4

ETﬁ?LENE-ISOPRENE RANDOM COPOLYMER

BACKGROUND CF THE INVENTION
FIELD OF THE INVENTION

' *I‘h-';present invention relates to an ethylene-isoprene
random copolymer, an elastomer combositionﬂand a cross-
linked elastomer compoéition. Moré particularly, the
present invention relates to an eﬁhylene-isoprené random
copolymer having a fast cure rate and a high crosslinking

density, an elastomer composition and a cross-linked

elastomer composition obtained by using said ethylene-

isoprene random copolymer. The term "random copolymer" as

used herein refers to a copolymer in which an arrangement

of monomer units is random (see, "Essential Highpolymer
Sciende", page 21, published by Kodansha, written by

Seiichi Nakahama et al.).

DESCRIPTION OF RELATED ART

Heretpfore, JP-B-48-56775 disclosed a brbcess qu
producing'an ethylene-isopréne amorphous copol&mer using
a vanadium chloride cémpound,'and an ethylene-isoprene
copolymer having an isoprene content of 50 - 80% by mole
obtained by.Saidfprocess.: In additioﬁ, Dong-Ho Lee et al
disclosed a process for prbducipg an ethylene-isoprene
copolYﬁer using'ethylenebi;indenylzirconium dichloride

( Et(Ind)ZZrClz) modified methylaluminoxane catalyst
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system, and an ethylene—isbprene eopolymer havi_ng an

isoprene content of 0.9% by mole obtained by seid process
(Eur. Polym. Jour., Vol. 33, No. 4, pp. 447, 1997). However,
no ethylene'—-isoprene copolymer having a fast cure rate and

a high crosslinking density has been known.

SUMMARY OF THE INVENTION

The preseﬁt inventors have conducted extensive
studies for obtaining an et_hylene-isoprene random
copolymer having the characteristics of a fast cure rate
_and ahigh crossl.{nking density. As the result, the-present
invenEors havé found that an _ethylene-isoprene random
copolymer heving an isoprene content of about 1 to 45% by
mole has a fast cure rate and a high crosslinking density,
and have thus completed the present invention. The fast
cure rate enables a decrease in costs for vulcanization
steps or in post cure, as well as decreese the amount of
vulcanization agent _needed- to be used. In additi'on, the
high crosslinking density brings advantages, in that the
provided eopolyxner _ellows for the production of a sponge
rubber that is Ihighly :f_oamed and has a high sﬁif fness, which
it is exc_ellei;t: in low-temperature set{:ing property and oil
;esis_tanc_e_arid that allows:for high filling, thereby also

allowing for a decrease in-costs.

Accordingly, the present invention relates to an
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ethylene-isoprene random copolymer having an 'i"s'oprene
content of about 1 to 45% by mole, or an ethylene-isoprene
copolymer having a Q-value of about 3;5 or less., wherein
the O-value is a ratio of the number average molecular weight
(Mn) to the weight average molecular wgight (Mw) .

The present invention .also relates to an elastomer
composition comprising about 100 parts by weight of said

ethylene-isoprene random copolymer, about 5 to 400 parts

'. by weight of an inorganic filler and/or carbon black and

about 0.1 to 20 parts by weight of a cross-linking agent.
The present invention also relates to a cross-linked
elas_tbmer composition obtaingd by cross-linking said

elastomer composition.

ﬁRIEF'DESCRIPTION OF DRAWINGS
| Fig. 1 shows the results of oscillating disc rheométef
measurement of the copolymers of Example 12 and Example 9.
Fig. 2 shows the result of a GPC—IR measurement of the
copolymer of Example 6.
Fig. 3 shows the result of a 'H-NMR measurement of the

copolymer of Example 6.

DETAILED DESCRIPTION OF THE INVENTION

The following detailéd- description is provided as an

aid to those desiring to practice the present invention as
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claimed. This disclosure is not to be construed as being
limiting to the preseﬁt invenﬁioh, however, as.those
skilied in the art wiil reading understand that wvarious
changes can be made in thematerials and procedures set forth
herein without departing‘from the spirit or scope of the
present inventive discqvery.

An etﬁylene-isoprene'random copolymer according to
the present invention is an eth&lene—isopfene'random
copolYmér having an isoprene content of about 1 to 45% by
mole, preferably of about 1.2 to 40% by mole, morepreferably
of about 1.5 to 35% by mole. When the content of isoprene
is too low, the vulcanization becomes insufficient, and to
the contrary, When the content of. isoérene is too high, the
activity .of catalyst and the molecular weight become lower
and the crosslinking density also lowers;

In addition, the ethylene-isoprene copolymer of the
present iﬁvegtion’ is an ethylene-isoprene copolymer having
a Q-value, which is a ratio of number average molecular
weight (Mn) to weight average molecular weight (Mw), of
about 3;5 or less, preferably of about 1.8 to 3.5, more

preferably of about 1.8 to 2.5. When the Q-value is too

_ large, pr_oblems arise including decrease in strength, an

increase in bleeding components, a film stickiness due to

-

an increase in extracting components and the like.

Moreover, when it is used as a rubber of low density,
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problems in its practical use arise including a_lowering
of its phirsical properties for cross-linking, for example,
compression set , tensile rigidity and the like.

The molecular weight distribution was measured by a
gel permeation chromatography (GPC) method (using a GPC
épparatus 150C, manufacﬁurea by Waters Co.) as describe§
later.

The ethyleﬁe-isoprene copoiymerlof the present
invention is characterized in that it has an almost ﬁniform |
ratio of gthylene and isoprene contents for molecular
weight distributions ranging from the lower molecular
weighﬁ region to the higher molecular weight :&egion thereof,
and it also has a narrow compositional distribution.

The ethylene—iéoprene copolymer of the present
invention haé an intrinsic viscosity [n] preferably of 0.3
or more, more preferably of 0.5 or more, as measured in
xylene solvent ata temperature of 70°C. When the intrinsic
viscoéity thereof is too low, the obtained ethylene-
isoprene copolymer'may'be poor in physical ﬁroper;ies and

processability. The method for measuring the intrinsic

- viscosity [M] is described later.

The ethylene-isoprene copolymer’ of the present
invention is preferably produced by using .a catalyst

comprising (A) and (B), (A)-and (C), or (a), (B) and (C).

When this process is used, contamination of catalyst
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residue into the poiymer ié decreased, and the content of
chlorine is particularly low when comparéd with the
conventional case in which the Ziegler-Natta catalyst is™
used. This invention allows for a prevention of colo.r
change in po.lymers and has an effect on an extension of

application such as food application and the like.

(a): at least one transition metal complex represented

by the following formula [I], [II] or [III]:

1
Re. _Cp_ _Xx
5> : \ML’ 2

[1l

(11}

[III]
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whe.fein M! represents a transition metal atom of group 1V
in ﬁhe Periodic Table of the Elements; A represents an atom
of group XVI in the Periodic 'i‘able of the Elementé; J
represents an atom of group XIV in the Periodic Table of the
Elements; Cp! fepre_sents a group having a cyclopentadiene
type anion skeleton; X!, x%, r!, RrR?, R3, RY, Rs_and RS
independently represent a hydrogen atom, a halogen atom, an
alkyl groﬁp, an aralkyl group, an aryl grbup, a substituted
silyl group; an alkoxy group, an aralkyloxy group, an aryloxy
group, or a disubstiuted amino group; and R}, R?, R, R%, R®
and R® may be combined optionally to form a ring.

X? represents an atom of group XVI in the Periodic Table
of Elements; Two of M', A, J, Cp', X', X2, X}, R!, R?, R®,
R*, R°and R may be the same or different:

(B): one or more of aluminum compounds selécted from
the following (B1) - (B3):

'(Bl) An organoaluminum compound repre,éented by the
general formula E'.AlZj,,

(B2) cyclic aluininoxane representéd by the general
formula {-Al(E?)-0-}p and

(B3) linear aluminoxane repr-ese'nted by the general

~ formula E3{-Al(E})-0-}. AlE},

(wherein E! , E? and E? respéctively_. represent a hydrocarbon

group and each of the E!, E? and E® groups may be the same
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or different; Z represents a hydrogen atom or a hal_ogen atom
and each of the Z groups may be the same or different; a
satisfies the following equation : 0<a=<3 ; b represents
an irit_:eger of 2 or more; and ¢ represents an integer of 1
or more.)

(C): any one boron corﬁpgund of the following (C1l) -
{C3):

{Cl) a boron compound- représented by the general
formula BQ'Q%Q?, |

(C2) a boron compound represented by the genér'al .
formula G*(BQ'Q%Q%Q*) "~ and |

(C3) a boron compound represented by t;he general
formula (L-H)*(BQ'Q?Q%0%)"
(wherein B represents a trivalent boron atom in the valence
sta_.te; Q! to Q* may each be .the same or dif ferent and represent
a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a substituted silyl group, an alkoxy -
group or a aisubstituted amino group; G’ is an inorganic
or orgaﬁic cation; L is a neutral Lewis base; and (L-H)* is
a Bronsted acid.)

Hereinafter, the present invention will be described
in more detail. ’

(A) Transition metal'axcomﬁlex is explained.

In the general formui;':l [I], [II] and [IIIX], the

transitionmetal atom repr'esented by M! is a transition metal
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element of group IV in the Periodic Tab_le of the_Elements
(Revised Version 1989 of IUPAC, Inorganic Chemistry
Nomenclature) and examples thereof include a titanium atom,
a zirconium atom, a hafnium atom, or the like, prelf-erably
a titanium atom or a zirconium atom.

Exémples of the atom o'f .the group XVI in the Periodic
Table of the element represented by "A" in the general
formula [I1, (O] or (II] include an oxygen atom, a sulfur
atom, a .selenium atom, etc., and preferably an oxygen atom.

Examples of the atbm of group XIV in the Periodic Table
of the element represented by "J" in the general formula .[ 11,
(I oi‘ [Il] include a carbon atom, a silicon atom, a germanium
atom and the like, pref-erably a carbén atomor a siliconatom.

Examples of the group having a cyclopentadiene type
anion skeleton represented by the subst_ituent Cp! include
a 7 °-(substituted) cyc-lopentadienyl grouﬁ, 7 5-
(substituted)indenyl group, 7 5-(substituted)fluorenyl
group, etc. Examples thereof are 7 S_cyclopentadienyl

group, y °-methylcyclopentadienyl group, 7 °-

dimethylcyclopentadienyl group, 7 °-

trimethylcyclopentadienyl group, 7 °-

tetramethylcyclopentadienyl group, 7 5.
ethylcyclopentadienyl group, 7 5—_n—propylcyclopentadienyl
group, 7 S-isopropylcyclo’pelntacilienyl group, 7 >-n- |

butylcyclopentadienyl group, 7 S-sec-butylcyclopentadienyl
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group, % S—tert?butylcyc1opentadienyl group, 73 5—n;—
pentylcyclopentadienyl group, 7 °-
neopentylcyclopentadienyl group, 7 S.n-
hexylcyclopentadienyl group, 3 S-n-octylcyclopentadienyl
group, 7 5—n-phenylcyclopentadienyl group, 7 >-
naphthylcyclopentadienyl grbup, 7 -
trimethylsilylcyclopentadienyl group, 7 | 5.
triethylsilylcyclopentadienyl group, 7 S—tert-
butyldimethylsilylcyclopentadienyl group, 7 5-indenyl
group, 7 S-methylindenyl group, L/ 5-dimetf1ylindenyl group,
7 5—ethy1-indenyl group, 3 *-n-propylindenyl group, 3 *-
isoprépylindenyl group, 7 *~-n-butylindenyl group, 3 °-sec-

butylindenyl group, y °-tert-butylindenyl group, 7 °-n-

S L

pentylindenyl group, 7 >-neopentylindenyl group, 7 *-n-

hexylindenyl group, 7 s-n-octylindenyl_ group, 3 S.n-
decylindenyl group, y °-phenylindenyl group, 7 >-
methylphenylindenyl group, 3 S-naphthylindenyl group, 17'5-,-
trimethylsilylindenyl group, 7 s—triethylsilyl.inw:ienyl
group; 3 S-tert-butyldimethylsilylindenyl group, 7 5.
tetrahydroindenyl group, 7 5_fluorenyl group, 7 *-
methylfluorenyl group, 5 >-dimethylfluorenyl group, 5 °-
ethylfluorenyl group, 3 s-diethylfluor’enyl group, 7 Sen-

propylfluorenyl group, 3 S-di-n-propylfluorenyl group, 7

S-isopropylf luorenyl group,-‘q S-diisopropylfluorenyl group,

7 5-n-butylfluorenyl group, 7 S_gec-butylfluorenyl group,
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7 5—tert-butylfluoreny1 group, 7 5-di-n—butylfluo_r:enyl
group, 3 5-di-sec-butylfluorenyl gfoup, /] 5.di-tert-

butylfluorenyl group, 7 S_n-pentylfluorenyl group, 7 S

neopentylfluorenyl group, 7 >-n-hexylfluorenyl group, 7 °-

n-octylfluorenyl group, 7 5-n-decylfluorenyl group, 7 57

n-dodecylfluorenyl group, 7 .s—phenylfluorenyl, group, 7 5.
di-phgnylfluorenyl group, 7 5-met:hylphenyllfluorenyl group,
7 S-naphthylfluorenyl group, 7 5-i:rimethylsilylfluorenyl
group, 7 S-bis-trimethylsilylfluorenyl group, 7 -
triethylsilylfluorenyl group, 7 S-tert-
butyldimethylsilylfluorenyl group, etc;, prefe;ably a 5
5-cyc1.opentadienyl group, 3 s-mgthyicyclopentadienyl group,
7 5-tert-butylcyclopentadienyl group, 7 5.
tetramethyicyclopentadienyl group, 7 5-indenyl group and 7
S-fluorenyl group.

Examples of the halogen atom in the substituents X%,
X?, rY, R?, R, R_‘I, RS;.nd R® include a fluorine atom, chlorine
atom, bromine atom, iodine atorh and the like, preferably a
chlorine atom or a bfomine atom, more preferably a chlorine
atom.

