1 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 ponerization, 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 cgatalystfer ofgfin polymerization is a 15 so-called
Kaminsky catalyst of which the cyclopentadienyl group is provided as a ligand. This catalyst has a

characteristicof producinga polymrenhaving anrexireriely highkpelymerizationaatvity gad a narrow
molecular weight distribution. As a transition metal compound useful for such a Kaminsky catalyst, 20

for example, isfcyclopeotadisny))zoconivmdicoride (RateppPocumentdy ardy METAL

ehtylenebis(4,5,6,7-tetrahydroindenyl)zirconiumdichloride (Patent Document 2) have been known. In
addition, it lasMeeeniknownhatkferdifferent 2 ripansitiosmetakeompenns fempolymesizatien is used,

the
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 pelymer which can be

10 obtained in accordance with the polymerization process, a novel

transitionmetal compound, and a process for producing the same.

BACKGROUND ART
A well known catalyst for clefin polymerization is a
15 so-called Kaminsky catalyst of which the cyclopentadienyl group
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. 2As 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)zirconiumdichleride
(Patent Document 2) have been known.

In addition, it has been known that if a different



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

polymerizatiors 43 [ecest years: 8 pregeswalpelymepzingrlefingusing 13 acatalyst-system
comprising a monocyclopentadienyl compound, on which a group including a heteroatom such as a

nitrogen atqseops10xyger atom, eka PhosphomsIaemds b@ngeéomﬁgﬁg developed significantly
and is disclosed in Non-Patent Document 1 and Non-Patent Document 2. 20 The present inventors

have disclosedaicatalysisygten: cemprising-a peveltransition metal cempeund thatexbipits a
polymerization activity of ethylene in Patent Document 3. Subsequent to the inventors' disclosure,

transition metabecrapew)ds haviag asimiarliganc.stiyctare aresdisclasead3 rigPatent Deeument 4,
Non-Patent Document 3, Non-Patent Document 4, and Non-Patent Document S.

5 molded products. Recently, demands cn properties for
polyolefin are diversified, and thus polyolefin with various
properties has been reguired.

Therefore, there is a demand for the advent of excellent
catalysts ceomponent for olefin polymerization, wherein the

10 resultant polyclefin has further excellent properties, and
further the advent of new transition metal compound that can
be used as a component of such catalyst for olefin
polymerization.

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 a2 nitrogen atom,
an oxygen atoem, or a phosphorus atom is bonded, has been developed
significantly and is disclosed in Non-Patent Docuﬁent 1 and
Non-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



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 insufficient. In addition, as the process for synthesizing the transition metal
compounds employed in conventional technology, processes which are generally used to synthesize

a Kaminsky: catalysharpempleyed; sueihas agroeesssonuxising is-depietonation-ofa compound
serving as a ligand and then reacting with a halogenated metal (Patent Document 3 and Non-Patent

Document 4),arxtha pracessScamprising deatkanization 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 meansiofthese proeessesineludes adarge anmeuals of gemplexesdn which two ligands
are coordinated with one metal, and thus although the yield differs depending on the kind.of ligand

used, the yieltbisdowdn geneeal, excapt withqa cesain] specialding of bgandgiving about 60% yield. it
is usually 4 equal to or less than 50% yield, is equal to or less than 10% vyield in many cases, and
there e samecases that na target tempaasdgpay berobtained akalkheither catalyst

has a sufficient polymerization activity in the polymerization

of ethylene and copeolymerization 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

16 insufficient.

In addition, as the process for synthesizing the
transitionmetalcompoundsemployed:Uaconventionaltechnology,
processes which are generally used to synthesize a Kaminsky
catalyst are employed, such as a process comprising

15 deprotonationofacxm@oundservingasa]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 60% yield. It is usually



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 compoung 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
is, for example, an indenyl group, it is confirmed that there are cases, in which the yield significantly
reduces dependihgon the kinss15 bhligdrids ot pa farget psaduct is obtained @ allinfhugcthe process

is not satisfactory. For such synthetic processes of giving a low yield, it is necessary to repeat
purification ppefatioirs suchyas amshing: addireerystallizatiosnzo as t@remnye bysprogduets: In addition,
20 in the above-mentioned process where halogenated metal is used, since a desalting process after
the reactiorcisrglsaindcessarie there a3 agubssibilgy that a complex, extremely unstable in impurities
such as air or moisture, gradually degrades due to the complicated post-treatment process after the
reaction. 5 As des&ibédabzares withnthe synthesisofadransifiarmmetab composad thatean be
obtained by the processes described above, it is difficult to synthesize a large quantity of the target
produc? havirg gepd pusity witb good seprodtugibilty andfirst reacting a compound
serving as a ligand with a halogenated metal and then further
reacting the resultant with adding & 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 yield of the process is also equal to or less
than 50%, and when a cycleopentadienyl 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 cbtained at all. Thus, ths
process is not satisfactory.
For such synthetic processes of giving a low vield, it
is necessary to repeat purification operations such as washing
and recrystallization so as to remove by-products. Inaddition,
20 in the above-mentioned process where halogenated 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, gradually degrades due to

the complicated post-treatment process after the reaction.



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), 2633 Non-Patent Document 3: Organometallics, 1997(16), 5958 15
Non-Patent Document 4: Organometallics, 2003(22), 3877 Non-Patent Document 5: Organometallics,

2004(23), 540 DISELORIRE QE T HEINYENTION PROBLEMIEQ BE SOLVER:BYFHE INVENTION

20 It is an object of the present invention to prowde catalysts for olefin polymerization having an

excellent olefin Holysigsizationesformanca ang:canable 9t predusing -palyglefinsshaving gxcellent
properties, and also to provide a process for polymerizing an olefin by using the catalyst for 6 olefin

polymerizatigsoard ta prawide apolinerobtained by dhe frogess: Anotherabjest obthe-present

invention is to provide a novel transition metal compound useful for the above-mentioned
polymerizatiogn: ¢ adslition: @nother ebjers o theqresent Binyeationds to,arovids @f@gr%&nr)hﬂed

process for synthesizing the high purity transition metal compound with a
5 inashortperiodof time, andthus there is aneed 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.B: 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), 2633
Non-~Patent Document 3: Organometallics, 19%7(16), 5958

15 Non-Patent Document 4: Crganometallics; 2003(22), 3877

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

DISCLOSURE OF THE INVENTION
PROBLEM TO 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 producing
polyolefins having excellent properties, and also to provide

a process for polymerizing an clefin by using the catalyst for



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, a transition metal compound, and a process for producing the transition metal compound
described below, and thus the above-mentioned objects of the 15 present invention can be achieved.
(1) A catalyst for olefin polymerization includes: (A%J 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) organeraetaliceonmpeuic: {B: nokgan aalupsdxis coaTpatid, et Bnd)icompounds capable

of reacting with the transition metal compound (A) to form an ion pair, 7 [Chem. 11 R3R21 R5Q0
RS R8 7 Ipthecgeneral forsita {1gn M representis g tragsiionimetal@ieom is to provide
anovel transitionmetal compeound useful for the above-mentioned
polymerization. In addition, another obijsct of the present
& invention is to provide a more simplified process for
synthesizing the high puricy 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
clefinpolymer, anclefincopolymer, a transitionmetal compound,
and a process for producing the transition metal compound
described below, and thus the above-mentioned objects of the
16 present invention can be achisved.
(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 icon pair,



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 hydrocarbop group); Y is a neutral ligand having an 10
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 groups reprgsgnted; 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 hon-conjugated 8
straight-chain dien%{fﬁidue, ora@on-conjugated branched-chain diene residue, and the plurality of
groups representet by bonded to each other to form a ring; n is an integer of O to 3; two of

ring with the carbon at 7S toywhich the two are bonded, and groups of not forming a ring which may
be the same as oy diffefentfrBm each.other, are each an atom or a group selected from a hydrogen
atom, a halogﬂ%om, Nyyefeg ' §roup, a 10 halogenated hydrocarbon group, a silyl
group-substituted hydroc rbon’y [oup, a hyd ci?{bon group-substituted silyl group, an
oxygen-containing group, & [ ﬁ;} ontaining group; and R5 to RB which may be the same as

or different from each
~. Y
[ Yn

RS *’“(1}

In the general formula (1), M represents a transition metal atom
selected from Groups 4 to 6 of the pericdic 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=, -5-, -NR®*-, or ~PRP- (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, i1t may form a conjugated straight-chain diene residue,

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



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 RB which are adjacent to each other may he combined 20 to form an aromatic ring, an
aliphatic ring, or a hetero ring with the carbon atomis to which the two are bonded. (2) The catalyst for
olefin polymerization according to (1) above, in which in the general formula (1), R1 and R2 are

combined tq forgy gne argrmatic Angydth-the;caron ators to.which.9 &%&E\é’& are bonded, and R3 and
W

R4 are combined to form one aromatic ring with the carbon atoms to which the two are bonded. (3)

The catalysp.fos olefinspolymatization accrging,to 1&9@%%@%@9&&%}@ %@eﬁ@bﬁ%@ula (1), R3
(0]

and R3 are 5 combined to form one aromatic ring with the carbon atoms fo which R2'and R3 are

bonded. (4)diercalalyst forglefin polymerizationaccording 4 () abpvesinwhigh.in the general

formula (1) , R3 and R4 are combined to form one aromatic ring with the carbon atoms to which 10
R3 and R4 are: boaded rand;Mis atitanium atom, (5), Ene catalyst forglefin polymgrizatign.according

to any one of (1) to (4) above, wherein, in the general formula (1) , R8 is a group selected from (a) a
hydrocarbor greup:selectad franm adertianialkyd greup,an-arylalky.grup.an ar greupe
aliphaticring with the carbon atoms to which the two are bonded,
and groups of not forming & 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 hydrocarbon gfoup, a
16 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®> to R® which may be the same as or different from each
other, are each an atomor a group selected from a hydrogen atom,
15 a halogen atom, a hydrocarbon group, a halogenated hydrocarbon
group, & silyl group-substituted hydrocarbon group, a
hydrocarbon 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



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 olefin polymer comprises 20 polymerizing
one or more kinds of olefins in the presence of the catalyst for olefin polymerization of spy of (1) to (5)
above. (7) The process for producing an olefin polymeeaccording to (6) above further comprises
copolymerizing two or more kinds of olefins. 10 (8) The process for producing an olefin polymer
according to (Za)haeb%%’ in th)ich(éhe two or more kinds of olefins are olefins selected from a-olefins
having 2 to 20 carbon atoms. an BBBfth SHtisfies tecrelansnstsp obthe following formulas (Eq-1)
when assume(}__tjzllat a r_.a;giﬁ) (_mol%%j of a concentration of any one olefin (M1) among the olefins in the
copolymerization Systam tothE st BPCoriceritratiohs ofalidlefitsistGland araundance ratio
(mol%) of structural un'/% derived from an olefin (M1) in the obtained copolymer to the total structural
10 units is Pi. 0.33 < Ci/Pi <- 15562 ST (9)°K process fopprodueinizan blefirevinylidedna;compound
copolymer, comﬂisglg sv'ggps of: copolymerizing one or more kinds of olefins selected from a-olefins

having 2 to 20 ¢arbon atoms 18 dHG-& Vinyl idete E6hpoimd ihArs préseride ofa eatdlyst farelefin

- N L = T = ' '
O combinedto formone arcomatic ring with the carbon atoms o which

R® and R’are bonded.

{4) The catalyst for olefin pelymerization acceording to

{1l) above, in which in the ¢eneral formula (1), R’

. v e . : .
combined to form one aromatic ring with the carbon atoms to which

3 - ; .
10 R and R are bonded, and M is 2 *itanium atom.

foy -
(o) The catalyst for olefin polymerization according te

£ 3 .
any one of (1} to (4) above, wherein, in the general formuls !

8 . . ‘
(1), R"is a group selected from {a) a hydrocarbon group selected

= -+ S = ¥ 3
~rom a tertiary alkyl group, an aryialkyl group, an aryl group,

15 and 14 13 r hal
an a.zcyclic group, (b) & halocgenated hydrocarbon group

oy
selected fromahal ocgenatedalkyl group anda halogen-containing

b N - A A A
aromatic group, and (c) a tertiary $1lyl group, and is a group

having 1 to 20 carben atom({s) in total.
() A process for producing an olefin polymer comprises

b e : .
20 polymerizing one or more kinds of olefins in <he pPresence of
gy WLl oo 2 L8 i

._h@ 4 4 - = gy - — =
whecata.yst Torolefinpolymerization of any of (1) to {5) above.

7 The - - . .
(7) The process for producing an olefin polymer according

to (&) above fur: c i s j 73 '
to (6) above further comprises copolymerizing two or more kinds

of clefins.



polymerization including (A) a transition metal compound represented by the following general formula
(1), and (B) at least one compound selected from the group consisting of (3-1) organometallic
compound, (B-2) organoaluminum oxy compound and 20 (B-3) compounds capable of reacting with
the transition metal compound (A) to form an ion pair; and producing a copolymer 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 ratio), 11 [Chem.2]2R4'FR1XMJ 5m| R6
R6 7 In the general f8inilifee (2)y pMereprésents ectransittpa metat Alonp seleciedsfearn 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 hydrocatborbgroep, amhatdgenatediwarocarboa groups arf oxygemeantainingiragp, and a
nitrogen-containing group; Q repersents -0-, -S-, -NRa-, or -PRb - (wherein, Ra and Rb are each a
hydrogen afsm ot 2ty drocarbonagredp); &Y isa negtral 1@ ligénd having an etectransdorating group; m
is a number

olefin satisfies the relationship of the following formula
b (BEg-1) when assumed that a ratio (mol%) of a concentration of

any one olefin (M;) among the olefins in the copolymerization

system to the sum of concentrations of a2ll clefins is Ci and

an abundance ratio {mol%) of structural units derived from an

clefin (My) in the obtained copolymer to the total structural
10 units is Pi.

0.33 £ Ci/Pi < 1.50 ..{(Eg~-1)
(2) Aprocess for producing an olefin-vinylidene compound

copolymer, comprising steps of: copolymerizing one ormere kinds

of olefins selected from w-clefins having 2 to 20 carbon atoms
15 andavinylidene compound inthe presence of a catalyst forolefin

polymerization including (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-1)

organcmetallic compound, (B-2) organocaluminum oxy compound and
20 (B-3} compounds capable of reacting with the transition metal

compound (A} to formanionpair; andproducing a copolymer having

a content ratic (Uo/Uv) of the structural units (Uo) derived

from the oclefin to the structural units (Uv) derived from the

vinylidene compound of 50/50 to 93%/1 {molar ratio),



satisfying the valence of M, and when m is 2 or more, a plurality of atoms or groups represented by X
maybe 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 12 straight-chain diene residue, a conjugated
branched-chain diene residue, a non-conjugated t[aight-chain diene residue, or a non-conjugated
branched-chain diene residue, and the plurality of groups represented by X may be bonded to each
other 5 to form a ring; n is an integer of 0 to 3; R1 to R4, which may be the same as or different from
each other, representgagh am; 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 10 gro -substitute&silyl group, an oxygen-containing group and a nitrogen-containing
group, and the tWRL;'gR" to Ré% iIch 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 R5 to Re
which may be the same-as-af different 15 from each other, represent each an atom or a group

" dm, a halogen atom, a hydrocarbon group, a halogenated hydrocarbon
group, a silyl D-Sj ‘_._ iel hy o?arbon group, a hydrocarbon group- substitutedsilyl group, an

oxygen-cont *1“*- a nityen-congajning group, and 20 the two of R5 to Re which are
adjacent to each other may be binefl/;g) i an aromatic ring, an aliphatic ring, or a hetero ring,

>,

L}
]

(1)

In the general formula (1), M represents a transitionmetal atom
selected from Groups 4 to 6 of the periocdic table; X represents
8 anatomor a group selected froma hydrogen atom, a halogen atom,
a hydrocarbon group, & halogenated hydrocarben group, an
oxXygen-containing group, and a nitrogen~containing group; Q
repersents -0-, -$-, ~NR®*~, or -PR® - (wherein, R® and R® are
each a hydrogen atom or a hydrocarboﬁ group;); ¥ 1s a neutral
10 ligand having an 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 Xmay 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



with the carbon atoms to which the two are bonded. (10) An olefin copolymer comprising structural
units derived from one or more kinds of olefin selected from a-olefins 13 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. (11) The olefin copolymer gccording to (10) above, which 5 is a copolymer of
two or more kinds of olefins selected from a-olefins having 2 to 20 carbon atoms or a polymer of
a-olefin of one or more kind(s) selected from a-olefins having 3 to 20 carbon atoms, wherein the
constituentsatia obregiaiieghlat i inkage=he-weer, hesralefigs baving:3:to-26 ¢adien atoms in 10 the
total a-olefin chains is 10 mol% or more when measured by 13C-NMR. (12) An olefin polymer, which
is a polymed Dénaa alefin dselected: rorcarolefinsthaling 2:0rghare-tarbaniatems,r eemprising on its
side chain two or more alkyl groups selected 15 from an ethyl group (bl) , an alkyl group having 3

carbon atoms @2} can atkyh geptpainving: 4 cadaprratoias hi3ynand-as atkyd ,grenp having 5 carbon
atoms (b4) (provided that, when the number of carbon atoms of a-olefin having 3 or more carbon

atoms suppliedrinla pelymesization is 4 side chaws baving:&2 barbhom28atoms aré nattireluded in the
alkyl group selected from (bl) to (b4) ), wherein the content of the total bl to b4 alkyl groups si 1.0 or
more per 18@0 farboreatams.; n is an integer of ¢ te 3; R' to R?, which may
be the same as or different from esach 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
10 group—substitﬁted silyl group, an oxygen-contalining group and
a nitrogen-containing group, and the two of 1rto 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 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, & silyl group-substituted
hydrocarbon group, a hydrocarbon group~substituted silyl group,
an oxygen-containing group and a nitrogen-containing group, and
20 the two of R’ to R which are adjacent to each other may be compined
to form an aromatic ring, an aliphatic ring, or a hetero ring,
with the carbon atoms to which the two ars bonded.
{10} An olefin copolymer comprising structural units

derived from one or more kinds of oclefin selected froma-clefins



(23) An olefin-vinylidene compound copolymer, which is a copolymer of at least one olefin selected
froma-olefins having 1 4 2 to 20 carbon atoms and a vinylidene compound, wherein the ratio (Uo/Uv)

- of the total content of structural units derived from the olefin (Uo) to the content of structural units
derived from the vinylidene compound (Uv) is from-50/50 to 99/1 (molar ratio) 5 (14) A transition metal
compound represented by the following general formula(1): [Chem. 3] R4 'kFR 1 xM IYn R5Q P7
In the general formula (1) , M represents a transition metal atom 10 selected from Groups 4 to 6 of the

periodic tallexX fgpresentsnanaten Qs shgetnseleciad fomm adlydragen-atgns,-a balogen atom, a
hydrocarbon group, a halogenated hydrocarbon group, an oxygen-containing group, and a

nitrogen-coniaiking JrouPe @1 represantstf-1-5-0+jiy er-RR t= (phereing Re-antbrieptesent 15 each
a hydrogen atom or a hydrocarbon group) ; Y represents a neutral ligand having an electron-donating
group; m iswhawmper Satistying thejvalence of M, and when m is 2 or more, a plurality of atoms or
groups represented by X maybe the same as or different 5 from each other, the plurality of groups
represented by X mglyl) The olefin copolymer accerding to (10) above, which

5 1s a copolymer of two or more kinds of olefins selected from
a-olefins having 2 to 20 carbon atoms or a polymer of g-olefin
of one or more kind (s selected from o-olefins having 3 to 20
carbon atoms, wherein the constituent ratio of regiocirregular
linkage between the o-olefins having 3 to 20 carbon atoms in

10 the totel o-olefin chains is 10 mol% ¢r more when measured by
13C-NMR.

(12) An olefin polymer, which is a polymer of an olefin
selected from a-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
(b2}, an alkyl group having 4 carbon atoms (b3), and an alkyl
group having 5 carbon atems (b4d) (provided that, when the number
of carbon atoms ¢f e~clefin having 3 or more carbon atoms
supplied in a polymerization is t, side chains having t-2 carbon

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

(13) An olefin-vinvylidene compound copclymer, which 1s

a copolymer of a2t least one olefin selected fromo~olefing having



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-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 R4, 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 groups not forming a ring which 15 mdy 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 halogzrtaieg_cbhygmbaa&glrglépma si‘;y.ll rpyp-gugslituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-cor?taiﬁﬁ%*g“'i‘cc)iu SrieBRCA NitroljRcoRtaiRiAgrgroup; and R5
to Re, which maychesthe same, as gr different from each other, represent each an atom or a group
selected from a hydrogen atom, a halogen attcgr%?éi Rydrdcarboh grotgt alfdogeratsrhjdmcarbon

group, a silyl gnesp-substituted, hydrocarbon group, a hydrocarbon 16 group- substitutedsilyl group,
an oxygen-containing group, and a nitro@er%%rﬁﬁ%ir?j grodp andthe tWo 6ERERBLIRE Swihich are

adjacent to easjm@t{agﬁmgmggecgg}pgg%@ (M an.aromatic ring, an aliphatic ring, or a hetero ring,
with the carbon atoms to 5 which the two arg%bo)rlaesdf(l%?ﬁ?e;&ﬁﬁt%#) mefcarperindcaccording

to (14) abeve, (14} B transition metal compound represented by the
following general formula (1y:

[Chem. 3]

RS . RB .= “(1)

ke - £ e
In the general formula (1) » Mrepresents a transition metal atom
L o) (S =l —

10 selected from i f 1
Cted Irrom Groups 4 to 6 of the periodic table; ¥ represents

an atomor a gr lact
& group seiscted froma hydrogen atom, a halogen atom,

= I § e g I 3
hydrocarben group, 2 halogenated hydrocarbon group, an
P = (=1

Cxygen—-containg Lt
ygen-containing group, and a2 ni -rogen~containing group; @
) ] e e b L ] =

e Fa e a '
Tepresents —0-, -S-, ~NR®~ or -PR® - (wherein, 2° a

PR 2 I’ldb

represeant

b1



in which the transition metal compound, is a compound represented by the following general formula
(2): [Chem. 4 R12 R11 R1Q R13 FR xM R14/ RD R6 RB (2) 10 R7 In the general formula (2), R9 to
R14, 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, drocarbon 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 eacihothetymayfmcambined-taforman.atommatic Hrg.,an aliphatic ring. gr a hetero ring
with the carbon atoms to 5 which the two are bonded. (16) The transition metal compound according

to (15) aboveewherein a5ong the atomsOE geupssepresented by R 19 R4 at Jeaghgoe of R9 and
R10 is a halogen atom, a hydrocarbon group having 1 to 20 carbon atom(s), a halogenated

hydrocarborsgrolprla having hei2thearbenatemis)asikl groupsbstitutgd  piyralicy

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

[ 1

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 diene residue,
or a noh—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 each other may be combined toc form
an aromatic ring or an aliphatic ring with the carbon atoms to
which the two are bonded, and the groups not forming a ring which
15 may be the same as or different from each other, represent each
an atom or a group selected from a hydrogen atom, a halogen atem,
& hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
grou?—substituted silyl group, an oxygen-containing group and
20 a nitrogen-containing group; and R® to RY, 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



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 R9 and R10 may be the same as or different from each
other. 15 (17) The transition metal compound according to (15) above, wherein among the atoms or
groups represented by R9 to R15, Ru is a halogenatom, 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 carbon atom(s) or a hydrocarbon group-substituted silyl group
having 1 to@0ccarbemiatan(s) iretbtal 1 (L8 )i Foe transition yretal-eampaund agcerding toa¢1s) above,
wherein the two atoms or groups of R11 to R14 adjacent to each other combines to form an expanded
aromatic rirfy.ri8: X19)eThe transifion metat compouid-aecardingstd (4 abrbe, wiherainsthe transition
metal compound is a compound represented by the following general formula (3): [Chem. 5 R18 1!
R 19 R16 p20assiimtREE&IR6RBer, may be combined to forman aromatic ring,

an aliphatic ring, or a hetero ring, with the carbon atoms to
5 which the two are bonded.
(15)Thetransitionmetalcompoundaccordingto(14)above,
in which the transition metzl compound, is a compound

represented by the following general formula (2):

[Chem. 4]

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 a group
selected from a hydrogen atom, z halogen atom, a hydrocarbon
group, a halogenated hydrocarbon group, a silyl

15 group=-substituted hydrocarbon group, a hydrocarbon



5 rn the general formula (3) , R'5 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 atom, a hydrocarbon
group, a halogenated hydrocarbon 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 R15 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 19 to which the two are
bonded. (2@)rFheetransitan metakbicempolngracgording to:fddg above - sdherein thecttansitidn metal
compound has a structure represented by the following general formula (4): 5 [Chem. 61 25 X24 26 R
23 27 R22 aR28BtR2p fnEsoR7a(4) i hthe above grederakformula {43 R28 R0*R 28, ivdtich reay be the
same as or different from each other, represent each-an atom or a group selected from a hydrogen
atom, a halegématom, ac each other, may be combined to form an aromatic ring,
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 RYY, at
least one of R® and R*" is a halogen atom, a hydrocarbon group
having 1 tc 20 carbon atom(s), a halogenated,hydrocaxbon group
16 having 1 to 20 carbon atom{s), a silyl group-substituted
hydrocarbon group having 1 to 20 carbon atom(S), or a hydrecarbon
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 (15) above,
wherein among the atoms or groups represented by R® to RY, R
is a halcgen atom, a hydrocarbon group having 1 to 20 carbon
atom({s), a halogenated hydrocarpon group having 1 to 20 carbon
atom({s;), a silyl group-substituted hydrocarbon group having 1
20 to 20 carbon atom(s) or a hvdrocarbon group-substituted silyl
group having 1 to 20 carbon ztom(s) in total.
{18) The transitionmetal compound according to (15) above,

wherein the two atoms or groups of R'' to R'Y™ adjacent to each

other combines to form an expanded aromatic ring.



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 R2' to R28, which are adjacent to each other, may be
combined to form an aromatic 15 ring, an aliphatic;rgng, or a hetero ring, with the carbon atoms 20 to
which the two are bonded. (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{4@)rwittsan anfondigahdfnhaving aa strudtine represented oy=the following
general formula (11) or with a neutral organic compound in which the anion ligand (L) is
hydrogenated gamed. converting tlael reisuitand iatb acrgastion preducheontatning arr-amiee-eamplex
represented by the 10 following general formula (12): MWp (NZZ') miyn (10) [Chem. 7] R3 R2 2- R4
R1 R 5t Q bREIRS . fo[14w}iRT Lad(NAZ LT Yoo rn(d2); arih 15 Process 2: reacting the obtained
reaction product from

[Chem. &}

c - (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, z halogen atom, a hydrocarbon
group, a halogenated hydrocarbon 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*® tc 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



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): VX1 ... (13) 21
[Chem. 8] R32 R4AFR 1\orm R5/Yn QR68ssp 7Inthe general formulae (1), (10), and (12), M
represents a transition metal atom selected from &goups 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 from each other, represent
each an atone oviaigrouphselesteddram achyirdgen atom, a halogen atom, a hydrocarbon 10 group, a
halogenated hydrocarbon group, a silyl group-substituted hydrocarbon group, a hydrocarbon
group-substituted sityl lgftup -ar nxygempoomEaininggroupadc acnitragen-contaihingigseap, and the
two of R1 to R, which are adjacent to each other, may be combined to form an aromatic ring,
wherein the transition metal compound has a structure

represented by the following general formula (4):

& [Chem. &]

e (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 hydreccarbon 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 R*, which
are adjacent to each other, may be combined to form an aromatic

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



22 an aliphatic ring, or a hetero ring, with the carbon atoms to which the two are bonded; and R' 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 5 hydrocarbon group, a halogenated hydrocarbon
group, a silyi group-substituted hydrocarbon group; a hydrocarbon 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 to form an aromatic ring 10 or a hetero ring with the carbon
atoms to whichwhe two @re bonded r ¢n twengemeral 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 ahZ atorh aracgmsip sefected ddue arlydeogervatont, zehalogenratomt b a
hydrocarbon group, a halogenated hydrocarbon group, an oxygen-containing group, and a
nitrogen-contaipingrgtoupmin: thelgenerabfoemsld ()G Q@ epresents =0-, -S, -NRa- or -PR - (wherein,
Ra and Rb represent each a hydrogen atom or a hydrocarbon group), in the general formulae (10)
and (12), Z 20 and Ztwhithsmay be 8 samezas or differentripdereacpothes teprasert e
hydrocarbon group having 1 to 20 carbon atom(s) or a silicon-containing group; and the two groups
represénted by INFZhwhjemarsadjacenticeath bthet mayrbebontediviarziof 17", madindhe case

where those are bonded, bridging groups of 23
a structure represented by the following general formuls {11}

or with a neutral crganic compound in which the anion ligand
(L) 1s hydrogenated, and converting the resultant into a
reaction product containing an amide complex represented by the

10 following general formula (12):

MW, (NZZ7 } i ¥a - (10)
[Chem. 7]
P
L=
e e {(11)
IM(NZZ" ) pYy .. {12); and
15 Process 2: reacting the cbtained reaction preduct 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):

vx? . (13



those may have a chiral structure, in the general formula (13), V represents a metal atom selected
from Group 1 of the periodic table, a hydrogen atom, a hydrocarbon group having 1 to 20 carbon
atom (s) , a halogenated hydrocarbon group having 1 to 20 carbon 5 atom(s), a silicon-containing
group, a nitrogen-containing group or an oxygen-gontaining group; and X1 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 orifes;-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, 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, 15 theRéality of gipups represented by X may be bonded to each other, they may form a
conjugated straight-chain dieng tesidue, a conjugated branched-chain diene residue, a
non-conjugated straight-ehaih diene residue or a non-conjugated branched-chain diene residue, and
the plurality of groups /; presented by X may be bonded to each other to form a ring, in the
general formulag 1)+ Q\ represents an integer of 0 to 3. THE EFFECT OF THE
INVENTION 28%The catafyst ent forglefin polymerization according to the present invention
exhibits a polymerization ‘ / M

M

/Y
RY_A_Q

QG RS s ® “(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 tne general formule (12), L is the anion ligand
represented by the above general formula (11), in the general
formulas (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 hydreocarbon 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 toeach other, may be combined to form an arcomatic ring,



with high polymerization activity when a polymerization of olefin e.g., ethylene, propylene, butene,
decene, butadiene 5 etc., or a copolymerization of olefin such as ethylene - propylene, ethylene
-butane etc., is carried out. In addition, when polymerization of a-olefin is carried out, the olefin
polymer having an alkyl side-chain which is different,from the supplied a-olefin based si- de-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, btterie] tleeetie et nds catried hut; anolefim polymerrhaviag ca tlarge amewtat akinternal
olefins can be produced in comparison 15 with the polymer obtained by using conventional catalysts
for olefin pelyrherizatien.dnadditomdhe polyraecofra-aefir®of theipresaatinventior hasmwelow
regioregularity, and for example, the polymer having a lower crystallinity can be obtained. On the
other hand, avher copalyfrerizationrscassech 26 wut rexcederteepolymedzabiity:ai-eormenemers, and
the ethylene olefin copolymers having high comonomer content with the use of only a small amount
of comonomgerpcan be bivtaiaed finccoraparishnowitn theccase whaeel carventional, catalysts for olefin
polymerization are used, and since copolymerization of 25 vinylidene compound and polymerization
of conjdgatedvdiene ark calsgo possible theredg arsigrificantdndusttialoral ges ciire, trangtidry metal
compound of the present invention
group-substituted hydrocarbon group, a nydrocarbon
group-substituted silyl group, an oxygen—-containing group, and
a2 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 orahetercringwiththecarbon atoms towhichthe two are bonded,
in the general formula (10), W represents a halogen atom; p is
an integer of 0 to Z2; 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,
16 a hydrocarbon group, a halogenated hydrocarbon group, an
oxygen-containing g¢group, and a nitrogen-containing group, in
the general formula (11}, Q represents -0-, -8, -NR*- or -PR®
- {wherein, R® and R represent each a hydrogen atom or &
nydrocarbon 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 Z or

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



can be used for a catalyst for olefin polymerization having the 5 above-mentioned performance.
According to the process for producing a transition metal 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 yietd. BEST MODE FOR CARRYING OUT THE
INVENTION Hereinafter, catalysts for olefin polymerization related to the present invention, a process
for producing olefin 15 polymers, an olefin copolymer, a novel transition metal compound, and a
process fortprodacmgtheatvansitiorn melalscompaund: wilhberdegenizeciin detanu imtHé present
specification, there is a case where the word "polymerization’ is used not only to mean 20
homopolynmérizgtion st atsa@ toenean copolymerzaton. imcadditionptierslis e pase wdiere a word
‘polymer' is used not only to mean homopolymer but also to mean copolymer. The catalysts for olefin
polymerizatigivistated tgdine gere sentrinventipn inclades 265 #) wtraamsition netak €onspdestd
represented by the following general formula (1), and (B) at least one compound selected from the
group consisting: (6f)5 (B-hoigarometaflic:eompoamds;n group having 1 to 20 carbon
& atom(s}, a silicon-containing group, a nitrogen-containing
groupcn:anoxygen—containinggroup;andxlrepresentsarwlogen
atom, in the general Zformulae (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 vealence of
16 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 1s 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 fromeach other,
15 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-coniugated
straight-chain 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 generasl formulae (1), (10), and (12), n represents an

integer of 0 to 3.

THE EFFECT OF THE INVENTION



(B-2) organoaluminum oxy compounds, and (B-3) compounds capable of reacting with the transition
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 compoupgl, 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 R3 R2 R4 kFR 1 Z X11 5Q RS Ra In the above
general formula (1)TNerepsesenisa transitingmetabatog) selestedfIomErorps kio 6 of the periodic
table, and specifically is Grout) 4 metal atoms of titanium, 5 zirconium and hafnium, Group 5 metal
atoms of vanackur,imigbtum tard tardakum, and-Greuph raetel Btoms of shramis, 7aelybdenum and
tungsten. Among these, transition metal such as titanium, zirconium, hafnium, vanadium, niobium,
tantalum andichromigm tsofreferable; amongthese arGraupes metabatoneand a:Geoupms

clefin e.g., ethylene, propylene, butene, decene, butadiene

jo}

etc., or a copolymerization of olefin such as ethylene -
propylene, ethylene - butane etc., is carriedout. Inaddition,
- when polymerization of o-olefin is carried ocut, the olefin
polymer having an alkyl side~chain which is different from the
supplieda—olefinbasedside-chaincanbeproduced. For example,
10 whenhomopolymerizationof ethyleneiscarriedout, the ethylene
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 compariscn
15 with the polymer obtainesd by using conventiénal 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
obtzined. On the other hand, when copolymerization is carried
20 out, excellent copolymerizability of comoncmers, and the
ethylene olefin copelymers having high comonomer content with
the use of only a small amount of comonomer, can be obtained
in comparison with the case where conventional catalysts for

olefin polymerization are used, and since copolymerization of



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 RI to R4 may be the same
as or different from each other, and represent eactgan atom or a group selected from a hydrogen
atom, a halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silyl
croup-substituted hydrocarbon group, 5 a hydrocarbon group-substituted silyl group, an
oxygen-contairiig geoup andrzenitrogericontainipg gedp, and Sspecificalbtis @ daforem atom such as
fluorine, chlorine, bromine and iodine; a hydrocarbon group having 1 to 30 carbon atom (s) such as
an alkyl grause. o sséthyk ethylepropyk buty 1 10 héxylaodtyl méngl: dodécylz éieesyl, an alicyclic
group e.g., cyclohexyl, norbornyl, adamanthyl, an arylalkyl group e.g., benzyl, phenylethyl,
phenylpropyl, trityl, &mel &y and gréup agtphersinoyhdiméthifishanss seindfethyphahyicethylphenyl,
propylphenyl, biphenyl, naphthyl, methylnaphthyl, 15 anthracenyl, phenanthryl; a halogenated
hydrocarbobegydep Usathd At 30¢arbb A atdny(s) e Whicipat east oA hydrogen linghehe
above-mentioned hydrocarbon group having 1 to 30 carbon atom(s) is substituted to a halogen atom;
a hydrécarlsérogrotissubstitatedesilyf grownRgving 1 to 30 carbon atom(s) in 20 total such as
trimethylsilyl, methyldiphenyilsilyl,
According to the process for producing a transition metal
compound of the present invention, i1t 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 forolefinpolymerization related
to the present invention, a process for producing clefin
15 polymers, anolefincopolymer, a novel transitionmetal compound,
and a process for producing the transition metal compound, will
be described in detall.
In the present specification, there is a case where the
word ‘polymerization’ is used not only to mean
20 homopolymerizaticn but also to mean copelymer:zzation. In
addition, there is the case where a word ‘polymer’ is used not
only to mean homopelymer but also to mean copolymer.
The catalysts for olefin polymerization related to the

present invention includes



dimethylphenylsilyl and triphenylsilyl, and a silyl group-substituted hydrocarbon group having 1 to 30
orpreferably 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 group such
as a trimethylsilyl group. In addition, the two groupsg 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 RirterR4 atliacens deleackhpthen withdpe catareatams towhieh theutivayare

bonded, an indene ring and a fluorene ring are preferable. 10 Specific examples of the
oxygen-contanmgegrofiprnciiide (@n pxygeoup; a peroxy group; a hydroxy group; a hydroperoxy
group; an alkoxy group such as methoxy, ethoxy, propoxy and butoxy; an aryloxy group such as
phenoxy, méihylpheneas tdiomethylphpnoxyl and naphthoxy;r an arylalkpygrouprssichasns
phenylmethoxy and phenylethoxy; an acetoxy group; a carbonyl group; an acetylacetonato group
(acac) ; an ofo group and the like. Specific examples of the nitrogen-containing group include an
amino group; an alkylamino group such as methylamino, 20 dimethylamino, diethylamino,
dipropylamin®;-dieubylaaminoand dicyclaleytamime; an alkylarylamino group or an arylamino
{B~2) organcaluminum oxy compounds, and
(B-3) compounds capable of reacting with the transition metal
compound (A) To form an ion pair. ¥First, eazch of these
components, which are comprised in a catalyst for clefin
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 polymerizationrelatedto the present invention, is represented

by the following general formula (1).

