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TITLE OF THE INVENTION:
. CATALYSTS FOR POLYMERIZATION OF Q.-OLEFINS, PROCESS FOR
PRODUCING O.-OLEFIN POLYMERS, NOVEL TRANSITION METAL COMPOUNDS

AND CATALYST COMPONENTS FOR POLYMERIZATION OF O.-OLEFIN

BACKGROUND OF THE INVENTION:

The present invention relates to catalysts'for_
polymerizatibn of a—olefin{ a process for prqducing a—olefin
polymers, novél transition metal compounds and catalyst
- components for polyme:ization of ajolefin..

As catalysts for polYmerization'of a?olefin,.those
comprising metalloceﬁé and aluminoxane have been proposed '
(Japaﬁese'Patent Application Laid-open (KOKAI) No. 60-35007,
Japanese Patent Publication (KOKOKU) No. 4-12283, etc.).
However, since the afore-mentioned catalysts are solﬁble in
reaction solvent, the obtained polymer has extremely poor |
properties in which the polymer has irregular particle shape,
has low bulk density and includes a large amount of fihe
powder therein. Therefore, in"theICase where these catalysts
are applied to a slurry polymerization or a-gas-phase . .
polymerization of a—olefin, there.héve been caused Various
problems concerning the producﬁion of polymers, for example,
.-it has been difficult to conduct safe opefationslcontinuously,
for the production 6f polymers.

On the other hand, in order to solve the afore-mentioned
'problems,:there have been prOposed'catalysts obtained by

supporting one or both of a transition metal compound and an

~
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organoaluminum on an inorganic oxide such .as silica or alumina
or an orgénic substénce (Japénese Patent'Applications'Laid-
Open (KOKAI) Nos.. 61-108610, 60-135408, 61-296008, 3—74412-and_
3-74415, etc.). -

- -  However, polymers obtained by_using such catalysts have
contained a large amount of fine particles or coarse particles,
and deteriorated in pafticle properties such as low bulk
density. Further, there arises problems in which thg
catalysts have a_low.éatalytic activity'for the polYmerization
based on ﬁnit weight of solid components theréof, and the.
obtained polymers have disadvanﬁages such as lower molecular -
weight or lowerjstereo'regulariﬁy as compared to those .

obtained by using catalysts not supported on a carrier.

SUIMARY OF THE INVENTION:
'The present invention has been attained for solving the
afore-mentioned problems in the prior arts.

'-;‘It is an object_of Ehé present invention to provide
catalysts for polymerization of o-olefins, capable of
producing a-olefin polymers which are free from poor in

_properties caused by supporting the catalyst on a carrier such
as low moleculaf weight or low stereo regularity, and which
can - show not.only'a narrdw'composition distribution but also
excellent transparency and méchanical strength, and to a:
process for producing the a—olefin polymer by using the said

catalyst.



3=

It is another object of the preseﬁt invention.tO'provide
nqvel transition metal compounds and catalyst components
(catalytically active components) for polymerization of a-
olefin.

As a result of the present in&entors' earnest studiés, it
has beén.found that by using a catalyst'comprising'a specific
transition metal.compound and either a specific ion
exchéngeable layer compound or an inorganic silicate, the
above-mentioned objects can be readily achieved.

In a first aspect of ﬁhe“present inventién,‘there is
pfovided a catalyst for polymerization of a~olefin; which
‘comprises:

an éssential component (A)'of a transition metal compound,

aﬁ éssential.compdﬁent'(B) of an ion exchangeable iayer
compound excépt for silicate, or an inorganic silicate,'and

an optional compbnent (C) of an organocaluminum compound,

said component (A).being represehtedlby the general |

" formula (I):

Y (I)

Whereiﬁ-Al and A?_are independen;ly a conjugate S-membered

ring ligand'with the proviso that Al and A2 may be the same or
different in a molecule, and af leaét one of Al and A2 forms a
7- to 10—membered_c6ndensed ring including adjacent two carbon

atoms of the conjugate 5-membered ring, which condensed ring
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is formed by joining two adjacent sﬁbstitueﬁt grdups on the
conjugate S-membered ring; Q is a bridging gfoup of the two
conjugate S-membered ringé of Al and A2 at optional positions.
of the S-membered rings; M is a métal atom selected from the

group consisting of elements'belonging to Group 4-6 of the
Periodic Table; and X.and Y are indepeﬁdently a hydrogén atom,
a halogen atom, a hydrocarbon group,_én amino group, a |
halogenéted hydroéarbon group, an oxygén-coﬁtaining
hydrocarbon group, a nitrogen-cohtaining hydrocarbon grouﬁ, a
'phosphofus—containing hydrocarbon group or a silicon-
contéining hydrocarbon group.

In a second aspect of the present invention, there is
provided a catalyst for_pblymerization:of a-olefin, which
comprises: | | |

an essential component (A) of a transition metal éompound,

an essential component (D) of an aluminuﬁoxy cémpound, an
ionic compound capable of reacting with the compbnent (A) so
as té convert the component (A) to a cation, or a Léwis acid,
and

an optional_componénﬁ (E) of a finé particle carrier,

said component (A) being représented by the following
general formula (II), (III), (IV), (V) or (VI) included in the

above general formula (I).

General formula (II)



(IT)

wherein R!, R?, R? and RS are independently a hydrogen atom, a '
hydrocarbon group having 1.to 10 Carbon_atoms, a silicbn-
.containing hydrocarbon group having 1 to 18 carbon atoms or
halogénated hydrocarbon group having 1 to 18 carbon atoms; R3
and.R6 are independently a saturated or unsaturated divalent.
hydrocarbon gréup having 3 to_lO carbon atdms; which forms a
condensed ring in cooperation with each of S5-membered rings to
which R3 and RS are reépectively bonded, with the proviso that
at least one of R® and RS has 5 to 8 éérbon atoms and forms'a
7- to.1l0-membered condensed ring having at ieast one |
unsafurated bond derived from R3 or R6; R7 and R® are
independently a hydrocarbon gfoup Having 1 to 20 carbon atoms,
a halogenated hydrocarbon group having 1 td 20 carbon atoms,
an 6xygen—dontainihg hydrocarbon group having 1 to 20-carbon'
atoms, an amino group, a nit:dgen—containing hydrocarboﬁ group
having 1 to 20 carbon atoms or a sulfur—containing'hydrocarbon

group having 1 to 20 carbon atoms_with'the proviso that at
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least one of R7 and R8® is the halogenated hydrocarbon group
having 1 to 20 carbon atoms; m and n are ihdependentiy én.
integer of 0 to 20 with the proviso that m and n are not 0 at
the same time; Q is a bridging group of the two 5-membered
rings, and is a divalent hydrocarbon group having 1_£o 20
carbon atoms, a divalent halogenated hydrocarbon group having
1 to 20 carbon atoms, a silylene or an oligosilylene group - —
.which may have a hydrocarbpn_group or haiogenated hydrocarbon_
group having 1 to 20 carbon atoms or a germylene group which
may have a hydrocarbon group or halogenatéd hydrocarbon grdup
- hqving 1't6 20 carbon atoms; X and Y are independently a

. hydrogen atom, a halogen atom, a hydrocarbon group having 1 to .
20 carbon atoms, a silicon-containing hydrocarbon'group having
1 to 20 carbon atoﬁs, a halogenated.hydfocarbon group_having 1
to 20 carbon atoms, an oxygeh-containing.hydrocarbon group
f-having 1 to 20 carbon atoms, én amino group or a nitrogen-
containing hydrocarboq group having 1 to 20 carbon atom$; and
M is a transition metai selected from the group consisting of

elements belonging to Group 4-6 of the Periodic Table.
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wherein R1, R2, R4, RS, Q, X,'and'M have the same meanings as
defined in the above general formula (II); R?, R10, R, RIZ,
- R13, R4, RIS and R!® are independently a hydrocarbon group

having 1 to 20 carbon atoms or a halogenated hydrocarbon group

having 1 to 20 carbon atoms; and Ar is an aryl group which may . -

‘be substltuted w:.th the prov1so that at least one of the two
-membered rlngs is bonded to the halogenated hydrocarbon

group having 1 to 20 carbon atoms
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wherein R! and R? are indepeﬁdently a hydrocarbon group having
7 to 12 carbon atomé, a éilicon—containing hydrocarbon group
having 8 to 18 carbon atoms or a halogenated hydfocarbon group
having 7 to 12 carbon atoms; R2 and RS are indepéndently a
hydrogen atom, a hydfocarbon group havihg 1 to 10 cérbbn atoms,
a silicon-containing hydrocarbon group'having 1 to 18 carbon
atoms or a halogenated hydrocarbori group having 1 to 18 carbon
atoms; R and R® are independently a saturated or unsaturated
divalent hydrocarbon_group having 3 to 10 carbon atoms and
forms a condeﬁsed ring-ih cooperation with S5-membered rings to
which R3 anle6 are respectivély bonded, with the proviso'that
at least one of R® and Rﬁ_hés 5 to 10 carbon atoms'and forms a
7- tollo—memberéd éondensed iing having at least orie
unsaturated bond derived from R3 or RS; R7 and R® are-

independently a hydroéarbon group.having 1 to 20 carbon atoms,
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an oxfgen-confaining hydrocérbon group having 1 to 20 carbon-
atoms, an amino group, a nitrogen-containing hydrocarbon group
having 1 to 20 cafbon atoms or a sulfur-containing hydrocarbon

" group having 1 to 20 carbon atoms; m and n afe independently

an integer ofNO'to 20 with the proviso that m and n are not 0
at the same time, and when mor n is an integer of not less -
than 2, the R7 or the R8® may be bonded to each other to form a.
ring; Q is a bridging group of the two 5-membered rings, and

is a divalent hydrocarbon Qroup having 1 to 20 carbon atoms, a.
divalent halogenated hydrocérbon group having 1 to 20 carbon
atoms, a silylene or an oligosilylene group whiéh'may be
.substituted with a hydrocarbon group having 1 to 20 carbon
atoms or a halogenated hydrocarbon group having i to 20.carboﬁf5
atoms, or a germyléne'group which may be substitﬁted with a
hydrocarbon group havingll to 20 carbon atoms oi a hélogenated
hydrocarbon group having 1 to 20 carbon atoms; X and Y are
independently_a hydrogen atom} a halogen atom, a hydrocarbon
group having 1 to 20 carbon atoms, a silicon-containing
hydrqcarbon group having 1 to 20 carbon atoms, a'haiogenated
hYdrocarbon group having 1 to 20.carbon atoms, an oxygen-
containing hydrocarboﬁ group having 1 to 20 carbon atoms, an
amino group or a nitrbgen—cbntaining_hydrocarbon group having

1 fo 20 carbon atoms; ana M is a transiﬁion metal seiected
"from the group.consiéting of eléménts_belonging to Gfoup 4-6 .

of the Periodic Table.
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General formula (V)

(V)

wherein Rl and R4 are-independentiy a hydrocarbon group having
7 to 12 cérbbn atoms, a silicon-containing hydrocarbon group
having 8 to 18 carbon atoms or a halogenated hydrocarbon group
having 7 to 12 carbon atoms; R? and R’ are independéntly'a'
hydrogen atom, a hydrocarbon group having 1 to 10 carbon atoms; -
a silicon-contéininérhydrocarbon group having 1 to 18 carbon -
atoms or a halogenated hydrocarbon gréup having 1 to 18 carbon
‘atoms; R® and R6 are independently a saturated or unsaturated
divalent hyarocarbon group having 3 to 10 carbén atoms and
forms a condensed.ring in cooperation with S—memberéd rings to
which R3 and RS are respectiveiy bonded, with the proviso that .
" at least one of R¥ and R® has 5 to 10 carbon atoms and forms a
7- to 10—membered condensed:ring,having at least one

' ﬁnsaturaﬁed bond derived from R3 or RS; R7 and RS ére

independently a hydrocarbon group having 1 to 20 carbon atoms,
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an.oxigen—containiné hydrocarbon group having'l to 20 carbon’
atoms, an amino group, a nitrogen—containing'hydrecarbon group
having 1 to 20 carbon atoms:or a sulfur-containing hydrocarbon
group having 1 to 20 carboﬁ atoms; m and n are independently
an integer of 0 to 20 with the provisq that m aﬁd n are not 0
at the same time, and when m or n‘ie an integer of not less
than 2, the R? or the RS maf be bonded to each other to form a -
ring; Q is a bridging group of the two 5—membered rings; and
is a divalent hydrocarbon gfoup having 1 to 20 carbon atoms, a
divalent halogenated hydrocarbon group having 1 to 20 carbon
‘atoms, a ailylene or an oligosilylene group which may be
substituted with a hydrocarbon group having 1 to -20 carbon~
atoms or a halogenated hydrocarbon group having 1 to 20 cdrbon
atoms, -or a germylene group which may be subst1tuted'w1th a
hydrocarbon group having-l to 20 carbon atoms or a haiogenated-
hydrocarbon'group having 1 to 20 carbon atome; X and Y are -
independently a hydrogen atom, a halogen atom, a hydrocarbon
. group having 1 to 20 carbon atoms, a silidon—containing.
hydrocarbon group having 1 to 20 carbon atoms, a halogenated
hydrocarbon.greup having 1 to 20 carbon atoms, an oxygen-
contalnlng hydrocarbon group having 1 to 20 carbon atoms, an;
amino group or a nitrogen-containing hydrocarbon group- having .
1 to 20 carbon atoms; and M is a transition metal selected
from the_group consisting of e1ements'belohging to Group 4-6

of the Periodic Table.
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. General formula (VI)

(VI)

wherein R, R2, R% and R5 are independently a hydrogen atom, a
hydrocarbon group having .l to 10 carbon atoms, a silicon-

containing hydrocarbon group having 1 to 18 carbon atoms or a

halogenated hydrocarbon group having 1 to 18 carbon atoms; R3 -

‘and_RG are independently a saturatea or unsaturated divalent
hydrocaxrbon group having 3 to 10 carbon atoms and forms a
'condensed ring in cooperation with 5-membered rings.to whiéh
R3 and R® are respectively boﬁded, with the provisq_that at
least one bf R3 and RS has 5 to 8 cérbon'étoms and forms a 7-
to 10—membered;conden5ed ring having at léast one.unsaturated
bond deriﬁed from R3 or RS; Rﬁ'and R® are independently a
hydrocarbon group_having 1 to 20 carbon atoms, an oxygen-
'-containing hydrocarbon group having 1 to 20 éarbbn atoms, aﬁ
amino group, a nitrogen4containing hydrocarbon groﬁp having 1

to 20 carbon atoms or a sulfur-containing hydrocarbon group
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havihg 1 tb 20 carbon atoms; Q is a silicon atom, a germanium
atom or a tin atom;. A is a divalent_unsaturated'hydrocarbon
group having 3 tb.12 carbon atoms and forms a ring in
cooperation with the 0 to which A is bonded; R® is a saturated
or unsaturated hydrocarbon group having 1 to 1Q carboh atom; m
and n_afe independently an integer of 0 to Zb_with the provisd,
that m and n are not 0 at the same timé, that when m or n is
an integer of not less than 2, the R? or the R?-ﬁay be bonded
to each other to form a ring; 1 is an integer of 0 ﬁd 22, when
1 is an integer of not less than 2, the Ra ﬁay be_bonded-to
~each other to form a ring; X and Y_are_independently a’

. hydrogen atom['a halogen atom, a hydrocarbonléroup having 1 ﬁo
20 carbon atoms, a silicon—contaiﬁiﬁg hydrocarbon group having
1l to 20 carbon atoms, a halogenated'hydrocarbon-group"having 1
to 20 carbon atoms, an oxygen—containing hydrocarbon group
having 1 to 20 carbon atoms, an amino group or a nitrogen-
cdntaining hydrocarbon group having 1 to 20 carbon atoms; and
M is a transition metal selected from the group consisting of
elements belonging to Group 4-6 of the Periodic Table.

In a third aspect of the present invention, there is
'proviaed-a process for producing an o-olefin polymer,
comprising bringing an o~olefin into conﬁact with any of the
catalysts defined in the afore-mentioned first and second
aspects to conductxthé_polymerizatidn'or copolymerization of

the o-olefin.
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In a fourth aspect of the present invention, there is
provided a novel transitidn-metal compound represented by the
afore-mentioned general fdrmula (IT).

In a fifth aspect of the present invention, there is
provided a novel transition metal compound represented by the
afore-mentioned general formula (III).

In a sixth aspect of the present invention,.theré is
providéd a'novel-transitién metal-compound:represented by the
.afore—mentioned'general formula (IV).

In a seventh aspect of the present invention, there is
provided a novel transition metal compound represented by the
afore-mentioned general formula (V).

In an eighth aspect of the present invention, there is .
provided7a novel transition metal compound repfesented'by the
. afore-mentioned general formula (VI).

In a ninth aspect of ' the present inventioh, there is.
p?ovided'a.catalyst component fof polymefization of a—oléfiﬁ
which cbmprises é transition metal.compound represented by the
_afore—mentioned general formuia (iI).

In a tenéh aspect of the present iﬁvention, there is
provided a catalyst component for polymerization of o-olefin
which comprises a transition-metal-compound répresentéd by the .
afore-mentioned general formula (IiI).

- In aﬁ.eleﬁenth aspect of the present invention, there is
p:ovided a catalyst cdmponent for polymerization of a-olefin
which comprises a trahsition metal compouﬁd representéd by the

afore-mentioned general formula (IV).
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In a. twelfth aébeot of the present invention, there is
provided a catalyst compohent for polymerization of a—olefin
which comprises a transition metal.compound represented by the
afore—mentioned general formula (V).

In a thifteenth-aspéct_of the oresént inveﬁtion, there is
provided a catalyst component for polymerization of a-olefin
which comprises a transition metal compound represented.by the

afore-mentioned general formula (VI). . -

DETAILED DESCRIPTION OF THE INVﬁNTION:

The oresent invention is desc:ibed in detail below.

The cétalyst for polymerization-of a-olefin according to
the présent invention comprises a'specific transition metal -
compound'(component A) as an essential component.

First, the component A of transition metal compound is
explained below. In the present invention, as the transition
metal compound, there can be used those compounds represented

by the general formula (I):

. Q/Al\ /X L
NIZAN

in the afore-mentioned_generél formula (I); a& and A2 are
conjugate S-membered ring ligands with the proviso that Ai and
Aﬂ'méy'be the same or different in a molecule and at least one
‘of_A} and'AE forms a 7- to 10-membered condensed ring

 including adjacent two carbon atoms of the conjugate 5-
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membered ring, which cohdensed ring is formed by joining two -
‘adjacent substituent groups on the conjugate S5-membered ring.
Furthef, the conjugate 5—membered ring ligands rebresented by
Al and A2 may have subs;ituent groups bonded to carbon atoms
other than thoée bonded to the groﬁp Q.

An typicél example of the ébove conjugate 5-membered ring
ligands is a.cyclopentadienyl group. The_cyclopentadienyl |
group may be an unsubstituted one, i.e., "CgHy-" having four

hydrogen atoms,'dr may be substituted ones in which one or

more of the hydrogen atoms are substituted by any substituent

gfoups, as described above.

Examples of the substituent groups.are hydrocarbon groups

having 1 to_20 carbon atoms, preferably 1l to 15 carbon atoms.
Specific examples of.the_hydfbcarbon'groubs may include a
méthyl group, an ethyl group, a.prgpyl group, a butyl group, a
hexyi group, an octyl group,.a'phenyl gréup, a naphthyl group,
a butenyl group) a bu;adienyl group,-a triphenylcarbyl group
6r the like. | '
The'afére—mentioned hydrocarbon groﬁps may be monovalent
Qroups honded to the cyclopentadienyl group. Further, the two
hydrocarbon substitueﬁt groups may be bonded with each éther
at end poéitions thereof to form a condensed ring. Tyﬁical'
examples of the cyclopentadienyl groups having the condensed
ring may include indene,'fluorene,.azulene or derivatives
thereof.. Incidénﬁally, in the_present-invention, ﬁhe

_transition metal compounds used are required to have at least
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one 7- to 10-membered fing as the condensed ring, as described
~in detail hereinafter. | |

" As the substituent groupé other than the afore-mentioned
hydrocafbon grqups; there can be exemplified hydrocarbon
grodps containing silicon, oxygen, nitrogen, phoSphorus,.boroﬁ,
éulfur or the'like. Tyﬁicél'examples of the hydrocarbon’
residués may include a methoxy group, an ethoxy group, a
phénoxy group, a furyl group, a trimethylsilyl group, a-
diethylamino group, a dipheﬁylamino group, a byrazolyi group,
an indolyl grdup, a carbazolyl group, a dimethylphosphino
group, a diphenylphosphino group, a diphenylboron group, a
dimethoxyboron group, é thiényl group or the like.

| As other substituent groups, there can be exemplified
halogen, halogeﬁ—contaiﬁing hYdrocarbons or the;like.'.Typical
.exampleS'of the other substituent groups may iﬁciude-a
chlorine atom, a'bromine étom, a fluorine atom, a
trichloromethyi group, a thrifluoromethyl group, a
fludrophenyl group, a pentéfluorophenyl grqup or the_like.

Méénwhile, in the transition metal compounds used in the

preéent invention, at least one of the conjugate'S—memberea
ring ligands Al and A2 has a 7—_;6 10—membered_é6ndensed ring
including adjacent two éarbon atoms thereof and the éondensed.
‘ring is formed by joining two adjacent sﬁbStituenf groups on
the conjugate 5—membered'riﬁg;  That is, at least one of Al
and A2 must form a 7- to 10-membered condénsed ring which
includéé'adjacent twb carbon atoms of the conjugate:S—membered

" ring ligand.
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Examples of thé aforeémentioned ligands which'constitute
at ieast one of A! and A2, may include a hydroazulenyl group,
a methylhydroazulenyl group, an ethylhydroazulenyl group, a
dlmethylhydroazulenyl group, a methylethylhydroazulenyl group,'
‘a methyl1sopropylhydroazu1enyl group, a
methylphenyl1sopropylhydroazulenyl group, various hydrogenated
azulenyl groups, a blcyclo-[G 3. 0]-undecany1 group, a methyl-
bicyclo-[6.3. 0]—undecany1 group, an ethyl—b1cyclo—[6.3.0]—
undecanyl- group, ‘a phenyl-bicyclo-[6.3.0] -undecanyl group, a
methylphenylfbicyolo—[6.3,0]jundecanyi group, an etﬁylphenyl—
bicyclo-[6.3.0]-undecanyl group,-a_methyldiphenyl—bicyclo—
[6;3.0]—undecany1'group, a meﬁhyl—bicyclo—[6.3.0]—undecadienyl
group, a methylpheﬁyl—bicyclo-[6.3.0]-undecadienyl group, an
éthyiphenyl—bicyclo—[6.3.0]—undecadienyl group, a
methyiisopropyl-bicyclo-[6.3.Q]-undecadienyl group, a bicyclo-
[7.3.0j—aodecanyl group or derivatives thereof, a bicyclo-
[7.3.0]-dodecédieny1_group or derivatives.thereof, a bicyc10h .
[8.3.0]—tridecany1 group or derivutivos thereof, a bicyclo-
-[8)3.0]—tridecadienyl group or derivatives thereof, or the
- like. | | |
The'afore—mentioned groups may further have substituent
groups such as hydrocarbon groups, hydrocarbon groups-‘ -
'containing silicon,-oxygen,:nitrogen, phosphorus; boron,
sulfur or the like, halogens or halogen—contalnlng
hydrocarbons, etc., as descrlbed herelnbefore
The Q is a brldglng group of the two conjugate S-membered

rings of Al and A? at optional pos1t10ns of the 5-membered
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-rings. That is, the Q is a divalent‘bonding group and;acts.to
cross-link the two,conjugate Semembered rings with each other.
The kinds of bonding groups Q are not particularly restricted.
Examples-of the bonding groups Q may include (a) divalent |
hydrocarbon-or halogenated.hydrooarbon groups having usually 1
to 20 carbon atoms, preferably 1 to 12 oarbon-atoms, more
.specifically, unsaturated dlvalent hydrocarbon groups such as
alkylene groups, cycloalkylene groups, arylene groups,
: haloalkylene groups or halocycloalkylene groups; (b) silylene
groups or oligosilylene groups; (c) silylene groups or -
oligosilylene groups substituted with hydrocarbon or |
halogenated hydrocarbon groups having usually 1 to 20 carbon-
atoms, preferably 1 to 12 carbonjatoms; (d) germylene groups;
(e) germylene groups substituted with hydrocarbon or
halogenated hydrocarbon groups having usually 1 to 20 carbon
atoms; or the like."Among them, alkylene groups, -
cycloalkylene groups, arylene groups, silylene groups
substituted with_hydrocarbon groups or germylene groups
subStituted'with-hydrocarbon groups are preferred.

The M represents a transition'metal atom selected from
' the group consisting of elements belonging to Group 4-6 of the
Periodic Table. Among them, Group 4 transition metals such as
titanium, zirconium or hafnlum are preferred and . 21rcon1um or-
hafnium is more preferred

The X and Y represent 1ndependently a hydrogen atom, a
"halogen atom, a_hydrocarbon-group,.an amino group, a

halogenated hydrocarbon group, an oxygen-containing
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hydrocarbon_gfbup; é nitrogen—cqntaining hydrocarbon group, a
phosphotus—containing'hydrbéarboh group of a silicon- -
: cdnﬁaining.hydrocarbon gréup. Each of the afoie—mentioned_
hydrocarbon groups nay hﬁve usually 1 to 20 carbon atoms,
preferably 1 to 12 carbon atéms. Specific exampies_of the
preferred X and Y may include a hydrqgen atom, a chlorine atom, -
a methyl grpup,'an isobutyl group, a phenyl group, a dimethyl
amiﬁo group, a diethyi_amino g;oﬁp or the like.

Some groups of the transition metal compounds represented
_lby the afore-mentioned general formulé (1), i.e.,-thé.
transition metal compounds represented by ;he below-mentioned
general formulé.(II), (III), (IV), (V) and (VI)'are_novel'
éompounds.

The novel transition metal compounds ciassified into the .
first group is explained below. The transition metal
N compounds of the first group is represeﬁted by the general

formula (II):

R’'m

(IT)
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The novel transition metal'compound repreééﬁted bj the
general formula (II) involves compounds (a) in'which the 5-
| membered.ring ligand.haviﬁg substituent groups Rl, R2 and R3
and the S-membered ring.iigand having substituent groups R4,

R5 and RS aré asymmetrical with'respegt'to a plane ¢ontaining
M, X and Y when viewed as to the relative positions thereof
through the group Q, and cémpounds (b) in which-théls-membered
ring'ligand having subétituent groupé’Rl, R? and R3 and the 5-
membered ring ligand having sﬁbstituent groups R4, RS and RS

~ are symmetriéal With respect to a plane containing M, X and ?
when viewed as to the relative positions thereof through the -
‘group Q.

In order to produce O-~olefin polymers having a high
mdlecular'weight and a_high meiting'point, the afore—mentioned
compounds (a), i.e., the combounds_in which the two 5-membered.
ring ligands do not have a relationship_df réal and mirrof
images with'respect to the plane containing M, X and Y} can be
preferably used. Also, in case of use of the:ﬁbvel transition .
ﬁetal compound represented-by the following'general formulae
{III), (IV), (V) and (VI). | |

In the generai formula (II), R?, R2, R? and RS aré
_ independently a hydiogen atom, é hydrocarbdn group having 1 to
10 carbon atoms, é silicon-c&ntaihing hydrocarbon Qroﬁﬁ'having
1 to 18 carbon_atoms or halogenated hydrqcarbon group having 1.

' to 18 carbon atoms, as described’ above.
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Specific exampleS'OE the afore—mentioned hydrocarbon.
group having 1 to 10,carbon_atoms may ihclude alkyl groups
such as-methyi, ethyl, n-propyl, i-propyl, n-bucyl,-i—butyl,
s-butyl, t-butyl, n-pentyl, n-hexyl, cYCiopropyl, cyciopentyl,
cyclohexyl or methylcyclohexyl-'alkenyl groups such as vinyl,
propenyl or cyclohexenyl; aralkyl groups such as benzyl
phenylethyl or phenylpropyl arvl- alkenyl groups such as
trans-styryl; aryl groups such as phenyl, tolvl,
dimethylphenyl, ethylphenyl, criﬁethylphenyl, 1—naphthy1 or 2-
naphthyl or the like. “

Specific examples of the afore-mentloned 5111con-'
containing hydrocarbon atom having 1 to 18_carbon atoms may
include_trialkylsilyl groups such as trimeﬁhflsilyl;
tr1ethyls1lyl or t-butyldimethylsilyl; triarylsilyl groups
such as tr1phenyls11y1, (alkyl)(aryl)51lyl groups such as
dimethylphenylsilyl; alkylsilylalkyl groups such as-
bis(trimethylsilyl)methyl; or the like.

As the afore-mentioned halogen atoms contained in the
h halogenated hydrocarbon.groups having 1 to 18-carbon atoms,

' there can be.used a fluorine atom, a chlorine atom, a bromine
atom and an iodine atom. In the case'where_the_halogen'atom
contained in the halogenated hydrocarbon group is, for example,
a fluorine atom, the fluorlne atom ‘can be bonded to optlonal

: position(s) of the hydrocarbon group. Spec1f1C-examples of
the halogenated hydrocarbon groups may include fluoromethyl,h
difluofomechyl, tfifluoromethy;, chloromethyl, dichloromethyl,

trichloromethyl, bromomethyl,'dibromomethyl, tribromomethyl,
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iodomethyl,. 2,2,2-trifluoromethyl, 2,2,1,l—tetrafluoroethYl;'
.pentafluoroethyl,'pentachloroethyiﬁ.pentafluoroorooyl, '
nonafluorobutyl, tritluorovinyl 1, 1—difluorobenayl '1 1, 2,2—
tetrafluorophenylethyl o—; m- Or p—fluorophenyl 0=, m- Or p-
chlorophenyl 0-, m- or p—bromophenyl 2, 4 -3,5-, 2,6- or
2,5-difluorophenyl, 2, 4—_ 3'5-, 2 6— or 2,5- dlchlorophenyl
2,4,6- tr1fluoropheny1 2,4,6- tr1chloropheny1 |
pentafluorophenyl pentachlorophenyl 4- fluoronaphthyl 4-
chloronaphthyl, 2,44difluoronaphthyl, heptaflnoro-l—naphthyl,
heptachloro¥1fnaphthyl, o-, m- or p-trifluoromethylphenyl, o-,
m- or p-trichloromethylphenyl,.2,4—, 3,5-, 2;6— or 2,5-
Bis(trifluoromethyl)phenyl, 2;4—; 3,5-, 2;6f or 2,5- |
bis(trichloromethyl)phenyl, 2{4L6rtris(trifluoromethyl)oneny1L
_ 4—trifluoromethylnaphthyi- 4?trichloromethylnaphthyi,-2;4—'
bls(trlfluoromethyl)naphthyl or the llke

Among them, as the R? and R4 hydrocarbon groups hav1ng 1
: to'7 carbon atoms such asamethyl, ethyl,.propyl,_butyI or -
benzyl are preferred; and as the'R? and R5, a hydrogen atom:is
preferred ' | .

In the general formula (II), R3 and RS are 1ndependently
a saturated or unsaturated dlvalent hydrocarbon group hav1ng 3
' to 10 qarbon atoms and-forms a condensed ring in cooperatlon -
with:the 54memberediring to'whioh the;R3 or RS is bonded. .The' '
co_nd'ensed ring formed by the R3? or RS may Ioe'a 5- to- _12— SR
nenbered.ring. However,'it.isaessentially'required that at.'-
- least one of the R3 and R? has15'tozé oarbon,atoms and forms a .

7- to.lo—membered'oondensed ring having at least one _
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unéaturated bond derived from-the R3 or Ré. 1In this case, it -
is preferred that both of the condensed rings are 7- to 10-
‘membered rings. | |

Specific examples of the R3 and R® may include divalent
saturated hydrocarbon groups such as trimethylene,
. tetramethylene, pentamethylene, hexamethylene or
heptamethylene; divalent unsaturated hydrocarbon groups such
as propenylene, 2-butenylene, 1,3—bgtadieny1ene, l-pentenylene,
2-pentenylene, 1,3-pentadienylene, 1,4-pentadienylene, 1- .
hexenylene, 2-hexenylene, 3—hexeny1ene, 1, 3-hexadienylene,
1,4-hexadienylene, 1,5-hexadienylene, 2,4-he#adienylene,-2,5—'_
hexadienylene or 1,3,5-hexatrienylene; or the like. Among
them, pentamethylene, 1,3kpentadienylene, 1,4-pentadienylene
or 1,3,5-hexatrienylene are pfeferred, and 1,3-pentadieny1ene
or 1l,4-pentadienylene are espeéially prefefred,

In the general formula (II),_R? and R® are independently
é hydrocarbon group having 1 to 20 carbon atoms, a halogenated
hydrocarbon group having 1 to 20 carbon atoms, an oxygen-
containing hydrocarbon group having lito'ZO'carbon atoms, an
amino group, a nitrogen—contéining hydrocarbon group having_l.
to 20 carbon atoms or a sulfur-containing hydrocarbon group
having 1 to 20 carbon atoms. However,. it is required that at
least one of.the.R7 and R® is the halogenated hydrocarbon
group having 1lto 20.¢arboﬁ atoms. |

Specific_examples of ‘the afore-mentioned hydrocarbon
group having 1 to 20 carbon atoms'may include alkyl groups

‘such as methyl, ethyl, n-propyl, i—propyl,'n-butyl, i-butyl,
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s-butyl, t-butyl, n-pentyl, thekyl,.cyclopropyl; éyclopentyl,
cyclohexyl or methylcyciohéxyl; alkenyl groups such as vinyl,
propenyl or cyclohexenyl; aralkyl groups suéh as benzyl, |
" phenylethyl or phenylpropyl; arylalkenyl groups such as trans-
| styryl{ aryl_groups such as phenyl{ tolyl, dimethylphenyl,
ethylphenyl,-triﬁethylphenyl, l-naphthyl, ‘2-naphthyl,
' écenaphthyl, phenanthryl or anthryl; of the like. Among them,
; alkyl groups having 1 to 4 carbon aﬁoms such as methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl or
cyclopropyl, and_arYl groups having 6. to 20 carbon atoms such’
as phenyl, tolyl, dimethylphenyl, ethylphenyl, trimethylphenyl,
1—ﬁaph£hyl or 2-naphthyl are preferred. |

As .the afore-mentioned halogen atoms contained in the
halogenated hydrocarbon groups having 1 to 20 carbon atoms,
.there-can be used a fluorine atom, a chlorine atom, a bromine
atom and an iodine atom. In the case where the halogen atom
contained in the halogenated'hydrocarbon group is, for example,
a fluorine atom, the fluorine atom-éah be bondéd to optional _
position(s) of the hydrocarboﬁ group. Specific examples of
the halogenated hydrocarbon groupé may include:fluoromethyl,
difluoromethyl, trifluoromethyl, chloromethyl, dichloromethYl,
trichloromethyl, bromomethyl, dibromomethyl, tribromomethyl,
iodoﬁethyl; 2,2,2-triflﬁoroethyl, 2,2,1,1-tetrafluorocethyl, . .
pentafluoroethyl, pentachloroethyl, pentafluoropropyl,' -
nonafluorobutyl, trifluorovinYl, 1,1-difluorobenzyl, 1,1,2,2-
'.tetfafluorophenylethyl,-o—; m- or p-fiuorophenyl, o-, m~- or p4-

chlorpphenyl, o-, m- or p-bromophenyl, 2,4-, 3,5-, 2,6~ or .
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2,5-difluorophenyl, 2,4-, 3,5-, 2,6- or 2,5—dichloropheny1,
2,4,6-trifluorophenyl, 2,4,6-trichlorophenyl,
pentaflﬁorophenyl, pentachlorophenyl, 4—f1uoronaphthyl} 4-
chloronaphthfl, 2,4—dif1uoronaphthyi, ﬁeptafluoro-l—naphthyl;
.heptachloro—l—naphthyl, o-, m- or.p—trifluoromethylphenyl,.o—,”
: m—-dr p-trichloromethylpheny1, 2,4;, 3,5-, 2,6- or 2,5-
bis(trifluoromethyl)phenyl, 2,4-, 3,5-, 2,6- or 2,5~ -
bis(trichloromethyl)phenyl, 2,4,6—tris(trifluoromethyl)pﬁenyl;
4-trifluoromethylnaphthyl, 4-trichloromethylnaphthyl, 2,4;
bis(txifluoromethyl)naphthyl or the like. Among them,
fluorinated hydrocarbon groups or chlorinated hydrocarbon
groups. are preferred, and o-, m- or p-fluorophenyl, o-, m- or
f-p-chlqrophenyl or o-, m- Or p-tfifluorome;hylphenyl are
especially'preferred.
| Specific examples of the afore-mentioned oxygen-
containing hydrocarbon groups having 1 to 20 carbon atoms may
include alkoxy groups such as'methoxy, ethoxy, propoxy,
.cyéloprqpoxy or butoxy; aryloxy groups such as_phenoxy,
methyiphenoxy, dimethylphenoxy dr naphthoxy; arylalkoxy groups
such as phenylmethoxy or naphthylmethoxy; oxygeh-cotaining
héterocyclic'grbups such as furyl group; or the like. '
Specific examples of the afore-mentionéd nitrogen-

containing hydrocarbon grdups_having 1 to 20 carbon_atoms may
include alkylamino groups such as methylamino, dimethylamino,
ethylamino or diethylamino; arylamino groups such as

. phenylamino or diphenylamino; (alkyl)(aryl)aminb gfoups such
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as (methyl)(phenyl)'amind;-nitrogen-containg heterocyclic
. groups such as pyrazolyl or indolyl; or the like. - | -

In the general formula (II), m and n are indepgndently an
integer of 0 to 20, preferably 1 to 5. Ifm and/or n are an
integef of 2 to 20,_a pluraiity of the R? or R® may be the .
same or different. The integers m and n are not zero at the -
same time. That is, it is essential that the divalent groups
R3 and/or R® have the afore-mentioned substituent groups'R7.or
R8, and the substituent groups R’ and/or R® are the halogenated -
hydrocarbon groups haviné 1 to 20 carbon atoﬁs. In addition, . _
when the integer m or n is not less than 2, the.R7.or the RS
may be bonded to each other to form an additional ring. - The
substituent group R7 or R8 may be bonded to any position of R3
- or Ré, but it is preferred that the substituent groups R?7 or RE® .
is bonded to the carbbn atoﬁs of R3 or R, adjacent to the 5- - -
membered ring (the carbon at o-position). - .

In the general'formula (II), Q is a bridgiqg groﬁp 6f thé‘
two 5—membered rings, and is a divalent hydroqarbon group  --
having 1 to 20 carbon atoms, a silyléne or an oiigosilylene
groﬁp which may have a hydrocarbon.or halogenated hydrocarbon
group having 1 to 20 carbon atoms or a germylene group which
may have a hydrocarbon group 6r halogenated hydrocarbon group
having 1 to 20 carbon atoms. When silylene'grdup or germylene
group has two hydrocarbon or}halpgenated5hydrocarbon groups,
those ‘groups may be bonded to each other to form a-ring.

Speéific examples of the group Q may include alkylené-

groups such as methylene, methylmethylene, dimethylmethylene,
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1,2-ethylene, 1,3-trimethylene, 1;4;tetrémethyleﬁe, 1,2-
c?clohekylene or 1,4-cyclohexylene; arylalkylene gréups such
as (methyl) (phenyl)methylene or diphenylmethylene; silylene
_groups; alkylsilylene groups such as methylsilylene,_
dimethylsilylene, diethylsilylene, di (n-propyl)silylene, ai(i-
prole)silylene or di(cyclohekyl)siiylene; |

{(alkyl) (aryl)silylene groﬁps such as methylphehylsilylene or -
méthyltolYlsilylene; arylsilylene groups such as
diphenylsilylene; haloalkylsilylené groups such as

di (chloromethyl) silylene or di(2-chloroethyl)silylene;

(alkyl) (haloalkyl)silylene groups such as methyl(4-
chlorophényl)silylene; di (haloalkyl)silylene groups such as
di(4—chlor9pheny1)silylene or bis(3,S-dichlorophenyl)silylene;
germyléne groups; alkyl germylene groups obtained by
substituting germanium for a silicon atom of the afore-
mentioned silylene groups having the C; to Cs9 hydrocarbon S
groups; alkyl aryl germylene grbups.dr aryl germyleneﬁgroups;
'of the like. Among them, the silylene groups having the C, to
- Cz9 hydrocarbon groups or the germylene groups having the C; to
ICbo hydrocarbon groups.aré preferred, and the alkylsilylene
groups, the alkyl arylsilylene groups or the arylsilylene
groups are especially preferred. ' -

In the general formula (II), X and Y represent
independently a hydrogen atom, a.halogen-atom, a hydrocarbon
group having 1 to 20 carbon atoms, silicon-containing
hydiocarbon group having 1 tol20 carbon atoms, a halogenated

hydrocarbbn group having 1 to 20 carbon atoms, an oxygen-
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containing hydrocarbon group having 1 to 20 carbon atoms,. an
amino group or a nitrogen-containing hydrocarbon group having
1 to 20 carbon atoms.

As the afore—menfioned halogen atoms, there can be ﬁsed a
fluorine atom, a chlorine atom, a bromine atom and an iodine .
atom. As the afore-mentioned hydrocarbon groups having 1 to - -
20 carbon atoms and the halogenated hydrocarbon group having 1
to 26 carbon atoms, there één bé.exemplified the same
hydrocarbon groups and halogénated hydrocarbon groups as
defined above with respect to the R7 and RS.

Specific examples of the afo;e—méntioned silicon-
containing hydrocarbon-gfoups-may-include trialkylsilylméthyl.
groups such as trimethylsilylmethyl or triethylsilylmethyl:;
di(alkyl) (aryl)silyl methyl groups such as ’ S '
"dimethylphenylsilylmethyl, diethylphenylsilylmethyl,
dimethyltolylsilylmethyl;[Qr the like. |

Specific examples of the afore-mentioned oxygen-
containing hydrocarbon groﬁps having 1 to 20 carbon atoms may
include alkéxy groups such as methoxy, ethoxy; DPYoOpoxy,
éyclopropoxy 6r butoxy; aryloxy groups such as phenoxy, -
methylphenoxy, dimethylpheﬁoxy or naphthoxy; arylalkoxy groups
such as phenylmethoxy or naphthyimethoxy; or the like.