As the alkyl group in the substituents x!, x2, Rr', R?,
R}, RY, R® and ks , an alkyl group having carbon atoms of 1-20
in is preferablé. Examples -0of such an alkyl Qroup include

methyl group, ethyl group, ri-propyl group, isopropyl group,

n-butyl group, sec-butyl group, tert-butyl group, n-pentyl
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group; neopentyl group, amyl group, n-hexyl group,.n—octyl
group, n-decyl group, n-dodecyl group, n-pentadecyl group,
n—éicosyl group, etc., preferably a methyl group, ethyl
group, isopropyl group, tert-butyl group or amyl group.
These alkyl groups may be éubstituted witha halogen
atom such as a fluorine atom; chlorine atom, bromine atom,
iodine atom or the like. Examples of. alkyl groups having
1-20 carbon atoms substitufed with hélogen atom(s)
include a fluoromethyl groupL difluoromethyl group,
trifluoromethyl group, chloromethyl group, dichloromethyl
group, trichloromethyl group, bromomethyl group, | |
dibroﬁomethylgroup,tribromomgthylgroup,iodomethflgroup,
diiodomethylgroqp,triiodomethylgroup,fluoroethylgroup,
difluorocethyl group, trifluorcethyl group,
tetrafluoroethyl gfoup, pentafluoroethyl groﬁp,
chlorocethyl group, dichloroethyl group, trichloroethyl
group, tetrachloroethyl group, pentachloroethyl group,
bromoethyl group, dibromoethyl group, tribromoethyl group,

tetrabromoethyl group, pentabromoethyl group,

perfluoropropyl group,'perfluorobutyl group,

perfluoropentyl group, perfluorohexyl group,
perfluorococtyl group, perfluorododec§1 group,
perfluoropentadecyl group,*perfluoroeicosyl group,

perchloropropyl group, peféhlorobutyl group,

perchloropentyl group, perchlorohexyl group,
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perchlorooctyl group, perchlorododecyl group,
perchloropentadecyl group, perchlofoeicosyl group,
perbromopropyl group, perbromobutyl.group, perbromopentyl
group, perbromohexyl group, perbromoﬁctyl group,
perbromododecyl group, perbromopentadecyl group,
perbromoeicosyl group or thé like. .

These alkyl groups may be partially substituted by an
alkoxy group such as. a methoxy group, ethoxy group, an
arvloxy group (such as phenoxy group), or aralkyloxy group
(such as‘benzyloxy group), etc. _ |

As the aralkyl group in the substituents X*, X2, R, R?,
R3, R4, RS and‘Rs, an aralkyl group having 7-20 carbon atoms
is preferable. Examples of such aralkyl groups include a
benzyl group, (z-ﬁethylphenyl)methyl group, (3-
methylphenyl)methyl group, (4—methylpheny1)methyl group,
(2,3-dimethylphenyl)methyl group, (2,4~
dimethylphenyl)methyl group, (2,Sfdimethylphenyl)methyl
group, (2,6-dimethylphenyl)methyl group, (3,4-
dimethylphenyl )methyl group, (4;S-dimethylphenyl)methyi
group, (2,3,4-trimethylphenyl)methyl group, (2,3,5-
trimethylphenyl)methyl group, (2,3,6-

trimethylphenyl)methyl group, (3,4,5:

trimethylphenyl)methyl gioup, (2,4,6-

trimethylphenyl)methyl grdﬁp; (2,3,4,5-

‘tetramethylphenyl )methyl group, (2,3,4,6-
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tetramethylphenyl)methyl group, (2,3,5,6-
tetramethylphenyi)methyﬂ.group, (pentamethylphenyl)methyl
group, (ethylphenyl)methyl group,.(n—prppYIphenyl)methyl
group, (isopropylphenyl)methyl group, (n-
butylphehyl)methyl group, (sec-butylphenyl)methyl group;
(tert-butylphenyl)methyl group, (n—péntylphenyl)methyl
group, (neopéntylphenyl)methyl group, (n-
hexylphenyl)methyl group, (n-octylphenyl)methyl group,
{n-decylphenyl)imethyl group, (n-dodecylphenyl)methyl
group, (n-tetradecylphenyl)methyl group, naphthylmethyl
group, anthracenylmethyl group, etc., and preferably'a
benzyi group. o -

These aralkyl groupsmay bepartially substitutedwith

a halogen atom such as a fluorine atom, chlorine atom,

‘bromine atom, iodine atom, alkoxy group such as a methoxy,

ethoxy, aryloxy group (such as phenoxy), or aralleoxy group
(such as benzyloxy), or the like. |

As the aryl group in the substituents x*, x2, R!, R?,
R}, RY, R® and R®, the aryl group having 6-20 carbon atoms
is preferable. Examples of such aryl groups include a phenyl
groupj 2-tolyl group, 3-tolyl group, 4-tolyl group, 2,3-
xylyl group, 2,4;xylyl group, 2,5-xyiy1 groub, 2,6-xylyl
group, 3,4-xylyl group, 3,5-xylyl group, 2,3,4-.
trimethylphenyl group, 2,3}5-t;imethylphenyl group,

2,3, 6—-trimethy1pheny1 group, 2,4,6-trimethylphenyl group,



3]

15

3,4,5-trimethylphenyl group, | 2,3,4, S—tetraxnethylphenyl'
group, 2,3,4,6-tetramethylphenyl group, 2,3,5,6-
tetramethylphenyl group, pentamethylphenyl group,.
ethylphenyl group, n-propylphenyl group, isopropylphenyl
group, n-butylphenyl group, sec-butylphenyl g-roup, tert-
butylphenyl group, n-pentylphenyl group, neopentylphenyl
group, n—héxylphenyl grdup, n-octylphenyl grbup, n-
decylphenyl group, n-dodecylphenyl group, n;
tetradecylphenyl group, naphthyl grdup, anthracenyl group,
etc., and preferably a phenyl group.

These aryl groups may be partially substituted with
a haiogen atom such as fluorine atom, chlorine atom, bromine
atom, iodine.atom, alkoxy group such as a methoxy, ethoxy,
aryloxy group (such as phenoxy), or aralkyloxy group (such
as benzyloxy); and the like.

The substitﬁted silyl group in the substituents X!, X2,
R}, R?, R}, R% R® and R® is a silyl group substituted with
a hydrocarbon group, and examples of the hydrocarbon group
inciude an alkyl group having 1-10 carbon atoms such as
methyl group, ethyl group, n-propyl group, isopropyl groﬁp,
n-butyl group, sec-butyl group, tert-butyl groﬁp, isobutyl
group, n-pentyl group, n-hexyl group: cyclohexyl group,
etc.; and an aryllgroup (smch as phenyl group), etc.
Exainples of the substituted sil;zl Qroup having 1-20 carbon

atoms include a monosubstituted silyl group having 1-20
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" carbon atoms such as a methylsilyl group, ethylsil_yl group,

phenylsilyl group, etc.; a disubsituted silyl group having
2-20 carbon atoms such as dimethylsilyl group,
diethylsilyl group, diphenylsilyl group, etc.; and a
trisubstituted silyl group having;'3~20 carbon atoms such
as .trimethylsilyl group, triethylsilyl group, tri-n-
propylsilyl group, triisopropylsilyl group, tri-n;
butylsilyl group, tri—sec-butyls'ilyllgroup,_ tri-tert- -
butylsilyl group, tri-isobutylsilyl group, tert-butyl-
dimethylsilyl group, tri—n—pent;ylsiiyl group, tri-n-
hexylsilyl group, tric_:yclohexylsilyl group, triphenylsilyl
group,' etc. , and preferably a_ trimethylsi_lyl group,
tert-butyldimethylsilyl group or triphenylsilyl group.

_The .hydrocarbon group of these substituted silyl
groups may be _substituted with a halogen' atom such. as a
fluorine atom, chlorine atom, bromine atom, iodine atom and
the like; and/or an alkoxy group such as methoxy, ethoxy,
aryloxy group (such as phenoxy), or aralkylo#y group (such
as 'ben'zyloxy') . and the like.

With respect to the alkoxy group in the substituents

x*, x?, Y, R?, R*, R, R® and RS, an alkoxy group having 1-20

carbon atoms is preferable. Example's of such alkoxy
groups include a methoxy group, ethoxy group, n-propoxy
group, 1sSOpropoxy group, n-i:autoxy- group, sec—butbxy group,

t-butoxy group, n-pentoxy group, neopentoxy group, n-hexoxy
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group, N-oCtoxy group, n-&iodexoxy group, n—penta}decoxy
group, n-icosoxy group, etc., and preferably a methoxy group,
ethoxy group or t-butoxy group. |

These alkoxy groups may be partially substituted with
a halogen atom such as a fluorine atom, chlorine .at:om,
bromine atom, iodine atom and the like; an alkoxy group such
as methoxy, ethoxﬁr, aryloxy group (such -as phenoxy)., or |
aralkyloxy group (such as benzyloxy), and the like.

With respect to the aralkyloxy group in the
substituents X', X?, R, R?, R?, R!, R® and R%, .an aralkylo.xy
group having 7-20 carbon atoms is preferable. Examples of

the afalkyloxy group include a benzyloxy group, (2-

. methylphenyl)methoxy group, {(3-methylphenyl) methoxy

group, '(4—methylphenyl ) methoxy group, (2,3-
dimethylphenyl) methoxy group, (2, 4—dimethylpheny1)
methoxy group, (2, S-dimethy.lpheﬁyl) methoxy group,

(2, 6—dimethylphenyl) methoxy group, (3, 4-dimethylphenyl)
methoxy group, (3,5-dimethylphenyl) methoxy group, |
(2,3,4-trimethylphenyl) methoxy group, (2,3, 5;
trimethylphenyl) methoxy group, (2,3,6-trimethylphenyl)
methoxy group, (2,4,5-trimethylphenyl) methoxy group,
(2,4,6-trimethylphenyl) methoxy grou’p, (3,4,5-
trimethylphenyl) methoxy -group, (2,3,4,5-
tetramethylphenyl) methoxy"- gro;p, (2,3,4,6-

tetramethylphenyl) 'methoxy group, (2,3,5,6~
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tetramethylphenyl) methoxy group, (pentamethylp_henyl)

methoxy group, (ethylphenyl) methoxy group, (n-

propylphényl) methoxy group, (isopropylphenyi)methoxy
group, (n-butylphenyl) methoxy group, (sec-butylphenyl)
methoxy group, (tert-butylphenyl) methoxy group, (n-
hexylphenyl) methoxy group, (n-octylphenyl) methoxy -
group, (n-decylphenyl) methoxy group, (n-
tetradecylphenyl) methoxy group, naphthylmethoxy group,
anthracenylmethoxy group, etc., and preferably a benzyloxy
group. |
These aralkyloxy groups may be partially substituted
with 'a halogen atom such as fluorine atom, chlorine atom,
b_romine atom, iodi_ne atom and the like; an alkoxy group such
as methoxy, ethoxy, aryloxy group (sﬁch as phenoxy), an
aralkyloxy group (such as benzyloxy), and the like.
Examples of the aryloxy group in the substituents X%,
x2, ‘R, R?, R, RY R® and RS inélude an aryloxy group having
6-20 carbon atoms such as a phenoxy group, z-methylphenoxy
group; 3-methylphenoxy group, 4-methylphenoxy group,.
2,3-dimethylphenoxy group, 2-,4-dimethylphenoxy group,
2,5-dimethylphenoxy group, 2,6-dimethylphenoxy group,
3,4-dimethylphenoxy group, 3, 5—dimet1:1ylphenoxy group,

2,3,4-trimethylphenoxy group, 2,3, 5~-trimethylphenoxy

group, 2,3, 6;-trimethylpheri23xy group, 2,4,5-

trimethylphenoxy group, 2,4,6-trimethylphenoxy group,
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3,4,5-trimethylphenoxy group, 2,3,4, S-tetramethylphénoxy

group, 2,3.,4, 6-tetramethylphenoxy' group, 2,3,5,6-

_tetramethylphendxy groﬁp , pentamethylphenyl group,

ethylphenoxy group, n-propylphenoxy group,
isopropylphenoxy group, n-butylphenoxy group, sec-

butylphenoxy group, tert-butylphenoxy group, n-

hexylphenoxy group, n-octylphenoxy group, n-decylphenoxy

group, n-tetradeéylphenoxy group', naphthoxy group,
anthracenoxy group .and the like.

These aryloxy groups may be _partially substituted with
a halogen atom such as a lfluorine atom, chlo;ine atdm,
bromiﬁe aﬁom, iodine atom .and the like, an alkoxy group suéh
as methoxy, ethoxy, aryloxy group (such as phenoxy), or an
aralkyloxy group (such as benzyloxy)., and the like. | |
| The disubstituted amino group in the substituents X!,
X2, R, ﬁz, R®, R*, R’ and R® is an amino group substituted
with two hydroc_:arbon groups. Examples of the hydrocé,rbon

group include an alkyl group having 1-10 carbon atoms such

‘as a methyl group, ethyl group, n-propyl group, isop_ropyl

group, n.—b'utyl érOUp, sec—buf.yl group, tert-butyl groupl,.
j.sobutyl group, n-pentyl gfoup, n-hexyl group, cyclohexyl:
group, etc.; an aryl group having 6-10 ‘carbon atoms ~ (such
é.s phenyl g_roﬁp) ; an aralkyl groqﬁ havinhg 7-10 carbon atoms
etc. Examplés of the am_irio gr;up disubstituted with

hydrocarbon groups having 1-10 carbon atoms inciude a
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dimethylamino group, diethylamino group, di-n—prppylamino
group, diisopfopylamino group, di'-n—butylamino lgroup,
di-sec-butylamino group, di;tert—butylamino group, di-
isobutylamino group, tert-butylisopropylamino group, di-
n-hexylamino group, ldi—n-octylamino group, di-n-decylamino
group, diphenylamino group, .bistrimethylsily_lamino group,
bis-tert-butyldimethylsilylamino group, etc., and
preferably a dimethylamino grpup; or diethylamino group.

These disubst_ituted amino groups may be substituted
partly with a halogen atom such as a fluorine atom, chlorine
atom, bromine atom, iodine atom and the like; an alko:;:y group
such és methoxy group, ethoxy group and the like; an aryloxy
group (such as phonbxy group) and the like; or an aralkyloxy
group (such'as.-benzyloxy group) and the like.

The substituents R!, R?, R?}, R%, RS and R6 may be
optionaily combined to form a ring.

R! is preferably an alkyl group, an aralkyl group, an
ary.lk.group, or. a substituted silyl group.

" X' and X? independently and préferably represent .a
halogen atoxﬁ, an alkyl group, an aralkyl 'group, an alkoxy
group, an aryloxy group, or a disubstituted amino group, more
preferably a hal'oge.n atofﬁ or an alko;c'y group.

