sa Vot A SGSTR | | when the

chrom um sal nd the co und_cont ai ni pyrrolyl group_are reacted in
the hydr ocar%%oﬁvesor?%'f‘n’t?ggaec ﬁ?8h1uﬁmcggﬁtﬂins”|{o¢ e%ge“}pa r\%'s&l FOIFE™ YT he
hydr ocar bon sol vent. As such a conpound, a chrom um (3-di ketonate, a

chrom um car boxyl ate, a chrom um p-ket ocarboxyl ate, a chrom um am de

conpl ex, a chrom um carbonyl conpl ex, various cycl opentadi enyl conpl exes of
chromum a chrom umal kyl conplex or a chrom um phenyl conplex may, for
exanpl e, be nentioned. Particularly preferred is a chrom um (3-di ket onat e,
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ol i goneri zation reaction is conducted by prescribing the concentration of
the chrom um conpound, it is preferred to use a chain saturated hydrocarbon
such as but ane, - 18 pentane, hexane, heptane o: octane. The a-olefin as
the starting material to be used in the present invention, is a substituted
or unsubstituted a-olefin having from2 to 30 carbon atons. Specific
exanpl es i nclude ethyl ene, propylene, 1-butene, 1lpentene, 1-hexene,
1-octene, 3-nethyl-1-butene and 4net hyl 31-pentene. The present invention is
particularly suitable for the oligomerization of ethyl ene, whereby lhexene
can sel ectivel,y+bgrobt ahaed:i iykbe at.ur.e fqr the
oligonerizatsgﬁtrggction i's ugﬁg?€gl?éo%?8 ggggggnggrg éﬁgbgy fromO to

150C, and thgoppessar €oh6ausual! ¥nf & 0ok at BRSPASY QoRLESSYELE 0_kg/ cng,
but it may sufficiently be notbrmre t han 1OOBkg/rcn5. 6%h§%§1§éﬁt %g‘nati me is

usual ly W thipl@etengeh@®febyorhd & €ndo f; e fram 0.5 to
6 hours. The reaction nmay bg condugﬂgg by §8g§?§ﬁl§§s?3n%§§eggéﬁ-@%ﬁfinuous
system or a €omdi nelarsesystends The ennseetusitar thlepreast bg?r%ﬁﬂ t
particularly limted. For exanple, a tubular reactor or an agi tF6n tank
type react orinmeyodied iatept yedvitm the ¢ﬁ§5ﬁﬂ&mlai§@tk99rebg L3 ?8gﬁ5§ary
either to contact the a-olefin to the chrom um conpound having at | east one
chroniun}pymdﬁQUréxuﬁiaUmpléuap&é@déﬂswﬂmaﬂb@ﬁnﬂﬂénél@kEPQHtnQF?'i”inari|y
contacting the chrom um conpound to the a-olefin and the al kyfal um num
conmpound, ordany mseombue red kil gd adri anuin eeppyndol RlagraGpuat e at - 19

| east 20 nmol per g of the chrom um conpound. F?owever, when both of the
above condi tdanrsl imad eshtticsfileal, chtmniwn gekémeht echsveahohe obtained with
respect to the catalytic activities and the selectivity for triner. Wen

t he above- NBfORSTEG Aiént adiyitgh avet ot d d empl byethet hroanousf &f the above
al kyl al um num cqonpound to be used agai nst the chrom um conpound havi ng at

| east one cRAdHLGRBYIUG Fomraithdvay-hise salemyivivel ofoltbegems atohs at

| east 5 mmol_ per of the chrom um conpound or~ at |east 25 mmol per g of
chromi um net'&XENES RrOFMGET & Bttt &4t iHERER hodhichei s ebelievedftbabeh
system can b% cogdﬁctid gy a.met hod wherein the al kyl al um num conpound is
present in A SORVEAEPIENEFQ HE & IFARHAHRLRFD GRARIC BReN t PRl &-@dRdt n ar e
sinultaneoug%*ﬁintroduc d.thereto, or nmet hod wherein_firstly, the

c-olefin an 8u5Fk§Pgﬁﬁﬁ o BSud T Wh R ¥ d and t hen t he

chrom um conpou IS . intrqd t.hereto. The reaction of continuous system
can be conductegggyiée%%?ﬁbgﬁﬁﬁﬁygvﬁ %ﬁgﬁwﬁﬂﬂ§&?9%°c%ﬁb%%%hY% are supplied
to the reac ' | ¥ jand i nd n I ar, a et hod erein the
respective Egﬁﬁgﬁgﬁfg g?eg§&6%|?§§ gﬁgyﬁgﬁﬁﬂﬁﬁ?%a th%giéﬂﬁnQﬁ {Hﬁough

e. g, pipes egRrHLR C y akn at r eal i ze t.he sane
contacting state gggin%@t Pﬁlg%gt%g\gleta%ntalgoﬁeg%ﬁg’[%oﬁ r#%rer bat e mps]y]'sﬁr}a Under
the conditi pre ptetbR:PLBSRAL ibRvention, the interaction between the

al kyl al um num conpound and the c-olefin is so small that the

above- nenti onedTHar bods eaNL AV RELRRAS des 20ne G4 D&, 1 €0ar ded as
substantially the same nethod. In the present invention, the state of

"W t hout preli@bmewityngoahaatbmg%ihsbg;ﬁ@gﬁgi%ﬁe@_@%ggq?sqbgﬁ%tﬁgptacting
method at the initiation of the reaCtlOn. Further, for the additional
supply of ttempeasingnaschsbmatm sompbhadcatalite) Lunidikd hgyd eaction, the
supply nmethod is not particularly limted so |ong as the same contacting
state i s acelonphiwhenynrohyiebpedtahd thealespechinieumi®ncund, 0 be
supplied afresh. Hy enploying the above contacting nethod, "a substanti al

i provermrent¥herehe e a¢yelef dot ivi corsaanddaw ieff ette @thremd.umsuppr essi ng
formati on of polyners, can be obtained. In the catal yst system of the
present i nVePtRANd 23%| Vent 2y Lsl emiouporempdiorned thputhe reac~i on of
the specific chrom um conpound and the al kyl al um num conpound is consi der ed
to have ol igoherTHiag ketFontaesingtthe cbrogiider eonpoundmten etiheex: - ol ef i n
is contacted to the specific chrom um conpound and the al kyl al um num
compound wi tHoA Drdl ithiMarthe ebhybrlvmgnune copeounids emdgmirum conmpound t o
either the c-olefin or the al kyl al um num conpound, the resulting active
speci es ar e’ 8tabi1 i A PR Bl YL UBLRR| FRFPORNS! ishasedolief an pmesett, and
the anount of gh active species will increase. On the other hand, when the
a-ol efin i s”coht atTet: atd SFMebnRaEtd it t hRe s FBEPMigme koawoumdc onpound t o

t he al kyl al um num conpound in the absence of the aolefin, the anmount of the
active speci es decreases for - 21 the above reason, and reduction of the
chrom um conmpound proceeds beyond a proper reduction degree before
initiation of the oligonerization reaction upon contact of the a-olefin,

whi ch are believed to be factors for deterioration of the catalytic
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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 catalyst feed tube equi pped with a burst plate. 50 n2 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 1 slurried in
1 me of heptane was - 31 charged to ghe catalyst feed tube. At such a
time, the chrom um conpound and the triethylal um numwere not in contact to
each other. The autqclave was_ heated,to 80C, End‘gth I'ene_wag,introduced at
80C t hrough t he ThtHlIS I GUWRAIAE HATH T et hyFBAE pradsdPel®the bur st
plate bursted, where the ethylene, .the chromum catalyst, and the
triethyl al uniFRm-Wer e%%(s):lrlﬁfl tpaorye%])%rsloyccorh{]%%ﬁ%r& TR andt ARr- Ay 0

ol i goneri zat j qn,of_ .ethyl en s initiate Et hyl ene was introduced until

t he total prd@§§&|y§’“bé?aér?§r%(‘fm%gr7 gqﬁgfﬁdpglned hereafter oligomnerization or

et hyl ene was conduct 0 i i Nt aj pi he. total pressure at
40 kg/cnR. The iN(r%)'td’ér ﬁ%ef %rrﬁ)%&a‘{]ﬁ'%v%&“[ %ng%p%cbgvgg%}étéﬁ%qwt by the

pol ymeri zati.on _heat .. .and _ther ter t r?g_g o) e fure was maintained
at 90C. One d%c‘iﬁrﬁl t:E{tl(g?‘, qeetf%gnegﬁaéewgts? igr?ﬁ'eee edé%"op?éerérﬁ% d"UhNe® reaction, and
t he product was antifli Ve s ol{@g AT ults are shown in
Tabl e 2. EXAMPL % :Etr?trg nﬁ.ﬁlgp Sane alﬁuﬁ)c avtgg%’zpﬂ%eé ?ﬁr‘éﬁgﬁ%%}’if"ﬁbfm of
the chrom ug,ganmpeund.l and Q.4 (o, of d4d ef byl vgd nym . gharged in

t he sane ma?r?er ! IQ-Iydrgggn vvasnl ntro uces to%g.Sé%7€anQ%gayn\§6$h§nau Tl ave
was heated {,8;39CcoAk a3UEh a2 dHrTR 'S M IR &N COPPAYSh ands the .
triethylal umﬁﬁium ﬁgreanot ian cgnt ejl'élt \%lth eac of‘lsﬁ)%r. len,' e#%’ylaennqe was

i ntroduced gky9REvENLRUGR heralalyst dfashd bey  Jhss busd pl ; af‘yom_ y m32

bursted by thé ethyl ene pressure, whereupon the ethylene, the

conmpound andukBgetr behRYlial WEnRY¥MmeREE CONtAEt Ede Sg%f'é%ér@@eﬁuﬁérytit& one
anot her, and polynerization of ethylene was initiated. Ethylene was

introduced wathl at BRrbaiah pRLASIUNE ReGAMR 4b ki €@, aand o hereaf ter

pol ynmeri zati on or ethyl ene was conducted or 0.5 hour while nmaintaining the
total pressooepaindd kg/ aernzalsThéE GrioapalId enpPEX AtITES ofr thes &l aHave
becanme 110C by the polynerization heat. The autocl ave was cool ed and
thereafter Pheioéact Tehleempenatucé washraimiv necheduddAG dkdpdi@g |ater,
ethanol was injected to term nate the reaction, and the product was
guantified by gas theotabogedph. chitemiesuldasl @rel sheavmareTabl e 2.

