DESCRIPTION CATALYST FOR OLEFIN POLYMERIZATION, PROCESS FOR PRODUCING
OLEFIN POLYMER, OLEFIN COPOLYMER, NOVEL TRANSITION METAL COMPOUND, AND
PROCESS FOR PRODUCING TRANSITION METAL COMPOUND 5 TECHNICAL FIELD The
present invention relates to a catalyst for olefin polymerization, a process for polymerizing olefins
using the catalyst for olefin polymerization, a polymer which can be 10 obtained in accordance with
the polymerization process, a novel transition metal compound, and a process for producing the
same. BACKGROUND ART A well known cgéeg}f%fg&?ﬁgn polymerization is a 15 so-called
Kaminsky catalyst of which the cyclopentadienyl group “is provided as a ligand. This catalyst has a
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TECHNICAL FIELD

The present invention relates to a catalyst for olefin

polymerization, a process for polymerizing olefins using the

catalyst for olefin polymerization, a polymer which can be

10 obtained in accordance with the polymerization process, a novel

transitionmetal compound, and a process for producing the same.

BACKGROUND ART
2 well known catalyst for olefin polymerization is a
15 so—calledKaminskycatalystofwhich:thecyclopentadienylgroup
is provided as a ligand. This catalyst has a characteristic
of producing a polymer having an extremely high polymerization
activity and a narrow molecular weight distribution. As a
transition metal compound useful for such a Kaminsky catalyst,
20  for example, bis(cyclopentadienyl)zirconiumdichloride
(Patent Document 1) and
ehtylenebis{4,5,6,7~tetrahydroindenyl)zirconiumdichloride
(Patent Document 2) have been known.

In addition, i1t has been known that if z different



property of the resultant polyolefin accordingly differs significantly. Since the poiyolefin is excellent in
mechanical properties, it can be used in many fields such as for various 5 molded products. Recently,
demands on properties for poiyolefin are diversified, and thus polyolefin with various properties has
been required. Therefore, there is a demand for the advent of excellent catalysts component for olefin
polymerization, wherein the 10 resultant polyolefinhas further excellent properties, and further the
advent of new transition metal compound that can be used as a component of such catalyst for olefin

polymerizat{gg&@ tecent years, a process of palymerizing olefins using 15 a catalyst system
comprising a monocy%: ope%%g |§nﬁec%§gl?n ,Xgn a/%fcﬂmaeé*ozuap%iﬁ%ﬁjdllnsg ahe érosé%m such as a
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5 molded products. Recently, demands on properties for
polyclefin are diversified, and thus pelyolefin with wvarious
properties has been reguired.
Therefore, there is a demand for the advent of excellent
catalysts component for olefin polymerization, wherein the

10 resultant polyolefin has further excellant properties, and
further the advent of new transition metal compound that can
De used as a component of such catalyst for clefin
pelymerization.

In recent years, a process of polymerizing olefins using

16 a catalyst system comprising a monocyclopentadienyl compound,
on which a group including a hetercatom such as a nitrogen atom,
an oxygen atom, or a phosphorus atom is bonded, has been developed
significantly and is disclosed in Non-Patent Document 1 and
Neon-Patent Document 2.

20 The present inventors have disclosed a catalyst system
comprising a novel transition metal compound that exhibits a
polymerization activity of ethylene in Patent Document 3.

Subseqguent to the inventors’ disclosure, transition

metal compounds having a similar ligand structure are disclosed



4, and Non-Patent Document S. However, the polymerization process using the above-mentioned
transition metal compounds employed in 5 conventional technology has problems in that neither
catalyst has a sufficient polymerization activity in the polymerization of ethylene and copolymerization
of ethylene and a-olefin and that it is not industrially useful for a commercial production because the
molecular weight of the obtained polymer is 10 insutficient. in addition, as the process for synthesizing
the transition metal compounds employed in conventional technology, processes which are generally

uoed 1o synthipeze A ABBIN RN ALLSTRIVEG, AR AS & RigRe s Compalng 12

deprotonation of a compound serving as a ligand an en reac g with & g%@ena SiHetal (Patent

Document %an%g@nﬂggt_epgtlg%urﬂgghﬁ) %ncd @ process comprising dealkanization of a compound

serving as a ligand and an alkalized meta ?Patent Document 4 and Non-Patent Document 3).

However, the produ%%g,pg}o’luccqgeb% g% yﬁ sleoplrocgg%%ssincludes a I@l,rl%e amount of
0

complexes in which two ligands are coordinated with one metal, asndl%lu%galthough the yield differs

depending g, the-kind of :ligand used, the yield is low-in general, except with a certain special kind of
ligand giving about 60% jield. It is usually 4 equa? té)gl(%r %%gi%ﬁgﬁlgx %&f}éﬁcﬁ/seéqﬁgl to or less than
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10% 5 conventional technology has problems in that neither catalyst

has a sufficient polymerization activity in the polymerization
of ethylene and copolymerization of ethylene and o-olefin and
that it is not industrially useful for a commercial production
because the molecular weight of the obtained polymer is

10 insufficient.

In addition, as the process for synthesizing the
transitionmetal compounds employed in conventional technology,
processes which are generally used to synthesize a Kaminsky
catalyst are employed, such as a process comprising

15 deprotonationofacmmpoundservingasa&jgandandthenreacting
with a halogenated metal (Patent Document 3 and Non-Patent
Document 4) and a process comprising dealkanization of a
compound serving as a ligand and an alkalized metal (Patent
Document 4 and Non-Patent Document 3), However, the product

20 produced by means of these processes includes a large amount
of complexes inwhich two ligands are coordinated with one metal,
and thus although the yield differs depending on the kind of
ligand used, the yield is low in general, except with a certain

special kind of ligand giving about é0% yield. It is usually



yield in many cases, and there are some cases that no target compound may be obtained at all. At
the same time, as improvement of these processes, there 5 is reported a process comprising first
reacting a compound serving as a ligand with a halogenated metal and then further reacting the
resultant with adding a deprotonation agent (Non-Patent document 5). In this manner, it has become
possible to synthesize a transition metal compounﬁ having a specific 10 ligand structure. However,
the yield of the process is also equal to or less than 50%, and when a cyclopentadienyl group moiety

s for exanpie.an eyt araun i scaimad g there s oases, Ju wiigh the yield glanificantly

reduces depending on the kind 15 of ligands or no target product is obtained at a us, the process

is not satisfaetory; For such synthetic pracesses of giving a low yield, Jt i%ﬂseeﬁ%awatg gpeat

purification operations such™as washing and recrystallization so as to remove by-products. In addition,

20 in the aboyg-mentiongd process where halngepated metal is used, since a desalting process after

the reaction is also necessary, there is a possibility that a complex, extremely unstable in impurities

such as air or moisture, geadually degrades dye 1o, he complicated postireatment pracess after the

reaction. 5 As described above, with the synthéesis of a transition

-

5 1s reported a process comprising first reacting a compound
serving as a ligand with a halogenated metal and then further
reacting the resultant with adding a deprotonation agent
(Non-Patent document 5). Inthismanner, it has become possible
to synthesize a transition metal compound having a specific

10  ligand structure.

However, the yielid of the process is also equal to or less
than 50%, and when a cyclopentadienyl group moiety is, for
example, an indenyl group, it is confirmed that there are cases,
in which the yield significantly reduces depending on the kind

15 of ligands or no target product is obtained at all. Thus, the

rocess is not satisfactory.

For such synthetic processes of giving a low yield, it
is necessary to repeat purification operations such as washing
and recrystallization so as to remove by-preducts. In addition,

20 in the above-mentioned process where halogenated metal is used,

since atiesaiting‘process after the reaction is also necessary,

there 1s a pessibility that a complex, extremely unstable in
impurities such as alr or moisture, gradually degrades due to

the complicated post=-treatment process after the reaction.



metal compound that can be obtained by the processes described above, it is difficult to synthesize a
large quantity of the target product having good purity with good reproducibility and 5 in a short period
of time, and thus there is a need for improvement. It has been desired to develop a synthetic process
that is simple and gives a high yield. Patent Document 1: JP-A-58-19309 Patent Document 2:
JP-A-61-130314 10 Patent Document 3: JP-A-8-325283 Patent Document 4: U.S. Patent No.
5,856,258 Non-Patent Document 1: Chem. Rev., 1998(98), 2587 Non-Patent Document 2: Chem.

Rev., 2003(103), 26!§§ Non-PzJiztt%nt Dacument 3: Organometallics, 1997(16), 5958 15 Non-Patent
Document 4: Organomeﬂlg[ﬁg%:, %%(?5)?%%77WN‘0%-P fent Doclifent 57 Organbiittaliicd 2004(23),
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Patent Document 4: U.S. Patent No. 5,856,238
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i5 Non-Patent Document 4: Organometallics, 2003(22), 3877

Non=-Patent Document 5: Organometallics, 2004(23), 540

DISCLOSURE OF THE INVENTION
PROBLEM TC BE SOLVED BY THE INVENTION

20 It is an object of the present invention to provide
catalysts for olefin polymerization having an excellent olefin
polymerization performance and capable of preducing
polyclefins having excellent properties, and also to provide

& process for polymerizing an olefin by using the catalyst for



a novel transition metal compound useful for the above-mentioned polymerization. In addition, another
object of the present 5 invention is to provide a more simplified process for synthesizing the high
purity transition metal compound with a high yield. MEANS FOR SOLVING THE PROBLEM 10
According to the present invention, there is provided a catalyst for olefin polymerization, a process for
producing an olefin polymer, an olefin copolymer, & transition metal compound, and a process for
producing the transition metal compound described below, and thus the above-mentioned objects of

the 15 presgnt ipvention .can ieve A for ol g ization.i c%d - (A)a

transition metal clbmr%ouﬁ ré%%%g%tse}é gi} Etillw)é Of&ial%%v%%d é)e%eﬁaﬁfgxrgr%ﬁag %%%%%n%€8 '%tﬁégst one

compound gelsEladrom, thegrorn, 20 consistingeob 1L groanoieiali compaund, (gl

organoaluminum oxy compound, and (B-§) compounds capable of reacting with the transition metal

Compoumjgﬁé@&¥@f¥h@ﬂé¥@h%e%gygbﬂégdgé%é@fulfortheabove»m@ntiened
pelymerization. In addition, another object of the present

5 invention is to provide a more simplified process for

synthesizing the high purity transition metal compound with a

high vield.

MEANS FOR SOLVING THE PROBLEM
10 According to the present invention, there is provided a
catalyét for oilefin polymerization, a process for producing an
clefinpolymer, anolefincopelymer, a transitionmetal compound,
and a process for producing the transition metal coempound
described below, and thus the above-mentioned objects of the
15 present invention can be achieved.
(1} A catalyst for olefin polymerization includes:
(A} a transition metal compound represented by the
following general formula (1); and
(B} at least one compound selected from the group
20 consisting of
(B-1) organometallic compound,
(B~2) organcaluminum oxy compound, and
(B-3) compounds capable of reacting with the

transition metal compound {A) to form an ion pair,



n R6 R8 7 In the general formula (1), M represents a transition metal atom selected from Groups 4 to
6 of the periodic table; X represents 5 atom or a group selected from a hydrogen atom, a halogen
atom, a hydrocarbon group, a halogenated hydrocarbon group, an oxygen-containing group, and a
nitrogen-containing group; Q is -0-, -S-, -NRa-, or -PRb- (wherein, Ra and Rb are each a hydrogen
atom or a hydrocarbon group) ; Y is a neutral ligand having an 10 electron-donating group; mis a
number satisfying the valence of M, and when m is 2 or more, a plurality of atoms or groups
represented by X may, be the ame as or different from each other, the plurality of groups represented
by X may be bonded fo each ther, it may form a conjugated straight-chain diene residue, 15 a
conjugated branch%c%aln die sidue, a non-conjugated 8 straight-chain diene residue, or a
non-conjugated b d char lene resrdue and the pIuraIrty of groups represented by X may be

each other may be combure = :, form an aromatic ring or an aliphatic ring with the carbon atoms to

which the two ar ﬁ
from each othﬁ

c e (1)

In the general formula (1), M represents a transition metal atom
selected from Groups 4 to 6 of the periodic table; X represents
5 atom or a group selected from a hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, an
oxygen-containing group, and a nitrogen-containing group; Q is
~0~, -8-, -NR*-, or -PR®~ (wherein, R® and R’ are each a hydrogen
atom or a hydrocarbon group); Y is a neutral ligand having an
10 electron-donating group; m is a number satisfying the valence
of M, and when m is 2 or more, a plurality of atoms or groups
represented by X may be the same as or different from each other,
the plurality of groups represented by X may be bonded to each
other, it may form a conjugated straight-chain diene residue,

15 a conjugated branched-chain diene residue, a non-conjugated



from a hydrogen atom, a halogen atom, a hydrocarbon group, a 10 halogenated hydrocarbon group, a
silyl group-substituted hydrocarbon group, a hydrocarbon group-substituted silyl group, an
oxygen-containing group, and a nitrogen-containing group; and R5 to R8 which may be the same as
or different from each other, are each an atom or a group selected from a hydrogen atom, 15 a
halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silyl group-substituted
hydrocarbon group, a hydrocarbon group-substituted silyl group, an oxygen-containing group and a
nitrogen-containing.group, and two of R5 to.R& which are adjacent to each ather may be combined 20
to form an a??%%%i%%nﬁ%%lﬁip Afic fing. o E BterdTing I\?V?#ﬁﬁ@%’ﬁﬁ&? &fbms to which the two are

bonded. (2), The catalyst for.olefin polymerization according to 1)fggqv,e, in which in the general
formula (1),%%%%& a‘%%aéélmﬁrlnge% o?grsr%%ﬁ%’arg%fgt%q}% With fhe carbdh atbmetd which 9 the

two are bon g nd R3 and R4,are combined to form one aromatic_ring with the carbon atoms to
which the tvx?(;g rre B%H ee§ g?f %emgﬁaﬁgt%?%{%ﬁ% %8Iy(ranae$?ﬁaﬂ%ﬁr}%%cbcrjdi%8 16 (al) AbOvE, in which in
the general Iflorlng'ulléx ( J__;L)n,tgz arndoFgB r%OS §(,)m§b‘1,neq3 to form on&a}r&mgﬁc gigg wit Athg carbon atoms
to which RZ and R3are bonded. (3) The catalyst for dlefin pbﬁ/merlzéﬁon accord%nd i e'(}flLfabove, in

which ig thet%e%%rélllfoor@hl'gﬁ (%9538%%”%5 A€ed to form an aromatic ring or an
aliphatic ring with the carbon atoms to which the two are bonded,
and groups of not forming a ring which may be the same as or
different from each other, are sach an atom or a group selected
from a hydrogen atom, a halogen atom, a hydrocarbon group, a
10 halogenated hydrocarbon group, a silyl group-substituted
hydrocarbon group, a hydrocarbon group~substituted siiyl group,
an oxygen-containing group, and a nitrogen-containing group;
and R® to R® which may be the same as or different from each
other, are each an atom or a group selected froma hydrogen atom,
15 a halogen atom, a hydrocarbon group, a2 halogenated hydrocarbon
group, a silyl group-substituted hydrocarbon group, a
nydreocarbon group-substituted silyl group, an
oxygen—-containing group and a nitrogen-containing group, and
two of R® to R® which are adjacent to each other may be combined
20 to form an aromatic ring, an aliphatic ring, or a hetero ring
with the carbon atoms to which the two are bonded.
(2) The catalyst for olefin polymerization according to
(1) above, in which in the general formula (1), R* and R® are

combined to formone aromatic ring with the carbon atoms to which



combined to form one aromatic ring with the carbon atoms to which 10 R3 and R4 are bonded, and M
is a titanium atom. (5) The catalyst for olefin polymerization according to any one of (1) to (4) above,
wherein, in the general formula (1) , R8 is a group selected from (a) a hydrocarbon group selected
from a tertiary alkyl group, an aryl alkyl group, an aryl group, 15 and an alicyclic group, (b) a
halogenated hydrocarbon group selected from a halogenated alkyl group and a halogen-containing
aromatic group, and (c) a tertiary silyl group, and is a group having 1 to 20 carbon atom(s) in total. (6)
A process for producing an olefir, polymer comprises 20 polymerizing one or more kinds of olefins in
the presence o thEwarlystiondtet inpodlpmernizatibretanyrel {10 {5) abave,(Z)sThe. progess for
producing an olefin polymer according to (6) above further comprises copolymerizing two or more
kinds of olefin5+20 (8} Thesprocess torpredusing am olefin golymer according 97} above, in which
the two or more kinds of olefins are olefins selected from a-olefins having 2 to 20 carbon atoms, and
any olefin satisfies the! Felafiorshiptof ye folfowingifermina So(Eand ) when assumed, that aratio (mol%)
of a concentration of any one olefin (M1) among the olefins in the copolymerization system to the
sum of concentratior8®fall olefingisCi dnd Erealyundases ratio-(mol6) of structuralunits derived
from an

o

combi ito R ' 1t ] ' ok
+hed o lormone aromatic ring with the carbon atoms o which

R® and Rlare bonded.

i . : .
(4) The catalyst for olafin pelymerization accerding to

(1} above, in which in <he general formula (1), R® ang R? are

c 11 to f ! i i g
ombined to form one aromatic ring with the carbon atoms o which
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106 R® and R’ are bonded, and M is a titanium atom.

{3} The catalyst for olefin polyvmerization according to

any one of ] i i ' I f
V oI o {l) to (4) above, wnerein, 1n the general formuls !
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having 1 to 20 carbon atom(s) in total.
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20 pol yme?lzlnﬁ one or more kinds of olefins in the presence 0
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cyst Iorolefinpolymerization of any of (1) to (5) above.
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{7) The process for producing an olefin polymer according

. more e .
0 (6) above further Comprises copolymerizing two or more kinds

of olefins.



olefin (M1) in the obtained copolymer to the total structural 10 units is Pi. 0.33 s Ci/Pi <- 1.50 ...(EQ-1)
(9) A processfor producing an olefin-vinylidene compound copolymer, comprising steps of:
~ copolymerizing one or more kinds of olefins selected from a-olefins having 2 to 20 carbon atoms 15
and a vinylidene compound in the presence of a catglyst for olefin polymerization including (A) a
transition metal compound represented by the folldowing general formula (1), and (B) at least one
compound selected from the group consisting of (B-1) organometallic compound, (B-2)

organoaluminum oxyscompauneard 20-(B-3)-compauisls capable af seacting.with dhe d:

compound (A) to form an ion pair, and producing a copolymer having a content ratio (Uo/Uv) of the

structural units (Yo)aerived ifom the, algfintedhe structural yinits, (4v) derived: fram the ;vinylidene
compound of 50/50 to 99/1 (molar ratio), 11 [Chem. 2] 2P4'FR 1 C"9E Jin Q S In the general

formula (1) s M represents arfransitier mefak@leihg 2 to 20 carbon atoms, and any

10

20

olefin satisfies the relationship of the following formula
(Eg-1) when assumed that a ratio (mol%) of a concentration of
any one colefin (M;) among the olefins in the copolymerization
system to the sum of concentrations of all olefins is Ci and
an abundance ratio (mol%) of structural units derived from an
olefin (M;} in the obtained copolymer to the total structural
units is Pi.
0.33 £ Ci/Pi £ 1.50 . (Eg-1)

(9) Aprocess for producing an olefin-vinylidene compound

‘copolymer, comprising steps of: copolymerizing one crmore kinds

of olefins selected from a~olefins having 2 to 20 carbon atoms
and a vinylidene compound in the presence of 2 catalyst forolefin
polymerization including (R) a transition metal compound

represented by the following general formula (1), and (B} at
least one compound selected from the group consisting of (B-1)
organometallic compound, (B-2) organcaluminum oxy compound and
(B=3) compounds capable of reacting with the transition metal
compound (A) to formanionpair; andproducing a copolymer having
a content ratic (Uc/Uv) of the structural units (Uc) derived
from the olefin to the structural units (Uv) derived from the

vinylidene compound of 50/50 to 9%/1 (molar ratio),

ition metal



selected from Groups 4 to 6 of the periodic table; X represents 5 an atom or a group selected from a
hydrogen atom, a halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, an
oxygen-containing group, and a nitrogen-containing group; Q repersents -0-, -S-, -NRa-, or -PRb -
(wherein, Ra and Rb are each a hydrogen atom o {g hydrocarbon group); Y is a neutral 10 ligand
having an electron-donating group; m is a number~ Satisfying the valence of M, and when mis 2 or
more, a plurality of atoms or groups represented by X may be the same as or different from each
other, the plurality of greups represented by X may be bonded to each other, they may form a
conjugated 12 straight-chain diene residue, a conjugated branched-chain diene residue, a
non-conjugated straight-chain diene residue, or a non-conjugated branched-chain diene residue, and
the plurality of grgippe3 represerget by X may be bonded to each other 5 to form a ring; n is an integer
}, Wwhi { be the same as or different from each other, represent each an atom

or a group selected fromn.aaydrogen atom, a halogen atom, a hydrocarbon group, a halogenated
SHYT O up-substituted hydrocarbon group, a hydrocarbon 10 group-substituted
h U.E) and a nitrogen-containing group, and the two of R1 to R4

be combined to form an aromatic ring or an aliphatic ring, with

silyl group, an o A4COIMQIST I
which are adgsc pel
the carbon atoms to WhIC

C e (1)

In the general formula (1), M represents a transitionmetal atom
selected from Groups 4 to 6 of the pericdic table; X represents
9 an atomor a group selected from a hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, an
oxygen-containing group, and a nitrogen~containing group; 0
repersents -0-, -S-, =-NR®*-, or -PR® - (wherein, R® and R® are
each a hydrogen atom or a hydrocarbon group); Y is a neutral
10 ligand having an electron-donating group; m is a number
satisfying the valence of M, and whenm is 2 or more, a plurality
of atoms or groups represented by Xmay be the same as or differant
from each other, the plurality of groups represented by X may

pe bonded to each other, they may form a conjugated



are bonded; and R5 to R8 which may be the same as or different 15 from each other, represent each
an atom or a group selected from a hydrogen atom, a halogen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a silyl group-substituted hydrocarbon group, a hydrocarbon group-
substitutedsilyl group, an oxygen-containing grougzand a nitrogen-containing group, and 20 the two of
R5 to R8 which are adjacent to each other may be Combined to form an aromatic ring, an aliphatic
ring, or a hetero ring, with the carbon atoms to which the two are bonded. (10) An olefin copolymer

comprising stragtusal-units; derived from-ane gr aorg kindssef plefinyselegtedftemasglefins 13 having
2 or more carbon atoms, wherein the tri-substituted internal olefin quantity is 0.1 or more per 1000

carbon atoms swhepdneasiredby JH-NMR; (1) Ehe olefin;copalyrmen acaarding t@ £1Q) above, which

5 is a copolymer of two or more kinds of olefins selected from a-clefins having 2 to 20 carbon atoms

or a polymeyof a-olefin -of-oneyareere kings)=selested from arplefinsshaviag 3:020: garbon atoms,
wherein the constituent ratio of regioirregular linkage between the a-olefins having 3 to 20 carbon

atoms in 1Q:thergtal ecolefinyebaips iskO-@olh-Qsdnorevien measiked By d 3G NMR HE2) An olefin

polymer, which is a polymer of an olefin selected from a-olefins having 2 or more carbon atoms,

5 to form a ring; n is an integer of 0 to 3; R' to R, which may
be the same as or different from each other, represent each an
atom or a group selected from a hydrogen atom, 2 halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon

i0 group—substitﬁted silyl group, an oxygen-containing group and

4 nitrogen-containing group, and the two of R! to R® which are
adjacent to each other may be combined to form an aromatic ring
or an aliphatic ring, with the carbon atoms to which the two
are bonded; and R° to R® which may be the same as or different

15 fromeach other, represent each an atom or a group selected from

a hydrogen atom, a halogen atom, & hydrccarbon group, a
halogenated hydrocarbon group, a silyl group-substituted
hydrocarbon group, & hydrocarbon group-substituted silyl group,
an cxygen—-containing group and a nitrogen~containing group, and

20  the two of R’ to R®which are adjacent to each other may be combined

to form an aromatic ring, an aliphatic ring, or a hetero ring,

with the carbon atoms to which the two are bonded.
(10) An olefin copolymer comprising structural units

derived Iromone or more kinds of olefin selected fromoa-clefins



comprising on its side chain two or more alkyl groups selected 15 from an ethyl group (bl), an alkyl

group having 3 carbon atoms (b2), an alkyl group having 4 carbon atoms (b3), and an alkyl group

* having 5 carbon atoms (b4) (provided that, when the number of carbon atoms of a-olefin having 3 or
more carbon atoms supplied in a polymerization is i, side chains having t-2 carbon 20 atoms are not

included in the alkyl group selected from (bl) to (b {i), wherein the content of the total bl to b4 alkyl

groups is 1.0 or more per 1000 carbon atoms. (13) An olefin-vinylidene compound copolymer, which

is_a copolymer af at least opg alefin.selected frpma-olefinsnaying, 14,2 1o 20,carban, aloms and a

vinylidene compound, wherein the ratio (Uo/Uv) of the total content of structural units derived from

the olefin (Uo)-ta.the conient of styctirakynits derived from thednyldene cogmponng-(Lly) is from

50/50 to 99/1 (molar ratio) . 5 (14) A transition metal compound represented by the following general

formula(l): [Ghem .3 £3:RZ R R1Ax f¥R 60R6 7

{11} The clefin copolymer according to (10} above, which

5 1s a copolymer of two or mere kinds of olefins selected from

a~olefins having 2 to 20 carbon atoms or a pelymer of og-clefin

cf one or more kind{s) selected from c-olefins having 3 to 20

carbon atoms, wherein the constituent ratio of regioirregular

linkage between the o-olefins having 3 to 20 carbon atoms in

10 the total o~clefin chains is 10 mol% or more when measured by
PC-NMR.

(12} An olefin polymer, which is a polymer of an clefin
selected from o-olefins having 2 or more carbon atoms,
comprising on its side chain two or more alkyl groups selected

15 from an ethyl group (bl}, an alkyl group having 3 carbon atoms
(bZ), an alkyl group having 4 carbon atoms {b3), and an alkyl
group having > carbon atoms (b4) (provided that, when the number
of carbon atoms of o-olefin having 3 or more carbon atoms
supplied in a polymeriiation is t, side chains having t-2 carbon

20 atoms are not included in the alkyl group selected from (bl)
to (b4}), wherein the content of the total bl to bd alkyl groups
is 1.0 or more per 1000 carbon atoms.

(13) An olefin-vinylidene compound copolymer, which is

a copolymer of at least cneclefinselected fromo~clefins having



In the general formula (1), M represents a transition metal atom 10 selected -from Groups 4 to 6 of the
periodic table; X represents an atom or a group selected from a hydrogen atom, a halogen atom, a
hydrocarbon group, a halogenated hydrocarbon group, an oxygen-containing group, and a nitrogen
contai ing group; Q represents-O-, -5-, -NR-or-PRb- (wherein, F~ and Rb represent 15 each a
hydrogen atom or a hydrocarbon group) ; Y represents a neutral ligand having an electron-donating
group; m is a number satisfying the valence of M, and4vhenm is 2 or more, a plurality of atoms or
groups represented by X may be the same as or different 5 from each other, the plurality of groups
represented by )&gpggf éar%orgldeg to each other, they may form a conjugated straight-chain diene
residue, a conjugatéd branchedscham diehd Fedidile: 8 Hoh-confrated straight-chair diene sesidue,
ora non-conjuggge;%granocpe_g-%hain+di§ne residug, and the 10 plurality of groups represented by X
may be bonded to cach otherto form'a g NS8 andiftetjer 6E0 5 3L the twe ofR1 wecR4rwhich are
adjacent to eag_tglgtg%mjary tég corgbirled to form an aromatic ring or an aliphatic ring with the carbon
atoms to which the two are bonded aHtEHTEGIotPs Rot formiera Fing Whichs 1Semay 4 fhesame as

or different froqnheea.gg I1 r,fepresent each an atom or a group selected from a hydrogen atom, a
halogen atom, a hy rré)}gagbdoanngemcﬁﬁpé’ KR d&NateFhydrarbontyrsup? dlsilylo lar ratio) .
{14

5 t + 5o
) B transition metal compound represented by the
following general formula (19:

[Chem. 3]

RS R?
\

R4 > RT

=6 =8 -« < (1)

In the gener formula {1
general formula (1), M Tebresents a transition metal stom

10 selected Fr ‘
elected from Grou T bl iodic tal
ps 4 To 6 of the periodic table; ¥ represents

an atomor a group selected £ 3
g ¥ SE-SCten irom a nydrogen atom, 2 halogen atom,

& hydrocarbor I . 1
3 nogroup, 2 nalogenated hydrocarbon group, an

ocxygen-containin rouj itr caini
g group, and a nitrogen-containing group; Q

represents -0-, -S~, -NR*~ or ~PR® ‘ i s
, r ~NE*~ or -PR" — (wherein, R® and R rapresent

S



group-substituted hydrocarbon group, a hydrocarbon group-substituted silyl group, an
oxygen-containing group and 20 a nitrogen-containing group; and R5 to R8, which may be the same
as or different from each other, represent each an atom or a group selected from a hydrogen atom, a
halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silyl group-substituted
hydrocarbon group, a hydrocarbon 16 group-substituted silyl group, an oxygen-containing group, and
a nitrogen-containing group and the two of R5 to R8, which are adjacent to each other, may be
combined ta=form an & ie £in liphatic, 1 efa.fing,, with t on atomsto 5
which the two are bon ed.é(%S) Tﬁgcﬁgr?sﬁ%ﬁ ﬁéﬁ%c%n%%ﬁl acE:!c?o%gji'ngt}tog(%:jligr a g{}gé}iﬁ which the
ransition meakeompaunsh s acompgund Jeprasenied;ay e iolaniag genetal fQVHM%%): [Chem.
4] R121 R1 1 RIOR 13 R14 R9 XM ddd Ct Q pp$ a (r)e 10 R7 Ih the géneral formula (2), R9 to R14,

which may besthessame pener eiffersptiomeach-oiher, reRresent egch.an.atom Qr &,group

of atoms or groups represented by X may be the same as or different

(3

from each other, the plurality of groups represented by ¥ may
be bonded to each other, they may form a conjugated
straight-chain diene residue, a conjugated branched-chain
diene residue, a non-conjugated straight-chain disne residue,
or a non-~conjugated branched-chain diene residue, and the
10 plurality of groups represented by X may be bonded to each
other to form a ring; n is an integer of 0 to 3; the two of R!
to R, which are adjacent to sach other may be combined to form
an aromatic ring or an aliphatic ring with the carbon atoms to
whichthetwoareb@nded,andthegroupsnotformingearingwhich
16 may be the same as or different from each other, represent each
an atom or a group selected from a hydrogen atom, a halogen atomn,
& hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
group~substituted silyl group, an oxygen-containing group and
20 a nitrogen-containing group; and R® to R, which may be the same
as or different from each other, represent each an atom or a
group selected from a hydrogen atom, a halogen atom, a
hydrocarbon group, a halogenated hydrocarbon group, a silyl

group-substituted hydrocarbon group, a hydrocarbon



selected from a hydrogen atom, a halogen atom, a hydrocarbon group, a halogenated hydrocarbon
group, a silyl 15 group-substituted hydrocarbon group, a hydrocarbon 17 group-substituted silyl group,
an oxygen-containing group and a nitrogen-containing group, and the two of R9 to R'4, which are
adjacent to each other, may be combined to form 2% aromatic ring, an aliphatic ring, or a hetero ring
with the carbon atoms to 5 which the two are bonded. (16) The transition metal compound according
to (15) above, wherein among the atoms or groups represented by R9 to R14 , at least one of R9 and

R10 is a halpgemmatenn e-hydreearkon gnoup having:14Q 29.6arben alom(s) gahalagenated

hydrocarbon group 10 having 1 to 20 carbon atom(s), a silyl group-substituted hydrocarbon group

having 1 to 20ncarben @temd(S)  of artydreearhoil, greup-supstitited sibd grdupMavingLto 20 carbon
atom(s) in total, and R9 and R10 may be the same as or different from each other. 15 (17) The

transition metal £onpoOYAt-a3coosiNg:to, (12),abovesnwheEain-among:the alenser greyps;represented
by R9 to R19 R11 is a halogen atom, a hydrocarbon group having 1 to 20 carbon atom(s), a

halogenated hydidgsathen greupbaving & te200arbennatom(s).ra st areup-substigseddwydrocarbon
group having 1 20 to 20 carbon atom(s) or a hydrocarbon group-substituted silyl
5 which the two are bonded.
{15) The transiticnmetal compound according to (14) above,
in whichk the transition metal compound, is a compound

represented by the following general formula (2):

[Chem. 4]

R‘E‘i

10
In the general formula (2), R® to R'™, which may be the same as
or different from each other, represent each an atom or & group
selected from a hydrogen atom, 2 halogen atom, a hydrocarbon
group, & halogenated hydrocarbon group, a silyl

15 group-substituted hydrocarbon group, a hydrocarbon



group having 1 to 20 carbon atom(s) in total. (18) The transition metal compound according to(15)
above, wherein the two atoms or groups of R1 to R14 adjacent to each other combines to form an
expanded aromatic ring. 18 (19) The transition metal compound according to (14) above, wherein the
transition metal compound is a compound represepted by the following general formula (3): [Chem. 5]
18 17 Rig016 R2015M 5Q RB 8 F7 5 In the general formula (3) R15 to R20, which may be same
with or different from each other, represent each an atom or a group selected from a hydrogen atom,

a halogen atamya-hydrecathon egraup, glhatogepatech hydroganbartgroun arsily 10g ospdsubstituted
hydrocarbon group, a hydrocarbon group-substituted silyl group, an oxygen-containing group, and a
nitrogen-containing.greupcand thentway of RiSto R20, wrhich ware> adjdcent 20 ‘eaelh other reay be

combined to form an aromatic
adJacentLoeachother,maybecxmmlned?xafomﬂanaromaticring,
an aliphatic ring, or a hetero ring with the carbon atoms to

5 which the two are bonded.

(16) The transitionmetal compound according to (15) above,
wherein among the atoms or groups represented by R? to RY, at
least one of R” and R'™ is a halogen atom, a hydrocarbon group
having 1 tc 20 carbon atom(s), a halogenated hydrocarbon group

10 having 1 to 20 carbon atom(s), z silyl group-substituted
hydrocarbon group having 1 to 20 carbon atom(S), or a hydrocarbon
group-substituted silyl group having 1 to 20 carbon atom{s) in
total, and R’ and R*® may be the same as or different from each
other.

15 (17) The transitionmetal compound according to (13) above,
wherein among the atoms or groups represented by R® to RY™, RY
1s a halogen atom, a hydrocarbon group having 1 to 20 carbon
atom(s), a halogenated hydrocarbon group having 1 to 20 carbon
atom(s), a silyl group-substituted hydrocarbon group having 1

20 to 20 carben atom(s) or a hydrocarbon group~substituted silyl
group having 1 to 20 carbon atom(s) in total.

(18) The transiticonmetal compound according to (15) above,
wherein the two atoms or groups of R™ to R adjacent to each

other combines to form an expanded aromatic ring.



ring, an aliphatic ring or a hetero ring, with the carbon atoms 19 to which the two are bonded. (20) The
transition metal compound according to (14) above, wherein the transition metal compound has a
structure represented by the following general formula (4): 5 [Chem. 6? R26 R I\ 25 24 R23 027 2R 2
X28{Y n R568R7(4) Inthe above general formgla (4), R2 to R28, which may be the same as or
different from each other, represent each an atom or a group selected from a hydrogen atom, a
halogen atom, a 10 hydrocarbon group, a halogenated hydrocarbon group, a silyl group-substituted
hydrocarbon group, @ hytrecarber :groop-substitutesh syl Groiup: appeygen;containipg-gsoup and a
nitrogen-containing group, and the two of R2" to R28, which are adjacent to each other, may be
combined teferne an arosatia dSiring amatphatefipgueraihete g nith:.the cakenatoms 20 to
which the two are bonded.

by the following general formula (3):

[Chem. 5]
R'ﬁ\% RT?
R‘EQ{\Q R16
R?D Q‘I

5
o %m
M\

[ Yn
Q

@, Ce e (3)

In the general formula (3), R'™ to R®*®, which may be same with
or different from each other, represent each an atom or a group
selected from a hydrogen atom, & halogen atom, a hydrocarbon
group, & halogenated hydrocarboen group, a silyl

10 group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group, and
a nitrogen-containing group, and the two of R* to R?®, which

are adjacent to each other, may be combined to form an aromatic

ring, an aliphatic ring or a hetero ring, with the carbon atoms



(21) A process for producing a novel transition metal compound comprising Process 1 and Process 2:
Process 1: reacting an amide complex represented by the 5 following general formula (10) with an
anion ligand (L) having a structure represented by the following general formula (11) or with a neutral
organic compound in which the anion ligand (L) is, hydrogenated, and converting the resultant into a
reaction product containing an amide complex représented by the 10 following general formula (12):
MWp(NZ ZYm1Yn ... (10) [Chem.7]3R2~1 45RR6R'8...(11) R7 LM(NZZ)mYn ... (12); and 15
Process 2: reaciing dae ehtaingd reactionpraduct from the Process 1 with a compound represented
by the following general formula (13) , and preparing the novel transition metal compound

represented by the; fallowing geagral famiia €81 ¥mpo (3 3L JChemBIRIRZ 2bove,

wherein the transition metal compound has a structure
represented by the following general formula (4):

5 [Chem. &)

- (4)
In the above general formula (4}, R?* to R*®, which may be the
same as or different from each other, represent each an atom
or a group selected from a hydrogen atom, a halogen atom, a

10 hydrocarben group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxvgen-containing group and
a nitrogen-containing group, and the two of R to %, which
are adjacent to each other, may be combined to form an aromatic

16  ring, an aliphatic ring, or a hetero ring, with the carbon atoms



RAFR1XMIn 5Q 1) R (1) 7 Inthe general formulae (1), (10), and (12), M represents a transition
metal atom selected from Groups 4 to 6 of the periodic 5 table, in the general formula (12), L is the
anion ligand represented by the above general formula (11), in the general formulae (1) and (11), R1
to R4, which may be the same as or different fro (ﬁach other, represent each an atom or a group
selected from a hydrogen atom, a halogen atom, a hydrocarbon 10 group, a halogenated hydrocarbon
group, a silyl group-substituted hydrocarbon group, a hydrocarbon group-substituted silyl group, an

oxygen-cortaingng group-and-aonigegeRGeataining group, and the two of R1 to R4, which are
adjacent to each other, may be combined to form an aromatic ring, 22 an aliphatic ring, or a hetero

ring, with the carbonzatoms tg rwhichdhedworarehonded; ane Rato R8whichimay heithe same as or
different from each other, represent each an atom or a group selected from a hydrogen atom, a
halogen atarama Sunreearben greup ra bakogenatechydreearbep group, a silyl
Process 1: reacting an amide complex represented by the
5 following general formuls (10} with an anion ligand (L) having
a structure represented by the following general formula (11}
or with & neutral organic compound in which the anion ligand
(L} is hydrogenated, and converting the resultant into a
reaction product containing an amide complex represented by the

10 following general formula (12):

MWp (NZZ’ ) 1Y - (10)

3.
[
oo (11
LM (NZZ ") p¥n .. (12); and
15 Process Z: reacting the obtained reaction product from

the Process 1 with a compound represented by the following
general formula (13), and preparing the novel fransition metal
compound represented by the following general formula (1):

vy . (133



group-substituted hydrocarbon group, a hydrocarbon group-substituted silyl group, an
oxygen-containing group, and a nitrogen-containing group, and the two of R' to R8, which are
adjacent to each other, may be combined to form an aromatic ring 10 or a hetero ring with the carbon
atoms to which the two are bonded, in the genera% formula (10) , W represents a halogen atom; p is
an integer of 0 to 2; and p and ml are determined &satisfy the valence of M, in the general formula
(1), X represents an atom or a group selected from a hydrogen atom, a halogen atom, 15 a
hydrocarbon group; aiiglogenated hydrocarbon group, an oxygen-containing group, and a
nitrogen-containing group, in the general formula (11), Q represents -0-, -S, -NRa- or -PRb -
(wherein, Ra and Rb represent each a hydrogen atom or a hydrocarbon group), in the general
formulae (10) and Z 20 and, 2" which may be the same as or different from each other, represent
a hydrocarbon grodiQaving 1 320 carbon atom(s) or a silicon-containing group; and the two groups
represented by NZZ' which are adjacent to each other may be bonded via Z or Z', and in the case

‘ ~ atam selected from Group 1 of the periodic table, a hydrogen
pAaying ?.;[ 20 carbon atom (s) , a halogenated hydrocarbon group having

formula (13), V r?)
a silicon containin&@fﬁup, a nitrogen-containing

atom, a hydro

~6 - c (1)

In the general formulae (1), (10), and (12), M represents a
transitionmetal atom selected from Groups 4 to 6 of the periodic
5 table, in the general formula (12), L is the anion ligand
represented by the above general formula (11), in the general
formulae (1) and (11}, R' to R!, which may be the same as or
different from each other, represent each an atom or a group
selected from a hydrogen atom, a halogen atom, a hydrocarbon
10 group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group and
a nitrogen-containing group, and the two of R* to R*, which are

adjacent to each other, may be combined to forman aromatic ring,



group or an oxygen-containing group; and X" represents a halogen atom, in the general formulae (1) ,
(10), and (12) , Y represents a neutral ligand having an electron-donating group, in the general
formula (12) , m is a number satisfying the valence of 10 M, and when m is 2 or more, a plurality of
groups represented by NZZ' may be the same as or different from each other, in the general formula
(1) , m is a number satisfying the valence of M, arffwhen m is 2 or more, a plurality of atoms or
groups represented by X may be the same as or different from each other, 15 the plurality of groups

represented,by Xmay be;bonded;to gach qther,they may form a qanivgate siraightzchain diene

residue, a conjugated branched-chain diene residue, a fion-conjugated straight-chain diene residue

or a non-copjugaied: branched:chain diene residue. @nd thesplurality of graups, 20 fepresented by X

may be bonded to each other to form a ring, in the general formulae (1), (£0), and (12), P. represents

an integer f0 tg 3. THE EFGECT QF THE INVENTION.24. The catalyst companent far olefin

polymerization according to the present invention exhibits a polymerization with high polymerization

activity wheg aplymerizatiqn; ok olgfin.e,g., ethylene propylene, butene, decepe, butadiene S etc., or
a copolymerization of olefin such as ethylene - propylene, ethylene - batane etc., is carried out. In
addition;  nydrocarbon group, a halcgenated hydrocarbon group, a silyl
grbupwsubstituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group, and
a nitrogen-containing group, and the two of R® to R¥, which are
adjacent to each other, may be combined to form an aromatic ring
10 oraheteroringwiththecarbonatomsioumichthetwoarebonded,
in the general formula (10), W represents a halogen atom; p is
an integer of 0 to 2; and p and ml are determined to satisfy
the valence of M, in the general formula (1), X represents an
atom or a group selected from a hydrogen atom, a halogen atom,
15 a hydrocarbon group, & halogenated hydrocarbon group, an
oxXygen-containing group, and a nitrogen-containing group, in
the general formula (11}, Q represents -0-, -3, -NR?-~ or -PR®
- {wherein, R® and R® represent each a hydrogen atom or a
hydrocarbon group), in the general formulae (10) and {(12), Z
20 and Z’' which may be the same as or different from each other,
represent a hydrocarbon group having 1 to 20 carbon atom{s) or
a silicon-containing group; and the two groups represented by

NZZ' which are adjacent to each other may be bonded via 7 or

Z", and in the case where those are bonded, bridging groups of



when polymerization of a-olefin is carried out, the olefin polymer having an alkyl side-chain which is
different from the supplied a-olefin basedside-chain can be produced. For example, 10 when
homopolymerization of ethylene is carried out, the ethylene polymer having an alkyl side-chain is
produced. When a homopolymerization of a-olefin e.g., propylene, butene, decene etc., is carried out,
an olefin polymer having a large amount of internal ©lefins can be produced in comparison 15 with the
polymer obtained by using conventional catalysts for olefin polymerization. In addition, the polymer of

a-olefin of theqreseatinwention has ailow regigregularity, and.fof. gxample, the polymer having a

lower crystallinity can be obtained. On the other hand, when copolymerization is carried 20 out,

excellent copalumerzability af cemonamers, anddbe -ethylene olefin.conol/mers having;high

comonomer content with the use of only a small amount of comonomer, can be obtained in

comparisonggh the &m%@%@@yﬁotm?&%@%w iefip palymgrzationare Ysedyand since
n

copolymerization of 25 vinylidene compound and polymerization of conjugated diene are also
possible, thereds essignifieantdgdustrialvalye. The tapsitionmetalcompodnd obihe-prassat invention

can be used for a catalyst for olefin polymerization having the 5 above-mentioned performance.
According te thenpeocess fer: prodysingshansition metal,s, o nitrogen-containing
group or an oxygen~containing group; and ¥* represents a halogen
atom, in the general formulae (1), (10}, and (12), Y represents
a neutral ligand having an electron-donating group, in the
general formula (12), m is a number satisfying the valence of
10 M, and when m is 2 or more, a plurality of groups represented
by NZZ’ may be the same as or different from each other, in
the general formula (1), m is & number satisfying the valence
of M, and when m is 2 or more, a plurality of atoms or groups
represented by X may be the same as or different fromeach other,
16 the plurality of groups represented by X may be bonded to each
cther, theymay form a conjugated straight-chain diene residue,
& conjugated branched-chain diene residue, a non-conjugated
straightméhain diene residue or a non-conjugated
branched-chain diene residue, and the plurality of groups
20 represented by X may be bonded to each other to form a ring,
in the general formulae (1), (10), and (12), n represents an

integer of 0 to 3.

THE EFFECT OF THE INVENTION



compound of the present invention, it is possible to simply synthesize the transition metal compound
represented by the above-mentioned general formula (1) with high purity and high 10 yield: BEST
MODE FOR CARRYING OUT THE INVENTION Hereinafter, catalysts for olefin polymerization related
to the present invention, a process for producing olefin 15 oolymers, an olefin copolymer, a novel
transition metal compound, and a process for proa cing the transition metal compound, will be
described in detail. In the present specification, there is a case where the word “polymerization' is

used not only to megn.2Q-hemopalymerization but alsp tomean copelymerization. In addition, there is
' n hc p%%yr%g% é )

the case where a word "polymef” is used not only to mean homo ut also to mean copolymer.

The catalysis-{og plefingpelymerizaion selated 1g the. presentinvenion nglifles 26 (8. Jignsition

metal compound represented by the following general formula (1), and (B) at least one compound

selected frop the o Goeizieg: 9be (B:1) pcganaretalic.sprupoliids, (8-2).qrgggogluminum oxy

compounds, and (B-3) compounds capable of reacting with the transition meta

olefin e.g., ethylene, propylene, butene, decene, butzdiene

1

etc., or a copolymerization of clefin such as ethylene -
propylene, ethylene - butane etc., is carriedout. Inaddition,
- when polymerization of a-clefin is carried out, the olefin
polymer having an alkyl side~chain which is different from the
supplieda-olefin basedside~chaincanbe produced. Forexample,
10 Whenhomopolymerizationofethyleneiscarriedout,theethylene
polymer having an alkyl side-chain is produced.
When a homopolymerization of o~olefin e.g., propylene,
butene, decene etc., is carried out, an olefin polymer having
a large amount of internal olefins can be produced in comparison
15 with the polymer obtained by using conventional catalysts for
olefin polymerization. In addition, the polymer of w-olefin
of the present invention has a low regioregularity, and for
example, the polymer having a lower crystallinity can be
obtained. OCn the other hand, when copolymerization is carried
20 out, excellent copolymerizability of comonomers, and the
ethylene clefin copolymers having high comonomer content with
the use of only a small amount of comonomer, can be cbtained
in comparison with the case where conventional catalysts for

olefin polymerization are used, and since copolymerization of



compound (A) to form an ion pair. First, each of these components, which are comprised in a catalyst
for olefin 10 polymerization related to the present invention, will be described. [Transition metal
compound (A)] The transition metal compound, which is useful as a transition metal compound
component in the catalyst for olefin 15 polymerization related to the present invention, is represented
by the following general formula (1). [Chem. 9] 27 2 R4 4FR 1 X11 n 5 RS Ra 4, In the above
general formula (1), M represents a transition metal atom selected from Groups 4 to 6 of the periodic
table, and specifically issGrenpA:metah atems widitanian; 5izieconivm ard bathitms Greue 5 metal
atoms of vanadium, niobium and tantalum, and Group 6 metal atoms of chromium, molybdenum and
tungsten. Ameng these traasition #xefal such as ditanfurea Zircanigas thafrium; y/asadium, niobium,
tantalum and chromium is preferable, among these a Group 4 metal atom and a Group 5

The transition metal compound of the present invention

can be used for a catalyst for clefin polymerization having the

[y}

above-mentioned perfcrmance.

According to the process for producing a transition metal
compound of the present invention, it 1s possible to simply
synthesize the transition metal compound represented by the
above-mentioned general formula (1) with high purity and high

10 yield.

BEST MODE FOR CARRYING QUT THE INVENTION
Hereinafter, catalysts forolefinpolymerization related
to the present invention, a process for producing clefin
15 polymers,anolefincopolymér,armveltxansitionn@talcompound,
and a process for producing the transitionmetal compound, will
be described in detail.
In the present specification, there is a case where the
word ‘polvmerization’ is used nct only to mean
20 homopeolymerization but also to mean copolymerization. In
addition, there is the case where a word ‘polymer’ is used not
only to mean homopolymer but also to mean copolymer.
The catalysts for olefin pelymerization related tc the

present invention includes



10 metal atom are preferable, further, Group 4 or Group 5 transition metal atoms of the periodic table
in which the transition metal atom M has a valence number of 2, 3, or 4, are more preferable, and
titanium, zirconium, hafnium and vanadium are particularly preferable. 28 R'to R4 may be the same
as or different from each other, and represent eac? an atom or a group selected from a hydrogen
atom, a halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, 5 a hydrocarbon group-substituted silyl group, an

oxygen-containing grosp-and 3 AitkRGEN-CoBIRINING growp, And. spegifically js.a haloggp;atom such as

fluorine, chlorine, bromine and iodine; a hydrocarbon group having 1 to 30 carbon atom (S) such as

an alkyl grogpres €= 1 methyl.ethyl, propylk, hutyl, 10 hexyi, octyl, nonyl, dodecyl, eicosyl, an alicyclic
group e.g., cyclohexyl, norbornyl, adamanthyl, an arylalkyl group e.g., benzyl, phenylethyl,

phenylpropylgtrityl: and as-anvharounesan 8henyle toly gdimethylphenyl drimethylgheny gthylphenyl,
propylphenyl, biphenyl, naphthyl, methylnaphthyl, 15 anthracenyl, phenanthryl; a halogenated
hydrocarboa group having 1 to 30 carbon atom(s) in which at least one hydrogen in the
above-mentioned hydrocarbon group having 1 to 30 carbon atom(s) is substituted to a halogen atom;

a hydrazarbog- group-gubsitteted silybgrospdawiag 1 to 30 carbon atom(s) in
(B-2) organocaluminum oxy compounds, and
(B-3}) compounds capable of reacting with the transiticon metal
compound {A} to form an ion pair. First, each of these
components, which are comprised in a catalyst for olefin
10 polymerization related to the present invention, will be
described.
[Transition metal compound (A)]
The transition metal compound, which is useful as a
transition metal compound component in the catalyst for olefin
15 polymerizationx@iat@jtothepresentinvention?isrepresented
by the following general formula (1).

[Chem. 9]



20 total such as trimethylsilyl, methyldiphenylsilyl, dimethylphenylsilyl and triphenylsilyl, and a silyl
group-substituted hydrocarbon group having 1 to 30 or preferably 3 to 30 carbon atom(s) in total in
which at least one hydrogen in the above-mentioned hydrocarbon group is substituted to, for 29
example, a hydrocarbon group-substituted silyl gr up such as a trimethylsilyl group. In addition, the
two groups of R1 to R4, which are adjacent to eaCh other, may be combined to form an aromatic ring,
an 5 aliphatic ring or a hetero ring with the carbon atoms to which the two are bonded, and preferably
form an aromatic ring.,As the ring formed by combining the two groups of R1 to R4 adjacent to each
other with the carb@ oms to \Rj& the two are bonded, an indene ring and a fluorene ring are
preferable. 10 Specificsexamples of the oxygen-containing group include an oxy group; a peroxy
group; a hydroxy group ’,.. foperoxy group; an alkoxy group such as methoxy, ethoxy, propoxy and
butoxy; an aryloxy groyfy'suctwas phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy; an
arylalkoxy gro chag 15\whenyl tbLoxy and phenylethoxy; an acetoxy group; a carbonyl group;
an acetylacetoft&to groupasas) : x grouyp and the ii ke. Specific examples of the
nitrogen-containing group {nclud&.an amino WR; an alkylamino group such aimethylamino,

\\f{n

C e (1)

In the above general formula (1), M represents a
transitionmetal atom selected from Groups 4 to 6 of the periodic
table, and specifically is Group 4 metal atoms of titanium,

5 zirconium and hafnium, Group 5 metal atoms of vanadium, niobium
and tantalum, and Group 6 metal atoms of chromium, molybdenum
and tungsten. Among these, transition metal such as Titanium,
zirconium, hafnium, vanadium, niobium, tantalum and chromium
ig preferable, among these a Group 4 metal atom and a Group 5

10 metal atomare preferable, further, Group 4 or Group 5 transition
metal atoms of the pericdic table in which the transition metal
atom M has a valence number of 2, 3; or 4, are more preferable,
and titanium, zirconium, hafnium and vanadium are particularly

preferable.



20 dimethylamino, diethylamino, dipropylamino, dibutylamino and dicyclohexylamino; an

alkylarylamino group or an arylamino group such as phenylamino, diphenylamino, ditolylamino,

dinaphthylamino and methylphenylamino; an alkylimino group such as methylimino, an ethylimino

~ group, an i-propyl imino group 30 and a tert-butyli%ino group; an arylimino group such as
phenylimino, a 2-methylphenylimino group, a 2,6-dimethylphenylimino group, a

2,4,6-trimethylphenylimino group, a 2-i-propylphenylimino group, a 5 2,6-di-i-propylphenylimino group,

a 2,4,6-tri-i-propylpﬁem_sdimm9@§oge, ane-testutylphenyining GLoup £a % Gsdistert-putyiphenylimino

group and a 2,4,6-tri-tert-butylphenylimino group; and an alkyl or 10 arylamine group such as

trimethylamine; tHegwianaine, liphenylamine, NN Ny Nsrtetramethylethylengdiamipg {tpeda) and
N,N,N',N'-tetraphenylpropylenediamine (tppda). RS to R8 may be the same as or different from each

other, and eeprgsent each-a: Atom 6F a GoHp selecied frampa-hydrogen, 13 aiems adwlogen atom, a

hydrocarbon group, a halogenated hydrocarbon group, a silyl group-substituted hydrocarbon group, a
hydrocarbon group-substifuied syl graun.,angexygensconaining grouR and a:nirogen-coptaining

group. The two groups of R5 to R8, which are adjacent to each other, are

5 a hydrocarbon group-substituted silyl group, an
oxygen-containing group and a nitrogen-containing group, and
specifically is a halogen atom such as fluorine, chlorine,
bromine and iodine; a hydrocarbon group having 1 to 30 carbon
atom(s}sud@asanalkylgroupe.g[,methyl,ethyl,propyl,butyl,

10 hexyl, octyl, nonyl, dodecyl, eicosyl, analicyclicgroupe.qg.,
cyclohexyl, norbornyl, adamanthyl, an arylalkyl group e.g.,
penzyl, phenylethyl, phenylpropyl, trityl, and an aryl group
€.g., phenyl, tolyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl, methylnaphthyl,

16 anthracenyl, phenanthryl; a halogenated hydrocarbon group
having 1 tc 30 carbon atom(s) in which at least cone hydrogen
in the above-mentioned hydrocarbon group having 1 to 30 carbon
atom{s) 1is substituted to a halogen atom:; a hydrocarbon
group~-substituted silyl group having 1 to 30 carbon atom(s) in

20 total such as trimethylsilyl, methyldiphenylsilyl,
dimethyliphenylsilyl and triphenyisilyl, and a silyl
group-substituted hydrocarbongroup having I to 30 or preferably
3 to 30 carben atom(s) in total in which at least one hydrogen

in the above-menticned hydrocarbon group is substituted to, for



20 combined with the carbon atoms to which the two are bonded to form an aromatic ring such as
benzene, naphthalene and acenaphthene, or an aliphatic ring. Among these, R8 is preferably a
hydrocarbon group having 1 to 20 carbon atom (s) , a halogenated hydrocarbon group having 31 1to
20 carbon atom(s), a silyl group-substituted hydrocarbon group having 1 to 20 carbon atoms or a
hydrocarbon group-substituted silyl group which i€4 group having 1 to 20 carbon atom(s) in total,
since they give a remarkably improved 5 effect on polymerization activity. Among these, RB is

preferably acdhydrgearbon group having, 1 10,20 carbon atom(s),, g halogenated hydrocarbon group
having 1 to 20 carbon atom§()s) , asilyl groté)p-su%st%ﬂljtéd g}%grﬁgg?bso# ;rFogpr %3€inséuf to 20 carbon

atom(s) in tgtalipi@etyg@gqrpgg ]é)rg)r&gp-substituted silyl group which is a group having 1 to 20
carbon atom(s) in total, and specifically is a hydrocarbon group having 1 to 20 carbon atom(s)such as

an akyl group e. g. etk ety piopyloubd-fieyloevelobeh oGl ionyl, dodecy!, and eicosy!
an alicyclic group e.g., norbornyl and adamanthyl; 15 an arylalkyl group e.g.,abenzy, phenylethyl,

phenylpropyl ands ityloand an &yl 0roup & PheN: ol dimetbviphenyl, {imelhylpheny!
ethylphenyl, propylphenyl, biphenyl, naphthyi, methylnaphthyl, anthracenyl and pherantiiryl; a
halogenated hyghiogarhon: gropp haying. £ 40 20.6rboR:atgMESLIN - i on 2t oms to which
the two are bonded, and preferably form an aromatic ring. As
the ring formed by combining the two groups of R! to R* adjacent
ﬁo each other with the carbon atoms to which the two are bonded,
an indene ring and a fluorene ring are preferable.
10 Specific examples of the oXxygen=-containing group include
&N OXY group; a peroxy group; a hydreoxy group; a hydroperoxy
group; an alkoxy group such as methoxy, ethoxy, propoxy and
butoxy; an aryloxy group such as phenoxy, methylphenoxy,
dimethylphenoxy and naphthoxy; an arylalkoxy group such as
15 phenylmethoxy and phenylethoxy; an acetoxy group; a carbonyl
group; an acetylacetonato group (acac); an oxo group and the
like,
Specific examples of the nitrogen-containing group
inclu@aanaminogroup;analkylaminogroupsuchasn@thylamino,
20 dimethylaminc, diethylaminc, dipropylamino, dibutylamino and
dicyclohexylamine; an alkylarylamino group or an arylamino
group such as phenylamino, diphenylamino, ditclylamino,
dinaphthylamino and methylphenylamino; an alkylimino group

suchasnwthylimino,anethyiiminogroup,animpropyliminogroup



20 which a hydrogen atom in the above-mentioned hydrocarbon group having 1 to 20 carbon atom(s)
is substituted to a halogen atom; a hydrocarbon group-substituted silyl group having 1 to 20 carbon
atom(s) in total e.qg., trimethylsilyl, methyidiphenylsilyl, dimethylphenylsilyi and triphenylsilyl, 32 and a
silyl group-substituted hydrocarbon group having 1 to 20 carbon atom(s) in total in which a hydrogen
atom in the hydrocarbon group is substituted to th%%ydrocarbon group-substituted silyl group. 5
According to the present invention, RB is more preferably a tertiary alkyl group, an arylalkyl group, an

aryl group, %@Kgligygg:&r%t%mgﬁpa&%ggyl gggu&gﬁ@&ggngfg%%n@gcq\ro%aﬂc group, and a

|
tertiary silyl group, and specifically is a tertiary alkyl group such as t yl;"10 an arylalkyl group

such as bengyk phenyleiyl, Bhenlaronyh andAblan.avbaroup such as pheny, tolyl
di.methylphenyl, trimethylphenyl, ethylphenyl, propylphenyl; biphenyl, naphthyl, methylnaphthyl,

anthracenylAnd henaniys 2. ydiqeatbon giayp having 4 1@ AL.carben ptams,sych,asan alicyclic

15 group e.g., norbornyl and adarmanthyl, etc.; a halogenated alkyl group having I to 20 carbon

atom(s) in V\@m_grhygrc;g%n_gtpg%}i@ ihe alkyl group havipg,1 tg 20 carbon atom(s) substituted to a
halogen atom such as trifluoromethyl; a halogenated aryl group having 6 to 20 carbon atoms such as

5 Z,6~di-i-propylphenylimino group, a
2,4,6-tri-i-propylphenyliminc group, a
Z-tert-butylphenylimine group, a
2,6-di~tert-butylphenylimino group and a
2,4,6-tri-tert-putylphenylimino group; and an alkyl or

10  arylamine group such as trimethylamine, triethylamine,
triphenylamine, N,N,N',N'-tetramethylethylenediamine (tmeda)
and N,N,N',N'-tetraphenylpropylenediamine (tppda).

R’ to R® may be the same as or different from each other,

and represent each an atom or a group selected from a hydrogen

15 atom, a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a silyl group-substituted hydrocarbon groug,
a hydrocarbon group-substituted silyl group, an
oxygen-containing group and a nitrogen-containing group. The
two groups of R® to R, which are adjacent to each other, are

20 combined with the carbon atoms fo which the two are bonded to
form an aromatic ring such as benzene, naphthalene and
acenaphthene, or an aliphatic ring.