[Chem. 9]



group such as phenylamino, diphenylamino, ditolylamino, dinaphthylamino and methylphenylamino;
an alkylamino group such as methylimino, an ethylimino group, an i-propylimino group 30 and a
tert-butylimino 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-propylphenylimino group, a 2-tert-butylphenylimino
group, a 2,6-di-test-butylphenylimino group and a 2,4,6-tri-tert-butylphenylimino group; and an alkyl
or 10 arylamine group-such as trimethylamine, triethylamine, triphenylamine,

N,N,N',N'-tetrametﬂ ylenedi%e (tmeda) and N,N,N',N'-tetraphenylpropylenediamine (tppda).
RS to Re may be the $ame as pr different from each other, and represent each an atom or a group
selected from a hydrog tom, a halogen atom, a hydrocarbon group, a halogenated hydrocarbon
group, a silyl group-sulgtitutey, hydrocarbon group, a hydrocarbon group-substituted silyl group, an
oxygen-contaiﬁgg ~a \ itro, ni-containing group. The two groups of R5 to R8, which are
adjacent to ea€h other, are-20som d with carbon atoms to which the two are bonded to form
an aromatic ring such as benzena, apht/kalg @hd acenaphthene, or an aliphatic ring.

M
Y

« v (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,

o

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, nicbium, tantalum and chromium
ls preferable, among these a Group 4 metal atom and a Group 5
10 metal atomarepreferable, 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,



Among these, R8 is preferably a hydrocarbon group having 1 to 20 carbon atom (s) , a halogenated
hydrocarbon group having 31 1 to 20 carbon atom(s), a silyl group-substituted hydrocarbon group
having 1 to 20 carbon atoms or a hydrocarbon group-substituted silyl group which is a group having 1
to 20 carbon atom(s) in total, since they give a remarkably improved 5 effect on polymerization
activity. Among these, R8 is preferably 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 to 2R'carbei atem(skin tatak ana hydracath@T 4 0 group-substisutedssilykgroup 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)suehastar atlylgroap en g ; methybu pthyd 1 propyk bityimhexyl cyslehexyl, octyl,
nonyl, dodecyl and eicosyl, an alicyclic group e.g., norbornyl and adamanthyl; 15 an arylalkyl group

e.g., benzylz phanylethyd Iphenylpropyl ard tritgl andararybgroup e.g., pheayk telylk: dimethylphenyl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthyl, methylnaphthyl, anthracenyl and

phenanthryh; &d halogeirated thydrocarksdn gioop dhavingub to- 2@ carbdh atras) i 20 whiakza hydrogen
atom in the above-mentioned hydrocarbon group having 1 to 20 carbon atom(s) is substituted to a
halogen atoin;h adwarecarbon groug-sebstiotedusiytigroupHaving Lite 28ncarbon atom(s) in total e.g.,
trimethylsilyl,

oxygen-containing group and a nitrogen-containing group, and

specifically is a halogen atom such as flucrine, chlorine,

bromine and iodine; a hydrocarbon group having 1 to 30 carbon

atom{s) suchas analkyl groupe.g., methyl, ethyl, propyl, butyl,

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

16 anthracenyl, phenanthryl; a halogenated hydrocarbon group
having 1 te 30 carbon atom(s) in which at least one hydrogen
in the above-mentioned hydrocarbon group having 1 to 30 carbon
atom{s) 1s substituted to a halogen atom; a hydrocarbon
group-substituted silyl group having 1 to 30 carboen atom(s) in

20  total such as trimethylsilyl, methyldiphenylsilyl,
dimethylphenylsilyl and triphenylisilyl, 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



methyldiphenylsilyl, dimethylphenylsilyl 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 the hydrocarbon group-substituted silyl group. 5 According to the present invention, R8
is more preferably a tertiary alkyl group, an arylalké/ggroup, an aryl group, an alicyclic group, a
halogenated alkyl group, a halogen-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,

phenylethylepiaenylpropy| rang-titd ranary group sueh as phenyl, falyl dimethyiphenyh as
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthyl, methylnaphthyl, anthracenyl and
phenanthryk at byarecarionigreupdhaying. 4 to 20 carbon atoms such as an alicyclic 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 alkyigroup havieg:lito 2ecasbonratom(s)subgtituted -to-a-hajagen atom such
as trifluoromethyl; a halogenated aryl group having 6 to 20 carbon atoms such as 20

2,3,4,5,6-pentaftuoraphemd. 3, 5rdiffucrepbeny ane3, 5o ditrifluoremesndphenyd; and, g teriary silyl
group such as trimethylsilyl, methyldiphenyisilyl, dimethylphenylsilyl and triphenylsilyl, and preferably
is a terfiary silylgneup in mihighcar hydrnecarben:gragpys substituted apg-a growes havinghl cn
the two are bonded, and preferably form an aromatic ring. As
the ring formed by combining the two groups of R! to R adjacent
to each other with the carben atoms to which the two are bonded,
an indene ring and a fluorene ring are preferable.
10 Specific examples of the oxygen-containing group include
a&n OoXy group; a peroXy group; a hydroxy 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 arylalkoxry group such as
15 phenylmethoxy and phenylethoxy; an acetoxy group; a carbonyl
group; an acetylacetonatc group (acac); an oxo group and the
like.
Specific examples of the nitrogen-containing group
include an amino group; an alkylamino group such as methylamino,
20 dimethylamine, diethylamino, dipropylamine, dibutylamine and
dicyclohexylamino; an alkylarylamino group or an arylamino
group such as phenylamino, diphenylamineo, ditolylamino,
dinaphthylamino and methylphenylamine; an alkylimino group

suchasn@thylimino,anethyliminogroup,aniwpropyliminogroup



33 to 20 carbon atom(s) in total. Particularly preferable examples include tert-butyl, adamanthyl, trityl,
phenyl, tolyl, dimethylpheny' trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthyl,
methylnaphthyl, anthracenyl, phenanthryl, 5 trifluoromethyl, 2,3,4,5,6-pentafiuorophenyl,
3,5-difluorophenyl, 3,5-ditrifluoromethylphenyl, trirrg;@thyisilyl, methyldiphenylsilyl, dimethylphenylsilyl
and triphenylsilyl. Particularly, R8 is preferably a tertiary alkyl group, 10 a tertiary arylalkyl group, an
aryl group, a tertiary alicyclic group or a tertiary silyi group having 1 to 20 carbon atom(s) in total.

Further, from:the ¥ieyepeirtefactivity nR8 ds pasticularly preferablya dertigry alkyl-group, a tertiary
arylalkyl group, a tertiary alicyclic group or a tertiary silyl 15 group having 1 to 20 carbon atom(s) in

total. Examplas of stefi rgrpups inchede, terbhubyl adamantiocumyl diphenylethyl, trityl,
trimethylsilyl and the like. X represents a hydrogen atom, a halogen atom, a hydrocarbon group, a

halogenated hyeroCaeon, grenipn an 26 Xy geALANIAIRINg, arogp-QF dakegep:containing-group; Q
represents -0 S NRa or PRb -; and R™ and Rb represent each a hydrogen atom or a hydrocarbon
group havingcte=20 garbon-atap(s)ocAsthe halbgenatemyfluarine, chlorine, bromine and 34
5 Z,6-di-i-propylphenyliminc group, a
2,4,6-tri-i-propylphenylimino group, a
Z-tert-butylphenyliminc group, a
Z2,6=di-tert-butylphenylimino group and a
2,4,6-tri-tert-butylphenylimine group; and an alkyl or
10  arylamine group such as trimethylamine, triethylamine,
triphenylamine, N,N,N' ,N'-tetramethylethylenediamine (tmeda)
and N,N,N',N'wtetraphenylpropylenediamine (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
i5 atom, a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a silyl group-substituted hydrocarbon group,
a nydrocarbon group-substituted silyl group, an
oxygen—-containing group and a nitrogen-containing group. The
twoe groups of R® to 2%, which are adijacent to each cther, are
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.
Bmong these, R® is preferably a hydrocarbon group having

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



iodine can be exemplified. As the hydrocarbon group, specifically, hydrocarbon groups having 1 to 30
carbon atom (s ) such as an alkyl group e . g., methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecy!
and 5 eicosyl; a cycloalkyl group having 3 to 30 carbon atoms e.g., cyclopentyl, cyclohexyl, norbornyl
and adamanthyl; an alkenyl group e.g., vinyl, prop)efyl and cyclohexenyl; an arylalkyl group e.g.,
benzyl, phenylethyl and phenylpropyl; an aryl group e.g., phenyl, tolyl, dimethylphenyl,
trimethylphenyl, 10 ethylphenyl, propylphenyl, biphenyl, naphthyl, methylnaphthyl, anthryl and

phenanthryficam becexermplitied -Asthe halogeneied fnsligcarhon: specificaliy a-areHppiB-which at
least one hydrogens in the hydrocarbon group having 1 to 30 carbon atom(s) is substituted to a

halogen atogr,ccap be:exemplified Asithesks bydroearhon-grodpranehibe:halegenated hydrocarbon,
ones having 1 to 20 carbon atom(s) are preferable. As the oxygen-containing group and the

nitrogen-cortaining gy, sameanes exemplified asthen axygenreentaininggigup' andibe
“nitrogen-containing group' 20 for R™ to R4, can be exemplified. In a case where X is either an

alkylimino greupenast: afylig)inorgrasips X, bends:to dhwithdouble bent Synbel Ais Borwmber
satisfying the valence of M, it is determined by valence of transition metal atom N and valence 35 of
X, and & a muimberttooneyitalizedostiveiand aegdtivervalences.
Among these, RBis-preferably 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 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, octyl, nonyl, dodecyl
and eicosyl, analicyclic group e.g., norbornyl and adamanthyl;
15 anarylalkyl group e.g., benzyl, phenvliethyl, phenylpropyl and
trityl, and an aryl group e.g., phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenyl, propyliphenyl, biphenyl,
naphthyl, methylnaphthyl, anthracenyl and phenanthryl; a
halogenated hydrocarbon group having 1 to 20 carbon atom(s) in
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.g., trimethylsilyl,

methyldiphenylsilyl, dimethylphenylsilyl and triphenylsilivl,



Herein, relations of a - 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 Tid+ and X is Cl-, in is 2. When m is 2 or more, a plurality of atoms or groups represented by X
maybe 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, 10 a conjugated
branched-chain diene residue, a non-conjugated straight-chain diene residue or a non-conjugated

branched-chaii dienelresidueibe phyatity-efgroupsdrepresentied oy may veronded tpceach other
to form a ring, and also may form an aromatic ring, an aliphatic ring, a 15 conjugated cyclic diene
residue oragqwmnzconjagated <yclie.diesiea tesigue:WW/BaN M isyd 06 ate aa prurality-af atoms or groups
represented by X may be the same as or different from each other, and the plurality of groups
representechby Xomayiberbandeatoi 20 sachitber-todfotrm aciiag.hY epresentisa neutral ligand having

an electron-donating group. The electron-donating group is a group containing unpaired electrons
that can be gonatetstormetats; madl ¥ gy be ramyligand as long as it is the neutral ligand having 36
electron-donating property. Specific examples of the neutral ligand Y include acyclic
5 According to the present invention, RY is more preferably
a tertiary alkyl group, an arylalkyl group, an aryl group, an
alicyclic group, a halogenated alkyl group, a
halogen-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, biphenyl,
raphthyl, methylnaphthyl, anthracenyl and phenanthryl; a
hydrocarbon group having 4 to 20 carbon atoms such as analicyclic
15 groupe.g., norbornyl and adamanthyl, etc.; 2 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; a halocgenated aryl
group having 6 to 20 carbon atoms such as
200 2,3,4,5,6~pentafluorophenyl, 3,5-diflucrophenyl and 3, 5-
ditrifiuvcoreomethylphenyl; and & tertiary silyl group such as
trimethylsilyl, methyldiphenylsilyl, dimethylphenylsilyl and
triphenylsilyl, and preferably is a tertiary silyl group in

which & hydrocarbon group is substituted and & group having 1



or cyclic saturated or unsaturated ethers such as diethylether, dimethylether, dimethoxyethane,
diisoprpylether, 5 tetrahydrofuran, furan, dioxane, dimethylfuran, anisole, diphenylether and
methyl-tert-butylether; acyclic or cyclic saturated or unsaturated aldehydes such as acetoaldehyde,
propionaidehyde, n-butylaldehyde, 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
benzylmethytketone-acyrclid-omoyclic. saturadéd orfunsaturafest- Apnidesfaicibd s formamide acetamide,
benzamide, n-valeramide, 15 stearylamide, N,N-dimethylformamide, N,N-dimethylacetamide,

N,N-diethylprapiommide =N iN-timethytartutylamide; 1 agyclicmteyelic satuiated or unsaturated
anhydride such as acetic anhydride, succinic anhydride and maleic anhydride; acyclic or cyclic
saturated of msatuyatetd smides sucires 20 spieininmide andyphthalimide; aeydlicigrayclié saturated or
unsaturated esters such as methyl acetate, ethyl ace-Late, benzyl acetate, phenyl acetate, ethyl
formate, ettrd prepanoatesethbhyly Stearaté nhd agbhyd Hoehz ozt racycke 91 cyolie saturated or
unsaturated amines such as trimethylamine, triethylamine, 37 triphenylamine, dimethylamine,
N,N,N,N'-tetranfethyletipieriediamihe’ aailine b NHe iméthytaniiptes pydrolidine, piperidine and
morpholine;
3,5-difluorophenyl, 3,5-ditriflucromethylphenyl,
trimethylsilyl, methyldiphenylsilyl, dimethylphenylsilyl and
triphenylisilyl.
Particularly, R® is preferably & 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 & tertiary alkyl group, a tertiary
-arylalkyl group, a tertiary alicyclic group or a tertiary silyl
18 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, & halogenated hydrocarbon group, an
20  oxygen-containing group or a nitrogen-containing group; @
represents ~0-, -$-, - NR® -, or - PR® -; and R® and R® represent
each 2 hydrogen atom or a hydrocarbon group having 1 to 20 carbon

atomis).

As the halogen atom, fluorine, chlorine, bromine and



Nitrogen-containing heterocyclic compounds such as pyridine, 5 a-picoline, (3-picoline, quinoline,
isoquinoline, 2-methylpyridine, pyrrole, oxazole, imidazole, pyrazole and indole; sulfur-containing
heterocyclic compounds such as thiophen 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 angcarhon dipxide;an.prganemetallic compound 15 of (B-1) described below, and the like.
Further, it may be a compound in which a part of the compound is substituted to a substituent such

as, for example, anzadkyd 1gouR, &-balggen 9reuR,ua Ntk group; @a@%?‘?n}‘!ﬁﬂ%’a%émi”o group and
the like. As the Y in the above-mentioned general formula (1) , among those 20 neutral ligands,

ethers, aldefydgs sketopesg nitrogencontaining heferacyslic-eopwaunds,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. 3& &L represents, 0, poRa-pand :PRIk.Ra and - Rhyrepresent eachiadydrogen atom or a
hydrocarbon group having 1 to 20 carbon atom(s) . As a hydrocarbon group, the hydrocarbon group
havingsl to 20cashan atoms):atnong the abavernentionet +o 3¢ carbon atoms e.g.,

cyclopentyl, cyclohexyl, norbornyl and adamanthyl; an alkenyl

group €.g., vinyl, prepenyl and cyclohexenyl; an arylalkyl

group e.g., benzyl, phenylethyl and phenylpropyl; an aryl group

e.g., phenyl, tolyl, dimethylphenyl, trimethylphenvl,

10 ethyl?henyl,propylphenyl,biphenyl,naphthyl,n@thylnaphthyi,
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

15  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 a case where X is either an alkylimino group or an
arylimino group, ¥ bonds to M with double bond.

Symbel m is & number satisfying the valence of M, it is

determined by valence of transition metal atom M and valence



5 hydrocarbon groups exemplified for R' to R4, can be exemplified. Of these, it is preferably a
hydrocarbon group, and particularly preferably is a hydrocarbon group having 1 to 10 carbon atom(s)
such as methyl, ethyl, propyl, butyl, benzyl, phenyl, tolyl, dimethylphenyl, naphthyl and the like. 10
When R2 and R3 in a compound represented by t§1 above-mentioned general formula (1) are
combined to form an aliphatic ring or an aromatic ring with the carbon atoms to which the two are
bonded, R' and R2 may be further combined to form an aliphatic ring or an aromatic ring with the

carbon atorps 1o, nwhish: thernwe are-hondeds 0f Re gad R2irpayanet hegomkined withceach other,
and further, R4 and R3 may be further combined to form an aliphatic ring or an aromatic ring with the

carbon atoms rt@iwhichdhe twerare bonged, or R4and R:maymothe-combinedr-witheach other.
Among these compounds, it is one of the 20 preferred aspects that such compounds have a structure

in which, farrexample, RsisRokeopbined with B2, andR4 isret combingdswithd3 riewddition, when
R3 and R4 are combined to form an aliphatic ring or an aromatic ring with the carbon atoms to which

the two are beopgded, Riand*R2 may be ceprined o farm.an alipkatics3@-dingroxan arematic ring with
the carbon atoms to which the two are bonded, or Rland R2 may not be combined with each other,

and fusthers R2carfd B31may bedfurtbes gembinedtosdoren an dliphadicxring or an asomati¢ ring with the
carbon atoms to which the two 5 are bonded, or R2 and R4 may not be combined with each other.
When m is 2 or more, a plurality of atoms or groups

represented by Xmay be the same as or different fromeach other,
the plurality of groups represented by X may be bonded to each
other, theymay form a conjugated straight-chain diene residue,

10 a conjugated branched-chain diene residue, a non-conjugated
straight-chain diene residus or a non-conjugated
branched-chain diene residue, the pluraliity 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  conjugatedcyvclicdiene residue or a non—-conjugated cyclicdiene
residue.

When m is 2 or more, a plurality of atoms or groups
represented by X may be the same as or different fromeach 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 slectron-donating group is a group containing
unpaired electrons that can be donated to metazls, and Y may be

any ligand as long as it is the neutral ligand having



Among these compounds, it is one of the preferred aspects that such compounds have a structure in
which R' is not combined with R2, and R2 is not combined with R3. Other than those above,
compounds 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 Rg.and R4 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-mentioned general formula (1)
, in which the tea ebR1denR4:iadjaganite 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:R8cre combingsiie fosth one aeamaticl ringgaith the:carbon<L@ aj@ims ¢o which the
two are bonded; a compound represented by the following general formula (3) in which R3 and R4 are

combined torfarprbhe atomaticteryarith-ibe cadareaterns 4o whiehiihes two-anehended: and a
compound represented by the following general formula (4) in which R1 and R™ are combined to form

one 40 arodiatietring withdhe cathen-atomsstonahich the iweare boaded and also R3 and R4 are
combined to form one aromatic ring with the carbon atoms to which the two are bonded. [Chem. 10] 5
11 B tetrahydrofuran, furan, dioxane, dimethylfuran, anisole,
diphenylether and methyl-tert-butylether; acyclic or cyclic
saturated or unsaturated aldehydes such as acetoaldehyde,
propicnaldehyde, n-butylaldehyde, benzaldehyde,
p-nitrecbenzaldehyde, 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-dimethyl-n-butylamide;
acyclic or cyclic saturated or unsaturated anhydride such as
acetlc anhydride, succinic anhydride and maleic anhydride;
acyclic or cyclic saturated or unsaturated imides such as
20 succinimide and phthalimide; acyclic or cyclic saturated or
unsaturatedesters 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,



1210 R130OR14 7Xm R5 Q R6 0 ~ g, 8 .(r)p() In the above general formula (2) , R9 to 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, a halogen atom, a 10 hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbgg group-substituted silyl group, an
oxygen-containing group and a nitrogen-containing group, and the two of R9 to R14 which are
adjacent to each other may be combined to form an aromatic ring, 15 an aliphatic ring or a hetero ring,

with the car@gagp@]q%;%ﬁ;n\ghicgitﬁgg_WQlagg fonded. As the halogen atom, the hydrocarbon group,
the halogenated hydrocarbon group, the silyl group-substituted hydrocarbon group, the hydrocarbon

group-substifytedisilykgroup; theexygenseertainiag gkup. 2 and.the;pjirogen-containing group, same
atoms or groups exemplified for R1 to R9 can be exemplified. Among R9 to R19, at least one of R9

and R10 is preferablye eralagen atom, 8 hydrcashon greup, a-halegenated hydrocarshan. group, a
silyl group-substituted hydrocarbon group or a 10 hydrocarbon group-substituted silyl group, and
specifically & ihalogen atyn syich asfluariner shigrinebromine ,ioding; 2%, =5 pyridine,
8 o-picoline, B-picoline, guinoline, iscguincline,
Z-methylpyridine, pyrrole, oxazole, imidazcle, pyrazole and
indeole; sulfur-~containing héterocyclic compounds such as
thiophen and thiazole; phosphines such as trimethylphosphine,
triethylphosphine, tri-n-butylpheosphine 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-l1) described below, and the like. Further, it may be a
compound in which a part of the compound is substituted to a
Substituentsuchas,forexample,analkylgroup,ahalogengroup,
a nitro group, a carbonyl group, an amino group and the like.
Asﬁhe&?intheabove—mentionedg@neralformula(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 Y is an integer of

0 to 3, and preferably is 1 or 2.



alkyl group such as methyl, ethyl, propyl, butyl, hexyloctyl, nonyl, dodecyl, eicosyl; a hydrocarbon
group having 1 to 20 carbon atom(s) such as an alicyclic group e.g., cyclohexyl, 15 norbornyl,
adamanthyl, etc., an arylalkyl group e.g., benzyl, phenylethyl, phenylpropyl, trityl, etc., an aryl group
e.g., phenyl, tolyl, dimethylphenyl, trimethylphenyl ﬁthylphenyl, propylphenyl, biphenyl, naphthyl,
methylnaphthyl, anthracenyl, 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) s substinged i@ a-hplogersatom;gzhydragaghor igroup-substituted si_yl group
having 1 to 20 carbon atom(s) in total such as trimethylsilyl, methyldiphenylsilyl, 42

dimethylpheryisilykisiphenylsiyls andar-siyéd rgredpnsubstituted hydracarkon graiiphawpgdyto 20
carbon atom(s) in total in which a hydrogen atom in the hydrocarbon group is substituted to the

hydrocarbon greupssybstituted iyl §)groups When bettstheR9and:R 10-awe i0agh S-groppror an atom
other than a hydrogen atom, they may be the same as or different from each other. R11 is preferably

a halogen atorsua hydrocesbontgropp d9:-having d4g 20;carhenqatonyshsshalogenatedrladrocarbon
group having 1 to 20 carbon atom(s), a silyl group-substituted hydrocarbon group having 1 to 20

carbon mtony(glinctotatben groups exemplified for R? to R, can be exemplified.
Of these, it is preferably a hydrocarbon group, and particularly
preferably is a hydrocarbon group having 1 to 10 carbon atom(s)
such as methyl, ethyl, propyl, butyl, benzyl, 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
aliphatic ring or 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

15 which the two ars bonded, or R* and R® may nct 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 which the two are bonded, or R' and R® may not be combined
with each other. Among these compounds, i1t 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
aliphaticringor anaromatic ring with the carbon atoms to which

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



a hydrocarbon group-substituted silyl group having 1 to 20 carbon atom(s) in total, and specifically the
same atoms or 15 groups exemplified as preferable groups for R9 and R"0 can be exemplified. In
addition, the two or all of R9, R10, and R" may be each a group or an atom other than a hydrogen
atom, and they may be the same as or different frogm each other. 20 Among R9 to RI', in a case where
at least one of R9, R1 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 ta- A wvhigh arecether than adalegensatens a-mulogaon group. 43, ahalegenated
hydrocarbon group, a silyl group-substituted hydrocarbon group or a hydrocarbon group-substituted

silyl group,ds preferalely a bydréger atdma | hedwe greups-ameong.thergeaiis representackby R11 to
R14, 5 which are adjacent to each other, may be combined to form an expanded aromatic ring with

the carbon atems toryhich the tworare bended-and-anyadiaceat groupsHfR1L angR'Z; R12 and
R13 and R13 and R14, may be combined with each other to form an expanded aromatic ring, and

preferably, gromgscoef R laanshRI12: of Rik? andrl@ Rd T-arecambinegwith gach-pthertofpsm an
expanded aromatic ring since they give an improved effect on molecular weight and stereoregularity
in polyraerization:afradelefincln speeiig, tisrpseferablybenzeinsenyt with each other.
Among these compounds, it is one cof 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 arcmatic ring with the carbon atoms to which the two are
beonded, can also be exemplified.
Examples of the compound which can be represented by the
18 above-mentioned general formula (1), in which the two of R to
R* adjacent to each other are combined to form & 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 combinad tc 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 R® and R are combined
to form one aromatic ring with the carbon atoms to which the
two are bonded; and a compound represented py the following

- ; Ly 2 .
general formula (4) in which R* and R? are combined to form one



dibenzoindenyl or substituted benzoindenyl, and in particular, 15 it is more 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 hydrocarbon group having 1 to 20 carbon atom(s), a
silyl group-substituted hydrocarbon group having 41Uto 20 carbon atom (s) or a hydrocarbon 20
group-substituted silyl group having I to 20 carbon atom(s) in total. When the two groups among the
groups represented by R11 to R14, which are adjacent to each other are combined to form an

expanded arenwaiic 1ing With the:-carhon atoms fo whigh the 44, twa anebended-anyoneser 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 frem gagh athesJChems: Ad] -ahie fed7 -R1946n R2ARIGWE M R{AY\w QXR6 R$ S

the carbon atoms to which the two are bonded.

[Chem. 10]

e (2)

In the above general formula (2), 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, a halogen atom, a

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

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



7 In the above general 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 atom, a 10
hydrocarbon group, a halogenated hydrocarbon group, a silyl group-substituted hydrocarbon group, a
hydrocarbon group-substituted silyl group, an oxyg(fn-containing group and a nitrogen-containing
group, and the two groups among the groups 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-whieh-the dwo-are,banded. Asthe balagen-atomthe hydroearhon group, the

halogenated hydrocarbon group, the silly_ group-substituted hydrocarbon 5 group, the hydrocarbon

group-subsiuiagsilyk SEOUR: 1R LXYEEA-COMAIBINGIOLP @Rdihe nittegen-containing group, same
atoms or groups exemplified for R1 to R9 can be exemplified. Among R15 to R20, at least one of R1'

and R20 is grefefabluastalegen ata s bydracarben-giayp, ahalegenated hydrocarbon 10 group, a
silyi group-substituted hydrocarbon group or a hydrocarbon group-substituted silyl group, and

specifically sasgatonms ek groups exemplifigdSopthe-aRovesmeationed, R9:19; Rl4such.as the
halogen atom, the hydrocarbon group having | to 20 carbon atom(s), the halogenated hydrocarbon

group ravingrkb tie 20 carboatomistheisilyl greyprsubstitited hydrocarbon. grgup having 1 to 20
carbon atom(s) and the hydrocarbon
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 hyvdrocarbon
group, & silyl group-substituted hydrocarbon group or a

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

15 norbernyl, adamanthyl, etc., an arylalkyl group e.g., benzvl,
phenylethyl, phenylpropyl, trityl, etc., an aryl group e.g.,
phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl,
propyiphenyl, biphenyl, naphthyl, methylnaphthyl, anthracenyl,
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, methyldiphenylisilyl,



group-substituted silyl group having 1 to 20 carbon atom(s), can be exemplified. When both of R15
and R20 are each a group or an atom other 20 than a hydrogen atom, they may be the same as or
different from each other. R16 and R19 are each preferably a halogen atom, a hydrocarbon group
having ' to 20 carbon atom(s) , a halogenated hyﬂocarbon group having 1 to 20 carbon atom(s), a
silyl 46 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 specifically the same atoms

or groups exemptified as Preferable greups-fas R 119 R20 can Hibe exemplified. n 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 mgyhe-the same as-«ardifferent kameach,other Thetwo,groups amonrg ts,groups

represented by R16 to RL9 10 which are adjacent to each other, may be combined to form an

expanded azematic ringrwith the carbopratems:tawhichdhe twosare borded rand-ary agdigeent groups
of R16 and R1', R17 and R18 and R1 and R19, maybe combined with each other to form an

expanded arematie singpkd: -speciie Jtis Preferabhsbenzoindenyl- diberzoindenykansubstituted
benzoindenyl, and in particular, it is more preferably substituted benzoindenylin which hydrogen
b group.

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

R'™ is preferably a halogen atom, a hydrocarbon group

10 having 1 to 20 carbon atom(s), a halogenated hydrocarbon group
having 1 to 20 carbon atomis}), & silyl 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(s) in total, and specifically the same atoms or

15 roups 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 or an atom other than a hydrogen atom, and they may be
the same as or different from each other.

20 mmong RY to RY, in a case where at least one of RY, R
and R* is a haicgen atom, a hydrocarbon group, a 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 atem, a hydrocarbon group,



in the benzoindenyl group is substituted to a hydrocarbon group having 1 to 20 carbon atom(s), a
halogenated hydrocarbon 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 1 to 20 carbon atom(s) in total, since they give an improved effect on molecular weight and
stereoregularity in polymerization of a-clefin. 47 When the two groups among the groups represented
by R16 to R'9, which are adjacent to each other, are combined to form an expanded aromatic ring

with the carbonztems-iavdich the-dweaserbontedpany oae o both-ef:R13 wing-R2Q vy 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. [Cheryd2$ B262m X24 R23 R2ER22 X8R50 BE 401G i the: ahovedgenaral formula (4),
R21 to R2B, which may be the same as or different from each other, represent each an atom or a

group selectead from a hydregen-atom; azhalogen @étoma adrydrocarbon group, a halogenated
hydrocarbon group, a silyl group-substituted hydrocarbon group, a hydrocarbon 15 group-substituted
silyl group, an oxygen<cantaining gseupeinty the groups represented by RY to RY,
& which are adjacent to each other, may be combined to form an
expanded arcomatic ring with the carbon atoms to which the twe
are bonded, and any adjacent groups of R* and R*, RY and RY,
and R*® and R, may be combined with each other toc form an expanded
aromatic ring, and preferably, groups of R*' and R*?, or R* and
10 R™ aré combined with each other to form an expanded aromatic
ring since they give an improved effect on molecular weight and
stereoregularity in polymerization of a-oclefin.
In specific, it is preferably benzoindenyl,
dibenzoindenyl or substituted benzoindenyl, and in particular,
15 it ismorepreferably substitutedbenzoindenyl inwhichhydrogen
in the penrzoindenyl group is substituted to a hydrocarbon group
having 1 to 20 carbon atom{s), a halogenated hydreccarbon group
having 1 to 20 carbon atom{s), a silyl group-substituted
hydrocarbon group having 1 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



48 a nitrogen-containing group, and the two groups among the groups represented by R21 to R26,
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. 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 R1 to R' can be exemplified. 10
When the twer graupskasnaeg thegyoups represeited g R2h dRR28awhich ase adjacantte each
other, are combined to form a ring with the carbon atoms to which the two are bonded, preferably p22
and R23, and-R26G andR37 lase camabinechwilt eash ethar fofaemanenonapdierefarablyte form an
aliphatic ring. 15 in this case, R21, R2', R25 and R28 are each preferably a hydrogen atom. in
addition, thes eing foried by enmhiniag the dxo growas. among the groups represented by R2" to R28,
which are adjacent to each other with the carbon atoms to which the two are bonded, may be
substituted with at lé&steone atbin 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 R22, R23, R26 and R2| preferably R22 and R27 or R23
and R2E is a tertiary alkyl group, an arylalkyl group, 49

Lo+ (3)

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, a halocgen 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 groups among the groups

15 20 . 1 , ; ;
represented by R™ to R*, which are adjacent to each other, may



an aryl group, an alicyclic group, a halogenated alkyl group, a halogen-containing aromatic group, or a
tertiary silyl group. 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 R can be exemplified. Specific exampies 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
adamanthybegregmial ewnytgrofpra tEimetbylsiy group rastriphenylsilyh group xa Hiylgroap, a phenyl

group, a naphthyl group, a phenanthryl group and a mesityl group (2,4,6-trimethylphenyl) 15 are
sometimesabbeeviatethas Me, bt 1R -Bth Ad 2ComEMS; TRScATE RN thaps Pharvard dles,
respectively. [Chem. 13; 50 Y 01 CI/CI Cbol, SCIM'CI1C,CIRRe 1R.6C)e
As the halogen atom, the hydrocarbon group, 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*Y, 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 atoﬁ, the hydrocarbon group having 1
to 20 carbon atom(s), the halogenated hydrocarbon group having
i85 1 to 20 carbon atom{s), the silyl group-substituted hydrocarbon
group having 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 ¢f R and R*® are each a group or an atom other
20 than a nydrogen atom, they may be the same as or different from
each other.
R*® and R* are each preferably & halcgen atom, a
hydrocarbon group having 1 to 20 carbon atom(s), & halogenated

hydrocarbon group having 1 to 20 carbon atomis), a silyl



IClI M=T!, Zr, Hf 1 Re, Re --'Bu, Ad, TMS, Cu, Ph, Tr, TPS CIli-0, Re [Chem. 14] R"R"R" ReRB O
tRe RID o Rte MCIMCI RB M/CI jSCllcl O/O OR(r) Re ORe R"R10 Re /CI~RaReMCICI O
O RID tReRB ~'CI O~CI SCI/RB O RB J Re M=Ti, Zr, Hf Re, R8=Bu, Ad, TMS, Cu, Ph, Tr, TPS
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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 specifically the same atoms

or groups exemplified as preferable groups for R*® to R* can

o

be exemplified.

In addition, the two, three or all of RY, R'®, R!? anag R?
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 RY,
10 which are adjacent to sach 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 form an expanded
aromatic ring.

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

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

hydrocarbongrouphaving].to20c&rbonatom(s),cn:ahydrocarbom

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 c-clefin.
Y polym



RB,Rte=Me, Et, "Pr, Ph Rat=Ph, Mes, Nap, Phen, TPS [Chem. " 5] 51 R20 Rts R20 Rts /Ci /Ci M M
R20 R16 lagel 'Cl 0 Re R6~Re O R6 R6 RM R45 R20 R15 Cii /Ci M=Ti, Zr, Hf / -~C" ' \CI Re,
Re=tBu, Ad, TMS, Cu, Ph, Tr, 0 C TPS Rts R20=Me, Et, "P, Ph 0 (p R6 O Re [Chem. 161 To 'Bu tBu
tBu tBu aci --cl RRRe CI rC):, Tw.." M/CI 47

When the two groups among the groups represented by R*®
to R, which are adjacent to each other, are combined te form
an expanded aromatic ring with the carbon atoms to which the
two are bonded, any one or both of R*® and R*® may be each an

5 atom or a group other than a hydrogen,atomf and they may be the

same as or different from each other.

[Chem. 12]

» o« o {4

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

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



~Cl ~ci Cl 06 Rs Re Ci Re M=Ti, Zr, Ht Re, R'--'Bu, Ad, TMS, Cu, Ph, Tr, TPS R15,Rx=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 I}()E!Iowing Groups 1, 2 and 12, 13 of the periodic
table can be 5 exemplified. (B-la) An organoaluminum compound which can be represented by a
general formula RarAl(ORb)"Hpxq, wherein, Ra and Rb may be the same as or different from each
other and represent #agh adadiecarken graup havinglete 13, 410 praferably 194 atom(s) ; X

represents a halogen atom; m, n, p and q are numbers of 0<m<-3, 0<-n<3, 0<_p<3 and 0sqg<3,

respectively: apddBEAtRAd3r{B-R) A alirated comnlex; composed of:Group fdnetal and
aluminum, which can be represented by a general formula M2AIRa4, 15 wherein, M2 represents Li,

Na, or K; anskRadepresents 8 form an aromatic ring, an aliphatic ring or a

heterc ring, with the carbon atoms to which the two are bonded.