Specific examples of the afore-mentioned hitrbgen-
containing hydrocarbon groubs having 1 to 20 carbon atoms may
include alkylamino groups such as methylamino, dimethylamino,

ethylamino or diethylamino; arylamino groups such as
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phenylamino or diphenylamino;_(aikyl)(aryl)amino groups. such
as (methyl)(phenjl)_amino; or the like. |

In the general formulé (II), the X and Y are preferably a
hydrogen atom, a halogen atom, a hydrocarbon group having 1 to
20 carbon atoms or a nitrogen-containing hydrocarbon_grdup
having 1'to 20 carbon atoms. Among them, the haldgen atom,
the hydrocarbon_group.having 1 to 20 carbon atoms or the
nitrogen-containing hydrocarbon group having 1 to 20 carbon
atoms are more preferred. Further, the especially preferred X
and Y are a chlorine atom, a methyl group, an i-butyl group, a
phenyl group, a dimethylamino group and a diethylamino group.

In the general formula (II), M represents a transition-
metal selected from the group consisting of elements belonging
to Group 4-6 of the Periodic Table. Among them, Group_4
trénsition ﬁetals such as titanium, zirconium or hafnium are
preferfed. Further, zirconium or hafnium are more prefe:red.

The novel transiﬁion metal compqunds represented by the
general fo:mula (II) can be produced by optional methods
according to the.kinds of substituent.groups or bonding -
manners thereof. Typically, the transition metal compounds
can be produced through the_following reaction scheme.
Incidentally, "HaR," and "HzRp" in the reaction scheme have the -

following chemical formulae:
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R'm :
\<\ R2
R3
Rl
H H (H2Ra)
H .
H /\ R6

R® (HzRy)

HzRa + n—chgLi_ — HR,Li + CgHig

HoRp + n-CgHgLi — HRpLi + C4Hip

HR,Li + HRpLi + OCl, = HR,-Q-HRy, + 2LiCl
HR,-Q-HRp + 2(n—c4i-19Li) = LiR,=Q-LiRp + 2CgHio
LiRa-Q-LiRy + 2ZrCly — (Ra—Q-Rp)ZrCly + 2LiCl;

In addition, the metal salts of the cyclopentadienyl
compounds such as the afore-meﬁtioned HR,Li and HRpLi may be
produced by addition reaction of aikyl groups or aryl groups,
for example, as described in European Patent No. 697418. More '
specifically, an alkyl.lithium compound or an aryl-lithium
"compound is reacted with an azulene derivative in an inert
solvent to pfoduce a lithium salt of a dihydroazulenyl
derivative. As the alkyl lithium qompounds, there can be used

methyl lithium, i-propyl lithium, n-butyl lithium, t-butyl
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lithium or the like. As the aryl lithium compounds, there can
be used phenyl lithium, p- chlorophenyl llthlum, p—fluorophenyl
llthlum, p-trlfluoromethylphenyl lithium, naphthyl lithium or
the like. In addition, -as the inert solvents, there can be-
used hexane, benzene, toluené, diethyl ether, tetrahydrofuran
or mixed solvents thereof. |

Next, the novel transition metal compounds classified
into the second group are explained below. The transition
" metal compounds of the second group are sﬁecific compounds .
. among those belonging to the first group, which aré

represented by the general formula (IiI):

(ITT)

In the general formula (III), R*; R?, R4, RS, Q, X, Y and
M have the saﬁe meanings as defiﬁed-in the above general
formula (II), and R?, R, Ri, R12, R, RM, R and R1 bonding
to 7fmembefed ring are indepéndently a hYdrocarbon group

having 1 to 20 carbon atoms or a halogenated_hydrbcarbon group
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having 1 to 20 .carbon atoms. The Ar represeﬁts an aryl'group;_
However, it is required that at least one of the two 7- -
membered rings is substituted with the halogenated hydrocarbon
| group having 1 to 20 carbon atoms. As the hydrocarbon groups
having 1 to 20 carbon atoms or the halogenated hydrocarbon
groups having 1 to 20 carbon atoms, there can be exemplified
the same hydrocarbon groups and halogenated hydrocarbon groups
as defined above with respect to thé general formula (II).
Specific examples of the aryl groups may include_a phenyl _
group, a naphthyl group, an anthryl group, a phenanthryl group
or the like. These aryl groups may be substituted by 1 to 5
halogen atoms or halogenated hydrocarbon groups.

Next,.the novel transition metal compounds classified -
into the third group are explained below. The transition
metal compounds of the third group are represented by ﬁhe

general formula (IV):

R’ . e R
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In the general formula (IV), R! and R4 afe independently
a hydrogen atom, a hydrocarbon gfoup having 1 to 6 carbon
atoms, a silicon—containing-hydrocarbon group having 1 to 7
garbon atoms or a halogenatéd hydrocarbon group having 1 to 6
carbon atoms. o

| Examples of the afo;e—mentioned hydrocarbon groups having
1 to 6 carbon atoms may include alkyl groups such_as'methyl,
 _ethy1 n-propyl, —propyl n-butyl, '—buﬁyl s-butyl, t-butyl,
n-pentyl, n—hexyl cyclopropyl cyclopentyl or cyclohexyl;
alkenyl groups such as vinyl, propenyl or cyclohexenyl a —
phenyl group; or the like.

Examples of the afore-mentioned silicon-containing
hydrocarbon groups having 1 to 7 carbon atomsfmay include
trialkylsilyl groups such as trimethylsilyl, triethylsilyl or
t-butyldimethylsilyl; alkylsilylalkyl groups such as |
bis (trimethylsilyl)methyl; or the like. | .

As the haldgen atom in.thé aforé-mentioned halogenated
hydrocarbon groups having 1 to 6 carbon atoms, there may be_
uéed the same atoms as descfibed with respect to the general
formula (IT). In case.where the halogen étom contained in the
halogenated hydrocarbon group is, for example, a fluorine atom,
the afore-mentioned halogenated hydrocarbon groups is that
substituted with_fluorihe atom aﬁ optional position(s) thereof.
Specific examples of the halogénated hydrocarboh-groups may .
include fluoromethyl, difluoromethyl, triflﬁbromethyl,
chloromethyl, dichloromethyl, trichloromethyl, bromomethyl,

dibromomethyl, tribromomethyl, iodomethyl, 2,2,2-
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trifluoroethyl, 2,2,1,1l-tetrafluoroethyl, pentéfluoroethyl;
pentachloroethyl, pentafluoropropyl, nonafluorobutyl,
trifluorovinyl, o-, m- or p-fluorophenyl, o-, m- or p-
chlorophenyl, o-, m- or p-bromophenyl, 2,4-, 3,5-, 2,6- or
2,5-difluorophenyl, 2,4-, 3,5-, 2,6- or 2,5-dichlorophenyl,
2,4, 6-trifluorophenyl, 2,4,6-trichlorophenyl,
pentafluorophenyl, pentachlorophenyl, or the like.

Among them, .as the R! and-R4, the hydrocarbon groups
having.l to 6 carboﬁ atomé such és methyl, ethyl, propyl or
butyl are preferred. | |

In the general formula (IV), R2 and RS are indepéndently,
a hydrogen atom, a hydrocarbdn_grbup having 1 to 10 carbon
~atoms, a siliconfcontaining-hydrocarbon group having 1 to 18
carbon atoms or a halogenated hydrocarbon group having 1 to 18
carbon atoms. Specific exaﬁples of the substituents R2 and R>
may be the same as those described in the general formula (II).

.In'the general formula (IV), R3 is a saturated or
unsaturated divalent hydroéarbon group having 3 to .10 carbon
atoms and forms a condensed ring in cooperation with a 5-
membered ring to which R3 is bonded. . Accordingly, the
condensed ring formed by the R3 is a 5- to 1l2-membered ring.

" Specific examples of the RP'may include divalent saturated
hydrocarbon groups suchias triﬁethylené,\tetramethylene,
pentamethylene or hekamethylene; divalent unsaturated -
hydrocarbon groups such as propenylene, 2-butenylene, 1,3-
butadienylene, l-pentenylene, 2-pentenylene, 1,3-

pentadienylene, 1, 4-pentadienylene, l-hexenylené, 2-hexenylene,
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3-hexenylene, 1,3-hexadienylene, 1,4-hexadienylene, 1,5-
hexadienylene, 2,4—hexadienylene, 2,5-hexadieny1ene or 1,3,5-
hexatrienylene; or the like. Among them, pentamethylene, 1,3-
pentadlenylene, 1, 4—pentad1enylene or 1,3,5- hexatrlenylene are
preferred. Further, pentamethylene, 1, 3-pentad1enylene or
1,4-pentadienylene are more preferred. Still further, 1,3-
pentadienylene or 1,4-pentadienylene are especially preferred.
That is, it is preferred that the R? is a Cs divalent
saturated or upsaturated hydrocarbon group forms a.condensed
ring iﬁ cooperation with.the S-membered ring to ﬁhich the R3
is bonded. It is more preferred that the R? is pentadienylene.
In the general formula (IV), R® is a saturated or
unsaturated divalent hydrocarboh group having 5 to 8 carbon
atoms and forms a condensed ring in cooperation with a 5-
membered ring to which RS is bonded. Aecordingly, the
condensed ring formed by the R is a 7- to'10—membered ring.
Specific examples of the RS may include divalent saturated
hydrocarbon groups such as pentamethylene, hexamethylene or
heptamethylene; divalent unsaturated hydrocarbon groups such
as l-pentenylene, 2-pentenylene, 1,3-pentadienylene, 1,4-
pentadienylene, 1-hexeny1ene;-2—hexeny1ene, 3-hexenylene, 1,3-
hexadienylene, 1,4-hexadienylene, 1,5—hexadieny1ene, 2,4-
hexadlenylene, 2,5-hexadienylene or 1,3,5- hexatrlenylene, or
the like. Among them, pentamethylene, 1, 3—pentad1enylene,
1,4-pentadienylene or 1,3,5-hexatrienylene are preferred,

Further, pentamethylene, 1,3—pentadieny1ene or 1,4~
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pentadienylene are more preferred. still further, 1,3-
pentadienylene or 1,4-pentadienyléne are especially.preferred.
That is, it is preferred that the R® is a Cs divalent
séturated or unsaturated hydrocarbon group forms a condensed

ring in cooperation with the S-membered ring to which the RS
is bonded. It is more preferred ;hat the.R6 is péntadienylene.
| In the general formula (IV), R? and R® are independently
a hydrocarbon group having 1"£o 20 carbon atoms,-an oxygen-
cqntaining.hydrocarbon group having 1 to 20 carbon aﬁoms, an.
amino gréup, a nitfogen—containing hydrocarbon gréup having 1
to 20 carbon atoms of a sulfur-containing hydrocarbon group
having 1 to 20 carbon atoms, with the proviso-that at least
one R® is present at a P- or remoter position on R® with
respect to the 5—membered ring. As the R’ and R8 of the
general formula (IV), there may be used the same groups as
those described in general formula (II) except for the
halogenated hydrocarbon groﬁps. | |
- In the general formula (IV), m.is an integer of 0 to 20
and n is an integer of 1 to 16. When m or n is an integer of
not less than 2, the R7 or the R® may be bonded to each other
to form a ring. The m and n are.preferably an integer of 1 to
5, more preferabiy 2 to 5. In the case where the m and/or n
are an integer of not less than 2, a plurality of R7 (or a
plurality of R8) may be the same or different. The pésition_
of R?® to which the R7 is bonded or the position of R® to which
the R® is bonded is nét particularly restricted except for the

_afore—mentioned definitions concerning the bonding position of
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the R®, but it is preferred that the R? or the R3Iis bonded to
~a carbon atom of the R3 or R6 adjacent to the 5-membered ring
‘(i.e., carbon atom of a-position).

In the general formula (IV), Q is a bridging group of the
two'Sfmembered rings, and represents a divalent hydrocarbon
groﬁp having 1 to 20 carbon atoms, a silylene or an
oligosilylene group which may be substituted‘with a
hydrocarbon group having 1 to 20 carbon atoms or a halogenated
hydrocarbon group having 1 to 20 carbon atoms,.or a_germylene
group which may be substituted with a hydrocarbon'group'having.
1 to 20 carbonlatoms or a halogenated hydrocarbon group having
‘1 to 20 carbon atoms. AS the Q of the general formula (IV),
there may be used the same groups'as thosé described in
general formula (II). _

In the general fotmula (IV), X and Y are independently a
hydrogen atom, a halogan atom, a hydrocarbon group;having 1 to
20~carbonlatoms;'a halogenated hydrocarbon'group having 1 to .
20 carbon atoms; a s1licon—conta1n1ng hydrocarbon group hav1ng :
1 to 20 carbon atoms, an oxygen—containing hydrocarbon group
having 1 to 20 carbon atoms, an amino group Or .a- nitrogen-
containing hydrocarbon group hav1ng 1 to 20 carbon atoms. As .
the X.and-Y of the general formula (IV), there may be used the
~same groups as those-described in:general formula (II).

In the general formula (IV), M is a transition metai
selected ffom the group consisting of elements belonging to

Group 4-6 of the Periodic Table. As the M of the general
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formula (IV), there may be-used the same transition metals as
those described in general formula (IT).

The novel.txansitioﬁ metal compounds represented by'the
generai formula (IV) can be produced'by the same production
method as used for the transition metal compound represented
by the ggneral formula (II). |

Next, the nqvel transition metal compounds classified
into the fourth group are explained below. The transition
metal cpmpounds of the fourth'group are represented by the

general formula (V):

(W)

In the general formula (V), R? and R¢ are independently a
hydrocarbon group having 7 to 12 carbon'atoms, a silicon-
dontaining hydrocarbqn group having 8 to 18 carbon atoms or a
halogenated hydrocarbon gréub having 7 to 12 carbon atoms.
Specific exémples of the afore;mentioned Rl and R% may include

alkyl groups such as n-heptyl, 1,1,2,2-tetramethylpropyl, n-
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octyl, s-octyl, n-nonyl or cyclohexylmethyl; alkenyl groups
such as 1-heptenyl,'2-heptenyi or cyclohexenvlmethyl; aralkyl
groups such as benzyl, l-phenylethyl or 2-phenylethyl; aryl
groups such as o~-, m- dr p—tolyi'or 2,5-dimethylphenyl; or the.
like. |

Specific examples of the.afo:e—mentioned siiicon—
containing hydrocarbon group having 8 to 18 carbon atoms may
include trialkyléilyl groups sﬁch as tripropylsilyl. tri-n-
butylsilyl or tri-t-butylsilyl; (alkyl) (aryl) silyl groups-
such as dimethylphenylsilyl_or methyldiphenylsilyl; alkylsilyl
alkyl groups such as tris(trimethylsilyl)methyl; or the like. :

As the halogen atom in the afore-mentioned halogenated
hydrocarbon groups having 7 to 12 carbon atoms, there may be
used the same atoms as described with respect ﬁo the general
formula (II). In case where the halogen atom contained in the
halogenated hydrocarbon gioup is, for exémple, a fluorine atom,
the aforefmentioned halogenated hydrocérbon groups is that
substituted with fluorine atom at optional position thereof.
. Specific examples of-the halogenated hyd:ocarbon groups may
include 1, 1-difluorobenzyl, 1,1,2,2-tetrafluorophenylethyl, 4-
fluoronaphthyl, 4-chloronaphthyl, 2,4-difluoronaphthyl,
heptafluoro-l-naphthyl, heptadhloro—l—naphthyl, o-, M- Or p- -
trifluoromethylphenyl, o-, m- or p-trichloromethylphenyl, 2,4-,.
3,5-, 2,6- or 2,5¥bis(trifluoromethyl)ﬁhenyl, 2,4-, 3,5-, 2,6~
or 2,5-bis(trichloromethyl)phenyl, 2,4,6-

tris(trifluoromethyl)phenyl, 4-trifluoromethylnaphthyl, 4-
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trichlorbmethylnaphthyl, 2, 4-bis {trifluoromethyl)naphthyl or.
the like.

Among them, as R! and R%?, the hydrocarbon groups such as
n-heptyl, benzYl or l-phenylethyl ére preferred. Further, the
aralkyl groups such as benzyl or l-phénylethyl aie more
preférred.. |

In the general formula (V), R2 and RS are indepepdently a
hydrogen atom,'a hydrocarbon group having 1 to 10 carbon atoms,
a silicon-containing hydrodarbon group having 1 to 18 ca;bon -
atoms or a halogenated hydrocarbon group having 1 to 18 carbon
atoms. As the R2 and RS of the general formula (V), there may
be used the same groups as described in the general formula -
(ID). |

In thé general formula (V), R3 and R® are independently a
saturated or unéaturated di;alent hydrocarbon group having 3
to 10 carbon atoms and forms a condensed ring in cooperation .
ﬁith.S—membered rings to which R3 and R® are respectively
bonded, with the proviso that at leésf one of R?® and RS has 5
to 10 carbon atoms and forms a 7- to‘10—membered condensed
rihg having ét least one unsaturated bond derived from R? or
Ré. As the R3 ana R of the general formula (V), there may be
used the same groups as descfibed in the geﬁeral formula (II).

In the general formula (V), R? and R® are independently a
-hydrocarbon group having 1 to 20 carbon atoms, an oxygen—"".”:.'=
' containing hydrocarbon group having 1 to 20 carbon atoms, ah-
amino group, a nitrogen-containing h&drocarbon'grqup having'l

to 20 carbon atoms or a sulfur-containing hydrocarbon group
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having 1 to 20 carbon atoms. As the R7 and R® of the general

formula (V), there may be used the same groups as described in - - -

- the general formula (II) except for halogenafed hydrocarbon
groups. | |

In the general formula'(V),'m and n are independently an
iﬁteger of 0 to 20, pfeferably 1 to 5. In the case where:the
m and/or n is an integer of 2 to 20, a plufality.of R? (or a -

-pluraiity of R8) may be the same or different. However, in

this case; m and n are not zero at the same time. In addition,- - .=

when the m or n is an integer of not less than 2, R? Or_RSImﬂ[
be bonded to each other to form a ring. The substituent group
R7 or Rﬁ.may be bonded to any position of R3 or R6, but it is
preferred that the R7 or the R® is bonded to a carbon atom of
R3 or RS adjacent to the.S—membered fing (i{e., carbon. atom of
o-position).

In the.general formula (V), Q is a bridging group of the
two 5-membered rings} and repreSents a divaient hydrocarbon“
group having 1 to 20 carbon atoms, a silylene or an
oligosilyiene-group which may be'substituted with a
hydrocarbon group.having l_to.20 carbon atéms'or a halogenated -
hyd:ocarbon group having l.to 20 carbon atoms, or a germylene
- group which may be substituted_with a hydrocarbon group having
.1 to 20 carbon atoms or a haldgena;ed hydrocarbon group having
1 to 20 carbon atoms. As the Q of the general formula (V),
there may be used the same gfoups as describéd for that of the

- general formula (II).
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In the general formula TV)} X and Y are independently a
hydrogen atom, a halogen atom, a hydrocarbon group“having 1 to
20 carbon atoms, a halogenated hydrocarbon group having 1 to
.20 carbon atoms, a silicon-containing hydrocarbon group having
1 to 20 carbon atoms, an oxygen-containing hydrocarbon group
having 1 to 20 carbon atoms; an amino group or a nitrogen—.
containing hydrocarbon group having 1 to 20 carbon atoms. As
the X and Y of the general formula (V), there may be used the -
same groups as described for those of the general formula (II).

In the general formula (V), M is a transition metal
selected from the group éonsisting-of eleménts belonging to
Group 4-6 of the Periodic Table. As the M of the general
formula (V), there may be used the same transition metals as
described for that of the general formula (II).

The novel transition métal compounds represented by the
general formula (V) can be produced by the same production
method as used for the transition metal compouﬁd represented

by the general formula (II).
| Next, ‘the novel transition metal compounds-cléssified
into. the fifth group are explained below. The transition
metal compounds of the fifth group are repreéented by the

-general formula (VI):
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R’m
\EK:‘\\ R2
- R3
Rl
N X
A M—Y

R D

In the general formula (VI), R, RZ, R% and RS are
independently a hydrogen atom, a hydrocarbon group having 1l to
10 carbon atoms, a silicon-containing hydrocarbon group having
1 to 18 carbon atoms or a halogenated hydrocarbon group having
1 to 18 carbon atoms. As the Rl,'RZ, R4 and R® of the general
formula (VI), there may be used the same groups as described
for those of the general formula (II).

In the general formula (VI), R® and 35 are iﬁdependently
a saturated or unsaturated divalént hydrocarbon group having 3
to 10 carbon atoms and forms a condensed ring in cooperation
with S-membered rings to which R3 and R® are respectively
bonded, -with the proviso Ehat at least one of R3 and R® has 5
to 8 carbon atoms and forms a 7- to iO—membered condensed ring
having at leést one unsaturated bond derived from R? or RS. As
the R3 and R6 of the general formula (VI), there may'be used
the same groups as described for those of the general formula

(II) except for halogenated hydrocarbon groups.
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In the geﬁeral formula (VI), R7 and R8 are independently
a hydrocarbon group having 1 to 20 carbon atoms, an oxygen-
cohtaining hydrocarbon group having 1 to 20 carbon atomé, an
amino group, a nitrogen-containing hydrocarbon group having 1
to 20 éarboﬁ atoms or a sulfur-containing hydrocarbon group
having 1 to 20 carbon atoms. As the R?7 and R8 of the general
formula (VI), there may be used the same groups as described
for those of the general formula (II).

In the general'formula_(VI), Q is a silicon atom, a
germaniﬁm atom 6r.a tin atom. Among them, a silicon atem and
‘a germanium atom are preferred.

In the general formuia (VI), A is a divalent unsaturated
hydrocarbon group having 3 tb 12 cafbon atoms and formsfa ring
in cooperation with the Q to which A is bonded. Specific
examples of-such.unsaturated hydrocarbon groups may include
‘divalent unsaturated hydrocarbon'groups such as propenylene,
butenylene, butédienylene, pentenjlene, pentadienylene,
hexenylene, hexadienylene, hexatrienylene or the like. Among -
- them, divalent hydroéafbon groups having 3 to 5 carbon atoms |
such as propenylene, butenylene, butadienylene, pentenylené or -
pentadienylene are préferred. Further, butadienylene is more
preferred. |

In the general formula (VI), R® is a saturated or
unsaturated hydrocarbon group having 1 to 10'carboﬁ atpm.
Specific.gxamples of such unsatu;ated hydrocarbon groups may
include'alkyl groups such as methyl, ethyl, n-propyl, i-propyl,

n—butyl, i-butyl, s—butyl,-t-butyl, n-pentyl, n—hexyl,
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cyclopropyl or.cyciopentYl; alkenyl groups such as vinyl,
propenyl, butenyl, butadienjl, hexenyl or hexadienyl; aralkyl
groups such as behzyl, phenylethyl or phenylpropyl; '
afylalkeﬁyl groups such as trans-styryl; aryl groups'such as
phenyl, tolyl, dimethylphenyl, ethylphenyl, trimethylphenyl,
l-naphthyl or 2—naphthyl} or the like. Among them, methyl,
ethyl, n—propyl,'i-propyl, propenyl or butenyl are preferred.

In the general formula (VI), m and n are independently an
integer of 0 to 20. Them and.n'are.preferably an integer of
1l to5. In Ehe case where the m and/or n are an integer of 2
to 20, a plurality of R? (or a plurality of R8®) may be the
same or different. However, in this case, m and n are ﬁot
zérolat the same time. In addition, when the m or n is an
integer of not less than 2, R7 or RS ﬁay be bonded to each
.other to form a ring. The position oflRﬁ to which the R? is
bqnded or the position of R6 to which the R® is.bonded is not
particularly restricted, but it is preferred that the R7 or
the R® is bonded to a carbon atom of R3 or R® adjacent to.the
_ S—membéred ring (carbon atom of a-position). The 1 is an
integer of 0 to 22, preferably an integer of 1 to 10, more
preferably an integer of 1 to 4; When the 1 is an integer of
2 to 22, a plurality'of R2 may be the same or different; |
Further, when the 1 is an integer of not less than 2;.the R2
may be bonded to each other to form a ring.

In the general formula (VI), X and Y are independently a
hydrogen atom, a halogen atom, a hydrocarbon group having 1 to

20 carbon atoms, a halogenated hydrocarbon group having 1 to



-47-

20 Cafbon atoms, a silicon-containing hydrocarbon group having
1 to 20 carbon atoms, an oxygen-containing hydroearbon group
héving 1 to 20 cerbon atome, an amine group or a nitrogen-
'containing hydrocarbon group having 1 to 20 carbon atoms. As
the X and Y of the general formula (VI), there may be used the-
same groups as described for those of the general formula (II).

In the general formula (VI), M is a transition metal
selected from the group consisting of elements beionging to
Group 4-6 of the Periodic Table. As the M-of the general_'
formula (VI), there may be used the same transition ﬁetals as
described for that of the general formula (II). |

The novel transition metal compounds represented by the
general formula (VI) can be produced by the same productiqn
method as used for the transition metal compound repfesented
by the general formula (II). In this case, in the reaction
scheme exemplified-fer the transition metal COmﬁound
_ represented by the general formula (II), the QCl, is

represeﬁted by the following general formula:

Cl

S Na
Ral |

(QCl2)

Specific examples of the transition metal compounds
_according to the present invention may include the below-
mentioned compounds. Incidentally, although these compounds

are indicated below merely by chemical names thereof, it is
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intended thét each invol&es both cbmpounds haviné symmeﬁrical -
“and asymmetrical stereo structures as mentioned above. First,
for better understanding of nomenclatures of these transition
metal compounds, the structural formula of zirconium chloride
compound (1).is represented below. It should be noted that

the zirconium chloride compound is also named as “"methylene
bis{l,l'—(Z—methyl—4-phenyl-1,4-dihydroazu1enyl)} zirconium
dichloride, if the nomenclature derived from a compound before
'complexing.thereof which has-a skeleton of 1,4—dihydroazulene

is considered.

(Chemigal formula)
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(1) methylene bis{l,l'-(2—methyl—4—phenyl—4—hydroazulenyl)}
zirconium dichloride; |

(2) methylene'bis{l,l'—(4—hydroeznlenyl)} zirconium
dichloride;

(3) methylene bis{l,l'-(2—methyl—4—hydroazu1enyl}}'zireonium
dichloride;

(4) methylene bis{1l,1'-(2,4-dimethyl-4-hydroazulenyl)}
zirconium dlchlorlde,
~({5) methylene bis{1l,1'-2-ethyl-4-hydroazulenyl)} zirconium
dichloride;

{6) methylene bie{l,l'—(2—ethyl—4—methyl—4—hydroazulenyl)}
zirconium dichloride; _

(7) methylene bis{l,l'—(2—ethyl-4-phenyl—4—hydroazulenyl)}
zirconium dichloride; _ |

(8) methylene bis{1l,1'-(2,4,4-trimethyazulenyl)} zirconium
dichloride; o |

(9) methylene bis{l,l'—(2-methy1—4,5,6,7,8—
pentahydroazulenyl)} zirconium dichloride;'

(10) methylene bis{l,1'-{(2-methyl-4-phenyl-4,5,6,7,8-
pentahydroazulenyl)} zirconium dichloride; |

(11) methylene bls{l 1'-(4-methyl- 4—hydroazuleny1)} zirconium
dichloride; 'f'- ' h S
(12) methylene bis(l,l'—k4—pheny1-4-hydroazulenyl)} zirconium
dichloride; | o _ .

(13) methylene bis{l,l'-(4—isepropyl—4-hydroazu1eny1)}

- zirconium dichloride;
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(14) methylene bis{l,i'—(4—naphthyl—4;hydroazu1eny1)}
zirconium dichloride;

(15) methylene bis{1l,1'-(2-phenyl-4-hydroazulenyl)} zirconium
dichloride; |

(16) methylene bis{1l,1'-(2-benzyl-4-hydroazulenyl)} zirconium
dichloride;

(17) ﬁethylene bis{l,1'-(2-styryl-4-hydroazulenyl)} zirconium
dichloride; | |

(18). methylene bis{l,1'-(2—t;butyl—4-hydroazu1enyl)} zirconium
dichioride;

(19) methylene-bis(l,l'—cyclopentacyclooctenyl) zirconium
dichloride;

(20) methylene bis{1,1'¥(4—methylcyclopentacyclooctenyl)}
zirconium dichloride; |

(21) methylene bis{1,1'-(4-ethylcyclopentacyclooctenyl)}
zirconium dichloride; | |

(22) metﬂylene bis{l,l'-(4-phenylcyclopentacYclooctenyl)}
zirconium dichloride; |

(23) methylene bis{1,1'-(2-ethyl-4-
phen?lcyclopentacyclooétenyl)} zirconium dichloride;

(24) methylene bis(l,1'-(4-methyl-4,5,6,7, 8,9-
hexahydrocyclopentacyclooctenyl)} 21rcon1um dichloride;

(25) methylene bis(9-bicyclo([8.3.0]trideca-2 —methylpentaenyl)
zirconium dichloride;

(26) methylene bis(9-bicyclo[8.3.0]trideca-2,12~

dimethylpentaenyl) zirconium dichloride;



~-51-

- (27) methylene bié(9—bicyé10[8.3;0]trideca—z,12—
dimethyloctahydropentaenyl) zirconium dichloride;

(28) methylene bis(9—bicy¢lo[8;3.0]trideca—2-pheny1,12—
ethylpentaenyl) zirconium dichloride;

(29)Ieﬁhy1ene bis{l,l'-(4—hydroazuleny1)} zirconium
dichloride;

(30) ethylene bis{l,1'-(2-methyl-4—hydroazulenyl)}.zircéniﬁm'
dichloride; - | _

(31) ethylene bis{l,l'—(2,4—dimethyl—4—hydroazﬁleﬁy1)}
.zirconium dichloride;

(32) ethylene bis{l,1'—(2—methyi-4—pheny1—4-hydroazulenyl)}
zirconiuﬁ dichloride; | _

(33) ethylene bis{l,1'-(2-ethyl-4-hydroazulenyl)} zirconium
dichloride;

(34) ethylene bis{1,1'-(2-ethyl-4-methyl-4-hydroazulenyl)}
zirconium dichloride; | .

(35) ethylene bis{l,l'—(Z—ethylf4-phenyl—4—hydroazuleny1)}
‘zirconium dichloride; | |

(36) ethyiene bis{1,1'-(2,4,4-trimethylazulenyl)} zirconiﬁm
dichloride; | |
(37) ethylene bis{l,i'-(2;methyi-4,5,6,7,8—
pentahydroazulenyl)} zirconium dichloride;

(38) ethylene bis(l,1'-(2-methyl-4-phenyl-4,5,6,7,8-
pentahydroazuienyl)} zirconium dichloride;

(39) ethylene bis{l,l'—(4—methyl—4—hYdroazu1enyl)} zirconium

dichloride{



-52-

(40) ethylene bis{l,l'-(4;pheﬁyl—4—hydroazulenyi)} zirconium
dichloride; | ' ' N e
(41) ethyléne bis{l,l'A(4—isopropyl¥4—hydrqazulenyl)}
zirconium dichloride; | |

(42) ethylene bis{l,l'-(4—naphthy1—4—h&dranulenyl)} zirconium . _
dichloride; | |
(43) ethylene bis{1,1'-(2-phenyl-4-hydroazulenyl)} zirconium
dichloride; '_ _

(44) ethylene bis{l,1{—(2-ben§yl—4-hydroazulen§l)} zirconium:
dichloride;

(45) ethylene biskl,l'-(2—styryl—4—hydroazulenyl)} zirconium
dichloride; | _

(46) ethylene bis{l,1'-f2-t—butyl—4fhydroazulenylY} zirconium
dichloride;

(47) ethylene bis(l,1'—cyclopentacyblooctenyl) zirconium .
dichloride; - |

{48) ethylene bis{l,l'—(4—methylcyc10pentac§clooctenyl)}
zirconium dichloride; - - : . g
(49) ethylene bis{l,1'—(4-ethylcyclopentacfélooctenyl)}
zirconium dichloride; | _

(50) ethylene bis{1l,1'- (4-phehylcyclopentacyclooctenyl)}
zirconium dichloride;

(51) ethylene bis{1,1'-(2-ethyl-4-
phenylcyclopentacyclooctenyl) } zircqnium dichloride;

(52) ethylene bis{l,1'-(4-methyl-4,5,6,7,8,9-

hexahydrocyclopentacyclooctenyl)} zirconium dichloridé;
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(53) ethylene bis(9—bicyélo[8.3.0]trideca—Zfmethylpentaenyl)
zirconium dichloride; |

(54) ethylene bis(9-bicyclo[8.3.0]trideca-2,12-
dimethylpentaenyl) zirconium dichloride; |

(55) ethylene-bis(Q—bicyclo[8.3.0]trideca-2,12- -
,dimgthyloctahydropentaenyl) zirconium dichloride; -

(56) ethylene bis(9-bicyclo[8.3.0]trideca-2-phenyl,12- -
ethylpentaenyl) zirconium dichloride; |

(57) ethylene (l-indenyl) {1-(4-hydroazulenyl)} zircbnium
dichloride;

(58) ethylene {1-(2-methylindenyl)}{1-(2-methyl-4-
hydroazulenyl)} zirconium dichloride; | _
(59) ethylene {1-(2-methyl-4,5-benzoindenyl) } {1- (2, 4-dimethyl-
4-hydroazulenyl)} zirconium dichloride; ”_ -
(60) ethyiene {1-(2-methyl-4-phenylindenyl) } {1-(2-meéthyl-4-
phenyl-4-hydroazulenyl)} zirconium dichloride;
(61)'ethy1ene_(14(2-ethyl-4—phenylindenyl)}{1-(2-ethyl-4—
hydroazulenyl) } zirconium dichloride; |

(62) ethylene {1-(2,4-dimethylcyclopentadienyl)}{l-(2-ethyl-4-
methyl—4}hyd£oazulenyl)} zirconium dichloride;

(63) ethylene {i—(Zrmethyl-4,S—benzoindenyl)}{1—(2-ethyl—4—
phenyl-4- hydroazulenyl)} zirconium dichloride; |
(64) ethylene {1- (2—methyl 4-pheny11ndeny1)}{1 (2 4,4~
trlmethylazulenyl)}_21rcon1um dichloride;

(65) ethylene {l—(2—methyltetrah?droiqdenyl)}{1—(2—methy1f

'4,5,6,7,8—pentahydroazu1enyl)} zirconium dichloride;
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(66) ethylene {1-(4-t-butyl-2-methylcyclopentadienyl)}{1-(2-
meth§1—4-phenyl-4,5,6,7,84pentahydroazuienyl)} zirconiuﬁ
dichloride; |

(67) ethylene {1-(2-ethyl-4-phenylindenyl)}{1-(4-methyl-4-
hydroazulenyl))‘zirconium'dichloride; | _

(68) ethylene {1—(2-phenylindenyl)}{l—(4—bhenyl-4—'
hydroazulenyl)} zirconium dichloride;

(69) ethylene {1—(2—propy1¥4—phenyliﬁdenyl)}{1—(4-isopr6pyl—4-
hydroazulenyl)} zirconium dichloride;

(70) ethylene {1-(2-t-butylindenyl)}{1l-(4-naphthyl-4-
hydroézulenyl)) zirconium dichloride}

(71) dimethylmethylene bis{l,l'—(4-hydroazuleny1)} zirconium
dichloride; o |

(72) dimethylmethylene bis{1l,1'-(2-methyl-4-hydroazulenyl)}
zirconium dichloride; | | -
(73) dimethylmethylene bis(l,1'-(2,4-dimethyl-4-
hydroazulenyl)}'zirconium dichloride;

(74) dimethylmethylene bis{l,1'-(2-methyl-4-phenyl-4-
hydroazulenyl)} zirconium dichloride; - ' |
- (75) dimethylmethylene bis{l,l'—(2—ethy1—4—hydxoazulenyl)}
zircdnium dichloride; | |

(76) dlmethylmethylene bls{l 1'-(2-ethy1 4—methyl -4-
-hydroazulenyl)} zirconium dichloride;

(77) dimethylmethylene bis{1, 1'—(2-ethy1—4—phenyi—4—.
hydroazulenyl)} zirconium dlchlorlde, |

(78) dlmethylmethylene bis{1,1 —(2 4,4- trlmethylazulenyl)}

zirconium dichloride;
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(79) dimethylmethylene bis{1,1'-(2-methyl-4,5,6,7,8-

pentahydroazulenyl)} zirconium dichloride; | -
(80) dimethylmethylene bis{1l,1‘-(2-methyl-4-phenyl-4,5,6,7,8-
pentahydroazulenyl)} zirconium dichloride;

l(81) dimethylmethylene bis{lﬁl'5(4:methy1—4—hydroazulenyl)}

'zirconium dichloride; B o
(82) dimethylmethyléne bis{l,l'—(4—phenyl—4—hydroazulenyl)}
zirconium dichloride; _

(83) dimethylmethylene bis{l,l'-(4-isopropyl-4—hydroazulenyl)}
zirconium dichloride; - |

(84) dimethylmethylene bis{l,l'-(4-naphthyl;4—hydroazulenyl)}
zirconium dichloride;

(85) dimethylmethylene bis{l,i'—(2—pheny1-4—hydroazu1enyi)}-
zirconium dichloride; |

(86) dimethylméthyiene bis{l,l'-(2-benzyi—4—hydroazu1enyl)}
zirconium dichloride; '

(87) diﬁethylmethylene bis{l,1'-(2-styryl-4-hydroazulenyl)} .
zirconium dichloride; |

(88) dimethylmethylene bis{l,l'—(2—t—butyl—4—hydréazulenYI)}-

zirconium dichloride; | | _

(89) dimethylmethylene bis(l;l;—cyclopéntacyclooctenyl)__
zirconium dichloride;

(90) dimethylmethylene biS{l,l'—(4—

'methylcyc1opentacycloocteny1)} éipconium dichloride; -

(91) dimethylmethylene bis{1l,1'-(4-

ethylcyc1opehtacyclooctenyl)} ziféonium dichlbride;
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(92) dimethylmethylene bis{l,l'—(4— | e
phenylcyclbpentacyclooctenyl)} zirconium dichioride;

(93) dimethylmethylene bis{l,i'—(zjethyl—44
phenquyclopentacyclooctenyl)} zirconium dichloridé;

(94) dimethylmethylene bis{l,1'—(4—methyl-4,5,6,7,8,9;
_hexahydroéyclopentacyclooctenyl)} zirconium dichloride;

(95) dimethylmethylene bis(9—bicyclo[8.3.0]trideca—2-methyl”;
pentaenyl)'zirconium dichloridé;

(96) dimethylmethylene bis(9-bicyclo[8.3.0]trideca-2,12- . S
. dimethylpentaenyl) zirconium dichloride; |
(97) dimethylmethylene bis(9-bicycio[8;3.0]trideca—2,12—
dimethyloctahydropentaenyl) zirconium dichloride;

(98) dimethylmethylene bis(9-bicyclo[8.3.0]trideca-2-phenyl,
iz—ethylpentaenylr iirconium dichloride;. _

{(99) dimethylmethyleﬁe (1-indenyl)}{1-(4—hydroazulenyl)}
zirconium dichlofide;

(100) dimethylmethylene {1—(2-methy1indenyl)}{1—(2-methyi-4-
hydroazulenyl)} zirconium dichloridef

331(101) dimethylmethylene {1-(2-methyl-4,5-benzoindenyl)}{1-
fz,4—dimethyl—4—hydroazulenyl)} zirconium dichloride;

(102) dimethyimethylene {1- (2-methyl-4-phenylindenyl) }{1-(2-
methyl—4-phenyl—4-hydroazﬁlenyl)} zirconium dichloride;

(103) dlmethylmethylene {1-(2-ethyl- 4—pheny11ndeny1)}{1 (2-_
ethyl =4- hydroazulenyl)} zirconium dlchlorlde,

(104) dlmethylmethylene {1-(2,4- dlmethylcyclopentadlenyl)}{1—

(2—ethy1—4-methyl—4—hydroazu1eny1)} zirconium dichloride;
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(105) dimethylmethylene {1-(2-methyl-4,5-benzoindenyl) }{1-(2-
ethyl-4—phenyl—4—hydroazulenyl)} zirconium dichldride;--'
(106) dimethyimethylene {l—(2—methyl—4—phenylindeny1)}{1—
(2,4,4—triméthy1azulenyl)} zirconium dichloride;

{107) dimethylmethylene {1- (2-methyltetrahydroindenyl) }{1-(2- -
-methy1-4,5,6,7,8-pentah&droazulenyl)} zirconium dichloride; - -
(108) dimethylmethylene -{1-(4-t-butyl-2-
'methylcycloﬁentadienyl)}{1—(2-methy1—4-phenyl-4,5,6,7,8—
pentahydroaiulenyl)} zirconium dichloride;

(109) dimethylmethylene {1-(2-ethyl-4-phenylindenyl)}{1-(4~
methyi—4—hydroazﬁ1enyl)} zircoﬁium dichloridef

(110) dimethylmethylene {1-(25phenylindeny1)}{1—(4-phenyl—4—u”.
hydroazulenyl)} zirconium dichloride;

(111) dimethylmethylene {1-(2-propyl-4-phenylindenyl)}{1-(4-
isopropyl-4-hydroazulenyl)} zirconium dichloride;

(112) dimethylmethylene {1-(2-t-butylindenyl)}{1-(4-naphthyl-
~ " 4-hydroazulenyl)} zirconium dichloride; |

(113) .2,3-butylene bis{1l,1’-(2-methyl-4-phenyl-4-
h&droazulenyl)} zirconium dichloride; |

(114) dimethylsilylene bis{l,1'-(4-hydroazulenyl)} zirconium
dichloride;. ' |
(115) dimethylsilylene bis{l,l'-(2;methyl-4—hydroazulenyl)}
-zirconium dichloride;

(116) dimethylsilylene bis{1,1'-(2, 4-dimethyl-4-
hydroazulenyl)} zirconium dichloride;

(117) dimethylsilylene bis{1,1'-(2-methyl-4-phenyl-4-

"~ hydroazulenyl)} zirconium dichloride;
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- (118) dimethylsilylene;bis{l,l'—(z;ethyl—4-hydroazu1enyl)}
zirconium dichloride; |

(119) dimethylsilylene bis{l,1'—(2—ethy1—4-methyl—4-
hydroazulenyl)} =zirconium dichloride;

(120) dimethylsilylene bis{1l,1'-(2-ethyl-4-phenyl-4-
hydroazulenyl)} zirconium dichloride;

(121) dimethylsilylene;bis{l,1'—(2,4,4-trimethylazulenyl)}
zirconium dichloride; |
(122) dimethylsilylene bis{1,1'-(2-methyl-4,5,6,7,8-
pentahydroazulenyl)} zirconium diéhloride;

(123) dimethylsilylene bis{l,l'—(2-hethyl—4—phenylé4,5,6,7,8—
pentahydroazulenyl)} zirconium dichloride;

(124) dimethylsilylene bis{l,l‘;(4;methyl—4-hydroazulenyl)}_

" zirconium dichloride;

(125) dimethylsilylene bis{l,l'—(4-phenyl-4-hydroazuienyl)}
zirconium dichloride;

(126) dimethylsilylene bis{1,1'-(4-isopropyl-4-hydroazulenyl)}
zirconium dichloride;

(127) dlmethylsllylene bls{l 1'-(4-naphthyl- 4-hydroazulenyl)}l
zirconium dlchlorlde, - _

(128) dimethylsilylene bis{l,;'—(2-phenyl-4-hydroazuienyl)k
zirconium dichloride; .
(129) dimethylsilylene bis{l,l'-(2—benzy1—4-hydroa2ulenyl)}
zirconium dlchlorlde,

(130) dimethylsilylene bis{1,1'-(2-styryl- 4—hydroazulenyl)}

zirconium dichloride;
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(131) dimethylsilylene bis(l,l'—(2—t—butyl—4-hydroazulenyl)}
zirconium dichloride; |

(132) dimethylsilylene_bis(l,1'fcyclopentacyclooctenyl)
zirconium dichloride; |

- (133) dimethylsilylene bis{1,1'-(4-
mefhylcyclopentacyclobctenyl)} zirconium dichloride;

(134) dimethylsilylene bis{l,1'-(4-
ethylcyclopentacyclooctenyl)} zirconium dichloride; -
(135) dimethylsilylene bis{l,l'-(4— |
phenylcyclopéntacyclooctenyl)} zirconium dichloride;

(136) dimethylsilylene bis{l,1'-(2-ethyl-4-
phenylcyclopéntacyc1ooctenyl)} zi;conium dichloride;

(137) dimethylsilylene bis{l,l'-(44methyl-4,5,6,7,8,9—
hexahydrocyclopentacyciooctenyl)) zirconium dichloride;'
(138) dimethylsilylene bis(9-bicyclo[8.3.0]trideca-z—
methylpentaenyl) zirconium dichloride; |

(139). dimethylsilylene bis(9ebicyclo[8;3.0]trideca-2,12-
dimethylpentaenyl) zirconium dichloride; |

(140) dimethylsilylene bis(9—bicyclo[8;3.0]trideéa—2;12—
dimethyloctéhydropentaenYl) zirconium dichloride;

(141) dimethylsilylene bis(9-bicyclo[8.3.0Jtrideca—Z-phenyl,
12-ethylpentaenyl) zirconium dichloride; o
(142) dimethylsilylene (l—indenyl){1—(4—hydr¢ézulenyl)}
zirconiﬁm dichlofide; ' | |

{(143) dimethylsilylene'{1-(2—methylindény1)}{1—(2—methy1—4—

hydroazulenyl)} zirconium diéhloride;
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(144) dimethylsilylene {1-(2-methyl-4,5-benzoindenyl) } {1-(2,4-
dimethyl-4-hydroazulenyl)} zirconium dichloride;

(145) dimethylsilylene {1-(2-methyl-4-phenylindenyl)}{1-(2-
methy1~4—phenyl—4—hydrdazulenyl)} zirconium dichloride;

(146) dimethylsilylene_{1-(2;ethyl—4—phenylindeny1)}(1—(2—
ethy1—4—hydroazuleﬁyl)} zirconium dichloride;

(147) dimethylsilylene {1-(2,4~dimethylcyclopentadienyl) } {1-
.(2-ethyle4—methyl—4-hydioazulenyl)}'zirconium dichloride;
(148) dimethylsilylene {14(2—methyl-4,S—benzoindenyl)}{1—(2—w“
.ethyl—4—phenyl-4-hydroazuleny1)} zirconium dichloride;

(149) dimethylsilylene {1-(2-methyl-4-phenylindenyl) }{1-
(2,4,4-trimethylazulenyl)} zirconium dichloride; '

(150) dimethylsilylehe {1-(2-methyltetrahydroindenyl) } {1-(2-
methyl-4,5,6,7, 8-pentahydroazulenyl)} zirconium dichloride;
(151) dimethylsilylené {1-(4-t-butyl-2-
methylcyclopentadienyl)}{1-(2—methyl;4-phenyl—4,5,6,7,8—
pentahydroazulenyl)} zirconium dichloridé;.