Among these, RY is preferably a hydrocarbon group having

1 to 20 carbon atom(s), a halogenated hydrocarbon group having



20 2,3,4,5,6-pentafluorophenyl, 3,5-difluorophenyl and 3,5- ditrifluoromethylphenyl; and a tertiary silyl
group such as trimethylsilyl, methyldiphenylsilyl, dimethylphenylsilyl and triphenylsilyl, and preferably
is a tertiary silyi group in which a hydrocarbon group is substituted and a group having 1 33 to 20
carbon atom(s) in total. Particularly preferable examples include tert-butyl, adamanthyl, trityl, phenyl,
tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl; propylphenyl, biphenyl, naphthyl, methylnaphthyl,
anthracenyl, phenanthryl, 5 trifluoromethyl, 2,3,4,5,6-pentafluorophenyl, 3,5-difluorophenyl,

3,5-ditrifluorpraetiyiphenyl Arimetyisilyl, methyldiphenylsivi, dimethylpheayisilyi 3ad tjghenylsilyl.
Particularly, R6 is preferably a tertiary alkyl group, 10 a tertiary arylalkyl group, an aryl group, a

tertiary alicyelie  group-praytertiary lyl groupdiaving.h {0 40 carbgnsatom(s),J total. Further, from the
viewpoint of activity, RB is particularly preferably a tertiary alkyl group, a tertiary arylalkyl group, a

tertiary alicyglie groun, gk a fertiagy syl ko group haviag 4rt0;20 &%gt%(@ﬂ% totgl Exgmples of
such groups include tert-butyl, adamanthyl, cumyl, diphenylethyl, " trityl, trimethyIsilyl and the like. X

represents & hydragen atora, afialegen atomy a-hydracarbon groun. a:halagenated hydrogarbon
group, an
b5 effect on polymerization activity.
Among these, R® is preferably a hydrocarbon group having

1 toc 20 carbon atom({s), a halogenated hydrocarbon group having
1 to 20 carbon atom(s), a silyl group-substituted hydrocarbon
group having 1 to 20 carbon atom{s} in total, or a hydrocarbon

10  group-substituted silyl group which is a group having 1 to 20
carbon atom{s} in total, and specifically is a hydrocarbon group
having 1 to 20 carbon atom(s) such as an alkyl groupe.g., methyl,
ethyl, propyl, butyl, hexyl, cyclohexyl, cctyl, nonyl, dodecyl
and elcosyl, an alicyclic group e.g., norbornyl and adamanthyl;

15 an arylalkyl group e.g., benzyl, phenylethyl, phenylpropyl and
trityl, and an aryl group e.g., phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl,
naphthyl, methylnaphthyl, anthracenyl and phenanthryl; a
nalogenated hydrocarbon group having 1 to 20 carbon atom(s} in

20 which a hydrogen atom in the above-mentioned hydrocarbon group
naving 1 to 20 carbon atom(s) is substituted to a halogen atom;
a hydrocarbon group=-substituted silyl group having 1 to 20
carbon atom{s) in total e.g., trimethylsilyl,

methyldiphenylsilyl, dimethyliphenylsilyl and triphenylsilyl,



20 oxygen-containing group or a nitrogen-containing group; Q represents -0-, -5-, - NRa -, or - PRb -;
and Ra and Rb represent each a hydrogen atom or a hydrocarbon group having 1 to 20 carbon
atom(s). As the halogen atom, fluorine, chlorine, bromine and 34 iodine can be exemplified. As the
hydrocarbon group, specifically, hydrocarbon gron.?l s having 1 to 30 carbon atom(s) such as an alkyl
group e.g., methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and 5 eicosyl; a cycloalkyl group
having 3 to 30 carbon atoms e.g., cyclopentyl, cyclohexyl, norbornyl and adamanthyl; an alkenyl

group e.g., iyl zpeopepyl gaegyslonexenyh: ap anytald greup € g henzyinhenylethyland
phenylpropyl; an aryl group e.g., phenyl, tolyl, dimethylphenyl, trimethylphenyl, 10 ethylphenyl,

propylphenylz bighenyl sapethyl methykiaphthykn apthryl angiphepantarhean beexemplified. As the
halogenated hydrocarbon, specifically, a group, in which at least one hydrogens in the hydrocarbon

group havingyt te>3@ cathorzaient(s) Js substitutad-ioa balogas atgmrean begxemplified. As the 15
hydrocarbon group and the halogenated hydrocarbon, ones having 1 to 20 carbon atom(s) are

preferable. Asdhe oxygen-contaiing greup apdihe nitrogen-containing group, same ones exemplified
as the 'oxygen-containing group' and the "nitrogen-containing group

5 According to the present invention, R® iz more preferably
a tertiary alkyl group, an arylalkyl group, an aryl group, an
alicyclic group, a halogenated alkyl group, a
nalogen-containing aromatic group, and a tertiary silyl group,
and specifically is a tertiary alkyl group such as tert-butyl;

10 an arylalkyl group such as benzyl, phenylethyl, phenylpropyl
and trityl; an aryl group such as phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenvyl,
naphthyl, methylnaphthyl, anthracenyl and phenanthryl; a
hydrocarbon group having 4 to 20 carbon atoms suchas analicyclic

15 group e..g. , Norbornyl and adamanthyl, etc.; a halogenated alkyl
group having 1 to 20 carbon atom{s}) in which a hydrogen atom
in the alkyl group having 1 to 20 carbon atom({s) substituted
to a halogen atom such as trifluoromethyl; & halogenated aryl
group having © to 20 carbon atoms such as

20 2,3,4,5,6~pentafluorophenyl, 3,5-diflucrophenyl and 3,5-
ditrifluoromethylphenyl; and a tertiary silyl group such as
trimethylsilyl, methyldiphenylsilyl, dimethylphenylsilyl and
triphenylsilyl, and preferably is a tertiary silyl group in

which a hydrocarbon group is substituted and a group having 1



20 for R' to R9, can be exemplified. In a case where X is either an alkylimino group or an arylimino
group, X bonds to M with double bond. Symbol m is a number satisfying the valence of M, it is
determined by valence of transition metal atom M and valence 35 of X, and is a number to neutralize
positive and negative valences. Herein, relations Sga - 2 = b x m can be obtained providing that "a'is
an absolute value of valence of transition metal atom M and "b' is an absolute value of valence of X.
More 5 specifically, for example, if M is Ti4+ and X is Ci", mis 2. When m is 2 or more, a plurality of

atoms or grodps) represeniedhy X may-he the same-as ar.different from.each gthenheplurality of

groups represented by X may be bonded to each other, they may form a conjugated straight-chain

diene residye,cl0, copgatedbianchedashain diene residue,a nondpugaled yaight-chain diene

residue or a non-conjugated branched-chain diene residue, the plurality of groups represented by X

may be bondedde;aacpiathento forpating, and:also may o aa-arematicing; gpaliphatic ring, a

15 conjugated cyclic diene residue or a non-conjugated cyclic diene residue. When m is 2 or more, a

plurality of @@Mﬂpmpﬁ%ﬁ%m@ﬁy%g@yﬁwm samgas-rdiffersniiram-eachother, and
the plurality of groups represented by X may be bonded to
5 trifluorcmethyl, 2,3,4,5, 6~-pentafluorophenyl,
3,5-diflucrophenyl, 3,5-ditriflucromethylphenyl,
trimethylsilyl, methyldiphenylsilyl, dimethylphenylsilyl and
triphenvyisilyl.
Particularly, R® is preferably a tertiary alkyl group,
10 & tertiaryarylalkyl group, an aryl group, a tertiary alicyclic
group or a tertiary silyl group having 1 to 20 carbon atom(s)
in total. Further, from the viewpoint of activity, R® is
particularly preferably a tertiary alkyl group, a tertiary
carylalkyl group, a tertiary alicyclic group or a tertiary silyl
15  group having 1 to 20 carbon atom{s) in total. Examples of such
groups include tert-butyl, adamanthyl, cumyl, diphenylethyl,
trityl, trimethylsilyl and the like.
X represents a hydrogen atom, a halogen atom, a
hydrocarbon group, a halogenated hydrocarbon group, an
20 oxygen-containing group or a nitrogen-containing group; @
represents ~0~, ~8-, - NR® -, or - PR ~; and R? and R® represent
each a hydrogen atom or a hyvdrocarbon group having 1 to 20 carbon

atom(s) .

As the halogen atom, fluorine, chlorine, bromine and



20 each other to form a ring. Y represents a neutral ligand having an electron-donating group. The
electron-donating group is a group containing unpaired electrons that can be donated to metals, and
Y may be any ligand as long as it is the neutral ligand having 36 electron-donating property. Specific
examples of the neutral ligand Y include acyclic or cyclic saturated or unsaturated ethers such as
diethylether, dimethylether, dimethoxyethane, diis%‘f)rpylether, 5 tetrahydrofuran, furan, dioxane,
dimethylfuran, anisole, diphenylether and methyl-tert-butylether; acyclic or cyclic saturated or

unsaturatediglg_,_eggd%%gug@agglgﬁm%l%gg propionaldehyde, n-butylaldehyde, benzaldehyde,
p-nitrobenzaldehyde, p-tolualdehyde and phenyiacetoaldehyde; 10 acyclic or cyclic saturated or

unsaturated ketone§§ugg@sh9g§t9ggx%h (;%({gzrkegg@c mﬂtgglﬂ-ﬂow@gggr@&gtophenone,

benzophenone, n-butyrophendne and benzylmethylketone; acyclic or cyclic saturated or unsaturated

amides suceﬁjsmgﬁ%%%e@i@%mgﬁ@%T\-I\ﬁals{@ﬂi% A5 stearylamide, o o,

N,N-dimethylformamide, N, fdimethylacetamide, N,N-diethylpropionamide and

N.N-dimethylan-hytylamide: acyclic.on cyelic-saturated.or unsatyrated anhydridessuch as, gcetic
anhydride, succinic anhydride and maleic anhydride; acyclic or'cyclic saturated or unsaturated imides

suchag eicosyl; a cycloalkyl group having 3 to 30 carbon atoms e.g.,

cyclopentyl, cyclohexyl, norbornyl and adamanthyl; an alkenyl
group e€.g., vinyl, propenyl and cyclohexenyl; an aryialkyl
group e.g., benzyl, phenylethyl and phenylpropyl: an aryl group
e.g., phenyl, tolyl, dimethylphenyl, trimethylphenyl,

10 ethylphenyl, propylphenyl, biphenyl, naphthyl, methyvlnaphthyl,
anthryl and phenanthryl can be exemplified. As the halogenated
hydrocarbon, specifically, a group, in which at least one
hydrogens in the hydrocarbon group having 1 to 30 carbon atom(s)
is substituted to a halogen atom, can be exemplified. As the

16 hydrocarbon group and the halogenated hydrocarbon, ones having
1 to 20 carbon atom{s) are preferable.

As the oxygen-containing group and the
nitrogen-containing group, same ones exemplified as the
‘oxygen-containing group’ and the ‘nitrogen-containing group’

20 for R' to RY, can be exemplified.

In & case where X is either an alkylimino group or an
arylimino group, X bonds tc M with double bond.
Symbcl m 1s a2 number satisfying the valence of M, it is

determined by valence of transition metal atom M and valence



20 succinimide and phthalimide; acyclic or cyclic saturated or unsaturated esters such as methyl
acetate, ethyl acetate, benzyl acetate, phenyl acetate, ethyl formate, ethylpropanoate,ethyl stearate
and ethyl benzoate; acyclic or cyclic saturated or unsaturated amines such as trimethylamine,
triethylamine, 37 triphenylamine, dimethylamine, N,N,N",N'-tetramethylethylenediamine, aniline,
N,N-dimethylaniline, pyrrolidine, piperidine and morpholine; Nitrogen-containing heterocyclic
compounds such as pyridine, 5 a-picoline, Q-picoline, quinoline, isoquinoline, 2-methylpyridine,

pyrrole, oxazelg, ig}l‘éa%Q@rd?;)ﬁ'i%‘?c‘ec8%&@‘1%‘?.ﬁ%‘éﬁﬁ&'&%@%%‘&%@%&%‘%@éﬁm.SUCh as
thiophen and thiazole; phosphines such as trimethylphosphine, triethylphosphine, tri-n-butylphosphine

and 10 triphenylphosphine: sagrated-or,unsaturated,nitriles, sueh ag,acetaaityils.and; benzonitrile;

inorganic salts such as lithium chloride, sodium chloride, potassium chloride, magnesium chloride

and calcium.ghleridgy inorggpic gogpaunds. such.as, €arher manoxde and carhon, digxide; an
organometallic compound 15 of (B-1) described below, and the like. Further, it may be a compound in

which a pargetthercompound is;substituled 4a a- substitugntsuch as. forexample, analkyl group, a
halogen group, a nitro group, a carbonyl group, an amino group and the like. As the Y in the
above-gentigned general formula (bx.ap0Rg these; ;s 714 and X is CI7, m is 2.
| When m is Z or more, a plurality of atoms or groups
represented by X may be the same as or different fromeach octher,
the plurality of groups represented by X may be bonded to each
other, theymay forma conjugated straight-chain diene residue,
16 & conjugated branched-chain diene residue, a non-conjugated
straight-chain diene residue or a non-conijugated
branched-chain diene residue, the plurality of groups
represented by X may be bonded to each other to form a ring,
and alsc may form an aromatic ring, an aliphatic ring, a
15 conjugatedcyclicdiene residue or a non-conjugated cyclicdiene
residue.

When m is 2 or more, a plurality of atoms cor groups
represented by X may be the same as or different from each other,
and the plurality of groups represented by X may be bonded to

20 each other to form a ring.

Y represents a neutral ligand having an electron-donating
group. The electreon—donating group is a group containing
unpaired electrons that can be donated to metals, and Y may be

any ligand as long as it is the neutral ligand having



20 neutral ligands, ethers, aldehydes, ketones, nitrogen-containing heterocyclic compounds and
inorganic salts can be preferably exemplified. Here, n which represents a number of Y is an integer of
0 to 3, and preferably is 1 or 2. 38 Q represents -0-, -S-, -NRa-, and -PRb-. Ra and Rb represent each
a hydrogen atom or a hydrocarbon group having %%o 20 carbon atom(s) . As a hydrocarbon group,
the hydrocarbon group having 1 to 20 carbon atom(s) among the above-mentioned 5 hydrocarbon
groups exemplified for R" to R4, can be exempli fied. Of these, it is preferably a hydrocarbon group,

and particulatly ~preferalphis:a h @g@g@&@rpup having 1 to 10 carbon atom(s) such as methyl,
ethyl, propyl, butyl, benzyl, phenyl, tolyl, diméthylphenyl, naphthyl and the like. 10 When R2 and R3 in

a compound represeptad by thexabevesmenrtioned.generahformyda 1) arg.compingd,to form an
aliphatic ring or an aromatic ring with the carbon atoms to which the two are bonded, R1 and R2 may

be further cembiped te form, an-aliphatic, ing OF Ancargmaaticiagyith the garbop.atomsdto 15 which
the two are bonded, or R' and R2 may not be combined with each other, and further, R4 and R3 may

be further ceathined,to- form analinbatic Hng of anaromatic singwith the.carbon atoms  to which the
two are bonded, or R4 and R3 may not be combined with each other. Among these compounds, it is
one of the tetrahydrofuran, furan, dioxane, dimethylfuran, anisole,
diphenylether and methyl-tert-butylether; acyclic or cyclic
saturated or unsaturated aldehydes such as acetoaldehyde,
propionaldehyde, n-butyvlaldehyde, benzaldehyde,
p-nitrobenzaldehyde, p~tolualdehyde and phenylacetoaldehyde;
10 acyclic or cyclic saturated or unsaturated ketones such as
acetone, methylethyleketone, methyl-n-propylketone,
acetophenone, benzophenone, n-butyrophenone and
benzylmethylketone; acyclic or cyclic saturated or unsaturated
amides such as formamide, acetamide, benzamide, n-valeramide,
15 stearylamide, N,N-dimethylformamide, N,N-dimethylacetamide,
N,N~diethylpropionamide and N,N-dimethyl-n-butylamide;
acyclic or cyclic saturated or unsaturated anhydride such as
acetic anhydride, succinic anhydride and maleic anhydride;
acyclic or cyclic saturated or unsaturated imides such as
20 succinimide and phthalimide; acyclic or cyclic saturated or
unsaturated esters suchasmethyl acetate, ethyl acetate, benzyl
acetate, phenyl acetate, ethyl formate, ethyl propanocate, ethyl
stearate and ethyl benzoate; acyclic or cyclic saturated or

unsaturated amines such as trimethylamine, triethylamine,



20 preferred aspects that such compounds have a structure in which, for example, R' is not combined
with R2, " and R is not combined with R3. in addition, when R3 and R4 are combined to form an
aliphatic ring or an aromatic ring with the carbon atoms to which the two are bonded, Rand R2 may be
combined to form an aliphatic 39 ring or an aromatic ring with the carbon atoms to which the two are
bonded, or Rland R2 may not be combined with eath other, and further, R2 and R3 may be further
combined to form an aliphatic ring or an aromatic ring with the carbon atoms to which the two 5 are

bonded, or R2 and-R3 may: nat b%ﬁ%@@fﬂ?ﬂ with each other. Among these compounds, it is one of
the preferred afggcts%hat such compounds have 4 structure in which R' is not combined with R2, and

R2 is not comhined with R3.Qther fhan those-above, gompounds.in which R and R2 are combined to

form an aliphatic 10 ring or an aromatic ring with the carbon atoms to which the two are bonded and

R3and R agecombiaadip brman giphelicang Or.an aumatic 1o with (e, caibpn.algns o which

the two are bonded, can also be exemplified. Examples e compoun can be represented

by the 15 ahove-gyaioned generalfonpuiay B which i e IR (0. R adiacent to; gach other are
combined to form a ring with the carbon atoms to which the ‘two are bonded, incltidé a compound
repres®tedob-)f}tf@o@ﬂ%‘@iﬁgﬁg%@|lf9ﬂ@9Iaq@ixil%ﬁvm@, R2 oguinoline,
z-methylpyridine, pyrrole, oxazole, imidazocle, pyrazole and
indole; sulfur-containing heterocyclic compounds such as
thicphen and thiazole; phosphines such as trimethylphosphine,
triethylphosphine, tri-n-butylphosphine and
10 triphenylphosphine; saturated or unsaturated nitriles such as
acetonitrile and benzonitrile; inorganic salts such as lithium
chloride, sodium chloride, potassium chloride, magnesium
chloride and calcium chloride; inorganic compounds such as
carbon monoxide and carbon dioxide; an organometallic compound
15 of (B-1) described below, and the like. Further, it may be a
compound in which a part ¢f the compound is substituted to a
substituentsuchas,forexampleranalkylgroup,ahalogengroup,
a nitro group, a carbonyl group, an amino group and the like.
Astheifintheabove—mentionedgeneralformula(1},amongthose
20 neutral ligands, ethers, aldehydes, ketones,
nitrogen-containing heterocyclic compounds and inorganic salts
can be preferably exemplified.
Here, n which represents a number of ¥ is an integer of

0 to 3, and preferably is 1 or 2.



and R3 are combined to form one aromatic ring with the carbon 20 atoms to which the two are
bonded; a compound represented by the following general formula (3) in which R3 and R4 are
combined to form one aromatic ring with the carbon atoms to which the two are bonded; and a
compound represented by the following general f(}gr%]ula (4) in which R" and R2 are combined to form
one 40 aromatic ring with the carbon atoms to which the two are bonded and also R3 and R are
combined to form one aromatic ring with the carbon atoms to which the two are bonded. [Chem. 10] 5

11 12R1 R13 O 9¢Ri4,»t £3QRB8 (2) 4-In the ghove generakfarmulgs(2),, R%to R14 may be

the same as or different from each other, and represent each an atom or a group selected from a

hydrogen ategy, 2ehalegen atome anlQibyrogathongroups aiplogenated hydrocarban group, a silyl
group-substituted hydrocarbon group, a hydrocarbon

1 to 20 carbon atom({s). As a hydrocarbon group, the hydrocarbon

group having 1 to 20 carbon atom (s} among the above-mentioned

5 hydrocarbon groups exemplified for R' to R!, can be exemplified.
Of these, it ispreferably a hydrocarbon group, and particularly
preferably is a hydrocarbon group having 1 to 10 carbon atom(s)
such as methyl, ethvl, propyl, butyl, kenzyl, phenyl, tolyl,
dimethylphenyl, naphthyl and the like.

10 When R and R® in a compound represented by the
above-mentioned general formula (1) are combined to form an
aliphaticringor an aromatic ring with the carbon atoms to which
the two are bonded, R! and R? may be further combined to form
an aliphatic ring or an aromatic ring with the carbon atoms to

16 which the two are bonded, or R* and R may not be combined with
each other, and further, R® and R® may be further combined to
form an aliphatic ring or an aromatic ring with the carbon atoms
to wh;ch the two are bonded, or R* and R’ may not be combined
with each other. BAmong these compounds, it is one of the

20  preferred aspects that such compounds have a structure in which,
for example, R® is not combined with R?, and R* is not combined
with R®. 1In addition, when R* and R* are combined to form an
aliphatic ringor anaromatic ring with the carbon atoms o which

the two are bonded, R and R® may be combined to form an aliphatic



group-substituted silyl group, an oxygen-containing group and a nitrogen-containing group, and the
two of R9 to R'4 which are adjacent to each other may be combined to form an aromatic ring, 15 an
aliphatic ring or a hetero ring, with the carbon atoms to 41 which the two are bonded. As the halogen
atom, the hydrocarbon group, the halogenated hy 5ocarbon group, the silyl group-substituted
hydrocarbon group, the hydrocarbon group-substituted silyl group, the oxygen-containing group, 5
and the nitrogen-containing group, same atoms or groups exemplified for R1 to R4 can be

exemplified -Among Rt Rids at leastone, ot RO and R14Js preferably ahalogen alom,,a

hydrocarbon group, a halogenated hydrocarbon group, a silyl group-substituted hydrocarbon group or

a 10 hydrocarlop graup: substitted syl grqup.and shesificali a halogen atomsuch ag flyorine,

chlorine, bromine, iodine; an alkyl group such as methyl, ethyl, propyl, butyl, hexyloctyl, nonyl,

dodecyl, eicosyk gdwdretarhan:graun having, 140 20 carbonatom(s)such as amaligyglic group e.g.,
cyclohexyl, 15 norbornyl, adamanthyl, etc., an arylalkyl group e.g., benzyl, phenylethyl, phenylpropyl,

trityl, etc., apatyl group,egorpheny! ok, dimethyiphenyl.timethylphenyl, gthylphenyl:propylphenyl,
biphenyl, naphthyl, methylnaphthyl, anthracenyl, phenanthryl, etc.; a halogenated hydrocarbon group
having 4 204e2G:earhen atem(sFinwhictt atleast onedydrogen Ketheyitn each other.
Among these compounds, it is one of the preferred aspects that
such compounds have a structure in which R! is not combined with
R?, and R® is not combined with R®. Other than those above,
compounds in which R' and R® are combined to form an aliphatic
10 ring or an aromatic ring with the carbon atoms to which the two
are bonded and R® and R® are combined to form an aliphatic ring
Or an aromatic ring with the carbon atoms to which the two are
bonded, can also be exemplified.
Examples of the compound which can be represented by the
15 above-mentionad general formula (1), in which the two of R to
R’ adjacent to each other are combined to form a ring with the
carbon atoms to which the two are bonded, include a compound
represented by the following general formula (2) in which R?
and R’ are combined to form one arcmatic ring with the carbon
20 atoms to which the two are bonded; a compound represented by
the following general formula (3) in which R® and R* are combined
o form one arcmatic ring with the carbeon atoms to which the

two are bonded; and a compound represented by the following

- . , 1 . .
general formula (4) in which R® and R® are combined to form one



above-mentioned hydrocarbon group having 1 to 20 carbon atom(s) is substituted to a halogen atom;
a hydrocarbon group-substituted silyl group having 1 to 20 carbon atom(s) in total such as
trimethylsilyl, methyldiphenylsilyl, 42 di'methyiphenylsilyl triphenylsilyl, and a silyl group-substituted
hydrocarbon group having 1 to 20 carbon atom(s) jn total in which a hydrogen atom in the
hydrocarbon group is substituted to the hydrocarbon group- substitutedsilyl 5 group. When both the
R9 and R10 are each a group or an atom other than a hydrogen atom, they may be the same as or
different from achiethernBLlispreferably adialogen atem i hydrogarbepgeoup skhhaving 1 to 20
carbon atom(s), a halogenated hydrocarbon group having 1 to 20 carbon atom(s), a silyl
group-subsiititied 1 hydmotarhangraup:having :hto420 sarkonatona(Q i tatal orr adyydreearbon
group-substituted silyl group having 1 to 20 carbon atom(s) in total, and specifically the same atoms
or 15 groupsrexeraplified as-preferablegrovpsdaeR:and-RL0 sandes exemplified. In addition, the two
or all of R9, R1, and RIli may be each a group or an atom other than a hydrogen atom, and they may

be the same as or diffesgnt ftgm each other. 20 Among R9 to R14, in a case where at least one of R9,
R10

o

.w.(gj

In the above general formula {2), R® to RY may be the same
as or different from each other, and represent each an atom or
a group selected from a hydrogen atom, 2 halogen atom, &

10 hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen—-containing group and
a nitrogen-containing group, and the two of R’ to R*® which are
adjacent to each other may be combined to form an aromatic ring,

16 an aliphatic ring or a heteroc ring, with the carbon atoms to



and R11 is a halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, or a hydrocarbon group-substituted silyl group, any of R9 to
Rio which are other than a halogen atom, a hydrocarbon group, 43 a halogenated hydrocarbon group,
a silyl group-substituted hydrocarbon group or a r:%ygrocarbon group-substituted silyl group, is
preferably a hydrogen atom. The two groups among the groups represented by R11 to R™, 5 which
are adjacent to each other, may be combined to form an expanded aromatic ring with the carbon

atoms to whigh the dwa ale handed, and.any:adiagent grups, otR 1L and,R12, B12.a0d B3, and

R13 and R14, may be combined with each other to form an expanded aromaitic ring, and preferably,

groups of Rgasind RLROHR 2nch 10 B39t combined vithyeach eier o frm an expanded
u

aromatic ring since they give an improved effect on molecular weight and stereoregularity in

polymerizatiprof-a-glefin: in-specific, Jtis prafesably bepzaindeqyl, rdibenzaingdenyl or substituted

benzoindenyl, and in particular, 15 itis more preferably substituted benzoindenyl in which hydrogen in

the benzoindenyl-graup is substituted to.a hydrogarbon.group . having 1.10.20,garbop.atam(s), a

halogenated hydrocarbon group having 1 to 20 carbon atom(s), a silyl group-substituted ﬁydrocarbon

group havingrlita-2@ carion-aten(sker-a hydrecarben 20 gequ-substituted;silyl group having 1 to 20
carbon atom(s) in
exemplified for R' to R® can be exemplified.
Among R” to R'®, at least one of R and R¥ is preferably

a halogen atom, a hydrocarbon group, a halogenated hydrocarbon
group, a silyl group-substituted hydrocarbon group or a

10 hydrocarbon group-substituted silyl group, and specifically a
halogen atom such as flucrine, chlorine, bromine, iodine; an
aikyl group such as methyl, ethyl, propyl, butyl, hexylecctyl,
nonyl, dodecyl, eicosyl; a hydrocarbon group having 1 to 20
carbon atom(s) such as an alicyclic group e.g., cyclchexyl,

15 norbornyl, adamanthyl, etc., an arylalkyl group e.g., benzyl,
phenylethyl, phenylpropyl, trityl, etc., an aryl group &.g.,
phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl,
propylphenyl, biphenyl, naphthyl, methylnaphthyl, anthracenvl,
phenanthryl, etc.; a halogenated hydrocarbon group having 1

20 to 20 carbon atom(s) in which at least one hydrogen in the
above-mentioned hydrocarbon group having 1 to 20 carbon atom(s)
is substituted to a halogen atom; a hydrocarbon
group-substituted silyl group having 1 to 20 carbon atom({s) in

total such as trimethylsilyl, methyldiphenylsilyl,



total. When the two groups among the groups represented by R" to R14, which are adjacent to each

other are combined to form an expanded aromatic ring with the carbon atoms to which the 44 two are
bonded, any one or both of R9 and R10 may be each an atom or a group other than a hydrogen atom,
and they may be the same as or different from ea 2 other. [Chem. 11] a 18 R17 R19{R16 R FR 20
A--15°,-Xm flyn FR5 Q R6 R8 R7 in the aboveg neral formula (3), R15 to R20 may be the same as
or different from each other, and represent each an atom or a group selected from a hydrogen atom, a

halogen atqgriﬁget]i,pykﬂg{gﬁgrlbgplg@ugrq&g&qgg@g&qq(mdrgﬁarbgnsgjpy@, a silyl group-substituted

hydrocarbon group, a hydrocarbon group-substituted silyl group, an oxygen-containing group and a
hitrogen-coptaining group. and-the We-groups 8moeng-he.9rauRSng 1 to 20 carbon

atom{s}) in total in which = hydrogen atom in the hydrocarbon
group is substituted to the hydrocarbon group-substitutedsilyl
5 group.

When both the R and R'® are each a group or an atom other
than a hydrogen atom, they may be the same as or different from
each other.

RM is preferably & halogen atom, a hydrocarben group

10 having 1 to 20 carbon atom(s), a halogenated hydrocarbon group
having 1 toc 20 carbon atom(s), a silyvl group-substituted
hydrocarbon group having 1 to 20 carbon atom{s) in total, or
a hydrocarbon group-substituted silyl group having 1 to 20
-carbon atom{si in total, and specifically the same atoms or

15 groups exemplified as preferable groups for R® and R can be
exemplified.

In addition, the two or all of R%, R*®, and R* may be each
a group cr an atom other than a hydrogen atom, and they may be
the same as or different from esach octher.

20 among R® to RY, in a2 case where at least one of R¥, RY
and R is a halogen atom, a hydrocarbon group, & halogenated
hydrocarbon group, a silyl group-substituted hydrocarbon group,
or a hydrocarbon group-substituted silyl group, any of R® to

R' which are other than a halogen atom, a hydrocarbon group,



represented by R15 to R20, which are adjacent to each other, may 45 be combined to form an
aromatic ring, an aliphatic ring or a hetero ring, with the carbon atoms to which the two are bonded.
As the halogen atom, the hydrocarbon group, the halogenated hydrocarbon group, the silyl
group-substituted hydrocarbon 5 group, the hydrOﬁ%rbon group-substituted silyl group, the
oxygen-containing group and the nitrogen-containing group, same atoms or groups exemplified for R1
to R9 can be exemplified. Among R'S to R20, at least one of R15 and R20 is preferably a halogen

atom, a hydso¢arben grauR«2 Ralegenatedbhydrosarbons 1Q group, &-8ilyb 9edipssubstituted
hydrocarbon group or a hydrocarbon group-substituted silyl group, and specifically same atoms or

groups exemplifiestforihe abpxepnentioned RS de R4 sueh-asthe halogenatem, fhe hydrocarbon

group having 1 to 20 carbon atom(s), the halogenated hydrocarbon group having 15 1 to 20 carbon
atom(s), theysilyl groupssubstittesh-hydracarber cgronpdtaving 1 to 20 carbon atom(s) and the
hydrocarbon group-substituted silyl group having 1 to 20 carbon atom(s), can be exemplified. When

both of R15 and R20rare-each AQrayp-alayatera ather 20 than-a bydragenateni, theghay be the
same as or different from each other. R16 and R19 are each preferably a halogen atom, a
5 which are adjacent to each other, may be combined to form an
expanded aromatic ring with the carbon atoms to which the two
are bonded, and any adjacent groups of R and R*¥, R* and R,
and R and R*, may be combined with each other to forman expanded
aromatic ring, and preferably, groups of R* and R*, or R and
10 R are combined with each other to form an expanded aromatic
ring since they give an improved effect on molecular weight and
stereoregularity in polymerization of o-clefin.
In specific, it is preferably benzoindenyl,
dibenzoindenyl or substituted benzoindenyl, and in particular,
15 it ismorepreferably substitutedbenzoindenyl inwhichhydrogen
in the benzoindenyl group is substituted to & hydrocarbon group
having 1 to 20 carbon atem(s), a halogenated hydrocarbon group
having 1 to 20 carbon atom(s), a silyl group-substituted
hydrocarben group having I to 20 carbon atom{s) or a hydrocarbon
20 group-substituted silyl group having 1 to 20 carbon atom(s) in
total.
When the two groups among the groups represented by R
to R**, which are adjacent to each other are combined to form

an expanded aromatic ring with the carbon atoms to which the



hydrocarbon group having 1 to 20 carbon atom(s) , a halogenated hydrocarbon group having 1 to 20
carbon atom(s), a silyl 46 group-substituted hydrocarbon group having | to 20 carbon atom(s), or a
hydrocarbon group-substituted silyl group having 1 to 20 carbon atom(s) in total, and specifically the
same atoms or groups exemplified as preferable %r ups for R25 to R20 can 5 be exemplified. In
addition, the two, three or all of R15, R16, R19 and'R20 each may be a group or an atom other than a
hydrogen atom, and they may be the same as or different from each other. The two groups among the

groups representeddy Rbto R19, 10 whichiare,adjacgnt 1o gach %Qgrg@%%glcmw to form an

expanded aromatic ring with the carbon atoms to which the two are bonded, and any adjacent groups
of R16 and BY Ry-and RiS,and R18 and RLS,Jaayvhe samhinad with each ofber fg farpan
expanded aromatic ring. 15 In specific, it is preferably benzoindenyl, dibenzoindenyl or substituted
benzoindenyls ang in; pakiculaly itds spore-preferably.substituted benzoindenyl in which hydrogen in
the benzoindenyl group is substituted to a hydrocarbon group having 1 to 20 carbon atom(s), a
halogenated hydrocaghpi,group;20 having 1 to 20 carbon atom(s), a silyl group-substituted
hydrocarbon group having 1 to 20 carbon atom (s) , or a hydrocarbon group-substituted silyl group
having 4 to 20 carbon atom(s) in

uan(S)

In the above general formula (3), R* to R?® may be the

same as or different from each other, and represent each an atom

or a group selected from a hydrogen atom, & halogen atom, a

10 hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon

group-substituted silyl group, an oxygen~containing group and

a nitrogen-containing group, and the two groups among the groups

. 15 L .
represented by R to R*°, which are adjacent to each other, may



total, since they give an improved effect on molecular weight and stereoregularity in polymerization of
a-olefin. 47 When the two groups among the groups represented by R16 to R119, which are adjacent
to each other, are combined to form an expanded aromatic ring with the carbon atoms to which the
two are bonded, any one or both of R15 and Rep may be each an 5 atom or a group other than a
hydrogen atom, and they may be the same as or different from each other. [Chem. 12] n26 R25 R24
X23 X272R 2 R28R21 /urn ~5n Q E 7 (4) 10 In the above general formula (4), R2' to R28, which

may be the,same-as:oifferent fram each other (epresent each an: alom ora,.grqup selected from a
hydrogen atom, a halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silyl

group-subsfiwied-Rydrocarben Groupe a-Rydrecaghon, 15 grappssubstiiuted, silyh-@roum, @ .
oxygen-containing group and 48 a nitrogen-containing group, and the two groups among the groups
representechby RZd t9R2%3,whigh are adiacentto-each-atherPa¥y,, the halogenated
hydrocarbon group, the silyl group-substituted hydrocarbon
5 group, the hydrocarbon group-substituted silyl group, the
oxygen-containing group and the nitrogen-containing group,
same atoms or groups exemplified for R® to R* can be exemplified.
among R* to R*®, at least one of R and R?® is preferably
a halogen atom, a hydrocarbon group, a halogenated hydrocarbon
10 group, a silyl group-substituted hydrocarbon group or a
hydrocarbon group-substituted silyl group, and specifically
same atoms or groups exemplified for the above-mentioned R’ to
R such as the halogen atom, the hydrocarbon group having 1
to 20 carbon atom(s), the halogenated hydrocarbon group having
13 1 toc 20 carbon atomis), the silyl group-substituted hydrocarbon
group having 1 tc 20 carbon atom(s) and the hydrocarbon
group-substituted silyl group having 1 to 20 carbon atom({s),
can be exemplified.
When both of R*® and R?® are each a group or an atom other
20 than a hydrogen atom, they may be the same as or different from
each other.
R'® and R'® are each preferably a halogen atom, a
hydrocarben group having 1 to 20 carbon atom{s), a halcgenated

hydrocarben group having 1 to 20 carbon atom(s), a silivi



be combined to form an aromatic ring, an aliphatic ring or a hetero ring, with the carbon atoms to
which the two are bonded. 5 As the halogen atom, the hydrocarbon group, the halogenated
hydrocarbon group, the silyi group-substituted hydrocarbon group, the hydrocarbon group-substituted
silyl group, the oxygen-containing group and the Eiérogen-containing group, same atoms or groups
exemplified for R1 to R' can be exemplified. 10 When the two groups among the groups represented
by R21 to R28, which are adjacent to each other, are combined to form a ring with the carbon atoms

to which the; o, are: bended,, peeferahly R22.an4dR23.and R26;and R27 are gombined with each
other to form a ring, and preferably to form an aliphatic ring. 15 In this case, R21, R24, R25 and R26

are each prefesably\a hydrogeps atem - %dg'&@unp%@@&@m@@obx combining.the, fwa groups

among the groups represented by R2' to R28, which are adjacent to each other with the carbon atoms

to which the twg are borded, sMay e substitited with atdeastone-atom,or a0 selegted 20 from a
halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silyl group-substituted

hydrocarbop greup and ahwdrocarban graup-substititedssilyl grgup. At least opg af’R22, R23, R26
and RZ7, preferably R22 and R2 or R23 and R26 is a tertiary alkyl group, an arylalkyl group, 49 an

aryl graup, ae aligyslis areupa halogenated alkyl group, a halogen-containing aromatic group, or a
tertiary silyl group.

In addition, the two, three or all of R

13

, R16r R1% ang RE°
each may be a group or an atom other than a hydrogen atom, and
they may be the same as or different from each other.

The two groups among the groups represented by R'® to R,

10  which are adjacent to each cther, may be combined to form an
expanded aromatic ring with the carbon atoms to which the two
are bonded, and any adjacent groups of R*® and r*7, RY and R*S,
and R*® and R'®, may be combined with each other to form an expanded
arcmatic ring.

15 In specific, it is preferably benzoindenyl,
dibenzoindenyl or substituted benzoindenvyl, and in particular,
it ismorepreferably substitutedbenzoindenyl inwhich hydrogen
in the benzecindenyl group is substituted to a hydrocarbon group
having 1 to 20 carbon aton(s), & halogenated hydrocarbon group

20 having 1 tc 20 carbon ztomis), a silyl group-substituted
hydrocarbon group havingl to 20 carbonatomi{s), or a hydrocarbon
group-substituted silyl group having 1 to 20 carbon atom{s) in
total, since they give an improved effect on molecular weight

and stereoregularity in polymerization of o-olefin.



As the tertiary alkyl group, the arylalkyl group, the aryl group, the alicyclic group, the halogenated alkyl
group and the 5 tertiary silyl group, same groups exemplified as preferable examples for R8 can be
exemplified. Specific examples of the transition metal compound (A) represented by the above
general formula (1) will be described below, but ithénot limited thereto. 10 In the present specification,
a methyl group, an ethyl group, an n-propyl group; a tert-butyl group, an adamanthyl group, a cumyl
group, a trimethylsilylgroup, a triphenylsilyl group, a trityl group, a phenyl group, a naphthyl group, a

phenanthryl group andcka ragsityl gEoue 2:4.6-tmathyiphenyb ip.are sometimes abhreviated as Me,
Et, 'Pu, tBu, Ad, Cu, TMS, TPS, Tr, %%1 !\gp, Pheng;nd Mg%/, ?l%pectiv‘ely. [Cher%. 13?50 \Z,0 "~ CI

cl CI M\CI Mo W=CliphacrOfe jdQ Bt U MzlizdroHfier, are combined to form

an expanded aromatic ring with the carbon atoms to which the

two are bonded, any cne or both of RY and R® may be each an

5 atom or a group other than a hydrogen atom, and they may be the
same as or different from each other.
[(Chem. 12]
10 In the above general formula (4), R* to R*®, which may

be the same as or different from each other, represent each an
atom or a group selected from a hydrogen atom, 2 halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon

15  group-substituted silyl group, an oxygen-containing group and



R6, Re 'Bu, Ad, TMS, Cu, Ph, Tr, TPS ' (SCl lo~ ' FRB [Chem. 14] R" R" R" O a Re RD Re tRB Rio
RIO 'Gli~Gl'~"GIO O R~aRB O Re R11 RIORro R9jm~I 10 /Gl ~RD Re GI CI CI M~ M~ Gl CI
RO&~ Rg Re O Re M=Ti, Zr, Hf Re, R8=6u, Ad, TMS, Cu, Ph, Tr, TPS R9,R1=Me, Et, "Pr, Ph

48

anitrogen-containing group, and the two groups among the groups
represented by R*' to R*®, which are adjacent to each other, may
be combined to form an aromatic ring, an aliphatic ring or a
neterc ring, with the carbon atoms to which the two are bonded.
5 As the halogen atom, the hydrocarbon group, the halogenated
hydrocarbon group, the silyl group-substituted hydrocarbon
group, the hydrocarbon group-substituted silyl group, the
oxygen-containing group and the nitrogen-containing group,
same atoms or groups exemplified for R® to R® can be exemplified.
10 When the two groups among the groups represented by R*
to R*®, which are adjacent to each other, are combined to form
a ring with the carbon atoms to which the two are bonded,
preferably R** and R**, and R*® and R* are combined with each
other to form a ring, and preferably to form an aliphatic ring.
15 In this case, R*, R*, R and R*® are sach preferably a hydrogen
atom. In addition, the ring formed by combining the two groups
among the groups represented by R** to R*®, which are adjacent
Lo each cther with the carbon atoms to which the two are bonded,
may be substituted with at least one atom or a group selected
20 from a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a silyl group~substituted hydrocarbon group
and a hydrocarbon group-substituted silyl group.
At least one of R*), R®, R*® and R?Y, preferably ®* and

R* or R and R*® is a tertiary alkyl group, an arylalkyl group,



R91=Ph, Mes, Nap, Phan, TPS [Chem. 15]51 00 Rp R99 R20 R15/CI/CI M Md R20Rts Q 'CI O
\CI M\CI CI 60C Re 0 Re R Re RD R2R15 CI R26 pRIi5'Ct Mt M=Ti, Zr, Hf 'CI 1 \CI Re, Re-tBu, Ad,

TMS, Cu, Ph, Tr, O 0 TPS O O O Rts R20=Me, Et, "Pr, Ph Re O RD [Chem. 16] 6u CI CI'BuO O To

Cl OCCICIRBRBJo~01R.6.80 49

an aryl group, an alicyclic group, a halogenated alkyl group,
a halogen-containing aromatic group, or a tertiary silyl group.
As the tertiaryalkyl group, the arylalkyl group, the aryl group,
the alicyclic group, the halogenated alkyl group and the

5 tertiary silyl group, same groups exemplified as preferable
examples for R® can be exemplified.

Specific examples of the transition metal compound (A)
represented by the above general formula (1) will be described
below, but it is not limited thereto.

10 In the present specification, a methyl group, an ethyl
group, an n-propyl group, a tert-butyl group, an adamanthyl
group, a cumyl group, & trimethylsilyl group, a triphenylsilyl
group, a trityl group, a phenyl group, a naphthyl group, a
phenanthryl group and a mesityl group (2,4, 6-trimethylphenyl)

15 are sometimes abbreviated as Me, Et, ®Pu, ‘Bu, Ad, Cu, TMS, TPS,
Tr, Ph, Nap, Phen and Mes, respectively.

[Chem. 13]



/CI/CI/CI MCI1M'01 CI RBuRB O RD O Re n M=Ti, Zr, Hf RB, R'='"Bu, Ad, TMS, Cu, Ph, Tr, TPS
Rt5,R20=Me, Et, "Pr, Ph Such transition metal compound (A) can be, for example, 5 produced by the
following processes for producing the transition 52 metal compound. [(B-1) Organometallic
Compound] As the organometallic compounds (B-1), specifically the following Groups 1, 2 and 12, 13
of the periodic table can be 5 exemplified. (B-la) A?\Oorganoaluminum compound which can be
represented by a general formula RamAI(ORb)nHPXq, wherein, Ra and Rb may be the same as or
different from each other and represent each a hydrocarbon group having 1 to 15, 10 preferably 1 to

4 carbon ato ~Xrepresents a halogen atom; m, n, p and g are ers of 0<m<3, 05n<3, 0<-p<3
and 0<_q<3, r ctively; and m+n+p B-Ib) An alkylated c composed of Group 1 metal
and aluminum, which tan b€ represented by genegal formula M"AIRa4; cl
e W M<
4 o I el

o ] CIOL,
@ RG’@RS :
=

M=Ti, Zr, Hf
R® RE='Dy Ad TMS, Cu, Ph. Tr, TPS

RH
Rﬂ)
RQ
iM /Ci
] el
. )
{
RG@RB
O Rm
RB
! v /Cl
|/ T
/J\/O

M=Ti, Zr, Hf

R RE=tRy, Ad, TMS, Cu, Ph, Tr, TPS
R Ri%=Me, Et, "Pr, Ph

RY=Pn, Mes, Nap, Phen, TPS

[Chem. 15]



15 wherein, M2 represents Li, Na, or K; and Ra represents a hydrocarbon group having 1 to 15,
preferably 1 to 4 carbon atoms. (B-1c) A dialkyl compound of Group 2 or 12 metals, which can be
represented by a general formula R8RbM3, wherein, Ra and Rb are the same as or different from
each other, and represent 20 each a hydrocarbon group having 1 to 15, preferably 1 to 4 carbon
atom(s); and M3 is Mg, Zn, or Co. As the above- tioned organoaluminum compounds belong to
(B-1a), the following compounds can be exemplified. An organoaluminum compound which can be
represented by 53 a general formula RamAl (ORb) 3_m, wherein, Ra and R are the same as or
different from ede¢fhrother, and represent a hydroCarbon/?j@up hawving 1 to 15, preferably 1 to 4
carbon atoms; ..'\ is a number of 1.51%&E3. 5 An organoalum mpound, which can be
represented dxy-Q_ge & S wherein, R' repres a hydrocarbon group having 1
to 15, preferably | fo 2! carbh ntsc%l halogen at &gng m is preferably 0<m<3. An
genesal 10 forfhul Aﬂ,—tﬂ_m, wherein, Ra
Ffpreferably Ito 4 carborMatoms; andmis preferably
minum compound sented by general foqmulai REmAI (ORb) nXa, wherein,
Ra and Rb may be-the;same as or diffefe Rt 01 ©

@ RS RS

e M M=Ti, Z1, Hf
i e [ G RE, R®=IBu, Ad, TMS, Cu, Ph, Tr,
Q

O TPS
© R'8 R%U=Me, Et, "Pr, Ph

M=Ti, Zr, Hf
R* RE='Bu, Ad, TMS, Cu, Ph, Tr,
TPS

RS R¥=Me, Et, "Pr, Ph

Such transition metal compound {A) can be, for example,

-

b producedbythe followingprocesses forproducing the transition



15 from each other, and represent each a hydrocarbon group having 1 to 15, preferably 1 to 4 carbon
atom(s) ; X represents a halogen atom; m, n, and q are numbers of 0<m<3, 0Sn<3 and 0<-q<3,
respectively; and m+n+q = 3. A As the organoaluminum compound belongs to (B-la) is 20 specifically
exemplified by trialkylaluminum such as trimethylaluminum, triethylaluminium, tri-n-butylaluminum,
tripropylaluminum, tripentylaluminium, trihexylalunfifium, trioctylaluminium, tridecylaluminium and the
like; tribranchedalkylaluminum such as triisopropylaluminum, 54 triisobutylaluminium,
tri-sec-butylg%uggipuEndmtriE)tgrqt-butylaluminum, tri-2-methylbutylaluminium, tri-3-methylbutylaluminium,
tri-2-methylpenty alumlrﬁum, C:tlr'|-3-methylpentylaluminium, tri-4-met hylpentylaluminium, 5
tri-2-methylhexyla|um(ig;ug}], tg—3-meth Ihe?ﬂ%lgr_rggirldmd tIr?..i_ -ethylhexylaluminium and the like;

. . = t . :
tricycloalkylaluminu u asrtﬁ%f/lé:ioee%y alumlnumFtrf’éyc 6octylalum|num and the like;

triarylaluminum such as triphenylaluminum, tritolylaluminum a _tE like; dialﬁ.lglu inum hydride such
as 10 diethylalumir?ﬂsfnﬁhy%rfd%a;/%ﬂg%uﬁ% uJ‘rr(%inéL{JOrInn %?/aﬁéig and t g' Iiﬁg;e tFia )éeﬁ?/g][afm%fm such as

triisoprenyla&gm'nou‘m rzimthJrgg,\lIikse X\/hi%h ggg %rqus%megh@/ géC;AH%)f(AIy(a%Eﬁl-gogza,nwgerein, X,y
and z are each a p03|tic\5/e numgral, and z'-2x) étc.; alkyl“alumlnium‘éﬁoxi%le‘“sucﬁ as |s()bu?ylaluminum

methoxide, ¢ v empiszied.

(B-la) An organoaluminum compound which can be
represented by a general formula R?m%l(Othﬁgxq,
wherein, R® and R® may be the same as or different from each
other and represent each a hydrocarbon group having 1 to 15,
10 preferably 1 to 4 carbon atom{sg); X represents a halogen atom;
m, n, p and g are numbers of 0<m<3, 0=Sn<3, 0=<p<3 and 0£g<3,
respectively; and m+ntp+q = 3.
(Bwlb)‘An alkylated complex composed of Group 1 metal and
aluminum, which can be represented by a general formula M*ALR?,,
15 wherein, M? represents Li, Na, or.K; and R® represents a
hydrocarbon group having 1 to 15, preferably 1 to 4 carbon atoms.
(B-1c} A dialkyl compound of Group 2 or 12 metals, which
can be represented by a general formula RERPM?, whefein4 R®* and
R” are the same as or different from each other, and represent
20 each a hydrocarbon group having 1 to 15, preferably 1 to 4 carbon
atom{s): and M’ is Mg, Zn, or Cd.
As the above-mentioned organocaluminum compounds belong
te (B~la), the fcllowing compounds can be exemplified.

An organceluminum compound which can be represented by



15 isobutylaluminum ethoxide, isobutylaluminium isopropoxide and the like; dialkylaluminium alkoxide
such as dimethylaluminum methoxide, diethylaluminum ethoxide, dibutylaluminum butoxide and the
like; alkylaluminum sesquialkoxide such as ethylaluminum sesquiethoxide, butylaluminum
sesquibutoxide 20 and the like; partially alkoxylated alkylaluminum having an average composition of
the formula Ra2.sAl (OR) o.s; dialkylaluminum aryléxide such as diethylaluminum phenoxide,
diethylaluminum (2,6-di-ter*_-butyl-4-methylphenoxide),

ethylaluminumbis(2,6-di-tert-butyl-4-m noxide), 55 . a b
diisobutylall%m?rﬁl(rﬁé?g-ﬁ?é:rrfl-%%%y&ﬁ%%%yp %‘ﬁ‘éxivé}etzirem’ R® and R® are the same

isobutylalun;igurg@sgﬁ%jgi-tert-ﬁtj%/I-4-methc)§%p%ecquide) %rcmjd the Iike'ézlril Ik)élaaléjmmigum halide such as

dimethylaluminum c orld%ffgfé yglarrnniﬁi%m chlorlgé,’di%utylaﬁ&f%fneusm chloride, 5 diethylaluminum
bromide, diiﬁ '
[

ethylalumin %%X@é%é‘m%ﬂgg%%@fﬁﬁ%kasa”%% iy, sesauinalide SUeh agy, .,

um sesquic tylaliminum sesduichloride, ethylaluminum sésquibromide and the

like; partiallxagélo enate |l§¥!§ inum, for example alkylaluminum dihalides such as 10
ethylaluminum dic I(S%deg,I pgropylé urr?iﬁlT?Ln' gﬁ:ﬁlo%ri'de, butylaluminum dibromide and the like;

Salepmiiun i s e eiplahmpn o Ay i g o e
emymhmﬂmg%eneralformulaR%ﬁlem,whergin,Rarepresentsalumkocaxbon
grouphaving].tolS,preferablyltx>4carbonatoms;Xrepresehts
a halogen atom; and m is preferably O0<m<3.
An organcaluminum compound represented by a general
16 formula R%AlHs;.,, wherein, R® represents a hydrocarbon group
havinglto 15, preferablylto 4 carbonatoms; andmis preferably
P<m<3.
An organoaluminum compound representedby general formula
R%AL (OR®) X4, wherein, R® and R® may be the same as or different
16 from each cther, and represent each a hydrocarbon group having
1tols, preferably i te 4 carbon atom(s); ¥ represents a halogen
atom; m, n, and g are numbers of 0<m<3, 0Sn<3 and 0S5g<3,
respectively; and mtn+g = 3.
L As the organcaluminum compound belongs to (B-la) is
20 specifically exemplified by trialkylaluminum such as
trimethylaluminum, triethyleluminium, tri-n-butylaluminum,
tripropylaluminum, tripentylaluminium, trihexylaluminium,
trioctylaluminium, tridecylaluminium and the like;

tribranchedalkylaluminum such as trilsopropylaluminum,



15 dihydride, propylaluminum dihydride and the like; and partially alkoxylated and halogenated
aikylaluminum such as ethylaluminum ethoxychloride, butylaluminum butoxychloride, ethylaluminum
ethoxybromide and the like. In addition, compounds similar to (B-1a) can also be used, 20 and for
example, an organoaluminum compound in which two or more aluminum compounds are bonded via
nitrogen can be exemplified. A specific example oF$uch compounds includes (C2H5) 2A1N (C2H5) Al
(C2H5) 2 As a compound belongs to the above-mentioned compound 56 (B-ib), LIAI(C2H5)4 and

LIAI(C7H15)4 is exemplified. in addition, as tpe organometallic compounds (B-1), methyllithium,
ethyllithium,tp‘"r%ﬁﬁffﬁi%ﬁfﬁ&t’;}fﬂﬁﬂ&?ﬁ?’mEﬁTyTrﬁg NES G 5TORTGE Hethylmagnesium chloride, 5

ethylmagnesium bromide, ethylmagnesium chloride, propylmagnesium bromide, propyimagnesium
HimagRBsiiAt bR BUHagResGrT EHIBIdE HhietyitagHBsim, diethyl

chloride, bu ﬁmagne
magnesium,tdiggté/j_m , nef'%lém, %ut lethyl ;magnesium_and the like, may. al§o be used. 10 Further,
compounds WHich cAN fohin the abeverentioRed “Aaminii corpothas if t& hBiyiTerization system,
for example _comhination of halogenated aluminum and llithium, or combination, of halogenated
= mme%% £gpa 4
n

Ik
aluminum and aikyimagnesiim, ¢ 50 beUgka. A?ﬁé"r?g"%ﬁi “oryaREMEYaific E8rhpbtfids (B-1), the

5 tri-Z-methylhexylaluminium, tri-3-methylhexylaluminium,
tri-2-ethylhexylaluminium and the like; tricycloalkylaluminum
such as tricyclohexylaluminum, tricyclocctylaluminum and the
like; triarylaluminum such as triphenylaluminum,
tritolylaluminum and the like; dialkylaluminum hydride such as

10 diethylaluminum hydride, diiscbutylaluminum hydride and the
like; trialkenylaluminum such as triisoprenylaluminum and the
like which can be represented by (1-CyHg) %A1y (CsHip) z, wherein,
X, ¥ and z are each a positive numerzl, and z 2 2xX) etc.;
alkylaluminium alkoxide such as isobutylaluminum methoxide,

16 isobutylaluminum ethoxide, iscbutylaluminium iscpropoxide and
the like; dialkylaluminium alkoxide such as dimethylaluminum
methoxide, diethylaluminum ethoxide, dibutylaluminum butoxide
and the like; alkylaluminum sesquialkoxide such as |
ethylaluminum sesquiethoxide, butylaluminum sesquibutoxide

20 and the like; partially alkoxylated alkylaluminum having an
average composition of the formula R% sA1 (OR®), o;
dialkylaluminum aryloxide such as diethylaluminum phenoxide,
diethylaluminum (2, 6-di-tert-butyli-4-methylphenoxide),

ethylaluminumbis {2, 6~di~tert-butyl~-4-methylphenoxide),



15 organoaluminum compound is preferable. The above-mentioned organometallic compounds (B-1)
can be used alone or in combination with 2 or more kinds. [(B-2) Organoaluminum oxy Compound]
The organoaluminum oxy compounds (B-2) used according to 20 necessity in the present invention
may be a conventional publicly known aluminoxane or benzene-insoluble organoaluminum oxy
compounds disclosed as examples in JP-A-2-78678. The known aluminoxane can be produced by
e.g., the following processes, and in general, it is obtained as a 57 hydrocarbon solvent solution. [1] A

process comptises adding.an erganoaluminum compound such as tria£[< laluminum to a hydrocarbon
solvent in WI@IIECEh a cor'}épgﬁﬁﬂL contai %‘né&n agéo&)%ﬁrpwgt% %%a%a ec%ﬁamﬁ%n&%ta?%’water, e.g.,

magnesium, Rde Bydrale . coppet sfale tydrate. glumipum syligie fudiate, picke) sulfate hydrate
I ed,

or cerium(l) chlor ydrate are suspen andreacting the organoafuminum compound with the

absorbed vigfer or grysialater 216 aoagss,camiprises 1eaglina wetgrjce of stoa, 10 directy with

an organoaluminum compound such as “trialkylaluminum in a'solvent e.g., benzene, toluéne, ethyl

ether or teighydiofuyan.31,A19085% OTIRSER 18340, 2005209 10NIS, SHeB, 25 Sirggthy inoxide

or dibutyltinoxide with an orga uminum

5 diethylaluminum bromide, diiscbhbutylaluminum chloride and the
like; alkylaluminum sesguihalide such as ethylaluminium
sesquichloride, butylaluminum sesguichloride, ethylalﬁminum
sesguibromide and the like; partially halogenated
alkylaluminum, for example alkylaluminum dihalides such as

10 ethylaluminum dichloride, propylaluminum dichlcoride,
butylaluminum dibromide and the like; dialkylaluminiumhydride
such as diethylaluminum hydride, dibutylaluminum hydride and
the like; other partially hydrogenated alkylaluminum, for
example alkylaluminum dihydride such as ethylaluminum

15 dihydride, propylaluminum dihydride and the like; and partially
alkoxylated and halogenated alkylaluminum such as
ethylaluminum ethoxychloride, butylaluminum butoxychloride,
ethylaluminum ethoxybromide and the like.

In addition, compounds similar to (B-la) can also be used,

20 and for example, an organcaluminum compound in which two or more
aluminum compounds are bonded via nitrogen can be exemplified.
A specific example of such compounds includes
(CoHs) 2AIN (CoHs) AL (C2Hs) 2.

As a compound belongs te the above-mentioned compound



15 compound such as trialkylaluminum in a solvent, e.g., decane, benzene or toluene. Moreover, the
aluminoxane may contain a small amount of organometal component. Furthermore, the solvent or
unreacted organoaluminum compound is distilled and removed from the 20 above-mentioned
recovered aluminoxane solution, and then the aluminoxane may be re-dissolved in a solvent or
suspended in a poor solvent of aluminoxane. As sffecific examples of the organoaluminum compound
used for the preparation of aluminoxane, same organoaluminum 58 compounds exemplified for the

above-mentjoned org luminum compaung. (B:1a) can be exemplified. Of these compounds,
trialkylalumih%nrﬁ%gd tar%“(;/%oa ﬁy@lﬁmﬁﬁ%%a#glp %f]’gﬁéélé, "a%def(rferrrﬁ%tﬁﬁ“/lajruer%i'num is particularly

preferable. Such mentioned. 5 organoaluminum compounds can be used alone or[ngrlf mbination with

. LT 10 S | 1 .
2 or more kinds. The so‘?venlts ugeful for preparoa%%% of alurnmoxane Jnelude dromatic hydrocarbons

such as be@nzee,pﬁ }qu ene, xylene,, cumene cymene; aliphatic hydrocarbons such.as pentane, hexane,
10 heptane, octaﬁe,‘ ebcha%nuer,x’do e%(r:lg;ie, LE—:%(Jé r&baﬁg gﬁ%r}glc atf‘ ejb%lrﬁé; balﬁcygl%lﬁ);ld'rb%érbons such as

cyclopentar}g oy Igﬁgxane,‘c clooctane and methylcyclopentane; petroleum fractions such as
gasoline, kergseﬁ’e an ré%sslohll?;{qaﬁé %Igﬁgeeé o?ﬁ'\%ehgb%;\{/aegg?o%gﬁc,%rbﬁéﬁg Bhd alicyclic

hy&bC@bO%%ﬁ?gmgyggg§%m bromide, ethylmagnesium chlorids,

propylmagnesium bromide, propylmagnesium chloride,
butylmagnesium bromide, butylmagnesium chloride, dimethyl
magnesium, diethyl magnesium, dibutyl magnesium, butylethyl
magnesium and the like, may also be used.

10 Further, compounds which can form the above-mentioned
aluminum compounds in the polymerization system, for example
combination of halogenated aluminum and alkyllithium, or
combination of halogenated azluminum and alkylmagnesium, can
alsc be used. Among the organometallic compounds (B-1), the

15 ocorganocaluminum compound is preferable.

The above-mentioned organometallic compounds (B-1) can
be used alone or in combination with 2 or more kinds.

[{B-2} Organcaluminum oxy Compound]

The organocaluminum oxy compounds (B~2) used according to

20 necessity in the present invention may be a conventional
publicly known aluminoxane or benzene-insoluble
organcaluminum oxy compounds disclosed as examples in
JP-A~2-78678. The known aluminoxane can be produced by e.g.,

the following processes, and in general, 1t is obtained as a



15 bromides, etc.). The other useful compounds include ethers, such as ethyl ether and
tetrahydrofuran. Of these solvents, aromatic hydrocarbons or aliphatic hydrocarbons are preferable.
The benzene-insoluble organoaluminum oxy compounds 20 contain an Al component soluble in
benzene at 60 C in an amount of generally 10% %r_)ess, preferably 5% or less, particularly preferably
2 0 or less in terms of Al atom, and they are preferably insoluble or hardly soluble in benzene. An
example of the organoaluminum oxy compound also 59 includes a boron-containing organoaluminum

oxy compoynd {G=1)-which.can, he represepted,by the following general formula (5) [Chem. 17; 210
R21 'Al-0- 3-0 21 2S (5) 5 wherein, R20 represents a hydrocarbon group having 1 to 10 carbon

atom(s). R2’s represent:egch a:vdrogan-atony, ghalagen atom, o ahydrocarhon greip,having 1 to

10 carbon atom(s) , and may be the same as or different from each other. 10 The boron-containing

organoaluminee @y ceMpoy @!é%&m%a{e@sn@%%ﬁ%%%%ggaq%wwtﬂa@)iw be produced
with reacting alkylboronic acid (G-2) represented by the

compound containing adsorbed water or a salt containing crystal

5 water, e.g., magnesiumchloride hydrate, copper sulfate hydrate,
aluminum sulfate hydrate, nickel sulfate hydrate or cerium(I)
chloride hydrate are suspended, and reacting the organocaluminum
compound with the absorbed water or crystal water.

[2] A process comprises reacting water, ice or steam

10 directly with an organcaluminum compound such as
trialkylaluminum in a solvent e.g., benzene, toluene, ethyl
ether or tetrahydrofuran.

(3] A process comprises reacting an organotinoxide such
as dimethyltinoxide or dibutyltinoxide with an organcaluminum

15 compound such as trialkylaluminum in a solvent, e.g., decane,
benzene or toluene.

Moreover, the aluminoxane may contain a small amount of
organometal component. Furthermore, the solvent or unreacted
organcaluminum compound 1is distilled and removed from the

20 above-mentioned recovered aluminoxane solution, and then the
aluminoxane may be re-dissclved in a solvent or suspended in

a poor solvent of aluminoxane.
As specific examples of the organcaluminum cempound used

for the preparation c¢f aluminoxane, same corgancaluminum



following general formula (6), [Chem. 18; IIRL20-B (6 ) 15 wherein, R20 represents a same group as
R20 in the above general formula (5), with the organoaluminum compound in an inactive solvent
under an inert gas atmosphere for 1 minute to 24 hours at a temperature range of -80C to room
temperature. 20 Specific examples of the alkylboronic acid (G-2) 60 represented by the general
formula (6) include methylboronic acid, ethylbororﬁ@ acid, isopropylboronic acid, n-propylboronic acid,
n-butylboronic acid, isobutylboronic acid, n-hexylboronic acid, cyclohexylboronic acid, 5 phenylboronic
acid, 3,5-dif b IC aci uQkoph roni i d g
3,5-bis(trifiu%é%r%%%%%%h%gr%}t%%rﬁ%ez&c;i?.%‘}mtbﬁg tﬁggggm%%%%%%% E?Crlg ,ar?-%ﬁfy S'rzéﬁxlﬂc acid,

isobutylborqnig acid, 3.5diflugrophenylboranic acid and ;10 R?Pt%fk@gep%go%%%%gq acid are

preferable. TheSe can be used alone or in combination with 2 or more kinds. As organoaluminum

compoundsfor ceactiag il sugh. mentianed. alkylbotpric aeids.in spedllic, sams,gaggRluminum

15 compounds exemplified for organoaluminum compound belongs to

ftrimethylaluminum is particularl referable. Such mentioned
Y | yp

o

organcaluminum compounds can be used alone cr in combination
with 2 or more kinds.

The solvents useful for preparation of slumincxane
include aromatic hydrocarbons such as benzeng, toluens, xylens,
cumene cymene; aliphatic hydrocarbons such as pentans, hexane,
10 heptane, octane, decane, dodecans, hexadecane and octadecane;

alicyclic hydrocarbong such as cyclopentane, cyclohexane,
cyclooctane and methylcyclopentane; petrclieum fractions such
as gasoline, kerosene and gas ©il; and halides of the above
aromatic, aliphaticandalicyclichydrocarbons (e.g.,chlorides,
15 bromides, etc.). The other useful compounds include ethers,
such as ethyl ether and tetrahydrofuran. Of these solvents,
aromatic hydrocarbons or aliphatic hydrocarbons are
preferabie.
The benzene-insoluble organcaluminum oxXy compounds
20 contain an Al component soluble in benzene at 60 °C in an amount
©f generally 10% or less, preferably 5% or less, particularly
preferably 2% or less interms of AL atom, and they are preferably
insoluble or hardly scluble in benzene.

An example of the organoaluminum oxy compound also



above-mentioned (B-la) can be exemplified. Among these, trialkylaluminium and tricycloalkylaluminum
are preferable, and trimethylaluminum, triethylaluminium and triisobutylaluminium are particularly
preferable. These can 20 be used alone or in combination with 2 or more kinds. The above-mentioned
organoaluminum oxy compounds (B-2) can be usgd alone or in combination with 2 or more kinds.
[(B-3) lonizing lonic Compound] The ionizing ionic compounds (B-3) are the compounds which react
61 with the transition metal compound (A) to form an ion pair. Examples of the compounds include
Lewis acidsl iohi¢:éemgobadon borarie éorpoutws amnuecanbcrame compoupisiasideseiibed in
JP-A-1-501950, JP-A-1-502036, JP-A-3-179005, and U.S. Pat. No. 5 5,321,106, etc.. Examples
further inclutielheterogoty rearnpeend afdoan isepdly compound; Specificallyrexamplés of the Lewis
acids include compounds represented by BR3 (wherein R is a phenyl group which may have a
substituent group suéh:as fluérine, methyl group or 10 trifluoromethyl group, or a fluorine atom), e. g.
trifluoroboron, triphenylboron, tris(4-fluorophenyl)boron, tris(3,5-difluorophenyl)boron,
tris(4-fluoromethylphenyl)boron, tris(pentafluorophenyl)boron, tris(p-tolyl)boron, 15 tris(o-tolyl)boron,
tris(3,5-dimethylphenyl)boron and the

R21 20 R21
\ | /
Al—0O—B—0—A|l

7 )
=3 R21 s e (B

wherein, R* represents z hydrocarbon group having 1 to 10 carbon
atom(s). R%s represent each a2 hydrogen atom, a halogen atom
or a hydrocarbon group having 1 to 10 carbon atom{s), and may
be the same as or different from éach cther.