W]

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 greoup and the nitrogen-containing group,
same atoms or groups exemplified for R tc R can be exemplified.
10 When the two groups among the gréups 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 each 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
to each other with the carbon atoms to which the two are bonded,
may be substituted with at least one atom or a group selacted
20 from a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a silyl group-substituted hydrocarbon group
and & hydrocarbon group-substituted silyl group.
At least one of R**, R¥, R®*® and R?, preferably R?® and

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



hydrocarbon group having | 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 RaRbM3, 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 Zn, or Cd. As the above-mentioned
organoaluminum compounds belong to (B-la), the following compounds can be exemplified. An
organoaluminum compound which can be represented by 53 a general formula RamAl' (ORb)3_m,

wherein, Ra ang}h aredhe same -as e differentfrm each-ather and represeqtieashaghydrocarbon

group having 1 to 15, preferably | to 4 carbon atoms; and m is a number of 1.5<-m<3. 5 An

organoalumirksm sgewosids whichrean bedepresentedhy & generat farmula RemAX3,/, wherein,

Ra represents a hydrocarbon group having 1 to 15, preferably 1 to 4 carbon atoms; X represents a
halogen atare; el e is: pecferably PrmcSu AN OREaRoaILINYN gompovnd kepreseptad by a general

10 formula RamAIH3-m, wherein, Ra represents a hydrocarbon group having 1 to 15, preferably | to 4

carbon atoragzard Mtisqureferablnugsm<se An-Qrganeaiusinumicpmpaunc.represeited by general
formula RamAl (ORb) nXq, wherein, Ra and Rb may be the same as or different 15 from each other,

and represery:each:a/hydrogarkprogroppiaving 1436, preferablyrl taidcarber atom(s) ¢ X
represents a halogen
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 1t is not limited thereto.

10 In the present specification, a methyl group, an ethyl
group, an n-propy: group, a tert-butyl group, an adamanthyl
group, a cumyl group, a trimethylsilyl group, & triphenylsilyl
group, a trityl group, a phenyl group, & 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. 131



atom; m, n, and g are numbers of 0<m<-3, 0-<n<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,
trieehylaluminium, trioctylaluminium, tridecylalumigiéjm and the like; tribranchedalkylaluminum such
as triisopropylaluminum, 54 triisobutylaluminium, tfi-sec-butylaluminum, tri-tert-butylaluminurn,
tri-2-methylbutylaluminium, tri-3-methylbutylaluminium, tri-2-methylpentylaluminium,
tri-3-methylpentylaluminium, tri-4-methylpentylaluminium, 5 tri-2-methylhexylaluminium,

tri-3-methylhe ylaluminium and the like; alkylaluminum such as
tricyclohexylalunan: ,tricy&looctylalu and the like; triarylall :such as
triphenylaluminum, trito minum and the1ike, dialkylaluminum hydride sueh ag+'10 diethylaluminum
hydride, diisobutylaluminumdaydride and the {likemfialkenylaluminum suc as"ﬁr'riqurenylaluminum
and the like which.ean kv represented by (i-( 4Hé) x®&ly (C5HIlo) z, wherein, %,y and z are each a
nikm alkoxide such a aluminum methoxide, 15
opropoxide and th —dialigylaluminium alkoxide
iminum ethoxide, dibutylaluminum butoxide

oxitfe, isobutylaluminityi

isobutylaluminurt 0
inum methoxide, 5iethylal

such as dimeth

M=Ty Zr Hf
RE Rézmy Ag, TS, Cu, PR Tr TPS

M=Ti, Zr, Hf

RE RE='Bu, Ad, TMS, Cu, Ph, Tr, TPS
R Ri%=pe Bt "Pr, Ph

RV=ph, Mes, Nap, Phen, TPS

[Chem. 15]



and the like; alkylaluminum sesquialkoxide such as ethylaluminum sesquiettoxide, butylaluminum
sesquibutoxide 20 and the like; partially alkoxylated alkylaluminum having an average composition of
the formula Ra .5A1 (ORDb) o.s; dialkylaluminum aryloxide such as diethylaluminum phenoxide,
diethylaluminum (2,6-di-tert-buty|-4-methy|phenox':J ),
ethylaluminumbis(2,6-di-tert-butyl-4-methylphenoxide), 55
diisobutylaluminum(2,6-di-tert-butyl-4-methylphenoxide),
isobutylaluminumbhis(2,6-di-tert-butyl-4-methylphenoxide) and the like; dialkylaluminum halide such as

dimethylaluminu loride, diethylalum' chloride, dibutyfatumingmy.chloride, 5 diethylaluminum
IALUY ihalide such as

bromide, diisobup#luminum chloride an like; alkylaluminu @_{,
rseésquichloride, e }. dluminum sesquibromide and the

ehloride, butylaftiriigil

like; partially halogenated “Alkylaluminum, for &xarple alkylalymifugh dihalides such as 10
ethylaluminum dichlorig€;-gropylaluminum ichlpﬁ‘da, butylaluminygm dibrostide and the 'like,
dialkylaluminium bydride such as diethyl psum hydride, dibutylalumium hydride and the like;
other partially h @enated alkylalumin @f r example aIkyIaIum!inugtﬁ /dride such as
ethylaluminum 15-diRydride, propylaluRfin Riydride and the li partially alkoxylated and
halogenated alkylaluminum such as ethminum ethoxychlgyi laluminum butoxychloride,

ethylaluminum etheXybromide and the 'liK
LRVD‘

M M=Ti, Zr, Hf

Cl RE RE='Bu, Ad, TMS, Cu, Ph, Tr,
o ™S

R R20zMe, Et, "Pr, Ph

R20 .

M=Ti, Zr, Hi
rE, R%='Bu, Ad, TMS, Cu, Ph, Tr,
5

R'S R%®=pe, Et, "Sr, Ph

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

5 producedbythe focllowingprocesses forproducing the transition



In addition, compounds similar to (B-la) 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 such compounds includes (CzHs) 2A1N (CzHs) Al (C2H5) 2. As a compound
belongs to the above-mentioned compound 56 (B-IE), LiAI(C2H5)4 and LIAI(C1H15)4 is exemplified.
in addition, as the organometallic compounds (B-I),” methyllithium, eutyllithium, propyllithium,
butyllithium, methylmagnesium bromide, methylmagnesium chloride, 5 ethylmagnesium bromide,
ethylmagn%Mthg}ggeﬁ{gpylmagnesium bromide, propylmagnesium chloride, butylmagnesium
bromide, butylmagnesium chloride, dimethyi magnesium, diethyl magnesium, dibutyl magnesium,

butylethyl magnesignsand the ik, spay- alsosbe used, 40 further, compounds which can form the
above-mentioned aluminum compounds in the polymerization system, for example combination of

halogenated aluminym.and alkyHithivms of combinagion oh balagenated aluminum and 1.

alkylmagnesium, can also be used. Among the organometallic compounds (B-1) , the 15

organoaluminum sempoundistyeferaple,nthe aboye-mentioped arganometallicicompeupds (B-1) can
be used alone or in combination with 2 or more kinds. [(B-2) Organoaluminum oxy Compound] The
organogluminumoxy cogapounds (B-2) used according to

{(B-la) An crgancaluminum compound which can be
represented by a general formula R%ﬁl(OR%nHPXW
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(s); X represents a halogen atom;
m, n, p and g are numbers of 0<m£3, 0<n<3, 0<p<3 and 0£g<3,
respectively; and mtn+p+g = 3.
{(B-1b) An alkvlated complex composed of Group 1 metal and
aluminum, which can be represented by & general formula M*A1R?,,
15 wherein, M represents Li, Na, or-K; and R represents a
hydrocarbon group having 1 to 15, preferably 1l to 4 carbon atoms.
(B~1c) A dialkyl compound of Group 2 or 12 metals, which
can be represented by a general formula RERPM?, wheﬁein4 R® and
R® are the same as or different from each other, and rapresent
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 abcove-menticned organcaluminum compounds belong
to (B-la}, the following compounds can be exemplified.

An organcaluminum compound which can be represented by



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 comprises adding an organoaluminum compound
such as trialkylaluminum to a hydrocarbon solvent’in which a compound containing adsorbed water or
a salt containing crystal 5 water, e.g., magnesium chloride hydrate, copper sulfate hydrate, aluminum

sulfate hydrate,chickel suifate-hydrate ar qesiumyl) chiprde hydrate areyskspended, angddgacting the

organoaluminum compound with the absorbed water or crystal water. [2) A process comprises

reacting watgy, ice-orsgteam- 4 0-directly with-an organoalyminum cempound such as trialkylaluminum
in a solvent e.g., benzene, toluene, ethyl ether or tetrahydrofuran. [3) A process comprises reacting

an organotingxide, sueh, as dimethyitipexide or dibutyltingxide with,an xganallmingm, 5. compound
such as trialkylaluminum in a solvent, e.g., decane, benzene or toluene. Moreover, the aluminoxane

may containsa smgall:amaunt gf-erganemetakgemponent. Furthermore, the solvent or unreacted
organoaluminum compound is distilled and removed from the 20 above-mentioned recovered
alumingxane solutiofy, anddhenNeminum compound, which can be represented by
a general formula R*%A1Xi.q, where;n¢ R® represents a hydrocarbon
group having 1 to 15, preferably 1l tec 4 carbon atoms; X represents
a halogen atom; and m is preferably 0<m<3.
An organecaluminum compound representsad by a Qeneral
10 formula R*%AlH3.,, wherein, R® represents a hydrocarbon group
having 1l tolb, preferably 1l to 4 carbonatoms; andmis preferably
25<m<3.
An organocaluminum compeund represented by general formula
R*.A1 (OR®) nXq, Wherein, R® and R® may be the same as or different
15 from each other, and represent each a hydrocarbon group having
1tol5, preferably 1 to 4 carbon atom(s); X represents a halogen
atom; m, n, and g are numbers of 0<m<3, 0£n<3 and 05g<3,
respectively; and m+ntg = 3.
A As the organoaluminum compound belongs to (B-la) is
20 specifically exemplified by trialkylaluminum such as
trimethylaluminum, triethylaluminium, tri-n-butylaluminum,
tripropylaluminum, tripentvlaluminium, trihexylaluminium,
trioctylaluminium, tridecylaluminium and the like;

tribranchedalkylaluminum such as triisopropylaluminum,



aluminoxane may be re-dissolved in a solvent or suspended in a poor solvent of aluminoxane. As
specific examples of the organoaluminum compound used for the preparation of aluminoxane, same
organoaluminum 58 compounds exemplified for the above-mentioned organoaluminum compound
(B-1a) can be exemplified. Of these compounds, %i Ikylaluminum and tricycloalkylaluminum are
preferable, and trimethylaluminum is particularly p g:‘erable. Such mentioned 5 organoaluminum
compounds can be used alone or in combination with 2 or more kinds. The solvents useful for

preparation.of alumipaxgne, .inglude, aromatic hydrocarhons,sush; as henzene, toluene, xylene,

cumene cymene; aliphatic hydrocarbons such as pentane, hexane, 10 heptane, octane, decane,

dodecane, hexadegane ghd-pcladecaney alicysliohydrocarbgns such gs:cyclgpentane, cyclohexane,
cyclooctane and methylcyclopentane; petroleum fractions such as gasoline, kerosene and gas oil; and

halides of the-aboven asgrpatic:2inhatis. ancalicyelic nydigarnons de g, chlogides, L bromides, etc.)
C

The other useful compounds include ethers, such as ethyl ether and tetrahydrofuran. Of these

solvents, aromatic-hydracarbons or aliphatic hydrocarhons are -preferable. The-henzgge-insoluble
organoaluminum oxy compounds 20 contain an Al component soluble in benzene at 60 C in an
amount; of generally,20% arless. Rreferahly»% or less; padioatye xvialuminium,
tri-2-ethylhexylaluminium and the like; tricyclealkylaluminum
such as tricyclohexylaluminum, tricyclooctyialuminum 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 {i-C4He) %A1y (CsHyg) z, wherein,
¥, ¥y and z are each a positive numeral, and z 2 2x) etc.;
alkylaluminium alkoxide such as isobutylaluminum methoxide,
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 sesguiethoxide, butylaluminum sesguibutoxide
20 and the like; partially alkoxylated alkylaluminum having an
average composition of the formula R* sR1(ORP)g.s;
dialkylaluminum aryloxide such as diethylaluminum phencxide,
diethylaluminum (2, 6~di-tert-butyl-4d-methylphenoxide},

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



preferably 2% 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 compound (G-1), which can be represented by the following general formula (5)
[Chem. 17] 21 20 21 'Al-4-B, -0-A 21 R21 ... (5) 5 wherein, R20 represents a hydrocarbon group
having | to 10 carbon atom(s). R21s represent each a 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 each

other. 10 Taa barneqniainiag agenoakuminum. o4y sumpound {3, epresepieddy the above

general formula (5) can be produced with reacting alkylboronic acid ( represented by the

following genesal formule.(6) JChem. 181cR20-B(CYH)I,..-(6) /L5, wherein, B20 sepresents a same

group as R20 in the above general formula (5), with the organoaluminim compound in an inactive

solvent undgpandiperugagatraesphere fath Minkie, 0 24 bours. Ata temperafyre [RYe-f80C to
room temperature.
chloride, diethylaluminium chleoride, dibutylaluminum chloride,
5 diethylaluminum bromide, diisobutylaluminum chloride and the
like; alkylaluminum sesguihalide such as ethylaluminium
sesguichloride, butylaluminum sesguichloride, ethylaluminum
sesquibromide and the like; partially halogenated
alkylaluminum, for example alkylaluminum dihalides such as
10 ethylaluminum dichloride, propylaluminum dichloride,
butylaluminum dibromide and the like; dialkylaluminium hydride
such as diethylaluminum hydride, dibutylaluminum hydride and
the like; other partizlly hydrogenated alkylaluminum, for
example alkylaluminum dihydride such as ethylaluminum
16 dihydride, propylaluminumdihydride and the l1ike; and partially
alkoxylated and halogenated alkylaluminum such as
ethylaiuminum ethoxychloride, butylaluminum butoxychloride,
ethylaluminum ethoxybromide and the like.
Inaddition, compounds similar to (R-la) can alsc be used,
20 and for example, an organcaluminum compound in which two or mere
aluminum compounds are bonded via nitrogen can be exemplified.
A specific example of such compounds includes
(C2Hs) 2ALIN (CpHs) BL {CoHs) 5.

As a compound belongs to the above-mentioned compound



20 Specific examples of the alkylboronic acid (G-2) 60 represented by the general formula (6) include
methylboronic acid, ethylboronic acid, isopropylboronic acid, n-propylboronic acid, n-butylboronic
acid, isobutylboronic acid, n-hexylboronic acid, cyclohexylboronic acid, 5 phenylboronic acid,
3,5-difluorophenylboronic acid, pentafluorophenylboronic acid and
3,5-bis(trifluoromethyl)phenylboronic acid. Among these, methylboronic acid, n-butylboronic acid,
isobutylboronic acid, 3,5-difluorophenylboronic acid and 10 pentafluorophenylboronic acid are

preferable. Thesg can;he,usedalone.orin ﬁ)mb{'(@ag?g with2 gpmore ;kinds, As organoaluminum

compounds for reacting with such mentioned al y?boronic acids, in specific, same organoaluminum

15 compounds exegmplified fer: argangaluminum compound belongs 19,800 g«m @ﬂ%ﬂeﬁ (B-1a) can be

exemplified. Among these, t_rialkylaluminium and tricycloalkylaluminum are preterable, and

trimethylalupaipyim {rethylaluminium and. frispbutylaluminium are particularly preferahle. These can

20 be used aloneé or in combination with 2 or more kinds. The above-mentioned organoaluminum oxy

compounds;&B-2), €an be. ¥sed alons:arda cophingtian, with £ opmare kindge((B-3) lonizing lonic
Compound] The Ionizing ionic compounds (B-3) are the compounds which react

& ethylmagnesium bromide, ethylmagnesium chloride,
propylmagnesium bromide, propylmagnesium chloride,
butylmagnesium bromide, butyvlmagnesium chloride, dimethyl
magnesium, diethyl magnesium, dibutyl magnesium, butvlethyl
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 aluminum and alkylmagnesium, can
also be used. Among the organometallic compounds (B-1), the

16 organcaluminum compound i1s 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 organcaluminum oxy compounds (B~2) used according to

20  necessity in the present invention may be a conventional
publicly known aluminoxane or benzene-inscluble
organcaluminum oxy compounds disclosed as examples in

JP-RA-2-78678. The known alumincxane can be produced by e.9g.,

the following processes, and in general, it 1s cbtained as a



61 with the transition metal compound (A) to form an ion pair. Examples of the compounds include
Lewis acids, ionic compounds, borane compounds and carborane compounds as described in
JP-A-1-501950, JP-A-i-502036, JP-A-3-179005, and U.S. Pat. No. 5 5,321,106, etc.. Examples further
include a heteropoly compound and an isopo_y gognpound. Specifically, examples of the Lewis acids
include compounds represented by BR3 (wherein R is a phenyl group which may have a substituent
group such as fluorine, methyl group or 10 trifluoromethylgroup, or a fluorine atom), e.g.trifluoroboron,
triphenylborgi s r-fiueropberyioren, trs(3:5-difluorophenyl)boron,
Iris(4-fluoromethylphenyl)boron, tris(pentafluorophenyl)boron, tris(p-tolyl)boron, 15 tris(o-tolyl)boron,
tris(3,5-dimethylphenyl)haeren aadthedike i Exaraples of the ionigeempadnds.inelute conypounds
represented by the following general formula (7). [Chem. 19] 20 62 24 2 23R-1E) 2 126 ~.~

such as trialkylaluminum to & hydrocarbon solvent in which a

compound contailning adsorbed water or a salt containing crystal

[ §

water, e.g., magnesiumchloride hvdrate, copper sulfate hydrate,
aluminum sulfate hydrate, nickel sulfate hydrate or cerium{I}
chloride hydrate are suspended, and reacting the organoaluminum
compound with the absorbed water cor 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 organotfinoxide such
as dimethyltinoxide or dibutyltinoxide with an organcaluminum

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

Moreover, the aluminoxane may contain a small amount of
organometal compeonent. Furthermore, tThe solvent or unrsacted
organcaluminum compound ig distilled and removed from the

20 above-mentioned recovered aluminoxane solution, and then the
aluminoxane may be re-dissoclved in a solvent or suspended in
a poor sclvent of aluminoxane.

Bs specific examples of the organcaluminum compound used

for the preparation cf azluminoxane, same organcaluminum



(7) Here, R22r 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 to R26 may be the same as or different from each other and represent each an organic
group, preferably an aryl group or a substituted ar%/ group. Specific examples of above-mentioned
carbonium cation include tri-substituted carbonium tations such as triphenylcarbonium 10 cation,
trilmethylphenyl)carbonium cation and tri(dimethylphenyl)carbon ium cation. Specific examples of

above-mentioed. ammonikEkcation nglude, rialkviammeniym, cations;such, s fimethylammonium

cation, trieuhylammonium cation, tripropylammonium cation, tributylammonium cation and 15

tri(n-butyl)amspenjumkcatian; N N-dialkylaniinium cations. suef as i\ Nzdimathylaniiaium cation,

N,N-diethylanilinium cation and N,N-2,4,6-pentamethylanilinium cation; dialkylammonium cations

such as di(isepropylammanium.cation: and dicyclahexylammoniumcalign..and the: like, 20 Specific
examples of above-mentioned phosphonium cation 63 include triarylphosphonium cations such as

triphenylphespheoium cation: tigmethylphenybph Rivm:gatien and sych mentioned

tri(dimethylphenyl)phosphonium cation and the like. The R22 is preferably carbonium cation,

ammorgum gatiem o QuHhelike, and-partieuady preferally driphenydcarbonfumorb i nation
with 2 or more kinds.

The solvents useful for preparation of aluminoxane
include aromatic hydrocarbens such as benzene, toluene, xylane,
cumene cymene; aliphatic hydrocarbons such as pentane, hexane,

10 heptane, octane, decans, dodecane, hexadecane and octadecane;
alicyclic hydrocarbons such as cyclopentane, cyclohexane,
cyclooctane and methylcyclopentane; petroleum fractions such
as gasoline, kerosene and gas oil; 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 soclvents,
aromatic hydrocarbons or aliphatic hydrocarbons are
preferabie.

The benzene-insocoluble organcaluminum oxy compounds

20 contain an Al component soluble irn benzene at 60 °C in an amount
of generally 10% or less, preferably 5% or less, particularly
preferably 2% or less in terms of Al atom, and they are preferably
insoluble or hardiy soluble in benzene.

An example of the organoaluminum oxy compound also



cation, N,N-dimethylanilinium cation or N,N-diethylanilinium cation. Examples of the ionic compounds
include trialkyl-substituted ammonium salts, N,N-dialkylanilinium 10 salts, dialkylammonium salts,
triarylphosphonium salts and the like. Specific examples of the trialkyl-substituted ammonium salts
include triethylammoniumtetra(phenyl)boron, tripropylammoniumtetra(phenyl)boron, 15 tri(n-butyl)
ammoniumtetra(phenyl)boron, trimethylammoniumtetra(p-tolyl)boron,
trimethylammoniumtetra(o-tolyl)boron, tri(n-butyl)ammoniumtetra(pentafluorophenyl)boron,
t”PropwamWBW@H%(%BIQJMME%@M}P&@Pga%%ai uminum oxy compound {G-1})

tri(n-butyl)ammoniumtetra(m,m-dimethylphenyl)boron,

tri(n-butyhagamoniumietid PrlugametbyINeRY JRUPA oy i ng general formula (5)
tri(n-butyl)ammoniumtetra(3,5-ditrifluoromethylphenyl) boron, tri(n- butyl)ammonlumtetra(o tolyl)boron
and the like. Specifi¢-examples;of the N,N-dialkylani_inium salts include 64
N,N-dimethylaniliniumtetra(phenyl)boron, N,N-diethylaniliniumtetra(phenyl)boron,
N,N-2,4,6-pentamethylaniliniumtetra(phenyl)boron and the like. Specific examples of the
dialkylammonium salts include, 5 for example, di(1-propyl)ammoniumtetra(pentafluorophenyl)boron,

=21 220 R21
/
/AEW@ B—0O AE\
R?‘i' RE? e v e (5)

s3]

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

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

{Chem. 18]

R20-B{OH); C e (8)

15

wherein, R* 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 hour.s
at a temperature range of -80°C o room temperature.

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



dicyclohexylammoniumtetra(phenyl)boron and the like. Examples of the ionic compounds further
include triphenylcarbeniumtetrakis(pentafluorophenyl)borate, 10
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate, ferroceniumtetra(pentafluorophenyl)borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complex,
N,N-diethylaniliniumpentaphenylcyclopentadienyl complex, boron compounds represented by the
following general formula 15 (8) or (9) and the like. [Chem. 20] CF3 H(Et203iB )4 F3 Wherein, Et
is an ethyl greypy {ehean 21 65CF3NaB 1 F3-=pesific examples of the barans.compeunds

include decaborane; salts of anions such as bis[tri(n-butyllammonium]nonaborate, 5 bis[tri(n-butyl)

ammoniumldecaboeate hiskrnhutyl ammonissundecaliorate: « acid,

bis[tri(n-butyl)Jammonium]dodecaborate,
n-propylboronic acid, n-butyiboronic acid, iscbutylboronic

acid, n-hexylboronic acid, cyclohexylboronic acid,

o

phenylboronic acid, 3,5-diflucrophenylboronic acid,
pentafluorophenylboronic acid and
3, 5-bis{trifluoromethyl)phenylboronic acid.
Among these, methylboronic acid, n-butylboronic acid,
iscbutylboronic acid, 3,5-difluorophenylboronic acid and
10  pentafluorophenylboronic acid are preferable.
These can be used alone or in combination with 2 or more
kinds.
As organcaluminum compounds for reacting with such
mentioned alkylboronic acids, in specific, same organoaluminum
16 compounds exemplified for ocrgancaluminum compound belongs to
above-mentlioned (B-la) can be exemplified. Among these,
trialkylaluminium and tricycloalkylaluminum are preferable,
and trimethylaluminum, triethylaluminium and
triiscobutylaluminium are particularly preferable. These can
20 be used alone or in combination with 2 or more kinds.
The above-mentioned organcaluminum oxy compounds (B-2) can be
used alone or in combination with 2 or more kinds.
[ (B~3) Ionizing Ionic Compound]

The icnizing ionic compounds {B-3) are the compounds which react



bis[tri(n-butyl) ammonium] decachlorodecaborate and bis[tri(n-butyl)ammonium]
dodecachlorododecaborate; salts of 10 metallic borane anions such as
tri(n-butyl)ammoniumbis(dodecahydridododecaborato) cobaltate(lll) and bis[tri(n-butyl)ammonium]
bis(dodecahydridododecaborato) nickelate(lll). 156 %pecific examples of the carborane compounds
include salts of anions such as 4-carbanonaborane, 1,3-dicarbanonaborane, 6,9-dicarbadecaborane,
dodecahydrido-I-phenyl-1,3-dicarbanonaborane, dodecahydrido-lI-methyl-I,3-dicarbanonaborane, 66

undecahydgide:d, 3-dimethyls1 3cdicarbanonabaane, .4 8-digarbaungecabaiang o pair,

2,7-dicarbaundecaborane, undecahydrido-7,8-dimethyl-7,8-dicarbaundecaborane,

deecahyd@%Mﬂ%tE'ﬂ'ﬁEﬁ@i%ﬂégﬂ%@a%@@dé E@%‘Pé’té(l)%%ﬂoﬂE&m‘&%@@@&%@%@te'
tri(n-butyl)ammoniuml-carbaundecaborate, tri(n-butyl)Jammoniuml-carbadodecaborate,

tri(n-butyl)agypapiumitimethylsilylkearbadecaberate, cmpounds as described in
tri(n-butyl)ammoniumbromo-I-carbadodecaborate, 10 tri(n-butyl)ammonium6-carbadecaborate,

tri(n-butyl)agpmaniumgecarbadesabgrate s drskytdiammenium aasbavndecaborais: . no.
tri(n-butyl)ammonium7,8-dicarbaundecaborate,
5 5,321,106, etc.. Examples further inciude a heteropoly
compound and an iscpoly compound.

Specifically, examples of the Lewis acids include
compounds represented by BRs (wherein R is a phenyl group which
may have a substituent group such as fluocrine, methyl group or

10 trifluoromethyl group, or a fluorine atom), e.g. triflucrcoboron,
triphenylboron, tris(4-fluorcphenyllboron,
tris (3, 5~diflucrophenyl)boron,
tris{4-fluoromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris(p-tolyl)boron,

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

Examples of the ionic compounds include compounds
represented by the following general formula (7).

[Chem. 19]
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tri(n-butyl)ammonium?2,9-dicarbaundecaborate, 15
tri(n-butyl)ammoniumdodecahydrido-B-methyl-7,9-dicarbaundec aborate, tri(n-butyl)
ammoniumundecahydrido-8-ethyl-7,9-dicarbaundeca borate,
tri(n-butyi)ammoniumundecahydrido-8-butyl-7,9-dié;§rbaundeca 20 borate,
tri(n-butyl)ammoniumundecahydrido-8-allyi-7,9-dicarbaundeca borate,
tri(n-butyl)ammoniumundecahydrido-9-trimethylsilyl-7,8-dica rbaundecaborate and 67 tri(n-butyl)
ammoniumundecahydrido-4,6-dilpsgiEe§7-carbaundeca borate; salts of metallic carborane anions such
as tri(n-butyl)ammoniumbis(nonatidrido-1,3-dicarbanonaborato) cobaltate(lll), 5

tri(n-butyl)a niumbis(undecahydseo-7,8-dicarbaundecabora to)ferrate(lll), tri(n-butyl)
ammonium - phydrido-7,8-d bora to)cobaltate(lll), tri(n-butyl)

ammonium pebtat\eficlo—#=¢ stabora 10 to)nickelate(lll),
tri(n-butyl)ammoniumbis(undecahydrido-7,8-dicarbaundecabora to)cuprate(lll),
tri(n-butyl)ammoniumbis(undecahidrido-7,8-dicarbaundecabora to)aurate(lll),

R_ wnm(?)

is exemplified by H", carbonium cation, oxonium

Here, R%%*

cation, ammonium cation, phespheonium cation,

cycloheptyltrienyl cation, ferrocenium cation having a

o

transition metal or the like. R*® to R*° may be the same as or
ifferent 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 cation and
ri{dimethylphenyl)carbonium cation. Specific examples of
above-mentioned ammonium cation include trialkylammonium
caticns such as trimethylammonium cation, triethylammonium
cation, tripropylammonium cation, tributylammonium 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-pentamethylanilinium cation;
dialkylammonium cations such as di{isopropyl)ammonium cation
and dicyclohexylammonium cation; and the like.

20 Specific examples of above-mentioned phosphonium cation



15 tri(n-butyl)ammoniumbis(nonahydrido-7,8-dimethyl-7,8-dicarb aundecaborato)ferrate(lll),
tri(n-butyl)ammoniumbis(nonahydrido-7,8-dimethyl-7,8-dicarb aundecaborato)chromate(lil),
tri(n-butyl)ammoniumbis(tribromooctahydrido-7,8-dicarbaunde 20 caborato)cobaltate(lll),
tris[tri(n-butyl)ammonium]bis(undecahydrido-?-car% undecabo rato)chromate(lll),
bis[tri(n-butyl)Jammonium]bis(undecahydrido-7-carbaundecabor ato)manganate(lV), 68 b4s|tri(n-butyl)
ammonium]bis(undecahydrido-7-carbaundecabor ato)cobaltate(lll) and

bis[tri(n-butyhammpniumibisndesabydiidosf-caskaundecaber, ai@)nickelate(IV). 5 The heteropoly
compound consists of an atom selected from silicon, phosphorus, titanium, germanium, arsenic and

tin, and one of Hwe:0F Morespanys)selectedfrom vanadivan iehidmy, 1melbeendny and tungsten.

Specific examples of the heteropoly compound include phosphovanadic acid, germanovanadic acid,

10 arsenovagadisacid dphesphariebie\acid,aermanepinhicacidy siieanomaolybdicacidy - .

phosphomolybdic acid, titanomolybdic acid, germanomolybdic acid, arsenomolybdic acid,
stannnomolybdic agideph&Sphetungstie agish germanetungstic- acign stanpetungstic-acid on

phosphomolybdovanadic acid, 15 phosphotungstovanadic acid, germanotungstovanadic acid,

& or the like, and particularly preferably triphenylcarbonium
cation, N,N~dimethylanilinium cation or N,N-diethylanilinium
cation.

Examples c¢f the ilconic compounds include
trialkyl-substituted ammonium salts, N,N-dialkylanilinium

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

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

15  tri(n-butyl)ammoniumtetra {phenyl}boron,
trimethylammoniumtetra{p~tolyl)boron,
trimethylammoniumtetra (o-tolyl)boron,
tri(n-butyl)ammoniumtetra (pentafluorophenyl)boron,

tripropylammoniumtetra (o, p~dimethylphenyl)boron,

20  tri(n-butyl)ammoniumtetra (m,m~dimethyliphenyl)boron,
tri(n-butyl)ammoniumtetra{p-triflucromethylphenyl)boron,
tri{n-butyl)ammoniumtetra (3, 5~ditrifivoromethyiphenyl)
boreon, trii{n-butyl)ammoniumtetra{o-tolyliboron and the like.