(152) dimethylsilylene {1-(2-ethyl-4-phenylindenyl)}{1-(4-
methyl—4—hydroazulenyl)} zirconium dichloride;
(153)-dimethylsilylene {1-(2-phenylindenyl) }{1-(4-phenyl-4-
hydroazulenyl) } zirconium_dichloride;

(154) dimethylsilylene {1-(2-propyl-4-phenylindenyl)}{1-(4-
isopropyl-4-hydroazulenyl)} zirconium dichloride; _ | ;
(155) dimethylsilylene {1;(2~t—butylindenyl)}{1-(4—naphthyl-4—
hydroazulenyl)} zirconium dichloridé; _

(156) (methyl) (phenyl)silylene bis{1l,1'-{(4-hydroazulenyl)}

zirconium dichloride;
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(157) (methyl) (phenyl)silylene bis{l,l}—(Z—méthyl—44'
hydroazulenyl)} zirconium dichloride; .
(158) (methyl) (phenyl)silylene bis{l,l'—(z,.4—dimethyl-4-
hydroazulenyl)} zirconium dichloride;

(159) (methyl) (phenyl)silylene bis{1,1'~-(2-methyl-4-phenyl-4-
hydroazulenyl)}'zirconium dichloride;

(160) (methyl) (phenyl)silylene bis{1,1'-(2-ethyl-4-

- hydroazulenyl)} zirconium dichléride;.' |

(161) (methyl) (phenyl)silylene bis{l,1'-(2-ethyl-4-methyl-4-
hydroazulenyl)} zirconium dichioride;

(162) (methyl) (phenyl)silylene bis{1,1'-(2-ethyl-4-phenyl-4-
hydroazulenyli} zirconium dichloride; |
(163) (methyl) (phenyl)silylene bis{1,1'-(2,4,4- .
trimethylazulenyl)} zirconium dichloride;

(164) (methylf(phenyl)silylene bis{lvl'—(2—methyl—4,5,6,7,84'h
pentahydroézulenyl)} zircbniﬁm dichloride; _

| (165) (methyl) (phenyl)silylene bis{l,1'-(2-methyl-4-phenyl-
4,5,6,7,8-pentahydroazulenyl)} zirconium dichloride;

(166) diphenylsilylene bis{i,l'-(4-hydroazulenyl)} zirconium
dichloride;

(167) diphenylsilylene bis{l,l'—(2-methy1-4—hydroazulenyl)}
zircoﬂium dichloride; _ _ |
(168) diphenYlSilylene bis{l,l'—(z, 4-dimethyl-4-
hydroazulenyl)} zirconium dichloride; ' |

(169) diphenylsilylene bis{1l,1'-(2-methyl-4-phenyl-4-

hydroazulenyl) } zirconium,dichioride;_

-~
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(170).dipheny1silylene bis(l,l'-(2—ethyi—4—hydr9azulenyl)}
zirconium dlchlorlde,

(171) diphenylsilylene bis{1,1'-(2- ethyl 4—methyl -4-
hydroazulenyl)} zirconium dichloride;

(172) dlpheny1511ylene bls{l 1'—(2-ethyl 4-phenyl -4-
.hydroazulenyl)} 21rcon1um dichloride;

(173) diphenylsilylene bis{1,1'-(2,4,4-trimethylzulenyl)}
zirconium dichloride; |

(174) diphenylsilylene bis{1,1'-(2-methyl-4,5,6,7,8-
pentahydroézulenyl)} zirconium aichloride;

(175) diphenylsilylene bis{l,l'—(2-methyl—4—phenyl-4}5,6,7,8-
pentahydroazulenyl)} zirconium dichioride; '
(176) tetramethyldisilylene bis{l,l';(4-hydroazulenyl)}
zirconium dichloride; |
'(177) tetramethyldiéilylene bis{l,l'-(2—methyl-4—
hydroazulenyl)} zirconium dichloride;

(178) tetramethyldisilylene bis{1,1'-(2, 4-dimethyl-4- "~
" hydroazulenyl) } 21rcon1um dichloride;

(179) tetramethyldlsllylene bis{1, 1'—(2—methy1 4-phenyl-4- -
hydroazulenyl)} zirconium dichloride;

(180) tetramethyldisilylene bis{l,l'—(z—ethyl?4—
hydroazulenyl)} zirconium dichloride;.

(181) tetramethyldisilylene bis{l,l*—(2—ethyl-4rmethyl-4— -
hydroazulenyl)} zirconium'dichloride;

(182) tetramethyldlsllylene bis{1, 1'-(2 ethyl 4—phenyl -4-

hydroazulenyl)} zirconium dichloride;
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(183) tetramethyldisilylene bis{l,l'—(2,4,4— e
trimethylazulenyl)} zirconium dichloride;

(184) tetramethyldisilylene bis(l,1'-(2-methyl-4,5,6,7,8-
pentahydroazulenyl)} zirconium dichloride;

(185) tetramethyldisilylene bis{l,1'- (2-methyl-4-phenyl-
4,5,6,7,8-pentahydroazulenyl) } zirconium dichloride;

{186) dimethylgermylené bis{l,1'-(4-hydroazulenyl)} zirconium -
dlchlorlde, | |
(187) dimethylgermylene bls{l 1'-(2-methyl- 4-hydroazu1enyl)}
zirconium dichloride;

(188) dimethylgermylene bis{1,1'-(2,4-dimethyl-4-
hydroazulenyl)} zirconium dichloride;

(189) dimethylgermylene bis{l,l'—(2—methyl—4epheny1-4-
hydroazulenyl)} zirconium dichloride;

(190) dimethylgermyiene bis{l,1'-(2-ethyl-4-hydroazulenyl)}
zirconium dichloride; |
(191) dimethylgermyleﬂe bis{l,1'—(2—ethyl-4-methyl—4—
-hydroazulenyl)} zirconium dichldride;

(192) dimethylgermylene bls{l 1'-(2-ethyl- 4—pheny1 -4-
hydroazulenyl)} zirconium dlchlorlde,

(193) dlmethylgermylene_bls{l,l'—(2,4,4—trimethy1azu1eny1)}
21rcon1um dlchlorlde, | |

(194) dlmethylgermylene bis{1,1'-(2-methyl-4,5,6,7,8~
pentahydroazulenyl)} z;rconlum dichloride;

(195) dimethylgermylene.bis{l,l'—(2—methy1—4—phenyl—4,5,6,7,8-

pentahydroazulenyl) } zirconium dichloride;
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(196) dimethylsilylene bis{1l,1'-(2-trifluoromethyl-4-phenyl-4- -

hydroazulenyl)} zirconium dichloride;

(197):dimethylsi1ylene bis{1l,1'-(2-ethyl-4-indolyl-4-
hydroazulenyl) } éirconium dichloride;

(198) dimethylsilylene bis{1l,1'-(2-ethyl-4-phenoxy-4-
hydroazuleﬁyl)} zirconium didhloridé; |

(199) dimethylsilylene bis{1,1'-(2-fluoro-4-pyrazolyl-4-
‘hydroazulenyl)} zirconium dichloriae; |

(200) silacyclohexylidene bis{1,1'-(2-methyl-4-phenyl-4--
hydroazulenyl) } zifcdnium.dichloride; | |

(201) cyclohexylidene bis{l,l'—(2—methyl—4-fufyl—4—
hydroazulenyl)} zirconium dichloride.

(202) aimethyisilylene bis{l,1'-(2-benzyl-4-phenyl-4,5,6,7,8~
pentahydroazulenyl)} zirconium dichloride; |

(203) dimethylsilylene bis[l,l'-{2—benzy1-4—(4—chlor6pheny1)—
' 4,5,6,7,8-pentahydroazulenyl}] zirconium dichloride;

(204) dimethylsilyleﬁe.bis[i;l'-{z-béﬁzyl—4-(4—fluoropheny1)—
.4,5,6,7,8—pentahydroazulenyl}] zirconium dichloride;

(205) dimethylsilylene bis[l,l'-{2-benzyl-4—(l—naphthyl)f 
4,5,6,7,8-pentahydroazulenyl}] zirconium dichloride; -

(206) dimethYlsilylene bis[1,1'¥{2-benzyl—4—(2—naphthyl)-
4,5,6,7,8—pentahydroazulenyl}] zirconium dichloride;

(207) dimethylsilylene bis{1,1'-(2-benzyl-4-phenyl-7-

isopropy1—4,5,6,7,8—pentahydroazulenyl)}-zirconium dichloride;.

(208) dimethylsilylene bis[l,l'-(2—(1—pheny1e;hyl)—4-phenyl—-

4,5,6,7,8—pentahydroazulenyl)}_zirconium dichloride;
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(209) dimethylsilylene bis(1,1'-{2-(1l-phenylethyl)-4-phenyl-7-
isopropyl-4,5,6,7,8-pentahydroazulenyl}} zirconium dichloride;
(210) 9-silafluorene-9,9-diyl bis{l,l'—(2—methyl-4-phenyl-
4,5,6,7,8-pentahydroazulenyl)} zirconium dichloride;

(211) l-silaindene-1,1-diyl biS{l,l'-(2—methyl—4-pheny1;%
4,5,6,7,8—pehtahydroazulenyl)} zirconium dichloride;

(212) tetramethyl—1—si1acyclopentadiene—1,1—diyi bis{1l,1'-(2- .
methy1-4—pheny1—4,5,6,7,8—pentahydroazu1eny1)} zirconium-- - -
dichloride; | | |

(213) 1—silacyclo—3—pentene—1,1—diy1 bis{i,l'-(z—methyl~4-
phenyl-4,5,6,7,8-pentahydroazulenyl)} zirconium dichloride;

{(214) dimethylmethylene bié[l,1'-{2-methyl—4—(4—fluoropheny1)—
4-hydroazulenyl}] zirconium dichloride;

' (215) dimethylmethylene bis[1,1'-{2-methyl-4- (4-chlorophenyl)- -
4-hydroazulenyl}] zirconium dichloride;
(216)'dimethy1methy1ene bié[l,l'-{2—methy1—4-(4~trif1uoro
methylphenyl)-4-hydroazulenyl}] zirconium dichloride; . -
(217) ethylene bis[1,1'-{2-methyl-4- (4-fluorophenyl)~4-
hydroazulenyl}] zirconium dichloride; '

(218) ethylene bis[l,1'-{2-methyl-4-(4- chlorophenyl) -4-
hydroazulenyl}] zirconium dichloride;

(219) -ethylene bis[l,1'—{2-m9£hyl¥4-(4—trifluoromethyl
phenyl)-4—hydroazuleny1}] zirqonium dichloride;

(220) trimethylene bis[l,l'—{2-méthy1-4—(4—fluorophenyl)-4~-
‘hydroazulenyl}] 21rcon1um dichloride;

(221) trimethylene bis[1l,1'-{2-methyl-4-(4- chlorophenyl) 4—'

hydroazulenyl}] zirconium dlthorlde,
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' (222) trimethylene bis[1,1'-{2-methyl-4-(4-trifluoromethyl
phenyl)—4—hydroazulenyl}] zirconium dichloride;~-

(223) dimethylsilylene bis{l,1'- (2-methyl-4-trifluoromethyl-4-
hydroazulenyl}] zirconium dichloride; -

(224) dimethylsilylene bis[l,1!-{2—methyl-4—(2—fluoropheny1)—
4-hydroazulenyl}] zirconium dichloride;

(225) dimethylsilylene bis[l,l'—{2—methyl¥4—(3—fluorophenyl)—
'4—hydroazulenyl}] zirconium.dichloride;

(226) dimethyleilylene bistl,1f-{2—methyl—4—(4—flﬁorophenyl)-
4-hydroazulenyl}] zirconium dichloride;

(227) dimethylsilylene bis[l,l'-{z—ethy1—4—(4—fluoropheny1)—4-
hydroazulenyl}] zirconium dichloride;

(228) dimethylsilylene bis[l,l'—{é—methyl—4—(2—chlorophenyl)—
4-hydroazulenyl}]l zirconium dichloride; | |

(229) dimethylsilylene bis[l,1'-{2-methyl-4-(3-chlorophenyl)- -
4-hydroazulenyl}] zirconium dichloride; - | _

(230) dimethylsilylene bis{l,l'—{2—methyl—4—(4-chlor0pheny1)—
4—hydroazulenyl}] zirconium dichloride; _

(231) dimethylsilylene bis[1,1'-{2-ethyl-4-(4-chlorophenyl)-4-
hydroazulenyl}] zirconium dichloride; | |
(232) dimethylsilylene bis[1,1'-{2-methyl-4-(2-
trifluoromethylphenyl)-4-hydroazulenyl}] zirconium dichloride;
(233) dimethylsilylene bis[l,l‘-{2—methyl¥4—(3-
trifluoromethylphenyl) -4-hydroazulenyl}] zirconium'dichloride;
(234) dimethylsilylene bis[1,1'-{2-methyl-4- (4-

trifluoromethylphenyl)—4—hydroazulenyl}] zirconium dichloride;
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(235) dimethylsilylene bis[1,1'-{2-ethyl-4-(4-
trifluoromethylphenyl)—4—hydroazuienyl}]_zirconium dichloride;
(236) dimethylsilylene bis[1l,1'-{2-methyl-4-(2,4- |
| diflu§rophenyl)—4—hydroazu1enyl}] 2irconium dichloride;

(237) dimethylsilylene bis[1,1'-{2-methyl-4-(2,5-
difluorophen&l)—4—hydroazu1enyl}] zirconium dichloride;

(238) dimethylsilylene bis[1,1'-{2-methyl-4-(2,6-
difluorophenyl) -4-hydroazulenyl}] zirconium dichldriae;

(239) d1methy1s1lylene b1s[1 1'-{2-methyl-4-(3,5-
difluorophenyl)-4-hydroazulenyl}] 21rcon1um dlchlorlde,'

(240) dimethylsilylene bis[1l,1'-{2-methyl-4-(2,4,6-
trifluorophenyl)-4-hydroazulenyl}] zirconium dichloride; -
(241) dimethylsilylene [1-{2-methyl-4-(4-fluorophenyl)-4-
hydroazulehyl}] [l—{2—methylf4-(4—chlorophenyl)—4— .
hydroazulenyl}] zirconium dichloride;

(242) dimethylsilylene bis[l,l'-(z-methy1—4—(4—fluorophenyl)-
. 6-isopropyl-4-hydroazulenyl}] zirconium dichloride;

(243) dimethylsilylene bis[1,1'-{2, 8—dimethy1;44(4—
fluorophenyl) - 4—hydroazulenyl}] zirconium d1chlor1de,

(244) dlmethyls11ylene bis[l,1'-{2-methyl-4-(4- chlorophenyl)- _
_6-isopropyl-4-hydroazulenyl}] zirconium dichloride;__.

(245) dimethylsilylene bis[l,1'—{2—methyl—4—(4Fchlorophenylr?
7—isopropyl—4-hydroazulenyl}].zirconium dichloride; . -

(246) dimethylsilylene bis[1,1'-(2, 8-dimethyl-4-(4-

"ﬂ-chlorophenyl)—4—hydroazuleny1}]_zirconium dichloride;
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(247) dimethylsilylene bis[1,1'-{2-methyl-4-(4-trifluoro
methylphenyl) -6-isopropyl-4-hydroazulenyl}] zirconium
‘dichloride; |

(248) dimethylsilyiene bis[1l,1'-{2-methyl-4-(4-trifluoro
--methylphenyl)-77isopropyl—4—hydroazu1enyl}] zirconium
‘dichloride; |

(249) dimethylsilylene bis(1,1'-{2-methyl-4-(4-fluorophenyl)--
7—isopropyl—4—hydr6azulenyl}] zirconium dichloride;

(250) dimethylsilylene bis[1, 1'—{2-ethy1-4—(4-chlorophenylj—7-
isopropyl-4- hydroazulenyl}] zirconium dlchlorlde, |
(251) dlmethy151lylene bis[1, 1'—{2 ethyl 4 (4-fluorophenyl) -7-
isopropyl-4-hydroazulenyl}] zirconium dichloride;

(252) dimethylsilylene bis[l,l'-{2-ethyl-4—(4-triflﬁoromethyl
phenyl)-7—isopropyl-4-hydroazulenjl}] zirconium'dichloride;
(253) dimethylsilylene bis[l,1'—{2—ethfl—4—(4—chloropheny1)—7—
phenyl-4-hydroazulenyl}] zirconium.dichloride; ‘
" (254) aimethylsilylene_bis[l,l'-{2-ethyl—4—(4-fluorophenyl)—7-
. phenyl- 4-hydroazuleny1}] zirconium dichloride;

(255) dxmethy1511y1ene bis|[1, 1'—{2 ethyl-4-(4- tr1fluoromethy1
phenyl) 7-pheny1 =-4- hydroazulenyl}] 21rcon1um dichloride;

(256) dlpheny151ly1ene bls[l 1'-{2- ethyl -4-(4- chlorophenyl) -7~
isopropyl-4-hydroazulenyl}] zirconium dichloride;

(257) diphenylsilylene bis[1, 1'-{2 ethyl-4-(4- fluorophenyl) -7~
isopropyl-4-hydroazulenyl}] zirconium_dichloride;

(258) diphenylsilylene bis[l,1'—,{2—ethyl—4—(4;trifluoromethyl |

phenyl) -7-isopropyl-4-hydroazulenyl}] zirconium dichloride;
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(259) (methyl) (phenyl)silylene bis[l,l;—{z—ethyl-4—(4—
chlorophenyl)—7—isopropy1—4—hydroazulenyl}] zirconium -
dichloride; o

(260) (methyl) (phenyl)silylene bis[l,l'-{z-ethyi—4-(4—
flubrophenyl)?7—isopropy1-4—hyd:oazulenyl}] zirconium
‘dichloride; | |

(261) (methyl) (phenyl)silylene bis[1,1'-{2-ethyl-4-(4- - -
trifluoromethylphenyl)-7-isopropyl-4-hydroazulenyl}] zirconium-"
dichloride; . _ _

(262) dimethylsilylene bis[1l,1'-{2-ethyl-4-(4-chlorophenyl)-7-
isopropyl—4,5,6;7,8—§entahydroazulenyl}] zirconium dichloride; . .
(263) dimethylsilylene bis[1l,1'-{2-ethyl-4-(4-fluorophenyl)-7-
isopropyl-4,5,6,7,8-pentahydroazulenyl}] zircdnium dichlbride;.
(264) dimethylsilylene bis[l,1'-{2;ethy1-4f(4—trif1uoromethyl.
phenyl)~7—isopropy1—4,5,6,7,8-pentahydroazulenyl}]~zirconium
dichloride; _. .
(265) dimethylsilylene [1-{2—ethyl-4;(4-chloroph§ny1)-77'
isopropyl-4-hydroazulenyl}] {l—(2—methyl—4,5-benzoindenyl)}~-e
zircbnium dichloride; |

(266) dimethylsilylene [1-{2—ethyl-4—(4—fluorophenyi)—7-
isopropyl-4;hydroazulenyl}] {1—(2-methyl—4,S—benzoindenyl)}
zirconium dichloride; . -

(267) dimethylsilylene [1-{2-ethyl-4-(4-trifluoromethyl
phenyl) -7-isopropyl-4-hydroazulenyl}] {1-(2-methyl-4,5-

benzoindenyl)} zirconium dichloride;
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(268) dimethylsilylene [1-{2-ethyl-4-(4-chlorophenyl)-7-
isopropyl-4-hydroazulenyl}] {i-(2-methyl-4-phenylindenyl)}-q
zirconium dichloride; _

.(269) dimethylsilylené [1-{2-ethyl—4-(4—flﬁorophenyl)—7—
isopropyl-4—hydroazu1enyl}] {1—(2—méthy1¥4—phenylindeny1)}
-zirconium dichloride; | _ |
(270) dimethylsilylene [1-{2-ethyl-4-(4-
trifluoromethylphenyl)—7-isopropyl—4—hydroazulenyl}] {1-(2-
_methyl-4-phenylindeny1)} zirconium dichloride;

(261) dimethylsilylene bis[l;l'—{z—benzyl-4—(4-chlorophenyl)-4
4-hydr6azu1enyl)} zirconium dichloride; |

(272) dimethylsilylene bis[1,1'-{2-benzyl-4-(4-fluorophenyl) -
4-hydroazulenyl)} zirconium dichloride;

© (273) dimethylsilylene bis[l,1'-{2-benzyl-4-(4-chlorophenyl)-
.7—isopropyl—4—hydroazu1eny1)} zirconium dichloride; '
(274) dimethylsilylene bis[1,1'-{2-benzyl-4-(4-fluorophenyl)-
7-isopropyl-4-hydroazulenyl)} zirconium dichloride;

(275) diphenylsilylene bis[l,i'—{2—behzy1-4—(4—chloropheﬁyl)—
4—hydroazﬁlenyl)} zirconium dichloride;.

(276) diphenylsilylene bis[l,l'-{2—benzy1—4-(4—f1uoropheny1)-
4-hydroazulenyl)} zirconium dichloride; '
(277) | (methyl) (phenyl) silylene bis[1,1'-{2-benzyl-4- (4-
chlorophenyl)-4—hydroazulenyl)} zirconium dichlbride;_

(278) (methyl) (phenyl)silylene bis[l,l'-(z—benzyl—4-(4—

fluorophenYl)-4-hydroazulenyl)} zirconium dichloride;
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(279) dimethYlsilylene'[1—{2—ben2y1-£:(4—chlorophényl)-4— _

 hydroazulenyl}] {1—(2-methyl—4,S—Eenzoindeﬁyl)} zirconium
dichloride; | |
(280) dimethylsilylené [1-{2-benzyl-4-(4-fluorophenyl)-4-
hydroazuleﬁyl}] {1—(2—methyl—4,S—bgnzoindenyl)} zirconium
dichloride;

(281) dimethylsilylene [1-{2-benzyl-4-(4-chlorophenyl)-4-
hydroazulenyl}] {1-(2-methyl-4-phenylindenyl)} zirconium.
dichloride; | |
(282) dimethylsilylene [1—{2-benzy1-4—(4ff1uorophenyl)e4—
hydroazulenyl}] {1—(2—methyl-4-phenylindenyl)i éirconium
dichloride; | |
(283) dimethylsilylene bis[l,l'-{z, 8—dimethyl—4—(4—trifluoro
methylphenyl)—4—hydroazu1en§1}] zirconium dichloride;

(284) dimethylsilylene bis[l,l'—{2—methyl—4—(4-f1uoro—1-l
naphthyl)—4-hydroazu1eny1}].zirconium-dichloride;

- (285) dimethylsilylene bis[l,l'-{Z;methyl—4-(4-fluoro-2—
naphthyl) -4-hydroazulenyl}] zirconium dichloride;
(286).(methyl)(phenyl)Silylene bis[l,l'—{z-hethyl—4-(4-
fluorophenyl)-4—hydroazulenyl}] zirconium dichloride;

(287) (methyl) (phenyl)silylene bis[l,l’-{z-methyl—4—(4—
chlorophenyl)-4-hydroazulenyl}] zirconium dichloride;

' (288)'(methyl)(phenyl)silylene bis[l,1'—{2—méthy1-4-(44:.

trifiubromethylphenyl)—4fhydroazulényl}]_zirconium dichloride;

(289) diphenylsilylene,bis[l,l‘—{2—methyl-4—(4—f1uorophenyl)-

4-hydroazulenyl}] zirconium dichloride;
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(290) diphenylsilylene bis[l,1'-{2—methyl-4—(4—chlorophenyi)—
4-hydroazulenyl}] zirconium dichloride; |
- (291) diphenylsilylene bis[1,1'-{2-methyl-4-(4-
trifluoromethylphenyl)-4-hydroazulenyl}] zirconium dichloride;
(292) dimethylgermylené bis[l,l'—{z-methyl-4—(4-f1ﬁorophenyl)—
4-hydroazulenyl}] zirconium dichloride; _
(293) dimethylgermylene bis[1,1'-{2-methyl-4-(4-chlorophenyl)-
4—hydroazu1eny1}f zirconium dichloride; |

(294) dimethylgermylene bis[1, 1'—{2—metﬁyl 4-(4-
trlfluoromethylphenyl) -4- hydroazulenyl}] zirconium dlchlorlde,,
(295) dimethylsilylene [1-{2-methyl-4-(4- fluorophenyl) -4-
.hydroazulenyl}] {1-(2-methyl-4-phenyl-4-hydroazulenyl) }
zirconium dichloride; | |

(296) dimethylsilylene [1-{2—ethyl-4—(4—f1uor6phenyl)—4-
.dihydroazulenyl}] {1—(2—ethyl-4—phen§l—4-hydrqézuleny1)}
zirconium dichloride; _ |

(297) dimethylsilylene [1-{24methyl—4—(4-¢hloropheny1)e4—
- hydroazulenyl}] {1—(2-methyl-4—phenyl¥4—hydroazulenyl)}
zirconium dichloride; = |

(298) dimethylsilylene [l-{2-methyl-4-(4-
trifluoromethylphenyl)-4—hydroazulenyl}] {1-(2-methyl-4-
phenyl-4- hydroazulenyl)} z1rcon1um dlchlorlde,

(299) dimethylsilylene [1-{2-methyl-4-(4- fluorophenyl) -4
hydroazulenyl}] {1- (2-methyl- 4fpheny1 -4,5,6,7,8-

pentahydroazulenyl)} zirconium dichloride;
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(306) dimethylsilyleﬁe fi-{z-methyl—4-(4—fluorophényl)-4—
hydroazulenyl}] {1-(2-methyl-4-(4-fluorophenyl)-4,5,6,7,8-
pentahydroazulenyl)} zirconium dichloride;

(301) dimethylsilylene [l—{2—ethy1-4—(4—flu§rophenyl)—4—
hydroazulenyl}] {1-(2-ethyl-4-phenyl-4,5,6,7,8-.
péntahydroazulenyl)} zirconium dichloride; |

(302) dimethylsilylene [1-{2-methyl-4-(4-chlorophenyl) -4-
hydroazuienyl}] {1- (2-methyl-4-phenyl-4,5,6,7, 8
pentahydroazulenyl)} zirconium dichloride; |

(303) - dimethylsilylene [1-{2-methyl-4-(4-
trifluoromethylphenyl)-4-hydroazulenyl}] {1- (2-methyl-4-
phenyl—4,5,6,7,8—pentahydroazulenyl)} zirconium dichloride;
(304) dimethylsilylene [1-{2-methyl-4-(4-fluorophenyl)-4-
hydroazulen&l}] {1-(2-methyl-4-phenylindenyl)} zircéniﬁm
dichloride;
' (305) dimethylsilylene [1-{2-ethyl-4-(4-fluorophenyl)-4-
hydroazulenyl}] {1-(2—ethyl-4-phenylindeny1)} zirconium
dichloride; : o

(306) diﬁethylsilylene [1;{2—methy1f4—(4-chlorophenyl)—4—.
hydroazulenyl}] {1—(2—methyl—4-phenylindenyl)} zirconium
 dichloride; |

(307) dimethylsilylene [l-{2¥methy1—4-(4-
trifluoromethylphenyl)—4-hyd£oazuienyl}] {1-(2-methyl-4-
phenylindenyl)} zirconium diChioride; |
(308) dimethylsilylene [1-{2-methyl-4-(4-
trifluoromethylphenyl)—4—hydroazu1enyl}] {1—(2—methyl—4,5—:

benzoindenyl)} zirconium dichloride;
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(309) dimethylsilylene [1-{2-methyl-4-(4-fluorophenyl)-4-
.hydroazulenyl}] {1—(2-methyl-4,S—bénzoindeﬁyl)} zirconium
dichioride;

(310) dimethylsilylene [1—(2—methyl—4—(4—chloropheny1)f4—.
hydroazulenyl}] {1- (2-methyl-4,5-benzoindenyl)} zirconium.
dichloride;

(311) diﬁethylsilylene [1-{2-methyl-4- (4-chlorophenyl) -
4,5,6,7,8-pentahydroazulenyl}] {1-(2-methyl-4-phenylindenyl) }
zirconium dichloride; | )

(312) dimethylsilylene [1i{2-methyl—4-(4—f1uorophenyl)
indenyl}] {1- (2-methyl-4-phenyl-4-hydroazulenyl)} zirconium
dichloride; | | _
(313) dimethylsilylene [1-{2-ethyl-4-(4-fluorophenyl)
indenyl}] {1-(2-ethyl-4-phenyl-4-hydroazulenyl)} zirconium
dichloride; | "

(314) dimethylsilylene [1—{2-methyl-4—(4-chlorophehyl)
indenyl}]{1—(2—methyl—4—phenylF4-hydroa2ulenyi)} zirconium
_dichloride;-- _ | _ |

(315) dimethylsilylene [1-{2-methyl-4-(4-
trifluoromethylphenyl) indenyl}] {1-(2-methyl-4-phenyl-4-
. hydroazulenyl)} zirconium dichloride;

(316) -dimethylsilylene [1-{2-methyl-4-(4-
trifluoromethylphenyl) indenyl}] [1-{2—methyl?44(4—
chlorophenyl) -4-hydroazulenyl] zirconium dichloride;

(317) dimethylsilylene bis[1,1'-{2-methyl-4-(4-

fluorophenyl)cyclopentacyclooctenyl} zirconium dichloride;
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(318) dimethylsilylene bis[1l,1'-{2-ethyl-4-(4-
chlorophenyl)éyclopentacyclooc;enyl) zirconium dichloride; -
(319) dimethylsilylene bis({1l,1'-{2-methyl-5- (4~
trifluoromethylphenyl)cyciopentacyclooctenyl} zirconium
dichloride. .

(320) 9;silaf1uorene—9;9—diyl bis(1,1'-{2-methyl-4-(4~ -
fluoréphenyl)—4-hydroazu1eny1}] 2irconium dichlofide;

(321) 9-silafluorene-9,9-diyl bis[1,1'-{2-methyl-4- (4~
trifluoromethylphen?l)f4—hydroazulenyl}] zirconium dichloride; -
(322) 1-silaindene-1,1-diyl bis[1,1'-{2~methyl-4-(4-
fluorophenyl) -4-hydroazulenyl}] zirconium dichloride;

(323) 1l-silaindene-1,1-diyl bis[l,l'é{z-mgthyl—4-(4—.
trifluorométhylphenyl)-4—hydroazu1enyl}].zirconium dichloride;
(324) tetramethyl—1—si1acyclopehtadiene-l,1—diyl bis[1,1'-{2-
methylé4—(4-fluorophenyl)-4—hydroazulenyl}] zirconium- |
dichloride;

(325) tetramethyl-l-silacyclopentadiene-1,1-diyl bis[1l,1'-{2-
methy1—4-(4~trifluoromethylphenyl)-4—hydroazulenyl}] zirconium -
dichloride; | : '

_(326) l—silacyclo—B—pentene—l,1—diyl bis[l,l';{z-methyl—4f(4-

" fluorophenyl) -4-hydroazulenyl}] zirconium dichloride;

(327) l—silacyclo-3—penténe—1,1-diy1 bisfl,l{;{zfmethy1—4—(4-
trifluoromethylphenyl)r4—hydroazulenyl}]'zirconium'dichlbride;
(328) (4—fluqrophenyl)methylsilylené bisf;;l{ﬁiggmgthyl—4—(4_.
fluorophenyl) -4-hydroazulenyl] zirconiﬁm.dichia;idé;
(329).(4—chloropheny1)methylsilylene biS[l,i'—{Z—methy1—44(4—,

fluorophenyl)f4—hydroazuleny1}] zirconium dichloride;
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(330) (chloromethyl)methylsilylene bis[1,1'-{2-methyl-~4- (4~
trifluoromethylphenyl)—4-hydroazu1enyl}] zirconium dichloridg;
(331) (4-fluorophenyl)methylsilylene [1-{2-methyl-4-(4- |
fluorophenjl)—4-hydroa;uleny1}] {1—(2—ethyl—4—phenylindeny1)}
zirconium dichloride; _

(332) dimethylsilyléne'bis{l,l'—(2—methylf4—phenyl-7—_
isopropyl-4-hydroazulenyl)} zircoﬁium dichloride;

(333) dimethylsilylene bis{l,1'—(2-ethyl-4—phenyl—7—isobropyi-'
4-hydroazulenyl) } zirconium dichloride;

(334) dimethylsilylene bis{l1l,1'-(2-propyl-4-phenyl-7-
isopfopyl—4-h&droazuleny1)} zirconium dichloride;

- (335) dimethylsilylene bis{1,1'-(2-isopropyl-4-phenyl-7-
isopropyl-4-hydroazulenyl)} zirconium dichloride;

(336) dimethylsilylene bis{l,1'—(2-phenyl—4-phenylf7—
isopropyl-4-hydroazulenyl)} zirconium dichloride;

(337) dimethylsilylene bis{1,1'-(2-trimethylsilylmethyl-4-
phenyl—7—isopfdpyl;4-hydroazu1enyl)} zirconium dichloride;
(338) dimethylsilylene bis{1, 1'—(2—methy1 -4-(1- naphthyl) -7-
isopropyl-4-hydroazulenyl}] zZirconium dichloride;

(339) dimethylsilylene bis[1,1'~-{2-methyl-4-(2-naphthyl)-7-
iSOpropyl—4—hydroazulenyl}] zirconium dichloride;

(340) dimethylsilylene bis[1,1'-{2-ethyl-4~(l-naphthyl)-7-
isopropy1-4-hydrbazulenyl}] zirconium dichloride;

(341) dimethy1311ylene bis{1, 1'-{2 ethyl-4- (2-naphthy1) -7-
1sopropyl -4- hydroazulenyl}] zirconium dichloride;

(342) dimethylsilylene bls{l;1‘—(2—ethy1—4—pheny1-7—pheny1-4-

hydroazulenyl) } zirconium dichloride;
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- {(343) dimethylsilvlene bis[l,1'—{2—ethyl-4—(1-naphthyl)—7—
pheny1—4—hydroazulenyl}i zirconium dichloride;
| (344) dimethylsilylene bis[l,l'-{Zéethy1-4—(2-naphthyl)-7—
phenyl-4-hydroazulenyl}] zirconium dichlofide;
(345) diphenylsilylene bis{1l,1'-(2-methyl-4-phenyl-7-
isopropyl-4-hydroazulenyl)} zirconium dichioride;
(346) diphenylSilylene bis{l,;'—(Z;ethy144—pheny1¥74isopropyl—
4-hydroazulenyl)} zirconium dichloride; |
(347) diphenylsilylene bis{l,1'-(2-propyl-4-phenyl-7-
isopropyi—4—hydroazuleny1)} zircénium'dichloride;
{348) diphenylsilylene bis{l,1'4(2—isopr§pyl-4—phenyl—7—
: isopropyl-4fhydroazulenyl)} zirconium dichloride;
(349) diphenylsilylene bié{l,1!-(2—phenyl-4—pheny1—7-
isopropyl-4fhydroazulenyl)} zirconium dichloride;
(350) diphenylsilylene bis{l,l'—(2-trimethylsilylmethyl-4—
phenyl—7—isopropyl-4-hydroazu1enyl)} zirconium dichloride;
(351) diphenylsilylénelbis[l,l‘—{z-ethy1-4—(1—naphthyl)-7—
isopropyl-4-hydroazulenyl}] zirconium dichloride;
(352) dipheny1si1y1ene bis[1l,1'-{2-ethyl-4-(2-naphthyl)-7-
iéopropyl—4—hydroazulenyl}] zirconium dichloride; |
{(353) (methYl)(phenyl)silylene bis{l,1'-(2-methyl-4-phenyl-7-
isopropyl-4-hydroazulenyl}] zirconium diChloride;
1(354) (methyl)(phenYl)silylene bis{l,1'4(2—ethyl—4fpheny1-7—
isopropyl—4—hydroaﬁﬁlenyl)} zirconium dichloride;
- (355) (methyl)(Phenyl)silylene bis[l;l'—{z—ethy1—4—(l—

naphthyl) -7-isopropyl-4-hydroazulenyl}] zirconium dichloride;
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(356) (méthyl)(phenyl)silylene bis[l,l'—{2—ethyl—4—(2—-
naphthyl)—7—isopropyl—4—hydroaiulenyl}] zirconium dichloride;
(357) dimethylsilylene bis{lﬁl'—(2—methy1—4fphenyl47— _
isopropyl-4,5,6,7,8-pentahydroazulenyl)} zirconium dichloridé;-
(358) dimethylsilylene bis{l,l{—(2-ethy1—4—pheny1—7-isopropyl—
4,5,6,7,8-pentahydroazu1ehy1)} zirconium dichloride;
(359)'dimethylsily1ene bisfl,l'—{z-gthylf4-(1—naphthyl)—7-
isopropyl-4,5, 6,7, 8-pentahydroazulenyl}] zirconium dichloride;
(360) dimethylsilylene.bis[l,l'—{2—ethy1-4—(2—naphthy1)-7—
isopropy1-4,5,6,7,8—pentéhydroazulenyl}j zirconium dighloride;_
.(361) dimethylsilylehe {1-(2-methyl-4-phenyl-7-isopropyl-4- |
hydroazulenyl) } {1-(2-methyl—4;S—benzoindenyl)} zirconium'.
dichloride; . | |

' (362) dimethylsilylene {1-(2-ethyl-4-phenyl-7-isopropyl-4-
hydroazulényl)} {1- (2-methyl-4,5-benzoindenyl)} zirconium
dichloride; |

(363) dimethylsilylene [1-{2-ethyl-4-(l-naphthyl)-7-isopropyl-
4-hydroazulenyl}] {1-(2-methyl-4,5-benzoindenyl)} zirconium
dichloride; | . _

(364) dimethylsilylene [1—{2-ethyl¥4—(2-naphthy1)—7-isopropyl-
. 4-hydroazulenyl}] {1—(2—m§thy1-4,S—benzoindenyl)} zirconium
dichloride; | ”

(365) dimethylsilylene {1—(2—méthyl—4-pheﬂyl—7-isopropy1—4—-
-hydroazulenyl)}'{1—(2rmethyl—4—phenylindenyl)} zirconium
dichloride;
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(366) dimethylsilylene {1- (2-ethyl-4-phenyl-7-isopropyl-4-
hydroazulenyl)} {1-(2-methyl-4-phenylindenyl)} zirconium - - -
dichloride;

(367) dimethylsilylene [1-{2-ethyl-4-(1-naphthyl)-7-isopropyl-
4-hydroazulenyl}] {1-(2-methyl-4-phenylindenyl)} zirconium
dichloride; | -

(368)- dimethylsilylene [1-{2-ethyl-4-(2-naphthyl)-7-isopropyl-
4-hydroazulenyl}] {1-(2—meﬁhyl—4—phenylindenyl)} zirconium -
dichloride;

(369) methylene bis{1l,1'-(2-methyl-4-phenyl-6-isopropyl-4-

- hydroazulenyl)} zirconium dichloride; '

(370) methylene bis{l,1‘—(2-methylf4—phenyl—?—isoprdpyl—4-
hydroazulenyl)} zirconium dichloridé; _

(371) methylene bis{l,1'-(2-methyl-6-isopropyl-4-
hydroazulenylj} zirconium dichloride; _

(372) methylene bis{l,1'-(2-ethyl-4,7-diisopropyl-4,5,6,7,8-
pentahydroazulenyl)} zirconium dichloride; _
(373) methylene bis{l,l*-(4,6—dimethylc?clopentacyc1oocteny1)}V o
- zirconium dichloride; |
(374) methylene bis{l,1'-(4-methyl-6-
isopropylcyclopentacyc1ooc£enyl)} zirconium dichloride;
(375) methylene bis{1,1'-(2-methyl-5-
phenylcyclopentacyclooctenyl)} zifconium dichloride;
(376) ethylene.bis{l)l'—(2-methyl—4—phenyl46—iSopropyl—4-
hydroazulenyl)} zirconium dichloride; |
(377) ethylene bis{l,1'—(2-ﬁethyl—4;phenyi-7-isopropyl—4—.