10 The beoron-containing organcaluminum oxy compound {(G-1)
represented by the above general formula (5) can be produced
with reacting alkylboronic acid (G-2) represented by the
following general formula (6},

[Chem. 18]

R2-B{OH): c o (B)

wherein, Rm)represents a same group as R*® in the above general
formula (5), with the organcaluminum compound in an inactive
solvent under an inert gas atmosphere for 1 minute to 24 houré
at a temperature range of -80°C to room temperature,

20 Specific examples of the alkylboronic acid (G-2)



like. Examples of the ionic compounds include compounds represented by the following general
formula (7). [Chem. 19] 20 62 24 2 e 25 126 (r).e (7) Here, R221 is exemplified by H', carbonium
cation, oxonium cation, ammonium cation, phosphonium cation, cycloheptyltrienyl cation, ferrocenium
cation having a 5 transition metal or the like. R23 10 R26 may be the same as or different from each
other and represent each an organic group, prefergbly an aryl group or a substituted aryl group.
Specific examples of above-mentioned carbonium cation include tri-substituted carbonium cations
such as triphenylcagheniym,10 ’@ﬁ@oﬂe%'é@gihﬁglﬂ%ﬁﬁ}gar(té%n'Eﬂb@ﬁﬂ%‘ #8dnyiboronic
tri(dimethylphenyl)carbonium cation. Specific examples of above-mentioned ammonium cation include
trialkylammgnium eatiopsysuch, as-trimethylammenium cation, friethylammonium  cation,
tripropylammonium cation, tributylammonium cation and 15 tri(n-butyl)Jammonium cation;

N,N-dialkylgniiRisn), ¢8lianshic acid, n-butylboronic acid, isobutylboronic

acid, n-hexylboronic acid, cyclohexylboronic acid,

(=1}

phenylboronic acid, 3,5-difluorophenylboronic acid,
pentafluorophenylboronic acid and
3,5~bis{trifivoromethyl)phenylboronic acid.
Among these, methylboronic acid, n-butylboronic acid,
iscbutylboronic acid, 3,5-difluorophenylboronic acid and
10 pentafivorophenylboronic acid are preferable.
These can be used alone or in combination with Z or more
kinds.
As organocaluminum compounds for reacting with such
mentionedalkylboronicacids,jJ1specific,sameorganoaluminum
16 compounds exemplified for organcaluminum compound kbelongs to
above-mentiocned (B-la) can be exemplified. Among these,
trialkylaluminium and tricycloalkylaluminum are preferable,
and trimethylaluminum, triethvlaluminium and
triisobutylaluminium are particularly preferable. These can
20 Dbe used alone or in combination with 2 or more kinds.
The above-mentioned organcaluminum ¢oxy compounds {B-2) can be
used alcne or in combination with 2 or more kinds.
[{B-3) Ionizing Ionic Compound]

The iocnizing ionic compounds (B-3) are the compounds wnich react



such as N,N-dimethylanilinium cation, N,N-diethylanilinium cation and N,N-2,4,6-pentamethylanilinium
cation; dialkylammonium cations such as di(isopropyl)ammonium cation and dicyclohexylammonium
cation; and the like. 20 Specific examples of above-mentioned phosphonium cation 63 include
triarylphosphonium cations such as triphenylphosgohonium cation, trilmethylphenyl)phosphonium
cation and tri(dimethylphenyl)phosphonium cation and the like. The R22 is preferably carbonium
cation, ammonium cation 5 or the like, and particularly preferably triphenylcarbonium cation,

NN dimethylanjiniyn cation of NNscigttvdanilinm, gation Exaples,

tg% iqL e cQ punds include
trialkyl-substituted ammonium salts, N,N-dialkylanflinium 10 salts, dia z?/{ammo%um‘s%ﬂs,

triarylphosphonium salis:and she like, Secific examples, af the rialkylssubstituied ammenium - salts

include triethylammoniumtetra(phenyl)boron, tripropylammoniumtetra(phenyl)boron, 15

_tr?(”'bUty')a’HHQ%@"E%EE?@&‘?@%")Q%?”catgﬂb?}%'é‘mé%?dﬂ%%%%éa@‘smé@?&’&%ed in
trimethylammoniumtetra(o-tolyl)boron, tri(n-butyl)Jammoniumtetra(pentafluorophenyl)boron,
tripropylammeniimtedia(e, prdimethylphenybBeren e -»-3-173005, and U.s. Pat. Ko.
B 5,321,100, etc.. Exanmples further include a heteropoly
compound and an isopocly compound.

Specifically, examples of the Lewis acids incluge
compounds represented by BR; (wherein R is a phenyl group which
may have a substituent group such as fluorine, methyl group or

10 trifluoromethyl group, or a fluorine atom), e.g. trifluoroboron,
triphenylboron, tris{4-flucorcphenyl)boron,
tris (3, 5-diflucrophenyl)boron,
tris{4-flucromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris(p-telyl)boron,

15 tris {o—-tolyl)boron, tris(3,5-dimethyliphenyl)boron and the
like.

Examples of the icnic compounds include compounds
represented by the following general formula {7).

[Chem. 19]

20



20 tri(n butyl)ammoriumtetra(m,m-dimethylphenyl)boron,
tri(n-butyl)ammoniumtetra(p-trifluoromethylphenyl)boron,
tri(n-butyl)ammoniumtetra(3,5-di::rifluoromethylphenyl) boron, tri(n-butyllammoniumtetra(o-tolyl)boron
and the like. Specific examples of the N,N-dialkylanilinium salts include 64
N,N-dimethylaniliniumtetra(phenyl)boron, N,N-dieﬁ%ylaniIiniumtetra(phenyl)boron,
N,N-2,4,6-pentamethylanilinium--et--a(phenyl-)boron and --he like. Specific examples of the
dialkylammonium salts include, %<fgflekample, di(1-propyl)ammoniumtetra(pentafluorophenyl)boron,

dicyclohexylammoniumtetra(phe boron and the like. Examples of the ionic compounds further

ntetrakis(pen 2

N,N-diethylanilinlupeniap:henyl ;

HC

2 e oo (7))

Here, R*’ is exemplified by H', carbonium cation, oxonium
cation, ammonium cation, phosphonium cation,
cyclcoheptyltrienyl cation, ferrocenium cation having a

5 transition metal or the like. R* to R*® may be the same as or
different from each other and represent each an organic group,
preferably an aryl group or a substituted aryl group.
Specific examples of above-mentioned carbonium cation include
tri-substituted carbonium cations such as triphenylcarbonium

10 cation, tri{methylphenyl)carbonium caticn and
tri({dimethylphenyl)carbonium cation. Specific examples of
above-menticned ammonium cation include trialkylammonium
cations such as trimethylammonium cation, triethylammonium
cation, tripropylammonium cation, tributvlammenium cation and

15 tri(n-butyl)ammonium cation; N,N-dialkylanilinium cations
such as N,N-dimethylanilinium cation, N,N-diethylanilinium
cation and N,N~2,4, 6~pentamethyvlanilinium caticn;
dialkylammonium cations such as di(iscpropyl)ammonium cation
and dicyclohexylammonium cation; and the like.

20 Specific examples of above-mentioned phosphonium cation



Wherein, Et is an ethyl group) [Chem. 21] 65 CF3 ".J 1J NaB (r) o (9) t CF3 Specific examples of the
borane compounds include decaborane; salts of anions such as bis[tri(n-butyl)
ammonium]nonaborate, 5 bis[tri(n-butyl) ammonium]decaborate, bis[tri(n-butyl)
ammoniumjundecaborate, bis[tri(n-butyl) ammonium]dodecaborate, bis[tri(n-butyl) ammonium]
decachlorodecaborate and bis]tri(n-butyllammonium] dodecachlorododecaborate; salts of 10 metallic
borane anions such as tri(n-butyl)Jammoniumbis(dodecahydridododecaborato) cobaltate(lll) and

bis[tri(n-butyhammenivmibis(dodesabydiidodpdesaberato) snickelate(ll). 15 Specific examples of the

carborane compounds include salts of anions such as 4-carbanonaborane, 1,3-dicarbanonaborane,

6,9-dicarbadecabanephosphonium cation, tri(methylphenyl)phosphonium
cation and tri{dimethylphenyl)phosphonium cation and the like.
The R**" is preferably carbonium cation, ammonium cation

B or the iike, and particularly preferably triphenvlicarbonium

catiocn, N,N-dimethylanilinium cation or N,N-diethylanilinium
cation.

Examples of the ilonic compounds include
trialkyl-substituted ammonium salts, N,N-diazlkylanilinium

10 salts, dialkylammonium salts, triarylphosphonium salts and the
like.

Specific examples of the trialkyl-substituted ammonium
salts include triethylammoniumtetra ({phenyl)boron,
tripropylammoniumtetra (phenyl)boron,

165 tri(n-butyl)ammoniumtetra (phenyl)boron,
trimethylammoniumtetra (p-tolyl)boron,
trimethylammoniumtetra{o-tolyl)boron,
tri{n-butyl)ammoniumtetra (pentafluorophenyl)boron,
tripropylammoniumtetra (o, p-dimethylphenvl)boron,

20  tri(n-butyl)ammoniumtetra {m,m-dimethylphenyl)boron,
tri(n-butyl)ammoniumtetra (p~triflucromethylphenyl)boron,
tri{n-butyl)ammoniumtetra (3, 5-ditrifluoromethylphenyl)
poron, tri{n-butyl)ammoniumtetra{o-tolyl)boron and the like.

Specific examples of the N,N-dialkylanilinium salts include



dodecahydrido-i-phenyl-1,3-dicarbanonaborane, dodecahydrido-i-methyl-I,3-dicarbanonaborane, 66
undecahydrido-1,3-dimethyi-1,3-dicarbanonaborane, 7,8-dicarbaundecaborane,
2,7-dicarbaundecaborane, undecahydrido-7,8-dimethyl-7,8-dicarbaundecaborane,
dodecahydrido-ll-methyl-2,7-dicarbaundecaborane, 5 tri(n-butyl)Jammoniuml-carbadecaborate,
tri(n-butyl)ammoniuml-carbaundecaborate, tri(n- b@ﬁyl)ammomuml carbadodecaborate,
tri(n-butyl)ammoniuml- trlmethylsnyl -l-carbadecaborate,

tri(n- butyl)awrgor&umbcrg% bag%%e e'[?%i)&%ﬁ?gm png bu [) ammonium6-carbadecaborate,

tri(n- butyl)ammonlu decabora oniuml-carbaundecaborate,
tri(n- butyl)aglrﬁorgil %(f car %nde aboL%t |gn %QammonlumZ ,9-dicarbaundecaborate, 15
tri(n-butyl) ammonlum eca%y%irl o- me"fhy carbaundec aborate, tri(n-butyl)

ammonluml&ngﬁcz’:lh d@gg gﬁbuty%g}byglggrgaluz& s'zl er t(%tn 1\ l*;ltxggron and the

ammoniumundecahydri icar aundeca

tri(n- b“ty')aﬂ’{ﬁl%r!'u@%%%%@%ga‘%ﬁéfé'é" gfg t%ga&%%n%%g%&%rg&%m salts include,

5 for example,
di{l~propyl)ammeniumtetra (pentafluorophenyliboron,
dicyclohexylammoniumtetra {phenyl)boron and the like.
Examples of the ilonic compounds further include
triphenylcarbeniumtetrakis (pentafiuorophenyl)borate,

10 N, N-dimethylaniliniumtetrakis{pentafliuorophenyl)borate,
ferroceniumtetra {pentaflucrophenyl)borate,
triphenylicarbeniumpentaphenylcyclopentadienyl complex,
N,N-diethylaniliniumpentaphenvicyclopentadienyl complex,
boron compounds represented by the following general formula

i5 (8) or (%) and the like.

[Chem. 207
e/
HERCE B

e oo (8)

Wherein, Et is an ethyl group)

{Chem. 21]



tri(n-butyl)ammoniumundecahydrido-9-trimethylsilyl-7,8-dica rbaundecaborate and 67 tri(n-butyl)
ammoniumundecahydrido-4,6-dibromo-7-carbaundeca borate; salts of metallic carborane anions such
as tri(n-butyl)ammoniumbis(nonahydrido-l,3-dicarbanonaborato) cobaltate(lll), 5
tri(n-butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecabora to) ferrate (lll),
tri(n-butyl)ammoniumbis(undecahydrido-7,8-dicarb%§mdecabora to) cobaltate(lll),
tri(n-butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecabora 10 to)nickelate(lll), tri(n-butyl)
ammoniumbis(undecahydrido-7,8-dicarbaundecabora to)cuprate(lll), tri(n-butyl)
ammoniumbis(undecahydrido-7,8-dic@5.3mdecabora to)aurate(lll), 15
tri(n-butyl)ammoniumbis(nonahydrigo-7,8-dimethyl-7,8-dicarb aundecaborato)ferrate(lll),
tri(n-butyl)anuqonj is(no tdo-7,8ydimethyl-7,8-dicarb aundecaborato)chromate(lll),
tri(n-butyl)anyronitmbis(tribromooctahydrido-7,8-dicarbaunde 20 caborato)cobaltate(lll),
tris[tri(n-buty ! fajarid is(undecajfydrido-7-carbaundecabo rato)chromate(lll),

%
CFs
Specific examples of the borane compounds include
decaborane; salts of anions such as
bisitri(n=butyl)ammonium]nonaborate,

5 bis{tri(n—buﬁyl)ammonium}decabozate,
bis{tri(n-butyl)ammoniumiundecaborate,
bisl{tri{n-butyl)ammonium]dodecabhorate,
bis{trii{n~-butyl)ammonium]decachlerodecaborate and
bis[tri{n-butyl)ammonium]dodecachlorododecaborate; salts of

10 metallic borane anions such as
tri{n-butyl)ammoniumbis (dodecahydridododecaborato)
cobaltate(III) and
bisitri(n~-butyl)ammonium]bis {dodecahydridododecaborato)
nickelate{III).

15 Specific examples of the carborane compounds include
salts of anilons such as 4-carbanonaborane,
1,3-dicarbanconaborane, 6, 9-~dicarbadecaborane,
dodecahydrido~i-phenyl-1, 3-dicarbanonaborane,

dodecahydrido-l-methyl-1, 3~dicarbanonaborane,



bis[tri(n-butyl)Jammonium]bis(undecahydrido-7-carbaundecabor ato)manganate(lV), 68
bis[tri(n-butyl)Jammonium]bis(undecahydrido-7-carbaundecabor ato)cobaltate(lll) and
bis[tri(n-butyl)ammonium]bis(undecahydrido-7-carbaundecabor ato)nickelate(IV). 5 The heteropoly
compound consists of an atom selected from silicon, phosphorus, titanium, germanium, arsenic and
tin, and one or two or more atom(s) selected fromPfanadium, niobium, molybdenum and tungsten.
Specific examples of the heteropoly compound include phosphovanadic acid, germanovanadic acid,

10 arsenov %c cid. phaspho 'g(gifa id, germanoniobic acid, siliconomolybdic acid,
phosphomo%g% ic %iﬁ?t%é%%m*dlgb |cm§%%%er§?’rllo$nlo ?5 T ,%%gr?oenﬁolybdic acid,

stannnomolybglic acid, AlasRROLINGSlg Acid, germanatingsli At stanpgtungsitic acid,

phosphomolybdovana phosphotungstovanadic acid, germanotungstovanadic acid,

phosphom 9@5%@@?&%@@9 @Egjmgeeiqgnom YRolNgNIOYAAcle Beith o

phosphomolybdotungstic acid and phospho *(iylﬂ oniobic aci S of these dcids for example,

Group L or G Ziyetais,f the Rellogly tapje, Suaf 2088 LU, S00Ug, Potassium, Tubidum,
a

cesium, beryllium, magnesium, calcium; strontium or barium, organic salts such as triphenylethyl salt,

BOpmﬁfo”E§yQg§ﬁﬂ¥§g¥%ﬁﬁhﬁE&HTicarbadecabo:ate,

tri({n=-butyl)ammoniuml~carbaundecaborate,
tri{n-butyl)ammoniuml-carbadodecaborate,
tri{n-butyl)ammoniuml-trimethylisilyl-l-carbadecaborate,
tri(n-butyl)ammoniumbromo-lil-carbadodecaborate,

10 tri{n~butvl)ammoniumé~carbadecaborate,
tri{n-butyl)ammoniumé~-carbadecaborate,
tri{n-butyl)ammonium7~carbaundecaborate,
tri(n-butyl)ammonium7, 8-dicarbaundecaborate,
tri({n=~butyl)ammoniumZ, 9~dicarbaundecaborate,

15 tri(n-butyl)ammoniumdodecahydrido~8-methyl-7, S-dicarbaundec
aborate,
tri{n-butyl)ammoniumundecahydrido-8-ethyl-7, 9~dicarbaundeca
borate,
tri(n-butyl)ammoniumundecahydrido—-8-butyi-7, 9~-dicarbaundeca

20  Dborate,
tri{n-butyl)ammoniuvmundecahydrido-8-alliyl-7, 8~dicarbaundeca
borate,
tri{n-butyl)ammoniumundecahydrido-S8-trimethylsilyl-7,8~dica

rbaundecaborate and



heteropoly compound and the isopoly compound, 2 or more kinds among the above-mentioned
compounds can be used in combination, 69 without being limited to one kind. The ionizing ionic
compounds (B-3) mentioned above can be used alone or in combination with 2 or more kinds. [Other
Transition Metal Compound] 5 'r. the polymerization of the present invention, other known transition
metal compounds, which consist of ligands contaﬁﬂng heteroatoms, for example, nitrogen, oxygen,
sulfur, boron or phosphorous can be used in combination with the above-mentioned transition metal

compound (A); 10 [BaTierzaion Piaasss A Qlefpl The process focproducing glefip polymers

£ 1A R
related to the present invention either polymeriZze one olefin selected from t FE)WIng C?ef INS or

copolymeriag. o 1. moxe kinds selected. fram heallawioa glefis. inthe pregence of the above 15

component (A), component (B), and it necessary, catalysts comprising other transition metal

compounds, An ﬁ{@—@’&%ﬁ Fgﬁ}l?c?x‘fﬁg_xﬁ?i’ ?&%&Qﬁ%ﬁ%ﬁb?? doyble, bond.,and it may be for

example so-called hydrocarbon consisting only of on atoms and hydrogen atoms, of may be a
compound 20, caRtainin f:llhﬁteroatom such as an oxygen atom, a nitrogen atom or a sulfur atom.
Specific examples include a-oléfins having 2 to 20 carbon atoms such as ethylene, propylene,

I--butane, tri{n-butyl)ammoniumbis{undecahydrido-7,8~dicarbaundecabora

to} ferrate(III),

tri{n~butyl)ammoniumbis (undecahydrido~7, 8~dicarbaundecabora
tolcobaltate (IIIY,

tri(n=putyl)ammoniumbis (undecahydrido-7, 8-dicarbaundecabora

10  tojnickelate(III),
tri{n-butyl)ammoniumbis (undecahydrido-7,8-dicarbaundecabora
to)cuprate (III),
tri(n-butyl)ammoniumbis (undecahydrido-7, 8~dicarbaundecabora
to)aurate (III},

15  tri(n-butyl)ammoniumbis{nonahydrido-7,8~dimethyl~7,8~dicarb
aundecaborato) ferrate (I1I1),
tri(n-butyl)ammoniumbis (nonahydrido~7, 8~dimethyl~7, 8-dicarb
aundecaborato) chromate (III),
tri(n-butyl)ammoniumbis (tribromcoctahydrido~7,8-dicarbaunde

20 caborato)cobaltate (IIIY,
tris{tri{n-butyl)ammoniumlbis{undecahydrido-7~carbaundecabo
rato)chromate (ITI),
bis{tri(n=-butyl)ammonium]bis (undecahydrido-7-carbaundecabor

ato)manganate (IV),



1-pentene, 3-methyl-1-butene, 1-hexene, 4-methyl-i-pentene, 3-methyl-l-pentene,
3,4-dimethyl-I-pentene, 70 4-methyl-lI-hexene, 3-ethyl-lI-pentene, 3-ethyl-4-methyl-I-pentene,
3,4-dimethyl-I-hexene, 4-methyl-lI-heptene, 3,4-dimethyl-I-heptene, 1-octene, 1-decene, 1-dodecen,
1-tetradecene, 1-hexadecene, 5 1-octadecene and 1-eicosen; oligomers of a-olefins each having a
double bond on one end, of which the Mw (relativé% polystyrene standards) is ranging from 300 to
20000, such as oligoethylene; olefins each having a double bond at its inner part such as

0000, : fefins dats suchas
cis-2-buteng aneluans2iiens irens aoninondeuieh s 40 1sohutepe, Zimellypentene

2,4-dimethyl-I-pentene, 2,4-d pentene, 2,4-dimethyl-l-heptene,

2-methylbuten, gcrg,gg}y{g%enﬁ 1%—ma;a[lilalylheptene, 2-methyloctene, 2,3-dimethyloutene,
2,3-dimethylpentene, 2,3-dimethylhexene, 2,3-dimethyloctene, 15 2,3,3-trimethylbuten,

2’3’3't”me@z@?{“ﬁ”&—%@t%fﬂrﬁ%ﬁé@%ﬁ‘ﬁi%%%HQE%“H%@EE%J72—@&4,85“5@%%%%%%”9’

2,3,4-trimethylhexene, 2,3,4-trimethyloctené, 2,4,4-trimethythexene, 2,4,4-trimethyloctene,
2-methyl-3-g¥g9gg>&xlgrp£ygep§v?Q vinylidenecyclopentane, vinyiidenecyclohexane,
vinylidenecyclooctane, 2-methylvinylidenecyclopentane, 3-methylvinylidenecyclopentane,

5 The hetercopoly compound consists of an atom selected from
silicon, phosphorus, titanium, germanium, arsenic and tin, and
cne or two or more atom(s) selected from vanadium, niobium,
mclybdenum and tungsten. Specific examples of the heteropoly
compound include phosphovanadic acid, germanovanadic acid,

10 arsenovanadic acid, phosphoniobic acid, germanoniobic aéid,
siliconomolybdic acid, phosphomclybdic acid, titancmolybdic
acid, germanomolybdic acid, arsenomclybdic acid,
stannnomolybdic acid, phosphotungstic acid, germanotungstic
acid, stannotungstic acid, phosphomolybdovanadic acid,

15 phosphotungstovanadic acid, germanctungstovanadic acid,
phosphomelybdotungstovanadic acid,
germancmolybdetungstovanadic acid, phosphomolybdotungstic
acid and phosphomolybdonichic acid, salts of these acids for
example, Group 1 or Group 2 metals of the periodic table such

20 as lithium, sodium, potassium, rubidium, cesium, beryllium,
magnesium, calcium, strontium or barium, organic salts such as
triphenylethyl salt, iscopely compounds, and the like. For the
neteropoly compound and the isopoly compound, 2 or more kinds

among the above-mentioned compounds can be used in combination,



4-methylvinylidenecyclopentane, isoprene, 4-methyl-l,4-pentadiene, a-methylstyrene, a-ethylstyrene,
71 2-methyl-3-phenylpropylene, methyl methacrylate, ethyl methacrylate, n-propylmethacrylate,
iso-propyl methacrylate, n-butyl methacrylate, iso-butyl methacrylate, tert-butyl methacrylate,
2-cyanopropylene, 2-methoxycarbonylpropylene, 5 2-aminopropylene, 2-hydroxymethylpropylene,
2-fluoropropyiene and 2-chloropropylene; cyclic oléfths having 3 to 20 carbon atoms such as
cyclopentene, cyclohexene, cycloheptene, norbornene, 5-methyl-2-norbornene and
tetracyclodqgfggg;ucty i%pIr3 acxz(clg%(%{)gge%gr go(l;_ye es having 10 2 or more double bonds and 4 to 30
carbon atoms, preferably 4 fo 20°carbon atonis sudh-a§ butadiene, isoprene,

4-methyl-1,3-pentadi'%rée,i]dg-ipzeptadiggei%,4é§entoaginen§, 5-hexadieng, 1,4-hexadiene,
1,3-hexadiene, 1,3-0ctadiene. T.4-octadiene" T 5-octadiene 1.6- ok tdiierd: 1% JRtathe fé 15

sihdenanoonate. Vg ETare. A eiadens, Tinatolc ccalers

4-ethylidene-8-methyl-l,7-nonadiene "an Imet eca o] Qﬁjcsvmw compounds

such as styrene, o- %t@{]aséyr . m-methylstyrene, p-methylstyrene, o, p-dimethylstyrene,
o-ethylstyrene, 20 nnq-ethylsty?gﬁeitlf1 %]ﬁd%?é}tlh%éfﬁéng?\%ﬁﬁg{}c hexane. In addition, olefins may have

a funCtiQnal group '@Uddﬂg ab%”ﬂ%%%@ ?gtol)%lgegfni‘Erk?gegFQgesr%fuanvention, cther
known transition metal compounds, which consist of ligands
containing heteroatoms, for example, nitrogen, ocxygen, sulifur,
boron or phosphorous can be used in combination with the
above-mentioned transition metal compound (A).

10 [Polymerization Process of Olefin)

The process for producing olefin polymers related to the
present invention either polymerize one clefin selected from
the following olefins or copolymerize two or more kinds selected
ﬁrom the following olefins, in the presence of the above

15 component (A}, component (B), and if necessary, catalysts
comprising other transition metal compounds.

An olefin is a compound having a carbon - carbon double
bond,anditrmufbeforexampleso~calledhydrocarb0nconsisting
only of carbon atoms and hydrogen atoms, or may be a compound

20 containing a hetercatom such as an oxygen atom, a nitrogen atom
or a sulfur atom. Specific examples include w-clefins having
2 to 20 carbon atoms such as ethylene, propylene, I-butene,
l-pentene, 3-methyl-l-butene, l-hexene, 4-methyl-l-pentene,

3-methyl-I-pentene, 3,4-dimethyl~1-pentene,



Examples include unsaturated carboxylic acid such as acrylic acid, methacrylic acid, fumaric acid,
itaconic acid and bicyclo 72 [2.2.1]-5-heptene-2,3-dicarboxylic acid, and their metallic salts such as
sodium salt, potassium salt, lithium salt, zinc salt, magnesium salt and calcium salt of the unsaturated
carboxylic acids; 5 unsaturated carboxylic anhydride such as maleic anhydride, itaconic acid
anhydride, and bicyclo [2.2.1]-5-heptene-2,3-dicarfboxylic acid anhydride; unsaturated carboxylic
ester such as methyl acrylate, ethyl acrylate; n-propyl acrylate, isopropyl acrylate, n-butyl 10 acrylate,

isobutyl acryl_a&%,gﬁglmjfyh%g{g@éq, %g@ymyh _alg%a&tgn@ethyl methacrylate, ethyl methacrylate,
ate,

n-propyl methacrylate, isopropylmethacryl n-butylmethac’rylate and isobutyl methacrylate; vinyl

esters suchsas.vip Ilagp_tﬁ(gt}y%w propionalg vinyl 13 caproate, vinyhcaprate, vinyl laurate, vinyl

inyl
stearate and viny[ trifluoroacetate; unsaturated glycidyl esters Such as glycidyl acrylate, glycidyl

methacrylate_and menoglycidylester itaconate; baiogenated.plefing such.as vinyk chloride, vinyl

fluoride and allyl fluoride; unsaturated cyano compounds such 20 as acrylonitrile and

2-cyano-bicyclof2.2.14-5-heptefe; Mnsaturated.ether-compoynds sueh as methyl vinyl ether and ethyl
vinyl ether; unsaturated amide such as acrylamide,

-

5 l-octadecene and l~eicosen; oligomers of w~clefins each having
a double bondon one end, of which theMw (relative topolystyrens
standards) is ranging from 300 to 20000, such as oligoethylene;
olefins each having a double bond at its inner part such as
cis-Z-butene and trans-2-butene; vinylidene compounds such as

10  isobutene, 2-methyl-l-pentene, 2,4-dimethyl-l-pentene,

Z2,4-dimethyl~Il-hexene, 2,4,4-trimethyl-l-pentene,
2, 4-dimethyl-l-heptene, Z2-methylbuten, Z-methylhexene,
2-methylheptene, Z-methyloctene, 2, 3-dimethylbutene,
Z,3~dimethylpentene, 2, 3-dimethylhexene, 2, 3-dimethyloctene,
i5 2,3,3~trimethylbuten, 2,3,3-trimethylpentene, |
2,3,3=trimethylhexene, 2,3,3~trimethyloctene,
2,3,4~trimethylpentene, 2,3,4-trimethylhexene,
2,3,4-trimethyloctene, 2,4,4~trimethylhexene,
2,4,4-trimethyloctene, Z-methyl-3-cyclohexylipropylene,

20 vinylidenecyclopentane, vinylidenecyclohexane,

vinylidenecyclooctane, Z-methylvinvlidenecyclopentane,

3~methyvlvinvlidenecyclopentane,
4-methylvinylidenecyciopentane, isoprene,

4-methyl-1,4-pentadiene, a-methylsiyrene, ¢-ethylstyrene,



methacrylamide and N,N-dimethylacrylamide; functional group-containing styrene derivatives such as
methoxystyrene, 73 ethoxystyrene, vinyl benzoate, methyl vinyl benzoate, vinylbenzyl acetate,
hydroxystyrene, o-chlorostyrene, p-chlorostyreneand divinylbenzene;N-vinylpyrrolidone and the like.
5 Olefin is preferably ethylene or a-olefin, and particularly preferably ethylene. For the polymerization,
the process of adding the component (A) to a polymerization vessel, the usage of each component,
the adding process, and the adding order can be 10 selected arbitrarily. Some exemplary processes

are given bzel%t@ T b@-—‘i?:'i‘%%%%éé}z?@g ér}e ﬁg@g@eﬁ%@ ate g’toe@}pﬂymerization vessel

in an arbitrary order. (2) A catalyst’in which the components (A) and {B) are 15 contacted in advance

is added toapalymerization vessel,(3) A catalyst gomponent in which the companents (A) and (B)

are contacted in advance, and the component (B) are added to a polymerization vessel in an arbitrary

the polymorzanen o e EATHE SOt g any 0 LG R poymeNsatich Dlacesses such as
solution polymerization Q¢ sUSRENSION opropylene, 2-methoxycarbonylpropylene,

5 Z-aminopropylene, 2-hydroxymethylpropylene,
2-fluorcopropylene and 2-chloropropylene; cyclicolefins having
3 te 20 carbon atoms such as cyclopentene, cyclohexene,
cycloneptene, norbornene, >S-methyl-2Z-norbornene and
tetracyclododecen; cyclic or acyclic dienes or polyenes having

10 Z or more double bonds and 4 to 30 carbon atoms, preferably 4
to 20 carbon atoms such as butadiene, isoprene,
4-methyl-1, 3-pentadiene, 1,3-pentadiene, 1,4-pentadiene,
1,5-hexadiene, 1,4-hexadiene, 1,3-hexadiene, 1,3-octadiene,
L,4~octadiene, 1,5~occtadiene, 1,6-octadiene, 1,7-occtadiene,

15 ethylidenenorbornene, vinylnorbornene, dicyclopentadiene;
7-methyl-1, 6~octadiene, 4-~ethylidene-B8-methyl-1,7-nonadiene
and 5, 9~dimethyl-1,4,8~decatriens; aromatic vinyl compounds
such as styrene, o-methylstyrene, m-methvlstyrene,
p-methylstyrene, o, p-dimethylstiyrene, o-ethylstyrene,

20 m-ethylstyrene and p-ethylstyrene; vinylcyclohexane.

In addition, olefins may have a functional group

including atoms such as oxygen, nitrogen and sulfuz.
Examples include unsaturated carboxylic acid such as acrylic

acid, methacrylic acid, fumaric acid, itaconic acid and bicyclo



polymerization and gas-phase polymerization processes. Examples of the inert hydrocarbon media
used in the liquid-phase 74 polymerization include aliphatic hydrocarbons such as propane, butane,
pentane, hexane, heptane, octane, decane, dodecane and kerosine; alicyclic hydrocarbons such as
cyclopentane, cyclohexane and methylcyclopenta;% aromatic hydrocarbons 5 such as benzene,
toluene and xylene; halogenated hydrocarbons such as ethylene chloride, chlorobenzene and
dichloromethane; and mixtures of these hydrocarbons and the like. The olefin itself can also be used

as the solver. 2o camy -out thesglefip polywnedzation nithe presencgnd 0-0fdhe abeve-mentioned
catalyst, the component (A) is used in an amount of usually 10-13 to 10-2 mol, preferably 10-1i to

10-3 mot based onsl: titer 0f the seastionn velurme tEven itnad ease wWherge.thecempenent (A) is used in
a relatively high concentration, olefin can be polymerized with high 15 polymerization activity. The

component £B83k) is Wses dxsueh an Bmeu that heumolal ratie f(B-HKM)iof the.eempanent (B-1) to
the transition metal atom (M) in the component (A) becomes usually 0.01 to 100,000, preferably 0.05
to 50,000. 20aThe gompenanti@=2) is used in such an amount that the molar ratio [(B-2)/(M)] of the
aluminum atom in the component (B-2) to the transition metal atom (M) in the component (A)
5 unsaturated carboxylic anhydride such as maleic anhydride,
itaconic acid anhydride, and bicyclo
[2.2.1]-5~heptene~2, 3~dicarboxylic acid anhydride;
unsaturated carﬁoxylic ester such as methyl acrylate, ethyl
acrylate, n-propyl acrylate, iscpropyl acrylate, n-butyl
10 acrylate, isobutyl acrylate, tert-butyl acrylate, 2-ethylhexyl
acrylate, methyl methacrylate, ethyl methacrylate, n-propyil
methacrylate, isopropylmethacrylate, n-butyl methacrylate and
isobutyl methacrylate:;
vinyl esters such as vinyl acetate, vinyl propionate, vinyl
15 caproate, vinyl caprate, vinyl laurate, vinyl stearate and
vinyl trifluorcacetate; unsaturated glycidyl esters such as
glycidyl acrylate, glycidyl methacrylate andmonoglycidylester
itaconate; halogenated oclefins such as vinyl chloride, vinyl
fluoride and allyl fluoride; unsaturated cyano compounds such
20  as acrylonitrile and 2-cyanc-bicycle[Z2.2.1]~5-heptene;
unsaturated ether compounds such as methyl vinyl ether and ethyl
vinyl ether; unsaturated amide such as acrylamide,

methacrylamide and N,N-dimethylacrylamide; functicnal

group-containing styrene derivatives such as methoxystyrene,



becomes usually 1 to 500,000, preferably 10 to 100,000. The component (B-3) is used in such an
amount that the 75 molar ratio [ (B-3) / (M) ] of the component (B-3) to the transition metal atom (M)
in the component (A) becomes usually 1 to 10, preferably 1 to S. When the component (B) is the
component (B-1) , the 5 component (D)is used in S ch an amount that the molar ratio | (D) / (B-1) ]
becomes usually 0. 01 to 10, preferably 0.1 to 5 in" the case that the component (D) is used. When the
component (B) is the component (B-2) , the component (D) is used in such an amount that the molar

ratio [ (D) / €212 3 beeqrpas aisualy, 0:004-10 . 24n the-case that the ceroponent(D) is used,
preferably 0. 005 to 1. When the component (B) is the component (B-3), the component (D) is used in

such an ameunt,thad the,molalatioe] (R)/H(Bs3)ERgeomes usially10,01 40 10, preferably 0.1 to 5 in

the case that the component (D) is used. 15 The amount of olefin in polymerization system is not

particular limited &b appropriatelyselected inaccpedance with aikind of olefinwhichstohe used or a

copolymerization ratio of the copolymer which to be obtained. The temperature for the polymerization
of using they 2Rabove-mentioned polymerization catalyst is in the range of usually -50 to 200 C,
preferably 0 to 170 C. The polymerization pressure is in the range of usually atmospheric

-

5 Olefin i1s preferably ethylene or a-clefin, and
particularly preferably ethylene.

For the polymerization, the process of adding the
component (A} to a polymerization vessel, the usage of each
component, the adding process, and the adding order can be

10 selected arbitrarily. Some exemplary processes are giﬁen

below.

(1) The component (A) and the component (B) are added to
a polymerization vessel in an arbitrary order.

(2) A catalyst in which the components (B) and (B} are

- 15 contacted in advance is added tc a polymerization vessel.

{3) A catalyst compeonent in which the components {(A) and
(B) are contacted in advance, and the component (B) are added
to apolymerization vessel inan arbitrary crder. In this case,
these components (B) may be the same or different.

20 In the present invention, the polymerization can be
carried out through any of liguid-phase polymerization
processes such as sclution polymerization or suspension
polymerization and gas-phase polymerization processes.

Examples of the inert hydrocarbonmedia used in the liguid-phase



pressure to 100 kg/cm2 (9.8 MPa in approximate), preferably atmospheric pressure to 50 kg/cm2 (4. 9
MPa in approximate) . The 76 polymerization reaction can be carried out by any of batchwise,
semi-continuous or continuous process. The polymerization can be conducted in two or more
separated steps under different reaction conditions. 5 Changing a polymerization temperature, a
monomer concentration, and a catalyst concentratidn can control the molecular weight and molecular
weight distribution of polyolefin obtained according to the present invention. Further, it can be

trolled b ' zhain transfer nt_10 such as hydrogen. In addition, the molecular weight and
olocular WB N Db Atan o Do oAt asEarAe 6 HE beSant. G ISH LA be

o 1 nﬁ
molecular weig ution of polyole Ined according e’pres

controled by changing e usp.anyaunl of organoyetalcompound (B.L). an ggancalumipum ory

compound 15 (B-2), or both compounds. The tise amount of theé compon controlling

a molecular weight.qr.a molecular weight distribution obtained in the present invention are 0.1 to
10,000,000, preferalbly 10 'focﬁ%oo,do ,%n aér%%c‘)ho??ﬁe RUMDET Of 17 ?éeL 8P transition 20 metal in the
0

oo R e R
5 such as benzene, tcluene and xylene; halogenated hydrocarbons
such as ethylene chloride, chlorobenzene and dichloromethane:
and mixtures of these hydrocarbons and the like. The clefin
itself can also be used as the solvent.

To carry out the olefin polymerization in the presence

10 of the above-mentioned catalyst, the component (A} is used in
an amount of usually 107" to 107 mel, preferably 107% to 107
mol based on 1 liter of the reaction volume. Even in a case
where the component (A) is used in a relatively high
concentration, olefin can be polymerized with high

15 polymerization activity.

The component {B-1) is used in such an amount that the
molar ratio [{B~1) /(M) of the component {B-1) to the transition
metal atom (M) in the component (A) becomes usually 0.01 to
100,000, preferably 0.05% to 50,000.‘

20 The component (B-2) is used in such an amount that the
molar ratioc [(B-2)/(M)] of the aluminum atom in the component
(B~2) to the transition metal atom (M) in the component (A)
becomes usually 1 to 500,000, preferably 10 to 100,000.

The component (B~3) is used in such an amount that the



by increasing the ratio of (organoaluminum compound/transition metal). 77 According to the present
invention, polyolefin terminals can be functionalized with further using a particular reactive reagent (D)
described below at the end of the polymerization. The terminal functionalizing process is not
particularly 5 limited and may be carried out according to any processes, for example, according to a
process disclosed in Prog. Polym. Sol'. , 2002(27), 4347, Macromol. Chem. Phys., 2001(202), 1757
or a process analogous thereto. Examples of the reagent (E) used in the process include reagents
disclosed in the above-mentioned 10 report, such as air, oxygen, sodium hydroxide/ hydrogen
peroxide, chiorinefcarbor? tetrachiofite! bromirtcaPeRsratrdmids, and isdinebearbbnn
tetraiodide. Poy{ngrizq_tion process related to the present invention can be used as a process for
producing polymérs sat@fying eithBr TofHENGWIRg FequiFsmens(i)xeya)ar polymets having
plural characteristics of those at the same time. Itis used preferably to produce polymers satisfying
the requiremgn]ig‘(ﬁrgr}‘l’ Yii)lorL(B and (iii) at the same time, particularly preferably to produce
polymers satisfying the requirements (i), 20 (i) and (iii) at the same time. In addition, according to the
polymerization procegq‘imﬁfl the PrésSti MBhtions the ¥6lIGwiRg FeirsiRents Gamibe the

5 component (D)is used in such an amount that ths molar ratio

[(D)/(B~1)] becomes usually 0. 01 to 10, preferably 0.1 to 5 in

the case that the component {D) is used. When the component

(B) is the component (B-2), the component (D) is used in such

anamountthatthenmlarxatio[(D}/(B-Z)}becomesusually0.0Dl

10 to 2 in the case that the component (D) is used, preferably 0.005

To 1. When the component (B) is ‘“he component (B-3), the

component (D} is used in such an amount that the molar ratio
A . l e --- Fag

[{D}/(B-3)] becomes usually 0.01 to 10, preferably 0.1 to 5 in

the case that the component {DY is used.

- - . L . o
15 +he amount ol olefin in polymerization system is not

particular limited,

and appropriately selected in accordance

with a kind of olefin which to be used or = copolymerization

ratio of the copolymer which to be obtained.

The temperature for the polymerization of using the

20 above-mentioned polymerization catalyst is in the range of

usually -50 teoc 200 °C, preferably 0 to 170 °C., The
polymerization pressure is in the range of usually atmospheric

2 - : ‘
100 kg/cm® {5.8 MPa in approximate}, preferably



satisfied when olefins of n kind (n is an integer of 2 or more) selected from a-olefins having 2 to 20
carbon atoms are 78 copolymerized. Upon copolymerizing n (where n is an integer of 2 or more)
kinds of olefins MI, M2, ..., Mn which are selected from ethylene and a-olefins having 3 to 20 carbon
atoms, when a ratio of a 5 concentration Ri (which,is a molar ratio of Mi to the total molar amount of
all monomers and solvents in the copolymerization "system) of either one olefin Mi (where i is an
integer of 1 to n) among the olefins in the copolymerization system to the sum of the concentrations

of all olefing (R4HR2+ » #RN)-is:defined 3 as,Ch Mol (= J00RI/(R1 R+ ++RM}aRd an abundance

ratio of the mol number of structural units derived from an olefin Mi in the obtained copolymer to the

total numbey<af el stiueiurbunits detived from:the olafins inthe copelymet is: defingd,as Pi
(mot%), Ci/Pi values for all olefins MI, M2, ..., 15 Mn satisfy the following formula (Eg-I), preferably

(Eq-2), andpenarepseierably {EA3) o083 GiRie siS0(East) 0:60,6/BhL40 (E0r2) Q-3 5 Ci/Pi 1.30

(Eg-3) 20 wherein, "i" is an integer of 1 to n. A concentration Ri (molar ratio) of ethylene, propylene,
butane or the:like,ina pehunerization solution of each monomer, which is in a gas state

5 Changing a polymerization temperature, a monomer
concentration, and a catalyst concentration can control the
molecular welght and molecular weight distribution of
polyolefin obtained according to the present invention.
Further, it can be controlled by using a chain transfer égent

10 such as hydrogen.

In addition, the molecular weight and molecular weight
distribution of polyolefin obtained according to the present
invention can be controclled by changing the use amount of
organometallic compound {B-1l), an organcaluminum oxy compound

i5 (B~Z), or both compounds.

The use amount of the component (B) and the for controlling
a molecular welght or a molecular weight distribution cobtained
in the present invention are 0.1 to 10,000,000, preferably 10
to 1,000,000, in a ratioc of the number of mole of transition

20 metal in the transition metal compounds to the number of mole
of the organcaluminum compound (organcaluminum
compound/transitionmetal). Themolecular weight can be reduced
by increasing the ratic of {organocaluminum compound/transition

metal) .



under conditions of room temperature and atmospheric pressure, can be calculated by using Aspen
Plus (calculation method based 79 on RK-SOAVE; Reid, R.C.; Prausnitz, J. M.; Poling, B. E. The
Properties of Gases and Liquids, 4th edition; MacGraw Hill: New York. ),and by inputting monomer
kind, monomer pressure, solvent kind and temperfilt}Jre. Concentration Ri (molar ratio) of decene 5 or
the like, in a solution of each monomer, which is in'a solution sate under conditions of room
temperature and atmospheric pressure, can be calculated by {(fed amount of olefin Mi x specific

gravity) /molecular weight-af Mi} £ {fatabmalar guantity,eftotal manomer-and solvent in the system) .

10 In addition, the polymerization process of the present invention inCludes a process for producing

polymers satisfyipg the abovermentionegd (o4} -and at the same time having either ef;requirements

(i) to (iv) or having plural of those requirements. It is preferably a processfor producing polymers 15

satisfying thesahove:menfioned{Earb-and atihe samelimg gsatstying the rpquiremants, ) and (i) , or

(i) and (iii) , and particularly preferably a process for producing polymers satisfying the
above-mentioned:&erihand atthe-sane Iiﬂﬁ@t?@’&g&:@@ reguirements. i) &ii);and (iii). 20 When

copolymerizing an olefin or one or more kinds of olefins selected from a-olefins having 2 to 20 carbon
atoms with araletie @ligamers hawingdouble bondson-thelrone €8e.8-nrocesses, for
example, according to a process disclosed in Prog. Polym. Sci.
» 2002(27), 1347, Macromol. Chem. Phys., 2001(202), 1757 or a
process analogous thereto. Examples of the reagent (E) used
in the process include reagents disclosed in the above~-mentioned
10 report,suéhasair,oxygen,sodiumhydroxide/hydrogenperoxide,
chlorine,/carbontetrachloride,bromine,/carbontetrabromide,
and iodine / carbon tetraiodide.

Polymerization process related to the present invention
can be used as a process for producing polymers satisfyingeither
16 of the following requirements (i) to (iv) or polymers having
plural characteristics of those at the same time. It is used
preferably to produce polymers satisfying the requirements (i)

and {ii} or (i) and {(iii) at the same time, particularly
preferably toproduce polymers satisfying the requirements (1),

20 (11} and (iii} at the same time.

In addition, according to the pcolymerization process of

the present invention, the following reguirements can be
satisfied when olefins of n kind (n is an integer of 2 or more)

selected from o-clefins having 2 to 20 carbon atoms are



oligoethylenes, as the a-olefin oliaomers to be used e.g., oligoethylenes are preferablythe ones in
which the amount of 80 double bonds in oligoethylene is in the range that the ratio of double
bonds-containing end groups to total end groups is 85% or more, and particularly preferably 90% or
more. As oligoethylenes having double bonds on t %ir one end, 5 ones produced by processes
disclosed in JP-A-2000-351813, JP-A-2001-00273l, JP-A-2003-73412, JP-A-2004-359861 and
JP-A-2004-3598962, can be used. Regarding the molecular weight of oligoethylene for a use, having
double bonds-en itspue:end; it is preferable that the 10 Mw (relative to polystyrene standards) is
within the range of 300 to 20000, in particular, it is preferable that the Mw (relative to polystyrene

standards) is within the range of 3R0r 10, 10000, merefreferablythe, Mwy,gelative tg,polystyrene
standards) within the range of 300 to 5000, and particularly 15 preferably within the range of, for

example, 1000:19s508@05 118 mdgition, theopolymerizationpracess of theduesent inventian includes a
process for producing either of above-mentioned polymers (i) and (iii), or polymers having both of

these charagtesistics, ot the,pokymers at the same time by, 20.caprying,aut the pplymeyization in the
presence of the above-mentioned olefin polymerization catalyst of the present invention, when
copolymerizing aa otefi-arene:on Morekindss molar ratio of Mi to the total molar

amount of all monomers and solvents in the copolymerization

system) of either one olefin Mi (where i is an integer of 1 to

n) among the olefins in the copolymerization system to the sum

of the concentrations of all olefins (RI+R2+..+#Rn) is defined

160 as Ci {(meol%) (= 10CRi/(R1+R2+..+Rn)} and an abundance ratio

of the mol number of structural units derived from an olefin

Mi in the obtained copolymer to the total number of mol of

structural units derived from the olefins in the copolymer is

defined as Pi (mol%), Ci/Pi values for all olefins M1, M2, ..,
15 Mn satisfy the following formula (Eg-1l), preferably (Eg-2), and

more preferably (Eg-3).

0.33

A

Ci/Pi < 1.50 (Eg-1)

0.60

A

Ci/Pi

A

1.40 (Eg-2)
C.75 5 Ci/P1 < 1.30 (Eg-3)

20 wherein, “i” is an integer of 1 ton. A concentration Ri (molar
ratic) of ethylene, propylene, butane or the like, in a
polymerizationsoluthx&ofeachnpnom@z,whichisjjzagasstate
under conditions of room temperature and atmospheric pressure,

can be calculated by using Aspen Plus (calculation method based



of olefins selected from a-olefins having 2 to 20 carbon atoms with above-mentioned a-olefin
oligomers e.g., oligoethylenes. 81 It is preferable to carry out a liquid-phase polymerization process
such as a solution polymerization or a suspension polymerization, and particularly preferable to carry
out a solution polymerization in a state where olig rgers 5 of a-olefins e.g., o.igoethylenes are
dissolved completely. When copolymerizing an olefin selected from a-olefins having 2 to 20 carbon
atoms with a vinylidene compound in accordance with the polymerization process of the present

invention, itds, partictdari preferable to earryoul @s10 liquid-phase palymerzatien, and the,
polymerization temperature is in the range of usually -50 to 200 C, and preferably 0 to 150 C. In

addition, the pejysmerizatiepracess ahie prasent inyention is;syitable &s.4; precess.fagproducing
copolymers 15 having a content ratio (Uo/Uv) of the structural units (Uo) derived from an olefin to the

structural unigs-(Uv) derived,fram.a vinyhdenesempeund 0f,50/5040 9L (nelar ratio),oy-

copolymerizing one or more kinds of olefins selected from a-olefins having 2 to 20 carbon atoms with

a vinyli dene compadnd2Q-theresence ot dhe ahevermentioned catalysts-forelefin. polymerization.
According to the present invention, copolymerization of

o

5 orthelike, inasclution of each monomer, which is in a sclution
sate under conditions of room temperature and atmospheric
pressure, can be calculated by {(fed amount of olefin Mi x
specific gravity) /molecular weight of Mi} / (total molar
guantity of total monomer and solvent in the system) .

10 In additiocn, the polymerization process of the pxesenﬁ
invention includes a process for producing polymers satisfying
the above-mentioned (Eg-1}, and at the same time having either
of reguirements (i) to (iv) or having plural of those
reguirements., It ispreferablyaprocess forproducingpolymers

15 satisfying the above-mentioned (Eg-1} and at the same time
satisfying the regquirements (i) and (ii), or (i) and (iii}, and
particularly preferably a process for producing polymers
satisfying the above-mentioned (Eg-1) and at the same time
satisfying the reqguirements (i), (ii) and (iii}.

20 Wnen copolymerizing an clefin or one or more kinds of

clefins selected froma-clefins having 2 to 20 carbon atoms with

x~clefin oligomers having double bonds on their one end e.q.,

cligoethylenes, as the a-olefin oligomers tc be used e.g.,

oligecethylenes are preferably the ones in which the amount of



an a-olefin with a conjugated diene compound such as 1,3-butadiene and isoprene, can be carried out
with high 82 activity, and obtained polymer contains conjugated diene in high ratio and has high
molecular weight. Also, it is capable of obtaining a polymer having a narrow molecular weight
distribution of for example, 3.0 or below, preferablé/ .5 or 5 below. It is particularly preferable for a
copolymerization of ethylene butadiene. Further, since the conjugated diene can be polymerized
singly, obtained polymer has a high molecular weight. Also it is capable of obtaining a narrow

molecular weight disteibution af for example, 3.0.0thelow, prsterably, 40.2,5.or-helow, lolefin Polymer)

Olefin polymer related to the presentinvention can be obtained by carrying out an olefin

polymerization withithe abovesmentioned pracessinghs presence.ofthe ahoyesmentioned 15

components (A) and (B) , and if necessary, catalysts ‘comprising other transition metal compounds.
Olefin polyrgeg related e dhe present invention,is & gglymy%ajwa@oeﬁf@f qfdhe. characteristics of the

following (i) to (iv) or having plural characteristics of those at the 20 same time. It is preferable that the

polymer satisfies therequiranaentyof ) and i s 0 (3 3nd (i)t the same time, paiculasly preferable
that the polymer satisfies the

5 ones preduced by processes disclosed in JP-A-2000-351813,
Jp~A-2001-002731, JP-A-2003-73412, Jp-A-2004-35%861 and
Jp-A-2004~3598962, can be ussd.

Regarding themolecular welght of cligoethylene for a use,

having double bonds on its one end, it is preferable that the

10 Mw (relative to polystyrene standards) ls within the range of
300 to 20000, in particular, it 1s preferable that the Mw
(relative to polystyrene standards} is within the range of 300
to 10000, more preferably the Mw {(relative to polystyrene
standards) within the range of 300 to 5000, and particularly

15 preferably within the range of, for example, 1000 to 5000.

In additicn, the polymerization process ¢f the present

invention includes a process for producing either of
above-mentioned polymers (1) and (iii), or polymers having both
of these characteristics of the polymers at the same time by

20 carrying out the polymerization in the presence of the
above-mentioned olefin polymerization catalyst of the present
invention, when copolymerizing an clefin or one or more kinds

of olefins selected from o~clefins having 2 to 20 carbon atoms

with above-mentioned a-clefin oligomers e.qg., oligoethylenes.



requirement of (i), (i) and (iii) at the same time. (i) An olefin polymer comprising structural units derived
83 from one or more kinds of olefins selected from a-olefins having 2 or more carbon atoms, in which
the tri-substituted internal olefin quantity is 0.1 or more per 1000 carbon atoms when measured by
1H-NMR. 5 Such polymer of having tri-substituted internal olefins can be modified to produce a
polymer having functional groups in the polymer, &hd thus is useful as functional material. Specific
examples of the clefin polymer include polyethylene, a homopolymer of a-olefin having 3 or more

carbon 10 atoms, aria ¢apolymes obigjned Ry copolymerizing %%m(g(_egg%cgsé of olefins selected from

a-olefins having 2 or more carbon atoms, wherein the tri-substituted internal olefin quantity is 0.1 or

more per 1000 ¢arbon alemswhen measwed:by, £-NMR; These palymers are pogpagicylarly limited

as long as they are the 15 above-mentioned homopolymer or copolymer, and preferably they are not

polypropyleagos ethyleneil-ociene copelymer. 1HNMR, can beused as 2 Auanfitation method to

determine the tri-substituted internal olefins in the polymers. The amount of the tri-substituted internal

olefins is preferablyiphe 20 1ange.af Ot 1910 peg 1000 carbon.atoms., Jn addition, fbe olefin polymer
satisfying the above-mentioned (i) can be produced with high activity by
5 o©f o-clefins e.g., oligoethylenes are dissolved completely.
When copolymerizing an olefin selected from o-oclefins
having 2 to 20 carbon atoms with a vinylidene compound in
accordance with the polymerization process of the present
invention, it is particularly preferable to carry out a
10 liguid-phase polymerization, and the polymerization
temperature is in the range of usually -50 to 200 °C, ang
preferably 0 to 150 °C.
In addition, the polymerization process of the present
invention is suitable as a process for producing copolymers
15 having a content ratio (Uo/Uv) of the structural units (Uo)
derived from an olefin to the structural units (Uv) derived from
a vinylidene compound of 50/50 te 99/1 (molar ratio), by
copolymerizing one or more kinds of olefins selected from
o~olefins having 2 to 20 carbon atoms with a vinylidene compound
20 in the presence of the above-mentioned catalysts for olefin
polymerization.
According to the present invention, copolymerization of
an o-olefin with a conjugated diene compound such as

l,3~butadiene and isoprene, can be carried out with high



polymerizing an olefin using the catalyst for the polymerization of olefins, characterized by including:
84 (A) a transition metal compound represented by the following general formula (1°), and (B) at least
one compound selected from the group consisting of 5 (B-1) organometallic compounds, (B-2)
organoaluminum oxy compounds, and (B-3) compaounds capable of reacting with the transition metal
compound (A) to form an ion pair. [Chem. 22] R3' R R4FR 1 XM 5Q R6 R8 10 7 wherein, M
represents a transition metal atom selected from among Groups 4 to 6 of the periodic table; X

represents a0 atom r;}OﬁE%Bé&l%cé%dpf&@rﬁe@y%%%'lﬁ@@o{i‘j %Q%’&a&gghe?i%%%‘%{”bon

group, a halogenated hydrocarbon group, an 15 oxygen-containing group and a nitrogen-containing
group; Q832+5 5 and has high molecular weight. Also, it is capable of

obteaining a polymer having a narrow molecular weight

distribution of for example, 3.0 or below, preferably 2.5 or

o

below. It is particularly preferable for a copolymerization
of ethylene « butadiene. Further, since the conjugated diene
can be polymerized singly, obtainedpolymer has a highmolecular
welght. Also it is capable of obtaining a narrow molecular
weight distribution of for example, 3.0 or below, preferably
iI0 2.5 or below.

[Clefin Polymer]

Olefin polymer related to the present invention can be
obtained by carrying out an clefin polymerization with the
above-mentioned process in the presence of the above-mentioned

15 components (A} and (B}, and if necessary, catalysts comprising
other transition metal compounds.

Olefin polymer related to the present invention is a
polymer that has either of the characteristics of the following
(1) to (iv) or having plural characteristics of those at the

20 same time. It is preferable that the polymer satisfies the
reguirement of (i} and (dii}, or (i) and {iii) at the same time,
particularly preferable that the polymer satisfies the
reguirement of (i), {(ii) and {(iii) at the same time,

{1} Ain olefin polymer comprising structural units derived



represents -0-, -5-, -NRa- or -PRb - (wherein, Ra and Rb represent each a hydrogen atom or a
hydrocarbon group) Y represents a neutral ligand having an electron-donating group; m is a number
satisfying the valence of M, and when m is 2 or more, a plurality 5 of atoms or groups represented by
X may be the same as or different from each other, the plurality of groups represented by X may be
bonded to each other, it may form a conjugated st%ht-chain diene residue, a conjugated
branched-chain diene residue, a non-conjugated straight-chain diene residue or a 10 non-conjugated

branched-chaip diepe residue, the plurality of e%rxgggss%?é%scen&egr%é mai/et%g boné:iaed to each other
: alip 1. Vil

. 19 . A
to form a ring, and also’may form an aromatic ring, an afic ring, & conjugated ¢ydiic diene

residue or anen-coolgaledeyelic digne residye; nepresenys ap infeaer o 9103, R1 o R4 which 15

may be the same as or different from each other, represent each “an atom or a group Sélécted from a

hydrogen atom. & halogen e, A hydrecaibapaiou.a hajgenated ivdrocarbon groyp. a sily
group-substituted hydrocarbon”group, a hydrocarbon group-substituted silyl'group, an
oxygen-coniaining group and, 20.a nitrogen-containing group, and two groups among the an atom or

groups represented by Rto R4, which are adjacent to each other, may be combined to form an

aromatie ring or an gliphatic, ripa.with the carhon atams to which.the o, are bonded, and R to R,
which may be the same as or different from each other, 86
can be modified to produce a polymer having functional groups
in the peclymer, and thus is useful as functional material.
Specific examples of the olefin polymer include

polyethylene, a homopolymer of a-olefin having 3 or more carbon

10 atoms, or a copolymer obtained by copolymerizing 2 or more kinds
of olefins selected froma-olefins having 2 or more carbon atoms,
wherein the tri-substituted internal olefin quantity is 0.1 or
more per 1000 carbon atoms when measured by *H-NMR. These
polymers are not particularly limited as long as they are the

15 above-mentioned homopolymer or copolymer, and preferably they
are not polypropylene or ethylene/i-octene copolymer. ‘H-NMR
can be used as a quantitation method to determine the
tri-substituted internal olefins in the polymers. The amount
of the tri-substituted internal olefins is preferably in the

20 range of 0.1 to 10 per 1000 carbon atoms.

In addition, the clefin polymer satisfying the

above-mentioned (1) can be produced with high activity by
polymerizing an olefin using the catalyst for the

polymerization of olefins, characterized by including:



represent each an atom or a group selected from a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogenated hydrocarbon group, a silyl group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an 5 oxygen-containing group and a nitrogen-containing group, and the
two groups among the groups represented by R' to RE, which are adjacent to each other, may be
combined to form an aromatic ring, an aliphatic riﬁé or a hetero ring, with the carbon atoms to which
the two are bonded. 10 Herein, as the transition metal compound represented by the formula (1),

following examples E:%)p alsq pgdgcilgggg algg%ﬁrogcr%?oqﬂ% exe Igigggg&tllgeyc%@gound

represented by the ‘above-mentioned general formula (I). Examples include’ 1

(cyclopentaglienyl)(3 5-climethyl-2phenqyy)tianiumdichigrid e;

(cyclopentadienyl)(3-t_ert-butyl-2-phenoxy)titaniumdichlorid e;

(cyclopentadienyl)(3-tert-butyl-5-methyl-2- itani ichloride; 3
(cyclopentadienyI)(gj%ie%l-é—%%%ﬁo%%t%%ﬁ%%%ﬁ%r%%&gpe%l POUi®he group

(cyclopentag@pggg%gq{gbgt;yldimethylsilyl-5-methyl-2- phenoxy) titaniumdichloride;
(cyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenoxy)tita 87

5 (B-1) organometallic compounds,
(B~2) organcaluminum oxy compounds, and
(B~3) compounds capable of reacting with the
transition metal compound (A) to form an ion pair.

[Chem. 22]

10

wherein, M represents a transition metal atom selected
from among Groups 4 to 6 of the periodic table; X represents
an atom or a group selected froma hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, an

15 oxygen-containing group and a nitrogen-containing group; Q



niumdichloride; (cyclopentadienyl)(3-tert-butyl-5-methoxy-2- phenoxy)titaniumdichloride;
(cyclopentadienyl)(3-tert-butyl-5-dimethylamino-2-phenoxy) 5 titaniumdichloride;
(cyclopentadienyl)(3-tert-butyl-5-fluoro-2-phenoxy)titanium dichloride;
(methylcyclopentadienyl)(3,5-dimethyl-2-phenoxy) _titaniumdichloride; 10
(methylcyciopentadienyl)(3-tert-butyl-2-phenoxy)ti18c115iiumdic hloride;
methylcyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)tit aniumdichloride;
(methylcyclopentadien I%(@- hen -_2-p_q?§g)_x itapigndichlor 15 jdeja _ . po N
(methylcycl6p§nta§i§n§l (C’-,-C{j)er't-E))l%tyldimethylké)f%yl-5-meth(§/%IJ -%-:p])%e‘n'oxy)trflt%miuméﬁ:%i:oerlsél%r;l
(methylcycI%%q{gagiekq %%3 'ggegy %Iyg_ﬁ-rgey.@/ Y X y)?qtgu- mdich é‘g? 20 .
(methylcyclopenta ieng/;l BQgert-buty!f-S-m“ethok -é—p enoXy)t i aniu%dfchTor%; esEnts @

(methylcyclopentadieny )&%ﬁ?{t%%tél}ig‘d@ gty !1258@881%8%% NQy)fanmdichlonde;, e -

(methylcyclopentadieny (3-tert-buty fiuoro-2

satlisfying the valence ¢f M, andwhenmis 2 or more, a plurality

ot

of atoms or groups represented by X may be the same as or different
from sach other, the plurality of groups represented by X may
be bonded to each other, it may form a conjugated straight-chain
diene residue, a coniugated branched-chain diene residue, a
non-conijugated straight-chain diene residue or a
10 non=-conjugated branched-chain diene residue, the plurality of
groups represented by X may be bonded to each other to form a
ring, and also may form an aromatic ring, an aliphatic ring,
a conijugated cyclic diene residue or a non-conjugated cyclic
diene residue; n represents an integer of 0 to 3; r* to R* which
i5 may be the same as or different from each other, represent each
an atomor a group selected from a hydrogen atom, a halcgen atom,
a hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group and
20 a nitrogen-containing group, and two groups among the an atom
OrX groups represented by R* to R*, which are adjacent to each
other, may be combined to form an aromatic ring or an aliphatic
ring with the carbon atoms to which the two are bonded: and R®

to RB, which may be the same as or different from sach other,



phenoxy)titaniumdichloride; (tert-butylcyclopentadienyl)(3,5-dimethyl-2- phenoxy) titaniumdichloride;
(tert-butylcyclopentadienvl)(3-tert-butyl-2-phenoxy)titaniu 5 mdichloride;
(tert-butylcyclonentadienyl)(3-tert-butyl-5-methyl-2-phenox y) titaniumdichloride;
(tert-butyicyclopentadienyl)(3-phenyl-2-phenoxy)titaniumdic hioride; 10
(tert-butylcyclopentadienyl)(3-tert-butyldimethylsiiy#-8-me thyl-2-phenoxy)titaniumdichloride;
(tert-butylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-ph enoxy)titaniumdichloride;
(tert-butylcyclopentadienyl)(3-tert-butyl-5-methoxy . 15 -2-phenoxy)titaniumdichloride;
(ertbuy oy TR CBH Bat T St amios 2 SR Aok I A BE™
(tert-butylcyclopentadienyl)(3-tert-butyl-5-flugro-2 -phenoxy)titaniumdichioride; 20 .
(atrametiy oy Fap CaRr(5 HRBTS T Do N (e Fyaocazbon
(tetramethylcyclopentadieny| %S-tgrt-lbg;yl; -%Qeaox%zlg%?gi umdichloride; .
(tetramethyﬁ:‘yclo éntadieny )3-?ér?-‘%rutﬁ- “methvl- P eno gg ce e greuky

hydrocarbon group-substituted silyl group, an

a

ot

cxygen—-containing group and a nitrogen-~containing group, and

the two groups among the groups represented by R® to R?, which

are adjacent to sach other, may be combined to form an aromatic
ring, an aliphatic ring or a heterc ring, with the carben atoms
to which the two are bonded.

10 Herein, as the transition metal compound represented by
the formula (1'), following examples can also be included apart
from the ones exemplified for the compound represented by the
above-mentioned gensral formula (1).