Specific examples of the N,N-dialkylanilinium salts include



phosphomolybdotungstovanadic acid, germanomolybdotungstovanadic acid,
phosphomolybdotungstic acid and phosphomolybdoniobic 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,
isopoly compounds, and the like. For the heteropé@/ 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 kindNTIR@_&qﬁ@i@gﬁgjﬁfgmpﬂ%ggé@ﬁ)ﬁgg '_Q%go%glve can be used alone or in

combination with 2 or maore kinds. [Other Transition Metal Compound] 5 In the polymerization of the

present inv%mgg%ryfgg\y@ gmp&@gt@g@mq@g%\ghich consist of ligands containing

heteroatoms, for example, nitrogen, oxygen, sulfur, "boron or phosphorous can be used in combination

with the abgve-raentioned.transition, metal:compaynd (4). 10 [Ralymerization Bracess.of Olefin] The

process for producing olefin polymers related to the presentinvention either polymerize one olefin

selected from y{he following-olefins.qreapolymerize wg of Mare Kinds selectad; ram;the dollowing
olefins, in the presence of the above 15 component (A), component (B), and if necessary, catalysts
compriging etherdransifion metal compounds.
di({l-propyl)ammoniumtetra (pentaflucrophenyl)boron,
dicyclohexylammoniumtetra (phenyl)boron and the like.
Examples of the ilonic compounds further include
triphenylcarbeniumtetrakis(pentafluocrophenyl)borate,

10 N,N-dimethylaniliniumtetrakis(pentafliuorophenyl)borate,
ferroceniumtetra (pentafluorophenyl) borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complex,
N,N-diethylaniliniumpentaphenylcyclopentadienyl complex,
boron compounds represented by the following general formula

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

fChem. 2071 .
@ SN
HELCE B

Wherein, Et 1s an ethyl group)

[Chem. 21]



An olefin is a compound having a carbon - carbon double bond, and it may be for example so-called
hydrocarbon consisting only of carbon atoms and hydrogen atoms, or may be a compound 20
containing a heteroatom such as an oxygen atom, a nitrogen atom or a sulfur atom. Specific
examples include a-olefins having 2 to 20 carbon atoms such as ethylene, propylene, 1-butene,
1-pentene, 3-methyl-l-butene, 1-hexene, 4-methyl-ﬁf5entene, 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-l-heptene, 3,4-dimethyl-I-heptene, 1-octene, 1-decene, 1-dodecen,
1-tetradecene, 1-hexadecene, 5 1-0& ene and 1-eicosen; oligomers of a-olefins each having a
double bond on one end, of which thie Mw (relative to polystyrene standards) is ranging from 300 to
20000, such.as oligoethylenes=stefins eagh having a double bond at its inner part such as
cis-2-butene~and ¢ inylidene compounds such as 10 isobutene, 2-methyl-I-pentene,
2,4-dimethyl-Pgeriére—2(4 hexene, 2,4,4-trimethyl-l-pentene, 2,4-dimethyl-l-heptene,
2-methylbuten, 2-methylhex ethyfheptene, 2-methyloctene, 2,3-dimethylbutene,

iethyliexeng, Z%:%-dimethyloctene, 15 2,3,3-trim§ta/ébuten,
2,3,3-trimethylpentene, 2,3,3-trimetQylhexene, 2,3,3-trimethylocténe’ 273,4-trithethylpentene,
2,3,4-trimethylhexene, bf:s

Specific examples of the borane compounds include
decaborane; salts of anions such as
bis[tri(n-butyl)ammoniumlnonaborate,

5 bis[tri(n»buﬁyl)ammonium}decaborat@,
bis[tri(n-butyl)ammonium]undecabeorate,
bis{tri{n-butyl)ammonium]dodecabcrate,
bis[tri(n-butyl)ammonium}decachlorodecaborate and
bis[tri(n-butyl)ammonium]dodecachlorododecaborate; salts of

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

16 Specific examples of the carborane compounds include
salts cof anions such as 4-carbanconaberane,

1, 3-dicarbanonaborane, 6, %-dicarbadecaborane,
dodecahydrido~i-phenyl-~1, 3-dicarbancnaborane,

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



2,3,4-trimethyloctene, 2,4,4-trimethylhexene, 2,4,4-trimethyloctene, 2-methyl-3-cyclohexylpropylene,
20 vinylidenecyclopentane, vinylidenecyclohexane, vinylidenecyclooctane,
2-methylvinylidenecyclopentane, 3-methylvinylidenecyclopentane, 4-methylvinylidenecyclopentane,
isoprene, 4-methyl-1,4-pentadiene, a-methylstyrene, a-ethylstyrene, 71 2-methyl-3-phenylpropylene,
methyl methacrylate, ethyl methacrylate, n-propylethacrylate, iso-propyl methacrylate, n-butyl
methacrylate, iso-butyl methacrylate, tert-butyl methacrylate, 2-cyanopropylene,

2-methoxy<;§}rlllglog%q_lr %34[!?‘8»? 2saminonrgpylene -2-hydroxymethylpropylene, 2-fluoropropylene and
py Qc)cm ef iné?‘n : [

2-chloropropylene; ¢ 0 aving 3 td 20 carbon atoms such as cyclopentene, cyclohexene,

cycloheptene, norornene, 3-methyl:g-norboraene and, tstracyglodofscan, cyclic or acyclic dienes or

polyenes having 10 2 or more double bonds and 4 to 30 carbon atoms, preferably 4 to 20 carbon

atoms such.gs futagione isoprene. eyl pentaiens, 1 3-pentadisns, , 4-pentadiene,

1,5-hexadiene, 1,4-héxadiene, 1,3-hexadiene, 1,3-octadiene, 1,4-octadiene, 1,5-octadiene,

1,6-octadieng, d. (-octadiene, 15 effwlidenenorhorpene, yinylinerharpene dicyclopentadiene;
7-methyl-l,6-octadienge, 4-ethylidene-8-methyl-l,7-nonadiene and 5,9-dimethyi-1,4,8-decatriene;

aromatic vinyl ¢ompouRds , stichas siyiens, gsmethylstyrene, m-methylstyrene,

tri{n-butyl)ammoniuml-carbaundecaborate,
tri(n-butyl)ammoniumi~carbadodecaborate,
tri(n-butyl)ammoniuml~trimethylsilyl-l-carbadecaborate,
tri{n-butyl)ammoniumbromo-l-carbadodecaborate,

10 tri(n-butyl}ammeniumé~carbadecaborate,
tri(n-butyl)ammoniumé~carbadecaborate,
tri(n-butyl)ammonium7~carbaundecaborate,
tri{n-butyl)ammonium7, 8—dicarbaundecaborate,_
tri{n-butyl)ammonium2, S-dicarbaundecaborate,

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

20 borate,
tri(n-butyl)ammoniumundecahydrido-8-allyl~7, 9~-dicarbaundeca
borate,
tri{n-butyl)ammcniumundecahydrido-9-trimethylsilyl-7,8~dica

rbaundecaborate and



p-methylstyrene, o, p-dimethylstyrene, o-ethylstyrene, 20 m-ethylstyrene and p-ethylstyrene;
vinylcyclohexane. in addition, olefins may have a functional group including atoms such as oxygen,
nitrogen and sulfur. Examples include unsaturated carboxylic acid such as acrylic acid, methacrylic
acid, fumaric acid, itaconicacid and bicyclo 72 [2.26 ]-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 acie anhydride, andibicycle [2.2,15-hepiene 2 34, carboxylis-asie aphydride;sunsaturated

carboxylic ester such as methyl acrylate, ethyl acrylate; n-propyl acrylate, isopropyl acrylate, n-butyl

10 acrylate dsohiutyl.acrylate, ter-hutylacrylate; 2-ethylexyls aceyate smethyd methacrylate, ethyl
methacrylate, n-propyl methacrylate, isopropylmethacrylate, n-butylmethacrylate and isobutyl

methacrylate;-vinyl-esters sughnas vilyhacetats, vinyk prepianate ~vinyl; 15 6apraale - vinyl caprate,
vinyl laurate, vinyl stearate and vinyl trifluoroacetate; unsaturated glycidyl esters such as glycidyl
acrylate, glysigyimethacrylate and monoglycidylester itaconate; halogenated olefins such as vinyl
chloride, vinyl fluoride and allyl fluoride; unsaturated cyano compounds such

-

B tri(n-butyl)ammoniumbis (undecahydrido-~7, 8-dicarbaundecabora
toj ferrate(II1},
tri(n-butyl)ammoniumbis (undecahydrido-7, 8~dicarbaundecabora
tolcobaltate (II1),
tri{n~butyl)ammeniumbis {undecahydrido~7, 8~dicarbaundecabora

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

16 tri(n-butyl)ammoniumbis (nonahvdrideo-7, 8-dimethyi~7,8~dicarb
aundecaborateo) ferrate (111,
tri(n—butyi)ammoniumbis(nonahydrid0w7,8~dimethylm7,8mdicarb
aundecaborato) chromate (III),
tri(n~butyl)ammoniumbis (tribromooctahydrido~7, 8-dicarbaunde

20 caborato)cobaltate (III),

trisitri{n-butyl)ammonium]bis{undecahydrido-7-carbaundecabo

rato)chromate (111},

pis[tri(n-butyl)ammcniumibis {undecahydrido~-7-carbaundecabor

ato)manganate {IV),



20 as acrylonitrile and 2-cyano-bicyclo[2.2.1]-5-heptene; unsaturated ether compounds such as
methyl vinyl ether and ethyl vinyl ether; unsaturated amide such as acrylamide, methacrylamide and
N,N-dimethylacrylamide; functional group-containing styrene derivatives such as me thoxystyrene, 73
ethoxystyrene, vinyl benzoate, methyl vinyl benzo%tg, “vinylbenzyl acetate, hydroxystyrene,
o-chlorostyrene, p-chlorostyrene and divinylbenzene;N-vinylpyrrolidoneand the like. 5 Olefin is
preferably ethylene or a-olefin, and particularly preferably ethylene. For the polymerization, the

process of adding the .companent ()10 apolymerization yessel; the ysage pheach component, the

adding process, and the adding order can be 10 selected arbitrarily. Some exemplary processes are

given below<(d) Jhscompenent {A) aad the component (B) are added to a polymerization vessel in
an arbitrary order. (2) A catalyst in which the components (A) and (B) are 15 contacted in advance is

added to a palymerization,vessela42)A catalystcompanent (nywhich the components (A).and (B) are

contacted in advance, and the component (B) are added to a polymerization vessel in an arbitrary
order. In thig €ase,; thesegampenents (B) may be the same or different. 20 In the present invention,
the polymerization can be

5 The heteropely compound consistis of an atom selected £rom
silicon, phosphorus, titanium, germanium, arsenic and tin, énd
one or two or more atom{s) selected from vanadium, nicbium,
molybdenum and tungsten. Specific examples of the heteropoly
compound include phosphovanadic acid, germancvanadic acid,

10  arsenovanadic acid, phosphoniobic acid, germanoniobic aéid,
siliconomeolybdic acid, phosphomolybdic acid, titanomolybdic
acid, germanomcolybdic acid, arsenomolybdic acid,
stannnomolybdic acid, phosphotungstic acid, germanotungstic
acid, stannotungstic acid, phosphomeolypdovanadic acid,

15 phosphotungstovanadic acid, germancotungstovanadic acid,
phosphomclybdotungstovanadic acid,
germanomolybdotungstovanadic acid, phosphomolybdotungstic
acid and phosphomolybdoniobic 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, isopoly compounds, and the like. For the
heteropoly compound and the isopoly compound, 2 or more kinds

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



carried out through any of liquid-phase polymerization processes such as solution polymerization or
suspension 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®shd methylcyclopentane; aromatic hydrocarbons 5
such as benzene, toluene and xylene; halogenated hydrocarbons such as ethylene chloride,
chIorobenquft%%qlglcgloromeihan e%n(% mlxture oft ese hydrocarbons and the like. The olefin
itself can also be Used as the soﬁ/en 0 carry dut the Sefin polymerization: in the presence 10 of the
above-mentioned ¢ S om onent A).is used in_a unt of usually 10-13 to 10-2 mol,
preferably 10-11 to?g % %ﬁ%jf gase on 1 o%g%eactlo??n%%me }?:“ve%niﬁ ERSE WHEHR the

component {4) Iéé@&déﬂ&{ la |¥el hi centration, olefin .can be merized with high 15
polymerization activity. The (gorrg%porj)i/entg(%'&f)“I1 l}sjé%qn‘guc an amountt aﬁhe Triolar ratio [(B-1)/(M)]
t

of the component (B é)&? tbeqtgaé]b?% Qn metal atom ‘)?ln thedcpmponent (A) becomes usually 0.01 to
100,000, preferably .05 10 50,0 e componen B%‘i IS used in such an amount that the molar

raﬂo(BéDKMM(ﬁth%ﬁhHHQUSEﬂyggflyg%ggypg%eéﬁe present invention, other

known transition metal compounds, which consist of ligands
containingbeteroatoms,forexample,rdtrogen,oxygen,sulfur,
boron or phosphorous can be used in combination with the
above-mentioned transition metal compound (&).

10 [Pclymerization Process of Olefin]

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

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

An olefin is a compound having a carbon - carbon double
bond, and it may be for example so-called hydrocarbon consisting
only of carbon atoms and hydrogen atoms, or may be a compound

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

3-methyl-l-pentene, 3,4-dimethyl-1-pentene,



(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 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
such an amount that the molar ratio [ (D) / (2-1) ] bécomes usually 0. 01 to 10, preferably 0.1to 5 in
the case that the component (D) is used. When the component (B) is the component (B-2), the

component{D) is used N such. a0 armountthat theoglag fatio [ (D) / (B-2)) becomes usually 0.001 10
to 2 in the case thaf the component (D) is used, preferably 0. 005 to 1. When the component (B) is the

component{Be3)y, the. companent (D} isusadin sych ag;ameunttbat themelar ratio 1(D)/(B-3) ]
becomes usually 0.01 to 10, preferably 0. 1 to 5 in the case that the component (D) is used. 15 The
[

amount of Qieﬁ{é'{!hr'?’(@)l’?%iééﬁ%@lé)[s@m isqteparfieular limjsed,and apgropsiately selected in
accordance with a kind of olefin which to be used or a copolymerization ratio of the copolymer which

to be obtained; Theemperatuge farthe polymerizationqf Using-tbe- 20 abeye-mentioned

polymerization catalyst is in the range of usually -50 to 200 C, preferably 0 to 170 C. The

polymegization-pressure-dsdn-the rangeofdsuallyatmospheries o-olefins sach having
a double bond on one end, of which the Mw (relative to polystyrene
standards) is ranging from 300 to 20000, such as oligeoethylene;
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, Z2-methyl-l-pentene, Z,4-dimethyl-l-pentene,
2,4=dimethyl~l~hexene, 2,4,4-trimethyl-l-pentene,
2,4~dimethyl-l~-heptene, Z-methylbuten, Z-methylhexene,
2-methylheptene, 2-methyloctene, 2,3-dimethylbutene,
2,3-dimethylpentene, 2,3-dimethylhexene, 2, 3-dimethyloctene,

16 2,3,3-trimethylbuten, 2,3,3-trimethylpentene,
2,3,3~-trimethylhexene, Z,3,3-trimethyloctene,
2,3,4-trimethylpentene, 2,3,4-trimethylhexene,
2,3,4-trimethyloctene, 2,4,4-trimethylhexene,
2.,4,4~trimethyloctene, Z2-methyl-3-cyclohexylipropylene,

20 vinylidenecyclopentane, vinylidenecyclohexane,
vinylidenecyclooctane, Z-methylvinylidenecyclopentane,
J-methylvinylidenecvclopentane,
d-methylvinylidenecyclopentane, isoprene,

4-methyl-1l, d=~pentadiene, ow-methylstyrene, o-ethylstyrene,



pressure to 100 kg/cm2 (9.8 MBa in approximate), preferably atmospheric pressure to 50 kg/cmz(4
.9MPa 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 condition7$. 5 Changing a polymerization temperature, a
monomer concentration, and a catalyst concentrat%n can control the molecular weight and molecular
weight distribution of polyolefin obtained according to the present invention. Further, it can be

controlled by using achain,iran %E‘QE?Eé@e%u%%g}id@@%%a'@ﬂﬂdﬂ%@ the ymalecular weight and

molecular weight distribution of polyolefin obtained according to the present invention can be

controlled ky.ghanging the-use amoeunt of, organometallic compoynd (81} Angrgappaluminum oxy

compound 15 (B-2), or both compounds. The use amount of the component (B) and the for controlling

a moleculapwgight or adpelecular weight.distriytion ohtained. in the presept invention are 0.1 to
10,000,000, preferably 10 to 1,000,000, in a ratio of the number of mole of transition 20 metal in the

transition metalcompaunds toihe pumber of MAlg=0f thergaRAAIMIHNIT CORRAUNG 1 , ,
(organoaluminum compound/transition metal). The molecular weight can be reduced by increasing
the ratip of fargangalyminymcompound/iransitioR thylpropylene,
2-fluoroprepylene and Z-chloropropylene; cvclicolefins having
3 to 20 carbon atoms such as cyclopentene, cyclohexene,
cycloheptene, norbornene, 5-methyl-2-norbornene and
tetracyclododecen; cyclic or acyclic dienes or polyenes having
10 2 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,
1l,5~hexadiene, 1,4-hexadiene, 1,3-hexadiene, 1,3-octadiene,
l,4-octadiene, 1,5-octadiene, 1,¢-octadiene, 1,7-octadiene,
15 ethylidenenorbornene, vinylnorbornene, dicyclopentadieneg;
T-methyl-1, 6~octadiene, 4-ethylidene-8-methyl-1,7-nonadiene
and 5, 9~dimethyl-1,4,8~decatriene; aromatic vinyl compounds
such as styrene, o~methylstyr@ne,.m—methylstyrene,
p-methylstyrene, o, p-dimethylstyrene, o-szthylstyrene,
200 m-ethylstyrene and p-ethylstyrene; vinyvlcyclohexane.

In addition, olefins may have z functional group

Examples include unsaturated carboxylic acid such as acrylic

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



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 £0g. 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, such as air, oxygen, sodium

hydroxide/ hydregen.perexide « ghlosing L carhon tgtrachioride; broming /qarben feirgbromide, and
iodine / carbon tetraiodide. Polymerization process related to the present invention can be used as a

process for psoduciggpolymess satisfying either 15:0f the, fallowing reguiremerds i) te. {iyl-or polymers
having plural characteristics of those at the same time. It is used preferably to produce polymers

satisfying thesrequirgmants (iand(ii} ok fikapd (i) ahthe-same ime, arficssarhy preferably to
produce polymers satisfying the requirements (i), 20 (ii) and (iii) at the same time. In addition,
according te-the,palymerization process of the present invention, the following requirements can be
satisfied when olefins of n kind (n is an integer of 2 or more) selected from a-olefins having 2 to 20
carbongitoms gk urated carboxylic anhydride such as maleic anhydride,
itaconic acid anhydride, and bicyclo
(2.2.1i-5-heptene-2,3-dicarboxylic acid anhydride;
unsaturated cargoxylic ester such as methyl acrylate, ethyl
acrylate; n-propyl acrylate, lsopropyl acryla?e, n-butyl
10  acrylate, isobutyl acrylate, tert-butyl acrylate, 2-ethylhexvl
acrylate, methyl methacrylate, ethyl methacrylate, n-propyl
methacrylate, isopropylmethacrylate, n-butylmethacrylate and
isobutyl methacrylate;
vinyl esters such as vinyl acetate, vinyl propionate, wvinyl
16 caproate, vinyl caprate, vinyl laurate, vinyl stearate and
vinyl trifluorocacetate; unsaturated glycidyl esters such as
glycidyl acrylate, glvcidyl methacrylate andmonoglycidylester
itaconate; halogenated clefins such as vinyl chioride, vinyl
fluoride and allyl fluoride; unsaturated cyano compounds such
20 as acrylonitrile and Z2-cyano-bicyclo{2.2.1]~5~heptene;
unsaturated ether compounds such as methyl vinyl ether and ethyl
vinyl ether; unsaturated amide such as acrylamide,

methacrylamide and N,N~-dimethylacrylamide; functional

group-containing styrene derivatives such as methoxystyrene,



78 copolymerized. Upon copolymerizing n (where n is an integer of 2 or more) kinds of olefins Ml,
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 olefins
(R1+R2+...+Rn) is defined 10 as Ci (mol%) (= 100Ri/(R1+R2+...+Rn)) and an abundance ratio of the

I b its deri f [ ijnt htai I to the total b
mol num e%(g%g%xr%ﬁ%%ﬂlés’ gg}zéﬁ%trhgeg}&%%gjteém Q{g{@lpyohf o ¢§i|§rh?docqp%ér£ r to the total number

of mot of structu erive ns in the copolymer s~ define i (molo), Ci/Pi

values for a) dlefins ML M2, .o L5 salsitiedoloutng ol e, preforably (Eq-2), and

more prefc_ergbly (!Eq-3). Ci/P11.50 (Eg-1) ( .60 < CilPi< _ 0:75 < Ci/Pi 1.30 (Eg-3) 20
wherein, i 80 Ineagcgl LIR N convenyalion Bl (o ar ralo) ol albyens.pomians, butane or

the like, in a polymerization solution of each monomer, which IS | as state under conditions of
room tempeyatuge and atmospheric pressure, can be calculated by using Aspen Plus (calculation
method based 79

5 Olefin is preferably ethylene or o-olefin, and
particularly_preferably ethylene.

For the pelymerization, the process of adding the
compenent (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
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 (&) and (B} are

16 contacted in advance is added to a polymerization vessel.

(3} A catalyst component in which the components (A} and
(B) are contacted in advance, and the component (B} are added
to apolymerization vessel inanarbitrary order. 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 solution pelymerirzation or suspension
polymerization and gas-phase polymerization processes.

Examples of the inert hydrocarbonmedia used in the liguid-phase



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 temperature. 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 gf4vity) /molecular weight of Mi} / (total molar
guantity of total monomer and solvent in the system) . 10 In addition, the polymerization process of the

present inve%t_iLon @gluzd§§i% process g’é %rfgugiaqgi o&ym rs satisD ing the above-mentioned (Eg-1) ,
and at the sametime lhavi‘ng sither of requwe?nenfs ﬁ) t8 ﬁ/f%‘?ﬁavirﬁg S’I‘ﬁl?z}ﬂ orthose ﬁglqeiﬂrements. it

is preferably. a processfor produci olymers_ 15 satisfying the abpve-mentioned (Ea.-1) and at the
same time %éalﬁéﬁﬁé tﬁ%nrgeaﬁfzréngegr%rg? hr%lde fiy3or (i)fga(:r\%afﬁﬁ’, éj(r)&?& ap%%ﬂcm%éﬁ?/%argfeer%% y a process

for producing mers. sa is%/in .the aboye-mentioned (E lf) and at the same time satisfying the
requirements%o,g(%i}%aﬁd (ﬁ‘i%.l f %ﬁecn%gp%ﬁr%%ﬁ%%asan &qé in BF ond B Mhote KNS of olefins

selected fro '%Ggi s_having 2 to 20 carbon atoms with_a-olefin oligomers having double bonds on
their one en%%g., of@%%%hyﬁ%r%e&ea%\ﬁg%&gﬁﬁ% igomers fo ‘e"‘%E%a e%d{?f}o?iag%%%esnes are

f;fi;erag'y the anes In whish fie amount o 80, double bands In gligoethylgne i in the range that the
such as ethylene chloride, chlorobenzene and dichloromethane;
and mixtures of these hydrocarbons and the like. The olefin
itself can also be used as the solvent.

To carry out the clefin polymerizaticon in the presence

10 of the above-mentioned catalyst, the.component {A} 1s used in
an amount of usually 107" to 107 mol, preferably 107! to 1077
mel 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

16 peolymerization activity.

The component (B-1) 1s 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) 1is 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)

becomes usually 1 to 500,000, preferably 10 to 100,000.

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



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 their one end, 5 ones produced by
processes disclosed in JP-A-2000-351813, JP-A-2001-002731, JP-A-2003-73412, JP-A-2004-359861
and JP-A-2004-3598962, can be used. Regarding the molecular weight of oligoethylenefora use,
having double bonds on its one 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 300 to 10000, more preferably the Mw (relative to polystyrene
standards) within #ie @inge 6f 306 td 5900, @hd particutarynth preferably aithia thesrange: of, for
example, 1000 to 5000. In addition, the polymerization process of the present invention includes a
process for pfoditging&iier! )abéveﬂﬁemﬂéd“qumér% )(i)kerebiid)s ow polynersthaving both of
these characteristics of the polymers at the same time by 20 carrying out the polymerization in the
presence of the Ebvvebhentioned dlefin polymerization catalyst of the present invention, when
copolymerizing an olefin or one or more kinds of olefins selected from a-olefins having 2 to 20 carbon
atoms with above-méHtihetle okdirsiiphiers .g. ioligokethytemes:8dn it i$ préferablado carry out a
liquid- phase polymerization process such as a solution polymerlzatlon ora

component (D}is used in such an amount that the molar ratio

[{D}/(B-1)] becomes usually (.01 to 10, preferably 0.1 to 5 in

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

(B) 1s the component (B-2), the componant (D) is used in such

an amount that themolar ratio L (D)7 (B~2)] becomes usually 0.001

10 to Z in the case that the componant (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 amount that the molar ratio
[(D)/(B-3)] becomes usually 0.01 to 1C, preferably 0.1 0 5 in
the case that the component {DY is used.

15 The amount of olefin in polymerization system is not

particular limited, and appropriately selected in accordance

with & kind of olefin which to be usad or a copolymerization

th

Fh

ratic o

L]

copolymer which to be obtained.

The temperature for the polvmerization of using the

— + 4 ] % e e : - : . . - -
20 above-mentioned polymerization catalyst 1s In the range of

usually -50 to 200 °C, preferably 0 to 170 °C. The

polymerization pressure is in the range of usually atmospheric

§ - - ~r 2 : .
pressure to 100 kg/cm™ (9.8 MPa in approxzimate), preferably

i

Py

atmospheric pressure to 50 kg/cn® (4.9 MPa 1 approximate) . The



suspension polymerization, and particularly preferable to carry out a solution polymerization in a state
where oligomers 5 of a-olefins e.g., oligoethylenes 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, it is particularly preferable to carry out a 10
liquid-phase polymerization, and the polymerizatio?w6 temperature is in the range of usually -50 to 200
C, and preferably 0 to 150 C. In addition, the polymerization process of the present invention is

suitable as g pr producing copolymers. 15 having a content ratio Uv) of the structural
fﬁvgﬁ%%%@égl%n ._eg %PO{%J%?&&E%&?‘({K%% OH‘EE}%} any g%ofjﬁ C%Wl

units (Uo) deri rom an olefin to the' s S erived from“a vinylidene compound of

50/50 to 991 (molay ratiq), by, ch@oggp%r;ilg%SQ%QEQ%S%EE%M olefins_selected from_ a-olefins

having 2 to 20 carbon atoms with a vinylidene compoun the ﬁ8§grrlnceerétz the above-mentioned

catalysts foy. glefi lymerization, According to t esent invention, lymetizatign.of an a-olefin
with a conjuég%técéi;] %?é%e%oémgguE&@u%hfaggf%-t?%é? |éﬁé %&rll]dg;%pgrsén%?%%r% bglc%arﬁ%(? %Bt with high

82 activity,laé‘gjcgpgg;pegcq%)irg%ggr]tains conjugated diene in high ratio and has high molecular
weight. Also, It is capable of obtaining a polymer having a narrow molecular weight

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

10 such as hydrogen;

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

ib (B-2), or becth compounds.

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

20 metal in the transition metal compounds to the number of mole
of the organoaluminum compound (organcaluminum
compound/transitionmetal). The molecular weight can be reduced

by increasing the ratioc of {organcaluminum compound/transition

metal}.



distribution of for example, 3.0 or below, preferably 2.5 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 distribution of for example, 3.0 or below, preferably 10 2.5 or below. [Olefin
Polymer] Olefin polymer related to the present invention can be obtained by carrying out an olefin
polymerization with the above-mentioned process in the presence of the above-mentioned 15

components (A) anq\,@dla&dnié necessary.. cgtal)ésts com%rising other transition metal compounds.
Olefin polymer related to the present invention is alpno ;(/ar%erl that l%js@gﬁ%eer%fl}h%eéh%%@tqe%stics of the

following (i)-to(i¥)orhaving &A‘é@kﬁ@%@&te istics. of those at the 20 sa{rleﬁgqmae.rltr ig C_B[gferable that the
) an

polymer satisfies the requirement of ( i), or (i ahdu(ﬁljj%?tﬁep éé:meTime, p‘;élrtlc‘U’Taerye preferable

that the polygggrg%q.p_sfi% }thge_rseMrggg%egte%@, i) and (i) af the 5F me, tirqgi&%)aér% glegig polymer

.. . (=le]e) . g .
comprising structural units derived 83 from one or more kinds of olefins se Fom a-olefins having

2 or more cathonatoms - in,which the tri-substituted internal, olefin guantity is.0.1.or more per 1000
carbon atoms when measured by IH-NMR. gde e

-

5 limited and may be carried out according to any processes, for
example, according to a process disclosed in Prog. Peolym. Sci.
. 2002(27), 1347, Macromol. Chem. Phys., 2001(202), 1757 or a
process analogous thereto. Examples of the reagent (E) used
inthe process include reagents disclosed in the above-mentioned
10 report, suchasair, oxygen, sodiumhydroxide/ hydrogen peroxide,
chlorine / carbon tetrachloride, bromine / carbon tetrabromide,
and iodine / carbon tetraiodide.
Polymerization process related to the present invention
can be usedas a process for producing pelymers satisfying either
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 (1)
and (ii) or {i) and (iii) at the same time, particularly
preferably toproduce polymers satisfying the requirements (i},
20 (ii) and (iii} at the same time.
In addition, according to the polymerization process of
the present invention, the following requirements can be
satisfied when olefins of n kind (n is an integer of 2 or more)

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



5 Such polymer of having tri-substituted internal olefins can be modified to produce a polymer having
functional groups in the polymer, 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 from a-olefins having 2 or
more carbon atoms, wherein the t.i-substituted intéfhal 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-%gm%@gwjymer or copolymer, and preferably they are not polypropylene or
ethylene/1-octene copolymer 'H-NMR can be used as a quantitation method to determine the

tri-substituted inter E‘S‘l eqolyzrng Th@@é@%uglt ;Qf the M%%@g%d _etrgl%l,oégflns is
preferably in the 20 rang of' 0.1to 10 per 1000 carbon atoms. In addition, the o n polymer satisfying

the above-pentiangd @;@%mg produged withfjghractiyity hy polymedzing an qlefin ysing the

catalyst for the polymerization of olefins, characterized by |nclud|ng 84 (A) a transition metal

compound (epieseniad by Jue ﬁ%‘t@i)%ggwgfa'ofoagugo@ )»20d,(B) gt leas] ope compqund selected
from the group consisting of 5 rganometallic compounds
5 concentration Ri whlchlseamolarratloofbm_tounetotalmOLa*
amount of all monomers and solvents in the copolymerization
system} of eilther one clefin Mi (where 1 is an integer of 1 to
n) among the clefins in the copolymerization system teo the sum
of the concentrations of all olefins (R1+R2+.+Rn} is defined
10 as Ci (mol%) (= 100Ri/(R1I+R2+.+Rn)) and an abundance ratio
of the mol number of structural units derived from an olefin
Mi in the cbtained 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 clefins M1, M2, ..,

15 Mn satisfy the following formula (Eg-1), preferably (Eg-2}, and

more prefsrably (Eg-3).

0.33 < Ci/Pi £ 1.50 (Eg-~1)
0.60 < Ci/Pi < 1.40 (Eg-2)
0.75 < Ci/Pi £ 1.30 (Bg-3)

20 wherein, “i” is an integer of 1 ton. A concentration Ri (molar
ratio} of ethylene, propvlene, butane or the like, in &
polymerization solution of each monomer, which is in a gas state
under conditions of room temperature and atmospheric pressure,

can be calculated by using Aspen Plus (calculation method based



(B-2) organoaluminum oxy compounds, and (B-3) compounds capable of reacting with the transition
metal compound (A) to form an ion pair. [Chem. 22; R3R2 R4 1 JYn OR:RS 10 7 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 from a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogenated hydrocarbon group, an 15 oxygen-containing group and a nitrogen-containing
group; Q 85 represents -0-, -5-, -NRa- or -PRb (wherein, Ra and Rb represent each a hydrogen atom

ora hydrocg;pqikg%gg};@,( represents a .r}e%ldigﬂlgﬂavmg an el rlo_ﬂigon%ti_n%groiurpé m is a

number satisfying the valence of M, and when m is 2 or more, a plurality 5 6f atoms or groups

representecbby X.maybe the same as gudifierent; from-each;ather, thg plurality of graups.[epresented

by X may be bonded to each other, it may form a conjugated straight-chain diene residue, a

conjugated biancnedsehaindiensreside ni-asconlugeted sitalgbtehaln dlepe Lesidug or a 10
non-conjugated branched-chain diene residue, the plurality of
kind and temperature. Concentration Ri (molar ratio) of decene

5 orthe like, ina sclution 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 of Mi} / (total molar
quantity of total monomer and solvent in the system)

10 In addition, the polymerization process of the presenﬁ
inventiocn 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
regquirements. It ispreferablyeaprocess forpreducingpolymers

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

20 When copolymerizing an olefin or one or more kinds of
clefins selected froma-clefins having 2 te 20 carbon atoms with
o~clefin oligomers having double bonds on their one end e.g.,
cligoethylenes, as the o-clefin oligomers to be used e.q.,

cligoethylenes are preferably the ones in which the amount 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 conjugated cyclic diene residue or a non-conjugated cyclic diene residue; n
represents an integer of 0 to 3; R1 to R4 which 15 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 &r%up-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group and 20 a nitrogen-containing group, and

two groups AgNa.the,an 19 9 gigups epLesenied by p! g Ré which gie adiagept [ gach other,

] : 3 15"
may be combine orm an aromatit ring or an aliphatic ring with the carbon atoms to-which the two

are bonded, and 3 10 RS, which may. be the, same as gy diflersntiiqm each.piher, 6 represent each

an atom or a group selected from a hydrogernatom, a halogen atom, a hydrocarbon group, a

nalogenated fydiacafhon araug, 8 sl cugusubsiuied hurogarbon gioup. Jvcrocarbor

group-substituted silyl group, an 5 oxygen-contal group and a nitrogen-containing group, and the

two groups among fhe graupsJepresented by RS to Re, which, are adjacent to.each ofher, may be

combined to form an aromaitic ring, an aliphatic ring or a hetero ring, with the carbon atoms to which

the twosare bonded. 10 Heain, s the, transiion anetal campoynd renressnied.bys fhe formula (1)
following examples can also be included apart
JP-A-2001-002731, JP-A~2003-73412, JP-A-2004~359861 and
JP-A-2004~-3598862, can be used.
Regarding themolecularweight of cligeethylene for a uss,

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

10 Mw (relative to polystyrene standards) is within the range of
300 to 20000, in particular, it i1s preferable that the Mw
(relative to pelystyrene standards) is within the range of 300
to 10000, more preferably the Mw (relative toc polystyrene
standards) within the range of 300 to 5000, and particularly

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

In sddition, the polymerization process ¢f the present

invention includes a process for producing either of
above-mentioned polymers (i) 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 ¢lefin polymerization catalyst of the present
invention, when copolymerizing an olefin or ons or more kinds
of olefins selected from a-olefins having 2 to 20 carbon atoms

with above-mentioned ow-olefin cligomers e.qg., oligoethylenes.



from the ones exemplified for the compound represented by the above-mentioned general formula (1).
Examples include: 15 (cyclopentadieny_)(3,5-dimethyl-2-phenoxy)titaniumdichlorid e;
(cyclopentadienyl)(3-tert-butyl-2-phenoxy)tittaniumdichlorid e;
(cyclopentadienyl)(3-tert-butyl-5-methyl-2-phenoxy)titanium 20 dichloride;
(cyclopentadienyl)(3-phenyl-2-phenoxy)titaniumdi ride;
(cyclopentadienyl)(3-tert-butyldimethylsilyl-5-methyl-2- phenoxy)titaniumdichloride;

(cyclopentadienyl)(3-frimethylsilyl-5-methyl-2-phenoxy)tita 87 niumdichloride;
(cyclopentadienyl)é-%e;?-%lr%/ﬁ-%%(exéﬁr?)c?x?/-i-oph%anroﬁ )ﬁ}tléart]iuarln icHlor e,phase

(cyciopentadien %3;5@{3%@- -dimethylaming-2-phenoxy) 5.titanjumdichloride:; . .
(cyclopent:‘(gjien Bttert-butyﬁk-%%l%%‘? -p%%ﬁ%x%)gti%nsﬁ%%aféﬂfloﬁ ;ﬂ‘;ymemzatwn o @

(methyicyclapeniadienyl (s dmetyl 2uhanoxy) Yanumdetlonde; 10, ccoranie <o

(methylcyclopentadieny utyl-2-phenoky)titaniamdic™ hioride;

methylcydo&ggﬂgigw:l)Q'é%rﬁpy{)é}?'&efp}gé%i)g399_)99“5n a state where oligomers

5 of og~-olefins e.g., oligoethylenes are dissolved completely.
When copolymerizing an olefin selected from o-olefins
having 2 to 20 carbon atoms with & 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, and
referabliy 0 to 150 °C.
In addition, the polymerization process of the present
invention i1s suitable as a process for producing copolymers
13 having a content ratioc {Uo/Uv) of the structural units (Uo)
derived froman ¢lefin to the structural units (Uv) derived from
a vinylidene compound cf 50/50 to 98/1 (molar ratioc), by
copclymerizing one or more kinds of olefins selected from
a—olefinshaving2'M)ZGcarbonatomsvﬂszavinylidenecompound
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

1, 3-butadiene and isoprene, can be carried out with high



aniumdichloride; (methylcyclopentadienyl)(3-phenyl-2-phenoxy) titaniumdichlor 15 ide;
(methylcyclopentadienyl)(3-tert-butyidimethylsilyl-5-methyl -2-phenoxy) titaniumdichloride;
(methylcyclopentadienyl)(3-trimethylsilyl-5-methyl-2-phenox y) titaniumdichloride; 20
(methylcyclopentadienyl)(3-tert-butyl-5-methoxy-ia)henoxy)t itaniumdichloride;
(methylcyclopentadienyl)(3-tert-butyl-5-dimethyla i%o-z-phe noxy)titaniumdichloride;
(methyicyclopentadienyl)(3-tert-butyl-5-fluoro-2 88 phenoxy)titaniumdichloride;

(tert-butylcyg e‘pi%gjeny é oé%’ggt%y% é‘»")@%@am mdl(?ﬁ (%g\’ted diene in high

(tert- butylcyc opentadi 3-tert oxy)tltamu

(tert-butylcyclapentadignyl rt-hu thyl-2- umdichlori .
(tert- butylcyc%gé;eﬁtggigni/{l%(% ghéﬁyl%ggégﬁog%ﬁlt‘%ﬁﬁ ic o%% 1%1['C 1y d&Dabl of

(ten butyloysinpenadient) eIl 'Séy'n%Pleo&M&l@@%ﬁ%%@ﬂwd'Ch'o“dei
rid

(tert- butylcyclopentadlenyl)(3 -tri ethyIS| ethyl ph enoxy)titaniumdichl

distribution of for example, 3.0 c¢r below, preferably 2.5 or
& Dbelow. It is particularly preferable for a copoclymerization

of ethylene - butadiene. Further, since the conjugated diene

can be pelymerized singly, obtained polymer has a highmolecular

weight. Alsc it is capable of obtaining a narrow molecular

weight distribution of for example, 3.0 or below, preferably
10 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) eand {B), and if necessary, catalysts cbmprising
other ftransition 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
requirement of (i) and {ii), 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.

i) Anoclefinpolymer comprising structural units derived



(tert-butylcyclopentadienyl)(3-tert-butyl-5-methoxy 15 -2-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-pheno®dtitani umdichloride;

(tetramethylcyciopentadienyl)(3-tert-butyl-5-methyl-2-pheno 89 xy)titaniumdichoride;
(tetramethyleyclopentadienyl)(3-phenyl-2-phenaxyjtitaniumdi chlaride; L
(tetramethyléyggp%ﬁ?aaféﬁé)“(%-?elr : )étﬁlaldir%ﬁe %élé)‘lﬁll-sfﬁﬁne%t&% PPEnsx i dichBride:

(tetramethylﬁy%l?prﬁm:%d?82%'%@1&”%{%%&!'9lX'r?ﬂH?.@%’%E% hcerniog)%/

(tetramethyicyclopentadienyl)(3-te y[-5-methoxy en” oxy

(tetramethyligyclepent gﬁygi

-tert-b ter-S-q,imeth Iaminp-g-
(tetramethylcyclopentadieny é—té‘rtg-bgfy -59ﬂ“uonr18x¥;2-|§i$e‘n03<9@t

in which the, titapipm is E?Iagggb\é\gt.h zirconium or hafnium; compounds in

%enoxjy%titaniupdichl
taramdichl&rid&co &ﬁmds therefor

)titaniumdichjoride;
|

RTamdicriorias g nal

oride;

& Such polymer of having tri-substituted internal olefins

can be modified to produce a polymer having functional groups

in the polymer, and thus is useful as functional material.

Spacific examples of the olefin polymer include

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

10 atoms, or a copolymer obtained by copolymerizing 2 or more kinds

of olefins selected from a~olefins having 2 or more carbon atoms,

wherein the tri-substituted internal clefin 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/l-octene copolymer.

can be used as a guantitation method to determine the

‘E-NMR

tri-substituted internal olefins in the polymers. The amount

of the tri-substituted internal olefins is preferably in the

20 range of G.1 to 10 per 1000 carbon atoms.