EXP. MPLES 3 to 8 The reaction was conducted in the same nanner as in

Exanpl e 1 errep?lifat ehedesactibed benmdiitnadite mnd Ithethhrmordaentconpound
were changed as identified in Table 1. The results are ahown in Table 2.
EXAMPLE 9 | hE6eRheCBanBugtt BcMavEuas dSed lisP BamdHEd, incary of the

chrom um conpound as used in Exanple 1 and then 62 n2 of heptane, were
charged. TherIOTheMt eRPRPHIEr 6C0R&S LRAINTed 1G4 U UBTRY Tty lerRO f\fls

i ntroduced to 32 Kk f‘)cmz. No absorpt.iqn of, ethyl ene was, observed. Therefore,
0.4 nnol of tri E‘hg 81 BREIEMEWES SCHEd G O Th et IR s FF Pt et hyl ene
started. 30_M nute laéer, - 83 :\%é{ganol was injected to term nate the
reaction. ThETPRAREi bRILERPEFaLlife fRAL IR £5MEH S VHET ARIRNE1s ere
shown in Table 2. EXAM?LE 10 A i g% rization of ethylene was conducted in
the sanme manner?a§" f AT ERENHPEPPY gg‘&t""tnr‘?ata M2 3 TR T OrE S Vel was
changed to cycl ohex&ge 'ghe reaction conditions are shown. in Table 1, and
the results are®$ho Yin ?ESI’e 2. E:~AM-LE 11 digonerization of ethylene

(25 et hyl al unt nun SAE0 RN FEREERE” prte e 6y hEEER ol T

t =i et hyl al um num was ¢ F-ano

The results. aro SROMCRnSThSl €50 ExRRPLRR ) A AT kg lS &

conducted in th : n [RAT = I except that the reaction
conditions and ?Egegeiﬁg%‘l 2 %??8%85Rd%%r\€er%:r.: an aed as iCenti led i n

Tabl a 3 . Tze fgSULLS hown i | e =~ 0 n2

aut ocl ave heat-dri ehgbg?%gaﬁi e\r%gtegfgég’ v\t/z’:}l.[se ?s%e%#‘gﬁjtv\% oeurlig was still
hot, and fldshed; Mith Qi A, K0 WACYUM s NI tocl aue vi ded
wth a catal yst %eethubéﬁggﬁ?BgeQ%\h %S'a bl.(IDI’nSt’ fﬁég?eb.% i%Oteanl‘é\@eZd ept ane
and 0.2 mmolegtt thh el hyhabiolpuanyer g nahar gethdd dd e Hady; i of the

aut ocl ave. On the %t her Eang]," 15\él - 54 ny ofﬁd}hr o% um clorfripngﬁr?d 3 slurried
in 1 nB of heptane was charged to the catal yst feed tube. The autocl ave was
heated to 90C, and ethvlene was introduced at 90C fromthe catal yst feed
tube. The burst plate bursted by the ethyl ene pressure, whereupon the

et hyl ene, the chrom um catalyst and the triethylal um num were contacted

si mul t aneously to one another, and oligonerization of ethylene was
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is usually from 1 to 30, and the hydrocarbon group

includes, for example, an alkyl group, a cycloalkyl

croup, an aryl group, an alkvlar-yl group and an aralkyl

group. The inorganic group may, for example, be =
halogen, nitrate, sulfate or oxide. Preferably, the
chromium salt is a halide, such as chromous chlorice,
chromic chloride, chromous bromide, chromic bromide,
chromous iodide, chromic iodide, chromous fluoride or
chromic fluoride, particularly preferably chromous
chloride or chromic chloride. Further, a complex
composed of such a chromium salt and an electron pair
donor, such as an ether complex, an ester complex, a
ketone complex, an aldehyde complex, an alcohol complex,

an amine complex, a nitrile complex, a phosphine complex

or a thioether complex of a halogenated chromium,
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109%&' ()- the electron pair donor solvent. As the solvent other

than the electron pair donor solvent, a linear or
alicvclic saturated hydrocarbon such as pentane, hexane,
heptane or cyclohexane, an aromatic hydrocarbon such as
benzene, toluene or xylene, a linear chlorinated
hydrocarbon such as chloroform, methylene chloride,
dichloroethane or tetrachloroethane, or a chlorinated
aromatic hydrocarbon such as chlorobenzene or
dichlorobenzene, may, for example, be mentioned.
However, it is preferred to employ a linear or alicyclic
saturated hydrocarbon.

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

than the electron pair donor solvent, with a metal



t10%&' ()- 10 10GH JQrP4 10!l !\Lf 10%m& ()-:'!pLf 10%m& ()-:'  10%v& () -
10 10 10!\l 10%& ()-''L.a~_= 10!l 109%& ()- 109%& ()- 109%Z& ()- 10m 10m
10mly 10%r& ()- ! XLf 10%ss& ()-:'a[}rg\= 10 :10%& ()- 10Z@ 10Z@
10Z@10%Z@& ()-! Nf 109&' ()-S#HI\f 10%&ZZ& ()-SHf 10%Z& ()-S# ?4= 1 100y
10%& ()- !'aS 109%& ()-9'S 10%& ()-9'INS 10%t& ()-9'S 10%& ()-9'S

109%& ()-9'% K= 1 10Yz 10%& ()-!Nz 10%& ()-1z 10%& ()-1z 10%& ()- MLOY& () -
10 10}7<K= 1

10! XFl 10965& () - Fl 109%°& ()-! XFI 109" (3 -Fl 109%4& () - Fl 109& ()-! XYz

10%&' ()-5XbC 1 10! XmlO0%&' ()- F10%&' ()-f 10%& ()-L10%& ()- 10 10 10Ys3g
109%& () - &ByadERQ ide 10! RS- YR d)ve ntl kDO f ) tHdn 1R €)ect AOVRE ) +10%& () -f
109%& ()-u>?@\Hb@ 1 10!!S g 10% E: E& ()- g 10%& ()- ¢

10% & () - Bonb%sBlWentlp tile 1@ 10948 (foh{} e l@md @4 DzoA 04L& () -! Oz

1098 ()-199%10% / & ()- 9%10% & ()- ! Nx10%/ 5/ & ()- W10% & ()- 1j./gH
10/ 10<%Q¥e&t(don 'daiyr 19 7] Yventy ADIE&E¢)ibed A00p=& 13V HOUE ()- 10/
10//018j K= 10/

10<1090& (EmoldyeDodT& ()-L' 109%F& ()-L' 10%& ()-L' L109%& ()- 10< 10<pzz[ <K=
10/ 210% & ()- 2109@& ()- !al0%& ()-L' 109

& ()-L'!f109%M3MeL ¢ el 09aTe Endfonuj campleiosdlebiet inotheot 210% & () - |
“10% & ()- 10 10 10! f210%& ()- i0Bj_T110% h& ()-110% h& ()-110%

h& ()- 1! 1681 r(t) -dtloes h&rgn) - thow M Y )orznas hRoper saPyert1n8v% h&' () - 110%
h& ()-110% h& ()-110% h& ()-110% h& ()-110% h& ()-110% h& ()-1-sY?j
k<10% h& (forl E0antd & ) - ¢ 108 hebqye 1mevs HRned -aomri ex Jof 18% h&' () - 110%

h& ()-110% h& ()-110% h& ()-110% h& ()-1(10% h&. ()-110%

h& () - 1%, Jel4Rimsra Y edos et um 12304 Hen (519909 mef PR 11080 AR £5-3R0%

h& ()-110% h& ()-110% h& ()-1789:; <l RBeF, j 1010% h& (@%l % h& ()-110%

h& () - 110% e )eomy L fk< BN PRy 5 ABRDYS he? (5219060 he™Pre%1088ha () - 110%
h& ()-110% h& ()-110% h& ()-110% h& () - LEHKLM\H. sY?j 10% h& () - <10%
h& § - 110%%%%@%1?%%?’8 -iwd%é%}é/&ﬁ?’igtﬁﬁio%} hé‘“&?‘? 1%8@}%%’]() -5110%
h& ()-110% h& ()-110% h& ()-110% h& ()-110% h& () - A _sY?j 10% h10%
h& 3-110%%@8@ 1°Ri%£%%‘8é %*i%%"h %)‘5 %ﬁygﬁ&é%)%\fﬁ%ﬁgﬁ% J-110%

h& ()

7\_
A

-1_"aeqi gH) Y?210% h&' {)-110% h& () - 110% h& ()5 210% h& () -1

oA )5 19 SR T3 48 Toh B IR 1R85 B LI 100 hE () - 120%

-110% h& )+ ~F? 1. :k<10% h& (3, 1 ' (L120% h& ()-110%

-1~} A@,{E‘f”fo},ﬁ%{ l(%r-cl‘;lzb%%lgk?%qié)ﬁ%&g%@ 3‘?% f??%%&“%i 4 ’110(ch %1&' ()-110%

-110% h& () 0% hg. Y- 14p% 8&; (3 1L(10% h& ()-110% h& () - 110%

i 110%%%8‘-‘%@%&%6% 1?&%?&?%?@?%7(% T 1000 he 8 -110% h& 8 -110%

-1 7% hé&ed - 18) € - PN b8E £ ) - AdPPed&hé ) - 110% h& () -110%
11%)%53( )- 1H32§r3%%%é% %)6?5)1%2%%20% h&?% )%1%%0% h&é % ) - 110% 0