Examples include:

15 {cyclopentadienyl) (3, 5-dimethyl-2~phenoxy)titaniumdichlorid
e;

{(cyclopentadienyl) (3-tert-butyl-2-phencxy}titaniumdichlorid
e;
{(cyclopentadienyl) {3-tert~butyl~-b-methyl-Z~phenoxy)titanium

20 dichloride;

(cyclopentadienyl) (3-phenyl-Z-phencxy)titaniumdichloride;

(cycleopentadienyl) {3-tert-butvldimethylsilyl-5-methyl-2-
phenoxy)titaniumdichloride;

(cyclopentadienyl) {3-trimethylsilyi~5-methyl-2~phenoxy)tita



xy)titaniumdichoride; (tetramethylcyclopentadienyl)(3-phenyl-2-phenoxy)titaniumdi chloride;
(tetramethylcyclopentadienyl)(3-tert-butyldimethylsilyl-5-m 5 ethyl-2-phenoxy)titaniumdichloride;
(tetramethylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-p henoxy)titaniumdichloride;
(tetramethylcyclopentadienyl)(3-tert-buty!-5-methoxy-2-phen oxy)titaniumdichloride; 10
(tetramethylcyclopentadienyl)(3-tert-butyl-5-dimett§y amino- 2-phenoxy)titaniumdichloride;
(tetramethylcyclopentadienyl)(3-tert-butyl-5-fluoro -2-phenoxy)titaniumdichloride; compounds therefor
in which th%jmﬂ{a'g%ifgg laced with zirconium or hafnium; compounds in 15 which the chloride is
replaced by bromide, iodide, dimethylamide, diethylamide, methoxide, isopropoxide, benzyl or methyl;
?pyg@@l%}xgs IELe_pd@_ncedt Xdim thylcyclopentadienyl,

e L e e

trimethylcyc]opentad cyclopentadienyl‘or p:ﬁerpl?/hn ene- -yl; transition metal 20 complexes
like compo iQMighi{g%EB%r&q%grgy%&% replaced by a phenylthio group in combination with

those, and the like. “(ii) An olefin polymer which is produced from olefins selected from a-olefins having
2 to 20 carbon atoms.(provided fhat sthylene hamopolymer is exdluded),, inwhigh fhe constituent 90

5 titaniumdichloride;
(cyclopentadienyl) (3-tert-butyl-5~-flucro-2-phenoxy)titaniunm
dichloride;
(methylcyclopentadienyl) (3, 5~dimethyl-2~-phenoxy)
titaniumdichloride:;

10 (methylcyclopentadienyl) (3=-tert-butyl-2-phencxy)titaniumdic
hlorige;
methylcyclopentadienyl) (3-~tert-butyl-5-methyl-2~-phenoxy)tit
aniumdichloride;
(methylcyclopentadienyl) (3-phenyl-2-phenoxy)titaniumdichlor

165 ide;
(methylcyclopentadienyl) (3~tert~butyldimethylsilyl-5-methyl
-Z-phenoxy)titaniumdichloride;
(methylcyclopentadienyl) (3-trimethylsilyl-5-methyl-2~phenox
yytitaniumdichloride;

20 (methylcyclopentadienyl) (3-tert-butyl-5-methoxy-2-phenoxy)t
itaniumdichloride;
(methyleyclopentadienyl) (3-tert-butyl-5-dimethylamino-2-phe
noxy) titaniumdichloride;

(methylcyclopentadienyl) (3~tert-butyl-5~fluocro~2-



ratio of regioirregular linkage (head-head bonding and tail-tail bonding) of a-olefins to the total a-olefin
chains measured by '3C-NMR is 10 mol% or more. Such polymer having a lot of regioirregular linkage
(head 5 to head bonding and tail to tail bonding) is useful as a flexible material, since, for example, it
has a low heat of fusion, in comparison with usual a-olefin polymer having only head to tail bonding,
and thus. Specific examples of the olefin polymer id8lude a 10 homopolymer of a-olefin having 3 or
more carbon atoms, and a copolymer obtained by copolymerizing 2 or more kinds of olefins selected
from a—olefir%}%réa\gn )threrorg ca porFéfltom%. (iii) A polymer which can be obtained by a
polymerization Bef’ﬁ% sujpbﬁg& WIth o OF rore kind(s) of olefin(s) selected 15 from a-olefins having
2 or more carbon atoms, having on its side chain two or more kinds of alkyl groups selected from an
ethyl group (b &n %ﬁ(‘yyglf:o%%ghoa?/?r?gt 3 Ja?ﬁéfrsfria&mé’ (%T%W%i}?lzéroup having 4 carbon atoms
(b3) , and an gékg%ggaug.q%véng 5 ,carll??g ggms (b4) (provided that, when number of carbon atoms 20

of a-olefin hgvmg MOre Carbon atoms-s pep"lied in a polymerization is t, side chains having t-2

carbon atoms, are,_ not included.in the alkyl gro lected from (bi) tq (b4)), wherein the total number
of alkyl grougg," Blto b4, ﬁ?éc&&%%%?aﬁfsyﬁga%irqrjgretpeel?ﬁ" B chrbon RibME7 g1 -2 -aniv

5 mdichlcoride;

(tert~butylcyclopentadienyl) (3~tert-butyl-5-methyl-2~phenox
vititanivmdichloride;

(tert-butylcyclopentadienyl) (3-phenyl-2-phenoxy)titaniumdic
hlorids;

10 (tert-butylcyclopentadienyl) (3~tert~butyldimethylsilyl-5~-me
thyl-Z2-phenoxy)titaniumdichloride;
(tert-butylcyclopentadienyl) (3-trimethylsilyl-5-methyl-2-ph
enoxy)titaniumdichlioride;

(tert-butylcyclopentadienyl) (3~tert-butyl-S~-methoxy

15 -Z-phenoxy)titaniumdichloride;

(tert-butylcyclopentadienyl) (3-tert-butyl-5-dimethylamino-2
~phenoxy) titaniumdichloride;

(tert-butylcyclopentadienyl) (3~tert-butyl-5-fluoro-2
-phenoxy)titaniumdichloride;

20 (tetramethylcyclopentadienyl) (3, 5-dimethyl-2-phenoxy)titani
umdichloride;

(tetramethylcyclopentadienyl) (3-tert-butyl-2-phenoxy)titani
umdichloride;

{tetramethylcyclopentadienyl} (3~tert-butyl-5-methyl-2-pheno



By using the catalysts of the present invention, a polymer having a lot of above-mentioned
short-chained alkyl groups can be obtained, and thereby amount of a-olefins fed can be reduced to -
obtain a polymer with an equal alkyl branching quantity to 5 the ones obtained by using the existing
catalysts. 13C-NMR can be used to determine the quantity of b1l to b4 contained in the polymer, and
the number of the total alkyl groups, bl to b4, in tHé olymer is preferably 1.0 or more and 10.0 or less
per 1000 carbon atoms. 10 (iv) An olefin-vinylidene compound copolymer, which is a copolymer of at

least one O|§EP')I e f% dd% T@ﬁ%'%‘ JI&% having 2 to 20 carbon atoms and a vinylidene compound, in
which the ratio ?Uo U\% of the total content of structural units derived from the olefin (Uo) to the

content of strugctuy. ] éﬂe ' inylidene,compound_(Uv) is, from 50/50 to 99/1 (molar
ratio). The rgoleéu%%vné? ht@i@g ]E%gr? %ﬁ?v%@l%?xag%e%r%l%d%f %Tb Oﬁ?/e%g%?grﬁéﬁltgg?} such
polymer is prgferably 4,0 or less, more preferably 3.5 or less, and particularly preferably 3.0 20 or

less. [Process for producing Transition Metal Compounds] The process for producing transition metal

compounds (ISlateg@ NG PIRANLIINENIRNR .nreses ot podpiad s AipTeitiopymety) compound
represented by the above general 92

5 ethyl-2-phencoxy}titaniumdichloride;
(tetramethylcyclopentadienyl) (3~trimethylsilyl-5-methyl-2-p
henoxy)titaniumdichloride;
(tetramethylcyclopentadienyl) {3-tert-butyl-5-methoxy-2-phen
cxy)titaniumdichloride;

10 (tetramethylcyclopentadienyl) {3-tert-butyl-5-dimethylamino-
2-phenoxy)titaniumdichloride;
(tetramethylicyclopentadienyl) {3-tert~-butyi-5-£fluoro
-zZ-phenoxy) titaniumdichloride; compounds therefor inwhich the
titanium is replaced with zirconium or hafnium; compounds in

15 whichthechloride is replaced by bromide, iodide, dimethylamide,
diethylamide, methoxide, isopropoxide, benzyl or methyl;
compounds in which the cyclopentadienyl moiety is replaced by
dimethylcyclopentadienyl, trimethylcyclopentadienyl,
phenylcyclopentadienyl or phenyvlindene-1-yl; transition metal

20 complexes like compounds in which the phenoxy group is replaced
by a phenylthio group in combination with those, and the like.

(ii} An clefin polymer which 1s produced from olefins

selected from a-olefins having 2 to 20 carbon atoms (provided

thatethylene homopelymer isexcluded), inwhich the constituent



formula (1). The process comprises reacting an amide complex represented by the following general
formula (10) with an anion ligand (L) having a structure represented by the following formula (11) or
with a neutral organic compound in which the 5 L is hydrogenated, so to be converted into a reaction
product containing an amide complex represented by the following general formula (12) [Process 1],
and reacting the reaction product obtained from th%O[Process 1] with a compound represented by the
following general formula (13) , to prepare the transition 10 metal compound represented by the above
general forn}tga %) Rrocess 2], The processes are successively carried out. Amide Complex
represented bth e f[g ovr\(/:‘fer%L o%r%ﬂ?e?ﬁ%ﬁ'h%"&ﬁr%%%eco%ﬁgg ?é%raea%relﬁt% lynﬁleaflcq)ﬁowing formula 15
(20) is useditgime_;gr C sgfg& qu(:{t/ljcg)ng fran igi(%nrrpetgl compound related.to the present invention.
MW,(NzZ' )rﬁlYi i‘%o? %erégln, rebreseonts altrasns“ltcl)or?krlnegt%f%t%}r“n %el%%tee?jl?ro%%%’jmnosng Group 4
to 6 of the pgriodic table, whieh i me, 20.as tgf%Mén: theog,gove general formula (1). W represents a
halogen atom, and specif?]c examples include rﬁuorlne, ckﬂlorTne', bromine and iodine. "p" is an integer
it vare o SRR ACETINEg [ g A e paieen PLI Hrieln, PIadns,

absolute value of the M valence 93 is "a", relationship of a=p+m ained. When "

5 to headbonding and tail to tail bonding) is useful as a flexible

hat e
IS 1 Or
material, since, for example, it has a low heat of fusion, in
comparison with usual ag-colefin polymer having only head to tail
pbonding, and thus.
Specific examples of the olefin polymer include a
10 homopolymer of o~clefin having 3 or more carbon atoms, and 2
copolymer obtained by copolymerizing 2 or more kinds of olefins
selected from o-olefins having 2 or more carbon atoms.
{1ii) A polymer which can be obtained by a polymerization
being supplied with one or more kind(s) of olefin(s) selected
15 fromo-colefins having 2 or more carbon atoms, having on its side
chain two or more kinds of alkyl groups selected from an ethyl
group (bl), an alkyl group having 3 carbon atoms {b2), an alkyl
group having 4 carbon atoms (b3), and an alkyl group having 5
carbon atoms (b4} (provided that, when number of carbon atomns
20 of o-olefin having 3 or more carbon atoms supplied in a
polymerization is t, side chains having t-2 carbon atoms are

not included in the alkyl group selected from (bl}

ct

o (b4d)),
wherein the total number of alkyl groups, bl tob4, in the polymer

is 1.0 or more per 1000 carbon atoms.



2, W is eliminated in the Process 1. "Z' and "Z™ may be the same as or different from each other, and
represent each a hydrocarbon group having 1 to 20 5 carbon atom(s) or a silicon-containing group,
and specific examples of include a hydrocarbon group having 1 to 20 carbon atom(s) such as an alky!l
group e. g. , methyl, ethyl, propyl, butyl, hexyl, oc%ﬂ, nonyl, dodecyl, eicosyl, etc. , an alicyclic group
e.g., cyclohexyl, norbornyl, adamanthyl, etc., an arytalkyl 10 group e.g., benzyl, phenylethyl,
phenylpropyl, trityl, etc., and an aryl group e.g., phenyl, tolyl, dimethylphenyl, trimethylphenyi,

ethylphenyl, propylghepyk, biphgnyl, aphibyk methylnaphihyl, anthracgoyl, phenapthryletc.; and a

hydrocarbon group-substituted silyl group having 1 to 20 15 carbon atom(s) e.g., triméthylsilyl,

methyldiphenysilyl, dimathylphenylsilyl, and;tiphenylsilyl, etc, Whenym is.¢ orimgre, & plyyality of

NZZ' groups may be the same as or different from each other. Also, the two groups adjacent to each

other among dhe,, 20 graupsJepresented by.Nesr, mayhe hondedia~ orZ rand in. the.case where

those are bonded, bridging groups of thoSe may have a chiral structure. Y represents a neutral ligand

having an e!f&tmgwagngog - apd-spegificexamplesipeludesame ligagds exemplified 94 for Y
in the above general formula (1).

—

& the ones obtained by using the existing catalysts.

*C-NMR can be used to determine the guantity of bl to
b4 contained in the polymer, and the number of the total alkyl
groups, pl to b4, in the polymer is preferably 1.0 or more and
10.0 or less per 1000 carbon atoms.

10 (1v) An olefin-vinylidene compound copolymer, which is
acopolymerofatleastoneolefinselectedfromawolefinshaving
2 to 20 carbon atoms and a vinylidene compound, in which the
ratio (Uo/Uv) of the total content of structural units derived
from the olefin (Uo) to the content of structural units derived

15 from the vinylid@ne compound (Uv) is from 50/50 to 99/1 {molar
ratio).

The molecular weight distribution (Mw/Mn) as determined
by GPC measurement of such polymer is preferably 4.0 or less,
more preferably 3.5 or less, and particularly preferably 3.0

20 or less.
[Process for producing Transition Metzl Compounds]
The process for producing transition metal compounds
related to the present invention is a process for producing the

transition metal compound represented by the above general



Here, n represents an integer of 0 to 3. Specific examples of the structure of amide complex
represented by general formula (10) will be shown as following, 5 however it is not limited thereto. In
the following formulae, a methyl group, an ethyl group, an i-propyl group, a phenyl group, and a
tetrahydrofuran are abbreviated as Me, Et, i-Pr, Ph, and THF, respectively. [Chem. 23] Ti(NMe2)4
Ti(NMe2)4(THF)2 Ti(NEt2)4 Ti(NEt2)4(THF)2 Ti(I\ﬁ\ﬁePh)4 Ti(NMePh)4(THF)2 CI Ph CI Ph Ci Ph TiN-
THF~Ti~N~ THF~Ti~N (N THF''N THF~~N CI Ph Cl Ph C1 Ph CI SIMe3 CI SIMe3 Cl $IMB3 N~

THF.~TIN~ ~i;l;i'*N NT I'N.THE~(=N CI| SiMe3 Cl SiMe3 CI S'iMe3. Cl Si(i-Pr)3 Ci Si(i-Pr)3
1 Si(L-Pryd TR TREN- THEPEN S TEE P 2R T NS ST GEber S SpiE
S1(1-Pn3 Glgied Gl simes, INHE - JEWAWIHEIMWAY £0rmula (10) with an anion

ligand (L) having a structure represented by the following

formula (11) or with a neutral organic compound in which the

(w13

L is hydrocgenated, so to be converted intc a reaction product
containing an amide complex represented by the following general
formula (12} [Process 1}, and reacting the reaction product
obtained from the [Process 1] with a compound represented by
the following general formula (13), to prepare the transition
10 metal compound represented by the above general formula {1}
[Process 2]. The processes are successively carried out.
<< Amide Complex representedby the focllowing formula (10}
>>
The amide complex represented by the following formula
15 (10) is used in the process for preoducing transition metal
compound related to the present invention.
MW, (NZZ' ) Yo - (10)
Wherein, M represents a transition metal atom selected
from among Group 4 to 6 of the periodic table, which is same
20 as the M in the above generzal formula (1).
Wrepresents a halogen atom, and specificexamples include
flucrine, chlorine, bromine and iodine. “p” is an integer of
O to 2, and p and ml are determined to satisfy the valence of

M. Herein, providing that the absolute value of the M valencs



10 Ci SIMe3 - Ci SIMe3 [Chem. 24] 95 Zr(NMe2)4 Zr(NMe2)4(THF)2 Zr(NEt2)4 Zr(NEt2)4(THF)2
Zr(NMePh)4 Zr(NMePh)4(THF)2 CI Ph CI Ph CI Ph NTHF N THF rN ZjN- THF 'N THF j\N CI Ph CI
Ph CI Ph CI SiMe3 CI SiMe3 CI SiMe3 N THF . N THF _ ~N f~N~ THF j ,N~ THF jr~R~ CI SiMe3 CI
SiMe3 CI SiMe3 CI S "apr)3 CI SKI-Pr)3 Ct Si(i- Pr% N::> THF\ ~NI> THF; N THF' pfd THF CI SI(i-P)3
CI SI(4Pr)3 CI SI(hPP)3 of Sim'". Cl siMe3 /\ THF % \N T H CI SiP4e3 - Cl SIA4e3 [Chem. 25)
Hf(NMe2)4 Fif(NMe2)4(THF)2 Hf(NEt2)4 Hf(NEt2)4(THF)2 Hf(NMePh)4 Hf(NMePh)4(THF)2 CI Ph C{

Fw}c'Phl“ﬂéﬂiam;rqgfgtionship of a=p+ml i1s obtained. When “p” is 1 or

2, W ils eliminated in the Process 1.
“Z7 and “Z'" may be the same as or different from each
other, and represent each a hydrocarbeon group having I to 20
5 carbon atcm(s) or a silicon—containiﬁg group, and specific
examples of include a hydrocarbon group having 1 to 20 carbon
atom{s} suchasanalkvlgroupe.qg., methyl, ethvl, propvl, butvl,
hexyl, cctyl, nonyl, dodecyl, eicosyl, etc., an alicyclic group
e.g., cyclohexyl, norbornyl, adamanthyl, etc., an aryialkyl
10 group e.g., benzvyl, phenvlethyl, phenylpropyl, trityl, etc.,
and an aryl group e.g., phenyl, tolyl, dimethylphenvl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl,
naphthyl, methylnaphthyl, anthracenyl, phenanthryl, etc.; and
a hydrocarbon group-substituted silyl group having 1 to 20
15 carpbon atom(s) e.g., trimethylsilyl, methyldiphenylsilyl,
dimethylphenylsilyl, and triphenylsilyl, etc.
When m is 2 or mere, a plurality of NZZ' groups may be
the same as or different from each other.
Also, the two groups adiacent to each other among the
20 groups represented by NZZ’' may be bonded via Z or 27, and In
the case where those are bonded, bridging groups of these may
have a chiral structure.
Y represents @ neutral ligand having an electron-donating

group, and specific examples include same ligands exemplified



J=N~ THF jfN::::> THF j~N CI Ph CI Ph Ci Ph CI SiMe3 CI SiMe3 CI SiMe3 HfN::::> THF4 4
THF~Fif~N j<N THF j ~N THF j 'IN CI SiMe3 CI SiMe3 CI S, SiMe3 CI $1(1-PP)3 CI Si(i-Pr)3 Cl
Si(1-Pr)3 HfrN THFN THF, N N~ T H F M THF N CI S(i-P)3 CI SiQ-Pr)3 CI Si(i-Pr)3 CI SiMe3 ClI
SiMe3 / THF.= 1 AN THF"HfN CI SiMe3 Chi SIh43 << Anion Ligand (L) >> 96 In the process for
producing the transition metal compounds related %6 the present invention, the anion ligand
represented by the following general formula (11) is used. [Chem. 26]3R2-R4R'5 R68...(l1)

for ¥ in the above general formula (1).

Here, n represents an integer of 0 toe 3.

Specific examples of the structure of amide complex
represented by general formula (10) will be shown as following,

5 however it is not limited theretoc. In the following formulae,

amethyl group, anethyl group, an i-propyl group, a phenyl group,
and a tetrahydrofuran are abbreviated as Me, Bt, 1i-Pr, Ph, and
THF, respectively.

[Chem. 23]

TilNMep)s  TiNMega(THF);  THNEip)s  TUNEL(THF),  TiNMePh), TH{NMePh){THF);

ci Bh ¢l Fh o o
= N THF\% N 'mr-‘\% N

N THE | N THE | N

Ol by, Ci b Cl By

ol §|Mea o §iMea o SiMes
E N THF\TE N THF-_ 'Es”N °
i\f\f: THE” | N THE LN

Gl Sie, Cl Sinvies € giMe,
o SilFFr ol Sit-Pris g SiPos
E N THF-_ Tl N THE %/N
E\?ﬂ | THFfﬁ \".* THF/i \i}‘ 2
Cl siiPry Cl SifiPriy CH - SiiPr,
Cl SiMe Cl SiMes

i) e A
o= MO

cl osim Cl Sive
10 =i 3

[Chem. 24]



R7 5 Wherein, R" to R4 and R5 to R8 each represents a same atom or a group as Rl to R4 and R5 to
R8 in the above general formula (1) Q represents -0, -S, -NRa, or -PRb. Ra and Rb represent 10
each a hydrogen atom or a hydrocarbon group having 1 to 20 carbon atom(s), and specific examples
include same groups represented for Ra and Rb in the above general formula (1). << Amide Complex
represented by general formula (12) >> An amidegéomplex obtained by reacting the amide complex
15 represented by the above general formula (10) with the anion ligand (L) represented by the above
general formula (11) or with the neutral org;nlc compound in which the L is hydrogenated,

represented b ollofiitfraiFiaa (28597 LMRRZE iy, ZRHSTvRETERE e anion Ilgand

represented by thg\ above general Ffg)rmula (12). M 4, Z', Y, and n respectively represent the same

meaning 5 as tha-;aqu Ifmmu af( »"m" is a number satisfying the valence of N,
meaning that Fﬁ*% ual §p.arf’ varMeI ce. Compound represented by general
formula (13) >:Sllmthe process f@r [;d»;oducmg transxtl@n metal compounds
C' SEM&;; ci SlMeg Cl SFM&;:,
THF THF. VR—E
> o >
THE | N THE |
C* SiMes Cl Sive, c SiM&3
Sl S*ﬁ'p")a e o S*{‘“Pf)e, o o Sit-Pih
F. @ N wet
2"\ > \Zr/ \Zr::
THE [ N THF ]
C' sw.-m-}s 1 gipn, cl S1{1—F*r)3
Ci SiMe; C Sies
Y e IR
DR
[ ™0
Cl Sikbes Cl sindey
[Chem. 25]

Hi{NMen)s  Hf{NMes)(THF)2 HNEt)s HI(NETD )4 (THF )2 Hf{NMePh); Hi(NMePh)(THF )

¢l fh ¢ An gt kP

N THF._ N THF a—

< P ' >Hf< ?

LN THF™ | N THFT | TN

Clopn Choph Ct py

cl EESiMe3 ci SiMes g Sike;

I N THF._: N THR | _N—

W< S >

TN THE | TN THF | N

Sl Sime, Sl Sives Gl Simey

CE S!{I PF)Q ol §|{i—Pr}3 Cl SI{%P?);_:,
THE_: N THE : _N—"

Hf\ > SHe] S >
THF™ | N THE | N

Ci Gl diipn G &

Si(& Pri, Sii-Pr)a Si(i-Priz
Cl SiMe; C! Sibe;

E }

i_ilf/” O THF‘Hf _N O

() ™ )
i Ciosiv

Sivies

<< Anion Ligand (L) >>



10 related to the present invention, the compound represented by the following general formula (13) is
used. VX" ...(13) Wherein, V represents a metal atom selected from Group 1 of the periodic table, a
hydrogen atom, a hydrocarbon group 15 having 1 to 20 carbon atom(s) , a halogenated hydrocarbon
group having 1 to 20 carbon atom(s), a silicon-corét ining group, a nitrogen-containing group or an
oxygen-containing group. X:' represents a halogen atom. Among the compounds represented by the
above general 20 formula (13), compounds in which the X1 is halogen and the V is hydrogen;

compounds in which,the, X1 is;halogen agd the Yis .2 silicon coptainjag graupycampounds in which

the X1 is halogen and the V'is a nitrogen-containing group; and compounds in which the X1 is

halogen andhe ¥ isa hydrpcarhon group.having l-to 98, 20.carbon atom(gharerpreferaple, and
compounds in which the X'is halogen and the V is hydrogen; compounds in which thé X1 is halogen
and V is a siliconscantaining,group: cempoypdsin qubich the X isthalggen and;the \isa _
nitrogen-containing group 5 are particularly preferable. Specific examples of such compounds include

hydrogen chloride, [t@'H@ﬁhy@iglj chloride, silicon tetrachloride, dimethylamine hydrochloride and the
'Like. << Production Process >>

-

n

Wnerein, R® to R* and R® to R® each represents a same atom
or a group as R* to R? and R® to R® in the above general formula
(1).

Q represents -0, -3, =-NR%, or -PR®. R*® and R® represent

10  each a hydrogen atom or a hydrocarbon group having 1 to 20 carbon
atom(s), and specific examples include same groups represented
“for R® and R® in the above general formula (1}.

<< Amide Complex represented by general formula (12) >>

An amide complex obtained by reacting the amide complex

15 represented by the above general formula (10) with the anion
ligand {L) represented by the above general formula {(11) or with
the neutral organic compound in which the LT is hydrogenated,

is represented by the following formula (12).



10 For a synthesis of amide complex represented by the above-mentioned formula (12), a process
disclosed in such as Dalton Trans., 2003, 4580, Organometallics, 2004(23), 1576, or similar
processes thereof can be used. After the reaction, a reaction liquid is dried under reduced pressure to
remove 15 amine, which is the volatile by-product. On this occasion, in a case where the reaction is
confirmed to be processed quantitatively using anNMR or the like, the resultant product can be used
as it is for the next reaction. In a case where the by-product is provided, an ordinary manipulation
used for 20 refiningﬁ&trem%gon mﬁ'glal compl.extls%ls:h as extraction, recrystallization and the like can
be used to obtain a pure target’complex. The solvent useful for extraction or recrystallization is not

partoulary Imited. gad examples nchide petisleun elhe, bexane carbaniclragplode doluene, 99
[ t

benzene, dichloromethane, chloroform, tetrahydroturan, diethyl ether and mixed solution thereof.
Then, a syré@gg§gitr§g§igg@ ye(tghgo‘mpound represented by the above-mentioned general formula
(1) can be 5 carried out in accordance with the processes disclosed in such as J. Am. Chem. Soc. ,

2000(122), 8093, JyfAm, Chem-1Soc, 4 996(118) 8024, Qrgangmelallics 1993(14) . 1 1
Organometallics, 2003(22), 5498, Organometallics, 2003(22), 4658, or similar processes t%ereof. That
is, the gynthesisilsrined in the above general formula (10). “m” is a number
satisfying the valence of M, meaning that m+2 is equal to an
absolute value of M valence.
<< Compound represented by general formula (13) >>»
In the process for producing transition metal compounds
10 related to the present invention, the compound represented by
the following general formula (13) is used.
VX' L (13)
Wherein, V represents a metal atom selected from Group
1 of the periodic table, a hydrogen atom, a hydrocarbon group
15  having 1 to 20 carbon atom(s), a halogenated hydrocarbon group
having 1 to 20 carbon atom({s), a silicon-containing group, a
nitrogen~containing group or an oxygen-containing group.
X" represents & halogen atom.
Among the compounds represented by the above general
20 formula (13), compounds in which the X! is halcecgen and the V
is hydrogen; compounds in which the X' is halogen and the V is
asilicon~containinggroup;compoundsjjzwhichtjmsxlishalogen
and the V is a nitrogen-containing group; and compounds in which

the X* is halogen and the V is a hydrocarbon group having 1 to



10 carried out by reacting the compound represented by the above general formula (13) under
stirring, with the amide complex represented by the general formula (12), which is purified in the
above manner and dissolved in a solvent. The temperature of solution during the reaction is in the
range of -80 to 120 15 C, preferably the range of Q to 60 C is selected. The solvent for a use is not
particularly limited, and examples include petroIeLﬁ'ﬁ ether, hexane, carbon tetrachloride, toluene,
benzene, dichloromethane, chloroform, tetrahydrofuran, diethyl ether and mixed solution thereof. 20

After the reagfion, e yolatil, by praduct o0 e, temoved by dryingynder reduged pressyre. On this

occasion, in a case where the reaction is confirmed to'be proceeded quantitatively using an NMR or

the like, the,resylfant praflietacan Rdispd: as s faa polvingizatipnleagtign 10,2 £ase,t00 where

the by-product is provided, an ordinary manipulation tsed forr ng a transition metal complex, such

as extraction., reqrysallzation and the ke gan.be user g abiajg a e, taigst gamplex. §The solvent

useful for extraction or recrystallization is not particularly limited; and examples’include petroleum

ether, hexang, carbondstrachlqride, falyene, banzene,dichlotamethane chigrgform, Letafiydrofuran,
diethyl ether and mixed solution thereof. The compound represented by the
5 are particularly preferable.

Specific examples of such compounds include hydrogen
chloride, trimethylsilyl chloride, silicon tetrachloride,
dimethylamine hydrochloride and the like.

<< Preducticn Process >>

10 For s synthesis of amide complex represenied by the
above~mentioned formula (12), a process disclosed in such as
Daiton Trans., 2003, 4580, Organometallics, 200423}, 1876,
or similar processes thereof can be used. After the reaction,
a reaction liguid 1s dried under reduced pressure to remove

16 amine, which is the volatile by-product. On this occasion, in
a case where the reaction is confirmed to be processed
guantitatively using an NMR or the like, the resultant product
can be used as it is for the next reaction. In z case where
the by-product ls provided, an ordinary manipulation used for

20 refining a transition metal complex, such as extraction,
recrystallization and the like can be used to obtain a pure
target complex. The solvent useful for extraction or
recrystallization is not particularly limited, and examples

include petroleum ether, hexane, carbon tetrachloride, toluene,



10 above general formula (13) is not particularly limited, and examples include hydrogen chloride,
dimethylamine hydrochloride, trimethylsilyl chloride, tetrachlorosilane and the like, and
tetrachlorosilane is preferable. In addition, the transition metal compound represented 15 by the
above general formula (1) can be obtained directly, hy reacting the amide complex represented by the
above general formula (10) with the anion ligand L% having a structure represented by the above
general formula (11) or with the neutral organic compound in which the L is hydrogenated, 20 followed

by reactionwéth-the-corapeund tepresentad ,bycthg@qp@fsxggnefékﬁpmgﬂ&elﬁmmout isolating the
amide complex represented by the above general formula (12). According to the present invention,

the compouint fepresentes-bysthe genesal fornuta: @y in which the X is halogen 101 is produced, and
then the X can be changed to a hydrogen atom with the use of Li iA1H4] , Li [Al (O Bu) 3u],

Mg/tetrahydrofuran@angh fhe: liks,/Alse.sthe eempednd represented-Dy thexganetal formula (1) in which
the X is halogen is produced, and then the X can 5 be changed to a hydrocarbon group or a

halogenated dydenarben groumwithidbe sise0fAlB3eRiR;RMeBT, RMaand the like fEaeh R
represents an alkyl group such as a methyl group, an ethyl group, a propyl group, a butyl group, a
phenyl groups ar 2&3dimethylphenyhrgratpe a2 4:16-tiraetndpleryd graupa osed in such

as J. Am. Chem. Soc;, 2000 (122), 80983, J. Am. Chem. Soc.,

1996(118), 8024, COrganometallics, 199%5(14), 5,

Organometallics, 2003 (22), 5498, Organometallics, 2003(22),

4658, or similar processes thereof. That is, the synthesis is

10 carried out by reacting the compound represented by the above
general feormula (13) under stirring, with the amide complex
represented by the general formula (12), which is purified in

the above manner and dissclved in a solvent. The temperature

of

sclution during the reaction i1s in the range of -80 to 120
15 °C, preferably the range of 0 to 60 °C is selected.

The sclvent for a use is not particularly limited, and
examples include petroleum ether, hexane, carbon tetrachloride,
toluene, benzenes, dichloromethans, chlorcform,
tetrahydrofuran, diethyl ether and mixed solution thereof.

20 After the reaction, the volatile by-product can be
removed by drying under reduced pressure. On this occasion,
in a case where the reaction 1s confirmed to be procesded

guantitatively using an NMR or the like, the resultant product

can be used as it is for a polymerization reaction. In a case



10 2,6-di-iso-propylphenyl group, a 2,6-di-iso-propyl-4-methylphenyl group, a
2,4,6-tri-iso-propylphenyl group, a 2,6-di-tert-butylphenyl group, a 2,6-di-tert-butyl-4-methylphenyl
group, a 2,4,6-tri-tent-butylphenyl group or a benzyl group; a dienyl 15 group such as a substituted
conjugated dienyl group, a substituted non-conjugated dienyl group or a substituted cyclopentadienyl
group; or a halogenated hydrocarbon group such é)§4-fluorophenyl group, a 2,4-difluorophenyl group
ora 2,4, 6-trifluorophenyl group) The compound represented by the 20 general formula (1) in which

e LIOR Prclcec a0d, Iiond £ FAIE. chatoed o an gl sonina. diopn v, (e

use of LIOR, NaOR and R represents an alkyl group s as group, an ethyl

group, a propyl.g L A:hutyl group, henpyl.Qroup, -dimeth 10 1
G ety hom U & 2 G Ao bromy e o, B ooy aeaitabheny

group, 8 24 5lfgspIaNvaNanyl daP 32 O der-uy IR0l AP Bbeain & pure
2,6-di-tert-butyl-4-methylphenyl group, a 5 2,4,6-tri-tert-buty pheny?group an albenz group).

Moreover, the £ g\pogggggggr}gsented by the general formula (1) in which the X is halogen is
produced, and then the X can be changed to a nitrogen-containing group with the use of LiNMe2,

LINEt2 £LiN (SiMe3)r2,JNal Mﬁ'@m@l%\gg%i\lﬂésg\é%@a%&%Megr@F‘c@ystallization

is not particularly limited, and examples include petroleum
ether, hexane, carbon tetrachloride, toluene, benzene,

dichleoromethane, chloroform, tetrahydrofuran, diethyl ether
and mixed sclution thereof. The compound represented by the

10 above general formula (13} is not particularly limited, and
examples include hydrogen chloride, dimethylamine
hydrochloride, trimethylsilyl chloride, tetrachlorosilane and
the like, and tetrachlorosilane is preferable.

In addition, the transition metal compound represented

15 by the above general formula (1) can be obtained directly by
reacting the amide complex represented by the above general
fermula (10) with the anion ligand (L) having a structure
represented by the above general formula (11} or with the
neutral organic compound in which the L is hydrogenated,

20 fcllowed by reaction with the compound represented by the above
general formula (13) without isolating the amide complex
represented by the above general formula (12).

According to the present invention, the compound

represented by the general formula (1) in which the X is halogen



10 KN(SiMe3)2 or an amidinate compound represented by general formulae Li [R(CNR') (CNR") ],
Na [R(CNR') (CNR") ] and K[R(CNR') (CNR'") ] (R, R"and R' ' each represents an alkyl group such
as a methyl group, an ethyl group, a propyl group, a butyl group, a phenyl group, a 2;
6-dimethylphenyl group, a 15 2,4,6-trimethylphenybgroup, a 2,6-di-iso-propylphenyl group, a
2,6-di-iso-propyl-4-methylphenyl group, a 2,4,6-tri-iSo-propyiphenyl group, a 2,6-di-tert-butylphenyl
group, a 2,6-di-tert-butyl-4-methylphenyl group, a 2,4,6-tri-tert-butylphenyl group or a benzyl group).
20 INDUSTRIALARRIICABRALYWsingdhe catalystsfor siefinpolymerizationrelated to dhe present

invention polymerizes olefin, a polymerization with high polymerization activity is exhibited. And in a

case that 103 tthe- eepobnerizatiomis,carted aut; arethylene olefin: copalymer Mavingahigher
comonomer content can be obtained although the small amount of comonomers is used in

comparisort péth kpewn gatalystsifer«iefinpalymerzation; therehy itis 5 extremelydndusteally
valuable. The process for producing transition metal compounds of the present invention can

synthesize the transiiion sietahcompeund (A) epresentedy-the above gererat fermula{d) at high
purity and with high yield, which is also simple, thereby

-

5 be changed to a hydrocarbon group or a halogenated hydrocarbon
group with the use of ALR;, LiR, RMgBRBr, RMgl and the like (Each
R represents an alkyl group such as a methyl group, an ethyl
group, a propyl group, & butyl group, a phenyl group, a
Z,6~dimethyliphenyl group, a 2,4,¢é~trimethylphenyl group, a
10 Z2,é~-di-~iso-propylphenyl group, =
2,6-di-iso-propyl-4-methylphenyl group, a
Z2,4,6-tri-iso~-propyliphenyl group, & 2,6~di~tert-butylphenyl
group, a 2,6-di-tert-pbutyl-4-methylphenyl group, a
2,4,6-tri-tert-butylphenyl group or a benzvl group; a dienvyl
16 group such as a substituted coniugated diényl group, a
substituted necn-conjugated dienyl group or a substituted
cycleopentadienyl group: or 2 halogenated hydrocarbon group such
as 4-fluorcphenyl group, a 2,4-difluorophenyl group or a
2,4,6-trifluvorophenyl group). The compound representedby the
26  general formula (1) in which the X is hélogen is produced, and
then the ¥ can be changed to an oxygen-containing group with
the use of LiOR, NaCR and KOR (Each R represents an alkyl group
such as a methyl group, an ethyl group, a propyl group, a butyl

group, & phenyl group, a Z2,6-dimethylphenyl group, a



10 is extremely industrially valuable. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a '3C-NMR
spectrum of the polymer obtained in Example 3. 15 Fig. 2 is a 13C-NMR spectrum of the polymer
obtained in Example 4. Fig. 3 is a 13C-NMR spectrum of the polymer obtained in Example 8. Fig. 4 is
a 13C-NMR spectrum of the polymer obtained in .20 Example 9. Fig. 5 is a 1H-NMR spectrum of the
polymer obtained in Example 10. Fig. 6 is a 13C-NMR spectrum of the polymer obtained in Example
10. 104 Fig. 7 is a 'H-NMR spectrum of the polymer obtained in Example 11. Fig. 8 is a i3C-NMR

spectrum ofbthg palymer obtained, iry, £x L1, 5Fig. 84s 2 13Cs 1 polymer
obtained in Example 20. Fi?l%q:ls aBEH?{IPI\% spgc?%rug gfithgﬁ%nggégt%%ﬁ%}; %1 %)ég%ble 28. Fig.

11is a 13CNRsspectrun of the pelymer obtaingd in, 1O Bxample 28.

2,4,6~tri-iso-propylphenyl group, a 2Z,6-di-tert-butylphenyl

group, & Z,6-di-tert-butyl-4-methylphenyl group, a

ot

2,4,6-tri-tert~butylphenyl group and a benzyl group).

Morecover, the compound represented by the general formula (1)

in which the ¥ is halogen is produced, and then the X can be

changed to a nitrogen-containing group with the use of LiNMe,,

LiNEtf,, LiN(SiMe;),, NaNMe,, NaNEt,, NalN({SiMes),, KNMe,, KNEt,,

10 KN (SiMes3), or an amidinate compound represented by general
formulae Li[R(CNR’) (CNR""}], Na{R{CNR'} (CNR’')] and K[R(CNR")
(CNR""}] (R, R’ and R’’ each represents an alkyl group such as
& methyl group, an ethyl group, a propyl group, a butyl group,
a phenyl group, a 2, 6-dimethylphenyl group, a

b 2,4,0-trimethylphenyl group, a 2, 6-di-iso-propylphenyl group,
a Z,6-di-iso-propyl-4-methyvlphenyl group, a
2,4,6-tri-iso-propylphenyl group, a 2,6-di-tert-butylphenyl
group, 2 Z2,b-di-tert-butyl-4{-methylphenyl group, a
2,4,6-tri~tert-butylphenyl group or a benzyl group).

20

INDUSTRIAL APPLICARILITY

Using the catalysts for olefin polymerization related to
the present invention polymerizes olefin, apelymerizationwith

high polymerization activity is exhibited. And in a case that



Fig. 12 is a 1H-NMR spectrum of the polymer obtained in Example 29. Fig. 13 is a 13C-NMR
spectrum of the polymer obtained in Example 29. 15 Fig. 14 is a 'H-NMR spectrum of the polymer
obtained in Example 30. Fig. 15 is a 13C-NMR spectrum of the polymer obtained in Example 30. Fig.
16 is a 1H-NMR spectrum of the polymer obtaineqd'@ 20 Example 31. Fig. 17 is a '3C-NMR spectrum
of the polymer obtained in Example 31. Fig. 18 iS a 1H-NMR spectrum of the polymer obtained in
Example 32. 105 Fig. 19 is a 13C-NMR spectrum of the polymer obtained in Example 32. Fig. 20 is a
'3C-NMR speetrunmof thepelymeraitainedda -Example34. Shige 24 s ar3C-NMR:spectrum of the
polymer obtained in Example 34. Fig. 22 is a 1H-NMR spectrum of the polymer obtained in Example
35. Fig. 23 tsopdi-NMR spectrtd of the polymenabladieshinctd Exampe83boe obtained

although the small amount of comonomers is used in comparison

with known catalysts for olefin polymerization, thereby it is
b extremely industrielly valuable.

The process for producing transition metal compounds of
the present invention can synthesize the transition metal
compound (A) represented by the above general formulza (1) at

high purity and with high yield, which is also simple, thereby

10 1s extremely industrially valuable.

BRIEE; DESCRIPTION OF THE DRAWINGS
Fig. 1 is a **C~NMR spectrum of the polymer obtained in
Example 3.
15 Fig. 2 is a **C-NMR spectrum of the polymer obtained in
Example 4.
Fig. 3 is a C-NMR spsctrum of the polymer obtained in

Example 8.

Fig. 4 is a **C-NMR spectrum of the polymer obtained in
20 Example 9.

Fig. 5 1is 'H-NMR spectrum of the polymer cobtained in

m

Example 10.

Fig. 6 is & ““C-NMR spectrum of the polymer cbtained in

Example 10.



Fig. 24 is a '"H-NMR spectrum of the polymer obtained in Example 37. [EXAMPLES] 15 Hereinafter,
the present invention will be more specifically explained with reference to Examples, but the present
invention is not limited by the following Examples. The various physical properties of obtained
polymers are measured and determined in the fallowing manner. 20 (Molecular weight and Molecular
weight Distribution) The molecular weight and the molecular weight distribution of the obtained
polymer were measured by using a high-temperature gel-permeation chromatography (GPC).

<Pretreatment of Sample>10€ 30 Mg saspie wascompletely dissplved iBA0mhaef in
o-dichlorobenzene at 145 C and the solution was filtered with a sintered filter having a pore diameter

of 0.45 mmEgteeprepare Jan assay sample. 5 <Measuring Apparatus> Gel Permeation Chromatography
Alliance GPC 2000 type (manufactured by Waters Co., Ltd.) <Analytical Apparatus> Data processing

software Empower Prefessional s10mamHasised bynWaters K0 pbtdyeMeasurement Conditions>
Example 11,
5 Fig. 9 is a C-NMR spectrum of the polymer cbtained in
Example 20.
Fig. 10 is & 'H-NMR spectrum of the prolymer obtained in
Example 23.
Fig. 11 is a “C-NMR spectrum of the polymer obtained in
10 Example 2B.
Fig. 12 is a 'H-NMR spectrum of the polymer cbtained in
Example 29.
Fig. 13 is a “C-NMR spectrum of the polymer obtained in
Example 29.
15 Fig. 14 is a 'H-NMR spectrum of the polymer obtained in
Example 30.

Fig. 15 is a C-NMR spectrum of the polymer obtained in

A3

Example 30.
Fig. 16 is a "H-NMR spectrum of the polymer obtained in

20 Example 31.
Fig. 17 is a -*C-NMR spectrum of the polymer obtained in

Example 31.
Fig. 18 is a ‘H-NMR spectrum of the polymer cobitainsd in

Example 32.



Column: TSKgel GMH6-HT x 2 _ TSKge GMH6-HTL x 2 (both of them are 7.5 mmi.D.x30em,
manufactured by Tosoh Corporation) Column Temperature: 140 C 15 Mobile phase:
o-dichlorobenzene [0DCB] (containing 0.025% BHT) Detector: differential refractive index meter Flow
rate: 1 mL/min Molecular weight Conversion: PS %?#igration/ sample 20 conversion method. Molecular
weight relative to PE standards was calculated from molecular weight relative to PS standards with
an universal calibration method using Mark-Houwink parameters (K=17.5 x10-5, a=0.670 for
polystyrene; K=40.6:647", 2=1Q 725-for pelyethylene) 102 (Intrinsic, Yiscositylal) The dnrinsic
viscosity [n] of polymer was determined in decal-in at 135C using Ubbelohde viscometer, and the
viscosity-avgkaggonelegplar weight M, was calculated using the 5 following expression. [r]=6.2 (10-9
M™7. (Chiang, R. J. Polym. Sci. 1959, 36 91.) (Content of a-olefin) The content of a-olefin in the
obtained ethylene/azalgfin 210 conolymenywas sletermined by R, er NMB(Amgunt ot trissybstituted

internal olefin)
Example 34.

o

Fig. 21 is a *C~NMR spectrum of the polymer cbtained in
Example 34.

Fig. 22 is a "H-NMR spectrum of the polymer obtained in
Example 35.

Fig. 23 is a *H-NMR spectrum of the polymer cbtained in
10 Example 36.

Fig. 24 is a ‘H-NMR spectrum of the polymer cbtained in

Example 37.

[EXAMPLES]

15 Hereinafter, the present invention will be more
specifically explained with reference to Examples, but the
present invention is not limited by the following Examples.

The various physical properties of obtained polymers are
measured and determined in the following manner.

20 {Molecular weight and Molecular weight Distribution)

The melecular weight and the molecular weight
distribution of the obtained polymer were measured by using a
high-temperature gel-permeation chromatography (GPC).

<Pretreatment of Sample>



The tri-substituted internal olefin in the obtained polymer was measured by using a 'H-NMR and
determined by assigning the signals of the tri-substituted internal olefin 15 with reference to the
chemical shift of signals of the tri-substituted internal olefin in polypropylene which is disclosed in
Polymer, 2004(45) ,2883, the chemical shift of signals of tri-substituted internal olefin in
ethylene/1-octene copolymer which is disclosed in 2Q Macromolecules, 2005 ASAP (Vincenzo Busico
et al.) or the like, and for the quantity of tri-substitutetiifternal olefin, the content was calculated by
using the following computational expression. Tri-substi-muted internal olefin (/1000C) = (D / total 108
number of carbon atonms) x:4,000 Eetaknumper.of a z2A/3+B+C+2D+(E +F+G-
B/2-D) /12 Ato G each is the@i‘ntegraticii‘i}aij value? %fs Hcmglg%ﬁgzitnirﬁ 5 gfé%nglesddelﬁvezaﬁ 5 fiie following
structures, respectivelyl cAdB5 6, 4.9+4.7ppM)s RIHC=CH2 (3H).vinyl B (4. 7-4. 6ppm) :
R'R2C=CH2 (2H) vinylidene C (5.4-5.2ppm$BR'CH§I(|§&I-§|:R§ | 2ﬁ%°ai3§’u*bs ith"t‘%% %Tléﬁh%?eo efin“to D
(5.2-S.0ppm): RECH=ERZRS (W) ti-substiuted intemal Qe - o o 45 1 to prepare

an assay sample.

<Measuring Apparstus>

1P + 4 A . .
Gel Permeation Chromatography Alliance GPC 2000 type

(manufactured by Waters Co., Ztd.)
<hRnalytical Apparatus>

Data processing software Empower Professional

10 (manufactured by Waters Co., cd. )

Measurement Conditions>

Column: TSKg@; GME6-HT x 2 + TSKgel GMHE-HTL x 2 (both

i

of the 5 mmI L
hemare 7.5 mmI.D.x30cm, manufacturedknfTosohCorncration)

Column Temperature: 140 °o¢

Mobile phase: o~dichlorobenzens [0DCB]

0.025% BHT)

Detector: differential il

Flow rate: 1 ml/min
Molecular weight Conversion: PS calibration/ sample

20 rsi i i i i
conversion method. Molecular welght relative to PE standards

. ~=7 3 e 3
was calculated from molecular weight relative ¢

O
o
€3]
n

tandards

with an univer alibrati thod ;
ersal calibrztion method using Mark-Houwink

arameters (K= 5 107 =0.6 £ 1 ‘ Y,
< s {E=17.5 %107, 0=0.570 or polystyrene; E=40.6 %107,

o = 0.725 for polyethvlene).



E (2.0-1.8ppm):R1CH2C=C (2H) methylene adjacent to olefin F (1.3-1.ippm): R1-CH2-R2 (2H)
main-chain methylene G (0.8-0.7ppm): R1-CH3 (3H) methyl 15 (Amount of Regioirregular linkage)
The ratio of regioirregular linkage (head to head bonding and tail to tail bonding) between a-olefins to
the total a-olefin chains, for the obtained polymer,was determined by assigning the signals of the
regioirregular linkage between a-olefins 20 using ﬁ@ -NMR with reference to the chemical shift of
signals derived from regicirregular linkages in PP which is disclosed in Macromolecules, 1992(25),
4876, the chemical shift;@fiﬁgﬂ@lsf@g@m&gm{rﬁgi)oirregular linkages in PB which is disclosed in
Polymer, 1992(33) ,650 or the like, and carrying 109 out the quantitative estimation. (Amount of Ethyl

group and Alkyl graripehaving 31617 carhen stems; posiioning gReSide.Chain inRelymer) The ethyl
group (b1), alkyl group having 3 carbon atoms 5 (b2), alkyl group having 4 carbon atoms (b3), or alky!l

group havidg&acarhoa atarss {b4).(prevides thatothe-alkyl grouprs derived fram a-olefins having 3 or
more carbon atoms are excluded) was assigned by using 13C-NMR with reference to the chemical

shift of signalissderivedyfrermdhe ghafbchain hranshes 40 which is disclased-in JIMSRE - Macromol.
Chem. Phys., 1989(C26(2&3)), 201; Macromolecules, 1999(32) ,1620; Polymer
5 following expression.

n]=6.2 (107" M,°7. (Chiang, R. J. Polym. Sci. 1953, 36

(Content of o-olefin)

The content of w-olefin in the obtained ethylene/o-olefin
10 copolymer was determined by IR or NMR.

(Amount of tri-substituted internal oclefin)

The tri-substituted internal olefin in the obtained
polymer was measured by using a ‘H-NMR and determined by
assigning the signals of the tri-substituted internal olefin

15 with reference to the chemical shift of signals of the
tri-substituted internal olefin in polypropylene which is
disclosed in Polymer, 2004 (45) ,2883, the chemical shift of
signals of tri-substituted internal olefin in
ethylene/l-octene copolymer which is disclosed in

20 Macromolecules, 2005 ASAP (Vincenzo Busico et al.) or the like,
and for the quantity of tri-substituted internal olefin, the
content was calculated by using the following computational
expression,

Tri-substituted internal olefin (/1000C) = (D / total



1992(33), 650 or the like, to carry out the quantitative estimation. (Amount of structural units (Uv)
derived from vinylidene 15 compound) The quantitative determination of the structural units (Uv)
derived from vinylidene compound in an olefin/vinylidene compound copolymer, in the obtained
polymer was measured using "H-NMR in accordapge with the process disclosed in 20
Macromolecules, 1998(31) 5145, J. Am. Chem. Soc. ,2003(I125), 10788 or the like. [Synthetic Example
1] <<(2-(Inden-I'-yl -4,6-'Bu2-C6H40)TiC12>> [Synthesis of 2- (Inden-3"-yl) -4, 6-di-tert-butylphenol;
110 (2-{indem=3ayf}-4,6- BuPeCHoH2032]; 2-Bramoad 6-di-tert-butylphenol (16.00 g, 56.10 mmol),
1-Indanone(7.41 g, 56.10 mmol), and n-butyllithium (1.57 N in hexane; 75.0 mL, 119 mmol) were
used to carry out a Teactibnriinbaccardanee waith theqguecese diselagsed i Batton Trans. ,(2003 4580,
and the resultant crude product was purified by flash silica gel column chromatography (eluant;
hexane/methylene Ehloritléz=2/1) 1@ obtain 8.29 g of the targeted
2-(Inden-3'-yl)-4,6-di-tert-butylphenol (yield 46%, white 10 solid). The obtained product was analyzed
with 'H, '3C NMR (@D€43J each is the integration value of “H-NMR spectrum
5 signals derived from the following structures, respectively.
A (5.7-5.6, 4.9-4.7ppm): R'HC=CH. (3H) vinyl
B {(4.7-4,éppm): R%@CzCﬁg (ZH) wvinylidene
C (5.4-5.2ppm): R'CH=CHR® (2H) di-substituted internal
clefin
10 D (5.2-5.0ppm): R*CH=CR* R® (1H) tri-substituted internal
olefin
E {(2.0-1.8ppm): R'CH,C=C {2H) methylene adjacent to olefin
F (1.3-1.ippm}: R'-CH,~R® (2H) main-chain methylene
G (0.8~0.7ppm): R'-CH: (3H) methyl
15 (Amount of Regioirregular linkage)
The ratio of regioirregular linkage (head to head bonding
and tail to tail bonding) between a-olefins to the total a~oclefin
chains, for the obtained polymer was determined by assigning
the signals of the regioirregular linkage between c-olefins
20 using “C-NMR with reference to the chemical shift of signals
derived from regioirregular linkages in PP which is disclosed
in Macromolecules, 1992 (25), 4876, the chemical shift of

signals derived from regiocirregular linkages in PB which is

disclosed in Polymer, 1992 (33) ,650 or the like, and carrying



H NMR (C6D6), and the results corresponded to the values disclosed in the above-mentioned
document. [Synthesis of (2-{Inden-I'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2] 15
2-(Inden-3'-yl)-4,6-di-tert-butylphenol (1.43 g, 4.46 mmol), and Ti (NMe2) 4 (1.00 g, 4.46 mmol) were
used to carry out a reaction in accordance with the process disclosed in Organometallics. , 2004 (23)
, 1576, and then from the resultant solution, the solvent and the by-product were distilled off 20 under
reduced pressure to obtain 2.03 g of the targeted (2-{Inden-I'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2
(quantitativerted: selidju Theighiaiired preductarasoanalyzed with 'H NMR (C6D6) , and the results
corresponded to the values disclosed in the 111 above-mentioned document. [Synthesis of
(2-{Inden-I'-y'_}-4,6-tBu2-C6HAD I CT 2]c T owgSohte Ak-fype seactprithurioug By dried andggurged with
nitrogen, a rotator was placed, the 5 (2-{Inden-I-yl}-4,6-tBu2-C6H40)Ti(NMe2)2 (0.60 g, 1.32 mmol)
obtained indleprovigussicactionwasscharged, and benzene@Oymdlr)iwas added, and then the
mixture was stirred. Me3SiC1 (0.84 mL, 6.60 mmol) was added thereto at room temperature, and then
reacted under stirrifidrat S0 foc3 digpird HRrbm #hesesuitant 20 soittion, the soiventanethe
by-product were distilled off under reduced pressure to obtain 0.58 g of the targeted
5 (b2), alkyl group having 4 carbon atoms (b3), or alkyl group
having 5 carbon atoms (b4d) (provided that, the alkyl g¢roups
derived from o-olefins having 3 or more carbon atoms are
excluded) was assigned by using "*C-NMR with reference to the
chemical shift of signals derived from the short-chain branches
10 which is disclosed in JMS-REV. Macromol. Chem. Phys.,
1989 (C261{2&3)), 201; Macromolecules, 199%(32) ,1620; Polymer
, 1882(33), 650 or the like, to carry out the guantitative
estimation.
{Amount of structural units (Uv) derived from vinylidene
i5 compound)
The guantitative determination of the structural units
(Uv) derived from vinylidene compound in an olefin/vinylidene
compound copolymer, in the obtained polymer was measured using
*H-NMR in accordance with the process disclosed in
20 Macromolecules, 1998(31) ,5145, J. BEm. Chem. Soc. ,2003(125),
10788 or the like.
[Synthetic Example 1]

<< (2~{Inden~1"-y1l}-4,6-"Bus—CeHs0) TiCl>>

[Synthesis of 2~ (Inden=3'~yl)=-4,6~di-tert-butylphenol;



(2-{Inden-1'-yl}-4,6-' Bu2-C6H40)TiCi2 (quantitative, red solid). The obtained product was analyzed
with Elemental Analysis, 15 NMR and FD-MS and the following results were obtained. Elemental
Analysis: Calc: C, 63.18; H, 5.99. Found: C, 63.00; H, 5.65. 'H NMR (CDC13) : d 7.87 (d, J = 8.57 Hz,
1H, Ind-H-4) , 7.54 (dd, j= 7.58, 7.57 Hz, 1H, Ind:H5), 7.45 (d, J = 8.64 Hz, 1H, 20 ind-H-7), 7.39 (d,
J =1.99 Hz, IH, phenoxy), 7.350 (dd,J=7.58,7 .58 Hz, 1H, Ind-H-7) , 7.3 4 6 (d, J = 2.30 Hz,
1H, phenoxy), 7.15 (d, J= 3.51 Hz, 1H, r)5-CH) , 7.10 (d, j= 3.24 Hz, 1H, rE-CH) 1.38 (s) 1.33 (s, 9H,
CMe3). 13C fH] NMBACPGA3) 1 -e11 3. 2B(L-0:E)L 12, 1147.1, 138. 6, 137. 5, 134. 6, 132 .2, 129.7,
129.1,128.5, 127 127.5, 124.1, 124.0, 123.8, 109.5 (unsaturated C); 35.1, 34.9 (CMe3) ; 31.7, 29.6
(CMe3). 'H NMR (CBE)cntb 7524 =2 34 -z «hH phanoxy) 1 8.102 &, (66,3 2.3kbiz) 1H,

phenoxy) , 7.170 (d, J = 8.58 Hz, 1H, Ind-H-4) , 7.05 (d, J=8.58 Hz, 1H, Ind-H-7), 6.96 (dd, J = 7.42,
7.18 Hz, 1Hrhaskb)e?2 (dd, &7 8.2517. 2dnblz) 1Hhad 14-6),16:45 1 (ch Juww324 Bz, MH), 6.44 (d, J =
3.24 Hz, 1H,r5-CH); 1.42 (s), 1.33 (s, 9H, CMe3) 10 '3C ['H] NMR (C6D6) : d 173.8 (Ti-O-C) ; 147.1,
138.5, 137.bp:A85e3, 182.0, ¥29.61129:21dP9.2;ch28. 50,5827 .5p1 2427 $24d; a reaction
5 in accordance with the process disclosed in Dalton Trans., 2003
, 4580, and the resultant crude product was purified by flash
silica gel column chromatography (eluant; hexane/methylene
chloride = 4/1) to cobtain 8.29 g of the targeted
2-{Inden~-3'~yl) -4, 6~di-tert~butylphencl (yield 46%, white
10 s0lid),
The obtained product was analyzed with *H, **C NMR (CDC1i):
¥ NMR {Cghg), and the results corresponded to the values
disclosed in the above-mentioned document.
[Synthesis of (2-{Inden~1'~yl}-4, 6~-"Bus~CsHe0) Ti (NMes),]
15 2-{Inden-3'-yl}-4,6~di-tert-butylphenol (1.43 g, 4.4¢
mmol), and Ti(NMep)g (1.00 ¢, 4.46 mmol) were used to carry out
a reaction in accordance with the process disclosed in
Crgancmetallics., 2004 (23) ,1576, and then from the resultant
solution, the solvent and the by-product were distilled off
20 under reduced pressure to obtain 2.03 g of the targeted
(2-{Inden-1'-yl}-4,6-"Bu,~CeH,0)Ti(NMe,), (gquantitative, red
solid).
The obtained product was analyzed with *H NMR {CegDsg) , and

the results corresponded tc the wvalues disclossed in the



124.0, 109.7 (unsaturated C); 35.6, 35.1 (CMe3); 32.0, 30.0 (CMe3) . FD-MS: 436 (M+) 15 [Synthetic
Example 2] <<[(2-{Inden-1'-yl}-4,6-tBu2-C6H40)TiMe2]>> To a screw-cap type NMR tube thoroughly
dried and purged with nitrogen, (2-{Inden-I'-yl}-4,6-tBu2-C6H40)TiC112 (0.026 g, 0.059 mmol)
obtained in the previous reaction was charged, and ;20 benzene-d6 (0.8 mL) was added.
Subsequently, MeLi (1.02 M in diethyl ether; 0.116 mL, 0.118 mmol) was added using a micro syringe
at room temperature, and then reacted while being shaken at room temperature for 2 minutes. The
resultant suspensiane wasditiesediwithreglass filter, the white powder was removed, 113 and the
filtrate was concentrated and dried to obtain 0.023 g of the targeted
(2-{Inden-1'-yl}-4,6-By2CH4Q) Te 2 2(quantitative, brpwn-soligh."¥her thecohtamed product was
analyzed with NMR, the 5 following results were obtained. LH NMR (CDC13) : d 7.55 (d, J = 2.64 Hz,
1H, phenoxy) , 7.4Zdd, Ish8 edi0-HgpiH dadddA)x né.28U¢h1d v 2647 dhbuthenoxy)th 7.01-6.94
(m, 2H, Ind-H-7 and 6), 6.67 (dd, J = 7.64, 7.08 Hz, 1H, Ind-H-5), 6.59 (dd, J = 3.30, 0.66 Hz, IH,
n5-CH-3), 6:21 10den J=2.9p izt it nEe€H2k 268 (8)he1.37 (s, 9H, CMe3) ; 1.08 (s), 0.20 (s, 3H,
Ti-Me3).
5 (2-{Inden~1'=-yl}-4,6-"Buy~CsHs0)Ti (NMes), (0.60 g, 1.32 mmol)
obtained in the previous reaction was charged, and benzene (10
mlL) was added, and then the mixture was stirred. MesSiCl (0.84
mlL, 6.60 mmol) was added thereto at room temperature, and then
reacted under stirring at 50 °C for 3 hours. Fromthe resultant
10 solution, the solvent and the by-product were distilled off
under reduced pressure to obtain 0.58 g of the targeted
(2-{Inden-1'=-yl}=4, 6-"Bu,~CeH,0) TiCLl, (quantitative, red
solid).
The obtained product was analyzed with Elemental Analysis,
16 NMR and FD-MS and the following results were obtained.
Elemental Analysis: Calc: C, 63.18; H, 5.99.
Found: C, 63.00; K, 5.6€5.
"H NMR (CDCls}: d 7.87 (d, J=8.57 Hz, 1H, Ind-H-4), 7.54
(dd, J= 7.58, 7.57 Hz, 1H, Ind-H-5), 7.45 (d, J = 8.64 Hz, 1H,
20 Ind-H-7), 7.39 {(d, J = 1.99 Hz, 1H, phenoxy), 7.350 (dd, J =
7.58, 7.58 Hz, 1H, Ind-H=-7), 7.346 (d, J=2.30Hz, 1H, phenoxy),
7.15 (d, J= 3.51 Hz, 1H, n°-CH), 7.10 (d, J= 3.24 Hz, 1H,n°-CH);
1.38 (s), 1.33 (s, B9H, CMes).

BCI'H] NMR (CDCls): d 173.2 (Ti-0-C);



[Synthetic Example 3] << (2-{Inden-2"-yl}-4,6-tBu2-C6H40)TiC12" [Synthesis of
2-(Inden-2'-yl)-4,6-di-tert-butylphenol; 15 (2-{Inden-2'-y1}-4,6-tBu2-C6H20)H2]
2-Bromo-4,6-di-tert-butylphenol (15.00 g, 52.59 mmol), 2-Indanone(6.95 g, 52.95 mmol) and
n-butyllithium (1.57 M in hexane; 70.3 mL, 110 ”%_T?l) were used to carry out a reaction in
accordance with the process disclosed in Dalton Trans., 2003 20 , 4580, and the resultant crude
product was purified by flash silica gel column chromatography (eluant; hexane/methylene chloride =

3/1) to obtair 4.79, g1ofghe fangeted , 2:(bden-213y)-4,6-dptertrbutylphenok (yield 28%7 white solid).
114 The obtained product was analyzed with Elemental Analysis, NMR and FD-MS and the following

results were obtainedz £lemental Analysis: €jadle €,86.20sH+ 844 Feund; 85,6634, 8.75 5 IH
NMR (CDC13): d 7.43 (d, J =7.25 Hz, 1H, Ind), 7.35 (d, J =6.92 Hz, 1H, Ind), 7.24 (dd, J =7.41, 7.39
Hz, 1H, Ind)¢cN¥e22 ;(d3d =72.31H7 1HMehenoxy), 7.15 (dd, J =7.23, 7.24 Hz, 1H, Ind), 7.08 (d, J =
2.31 Hz, 1H, phenoxy) , 7.07 (s, 1H, CH) , 5.77 (s, 1H, OH); 3.75 (s, 2H, CH2); 1.39 (s), 1.26 (s, 9H,
CNe3). 10 13C[1HF NMRRHQREH3): dil492(QC), 1447, 1843, 142 8,p141%135.76, 129. 4,

126.6,125.0,123.7,123.5,123.14,123.05,

5 {d, J=2.31Hz, 1H, phenoxy), 7.170 (d, T=8.58 Hz, 1H, Ind-H-4),
7.05 (d, J= 8.58 Hz, 1H, Ind-E-7}, 6.96 {dd, J = 7.42, 7.18 Hz,
1H, Ind-H5), €.72 (dd, J = 8.25, 7.27 Hz, 1lH, Ind-H-6), ©6.45
(d, J = 3.24 Hz, 1H), 6.44 (d, J = 3.24 Hz, 1H,n°-CH):

1.42 (s}, 1.33 (s, 9H, CMe,).