In addition, the olefin polymer satisfying the

above-mentioned (i} can be produced with high activity by

polymerizing an olefin using the catalyst for the

polymerization of olefins, characterized by including:



15 which the chloride 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 phenylindene-I-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) A olefin polymer which is produced from olefins
selected from a-olefins having 2 to 20 carbon atoms (provided that ethylene homopolymer is
excluded) , in which, the consi t.90_rat regigi lar, li ead- bonding and tail-tail
bonding) of a-olefir?é% t%e%%?%—% elf%ﬁchg%gé lmgéoggl%%%%?/ %%%el\%ﬁr?gel@g%%laﬁ% more. Such

polymer ha%igglaol‘gil%r_eggégligggglaﬂigllﬁggg (Q%aq :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 onI)(}Qsaaggo iaélaggng%g @%ﬁBH%dS%%Cf@c?éa&n@?énpf{@% oé%[iai olymer include a

10 homopolymer of a-olefin having 3 or more carbon atoms, and a copolymer ed by
copolymeri@gglgi%r@%e kinds of olefins selected from a-olefins having 2 or more carbon atoms. (iii)
A polymer which can be obtained by a polymerization being supplied with one or more kind(s) of

olefin(sy selected 15 from a(glg{ips &aé/%%gg mqrgccaég%gm ’having on its side

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

{Chem. 22Z]

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 oxvgen—~containin roup and a nitrogen-containin roup; Q
e



chain two or more kinds of alkyl groups selected from an ethyl group (b1) , 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 atoms 20 of a-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) to (b4) wherein the total rfumber of alkyl groups, bl to b4, in the polymer is
1.0 or more per 1000 carbon atoms. 91 By using the catalysts of the present invention, a polymer

having a lot.qf ahoye:mentigned ghort-ghained alkykgroups,can .oe gbtaipadzand fereby amount of

a-olefins fed can be reduced fo obtain a polymer with an equal alkyl branching quantity to 5 the ones

obtained byglising the,existing catalysis 13¢-NIIR-can be ysed.tg deferming the quantity of bl to b4

contained in the polymer, and the number of thé total alkyl groups, bi to b4, in'tihe polymer is

preferably 1,00t enore;an 0:0:0/lege-neL 10 caghonaiome, 10,649 glefio-vinylidsge compound

copolymer, which is a copolymer of at least one olefin selected ffoma-oléfins having 2 to 20 carbon

atoms and a yinylidene,compoyad.Jp which the .ratio,o/Uv) of the.total-content:of sirustual units

derived from the oléfin (Uo) to the content of structural units derived 15 from the vinylidene compound
(Uv) is FomSOL0 1009 {molars raliore sented 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 forma conjugated straight-chain
diene residue, a conjugated branched-chain diene residue, a
non-coniugated straight-chain diene residus or =

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 conjugated cyclic diene residue or a non-conjugated cyclic
diene residue; n represents an integer of 0 tc 3; R' to R* which

15 may be the same as or different from each other, represent sach
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-centaining group and

20 a nitrogen-containing group, and two groups among the an atom
or 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 R?, which may be the same as or different from each other,



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 Metal 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 92 formula (1) . The proces§ Eomprises reacting an amide complex represented
by the following general formula (10) with an anion ligand (L) having a structure represented by the

following farmuia (L).oL with a,heytra] %@%”igcr ound Hﬁ@’@i%'}é*ﬂneaﬂg)(’iﬁé‘g%é?lg%%@’ S0 to be

converted into a reaction product containing an amide complex represen e following general

formula (12} [Riossssd Lang reanting e iaashon.nigduct, dieied larpdhe [eracess,Li, with 2

compound represented by the g general formula’ (13), to prepare the transition 10 metal

compound gepresented by the aboye general formula 1), [Rrocess,2L The pracesses are successively

carried out.” << Amide Complex'represented by the follow)l[(rf)g formula (10) The amide complex

representeql?gyg)%goyg%ngﬁogwl%glgéjcg)t@%sgd dn i%p@gﬁﬁ for_producing transition metal

compound related to the present invention. MWp(NZZ )miYn ... (10) Wherein, M represents a
Uansm@n'nggyﬁgﬁné%*%QQQing group and a nitrogen-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 hetero ring, with the carbon atoms
to which the two are bonded.

10 Herein, as the transition metal compound represented by
the formula (17), following examples can also be included apart
from the cnes exemplified for the compound represented by the
above-mentioned general formula (1).

Examples include:

15 {cyclopentadienyl) {3, 5-dimethyl-Z-phenoxy)titaniumdichlori
e;

{cyclopentadienyl) (3-tert-butyl-2-phenoxy)titaniumdichlorid
e;
(cyclopentadienyl) (3-tert-butyl-o-methyl-Z-phenoxy)titanium

20 dichloride;

(cycleopentadienyl) (3~phenyl-Z-phenoxy)titaniumdichloride;
{cyclopentadienyl) {(3-tert-butyldimethylsilyl-5-methyl-2~
phenoxy) titaniumdichloride;

(cyclopentadienyl) {(3~trimethylsilyl=S-methyl-Z-phencoxy)tita



from among Group 4 to 6 of the periodic table, which is same 20 as the M in the above general
formula (1). W represents a halogen atom, and specific examples include fluorine, chlorine, bromine
and iodine. "p" is an integer of 0to 2, and p and ml are determined to satisfy the valence of M.
Herein, providing that the absolute value of the N valence 93 is "a", relationship of a=p+ml is obtained.
When "p"is 1 or 2, W is eliminated in the Proces€ 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
siIicOn-contgm%grc%th ngespecific examples of include a hydrocarbon group having 1 to 20 carbon
atom (s ) such as an alﬁy group e . g., methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl,

eicosyl, etc. n&lgggu group. 9., /Cl hrecxy orbornyl, adamanthyl, etc., an arylalkyl 10 group
e.g., benzyl,e gﬁenyl”eth;i ﬁﬁle(% plr%éal t?%yl, e{!(’:?r,]c}é%d %nmﬁyPé)r}éﬁpBe.g., phenyl, tolyl, dimethylphenyl,

trimethylphepyl gtg gt_wle,pg els .I@P1 l..hiphenyl, naphthyl, methylnaphthyl, anthracenyl,
phenanthry% etg. ;a (kj a hy roélg%%n ;%ﬁ%%bstituted silyl group having 1 to 20 15 carbon atom(s)

e, Lrimethysiy, seiyidahenysiyl. dmetmyetenibl e upbeoysiv. e, When m s 2o

more, a plurality of NZZ' groups may the sameas or different from each other.

groupszadiacent to, gach athes amang the

{cyclopentadienyl) (3-tert-butyl-5S~fluoro-2-phenoxy)titanium
dichleoride;
(methyleyclopentadienyl) (3, 5-dimethyl-2-phenoxy)
titaniumdichleride;

10 {methyicyclopentadienyl)(3mtert~butyl—2—phenoxy)titaniumdic
hloriae;
methylcyclopentadienyl) (3-tert~butyl-5-methyl-2-phenoxy)tit
aniumdichloride;
(methylcyclopentadienyl) (3-phenyl~2-phencoxy)titaniumdichior

15 ide;
(methylcyclopentadienyl) (3-tert-butylidimethylsilyl-5-methyl
-Z2-phenoxy)titaniumdichloride;
(methylcyclopentadienyl) (3~trimethylsilyl-5-methyl-2-phenox
yititaniumdichloride;

20 (methylcyclopentadienyl) (3-tert-butyl-5-methoxy-Z-phenoxy)t
itaniumdichloride;
(methylcycleopentadienyl) (3~tert-butyl-5-dimethyliamino-2-phe
noxy)titaniumdichloride;

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



20 groups represented by NZZ' may be bonded via Z or Z', and in the case where those are bonded,
bridging groups of those may have a chiral structure. Y represents a neutral ligand having an
electron-donating group, and specific examples include same ligands exemplified 94 for Y in the
above general formula (1) Here, n represents an integer of 0 to 3. Specific examples of the structure of
amide complex represented by general formula (1% will be shown as following, 5 however it is not
limited thereto. In the following formulae, a methyl group, an ethyl group, an i-propy! group, a phenyl
group, and_ﬁt ’br]gh Zcgrof ran are abb iviateg as Me, Et, i-Pr, Ph, and THE, respectively. [Chem. 23]
Ti(NMe2)4 iﬂ\% e ? (rr#ﬁEﬁJf(Ri%t‘i TINER)4(THF)2 Ti(NMePh)4 Ti(NMePh)4(THF)2 CI Ph CI Ph
Cl Ph N~ THETzN:> THEN ~N THF--d N THF{ -° I Pha Ph C| Ph CI Suez CI SiMe3 CI SiMe3
<N~ THF~H r\%lr\# PPN G TR SRS i’NJ\éF%Tﬁéﬁ‘%ﬁ%ﬂﬂég“C| SIMe3 CI Si(F-Pr)3 CI
Si(-P13 C1 SRR, TN THERa: MIHECN,

(tert-butylcyclopentadienyl) (3-tert-butyl-2-phenoxy)titaniu

mdichloride:

ot

(tert-butylcyclopentadienyl) (3-tert-butyl=-5-methyl-2-phenox
yvititaniumdichloride;

(tert-butylcyclopentadienyl) (3-phenyl-2-phenoxv) titaniumdic
hloride:

10 (tert-butylcyclopentadienyl) (3~tert-butyldimethylsilyl-5-me
thyl-Z-phenoxy)titaniumdichloride;
(tert-butylcycleopentadienyl) {3-trimethylsilyl-5-methyl-2~ph
enoxy)titaniumdichioride;

(tert-butylcyclopentadienyl) (3-tert-butyl-5-methoxy

15 ~2-phenoxy)titaniumdichloride;

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

(tert-butylcyclopentadienyl) (3-tert~butyl-5-fluocro-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



j~N THF(, N THF~j ~N CI Si(i-Pr)3 CI Si(i-Pr)3 CI Si(i-Pr)3 CI SiMe3 CI Siwe3 THF., " E\N/\THFF/
N /\ 10 CI SIMe3 - Cl SIMe3 [Chen:. 24] 95 Zr(NMe2)4 Zr(NMe2)4(THF)2 Zr(NEt2)4 -
Zr(NEt2)4(THF)2 Zr(NMePh)4 Zr(NMePh)4(rHF)2 CI Ph Cl Ph C Ph /-N~ THF ~N- THF\N zi-N T N
F L N THF Ci Ph CI Ph Ci Ph CI SiMe3 CI SiMe3 Cl SiMe3 <NI> THF\ /N~ THF\ *,N THF \N THF~2\
---4C CI SiMe3 CI SIMe3 CI SiMe3 ClI Si(i-Pr)3 CF 8I(-Pr)3 CI Si(iPr)3 N THF ~N~ THF N E\N THFN
THF ~\N CI Si(FPr)3 i(FPr)3 CI SiQ-Pr}3 Ci SIMe3 CI Sim! /\N N / THF,?/ \N THF\N

xy)titaniumdicheride;
{tetramethylcyclopentadienyl) (3-phenyl-Z2-phenoxy)titaniumdl
chloride;
{tetramethylicyclopentadienyl) (3-tert-butyidimethylsilyl-5-m
5 ethyl-Z-phenoxy)titaniumdichloride;
(tetramethylcyclopentadienyl) (3-trimethylsilyl-5-methyl-2-p
henoxy)titaniumdichloride;
(tetramethylcyclopentadienyl) {3~tert-butyl-5-methoxy-2Z-phen
cxy)titaniumdichloride;
10 {tetramethyvlcyclopentadienyl) {3-tert-butyl~5-dimethylamino-
2-phenoxy) titaniumdichlioride;
(tetramethylicyclopentadienyl) (3-tert-butyl-5~fluorc
-Z2-phenoxy) titaniumdichlioride; compounds therefor inwhich the
titanium is replaced with zirconium or hafnium; compounds in
15 which thechloride is replacedbybromide, iodide, dimethylamide,
diethylamide, methoxide, isopropoxide, benzyl or methyl:.
compounds in which the cyclopentadienyl moiety is replaced by
dimethylcyclopéntadienyl, trimethylcyclopentadienyl,
phenylcyclopentadienyl or phenylindene-1l-vyl; transitionmetal
20 complexes like compounds in which the phenoxy group is replaced
by a phenylthio group in combinatlion with these, and the like.
{ii) An clefin polymer which is produced from clefins
selected from ao-olefins having 2 to 20 carbon atoms (provided

that ethylens homopolymer is excluded), inwhich the constituent



Cl Sif e3 " CI SIAAe3 [Chem. 25] Hf(NMe2)4 Hf(NMe2)4(THF)2 Hf(NEt2)4 Hf(NEt2)4(THF)2
Hf(NMePh)4 Hf(NMePh)4(THF)2 CI Ph Cl Ph Ph /N THF\N THF\-N "N~ THFN ~THF 1 ~N CI Ph
Cl Ph CI Ph CI SiMe3 CI SiMe3 CI SiMe3 ,N THF\ ,N THF\-N H1( T ~ THF j N Ci SIMe3 CI SIMe3 Ci
SiMe3 C SI(1-Pf)3 CI SI(I-Pr)3 Ci Si(i-Pr)3 Ht~N THF\f; N THF\Hf~N -~N~ THF" ~N T H FNCI
Si(i-Pr)3 CI Si(i-Pr)3 Ci SI(i-Pr)3 CI Sea CI SiMe3 HfN THF'HAAN CI SIMe3 Ci .SiMe3 _ Anion Ligand
(L) >> 96 In the process for producing the transition metal compounds related to the present

invention, the.anian igand siepresented by the following general formula (14)is used. [Chem. 26] R3
R22-R4R' L=R5Q

tail-tail bonding} of w~olefins to the total o~olefin chains

measured by “C-NMR is 10 mol$% or more.

Such pelymer having a lot of regicirregular linkage (head

@34

to head bonding and tail to tail bonding) is useful as a flexible
material, since, for example, it has & low heat of fusion, in
comparison with usual o-olefin polymer having only head to tail
bonding, and thus.
Specific examples of the olefin polymer include a
10 homopolymer of o—-olefin having 3 or more carbon atoms, and a
copolymer obtained by copolymerizing 2 or more kinds of olefins
selected from c-clefins 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 clefin{s) selected
16 fromo-olefins having 2 or more carbon atoms, having on its side
chain two or mere 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 atoms
20 of o-clefin having 3 or more carbon atoms supplied in a
peclymerization is t, side chains having t-2 carbon atoms are
not included in the alkyl group selected from (bl) to (béd)),
wherein the total number of alkyl groups, bl tob4, in the polymer

is 1.0 or more per 1000 carbon atoms.



R6R8...(1T) 75 Wherein, R'to R4 and R5 to R8 each represents a same atom or a group as R1
to R4 and R5 to R8 in the above general formula (') Q represents -0, -S, -NRa, or -PRb. Pa 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 represent]gﬁ for Ra and Rb in the above general formula (1).
Amide Complex represented by general formula (£2) >> 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 ghowe; general formua, (L) gewith, M@'_Q{Qéﬂ‘&%ﬂ{“@%qé%‘é’hmh the L is
hydrogenated, is representéd by the following formula (12). 97 LM (NZZ'* )mYn Wherein L is

the anion ligarnstepresenied Py is,a0as, oogeal forpule i) Med, 21 s b sespegively

represent the same meaning 5 as defined in the above general formula (10) is a number

satisfying thevglence ol M, meaning thal me2-is,aqual 10-an é‘«ba?ﬁlé‘t?e@'HSvoﬁaM yalgpegLCompound

represented by general formula (13) >> In the process for producing transition metal compounds
to obtain a polymer with an equal alkyl branching guantity to

o

the ones obtained by using the existing catalysts.

B3C-NMR can be used to determine the guantity of bl to
b4 contained in the polymer, and the number of the total alkyl
groups, bl to b4, in the polymer is preferably 1.0 or more and
10.0 or less per 1000 carbeon ateoms.

10 (iv) An colefin-vinylidene compound copolymer, which is
a copolymer of at least oneolefinselected fromu-olefins having
2 to 20 carbon atoms and a vinylidene compound, in which the
ratioc {Uo/Uv) of the total content of structural units derived
from the olefin {Uo) to the content of structural units derived

15 from the vinvlidene compound {Uv) is from 56G/50 to 99/1 (molar
ratioj.

The molecular weight distribution (Mw/Mn) as determinsd
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 Transiticn Metal Compounds]

The process for producing transition metal compounds
related to the present invention is a process for producing the

trangition metal cocmpound represented by the above general



10 related to the present invention, the compound represented by the following general formula (13) is
used. VX1 ...(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-conat?ining group, a nitrogen-containing group or an
oxygen-containing group. X' represents a halogendtom. Among the compounds represented by the
above general 20 formula (13), compounds in which the X1 is halogen and the V is hydrogen;

compoundsig.which the X1 isshalagep.and the Y is a silicon-containing graup; compaunds in which

the X1 is halogen and the V is a nitrogen-containing group; and compounds in which the X1 is

halogen and he /ds.a-hydiocarhangroug,having J-10.98 2Q carbon atam(g)iane preferable, and

compounds in which the X1'is halogen and the V is hydrogen; compounds in which the Xis halogen
and Vis a silicon-containinggroyp; compeynds in. which theX+is halggenand te Vs g,

nitrogen-containing group 5 are particularly preferable. Specific examples of such compounds include

hydrogen chloside irimethylsilyl ghloride, silisen fetrashiaride. dimelhyiaming hydroghleride and the
like. << Production Process >> 10 For a synthesis of amide complex represented by the
above-gentionedformiuladid): aprogessdiselosed nsudlasn+o 2 reaction product
containing an amide complex representedby 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 compbund represented by the above general formula (1)
[Process 2]. The processes are successively carried out.
<< Amide Complex represented by the following formula (10)
>>
The amide complex represented by the following formula
15 {10) is used in the process for producing transition metal
compound related to the present invention.
MW, {(NZZ' ) m ¥z o (20
Wherein, M represents a transition metal atom selected
from among Group 4 toc 6 of the periodic table, which is same
20 as the M in the above general formula (1).
Wrepresents a halogen atom, and specific examples include
fluorine, chlorine, bromine and iodine. “p” is an integer of
0 to 2, and p and ml are determined to satisfy the valence of

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



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
guantitatively using an NMR 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 orgiﬁary 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 salyent g%(?glit_g&%ggétig@ oa(zge%g‘stzilléiz fion is.not pamgéjllfs\rl\)bljmggdi a%g examples

include petroleum ether, hexane, carbon tetrachloridé, toluene, 99 benzene, dichloromethane,

chloroform, iée’tr@@yggofgﬁ@ni diethyl ether apd nﬂjf%% sqlution thereof. Then, a synthesis of transition

metal compound represented by the above-mentioned general formula (1) can be 5 carried out in

accordance with theprocgsses disclgsed isuhas, 1 Am, Chem. So¢.. 2000(122),8093..J. Am.

Chem. Soc., 1996(118), 8024, Organometallics, 1995(14), 5, Organometallics, 2003(22), 5498,
Organometalligs, 2003(22). 4658 g sinilarprocesses thereof, That s, the synthesis,is Iycarried out

by reacting the compound represented by the above general formula (13) under stirring, with the
amide gomplex yepreseptedby e gengral lormulacla) , hich Iseyifiediny specific
examples of include a hydrocarbon group having 1 to 20 carbon
atom(s) suchasanalkylgroupe.g., methyl, ethyl, propyl, butyl,
hexyl, cctyl, nonyl, dodecyl, elcosyl, etc., analicyclic group
e.g., cyclohexyl, norbornyl, adamanthyl, etc., an arylalkyl
10 group e.g., benzyl, phenylethyl, phenvlpropyvl, trityl, etc.,
and an aryl group e.¢., phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenvyl, propylilphenyl, biphenyl,
naphthyl, methylnaphthyl, anthracenyl, phenanthryl, etc.; and
a hydrocarbon group-substituted silyl group having 1 tc 20
i5 carbon atom{s) e.g., trimethylsilyl, methyldiphenylsilyl,
dimethylphenylsilyl, and triphenylsilyl, etc.
When m is 2 or more, a plurality of NZZ’' groups may be
the same as or different from esach other.
Alsc, the two groups adjacent to each other among the
26 groups represented by NZZi' may be bonded via Z or Z7, and in
the case where those are bonded, bridging groups of those may
have a chiral structure.

Y represents a neutral ligand having an electron-donating

group, and specific examples include same ligands exemplified



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 O to 60 C is selected. The solvent for a use is not
particularly limited, and examples include petroleum ether, hexane, carbon tetrachloride, toluene,
benzene, dichloromethane, chloroform, tetrahydrofuran, diethyl ether and mixed solution thereof. 20

After the reaction, the volatile by-product can be ré

oved by drying under reduced pressure. On this

occasion, in a case where the reaction is confirmed to be proceeded quantitatively using an NMR or

the like, thefg_§u|§an_{][l§’r(31

the by-product is provide
as extraction, recryg@lézat@n%@gé%gsc%bq_H;g%%éq,ot&@irba+9§re3) target complex. 5 The solvent

useful for extraction or recrystallization Is not particula

an ordinar

y limited, an

%Cta8%§9£’e Ised as,it ifsofp&lgl%olym?rization reaction. In a case 100 where
, i %Jmanipulaiioﬁ used for réfining a transition metal complex, such

examples include petroleum

ether, hexane, carbap tetradhlode, faluepe. bengene, dishiqrometiane, chigroform, fetahydrofuran,

diethyl ether and mi

ed solution ther

of. The compound represented by the 10 above general

formula (13).isnot particularly limited. and examples,ipclyde hydrogen ghlarde. dimethylamine

hydrochloride, trimethylsilyl chloride, tetrachlorosilane and the like, and tetrachlorosilane is preferable.

&

10

however 1t 1is not limited thereto.

In the following formulae,

amethyl group, an ethyl group, an i-propyl group, a phenyl group,

and & tetrahydrofuran are abbreviated as Me, Et, i-Pr, Ph, and

THE, respectively.
[Chem. 23]
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[Chem. 24]

Ti(NMePh);, Ti(NMePhjy(THF),



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 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 hydro% ated, 20 followed 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 formulah%) in which the X is halogen 101 is produced, and then the X can be changed to a
hydrogen atorfi Wi ‘thfﬁ%‘@%ﬂﬁﬂ%ll—ﬁ ?“[AI f@f@ﬂjﬂéﬁi Mﬂ?féfﬁ’hyﬂf%ﬂi%ﬁéﬁﬁ the like. Also,
the compoundgepgesented byt g@neral formul @Jn) in which the X is halogen is produced, and then
the X can 5 be:ic d to ahy n grmum\cr/aa ogenated hydrocarbon group with the use of
A1R3, LIR, RIﬂgEgr gl aﬂq: ch Tﬁr an alkyl group such as a methyl group, an
ethyl group, a$repyl group, a b8itykgroup, a phefylgroup, a 2,6-dimethylphenyl group, a
2,4,6-trimethylphenyl group, a 10 2,6-di-iso-propylphenyl group, a 2,6-di-iso-propyl-4-methylphenyl
group, a 2,4,6zrisise-propylphegyl reup, a 2,6- d@teinwautylphenyl group, a
2,6-di-tert-butyf-4 Iph 2,48 iste vIphenyl group or a benzyl group; a dienyl
%\S@pﬁﬁﬂgﬂf)} phenyl group yl group; y

\ THF THF ;
S Sindes Cl Sive, Cl Sites
o s«ppna ¢ SH&Pna o Sit-Pr
THE THF_ i R
2‘“\ > \;3’( Szl
THF ] Y
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[Chem. 25]
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<< Aniocn Ligand (L) >>



.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 as 4-fluorophenyl
group, a 2,4-difluorophenyl group or a 2,4,6-trifluorophenyl group). The compound represented by the
20 general formula (1) in which the X is halogen is produced, and then the X can be changed to an
oxygen-containing group with the use of LIOR, Na6R and KOR (Each R represents an alkyl group
such as a methyl group, an ethyl group, a propyl group, a butyl group, a phenyl group, a
2,6-dimethylpheny ; group. a;102- 2.4, 6:4iimethylnheny] graup, a.2.8:diiso-Hropylphenyl 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:gisert:huty-Asmethylphenyl group..a 8.2.4 Stgrthutylphenylgroup and g henzyl
group). Moreover, the compound represented by the general formula (1) in which the X is halogen is
produced, anglhegdhe ican benchangect(pa gitiaepcontaipingaroup il the useef LiNMe2
LINEt2, L1N (SiMe3) 2, NaNMe2, NaNEt2, NaN'(SiMe3) 2, KNMe2, KNEt2, 10 KN(SiMe3)2 or an
amidinate compounpd}@ep{ﬁe;s%ej:d by general formulae LI[R(CNR") (CNR")], Na[R(CNR") (CNR")]
andK[R(CNR') (CNR")] (R, R"and R'' each represents an alkyl group such as a methyl group, an
ethyl group, a propyl greup, a bLgyI group,, a p enyl group, a 2;6-dimethylphenyl group, a 15 2, 4,
6-trimethylphenyl group, a 2,6% iso-pr(ﬁ%ylphen I g@yp,

(11)

Wherein, 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
(L.

O represents -0, -S, -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 groupslrepresented
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
16 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 L is hydrogenated,

is represented by the follewing formula {(12).



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-tert-butylphenyl group or a benzyl group).
20 INDUSTRIAL APPLICABILITY Using the catalysts for olefin polymerization related to the present
invention polymerizes clef in, a polymerization with high polymerization activity is exhibited. And in a
case that 103 the copolymerization is carried out, Ah ethylene- olefin copolymer having a higher
comonomer content can be obtained although the small amount of comonomers is used in
comparison with kmqwn(ﬁgtﬁly%tﬁggr olefin"poerQgrization, thereby it is 5 extremely industrially
valuable. The process for producing transition metal compounds of the present invention can

synthesize the trangjtian metat, compaund (Y Jepresenied by the abave geeral farmyla (1) at high
purity and with high yield, which is also simple, thereby 10 is extremely industrially valuable. BRIEF

DESCRIPTIQNOE THE, DRAWINGS Fig. 1 is a 13C-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. 3is a

13C-NMR SpeCtrunM(?fihejmly%,eraqmarmfgé@)ectively represent the same meaning
5 as defined in the above general formula {10). “m” is a number
satisfying the valence of M, meaning that m+2 is egqual 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.
vt L (13)
Wherein, V represents a meial atom selected from Group
1 of the periodic table, & 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-contalning group, &z
nitrogen-containing group or an oxygen-containing group.
X* represents a2 halogen atom.
Among the compounds represented by the above general
20 formula {13), compounds in which the X' is halogen and the V
is hydrogen; compounds in which the X* is halogen and the V is
a silicon-containing group; compounds in which the X' is halogen
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



Example 8. Fig. 4 is a 13C-NMR spectrum of the polymer obtained in 20 Example 9. Fig. 5is a
1H-NMR spectrum of the polymer obtained in Example 10. Fig. 6 is a C-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 13C-NMR spectrum of the polymer obtajned in Example 11. 5 Fig. 9 is a 13C-NMR
spectrum of the polymer obtained in Example 20. Fig. 10 is a 'H-NMR spectrum of the polymer
obtained in Example 28. Fig. 11 is a 13C-NMR spectrum of the polymer obtained in 10 Example 28.
Fig. 12 is a 24-NMR spegirum @f the polymer-htained in, Example, 29-59. 13 i L3CNMR
spectrum of the polymer obtained in Example 29. 15 Fig. 14 is a 1H-NMR spectrum of the polymer

obtained in yExampie 394 Eig. 5iis-a 43¢-NMR spesium;otthenalymer obtained:in -Exagiple 30.

is halogen and V is a silicon-containing group; compounds in

which the ¥* is halogen and the V is a nitrogen-containing group

& are particularly preferable.

Specific examples of such compounds include hydrogen
chloride, trimethylsilyl chloride, silicon tetrachloride,
dimethylamine hydrochloride and the like.

<< Production Process >>

10 For a synthesis of amide complex represented by the

above-menticned formula (12}, a process disclosed in such as
Dalten Trans., 2002, 4580, Organometallics, 2004 (23), 1576,
or similar processes thereof can be used. After the reaction,
a reaction liguid is dried under reduced pressure to remove
i5 amine, which is the volatile by-product. On this occasion, in
a case where the reaction is confirmed to be processed
quantitatively using an NMR 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 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 tetrachleride, toluene,



Fig. 16 is a 1'H-NMR spectrum of the polymer obtained in 20 Example 31. Fig. 17 is a 13C-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 13C-NMR spectrum of the polymer obggjned in Example 34. 5 Fig. 21 is a '3C-NMR
spectrum of the polymer obtained 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 obtained in 10 Example 36.
Fig. 24 is adéhbiddRR spectrtmeefthe nolymer ebtaineskio rixampte-3A [EXAMPLES] 15 Hereinafter,

the present invention will be more specifically explained with reference to Examples, but the present
invention ischict iimiedemnthe folawingxkxamplest The vareus physical properties of obtained
polymers are measured and determined in the following manner. 20 (Molecular weight and Molecular
weight Distribution)Then, z synthesis of transition metal compound
represented by the above-mentioned general formula {1} can be
5 carried out in accecrdance with the processes disclosed in such
as J. Am. Chem. Soc., 2000(122), 8093, J. Am. Chem. Soc.,
1956(118), 8024, Crgancmetallics, 1985(14), 5,
Organometallics, 2003(22}), 2498, Organometallics, 2003(22),
4658, or similar processes thereof. That is, the synthesis is
10 carried ocut by reacting the compound represented by the above
general formula (13) under stirring, with the amide complex
represenéed by the general formula {(12Z), which is purified in
the above manner and dissolved in a solvent. The temperature
of sclution during the reaction is 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, benrene, dichloromethane, chloroform,
tetrahydrofuran, diethyl ether and mixed solution thereof.

20 After the reactiocn, the vcolatile by-product can be
remcved by drying under reduced pressure. On this occasion,
in a case where the reactiocn is confirmed to be proceeded

guantitatively using an NMR or the like, the resultant product

can be used as it is for a polymerization reaction. In a case



The molecular weight and the molecular weight distribution of the obtained polymer were measured
by using a high-temperature gel-permeation chromatography (GPO). <Pretreatment of Sample> 106
30 mg of sample was completely dissolved in 20 mL of o-dichlorobenzene at 145 C and the solution
was filtered with a sintered filter having a pore diameter of 0.45 mm, to prepare an assay sample. 5
<Measuring Apparatus> Gel Permeation Chroma%o%@aphy Alliance GPC 2000 type (manufactured by
Waters Co., Ltd.) <Analytical Apparatus> Data processing software Empower Professional 10

(manufacturaelby. Wﬁ?%&%x&&k%’%%%&%@&@@oﬂgiB‘%’Ezﬁ%QQ{}’HH}iﬁﬁ%&l GMHEEY x 2 +

TSKgel GMH6-HTL x 2 of themaré 7. 5 mT._T . D. x30-m, manufactured by Tosoh Corporation)
Column Temperatuse; 140.C 15 Mghile phaser o:dishlarghenzene ORCB. = ] {containing, 0.025% BHT)

Detector: differential refractive index meter Flow rate: 1 mL/min Molecular weight Conversion: PS
calibration/ samplg; 20,c0nyersian mefhody Moleqular vieightrelative to PE standards o, o
target complex.

5 The solvent useful for extraction or recrystallization
is not particularly limited, and examples include petroleum
ether, hexane, carbon tetrachloride, toluene, benzens,
dichloromethane, chloroform, tetrahydrofuran, diethyl ether
and mixed solution therecf. The compound represented by the

10 above general formula (13) is not particularly limited, aﬁd
examples include hyvdrogen chloride, dimethylamine
hydrochloride, trimethylsilvl chleride, tetrachloresilane 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
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 1 is hydrogenated,

20 followed by reaction with the compound represented by the above
general formula (13) without isclating 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



was calculated from molecular weight relative to PS standards with an universal calibration method
using Mark-Houwink parameters (K=17.5 x10-', a=0.670 for polystyrene; 5=40.6 k10-, a = 0.725 for
polyethylene). 107 (Intrinsic Viscosity [p]) The intrinsic viscosity [rj] of polymer was determined in
decalin at 135C using Ubbelohde viscometer, ang él'ﬂ(e viscosity-average molecular weight M" was
calculated using the 5 following expression. [n]=6.27(10-' M,'7. (Chiang, R. J. Polym. Sci. 1959, 36
91.) (Content of a-olefin) The content of a-olefin in the obtained ethylene/a-olefin 10 copolymer was

determinedshy 1R-9rNMR., (Amauatettri-substituted internak alefin) The.irissubstiguted:intggnal olefin in

the obtained polymer was measured by using a 'H-NMR and determined by assigning the signals of

the tri-subsijtuitedrinternak olefin: 15 with referenge to the, chemigal/shift of signalscofthe dH-substituted
internal olefin in polypropylene which is disclosed in Polymer, 2004(45) ,2883, the chemical shift of

signals of trssubstifuted intespal olefin dnRivlgneli-edere capalymeravhichuis tiselosed:ia 20
Macromolecules, 2005 ASAP (Vincenzo Busico et al. ) or the like, and for the quantity of
tri-substituted intepnaholefin,dhe x is nalogen is produced, and then the X can
5 Dbe changed te & hydrocarbon group or a halogenated hydrocarben
group with the use of AIR;, LiR, RMgBr, RMgI and the like (Each
R represents an alkyl group such as a methyl group, an ethyl
group, a propyvl group, a butyl group, a phenvl group, a
2, 6-dimethyliphenyl group, a Z,4,6~trimethylphenyl group, a
10 2,6-di-iso-propylphenyl group, a
2,&é-di-iso-propyi-4-methylphenyl group, a
2,4,6-tri-iso~propylphenyl group, a 2,é-di-tert-butylphenvyl
group, & 2,6-di-tert-butyl-4-methylphenyl group, a
2,4,6-tri~tert-butylphenyl group or a benzyl group; a dienyl
15 group such as a substituted conjugated dienyl group, &
substituted non-conjugated dienyl group or a substituted
cyclopentadienyl group; or a halogenated hydrocarbon group such
as 4-fluorophenyl group, a Z,4-difluorophenyl group or =
2,4,6-triflucrophenyl group). The compound represented by the
20 general formula (1} in which the X is hélogen is produced, and
then the X can be changed to an oxygen-containing group with
the use of LiCR, NaOR and KOR (Each R 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



content was calculated by using the following computational expression. Tri-substituted internal olefin
(/1000C) = (D / total 108 number of carbon atoms) x 1,000 Total number of carbon atoms =2A /3 + B
+C+2D+(E +F+ G-B/2-D) /2 Ato G each is the integration value of 1H-NMR spectrum 5 signals
derived from the following structures, respectivelz[;[ (5.7-5.6, 4.9-4.7ppm).: R'HC=CH2 (3H) vinyl B
(4.7-4.6ppm): R"R2C=CH2 (2H) vinylidene C (5. g ppm): RICH=CHR2 (2H) di-substituted internal
olefin 10 D (5.2-5.0ppm): R1CH=CR2 R3(1H) tri -substituted internal olefin E

- (2.0-1.8ppm); R1EH2CTE {2K) meihylengradiacent 10 elefin-F d3.3:1dpRmyR G2y R2£2H)
main-chain methylene G (0.8-0.7ppm): R"-CH3 (3H) methyl 15 (Amount of Regioirregular linkage)

The ratio ofzregicireguar irkaae-(head-ipdeadibonging agpddalh fo tail bonding) between a-olefins to
the total a-olefin chains, for the obtained polymer was determined by assigning the signals of the

regioirregular, linkagerhetiveen-a-elefing 2Onsing A3CNMR with referenrge: totheychemigal shift of

signals derived from regioirregular linkages in PP which is disclosed in Macromolecules, 1992(25),
4876, the chemigs) shifpgfe~di-tert-butyl-4-methylphenyl group, a

5 2,4,6-tri-tert-butyliphenvl group and a benzyl group).
Moreover, the compound represented by the generzl 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 LilNMe;,
LiNEtz, LiN(SiMej),, NaNMe;, NaNEt,, NaN{SiMes),, KNMe,, KNEt,,
10 KN (SiMe:),; or an amidinate compound represented by genéral
formulae LI[R{CNR’} (CNR’’")], Na[R{CNR") (CNR’'"}] and K[R(CNR"}
(CNR'"7})] (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

15 2,4,6-trimethylphenyl group, a 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-4i-methyiphenyl 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 pelymerizes clefin, apolymerizationwith

high polymerization activity is exhibited. And in a case that



signals derived from regioirregular 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 group having 3
to 5 carbon atoms, positioning on Side Chain in Polymer) The ethyl group (bl), alkyl group having 3
carbon atoms 5 (b2), alkyl group having 4 carbor @toms (b3), or alkyl group having 5 carbon atoms
(b4) (provided that, the alkyl groups derived from a-olefins having 3 or more carbon atoms are
excluded) was assigned by using 13C-NMR with reference to the chemical shift of signals derived
from the shontecltanp branehes-Exwhichiis disctosesHindMS-REV sMagicmel: €hefii.rPhys.,
1989(C26(2&3)), 201; Macromolecules, 1999(32) ,1620; Polymer , 1992(33), 650 or the like, to carry
out the quantitativemestimatomy Amdung ot strocturalandts (v dervedfronbeinylidenen 45
compound) The quantitative determination of the structural units (Uv) derived from vinylidene
compound il anholafin/¢inyliderd. campourid copohymerpimethe dlstairredipolymemwas hseasured using
1H-NMR in accordance with the process disclosed in 20 Macromolecules, 1998(31) ,5145, J. Am.
Chem. Socv2003(128); 46788 prthe like: [SymthetioEXampleillasion, thereby it is
(2-{Inden-1'-yl}-4,6-tBu2-C6H40)TiC12>>

5 extremely industrially wvaluable.