Examples of the at-orﬁ of~ group XVI in the Periodic Table
include an oxygen atom, su'.'lfur-atom, .selenium, atom, and

preferably oxygen atom.
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Examplesqftﬁetransitionmetalcdmplexrepresented
by the general formula [I]) include;
methylene (cyclopentadienyl) (3, 5-dimethyl-2-
phenoxy) titanium dichloride,
methylene(cyclopentadienyl)(3—tert—butyl-2—
phenoxy)titaniﬁm dichloride,

methylene(cyclopentadienyl) (3-tert-butyl-S5-methyl-2-

phenoxy) titanium dichloride,

' methylene(cyclopentadiényl)(3—pheny1-2~phenoxy)titanium

dichloride, methylene(cyclopentédienyl)(3—tert—
butyldimethyléilyl—S-methyl-z-phenoxy)titanium
dichléride, methylene (cyclopentadienyl) (3~
trimethylsilyl—Sfmethyl-Z—phenoxy)titanium dichloride,

methylene (cyclopentadienyl) (3-tert-butyl-5-methoxy-2-

phenoxy)titanium dichloride,

methylene(cyclopentadienyl)l34tert-buty1—5—chloro;2~
phenoxy)titanium dichloride, |
methyléne(methylcyclopentadienyl)(3,5-dimethyl-2-
phenoxy) titanium dichloride,
methylene(methylcyclopentadienyl)(3-tert-butyl-2—
phenoxy) titanium dichloride, .
methylene(methylcyélopentadienYl)(3:£ert-butyl-5-
methyl—z—phenoxy)titanium?dichloride,

methylene(me;hylcyélopentédienyl)(3—phenyl—2—

phenoxy) titanium dichloride,
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‘methylene (methylcyclopentadienyl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, methylene(méthylcyclopentadienyl)(3-
trimethylsilyl-s-ﬁethyl—2-phenoxy)titanium dichloride,
methylene(methylcyclopentadienyl)(3—tert-buty1—5—
methoxy-z—pheno#y)titanium dichloride,
ﬁethylene(methylcyclopentadienyl)(3—tert—butyl-5-
chloro-2-phenoxy) titanium dichloride, methylene(tert-
butyléyclopentadienyl)(3,54dimethyl—2-phenoxy)titanium
dichloride, methylene(tert-butyléyclopentadienyl)(3—
tert-butyl-2-phenoxy)titanium dichloride, |
methyiene(tert-butylcyc1open§adienyl)L3-tert—butyl—5—
methyl-2-phenoxy)titanium dichloride, methylene(tertj
butylcyclopentadienyl)(3-pheny1-2—phehoxy)titanium
dichloride, methylene(tert-butylcyclopentadienyl)(3-
~tért-butyldimethylsilyl-5-methyl-2—phenoxy)titanium
dichloride, mgthylene(tert-butylcyclopentadienyl)(34
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
methylene(tert-butylcyclopentadienyl)(3—tert—butyl-5—
methoxy-2—phenoxy5titanium dichloride, methylene(tert-
butylcyclopentadienyl) (3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride, T |
methylene(tetramethylcyclopéntadienyl)(3,5-diméthyl—2—
phenoxy)titénium dichloride, — .

methylene (tetramethylcyclopentadienyl) (3-tert-butyl-2-
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phenoxy) titanium dichloride,
_methyléné(tetramethylcyclopentadienyl)(3-tert-buty1-5-
methyl-2-phenoxy)titaniﬁm dichloride,
.methylene(fetramethylcyclopentadienyl)(3-phenyl—2—
bheno#y)titaniumldichioride,
methyleneitetramethylcyclopentadienyl)(3wtert-
butyldimethylsilyi¥5-methyl—2—phenoxy)titanium
dichloride, methylene(tetramethylcyc1opentadienyl)(3f
trimethylsi1yl—5-methy1-2—phenoxy)titanium dichloride,
methylene(tétramethylcyclopentadienyl)(3-tert—butyl—5-
methoxy-2-phenoxy) titanium dichloride,
methyiene(tetramethylcyclopegtadienyl)(3-tert—butyl-5-
chloro-2-phenoxy)titanium dichloride,
methylene(trimethylsilylcyclopentadienyl)(3,5—dimethyl—
'2-phenoxy) titanium dichloride,
methylene(trimethyisilylcyclopentaaienyl)13-tert-butyl;
‘.2—phenox§)titanium dichloride, | |

methylene (trimethylsilylcyclopentadienyl) (3-tert-butyl-
'S-methyl—z—phenoxy)titanium dichlofide,
methylgne(trimethylsilylcyclopentadienyl)(3—phenyl—2—
phenoxy) titanium dichloride,
methylene(trimethylsi1ylcYélopentad{Enyl)(3-tert-
butyldimethylsilyl—Sfmethyl-z—phenoky)titaﬁium
dichloride, ’

methylene(trimethylsilylcyclopentadienyl)(3-
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trimethylsilYl—5-methyl-2-phenoxy)titanium dichloride,
methylene (trimethylsilylcyclopentadienyl) (3-tert-butyl-
S-methoxy-2-phenoxy) titanium dichioride,
methylene(trimethylsilylcyclopentaaienyl)(3-tert—buty1-
5-chloro-2-phenoxy)titanium dichloride, |

' méthylene(fluorenyl)(3,S—dimethyl—z—phenoxy)titahium
aichloride, methylene(fiuorenyl)(3;tert-butyl-2—
phenoxy) titanium dichidride, methylene (fluorenyl) (3-
.tert—butyl—S-methyl—Z—phenoxy)titanium dichloride;
methyléne(fluorenyl)(3-phgny1-2—phenoxy)titanium
“dichloride, methylene(fluorenyl) (3-tert-
butyldimethylsi1y1-5-methyl-2—phenoxy)titanium
dichloride, methyiene(fluorenyl)(3—tiimethylsilyl-5—
methyl-2-phenoxy) titanium dichloride,
methylene(fluorenyl)(37tert—butyl—5—methoxy-2j

phenoxy) titanium dichloride, methylene(fluorenyl) (3-
tert—butyl—s-chloro—z-phenpxy)titanium dichloride,
isopropylidene(cyclopentadienyl)(3,5fdimethy1-2-
phenoxy)titagium dichloride,
isopropylidene(cyclopenﬁadienyl)(3—tert—butyl-2—
bhenoxy)titanium-dichloride,
isopropylidene(cyclopentadienyl)(3—tért—butyl—5—methy1-
2-phenoxy)titanium dichloride,
isopropylidene(cyclqpentaéienyl)fophenyl—Z-

phenoxy) titanium dichloride,
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isopropylidene(cyclopentadienyl) {3-tert-
butyldimethylsilyl-s—methylfz-phénoxy)titaﬁium
dichloride, isopropylidene(Cyclopentadiepyl)(3—
trimethylsilyl—S—methyl-2-phenoxy)titanium dichlbride,
isopropylidene(cyclopentadienyl) (3-tert-butyl-5-
methoxy-2-phenoxy) titanium dichloride,

isopropylidene (cyclopentadienyl) (3-tert-butyl-5-chloro-
2-phenoxy} titanium dichloride,.'

isopropylidene(methylcy&lopentadienyl)(3,5-dimethyl-2-

'phenoxy)titanium dichloride,

isopropylidene(methylcyclopentadienyl)(3—ter£-butyl-2-
pheno#y)titanium dichloride, _ |
isopropylidene(meﬁhylcyclopentadienyl)(3-tert-butyl—5—
methyl-z—phenoxy)titanium dichloride,

isopropylidene(methyléyclopentadienyl)(3-phenyl—2—

| phenoxy) titanium dichloride,

isopropylidené(methylcyclopentadienyl)(3-tert-.
butyldimethylsilyl—S—methyl-Z—phenoxy)titanium.
dichloride, isopropylidene(methyicyclopentaaienyl)(3—
tfimethylsilyl-S-ﬁethyl—Z-phehoxy)titanium dichloride,.

isopropylidene(methylcyclopentadienyl)(3-tert—butyl—5—

. methoxy-2-phenoxy) titanium dichloridé,

isopropylidene(methylcyclopentadienyl)(3-tert—butyl-5—
chloro—z—phénoxy)titaniumﬁdichloride,

isopropylidene(tert-butylcyclopentadienyl) (3, 5-
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dimethyl—2-phenoxy)titanium dichloride,
isopropylidene(tert—butylcyclopehtadienyl)(3-tert-
butyl-2-phenoxy)titanium dichloride,
isopropylidene(tert-butylcyclopentadienyl)(3—te£t—
buﬁyl-S-methyl-z—phenoxy)titanium dichloride,
isopropylidene(tert—butylcyclopentadienylj(3—pheny1-2-_
phenoxy)titanium dichloride, isopropylidene(tert-
butylcyclopgntadienyl)(3—tert—bﬁtyldimethylsily1—5—
methyl-2-phenoxy) titanium dichloride,
isopropylidene(tert-butylcyclopentédienyl)43-
trimethylsilyl—s—methyi-2-phenoxy)titanium dichloride,_
isoprépylidene(tert—butylcyc;opentadienyl)(3-tert-
5utyl-5-methoxy—2-phenoxy)titanium dichloride,
isopropylidene(tért~buty1cyclopentadiehyl)(3-tert-
butyl-5-chloro-2-phenoxy)titanium dichloride,
1sopropy11dene(tetramethylcyclopentadlenyl)(3 5- | .Mu:'
dlmethyl -2- phenoxy)tltanlum dichloride, -RH¢“ V”
isopropylidene(tetramethylcyclopentadienyl)(3-tert—
butyl-2-phenoxy)titanium dichloride,
isqpropylideneftetramethylcyclopentadienyi)(3—tert;
butyl—S-methyl—z—phenoxy)titanium dichlqride,
isopropylidene(tetramethylcyclopéntéﬁienyl)(B;phenyl-2—'
isopropylidene(tetramethyicycl;pentadienyl)(3—tert—

butyldimethylsilyl-5-methyl-2-phenoxy)titanium
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dichlotide,

isopropylidene(tetramethylcyclopentadienyl) (3-

trimethylsilyl-S5-methyl-2-phenoxy)titanium dichloxride,

iéopropylidene(tetrahethylcyclopentadienyl)(3—tert-

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

isopropylidene(tetramethylcyclopentadienyl)(34tert—'

butyl-5-chloro-2-phenoxy)titanium dichloride,
isopropylidene(trimethylsi1y1cy¢lopentadienyl)(3,5—
dimethyl-2-phenoxy)titanium dichloride,

isopropylidene (trimethylsilylcyclopentadienyl) (3-tert-

"butyl-2-phenoxy) titanium dichloride,

isoprépylidene(trimethylsilylcyclopentadienyl)(3-tert—
butyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene(trimethylsilylcyclopentadienyl) (3~
phenyl-z—phenoxy)titanium.dichloride;
isopropylidene(trimethylsilylcyciopentadienyl)(3-tert-'
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride,
isopropylidene(trimethylsilylc&clopentadienYl)(3-
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene(trimethylsilylcyclopentadienyl)(3—tertf
butyl-5-methoxy-2-phenoxy) titanium d&chloride,
isopropylidene (trimethylsilylcyclopentadienyl) (3-tert-
butyl-S—chloro—2—phenoxy)Eitan;uﬁ dichloride,_

isopropylidene(fluorenyl) (3,5-dimethyl-2-
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phenoxy) titanium dichloride,
isopropylidene(fluorenyl) (3-tert-butyl-2-
phenoxy) titanium dichloride,
isopropylidene(fluorenyl)(3;£ert—buty1—5-methyl;2-
'-phenoxy)titanium dichloride,
isopropylidene(fluorenyl)(3;phenyl-2-phenoxyftitaniuﬁ
-dichloride, isopropylidene(fluorenyl) (3-tert-
butyldimethylsi1yl-5—methyl-2—ﬁhenoxy)titanium
dichloride, isopropylidene(flﬁorenyl)(3-trimethylsi1yl—
5-methyl-2-phenoxy)titanium dichloride,
'isopropylidene(fluorenyl)(3-tert-butyl—s—methoxy-z—
phenoiy)titanium dichloride, _
isoprbpylidene(fluorenyl)(3—tert—butyl—5¥chlo;o—2—
phenoxy)titénium dichloride,
-diphenylmethylene(cyclopentadienyl)(3,5—dimephy1—2—
phenoxy) titanium dichloride, diphenylmethyléne
(cyélopentadienyl)(3-tert-butyl—2-phenoxy)titanium _
dichlorideL diphenylmethylene (cyclopentadienyl) (3-
tert-butyl-s—methyl—z—phenoxy)titanium dichloride,
diphenylmethylene (cyclopentadienyl) (3-phenyl-2-
_pheﬁoxy)titanium dichloride, diphenylmethylene
(cyclopentadienyl)(3?tert—butyldimefhylsilyl-5—methyl-
2-phenoxy) titanium dichloride, diphenylmethylene
(cyclopentadienyl)(3—triméthylsilyl—S?methyl—Z-

phenoxy) titanium dichloride, diphenylmethylene



«©

29

(cyclopentadienyl)(3—tert—butyl-S—methoxy—Z-
phenoxy) titanium dichloride, diphenylmethylene
(cyclopenﬁadienyl)(3—tétt-butyl—5-chlo;o—2-
phenoxy) titanium dichloride, diphenylmethylene
(methylcyclopentadienyl) (3, 5~-dimethyl-2-
phenoxy) titanium dichloride, diphenylmethylene

(methylcyclopentadienyl) (3-tert-butyl-2-

_phenoxy)titanium dichloride, diﬁhenylmethylene

(methylcyclopentadienyl)_(3—tert-butyl-5-methyl—2—

phenoxy) titanium dichloride, diphenylmethylene

(methyicyclopentadienyl) (3—phenyl-2—phenoxy)titahium
dichldride, diphenylmethylene (methylcyclopentadienyl)

(3-tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium

- dichloride, diphenylmethylene (methylcyclopentadienyl)