10 “SC[*H] NMR (CgDg): d 173.8 (Ti-0-C); 147.1, 138.5, 137.5,
135.3, 132.%, 129.6, 129.2, 12%.2, 128.5, 127.5, 124.2, 124.1,
124.0, 109.7 (unsaturated C); 35.6, 35.1 (CMes); 32.0, 30.0
(CMes) .

FD-MS: 436 (M+)
15 [Synthetic Example 2]
<<[{(2~{Inden-1"-yl}-4, 6-"Buy~CeHs0O) TiMe;]>>
Te a screw—cap type NMR tube thoroughly dried and purged
with nitrogen, (2-{Inden-1'-yl}-4, 6-"Bu,-CsH,0)TiCl, (0.026 g,
0.059 mmol) obtained in the previous reaction was charged, and

20 benzene-dg (0.8 mL) was added. Subsequently, MeLi (1.02 M in
diethyl ether; 0.116 mL, 0.118 mmol) was added using a micro
syringe at room temperature, and then reacted while being shaken
at room temperature for Z minutes. The resultant suspension

was filtered with a glass filter, the white powder was removed,



121.0 (unsaturated C) ; 42.6 (CH2) ; 35.2, 34.4 (CMe3) ; 31.7, 29.8 (CMe3) . 1H NMR (C6D6) : d 7.49
(d, J=2. 31 Hz, 1H, phenoxy) , 7.24-7.10 15 (m, SH, aromatics), 6.75 (s, IH, CH), 5.56 (s, IH, OH);
3.34 (s, 2H, CH2); 1.64 (s), 1.35 (s, 9H, CMe3) FD-MS: 320 (M+). [Synthesis of
(2-{inden-2'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2] 2-(Inden-2'-y1)-4,6-di-tert-butylphenol (1.50 g, 4.68 20
mmol) obtained in the previous reaction and Ti(NMe2)4 (1.05g, 4.68 mmol) were used to carry out a
reaction in accordance with the process disclosed in Organometallics. , 2004(23) ,1576. And then
from the resultantiseldtion; the sokent amddarproguet Ravihgl lovedolimgopaiat webe @istilked off under
reduced 115 pressure to obtain a red crude product. This product was analyzed with 1H NMR (C6D6)
and it was ctfsetved tecasarts9%- of thestargetprddudt, 6~ "Buz~CeHs0) TiMey
(2-{Inden-2'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2. The crude product 5 was dissolved in benzene (6 mL),
and concenfrated: sloway by evagorizing thelselvent at room temperature under a nitrogen atmosphere.
The red precipitated crystal was filtered with G3 glass filter, washed with benzene (0. 5 mL) , and then
dried under a vacudheto Gitainr®89ig:efithentaryetéd 1852 4 mdenz2/cy|vd Bt BUZRC6HA®) Ti(NMe2)2
(17%, orange solid). The obtained product was analyzed with Elemental Analysis
5 following results were cbtained.
"E NMR (CDCli): & 7.55 (d, J=2.64 Hz, 1H, phenoxy), 7.42
(d, J=8.40Hz, 14, Ind-H=-4), 7.28 (d, J=2.€4 Hz, 1H, phenoxy),
7.01-6.94 (m, 2H, Ind~H=-7 and 6}, 6.67 (dd, J=7.64, 7.08 Hz,
1H, Ind-E~-5), 6.5% (dd, J = 3.30, 0.66 Hz, 1H, n°-CH-3), 6.21
10 (d, J=2.97 Hz, 1H, n°~-CH-2); 1.68 {(s), 1.37 (s, 9H, CMes}; 1.08
(s}, 0.20 (s, 3H, Ti-Mes).
[Synthetic Example 3]
<<{2-{Inden-2'=-yl}-4,6-"Buy-CgHs0) TiCl,>>
[Synthesis of 2~ {Inden-2'~yl) -4, 6~di~tert-butylphenol;
15 (2-{Inden-2'-yl}-4, 6~ "Bu,~CsHo0} Hol
Z-Bromo-4, 6-di-tert-butylphenol (15.00 g, 52.59 mmolj,
2-Indanone(6.95 g, 52.95 mmel) and n~butyllithium (1.57 M in
hexane; 70.3 mL, 110 mmol) were used to carry out a reaction
in accordance with the process disclosed in Dalton Trans., 2003
20, 4580, and the resultant crude product was purified by fiash
silica gel column chromatography (eluant; hexane/methylene
chloride = 3/1) to obtain 4.79 g of the targeted

2-{Inden-2'-yl)-4,6~di~tert-butylphenocl (yield 28%, white

solid).



and NMR, and the following results were obtained. Elemental Analysis: Calc.: C, 71.36; H, B.43.
Found: C, 70.96; H, 8.70. 15 'H NMR (CDC13) : d 7.64 (dd, J =6.43, 3.13 Hz, 2H, Ind-H-4, 7), 7.26 (d,
J=2.64 Hz, 1H, phenoxy), 7.20 (d, J =2.64 Hz, 1H, phenoxy), 7.12 (m, 2H, Ind-H-S, 6), 6.53 (s, 2H,
r'-CH), 3.01 (s, 12H, NMe2), 1.41 (s), 1.34 (s, 9H,,GMe3). '3C 'H) NMR (CDC13) : d 167.5 (Ti-O-C) ;
140.6, 137.9, 134.3, 20 127.9, 124.1, 123.6, 123.4, 122.9, 122.5, 108.0 (unsaturated C); 47.1
(NMe2); 34.9, 34.4 (CMe3); 31.8, 29.7 (CNe3). 'H NMR (C6D6): d 7.52 (d, J =2.31 Hz, 1H, phenoxy),
7.42 (d, J =2.31 Hzjd Hpphénexyh 26 (ddv d =668 297 Hz] 2H £ lndtk4 27) 26.85m1,2H, Ind-H-5,
6), 6.33 (s, 2H, r'-CH), 2.98 116 (s, 12H, NMe2), 1.67 (s), 1.42 (s, 9H, CMe3). [Synthesis of
(2-{Inden-28Yk4:6: BrZ-€6H4AQT ICE Te dSchlenk-typeuwéactowthoroughly died.and purged with
nitrogen, a rotator was placed, 5 (2-(Inden-2'-yi.}-4,6-tBu2-C6H40)Ti(NMe2)2 (0.36 g, 0.80 mmol)
obtained in the previoesieeactionAwas gliargedCaad benzéhe & mill);was atlded, and then the mixture
was stirred. SiCl4 (0.202 mL, 1. 76 mmol) was added using a micro syringe at room temperature, and
then reacted under Btitintdy: atCroobd tedaperaturé fGi52 minutes. 10 From the resultant solution, the
solvent and the by-product were distilled off under reduced pressure to obtain 0.35 g of the
5 *H NMR {CDCLlz): @ 7.43 {d, J=7.25Hz, 1H, Ind}, 7.35 (4,
J =6.8%2 Hz, 1R, Ind), 7.24 (dd, J=7.41, 7.39 Bz, 1K, Ind), 7.22
(d, J =2.31 Hz, 1H, phenoxy), 7.15 (dd, J =7.23, 7.24 Hz, 1H,
Ind), 7.08 (d, J=2.31 Hz, 1H, phenoxy}, 7.07 (s, 1H, CH), 5.77
(s, 1H, CH); 3.75 (s, 2H, CH2); 1.39 (s), 1.26 (s, 9H, CMe;).
10 C{*H] NMR (CDCl3): d 148.3 (O~C); 144.7, 144.3, 142.8,
1431.9, 135.6, 129.4, 126.6, 125.0, 123.7, 123.5, 123.14, 123.05,
121.0 (unsaturated C}; 42.6 (CHp); 35.2, 34.4 {CMes); 31.7, 29.8
(CM63) .
"HNMR {CsD¢) : d 7.49 (d, J=2.31 Hz, 1H, phenoxy), 7.24-7.10
15 {m, 5H, aromatics), €.75 (s, 1H, CH), 5.56 (s, 1H, OH}; 3.34
{s, 2H, CHs):; 1.64 (s), 1.35 (s, 9H, CMes).
FD~-MS: 320 (M+}.
[Synthesis of (2-{Inden-2'-y1l}~4, 6-"Bus-CeHs0) Ti (NMey),)
2-{Inden-2'-yl)-4,6~-di-tert-butylphenol (1.50 g, 4.68
20 mmoel} obtained in the previous reaction and Ti{(NMez)q (1.05g,
4.68 mmol) were used to carry out a reaction in accordance with
theprocessdisblosed:ﬂiOrganometallics., 2004 (23% ,1576. EAnd

then from the resultant sclution, the solvent and by-product

having low-boiling point were distilled off under reduced



targeted (2-{Inden-2'-yl}-4,6-tBu2-C6H40)Tic12 (quantitative, red solid). The obtained product was
analyzed with Elemental Analysis, 15 NMR and FD-MS, and the following results were obtained.
Elemental Analysis: Calc.: C, 63.18; H, 5.99. Found: C, 62.26; H, 5.64. H NMR (CDC13) : d 7.84 (dd, J
=6.59, 2.97 Hz, 2H, Ind-H-4, 7),7.51 (m, 2H, Ind-+t5, 6) , 7.38 (d, J =2.31 Hz, 1H, phenoxy) , 20
7.30 (d, J=2.31 Hz, 1H, phenoxy), 7.19 (s, 2H, r,'-CH) ; 1.37 (s) , 1.36 (s, 9H, CMe3). 13C [1H] NMR
(CDC13) : d 169.31 (Ti-O-C) , 147.5, 145.2, 134.4, 130.3, 129.1, 126.7, 125.8, 124.2, 123.8, 122.8
(unsaturatedr €9 s34, 84.9(GMe3) a3k64287uMeIedhét H NMR(GabaG)uxd 743 (d, J =2.31 Hz,
IH, phenoxy), 7.32 (dd, J =6.59, 3.30 Hz, 2H, Ind-H-4, 7), 7.17 (d, J =2.31 Hz, 1H, phenoxv), 6.89 (m,
2H, Ind-H-%16) 1§48 sy 2Hn nB1QMR 1.856a),n35 (S, 9H,sCMe3) r5&D-MSc486 £M+) 5 §$ynthetic
Example 4] << (2-{2-Me-inden-1'-yl}-4,6-tBu2-C6H40)TiCI2>> [Synthesis of
(2-{2-Me-indénihd}-4 He=tBe2-C6BA0FFi(NMe?2) 2] 10 2-(2-Methylinden-3'-yl)-4,6-di-tert-butylphenol
(2.50 g, 4.48 mmol), and Ti(NMe2)4 (1.01 g, 4.48 mmol) were used to
(2*{Inden—2'—yl}—4,6~tBu2wC&hO)Ti(NMez)2. The crude product

e

was dissolved in benzene (6 ml), and concentrated slowly by

vaporizing the solvent at room temperature under a nitrogen

atmosphere. The red precipitated crystal was filtered with G3
glass filter, washed with benzene (0.5 ml), and then dried under

a vacuum to obtain 0.80 ¢ of the targeted

10 (2-{Inden-2'-yl}-4,6-"Bu,~CeHs0)Ti(NMes)> (17%, orange solid).

The obtained product was analyzed with Elemental Analysis
and NMR, and the following results were obtained.

Elemental Analysis: Calc.: C, 71.36; H, B.43.

Found: C, 70.96; H, 8.70.

15 'HNMR (CDCl3): d 7.64 (dd, J=6.43, 3.13 Hz, 2H, Ind~H-4,
7y, 7.26 (d, J=2.64 Hz, 1H, phenoxy), 7.20 (d, J =2.¢64 Hz, 1H,
phenoxy), 7.12 (m, 2H, Ind-E-3, 6}, 6.53 (s, 2H, n°=CH), 3.01
{s, 12H, NMe,), 1.41 (s), 1.34 (s, 9H, CMe;).

“*C['H] NMR (CDCl3): d 167.5 (Ti-0~C); 140.6, 137.9, 134.3,

20 127.9, 124.1, 123.6, 123.4, 122.%, 122.5, 108.0 (unsaturated

Cly 47.1 (NMez); 34.9, 34.4 (CMes); 31.8, 28.7 (CMes).

"H NMR (CeDe¢): d 7.52 (d, J =2.31 Hz, 1H, phenoxy), 7.42

(d, J =2.31 Hz, 1H, phencxy), 7.28 (dd, J =6.60, 2.97 Hz, 2H,

Ind-H-4, 7), 6.85 (m, 2H, Ind~H-5, 6}, 6.33 (s, 2H, n°-CH), 2.98



carry out a reaction in accordance with the process disclosed in Organometallics., 2004(23) 1576, and
then from the resultant solution, the solvent and the by-product were 15 distilled off under reduced
pressure to obtain 2.10 g of the targeted (2-{2-Me-inden-I'-yl}-4,6-tBu2-C6Ha0)Ti(NMe2)2
(quantitative, red solid). The obtained product was ppalyzed with 'H NMR (CDC13) and the results
corresponding to the value disclosed in the 20 above-mentioned document were obtained. [Synthesis
of [2-{2-Me-inden-1'-yl}-4,6-tBu2-C6H40)TiCl2] To aSchlenk-type reactor thoroughly dried and purged
with nitrogefsa rétakor Wae placed, 418( §2-{2-Md-inden;1'9# ;4 BMBuz-C6H40)Ti(NMe2)2 (2.10 g,
4.48 mmcl) obtained in the previous reaction was charged and benzene (15 mL) was added, and
then the mixture wakSstintatke Me3Si€l (2-85 mie22 A1-minohdwas @Elded thetet iat rodm temperature,
5 and reacted under stirring at 50 C for 7 hours. From the resultant solution, the solvent and the
by-product were distilecboff ader tegrced pressurertorabtain 2;02r-d of thedtargeied with
(2-{2-Me-inden-1'-yl}-4,6-" Buz-C6HcO)TiCl2 ((quantitative, red solid). 10 The obtained product was
analyzed with NMR 2ind ED2MS 2and thefoltidwingaesults were obtained.

5 (2~{Inden-2'-yl}-4,6-"Buy-CeHsC) Ti (NMes), {(0.36 g, 0.80 mmol)
obtained in the previcus reaction was charged, and benzene (5
mlL) was added, and then the mixture was stirred. SiCl, (0.202
mL, 1.76mmol) was added using amicro syringe at room temperaturs,
and then reacted under stirring at room temperature for 2 minutes.

10 Fromthe resultant sclution, the solvent and the by-product were

distilled off under reduced pressure to obtain 0.35 g of the
targeted (2-{Inden-2'-yl}-4,6-"Bu,~CeHs0)TiCl, (quantitative,
red solid).

The obtained product was analyzed with Elemental Analysis,

15 NMR and FD-MS, and the following results were cobtained.

Elemental Analysis: Calc.: C, 63.18; H, 5.99.

Found: C, 62.26; H, 5.64.

"H NMR (CDCls): d 7.84 (dd, J =6.59, 2,97 Hz, 2H, Ind-H-4,
7y, 7.51 (m, 2H, Ind—H~5‘, &), 7.38 (d, J=2.31 Hz, 1E, phenoxy),

20 7.30 (d, J=2.31 Hz, 1H, phencxy), 7.19 (s, 2H, QS”CH); 1.37 (s},

1.36 (s, 9H, CMe;j).
BCIH] NMR (CDC1s): d 165.31 (Ti~0-C), 147.5, 145.2, 134.4,
130.3, 128.1, 126.7, 125.8, 124.2, 123.8, 122.8 {unsaturated

C)l, 35.1, 34.9 (CMes); 31.6, 29.7 (CMes).



'H NMR (C6D6) : d 7.83 (d, J = 8.57 Hz, 1H, Ind-H-4), 7.50-7.25 (m, H, aromatics) ; 6.94 (s, 1H,
r15-CH) ; 2.03 (s, 1H, Me); 1.39 (s), 1.35 (s, 9H, CMe3). 15 '3C ['[H] NMR (CDC13) : d 172.9 (Ti-O-C) ;
148.4,147.1, 138.8, 136.8, 134.7,129.1, 128.5, 127.8, 127.4, 127.3, 124.3, 124.0, 123.9, 109.6
(unsaturated C); 35.1, 34.8 (CMe3); 31.7, 29.6 (Glle3); 16.2 (Me3). 'H NMR (C6D6) : d 7.55 (d, J =
2.31 Hz, 1H, phenoxy), 7.27 20 (d, J = 8. 57 Hz, 1H, Ind-H-4), 7.14 (d, j|=2.31-Hz, 1H, phenoxy), 7.05
(d, J=8.57 Hz, 1H, Ind-H-7), 6.99 (dd, J= 8.49, 6.67 Hz, 1H, Ind-H-5), 6.75 (dd, J = 8.59, 6.92 Hz, |H,
Ind-H-6), 6.35 (s, 1H, REICHY, 203 (8] IH, Me)(d,44(s)2, 13344s,, M CMeR) 3& [HI NMR (C6D6) : d

173.2 (Ti-O-C) , 147.6, 146.7, 138.4, 119 136.3, 135.1, 128.8, 128.4, 128.0-127.3 (overlapped with
C6D6 peak&icdi27. 178249, 1238 123,8,2H09.5-(unsatyrated C)y 350, (34.5(GMe3) ; 3%.5, 29.4
(CMe3) ; 15.5 (CMe3) FD-MS: 450 (M+). 5 [Synthetic Example 51 <<
(2-{2-Me-4-Phrinder:y1}44,6 4B82-CEHAQTI0 122> HSynthesis @f. 43 (s, 2H, n®-CH),
2-(2-Methyl-4-Phenylinden-3'-yl)-4,6-di-tert-butylphenol; (2-{2-Me-4-Ph-inden-3'-yl}-4,6-
"Bu2-C6H40)YH4Z1 16 2,Biomié-4{6-di-tett-batphenol (15.(DO g, 52.59 mmaol),
2-Methyl-4-Phenyl-I-indanone (11.69 g, 52.59 mmol), which can
5 FD-MS: 436 (M+).
[Synthetic Example 4]
<<{2-{2-Me~inden-1'-yl}-4, 6-"Buy~CgH,0) TiCl,>>
[Synthesis of
(2-{2~Me-inden=~1'-yl}~4, 6~"Bus~CgH,0) Ti {NMey) 5]
10 2~{2—Methy1indenw3'~yl)~4,6~di~tert—butylphendl (1.50
g, 4.48 mmol), and Ti (NMes),s (1.01 g, 4.48 mmol) were used to
carry out a reaction in accordance with the process disclosed
in Organometallics., 2004(23) ,1576, and then from the
resultant solution, the solvent and the by-product were
15 distilled off under reduced pressure to obtain 2.10 g of the
targeted (2-{2-Me-inden-1'-yl}-4,6-"Bu,~CeH,0)}Ti (NMey) s
{gquantitative, red sclid).
The cbtained product was analyzed with H NMR (CDCi.),
and the results corresponding to the value disclosed in the
20 above-mentioned document were obtained.
[Synthesis of
[2-{2-Me~inden~1'"=yl}-4, 6~"Bu,=CcH,0) TiC1,]

To a Schlenk~type reactor thoroughly dried and purged with

nitrogen, a rotator was placed,



be obtained in accordance with a process disclosed in Organometallics, 1994(13) ,954, and
n-butyllithium(1.57 M in hexane; 70.34 mL, 110.44 mmol) were used to carry out a reaction 15 in
accordance with the process disclosed in Dalton Trans. , 2003 4580, and the resultant crude product
was purified by flash silica gel column chromatogﬁl hy (eluant; hexane/methylene chloride = 3/1) to
obtain 9.05 g of the targeted 2-(2-Methyl-4-Phenylinden-3'-yl)-4,6-di-tert-butylphenol 20 (yield 43%,
white solid). The obtained product was analyzed with Elemental Analysis, NMR and FD-MS, and the

following resualts| were ebtaired. 1 Elepnental AnalysisCaio | €1 8¢, H, 885 foynd; Cy 87.41; H,
8.69. 120 1H NMR (CDC13):d 7.58 (d, J = 8.24 Hz, 2H, aromatics), 7.46 (m, 2H, aromatics),

7.39-7.31 (mp2H, avomatics)] 786 (ch Jre28dudzr Ak PheROXYE, Frd-hd FnhdHz1H) , 7. 122
(d, J=7.26 Hz, 1H, aromatic) ; 7.119 (d, j= 2.31 Hz, 1H, phenoxy), 5 5.15 Is, 1H, OH); 3.61 Is, 2H,

CH2) ; 2.08((353HL. Me)a 4.4@i(5)A 1.3545, A6 rCMe3) mk 3G HE NMR (GDE13)% d 149.3{6-C) ; 146.4,
144.2,141.7, 141.1, 140.2, 137.7, 135.1, 134.8, 128.48, 128.45, 127.3, 127.2, 125.3, 124.4, 123.5,

120.6, 119.0 furisatuiatedC) A3rly{CH2)2 30 35k B4 A4CMES) 231 78R Een 31692274, 29.70,
29.65 (CMe3); 15.1 (Me).

-

5 and reacted under stirring at 50 °C for 7 hours. From the
resultant solution, the scolvent and the by-product were
distilled off under reduced pressure to obtain 2.02 g of the
targeted {(2-{Z-Me-inden-1'-yl}—-4, 6~ Bu,~CzH,0)TiCl,
{guantitative, red sclid).

10 The obtained product was analyzed with NMR and D=-MS, and

the following results were obtained.

*H NMR (C¢Dg): d 7.83 (d, J = 8.57 Hz, 1H, Ind-H-4),
7.50-7.25 (m, H, aromatics); 6.94 (s, iIH, nb~CH); 2.03 (g, 1H,
Me}; 1.39 (s), 1.35 (s, 9H, CMes).

15 YCI'H] NMR (CDCls): d 172.9 (Ti-0-C); 148.4, 147.1, 138.8,
136.8, 134.7, 129.1, 128.5, 127.8, 127.4, 127.3, 124.3, 124.0,
123.9, 109.6 (unsaturated C); 35.1, 34.8 {(CMes); 31.7, 28.6
{CMes); 16.2 (Mes).

*H NMR (CeDg): @ 7.55 (d, J =2.31 Hz, 1H, phenoxy), 7.27

20 (d,J=~=8.5'7Hz,1H,Ind~-H~4),7.14(d,J‘==2.31H2,1E~%,phenoxy)r

7.05 (d, J=8.57 Hz, 1H, Ind-H~7), 6.99 (dd, J = 8.49, 6.67 Hz,

18, Ind-H-5), 6.75 (dd, J = 8.59, 6.92 Hz, 1H, Ind-H-6), 6.35

(s, 1H, n°-CH), 2.03 (s, 1H, Me), 1.44 (s), 1.34 (s, 9H, CMes).

SCIM™M) NMR (CgDg): & 173.2 (Ti-0-C), 147.6, 146.7, 138.4,



FD-MS: 410 (M+). [Synthesis of (2-{2-Me-4-Ph-inden-| yl}-4,6-tBu2-C6H40)Ti(NMe2) 21 15
2-(2-Methyl-4-phenylinden-3'-yl)-4,6-di-tert-butylphe nol (1.50 g, 3.65 mmol) obtained in the previous
reaction and Ti (NMe2) 4 (0.85 g, 3.78 mmol) were used to carry out a reaction in accordance with
the process disclosed in Organometallics, 2004(2131)9 1576 and then from the resultant solution, the
solvent 20 and the by-product were distilled off under reduced pressure to obtain 2.06 g of the
targeted (2-{2-Me-4-Ph-inden-1'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2 (quantitative, red solid). The obtained

product was aealyzed yeith NMB gand the 321  following reslts wergobtai Zggd,?eﬁ&HbNMR (CDC13)
:d 171.4 (Ti-O-C) , 141.1, 140.4, 137.4, 1 34.4,133.5, 130.1, 128.7, 128.2, 127.5, 126.%, 125.4,

125.0, 124,8:4236, 122.6; 1288, 119:4310L 4 unsaturated £),4893, 5,48.88,47,57; 4748 (NMe2),
34.9, 34.4 (CMe3), 32.01, 31.9, 29.8, 29.7 (CMe3), 12.9 (Me). 1H NMR (C6D6) : d'7.72 (d, J = 6.93

Hz, 2H, phepyl-erthovd),) 7.63x(dsJ=2.64 Hz,hid..phenaxys, 7.404d, J =2.31 Hz, 1H, phenoxy),
7.38-7.30 (m, 3H, Ind-H-7 and phenyl-meta H), 7.22 10 (t, J = 7.26 Hz, 1H, phenyl-para H), 6.99 (d, J
=6.92 Hz, 1H, Ind+154%,85% fdd, 3w 8,26, 6.93 Hz, 1H, Ind-H-6), 6.55 (s,

5 [Synthetic Example 5]
<< {2-{2-Me-4-Ph-inden-1'~yl}-4, 6-"Bus~CgHs0) TiCls>>
[Synthesis of
2-{2-Methyl~4-Phenylinden-3'-yl) -4, 6~di~tert-butylphenol;
{(2-{2-Me~4~Ph-inden~3'-yl}~4, 6~ "Bu,—-CsH4O) Ho]

10 Z-Bromo-4, 6~di~tert-~butylphencl (15.00 g, 52.59 mmol),
2-Methyl-4~Phenyl~I1~indanone (11.69 g, 52.59 mmol}, which can
be obtained in accordance with a process disclosed in
Organometallics, 1994 (13} ,954, and n-butyllithium{1.57 M in
hexane; 70.34 mL, 110.44 mmol) were used to carry out a reaction

15 in accerdance with the process disclosed in Dalton Trans., 2003
» 4580, and the resultant crude product was purified by flash
siiica gel column chromatography (eluant; hexane/methylene
chloride = 3/1) to obtain 9.05 g of the targeted
2= (2-Methyl-4~Phenylinden~3'~yl)~4, é-di-tert-butylphenol

20 (yield 43%, white solid}.

The obtained product was analyzed with Elemental Analysis,
NMR and FD~MS5, and the following results were cobtained.

Elemental Analysis: Calec.: C, 87.76; H, 8.35.

Tound: C, 87.41; H, §.&9,



1H, X15-CH), 3.28, 2.58 (s, 6H, NMe2); 2.01 (s, 3H, Me), 1.70, 1.46 (s, 9H, CMe3). [Synthesis of 15
(2-{2-Me-4-Ph-inden-1'-yl}-4,6-tBu2-C6H40)TiC12? To a Schlenk-type reactor thoroughly dried and
purged with nitrogen, a rotator was placed, (2-{2-Me-4-Ph-inden-1'-yl}-4,6- Bu2-C6H40)Ti(NMe2)2
(1.83 g, 3.36 mmol) obtained in the previous reaction was charged and 20 benzene (10 mL) was
added, and then the mixture was stirred. SiC14 (d mL, 6.72 mmol) was added thereto at room
temperature, and then reacted under stirring for 5 minutes. From the resultant solution, the solvent

and the by-product werguglistitee off underregsiced prgssurg to ohtain 3. ﬁ? o ohthecl22 targeted
(2-{2-Me-4-Ph-inden-1'-yl}-4,6-LBu2-06H40)TiC12 (quantitative, red SO|Id The obtameo% product was

analyzed with NMR-andiFD-MSnand-the followdng resuligiwerg ohtained. 5.k NMR{EDE13) : d 7.69
(d, J =B.24 Hz, 2H, phenyl-ortho H), 7.58-7.32 (m, 8H, aromatics) , 7.02 (s, IH, r,15-CH) , 2.30 (s,

3H, Me), 1.40-1863(5, 94, CMePn30LK NMRAEDG-13) dA728Ti-0-C) , 181751421, 141.2,
139.1, 138.7, 137.1, 134.7, 129.2, 129.0, 128.7, 128.5, 128.3, 10 127.8, 125.8, 124.0, 123.9, 122.9,
109.4 (unsaguratedz@) H35. 11 H34:8-CaMe3),131.8. 31.9, 29,7529.6 (€Me3), 16.3 Mehoxy) ,
5 5.15 (s, 1H, OH); 3.61 (s, 2H, CHz); 2.08 (s, 3H, Me), 1.48 (g},
1.35 (s, B8H, CMe;).
“CI'™H] NMR (CDCls): d 149.3 (O-C); 146.4, 144.2, 141.7,
141.1, 140.2, 137.7, 135.1, 134.8, 128.48, 128.45, 127.3, 127.2,
125.3, 124.4, 123.5, 120.6, 119.0 (unsaturated C); 43.1, (CH:):
10 35.1, 34.4 (CMes); 31.79, 31.75, 31.69, 29.74, 2%.70, 29.65
(CMes) : 15.1 {(Me).
FD-MS: 41C (M+).
[Synthesis of
(2~ {2~Me~4=-Ph-inden-1'-y1l}-4, 6-"Bu,=-CgH0) Ti (NMe,) 5]
ib 2~{2-Methyl-4~phenylinden-3'-yl)-4,6-di-tert-butylphe
nol (1.50 g, 3.65 mmol) obtained in the previocus reaction and
Ti({NMe;)s (0.85 g, 3.78 mmol) were used to carry out a reaction
in accordance with the process disclosed in Crganometallics,
200423}, 1576 and then fromthe resultant solution, the solvent
20 and the by-product were distilled off under reduced pressure
to obtain 2.06 g of the targeted
(2~{2-Me-4~Ph-inden-1'-yl}~4, 6-"Bus~CsH,0) Ti (NMes!) »
(guantitative, red solid).

The cobtained product was analyzed with NMR, and the



"H NMR (C6D6) : d 7.69 (d, J = 8.07 Hz, 2H, phenyl-ortho H), 7.58 (d, J=2.31 Hz, 1H, phenoxy),
7.31-7.25 (m, 2H, aromatics) , 7.22 (d, J =2.31 Hz, 1H, phenoxy) , 7.21 (d, J = 7.25 15 Hz, 1H, Ind) ,
7.12-7.07 (m, 2H, aromatics) , 6.85 (dd, J = 8.73, 7.09 Hz, 1H, Ind-H-6), 6.81 (s, 1H, r,5-CH), 2.01 (s,
3H, Me), 1.46, 1.36 (s, 9H, CMe3). FD-MS: 526 (M+). [Synthetic Example 61 20 <<
(2-{inden-1"-yl}C6H40)TiC12G [Synthesis of 2-(Inden-3'-yl)phenol; (2-{inden-3'-yl}C6H40)H2)
3-Bromophenol (15.00 g, 86.70 mmol), 1-Indanone (11. 4 6 g, 86.70 mmol) and n-butyllithium (1.57 M

in hexane; ¥16.0 dpli.nk82-223 1l were,gsed ta-garry out a reaction in accordance with the
process disclosed in Dalton Trans., 2003, 4580, and the resultant crude product was purified by flash

silica gel column chforpatoararhycietuant; hexane/methyleneghlorige = 3/1) to, 2 obtain 2,399 of the
targeted2-{Inden-3'-yl}phenol (yield 30%, yellow oil). The obtained product was analyzed with

Elemental Arpdysis, \NWRsand £D-VS1 apd the foliowing:resulis were abtained. (Elerental Analysis:
Calc.: C, 86.51; H, 5.81. 10 Found: C, 86.28; H, 5.74. 1H NMR (0D013): d 7.59-7.55 (m, 1H),
7.40-7.26 (m22H), 123.6, 122.6, 121.8, 119.7, 101.4 (unsaturatedC}), 48.93,
5 48.88, 47.57, 47.48 {NMe,), 34.9%, 34.4 {CMe3), 32.01, 31.9, 29.8,
29.7 (CMes), 12.8 (Me).

'H NMR (CsDg): @ 7.72 (d, J = 6.93 Hz, 2H, phenyl-ortho
H), 7.63 (d, J=2.64 Hz, 1H, phenoxy}, 7.40 (d, J =2.31 Hz, 1H,
phenoxy), 7.38-7.30 (m, 3H, Ind~H-7 and phenyl-meta H), 7.22

10 (t, J=7.26 Hz, 1H, phenyl-para H}, 6.99 (d, J = 6.92 Hz, 1H,
Ind-E-5}, .85 (dd, J = 8.26, 6.93 Hz, 1H, Ind-H-6), 6.55 (s,
1H, n°-CH), 3.28, 2.58 (s, 6H, WMe,); 2.01 (s, 3H, Me), 1.70,
1.46 (s, 9H, CMes).
[Synthesis of
15 (2-{2-Me-4-Ph-inden-1'-y1l}-4, 6-"Bus~CeH,0) TiCl,)

To a Schlenk-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed,
{(2-{2-Me-4-Ph-inden~1'-yl}=~4,6~-"Bu,-CeH.0) Ti (NMes)> (1.83 g,
3.36 mmol) cbtained in the previous reaction was charged and

20 benzene (10 ml) was added, and then the mixture was stirred.
SiCly (C.77mlL, 6.72mmol) was added thereto at room temperature,
and then reacted under stirring for 5 minutes. From the

resultant solution, the solvent and the by-product were

distilled off under reduced pressure to obtain 1.77 g of the



7.06-6.97 (m, 2H, aromatics); 6.67 (t, J = 1.98 Hz, 1H, CH); 5.36 (s, 1H, OH); 3.60 (d, J=1.98 Hz, 2H,
CH2). 13C[1H[ NMR (CDC13) : d 153.0 (0-C) ; 144.2, 143.7, 140.5, 15 132.7, 129.4, 129.2, 126.3,
125.4,124.0, 121.6, 120.5, 120.3, 115.6 (unsaturated C); 38.7 (CH2). 1H NMR (C6D6): d 7.38-7.22
(m, 3H), 7.15-7.02 (m, 4H), 6.88-6.82 (m, 1H, arg tics); 6.16 (t, J = 1.98 Hz, 1H, CH); 5.11 (s, 1H,
OH); 2.99 (d, J=1.98 Hz, 2H, CH2). 20 FD-MS: 2 g]% M+). [Synthesis of
(2-(Inden-1'-yl}C6H40)Ti(NMe2)2? 2-(Inden-3'-yl)phenol (1.50g, 7.20mmol) obtainedinthe previous

reaction angdzkiged)4 (1.62 gvd -20-mrmalhwere used 1t -cafry-out a-regetiommn@ccordance with the
process disclosed 124 inOrganometallics, 2004(23) ,1576, and then from the resultant solution, the

solvent and; the=py-productwere gistided offy under reduced pressure to obtain 2.47 g of the targeted
(2-{Inden-1'-yl}C6H40)Ti(NMe2)2 (quantitative, red oil). 5 The obtained product was analyzed with

NMR, and the follovviagoiesulis werereliained; ASG FH] MR (EREIH R dhed FH-Ghnl29.2,
128.9, 128.6, 126.9, 126.1, 125.10, 125.06, 124.3, 122.6, 122.5, 120.7, 120.6, 118.5, 100.7

(unsaturateghE); 491 7,A46.64NMa) 116 1rkNMRCeReaRd .43 (dd, J=7.62, 1.65 Hz, 1H), 7.2B-7.19
(m, 3H), 6.95-6.87 (m 2H), 6.84-6.70 (m 2H, aromatics); 6.43
) *H NMR (CDCls): d 7.69 {d, J=8.24 Hz, 2H, phenyl-crtho
Ey, 7.58-7.32 (m, 8H, aromatics), 7.02 (s, 1H, n°~CH), 2.30 (s,
3H, Me}, 1.40, 1.36 {s, SH, CMei).
P*C{*H] NMR (CDCls3): d 172.8 (Ti-0-C), 148.7, 147.1, 141.2,
138.1, 138.7, 137.1, 134.7, 12%.2, 125.0, 128.7, 128.5, 128.3,
10 127.8, 125.8, 124.0, 123.9, 122.9, 109.4 (unsaturatedC), 35.1
34.8 (CMez), 31.8, 31.7, 29.7, 29.6 {(CMes), 16.3 (Me).
H NMR (Ce¢De): d 7.68 (d, J = 8.07 Hz, 2H, phenyl-ortho
Hy, 7.58 (d, J=2.31 Hz, 1lH, phenoxy), 7.31-7.25 (m, 2H,
aromatics), 7.22 {(d, J=2.31 Hz, 1H, phenoxy}, 7.21 (d, J=7.25
15 Hz, 1H, Ind:, 7.12-7.07 {(m, 2H, aromatics), 6.85 (dd, J=8.73,
7.09 Hz, 1H, Ind-H-6), 6.81 (s, 1E, n°-CH), 2.01 (s, 3H, Me),
1.46, 1.36 (s, 9H, CMes).
FD-MS: 526 (M+).
[Synthetic Example 6]
20 <(2-{Inden~1"-y1}CgH,O0) TiCL, 1
[Synthesis of 2~ {Inden-3'-yl)phenol;
{2-{inden=3'=-y1}CeH,0) H;]
3-Bromophenol (15.00 g, 86.70 mmol), 1-Indanone(11.46 g,

86.70 mmol) and n-butyliithium (1.57 M in hexane; 11.6.0 mL, 182



(d, J=2.97 Hz, 1H, n5-CH-2), 6.30 (dd, J = 3.62, 0.82 Hz, 1H, n5-CH-3); 3.19 (s), 2.44 (s, 6H, NMe2).
'3C ['H] NMR (C5D6) : d 176.8 (Ti-O-C) ; 129.8, 129.5, 129.2, 15 128.4-127.6 (overlaps with C6D6
peaks), 126.9, 125.4, 125.1, 124.6, 123.0, 122.8,121.2, 119.1, 115.7, 101.1 (unsaturated C); 49.7,
46.7 (NMe2). [Synthesis of (2-{Inden-1'-yl}}C6H4ga) iCI2] To aSchlenk-type reactor thoroughly dried
and purged with 20 nitrogen, a rotator was place ,-([52-{|nden-l‘-yI}C6H4O)Ti(NMe2)2 (1.59 g, 4.65
mmol) obtained in the previous reaction was charged, and benzene (10 mL) was added, and then the

mixture wagglinedy3a144dd 2 mls3-32 mmnol) was added t@ﬁ%@@éf%@c@%ﬁ%@%ﬁ@e and then
reacted under stirring at room temperature for 10 125 minutes. From the resultant solution, the solvent

and the bypreduetaveresd= stilled off under reduced pressurgda ohtainy 1.5k g of the targeted
(2-{Inden-1"-yl}C6H40)Ti012 (quantitative, brown solid). 5 The obtained product was analyzed with

NMR and FE=MS, angk the dellowingresulis:were obtainedy, H NMR(CPC3) ¢ 4188 £d . 8.90 Hz,
1H), 7.57 (dd, =7.41, 7.41 Hz, 1H), 7.49-7.34 (m, 4H), 7.25-7.14 (m, 3H, aromatics and n5-CH); 6.62

(d, J = 8.24d12:ckk3,946:Glh 10(3CLE NMRLED18)s €h 1 Ae A4 TEQr 6} 1 438-5, 137.6, 482.1, 130.3,
130.1, 129.5, 129.1, 128.0, 127.9, 127.7, 124.1, 123.8,
5 obtain5.3% g of the targeted 2-{Inden~3'-vliphenol {yield 30%,
vellow oll).
The obtained product was analyzed with Elemental Analysis,
NMR and FD-MS, and the following results were obtained.
Elemental Analysis: Calc.: C, B6.51; H, 5.81.
10 Found: C, 86.28; H, 5.74.

'H NMR (CDClz): d 7.59-7.55 (m, 1H), 7.40-7.26 (m, 5H),
7.06-6.97 (m, 2H, aromatics); 6.67 {(t, J = 1.98 Hz, 1H, CH):
5.36 (s, 1H, OH); 3.60 (&, J=1.98 Hz, 2H, CHz).

“C{'H] NMR (CDClz): ¢ 153.0 (0-C); 144.2, 143.7, 140.5,

16 132.7, 129.4, 129.2, 126.3, 125.4, 124.0, 121.6, 120.5, 120.3,
115.& (unsaturated C): 38.7 (CH.}.

'H NMR (CgDg): d 7.38-7.22 (m, 3H), 7.15-7.02 (m, 4H),
©.88-6.82 (m, 1H, aromatics); 6.16 (t, J = 1.98 Hz, 1E, CH);
5.11 (s, 1H, OH):; 2.99 {(d, J=1.98 Hz, 2H, CH,).

20 FD~MS: 208 (M+).

[Synthesis of (Z-{Inden=-1'-yl}CeHsO)Ti (NMes),]

2-{Inden-3'-yl)phenol {1.50qg, 7.20mmol} obtained in the
previous reaction and Ti(NMes)s (1.62 g, 7.20 mmol) were used

To carry out a reaction in accordance with the process disclosed



113.6, 110.2 (unsaturated C) _H NMR (C6D6): d 7.25-7.15 (m, 2H), 7.10-6.95 (m, 3H), 6.93-6.82 (m,
2H), 6.74-6.68 (m, 1H, aromatics); 6.42 (d, J= 15 4.32 Hz, 1H, r~5-CH), 6.40 (d, j= 3.51 Hz, 1H,
r5-CH). FD-MS: 324 (M+). {Synthetic Example 7] " (2-{2-nPr-4-(9-Phenanthryl)-.5,6-Benzoinden-1'-yl}
6._"'Bu2-C6F'i40) Tad ,>> 20 [Synthesis of 3-(I-(9-phenanthryi)naphtly2-yl)-2-n-propylpropionic Acid]
To a 300 mL Schlenk-type reactor thoroughly dried and purged with nitrogen, a rotator was placed, Na
(0.87 g, 37.75 mmol) was charted, and ethanol (21 mL) was added thereto, to 126 obtain EtONa
solution. A selatiare prepated by dissaiving (Riethyl e propyrnionate (¥ H31th SPa/Sn1rvahin ethanol (5
mL) was slowly added to the above EtONa solution at room temperature, and to this reaction
solution, etlsarial {10 mL)t vehieh Wasnitsecht ta mash ytherflaskancescharged withithe of f
Diethyl-n-propylmalonate, was also added. Subsequently, to the reaction solution, an orange solution
prepared by:dissolviregl 2=Bropamethyt¢ (2-phenaathny haphthalerfe (1004 3ZtA1 mmol) which
can be obtained in accordance with a process 10 disclosed in Bull. Chem. Soc. Jpn., 1986(59) ,2044
in ethanol(3@ mDitdkens(40,mL], WS SiowhiMadded @tueamitative, red oil).
5 The obtained product was znalyzed with NMR, and the
following results were obtained.
PSCI'H) NMR (CDCls): d175.7 (Ti~0-C); 128.2, 128.9, 128.8,
126.%, 126.1, 125.10, 125.06, 124.3, 122.6, 122.5, 120.7, 120.6,
118.5, 100.7 {(unsaturated C); 49.7, 46.6 {(NMe.).
10 "H NMR (CeD¢): ¢ 7.43 (dd, J=7.62, 1.65Hz, 1H), 7.28-7.19
(m, 3E}, 6.95~6.87 (m, 2H), 6.84-6.70C (m, 2B, aromatics); 6.43
(d, J=2.97 Hz, 1H, n°-CH-2), 6.30 (dd, J = 3.62, 0.82 Hz, 1H,
n®-CH-3); 3.19 (s), 2.44 (s, 6H, NMe,).
“C[*H] NMR (CeDs): d 176.8 (Ti-0~C); 129.8, 129.5, 129.2,
15 128.4~-127.6 (overlaps with Ce¢D¢ peaks), 126.9, 125.4, 125.1,
124.6, 123.0, 1z2.8, 12i.2, 119.%, 115.7, 101.1 {unsaturated
Cl; £9.7, 46.7 (HNMe,;).
iSynthesis of (Z-{Inden-1'-y1}CgHs0)TiCl;]
To a Schlenk-type reactor thoroughly dried and purgedwith
20 nitrogen, a rotator was placed, (Z-{Inden~1'-y1}CsHsQ)T1i (NMesz),
(1.59g, 4.65mmol) obtained in the previous reaction was charged,
and benzene (10 mL) was added, and then the mixture was stirred.

SiCly (1.17mL, 9.32mmol) was added thereto at room temperature,

and then reacted under stirring at room temperature for 10



temperature (added for 5 minutes) . The temperature of the obtained brown solution was elevated and
refluxedfor3.5hours. To a dark-brown solid obtained by distilling off the solvent 15 from the reaction |
product, toluene (200 mL) was added, and aqueous solution of hydrochloric acid having pH=1 was
added to the resultant dark-brown suspension. The temperature of the suspension was elevated and
refluxed for 11.5 hours. The resultant dark-brown product obtained by distilling off 20 the
solvent from the reaction product was purified by flash “silica gel column chromatography (eluant:
methylene chloride) to obtain 8.69 g of the targeted

3-(1-(9-phenantimyraphtie2o) -2 mepropyiprepionicAcid; {yisld 550, white solid) . The optained
product was analyzed 127 with NMR and FD-MS, and the foIIowmg results were obtainéd. 1H NMR
(CDC13) : d 6539 et clin 8:5@ iz 2H)s 7:88:284 M3tk 7. 757 @1%4@5@2@% o1 28,57, 3.30
1H), 7.43-7.15 (m, SH, aromatics) ; 2.90-2.72 (m)., 2.64-2.45 (m, total' 5 3H, CH and CH23 Ti 43-1.01
(m, 2H, n-Pr-CHZ], 6.9820 84 2+t -84-CHZ) 10,58 (1, = 7,26 H7), .51 41, J = 7.26 Hz, total 3H,
Me). "3C['H] NMR (CDC13) : d 181.4, 136.7, 136.5, 135.8, 135. 1 153! 5,132.4° 132.3, 132.2, 132.0,

131.6, 131.5, 13@:501303; 112 129820829 4+ 128,7, 128.0, 127.8, 127.6, 127.3, 126.8, 126.6, 126.1,
125.4,122.9, 122.7, 122.9, 122.7, 46.7, 46.0, 36.3, 36.2,

& Theobtainedpmoductwas analyzed with NMR and FD-MS, and

the following results were obtained.
"H NMR (CDCls): d 7.89 (4, J = 8.90 Hz, 1R}, 7.57 {dd,

U= 7.41, 7.41 Hz, 1H), 7.4%-7.34 (m, 4H), 7.25-7.14 (m, 38,

aromatics and nS—CH); .62 (4, J = B.24 Hz, 1H, n5~CH).
R HCI'E] NMR (CDC13): @176.7 (Ti-0-C): 138.5, 137.6, 132.1,

130.3, 130.12, 129.5, 129.1, 128.0, 127.%8, 127.7, 124.1, 123.8,

11

113.6, 110.2 {unsaturated <) .

*H NMR (CgDe): d 7.25-7.15 (m, 2H}, 7.10-6.95

lr

(m, 2H),

6.93-6.82 (m, ZH), 6.74-6.68 (m, 1H, aromatics); 6.42 (4, J =

16 4.32 Hz, 18, n°-CH), 6.40 (d, J= 3.51 Hz, 1%, n°~CH) .

FD-MS: 324 (M+).
iSynthetic Example 7]

<(2~{2—nPr—4n(9—?henanthryl)*5,6—Benzoinden“1'—yl}—4
6 TBUL~CaHO) TiCl,e>

20 [8ynthesis of

] o 3 - 7 }
3 (1—(vmpnenanuhryL)naphtn-ZMyl)m2—n—propyloromionic Acid}

To a 300 mL Schlenk-type reactor thoroughly dried and

e r=Ne 7o =1 S = J
purged with nitrogen, a rotator was placed, Na (0.87 g, 37.75

mmol) was charged, and ethanol (21 mi} was édded thereto, to



34.3, 34.2, 20.2, 20.1, 13.6, 13.4. FD-MS: 418(M+). [Synthesis of 15 2- n-
propyl-4-(9-Phenanthryl)-5,6-Benzo-1-indanone; {2-iPr-4-(9-Phen)-5,6-Bz-I-indanone))
3-(1-(9-phenanthryl)naphth-2-vl)-2-n-oropylpropionic Acid (6.89 g, 16.46 mmol) obtained in the
previous reaction was used as a raw material to ¢ gy out a cyclizatiion reaction in 20 accordance
with a similar process to the process disclosed in"Drganometalli, cs,1994(13),954. The resultant crude
product was purified by flash silica gel column chromatography (impurities were eluted with

hexane/meginiene chlotide =2/1y andrsubseguantly;a targetprodust was gluted with. o
hexane/methylene 128 chloride = 1/1) to obtain 1.33 g of the mixture containing targeted 2-n-

propyl-4-(9:Rhenanthryh.6:8em70:ldpdasone, abthe ratio of &% purity dight yeHoysselid) . The

mixture was repeatedly purified with a chromatography and then washed 5 with diethyl ether to obtain

pure 2-n- piepyls4od:Bhenanihnd)-he GrBenzat darene iwhite ssolid)m aehiained-aure 2-
n-propyl-4-(9-Phenanthryl)-5,6-Benzo-l-indanone was

and To this reaction soluticon, ethancl (10 mlL), which was used

5 towashthe flaskonce chargedwiththe Diethyl-n-propylmalonate,
was also added. Subseguently, to the reaction solution, an
orange solution prepared by dissclwving
2-Bromomethyl-1-(S%-phenanthryl)naphthalene (15.00 g, 37.75
mmol; which can be obtained in accordance with a process

10 disclosed in Bull. Chem. Soc. Jpn., 1986(58) ,2044 in
ethanol (50 mL) /toluene (40 ml), was slowly added at room
temperature {added for 5 minutes). The temperature of the
obtained brown sclution was elevated and refluxed for 3.5 hours.

. To a dark-brown sclid obtained by distiliing off the sclvent

i5 from the reaction preduct, toluene {200 ml) was added, and
agueous scolution of hydrochloric acid having pH=1 was added to
the resultant dark-brown suspension. The temperature of
the suspension was elevated and refluxed for 11.5 hours. The
resultant dark-brown crude product obtained by distilling off

20 the solvent from the reaction product was purified by flash
silica gel column chromatography (eluant: methylene chloride)
to obtain 8.68 g of the targeted
3- (1~ (9-phenanthryl)}naphth-2~vyl)-2-n-propylpropionic Acid

(yield 55%, white solid). The obtained product was analyzed



10 analyzed with NMR and FD-MS, and the following results were obtained. 1H NMR (CDC13) : d
8.84 (t, J = 7.91 Hz, 2H) , 8.47 (s, 1H), 8.10 (d, J = 8.24 Hz, 1H) , 7.92 (dd, J = 7.74, 1.48 1H) ,
7.79-7.65 (m, 4H), 7.53-7.36 (m, 4H) , 7.26 (d , J= 6.60 Hz, 2H, aromatics) ; 15 3.22 (dd, J = 17. 46,
8.57 Hz, 1H, Ind-CH-3), 2.79-2.65 (m, 1H, Ind-CH-2), 2.44 (dd, J=17.48, 4.95 Hz, 1H, Ind-CH-3),
1.97-1.85 (m, 1H, CH2), 1.49-1.36 (m, 1H, CH2), 113%71.18 (m, 2H, CH2), 0.84 (t, J = 7.25 Hz, 3H,
Me) . 13C['H] NMR (CDC13): d 209.7 (0=C); 1466.1, 136.7, 135.1, 20 134.3, 133.8, 132.8, 131.6,
131.1, 130.7, 130.6, 130.4, 128.7, 128.7, 128.5, 128.4, 127.0, 126.8, 126.4, 126.2, 126.1, 124.4,
124.4, 123.1, 492217, W80, 23816 F3L195 20:5 20:4.213.9,1 TD;MS; 400 (M+). [Synthesis of 129 2'(2-n-
propyl-4-(9-Phenanthryl)-5,6-Benzoindzen-3'-yl)-4,£(%-Ltlefgvg\{lji};ipﬁgﬁ% (f{ggrﬂ:’”rf{j(gaﬁﬁl@ﬁ) -5,
6-Bz-inden-3' -yl)-4, 6*BURME5KH20) H2]: 2:Bromar4.6:di-tent=butylphenol (]2g§ g,./?). m_mor?, 5 2-n-
propyl-4-(9-Phenanthryl)-5,6-Benzo-i-indanone at 81% Purity (1.44 g, 3°39 mmal) ob ained i the
previous reaction aridn-batylithiuns (1.54 M @mmgxapggﬁ.SH'@L, 595 @r%ql) were, U ed to carry out a
reaction in accordance with the process disclosed in Dalton Trans. , 2003, 4580, arid d tesultant
crude 7-43-7.15 (m, 5H, aromatics); 2.90-2.72 {m), 2.64-2 45 (1 :

- Ry
Ly TOTEL

5 3H, CH and CHy); 1.43-1.01 (m, 2H, n-Pr-CHy), 0.98~0.84 (m, 2H,
n-Pr-CHpz); 0.39 (t, J = 7.26 Hz), 0.51 (t, J = 7.72¢ Hz, totzl
3H, Me). |

SCIMH] NMR (CDCL,): 4 181.4, 136.7, 136.5, 135.8, 135,1,
133.5, 132.¢, 132.3, 132.2, 132.0, 131.6, 131.5, 130.5, 130.3,

10 128.1, 129.1, 128.7, 128.0, 127.8, 127.6,127.3, 126.8, 126.¢,
126.1,125.4,122.9, 122.7, 1229, 122.7, 46.7, 46.0, 36.3, 36.2,
34.3, 34.2, 20.2, 20.1, 13.6, 13.4.

FD-MS: 418 (M+) .
' [Synthesis §f
i5

2= n~ propyl—4- (9~ hr 5
Propyl—-4-(9 Phenantn;yl)—3,6~Benzoﬁl—indanone;

{Z-iPr“4~(9—Phen)—5,6—Bz—l~indanone}}

3~(1~(9~phenanthryl}napbth-Enyl)m2~n—propylmromionic

Aci ;1 ; P T
id (6.88 g, 16.46 mmol) obtained in the previous reaction was

used 28 a raw material i r s
neateria- TO carry out a cyclization reaction in

20 accord T imila
ccordance with a simi t
With & similar process o the process discliosed in

Crga 114 ] 5
ganometallics, 1994 (13),954. The:esultantcrudeoroductwas

purified by fl sili "
y flash silica gel,column,chromatograpny {impuritises

wera 4~ 1+ 3 -
were eluted with hexane/methylene chloride = 2/1
= 1,

and

subsequent] et vyl .
Quentiy a target product was eluted with hexane/methviene



10 product was purified by flash silica gel column chromatography (unreacted 2-Bromo-4,6-di-tert_ ~
butylphenol was eluted with hexane, and subsequently a target product was eluted with '
hexane/diethyl ether = 95/5) to obtain 0.92 g of the targeted 2-(2=n- ‘
propyl-4-(9-Phenanthryl)-5,6-Benzoinden-3'-yl)-4 6- 15 di-tent-butylphenol (yield 43%, white solid). The
obtained product was analyzed with A Elemental Anal%sis, NMR and FD-MS and the following results
were obtained. Elemental Analysis: Calc: C, 89.75,1@, 7.53. Found: C, 89.18; H, 6.92. 20 "H NMR
(CDC13) :d 8.831t, J = 7.09 Hz, 2H, aromatics), 7.94-7.86 (m, 2H), 7.81 (s, 1H), 7.77-7.64 (m, 3H),

7.60 (d, J= 19843z, d&)=7AA .37, (M) [-23-4.18 (m, 2H, aromatics) ; 5.26 (s), 5.21 (s, total 1H,
OH) : 3.45 (dd, j= 2§§§3.33 /:IZY ?%ﬁ,r'?’}jng-)iéli-é)',%.%16 (d%l,%j=%?05‘,lf2g)ﬁz,clﬁ RUTCER): 2.33 130

it, 2H, CHZ); d:8 ke dL-506(s @@yg&mg%&%g%%ﬁ%ﬂ%% Og,_kl%%glg s_)&%g% s, total 9H,

CMe3),; 0.80 (t, J 7.42 Hz, 3H, Me). 13C[1H] NMR (CD *194.0, 5
1419,1418a¥4%ﬂe1%%@&&3%@81§55m}§%¥2f%%ﬂ%%l§%§low solid). The mixture

was repeatedly purified with a chromatography and then washed
5 with diethyl ether to obtain pure
Z2-n- propyl-4-{9-Phenanthryl) ~5, 6-Benzo-l-indanone {(white
solid).
The obtained pure
2—r%wpropylud—(9wPhenanthryl)—5,6—Benzo»l~indanone was
10 analyzed with NMR and FD-MS, and the fellowing results were
obtained.
"H NMR (CDCls): d 8.84 (t, J=7.91 Hz, 2H), 8.47 (s, 1H),
8.10 (d, J=8.24 Hz, 1H), 7.92 {dd, J=7.74, 1.48 1H), 7.79—7L65
(m, 4H), 7.53-7.36 (m, 4H), 7.26 (d, J=6.60 Hz, 2H, aromatics)

I

16 3.22 (dd, J=17.46, 8.57 Hz, lH, Ind-CH-3), 2.79-2.65 (m, 1H,

Ind-CH~2), 2.44 (dd, 0=17.48, 4.95Hz, 1, Ind-CH-3), 1.97-1.85
(m, 1H, CHs}, 1.49-1.36 (m, 1H, CHy), 1.35-1.18 (m, 2H, CH,),
- 0.84 (v, J = 7.25 Hz, 3H, Me).
CI'H] NMR (CDCIs): d 209.7 {0=C): 146.1, 136.7, 135.1,
20 134.3, 133.8, 132.8, 131.6, 131.1, 130.7, 130.6, 130.4, 128.7,
128.7, 128.5, 128.4, 127.0, 125.8, 126.4,.126.2,'126.1, 124.4,
124.4, 123.1, 122.7, 48.0, 33.6, 31.9, 20.5, 20.4, 13.9.

FD-MS: 400 (M+) .

[Synthesis of



132.6, 132.5, 131.8, 131.5, 131.4, 130.7, 130.3, 128.7, 128.3 126.9, 126.8, 126.7, 126.1, 125.2,
125.1, 124.8, 123.6, 123.0, 122.7,120.8, 117.8 (unsaturated C) ; 39.7, (Ind-CHZ) ; 35. 1, 34.4, 31.7,
29.7, 22.3 (CH2 and CMe3); 14.0 (Me). 10 FD-MS: 588 (M+). [Synthesis of
(2-{2-nPr-4-(9-Phenanthryl)-5,6-benzoinden-_'-yl)-4,6-tBu2- CEH40) Ti C12] 2-(2-n-
propyl-4-(9-Phenanthryl)-5,6 Benzoinden-3'-y' 15 )-4,6-di-tert-but ylpheno'- (0.052 g, 0. 088 mmol)
obtained in the previous reaction and Ti (NMe2) 4 (0. 020 g, 0. 088 mmol) were used to carry out a
reaction in accerd _cg_wgrrl the process disclosed in Organometallics, 200 . (23) , 1576, and then
from the resultant solutiof: the $0IVent ~ Bhe #ie:by-protiucEwere distitled off, 20 undey reduced
pressure to ob@iiu@et%rg%] %Ord._Subsgquently, CDC13 was added to the solid and stirre .'%iCM (0.02
mL, 0. 176 mmol) was a ded thetiePat room temperature, and then reacted under stirring for 5
minutes. From the (ﬁg;%]ltﬂap_t olution, the solvent and the by-product were distilled off under reduced
131 pressure to obtain 0:06 %Tﬁ%%}gée@”BZ*indEn-B'—yi}uzg, 6-"Buy-CgH,0) By |
(2-{2--npr-4-(9-Phenan;h%/ZI)-S,6;t{)lenzoinden-iI-yI);4,6-tBu2- C6H40)TiCI2 (quantitative, l:)rc‘)wn solid).
The obtained product was analyzed Svith NKR an@FDsMBhandl (1,03 g, 3.60 mmol},

5

o YVl 1 j
propyl-4 (9~Pnenantnryl)—5,6~Benzo#1—indanonﬂ at Bl%
= [ AL

Du.._j.k..y (.a_ad.4 { =~ - -
s gr 3.39 le) Obtc:..g_nuﬂ in L.h‘».,.: p‘ Uj_OLlS . aCIL_ on

and n-butyliithium (1.37 M in hexane:

4.81 mL, 7.55 mmol) were

LSL—d e al L y @]
- e

dlSClOSEd 1 - - L ~d (- —

10 roduct rified
P Cvwas purified by flash silica gel colunm.chromatogvamhy

(unreacted 2-Br - i3 '
<=Bromo 4r6—ﬂl—t@rt~butylphenol was eluted with

= [ L LD L /D i O Q 1t () he sl 2
) — bba..._n . 92 g O.L L_nv I\-—q.‘-.gvl—. d

2=

I

..L.) :, S} O.A_ e A _l_) _;r

¢

15 di-tert-buty}
i=Tert-butviphenao] 1 j
Vit nol (yield 43%, white solid).

The obtained pr c
p_oduJ:wasanalyzedwithElementalﬂna?ys*

L3,

a o — < I = -

1 oupy ™ |
ufemwnhal Analysis: Calc- C, 88.75; H, 7.53.

20 H NMR {CDC1l3): & B8.B3 I«

(s, 1H), 7.77-7.64 {m, 3H), 7.60 (4

!

J=1.9BHZ, P4 — 5
1HY, 7.44 7.37{m,aH},7.23—7.18(m,EH,aromatics%

5.26 (s), 5.21 {s, total 1H, OH); 3.45 (dd, J = 23.08

+
f

iy, Ind-CH~3y, 3.1¢ (dd, J=23.09, 7.25 Hz



5 the following results were obtained. 1H NMR (CDC13) : d8-90-8.61 (m, 2H), 8.25-8.06, 7.89-7.55,
7.40-7.35, 7.26-7.20 (m, total 14H, aromatics); 6.65 (s), 6.50 (s, total 1H, n'-CH); 1.66 (s, 2H, CH2);
1.444 (s), 1.438 (s, total 9H, CMe3); 1.39, 1.38, 1.37 (total 11H, CMe3 and CH2), 10 0.86-0.77 (m,
3H, Me). FD-MS: 704 (M+). [Synthetic Example 8] <<(2-(Fluoren-9'-yl}-4, 6 "Bu2-C6H40)TiC12>>
[Synthesis of 15 9-(2-Hydroxy-4,6-di-tert-buty Iphenyj)g orenol] To a Schlenk-type reactor thoroughly

dried and purged with nitrogen, a rotator was placed;,

Bromo-4,6-di-tert-butylphenol (5.00 g, 17.53

mmol) was charged, and THE (20 mL) was added, and then the mixture was 20 dissolved under

stirring. After complétion BFithe n-buiyllithiym (1.50M in ngatr@igﬁ%m%&g 1

at 0 C, the temperature was slowly elevated, and reacted under stirring at foom’te

mol) slow_addition
pevaturdfor 14

hours. The resﬂ%an@%ixﬁﬁe)waécé@led)a,galin3@-7@33(; apd.a.solytion %}gre_p red by dissolving
€

9-Fluorenone (3.16 g, 17.53 mmol) in THE (20 mL) was slowly added.
was slowly eléVafed Zaritreatted tiader stirring at room temperature

after, t & te(r%pef‘rature

1341, PR -
CI'H] NMR (CDC1z): d 151.0, 145.5, 145.4 (C-CYy; 144.0

132.6, 132.5, 131.8, i31.5, 131.4, 130.7,

126.9, 126.8, 126.7,

-7, 120.8, 117.¢8 (unsaturat@dC) ;2807

31.7, 298.7, 22.3 (CH» and CMesy; 14.0 (Me) .

10 FO-MS: 588 (M+) .,
[Synthesis of
{2—{2—nPr-4—(9-—Phenanth
CsHe0) TACL,]

2-{2-n- propyl—4w (8-Phenanthryl)

bt
o

J-4,6-di-tert-b
Previous reaction and T1 {(NMe,)
Lo carry out a reaction in accordance with the proces
in Organometallics, 2004 {23}
solution, the solvent
20 under reduced pressure

CDCls was addead o

14 N A :
mmo.) was added thereto at rococm temperatur
= diip —— e el

unger stirring for 5 minutes.

7 A I 4 ; |
Soivent and the by-product wer

<9, 141.8, 140.4, 135.3, 135 .3, 135.1, 134.72, 134.68, 133.5

r (Ind~CHz); 35.1, 34.4

ryl)-5, t-benzoinden-3° -yli-

.5,

130.3, 128.7, 128.3,

126.1, 125.2, 125.1, 124.8, 123.6, 123.0,

r

4 r 6"“tBT.lz"‘

mS,.{é-—Benzoinden-—Bhyl
utylpheneol (0.057 g, 0.088 mmol)obtained in *he
¢ {0.020 g, 0.088 mmol) were used
s disclosed
1+ 1576, and then from the resultant
and the by-product were distilled off
toobtain a brown solid. Subsequently,
the solid ang stirred,. SiCly {(0.02 ml, D.17§
. L, 0,
e, and then rsacted
From the resul+tant solution, the

e distilled of® under reduced



for 22 hours. After the reaction, to the reaction liquid, water 5 (20 mL) and conc. HCL (8 mL) were .
added to stop the reaction. The mixture was transferred to a separatory funnel, and diethyl ether was
added and shaken, and the organic layer was separated. After the separation it was concentrated and
dried to obtain 7.28 g of the targeted 10 9-(2-Hydroxy-4,6-di-tert-butylphenyl)fluorenol in a crude form
(brown solid). The obtained product was analyzed with; FD-MS, and the following result was obtained.
FD-MS: 386 (M+) 15 [Synthesis of 9-(2-Hydroxy-4,6-di-tert-butylphenyl)fluorene] To a Schlenk-type
reactor thoroughly dried and purged with nitrogen, a rotator was placed,
9-(2-Hydroxy-2 B=diste Ao itgiphenyifiucreA6R(728-d) 20rabtaineddn the previous reaction was
charged, and acetic acid (146mL) and 57% hydrochloric acid (29mL) were added, and stirred. The
mixture was reactdd uh@srtirfifig 2t soemttemperattire dot-Srhaurs sThe Tesultant brgwn:suspension
was poured into water and extracted with diethyl ether. The obtained organic laver 133 was washed
firstly with hydrsgeRearbonaté Beproussoiation ands thenswiths sodium hydrogensulfite aqueous
solution (10 wt%, ca. 150 mL), and Na2SO4 was added to the washed organic layer, and
;heobtalnedproductwas analyzedwithNMRandED—MS,and

ot

the following results were obtained.

