-1- MODI FI ED ALUM NUM OXY COMPOUND, POLYMER Zg%%#_
CATALYST AND PRCCESS FOR PRODUCI NG OLEFI N POLYMER AND

InLKENYL
AROVATI C HYDROCARBON POLYMER 5 BACKGROUND %f

%I NVENTI ON | uField of the Invention The prese& (. ventlon
“Félates to a nodified al um num oxy; conpound, a pol ynerization

cat al yst containing said nodified al um num oxy conpound as a 10
conponent, and a process for producing a polyner with said catal yst.
Description of the Related Arts Many processes for producing an
olef in polymer with 15 a polynerization catalyst using a transition

nmet al CONPOMONTRIER XELPMENUM O#iVa lCOMPEOUNIBN P OLYMERIZATIONt al | ocene
conmpound) and an al um num oxy conpound, are wel | - known. For exanpl e,
a process usi nCATRLYSH; AR \RRQEEHS aﬁﬁ%rﬁ/ﬂs‘)mﬂI&@rﬁ)W@Nch@bVMBB aANB 20
met hyl*al um noxane, is reported in JP58/ 019309A. in order to
obtain the ol efin pol yrfekKENYH ARGHATIC HgﬂﬂQQququ%P¥%¥%§s ry to add a

| ar ge anount of the al um num oxy conpound such as 1000 to 10000 nol es
of al umi num atom per 1 nole of transition nmetal atom This 25 has

| ead to magor problens SUChP%ﬁgt b 6§ogygt&g9EFEIPgecost and the

resi due of ‘a | arge anount o um num at ons ol efin pol yner
causes a bad i r#jaeNcer oPhkhenvention

The present invention relates to a modified
aluminum oxy compound, a polymerization catalyst
containing'said modified aluminum oxy compound as a

10 component, and a process for producing a polymer with

said catalyst.

Description of the Related Arts

Many processes for producing an olefin polymer with

15 a polymerization catalyst using a transition metal
compound(for example, a metallocene and non-
metallocene compound) and an aluminum oxy compound, are
well-known. For example, a process using
bis(cyclopentadienyl) zirconium dichloride and

20 methylaluminoxane, is reported in JP58/019309A.
However, in order to obtain the olefin polymer at a high
yield, it is necessary to add a large amount of the
aluminum oxy compound such as 1000 to 10000 moles of
aluminum atom per 1 mole of transition metal atom. This

25 has lead to major problems such as a high production
cost and the residue of a large amount of aluminum atoms

in the olefin polymer causes a bad influence on the




properties of the olefin polyner. In order to solve these

probl ens, many reports concerning the reduction of the anmount of

al um num oxy conmpound used have been made. For exanple, processes 5
using a transition nmetal conpound and a ﬁﬁnbination of an al um num
oxy conpound and an organoal um num conpound are reported in
JP60260602A and JP60130604A. Furt her, a process using

met hyl al um noxane and an al um num oxy conmpound i n which at |east one
i sobutyl group is bonded 10 wth an alum num atom and a netal |l ocene
conpl ex, and prapertikes afe thgporltegtin rrJPHBEBO601A. However, these
processes do not reach a_sufficient solution of the above- nenti oned
probl ens. Fur {RePTIB5I $ReES LISt &NFe WETP19BSe BARYE| FEPST LIRS
have a IOM/nDIecuIarqmeight [ hgen‘géaluand Lhﬂ} i,mproovenent has been
further required f5P2prabefEar® TeCUgERON O =he amOAnR: Qke s WIS &FY
alunlnun10xy Conppyggpggxangsga have Hgé%nﬂégéymﬁgy“éw%%§l?r05908%5%%5

el ectron w t hdraw ng group-containing group as an efin

polyneri zatiom  ysifigtaltSHnLOIMONettd 5 JRENIAY RPQrEBdbliRation of
JP06329714A. According to this process, a highly active catal yst can
be obtai ned, and aandlefnimpobgyecompbhnd a4t atn ¥yeg¥noalumikinghcohbeawdar
wei ght can be obtained by pol ynerizing 25 an olefin using said catal yst.
However, the catal §5¢ reportegdtiniIBe Gl ¢ h2Anareol @ 1 Wb ghAL .oFurkibeal,efin
pol ymer obtai ned are not,almqgs sufficient, the invention of

2 process using méthylaluminoxane and an aluminum OxXy
compound in which at least one iscbutyl group is bonded
10 with an‘aluminum atom, and a metallocene complex, and
the like, are reported in JP63130601A. However, these
processes do not reach a sufficient solution of the
above-mentioned problems.
Further, polymers obtained with these catalysts
15 have a low molecular weight in general, and the
improvement has been further required for practical
use.
A process using an aluminum oxy compound having an
electron withdrawing group or an electron withdrawing

20 group-containing group as an olefin polymerization
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catalyst component is recently repor

According to this process, a highly activ
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be obtained, and an olefin polymer with a relatively
high molecular weight can be obtained by polymerizing
25 an olefin using said catalyst. However, the catalyst
activity and the molecular weight of the olefin polymer

obtained are not always sufficient, the invention of



an al um num oxy conpound for realizing the nore i nprovenent of

activity and the nol ecul ar wei ght of a pol ymer has been desired in
order to produce an i ndustrially useful olefin polyner. 5

SUMVARY OF THE | NVENTI ON An iject of the present invention is
to provide a nodified al um num oxy conpound that is useful as a
conponent of an olefin polynerization catalyst , which 10 cat al yst

i scapabl e of produci ng a hi ghnol ecul ar wei ght olefin polymer with a
hi gh efficiency, and is prepared by contacting a transition netal

conpound with the an. alusgdivyn exkyalaaoriréofpoundalizing the mdugt her,

ot her objects of the present inventiqn 15 are to provide a Q%ﬂhly_gctive
ol efi n pol yneri zat FBRTOVEMERG R4 36t 1¥diyordst ths A 1esd &l WRifin && 2
conmpound, a pr flar. produci ng. a hi gh nol.ecul ar wei ght ol efin

pol ynmer with said %8?&%%% P45 %neecnatéaﬁ%s{?gagﬁr BEEEE O PLOEECS & duci ng an

al kenyl aromatic hggﬁg%@gyglﬂym%ﬂgﬁﬂ_%%efy%t§%$gggrpolynerization
| b e -

catal yst and an al keny aromat 1 ¢ hydrocar bon copol yner of high
nmol ecul ar 5 weight. Nanely, the present invention relates to
a nodified al um num oxy conpound, which has been nodified with a 25
conmpound havi ng a hydroxy group, SUMMAMRYCIOF NEHE atWOENTION [ M2/ ML] of the
intensity (M) at 30 ppmto the intensity(M) at 10 ppm of the
spectrumin the [err]AI-An object of the present invention is to provide
a modified aluminum oxy compound that is useful as a
component of an olefin polymerization catalyst , which
10 catalystis capable of producing a highmolecular weight
olefin polymer with a high efficiency, and is prepared
by contacting a transition metal compound with the
modified aluminum compound.

Further, other objects of the present invention

o}

15 are to provide a highly active oclefin polymerization
catalyst component using said aluminum oxy compound,
a process for producing a high molecular weight olefin
polymer with said polymerization catalyst, a process
for producing an alkenyl aromatic hydrocarbon polymer

20 with said polymerization catalyst and an alkenyl
aromatic hydrocarbon copolymer of high molecular
welght.

Namely, the present invention relates to amodified

aluminum cxy compound, which has been modified with a

25 compound having a hydroxy group, in which the ratio
(M2/M1) of the intensity (M2) at 30 ppm to the

intensity(Ml) at 10 ppm of the spectrum in the *'Al-



4 solid NMRis 0.60 or nore; a polynerization catalyst
conponent containing (A)said nodified al um num oxy conpound; and an
ol efin polynerization catal yst obtai ned by a process that conprise

contacting (A)said

5 nodi fied al um num oxy conpound, (B)a transition

met al cormpound, and optional |y (C)arft organoal um num conpound

optionally (C)an organoal um num conpound and (D)a boron conpound.
Further, the present invention rel ates to a process for producing an
ol efin polynmer which 10 conpri ses honopol yneri zi ng an ol efi nor

copol yneri zi ng

sobléf NMBR wist h.58i drpaloper iz aldlomeniBdybén aadadyst

process for producing an al kenyl aromatic hydrocarbon pol ymer whi ch
conpri ses honopol yngePePpgnancankedyling (A) saighutdai hyed osdnhonuor oxy

copol ynmeri zi ng an al ken

15 aromati c. hydrocarbon and an olefin with

| .
said poIyneri%%TP%HHEétépﬁs@n,Q%%f%f(ﬁﬂkNQ@ﬁ%2®$l%ﬁ GRkaRYISt

aromati ¢ hydrocarbo nd_an .ol efin, havi
wei ght of 700, 000 o(?bﬁo?‘eeg

ecul
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aver age nmol ecul ar MBIg%g?%%ﬁyﬁaf%g]8%+g§g%§ttgﬁ%gggééﬁéi£goguggggl

BRI EF DESCRI PTI ON Qrorlpu RAWMNGSptionally (C)an oFd8ncd1 SRS B ompound
[err]Al -solid NVR spectrumof a 25 sanpl e obtai ned by drying )

MVACBA(t ol uene sol wr ovptionallpanafaat vrednoy 1 TESGHMAKLZ I KDund Litld )pysed

as in Exanpl e

10

15

20

25

1, under reduced pressure. The ratio of H2 to Hl was
boron compound. Further, the present invention relates

to a process for producing an olefin polymer which
comprisés‘homopolymerizingeu1olefincu:copolymerizing
olefins with said polymerization catalyst, and a
process for producing an alkenyl aromatic hydrocarbon
polymer which comprises homopolymerizing an alkenyl
aromatic hydrocarbon or copolymerizing an alkenyl
aromatic hydrocarbon and an olefin with said
polymerization catalyst, and a copolymer of an alkenyl
aromatic hydrocarbon and an olefin, having a number
average molecular weight of 700,000 or more and a
molecular weight distribution in terms of a ratio of
weight average molecular weight(Mw) to number average

molecular weight(Mn)[{Mw/Mn] of 1.85 to 2.5.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an %

Al-solid ¥MR spectrum of a
sample obtained by drying MMAC3A(toluene solution,
manufactured by TOSOH-AKZO0 Co., Ltd.) used as in Example

1, under reduced pressure. The ratic of H2 to H1 was

S

or

ar



5 0.27 fromthis spectrum Fig. 2 shows an

[err]Al -solid NWVR spectrum of a sanple obt ai ned by drying a reaction
product obtained by m xing MVAGBA(t ol uene sol ution, manufactured by
TOSOH AKZO 5 Co., Ltd.) and water with stirring as in Exanple 1, under
reduced pressure. The ratio of L2 to L1 was 0.75 from this spectrum
Fig. 3 shows an [err]Al-solid NVR spectrum of a sanple obt ai ned by
drying a reaction product obtained by mxing 10 MVAG3A(t ol uene sol uti on,
manuf act ured by TOSOH AKZO Co., Ltd.) and water with stirring and

t hen addi ng o pent akbyorapherglecithemet o wWith stirring as in Exanple

1, under reduced pressure. The ratio of M2 to ML was 1.26 fromthis
spectrum 15 FFd g .42shioows am [erT] 961 50INMR MR cspaot mifimaog ampianpl e
obt ai ned by drying a reaction product obtained by mxing ‘
MVACBA( t ol uene soPtpdnedrihdfdéndradely tEIOSCP ARZO: obtaimyd by rgx)ingand
pent af | uor ophenol with stirring as_in, Exanpl e 2, under reduced
pressure. The rat¥¥AQfAKBCLEeNS0 SONE Iy RH L F R oM BT sPEpdlEPEmAKZ0

Fig. 5 shows_.an [grr -saolid.N ectr of _a_sanpl.e _.ohtajned b
Ying areadiortpt bt oBLa o by T pg- TS MR TR are Bara |

drying a reaction pib by XT Ay uerfe“§6Fat i on,

manuf actured by TS0 essurerheltde) o 82dropept gl l yarophegok wpt h
stirring and 25 then adding water with stirring as in Exanple 2, under

reduced pressure.+dhe spkt@rahh.M to ML was 0.70 from this spectrum
Fig. 3 shows an ¥Al-solid NMR spectrum of a sample
obtained by drying a reaction product obtained by mixing

10 MMAO3A(tolﬁene solution, manufactured by TOSOH-AKZO
Co., Ltd.) and water with stirring and then adding
pentafluorophenol thereto with stirring as in Example
1, under reduced pressure. The ratio of M2 to M1l was
1.26 f£rom this spectrum.

15 Fig. 4 shows an *’Al-solid NMR spectrum of a sample
obtained by drying a reaction product obtained by mixing
MMAO3A(toluene solution, manufactured by TOSOH-AKZO
Co., Ltd.) and pentafluorophenol with stirring as in
Example 2, under reduced pressure. The ratio of N2 to

20 N1 was 0.57 from this spectrum.

Fig. 5 shows an *Al-solid NMR spectrum of a sample
obtained by drying a reaction product obtained by mixing
MMAO3A(toluene solution, manufactured by TOSOH-AKZO

Co., Ltd.) and pentafluorophencl with stirring and
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then adding water with stirring as in Example 2, under

reduced pressure. The ratio of M2 to M1 was 0.70 from
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6 Fig. 6 shows an [err]Al-solid NVR spectrum of a sanple
obt ai ned by drying a reaction product obtained by si nul t aneousl y

m xi ng MVAGBA( manuf actured by TOSOH AKZO Co., Ltd.), water and

pent af | uor ophenol with 5 stirring as jn Exanple 25, under reduced
pressure. The ratio of M to ML waf 1.04 fromthis spectrum

H1, H2, L1, L2, ML, M2, N1 and N2 are as defined bel ow

DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 The present invention is
illustrated in detail bel ow. (A) Modi fied al um num oxy conpound
The nodified al um nunFaxy 6osipousdan A)alofs¢hed piMR epectrum dineesdinphei s a
modi fi ed al um num oxy conpound in which 15 an al um num oxy conpound is
nodified with a coRpaingd by dEaiingg aa NRARtEHGR R HRECRNECEAIWEIAC P 1 he

rati o [ M2/ ML] .of _the intensity (M) at 30 mio the intensity(M) at
10 ppm of the speﬁ%WHHFPHePHéﬁPeFPFAEQymuﬁp%%#£ %ugg%ehﬁﬁd EY T -

Herein, the sol i SA% gect rrgggggina%%?ea cecgéx'é%&f%?or%hémﬁdwﬁ}é& speed

measuring a solid sanple’at a o NN Ng usi ng a

rotation . I thesPresenl as jn IERLERIONs t 18aker tEAL-eQl hde MR -SpEGhEUM
measur enent of t he nodi fied al um num oxy conpound or an al um num oxy

conpound i s condugaedoastf a2l @sM1 2&s 1.04 et hiei sodbkkedual.um num oxy
conmpound or al um num oxy conpound obtained is in a solution state
di ssol ved i NH&, sib? yant , LizheMiol M2ntN1 sax@nvedcbypsadkhonadneehod -

DETAILED DESCRIPTION OF THE INVENTION
10 The ﬁfesent invention is illustrated in detail
below.
(A)YModified aluminum oxy compound
The modified aluminum oxy compound (A) of the present
invention is a modified aluminum oxy compound in which
15 an aluminum oxy compound is modified with a compound
having a hydroxy group, and in which the ratio [M2/M1]
of the intensity kM2) at 30 ppm to the intensity(M1l) at
10 ppm of the spectrum in the *’Al-solid NMR is 0.60 or
more. Herein, the solid NMR spectrummeans a NMR spectrum
20 obtained by measuring a solid sample at a magic angle
spinning using a high speed rotation . In the present
invention, the *Al-solid NMR spectrum measurement of
the modified aluminum oxy compound or an aluminum coxy
compound is ccnducted as follows:
25 When the mocdified aluminum oxy compound or aluminumn
oxy compound cbtained is in a solution state dissolved

in a solvent, the solvent is removed by a known method



such as a reduced-pressure drying, etc. to dry and solidify the
nodi fi ed al um num oxy conpound or al um num oxy conpound.

Herein-after, the nodified al um num oxy conmpound or al um num oxy
conpound dried and solidified 5 IS ﬁpnetines referred to as "solid NWR
measur enment sanpl e". I a nitrogen box or a gl obe box, the
solid NMR nmeasur enment sanple was packed in a rotation cell(, or

a spinner or a rotor) for solid NVR neasurenent in an 10 appropriate
anount sothat the_cell canbestabl yrotated. A solid NMR spectrum at a

magnetic field i pheAsSkkY aOfreduced-h sl L8 rdH, ohger vati.ororanetdwd fiel d
intensity at 300 MHz) is measured using a solid NVMR spectroneter in
whi ch t he sellkdifyctpabied0fidd gl wpicedn todyat ongownichoa aldminum
nitrogen gas or an inert gas. The sanple is neasured under a cel
rotati on speed oPx8 RPEPOrIdor Herphiaf-@fdisy, the modified RIHRInDYG ke

standard of the chem cal shift, . thqaggak appeared in hig?,na netic
field side of ancomPOungepf Rl APt RLOFE RY P At 24 2RO HHR W 8Eh of

the 20 spectrum is set. to 40 m or, nore, ,prefer y_.600Q 10 1000
ppm as a che%ica SsﬁPPF%ﬁfﬁ?h*ﬁgﬁ%é%ﬁyﬁ? %%ns?%g%gnggk m%aﬁﬁﬁﬁm?m% gr oup
of peaks to be ngggured can be nmeasured. The pulse width is set to

smal | er- than the 90 pul se wi dth used in a solution [err]Al -NWR
spectrum The pulse 2h a hitebyah i Bodeber @ Bedbeo HAal dhe $&l axatman

does not occur. As a neasurenent pul se sequences , there is

measurement sample was packed in a rotation cell(,or
a spinner or a rotor) for solid NMR measurement in an

10 appropri&%eamountsothatthecellcanbestablyrotated.
A solid NMR spectrum at a magnetic field intensity of
7.0T ('H observation magnetic field intensity at 300
MHz) is measured using a solid NMR spectrometer inwhich
the cell is capable of high speed rotating with a

15 nitrogen gas or an inert gas. The sample is measured
under a cell rotation speed of 8 kHz or more, preferably
12 to 15 kHz. As the standard of the chemical shift,
the peak appeared in high magnetic field side of an
active alumina is determined as 7 ppm. The width of the

20 spectrum is set to 400 ppm or more, preferably 600 to
1000 ppm as a chemical shift width of *’21, considering
that the group of peaks to be measured can be measured.
The pulse width is set to smaller than the 90° pulse
width used in a solution ?A1-NMR spectrum. The pulse

25 interval is determined so that the relaxation does not

occur.

As a measurement pulse seguences , there is



illustrated a single pulse nethod wi thout decoupling, for exanple, a
pul se sequence is a HPDEC wi t hout decoupling. The neasurenent is
usually carried out room at tenperature(about 20 to about 25[err]C).
In the case of 5 solid NMR neasurenent, of [err] Al nucl eus, shapes of
peaks and the chem cal shift depenéson magnetic field

intensity due to an interaction of secondary quadrupol e of nucl eus.
Due to the reason as above, for conparisons of spectra 10 neasured, it

i s necessary that neasurenents of [err] Al - solid NMR of various
solid NMR sanpl es adneéleartmiagtbdut single pallskheesan® wagReLLCAbbel®ling,
intensity. After the measurenent, the data are subjected to Fourler
transfer to obtain &0 exdmileold bNMR spegtenne 1§ a KADEbewahhaiured
[err] Al -solid NMR spectrum. the Ehase and _baseline correction thereof
are conpensated so FRECUPHE Y- TheHesafieseBEnbasey sof lilyec &f yhedtourngoeti ¢

field peak group . .and the | owest magnetic field k group anong peak
groups appear ed froﬁfat9PBFﬁF$Vr8ﬂégﬂﬁﬁ %ﬁnﬁ?oaQOVPc?gﬁf&'%Qobhqﬂcﬁﬁﬁnﬂin

are nutually et ej the . 2 spectrum_of a part in,

whi ch no peakn?g obgg}gggﬁp% ?ggg8ﬁgﬁg“t %f-lgﬁ'SﬁﬁﬁﬁﬁﬁérSgﬁgefSS‘pBﬁﬁéﬁbr,

becone parallel to the the _ch%ﬁ@ﬁa|s§ﬂétd§5é§g(ééi Raghedhscisgga); as far
as possible The baseline as a standard is drawn Setmeen bases of 25

the hi ghest magneti ¢ntieelsd tiyedke grootp ameet het Lowast secondai§ofgetie ubioaled
peak group. A vertical line is drawn at 10 ppmto the chem cal shift
axis (axis of absci8§apucleus.

Due to the reason as above, for comparisons of spectra

10 measured; it is necessary that measurements of *'Al-
solid NMR of various solid NMR samples are carried out
at the same magnetic field intensity.

After the measurement, the data are subjected to Fourier
transfer to obtain an *’Al-solid NMR spectrum.

15 In the obtained *’Al-solid NMR spectrum, the phase and
baseline correction thereof are compensated so that the
heightsofbasesofthehighestnmgneticfieldpeakgroup
and the lowest magnetic field peak group among peak
groups appeared froma vicinity of -150 ppmto a vicinity

20 of 150ppm, are mutually made the same height, and the
spectrumof apart inwhich no peak is observed in regions
-150 ppm under and 150 ppm over, become parallel to the
chemical shift axis (axis of abscissa) as far as possible.
The baseline as a standard is drawn between bases of

25 the highest magnetic field peak group and the lowest
magnetic field peak group. A vertical line is drawn at

10 ppm to the chemical shift axis (axis of abscissa),



The intensity ML is defined as a distance between the i ntersecting
point of the vertical line with baseline and the intersecting point
of the vertical line with the spectrum And, when a vertical is
drawn at 30 ppm 5 to the chemcal shift axis (axis of abscissa), the
intensity M2 is defined as a distance betvwen the i ntersecting point
of the vertical line wth the basel i ne andthe intersecting point of
the vertical line with the spectrum Further, Hl and H2, L1 and L2,
and 10 N1 and N2(these are as defined bel ow can be determ ned by
the same nmethod as ateventensity M1 ithaefodidd ¢ al URsAUMCRX Y &R h Of
t he present invention has a ratio of M2/ML cal culated fromthese
val ues above of 0. 606 ndenasmeiny godmablof @heSvertimred, 1ihe wimbsbaseline
preferably 0.70 to 1.5. The nodified al um num oxy conmpound of the
present invention s&fidsfites ifers@sfelng point P/ tMiedesctibed abBowe widid
is one nodified with a conpaund h vin%nq hydroxy group. The npdified
al um num oxy COFpSREE tGFMhETGred PnVERTiAGRY <SS ed oy 0 Fpm
reacting an al ufm num_.0 C ( having.a ratio . _. of an .
i ntensity(H2) 5?130L8p§¥fb%§%IJ¥§%H %&fﬁ)ggfglé°x*“ C“pﬁﬁﬁ&ﬁﬁ%ﬁ%’thﬁ%
0.35, water(b) and aneemRQURA MX)i ha¥dfithed as & axgEgﬁﬁega@ﬂ%een t?e)

a

The present invention will be described in nore 25 detail.
Al um num oxy conpoulddtersecting A®idie &f uphaulEeXY ceonpawed wised ase a raw
mat eri al 10

baseline and the intersecting point of the vertical line
with the spectrum. Further, Hl and H2, Ll and L2, and

10 N1l and ﬁZ(these are as defined below) can be determined
by the same method as above.

The modified aluminum oxy compound of the present
invention has a ratio of M2/M1 calculated from these
values above of 0.60 or more, preferably 0.65 or more,

15 most preferably 0.70 to 1.5. The modified aluminum oxy
compound of the present invention satisfies the scope
of M2/M1 described above, and is one modified with a
compound having a hydroxy group. The modified aluminunm
cxy compound of the present invention is obtained by
20 reacting an aluminum oxy compound (a) having a ratio
of an intensity(HE2) at 30 ppm to a intensity(H1) at 10
pomof less than 0.35, water(b) and a compound (c) having
a hydroxy group.
The present invention will be described in more
25 detail.
(a) Aluminum oxy compound

As the aluminum oxy ccmpound used as a raw material



of the nodified al um num oxy conmpound of the present i nvention, there
is illustrated an al um num oxy conpound having a ratio of the
intensity(H2) at 30 ppm to the intensity(Hl) at 10 ppm in the
"Al-solid N\R 5 spectrum of l|less than 0. 35. As (a) al um num
oxy conpound used in the present i nve@tion, an al um num oxy conpound
sol uble in an aromati ¢ hydrocarbon or an aliphatic hydrocarbon which
represented by the general formula (1) or (2) described 10 below, is
preferable. [err] (wherein each of

the R groups respe€ttyel yodadieadt @3 uminum ¥y daessbod gf otpe hayesgnt to
20 carbon atons, which R groups may be the sane or different, and m
represents 15  anwenbépnof there 56 )illustratedTae hydmé@aﬂb@mqgroup in
t he above-nenti oned gener al formul a (1) or (2) includes an alkyl

gr oup, al kenypmapaaﬁ hawrgg@oiﬁpta%@faw&wwwpw g“uﬁo PPM t o

20 carbon atons, the.l , n alky roup , having_1.
carbon atons is pg Epgbrgken51 % 10 %Dm, -q th AT so 18 %MR

5 spectrum, of less than 0.35.

As (a) aluminum oxy compound used in the present
invention, an aluminum oxy compound soluble in an
aromatic hydrocarbon or an aliphatic hydrocarbon which
represented by the general formula (1) or (2) described

10 below, is preferable.

R

| R
/ -
R—— AI—OJ/I;A!\H )

)

__{% A]_~13€%~__~
m+1 (2)

(wherein each of the R groups respectively indicates

a hydrocarbon group having 1 to 20 carbon atcms, which

R groups may be the same or different, and m represents
15 a number of 1 to 50.)

The hydrocarbon group in the above-mentioned
general formula (1) or (2) includes an alkyl groug,
alkenyl group, aryl group and aralkyl group having up
to 20 carbon atoms, and the like, and an alkyl group

20 having 1 to 20 carbon atoms is preferable.



The specific exanpl es thereof include met hyl al um noxane,

et hyl al um noxane, propyl al um noxane, butyl al um noxane,

i sobut yl al um noxane, nmethyl et hyl al um noxane, 5 met hyl but vl al um noxane,
met hyl i sobut yl al um noxane, and the |ike are exenplified. Mst of

t hese conpounds are commercially alhilable or can be synthesized by
wel | - known net hods. Anong them nethyli sobutyl al um noxane is
preferable in particular, Rin the 10 above-nmenti oned general fornula
(1) or (2) represents a nmethyl group or an isobutyl group in
respective cases. . ] 0 und .i.n _whi.ch, -t exi stence
ratio of a nethylGS?EE%H%%PE?%Oé%ﬁ&ggggufgﬁ‘gPdu69ggigﬁinethyI

gr oup/ i sobut yl grQﬂg})h\iﬁaiénix‘?ogé})é}gétﬁr\?l@luinﬁn@&%e,l5 preferable, and
the ratio is preferably (10 to 90)/(90 to 10) 1 n particular.

These al um num oxypwoypoaheisi neyahe, uped yalaQReni®loxane, i N conbi nation of 2

or nore Kkinds. ~ (b) Vater 20 Wien the nodified al um num oxy
conpound of the isolprieskbamiunihventnen metpydduded,alaamater{hyg,is used. The
water(b) is preferably a distilled water or de-ionized wat er. When

water (b) is uSed MFihelpieskdtunriverengn, nethy liisgoytiyidhbi Paxdeeai | why

the nol ecul ar weight, of the. 25 alum num oxy. cqonpound seens to increase,
and t he Vi sc%sr\q 31}% <5t AT FES l,fola%/Fd‘ as St"hé’c%cet Say YEOURAS ¢t he

g;ecipitation of %ﬁ%ﬂééhméggﬁgp§§rngilable or can be synithesized by
well-known methods. 2Zmong them, methylisobutyl
aluminogane is preferable in particular, R in the
10 above-mentioned general formula (1) or (2) represents
a methyl group or an isobutyl group in respective cases.
An aluminum oxy compound in which the existence ratio
of a methyl group as R to an isobutyl group as R (methyl
group/isobutyl group) is (5 to 95)/(95 to 5) is more
15 pfeferable, and the ratio is preferably (10 to 90)/(90
to 10) in particular.
These aluminum oxy compounds may be used alone or
in combination of 2 or more kinds.
{b) Water
20 When the modified aluminum oxy compound of the
present invention is produced, a water(b) is used. The
water(b) 1s preferably a distilled water or de-ionized
water. When water(b) is used in the present invention,
it is unknown in detail why the molecular weight of the
25 aluminum oxy compound seems to increase, and the
viscosity thereof increases , and as the case may be,

the precipitation of a solid, are observed.



(c) - Conmpound havi ng hydroxyl group The conpound(c) having a
hydr oxyl group used in preparation of the nodified al um num oxy
conmpound (A of the present invention, is a conmpound having at |east

5 one hydroxyl group in its nol ecul e, aig an organic conmpound havi ng
a hydroxyl group is preferable. An cohol conpound, a phenol conpound
or a silanol conpound is nore preferable. Herein, the al cohol conpound
preferably includes a conmpound indicated by the general 10 fornula bel ow
CRlerr]Rerr]Rerr] - OH (wherein each of Rerr], Rerr] and R err]

i ndependent |y represempound havigrRgeRoaLIMs@Lud hydrocarbon group
having 1 to 20 carbon atons, and they may be nutually the sanme or 15
different.) Thehdyebngearbdc grioapihg shieyaboxginmgnbupneded in
general formula includes an al kyl group, an aral kyl group, an aryl
group and the |ikerepatatese of dups madi beed alumprionakyyceubsungut(éd
with a hal ogen atom 20 Tertiary al cohols and al cohol s substituted
with a hal og&F A0SnPARECPEelRYARF2ODaNES|: SRR &_ving at dpgsput y
al cohol, triphenyl net

| i | | h | 1,1,1, 3. 3, 3-
hexaf | uor oi sopt op&AS] qiag&]b?’é?]er%lﬁ%’éﬁ’ CY%SQQEX%O etclggge?’heﬁ?{d £ 1 HI PRERol

compound, non-SubYldih&th payiPHCRohFaebx9HPSLILM &L PNl S0p0. bgnused.
Wherein the substituent | ncfudes” a hatfogen atom an al kyl group,
13 alcohol compound, a phenol compound or a silanol compound

is more preferable. Herein, the alcohol compound
preferably includes a compound indicated by the general

10 formula bélow:

CR'R2R3-0H
(wherein each of R', R? and R’ independently represents
a hydrogen atom or. 2 hydrocarbon group having 1 to 20
carbon atoms, and they may be mutually the same or

15 different.)

The hydrocarbon group in the above-mentioned
general formula includes an alkyl group, an aralkyl group,
an aryl group and the like, and these groups may be
opticnally substituted with a halogen atom.

20 Tertiary alcohols and alcohols substituted with a
halogen atom are preferable, and in particular,
tert-butyl alcohol, triphenylmethanol,
tricyclohexylmethanol or 1,1,1,3,3,3-

hexafluocroisopropanol is preferable.

N
wn

Further, as the phenol compound, non-substituted
phenols or substituted phenols ¢can be used. Wherein the

substituent includes a halogen atom, an alkyl group,



aral kyl group, aryl group, silyl group, alkoxy group, ar al kyl oxy
group, aryloxy group or silyloxy group which may be substituted with a
hal ogen atom or the like. Speci fi c exanpl es of such phenol
compound include 5 2-substituted phenols such as 2-nethyl phenol, 2-

et hyl phenol , 2-n-butyl phenol, 2-isobutyhghenol, 2- tert-butyl phenol,
2-n- propyl phenol, 2-isopropyl phenol, 2- phenyl phenol , 2-fl uorophenol,
2- chl orophenol , 2- br onophenol and the |ike; 3-substituted phenols
such as 10 3-nethyl phenol, 3-ethyl phenol, 3-n-butyl phenol, 3-

i sobutyl phenol, 3-tert-butyl phenol, 3-n-propy!pheno|, .3

-i sopr opyl phenol 2r&lgtenyd Fhshol ar Bl {9 RtRpheheyl group3- ahkerZpRERYI,
3-bronophenol and the |jke;, 4- substituted phenal s such as .

J- et hyl phenol - #7381 h Mo T Y AR YpaE SRBHEN G- AA RS BHCHDHEASE. 4-

tert-butyl phenol maé{?hnsé)r%@g@ @@%d éiLﬁogr g%xlog;%%noag__,r?dn 1O ﬁlﬁ%?ﬂkgheml ,

4-f | uorophenol , |"ot ophenar bronmopheno

2, 6-substituted pheno§s.sughc exam9§eg,éfdéﬁehhghehsmoépm§o§neigheﬂh@Qﬁnol,
2,6-di-n- 20 butyl phenol, 2,6-diisobutylphenol, 2,6-di-tert-

butyl phenol , 2, 6-disubgopytphesivtnolsbsuch asdizi-seRom phesb) , 2 -

2, 6-di phenyl phenol , 2, 6- di f1 uor ophenol, 2, 6-di chl orophenol,

2, 6-di br onophenolethylpramihe 2+kebuRybpXesobst i2-Utsebyhehotend X, i 8-one or
nore 25 nunerals selected from3, 4 and 5) such as 2,4, 6-

trimet hyl phenol , Y2 Ut EFRLERE {1 24NmBRRpHIMAOL , 2-1sopropylphenol,

543’5’6'tetraf'”%U¥H¥¥§ﬁph£§@£?f59?£8898B82n%qq Bq%hlorophenol, 2-

bromophenol and the like; 3-substituted phenols such as

10 3-methylpkenol, 3-ethylphenol, 3-n-butylphenol, 3-
isobutylphenol, 3-tert-butylphenol, 3-n-propylphenol,
3-isopropylphenol, 3-phenylphenol, 3-fluorophenol,
3-chlorophenol, 3-bromophenol and the like; 4-
substituted phenols such as 4-methylphenol, 4-

15 ethylphenol, 4-n-butylphenol, 4-iscbutylphenol, 4-
tert-butylphenol, 4-n-propylphenol, 4-isopropylphenol,
4-phenylphenol, 4-fluorophenol, 4-chlorophenol, 4-
bromophenol and the like; 2,6-substituted phenols such
as 2,6-dimethylphenol, 2,6-diethyiphenol, 2,6-di-n-

20 butylphenol, 2,6-diisobutylphencl, 2,6-di-tert-
butylphenol, 2,6-di-n-propylphenol, 2,6-
diisopropylphenol, 2,6-diphenylphenol, 2,6-
difluorophenol, 2,6-dichlorophenol, 2,6-dibromophenol
and the like; 2,6,X-substituted phenols (X is one oxr more

25 numerals selected from 3, 4 and 5) such as 2,4,6-
trimethylphenol, 2,6-di-tert-butyl-4-methylphenol,

2,3,5,6-tetrafluocrophenol, pentafluorophenol and ihe



i ke; 2,3-substituted phenols such as 2, 3- di fl uorophenol and the

| i ke; 2,4-substituted phenols such as 2, 4-difluorophenol and the |ike;
3, 5- substituted phenols such as 3, 5-di net hyl phenol, 3, 5- 5

di et hyl phenol , 3, 5-di-n-butyl phenol, 3, 5- di i sobut yl phenol ,
3,5-di-tert-butyl phenol, 3,5-di-n- b%opylphenol,

3, 5-di i sopropyl phenol , 3, 5- di phenyl phenol, 3,5-difl uorophenol, 3, 5-
di chl orophenol , 3, 5-di bronophenol andthe |ike; phenols 10 having 2 or
nor e hydr oxy groups such as catechol, resorci nol, hydroqui none,

bi sphenol - A, 2, 2-1 hkéebi g5 3- subs@ﬂ:@"abﬁblg)tmélﬁﬂisrmém phenct, and the i ke.
As the phenol conpound a phenol havi ng bul ky substituents at

2,6-position or adhflogenahedophandl the ke preférabbetiantedn phartdlcul ar
pentafluorophenol IS pr ef er abl e. Further, the silanol is
preferably a conpdudd as 2 ﬂeéﬂéééﬁﬁ@@ﬂ@PQHma@ﬁﬁwh%J1#6?Wu5a5below

Si R[err]R[err]R[erré (wherein each of Rfer L and R err]
dependent |y repre%%h? léuted HPGPS&énséﬁ&ﬂ%ﬁ %1iﬂﬁﬁﬁ%ar5 HQ§P8&p i hg 1

The-hydr ocarbbn oroeh Y kPP REoTboesratronet? LEn S Geherdr Tor mula | hol udes
ety ol TSR, 55 00 Rl ARG 1 ke
A tertiary silanopre&pyapiehangl 3subgtiiiteiedpy Idhénol, 3,5-
o diphenylphenol, 3,5-difluorophenol, 3,5-
dichlorophenol, 3,5-dibromophenol and the like; phenols
10 having 2 or.more hydroxy groups such as catechol,
resorcinol, hydrogquinone, bisphenol-A, 2,2-thiobis-
6-tert-butyl-4-methylphenol and the like.
As the phenol compound, a phenol having bulky
substituents at 2,6-position or a halogenated phenol 1is
15 preferable, and in particular, pentafiuorophencl is
preferable.
Further, the silanol is preferably a compound
represented by the general formula below:
SiR*“R°R®-0OH
20 (wherein each of R*, R® and R’ dependently represents a
hydrogen atom or a hydrocarbon group having 1 to 20 carbon
atoms, they may be mutually the same or different.)
The hydrocarbon group in the above-mentioned
general formula includes an alkyl group, an aralkyl group,

25 an vyl group and the like, and these groups may be

S))

opticnally substituted with a halogen atomn.

A tertiary silanol or a silanol substituted with a



hal ogen atomis preferred, and triphenylsilanol or

tricyclohexylsilanol is nore preferred. As the conmpound(c) having
a hydroxyl group used in the present invention, an al cohol conmpound or
a phenol 5 conpound is preferable, and in particular,

pent af | uor ophenol , tri phenyl net hanol , 15 tri cycl ohexyl met hanol or

1,1,1, 3,3, 3- hexaf | uor oi sopropanol is preferable. These
conpounds havi ng a hydroxyl group nay be used 10 al one or in conbination
of 2 or nore kinds. (d) Preparation of nodified al um num oxy conpound
(A Th di fied, al um_num axy conmpaound (A), of the .. resent
invention is obt aﬁ}]ar;%)o ?/hrgz‘igfni g Pﬁf%%ra%%an%m “I)‘p%(?ffmcsolrr‘p%%ong avi ng
a ratio of the intensii¥{bRL 9153908 IRPRJL the ferrlAl-solid NWR
spectrumto the intensity(Hl) at 10 ppmin that of |ess than 0. 35,

(b) water and (c) AsatRONPOHPEuRAYENOh&v DY Er 9X d A5 0¢D.group used in The
reaction is preferably carried out in an inert gas at nosphere. The
reaction tenperat urkee igrewént 2hvepecof | cah laldddl ethmdoind ssusuahenol
-80[err]Cto 200[err]C and preferably -50[err]C to 120[err]C. The
reaction time $s ueumpoynd is preifpgedlio BRdour Lamdgt prederably 2 mnutes
to 1 hour. Further, in this reactiaon, a solvent may be used, and

t hese reactants (e@?nYﬁﬁl%ﬂHOPEF“ﬁéy B @S IRP TRt ed 25 without a

solvent. The sol veni. 3.0 cifically linmted, and includes an
aliphatic hydrocaﬁ%b% §§?3%§§y9ke%ggpoénQ§wﬁﬁﬁﬁ%’%y%$%carbon sol vent.

Speci fic exanple hexafluoroisopropanol is preferable.
Thesg compounds having a hydroxyl group may be used
10 alone or in.combination of 2 or more kinds.
(d) Preparation of modified aluminum oxy compound (A)
The modified aluminum oxy compound (A) of the
present invention is obtained by reacting (a) an aluminum
oxy compound having a ratio of the intensity(H2) at 30
15 ppm in the *’Al-solid NMR spectrum to the intensity(H1)
at 10 ppm in that of less than 0.35, (b) water and (c)
a compound having a hydroxyl group.
The reaction is preferably carried out in an inert
gas atmosphere. The reaction temperature is not
20 specifically limited, bu%t is usually -80°C to 200°C and

preferably -50°C to 120°C. The reaction time is usually

i..

1 minute to 12 hours and preferably 2 minutes to 1 hour.

Further, in this reaction, a solvent may be used, and

)
un

without a solvent. The solvent used is not specifically
limited, and includes an aliphatic hydrocarbon solvent

e

oxr an aromatic hydrocarbon solvent. Specific exanple



t hereof includes hexane, heptane, benzene, tol uene or the |iKke.

The nodi fied al um num oxy conpound of the present invention is
preferably obtained by reacting (a) the 5 alum num oxy conpound with (b)
water to obtain (a') an al um num oxy conpound having a ratio (L2/L1)
of an intensity(L2) at 30 ppmin ad8err] A -solid NVR spectrumto

an intensity(Ll1) at 10 ppmin that of 0.35 or nore, and t hen
reacting (a') the resulting alum num oxy conmpound 10 wth (c) a conpound
havi ng a hydroxyl group, or by reacting (a)the al um num oxy conpound

with (c) the + 10 AV i hydr ox up L ing(a', -
al um num oxy conﬁé&%@p gcﬁﬁgfﬁggglﬁ%?{g%ngéggggﬁ’ “gngghgén§%f§%%£%(%& 30
ppmin a [err] Al -gd idi NWR spectrumto 15 an intensity (N1) at 10 ppmin
that of 0.35 or nore, and then reacting (a") with (b) water. Wen the
(a') the al um nuthexyodbdfipedndlusiaval ball epmponmdi bifedhal piriesemt

oxy conpound (A) is obtained by reacting the (a') wth (c) a conpound
havi ng a hydroxylinyrenpion20s prefeThblyavibgaingd by scereferabl§)0t38 or
nore and | ess t han 0.90, nore preferably 0.35 to 0.85. And,
the ratio of ¥L2/3AYMiRepFHOCempound (Wit |Gy) WSRO 09 5irier drdabl @11, 5
or nore, nore referably 1.5 or .mpre.and |ess tha '?/91 Further, the
25 ratio, N2/Nl?%P%ﬁ%ﬁ%r%ﬁchﬂmgguBP o e "Ehd e85 G naw /1) 965" nore
preferably 0.35 t.0,0ef0s ey (12) at 30TBBnRh¥n Mo 081 1 & GRBEUI K Camnent s

used in the

an intensity(Ll) at 10 ppm in that of 0.35 or more, and
then reacting (a’) the resulting aluminum oxy compound

10 with (c) é'bompound having a hydroxyl group, or Dby
reacting (a)the aluminum oxy compound with (¢) the
compound having a hydroxyl group to obtain (a”)an
aluminum oxy compound having a ratio(N2/N1) of an
intensity(N2) at 30 ppm in a *Al-solid NMR spectrum to

15 an intensity (N1) at 10 ppm in that of 0.35 or more, and
then reacting (a”) with (b) water. When the (a’) the
aluminuhloxy compound is available, a modified aluminum
oxy compound (A) is obtained by reacting the (a’) with
(¢) a compound having a hydroxyl group.

20 The ratio, L2/L1 is preferably 0.35 or more and less
than 0.90, more preferably 0.35 to 0.85.

And, the ratio of (L2/Ll) to (E2/H1)

[(L2/L1)/(H2/Bl)] is preferably 1.5 or more, more

preferably 1.5 or more and less than ¢.0. Further, the

3
W

ratio, N2/N1 is preferably 0.35 or more and less than
0.65, more preferably 0.35 to 0.60.