.hydroazulenyl)) zirconium dichloride;
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(378) ethylene bis{1l, 1'—(2-methyl—6—isopropyl—4f
hydroazulenyl)} zirconium dichloride; |
" (379). ethylene bls{l 1'-(2-ethyl-4,7- dllsopropyl -4,5,6,7,8-
pentahydroazulenyl)} zirconium dlchlorlde,

(380) ethylené bis{l,1'-(4,6-dimethylcyc1opentacyclooctenyl)}
zirconium dichloride; _

(381) ethylene bis{1,1'-(4-methyl-6-
isopropylcyclopentacyclooctenyl)} ;irconium dichloride;

(382) ethylene bis{1,1'-(2-methyl-5-
phenyicyclopentacyclooctenyl)} zirconium dichloride;“

(383) ethylene {(1-(2,4,7~trimethylindenyl)}{1-(2-methyl-4-
pheny1—6—isopfopyl—4-hydroazuleny1)} zirconium dichloride;
(384) ethylene {(1-(2-ethyl-4,5-benzoindenyl)}{1-(2-methyl-4-.
phehyl—?-isopropy1-4—hydfoazulenyl)} zirconium dichloride;
(385) dimethylmethylene bis{1,1'-(2-methyl-4-phenyl-6-
isopropyl-4-hydroazulenyl) } iirconium dichloride; |
(386) dimethylmethylene bis{l,1'-(2-methyl-4-phenyl-7-
isopropyl—4-hydroazulenyl)} zirconium dichloride;

(387) dimethylmethylene bis{l,1'—(2—méthy1—6-isopropyl-4—
hydroazulenyl)} zirconium dichloride}

(388) aimethylmethylene bis{l,i'-(2-ethy1—4,7fdiisopropy1—
4,5,6,7,8—pentahydroagulenyl)} zircohium dichloride; -
(389) dimethylmethylene bis{1,1'7(4,6—
dimethylcyclopentacyclooctenyl)} zirconium dichloride;

(390) dimethylmethylene bis{1,1'- (4-methyl-6-

isopropylcyclopentacyclooctenyl)} zirconium dichloride;
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(391) dimethylmethylene bis{l,1'-(2-methyl-5-
phenylcyclépentacyclooctenyl)} zirconium dichlqride;

(392) dimethylmethylene ((1-(2,4;7ftrimethylindenyl)}{1-(2-
methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)} zirconium
dichloride; - - o

(393) dimethylmethylene {(l-(2—éthy1—4,5-benzoindenyl)}{1—(2—
methyl-4—pheny147-isopropyl—4—hydroazulenyl)} zirconium
dichloride; o - - -
(394) dimethylsilylene bis{1, 1'—(2—methyl 4-pheny1 -6-
isopropyl-4-hydroazulenyl)} zirconium dlchlorlde,

(395) dimethylsilylene bisfl,l'—(2;methy1—6—isopropyl—4-
hydroazulenyl)} zirconium dichloride;

(396) dlmethy1511ylene bls{l 1'-(2-ethyl-4,7- dllsopropyl -4~
hydroazulenyl)} zirconium dichloride;

(397) dlmethy151lylene bis{1,1'-(4, 6—
dlmethylcyclopentacyclooctenyl)} zirconium dlchlorlde,

(398) dimethylsilylene bls{l,l'-(4-methyl-6—
iSOpropylcyclopentacyclooctenyl)} zirconium dichloride;
(399) dimethylsilylene bis{l,1'-(2-methyl-5- |
phenylcyclopentacyclooqtenyl)} zirconium dichioride;
(400)'dimethylsilylene'{(l-(2;4}7—trimethylinaenyl)}{1~(2-"
méthy1-4—pheﬁyl—6—isobroﬁyl;4—hydroazulenyl)} zirconium |
dichloride; _ | _

(401) dimethyléilyléne {(1‘(2fethyl44,5-benzbindenyl)}{l—(2—
. methyl—4¥pheﬁyld7—isoprdpy1—4—hydroazuienyl)} zirconium

dichloride;
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(402) (methyl) (phenyl)silylene bis{l,1'-(2-methyl-4-phenyl-6- -. -
isopropyl-4-hydroazulenyl) } zirconium dichlofide;

(403) (methyl) (phenyl)silylene bis{1,1’-(2-methyl-4-phenyl-7-
isopropyl-4-hydroazulenyl) } zircoﬁium dichloride;

(404) diphenylsilylene bis{1,1'-(2-methyl-4-phenyl-6-
isopropyl-4-hydroazulenyl)} zirconium dichloride;

(405) tetramethyldisilylene bis{1,1'-(2-methyl-4-phenyl-6-, _
isopropy1—4—hydroazuienyl)} zirconium dichlofid%f R
(406) tetramethyldisilylene bis{1, 1'—(2—methyl 4—phenyl -7-
1sopropy1 4-hydroazu1enyl)} z1rcon1um dlchlorlde,

(407) dimethylgermylene bis{1l,1'-(2-methyl- 4-pheny1-64
isopropyl-4-hydroazulenyl) } zifconium dichloride;

(408) dimethylgermylene bis{1,1'-(2-methyl-4-phenyl-7-
isepropyl-4-hydroazulenyl)} zirconium diéhloride}

(409) dimethylsilylene bis{l,l'-(2-benzyl-4fbhenyl—4~
hydroazulenyl)} zirconium‘diéhloride; |

(410) dimethylsilylene bis{l,l'-(2—heptyl—4—phenyl-4—
hydroazulenyl) } zircoﬁium dichloride;

(411) dimethylsilylene bis{l,1'-(2-octyl-4-phenyl-4-
hydroazulenyl) } zirconium.dichloride;' ‘

(412) dimethylsilylene bis[i,l'—{2—(1-phenyiethyl)—4-phenylf4-'
hydroazulenyl)} zirconium dichloride; ;

f(413i dimethylsilylene bis[l,l'—{2—(Zthenylethyl)-4-phenylf4---
hydroazulenyl) } zirconium dichloride; | _
(414) dimethylsilyléne bis[1,1'-{2-(1-naphthyl)-4-phenyl-4-

hydroazulenyl)} zirconium dichloride;
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(415).dimethylsilylene bis[1,1'-{2-(2-naphthyl)-4-phenyl-4-
hydroazulenyl)} zirconium dichloride: o
(416) dimethylsilylene bis{1,1'-(2-dimethylphenylsilyl-4-
phenyl-4-hydroazulenyl)} zirconium dichloride;

(417) dimethylsilylene bisfl,1'-{2-benzyl-4-(l-naphthyl)-4-
_hydroazulenyl)) zirconium dichloride;

(418) dimethylsilylene bis([1,1'-{2-benzyl-4-(2-naphthyl)-4-
hydroazulenyl) } ziréonium dichlbride;

(419) dimethylsilylene bis{l,l';(z-benzyl—4—pheny1—7— k
isopropyl-4-hydroazulenyl)} zirconium dichloride;

(420} dimeﬁhylsilylene bis{1,1'=(2-heptyl-4—phenyl—7-
isopropyl-4-hydroazulenyl)} zirconium dichloride;

(421) dimethylsilylene bis{l,l'—(2—octy;—4¥phenyl-7—isopropyl-;
4—hydroazuleny1)}-zirconium dichloride; | |
(422) dimethylsilylene bis[l,1'-{24(1—phenylethyl)—4—pheny1-7-'
isoproﬁyl—4—hydroazu1eny1)}-zirconium dichloride;

(423) dimethylsilylene bis{1,1'-{2-(2-phenylethyl)-4-phenyl-7-"
isopropyl-4-hydroazulenyl)} zirconium dichloride} |

(424) dimethylsilylene bis[1,1'-{2-(1-naphthyl)-4-phenyl-7- .
isopropyl-4—hydroazulenyl)} zirconium dichldride;

(425) dimethylsilylene bis[l 1'—{2—(2-naphthyl)—4—phenyl—7—
1sopropyl -4-hydroazulenyl)} zirconium dichloride;

(426) dlmethy151lylene bis{1l,1'-(2- d1methylpheny1s1lyl -4- |
phenyl-7—1sopropyl—4—hydroazulenyl)} zirconium dichloride;
(427) dimethylsilylene bis[i;1'—{2—beﬁzy1—4—(1—naphthyl)—7—

isOpropyi—4-hydroazulenyl)} zircqnium dichloride;
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(428) dimethylsilyléne bis[l;l*—{z—benzyl—4—(2-naphthyl)—7-'
isopropyl-4-hydroazulenyl)} zirconium dichloride;

(429) diphenylsilylene bis{l,1'-(2-benzyl-4-phenyl-4-
hydroazulenyl)} zirconium dlchlorlde,

(430) dlpheny151ly1ene bis|[1, 1'-{2—benzy1 -4- (1-naphthy1) -4-
hydroazulenyl)} zirconium dlchlorlde,

(431) diphenylsilylene bis[1l,1'-{2-benzyl-4-(2-naphthyl)-4-
hydroazulenyl)} zirconium dichloride; -

(432) diphenylsilylene bis{1,1'-(2-benzyl-4-phenyl-7- = S
isopropyl—4—hydroazulenyl)} zirconium dichloride;

(433) diphenylsilylene bis{l,l'—{2—(1—phehylethyll:4-phenyl-4;
hydroazulenyl)} zirconium dichloride; a | . _
(434) dfphehyléilylene bis[l,1'?fzf(l-phenylethyl)‘4—pheny1-7— .
isopropyl—4—hydroazulenY1)} zirconium dichlofide;r

(435) (methyl) (phenyl)silylene bis(l,l'—(2—benzy1-4—pheny1—4—_
hydroazulenyl)} zirconium dichloride; _ | e

(436) (methyl) (phenyl)silylene bisl[1, 1 —{2—benzyl -4- (1—
naphthyl)—4-hydroazuleny1)} zirconium dichloride;

(437) (methyl) (phenyl)silylene bis[1l,1'-{2-benzyl-4-(2-
naphthyl)-4—hydroazulenyl)} zirconium dichloride; '
(438)'(methyl)(phen§l)silylene‘bis{l,l'-(2~ben2yl-4-phenyl—7— :
isoproﬁyl—4—hydroazuleny1)} ziréqnium dichloride;

(439) (methyl) (phenyl)silylene bis[1,1'4{2—(l—phenyiethyl)—4-
phenyl-4-hydroazulenyl)} zirconium diéhlqride;

(440) (methyl) (phenyl)silylene bis[1,1'-({2-(1-phenylethyl)-4-

phenyl-7-isopropyl-4-hydroazulenyl)} zirconium dichloride;
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(441) dimethylsilylene {1-(2-benzyl-4-phenyl-4—hydroazulenyl)}
{1-(2-methyl-4,5-benzoindenyl)} zirconium dichloride; |
(442) dimethylsilylene [1-{2-benzyl-4-(l-naphthyl)-4-
hydroazulenyl}] {1-(2-methyl-4,5-benzoindenyl)} zirconium
dlchlorlde,

(443) dimethylsilylene [1- {2—benzy1 -4- (2—naphthy1) -4-
hydroazulenyl}] {1-(2—methyl—4,S-ben201ndenyl)} 21rcon1um
dichloride; | -

(444) dimethylsilylene [1-{2—benzyl—4-phenyl-7-isopropyl-4¥
hydroazulenyl}] {1—(2—methy1—4;5—benzoindeny1)} zirconium
dichloride; |

(445) dimethylsilylene [1—{2-(1-phenylethyl)-4-phenyl-4— |
hydroaéulenyl}] {1—(24methylf4,S—benzoindenyl)}'zircohium
“dichloride;

(446) diméthylsilylene [1-{2—(1—phény1ethyl)-4—phenyl—7-
isopropyl- 4—hydroazulenyl}] {1-{2-methyl-4, S-ben201ndenyl)}
zirconium dlchlorlde

(447) dlmethy1s11ylene {1- (2-benzy1 4-phenyl- 4—hydroazulenyl}]
{1- (2-methyl 4-phenylindenyl)} zirconium dlchlorlde,

(448) dimethylsilylene [1-{2-benzyl-4-(l-naphthyl)-4-
hydroazulenyl}] {1—(2-méthyl—4-phenylindenyl)} zirconium
" dichloride; _ _

(449) dimethylsiiylene [lé{z—benzylf4-(2—naphthy1)-4—
hydroazulenyl}] {1-(2-methyl-4-phenylindenyl)} zirconium

dichloride;
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(450) dimethylsilylérnie [l—{2-benzy1-4-phenyl—7-isopropyl;4¥ )

hydroazulenyl}] (1—(2—methyl—4—phenylindenyl)} zirconium
.dichloride; |

. (451) dimethylsilylene [1-{2-(1-phenylethyl) -4-phenyl-4-

ﬂhydroazuienyl}] {1-(2—methy1-4—phén&1indenyl)} zirconium

dichloride; | _ | |

(452) dimethylsilylene [1-{2-(l-phenylethyl)-4-phenyl-7-
isopropyl—4—hYdrqazulenyl}] {1—(2—methyl—4—phény1indenyl)}
zirconium dichloride;

(453) 9-silafluorene-9,9- ~-diyl bls(l 1'-(2~-methyl-4-phenyl-4-

hydroazulenyl) } 21rcon1um dlchlorlde,

(454) 9- 51lafluorene 9,9- dlyl bis{1, 1'—(2 ethyl 4—pheny1 -4-

hydroazulenyl)} zirconium dlchlorlde,

(455) 9-silafluorene-9,9-diyl bis{1,1'-(2,8- dlmethyl 4—phenyl-
4-hydroazulenyl)} 21rcqn1um dichloride;

(456) 9-silafluorene-9, 9-diyl bis(1, 1'—{2-methy1 -4- (l—

naphthyl) 4-hydroazulenyl}] zirconium dlchlorlde,

_(457) 9-silafluorene-9,9-diyl {1- (2-methy1 4-pheny1—4-

hydroazulenyl)} {1-(2-methyi-4-phenyl-4,5,6,7,8-

péntahydroazulenyl)} zirconium dichlo:ide;

(458) 9-silafluorehe—9,9—diyl (1-(2-methy1—4—pheny174-

hydroazulényl)} {léf2—methy1—4—phenylindenyl)} zirconium

dichloride; -

(459) l-silaindene-1,1-~ dlyl blS{l 1'-(2-methyl- 4-phenyl -4-

hydroazulenyl)} zirconium dlchlorlde, |
(460) 1—511a1nden¢f1,1—d1y1 bls{l,1'-(2—ethyl—4;phenyl-4—

" hydroazulenyl) } iirconium dichloride; .
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(461) 1l-silaindene-1;1-diyl bis{l,l'-(Z,8—diméthy1-4—phenyl—4-
hydroazulenyl)} zirconium dichloride; | _

(462) 1-silaindene-1,1-diyl bis[1,1'-{2-methyl-4- (1-naphthyl)-
4-hydroazulenyl}] zirconium dichloride;

(463) l—silaindene—l,l-diyl'{1-(2¥methyl—44phenyl—4-
hydroazulenyl)} {1-(2-methyl-4-phenyl-4,5,6,7,8-
pentahydroazulenyl) } zirdonium dichloride; _

(464) l-silaindene-1,1-diyl {1—(2—metﬁy1—4—phenyl—4- |
hydroazulenyl) } {1—(2—methy1;4—phenylindenyl)} Zirconium
dichloride; _ - .

(465) tetramethyl—l—silacyclopentadiene-l,1-diy1 bis{l;l‘f(z;.
methyl-4-phenyl-4-hydroazulenyl)} zirconium dichloride;

(466) tetramethyl;l-silacyclopentadiene—l,l-diyl bis{1,1'-(2-
ethy144—phen§1—4-hydroazu1eny1)5 zirconium dichloride;

(467) tetrémetﬁyl-1—silacyclopentadiene—1,1-diyl bis{1,1'-
(2,8;dimethyl—4—phenyl-4fhydroazulényl)} zirconium dichloride;
(468) tetramethyl-1-silacyclopentadiene-1,1-diyl bis[1,1'-{2-
methyl-4—(1-naphthyl)—4;hydroazulenyl}]-ziréonium dichloride; -
(469) tetramethyl-l—silacyclopentadiene-l,17diy1 {1—(2—ﬁethyl-
4-phenyl-4-hydroazulenyl)} {1- (2-methyl-4-pheny1-4, 5,6,7,8-
pentahydroazulenyl)} zirconium dichloride; | |

(470) tetramethyl-1—si1acyclopentadiene—;,1—dij1 {1-(2-methyl-
4-phenyl-4-hydroazulenyl) } {1—(2—methy154—phenylindenyl)}
zirconium dichloride; - '

(471) 1-silacyclo-3-pentene-1,1-diyl bis{1l,1'-(2-methyl-4-

pheny1—4-Hydroazu1eny1)}.zirconium dichloride;
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(472) 1—silacyclo—3—pentene-1,i—diyl bis{l,lt-(z-eehy1-4-'
phenyl—é—hydroazulenyl)}.zirconium dichloride;

(473) 14-silacyclo-3-;pentene—1 1-diyl bis{1,1'-(2,8-dimethyl-4-
-phenyl -4-hydroazulenyl) } zirconium dlchlorlde,

(474) 1l-silacyclo-3-pentene-1,1- d1yl bis(1, 1'-{2-methyl 4 (1—.
naphthyl) -4- hydroazulenyl}] zirconium dlchlorlde,

(475) 1- 511acyclo—3—pentene -1,1-diyl {1 (2—methyl 4-phenyl -4~
hydroazulenyl)} {1-(2-methyl-4-phenyl-4,5,6,7,8-
pentahydroazulenyl) } zirconium dichloride; - _ _
(476) ' 1-silacyclo-3-pentene-1,1-diyl {1-(2-methyl-4-phenyl-4-
hydroazulenyl)} {14(2-methyl;4—phenylindenyl)} zirconium
dichloride.

_In addition, as ﬁheltransition metal compounds according
- to the present invention, there can also be exemplified those:
compound in which one or both of two chlorine atoms
constituting the greups X aﬁd Y in the general formulae (I) to
(VI) are substituted~by a hydrogen atem, a fluorine atom,
bromine atom, an iodihe atom, a methyl group, a phenyl group,
a fluorophenyl group, a benzyl group, an methoxy group, a
dimethylaﬁino group, a diethylamino group, or the like.
Further, there can-also be exeﬁplified'those compounds in
which zirconium as the central meta1 M of.eaeh of the. above-
.mentionedﬁcbmpounds, is substituted by:ﬁitanium,_hafnium,
tantalum, niobium,lvanadiﬁm,'tehgsten,.molybdenum or the like.
Among them, compounds contalnlng Groupl4 transition metals |

such as 21rcon1um, tltanlum or hafnlum are preferred and
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compounds containing zirconium or hafnium aré.especially
preferred. _

Next, the catalyst (1) for pdlymerization-of o-olefin
according to the first aspect of the present iﬁvention-is_
explained below. The catalyst (1) comprises, as essential
components,-the.afore—méntioned transition metal comﬁound
(component A) and the specificlion exchangeable layer compound
or the inorganic silicate (component B), and as an opﬁional
component, the organocaluminum compound (component C).
| First, as the component’B,'the inorganic siiicate or the
ion exchangeable layér compound except for silicate
:(hereinafter referred to merely as "ion éxchangeable'layer
compound") is described in detail below.

As the afore-mentioned ion exchangeable layer compounds
as the compénent (E), there can be exemplified ionic |
crystalline compounds of a hexagonal closest packing type, an.
antimony type, a CdAdCl, type or a CdI; type; which havé a layer
crystal structure. Specific examples of the ion éxchangeable."

1ayér compounds may include crystalline acid salts of

polyvalent metals such as @-Zr (HAsO4)2:Hz0, O-Zr (HPO4)2, O-
Zx (KPOy4) 2+3H20, ..Ot-Ti (HPO4) 2, 0.-Ti (HAsO4) 2+H30, a—Sn(HPO4)2-H20, _‘Y-—
Zr (HPOy) 2, 'Y—Ti(HPQ4)2 or '_Y-Ti (NH4PO4) 2+H20.

The afore-mentioned ion exchangeable layer compounds may
be treated with salts and/or acids, if required. The ion .
exchangeable layer compounds except for silicates which are
treated with neither-salts'nbr acids, héVe.such a éryStal

structure that layers formed by ionic bond or the like are
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overlapped in parailel to one another with a wéak bonding
force therebetween and, therefore, the layers contain ioms
exchangeable with each other.

As the afore-mentioned inorganic silicates as the
component (B), there can be exemplified clays, clay miﬁeréls,_.
zeolite, diatomaceous earth or the like. These inorganic
silicétés may be either syhthésized-products or naturally
outputted minerals. Specific examples of clays or clay -
minerals may include allophane group clays or clay minerals
such as allophane;.kaolin groﬁp clays or clay minerals such as .
dickite, nacrite, kaolinite or anauxiﬁe,'halloysite groﬁp
clays or clay minerals such as meta-halloysite or halloysite;
serpentine group clays or clay minerals such as chrysotilé,
-lizardite or antigorite; smectite group clays or clay minerals
such as montmorillonite, sauconite, beidéllite, nontronite,
saponite or hectorite; wvermiculite minerals such as
vermiculite; micalminéfals such as illite, sericite or
glauconite; attapulgite; sepiolite; palygorskite; bentonite;
gnarl clay; gairome clay hisingerite} pyrophyllite; éhiorité
groups; or the like. These inorganic silicates may be iﬁ the
- form of mixed layers thereof. .In additioh, as the synthetic
inorganic siiicates; there can be exempiified synthetic mica,
synthetic hectorite, synthetic saponite, synthetic taeniolite
'or_the like. |

Am@ng the afore—méntioned.indrganic silicates, kaoiin
group~cléys or clay minerais,'halloysite group clays or cléy

minerals, serpentine group clays or-clay minerals, smectite-
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group clays or clay minerals, vermiculite minerals, mica
minerals, synthétic mica, synthetic hectorite, synthetic
saponite or synthetic taeniolite ére preferred, and especially
preferred inorganic silicates are smectite, vermiculite
minerals, synthetic mica, synthetic hectorite, synthetic
.'_saponite and synthetic taeniolite. These inorganic silicates
may be used in untreated state aé they'are, or may be used
after subjected to treatments such as crushing by a ball mill,
screéning or the like. Fﬁrther; theée inorganic silicates may
be used singly or in the.form'of'a mixture of any two or.more
thereof. |

The afofe—mentioned ion'exchangeéble layer compounds
except for-siliéétes and the inorganic silicates as the
component (B)-can.be treated with salts and/or-acids to
control an acid'strength of these solid compounds. Further,
when these compounds are treated with salts, ion composites,
molecule compositeé or organic derivatives are formed, so Ehat
it becomes possible to appropriately change the surface area
and interlayer'distance thereof. Specifically, exchangeable
ions existing betweeﬁ“thé respective layers can be replaced
.With other bulkier ions by the_aid of ion exchanging
properties of thése compounds, thereby oﬁtaining a layer
substance having an increésed ihterlayer distance.

If these compounds are not pre-treated as described abovg,
it is preferred thaf metal cations contained therein are ion- -
exchanged with cations dissociated from the below-mentioned

salts.and/or acids.
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The salts used.for the aforé—mentioned ion exchange, méy
be compounds comprising a cation which éontains at_least'one
atom selected from the group consisting of Group 1-14 atoms,
preferably compounds.comprising a cation which contains at
least one atom selected from the group consisting df'Group 1-
14 atoms and at least one anion derived froﬁ an étom oxr atomic
group selected from the group consisting of halogen atoﬁs,
 inorganic acids and organic acids, more preferably compounds
' COmprising a cation which contains at least one atom selected

from the group consisting of Group 2-14 atoms and at least one

anion selected from the group consisting of Cl, Br, I, F, POy,
S04, NOs3, COg, C04, C1O4, OOCCH3, CH3;COCHCOCH3, OClz, O(NOs)az,
0(Cl0O4)2, 0(S0O4), OH, 02Cl, OC13., OOCH and OOCCH,;CH3. These. = -
salts may bé used singly or in the form of a mixture of any
two of more thereoi in combination.

The acids used for the afore-mentioned ion exchange, may
be selected from hydrochloric acid, sulfuric acid, nitric acid,
acetic acid and oxalic acid. These aéids may be used singly
or in the form of a mixture of any two or more thereof. The
salt treatﬁent can be used in combination with the acid
treatment. As methods .in which the salt treatment and the
acid treatment are used in combination; there can be
exempiifiéd.a method of conducting the acid treatment after-
the salt treatment, a method of.conducting_the salt treatment
after the acid treatment, a method of conducting the salt and
acid treatments simultaneously, and a method of conducting'the

'salt and acid treatments simultaneously after the éalt
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treatment. Incidentally, the acid treatment has such effects,
afore-mentioned ion exchange that impurities can be removed
from the surface of the component (B), and that a part of
cations contained in the crystal structure such as Al; Fe, Mg
or Li can be eluted therefrom. |

The treating.conditions used for the salt or acid
treatment are not_particularly-restrictedf However, it is
suitable that the concentration of the salt or acid is usually

.in the range of O.i to 30 % by weight; the.treating
temperature is usually from room temperature to a boiling
point of solvent used; and the treating time is usually from 5
minutes to 24 hours, such that at least a part of the compound_
to be treated is solved out. Further, the salts and the acids"”
are usually used in the form of an aqueous solution.

In the afore—mentloned salt and/or acid treatments, the
component (B) may be pulverized or granulated before, during
or after the salt and/or acid treatments to control the shape

thereof. In addition, other chemical treatments:such as
alkali-treatment or treatments_by organic substances may be.
used in combination; The thus;prepared component (B) has
preferably a pore volume of usually'not less than 0.1 cc/g,
more preferably 0.3 to 5 cc/g, when measured with respect to-
pores hav1ng a radius of not less than 20 A by a mercury—
penetrating method. Such a component (B) generally contains
an absorbed water or_antinterlayer water. Here, the absorbed
water means water absorbed on a surface or a crystal fracture

face of the ion exchangeable layer compound or the inorganic
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silicate, and the interlayer watér means water.existing
'betwéen the layers. - ' .
In accordance with the present invention, it is preferred
that the component (B) is'used after femoval of the éfore-
mentioned absorbed water or:interiaQer water. The methods for
removing the water, are nor particularly restricted, but there
can be used dehydrating methods_such as heating, heating in
the presence of a flowing gas,'hea;ing under a reduced
bressure,_azeotropy with an organic solvent, or the like. The
heating may be éonducted at such a temperature that no
absorbed water and interlayer water exists in the cbmponent_m
{B);"The heating témperatute is usually not less than 100°C,
preferably not less than 150°C. However, the use of such a
high temperature which-causes destruction of the érystal |
structure should be avoided. 'The'heating time is usually.not
-less than 0.5 houf, preferably not less than one hour. The

weight loss of the thus-treated component (B) is preferably

‘not more than 3 % by weight, when the suction is conducted at - -

a temperature of 200°C under a pressure of 1 mmHg for 2 hours.
In accordance with the present inventioﬁ, in the case where

" the component (B) whose‘weight loss is adjusted to not more
than 3 % by weight based on the weight'of the component {(B) is
_used, it is preferred that the_weight loss of the component
(B) is also maintained when thé:component (B) is brought into
contact with the essential component (A) and théjbelow—

mentioned optional component (C). .
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Next, the organoaluminum.compdund (component (C)) is
explained in detail-below. As the'compdnent (C), there can be
preferébly used organocaluminum compounds represented by the

general formula (VII):
AlR,P3_, . (VII)

.wherein R-is a hydrocarbon group ﬁaving 1 to 20 carbon atoms;
P is a hydrogen atom, a halogen atom, an alkoxy group or a
siloxy group; and “a” is a number satisfying 0<a<3. |

Specific examples of the organoaluminum compounds
represented by the afore—mentioned general formula (VII) may
include trialkylaluminums such as trimethylaluminum, -
triethylaluminum, tripropylaluminum or triisobutylaiuminum,
halogén—containing or alkoxy—containing_aikylaluminums such as
diethylaluminum monochloride or diethyléluminum'honomethoxide,
or the like. Among them, trialkylaluminums can be preferably
‘used. Further, in the case of ﬁhe catalyst (1) for
polymerization of-d-olefin according to the first aspect of
the present invention, aluminoxanes_such as methylaluminoxane
or the like can also be used as the component (C).

The catalyst (1) for polymerization of o-olefin can be
prepared by bfinging the essential cﬁmponents (A) énd (B) and
the optional component (C) in contact with each.other. The |
contacting method is not particularly restricted, but the -
following methods (i) to (v) canﬁbe exemplified. Incidentally,

the contact between these_cOmponents'may be perfdrmed not only
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upon the production of the ¢atalyst'but also upon p?e—
‘polymerization or polymerization of the olefins.

(1) Methéd of bringing'thé components (A) and (B). into contact
with each other} | '

(ii) Method of bringing the components_(A).and {B) into
contact with each other and then adding the component (C) to
the mixture; | | |

(iii) Method of bringing the cqmppnents (A).and (C) into_
contact with each other and then adding the component (B) -to
the mixture; |
(iv) Method of bringing the_components (B) and (C) into
contact with each.othef and‘then adding the component‘(A) to-
the mixtufé; and |

“{v) Method of -bringing the compbnents.(A), (B) and (C) into'
contact with each other at the same time.

_When or after the'resbéctive components are bréught into
contact with each ofher, polymers such as polyethyleﬁe.or‘.
polypropylene or solid components of inorganic oxides such as
silica or alumina may_co;exist'theiein or may be contacted.
therewith. | .

In addition, the contact between the respéctive
components can be conducted in an atmosphere of an ineft gas
such as nitrogen or in the preseﬁce of an inert hydrocarbon
solvéht such as pentane, hexane, heptane, .toluene or xylene.
Further, the contact is preferably conducted at a temperature.

 of from -20°C to a boiling point of the solvent used, more
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. preferably from room temberature to.the boiling point of the
solvent used.

The amount of.the:component'(A) used is ﬁsually in the
range of 104 to 10 mmol, preferably 10-3 to 5 mmol baséd_on
one gram of the-coﬁponent (Bj. The amoﬁnt of the éomponent_
(C) used is usually in the range pf 0.01 to 104fmmol,
preferably. 0.1 to 100 ﬁmol based on one gram of the componént :
(B). In addition, the atomic_iatio of the Eransition metal
contained in the compoﬁent (A) to aluminum contained in the’
component (C) is usually in the range of 1/0.01 to 1/1086,
.preferabiy 1/0.1 to 1/105. The thus-prepared catalyst.may,be
used as it is without waShing, ot may be used after washing.
Further, the catalyst can be used in combination with a ”
further éomponent {C*) Whichlis_combosed of similar compounds.
to the component (C), if required. That is, when the
components (A) aﬁd/or (B) and the component (C)-are used to
prepare.the'Catalyst, the-furthei componént (C') may be added
to a reaction system éeparately froﬁ that the component (C)
used for the preparation of the catalyst. In this case, the
'aﬁouﬁt of the further-added component (C') can be selected
such.that the atomic ratio of-the:tranSition métal'cohtained
in the component (A) to aluminum contained in.thelfurther
added component (C') is 1/0 to 1/104. |

Next, the catalyst (2) for polymerization of a-olefin_
according to the second aspect of the présent_invention, is
expiained in detail beioﬁ. The_catalyst (2)“may contain, aé

essential components, (i) a novel transition metal compound
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'represented by the afore-mentioned general fofmula (xI), (III),
(IV), (V) or (VI) (component (A)) and (ii) an aluminumoxy
COmpound, an ionic compo@nd capable of reacting with the |
component (A) to convert ﬁhe éomponent (A) into a cation or a
Lewis acid (component (D)), and aé an_optionai_component;
(iii) a fine particle_carrier (component (E)). Incidentally,
some of Lewis acids can act as the ionic compound capable of
'j reacting with the component (A) to conﬁert the component (A)
into a cation. Accordingly, if the afore-mentioned combound
"having the properties of both the Lewis acid and the ionic
compound is used, the compound is regarded as belonging to any
one thereof. |

As the afore-mentioned aluminumoxy compouhds, there can -
be.exemplified thbse compounds represented by the following

general formulae (VIII), (IX) and (X):.

R9\ .. : R.
go” AQ-(0-AB)-0-A 4 .
| R’ | . (VIII)
(0-A )2 |
R’ - (IX)
R9 RIO R9

RO
o> A0-0-B-0-40 |
R . (X)
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In the afore-mentioned general formulae (VIII),.(IX) and
(X), R? is a hydrogen.atom or a hydrocarbon grodp having
preferably 1 to 10 carbon atoms, more preferably 1 to 6.carbon
atoms, providing that when a pluiality of the R? are present -
in the same molecule, these R? may be.the same or different; -
. and p is an_intéger of Olto 40; preferably 2 to 30.

The compounds represented by the general formulae (VIII)
and (IX) are also called "alumoxane", and can_Be obtained by
reacting at least one trialkylaluminum with water. épecifié-

- examples of the compounds represented by the general formulae
1VIII) ana (IX) may include'(i)'compounds.obtained by reacting
one kina.of t:ialkylaluminum with water, such as
methylalumoxane, ethylalumoxane, propylalumoxane, -
butylalumoxane or isobutylalumoxane; (ii) compounds 6btained
by reacting two kinds of trialkylaluminum with water, such as"
methYlethyialumoxane, methylbutylalumoxane or
methylisobutylalumoxane, or the iikef .Among them,
methylalumoxane and methylisobutylalumoxane are_preferred,"

The afore-mentioned alumoxanes can be ﬁsed in combination
within each group or between a plurality of groups. The
" alumoxanes can be prepared under wvarious known cdnditions;»~u
Specifically, the folloﬁing methods can be used_for the
production of these alumo#anes:. = -

'(é) Method of directly reactiﬁg triéikylaluminum with water in
the presence of .an appropriate organic solvent such as toluene,

benzene or ether;
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(b) Method of reacting trialkylaluminum with.a salt containing
crystaliization water, e.g., a hydrate of copper sulfate or.
aluminum Sulfate;'

(c) Method of reactingftrialkylaluminum with a water content
impregnated in silica gel or the llke,

(d) Method of mixing trlmethylalumlnum and trllsobutylalumlnum
together, and then directly reacting the mixed
trialkylaluminums with water in the presence of an appropriate
organic solvent such as toluene, bénzene or ethér;

(e) Method of mixiﬁg trimethylaluminum and triisobutylaluminum
together, and then reacting the mixed trialkylaluminums with a
salt containing crystallization water, e.g., a hydrate of
copper sulfate or aluminum sulfate while heating; |

(£) Mefhod of impregnating water into silica gel or the like;
anditreating the water-impregnated silica gel, étc.,_with
triisobutylaluminum and then with tr1methylalum1num,~ |

(g) Method of preparing methylalumoxane and 1sobutylalumoxane
by a known method, and then mixing these two components- |
ﬁogether at a predetermined ratio fo be reacted with each.
other while.héating; and

(h) Method of adding a salt containing crystallization water

such as copper sulfate pentahyﬂrate and trimethylaluminum into- --

an aromatic hydrocarbon solvent such as benzene or toluene and -
reacting thiese componénts with each other at a temperature of
. about -40°C to about 4Q°C | |

The molar ratié oflwater used to the trimethylaluminum is -

usually in the range of 0.5 to 1.5. Methylalumoxane prepared
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by the afore-mentioned methods is a 1inear.6r cyclic
-o:ganoaluminum polymér.

The compounds represented by the general formula (X) can
be obtained by feaéting at least one trialkyléluminum with
alkyl boric acid represented by the following general formula

(XI) at a molar ratio of 10:1 to 1l:1.

R10-B- (OH), (XI)

wherein R0 is a hydrocarbonlgroup or a halogenated
hydrocarbon grou§ both having 1 to 10 carbon atoms, prefefably
1 to 6 carbon atéms. o

-'Spécific-examplés of the compoundslrepresented by the
general formula (XI) may inciﬁde'the following reaction:
products:_
(a) Reaction products obtaingd by reacting_triméthylaluminum
with methylboric aéid at a molar ratio of 2:1; C L
{(b) Reaction prodhcts obtainéd by reacting triisobutylaluminum
with methylboriq acid at a molar ratio of 2:1;
(c) Reaction products obtained by reacting trimethylaluminum,
triisobutylaluminuﬁ and-methylboric acid with each other at a
molar ratio of 1:1:1;
(d) Reaction products obtained by reacting.trimethylaluminum'
with ethylboric acid at'a molar ratio of 2#1} and
(e) Reaction products obtained by reacting triethylalumingm_

with butylboric acid at a molar ratio of 2:1.
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In addition, as the ionic compounds capable of reacting
with. the component (A) to convert the component (A) into a
cation, there can be exemplified those compounds represented

by the general formula (XII):
[Klet [Z]le™ (XI1)

 In the general formula (XII), K represents a cationic
compohent. Examples of the cations may include carbonium
cation, tropylium cation, ammonium cation, oxénium catidn,
sulfonium cation, phosphonium cation or the like. Further,
metal cations which tend te be reduced per se, cations of
organic metals or the 1ike can aléo be used.

Specific examples of the afore-mentioned cations may
-includg triphenyl carbonium, diphenyl carbonium, cyclohepta
trienium, indenium, triethylammoﬂium, tripropylammoniﬁm,
tributylammonium, N, N—dimeﬁhylammonium{ dipropylammonium,
dicyclohexylammonium,'triphenylphosphonium, |
'triméthylphosphonium, tris(dimethylphenyl)phosphonium,-

. tris(methylphenyl)phosphonium,:triphenylsulfonium,.
triphenyloxoniuﬁ, triethyloxonium, pyrylium, silver ion,_gold
ion, platinum ion, copbér ion, palladium ion, mércury ion, -
ferroceﬂium ion or the like.

In the general.formula-(XII), 7 represents an ionic anion
component (generally a non-coordinated component), which |
éonstitutes'a counter anion against the cation produced by the

conversion of the component- (A).. As the anion %, there can be
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'exemplified anions of organic boron compounds, anions of.
oiganoaluminum'compounds, anions of organogallium compounds,
anions of organophosphorus compounds, anions of organoarsenic
compounds,'anions of organoanthimony compounds.or'thellike;~-
Specific examples  of these organic compounds are as follows.
(af tetraphenylboron, tetrakis(3,4,S—trifluoropheﬁyl)boron,
tetrakis{3,5—bis(trifluoromethyl)phenyl}béron, tetrakis{3,5-
di(t—butyl)phehyl}boron, tetrakis (pentafluorophenyl)boron, or
the like; | |
(b) tetraphenylaluminum, tetrakis(3,4,S—trif1uorobhenyl)
aluminﬁm, tetrakis{3,5-bis(trifluoromethyl)phenyl}aluminum,
tetrakis(3,5—di(t—butylfphenyl)aluminum,
tetrakis(pentafluorophenyi)aluminum,_or the like;
"(c) tetraphenylgallium, tetrakis(3,4,S—trifluorophenyl}gallium,
tetrakis{3,5—bis(triflﬁoromethyl)phenyl)gallium, tetrakis(3,5—.
di (t-butyl)phenyl)gallium, tetrakis(pentafluoro)phénylgéllium;
or the like; | | . |
(d) tetraphenyl phosphorus;_tetrakis(pentafluorophenyl)
phosphorus, or the like: | |
(e) tetraphenyl arsenic; tetfakis(pentafluorophenyl)'arsenic,
or the like;
(£) tetraphehyl antimony, tetrékis(pentafluorophényl) antimony,
or the like; and
(g) decaborate, uﬁdecaborate,_carbadodécaboréte,
decachlorodecaborate, or the like.

Further, és the Lewis acids, eépecially those capable of

converting the component (A) into a cation, there can be -
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- exemplified various organoboron compounds, halogenated'meta;-
'éompounds, solid acids or the like. Specific examples of |
these Lewis acids are as follows:

(a) organoboron compounds such as triphenylboron, tris(3,5--
difluorophenyl)boron 6r tris(pentafluorophenyl)bdron;

(b) halogenated metal compounds such as aluminum chloride,
aluminum bromide, aluminum iodide, magnesium chloride, |
magnesium bromide, magnesium iodide, magnesium chloride
bromide, magnesium chLoride iodide, magnesiﬁm bromide iodide,t
magnesium chloride hydride, magnesium chloride hydfoxide,
magnesium bromide hydroxide, mégnesium chloride alkoxide or
magnesium bromide alkoxide; and

(c) solid acids such as alumina or silica-alumina.

In the catalyst (2) for polymerization of a-olefin, the
fine particle carrier as the optional component (E)_may be
composed of an inorganic or.quanic compound, and in the form _
of granules or particles having a particle diametef of usually
5 um to 5 mm, preferably 10 pum to 2 mm. |

| AS‘the-afore—mentioned inorganic carrier, there cah be
-exemplified oxides such as SiOz, A1263, MgO, ZrQ, TiOz, B30;3 or
Zn0; composite oxides .such as Si0,-Mg0O, Si03-Al,03, Sioz-Tioé,
Sidz—Cr203 or Si03-Al,03-Mg0; or the like.