"HNMR {CDCl3): d8.90-8.81 (m, 2H), 8.25-8.06, 7.89-7.55,
7.40-7.35, 7.26-7.20 {m, total 14H, aromatics); 6.65 (s), 6.50
(s, total 1H, n°-CH}; 1.66 (s, 2H, CH,): 1.444 (s), 1.438 (s,
total 9H, CMes); 1.39, 1.38, 1.37 (total 11H, CMe; and CH,),
10 -0.86~0.77 (m, 3H, Me).

ED-MS: 704 (M+).
[Svnthetic Exampie 8]
<<{2~{Fiuoren~9'~yl}~4,6~‘Bu2—C&QO)TiC12>>
[Synthesis of
15 9v(2—Hydroxy~4,6—di—tert—butylphenyl)fluorenol]
TkyaSchlenk~typereactor‘thoroughlydfiedandpurgedhdth
nitrogen, a rotator was placed,
2w8x0m0~4,6~di~tert—buty1phenol (5.00 g, 17.53 mmol) was
charged, and THP (20 mL) was added, and then the mixture was
20 dissclved under stirring. After c
n-butyllithium (1.57 M in hexane; 23.44 ml, 36.81 mmol} slow

aadztion at 0 °C, the tam erature



dried. The filtrate obtained by filtration was concentrated 5 and dried to obtain a brown solid. To the
solid, hexane/diethyl ether mixed solution (=95/5, 350 mL) was added, then it was well stirred,
washed and filtered. The obtained insoluble substance was dried to obtain 1.32 g of the targeted
9-(2-Hydroxy-4,6-di-tert-butylphenyl)fluorene (19%, light 10 yellow solid) . The composition dissolved
in hexane/diethyl ether mixed solution (=95/5) was %@trified by flash silica gel column chromatography
(eluant; hexane/diethyl ether = 95/5) to further obtain 0.61 g of the target product (9%, light yellow

solid). The yield | s.1. 280). 15.The obtained product was_analyzed with Elemental
(IR ad P g the T it Elen

Analysis, N and FD-MS, an Wing*rl'(la%ﬁiafé3 Were € ﬁ@ﬁ&ﬁa}“}%igﬁéalc: C,
87.52; H, 8.1 : 7,78, H,.7.55. 'HNMR (CDC13); d 7.85 (d, J =7.27 Hz, 2H, Flu-H-4, 5), 20
7.43 (t, J =7. 6@%@ H%gkﬁo‘g‘jyﬁg?ﬁ% jﬁ%ﬁzﬁ‘]ﬁ ,‘ﬁlu%ﬁi-%,%ﬁ’%‘?é?i’?%f(rﬁ’,a%,

tics), ;.14 50H).1.3 H 3), 1.28 (br, 9H, CMe3). '3C (IH] NMR (CDC13) :
3r105r3%"(:§-cf?“1$45£. (%r)e,qﬂ)afé'1%%??%9?8%@’.2??52%% e iigr.% ?ﬂ“n%éi“d%&%%té()ﬁ%.s, 34.3

134 (CMe3)s314/-(CH3.and GH), H3). FR-MS: 37Q (M+), [Synthesis.of . .
(2_{F|uoren_gﬁ%_%%?%%%6%?®%%%ﬁ@Lggc-lo,;, _o%ge ;égc}lt_on f._qtld, water

5 (20 mlL) and conc., HCL (8 ml) were added to stop the reaction.

Then&xturewastransferredtx)aseparatoryfunnei,andcﬁethyl
ether was added and shaken, and the organic layer was separated.
After the separation it was concentrated and dried to obtain
7.28 g of the targeted
10 9-{Z-Hydroxy-4,é-di~-tert-butylphenyl)fluorenscl in a crude
form (brown solid).
The obtained product was analyzed with FD-MS, and the
following result was obtained.
FD-MS: 386 (M+)
i5 [Synthesis of
9~ (2-Hydroxy-4, 6-di-tert-butylphenvl) fluorene]
Tca Schlenk-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed,
9~ (2-Hydroxy-4,6~di~tert-butylphenvyl) flucrencl (7.28 g)
20 obtained in the previous reaction was charged, and acetic acid
(146mL)and57%hydrochloricacid(29mL)wereadded,andstirred.
The mixture was reacted under stirring at room temperature for
5 hours. The resultant brown suspension was poured into water

and extracted with diethyl ether. The obtained organic layer



To a Schlenk-type reactor thoroughly dried and purged with 5 nitrogen, a rotator was placed, TiCl4
(1.0 M in toluene; 0.98 mL, 0.98 mmol) was charged thereto, toluene (10 mL) was added. To the
mixture, 9-(2-Hydroxy-4,6-di-tert-butylphenyl)fluorene (0.37 g, 0.98 mmol) obtained in accordance
with the previous process was 10 slowly added dlrg wise at room temperature under stirring, and after
the addition, it was reacted under stirring at room™ temperature for 1 hour. The resultant red solution
was cooled to -78 C in a dry ice-acetone bath, and n-butyllithium (1.56 M in hexane; 1.26 mL, 1.97

mmol) was glowlyadded eropwise. 15-After, theaddition,{he lerperaiie of the mixiyre,was slowly

changed back to room temperature, stirred for 10 hours at room temperature, and subsequently

reacted undgaéﬁra@a@tslo%gmfar?g&ﬁ-J@w%.J@ﬁb&@irha@é%@ SUSPERSION. (e suspepsion was
|

filtered with a glass filter, which is filled with celite, 20 under a nitrogen atmosphere. The resultant

black substange yas, washed with, lQlueng 4 sl ) and.the wash lquidyyas mixed with fhe filtrate. The

resultant solution was concentrated and dried, and recrystallized with foluene to obtain 0. 13 g of

brown solid scordgining:the danget predust- 135, the,gbtained-grodyct was analyzed.with NMR and
FD-MS, and the following results were obtained. 1H NMR (C6D6) : 7.70-6.05 (m, 10H, aromatics) ;
1.44(s,9H, and dried to obtain a brown solid. To the sclid, hexane/diethyl
ether mixed solution (=95/5, 350 mL) was added, then it was well
'stirred, washed and filtered. The obtained inscluble substance
was dried to obtain 1.32 g of the targeted
9—(2—Hydroxy~é,6mdi~tert~butylphenyl}fluorene (19%, light
10 yellow solid). The composition dissclved in hexane/diethyl
ether mixed solution (=95/5) was purified by flash silica gel
column chromatography {eluant; hexane/diethyl ether = 85/5) to
further obtain 0.61 g of the target product (9%, light yellow
.s0lid). The vield in total was 1.93 g (28%).

15 The obtained product was analyzed with Elemental Analysis,
NMR and FD-MS3, and the following results were obtained.
Elemental Anelysis: Calc: C, 87.52; H, B.16.

Found: C, 87.78; H, 7.55.
"M NMR {CDCls}: d 7.85 (d, J =7.27 Hz, 2H, Flu-H-4, 5),
20  7.43 (t, J=7.26 Ez, 2H, Flu-H-3, 6), 7.42 (d, J =7.59 Hz, 2H,
rlu~-H-1, 8) , 7.33-7.24 {m, 4H, aromatics), ; 5.14 (s, 1H, OH};
1.33 (br s, 9H, CMes), 1.28 (br, 9H, CMes).
“*CI'H] NMR (CDCls): d150.6 (0-C); 145.6 (br), 142.1, 140.4,

127.8, 127.7, 125.4, 123.1, 120.2 (unsaturated C); 34.8, 34.3



CMe3), 1.38 (s, 9H, CMe3) . 5 FD-MS: 486 (M+). [Synthetic Example 9]
<<2-{1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-0c

tahydrodibenzo(b,h]fluorenyl}-4,6-' Bu2-C6H40H;
9-(2-Hydroxy-4,6-di-tert-butylphenyI)Octamethonc%a;[}ﬂydrodib 10 enzofluorene>> [Synthesis of
1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-oct5 drodibe nzol[b,h]fluorenone;
Octamethyloctahydrodibenzofluorenone] 15 1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-octahyd

rodibenzo[b aliuorene(Octamethylogtahydrodibgnzoflusgene; 5.00 g, 12.93 mmol) synthesized in
accordance with a process disclosed in Organometallics. , 2004 (23) 1777, was used to carry out the

oxidation reaction iggcaerdanee with.a similar process 20 to a process disclosed in J. Org. Chem.,
1997(62)8767. The resultant product was purified by flash silica gel column chromatography (eluant;

hexane/methylene chigridges1/d) ta obfaings.44 g.0f the target proglugt (6686 ysllew solid). The
obtained product was analyzed with Elemental Analysis, 136 NMR and FD-MS, and the following
results were obtained, £lamenialAnglysis:Glach: G 8695 449,06 Fund: G, 86,30 1 6,67
8 nitrogen, a rotator was placed, TiCl, (1.0 M in toluene; 0.98
mL, 0.98 mmcl) was charged thereto, toluene (10 mlL) was added.
To the mixture,
9-{(2-Hydroxy-4, 6~di-tert-butylphenyl)fluorene (0.37 g, 0.98
mmol) obtained in accordance with the previous process was
10 slowly added dropwise at room temperature ﬁnder stirring, and
after the addition, it was reacted under stirring at room
temperature for 1 hour. The resultant red solution was cocled
to ~78 °C in a dry ice-acetone bath, and n-butyllithium (1.56
M in hexane; 1.26 mL, 1.97 mmol) was slowly added dropwise.
16 After the addition, the temperature of the mixture was slowly
changed back to room temperature, stirred for 10 hours at room
temperature, and subsequently reacted under stirring at 100 °C
for 3.5 hours, te obtain a brown suspension. The suspensiocon
was filtered with a glass filter, which is filled with celite,
20 under a nitrogen atmosphere. The resultant black substance was
washed with toluene {4 ml), and the wash liguid was mixed with
the filtrate. Theresultant sclution was concentratedanddried,
and recrystallized with toluene to obtain 0.13 g of brown solid

containing the target product.



'H NMR (CDC13) : d 7.61 (s, 2H, Flu) , 7.41 (s, 2H, Flu); 51.70 (s, 8H, CH2); 1.35 (s, 12H, CMe3),
1.29 (s, 12H, CMe3). 13C[1H] NMR (CDC13): d 194.0 (0=C); 151.8, 145.4, 141.3, 132.6, 122.7, 117.9
(unsaturated C); 35.3, 34.92, 34.85, 34.7, 31.6 (CH3 and CH2). FD-MS: 400 (M+). [Synthesis of 10 9-
(2-Hydroxy-4, 6-di-tert-butylphenyl) Octamethylocqt%@/drodib enzofluorenol] To a Schlenk-type reactor
thoroughly dried and purged with nitrogen, a rotatorwas placed, 2-Bromo-4,6-di-tert-butylphenol (2.36
g, 8.29 mmol) was 15 charged and THE (30 mL) was added, and then the mixture was dissolved

under stirring. After-eompletign of the,slew cadgifion. atn-bubithium (2:H6:Mdnshexane; 11,2 mL,

17.41 mmol) at 0 C, the temperature was slowly elevated, and reacted under stirring at room

temperature far 12-howrg: Fe resultant 20 nixture was,eepled again to -78 C, and a solution prepared
by dissolving 9-Octamethyloctahydrodibenzofluorenone (2.36 g, 18.29 mmol) in THE (50 mL) was

slowly added. After thexadditiopp the temperatare was slowly glevatad, and.reacted undey; stirring at
room temperature for 16 hours. After the reaction, to the 1 3 7 reaction liquid, water (100 mL) was

added to stopthe reaction. sl heomixtdpgwas transferred to a separatoryfunnel, and diethyl ether was
added and shaken, and the organic layer was separated.

5 FD-MS: 486 (M+).
[Synthetic Example 8]
<<2-{1,1,4,4,7,7,10,10~octamethyl~-1,2,3,4,7,8,9,10~0cC
tahydredibenzo[b,hiflucrenyl} 4, 6="Bu,~CsH,0H;
- (2-Hydroxy~4, 6~di~tert-butylphenyl)Octamethyloctahydrodib

10 enzofluorene>>

[Synthesis of
1,2.,4,4,7,7,10,%0~0ctamethyl~1,2,3,4,7,8,%,10~octahydrodibe
nzolb,h]lfiuorenone;

Octamethyloctahydrodibenzoflucrenone]

15 1,1,4,4,7,7,10,10-octamethyl=-1,2,3%,4,7,8,9,10~cctahyd
rodibenzo[b,h]flucrene (Octamethyloctahvdrodibenzoflucrene;
5.00 g, 12.93 mmol) synthesized in accordance with a process
disclosed in Organometallics., 2004 (23)1777, was used to carry
out the oxidation reaction in accordance with a similar process

20 to & process disclesed in J. Crg. Chem., 1%97(62}8767. The
resultant product was purified by flash silica gel column
chromatography (eluant; hexane/methylene chloride = 1/1) to
obtain 3.44 g of the target product {(66%, vellow sclid).

The obtained product was analyzedwith Elemental Analysis,



It was dried over MgSO4, and concentrated and dried to obtain 5 the targeted
9-(2-Hydroxy-4,6-di-tert-butylphenyl)octamethyloctahydrodib enzofluorenol in a crude form (brown
solid). [Synthesis of 9-(2-Hydroxy-4,6-di-tert-butylphenyl)octamethyloctahydrodib 10 enzofluorene] To
a Schlenk-type reactor thoroughly dried and purg d%\g/ith nitrogen, a rotator was placed, crude
9-(2-Hydroxy-4,6-di-tert-butylphenyl)octamethyloctahydrodib enzofluorenol (8.29 g) obtained in the
previous reaction was 15 charged, acetic acid (70 mL) and 57% hydroiodic acid (14 mL) were added,

and stirred. \i1g mkkIremagreagied dndersieflux, attgomdemperature forfhours, Jhe resultant brown
suspension was poured into water (300 mL) and extracted with diethyl ether. The obtained organic

layer was washed figstlymvith 20 hydiagencarbenate aqueeus gelutign and thep gvith sodium
hydrogensulfite aqueous solution (10 wt%, ca. 150 mL), MgSO4 was added to the washed organic
layer, dried, and filtergd 4@ .obtainzg yghowsolution; The solution was slowly concentrated, and thus
unreacted 9-Octamethyloctahydrodibenzofluorenone 138 crystal precipitate was removed by filtration.

The filtrate was first gogeentratediand dsied, the resultant salid,was~digsolyed byadding y ,
hexane/diethylether mixed solution
5 1.70 (s, B8H, CHz}; 1.35 (s, 12H, CMes), 1.25 (s, 12H, CMes).

“*CI'H] NMR (CDCl3): d 194.0 (O=C); 151.8, 145.4, 141.3,
132.6, 122.7, 117.9 (unsaturated C); 35.3, 34.%2, 34.85, 34.7,
31.6 (CHz and CHz). FD-M3S: 400 (M+).

[Synthesis of

10 9= (Z2-Hydroxy-4, 6-di-tert-butylphenyl)Octamethyloctahydrodib
enzofluorenol]

To a Schlenk~type reactor thoroughly dried and purged with
nitrogen, & rotator was placed,
Z-Bromo=-4,6-di-tert-butylphenol (2.36 g, 8.29 mmol) was

i5 charged and THF (30 ml) was addsd, and then the mixturs was
dissolved under stirring. fter completion of the slow
addition of n-butyllithium (1.56 M in hexane; 11.2 miL, 17.41
mmed) at 0 °C, the temperature was slowly elevated, and reacted
under stirring at room temperature for 12 hours. The resultant

20 mixture was cocled again to -78 °C, and a solution prepared by
dissolving 9-Octamethyloctahydrodibenzoflucrenone (2.36 g,
18.29mmol) in THE (50 ml) was slowly added. After the addition,
the temperature was slowly elevated, and reacted under stirring

at room temperature for 16 hours. After the reaction, to the



95/5,20 mL), and purified by flash silica gel column 5 chromatography (eluant; hexane/diethyl ether =
95/5) to obtain 1.04 g of the targeted product as a rotamer mixture (sp- and ap-form) (21%, light
yellow solid). The obtained product was analyzed with NMR and FD-MS, and the following results
were obtained. 10 "H NMR (CDC13) : d7.78-7.511(q17 4H, fluorenyl); 6.70-6.36 (m, 2H, phenoxy) ; 5.59
(s), 5.26 (s, total IH, Flu-H-9) ; S.51 (br) , 5.02 (bf; total 1H, OH); 1.70 (br, 8H, CH2); 1.38-1.03 (m,
30H, CH3 and CMe3). FD-MS: 590 (M+). 15 [Synthetic Example 101 << (1- { Inden-1' -yl }

-2-C10H60} dii2 ) iSynthesis, of, L-{Inden-goyh-3-naphthalkdlinden: 3=yl e CIoHBOM2]
3-Bromo-2-naphthol (10.00 g, 44.83 mmol), 20 1-Indanone(5.92 g, 44.83 mmol) and n-butyllithium

(157 Min hexane;y6Q.0:mia 941 mmel) were used to.carry out-3 reaction inaecardangewith the
process disclosed in Dalton Trans., 2003 , 4580, and the resultant crude product was purified by flash

silica gel coitne ehrematogsaphy delvant: hexane/methylene 139 1 chjaride = 1/1).to-ghtain 3.69 g of
the targeted 1-(Inden-3'-yl)-2-naphthol (yield 32%, white solid). The obtained product was analyzed
with Elementaryas dried over MgSO;, and concentrated and dried to obtain
5 the targeted
8- (2-Hydroxy-4, 6~di-tert-butylphenyl)octamethyloctahydrodib
enzoflucrencl in a crude form (brown sclid).
[Synthesis of
9-(2-Hydroxy-4, 6~di-tert-butylphenyl)octamethyloctahydrodib
16  enzofluorene]
To a Schlenk~type reactor thoroughly dried and purged with
nitrogen, a rotator was placed, crude
S~ (2~Hydroxy-4, 6~-di-tert-butylphenyl)octamethyloctahydrodib
enzofluorenol (8.29 g) obtained in the previous reaction was
15 charged, acetic acid (70 mlL) and 57% hydroicdic acid (14 mi)
were added, and stirred. The mixture was reacted under refliux
at room temperature for 7 hours. The resultant brown suspension
was poured into water (300 mL) and extracted with diethyl ether.
The obtained organic layer was washed firstly with
20 hydrogencarbonate agueous solution and then with sodium
hydrogensulfite agueous solution (10 wt%, ca. 150 mL), MgSO,
was added to the washed organic layer, dried, and filtered to
obtainayellowsolution. Thesolutionwas slowlyconcentrated,

and thus unreacted 9-Octamethyloctahydrodibenzofluorenone



Analysis, NMR and FD-MS, and the following results were 5 obtained. Elementary Analysis: Calc.: C,
88.34; H, 5.46. Found: C, 88.02; H, 5.28. 1H NMR (CDC13) : d 7.83-7.80 (m, 2H) , 7.61 (d, J =7.02
Hz, 1H), 7.52-7.47 (m, 1H) , 7.36-7.18 (m, SH) , 6.96 (d, J =7.29 Hz, 10 1H, aromatics) ; 6.78 (t, J=
2.16 Hz, 1H, CH); 5.46 (s, 1H, OH); 3.75(d, J :J,.% Hz, 2H, CH2). '3C['H] NMR (CDC13) : d 150.9
(0-C); 144.4,144.1, 138.7, 135.8,132.9, 129.7,7128.9, 128.1, 126.5, 126.3, 125.6, 125.0, 124.0,
123.3, 121.2,117.3, 114.3 (unsaturated C); 39.1 (CH2). 15 FD-MS: 258 (M+). [Synthesis of

(1-{Inden-1'zyl}y2eG OHEQU] (NMed2], A=(Indensdey)ei naphthok €100 9, 384 mmol)-qbigined in the

previous reaction and Ti(NMe2)4 (0.87 g, 3.87 mmoi) were used to carry out a reaction in accordance

with the progess 20disclesgd-in-Qrganometalics, 2004(23) 5765 and then from {he esultant
solution, the solvent and the by-product were distilled off under reduced pressure to obtain 1.52 g of

the targeted {3<indansl¥i-2:GLHEOYHINME2)R (quaptitativer red solid) J40: The ohtained product
was analyzed with NMR, and the following results were obtained. 'H NMR (C6D6) : d 7.72 (dd, J =
7.5B, 7.58 Hz,2Hp07£B), and purified by flash silica gel column
5 chromatography (eluant; hexane/diethyl ether = §5/5) to obtain
1.04 ¢ of the targeted product as a rotamer mixture (sp- and
ap-form)} (21%, light vyellow solid).
The obtained product was analyzed with NMR and FD-MS, and
the following results were obtained.
10 'H NMR (CDCls}: d7.78-7.51 (m, 4H, flucrenyl); 6.70-6.36
{m, 2H, phenoxy); 5.5%(s), 5.26 {s, total 1H, Fiu-H-9); 5.51 (br),
5.C2 (br, total 1H, OH}; 1.70 (br, 8H, CH,); 1.38-1.03 {m, 30H,
CH:z; and CMes) .
FD-MS: 580 (M+).
i5 [8ynthetic Example 10]
<< ({l={Inden~1"'~yl}=2~CigHgC} TiCl;)
[Synthesis of
1-({Inden-3'-yl)-2-naphthol; (I-{inden~3'~y1}-2-CipHs0) H;]
3-Bromo-2~-naphthol (10.00 g, 44.832 mmcl),
20 1-Indanone(5.9%2 g, 44.83 mmol) and n-butyllithium (1.57 M in
hexane; 60.0 mL, 94.1 mmol) were used to carry out a reaction
in accordance with the process disclosed in Dalton Trans., 2003
, 4580, and the resultant crude product was purified by flash

silica gel column chromatography {eluant; hexane/methyliene



(d, J = 8.91 Hz, 1H), 7.33-7.15 (m, 4H), 7.09 (dd, J = 8.64, 5 1.08 Hz, 1H), 6.83 (dd, j= 7.50, 3.75 Hz,
1H), 6.69 (dd, J =12.11, 7 .58 Hz, IN, aromatics) ; 6.48 (d, J = 2.97 Hz, iH, rI'-CHI- 2) , 6.40 (dd, J=
3.11, 0.95 Hz, IH, ri5-CH-3); 3.22 (s), 2.45 (s, 6H, NMe2) C [[HI NMR (C6D6) : d 174.2 (Ti-O-C) ;
135.4, 130.5, 130.1, 10 129.0,128.5,126.65, 126.56, 125.4, 125.3, 124.7, 1-23.9, 123.23, 123.17,
122.7. 122.6, 119.3.118.8,101.7 (unsaturated C):49 8, 46.7 (N\Me2). [Synthesis of
(2-(Inden-I'-yl)-2-C10H60)TIiCI2] To a Schlenk-type reactor thoroughly dried and purged with 15

nitrogen, a tgtator was placed, >(1ﬂB1Q%E%'1BH}'§'.%J93'¢6Q)Ei(lé‘%e%éx(&ége% 3.74 mmol) obtained in

the previous reaction was charged, and benzene (5 mL) was added, and then the mixture was stirred.

Me3SiCl (288 (i3 8.6+ uglql)_waﬁaa&q_egcﬂﬂer 9 & rooss demperature, angd-gfter 20 the addition

reacted under stirring at 50 C for 6 hours. From the resultant solution, the solvent and the by-product

were distilled off ungder reguced pressure fo.qbtginl. 40 010§ 1he targeted epentary
(1-{Inden-I'-yI'-2-CrOH60)TiCI2 (quantitative, brown solid). 141 The obtained product was analyzed

\;wgl N7'\g§ («'slmslg%%% ;angvdhegliowingyesults were gbtained,  HNMR(CREI3),,d /.95-7.86 (M, 3H) ,
.0l-/. m, ,

P

& obtained.
Elementary Rnalysis: Calc.: C, 88.34; H, 5.46.
Found: C, 88.02; H, 5.28.
'H NMR (CDCls): d 7.83-7.80 {m, 2H), 7.61 (d, J =7.02 Hz,
18), 7.52~7.47 {m, 1H), 7.36-7.18 (m, 5H), 6f96 (d, J=7.29 Hz,
10 1H, arcomatics); 6.78 (t, J= 2.16 Hz, 18, CH); 5.46 (s, 1H, OH);
3.75 (d, J =1.35 Hz, 2H, CHai.
“CIH] NMR (CDCls): d 150.9 (O-C); 144.4, 144.1, 138.7,
135.8, 132.9, 129.7, 128.9, 128.1, 126.5, 126.3, 125.¢6, 125.0C,
124.0, 123.3, 121.2, 117.3, 114.3 (unsaturated C}; 39.1 (CH;).
15 FD-MS: 258 (M+).
[Synthesis of (I1-{Inden-1'-yl1}-2-CipHsC)T1 (NMey),]
1-{Inden-3'-yl)-2-naphthol (1.00 g, 3.87 mmol) obtained
in the previcus reaction and Ti (NMes),; (.87 g, 3.87 mmcl) were
used to carry out a reaction in acceordance with the process
20 disclosed in Organometallics., 2004{23) ,1576, and then from
the resultant solution, the solvent and the by-product wers
distilled off under reduced pressure to obtain 1.52 g ¢f the
targeted (l-{Inden-1"-yl}-2-Ci1oHeO) T1 (NMes), [(guantitative,

red solid).



aromatics and p5-CH); 6.86 (d, J = 8.91 Hz, 1H, p5-CH). 5 13C [1H1 NMR (CDC13) : d 174.2 (Ti-C-C)
; 139.5, 137.9, 134.3, 133.8, 131.1, 130.5, 130.2, 129.5, 128.6, 128.3, 128.0, 127.5, 125.1, 124.1,
122.8,121.9, 115.8, 110.7 (unsaturated C). 'H NMR (C6D6) : d7.59 (d, J=8.64, 1H), 7.45 (dd, J=8.91,
1.62 Hz, 1H), 7.24-7.11 (m, 4H), 6.98 (dd, J=7.5 7 7.56 Hz, 10 1H), 6.78 (d, J=8.91 Hz, 1H), 6.67 (m,
2H, aromatics); 6.58 (d, J = 3.24 Hz, 1H, p5-CH- 854 (dd, J =3.38, 0.68 Hz, 1H, p5-CH-3).
FD-MS: 374 (M-,). [Synthetic Example 11] 15 <<(2 {5, 6-(MeO)2-inden-1'-yl}-4 6-tBu2-C6H40)TiCI2"

[Synthesis of 2-(5,6rRimetbexyinden S=-yh:e-dj-tert-buty) Lwith NMR, and th
(2-{5,6-(MeO)2-inden-1"-yl}-4,6-di-tert-butyl-C6H2C)H2] 2-Bromo-4,6-di-tert- butylphenol (7.41 g, 26.01

mmol), 20 %6-DimethexyrkndapenadQ0 gp26.0d4nmol) and n-butyllithium (1.57 M in hexane; 54.6
mL, 52.0 mmol) were used to carry out a reaction in accordance with the process disclosed in Dalton

Trans., 2003, 4580, anghihe restltant erude-produet, was.repeatedly pukified (1 dime-elyant;
hexane/methylene 142 chloride = 1/1, 2a time: eluant; methylene chloride) by flash silica gel column
chromatograghy (eluagt; diexape/methylenes shioride = 1/1) 4g pbtain 2:91 gof the targeted
5 1.08 Hz, 1H), 6.83 (dd, J= 7.50, 3.75 Hz, 1H), 6.6% (dd, J =
12.11, 7.58 Hz, 1H, aromatics); 6.48 {d, J=2.97 Hz, 1H, n°~CHE~2),
€.40 (dd, J= 3.11, 0.95 Hz, 1H, 1r°~-CHEH-3); 3.22 (s), 2.45 Is,
OH, NMes).
“C['H] NMR (CeDe): ¢ 174.2 (Ti-0-C); 1235.4, 130.5, 130.1,
10 129.0, 128.5, 126.65, 126.58, 125.4, 125.3, 124.7, 123.9, 123.23,
1253.17,122.7, 122.6, 119.3, 118.8, 101.7 {(unsaturatedC); 49.8,
46.7 (NMes).
[Synthesis of (l-{Inden=1'"-y1l}-2-CioHe0)TiCls]
Toa Schlenk-type reactor thoroughly dried and purged with
15 nitrogen, a rotator was placed,
{I-{Inden-1'-yl}~2~C1oHeC) Ti(NMes), (1.47 g, 3.74 mmol)
obtained in the previouls reaction was charged, and benzene (5
ml) was added, and then the mixture was stirred. MesSiCl (2.38
mL, 18.67 mmol) was added thereto at room temperature, and after
20  the addition reacted under stirring at 50 °C for 6 hours. From
the resultant sclution, the sclvent and the by-product were
distilled off under reduced pressure to obtain 1.40 g of the
targeted (l-{Inden-1'-yl}-2-CyoHe¢0)TiCl, (guantitative, brown

solid) .,



2-(5,6-Dimethoxyinden-3'-yl)-4,6-di- pert-butylphenol (yield 5 11%, white solid). The obtained product
was analyzed with Elementary Analysis, NMR and FD-MS, and the following results were obtained.
Elementary Analysis: Calc.: C, 78.91; H, 8.48. 10 Found: C, 78.12; H, 8.68. 'H NMR (CDC13): d 7.32
(d, J=2.43 Hz, 1H), 7.21 (d, J =2.70 Hz, 1H, aromatics) ; 7.13 (s) , 6.88 (s, 1H, Ind) ; 6.56 (t, J =2.03
Hz, iN., CH) ; 5.67 (s, 1H, OH); 3.92 (s), 3.82 (s, ,1 OMe) ; 3.53 (d, J =1.62 Hz, 2H, CH2) ; 1.45 (s)
1.32 (s, 9H, CMe3) . 15'30[' Hl NMR (CDC13) : d 149.3 (0-C) ; 148.4, 147.9, 141.6, 141.2,136.9,

136.8, 135.3, 130.7 8. ; t d ; 0.9 (OMe) ; 38.5
1208 1093 120 I USIE1 2080, 007 reymi sz sRaLON

(2-{5,6-MeQzrindent1 oy))-AH- Bur: COEAQ TUNMe2)2] o 4 | .
2-(5,6-Dimethoxyinden-3'-yl)-4,6-di-tert-butylphenol (0.53 g, 1.41 mmol) obtained in the previous

reaction and Ti (NMe2)d(0328;1,41 mmolhwere used io casgy ouba geacfio:143 ingaccordance
with the process disclosed in Organometallics, 2004(23) ,1576, and then from the resultant solution,
the aromatics and n°-CH); 6.86 (d, J = 8.91 Hz, 1H, n°~CH).
5 MCI™H] NMR (CDCls): d174.2 (Ti-0-C); 139.5, 137.9, 134.3,
133.8, 131.1, 130.5, 130.2, 129.5, 128.6, 128.3, 128.0, 127.5,
125.1, 124.1, 122.8, 121.9, 115.8, 110.7 (unsaturated C).
"H MMR (CeDg): ¢ 7.59 (d, T =8.64, 1H), 7.45 (dd, J=8.91,
1.6Z Hz, 1H), 7.24-7.11 (m, 4H), 6.98 (dd, J = 7.56, 7.56 Hz,
10 1H), 6.78 {(d, J = 8.91 Hz, 1H), 6.67 (m, 2H, aromatics): 6.58
(d, J=3.24 Bz, 1H, n°-CH-2), 6.54 (dd, J = 3.38, 0.68 Hz, 1H,
n°~CH-3) .
FD~-MS: 374 (M+).
[Synthetic Example 11]
15 <<(2-{5, 6~ (Me0)~inden-1"-yl}~4, 6= Buy~CeH,0) TiC1,>>
[Synthesis of
2~(5,6~Dimethoxyinden-3‘~yl)—4,6—di~tert—butylphenol;
(2*{5,6*(MeO)2—inden—l'~yl}-4,6—di—tert—butyl—€&b0)ﬂﬁ
2-Bromc-4, 6-di-tert~butylphenocl (7.41 g, 26.01 mmol),
20 5,6-Dimethoxy-1~Indanone(5.00 g, 26.01 mmol) and
n-butyllithium (1.57 M in hexane; 54.6 mL, 52.0 mmol) were used
Lo carryout a reactioninaccordance with theprocess disclosed
in Dalton Trans., 2003, 4580, and the resultant crude product

was repeatedly purified (1° time: eluant: hexane/methylene



solvent and by-product were distilled off under reduced pressure to obtain 0.72 g of the targeted 5
(2-{5,6-Me02-inden-1"-yl}-4,6- Bu2-C6H40)Ti(NMe2)2 (quantitative, red solid). The obtained product
was analyzed with NMR, and the following results were obtained. 'H NMR (CDC13): d 7.29 (d, J =2.64
Hz, 1H, phenoxy), 7.24 10 (d, J =2.31 Hz, 1H, phenoxy) ; 6.82 (s) , 6.58 (s, 1H, Ind) ; 6.49 (d,J =
2.96 Hz, 1H, DS-CH-2) , 6.44 (d, J= 2.97 Hz, 1H, h§<CH-3), 3.89 (s), 3.78 (s, 3H, OMe); 3.31 (s), 2.48
(s, 6H, NMe2); 1.41 (s), 1.36 (s, 9H, CMe3). "C ['H] NMR (CDC13) : d171.8 (Ti-O-C) ; 150.8, 150.1,

140.5, 15 134. _126.3, 1252, 123.8_122.8.119.7, 04,7, 100,6, 100.1.(upsaturated
C); 56.1, 55%6%65%%9.2%,%16.’3 %anﬁeﬂig)%'ﬁ%%ﬁi’ (@N’Z‘ég ;23%31, %JB.%b(Cﬁ\%‘E )Jb% féfv%%géj[r)aa)e .d

758 (d, J =2.64 h 7544 0= . 1H, phenoxy).; 6,69 (5) . .43 (5, 1H, Ind) ;
6.38 20 (d,%%“e{%% %glfgr?sﬁ%ﬁ-gﬁég?%g %%;2556 ]ﬁlézl%%l% bS-% ﬁ%%;e 19 %,%?%?%Me), 3.36 (s,

6H, NMe2), 3:03(s; 3H, OMe), 2.59, (5,6t NMe2),, 1,725)..11,43 3., 2H GMe3) . 3C [H] NMR
(CeD6) : d 172.7 (Ti-O-C) ; 152.3, 151.3, 141.3, 135.1, 128.4-127.5 (overlapped with C6D6), 127.3,

126.2,124.3, 144 323 4 d20k J{3-102:1,,101.2, 3006 (unsaturated ), 95,2, 54,2.(QMe) ; 49.5,
46.6 (NMe2); 35.3, 34.6 (CMe3)" 32.2, 30.2

-

5 11%, white solid).

The obtained product was analyzed with Elementary
Analysis, NMR and FD-MS, and the following results were
cbtained.

Elementary Analysis: Calc.: C, 78.91; H, 8.48.

i0 Found: C, 78.12; H, 8.68.
*HONMR (CDCls): d 7.32 (d, J =2.43 Hz, 1H), 7.21 (4, J
=2.70 Hz, lH, aromatics); 7.13 (s), 6.88 (s, 1H, Ind); €.56 (t,
J=2.03 Hz, 1H, CH); 5.67 (s, 1H, OH); 3.92 (s}, 3.8B2 (s, 3H,
OMe}; 3.53 (d, J‘=l;62 Hz, 2H, CHz}: 1.45 (s), 1.32 (s, 9H, CMes}.
15 *CI'H] NMR (CDCls): d 149.3 (0-C); 148.4, 147.9, 141.6,
141.2, 136.9, 136.8, 135.3, 130.7, 123.7, 123.5, 121.2, 108.0,
104.3, (unsaturatedC); 56.2, 55.9 (OMe); 38.5 (CH,}; 35.1, 34.3
(CMez)r 31.6, 29.6 (CMeg).
FD-MS: 380 (M+).
20 [Synthesis of
(2-{5,6~Me0;-inden~1"=-yl}=4, 6-"Buy;~CsHs0) Ti (NMey) 5]
Z2={5, 6-Dimethoxyinden-3'~yl) -4, 6=-di-tert-butylphenol
(.53 g, 1.41 mmol) obtained in the previous reaction and

Ti(NMez)y (0.32 g, 1.41 mmol) were used to carry out a reaction



(CMe3) . [Synthesis of (2-{5,6-Me02-inden-1"-yi}-4,6-tBu2-C6H40)TiO121 5 To a Schlenk-type reactor
thoroughly dried and purged with nitrogen, a rotator was placed,
(2-{5,6-Me0O2-inden-1"-yl}-4,6-tBu2---6H40)Ti(NMe2)2 (0.67 g, 1.29 mmol) obtained in the previous
reaction was charged, and benzene (S mL) was added, and then the mixture was stirred. 10 Me3SiCl
(0.99 mL, 7.76 mmol) was added thereto at room e perature, and after the addition reacted under
stirring at 50 C for 10 hours. From the resultant solution, the solvent and the by-product were distilled

off under re@%c%g@ég%éo x?Ptt.%i ntgrgé"pg:gf:.%staﬁqestsq cg%' é a’wgggér:!‘%nperga llics,

-inden-1'-yl)-4,6-tBU2-C6H40)TIC12 (quahntitative, brown solid). The obtame uct was analyzed

with NMR and FDrMs, ands the fallowing Lesuitsyere,qbtained, HLIMR (DCA3) - di 4,41 (d, J =2.31

Hz, 1H, phenoxy), 7.31 20 (d, J =1.98 Hz, 1H, phenoxy); 7.05 (s, 1H, Ind), 6.95 (d, J = 3.29 Hz, 1H,

n5-CH-2) , 6,82 {dd,J 5,32 —%Qd%é%@z@é@h?a%lé%’fgﬂydeg)ré&}c@& B (5, 3H, OMe);

1.39 (s), 1.35 (s, 9H, CMe3). '3C TH]NMR (CDC13):d 172.9 (Ti-O-C) ; 154.7, 154.0, 146.6, 145

137.2, 135.1,134.6,.131.8, 128.5, 124.6,12¢.0, 1238, 108.7, 103.7, 100.7 (unsaturated C); 56.4,
56.3 (OMe); 35.1, 34.8

5 (2-{5,6-Me02~inden-1'-yl}-4, 6-"Buy,~CeH40) Ti (NMes) ;
{quantitative, red sclid).
The cobtained product was analyzed with NMR, and the
following results were obtained.
*H NMR {CDCls): d 7.29 (d, J =2.64 Hz, 1H, phenoxy), 7.24
10 (d, J=2.31 Hz, 1H, phenoxy); 6.82 (s), 6.58 (s, 1H, Ind); 6.49
(d, J=2.96 Hz, 1H, n°-CH-2), 6.44 (d, J=2.97 Hz, 1H, n°~CH~3);
3.89 (s), 3.78 (s, 3H, OMe); 3.31 (s), 2.48 (s, 6H, NMe,); 1.41
{s), 1.36 (s, 9H, CMes}.
PC'H] NMR (CDC1i): d 171.8 (Ti-0~C); 150.8, 150.1, 140.5,
15 134.5, 127.1, 126.3, 125.2, 123.8, 122.8, 119.7, 117.4, 101.7,
100.6, 100.1 (unsaturated C); 56.1, 55.8 (OMe}; 48.2, 46.3
(NMez); 34.9, 34.4 {(CMes); 31.9, 29.6 (CMes).
"H NMR (CeDg): d 7.58 (d, J =2.64 Hz, 1H, phenoxy), 7.54
{d, J=2.31 Hz, LH, phenoxy); .69 (s}, 6.43 (s, 1H, Ind); €.38
20 (d, J=3.308Hz, 1H, n°~CH-2), 6.27 (d, J=2.96 Hz, 1H, n°-CH-3);
3.37 {s, 3H, OMe), 3.36 (s, 6H, NMeo), 3.03 (s, 3H, OMe), 2.59
(s, 6H, NMep), 1.72 (s), 1.43 (s, 9H, CMe;).
“SC[*H] NMR {CeDg): @ 172.7 (Ti~0=-C); 152.3, 151.3, 141.3,

135.1, 128.4-127.5 (overlapped with CeD¢), 127.3, 126.2, 124.1,



(CMe3); 31.7, 29.6 (CMe3). 1H NMR (C6D6) : d 7.57 (d, J =2.31 Hz, 1H, phenoxy) , 7.32 5 (d, J =2.31
Hz, 1H, phenoxy); 6.54 (s, IH, Ind), 6.51 (d, J = 3.30 Hz, 1H, p5-CH), 6.49 (d, J = 2.96 Hz, 1H,
r~5-CH), 6.42 (s, 1H, Ind), 3.32 (s), 2.83 (s, 3H, OMe); 1.50 (s), 1.36 (s, 9H, CMe3) . FD-MS: 497
(M+). 10 [Synthetic Example 12] << (2-{Inden-1"-yl}-4,6-tBu2-C6H40)ZrC12>> To a screw-cap type
NMR tube thoroughly dried and purged with nitrobéﬁ, (2-{Inden-1"-yl}-4,6-tBu2-C6H40)Zr(NMe2)2
(0.030 g, 0.054 mmol) obtained in accordance with the process 15 disclosed in Organometallics,

2004(23) 1548 was,charged andgbengene 06 (3 B ml) wpseaddrd Bubssaient, Siclg (0.012 ml,

0.11 mmol) was added using a micrd syringe”at room temperature, an er the addition reacted

while being shaker ghroom slemperaure qu\]gﬂg%ip'utej% 'F§9m3IE|§ ge%ll@er%t) solytion, thg 20-solvent and

the by-product were distilled off under reduced pressure to obtain 0.026 §'of the targefed
(2-{|nden-I'-yl&ﬁe§3t5u2-C6H4O)ZrCI2 (quantitative, yellow solid). The obtained product was analyzed
with NMR and FD-MS, and 146 the following results were obtained. 1H NMR (C6D6) : d 7.44 (d, J =

2.31 Hz, 1H; pheneyd s -4k (2-(5, 6-MeO,-inden-1'-y1}-4, 6= Bus~CsH,0) TiCl]
| 5 To a Schlenk-type reactor thoroughly dried and purged with
nitregen, a rotator was placed,
(2-{5, 6~-Me0;~inden~-1'=-yl}-4, 6-"Bu;~CeHa0) T (NMes)» (0.67 g,
1.2% mmol)} cobtained in the previous reaction was charged, and
benzene (5 mL) was added, and then the mixture was sbtirred.
10 Mes8iCl {0.9% ml, 7.76 mmol) was added thereto at‘room
temperature, and after the addition reacted under stirring at
50 °C for 10 hours. From the resultant solution, the solvent
and the by-product were distilled off under reduced pressure
to cobtain 0.64 g of the targeted (2-{5,6~(Mel},
15 -—inden-1'-yl}=-4,6~"Bu,~CegH,0)TiCl, (guantitative, brown
solid).
The obtained product was analyzed with NMR and FD~-MS, and
the following results were obtained.
'H NMR (CDCls): d 7.41 (d, J=2.31 Hz, 1H, phenoxy), 7.31
20 (d, & =1.98 Hz, 1H, phenoxy); 7.05 {s, 1H, Ind), 6.95 (d, J =
3.29 Hz, 1H, n°-CH-2), 6.92 (dd, J=3.29, 0.66 Hz, 1H, n°~CH-3),
6.61 (s, 1H, Ind), 4.01 (s}, 2.84 (s, 3H, OMe}; 1.39 (s), 1.35
{s, 9H, CMes).

SPCMHT NMR (CDCLs) : d172.9 (Ti-0-Ch; 154.7, 154.0, 146.6,



(d, J =8.10 Hz, 1H, Ind), 7.32 (d, J = 2.31 Hz, 1H, phenoxy), 7.06 (d, 1H, J= 6.48 Hz, Ind); 6.92 (d, J
= 3.30 Hz, 1H, :75-CH), 5 6.91-6.84 (m, 2H, aromatics), 5.25 (d, J = 3.30 Hz, 1H, n5-CH); 1.41 (s),
1.33 (s, 9H, CMe3). FD-MS: 480 (M+). [Comparative Reference Example 1] <<

(2-{Inden-1"-yi}-4,6- Bu2-C6H40)TiC12>> 10 To aSchienk-type reactor thoroughly dried and purged
with nitrogen, a rotator was placed, 2-(Inden-3'-§il§-9f,6-di-tert-butylpheno| (0.90 g, 2.81 mmol) which
can be obtained in accordance with a process disclosed in Dalton Trans. , 2003, 4580 was charged,

ether (20 mi) ias added; 15.ang the mixiure wasgstired Thegreactor was,copled togZ8-C in a dry

ice-acetone bath. f\l-butylllthium (.57 M in hexane; 3.58 mL, 5.62 mmof) was slowly added dropwise,

~and after the, dropwisg @dslition,, the tempergture wascslowlysgievategiio roors temperatyre, and

reacted under stirring at room temperature for 20 15 hours. Again, the reactor was cooled to -78 C,
and TiCl 4 (l-QM, in tgluene; 281l 281 mmol) was slowly added dropwise under stirring. After the
dropwise addition, the temperature was sfowly changed back to room temperature, and reacted under

stirring at room tentpesgiigre for94 hoyrs, to-pbtain & brewn 147, suspensiQn, The suspension was
concentrated and dried. The resultant was analyzed with '"H NMR (CDC13), and the targeted
5 (d, § =2.31 Hz, 1H, phenoxy); 6.54 (s, 1H, Ind), 6.51 (d, J =
3.30 Hz, 1H, n°-CH}, 6.4% (d, J = 2.96 Hz, 1H, n°~CH), 6.42 (s,
14, Ind), 3.32 (s), 2.83 (s, 3H, OMe); 1.50 {(s), 1.36 (s, 9H,
CMes) .
FD-MS: 497 (M+).
10 [Synthetic Example 12]
<<(2-{Inden-1'-yl}-4,6~"Bu,~CeH,0) 2rCly>>
Tc a screw-cap type NMR tube thoroughly dried and purged
with nitrogen, (2-{Inden-1'-yl}-4,6-"Bu;-CgHs0)Zr (NMes)-
(0;030 g, 0.054 mmol) obtained in accordance with the process
15 disclosed in Organometallics, 2004 (23} ,1576, was charged, and
benzene-dé (0.8 mL) was added. Subseguently, SiCl, (0.012 mI,
0.11 mmol) was added using a micro syringe at room temperature,
and after the addition reacted while being shaken at room
temperature for 2 minutes. From the resultant solution, the
20 solvent and the by-preduct were distilled off under reduced
pressure to obtain 0.02¢ g of the targeted
(2~{Indenul‘wyl}—4,6—tBug—CﬁhO)ZrCl2 (guantitative, vellow
solid).

The obtained product was analyzed with NMR and FD-MS, and



titanium compound was not observed. [Comparative Reference Example 2] 5 <<
(2-(Inden-I'-yl}-4,6-tBu2-C6H40)TiCl2>> 2-(Inden-3'-yl)-4,6-di-tert-butylnhenol (1.00 g, 3.12 mmol),
TiC14 (1.0 M in toluene; 3.12 mL, 3.12 mmol), and n-butyllithium (1.57 M in hexane; 3.97 mL, 6.24
mmol) were used to carry out a reaction in accord gce with the process disclosed 10 in
Organometallics., 2004(23) ,540, and a brown suég nsion was obtained. The suspension was
concentrated and dried. The resultant was analyzed with "H NMR (CDC13), and only 1% of the

targeted titaniumscompound was gbsewveg. [comparativeReference Example 3] 15 <<
(2-{Inden-1'-yl}-4,6-tBu2-C6H40)ZrCI2>> To aSchlenk-type reactor thoroughly dried and purged with

nitrogen, a rotator wasyplaced, 2:(Jnden-3'yl)-4 6-dirtert-butyiphenoh .90 0. 281, mmel) swhich can be
obtained in accordance with a process disclosed 20 in Dalton. Trans. , 2003, 4580 was charged, ether

(20 mL) was added, and theymixtyre wasdstirred.sthe seactoL wasseoeled t0: 78 i gy, ice-acetone
bath. n-Butyllithium (1.57 M in hexane; 3.58 mL, 5.62 mmol) was slowly added dropwise, and after the

dropwise additien, the tempgratsire was,; slowly changed hack (0148 tgom temperaturey; and reacted
under stirring at room temperature for 15 hours. This suspension was concentrated and dried, and

-

5 6.91-6.84 (m, 24, aromatics}, 5.25 (d, J= 3.30 Hz, 1H, n°-CH);
1.41 (sy, 1.33 (s, SH, CMe;).
FD-MS: 480 (M+).
[Comparative Reference Example 1]
<<{2-{Inden-1'~-yl}~4,6-"Bus~CeHs0)TiCls>>
i0 ToeaSdhlenkwtypereactorthoroughlydriedandpurgedwith
nitrogen, a rotator was placed,
2-(Inden~3'~yl)~4, 6~di~tert~butylphencl (0.80 g, 2.81 mmol})
which can be obtained in accordance with a process disclosed
inDalton Trans., 2003, 4580 was charged, ether {20 nlL) was added,
15 and the mixture was stirred. The reactor was cooled to =78 °C
in & dry ice-acetone bath. N-butyllithium (1.57 M in hexane;
3.58 mlL, 5.62 mmol) was slowly added dropwise, and after the
dropwise addition, the tenperature was slowly elevated to room
temperature, and reacted under stirring at room temperature for
20 15 hours. Again, the reactor was cooled to ~78 °C, and TiCl
s {1.0Mintoluene; 2.81mL, 2.81lmmol) was slowly added dropwise
under stirring. After the dropwise addition, the temperature
was slowly changed back to room temperature, and reacted under

stirring at room temperature for 94 hours, to obtain a brown



Z--C14 (0.65 g, 2.81 mmol) was added as a solid form under a nitrogen atmosphere. Again, the
reactor was cooled to -78 C 5 and 25 mL of toluene cooled to -78 C was added under intensive
stirring. After completion of the toluene addition, the temperature was slowly changed back to room
temperature, and reacted under stirring at room tf erature for 15 hours, to obtain a brown
suspension. The suspension was concentrated ané 0 dried. The resultant was analyzed with 'H NMR
(CDC13), and only 1% of the targeted zirconium compound was observed. [Comparative Reference

Example 4142 dindensbsyl}-476:-BuZ:GRH40)ZKC23> ZHRden-3iyed-44lidert-bytylphenol (1.00 g,
3.12 15 mmol), ZrCl4 (0.73 g, 3.12 mmol) , and n-butyllithium (1.57 M in hexane; 3.97 mL, 6.24

mmol) Wer%é%%@lt@a@?{%%t %:E%%.%I@é‘dnw@%@?r@@nﬁﬁwitwb&ﬁﬁoﬁeﬁ&jisﬁh%s%iﬁget@d
Organometallics., 2004(23) ,540, and a brown suspension was obtained. The 20 suspension was

concentrategkand,dried. Jhe rasiifant was -analyzed-with 'H NMR (CDC13), and the targeted titanium
compound was not observed. [Comparative Reference Example 5] <<

(2-{Me4Cp}-4-Me-COHAN TICG12>7-14Q rTa-asehlenk-type eactor thoroughly dried and purged with
nitrogen, a rotator was placed,
5 <<{2-{Inden-1'-yli—4,6-"Bu;~CeHs0) TiCly>>
2= (Inden~-3"=-yl}-4,6-di-tert-butylphenol (1.00 g, 3.12
mmol), TiCl, {1.C M in toluene; 3.12 mL, 3.12 mmel}, and
n-butyllithivm (1.57 M in hexane; 3.97 mL, €.24 mmol} were used
to carry out a reactlon in accordance with the process disclosed
10  in Organometallics., 2004(23) ,540, and a brown suspension was
obtained. The suspension was concentrated and dried. The
resultant was analyzed with “H NMR (CDCls), and only 1% of the
targeted titanium compound was cbserved.
[Comparative Reference Example 3]
15 << (2-{Inden-1'-y1}=4,6-"Bus~CeHs0) ZrClo>>
Toa Schlenk-type reactor thoroughly dried and purgedwith
nitrogen, a rotator was placed,
2-({Inden-3'=-yl)-4,6~di-tert-butylphenol (0.%0 g, 2.81 mmol)
which can be obtained in accordance with a process disclosed
20 inDaltonTrans., 2003, 4580 was charged, ether (20mL) was added,
and the mixture was stirred. The reactor was cooled to -78 °C
in a dry ice-acetone bath. n-=Butyllithium (1.57 M in hexane;
3.58 mi, 5.62 mmol) was slowly added dropwise, and after the

dropwise addition, the temperature was slowly changed back to



2-(Tetramethylcyclopentadien-3'-yl)-4-methylphenol (2.61 g, 11.45 mmol) which can be obtained in
accordance with a process 5 disclosed in Organometallics. , 1997 (16) , 5958 was charged, ether
(100 mL) was added, and the mixture was stirred. The reactor was cooled to -78 C in a dry
ice-acetone bath. n-Butyllithium (1.57 M in hexane; 14.6 mL, 22. 9 mmol) was slowly added
dropwise, and after the dropwise addition, the temperature 10 was slowly changed back to room
temperature, and reacted under stirring at room temperature for 14 hours. This suspension was

concentrateg-angd:driges aadthen disgalved-by adding 180 ni-of dolueng-Againiavas goeled to 78 C.
Ti014 (1. 0 M in toluene; 11.5 mL, 11.45 mmol) was slowly added dropwise under stirring, 15 and

after completing of the diepwise, addiioss: thestemperature yvas-slowheehanged bagk toggam
temperature and reacted under stirring at room temperature for 66 hours to obtain a brown

suspensionzthe suspesasion,was fittergdanith G3:glassifikera whickhds filed-with celites tinder a
nitrogen atmosphere. The 20 resultant black substance was washed with hexane (10 mL) , and the

wash liquid mas»Hpixed withdbedidrate. Thesesyltant dask-brewnsolution thus obtaingdawas
concentrated up to 3 mL, hexane (3 mL) was added to form a layer on a top of the solution, and left

at roons tempesat fenlo precipiiaie a browreerystak 160 J heserystalavas separateddisfiliration with a
glass filter, washed with toluene, and dried under reduced pressure, to obtain
stirring. After completion of the toluene addition, the
temperature was slowly changed back to room temperature, and
reacted under stirring at room temperature for 15 hours, to
obtain a brown suspension. The suspension was concentrated and

10 dried. The resultant was analyzed with EENMR.(CDC13), and only

1% o

iy

the targeted zirceonium compound was observed.

[Comparative Reference Example 4]

<< (2-{Inden~-1'-yl}-4,6-"Buy-CeH0) 2xCl,>>

2~{Inden-3'~yl)~4,6~di~tert-butylphenol (1.00 g, 3.12

15 mmol),
ZzrCly (0.73 g, 3.12mmel), and n-butyllithium {(1.57 M in hexane;
3.97 mL, 6.24 mmcl) were used to carry out a reaction in
accordance with the process disclesed in Organometallics.,
2004 (23) ,54C, and a brown suspension was obtained. The

20 suspension was concentrated and dried. The resultant was
analyzed with 'H NMR (CDCls), and the targeted titanium compound
was not observed.

[Comparative Reference Example 5]

L2 {Meﬂp }=d=Me~CHsQ) TiClo>>



57 mg of the targeted titanium compound as brown powder. After the filtrate was concentrated and
dried, added with 2 mL of hexane, 5 and cooled to -10 C, to further precipitate brown crystal. The
supernatant was removed, the crystal was washed with hexane (1 mL), dried under reduced pressure,
to further obtain 57 mg of the targeted titanium ;gq:gound as brown powder (total 123 mg, yield 30).
10 The obtained product was analyzed with NMR and FD-MS, and the following results were
obtained. 'H NMR (CDC13) : d 7.15 (dd, J = 8.39, 1.32 Hz, 1H, Ph-H-5) 7.06 (s, IH, Ph-H-3), 6.53 (d, J

=8.24 Hz, 1H, Ph-H:6), 243 {5 2:QL(6, Bt GoMed) 18 ELMB: 344 (M%) ((comparative Reference
Example 6) << (2-{Me4Cp}-4,6- Bu2-C6H40)TiC12" To a Schlenk-type reactor thoroughly dried and

purged Witrh_’f‘{tEQQféh,a r&@@ﬁ&’@éﬁ'%“a%.d’ﬁﬂaced, _
2-(Te'tramethylcyclopentadien-3-yl)-4,6-di-tert-butylphenol (0.70 g, 2.14 mmol) which can be obtained

in accordange with a,pooess disclosed-in Qroanometallics. 5 20041231540 was2 charged, ether (20

mL) was added, and the mixture was stirred. The reactor was cooled to -78 C in a dry ice-acetone

bath. 151 N-puppdlithipm (154 M;in-hexapesR73imMk¢4:29 mrneh yas-slomy radded sikepwise, and
after the dropwise addition, the temperature

5 disclosed in Organometallics., 1987 (1¢), 5958 was charged,
ether (100 mlL) was added, and the mixture was stirred. The
reactor was cooled to ~78 °C in a dry ice-acetone bath.
n-Butyllithium (1.57 M in hexane; 14.6mL, 22,9 mmol) was slowly
added dropwise, and after the dropwise addition, the temperature

i0 waé slowly changed back to room temperature, and reacted under
stirring at room temperature for 14 hours. This suspension was
concentrated and dried, and then dissolved by adding 100 mlL of
toluene. Again it was cooledto~78°C. TiCl; (1.0Min toluene;
11.5mL, 11.45 mmol} was slowly added dropwise under stirring,

15 and after completing of the dropwise addition, the temperature
was slowly changed back to room temperature and reacted under
stirring at room temperature for 66 hours to obtain a brown
suspension. The suspension was filtered with G3 glass filter,
which is filled with celite, under a nitrogen atmosphere. The

20 resultant black substance was washed with hexane (10 ml}, and
the wash ligquid was mixed with the filtrate. The resultant
dark-~-brown solution thus obtained was concentrated up to 3 ml,
hexane (3 ml) was added to forma layer ona top of the solution,

and left at room temperature, to preciplitate a brown crystal.



was slowly changed back to room temperature, and reacted under stirring at room temperature for 15
hours. Again, the reactor 5 was cooled to -78 C, and TiC14 (1.0 M in toluene; 2.14 mL, 2.14 mmol)
was slowly added dropwise under stirring. Thereafter, the temperature was slowly changed back to
room temperature, and reacted under stirring at room temperature for 15 hours, to obtain a brown
suspension. The suspension was concentrated 16 ARd dried. The resultant was analyzed with "H NMR
(CDC13), and only 3% of the targeted titanium compound (in comparison with the analysis data

disclosed in/Qrg @tﬂlcaallgg%zl%%)f%gﬁ)ﬁ) )zill_‘si g?;(%gﬁgb%X@MELg (1%’ 13 sPalymerization of

Ethylene usTng (2-{Index.-I"-y > To a glass reactdr having an'internal volume

of 500 ml. thargohly puroed willatragens 220 nl ea:t%sgggl%gg%% 33 chargsd and  llaud

phase and a gas phase were safurated ylene gas iter/hr) at 2 ereafter, 0.25

mmol of trii lalumi QL. ol |yt fwder Frer
(2-{Inden-i'ﬁ%-%§$ﬂ§$§% %C%gyﬁ?{ua:%t%zlgg%%ﬁs%ﬁ&%%c%%?n%w 18 \C/)ve?‘ee addepaf sﬁbsequently,

e Bl I B e
& andcocledto~10 °C, to further precipitate brown crystal. The
supernatant was removed, the crystal was washed with hexane (1
mlL), dried under reduced pressure, to further cobtain 57 mg of
the targeted titanium compound as brown powder {total 123 mg,
vield 3%).
10 The obtained product was analyzéd with NMR and FD~MS, and
the following results were obtained. |
‘H NMR (CDCls): d 7.15 (dd, J=8.39, 1.32 Hz, 1H, Ph=-H~5),
7.06 (s, 1H, Ph-H-3), 6.53 (d, J = 8.24 Hz, 1H, Ph~H-6)}, 2.43
{s)y, 2.01{s, &H, CsMe,).
15 FD-MS: 344 (M+).
[Comparative Reference Example €]
<< (2-{Me,Cpl=-4, 6-"Buz-CeH,0) TiCl>>
To a Schlenk-type reactor thoroughly dried and purgedwith
nitrogen, a rotator was placed,
20 Z-(Tetramethylcyclopentadien-3'-yl)-4,6~di~-tert-butylphencl
(0.70 g, 2.14 mmol) which can be cbtained in accordance with
a process disclosed in Organometallics., 2004(23), 540 was
charged, ether (20 mL) was added, and the mixture was stirred.

The reactor was coocled to =78 °C In a dry ice-acetone bath.



(= 100 liter/hr) atmosphere of normal pressure for 10 minutes at 25 C, small amount of isobutanol was
added to stop the 5 polymerization. After completion of the polymerization, the reaction product was
poured into a large amount of methanol to precipitate all the polymers, and after addition of
hydrochloric acid, filtered with a glass filter. The pwolywmer was well washed with methanol and dried
under reduced pressure 10 at 80 C for 10 hours to dbtain polyethylene. The Tm of the obtained
product was 112.9 C. EXAMPLE 2 <Polymerization of Ethylene using

(2-{Inden-1yl}s4 8;Bu2-COHA0)TIGE2 15, The.palymerization and ihe paststreatment were carried

out in the same manner as in EXAMPLE 1 to obtain polyethylene, except that 0.05 mmol of

triisobutylalyminumsand,0.2mL of a teluene,solytion, (5 mmolL) of -, +pe temperature
(2-{Inden-1'-yl}-4,6-tBu2-C6HA0) TiC12synthesized in Synthetic 20 Example 1 were used,

triphenyicarpeniumtefrakis(pentaflyargphenyl)borate.was, added.in an amaunt.of 1.2 gquivalent to Ti
and the reaction time was changed to 15 minutes. The Tm of the obtained polymer was 113.3 C. 153
EXAMPLE 3 <Polymerization of BIRYSDe USING. for 15 hours. Again, the reactor
b was cocled to -78 °C, and TiCl, (1.0 M in toluene; 2.14 mL, 2.14
mmol) was slowly added dropwise under stirring. Thereafter,
the temperature was slowly changed back to room temperature,
and reacted under stirring at room temperature for 15 hours,
Lo obtain a brown suspension. The suspension was concentrated
10 and dried. The resultant was analyzed with “H NMR (CDCls), and
only 3% of the targeted titanium compound {in comparison with
the analysis data disclosed in Organometallics. ,2004(23),
540) was observed.
EXAMPLE 1
15 <Polymerization of Ethylene using
(2-{Inden=-1"-y1l}-4,6-"Bu;~CeHs0) TiCl,>
To a glass reactor having an internal volume of 500 mL
thoroughly purged with nitrogen, 250 mL of a toluene solution
was charged, and & liguid phase and a gas phase were saturated
20 with ethylene gas (= 100 liter/hr} at 25 °C. Thereafter, 0.25
mmol of triisobutylaluminum and 1.0 mL of a toluene scluticn
(Smmol/L) of (2-{Inden-1'-yl}—4, 6~"Bu,~CeH40) TiCl, synthesized
in Synthetic Example 1 were added, subseguently,

triphenylcarbeniumtetrakis(pentafluocrephenyl)borate was



(2-{Inden-2'-yl}-4,6-"'Bu2-C6H40)TiC12> The polymerization and the post-treatment were carried 5 out
in the same manner as in EXAMPLE 1 to obtain polyethylene, except that 0.05 mmol of
triisobutylaluminum and 0.2 mL of a toluene solution (5 mmol/L) of
(2-{Inden-2'-yl}-4,6- Bu2-C6H40)TiC12 synthesiz%e in Synthetic Example 3 instead of

S

(2-{Inden-I-yl}-4,6- Bu2-C6H40)Ti0Ol2were 10 used-and

triphenylcarbeniumtetrakis(pentafluoropheny_)borate was added in an amount of 1.2 equivalent to Ti.