The process for producing transition metal compounds of
the present invention can synthesize the transition metal
compound (A) represented by the above general formula {1) at
high purity and with high vield, which is also simple, thereby

10 is extremely industrially valuable.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a **C-NMR spectrum of the polymer cobtained in
Example 3.

15 Fig. 2 is a C~NMR s

)

e,
1]

ctrum of the polymer obtained in

Example 4.
Fig. 3 is a PC-NMR spectrum of the polymer obtained in

Example B&.
Fig. 4 is a C-NMR spectrum ¢f the polymer obtained in

20 Example 9.
Fig. 5 is a “H-NMR spectrum of the polymer obtained in

Example 10.

Fig. 6 is & “*C~NMR spectrum of the polymer obtained in

D
i

Example 10.



[Synthesis of 2-(Inden-3'-y'_)-4,6-di-tert-butylphenol; 110 (2-{inden-3'-yl}-4,6-tBu2-C6H20)H2]
2-Bromo-4,6-di-tert-butylphenol (16.00 g, 56.10 mmol), 1-Indanone(7.41 g, 56.10 mmol), and
n-butyllithium (1.57 M in hexane; 75.0 mL, 119 mmol) were used to carry out a reaction 5 in
accordance with the process disclosed in Dalton Tr, pSs., 2003 , 4580, and the resultant crude product
was purified by flash silica gel column chromatoglrgaphy (eluant; hexane/methylene chloride = 4/1) to
obtain 8.29 g of the targeted 2-(Inden-3'-yl)-4,6-di-tert-butylphenol (yield 46%, white 10 solid). The

obtained product wgs analyzed with i3 MR (GDCI3): 1 NMR (C6D6) and theresults

corresponded to the values disclosed in the above-mentioned document. [Synthesis of
(2-{Inden-1'syt 46 tBUP:C6H40)Ti(NMe2)2l 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-j@Qrganonaetaliies . geR423) {1576, @addhen from,the resyltant 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'sl#H1Bu2:C6H40) Ti(NMe2)2 (quantitative, red solid). The obtained product was
analyzed with 1H NMR (C6D6) , and the results corresponded to the values disclosed in the

5 Fig. 9 is a “*C-NMR spectrum of the polymer obtained in

Example 20.
Fig. 10 is a *H-NMR spectrum of the polymer obtained in

Example 28.
Fig. 11 is a “>C~NMR spectrum of the polymer obtained in

i0 Example 28.
Fig. 12 is a 'H~NMR spectrum of the polymer obtained in

Example 29.
Fig. 13 is a C~NMR spectrum of the polymer cbtained 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

Example 30.
Fig. 16 is a 'H-NMR spectrum of the polymer cobtained in

20 Example 31.
Fig. 17 is a >C~NMR spectrum of the polymer obtained in

Example Z321.
Fig. 18 is a '‘H-NMR spectrum of the polymer obtained in

Example 32.



111 above-mentioned document. [Synthesis of (2-{Inden-I'-yl}-4,6-"Buz-C6H40)TiCI2] To a
Schlenk-type reactor thoroughly dried and purged with nitrogen, a rotator was placed, the 5
(2-{Inden-1'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2 (0.60 g, 1.32 msnol) obtained in the previous reaction was
charged, and benzene (10 mL) was added, and ty?@ the mixture was stirred. Me3SiCl (0.84 mL, 6.60
mmol) was added thereto at room temperature, a en reacted under stirring at 50 C for 3 hours.
From the resultant 10 solution, the solvent and the by-product were distilled off under reduced
pressure to obtain 0589 of shedaggetedyfe{laden- M4 S-tBuz COHAMTICIZ (quantitative, red
solid). The obtained product was analyzed with Elemental Analysis, 15 NMR and FD-MS and the
following resultsiwere aptained. Elemental Analysis: Calc: C, 63.18; H, 5.99. Found: C, 63.00; H, 5.65.
1H NMR (CDCi3): d 7.87 (d, J = 8.57 Hz, 1H, Ind-H-4), 7.54 (dd, j= 7.58, 7.57 Hz, 1H, Ind-H-S), 7.45
(d, J = 8.64 Hz, 1H, 220 Ingt-73, Z.39(chihx 1.99H2n 1 Bhenoxy), 7 380-(deh 1.5 2.5 8, 7. 58 Hz,
1H, Ind-H-7) , 7.346 (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,~5-Gikmk 38 () 1.33 (s, 9H, CMe3). 13C[1H] NMR (CDC13) : d 173.2 (Ti-O-C) 112

5 Fig. 21 is a “>C-NMR spectrum of the polymer obtained in
Example 34.

Fig. 22 is a "H-NMR spectrum of the polymer obtained i

=
]}

Example 35,
Fig. 23 is a "H-NMR spectrum of the polymer obtained in
10 Example 36.

Fig. 24 is a 'H-NMR spectrum of the polymer obtained in

Example 37.

[EXAMPLES]

15 Hereinafter, the present invention will bemcre
specifically explained with reference to Examples, but the
present invention i1s 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 molecular weilght and the molecular weight
distribution of the obtained polymer were measured by using a
high-temperature gel-permeation chromatography (GPC).

<Pretreatment of Sample>



147. 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). 1H NMR (C6D6) : d 7.52 (d, J = 2.31 Hz, 1H,
phenoxy) , 7.172 5(d,J=2.31Hz, 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, 1H, Ind-H5), 6.72 (dd, J = 8.25, 7.27 Hz, 1H,
Ind-H-6), 6.45 (d, J = 3.24 Hz, 1H), 6.44 (d, J = 3.24}Hz; 1H,I-CH); 1.42 (s), 1.33 (s, 9H, CMe3). 10
13C[1H] NMR (06D6): d 173.8 (Ti-O-C); 147.1, 138.5, 137.5, 135.3, 132.1, 129.6, 129.2, 129.2,
128.5, 127.5, 124.2, 124.1, 124.0, 109.7 (unsaturated C); 35.6, 35.1 (CMe3); 32.0, 30.0 (CMe3).
FD-MS: 436 (M+) 15 [S{nthetie Exammpié 2] wef(2=fngeneYayl}y4 6:18u2: GeHAO) TiMe2>> 0 a
screw-cap type NMR tube thoroughly dried and purged with nitrogen,

(2-{Inden-I'-yI}- 2 BHBUZ-CHHEOEGE 2:(0.026 ¢ 0059 mimol} ebtainedinthe PFGWQ%E}?@C“@” was
charged, and 20 benzene-d6 (0.8 mL) was added. Subsequently, McLi (1.02 M in diethyl ether; 0.116
mL, 0.118 mmé|)was agaddiusing a micronsyenge Bt rdcmatemperature, and.then reacted while being
shaken at room temperature for 2 minutes. The resultant suspension was filtered with a glass filter,
the white powd&f wasSeimévek 14.3 and the filtrate was concentrated and dried to obtain 0.023 g

P

D <Measuring Apparatus>

Gel Permeation Chromatography Alliance GPC 2000 type

{manufactured by Waters Co., Ltd.)
<Analytical Apparatus>

+ — - — .
Data processing software Empower Professiocnal

10 (manufactured by Waters Co. Ltd.)
<Measurement Conditions>
Column: TaKg - GMHE-HT x 2 + TSKgel GMH6-HTL x 2 (both

of themar I :30¢ '
th n1a_e7.:>mm_.D.z3095h manufacturedtnzTosoh,Corporation)

Column Temperature: 140 °C

15 Mobile phase: o-dichlorobenzene [ODCB] {containing

ot oot . i 4 = i e NI - o . \
Detector: differential refractive index meter

Flow rate: 1 mL/min

T ey .' ]
Molecular weight Conversion: P§ calibration/ sample

20 conversion method. Molecular welght relative to PE standards

wa e = -
as calculated from molecu”a* weight relative to PS standards

with an universal T t i
lversal callbrab¢on meuhod using Mark-Houwink

parameters (K=17.5 x107 - o
parameters (K=17.5 x107, a=0.670 for polystyrene; %¥=40.6 X107,

Lol

@ = 0.725 for polyethylene),



of the targeted (2-{Inden-I'-yl}-4,6-' Bu2-C6H40)TiMe2 (quantitative, brown solid). When the obtained
product was analyzed with NMR, the 5 following results were obtained. 'H NMR (CDC13) : d 7.55 (d,
J =2.64 Hz, 1H, phenoxy), 7.42 (d,J=8.40Hz, 1H,Ind-H-4) ,7.26 (d, J =2.64 Hz, 1H,
phenoxy) , 7.01-6.94 (m, 2H, Ind-H-7 and 6), 6.6’Z|(gc;d, J=7.64,7.08 Hz, 1H, Ind-H-5), 6.59 (dd, J =
3.30, 0.66 Hz, 1H, n5-CH-3), 6.21 10 (d, J= 2.97 Hz, 1H, "5-CH-2); 1.68 (s), 1.37 (s, 9H, CMe3); 1.08
(s), 0.20 (s, 3H, Ti-Me3). [Synthetic Example 3] << (2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiC12>>
[Synthesis of 2-(Indenr2 )4, 6-distegdniylphensl; 115 (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 (1.57Mén L hexanes 76.3 18lockk0: mmel) were,useehio-cary qut-a reaction in
accordance with the process disclosed in Dalton Trans., 2003 20 , 4580, and the resultant crude

product was pusfied by flash ssitica:gebeolump:chsematagraphy.(aluant; hgxane/methylene chloride =
3/1) to obtain 4.79 g of the targeted 2-(Inden-2'-yi)-4,6-di-tert-butylphenol (yield 28%, white solid). 114

The obtained. prosuict was enshzeduwith ElemenialiAnalysisNMR and RS and the fellowing
results were obtained.

5 following expression.

[n)=6.2 (107" M%7, (Chiang, R. J. Polym. 5ci. 1959, 36
» 91.)

(Content of a-olefin)

The content of o-olefin in the obtained ethylene/o-olefin
10 copolymer was determined by IR or NMR.

{Amount of tri-substituted internal clefin)

The tri-substituted internal olefin in the obtained
polymer was measured by using a ‘B~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
disclesed 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 guantity of tri-substituted internal olefin, the
content was calculated by using the following computational
exXpression.

Tri~-substituted internal olefin (/1000C) = (D / total



Elemental Analysis: Clacl.: C, 86.20; H, 8.11 Found: C, 85.66; H, 8.755 1H 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) , 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, OH); 3.75 (s, 2H, €42) ; 1.39 (s) , 1.26 (s, 9H, CMe3). 10 13C[1H]
NMR (CDC13) : d 149.3 (0-C) ; 144.7, 144.3, 142.8, 141.9, 135. 125. 123. 123.05, 121.0
(unsaturated C) ; 42.6 (CH2) ; 35.2, 34.4 (CMe3) ; 31.7, 29.8 (CMe3). 'H NMR (C6D6) : d 7.49 (d,
J=2.31 Hz, THphenexy)c a4y . B0 oS (m < SH, @idmatics), 6.75 (s, 1H, CH), 5.56 (s, 1H, 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-TBG2-C6HIDFHNMe 2Rxb on(|adem2'-yi)-226-didert-Butylphenok [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 dcdordafce with 2thélpréeéess disclosed in Organometallics. , 20D4 (23) ,1576. And then
from the resultant solution, the solvent and by-product having low- b0|I|ng point were distilled off under
reduced 115 presshiré to 6btEfa rfedl Ehlelpiottice Thisproalieewas drafRedwith 1HNMR (C6D6)
and it was observed to contain 59% of the target product,

~

6 signals derived from the following structures, respectively.
A (5.7-5.6, 4.9-4.7ppm): R'HC=CH; (3H) vinyl
B (4.7-4.6ppm): R'R°C=CH; (2KE) vinylidene
C (5.4-5.2ppm): R'CH=CHR® (2H) di-substituted internal
olefin
10 D (5.2-5.0ppm) : R*'CE=CR® R® (1H) tri-substituted internal
clefin

E (2.0-1.8ppm): R'CH,C=C (2H) methylene adjacent to olefin

F (1.3-1.1ppm): R'-CH,~R?® {2H) main-chain methylene

G {0.8-0.7ppm): R'-CH; (3H) methyl

i5 (Amount of Regioirregular linkage)

The ratio of regicirregular linkage (head to head bonding
and tall to tail bonding) between a~olefins to the total a-olefin
chains, for the obtained polymer was determined by assigning
the signals of the regiloirregular linkage between a-oclefins

20 using ’C~NMR with reference to the chemical shift of signals
derived from regioirregular linkages in PP which is disclosed
in Macromolecules, 1982(25}, 4876, the chemical shift of
signals derived from regioirregular linkages in PB which is

disclosed in Polymer, 1992 (33) ,650 or the like, and carrying



(2-(Inden-2'-yl}-4,6-'Bu2-C6H40)Ti(NMe2)2. The crude product 5 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 g of the targeted 10 (2-{Inden-2'-yl}-4,6- Bu2-C6H40)Ti(NMe2)2
(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, 8.43. Found: C, 70.96; H,
8.70. 15 1HPNMRIEDTED) t H-R BA {8 &5 EBUS: B2IB 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-5, 6), 6.53 (s, 2H, rl 5-CH), 3.01 (s,
12H, NMe2), 1.41 (§}L84 10 DELENIe ) P3E A RIVIEY (CTOLS) Rae7a(FiFO-CRIPAG.6, 137.9,
134.3, 20127.9, 124.1, 123.6, 123.4, 122.9, 122.5, 108.0 (unsaturated C); 47.1 (NMe2); 34.9, 34.4
(CMe3); 3156 T%7 (ERRBYPANIMR foeBéfed 52 1, 37=F31 W21 H, phenoxy), 7.42 (d, J =2.31
Hz, 1H, phenoxy), 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,
n5-CH) , 2.98 116 TS B NMePIOEB7 (Y, 1.424(6y 9HI ERFEB By ntifesis G rPon atoms
(2-{Inden-2'-yl)-4,6-tBu2-C6H40)TiCl2] To aSchlenk-type reactor thoroughly dried_and purged with

1

mUogéﬁ,aﬁéiﬁmwﬁé$§%c@6?up having 4 carbch atoms (b3, or a{Lyl group
having 5 carbon atoms (b4) (provided that, the alkyl groups
derived from a~clefins having 3 or more carbon atoms are
excluded) was assigned by using “C-NMR with reference to the
chemical shift of signals derived fromthe short-chain branches
10 which is disclosed in JMS~REV. Macromol. Chem. Phys.,
1889(C26{2&3)), 201; Macromolecules, 1959(32) ,1620; Polymer
. 1992(33}, 650 or the like, tc 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 cbtained polymer was measured using
"H-NMR in accordance with the process disclosed in
20 Macromolecules, 1998(31) ,5145, J. Am. Chem. Soc. ,2003(1258},
10788 or the like.
[Synthetic Example 1]
<< (2-{Inden~1'-yl}-4,6-"Bus-CeHs0) TiCl,>>

[Synthesis of 2-(Inden-3'~yl)~4, 6~di-tert-butylphenocl;



5 (2-{Inden-2'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2 (0.36 g, 0.80 mmol) obtained in the previous reaction
was charged, and benzene (5 mL) was added, and then the mixture was stirred. SiC14 (0.202 mL, 1.
7 6 mmol) was added using a micro syringe at room temperature, and then reacted under stirring at
room temperature for 2 minutes. 10 From the resulfant solution, 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-tBu2-C6H40)TiC12 (quantitative, red solid). The obtained product was analyzed
with Elemeritat Ahalysis; 315-NMR and-FBaWS ;anrd thefollowing results were obtained. Elemental
Analysis: Calc.: C, 63.18; H, 5.99. Found: C, 62.26; H, 5.64. 1H NMR (CDC13) : d 7.84 (dd, J =6.59,
2.97 Hz, 2H, Ind-H-Z; Efcrk5 L (6 2 trd=t-buG)y, 1 288 rd,1J £26310Kzg 1 H; phiehawyp | 120 7.30 (d,
J=2.31 Hz, 1H, phenoxy), 7.19 (s, 2H, r)5-CH) ; 1.37 (s) , 1.36 (s, 9H, CMe3). 13C [1H] NMR
(CDC13) : d 16934r(dm&-T) 4 14y,55¥45.2, 43424, , 1303, 129, AP 2 128 1242, M 23,8, 122.8
(unsaturated 0), 35.1, 34.9 (CMe3) ; 31.6, 29.7 (CMe3). 117 'H NMR (C6D6): d 7.49 (d, J =2.31 Hz,
1H, phenoxyg:7282 (dd,51 §6:89, 3130 Hzp2H, Imd-tt4:Epd. 16 (dak=2.30za 1 gphehoxy) , 6.89
(m, 2H, Ind-H-5, 6), 6.43 (s, 2H, n5-CH), 1.45 (s), 1.35 (s, 9H, CMe3). 5 FD-MS: 436 (M+).

-

5 in accordance with the process disclosed in Palton Trans., 2003
, 4580, and the resultant crude product was purified by flash
silica gel column chromatography {(eluant; hexanse/methylene
chloride = 4/1) to obtain B.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, MC NMR (CDC1s):
1H NMR (CeDs), and the results corresponded to the values
discleosed in the above-mentioned document.

[Synthesis of {2~{Inden~-1'~yl}-4,6-"Bu,~CeH;0)Ti (NMes)o]

15 Z2={Inden=3"=yl)~4,6~di~tert-butylphenol (1.43 g, 4.46
mmcl), and Ti (NMes), (1.00 g, 4.46 mmol) were usad to carry out
a reaction in accordance with the process disclosed in
Crganometallics., 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-"Bus~CgHs0)Ti (NMes)» (guantitative, red

solid).

The obtained product was analyzed with “H NMR (Ce¢Ds), and

the results corresponded to the values disciosed in the



[Synthetic Example 4] << (2-{2-Me-inden-1'-yl}-4,6-tBu2-C6H40)TiC12>> [Synthesis of
(2-{2-Me-inden-1'-yl}-4,6-tBu2-C6H40)Ti(NMe2) 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 carry out a reaction in
accordance with the process disclosed in Organpmetallics., 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-tBu2-C6H40)Ti(NMe2)2 (quantitative, red solid). The
obtained pradarewasanatyzed wittiha&iMR (CDC13), and the results corresponding to the value
disclosed in the 20 above-mentioned document were obtained. [Synthesis of
[2-{2-Me-inden-1'-y[}546tiBuziE640)TICiP] iBeaSthlenk-tyde fedctos-thekaaghlyelried and purged
with nitrogen, a rotator was placed, 118 (2-{2-Me-inden-I'-yl}-4,6-"Bu2-C5H90)Ti(NMe2)2 (2.10 g, 4.48
mmol) obtained in the pEviousreattore was charged andbenzeni: {26 auk) was @dded, @nd then the
mixture was stirred. Me3SiCl (2.85 mL, 22.41 mmol) was added thereto at room temperature, 5 and
reacted undertstirdeg at 50:© farhowss Frorm ke, restikant solution, the solvent and the by-product
were
5 (2-{Inden-1'-yl}~4,6-"Buy~CsH,0)Ti (NMes)s {0.60 g, 1.32 mmol)
obtained in the previous reaction was charged, and benzene (10
mi) was added, and then the mixture was stirred. MesSiCl (0.84
mL, 6.60 mmol) was added thereto at room temperature, and then
reacted under stirring at 30 °C for 3 hours. From the resuitant
10 solution, the solvent and the by-product were distilled off
under reduced pressure to ocobtain 0.58 g of the targeted
(2-{Inden-1'-yl}~4,6~"Buy,~CsHs0) TiCl, (guantitative, 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, 5.909.
Found: C, ©3.00; H, 5.&5.
“H NMR (CDCls}: & 7.87 (d, J=8.57 Hz, 1H, Ind-H-4), 7.54
(dd, = 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, 7.58Hz, 1H, Ind-H-7), 7.346 (d, J=2.30Hz, 1H, phenoxyj,

7.15 (d, J= 3.51 Hz, 1H, n°-CH), 7.10 (d, J= 3.24 Hz, 14,10°-CH):

Jomd
(€]
(s8]

(s}, 1.33 (s, 9H, CMes).

BPeI'H] NMR O(CDCls): d 173.2 (Ti-0-C):



distilled off under reduced pressure to obtain 2.02 g of the targeted (2-{2-Me-inden-1'-yl}-4,6-'Bu2
-C6H40)TiC12 (quantitative, red solid). 10 The obtained product was analyzed with NMR and FD-MS,
and the following results were obtained. 1H 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, r~5-CH) ; 2.03 (s, 1H, Me); 1.39 (s), 1.35 (s, 9H, CMe3). 15
13C [1H NMR (CDC!)) : 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 (CMe3) ;

16.2 (Me3)11H NVR §G6B6)1 3177 55518 J& 2:3 Hz, 1t phenoxyy . 7., 212 205( d1,.2k= 8,57 Hz, 1H,
Ind-H-4) , 7.14 (d, J=2.31Hz, 1H, phenoxy), 7.05 (d, J= 8.57 Hz, 1H, Ind-H-7) , 6.99 (dd, J =

8.49, 6.67 B2 151, ind-H-5), 6.75.(ddl, 322869, 682, Bz dHs ind:ke6)&.35 ;(s51H. D5LH), 2.03 (s,
1H, Me), 1.44 (s) , 1.34 (s, 9H, CMe3) 13C[1H] NMR (C6D6) : d 173.2 (Ti-O-C), 147.6, 146.7, 138.4,
119 136.3,(I3&1) 1288, 12824 128@:1427,3 (overlapped with 06D6 peaks) , 127. 1, 124. 0, 123. 9,
123. 8, 109.5(unsaturated C); 35. 0, 34. 5 (CMe3) ; 31.5, 29. 4 (CMe3) ; 15.5 (CMe3) FD-MS: 450
(M+). 5 [Synthetic Exanyrte §] £5)(2-2-Me4-Rh5inden-1'-W}-4:6-1BuR; CEhQ)TIC 123> 1[8ynthesis of
5 (d, J=2.31Hz, 1H, phenoxy), 7.170 (d, J=8.58 Hz, 1H, Ind-H-4},
7.05 (d, J=8.58 Hz, 1H, Ind=-H~7), 6.9%6 (dd, J=7.42, 7.18 Hz,
1H, Ind-H5), 6.72 (dd, J = 8.25, 7.27 Hz, 1H, 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, 8H, CMe,).
10 C['H] NMR (CeDg): d 173.8 (Ti-0-C); 147.1, 138.5, 137.5,
135.3, 132.1, 128.6, 12%.2, 129.2, 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: 43¢ (M+)
15 [Synthetic Example 2]
<<[(2-{Inden-1'-yli=4, 6-"Bu,~CgHs0) TiMe,]>>
To a screw-cap type NMR tube thoroughly dried and purged
with nitrogen, (2-{Inden-1'-yl}-4,6-"Bu,~CeHsO)TiCl, (0.026 g,
0.05% mmol) obtained in the previous reaction was charged, and
20 penzene-dg (0.8 mL}) was added. Subseguently, MelLi (1.02 M in
diethyl ether; 0.116 mi, C.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,



2-(2-Methyl-4-Phenylinden-3'-yl)-4,6-di-tert-butylphenol; (2-{2-Me-4-Ph-inden-3'-yi)-4., 6-
"BU2-C6H40)H2i 10 2-Bromo-4,6-di-tert-butylphenol (15.00 g, 52.59 mmol),
2-Methyl-4-Phenyl-I-indanone (11.69 g, 52.59 mmcl), which can be obtained in accordance with a
process disclosed in Organometallics, 1994(13) 054, 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
chromatograpfy{eriant ieare/Methylenesctlsades FDriciobrin 05 gtef the tafgeted
2-(2-Methyl-4-Phenylinden-3'-yl)-4,6-di-tert-butylphenol 20 (yield 43%, white solid). The obtained
product was analzed avigeiERMertall Andlgsis ] NMR larb ED-fS -4nd dAe Téltswing results were
obtained. Elemental Analysis: Calc.: C, 87.76; H, 8.35. Found: C, 87.41; H, 8.69. 120 H NMR
(CDC13) : d 758 (d! Jatg va, HR r2M ardpddtiés) 7.46 (m, 2H, aromatics), 7.39-7.31 (m, 2H,
aromatics), 7.36 (d, J = 2.31 Hz, 1H, phenoxy), 7.22 (d, J =7.25 Hz, 1H) , 7. 122 (d, J=7.26 Hz, 1H,
aromatic) ; 7.119 (d¥9en2 B1eH2 M4 L pesh P I8 BH1 576 13 BMESI6Y {($ RHMEH2FP2.08 (s, 3H,
Me), 1.49 (s), 1.35 (s, 9H, CMe3). '3C[1H] NMR (CDC13): d 149.3 (0-C) ; 146.4, 144.2, 141.7, 141.
134.8,128. 480138151127 8 331 ps were obtained.

“H NMR (CDCls): d 7.55 (d, J = 2.64 Hz, 1H, phenoxy), 7.42
(d, J=28.40 Hz, 1H, Ind-H-4), 7.28 (d, J=2.64 Hz, 1H, phencxy},
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, C.66 Hz, 1H, n5~CH;3), £.21
10 (d, J=2.97 Hz, 1H, n°-CH-2); 1.68 (s), 1.37 (s, 9H, CMes); 1.08
(s)y, 0.2C (s, 3E, Ti-Mes).
[Synthetic Example 3]
<<{2-{Inden-2"-yl}-4,6-"Bus-CeHs0) TiCly>>
[Synthesis of 2~ {Inden-2'-yl}~4,6~di~tert-butylphenocl;
15 (2-{Inden-2'~-yl}-4, 6~"Bus~CgHsO) Hal
z-Bromo—-4, 6-di-tert-butylphenol (15.00 ¢, 52.52 mmel),
2-Indanone (6.9 g, 52.95 mmol) 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 discleosed in Dalton Trans., 2003
20 » 4580, and the resultant crude product was purifisd by flash
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-butylphenol (yield 28%, white

solid).



125.3,124.4, 123.5, 120.6, 119.0 (unsaturated C) ; 43.1, (CH2) ; 10 35.1, 34.4 (CMe3); 31.79, 31.75,
31.69, 29.74, 29.70, 29.65 (CMe3); 15.1 (Me). FD-MS: 410 (M+). [Synthesis of
(2-(2-Me-4-Ph-inden-1'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2] 15
2-(2-Methyl-4-phenylinden-3'-yl)-4,6-di-tert-butylphgeanot (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(23), 1576 and then from the resultant solution, the
solvent 20 and the by-product e erdistlied wiuaderredacedie Sslesctotebtain 2106:¢ of the
targeted (2-{2-Me-4-Ph-inden-1'-yl}-4,6-tBu2-C6H40)Ti (NMe2)2 (quantitative, red solid). The
obtained protEctwds BRaljZed withtN MR, candotiieri 1- foflowing restitsadreisistdined. 13C [1H]
NMR (CDC13) :d 171.4 (Ti-O-C) , 141.1, 140.4, 137.4, 134.4, 133.5, 130.1, 128.7, 128.2, 127.5,
126.8, 125.4, 125.05-1E2E0 823 812296321814 29.7; 101.48@nsaturbitedt0)i48.93, 5 48.88, 47.57,
47.48 (NMe2), 34.9, 34.4 (CMe3), 32.01, 31.9, 29.8, 29.7 (CMe3), 12.9 (Me). 1H NMR (C6D®6) : d
7.72 (d, J = 6.93 HZ 2 Phehyl-8rh6 ¢H),1.63 (d,99=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
'H NMR (CDC13;: d 7.43 (d, J=7.25Hz, 1H, Ind), 7.35 (d,

J =6.82 Hz, 1H, Ind), 7.24 (dd, J=7.41, 7.39 Hz, 1E, Ind), 7.22
(d, J =2.31 Hz, 1lH, phenoxy), 7.15 {(dd, J=7.23, 7.24 Hz, 1H,
Ind), 7.08 (d, J=2.31Hz, 1H, phenoxy}, 7.07 (s, 1H, CH), 5.77
(s, 1H, CH); 3.75 (s, 2H, CH2); 1.3% (s}, 1.26 (s, SH, CMe;).
10 “SC{*H] NMR (CDCli): d 149.3 (O-C); 144.7, 144.3, 142.8,
141.92, 135.6, 125.4, 126.6, 125.0, 123.7, 123.5, 123.14, 123.05,
121.0 {unsaturated C); 42.6 {(CH,); 35.2, 34.4 (CMes); 31.7, 29.8
{CMes) .
'HNMR {CeDg) : d7.49 {d, J=2.31 Hz, 1H, phenoxy), 7.24=7.10
15 (m, 5H, aromatics), ©6.75 (s, 1E, CH), 5.56 (s, 1B, OH); 3.34
(s, 2H, CHy); 1.64 {(s), 1.35 (s, 9H, CMes).
FD-MS: 320 (M+).
[Synthesis of (2-{Inden-2'-yl}~4,6~-"Bupy~CsHs0) T (NMey) 2]
2~{Inden-2'~yl)~4,6~di-tert-butylphenol (1.50 g, 4.68
20 mmol) obtained in the previous resaction and Ti(NMe,)s (1.05g,
4.68 mmol) were used to carry out a reaction in accordance with
TjuaprocessdisblosedjjlOrganom@tallics., 2004 (23) ,1576. And
then from the resultant solution, the solvent and by-product

having low=-boiling point were distilled off under reduced



10 (t, J = 7.26 Hz, 1H, phenyl-para H), 6.99 (d, J = 6.92 Hz, IH, Ind-H-5), 6.85 (dd, J = 8.26, 6.93 Hz,
1H, Ind-H-6), 6.55 (s, 1H, p5-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)Ti0121 To a Schlenk-type reactor
thoroughly dried and purged with nitrogen, a rotatpswas placed,
(2-{2-Me-4-Ph-inden-1'-yl}-4,6-tBu2-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 'hen the mixture was stirred. SiCl4
(0.77mL, 6F2anfithowas adbéed Hiereto-atroomdempaiatine and ttien Feated indésstirring for 5
minutes. From the resultant solutlon the solvent and the by-product were distilled off under reduced
pressure toPGHAFEE 74 6Fthé miéRta{r@é%eb NP -Me-4ah- Mk Vo) 406 CBURZGEHAI TIC12
(quantitative, red solid). The obtained product was analyzed with NMR and FD-MS, and the following
results wer€ obtdified. 35 IRNFRPEIDEL3): d 7.69 (d, J = 8.24 Hz, 2H, phenyl-ortho H), 7.58-7.32 (m,
8H, aromatics) , 7.02 (s, 1H, p5-CH), 2.30 (s, 3H, Me), 1.40, 1.36 (s, 9H, CMe3). 13C[-HI NMR
(CD--13) : d 172 FETO-C) - 148:7 187 31285 D11 N58, 7; 13712134702 202009970, 128.7,

128.5, 128.3, 10 127.8, 125.8, 124.0, 123.9, 122.9, 109.4 (unsaturated C), 35.1,
5 was dissolved in benzene (6 mp), and concentrated slowly by

vaporizing the solvent at room temperature under a nitrogen
atmesphere. The red precipitated crystal was filtered with G3
glass filter, washaed with benzene (0.5 ml), and then dried under
a vacuum to cbtain 0.80 g of the targeted
10 (2-{Inden-2'-yl}-4,6-"Bus~CeHsO) 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, 8.43,
Found: C, 70.96; H, 8.70.

15 "H NMR (CDCls): d 7.64 (dd, J =6.43, 3.13 Hz, 2H, Ind-H-4,
7y, 7.26 (a, J=2.64 Hz, 1H, phenoxy), 7.20 {d, J =2.64 Hz, 1H,
phenoxy), 7.12 {m, 2H, Ind-E-53, 6), 6.53 (s, 2H, n°-CH), 3.01
(s, 12H, NMe,), 1.41 (s}, 1.34 (s, B8H, CMes).

SC['H] NMR (CDC1y): d 167.5 (Ti-0-C); 140.6, 137.9, 134.3,

20 127.%9, 124.1, 123.6, 123.4, 122.9, 122.5, 108.0 (unsaturated
Cyr 47.1 (NMeg); 34.9, 34.4 (CMes); 21.8, 29.7 (CMeis).

'H NMR (CeDg): d 7.52 (d, J =2.31 Hz, 1H, phenoxy), 7.42
{d, J =2.31 Hz, 1H, phenoxry), 7.28 (dd, J =6.60, 2.97 Hz, Z2H,

Ind-E~4, 7), 6.85 (m, 2H, Ind-H-5, 6), 6.33 (s, 2H, n°~CH)}, 2.98



34.8 (CMe3) , 31.8, 31.7, 29.7, 29.6 (CMe3), 16.3 (Me). 1H 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 =2.3| 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.B1 (s, IH, DS-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)TiCI2C [Synthesis of 2-(Inden-3'-yl)phenol,
(2-{inden-3'-yl}C6H40)H2) 3-Bromophenol (15.00 g, 86.70 mmol), 1-Indanone (11. 46 g, 86.70 mmol)
and n-butyllithiur {E.567Ngnhexane? 116)0-ml; 482 123 @nolFiere 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 flashSiicage edlun (émbhigtegraphy (éluadt; fres@unerfétyldrid ehlbride = 3/1) to 5
obtain 5.39g of the targeted2-;Inden-3'-yl}phenol (yield 30%, yellow oil). The obtained product was
analyzed with Elem&ptalSAfalfsis,- NMR BRdFDMS; anduké follewirfresdmuwwarebitained.
Elemental Analysis: Calc.: C, 86.51; H, 5.81. 10 Found: C, 86.28; H, 5.74. 1H NMR (CDC13) : d
7.59-7.55 (f: THYSERO-726 pRa 6Py, was placed,
5 (Z-{Inden-2'-yl}-4,6-"Bu,~CgHO)Ti (NMes)r (0.36 g, 0.80 mmol)

obtained in the previous reaction was charged, and benzene (5

ml) was added, and then the mixture was stirred. $iCl, (0.202

mL, 1.76mmol) was addedusing amicro syringe at room temperature,

and then reacted under stirring at room temperature for 2 minutes.

10 Fromthe resultant solution, the sclvent and the by-product ware
distilled cff under reduced pressure to cobtain 0.35 g of the
targeted (2-{Inden-2'-yl}-4,6~"Bu;~-Cg¢H40)TiCl, (guantitative,
red solid) .

The obtained product was analyzed with Elemental Analysis,

15 NMR and FD-MS, and the following resulis were obtained.

Elemental Analysis: Calc.: C, 63.18; H, 5.86.

Found: £, 62.26; H, 5.64.

‘H NMR (CDCl3): d7.84 (dd, J =6.59, 2.97 Hz, 2H, Ind-H-4,
7y, 7.51 (m, 2H, Ind~H=-5, 6}, 7.38 (d, J=2.31Hz, 1H, phenoxy),

20 7.30 (d, J=2.31 Hz, 1H, phenoxy), 7.19% (s, 2H, nf’—CH) ; L.37 (s},
1.36 (s, SH, CMes).

"3C['H] NMR (CDCl3): d169.31 (Ti~-0-C), 147.5, 145.2, 134.4,
130.3, 128.1, 126.7, 125.8, 124.2, 123.8, 122.8 (unsaturated

Cl, 35.1, 34.9 (CMes); 31.6, 28.7 (CMes).