(3-trimethylsilyl~5-methyl-2-phenoxy)titanium

dichloride, diphenylmethylene .(methylcyclopentadienyl) -

'(3-tert—buty1—5-methoxy-2—phenoxy)titanium dichloride,

diphenylmethylene (methylcyclopentadienyl) (3-tert-
butyl—5—chloro—2—phenoxy)titanium dichloride,
diphénylmethylene (tert—butylcyclopéntadienyl)-(3,5—
dimethyl-z-phenoxy)titanium dichloride,
diphenylmethYlene (tert-butylcyclopehtadienyl) (3-tert-
butyl—Z-phenoxy)titanium-dichloride, diphenylmethylene
(tert—butylcyclopentadienil)'(;—tert—butyl—S—methyl—Z—

phenoxy) titanium dichloride, diphenylmethylene (tert-
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buﬁylcyclopentadienyl) (3—phenyl-2-phenoxy)titgnium
dichloride, diphenylmethylene (tert-
butylcyclopentadienyl) (3—tert—butyldimethylsilyl-S—
methyl—z-phenoxy)fitanium dichloride, diphenylmethylene
(tert-butylcyclopentadienyl) (3-trimethylsilyl-5-
methyl-2-phenoxy) titanium dichloride, diphenylmethylene
(tert-butylbyclopenpadienyl)'(3-tert-butyl-54methoxy-2—_
phenoxy) titanium dichloride, diphenylmethylene (tert-
butylcyclopentadienyl) (3-tert-butyl-5-chloro-2-
phenoxy) titanium dichloride, diphenylmethylene
(tetramethylcyclopentadienyl) (3,5-dimethyl-2-
phenoiy)titanium dichloride, diphenylmethylene
(tetramefhylcyclopentadienyl) (3-tert-butyl-2-

phenoxy) titanium dichloride, diphenylmethylene
(tetramethylcyclopentadienyl) (3—tert-butyl-S—methyl-Z-_
phenoxy) titanium dichloride, diphenylméthylene
(tetramethylcyclopentadienyl) (3-phenyl-2-
pheﬁoxy)titaniﬁm dichloride, diphenylmethylene
(tetramethylcyclopentadienyl) (3-tert-

butyldimethylsilyl—S—methyl-2-phenoxy)titanium

‘dichloride, diphenylmethylene

(tetramethylcyclopentadienyl) (3—trfhethylsilyl—5-

methyl-2-phenoxy)titanium=>dichloride, diphenylmethyléne

-(tetramethylcyclopentadieﬁyi) (3-tert-buty1-5—methoxy—

2-phenoxy) titanium dichloride, diphenylmethylene
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(tetramethylcyclopentadienyl) (3—tert-butyl—5—thoro—2-
phenoxy) titanium dichloride, diphenylmethylene
(trimethylsilylcyclopentadienyl) (3,5-dimethyl-2-
phenoxy) titanium dichloride, diphenylmethylene
(trimethylsilylcyclopentadienyl) (3-tert-butyl-2-
phenoxy) titanium dichloridé, diphenylmethylene
(trimethylsilylcyclopentadienyl):(3—tert-butyl—5—
methyl-2-phenoxy) titanium dichléride, diphenylmethylene
(trimethylsi1ylc§clopentadienyl) (3-phenyl-2-

phenoxy) titanium dichloride, diphenylmethylene
(trimethylsilylcyclopentadienyl) (3-tert-
butylaimethylsilyl-S—methyl-g—phenoxy)titanium
dichloride, diphenylmethylene
(trimethylsilylcyclopentadienyl) (3-trimethylsilyl-S-
methyl+2-phenoxy) titanium dichloride, diphenylméthylene
(trimethylsilylcyclopentadienyl) (3-tert-butyl-5-
methoxy—2-phenoxy)titaniunlaichloride, diphenylmethylene
{trimethylsilylcyclopentadienyl)  (3-tert-butyl-5-
chloro~2-phenoxy)titaﬁium dichloride, diphenylmethylene.
(fluorenyl) (3,S-diméthyl—Z-phenoxy)titaniunldichloride,
diphenylmethylene {(fluorenyl) (3-tert-butyl-2-

phenoxy) titanium dichloride, diphenjimethylene
(fluorenyl) (3—tert-buty115—methyl—2—phenoxy)titanium
dichloride) diphenylmethyiene }fluorenyl) (3-phenyl-2-

phenoxy) titanium dichloride,'diphenylmethylene_
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(fluorenyl) (3-tert-butyldimethylsilyl-5-methyl-2-
phenoxy) titanium dichloride, diphenylmethylene
(fluorenyl) (3-trimethylsilyl-5-methyl-2-

phenoxy) titanium dichloride, diphenylmethylene
(fluorenyl) (3-tert-butyl-5-methoxy-2-phenoxy)titanium -
dichloride,-diphenylmethylene (fluorenyl) . (3-tert- .
butyl-5-chloro-2-phenoxy)titanium dichloride, etc.,
transition metal complexes wherein J in the chemical
formula [I] is a.carbon atom, such as compounds wherein
titanium of these compounds is replaced by zirconium or
hafnium, compounds wherein the dichloride of these |
compoﬁnds is replaced by dibromide, diiodide,

bis (dimethylamide), bis(diethylamide), di-n-butoxide or
diisopropoxide, compounds wherein cYclopentadienyl of
these compounds is replaced by dimethylcyclopentadienyl,
trimethylcyclopentadienyl, n-butylcyclopentadienyl,
tert-butyldimethylsilylcyclopentadienyl or indenyl, and
compounds wherein 3,5-dimethyl-2-phenoxy of these
compounds is replaced by 2-phenoxy, 3—methyl-2—phenoxy,
3,5-di—tert—butyl—2-phenoxy, 3-phenyl—57methyl-2-
phenoxy, 3-tert-butyldimethylsilyl-2-phenoxy or 3-
trimethylsilyl-2-phenoxy; and :
dimethylsilyl(cyclopentadienyl)(2—phenoxy)titanium
dichloride, dimethylsilyl(cycl;péntadienyl)(3-methyl—2—

phenoxy) titanium dichloridse,
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dimethylsilyl(cyclopentadienyl)(3,5—dimethyl—27
phenoxy) titanium dichloride,
dimethylsilyl(cyclopentadienyl)(3-tert—butyi—2-
phenoxy) titanium dichloride,

dimethylsilyl (cyclopentadienyl) (3-tert-butyl-5-methyl-
2-phenoxy) titanium diéhloride,

dimethylsilyl (cyclopentadienyl) (3,5-di-tert-butyl-2-
phenoxy) titanium dichloride, .
dimethylsilyl(cyclopentadienyl)(5-methy1—3—pheny1-2—
phenoiy)titanium dichloride,
dimethylsilyl(cyclopentadienyl)(3—tert-
butyldimethylsilyl-S—methyl—ghphenoxy)titanium.
dichloride, dimethylsilyl(cyclopentadienyl)(5-methyl—3;
trimethylsilyl-2-phenoxy)titanium dichloride,
dimethylsiiyl(cyclopentadienyl)(3-tert-buty1—5-methoxy-
2-phenoxy) titanium dichloride,
dimethYlsilyl(cyclopentadienyl)(3-tert-butyl-5-chlord—
2—phenoxy)titanium-dichloride,

dimethylsilyl (cyclopentadienyl) (3,5-diamyl-2-

phenoxy) titanium dichloride,

dimethylsilyl (methylcyclopentadienyl) (2-
phenoxY)titanium dichloride, ’
dimethylsilyl(methylcyclopentadienyl)(3—methyl—é—
phenoxy) titanium dichloriée,

dimethylsilyl (methylcyclopentadienyl) (3,5-dimethyl-2~
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phenoxy) titanium dichloride,

dimethylsilyl (methylcyclopentadienyl) (3-tert-butyl-2-

phenoxy) titanium dichloride,
dimethylsilyl(methylcyclopentadienyl)(3-tert-butyl-5—
methyl-2-phenoxy) titanium dichloride,
dimethylsilyl(methylcyclopentadienyl)(3,5:di-tert-
Butyl—z—phénoxy)titanium dichloride,
dimethylsilyl(methyiéyclopentadienyl)(5-methyl—3-
phenyl-2-phenoxy) titanium dichloride,
dimethylsilyl(methylcyclopentadienyi)(3-tert-
butyldimethylsilyl-S5-methyl-2-phenoxy) titanium
dichléride; dimethylsilyl (methylcyclopentadienyl) (5-
methyl—3-trimethylsilyl-z—phenoxy)titanium dichloriﬁe,
dimethylsilyl(methylcyclopentadienyi)(3—tert—butyl—5—
methoxy;zfphenoxy)titanium dichloride,'
dimethylsilyl(methylcyclopentadienyl)(3—tert-butyi-5—
chloro-2-phenoxy) titanium dichloride,

dimethylsilyl (methylcyclopentadienyl) (3,5-diamyl-2-

phenoXy)titénium dichlo:ide, dimethylsilyl (n-

‘butylcyclopentadienyl) (2-phenoxy) titanium dichloride,

d%methylsilyl(n-butylcyclopentadienyl)(3-methyl—2-
phenoky)titaniﬁm'diéhloride, dimethjisilyl(n- .
bﬁtylcyclopentadienyl)(3;5~dimethyl—2-phenoxy)titanium

dichloride, dimethylsilyl(n—butylcyclopentadienyl)(3-

‘tert-butyl-2-phenoxy)titanium dichloride,
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dimethylsilyl (n-butylcyclopentadienyl) (3-tert-butyl-5-
methyl—?-phenoxy)titanium dichlofide, dimethylsilyl(n-
butylcyclopentadienyl) (3,5-di-tert-butyl-2-

phenoxy) titanium dichloridé, dimethylsilyl (n-
butylcyclopentadienyl) (5-methyl-3-phenyl-2-

phenoxy) titanium dichloride, dimethylsilyl(n-

_'butylcyclopéntadienyl)(3—tert-butyldimethylsilyl—5—

methyl-2-phenoxy) titanium dichloride, dimethylsilyl (n-
butylcyclopentadienyl)(5-methyl—3—Erimethylsilyl—z-
phenoxy) titanium dichloride, dimethylsilyl (n-
butylecyclopentadienyl) (3-tert-butyl-5-methoxy-2-
phenoky)titanium dichloride, dimethylsilyl (n-
butylcyclopentadienyl)(3—tert—butyl—5-chloro-2—
phenoxy) titanium dichloride, dimethylsilyl(n-
butylcyélopentadienyl)(3,5—diamy1-2—phenoxy)titanium
dicﬁloride, dimethylsilyl (tert-
butylcyciopéntadienyl)(2-phenoxy$titanium dichloride,
dimethylsilyl(tert-butylcyclopentadienyl) (3-methyl-2-
phenoxy)titanium dichloride, dimethylsilyl(tert- -
butylcyclopentédienyl)(3,S—dimethyl—z-phenoxy)titanium

dichloride, dimethylsilvyl(tert-

.butylcyclopentadienyl)(3—tert—butyl:2—phenoxy)titanium

dichloride, dimethylsilyl(tert-

butylcyclopentadienyl) (3-tert-butyl-5-methyl-2-

phenoxy) titanium dichloride,'dimethylsilyl(tert—
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butylcyclopentadienyl) (3,5~di-tert-butyl-2-

phenoxy) titanium dichloride, diméthylsilyl(tert-
butylcyclopeﬁtadienyl)(5-methyl-3-phenyl-2-

phenoxy) titanium dichloride, dimethylsilyl(tert-
butylcyclopéntadienyl)(3ftert-butyldimethylsilyl—5-
methyl-2-phenoxy) titanium dichloride,
dimethylsilyl(tert-butylcyclopentadienyl)(5-methy1-3—
trimethylsilyl-2—phenoxy)titanidm dichloride,
dimethylsilyl(tert—butylcyclopgntadienyl)(3—tert—buty1—
5-methoxy-2-phenoxy)titanium-dichléride,
dimethylsilyl(tert—butylcyclopentadienyl)(3-tert4butyl-'
5-chldro—2-phenoxy)titanium dichloride,
dimethylsilyl(tert-butylcyclopentadienyl)(3,5-diamy1—2-

phenoxy) titanium dichlqride,

dimethylsilyl (tetramethylcyclopentadienyl) (2-

phenoxy) titanium dichloride,

dimethylsilyl (tetramethylcyclopentadienyl) (3-methyl-2-
phenoxy) titanium dichloride,
dimethylsilyl(tetramethylcyclopenﬁadiényl)(3}5-
diméthYl—Z—phenoxy)titanium dichloride,
dimethylsilyi(tetramethylcyclopentadienyl)(3—tertf
buty1—2—phenoxy)titanium dichloride,
diméthylsilyl(tetramethylcyclopentadienyl)(3—tert-
butyl—S-methYl—Z-pheﬁoxy)éitan;um dichloride, .

dimethylsilyl (tetramethylcyclopentadienyl) (3, 5-di-tert-
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butyl-2-phenoxy)titanium dichloride,
dimethylsilyl(tetramethylcyclcpentadienyl)(S—methyl—3-
phenyl?2—phenoxy)titanium dichloride,

dimethylsilyl (tetramethylcyclopentadienyl) (3-tert-
butyldimethylsilyl-S—methyl—z—phenOXY)titaﬁium

dichloride,

‘dimethylsilyl(tetramethylcyclopentadienyl)(5-methy1—3-

trimethylsilyl—z—phenoxy)titaniﬁm dichloride,
dimethylsilyl(tetramethylcyclopentadienyl)(3—tert-
butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilyl(tetramethylcyclopentadienyl)(3—tert-l
butyl;S—chloro-z—phenoxy)titgnium dichloride,
dimethylsilyl(tetramethylcyc1opentadieny15(3,5-diamy1-
2-phenoxy)titanium dichloride, |
dimethylsilyl(trimethylsilylcyclopentadienyl) (2-
phenoxy) titanium dichiﬁride,
dimethylsilyl(trimethylsilyléyclopentadienyl)(3—methy1—
2-phenoxy) titanium dichloride,

dimethylsilyl (trimethylsilylcyclopentadienyl) (3,5~
dimethy1—2-phenoxy)titanium dichloride,
dimethylsilyl(trimethylsilylcyclopentadienyl)(3—tért—

butyl-2-phenoxy)titanium dichloride:

- dimethylsilyl(trimethylsilylcyclopentadienyl) (3-tert- .