The mclar ratio of respective components used in the



reaction is not specifically limted, and the nolar ratio of the
conponent (a)(in terns of nol of Al atom to the conponent (b)

((a)/ (b)) is preferably within the range of 1/3 to 1/0.01, nore
preferably 1/1 to 1/0.05. Further, 5 the nolar ratio of the conponent
(a) (in terns of nol of Al atonm) to the conponent(c)is preferably
within the range of 1/3 to 1/0.01, nore preferably 1/1 to 1/0. 05.

The nolar ratio of the conponent(a' ) (in terns of nol of Al aton) to
the conmponent (c) ((a')/(c)) is preferably 10 wthin the range of 1/ 3

to 1/0.01, nore preégrabby is not s 01 dd 0193 idiwddNesnd e Aol ak fadi®

of the conponent (a") (internms of nol of Al aton) to the

conponent (b) is of prefesmpbyemt t (N ihegmnge folncl/ 3£t D1 14000, t oDLlee
preferably 1/1 to 1/0.05. 15 The nodified al um num oxy conpound of
t he present i ngenppPoansbi Bl netaby(Phe p? apee te ¥ onl et Hotk deste i drgge

above or the like can b u§ed0;is a pol ymerization cat qI%/st conponent

after purification By 445818 tof SUkhmage pretepebi¥idll F9ar %0 Sor FERE R Ke,

but the reacti og solé tion cont ai ni.ng t henodi fi ?gégl.uni nuomXxy ,conpogpd
u t S.~

20 N £ [
can be al so us&i SRR TR YIS FAS SRUPRCE s Honeht a8 i 1 s
The nodified al um ngin gxy qogpoyRd %fon%%eq{@(sceg(s refbPYEDL QR £h nusefdl
| corponent . ar‘r%T e the

as the polynerization catalyst 0 s of

pol ymerization catatysge 35 14si4g e (diddes ptdind runm oxy/ capau. of .
t he present i nvention include the polynerization catal yst obtained

by contacting (A tHhHeenndléarethalaumintircoxymponpotid gridn terms of mol of
18

1

Al atom) to the component (c) ((a’)/(c)) is preferably

10 within thé range of 1 / 3 to 1 /0.01, more preferably
1/1 to 1/0.05. Further, the molar ratio of the component
(a”) (in terms of mol of Al atom) to the component(b) is
preferably within the range of 1/3 to 1/0.01, more
preferably 1/1 to 1/0.05.

15 The modified aluminum oxy compound of the present
invention obtained by the preparation method described
above or the like can be used as a polymerization catalyst
component after purification by isolation such as
recrystallization or the 1ike, but the reaction solution

20 containing themodified aluminumoxy compound can be also
used as the polymerization catalyst component as it is.

The modified aluminum cxy compound of the present
invention is useful as the polymerization catalyst
component. Exampliles of the polymerization catalyst

25 using the modified aluminum oxy compound of the present
invention include the polymerization catalyst obtained

by contacting (A) the modified aluminum oxy compound and



(B)- a transition netal compound; the pol ynerization cat al yst

obt ai ned by contacting (A the nodified al um num oxy conpound, (B)
the transition netal conpound and (O the organoal um num conpound;
and the 5 polynerization catal yst obtained by contacting (A) the

modi fi ed al um num oxy conpound, (B) the tridhsition netal conpound,

(O the organoal um num conpound and (D) any one boron conpounds (D1)
to (D3) described bel ow (D1) a boron compound represented by the
general 10 formula B err]@err]err], (D2) a boron conpound
represented by the genemakransiftQidRihetal compound; the polymerization
Gerr](BQerr]err]err]Jerr])[err], and (D3) a“boron conpound

represented by the genelglst obtfadm®d &y contacting (A) the modified
(L-H[err](BQerr]Qerr]Qerr]Qerr])[err] 15 (wherein B represents a
boron atomin the tRALvaLen: oy eoogound st Bf esheternks ittd o Bethlnaynpeuhlie
sane or different and represent a hal ogen atom a hydrocarbon group, a
hal ogenat ed hydPBéar(Ednt@teo@ﬁ,ga@%i}b’éftli%% eeBpPyrdgr sag, tie al koxy

group or a di-substituted am no group; rr] . represents an 20 inorganjc
or organic cati gn; Eorggﬁ?é%ﬁft%og ﬁ@g?}%gﬁgﬁ?lged BEseonhAgtipoHf pére
represents a Bronst Ld). o TgRr i i . of the
present invention ﬁgd?\nﬁhghbael%%ls%lﬂgé{yllg%ﬁ%gggde@;f :t%%efgévsu%go(léﬁlepal

Transition netal cospePBAnd?5(C) theTBeghhdRIhkdiOnRiAp KNP Used, for
the olefin pol yneri zation catal yst of the present invention Is’ not

specifically |imtedngobbapnascmpousids t(anNsitse ofDIEt @kscribed below:
19 (Dl1) a boron compound represented by the general
10 formula Bél'Q2Q3,
(D2) a boron compound represented by the general
formula G*(BQ'Q*Q°0*)", and
(D3) a boron compound represented by the general
formula (L-H)"(BQ'Q*Q’0%)"
15 (wherein B represents a boron atomin the trivalent valence
state; Q' to Q' may be the same or different and represent
a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a substituted silyl group, an alkoxy
group or a di-substituted amino group; G' represents an
20 inorganic or organic cation; L represents a neutral Lewis
base; and (L-H)® represents a Bronsted acid).
The polymerization catalyst of the present invention
will be described in more detail below.
({B) Transition metal compound
25 The transition metal compound used for the olefin
polymerization catalyst of the present inventiocn is not

specifically limited so far as it is a transition metal



conpound having an ol efin polynerization activity. A transition netal
conpound having a transition netal atom of the Goup IVto X of the
Periodi c Table of the Elenents and Lant hani de Series is preferable.
Exanple of the 5 transition netal conpound includes a transition netal
conpound i ndi cated by the general fornulal®) described bel ow, a
[err]-oxo type transition nmetal conpound obtai ned by reacting the
transition nmetal conpound with water as a dinmer thereof, and the
like. 10 Le[rr]MX[err] (3) (wherein Mis a
transition netal atoompbuhbHeh&vaung kY olefid &I Pdr Xz 8f ibheaPeriyediC a
Tabl e or Lanthani de Series; L is a group having a cycl opent adi enyl
type anion skief@pshatapngngrauponpetaidihagiagheterosatdon medaa atkon
plurality of L grou(§§ may be op 'ona&lsly linked in direct, or through
a group contai ni ng 3 &EYHhERCHPoN ta SPEi eepderiodiafigmleac hitiro§asmarom
an oxygen atom a su a phosphorus atom_ X is_a hal ogen

| fur _atom or .
atom or a hydrocar bagl)rrllé #an%gﬁ%aﬁ ﬁ_&ﬁlﬁﬁ 1§ @Ry TR FOHEP LY Péng§ents
Al orving an eoartSikrg 8 £8UAL! O0nahuREAL SERLAL D o SRS U @

satisfying an equation of O<b[err 8; “an and b are propérly _
sel ected so that theohpaRshti Qi dBtdd HROTRRUPELDEEOME  ry1a (EULERL Li&)d NI

into account of the valency of the transition nmetal Mand the
val enci es of L and Below2m:m u-oxo typettheagenel ah et dlcadnpduriEpbesemdng
t he transition netal conpound, Mis a transition netal atom of
the Group |V to G QU DRasFtine ther todhe iTabnergtBRAGMpound with water as
20 1985) or La’;mt hanj de Series. Specific exanples of the
a dimer therecf, and the like.
10 L ;MXy (3)

(wherein M is a transition metal atom of the Group IV
to Group X of the Periodic Table or Lanthanide Series;
L is a group having a cyclopentadienyl type anion
skeleton or a group containing a hetero-atom, and a

15 plurality of L groups may be optionally linked in direct,
or through a group containing a carbon atom, a silicone
atom, a nitrogen atom, an oxygen atom, a sulfur atom or
a phosphorus atom; X is a halogen atom or a hydrocarbon
group having 1 to 20 carbon atoms; a represents a numeral

20 satisfying an eguation of 0<a<8; b represents a numeral
satisfying an equation of 0<b=8; and a and b are properly
selected so that the transition metal compound become
neutral taking into account of the valency of the
transition metal M and the valencies of L and X.)

25 In the general formula (3) representing the
transition metal compound, M is a transition metal atom

of the Group [V to Group ¥ of the Periodic Table {IUPAC



transition netal atominclude titanium zirconium haf ni um vanadi um
ni obium tantalum chromum iron, rut henium cobalt, rhodi um

ni ckel , palladium samarium 5 ytterbiumand the |iKke. In
the general formula (3) representing the transition netal conpound, L
is a group having a cyclopentadienyIZQype ani on skel eton or a group
containing a hetero-atom and L groups may be the sanme 10 or different.
Further, L groups may be optionally |inked in direct, or through a
group containing a carbon atom a silicone atom a nitrogen atom an
oxygen atom a sullP86) or Landrhaoride fhosphor uScatdohic examples ofA the
cycl opent adi enyl type anion skeleton in L 15 i ncludes a cycl opent adi enyl
group, a substitut&@nsitioncywEatedemttatt ehyF Ll gdouplitanirRdedyc COroUHl: a
substituted i ndenyl group,. a fluyorenyl group,. a substituted .
f1uorenyl group aHBQPHEMPi%@?aé%gﬁbl§§°5F*¥%eqﬁ?5gﬁ*m“ éﬁ?ﬁ&ﬁ%ﬁ’a?‘on'

cycl opent adi ene t¥8‘%h% ii%'fh féﬁ#ﬂ@”ﬂh’%‘é%‘!ﬁ n%?écrerl?rbaﬁlladium, samarium,

[err]-(substituted)cycloperd enyl “group, ‘an

(substi tut ed)isndepyk «3Quhl, 44 [t8d 11 rksubsti t ut ed) fl uorenyl group
and the like. Specific exanples include an [err]-cycl opent adi enyl
group, an [err]- et Rylec Y mepedlt aflh eyl a gL By pregpegentlinierihe 25
butyl cycl opent adi enyl group, an [err] -1, 2- di et hyl cycl opent adi enyl

group, an [err] -tr3nsition diatstihydoywdopent hdiengl ggropphaaing a
[err]-1-tert-butyl - ) . i 21
2- met hyl cycl opent SUFERPERFASHER AN e |2nieer ekpheypn or a group

containing a hetero-atom, and L groups may be the same
10 ordifferéht.Further,I;groupsnmylxaoptionallylinked
in direct, or through a group containing a carbocn atom,
asilicone atom, anitrogen atom, an oxygen atom, a sulfur
atom or a phosphorus atom.
A cyclopentadienyl type anion skeleton in L
15 includes a cyclopentadienyl group, a substituted
cyclopentadienyl group, an indenyl group, a substituted
indenyl group, a fluorenyl group, a substituted
fluorenyl group and the like. Examples cf the group
having a cyclopentadiene type anicn skeleton include
20 an 77 *-(substituted)cyclopentadienyl group, an 7 -
(substituted)indenyl group, an 7 *-(substituted)
fluorenyl group and the like. Specific examples include
an 7 *-cyclopentadienyl group, an 77 °*-
methylcyclopentadienyl group, an 77 *-tert-
25 butyicyclopentadienyl group, an 77 °-1,2-

dimethylcyclopentadienyl group, an 7 °-1,3-

dimethylcyclopentadienyl group, an 7 *-l-tert-butyl-



3- et hyl cycl opent adi enyl group, an [err] -1-nethyl-

i sopropyl cycl opent adi enyl group, an [err] -1-nethyl-

i sopropyl cycl opent adi enyl group, an [err] -1, 2, 3- 5
trinmet hyl cycl opent adi enyl group, an [err] -1, 2, 4-

trimet hyl cycl opent adi enyl group, an [err]21
t et ranet hyl cycl opent adi enyl group, an [err] -
pent anet hyl cycl opent adi enyl group, an [err] -indenyl group, an [err]
-4,5,6, 7-tetrahydroi.ndenyl group, an [err] 10 5- 2- et hyl i ndenyl group,
an [err] -3- nEthylRﬁMGhyylgyoﬂppen‘adiemyi[gﬂddp4-mmthﬁiﬂuhﬁnﬂ - OYp- an

[err] -5-nethylindenyl , an [err] -6- nethyllndenyl group, an
[err] -7- n%t%?FhMééﬁ?llOQﬁéqu-@ﬁlY[1er<ﬂ]OL-£2r tam t IbuthHietdenyt 2 gr oup,
an [err] -3-tert-but Ilnde? group [err] -4-tert- 15 butyllndenyl
group, an [err] -5%% ?foBﬁ %VF HQﬁQFﬁﬁ%ﬁﬂyl group, a%“[@rrﬂ-Teb*Yl‘ -

-6-tert-butylindenyl err (- te . Jln group, an
[err] -2,3-dinethy¥ %%ﬁé?lc Denkad‘e%%T[%ﬂ? p,4a7 ﬂ@ﬁ?ndenyl
group, an [err] 2t41rzethylcyc lE 'eﬁ%talayle'nr}qe:?g[ ol O% gnsj 1€

-2-nmethyl-4- 20 i sopropyl i ndenyl group, err bed2|ndenyl gr oup,
an [err] -2-nmethyltAibhebepzendenpkngnauprnyan Jaruy, éjr 7 * phenyl i ndenyl
group, an [err] -2-nethyl-5-phenylindenyl group, an [err]

- 2-net hyl - 4- pheny| edeapét jydapciopentaddrnydr rdzoup, an 7 °-

- 2- et hyl - 4- naphthyllnden% group, an [err] - 25 fluorenyl group, an
[err] -2, 7-di met hy®?$Ptdpehhyr’ @VSuﬁbentad*eawl group, ar 7 "-indenyl

o B T er L uEn g S B Ml IS0 ey S5, B

22 QBOdUd—%—%@MLnﬁfyl group, an 7) *-3-methylindenyl group,
an 7) -4-methylindenyl group, an 7) *-5-methylindenyl
group, an 7) °-6-methylindenyl group, an 7 °-7-
methylindenyl group, an 7 *-2-tert-butylindenyl group,
an 7 *-3-tert-butylindenyl group, an 7 -4-ter:t—

15 butylindenyl group, an 7 *~5-tert-butylindenyl group,
an 7) *~-6-tert-butylindenyl group, an 7 *-7-tert-
butylindenyl group, an 7 *-2,3-dimethylindenyl group,
ar 77 °~4,7-dimethylindenyl group, an 7 °-2,4,7-
trimethylindenyl group, an 7 *-2-methyl-4-

20 isopropylindenyl group, an 7 *-4,5-benzindenyl grouy,
an 7) *-2-methyl-4,5-benzindenyl group, an 7) —4-
phenylindenyl group, an 7 *-2-methyl-5-phenylindenyl
group, an 7 *-2-methyl-4-phenylindenyl group,
an 7 °-2-methyl-4-naphthylindenyl group, an 7 °-

25 fiuvorenyl group, an 7 5—2,7—dimethy1fluorenyl group,
an 7 °-2,7-di-tert-bu utylfluorenyl group(herein-after,

77 ° may be omitted for simplifying), and substitution



The hetero-atomin the group containing a het er o- at om i ncl udes an

oxygen atom a sulfur atom a nitrogen atom a phosphorus atom and

the |like, and 5 exanpl es thereof include an al koxy group, an aryl oxy

group, a thioal koxy group, a thioaryl oxy %roup, an al kyl am no group,

an arylam no group, an al kyl phosphi no 2 group, an aryl phosphi no group,

or an aromatic or al i phatic heterocyclic group having an oxygen atom

a 10 sulfur atom a nitrogen atom and/or a phosphorus atom a

chel ating |igand. . Speci fic exanples of the group containing a

het ero-at om i ncl udepacHathRexyhgreuwl, ak et hoxy group, a n- or

I SO- propoxy group, a n-, sec-, iso- or tert- 15 butoxy group, a phenoxy

group, a 2-nethyl phenoxy Treoumrtero-atam 2i - dhaegbphpheaoxtys igringp, aa

2,4,6-trinethyl phenoxy group, a 2-ethyl phenoxy group, a

4-n- propyl phenoxy heteraqyahign iacdudasprapydfresoxytemoud, Salfus- atom, a

di i sopr opyl phenoxy group, a 4-sec-butyl phenoxy group, 20 a

4-tert-butyl phenoxy grofED £ P%- @ -RIRSBRyPphersRyand thgy duke q and

4-tert-butyl -4-nmet hyl phenoxy .group, a 6 di-tert-butyl phenox roup,
By PRt R A aooRbiaty Grots. B 2y18ky

a 4- et hoxyphenoxy ~group, a

3, 5-di met hoxyphenoxyoyp, éﬁgﬂﬁ%alﬁ%%yzyg%& l05OQQ?BQ%&l@%ﬁ?ﬁgﬁﬂg%bX?n

4-ni t r osophenoxy group, a 4-nitrop eno_9 group, a“2
group, a 3- amilmonleriang ggbapp, a@ adyaAdiotdigepheNoXy AP Pehdsphino
23 2,3-,6-trichl orophenoxy group, a 2,4,6-trifluorophenoxy

group, an arylphosvhino group, or an aromatic or
aliphatic heterocyclic group having an oxygen atom, a
10 sulfur atom, a nitrogen atom and/or a phosphorus atom,
a chelating ligand.
Specific examples of the group containing a
hetero-atom include a methoxy group, an ethoxy group,
a n- Or 1So-propoxy group, a n-, sSec-, iso- or tert-
15 butoxy group, a phenoxy group, a 2-methylphenoxy group,
a 2,6-dimethylphenoxy group, a 2,4,6-trimethylphenoxy
group, a 2-ethylphenoxy group, a 4—n—propylphenoiy
group, a 2-isopropylphenoxy group, a 2,5-
diisopropylphenoxy group, a 4-sec-butylphenoxy group,
20 a 4-tert-butylphenoxy group, a 2,6-di-sec-butylphenoxy
group, a 4-tert-butyl-4-methylphenoxy group, a 2,6~
di-tert-butylphenoxy group, a 4-methoxyphenoxy grouyp,
a 2,6-dimethoxyphenoxy group, a 3,5-dimethoxyphenoxy
group,
25 a 2-chlorophenoxy group, a 4-nitrosophenoxy group, a

4-nitrophenoxy group, a 2-aminophenoxy group, a 3-

x

5

aminophenoxy group, a 4-aminothicphenoxy group, a



group, a thionethoxy group, a dinethylamno group, a di et hyl am no

group, a di-n- or iso-propylam no group, a di phenyl am no group, an

i sopropylam no group, a 5 tert-butylam no group, a pyrrolyl group, a

di met hyl phosphi no group, a 2-(2-oxy-1-progyl)phenoxy group, catechol,
resorcinol, 4-isopropylcatechol, 3- 2 met hoxycat echol , a

1, 8-di hydr oxynahpt hyl group, a 1, 2-di hydr oxynahpt hyl group, a

2,2 -bi phenyldiol group, 10 a 1,1'-bi-2-naphthol group, a

2, 2" -di hydroxy-6, 6" - di et hyl bi phenyl group, a 4,4',6,6" -tetra-tert-
butyl -2, 2" - met hyl enédispheri@n qfaplnak #gdoud,6a 2, 4, 6 -t rigiRAIRIWe ndxy

2' -1 sobutylidenedi phenoxy group and the like. 15 Further, the
chel ating |igand #8889 ad itdadhetadxy group, aapimathpliabenoofgroup, a
coordi nati ng positions, .and specific exanpl es incl ude

acetyl acet onate, GFPHPHeATGRE GNP, a di-Thi SOXdAGIHDTEP HATHFO diTeuD,
acyl hydrazone, a d4d'etg§{eqetrianine, triethyl enetetram ne, porphyrin,
200 a crown ether® §*& AL H00 FHPR 4 (@R 1sopropylamigfe IxHRal Froups

having the cygl opept.adign: ; y. anj on_skel eton, the group having a
cycl opent adi enyl type gﬁi %asﬁﬁgﬂiﬁéggﬂi% & gT%% - g‘O“lp(:o%taining a

hetero-atom or taemB¥hyakn@sYHisho ong a N N9 @y el §L-8538 9TRY,
directly linked, or nayy ) %@2 Iiﬁﬁgﬁufhroughta ar%up gon?gfﬁ'ﬁb akggrbon

atom a si | grong,atemecaoli,t regeir aimd , af- OXygespal 08t eansul f ur-
24 atom or a phosphorus atom respectively. Exanples of t he
group incl ude al k§eehexyretgshedoh aas /frdtihydemeynahpthyl group, a
1,2-dihydroxynahpthyl group, a 2,2 '-biphenyldiol group,
10 a 1,1'-bi-2-naphthol group, a 2,2'-dihydroxy-6,6"'—
dimethylbiphenyl group, a 4,4',6,6'-tetra-tert-
butyl-2,2'-methylenediphenoxy group, a 4,4',6,6"'—
tetramethyl-2,2'-isobutylidenediphenoxy group and the
like.
15 Further, the chelating ligand means a ligand having
a plural number of coordinating'positions, and specific
examples include acetylacetonate, diimine, oxazoline,
bisoxazoline, terpyridine, acylhydrazone,
diethylenetriamine, triethylenetetramine, porphyrin,

20 a crown ether, a cryptate and the 1like.

H

The mutual groups having the cyclopentadieny
type anion skeleton, the grcoup having a
cyclopentadienyl type anion skeleton and the group
containing a hetero-atom, or the mutual groups
25 containing a hetero-atom may be directly linked, or may
be linked through a group containing a carbon atom, a

silicone atom, a nitrogen atom, an oxygen atom, a sulfur



group, a propylene group and the like, substituted al kyl ene groups
such as a di net hyl net hyl ene group, a 5 di phenyl net hyl ene group and the
li ke, or a silylene group, substituted silylene groups such as a

di et hyl si | yl ene group, a diphenylsilylene group, a

tetramet hyl di silyl ene group and the li ke, 2%r het er o-at ons such as a
nitrogen atom an oxygen atom 10 a sul fur atom and/ or a phosphorus atom
and the like, etc. X in the general formula (3)

representing the i transition netal conpound is a hal ogen atomor a

hydrocarbon group hawomgod 4 prROsEREBEE ateRs. roReeichiiGe1lp ELxAIDEES,ef X
include a fluorine atom a chlorine atom a brom ne atom an iodine
atom and specific Exanptes includd dlhey hytk opasbes Qoupahaan rghly Ton20
carbon atons i nclude a nethyl group, an ethyl group, a n-propyl

group, an i sopropyt YreuPry asnebdrphpgesdp the phieryl sxospituRed a
benzyl group and the Iife. Anong the transition nmetal conpound,
specific exarfbt S5 e tFROLRFPIEAE fR AhféRerhylassihyvilstanazgur, a

is atitanium atom j bi s(cycl opentadi.enyl)titani um di¢chl oride,
25  bis(methy cycl%%éﬂ%%&ﬁ%ﬁ@%%%??%ﬂ?%ﬁ?@iSﬁﬁog¥%ﬁnl*ﬁe’ or 'd'sifylene

bi s(n-butyl cycl openjadignyd it aph Ly die tirde, . wch &
bi s(di met hyl cycl Opg&nt adi‘enyl ) ti i d?gk?oh%dg,m“ps such as a

25 bi s (etdihaeifyd Lyl opengadugnyk) ditaringmgdicghl ofd deroup, a
bi s(trimethyl cycl opent adi enyl )titaniumdichloride,
tetramethyldisilylene group and the like, or
hetero-atoms such as a nitrogen atom, an oxygen atom,
10 a sulfur atom and/or a phosphorus atom and the like,
etc.

X in the general formula (3) representing the
transition metal compound is a halogen atom or a
hydrocarbon group having 1 to 20 carbon atoms. Specific

15 examples of X include a fluorine atom, a chlorine atom,
a bromine atom, an iodine atom, and specific examples
of the hydrocarbon group having 1 to 20 carbon atoms
includean@thylgroup,anethylgroup,an—propylgroup,
an isopropyl group, a n-butyl group, a phenyl group,

290 a benzyl group and the like.

Among the transition metal compound, specific
examples of the compound in which a transition metal
is a titanium atom include
pis(cyclopentadienyl)titanium dichloride,

25 bis(methylcyclopentadienyl)titanium dichlioride,
bis(n-butylcyclopentadienyl)titaniunm dichloride,

bis(dimethylcyclopentadienyl)titanium dichloride,



bis (tetranethyl cycl opentadi enyl)titani umdichloride,

bi s(pent anet hyl cycl opent adi enyl ) titaniumdichloride, 5

bi s(i ndenyl )titaniumdichloride, bis(4,5,6,7-

t et rahydroi ndenyl )titani um di chl ori de, bi s(fluorenyl)titani um

di chl ori de, cycl opent adi enyl ( pent angPhyl cycl opent adi enyl )
titaniumdichloride, cyclopentadienyl (indenyl) 10 titani umdichl ori de,
cycl opent adi enyl (fl uorenyl) titani um di chl ori de,

i ndenyl (fl uorenyl)titanium di chl ori de, pentanethyl cycl opent adi enyl
(indenyl)titani umgli €Oy O@ethylcyclopentadienyl)titanium dichloride,
pent anet hyl cycl opent adi enyl (fl uorenyl )titanium "1 di chl ori de,

et hyl enebi s(cycl opeind aicht gt } v 1L ¢ pol opent ad i ediyahlard e, uret dyd ehebi 862-
met hyl cycl opent adi enyl )titani um dichl ori de,

et hyl enebi s( 3- met i34 Ti/ed opane by bayt) epeanidmenyl) tidiashiwriddehloride,
et hyl enebi s(2-n- 20 but yl cycl opent adi enyl ) titani umdichloride,
ethylenebi5(3-n-mﬁ%ﬁQg&ﬂ?ﬁ@ﬁ%%ﬂ%%ﬁ?%?PFP&ﬁ?&ﬁnYi)tlﬁﬂ%ﬁﬂbﬁ%ﬁﬂlOrlder

et hyl enebi s(2_.3- . . dinethy] cycl opent.adienyl,)titani um di chl oride,

et hzl enebi sE2,54-dibrrle% %frf‘%‘%/%ir b%léh%l%rdi‘glﬁyijj‘{:#‘tﬁ%il@rﬁ’ fBls(rgdﬁ Tht bf T de,

e S 3 it AR Dbyt ppebLadLanMkhidanim di chl ori de,
ny

et hyl enebi s( 3, 4-di met hyl'cycl opentadi e titanium
26 di chl o5i gles 1 edFyh e0pPi 84”1 3m dichloride, _
et hyl met hyl cycl opent adi enyl ) titani um di chl ori de, et hyl enebi s( 2, 4-

cyclopentadienyl (pentamethylcyclopentadienyl)
titanium dichloride, cyclopentadienyl(indenyl)

10 titanium‘dichloride, cyclopentadienyl(fluorenyl)
titanium dichloride, indenyl(fluorenyl)titanium
dichloride, pentamethylcyclopentadienyl
(indenyl)titanium dichloride,
pentamethylcyclopentadienyl (fluorenyvl)titanium

15 dichloride, ethylenebis(cyclopentadienyl)titanium
dichloride, ethylenebis(2-
methylcyclopentadienyl)titanium dichloride,
ethylenebis(3-methylcyclopentadienyl)titanium
dichloride, ethylenebis(2-n-

20 butylcyclopentadienyl)titanium dichloride,
ethylenebis(3-n-butylcyclopentadienyl)titanium
dichloride, ethylenebis(2,3-
dimethylcyclopentadienyl)titanium dichloride,
ethylenebis(2,4-dimethylcyclopentadienyl)titanium

25 dichloride, ethylenebis(2,5-
dimethylcyclopentadienyl)titanium dichloride,

ethylenebis(3,4-dimethylcyclopentadienyl)titanium



et hyl et hyl cycl opent adi enyl )titaniumdichloride, 5 ethylenebis(2,5-

et hyl net hyl cycl opent adi enyl )ti tani um di chl ori de, et hyl enebi s( 3, 5-
et hyl net hyl cycl opent adi enyl ) titani um di chl ori de, et hyl enebi s(2, 3, 4-
10 trimethylcycl opentadienyl)titani umdjgchloride,

et hyl enebi s(2, 3, 5- trimethylcycl op adi enyl ) titani umdichl oride,
et hyl enebi s(tetranet hyl cycl opent adi enyl) titanium di chl ori de,

et hyl enebi s(i ndenyl)titaniumdichloride, 15

et hyl enebi s(4, 5, 6, 7-tetrahydr oi ndenyl ) titani um di chl ori de,

et hyl enebi s( 2- phenyiiaidenyldd ) t athybenebis 2 ¢chtori de

et hyl enebi s(2-net hyl i ndenyl )titani um di chl ori de,

et hyl enebi s( 2- met hthzlmethylgrekypentadyepvilt ddit@mnidine id ioth beride,
ethyl enebis(2- 20 _ nethyl-4-naphthylindenyl)titanium dichloride,
et hyl enebi s( 2- met hASW, ISR hdbnyl ) titani um di chl ori de,

ethylenebis(fluoregg%i:ééﬁﬁﬁﬁ%¥%&ﬁ%%gggghgé&g g}%%%gd%uaf%g45¥§gégdienyl)

(pent anet hyl cycl ope

ethylene(cycloFent@ghgﬁggég{@f?yg)titanium dichl ori de

et hyl ene( net hyl cycl opent adi eny (i ndenyl)titani umdichloride,

et hyl ene(n- ethylmethylcyclopentadienydftitanium dichloride,

but yl cycl opent adi enyl ) (i ndenyl )titani um di chl ori de,

et hyl ene(t et r anet hydtycl eopsnt add 5yl ) (i ndenyl)titani umdichlori de,

ethylmethylcyclopentadienyl)titanium dichloride,
ethylenebis(2,3,4-

10 trimeth?lbyclopentadienyl)titanium dichlioride,
ethylenebis(2,3,5-
trimethylcyclopentadienyl)titanium dichloride,
ethylenebis(tetramethylcyclopentadienyl) titanium
dichloride, ethylenebis(indenyl)titanium dichloride,

15 ethylenebis(4,5,6,7-tetrahydroindenyl)titanium
dichloride, ethylenebis(2-phenylindenyl)titanium
dichloride, ethylenebis(2-methylindenyl)titanium
dichloride, ethylenebis(2-methyl-4-
phenylindenyl)titanium dichlioride, ethylenebis(2-

20 methyl-4-naphthyvlindenyl)titanium dichloride,
ethylenebis(2-methyl-4,5-benzoindenyl)titanium
dichloricde, ethylenebis(fluorenyl)titanium

dichloride, ethylene(cyclopentadienyl)

o}
1

(pentamethylcyclopentadienyl)titanium dichloride,

¢

¥

25 ethylene(cyclopentadienyl)(indenyl)titanium

dichloride, ethylene(methylcyclopentadienyl)

0

(indenyl)titanium dichloride, ethylene(n-



et hyl ene(cycl opent adi enyl ) (fluorernyl)titanium 5 di chl ori de,

et hyl ene( net hyl cycl opent adi enyl ) (fluorenyl)titani umdichl oride,

et hyl ene (pent anet hyl cycl opent adi enyl ) (fl uorenyl )titani um

di chl ori de, ethyl ene(n-butylycycl opent adi gnyl) (fluorenyl)titani um
di chloride, ethylene 10 (tetranet hyl pentadi enyl ) (fluorenyl)titani um
di chl oride, ethylene(indenyl)(fluorenyl)titanium di chl ori de,

i sopropyl i denebi s(cycl opent adi enyl) titani um dichl ori de,

i sopr opyl i denebi s( 2- met hyl cycl opent adi enyl )titani um di chloride, 15
i sopropyl i denebi s( 3bneyhylcicbeperidddiny) )indamy Uytitaniudi dikbdicdede,
i sopropyl i denebi s(2-n- but yl cycl opent adi enyl )titani um di chl ori de,

i sopropyl i denebi s(3ehhylene (tpgrpmeyrdydpar kepemyadienydhi um di chl ori de,
20 i sopropylidenebis(2,3- . .di met hyl cyc| opent adi enyl ) titani um

di chl ori de, i $OPFBPYL) §éhepisyp dd.chloride,

S e ST Sy ot (2.5

0P P GEnct (S e LGP 6 ST Latbagg ol or e

et hyl met hyl cycl opent adigpghyt iy kamiaamud Gl eisleide, ethylene

i sopropyl i denebi s( 2, 4- et hyl met hyl cycl opent adi enyl ) titani um

di chl ori de, (pentamethylcyclopentadienyl) (fluorenyl)titanium
dichloride, ethylene(n-butylcyclopentadienyl)
(fluorenyl)titanium dichloride, ethylene

10 (tetraméfhylpentadienyl)(fluorenyl)titanium
dichloride, ethylene(indenyl)(fluorenyl)titanium
dichloride, isopropylidenebis(cyclopentadienyl)
titanium dichloride, isopropylidenebis(2-
methylcyclopentadienyl)titanium dichloride,

15 isopropylidenebis(3-methylcyclopentadienyl)titanium
dichloride, isopropylidenebis{2-n-
butylcyclopentadienyl)titanium dichloride,
isopropylidenebis(3-n-
butylcyclopentadienyl)titaniuvm dichloride,

20 isopropylidenebis(2,3-
dimethylcyclopentadienyl)titarnium dichloride,
isopropylidenebis (2,4~
dimethylcyclopentadienyl)titanium dichloride,
isopropylidenebis (2,5~

25 dimethylcyclopentadienyl)titanium dichioride,
isopropylidenebis(3,4-

dimethylcyclopentadienyl)titanium dichloride,



5 i sopropyl i denebi s( 2, 5- et hyl met hyl cycl opent adi enyl ) titani um

di chl ori de, i sopropyl i denebi s(3, 5-

et hyl net hyl cycl opent adi enyl ) titani um di chl ori de,

i sopropylidenebis(2,3,4- 10 tr|nethylcgglopentadlenyl)tltanlum

di chl ori de, i sopropylidenebis(2,3,5°

trimethyl cycl opentadi enyl)titanium dichloride,

i sopropyl i denebi s(tetranet hyl cycl opent adi enyl ) - titani um dichl ori de,
sopropyl i denebi s(i ndenyl) 15 titani umdichl ori de,

sopropyl i denebi s( 41506 rppylidenebdts (@hydlr oi ndenyl )titani um dichl ori de,

sopr opyl i denebi s( 2- phenyllndenyl)tltanlun1 di chl ori de,

sopropyl i denebi s( 2ethyImethatliyicleanantadieant ukd Haehnsr Adehloxgde,
sopropyl i denebi s( 2- net hy I-j hen¥J|nden I)titani um di chl ori de,
sopropyl i denebi s( 23fEPRYPY41den Zptthyl i ndenyl ) tit ani um di chl ori de,

Sopr opy! I denebi s 2Ryl %yg%o&m% zeLngeovt )Lt an undhelord de. 25

sopropylldenebls(f uoreny

sopropyl i dene(gycl 9@%% dhan¥ehenis (2, 5-

(tetramet hyl cycl opent a |enyl)t|tan|un1d|chlor|de

29 i sopr opgkhgereteydlcapraripadi vyl dfy ngepyhrt iadieMloride,

di chl ori de, isopropylidene(nethylcycl opentadienyl) (i ndenyl)titani um
di chl oride, isopropykpgeneii-idenebis (ut54 cycl opent adi enyl)

(i ndenyl)titani umdichl oride,
ethylmethylcyclopentadienyl)titanium dichloride,

isopropylidenebis(2,3,4-

10 trimethfltyclopentadienyl)titanium dichloride,
isopropylidenebis(2,3,5-
trimethylcyclopentadienyl)titanium dichloride,
isopropylidenebis(tetramethylcyclopentadienyl)-
titanium dichloride, isopropylidenebis(indenyl)

15 titanium dichloride, isopropylidenebis(4,5,6,7-
tetrahydroindenyl)titanium dichloride,
isopropylidenebis(2-phenylindenyl)titanium
dichloride, isopropylidenebis(2-
methylindenyl)titanium dichloride,

20 1sopropylidenebis(2-methyl-4-phenylindenyl)titanium
dichloride, isopropylidenebis(2-methyl-4-
naphthylindenyl)titanium dichloride,
isopropylidenebis(2-methyl-4,5-
benzoindenyl)titanium dichloride,

25 isopropylidenebis(fluorenyl)titanium dichloride,
isopropylidene(cyclopentadienyl)

{tetramethylcyclopentadienyl)titanium dichloride,



5 i sopropylidene(tetranethyl cycl opent adi enyl) (i ndenyl)titani um

di chl oride, isopropylidene (cycl opent adi enyl) (fluorenyl)titani um
di chl ori de, i sopropyl i dene( et hyl cycl opent adi enyl) (fluorenyl)ti
tani um di chl oride, isopropylidene(n- 10 but yl cycl opent adi enyl )
(fluorenyl)titaniumdichloride, i SO Popylidene

(tetramet hyl cycl opent adi enyl) (fluorenyl)titani umdichl oride,

i sopropylidene (i ndenyl ) (fluorenyl)titani uum di chl ori de,

di met hyl si |l yl enebi s(.cycl opentadi enyl )titanium 15 dichloride,
di met hyl si | yl enebi s{8epropylinenkylcgyaloprenadienyl ) t i tashym) diehindrime,

di net hyl si | yl enebi s( 3- met hyl cycl opent adi enyl )titani um dichl ori de,

di met hyl si | yl enebi s@2chloride, bﬁppEQPthﬁﬂn&mheﬂn¢)¢y¢anpantddawuylﬂe
di met hyl si | yl enebi s( 3-n- tyIcyclopentadlenyl)tltanlun1d|chlor|de
di et hyl si | yl enebi s%?néenyh titgniurh grepdicdpen adi PnF ey i afdram(n-

dichloride, 25 d et | s | ene
d|nethylcyclopentadlenyE¥¥|?8§ Hﬁ?grg I&ﬁ (d&denyl)titanium dichloride,

di met hyl si |yl erebi s{2,B30pv1id ramethvi .
dinethylcyclopentadie%yf) {ténfaﬁ1éﬁgﬁ%§%<i¥ cyclopentadie rV§9

di net hyl si | yl enebi s{ 8aden L)tltghmhh)ﬂll%}'lqld}peﬂat 2di eyt by i apbym
di chl ori de, dinethyFS|Ierneb|s(2 3-
ethylnethylcyclopentaﬂtéqybbtaﬂaany&ndlQMUrenki)tlcanlum dichloride,

isopropylidene(methylcycloPeﬂ adienyl) (fluorenyl)ti
tanium dlchlorlde, isopropylidene(n-
10 butylcyCLopentadlenyl)(fluorenyl)titaniumdichloride,

isopropylidene (tetramethylcyclopentadienyl)

(fluorenyl)titanium dichloride, isopropylidene

(indenyl) (fluorenyl)titanium dichloride,
dimethylsilylenebis(cyclopentadienyl)titanium

15 dichloride, dimethylsilylenebis(2-
methylcyclopentadienyl)titanium dichloride,
dimethylsilylenebis (3-
methylcyclopentadienyl)titanium dichloride,
dimethylsilylenebis(2-n-

20 butylcyclopentadienyl)titanium dichloride,
dimethylsilylenebis(3-n-
butylcyclopentadienyl)titanium dichloride,
dimethylsilylenebis(2,3-
dimethylcyclopentadienyl)titanium dichloride,

25 dimethylsilylenebis(2,4-
dimethylcyclopentadienyl)titanium dichloride,

dimethylsilylenebis(2,5-



di met hyl si |l yl enebi s( 2, 4- et hyl et hyl cycl opent adi enyl )titani um

di chl ori de, di nmet hyl si | yl enebi s(2, 5-

et hyl net hyl cycl opent adi enyl )titani um di chloride, 10

di met hyl si |l yl enebi s( 3, 5- ethylnethyhﬁfclopentadienyl)titanium
di chl ori de, di et hyl si | yl enebi s(2, 3,

trimethyl cycl opentadi enyl) titaniumdichloride,

di met hyl sil yl enebi s(2,3,5- 15 trimet hyl cycl opent adi enyl)titani um

di chl ori de, di net hyl si |l yl enebi s(tetramethyl cycl opent adi enyl ) -

titani um di chl ori déimethylcticieige tsdd yed reyept 5€ andenyb) thitamide,di chl ori de,
di net hyl si |yl enebi s(4,5,6, 7- 20 t et rahydr oi ndenyl ) titani um di chl ori de,

di met hyl si | yl enebi s$tRretbyhpliilydengdis ¢ndum di chl ori de,
di met hyl si |l yl enebi s(2- net hyl - 4- phenyl i ndenyl)titaniumdi chl oride,
di met hyl si | yl enebi §e~2@ﬁf§tf|%§&/-04-opezi§adlrﬁarbh{h‘yﬁméﬁﬁn fLFRARTEMdi chl ori de,

di met hyl si | yl enebi ﬁz-net nzoi ndenyl )titani um di chl ori de,

.-4,5- . _b

31 | di net h E‘FFQV@%&&&’}&W&&%@WU_(indeny|)titani um

di chl oride, digret hgkﬁb@ﬁk@@% fhy rfé;? J.e?rﬁ@g%@fy!a?&ium dichloride,
e, dinethyl silyl'ene(n-

(i ndenyl)titani um dichl or
butyl cycl opent adi eayhpthpdenviyitddaidim di chl ori de, 5

di met hyl si |l yl ene(tetramet hyl cycl opent adi enyl )
ethylmethylcyclopentadienyl)titanium dichloride,
dimethylsilylenebis(2,5-
ethylmethylcyclopentadienyl)titanium dichloride,

10 dimethyléilylenebis(B,S—
ethylmethylcyclopentadienyl)titanium dichloride,
dimethylsilylenebis(2,3,4-
trimethylcyclopentadienyl)titanium dichloride,
dimethylsilylenebis(2,3,5~

15 rimethylcyclopentadienyl)titanium dichloride,
dimethylsilylenebis(tetramethylcyclopentadienyl)-
titanium dichloride,
dimethylsilylenebis(indenyl)titanium dichloride,
dimethylsilylenebis(4,5,6,7-

20 tetrahydroindenyl)titanium dichloride,
dimethylsilylenebis(2-methylindenyl)titanium
dichloride, dimethylsilylenebis(2-methyl-4-
phenylindenyl)titanium dichloride,
dimethylsilylenebis(2-methyl-4-

25 naphthylindenyl)titanium dichloride,
dimethyisilylenebis(2-methyl-4,5-

benzoindenyl)titanium dichloride,



(i ndenyl)titaniumdichloride, dinethylsilylene

(cycl opent adi enyl ) (fl uorenyl)titani um dichl ori de,

di met hysi | yl ene( et hyl cycl opent adi enyl ) (fl uor enyl )titani um
di chl oride, dinmethylsilylene(n- 10 butglcyclopentadienyl)
(fluorenyl)titanium di chlori de, 1

di nmet hyl si | yl ene-(tetranet hyl cycl opent adi enyl) (i ndenyl)titani um
di chl ori de, dinethylsilylene- (i ndenyl ) (fluorenyl)titani um
di chl ori de, . cyclopentadienyltitaniumtrichloride, 15

pent anet hyl cycl opendé ade ehyll silgniens (tiicQig¥Hiienyl) (indenyl)titanium
cycl opent adi enyl (di net hyl am do)titani um dichl ori de,

cycl opent adi enyl ( phéhoR¥pritieni dimeiopnl silgéene (methylcyclopentadienyl)
cycl opent adi enyl ( 2, 6- dlnethXIphenyI)tltanlun1 di chl ori de,
cyclopentadlenyl(z pindepgyl BhF§6ﬁP@p¢P§W&ﬂH9@Qie#ﬁ%ﬁﬁ%ﬂeﬁ%eYléée (n-

cycl opent adi enyl

t b h h d
pentanethylcyclope %Hygﬁ ?Eegigdgeﬁgﬁd) ‘%?ﬁ%ﬁéﬁ??31%%En$hﬁﬁéb6§@@W|de,
pent amet hyl cyclsopeng adi en ggich8§Z°et ||s 95¥69Q3 IQté{QQ}un1

di chl ori de, pent ane nta |en

bUty|pheny|)t|tan|UU’Q&éﬂb@Bhd%antheBXEﬁ%di de, dimethylsilylene
32 dllsopropylphenyl)tltanlun1d|chlor|db fl uorenyl -