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, argmatics); 6.16 (t, J = 1.98 Hz, 1H, CH); 5.11 (a, 1H,
OH); 2.99 (a, J=1.98 Hz, 2H, CH2). 20 FD-MS: 208 (M+). [Synthesis of
(2-{Inden-1"-yl}C6H40)Ti(NMe2)2] 2-(Inden-3'-yl)phenol (1.50g, 7.20mmol) obtained in the previous
reaction and Ti(NM&2)8NE.62Z g #).20 anmol)awers usee 2tp TArAQULE feactinmimaccordance with the
process disclosed 124 inOrganometallics, 2004(23) 1576, and then from the resultant solution, the
solvent and (e bylpraduc? wete distifled ot untied reducedpressureto @btain 2475 ofithe targeted
(2-{Inden-1'-yl}C6H40)Ti(NMe2)2 (quantitative, red oil). 5 The obtained product was analyzed with
NMR, and th8 . falowirng results viere (abtaied. 18E€{1H} NMR (CDQR3) («d175:7 (FRQ:E) ; 129.2,
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
(unsaturatedl-G); 4957, 4616 ENMe2). F0i 1HINKR (C6D6) d7.43 (dd, J=7.62, 1.65 Hz, 1H), 7.28-7.19
(m, 3H), 6.95-6.87 (m, 2H), 6.84-6.70 (m, 2H, aromatics); 6.43 (d, J = 2.97 Hz, 1H, n5-CH-2), 6.30
(dd, J=23.62,0.82 Hz-¥H; 436 (M+).
[Synthetic Example 4]
<< (2~{2~-Me~inden-1'-yl}~4, 6= "Bus~CeHs0) TiCl,>>
[Synthesisg of
(2-{2-Me~inden~1"'=-yl}=4, 6-"Bus~CsH,0} T (NMes),]
10 2= (Z~Methylinden-3'-yl)~4, 6~di-tert~butylphenol (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 ¢ of the
targeted (2-{2-Me-inden-1'-yl}-4,6-"Buy~CeH,0) T1i (NMes),
(guantitative, red solid).
The obtained product was analyzed with 'H NMR (CDCl;),
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,~CgHs0) TiC1,)

To a Schlenk-type reactor thoroughly dried and purged with

nitrogen, a rotator was placed,



n5-CH-3) ; 3.19 (s) , 2.44 (s, 6H, NMe2). "C ['HI NMR (C6D6): 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-jinden-I'-yl)C6H40)TiCI21 To a
Schlenk-type reactor thoroughly dried and purgedl\&/gh 20 nitrogen, a rotator was placed,
(2-{Inden-1'-yl}C6H40)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 was stirred. Si014 (I. 17 mL, 9.32 mmol) was

added therefo at room-temperature, yand then repcted understirgng 8t ropm i%magraggr@afor 10 125
minutes. From the resultant solution, the solvent and the by-product were distilled off under reduced

pressure torahidin dxak grafdheriargeted 2-(lpden- L MCEHAQITICE?. {quantitaiive, brawn solid). 5

The obtained product was analyzed with NMR and FD-MS, and the following results were obtained.

1H NMR (CDCL3)L4 %89 (8adecB-99-H7, by 7:54 (g In 7ehly Fod L HZ, AED, 7 49-%34{(m, 4H),
7.25-7.14 (m, 3H, aromatics and q5-CH); 6.62 (d, J = 8.24 Hz, 'IH, r,5-CH). 10 i3C['H1 NMR (CDC13) :

d 176.7 (Ti-O2Cy 5 138,5,248746, k321, 13935801 129561294+ 1288y 1249127, 7,-124.1, 123.8,
113.6, 110.2 (unsaturated C). 1H NMR (CID,): d 7.25-7.15 (m, 2H), 7.10-6.95 (m, 3H),

5 and reacted under stirring at 50 °C for 7 hours. From the
resultant solution, the solvent 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,~C¢H,0)TiCl,
{guantitative, red solid).

10 The cbtained product was analyzedAwith_NMR.andAFD~MS, and
the fellowing results were obtained.

'H NMR (CgDg): d 7.83 (d, J = 8.57 Hz, 1H, Ind-H-4),
7.50-7.25 (m, H, aromatics); 6.94 (s, 1H, n--CH): 2.03 (s, 1H,
Me); 1.3% (s}, 1.3%5 (s, 9H, CMes).

i5 PCH] NMR (CDCls) d172.9 (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, 1089.6 (unsaturated C); 35.1, 34.8 (CMes); 31.7, 29.6
(CMez) s 16.2 (Mes).

"M NMR (CeDg): d 7.55 (@, J =2.31 Hz, 1H, phenoxy), 7.27

20 (d, J=8.57Hz, 1H, Ind-H-4), 7.14 (d, J=2.31Hz, 1H, phenoxy),
7.05 (d, J=8.57 Hz, 1K, Ind-H~7), 6.99 (dd, J = 8.49, 6.87 Hz,
iH, Ind-H-5), 6.75 (dd, J = 8.39, 6.92 Hz, 1H, Ind-H-6), 6.35
(s, 1H, n°-CH), 2.03 (s, 1H, Me), 1.44 (s), 1.34 (s, OH, CMe;).

BCTH] NMR (CsDg): d 173.2 (Ti-0-C), 147.6, 146.7, 138.4,



6.93-6.82 (m, 2H), 6.74-6.68 (m, 1H, aromatics); 6.42 (d, J= 15 4.32 Hz, 1H, g5-CH), 6.40 (d, j= 3.51
Hz, 1H, 115-CH). FD-MS: 324 (M+). !Synthetic Example 71
<<(2-{2-nFr-4-(9-Phenanthryl)-5,6-Benzoinden-1'-yl}-41 6_tBu2-CEH40) TiClz" 20 [Synthesis of 3- (1-
(9-phenanthry!) naphth-2-y!) -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 charged, and
ethanol (21 mL) was added thereto, to 126 obtain EtONa solution. A solution prepared by dissolving

Diethyl-n-propginialobate. (7,63 2§ 37.,75mmol),inxetbanel (5 M) wasslowhpadded o thembove
EtONa solution at room temperature, and to this reaction solution, ethanol (10 mL) , which was used 5

to wash thexfleskincé 2hatged avithithe DiethylIepropyintadariate: nwas @iso- added; Sabsequently, to
the reaction solution, an orange solution prepared by dissolving
2-Bromomettyl<l - (@EPhenantitylinaphthalene#5;00 q,537%75 amenol) which can be obtained in
accordance with a process 10 disclosed in Bull. Chem. Soc. Jpn., 1986(59) ,2044 in ethanol(50
mL)/toluene(40 mL) WwasSslowbladded) at room temperature (added for 5 minutes). The temperature
of the obtained brown solution was elevated and refluxed for 3. 5 hours. To a dark-brown solid
obtained by distilling ®ffrthe soivent £5:fraa the reaction product, toluene (200 mL) was added, and
<< (2={2-Me~4~-Ph-inden-1'~yl}~4, 6= Buy~CeH,0) TiClo>>
[Synthesis of
2~ (2-Methyl-4-Phenylinden-3'-yl)-4, é~di-tert-butylphenol;
(2-{2~Me~4~Ph-inden-3"'-y1}~4, 6~ “Bu,—CeHs0) H,]
10 2-Bromo-4, 6-di-tert-butylphencl (15.00 g, 52.5% mmeol),
2-Methyl-4-Phenyl-l-indanone (11.69 g, 52.59 mmol), which can
be cbtained in accordance with a process discleosed 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
16  in accordance with the process disclosed in Dalton Trans., 2003
» 4580, and the resultant crude product was purified by £lash
silica 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, 6-di-tert-butylphenol
20  (yield 43%, white solid).
The obtained product was analyzed with Elemental Analysis,
NMR and FD-ME, and the following results were obtainad.

Elemental Analysis: Calc.: C, 87.76; H, 8.35.

Found: C, 87.41; H, B8.869.



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 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 8.69 g
of the targeted 3-(1-(9-phenanthryl)naphth-2-yl)-2-n-propylpropionic Acid (yield 55%, white solid) .
The obtained product was analyzed 127 with NMR and FD-MS, and the following results were

obtained. I'H NMR (GD@18) 1d:79)(d, d 7 858 Ha, 2H) 7887184 (M 03H) 7 BFTT L4, 4H), 7.52
(dd, J = 8.57, 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 CH2) ; 1.4861 @, (mH 2H.-aR41CGH2) , 0798084 (81, 2H, niPr-£HAa101%9 (t, 1= 3264)2), 0.51 (4,
J = 7.26 Hz, total 3H, Me). 730['H] NMR (CDC13): d 181.4, 136.7, 136.5, 135.8, 135.1, 133.5, 132.4,

132.3, 132.2, 32031346, 18].5:430:5:130.3, 49 129.15 129.12128.7, 128.0, 1278; 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, 34.3, 34.2, 20.2, 20.1,

13.6, 13.4. BD=MS2418@M+) .5 [Synthestsiaf) 15 2: 11 propyl-4-9-Phenanthryl}:5,6:Benz:a-l-indanone;
{2-iPr-4- (9-Phen)-5,6-Bz-l-indanone}]

5 5.15 (s, 14, OH); 3.61 (s, 2H, CHz); 2.08 (s, 3H, Me), 1.49% (s),
1.35 (s, 9H, CMei).

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, (CHs}:;

16 35.1, 34.4 {(CMes); 31.79%, 31.75%, 31.68, 29.74, 29.70, 29.65
(CMes); 15.1 (Me).
FD-MS: 410 (M+).
[Synthesgsis of
(2-{2-Me-4-Ph-inden-1"-yl}~4, 6-"Bu,~CeHs0) Ti (NMes) 5]

15 2-{Z2-Methyl-4-phenylinden-3'-yl}-4,6-di-tert-butyliphe
nol (1.50 g, 3.65 mmol) obtained in the previous reaction and
Ti(NMez)s (0.85 g, 3.78 mmol) were used to carry out a reaction
in accordance with the process disclesed in Organometallics,
2004(23),1576andthenfromtheresultantsolution,thesolvent

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"'-yli-4, 6-"Bu,~CeHs0) Ti (NMes) »
(quantitative, red solid).

The obtained product was analyzed with NMR, and the



3-(1-(9-phenanthryi)naphth-2-v1)-2-n-propylpropionic Acid (6.89 g, 16.46 mmol) obtained ".gin the
previous reaction was used as a raw material to carry out a cyclization reaction in 20 accordance with
a similar process to the process disclosed in Organometa_lics,1994(13),954. The resultant crude
product was purified by flash silica gel column chygmatography (impurities were eluted with
her>ane/methvlene chloride = 2/1, and subsequently a target product was eluted with
hexane/methylene 128 chloride = 1/1) to obtain 1.33 g of the mixture containing targeted 2-n-
propyl-4-(9-Rhehanthryl) Sc6-Benz owldndanare ot #e ratio of 81% purity (light yellow solid) . The
mixture was repeatedly purified with a chromatography and then washed 5 with diethyl ether to obtain
pure 2-n- propyl-4- (9P héhaMRAryl) 55,16.BenZor tindarmnec(white 1salid) , THe obtaibad pure 2-
n-propyl-4-(9-Phenanthryl) -5,6-Benzo-Il-indanone was 10 analyzed with NMR and FD-MS, and the
following resdlés weré 38btaineéd.01H NMR8 (CDRCL3) : 8,8 B47(t,5] =12.81¢Hz; 2H),8.4745, tH), 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, 2¢oMmatics} ; 45 BZ2 @d] 3 =.87.46, B.57 H2,11H, (noh&4H4-3),:2.28-2.,65 {/M, 4K, 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),
1.35-148 (hE2B5CH2),57, 47.48 (NMey), 34.9, 34.4 (CMe;3), 32.01, 31.9, 29.8,

28.7 (CMes), 12.9 (Me).

'H NMR (Cg¢Dg): d 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

16 (t, J=17.26 Hz, lH, phenyl-para H), 6.99 (d, J = 6.82 Hz, 1H,
Ind-H~5%), 6.85 (dd, J = 8.26, 6.93 Hz, 1E, Ind-H-6), 6.33 (s,
14, n°-CH), 3.28, 2.58 (s, 6H, NMe,); 2.01 (s, 3H, Me), 1.70,
1.4¢ (s, 9H, CMes).

[Synthesis of

15  (2-{2-Me-4~Ph-inden-1°-yl}=-4, 6-"Bu,~CeH,0) TiCl,]

To a Schlenk-type reactor thoroughlydried and purgedwith
nitrogen, a rotatcr was placed,
(2-{2-Me~4~Ph-inden-1'-yl}-4, 6-"Buy~CsHeO) Ti(NMes)o, (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.

8iCl, (0.77mL, 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



0.84 (t, J =7.25 Hz, 3H, Me) . "C['H] NMR (CDC13): 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, 126.8, 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 129 2-(2-n- propyl-4-(9-Phenanthr y2)5,6-Benzoinden-3'-yi)-4,6- di-tert-butylphenol;
(2-?2=nPr-4-(9-Phen)-5,6-Bz-i.nden-3-y_}-4,6-'Bu2-CEH20)H2] 2-Bromo-4,6-di-tert-butylphenol
(1.038 g, 3.60 mmol), 5 2-n- propyl-4-(9-Phenanthryl)-5,6-Benzo-l-indanone at 81% purity (1.44 g, 3.59
mmol) obtatsetbiithe praviotiseadtiort: anddebufyllithiliin-(4. 57 Min hexuie; .81 mL, 7.55 mmol)
were used to carry out a reaction in accordance with the process disclosed in Dalton Trans. , 2003,
4580, and theresthasticiude 109stodadtiwas purified by flash silica gel column chromatography
(unreacted 2-Bromo-4,6-di-tent bu,ylphenol was eluted with hexane, and subsequently a target
product was elutedBhithchéraneddiathylcather«295¢5) 26 pbedny0.92 YR thadargetdd., 21(2=n-
propyl-4-(9-Phenanthryl)-5,6-Benzoinden-N -yl)-4,6 15 di-tert-butylphenol (yield 43%, white solid). The
obtained prodactwas emaizedsvith Elenvemal Abalgsised .
5 4 NMR (CDCLsy: d 7.69 {d, J= 8.24 Hz, ZH, phenyl-ortho
Hy, 7.58-7.32 (m, B8H, aromatics), 7.02 (s, 1H, n5~CH}, 2.30 (s,
3H, Me}, 1.40, 1.36 (s, 9H, CMe;).
“*CI'H] NMR (CDCl3):d 172.8 (Ti-0-C), 148.7, 147.1, 141.2,
138.1, 138.7, 137.%, 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 (unsaturatedC), 35.1,
34.8 (CMes), 31.8, 31.7, 29.7, 29.6 (CMes), 16.3 (Me).
'H NMR (CeDe): d 7.6% (d, J = 8.07 Hz, 2H, phenyl-ortho
Hy, 7.28 {d, J=2.31 Hz, 1H, phenoxy), 7.31-7.25 (m, 2H,
aromatics), 7.22 (d, §=2.31 Hz, 1H, phencxy}, 7.21 (d, J= 7.25
15 Hz, 1H, Ind), 7.12-7.07 {(m, 2H, aromatics), 6.85%5 (dd, J=8.73,
7.09 Hz, 1H, Ind-H-6), 6.81 (s, 1K, n°-CH), 2.01 (s, 3H, Me),
1.46, 1.36 (s, 9H, CMei).
FD=-MS: 526 {M+).
[Synthetic Example 6]
20 << (2-{Inden~1"-yl}CgH,0) TiCL,0J
[Synthesis of 2~ {(Inden-3'-yl)phenol;
(Z2~{inden-3"-yl}CgH,O) Hs]
3-Bromophenol (15.00 g, B6.70 mmol), 1-Indancne(ll.46 g,

§6.70 mmol) and n-butyllithium (1.57 M in hexane; 116.0 mL, 182



NMR and FD-MS, and the following results were obtained. Elemental Analysis: Calc: C,89,75; H,
7 53 Found: C, 89.18; H, 6.92. 20 1H NMR (CDCI3) : d B.83 (t, 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= 1. 98 Hz, 1H), 7.44-7.37 (m, 5H),
7.23-7.18 (m, 2H, aromatics) ; 5.26 (s), 5.21 (s, {etal 1H, OH) ; 3.45 (did, J = 23.08, 3.30 Hz, 1H,
Ind-CH-3) , 3. 16 (dd, J-=23.0-0.,, 7.25 Hz, 1H, Ind-CH-3) ; 2.33 130 t, 2H, CH2) ; 1.511(s), 1.506
(s, total 9H, CMe3); 1.46-1.42 m, 2H, CHSs); 1.39(s) 1.38 (s, total 9H, CMe3),; 0.80 (t, ] 7-42 Hz, 3H,.
Me). C ['H tnNMR (@D2€i3)scki5th0¢-449:0,449.4 (0=C);1144:0,i 5 b4t datvc 8,Wi4fh4£1385.3, 135-3,
135.1, 134.72, 134.68, 133.5, 132.6, 132.5,131.8 131.5, 131.4, 130.7, 130.3, 126.7, 128.3, 126.9,
126.8, 126 71426 4ds 1252; 125 124.8al2306, I12%0s122.70120.8, 547,8 fumasatrated C 3 ')~ 9.7,
(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-nPrs(@-Phenanthryl-5 6<erzoinderplizylEd £ BuX-1G8HgQ) TiCi2yel column
chromatography (eluant; hexane/methylene chloride = 3/1) to
5 obtain 5.3% g of the targeted 2-{Inden-3'-ylliphenol {yield 30%,
yelilow cil).
The obtained product was analyzed with Elemental Analysis,
NMR and FD-MS, and the following results were cbtained.
Elemental Analysis: Calc.: C, B&.51: H, 5.81.
10 Found: C, 86.28; H, 5.74.
'H NMR (CDCls): 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 (d, J=1.98 Hz, 2H, CH,).
CI'H] NMR (CDCls): d 153.0 (O-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 {(CHz) .
‘H NMR {(CgDg): d 7.38~7.22 {(m, 3H), 7.15-7.02 (m, 4H),
6.88-6.82 {(m, 1H, aromatics); 6.16 (t, J = 1.98 Bz, 1H, CH):
5.11 (s, 1H, CH); 2.99 (d, J=1.98 Hz, 2H, CH;).
20 FD-MS: 208 (M+).
[Synthesis of (Z2~{Inden-1'-y1}CsH0)Ti (NMes),]
Z—(Inden-3'-yl)phenol (1.50¢g, 7.20mmol) obtained in the

previous reaction and Ti(NMep), (1.62 g, 7.20 mmol) were used

to carry out & reaction in accordance with the process disclosed



2-(2-n- Propyl-4-(9-Phenanthryl)-5,6-Benzoinden-3'-yl 15 )-4,6-di-tert-butylphenci (0.052g,
0.08Bmmol)obtained in the previous reaction and Ti (NMe2) 4 (0.020 g, 0.088 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 thresby-product were distilled off 20 under reduced
pressure to obtain a brown solid. Subs,.auent_y, CDC-3 was added to the solid and stirred. SiCla
(0.02mL, 0.176 mmol) was added thereto at room temperature, and then reacted under stirring for 5
minutes. Fromhezasuieint solution, 218 Sobant ahll the ley:grodact vare distilkeesoft uadér reduced
131 Pressure to obtain 0.063 g of the targeted (2-{2-.npr-4-(9-phenanthryl)-5,6-ben
zoinden-1'-§-461Bu2- TeH4® TiGIR {qaantitative, brown solid): Thersbtaihedipgrbedctonds analyzed
with NMR and FD-MS, and 5 the following results were obtained. 1H NMR (CDC13) : d 8.90-8. 81 (m,
2H) , 8.25-8I08e 7 @RF 852 &7 ADSE S5 IR 2657.20 i Totdl- B4H caromaties); 6265 ¢€3)26.50 (s, total 1H,
05-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), 190.889=77 tm;3M} MRICFDINISYF04 (MEY a[SyhtreticBxarfipie 81 <« -
(2- (Fluoren -9°-yl}-4,6-tBu2-C6H40)TiC12>>
The obtained product was analyzed with NMR, and the
following results were obtained.
BC*H] NMR (CDCls): d175.7 (Ti-0-C); 128.2, 128.9, 128.6,
126.9, 126.1, 125.10, 125.06, 124.3, 122.6, 122.5, 120.7, 120.¢,
118.5, 100.7 ({(unsaturated C); 4%9.7, 46.6 (NMe,).
10 "HNMR (CgDe): d7.43 (dd, d=7.62, 1.65Hz, 1H), 7.28-7.19
{m, 3H), 6.85-6.87 {(m, 2H), 6.84~6.70 {(m, 2H, arocmatics); 6.43
{d, J=2.87 Hz, 1H, nsmCH~2), 6.30 (dd, J=3.62, 0.82 Hz, 1lH,
n°-CH-3); 3.19 (s), 2.44 (s, 6H, NMe:).
C['H) NMR (Cg¢Dg): d 176.8 (Ti-0-C); 129.8, 129.5, 125.2,
160 128.4-127.6 {overlaps with CgD¢ peaks), 126.9, 125.4, 125.1,
124.6, 123.0, 122.8, 1231.2, 119.1, 115.7, 101.1 {unsaturated
Cy: 49.7, 4e.7 (NMe:).
[Synthesis of {(Z~{Inden=1"-y1)}CgH,0)TiCl:]
To a Schlenk-type reactor thoroughly dried and purgedwith
20 nitrogen, a rotator was placed, (Z2-{Inden~1'-yl}CeHy0)T1 (NMez),
{1.59qg, 4.65mmecl) obtained in the previous reaction was charged,
and benzene (10 mi} was added, and then the mixture was stirred.

SiCly (1.17mL, 9.32 mmol) was added thereto at room temperature,

and then reacted under stirring at room temperature for 10



[Synthesis of 15 9-(2-Hydroxy-4,6-di-tent-butylphenyl)fluorenol] To a Schlenk-type reactor thoroughly
dried and purged with nitrogen, a rotator was placed , 2-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 completion of the n-butyllithium (1.57 M in hexane; 23.44 mL, 36.81 mmol) slow
addition at 0 C, the temperature was slowly elevategl-and reacted under stirring at room temperature
for 14 hours. The resultanz mixture was cooled again to -78 C, and a solution. 132 prepared by
dissolving 9-Fluorenone (3.16 g, 17.53 mmol) in THE (20 mL) was slowly added. Thereafter, the
temperature Was'$i6kly efevered; apndreactedanides stining @t roamdesyieraturezfoy 22-aours. After
the reaction, to the reaction liquid, water 5 (20 mL) and conc. HCL (8 mL) were added to stop the
reaction. Theltib@ieings treisterded 16 alseparafonyrfdanel; and shethyt -ether was added:and
shaken, and the organic layer was separated. After the separation it was concentrated and dried to
obtain 7.28 gbf e targbtad 20 95(2d4ydroxy-2-6-titest:butytpheny liorenolin a crude form (brown

solid). The obtained product was analyzed with FD-MS, and the
(quantitative, brown solid).

o

The obtained product was anzlyzed with NMR and FD-MS, and
the fellowing results were cbtained.

"H NMR (CDCls): d 7.85 (d, J = 8.90 Hz, 1E), 7.57 (ad,
J=7.41, T7.41 Hz, 1H), 7.49-7_324 (m, 4H), 7.25-7.314 {m, 3H,
aromatics and néwCH); ©.62 (d, J = 8.24 Hz, 1H, pwaH).

10 ~ BCI'H] NMR (CDCL,) d176.7 (Ti-0-C); 138.5, 137.6, 132.1,

130.3, 130.1, 128.

[$24

r 129.1,

}MJ

28.0,

'_..I

27.%9, 127.7, 124.1, 123.8,

113.6, 110.2 {unsaturated C).

'H NMR (CeDg): & 7.25-7.15 {m, 2H), 7.10-6.95 (m, 3H},

£.893-6.82 (m, 2H), 6.74-6.68 (m, 1H, arcmatics); .42 (d, J =

16 4.32 Bz, 1H, n°-CH), 6.40 (d, J= 3.51 Bz, 1H, n°~CHj .

FD-MS: 324 (M+).
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xample 7]

~nPr~4—(9vPhenanthryl}—S,EwBenzoinden“l'—yl}~é
; 6= Buy—CeH,0) TiC1,5>

20 [Synthesis of

Qi {7 e £ Ot} — IS S . ) -
3=(1-1(9 pneuan_h;yl)napntn—ZhyL)~2—n~propylmropionic Acid]

To a 300 mL Schlenk-type reactor theroughly dried and
purged with nitrogen, az rotator was placed, Na (0.87 g, 37.75

ERR 5 ]
- mmo.) was charged, and ethanol (21 ml) was added thereto, to



following result was obtained. FD-MS: 386 (M+) 15 [Synthesis of
9-(2-Hydroxy-4,6-di-tert-butylphenyl)fluorenej To a Schlenk-type reactor thoroughly dried and purged
with nitrogen, a rotator was placed, 9-(2-Hydroxy-4,6-di-tert-butylphenyl)fluorenol (7.28 g) 20 obtained
in the previous reaction was charged, and acetic pgid (146 mL) and 57 o hydrochloric acid (29 mL)
were added, and stirred. 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 layeb133 rwas wmashed Tfirsthowith hydrogencarhonatenoteus soliifancand rthen with sodium
hydrogensulfite aqueous solution (10 wt%, ca. 150 mL), and Na2S04 was added to the washed
organic layet, sindy triedpThe fillrmie ohtairedhysfiltrgticn was sencentrated baans driechio obtain a
brown solid. To the solid, hexane/diethyl ether mixed solution (=95/5, 350 mL) was added, then it was
well stirredyavashed apd:éitered cTheobtanedrinsoluie suhstance: wasmitiethte obtaird 32 g of the
targeted 9-(2-Hydroxy-4,6-di-tert-butyiphenyl)fluorene (19%, light 10 yellow solid). The composition
dissolved iz hexanetdiethyt eethet. orixed solttion (=95f&rneds pufified by flashckilicagelsealumn
chromatography (eluant; hexane/diethyl ether = 95/5) to further obtain 0.61 g of the target product
(9%, light yeblomesh the flask once chargedwith the Diethyl-n-propylmzlonate,
was alsc added. Subseguently, to the reaction solution, an
crange solution prepared by dissclving
2-Bromomethyl-1-{9-phenanthryl)naphthalene (15.00 g, 37.75
mmol) which can be obtained in accordance with a process
10  disclosed in Bull. Chem. Soc. Jpn., 19B6(58) ,2044 in
ethancl (50 ml) /toluene (40 mL), was slowly added at room
temperature (added for 5 minutes). The temperature of the
obtained brown solution was elevated and refluxed for 3.5 hours.
- To a dark-brown solid obtained by distilling off the solvent
15 from the reaction product, toluene (200 mL) was added, and
aqueous scluticn of hydrochlieric 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 distilliing off
26  the sclvent from the reaction product was purified by flash
silica gel column chromategraphy (eluant: methylene chloride)
to obtain 8.62 g of the targeted

3~ (1-{8-phenanthryl)naphth-2-yl)-2-n~propylprepionic Acid

(vield 55%, white solid). The cobtained product was analyzed



.solid). The yield in total was 1.93 g (28%). 15 The obtained product was analyzed with Elemental
Analysis, NMR and FD-MS, and the following results were obtained. Elemental Analysis: Calc: C,
87.52; H, 8.16. Found: C, 87.78; H, 7.55. 1H NMR (CDC13): d 7.85 (d, J =7.27 Hz, 2H, Flu-H-4, 5), 20
7.43 (t, J =7.26 Hz, 2H, Flu-H-3, 6), 7.42 (d, J =7.59 Hz, 2H, Flu-H-1, 8), 7.33-7.24 (m, 4H,
aromatics), ; 5.14 (s, 1H, OH) ; 1.33 (br s, 9H, CMe3); 1.28 (br, 9H, CMe3). 13C ['H] NMR (CDC13) :
d 150.6 (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
134 (CMe3); 31.7 (CH3 and CH), 29.8 (CH3). FD-MS: 370 (M+). [Synthesis of

(2-iFluoren-9¥H}+4, 64t 22C6HADY FIEI2 b SED arSchienkatype seastox tharoughbly.dried and purged with
5 nitrogen, a rotator was placed, TiC |4 (1.0 M in toluene; 0.98 mL, 0.98 mmol) was c“ha'Fgé’& thereto,
toluene (10 mL) was aHde®RToIRE Inixture, 9-(2eHydigxys4 6-di-tent-putylphenylflugrene (0.37 g,
0.98 mmol) obtained in accordance with the previous process was 10 slowly added dropwise at room
temperature uffBler stirting] and afteF the(additien, it wasg reacted upder stirging af rqgm, 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 hekaffe; 1/26 tlrd.8% mmohavassiowly addecdrapwise, 2. 642 45

m, total

o BH, 1 p M e E 1
CH and CHy); 1.43-1.01 (m, 2H, n-Pr-CH,), 0.98-0.84 (m, 2H,

n-Pr-CHz); 0.59 (t, J = 7.2¢ Hz), 0.51 (t, J = 7.26 Hz, total

3H, Me).

13m 1
CI"H] NMR (CDCly): d 181.4, 136.7, 136.5, 135.8, 135.1

133.5, 132.4, 132.3, 132.2, 132.0, 133.6; 131.5, 130.5, 130.3

10 129.1, 129.1, 128.7, 128.0, 127 .8, 127.6, 127.3, 126.8, 126.6

122.7,122-9,]22.7,46.?,46.0,36.3,36.2,
34.3, 34.2, 20.2, 20.1, 13.6, 13.4.
FD-MS: 418 (M+) .
[Synthesis of
.}5 2= n- propyl~4m(9~Phenanthryl)—5,6—Benzo—1—indanone;

{2wiPx~4-(9—Phen}*5,6—Bz~1—indanone}]

L)

m(1m(9*phenanthryl)naphthHQ-yl)—2wn—propylpronionic

Acid (6.89 ¢, 16.4¢6 mmol) obtained in the previous reaction was

used as a2 raw ter: T = T 13 |
material to carry out a Cyclization reaction in

ancsa Wl‘;.. i

Organometallics,l994{13),954.

The resultant crude product was

purified by flash,silica gel column chromatography (impurities

were eluted wit) 4 ! ]
luted with hexane/methylene chloride = 2/1,

and

subsequent] ta luct : '
Juent.y & target preoduct was eluted with hexane/methylene



15 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, to obtain a brown suspension. The suspension 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 liquid was mixed with the filtrg The resultant solution was concentrated and

. . . . g8 . .
dried, and recrystallized with toluene to obtain 0. 13 § of brown solid containing the target product.
135 The obtained product was analyzed with NMR and FD-MS, and the following results were

obtained. 1HMMNMBRHAGEDE) :17,/70-6:95 4m: 10H, aromatics), 1.44(s, %'i"xt%ﬂ@g):o%gs'% 9H, CMe3) .
5 FD-MS: 486 (M+). [Synthetic Example 91 <<2-11,1,4,4,7,7,10,10-octamethyl-1, a@ ,j'f?g,Q,lO-oc

tahydrodibenizaﬁbglé]ﬁ@@eﬂyk}l‘4,§ﬁ&9§icﬁ|ﬂ4@i;?henanth_ryle)—5 , 6=Benzo-1-indanone
9-(2-Hydroxy-4,6-di-tert-butylphenyl)Octamethyloctahydrodib™ 10 enzofluorene>> [éyntahess of

1,1,4,4,7,7,1840rontamethyl- b 2,3.047,8:3:19-9C ibe nzglb hiflugrenong, . oo
Octamethyloctahydrodibenzofluorenone] 15 1,1,4,4,%,@1 ,1O-octamethyl-1,2,3,4,7,%,53E8-00tahyd
was repeatediy purified with = chromatography and then washed
5 with diethyl ether to obtain pure
2~n- propyl-4-(89-Phenanthryl) -5, 6-Benzo-1-indanone {white
solid}.
The obtained pure
2—n~zpropyl—é-(B—Phenanthryl)“5,6—Benzo—1—indanone was
100 analyzed with NMR and FD-MS, and the following results were
obtained,.
HNMR (CDCls): d 8.84 (t, J=7.91 Hz, 2H), 8.47 (s, 14),
8.10 (d, 3=8.24Hz, 1H), 7.92 (dd, J=7.74, 1.48 1H), 7.79m7¥65
(m, 4H}), 7.53-7.36 (m, 4H), 7.26 (d, J=6.60 Hz, 2H, arcmatics);
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¥=17.48,4.95Hz,1H,IndmCH~3),1.97—1.85
(m, 1H, CHz), 1.48%-1.36 (m, 1H, CH,), 1.35-1.18 (m, 2, CHa),
c0.84 (t, 0= 7.25 Hz, 3H, Me).
PCIH] NMR (CDClz): 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, l?é.S, 126.4, 325.2,: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



rodibenzo[b,h]fluorene(Octamethyloctahydrodibenzofluorene; 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 a process disclosed in J. Org. Chem.,
1997(62)8767. The resultant product was purified by flash silica gel column chromatography (eluant;
hexane/methylene chloride = 1/1) to obtain 3.44 g ofL.the target product (66%, yellow solid). The
obtained product was analyzed with Elemental Analysis, 136 NMR and FD-MS, and the following
results were obtaineds Els | Analysis: Clacl.: C, 86.95; H, 9.06 Found: C, 86.90; H, 8.67 'H NMR
(CDC13): d 7.61 ?sle% %%?%ﬂl% %{"ﬂpﬁ&f}a@&%@>8+$,,@HB¢;mza5r(s,eh2H,- CMeR)4129 (s,
12H, CMe3). @C@érgg\_lMBt@Dng : d 194.0 (0=C); 151.8, 145.4, 141.3, 132.6, 122.7, 117.9
(unsaturated C); 35.3, 34.92, % §, 4.7, 31.6 (CH3 and CHZ). FD-MS: 400 (M+), [Synthesis of 10
9-(2-Hydroxy-4(,§=d{i2teg;by_t}ilpr(1 le)lgcitmethyloctahydrodib enzofluorenol] To aSchlenk-type reactor
thoroughly dried and purged with nitrogen; 4 ?(S"tﬁt—"o"r%@%WHC%U:QLBMG-&,&Qimteer;t;}mt;mhenol (2.36
g, 8.29 mmol) was 15 gh@ggggo@%d EHE‘; (_I_%QmmL) was added, and then the mixture was dissolved
under stirring. After completion of the stow - =t ~Put ylphenol (1.03 g, 3.s0 mmol )

5 2-n- Propyl-4- (8-Phenanthryl )

r

—J,6-Benzo-i-indanone at 81%
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Elemental Analysis: Cale- C, 89.75; H, 7.:53
.75; 53.

ilr [

Found: C, 89.18; H, 6.92.

f

20 1 ~
H NMR (CDCl.): g B.83 (¢, J = 7.08 Hz, Z2H, azromatics)

7.94~ < ]
7.86 (m, 2H), 7.81 (s, 1H), 7.77-7.64 (m, 3H), 7.60 (g

T=T1_.08 e i v 5
J 98 Hz, 1HY, 7. 4-7 .27 {m, 5B}, 7.23-7.18 (m, 2H aromatics)
= =@ T1E H

5.26 5.21 (s, ®
(s}, 5.21 (s, total 1H, OH); 3.45 (dd, J=23.08, 3.30 =

:]_H - I M = NI
r ANG-CH-3), 3.16 (44, J=23.08, 7.25 Hz, 1K, Ind-CH-3): 2.33



addition of n-butyllithium (1.56 M in hexane; 11.2 mL, 17.41 mmol) at 0 C, the temperature was slowly -
elevated, and reacted under stirring at room temperature for 12 hours. The resultant 20 mixture was
cooled 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 the addition, the temperature was slowly elevaieglo and reacted under stirring at room
temperature for 16 hours. After the reaction, to the 137 reaction liquid, water (100 mL) was added to
stop the reaction. The mixture was transferred to a separatory funnel, and diethyl ether was added
and shaken, an&ith@ﬁrgéﬁi{eXayélrv@dsW$eparaIec£DB was dried-over MgSe4, ar)wj cpnz%nt[ated and
dried to obtain 5 the targeted 9-(2-Hydroxy-4,6-di-tert-butylphenyljoctéfnefhﬁ%ciaﬁydroaib‘ £z
enzofluorenol if criere form tbrown sodid). [Syhthesis of-ot21 oy CMes) - 0
9-(2-Hydroxy-4,6-di-tert-butylphenyl)octamethyloctahydrodib 10 enzéfluoréBné] To é%ochfé:nk-ﬂ/pe
reactor thorougzhlg dfiednd pirgedaith 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 EHarg8¥Facsticcaaid: (70 i} and 5Y%@hydrojodic @C'{%Q.:A’Tr_nl_i) Lyere added,
and stirreqs The quxture was reacted under reflux at room temperature for? hours. The r'esu¢tant
bHNNnSUSpenﬁoﬁ'9:14l- » 140.4, 125.3, 135 _ 3, 135.1, 134.72, 134.68, 133.5

132.6, 132.5, 131.8, 131.5,

=1

31.4, 130.7, 130.3, 128.7, 128.3

'

126.59, 126.8, 126.7, 126.1, 125.2, 125.1, 12¢.8, 123 &, 123.0

}—

r

122.7,120.8, 117.8 {unsaturatedc); 38.7, (Ind-CH.); 235.1 34.4

31.7, 29.7, 22.3 (CHz and CMes); 14.0 {Me) .