_butyl—S-methylf2—phenoxy)Eitanium dichloride,

dimethylsilyl(trimethylsilylcycidpéhtadienyl)(3,S—di-
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tert-butyl-2-phenoxy)titanium dichloride,
dimethylsilyl(trimethylcyclopentadienyl)(S—methyl-B—
phenyl-2-phenoxy) titaﬁium dichloride,
dimethylsilyl(trimethylsilylcyclopentadienyl)(3-tert-

_ butyldiméthylsilyl—S-methyl-2—phenoxy)titanium
dichloride,
dimethylsilyl(trimethylsilylcyclopentadienyl)(5-methyl—
.-3-trimethylsilyl—z-phenoxy)titaﬁium dichloride,
dimethylsilyl(trimethylsilylcyclopentadienyl)(3—tert-
butyl-5-methoxy-2-phenoxy) titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3-tert-
butyl;S-éhloro—Z-phenoxy)titqnium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3,5-
diamyl—2-phenoky)titanium dichloride,
dimethylsilyl(indenyl)(2—phenoxy)titanium dichloriae,
dimethylsilyl(indenyl)(3-methyl—2-phenoxy)titanium
dichloride,-dimethylsilyl(indenyl)(3,5—dimethyl—2-
phenoxy) titanium dichloride, dimethylsilyl (indenyl) (3-
tert-butyl-2-phenoxy)titanium dichloride, |
dimethylsilyl (indenyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride,

dimethylsilyl(indenyl) (3,5-di-tert-butyl-2-
phenoxy)titanium dichloride, dimethylsilyl(indenyl)(5—
methyl~34phenyl-2—phenoxyftita;ium dichloride,

dimethylsilyl(indenyl) {3-tert-butyldimethylsilyl-5-
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methyl-2-phenoxy)titanium dichloride,

dimethylsilyl(indenyl)(5-methyl-3—trimethylsilyl—z-

phenoxy) titanium dichloride, dimethylsilyl(indenyl)(3-

tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilyl(indenyl) (3-tert-butyl-5-chloro-2-
phenoxy) titanium dichloride,

dimethylsilyl (indenyl) (3,5-diamyl-2-phenoxy)titanium

‘dichloride, dimethylsilyl(fluorényl)(2—phenoxy)titanium

dichloride, dimethylsilyl(fluorenyl) (3-methyl-2-
phenoxy) titanium dichloride,
dimethylsilyl(fluorenyl)(3,5—dimethyl-2-_
pheno#y)titanium dichloride, _

dimethylsilyl (fluorenyl) (3-tert-butyl-2-
phenoxy) titanium dichloride,
dimethylsilyl (fluorenyl) (3-tert-butyl-5-methyl-2-
phenoxy) titanium dichloride,
dimethylsilyl(fluorenyl)(3,5—di-tert-butyl-2-.
phenoxy) titanium dichloride,
dimethylsilyl(fluorenyl)(5-methyl—3—phenyl—2~

phenoxy) titanium dichloride,

dimethylsilyl(fluorenyl) (3-tert-butyldimethylsilyl-5-

methyl-2-phenoxy) titanium dichloridé,
dimethylsilyl(fluorenyl) (5-methyl-3~-trimethylsilyl-2-
phenoxy) titanium diChloride,

dimethylsilyl(fluorenyl)(34tert-butyl—5—methbxy—2—
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phenoxy) titanium dichioride,

dimethylsilyl(fluorenyl) (3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride,
diméthylsilyl(fluorenyl)(3,5-diamyl~2-phenoxy)titanium
dichloride, dimethylsilyl(tetramethyl

cyclopentadienyl) (1-naphthoxy-2-il)titanium dichloridg,
etc.,thecompoundswhe:einthe(cyclqpentadienyl)ofthese
compoundshavebeenchangaﬂto(diﬁethylcYclopentadienyl),
(trimethylcyclopentadienyl), (ethylcyclopéntadienyl),
(n—pfopylcyclopentadienyl),(isopropylcyclopentadienyl),
(secfbutylcyclopentadienyl),(isobutylcyclopentadienyl),
(tert;butyldimethylsilyl cyclopentadienyl),
(phenylcyclopentadienyl), (methylindenyl), or
(phenylindenyl); the compounds wherein'(z-phendxy) hés
been changed to (3-phenyl 2-phenoxy)., (3-trimethyl
lsilyl-2—phenoxy), or (3-tert-butyl dimethylsilyl-2-
phenoxy); the compounds wherein dimethyl silyl has been
changed to diethyl silyl, diphenyl silyl, or-diméthoxy
silyl; the compounds wherein titanium has been changed to
zirconium or _hafnium; the compouﬁds whér-ein dichloride has
been changed to dibromide, diiodide, bis(dimethylamide),
bis(diethylamide),.di—n-buthoxide,'6} diisopropoxide,
which are transition metal complexes wherein J in the
chemical formula [I] is an-atom of the group XIV in the

Periodic Table of the elements other than the carbon atoms:
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Examples of the transition metal complex represented :
by the general formula [II] include:
p —oxo bis{isopropylidene(cyclopentadienyl) (2~
phenoxy) titanium chloride},
¢ -oxo bis{isopropylidene(cyclopentadienyl) (2~
phenoxy) titanium methoxide},
M —OXO bis{isopropylidene(cyclopéntadienyl)(3—tert—
butyl-S-methyl-2-phenoxy)titaniﬁm chloride},
M —OXO bis{isopropylidehe(cyclopentadienyl)(3-te;t—
bﬁtyl—5-methyl¥2—phenqu)titanium methoxide},
-y —OXO0 bis{isopro?ylidene(methflcyclopentadienyl)(2;
phenoiy)titanium chloride}, _
;z-dxo bis{isopropylidene (methylcyclopentadienyl) (2-
phenoxy) titanium methoxide},
[ —OxXO0 bis{iSopropylidene(methylcyélopentadienyl)(3-
" tert-butyl-5-methyl-2-phenoxy)titanium chloride},
p# -oxo bis{isopropylidene (methylcyclopentadienyl) (3~
tert-butyl-5-methyl-2-phenoxy)titanium methoxide},
M1 —OXO
bis{isopropylidene (tetramethylcyclopentadienyl) (2-
phenoxy) titanium chloride},
. p —OXO0 |
bis{isopropylidene(tetramethylcyclopentadienyl) (2-
phenoxy) titanium methoxide}, -

M —OXO
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bis{isopropylidene(tetramethylcyclopentadienyl)(3—tert—
butyl—S—methyl—2¥phenoxy)titanium chloride},

M —OXO
bis{isopropylidene(tetramethylcyclopentadienyl) (3-tert-
butyl-S—methyl-Z-phenoxy)titanium methoxide},

[ —OXO0 bis{dimethylsilylenekcyclopentadienyl)(2«
phenoxy) titanium chloride},

2 —OXO0 bis{dimethylsilylene(cyclbpentadienyl)(2—
phenoxy) titanium méthoxide},

}l-oxo bis{dimethylsilylene(cyclopentadienyl) (3-tert-
butyl-5-methyl-2-phenoxy)titanium chloride}, |
p-oxo-bis{dimethylsilylene(qyclopentadienyl)(3-tert—
butyl-S-methyl-2-phenoxy)titanium methoxide},

M —OXO bis{dimethylsilylene(methylcyclopentadienyl)(2-_
phenoxy) titanium chloride},

M —OXO bis{dimethylsilylene(meﬁhylcyclopentadienyl)(2—'
phenoxy)titanium.methoxide},

;z-éxo bis{dimethylsilylene(methylcyclopentadienyl) (3-
tert—butyl—S-methyl-z—phénoxy)titanium chldride},
p-oxo_bis{dimethylsilylene(methylcyclopentadienyl)(3—
tert—butyl-s-mefhyl-z—phenoxy)titanium methoxide},

§ —OXO0 ’

| bis{dimethylsilylene(tetramethylcyclopentadienyl) (2-
phenoxy) titanium chloride}; ] | |

M —OXO -
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bis{dimethylsilylene tetramethylcyclopentadienyl ) (2-

.phenoxy.) titanium methoxide}, |

[ —OXO

bis{dimethylsilylene( tet'ramethylcyclopentadienyl_ Y (3~

tert-butyl-5-methyl-2 “phenoxy) titanium chloride}and

[ —OXO |

bis{dimethylsilylene(tetramethylcyclopentadienyl) (3~

tert-butyl-5-methyl-2-phenoxy) titanium 'iitethoxide }.
Examples of the transition metal complex represented

by the general formula [III] includé :

di-pu -;oxo bis { isopropylidene(cyclopentadienyl) (2~

phenoky) titanium}, _

di- g ~oxo bis{isopropylidene(cyclopentadienyl) (3-tert-

butyl-5-methyl-2-phenoxy)titanium}, |

di-u -oxo bis{isopropylidene(methylcyclopentadienyl) (2-

phen6x§) titanium},

di-pu -oxo bis {isopropyl idene (methylcyclopentadienyl) (3-

tert-butyl-S-methyl-2-phenoxy)titanium}, '

di-pu <oxo

bis{isopropyl ideﬁe (tetramethylcyclopentadienyl) (2-

phenoxy) titanium},

di-p —6xo |

bis{isopropylidene(tetramethylcyclopentadienyl) ( 3-tert-

butyl-5-methyl-2-phenoxy) titanium}, |

di- ux -oxo bis_{dimethylsilyiene (cyclopentadienyl) (2-
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phenoxy) titanium}, |

di-pu -oxo bis{dimethylsilylene(cyciopentadienyl)(3-
tert-butyl-5-methyl-2-phenoxy)titanium},

di-pu-oxo

bis{dimethylsilylene (methylcyclopentadienyl) (2-
phenoxy) titanium},

di- gy -oxo
bis{dimethylsilylene(methylcyclépentadiener(3-tert—
butyl—S-meﬁhyl—z-phenoxy)titanium},

di-u -oxo
bis{dimethylsilyiene(tetramethylcyclopentadienyl)(é-
pheno#y)titanium} and
di-pu -oxo '
bis{dimethylsiiylene(tetramethylcyclopentadienYl)(3-'

tert—butyl~5-me;hy1-2—phenoxy)titanium).

The transition metal complex represented by the
geﬁerallformula [i] can be_synthesized gccording to the
- method described inlWO 97/03992, which is incorporated
herein by reference in its entirely.

The transition metal compound represented by the
generél formula [II] or [iII] can be ﬁrepared by reacting
a transition metal compoﬁnd [I] with 1 or 2 equivalent

amounts of water or oxygen:

Examples of the above reaction method include: a
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-method of reacting a transition metal comppund' and
necessary amounts of water or oxygen directly; a method of
charging a transition metal compouhd into a solvent, such
as. a hydrocarbon solver_lt, which contains necessary amount
of water or oxygen; and a method of charging a transition
metal compound into a dry solvent, such as a dry hydrocarbon
solvent and .passing through an iﬁert gas contalning
necessary amount of water or ox:{fgen.

Next, an explanation is given on the aluminum compound
(B) . |
As the aluminum compounds (B), these are selécted one
| or moré of aluminum compounds £from the .following (B1) - (B3).
(Bl) an organoaluminurﬁ compound represented by the general
formula E,A1Z;..,
(B2) a cyclic almninoxane having a structure represented by
the general formula {-Al(E?)-0-}, and
(B3) a linear almninoxane having a structure represented by

‘the general formula E3{-Al(E®)-0-}. AlE%

(wherein.El, E? and E? respectively represent a hydrocarbon‘
group, and each of E!, E2 ana E’ may be the same or different;
Z represents a hydrogen atom o: a halogen atom, and each of
the z may be the same or different; ‘:a” satisfies the
following equation: 0<a=33 “b” represeéents ah integer of

2 or more; and “c” represehts an integer of .1 or more).

As the hydrocarbon group in E!, E? and E?, a hydrocarbon
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group having 1-8 carbon atoms is preferable, and_ an alkyl
group having 1-8 carbon atoms is inore preferable.

Specific examples of the organocaluminum compound (Bl)
represented by the general formula E';AlZ;, include
tfialkyieiﬁminmn compounds such as trimethylaluminum,
triethylaluminum, tripropyialuminum, triisobutylaluminum,
trihexylaluminum, etc.; dialkylaluminum chlorides such as
dimethylalumiﬁmn chloride, dietHy_laluminum chloride,
dipropylaluminum chloride, diisobutylaluminum chloride,
dihexylaluminum chloride, etc.; alkylaluminum-dichlorides
sucﬁ as methylaluminumdichloride, ethylaluminumdichloride,
propyialuminum dichloride, ispb_ﬁtylaluminum dichloride,
hexylaluminum dichloride, etc.; and dialkylaluminum
hydrides such as dimethylaluminum hydride, diethylaluminum
hydride, diprbpylalmninum hydride, diisobutylaluminum
hydride, dihexylaluminum hydride, etc.

Among them, trialkylaluminum compounds are preferable,
and triethylaluminum and triisobutylaluminum are more
preferable.

Specific examples of E2 and E* in the cyclic aluminoxane
(B2) having a structure represented by the general formula
{-A1(E?) -0-}p, and linear aluminoxane (B'3) having a structure
represented by the general: formula E3(-Al(E’)-0-}. AlE3,
‘include alkyi groups such as e. r:l'ethyl group, ethyl group,

normal propyl group, isopropyl group, normal butyl group,
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isoliutyl group, normal pentyl group, neopentyl gi‘ogp and the
like, *b” is an integer of not less than 2, and “c” is an
integer of not less than 1. E? and E® are preferably methyl
groups or isobutyl groups, “b” is preferabiy_ 2 to 40 and “c”
is preferably 1 to 40.

The above alum:.noxane is produced by various methods.
The method is not specifically limited, and the aluminoxane
may be produced according to known methods. For example,
it can be produced by b:f:inging a solution prepared. by
dissolving a trialkylaluminum (e.g. trimethylaluminum,
etc.) in a 'suitable solvent (e.g. benzene, aliphatie_
hydroearbon, etc.), into contact with water. The_re can also
be used a method of bringing a trialkylaluminum (e.g.
trimethylaluminum, etc.) ih_to contact with a metal salt
contaiﬁing crystallizetion water (e.g. copper _sulfate_'
hydrate, etc.). - |

Boron cempound (C) is explained as follows:

As the boron compoﬁnd (C), any one of boron
compound(C;) represented by the general formula BQ'Q%Q%,
boron compound(Cs) represented by the general formula
G*(BQ*Q%Q%Q%)" and boron compound(C;) represented by the
general formula (L- H) (BQ'Q%0%0%)~ can be used.

In the boron compound-:a(c;) represented by the general
formula BQ'Q%Q3, B represents a trivalent boron atom ; and

Q! to @? may_be the same or different and represent a halogen



48

atém, a hydrocarbon group, é halogenated hydroqarbon
group, a substituted silyl group, a alkoxy group or a
disubstituted amino_ group. Q' to Q® represent preferably a
halogen atom, a hydrocarbon atom having 1-20 carbon atoms ,
- a halogenated hydrocarbon atoﬁ having 1-20 carbon atoms ’
a substituted silyl group Having 1-20carbon. atoms , a
alkoxy group having 1-20 carbon atoms ér a disubstituted
amino group having 2-20 carbon atoms . Q' to Q® represent
more preferably a halogen atom, a hydrocarbon grouﬁhaving
'1-20 carbon atoms or a halogenated hydrocarbon group
having 1-20 carbon atoms . Q' to Q* represent further more
p‘refex"ably a fluorinated hydrocarbon group having 1-20
carbon atoms and having at least one fluorine atom. Q! to
Q* represent especially preferably a fluorinated aryl
group having 6-20 carbon atdms and havih.g at least one
fluorine atom.