(2, 6-diisopropyl phetwyglopantamidnghl)oEild@renyl)titanium dichloride,
nethylene(cyclopentadlenyl)(S 5-di net hyl - 2- phenoxy)tltanlum
di chl ori de, 5 #W@éhﬁééyéYépeﬁKaéﬁ@mﬂ@ﬂdiqqgntiﬂmgnyz) (fluorenyl

Jtitanium dichloride, dimethylsilylene(n-

10 butylcyclbpentadienyl)(fluorenyl)titaniumdichloride,
dimethylsilylene-(tetramethylcyclopentadienyl)
(indenyl)titanium dichloride, dimethylsilylene-
(indenyl) (fluorenyl)titanium dichloride,

cyclopentadienyltitanium trichloride,

15 pentamethylcyclopentadienyltitanium trichloride,
cyclopentadienyl(dimethylamido)titanium dichloride,
cyclopentadienyl (phenoxy)titanium dichloride,
cyclopentadienyl(2,6-dimethylphenyi)titanium
dichloride, cyclopentadienvl(2,6-

20 diiscpropylphenyl)titanium dichloride,
cyclopentadienyl(2,6-di-tert-butylphenyl)titaniun
dichleride, pentamethylcyclopentadienyl(2,6-
dimethylphenyl)titanium dichloride,
pentamethylcyclopentadienyl(2,6-

25 diisopropylphenyl)titanium dichloride,
pentamethylcyclopentadienyl (2,6-di-tert-

butylphenyl)titanium dichloride, indenyl(2,6-



phenoxy)titani um di chl ori de, met hyl ene( cycl opent adi enyl )
(3-tert-butyl -5-nethyl - 2- phenoxy) titanium di chl ori de,

met hyl ene( cycl opent adi enyl ) ( 3- phenyl -2- 10 phenoxy)titani um di chl ori de,
met hyl ene(cycl opent adi enyl ) (3-tert-
butyldinethylsiIyI-5-nethy|-2-phenoxy)ti§§niun1 di chl ori de,

nmet hyl ene( cycl opent adi enyl ) ( 3-

trimethylsilyl-5-nethyl-2-phenoxy)titanium 15 di chl ori de,

met hyl ene(cycl opent.adi enyl ) (3-tert-

but yl - 5- met hoxy- 2- pheBseyy bpivll @hiew1ditGh £41 €, dichloride, fluorenyl-

nmet hyl ene(cycl opent adi enyl ) (3-tert-butyl -5-chl oro- 2- phenoxy) titani um
di chl ori de, et hyHenspopebbylphampent aidiehyh )  Bcbidrreehyl - 2- 20
phenoxy)titani um di chl ori de,

met hyl ene( et hyl cyBP5pEALaGi(engilpeentadidanyly) (2, 5-dimethhéndxy)titani um
di chl ori de, nFth¥Ieng(neth¥¢cyqlopentadienyl)(3-tert-butyl-5-

met hyl - 2- phenoxy) t PEGRP M di-CRPGHF ST cpkpride,

met hyl ene( met hyl cy tadi I - Rhenyl - 2- « ...phenoxy) titani um

di chi ori de, Y %é?ﬁ?%?ﬁ‘%é%&%éﬁ)yff’%y%@é&em Ygld% EhyT§13 et

33 but yl di i =3~ | A Xy) titanium

di chloride, nethyl gﬁé?ﬁg? %§¥E?§Il(§gi%§gﬁeﬁe§?3-
trimethylsilyl-5-nmeebyli2nphegeiypleintaniibnyl) (3-tbeblontde -5-methyl-
met hyl ene( et hyl cycl opent adi enyl ) (3- 5

tert-butyl -5-nmet hokyrRephawmokyrentam whah ot ote de,

methylene(cyclopentadienyl) (3-phenyl-2-

10 phenoxyititanium dichloride,
methylene(cyclopentadienyl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, methylene(cyclopentadienyl) (3-
trimethylsilyl-5-methyl-2-phenoxy)titanium

15 dichloride, methylene(cyclopentadienyl)(3-tert-
butyl-5-methoxy-2~phenoxy)titanium dichloride,
methylene(cyclopentadienyl)(3-tert-butyl-S5-chloro-
2-phenoxy)titanium dichloride,
methylene(methylcyclopentadienyl)(3,5-dimethyl-2-

20 phenoxy)titanium dichloride,
methylene(methylcyclopentadienyl) (3-tert-butyl-2-
phenoxy)titanium dichloride,
methylene(methylcyclopentadienyl) (3-tert-butyl-5-
methyl-2-phencxy)titanium dichloride,

25 methylene(methylcyclopentadienyl) (3-phenyl-2-
phenoxy)titanium dichloride,

methylene(methylcyclopentadienyl) (3-tert-



met hyl ene( met hyl cycl opent adi enyl ) (3-tert-butyl-5-
chl or o- 2- phenoxy) titani um di chl ori de,

met hyl ene(tert-butyl cycl opent adi enyl ) (3, 5-di net hyl -
2- phenoxy)titaniumdi chloride, methylene(tert- 10

but yl cycl opent adi enyl ) (3-tert-butyl - 2- 3 phenoxy)titani um di chl ori de,
nmet hyl ene(tert - but yl cycl opent adi enyl ) (3-tert-butyl -5-net hyl - 2-
phenoxy)titani um di chl ori de, nethylene(tert- but yl cycl opent adi enyl )

(3-phenyl - 2- phenoxy) titanium 15 di chl oride, nethylene(tert-

but yl cycl opent adi erbdyyI@inethybsit ¥yt feteyhyillpl-tBrenoxy) titanium

met hyl - 2- phenoxy) titani um di chl ori de, , ;

net hyl ene(t ert - but yd &5t} opedhe adrerhy }ese (methylcyclopentadienyl) (3-
trimethylsilyl-5-nethyl-2-phenoxy) _titapium_ 2 di chl ori de

net hyl ene(tert - rgﬁﬁﬁ@?&?b%% éﬁf%ﬁFgH§FFC§%Fé hRVI2BE Wt hoxy - 2-

phenoxy) titaniumdichloride, nmethylene(tert- . . B
butylcyclopentadie%%S? 9?%??5bﬂ?%%YEgﬁﬁﬁgfgpf}cyClOpﬁﬂﬁ§%&§?¥%3é%ium

dichloride, 23 r@éﬁylw@ﬂ_egLﬁgﬁhgxg,gy%@ré%t@iﬁr%mmn Sdichloride,
e

di met hyl - 2- phenoxy) titani um di chl ori de;

met hyl ene(t et r amet hyd €lygl opepnatdhenyl r163eh@iEidienyl) (3-tert-butyl-5-

34 but yl - 2- phenoxy) titani um di chl ori de, :

met hyl ene(t et r anet hyth bycd epephadpenyt)tdntiem dichloride,
butyI-5-nethy|-2-phenoxyltitaniun1dich|oride, . -

met hyl ene(t et r anet H)g Ey¢! epehtaaFehytyYLsysHamantadienyl) bhedoR Vet dium

di chiori de, Jeliy) SRe( Lot Lo DRt Y Lene anent adl eyl d (S bt

10 butylcyélbpentadienyl)(3—tert-butyl—2—
phenoxy)titanium dichloride, methylene(tert-
butyleyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride, methylene(tert-
butylcyclopentadienyl) (3-phenyl-2-phenoxy)titanium

15 dichloride, methylene(tert-
butylcyclopentadienyl) (3-tert-butyldimethylsilyl-5-
methyl-2-phenoxy)titanium dichloride,
methylene(tert-butvlcyclopentadienyl) (3~
trimethylsilyl-5-methyl-2-phenoxy)titanium

20 ichloride, methylene(tert-
butylcyclopentadienyl) (3-tert-butyl-5-methoxy-2-
phenoxy)titanium dichloride, methylene(tert-
butylcyclopentadienyl) (3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride,

25 methylene (tetramethylcyclopentadienyl) (3,5~
dimethyl-2-phenoxy)titanium dichloride,

methylene(tetramethylcyclopentadienyl) (3-tert-



but yl di met hyl si |yl -5- et hyl - 2- phenoxy) titani um di chl ori de,
nmet hyl ene(t et ranet hyl cycl opent adi enyl )
(3-trimethylsilyl-5-nethyl-2-phenoxy)titanium 10 di chl ori de,
nmet hyl ene(t etranet hyl cycl opent adi enyl ) 4
(3-tert-buty|-5-nethoxy-2-phenoxy)titaniu%
nmet hyl ene(t et ranet hyl cycl opent adi enyl )
(3-tert-butyl-5-chl oro-2-phenoxy) titaniumdichloride,

met hyl ene(tri net hyl silyl cycl opentadi enyl ) (3,5- 15

di met hyl - 2- phenoxy) butydi-@mpdieshi:gritdietanium dichloride,
nethylene(trinethylsiIélcyclopentadienyl2(3-tert-

but yi - 2- phenoxy) t i t RRtAmMLGNEHItGtifmethylcyclopentadienyl) (3-tert~

met hyl ene(trinmet hyl sil yl,cycl opentadj enyl ) (3-tert- , .

but yi - 5- et hyl - 2- ph8H8¥y)‘¥’i‘F§%§f\Yr%%-c§R%‘%‘?>a>é2 tippgnium dichleride,

met hyl ene(tri met hyl SiLy I i ) (3-pheny] - ..

oo 11y et b S K SUALQRUANSNY I 7 POSBYLadieny1) (3-phenyl-2-
met hyl ene(tri meg hyl ghbxb&w@.&%ﬁﬁﬁu enydn{3piget- _ .

but yl di met hyl si |yl -5- et hyl' - 2- phenoxy) titani um di chloride, 25
net hyl ene(tri net hyl setjikeyaleqrentratdicaiy )dpBclopentadienyl) (3~tert-
trimethyl silyl-5-nethyl-2-phenoxy) titanium di chl ori de,

35 met hyl eRetvyidrmetnplydisliilydy-cd -opstlt att 2Ayhe8xyettanium

but yl - 5- met hoxy- 2- phenoxy) titani um di_chl ori de,

met hyl ene(tri met hyl S+ FHLRYeFSpe AEAGYERAY (R termethylcyclopentadienyl)

but yl - 5- chl or o- 2- pheno it ani.um.di.chl ori de, 5 . .
nethylene(fluorenyl??3?%§§fﬁ§?%frgf}' _meék%%m%i§§???§%?EﬁFBF&HFbride,

10 dichloride,. methylene(tetramethylcyclopentadienyl)

di chl ori de,

(3-tert-butyl-5-methoxy-2-phenoxy)titanium
dichloride, methylene(tetramethylcyclopentadienyl)
(3—tert~butyl—5—chloro—2—phenoxy)titaniumdichloride,
methylene(trimethylsilylcyclopentadienyl) (3,5~

15 dimethyl-2-phenoxy)titanium dichloride,
meﬁhylene(trimethylsilylcyCIOpentadienyl)(3—tert—
butyl-2-phenoxy)titanium dichloride,
methylene(trimethylsilylcyclopentadienyl) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride,

20 methylene(trimethylsilylcyclopentadienyl)(3—phenyl—
2-phenoxy)titanium dichloride,
methylene(trimethylsilylcyclopentadienyl) (3-tert—
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride,

25 methylene(trimethylsilylcyclopentadienyl)(3e
trimethylsilyl-5-methyl-2-phenoxy)titaniun

dichloride,



met hyl ene(fl uorenyl)(3-tert-butyl-2- phenoxy)titani um di chl ori de,
nmet hyl ene(fluorenyl ) (3-tert-butyl-5-nethyl-2- 10 phenoxy)titani um

di chl ori de, met hyl ene(fl uorenyl) ( 3- phenyl - 2- phenoxy) titani um

di chl oride, nethylene(fluorenyl) (3-tert-
butyldinethylsiIyI-5-nethy|-2-phenoxy)tit§ﬁiun1 di chl ori de,

nmet hyl ene(fluorenyl ) (3-trinmethylsilyl- 15 5- net hyl - 2- phenoxy) titani um
di chl ori de, met hyl ene(fl uorenyl ) (3-tert-butyl -5-nmet hoxy- 2-
phenoxy)titani um di chl ori de,

met hyl ene(f 1 uor enyl hé8nyeehehtiry me®hehlsarne 12yclopenPRENOXY )Y i BaRieHP _
dichloride, 20 i sopropyl i dene(cycl opent adi'enyl) (3, 5-di net hyl - 2-
phenoxy)titani um di bhtyli-8emethoxy-2-phenoxy)titanium dichloride,

i sopropyl i dene(cycl opent adi enyl) (3-tert-butyl-2- phenoxy) titani um
di chl ori de, i SBpPBpFPEdeHE ety FeitvAd xyo D¢ Bt 2@ enpld yB-5ert25
nethyl-z-phenoxy)ti%agig diﬁgloride, e o _

i sopropyl i dene( cycl BPERtadi &Ry PFL34pREMICHY.) titan iR AbR} PF L dRir um

di chl ori de, . 36 ..
isopropylidenef%yclopenta%?é%%%??%fgéﬁPfenyl)(3"—“‘methyl"2'
butyldinethylsiIyI-§hg§ggybtztgﬁgggxﬁhdﬂﬂgyydgp di chl ori de,

i sopropylidene(cycl opent adi enyl ) ( 3-

trimethyl silyl-5-netdyhy2epbesxyyeniylignizvme -beiehl pri de,

i sopropylidene(cycl opent adi enyl ) ( 3-

tert-butyl -5-met hoxyhenpkenbdkyrnitaniddmbdicshilds i de,
methylene(fluorenyl) (3-tert-butyl-5-methyvl-2-

10 phenoxyititanium dichloride,
methylene(fluorenyl) (3-phenyl-2-phenoxy)titanium
dichloride, methylene(fluorenyl){3-text-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, methylene(fluorenyl) (3-trimethylsilyl-

15 S5-methyl-2-phenoxy)titanium dichloride,
methylene(fluorenyl) (3-tert-butyl-5-methoxy-2-
phenoxy)titanium dichloride,
methylene(fluorenyl) (3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride,

20 isopropylidene(cyclopentadienyl) (3,5-dimethyl-2—
phenoxy)titanium dichloride,
isopropylidene(cyclopentadienyl)(3—tert—butyl—2—
phenoxy)titanium dichloride,
isopropylidene(cyclopentadienyl) (3-tert-butyl-5-

25 methyl-2-phenoxy)titanium dichloride,
isopropylidene(cyclopentadienyl) (3-phenyl-2-

phenoxy)titanium dichloride,



i sopropylidene(cycl opentadi enyl)(3-tert-butyl-5-

chl or o- 2- phenoxy) titani um di chl ori de,

i sopropyl i dene( et hyl cycl opent adi enyl ) (3,5- 10

di met hyl - 2- phenoxy) titani um di chl ori de,
isopropylidene(nethylcyclopentadienyl)(3-3%rt-

but yl - 2- phenoxy) titani um di chl ori de,

i sopropyl i dene( et hyl cycl opent adi enyl ) (3-ter-

butyl - 5- met hyl - 2- phenoxy) titani um dichloride, 15

i sopropyl i dene( netityd pxyeed opiedd wel{ enyl b 33nphanghy2y) (3-tertphenoxy) ti t ani um
di chl ori de, i sopropyl i dene( et hyl cycl opent adi enyl ) (3-tert-

but yl di met hyl si | ylbuB-yied img thpl phbnbx§rmethaa-drphenoxyditc ari we,
isopropylidene(nethchycIePentadienyl) .20 X
(3-trimethylsilyl -SSRtAce: phEPR%YPY L 4RPGATY CLoPegt ARG Hfe) (3~

i sopropyl i dene( et hyl cycl ope i enyl P
(3-tert-buty|-5-m&%%§§g%¥Tﬁé§%ﬂy f%?ﬁh?&ﬁ?“Phenoéﬁemﬁﬁﬁﬁﬁim

i sopropyl i deng( met hylicycopent 1iden ntadi 1 _

(3 Fert butyl 25 chl R o dBr e ted s e g eny ) (3

i sopropyl i dene(t erde Rt oyl Opeet Rk eyl ba3ndxy)titanium dichloride,

di et hyl - 2- phenoxy) ti tani um di chl ori de,

i sopropyl i dene(t eritsdprtodcyideapentadiepghkeditcentls) (3-tert-butyl-5-

37 but yl - 2- phenoxy) titani um di chl ori de,

i sopropyl i dene(t erdth ARGt Ty WpRFY bl bApippadiendoride, .

(1ot butyl cycl op@aith gty fane (et 87 ) Rerg Pbansagi st Cord Um di chi ori de,

i sopropyli depg(terd ol cvsl opent adi eayLh(3n! 8ibnioride,
isopropylidene(methylcyclopentadienyl) (3-tert-
butyl-2-phenoxy)titanium dichloride,
isopropylidene(methylcyclopentadienyl) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride,

15 isopropylidene{methylcyclopentadienyl) (3-phenyl-2-
phenoxy)titanium dichloride,
isopropylidene(methylcyclopentadienyl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, isopropylidene(methylcyclopentadienyl)

20 (3-trimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, isopropylidene(methylcyclopentadienyl)
(3-tert-butyl-S5-methoxy-2-phenoxy)titanium
dichloride, isopropylidene(methylcyclopentadienyl)
(3-tert-butyl-5S-chloro-2-phnenoxy)titaniumdichloride,

25 iscoprepylidene(tert-butylcyclopentadienyl) (3,5-
dimethyl-2-phenoxy)titanium dichloride,

iscpropylidene(tert-butylcyclcpentadienyl) (3-tert-



but yl di net hyl si |l yl -5-net hyl - 2- phenoxy) titani um di chl ori de,

i sopropylidene(tert- but yl cycl opent adi enyl)
(3-trimethylsilyl-5-nmethyl-2- 10 phenoxy)titani um di chl ori de,

i sopropylidene(tert- but yl cycl opent adi enyl ) (3-tert-butyl -5-net hoxy- 2-
phenoxy)titani um di chl oride, isopropylidehé(tert-

but yl cycl opent adi enyl ) (3-tert-butyl -5-chl oro- 2- phenoxy)titani um

di chloride, 15 i sopropylidene(tetranethyl cycl opent adi enyl) (3, 5-
di met hyl - 2- phenoxy) titani um di chl ori de,

i sopropylidene(tetramehyd cyctopept adi @Ry 3ril@iloride,
but yl - 2- phenoxy) titani'um di chl oride,

i sopropyl i dene(t et r b hypgycopent adiebyk)(13vicdidpentdiienyl) (3-tert-
but yl - 5- et hyl - 2- phenoxy) ti tani um di chl ori de,

i sopropyl i dene(t et rantey hyb eyet bpenaghenpky()3-itanium dichloride,

phenyl - 2- phenoxy) titani um di chl ori de,

i sopropyl i dene(t et refRRFOPLEyELBPRAE QI eRWLY lCytl@nantadienpi) (B di et hy

silyl-5-methyl -2-phenoxy)titanium 25. dichloride, .
i sopropyl i dene tetri%%&%%T%?% %ﬁ%ﬁ?iﬁ?éﬁ?ﬁ) ﬁléﬁio*lder

trinmethylsilyl-5- - 2- Lapi \ . : . 3
Sg'nE ytsi éiCmIﬁ%{E%rgppffggﬁéé%%%gbﬁgég%gyclopentadlenyl)(3—bert

(tetranethyl cycl opesiegi @wédiPréeiyi-5s-methyl-2-phenoxy)titanium
but yl - 5- met hoxy- 2- phenoxy) titani um di chl ori de,
i sopropyl i dene(t et réiet hyt tye| opeopadpenyldend-(tterdt— 5
but yl - 5-chl oro- 2- phenoxy) ti tani um di chl ori de,
i sopropyl i dene(tri nettylay¢iopgetepennadidiyioridegnylsilyl-5-methyl-2-
10 phenoxy)titanium dichloride, isopropylidene(tert-
butylcyclopentadienyl) (3-tert-butyl-5-methoxy-2-
phenoxy)titanium dichloride, isopropylidene{tert-
butylcyclopentadienyl) (3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride,
is5 isopropylidene(tetramethylcyclopentadienyl) (3,5~
dimethyl-2-phenoxy)titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl) (3-tert-
butyl-2-phenoxy)titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl) (3-tert-
20 butyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene(tetramethylcyclopentadienyl) (3-
phenyvi-2-phenoxy)titanium dichloride,
isopropylidene(tetramethylcycliopentadienyl)} (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
25 dichloride,
isopropylidene(tetramethylcyclopentadienyl) (3-

trimethylsilyl-5-methyl-2-phenoxy)titanium



di met hyl - 2- phenoxy) titani um di chl ori de,
isopropylidene(trinethylsiIylcyclopentadienyl)(3-
tert-butyl-2-phenoxy)titani umdichl ori de,
isopropylidene(trinethylsiIyIcycIopentadigﬁyl)(B-
tert-butyl-5-nmethyl-2-phenoxy)titani umdi ¢hl ori de,

i sopropylidene(trimethylysilylcyclopentadienyl)(3-

phenyl - 2- phenoxy) titani um di chl ori de,
isopropylidene(trinethylsiIyIcycIopentadienyI)(B- 15

tert-butyl di met hyl sidighlontateny| - 2- phenoxy)titaniun1 di chl ori de,

i sopropylidene(trimnmethylsilylcyclopentadien
trimethylsilyl-5- neﬂﬁﬂp--ﬂﬁ%ﬂggﬁs w%?ﬁﬁmﬁﬁgj CYCép§ﬁD§ﬁdd€nyl2G3 tert-

|sopropyI|dene(tr|ng |SI| cIo t dle
tert-butyl - 5- met hoxy 2 &héh§§§¥1 Yi?%ﬁé“ld“ dichloride,
i sopropylidene(tring (S YA o ent d|e 3-
% g ﬁfy Qé%f‘ g;openbadlenyl) (3-tert-~

tert-butyl-5-chloro- Ren anlum

i sopropyl i dene(d | UOb@w}@&&lﬂiﬂBﬂéﬂﬂh@poxﬁv tQHeG‘HXX)Ehtl@Q' W,

di chl ori de, i sopropylidene(fluorenyl) -tert-butyl-2-

phenoxy) titani um di dslb@trioge,l i deﬁe(trlmethvlbllvlcyc7OpenuadLengg (3,5-
|sopropyI|dene(fIuorenyl)(3 tert-butyl-5-nmethyl - phenoxy)tltanlum
di chl ori de, é@ﬁ@@ﬂhﬂ%ﬁﬂﬁﬁdquXﬁwﬁéﬁBuphémyh1erde,
phenoxy)tltanlun1d|chlor|de |sopropyI|dene(quoren 1) (3- tert-

but yl di net hyl si |yl - SSRBFmled&?@rIW)m%w th*cyclwentadlenw ) (3

tert-butyl-2-phenoxy)titanium dichloride,

10 isopropflidene(trimethylsilylcyclopentadienyl)(3—
tert-butyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene(trimethylsilylcyclopentadienyl)(3-
phenyl-2-phenoxy)titanium dichloride,
isopropylidene(trimethylsilylcyclopentadienyl) (3-

15 tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride,
isopropylidene(trimethylsilylcyclopentadienyl) (3-
trimethylsilyl~-5-methyl-2-phenoxy)titanium
dichloride,

20 isopropylidene(trimethylsilylcyclopentadienyl)(3—
tert-putyl-5-methoxy-2-phenoxy)titanium dichloride,
isopropylidene(trimethylsilylcyclopentadienyl)(3—
tert-butyl-5-chloro-2-phenoxy)titanium dichloride,
isopropylidene(fluorenyl) (3,5-dimethyl-2-

25 phenoxy)titanium dichloride,
isopropylidene(fluorenyl) (3- tert-butyl-2-

phenoxy)titanium dichloride,



di chl oride, isopropylidene(fluorenyl)(3-

trimethylsilyl-5-nethyl-2-phenoxy)titani um di chl ori de,

i sopropylidene(fluorenyl)(3-tert-butyl- 10 5- met hhoxy- 2- phenoxy) titani um
di chl ori de, isopropylidene(fluorenylg(B-tert-butyI-5-ch|oro-2-
phenoxy)titani um di chl ori de, 3

di phenyl net hyl ene(cycl opent adi enyl ) ( 3, 5- di net hyl - 2- phenoxy)titani um

di chloride, 15 di phenyl net hyl ene(cycl opent adi enyl ) (3-tert-butyl-2-
phenoxy) titani um di chl ori de,

di phenyl net hyl ene( cyebppeptyadidemd )A13rdddy byt y+£brt-butyl-5-methyl-2-
nmet hyl - 2- phenoxy) ti tani um di chl ori de,

di phenyl net hyl ene( cpbeopaent)dditemilur tiphehyti@e, 20  phenoxy)titani um
di chl ori de, di_ phenyl net hyl ene(cycl opent adi enyl ) (3-tert-

but yl di net hyl si |yl - ssr‘?@trﬁmlzﬁéﬁ@fc&yaort#rﬁah? UrPhenyigéchl ori de,

di phenyl net hyl ene(cycl opent adi enyl ) ( 3:. .

trimet hy|si|y|-5-ne\éﬁ$|“9§l’a%ér*f&) HFRAP 288 dichl ori de,

di phenyl net hyl ene( cygl [ )4-3: _ .
tert-butyl-5-ng?hox%gfggﬁgkggfﬁﬁ%géﬁﬁﬁﬁ%ﬁ%%? ?ié%f'

di phenyl net hyl ene( cyckopentaAirgny )1 {13-9 ard e RPi ¥b=Bhenoxy)titanium

40 chl or o- 2- phénoxy) ti tani um di chl ori de,

di phenyl net hyl ene( netikylloydldenentsadiremyt ) {3eHe (£ luorenyl) (3-

di met hyl - 2- phenoxy) titani um di chl ori de, _ _

di phenyl et hyl ene( msthyetyalegidntiadi et B=-2 ephenoxg) titanium

but yl - 2- phenoxy) titani ym di.chl or.i de, ) ) ] e e
diphenylnethylene(ngﬂ HAFdSpe iSARTERY ) Y& pef fluorenyl) (3-tert-butyl-

b“ty"5'”Ethy'f@'ph%ﬂ%é¥%gﬁy@ﬁlgﬂéﬁé¥§f%iggnium dichloride,
isopropylidene(fluorenyl) (3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride,
diphenyvlmethylene(cyclopentadienyl) (3,5-dimethyl-2-~
phenoxy)titanium dichloride,

15 diphenylmethylene(cyclopentadienyl) (3-tert-butyl-2-
phenoxy)titanium dichloride,
diphenylmethylene(cyclopentadienyl) (3-tert-butyl-5-
methyl-2-phenoxy)titanium dichloride,
diphenylmethylene(cyclopentadienyl) (3-phenyl-2-

20 phenoxy)titanium dichloride,
diphenylmethylene(cyclopentadienyl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, diphenvlimethylene(cyclopentadienyl) (3~
trimethylsilyl-5-methyl-2-phenoxy)titanium

-

ichloride, diphenylmethylene(cyclopentadienyl) (3-

{2
bt

25
tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,

diphenvlmethylene({cyclopentadienyl) (3-tert-butyl-5-



di phenyl net hyl ene( met hyl cycl opent adi enyl ) ( 3- phenyl -

2- phenoxy)titaniumdichloride, 10

di phenyl net hyl ene( net hyl cycl opent adi enyl ) (3-tert-

but yl di met hyl si | yl - 5- et hyl - 2- phenoxy) titani um di chl ori de,
di phenyl net hyl ene( et hyl cycl opent adi enyl ) #8-
trimethylsilyl-5-nethyl-2-phenoxy)titanium 15 di chl ori de,

di phenyl net hyl ene( net hyl cycl opent adi enyl ) (3-tert-

but yl - 5- met hoxy- 2- phenoxy) titani um di chl ori de,

di phenyl net hyl ene( nehhgkoyélppentxdi)amd a3t etichloride,

but yl - 5-chl or o- 2- phenoxy) titani um dichloride, 20 )

di phenyl net hyl ene(t 8:PRBOYYFEFENVISES (ARtEIHA Bl opentadienyl) (3,5~
di net hyl - 2- phenoxy) titaniu ichloride, . _ . i im
diphenylnethylene(tgﬁ?gﬁhyg}gygpgﬁgﬁﬂgﬁ%ﬁﬁﬂﬁu?3ilCh‘°‘ld“’

tert-butyl -2-phenoxy)ii hum, di ghl ari e add P
diphenylnethylene(té%Fb%ﬁ??ﬁg}gk§%§%ﬁ§§%§%&3%%&Op%%“adlenyl)(3 rers

tert-butyl-5-nmef hyl pd+phenoxykhictan iy dideioride,

di phenyl net hyl ene(tert-butylcycl opentadi enyl) ( 3-

phenyl - 2- phenoxy) t i 8apheAydinekhenliethe, (methylcyclopentadienyl) (3~-tert- 41
di phenyl net hyl ene(tert-butyl cycl opent adi enyl ) ( 3-

tert-butyl di net hyl shhyi1l55raehny-l22pirdemnodt ) t e uimn dichdpehderi de,

di phenyl net hyl ene(tert- _ e ,

but yl cycl opent adi en§FPPSIY PRELEESS (et et ¥} epentagienyghd A dxP S ani um

LTI oSSR LS et opent aat eny) (>

10 diphenylmethylene(methylcyclopentadienyl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride,
diphenylmethylene(methylcyclopentadienyl) (3-
trimethylsilyl-5-methyl-2-phenoxy)titanium

15 dichloride,
diphenylmethylene (methylcyclopentadienyl)(3-tert-
butyl-5-methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene(methylcyclopentadienyl) (3-tert-
butyl-5-chloro-2-phenoxy)titanium dichloride,

20 diphenylmethylene(tert-butylcyclopentadienyl) (3,5~
dimethyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tert-butylcyclopentadienyl) (3-
tert-butyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tert-butylicyclopentadienyl) (3-

25 tert-butyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tert-butylcyclopentadienyl) (3~

phenyvl-2-phenoxy)titanium dichloride,



di phenyl net hyl ene(tert-butyl cycl opent adi enyl ) ( 3-
tert-butyl-5-chl oro-2-phenoxy)titaniumdichloride, 10
di phenyl net hyl ene(t etranet hyl cycl opent adi enl ) (3, 5-

di met hyl - 2- phenoxy) titani um di chl ori de, di phenyl net hyl ene
(tetramet hyl cycl opent adi enyl ) ( 3- t &1t - but yl - 2- phenoxy) titani um
di chl ori de, di phenyl net hyl ene(tetranet hyl cycl opent adi enyl ) (3- 15

tert-butyl-5-nmethyl-2-phenoxy)titani umdichloride,

di phenyl net hyl ene(t et ranet hyl cycl opent adi enyl ) ( 3-

phenyl - 2- phenoxy) ki bARNYIELHY 1 ddert -butyleyclopentadienyl) (3-
d|phenylnethylene(tetranethylcyclopentadleny{ (§-

tert-butyl di net hykeirkybuTyirlingd - dienpkys tieahy UAE -30 e notivohd idrd mieum
di phenyl net hyl ene (tetranethyl cycl opent adi enyl ) ( 3-

trimethyl silyl - 5- gechylord-dshemiopbdn tlamé unylene ( tdt@hloride

di phenyl net hyl ene tetranethylcyclopentadlen 1) (3-

tert-butyl - 5- met h8X§Y Cp(ﬁé-r?@%ﬂ)tﬁ /A a%ﬁrémfaaéy'SllY‘ -@i-methyl-2-

Pert bory s P SR B B, o
& di et hyl - 2. Bﬂgﬂ)é'x??teh GG W LYy ELgReRLadkamiioni ) (3

di phenyl net hyl enegbricnmtiylisid wmggpm@ﬂeeayw@ anium dichloride,
-tert-butyl-2-phenoxy)titani umdichloride,

dlphenylnethyleneﬁupmmmyﬁMeﬂHnmanamt&mﬁﬁaﬂtehybﬁ1@3entadienyl)(3—
-tert-butyl -5-nethyl -2-phenoxy)titani umdi chl ori de,

di phenyl met hyl enefeFitmsrtiyllsi —;ﬂrclytmcop%mla@n@ﬁyv)te@m um dichloride,

-phenyl -2- phq?oxy)t %%%&H%é¥5¥lé¥é teétramethvlcyclopentadienyl) (3,5~

dimethyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl) (3-
tert-butyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl) (3-
15 tert-butyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl) (3-
phenyl-2-phenoxy)titanium dichloride,
diphenyimethylene(tetramethylcyclepentadienyl) (3~
tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium
20 dichloride,
diphenylmethylene(tetramethylicyclopentadienyl) (3~
trimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride,
diphenyimethylene(tetrametnylicyclopentadienyl) (3-
25 tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl) (3-

tert-butyl-5-chloro-2-phenoxy)titanium dichloride,



di phenyl net hyl ene(tri net hyl silyl cycl opentadi enyl)(3 10

-tert-butyl di methylsilyl-5-nethyl-2- phenoxy)titani um di chl ori de,
di phenyl net hyl ene(tri net hyl silyl cycl opentadi enyl) (3
-trinethylsiIyI-5-nethy|-2-phenoxy)titaniég? di chloride, 15

di phenyl net hyl ene(tri met hyl silyl cycl opentddi enyl) (3

-tert-butyl -5-net hoxy-2- phenoxy)titanium di chl ori de,

di phenyl net hyl ene(tri net hyl silyl cycl opent adi enyl ) (3
-tert-butyl-5-chloro-2-phenoxy)titani umdichloride . ,

di phenyl net hyl ene( FFEGEARAN N B-ah et Ryne bby LopLy 1 gHEASRE Ak M ) (3.

di chi ori de, @ phenvlet iyl ane(f) upr epyl) (3 beLhabutil >

phenoxy)titani um di"c

di phenyl et hy1 enel Yot bl 51l Pt the BaPBLBYY 1 cyelopencadionyl) (

2- phenoxy) titani um

di phenyl met hyl ene( Llrwerenyidli3-nhswl oy ) titaniBREAO¥K) birtiari um di chl ori de,
di phenyl net hyl ene(fl uorenyl )(3-tert- 43
but yl di met hyl s§ | yl dS-preidylmet-tpiiestoxy) £ ih@dhylsilylcycdoplingradiesnyl) (3

di phenyl net hyl ene(f 1 uorenyl) ( 3-

trimet hyl silyl - 5- mettleplt-Dyshiendana t h phi aaphenoxy ) dichhdnindelichloride,

di phenyl net hyl ene(fl uorenyl)(3-tert- 5 L . .

but yI - 5- net hoxy- 2- FREFGAN Mt MRl BhiBeFaglsilylcyclopentadienyl) (3

di phenyl net hyl ene(fl uorenyl,) (3-tert-butyl-5-chl.oros .

2- phenoxy) titani um F@ﬁi%ﬁ%ﬂgnenoxyP%%%%?ﬁ&?s?ﬁ?ﬁéﬁétgﬁdlopentadienyl)(2-

diphenylmethylene(trimethylsilylcyclopentadienyl) (3

10  -tert-butyldimethylsilyl-5-methyl-2-
phenoxy)titanium dichloride,
diphenylmethylene(trimethylsilylcyclopentadienyl) (3
-trimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride,

15 diphenylmethylene(trimethylsilylcyclopentadienyl) (3
~tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene(trimethylsilylcyclopentadienyl) (3
-tert-butyl-5-chloro-2-phenoxy)titanium dichloride,
diphenylmethyvlene(fluorenyl) (3,5-dimethyl-2~

20 phenoxy)titanium dichloride,
diphenylmethylene(fluorenyl) (3-tert-butyl-2-
phenoxy)titanium dichloxride,
diphenylmethylene(fluocrenyl)(3-tert-butyi-5-methyl-
2-phenoxy)titanium dichloride,

25 diphenylmethylene(fluorenyl) (3-phenyl-2-
phenoxy)titanium dichloride,

diphenylmethylene(fluorenyl) (3-text-

A



phenoxy)titani um di chloride, dinmethylsilylene- 10

(cycl opent adi enyl ) ( 3- met hyl - 2- phenoxy) titani um di chl ori de,
di met hyl si | yl ene(cycl opent adi enyl ) (3, 5- di et hyl - 2- phenoxy)titanium
di chl ori de, d|nethyIS|IyIene(cyclopentadlenyl)(B tert-butyl -

phenoxy)titani umdichloride, 15
di nmet hyl si | yl ene(cycl opent adi enyl ) (3-tert-butyl-5
met hyl - 2- phenoxy) titani um di chl ori de,

di et hyl si |l yl ene(cy (3,5-di-tert-
but yI - 2- phenoxy)titgf?ﬂ‘%hf%%f&%%%r%b lyl-5-methyl-2-phenoxy)titanium

di met hyl si | yl ene(cycl.o eny 20
phenyl - 2- phenoxy)t|téué§#§ ? enyimgkhylene(fLuorenyl)(3—

di met hyl si |l yl ene( cyclopgt ) (8- .
butyl di net hyl si |yl - ghﬁéthyﬁpig %%no% %%?%gnlunphenoxﬁftﬁﬂ Iﬁ%,

di met hyl si |yl ene(cydioperdaaienydg®enylmeth leneéfl”ore'l 1) (3-tert-
met hyl - 3-tri net hyl si |l yl - 2- phenoxy)titani um i chl or
d|nethyISIIyIené(cy@uﬂxﬁﬁ&xﬂeﬂb@ﬁ%éﬁ -phenoxy)titanium dlchWOrlde,
tert-butyl-5-nmet hoxy-2 phenoxy)tltanlun1d|chlor|de
d|nethyIS|IyIene(cy&%ﬁﬁﬁﬁ%&ﬂ%ﬁﬂ&%%@ﬁtél@Obanyﬂ §3-tert-butyl-5-chloro-
44 chl oro- 2- nox tltanlun1d|chlor|de

dinethylsilylene(cy “GPET R 3R R ﬂ?%ﬂyPeref phenoxy)titani um

di ohl or i de, digreld o 4 e OPL Y] Syshorsataghsny) (28

phenoxy)titani umdic

i et hy | 5i 1 y1 ene( et i) pnentadierad b 3o ey Bigeshyid BRENAY) L tani um

di chl ori de, d|nethyIS|Iylene(nethylcyclopenta eny])

di met hyl - 2- phehdxy) Hictvarliogrardi chl exty Ug( 3-methyl-2- phenoxy)bﬁtan*um
dichloride, dimethylsilylene(cyclopentadienyl) (3,5~
dimethyl-2-phenoxy)titanium dichloride,
dimethylsilylene(cyclopentadienyl) (3-tert-butyl-2-
phenoxy)titanium dichloride,

15 dimethylsilylene(cyclopentadienyl)(3-tert—butyl—5—
methyl-2-phenoxy)titanium dichloride,
dimethylsilylene(cyclopentadienyl) (3,5-di-tert-
butyl-2-phenoxy)titanium dichloride,
dimethylsilylene(cyclopentadienyl)(5-methyl-3-

20 chenyl-2-phenoxy)titanium dichloride,

T

dimethylsilylene(cyclopentadienyl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, dimethylsilylene(cyclopentadienyl) (5-
methyi-3-trimethylsilyl-2-phenoxy)titaniun

25 dichloride, dimethylsilylene(cyclopentadienyl Y (3
tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,

dimethylsilylene(cyclopentadienyl)(3—tert—butyl—5—



10 di et hyl si | yl ene( et hyl cycl opent adi enyl ) (3-tert-

but yl - 2- phenoxy) titani um di chl ori de,

di met hyl si | yl ene( et hyl cycl opent adi enyl ) (3-tert-

but yl - 5- et hyl - 2- phenoxy) ti tani um di chl ori de,

di met hyl si | yl ene( et hyl cycl opent adi enyl ) @3 5-di - 15
tert-butyl-2-phenoxy)titani umdichl oride,

di met hyl si | yl ene( et hyl cycl opent adi enyl ) (5- net hyl -

3- phenyl - 2- phenoxy) ti tani um di chl ori de,

di met hyl si | yl ene( rre?cmrc@chm@m@w éhytai(lsntnedtmh’ oride,

but yl di net hyl silyl-5-nmeth phenog tanlun1 20 dich dee

dlnethyIS|Ierne(mﬁ%ﬂﬁ F Beﬁéﬁﬁﬁﬁnyl)(3 iamyl-2-
3-trinethylsisyl- enox um Qi

di met hyl si | yl ene( né?rhe‘}o’%’?%h% l%lme%y??& &1

butyl - 5-met hoxy- 2- y?% ??ib?@iop%% tadienyl) (2-

dlnethyIS|Ierne(ne tadl

butyl - 5-chl oros2- phﬂf‘&i@& )&ﬁfﬁﬁlmﬂl&béﬁlbdﬁde
d|nethyI5|IyIene(nethylcyclopentadlenyl)(S 5-

45 di anyl - 2ipreerioxy9 1 1y bemeimelt bhloycdepentadienyl) (3-methyl-
dlnethyIS|Ierne(n butyIcyclopentadlenyl)(z- phenoxy)titani um

di chl ori de, di met hydsth %ﬂ%%%(ﬁ#tan*um dichloride,

di et by Ty ene( nimee by ey e P LR K g PPER et byt 2
P v St ARSI ctonton oo de
d'nEthy|5'|y|Q'e(”ﬁLmebhylSQ;ylene(methylcyclopentadlenyl)(3 tert-
butyl-2-phenoxy)titanium dichloride,
dimethylsilylene(methylcyclopentadienyl)(3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride,
dimethylsilylene(methylcyclopentadienyl)(3,5-di-
15 tert-butyl-2-phenoxy)titanium dichloride,
dimethylsilylene(methylcyclopentadienyl) (5-methyl-
3-phenyl-2-phenoxy)titanium dichloride,
dimethylsilylene(methylcyclopentadienyl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
20 dichloride,
dimethylsilylene({methylcyclopentadienyl) (5-methyl-
3-trimethylsilyl-2-phenoxy)titanium dichloride,
dimethylsilylene(methylcyclopentadienyl)(3-tert-
butyl-5-methoxy-2-phencxy)titanium dichloride,
25 dimethylsilylene(methylcyclopentadienyl) (3-tert-
butyl-5-chloroc-2-phenoxy)titanium dichloride,

dimethylsilylene(methylcyclopentadienyl) (3,5-



10 but yl cycl opent adi enyl ) (3-tert-butyl-5-nethyl -2- phenoxy)titani um
di chl oride, dinethylsilylene(n-

but yl cycl opent adi enyl ) (3, 5-di -tert-butyl-2- phenoxy)titani um
di chl ori de, dinethylsilylene(n-

but yl cycl opent adi enyl ) (5- et hyl - 3- phenyl 48 15 phenoxy)titani um
di chl oride, dinethylsilylene(n-

but yl cycl opent adi enyl ) (3-tert-butyl di met hyl silyl -5-

met hyl - 2- phenoxy) titani um di chl ori de,

di net hyl si | yl ene( n-bianyy tyz+ppentad) ehybhEmndtileplloride,
3-trinethylsiIyI-Z}gggnoxy%titaniun1dich|oride, 20 _

di met hyl si | yl ene( n-but§ARYEs bpeher@l enhpfvicysdopentadienyl) (2~

but yl - 5- met hoxy- 2- phenoxy)titani um dich| ori de, . .
dinethylsiIyIene(nghﬁﬂﬁ%%ETﬁb%%%%ﬂi%h?k§?§}§§ﬂtﬁlmethylSllylene(n"

butyl-5-ch|oro-2-pq% A é%g@éy %i rigg thvl-2-pheno +itanium

d!nethylsilylene(n;qﬁ§§¥ clopenta |§ﬁ ?fé ,Q? Ly phenoxy)titaniu

d!a”V"2'PhGHOKY)tHiﬁﬁﬂlﬁ&f@@hl@Imgghylsilylene(n— _ _

di met hyl silyl ene(tert-butyl cycl opent adi enyl') ( 2- phenoxy)titani um

di chl oride, dinethpwiyydpenefpentadienyl) (3,5-dimethyl-2- 46

butyl cycl opent adi enyl ) (3- net hyl - 2- phenoxy) titani um _ di chl ori de,

di met hyl si | yl ene(t exiienoxy) tipamibwydiopénradieenydiyes Bl et hsme pn-

phenoxy)titani um dichl ori de dinethylsil¥leng(tert- 5

but yl cycl opent adi erdA9YEYetereREFEIonyl) (3-EFRENGIPMY 12ani um di chl ori de,

di met hyl silyl ene(tent - ; . C . . . A _

b_utyIcy_clopen_tadieﬁ%}}e_)rﬁfgf%ﬁ’fE %%%T-g}ﬁ%%ﬁ§ﬁgf! dlmetﬁﬁﬁﬁﬁ&%ﬁ???gﬁiun1

di chl ori de, dhﬁeFhﬂd%§§@%?ﬁ%§é%£édienyl)é3—tert—butyl—S—methyl—Z—

butyl cycl opent adi enyl ) (3,5-di~tert-butyl-2- 10 phénoxy)titani um

di chl oride, dinmethyisddostene{t&fiiam dichloride, dimethylsilylene(n-
butylcyclopentadienyl) (3,5-di-tert-butyl-2-
phenoxy)titanium dichloride, dimethylsilylene(n-
butylcyclopentadienyl) (5-methyl-3-phenyl-2-