As the afore—mentioned_oréanic carrier, there can be
- exemplified fine particles of porous polymers, for example,
polymers or copolymers of o-olefins having 2 to.14 carbon
" atoms such as ethyiene,_propylene, l-butene or 4-methyl-1-

" pentene; ‘polymers or copolymers of aromatic unsaturated
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hydrocarbons such as styrene dr divinylbenzene; or the. like.
These 6rganic carriers have a specific surface area of.usuéily.
20 to 1,000 m2/g, preferably 50 to 700 m?/g, and a pore volume
of usually not less than O.i cm3/g, preferably not less than

- 0.3 cm3/g, more preferably not less than 0.8 cm3/g.

The catalyst (2) for polymerization of a—olefin may
contain, as other optional components than the fine:particle-
carrier, for éxample, protic compounds such'és H;0, methanol, -
ethanol or butanol; electron donative compounds such as -ethers,
esters or amines; alkoxy-éontaining compounds such as -
phenylborate, dimethylmethoxyaluminum, phenYlphosphite,‘
tetraethoxysilane or diphenyldimethoxysilane; or-the like.

As still further optiﬁnal components other than the
afore-mentioned compoﬁnds, there can be exemplified tri-lower—
alkylaluminums such as trimethylaluminum, triethyléluminum_or
triisobutylaluminum; halogen-contéining alkylaluminums such as
diethylaluminum chloride,.dgisobutylaluminum chloride or - _-
methylaluminum sesqui-chloride; alkylaluminum hydrides such as
'diethylaluminum:hydride; alkoxy-éontaining alkylalumihums such

as diethylaluminum ethoxide or dimethylaluminum butoxide;
aryloxy-containing alkylaluminums such as.diethylaluminum
phenoxide; or the like. _ _ _

In the catalyst (2)-for pqiymgrization of a-olefin,  the
aluminum-oxy compbund; the'ionic compound' capable of reacting"
with the componeﬁt (A) to convert the component (Aa) into a
cation, and the Lewis acid -as thé component (D) afe used

singly or in the form of a mixture of any two or more thereof



~106-

 in combination. Incidentally, it is ﬁreferred-thét'as-the
still further optional components, one or more kinds of the
afore—mentiqned loﬁer-alkylaluminum, halogen-containing
alkylaluminum, alkylaluminum hydride, alkoxy—contaihing
alkylalﬁminum or aryloxy-containing alkyléluﬁinum are'
contained in the catalyst (2) for polymerization of o.-olefin,
together with the aluminum-oxy compound, the-ionic compound or
the Lewis acid. | _ |

The catalyst (2) for polymerization.of_a-olefin may be
prepared by bringing the components (A)_and (D) into contact
with each other inside or outside of a polymerization veései
and in the presence or absence of é monomer to.be polymerized.
In this case, the components (A) and (D), and if required; the
‘component (E), etc., may be introduced separately into the
polymerization vessel. Alternatively, the ¢omponénts (A) and
(D) may be introduced into the polymerization vesse; after
both the components have been preliminarily bréught into.
contact with each other. ‘Further, after the components (A)
and (D) are mixed together and impregnaﬁed into the component
(E), the mixture may be introduced into thé polymerizétion'
vessel. o | |

- The contact between the réspective components can be
' ‘conducted in an atmosphere conﬁaining an inert gas such as
nitrogen or in the presence of an inert-hydrocarboﬁ solvenﬁ
such as pentaﬁe, hexane, heptane, toluene or xylene. In
addition, the contact can be conducted at a-temperatUre'of

from -20°C to a boiling point of the solvent used,'preferably
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from room temperature to the boiling point of the solvent used.
. The thus-produced catalyst may be used as it is without

. washing, or may be used after washing. Further, the obtained
catalyst may be used in combination with additional components,
if required.

Also, when the.compOnenfs (A), (D) and (E).are -
preliminarily brought into contact with eéch other, the
contact can be perfofmed in the presence of the monomef-to be -
polymerized, i.e., 0-olefin to partially polymerize the o~
‘olefin (sojcalled pfe—polymerizatioh). More specifically,
before the polymerization, the a-olefin such as ethylene,
propylene, l-butene, l-hexene, l—octené, 4-methyl-l-pentene, ~
3—methy1—1—bﬁtene, vinylcycloalkanes or styreﬁe is pre-
polymerized and washed, if required. The thus-produced pre- -
polymerization product can be used as a catal&st. In this
' case, it is preferredzthat the'pre;polymerization is conducted
in the presence of an inért solvent under such a moderate
reaction condition that the polymer is produced in an amount
of usually 0.01 to 1,000 g, preferably 0.1 to 100 g based on-
one gram of the solid catalyst. o

The amounts of the components (A) and (D) used are
optional. For example, in the case of solution polymerizationm, °
the.amount of the component (A) uéed is usually iﬁ the range
of 10-7 to 102 mmol/liter (calculated.as the transition metal),
preferably 104 to 1 mmol/liter. Iﬁ the case where the
aluminum-oxy compound is used as the component (b), the molar

ratio of Al to the transition metal is usually in the range of
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10 to 103, preferably 100 to 2 x 104, more preferably 100 to
104. On the other hand, in the case where the ionic compound
or the Lewis acid is used as the component (D), the molar
ratio of the ionic compound or the Lewis acid to the |
transition metal is usually in the range of'O.l to 1,000,
preferably 0.5 to 100, more preferably 1 to 50.

Next; the method for producing an t-olefin polymer
according to the present invention,'is explained in detail
below. ‘In accordance with the present invention, the afore-.
ﬁentioned catalyst and o-olefin are brought into cohtact'with
each other to polymerize or copolymerize the o-olefin. The
catalyst for polymeriiation of o-olefin according to the
present invention can be applied to not only a solution.-
polymerization using a solvent, but also a liquid—phase_non—
-solﬁent polymerization ﬁsing substantialiy no solvent, a.gas—
phase polymerization or a melt polymerization. These
- polymerizations can be conducted either in a continuous manner
or in a batch manner. |

As the‘solvents used for the'solution polymerization,.
there can be exemplified inert saturated aliphatic or aromatic
hydrocarbons such as hexane, heptane, pentane, cyclohexane,
benzene or toluene.. These solvents can- be used singly.or in
the form of a mixture of any two or more thereof. The
polymerization temperature.is usuaily in ‘the range of -78°C to
250°C, preferably -20°C to 1QO°C. The olefin pressure in the
reaction system is not particularly_restricted,-but preferably

from ordinary pressure to 2,000 kgf/cm?G (Geuge), more
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preferably from ordinary pressure to 50 kgf/cm2G. Further,
the molecular weight of the resultant a—olefinlpolymer can be
controlled by knpwﬁ methods such as appropriate selection of
reaction temperature and reaction pressure used or
introduction of hydrogen. |

As the raw o-olefins, there can be used a—olefins.having
usually 2 to 20 carbon.atoms, preferably 2 to 10 carbon atoms.
Specific examples of the a—olefins'may include ethylene,
propylene, 1;butéhe, 4—mgthyl-1—pentene, l-hexene, 1—octéne,
l1-decene, l—dodecehe, 1—tetradecene; 1l-hexadecene, 1§ |
octadecene, l-eicosene or the 1ike; The catalyst according to
‘the present inventioh-can be preférabiy‘applied tp
.stereoregulated polymérization of da-olefins having 3 to 10
carboﬁ atoms; especially to the polymerization of propylene.

Fﬁxther, the catalyst according to phe'présent invention
can be applied to not only homopolymerizatipn or |
copolymerization of tﬁe afore-mentioned o-olefins, but.also; o
copolymerization of the a-olefins with the other monomers. As.
the other monomerslcopolymefizable with the o-olefins, there
can be exemplified conjugated dieﬁes or non-conjugated dienes
such as butadiene, 1,4-hexadiene, 7—méthyl—l,6—octadiene,'1,8—_-
nonadiene or 1,9-decadiene; cyclic olefins such as
cyciopropene; cyclobutene, cyclopentene,.norbornéﬁé or
~dicyclopentadiene; or the like. The polymerization or
'copélymerization of the a-olefins éan be perfofmed in multiple
: stages'whose-reactiop conditions are different from eagh other,

i.e., in a manner of so—called_multi-step polymerization, for



-110-

example, block copolymerization comprising pre-polymerization
of propylene and copolymerization of-ethylene with the -
polypropyrene prepared by the said pre—polymerization.

As described above, in accordance with the polymerization
method according to the present 1nventlon, there can be
pobtalned an o-olefin polymer which has a narrow mplecular
weight distribution and a narrow composition distribution, is
excellent in transparency and mechanicel strength and exhibits
a good flowability. |

Also, in the cese where the polymerization of propylene
was conducted bylusing the catalyst according'to the present
'invention, there can be obtained a cryetalline~polypropylehe
which can show a high value [mmmm] (e.g.,.not less than 90 %)
and a gnique regio defect amounr: 2,1-inversion of 0.5 to 2.0
.mol-% and 1,3-insertion of 0.06 to 0.40 mol %. The regio
defect amount can be calculated according to the following

formula:

2,l-insertion percentage (%) = (¥/X) x 1,000 x 1/5,
1,3-insertion percentage (%) = (Z/X) x 1,000 x 1/5}
X = sum of integrated values from'27 ppm to 48 ppm,

vy=aD+ 2@ + 2@ + 2@ + A() + A®) /s,
(A(D + ACD-+ 29)/6

In the above formulae, AD, 2@, 20, 2@, a®, a®, 2@, 2
® and AQ@ are areas at 42.3 ppm, 35.9 ppm, 38.6 ppm, 30.6 ppm,

"36.0 ppm, 31.5 ppm, 31.0 ppm, 37.2 ppm and 27;4'ppm,



-111-

respectivély, and indicate ratios between quantities of carbon
atoms existing at respective positions of the following

partial structures (I) and (II):

Substructure (I):

fHs fs My QH;  CH fHs
— ( CH,-CH )~ ( CH-CH )= ( CH2-CH )—( CH-CH; )— ( CH»-CH )= ( CH;-CH )—
P2 @@ 66

Substructure (IT):

s g o ofm gy
~ (CH,-CH )— ( CH,-CH )— ( CH,-CH,CH, )~ ( CH,-CH )— ( CH,-CH -
@ ® ©0 ® @

In-addition, in accordance with the present invéntion,
- there can 5e provided novel trénsition metal compounds.
- BEspecially, in the case where the caﬁalyst containing the
,trénsition metal cémpouhd represented by the general formulae
(II)-(VI) according to:the present invention is used, the «-
olefin polymer which is free from reductibn of its molecular
weight and deterioration of.its stereo regularity, can show a
high.molecular weight and a high melting.boint,’and-thereforerm
is applicable to extrusion molding or injection molding, can
be produced with a high yield.  The reason'thereﬁor is |
‘considered as follows, though.not éxactly known.

That is, in the novel transition metal compound

'represented by the general formulae (II) and (III), since the



-112-

groups R}'and R6 each form a condensed ring having not less
than 7 members, the substituent groups R7 and R® bonded
thereto take such a spatiél arrangement as inclined at a

- certain angle relative to a plane of the condensed ring.
constituted by the 5-membered ring and the R3 or ﬁﬁ. In
addition, the substituent groups R7 and R8 contain halogen
atom(s) which.is spatially-bulkier than a hydrogen atom. The
halogen atom acts to proﬁide én appropriate steric hindrance
and an appropriate configuration which cannot be achieved only
by the hydrocarbon. As a result, effects of regulating the
direction of growth of polymer chains and the direction .of
coordination of ‘monomers are énhanced, thereby improving the
. stereo regularity Qf the obtained polymers-aﬁd.further
increasing the melting point thereof;

" Further, it is considefed that the halogen atom exerts an
electfoﬁic effect on centrally located metéls( e.g., zirconium
or hafnium, and the_eiectronic effect and the afore-mentioned
stereostructure can effectiveiy prevent the chain transfer
reaction, thereby increasing a molecular weight of the
obtained pdlymer. Furthermore, since the 7- to 1l0-membered
ring formed by the groups R3 or R® has-ddﬁble bond(s), the
movement of the substituent groups R?7 and R® is inhibited and
configuration of the ligands'ié_firmly fixed. For this reason,
it is considered that even if the polymerizatioﬁ temperature
is increased, the substitueht groups R7 and ﬁa do not lose the
'effects of regulating the direction of growth of polymer |

chains and the direction of coqrdination of monomérs, thereby
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obtaining a high—moleculai_wéight polymer having an excellent
stereo regularity.

In the novel transition metal compound répresented by the
general formula (IV), since the substituent group RS forms a’
condensed ring having not less than 7 members, the sﬁbstituent
group R® bonded thereté has such a spaﬁiél arrangement as
inclined at a certain angle relative to a plane of the -
condensed ring constituted by the S—membered ring and the ﬁ‘.
In addition, the substituent group R8 is present at a B- or
remoter position'on'Rﬁ with respect to the S-membered ring.
These conditions allow the transition metal compéund to have a
spatially bulkier structure, thereby imparting an appropriate
steric hindrance and an appfopriate configuration thereto. As
a result, the éame effects as given by fhe transition meta1
coﬁpbund of the general formula (II) can be obtained.

‘In the novel transition metal compound represented by the
géneral formula (V), since thé substituent group R3 aﬁd RS
forms a condensed ring having not less than 7 members, thg
substituent group R7 and R® bonde_'d thereto has such a spatial
arrangeﬁent as inblined‘at a certain angle relative to a plane
of the condensed ring constituted by the.5—membered ring and -
the R3 or R6- In addition, bulkier Rl and R* are bonded to the
S;membered ring. These conditions allow the'transition metal
compound to have a spatially bulkier strﬁcturé, thereby
imparting an appropriate steric_hindiance and an appropriate

--éonfiguration thereto. As a result, the same effects as
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provided by the transition metal_compound of the generai
formula (II) can be obtained. |

Further, in the novel transition metal compouhd'
represented by the general formula (VI), since the gfoups R3-
and R® each form a condensed ring having not less than 7
.members, the substituent groups R’ and R8 bonded theretoahave-
such a spatiai arrengement as inclined at a ceftain angle
relative to a plane of the condensed ring_constituted-by the
S5-membered ring aﬁd the R or R6. In addition, the cyclic
substituent group A is bonded to the cross—lihking group Q..
These conditions allow the transition metal. compound to have-a
spatially bulkier structure,.thereby imparting an appropriate
steric hindrance and an_appropriate configuration thereto. As
a result, the same effects as provided by the transition metal
compound of the general formula (II) can be obtained.
Moreover, since the 7- to l10-membered ring formed by the
groups R3 or R® and the greub A contain double'bonds therein,
" the movements of the substituent greups R7, R® and R2 are
inhibited so that configuration of the 1igaﬁds is firmiy;fixed.
For this reason, it is considered that even if the-
polymerization temperature is increased, it is possible to.-
obtain a high¥molecular weight pelymer having an excellent

stereo regularity.

EXAMPLES:
The present invention is described‘in more detail below. -

by way of examples, but these exemples are not intended to
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limit the_sCope of the present invention. Incidentally, in
the following examples, all the catalyst preparation processes
and polymerization proceéses were condected in a purified
nitrogen atmosphere. In addition, solvents were dehydrated
with MS—4Aeand then deaerated by bubbiing-with purified -
nitrogen before they were usedlfor these processes. Further,.t
the activity of each solid cataljst component per unit weight
thereof is referred to as ﬁcatalytic activity" and indicated
by a unit of “g—polymer/g—solid catalyst component“y whereas
the activity of each complex component per unit welght thereof
is referred to as "complex activity" and indicated by a unit
of "g-polymer/g-complex component". | |

(1) Measurement of Melt Flow Rate (MFR):

Six grams of an acetone'solution conteining 0.6 % by
weight of a thermal stabilizer (BHTi was adde&“to 6 g of'the.
obtained polyvmer. After drying, the polymer was cherged into
a melt indexer (230°C) and allowed to stend for 5 minutes
under a load of 2.16 Kg. Thereafter, the polymer was extruded_
to measure the amount of the extruded polymer. Based on the
thus-measured amount of the extruded polymer, the amount per
10 minutes was calculated and used as a value of MFR.

(2) Meegurement of Molecular Weight_pistribution:
The molecular weight distfibution of the obtained polymer -
. was determined from the:Q-Qalue {Mw/Mn) of'weighteaverage-» .
molecular weight (Mw) to-number—average molecular weight {Mn)
thereof which'were-measured:by gel permeation chromatography

(GPC) (both calibrated aé'polyethylene). The measurement of

This Sheet Has Been Repla o .. | a—uxSBEEl\I1 |
[ i ﬂll I i 5”%3@
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the molecﬁlar weights was condﬁcted at 135°C by a GPC
%'apparatus (150CVv type manufactured_by Waters), using ortho-
dichlorobenzene as a solvent. '
(3) Measuiemgnt of Melting Point:

Usiﬁg a differential scanning calorimeter (DSC]
" manufactured by E. I. du Pont, the melt flow rate of the
obtained polymer was measuted after the.polymer was heated two
times from 20°C to 200°C at a heating rate of 10°C/min.
(4) Megsu;gmég; of Stereo Reqularitv:: -

300'm§ of the polymer sample was dissolved in a mixed
solvert composed_of.2.5 ml of ortho—dichlorobenzene and 0.5 ml
of benzene-dg. The obtained solution was subjécted to a
nucleaf magnetic-reéonénce (NMR) analysis by using JEOL EX-270 -
'SpeCtromete:. The NMR anal&sis was conducted at a temperature
of 130°C, an.irradiation time.of.0.744 sec and a pulse delay
of 2.256 sec, and cumulatiﬁely repeated Z0,000'times to

determine a stereo regularity of the obtained polymer: .

E;émglg 1: : - _ o -
A1) Chgmicalit;ea;mggt of clax minerals:

_Thirty grams of a 35 % hydrochloric acid solution was
diluted with 70 ml of desalted water. Next; 11.7 g of
commercially available montmorillbnite ("KUNIPIA F" produced. -
by KUNIMINE INDUSTRIES CO., LTD.) was dispersed'in the dilute
solution. -The.resultant dispersion was heated up to a boiling
point thereof while.stirring and boiled for'2 hours.

Thereafter, the product was sufficiently washed with desalted
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-water and, after pre-drying, dried at 200°C for.2 hours under
" a reduced pressure to obtain a compohent (B).
(2) gggparatign of solid catalyst component:

| 3.0 g of the chemically treated montmorilloﬁite obtained
in the above item (1) was charged into a 100 ml flask-aﬁd.
dispersed in 20 ml of toluené to obtain a slurxry. -
Successively, 1.3 ml of triethylaluminum ﬁas added to the
slurry.at room temperature while stirring. After stirring the
slurry at room temperature for one'hour, the supernatant was
removed and the solid residue was washed with toluene td'
obtain a solid catalySt.component{

3 thesis of di 1si ene bis{1,1'-(2-methvl-4-phenyl- "

4-hydroazulenyl} zirconium dichloride (component (A)):
(a) Svnthesis gﬁ_;acemig and meso mixture:
2.22 g of 2-methylazulene produced according to the

‘method described in Japaneée Patent Application Laid-Open
(KOKAT) No.,62-207232, was dissolved in 30 ml of hexane. 15.6
ml of a cyclohexane/diethyl ether:solution of phenyi lithium
(1.0 equivalent) was g?adually.added to the.above-obtained
hexane solution at 0°C. After stirring at room température.m-~
for one hour, the qbtéinéd solution was cooled to -78°C, and
 then mixed with 30 ml-of tétrahydrofuran. The_solution was
mixed with 0.95 ml'qf dimethyldichlorosilane and the
temperature thereof was raised to room temperature. The
solution was further heated to 50°c.and stirred for 1.5 hours.

After an aqueous ammonium_chioride solution was added; the .

solution was separated into aqueous and organic phases. The-
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organic phase was dried with magnesium sulfate and stirred -
- under a reduced pressure to femove the solvent. Thelthus—
obtained crude prodﬁct was purified by column chromatography
(hexéne:dichloromethane = 5:1) to obtain 1.48 g of dimethyl
bis{l,l”—(Z—methyl-4—pheny1—1,4—diﬁydroazulenyl} silane.
| 768 mg of the thus-produced dimethyl bis{l,l;—(z—methyl—
4-phenyl-1,4-dihydroazulenyl} silane was dissolved in 15 ml of
" diethyl ether. 1.98 ml of a hexane solution of n-butyl
lithium (1.64 mol/liter) wag dropped into the.splution at
-78°C, and the solution was.stirred'for 12 hours while the
temperature fhereof was'gradually raised to room temperatufe.
The solvent was removed under a reduced pressure, thereby
obtain a solid componént. The obtained solid component was
washed with hexane, and then dried and solidified undér_a
reduced pressure. 20 ml of a mixed solvent comboééd of
toluene and diethyl ether (40:1) was added to the dried -
product, and further 325 mg of zirconium tetrachloride was -
addedlthereto at -60°C. The mixture was stirred for 15 hours
~ while the temperature thereof was gradually raised to room
temperature. The obtained solution was concentrated under a .
reduced.préssure and then mixed with hexane to obtain, as a
‘precipitate, 150 mg of a raéemic and meso mixture of
dimethylsilyleﬁe bis{l,l'—(2-methyl-4-bheﬁyl—44hydroazulenyl}
zirconium dichloride (a mixture showing the below-mentioned
spectrum déta). |

(b) Purification of racemic compound: - | - e



-119-

887 mg of the above-produced racemic and meso mixture was
' diésolﬁed in 30 ml of dichléromethane and charged into a Pyrex
vessel equipped with a 100W high—preséure mercury vaﬁor lamp.
While stirring, the solution was irradiated (300 -nm ﬁo 600 nm)
for 30 minutes under atmospheric preséure to enhance a
percentage of the racemic compound in -the mixtuie, and stirred.
under a reduced pressufe to remove the solvent. 7 ml of -

- toluene waé added to fhe obtained yéllow solid. After-
stirring, the mixture was allowed fo stand to precipitate the
yéllow solid,_followed by removing the supernatant. -Similar
washing procedures were repeated three times using 4 ml_of-
toluene, 2 ml of toluene and 2 ml of'hexane.. The thus-
obtained solid product was dried and solidified under a

. reduced pressure to obtain 437 mg of a racemig compound of - -
dimethylsilylene bis{l,1};(2—methy1-4-phenyl—4—hydroazu1eny1}
zirconium dichloride. _ ; |

(c) Chemical shift of lH-NMR of.racgﬁic compound: _

300 MHz, CeDs (ppm) & 0.51 (s, 6H, Si(CHz)z), 1.92 (s, 6H,.
CHs), 5.30 (br d, 2H), 5.75-5.95 (m, 6H), 6.13 (s, 2H), 6.68.
(d, J = 14Hz, 2H), 7.05-7.20 .(m, 2H, arom), 7.56 (d, J = 7THz, .
am) | | '.

- {d) Chemical shift of 1HfNMR of meso compound: _

300 MHz, Ce¢Ds (ppm) & 0.44 (s, '6H,,SiCH$), 6.59 (s, 6H,
SiCH3;), 1.84 (s, 6H, CHj3), 5.3é (br 4, 2H), 5.75;6.00 (m, 6H),
6.13 (s, 2H), 6.78 (d, J = 14Hz, 2H), 7.00-7.20 (m, 2H, arom),
7.56. (4, J = THz, 4H) | - |

4) Polvmerization of opvlene:
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- 0.5 mmol (calculated-as Al atoﬁ) of triethylaluminumf“
(produced by TOSOHlAKZO CORP.) and 100 mg of the solid
catalyst cémponent obtained in the above item (2) were chargéd
into a 2-liter stirring-type autoclave. On the other hand,
0.975 mg (1.5 umoi) of the above-prepared racemic compoﬁnd as
a component (A) was diluted with 3 ml of toluene- and charged
into a catalyst feeder equipped with a safety rupture disc.

Thereafter, 1,500 ml of propylene was charged into the
autoclave and the content of the autoclave was heated to 70°C.
Suécessivély, an argon gas'having a pressure of 80 kgf/cm2G
- was intfoduced into the catalyst feeder to break the safety
rupture disc, so that the component (A) was supplied into the’
autoclave to initiate the polymerization of propylene.  '

After the polymerization was continued for 2 hours,
unieécted;propylene was purged to obtain 166.5 g of
polypropylene. As a result of the measurements, it was
confirmed that the catalyst activity was 1665 and the complex
activity_ﬁas 17.1 x 104. Further, it was confirmed that the
obtained polypropylene had a melting point {Tm) of 150.1°C, a
melt flow rate (MFR)_of 2.5, a weight-average molecular weight

(Mw) of 3.1 x 105 and a Q-value (Mw/Mn) of 2.8. The
measurement of 13C-NMR speétrum showed that the [mmmm] was
98.9 %, the 2,l-inversion was 0.9 % and the 1,3-insertion was

0.08 %. The results are shown in Tables 1 and 2.

Reference Example 1:

<Polymerization of propylene>
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4-mmoll(calcu1ated as Al atom) of methylalumoxane ("MMAO"

produced by TOSOH AKZO CORP.) and 0.26 mg (0.4 umol) of the -
racemic compound obtained in Example'l were charged into a 2-
‘liter stirring-type autoclave. Further, 1,500 ml of propylene
was charged into the autoclave and the content of the
autoclave was heated to 70°C to conduct the polymerization of
propylene for one hour, thereby obtaining 43.5 g of
‘polypropylene. As a result of the measurements, it was-
confirmed that the complex activity was 16.7 x 104;and the
obtained polypropvlene had a melting.point (Tm) of 150.9°C, a
melt flow rate (MFR) of 1.3, a weight-average molecular weight
(Mw) of 3.5 x 103 and a Q-value (Mw/Mn) of 2.7.-'Furthé;,.the
‘measurement of 13C-NMR spectrum showed that the [mmmm] - was .
99.6 %, the 2,1—invérsion Qas 0.9 % and the 1,3-insertion was

0.10 %. The results are shown in Tébles 1 and 2.

Exgmple 2:
<Polymerization of ﬁropyiene>

The same procedure'aé defined in Example 1(3) was
conducted except that the polymerization_temperature was
changed to 80°C, to obtain 235'g of polypropylene._ As a
- result of the measuremehts; it_was.confirméd that the.catalyst
activity was 2350 and ﬁhe complex activity.was 24.1 x 104, and
the'obtained polypropylene had a melting point (Tm) of 148.8°C,
a melt flow réte (MFR) of 8.5, a weightfaveragé moleéﬁlar -
weight (Mw) of 2.1 x 103 and a Q-value (Mw/Mn) of 2.7.

Further, the measurement of 13c-NMR spectrum showed that the



-122-

[mmmm] was 98.8 %, the 2,l-inversion was 0.9 % _and the'1,37--

insertion was 0.06 %. The results are shown in Tables 1 and 2.-

Example 3:
<Polymerization of propylene>

500 ml of dried and deaeraﬁed toluene, 0.5 mmol
(calculated as Al atom) of ﬁriethylaluminﬁm (produced by TOSOH
'AKZO CORP..) and 100 mg of the solid catalyst eomponent-
obtained in the above Example 1(2) were charged into a 1.5-
liter stirring-type autoclave whose interior was sufficiently
dried and replaced with a pfopylene gas. While'maintaining at'
20°C, the autoclave was charged with 4 pmol of the racemic
compound obtained in Example 1. Thefeafter, the reaction
system in the autoclave was heated to 70°C to initiate the
polymerization of propylene while adjusting the propylene
pressure in the autoclave to 5 kgf/cm?G. After the
polymerization was continued for one hour, unreacted propylene

was purged and obtained a slurry containing a polymer. - The

slurry was filtered and dried to recover 17 g of polypropvlene.

Further, the filtrate was concentrated so that 0.05 g of
polypropylene dissolved in the filtrate wes recovered. AS a:. .-
result-of the measurements, it was confirmed that the catélyst :
: activity was 170 and the complex activity was_o.és x 104, and-
the obtained polypropvlene had a melting point (Tm) ef 150.9°¢C,
a melt flow réte {MFR) of 3.5, alweight—averege molecular
weight'(MWr of 3.0 x 103 and'an-value (Mw)Mn) of 2.8, The

measurement of 13C-NMR.spectrum showed that the [mmmm] was
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99.0 %, the 2,l-inversion was 0.7'% and the 1,3-insertion was

0.10 %. The results are shown in Tables 1 and 2.

Example 4:”
(1) Chemical treatment and granulation of clay minerals:

3 Kg of commercially available'montmorillonite was
pulverized by a vibrating ball mill and dispersed in 16 liters’
of 3 % hydrochloric acid solution.  The diSpersion was heated
at 90°C for 3 hours while stirring to obtain an‘aqueous slurry.
of chemically treated montmorillonite. Successively, after
. the solid content of the aqueous slufry was adjusted'to'is.%,
the slurry was sprayed by means of a spray drier to conduct-
granglation of the solid component, followed by washing with
desalted water. The thus-obtained-particles had a spherical
- shape.

Next, 10.0 g of the chemically treated montmorillonite
obtained in the above was charged into a 200 ml flésk aﬁd
subjecfed to heating and desiccation treatment at 200°C for 2
" hours under a reduced pressure. It wés confirmed'that the
‘weight of the-montmorillonite was redﬁced by 1.3 g as a result
of the heating and desiccation treatment. -

(2) Preparation of solid catalyst component : -

3.0 g of the chemically.treated montmorillonite obtained
- in the above'(l) was-chargéd into a 100 ml.flask and dispersed
in 20 ml of toiuene to théin a slurry. Successively, 1.3 ml
of triethylaluminum was added tb the slgrry at room

temperature while stirring. After both the components were
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contacted with each other at room temperature for one hour,
the supernatant was removed and the. solid reéidue was Washed
with toluene to obtain a solid catalyst component. .

(3) Polvmerization of-gfégzlene:

0.5 mmol (calculated as Al atom) of triethylaluminum
(produced by TOSOH AKZO CORP.),-loofo'mg of the solid catalyst
component obtained in the above (2) and 750 g of liquid .
propylene were charged into a 2-liter stirring—type_autoclave;__
Thereafter, the content of the autoclave was'hea;ed to 70°C
and then supplied with 5.0 ml of a toluene solution containing
dimethylsilylene bis{l,l{—(2-methyl—4—phenyl—4—hydroazulenyl}
zirconium dichloride (2;0 imol/ml) as a complex component..
The‘polymerizatioh of propylene was continued at 70°C for 2 -
hours while stirring. After completion of the polymerization, -
';unreacted propvlene was purged to ocbtain 180 g of
polypropylene. As a result of the measuiements, it was
confirmed that the catalyst activity'was 1800 apd'the complex-
activity was 2.7 x 104, and the obtained'polyp;opylene had a-
melting point (Tm) of 148.4°C, a melt flow rate (MFR) of 11.1,-
a weight-average molecular weight (Mw) of 1.9 x 105 and a Q-

value (Mw/Mn) of 2.7. Further, the measurement of 13c-MmR

spectrum showed that the [mmmm] was 98.8 %, the 2,l-inversion . .

was 0.9 % and the 1,3-insertion was 0.10 %. The results are

shown in Tables 1 and 2.

Example 5:

<Copolymerization of propylené and ethylene>
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0.5 mmol (calculated as Al atom) of triethylaluminum,
100.0 mg of the solid catalyst componerit obtained in Example 1-
and 750 g of liguid propylene were charged into a 2-liter
stirring-type autoclave. After thelcontent of the autoclave
was heated to 70°C, 3.0 ml of a toluene solution containing
- dimethylsilylene bis{l,1'-~{2-methyl-4-phenyl-4-hydroazulenyl}
zirconium_dichloride (2:0 umol/ml) as a complex component.was
supplied into the autoclave.together with pressurized ethylene. .
The supply of ethylene was continued such that the mole -
percentage of (ethylene) to (propylene + ethylene) in a gas |
composition within the autoclave was 3.5 mol %. Under -this
-condition, the polymerization of propylene was continued at
70°C for 2 hours while stirring. After completion of the
polvmerization, unreacted prdelene and unreacted ethylene @ - -
were purged to obtain 230 g of polypropylene/ethylene
copolymer. As a result of the measurements, it was confirmed.
that thg catalyst activity was 3830, the comple#_actiﬁity was
5.9 x 104, and the thus-obtained polypropylene/ethylene
copolymer had an ethylene content of 0.8 mol %, a melting
‘point (Tm) of 141.7°C, a melt flow rate (MFR) of 9.7, a -
weight-average molecular weight (Mw) of 2.1 x 10% and a Q-
value (Mw/Mn) of 2.6. Further, the measurement of 13C-NMR
spectrum showed that the [mmmmm] was 98.8 %, the 2,l-inversion
was 0.8 % and the 1,3-insertion was 0.08 %. The results aré

shown in Tables 1 and 2.

Comparative Example 1:
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- (1) Sygthes1s of d1methyls1lzlene blsjl.l'—(z—methxl 4. 5-
benzoindenvl} zirconi dichloride: .

Dimethylsilylene bis{1l, 1'-(2-methyl-4, 5-benzoindenyl}
ziréonium dichloride was synthesized according to the method
described in Exémple 7 of Japanese Patent_Applicatipn Laid-
open (KOKAI) No. 8-208733. |
(2) Polvmerization of propvlene:

The same pfocedure as defined in Example 1 was conducted
except that the éfore—mentioned compound (in item (1)) was
usgd as the component (A), to obtain 160 g of polypropylene.
As a result of the measurements, iﬁﬂwas confirﬁed that the
catalyst activity was 1600, the complex activity was 5.8.x.104,
and the obtained polyp:op&lene had a melting point (Tm) of
"132.0°C, a melt flow rate (MFR) of 200, a weight-average |
moiecular weight (Mw) of 1.1 x 105 and a Q—vélue (Mw/Mn) of. - -
2,2. -Further, the measurement of ;3C—NMR spectrum showed that _
the [mmmm] was 95.1 %, the 2,1-inversion was 0.8 % and the
1,3-insertion.was_not'detected. The results are shown in

Tables 1 and 2.

Comparative Example 2:
<Polymerization of propylene>
The same procedure as defined in Reference Example 1 was

conducted except that the afore—mentioned_compound synthesized

. in Comparative Example 1 was used as the component'(A) and the

polymerization temperature was adjusted to 70°C, to obtain

155.2 g of polypropylehe. As a result of the measurements, it

____’______.'___’—————
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was confirmed that the complex activiﬁy-was 67.5 x 104,_and
the obtained polypropylene had a melting'point (Tm) of 151.5°C,
a melt flow rate (MFR) of 2.0, a weight—averagé mblecular
weight (Mw) of 3.8 x 105 and a Q-value (Mw/Mn) of 2.1.

Further, the measurement of 13C—NMR'spectruﬁ showed that the .
[mmmm] was 95.5 %, the 2,l-inversion was 0.4 % and the 1,3-_ .
insertion was not detected. The results are shown in Tables 1

and 2.



-128-

Table 1
Catalyst Conditions of Evaluation
polymerization (catalyst
| - ' performance)
Component | Component Catalytic Compigx
(A). '(C? actiyity aizigify
BEx. 1 (1) * Triethyl | 70°C/bulk/2 Hr 1665 17.1
' aluminum { A B | |
Ref. (1) MMAO | 70°C/bulk/l Hr{. - 16.7
Ex. 1
Ex. 2 (1) Triethyl | 80°C/bulk/2 Hr 2350 24.1
aluminum
Ex. 3 (1) Triethyl _70°c, 170 0.65
aluminum | 5 kgf/cm2G/
slurry
/1 Hr
Ex. 4 (1) Triethyl | 70°C/bulk/2 Hr 1800 2.7
i | aluminum |
Ex. 5 D Triethyl | 70°C/bulk+ | 3830 5.9
' | aluminum | ethylene/2 Hr ' ,
Comp. | (2)** | Triethyl | 70°C/bulk/1 Hr | 1600 5.8
Ex. 1 aluminum . ' |
Comp. B MO | 70°C/bulk/1 Hr - 67.5
Ex. 2 |

Note: (1) *: dimethylsilylene'bis{l,l'-(2-methy1-4-phenyl—4r'
hydroazulenyl} zirconium dichloride; : ' '

(2} **: dimethylsilylene bis{1,1'-(2-methyl-4,5-

benzoindenyl} zirconium dichloride
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" Table 2

‘Properties of polymer

Mw

Example 2

Melting MFR Q
point (°C) | (g/10 min) | (x 105) (Mw/Mn)
Example 1 150.1 2.5 - 3.1 2.8
Reference 150.9 1.3 3.5 2.7
 Example 1 - o
Example 2 148.8 8.5 2.1 2.7
Example 3 150.9 3.5 3.0 2.8
Example 4 148.4 11,1 1.9 2.7
Example 5 141.7 9.7 2.1 2.6
Comparative 132.0 200 1.1 2.2 .
Example 1 -
Comparative .151.5 2.0 3.8 2.1
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Table 2-continued

Properties of polymer

.1,3-{(mol %)

[mmmm] (%) - 2,1-(mol %)

Example 1 98.9 0.9 0.08
Reference 99.0 0.9 0.10 .
'Example 1 ' _
Example 2 98.8 0.9 0.06
Example 3 ..99.0 0.7 - 0.10
Example 4 98.8 0.9 0.10
Example 5 98.8 0.8 0.08
Comparative 95.1 0.8 not deteéted
. Example 1 '
Comparative 95.5 0.4 not detected

Example 2
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4-h oazulenyl] zirconi ich Qride as component (A):

(a) Synthesis of tosyltropolone:

25.58.¢g f210 mmol) of trépolone was dissolved in 30 ml of
pyridine. 60 ml of-a pyridine solution containing 40.77 g
(214 mmol) of toéyl chloride was added to thé tropolone-
containing sblutién at room température. After stirring
overnight at room temperature, the resultant reaction solution
‘was supplied with water to deposit a crystallized product.
The crystallized product was separated by filtration and dried
at 50°C under a reduced pressure to obtain 57.61 g of
tosyltropolone (yield: 99.5 %).
" (b) Svnthesis of 3-propionvlcvcloheptafuran-2-one:

8.07 g (29.2 mmol) of tosyl tropolone and 6.2 ml (43.8
mmol) of ethyl propibnylacetate were suspended in 30 ml of
- ethanol. A solution containing sodium.ethoxide prepared from
60 ml1 of ethanol and 806 mg (35.1 mmol) of sodium was added to
the éuspension at 0°C. The mixture was stirred overnight at .
.room temperature and then heated at 50°C for 45 minutes. The
resultant reaction solution was concentrated-up to two times
-an initial concentraﬁion thereof. The concentrated solution
was supplied with water to obtain a crystallized prdduct. The
crystéllized'product was separated'from the reaction solution
by filtration. Further,'the filtrate was cdncenﬁrated to
crystallize the reaétion pfoduéflremaining ﬁherein. The

crystallized product'obtained from the filtrate was also
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separated from the solution by filtration. The products thus-
obtained from the reaction solution and the filtrate were

mixed together and dried under a reduced pressure to obtain

3.62 g of 3-propionylcycloheptafuran-2-one (yield: 61 %f.

3.62 g.(17.9 mmol) of 3—propionylcycloheptafuran-z—one :
and 3.8 ml (35.8 mmol) of-etﬁyl.cyanoacetate'weré dissolved in
50 ml of ethanol. The solution was mixed with a solution of
sodium ethoxide prepared from 80 mI of ethanol and 1.65 g
(71.7 mmol) of sodium, at 0°C. After the mixed solution was
stirred overnight at room temperature, the obtained reactiog
solution was concentrated ub to two times an initial
concentration thereof. The concentfated solution was diluted
with 200 ml of water and extracted with dichloromethane.
Thereafter, an aqueous phase.of the extract was_mixed with
dilute hydrochloric acid to acidify-ﬁhe aqueous phase, thereby .
obtaining a crystallized product. After filtration, the
crystallized product was dried under a reduced pfessure to
obtain 3.73 g of l-cyano—ﬁ—ethylazulenejS-carboxylic acid
(yield: 93 %).

(d) Synthesis of 2-ethylazulene: A : T
' 3.7 g (16.4 mmol) of.the above-obtainéd 1-cyano-2-
ethylazulene-3-cafboxylic aéid was separated into two parts,
i.e., about 1 g and a remaining part. 30 ml of 75 % sulfuric
aqid was added to the first part, i.e., about 1l g of 1-cvano-
2?ethylazulene-3-carboxylic acid and_heated to 90°C, and

thereafter gradually supplied with the remaining part of 1-
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cyano-2-ethylazulene-3-carboxylic acidf The mixture was - - -
heated at 90°C for 2 hours and further at 120°C for 2 hours.-
The obtained reaction solution was added to an aqueous

solution ¢ontaining 35 g of.sodium hydroxide and extracted
with a mixed solution of hexane and éthyl acetate.. An organic
phase of the extract was removed under a reduCed'pressﬁré.~~n~jff
The résultant crude product was pﬁrified by silica gel column
chromatography, to 6btain 1?71:g ofﬂ%fethyl azulene (yield:

67 %). |

(e) Svynthesis of bisg{(l,1'-(2-ethyl-4-phenvl-1,4-
dihvdroazulenvl} dimethvl silane:

A diethyl ether/cyclohexane solution containing 10.9 mmol

(0.1 M) of phenyl lithium was added to 20 ml of a hexane
solution containing 1.7 é (10.9 mmol) of 2-ethylazulene at 0°C.
After stirring at room temperatufe for 1.5 hours, the solution
was mixed with 20 ml of tetrahyﬂrofuran at 0°C. Further,-0.66~f
ml (5.45 mmol) of dichlorodimethylsilane was added to the.
solution at -78°C, followed by stirring at room temperature

for one hour and then at 50°C for:3 hours. After the mixed
solution was allowéd to stand at room.temperaﬁure overnight,

an aqueous solution of ammbnium chloride was added the

obtained reaction soiution.' The solution was separated into

- aqueous and organic phases. The organic.phase was dried with
magﬁesium sulfate, and the solvent was removed under a reduced |
" pressure. The obtained crude product was purified by a column
-chromatography using a mixed solvent composed of hexane and

dichloromethane (10:1 to 5:1) as an eluent solvent to obtain



~134-

1.07 g of bis{l,i'-(2—ethyl—4—phenyl_aihydroazulenyl} dimethyl
silane (yield: 37 %). | S ' -
(f) svnthesis of dimethvlsilvlene big{l.1'-(2-ethvl-4-phenvl-
4-hydroazulenvl} zirconium dichloride:

A hexéne solution containing 6.62 mmol of n-butyl lithium
was added to 15 ml of a diethyl ether solution containing 3.32“
mmol of the above-produced bis{l;l'-(2—ethyl—4—phényl—1l4—
dihydroazulenyl} dimethylsilane at -78°C. After the solution
was stirred at room temperature overnight, the éolﬁent was |
removed under reauced préssure.. 10 ml of toluene'and 0.25 ml
of diethyl ether were added to the product to form'a solution,. .
and 775 mg (3.32 mmol) of zirconium tetrachloride'was added to
the solution at-70°C. The temperature of obtained reaction -
solution.was gradually raised to foom temperature and stirred
at room temperature for 3 hours. Successively, thé reaction
" solution was filtered through celite, and the obtained solid
component was washed with 6 ml of toluene and 6 ml of hexane.
The thus-obtained'solid componént was dissolved'in'BO ml ofi
dichloromethane, and the solvent was removed under a reduced.
pressure. 'The resultant concentrated solution was supplied -
with 10 ml of héxane to fbrm a precipitate. The precipitate
was separated from the solution, and then dried and solidified
under a reduced_pressure to obtain 450 mg of a racemic and
" meso mixture of diméthylsilylene bis{i,1'—(2fethyl-4—phenylf4—
hydroazulenyl) zirconium dichloride.(yiela: 20 %).
(g) Purification of rggemiC'ggmgbgnd; '
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400 mg of the abovehproduced racemic and meso mixture was
- dissolved in 15 ml of dichloromethane and charged into a Pyrex-
vessel equipped with a 100w high—preséute mercury vapor lamp.
While'stirring, the solution was_irfadiated with light under
normal pressure'fér 10 minutes to enhance the percentage of
the racemic compound théreinf Thereafter, dichloromethane wés
removed uﬁder a reduced pressure. Thé obtained.yellow solid
was mixed with 5 ml of toluene to fofm'a solution, followed by
' stirring the solution. After the solution was filtefed, the
obtained solid component was washed with 6 ml of hexane to
obtain 173 mg of the racemic compound of dimethylsilylene
-bis{l,1'—(2—ethyl-4—phenyl—4—hydrqézulenyl} zirconium |
dichloride. | -

_ The chemical shifts of LH-NMR of the above-obtained

racemic compound'ére'as follows.