Specifiq exampleé of the compound (Cl) include
tris(pentafluorophenyl)borane, tris(2,3,5,6-
tetrafluorophenyvl)borane, tris(2,3,4,5-
tetraf luor_ophényl Yborane, tris(3,4,5-
trifluorophenyl)borane, - tris (2,3,4-
trif luoropheriyl ) borahe ;
phenylbis(p_entafluorophenyl)bor_ane, etc. Among them,
t:ris(pentaflﬁorophenyl)boré.ne is most preferable.

- In the boron compound (C2) represented by the general
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formula G*(BQ'Q?Q%Q%) ", G* represents an inofgaﬁic or organic
cation; B represents a trivalent boron; and Q! to Q* are ﬁhe
same as Q' to Q* in the above (C1).

In the compéund represented by the general _fo-rinula
- G"(BQ'Q%Q%Q?) -, specific examples of G* as an inorganic .cation
include ferrocenium cation, lalkyl'-substituted ferrocenium
cation, silver cation, e_tc. and specific_ examples of G' as
an organic cation include .triphehylmethyl cation, etc. G*
is preferably a carbenium cation, more preferably
triphenylmethyl cation.
Examples of (BQ'Q*Q%Q%) "~ include
tetrakis (pentafluorophenyl)borate, tetrakis(2,3,5,6-
| tetrafiuorophenyl)borate, tetrakis(2,3,4,5-
tetrafluorophenyl) borate, tetrakis(3,4,5-
trif luorophenyi)borate, tetfékj:s (2,3,4-
_ trif luorophenyl }borate,
phenyltris (bentaf luorqphenyl)borate, tetrakis (3,5~
bi'strifluorophenylmethfl)borate and the like.

Examples of the specific combinations of compounds of
general formula'Cz include ferroceniﬁm'
 tetrakis (pentafluoiophenyl)borate,- 1,1+~
dimethylferrocenium tetrakis(pentaf lﬁorophehyl )borate,
silver tetrakis(pentaf 1uoropheny1) borate, triphenylmethyl
tetrakis (pentaf luorophenyl')-bérafte, triphenylmethyl

tetrakis(3,5-bistrifluorophenyl)borate and the like.
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Among them, triphenylmethyi
tetrakis (pentafluorophenyl)borate is most preférable.

In the compound (C3) represented by the general formula
(L-H)*(BQ'Q%Q%0Y)~, L represents a neutral Lewis acid; (L-
H)" represents a Bronsted acid; B represents a trivalent
boron; and Q' to Q* are the same as Q! to @* in the abg;ve (c1).

In the compound represented by the general formula
(L-H)*(BQ1Q2Q3Q4).', specific examples of (L-H)* as
Bronstedacid include trialkyl—substituted ammonium, N,N-
dialkylanilinium, dialkylammonium, triar?lphosphonium,
etc. and specific examples of (BQ'Q20%Q*) " include the same
ones as those described above.

Examples of the specific combination of (L-
H)*(BQ'Q%0%Q%)~ include triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylaﬁmonium
tetrakis (pentafluorophenyl)borate, tri(n—butyl)ammonium'
tetrékisfpentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis(3,5-bistrifluoromethylphenyl)borate, N,N-
dimethylanilium.tetrakié(pentafluorophenyl)borate, N,N-
diethylanilium tetrakis(pentafluorophenyl)borate,'N,N-
2,4,6-pentamethylanilium
tetrakis(pentafluorophenyl)borate, N:N—dimethylapilium
tetrakis(3,5-bistrifluoromethylphenyl)borate,
diisopropylammonium tetrakis(p;£tafluorophenyl)borate,

dicyclohexylammonium tetrakis (pentafluorophenyl)borate,
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triphenylpho sphoﬁium tetrakis( pentaf luorophenyl ) borate,
tri (methylphenyl)phosphonium

tetrakis (pentafluorophenyl ) borate,

tri(dimethylphenyl) phosphonium
tetrakis(pentafluorophenyl)borate, etc. Among them,

tri (n-butyl)ammonium tatraki_s (pentafluoro)borate or N,N-
dimethyianilihium tetrakis(pentafluorophenyl) borate is
most preferable.

In copolymerizing, there is used a catalyst for olefin
polymerization comprising the transition metal complex (A)
._ represented by the general formula [I] and above—mentioned'

compoﬁnd(s) (B) and/or (C) . In case of using a catalyst for
olefin polymérization compr'ising the two components of (A)
and (B), preferable compounds (B) are the above-mentioned
cycl:.c aluminoxane (B2) and/or the linear alumn.noxane (B3).
As the other.preferable mode of a catalyst for olefln
polymerization, there can be given a catalyst for olefin
‘polymerization oomprising' (A), (B) and (C) , wherein said
(Bl1) is preferable .

Each catalysﬁ component is used so that a mola_r ratio
of (B) to (A) is preferably from about 0.1 to 10000, more
preferably from about 5 to 2000, and a molar ratio of (C)

to (A) is preferably from about 0.1 to 100 more preferably

-

from about 0.5 to 10.

With regard to the concentration of each catalyst
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cémponent used in the state of a solution or in a state of
suspension in the éolvent, optional selection is made
.depending on the capacity of the apparatus for supplying each
component to the polymerizatlion reactor and the like. Each
component is. used so that an amount of (A) is preferably
from about 0.01 to 500 7 mol/g, more preferably from about .
0.05 to 100 x mol/g, fﬁrther preferably from about 0.05
to 50 x mol/g, the amount of (B) is preferably from about
0.01to 10000 £ mol/g, mdre_ prefer'ably fromabout 0.1 to 5000
p mol/g, most preferably from about 0.1 to 2000 x mol/g, in.
terms of Al atom, and an amount of (C) :'Ls preferabiy from
about '0.01 to 500 g mdl/g, more preferably from about 0.05
to 200 x mol/g, most preferébly from about 0.05 to 100 x

mol/g.

The éthylene-isoprene copolymer of the present
invention can be produced by a _solution polymeri,zétion
- using an aliphatic hydrocé.rbon_such as butane, pentane,
hexane, heptane, ocﬁane or the like, an aromatic
.hydrocarbon sﬁch as benzene,' toluene or the like, of a
halogenated _hydr'ocarbon such as methylene chloride or the
like-} or a 'slurry pdlymer_ization; or' a gas-phase |
polymerization.in'a gaseous phase monomer. It can also be

produced by both of a contii{uous polymerization and a batch

polymerization. The polymerization temperature is
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usually within the range of about -70 to 350°C, preferably
about -50 .to 220°C and more preferably about -20 to 120°C.
The polymerization pressure is usually within the range of
about atmospheric Pressure to 350 MPa, preferably about
atmospheric pressure to 100 MPa and more preferably about
atrﬁospheric pressure to 10 ﬁPa. The p§lymer_ization time

is suitably determined depending generally on the kind of

cat'_alyst and apparatus to be used and may usually be within

a rénge of about 1 minuté to 20 hours. In order to adjust
the molecular weight of the polymer, a chain transfer agent
such as hydrogen, or lthe like, can be added. |

The elastomer compésitior; of the present invention is
an elastomer composition comprising about 100 parts by
weight of_ an ethylene-isoprene random copolymer of the
present invention, about 5 to 400 parts by weight of
inorganic fiiler and/or carbon black and about 0.1 to 20
parts by weight of a cross—iinking agent.

The total content of inorganic filler and/or éarbon
black is about 5 to 400 parts b:.y weight, preferably about
10 to 200 parts by weight. When _said content is too low,
a ' sufficient reinforcing effect can not be cbtained
sometimes. On the other hand, when said éonﬁent is toohigh,
ﬁhe viscosity of the composition may increase and the

processabili'ty may become '—poor .

Specific example of inorganic fillers: glass flakes,
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clay, silica, glass balloon, glass bead, miqa, talc,
calcium carbonate, ﬁitanium dioxide, potassium titanate
whiskers, barium sulfate.

The cross-linking agent used in the ethylene-
isoprene random copolymer composition can arbitrarily be
selected one or more ag;ents from various cross-linking
agents depending on the desired use. These cross-linking
agents include ‘sulfur créss—linking agents, inorganic
cross-linking agents, pblyamine cross-lin]ging agents,
‘resin cross-1linking agents, sulfur-compound -croés-linking
agents, oximes and nitroso cross-linking agents, organic
peroxide cross-linking agents and other cross-linking
agents. Spe.cific.examples of the sulfur cross-linking
agents may- include powdered sulfur, precipitated sulfu:f, _
ﬁolloidal sulfur, surface-t;eated sulfur, insoluble sﬁlfur,
non-staining sulfur donor and the like. Specific examples
of the inorganic cross-1linking agents may include selenium,
tellurium, magnesium oiide, litharge (lead monooxide),
zinc oxide and the like.  Specific examples of the polyamine
cross-linking agents may includé hexamethylene diamine,
triethylene tetramine, tetraethylene pentamine,
hexam'ethylené diamine carbamate, N,N"—dicinnamylidene-’-
1, 6-hexanediamine, 4,4’ —methylenébis (cyclohe_xylami.ne)
carbamate, 4,4'-methylenei.;is(2-—chloroaniline) and the

like. Specific examples of the'resin croSs—linking agents
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may inclgde alkylphenolfformaldehyde resin, melaminef
formaldehyde condensate, triaziné—formaldehyde
condensate, sulfurised-p-tert-butyl phenol resin,
alkylphenol sulfide resin, hexamethoxymethylmelamine
resin and the like; Specific examples of the sulfur-
compound cross-linking ageﬁts may include. sulfur
monochloride, sulfur dichloride, morpholine disulfide,
alkylphenol disulfide, polysﬁlfide, ~accelerators
containing sulfur and the like. Specific examples of .
oximes and nitroso cross-linking agents may include p-
quinone dioxime, p,p'—dibenzoquuinone dioxime,
tetraéhloro-p—benzoquinone, poly—p-dinit;osobenzene and
the like.__Specific examples of the organic peroxide
cross-linkingagenﬁsmayincludetert-butylhydroperoxide,
1,1,3,3—tetramethy1buty1 hydroperoxide, p-menthane
hydroperoxide, cﬁmene hydroperoxide, diisopropylbeniene .
hydroperoxide, 2,5-dimethylhexane-2,5-dihydroperoxide,
di-tert-butyl peroxide, dicumyl peroxide, tert-butyl cumyl
peroxide, 1,l-bis-(tért—butylperoxy)cyclododecane,.2,2-
bis(tert-butylperoxy)octane, 1,1-di-tert-
butylperoxycyclohexane, 2,5-dimethyl-2,5-di(tert-
butylperoxy)hexane, 2,5—dimethyl—2,§;di(tert—
butylperoxy)hexyne-3, 1,3-bis(tert-
'butylperoxyisopropyl)benzéne, é,s—dimethyl—z,s—

di(benzoylperoxy)hexane,.1,1—bis(tert—buty1peroxy)-
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3,3,5-trimethy1cyclohexane( n-butyl-4,4-bis(te;t—
butylperoxy) valerate, benzoyl péroxide, m-tolouyl
peroxide, p-chlorobenzoyl peroxide, 2,4-dichlorobenzoyl
peroxide, tert-butylpeoxy isobutyrate, tert-butylperoxy
2-ethylhexanoate, tert-butylperoxy benzoate, tert-
butylperoxy isopropyl carbdnate, tert-butylperoky allyl
carbonéte,acryliccross—linkingagentsandthelike. Said
other cross-linking agents may include ethylene glycol
dimethacrylate, trimethylolpropane trimethacrylate,
poly-functional methacrylate monomer, polyhydric alcohol
methacrylate, N,N;-m—phenylene bismaleimide, ammonium
benzoéte, monomer containing silicate fillers, ﬁriallyl
isocyanurate;containimgmetalmonomer/zincn@thacrylate,
magnesium methacrylate,-zinc~dimetha¢rylate, magnesium
dimethacrylate, 2,4,6-trimercapto-S-triazine, N,N'-
bis(2-methyl-2-nitropropyl)-1, 6-hexanediamine,
isocyanuric acid, thiadiazole derivatives, cationic active
agents, special blend of vulcanizing agents, high burity
industrial soé.ps and the like. These cross-linking agents
are arbitrarily selected according to the desired use. The
amount of the cross-linking agent to be used is again’
arbitrarily selecﬁed.according to thé’required.cure rate,
required property of the-cross—lipked product and so on.

_ The content of the cross—iinking agent per 100 parts by

weight of ethylene-isoprene random copolymer is usually
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about 0.1 to 20 parts by weight and preferably about 0.2
to 10 parts by weight. When the content is too little,
almost no cross-linking may proceed, and on the other hand,
when the content. is excessive, the physical propertybf the
cross-linked produét may be deteriorated.