15 phenoxy)titanium dichloride, dimethylsilylene(n-
butylcyclopentadienyl) (3-tert-butyldimethylsilyl-5-
methyl-2-phenoxy)titanium dichloride,
dimethylsilylene(n-butylcyclopentadienyl) (5-methyl-
3-trimethylsilyl-2-phenoxy)titanium dichloride,

20 dimethylsilylene(n-butyvlcyclopentadienyl) (3-tert-
butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilylene(n-butylcyclopentadienyl) (3-tert-
butyl-5-chloro-2-phenoxy)titanium dichloride,
dimethylsilylene(n-butylcycleopentadienyl) (3,5~

25 diamyl-2-phenoxy)titanium dichloride,

dimethylsilylene(tert-butylcyclopentadienyl) (2-

pheroxy)titanium dichloride, dimethylsilylene(tert-



but yl cycl opent adi enyl ) (5- net hyl - 3- phenyl - 2- phenoxy)titani um
di chloride, dinenthylsilylene(tert-

but yl cycl opent adi enyl ) (3-tert-butyl di met hyl silyl -5-

met hyl - 2- phenoxy) titani umdichloride, 15

di net hyl si | yl ene(tert-butyl cycl opent adi en#) ( 5-

nmet hyl - 3-trinethyl silyl-2-phenoxy) titanium di chl ori de,

di met hyl silyl ene(tert-

but yl cycl opent adi enyl ) (3-tert-butyl -5-net hoxy- 2- phenoxy)titani um
di chl oride, dinethyhsylyyehepeertadieddl) (3-methyl-2-phenoxy)titanium
but yl cycl opent adi enyl §3-tert-bqtyl-5-ch|oro-2- phenoxy)titani um
di chl ori de, dinet hgtshigréfde¢t dimethylsilylene(tert-

butyl cycl opent adi enyl| ﬁg,S-dian¥l-2- _ phenoxy) titani um di chl ori de,
g!nﬁfhy!zllylene(t%fr thYﬁ}PE?F°é§?f¥?&hkﬁéﬂ?$@&m7§ﬁyl;%zenoxr)tgtanlum

i chl ori de, ne i Lyl ene(t.etranethyl cycl opent adi en -

met hyl - 2- phenoxy) t %%ﬁ?ﬁﬁ$gﬁé P&Pﬁdgfcﬁiorl €, aim “nyfglfy¥e%g(ter““ 47
dl”Ethy|5||y|%”e(Pﬁ&{fﬂ@&9¥5§¥BEQH§BESQU?@U945¥E%utyl—2—

di met hyl - 2- phenoxy) titani um di chl or

di met hyl silyl ene(tstéenoryhyt exalapeatadil@ldd 3-dimethylsilylene (tert—
tert-butyl-2-phenoxy)titani umdichl ori de, 5

di met hyl si |l yl ene(tzttpbeybybpygotadérngd)gH)dr3:~-butyl-5-methyl-2-
tert-butyl-5-nethyl -2-phenoxy)titani umdichloride,

di met hyl si | yl ene( tRE?RPEY hylEpBFopediadilonidy3,bimethylsilylene (tert-
di -tert-butyl-2-phenoxy)ti aniug1chhI§{i%§, , e o

di met hyl si | yl ene(t2tT4 ¥ﬁ§7?8§8r8 eRPAdi iyl - tagr ~butyl-2-

nEthy|'3'pheﬁbl'2'§K@%G%YQEE£QH&HH‘gk%@f&?f%%, dimethylsilylene(tert-
butylcyclopentadienyl) (5-methyl-3-phenyl-2-
phenoxy)titanium dichloride, dimethylsilylene(tert-
butylcyclopentadienyl) (3-tert-butyldimethylsilyl-5-
methyl-2-phenoxy)titanium dichloride,

15 dimethylsilylene(tert-butylcyclopentadienyl) (5-
methyl—3—trimethyl§ilyl—2—phenoxy)ti*anium
dichloride, dimethylsilylene(tert-
butylcyclopentadienyl) (3-tert-butyl-5-methoxv-2-
phenoxy)titanium dichloride, dimethylsilylene(tert-

20 butyicyclopentadienyl) (3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride, dimethylsilylene(tert-
butylcyclopentadienyl)(3,5-diamyl-2-
phenoxy)titanium dichloride,
dimethylsilylene(tetramethylcyclopentadienyl) (2-

25 phenoxy)titanium dichloride,
dimethylsilylene(tetramethylcyclopentadienyl) (3~

methyl-2-phenoxy)titanium dichloride,



di met hyl si |l yl ene(tetranet hyl cycl opent adi enyl ) ( 3-

tert-butyidi nmethylsilyl-5-nethyl-2-phenoxy)titani um di chl ori de,
di met hyl si |l yl ene(tetramet hyl cycl opent adi enyl ) (5- 15
met hyl - 3-trinet hyl silyl-2-phenoxy)titani um di chl ori de,

di met hyl si | yl ene(tetramet hyl cycl opent adi edyl ) ( 3-
tert-butyl-5-nmethoxy-2-phenoxy)titani umdichl ori de,

di met hyl si |l yl ene(tetramet hyl cycl opentadi enyl)(3- 20

tert-butyl -5-chl oro-2-phenoxy)titani umdichloride,

di net hyl si |l yl ene(t edimaehhysdyylleperttadimma){Bl &yclopentadienyl) (3,5~
di anyl - 2- phenoxy) tit ani um di chl ori de, ) ‘ _ _

di met hyl si | yl ene(t r fABERYYS Ry bdeasiosyaritiddieriyn )¢pchloridephenoxy) ti t ani um
di chloride, 25 dimet hyl si l.yl ene(trinet hyl silyl cycl opent adi enyl ) (3-
met hyl - 2- phenoxy) t i ?éﬂ?uﬁ@?&ﬁp’iﬁi“%é,tetra“}/emyfcyglopgnLaglen‘!{) (3-

di met hyl silyl ene(trinethyl sikyl,cycl opent.adi.eny. 1) ( .

48 52 et RE 2SR SRy P o i B | Gacnloride,
d'”Ethy|s'|y|eQﬁ(trHﬂﬁ&@M&i%ﬁigﬁ%%%QQ%@%%%é%ﬁ%ié§élopentadienyl)(3—
tert-butyl-2-phenoxy)titani um dichl ori de,

di met hyl si | yl ene(trtaethphsiyhylscyelogantadiesydy¢ Btitahium dichloride,
tert-butyl-5-nmethyl-2-phenoxy)titani umdichloride,

di met hyl si |l yl ene(trdmsehiydshylydpoledpertradietrtyy }¢Bclopentadienyl) (3,5~
5-di-tert-butyl -2-phenoxy)titanium dichloride, . . _

di met hyl si | yi ene(t r BretRYFsPREYAyEr-SSemat ¥nytgptum dichloride,

i ot hy st Ty1 ene(tr FRBERGF P g ROy BrOp rai St {de topentadionyl) (5-

10 methyl-3-phenyl-2-phenoxy)titanium dichloride,
dimethylsilylene(tetramethylcyclopentadienyl) (3-
tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride,
dimethylsilylene(tetramethylcyclopentadienyl) (5-

methyl-3-trimethylsilyl-2-phenoxy)titanium

}_
wn

dichloride,
dimethylsilylene(tetramethylcyclopentadienyl) (3-
tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilylene(tetramethylcyclopentadienyl) (3-

20 tert-butyl-5-chloro-2-phenoxy)titanium dichloride,
dimethylsilylene(tetramethylcyclopentadienyl) (3,5~
diamyl-2-phenoxy)titanium dichloride,
dimethylsilylene({trimethylsilylicyclopentadienyl) (2-
phenoxy)titanium dichloride,

z5 dimethylsilylene(trimethylsilylicyclopentadienyl) (3~
methyl-2-phenoxy)titanium dichloride,

dimethylsilylene(trimethylsilylicyclopentadienyl) (3,



tert-butyl di methyl silyl-5-nethyl-2-phenoxy)titani um di chl ori de,
di met hyl silyl ene(trinethylsilylcycl opentadi enyl) (5-
met hyl - 3-tri met hyl sil yl - 2- phenoxy) titanium 15 di chl ori de,
di mret hyl silyl ene(trimethyl silyl cycl opentadi enyl) (3-
tert-butyl - 5- met hoxy- 2- phenoxy) titani um dt&hl ori de,
di met hyl silyl ene(trinethylsilylcycl opentadi enyl) (3-
tert-butyl-5-chl oro-2-phenoxy)titaniumdichloride, 20
dinethylsiIylene(trinethylsiIyIcycIopentadienyI)(B,
5-di anyl - 2- phenOXYBUdiMHﬂ%?Ihliﬁﬁﬁﬁ@ ytitanium dichloride,

di met hyl si | yl ene(i ndenyl) (2- phenoxy)titani um di chl ori de,

di met hyl si |l yl ene( i rnderetd)y(13itet e Per 1methymbéﬂg&¢ywﬂnpdnﬂndﬁemyboKde,
25 dlnethyIS|Ierne(|ndenyl)(3 5-di net hyl - phenoxy) titani um

di chl ori de, *ﬁﬁﬁﬁﬂj@f§h§4@HEhYﬂF@B*UQr@iﬁﬁﬁﬁ»%Pe

49 phenoxy)tltanlunldlchlon
dinethylsilylene(lﬁ&ﬂ%ﬂ%&%ﬁ%%ﬁ%e%ﬁfVFlgeﬁﬁﬁﬁﬁk lylcyclop&IHabkey Y+ 4Arum
ghgggg;;??tanlanldlégﬁé L&§H!¥§%Q§éﬂ9999¥£%é bxyqtffgglg%ﬂéachlorlge,

di met hyl si lyl ene(i , | i Lani
di chl O?’/i de. y ( reTr['e%W SI @;}{ en ndeneﬂﬁ{ 51lylcy\,ﬁ%waé*éﬁ§liy% ,

butyl di et hyl si |yl -sadrmﬂaﬂt%wpozyahéhbgm)umtah(ium &HiGH s dee ,

di met hyl si | yl ene(i ndenyl ) ( 5- net hyl - 3-

trimet hyl sl yl - 2- phehmehty tsini wiek cht ometeylsilylcyclopentadienyl) (5~
methyl-3-phenyl-2-phenoxy)titanium dichloxride,

10 dimethyisilylene(trimethylsilylcyclopentadienyl)(3-
tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride,
dimethylsilylene(trimethylsilylcyclopentadienyl) (5~
methyl-3-trimethylsilyl-2-phenoxy)titanium

15 dichloride,
dimethylsilylene(trimethylsilylcyclopentadienyl) (3~
tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilylene(trimethylsilylcyclopentadienyl) (3-
tert-butyl-5-chloro-2-phenoxy)titanium dichloride,

20 dimethylsilylene(trimethylsilylcyclopentadienyl) (3,
5-diamyl-2-phenoxy)titanium dichloride,
dimethylsilylene(indenyl) (2-phenoxy)titanium
dichloride, dimethylsilylene(indenyl)(3-methyl-2-~
phenoxy)titanium dichloride,

25 dimethylsilylene(indenyl)(3,5-dimethyl-2-
phenoxy)titanium dichloride,

dimethylsilylene(indenyl) (3-text-butyl-2-



di et hyl si |l yl ene(i ndenyl ) (3-tert-butyl-5-net hoxy- 2- phenoxy)titani um

di chl ori de, di net hyl si |yl ene(i ndenyl ) (3-tert-butyl-5-chloro-2- 15
phenoxy)titani um di chl ori de, di met hyl si | yl ene(i ndenyl ) (3, 5-di anyl - 2-
phenoxy)titani um di chl ori de,

di met hyl si |yl ene(fl uorenyl) (2-phenoxy)tit&® um di chl ori de,

di net hyl si Iyl ene(fl uorenyl) (3-nethyl-2- 20 phenoxy)titani um di chl ori de,
di met hyl si | yl ene(fl uorenyl) (3, 5-di net hyl - 2- phenoxy)titani um

di chl ori de, di et hyl si | yl ene(fluorenyl) (3-tert-butyl -
phenoxy)titani um di gdilexdoxie)ti®dnium dichloride,
dlnethyIS|Ierne(quorenyI)(3 tert-butyl -5-nethyl - 2- phenoxy) titani um
di chl ori de, digafih el § 1 eheq ¢ bodenyll) (3, Buti~uert L Pty t Ry 1 -2 -
50 phenoxy)tltanlun1d|chlor|d

di met hyl si | yl ene(f1 FFEHNY {51 et hy- @lﬁHeﬁykqgr phenoxy)titani um

dichlorid d {.- 2 .

bhfy|3rhe?hy|5||y| ?m%%%%ﬁ %y%%g%%§b¥$$§§ ﬁ 'DJaliﬁ%ﬁﬂzﬂ%Eﬁs‘z‘
di met hyl silyl eng(fl yayanyt) (o o@t k- % chlaoride
trimethylsilyl-2- phenoxy)tltanlun1d|c forl !

d|nethyIS|Ierne(fIwMﬁﬁﬁﬂgié%Iyiénéplﬂaeﬁyﬂﬁt60&%*hv; 3-phenyl-2-
2- phenoxy) titani umdichloride, 10
di met hyl silyl ene(f| wdregrnpy) (Bitaxiuhud y&kSoetber,o0- 2- phenoxy) titani um
di chl ori de, _
dimethylsilylene(indenyl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
10 dichloridép dimethylsilylene(indenyl) (5-methyl-3-
trimethylsilyl-2-phenoxy)titanium dichloride,
dimethylsilylene(indenyl) (3-tert-butyl-5-methoxy-2-
phenoxy)titanium dichloride,
dimethylsilylene(indenyl) (3-tert-butyl-5-chloro-2—
15 phenoxy)titanium dichloride,
dimethylsilylene(indenyl) (3,5-diamyl-2-
phenoxy)titanium dichloride,
dimethylsilylene(fluorenyl) (2-phenoxy)titanium
dichloride, dimethylsilylene(fluorenyl) (3-methyl-2-
20 phenoxy)titanium dichloride,
dimethylsilylene(fluorenyl)(3,5-dimethyl-2-
phenoxy)titanium dichloride,
dimethylsilylene(fliuorenyl) (3-tert-butyl-2-
phenoxy)titanium dichloride,
25 dimethylsilylene(fluorenyl)(3—tert-butyl—5~methyl—
2-phenoxy)titanium dichloride,

dimethylsilylene(fluorenyl)(3,5—di—tert—butyl—2—



dlnethyIS|Ierne(quorenyI)(3 5-di anyl - 2- phenoxy)titani um

di chl ori de, di met hyl silyl ene (tetranethyl cycl opentadi enyl)(1- 15
napht hox-2-yl)titani umdichloride and the |ike, and conmpounds wherein
(2- phenoxy) of these conpounds is r%flaces wi th (3-phenyl - 2- phenoxy),
(3- trinmethylsilyl-2-phenoxy) or ert-

but yl di net hyl si |l yl - 2- phenoxy), conpounds wherein 20 di nmet hyl si | yl ene of
t hese conpounds is replaced with di et hyl silyl ene, diphenylsilylene or
di met hoxysi | yl ene, conmpounds wherein dichloride of t hese conpounds is

replaced with difl phentey) tditrminimedichloridei odi de, di nethyl, diethyl,
diisopropyl, 25 bi s(di met hyl am do), bis(diethylamdo), dinethoxide,
di et hoxi de, di - n- bdigetdy levi i ieroprbboxreeyl) (5-methyl-3-phenyl-2-
(tert- butylanldo)tetranethylcyclopentadlenyl

51 1, 2- eth&ﬁ&ﬂ%ﬂﬁ|qf§ﬁQkHQhQ%ﬁ%f?Héde(tert-

butylanldo)tetraneth nt.adi eny. .ethanediyltitani um
di methyl, (tert- %I%éﬁ%ﬁggﬁTﬁﬁ%Q i%%%?ﬂ%%&&érs &ftadi enyl -1,2- 5
ethanedlyltltaplunb E th lsilyl- mﬁtgy‘ -2- pnenogg&twt nium

(met hyl am do) t et r anet iy cyc ent a eny tltanlum

di chl ori de, GQTCMG%@@) &ﬁﬁé@m@yiyyéh@pemh@dle@wh (:B—Zﬂe hyl-3-
ethanedlyltltanlun1d|chlor|de (tert-

butyIanldo)tetranet@ﬂmgﬁﬂyﬂxmﬁx&kE¥QMQMG®ymyhsahanm dichletditdni um

dichloride, (tert-
dimethylsilylene(fluorenyl)(3-tert-butyl-5-methoxy-
2-phenoxy)titanium dichloride,

10 dimethyisilylene(fluorenyl)(3~tert—butyl—5—chloro—
2-phenoxy)titanium dichloride,
dimethylsilylene(fluorenyl) (3,5~diamyl-2-
phenoxy)titanium dichloride,
dimethylsilylene(tetramethylcyclopentadienyl) (1~

15 naphthox-2-yl)titanium dichloride and the like, and
compounds wherein (2-phenoxy) of these compounds is
replaces with (3~-phenyl-2-phenoxy), (3-
trimethylsilyl-2-phenoxy) or (3-tert-
butyldimethylsilyl~-2-phenoxy), compounds wherein

20 dimethylsilylene of these compounds 1s replaced with
diethylsilylene, diphenylsilylene ox
dimethoxysilylene, compounds wherein dichloride of
these compounds is replaced with difluoride, dibromide,
diiodide, dimethyl, diethyl, diisopropyl,

25 bis(dimethylamido), bis(diethylamido), dimethoxide,
diethoxide, di-n-butoxide or diisopropoxide.

(tert-butylamido)tetramethylcyclopentadienyl-



but yl am do) t et r anet hyl cycl opent adi enyl di net hyl si |l an etitani um

di methyl, (tert- but yl am do) t et ranet hyl cycl opent adi enyl di net hyl si | an
15 e-titani um di benzyl, (benzyl am do) t et ranet hyl cycl opent adi enyl -

di met hyl si l anetitani um di chl ori de,
(phenylphosphido)tetranethylcyclopentadi%hyldinethy 1-silanetitani um
di benzyl, (tert- 20 butyl am do) indenyl-1, 2-ethanediyltitanium

di chl ori de, (tert-butylam do)i ndenyl -1, 2- et hanedi yl titani um

dimethyl, (tert-butyl am do) tetrahydroindenyl-1, 2- et hanedi yl titani um

di chl ori de, (tert1,2—ethanediyltitanium dichloride, (tert-
butylanido)tetrahgdroindenyl-1,2-ethanediy|titaniun1 25 di_nmet hyl ,

(tert-butyl ani do) PRE#r&AyAC) tetramethpl GmbaPGPEREARP YA dir el ori de, (tert-

52 o 0 o SRAe gAY e Ry A REC R i [BREETt ani um
i et hyl - Cterte P e R o o BERy  6r Re Ay 4 anet i t ani um
dichloride, (¢ertethanedilutyhamide tetsahydt oi ndenyl di methyl silanetitani um
dimethyl, (tert- but yl am do) fl uorenyl di nethyl silanetitanium 10 _
di chl oride, (ter{methylambdbytatirdmdtupl enyldpaet hylisnkarat,i2t-ani um
di et hyl ,
ethanediyltitanium dichloride,
(ethylamido)tetramethylcyclopentadienyl-1,2-~
ethanediyltitanium dichloride, (tert-

10 butylamiao)tetramethylcyclopentadienyldimethylsilan
etitanium dichloride, (tert-
butylamido)tetramethylcyclopentadienyldimethylsilan
etitanium dimethyl, (tert-
butylamido)tetramethylcyclopentadienyldimethylisilan

15 e-titanium dibenzyl,
(benzylamido)tetramethylcyclopentadienyi-
dimethylsilanetitanium dichloride,
(phenylphosphido)tetramethylcyclopentadienyldimethy
l-silanetitanium dibenzyl, (tert-

20 butylamido)indenyl-1l,2-ethanediyltitaniumdichloride,
(tert-butylamido)indenyl-1,2-ethanediyltitanium
dimethyl, (tert-butylamido)tetrahydroindenyi-1,2-
ethanediyltitanium dichloride, (tert-
putylamido)tetrahydroindenyl-1,2-ethanediyltitanium

25 dimethyl, (tert-butylamido)fluorenyl-1,2-
ethanediyltitanium dichloride, (tert-

butylamido)fluorenyl-1,2-ethanediyltitaniuvmdimethyl,



(di met hyl am nonet hyl )t et r amet hyl cycl openet adi enyl - titaniunm(111)

di chl ori de, (di met hyl am noet hyl ) tetranethyl cycl opentadi enyl - 15
titanium(111) dichloride, (di met hyl am nopr opyl )

t et ramet hyl cycl opent adi enyl - titanium(l11l ) dichloride, (N
pyrrolidinyIethyl)tetranethylcyclopentadﬁ@hyl- titani um di chl ori de,
(B- 20 di met hyl am nobor abenzene) cycl opent adi enyl zi r coni um

di chl ori de, cycl opentadi enyl (9- nmesi t yl bor aant hracenyl ) zi rconi um
dichloride, 2,62'- t hi obi s[ 4- net hyl - 6- (1- et hyl et hyl ) phenoxy]titani um
di chloride, 2,2 -thiabksbftd1amdBo) i £ yiiibhastumadiicid ori de,

2,2 - thlobls(4 nmet hyl - 6- tert butylphenoxy) itani um di chl ori de,
2,2' -met hyl enebi s(4iprtbylidé-t erert- 53

but yl phenoxy)titani umdichloride, 2,2'-

et hyl enebi s(4- net hphiglesidohangepydddxmgtthitlani Llametitanghahl ori de,

2,2' -sul finyl bi s(4-nethyl-6-tert- but yl phenoxy) titani um di chl ori de,
2,2'-(4,4',6,6' - 8imetaylaltert-putyl-1,1' - b|phenoxy)tltanlun1d|chlor|de

2,2'-thiobis[ - met tert g I henox RLOPOXI i de,
2,2' -met hyl en is(gX ?ﬁ?ﬁdé X r°l4§ﬁ %%%X9¥}?%gﬁ %ﬁ anium
dllsopropOX|de

et hyl enebi s( 4- nethyfc%l?gﬁgebutylphenoxy)tltanlun1 10 di i sopropoxi de, 2,2

-Zulflnylbls(4 et Bk y@ak@Hb) tet rah yRHMAIRNENOXYIAE £ REL YL dinkbs RGP de,
(di-tert- dimethyl, (tert-
butylamido)fluorenyldimethylsilanetitanium

10 dichloridéﬁ‘(tert—
butylamido)fluorenyldimethylsilanetitanium dimethyl,
(dimethylaminomethyl)tetramethylcycliopentadienyli-
titanium(l) dichloride,
(dimethylaminoethyl)tetramethylcyclopentadienyl-

15 titanium(lll) dichloride,
(dimethylaminopropyl)tetramethylcyclopentadienyl-
titanium(Il) dichloride, (N-
pyrrolidinylethyl)tetramethylcyclopentadienyl-
titanium dichloride, (B-

20 dimethylaminoborabenzene)cyclopentadienylzirconium
dichloride, cyclopentadienyl(9-
mesitylboraanthracenyl)zirconium dichloride, 2,2'-
thiobis(4-methyl-6-(l-methylethyl)phenoxyltitanium
dichloride, 2,2'-thiobis[4,6-

25 dimethylphenoxy]titanium dichloride, 2,2'-
thiobis(4-methyl-6-tert-butylphenoxy)titanium

dichloride, 2,2'-methylenebis(4-methyl-b-tert-



butyl -1, 3- propanedi am do) ti tani um di chl ori de,
(di cycl ohexyl -1, 3- propanedi am do) ti t ani undi chl ori de,
[bis(trimethylsilyl)-1,3-propanedi am do]titanium 15 di chl ori de,

[bis(tert-butyldimethylsilyl)-1,3- pr opanedi am do] titani um

di chloride, [bis(2,6- di met hyl phengl3) -1, 3- propanedi am do] titani um
di chl oride, [bis(2,6-diisopropylphenyl)-1, 3- pr opanedi am do] titani um
dichloride, [bis(2,6-di- 20

tert-butyl phenyl)-1,3-propanedi anm do] titani um di chl ori de, [ bis
(triisopropylsilyl t i ghloride,
[bis(trimethylsil %?ggﬁhpﬁhﬁgﬁggﬁghgg qﬂgﬁﬂﬁﬁl%B’ gd?chlorlde
[bis(tert- bt il deRRLRY! iLh\)élt)l%pJEulaém@ﬁlﬁﬂahbk?@ltlimanlum

dichloride, [bis(tert-
but yl di et hyl si | yl ghapbhbbakenedi am-gaitditraiisig (4 :nethlybr—émtde,t~

[ hydrotris(3, 5- dinethylpyrazolyl)borate]titaniun1trich|oride,
[ hydrotris(3,5-di nethylpyearalyyit i)sordame]dichbdunde, 52, 21 ri(Br éri.do,6
[ hydrotris(3,5- di met hyl pyrazol yl )borate]titaniumtriiodide,

[ hydrotris(3, % di e‘fﬁ*yrgytgzél—mtbrerétré] ‘tiRiaieRexy) titapiumy dFFlgdoride,

hydrotri s(3, 5- r.azol |ta i tribr
{hgdrotrisE.S,S-di"et%yl’bsr‘ S§|4" tﬁ‘ty)éj 4‘teﬁn 80y gk??f’f‘éﬁit&g,amm

[hydrotris(3,5-di-§€fLasropoxi Bl YlRy" %@MQP@&@&@M ktapkumm i ehlaride,
butylphenoxy)titanium diisopropoxide, 2,2'-
ethylenebis(4-methyl-6~tert-butylphenoxy)titanium

10 diisoprépbxide, 2,2'-sulfinylbis(4-methyl-6-tert-
butylphenoxy)titanium diisopropoxide, (di-tert-
butyl-1,3-propanediamido)titanium dichloride,
(dicyclohexyl-1,3-propanediamido)titaniumdichloride,
[bis(trimethylsilyl)-1,3-propanediamidojtitanium

15 dichloride, ([bis(tert-butyldimethylsilyl)-1,3-
propanediamido]titanium dichloride, [bis(2,6-
dimethylphenyl)-1,3~propanediamidojtitanium
dichloride, [bis(2,6-diisopropylphenyl)-1,3-
propanediamido]titanium dichloride, [bis(2,6-di-

20 tert-butylphenyl)-1,3~propanediamidojtitanium
dichloride,
[bis(triisopropylsilyl)naphthalenediamido]titanium
dichloride,
[bis(trimethylsilyl)naphthalenediamido}titanium

25 dichloride, [bis(tert-
putyldimethyisilyl)naphthalenediamido]titanium

dichloride, {bis(tert-



[ hydrotris(3,5-di-tert- but yl pyrazol yl )borate]titanium tribrom de,

15 [ hydrotris(3,5-di-tert- but yl pyrazol yl ) borate]titani um
triiodide, (tris(3,5-dinethylpyrazolyl)nmethyl]titanium

trichloride, [tris(3,5- di et hyl pyrq%folyl)rrethyl]titani um tribrom de,
20 [tris(3,5-dinmethyl pyrazolyl)methyl]t1tani um triiodide,

[tris(3,5- di et hyl pyrazolyl)nethyl]Jtitaniumtrichloride,
[tris(3,5-diethylpyrazolyl)nmethyl]titanium tribromde, [tris(3,5- 25

di et hyl pyrazol yl )nethyl titaniumtriiodide, o ‘ '
[tris(3,5-di-tert-buty\yplariorgthyhet hyl) naphaniadenediamidq dhl oz p den
[tris (3,5-di-tert- , _ _ _ 55

but yl pyrazol yl ) met hyl JAHREAHAAAR ¢ r{ BYSRedeis (3, 5-
[tris(3,5-di-tert-buty].pyr.azolyl)neth itaniym,. . triiodide,.fLerr]-
oxobi s{i sopr opyl i dene(éc"%?tgbygln‘%/%%‘?%%yﬁl%ﬁf a@egtl“ﬁﬁl&ﬁ*@xy‘)rtliciqlaﬂ?w%‘e’
chl ori de}, [err] (.54 4 ropylid 6 L.Lopentadi £ L2 aniur
phenoxy)titaniun1neth&ﬁ?§g§§§i§Pp'fe%%?vgﬁ9‘§¥%agg‘%L%%dyggé3 anium

- oxobi s{i sopropy! 5dene{Gyx apedd Adj gpat oL 3ikent 5-

but yl - 5- et hyl - 2- phenoxy) ti tani um chl ori de}, 10

[ err] - oxobi s{i sopr opyldidena(xcyey0pent atl) paykre(3ittemtium triiodide,

butyI-5-nephy!-2-phenoxy)titanjun1nethpxide£, L .

[ err] - oxobi s{i sopropy!litdeHeq et hi? cycl bpehyadivenpol vldboratejtitanium

phenoxy) titani um chl Ortirdiec}riloz[ieéerz,] "[hydrotris(3,5-
diethylpyrazolyl)boratejtitanium tribromide,

10 [hydfotrisL3,S—diethylpyrazolyl)borate]titanium
triiodide, [hydrotris(3,5-di-tert-
butylpyrazolyl)borate]titanium trichloride,
[hydrotris(3,5-di-tert-
butylpyrazolyl)borateltitanium tribromide,

i5 {hydrotris{3,5-di-tert-
butylpyrazolyl)borate]titanium triiodide,
{(tris(3,5-dimethylpyrazolyl)methyljtitanium
trichloride, [tris(3,5-
dimethylpyrazolyl)methyl]titanium tribromide,

20 [tris(3,5-dimethylpyrazolyl)methylltitanium
triiodide, [tris(3,5-
diethylpyrazolyl)methyljtitanium trichloride,

tris(3,5-diethylpyrazolyl)methyljtitanium

tribromide, [tris(3,5-

A
(G}

diethylpyrazolyl)methylltitanium triiodide,
{tris(3,5-di~-tert-butylpyrazolyl)methylltitanium

trichloride, {tris(3,5-di-tert-



oxobi s{i sopropyl i dene(net hyl cycl opent adi enyl ) (2- 15 phenoxy)titani um
net hoxi de}, [err]- oxobi s{i sopropyl i dene(net hyl cycl opent adi enyl ) ( 3-
tert-butyl-5-nmethyl-2-phenoxy)titaniumchloride}, [err]

- oxobi s{i sopr opyl i dene( et hyl cycl opentadi enyl) ( 3-
tert-butyl-5-nethyl - 2- phenoxy)titani um mebhoxi de}, 20 [err]

- oxobi s{i sopropyl i dene

(tetramet hyl cycl opent adi enyl ) (2- phenoxy) titani um chloride, [err]-
oxobi s{i sopropyl i dene(tetranet hyl cycl opent adi enyl ) (

2- phenoxy) titani unboeyhpyirdeplyllomelthy2fitanium tribromide,

oxobi s{i soproyl i dene(tetranethyl cycl opent adi enyl

: . ( e
3-tert-buty|-5-neth?rlﬁiéhéndkyﬁ@ﬁﬁaﬁQﬁﬁkﬂﬂtﬁ?@gyl)metnylﬂéﬁﬁFnlum

- oxobi s{i sopropylidene . 56
(tetranet hyl cycl opBht 48FeA¢r) ¢3=tert - butyl - 5-

nmet hyl - 2- phenoxy) t it ani. um et hoxi del,, rr] - a: | B

oxobi s{ di met hyl si | §’/i‘8%%6@%PBE%HYa&?&&%f}J&OP”“adl%‘?ﬁ%ﬁb%/) titanium
chloride}, [ergs]- 4n ks hdi lsid ne(cycl opent adi enyl ) (2-
phenpxy);itaminnn%t%ggfgz?? F%gP?F%mﬂéy &%E

oxobi s{ di met hyl si | yJ estedisys{ opept @%Qﬂ&bhe((%yh@l’dpentadienyl) (2-

but yl - 5- met hyl - 2- phenoxy) ti tani um chl ori de},

[ err] - oxobi s{di met hyespkyl) enepoyckopmerthadiety},) (3-tert- 10

but yl - 5- et hyl - 2- phenoxy) ti f ani um net hoxi de}, [err]-

oxobi s{di net hyl si | ¥ ettt his egePppehtadedmyclopantadienyphehdxy§¥itani um

chloride}, [err]- butyl-5-methyl-2-phenoxy)titanium chloride},

10 ,u—oxobié{isopropylidene(cyclopentadienyl)(3—tert—
butyl-5-methyl-2-phenoxy)titanium methoxidel},
/t-oxobis{isopropylidene (methylcyclopentadienyl)(2-
phenoxy)titanium chloride}, -
oxobis{isopropylidene(methylcyclopentadienyl) (2-

15 phenoxy)titanium methoxide}, -
oxobis{isopropylidene(methylcyclopentadienyl) (3-
tert-butyvl-5-methyl-2-phenoxy)titanium chloride}, u
~oxobis{isopropylidene(methylcyclopentadienyl) (3—
tert-butyl-5-methyl-2-phenoxy)titanium methoxidel},

20 U ~oxobis{isopropylidene
(tetramethylcyclopentadienyl) (2-phenoxy)titanium
chloride}, -
oxobis{isoprcopylidene(tetramethylcyclopentadienyl) (
2-phenoxy)titanium methoxide}, -

25 oxobis{isopropylidene(tetramethylcyclopentadienyl) (

3-tert-bu

[an

yl-5-methyl-2-phenoxy)titanium chloridel,

M —-oxcbis{isopropylidene



oxobi s{di nmet hyl si | yl ene( et hyl cycl opent adi enyl ) (2- 15 phenoxy)titani um
net hoxi de}, [err]- oxobi s{di net hyl si |l yl ene :
(et hyl cycl opent adi enyl ) ( 3- tert-butyl-5-nethyl-2-phenoxy)titani um
chloride}, [err] -oxobls{dlnethyIS|Ierne (et hyl cycl opent adi enyl )
(3- tert-butyl -5-met hyl - 2- phenoxy) t BPani um et hoxi de}, [err] 20

- oxobi s{di net hyl si |l yl ene (tetramet hyl cycl opent adi enyl)
(2-phenoxy)titani um chl oride}, [err]-oxobis{dinmethylsilylene
(tetranet hyl cycl opent adi enyl ) (2- phenoxy) titani um met hoxi de}, [err]-
25  oxobi s{di net mrdes&:fqaheemwlewB@péﬂyhay@h?gqnt_’,a@eeﬂy%.ltyl 5-
(3-tert-butyl-5-nethyl-2-phenoxy)titani umchloride}

[err]- oxobis{dinef¢%ﬂﬁﬂljﬂf§k£n0XY)titanium methoxide}, - S7
(tetranethylcyclopentadl nyl)(3-tert-butyl -

met hyl - 2- phenoxy) 3% lrmwwel}yld@n?écyrlopemadleﬂm) (2-

b lid I tad h titani
Girertls e T ébﬁfﬁ%@fv%ia%%ééess¢enf~ad. eyl (oerte
but yl - 5- neth Z-BQQﬂgﬁy
ogoﬁls[lsoprgpyll ene(nek%'$ ope dmeﬁ Y?%Ekg“ Ldﬁenvﬁé oxy)tltanlun]

-lerr]- 10 om&avﬁdx @&yimefn@&%&wleWChOpentadl enyl)(3-
tert but yl - 5- met hyl - phenoxy)tltanlunj

di-[err]- OXObIS[Isngﬂmmwdﬂmﬂﬁhy151lylene(cycTODentad enyl) (3-tert-
(tetranethylcyclopentadlenyl)(z phenoxy)tiani uni,
-[err]-oxobi s[i $oprwipylierey1-2-phenoxy)titanium chloride},

4 -oxobis{dimethylsilylene(cyclopentadienyl) (3-tert-
10 butyl—S—ﬁéthyl—2—phenoxy)titanium methoxide},
L=
oxobis{dimethylsilylene(Le hylcyclopentadienyl) (2
phenoxy)titanium chloride}, u«-
oxobis{dimethylsilylene(methylcyclopentadienyl)(2—
15 phenoxy)titanium methoxide}, -
oxobis{dimethylsilylene(methylcyclopentadienyl)(3—
tert-butyl-5-methyl-2-phenoxy)titanium chloride}, u«
—oxobis{dimethylsilylene(methylcyclopentadienyl)(3—
tert-butyl-5-methyl-2-phenoxy)titaniummethoxide}, u
20 ~oxobis{dimethylsilylene
(tetramethylcyclopentadienyl) (2-phenoxy)titanium
chloride}, il-oxobis{dimethylsilylene
(tetramethylcyclopentadienyl) (2-phenoxy)titanium
methoxide},x -
25 oxobis{dimethylsilylene(tetramethylcyclopentadienyl
) (3-tert-butyi-5-methyl-2-phenoxy)titaniumchloride},

-oxobis{dimethylsilylene



15 ( tetranethyl cycl opentadi enyl)(3-tert-butyl-5-

nmet hyl - 2- phenoxy) titaniun], di-[err]-oxobis

[ di met hyl si |l yl ene(cycl opent adi enyl ) ( 2- phenoxy)titanium, di-[err]-
oxobi s[ di met hyl si |l yl ene(cycl opentadi enyl)(3-tert- 20

but yl - 5- met hyl - 2- phenoxy)titaniunj, di-[&/]-

oxobi s[ di net hyl si | yl ene( net hyl cycl opent adi enyl ) ( 2- phenoxy)titani unm,
di -, U oxobi s[ di et hyl si | yl ene( et hyl cycl opent adi enyl ) ( 3-
tert-butyl-5-nmethyl-2-phenoxy)titaniumj, di-[err]- 25

oxobi s[ di net hyl si | y{entefdred ¢ lapbt Pyl 6yehepantkagilgnB-tert-butyl-5-

) (2- phenoxy)titanium, di-[err]-

oxobi s[ di met hyl si | yletie(} et reihendyy Lyt opénmadieemplxide} di-u -

58 ) (3-tert-butyl -5-nethyl -2-phenoxy)titaniuni and the like.
Further, conpounds S/l ‘S&RFQMW%@bﬁ?FgOPentadrlépﬂYéde(cPw th a

zi rconi um at om or ahhafni um at om cag,u 5. t/)e simlarly exenplified in the
above-mentioned  PPERGARLT UM bWPoundd -4 -Anong the transition netal

conpounds, spegifi %%rg{lies%bogor%%%@r%pgyéggﬁgéggdgen&lyl( 3t_rttans,*i tion

netal atomis a vana matom’i ium-ac acetonat e,
vanadi um tetrachl om@gﬁl-ﬂﬂv.etwﬁmﬂlyml%xy? Eiehhatide and the Iike.
i bl

Anong the transition netal conpounds, specific exanpl es of a

conpound i n which aitv@anrsition nmetal atom is a samarium atom i ncl ude

bi s( pent anet hyl cycl opent adi enyl ) samari um
oxobis|isopropylidene(methylcyclopentadienyl) (2-
phenoxy)titanium], di-zu-

10 oxobis[iédpropylidene(methylcyclopentadienyl)(3—
tert-butyl-5-methyl-2-phenoxy)titanium],
di-st-oxobislisopropylidene
(tetramethylcyclopentadienyl) (2-phenoxy)titanium],
di-u-oxobis[isopropylidene

15 (tetramethylcyclopentadienyl) (3-tert-butyl-5-
methyl-2-phenoxy)titanium], di--oxobis
[dimethylsilylene(cyclopentadienyl)(2-
phenoxy)titanium], di-u-
oxobis[dimethylsilylene(cyclopentadienyl)(3-tert—

20 butyl-5-methyl-2-phenoxy)titanium], di-u-
oxobis{dimethylsilylene(methylcyclopentadienyl)(2-
phenoxy)titanium], di-z-
oxobis[dimethylsilylene(methylcyclopentadienyl)(3—
tert-butyl-5-methyl-2-phenoxy)titanium], di-u-

25 oxobis{dimethylsilylene(tetramethylcyclopentadienyl
) (2-phenoxy)titanium], di--

oxobis[dimethylsilylene(tetramethylcyclopentadienvl



15 met hyl t etrahydrof uran and the |ike. Anong the transition

nmet al conpounds, specific exanpl es of a conpound in which a
transition nmetal atom is an ytterbium atominclude

bi s( pent anet hyl cycl opent adi enyl ) ytterbi um_ 20 met hyl t et r ahydr of uran and
the like. Anong t he transiti o®8retal conpounds, specific
exanpl es of a conpound in which a transition netal atom is a nickel
atom i ncl ude 2,2'-nethyl enebi s[ (4R) - 4- phenyl -

- di met hyl oxazol i ne] ni ckel dichloride, 25

2, 2' - et hyl enebi s[ (4R) he | 0] i i ckel
di bromedey gng'ls[( ‘h%f‘ﬁy%hég ér{“ﬁﬁf‘y&‘ﬁhéﬂ’?ﬂ OX Canin]' 474" the

59 di et hyl ﬁﬁgollne]nlckel di chl ori de, 2, Z
met hyl enebi s[ (4R) - f‘ ehyl -5, 5 dlethyloxazollne]nlckel di brom de,
2,2" - nEthylenEbbﬁgéﬂB},4cB%%@ﬂnd%E%héyeih a Pitanium atom is

propyloxazollne]nlckel dichloride, 2,2
met hyl enebi s[ (4R) - 4-g1edyéd Swbthdh- Pirconiumpa@pyl @xazolhatelinitketlom can

di brom de, 2,2'- met hyl enebi s[ (4R) - 4- phenyl -5, 5" -
di i sopropyl oxagol i ried né chkeladighbgenddifie® -in ¥he awtbhyimerbighed
(4R) - 4- phenyl -5, 5" - di i sopropyl oxazol i ne] ni ckel di brom de, 2, Z
met hyl enebi s[ (4R) - 4Prhpm5cgnpounds . d|%@@ﬁ6hex?lé%&26Plmﬂqnqﬁ&ﬁ
dichloride, 2,2'- nmef, hylenebl§gé4RL Ehen 5 5

compounds;,; specl amp L compouﬂd in which a

transition metal atom is a vanadium atom include
vanadium acetylacetonate, vanadium tetrachloride,
10 vanadium axy trichloride and the like.

Among the transition metal compounds, specific
examples of a compound in which a transition metal atom
is a samarium atom include
bis (pentamethylcyclopentadienyl)samarium

15 methyltetrahydrofuran and the like.