The Tm of thesahtaingd polymaiwas k21.8.C.As ayesul,of 13CNM R:(:OQQ@%

quLJ,E:EGDG:Mi v/v, 120
C) 15 measurement of the polymer, there is observed a signal derived from ethyl branch at 10.9 ppm,

26.5 ppm apd Bkt ppak @i signal rderived from propyl branch at 143 aam, 20,1 ppm, 36,7 ppm and
36.9 ppm, a signal derived from terminal ethyl vinylidene at 12.4 ppm, 28.1 ppm and 36.3 ppm, and a

signal derived from a 204vethy| graup.afetbylbranchywhich bonds.to.quaternary garbon at 7.5 ppm. A
13C-NMR spectrum of the polymer is shown in Fig. 1. EXAMPLE 4 <Polymerization of Ethylene using
54 (2-{Inden-2'yIl-4,6-Bu2r COLUONTICI 2 The polymerization andithe past-trgatment were carried
5 polymerization. After completion of the polymerization, the
reaction product was poured into a large amount of methanol to
precipitate 2ll the polvmers, and after addition of
hydrochloric acid, filtered with a glass filter. The polymer
was well washed with methanol and dried under reduced pressure
10 at 80 °C for 10 hours to obtain pclyethylene. The Tm of the
obtained product was 112.9 °C.
EXAMPLE 2
<Polymerization of Ethylene using
(2-{Inden-1"-yl}-4, 6~"Buy-CeH,0) TiCls>
i5 The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to obtain polyethylene,
except that €.05 mmol of triisobutylaluminum and 0.2 mlL of a
toluene soclution (5 mmol/L) of
(2-{Inden-1'-yl}=4, 6~"Buy~CeH,0)TiCl, synthesized in Synthetic
20 Example 1 were used,
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amount of 1.2 equivalent to Ti and the reaction time

was changed to 15 minutes. The Tm of the obtained polymer was

113.3 °cC.



out in the same manner as in EXAMPLE 3 to obtain polyethylene, except that the reaction
temperature was changed to 80 C. The 5 Tin of the obtained polymer was 123.3 C. As a result of
13C-NMR (ODCB-d4/C6D6=4/I viv, 120 C) measurement of the polymer, there is observed a signal
derived from ethyl branch at 10.9 ppm, 26.5 ppm ggd 39.5 ppm, a signal derived from propyl branch
at 14.3 ppm, 20.1 ppm, 36.7 ppm and 10 36.9 ppm, a signal derived from terminal ethyl vinylidene at
12.4 ppm, 28.1 ppm and 36.3 ppm, and a signal derived from a methyl group of ethyl branch which
bonds to quaternany:cavper at 7.5 ppm. A 33C-NMR spectrum of the polymer is shown in Fig. 2. 15
EXAMPLE 5 <Polymerization of Ethylene using (2-{2-Me-Inden-1'-yl}-4,6-tBu2-C6H40)TiC12> The

polymerization and{be pest-treatmeniivere caried vl inthensame manner as in EXAMPLE 1 to
obtain polyethylene, 20 except that (2-{2-Me-Inden-1'-y1}-4,6-tBu2-C6H40)TiCI2 synthesized in
Synthetic Example 4anvas used insteagl-6b2-{tngden'niE4,6-tBu2-C6H40)TiC12, and the reaction time

was changed to 5 minutes. The Tm of the obtained polymer was 124.1 C 155 EXAMPLE 6
<Polymerization of E{bylepe Wsigi zation and the post-treatment were carried
b5 out in the same manner as in EXAMPLE 1 to obtain polyethylene,
except that 0.05 mmol of triiscbutylaluminum and 0.2 mL of a
toluene scolutien (& mmol/L) of
(2-{Inden-2'-y1}-4, 6-"Bus~CeHsO) TiCl, synthesized in Synthetic
Example 3 instead of (2~{Inden-1'-yl}=4,6-"Buz-CgH,C) TiCl; ware

10 used, and
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
addedinanamount of 1.2 equivalent toTi. The Tmof the obtained
polymer was 121.8 °C.

As a result of "C-NMR (ODCB-ds/CsDe=4/1 v/v, 120 °C)

15 measurement of the polymer, there is cbserved a signal derived
from ethyl branch at 10.9 ppm, 26.5 ppm and 39.5 ppm, a signal
derived from propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and
39.% ppm, a signal derived from terminal ethyl vinylidene at
12.4 ppm, 28.1 ppm and 36.3 ppm, and a signal derived from a

20 methyl group of ethyl branch which bonds to guaternary carbon
at 7.5 ppm. A **C~-NMR spectrum of the polymer is shown in Fig.
1.

EXAMPLE 4

<Polymerization of Ethylene using



(2-{2-Me-Inden-I'-yl}-4,6-tBu2-C6H40)TiCl2> The polymerization and the post-treatment were carried
5 out in the same manner as in EXAMPLE 5 to obtain polyethylene, except that the reaction time was
changed to 80 C. The Tm of the obtained polymer was 125.6 C. EXAMPLE 7 <Polymerization of
Ethylene using 10 (2-{2-Me-4-Ph-Inden-l'-yl}-4,6-@3-C6H40)TiCI2> The polymerization and the
post-treatment were carried out in the same mariner as in EXAMPLE 1 to obtain polyethylene, except
that (2-{2-Me-4-Ph-Inden-I'-yl}-4,6- Bu2-C6H40)TiCl, synthesized in Synthetic Example 5 was used

instead of 1&2-{ngesr-yl}-4,6-1Bu’-C6HH40) Fied 2, andthe.reaction time was changed to 5 minutes.
The Tm of the obtained polymer was 126.6 C. EXAMPLE 8 <Polymerization of Ethylene using 20

(2-{2-Me-4-Ph-Indeney Bl §nBu2-L6HAR) Eikd2> Thepalymerization.and fas posktreatment were
carried out in the same manner as in EXAMPLE 7 to obtain polyethylene, except that 0.05 mmol of

triisobutylalumintm and G 2-ellmaha deluane solutionsBrmmeld }ef kb8, polyethylene,
(2-{2-Me-4-Ph-Inden-1'-y1}-4,6-tBu2-C6H40)TiCI2 synthesized in Synthetic Example 5 were used,
except that the reaction temperature was changed to 80 °C. The
5 Tm of the obtained polymer was 123.3 °C.

As a result of C-NMR (ODCB-d4/CeDe=4/1 v/v, 120 °C)
measurament oﬁ the polymer, there is observed a signal derived
from ethyl branch at 10.9 ppm, 26.5 ppm and 39.5 ppm, a signal
derived from propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and

10 36.% ppm, a signal derived from terminal ethyl vinylidene at
12.4 ppm, 28.1 ppm and 36.3 ppm, and a signal derived from a
methyl group of ethyl branch which bonds to guaternary carbon
at 7.5 ppm. A *3C-NMR spectrum of the polymer is shown in Fig.
2.

15 EXAMPLE &

<Polymerization of Ethylene using
(2-{2~Me-Inden-1'-y1l}-4, 6="Buy=CeH0) TiClo>

The polymerization and the post-treatment were carried
cut in the same manner as in EXAMPLE 1 tc obtain polyethylene,

20  except that (2~{2-Me~Inden-1'-yl}-4,6~"Bu;-CsH,0)TiCl,
synthesized in Synthetic Example 4 was used instead of
Z2-{Inden-1'=-yl}=4, 6-"Buy;~CsHs0) TiCl,, and the reaction time was
changed to 5 minutes. The Tm of the obtained polymer was 124.1

°C.



triphenylcarbeniumtetrakis(pentafluorophenyl)borate was added in an amount of 1.2 equivalent to Ti,
and the reaction 5 time was changed to 10 minutes. The Tm of the obtained polymer was 124.9 C. As
a result of '3C-NMR (ODCB-d4/C6D6=4/1 v/v, 120 C) measurement of the polymer, there is observed
a signal derived from ethyl branch at 10.9 ppm, ngssppm and 39.5 ppm, a signal 10 derived from
propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and~36.9 ppm, a signal derived from terminal ethyl
vinylidene at 12.4 ppm, 28.1 ppm and 36.3 ppm, and a signal derived from a methyl group of ethyl
branch which bonds-torgutaternary carbon, at 7.5 ppm. A 13C-NMR spectrum of the polymer is shown
in Fig. 15 3. EXAMPLE 9 <Polymerization of Ethylene using

(2-{2-Me-4-Ph-Indea—ﬁow%@@@g%ﬁ[-l@T@ggl%pglgm@cgization and the post-treatment were
carried 20 out in the same manner as in EXAMPLE 8 to obtain polyethylene, except that the reaction

temperature and theeeactigatime were —ehanged;to 80:Coangh 3Q minutes, respectively. The Tin of the
obtained polymer was 125.9 C. As a result of 13C-NMR (ODCB-d4/C6D6=4/1 v/v, 120 C) 157

measurement of therpelymerythere is ebserveda signabderived- from,ethyl hranch-at-10.9ppm, 26.5
ppm and 39.5 ppm, a signal

5 out in the same manner as in EXAMPLE 5 to obtain polyethylene,
except that the reaction time was changed te 80 °C. The Tm of
the obtained polymer was 125.6 °C.

EXAMPLE 7
<Polymerization of Ethylene using
10 (2~{2-Me-4-Ph-Inden-1"-yl}~4, 6-"Buy—CeH,0) TiCly>
The pelymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to obtain polyethylene,
except that (2-{2-Me-4-Phn-Inden-1'-yl}-4, 6= Bu,~CeH,0)TiCl,
synthesized in Synthetic Example 5 was used instead of
15 2-{Inden-1'-yl}=-4,6-"Bu;-C¢Hs0)TiCl,, and the reaction time was
changed to 5 minutes. The Tm of the obtained polymer was 126.6
°C.
EXAMPLE 8
<Polymerization of Ethylene using
20 (2-{2-Me-4~Ph~-Inden-1'-yl}-4, 6="Bu;~CeHsO) TiCl,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 7 to obtain polyethylene,
except that 0.05 mmel of triisobutylialuminum and 0.2 mll of a

Toluene solution (5 mmol/L} of



derived from propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and 37.7 ppm, a signal derived from
terminal ethyl vinylidene at 5 12.4 ppm, 28.1 ppm and 36.3 ppm, and a signal derived from a methyl
group of ethyl branch which bonds to quaternary carbon at 7.5 ppm. A 13C-NMR spectrum of the
polymer is shown in Fig. 4. EXAMPLE 10 10 To g%%actor [a parallel-pressure catalytic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut, equipped with 8-channel parallel
reactor system; having an internal volume of 15 mL thoroughly purged with nitrogen, toluene and

0.005 mmok of-trifsoputylaltiminuaewere charged,, and 45,a tigujd phase and,a gasphase were

saturated with ethylene 8 kg/cm22 G (Hereinafter, there may be a case where the unit kg/cm2 G is

abbreviated as Kx)atH0i €. Thargafter,=0.45 ral gkadgluene solution (0.8 mmol/L) of
(2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiC12 synthesized in 20 Synthetic Example 3 was added, and

subsequently; ig-todierie: seliion (B mrolily of diphenylcarbemiumietraldstentafiuorophenyl)borate

was added in an amount of 1.2 equivalent to Ti, to initiate polymerization. The toluene was fed to give
a final volume®id 58n SanlLdndetat Arethylenagaswasrcontipuously fed te maiptain thedotal

pressure of 8 KG. After carrying out the reaction
5 time was changed to 10 minutes. The Tm of the obtained polymer
was 124.9 °C.

As a result of *’C-NMR (ODCB~d;/CsDe=4/1 v/v, 120 °C)
measurement of the polymer, there is observed a signal derived
from ethyl branch at 10.5% ppm, 26.5 ppm and 39.5 ppm, a signal

10 derived from propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and
36.9 ppm, & signal derived from terminal ethyl vinylidene at
12.4 ppm, 28.1 ppm and 36.3 ppm, and a signal derived from a
methyl group of ethyl branch which bonds to guaternary carbon,
at 7.5 ppm. A '*C-NMR spectrum of the polymer is shown in Fig.

i 3.

EXAMPLE 9

<Polymerization of Ethylene using
{2-{2-Me-4-Ph~Inden-1'-yl}-4, 6-"Bus~CgH,0) TiCl,>

The polymerization and the post-treatment were carried

20  out in the same manner as in EXAMPLE 8 to obtain polyethylene,
except that the reaction temperature and the reaction time were
changed to 80 °C and 30 minutes, respectively. The Tm of the
obtained polymer was 125.9 °C.

As a result of YC-NMR (ODCB=-d./CeDe=4/1 v/v, 120 °C)



at 60 C for 20 minutes, small amount of methanol was added to stop the polymerization. After
completion of the 5 polymerization, the post-treatment was carried out in the same manner as in
EXAMPLE 1, and the resultant was dried under reduced pressure at 80 C for 10 hours to obtain
polyethylene. As a result of 'H-NMR (ODCB-d4) nflsg. surement of the polymer, there is observed a
signal (A) derived from terminal vinyl at 10 5.7 to ppm and 4.9 to 4.7 ppm, a signal (B) derived
from terminal vinylidene at 4.7 to 4. 6 ppm, a signal (C) derived from disubstituted internal olefin at 5.4

to 5.2 ppm pad & sighah (D) deriyedfromesubsiituted: intesnak olefin at 9:2,10-9.QsppM-eLb A 'H-NMR

spectrum of the polymer is shown in Fig. S. As a result of 13C-NMR (TCE-d2) measurement of the

polymer, therers obsenved-a signaldertyed trom ethyl Branch atl0.9; ppra,26.5:ppmand 39.5 ppm, a
signal derived from propyl branch at 14.3 ppm, 20.1 ppm, 6.7 ppm and 36.9 ppm, a signal derived 20

from terminakbethybvinylideng at 214 Ppanh28.2Ppm and;36.3 ppM and.a sipnat dasived from a
methyl group of ethyl branch which bonds to quaternary carbon at 7.5 ppm. A 13C-NMR spectrum of

the polymersis shoywwin kids 65EXAMBLEA:159 okhe pefymerization.andthenostdreatment were

carried out in the same manner as in EXAMPLE 10 to obtain polyethylene,
5 12.4 ppm, 28.1 ppm and 36.3 ppm, and a signal derived from a

methyl group of ethyl branch which bonds to guaternary carbon
at 7.5 ppm. A C-NMR spectrum of the polyvmer is shown in Fig.
4,
EXAMPLE 10
10 To a reactor [a parallel-pressure catalytic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut,
equipped with 8-channel parallel reactor system] having an
internal volume of 15 mL thoroughly purged with nitrogen,
toluene and 0.005 mmol of triisobutylaluminum were charged, and
15 a liguid phase and a gas phase were saturated with ethylene 8
kg/mﬁ-G(Hereinafter,theremaybeaacasewheretheunitkg/mﬁ~G
is abbreviated as KG) at 60 °C.
Thereafter, 0.25 mL of a toluene solution (0.8 mmol/L)
of (2-{Inden-2'-yl}-4,6-"Bu,~CgH0)TiCl, synthesized in
20 Synthetic Example 3 was added, and subseguently, a toluene
soluticn (0.4 mmcl/L) of
triphenylcarbeniumtetrakis (pentafluorcphenyl)iborate was
added in an amount of 1.2 eguivalent to Ti, to initiate

polymerization. The toluene was fed to give a final volume of



except that the triisobutylaluminum quantity and the polymerization temperature were changed to 0.03
mmol and 80 C, 5 respectively. As a result of 'H-NMR (ODCB-d4) measurement of the polymer, there
is observed a signal (A) derived from terminal vinyl at 5.7 to 5.6 ppm and 4.9 to 4.7 ppm, a signal (B)
derived from terminal vinylidene at 4.7 to 4.6 pp signal (C) derived from 10 disubstituted internal
olefin at 5.4 to 5.2 ppm, and a signal (D) derived ffom tri-substituted internal olefin at 5.2 to 5.0 ppm.
A 'H-NMR spectrum of the polymer is shown in Fig. 7. As a result of 13C-NMR (TCE-d2)

measurement,of theqotymer, Ap thereispbsarved assignal derived fron ethybbraneh-ati10.9 ppm,
26.5 ppm and 39.5 ppm, a signal derived from propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and

36.9 ppm, a signabderived-doay terminaketty| vinvigdene ab 2.4 pMo28.k prMr-and:36 &, ppm and a

signal derived from a methyl group of methyl branch 20 which bonds to quaternary carbon at 7. 5 ppm.
A 130 NMResspectram ©f the palymer issshewn in Fiehdh EXAMRIE 4 2r-<Copalyraeyization.of

Ethylene/Propylene using (2-{Inden-I'-yl}-4,6-tBu2-CH40)TiCI2> 160 To a glass reactor having an
internal volumerof5080 Mt 1hereughly-pwged withdutregen; 250k of & hexane solution

5 vpolymerization, the post~treatment was carried out in the same
manner as in EXAMPLE 1, and the resultant was dried under reduced
pressure at 80 °C for 10 hours to obtain polyethylene.

As a result of ‘"H~NMR (ODCB~d;) measurement of the polymer,

there is observed a signal (A} derived from terminal vinyl at

10 5.7 to 5.6 ppm and 4.9 to 4.7 ppm, a signal (B} derived from
terminal vinylidene at 4.7 to 4.6 ppm, a signal (C) derived from
disubstituted internal olefin at 5.4 to 5.2 ppm and a signal
(D) derived from tri-substituted internal clefin at 5.2 to 5.0
ppm.

15 A *H-NMR spectrum of the polymer is shown in Fig. 5.

As a result of P*C~-NMR (TCE~d,} measurenment of the polymer,

there is observed a signal derived from ethyl branch at 10.9
ppr, 26.5 ppm and 39.5 ppm, a signal derived from propyl branch
at 14.3 ppm, 20.1 ppm, 36.7 ppm and 36.9% ppm, a signal derived

20  from terminal ethyl vinylidene at 12.4 ppm, 28.1 ppm and 36.3
ppm and a signal derived from a methyl group of ethyl branch
which bonds to quaternary carbon at 7.5 ppm. 2 C-NMR spectrum
¢f the polymer is shown in Fig. €.

EXAMPLE 11



was charged, and a liquid phase and a gas phase were saturated with ethylene/propylene gas (=
60/40 liter/hr) at 25 C. 5 Thereafter, 0.05 mmoi of triisobutylaluminum and 0.2 mL of a toluene solution
(5 mmol/L) of (2-{Inden-1"-yl}-4,6-'Bu2-C6H40)Ticl2synthesized in Synthetic Example 1 were added,
subsequently, triphenylcarbeniumtetrakis(pentaflugeophenyl)borate was 10 added in an amount of 1.2
equivalent to Ti, to initiate polymerization. After carrying out the reaction under ethylene/propylene
mixed gas (= 60/40 liter/hr) atmosphere of normal pressure for 15 minutes at 25 C, small amount of

isobutanol was add&d4ostapytiee palymesizadgion. After 25 corptetiomebhthevpolymesizatien, the
reaction product was extracted with hexane, washed with diluted hydrochloric acid, concentrated, and

dried underaetucedtpresstre at=830h€ for 4 O rh GLABMEY Gbtain ethyleneliprapylene:-tofciymer.
EXAMPLE 13 20 <Copolymerization of Ethylene/Propylene using

(2-{Inden-2'ep{415:" BuZ: C6t40) TiC12ro Aiheypelymetizatio ncarch the- postrtde dthreent were carried out
in the same manner as in EXAMPLE 12 to obtain ethylene/propylene copolymer, except that 161
(2-{Inden-2'syil ¥ie-1Ba2-C6IO¥RCA 2=cyntiresized infSymtizetic cEXafiperd®Wwasidsed indtead of
§ respectively.
As a result of ‘H~NMR (CDCB~dy4) measurement of the polymer,
there is observed a signal (A) derived from terminal vinyl at
5.7 to 5.6 ppm and 4.9 to 4.7 ppm, a signal (B) derived from
terminal vinylidene at 4.7 to 4.6 ppm, & signal (C) derived from
10 disubstituted internal clefin at 5.4 to 5.2 ppm, and a signal
(D} derived from tri-substituted internal olefin at 5.2 to 5.0
ppm.
A 'H-NMR spectrum of the polymer is shown in Fig. 7.
As a result of Y*C~NMR (TCE~d,) measurement of the pclymer,
15 there 1s observed a signal derived from ethyl branch at 10.9
ppm, 26.5 ppm and 38.5 ppm, a signal derived from propyl branch
at 14.3 ppm, 20.1 ppm, 36.7 ppm and 36.%2 ppm, a signal derived
from terminal ethyl vinylidene at 12.4 ppm, 28.1 ppm and 36.3
ppm and a signal derived from a methyl group of methyl branch
20  which bonds to quaternary carbon at 7.5 ppm. A “C-NMR spectrum
of the polymer is shown in Fig. B.
EXAMPIE 12
<Copolymerization of Ethylene/Propylene using

(2-{Inden-1"-yl}-4, 6-"Buy~CeHsO) TiCls>



2-{Inden-I'-yl1-4,6-'Bu2-C6H40)TiCl2, and the reaction time was changed to 10 minutes. 5 EXAMPLE
14 <Copolymerization of Ethylene/Propylene using (2-{2-Me-Inden-I'-yl1-4,6-tBU2-CO40)TiC12> The
polymerization and the post-treatment were carried out in the same manner as in EXAMPLE 12 to
obtain 10 ethylene/propylene copolymer, excepttItE %)0.05 mmol of triisobutylaluminum and 0.2 mL of
a toluene solution (5 mmol/L) of (2-{2-Me-Inden- -%/I-4,6-tBu2-C6H40)TiCI2 synthesized in Synthetic
Example 4 instead of (2-{Inden-1'-yl}-4,6-tBu2-C6H40)TiC12 were used, 15

triphenylcarbeniumteyakis{pentafiuorophenyhbouate was added in an.amaynt of 1.2, eqyivalent to Ti,

and the reaction time was changed to 5 minutes. EXAMPLE 15 <Copolymerization of

Ethylene/Propylenedising R0-(s2-We-4-Rh-indenslyyl}4,6-1Bu2:G6HANITICT2> The polymerization

and the post-treatment were carried out in the same manner as in EXAMPLE 12 to obtain

ethylene/propydene copelymen except thaty(2{2:Me4:Rhsinden-Lwll4.6,1Bu2-CEHAOTICI2
synthesized 162 in Synthetic Example S was used instead of 2-{Inden-1'-yl}-4,6-tBu2-Co6H40)TiCI2,
and the reaqtiomtideWasne /propylene gas (= 60/40 liter/hr) at 25 °C.

] Thereafter, 0.05 mmol of triisobutylaluminum and 0.2 mL
©f & toluene solution (5 mmol/L) of
(Z-{Inden-1'-yl}~4, 6~"Bu-CeHs0) TiCl, synthesized in Synthetic
Example 1 were added, subsequently, |
triphenylcarbeniumtetrakis(pentafluoroph@nyl)borate was

10  added in an amount of 1.2 equivalent to Ti, tc initiate
polymerization. After carrying out the reaction under
ethylene/propylene mixed gas (= 60/40 liter/hr) atmosphere of
normal pressure for 15 minutes at 25 °C, small amount of
isobutancl was added to stop the polymerization. After

15 completion of the polymerization, the reaction product was
extracted with hexane, washed with diluted hydrochleric acid,
concentrated, and dried under reduced pressure at 80 °C for 10
hours, tc obtain ethylene/propylene copolymer.

EXAMPLE 13
20 <Copolymerization cof Ethylene/Propylene using
(2-{Inden-2"~yl}-4, 6="Bu,—CeHsO) TiClo>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 12 to obtain

ethylene/propylene copolymer, except that



changed to 10 minutes. EXAM PT E 16 5 <Copolymerization of Ethylene/1-butene using
2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiC-12> The polymerization and the post-treatment were carried out
in the same manner as in EXAMPLE 13 to obtain ethylene/1-butene copolymer, except that an
ethylene/1-butene 10 mixed gas (= 95/S liter/hr) ggs used instead of the ethylene/propylene mixed
gas (= 60/40 liter/hr). EXAMPLE 17 <Copolymeri fion of Ethylene/1-butene using
(2-{2-Me-4-Ph-Inden-1'-yl}-4,6-tBu2-C6H40)TiCI2> 15 The polymerization and the post-treatment

were carred put i e same.raner 45 . EXAMPLE 5.0 opial ShylenelL-yieoe gopolymer,

except that an ethylene/1-butene mixed gas (= 60140 Iiterfhr) was used instead of the

ethylene/prepyane imixed gas (s H0/40Q liter/hy). 20 EXAMPLE 18 <Copolymerization of
Ethylene/1-butene using (2-{2-Me-4-Ph-Inden-1'-yl}-4,6-tBu2-C6H40)TiC12> The polymerization and

the post-treatmentwgte carfied.out i the same manner as InFEXAMPLE, 17 fo obtain 163 .
ethylene/1-butene copolymer, except that an ethylene/1-butene mixed gas (= 80/20 liter/hr) was used
instead of th@ anged to 10 minutes.

5 BEAMPLE 14

<Copolymerization of Ethylene/Propylene using
(2~ {2~Me~Inden~1'-yl}-4, 6~"Buy~CH,0) TiC1,>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 12 to obtain

10 ethylene/propylene copolyﬁer, except that 0.05 mmol of
triiscobutylaluminum and 0.2 mL of a toluene solution (5 mmol/L)
of (2-{2-Me-Inden-1'-yl}-4,6-"Bu;~CeH,0)TiCl, synthesized in
Synthetic Example 4 instead of
(2-{Inden-1'~-yl}-4,6~-"Bu;~Ce¢H,0)TiCl, were used,

15 triphenylcarbeniumtetrakis(pentaflucrophenyl)borate was
added in an amount of 1.2 equivalent to Ti, and the reaction
time was changed to 5 minutes.

EXAMPLE 15
<Copolymerization of Ethylene/Propylene using
20 (Z-{2-Me-4-Ph-Inden-1‘-yl}-4, 6="Buy,~CeH0}TiC1,>
The polymerization and the post-treatment wers carried
out in the same manner as in EXAMPLE 12 to cbtain

ethylene/propylene copolymer, except that

(2-{2-Me-4-Ph~-Inden-1"'-yl}-4, 6~"Bu,~CeH4Q) TiCl, synthesized



ethylene/1-butene mixed gas (= 60/40 liter/hr). EXAMPLE 19 5 <Copolymerization of Etylene/1-butene
using (2-{2-Me-4-Ph-Inden-1'-yl}-4,6-tBu2-C6H40)TiCI2> The polymerization and the post-treatment
were carried out in the same manner as in EXAMPLE 18 to obtain ethylene/1-butene copolymer,
except that an ethylene/1-butene 10 mixed gas (=25/5 liter/hr) was used instead of the
ethylene/1-butene mixed gas (= 80/20 liter/hr). &A PLE 20 <Copolymerization of
Ethylene/lsobutene using (2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiCI2> 15 To a reactor [a
parallel-pressurs,eatabytic reasiionapparatiiss(Tradey Name: &ndeavor) manufactured by Argonaut,
equipped with 8-channel parallel reactor system] having an internal volume of 15 mL thoroughly
purged witl2 Aitrogesn -toluepe and, §-02 mnlrofdrisobutylaluminume wese ehargedand 29 a liquid
phase and a gas phase were saturated with isobutene 1 kg/cm2 G at 30 C. Subsequently, pressure of
ethylene was zsingreased and thediquigkphase and the gas phase were saturated to give a total
pressure of 2 KG. Thereafter, 0.25 mL of a toluene solution (0.8 mmol/L) 164 of
(2-{Inden-2'-yl}-4,6 aRaR€IH#4Q)FiCI2 synthesized in Synthetic Example 3 was added, and:
subsequently, a toluene _

5 <Cecpoclymerization of Ethylene/l-butene using

2-{Inden-2"~yl}-4, 6-"Bu,-CsHs0) TiCl,>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 13 to obtain
ethylene/l-butene copolymer, except that an ethylene/l-butene

10 mixed gas (= 95/5 liter/hr) was used instead of the

ethylene/propylene mixed gas (= 60/40C liter/hr).
EXAMPLE 17
<Copelymerization c¢f Ethylene/l-butene using
(2-{2-Me~4~Ph-Inden-1'-yl}-4, 6~-"Bu,~CeH,0} TiCl,>
15 The polymerization and the post-treatment were carried
cut in the same manner as in EXAMPLE 15 to obtain
ethylene/l-butene copolymer, except that an ethylene/l-butense
mixed gas (= 60/40 liter/hr) was used instead of the
ethylene/propylene mixed gas (= 60/40 liter/hr).
20 EXAMPLE 18
<Copolymerizaticn of Ethylene/l-butene using
(2-{2~Me-4~-Ph~Inden~1'~yl}=-4, 6~"Buy—CeH,0) TiCl,>
The polymerization and the post-treatment wers carried

out in the same manner as in EXAMPLE 17 to obtain



solution (0.4 mmol/L) of triphenylcarbeniumtetrakis(pentafluorophenyl)borate was 5 added in an
amount of 1.2 equivalent to Ti, to initiate polymerization. The toluene was fed to give a final volume of
S mL in total . The ethylene gas was continuously fed to maintain the total pressure of 2 KG. After
carrying out the reaction at 30 C for 20 minutes, Il amount of methanol was added to 10 stop the
polymerization. After completion of the polymerization, the reaction solution was concentrated and
dried, and dried under reduced pressure at 80 C for 10 hours to obtain ethylene/isobutene copolymer.

A "C-NMR ehCGh-t2) spectinaidhe-polymiee is, showa i Riga158. EXANMPBLE A1 sGopglymerization
of Ethylene/lsobutene using (2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiC12> The polymerization and the

post-treatmenkwereyeayried 2hgutinihe same-mnapner as kEXAMREE 20+0:0htain
ethylene/isobutene copolymer, except that the feed pressure of ethylene gas was changed to give a

total pressuse 0f, 9 (e jnstead Bf2 G EXAMPLE22:165% (<Gapelymerization of Ethylene/lsobutene
using (2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiC12>
EXAMPLE 19

[

<Copclymerization of Etylene/l-butene using
(2~{2~Me=-4-Ph~Inden-1'-yl}-4, 6=-"Buy~CeHs0) TiC1,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 18 to obtain
ethylene/l-butene copolymer, except that an ethylene/l-butene
10 mixed gas (= 95/5 liter/hr) was used instead of the
ethyléne/l—butene mixed gas (= 80/20 liter/hr)
EXAMPLE 20
<Copolymerization of Ethylene/Iscbutene using
(2-{Inden-2'-yl}-4, 6-"RBu,~CeHs0) TiCl.>
15 To a reactor [a parallel-pressure catalyiic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut,
equipped with 8-channel parallel reactor system] having an
internal volume of 15 mL thoroughly purged with nitrogen,
toluene and 0.02 mmol of triisobutylaluminum were charged, and
20 a liquid phase and a gas phase were saturated with iscbutene
1 kg/cm®+G at 30 °C. Subsequently, pressure of ethylene was
increased and the liguid phase and the gas phase were saturated
to give a total pressure of 2 KG.

Thereafter, 0.25 mlL of a toluene solution (0.8 mmol/L)



The polymerization and the post-treatment were carried out in the same manner as in EXAMPLE 20
to obtain 5 ethylene/isobutene copolymer, except that 0.25 mL of a toluene solution (0.4 mmol/L) of
(2-{Inden-2"-yl}-4,6-tBu2-C6H40)TiCi2 was used, a toluene solution (0.4 mmol/L) of
triphenylcarbeniumtetrakis(pentafluorophenyl)borg%was changed to 1.0 equivalent to Ti and the
polymerization 10 temperature was changed to 40 C. EXAMPLE 23 <Copolymerization of
Ethylene/lsobutene using (2-{Inden-2'-yl}-4,6-'Bu2-C6H40)TiC12> The polymerization and the

post-treatmert were; casied-1b autin the same mannes as ir EXAMBPLE 20 J@ gbtgin ethylene/
isobutene copolymer, except that 0.25 mL of a toluene solution (0.4 mmol/L) of

(2-{Inden-2"g/f}46= Bu2-ELEAO) EICI2Was useded toluene Solion (D4 MMOIL)0Of) vene

triphenylcarbeniumtetrakis(pentafluorophenyl)borate was 20 changed to 1.0 equivalent to Ti, the

polymerizatiggtemperatuse svas changed,to 40 C and the feed pressure of ethylene gas was
changed to give a total pressure of 11 KG instead of 2 KG. EXAMPLE 24 <Copolymerization of

Ethylene/Isabutene Hsng:-166. {2 (MedCn) -4 H:1Bu2-€6HA0 Y S 23 Ehe pelymerization and the
post-treatment were carried
5 added in an amount of 1.2 eguivalent to Ti, to initiate
polymerization. The toluene was fed to give a final volume of
5mlL intotal. The ethylene gas was continuously fed tomaintain
the total pressure of 2 KG. After carrying out the reaction
at 30 °C for 20 minutes, small amount of methanol was added to
10  stop the polymerization. After completion of the
polymerization, fthe reaction solution was concentrated and
dried, and dried under reduced pressure at 80 °C for 10 hours
to obtain ethylene/iscbutene copolymer.
A BC-NMR (TCE-dp) spectrum of the polymer is shown in Fig.
15 g,
EARMPLE 21
<Copolymerization of Ethylene/Iscbutene using
(2-{Inden-2'=yl}=4, 6="Bus~CeHsO) Till,>
The polymerization and the post-treatment were carried
20 out in the same manner as in EXAMPLE 20 to obtain
ethylene/iscbutene copolymer, except that the feed pressure of
ethylene gas was changed to give a total pressure of 9 KG instead
of 2 KG.

EXAMPLE 22



out in the same manner as in EXAMPLE 20 to obtain ethylene/ isobutene copolymer, except that 0.25
mL of a toluene solution 5 (0.4 mmol/L) of (2-{Me4Cp}-4,6-tBu2-C6H40)TIiCI2 synthesized in
accordance with a process disclosed in Organometallics., 2004(23), 540 was used, a toluene solution
(0.4 mmol/L) of triphenylcarbeniumtetrakis(pentafluorophenyl)borate was changed to 1.0 equivalent
to Ti and the polymerization 10 temperature was j(:ngjénged to 40 C. EXAMPLE 25 <Copolymerization
of Ethylene/lsobutene using (2-{Me4Cp}-4,6-' Bu2-06H40)TiC12> The polymerization and the

post-treatment werg€agied La put inthe,same manner as in EXAMPLE gioﬁ%on%btain ethylene/
0

isobutene copolymer, except that 0.25 mL of a toluene solution (0.4 mmo

(2-{Me4Cp}(@,ﬁfﬁ%gﬁymgﬂﬁ@@gﬁﬁhﬁi&%{éﬁg(ﬁ%@gggce with a process disclosed in

Organometallics., 2004(23), 540 was used, a toluene solution (0.4 mmol/L) of 20

triphenylcarbeniumm@%ié@ﬁﬁwlyem%@yémf%‘ﬁew?% Lhanged 19 1.0 eﬂ&ﬁ’é‘%@‘é? il the

polymerization temperature was changed to 40 C and the feed pressure of ethylene gas was

changed togive arfota} pressree AhLLKS instead 21KG - EXAMBLE 26,167 <Copolymerization of
Ethylene/1,3-butadiene using (2-{Inden-2'-yl)-4,6-tBu2-C6H40)TiC12>

6 ethylene/isobutene copolymer, except that 0.25 ml of a toluene
solution (0.4 mmol/L) of (2-{Inden-2'-yl}-4,6-"Bu,~CeH,0) TiCl,
was used, a toluene scolution (0.4 mmol/L) of
triphenylcarb@niumtetrakis(pentafluorophenyl)borate was
changed to 1.0 eguivalent to Ti and the polymerization

10 temperature was changed to 40 °C.

EXAMPLE 23

<Copolymerization of Ethylene/Iscbutene using
(2-{Inden-2"-yl}-4, 6~ Buy~CeH,0) TiC1l,>

The polymerization and the post-treatment were carried

15 out in the same manner as in EXAMPLE 20 to obtain ethylene/
isobutene copolymer, except that 0,25 mlL of a toluene solution
(0.4 mmol/L) of (2-{Inden-2'-yl}-4, 6~ Bu;-CeHs0) TiCl, was used,
a toluene solution (0.4 mmol/L) of
triphenylcarbeniumtetrakis(pentafluorophenyi)borate was

20 changedto]“C)equivalenttxJTi,thepolymerizationtemperature
was changed to 40 °C and the feed pressure of ethylene gas was
changed to give a total pressure of 11 KG instead of 2 KG.

EXAMPLE 24

<Copclymerization of Ethylene/Isobutene using



To a reactor [a parallel-pressure catalytic reaction apparatus (Trade Name: Endeavor) manufactured
by Argonaut, 5 equipped with 8-channel parallel reactor system] having an internal volume of 15 mL
thoroughly purged with nitrogen, toluene and 0. 2 mmol of triisobutylaluminum were charged, and a
liquid phase and a gas phase were saturated with 4 .3-butadiene 1 kg/cm2G at 30 C. Subsequently,
pressure of ethylene was 10 increased and the liquid phase and the gas phase were saturated to give
a total pressure of 2 KG. Thereafter, 0.25 mL of a toluene solution (8 mmol/L) of
(2-{Inden-2'tgi}-dve-1Bu2-Q6H4CHTE4-ClRsynthesized in Synthetic Example 3 was added, and
subsequently, a toluene solution (0.4 15 mmol/L) of
triphenylcarbeniumteteakis(pentaflupsaphaenydiborateavas addeddn ansamouatef drequivalent to Ti,
to initiate polymerization. The toluene was fed to give a final volume of 5 mL in total. The ethylene
gas was costinuausly fed toamaintabn2Q-thestoial Eessire of 2KEcAlRreantyiagiopl &xe:reaction at
30 C for 20 minutes, small amount of methanol was added to stop the polymerization. After
completion 0 therpahemedpatiomdhe postdreathient was catiied 6Ut in the same ahannemas in
EXAMPLE 12, and the resultant was dried under reduced 168 pressure at 80 C for 10 hours to obtain
ethylerfe 1,(3-butadiendIgopdyri®es.{Me,Cp}~4, 6~ "Bus~CgH,0) TiCl, synthesized in
accordance with a process disclosed in Organometallics.,
2004 (23}, 540 was used, a tcluene solution (0.4 mmel/L) of
triphenylcarbeniumtetrakis (pentafluocrophenyliborate was
changed to 1.0 eguivalent tc Ti and the polymerization
10 temperature was changed to 40 °C.
EXBMPLE 25
<Copclymerization of Ethylene/Iscbutene using
(2~ {Me,Cp}-4,6-"Bu,~CeHs0) TiCL,>
The polymerization and the post~treatment were carried
156 out in the same manner as in EXAMPLE 20 to obtain ethylene/
isobutene copolymer, except that 0.25 ml of a toluene solution
(C.4 mmol/L) of (2-{Me,Cp}-4,6~"Bus~CeH40)TiCl, synthesized in
accordance with a process discleosed in Crgancmetallics.,
2004{23), 540 was used, a tolusne solution (0.4 mmol/L) of
20 triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
changed to 1.0 equivalent to Ti, the polymerization temperature
was changed to 40 °C and the feed pressure of ethylene gas was

changed to give a total pressure of 11 KG instead of 2 XG.

EXAMPLE 256



EXAMPLE 27 <Copolymerization of Ethylene/Norbornene using 5

(2-{2-Me-4-Ph-Inden-1'-y1}-4,6- Bu2-C6H40)TiC12> To a glass reactor having an internal volume of
500 mL thoroughly purged with nitrogen, 250 mL of a toluene solution and 1 g of norbornene were
charged, and a liquid phase and a gas phase We5§6§aturated with ethylene gas (= 50 liter/hr). 10
Thereafter, 0.05 mmol of triisobutylaluminum and0:2 mL of a toluene solution (5 mmol/L) of
(2-{2-Me-4-Ph-Inden-I'-yl}-4,6-'Bu2-C6H40)TiCI2 synthesized in Synthetic Example 5 were added,

and subsequently, wiphesylcatbeniyintetiakis(eniafioraphenyoarate was.15,adged in an amount
e

of 1.2 equivalent to Ti, to initiate polymerization. Aftér carrying out the reaction under ethylene gas (=

50 liter/hr) atmosphste-afbnarmal pregsung for 40: minutes, at 25 C, small amount of methanol was
added to stop the polymerization. After completion of the polymerization, the 20 post-treatment was

carried out in the same manngs as.n EXAMPLE: 10, and he tesuliantwas died under reduced

pressure at 80 C for 10 hours to obtain ethylene/ norbornene copolymer. The Tm of the obtained

polymer was81:G EXAMALE 28 1% sCapolunerization.of EthvlenelQligoethylene containing a
terminal vinyl group using
5 equipped with 8-channel parallel reactor system] having an
internal volume of 15 mL thoroughly purged with nitrogen,
toluene and 0. 2 mmol of triisobutylaluminum were charged, and
& liquid phase and a gas phase were saturated with 1, 3-butadiene
1 kg/cm®-G at 30 °C. Subsequently, pressure of ethylene was
10 increased and the liguid phase and the gas phase were saturated
to give a total pressure of 2 KG.

Thereafter, 0.25 mL of a toluene solution (8 mmol/L) of
(Z2-{Inden-2'-yl}-4, 6~"Buy;~CeH,0) TiCl; synthesized in Synthetic
Example 3 was added, and subsequently, & toluene solution (0.4

i5 mmol/L) of
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amcount of 1.0 eguivalent to Ti, to initiate
polymerization. The toluene was fed to give a final volume of
SmlL intotal. The ethylene gas was continuously fed tomaintain

20 the total pressure of 2 KG. After carrying out the reaction
at 30 °C for 20 minutes, small amount of methancl wag added to
stop the polymerization. After completion of the
polymerization, the post~treatment was carried out in the same

manner as in EXAMPLE 12, and the resultant was driedunder reduced



(2-{Inden-2'-yl}-4,6-"'Bu2-C6H40)TiC12 > To a glass reactor having an internal volume of SO0 mL 5
thoroughly purged with nitrogen, oligoethylene containing a terminal vinyl group [(3.008; Mw/Mn
(MWD) relative to polyethylene standards = 1547/668 (2.3), Mw/Mn (MWD) relative to polystyrene
standards = 3790/1500 (2.5), Tm = 119.6 C) and 1?6%0 mL of a toluene solution were charged, and the
mixture was 10 dissolved by heating at 90 C undér’stirring. Then, a liquid phase and a gas phase
were saturated with ethylene gas (= 100 liter/hr). Thereafter, 0.05 mmol of triisobutylaluminum and 0.2

mL of a tolyene sqlution (gmmoad/l) afpl § L24ndens2 +yl}-4.6+ Byza66H4Q) Ticl2synthesized in

Synthetic Example 3 were added, and subsequently,

triphenylca@%w%ggkis(pentaﬂuorophenyl)borate was added in an amount of 1.2 equivalent to Ti,
to initiate polymerization. After carrying out the reaction under ethylene 20 gas (= 100 liter/hr)
atmosphere of normalyressure-for 10 minutes at 90 C, small amount of isobutanol was added to stop
the polymerization. After completion of the polymerization, the reaction product was concentrated and

dried, and dried undef, feduged-pressure-at-80 Ear,18 hoursteehitaint7Q, gthylene/oligoethylene
containing a terminal vinyl group copolymer. The Tm of the obtained polymer was 116.5 C.

2

8 (2~{2-Me-4-Ph-Inden-1'-yl}~4, 6="Buy~CgHs0)TiCls>
To a glass reactor having an Iinternal volume of 500 mL
thorouéhly purged with nitrogen, 250 ml of a toluene solution
and 1 g of norbornene were charged, and a liguid phase and a
gas phase were saturated with ethylene gas (= 50 liter/hr).
10 Thereafter, 0.05 mmol of triisobutylaluminum and 0.2 mL of a
toluene solution (5 mmol/L) of
(2“{2—Me—4—Ph—Inden—l'~yl}~4,6*tBu2—C¢hO)TiClg synthesized
in Synthetic Example 5 were added, and subsequently,
triphenylcarbeniumtetrakis (pentaflucrophenyl)borate was
15 added in an amount of 1.2 eguivalent to Ti, to initiate
polymerization. After carryingout the reaction under ethylene
gag (=50 liter/hr) atmosphere of normal pressure for 10 minutes
at 25 °C, small amount of methanol was added to stop the
polymerization. After completion of the polymerization, the
20 post-treatment was carried cut in the same manner as in EXAMPLE
10, and the resultant was dried under reduced pressure at 80
°C for 10 hours to cbtain ethylene/ norbornene copolymer. The
Tm of the obtained polymer was 81 °C.

EXAMPLE Z8



As a result of H-NMR (ODCB-d4) measurement of the polymer, there is observed a signal (A) derived
from terminal vinyl a" 5 5.7 to 5.6 ppm and 4.9 to 4.7 ppm, a signal (B) derived from terminal
vinylidene at 4.7 to 4. 6 ppm, a signal (C) derived from disubstituted internal olefin at 5.4 to 5.2 ppm,
and a signal (D) derived from tri-substituted interE%I olefin at 5.2 t0 5.0 ppm. 10 A 1H-NMR spectrum
of the polymer is shown in Fig. 10. As a result of NMR (TCE-d2) measurement of the polymer,
there is observed a signal derived from ethyl branch at 10.9 ppm, 26.5 ppm and 39.5 ppm, a signal

derived from butyl braeh 13k73-3 pRE 8Rd33-B:pM <2 Signal derived fram.amyl.branch at 15 32.5
ppm and a signal derived from branches of C6 or more at 22.6 ppm, 31.9 ppm and 33.8 ppm.

A13C-NMRasp@@gﬁﬁhgﬁth@ipgtﬁmggﬁﬁhg\ygﬂa Fig. 11. EXAMPLE 29 <Polymerization of propylene
using 20 2-(Inden-21 -yl}-4,6-"Bu2-C&H40)Tic12> To a glass reactor having an internal volume of 500

mL thorougtiy purgedwith nitrogen, 256l ef @, tojuene solution was charged, and a liquid phase
and a gas phase were saturated with propylene gas (= 100 liter/hr) of normal pressure at 25 171 CO.

Thereafter, 0.05 mmel of tgisobutylaluminumand 42 mk- ofadoluene solution G:mgag)/Lyof

5 thoroughly purged with nitrogen, oligoethylene containing a
terminal vinyl group [(3.00g; Mw/Mn (MWD} relative to
polyethylene standards = 1547/668 (2.3), Mw/Mn (MWD) relative
to polystyrene standards = 37906/1500 (2.5), Tm = 119.6 °C) and
250 mL of a toluene solution were charged, and the mixture was

10 dissolved by heating at S0 °C under stirring. Then, a ligquid
phase and a gas phase were saturated with ethylene gas (= 100
liter/hny.

Thereafter, 0.05 mmol of triisobutylaluminum and 0.2 mL

of a toluene solution (5 mmol/L) of

15 {2-{Inden-2'-yl}~4, 6-"Bu,~CeH40)TiCl, synthesized in Synthetic
Example 3 were added, and subseguently,
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amount of 1.2 equivalent to Ti, to initiate
polymerization. After carrying out the reaction under ethylene

20 gas (=100 liter/hr) atmosphere of normal pressure for 10 minutes
at 80 °C, small amount of isobutancl was added to stop the
polymerization. After completion of the polymerization, the
reaction product was concentrated and dried, and dried under

reduced pressure at 80 °C for 10 hours to obtain



(2-{Inden-2"-yl}-4,6-tBu2-C6H40)TiCl2synthesized in Synthetic Example 3 were added, and
subsequently, 5 triphenylcarbeniumtetrakis(pentafluorophenyl)borate was added in an amount of 1.2
equivalent to Ti, to initiate polymerization. After carrying out the reaction under propylene gas (= 100
liter/hr) atmosphere of normal pressure for 10 minutes at 25 C, small amount of isobutanol was added
10 to stop the polymerization. After completion of e polymerization, the reaction product was
extracted with hexane, washed with diluted hydrochloric acid, concentrated, and dried under reduced

pressure at 80 fal- k0 baurs, o aaln, hotyronyiang 1 3 As ARl of LH: VIR (QDCB )

measurement of the polymer, there is observed a signal (B) derived from ter vinylidene at 4.7 to

4-6 ppm, a igaahien dleriver fomyisubstiiuteds, iemakolgin g ia.3 2/aRMsaad a signal ()

derived from tri-substituted internal olefin at 5.2 to 5.0 ppm. 20 A 1H-NMR spectrum of the polymer is

shown in Fig. 12 The areauital tRgiailiagsianhinkaos in e, aalael, duaniialed iR, LIC MR of
polymer was 31 mol%. A 13C-NMR spectrum of the polymer is shown in Fig. 13" EXAMPLE 30 172

<Polymerizatigs-of E@@@&Q@iﬁga(zs'ﬁ%%ln%n'gi'élgﬁr@'&BEgb%GHé@nggé'g>vinyl at
5 3.7 to 5.6 ppm and 4.9 to 4.7 ppm, 2 signal (B) derived from
terminal vinylidene at 4.7 to 4.6 ppm, a signeal (C) derived from
disubstituted internal olefin at 5.4 to 5.2 ppm, and a signal
{D) derived from tri-substituted internal clefin at 5.2 to 5.0
ppm.
10 A 'H-NMR spectrum of the polymer is shown in Fig. 10.
As a result of PC-NMR (TCE-d;) measurement of the polymer,
. there 1s observed & signal derived from ethyl branch at 10.9
ppm, 26.5 ppm and 39.5 ppm, a signal derived from butyl branch
at 23.3 ppm and 33.8 ppm, a signal derived from amyl branch at
15 32.5 ppm and a signal derived from branches of C6 or more at
22.6ppm, 31.9ppmand 33. 8 ppm. }&”CMNMRspectrwmofthepolymer
is shown in Fig. 11.
EXAMPLE 29
<Polymerization of propylene using
20 Z~{Inden-2'-yl}-4,6="Bu,-CsHs0) TiCl,>
Toc a glass reactor having an internal velume of 500 mL
thoroughly purged with nitrogen, 250 nl of a2 toluene solution
was charged, and a liguid phase and a gas phase were saturated

with propylene gas (= 100 liter/hr) of normal pressure at 25



The polymerization and the post-treatment were carried out in the same manner as in EXAMPLE 29
to obtain polypropylene, 5 except that 0.25 mmol of triisobutylaluminum and 1.0 mL of a toluene
solution (5 mmol/L) of (2-{2-Me-inden-I'-yl}-4,6-tBu2-C6H40)TiCI2 synthesized in Synthetic Example
4 were used. As a result of 1H-NMR (ODCB-d4) q:;asurement of the polymer, 10 there is observed a
signal (B) derived from terminal vinylidene at 4.7t0 4.6 ppm, a signal (C) derived from disubstituted
internal olefin at 5.4 to 5.2 ppm and a signal (D) derived from tri-substituted internal olefin at 5.2 to 5.0

ppm. A 1H-NMR spectam of the polymeris shewndr Fig, b4, +15 Theameuntefdegiogrregular linkage
in the polymer quantitated with 13C-NMR of polymer was 31 mol%. A 13C-NMR spectrum of the

polymer is ghown ihigeda. EXAMRLE 31s<Relymetization of propylene using 20
(2-{2-Me-4-Ph-Inden-I'-yl}-4,6-tBu2-C6H40)TiCl2> The polymerization was carried out in the same

manner as in EXAMBLE 29, and-then the post:ireatmentiwas carred o @lse nthersame manner as
in EXAMPLE 29, to obtain polypropylene, except that 0.2 mL of a toluene solution (5 mmol/L) of 173
(2-{2-Me-4-Phzger-13yl=4:6-tBy2LOHARK IGhsyathasized, in Synthetic Example 5 was used.
5 triphenylcarbeniumtetrakis (pentafluocrophenyl)borate was
added in an amount of 1.2 eguivalent to Ti, to initiats
polymerization. After carrying out the reaction under
propylene gas (= 100 liter/hr) atmosphere of normal pressure
for 10 minutes at 25 °C, small amount of isobutanol was added
10 to stop the peiymerization. After completion of the
polymerization, the reaction product was extracted with hexane,
washed with diluted hydrochloric acid, concentrated, and dried
under reduced pressure at 80 °C for 10 hours, to obtain
polypropylene.
15 AsairesultoflﬂuNMR(ODCB—dé}measuxementof*ﬁmapolymex,
there is observed a signal (B) derived from terminal vinylidene
at 4.7 to 4.6 ppm, a signal {(C) derived from disubstituted
internal olefin at 5.4 to 5.2 ppm, and a signal (D) derived from
tri-substituted internal olefin at 5.2 to 5.0 ppm.
20 R 'H-NMR spectrum cf the polymer is shown in Fig. 12.
The amount of regicirregular linkage in the polymer
guantitated with “C~-NMR of polymer was 31 mol%. A *°C~NMR
spectrum of the polymer is shown in Fig. 13.

EXAMPLE 30



As a result of 'H-NMR (ODCB-d4) measurement of the polymer, there is observed a signal (B) derived
from terminal vinylidene 5 at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted internal olefin at
5.4 to 5.2 ppm and a signal (D) derived from tri-substituted internal olefin at 5.2 to 5.0 ppm. A 'H-NMR
spectrum of the polymer is shown in Fig. 16. The a}?ount of regioirregular linkage in the polymer 10
guantitated with 13C-NMR of polymer was 36 mol%~ A 13C-NMR spectrum of the polymer is shown in
Fig. 17. EXAMPLE 32 <Polymerization of Propylene using

(2-{2-1Pr-4-(9-Phenastyyh):5,6-Bepzgindge-lyl4, 6218125, 19 (6H40) TiCI2> The polymerization and

the post-treatment were carried out in the same manner as in EXAMPLE 29 to obtain polypropylene,

except that 0,25 mmglefifisobutylaluminurg and, 1.0 églzg_c%f:ai@qlugne solution (5 mmol/L) of 20 (2-{
2-iPr-4-(9-Phenanthryl)-5,6-Benzoinden-1'-yl}-4,6-tBu2- C H40)ﬁC12 synthesized in Synthetic

Example 7 were usede A3 afgault ob THNMME,(ODCBd) measutement.of the polymer,Jhere is

observed a signal (B) derived from terminal vinylidene at 4.7 to 4.6 ppm, a signal (C) derived from

S:Zlfii2sgittlét.€é‘9%1:;iioni$%]§'élaﬁ%l@f'&@aﬁ{éé 9o 2-PRRinandeasignal () derived fram Jrcsubslituted internal
5 except that 0.25 mmol of triiscbutylaluminum and 1.0 ml of a
toluene scluticn (5 mmel/L) of
(2-{2-Me-Inden-1'~yl}-4, 6~"Buy,-C¢Hs0) TiCl, synthesized in
Synthetic Examplie 4 were used.
As a result of 'H~NMR (ODCB-d4) measurement of the polymer,
10 there is observed a signal (B) derived from terminal vinylidene
at 4.7 to 4.6 ppm, a signal (L) derived from disubstitutsd
internal olefin at 5.4 to 5.2 ppm and a signal (D) derived from
tri-substituted internal clefin at 5.2 to 5.0 ppm.
A *H-NMR spectrum of the polymer is shown in Fig. 14.
15 The amount of regioirregular linkage in the polvmer
guantitated with “C~NMR of polymer was 31 mol%. A C-NMR
spectrum of the polymer is shown in Fig. 15.
EXAMPLE 31
<Polymerization of propylene using
20  (2-{2-Me-4-Ph-Inden-1'-yl}-4,6-"Bu,~CgHs0) TiCl,>
The polymerization was carried cut in the same manner as
in EXAMPLE 29, and then the post-treatment was carried out also
in the same manner as in EXAMPLE 29, to obtain polypropylene,

gxcept that 0.2 mL of a tolusne solution (5 mmol/L} of



A 1H-NMR spectrum of the polymer is shown in Fig. 18. The amount of regioirregular linkage in the
polymer 5 quantitated with "3C-NMR of polymer was 43 mol%. A 13C-NMR spectrum of the polymer
is shown in Fig. 19. EXAMPLE 33 <Polymerization of butene using
2-{Inden-2'-yl}-4,6-tBu2-06H40)TiC12> 10 To a glass reactor having an internal volume of 500 mL
thoroughly purged with nitrogen, 250 mL of a tolu hd solution was charged, and a liquid phase and a
gas phase were saturated with 1-butene gas (= 90 liter/hr) of normal pressure at 25 C. Thereatfter,

0.05 mmol obtrijsobutylalupin 1.0.2_mkL of Stetalue utiQn.(5 mm f l
(2-{Inden-Z'?yI}-{Af,6-tBu2'-C%PI{—|4%%P%SQynt§eEs}iz§ﬂ |é;1 S%ﬁhgg? 4%(3%%% gg \%ﬁ#e%g&ez(igand

subsequent]y, gpmg@ggb%g%mﬁ@kgs(gggtajlgg&qphenyl)borate was added in an amount of 1.2

equivalent to Ti, to initiate 20 polymerization. After carrying out the reaction under 1-butene gas (= 90

erh) aumospheresafnorgial presguie {94 gaules, P Cu sl amountof sofanol was added
ro

to stop the polymerization. After completion of the polymerization, the reaction ct was extracted

with hexane;yuashed with dilyted 17s; Bydrochloric acid,concenirated and.drigd under reduced

pressure at 80 0 for 10 hours, to obtain polybutene.

5 at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted
internal olefin at 5.4 to 5.2 ppm and a signal (D) derived from
tri-substituted internal olefin at 5.2 to 5.0 ppm.

A ‘H-NMR spectrum oI the polymer is shown in Fig. 16,
The amount of regloirregular linkage in the polymer
10 quantitated with C-NMR of polymer was 36 mol%. & “PC-NMR
spectrum of the polymer is shown in Fig. 17.
EXAMPLE 32
<Polymerization of Propylens using
(2-{2-1Pr-4-({9-Phenanthryl) -5, 6~Benzoinden-1'-yl}~4, 6~ Bu,-
15 CeHiO)TiCl,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 29 to obtain polypropylene,
except that 0.25 mmol of triiscbutylaluminum and 1.0 ml of a
toluene solution (5 mmol/L) of
20 (Z-{2-iPr-4-(9-Phenanthryl)-5, 6-Benzoinden-1'-yl}-4, 6-"Bu,-
CgHs0) TiCl; synthesized in Synthetic Example 7 were used.
As a result of ‘H~NMR (ODCB-d,) measurement of the polymer,
there is observed a signal (B) derived from terminal vinylidene

at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted



EXAMPLE 34 <Polymerization of butene using 5 (2-{2-Me-4-Ph-Inden-I'-yl}-4,6-tBu2-C6H40)TiC12>
The polymerization and the post-treatment were carried out in the same manner as in EXAMPLE 33
to obtain polybutene, except that 0.2 mL of a toluene solution (5 mmol/L) of
(2-{2-Me-4-Ph-Inden-I'-yl}-4,6-tBu2-C6H40)TiC12 synthesized 10 in Synthetic Example 5 was used
instead of the toluene solution (5 mmol/L) of (2-{I}1Szén-2'-yl}-4,6-tBu2-C6H4O)TiC12. As a result of
13C-NMR measurement of the polymer, NMR chart showing a same signal pattern as the

regioirtegular palybutene disglosed sin Polymer, 1992(33) 650 was pbtaineds and thus-copfirmed that

15 it has a remarkable regioirregular structure. Further, there is 6bserved a terminal group signal

derived from a:headtehead: bonding.at 16.2 ppox and 17.8 ppm, and .aosg%'.derived from an
internal olefin 122 to 142 ppm. 13C-NMR spectrums of the polymer are shown in Figs. 20 and 21. 20

EXAMPLE 35 <Polymefizatign ij;-Cdﬁeic&ged{si%AZT;@-M@{-&EPang%%-%yliﬁ,@«{?Qz-@H4O)TiC1Z>

To a glass reactor having an internal volume of 1000 mL thoroughly purged with ni rogen,°500 mL of

dried 1-decene wastl/6 ghargrd, stiredinder floyafnitragen,and maintained at p0. € for 30
minutes. Thereafter, 0.125 mmol of

-

5 quantitated with “C~NMR of polymer was 43 mol%. 4 >C-NMR
spectrum of the peclymer is shown in Fig. 19.
EXAMPLE 33
<Pclymerization of butene using
2-{Inden-2"-yl}-4, 6=-"Bus~CeHs0) TiCl,>
10 To a glass reactor having an internal volume of 500 mL
thoroughly purged with nitrogen, 250 mL of a toluene solution
was charged, and a liquid phase and a gas phase were saturated
with l-butene gas {= 90 liter/hr) of normal pressure at 25 °C.
Thereafter, 0.05 mmol of triiscobutylaluminum and 0.2 mL of a
15 toluene solution (5 mmol/L) of
(2-{Inden-2'"-yli-4, 6-"Bu;~CeHs0) TiCl, synthesized in Synthetic
Example 3 were added, and subsequently,
“triphenylcarbeniumtetrakis (pentaflucropnenyl)borate was
added in an amount of 1.2 equivalent to Ti, to initiate
20 polymerization. After carryingout the reaction under l-butene
gas (= 90 liter/hr} atmosphere of normal pressure for 10 minutes
at 25 °C, small amount of isobutanol was added to stop the
polymerization. After completicn of the polymerization, the

reaction product was extracted with hexane, washed with diluted



triisobutylaluminum and 0.5 mL of a toluene solution (5 mmol/L) of
(2-(2-Me-4-Ph-Inden-I'-yi}-4,6-"Bu2-C6H40)TiCI2 5 synthesized in Synthetic Example 5 were added,
and subsequently, triphenylcarbeniumtetrakis(pentafluorophenyl)borate was added in an amount of
1.2 equivalent to Ti, to initiate polymerization. After being stirred under flow of nitrogen and being left
for the reaction for 30 minutes at 50 C, small amounrt10 of isobutanol was added to stop the
polymerization. After completion of the polymerization, the post-treatment was carried out in the
same man S IPLE 12, and the resultant was dried under reduced pressure at 80 C for 10
hours, to ogt?éfiﬁké%ggeéelnce.al%lgé acr%%ﬁﬁ%?fﬁ%ﬁﬁl@%éé%ﬁg) RASarehTeht Bt the polymer,
there is ob ignal (B)-derived from terminal vinylidene, at 4.7 t0.4.6 ppm, a signal (C) derived
from disubi%g?ee%%ir%tgr% Sicfin &t 5 to .2%%‘?%%ﬁdé°sié’ DY RIVER Hofh Gri-substituted
internal olefin at 5.2§2}§4@£§n§.4@0 A 1H-NMR spectrum of the polymer is shown in Fig. 22.
EXAMPLE 36 <Polymerization of butene using (2-(Inden-I'-y1}-4,6-'Bu2-C6H40)TiC12> To an

autoclave having arkiggeé{;rﬁgg;g ei81;12%q__0 g}lll_tg? thoroughly purged with nitrogen, 250 mL of a

toluene solution and 25C 1-decene were chzgllreg:}ea%‘ﬁ1 then heated to 70 C

5 (2-{2~Me-4-Ph~Inden-1'-yl}-4, 6-"Buy—CeH 0) TiCl,>
The polymerization and the post-treatment were carriad
out in the same manner as in EXAMPLE 33 to obtain polybutene,
except that 0.2 mlL of & toluene solution (5 mmol/L) of
(2-{2-Me-4-Ph~Inden-1"=-yl}-4, 6~ "Bu,~CeHs0)TiCl, synthesized
10 in Synthetic Example 5 was used instead of the “oluene solution
{5 mmol/L} of (2-{Inden-2'-yl}-4,6~"Bu,~C¢Hs0)TiCl,. As a
result of “C-NMR measurement of the polymer, NMR chart showing
asamesignalpatternastheregioirxegularpolybutenedisclosed
in Polymer, 1992 (33), 650 was obtained, and thus confirmed that
15 it has a remarkable regicirregular structure. Further, thers
is observed a terminal group signal derived from a head to head
bonding at 16.2 ppm and 17.8 ppm, and a signal derived from an
internal olefin 122 to 142 ppm. “C-NMR spectrums of the polymer
are shown in Figs. 20 and 21.
20 EXAMPLE 35
<Polymerization of l-decene using
(2-{2-Me~4~Ph-Inden-1"-yl}~4, 6-"Bu,~CeHs0) TiCl,>
To a glass reactor having an internal volume of 1000 mL

thoroughly purged with nitrogen, 500 mL of dried l-decene was



with stirring. Thereafter, 0.2mmolof triisobutylaluminum and 1.0 mL of a toluene solution (2 mmol/L) of
5 (2-{Inden-1'-yl -4,6-tBu2-C6H40)Ti012 synthesized in Synthetic Example 1 were added, and
subsequently, triphenylcarbeniumtetraxis(pentafluorophenyl)borate was added in an amount of 4
equivalent to Ti, to initiate polymerization. After carrying out the reaction for 180 minutes 10 at 70 C,
small amount of isobutanol was added to stop the polymerization. After completion of the
polymerization, the reaction product was extracted with hexane, washed with diluted hydrochloric

acid, concegirateskand dried under,reduced fprespure at.8Q G for 10:hgurs, fa ohtain polyputene. 15

As a result of 'H-NMR (ODCB-d4) measurement of the polymer, there is observed a signal (B) derived

from terminalvinylidenie at 4,74 10:4.6 ppm, .sigaal (C) derived from disubstituted internal olefin at 5.4
to 5.2 ppm and a signal (D) derived from tri-substituted internal olefin at 5.2 to 5.0 ppm. 20 A 'H-NMR

spectrum 03@9%?3%%@%%@1%@9}@%-._ EXAMRLE 3/ 1sRelymerization of k-decene ysing
(2-(2-Me-4-Ph-Inden-I'-yl)-4,6-tBu2-C6H40)TiOI2> The polymerization and the post-treatment were

carried 1780ut in the spmeymanner ag i EXAMPLE 36 toxobtainpelybutene, exceptthat 1 mL of a
toluene solution (2 mmol/L) of

6 synthesized in Synthetic Example 5were added, and subseguently,
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amount of 1.2 equivalent to Ti, to initiate
polymerization. After beingstirred under flow of nitrogen and
being left for the reaction for 30 minutes at 50 °C, small amount

10 of isobutanol was added to stop the polymerization. After
completion of the polymerization, the post-treatment was
carriedout in the same manner as in EXAMPLE 12, and the resultant
was dried under reduced pressure at 80 °C for 10 hours, to obtain
polydecene.

15 Ls a result of *H-NMR (ODCB-da4) measurement of the polymer,
there is observed a signal (B) derived from terminal vinylidene
at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted
internal olefin at 5.4 to 5.2 ppm and a signal (D) derived from
tri-substituted internal élefin at 5.2 to 5.0 ppm.