300 MHz, CDCl; (ppm) 1.00 (s, 6H, SiMe,), 1.05 (t, 3J=8Hz,
6H, CH;CH,), 2.42 (sext, 3J=8Hz, 2J=15Hz, 2H, CH;CHH'), 2.60
(sext, 3J=8Hz, 2J=15Hz, 2H, CH3CHH’), 4.94 (br's, 2H, 4-H),
5.83-5.95 (m, 4H), 5.99 (s, 2H), 6.08-6.12 (m, 2H),-6.75 (d, -
2H, 8-H), 7.2-7.4 (m, 10H, arom). | |
(2) Polvmerization of proovlene:

' 0.45 mmol of triethylaluminum, a slurry of chemically
treaﬁed clay minerals described hereinafter in Example 11(2)
and 700 ml of'liquid propyiene were charged into a l1l-liter
stirring-type autoclave at room température in.the presence of
a nitrogen'stream; Further;'l.S umol'of-thé racemic compoﬁnd

of dimethylsilylene bis{1l,1'-(2-ethyl-4-phenyl-4-
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hydroazulenyl)} zirconium dichloride produced in the above item
(1) was dissolved in toluene, énd the solution was charged
into the autoclave together with a high pressure argon gas
breaking through the safety rupture disk. The content of the
autoclave was heated to 80°C and the pdlymerization of
propylene was conducted for one hour. .Thereafter, unreacted
propylene was purged to terminate the polyﬁerization of

' propylene, thereby obtaining 180 g of polypropylene. As a
result of the measurements, it was confirmed that the catalyst
activity was 3600 and the coméléx activify was 17.6 x 104, and ..
the obtained polypropylene had a melting point (Tm) of 149.2°C,
-a melt flow rate (MFR) of 11, a weight;average molecular

| weight (Mw) of 20 x 105 and a Q-value (Mw/Mn) of 2.5.

- Reference Example 2:
<Pol§merization of propylene> _ - -
4 mmol (calculated as Al atom) of.methylalﬁmoxane ("MMAO™
produced by TOSOH AKZO CORP.) and a toluene solution
containing 0.27 mg.of a racemic compound of dimethylsilylene
"bis{l,1'-(2-ethyl-4-phenyl-4-hydroazulenyl} zirconium
dichloride were chafged into a 2-liter ‘stirring-type autoclave.
Further, 1,500 ml of propylene was introdﬁced into the
autoclave. The content of the autoclave was heated to 70°C,
and the polymerization of pfopylene was cdnducted for one hour
. to obtain 239 g of polypropylene. As a result of the |

measurements, it was confirmed that the complex activity was-

87.2 x 104, and the'obtained'polypropylene had.a melting point
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(Tm) of 155.2°C, a melt flow rate (MFR) of 0.6} a weight- -
average molecular weight (Mw) of 4.7 x 105 and a Q-value

(Mw/Mn) of 3.1.

Example 7: .
(1) Chemical treatment of clav minerals:
10'g.of lithium hectorite (Li—HT_produced by TOPY KOGYO.... .
co., LTD.) was weilghed and charged into a 300'm1 round bottom
flask. 100 ml of desalted'watef was introduced into the flask
to form a.slurry. The slurry was charged into a.mechanicall -
stirrer. While stirring the slurry, 8.9 ml of TiCl; (EXTRA-
HIGH GRADE produced by KISHIDA C}IEMICAi. CO., LTD.) was
gradually dropped thereintd at room temperature.f The slurry
was further stirred for_3 hours, and then filtered to remove»é
solid component therefrom. The obtaihed'solid componént was - _
washed with waﬁer'until-the'pH of filtrate thereof.became 5.0.
After drying at 100°C for 3 hours, the obtained filter cake
was pulverized in a porcelain mortar'ana passed through a
'sieve to separate particles having a particle'size of not more
than 105 @m from the remainder; .Thé-thus-obtained particles.
here dried at 200°C for 2 hours under a reduced pressure ﬁo-

obtain the component (B).

(2) Preparation of solid ga;gtzsg component :
1.2 g of the TiCls-treated lithium hectorite obtained in

the above item (1) was weighed and charged into a 100 ml flask
in a nitrogen atmosphere;' 12 ml of toluene'was added into the

flask to form a slufry. Separately, a toluene solution of
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triethylaluminum (0.9 mol/liter) was prepared.- While the _
slurry containing TiCl,-treated lithium hectorite was stirred,-
6.4 ml of the separately prepared tolﬁene solution of
triethylaluminum was introduced into the slurry at room
temperature. The slurry was sti;red at room temperature for
one hour,.énd then washed with toluene until the washing
efficiency reached 1/100. As a result of the measurement, it
was confirmed that the concentration pf the siurry was 52.6 |
mg/ﬁl.. |

(3) Polvmerization of propviene:

0.45 mmol of triisobutylaluminum, 1.9 mi of the catalys£
slurry obtained in'the above (2) and 1,500 ml of ligquid |
propyleﬁe were charged into a 2-liter stirring-type autoclave .
at room temperature in the presence of a nitrogen stream.
Separately, 2.0 mg (3.0 pmol) of a-facemic compound of
dimethylsilylene bis(1,1'~ (2-methyl-4-phenyl-4-hydroazulenyl}
zirconium dichioride was dissolved in 1.6 ml of toluene to
form a solution. The solution was introduced into the
autoclave together with a high.pressure argon gas'breaking
through the safety rﬁpturé diSk; The content of the autoclave
"was heated to 80°C and the polymerization'af propylene was
conducted at that temperature for one hour. -Thereaftér,
unreacted propylene was purged to terminate the polymerization
. of propylene, thereby obtaiﬁing'llo g of polypropylene. As a
result of the measurements, it was confirmed that the catalyst
activity was 1100, the complex activity was 5.5 x 104, and the.

obtained polypropylene had a melting point (Tm) of 147.0°C,fa
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melt flow rate (MFR) of 24.2L a_weighf-aﬁerage'molecular

wéight (Mw) of 1.7 x 105 and a Q-value (Mw/Mn) of 2.9.

Example 8:
(1) Chemical treatment of clay minerals:

10 g of lithium hectorite (Li-HT produced by TOPY KOGYO
CO., LTD:) was weighed and charged into a 300 ml round bottom
flask. 100 ml of'desalted_water was introduced into the flask
to form a slurry. The slurry was charged into a mechanical
stirrer. While-stirring the slurry, 25 ml of an aqueous
solution containing 19.3 mg of Alclg (EXTRA-HIGH GRADE
produced by Wako Pure Chemical Industriés, LTD.) was éradually ;
dropped theréinto at room temperature. _The-slurry was further
stirred for 3 hours, and then filtered to remove a solid
‘component therefrom. The obtained solid component was washed -
with water until the pH of filtrate thereof became 5.0. After
drying at 1005C'f6f 3 hours, the obtained filter cakelwas
pulverized in a porcelain mortar and passed through a sieve to
separate-particles having a particle size of not more than 105
um from the remainder. The thus-obtained particies'were'dried
at 200°C for 2 hours under é reduced pressurelto.obtain the
componeﬁt (B) .. | |
(2) Preparation of solid catalyst component:

1.1 g of the AlCl;i-treated lithium hectorite obtained in
the above item (1) was weighed énd charged into a 100 ml flask
in a nitrogen atmosphere. 10 ml of toluene was added into the

flask to form a slurry. While stirring the-slurry-containihg'
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the AlCl;-treated lithium hectorité, 5.5 ml of a toluene

solution of triethylaluminum (0.91 mol/liter) was introduced
thereinto at room temperature. After stirring at room
temperature for one hour, the slurry was washed with toluene
until the washing efficiency reached 1/100._ As a result of
the measurement, it was conﬁirmed that the concentration of
the slurry was 35.7 mg/ml. .

0.45 mmol of triisobutylaluminum, 2.8 ﬁl of the_solid |
catalyst component slurry obtained in the above item (2) and
1,500 ml of ligquid propylene were charged into a 2-}iter
stirring-type autoclave at room temperature in the presence of
a nitrogen stream. Separately;lz.o mng (3.0 umol) of a racemic
compound of dimethylsilylene bis{1,1'-(2-methyl-4-phenyl-4-
hydrbazﬁlehyl} zi:conium dichloride was dissolved in 1.6 ml of .
toluene to prepare a solution. The solution was introduced -
into the autoclave together with a high pressure- argon gas
breaking through the safety rupture disk. The content of the
autoclave was heated to 80°C, and the poiymerization of
propylene was conducted at that temperature for one hour.

" Thereafter, uﬁreacted propylene was purged to terminate the
poiymerization of pfopylene, thereby obtaining 68 g of
polypropyléne. As a result of the measu:ements; it was -
confirmed that the catalyst activity wés 660, the complex
activity was 3.4 x 104, and the obtained polypropylene had a
melting point (Tm) of 147.3°C and-a melt flow rate (MFR) of.

24.2.
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Example 9:

(1) svnthesis of dimethvlsilvlene bis{1.,1'-(2-methvl-4-phenyl-
4-hydroazulenyl} hafnium dichloride: |

(a) Svnthesis of racemic and meso mixture:

1 3.22 g of 2-methylazulene was dissolved in_30 ml of
hexane. 21 ml of a cyciohexane/diethyl ether solution of
phenyl lithium (1.0 equivalent) was gradually addgd to the .
hexane solution at 0°C. After stirring at room temperature
for 1.5 hours, the resuitant solution was cooled to -78°C and
then mixed with 30 ml of tétrahydrofuran. The solution was
further supplied with 45 uﬁol of lFmethylimidazole and 1.37 ml
-of dimethyldichlorosiiane and the temperature thereof was
raised to room temperature. The solution was stirred for one
~hour. After an adueous ammoniﬁm chloride solution was added,
.the solution was sepafated into aqueous and organic phases.
The organic phase separated was dried with magnesium sulfate
and stirred under a reduced pressure to remové thelsolvent,
thereby obtaining 5;84 g of é ciude product of bis{1l,1'-(2-
methyl—4—phenyl—1,4-dihydr6azulenyl} dimethylsilane;

The thus-obtained crude product of bis{l,i{-(2-methy1-4-
phenyl-l,4-dihydroazulenyl}-dimethylsilane was dissolved in 30
ml of diethyl ether. 14.2 ml of a hexane solution of n-butyl
lifhium (1.64 mol/liter) wés droppéd into the solution at -
78°C, and the temperature of the solution was gradually raised
to room temperature and stirred at room temperature for 12

hours. The solution was stirred under a reduced pressure to
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remove the solvent. Thereafter, 80 ml of a mixture of tbluéne
. and dimethyl ether (40:1) was added to the solution. Fﬁrther,
the solution was mixed with 3.3 g of hafnium tetrachloride at
-60°C aﬁd temperature thereof waslgradually raised to room
temperature, follpwed by stirfing at room temperature for 4
hours. The obtained solution was concentrated under a reduced
pressure to obtain a solid product._-fhe obtained solid
product was washed with tbluene and extracted with.
dichloromethane to obtain 1.74 g of a racemic and meso mixture
.of dimethylsilylene bis{1l,1'-(2-methyl-4-phenyl-4-
hydroazulenyl} hafnium dichloride.

(b) Purification of racemic compound:

1.74 g of the racemic and meéo mixture prepared by
repeatedly conducting the above-mentioned reaction was
dissolved in 30 ml of dichloromethane and charged into a Pvrex
vessel equipped with a 100 W high-pressure mercury vapor lamp.
While stirring, the solution was irradiated with light for 40
minutes.undEr normal pressure to:enhance a pefcentage of the
récemic compouﬁd therein, and stirred under a reduced pressure
to femove dichloromethane._ 10 ml of toluene was added to the |
obtained yellow solid. After stirring,.the_mixture was
_'filtered to separaté a solid coﬁponent therefrom. The thus-_ .
obtained solid component was washed with 8 ml of toluene and 4 -
ml of hexane to obtain 917 mg of a racemic éompound of
dimethylsilylene bis{l,1'-(2—methyl—4-phenyl—4—hydrqazulenyl} |
hafnium dichloride. |

(2) Polymerization of propylene:
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The same procedure as defined in Example 13(2) described
- hereinafter was cbnductéd except that 1.12 mg of the racemic .
compound obtained in the above item (1) was used as the
component (A) and the polymerization time was changed to 35
minutes, to obtain 163 g of polypropylene. As.a result of the
measurements, it was confirmed that the catalyst activity was
3260 and the complex activity was 25.0 x 104. Further, it was.-
confirméd that the obtained polypropylene had a melting point
(Tm) of 152.7°C, a melt flow rate (MFR) of 0.8, a weight- |
.averaée molecular weight  (Mw) of 4.1 x 105 and a Q-value

(Mw/Mn) of 2.6.

Referegce Example 3:

4 mmol (calculated as Al atom) of methylalumoxane ("MMAO"
produced by TOSOH AKZO COR?.) and 0.298 mg of the racemic
csmbound obtained in the above item (1) of Example 9 were .
charged iﬁto a 2-liter stirring-type autoclave. Further,
.1,500 ml of propylene was introduced into the autoclave. The
content of the autoclave was heated to 70°C, and the
polymerization of propylene was conducted at that temperature'
.for one hour to obtain 32 Q o£~polypropylene. As a result of
the measurements, it was confirmed that the complex activity
was 10.7 x 104, and the obtained polypropylene had a melting
point (Tm) of 154.4°C, a melt flow rate (MFR) of 0.08, a
.weight—average molecular wéight (Mw) of 8.4 x 105 and a_Q—.

value (Mw/Mn) of 3.8.
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Exgmpie 10: _
(1) Chemical treatment of clay minerals:

22.20 g of commercially available montmorillonite
("KUNIPIA F" produced by KUNIMINE INDUSTRIES CO., LTD.) was
dispersed in a solution prepared by dissolﬁing 15.96 g of
MgSO4 in'134 ml of desalted water.:  The resultant.dispersion
was heated at 86°C forlone hour while sﬁirring, thereby .
obtaining a wet cake. Next, the thus-obtained wet cake was
dispersed in a solution prspared by dissolving 23.38 g of
' sulfuric acid and 29.16 g of MgSO; in 69.24 ml of desalted
water, and then treated under reflux for 2 hours. Thereaﬁter,
the dispersion was filtered to separate a cake'therefrom. The
obﬁained cake was washed with.water until the pH of filtrate
theiefrom reached 6. The resultant product was dried at 100°C _
for 3 hours, pulverized in a porcelain mortar and passed
through a sieve to separate particles having not more than 105
um. The particles were dried at 200°C for 2 hours under a'
:educed_pressure, thereby obtaining the component (B).

(2) Prodgctibn 6f;solid catalyst component and pre-
polvmerization of propviene: | '

0.8796 g of ths component (B) obtained in the above (i)
"was charged into a 100 ml flask in a'nitrogén atmosphere. In
addition, 3.5 ml of a toluene solution containing |
triethylaluminum in an amount of 0.50 mmol/ml was charged into
the flask, and then mixture in the flask was stirred at room
temperatﬁre for 45 minutss. _Néxt, the mixture -was filtered to

separate a solid component therefrom. The thus-separated
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solid component was washed with toluene until the washing
efficiency reached 1/100. Thereafter,lthe solid component was
‘mixed with 15 ml of toluene to prepare a toluene slurry.

Separately, 0}6 ml of a toluene solution of
triisobutylaluminum (0.50 mmol/ml) and 19.1 ml of a tolueme
solﬁtioﬁ-bf racemic dimethylsilylene bis{1l,1'-(2-methyl-4-
phenyl-4-hydroazulenyl)} hafnium dichloride (1.5 umbl/ml)
obtained in Example 9(1) were ghargéd into a 100 ml flésk, and
stirred at room temperature to obtain a solution. The thus- = - -
obtained solution was mixed with the above-prepared toluene |
slﬁrfy to form a slurry containing a solid catalyst component. :

A 2-liter stirring-type autoclavé was charged with 40 ml
of téluene and then with 36 ml of the above-prepared slurry
containing the solid catalyst component, at room temperature
in the ‘presence of a nitrogen stream. .While maintaiﬁing the
temperature“of'the autbciave at 24°C, 104 ml of propylene was
introduced-into the autoclave.and'éubjected to pre-
polymerization for 3 minutes to obtain a pré—polymérization
catalyst slurry. The amount of the polymer obtained by the
pfé-polymerization Qas 2.98 § pér one gram of the solid
catalyst component; The concentration of the solid catalyst
component in the obtained pre-polymerization catalyst slurry
was- 12.5 mg/ml.

0.40 mmol of triisoﬁutylalﬁminum, the pre-polymerization
catalyst slurry obtained in the ébove (2) . which_contained 56.0

‘mg of the solid catalyst component, 200 ml of hydrogen and
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1,500 ml of liquid proéyleﬁe were introduced into a 2—liter
stirring-type éutoclave. Thereafter, the content of the
autoclave was heated ﬁo 75°C-tq conduét the.polymerization of
propylene for 45 minutes. Thereafter, unréacted propylene was
purged to terminate the polymerization of propylene, thereby
obtaining 289 g of polypropvlene. As a result of the
measurements, it was confirmed that the catalyst activity was
5780, the complex activity was 2.4 x 105, and the obtained
polypropylene had a melting point (Tm) of 151.8°C and a melt :
floﬁ rate (MFR) of 14.2. |

After 17 g of the obtéined polypropylene was removed from
the autoclave, while maintaining the content of the autoclave
at 60°c, the aﬁtoclave was supplied with prépyiene-and then
ethylene until.propylene and ethylene pressures within-the“
autoclave reached 10 kgf/cm?G and 20 kgf/cm?G, respectively.
The thus-supplied propylene and.éthylene were polymerized with
each other for 80 minutes while introducing a mixed.gas of
ethylene and propylene having-a'propylene partial'pressure of
49.97 % to maintain an internal pressure of the autoclave at
20 kgf/cm?G. Thereafter, thé mixea gas of ethylene and
propylene was purged to terminate the polymerization, thereby
obtaining 46 g ofja ethylene/propylene rubber'cbmponent. As a
result of the measurements, it was confirmed that the
catalytic activity was 978, the complex activity was 4.0 x 104,
and éhe'content-of rubber component in the obtained_block
copolymer was-14.5 % by weight and a melt flow rate (MFR) of
.7.0.
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Example il: . L
(1) Synthesis of dimethvlgermvlene 11,l'—!2—me;hxl—4—phenzl-4-
hyvdroazulenvl} zirconium dichloride:

1.5 g of 2-methylazulene was dissolved in 38 ml of n-
hexane. 9.8 ml of a cyclohexane/diethyl ether solution of -
phenyl.lithium (1.08 M) was gradually dropped into the n- .
hexane solution at a temperature of 3°C to 5°C. After
stifring at room temperature for one houf, the resultant _
solution was cooled to 0°C, and then 38 ml of ;etrahydrofuran -
' was added. Further, 0.02 ml of l—methylimidazole and 0.61 ml
of dimethylgermanium dichloride were dropped into the solution.
After stirring at Q°C for 20 minutes, the temperature of- the .
reaction solution was raised to room temperature, followed by. .
stirring at room temperature for 3.5 hours. The reactibn
solution was mixed with a saturated aqueous solution of
ammonium chloride and éktracted with n-hexane. The extract
-was separated into aqueous and organic phases. The organic
phase was washed with a saturated brine, and dried with
magnesium'sulfate. The dried product was stirred under a
'reduced pressure to remove the solvent. remaining therein. 2.9
g of the thus-obtained concentrated residue was purified by a |
column chromatography, Ehéreby obtaining 2;4 g. of an amorphous
solid product. _ | |

Next, 2.4 g of the thus-obtained émorphous solid product
was dissolved in 30 ml of diethyl eﬁher. 5.6 ml of an n-

hexane solution of n-butyl lithium (1.59 M) was dropped into
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 the dieth&l ether solution at -78°C. After stirring at that
temperature for 10 minutes, the temperature of the solution
was gradually raised to room temperature. After further
stirring at room temperaﬁure for 2 hours, the solution was
~allowed to stand overnight. The reéction.solution was stirred
under a reduced pressure to remove the solvent, and then mixed
with 20 ml of toluene and 0.5 ml of diethyl ether. After
~cooling to -78°C, the reaction solution was mixed with 1.0 ¢
of zirconium tétrachloride, the.reaction temperature was |
gradually increased to roommtemperature, followed by stirring '
at room tempefature_for 5 hours in total. The obtained
reactioﬁ solution was filtered through celite to separate a
solid ¢omponent therefrom. The-thus—obtained_solid component
was washed with 5 ml of toluene twé times and then extracted
with dichloromethane. The extract was stirred under a reduced
pressure to remove the solvent, thereby obtaining 0.93 g of a
racemic and meso mixture (ratio of raceﬁic_to meso = about
6:4) of dimethylgermylene bis{1, 1'—(2?methyl-4—pheﬁyl—4—
hydroazulenyl} zirconium dlchlorlde (vield: 30 %).

The chemical shifts of 1H—NMR of the above-obtained
racemic and meso mixture are aslfqllows.

300 MHz, CDCl; (ppm).1.14 (s, meso SiMe), 1.18 (s, meso
_SiMe), 1.20 (s, meso SiMe), 2.16 (s, 2—Me),'4u98f5.00 (m,
FCH=), 5.06-5.08 (m, -CH=), 5.83-5.94 (m, -CH=), 6.06-6.3 (m,
-CH=), 6.67 (s, —CH%),.6.71 (s, -CH=), 7.2-7.5 (m, aromatic

ring)
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(2) Chemical treatment of clay minerals and preparation of
solid catalyst component: o . | Lot
10 g of montmorillonite ("KUNIPIA F" produced by KUNIMINE

INDUSTRIES CO., LTD.) was dispersed in dilute sulfuric acid
composed of 10 g of sulfuric acid and 90 ml of desalﬁéd water.
The resultant dispersion was_heated.up to'a boiling point
thereof, followed by stirring at that_temperaturé for 6 hours.
Thereafter, the mohtmorillonite recovered was"sufficiently
washed with desalted water and, after pre—dryiﬁg, dried at
1200°C for 2.h0urs to obtain a éhemically treated clay minerals.
200 mg of the chemiéally treated montmoriilonite was added to
0.8 ml of a toluene solution of triethylaluminum (0.5
mol/liter). The mixture was stirred at ioom temperature for-
one hour, and'then washed with toluene to obtain a |
- montmorillonite/toluene slurry containing.montmorillonite in
an amount of 20 mg/ml. '
{3) Polvmerization of propviene:

" 0.5 mmol (caiculated as Al atom) of triisobutylaluminum
(produced by TOSOH AKZO CORP.) was charged into a 2—liter
stirring-type autoclave. Separately, 2.1 mg of the above-
prepéred racemic and ﬁeso mi#ture of diméthylgermylene {1,1'-
(2—ﬁéthyl-4Qpheny1—4—hydr6azuienyl} zirconium dichloride
obtained in the above (1) was diluted with i.l ml of toluene..
The diluted racemic and meso'mixturé was chafged in;o a
catalyst feeder equipped with a safety rupture disc. Further,
100 mg of the triethylaluminum-treated montmorillonite

obtained .in the above (2) and 0.3 mmol (calculated as Al atom)
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of triisobutylaluminum were charged into_the autoclave.
Thereafter, 1,500 ml of propylene was introduced into the
autoclave and the safety rupture disc ef the catalyst feeder
was broken at room temperature. After the content ef the
autoclave was heated to 80°C, and the polymerization of
propylene was conducted at that temperature for one hoﬁr,
thereby obtaining 69 g of polypropylene. As a reeult-of the
measurements; it was confirmed that the catalyst activity was
690 and the complex activity was 3.3 x 1035. Further, it was
confirmed that the polypropylene_insolﬁble in boiled heptane
had a melting point'(Tm) of 147.9°C, a melt flow rate (MFR) of
7.3, a weight-average molecular weight (Mw) of 2.4 x 105 and a

O-value (Mw/Mn) of 2.4.

Example 12: .
(1) Synthesis of dimethvlsilvlene bis[1l,1'-{2-methvl-4-(4-
hlorophenvl) —4- oazulenvl zirconium dichloride:

(a) Synthesis of racemic and meso mixture:

| 11.7 ml of a pentane solution containing 19.2 mﬁoL of't—
~butyl lithium (1.64 M) was dropped into a solution prepared by
dissolving 1.84 g (9.6 mmol) of l-bromo-4-chlorobenzene in a-
mixed solvent composed of 10 ml ef_n—hexane and 10 ml of.
diethyl ether, at -78°C. The resultant solution was stirred

at -5°C for 1.5 hours, and then-1.2 g (8.6 mmol) of 2-methyl
azulene was added to the resgltent solution. The obtained-

" reaction solution was stirred for 1.5 hours while the

temperature thereof wae gradually raised to room temperature.
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‘Thereafter, the reaction éolution was cooled to 0°C-and
mixed with 15 pl (0.19 mmol) of l-methylimidazole and then -
with 0?52 ml (4.3 mmolj of diméthyldichlorosilane._ After the
reaction solution was stirred at room temperature for 1.5
hours, dilute hydrochloric acid was added thereto to terminate-
the reaction. The reaction solﬁtion was separated . into -
organic.and aqueous phases, and the organic phase was
concentrated under a reduced pressure. After &iChloromethane
was.éddéd to the concentratéd organic phase, the mixture was
dried with magnesium sulfate and stirred under a reduced - -
pressure to remove the solvent. The thus—obfained product was
purified by a silica gel column chromatography (a2 mixed
'sdlvent: dichloromethane and n-hexane), thereby obtaining 2.1
g of an amorphous solid product.

Next,-1.27 g of the thus-obtained amorphous solid product
was dissolved in 15.ml of diethyl ether. 2.8 ml of an n-
hexane éolution containing -4.5 mmol of n;butyl lithium (1.66
M) was dropped into the diethyl'ether solution at -78°C..
After completion of the dropping, the reaction solution was -
stirred for 12 hours while the ﬁemperature thereof was
gradﬁally raised to room temperature. After the reaction
solution was stirred under a reduced pfessure to remove4the
solvent, 5 ﬁl of a mixed solvent of toluene and diethyl ether
(40:1) was added thereto. Aftér cooling to -78°C, the
reaction solution was mixed with 0.53 (2.3 mmol) g of
zirconium tetrachlo:ide and the temperature thereof was

immediately raised to room temperature, followed by stirring
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at room temperature for 4 hours. The obtained reaction -
solution was filtered through celité to separate a solid - .-

" component therefrom. The thus-obtained solid component was
washed with 3 ml of tolﬁene to recover a solid reaction
produét. The recovered solid reaction product was.extracted
with dichloromethane. The extract was stirred under a—reducea
pressure to remove the solvent, thereby obtaining 906 mg-of a
. racemic and meso mixture of dimethylsilyleﬁe bis{(l,l‘-(Zr:
methyl-4~ (4-chlorophenyl-4-hydroazulenyl}] zirconium
dichloride (yield: 56 %).

The chemical shifts of lH-NMR of the above-obtained
racemic and meso mixture are as follows.

300 MHz, CGDs (ppm) 0.45 (s, meso SiMe); 0.50 (s, racemic
SiMe), 0.57 (s, meso SiMe), 1.88.(s,'mes6 2=Me), 1.96 (s,
racemic 2-Me), 5.17 (br s, racemic 4-H), 5.22 (br s, meso 4-H),
5.6-6.1 (m, -CH=), 6.65-6.8 (m, -CH=), 7.1-7.40 (m, -CH=)

(b) ngificgtién of racemic égméoggd;

Further, 900 mg of the above-produced racemic and meso
mixture was dissolved in 20 ml of dichloromethane and
irradiated with light'fbr 40 minutes by a 100 W high-pressure
mercury vapor lamp to enhance ‘a percentage of the racemic
compound in the mixture. Thereafter, insolublé.components
were removed from the solution by filtration, and then.the-
recoveréd filtrate was concentrated, dried and solidified.
Next, the thus-obtained solid componeht was mixed with 22 ml
of toluene while stirringlénd_then allowed to Stand,'f0110wed

by removing the supernatant therefrom. Such purifying
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operationé were repeated four times, and the obtained solid
re31due was dried to obtain 275 mg of a racemic compound of
dlmethy151lylene bls[{l 1'—(2—methyl -4-(4- chlorophenyl) -4-
hydroazulenyl}] 21rcon1um dichloride.

The chemical shifts of lH-NMR of the above-obtained
racemic compound are as follows. '_

300 MHz, CDCl; (ppm) 0.95 (s, 6H, SiMe), 2.13 (s, 6H,
2-Me), 4.82-4.85 (br d, 2H), 5.70-5.78 (m, 2H), 5.83-5.92 (m,
4H), 6.03-6.12 (m, 2H), 6.70 (4, J = 12Hz, 2H), 7.1-7.35 (m,

8H, -CH=)
. (2) Polvmerization of propvlene using methyvlalumoxane as co-
catalvst:

4 mmol (calculated as Al atom) of triethylaiuminum

- (*MMAO”, produced'by TOSOH AKZO CORP.) and 0.29 mg of the
above-obtained racemic compbund were charged into a 2-liter
stirring-type autoclave. Further, the autoclaﬁe was charged.
with 1;500 ml of proleene. Thé content of the autoclave was
heated to 70°C. to coﬁduct the polymérization of propylene for
" one hour, thereby obtainiﬁg 72 g of polypropylene. As a
result of the measuremgnts, it was confirmed that the_complek
activity was 24.9 x 104, and'the'obtained pdlypropylene-had a
melting point (Tm) of 150.4°C, a melt floﬁ rate (MFR) of 1.1,
a weight-average mpleculér weight (Mw) of 3.6 x 105 and a Q-

value (Mw/Mn) of 3.0.

Example 13:
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<Polymerization of propylene using clay minerals as co-
catalyst>

(1) Chemical treatment of clay minerals and preparation of
solid catalyst component: .

The same procedure.as defined in Example 11(2) was
conducted to obtain a montmorillonite/toluene slurry

containing montmorillonite in an amount of 33 mg/ml.

(2) Polvmerization of propvlene:

0.25 mmol (calculated as Al atom) of triisobutylaluminum
(produced by TOSOH AKZO CORf.) was charged into a 1-liter
stirfinthype autoclave. Sébarately, i.09 mg of the racemic
compound obtained in Example 12(1) was diluted with tolueng,
and then charged into a catalyst feeder equipped wiﬁh a éafety-
rupture disc. Further, the above-prepared slufry containing
50 mg of montmorillonite and 0.15 mmol (calculated as Al atom)
of triisobutylalumiﬁum were charged into the autocléve.
Thereafter, 700 ml of propylene was introduced into the
autoclave and the_safety-rupture_disc of the catalyst feeder
was brokén at room temperature;_ After the content of the
autoclave was heated to 80°C,-the polymerization of propylene
was conducted at that temperature for one hour, thereby
obtaining 131.3 g of polypropylené. As a result bf the
measurements, it was confirmed that the catalyst activity was
3,000 and the complex activity was 13.5 x 104, and the

obtained polypropylene had a melting point (Tm) of 149.2°C, a
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melt flow rate (MFR) of 5.8, a weight-average molecular weight

(Mw) of-2,4 x 105 and a Q-value (Mw/Mn) of 2.5.

Example 14:
(1) Synthesis 6f dimethvlsilvlene bis[1,1'-{2-methyl-4-(4-

triflgofomethxlghenzl}—4—hzdrgazglen¥1{| zirconium dichloride:

The same procedure as defined in Example 12(1) (a) was
conducted except that 1;35 g of l-bromo-4-trifluoromethyl
benzene was used instead of 1.15 g of 1—br6m6-4—chlorobenzene
in Example 12(1)(a), to obtain 1.16 g of an amorphous solid
product. _ | |

Using the abqve—produced ambrphous solid product, 2.2 ml
of an n-hexane solution of n-butyl lithium (1.66M) and 0.42 g
(1.8 mmol) of zirconium tetrachloride, the same proéedure as
_defined_in E#ample 12(1) (a) was conducted, théreby obtaining
0.36 g of a yellow.solid product. As a result of l1H-NMR
analysis, the yellbw solid product was identified to be a .
racemic and meso mixture of dimethylsilylene bis[1,1'-{2-
methy1—4—(4—trifluoromethyl'phenyl)—4-hydroa2ulenyl}]
zircqnium dichloride. The yield.of the product was 15 %.
(2) Polvmerization of prggglené using methylalumoxane as co-
catalyst: | |

4 mmol (calculated as Al atom) of methylalumoxane ("MMAO"
produced by TOSOH AKZO CORP.) and.0.6 mg of the aboﬁe—produced
racemic and meso migture weré charged into a 2-liter stirring-
type autbclave. Further, 1,500 ml of propylene was introduced

into the autoclave. After the content of the autoclave was-
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heated to 70°C, the polymerization of propylene was conducted -
at that temperature for one hour; thereby obtaining 50 g of
polypropylene. As a result of the measurements, it was
confirmed that the complex acfivity was 8.3 x 104, and the
obtained polypropylene had a melting point (Tm) of 153.2°C and

a melt flow rate-(MFR) of 1.0.

E le 15:

(1) svnthesis of dimethvlsilviene bis[1,1'-{2-methyl-4-(4=
fluorophenvl)-4-hvdroazulenyl}] zirconium dichloride:
(a) Sygtgegis of racemic ggd.meso mixture: .

10 ml of a pentane solution containing 16.4 mmol of t-
-butyl lithium (1.64 M) was dropped into a solution prepared by
dissolving 0.90 ml (8.2 mmol) of l-bromo-4-fluorobenzene in a
mixed solvént composed 6f 10 ml of n-hexane and 10 ml of
‘diethyl ether, at -78°C. The obtained solution was stifred at
-78°C for 15 minutes, and then at -10°C for 45 minutes.
'Thereafter,.the_solution was mixed with 1.05 g (7.37 mmol) of
: 2-methyllazﬁlene to react these components with each other.

The resultant reacﬁion solution was stirred for one hour while.
the temperature thereof was gradually raised to roém

- temperature. 'Thereafter, the reaction solution was cooled to .
0°C, and mixed with 10 ml of tetrahydrofuran. Further, the
reaction solution was mixed with 16 pul (0.20 mmol) of 1-
methylimidazole and 0.45 ml (3.7 mmol) of dichlorodimethyl
silane. After the_reaction‘sdlution ﬁas stirred at room

temperature for one hour; dilute-hydroéhloric acid was added
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‘thereto to termina;e the reaction. The solution was separated
into organic and aqueéus phases, and the thus—separaﬁed |
organic phaée was concentrated under a'reduced préssure and
dried with magnesium sulfate. The dried product was stirred
under a reduced pressure to remove the.solvent remaining
thefein. The thus;obtaiﬁed product was purified b§ a silica -
gel column chromatography (a mixed solvent: dichloromethane
- and n-hexane), thereby obtaining 2.1 g of an amorphous solid
product.'- |

NeXt,.l.SS g of the thus-obtained amorphous solid product
was dissolved in 15 ml of diethyl ether. 3.5 ml of an n-
hexane solution containing.5.8 mmol of n-butyl lithium (1.66
‘M) was dropped into the diethyl. ether solution at -7é°c;
. Afterx completidh'of the dropping, the reaction solution was
stirred for 12 hours whiie the temperature thereof was
. gradually raised to room temperature. After the reaction
solution was stirfed under a reduced pressure to remove the
solvent, 6 ml of a mixed solvent of toluene and aiethyl ether
(40:1) were'added thereto. After copling to -78°C, thg
_solution was. further mixed with 0.68 g (2.9 mmol) of zirconium
tetrachloride and the temperature thereof was immediately
raised to room temperature, followed by stirring at room
temperature for 4 hours. Thé obtained reaction solution was
mixed with 30 ml of dichloromethane and filtered through
celite. 25 ml of n-heiane was added to the obtained filtrate,
thereby obtaining, as a deposited product, 1.0 g of a racemic

and meso mixture of dimethylsilylene bis[l,1'-{2-methyl-4-(4-
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fluorophenyl44—hydroazulenYl}] zirconium dichloride (yield:
50 %). |
The chemical shifts of lH-NMR of the above-obtained
racemic and meso mixture are as follows.
© 300 MHZ, CeDs (ppm) 0.45 (s, meso SiMe), 0.51 (s, racemic
SiMe), 0.58 (s, meso SiMe), 1.89 (s, meso 2-Me), 1.97 (s,
- racemic 2-Me), 5.20 (br s, racemic 4-H), 5.28 (br s, meso 4-H),
5.6-6.2 (m, -CH=), 6.75-7.4 (m, ~CH=)
Purificétiln of racemi ompound :

Next, 333 mo of_the'above-produced racemic and meso
mixture was suspended in 20 ml of dichloromethane and
irradiated for 10 minutes by a 100 W high—pressure'mercury
vapor lamp to enhance a percentage of the racemic oompound in
‘the mixture. Thereafter, insoluble components were removed
from the solution by.filtfation, and the recoéered filtrate
was:concentrated, dried and solidified. 'Next, the thus-
obtained solid component was mixed with 4 ml of toluene while
stirring and then allowed to stand, followed_by removing the
supernatant therefrom. Such purifying operations were repeated
three times, and the obtained solid residue Was washed two
times with hexane and then dried, thereby obtaining 115 mg of
a-racemic compound of dimethylsilylene bis[l,l'-{2-methyl—4—
(4-fluorophenyl) 4—hydroazulenyl}] zirconium dichloride.

The chemlcal shlfts of 1H—NMR of the above-obtained
racemic compound are as follows

300 MHz, CDCl; (ppm) 0.95 (s, 6H, Si-Me), 2.14 (s, 6H,

2-Me), 4.84 (bxr, 2H, 4-H), 5.72-5.90 (m, 6H), 6.05-6.10 (m,
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2H), 6.72 (d, J = 12Hz, 2H), 6.95-7.05 (m, 4H, -CH=), 7.32-
7.40 (m, 4H, -CHs=) -

(2) Polymerization of propylene using methzlalumgxggglag co—
catalvst:

The same procedure as defined in Example 12(2) was
conducted.except that 0.29 mg of_the racemic compound obtained
in the above item (1) was used instead of the racemic compound
obtained in Example 12(1), to obtaln 30 g of polypropylene.

As a result of the measurements, it was conflrmed that the
complex activity was 10.3 x 104, and the obtained
polypropylene ﬁad a melting point (Tm) of 149.7°C, a melt flow
rate'(MFR) of 1.3, a weight-average molecular weight (Mw) of

3.4 x 105 and a O-value (Mw/Mn) of 2.3.