Among the transition metal compounds, specific
examples of a compound in which a transition metal atom
is an ytterbium atom include
bis(pentamethylcyclopentadienyl)ytterbium

290 methyltetrahydrofuran and the like.

Among the transition metal compounds, specific
examples of a compound in which a transition metal atom
is a nickel atom include 2,2'-methylenebis{ (4R)-4-
rhenyl-5,5'~-dimethyloxazoline]nickel dichloride,

25 2,2'-methylenebis[ (4R)-4-phenyl-5,5"
dimethyloxazolinelnickel dibromide, 2,2'-

methylenebis{(4R)—4—phenyl—5,5'Q



15 di cycl ohexyl oxazol i ne] ni ckel di brom de, 2,2'-

net hyl enebi s[ (4R) - 4- phenyl -5, 5" - di met hoxyoxazol i ne] ni ckel
dichloride, 2,2'- nmet hyl enebis [ (4R)-4-phenyl-5,5"-

di met hoxyoxazol i ne] ni ckel dibromde, 2,2'- 20

met hyl enebi s[ (4R) - 4- phenyl -5, 5" - di &hoxyoxazol i ne] ni ckel dichl ori de,
2,2 - net hyl enebi s[ (4R) - 4- phenyl -5, 5" - di et hoxyoxazol i ne] ni ckel
di brom de, 2,2'- nmet hyl enebi s[ (4R) - 4- phenyl -5,5" - 25

di phenyl oxazol i ne] nickel dichloride, 2,2'-

met hyl enebi s[ (4R) - 4dpaehylesa%oline I nickgahemdioxszode pep ppckel di br omi de,

60 met hyl enebi s[ (4R) -4-net hyl -5, 5" -di - ( 2-

met hyl phenyl ) oxazol feehrierebidil h¥dli-dephenyl-5,5" -

met hyl enebi s[ (4R) -4~ et hyl -5, 5' - di - 83-, met hyl hen%/I %oxazol i ne] ni ckel

dibromide, 5 netRYPERELPELEAR}ILIRECHKAL 51,1831%‘3-‘? Fo2s2 =

nmet hyl phenyl ) oxazol | l]t‘n' ckel .di gr 1 de, e e -

met hyl enebi s[ (4R) 4*1% %‘;L/Fl:‘_%{,)és-[ |4§;‘512g"-’Dheny*rre:‘t1 Ti ’kﬁ)xﬁh‘e‘ﬁyl ) oxazol i ne] ni ckel

di br oni de, 5 TELPUbeRERL oL AR AR leR s ad 32, 0.

met hoxyphenyl ) oxazol i ne] ni ckel ~di'brom de,

met hyl enebi s[ (4R) - dn&EbPYEndbisp (28)~tdphenyl-5,5 ' -di-n- ,

nmet hoxyphenyl ) oxazol i ne] ni ckel di brom de, met hyl enebi s[ spi ro{ (4R)

- 4- et hyl oxazol i ne-Brdpyloxazoleyel abutkareldinekeld« br om de,
methylenebis[ (4R)-4-phenyl-5,5" -
diisopropyloxazoline]nickel dichloride, 2,2'-

10 methylenebis( (4R)-4-phenyl-5,5"'-
diisopropyloxazoline]nickel dibromide, 2,2'-
methylenebis[ (4R)-4-phenyl-5,5"'-
dicyclohexyloxazoline]nickel dichloride, 2,2'-
methylenebis([ (4R)~4-phenyl-5,5"-

15 dicyclohexyloxazoline]nickel dibromide, 2,2'-
methylenebis[ (4R)-4-phenyl-5,5"'-
dimethoxyoxazoline]nickel dichloride, 2,2'-
methylenebis{ (4R)-4-phenyl-5,5"-
dimethoxyoxazoline]nickel dibromide, 2,2'-

20 methylenebis| (4R)-4-phenyl-5,5 -
diethoxyoxazoline]nickel dichloride, 2,2'-
methylenebis{ (4R)-4-phenyl-5,5"-
diethoxyoxazoline]nickel dibromide, 2,2'-~
methylenebis[ (4R)~-4-phenyl-5,5"'~

25 diphenyloxazoline]nickel dichloride, 2,2'-

methylenebis{ (4R)-4-phenyl-5,5"'-

diphenyloxazoline]nickel dibromide,



15 met hyl enebi s[ spi ro{ (4R) - 4- met hyl oxazol i ne-5, 1' -

cycl opent ane} ] ni ckel di brom de, net hyl enebi s [spiro{ (4R

- 4- net hyl oxazol i ne-5,1" - cycl ohexane} ] ni ckel di bron de,

met hyl enebi s [spiro{ (4R) -4-nethyl oxazolége 5, 1'- 20

cycl ohept ane}] ni ckel di brom de, 2,2'- net hyl enebi s|

(4R) - 4-i sopropyl -5, 5- di nmet hyl oxazol i ne] ni ckel di brom de, 2,2'-

met hyl enebi s[ (4R) - 4-i sopropyl -5, 5- di et hyl oxazol i ne] ni ckel di brom de,

2,2'- 25 net hyl enebi s[ (4R) - 4-i sopropyl -5, 5- di -

pr opyl oxazol i ne] ni edead hyeli dxietvd slp( 4R ) -4 - méﬁhby_l—enebl-ﬁ[l(—lka)-—4 i sopropyl -5, 5-
di i sopropyl oxazol i ne] ni ckel di brom de, 2,2'-

rret hyl enebi s[ (4R) - fdtSuprwpshy b) &azollﬂedncygbéhemw roxeiztst i ne] ni ckel

di brom de, 2,2'- met hyl enebi s (4R) - 4-i sopr opyI 5, 5- 5

di phenyl oxazol i ne] MEKE LeRep bR HER) 24 omethyl-5, 5 ~di~ (3~

nmet hyl enebi s[ (4R) - 4 i

net hyl phenyl ) oxazolH %ﬁ@ﬁ%‘?ydf%’f%ﬁ?géneinéc‘el dibromide,

et hyl enebi s[ (4R) - 4- IF g hyl- _dji

met hyl phenyl )ogazol I n éﬂi{ meE g S’IO o

met hyl enebi s[ (4R) - 4@4%¥H§H@%y§ éxghoi4ne£n_cxe* dibromide,

met hyl phenyl ) oxazol i ne] ni ckel™ di brom de 2' -

et hyl enebi s[ (4R) - 4red tsoprepyb: 6 b4”) ~{ 2methyl-5,5" -di-(2-

met hoxyphenyl ) oxazol i ne] ni ckel di brom de, 2,2'- ) -

met hyl enebi s[ (4R) - MRS EopF Py Bl BOHEZ@ane]nlew dibromide,
methylenebis[ (4R)-4-methyl~5,5'-di-(3-

10 methoxyphenyl)oxazoline}nickel dibromide,
methylenebis[ (4R)~4-methyl-5,5"'-di-(4-
methoxyphenyl)oxazoline]nickel dibromide,
methylenebis[spirof (4R)-4-methyloxazoline-5,1"~
cyclobutane}]nickel dibromide,

15 methylenebis[spiro{(4R)-4-methyloxazoline-5,1"-
cyclopentane}]nickel dibromide,

methylenebis[spiro{(4R)-4-methyloxazoline-5,1"'-

cyclohexane}}nickel dibromide,

methylenebis[spiro{ (4R)-4-methyloxazoline-5,1"'~
20 cycloheptane}]nickel dibromide, 2,2'-

methylenebis([ (4R)-4-isopropyl-5,5
dimethyloxazoline]nickel dibromide, 2,2'-
methylenebis[(4R)-4-isopropyl-5,5-
diethyloxazcline]nickel dibromide, 2,2'-

25 methylenebis([ (4R)-4-isopropyl-5,5-di-n-

o]
H

ropyioxazolinelnickel dibromide,

methylenebis[ (4R)-4-isopropyl-5,5-



15 met hoxyphenyl ) oxazol i ne] ni ckel di brom de, 2,2'-

nmet hyl enebi s[ (4R) - 4-i sopropyl -5, 5-di - ( 4-

met hoxyphenyl ) oxazol i ne] ni ckel di brom de, 2,2'-

met hyl enebi s[ spi ro{ (4R) - 4-i sopr opy!| oxazol éne 51 -

cycl obut ane} ] ni ckel di brom de, 2,2'-

nmet hyl enebi s[ spi ro{ (4R) - 4-i sopropyl oxazol ine-5,1'"-

cycl opent ane}] ni ckel di brom de, 2,2'-

met hyl enebi s[ spi ro{ (4R) - 4-i sopropyl oxazol i ne-5, 1" -

cycl ohexane}] ni ckeliididpmspglbox@z@line Jnickel dibromide, 2,2'-
net hyl enebi s[ spi ro{ (4R) - 4-i sopr opyl oxazoline-5,1"'- 25

cycl ohept ane} ] ni ckuedthii dgroat de( (2R P-4-isopropyl-5,5-

met hyl enebi s[ (4R) - 4 [ sobutyl 5, 5- di met hyl oxazol i ne] ni ckel di brom de,
2.2 - 1cyc ohexy"oxazollne]ggcke1 dibromide, 2,2'-

rret hyl enebi s[ (4R) - 4- ieth I oxazol i ne] ni ckel di brom de,

2,2 - net hy & ﬁt@é’ bUt%ﬁ) ha}%b’bﬁfwogrg FoR- O
propyloxazoll e]nl @% 131 g%é%?ug]gleal dibromide

met hyl enebi s[ (4R) - 4- i Sopropyl oXazdI i ne] ni ckel

di brom de, 2,2'- pethy w@téwlée gﬁﬁlié&oﬁrbw@uw%—%l “(2-

di cycl ohexyl oxazol | ne] ni ckel rom de, 2,2

met hyI enebi s[ (4R ﬂé—ﬂ‘&dmheﬂyﬁ)&faz@lneqih@bﬁﬁ)ﬂ ammhmra%] Jnixkel -di brom de,
2,2 met hyl enebi s[ (4R)-4-isobutyl -5, 5-di -

met hy| pheny| ) oxaz &S] kfirekel s [df 4R prid desoprepyl-5,5-di-(3-

met hyl enebi s[ (4R ) - 4 1S phenyl )oxazol i ne] ni ckel

di broni de, 2, 2' - %%WM%T%WP&JMF%BU?#JLQ“B

10 meuhylenebms[(4R)¥4—isopropyl—5,S—dl-(é—
methylphenyl)oxazoline]nickel dibromide, 2,2'-
methylenebis[ (4R)-4-isopropyl-5,5-di-(2-
methoxyphenyl)oxazolinelnickel dibromide, 2,2'-
methylenebis[(4R)-4~isopropyl-5,5-di-{3-

15 methoxyphenyl)oxazoline]nickel dibromide, 2,2'-
methylenebis[ (4R)-4-isopropyl-5,5-di-(4-
methoxyphenyl)oxazoline]nickel dibromide, 2,2'-
methylenebis[spiro{(4R)—4—isopropyloxazoline—5,1'—

'cyclobutane}]nickel dibromide, 2,2'-

20 methylenebis[spiro{ (4R)- -4-isopropyloxazoline-5,1"-
cyclopentane}jnickel dibrcomide, 2,2'-
methylenebis[spiro{ (4R)-4-isopropyloxazoline-5,1'—
cycl hexnne>]nlcknl dibromide, 2,2'-
methylenebis[spiro{(4R)—4—isoproPyloxazoline—5,l'—

25 cycloheptane}]nickel dibromide, 2,2'-
methylenebis{ (4R)-4-isobutyl-5,5-~

dimethyloxazolinelnickel dibromide, 2,2'-



met hyl phenyl ) oxazol i ne] ni ckel di brom de, 2,2'-

nmet hyl enebi s[ (4R) - 4-i sobutyl -5, 5-di - ( 2- '

met hoxyphenyl ) oxazol i neJni ckel di brom de, 2,2 -

net hyl enebi s[ (4R) - 4-i sobutyl -5, 5-di - (3- 20

net hoxyphenyl ) oxazol i nel ni ckel di broni de, 2, 21-

nmet hyl enebi sr (4R) - 4-i sobutyl -5, 5-di - (4-

r net hoxyphenyl ) oxazoLi ne~ni cke& di broni de, 2, 2'-

met hyl eneb-i s[ spi ro{(4R) - 4-i sobutyl oxazol i ne-5, 1" -

cycl obut ane} ] ni ckehe@nRN@ALS, s 2 £R —42§sobuty; 5 5~

met hyl enebi s[ spi ro{ (4R)-4-i sobutyl oxazol i ne-5,/ 1

cycl opent ane} ] ni ckeliedinylamasl Zh@jnickel dlibtrbyﬂle!maebizs, 2" -
fsspiro{ (4R)-4-isobutyl oxazoline-5,1"-"

cycl ohexane}] ni ckemedibyrl@riedsis (4R} -4~isobutyl-5,5-di-n-
met hyl enebi sf spi ro{ (4R) - 4-i sobut yl oxazol i ne- 5, 1' -

cycl ohept ane} ] ni ck@lrod’iYB-r%ﬁﬁZd?ellnzeEuCkel dibromide, 2,2'-

met hyl enebi sf (4R) 4 I yl.oxazol i ne] ni ckel
di br oni de, ﬁ'eeﬂﬁﬁ]e%[e%‘ﬁ% ("ZR}S h 2Batyl - 5, 5-

di et hyl oxazol i ne] niggkels o 1

met hyl enebi s[ (4R) - 4- ter bUt%rB)gﬁs gejnlc}(e dlbﬁflmlfaez’ol I ne] ni ckel
di bromi de, 2,2'- i}a@thyf]l%t'iéﬂl%*[e(blﬁi(éfRiséthﬁrll—@Uts)d -5, 5-

di i sopropyl oxazol i nel ni ckel di brom de, 2,2

met hyl enebi s[ (4R) - d-itgrctl-dnaxpldxdezoline I ndcpkénylibxazdldene] i kel

di brom de, 2,2'- met hyl enebi s[ (4R)-4-tert-butyl-5,5- 15
di cycl ohexyl oxazol F“ﬁéPrY—@&‘eqb{ﬁ b4 dbs190putyl-5,5~
nEtherneblsf£4R) élD%EDQTJ lne]ngckel dibromide, 2,2'-

methylenebis((4R)-4~-isobutyl-5,5-di-(2-
methylphenyl)oxazoline]nickel dibromide, 2,2'-
methylenebis[ (4R)-4-isobutyl-5,5-di-{(3~
methylphenyl)oxazoline]nickel dibromide, 2,2'-

15 methylenebis[ (4R)-4-isobutyl-5,5~-di-(4-
methylphenyl)oxazoline]nickel dibromide, 2,2'-
methylenebis[ (4R)-4-isobutyl-5,5-di-(2-
methoxyphenyl)oxazoline])nickel dibromide, 2,2'-~
methylenebis[ (4R)~4-isobutyl-5,5-di~(3-

20 methoxyphenyl)oxazolinelnickel dibromide, 2,2~
methylenebis| (4R)-4-isobutyl-5,5-di-(4-
methoxyphenyl)oxazolinelnickel dibromide, 2,2'-
methylenebis{spiro{ (4R)-4-isobutyloxazoline-5,1"'-
cyclobutane}]nickel dibromide, 2,2'-

25 methylenebis{spiro{ (4R)-4-isobutyloxazoline-5,1"-
cyclopentane}lnickel dibromide, 2,2'-

methylenebis{spiro{ (4R)-4-isobutyloxazoline-5,1"-

63



met hyl phenyl ) oxazol i ne] ni ckel di brom de, 2,2'-

nmet hyl enebi st (4R)-4-tert-butvl -5, 5-di-(3-

met hyl phenyl ) oxazol i ne] ni ckel di bronri de 2,2'- 20

met hyl enebi s[ (4R)-4-tert-buLvl -5, 5-di -

meet hyl phenyl ) oxazol i ne] ni ckel di brom i d«§3 2,2' -

nmet hyl enebi s[ (4R)-4-tert-butvl -5, 5-di-(2-

met hoxyphenyl ) oxazol i neJni ckel di b-romnm de, 2,2'- met hyl enebi sr
(4R)-4--tert-butyl-5,5-di-(3- 25 met hoxyphenyl ) oxazol i nei ni ckel

di brom de, 2,21- cloﬁekaﬁbemﬁbbﬁtel(éabr%ﬁﬁret butyd = 5, 5-di - (4-
nmet hoxyphenyl )OvaO}]I ne] ni ckel di brom de, 2,2

64 met hyl meebys{aspblie{[ézﬂaR)ro4-(t4(Rr)t—~db{ﬂs)dm¢aﬂ0ixarm bindts5,1"’

cycl obut ane}] ni ckel di brom de, 2,2 nmet hyl enebis [ spirof (4R)
-4-tert-butyl oxazo¢YﬁéOBepi'are}]nlcke}cldo@e-?wam@},] M cket dibronide, 2,2'-

5 met hyl enebi s[spiro{(4R)-4-tert- butyl oxazoline-5,1"-

cycl ohexane} ] ni ckePeBiBrBAPRES (2 4R) -4 -tert-butyl-5,5-

met hyl enebi s[ gpirof (4R)-4stert-hutyloxa oI|n -5, 1" -

cycl ohept ane} ]%nl cké£“8. BY 5R8&° G n%”)nlc S er@bi 8 £ 4R) - 4- phenyl - 5, 5-

10 di net hyl oxaz R myde
met hyl enebi s[ (4R) Olﬁé@g!’ EFESESCE (Qﬁﬂ 4 “hzzfu%yazoﬁl ne] ni ckel di brom de,

2,2 - net hyl @ﬂ@’@h?ﬂ.éﬁa)zo"rl@éqw'c—k%ﬁ dﬂlbfbmdv, 2,2~
propyl oxazol i ne] ni ckel di brom de, 2,2
met hyl enebi s[ (4R) -Mephghghebis{ (4R) - 4—¢|a:stomm@y165<azedilﬂe]-n| ckel
di brom de, 2,2'-
propyloxazoline]nickel dibromide, 2,2'-

10 methyleneﬁis[(4R)—4-tert—butyl—5,5—
diisopropyloxazolinelnickel dibromide, 2,2'-
methylenebié{(4R)—4—tert—butyl—5,5—
diphenyloxazoline]nickel dibrcmide, 2,2'-
methylenebis{ (4R)-4-tert-butyl-5,5-

15 dicyclohexyloxazoline]nickel dibromide, 2,2'-
methylenebis{ (4R)-4-tert-butyl-5,5-di-(2-
methylphenyl)oxazoline]nickel dibromide, 2,2'-
methylenebis{ (4R)-4-tert-butyi-5,5-di-(3-
methylphenyl)oxazoline]nickel dibromide, 2,2'-

20 methylenebis{ (4R)-4-tert-but ,5-di-(4
methylphenyl)oxazoline]nickel dibromide, 2,2'-
methylenebis{ (4R)-4-tert-butyl-5,5-di-(2-
methoxyphenyl)oxazolinelnickel dibromide, 2,2'-
methylenebis{ (4R)-4-tert-butyl-5,5-di-(3-

25 methoxyphenyl)oxazolinelnickel dibromide, 2,2'-
methylenebis{ (4R)-4-tert-butyl-5,5-di-(4~

methoxyphenyl)oxazolinelnickel dibromide, 2,2'-



met hyl enebi s[ (4R) - 4- phenyl -5, 5- di cycl ohexyl oxazol i ne] ni ckel

di brom de, 2,2'- nmet hyl enebi s[ (4R) - 4- phenyl -5, 5- 20
diphenyl)oxazoline]nickel di brom de, 2,2'-

met hyl enebi s[ (4R) - 4- phenyl -5, 5-di-(2- met hyl phenyl ) oxazol i ne] ni cke
di bromi de, 2,2'- net hyl enebi s[ (4R) - B4phenyl - 5, 5-di - ( 3-

nmet hyl phenyl ) oxazol i ne] ni ckel di bromde, 2,2'- 25

met hyl enebi s{(4R) - 4- phenyl -5, 5-di - (4- met hyl phenyl ) oxazol i ne] ni ckel
di brom de, 2,2'- met hyl enebi s[ (4R) - 4- phenyl -5, 5-di - ( 2-

65 et hoxyrp@@wiéﬁéezekgaﬂewkﬁl 4L *eaqm_%%tﬁ&a—»olme 5,1 -
nmet hyl enebi s[ (4R) - 4- phenyl -5 met hoxyphenyl’) oxazol i ne”ni ckel

di brom de, 2,2'- cycI@Bﬁbahehﬁbiékéﬂﬁmlér@h@ﬂﬁ| % ,%di-(4- S
nethoxyphenyl)oxazollne]nlckel di brom de,
met hyl enebi s spi r ofi(etR)y bephng [ srazol { 4B 54ttert-but oot abol ane} ppilckel

di brom de, 2,2'- met hyl enebi s[ spi ro{ (4R) - 4- phenyloxazollne 51" -

cycl opent ane} | ni ckefY @ P entaee ) pnpckeljgibromide, 2,2

met hyl enebi s[ spi ro{ (4R henyl oxazoli ne-5, ohexane}]nlcke
di br ori de, 2, 2g el gyn%{‘) éhegrgf’ib‘l?é{(lltﬁf LA PER w%&&%ﬂﬁ%

ﬁ%?L;P:ﬁégpg%}2E§k4 %%gé g%ggs]g %kelddlbfﬁ?ﬁoxdzollne]nlckel di brom de,
2,2 - met hyl enebi $1 €460 1 41 DeN2Y {2RY=4-tert-butyloxazoline-5,1"' -
cycloheptane})nickel dibromide, 2,2'-
methylenebis{ (4R)-4-phenyl-5,5-

10 dimethyloxazoline]nickel dibromide, 2,2'-
methylenebis{ (4R)-4-phenyl-5,5-
diethyloxazoline]nickel dibromide, 2,2'-
methylenebis({ (4R)-4-phenyl-5,5-di-n-
propyloxazoline]nickel dibromide, 2,2'-

15 methylenebis{ (4R)-4-phenyl-5,5-
diisopropyloxazoline]nickel dibromide, 2,2'-
methylenebis[ (4R)-4-phenyl-5,5-
dicyclohexyloxazoline]lnickel dibromide, 2,2'-
methylenebis[(4R)-4~phenyl-5,5-

20 diphenyl)oxazoline]lnickel dibromide, 2,2'-
methylenebis[(4R)~-4~-phenyl-5,5-di-(2-
methylphenyl)oxazolinelnickel dibromide, 2,2'-
methylenebis{ (4R)-4-phenyl-5,5-di+ (3~
methylphenyl)oxazoline]nickel dibromide, 2,2'-

25 methylenebis{ (4R)-4-phenyl-5,5-di-(4-
methylphenyl)oxazoline]lnickel dibromide, 2,2'-

methylenebis[ (4R)-4~-phenyl-5,5-di~(2-



di et hyl oxazol i ne] ni ckel dibrom de, 2,2'-

nmet hyl enebi s[ (4R) - 4- benzyl -5, 5-di - n- pr opyl oxazol i ne] ni ckel
di brom de, 2,2 - 20 nmet hyl enebi s[ (4R) - 4- benzyl -5, 5-

di i sopropyl oxazol i ne] ni ckel dibrom de, 2,2'-

met hyl enebi s[ (4R) - 4- benzyl -5, 5- di c§Bl ohexyl oxazol i ne] ni ckel

di brom de, 2,2'- nmet hyl enebi s[ (4R) - 4- benzyl -5,5- 25

di phenyl ) oxazol i ne] ni ckel di brom de, 2,2'-

met hyl enebi s[ (4R) - 4- benzyl -5, 5-di - ( 2- met hyl phenyl )oxazol i ne] ni ckel
di brom de, 2,2'- pethoxyphenyl)oxazoline]nickel dibr8flide, 2,2°

nmet hyl enebi s[ (4R) - 4 benzyl -5,°5-di - ( 3- met hyl phenyl )oxazol i ne] ni ckel

di brom de, 2,2'- methw@eltejmmlse[r(e;bq)S.[4A@)el4ypegzyl.d5,_53d| (4-

met hyl phenyl )oxazol i ne] ni ckel di brom de, 2,2

met hyl enebi s[ (4R) métbexzphehyd- )chxa(zZalme]nlmeeho&yphemyki)aoxéz,dl ‘i-ne] ni ckel
di brom de, 2,2'- met hyl enebi s[ (4R) - 4- benzyl -5, 5- d| (3-

met hoxypheny| )oxaﬁ"@ltlhﬁ{é]eme(,bréél[ (cﬁpo)r-o%nm}éen@ 25,5-di-(4

met hyl enebi s[ (4R) - 4- henyl,) oxazol i ne] ni ckel

h
0 brom der 2.5 ) R RORARBRITIAL] LT bt ARF L 42 bOROTLERasof | ne. 5. 1
cycl obutane} | ni Ck%{eé:géﬁr %@Dqﬁsz[yﬁ%*Lo{ (|4R) 5 anenyLoxazolJ.

met hyl enebi s[spiro oxazol 1 ne- cyc lopeht ane}] ni ckel

di brom de, 2,2'- c;,élob@etamg}q@g@@lsmqug{&ﬁlﬁe -pepzyl oxazoline-5,1" -
cycl ohexane}] ni ckel di brom de,” 2,

methy‘enebls[splro{(4R) 4-phenyloxazoline-5,1"'-
cyclopentane}]nickel dibromide, 2,2'=-

10 methylenegis[spiro{(4R)—4—phenyloxazoline—5,l'—
cyclohexane}]nickel dibromide, 2,2'-
methylenebis[spiro{ (4R)-4-phenyloxazoiine-5,1"' -
cycloheptane}]nickel dibromide, 2,2°-
methylenebis{ (4R)-4-benzyl-5,5-

15 dimethyloxazoline]nickel dibromide, 2,2'-
methylenebis[ (4R)-4-benzyl-5,5~
diethyloxazoline)lnickel dibromide, 2,2'-
methylenebis[ (4R)-4~benzyl-5,5-di-n-
propyloxazoline]nickel dibromide, 2,2'-

20 methylenebis[ (4R)-4-benzyl-5,5-
dilisopropyloxazoline]nickel dibrowmide, 2,2'-
methylenebis[ (4R)-4-benzyl-5,5-
dicyclohexyloxazoline]nickel dibromide, 2,2'-
methylenebis({ (4R)-4-benzyl-5,5-

25 diphenyl)oxazoline]nickel dibromide, 2,2'-
methylenebis[(4R)-4-benzyl-5,5-di-(2~

methylphenyl)oxazoline]nickel dibromide, 2,2'-~



met hyl enebi s[ spi ro{ (4R) - 4- benzyl oxazol i ne-5, 1" -
and conpounds in which (4R) in each of the above-nentioned
corresponds to (4S), etc. Further, exanples of the neso
skel etons in each
above as the optically active

di br om de,

conmpounds

type isoner include conmpounds in which (4R) of two
of the compounds which are nmenti oned

subst ance

20

s of

bi soxazol i nes were changed to (4R) of one oxazoline

skel eton and (4S) of another oxazoline skel eton, and
[ hydrotri s(3,5-di met hyl pyrazol yl ) bor at e] ni ckel chl ori de,

[ hydrotri s(3, 5-

methylenebis[ (4R)-4-benzyl-5,5-di-f3-

di met hyl pyrazol yl ) bor at e] ni ckel brom de,
[ hydrotri s(3, 5-dimethylpyeagzd)pkphotdne]mickell dibromidd) de, 2 -

[ hydrotri s(3, 5-

di net hyl pyrazol yl ) bor at e] ni ckel net hyl, 5

[ hydrotris(3,5- dﬂW%thylpyehZ@[YHﬁbc#ab§meﬂ«£ Setdipt (4- [ hydrotris
(3,5- dlnethylpyrazolﬁyi borate] nickel al

[ hydrotri
[ hydrotri
[ hydrotri
[ hydrotri
[ hydrotri
[ hydrotri
[ hydrotri
[ hydrotri

s( 3, 5- diTet

s(3
s(3, 5-

s(3, 5-di et hy

B??%Z%P?F?EB%&P& el dibromige haPt 3l

5(3 5 di &% hy¥ ei b wf&ﬁr gt’éﬁ bgrv](:-fse]? é:ke{)% gm 8;', de, 10

meth?Q&S%QM VB?%QBX'%F%F@%%% yﬁéﬁﬁég?’z,z'—

pyrazoly bor at

s( 3, 5- diityy pyri@Bokyl thorat elmigkels eshyiﬂ (315
s(3, 5-di et hyl pyrazol yl ) bor at e] ni ckel aIIyI,
s( 3, 5- dirthlydpypragol ¥ pReratfleln® jckiedkel dibromide, 2,2'-

10

15

20

25

methylenebis[ (4R)-4-benzyl-5,5-di-(4-
methoxyphéhyl)oxazoline]nickel dibromide, 2,2'-
methylenebis([spiro{ (4R)-4-benzyloxazoline-5,1"'-
cyclobutane}]nickel dibromide, 2,2'-
methylenebis[spiro{ (4R)-4-benzyloxazcline-5,1"'-
cyclopentane}]nickel dibromide, 2,2'-
methylenebis[spiro{ (4R)-4-benzyloxazoline-5,1"-
cyclohexane}]nickel dibromide, 2,2'-
methylenebis[spiro{ (4R)-4-benzyloxazoline-5,1"-
cycloheptane}]nickel dibromide, and compounds 1n which
(4R) in each of the above-mentioned compounds
corresponds to (4S), etc. Further, examples of the meso
type isomer include compounds in which (4R) of two
skeletons in each of the compounds which are mentioned
above as the optically active substances of
bisoxazolines were changed to (4R) of one oxazoline
skeleton and (4S) of another oxazoline skeleton, and
[hydrotris(3,5-dimethylpyrazolyl)borate]nickel

chloride, [hydrotris(3,5-

cycl ohept ane} ] ni ckel

25



met hal | yl ,
chl ori de,

[ hydrotris(3,5-di-tert- but yl pyrazol yl ) bor at e] ni cke

[ hydrotris(3,5-di-tert-butyl pyrazol yl)borate] nickel 20

brom de, [hydrotris(3,5-di-tert- but yl pyrazol yl ) bor at e] ni ckel i odide,
[ hydrotris(3,5-di-tert-butyl pyrazolyl)borate] ni ckel nmet hyl ,
[hydrotris(3,5-di-tert- but yl pyr azoPyl ) bor at e] ni ckel et hyl,

[ hydrotris(3, 5-

25 di-tert-butyl pyrazol yl)borate]nickel allyl,

[ hydrotris(3,5-di-tert-butyl pyrazolyl) borate] nickel met hal | yl ,
conpounds indi cated by the structural

68 for nul agdgseriDgg-hebay: el bromikerr]
(wherein each of Rlerr] gnggR[er? lﬁgoééiﬁgﬂ S o Dro‘b%g

i1 sopropyl phehyl gr oup

and X, Rlerr] and Rhgarptate (3ng-antedh g oW yafbOPate 1nibkethe
substituents represented in Table 1 described elow. ) Rerr] and
Rl err] may be one bbdydeen{hgdoopris.(§., Sa acenapht hyl group) in one

uni t ed body.

10

15

20

25

dimethylpyrazolyl)borate]lnickel methyl,
[hydrotris(3,5-dimethylpyrazolyl)borate]nickel ethyl,
f{hydrotris(3,5-dimethylpyrazolyl)borate]nickel allvyl,
(hydrotris(3,5-dimethylpyrazolyl)borate]nickel
methallyl, [hydrotris(3,5-
diethylpyrazolyl)borate]nickel chloride,
{hydrotrié(B,S—diethylpyrazolyl)borate]nickel
bromide, [hydrotris(3,5-
diethylpyrazolyl)borate]nickel iodide,
(hydrotris(3,5-diethylpyrazolyl)boratelnickel methyl,
[hydrotris(3,5-diethylpyrazolyl)borate]nickel ethyl,
[hydrotris(3,5-diethylpyrazolyl)borate]nickel allyl,
(hydrotris(3,5-diethylpyrazolyl)borate]nickel
methallyl, [hydrotris(3,5-di-tert-
butylpyrazolyl)borate]nickel chloride,
[hydrotris(3,S—di—tert—butylpyrazolyl)borate]nickel
bromide, [hydrotris(3,5-di-tert-

butylpyrazolyl)borate]nickel iocdide,
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methyl, [hydrotris(3,5-di-tert-
butylpyrazolyl)borate]nickel ethyl, (hydrotris(3,5-
di-tert-butylpyrazolyl)borate]nickel allyl,
[hydrotris(3,5-di-tert-butylpyrazolyl)boratejnickel

methallyl, compounds indicated by the structural

5



69 Table 1 Rerr]=Rerr]=H Rlerr]=R err]=nethyl Acenaphthyl by

Rlerr] & Rlerr] X= F X=F X=F HRerr]=Rerr]=

Rl err] =R err] =met hyl Acenaphthyl by Rerr] & Rerr] X=C

X=d Rerr]=Rerr]=H Rlerr]=Rlerr] =methyl Acenaphthyl by R err]
& Rlerr] X=l X=1 68X= 1 Rerr]=Rerr]=H

R err]=Rlerr]=nmethyl Acenaphthyl by Rerr] & R err] X= Mthyl

X= nmethyl Rerr]=Rerr]=H Rlerr]=Rl err]=nmethyl Acenapht hyl by
Rlerr] & Rerr] X= EthyI X= et hyl X= ethyl Rerr]=Rerr]=H

th & X= n- | X=
gl S TE o 2??%%1»%5%% R ert] =R er ] oot hyl

Acenapht hyl by Rerr] & R[err] X= isopropyl X= isopropyl X= isopropyl
Rlerr]=Rlerr]=H Rlerr]=R err]=nmethyl Acenaphthyl by Rerr] & Rerr]
X= n-butyl X= n-butyl X= Rrdutylgi® err] =R=H

Rl err] =R err]=nmethyl Acenapht hyl\ by err] & Rlerr] X= phenyl X=
phenyl X phenyl Rerr] R[err, = R[err] =Rl err] =nmet hyl Acenapht hyl by
Rlerr] & Rerr] X= benzyl \%E X= benzyl

Furt her, conpounds wherei n a ni replaced with a palladi um
atom a cobalt atom a rhodium at Nior a ruthem um atomcan be simlarly
exenplified in the above-nenti on n\ckel conmpounds.

70

S (wherein each of R’ and R® is a 2,6-diisopropyliphenyl
group, and X, R’ and R!® are any one of the combination
of the substituents represented in Table 1 described
below.) R’ and R may be one bi-valent group (e.g. a

acenaphthyl group) in one united body.



Anong the transition netal
in which a transition netal

2, 6-bis-[1-(2, 6-

5 2,6-bis-[1-(2, 6-diisopropyl phenylim no)ethyl] pyri di neiron
dichloride, 2,6-bis-[1-(2-tert- but§9 phenyl i mi no) et hyl ] pyri di nei ron
di chl ori de, [ hydrotris(3,5-di nethyl pyrazol yl)borate]iron
chl oride, [hydrotris(3,5-dinethylpyrazolyl) 10 borate]iron brom de,
[ hydrotri s(3, 5- di et hyl pyrazol yl ) borate]iron iodide,
[ hydrotri s(3, 5- d|neahybpyrazolyl)borate]lron nethyl
[ hydrotris(3,5-di nethyl pyrazotytyborate]Trom ety
[ hydrotri s(3, 5-di neg’eplpyr azol yIrRPborate]iyionadddatdnhthylbey R® & RY?
[ hydrotri s(3,5-di net hyl pyrazol yl )borate]iron met hal | yl ,
[ hydrotris(3,5-di etfiylfpyrazol yli¥= F borat®tif¥on chl oride,
[ hydrotris(3, 5- dlethylpyrazolyl)bora eliron brpnjde, i,
[ hydrotris(3,5-di ethyRpyHazol yi| ROOR ategihvdni feerarsthypopy R® & RY
[hydrotris(3,5-diethy| yrazol yli) borate]ironj net hyl,
| A
[ hydr otri s( 3, 5-di et \/I /r azol \/I hni"m‘ e] Ll‘j)l’l 5 hQI'I
[ hydrotris(3,5-diethyl.pyrazolyl G at N , . o0
[ hydrotris(3,5-diet %;prrazolqubggaté%gﬁon hceqéﬁpt Vﬁa?¥y7 “ R
[ hydrotris(3,5-di-terts 25 bytykpyrazoly }beate]lron chloride,
hydrotri s(3, 5-di -t ert=butytpyrgzotyt)borate}t+ron bront-de;
[ hydrotris(3,5-di-teek®=H R®=R'=methyl | Acenaphthyl by R® &/@!*®
X= Methyl X= methyl X= methyl
R=R*%=H "I R”®>=R*°=methyl | Acenaphthyl by R’ & R
X= Ethyl X= ethyl X= ethyl
R¥=R*°=H R*=R¥=methyl | Acenaphthyl by R’ & R'°
X= n-propyl = n-propyl X= n-propvl
R’=R!°=H R*=R'*=methyl | Acenaphthyl by R’ & R*
X= isopropyl | X= isopropyl | X= iscpropyl
R¥=R**=H R’=R*°=methyl | Acenaphthyl by R® & R¥
X= n-butyl X= n-butyl X= n-butyl
R¥*=R*’=H R’=R**=methyl ! Acenaphthyl by R’ & R'®
X= phenyl X= phenyl X= phenyl
R?=R'% =g R’=R*=methyl |Acenaphthyl by R* & RY
X= benzyl X= benzyl X= benzyl
Further, compounds wherein a nickel atom is

conpounds,
atom

specific

exanpl es of a conpound
is an iron atom i ncl ude
di met hyl phenyl i mi no) et hyl ] pyri di nei ron di chl ori de,

replaced with a palladium atom, a cobalt atom, a rhodium

un

atom or a ruthenium atom can be similarly exemplified

in the above-mentioned nickel ccmpounds.



butyl pyrazol yl )borate]iron iodide, [hydrotris(3,5-

di-tert-butyl pyrazolyl)borate] iron nethyl,

[ hydrotris(3,5-di-tert-butyl pyrazolyl)borate]iron et hyl ,

[ hydrotris(3,5-di-tert- 5 but yl pyraz % | Yborate]iron allyl,
0

[ hydrotri s(3, 5-

i ke.

with a cobalt atom or
t he above-nenti oned_iron conpounds.
conpounds nay be used

the conpounds.

or ganoal um num Coﬁﬁ@ﬂt@de@fof@coh@our@ﬁfﬁoﬁﬁ‘ﬂbﬁca tli%eiillﬂdrhﬁ!e(ﬂaﬂf élﬁom
pol ymeri zati on catalyst of the present invention, well-known

or ganoal um num

i ndi cated by the

Al Y[err]

an et hyl
72

(4)

group,
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di -tert-butyl pyraz | Yborate]iron nethallyl, and the

Furt her, conpounds wherein an iron atomis replaced

a nickel atomcan be simlarly 10 exenplified in
These transition netal
ﬁﬂdgghthe traﬁglinoﬁoﬂgkgﬁtb%ﬁn%h“%soréggéaﬁi@ds of

ganoal um num conpound

is aconponnes cxan el wsed? , @mbmsgameaﬁuﬁrnuntconpound

eneral formula (4) is preferable. Rlerr]

20 *memﬂmmnah@mr&)m‘syh]wm@éaﬁbéﬁngfiéeﬁlwmdﬁg 1to
8 carbon atons, Y rﬁ

and ¢ represéhts 5
R in the general

is preferably an B

presents hydr.ogen atom and/or .a al.ogen atom

argér satlsﬁyﬂnj%ﬁPrOPYlp%ﬁﬂ%&FBﬁDBfeG *é [err] 3.)
”ﬁﬁ%egg)hr%ﬂxﬁﬁeQF<$9 the. 25, rgrg?nggguntnuntconpound
y

specifit ekanpres i nclude anethyl group,

buty1RhRnRARMIn OFUR 1 Fodr DUt YL 1 9hAUR: cBRok-seRUL Yl group,

[hydrotris(3,5-dimethylpyrazolyl)borateliron

chloride, [hydrotris(3,5-dimethylpyrazolyl)

bora

te]iron bromide, [hydrotris(3,5-

dimethylpyrazolyl)borate]iron iodide,

[hydrotris(3,5-dimethylpyrazolyl)borate)iron methyl,

[hydrotris(3,5~dimethylpyrazolyl)boratejiron ethyl,

[hydrotris(3,5~-dimethylpyrazolyl)borate]iron allyl

[hydrotris(3,5-dimethylpyrazolyl)borate]iron

methallyl, [hydrotris(3,5-diethylpyrazolyl)

borate]iron chloride, [hydrotris(3,5-

diethylpyrazolyl)boratejiron bromide,

[hydrotris(3,5-diethylpyrazolyl)borate]iron iodide,

[hydrotris(3,5-diethylpyrazolyl)borate)liron methyl,

(hydrotris(3,5-diethylpyrazolyl)borateliron ethyl,

[hydrotris(3,5-diethylpyrazolyl)borate]iron allyl

{hydrotris(3,5-diethylpyrazolyl)boratejiron

methallvl, [hydrotris(3,5-di-tert-

butylpyrazolyl)borate}iron chloride

[hydrotris(3,5~di-tert-butylpyrazolyl)borate]iron

bromide, [hydrotris(3,5-di-tert-



a n-hexyl group, a 2-nethyl hexyl group, a n-octyl group and the |iKke,

and a net hyl group, an ethyl group, a n- butyl group, an isobutyl
group and a n-hexyl group are preferable. Wien Y is a hal ogen atom
specific 5 exanpl es include a quorin% atom a chlorine atom a

broni ne atom and an iodine atom and a chdrine atom is preferable.
Speci fic exanpl es of the organoal um num conpound represented by the
above-nenti oned general fornula (4) 10 i nclude trial kyl al umi nuns such as
trinmethylal um num triethylalum num tri-n-propylalumnum tri-n-

butyl al um num triyg LN Ly B o4 yl I U -
tri-n-octylalum|ﬂﬁ%%¥¥?%%é???ié?ﬂ$rg{é]gf%ﬁk?ﬁ&F@%ﬁnJ%&%ﬂ?orTd%g3éach as
di met hyl al um num d]i5-te1€¥11kﬂi’&§dﬁpyﬂ£zﬁi?yt)Bb%'alﬂ@i]rilt@nCh{e(HHydleﬂ

di i sobutyl al um num chl ori de, di-n-hexylal um num chl oride and the

i ke; al kyl al um nymyicidors gdesssdichtert-buaylpgtralcdlyvinibnurak € hi oonde

et hyl al um num di chl ori de, n- propyl al um num di chl ori de,
n-butyl al umi num 20hyldi chiydreieris 6dbbtgdiatemitrum di chl ori de, n-

hexyl al um num di chl oride and the |ike; and . s dialkylaluninun1h¥drides
such as di met byl aRRMRHT2zoly hyherake ] dreph@iamdm demaRRirT (3 5-

di - n-propyl al um num hydrjde, disnsbutyl al um num hydride, o
diisobutylaluninuﬁg%f:fﬁ%ﬁf&%ﬁi?ﬂ%%i?%%ﬂﬁﬁ?%&%F%J“inlﬁ? ?Fgg§§ddggﬁe“‘?ke,
etc. Amgng. 4 hese, trial kyl al um nuns are preferable and

73

Further, compounds wherein an iron atom is replaced
with a cobalt atom or a nickel atom can be similarly
10 exemplifiéé~in the above-mentioned iron compounds.
These transition metal compounds may be used alone,
or in combination of 2 or more kinds of the compounds.
(C) Organcaluminum compound

As the organoaluminum compound of the

Pt
(6]

component (C) used in the olefin polymerization catalyst

of the present invention, well-known organoaluminum

compounds can be used. An organoaluminum compound

indicated by the general formula (4) is preferable.
R.ALY,. (4)

20 (wherein R represents a hydrocarbon group having 1 to

8 carbon atoms, Y represents a hydrogen atom and/or a

halogen atom, and ¢ represents a number satisfying an

egquation of 0 < ¢ = 3.)