-leF AQ% h& ((j)—J@%jwz()),- 1E0%vh&3pctilOMel® (MelhO% h&' ()-110%

-1109% h& {) - 1eKI’L0% K& () - 110% h& () - 110% h& () -110% h&' () - 110%

- 110% e dn £ 4400 h& caeag OCBETE; (7) -tirligois ¢vay Xnhdd@ub ) () - 110%

-1_] k<jP110% h& ()-1-10% h& ()-110% h& ()-110% h& ()-110% h& ()-110%

- 110% @ { ) 2TENB] R1AO2% 1Y) i-dlire k<06 he ((CELOWHE () - 110%

-1}cl/10% h& ()-110%h& ()-110% h& ()-110% h& ()-110% h& ()-110%

- 110% h@¢ { ) 2MeADY 8y -1} dce ¥ QDb hil ¢ ) - 21006 6&; (§ A 1086 hfY) - 110%

-110% h& ()-110% h& ()-110% h& ()-110% h& (? 11 R8} ¢l / 10% hé& () - 110%

-110% P& ) Puanyd hgroypl.] RuFeNe1094 h&May- PEO% KATEMPRo% ha' ()-110%

-110% hé& ()-110% h& ()-110% h&' ()-110% h& ()-1kL2}cl/10% h& ()-110%

-1 ] &KHevpnaLe)- 21096 ARLEY- garbexy186@nas( FhE IR CEF PRI

-110% h& () - 110% h& () -110% h& ():110% h& (}-110%h& ()-1 .7hcl/ _]

h& (FomRbeshevEyieeporHRLlePentndd RRY L) SPPPEL XEFOSh & %

jun s pien pen Hen Hen Men M B B N e e B B M o

~ o0 0
A\ R Re Re Ro R o Re Re R Ro e Re Re R0 R Re Re e
o L T T e N e e T L e e N L Y e e N e L L Y PN

O N N N N N N N N N N N N N N N N N N
1

o0
R
P
T

-110% hé& ()-110% h& ()-110% h& ()-110% h& ()-110%.h& ()-1 !"}cl/_]110%
h& ()-110% h@(?mi‘ﬂ‘)%ﬂn&yé) CPTRIEK&OL) 21§ %OH‘&“E“)“P 'h&TRET0%

h& ()-1"#$& ( m/gém 10% hf gy) -110% h& g/): 110% h&' ()-110% h& ()-1_]

k<() +, . ozsﬁ?ﬁigi ERRLY) CI1683RRCETC 19005 ol 1) - 110% h& ()-110% h& () - 110%

ot (1 ORI S s i,
O R s ) o
Rl e i s S R

) - 1ef ghj | msY?/ 1010% h&' () - 110% h&' ()-110% h&' ()-110% h& ()-110%

g- 110% h& () -110% h& () - 1nopsvwssY?/ 1010% h& () -110% h& () - 110%

)

-110% h& ()-1(10% h& ()-110% h& ()-110% h& () - 1wxz{|} gMBsY?/ 10%
-110% h& ()-110% h& ()-110% h& ()-1_] k<}~}cl/10% h& ()-110%

" TSSO oT
) R0 R0 Ro Ro Ro Ro Ro Re



k<sY?

>S5S 5555555555
Ro Ro Ro Ro Ro Ro R R0 R0 R0 R0 Ro Ro o Ro Ro Ro Ro Ro Ro Ro R RO R0 R0

=5
Ro
—~
~

k<nopq
h& () -
h& () -
h& () -
h& () -
h& () -
h& () -
k<10%

e e e e i i e
0N, R R0 R0 R0 Ro Ro o Ro Ro

P
h& () -
h& () -

CD

:ﬁgﬁﬁgc{n}erﬁgﬁﬁm )-110% gl 10% h10% h Q%
-110%%%‘0(“{ 1"1?5%%&“‘% t&io%ﬂléﬁ%‘% 1’1‘13@/06 EF rfodt é) £ %7@’} 10%
Zh%fakuﬁé A’“ﬂ‘ﬁ%%f%égi/%“%&f% ) Mobsrhear o é‘??ﬁs@‘ &?‘i?ﬁmo%
TR BN B
Ziégx w%/o%*@{ Sieq) A e F o g e H o a ) - 1ova 1006
'11(@1

-1t 27 10%%& (121700 &' [) 2110% h& () 2110% K& ()- 110% h& () - 110%
- 110% 08 {Ar }'@Z%&Q%P& (yz130%n&ehk- 1H0UNEH Jrnll %4 d ) - 1_]
_10% h& ()-110% h

10% h&' ()-110% h& ()-110% h& ()-110% h& ()-110% h& ()-110%

T110% h&' ()-1L2sY?__10% h& ()-1.] k<10% h& ()-110% h& ()-110%
-1}cD__10% h10% h& () - 110% h& ()-110% h& ()-110% h& () - 110% h& () - 110%
-110% h& ()-1}cD_ 10% h10% h& ()-110% h& ()-110% h& ()- 110% h& ()- 110%
-110% h&' ()-110% h& ()-11 R8cD_ 10% h& ()-110% h& ()-110% h& () - 110%
1] k<x"D__1010% hé& ()-110% h& {-110% h& () - 110% h& ()-110%

-110% h&' ()-110% h& ()-1Q7x"D__10% h& ()-1_] k<10% h& ()-110%

-110% %C% f}cD 109%.0% h& ()-110% h& ()-110% h& () - 110% h& ()- 110%

- 1105

-110% h&' () - 110% 110% h&!

-110% h& % Y%QS%“‘D%

R e BRI R bl 1
L ﬁoﬂéogﬁomfna&()saﬁéw 2,
R g L
AT i AT USRI il o0,
3R e in Ol W e o
LTl i b MDD A otk o

- 110%;{}% ( 1&9&5@@&(%\1@\'3@%88?&&%9%E @E'ali:l:lQ'%) h&y( el 10%

-110%
-110%th& (J)exﬂelﬂ%%(-)m@@% B&' Ehe lEBSTUNQ7REIntOLF%thE ()-1_]1 k<10%
-110% h& () -110% h& ()- 1VWWKYZ[\ }cD 10109%40% h& () - 110% h& () - 110%

- 110%h&dnt Jdlé{%:h&:ﬁ? - 13686 BRe( }yHa8%oh&t hl- throkghins ¥R1£010%0% h10%
-110% h&' ()-110% h&' (

f6%h& () -1} cD__10940% h& () 110% h& () 110% ha () - 110%
&, () - JE%l 10%hg %BNE ()-110%
°f01865REE fo&“ﬁ@m(l f&%thé £10%

K<EFHINOPONT: - 1010% h& () - 11006 h& () - 110% h& () - 110%

110% h& ()-110% h& ()-110%

- 1i j ka8 R o6 4188 (L hd 108k A& pyrtd0¥db& ()nklQ%ae®ion- 1_]

uvWxx~D_101010% h& ()-110% h& ()-110% h& ()-110% h& ()-110%

110%in& ()s 1109 hBy (Frdmy20| hAueBs 18009%8h&oQksl | k<10% h& () - 110%

110% h& () -1} ~}cD 10109%4.0% h& ()-110% h& ()-110% h& () - 110%

110% h& Kt 08onEL € ion0oEh&hE) £ eReDiv0: 0HyOBIeRiugLts] TE% RE () - 110%

110% h& ()-110% h& ()-110% h& ()-110% h& ()- 11 R8cD_1010% hé& () - 110%

110%:em@ Y94 15096 hBE¥3t10p. k<HOPRYBIO1BIFRRUE) SEEGUTIREOVRL110%

110% h& ()-110% h& ()-110% h& ()-11Q%.h& ()-1Q7x D 1010% h& ()-1_]

h&' (Hhel IHRAGHEE: Q1) - RAS HEEY ‘(‘§*Y1RRD‘1§9@0%6 H&Y()foflﬁ%eh& ()-110%

-110%_h& ()-110% h& ()-110% h& ()- 110%& 10%10% h& ()-110%
%%%%H&O% ap1GuPhRE 8‘ 11@@LT Cy- 11 R3cD_10%

o h& {ped EOJ%E&a@ 3 1HQYnh &e bk FA%NE o) =HL0%

()-110% h& ()-110% h& ()-110% h& ()-110% h& ()-110%

1 M3rherOi f@erﬁ%o&ndi ks10%eR&u6)=110% B&dEk, 1 HHA héadn -thaCb_10%
110% h&' () - 110% h&' () - 110% h&' () - 110% h& ()-110% h& ()-110% h& ()- 1

tZ5_10% h&ddc g0t £dnddOHGRE EhellB¥ohduf) cdbk@Uund (Js 1D%didd - 110%

h& ()-
K<&() +, .

k<10%
h& ()

1 1 "“#$&1 R3Z5_10% h& ()-110% h& ()-110% h& ()-110% h& ()-1_]
| 20)J6E 110% 84 &) - 4@ % BEh 6 i - 118% h&'e( hdBEA%shR (Irtl MPbde¥id)e 110%
110% h& () - 1256789MBoUS_10% h& ()-1 ] k<10% h& ()-110% h& ()- 110%

- 19: ; ttve@Disdc £ 0% 881 ¢2nt10% h& () -110% h& () - 110% h& () - 110%
-110% h& ()-110% h& () - 1EHI LNQRj P: _10% h& (10% h& () - 110% h& () - 110%
-110% h& ()-110% h& ()-110% h& () - IRSUMYgM P: _10% h& () - 110%
-110% h& ()-110% h& ()-1& ] k<Y[]_ bdfjK, _10% h& ()-1-10% h& () - 110%
-110% hé& ()-110% h& ()-110% h& ()-110% h& () - 1f hj ki pH)j K, 10% h& ()-1_]

h& ()-110% h& ()-110% h& () - 1pquwz~i J010% h& ()-110% h& ()-110%
110% h& () -110% h& ()-110% h& () 110% h& () - 1i 010% h& () - 110%

R AN N A NN



N?pT810%& ()-2109%& ()-210%& ()-210%& ()-210%& ()-210%& ()-210%& () - 2G+pT810
%8 () -2

noz(lz)%& E)J) 2210%&' () - 2109& () - 2| PA10%& () - 210%&' () - 2109%& () - 210%& () - 210%&
()-210% ()-210%&' ()-2pT4109%& ()-210% ()-210%&' ()-2109%& ()-210% () - 210%&
()-210% ()-2hL, T410%&' () - 2109%& () - 2&109%& () - 2&10%& () -2_pj ;

N20S710%&' () - 2100&’ () - 210%& () - 210%&'_( )1 210%" () - 210% () - 210% () - 2L00S710
%8 () -2

n’>18’/«& (fl 210%&' () - 2109& () - 2hH, 109& () - 210%&' () - 2109%& ()-210% () - 210%&' ()
“210%&: () - 2109RPRPEDRE, 1@ O@ _Eom o {3 Lo (s)pqqaﬁ/&p(qn;zqr@wn() 210%: ()
-2(10% () - 2hL, O 18%& é -210% () - 210%&' ()-2109& ()-2 p

n°kCBlO%& (§°f2&6% 1698.CE\ 22 YGRS (w@mme@@@qq -98 o9& () - 2LOKCB10
O

n’>1(()‘)3/& () - 22b8&: 1) - BABSECH) 231LY0 £59 LBRe210%: (DS ATREETY - vk {98 2109& ()
-210% () - 2109 KOL0%&' ()~ 21Q9& ().- 210%& () -2( 10%&' () - 2109&' () - 210%&