Examp le 16:
<Polymerization of propylene usingtclay minerals as co-
catalyst> | _

_The same procedure as defined in Example 13(2) wes
' conducted except that 1.035 mg of the racemic compound
obtained in Example 15 was used . 1nstead of the racemlc
:compound obtained in Example 13(1), to. obtaln 154 g of
polypropylene. As a result of the measurements, it was
confirmed that the catalytlc act1v1ty was 3080 and the complex
activity was 14.2 x 104, and the_obtained polypropylene had a
melting point (Tm) of 148,0°C, a melt flow rate (MFR) of 6.9,
a weight—average molecular weight wa) of z.é'x 105 and a Q-

value (Mw/Mn) of 2.4.
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Example 17:

(1) Svnthesis of dimethvlsilvlene bisf1.1'-{2-methyl-4-(3-
chloroghénxl)—4—hy§;ogzulenzl}| hafpnium dichloride:

- {a) Svnthesis of racemic and meso mixture:

18.7 ml of a pentane solution containiﬁg 30.65 mmol of t-
buﬁyl lithium (1.64 M) was dropped into a solution prepared.by
dissolving 1.8 ml (15.32 mmol) of 1-bromo-3~-chlorobenzene in a
mixed splveht composed of 20 ml of n-hexane and 20 ml of
diethyl ether, at -78°C. The resultaﬁt solution was stirred-
| at -5°C for 1 hour, and then mixed with 1.96 g (13.79 mmol) of
2-methylazulene to react these components with each oﬁher;
'The obtained ;eaction soluﬁion was stirred for 1.25 hours
while the temperature thereof was gradually raised to room

temperature. Thereafter, the reactiqn solution was cooled to
0°C, and mixed with 20 ml.of tetrahydrofuran and 30 pl (0.38
mmol) of l-methylimidazole and then with 0.84 ml (6.9 mmol) of
dichlorodimethyl silane; After the reaction solution was |
stirred at room teméeratufe for 1.5 hours, dilute hyarochloric
aéid was added thereto to terminate the reactionm. Tﬁe
reaction solution was separated into organic and aqueous
phases,-and the organic phase was concentrated under a reduced
pressure. Afte: dichloromethane was added to the concentrated
organic phase, the mixture was dried with magnesium sulfate
and stirred under a reduced pressure to remove the solvent,

thereby obtaining an amorphous crude reaction product. -
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Next, the thus-obtained amorphous .crude reaction product
was dissolved in 20 ml of dry diethyl ether. 8.6 ml of an n-
hexane solution containing 13.8 mmol of n-butyl lithium (1.6
M) was dropped into the diethyl ethef solution at -78°C.
After completion of the'drppping; the reaction solution'was
stirred for 12 hours while the temperature thereof was
gradually raised to room temperature. After the reaction
solution was stirred under a reduced pressure to remoﬁe the
- solvent, 15 ml of a mixed solvént of tolueﬁe and diethyl ether
(40:1) was added theréto. After cooling to -78°C, the
reaction solution was mixed with.2.2 g (6.9 mmol) of hafnium
tetfachloride and the tempefature thereof was immediately
raised to room-temperatgre, followed by stirring at room
temperature for 5 hours. The obtained reaction solution was
- filtered through celite to separate a solid cbmponent
therefrom. The ﬁhus;qbtained solid component was washed with
5. ml of toluene and 4 ml of hexane to.recover a solid reaction
product. The recovered solid.reaction product was extracted
with 40 ml of dichloromethane. The extract was stirred under
a reduced pressure to remove the Sleent, thereby obtaining
571 mg of a raéemic and meso mixture of dimethylsilylene
bis[1,1'-{2-methyl-4-(3-chlorophenyl-4-hydroazulenyl}] hafnium
dichloridé.(yield: 10 %). |
(b) Purification of racemic compound:

Further, 571 mg of the above-pioduced racemic and meso
mixture was dissolved in 15 mi of dichloromethane and

irradiated with light for 15 minutes by a 100 W high-pressure
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mercury vapor lamp to enhance a perceﬁtagé of the racemic
compound in the mixture. _Thereafter; insoluble components |
were removed from the solution by filtration, and then ﬁhe
-recovered_filtrate was concentrated, dried and solidified. .
Next, the thus-obtained solid component was mixed with 5 ml of
toluene while éﬁirring, followed by filtration of the
resultant mixture throﬁgh frit. The obtained solid residue
was washed with 3 ml of tqluene énd 4 ml of hexane, andfﬁhgn
dried under a reduced pfessure; thereby obtain 290.mg of a;
raéemic‘cbmpouﬁd odeimethylsilylene bis[l,i'-{z—methyl—4—(3f
chlorophenyl) -4-hydroazulenyl}] hafnium dichlofide.

. The chemical shifts of 1H-NMR of the above-obtained
racemic compound are as follows.

300 MHz, CDCl; (ppm) 0.95 (s, 6H, SiMe), 2.22 (s, 6H,
2-Me), 4.93-4.97 (br 4, 2H), 5;7045;90 {(m, 6H), 5.97—6;05 (m,
2H), 6.75 (4, 2H), 7.15-7.27 (m, 6H, arom), 7.33 (s, 2H, arom)
.{2) Polvmerization of grqgglene using clay minerals éé co- -
catalvst: | |

The same procedﬁfe as defined in Example 13(2) was
conducﬁéd except that 1.22 mg of the racemic compound obtained
in the abové item (1) was ﬁsed.instead of _the racemic compound
obtainea in Exaﬁple_lZ(l); to obtaiﬁ 110 g of polypropylene.
As- a result of the_measurements, it was coﬁfirﬁed that the
complex activity was 9.0 x 104, the catalytic activity was
2200, and the obtained'polyprbpylene had a melting point (Tm).

of 152.4°C and a melt flow rate (MFR) of. 0.5.
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Example 18:

chlorophenyl)-4-hvdroazulenyl}]l hafnium gichloride:

29 ml of a pentane solution containing 47.0 mmol of t-

butyl lithium (1.64 M) was dropped into a solution prepared'by

dissolving 4.5 g (23 53 mmol) of l-bromo 4-chlorobenzene in .a -

mixed solvent composed of 30 ml of n—h;>ane and 30 ml of
dlethyl ether, at -78°C. The resultant solution was stirred
at -5°C for 1.5 hours, and then mixed with 3.0 g (21.2 mmol)
of 2-methyl azulene to react these components with each other.
Thé reaction solution was stirred for 1 hour while the
temperature thereof was gradually raised to room temperature.
Thereafter, the reaction solution was cooled to -5°C, and
then mixed w1th 40 pl1 (0.47 mmol) of 1—methy11m1dazole and
then w1th 1.28 ml (10.59 mmol) of dlchlorodlmethyl silane.
After the reaction solution was stirred at room temperature.
for 1.5 hours, dilute hydrochloric acid was added theréto to
tefminate the reaction. .The reaction solutién was separatea
intq organic and aqueous phases, and the organic phase was
' concentrated under a reduced pressure. After the éolvent is

removed, the obtained product was purified by a silica gel.

column chromatography  (a mixed solvent: dichloromethane and n- .-~

hexane), thereby obtaining 2.74 g of an_amorphous'solid.
product. ‘

‘Next, the thus-obtained reaction product was dissolved in

- 20 ml of dry diethyl ether. 6.3 ml of an n-hexane solution

containing 9.72 mmol of n-butyl lithium (1.54 M) was dropped
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into the diethyl ether solution at -78°C. After completion of
the dropping, the reaction_solution was stirred for 12 hours
while the temperature thereof was gradually raised to room
temperature. ‘Thereafter, the reaction solution was stirred
under a reduced pressure to remove the solvent, and then mixed -
with 15 ml of a mixed solvent of dry toluene and'dry diethyl
ether (40:1). After cooling to -78°C, the reaction solution
was mixed with 1.56 g (4.86'mmol)-of hafnium tetrachloride and
the temperature thereof was immediately raised to reom
temperature, followed by stirring at room temperature for 4
hours. The obtained reaction solution wae filtered through
celite to separate a solid component therefrom. The thus-
obtained solid component was extraCted with 90 ml of
dichloromethane. The extract was subjected to distillation to
remove the solvent therefrom, thereby obtaining 320 mg of a
racemic compound of dimethylsilylene bis[l,i'—{z—methy1—4-(4—
chloropheﬁyl)—4—hydroazuleny1}] hafnium dichloride (yield:

7 %). | |

' The chemical shifts of lH-NMR of the above-obtained
racemic compound are as follows. | . _

300 MHz, €DCl; (ppm) & 0.95 (s, 6H, SiMe,), 2.21 (s, 6H,
2-Me), 4.92-4.96 (br d, 2H), 5.70-6.15 (m, 8H), 6.78 (d, 2H),
7.28 (s, 8H, arom) |
(2) Polvmerization of propvlene using methylalumoxane as_co-
~catalvyst: |

' <Polymerization of propylene> .
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4 mmol (calculated as Al atom) of methylalumoxane ("MMAO"
produced by TOSOH AKZO CORP.l and a toluene solution
contaihing 0.65 mg of a racemic compound of'dimethylsilylene
bis[l,1'-{2-methyl—4f(4—chlorophenyl);4- hydroazulenyl}]
hafnium dichloride obtained in the above item (1) were charged
into a 2-liter stirring-type eutoelave._'Further, 1,500 ml of
propvlene was introduced into the autoclave. The content of
the autoclave was heated to 70°C, and the polymerization of
propylene was conducted for one hour to.obtain 8 g of
polypropyleﬁe. As a result of the measurements, it was
confirmed that the complex activity was 1.23 x 104,'and the
obtained polypropylene hed a melting point (Tm) of 154.4°C, a
melt flow rate (MFR) of 0.07, a weight-average molecular

weight (Mw) of 14 x 105 and a Q-value (Mw/Mn) of 4.0.

Example 19
Polymerization of propvlene: - _

The same procedure as defined in Example 6(2) was
condueted except that the racemic compound of dimethylsilylene
bis([l,1'-{2-methyl-4-(4~chlorophenyl)-4-hydroazulenyl}]
hafnium dichloride obtained in Example 18(1) was used as the
component (A), to obtain 146 g of polypropylene. As a result
of the measurements, it'wes confirmed that the catalytic
activity was 2900, the complex activity was 12.0 x 104, and
the obtained polypropylene had a melting point (Tm) of 150.6°C,
"a melt flow rate (MFR) of 0.4,:a'weight—average molecular-. '

- weight (MW) of 5.6 x 105 and a Q-value (Mw/Mn) of 3.1.
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Exgméle 20: _
(1) Chemical treatment and granulation of clay minerals:

3 Kg of commercially available montmorillonite ("KUNIPIA
F* produced by KUNIMINE INDUSTRIES CO., LTD.) was pulverized
by a vibrating mill and dispersed in 16 liters of 3 % aqueous
solution_of sulfuric.acidd The dispersion was mixed with 2.1
Kg of magnesium sulfate, followed by stirring at 90°C for 3
hours. Thereafter, the dispersion was filtered ﬁo separate a
solid component therefrom. The thus-obtained solid compoﬁent
was washed with water to adjust the pH thereof to not less ‘
than 5. Sugcéssively, after the solid content of the obtained
slurry was adjusted to 15 %, the slurry was sprafed by means
of a spray drier to conduct granulatioﬁ of the solid component.
The thus-obtained particles were of.a sphericai shape.

10.0 g of tﬁe chemically treated montmorillonite obtained
in the above was charged into a 200 ml flask and subjected to
- heating and desiccation treatment at 30d°C'for 2 houfs under .a
reduced pressure, thereby obtaining a component (B). |
, JM_WMMWLMQ:
polymerization of proﬁxlege: | o

400 ml of heptane was introduced into a l-liter stirring-
'tﬁpe autoclave and maintaiﬁed ét 40°C.l -

Separatelj, 10 g of the component (B) obtained in the
- above iteﬁ (1) was dispersed in 40.2 ml of toluene. The
dispersion was mixed with 79.8 ml of a'dilute ﬁoluene solution

containing triethylaluminum in an amount corresponding to 60
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mmol. After theselcomponents were contacted with each other
at room temperature for one hour, the supernatant was removed
from the mixture, and theiobtained solid residue was washed
with toluene'and then charged into the autoclave.

‘Next. 48.8 ml of a toluene solution containing .
dimethylsilylene bis[l,l'f{z—methyl—4—(4¥chloropheny1)—4—
hydroazulenyl}] hafnium dichloride obtained in E#ample 18(1)
in an amount corresponding to 0.10 mmol was charged into the
autoclave. Further, 4.96 ml of a dilute toluene solution
containing triisobutylalﬁminum in an amount corresponding to 4
mmol was dropped into the autoclave and then propylene-was fed
thereinto to initiate the polymerization (pre—polYmerization)

. of propylene. The polymerization of bropylene was continued
for 15 minutes while maintaining the propylene pressure witnin
the autoclave at 5 kgf/cm?G. After completion of the |
polymerization, the polymerized slurry was taken'out of the
autoclave and the supernatant was removed therefrom to obtain
a4 solid residue. The solid residue was dried at 40°C for 3
hours under a reduced pressure, thereby obtaining a dry
_catalyst. The amount of:the polymer obtained by the pre-
polymerization was 3.1 g-based on one gram of the component
(B).

(3) Polymerization of.grgggiene:

0;4 g of triisobutylaluminum and 1.5 liters of propylene
were_charged into a 3-liter stirring—type autoclave. While
maintaining the oontent of the autoclave at 30°C,_30_mg of the -

dry catalyst (as the amount of the component (B) except for



-168-

the pre-polymerized product) obtained in the above item (2)
was introduced under pressure into the autoclave. Next, the
content of the_autociave was heated.to 75°C to conduct the -
polymerization of propylene for one hour. After completion of
the polymerization, unreacted préleene.was purged to recover

polypropylene produced. The results are shown in Table 3.

Examples 21 and 22:
<Polymerization of propvlene>
The same procédure as defined in Exampie 20(1)-(3) was
cqnducted except that after in;roduction of the dry catalyst
in Example 20(3), hydrogen waé introduced into the autoclaﬁe o

in amounts shown in Table 3. The results are shown in Table 3.

Example 23:
<Polymerization of propylene>

The samé procedure as defined in Example 20(1)-(3) was
conducted éxcept that the amount of the dry catalyst charged
into the autoclave in Example 20(3) was changed to 15 mg (as
the amount of the component (B) except for the pre-polymerized

product) . The results are shown in Table 3.

E}Lm.o_le_l‘i_:
-<Random cbpolymerization of'propylene and ethylene>

_ The same procedure as defined in Example 20(1)-(3) was
condﬁcted except that the émouht of the d:y catalyst charged--

into the autoclave in Example 20(3) was changed to 15 mg_(as
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the amount of the component (B) except for the pre-polymerized
product), and further 1.5 liters of propylene and 45 g of
ethyléne were introduced into the autoclave. The results are

shown in Table 3.

Examples 25 to 27: .

The same procedure as defined in Exémple 20(1)-(3) was
conducted except that the respective cénditions as defined iﬁ_
Example 20 were changed as follows. The results are shown in -
Table 3. _ . - ..
glz_ngggratiog of solid catalvst coggonént and pre-
polymerization of propvlene:

The dry catalysts were prepared under ;he same conditions
as defined: in Example 20(2) except that combounds shown in.
Table 3 were used as the component (A).

(2) Polvmerization of propvlene:

The polymerization of propylene was.conducted under the
same conditions as defined in_Example 20(3) except that 50 mg-
of each of the dry catalysts (as the amount of the component
(B) except for the pre-polymerized ﬁroduct) obtainéd in the

above (1) was used.

Comparative Example 3 o _
'(12 Preparation of solid ggtalzgt.gomgpneng and pre-
polymerization of propylene:

| The dry catélysts.were prepared under the same conditions

as defined in Example 20(2) except that 10 g of R
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dimethylsilylene bis{l;l'?(2—methyl-4—phenylhydroazulenyl)}
zirconium dichloride was used as the compound (A) and 10 g of
methylalumoxane supported by silica éarrier (MAO on. SiO, by
WITCO Co.,Ltd., Al atom content: 23 wt%) wés used as the -
'compound (B) instéaa of the chemical—treated clay mineral.
The amount of the polymer obtained by the pre—polymerization

was 2.8 g based on one gram of the MAO on. Si0,.

(2) Polvmerization of propvlene:

The same procedure as defined in Example 20(3) .was
conducted except that the catélyst component prepared in the
above item (1) was used inétead of the catalyst used in

Example 20(3). The results are shown in Table 3.
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Table 3.
Component | Amount of Component Amount Amount
(A) solid . (C): of of
catalyst |triisobutyl |hydrogen |ethylene
component aluminum |supplied|supplied
used (mg) {mg) (ml) {g)
Ex. 20 a 30 - 400 0 0
Ex. 21 a 30 400 42.5 0
Ex. 22 a 30 400 136 0
Ex. 23 a 15 400 0 0
Ex. 24 a is 400 0 45
Ex. 25 b 50 400 - 0 0
Ex. 26 c 50 400 0 0
Ex. 27 d 50 400 0 .0
Comp. d 50 400 0 0
Ex. 3 ' o

Note: a: dimethylsilylene bis(1, 1'—{2—methyl-4-(4-'

chlorophenyl)—4-hydroazulenyl}] hafnium dichloride;

b: dimethylsilvlene bis[l, 1'-{2-methyl-4-(4-
chlorophenyl) -4-hydroazulenyl}] zirconium dichloride;

¢: dimethylsilylene bis{1l, 1'-(2-methyl-4-phenyl-4-

hydroazulenyl)] hafnium dichloride; .
d: dimethylsilylene bis{1l, 1'-(2-methyl-4-phenyl-4-
hydroazulenyl)] zirconium dichloride; ' :
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Table 3—cgntinued‘

Melting

Example 3

Catalytic Complex MFR
activity | activity point (g/10 min)
(°c)

Example 20 1900 23.4 . 153.1 - - 0.19
Example 21 5600 68.9 153.7 1.87
Example 22 " 9400 115.7 155.0 16.1
Example 23 1600 19.7 154.0 . 0.076
Example 24 9700 119.4 127.7 0.038
Example 25 1430 19.7 149.3 2.6
- Example 26 3100 41.7 ~150.9 0.84
Example 27 2020 30.8 147.7 . 6.2
Comparative 710 10.8 146.7 7.6.
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Table 3-continued

Mw Q Bulk density (g/ml)
(x 10%) (Mw/Mn)
Example 20 - - 0.38
Example 21 - - 0.38
- Example 22 - - - 0-.41
Example 23 - - 0.39
Example 24 - - - 0.38
Example 25 32 3.4 0.48
Example 26 5.8 l S 3.9 0.48
Example 27 2.8 3.0 0.47
_ Comparati?re 2.5 . 2.8 0'.37

Example 3.
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Example 28:
(1) Svnthesis of dimethvlsilviene bis{1.1'~(2-methvl-4-phenvl-
'7-isop;ogxl—4—hxdroazulenzli zirconium dichloride:
4.9 ml of a cyclohexane/diethyl ether solution contéining
5.2 mmol of phenyl lithium (1.08 M) was dropped into 20 ml of
a hexane solution containing 0.97 g (5.2 mmol) of 2-methyl-5-
‘iéopropylazulene, at 0°C. The resultant sqlution was stirred
for 1 hour while the temperature thereof was gradually réised
to room temperature. Thereafter, the reaction soiution.was
cooled to 0°C, and mixed with 20 ml of tetrahydrofuran and 12
ul_(O.lS mﬁol) of dimethylaminopyridine and then with 0.34 ¢
(2.6 mmol) of dichlorodimethylsilane. After the ;eaction
solution was stirred at roém temperature for 2 hours, dilute
hydrochloric acid was added thereto to tefminate-the reaétion.
.The reactidn solﬁtion was separated inﬁo organic and aqueous
phases, and the organic phase was extraéted with hexane, dried
with magnesium sulfate and stirred under a reducéd pfessure-to
remove the solvent. The obtained product was purified by a .
'silica gel column chromatography (a mixed solvent:
dichloromethane'énd n-hexane), thereby obtainin§ 1.4 g of dark
green powder as a reaction prbductﬁ
-Nexf, 1.4 g of the thus-obtained reaction-prodnct was
dissolved in 15 ml of diethyl ether. 3.2 ml of an n-hexane
solution containing 4.9_mmoi of n-butyl lithium (1.54 M) was -
dropped into the diethyl ether solution at ~78°C. After |
completidn-of the dropping, thé reaction solution.was stirred

for 2 hours while the temperature thereof was gradually raised
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to 0°C. After the réaction solution was stirfed under a
reduced pressure to remove the solvent(-23 ml of a mixed
solveht of toluene and diethyl ether (20:1) was added thereto. -
After cooling to -78°C, the reaction solution was mixed with .
0.57 g (2.4 mmol) of zirconium tetrachloride and the
temperature thereof was immediately raised to 0°C, followed by
stirring at 0°C for one hour. -Fufther, the temperature of
'reactign solution was raised to room temperature and stirred
at room temperature for 6 hours. The obtained reaction
solution was filteréd.through celite to separate'é solid
component therefrom. The thus-separated solid component was
washed with 3 ml of toluene to recover a solid product. The .
recovered solid product was extracted with dichloromethane.
‘The extract was étirred_under a reduced pressure to_remove_the_,
solvént) thereby obtaining 0.11 g of a racemic and meso
mixture of dimethylsilylene bis{l,l'—(2—methyl-4;phehyl-7—
isopropy1-4—hydroazulenyl}]-zirConium dichloride (yieid: 6_%).
. The chemical shifts of lH-NMR of the above-obtained
racemic and meso mixture are as. follows. _
| 300 MHZ,.CJ% (ppm) 0.55 (s, meso SiMe), 0.57_(s, racemic
SiMe), 0.60 (s, meso SiMe); 1.00 (4, iér-Me),'l.lz_(d, iPr-Me),
1.88 (s, 2-Me), 1.90 (s, 2-Me), 3.1 (m, iPr~CH), 5.26 (br s,
4-H), 5.28 (br s, 4-H), 5.7-5.9 (m, .—_CH=), 7.0-7.5 (m, -CH=)
(2) Polymerization of propvlene using methvlalumoxane as co-
catalyst: ' | | | |
4 mmol (calculated és Al atom) of methylalumoxane ("MMAO"

produced by TOSOH AKZO CORP.) was charged into a 2-liter
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stirring—type'autoclave. Separately, 0.3 mg of the above-
produced racemic and meso mixture was diluted with toluene,
and then charged into a catalyst feeder equipped with a safety
rupture disc. Thereafter, 1,500 ml-of.propylene_was' _ R
introduced into the_autoclave and_the saféty rupﬁure disc of
the catalyst feeder was broken at room temperature. After the
content of the autoclave was heated to 70°C, the
polymerizatioh of propyvlene was éonducted at that temperature
for one hour, thereby obtaining 32 g of polypropylene. As a
result of the measurements,‘it was confirmed that the complex
activity was 1.1 x 105, and the obtainéd polypropylene had a
melting point (Tm) of 152.6°c, a;meltlflow rate (MFR) of 1.4,
a weight-average moleéular weight (M&).of 3.6 x 105 and a Q-

value (Mw/Mn) of 3.5.

Example 29:
<Polymerization of o-olefin using clay minerals as co-
catalyst>

(1) Chemical treatment of clav minerals and preparation of

solid catalyst c onent :

The same procedure as defined in Example 11(2) was
 conducted to obtain a montmorillonite/ﬁoluene slurry having a
montmorillonite content of 33 mg/ml.

(2) Polymerization of propvlene:
| 0.5 mmol (calculated as Al atom) of triisobutylaluminum
(prdduced by TOSOH AKZO CORP.) was charged into a 2-liter

stirring—type-autoclave. Separately, 1.8 mg of the racemic
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and meso mixture obtained in Example 28(1l) was diluted with
toluene, and then charged into a catalyst feeder equipped with
a safety rupture disc. Further, the ébove-prepared slurry
containing 100 mg of montmorillonite and 0.3 mmol (calculated-
as Al atom) of triisobutylaluminum were charged into the.
catalyst feeder. Thereafter, 1,500.ml of propylene was
introduced into the autoglave and the safety'rupture disc of
the.catalyst feeder was broken at room temperature. After the
content of the autoclave was heated to 80°C, the
polymerization of propylene was conducted at that temperature
for one hour, thereby obtaining 37 g:of polypropylene. As a’
result of the measurements, if was confirmed that the catalyst
activity was 370, the-complex activity'waslz.l X 104, and -the .
obtained poiypropylene'had a melting point (Tm) of 146.0°C; ‘a
melt f£low rété (MFR) of 143; a weight-average molecular weight:

(Mw) of 1.4 x 105 and a Q-value (Mw/Mn) of 2.2.

Example . .
(1) synthesis of dimethvlsilvlene bis{1,1'-(2-ethyl-4-phenyl-
7—isoprogxl—4-hydroazulenxl{t zirconium dichlor;de: '
7.2 ml_of_g cyclohexane/diethyl-ether solution_céntaining
7.8 mmdlsééfphEnyl-lithium'(1.08 M) was dropped into 20 ml of
" a hexane solution'contaiﬁing.1.54 g (7.8 mmol) of 2-ethyl-5-
_-isoﬁropyl-azulene, at 0°C. The resultant solution was stirred~;
.for.l hour while the temperature ﬁhereof was gradually raised
to room-temperature. Thereafter,'thé feaction sbluﬁion was

cooled to 0°C, and mixed with 20 ml of tetrahydrofuran and 12
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pl (0.15 mmol) of dimethylaminopyridine and then with 0.50 g
(3.9 mmol) of dichlorodimethylsiléne. After the reaction
solution was stir;ed at room temperature for 2 hours, dilute
- hydrochloric acid was added thereto té terminate the reaction.
The reaCtion_solutién_was_separated into organic and aqueoué-
phases, and the organic phase was extracted with hexane, dried
with magnesium sulfate and stirred under a reduced pressure to - -
remove the-solvent, thereby obtaining 2.5 g of dark green.
péwder as é reaction broduct. | |

Next, 2.5 g of the thus—obtainéd reaction prodﬁct was
dissolved in 30 ml 6f diethyl ether. 4.9 ml of an n-hexane’
solutioh containing 7.8 mmol -of n-butyl lithium (1.59 M) was
dropped into_the diethyl ether solution at -78°C. .After
complétion of the dropping, the reaction solution was stirred
for 4 hours while the temperature'thereof was gradually raised-
to room temperature. Affef'the reaction solﬁtidn was stirred
under a reduced preésure to remove ﬁhé solvent, 20 ml of a
mixed solvent of toluene and diethyl ether-(20:1) was added
‘théreto. After cooliné'to -78°C, the reaction solution was
mixed with 0.91 g (3.9 mmol) of zirconium tetrachloride and
the temperature thereof was iﬁmediatély raised'to 0°c, |
followed by stirring at.0°C-for one hour. Further,-thé
temperature of reaction solution was raised to room -
.temperature and stirred at room temperature for 11 hours. The
obtained réaction soiution was filtered through celite to-
separate a solid component therefrom. .The thus-obtéined solid

component was washed with 3 ml of toluene to recover a solid:
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reaction product. The recovered solid reaction product was
extracted with dichloromethane. The extract was stirred under
a reduced pressure to remove the solvent, thereby obﬁaining
0.4 g of a raceﬁic and mesc mixture of dimethylsilylene
bis{l,l'—(2—ethyl—4—phenyl—7—iSopropyl—4—hydroazulenyl)}
zirconium dichioride (yield: 7l%). |

The chemical shifts of 1H-NMR of the above-obtained
racemic and meso mixture are as follows. |

300 MHz, CgDs (ppm) 0.58 (s, meso SiMe), 0.60 (s, raéemic |
SiMe), 0.62 (s, meso SiMe), 1.1 (m, iPr-Me, Et-Me), 1.92 (g,
Et-CHp,, 1.98 (q, Et-CHp), 3.2 (m, iPr-CH), 5.26 (br s; 4-H),
'5.'29 (br s, 4-H), 5.7-5.9 (m, -CH=), 7.0-7.5 (m, -CH=)
(2) Polymerization of gropxleﬁe using methzlélumoxgge as_co-
catalyst: | | |
4 mmol (calculated as Al atom) of ﬁethYlalumoxane ("MMAO"
‘produced by TOSOH AKZO CORP.) was charged into a 2-liter
stirfing—type autoclave. Separately, 0.3 mg of the above-
produced racemic and meso mixture was diluted with toluene,
and,thenﬁéharged into a catalyst feeder equipped with a safety
ruptﬁre disc. Theréafter, 1,500 ml of propylene was
introduced into the autoclave and the safety rupture disc of
. the catalyst feeder waé broken at room temperéture. After the
.content of the autoclave was heated to 70°C, the
polymerization of propylene was conducted at thét temperature
for one hour, thereby obtaining 52 g of polypropylene. As a
result.of the meésurements} it was confirmed that the complex

activity was 1.7 x 105, and the obtained polypropylene had a
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meiting point (Tm) of 155.5°C, a melt flow rate (MFR) of 0.2,
a weight-average molecular weight {(Mw) of 5;3 x 10°% and a Q-

value (Mw/Mn) of 3.8.

Example 31:
<Polymerization of propylene using'clay:minerals as co-
catalyst> | |
- 0.25 mmol (caléulated as Al atom) of triisobutylaluminum-
(produced by TOSOH AKZOgCORP;) was charged into a l-liter
stirring—type autoclave: Separately, 0.8 mg of the racemic
and meso mixture obtained in.Example 30(1) was diluted with
toluene, and then charged into a catalyst feeder equipped with
a safety rupture disc. Further, 50 mg of the '
triethylalﬁminum—treated montmorillonite obtained in Exémple
- 29(1) and d.ls_mmol (calculated as Al atom) of
triisobutylaluminum were charged'into the catalyst feeder.
-Thereafter} 700 ml of proleene was introduced into the
autoclave and the safety rupture disc of the catalyst feeder
was broken at room temperature. After the content of'the
' aﬁtoclave waé'heated to 80°C, the polymerizatién oflpropylene.
was conducted at that temperatufe for ‘one houf, thereby
obtaining 4 g of polypropylene. As a result of the
measurements, it was confirmed that the catalyst-activity was
" 176, the complex'activity was 5.0 x 163, and'the-obtained
bolypropy;ene had a melting point (Tm) of 148.4°C, a weight-
avgrgggfmolecular wéight (Mw) of 1.5 x 105 and a Q-value

 (Mw/Mn) of 2.8.
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Example 32: | | | -

(1) synthesis of dimethzlsiizlene bis{1,1'-(2-methv]l-4-phenyl-
Sfisopropzl—4—hydrogzﬁ1enyl2f zirconium dichloriae as .
component (A) : _

{a)'Sygthesis of 2—tosxl—g—igoéropzltrogolone:-

10.2'g (62.3 mmol) of hinokitiol was dissolved in 20 ml
of pyridine. 20 ml of a pyridine solution containiﬁg 12.1 g
(63.5 mmol) of toéyl chloride was added to the above-prepared
solution at room temperature. The resultant reaction solution
was extracted with toluene. An organic phase of the extract
was dried with mégnesium sulfate, and then the solvent
'contéined therein was removed under a reduced preSsuré,
thereby obtaining 20.7 g of a mixturé of_2-tosy1—4—
isopropyltropolone and 2-tosyl-6-isopropyltropolone.

(b} sSynthesis of l1-methoxy éafbohxl—G*
isopropvylcycloheptafuran-2-one:

A sodium methoxide solution prepared from 100 ml of
methanol and 2.1 g (94;3 mmol) of sodium was added to 100 ml.
.of a methanol solution containing 17.6.g (55.5'mmol) of.the_
mixture.obtained in the ébove item (a) and 10.8 ml (94.3 mmol)
of dimethyl malonate at 0°C. The mixed solution was stirréd
at 0°cC fof one hour and then at room temperature overnight.
After the solvent contéined in the mixed solﬁtion was removed
under a reduced pressure, the mixed solution was mixed with |
water and then extracted with a mixed solvent composed of

hexane and ethyl acetate. An organic phase of the extract was
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dried with magnesium sulfate, and the solvent was removed
under a reduced pressure, thereby obtaining 12.2 g'of a crude
product of 1l-methoxycarbonyl-6-isopropylcycloheptafuran-2-one.

(c) Synthesis of 1¥methozxcarbonxl—2—me;hyl—G- .

" isopropvlazulene:

© 600 ml of acetone and 200;m1 of diethyl amiﬁe were added
to 12.2 g of the above-obtained crude product of 1-
methoxycarbonyl-6-isopropylcycloheptafuran-2-one. The mixture
was subjected to intermittent reflux for 15 hours while
heating. Thereafter, the solvent contained in ﬁhe mixtﬁre was
- removed under a reduced pressure. ‘The resgltant crude product: .
was pﬁrified by a colump chromatograpby using a mixed solvent
composed of hexane and ethyl acetate (5:1) as an_elﬁent |
solvent, thereby obtaihing 3.93 g of 1—methoxy arbonyl-2-
methyl~6-isopropylazulene.l _ |
{(d) Svnthesis of 2-methyl-G—isogropziazulene;

70 ml of phosphoric acid was added to 3.93ig'(16.2 mmol)
of l-methoxycarbonyl—z—methyl-G—isopropylazulene; and the
'mixture was heated ét 100°C for one hour. The resultant
‘reaction solution was added to 300 ﬁl of an aqﬁeous sblution
containing 30 g of sodium hydroxide and extracted with hexane.
'An organic phase of the extract was dried with magnesium-
sulféte, andlthe_solvent'remaining-therein was removed under a
reduced pressure. The obtained crude produét was filtered
'thfough silica gel. -Furthe:, the.solvent contained in the
filtered solid componént was removed, thereby obtaining 2.23 g

Qf'2-methjl—6—isopropy1azulene (yield: 75%).
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.(ez anthesis'of bis{1,1'~(2-methyl-4-phenyl-6-
isoﬁrogzldihxdrogéulenzi)[ dimethy] silane:

- A diethyl ether/cyclohekane'solution containing 12.1 mmol
(1.0 N) of phenyl lithium was added to 40 ml of a hexane
solution oontaining 2.08 g (11.3 mmol) of the above-produced
' 2—methyl—6—isopropylazulene at 0°C. The mixed solution was
stlrred at room temperature for 2 hours, and then mixed with
30 m1 of tetrahydrofuran at -10°C. Further, 0.68 ml (5.64
mmol) of dichlorodimethylsilane was added to the mixed
solution at -30°C, followed by stirring for one hour at room
temperature and'then for 2 hours at 45°C. After the mlxed
solutlon was allowed to stand at room temperature overn1ght,~
an ammonium chloride aqueous solution was added to the
obtained reaction solution. After the_reaction solution was
separated into aqueous and organic phases and the organic
phase separated was dried With magnesium sulfate, the solvent
was'removed.under a reduced pressure. The obtained crude - -
.product was purified by a column chromatography using a mixed
solvent composed of.hexane and dichloromethane (10:1 to 5:1)
as an eluent solvent, thereby'obtaining 1.23 g of bis{1,1'-(2-
methy1-4-phenyl-6-isopropyl-1, 4 ~dihydroazulenyl)}
dimethylsilane (yield: 38 %). - |

(f) Svnthesis of dimethvlsilvliene bis{1,1'-(2-methyl-4-phenyl-
”6—isopropyl;4—hydrgazu1§nxl2[ zirggnium dichlorider
: A hexane solutlon contalnlng 4,55 mmol (1.63 N) of n--
. butyl lithium was added to 20 ml of a d1ethy1 ether solutlon T

containing 1.2 g (2.07 mmol) of the above-produced bis{1l,1'-
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(2—meﬁhy1—4—phenyl—6—is§propy1—1,4jdihydroazu1eny1)}_
dimethylsilane at -78°C. After the mixed éolution was stirred
at room temperature_overnight, the solvent contained in the
obtained product was removed. The respltant.product was
washed with hexane, dried and solidified again. The obtained
 so1id product was mixed with.20 ml of toluene and 0.5 ml of
diethyl ether to form.a solution.-434 mg (1.89 mmol) of
zifconium tetrachloride was-then-added to the solution at -
70°C. - |

The teﬁperature of obtained reaction solution wa$
'gradually raised to room temperature and stirred at room
temperature overnight. Thereafter, the reaction solution'wés-
filtered through celite, and the solvent contained in the -
separated solid.component was removed under a reduced pressure.-
The solid component was dissolved again in 1 ml of
dichloromethane and then mixéd with 10 ml of hexane. At this
time, no precipiﬁate was formed. Thé.obtained solution was - -
dried and solidified under a reduced pressure, thereby
obtaining 1.36 g of'dimethylsilylene-bis{l,1'—(2—ﬁethyl—4—
phenyl-6-isopropyl-4-hydroazulenyl)} zirconium dichloride.
(2) Polvmerization of propvlene:

 The same procedure és defined in Example 1(4) was -
conducted except that thé'above—produqed diméthylsilylene
bis{l;1'-k2fmethyl;4—pheny1—6—isopropy1—44hyd:oazuleny1)}
zirconium dichloride was used as the component (A), to obtain.
120 g of polypropylene. As a résult of the'meASurements, it "

was confirmed that the catalytic activity was 1200, the
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complex activity was 11.6 x 104 and the obtained
-polypropylene had a melting point (Tm) of 148.5°C, a melt flow
rate (MFR) of 8.8, a weight-average molecular weight (Mw) of

2.4 x 105 and a Q-value (Mw/Mn) of 2.8.

<Polymerization of propylene usiﬁg methylalumoxaneé as co-
-catalyst> |

4 mmol (calculated as Al atom) of methylalumoxane ("MMAO"
produced by TOSOH AKZO CORP.) and 1 mg of dimethylsilylene.
bis{l,1'-(2-methyl-4-phenyl-6-isopropyl-4-hydroazulenyl)} .
zirconium,dicﬁloride produced in Example'32(1) were diluted -
with toluene, and then charged into a'g-liter stirring-type -
autoclave. Thereafter, 1,500 ml of propylene was.introduced
into the autoclave. After the content of the autoclaye was
heated to 70°C, the polymeriiation of propylene was'eonducted oo
at that temperature for one hour, thereby obtaining 70.4 g-of "
polypropylene As a result of the measurements, it was '
' conflrmed that the complex act1v1ty was 7.0 x 104, and the .
obtained polypropylene had & meltlng point (Tm) of 149 8°cC, a

melt flow rate (MFR) of 7.9, a welght average molecular welght

(Mw) of 2.6 X 105 and a Q-value (Mw/Mn) of 2.8.
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7.2 ml of a cyclohexane/diethyl ether solution containing

7.8 mmol of phenyl lithium (1.08 M) was dropped'into 35 ml of
a hexane solution containing 1.7 g (7.8 mmol) of 2-
benzylazulene, at -5°C. The resultant solution was stirred_;
for 2 hour while the temperature thereof was graduailyeraised '
to room temperature. Thereafter, the reaetion solution was
cooled to 0°C, and mixed with.35 ml bf-tet;aﬁydiofuran and
0.016 g of l-methylimidazole and then with 0.5 g (3.9 mmol) of
dichlorodimethylsilene. After the reaction solution was
stirred at room temperature for 1 hour, dilute hydrochloric.
acid was added thereto to terminate the reaction. . The
reaction solution was separated into organic and aqueous.
.phases, and the organic phase was extracted with ether, drled
w1th magnesium sulfate and stlrred under a reduced pressure to
remove the solvent. The obtained product was puxlfled by a
'siliea gel column chromatography (a mixed solvent: _
dichloromethane and n-hexane), thereby obtaihine 1.5 .g of dark
green powder as a reaction product. | |
| Next, 1.5 g of the thus-obtained reaction prodﬁct was -
dissolved in 10 ml of diethyl ether. 2.9 ml of an n-hexane
solution contalnlng 46.4 mmol of n-butyl lithium (1.59 M) was
dropped into the dlethyl ether solutlon at -78°C. After
| completion of the dropping, the reaction solution;was stirred
for 4 hours while the temperature thereof was gradually raised
to room temperature.- After the reaction solution was stirred
under a reduced pressure to remove the solvent, 15 ml of a

mixed solvent of toluene and diethyl'ether (40:1) was added
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thereto. -Afﬁer cooling to -78°C, thé reaction solution was
mixed with 0.54 g (23.2 mmol) of zirconium tetrachloride and
the temperatufé thereéf was immediately raised to room
temperaturé, followed by stirring at room temperature for 12
hoprs. lThe obtained reaction solution was filtered through
‘celite in the presence of a nitrogen stream to separate a
- solid component therefrom. The thus-obtained solid component
was washed with tolﬁene and'stirred under a reduced pressure
to remove the solvent, thereby'obtaining 1.4 g of a racemic |
. and meso mixture of dimeﬁhylsilylene bis{1l,1'-(2-benzyl-4-
phenyi-4-hydroaéulenyl)} zirconium dichloride (yieid: 74 %).
| The chemical shifts of l1H-NMR of the above—obtéined

racemic and meso mixture are as follows.
300 MHz, CgDs (ppm) 0.83 (s, meso SiMe), 0.92 (s, racemic
' SiMe), 1.05 (meso SiMe), 3.75 (d, racemic benzyl CH;), 3.90 (d,

meso benzyl CHy), 4.04 (4, racemic and meso benzyl CHp), 4.99
(d, racemic 4-H), 5.06 (d, meso 4-H), 5.8-6.2 (m, -CH=),
6.8-7.6 (m, -CH=) | _

(2) Polvmerization 6f propylene using.methxlalumoxane'as co-
catalyst: | - h |

2 mmol (calculated as Al atom) of methylalumoxane (“MMAO“_
produced by TOSOH AKZO CORP.) was charged'into a l-liter
stirring—typé autoclave. Separately, 0.32 mg'of-the above-~
produced racemic and meso mixture was diluted With toluene,
.and then chargéd into a catalyst feeder equipped with a safety
rupture disc. Thereafter, 700 ml of propyléne was introduced

into the autoclave and the safety rupture disc of the catalyst
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feeder was broken at room temperature. After the content of
the autoclave was heated to 70°C, the polymerization of
propylene was conducted at that temperature for one hour,
thereby obtaining 10 g of poiypfopyléne. As a result of the
measufements; it was confirmed that the complex activity was
3.1 x 104, and the obtained poiypropylene had a melting point
(Tm) of 156.6°C, a melt flow rate (MFR) of 400, a weight-
average molecular weight (Mw) of 0.8 x 105 and a Q-value

(Mw/Mn) of 3.2..

Example 35:

<Polymerization of prqpylene using clay minerals as co-
catalyst> .

(1) Chemical treatment 6f clay minerals and preparation of

solid catalyst component:

The same proCedure as defined in Example 11(2) was
conducted to obtain a montmorillonite/toluene sluiry.having.a-
montmorillonite content of 33 mg/ml.

(2) Polvmerization of propvlene::

0.25 mmol (calculated as Al atom) of triisobutylaluminum
(éroduced by TOSOH AKZO CORP.) was charged into a l1-liter
stirring-type autoclave. Separately,.2.4 mg of the racemic
and meso mixture obtained iﬁ Example 34(1) was diluted with
toluene; and then charged into a catalyst feeder equipped with -
a safety rupture disc. Further, the abqve—prépared toluene
slurry containing 50 mg of montmorillonite and 0.15 mmol'

(calculated as Al atom) of triisobutylaluminum were charged
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into the catal?st feeder. Thereafter, 700 ml of propylene was
jntroduced into the autoclave and the safety rupture disc of
the catalyst feeder was broken at rdom temperature. After the
.contént'OE the autoclave was heated to 80°C, the
polymerization of propylene was conducted at that temperature
for one hour, thereby obtaining 0.8 g of polypropylene. As a -
result.of the measurements, it was confirmed that the catalyst

activity was 16, the'complex'activity was 300, and the

- obtained polypropylene had a melting point (Tm) of 152.4°C, a:. -

weight¥average molecular weight (Mw) of 0.5 x 105 and a Q-.

value (Mw/Mn) of 2.5.