2

R in the general formula (4) representing the
25 organoaluminum compound is preferably an alkyl, and
specific examples include amethyl group, anethyl group,

a n-propyl group, a n-butyl group, an isobutyvl group,



trimethyl al um num triethylalumnum tri-n- but yl al um num

triisobutylalum numor tri-n- hexyl al um numis nore preferable.
These organoal um num conpounds may be used al one or 5 i n conbi nati on of
2 or nore kinds. (D) Boron comp legd As the boron conpound
(D) in the present invention, t hef® can be used any one of (Dl1) a
boron conpound represented by the general fornula

B err]err]Qerr], (D2) a boron 10 conmpound represented by the general
formul a Gerr](BQerr]qerr]err]err]) and (D3) a boron conpound
represented by g n‘—-héﬂ? genal@ of PLEdtByinexyl group, a n-octyl group
(L-H)[err](BQerr]Qerr]Qerr]err])[err]. In the boron

conpound (D1) repnesenteed ike tlend a megener atotipr nehaeBgyear rgr@wes r 14) err]
, B represents a boron atomin the 15 trivalent valence state; err]
to Qerr] muy benthatydnwronup, an idgiddurehtgoewp rapd esenthaxiadl ogempat om

a hydrocar bon a haI o nat ed hydrocar bon group, a subFstl tuted
silyl group, an élrﬁoweg‘:@ediﬁ? ns%b%%l?ufédoaﬁfnétomr S B Oupt € Each of

derr] to Qerr] r.ef er.abl haI en ato drocar Qn group
having 1 to 20 cglxl%tp &5 or‘?ﬁqC%‘dae col%ﬁ?%lge%g%%%mhy%lr%% Bﬁﬂeg?gﬁﬁ‘ ‘hdving 1
10 20 carbon = brcflOi.adbodWet Idilieh Sid vie Gh OUPn biayT 091 4r 1020 1 bON
atons, an al koxy group having 20 carbon at ohs oF an am no group
having 2 to 20 carsb@ﬁeafteqr%lermre 25 preferably a hydrocarbon group
having 1 to 20 carbon atons or a hal ogenated hydrocarbon group having
lto 20 carbon femsfic examples of the organocaluminum compondd

represeptedtnrthe above-mentioned general formula (4)

10 include tfialkylaluminums such as trimethylaluminum,
triethylaluminum, tri-n-propylaluminum, tri-n-
butylaluminum, triisobutylaluminum, tri-n-
hexylaluminum, tri-n-octylaluminum and the like;
dialkylaluminum chlorides such as dimethylaluminum

15 chloride, di-n-butylaluminum chloride,
diisobutylaluminum chloride, di-n-hexylaluminum
chloride and the like; alkylaluminum dichlorides such
as methylaluminumdichloride, ethylaluminumdichloride,
n-propylaluminum dichloride, n-butvlaluminum

20 dichloride, iscbutylaluminum dichloride, n-
hexylaluminum dichloride and the like; and
dialkylaluminum hydrides such as dimethylaluminum
hydride, diethylaluminum hydride, di-n-propylaluminum
hydride, di-n-butylaluminum hydride,

25 dilsobutylaluminum hydride, di-n-hexylaluminum
hydride and the like, etc.

Among these, trialkylaluminums are preferable and



Speci fic exanpl es of the conpound (D1) include

tris(pentafl uorophenyl)borane, tris(2,3,5, 6-

tetrafl uorophenyl ) borane, tris(2,3,4,5- tetrafl uorophenyl ) bor ane,
tris(3,4,5- 5 trifluorophenyl)borane, Zéris(2,3,4-trifl uor ophenyl)

borane, phenyl bi s(pent afl uorophenyl) borané&, etc., nost preferably
tris(pentafl uorophenyl) borane. In the boron conpound (D2)
represented by the general formula Gerr](BQerr]err]err]Qerr]),

G err] represents an inorganic 10 or organic cation; B represents a
boron atomin the trimetiyVvaleninval enesttties@ch(derstite_Qerr] are
as defined in Qerr] to err]. Speci fi c exanpl es of
derr] as an inorgdnitytatuminum, triisbbetgadrgdoimichureps:esent ed-by the
general formula 15 err](Berr]Qerr]err]Qerr])- include
ferroceni um cati on,h&i¥daluminum sgbmpiceutrad fearakdeeni um cation, silver

cation, etc. Exag;%I es of the Jerr] as an organic cation include
tri phenyl net hyl cati onTP€SEsOpPRRRAINIY- IR SPRBRMGMS MaY be ysiegnalone or

ticularly actri hyl. cation 20 _Exanples of
P o) o 8 PRI 1R o PRI ©

tetraki s(pentaf | uorgghapylhbrAt d
tetrakis(2, 3,5, 6-tét ?af I uoropher?;qulll)%orat e,

tetrakis(2,3,4,5-tetrafdsuehephenyh)di@d€nd (D) in the present invention,
tetrakis(3,4,5-trifluorophenyl)borate, 25

tetrakis(2, 3, 4-tri theseophenyle) horeat egny one of (Dl) a boron compound
phenyl tris(pentafl uorophenyl)borate, tetrakis(3,5- as

bi strifl uoronmet hyl pPREAFFFBGES: BY ®ie general formula BQ'Q°Q°, (D2) a boron

10 compound répresented by the general formula
G"(BQ'Q’Q’Q*)” and (D3) a boron compound represented by
the general formula (L-H)"(BQ'Q?Q%Q%)".

In the boron compound (Dl) represented by the
general formula BQ'Q?’Q’, B represents a boron atom in the

15 trivalent valence state; Q' to @’ may be the same or
different and represent a halogen atom, a hydrocarbon
group, a halogenated hydrocarbon group, a substituted
silyl group, an alkoxy group or a di-substituted amino
group. Each of Q' to Q’is preferably a halogen atom,

20 a hydrocarbon group having 1 to 20 carbon atoms, a
halogenated hydrocarbon group having 1 to 20 carbon
atoms, a substituted silyl group having 1 to 20 carbon
atoms, an alkoxy group having 1 to 20 carbon atoms or
an amino group having 2 to 20 carbon atoms, more

25 preferably a hydrocarbon group having 1 to 20 carbon
atoms or a halogenated hydrocarbon group having 1 to

20 carbon atoms.



75 Speci fic conbi nati ons of them i nclude
ferroceni unt etraki s(pent af | uor ophenyl ) borate, 1,1'-

di met hyl f err oceni unt et r aki s( pent af | uor ophenyl ) bor at e,

silvertetraki s(pentafl uorophenyl) borat e, 5

tri phenyl met hyl t et r aki s( pent af | uor ophenyl Y4or at e,

tri phenyl nethyltetrakis (3, 5- bi strifl uoronet hyl phenyl)borate, etc.,
nost preferably tri phenyl met hyltetrakis

(pent af | uor ophenyl ) bor at e. In the boron corrpound (D3) represented
by the formula (. e r] de re

neutral Lew s Lse@?%P%[é%lra?preSr gsfgn h]e og(rIJoc;nuerj d( %@Fd ﬁg%ée
represents atqa@(rb@f;mwa héﬁw%‘a%n\éal 23e8 @laie, and Qerr] to
Qerr] are as defined in Qerr] to err| peC| fic exanpl es of
(L-H[err] as a Brasiretflacthpenyl) botaﬁeqom@@md npepr.esented by the
formul a (L-H +(BQerr]Qerr]Qerr]Qerr])- i'ncl ude

trial kyl -substitut égetrafluamnmreuys)bdhndi akkylsddi, |4, Fi-uns,

di al kyl anmoni uns, triaryl phosphonl uns, etc., and exanples of

(BQ err] Qerr] @ er fraferyqnarionyl) baernge th6S6 2a8 /deftimidd wpnphenyl)

Speci fic conbi natigon of the

triethyl anmoni unt et¥daEp I nCJU%T%E)B%Wg}Ff)-B8F8PEGT‘VL) borane, etc.
trpropylannnn|unte i§45¥gfgg ppg&xgkbgrﬁhgggbhebg;gtborane

tri(n-butyl)anmoni um et raki s(‘pent uor
tri(n-butyl)amoni unt et)fx\iik*ﬂ:l§é3b5ron compBudldr |(f2uormmtdnd pheaybyberat e,

N, N- di met hyl ani i ni unt et r aki s(pent afI uorophenyl ) bor at e,
76 general o*mula G’ (BQ'Q*Q°Q*)", G' represents an inorganic
10 or organlc cation; B represents a boron atom in the

trivalent valence state; and 0' to 0% are as defined in
o' to Q.

Specific examples of G" as an inorganic cation in
the compound represented by the gerneral formula

15 G'(BQ'Q*Q’0')” include ferrocenium cation, alkyl-
substituted ferrocenium cation, silver cation, etc.
Examples of the G' as an organic cation include
triphenylmethyl cation. G is preferably a carbenium
cation, particularly a triphenylmethyl cation.

20 Examples of (BQ'Q?Q%°0*)” include
tetrakis(pentafluorqphenyl)borate,
tetrakis(2,3,5,6-tetrafluvorophenyl)borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,

tetrakis(3,4,5-trifluorophenyl)borate,

W]
ul
ct

tetrakis(2,3,4-trifluvorophenyl)borate,

o

tris(pentafluorophenyl)borate, tetrakis(3,5-

e

heny

bistrifiucromethylphenyl)borate, etc.



N, N- di et hyl ani |'i ni unt et r aki s(pent af | uor ophenyl) bor at e,
N, N-2

N, N-
b

, 4, 6-pentanet hylaniliniuntetrakis (pent af | uor ophenyl ) bor at e,
\ di met hyl ani i ni unt et r aki s(3, 5- 5
i strifluoronethyl phenyl)borate, di i sopropyl ammoni unt et r aki s
(pent af | uor ophenyl) borate, dicyclohexylammoniuntetrakis
(pent af | uor ophenyl ) bor at e,
tr|phenylphosphonluntetrakls(pentafluorophenyl) 10 borate,
tr|(nethylphenyl)phosphonluntetrakls 73(pent af | uor ophenyl ) bor at e,

tri(di nethyl phenyl) Pﬁﬁﬂyug; ! §5gglggp@qggflHgﬁg@@gnyl)borate
a u y

etc., nost prefe ytn(m anmoni unt et raki s

(pent af | uor opheny! )deorad @ Ofulh & rakds %_ﬁéﬂ%faff)lb%mo'db@mle)th{@dﬁ*@e, 1,17

(pent af | uor ophenyl ) borate. e anount ratio (nolar ratio of
respective c at iadesi y cHsposesat Sunsed rak i@ eprrasaniodoneniy bnbosat

not specifically limted. The nolar ratio of the nodi fi ed al um num
oxy conpound of corgporehtyeyt Qt»ahES(Qentaﬁﬂawmqp<ﬂnmﬁm&ﬂ gorpound of
conponent (B) %(A)/(B)] referably in the range of 1/1 to 10000/ 1,
and nore preﬁé%ﬂﬂ%ﬁﬂ)ﬂ??%y @BFikls(De"taleNQQ?tQﬁykﬁEﬁﬁ%EFunlnum
conpound of conponqnt lar ratio of (B) to
(O[(B)/(Q] is &%‘%lr%%‘fy Fret ﬁakﬁsﬂéégﬁf 1/0.1 to 1/10000, more

breferably 1/1 to yl%ocorol@ﬂgof@f&étw%ﬁéagahxbyr%éeq etc., HJ0O.

preferably triphenylmethyltetrakis
(pentaflgorophenyl)borate.

10 In thé boron compound (D3) represented by the
formula (L-H)"(BQ'Q°0°Q')", L represents a neutral Lewis
base; (L-H)” represents a Breonsted acid; B represents
a boron atom in the trivalent valence state; and Q' to
Q' are as defined in Q' to Q.

15 Specific examples of (L-H)' as a Br¢nsted acid in
the compound represented by the formula
(L-H)"(BQ'Q’Q’Q0*)” include trialkyl-substituted
ammoniums, N,N-dialkylaniliniums, dialkylammoniums,
triarylphosphoniums, etc., and examples of (BQ'Q’Q°Q*)”

20 include those as defined above.

Specific combination of them include
triethylammoniumtetrakis(pentafluorophenyl)borate,l

-

tripropylammoniumtetrakis(pentafliuorophenyl)borate,
tri(n-butyl)ammoniumtetrakis (pentafluorophenyl)
25 borate, tri(n-butyl)ammoniumtetrakis(3,5-

bistrifluoromethyliphenyl)borate, N,N-

dimethylaniliniumtetrakis(pentafluorophenyl)borate,



When t he boron conpound of conponent (D) is used, the nolar ratio of

(B) to (D[(B)/(D)] is preferably in the range of 1/0.01 to 1/100,
nore preferably 1/0.5 to 1/10. 5 A et hod of supplying
respective catal yst conponents into_a polymnerization reactor is not
specifically limted. The nodified aluninaﬁ1oxy compound (A), the
transition netal conmpound (B), if necessary, further, the

or ganoal um num conpound (C, 10 i f necessary, noreover, the boron
conpound(D) nmay be . charged after previously contacted, and may be
separ atel y char ges, Nndtike hyaactiarin iAfritest 240i ¢ [péhyafluoropbringilns two
conponents anong these, the remaining conponent (s) may be contact ed.
15 When t hebpespect iN&-Copdngrers:t amet iigkanihiniumtetragust i on, each
of the concentrations of the nodified al um num oxy conpound(A) and

t he organoal unmi nufiPertaf lusmemhed Y10)Pazataualt§-0. 0001 to 100 nol /L in
terns of Al ato nd ferably 0 01 o_10nol /L, 20 respectively.
The concentrat i on9oFeFRE ﬂ§| >~ conpound (B) is usually

0.0001 to 100z Mo} /L., 11 .t . Ltion netal atom and
b1 coer e g g YlD?DhH‘ﬂ e

preferably O. e ‘concentrati on of the boron conpound

(D) i's usuaklys8o9Q ytlgné%lmmédfmse(wneéflﬁ@re%%yl%S at om
and preferably 0.01 to 250Mmmol hod of supplyi'ng each of

t he catal yst bo@aﬁponaﬁb@dnmﬁhxyﬁﬁMmﬁni@mﬂ@trspee|f|calIy limted.
8 (pentafluorophenyl)borate,
triphenylphosphoniumtetrakis{pentafluorophenyl)

10 borate, tfikmethylphenyl)phosphoniumtetrakis
(pentafluorophenyl)borate, tri(dimethylphenyl)
phosphoniumtetrakis(pentafiuorophenyl)borate, etc.,
most preferably tri(n-butyl) ammoniumtetrakis
(pentafluorophenyl)borate or N, N-

15 dimethylanilinumtetrakis(pentafluorophenyl) borate.

The amount ratio (molar ratio) of respective
catalyst components used in the present invention is
not specifically limited. The molar ratio of the
modified aluminum oxy compound of component(A) to the

20 transition metal compound cf component (B) [(A)/(B)]
is preferably in the range of 1/1 to 10000/1, and more
preferably 1/1 to 5000/1.

When the organcaluminum compound of component (CY
is used, the molar ratio of (B) to (C)[(B)/(C)] is

25 preferably in the range of 1/0.1 to 1/10000, more
preferably 1/1 to 1/5000 and most preferably 1/1 %o

1/1000.



There is illustrated a nethod of supplying each of the conponents in

a solid condition, a nethod of charging each of the conponents as a
solution in which it is di ssolved in a hydrocarbon solvent or in a
slurry state 5 in which it is suspended, or the |ike. The
pol ynmeri zation process is not specifically7 limted, and includes a
sol vent pol ynerization using an aliphatic hydrocarbon such as but ane,
pent ane, hexane, heptane, octane or the |like; an aromatic 10

hydr ocar bonsuch as toluene or the like; or ahalogenated hydr ocar bon
such as net hyl ene dlCh|ﬁﬂéget@g ggg%é éﬁh oun 095: ﬁﬁt ﬂ lg.géqgry
pol yneri zation, a bulk ‘Dol yreri zat I'on” whi Th arrTé t

liquid mononer,  the &3S PASES p@tynﬁylgetwn I(@,)\Mebqf] Fi%' %@@féﬁég pis
15 conducted in a gaseous nononer, hi gh- pressure proces In ich
pol yneri zation is dendiet ednige acsuperou%qahoo moxd lyz@mmblyqn/@fsa
nmononmer under hi gh tenperature and hi gh pressure, or the like. As the
pol ymeri zati on to pgr/ddess, both of a batch-w se polynerization and a 20
continuous polynerization are possible. The pol ymeri zation

tenperature is’usually - BOf&T t*f SuPplboperFFEeaRd VS SRl §-

-20[err]Cto 250[err]C.The polynerizat ressure is usually 0.1 to
Sookba ]preferab{y &%P Q?nté) XE%OiPBOiXWB ﬁﬁﬁ?%%bﬁéf&ﬁ%r(rﬁ.?%CXOONPa

In general, e%aqqdly gaﬂm fmeqhg 3%@%&“ taeﬂ dgier g ped

according to the kind of a red polymer an reac appar at us,
and 1 mnute to Zoc@mﬁdhﬂﬁﬂkﬂﬁ,a@@@tﬁﬂans tion metal componnd (B), 1if

79
necessary, further, the orgarnocaluminum compound (C),

10 if necesséry, moreover, the boron compound(D) may be
charged after previously contacted, and may be
separately charged in the reactor. After arbitrally
contains two components among these, the remaining
component(s) may be contacted.

15 When the respective components are used in a
solution, each of the concentrations of the modified
aluminum oxy compound(A) and the organoaluminum
compound (C) is usually 0.0001 to 100 mol/L in terms
of Al atom, and preferably 0.01 to 10mol/L,

20 respectively. The concentration of the transition metal
compound (B) is usually 0.0001 to 100 mmol/L in terms
of the transition metal atom, and preferably 0.01 to
50mmol/L. The concentration of the boron compound (D)
is usually 0.001 to 500 mmol/L in terms of the boron

25 atom, and preferably 0.01 to 250mmol/L.

The method of supplying each of the catalyst

components in a reactor 1s not specifically limited.



The pol yneri zation catal yst of the present i nvention can be applied

to pol ynerization of ol efins. As nmononers whi ch can be applied,

ol efins and diol efins having 2 to 20 carbon atonms and the |ike can be
used, 5 and et hyl ene and a-ol efins haV|ng 3 to 20 carbon atons

are preferable. Two or nore nononers can dBso be used,

si mul t aneousl y. These specific exanpl es include et hyl ene, propyl ene,
1- but ene, 1-pentene, 4-nethyl - 1- pent ene, 5-nethyl -1-hexene,

1- hexene, 1- heptene 10 1-octene, 1-nonene, 1-decene, vinylcycl ohexane,
nor bor nene, 3- but adisene; 1 Yrept 2dé 88 melbirsd of supp@¥adLBach of the
1,7- octadlene 5-et hyl i dene- 2- nor bor nene and the 'l i ke.” The present

invention can be appbmpdnkfts in atdel honepedyoeohzakimetwsd of charging
copol ynmeri zation of these 15 ol ef ins. Specific exanples of the nononers

constituting eacbpolfyirbe cropudendtshydene-sebleiém havivhgcld ta 26
carbon atons such as'ethglene progylene et hyl ene- 1- but ene,
et hyl ene- 1- hexene af#SEReVEEkED asavdrpearjpon so‘veelte@rrﬂel $UBRUASY state

propyl ene- 1- but_ene and Lge I|ke but esen jnvention should not

be linited theret 0. * Rs Fhésoﬁeﬁﬁ?ﬂﬁﬂ%f Tpo bﬁ%rs of ethylene
with an [err]-ol efI‘h% %%‘18@@14 g.vdaé&'-o?'fpr@@g?%ylé' n§e 8‘6’1&%’&

pol yet hyl ene) are prefera onDpo yne S0
a-olefin are preferabhytadoptgd, indPuded™Ng1RAIAL @a&l@mzfa{@io@fusmg

1-butene is particularly adopted. [err]-olefin honopolyners of ulfra
hi gh nol ecul ar anweilghbhatdn hedebicainteth Budisi ag bireapel ypenikaatki,on
hexane,‘heptane, octane or the like; an aromatic
10 hydrocarbensuchastolueneorthelike;orzihalogenated
hydrocarbon such as methylene dichloride or the like,
as a solvent, or a slurry polymerization, a bulk
polymerization which is carried out in a liquid monomer,
a gas phase polymerization in which polymerization is
15 conducted in a gaseous monomer, a high-pressure process
in which polymerization is conducted in a supercritical
fluid condition of a monomer under high temperature and
high pressure, or the like. As the polymerization
process, both of a batch-wise polymerizaticn and a
20 continuous polymerization are possible.

The polymerization temperature is usually -50°C to
300°C and preferably -20°C to 250°C. The polymerization
pressure is usually 0.1 to 300Mpa, preferably 0.1 to
200MPa, and more preferably 0.1 to 100MPa. In general,

25 the polymerization time is appropriately determined
according to the kind of a desired polymer and a reaction

apparatus, and 1 minute to 20 hours can be adopted.



catal yst of the invention. Further, the polynerization catalyst

of the present i nvention can be also applied to honopol yneri zati on of
an al kenyl aromatic hydrocarbon or to copolynerization 5 of at |east one
al kenyl aromatic hydrocarbon and at | east one ol efin.

Al kenyl aromatic hydrocarbon pol yners of HPgh nol ecul ar wei ght,
particul arly copolyners of at |east one al kenyl aromatic hydrocarbon
and at | east one olef in, 10 havi ng a nunber average nol ecul ar wei ght of
700, 000 or nore and a nol ecul ar weight distribution in terns of

a ratio [ MW Wn] of melgr&t(ﬁsﬁq{%qg‘%@%yéggcwég%gmf the Iportué}ygber

aver age nol ecul ar wei ght can be p ced with a

high activity by usiRgehR8onléan HOlEHRIiBtic0Bot g Hataford Be BlLEFERlS .

i nvention. Further, as the copolyners, those having a nunber

aver age nol ecul ar wasghdénohe75KHI0h aannbe eaalni @, allssfins andpdbdille€dns

Speci fic exanples of the alkenyl aromatic 20 hydr ocar bon i ncl ude al kyl

styrenes such as p-having gethyP8tgaehen atamshghdt $henéike- menhpestigeane,

p- et hyl styrene, methyl styrene, o-ethylstyrene,_ 2, 4-

di net hyl styrene " 2, 824 %’Ph%%?ﬁ%ﬁe@ -3 lafdinfe iRy R 3 toszt%ncé‘ﬁ@,on atoms

3, 5-di net hyl styrene Ist¥5ene -tert- UtéJSt rene,
T e used,

4 3-ne;h%léi- cgtq% R-Lg 4
p- sec- but yl §F{rRhe” ahaPthe 1THR CafRESTOBERZERS BT S
styrene, 2'pheny|prQgﬁbﬁ@%ne%hgh%nyHﬂg§¥“%§g@i%bg examples include

ethylene, propylene, l-butene, l-pentene, 4-methyl-
l—pentege, 5-methyl-l~hexene, l-hexene, l-heptene,
10 l-octene{“l;nonéne, l-decene, vinylcyclohexane,
norbornene, 1,3-butadiene, 1,4-heptadiene, 1,5-
hexadiene, l,7—octadieﬁe, 5-ethylidene-2-norbornene
and the like. The present invention can be applied to
the homopolymerization or copolymerization of these
15 olefins. Specific examples of the monomers constituting
a copolymer include ethylene-~a -olefin having 3 to 20
carbon atoms such as ethylene-propylene, ethylene-
l-butene, ethylene-l-hexene and the like, said «-
olefins such as propylene-l-butene and the like, but
20 the present invention should not be limited thereto.
As the olefin polymer, copolymers of ethylene with an
¢ -olefin (so-called LLDPE, namely linear low density
polyvethylene) are preferably adocpted. And,
homopolymers of an -olefin are preferably adopted,
25 among them, a homopolymer of l-butene is particularly
adcpted. a-olefin homopolymers of ultra highmolecular

welght can be obtained by using the polymerization



10

| i ke, bisal kenyl benzenes such as divinyl benzene and the Iike,

vi nyl napht hal enes such as 1-vi nyl napht hal ene and the |ike. And,
styrene, p-nethylstyrene, m nmet hyl st yrene, o-nethyl styrene,
p-tert-butylstyrene, § 2- phenyl propyl-ene, divinyl benzene and 1-

vi nyl napht hal ene are preferred, and, anong these, styrene is
particularly preferred. As ol efins, the olefins as described above
are used. A chain transfer age80-such as hydrogen or the |ike
can al so be added to adjust the nol ecul ar wei ght of the pol yner .

The present invention is illustrated in detail according to Exanpl es

and Conparative

Properties of the ol efin pal

Exanpl es bel ow, but not limted thereto. 15

to met hods desch%E%ﬂ%% oﬂﬁ {he 1nyeRtLAN nsic viscosity [[err]]:

'.”df by thsg  *Ch8 Pl za St b A at o tbe bR RER Ry

It was neasured
vi sconeter. (Unit
It was neasured

gel perneation c ogra
was represent ed 5&3{ A kenyl ardn?é‘d & @\fydwcmtbﬁy%&aes e@m@flwtg%( Mn)

to nunber 25

cal i brati onscur ves \was]1 88g€ oid AUkangLanish pohysingcdidon and at Measuring

B 108 &ﬁm&éggg)%% 46395eRP Lo MO0 Lymer {2885QH1LR0 10

istri bution

aver age nol ecul ar weirght (Mn) (M~ Mh). Further, the

conditi ons of Exanples and Conparative

10

15

20

25

one olefin,

Alkenyl aromékic hydrocarbon polymers of high
molecular weight,.particularly copolymers of at least
one alkenyl aromatic hydrocarbon and at least oneolefin,
having a number average molecular weight of 700,000 or
more and a molecular weight distribution in terms of
a ratio [Mw/Mn] of weight average molecular weight (Mw)
to number average molecular weight(Mn) of 1.85 to 2.5,
can be produced with a high activity by using the
polymerization catalyst of the present invention.
Further, as the copolymers, those having a number
average molecular weight of 750,000 or more can be also
produced.

Specific examples of the alkenyl aromatic
hydrocarbon include alkyl styrenes such as p-
methylstyrene, m-methylstyrene, o-methylstyrene, p-
ethylstyrene, m-ethylstyrene, o-ethylstyrene, 2,4-
dimethylstyrene, 2,5-dimethylstyrene, 3,4-dimethyl
styrene, 3,5-dimethyl styrene, 3-methyl-5-
ethylstyrene, p-tert-butylstyrene, p-sec-
butylstyrene and the like, alkenyl benzenes such as

styrene, 2-phenylpropylene, 2-phenylbutene and the

mers in Exanpl es were measur ed accordi ng



- 82- Exanpl es as foll ows: (2-1) (in Exanples 1-22 and 25

and Conparative Exanples 1-8) Measur enment nachi ne: 150C type,

manuf actured by 5 M| ipore Waters Co.

Col um: TSK gel QGVH6-HT Measurenent tenperature: 145[err]C

Sol vent: ortho-dichl orobenzene Sanpl e concentration: 10ng/10m (when
the nol ecular 10 wei ght is particularly high, the neasurenent was
carried out at a |l owered concentration.=8l- (2-2) (in Exanpl es
23-24 and Conparative Exanpl es 9-10) Measur enent machi ne: 800
Series, manufactured by 15 JASCO Co.

Col umm: Shodex A806M Measurenment tenperature: 45 err]C

Sol vent : tetrah drofuran

o e Ao U a1 keny. SRR SR PRER RS Sl o (O
Comsarat Ve, S 3 e, vinsEyfiprrapenes, et AT TS0
(556 5000 25 R e 1R o387 YEv s pmemeni sty i
(10[err] O m nut let K¢l &EYLeAef Ob-methylstyrene, p-tert-butylstyrene,
5 2-phenylpropylene, divinylbenzene and 1-

vinylnaphthalene are preferred, and, among these,

styrene is particularly preferred.

As olefins, the olefins as described above are used.

A\chain'£ransfer agent such as hydrogen or the like

10 can also be added to adjust the molecular weight of the
polymer.

The present invention is illustrated in detail
according to Examples and Comparative Examples below,
but not limited thereto.

15 Properties of the olefin polymers in Examples were
measured according to methods described below.

(1) Intrinsic viscosity [7]:

It was measured in tetralin solution at 135°C using
an Ubbelohde viscometer.(Unit: dl/qg)

20 (2) Molecular weight distribution (Mw/Mn):

It was measured under the conditions described below
according to gel permeation chromatography (GPC).
Molecular weight distribution was represented by a
ratio of weight average molecular weight(Mw) to number

25 average molecular weight(Mn)(Mw/Mn). Further, the

calibration curve was made using a standard polystyrene.

Measuring conditions of Examples and Comparative



- 83- 5 m nutes Cooling: 150[err]C to 10[err]C (5C/ m nute),
retention for 10 m nutes Measurenent: 10[err]C to 160[err]C
5 (heating at 5[err] C m nute) (4)d ass transition
tenperature and nelting point (in Exanpl es 23-24 and Conparative
Exanpl e 9-10) It was neasured under the conditions bel ow using a
differential scanning cal orineter (DSC) (DSC 5200 10 manuf act ured by

Sei ko I nstrunments Inc.). Heal Rg: 20[err]C to 200[err]C
(20[err]C/ mnute), retention for 10 m nutes Cool i ng:
200[err]C to -50[err]C (20[err]C mnute), retention for 10 m nutes
15 Measurenent: -50[err]C to 300[err]C (heating

at 20[err]Cm hlKids -olefin unit content of copol yner
It was deterni%%%ﬁ%%gﬁ1?ﬁefgﬁg?géteristic absorptions of ethyl ene

and a-olefin @ndjyndicated in 20 terms of the nunmber of short branches
per 1000 carbon atons (SCB) in the copol yner.

(6)[err] Al -sol i(dl\ERampdels UA22 and 25 and KbRpsredtiverBiamplsed g8 super
conducti ve magnet of 7.0T ([err]H observation frequency of 300
MHz) (ASX- 25 30 s\Byemantf aschineé :byl SBICLRepat dynybachyeed B¥d a

measuri ng probe having a rotation cell dianeter of 4 nm was used.
é) Milipore Waters Co.

Column: TSK gel GMH6-HT
Measurement temperature: 145°C
Solvent: ortho-dichlorobenzene
Sample coﬁcentration: 10mg/10ml (when the molecular
10 weight is particularly high, the measurement was
carried out at a lowered concentration.)
{2-2)
(in Examples 23-24 and Comparative Examples 9-10)
Measurement machine: 800 Series, manufactured by
15 JASCO Co.
Column: Shodex ABO6M
Measurement temperature: 45°C
Solvent: tetrahydrofuran
Sample concentration: 0.5 mg/ml
20 {3) Melting point of polymer
(in Examples 11-18 and 20-21 and Comparative Examples
5-8)
It was measured under the conditions below using
a differential scanning calorimeter (DSC) (SSC-5000
25 series thermal analysis system manufactured by Seiko
Instruments Inc.).

Heating: 40°C to 150°C (10°C/minute), retention for



- 84- Ni trogen gas was used as a gas for rotating the cell,
and the neasurenent was carried out after the inner at nosphere of a
housi ng of the measuring probe was t horoughly replaced with nitrogen.
Modi fied al um num 5 oxy conpounds and al um num oxy conpounds sanpl es
wer e prepared by drying the solution thereof under reduced

pressure to renove the solvent thereby to dry and solidify the
solution. In a nitrogen box, the sol i d NViR measur enent sanpl e was
packed in a rotation cell of a 10 dianeter of 4 nmfor solid NWR
measurenent in a predet erm ned anmount so that the cell could be
stably rotated. The rotation speed of the cell was adjusted

between 12 to 14kHz, nd t he measurement was carried out in the room
bei ng adj usted a OIEYFI C(the nmeasuring 15 tenperaturewas about 15 to

about 20[err]C). A@ogqg@%ur qrg%m@ o 10°(pu(|§’g/§[ﬁ_rd [3E't heig a4asi s eeb A pul se

series in which e-coupler is off 1n the HPDEC net hod. The pul se

wi dt h was Setmifueed [err] seconds which was narrower than 90[err]
pul se width used in a solution [err]Al-NVR spectrum The 20 pul se
interval was set tMeasmeemeds:: THECWtdt 1 68°Ct he spectrumwas set to
800 ppmas a width of the chem cal shift of [err]Al. As the
standard of 5t he chemi cal shift, (thi%itﬁér& #pp%gr/é@-n“te) at hi gher nmagnetic

field side was determned as 7 ppm 25 usHngan a tl%ﬁ alunlna f LC
col um packi ng. kfi1@tass trané&ﬁﬁﬂ&n RAT 3HE $redRr BRERE 19t ROt ai ned

data are SHPL oL 88n1 26794 LT P Wnardt kAP A LaRP1 685 LR 4 sol 1 d
It was measured under the conditions below using a
differentiai scanning calorimeter (DSC) (DSC-5200
10 manufactured by Seiko Instruments Inc.).
Heating: 20°C to 200°C (20°C/minute), retention for
10 minutes
Cooling: 200°C to -50°C (20°C/minute), retention
for 10 minutes
15 Measurement: -50°C to 300°C
(heating at 20°C/minute)
(5)a-olefin unit content of copolymer
It was determined from the characteristic
absorptions of ethylene and a-olefin and indicated in
20 terms of the number of short branches per 1000 carbon
atoms (SCB) in the copolymer.
(6)7Al~s0lid NMR spectrum
NMR spectrometer having a super conductive magnet
of 7.0T (*H observation frequency of 300 MHz) (ASX-
25 300(wWB) manufactured by Bruker Ltd.) was used, and a
measuring probe having a rotation cell diameter of 4

mm was used.



- 85- NVR spectrum In the obtained [err]Al -solid NVR spectrum

t he phase and baseline correction thereof were conpensated so that the
hei ght s of bases of the highest magnetic field peak group and the

| owest magnetic field 5 peak group anong peak groups appeared from a
vicinity of -150 ppmto a vicinity of 150ppm nutually becane

the sane height, and the spectrumof a part in which no peak is
observed in regions -150 ppm under and 186&- ppm over, becane parall el
to the chemcal shift axis 10 (axi s of abscissa) as far as possible. The
basel i ne as a standard was drawn between bases of the highest

magnetic field peak group and the | owest magnetic field peak group so
that it becane paral to the_ chen cal

as far as possible. ltfgger\/%??lwc?aﬁ UpPALAS dJIH')E p%q%{@%lt%eogﬁﬁgsm 5s2)
cheni cal shift RY1 Rebatlantin RS Bixi dRdobbCagakaRGR( ionE.N)
bet ween t he |nte?%%cF

I'ng por nt e vertical Tine wt basel i ne and
the intersecting,pghl hgyetag %?%Hd%ind'@@ the medshbihgepyobed r usasas
nmeasured. And, m% vertlca was drawn at 30 ppmto the chem cal
shift axis(axis @ﬁoroughlyabapaa&ah;wibn i st ager .beMadéd ieldeal niénsect i ng
poi nt of the vertical [ine with the baseline and the
i nt ersecti ng poi akyotompeundst avdl aliiménwim hxyheompoundss agPles Wese
measured. 25 Ref erence Exanple 1 L Synt hesi s exanmpl e of
Di met hyl si | yl eneprepazesk byl éyapaﬁem&dﬁeﬁy }€3- thereof under Teduced

pressure to remove the solvent thereby to dry and
solidify the solution., In a nitrogen box, the solid NMR
measurement.sample was packed in a rotation cell of a
10 diameter of 4 mm for solid NMR measurement in a
predetermined amount so that the cell could be stably
rotated. The rotation speed of the cell was adjusted
between 12 to 14kHz, and the measurement was carried
out in the room being adjusted at 20°C(the measuring
15 temperature was about 15 to about 20°C) . As a measurement
pulse series, there was used a pulse series in which
a de-coupler is off in the HPDEC method. The pulse width
was set to 0.5 i seconds which was narrower than 90°
pulse width used in a solution *’Al-NMR spectrum. The
20 pulse interval was set to 2 seconds. The width of the
spectrum was set to 800 ppm as a width of the chemical
shift of *’al.
As the standard of the chemical shift, the peak appeared
at higher magnetic field side was determined as 7 ppm
25 using an active alumina of LC column packing. After
completion of the measurement, the obtained data are

subjected to Fourier transfer to obtain an *’Al-solid



tert-butyl-5-nmethyl-2-phenoxy)titani um di net hoxi de <conpound 1>]

Met hanol of 0.131 g(4.1 nmol) was dissolved with 10m of anhydrous

di ethylether in a Schlenk tube, and 5 then a diethyl ether solution of
methyl lithium (3.9m, 4. 1mol ) having a concentration of 1.05nol/L
was added thereto dropwise at -78[err]C. The resulting reaction
solution was heated to 20[err]C, the forgggion of lithium nmet hoxi de
was confirmed by the conpletion of a releasing 10 of a gas, and then was
cooled to -78[err]C again. An anhydr ous di net hyl ether suspension(20
m) of 0.919 g(2.0 nmol ) of

di met hyl si | yl ene(tetranet hyl cycl opent adi enyl ) ( 3-

tert-butyl-5- methmw -ghddenoy)1n e whtdiGhldrige-sdbid yMRpssesk paryi ousl y
i n anot her Schl enk tube was transferred into the reaction solution
above, t hegipaf prasthandebalseilimer exotriemt ivxtuberea wWexeed

gradually to roomtenperature. After the thus obtained reaction

sol uti on was concempeassted29o thadf thel henght2oof basesedetineneighestand
then the insoluble matter_ was removed hy filtration. The fLI&rate
was concent r at edhagneticiield RerkigFOLRyRRA Y fowest magnetic field

hyl | di | 3- -b | - 5- . e .
ety o e oRRR B eRDY ehefn R bk AL SuP S pPBaATSE rom, & KipPAEY

G050, 9T kS RV T ST, LTy g
0.55(s, 6H) the same height, and the spectrum of a part in which

no peak is observed in regions -150 ppm under and 150
ppm over, bééame parallel to the chemical shift axis

10 (axis of abscissa) as far as possible. The baseline as
a standard was drawn between bases of the highest
magnetic field peak group and the lowest magnetic field
peak group so that it became parallel to the chemical
shift axis (axis of abscissa) as far as possible. A

15 vertical line was drawn at 10 ppm to the chemical shift
axis (axis of abscissa), and the distance(length)
between the intersecting point of the vertical line with
baseline and the intersecting point of the vertical line
with the spectrum was measured. And, when a vertical

20 was drawn at 30 ppm to the chemical shift axis(axis of
abscissa), the distance between the intexrsecting point
of the vertical line with the baseline and the
intersecting point of the vertical line with the
spectrum was msasured.

25 Reference Example ]

[Synthesis example of

Dimethylsilylene(tetramethylcyclopentadienyl) (3-



- 87- Example 1 A 100m stainless autoclave was replaced

w th argon, 2.5mol (in ternms of Al atom of MVAGBA (tol uene solution
5 having an Al concentration of 5.9% by wei ght, herei nafter, nay be
abbrevi ated as "MVWAQO' ) manuf act ured by TOSOH AKZO Co., Ltd. of a

t ol uene solution and 0.5 mMmuvol of water were charged therein, and

the m xture was stirred for 10 m nutes. Further, 0.5mol 10 of

pent af | uor ophenol (tol uene sol ution: 2motB8r was added, and the
resultant was stirred for 10 m nutes. In addition, the ratio H2/Hl of
t he MMAGBA was 0. 27 as shown in Fig.1, the ratio L2/L1 of the dried
reaction product of the MVAGBA and water was 0.75 as shown in 15

Fig. 2, dth t d di f

cg%poundaaas 1e = é gﬁ%ﬁEﬂP Egeé r|e ég%iYit{fP?h%mogﬁggkﬁ%%é in an
egg-pl ant type fl 1 a volunme of 25m in which the atnosphere was
repl aced @ﬁﬁgﬁggﬁ ) of purified toluene and 0.5 [err] nol of 20

2,2" -thiobis(4-net hyhe%taefotl it i AR QY 11 b LN was diglseDhbedi decwere
m xed with stirring, and then the solution was charged into the

fore-nmentioned au0mt! @afeanhydrousi dfjetthg}eichge. in a SchlenkAtubee,t had
resulting catal yst solution was stirred 25 at roon1tenperature for 10
m nutes, 304 of thbotaddethyl ethechswyetiandHaiguhatl 2athdmmas . Oadni ed
out st 40err]C 4%5mmol) having s concentent{onof 1. 0bna1 /L as added M
thereto dropwise at -78°C. The resulting reaction
solution was heated to 20°C, ¢he formation of lithium
methoxide waé confirmed by the completion of a releasing
10 of a gas, and then was cooled to -78°C again. An
anhydrous dimethyl ether suspension(20 ml) of 0.919
g(2.0 mmol) of
dimethylsilylene(tetramethylcyclopentadienyl)(3-
tert-butyl-5-methyl-2-phenoxy)titanium dichloride
15 prepared previously in another Schlenk tube was
transferred into the reaction sclution above,
thereafter the resulting reaction mixture was heated
gradually to room temperature. After the thus obtained
reaction solution was concentrated, 20 ml of toluene
20 was added thereto, and then the insoluble matter was
removed by filtration, The filtrate was concentrated
to obtain dimethylsilylene
(tetramethylecyclopentadienyl) (3-tert-butyl-5~
methyl-2-phenoxy)titanium dimethoxide as a yellow
25 crystal{yield 0.86g, 95%).
'H-NMR(270MHz, C,D;) O 7.26(m, 2H), 4.13(s, 6H), 2.33(s,
3H), 1.97(s, 6H), 1.89(s, 6H), 1.59(s, 9H), 0.55(s, 6H)



- 88- unreacted 1-butene was purged out, the contents of the

aut ocl ave were charged into about 10-fold acidic nmet hanol, and the
preci pitated polynmer was separated by filtration and then dried for
about 2 hours at 80[err]C. 5 As a result, 0.17g of poly(1l-butene) was
obt ai ned. Pol ynmeri zation activity (gram of polynmer per 1 nol of

Ti per 1 hour) was 1.34X10[err]g/mol-Ti.hr. The [[err]] of the

pol y(1-butene) was 10.9 dl/g and Mv/ Mh w89 -2. 0. Exanple 2 10

A

100m stainless autocl ave was replaced with argon, 5mmol of MVAO of a

t ol uene sol ution and 1nmol of pent af | uor ophenol (t ol uene sol uti on:
2nol /1) were added, and the m xture was stirred for 10 m nutes.
Furt her, 1mmol of water was added, and the mi xture was stirred 15

for 10 m nutes. In addition, the ratio H2/H1L of the MVAGBA was 0. 27

as shown iﬁﬁg@gié’ﬂthe ratio N2/ N1 of the dried reaction
product of the pent af | uor ophenol was 0.57 as shown in Fig.