) - 2(10%%3()"%h&6§<%1§8® faﬁfg) 6’()% &O(")lué‘l( ()lelaﬂ( C?iﬂ??our(lg (

e LS A BT e U ARG
VI (O S S (S S A Fefie

ﬁ%i‘gf/‘&“ 2_%%3 B§ 2 268R<BBES MRS ) TSR TN B BB DR | ) 2D 100 () - 2

%%“5&(%)2%1%%5% S T RNSGHRCR 100 %%%fb% F OIS R O (P

7GR bl 409 () zam{@rgzmalq%«&lgxl%%%e(> taﬂoon/«ﬁeaangeog/%gn 2Hobe ()

2behi j kC hL

22100 % | % 0%&:
n210%& (§ 5%%%&%@2%@&8 gz%?}rﬁﬁ%%%d/ga%? ?11(()%9&2&(—)]“@62/%0%/ %Af&% 2305

"()-210%& (Qord@88ed) 1 AL hEO 0¥ o) pATRYE olnlor? BV ( )wrekD % (9= 2_p) ;
n?cCO10% 10%& () - 2109 ()- 210% () - 2210%& () - 210% ()- 210% () - 2#C pj ;

N?109%& () - 220058n () p2d 0Y&u { 3 r 210Ul =2RPORjs1 Q& Ime L0 (Orr 210 () - 210%&
'()-2109%& ()-210%& () 210%&' () - 2hHOpj 109%4.09%&’ () - Z10%&' () -210%&' ()-2109%& () -
210%& () - 219984 (3 - e £ DA YEohpod hdYBR repazb@V& n( )= hyitocarbon

n?10%&' ()-2cC0109%& (10%& ()-2109%& ()-210%&' ()-210%&' ()-210%&' ()-210%& ()-2c
CO10%&' (10%R5YYe R QYR (s 200%&1b)e2 LOYRDE )R- 2] O elr)e 2 TOMR (9 -2H((@010%& () -
210%&' ()-2109%& ()-2109%&' ()-2) _pj;

N?cCO10%@ 1997 ¢ ) i RlOvRot ) 1 2RBYBNE). - 2BeBYEe(),- 2T0%R (Yo DU )iz ngy ;
n?109& ()-210%&' ()-210%& ()-210%& ()-2 hHpj

n?109%& () - 24@%'16()r@m%p{!)cgméqx&lp)ﬂsm}@%ﬁ Ehazlovg (@noumyedpjthe

n?109& ()-210%& ()-210%& ()-210%&' ()-210%& () 2 10%& ()-29% ) *+, c 010%& ()-
210%& () -2 °|3]Jk tgn/ﬂgp gq@%umi gs F&g uce P e selectivity OF

<dHL0%&' () - 210%& %2100/& 1098 () - 2109%& g& 210%& 0, 210%& () 2<>@:F| M ?
109&' ( 10%& 15X %9 191H ? 43%0 “Ej“eilﬁ SVNAPERNLO?10%&,
()-2109%&' (), 21}500@4 210%& ()-2_pj;

n?RTUN | _cCr® /%L%J; 210%& ()-2109% ()-210% ()-210%& ()-210% ()-2_cdf hi k
gGlOO/&O%& ()-210%& 0/& 2109 210%& ()5 2109 ( 210%0%&
T()-210% () -210%& ’%% 5/&”% lﬂ&&% 8“’2% v S L BELAE %lfhﬁ*o%‘x‘? 109 (
)-210%& ()

7 pTal0% R %?'Réa?% CPR53008 PPOLBRE T 10T )2 o0 () - 228pT10
75 P aoon@ SOt idedad) T e THhEBRs e BB orR A sy HEEVES O
Notige | nedeliiyiol)s Wm%&é@%&z’? ?‘O%&ﬁﬁbﬁéf%@%@%%%)y??ﬁ

YlOO & T44 Y
Yloo//gg& E) I!/’Yfr%%}gf;//giibl%% {RT4 ?{%drz%gf%)fo& (S)ﬂlgt%/t ;;Lrpa@%fgé (d5¢ained

)
Y10% Y& () -d4 X<pTtddhr e YAH? 00 &

YlOO//g/i& § e e ie4ép%%g‘9/y%§{“ S /%yéy(r)fdl(y ' %@Lo%%hgfl O-1
Y10%y& () dfgafYﬂ@%’r}’&Uﬁdréan1¥1§%5M§s(,)a/nd/oY]-Qloé’c\é&.s()dd Pl Ly, Y10
YI0%Y& ()-/  YL0%y& ()21 — Y10%y& ()-/SM> a26R  YL0%y& 0- 7t X<4

Y10 Ylo%/ YBIE) -dr Ivefl@f/gfﬁ/&e(i:ea’:lodﬂ;ow&e() IsuchY HO%& (e /i
Y10%y& ()-7  Y10%y& ()-/  YL0%y& ()-/ !"tX<tX<4 Y10 YlO%/y&' ()-1

NN



Y10%y& ()-/SM> a26R  Y10%y& ()-/  YL0%y& ()-/"%+. 02_?<4 Y10
Y10%vy& ()-/  YL0%vy& ()-/  Y10%y& ()-/  YL0%y& ()-/  Y10%y& ()-/

Y10%y&' (
Y10%y& () -

YL0%y& ()-/2469: ;/ 2<4SM> a26R  Y10%y& ()-/  YL0%y& ()-/  Y10%y& ()-/
YI0%Y& ()-/; <=>?@Bt X<4SM>  Y10%y& ()-/  YL0%Y& ()-1  YL0%y& ()-/
YI0%y& ()-/Y  YIO%y& ()-/  YL0%y& ()-/  YL0%y& () -/ BCDEFI pt X<4SMb
YI0%y& ()-/  YLO%Y& (  YLO%Y& ()-/  YLOWY& ()-/Y  YLO%y& ()-/
YI0%y& ()-/  YLO%y& ()-/1IKLM\ X<t XkSMb YL0%yy& ()-/  YL0%y& ()-/
¥18%y§I (g I Y10%y& ()-/YSM> a26RNOPQRSTUL X<4SMb  Y10%y&' () -/

v 1 & Uy &
Y10%y&' () 4 Y’%%%%%@lﬁé tﬁo%”éﬁ%@‘/é%%g@}%“ by {:resXE‘xQ/W& 0!
Y10%y & () Y10%y& ()-/]_bf hj n_?<4S \iooya ()-/
Y10%y & (g 4/ 'g@ﬁ’g‘g@y&' ()-1  Y10%y& ()-1 YL0%y& ()-/ e

/

TR S s ateB o O te
chromium salt and a compound containing a pyrrolyl group
in a hydrocarbon solvent.

In detail, when the chromium salt and the compound
containing a pyrrolyl group are reacted in the
hydrocarbon solvent, the chromium salt is preferably
soluble in the hydrocarbon solvent. As such a compound,
a chromium p-diketonate, a chromium carboxylate, a
chromium @-ketocarboxylate, a chromium-amide complex, a
chromium-carbonyl complex, various cyclopentadienyl
complexes of chromium, a chromium-alkyl complex or a
chromium-phenyl complex may, for example, be mentioned.
Particularly preferred is a chromium B-diketonate, a
chromium-carboxylate or a chromium S-ketocarboxylate.
More specifically, it may, for example, be Cr(CO),
CpCrCé, (Cp =cyclopentadienyl group), (Cp'CrCéCH3)2 (Cp”
= pentamethylcyclopentadienyl group), (CH;),CrCe¢,
chromium (III) acetylacetonate, chromium (III) 2,2,6,6-
tetramethyl-3,5~heptanedionate, chromium (III) 2-
ethylhexanocate, chromium (III) naphthenate, chromium
(III) methyl acetoacetate, or chromium (II)
bis{trimethylsilyl)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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hydrocarbon compounds such as l-hexene, cyclohexene and
cyclooctene, aromatic hydrocarbon compounds such as
toluene, benzene and xylene, and halogenated hydrocarbon
compounds such as carbon tetrachloride, chloroform,
methylene chloride, chlorobenzene and dichlorobenzene.
among them, aliphatic, alicyclic and aromatic
hydrocarbons are preferred.

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

As a method for reacting the 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. 1If 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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without removal of the solvent, the reaction product may
directly be used for the oligomerization reaction of an
¢-olefin. As a method for removing the reaction solvent
or the washing solution, it is possible to employ a
method wherein the solvent for the washing solution is
distilled off under recduced pressure or by circulating an
inert gas at a high temperature or at room temperature,
or a method wherein after completion of the reaction, the
product is left to stand still, followed by filtration or
removal of the supernatant, then the residue is washecd
preferably with a hydrocarbon compound which has low
boiling pecint such as n-hexans. fter removing the
washing solution, the chromium compound is obtzined.

In the present invention, the specific chromium
compounds can be used as supported on a carrier such as
an inorganic oxide. However, in such a case, the amounc
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 metheod of the
present invention, high catalytic activities can be
obtained without employing a cumbersome operation of
supporting on a carrier. Further, the method is free
from such a problem that the total amount of the catalyst

used (the total amount of the carrier and the chromium
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g ] fg conducted by the combination of the specific
chromium compound thus obtained, with an alkylaluminum
compound. The alkylaluminum compound is preferably an
alkylaluminum compound of the following formula:
1 2
R, AZ(OR?) H X (1)
wherein each of R! and R? which may be the same or
different, is a C,_;5, preferably C,_g, hydrocarbon group,
X is a halogen atom, 0<m<3, 0<n<3, 0<p<3, 0<g<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 A (2)
wherein R' is as defined above;
a halogenated alkylaluminum compound of the formula:
1
R AEXy_ (3)
wherein R' and X are as defined above, and 1.5<m<3;
an alkoxyalkylaluminum compound of the formula:
1 2
R AZ(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
R ACH, (5)
wherein R! is as defined above, and 0<m<3, preferably

1.5;m<3;
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Rl
In the formulas (6) and (7), R* is as defined above,
and m is an integer of from 0 to 30, preferably at least

10. Specifically, trimethylaluminum, triethylaluminum,

triisobutylaluminum, diethylaluminum chloride,
diethylaluminum ethoxide, diethylaluminum hydride,
methylaluminoxane and isobutylaluminoxane may, for
example, be mentioned. &Among them, a trialkylaluminum is
preferred, 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 0.1 mmol, but preferably more than 5 mmol, so that ?
the catalytic activities and the selectivity 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.
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hydrocarbon such as butane, pentane, hexane, heptane,

octane, cyclohexane, methylcyclohexans or decalin, an
aromatic hydrccarbon such as benzene, ctoluene, xylene,
ethylbenzene or tetralin, a chain chlorinated hydrocarbon
such as chloroform, methylene chloride, dichloroethane,
trichloroethane or tetrachloroethane, or chlorinated
aromatic hydrocarbon such as chlorobenzene or

for example, be used.

dichlorobenzene, may, Among these

solvents, a linear or zlicyclic saturated hydrocarbon is

preferred. Further, the «-olefin as the starting

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

m
r

main starting material for r may be used

({3}
f

ction,

&s the solvent. As such an c-olefin, the one having from

& to 30 carbon atoms may be employed, but the ons which

is liquid at room temperature, is particularly preferred.