As required, it. is pdssible to mix or add various
known additives (see: Compounding Ingredients for Rubber
and ?1a_.stics, revised second edition, Rubber-Digest Co.)
to the elastomer composition of the present invention.
Examples of the additives include vulcanization
accelerators, activators, retardersaﬁtioxidants,
antiozonants, ultraviolet light absorbers, light
stabilizers, peptizing agents, tackifiers, plasticizers;
rubber soft';eners, reinforcing agents, fillers, reinforcers,
blowing agents, blowing promoters, lubricants, slip agénts,
internal parting -agents, anti-clouding agenﬁs, flame
retardants, internal anti-static agents, coloring agents,
coupling agents, _px;eservativés, fungicidesand the like.
The following is a listing of specific examples or a part
of classification of the additives described in thé known
literalture (Compounding Ingredients for Rubber and
Plastics, revised second edition, Ru’bber—Digest' Co.).
First, specific example_s ofsthe vulcanization accelerators
include conpounds ciassif:fed a; guanidines, aldehyde-

ammonias, aldehyde-amines, thiazoles, sulfaminamides,
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thioureas,thiurams,dithioéarbamates,xanthétesgndother
compounds . Spécific examples of the activators include
metal oxides, metallic carbonates, fatty acids and
derivatives thereof apd amines. Specific examples of
retarders include organic acids and nitroso compounds;
Specific examples of antioxidants or antiozonants include
naphthylamines, diphenylamines, p—phenyleﬁediamines and
quinolines;hydroquinonederivatiﬁes;monophenols,bis-or
tris-phenols, thiobisphénols, hindered phenols and |
phosphites; waxes; copper inhibitors and the like.
Specific examples of the ultraviolet light absorberé or
1ight'stabilizers include salicylic acid derivatives;
benzophenones, benzotriazoles and hindered amine light
stabilizers. Specific examples of péptizing agents
include mixtures of pentachlorothiophenol with activating
additives, 'zinc salt of pentachlorothiophenol,‘mixed
‘diaryl disulfide and the like. Specific examples of the
tackifiers include coumarone-indene resin, phenol-
formaldehyde resin, xylene—formaldehyde resin,
polyterpene resin, petroleum hydrocafbon resihs;'rosin
derivatives and the like. Specific examples of the
plasticizers include phthalic acid déri&atives,
isophthalic acid derivatiwves, tetrahydrophthalic acid
deri&atives, adipic acid deriv;tives, azelaiclacid

derivatives, sebacic acid derivatives, dodecane-2-acid
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derivatives, maleic acid derivatives, fumaric acid
derivatives, trimellitic acid derivatives, pyromellitic
acid derivatives, citric acid derivatives, itaconic acid
derivatives, oleic acid derivatives, ricinoleic acid
defivatives,fstearic acid derivatives, other fatty acid
derivatives, sulfonic acid derivatives{ phoéphoric acid
derivatives, glutaric acid derivatives, other monoester
plasticizers, glycol derivatives, glycerol derivatives,
paraffin derivatives, epoxy derivatives, polyesters,
polyethers, poly-o-methylstyrene, low molecular weight
polystyrene, liquid polychlorpprene, depolymerized rubber
and tHe like. Specific examples of the rubber softeners
include mineral oil softners, vegetable oil softeners,.
rubber_substitute (factice), fatty acids and-fatty acid
salts and the like. Specific examples of the fubber
reinforcing agents include carbon black, inorganic
reinforcin§ agents and organic reinforcing agents.
Specific examples of the fillérs or reinforcers include -
inorganic fillers, organic fillers andplastic reinforcers.
Specific examples of the blowing agents or blowing
promoters include inorganic blowing agents,'nitroso
'compounds,azdcompounds,sulfonylhyd}aﬁidesandthelike.
Specific examples of the lubricants, slip agents, internal
parting agents, anti—clouding aéents, or flame retardants

include paraffin and hydrocarbon resins , fatty acids, fatty
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acid amides, fatty acid esters, fatty alcohols and partial
estefs_ of fatty acids and polyhydric alcohols. Specific
. examples of the internal anti-static agents include
.cationic active agents, quaternary ammonium salts,
stearamidepropyldimethyl-B-hydroxyethyl ammonium and the_
like. Specific examples of‘ the coloring agents include
. inorganic pigments, organic pigments,_ organic fluorescent
pigments, pearl essence and the 'like. Specific examples
of the coupiing ‘agents include silanes, alminates, or
titanates. The amount of these additives to be combined
is not particularly limited because the__ amount is a_djlisted
according to the desired use or purpose. These addit;ives
aré usually mixed using Brabender, Banbury mixer, kneader,
roll mill or like be.fore the cross"-liﬁking reaction to give
the elastomer rubber composition of the present
i_nventionfThe elastomer composition can be molded into a
desired shape by extruder, kneader, mixing mill or press
machine..

The primary vulcanization is performed usually by
heating for 1 to 60 minutes at 120°C or more, prefefably
130 to 200C,under atmospheric pressure to l‘SMPa.. The
after vulcanization is performed heat’irig for 1 to 20 hours
at 130 to 200C,as needed.: |

The ethylene-isoprene ra;dqm copolymer, elastomer

‘composition and cross-linked elastomer composition of the
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present invention can be blended with a resin, 'another
rubber or the like. For example,' the blending may bé
carried qut with a polyethylene resin such a.s a high density _
polyethylene, | a medium density polyethylene, a low density
polyethylene, LLDPE (linear low density polyethylene) or
the like; a polypropylene fesin; apoly-—4-me_1_:hy1pentene—1;
polystyrene; a polvester; a polyamide; a polyﬁhenylene
ether; a polyolefin resin; an ethylene-a-olefin copolymer
" rubber; an ethylene-propylene-non-conjugated diene-
copolymer rubber; an ethylene—oc-olefin—nprr_—conjugated
diene copolymer riibber; a polybutadiene; a styrene--
butadiene block copolymer rubber; a styrene-butadiene-
styrene block copolymer rubber; a styrene-butadiene i:ando.m
copolymer rubber; a partially hydrogen_ated_ styrene-
butadiene—styréne block copolymer rubber; a pazjtially
hydrogenated styrene-butadiene random copolymer rubber; a
styrene-isoprene block copolymer rubber; a partially.
hydrogenated styrene-isoprene block copolymer rubber: a
polyacrylonitrile rubber; an acrylon:.tr:.le-butadlene
copolymer rubber; a partially hydrogenated
acrylonltrz.le ~-butadiene copolymer rubber; a
isobutylene- :Lsoprene rubber, a chloroprene rubber; a
fluorocarbgn rubber; a chlorosulfonated polyet_hylene.; a
silicone rubber; a urethane rubb;r ; a natural rubber or. the

like. In addition, if necessary, it is possible to carry
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out the cross-linking reaction by adding a cros_s—linking
agent sﬁch as a peroxide or sulfﬁr. Furthermore, if
necessary, it is poséible toblend an antioxidant, a thermal
stabilizer, an ultraviolet light absorber, a lubricant, an
antistatic, a pigment, a filler or a flame retardant.
Methods for obtaining a bleﬁded product of the elastomer
éomposition of the present inventionwith a resin olr another
rubber include methods in which the ingredients are
melt-kneaded with a twin screw extruder, a Banbury mixer
or the iike'.Thé ethylene-isoprene random copolymer,
elastomer composition and cross-linked elastomer
compoéition of. thé present invention have characteristics
described above, and ca;'l most suitably be used for modifier
for various. resins, automobile parts applications,
electricparts application,s., industrial parts applications,

building material parts applications and so on.

EXAMPLES
[I] Method for measurements
(1) Intrinsic viscosity [n]
‘ Intrinsic viscosity [n] was measured in xylene at 70°C
using an Ubbellohde wviscometer. A s’ample of 300 mg was
dissolved in 100 ml of xy]_.-éne to form a solution having a

concentration of 3mg/ml. The solution was diluted 1/2, 1/3

and 1/5, and each of the dilutions were measured in a
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constant temperature water-bath at 70°C (+ 1°C). The
measurement was repeated 3 times, at respective
concentrations, and an averé.ge value of the .obtained
results was used. |

{2) Molecular weight distribution

Molecular weight distribﬁtion was Iﬁeasured by a gel
permeation chromatography (GPC) method (using a GPC
apparatus 150C, manufactured by'Waters Co.). The
measurement was conducted at an elution'temperature of 140°C
‘using a Shodex Packed Column A-80M, manufactured by Showa
Denko KK » as a column and a polystyrene (molecular weight:
68 to 3,400,000, manufactured by Tosoh Co.) as the sﬂandard
substance. for molecular weight. A weight ave:fage molecular
weight (Mw) and a number éverage molecular weight (Mn) which
are in terms pf polystyrene, were obtained and thé ratio
of them (Mw/Mn) was taken as the molecul'ar weight
distribution. A sample of about 5 mg of polymer for
measurement was dissolved in 5 ml of d—dichlorobenzene to

form a solution having a concentration of about 1 mg/ml.

. A400 pl portionof the obtained sample solutionwas injected.

The flow rate of eluting solvent was 1.0 ml/minute and the
detection was carried out with a refraction index detéctor.
(3) Measurement of GPC-IR

- The measurement was conducted by a gel permeation

chromatograph method (apparatus: CFCT-150A, manufactured -
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by Dia Instrument co.., LTD.)/Fourier transform _infr_ared

spectrophotometry (apparatus: Magria 550 FTIR, mahufactured
by N.icolet Japan Corporé.tion) . .The elution temperature was
140°C and two UT-806M columns, manufactured by Showa Denko
K.K., were used. A sample of 100 mg of the polymer was
dissolved in 25 ml of o-dichlorobenzene and a 0.8 ml portion
of the obtained sample solution was injected. The
résulting soiution was introduced into the FT—Iﬁ apparatus
and absorption peaks due to C-H stretching vibrations at
2,842 to 2,982 cm™! were analyzed.

(4) Density

riensity was measured acq'ording to JIS K-6760 (é.s a
value at 23°C).

(5) Iodine wvalue

An iodi.ne value was measuted by a titration method and
the isoprene content (in % by mole) was calculated frorh this
value.

| (6) Structure of isoprene contained in copolymer

The structure of isoprene was estimated based on an

integrated intensity of 'assigned sign_als 1n a nuclear

magnetic resonance spectrum:

trans-1,4 . 1.62 - 1.55 (3m)
cis-1,4 2 1.71 - 1.73 (3H).
1,2 : 4.90 (2H)

3,4 4.81 (2H)
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trans-1,4 + cis-1,4 5.24 (2H)

[I1] Prepa?ation of the cétalyst for polymerization
(1) Synthesis of transition metal comblex"
(dimethylsilyl(tetramethylcyclopentadienyl)(3—tert-
butyl—S—metyl—Z—phenoxy)tiﬁanium dichloride)
(a) Synthesis of 1-bromo-3-tert-butyl-5-methyl-2-
phenol
Ina 500 inl four-necked flask equ.ipped with a stirrer'-,
20.1 g (123 mmol)-of 2-tert-butyl—4-ﬁethylphenol was
dissolved in 150 ml of toluene under nitrogen atmosphere,
then,lto this was added 25.9 ml (18.0 g, 246 mmol) of
tert-butylamine. This solution was cooled to -70C, and
10.5 ml {(32.6 g, 204 mmol) of bromine was added. This
solution was kept at -70'C, and stirred for 2 hours. Then,
the solution was warmed to room temperature, and washed
three times with adding 100 ml of 10% diluted hydrochloric
acid for each time. The organic léyer obtained af;er the
washing was dried over anhydrous sodium sulfate, the '
solvent was femoved by using an evaporator, tﬁen, the
product was purified:using a silica column to obtain 18.4
.g(75.7mmol)of1—bromo—3—tert—butyl—%-methyl-z-phenolas
a colorless oil. The yield was 62%.
(b) SYnthésis of 1—bfbmo-;—tert—butyl—2—methoxy-5—

methylbenzene
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In a 100 ml four-necked flask egquipped with a_stirrer,
13.9 g (57.2 mmol) of l-bromo-3-tert-butyl-5-methyl-2-
phenol synthesized in the above-described process (a) was
dissolved in 40 ml of acetonitrile under nitrogen- |
atmbsphere, then, to this was added 3.8 gl (67.9 mmol) of
potassium hydroxide. Further, 17.8 ml (40.6 g, 286 mmol)
of methyl iodidé was added, and the mixture was stirréd for
12 hours. Then, the solvent was removed by using én
e'vapbrator, and 40 ml of hexane was added to the residue
and the hexane-soluble portion was extracted. The
e;ctraction was repeated three times. The solvent.wés
removéd' from the extract, to obtain 13.8 g (53.7 mmol) of
1-br_omo-3-tert-butyl—z—ﬁlethoxy-s—methylbenzene as-a pale
yellow oil. The yield was 94%; |

' (cj Syﬁthesis of (3-tert-butyl-2-methoxy-5-.
methylphenyi Jchlorodimethylsilane

To a solption compbsed of t.etrahydrofu:'ran (31.5.ml),
hexane (139 ml) and l-bromo-3~tert-~butyl-2-methoxy-5-
methyibenzene (45. o) syntheslized in the above-described
process (b) was added a solution of n-butyllithium in hexane
tllS ml) (1.6 mol/liter) at -40C over 20 minutes dropwise.
The result_:ing mi}{ture was kept at —46°C for 1 hour, then,
tetrahydrofuran (31.5 ml)--was added dropwise.

To a solution composed of di:_chlorodimethylsilane (131

g) and hexane (306 ml) was added the mixture obtained above
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at -40C dropwise. The resultingmixturewas warmed to room
temperature over 2 hours, and stirfed fér 12 hours further
at room temperature.

The solvent and excess dichlorodimethylsilane were
distilled off from the reaction mixture under reduced
pressure, and the hexane-soluble portion was.extracted £rom
the residue using hexane, and ﬁhe solvent was distilled off
from the resulting hexane solution, to obtain 41.9 g of
(3-tert—butyl—2-metho>¢y?5—
methylphenyl),chlorodimethylsilane_ as a pale yellow oil.
The yield was 84%. |

(.d) Synthesis of (3-tert-butyl-2-methoxy-5-
methylphenyl) dimethy'l (_tetramethylcyc lopentadienyl)
silane

To a solution composed of (3—tert-butyl—2—methoky-
S—meﬁhylphenYI)chlorodimethylsilane (5..2.4 g) synthesized -
in the above-'described pfocess (c) and t_etrahirdr'ofuran (50
ml) waé added tetramethylcyclopentadiényl lithium (2.73 g)
at -35°C, the mixture was warmed to room temperature over
2 hours, and 'stirrea for 10 hours further at room
temperature.

The solverit was distilled off from .the resulting
‘reaction mixture under reduced prelssure, the hexane¥
soluble portion was e_xtractéd us;.ng hexane, and the solvent .

was distilled off from the resulting hexane solution under.
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reduced pressure, to obtain 6.69 g of (3-tert-butyl-2-
methoxy-5-methy 1lphenyl)
dimethyl(tetramethylcyclopentadienyl)silaﬁe as a vellow
0il. The yield was 97%. | |

(e) Synthgsis of
dimethylsilyl (tetrame.thylcyclopentadienyl-) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride

o To a solution composed of (3-tert—butyl—24methoxy—
~ S5-methylphenyl)dimethyl (tetramethylcyclopentadienyl)
silane (10.04 g) synthesized in the above-described process
(d), toluene ({100 ml) and triethylamine (6.30 g) was édded
a solﬁtion of n-butyllithium_in hexane -_(19.0 ml) (1.63
mol/liter) dropwise, then, the mixture was warmed to room
temperature over 2 hours, and stirred for 12 hours further
at room temperature.

To a solution of titanium tetrachloride (4.82 g) in
toluene (50 ml) was added the mixture obtained above at 0C
under nitrogen atﬁmosphe;:e dropwiSe', then, the mixture was
warmed to room temperature over 1 hour, and heéted under
reflux for 10 hours. |

The reaction mixture was filtered, the solvent was
distilled off from the filtrate, and the residue was
re-crystallized from a toluene-hexane mixture solvent, to
. obtain 3.46 g of | -

dimethylsilyl{ tetramethylcyclopentadienyi ) (3-texrt-
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butyl-5-methyl-2-phenoxy)titanium dichloride as an orange
columnar crystal. The yield was '2.7%.

Spectral daté _is as follows.