4, and the ratio M/ Ii-alwémmecéiimféiss 39tocm¢efdr§ﬁe:@?ll gp&mpund

was 0.70 as shown in Fig.5 t I'n an’

egg-pl ant type fRaShmofl(in terma cmhmr&@ﬁ) Bﬁrﬂmmlmlt@ldé}ﬁa abmmlw e was

repl aced with argon, 5m of purified toluene and 2.5 [err] nol of

25 2,2 -tl5 obi Berimgt lapl 26 taoncentyaphenosy§) bi. S&nbynweight, di chl ori de

were nixed with stirrin and then the solution was charged into the

fore-nentioned aliegeimpEter, may be abbreviated as “MMAO” )
manufactured by TOSOH-ARZO Co., Ltd. of a toluene
solution and 0.5mmol of water were charged therein, and
the mixture v..ras stirred for 10 minutes. Further, 0.5mmol
10 . of pentafluorophenol(toluene solution: 2mol/l) was
added, and the resultant was stirred for 10 minutes,
In addition, the ratio H2/Hl of the MMAO3A was 0.27 as
shown in Fig.1l, the ratio L2/L1 of the dried reaction
product of the MMAO3A and water was 0.75 as shown in
15 Fig. 2, and the ratio M2/Ml of the dried modified
aluminum oxy compound was 1.26 as shown in Figq.3.
On the other hand, in an egg-plant type flask of
a volume of 25ml in which the atmosphere was replaced
with argon, 1ml of purified toluene and 0.5 4 mol of
20 2,2'-thiobis(4-methyl-6-tert-butylphenoxy)titanium
dichloride were mixed with stirring, and then the
solution was charged into the fore-mentioned autoclave
using a syringe.
After the resulting catalyst solution was stirred
25 at room temperature for 10 minutes, 30g of 1-butene was
charged and polymerization was carried out at 40°C for

15 minutes. After completion of the reaction, the



- 89- usi ng a syringe. After the resulting catalyst

solution was stirred at roomtenperature for 10 m nutes, 30g of

1- but ene was charged and pol yneri zation was carried out at 40[err]C
for 5 15 minutes. After conpletion of the reaction, the unr eact ed
1- butene was purged out, the content of the aut ocl ave was charged

I nto about 10-fold acidic nmet hanol, and the precipitated pol yner was
separ at ed by filtration and them¥®Ted at 80[err] C for about 2 hours.
10 As a result, 0.61 g of poly(l-butene) was obtained.

Pol ymeri zation activity was 9.80X10[err] g/nol-Ti hr. The [[err]] of
the pol y(1-butene) was 10.2dl/g and MV Mh was 2.0. Conparative
Example 1 15 m L ol gﬁg r €8h i &P @hgon,
5nmmol of MVAO &nrae?é(}%%%e bs%‘}%ﬁﬁé S é;ﬁe%\ﬁﬁ'ﬁgggfosg @gﬁéwlm t he ot her

hand, in an egosplg@iaty¥Pgetbaskatljed MaltTRIbout 1®E£@Ba1 adidki ch the
at nosphere was replaced wth argon, 5m of purified toluene and 2.5

[err] nol of 2,gethar®1, hhdokhe(fpreetipitefdddolyned prenmepataaadum
dichloride were mxed wth stirring, and then the sol ution was

charged into tHey ffirktrent onred ateockdaied for abenhg2 dayrs ideB80Fter the
resulting catal yst sol ution was stirred at roomtenperature for 10

m nutes, 36g ofAs2& resubtiefe Wk haye! kn berS ke RS aPPEA 1REL carri ed

out at 40[err]C.for ,15 m nutes. After c | etion of the_reacgtion,
t he 1-butene th%%lm rhzpEIORe§ Y L d@(faé‘hto%ﬁgymer per 1enb326k

Ti per 1 hour) was 1.34X10°g/mol-Ti * hr. The [7] of the
poly(l-butene) was 10.9 dl/g and Mw/Mn was 2.0.
Example 2 |
10 A100ml stainless autoclave was replacedwith argon,
5mmol of MMRO of a toluene solution and 1mmol of
pentafluorophenol(toluenesolution:2mol/l)wereadded,
and the mixture was stirred for 10 minutes. Further,
immol of water was added, and the mix&ure was stigﬁgd
15 for 10 minutes.
In addition, the ratio H2/H1 of the MMAO3A was 0.27 as
shown in Fig.1, the ratio N2/N1 of the dried reaction
product of the MMAO3A and pentafluorophenol was 0.57
as shown in Fig. 4, and the ratio M2/M1 of the dried
20 modified aluminum oxy compound was 0.70 as shown in
Fig.5.
On the other hand, in an egg-plant type flask of
a volume of 25ml in which the atmosphere was replaced
with argon, 5ml of purified toluene and 2.5 u mol of
25 2,2'-thiobis(4-methyl-6-tert-butylphenoxy)titanium
dichloride were mixed with stirring, and then the

solution was charged into the fore-mentioned autoclave



- 90- content of the autoclave was charged into about 10-

fold acidic nmethanol, and the precipitated pol yner was separ ated by
filtration and then dried at 80[err] C for about 2 hours. As a result,
0.024 g of poly(1l-butene) was 5 obtained. Polynerization activity was
3.80X 10[ err] g/nmol-Ti hr. The [[err]] of the poly(1-butene) was

0. 53dl /g. Conparative Exanple 2 A 100m stainless autocl ave
was replaced with argon, 10 2. 5mol -99- MMAO of a tol uene solution and

0. 5mol  of wat er were added thereto, and the m xture was stirred

for 10m nutes. On the other hand, in an egg-plant type flask of

a volune of 25m in which the atnosphere was replaced 15 with argon, 1nmni
of purified toluene and 0.5 [err] nol of

2, 2'-th|ob|s(4“ﬁ@ﬂﬁ@lafﬁf%%$g%utylphenoxy)tltanlun1 dichloride wer e
m xed with stirring, _and then t sol ution s char into the
fore-nenti oned aut 0%?59’(5 the rei}glrﬁb“% %@??f}%%t S¢tetien ?%ﬁﬂ’t‘f‘?@d

catalyst sol ut '3051 ro%Qn te érﬁg'urrr egogtlé %&W r.‘&ggggai Oiﬁlééggg}[ ngé es, 30g

of 1- but'ené "was c ARd ynerlza i'oh at

40[err] C for 15:1(3%5&%!1&%@@@%@&1&5‘ Wis tcbaerfleé@tduckn’at 40°C £

unreacted 1-butene was purged out, the content of t he aut oc ave was
charged i nfo aliBitmiatesd nctérCcoﬁgletrﬂarhamlth@rudeédsrelaﬁtﬁcwet at ed
pol ymer was separ at ed by filtration and then dried at 80[err]C for

about 2 hours. unreacted l-butene was purged out, the content of the

autoclave was charged into about 10-fold acidic
methanol, and the precipitated polymer was separated
by filtration and then dried at 80°C for about 2 hours.

10 As a result, 0.61 g of poly(l-butene) was obtained.
Polymerization activity was 9.80X10°gq/mol~Ti * hr. The
{n] of the poly(l-butene) was 10.2dl/g and Mw/Mn was
2.0.
Comparative Example 1

15 A 100ml stainless autoclave was replacedwith argon,
S5mmol of MMAO of a toluene solution was added thereto.
On the other hand, in an egg-plant type £lask of a volume
of 25ml in which the atmosphere was replaced with argon,
5Sml of purified toluene and 2.5 4 mol of 2,2'~

20 thiobis(4-methyl-6-tert-butylphenoxy)titanium
dichloride were mixed with stirring, and then the
solution was charged into the fore-mentioned autoclave
using a syringe. After the resulting catalyst solution
was stirred at room temperature for 10 minutes, 30g of

25 l-butene was charged and polymerization was carried out
at 40°C for 15minutes. After completion of the reaction ,

the l-butene that was unreacted was purged out, the



As a result, 0.055 g of poly(1-butene) was obtai ned.

-91-

Pol yneri zation activity was 4.37 X 10[err] g/nol-Ti . hr.
[[err]] of the poly(1l-butene) was 5.90 dl/g.

The

Conpar ati ve Exanple 3

A 100m stainless autoclave was replaced with argon, 5 5mmol of MVAO of
a toluene solution and 1mol of pent af | uor ophenol (t ol uene sol uti

on:
2nol /1) were added thereto, and the m xture was stirred for 10
m nut es. On the other hand, in98n egg-plant type flask of

vol une of 25m

in which the atnosphere was replaced 10 wth argon,

of purified toluene and 2.5 [err] nol of

2,2"-thiobis(4-nmethyl-6-tert-butyl phenoxy)titani um di chl oride were
mxed with stirrin

f or e- ment i oned a%?‘g{é?gggogh%get t"j‘é’ltr?§1§‘v®sg‘f%e ﬁ@%‘?c?ﬂégregghpt?&téﬁe
catal yst sol uti opoe’\é 'cﬁf%gget%%?& atax{é)Q_Wetﬁ ngllél’a% f@éaigm@rngggs 309

of 1- but ene
40[err] C for 15n§Q LesteAf

pol yneriza §carr

5m

1- but ene was purge out, %e content of t he autocl ave was char ged

i nto about 10- fotdhaghgchSZQ rdﬁﬁfﬁymd oamd%g?g p?%ygngpgeme;fﬁgd was
err or abou ours.

separ at ed

by filtration to be I ed at

a result, 0.523 gobtapaled( 1 Palivere)izesiobt acnbdity was Bel8@reidbZation

activity was 3. 65X10[err] g/nol-Ti

err]] of the

[
pol y(1- but ene) waémgli@igi hg. Ths | 7E£éﬁb¢§53P°1Y(l -butenshnpfe 1 was
repeat ed except Bhggdg 3nnn| of

10

15

20

25

Comparative Example 2

AlOOmlétainlessautoclavewasreplacedwithargon,
2.5mmol of MMAO of a toluene solution and 0.5mmol of
water were added thereto, and the mixture was stirrxed
for lO0minutes.

On the other hand, in an egg-plant type flask of
a volume of 25ml in which the atmosphere was replaced
with argon, 1ml of purified toluene and 0.5 u« mol of
2,2'-thiobis(4-methyl-6~tert-butylphenoxy)titanium
dichloride were mixed with stirring, and then the
solution was charged into the fore-mentioned autoclave
using a syringe. After the resulting catalyst solution
was stirred at room temperature for 10 minutes, 30g of
I-butene was charged and polymerization was carried out
at 40°C for 15minutes. After completion of the reaction,
the unreacted l-butene was purged out, the content of
the autoclave was charged into about 10-fold acidic
methanol, and the precipitated polymer was separated
by filtration and then dried at 80°C for about 2 hours.

As a result, 0.055 g of poly(l-butene) was obtained.

a

FERAT ALl ) Ahal Hee %%qtécpat 80°C féﬂ‘SbHﬁﬁzeaCt ed

As



tri phenyl nethanol in place of pentafluorophenol was

-92- used. As a result, 0.14 g of poly(1l-butene) was

obt ai ned. Pol ynerization activity was 1.11X10[err] g/ mol -Ti hr. The
[[err]] of the poly(1l-butene)was 6.0 dl/g, and MM M\h was 1.9. 5
Exanpl e 4 Exanpl e 1 was repeated except that 0.25mmol of

tricycl ohexyl met hanol in place of pentaqugyophenol was used. As a
result, 0.16 g of poly(1-butene) was obt ai ned. Pol yneri zation
activity was 1.23X10[err] 10 g/ ol -Ti.hr.The[[err]]ofthepol y(1-butene)
was 7.7 dl/g. Exanpl e 5 Exanple 1 was repeated except that
0. 5mol  of 1,1,1, 3, 3, 3- hexaf | uoroi sopropanol in place of

pent af | uor ophenopo1pmets @t iAvh ackesikly wls 18, 17 ®f10°/ mo POty ¢ hrbutrgree) was
obt ai ned. Pol ymerization activity was 1.00X10[err] g/nol-Ti hr.
Exanpl e 6 [7n] of thenbodydilrbessm) ocdave. ddsdkphacedwi t h ar gon
5mmol of MVAO of a toluene solution and 1mml of water 20 wer e added,
and the nixture Gomnparatdse fExammled hut es. Further, 1mmol of

pent af | uor ophenol (t ol uene sol utj on: 2nmol /1) was added, and the

m xture was stirred fof0@plstainigsgpugoclave was reRdpqervWatRadr9RMd, in

- pl | ask of | f 25n1 in which,th h
vas Topt aced "SRRG DR AED 6 LEHTIT oL oF hBReoRAd e @] ol of

pentafluorophenol (toluene solution: 2mel/1l) were added

thereto, and the mixture was stirred for 10 minutes.
On the other hand, in an egg-plant type flask of
a volume of ﬁSml in which the atmosphere was replaced
10 with argon, 5ml of purified toluene and 2.5 # mol of
2,2'-thiobis(4-methyl-6-tert-butylphenoxy)titanium
dichloride were mixed with stirring, and then the
solution was charged into the fore-mentioned autoclave
using a syringe. After the resulting catalyst solution
15 was stirred at room temperature for 10 minutes, 30g of
l-butene was charged and polymerization was carried out
at 40°C for 15 minutes. After completion of the reaction,
the unreacted l-butene was purged out, the content of
the autoclave was charged into about 10-fold acidic
20 methanol, and the polymer precipitated was separated
by filtration to be dried at 80°C for about 2 hours. As
a result, 0.23 g of poly{l-butene) was obtained.
Polymerization activity was 3.65%X10°g/mol-Ti « hr. The
[7] of the poly({l-butene) was 5.16 dl/g.
25 ample
Example 1 was repeated except that 0.3mmol of

triphenyl methanol in place of pentafluorophenol was



(tert-butyl am do) - 93-

(tetramet hyl cycl opent adi enyl di met hyl sil ane)titani um di chl oride were
m xed with stirring, and then the sol ution was charged into the
fore-nmenti oned autocl ave using a syringe. After the resulting
catalyst solution 5 was stirred at roomtenperature for 10 m nutes, 30g
of 1- but ene was charged and poly'TﬁézaIion was carried out at
40[err]C for 15 mnutes. After conpleti of the reaction, t he
unreacted 1-butene was purged out, the content of t he autocl ave was
charged into about 10-fold acidic 10 met hanol , and the precipitated

pol ynmer was separated by filtration and then dried at 80C for about 2
hour s. Iesu 0. f ( t iyn

Pol yneri zati on g%teld\ell tbrswgs rléé%)émde)?ﬁ/ % 8 ?’8% ‘i"aﬁH‘EQTn%) %%[s[ err]] of

the pol y(1-but eppkatared. iﬁoﬂjrﬁngrlzééloncﬁﬁl&amtt'w&:a@(qmleX‘lO“
100m stainless autocl avewas repl acedwi th argon, Ommol of NNAO of a

tol uene sol uti oy /wasl dridetirt. ere{ @ ] of the poly ( Drbtibeney hﬁs baodl /
egg-pl ant type flask of a volunme of 25m in which the atnosp ere was
replaced 20  windh Mw/gén, wasi 1oP.purified toluene and 10 [err] mol of

(tert-butyl am do
(tetranethy$cyc@%§@ﬁﬂé§#%nyldinethylsilane)titaniun1 di chl ori de were
m xed with stirring,_and

h d h
f ore- menti oned auto ?ﬁﬁﬂpiﬁgq %ﬁgiﬁ&gfaﬁﬁénéﬁéég%VfﬁaYhﬁrggFﬁhgg% toleution

was m xed tricyclohexylmethanol in place of pentafluorophenol
was used. As a result, 0,16 g of poly(l-butene) was
obtained. PeIYmerization activity was 1.23x10°
10 g/mol-Ti > hr. The [n ] of the poly(l-butene) was 7.7d1l/gq.
Example 3
Example 1 was repeated except that 0.5mmol of
1,1,1,3,3,3~hexafluoroisopropanol in place of
pentafluorophenol was used. As a result, 0.13 g of
15 poly(l-butene) was obtained. Polymerization activity
was 1.00X10° g/mol-Ti * hr,
Example 6
A100ml stainless autoclave was replacedwith argon,
5mmol of MMAO of a toluene solution and lmmol of water
20 were added, and the mixture was stirred for 10 minutes.
Further, 1mmol of pentafluorophenol{toluene solution:
2mol/1l) was added, and the mixture was stirred for 10
minutes.
On the other hand, in an egg-plant type flask of
25 a volume of 25ml in which the atmosphere was replaced
with argon, 5ml of purified toluene and 2.5 4 mol of

(tert-butylamido)



by stirring at roomtenperature for 10 m nutes, 30g of 1- but ene was
charged and pol yneri zation was carried out

-94- at 40C for 60 mnutes. After conpletion of the reaction,

t he unreacted 1-butene was purged out, the content of t he autocl ave
was charged into about 10-fold acidic met hanol , and the precipitated
pol yner was separated 5 by filtration and then dried at 80[err]C for
about 2 hours. As a result, 0.02 g9&f pol y(1-butene) was obtai ned.
Pol ymeriz ation activity was 2.04 X 10[err] g/mol-Ti . hr. The

[[err]] of the poly(1l-butene) was 0.50 dl/g. Exanple 7 10

Exanpl e 6 was repeated except that | sopropyl i dene(cycl opent adi enyl )
(3-tert-butyl -5- nmet hyl - 2- phenoxy,).ti t anj.um di chl of] |k of
(tert - butyl am asheetraneEhal FRRLPRSP ARSI o het s b EndS
titanium 15 dig | S eSS {rr 5h 60 InQf tRAMY Che

but ene) was obt a#%%%fét’gﬁsmngréfgaﬁggﬁézgﬁt\ﬂ tséylvrvars 2&'39 X €
10[err] g/ mol -Ti gofMition was BHHHY 8nto the forebenplonédvamst sepaaked
except that 20 pent anet hyl cycl opentadi enyltitaniumtrichloride in
place of (tert-by§yhgm dg)ringe. After the resulting catalyst solution
(tetramet hyl cycl opent adi enyl di net hyl sil ane)titani um . dichloride was
used and polsynerwaat$oirtedeana»@0 temperatune dr A alngg@st, 302§ of

pol y(1-butene) and was 25 obtained. Polynerization activity was 8.58X
1-butene was charged and polymerization was carried out

at 40°C for 15minutes. Bfter completion of the reaction,
rhe unreacted l-butene was purged out, the content of
the autocla?é was charged into about 10-fold acidic
10 methanol, and the precipitated polymer was separated
by filtration and then dried at 80°C for about 2 hours.
As a result, 0.18 g of poly(l-butene) was obtained.
Polymerization activity was 2.80X10°g/mol-Ti * hr. The
fn] of the poly(l-butene) was 1.31 dl/g.
15 Comparative Example 4
A100ml stainless autoclave was replacedwith argon,
10mmol of MMAO of a toluene solution was added thereto.
Oon the other hand, in an egg-plant type flask of
a volume of 25ml in which the atmosphere was replaced
20 with argon, 5ml of purified toluene and 10 U mol of
{(tert-butylamido)
(tetramethylcyclopentadienyldimethylsilane)titanium
dichloride were mixed with stirring, and then the
gsolution was charged into the fore-mentioned autoclave
25 using a syringe. After the catalyst solution was mixed
by stirring at room temperature for 10 minutes, 30g of

l-butene was charged and polymerization was carried out



10[err]g/mol -Ti . hr. Exampl e 9

- 95- Al liter stainless autoclave was replaced with

argon, and 200g of 1-butene was charged, 5mol of MVAO of a toluene
solution and 1mol of water were added, and the m xture was stirred
for 10 mnutes. Further, 5 1mmol of pentafl uorophenol (tol uene sol ution:
2mol /1) was added, and the m xture s stirred for 10 m nutes.

On the other hand, in an egg-pl ant type’ﬁ sk of an inner vol une of
25m in which the atnosphere was replaced with argon, 5m of purified
toluene and 2.5 10 [err] nmol of (pentanethyl cycl opent adi enyl) (2, 6-

di i sopropyl phenoxy)titani undi chl ori dewerem xedw th stirring, and then

the sol ution V"asa@@d@e‘}dz‘“é@nﬁfﬁ%tes arf QL& dmRNt é@f@#o&‘ue»g € LRUR UG 2

syringe. Pol ymeri zation was carried out at 40[err]C 60 m nut es.

15 After conpl ghieO@ngleddied Qaditthe Wi PuRRd fitl- the conltlérﬂ.n%ﬁ/\/as
purged out, the content of the autoclave was charged into about

10-fol d acidic mehlearsndt oclaive heas chargedciiptbabbdurollixefio Whsaskphe at ed
by filtration and then dried at 80C for about 2 hours. As a result,
42.29 20  of pmwmemdmmwmutamﬁymiymm wAs separatad ity

07 dl1g ar M EidEpigon and thefidefea il 0°C rogl sy SR "
repeated except h@ﬂat45§é&ky”5fb§a§'8@ poly(l-butene) was obtained.

Polymerization activity was 2.04X10°g/mol-Ti ~ hr. The
{7] of the poly(l-butene) was 0,50 dl/g.
Example 7 J

10 Example 6§ was repeated except that
isopropylidene(cyclopentadienyl)(3-tert-butyl-5-
methyl-2-phenoxy)titanium dichloride in place of
(tert-butylamidé)
(tetramethyleyclopentadienyldimethylsilane)titanium

15 dichloride was used. As a result, 0.60 g of poly(1l-
butene) was obtained, Polymerization activity was 2.39
X 10°g/mol-7i - hr,
Example 8

Example 6 was repeated except that

20 pentamethylcyclopentadienyltitanium trichloride in
place of (tert-butylamido)
(tetramethylcyclopentadienyldimethylsilane)titanium
dichloride was used and polymerization time was 30
minutes. As a result, 1.07g of poly(l-butene) and was

25 obtained. Polymerization activity was 8.58X
10°g/mol-Ti * hr.

Example %



25 tenperature was 5[err]C. As a result, 36.2g of poly(1- but ene)
was obt ai ned. Polynerization activity was 1.45 X10[err]g/ ol -Ti  hr.
The [[err]] of the poly(1-butene) was 3.2

- 96-

dl /g and Mv Mh was 1. 8. Exampl e 11 AO.4liter
stai nl ess autoclave was replaced with argon, 198m of toluene as a
sol vent and 2m of hexene-1 5 as an [err]-olefin were charged and the
tenperature of the aut ocl ave was -9%fi-sed to 60[err]C. After raising
t he tenperature, ethylene was fed while controlling the
pressure at 0.6MPa. After stabilization of the inside of system
2mmol of MVAO of a toluene solution and 10 0. 4nmmol of water were added,

d th t d tirri 10 t Furt he
o ammol of - perh o | HEr@pnBhAL PLBF BoAB LoD E DA 1 SV abRed,

hand |15 X“ihea‘??gs%méﬁﬁgﬁﬁﬂéﬁe Bythgaf HafFea, samotlbs M Ner
di met hyl silyl en ft G‘é‘ rztaé‘ﬁ} Q%/ i@@f&ﬁaghénYhﬂlB@ of water were added,
~phenoxy)t

tert-butyl-5- net I'tanium di chlorid was charged into
the fore'”Ent'0@%3E%Ké“ﬁi&%hﬁ@'@ﬂsastmrredstbrnge mind tee .y Fard et pn was

carried out for 60 20 m nutes. The unreacted nononer was purged out, the
content of $he Auimsl ave pestazhugedphenoldbolnen® solutiorfoldmekl X c
met hanol, and the precipitated polynmer was separated by filtration
and then dried ataB@dsed Canst tiigopixture was stirred for 10 minutes.
on the other hand, in an egg-plant type flask of
an inner velume of 25ml in which the atmosphere was
replaced wi£h argon, Sml of purified toluene and 2.5
10 L mol of (pentamethylcyclopentadienyl)(2,6-
diisopropylphenoxy)titaniumdichloride weremixed with
stirring, and then the solution was charged into the
fore-mentioned autoclave using a syringe.
Polymerization was carried out at 40°C for 60 minutes.
15 After completion of the reaction, the unreacted 1-
butene was purged out, the content of the autoclave was
charged into about 10-fold acidic methanol, and the
precipitated polymer was separated by filtration and
then dried at 80°C for about 2 hours. As a result, 42.2g
20 of poly(l-butene) was obtained. Polymerization
activity was 1.69%X107 g/mol-Ti - hr. The [7] of the
poly(l-butene) was 0.97 dl/g and Mw/Mn was 1.8,
Example 10
Example 9 was repeated except that the polymerization
25 temperature was 5°C. As a result, 36.2g of poly(l-

butene) was obtained. Polymerization activity was 1.45

X 10'g/mol-Ti - hr. The {7 ] of the poly(l-butene) was 3.2



2 hours. As a result of the polynerization, 5.93g of 25
et hyl ene- 1- hexene-1 copol yner having an [[err]] of 4.45 dl/g and a
mel ting point of 68.4[err] C was obtai ned. Pol yneri zation activity
was 5.93X10[err] g/ mol -Ti. hr. -97-
Conpar ati ve Exanple 5 A 0.4 liter stainless autoclave was
replaced with argon, 198m of tolugge as a solvent and 2m of

1- hexene as an [err]-olefin were charged and the tenperature of the

5 autocl ave was heated to 60[err]C. After the heating, et hyl ene was
fed while adjusting the pressure at 0.6Mra. After the system was
stabilized, 2mvl of MVAO of a tol uene solution and 1m of 1mmol/L

t ol uene sol uti onrdl/g andfMdi/Mat trakssill.\8.ene(t etranet hyl cycl opent adi enyl) ( 3-
10 tert-butyl-5-nmethyl-2-phenoxy)titani umdichloride wer e char ged
into the fore-nBxampded 1t ocl ave using a syringe and pol ynerization
was carried out for 60 m nut es. The nononer unreacted_was purggd out,

t he content of &t h@- AukesBit aidsl B RFEPG IR WSut epdacedswithy) ¢
acidic methanol, and the precipjtated polyner _was eparat ed by
filtration and t?x’éﬂ°8|'ih]e%§’&f °§8[E8?Ff&ef BF HBgayent andzzxﬁo%%s}.‘eﬁgnﬁ'}esul t
of the polyrerizakigon, ,2. ; e - I ng an
[[err]] of %?21 %%/ég}p a O%'@grfghr?g tei %ggg%g?éﬁtgﬁ%%t 7 ?{%‘?ﬁ)rric agn%r%gQ.Qg%err] C
was obtained. 28utoBebyeEkiasaliadsaltiiy iy CantedbXcd05eny] gheol -Ti hr.

Conpar ati ve Exanple 6 A 0.4 liter stainless autoclave was repl aced
W th temperature, ethylene was fed while controlling the

pressure at 0.6MPa. After stabilization of the inside
of system, 2mmol of MMAO of a toluene solution and

10 0.4mmol of water were added, and the mixture was mixed
by stirring for 10 minutes. Further, 0.4mmol of
pentafluorophenol (toluene solution: 2mol/1l) was added,
and the mixture was mixed by stirring for 10 minutes.
On the other hand,

15 1ml of lmmol/L toluene golution of
dimethylsilylene(tetramethylcyclopentadienyl) (3-
tert-butyl-5-methyl-2-phenoxy)titanium dichloeride
was charged into the fore-mentioned autoclave using a
syringe, and polymerization was carried out for 60

20 minutes. The unreacted monomer was purged out, the
content of the autoclave was charged into about 10-
fold acidic methanol, and the precipitated polymer was
separated by filtration and then dried at 80°C for about
2 hours. As a result of the polymerization, 5.93g of

25 ethylene-l-hexene—+ copolymer having an [7n] of 4.45
dl/g and a melting poiﬁt of 68.4°C was obtained.

Polymerization activity was 5.93X10° g/mol-Ti * hr.



argon, 198m of toluene as a solvent and 2m of 1-hexene as an
[err]-olefin were charged and the tenperature of the 25 aut ocl ave was

heated to 60[err]C. After the heating, et hyl ene was fed while
adjusting the pressure at 0. 6Mra. After the systemwas stabilized,
2mmol of MVAO of a - 98-

tol uene solution and 0.4mmol of water were added, and the m xture was
stirred for 10m nutes. On thedbther hand, 1m of 1mmmol/L tol uene
sol ution of dinmethylsilylene(tetranethylcyclopentadienyl)(3- 5
tert-butyl-5-nethyl-2-phenoxy)titani umdichloride was charged into
the fore-nentioned autoclave using a syringe and pol yneri zati on was

carried out for s 0 BUtes.. The unreacted nononer was purged out, the
content of the oita aflyg‘%% Tble into about 10- 10 fol d acidic
met hanol , and the prgcy pj tpdade goéa/irﬁea@sa%t%cla‘?sn?é@tf&piﬁa/ %ag{ﬁ'eon

and then dried at 80[err]C for about ours. As a resu
pol ymeri zation, dkdihg, Af98ml of dhyéreersl aheXpren €l PRI o haViHk &e

[[err]] of 1.54 dl/g and a nelting point of 91.5[err].C was obt ai ned.
15 Pol yreri zatdaoanad +oleyf inage Be 4Ahaffed rdnd il t@&mperhture of tixanpl e
12 Exanpl e 11 was repeated except that 2 [err] nol of

bi scycl openbadi a8t e¢tavie uvre BRRrR6RAdS0 K0P acafsfer the heating,
di met hyl si |l yl ene(tetyamet hyl cyc¢l gpent adi enyl) (3-. 20
tert-butyl - 5- metRAYLLBR SIS FE N & AP PERAGT e Pressuge atLEMRS- a
resul't of the po{ /el 28" 805+81n%%9s s tabilized, 2mmol of MMAO of a
toluene solution and 1lml of 1lmmol/L toluene solution
of dimethylﬁilylene(tetramethylcyclopentadienyl)(3-
10 tert-butyl-5-methyl-2-phenoxy)titanium dichloride
were charged into the fore-mentioned autoclave using
a syringe and polymerization was carried out for 60
minutes. The monomer unreacted was purged out, the
content of the autoclave was charged into about 10-
15 fold acidic methanol, and the precipitated polymer was
separated by filtration and then dried at 80°C for about
2 hours. As a result of the polymerization, 2.16g of
ethylene-1-hexene copolymer having an (7] of 1.21 dl/g
and melting points of 75.6°C and 89.5°C was obtained.
20  Polymerization activity was 2.16X10° g/mol-Ti * hr.
Comparative Example 6
A 0.4 liter stainless autoclave was replaced with
argon, 198ml of toluene as a solvent and 2ml of l-hexene
as an a-olefin were charged and the temperature of the
25 autoclave was heated to 60°C. After the heating,

ethylene was fed while adjusting the pressure at 0.6MPa.

After the system was stabilized, 2mmol of MMAO of a



et hyl ene- 1- hexene copol yner having an [[err]] of 2.00 dl/g and a
melting point of 119[err] C was obt ai ned. Pol yneri zation activity was
4.81X 10[err] g/nmol-Ti. hr. 25 Exanpl e 13 Exanpl e 11 was
repeated except that 2 [err] nol of

(pent anet hyl cycl opent adi enyl ) (2, 6-

- 99- di i sopropyl phenoxy)titaniumdichloride in place of

di met hyl si |l yl ene(tetranet hyl cycl opent adi-88yl ) ( 3-
tert-butyl-5-nmethyl-2-phenoxy)titani umdichloride was used. As a
result of the polynerization, 12.17g of 5 et hyl ene- 1- hexene copol yner

having an [[err]] of 2.78 dl/g and nelting points of 51[err]C and
113. 8[ err] C was obt ai ned.

. __Pol | zat i tjvit .,09X 10
gl hr EolieRgnsphution and B iRplons waber He¥FoadaPdy aRbiopt.
that 2 [err] nDl?ﬁ%tﬂ$%§“F%:gﬁé? kﬁ%%%%fﬁﬁgés£@gggx%ggtniur;?gchloride I n
pl ace of d | e ylty ntadi eny -
tert butyl -5 methyl - 2oRNENONkidy AARAT e LR 1 /1. tol¥RR 80 uLARAl

atron, 11.6lg of

result of the polyneriz et hyl ene- 1- hexene copol yner
having an [[err]bfofiRe2hydlsiayllkhe (it ame £t hPUcpeol 6pentbaditmsi 1) G -and

112[ err] C was obt ai ned. ol yneri zation activity was 5.81 X 10[err]
g/mol -H . . tert-bxayll-&-imethyl-2-phenéxuypleatiumadicdhieatiatk except
that 5 [err] nol of hydrotris(3,5-di methyl pyrazol yl borate)titani um

20 trichl ori dewpR phazgedf into the fore-mentioned autoclave using a

dinethylsiIyIenegggaa%gggmﬂ(9g¥;)é¥g§§Qfg lagg-carried out for 60
minutes. The‘unreacted monomer was purged out, the
content of £he autoclave was charged into about 10-

10 fold acidic¢ methanol, and the precipitated polymer was
separated by filtration and then dried at 80°C for about
2 hours. As a result of the polymerization, 0.84g of
ethylene-1l-hexene copolymer having an [n)of 1.54 d1/qg
and a melting point of 91.5°C was obtained.

15 Polymerization activity was 8.40X10° ¢/mol-Ti - hr.
Exam 2

Example 11 was repeated except that 2 4 mol of
biscyclopentadienyltitanium dichloride in place of
dimethylsilylene(tetramethylcyclopentadienyl) (3-

20 tert-butyl-5-methyl-2-phenoxy)titanium dichloride
was used. As a result of the polymerization, 9.62g of
ethylene-1-hexene copolymer having an [7n] of 2,00 dl/g
and a melting point of 119°C was obtained.
Polymerization activity was 4.81X10° g/mol-Ti - hr.

25 Example 13

Example 11 was repeated except that 2 4 mol of

(pentamethylcyclopentadienyl) (2,6~



tert-butyl-5-nethyl-2-phenoxy)titani um di chl oride, 10nmmol of MVAQ
2mmol of water and 2mmol of pent af | uor ophenol (t ol uene sol uti on:
2mol /1) were used 25 and polynerization tenperature was 80[err]C. As a
resul t of the polynerization, 2.61g of ethyl ene-1-hexene

copolymer having an, [[err]] of 1. 42 dl/g and a nelting point

-10 O- of 110.7[err] C was obtai . Polynerlzatlon activity was
5.22 X 10[err] g/nmol-Ti . hr. mrh Exanpl e 15 was

repeated except that 5 hydrotris(3 d|nethylpyrazolylborate)zirconium
trichloride in place of hydrotris(3,5- di et hyl pyrazol yl bor at e)
titaniumtrichloride was used. As a result of the polynerization

10 Cand a mel t G SEE b ISR ey EPFFEREhe A A B Igfee foBT 11O

Pol ymeri zati on %&ﬁﬁé’dﬁmwﬁy:@eﬂag td0kamekhgNEglc18perttiadienyl) Exanmpl e 17
A droppi ng funnel was set on a 100m four-necked flask, the flask was

repl aced with nitemganayt-5mathyl52-phenivaryionstariwvmsdsst loridel of
hept ane as a sol vent, and 20mmmol of MVACBA (manufactured b

TOSOH AKZO Co. , was used dAs Repeandtsef Lﬁh%t’?%ﬁ‘ﬂ@l%t%@nc&%e% g% on of
7.0% bywei ght) were charged in the flask an m Xt yre tirred.

To the dropping qmneihﬂhféﬁf‘]e qOPRLHBFT ?V“’Z@ an l:r"fd%aﬁzﬂ dIwith
ni trogen and 10mnéﬁméf£f§g pggn%s of 51°C and 113.8°C was obtained.

Polymerization activity was 6.09X10° g/mol-Ti - hr.
Example 14
Example-ll was repeated except that 2 4 mol of
10 - dimethylsilylenebisindenylhafnium dichloride in place
of dimethylsilylene(tetramethylcyclopentadienyl) (3-
tert-butyl-5-methyl-2-phenoxy)titanium dichloride
was used. As a result of the polymerization, 11.61g of
ethylene-1-hexene copolymer having an {7 ] of 2.25 di/g
15 and melting points of 71°C and 112°C was obtained.
Polymerization activity was 5.81X10° g/mol-Hf - hr.
Example 15
Example 11 was repeated except that Sﬁtmol of
hydrotris(3,5-dimethylpyrazolylborate)titanium
20 trichloride in place of
dimethylsilylene(tetramethylcyclopentadienyl) (3-
tert-butyl-5-methyl-2-phenoxy)titanium
dichloride,10Mmol of MMAO, 2mmol of water and 2mmol of
pentafluorophenol (toluene solution: 2mol/1l) were used
25 and polymerization temperature was 80°C. As a result
of the polymerization, 2.61g of ethylene-l-hexene

copolymer having an [n)of1.42 dl/g and a melting point



charged and slowy added dropwi se into the flask. After conpl etion
of the dropwi se addition, the dropping funnel was rinsed with 5m of
tol uene and the m xture was stirred at 25 to 30[err]C for 30

m nutes. Then, 4m 25 (toluene solution: 2nol/1) of pentafl uorophenol
and 10m of toluene were charged to the dropping funnel, and
slowy added dropwi se into the flask. After

-101- conpl etion of the dropwis¥?%mdition, the dropping

funnel was rinsed with 5nm of toluene and the m xture was stirred at
25 to 30[err]C for 1 hour. The reaction sol ution was concentr at ed
under vacuumto renove the sol vent and obtaln a white solid (conpound
A) . A 0.4.l Ltek c ct rrer
was repl aced mnt%fa}%gﬁe ﬁg%glégﬁglﬁga 2ol ycI >£§éjég?%yg% vﬁ%% and
15m of 1- hexenesa%?gp geayhol -mi - hel efinwere charged, and the reactor was
heated to 180[erT ﬁ After the heatlng et hyl ene was fed while
adjusting the gpyampn@syyre at 2.5MPa. After the systemwas stabilized,
50.6nmg (equivalent to 0.41mmol in ternms of Al atom of t he
above-nmenti oned conp@xEhpilants Owdsl répanmekey, e&cﬁpt thafferr] nol of 15

di met hyl silyl ene(tetranet hyl cycl opent adi enyl )

tert-butyl -5 net hyﬂ:@tmm&oﬁ-tdx%twﬁYﬁéFﬁ yflaerate)n(r&ﬁ?dd%md 1) and

25 [err] nol of trllsobutylalunl nz QSa e solution (the
concentration of *¥dFPFAFLE i el°fePVFrHﬁFFﬁi and the concentration
SI OH;??P“;{L%' 'élme%rﬂylpyrazgléfbéfg{bgglt Al w06 @ 0L 2heHd @s0h A

As a result of the polymerization, 9.62g of
ethylene-l—ﬁexene copolymer having an [#]of 1.51dl/g
10 and a melting point of 123.5°C and 112°C was obtained.
Polymerization activity was 1.92X10° g/mol-2r - hr.
Example 17
A dropping funnel was set on a 100ml four-necked
flask, the flask was replaced with nitrogen and then,
15 a thermometer was set. 10ml of heptane as a solvent,
and 20mmol of MMAO3A (manufactured by TOSOH-AKZO Co.,
Ltd.; heptane solution having an Al concentration of
7.0% by weight) were charged in the flask and the mixture
was stirred. To the dropping funnel, 144 &£ 1 (8mmol) of
20 water deaerated with nitrogen and 10ml of toluene were
charged and slowly added dropwise into the flask. After
completion of the dropwise addition, the dropping
funnel was rinsed with 5ml of toluene and the mixture
was stirred at 25 to 30°C for 30 minutes. Then, 4ml
25 (toluene solution: 2mol/1l) of pentafluorophenocl and
10ml of toluene were charged to the dropping funnel,

and slowly added dropwise into the flask. After



was adjusted at 50) in which the conpound 1 and triisobutylal um num

are m xed, were charged thereto. Pol ynmeri zati on was carried out for
2 mnutes. As a result of the polynerization, 1.38g of

et hyl ene- 1- hexene 25 copolymer having an [[err]] of 2.12 dl/g and

mel ting points of 79.5[err]C and 83.1[err] C was obtai ned.

Pol yneri zati on activity per 1 nol of Ti atomwas 2.7 X 10[err]

g/ mol -Ti per -101- -102- 2 mnutes
(8.1X 10[err] g/mol-Ti hr). A dropping funnel was set on a
200m four-necked flask, the flask was replaced with nitrogen and
then, 5 a thernoneter was set. 12nml of heptane as a sol vent and

col Ut on havi ng SHPRLSEIRE0RE AR TAPYLES 29856480 EPghEF AL Shar ged
to the flask andelRgoll YUl einsed iR Shil bEdrolRehBeaflaoppengikunng . 72
[err] 1 (4mmol) © wat e ted Wt d I

r deaera \ _nrtrogen and sm of toluene
were  charggdsasd ith@d ardted drord S Mt hdde, frRékredbtebn
conpl etion of the dropw se addition, the dropping funnel was washed

with 5m of tolugsguaidn kasriodrndentrated vasdst i vaedunt t35remod@ et C f or
30 m nutes. Then, 8m 15 (toluene solution: 2nol /1) of pentafl uorophenol

was char gedoflyemite atrdbpphrayis uanehitadsadddd (¢oowpsiuned A). thereto
at 25 to 30[err]C, and the mxture was _stirred at .25 to 30£err]C for
1 hour. A white slurrdy Qed bbtarnaptocApve reacGic SAHRPYH: With a

0.5nDI/L)(conpoug%£§Eer was replaced with argon, then 185ml of

cyclohexane as a solvent and 15ml of l-hexene as an «
-olefin were-charged, and the reactor was heated to 180°C.

10 After the heating, ethylene was fed while adjusting the
pressure at 2,5MPa. After the system was stabilized,
50.6mg (equivalent to 0.4lmmol in terms of Al atom) of
the above-mentioned compound A and 0.5ml (namely, 0.5
M mol of

15 dimethylsilylene(tetramethylcyclopentadienyl) (3-
tert-butyl-5-methyl-2-phenoxy)titanium dimethoxide
(compound 1) and 25 4 mol of triisobutylaluminum) of a
heptane solution (the concentration of compound 1 is
1 1 mol/nl and the concentration of triisobutylaluminum

20 is 50 £ mol/ml, and a molar ratio of Al atom to Ti atom
was adjusted at 50) in which the compound 1 and
triisobutylaluminum are mixed, were charged thereto.
Polymerizationwas carried out for 2 minutes. 3s aresult
of the polymerization, 1.38g of ethylene-l-hexene

25 copolymer havingan [7]of 2.12d1/g and melting points
of 79.5°C and 83.1°C was obtained. Polymerization

activity per 1 mol of Ti atom was 2.7X10°g/mol-Ti per



20 A 0.4 liter autoclave reactor equipped with a stirrer was
repl aced with argon, then 185m of cycl ohexane as a solvent and 15ni
of 1-hexene as an [err] -ol efi nwere charged, andthereactorwas

heat edto 180[err] C After the heating, ethylene was fed while
adjusting the 25 pressure at 2.5MPa. After the systemwas stabilized,

2m (equivalent to 1nmol, in terns of All§§on) of the above- nenti oned
conpound B and 0. 5m (nanely, 0.5 [err]

-103- nol of

di met hyl si |l yl ene(tetranet hyl cycl opent adi enyl ) ( 3-
tert-butyl-5-nethyl-2-phenoxy)titani um di net hoxi de (compound 1) and
25 [err] nol of 2t msipsedes yi &l uXiyoing/wblaTi5 hr hept ane sol ution (the
concentration of conpound 1 is 1 [err] nmol/m and the concentration
of triisobutyl alpxampie 18 is 50 [err] nmol/mM, and a nolar ratio of Al
atomto Ti atom was adjusted at 50) in mhlch the conpound 1

triisobutylal umi numhedeoppxad, fu@ﬂélcwéﬁgééttﬁérétao m%ofoqﬁﬂ%ﬁﬁﬁ¢£at|on
was carried out for 2 mnutes. As a e ation,

3850 of ot hyl eridaslhexdme Flack pagcrshbroRdur bRt PTRRRR]ARe I8 and
melting poipts of err C and 84

t
Pol yner i zatf’on a the%\‘&?‘f‘?f‘?g fer"h)l %ﬁ'erg][ gn:g&/;asn %(r%%olv?lt
g/ mol - Ti per dﬂ:ﬂé’it ﬂddfaémealby T¥3on-aKz0 E&apple 19
Alliter aut oc ave was repla

stalnless argon, 200mi of

toluene was charged. anflepB8nkepeudivhehaving an Al concentration of
7.0%byweight)werechargedtotheflaskandthemixture

was stirred. To the dropping funnel, 72 # 1 (4mmol) of

10 water deaerated with nitrogen and 5ml of toluene were
charged and slowly added dropwise into the flask. After
completion of the dropwise addition, the dropping
funnel was washed with 5ml of toluene and the mixture
was stirred at 25 to 30°C for 30 minutes. Then, 8ml

15 (toluene solution: 2mol/l) of pentafluorophenol was
charged to the dropping funnel and added dropwise
thereto at 25 to 30°C, and the mixture was stirred at
25 to 30°C for 1 hour. A white slurry was obtained. (Al
concentration: 0.5mol/L)(compound B)

20 A 0.4 liter autoclave reactor equipped with a
stirrer was replaced with argon, then 185ml of
cyclohexane as a solvent and 15ml of 1-hexene as an «
-olefinwerecharged,andthereactorwasheatedto180ﬁh
After the heating, ethylene was fed while adjusting the

25 pressure at 2.5MPa. After the system was stabilized,
2ml (equivalent to lmmol, in terms of Al atom) of the

above-mentioned compound B and 0.5ml (namely, 0.5 u



of the autoclave was heated to 60C. After the heating, 20 et hyl ene was

fed while adjusting the pressure at 0. 6Mra. After the system was
stabilized, 5mml of MVAO of a t ol uene sol ution and 1nmol of water
wer e added, and the m xture was stirred for 10 m nutes. Further,
1mmol of pent af | uor ophenol (t ol uene solution: 2nol/1) was added, 25
and the m xture was stirred for 10 m nutes. On the ot her hand,
5m of 0.5mmol /L toluene solution -10a3f-

2,6-bis-[1-(2, 6-diisopropyl phenylim no)ethyl]

-104- pyridineiron dichloride was charged into the fore-

ment i oned autocl ave using a syringe, and pol yneri zation was carried
out for 60 m nutes. The nononer unreacted was purged out, the content

of the autocl av®aLEharged 5 i nto about 10-fold acidic nethanol, and
th i pj.tated | by filt ' th

Ped ar ol ooy LR PELYUELAUTR SRS R S A PR 0S (5 e
pol ymer i zat i on.  £e,400,0Ly PO YREEKYENG BAGHMAR Mﬂﬁ%ﬂx c@%methoxii.ég57h?| X

was obtai ned. Polynerizalion activity X 10[err] g/ nol

Exanpl e 20 (compo¥ndl PPRA 23 pnpblves selissbac2PMmiaummnegked
flask, the flask was replaced with nitrogen and then, a thernoneter
was set. 1081 ofndepinsesaiuvaisal (ehe aothcefiratibmiobfcdMfdBaAd 1 is
(manuf actured by TOSOH AKZO Co., Ltd.; hept ane sol uti on having an Al
concentration ofl Z4 @8lbiml and theicghcpniged ichae §éd itic alet Y1 atwmanumt he
m xt ure was stirred.. To the dropping funnel, 14 4 [err] 1 (8mvpl) of
wat er is 50 £ mol/ml, and a molar ratio of Al atom to Ti atom

was adjusted at 50) in which the compound 1 and
triisobutylaluminum were mixed, were charged thereto,
10 Polymerization was carried out for 2minutes. As aresult
of the polymerization, 3.65g of ethylene-l-hexene
copolymer having an {7 ] of 1.59 and melting points of
73.3°C and 84.9°C was obtained. Polymerization
activity per 1 mol of Ti atom was 7.3X10° g/mol-Ti per
15 2 minutes (2.19X10' g/mol-Ti - hr).
Example 19 .