In a case where the oligomerization of an «¢-olefin is i
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,
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¢-olefin having from 2 to 30 carbon atoms. Specific
examples include ethylene, propylene, l-butene, 1-
pentene, l-hexene, l-octene, 3-methyl-l-butene and 4-
methyl-l-pentene. The present invention is particularly
suitable for the oligomerization of ethylene, whereby 1-
hexene can selectively be obtained in good yield.

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

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

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

or to use the alkylaluminum compound in an amount at
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catalytic activities and the selectivity for trimer.

When the above-mentioned contacting method is
employed, the amount of the above alkylaluminum cempound
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 e¢-olefin are simultaneously introduced thereto, or a
method wherein firstly, the ¢-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 ¢-olefin is so

small that the above-mentioned various contacting methods
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contacting method at the initiation of the reaction.
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 respect 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 poiymers, can
be obtained. 1In the catalyst system of the present
invention, a solvent-soluble component formed by the
reaction of the specific chromium compound and the
alkylaluminum compound is considered to have
oligomerizing activities. It is considerec that when the
¢«~olefin is contacted to the specific chromium compound
and the alkylaluminum compound without preliminarily
contacting the specific chromium compound to either the
ec-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 «-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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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 chromium
compound and the a-olefin are preliminarily contacted and
then the alkylaluminum compound is contacted thereto. In
this case, it is considered that the chromium compoungd
becomes to be hardly soluble, when reacted with the
alkylaluminum compound, by the preliminary contact with
the «-olefin.

Even in a case where the above contacting method is
not employed, fairly high oligomerizing activities and
selectivity for trimer can be obtainer by adjusting the
amount of the alkylaluminum compound to the chromium
compound to a level of at least 20 mmol per g of the
chromium compound having at least one chromium-pyrrolyl
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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activities and selectivity for trimer even when the
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 unnecessarily in a
large amount, the yield of the product per the
alkylaluminum compound decreases. The upper limit of the
amount of the alkylaluminum compound is preferably 1000
mmol per g of the chromium compound having at least one
chromium-pyrrolyl bond or 5000 mmol per g of chromium
metal, more preferably 500 mmol per g of the chromium
compound or 2500 mmol per g of chromium metal.

On the other hand, the contacting method and/or the
amount of an alkylaluminum compound added in the
oligomerization of an a-olefin in the present invention
may not be particularly restricted by using the catalyst
system which is comprised from the chromium compound
prepared by the reaction of a chromium salt with a
compound containing a pyrrolyl group in a hydrocarbon
solvent. However, when both of either the same
contacting method and/or the same amount of an
alkylaluminum compound stated before are/is employed in
the oligomerization of an a-olefin wherein the chromium

compound is formed in a hydrocarbon solvent, the activity
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The concentration of the chromium compound in the
oligomerization of the e¢-olefin in the present invention
is usually from 0.1 mg to 5 g of the specific chromium
compound or from 0.02 mg to 1 g of chromium metal, per ¢
of the solvent, preferably from 1 mg to 2 g of the
specific chromium compound or from 0.2 mg to 0.4 g of
chromium metal, per ¢ of the solvent. However, by
adjusting the concentration 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
clefin/g chromium-hr) and the catalytic efficiency (g
olefin/g chromium compound) will substantially increease.
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
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the association degree decreases to bring about an
increase of effective active sites.

Further, in the oligomerization of an a«-olefin of the
present invention, an improvement in the catalytic
activities and selectivity for trimer is observed when
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 conducteé by using a catalyst
comprising the chromium compound having at least one
chromium~-pyrrolyl bond and an alkylaluminum, an
improvement in the catalytic activities and selectivity
for trimer is observed by the presence of hydrogen, but
the selectivity of l-hexene among hexenes produced tends
to decrease. A feature of the present invention resides
in that when the oligomerization reaction is conducted by
using a catalyst comprising the specific chromium
compound obtained in a hydrocarbon solvent and an
alkylaluminum, not only an improvement in the catalytic
activities and selectivity for trimer is obtainable, but

also no substantial decrease in the selectivity of 1l-
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oligomerization of an e¢~-olefin according to the present
invention, is not more than 25% by weight of the total
product. According to & 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 «-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 g-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
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further detail with reference to Examples. However, 1t
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¢é¢ of TEF was
added, and 1.4 m¢ (20 mmol) of pyrrole dissolved in S5 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 CrCé¢,
suspended in 20 m¢ of THF. After the dropwise addition,
5 mé 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 jeft 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 a n-Buli/n-hexane
solution, 2.1 meé (30 mmol) of pyrrole dissolved in 20 mé

of THF was dropwise added at -78°C, and the mixture was
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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 1.4M Et,0 solution, 10.5 mmol) was

dropwise added at -78°C. After dropwise addition, the
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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 mixcture, to obtain
¢.15 g of a reddish brown powder. For the
oligomerization reaction of ethylene, this powder was
used as it was. The results of the elemental analysis of
this powder was as shown below. The yield per Cr as
calculated from the analyzed value of Cr and the obtained
amount, was 100%. The IR spectrum of this powder is
shown in Figure 1. The measurement was conducted by a
nujor method using 165 Model FT-IR, manufactured by
Perkin Elmer.

Cr: 9.1%, C: 57.0%, H: 5.9%, N: 7.4%.
CATRLYST PREPARATION EXAMPLE 7

Preparation of chromium compound 7
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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, wes
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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conducted for one hour 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 terminate
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 and 0.4 mmol of
triethylaluminum were charged in the same manner.

Hydrogen was introduced to 3.5 kg/cm?, and the
autoclave was heated to 90°C. At such a time, the
chromium compound and the triethylaluminum were not in
contact with each other. Then, ethylene was introduced

at 90°C through the catalyst feed tube. The burst plate
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injected to terminate the reaction, and the product was
guantified by gas chromatograph. The results are shown
in Table 2.
EXAMPLES 3 to 8
The reaction was conducted in the same manner as in
Example 1 except that the reaction conditions and the
chromium compound were changed as identified in Table 1.
The results are shown in Table 2.
EXAMPLE S
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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manner as in Example 10 except that the amount of
triethylaluminum was changed to 0.4 mmol, andé hyé-ogen
was introduced to 3.5 kg/cm?. The reaction conditions

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

N

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 wera changed as icdentified in Table 3.
The results are shown in Table 3.
ZYAMPLE 15

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 provicded with
a2 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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conducted for one hour while maintaining the total

the

Fh

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

Into the same autoclave as used in Zxample 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
purst plate bursted by the ethylene pressure, whereupon

the ethylene, the chromium compound and the
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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 ths same manner &s 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 changed as
identified in Table 3. The results are shoun 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
aitrogen 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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UPANOPQRSUWY TAX, £l Q%X thhk0%ea,t,a 9t /Déeldl Aibe, & (Dhef X uEk%ave&wa)- / X
FlO@b,,&f()-73( 10%,,& ()-/ X F10%,, & ()-/ X F10%,, & ()-/WKYZ" zZ:t T4X
F109%X F10%hea&'ed) tbX1BD0%,, 2&d( )eyhx IRrn@Ywas& introd uceddeat &040°Y Mev:
UPA" behl nocC4X F10%X F10%,, & ()-/ X F10%,,& ()-/ X F10%,, & ()-/X
F10% ,, & (XrpX EheuFatalypt/ XerPo%ubes (yeodidatuBdabe Progced by
F10%,,& ()-/ X F10%,,& ()-/ X F10%,, & ()-/ MV UPAX
F10%, , & (FhewpERYLRREXPEESSHI S (NEFRUPPIo st heg gy benerokhe & () -/ X
F10%,, & ()-/UX F10%,, & ()-/ X F10% ,, & ()-/ X F10%,, & () -/ uY=kK+X F109%X
F10% , , & (279 ¥R 0SPTPRUPT. AROFEGH, & I&SCPYLRR VML NYSAY SFEOHON L€ DT hLOX
F10%,,& ():/ X F10%,,& ()-/X F10%,,& ()-/X F1Q%,, & ()-/X F10%,, & ()-/X
F10%, , & (2} l—’?b}ﬁ Fapspus gy (FO/ PREGROEDGY, B8 )O?lllﬁ PFEFHZE QD) 9K
F10%,, & ()-/X F10% ,,&. ()-/1Me PAX.E10% ,, & .(),-/1.T4X F109%X
F10% , . & (%E*}BSYELT:%W??&*%H%*\E{O% ,g,t 'Y(l)e-n/ex"ﬁfo%(’?t,fgd(%c-e Yo%, & ()-/ X
F10%,, & ():-/ 109 L) Lzy F1Q%., ., & () -/ E10%., & () -4 XX
F10% . | & (%97 ?2“‘51%%?? %ﬁ%?f?xbg?éfﬁe, %g %‘)qfﬁﬁb\’f a;‘épﬁg"%iiaf%o% () -11x
F10%,, X R10%+ , & (J: F10% k8 aFLQ%ss & o ef?X BELR%eine& () -/ X
F10% | & (él‘c??/%} F%%/%Sége(%gf/zwﬁgj&)alné 10%gz:5 ‘&g/crr{ ) 18 % e

reaction temperature was maintained at 100°C. One hour

later, ethanol was injected to terminate the reaction,

and the reaction product was gquantified by gas

chromatograph. The results are shown in Table 4.