'H-NMR (CDCl;} & 0.57 (s, 6H), 1.41 (s, 9H), 2.15 (s,
6H), 2.34.(5,-6H), 2.38 (s, 3H), 7.15 (s, 1H), 7.18 (s, 1lH)

3c-NMR (CDCly) & 1.25, 14.48, 16.28, 22.47, 31.25,
36.29, 120.23, 130.62, 131.47, 133.86,. 135.50, 137.37,
140.82, 142.28, 167.74 |

MS (CI, m/e) 458

Me Me
Me’ Me
Me_ cl
Si ‘il
Me™ /T'- Cl
O
t
Me Bu
[III] Polymerization reaction
Example 1

Nitrogen gas was introduced into a 2-liter separable
flask equipped with a stirrer, a thermometer, a dropping

funnel and a reflux condenser by-reducing pressure in order

to replace the inside atmosphere with nitrogen gas. Into
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this flask was introduced 1 liter of dried hexane as a
solvent for polymerization. Ethylene (8 liter/minute) was
' continuously fed into the flask and the temperature of the
solvent was adjusted to 0°C using a constant temperature
water-bath. "-Isoprene (25 mmol) was added thereto and the
addition of a hexane solution of triisobutyl aluminum (0.5 |
mmol/Al) to .the solvent for polymerization followed. Then,
a solution of dimethyl silyl (tetré.methylcyclopentadienyl)
(3-tert-butyl—S—methyl-2-phenoxy) titanium d_ichloride in
hexane (6.002 mmol/Ti) was added to the solvent for
polymerization, followed by the addition of a solution of
trispéntafluo_rophenyl borate_in toluene {(0.01 mmol/B).
After stirring_fér 30 minutes, methanol.was added to stop
the reaction and the solvent was removed to give 7.4 g of
ethylene-isoprene raﬁdom copolmef; The isoprene
structure of the obtained ethylene-isoprene copolymer was
analyzed by 1H.-NMR. Thé content of 1,4-bonding was 99% by
mole or more. |
Eﬁcamples 2 - 4

The prdcedure in Example 1 was substantially repeated.
Detailed conditions for polymerization and results of
evaluation of copolymer are shown ir; Table 1 -

Exaimple S . . oa

Into an autoclave sufficiently purged with nitrogen

gas was charged 800 ml of hexane, which was cooled to 0°C.
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~

To this were added 50 mmol of isoprene and 2 g of e_thylene,
followed by the addit_ion- of a hexane solution of TIBA (1.5
mmol/Al) to the solvent for polymerization. Then, a
so'lution of dimethyl silyl (tetramethyléyclopentad_-ienyl)
(3—tert-butyl—s—méthyl-z-phenoxy) titanium dichloride in
hexané (0.005 mmol/Ti) was Iadded to the solvent for
polymerization, followed by the addition of a solution of
trispentafluorophenyl borate in toluene (0.025 mmol/B).
The ﬁressure of ethylene was kept at 0.1 MPa (gauge) during
thepolymerization. ‘After stirring for 7 minutes, methanol
was added to stop the reaction and the solvent was reﬁoved
to giv'e 4.8 g of ethylene-isoprene random copolymer. The
isoprene s_truc'ture of the obtained ethylene-isoprene
copolymer was analyzed by H-NMR. The content of 1,4-
bonding was 99% by mole or more.
Examples 6 —lé

The procedure in Example 5 was substantially repeated.
Detailed conditions for pélymerization and the results of
the evaluation of copolymer are shown in Table 1.
Comparative Example 1

The procedure for polymerization in Example 5 was
repeated except that ethylene was not used as a monomer and
a pblymeriz_atio_n was conducted by using isoprene alone. As
the result,- no formation of po;.ymer was observéd.

(IV] Preparation and evaluation of compositions
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Then, the ethylene—isopre.ne random co‘polyrqers _
obtained in Example 9 and Example 12 were kneaded into a
formulatilon, shown below, with an 8-inch open roll to give
elastomer compositions.

The cure rate and crosslinking density of said
elaétomer compositions were ﬁleasured at a condition of 145°C
using an oécillating disc rheoinefef manufactured by Toyo
Seiki Seisaku-Sho, Ltd.

Formulation: polymer; 100, HAF-carbon black; 50,
‘aromatic proceésing oil; 5, antioxidant 1, zinc oxide; 5,
stearic acid; 2, dibenzothiazyl disulfide; 0.8, '
tetrarﬁéthylthiuram disulfide;_ 0.3, sulfur;. 2.

The results showed the folldwing facts. When compared
with commercially available EPDM-ENB or a synthetic
isoprene rubber, the ethylene-isoprene random copolymer of
the present invention had a cure rate comparable to the
synthetic isoprene rubber and a high crosslinking density

as compared with EPDM-ENB and synthetic isoprene rubber.



73

[Table 1]
Example
1 2 3 - 4™
Polymerlzatlo? 0 0 0 0
temperature (°C) .
Po}ymerlzatlon time 30 30 30 30
(minutes) .
Amount of isoprene 25 50 100 50
(mmol)
Yield (g) 7.4 6.3 3.3 10.1
Catalytic activity ' _
(Pg/cat.mmol-h). 7.4E+3 6.3E4+3 3.3E+3 10.1E+3
Iodine value - 17.1 34.5 56.6 24.1
Content of isoprene '
(mol %) 1.9 4.0 6.8 2.8
(wt %) 5 9 15 6.5
Density (g/ml) 0.914 - 0.916 0.912 0.936
(] dl/g 3.43 2.77 1.48 0.5
I Mn - 275E+3 211E+3 96E+3 42E+3
Mw 633E+3 443E+3 201E+3 111E+3
Q 2.3 2.1 2.1 2.7
. Ratio of binding type of
isoprene moiety: ]
trans-1,4 (%) 55 55 53 <10
cis-1,4 (%) 45 45 47 >90
1,2 or 3,4 (%) No peak | No peak | No peak | No peak

*1.

In place of dimethyl silyl

(tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-

phenoxy) titanium dichloride there was'used isopropylidene

(cyclopentadienyl) (3-tert-butyl-5-methyl-2-phenoxy)

titanium dichloride.
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[Table 2] -
Example
5 6 7 8 .
Polymerization
temperature (°C) 0 0 0 0
Po}ymerlzatlon time 7 8 13 13
{minutes)
Amount of isoprene
(mmol) 50 100 250 500
vield (g) 4.8 3.1 5.6 6.2
Catalytic activity .
(Pg/cat.mmol-h) 8.2E+3 4.7E+3 5.2E+3 5.7E+3
Iodine wvalue 34.8 50.5 95.9 124.8
Content of isoprene
(mol %) 4.0 6.1 12.5 17.1
(wt %) 9 14 26 33
Density (g/ml) 0.926 0.924 0.908 0.893
{71 dl/g 2.15 _ 1.54 1.14 1.43
Mn 156E+3 105E+3 81E+3 108E+3
Mw 327E+3 221E+3 147E+3 212E+3
Q 2.1 2.1 1.8 2.0
Ratio of binding type of '
isoprene moiety:
trans-1,4 (%) 57 50 52 46
cis-1,4 (%) 43 43 46 51
1,2 or 3,4 (%) No peak 7 2 "3
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[Table 3]
Example
9 10 11 12
Polymerlzatlo? 0 0 30 30
temperature (°C)
Po}ymerlzatlon time 20 15 _ 3 5
(minutes)
Amount of isoprene 1000 1500 100 500
(mmol) v
Yield (g) 6.5 4.6 7.1 7.8 .
Catalytic activity .
{Pg/cat.mmol-h) 3.9E+3 . 3.7E+3 2.8E+3 18.7E+3
Iodine value 136.8 205.4 39.7 101.4
Content of isoprene
' {(mol %) 19.2 33.5 4.7 13.3
{(wt %) 37 55 11 27
Density (g/ml) 0.900 0.897 0.928 0.905
(7] di/g 1.05 _ 1.05 1.22 1.00
Mn 74E+3 91E+3 68E+3 "66E+3
Mw 152E+3 176E+3 150E+3 132E+3
o) 2.1 1.9 2.2 2.0
Ratioc of binding type of
isoprene moiety: : ,
trans-1,4 (%) 48 46 48 51
cis-1,4 (%) 49 49 46 47
1,2 or 3,4 (%) 3 5 6 2
[Table 4]
Example |Example |Comparative |Comparative
13 14 example 2 example 3
Copolymer Obtained | Obtained | Synthetic EPDM-ENB
in in isoprene
Example |Example | rubber
12 9 :
Evaluation*_ o
MH (N-m) *? 8.41 L 7.79 4.39 7.0
ML (N-m) *3 0.27 +0.37 0.81 1.31
te '90 (min)** 11.7 10.7 9.3 26.4
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*2. MH: maximum torque value

*3., ML: minimum torque wvalue

*4,. t'c(90): optimum vulcanization time

As descfibed above, thé present invention provides an
ethylene-isoprene random copolymer having a fast cure rate
and a high crosslinking denéity, as well as an elastomer
composition and a cross-linked elastomer composition using
said ethylene-isoprene random copolymer.

Each 6f the publications and patent documents
referenced in the instant disclosure is incorporated herein
by reference in its entirety.

The preéent invention is only limited by the scope of
the claims appended hereto and the equivalents encompassed

thereby.
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WHAT IS CLAIMED IS:

1. An ethylene-isoprene random copolymer having an
isoprene content of from about 1 to 45% by mole.

2. Ah ethylene-iséprene.random copélymer having a
Q-value of about 3.5 or less, wherein the Q-value is a ratio
of number average molecular weight (Mn) to.weight average
molecular weight (Mw).

3. An ethyleﬁe-isoprene random copolymer having an
isoprene content of about 1 to 45% by mole and having a
‘Q-value of about 3.5 or less, wherein the Q-value is a ratio
of number average molecular weight (Mn) to weight avéragg

molecular weight (Mw). _

4. The ethylene-isoprene copolymer according to _claim
1, 2 or 3, wherein said copolymer has an iﬁtrinsic viscosity
(M] of 0.3.or more in xXylene solvent at a temperature of
70°C. |

5.lThe ethylene-isoprene random copolymer according
‘to claim 1, 2, 3 or 4, wherein said copolymer is obtained
- by polymerizing an 0t-olefin and a conjugated polyene in the
presence of a catalyst comprising (A) and (B), (A) and (C),
(A), (B) and (C) as set forth below:

(A):atleastonetransitionnetaicomplexrepresented 

by the following general--ﬁormu]_.ae (I) to (III):

This Sheet Has Been Replaced

(T




78

L]

6 1
. R\J/ 'p\M1/x2
R? A
: [I]
R® R’
. R2

[II]

[III]

iﬁ each of the above-described general formulae (I) to (III),
M! represents a transition metal atom of group IV of the
periodictable of elements; A represents'anatomof the group .
XVI of the periodic table of elements;’J répresents an aﬁom
of group XIV of the periodic table of elements; cpt
represents a group having a .cy::lopentadiene—tl:ype anion

skeleton; X!, x2, R, R?, R?, R?, R® and R® each independently



—_—

ES T

represents a hydrogen atom, a halogen atom, an alkyl group,
an aralkyl group, an aryl group, a substituted silyl group,
an alkoxy group, an aralkyloxy éroup, an aryloxy group or
a di-éubstituted amino group; x3 i:epresents an atom of group

XVI of the periodic table of elements; R', R?, R}, R%, R®

‘and R® may optionally be connected to form a ring; and two

groups represented by M!, A, J, cpt, X', ¥, X*, R}, R, R,
R%, R® and R® in the formulae (I) to (III) may be the same
or different; | |

(B) : one or more aluminum compounds selected from the
following compounds (Bl) to (B3):

| (El) : an oxrganic almninum__compounds represented by the

general formula: EL.A1Z;..,

(B2): a cyclic aluminoxane having a structure
represented by the general formula: {-Al(Ez)—O-—}b and

(B3): a linear aluminoxaﬁe'having a struc’tufe
represented by the general formula- E3{Al-(-E3)-O—}cAlE32,
wl}erein each of E!, E? and E3 represents a hydrocarbon group,

and all groups represented by E!, E? and E® may be same or

different, respectively, Z represents a hydrogen atom or

a halogen atom, and all grdups represented by Z may be same

or different, “a” represents a number satisfying 0 <a £ 3,
"b” represents an integer of 2 or more and “c¢” represents

an integer of 1 or more;

(C): a boron compound selected from any of the
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following (Cl) to (C3),

(Cl): a boron compound represeﬁted by the general
formula BQ'Q%Q?,

(C2): a boron compound repreéented by the general
formula G*(BQQ%Q%Q*)" and

{C3): a boron compound.represented by the general
formula (L-H)*(BQ'Q%Q%0%)",

‘wherein B is a boron atom in a valence condition of 3, Q'
to Q%, respectively, représent a halogen atoni, a hydrocarbon
group, a hélogenated hydrocarbon group, a substituted silyl
group, an alkoxy group or a dii-substituted amino group; and
they'méy'be same or differentL G*represents an inorganic
or organic cation, L represents a neutral Lewis acid and
(L-H)* represents a Bronstead. - |

6. The ethylene-isoprene random copolymer according
to claim 5, wherein A in the general formula (I), (II) or
(iII) is an oxygen atom.

7. The ethylene-isoprene raﬁdom copolymer according
to claim 5, wherein X® in the general formula (I), (II) or
(III) is an oxygen atom.

8. The ethylene-isoprene random copolymer according
to claim S, wherein.RliJlthe.generalikormula (I), (II) or
(III) is an alkyl group, an aralkyl group, an a}yl group
or a substituted silyl grdup. -

9. The ethylene-isoprene random copolymer according :
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to claim 5, wherein X' and X? in the general formula (I),

(II) or (IXIX) are independently a halogen atom, an alkyl

group, an aralkyl group, an alkoxy group, an aryloxy group
or a di-substituted amino group.

10. The ethylene-isoprene random copolymer according
to claim 5, wherein the c_:ompoﬁnd (B) is a triethylaluminum,
a tri.isobu'tylaluminum or a methylalmninoxane.

1:!..' The ethylene-isoprene_réndom copolymer according

to claim 5, wherein the compound (C) is dimethylanilinium

tetrakis{pentafluorophenyl)borate or triphenylmethyl

tetrakis (pentafluorop_he_nyl Yborate.

iz . The ethylene-isopreng random copolymer according
to claim 5, wherein t_:he catalyst comprisesl (A), (B) and (C).

1l3. An elastomer composition comprising about 100
parts by weight of _ah ethylene-isoprene random copolymer
according to claim 1, 2, 3, 4 or 5, about 5 to 400 parts
by weight of an-inorganic filler and/or carbon black, and
about 0.1 to 20 parts by weight of a cross-linking agent. .

14. A cross-linked elastomer composition obtained by
¢cross-linking an elastomer cozﬁposition according to claim

13.