7-isopropvyl-4-hvdroazulenyl)} zirconium dichloride:

5.5 ml of a cyclohexane/diethyl ether solution containing
5.9 mmol of phenyi lithium (1.08 M) was dropped into 20 ml of -
a hexane solution containing 1.54 g (5.9 mmol);of 2-behzyl—5—
isopropylazulene, at 0°C. The resultant solution was stirred .-
- for 1.5 hours while the temperature thereof was gradually
raised to room temperature. Thereafter; the reaction solution
_.wasfcooled to 0°C, and mixed with Zo,ml of tetrahydrofuran.and
11 pl (0.14 mmol) of dimethylaminopyridine.and further with
0.36 g (3.0 mmol) of diéhlofodimethylsilane. "After the
reaction solution was stirred'fbr 3.5 hours while the
temperature.thereof was gradually raised to 10°C, dilute

hydrochloric acid was added thereto to terminate the reaction.- -
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The reaction solutioﬁ_was separated into organio and équeous
phases, and the organic phase was extracted with hexahe, dried
with magnesium sulfate and stirred under a reduced pressure to
remove the soivent. The obtained product was purified by a -
silica gel column chromatography (a mixed solvent: ‘
dichloromethane and n—hexane){ thereby obtaining 1.7 g of da;k
green powder as a reaction prodﬁct. |
-Next, 1.7 g of the thus—obtained_reaction product was
- dissolved in 20 ml of diethyl ether. 2.9 ml of an n-hexane
solution containing 4.7 mmol of n-butyl lithium (1.59 M) was
dropped into the diethyl ether solution at -5°C. After
completion of the dropping, the reaction solution was.stirred
~for 3 houré while the temperature thereof was Qradually raised..
to 10°C. After the reaction solution was stirrea under a
reduoed pressure to remove the solvent, 12 ml of a mixed
- solvent of toluene and diethyl ether (26:1) was added thereto.
After cooliﬁg to —78°C, the reaction solution was ﬁixed;with
0.55 g (2.4 mmol) of zirconium tetrachloride. Thereafter, the. . .
reaction solution was stirred for 4 hours while the |
temperature thereof was gradually raised to room temperature,
followed by further stirring at room temperéture for 11 hours.
The obtained reaction solution:was filtered through celite to
separate a solid component therefromu The thus-obtained solid
component was washed with 3 ml of toluene to recover a solid.
product. The thus-recovered solid product was extfacted with-
dichloromethane and then the eXFract was s;irred under a

reduced pressure to remove the solvent, thereby obtaining 0.23
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g of a racemic and meso mixture of dimethylsilylene bis{1,1'-
(2-benzyl-4-phenyl-7-isopropyl-4-hydroazulenyl) } zirconium
dichloride (yield: 11 %). | |

The chemical shifts of 1H-NMR of the above-obtained. . .
racemic and meso mixture are as follows.

300 MHz, CDCl; (ppm) 0.86 (s, meso SiMe), 0.90 (s,
racemic SiMe); 0.96 (s, meso SiMe), 1.07 (d, iPr-Me), 1.16. (4,
iPr—Me), 2.5 {(m, iPr-CH), 3.7-4.0 (m, 2-CH,), 4.85-5.00 (m,
4-H), 5.7-6.1 (m, -CH=), 6.4-7.5 (m, -CH=)

(2) Polymerization of prepzlene using methylalumoxane as co-= :

catalyst:

4 mmol (calculated as Al atom) of methylalumoxane ("MMAO"
produced by TOSOH AKZO CORP.) wes charged into a 2—lirer
etirring—type autoclave. Separately, 0.36 mg of the above-
produced racemic and meso mixture was diluted with toluene,
and then charged into a catalyst.feeder equipped with a safety
rupture disc. Thereafter, 1,500 ml of propylene ﬁas; |
introdﬁced into the autoclave and the safety rupture disc-of_,
the catalyst feeder was broken at room temperature. - After the.
content of the autoclave was heated to 7d°c, the |
polymerization of propylene was conducted at that temperature
for.one hour, thereby obtaining 25 g of polypropylene. As a
resUlE of the measurements, it was confirmed that the cpmplex .
activity was 7.0 x 104, and the obtained polypropylene had a
melting point (Tm) of 156.4°C, a melt flow rate (MFR) of 36, a
weight-average molecular weight (Mw) of 1.6 x 105 and a Q-

value (Mw/Mn) of 3.5. -
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Example 37:
<Polymerization of propylene using clay minerals as co-
catalyst> |

_ 0.25 mmol (calculated as hl atom) of triisobutylaluminum
(pfoduced by TGSOH AKZO CORP.) was charged into a l-liter
stirring-type autoclave. Separately, 1.8 mg of the racemic .
and meso mixture obtained in Example 36(1) was diluted with
toluene, and then charged ihto a catalyst feeder equipped with.
a safety rupture disc. Further, 50 mg of the
triethylaluminum-treated mohtmorillonite obtained in E#ample.
35(1) and O.iS mmol (calculated as Al atom) of
. triisobutylaluminum were charged into the catalyst feeder.
Thereafter, 700 ml of propylene was introduced into the
autoclave and the safety rupture disc of the catalyst feeder
was.broken at room tempereture. After the content of the
uautoclaVe_Was heated to 80°C, the polyﬁerization of propvlene
was. conducted at that temperature for one hour, thereby-
- obtaining 0.5 g of polyprepylene. As a result of the-
‘measurements, it was confirmed that the catalyst activity was
1, the complex activity was 37, and the obtained polypropylene.

had a melting point (Tm) of 147.6°C.

phenyl-4-hyvdroazulenyl)} zirconium dichlgride:
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5.2 ml of a cyclohexane/diethyl ether solution containing
5.6 mmol of phenyl lithium (1.08 M) was dropped into 10 ml of .-
e hexane solution containing 0.8 g (5.6 mmol) of 2-
methylazulene, at -5°C. The resultant eolution was_stirredl.
.for 2 hours while the temperature thereof was gredualiy.raised
to room- temperature. Thereafter, the reaction soiution was
cooled to 0°C, and mixed with .10 ml of tetrahydrofuran and
0.017 g of dimethylaminopyridine and further with 0.7 g (2.8
mmol) of.9,9—dichloroF9-dimethylsilaf1uorene. After the
reaction solution was stirred at room temperature for one hour,
dilute hydrochloric acid was added thereto to.terminate the
reaction. The reaction solntion was separated into organic .
and aqueous phases, and the aqueous phase was extracted with
ether, the organic phases were combined, dried with magnesium .
sulfate and etirred under -a reduced pressure to remove the
solvent. The obtained product was purified by a silica gel-
column chromatography (a mixed solvent:'dichloromethane and n-
hexane), thereby obtaining 0.9 g of dark green powder as.a'
reaction product |

Next, 0.9 g of the thus- obtalned reaction product was
dissolved in 6 ml of diethyl ether. 1.98 ml of an n-hexane
solution containing 2.9 mmol of n-butyl lithium'(1.47 M) was
dropped into the diethyl ether solution at -78°C. After
completion'of the dropping, the reaction solution was stirred
for 4 hours ‘while the temperature thereof was gradually raised
to room temperature. After the. reactlon solution was stirred |

under a reduced pressure to remove the solvent, 15 ml of a
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mixed solvent of toluene and diethyl ether (40:1) was added
thereto. After cooling to -78°C, the reaction solution was.
mixéd with 0.35 g (1.5 mmol) of_zirconium tetrachloride.
Thereaftér; the reaction solution was the températuré thereof
was immediately raised to room temperature, followedlby'
further stirring at room température for 12 hours. Thg
obtained reaction solution stirred under a reduced pressure .to.
remove the solvent, and then mixed with toluene to_form-a
suspension. The-suspension was filtered through_celite in the’
presence of a nitrogen stream to separate a sdlid component
therefrom. The thus-obtained solid componeht.was washed with
- toluene, and then extracted.with dichloromethane. Thereafter,
the extract was stirred under a feduéed_pressure to remove
dichloromethane contained as a solvent therein;'thereby
obtaining 0.25 g of a racemic and meso ﬁixture.of 9~
silafluorene-9,9—diyl bis{l,l'—(2—methy1—4—§henyl—4—
hydroazulenyl)} zirconium dichloride (vield: 22 %). .

The chemical shifts of 1H-NMR of the above-obtained
racemic and meso mixture are as ﬁollows.

300 MHz, CDCl; (ppm) 2.40 (s, meso 2-Me), 2.44 (s,
racemic 2-Me), 5;01 (br s, racemic 4-H), 5.03 (br s, meso 4-H),
5.8-6.2 ﬁm,_—CH=), 7.1-7.7 (m, -CH=), 7.9-8.1 (m, -CH=),

8.3-8.5 (m, -CH=)

(2) Polymerization of propvlene using methylalumoxane as co-—
catalyst:

2 mmol (calculated as Al atom) of methylalumoxane ("MMAO"

produced by TOSOH AKZO CORP.) was charged into a l-liter
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- stirring-type autoclave. Séparately, 0.1 mg of the above-
produced racemic and meso mixture was diluted with toluene,
and then charged into a catélyst feeder equipped with a safety
fupture disc. Thereafter, 700 ml of propylene ﬁas introduced _
ihto the autoclave and the safety rupture disé of the catalyst
' feeder was broken at_room_temperature. After the content;of-
the autoclave.was‘heated to 70°C, the polymerization of:
propylene was conducted at that temperatﬁre for one hour,
thereby obtaining 20 g of polypropylene. As a result of-the.-
measurements, it was confirmed that.the caﬁplex activity was
20 x 104, and the obtained polypropylene had a melting point

(Tm) of 152.8°C and a melt flow rate (MFR) of 1.3.

xample 3

<Polymerization of propyléne using methylalumoxéné as co-
datalyst>

500 ml of toluene was charged into a l—literlstirring—

type autoclave.: Succeséively, 2.1 mmol (calculated as Al -
- atom) of methylalumoxane ("MMAO" produced by TOSOH AKZO CORP.) -
and 0.3 mg of the racemic and ﬁeso mixture obtained Example
"38(1) were diluted with toluene, and then charged iﬁto the
autoclave. Thereafter, propylene was introduced.intq thé
autoclave. Affer the COntent'of the autoclave was heated to
70°C, the_polymefization of propylene was conducted at that
temperature for one hour while thg propylene pressure in the
autoclave was maintained at 5 kgf/cn@G, théreby obtaining 4 g

of polypropylene. As a result of the measurements,-it was
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confirmed that the tomplex activity was 1.3 x 104, and the

obtained polypropylene had a melting point (Tm) of 156.2°C.

Example 40:

<Polymerizati6n of propylene using clay minerals as co-
catalyst> |

(1) Chemical treatment of clay minerals and preparation of
solid catalxst'comgonegt:_. '

The same procedure as defined in Example 11(2) was
condgcted-to obtain a montmorillonite/toluene slurry'héving_a--
montmorillonite content of 33 mg/ml.

(2) Pélymgrization of propvlene:

0.25 mmbl'(éalculated as Al atom) of triisobutylaluminum
(produced by TOSOH AKZQ CORP.) was charged into a l-liter |
: Stirriné-tYpe autoclave. Sepératély, 3 mg of the racemic and.
meso mixture obtained in Example 38(1) was dilutéd with’ .
toluene, ana then charged into a catalyst feeder equipped with
a safety rupture disc. Further, the above-prepared toluene
slurry containing 50 mg of montmorillonite -and Q;15 mmol
(calculated as Ai atom) of triisobutylaluminum were charéed
into the catalyst feeder. Thereafter, 700 ml of propylene was
introduced inﬁd the autoclave.and the safety rupture.disc of .
the catalyst feeder was broken at room temperéture. After the
content of the autoclave was heated to 80°C, the
polymerization of propylene wés conducted at that temperature
for one hour, ﬁheréby dbtéining 72 g of polypropylene. As a

result of the measurements, it was confirmed that the catalyst
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~activity was 1.4 x 103, the complex activity was 3.0 x 104,
and the obtained polypropylene had a meltiﬁg point (Tm) of

147.9°C and a melt flow rate (MFR) of 21.3.
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WHAT IS CLATMED IS:

1. A catalyst for polymerization of o-olefin, which comprises:
an essential component (A) of a transition metal compound,
an essential compdnent (B) of an ion e}éché.hgeable llayer |

compound_except for silicate, or an inorganic silicate, and
an optional comporient (C) of an organoaluminum compoﬁnd,
said component (A) being représented by the general-

formula (I):

Y (1)

wherein Al and A2 are independently a conjugate 5-membered.
ring ligand with-the proviso that Al! and A2 may be the same or
different in a molecule, and at least one of A! and A? forms a
7- to 1l0-membered condensed ring including adjacent two carbon
atoﬁs of the conjugate S-membered ring, which condensed ring
is formed by joining two adjacent substituent_grqups on the .
conjugate S-membered ring; Q is a bridging group of the two
conjugate 5-membered rings of Al and A? at optioﬁal positions
of the 5-membered rings; M'is a metal atom selected from the
grouplconsisting of elements belonging to Group 4—6 of the
Periodic Table; and ﬁ and Y are*independently.a hydrogen atom,
a halogen atom, a hydroca;bon group, én amino group, a |
halogenated hydrocarbon group, an 0xygen—éontaining
hydrocarbon group, a nitrogen—containing-ﬁydrocarbon group, a
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phosphorus—containing hydrocarbon group or a.silicon-

containing hydrocarbon group.

2. A catalyst according to claim 1, wherein at least one of
the conjugate S-membered ring ligands Al and A2 of the
transition metal compound (A) represented by the general

formula (I) has a 7fmembéred condensed fing.

3. A catalyst acoording to claim i, wherein in general formula
(I), Al and A2 are independently a conjugate 5-membered riﬁgl
ligand; at least one of.AJ-and A2 forms a 7- to l0-membered
condensed ring including adjscent two-carbon.atoms of the
conjugate 5-membered ring, which condensed ring is formed by
joining two adjacent substituent groups on the conjugate 5-
meﬁbered'ring; said conjugate S5-membered rino ligands and
conjugate 5-membered ring ligands having said condensed ring
may have.substituent groups which are hydrocarbon groups
having 1 to 20 carbon atoms, silicon-containing hydfocarbon
groups having 1 to 20 carbon atoms, oxygen-contaihing
hydrocarbon groups having 1 to'20 carbon atoms, amino groups,
'nitrogen—containing hydrocarbon groups having 1 to 20 carbon
atoms, phosphorus—containing hydrocarbon groups having 1 to 20
cérbon atoms, boron-containing h&drocarbon groups having 1 to
20 carbon atoms, sulfur—containing hydrocarbon groups having 1
to 20 carbon atoms, halogen atoms, or halogenated hydrocarbon
groups hav1ng 1 to 20 carbon atoms, and Q is. a brldglng group
of the two S—membered rings, and 1s.a dlvalent hydrocarbon
group having 1 to 20 carbon atoms, a divalent halogenated
-

Sheet Has Been Reraced

Tl i i



AREN O O

-200~

hydrocarbon group having 1 to 20 carbon atoms, a silylene or
an oligosilylene group which may have a hydrocarbon group or
halogenated hydrocarbon group having 1 to 20 carbon atoms or a
germylene group which may have a hydrocarbon group or

halogenated hydrocarboh group having 1 to 20 carbon atOms;

4. A catalyst according to claim 1, wherein both of the
conjugate S5-membered ring ligands Al and A2 of the transition
metal compound (A) represented by the genefal formula (I) have

a 7- to 10-membered condensed ring.

5. A catalyst according to claim 1, wherein the metal M of the
transition metal compound (A) represented by the general
formula (I) is selected from the group consisting of

transition metals belonging to Group 4 of the Periodic Table.

6. A catalyst according to claim 1, wherein the metal M of the.
transition metal compound (A) represented by the general

formula (I) is zircpnium.

7. A catalyst according to claim 1, wherein the metal M of the . -
transition metal compound (A) represented by the_genéral

formula (I) is hafnium.

8. A catalyst according to claim 1, wherein said transition

metal compound (A) is a compound represented by the general

_fqrmula (I1):
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R> . (II)

wherein R, R2, R4 and RS are independently a hydrogen atom, a
hydrocarbon group having 1 to 10 carbon atoms, a silicon-
containing hydrocarbon group having 1 to 18 carbon atoms or
‘halogenated hydrocarbon group having 1 to 18 carbon atoms; R3
'énd RS are independently a saturated of unsaturated divalent
hydrocarbon group having 3 to iO carbon atoms, which forms a
condensed ring in cooperation with each of 5-membered rings to
ﬁhich R3 and Rshare respectiveiy bonded, with the proviso. that .
at least one of R?® and ﬁﬁ has 5.to 8 carbon atoms and forms a :
7- to 10¥membered condensed ring having at least one
unsaturated bond derived from R3 or RS; R7 and R® are.
independently a hydrocarbon group having.l to 20 carbon atoms,
a halogenated hydrocarbon group hav1ng 1 to 20 carbon atoms,
an oxygen-containing hydrocarbon group having 1 to 20 carbon
atoms, an amino group, a nltrogen-contalnlng hydrocarbon group
having 1 to 20 cérbon atoms or a sulfdr—éontaining hydrocarbon

group having 1 to 20 carbon atoms with the proviso that at

“ﬁli‘iiﬁ i
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. least one of R7 and R8 is the'halogenated hydrocarbon group

having 1 to 20 carbon a;oms; m and n are independently an
integer of 0 to 20 with thé proviso that m and n ére not 0 at
the same time; Q is a bridging group of the two 5-membered
rings, and is a divalent hydrocarbon group héving 1 to 20
carbon atoms, a divalent halogenated hydrocarbon group having
1 to 20 éarbon'atoms, a silylene or an oligosilylene group .
which may have a hydrocarbon group or halogenated hydrdcarbon
group having 1 to 20.carbon atoms or a germylene group which
may have a hydrocarbon group or halogenaﬁed hydrocérbon_group
having 1 to 20 .carbon atoms; X and Y are indepgndently a
hydrogen atom, a halogen atom; a hydrocarbon groﬁp having 1 to
20 ¢arbon atoms, é'siliccn—containing hydrocarbbn group -having -
1 to 20'carbon atoms, a haldgenated hydrocarbon group having 1
to 20 carbon atoms, én oxygen-containing hydrocarbon group

having 1 to 20 carbon atoms, an amino group or a nitrogen-

'containing hydrocarbon group having 1 to 20 carbon atoms; and

M is a transition metal selected from the group consisting of

‘elements belonging to Group 4-6 of the Periodic Table.

9. A catalyst according to claim 8, wherein at least one of R3

- and R® of the transition metal compound represented by the

general formula (II) forms a 7-membered condensed ring having

at least one unsaturated bond derived from R3 or RS,

10. A catalyst according to claim 8, wherein at least one of

R? and R® of the transition metal compound represented by the.

—_—
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general formula (II) is a halogenated aryl gfoup or an aryl

group substituted with halogenated hydrocarbon "group(s)-.

11. A catalyst according to claim 1, wherein said transition

metal compound (A) is a compound represented by the general

formula (III):

(III)

wherein R, R2, R4, R5, Q, X, and M have the same meanings as-
defin_ed in the above general formuia (II); R?, R10, R11, R12,
R13, RM, R15. and R16 are independently a hydrocarbon grdup
having 1 to 20 carbon atoms or a halogenated hydrocarbon group
having 1 to 20 carbon atoms; and Ar is an aryl group .'which may
be substituted, with the proviso that a_t_l_east one of the two
7-membered rlngs is bonded to the halogenated hydrocarbon |

group having 1 to 20 carbon atoms.
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12. A catalyst according to claim 1, wherein said transition
metal compoﬁnd (A) is a compound represented by the general

formula (IV):

R’m

(IV)

wherein R! and R? are independently a hydrocarbon group having
7 to 12 carbon atoms, a silicon—contaiﬁing_hydrocarbon group
having 8 to 18 cerbon etoms,or a halogenated hydrocarbon group -
having 7 to 12 cerbon atoms; R? and R5 are independently a
hydfogen atom, a hydfocafbon groﬁp having 1 to 10 carbon atoms,
a silicon-containing hydrocarbon group having 1 to 18 carbon
atoms or a halogenated hydroearboﬁ group having 1l to 18 carbon
atoms; R3 and R® are independently a saturated.or unsaturated
divalent hydrocarbon groﬁp having 3 to 10 carbon atoms and
 forms a condensed ring in coopefation with 5-membered rings to
which R3 and R® are respectlvely bonded with the prov1so that
at least one of R3 and Ré has 5 to 10 carbon atoms and forms a

7- to.10—membered condensed ring hav1ng at least one

e
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unsaturated bond derived from R3 or RS; R7 and R® are

independently a hydrocarbon group having 1'to_20 carbon atoms,

. an oxygen-containing hydrocarbon group having 1 to 20 carbon

atoms, an amino group, a nitrogen-containing hydrocarbon group
having 1 to 20 carbon atoms or a sulfur-containing hydrocarbon
group having 1 to 20'carbon_atoms; m and n are independentlj
an integer of 0 to 20 with the proviso that m and_n are not 0
at the same time, and wheﬁ m or n ié an integer of not less
than 2, the R? or the R® may.be'bonded to.each other to form a
ring; Q is a bridging group of the two S-membered rings, and
is a divalent hydrocarbon group having 1 to 20 carbon atoms, a
divalent haiogenated hydrodarbon group having 1 to 20 carbon'
atoms, a silylene or an.oligosilylene group which may be
substituted with a hyarocarbon group having i'to 20 carbon
atoms or a halogenated hydrocarbon group having 1 tol20 carbon
atoms, or a germylene group which may be subétituted with a

hydrocarbon group having 1 to 20 carbon atoms or a halogenated

‘hydrocarbon group having 1 to 20 carbon atoms; X and Y are.

independently a hydrogenlatom, a2 halogen atom, a hyarocarbon-
group having 1 to 20 carbon atoms, a silicdn—cbntaining
hydrocarbon group having 1 to 20 cafbon.atoms, a halogenated
hydrocarbon gfoup.havingzllto 20 cérbon atoms, an oxygen-
containing hydrocarbon group having 1 to 20 carbon atoﬁs, an
amino group or a nitrogen—containing‘hydrocarbon'group having
1 to 20 carbon atoms; and M is a ﬁfansition'metal selected
fréﬁ the group consisting'of e1ements belonging to Group 4-6

of the Periodic Table.

-
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13. A catalyst according to claim 1, wherein said transition
metal compound.(A).is a compound represented by the general

formula (V):

- R’m

(V)

wherein Rl and R4 are independently a hydrocarbon group_haﬁing
7'to 12 carbon atoms, a silicon-containing h&drocarbon group
having 8 to 18 carbon atéms or a halogenated hydrocarbon group -
having 7 to .12 carbon atoms; R2 and R> are independently a
hydrogen atom, a hydrocarbon group having 1 to 10 carbon atoms,
a silicon-containing hydrocarbon grouﬁ having l to 18 carbon'
atoms or a halogenated hydrocarbon group having 1 to 18 carbon

atoms; R? and R® are independently a saturated or unsaturated

~ divalent hYdrocarbon group having 3 to 10 carbon atoms and

forms a condensed ring in cooperation with 5-membered rings to
which R3 and RS are respectively bonded, with the proviso that
at least one of R3 and RS has 5 to 10 carbon atoms and forms a

7- to 10-membered condensed ring having at least ohei
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unsaturated bond derived from R3 or RS; R? an_d-'R8 are
independently a hydrocarbon_group having 1 to 20 carbon atoms,
an oxygen—containing hydrocarbon group having 1 to 20 carbon
atoms, an amino group, a nitrogen—containing hydrocarbon group
haVing.l to 20 carbon atoms or a sulfur—eontaining hydrocarbon
group haviné 1 to 20 carbon atoms; m and n are independently
an integer of 0 to 20 with the proviso that m and n are not 0
at the same time, and when m or n is an integer of not less
~than 2, the R? or the R® may be bonded to eachlother_to form a
ring; Q is a bridging group of the two S5-membered rings, and
is a divalent hydrocarbon group hav1ng 1 to 20 carbon atoms, a.
divalent halogenated hydrocarbon group having 1 to 20 carbon
atoms, a silylene or an ollg0511ylene group which may be
substltuted with a hydrocarbon group having 1 to 20 carbon
atoms or a halogenated hydrocarbon group having 1 to 20 carbon..
atoms, or a germylene group whlch may be substltuted with a
hydrocarbon group having 1 to 20 carbon atoms or a halogenated
hydrocarbon group having 1 to 20 carbon atoms; X and Y are
-independently a hydrogen atom, a halogen atom, a hydrocarbon
group having 1 to 20 carbon atoms, a silicon-containing
hydrocarbon group having 1 to 20 carbon atoms, a halogenated
hydrocarbon group having 1 to 20 carbon atoms, an oxygen-
containing hydrocarbon group having 1 to 20_carbon atoms, an
amino group or a-nitrogen-containing h&drocarbon group having
1 to 20 carbon atoms; and M is a transition metal seleoted
from the group consisting of elements belonging to Group 4-6

of the Periodic Table.

/:
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14. A catalyst accofding to claim 1, wherein said transition
metal compound (A) is a compound represented by the general

formula (VI):

R’m .
\(\' R2
R3
R 1
N X
A M—Y

R | (vI)

wherein Rl, R2, R% and R5 are independently a hydrogen atom, -a
hydrocarbon'gfoup having 1 to 10 carbon atoms, a silicon- .
containing hydrocarbon.group.having 1 to 18 caern atoms or a
haiogenated hydrocarbon groﬁp having 1 to 18 carbon atoms; R3
énd RG are independently a saturated or unsaturated divalent
hydrocarbon group having 3 to 10 carbon atoms and forms a
condensed ring in cooperation with 5-membered rings to which
R3 and Ré are respectively bonded, with the proviso that at
_1east one of R3 and Ré has 5 to 8 carbon atoms and forms a 7-
to 1l0-membered condensed ring hav1ng at: least one unsaturated
bond derived from R3 or R6; R7 and R® are independently a
hydrocarbon group having 1 to 20-ca£bon atoms, an oxygen-

containing hydrocarbon group'having 1 to 20 carbon atoms, an .
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amino group, a nitrogen-cbntainin§ hydrocarbon group havingllu
.to 20 carbon atoms or a sulfur;containing hydrocarbon grdup
having llto 20 carbqn atoms; Q is a silicon atom, a germanium
atom or a tin atom; A is a divalent_unsaturated hydrocarbon
grou§ having 3 to 12 carbon atoms énd forms a ring in
‘cooperation with the Q to whiéh A is bonded;-Ra is a saturated
. or unsaturated hydrocarbon group having 1 to 10 carbon atom; m
and n are independently an integer of 0 to 20 with the proviso
that m and n are not 0 at the same time, that when m or n is
an integer of not less than 2, the R?7 or the R® may be bonded
to each other to form a ring; 1 is an integer of 0 to 22, when
1l is an intege; of not less than 2, the RF may be bonded to
each other to form a ring; X and Y are independently a -
hydrogen atom, a halogen atom, a hydrocarbon group having 1 to
20 carbon atoms, a silicon—éontaining hydrocarbon group having
1 to 20 carbon atoms, a.halogenated-hydrocarbon group having 1
to 20 carbon atoms, an oxygén—containing hydrocarbon group
having 1 to 20 carbon atoms, an amino group or a nitrogen;
containing hydrocarbon groub‘having 1 to 20 carbon atoms; and
M is a transition metal selected from the group consisting of

elements belonging to Group 4-6 of the Periodic Table.

15. A catalyst according to any one of claims 1 to 7, wherein
said organoaluminum compound (C) is represented by the general

formula (VII):

AlR,P:., - (VII)

R
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wherein R is a hydrocarbon group having 1 to 20 carbon atoms;
P is a hydrogen atom, a halogen atom, an alkoxy'group or a

siloxy group; and a is a number satisfying 0O<a<3.

16. A catalyst for polymerization of o-olefin, which
comprises:
| an essential component (A) of a transition metal
compound;
an essential component (D) of an aluminumoxy compound; an
"~ ionic compound capable of réacting with the component (A) so
as to convert the component_(A)-to a cation, or a Lewis acid;
and |
an optional component (E) of a fine particle carrief,
said gomponent (A) being represented by the above-
mentioned general formula (I1), genéral fofmula (III), general

formula (IV), general formula (V) or general formula (VI).

17. A process for producing a polymer of a-olefin, comprising
contacting the catalyst as definéd in claim 1 with d-olefin to

conduct polymerization or copolymerization of o-olefin.

18. A process for producing a polymer of a-olefin, comprising
contacting the catalyst as defined in claim 16 with a-olefin

to conduct polymerization or copolymerization of a—olefin.'

19. A novel transition metal compound fepreéented by the

general formula (IT).

20. A hoVel transition metal compound represented by the

.‘-~‘\;\\;‘\§“\\\h;“

ThhsmanuI;

- i

general formula (III).
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21. A novel transition metal compound represented by the

general formula (IV).

22. A novel transition metal compound represented by the

general formula (V).

23. A novel transition metal compound represénted by the

generél formula (VI).

24. A catalysﬁ component comprising a novel transition metal

compound . represented by the general formula (II).

25. A catalyst component comprising a novel transition metal
* compound représented by the general formula (III).

26. A catalyst component comprising a novel transition metal

'compound represented by the general formula (IV).

27. A catalyst component comprising a novel transition metal

compound represented by the generél formula (V).

28. A catalyst component comprising a novel transition metal

cdmpound represented by the general formula (VI).

_—
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ABSTRACT OF THE DISCLOSURE
The'present invention relates to a catalyst for
polymerization of a-olefin, which comprises:
an essential component (A) 6f a transition.metal compound,
an essential componeht'(B)'of an ion exchangeable layer
-compound except for silicate; or an inorganic silicate, and

an optional component (C) of an organoalumihum compound,

said component (A) being represented by the general

formula (I):

Y

This Sheet Has Been R

L i




- _ . M0434 T -5

- 212 -

CATALYSTS FOR POLYMERIZATION OF * of -OLEFINS, PROCESS FOR PRODUCING
{~OLEFIN POLYMERS, NOVEL TRANSITION METAL COMPOUNDS AND CATALYST
COMPONENTS FOR POLYMERIZATION OF {{-OLEFIN

bl

y
ABSTRACT OF THE DISCLOSURE 3

The present invention rela_;"tes to a catalyst for
3 '

polymerization of a-olefin, wlu.ch comprises:
an essential component ("5A) of a transition metal compound,
an essential component (B) of an ion exchangeable laYer;\

compound except for silicate,.or an inorganic silicate, a.n:‘

i
L] L] ! & '
an optional component (C) of an organoaluminum compounyd, :

»

o’

o

said component (A) being ‘represented by the general
formula (I):

Y (1)
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limit tﬁe scope of the present invention. Incidentally, in
the following examples, all the catalyst preparation processeé
and polymerization processes were conducted in a purified
nitrogen atmosphere. In addition, solvents were dehydrated
with MS-4A and then deaerated by bubbling with purified
nitrogen before they were uSe& for these processes. Further, :
the activity of each solid catalyst component per uniﬁ weighé_i
thereof is referred to as "catalytic activity* and indicated-

by a unit of “g-polymef/g—solid catalyst component®, whereas &

the activity of each complex component per unit weight thereo
is referred to as "complex activity" and indicated by a unit
of “g-polymer/g—compiex component”. -
1) Measurement Mel lo
Six grams of an acetone solution containing 0.6 % by
weight of a thermal Qtabilizei (BHT) was added to 6 g of the
obtained polymer. After dr&ing; the polymgr was chérged into
a melt indexer (230°C) and allowed to stand for 5 minutes .
under a load of 2.16 Kg. Thereafter, the polymer was exﬁruded
to measure the amount of the exfruded polymer. Based on the
thus-measured amount of the extruded polymer, the amount per
10 minutes was calculated and used as a value of MFR.
2) Me ent of Mo lar Weight Distribution:
The molecular weight'distribution of the obtaiqed polyme:
was determined from the Q-value (Mw/Mn) of weight-average
moleculaf weight (Mw) to'numbef—avérage molecular weight (Mn)

thereof which were measured by gel permeation chromatography

(cpc) . The measurement of

REPLACEMENT SHEET
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benzoindenvl} zi . jichloride:

Dimethylsilylene bis(l1, 1'-(2-methyl-4, S—benzoindenyl}
zirconium dichloride was synthesized according to the method
described in Example 7 of Japanese Patent Application Laid-

open (KOKAI) No. 8-208733.

RN

The same procedure as defined in Example 1 was conductied

except that the afore-mentioned compound (in item (1)) was uSgdi
_ ]

as the component (A) and the polymerization time was one hour,

‘to obtain 160 g of polypropylene. As a result of the
measurements, it was confirmed that the catalyst activity was
1600, the complex activity was 5.8 x 10%, and the obtained
polypropylene had a mel.ting point (Tm) of 132.o°c; a .melt flow rate
(MFR) of 200, a weight-aéerage molecular weight (Mw) of 1.1 x 10‘
and a Q-value (Mw/Mn) of 2.2. Fﬁrther, the measurement of 13C-NMR
spectrum showed that the [mmmm] was 95.1 %, the 2, l-inversion
was 0.8 % and.the 1, 3-insertion was not detected. The results

are shown in Tables 1 and 2.

Comparative Example 2:
<Polymerization of propylene>

The same procedure as defined iﬁ Reference Exaﬁple 1 was
conducted_except that the afore-mentioned compound_éynthesizéd
in Comparative Example 1 was used as the component (A) and the
polymerization temperature was adjusted to 70°C, to obtain

155.2 g of polypropylene. As a result'of the measurements, it
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general formula (II) is a halogenated aryl group or an aryl P03
group substituted with halogenated hydrocarbon group(s) .
11. A catalyst according to claim 1, wherein said transition

metal compound (A) is a compound represented by the general

formula (III):

(III)

wherein R1, R2, R4, RY, Q, X, and M have the same meanings as
defined in the above general formula (II}; R?, R0, Ril, Ri12, RIS,

R4, RY and RS are independently a hydrogen atom. a

hydrocarbon group having 1 to 2d carbon atoms or a halogenated
hydrocarbon group having 1 to 20 carbon atoms; and Ar ig an
aryl group which may be substit\::ted, with the proviso tha_.t ac
least oné of 1.;.he two 7;m9mbered rings is bonded to the

halogené.t:ed hyd:oca.rbczi- group having 1 to 20 carbon atoms.

THIS SHEET HAS BEEN

i




O mmmmw | SEREmsbeS
= € L M s % 198- - A

WHAT IS CLAIMED IS: DATE OF RECEIPT..12A/0Q...
1. A catalyst for polymerization of a-olefin, which OI?OQ-BL)L‘},E

comprisges: _ IPOS
an essential component (A) of a transition metal
comﬁound,
an essential compdnént (B) of an ion exchangeable layer
compound except for silicate, 6r an inorganic silicate, and
an optional component (C) of an organoalumiﬁum
dOmpound, |
séid component (A) being reﬁresented by the general

formula (I):

Y (1)

wherein Al and A2 are independently a conjugate 5-membered
ring ligand with the pfoviso that Al and A2 may be the same
or different in a moleéule, and at least one of A! and A2
forms a 7- to 10—meﬁbered condensed ring including adjacent
two carbon atoms of the conjugate 5-membered ring, which
condensed ring is formed by joining two adjacent substituent
groups on the conjugate 5-membered ring; Q is a bridging
group of the two conjugate 5-membered rings of Al and A2 at
optional positions of the 5-membered rihgs; M is a metal
atom selected from the group consisting of elements
belonging to Group 4-6 of the Periodic Table; and X and Y

are ihdeﬁendently a hydrogen atom, a halogen atom, a

qgo A3 AT-S
12l
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hydrocarbbn group, -an amino group, a halogenatedhydrocarbon
group, an oxygen-containing hydrocarbon group, a nitrogen-
containing hydfocarbon group, a phosphorus—containing'

hydrocarbon group or a silicon-corntaining hydrocarbon group.

2. A catalyst according to claim_i,_wherein_at least one of
the conjugate 5-membered ring ligands A! and A? of the
transition metal dompound (A) represented by the general

formula (I) has a 7-membered condensed ring.

3. A catalyst according to claim 1, wherein in general
formula (I), A! and A2 are indépendently a conjugate 5-
membered ring ligand; at least onerof Ai and A2 forms a 7-
to 10-membered condensed ring'includiﬁg adjacent twé carbon
atoms of the conjugate 5-membered ring, which condensed fing
is formed by joining two adjacent substituent groups on the
conjugate 5-membered ring; said conjugate 5-membered ring
ligands having said condensed ring may have substitUenE
groups which are hydrocarbon groups having 1.to 20 carbon
atoms, silicon-containing hydrocarbon groups having 1 to 20
carbon atoms, o#ygen—containing hydrocarbon groups having 1
to 20 carbon atoms, amino groups, nitrogen-containing
hydrocarbon groups having 1 to 20 carbon atoms, phosphorus-
containing hydrocarbon groups having 1 to 20 carbon atoms,
boron-containing hydrocarbon groups having 1 to 20 carbon
atoms, sulfur-containing hydrocarbon groups having 1 to 20
carbon atoms, halogen atome, or halogenated hydrocarbon

groups
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having 1-to 20 carbon atoms; and Q is a bridging grouﬁ of
the two 5-membered rings, and is a divalent hydroéarbon
group having 1 to 20 carbon atoms, a divalent halogenatéd
hydrocarbon group having 1 to 20 carbon atoms, a silylene or
an'oligdsilylene'g;oup'which may have a hydrocarbon group or
‘halogenated hydrocafboﬁ_group.héving 1 to 20 carbon atoms or
a germylene group which may have a hydrocarbon group or

halogenated hydrocarbon group having 1 to 20 carbon atoms.

4. A catalyst according to claim 1, wherein both of the

conjugate 5-membered ring ligands A! and A2 of the

U
transition metél‘cbmpbund (A) represented by the general
formula (I) have a 7- to 10-membered condensed ring.

5. A catalyst according to claim 1, wherein the metal M of

the transition metal compound (A) represented by the general

formula (I) is selected from the group consisting of

transition metals belonging to Group 4 of the Periodic

Table. |

'6. A catalyst according to claim 1, wherein the metal M of
— the transition metal compound (A) represented by the general

formula (I) is zirconium.

7. A catalyst according to c¢laim 1, wherein the metal M of
the transition metal compound (A) represented by the general

formula (I) is hafnium.
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8. A catalyst according to claim 1, wherein said transition
metal compound (A) is a compound represented by the general

formula (II):

(I1)

wherein R!, R2, R% and R5 are independently a hydrogen atom,
a hydrocarbon group having 1 to 10 carbon atoms, a silicon-
containing hydrocarbon group having 1 to 18 carbon atoms or
halogenated hydrocarbon group having 1 to 18 carbon atoms;
R-3 and R® are independently a saturated or unsaturated
divalent hydrocarbon group having 3 to 10 carbon atoms,
which forms a condensed ring in c¢ooperation with each of 5-
membered rings to which R3 and R® are respectively bonded,
with the proviso that at least one of R?® and R® has 5 to 8
carbon atoms and forms a 7- to 10-membered condensed ring
having at least one unsaturated bond derived from R3 or RS;
R7 and R® are independently a hydrocarbon group having 1 to

20 carbon atoms, a halogenated hydrocarbon group having 1 to
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20 carbon'atoms, an oxygenscontaining h&drocarbOn Qroup
having 1 to 20 carbon atoms, an amino group, a nitrogen—'
containing hydrocarbon group having 1 to 20 carbon atoms or
a sulfur-containing hydrocarbon group hav1ng 1 to 20 carbon
atoms w1th the proviso that at’ least one of R7 and R8 is the
halogenated hydrocarbon group hav1ng 1 to 20 carbon atoms; m
and n are 1ndependently an integer of 0 to 20 with the |
prov1so that m and n are not 0 at the same time; Q is a
bridging group of the two 5-membered rings, and 1s a
dlvalent hydrocarbon group hav1ng 1 to 20 carbon atoms, a
dlvalent halogenated hydrocarbon group hav1ng 1 to 20 carbon
atoms, a silylene or an ol1gos11ylene group which may have a
hydrocarbon group or halogenated hydrocarbon group having 1

to 20 carbon atoms or a germylene group which may have a

‘hydrocarbon group or halogenated hydrocarbon group having 1

_ to 20 carbon atoms; X and Y are independently a hydrogen

atom, a halogen atom, a hydrocarbon group having 1 to 20
carbon atoms, a silicon-containing hydrocarbon group having
1 to 20 carbon atoms, a halogenated hydrocarbon group having
1 to 20 carbon atoms, an oxygen-containing hydrocarbon grcup
having 1 to 20 carbon atomg, an amino group or a nitrogen-
containing hydrocarbon group having 1 to 20 carbon atoms;
and M is a transition metal selected from the group

consisting of elements belonging to Group 4-6 of the

" Periodic Table.

9. A catalyst according to claim 8, wherein at least one of

R3 and R® of the transition metal compound represented by



[

the general formula (II) forms a 7-membered condensed ring

having at least one unsaturated bond derived from R3 or RE.

10. A catalyst according to claim 8, wherein at least one of
R7 and R® of the transition metal '_ compound répresented by
the general formula (II) is a halogenated aryl group or an.
aryl group éubstituted with halogenatéd hydr'oca_rboh

group (8) .

11. A catalyst according to claim 1, wherein said transition
metal compound (A) is a compound represented by the general

formula (III):

(IIT1)

wherein R, R2, R4, R5, Q, X, Y and M have the same meanings
as defined in the above general formula (II); R?, R0, R1I,
R12, R13, R4, R15 and R!¢ are independently a hydrogen aﬁom,
a hydrocarbon groﬁp having 1 to 29 carbon atoms or a

halogenated hydrécarbon group having 1 to 20 carbon atoms;
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and Ar is an aryl group which may be substituted, with the’
proviso that at leeSt one of the two 7-membered rings is
bonded to the halogenated hydrocarbon group having 1 to 20

carbon atoms.

12. A catalyst according to any one of clalms 1 to 7,
whereln gsaid organoaluminum compound (C) is represented by

the general formula (VII):

AIR.P;., - L. (VII)

wherein R is a hydrocarbon group having 1 to 20 carbon
atoms; P is a hydrogen atom, a halogen atom, an alkoxy group

or a siloxy group; and a is a number satisfying 0O<a=3.

13. A process for producing a polymer of a-olefin,
comprising contacting the catalyst as defined in claim 1
with a-oléfin to conduct polymerization or copolymerization

of o-olefin.

14. A novel transition metal compound represented by the

general formula (III).

15. A catalyst component comprising a novel transition metal

compound represented by the general formula (III).
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ABSTRACT OF ThE DISCLOSURE
The present in&ention relates to a catalyst for:
polymerization of d—olefin, whiéh coﬁprises: |
an essential component (A)-of a transition metal compound,
an essential component (B) of an ion exchangeable'layér
compound except for silicate, or an inorganic.silicéte, and
' an optional component (é)'of.an orgahoaluminum'compouna,
said component_(A) being represented by the general

formula (I):
Al X

s
NN

Y (1)