20 A *H-NMR spectrum of the polymer is shown in Fig. 22.

EXAMPLE 36
<Polymerization of butene using
(2={Inden-1'-yli-4,6-"Bu,~CeHsO) TiCl>

To an autoclave having an internal volume of 2000 mi



(2-(2-Me-4-Ph-Inden-I'-yl}-4,6-tBu2-C6H40) TiCI2 synthesized in Synthetic Example 5 was used
instead of 1 mL of the toluene 5 solution (2 mmol/L) of (2-{Inden-I'-y1}-4,6-tBu2-C6H40)TiCl2. As a
result of 1H-NMR (ODCB-d4) measurement of the polymer, there is observed a signal (B) derived
from terminal vinylidene at 4.7 to 4.6 ppm, a signal ([C) derived from disubstituted internal olefin at 5.4
to 5.2 ppm and a signal (D) derived from 10 tri-satistituted internal olefin at 5.2 to 5.0 ppm. A 1H-NMR
spectrum of the polymer is shown in Fig. 24. EXAMPLE 38 <Polymerization of 1,3-butadiene using

2-{Inden-2'-%;5&%&&?3;%%%49033@%?%}1%&% ? é(%%;t% £% p%alg%-pre§ggre catal t'&: r;caaction

apparatus (Trade Name: eavor) manufactu rgonadit, -c%a“nnelll%%?al el rgaétgPsystem',

having an iteinalaolyme, of 154n lyarquohly puiged with tiogen. toluene and . 2ol of

triisobutylaluminum were charged, and a liquid phasean gas phase were saturated Wwith

1,3-butadiepe-gas 1:kg/cm2G at.,30,C. Thereafter -mLof a.toluene solution (8 mmol/L) of
(2-{.nden-2'-y|}-4,6-tlBu27C H40)TI i‘Ol%SymE.ﬁesiig m%yﬁt gtTclJEsxcgbrﬁlglgéavi\/ggga%%&%%d

subsequently, @ tpluene solution, (0.4 179 JIE%WL)( of Mgf%lgzagbgniumtetrakis(pent
afluorophenyi)borate was B B

Fod

5 (2-{Inden-1"-yl}-4,6-"Buy~CeH40)}TiCl, synthesized in Synthetic
Example 1 were added, and subseguently,
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
added in an amount of 4 eguivalent to Ti, to initiate
polymerization. Aftercarryingoutthe reaction for 180 minutes

10 at 70 °C, small amount of isobutancl was added to stop the
polymerization. After completion of the polymerization, the
reaction product was extracted with hexane, washed with diluted
hydrochloric acid, concentrated and dried under reducsed
pressure at 80 °C for 10 hours, to obtain polybutene.

15 Asairesultole~NMR(ODCBmd@ measurement of the pelymer,
there is observed a signal (B) derived from terminal vinylidene
at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted
internal olefin at 5.4 to 5.2 ppm and a signal (D) derived from
tri-substituted internal clefin at 5.2 £o 5.0 pPpm.

20 B 'H-NMR spectrum of the polymer is shown in Fig. 23.

EXAMPLE 37
<Polymerization of l~decene using
(2-{2-Me-4~Ph-Inden-1"-yl}-4, 6="Bus—CeH,0) TiCl.>

The polymerization and the post-treatment were carried



added in an amount of 1.0 equivalent to Ti, to initiate Polymerization. The toluene was fed to give a
final volume of 55 mL in total. 1,3 .._butadiene gas was continuously fed to maintain a pressure of 1
KG. After carrying out the reaction at 30 'C for 30 minutes, small amount of methanol was added to
stop the polymerization. After completion of the polymerization, the post-treatment was carried out in
the same 10 manner as in EXAMPLE 1, and the reSfiltant was dried under reduced pressure at 80 C
for 10 hours to obtain 1,3-buradiene copolymer. 13 C-NMR (TCE-dz) of the polymer was measured

and the costituent unt wasexarmined- and as aseenlty, 1. 4Hans/LA:ds/1 253 §5(2449 was obtained.
15 EXAMPLE 39 <Polymerization of 1,3-butadiene using

(2-{2-Me-4 Bilogen i 4.6 1BW2,CBHO)TICI22 The polymierizatinn aog;he ppst treatment were

carried out in the same manner as in =AMPLE 38 to obtain polybutadiene, LO except that a liquid

phase and 3 gas:phase yuare-saluraled wilh: } 3ibwiadiene gas 8.8 kalem2 6,34 300 %Qg thereafter,
0.25 mL of atoluene solution (8mmol/L) o (2-{2-f\/|e-4-Ph-Inden-l‘-yl}-4,6- Buz-CEH50)TiCl2

synthesized in Synthetic Example > was addedand ;1 st cag of 1 mL of the toluene
5 solution (2 mmol/L) of (2~{Inden-1'-yl}=-4, 6=~ Buy-CeHs0)TiCls.
As a result of ‘H-NMR (ODCB-d,) measurement of the polymer,
there is observed a signal (B) derived from terminal vinylidene
at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted
internal clefin at 5.4 tc 5.2 ppm and & signal (D) derived from
10 tri-substituted internal olefin at 5.2 to 5.0 ppm.
A *H-NMR spectrum of the polymer is shown in Fig. 24.
EXAMPLE 382
<Polymerization of 1,3-butadiene using
(2~{Inden-2'-yli~4,6~"Buy—C¢H,0) TiCl,>
15 To a reactor [a parallel-pressure catalytic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut,
8~channel parallel reactor system] having an internal volume
of 15 mL thoroughly purged with nitrogen, toluene and 0.2 mmol
of triisobutylaluminum were charged, and a liguid phase and a
20 gas phase were saturated with 1,3-butadiene gas 1 kg/cm* G at
30 °C.
Thereafter, 0.25 mL of a toluene sclution (8 mmol/L) of
(2-{Inden-2"-yl}-¢, 6-"Bu,~CeH40)TiCl, synthesized in Synthetic

-

Example 3 was added, and subsequently, a toluene sclution (0.4



subsequently, a toluene solution (0.4 mmol/L) of 179a
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was added in an amount of 1.2 equivalent to Ti
instead that a liquid phase and a gas phase were saturated with 1,3-butadiene gas 1.0 kg/cm2'G at
30C and thereafter, 0.25 mL of the toluene solution 5 (8mmol/L) of
(2-{Inden-2"-yl}-4,6-"Bu,-C6H20)TiCI2 synthesized in §L thetic Example 3 was added, and
subsequently, a toluene solution (0.4 mmol/L) of triphénylcarbeniumtetrakis(pentafluorophenyl)borate
was added in an amount of 1.0 equivalent to Ti. 10 "C-NMR (TCE-d2) of the polymer was measured
and the constitéfit-unitwag examined, and as a result, 180 1,4-trans/1,4-cis/1,2- = 30/47/23 was
obtained. EXAMPLE 40 <Polymerization of 1,3-butadiene using .
(2-{2-Me-4-Ph-|ﬁé@@ﬁ%@k&@&@a@ﬁﬂé@iﬁgﬁ% oko.a gaﬁ%%rr@pq@gggli%zgggg re catalytic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut, equipped wit g<chanhef parallel
reactor system]#@vig am internaloottme of 15 @nb&qgg@@l@%gurﬁg}edﬂi’th @étr%%er%,igqtltéene was
placed, and then 3.00 mmol of dry MAO was added. 10 A liquid phase and a gas phase were
saturated with 153bmadienet (@28 KG)et 30Cuene was fed to g

ive a final volume of

5 5 ml in total y Tadi
) ~ O Total. 1,3-butadiene gas was continuously fed to

maintain a pressu £ £ ;
a pressure of 1 KG. Lfter carrying out the reaction

at 30 °C for i
for 30 minutes, small amount of methanol was added to

stop t rizatj £
Op the polymerization. After completion of the

olymerizati ] St—t & '
Polymerization, the pecst-treatment was carried out in the same

10 manner in® I r
ras E PLE T € iri
in EXAMPLE 1, and the resultant was dried unde:

H
H
©
Q.
jan)
0
o
o

REOLS [ POT —
C-BMR (TCE-ds) of the pelymer was measured and the

n '_‘_‘ L . V
constituent unit was examined, and as a resul®
re t,
4t ‘ 3
1.4 trans/1,4~cis/1,2~ = ©7/24/9 was obtained.
15 EXAMPLE 39

ol irati 1 ;
<Polymerization of 1, 3-butadiene using

(2-{2-Me-4-Ph-TInden-1" “yli-4, 6-"Bu,~CH,0) TiC]

The polymeriza+ti nd

out in th in E I
in the same manner as in EXZAMPLE 38 to obtain polvybutadiene
k - L — S

except that a liquid phase and a gas phase were saturated with

1, 3-butadiene gas 0.8 kg/ecm® G at 30°C and thereafter, 0.25 mL of

a toluene s 1oz ¥ ; i
olution (8mmol/L) of (2~{2—Me~é—?nm1nden—i’—yl}—4,6—

Bu,-C¢H,0) TiCl, synthesized in Synthetic Example 5 was added and
I Ty

subseguently, a toluene solution (0.4 mmol/L) of



Thereafter, 0.25 mL of a toluene solution (1.2 mmol/L) of
(2-{2-Me-4-Ph-Inden-I'-yl}-4,6-tBu2-C6H40)TiCi nthesized in Synthetic Example 5 was added to
initiate 15 polymerization. The toluene was fed to give a final volume of 5 mL in total. After carrying
out the reaction at 30 C for 60 minutes, small amount of methanol was added to stop the
polymerizationhAftet corbpletiantefitheipclymerization; thehpast-treatment was earret out in the same
manner as in EXAMPLE 20 1, and the resultant was dried under reduced pressure at 80 C for 10
hours to obtafi'salybutadiene. EXANPLER 41:2P8lyrhdHzatch Bistyrenclggihg rhase
(2-{2-Me-4-Ph-Inden-1'-yl}-4,6-tBu2-C6H40)TiCl2> 181 To a reactor [a parallel-pressure catalytic
reaction appArdE e RER Rk Efdcaver) Harufdttared By Widoratt EyulpPed with 8-channel
parallel reactor system', hayving an _internal volume qf 15 mL thoroughly purged with pitrogen, 5
toluene wiS piced, 3.0 %%Cm %f HRPRIAO Wag added, Shdmaintai ggu P%O%?}&tiﬁx?ninutes.
Thereatfter, of a tolue oluti n_é, .2_ mmol{L) of . . .
(2-{2?’:%-4(-88?1%-%%%-i'c-)?)i}-h?a-{jg%‘%&a& ])JTZIC ’Zn%zylﬁ%ﬁe(s:i‘gz}{eég inSyhthttc Exampie 5'was added,
and then 2 yak of styrene.was. 10 added.fgdnitiate palymerization: Jhe tolyene yas fed to give a final
volume of 5 mL in total. After carrying out the reaction

sclution (0.4 mmol/L) of

triphenylcarkeniumtetrakis (pentafluorophenyl)borate was added in
an amount of 1.0 equivalent to Ti.

10 PC-NMR (TCE-d,) of the polymer was measured and the

constituent unit was examined, and as a result,



at 70 C for 60 minutes, small amount of methanol was added to stop the polymerization. After
completion of the polymerization, the post-treatment was carried out in the same 15 manner as in.
EXAMPLE I, and the resultant was dried under reduced pressure at 80 C for 10 hours to obtain
polystyrene. The Tm of the obtained product was 261 C. [Comparative Example 1] <Polymerization
of ethylene using 20 (2-{|nden-l‘-yI}C6H4O)TiC112§OThe polymerization and the post-treatment were
carried out in the same manner as in EXAMPLE 1 to obtain polyethylene, except that

(2-Inden-1yICQHIQITICI? syiuhesized in Sypiheric £xample, g wagaised instead of 162
2-{Inden-I'-y1}-4,6-tBu2-C6H40)TiC12, and the reaction time was changed to 30 minutes.

[Comparative Example 2»1L <Rolymerization of ethylene using 5 (2-{Inden-1"-yl}C6H40)TiC12> The
polymerization and the post-treatment were carried out in the same manner as in EXAMPLE | to

obtain polyethylene sxceqt that (2-{Wlepd-Y|GEHAOITIC12 synthesized in Synthetic Example 6 was
used instead of 10 2-{Inden-1'-yl}-4,6-tBu2-C6H40)TiC12, and the reaction
(2-{2-Me-4-Ph-Inden-1'-yl}-4, 6-"Bu,~CeH,0} TiClo>
5 To 2 reactor [a parallel-pressure catalytic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut,
eguipped with 8-channel parallel reactor system] having an
internal wvolume of 15 ml thoroughly purged with nitrogen,
toluene was placed, and then 3.00 mmel of dry MAO was added.
10 A liguidphase and a gas phase were saturatedwith 1, 3-butadiene
(0;8 KG) at 30 °C.

Thereafter, 0.25 mlL of a toluene solution (1.2 mmol/L}
of (2-{2-Me-4-Ph~Inden-1'-yl}-4, 6~"Bu,~CeH0)TiCl,
synthesized in Synthetic Example 5 was added to initiate

15 polymerization. The toluene was fed to give & final volume of
5 mL in total. After carrying out the reaction at 30 °C for
60 minutes, small amount of methanol was added to stop the
polymerization. After completion of the polymerization, the
post-treatment was carried cut in the same manner as in EXAMPLE

20 1, and the resultant was dried under reduced pressure at 80 °C
for 10 hours to obtain polybutadiene.

EXAMPLE 41

<Polymerization of styrene using

(2-{2-Me-4-Ph-Inden-1"~yl}~4, 6~"Bus~CeH,C) TiCl,>



temperature and the reaction time were changed to 80 C and 30 minutes, respectively. [Comparative
Example 3; <Polymerization of ethylene using 15 (2-{Inden-1'-y1}-4,6-' Bu2-C6H40)Ti(NMe2)2> The
polymerization and the post-treatment were carried out in the same manner as in EXAMPLE 1 to
obtain polyethylene, except that (2-{Inden-l‘-yl}-ﬂ,6-tBu2-C6HAO)Ti(NMe2)2 obtained in accordance
with a process disclosed in Organometallics., 20*?0104(23), 1576 was used instead of
2-{Inden-1'-yl1-4,6-tBU2-C6h40)TiC12, and the reaction time was changed to 30 minutes.

[Comparaive Examele 4] sbolyerizalion, ofEthylen yusing Gp211cI2> 153, The palymerization and
i inEX to

Tl
the post-treatment were carried out in the same mannher as in obtain pocfyethylene,

except thatcpzhielgavasised inelaa of 2a0aden-2 Ykt G- BUAEEEUOITIGNR, J:g mol of dry

MAO was 5 used instead of triisobutylaluminum an

uiphenylcagplumieirakis(pentaliuaraphenybarate, andilie. eaction femperatyts, gnd she reaction
time were changed to 75 C and 5 minutes, respectively. FComparatl e Example 55] 10 <Polymerization
of EthylenefRropylene using e of 15 mL theroughly purged with nitrogen,

6 toluenewasplaced, 3.00mmol of dryMAC was added, andmaintained
at 70 °C for 10 minutes. Thereafter, 0.25 mlL of a tocluene
solution (1.2 mmol/L) of
(2~{2-Me~-4~-Ph~Inden~1'~yl}-4, 6~ Bup,~CsH,0) TiCl, synthesized
in Synthetic Example 5 was added, and then 2 mlL of styrene was

10 added, to initiate polymerization. The toluene was fed to give
a final volume of 5mL in total. After carrying out the reaction
ét 70 °C for 60 minutes, small amount of methanol was added to
stop the polymerization. After completion of the
polymerization, the postutreatment was carried out in the same

15 manner as in EXAMPLE 1, and the resultant was dried under reduced
pressure at 80 °C for 10 hours to cbtain polystyrene. The Tm
of the cbtained product was 261 °C.

[Comparative Example 1]
<Polymerization of ethylene using
20 (Z-{Inden-1"=-yl}CsH,C) TiCls>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to obtain polyethylene,
except that (Z2-{Inden-1'-yl}Ce¢H,0)TiCl, synthesized in

Synthetic Example € was used instead of



(2-{Inden-1'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2> The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 12 to obtain ethylene/propylene copolymer, except that' .0
mL of a toluene 15 solution (5 mmol/L) of (2-{Inden-I'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2 obtained in
accordance wit a process disclosed in Organometallics., 2004(23), 1576 was used instead of
(2-{Inden-1'"-yl}-4,6-tBu2-C6H40)TiCI2, 0.25 mmcHdt20 triisobutylaluminum and
triphenylcarbeniumtetrakis(pentafluorophenyl)borate in an amount of 1.2 equivalent to Ti were used,

and the reasti was ged to 0 minute paratl ample 6 184 <Polymerization of
Ethylene/Propcilrlie%%]%%lng Cgiﬁc 3‘>€E The E?;Irgnér Zénal? Eph ySt-treat &ﬂ%é??c‘é?ﬁed out in

the same manne gﬁlnclé)(é Ij(lg1 % to obtaln ethylene/propylene copolymer, except that
Cp*TiCl3was used 5 instea ?\ﬁe Inden I'-yl}-4,6-tBu2-C6H40)TiCl2, ethylene/propylene mixed

gas (= 60/40 liter/hr) EER%@}% -RIESSHIE W, nged to ethylene /propylene mixed gas (= 100/100
liter/hr), and the reaction time was changea to 3 ‘minutes. [Comparative Example 7] 10

<deWEﬂZa“0n0f§§3%¥ﬁ%£?@%@fn§USEKECHZIé%%>u51ng

(2~{Inden-1'-y1}CeHs0) TiCl,>

[y

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to obtain pcolyethylene,
except that (Z2-{Inden-1'-yl}CeHaO)TiCl, synthesized in
Synthetic Example 6 was used instead of

10 2-{Inden-1'-yl}-4,6-"Bus~CeH:0)TiCl,, and the reaction
temperature and the reaction time were changed to 80 °C and 30
minutes, respectively.

[Comparative Example 3]

<Polymerization of ethylene using

15 (2~{Inden~1'-yl}-4, 6-"Bu,~CesHs0)Ti (NMe,) o>

The polymerization and the post-treatment were carried
cut in the same manner as in EXAMPLE 1 to obtain polyethylene,
except that (Z-{Inden-1'-yl}=-4, 6-"Bu,-CeH,O)Ti (NMes) . obtained
in accordance with a process discleosed in Organometallics.,

20 2004(23), 1576 was used instead of
2-{Inden-1'-yli-4,6-"Bu,~CeHs0)TiCl,, and the reaction fime was
changed to 30 minutes.

[Comparative Example 4]

<Polymerization of Ethylene using Cp,TiCl,>



The polymerization and the post-treatment were carried out in the same manner as in EXAMPLE 15
to obtain ethylene/propylene copolymer, except that Cp2TiCI2 was used instead of
(2-{2-Me-4-Ph-Inden-I'-yi}-4,6-tBu2-C6H40)TiCl2, 15 1.25 mmol of dry MAO was used instead of
triisobutylaluminum and triphenylcarbeniumtetrakis(pentafluorophenyl)borate, ethylene/propylene
mixed gas (= 50/150 liter/hr) was used instead oft ﬁylene/propylene mixed gas (= 60/40 liter/hr) of
normal pressure, and the reaction time was changed to 30 minutes. 20 [Comparative Example 8]

<Polymerization of B\ franene L8ind SIS {eficuypaleydencaiinggllcley The
n

polymerization and the post-treatment were carried out e same manner as in EXAMPLE 14 to

obtain 185 &QV'?Heéﬁ{ngcLﬁH@ ﬁ%%@%%ﬁ%k%@%m 4 to obtain polyethylene,

bis[N-(3-tert-butylsalicylidene)anilinato] TiC12was used instead of

(2-{2-Me-|ng%g,s¥l}-€h0-4;8%-2%@&9)&%1% J=25 :mmol ofdry:MAO was used instead of

triisobutylaluminum and 5 triphenylcarbeniumtetrakis(pentatluorophenyl)borate, ethylene/propylene

mixed gas (f_gog;gggt_eg/h_@viv?s ysggt@@tgéggé@tpygpq/pEq@yée%giixgg Qﬁsy(ﬁggﬂkpaléter/hr) of
normal pressure, and the reaction fime was changed to 30" minutes. [Comparative Example 9] 10
<Copolymerization: of Ethylenedsobytengysing - 31 uminum and
triphenylcarbeniumtetrakis (pentafluorophenyl)borate, and the
reaction temperature and the reaction time were changed to 75
°C and 5 minutes, respectively.
[Comparative Example 5]
10 <Pclymerization of Ethylene/Propylene using
(2-{Inden-1'-yl}-4,6~"Bus~CeH0O) Ti (NMe,) >
The polymerization and the post~treatment were carried
out in the same manner as in EXAMPLE 12 to obtain
ethylene/propylene copolymer, except that 1.0 mL of a toluene
15 solution (5 mmol/L) of
(2-{Inden-1'-yl}-4, 6-"Bu,-CeHsO)Ti (NMes), obtained in
accordance wit a process discleosed in Organometallics.,
2004(23), 1576 was used instead of
(Z2-{Inden-1'=-yl}-4,6-"Bu,—CeH0)TiCl,, 0.25 mmol of
20 triisobutylaluminum and
triphenylcarbeniumtetrakis (pentafluorophenyl)borate in an
amount of 1.2 equivalent to Tl were used, and the reaction time

wag changed to 30 minutes.

[(Comparative Example 6]



[Me2Si(Me4Cp)(NtBu)]TiC12> The polymerization and the post-treatment were carried out in the
same manner as in EXAMPLE 20 to obtain ethylene/isobutene copolymer, except that 15
[Me2Si(Me4Cp)(N Bu)]TiC12was used instead of (2-{Inden-2'-y1}-4,6-tBu2-C6H40)TiCl2,
[Comparative Example 10] <Copolymerization of Etkrl%/lenellsobutene using [Me2Si (Me4Cp) (NtBu)
]TiCI2> 20 The polymerization and the post-treatnlié were carried out in the same manner as in
EXAMPLE 22 to obtain ethylene/isobutene copolymer, except that [Me2Si(Me4Cp)(NtBu)]TiC12 was
used instead of (2-@%2;@@(@-4 61 u2-Cii63I1I,ALO TiCI2, and the polymerization 186_temperature was
changed to 60 C. [Comp rative f xa]ﬁ%}e% 1< %ijh%r\éz?a‘tigﬁpo\f%ﬁﬁeHSfr&%Lﬁgng i Cp*TiCI3>
The polymerization and the Ljreatment were.ca ried_5_out in the same manner as in EXAMPLE 20
to obtain ethylene/isobuttgnep)gﬁpolymer, except tha (e,pg'ﬂ&qh Was Useg" indtEAF of e T T +ed

(2-linden-2 (-4 £tz COLYONT 7. [Campr(atuesFxample, 12] SRolmerization of

Ethylene/lsobutene using Cp2TiCl2> 10 The polymerization and the pos Srefatment were carried

ethylene/propylene copclymer, except that Cp*TiCls; was used

[o1}

instead of (2-{2-Me-Inden-1'-yl}-4, 6~ Buy~CeH,0)TiCl,,
ethylene/propylene mixed gas (= 60/40 liter/hr) of normal
pressure was changed to ethylene/propylene mixed gas (= 100/100
liter/hr), and the reaction time was changed {¢ 30 minutes.
[Comparative Example 7]
10 <Polymerization of Ethylene/Propylene using Cp,TiCl,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 15 to obtain
ethylene/propylene copolymer, except that Cp;TiCl, was used
instead of (2-{2-Me~4-Ph-Inden-1'-yl}-4,6~"Buy-CeHsO) TiCl,,
15 1.25 mmel of dry MAO was used instead of triisobutylaluminum
and triphenylcarbeniumtetrakis(pentafluorophenyl)borate,
ethyliene/propylene mixed gas (= 50/150 liter/hr) was used
instead of ethylene/propylene mixed gas (= 60/40 liter/hr) of
normal pressure, and the reaction time was changed to 30 minutes.
20 [Comparative Example 8}
<Polymerization of Ethylene/Propylene using
bis{N-(3—tert-butylsalicylidene)anilinato}TiCi2>
The polymerization and the pest-treatment were carried

out in the same manner as in EXAMPLE 14 to obtain



out in the same manner as in EXAMPLE 20 to obtain ethylene/isobutene copolymer, except that
Cp2TiCI2 was used instead of (2-{Inden-2'-yl}-4,6-tBu2-C6H,O)TiCl2. [Comparative Example 13] 15
<Copolymerization of Ethylene/1,3-butadiene using Cp*TiC13> The polymerization and the
post-treatment were carried out in the same manner as in EXAMPLE 26 to obtain ethylene/butadiene
copolymer, except that 20 [Me28i(Me4Cp)(NtBu)]J‘[%ié12 was used instead of
(2-{inden-2'-yl}-4,6-tBu2-C6H40)TiCI2. [Comparative Example 14] <Polymerization of Propylene

using (2-{Ingggijiigll}i-él/%—£g%,%4@%yo( £2)2>.18, Jhe_palymerization and the post-treatment

were carried otit in the same manner as in EXAMPLE 29 to obtain polypropylene, except that 1.0 mL

of a tolueng, salyon 3 yumolll,).Qf, 2Inden;t-yh=4,6-1BL2-CRHAQ) HNMe2)2obtaingd in accordance

5 with a process disclosed in Organometallics., 2004(23), 1576 was used instead of

2-{inden-2"-ylt-4,64Bu2:C6H4Q)Ti612,/0, 23, mymal of frisopubdalurginimands,, 1 25
triphenylcarbeniumtetrakis(pentafluorophenyl)borate in an amount of 1.2 equwafent to Ti were used,
and the reagtign tigre 40, was 6hanged:t0.30 MIBUIES: of triisobutylaluminum and
5 triphenylcarbeniumtetrakis(pentaflucrophenyl)borate,
ethylene/propylene mixed gas (= 50/150 liter/hr) was used
instead of ethylene/propylene mixed gas (= 60/40 liter/hr) of
normal pressure, and the reaction time was changed to 30minutes.
[Comparative Example 9]
10 <Copolymerization of Ethylene/Iscbutene using
[Me,S1i {MesCp) (N*Bu) JTiCl,>
The polymerization and the pcst-treatment were carried
out in the same manner as in EXAMPLLE 20 to obtain
ethylene/isobutene copolymer, except that
15 [MesSi (Me,Cp) (N'Bu) ]TiCl, was used instead of
(2-{Inden-2"~yl}~4, 6=~"Bu,~CgHsO) TiCl,.
[Comparative Example 10]
<Copolymerization of Ethylene/Iscbutene using
(Me;S1i (MesCp) (N*Bu) JTiCl.>
20 The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 22 to obtain
ethylene/isobutene copolymer, except that
[Me,S1 (Me,Cp) (N"Bu) ]TiCl, was used instead of

(2={Inden-2'~yl}-4, 6-"Buy,-CeH40) TiCl,, and the polymerization



[Comparative Example 15] <Polymerization of Propylene using Ethyliene (Indenyl) 2ZrCI2> The
polymerization and the post-treatment were carried 15 out in the same manner as in EXAMPLE 31 to
obtain polypropylene, except that 4.0 mL of a toluene solution (0.5 mmol/L) of Ethyliene (Indenyl)
27rClI2 was used instead of (2-{2-Me-4-Ph-Inden-4;yl}-4,6-tBu2-C6H40)TiCl2, 1.25 mmol of dry MAO
was used instead of triisobutylaluminum and 20 triphenylcarbeniumtetrakis (pentaf luorophenyl)
borate, and the reaction time was changed to 30 minutes. [Comparative Example 16] <Polymerization
of 1,3-butatemecusing Cp* W3z Taegealymerizaticitand the post-treatment were carried 188 out in
the same manner as in EXAMPLE 38 to obtain 1, 3-butadiene polymer, except that Cp*TiC13 was

used instead of (2-{lhaera2'ai}46-SU2rCHEI4D)TICI2. 13C-NMR (TCE-d2) of the polymer was
measured and the 5 constituent unit was examined, and as a result, 1,4-trans/l,4-cis/1,2- = 11/66/23
was obtained. The abovegmentmnedtoresalts Aré ghews /11 tesfollewinga tables Arto™. fTable 1] la NI O

omrt The polymerization and the post-treatment were carried
5 out in the same manner as in EXAMPLE 20 to obtain
ethylene/isobutene copolymer, except that Cp*TiCl; was used
instead of (2-{Inden-2'-yl}=~4,6~"Bu,-CzH,0)TiCl,.
[Comparative Example 12]
<Polymerization of Ethylene/Iscbutene using Cp,TiCl;>
10 The polymerization and the post-treaiment were carried
ocut in the same manner as in EXAMPLE 20 to obtain
ethylene/isobutene copolymer, except that Cp:TiCl, was used
instead of (2-{Inden-2'=-yl}=4,6~"Bu,-CeH,0)TiCl,.
[Comparative Example 13]
15 <Copolymerization of Ethylene/l,3-butadiene using
Cp*TiCls>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 26 to obtain
ethylene/butadiene copolymer, except that
20  [Me,;S8i (MesCp) (N*Bu)1TiCl, was used instead of
{(2-{Inden-2'-yl}~4, 6~"Bus,~CgH,0) TiCl,.
[Comparative Example 14]
<Polymerization of Propylene using

(2-{Inden-1"-y1l}-4, 6-"Bu,~CeHsO) T (NMey) o>
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out in the same manner as in EXAMPLE 29 to obtain polypropylene,
except that 1.0 mL of a toluene sclution (5 mmol/L) of
2={Inden-1"-yl}-4, 6="Bu,~Ce¢H.0) Ti (NMe,),obtained in accordance
5 with a process disclosed in Organometallics., 2004(23), 1576
was used instead of 2-{Inden-2'~yl}=4,6-"Bu,~Ce¢Hs0)TiCl,s, 0.25
mmol of triiscbutylaluminum and
triphenylcarbeniumtetrakis(pentafluorophenyl)borate.in an
amount of 1.2 equivalent to Ti were used, and the reaction time
10 was changed to 30 minutes.
[Comparative Example 15]
<Polymerization of Propylene using
Bthyliene (Indenyl),ZrCl.>
The polymerization and the post-treatment were carried
15 out in the same manner as in EXAMPLE 31 to obtain polyproepylene,
except that 4.0 mlL of & toluene solution (0.5 mmocl/L) of
Ethyliene (Indenyl),ZrCl, was used instead of
(2-{2-Me~4-Ph~Inden-1'-yl}-4, 6-"Bu,~CeHs0)TiCl,, 1.25 mmol of
dry MAC was used instead of triiscbutylaluminum and
20 triphenylcarbeniumtetrakis (pentafluorophenyl)borate, and the
reaction time was changed to 30 minutes.
[Comparative Example 16]
<Polymerization of 1,3-butadiene using Cp*TiCls>

The polymerization and the post-treatment were carried
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out in the same manner as in EXAMPLE 38 toc cobtain 1, 3-butadiene
polymer, except that Cp*TiCl; was used instesad of
(2-{Inden-2"'-yl}~4, 6-"Buy;-CeH,0) TiC1,.

“*C~NMR (TCE-d,) of the polymer was measured and the

5 constituent unit was examined, and as a result,

1,4~trans/l,d4-cis/1,2~ = 11/66/23 was obtained.

The above-mentioned results are shown in the following
tables 1 toc 4.

[Table 1]
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1. A catalyst for clefin polymerization comprising:
(A}l & transition metal compound represented by the following
general formula (1); and

(Bl at least one compound selected from the group consisting

of
{(B-1) rganometallic compound,
{B-2) organocaluminum oxy compound, and
{B-3; compounds capable of reacting with the

transition metal compound (A) to form an ion palr,

[Chem. 1]

3 2
R\ R
R&{ig?
YN /Xm
- R

e (L)

wherein, M is a transition metal atom selected from Groups 4
to 5 of the periodic table; ¥ represents an atom or a group

selected from a hydrogen atom, a halogen atom, a hydrocarbon
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group, & halogenated hydrocarbon group, and an oxygen-containing
group; ¢ is -0-, =8=, =NR°-, or -PR°- (wherein, R® and RY are
each a hydrogen atom or a hydrocarbon group); ¥ is a neutral
ligand having an electron-donating group; m 1s a number
satisfving the valence of M, and when m is 2 or more, &
plurality of atoms or groups represented by X may be the same
as or different from each other, the plurality of groups
represented by X may be bonded to each other, 1t may form a
coniugated straight-chain diens residue, a conjugated
branched-chain diene residue, & non-conjugated straight-chain
- diene residue or & non-conijugated Dbranched-chain diens
residue, and the plurality of groups represented by X may be
bonded to sach other.to form a2 ring; n is an integer of 0 to
3; two of R' to R' which are adjacent to esach other may be
combined to form an aromatic ring or an aliphatic ring with
the‘carbon atoms to which the two are bonded, and groups of
not formin§ a ring which may be the same as or different from
each other, are each an atom, or a group selected from a
hydrogen atom, a halogen atom, a hydiocarbon group, a
halogenated hydrocarbon group, a silyl group-substituted
hydrocarbon group, a hvdrccarbon group-stubstituted silyl
group, an oxygen-ccontaining group and a nitrogen-containing

group; and R and R’ are each an hydrogen atom
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and R® and R* are each a tert-butyl group, an adamanthyl
group, a trimethylsilvl group, a cumyl group, a phenyl group,

trityl group, or a triphenvisilyvl group,

!_..J
Hh

2. The catalyst for olefin polymerization according to
Claim 1, wherein in the +transiticn metal compound is a

compound rapresented by the following general formula (2}:

[Chem. 4]

3

e (2)

wherein, R® and RY, which may be the same as or different from
gach other, represent =ach an atom or a group selected Trom a
hydrogen atom, & halogen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a silyl group-substituted

hvdrocarbon group, a hydrocarbon group-substituted silyl
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group, an oxygen-containing group and a nitrcgen-containing
group, and the two of R® to RY™, which are adjacent to each
other, may be combined te form an aromatic ring, an aliphatic
ring, or a hetero ring, with the carbon atoms to which the two

are bonded.

3. The catalyest for olefin polymerization according to
Claim 2, wherein the transition metal compound represented by
the gensral formula (Z2), whereln among tThe atoms or groups
represented by R’ to R, at least one of R® and R is a
hydrogen atom, a methyl group, an ethyl group, & n-propvi
group, an i-propyl group, or a pheﬁyl group, and R’ and R' may

be the same as or different from each other.

4. The catalyst for olefin polymerization according to
Claim 2, wherein the transition metal compound represented by
the general formula (Z), wherein among the atoms or groups
represented by R’ and R, R* is a hydrogen atom, a phenyl
group, a napthyl group, a mesityl group, & phenanthryl group

or an anthracenyl group.



mmMmmMenp.)I'iX0-NWE~U 1im194 CLAIMS 1. A catalyst for olefin polymerization
comprising: (A) a transition metal compound represented by the following general formula (1); and (B)
at least one compound selected from the group consisting of (B-I) organometallic compound, (B-2)
organoaluminum oxy.conpednds ane.(B-3) compoungs-capable-of reacting with-the- transition metal
compound (A) to form an ion pair, [Chem. 11 R3 R2 R4-- FR'M Pal FVE3 a wherein, M is a transition
metal atom selegctec:from £arotfpsi 4ntaonk of the«periodic takle; dXGrepresents anatoaneraigroup
selected from a hydrogen atom, a halogen atom, a hydrocarbon 195

formula (2), wherein R™ and Rj combine to form an expanded
arcmatic ring.

6. The catalyst for clefin polymerization according to
Claim 1, wherein the transition metal compound iz a compound

reprasented by the following general formula (3):

e (3)

wherein, R to R*Y, which may be the same as cor different from
each other, represent each an atom or a group selected from a
hydrogen atom, a halogen atom, & hydrocarbon group, &
halogenated hydrocarbon group, a silyl group-substituted

hydrocarbon group, & hydrocarbon group-substituted silyl



group, a halogenated hydrocarbon group, and an oxygen-containing group; Q is -0-, -S-, -NR-, or
-PR"- (wherein, 8 and R" are each a hydrogen atem.or a hydrocarbon group) ; Y is a neutral ligand
having an electron-donating group; m is a number satisfying the valence of M, and when mis 2 or
more, a plurality,of atoms.or. grosins-represepted by X-may-be the same, as,ar.different from each
other, the plurality of groups represented by X may be bonded to each other, it may form a
conjugated straight-chain aiene vesidtie ta cotijugaiednbeanchetkehain-aienesesidue, & r,
non-conjugated straight-chain diene residue or a non-conjugated branched-chain diene residue, and
the plurality B grovpsaepresedtedcbytXmay beabondedo each other toforred ringr Aris an integer of
0to 3;two of R'to R which are adjacent to each other may be combined to form an aromatic ring or
an aliphatic fihg Wit tRétafba atohsto WHick & o dr& bontied " &nd grétfs of hot $6rming a ring
which may be %h(? ame as or different from each other, are each an atom, or a group selected from a
hydrogen atom a halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon group-substituted silyl group, an
oxygen-containing group and a nitrogen-containing group; and R' and R' are each an hydrogen atom
196 and RF7and Riigre each gderthutybgrotip; arvadamanthyl or according to Claim

1, wherein the transition metal compound has a structure

represented by the following general Efcormula {(4):

.o (4)

wherein, R to RB%, which may be the same as or different from
each other, represent each an atom or a group selected from a
hydrogen atom, & halogen atom, a hvdrocarbon group, &

halogenated hvdrocarbon group, & silyl group-substituted



group, a trimethylsilyl group, a cumyl group, a phenyl group, trityl group, or a triphenylsilyl group, 2.
The catalyst for olefin polymerization according te&laim 1, wherein in the transition metal compound
is a compound represented by the following general formula (2): [Chem. 4; X11 R13 =.4urn n FZ6
F11 ... (2) wherein, R" and 0, which may be the same as or different from each other, represent each
an atom or a group selected from a hydrogen atom, a halogen atom, a hydrocarbon group, a

halogenated-hydracarben group, a silyl greup=substitated.hydrecarbon-group, 1a,hydrocarbon
group-substituted silyl 196a group, an oxygen-containing group and a nitrogen-containing group, and
the two of RgodRi4, ewhich are adiacentitoieachy rather amaybe combineddorfoenramaromatic ring, an
aliphatic ring, or a hetero -rring, with the carbon atoms to which the two are bonded. 3. The catalyst
for olefin polyrtatizatior ateording t6” ClainRZ, whbidin thedrasition nieta contpodid teépresented by

may be combined to form an aromatic ring, an aliphatic ring,
or a hetero ring, with the carbon atoms to which ths two are

bonded.

8. A process for producing an clefin polymer, the process
comprising polyvmerizing one or more kinds of olefins in the

presence of the catalyst for cleiin polymerization of any one of

claims 1 to 7.

9. The process for producing an colefin polymer according to Claim
8, comprising copolymerizing two or more kinds of

olefins.

10. The process for producing an olefin polvmer according to
Claim 9, whersin the two or more kinds of olefins are olefins
gselected from oa~olefins having 2 to 20 carbon atoms, and any
clefin satisfies the relationship of the following formula

{(Eg-1;}:



the general formula (2), wherein among the atoms or groups represented by RO to R'4, at least one of
RO and R10 is a hydrogen atom, a methyl group; ag ethyl group, a n-propyl group, an i-propyl group,
or a phenyl group, and R9 and R1- may be the same as or different from each other. 4. The catalyst

for olefin polymerization accerding fo Glaim 2 whereinthe trapsition metal.comp represented by
the general formula (2), wherein among the atoms or groups represented by R9 and R'4, R'l is a

hydrogen atem: @ phenyl giaupg amaptbykgioup, ammesitylgroupa phenardhrys v greup«or an
anthracenyl group. 197 5. The catalyst for olefin polymerization according to Claim 2, wherein
transition meéta# cempovihd sepresantedby thé geheratlfdimelail), Wherein R apgbRESESMbIne to
form an expanded aromatic ring. 6. the catalyst for olefin polymerization according to Claim 1,
wherein the ¥ENSHBRhetaFcmMptimd is d8ombdtitd "rchresehtéd Iy e folldtwing Gehetal formula
(3): [Chem. g%Rl.S R17 1R%9 R16 R20 .15 %;Igt%?B

tainad copolymar to Lhe I structural units is PiL.

11. A 9process for producing an olefin-vinylidense compound
copolymer, comprising steps of:
copolymerizing one or more kinds of clefins selected from o-
olefins having 2 to 20 carbon atoms and a vinylidene compeound in
the presence of a catalyst for olefin polymerization of any
one of claims 1 to 7; and
- producing & copoivmer having a content ratio (Uo/Uv) of the
structural units (Uo) derived from the olefin to the structural
units (Uv) derived from the vinylidene compound of 50/50 to 99/1

(molar ratic).



)l; R7 ... (3) wherein, R'5 to R2, which may be the same as or different from each other, represent
each an atom or a group selected from a hydroger atom, a halogen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a silyl group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl 197a group, an oxygen-containing group and a nitrogen-containing group, and
the two p'-; to R20, which are adjacent to each other, may be combined to form an aromatic ring, an
aliphatic ring, or a hetero ring, with the carbon atoms to which the two are bonded. 7. The catalyst for
olefin polymerization according to Claim 1, wherein the transition metal compound has a structure

represented by the follawingigenerakfasmulad4). (Cheml 25RR25 2R4 R23R270622 R8212n
R:D R8

units derived from ones or more kinds of olefin selected from o-

olefins



7 .e. (4) wherein, R2' to R22, which may be the same as or different from each other, represent each
an atom or a group selected from a hydrogen atomga halogen atom, a hydrocarbon group, a
halogenated hydrocarbon croup, a silyl group-substituted 197b hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group and a nitrogen-containing group, and the
two RZ' to R28, which are adjacent to each other, may be combined to form an aromatic ring, an

aliphatic ring, £ acheterg.ring, with-the-earbopatoms:to whichthestwe are opded, 8 Aiprocess for
producing an olefin polymer, the process comprising polymerizing one or more kinds of olefins in the

presence ofithe patalyst farcolefinpdlymerizationddfrany-onef claims: {01Z2.19sThe process for
producing an olefin polymer according to Claim 8, comprising copolymerizing two or more kinds of
olefins. 10. Thetsrgeessforproviienid ah dlefin potyrier acebrdiny B-€Claimy9, Whérein fie two or
more kinds of olefins are olefins selected from a-olefins having 2 to 20 carbon atoms, and any olefin

satisfies the Teftictiship OF tHe foIBWNg Tormiaia” (Bgef)i - e¢ by "H-NME.

i3. The olefin copolymer according to Claim 14, which 1s a
copolymer obtained by polymerizing twoe or more kinds of olefins
selected Ifrom w-olefins having 2 to 20 carbon atoms or a polvmer
chtained by polymerizing o-colefin of one or more kind{s) selected
from o~clefins having 2 to 20 carbon atoms in the presence of the
olefin polymerization catalyst accbrding to any one of Claims 1
to 7, wherein the constituent ratico of regiocoirregular linkage
(head-head bonding and tail-tail bonding} of the w-olefins
having 23 to 20 carbon atoms 1in the total o-olefin chains

measured by “C-NMR is 10 mol% or more.

14, 2An olefin polymer which can be obtained by pelymerizing the
olefin sslected from o-olefins having 2 to 20 carbon atoms in the
presence of the olefin polymerization catalyst according to any one
of Claims 1 to 7, having on its side chaln two or more alkyl groups
selected from an ethyl group (bl), an alkyl group having 3 carbon
atoms (b2}, an alkyl group having 4 carbon atoms (b3}, and an
alkyl group having 5 carbon atoms (bd) (provided that, when the
number of carbon atoms of o-olefin having 3 or more carbon atcms
supplied in & polyvmerization is t, side chains having t-2 carbon
atoms are not included in the alkyl group selected from (bl) to (b4} |
, wherein the content of the total bl to b4 alkyl groups is 1.0

or more per 1009 carbon atoms.



0.33 < Ci/Pi<1.50 (Eg-1) 198 when assumed that a ratio (moi%) of a concentration of any one olefin
(Mi) among the olefins in the copolymerization system to the sum of concentrations of all olefins is Ci
and an abundance ratio(mol%) of structural units derived from an olefin (Mi) in the obtained
copolymer tosthe tofal steuctural upits is:Bi Al A-proeessifor preduging-an olefinvinylidene compound
copolymer, comprising steps of: copolymerizing one or more kinds of olefins selected from a- olefins
having 2 to 20¢athenatomsiand avindidere compound #xsthespsesencerofsaleatadystifomolefin
polymerization of any one of claims 1 to 7; and producing a copolymer having a content ratio (Uo/Uv)
of the structiratidrits{Us) detivéd fromthesslefin &5 tiie striietaral LURISCRIS) derived flom the
vinylidene compound of 50/50 to 99/1 (molar ratio). _OP 12. An olefin copolymer obtained
polymerizing Strudtaraf tifits defVed T rom o oftioré kind's 6Fbfefi sefectEd iism & idfins 200
having 2 or more carbon atoms. in the presence .of the olefin .polymerization catalyst according to any
one of Claims 1 to 7, wherein the Tﬁ-sﬁ’bsﬁ%u%%?ﬁteﬁ%l Sl%fﬁr% qu‘éjr?t/irg‘%s O?fc or?h% et

content of structural units derived from the olefin (Uo) to the
content of structural units derived from the vinylidens compound

(Ov) is from 50/5C to 99/1 {molar ratio).

16. A transition metal compound represented by the following
general formula (1):

{Chem. 3]

.. (1)

wherein, M 1s a transitlon metal atom selected from Groups 4 to

5 of the pericdic table; ¥ represents an atom or a group



more per 1000 carbon atoms when measured by H-NMR. 13. The olefin copolymer according to Claim
10, which is a copolymer obtained by polymerizing two or more kinds of olefins selected from
a-olefins having 2 to 20 carbon atoms or a polymer obtained by polymerizing a-olefin of one or more
kind(s) selected from a-olefins having 3 to 20 carbon atoms in the presence of the olefin
polymerizationsGatatyst atcordiag toranycene of Gtaims had g arhereimthezconstituentkatio of
regioirregular linkage (head-head bonding and tail-tail bonding} of the a-olefins having 3 to 20 carbon
atoms in the tot&lF&-olefin chGinsS FRéasStred DY ISEINNIR is FPHIvlo oftore34. RfYEReFn polymer
which can be obtained by polymerizing the olefin selected from a-olefins having 2 to 20, carbon atoms

i

in the presencd G tHe Befiff BBR/merization Eatalyst atcording 10 any one’ of Claifhs 1°td'7, having on
its side chain fwo_gr,more alkylgroups gelected fram an Sg‘ygg@;‘f'&rgbc'&r%%r?lkéﬂ:%%'ﬂ? having 3

carbon atoms (b2), an alkyl group having 4 carbon atoms (b3) , and an alkyl group having S carbon

atoms (b4) (prayided-that, when,the 1numheroficarbon atormsof-a-glefin having 3;0rmare-carbon

atoms supplied in a polymerization is t, side chains having t-2 carbon atoms are not included in the
alkyl group selected fromebl) 4e1(b4d)y; mhereir the:tontent of the totaldbl wodd alkylgréups-is 1.0 or
more per 1000 carbon atoms. 201 15. An olefin-vinylidene compound copolymer, which is a
more, a plurality of atoms or groups represented by X may be the
same as or different from each cother, the plurality of groups
represented by X may be bonded To each other, they may form a
conjugated straight-chain diene residus, a conjugated branched-
chaln diene residue, 2a non-conjugated siraight-chain diens
residue, or a non-conjugated branched-chain diene residue, and
the p'lurality ol groups represented by X may be bonded to each
‘other to form a ring; n is an integer of 0 to 3; the two of R to
R', which are adjacent to each other may be combined to form an
aromatic ring or an aliphatic ring with the carbon atoms to which
the two are bonded, and the éroups not forming a ring which may
be the same as or different from each other, represent each an
atom or a group selected from a hydrogen atom, a halogén atom,
a hydrocarbon group, a halogenated hydrocarbon group, a siiyl
group~substituted hvdrocarbon group, a hydrocarbon group-
substitutéd silyl group, an oxygen-containing group, and a

nitrogen—containing group; and



copolymer obtained by polymerizing at least one olefin selected from a-olefins having 2 to 20 carbon
atoms and a vinylidene compound in the presétice of the olefin polymerization catalyst according to
any one of Claims 1 to 7, wherein the ratio (Uo/Uv) of the total content of structural units derived from
the olefin (Do) to the content of structural units derived.from the vinylidene compound (Uv) is from
50/50 to 9871 @BlarFaticRol6 2R FARSRASH rMets- 8Bt Bodid répreerftdt v thefolfdWihy general
formula (1): [Chem. 3 R3R2 P4'kFR11 10la.7 (r). ?s(wjl WhelgLiln, Maisc%\rfan%igg metal atom
selected M Brotps AT B0 the Pafiodit table: X fepresents anatom or a group 202" selected from
a hydrogen atom, a halogen .a.hydracarbgn. grg lagenated hydrocarbon group, and an
oxygen- cgﬁfé"%Tna*g}%}d&? %%%é%%% %%bqqﬁ%gy g?%%g (-%g(vgv?igerein, R and Rb are each a
hydrogen atom or a hydrocarbon group); Y represents a neutral_igand having an electron-donating
group; m

i7. The transition metal compound according te Claim 16 wherein the
transition metal compound is 2 compound represented by the

following ¢general formula (2):

- L e



is a number satisfying the valence of M, and when m is 2 or. more, a plurality of atoms or groups
represented by X may be the same as or differentfom each other, the plurality of groups
represented by X may be bonded to each other, they may form a conjugated straight-chain diene
residue, a conjugated branched- chain diene residue, a non-conjugated straight-chain diene residue,
or a non-cofijagated brancheéd-chain diene yelsidugcandnthe: plurality. Of greupstrepreserited by X may
be bonded to each other to form a ring; n is an integer of 0 to 3; the two of R' to R9, which are
adjacent toBAET othEFAY&Y Be-coffSieEd foTRY™N AroMatié iy or afiphaticiitg with the carbon
atoms to which the two are bonded, and the groups not forming a ring which may be the same as or
different frohi 4% "Sthef " répresént S5 ER" atoth BV a gfoup” SIeetéd friom a%}%}r%gen%tom, a
halogen atom ., hydracarban group,  halogenated hydrocarbon group, a.silyl graup:-substituted
hydrocarbon group, a hydrocarbon group- substituted silyl group, an oxygen-containing group, and a
nitrogen-comairiRg .oy g 203 R-de-R: areeach ap-bydeagen-alem and RE-and RE-are each a
tert-butyl group, an adamanthyl group, a ur methylsilyl group, a cumyl group, a phenyl group, trityl
group, or adriphenytsityisgrau. l5kchihe transiioninetakcompouandiaccosdingto Etaim:16 wherein the
transition metal compound is a compound represented by the following general formula (2):

two of R® to RY™, which are adjacent to each other, may be combined

to form an arcmatic ring, an aliphatic ring, or a heterc ring, with

the carbon ztoms to which the two are bonded.

i8. The transition metal compound according to Claim 17, wherein
among the atoms or groups represented by R to RY, at least one of
R’ and R™ is a hydrogen atom, & methyi group, an ethyl group, a n-
propyl group, an i-propyl group, or a phenyl group, and R® and R¥

may be the same as or different from each cther.

1%. The transition metal compound according to Claim 17, wherein
among the atoms or groups represented by R® to R™, R™ is a halogen

atom, a hydrocarbon group having 1 to 20 carbon atom(s), a



[Chem. 4] R~1 R1~R11 R130KkY R14/Xm QA . IYn 46% RF R7 204 wherein,R"toR",
which may be the same as or different from ea¢h>other, represent each an atom or a group selected
from a hydrogen atom, a halogen atom, a hydrocarbon group, a halogenated hydrocarbon croup, a

silyl group-substituted hydrocarbon group, a hydrocarbgn group-substifuted silyl aroup; an
oxygen-coﬁ@é‘?ﬁiﬁageﬁ'roﬁboéﬂﬁd a niﬁ%ge\ﬁﬁco te?in%\b group,%nd the “two of R9 to R14, which are

adjacent to ggg@ otgew’ggg&%g%@l&igggpt%fpr%ag]f@n@mgmgg@e@iphatic ring, or a hetero ring,
with the carbon atoms to which the two are bonded. 18. The transition. metal compound according to

Claim 17, wherein among the atoms or groups represented by R9 to R'S, at least one of R9 and R10
is a hydrogen atom, a methyl: group, an ethyl group, a n-

20. The transition metal compound according to <Claim 17,

wherein B and RY combines to form an expanded aromatic ring.

51 . The transition metal compound according to Clalm 16,

wherein the <transition .~ metal compound is a  compound

represented by the following general formula {3):
* [Chem. 5]

wherein, R to B?®, which may be the same as or different Irom



propyl group, an i-propyl group, or a phenyl group, and R9 and Rio may be the same as or different
from each other. 19. The transition metal compot#l according to Claim 17, wherein among the atoms
or groups represented by R to R'4, R™ is a halogen atom, a hydrocarbon group having 1 to 20 carbon
atom(s), a 205 hydrogen atom, a phenyl group, a napthyl croup, a mesityl group, a phenanthryl croup
or an anthracenyl group. 20. The transition 'metal compound according to Claim 17, wherein R2 and
R" combines taforpt anexparyded aromatickrirgn  21oThe Iransitiorimetal esipduadcaccording to
Claim 16, wherein the transition metal compound is a compound represented by the following general
formula (3): ICHEESE] MIBPR17 Fe REIIGER20RIE Xmaf YRYRIP G I8P R RER?P

nalogenated hydrocarbon group, & silyl group-substituted
hydrocarbon group, a hydrocarbon group-substituted silyl
group, &n oxygen-containing group, and a nitrogen-containing
group, and the two of R15 and R20, which are adjacent to each
other, may be combined to form an aromatic ring, an aliphatic
ring or & hetero ring, with the carbon atoms to which the Two
are bonded.
P

22. The +transition metal compound according to Claim 16,
wherein the transition metal compound has & structure
represented by the following gengral fo;mula {4):

.[Chem. o]

R

RT | | - e (4

wherein, R tc R®®, which may be the same as or different Irom



wherein, R:5 to R20, which may be the same as or different from 206 each other, represent each an
atom or a group selected from a hydrogen atom, a halogen atom, a hydrocarbon group, ..
halogenated hydrocarbon group, a silyl group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group, and a nitrogen-containing group, and the
two of R15 and R20, which are adjacent to each 8ftier, may be combined to form an aromatic ring, an
aliphatic ring or a hetero ring, with the carbon atoms to which the two are bonded. 22. The transition
metal compound according to Claim 16, wherein the transition metal compound has a structure
represente&%;?lf‘hée tofowinG RABFATSIRERN AT [EF&M: BF26 RZSFRA23°RRFRZIT TReRQ Y R7 .
(4) wherein, F\2. 'moo ~Z28, which may be the same as or different from 207 each other, represent
each an atdh oF AGToup SRiectéd PSRy dk6§8T atom: ¥FSI6g8R atorar atydracarbon group, a

halogenate% h¥drocarbon group, a silyl group-substituted
alogenated hydrocarbon group, a silyl group~-substituted

hydrocarbon group, a ‘hydrocarbon group-substituted silyl group,
an oxygen-containing group and 2 nitrogen~-containing group, and
the two of R* to R®®, which are adjacent to each other, may be
combin%zd to forman arcmatic ring, an aliphatic ring, or a hetero

ring, with the carbon atoms to which the two are bonded.

23. A process for producing a novel transition metal
compound comprising Process 1 and Process 2:
Erocess 1: reacting..an amide complex represented by the
" following general foﬁmula {10} with an anion ligand (1) having
a s"ti?pct‘ure repr@-sented by ﬁ‘ne following general formulé (11,
or #ith & neutral .organi‘c compound in thch the anicn ligand
(L) is hydrogenated, and converting it into a reaction product
containing an amide complex répresented by the following general
formula (12}:
wa(sz'jmlyn w (10)

[Chem. 7]



hydrocarbon group, a hydrocarbon group-substituted silyl group, an oxygen-containing group and a
nitrogen-containing group, and the two of R21 to R28, which are adjacent to each other, may be
combined to form an aromatic ring, an aliphatic ring, or a hetero ring, with the carbon atoms to which
the two are bonded. 23. A process for producing a;,ngvel transition metal compound comprising
Process 1 and Process 2: Process 1: reacting an amide complex represented by the following general
formula (10) with an anion ligand (L) having a structure represented by the following general formula
(11) or with a neutral or anicwpou id+4n which the anion ligand (L) is hydrogenated, and
converting it into a reacgtion product cohtaining @nZamide complex represented by the following
general formula (12) :/MWp(NZZ 'n ... (10) {Chem. 71208 R3R2R4R1 L=OR6R8.(11) R7
LM(NZZ"):min .. (12); and ngge : actglg theireaction product obtained from

=

R> Q”
RET N ORE ce (1)
R?
IMNZZ" )Yy ... (12); and

Process 2: reacting the reaction product obtained from

¥ .
the Process 1 with a compound represented by the following
general formula (13}, and preparing the novel transition metal

. compound represented by the following general formula (1):

vyt w113

R@ RS o "(1)



the Process 1 with a compound represented by the following general formula (13), and preparing the
novel transition metal compound represented by tite following general formula (1) VX1 ... (13) [Chem.
8) R3R2R4 R1xM R5Yn 0 0F 209 wherein: in the general formulae (1), (10), and (12), M
represents a transi_ion metal atom selected from Groups 4 to 6 of the periodic table; in the general
formula (12), i is the anion ligand represented by the above general formula (11); in the general
formulae (1)+asd €11y , R'to &hwhickmmay be firsmsame as or difféfeht fromneach biher, Fepresent
each an atom or a group selected from a hydrogen atom, a halogen atom, a hydrocarbon group, a
halogenated Rdrocarbdngrotd? &SIl ‘g FstiR suBstftitéd hyarscarbbrrg Bt achydrotatbon group-

substituted silyl group, an oxygen-containing group, and_a .nitrogen-containing group, and the two of
Y gne ﬁX% DP Hggrm FENEral To?muia Eunf 9 lg The

R to R which aré ad?é?crélncf‘fo each ot%’ér,""ma? be combined fo form an ardmatic fing, an aliphatic
fng, Oraheﬁ?eﬁ%ng’i\ﬁlgg&hge%?fgggnted by the above generzsl formula {(11); 1in

the general formulas (1) and (11), R® to R, which may be the
same as or different from each otner, represent each an atom
or a group selected from a hydrogen atom, & halogen atom, &
hydrocarbon group, & halogenated hyvdrocarbon group, a silyl

group-substituted hydreocarbon cgroup, a hydrocarbon group-
. substituted silyl group, an oxygenmcontainin%(group, and &
'nitrogen—ulontaiﬂing group, and the two of R to R', which are
adjacent to each other, may pe conbkined to form an arcmatic
ring, an aliphatic ring, or a heterc ring, with the carbon
atoms to which the +two are bonded; and R° and R, represent
each an hydrogen atom, and R® and R® are each a teri-butyl
groﬁp, an adamanthyl lgroup, 2 Trimethvisilyl group, a cumyl
group, 'a phenyl group, trityl group, o¢r a :friphenylsilyl

group; in the general formula (10}, W represents a halogen

gtom; p 1s an integer of 0 to 2; and p and ml are determinad



atoms to which the two are bonded; and R5 and p, represent each an hydrogen atom, and R6 and RB
are each a tert-butyl group, an adamanthyl group, a tiimethylsily _ group, a cumyl group, a phenyl
group, trityl group, or a a iphenyisilyl group; in the general formula (10), W represents a halogen
atom; p is an integer of 0 to 2; and p and ml are determined 210 to satisfy the valence of M; in the
general formula (1) , X represents an atom or & group selected from a hydrogen atom, a halogen
atom, a hydrocarbon group, a halogenated hydrocarbon roup, and an oxygen-contain-nc group i_. the
general formula _.presents -0-, or -OF' -éivyh%rg-:-im Ra.and R re resent q%? ydrogen.atom or a
hydrocarbion a’rao?f) ﬁ% tﬁg%e%%Faﬁ?grernu 4 (10) and (13)"? 27 a"nd%Z‘ W:%C rﬁa% g(;‘oﬁl’e same as or
c=_fferent from each other, represent each a hydrocarbon group hayi .tp%%j gagb%}natom (s) ora
siIicon-corrwiaa{:l’rjfiﬁ5“g%lﬁp;ei and %hgexn Wo g?om?prsor%%rgseen?é'd %% Nip?mw i:ﬁ%éoa %a‘cent to each other
may be bon.de? via Z or Z', and in the case where those are bonded, bridging groups.; of those may
have a chiral StrugtUre: i the %ihr%cr%ﬁgﬁﬁu Ry ia ’re%regé:‘einct’ égr%été]‘a?gr%g:sgdégﬁg%?rom Group 1
of the pededig tableqa fydrogen.atom, a hydrocarban.group having 1 to 20 carbon atom(s), a
halogena:~ed hydrocarbon group having 1 to 20 carbon atom(s), a silicon-containing group, a
nitrogen-cesntaining rempier an oxygen-containing group; and

I

or -PR® - (wherein, R® and R” represent sach a hydrogen atom or

&1}

a hydrocarbon group):; 4in th

i

general formula (10) and (12),

~Z2 and Z7 which may be the same &s ¢r different from each cther,

']

reprasent each a hydrocarbon group having 1 to 20 carbon atom(s )
or a silicon-containing group; and the two groups represented
by NZZ’ which are adjacent to each other may be bonded via I
or 2', and in the case where those are bonded, bridging groups
those may have a chizral structure; in the general formulza
(13), V represents a2 metal atom selected from Group 1 of the
periodic table, a hydrogen atom, a hvdrocarbon group having 1
to 20 carbon atom{s), a nalogenated hydrocarbon group having
1 to 20 carbon atom(s), z silicon-containing group, &
'nitrogen—containing group or an oxygen—containing group; anc
¥X* represents a halogen atom; inthe general formulas (1), (10),
and (12}, Y represents a neutral ligand having an
electron-denating group; in the general formulé {(12), m is 2
nce of M, and when m is 2 or more,

number satisfying the val

4

0]

a plurality of groups represented by NZIZ' may be the same as

or different from each o¢ther; ir the general Iormulz |



Xrepresents a halogen atom; in the general formulas (1) , (10) , and (12), Y represents a neutral
ligand having an electron-donating group; in the general formula (12), m is a number satisfying the
valence of M, and when mis 2 or more, a plurality of groups represented by NZZ' may be the same as
or different from each other; in the general formula (1), m 211 is a number satisfying the valence of M,

- .and when mis 2 or more, a plurality of atoms or;groups represented by X may be the same as or

different from each other, the plurality of groups represented by X may be bonded to each other, they
may form a conjugated straight-chain diene residue, a conjugated branched-chain diene residue, a

non-conjugated:siraight-ghains diengdesidue of anan-genjugated branched-chaip dienesesidue, and

the plurality of groups represented by X may be bonded to each other to form a ring; in the general

formulae @.,410)sand (12} B represepts,ap ieget 0t 4@ 3 212, ABSTRAGL [TasklL g provide a

catalyst for olefin polymerization having an excellent olefin polymerization 'performance and capable

of producipg apolyaletia with-exceligntpropediese [Constuction] Acatalyst for qlefin, palymerization
comprising(A) a transition metal compound represented by the following general formula (1) ; and (B)
at least one-¢ampaYRdy by X may be bonded to each other, they may form a
conjugated straight~chain diene residue, a conjugated
branched-chain diene residue, a2 non-conjugated straight-chain
diene residue or a non~conjugated branched—~chain diene residus,
“and the plurality of groups represented by X méy be bonded to

each other to form a ring; in the general formulae (1), {(10),

and (12), n represents an integer of 0 to 3.



selected from the group consisting of (B-1) organometallic compound, (B-2) organoaluminum oxy
compound and (B-3) compounds capable of reacting with the transition metal compound (A) to form
an ion pair: [Chem. 1] R21 R 4 4F IWAYn FR QO F& T7 (N is a transition metal atom selected from
Groups 4 to 6 of the periodic table; the two of Rl to R", which are adjacent to 213 each other, are
combined to form a ring with the carbon atoms to"Which the two are bonded; groups of not forming a
ring, R5 to Re, and X are each an atom or a group selected from a hydrogen atom, a halogen atom, a
hydrocarbon group, a halogenated hydrocarbon group, an oxygen-containing group, and a
nitrogen-containing group; Q is -0-, -3-, -NR'-,%?S-%%C@DG and Rb are each a hydrogen atom or a
hydrocarbon group); Y is a neutral ligand having an electron-donating group; m is a number satisfying
the valence of M; ahtddris aniMeyeP b B%03.Fatalyst for olefin polymerization

having an excellent clefin polymerization performance and
capable of producing a polyclefin with excellent properties.

[Construction] A catalyst for olefin poelymerization
comprising{A) a transition metzal compound rezpresented by the
following general formula (1); and (B) at least one compound

~ selected from the group consisting of (B-1) organometallic
compound,(8—2)organoaluminmnoxycompoundandkB~3}compounds
caﬁable of reacting with the transition metal compound (&) to

form an ion pair:

[Chem. 1)

R3 R2
R4 Q\R"
A~
~.

M
[ Y
Q

X

g e (1)

{M is a transition metal atom selected from Groups 4 to & of

-

the periodic table; the two of R™ to R, which are adijacent to



=
'_i
(93]

each other, are combined to form a ring with the carbon atoms
to which the two are bonded; groups of not forming a ring, R
to R®, and X are each an atom or a group selected from a hydrogen
atom, a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, an oxygen-containing group, and a
nitrogen~containing group; Q is -0-, -8-, =-NR®*-, or -PR®- (R®
and R® are each a hydrogen atom or a hydrocarbon group): Y is

aneutrzl ligand having an electron—donating group; mis a number

satisfying the valence of M; and n is an integer of 0 to 3.).