EXAMPLE 20

Into the same autoclave as used in Example 19, 7 mg

of chromium compound 6 obtained in Catalyst Preparation

Example 6 and 0.28 mmol of triethylaluminum were charged

in the same manner. 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 ocligomerization 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



F10%,, & ()-/1X FlO%,,&'() | XX F10% ,, & ()-/X F10%,, & ()-/X

F10%,, & ()-/Me UPAt X4X F10%,, & ()-/1X F10%,, & X F10%,, & ()-/X
F10%,, & ()-/X FlO%,,&'() I X F10%,,& ()-/X F10%,, & ()-/X

F10%,, & ()-/z"B&4X F10%,, & ()-/1X F10%,,& ()-/X F10%,, & ()-/X
F10%,,& ()-/ X F10%,, & ()-/ MV  UPAt T4X F10%,, & ()-/1X F10%, , X
F10%,, & ()-/X F10%,, & ()-/X F10%,, & ()-/X F10%,, & ()-/X F10%,, & ()-/X
F10%,, & ()-/z"B&4X F10%, , & () - /1>g RL0% ,, & ()-/ XX F10%,, & ()-/X
F10%,, & ()-/X F10%,, & ()-/MeV  UPACCAX FlO%,,&'() /1X F10%,, & ()-/X
F10%,, & ()-/ X F10%,, & () -/ X FlO%,,&'() /X F10%, & ()-]X

F10% , . & PRiNFARREK BLod00 € «( ) -9nex Hormela ey ) - ¢§@M®% 2% ()-/(X

F10% , , & é) X F10% & ()-/MeV UPADTAX FlO% % /1X F10% , , X
F10%, , & (DIPREEfodtP, F&rMiyats1vg | e@f(‘)wrxf F108 E§°99€¢1*0%,,&' ()-1X
F10%, , & 213T4% F10% ., & (X F10% . & ()-/X FlOO/ ) - 1 XX

F10%, , & (ggiafxlrsfé%,,v&@(a)s AP TA R &, Fl{}?@/ﬁ,E%ﬁ‘f%tlﬁ% Sy -/ X
F10%, , & égy [X.EL0% ,, & ()-/X F10%,,& ()-/X F10%,, & ()-/X F10%,, & ()-/
z7B?4X F106% T28LEX4F10% ,, & ()-/ X F10%,, & ()-/ X F10%,, & ()-/MeV  UPAX

0§ B R (R TR
ot S gl b B
C10% & QB0 oS S0 0 B0 Lo
F10%., . & é%romu%l%%ﬁx% %dch,Qe@é @ﬁaﬁ?g%% ad {de r’l ?%felé’%n e/ g X

The results are shown in Table 4.

EXAMPLE 22

The reaction was conducted in the same manner as in
Zxample 19 except that the amount of nheptane was changed

to L50 m¢. The results are shown in Table 4.

The reaction was conducted in the same manner &s in
Exenple 9 except that the amount of heptane was changed
to 62 m¢é¢ and the amount of triethyleiuminum 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/cm?.
The results are shown in Table 2.

COMPARATIVE EXAMPLE 3

The reaction was conducted in the same manner as in
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X F10% ..& ()-/X F10%,, & Q8 IX F10%,, & ()-/ X

]~ abcz"B&<X F10%,,& ()-/ X F10%,,& ()-/ X F10%,, & ()-/X

Moba r PR Fil0Shpl & X e catef | KinppPOX: E160E10040cRA(E, / X

X F10%,, & ()-/X F10%,,& ()-/X F10%,,& ()-/X F10%,, & ()-/X
el bt WMEIDRODA URL e L O, |81 {9m 10t FAGHEOLRA (Yet X E1896e¢& () -/ X

MeV  UPA| _?0X F1X F10%,,& ()-/X F10%,, & ()-/X

iX B10%Dtak g )sIverIN%nd At Ea08d , 2& $9°Cz8c20X0 F1X

X F10%,, & ()-/X F10%,, & ()-/ MV UPAX F10% ,, & ()-/kO8X F1X
IRUERGY, ang (HherX etinvkene’ {3s / Do FIOSkced) (3R¢' Xae

/X F10%,, & ()-/X F10%,, & ()-/z">kO8X F1X F10X F10%,,8& ()-/X

[RAFLOTn, t@mperamnre WIBAXRIDIE] , B (3021 P4X TUX FI905s& ()-/ X

/X F10%.,, & ()-/X F10%,,& ()-/X F10%,, & ()-/X F10%,,& ()-/X

FEBSAROFTO%N, T@RYe /2¢ F10% ,, & ()-/MeV'  UPAX F10%,, & ()-/ X

/

/

/

/

/I
/
/ Me
/
/
/
/
/
/
/
/
/
/
/

X F10%,, & ()-/gG+X F10%,, & ()-/X FlO%,,&() I X

X F10%,, & ()-/X F10%,,& ()-/ (X F10%,, & ()-/ (X

z"B&+X F10%,,& ()-/(X F10%,,& ()-/X F10%,,& ()-/MeV  UPAX
X F10%,, & ()-/tT4X FL0% F10%,, & ()-/X F10%,,& ()-/X
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F10%,, & ()-/ XX F10%,, & ()-/ X F10%,,& ()-/ X F10%,, & ()-/ MeV
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F10%,, & ()-/X F10%,, & ()-/X F10%,, & ()-/ X F10%,, & ()-/1 mopqr z*B&X
F10%,, & ()-/X F10%,, & ()-/X F10%,, & ()-/X F10%,, & ()-/X

F10%,,& ()-/MeV  UPArst uvxypTOX F10%,, & ()-/X F10%,, X F10%,, & ()-/X
F10%,, & ()-/X F10%,, & ()-/X F10%, , & (p-4 X F10%,, & ()-/ X

F10%,, & ()-/yz{|}~z"B&X F10%,, & ()-/X F10%,, & ()-/ X F10%,, & () -/ XX
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F10%,, & ()-/2z7\B&DX F10V, |& ()-/]X F10% |, & () F/ X|F10%.,[, & [()-] %
F10%,,& ()-/X [F40% . & é_zﬂ/c_ll\ ¥ gpxﬂéxglo/ & Yol PGHLX | 5
F10% ., & ()-/ X [FE0% .S & (F /X |Frope&, & £)[- /X FLOY o & F)|-#X EL1D% |, & () -/ X
F10%, , & () -/ z/>LDX F10%6, & (X F10% |, &1()-/ X F10% ], &|()-J X | &
F10% ., & ()-/ X [FIO% . &l (V7T INEV'| UPR 20X F1004, | & (X HIO% & ()-/X
F10% .. & ()-/X F%%,,&()-/g( FLO0062, L )Y- /X FLO% . & &)|-L) «
F10% .. & ()-/ uYoEX Flops™ | R10% ,S&] (Y 1/ X F10%R | | (P oX o
F10% .. & ()-/MIVS JUPAX| F10% .|, & |()-/ | 30X F10% ,. K F10%|, . & ()} /x
F10% .. & ()-/ X [FI0% & O 4T X [FI0% & (- 7TX FI0% & ()-TX
F10%,, & ()-/qUo?20X E10p6 . { % H18% ,28&] 91/, X FLOY w0 & £)|- bNews | 2UPAX
F10% .. & ()-/X F100;‘,~:é(’i-/ﬂpﬁ4% FIRUK 1007, , &) 4 (X H18% ~ RS()-/ X
F10%. . & ()-/ X |F10% . & )1/ X|F10%, & (J-/X F10%4 . & O/ |3
F10% . . & () -/ qUopPalX ELPIX 5
o o~ o o |
sl ["|S|8] 2 |s] & |<[°]|"|S|<|%
- O
joh
5 | &
— - (g}
SE | o[22 8 (2] 2 |=]|8|8]2]s
o (15}
ED) AJ
5 o )
0 clo|l 2 |~ o~ n|ol| @
= « AlAalwv| § 2 — LI m|a = T
—
et E
C =G
£ g o~ o~
~ ~ o] E E
ol N [ol £ s O Ol Ul w
E|le|l o | E|E 3 N NG e =
E El 9 o] o
— 0, A2 A2
o §
§ 9o
o]
o 1)}
] - —
O @] o]
O TR ) ol +J
= gl BN E (@] ]
(o] ) (o] 3 £ -
Q > [ L V] Q
. — c s Q b | v
o w|lolo E El ~|2|E|E
=z o e L ] =) oo 0 Q { o
c kS ~ o 0n L 4J
o} Wy U4 1+ w (g g Uy ()]
0] O o] (S R{e] o el o] I c c
joF 0 > o+ [=¥) (@] o} +
E|lw |v |3 FENNS: o | w i | = |
0 jod o v 0O o ] o — o §S) O
O o] o] [SN N J B 3 1] Q @) >
~|212|65] &% s{2lslaialq
(@) 5 E Qo E-‘-“ Q 5 = a4 o4 [4p]




F10%,,& ()-/X F10%,,& ()-/MeV  UPAX F10%,, & ()-/X F10%,, & () -/ pP4X
F109X F10%,, & ()-/(X F10%,,& ()-/X F10%,,& ()-/X F10%,, & ()-/X
F10%,, & ()-/ X F10%,,& ()-/X F10%,, & ()-/z"B&X F10%,, & ()-/X

F10%,, & ()-/1X F10%,, & ()-/XMeV'  UPAX F10%,,& ()-/X F10%,,& ()-/ | POX
F1X F10%,,& ()-/X F10%,, & ()-/ X F10%,, & ()-/X F10%,, & ()-/X

F10%,, & ()-/X F10%,, & ()-/X F10%,, & (4t /'Y=l POX F1X FX F10%,,& ()-/X
F10%,, & ()-/X F10%,, & ()-/ MeV UPA(X F10%,, & ()-/ !9% X8X F1X
F10% , , & () bXeF10%g "()-11X F10%, , & ()-/ X

F10% ., & ()Fi’ﬁeFlo% O%% %lﬁ%@{&d % ()1 %*+, -uY=t X8X F1X F10%,, & ()-/X
10% & -/ X E10%mn A d)chlifion LPACK ELOY o o8, (Lplcor 28l tsan LY
F10% . & ()-11X F10% & (52173 Fio% TX