A 1l liter stainless autoclave was replaced with
argon, 200ml of toluene was charged and the temperature
of the autoclave was heated to 60°C. After the heating,

20 ethylene was fed while adjusting the pressure at 0.6MPa.
After the system was stabilized, 5Smmol of MMAO of a
toluene solution and lmmol of water were added, and the
mixture was stirred for 10 minutes. Further, lmmol of
pentafluorophenol(toluene solution: 2mol/1l) was added,

25 and the mixture was stirred for 10 minutes.

On the other hand, 5ml of 0.5mmol/L toluene s¢olution

of 2,6-bis-[1-(2,6-diisopropylphenylimino)ethyl)



deaerated with nitrogen and 10m of toluene were charged 20 and slowy

added dropwi se into the flask. After conpl etion of the dropw se

addi tion, the dropping funnel was washed with 5m of toluene and the
m xture was stirred at 25 to 30[err]C for 30 m nutes. Then, 4m
(toluene solution: 2nol /1) of pentafluorophenol and 10 25 m of toluene
were charged to the dropping funnel and added dropwi se to the fl ask
at 25 to 30[err]C, After conplet1¥9ﬁ?ﬁ the dropwi se addition, the

dr oppi ng ) - 105- funnel was
washed with 5m of toluene and the m xture was stirred at 25 to
30[err]C for 1 hour. The reaction sol ution was concentrated under

reduced pressur et gy giney (AR AL AL Bl T HEPTRRUIALE) tned fore- A 0.4

liter autoclave ¥ or “equi ppé stirfrer was replaced with

argon, then 185nhaft ioned ak¥/sé PHGE UM AP ads ol V@l ad@dpdDpthepizathoxene as
an a -olefin were charged, and the reactor was heated to 180[err]C

After the heatingasethykreea vas fed 8bimenadisstThg mbroméd unpeessede at
2.5MPa. After the systemwas stabilized, 48.9 ng(equivalent to

0. 40mmol , in terwasgurgedtcorn), the confent® fabbecawtde lavedaforpaEIedC,
0.5m of a m xed hept ane sol ution_of
di met hyl si | yi enefnser @bty I ldidkd Ml fynerhanols and the
Lo DUty e B M ST ELOREALB b iSRRG,
Is 1 [err] nDl/nkhekhSried at 80°C for about 2 hours. As a result of the
polymerization, 2.40g of polyethylene having an [7] of
1.57 dl/g wéS obtained. Polymerization activity 9.62
10 X 10° g/mol-Fe - hr.
Example 20
A dropping funnel was set on a 200ml four-necked
flask, the flask was replaced with nitrogen and then,
a thermometer was set. 10ml of heptane as a solvent and
15 20 ml of MMAO3A (manufactured by TOSOH-AKZO Co., Ltd.;
heptane solution having an Al concentration of 7.0% by
weight) were charged to the flask and the mixture was
stirred. To the dropping funnel, 144 &« 1 (8mmol) of water
deaerated with nitrogen and 10ml of toluene were charged
20 and slowly added dropwise into the flask. After
completion of the dropwise addition, the dropping
funnel was washed with 5ml of toluene and the mixture
was stirred at 25 to 30°C for 30 minutes. Then, 4ml
(toluene solution: 2mol/1l) of pentafluorophenol and 10
25 ml of toluene were charged to the dropping funnel and
added dropwise to the flask at 25 to 30°C, After

completion of the dropwise addition, the dropping



concentration of triisobutylalumnumis 50 [err] mol/m, and the
nolar ratio of Al atomto Ti atomwas adjusted 20 at 50) (nanely, the

conmpound 1 is 0.5 [err] nol, and triisobutylalumnums 25 [err]
mol), and 1. 5m of a heptane slurry of N, N -dinmethylanilinium
(tetraki spent af | uor ophenyl ) bor at e( conpound 2) (concentration; 1
[err] nol /M) were charged thereto. 25 Pol ynmeri zati on was carried out
for 2 minutes.As a result of thel®dtynerization, 6.5g of

et hyl ene- 1- hexene copolynmer having an [[err]] of 1.06dl/g, SCB of
35.3, Mwv - 106- of 63400
MV WMn of 3.4 and nelting points of 75.2[err]C and 83.4[err] C was

bt ai ned. Pol ' ' tiyit | f Ti X
Tolerr) /ol - TESpBR oo RentipaberiuBth snl"oforerpelly R {RE Hehed
Exanpl e 21 A QL j t ' - ith
ar S(r)n;, e185n1 of w%?c[sgﬁ'éf%r?g Az;ds 2zzgso \%ﬁ@?fﬁ%&%? the fgimﬁg)%gﬂewas an

[err] -ol efin wape uh¥rOehAKbldent £A€EQN under redndeRRiAtdNAS0err] C
After the heating, ethylene was 10 fed while adjusting the pressure at

2.5MPa. After tbbtain a it sebid{abmpornad, C)..1mmol of triisobutyl
al um num 0.2m (0. 1mol in terns of Al atom) of the slurry of
conpound B Prepar ed A 0 Ekahpter18utngleves ngacsfor empipprd with g xed
sol ution of conmpound 1 and trii sobutyl ,ahum’ num, 1% (concentration of
conpound 1; 1 [ &HIFTRA MAS TeREamedavish argon, &an &¥blit9F al uni num
(Sga%glr ;] 0_m5)| {L:ﬂr rc]y% r#ﬁ%%qrﬁ)%&n?olvent an"g qrgr&loo-gi lghggpeﬁxél /a-gi An 30)
-~olefin were charged, and the reactor was heated to 180°C.
After the heéting, ethylene was fed while adjusting the
10 pressure at 2.5MPa. After the system was stabilized,
48.9 mg(equivalent to 0.40mmol, in terms of Al atom)
of the above-mentioned c¢ompound C, 0.5ml of a mixed
heptane solution of
dimethylsilylene(tetramethylcyclopentadienyl)(3-
15 tert-butyl-5-methyl-2-phenoxy)titanium dimethoxide
(compound 1) and 25 4 mol of triisobutylaluminum (the
concentration of compound 1 is 1 &£ mol/ml, the
concentration of triisobutylaluminum is 50 # mol/ml,
and the molar ratio of Al atom to Ti atom was adjusted
20 at 50)(namely, the compound 1 is 0.5 4 mol, and
triisobutylaluminumis 25 &« mol), and 1.5ml of a heptane
slurry of N,N’-dimethylaniliniun
(tetrakispentafluorophenyl)borate(compound 2)
(concentration; 1 4 mol/ml) were charged thereto.
25 Polymerizationwas carried out for 2 minutes, As a result

of the polymerization, 6.5g of ethylene-l-hexene

copolymer having an [7] of 1.06d1/g, SCB of 35.3, Mw



1 and 25 [err] mol of triisobutyl alumnum, 1.5 m of a hept ane
slurry of the conpound 2 (concentration; 1 [err] 20 nmol /m ) were added
into the autoclave. Pol ynerization was carried out for 2 m nutes.
As a result of the polynerization, 3. 07g of et hyl ene- 1- hexene
copolynmer having an [ [err] ] of 1.11 dl/g, SCB of 30.4, Mw of
52100, MW Mh of 2.4, and nelting pointsigdh of 80.8[err]C and 92. 7[err]C
was obt ai ned. Pol ynerization activity per 1 nol of Ti atomwas 6.1 X
10[err] g/ nol -Ti per 2 mnutes(1.83X 10[err] g/ nol-Ti.hour).

-107- Exanpl e 22 A dropping funnel was set on a 100m

f our - necked flask, the flask was replaced with nitrogen and then,

a thernometer wast eX40Ms Mw /3 oénd , 4 8mid afe Isinaupe it s 9f 75.35¢ vend and
10mmol of MVAGBA (manufactured by TOSO  AKZO Co., Ltd.; 2 mpl/1l) were
charged in the f83sk (avps obtaigied nPelymerieatsiqn Astivid¥ ReTtoBPtng

funnel, 72 err] | (4muol), qf ter, deaerated with,nitrog 5m
of toluene were @ a?beétﬁﬁdw§50\}d'§>é e@/cﬂ@p’i/é’sep?‘ﬁ& m’lﬁute?hzgf‘fﬁgk.
After conpletion, of the.drgpw se addition, t he dropping funnel was
rinsed with 5m B& gorQletd \gﬁé the mixture was stirred at 25 to

30[err] C for 30g@agm¥ees.%% Then, 2m (toluene solution: 2nmol /1) of

pent af | uor ophen of toluene were charged to 15 t he droppi ng
funnel, and slowy added drppvesestdinbess autddl D6k erdgd Cepllaedd@ithask.

After conpletion of the dropw se

argon, 185ml of cyclohexane as a solvent and 15ml of
l-hexene aé an @ -olefin were charged and the reactor
was heated‘ to 180°C., After the heating, ethylene was

10 fed while adjusting the pressure at 2.5MPa. After the
systemwas stabilized, 0.1lmmol of triisobutyl aluminum,
0.2m1(0.1lmmol in terms of Al atom) of the slurry of
compound B prepared in Example 18 and 0.5 ml of a heptane
mixed solution of compound 1 and triisobutyl aluminum

15 (concentration of compound 1; 1 &£ mol/ml, concentration
of triisobutyl aluminum; 50 &£ mol/ml, molar ratio of Al
atomto Ti atom (A1/Ti); 50)(namely 0.5 4 mol of compound
1 and 25 4 mol of triiéobutyl aluminum), 1.5 ml of a
heptane slurry of the compound 2 (concentration; 1 4

20 mol/ml) were added into the autoclave. Polymerization
was carried out for 2 minutes.

As a result of the polymerizatiom, 3.07g of
ethylene-1-hexene copolymer havingan [7]of 1.11d1/gq,
SCBof 30.4, Mwof 52100, Mw/Mnof 2.4, andmelting points

25 of 80.8°C and 92.7°C was obtained. Polymerization
activity per 1 mol of Ti atom was 6.1X10°g/mol-Ti per

2 minutes(1.83X10° g/mol-Ti*hour).



addition, the mxture was stirred at 25 to 30C for 2 hours. A white
slurry (concentration:0.67 nol/Il in terms of Al atom (Conpound D) was
obtai ned. 20 A 0.4 liter autoclave reactor equipped with a

stirrer was replaced with argon, then 140m of cycl ohexane as a

sol vent and 60m of 1-hexene as an a -olef in were charged, and the
reactor washeated to 180C. After the heating, ethylene was fed while
adjusting the 25 pressure at 2.5MPa.~¥ter the systemwas stabilized,

1.5 mM of slurry of the conpound D (equival ent to 1mol in ternms of
Al atom), 1 ml of a toluene solution of

- 108- bi s(n-butyl cycl opentadi enyl)zirconiumdichloride
(concentration; 1 [err] mpl/m) and 3 mM of a heptane slurry of the
conpound 2(concm#—ll [err] rml/n1) wer e added into the reactor.

Pol ymeri zation was cgr tf t yesMht-REcked
pol ymeri zati on, 7ggofi §%p9.‘fx fqnt%e% ene- ?%xﬁ]ea cop@l?ymer was 8btea| ned.

Pol yneri zati on afiagkt VLRE" ¢a Rl ek zé 850BUVAStA. HitrogenXaAbeehkn,
g/ mol -zr per 2 mnute§(1.71X10[err] g/ rml - Zr/ hour) . Conparative

Exanple 7 10 a thelmOmétbkirt@asssatnl®ssa autludnye dnds ofe pepdedeniash
argon, 185m of cycl ohexane as a solvent and 15m of 1- hexene as an
[err]-olefirs wera sbaveet and Im@htw’éllﬁi@ﬂ\ (manwfadtazred ky TARG err] C.

After the heating, ethylene was fed while adjust] n%fthe prcissure at
2.5MPa. After th&K205Co.gyktdnywashalbbi|¥9%Y CHRDI Ot flas

Lgh{)zaﬁgt >1/| Zlngm the mixture OwaSSmstlrreer&‘gn%hQ %ppcilnugt 'f‘{{hﬁ’élt he,

41 {4mmol) of water deaerated with nitrogen and 5ml
of toluene wére charged and slowly added dropwise into

10 the flask. After completion of the dropwise addition,
the dropping funnel was rinsed with 5ml of toluene and
the mixture was stirred at 25 to 30°C for 30 minutes.
Then, 2ml (toluene solution: 2mol/l) of
pentafluorophenol and 10ml of toluene were charged to

15 the dropping funnel, and slowly added dropwise at 25
to 30°C into the flask. After completion of the dropwise
addition, the mixture was stirred at 25 to 30°C for 2
hours. A white slurry (concentration:0.67 mol/l in
terms of Al atom) (Compound D) was obtained.

20 A 0.4 liter autoclave reactor equipped with a
stirrer was replaced with argon, then 140ml of
cyclohexane as a solvent and 60ml of l-hexene as an «
~olefinwere charged, and the reactor was heated to 180°C.
After the heating, ethylene was fed while adjusting the

25 pressure at 2.5MPa. After the system was stabilized,
1.5 ml of slurry of the compound D (equivalent to lmmol

in terms of Al atom), 1 ml of a toluene solution of



triisobutylal um num ( concentration of the conmpound 1; 1 [err]

nmol /m, concentrationoftriisobutylalumnum 50 [err] nmol /m)
(nanely, 0.5 [err] nol of conmpound 1 and 25 [err] nol 20 of
triisobutylalum nunm were added thereinto, and subsequently 1.5 m
of a heptane slurry of the conpound 2 (slurry concentration of 1
[err] nol /M) was added. Pol ynmeri zation was carried out for 2
mnutes. As a result of the pol y&BBrzation, 2.33g of

et hyl ene- 1- hexene 25 copolymer having an [[err]] of 1.04 dl/g and SCB of
31.7, Mv of 56500, Mwv Mh of 1.9 and nelting points of 78.3[err]C
and 89.9[err]C was obt ai ned. Polynerization activity per 1

klggierr] g/ nol - |s(ﬁb&3ta§fné%ﬁéaéllg g)&% ng.-@m Qﬁrc}gl&g\a%regéél ﬁé
funnel was set qn. 8200 a{edh; nepkad1/f1) dAdSm el dnlayes apipced

with nitrogen a rm)rret was set of hept aneas a

sol vent and of S8ERbm gBuW&ﬁaaﬂui:a@i%ed Rynd OBRH AkdE: Gided t d. ;

2 nol/1) were charged in the flask and the m xture was stirred. To
the dropping funnslo &68€ fesctol. (POhPmerdkzatdbon ¥as oaxtrdrediener afed with
nitrogen and 5m of toluene were charged and sl owly added dropw se
into the flAsk. 2AMmimrutes. Agoapresiidh of phdymespwiadd odudit i th, of han

dr oppi ng funnel was rinsed with 5m of toluene and, the nlxture

was stirred at Zhyplenpelriexese SOPRLYRSS WasrRPEaRedon sol ution

was concentrated “ffrﬁéri%gg‘igg grc:%sl%lirt% tpoer 1 mol of Zr atom was 5.7

X 10° g/mol-Zr per 2 minutes(1.71X10" g/mol-2Zr/hour).
Comparative Example 7
10 A 0.4 liter stainless autoclave was replaced with
argon, 185ml of cyclohexane as a solvent and 15ml of
l-hexene as an Q -olefin were charged and the autoclave
was heated to 180°C. After the heating, ethylene was
fed while adjusting the pressure at 2.5MPa. After the
15 systemwas stabilized, 0.2 mmol of triisobutylaluminum,
0.5ml of a heptane mixed solution of the compound 1 and
triisobutylaluminum ( concentration of the compound 1;
1 £t mol/ml, concentrationof triisobutylaluminum; 50 u«
mol/ml) (namely, 0.5 4 mol of compound 1 and 25 4 mol
20 of triisobutylaluminum) were added thereinto, and
subsequently 1.5 ml of a heptane slurry of the compound
2 (slurry concentration of 1 4 mol/ml) was added.
Polymerizationwas carried out for 2 minutes. As a result
of the polymerization, 2.33g of ethylene-l-hexene
25 copolymer having an [n] of 1.04 d1/g and SCB of 31.7,
Mw of 56500, Mw/Mn of 1.9 and melting points of 78.3°C

and 89.9°C was obtained. Polymerization activity per 1



renove the solvent and obtain a white solid (Conpound E)

A 0.4 liter autoclave reactor equipped with a stirrer was replaced
wi th argon, then 185m of 20 cycl ohexane as a solvent and 15m of

1- hexene as an a -olef in were charged, and the reactor was heated
to 180[err]C After the heating, ethylene was fed while adjusting

t he pressure at 2.5MPa. After the systemwas stabilized, 27.6
ng of the conpound E (equivalent to 0. 728Nl in 25 terms of Al atom),
0.5m of a heptane m xed sol ution of the compound 1 and

triisobutyl al um num (concentration of the conmpound; 1 [err] mol/m,
-110- concentration of triisobutylalumnum 50 [err] nol/mM,

I t f { f d
oL 5201, C) bR Al 3 9% 1hogot-ol Bor, 2 ny ek g gscrmoun

slurry of the cemppugdmdl-i-nbeencentration; 1 [err] nol/m) were added
t herei nto. Pol ymeri zation was carried out for 2 mnutes. As a result

of the pol ynerlgngg@atav@S@mfm@ v ene- 1- hexene copol yner havi ng an
[ [err]] of 0.97 dl/g and SCB of 34.5 and mel ting points of 76.6C and
83.8[ err] C was obt aitnettoprling Rutyakrvastsen astav20impefourmplecdiedli at om

was 4.9 X 10[ err% g/mol -Ti per 2 mnutes(1.47X 10[err] g/m)I-Tllhour)
Exanple 235  flask, khg lealstkef"a&uFSEIlé\?édr é’&&ﬁbpléﬁlﬁ’igﬁﬁeér\ﬂ thep

stirrer vas repLaged wiLl 81990, 2201 & mi! $EHG

rqeas a solvent and
20mmol of MMAO3A (manufactured by TOSOH-AKZO Co., Ltd.;
2 mol/l) were charged in the flask and the mixture was
stirred. To f;he dropping funnel, 360 4 1 (205¢ mmol) of

10 water deaerated with nitrogen and 5ml ¢of toluene were
charged and slowly added dropwise into the flask. After
completion of the dropwise addition, the dropping
funnel was rinsed with 5ml of toluene and the mixture
was stirred at 25 to 30°C for 30 minutes. The reaction

15 solution was concentrated under reduced pressure to
remove the solvent and obtain a white solid (Compound
E).

A 0.4 liter autoc¢lave reactor equipped with a

stirrer was replaced with argon, then 185ml of

20 cyclohexane as a solvent and 15ml of l-hexene as an
-olefinwere charged, and the reactor was heated to 180°C.
After the heating, ethylene was fed while adjusting the
pressure at 2.5MPa. After the system was sStabilized,
27.6 mg of the compound E (equivalent to 0.43mmol in

25 terms of Al atom), 0.5m1l of a heptane mixed solution
of the compound 1 and triisobutylaluminum

(concentration of the compound; 1 4 mol/ml,



15 83m of a purified toluene were charged, and then 0. 8MPa of

et hyl ene was charged therein. Further, 4.4 M of a t ol uene sol ution
of MMVAGBA and 14 g 1 of water were mxed in a 50 m flask replaced

wi th argon and then stirred for 10 mnutes, thereafter, 0.8 m of a
toluene 20 solution of pentafl uorophenol (tol uene solution: 2

nol /1) was added, and stirred for 10 m nutes. The m xture was charged
into fore-nentioned autocl ave, suidldiruent |y 3.2 ng of

i sopropyl i denebi s(indenyl)zirconiumdichloride 25 di ssolved in 6.4 m of
tol uene, was charged into the fore-nmenti oned autocl ave and

pol yneri zati on was carried out at 60[err]C for 1 hour.

Th ft th bt d t t

of 5om of ' hydr GEHRGTHES AL AE12K) Cang SRong VISR ! 50, HoABE /R thon
th | t t t | Th
ol 0 was vashed O er ERERUTRE, AL plnl H 30 (ROE P DRGNS T

pressure tp ﬁal A NcShpdtddof addPPs Yol dBity NNy Netudi Mim)
of 65,000, Mwv Mh of 2.2, glass transition tenperature of 21[err]C and

mel ti ng point Ofaﬁ&[ktﬁh@ cdnpahapteaneoslmt ey Sof the compolxdn2 e 23 was
repeated except that 4.4 m of the 10 t ol uene sol uti on of MVAO was

char ged wi t Bout hcqnqgnWmahlon- 1 pamel /mdd pexeafdddmdpiiemeinto. obt ai n
25.13g of a: ymer. This polyner, had a Mh of 58,000, Mw~ Mh of 2.2,

gl ass transiti onP?gﬁﬁéF&?éFé%‘fw?%)Fétrl]léda‘ﬁ‘éltﬁetq’%?W&W% Bf aresult
98[err] C of the polymerization, 2.45g of ethylene-1l-hexene

copolymer having an [7] of 0.97 d1/g and SCB of 34.5 and
melting poiﬂts of 76.6°C and 83.8°C was obtained.

10 Polymerization activity per 1 mol of Ti atom was 4.9
X10° g/mol-Ti per 2 minutes(1.47X10° g/mol-Ti/hour).
Example 23

A 0.4 liter autoclave reactor equipped with a
stirrer was replaced with argon, 27ml of styrene and

15 83ml of a purified toluene were charged, and then 0.8MPa
of ethylene was charged therein. Further, 4.4 ml of a
toluene solution of MMAO3A and 14 4 1 of water were
mixed in a 50 ml flask replaced with argon and then
stirred for 10 minutes, thereafter, 0.8 ml of a toluene

20 solution of pentafluorophenol(toluene solution: 2
mol/l) was added, and stirred for 10 minutes. The
mixture was charged into fore-mentioned autoclave,
subsequently 3.2 mg of
isopropylidenebis(indenyl)zirconium dichloride

25 dissolved in 6.4 ml of toluene, was charged into the
fore-mentioned autoclave and polymerization was

carried out at 60°C for 1 hour.



15 Exanpl e 24 Exanpl e 23 was repeated except that 14 [err]
of water was changed to 29 [err] 1 of water, 3.2 ng of

i sopropyl i denebi s(i ndenyl ) zirconi um di chl ori de dissolved in 6.4 m
of a purified toluene was changed 20 to 2.9 ng of (tert-butylam de)
(tetramet hyl cycl opent adi enyl di et hyl si |l ane)titani um di chl ori de
dissolved in 5.8 mMl of toluene, to obtain 11.36 g of a polyner. This
pol ymer had a Mh of 798, 000, Mv-Nilof 2.0, glass transition
tenperature of -6[err]C and 25 melting point of 78 err]C This polynmer
was shaped by pre- - heat i ngt hepol yner at 180[err] C for3 m nutes,
hot - pr essi ng the pre-heated polynmer at a tenperature of 180[err]C
under ssure of 30

-112- .
to 50 kg/crr[ err |Thoreaf hehotdws Rbﬁ‘raé'é"féjdrea"%l?ﬁ‘eg?lH&\}P Qassﬁ’%%r%
mX 50 mX 0. 3 | . : 3.
e 50 0.3 TR e cer6 sl oo Spatbe shECRBRa i) ofATDORRLI

tol uene sol uti O%PfoMmpw&%dn thitrdHud tih §igfecipitapat §asand
pent af | uor ophenol, to obtain 13.04g of a pol ymer. Th|s pol ymer had a

Mh of 67,000, M¢Mrefed. £ obtain @ a%d tier @ndiild.orhicegpdidt wae washéferr] C
and neltlng point of 10 79[ err] C Exanpl e 25 A 100
m stainles$ autwithwetwanekpnsctleniwas dried anger, reduged prasseres of
Al atom NMM(BA;OOngggLUSEe24g of a polymer. This polymer had a Mn
of 65,000, Mw/Mn of 2.2, glass transition temperature
of 21°C and melting point of 95°C.Comparative Example 9%
Example'QB was repeated except that 4.4 ml of the
10 toluene solution of MMAO was charged without mixingwith
water and pentafluorophenol, to obtain 25.13q of a
polymer. This polymer had a Mn of 58,000, Mw/Mn of 2,2,
glass transition temperature of 20°C and melting point of
98°C.,
15 Example 24
Example 23 was repeated except that 14 &£ 1 of water
was changed to 29 K 1 of water, 3.2 mg of
isopropylidenebis(indenyl)zirconium dichloride
dissolved in 6.4 ml of a purified toluene was changed
20 to 2.9 mg of (tert-butylamide)
(tetramethylcyclopentadienyldimethylsilane)titanium
dichlpride dissolved in 5.8 ml of toluene, to obtain
11.36 g of a polymer. This polymer had a Mn of 798,000,
Mw/Mn of 2.0, glass transition temperature of -6°C and
25 melting point of 78°C. This polymer was shaped by pre-

heating the polymer at 180°C for 3 minutes, hot-pressing

the pre-heated polymer at a temperature of 180°C under



solution, 11 mmol of water and 4 mmol of 15 pent af | uor ophenol (tol uene
solution: 2 nol/l) were si mul t aneously added and the resulting

m xt ure was stirred for 10 m nutes. In addition, the ratio
H2/HL of the MVAGBA was 0.27 as shown in Fig.1l, the ratio M2/ ML of

the dried nodified 20  al um num oxy conpound was 1.04 as shown in Fig.6.

On the other hand, in an egg-pl ant tfolE' ask of a volune of 25m in
whi ch t he at m)sphere was repl aced with argon, 5 nm of purified
toluene and 2.5 [err] nol of

2,2 -thiobis(4-methyl-6-tert-butyl phenoxy)titanium 25 di chl ori de were
mxed wth stirring, and then the resulting solution was charged

into the autochagy@essure o4SB0OJYLd S¥’kggem’ /ffdre? fheutesul W pEewata yst

sol ution was stirred at
room tenperat ushelear hrimqud esiz800f 50 mmof 90 bmméﬂneo vibgue Haaged and

pol yneri zati on was carried out at 40[err]C for 15 mnutes. After
conpl eti on of ekeelleny cegnsbhe shrendtBacted 1-butene was purged out, the
5 content of the autocl ave was_ charged into about 10- fold aci d| C

met hanol , the pol ymer was separ at ed by

[ LAatLons and Lhep Shbed 48'van oopfle ERGekaRpRoBL 2 PEURE of S esul

yrrerlza I on ac IVI Yy
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According to t e present 1nvehtion, there is
water and pentafluorophenocl, t¢ obtain 13.04g of a

polymer. This polymer had a Mn of 67,000, Mw/Mn of 2.2,
glass transition temperature of -6°C and melting point of
10 79°C.
Example 25
A 100 ml stainless autoclave was replaced with
argon, 20mmol (in terms of Al atom) MMAO3A of atoluene
solution, 11 mmol of water and 4 mmol of
15 pentafluorophenol (toluene solution: 2 mol/l) were
simultaneously added and the resulting mixture was
stirred for 10 minutes.
In addition, the ratio H2/H1 of the MMAO3A was 0.27 as
shown in Fig.l, the ratio M2/Ml of the dried modified
20 aluminum oxy compound was 1.04 as shown in Fig.6.
On the other hand, in an egg-plant type flask
of a volume of 25ml in which the atmosphere was replaced
with argon, 5 ml of purified toluene and 2.5 u mol of
2,2'-thiobis(4-methyl-6-tert-butylphenoxy)titanium
25 dichloride were mixed with stirring, and then the
resulting solution was charged into the autoclave

using a syringe. After the resultingcatalyst solution



provi ded a nodi fied al um num oxy conmpound useful as a 15 conponent of a

pol yneri zati on catal yst capabl e of produci ng a hi gh nol ecul ar wei ght
ol efin polymer with a high efficiency. Further, there are provided a
pol ymeri zati on catal yst obtained by using the nodified al um num oxy
conpound, and a process for producing an 20 ol efin polynmer or an al kenyl
aromati ¢ hydrocarbon polymer with the pol ynerization catalyst, and a
copol ymer of an al kenyl aronmatic hydroggg?on and an ol ef i n.

-114- - 1. Anodified

al um num oxy conpound, in which an al um num oxy conpound is nodified
with a conpound having a hydroxy group, wherein the nodified al um num
oxy 5 conpound has a ratio of an intensity at 30 ppnm(M2) to an
intensity at 10wpens¥ir{d®/aMd]room wemperatdresbbird IBVRinutes spHLtgumi s
0.60 or nore. 2. A nodified alum num oxy conpound, obtained by

a process whi chodohpbisesereas cihagged oand polﬁmeéurﬁtn@m Wy caspiermhd( a)
having a ratio of an |nten5|ty at 30 ppm{H2) to ap intensity,at 10

ppN(HL) [ H2/ H1] ioWtan ater4Q& £95] 1§ MARUSSRSt ARReY SomRLetion ofyahey 35,
v er (O 1 s sone FRREHRELEL A B R b R g
ppm(M2) to §n"ygﬂggﬁy & fRe autoclave was charged into about 10-
fold acidic methanol, the resulting precipitated
polymer was separated by filtration and then dried for
at 80°C for about 2 hours. As a result, 0.66 g of
poly(l-buteﬁé) was obtained. Polymerization activity
10 was 1.04X10°g/mol-Ti/hr. The [7 ] of poly(l-butene) was
9.21 dl/g. |

According to the present invention, there is
provided a modified aluminum oxy compound useful as a
15 component of a polymerization catalyst capable of
producing a high molecular weight olefin polymer with
a high efficiency. Further, there are provided a
polymerization catalyst obtained by using the modified
aluminum oxy compound, and a process for producing an
20 olefin polymer or an alkenyl aromatic hydrocarbon
polymer with the polymerization catalyst, and a
'copolymer of an alkenyl aromatic hydrocarbon and an

olefin.



ppm(ML) [ M2/ ML] in an [err]Al -solid NVR spectrum is 0.60 or nore. 20

3. A nodified al um num oxy conpound, obtai ned by a process conprising
reacting: an al um num oxy conpound(a') having a ratio of an
intensity at 30 ppm(L2) to an |ntenS|ty at 10 ppm(L1)[L2/L1] in an
[err] Al -solid NMR spectrum is not -l &4s than 0.35; and a
conpound(c) having a hydroxy group.. 4. A nodified al um num oxy
conpound, obtai ned by -115- a
process which conprises reacting: an al um num oxy conpound(a')
having a ratio of an intensity at %gggﬁﬁ%$2) to an intensity at 10
ppm(L1)[L2/L1] in an [err]Al-solid NWR sp of not | ess 5 t han

0.35, which is obtaingd gymro%q_cftlqu ﬁ%ﬁm% §°“‘8°9m CQ%D%&(&?)anlo

having a ratio of an intensity at an intensity at

ppr(HL) [H2/ H1] i naaﬁmmum oif'&:‘b}rﬂmﬁﬁi i 9 R sPe§ WiwR fcdrissuddanBinkp and

wat er (b) ; a conpound(c) having a hydroxy group.

5. The nodified ahunyawxgx;grwmoumémmrdhégmodlf1ee1I ailard raum 4o xwher ei n
the ratio L2/L1 is not |ess than 0.35 and |l ess than 0.90.

6. A nodified al ugbmpouogyhesnpouatiocobfaknednbgnsify ax glopess M) div
conprises reacting: an al um num oxy conpound(a;) having a ratio
of an i nt endPtinBeNSDEB K NI PP& (A )i [Rters} ty it anp 'Al-solid NMR

spectrum is 0.60 or more.
2. A modified aluminum oxy compound, obtained by
a process which comprises reacting:

10 an aluﬁinum oxy compound(a) having a ratio of an
intensity at 30 ppm(H2) to an intensity at 10
ppm(H1)[H2/H1] in an ?’Al-solid NMR spectrum is less
than 0.35,

water(b), and

15 a compound(c) having a hydroxy group; wherein the
modified aluminum oxy compound has a ratio of an
intensity at 30 ppm(M2) to an 1nten51ty at 30
ppm(M1)[M2/M1] in an *'Al-solid NMR spectrum is 0.60
or more.

20 3. A modified aluminum oxy compound, obtained by
a process comprising reacting:

an aluminum oxy compound(a’) having a ratio of an
intensity at 30 ppm(L2) to an intensity at 10
ppm(L1)[L2/L1] in an *’Al-solid NMR spectrum is not

25 less than 0.35; and

a compound(c) having a hydroxy group.

4. A modified aluminum dxy compound, obtained by

(T



ppm(N1) [N2/N1] in an [err]Al-solid NVR spectrum of not |ess t han
0. 35 obtained by reacting an al um num oxy 20 conpound(a) having a ratio

of an intensity at 30 ppm(H2) to an intensity at 10 ppm(HLl)[H2/H1] in
an [err] Al -solid NVR spectrum of |less than 0.35 and a compound(c)

havi ng a hydroxy group ; and -115- Water(b). 25 7. The
nodi fi ed al um num oxy conpound according to claim6, wherein the
ratio N2/ Nl is not |ess than 0.35 and | ess than 0.60.

-116- 8. The nodified al um num oxy conpound according to

any one of claims 3'to 7, wherein the ratio of the intensity at 30

ppn(M2) to the i nBeREPCPES& Widch compyphgeam) [RRFMIPTin its [err] Al-solid
NVMR spectrumis 0.60 5 or. nore. 9, The nDdifiqugluq%nun1oxy
conpound accor di ng to 23" alumdnumoxy gompoynd (Al BRAVIE 2inAtt PRl num

g?gnatic hggrgg;pr%géFkg a%F?E#g#ﬂ%ﬁkﬁéroggpggﬁQaﬁégﬁnggAeﬂéﬁ”epresented
by the general fopphl@ql)r27103) iR P™a1-s01id NMR spectrum of nd€Mdss
5 than 0.35, which is obtained by reacting an aluminum
oxy compound(a) having a ratio of an intensity at 30
ppm(H2) to an intensity at 10 ppm(H1)[H2/H1] in an
’Al-solid NMR spectrum of less than 0.35 and water(b);
and
10 a compéund(c) having a hydroxy group.
5. The modified aluminum oxy compound according
claim 3 or 4, wherein the ratio L2/L1 is not less than
0.35 and less than 0.90.
6. A modified aluminum oxy compound, obtained by
15 a process which comprises reacting:
an aluminum oxy compound(a”) having a ratio of an
intensity at 30 ppm(N2) to an intensity at 10
ppm(N1)[N2/N1] in an ’Al-solid NMR spectrum of not less
than 0.35 obtained by reacting an aluminum oxy
20 compound(a) having a ratio of an intensity at 30 ppm(H2)
to an intensity at 10 ppm(H1)([H2/H1] in an *’Al-solid
NMR spectrum of less than 0.35 and a compound(c) having
a hydroxy group ; and
Water(b).
25 7. The modified aluminum oxy compound according to
claim 6, wherein the ratio N2/N1 is not less than 0.35

and less than 0.60.
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wherein R indicates a hydrocarbon group having 1 to 20 carbon atons;
R groups nmay be the sane or different; and mrepresents a nunber of 1
to 50. 15 10. The nodified al um num oxy compound according to

any one of clains 1 to 9, wherein said conpound having a hydroxy
group is an al cohol conpound, phenol conpougd or silanol conpound.

11. A polynerization catal yst conponent conprising 20 the nodified

al um num oxy conpound of any one of clains

-117- 1 to 10. 12. A polynerization catal yst obtained
by a process whi ch conprises contacting (A) the nodified al um num
oxy conpound of any orfe ShechadifiedtaluninumhogB)campownd aqeardingrtaet al
conpound. 13. A olynerlzatlon catal yst obtained by a process

whi ch conpri ses céﬁﬂa@?@n@f claims Y?o?hewﬁﬁéﬁﬂpe&@%tﬁﬁ ‘6£ytE%npound
of any one of

conpound; and lntenSlq?yC)a%?Poér%ég?hn?ﬂuﬁ& ﬁ%&t?r grﬁl A gt 14. A
pol ymerization CaﬁBWﬁ&Aﬁ?{%@/%ﬁwegéﬂﬁﬁfs§olld NMW“E@ ?IQ%E{I i¥%.60

cont acti ng: al um num ox of any one of
15 clainms K to &8 more. (B) a transition netal corrpound
(© an organoal um num conpound; and (D any one of (D1) a boron

compound represented 9. The modified aluminum oxy compound according to
claim 2, 4, 5, 6, 7 or 8, wherein said aluminum oxy
compound (a) is an aluminum oxy compound soluble in an

aromatic hydroc'arbon or an aliphatic hydrocarbon which

10 is represented by the general formula(l) or (2) below:
R
R—{— A oy
m R M
i
__{%‘Al__13%*____
m+1 (2)

wherein R indicates a hydrocarbon group having 1 to 20
carbon atoms; R groups may be the same or different;
and m represents a number of 1 to 50.
15 10. The modified aluminum oxy compound according to
any one of claims 1 to 9, wherein said compound having
a hydroxy group is an alcohol compound, phenol compound
or silanol compound.
11. A polymerization catalyst component comprising

20 "the modified aluminum oxy compound of any one of claims

R O )P



by the general fornmula BQerr]Qerr]err], (D2) a boron conpound 20
represented by the general fornmula Gerr](BQerr]Qerr]Qerr]err])[err]
and (D3) a boron compound represented by the general formula
(L-Hy[err](BQerr]derr]@err]err] )[err], wherein B represents a boron
atomin the trivalent valence stater7Jerr] to Jerr] my be the sane
or different and represent a hal ogen atom a hydrocarbon 25 group, a

hal ogenat ed hydrocarbon group, a substituted silyl group, an al koxy
group or a di-substituted am no group; Jerr] represents an inorganic
or organic cation; and (L-H)[err] represents a Bronsted
aci d. 15t bPecess for producing an ol ef in polynmer, which

conpri ses honopol ymi:rizi ng .an ol efin, or merization olefins with

, coEoI
the pol ynerization 18- A@ERNREIZFCLQD ¢Rkaby Stk Rl i gqprocess
16. A process fQqr oduci ng.an_olefin _pal ymer ccor di L aj.m 15,
wherein said ole I}f]é%o#é%?lsgs c6h chdp%ﬁ )/A r e g‘ﬁ‘%%‘r}%&a%gmg-l%flgfi n
having 3 to 20 EShDOInat 8FB anvl1B f chlairfs Prasesso f@{+Rr pHYCiNg an
ol efin pol yner oxY ac%@fuclilang t8n§| alnr% fS, C{I/??naelrng n sard olefin golt)lyrarer is
a honopol yngr oftdadsi€Ddén metal compbBndd process for producing-an al kenyl

aromatic hydr ocar bon pol yner, which conprises honopol yneri zing 15
an al kenyl aronati clBydk gealhoer Dzatbpolgaealygshpatained byt eastoonrss
al kenyl aromatic hydrocarbon and at |east one olefin with the

pol yneri zati on dHtglyseomprapgsomsengacting:
(A)the modified aluminum oxy compound of any cone of
claims 1 to 10;
10 (B) a tfansition metal compound; and
(C) an organocaluminum compound.
14. A polymerization catalyst obtained by a process
which comprises contacting:
(A)the modified aluminum oxy compound of any one of
15 claims 1 to 10;
(B) a transition metal compound;
(C) an organoaluminum compound; and
(D) any one of (D1l) a boron compound represented
by the general formula BQ'Q?Q®, (D2) a boron compound
20 represented by the general formula G'(BQ'Q?Q%°Q*')" and
(D3) a boron compound represented by the general formula
(L-H)*"(BQ'Q’Q’Q*)", wherein B represents a boron atom in
the trivalent valence state; Q' to Q’ may be the same
or different and represent a halogen atom, a hydrocarbon
25 group, a halogenated hydrocarbon group, a substituted
silyl group, an alkoxy group or a di-substituted amino

group; G’ represents an inorganic or organic cation; and



clainms 12 to 14. 19. A copolyner of at |east one al kenyl
aromatic 20 hydr ocarbon and at | east one ol efin, having a nunber
average nol ecul ar wei ght of 700,000 or nore and a nol ecul ar wei ght

distribution in terns of aratio [ MM Mn] of weight average nol ecul ar
wei ght (Mv) to nunber average nol ecul ar weight(M), of 1.85 to 2.5.
-118-

(L-H)* represents a Br¢nsted acid.

15. A process for producing an olefin polymer, which
comprises homopolymerizing an olefin or -
copolymerization olefins with the polymerization

5 catalyst of any one of claims 12 to 14.

16. A process for producing an olefin polymer
according to claim 15, wherein said olefin polymer is
a copolymer of ethylene and «-olefin having 3 to 20
carbon atomsL

10 17. A process for producing an olefin polymer
according to claim 15, wherein said olefin polymer 1is
a homopolymer of l-butene.
18. A process for producing an alkenyl aromatic
hydrocarbon polymer, which comprises homopolymerizing
15 an alkenyl aromatic hydrocarbon or copolymerizing at
least one alkenyl aromatic hydrocarbon and at least one
olefin with the polymerization catalyst of any one of
claims 12 to 14.
19. A copolymer of at least one alkenyl aromatic
20 hydrocarbon and at least one olefin, having a number
average molecular weight of 700,000 or more and a
molecular weight distribution in terms of a ratio
[Mw/Mn] of weight average molecular weight(Mw) to

number average molecular weight(Mn), of 1.85 to 2.5.
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