F10% || & ()-/ X F10%sndt {3 é%@@%mn&nﬁ)a£é5§8§t§c%2§<x FIX F10%, & ()-/X
F10%,, & ()-/ X F10%,, & ()-/ MV~ UPAX F10%, , & ()-/:; <=>?@\ X<X F1X
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F10%,,& ()-/X F10%,,& ()-/X F10%,,& ()-/X F10%,,& ()-/X F10%,, & ()-/X

F10%,, & ()-/-12348uY90S3X F1X F10%,,& ()-/X F10%,, & ()-/X
F10%,, & ()-/ MeV

F10%,, & () -/ FKLMNPUY90S3X F1X F10%,, & ()-/X F10%,, & ()-/X

F10%,, & ()-/MeV  UPAX F10%,,& ()-/P

UPAX F10%, , & ()-/8<=>?@F0S3X F1X F10%,, & ()-/X
F10%,,& ()-/X F10%,, & ()-/ X F10%,,& ()-/X F10%,,& ()-/ X F10%,,& ()-/X

YZ"0S3X F1X F10%,,& ()-/X

F10%,, & ()-/X F10%,, & ()-/ X F10%,, & ()-/ X F10%,, & ()-/X F10%,, & ()-/X
F10%,, & ()-/"bcdef gnvi\ O X

UPAX F10%, , &
Nal10% & () - n-
Nal0% & () - n- A()N
Nal10% & () -n-dD.
Nal10% & () - n-

Nal10% & ()-n- A
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OJ.. Nal0% & ()-n-AoN O Nal0% & ()-n- Nal0%& ()-n- Nal0% & ()-n-
Nal09% & ()-n-dD. Nal0% & Nal0%& ()-n- Nal0%& ()-n- Nal0% & ()-n-
Nal09% & ()-n- Nal0% & ()-n- Nal0%& ()-n-}aE). Nal0%& ()-n- Nal0%& ()-n-)
Nal09% & ()-n-AoN O Nal0% & ()-n- Nal0%& ()-n-tX Nal0%& ()-n- Nal0%
Nal0% & ()-n- NalO% & ()-n- Nal0%& ()-n- Nal0%& ()-n- Nal0% & ()-n-
Nal0% & ()-n-jN2. Na Nal0% & ()-n- NalQ¥.& ()-n- Nal0% & ()-n-
Nal109% & ()-n- Nal09% & ()-n-AoN O N2. Na Nal0% & ()-n-AoN O Nal0% & ()-n-
Nal09% & ()-n-N Nal0% & ()-n- Nal0% & ()-n- tX< Na Nal Nal0%& ()-n-N

Nal10% & ()-n- NgIO%|& ()Fn- [NaIQ% &T()-nd NaIgu% &{()-h-N % & ()-n-
Nal0% & ()-n- fJ. < NakO% & (]) - %J.O%&'()G}n- Nal0§4 & €) | e
Na10% & ()-n-AoN O_ [NalOPg & ()~ - +=$ASN O Sal0% & T) {n=1f Naj0% & ()-n-N
Nal0% & ()-n- Nd10%}& ()} n- [Na1d9% &]() - ndt X<AdN Na10% & () -n4 Nal0% & ()-n-
Na109% & ()-n-1 Nal0% & ()-n-N Nd109%§ & () {n- Ng1099 & (]-n-| Naj0% & ()-n-
" #$% N2< Nal09%(&' ()| m« Nald% (( R n- Nal0% &|( ) n-Aoulg_ a10% & () - n-
Nal09% & ()-n- 9%&)*+- .|l P Nal0og&|( - ‘Naows &|( V- h-"Nh1B% & () - n-
Nal0% & ()-n- Nd10%|& ()Fn- INa1Q%B &l()-nd Nald% &l () - h-./B573~">P< Nal0
Nal109% & ()-n- Nd10%[& ()Fn- |Na1d% &|()-nq Na1Q% &]()- h- AoN O|=?ACEH P< NalO
Na10% & ()-n- Nd10%|&d )} ns Na:lg/q%&'()nn- NA1QUWR&| (H- N-SNa B & () - n-
NalO%&'()-n-HIJKLIV[ENk Na 1|09 L'@-n-“’NaHo%az ® {nT NaRops-&|() - n-
Na10% & ()-n- NA1Qu8l& () bn-aoNlo QbOTIMI < Na1098 & {)-nb Aol O
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Nal10% & (

Nal094 & () -

Na109% & (
Na109% &
Na109% &

&
H
Q
=
R0

-n- Nal0% & ()-n- NalO% & ()-n- Nal0% & ()-n-bcdegj nf F&4
-n- Nal0% & ()-n- Nal0% & ()-n- Nal0% & ()-n-AoN O_
-n-mogsux_&4 Nal0% & ()-n- Nal0% & NalO% & ()-n- Nal0% & ()-n-
-n- Nal0% & ()-n- Nal0% & ()-n-xyz|}~fJ*4 Nal0% & ()-n-
-n- Nal0% & ()-n- NalO% & ()-n- NalO0% & ()-n-nAoN O A%
-n-AoN O_ Nal0% & ()-n-) NalQ¥& ()-n- Nal0% & ()-n-
-n-pT8 Nal0% Nal0% & ()-n- NalO0% & ()-n- Nal0% & ()-n-
-n- Nal0% & ()-n- Nal0% & ()-n- Nal0% & ()-n-j N28 Nal0%
-n- Nal0% & ()-n- NalO0% & ()-n- NalOO/c}&() n- AoN O_
-n-gK8 Nal0% Nal0% & () NalO% & ()-n- % & n n-_Nal0% & ()-n-
-n- Na1p% &{()-n4{ Naldp &84n-fF&8 Nalo%&._g) NA410% & () - n-
-n- Nalp% & |()en-| NB1OPAE () {r (AeN O | &8 | Nad09 & OF n- Nal0% &
-n- NalPp% & |()=n{ Na10@ &q-l’ba Ne 0% k') - n~ Na1bog|& ()-n-jN. 8
-n- Na1p% &|()-n-{ Na10% & () {n- [Na10% & ()-r® Nal0%|& () - n- nAoN
% & ()-p- AN O N0 &)= (Nafoo & (- n- §aroog& () - n-
-n-pP4 | Na1d% & (/) -7- Nelp% & L)|-o-| Nalo &) -{n- N10% & () - n-
n- Na1Do% & |()5n-| Nal0%8 () {1n=j|N24 Nalo9d &) -{n-+ Nal0% & ()-n-'
-n- Na1p% & |()- n-|Ad Q@ ~Na10WBR'|(T-IngpFolN Q. Nal0%|& () - n-
n- Nalp% &) =n-l NalO04 & ()-n- NalQOg g (J-n-111 Nal0% & ()-n-
-n- NalD%&'()-n- Nalcmg %%-n- Na10% K ()f-ns Na1g%l& () -n-
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Nal0% & ()-n-j N, Nal0%& ()-n- Nal0%& ()-n- Nal0%& ()-n- Nal0% & ()-n-
Na10% & ()-n-nAoN O N2, Nal0%& ()-n-AoN O Nal0%& ()-n- Nal0%& ()-n-N
Nal109% & ()-n- Nal09% & ()-n-pP4 Nal0% & ()-n- Nal0%& ()-n- Nal0% & ()-n-
Nal09% & ()-n- Nal0% & ()-n-N Nal0% & ()-n- Nal0%& ()-n-j N24 Nal0% & ()-n--
Nal0% & ()-n-' NalO%& ()-n- NalO%& ()-n-AoN O Nal0%& ()-n- !"#S$t24A0N

O Nal0% & ()-n- Nal0%& ()-n-N Nal0% & ()-n- Nal0% & ()-n-
Nal109% & ()-n-$9& )*+, pT8A Nal0% & ()-n-4MNal0% & ()-n- Nal0% & ()-n-
Nal09% & ()-n- Nal0%& ()-n- Nal0%& ()-n- Nal0%& ()-n-,./0123el-8
Na109% & ()-n- Nal0% & ()-n- NalO% & ()-n-AoN O ( Nal0% & ()-n-(
Na10% & () - n-35789; <gk8 Nal0% & ()-n- Nal0% & ()-n- Nal0O% & ()-n-

Nal0% & ()-n- Nagto&{)m=—Nato& =T NaE89&—)3 n- <=>?@Fj J*8
Nal10% & ()-n- Na{l0% '4)1n- %)0%}&( -n-n(l\lale?/q&( -n-- Nal0% & ()-n--AoN
O FGHIKLMI. 8 NalDp% & (- m-AoN © | Nalp® & ) -{nS Na‘lpo/q& ) - n-
Nal0% & ()-n- Nafl0% & () 4n- M\ICPQRSTtXK Naj1 0% Nald%& ()-n- Nal0% & ()-n-
Nal0% & ()-n- Nafl0% & ()qn- TOVE & () -n-] NalU% & ()t n-
Na1094 & () - n- TUMKY] | N.,<|Nal10%& () n} Nalg%&c()-n- Nal10% & () - n-
Na10% & ()-n-AoN O Naxt044'& ()~ni[ L | d@Bo- <AQND| Nallo%g & () - n-
Nal0% & ()-n- Nafl0% & (){n- Nal0P4 & ()-n-| Nal0% & () {n- bcdegij kl P4A
Nal0% & ()-n- Najl0% & ()4n- NalOPg& ()-n-| Nad0% & (Jtn- NalO% & ()-n-
Nal10% & () - n- Nalo%&'((,)-n-k)q&s{uei-fl Naf1 Q94 &'<( ){- n- | Na10% & () - n-
Na109% & ()-n-}AoN D [ Nal09s & €)1 n Na‘iow&(ﬁﬁ-mwz}cm Nal10% & () -
Nal0% & ()-n-- NaI@O & ()}-n-|Nalp% & ()-n- N4g10%l& ()-n- Nal0% & ()-n-
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Nal0% & ()-n- Nal0% & ()-n-hH4 Nal0% & ()-n-A Nal0% & ()-n- Nal0% & ()-n-
Nal109% & ()-n- Nal0% & ()-n- Nal0%& ()-n- Nal0% & ()-n-}aE% Nal0% & ()-n-
Nal109% & ()-n- Nal0%& ()-n-}AoN O Nal0% & ()-n- Nal0%& ()-n-_C Nal0% & ()
Nal09% & ()-n-- Nal0O% & ()-n- NalO% & ()-n- Nal0%& ()-n- Nal0% & ()-n-
Nal0% & ()-n-fJ. Nal0%& ()-n-N Nal0% & ()-n- NalO% & ()-n- NalO% & ()-n-

Na10% & ()-n-nAoN O B& Nal0% & ()-n-&AoN;Q Nal0% & ()-n- Nal0% & ()-n-
Nal0% & ()-n- Nal0% & ()-n-dH, Nal0% & ()-n- Nal0% & ()-n- Nal0% & ()-n-
Nal0% & ()-n- Nal0% & ()-n- Nal0% & ()-n- NalO% & ()-n-jJ*, NalO0% & ()-n-
Nal0% & ()-n- Nal0% & ()-n- Nal0% & ()-n-AoN O Nal0% & ()-n-_*,
Nal0% & ()-n- Nal0% Nal0% & ()-n- NalO0% & ()-n- Nal0% & ()-n-
Na10% & ()-n- Nal0% & ()-n-fJ*. Nal0%& ()-n- NalO% & ()-n- Nal0% & ()-n-
Nal0% & ()-n- Nal(d% & {)-n-nAoN[O B& [Na1p%4 & ()|- n-{AoN| O_ N410%% & () - n-
Nal09% & ()-n- NalQ% & () n-| 109 & T)| > dH,Fchloow ) <n- A Na1d% & () - n-
Nal09% & ()-n- Nal@9% & () ~n- Nal0% & ©)| o Nal1094&” () i KR1QUR () -n-el),
Nal0% & ()-n- NalQ% & ()-n-| Na10% & ()} n-) AoN O|n Na10%4 & ()|-
Nal0% & ()-n-"$' *,| 2, Natoo—NatOo& (=T NITo& =T Nat0948-() - n-
Nal0% & ()-n- NalQ% & ()-n-| Na10% & )| or | - %fg&, ~NR10% & (g-d-
Nal0% & ()-n- NalQ% & () <p-| MR10% & §)F B: @J.o &™() =h{ nAoN|O 495?AB=8,
Na109% AoN O_ NalO%3 & (]-n- Na30%4% ((¥-|no 0F& O\t — iy
Nal10% & () - n- BCDEGKMO Na100g &' ()-n- I\Ia’lﬂO,R,'()-nL 1109 &' () -n-
Na10% & ()-n- NalQ%4 & ()-n-| Nal09 & ()| n-| Nal0%|& () - n{ OPQR$TVLN. |,
Na109% & ()-n- NalQ% & () «n-! NB109& () h- | AN O] Ralluf &) {n-5
Na10% & ()-n-VX\] JacECl Ra10% Na1Qo&& B e |NB1094 R )-n= NalB%|& () - n-
Na10% & () - n- =
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Nal0% & ()-n- Nal0% & ()-n-cdef hkpf F& NalO% & ()-n- Nal0% & ()-n-

Nal0% & ()-n- NalO0% & ()-n-n Nal0% & ()-n--AoN O prvyz{| A&

Nal0% & ()-n-AoN O ) Nal0% & ()-n- Nal0% & ()-n- Nal0% & ()-n-

Nal109% & ()-n-|}~vU910% &10% & () -+ " L$10% & ()- ,#10% & ()- & 01 10% & () -
$109% & ()-' 10} 10} 10} dH, 910% & () - +1Q%,& () - +10% & ()-+10% & ()-+10% & () - +1
0% & ()-+10% & () - +8dH, 910SewM

-10% & ()-+10% & ()-+10% & ()-+109% & () -+t X891010% & ()-+10% & () - +10% & ()
-+109% & ()-+10% & ()-+109% & ()-+10% & () - +ct X891010% & ()-+1010% & () - +10%
& () - +1OPAHnd) - +109% & () - +(10% & () - +pPOt X891098 & () - +10% & ()-+109% & () - +1
09% & () - +SewM ,

-gG+910% & ()-+10% & ()-+10% & ()-+109% & ()-+10% & ()-+10% & ()-+10% & () -+
t X89G+910%4.0% & .(A meibod Hr(YrodSeinfglan a-olefin oligomer, which comprises

-10% & () -+10% & ()-+_?+910%40% & () - +10% & () - +10%8 & () - +109%8 & () - +10% & (
) - +109&eeMeryRRg1nA® & Jn Hiopsegenye oflDea Rl st corbPIBsBif h-chiOMEN() - +10% &
' () -+t T42+49109% &' () -+10% & ()-+10% & () - +10% & g/ga:{Ser\/I

- k39169 oy dih aving ab leastmegelprpmingupgrrend brodiesd(gn allodsadnminiubgos & () - +
0S3kGBY10%8 & () - +é?% & (a) - +1q% & &) +Se\££/l :

- 1094 & PPRPUREGF RS L IR INALNRENE YepLtiap R dhg presenen of 41 -ardefiw () - +10% & () - +
$() *K/ ?23910% & o )rpitS o . . :

-10% & () - +10%% "El}e- ﬁ%ﬁd&f%‘)13-1293‘.’916E2%‘40%’?&{’0’%%0(3e-l"+afé%d&n€)t9 Clawd () - +10
% & () v Q% &l L0988 () sr-10%: & () = +4568<740S79S o

-109% &'“?%‘9 ﬁ’g‘%“ g't%%giﬁfé%%’ &‘?’f{lﬁe%ﬁ% E)&c"(l)l ?‘3%:0;@%% ‘a‘*ﬁ%ﬁéﬂ&w minator.

-10% & () - +10% %' The tbOBB &Lk horsd 0% & ) g+ (1098 & () -+ XY, C79Sew
MLO% & () - +10% & () - +10% & <§1?‘§%o%ﬁ?‘ aﬁ‘% -°+%%32n%1803’1 i C%‘%’-giwﬁg{i%\éimwa
098 & ()wlaRiA &hé readtidiPieSin(iha oW 1axol: +SewM

-A " abcdet X<9S1098 & () - +10% & () -+! 1098 & () - +94.0% & ()-+10% & () - +10% & () -
+109 & () - +ef ghi j t X<t X<9S109% & () -+109% & ()-+! 10% & () - +%SewM

-10% & () - +j kI mopqt X<9S10% & () -+109% & ()-+! 109 & () - +%40% & () - +10% & () -
+1098 & ()-+109% & () - +qr st uvt X<t X<9S10% & ()-+10% & () - +! SewM

-10% & ()-+10% & () - +vy{~ ?<9S109% & ()-+10% & ()-+10% & ()-+10% & ()-+10% &
' ()-+10% & () - +<?<9SSewM

-%40% & ()-+10% & ()-+10% & ()-+10% & () -+ P4910% & ()-+10% & ()-+10% & () -
+1098 & ()-+109% & ()-+10% & ()-+10% & () - +hH49109% &10% & ()-+109% & () - +10% &
' ()-+10% & ()-+10% & ()-+109% & () - ++HA9SewM

-109% & ()-+10% & ()-+10% & () - +10% & () - +dD49SewM

-109% & ()-+10% & ()-+10% & ()-+10% & ()-+10% & () - +10% & () - +_?49SewM

-10% & ()-+10% & ()-+109% & ()-+109% & ()-+10% & ()-+10% & () - +t X8?49Se10% &
()-+10% & ()-+! 109% & () - +¥SewM

-109% & () - +cC49Se10% & () -+109% & ()-+010% & () -+10% & ()-+109% & () - +10% & (
) - +<C49SeSewM

“940% & ()-+10% & ()-+109% & ()-+10% & () - +t X<9Se10% & () - +10% & () - +10% & (
) - +9409% & ()-+109% & ()-+10% & ()-+10% & () -+t t X<9Se10% & ()-+10% & () - +109%
& ()-+9%40% & ()-+10% & ()-+109% & ()-+1098 & () - +t X<t X<9Se10% & () - +10% & () -
+109% & () - +94.0% & () - +SewM

-t X<9Se1098 & ()-+109% & ()-+10% & ()-+%40% & ()-+10% & ()-+10% & () - +10% & (
) - +pT8t X<9Se10% & () - +109% & () - +10% & () - +SewM

-109% & () - +t X<9Se10% & () -+10% & ()-+109% & ()-+10% & ()-+10% & ()-+10% & ()
-+10% & () -+ t T8t X<9Se10% & () - +10% & () - +SewM - 109 & ()-+10% & () - +
cC<9Se1010% & ()-+10% & ()-+e10% & ()-+10% & ()-+109% & ()-+10% & () - +<C<9Se
SewM - 9409 & ()-+109% & ()-+10% & ()-+10% & () -+

| " #$&t X89Se109% & ()-+10% & () -+10% & ()-+9%40% & ()-+10% & ()-+10% & () - +10%
1 & ()-+& *, ./ ht X895e109% & ()-+10%40% & ()-+10% & ()-+10% & ()-+10% & () - +10
% & ()-+/ 01467pP4At X89S109% & () - +10% & () -+109% & ()-+10% & () - +SewM - 789: ;
<=>t X<9S1098 & ()-+10% & ()-+10% & ()-+109% & ()-+109 & ()-+10% & ()-+10% & (
) - +>?@\CEt T4t X<9S10% & () - +10% & () -+10% & () - +SewM

-10% & () - +EKMOQSU_?<9S10% & ()-+10% & ()-+10% & ()-+10% & ()-+10% & () - +10
% & () - HUWKYZX<?<9S10% & () - +SewM

-10% & ()-+10% & ()-+109% & ()-+Z[\] _bcdl P49S10% & () - +&10% & ()-+10% & () -+
109 & ()-+109% & ()-+109% & ()-+10% & () - +def ghi <I P49SSewM

-10% & ()-+10% & ()-+109% & ()-+109% & () - +i j kI rmopt X<9S10% & ()-+10% & () - +1
0% & ()-+10% & ()-+10% & ()-+10% & () - +10% & () - +pqr st vpt X<9S109% & () - +10%
& (109 & ()-+109% & ()-+10% & ()-+109% & ()-+10% & () - +vwxy{t T4t X<9S10% & () -
+109% & ()-+109% & ()-+10% & () - +SewM

- 7<9S10% & ()-+10% & ()-+10% & ()-+109% & ()-+10% & ()-+109% & () - +0S3?<9S10
% & ()-+10% & () - +SewM
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