10 ‘FD-MS: 588 (M) .,

[Synthesis of

(2-{2-nPr-4- (0-Dhe
(O-T h\_nanlthr-yl) =9, 6-benzoinden-1'-yl}-4, &~ Bu,-

propyl-4- (9-Ph@nanthryl) ~5,6-Benzoinden-3" ~y

encl (0.052 g, 0.088 mmol)ocbtained in the

previous reaction and Ti (NMes) s (0.020 g, 0.088 mmol) were used

L
LC carry out i i
Y out 2 reaction in accordance with the process disclosed

in Organcmetalls; 2004 (23 576
~ics, 2004(23), 1576, and then from the resultant
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was poured into water (300 mL) and extracted with diethyl ether. The obtained organic layer was
washed firstly with 20 hydrogencarbonate aqueous solution and then with sodium hydrogensulfite
agueous solution (10 wt%, ca. 150 mL), Mg504 was added to the washed organic layer, dried, and
filtered to obtain a yellow solution. The solution was slowly concentrated, and thus unreacted
9-Octamethyloctahydrodibenzofluorenone 138 crystakprecipitate was removed by filtration. The
filtrate was first concentrated and dried, the resultant solid was dissolved by adding
hexane/diethylether mixed solution 95/5,20 mL), and purified by flash silica gel column 5
chromatograpﬁfl ‘(gﬁléﬁﬁ heafiB/diethyether =D57) t¢ bbtaim 164 grof the targeted product as a
rotamer mixtur, gspé and a -_form)D(Zl%, IJ_%C‘: yellow solid). The obtained product was analyzed with
NMR and FD-MS, ‘and  the following restiitslivate 'ohtairfech 207kH NMR-(CDE13)- 40 & 782,51 (m, 4H,
fluorenyl); 6.70-6,3 r(ﬁmmle, phenoxy); 5.59(s),5.26 (s, totallH, Flu-H-9); 5.51(br), 5.02 (br, total IH,
OH): 1.70 (br, 8H? CH 2 383 BB (A1 3361 S CHRd ' Me3): £D-MS: 590 (M+). 15 [Synthetic
Example 10] << (1-{|n}9| n-1-yl}-2-C10H60)TiOI2) [Synthesis of 1-(Inden-3'-yl)-2-naphthol;
(1-{inden-3"-yl}-2-C10 go) ﬁalnea Droduct was analyzed with NMR and FD-MS, and

5 the following results were obhtained.

= A

1
HNMR (CDBCli): d §.90-8.81 {m, 2H), 8.25-8.06, 7.89-7.5

wn

7.40-7.35, 7.26-7.20 {m, total 14H, aromatics); €.65 (s), 6.50

(s, total 1H, n°-CH); 1.66 (s, 2H, CHp); 1.444 (s), 1.438 (s,

total 9H, CMes;); 1.39, 1.38, 1.37 (totzal 11H, CMes; and CH,),

10 0.86-0.77 (m, 3K, Me),
FD-MS: 704 (M+).
[8ynthetic Example 8]

<<(2—{F1uoren-9'—yl}~4,6—tBu2~C¢hO)TiCl2>>
[Synthesis of

15 9—(2~Hydroxy~4,6~di~tertwbutylphenyl)fluo:enol]

m 3 — L - T ¥
Toa Schlenk type;aactox*tnorougnlydriedandpurgedwith

" N
hiitrogen, a rotator was placed,

2~Bromo~4,6~di—tert—buty1phenol {(5.00 g, 17.353 mmol} was

charged i THF (2 1 7 ] ’
g=d, and THF (20 ml) was added, and then the mixture was

> 3 - 1 T '
20 dissolved under Stirring. Alfter completion of *he

n~butyllithium (1.57 ™ in hexane; 23.44 ml, 36.81 mmol) slow

add-:.'_.', +~ (=] + G - .
tion at 0 °C, the temperature was slowly elevated, and

vvvvv d under stirring at room temperature for 14 hours. The

o oy A e g am - . 3
resultant minture was cooled again to -78 °C, and a solution



3-Bromo-2-naphthol(10.00 g, 44.83 mmol), 20 1-Indanone(5.92 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/methylene 139 chloride = 1/1) to obtain 3.69 g of
the targeted 1-(Inden-3'-yl)-2-naphthol (yield 32%,lx%ite solid). The obtained product was analyzed
with Elementary Analysis, NMR and FD-MS, and the following results were 5 obtained. Elementary

Analysis: Calg.=G5 8834 Hi P ound; G , 28,1 ¢ .0, 7,83+(.80 (m, 2H) ,
7.61(d, J :?ozegHaz, ﬁ%ﬁ%&%&(rﬁ%ﬁ)f%@%%%, ‘QH')':,I'%ITI éR&j?CJ%g.r%oﬁz), l%b 17—?

aromatics) ; 648 flzJ= @216 HZodty G446 (5y dH: OH). 3. 75(d. 4 5 %5:%;5"1%_%2) 13C[HI
NMR (CDC13) : d 150.9 (0-C): 144.4, 1441, 138.7, 135.8, 132.9, 129.7, 128.9, 128.1, 126.5, 126.3,

125.6, 125.051134.9, d23v3, 42, 25 14 %3, 1143 (Hnsatutated €)1 39,1 (CH2).. 1 ERMS; 258 (M+).
[Synthesis of (1-{Inden.-1'-yly-2-C10HEOQ)Ti(NMe2)2; 1-(Inden-3'-yl)-2-nap:thol (.00 g, 3.87 mmol)

obtained in tha-previousteaction-and-F{NMeg2) 440,87 g, 387, mmol);were ; used;to carry out a
reaction in accordance with the process
B (20 mL) and conc. HCL (8 mL) were added to stop the reaction.
Then&xturewastransferred1x>aseparatoryfunnel,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-(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 cbtained.
FD-MS: 386 (M+)
15 [Synthesis of
9-{2-Hydroxy-4,6~di~tert~-butylphenyl) fluorene]
Toa Schlenk-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed,
9-(2-Hydroxy-4, 6~di~tert-butylphenyl) fluorencl (7.28 g)
20 obtained in the previous reaction was charged, and acetic acid
(14¢ml) and 57% hydrochloricacid {29 mL) were added, and stirred.
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



20 disclosed in Organometallics. , 20D4 (23) ,1576, and then from the resultant solution, the solvent
and the by-product were distilled off under reduced pressure to obtain 1.52 g of the targeted
(2-(Inden-1'-yl)-2-C10H60)Ti(NMe2)2 (quantitative, red solid). 140 The obtained product was
analyzed with NMR, and the following results Wer%.%)tained. 1H NMR (C6D6) : d 7.72 (dd, J = 7.58,
7.58 Hz, 2H) , 7.65 (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, 1H, aromatics) ; 6.48 (d, J= 2.97 Hz, 1H,

r~5-CH-2) ,84Q fdth o)t 81kh {0 95HZ rl By H3 el 4 342 69 e 2R 6218 NMe 2 3GHH] NMR
(C6DS6) : d 174.2 (Ti-O-C); 135.4,7130.5, 130.1, 10 129.0, 128.5, 126.65, 126.58, 125.4, 125.3, 124.7,

123.9, 123.23,e423: 17, 332 22,6, L3 510881 101 A msaturatent €49 80 46:7 (NMe2).
[Synthesis of (1-{Inden-1'-yl)-2-C10OHG60)TiCI2] To a Schlenk-type reactor thoroughly dried and purged

with 15 nitrogenz:a yotatarwas, placesh ¢1en-1oyR2=CIOHEA TNMe2)2 (1244 8, 3a¢4 mmol)

obtained in the previous reaction was charged, and benzene (5 mL) was added, and then the mixture
was stirred. Me3SiCl 2:38 rmi+ 1864 ropol)iwas agded therete abroom termpgrature; angkafter 20 the

addition reacted under stirring at 50 C for 6 hours. From

5 anddriedtoobtain a brown solid. To the solid, hexane/diethyl
ether mixed selution (=9%95/5, 350 mL) was added, then it was well
‘ stirred, washed and filtered. Theobtained insoluble substance
was dried to obtain 1.32 g of the targeted
9- (2-Hydroxy-4, 6-di-tert-butylphenyl) flucrene (19%, light

10 yellow solid). The composition dissolved in hexane/diethyl
ether mixed sclution (=95/5) was purified by flash silica gel
column chromatography (eluant; hexane/diethyl ether = 85/3) to
further obtain 0.61 g of the target product (9%, light vellow
sclid). The yield in total was 1.93 g (28%).

15 The obtained product was analvzed with Elemental Analysis,
NMR and FD-MS, and the following results were obtained.
Elemental Analysis: Calc: C, 87.5Z; H, 8.16.

Found: C, 87.78; H, 7.55.
'H NMR (CDCls): d 7.85 (d, J =7.27 Hz, 2H, Flu-H-4, 5},
20 7.43 (t, J=7.26 Hz, 2K, Flu-E-3, 6), 7.42 (d, J =7.59 Hz, 2H,
Flu-H-1, 8) , 7.33~7.24 {m, 4H, aromatics), ; 5.14 (s, 1H, OH);
1.33 (br s, Y9H, CMes), 1.28 {br, S%H, CMes).
*C[*H] NMR (CDCls): d150.6 (0-C); 145.6 (br), 142.1, 140.4,

127.8, 127.7, 125.4, 123.%, 120.2 {(unsaturated C); 34.8, 34.3



the resultant solution, the solvent and the by-product were distilled off under reduced pressure to
obtain 1.40 g of the targeted (1 {Inden-1 y1}-2-C10H60)TiC12 (quantitative, brown solid). 141 The
obtained product was analyzed with NMR and FD-MS, and the following results were obtained. 1H
NMR (CDC13): d 7.95-7.86 (m, 3H), 7.61-7.23 (m, BH, aromatics and n5-CH); 6.86 (d, J = 8.91 Hz,
1H, n5-CH). 5 C [1H] NMR (CDC13) : d 174.2 (Tigéfb) ; 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).

1H NMR (CRA).\d 7359.@'}31@?-%&?8%7-454@%’ J 5@3.51, 1.62 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, 1HS, 6.67 (m, 2H, aromatics); 6.58 (d, J = 3.24 Hz,

1H, n5-CH-2), 6.54 ¢ddmt = 3;38, 0.8 Hz, 1H, n5-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-(5,6-Dimethoxyinden;3:-y-4: &-distert-butphenal, o+ 114 6-tRu,-CoH,0) TiCl,]
(2-{5,6-(MeO)2-inden-I'-yl}-4,6-di-tert-butyl-C6H20)H2] 2-B¥omo-4,6-d|—tert-butylphenol (77.41 g, 26.01

mmol), 20 5,6-Dimeihoxyckindanene(5,00-4.26.01 supal) and 15-utylithinm (1,57 Min hexane; 54.6

mL, 52.0 mmol) were used
5 nitrogen, a rotator was placed, TiCl, (1.0 M in toluene; 0.98

mL, C.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 cdropwise at room temperature ﬁnder stirring, and
after the addition, it was reacted under stirring at room
temperature for 1 hour. The resultant red sclution was cooled
to =78 °C in a dry ice-acetone bath, and n-butyliithium (1.56
M in hexane; 1.26 mL, 1.97 mmol) was slowly added dropwise.
16 After the addition, the temperature of the mizture 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, to obtain a brown suspension. The suspension
was filtered with a glass filter, which is filled with celite,
20 under & nitrogen atmosphere. The resultant black substance was
washed with toluene (4 mlL), and the wash liguid was mixed with
the filtrate. The resultantsclution was concentratedanddried,
and recrystallized with toluene to obtain .13 g of brown solid

containing the target product.



to carry out a reaction in accordance with the process disclosed in Dalton Trans., 2003, 4580, and the
resultant crude product was repeatedly purified (1st time: eluant; hexane/methylene 142 chloride =
1/1, 2nd time: eluant; methylene chloride) by flash silica gel column chromatography (eluant;
hexane/methylene chloride = 1/1) to obtain 2.91 i?I the targeted
2-(5,6-Dimethoxyinden-3'-yl)-4,6-di-tert-butylphen G/ield 5 11%, white solid). The obtained product
was analyzed with Elementary Analysis, NMR and FD-MS, and the following results were obtained.

Elementary Ana'ysi%@aé%fgiZé@gﬁdﬁé@-wég Ronnd, Lo {121 Hp868, dhhDIME (GG13): 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, 1H, CH);567% £3, 1H,:0H)::3.92 {$)s 3,82.(5, 36k 2.OMe) ; 3.53 (d, J =1.62 Hz, 2H, CH2) ; 1.45 (s)
1.32 (s, 9H, CMe3) . 15 13C['H] NMR (CDC13): d 149.3 (0-C) ; 148.4, 147.9, 141.6, 141.2, 136.9,

136.8, 135.3, 130.7i 133/, 1235, 121.2,0108,0,5 104,31 (nsaturatert C).: 56.2, 559 4OMg) ; 38.5
(CH2) ; 35.1, 34.3 (0e3); 31.6, 29.6 (CMe3). FD-MS: 380 (M+). 20 [Synthesis of

(2-{5,6-MeQsinden-1"-yk-4.6- Bu2-CRIA40) Ti(NMe2)21
2-(5,6-Dimethoxyinden-3'-yl)-4,6-di-tert-butylphenol

5 FD-MS: 486 (M+).

[Synthetic Example 2]
<<2-{1,1,4,4,7,7,10,10~0ctamethyl~-1,2,3,4,7,8,8%,10-0cC
tahydrodibenzo[b,h) flucrenyl}~4, 6~"Bu;~CgHaOH;
9~ {2-Hydroxy=-4, 6~di~tert-butyiphenyl)Octamethyloctahydrodib
10 enzoflucrene>>
[Synthesis of
1,1,4,4,7,7,10,10=0octamecthyl~1,2,3,4,7,8,8,10~0cctahydrodibe
nzo[b,hifluorenone;
Octamethyloctahvdrodibenzofluorenone]

15 l,l,4,4,7,7,lO,10moctamethylml,2,3,4,7(8,9,10~octahyd
rodibenzol{b,n]fluorene (Octamethyloctahydrodibenzofluorene;
5.00 g, 12.93 mmol) synthesized in accordance with a process
disclosed in Organometailics., 2004 (23)1777, was used to carry
out the oxidation reaction in accordance with a similar process

20 to a process disclesed in J. Org. Chem., 1987(62)8767. The
resultant preduct was purified by flash silica gel column
chromatography (eluant; hexane/methylene chioride = 1/1) to
obtain 3.44 g of the target product (66%, yellow solid).

The obtained product was analyzed with Elemental Analysis,



(0.53 g, 1.41 mmol) obtained in the previous reaction and Ti (NMe2) 4 (0.32 g, 1.41 mmol) were used
to carry out a reaction 143 in accordance with the process disclosed in Organometallics, 2004(23)
1576, and then from the resultant solution, the solvent and by-product were distilled off under reduced
pressure to obtain 0.72 g of the targeted 5 (2-(5,6:[%?024nden-l'-yi}-4,6-tBu2-C6H40)Ti(NMe2)2
(quantitative, red solid). The obtained product was analyzed with NMR, and the following results were
obtained. 1H NMR (CDC13): d 7.29 (d, J =2.64 Hz, 1H, phenoxy) , 7.24 10 (d, J =2.31 Hz, 1H,

phenoxy) ; &8z ($h8-58(s¢dH. dnd); 649 £d1d 5,296 Hz= 15 p3-GH:2) . §5,44 {do)F 2.97 Hz, 1H,
r15-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).

13C[1H3 NMR (CD@13)edh 441.8,(H-Q-O)s 150:8,1P0.1,d4055, 45,134.5,6127:1, 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); 49.2, 46.3

(NMe2); 34.9, 34.4 (€EMe3); 31.9629.6dCMe3)gHNMR (C6D6) : d 7.58 (d, J =2.64 Hz, 1H, phenoxy) ,
7.54 (d, J =2.31 Hz, 1H, phenoxy) ; 6.69 (s), 6.43 (s, 1H, Ind) ; 6.38 20 (d, J = 3.30 Hz, 1H, rl5-CH-2)

,6.27 (d, J = 2.96 Hz; Ther~3:50:3) 3.37 (5, 3, @Me)3,36-(s,)6HNMe2)3.03:(s, 3, OMe), 2.59
(s, 6H, NMe2) ,1.72 (s) , 1.43 (s, 9H, CMe3) i3C [1H] NMR (C6D6) : d 172.7 (Ti-O-C) ; 152.3, 151.3,
1413,5 1.70 (s, BH, CHy); 1.35 (s, 12H, CMes), 1.29 (s, 12H, CMes).

CI'™H] NMR (CDCl3): ¢ 194.0 (0=C); 151.8, 145.4, 141.3,
132.6, 122.7, 117.% (unsaturated C); 35.3, 34.92, 34.85, 34.7,
31.6 (CHz and CHp). ¥FD-MS: 400 (M+).

[Synthesis of

i0 9*(2—Hydroxy*4,6~di~tertmbutylph@nyl)Octamethyloctahydrodib
enzofluorenol]

To a Schlenk~type reactor thoroughly dried and purged with
nitrogen, a rotatocr was placed,
2-Bromo-4,6~di~tert-butylphencl (2.36 g, 8.29% mmol) was

15 charged and THE (30 ml) was added, and then the mixture was
dissclved under stirring. After completion of the slow
addition cf n-butyllithium {1.56 M in hexane; 11.2 mL, 17.41
mmol) at 0 °C, the temperature was slowly elevated, and reacted
under stirring at room temperature for 12 hours. The resultant

20 mixture was cooled again to -78 °C, and a solution prepared by
dissolving 9-Octamethyloctahydrodibenzofluorenone (2.36 ¢,
18.2%mmol) in THF {50 mLl) 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



135.1, 128.4-127.5 (overlapped with C6D6) , 127.3, 126.2, 124. 1, 144 123.4,120.1, 117.8, 102.1,
101.2, 100.6 (unsaturated C); 55.2, 54.9 (OMe); 49.5, 46.6 (NMe2); 35.3, 34.6 (CMe3); 32.2, 30.2
(CMe3) . [Synthesis of (2-?5,6-Me02-inden-I'-yl}-4,6-"Bu2-C6H40)TICI2 5 To a Schlenk-type reactor
thoroughly dried and purged with nitrogen, a rota%or was placed,
(2-{5,6-Me02-inden-I'-yl}-4,6-tBu2-C6H40)Ti(NMe )3(2—)(0 67 g, 1.29 mmol) obtained in the previous
reaction was charged, and benzene (5 mL) was added, and then the mixture was stirred. 10 Me3SiCl

(0.99 mL, 7-76-mmollwas.added fhareto af seom, femneratye and aligthe addlion ieagted under

stirring at 50 C for 10 hours. From the resultant solution, the solvent and the by-product were distilled

off under redueed presswe, 4Q ohiginG-64.0.0f the fargefed (2 C@F\? #MEN2 15,119 gi eyl
-inden-1'-yl}-4,6-tBu2-C6H40)TiCi2 (quantitative, brown solid). The obtained product was analyzed

with NMR aedf@ms%4eeaﬁ9&ogﬂg%@§ug§mr§e09&3¢%%clHéIVyMMQPg& L4 (4l (d J=231
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,

~5-CH-2), 6:92 {dd 471329066 et ParGHs3) SRL {8+ 1H, Ind), 4.01.(5)3,84.(s, 3H, O'V'e)
1.39 (s), 1.35 (s, 9H, CMe3) . '30 [1H] NMR (CD013) :d 172.9 (Ti-O-C) ; 'S4 .7, 154.0, 146.6
5 the targeted
8- (2-Hydroxy-4, 6-di~tert-butylphenyl)octamethyvloctahydrodib
enzofluorencl in a crude form (brown sclid).
[Synthesis of
9= (Z-Hydroxy-4, 6~di~tert-butylphenyl)octamethyloctahydrodib
10 enzofluorene]
Toa Schlenk-type reacter thoroughly dried and purged with
nitrogen, a rotator was placed, crude
9- (2-Hydroxy-4, 6~di~-tert~butylphenyl)octamethyloctahydrodib
enzoflucrencl {8.29 g) cbtained in the previous reaction was
15 charged, acetic acid (70 mL} and 57% hydroiodic acid {14 ml)
were added, and stirred. The mixture was reacted under reflux
at room temperature for 7 hours. The resultant brown suspension
waspouredintowater(300mL)andextractedwithdiethylether.
The obtained organic laver was washed firstly with
20 hydrogencarbonate agueous solution and then with sodium
hydrogensulfite agueous solution (10 wt%, ca. 150 ml), Mg STy
wag added to the washed organic layer, dried, and filtered to
obtainayellowsclution. Thesolutionwas slowlyconcentrated,

and thus unreacted 9-Octamethylectahydrodibenzoflucrenone



145 137.2,135.1, 134.6, 131.8, 128 124.6, 124.0, 123.8, 108.7, 103.7, 100.7 (unsaturated C); 56.4,
56.3 (OMe); 35.1, 34.8 (CMe3); 31.7, 29.6 (CMe3). "H 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, 1H, Ind), 6.51 (d, J = 3.30 Hz, IH, ;5-CH),
6.49 (d, J = 2.96 Hz, 1H, i~5-CH), 6.42 (s, 1H, Ir}Ldg 3.32 (s), 2.83 (s, 3H, OMe); 1.50 (s), 1.36 (s, 9H,
CMe3) . FD-MS: 497 (M+). 10 [Synthetic Example 1821 << (2-{Inden-1'-yl}-4,6-tBu2-C6H40)ZrCI2>> To
a screw-cap type NMR tube thoroughly dried and purged with nitrogen,

(2-{Inden-I"ylA B:Bu2-CEHAOZI NMe2)2 003 8, 8054 mmolkabiained i ageordagee with the
process 15 disclosed in Organometallics, 2004(23) ,1576, was charged, and benzene-d6 (0.8 mL)

was added,SubsaquantlycSikl4 {0 Hd2-mbn 0. 4% numol) was addadusing agpicie sydage at room
temperature, and after the addition reacted while being shaken at room temperature for 2 minutes.

From the resufiant selutien; the 20rsolvent-and theynprogiustywere distilled offunsler reduced
pressure to obtain 0.026 g of the targeted (2-{Inden-I'-yl}-4,6-'Bu2-C6H40)ZrC12 (quantitative, yellow
solid). The glgtained preduct wag apabyzedawith NMR a6d FR-MSzandt 14601 umn
5 chromatography {(eluant; hexane/diesthyl 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 obtainedgprodﬁct was analyzed with NMR and FD-MS, and
the fellowing results were obtained.
i0 W NMR (CDCls): d7.78-7.51 {m, 4H, fluorenyl); 6.70~6.36
{m, 2H, phenoxy) 5.59(s), 5.26 (s, total 14, Flu-H~-9}; 5.51 (br),
5.02 (br, total 1H, OH}; 1.70 (br, 8H, CHz}; 1.38-1.03 (m, 30H,
CHa ang CMes).
FD-MS: 580 (M+).
15 [Bynthetic Example 10]
<< (1l-{Inden-1"-yl}-2-CigHeO) T1Ll1s)
[Synthesis of
i-{Inden-3'-yl)-2-naphthol; (1-{inden~-3'-y1}-2~CyoHs0} H;]
3-Bromo-Z-naphthol (10.00 g, 44.83 mmol),
20 1-Indanone(5.92 g, 44.83 mmel} and n-~butyllithium (1.37 M in
hexane; 60.0 mlL, 24.1 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/methylene



the following results were obtained. 1H NMR (C6D6) : d 7.44 (d, J = 2.31 Hz, 1H, phenoxy), 7.41 (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, r5-CH), 5 6.91-6.84 (m, 2H, aromatics) , 5.25 (d, J = 3.30 Hz, 1H, g5-CH) ; 1.41 (s), 1.33
(s, 9H, CMe3). FD-MS: 480 (M+). [Comparative Rllegegrence Example 1] << (2-{Inden-1'-y11
-4,6-"Bu2-C6H40)TiC12>> 10 To a Schlenk-type feactor thoroughly dried and purged with nitrogen, a
rotator was placed, 2-(Inden-3'-yl)-4,6-di-tert-butylphenol (0.90 g, 2.81 mmol) which can be obtained

in accordangg with; g pracess disclosed, in Daltgndgans., 2003, 4580 ¢harged, ether (20 mL) was

added, 15 and the mixture was stirred. The reactor was cooled to -78 C in a dry ice-acetone bath.

N-butyllithium. (153 M imshexane: :3. 58k 3,62 rpmol) yvas slowfy, added dropyvise, and after the

dropwise addition, the temperature was slowly elevated to room temperature, and reacted under

stirring at room temperatyedar 20 d5hous AR thereactor was egoled L2 (8 Cyand TICI 4 (1.0
M in toluene; 2.81 mL, 2.81 mmol) was slowly added dropwise under stirring. After the dropwise

addition, the,tempeyature ywas slowly shanged hack i@ room emperatues andJegeted under stirring
at room temperature for 94 hours, to obtain a brown 147 suspension. The suspension was
concenfratedrang-dried. The

Elementary Analysis: Calc.: C, 88.34; H, 5.46.

Found: C, 88.0Z; H, 5.28.

'H NMR (CDCls): d 7.83-7.80 (m, 2H), 7.6%1 (d, J =7.02 Hz,
187y, 7.52-7.47 (m, 1H), 7.36~7.28 (m, 5H), 6.96 {(d, J=7.29 Hz,

16 1H, aromatics); 6.78 (t, J= 2.16 Hz, 1H, CH); 5.46 (s, 1H, OH};
3.75 (d, J =1.35 Hz, 2H, CHa).

'] NMR (CDCly): d 150.9 (0-C); 144.4, 144.1, 138.7,
135.8, 132.9, 129.7, 128.%, 128.1, 126.5, 126.3, 125.6, 125.0,
124.,0, 123.3, 121.2, 117.3, 114.3 {unsaturated C); 35.1 {CH,).

15 FD-MS: 258 (M+).

[Synthesis of (l-{Inden-1'-y1}-2~C;0HsC)Ti (NMes)]

1- (Inden-3'-vyl)-Z2-naphthel (1.00 g, 3.87 mmol; obtained
in the previous reaction and Ti (NMes), (0.87 g, 3.87 mmol) were
used to carry out a reaction in accordance with the process

20 disclosed in Organometallics., 2004 (23) ,1576, and then from
the resultant solutiocn, the solvent and the by-product were
distilled off under reduced pressure to obtain 1.52 g of the
targeted (l-{Inden-1'-y1l}-2-CipHe0O) T1 (NMe;y), (guantitative,

red solid).



resultant was analyzed with ZH NMR (CDC13), and the targeted titanium compound was not
observed. [Comparative Reference Example 2] 5 << (2 Inden-1'-yl) -4,6-tBu,-C6H40)TiC12>>
2-(Inden-3'-yl)-4,6-di-tert-butylphenol (1.00 g, 3.12 mmol), Ti014 (1.0 M in toluene; 3.12 mL, 3.12
mmol), and n-butyllithium (1.57 M in hexane; 3.97 juL, 6.24 mmol) were used to carry out a reaction
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 I1H NMR (CDC:3, and only=100.0f thiey dargated Htanium compoundivas observegds[Comparative
Reference Example 3] 15 << (2-{Inden-1'-yl}-4,6-tBu2-C6H40)ZrC12>> To a Schlenk-type reactor

thoroughly dded and purged withs NifeogensB fataderdwvas placed, 2-(Inden-3'-yl)-4,6-di-tert-butylphenol
(0.90 g, 2.81 mmol) which can be obtained in accordance with a process disclosed 20 in Dalton

Trans. , 2003, 4560'waseharged, ether (20mL) was ardded; apd the migtuse wassstirred.gEhe reactor
was cooled to -78 C in a dry ice-acetone bath. n-Butyllithium (1.57 M in hexane; 3.58 mL, 5.62 mmol)

was slowly added deopwise, and after the .drepwisesadditionthe temperatyrg was=slewhuchanged
back to 148 room temperature, and reacted under stirring at room temperature for 15 hours. This
suspersionwasscencertrated@ngldrieth angk= 7,50, 3.75 Hz, 1H), 6.69 (dd, J =
12.11, 7.58 Hz, 1H, aromatics}; 6.48 {(d, J=2.97 Hz, lﬂ,nﬁ—CH—E),
€.40 (dd, J= 3.11, 0.95 Hz, 1H, n°-CH-3}; 3.22 (s), 2.45 (s,
€H, NMe:).
“C['H] NMR (CeDg): d 174.2 ({Ti-0~C); 135.4, 130.5, 13C.1,
16 129.0, 128.5, 126.65, 126.58, 125.4, 125.3, 124.7, 123.8, 123.2%3,
123,17, 122.7, 122.6, 1319.3, 118.8, 101.7 {unsaturatedC); 49.8,
46.7 {NMe,).
[Synthesis of (I1-{Inden-1'-yl}-2-CipHeQO)TiC1l2]
Toa Schlenk-type reactor thoroughly driedandpurgedwith
18  nitrogen, a rotator was placed,
(1-{Inden-~1'=-yl}=~2-CioHeC) Ti{NMey), (1.47 g, 3.74 mmol)
obtained in the previous reaction was charged, and benzene (5
ml) was added, and then The mixture was stirred. Me35iCl (2.38
mi, 18.67 mmol) was added thereto at room temperature, and after
20  the addition reacted under stirring at 30 °C for 6 hours. From
the resultant solution, the solvent and the by-product were
distilled ¢ff under reduced pressure to obtain 1.40 g of the
targeted (l-{Inden-1'-y1}-2-CioHe0) TiCl, (gquantitative, brown

solidy.



ZrC14 (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 temperature for 15 hours, to obtain a brown
suspension. The suspension was concentrated and 10 dried. The resultant was analyzed with 1H
NMR (CDC13), and only 1% of the targeted zirconium compound was observed. [Comparative

Reference Exampl <si(={1 L ylis4 O:tBu2- 1232, _
2-(Inden-3'-yl)-4,6-3%]356%?&1%?0%%%%% %%%2 %%gr%%]%%$§rctl4 ?%R ?%dg,F .I“%Srhr%rc}) , and

n-butyllithiugkel 5% M inhexans: 3,97 ml, 624 mmob yere used to carry out a reaction in
accordance with the process disclosed in Organometallics., 2004(23) ,540, and a brown suspension

was obtained. The 20 syspension.was coneenizated and dried; The resultant was gnalyzed with 1H

NMR (CDC13), and the targeted titanium compound was not observed.TComparétNe eference

Example 5] afg&%{lyggcg;}-cﬂ-p{be-@@ﬁﬁ%ﬁ@éaar14;9 Joa §§hI§QI§-tX@p’ r%a(_:_t@ﬁ%horoughly dried

and purged with nitrogen, a rotator was placed, 2-(Tetramethylcyclopentadien-3™-yl)-4-methylphenol
(2.61 95 “CI'H] NMR (CDCl3): d174.2 {Ti-0-C); 139.5, 137.9, 134.3,

yil
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 Cy.
"HNMR (CgDe): d 7.59 (d, J=8.64, 1H), 7.45 (ad, J=18.91,
1.62 Hz, 1H), 7.24-7.11 (m, 4H), 6.98 (dd, J = 7.55, 7.56 Hz,

10 1K}, 6.78 {(d, J = 8.91 Hz, 1H), 6.67 (m, 2H, aromatics); 6.58

(d, J=3.24 Hz, 1H, n°~CH-2), 6.54 {dd, J = 3.38, 0.68 Hz, 1H,

n°-CH-3) .
FD~MB: 374 (M+).
[Synthetic Example 11]
15 <<(2-{5, 6~ (MeO)-inden~-1"~yl}~4, 6="Bu,~CsH,0) TiCl.>>
[Synthesis of
2= (3, 6~Dimethoxyinden-3'-yl) -4, 6-di~tert-butylphencl;
(2“{5,6~(Meo)2—inden"1'—yl}—4,6-dimtert—butyl~6ﬁb0)ﬂﬂ
2-Bromo-4, 6-di-tert~butylphenol (7.41 g, 26.01 mmol!,
20 5,6-Dimethoxy-l-Indanone(5.00 g, 26.01 mmol) and
n-=butyllithium (1.57 M in hexane; 54.6 mL, 52.0 mmol) were used
tocarrycut a reaction inaccordance with the processdisclosed
in Dalton Trans., 2003, 4580, and the resultant crude preduct

was repeatedly purified (1°° time: eluant; hexane/methylene



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 Min hexane; 14.6 mL, 22. 9 mmol)
was slowly added dropwise, and after the dropwilie ddition, the temperature 10 was slowly changed
back to room temperature, and reacted under sti ﬁwg at room temperature for 14 hours. This
suspension was concentrated and dried, and then dissolved by adding 100 mL of toluene. Again it

was cooled 10,178, C3TICH4 (1.0 Mn tolyene 1.1.5ml .45 mimal) was, slowdy addeg dropwise under

stirring, 15 and after completing of the dropwise addition, the temperature was slowly changed back to

room tempegqtyg%@ﬂ@éqags@me&ﬂ%mg% [0 fe perature.fo, 66 haurs Lo ghtalg g brown

suspension. The suspension was filtered with 3 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 liquid was mixed with the filtrate. The resultant dark-brown solution thus obtained was

concentrated Lpstoe2 Bk ke AgXARE {3180 Was,added to form-a layerop.a top.of the @%&m and left

at room temperature, to precipitate a brown crystal. 150 The crystal was separated by filtration with a
glass filter, washeghwith.tolyengs and dried under reduced pressure, to obtain 57 mg of the targeted
titanium compound as brown powder. After the filtrate was concentrated and dried, added with 2 mL

of hexane, 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, B8.68.
'H ONMR {(CDCls): d 7.32 (d, J =2.43 Hz, 1H), 7.21 (d, J
=2.70 Hz, 1H, aromatics); 7.13 (s}, €.88 (s, 1H, Ind}; 6.56 (t,
J=2.03 Hz, 1H, CH); 5.67 (s, 1H, CH); 3.92 (s}, 3.82 (s, 3H,
OMe): 3.23 (d, J=1.62Hz, 2H, CHp}; 1.45 (s), 1.32 {5, 9H, CMes).
15 PC{'H] NMR (CDCls): d 149.3 (0-C); 148.4, 147.9, 141.%,
141.2, 136.8, 136.8, 135.3, 130.7, 123.7, 123.5, 121.2, 108.0,
104.3, {unsaturatedC); 56.2, 55.9 (OMe); 38.5 (CHp): 35.1, 34.3
(CMes); 31.%, 29.6 (CMes).
FB-MS: 380 (M+).
20 [Synthesis of
(2-{5,6~MeC;~-inden~1"-yl}~4, 6= "Bu;~CsH0) T1 {NMe,) 5]
2~ (5, 6-Dimethoxyinden-3'~yl) -4, 6-di-tert~-butylphenol
(0.23 g, 1.41 mmol) obtained in the previous reaction and

Ti(NMez)y (0.32 g, 1.41 mmol) were used to carry ocut & reaction



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 compound as brown powder (total 123 mg, yield 3%) 10 The obtained product was
analyzed with NMR and FD-MS, and the following results were obtained. 1H NMR (CDC13) : d 7.15
(dd, J =8.39, 1.32 Hz, 1H, Ph-H-5), 7.06 (s, 1H, 2’H-3), 6.53 (d, J = 8.24 Hz, 1H, Ph-H-6), 2.43 (s)
-, 2.01(s, 6H, C5Me4). 15 FD-MS: 344 (M+). [Comparative Reference Example 6] <<(2 {Me4Cp}-4,6

tBu2 Cor4 il Gz ka-3chienk-type 18acior loraughly slied and @yg%?dow&*ea@&@gs'} a rotator
was placed, 20 2-(Tetramethylcyclopentadien-3'-yl)-4,6-di-tert-butylphenol (0.70 g, 2.14 mmol) which

can be obtainggin aecordanee with, 4 pracess diselased in Qrganometallics, 2004 (23), 540 was

charged, ether (20 mL) was added, and the mixture was stirred. The reactor was cooled to -78 C in a

dry ice-acetang bath. 15 NDuJitium, (157 Min:hexang: 2 73,0k 4. 297mo}) wasalquly added

dropwise, and after the dropwise addition, the temperature was slowly changed back to room
temperature; gndgeactgd @Jnﬂgrﬁitgrﬂngﬁé reom Jempgrature for 15 hours. Again, the reactor 5 was

cooled to -78 C, and TiC14 (1.0 M in toluene; 2.14 mL, 2. 14
5 (2-{53,6~Me0zZ-inden~1"-yl}=4, 6-"Bu,~CcH,0) Ti (NMes) 5
(quantitative, red sclid).
The obtained product was analyzed with NMR, and the
following results were cobtained.
"H NMR (CDCls): & 7.29 (d, J =2.64 Hz, 1H, phenoxy}, 7.24
10 (d, § =2.31 Hz, 1H, phenoxy); 6.82 (s), 6.58 (s, 1H, Ind); 6.49
(d, J=2.96Hz, 18, 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).
“C[*H]} NMR (CDCls}: d171.8 (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); 49.2, 46.3
(NMez); 34.9, 34.4 (CMes); 31.9, 28.6 (CMes).
"H NMR (Ce¢Ds): d 7.58 (d, J =2.64 Hz, 1H, phenoxy), 7.5¢
(d, J =2.31 Hz, 1H, phencxy); 6.69 (s), 6.43 (s, 1H, Ind); 6.38
20  (d, J=23.30Hz, 1H, n°~CH-2), 6.27 (d, J=2.96 Bz, 1H, n°~CH-3);
3.37 (s, 3H, OMe), 3.36 (s, 6H, NMe,), 3.03 (s, 3H, OMe), 2.59
(s, 6H, NMep), 1.72 (s), 1.43 {s, 9H, CMes).
SC{'H] NMR (CeDg): @ 172.7 (Ti=0=C}; 152.3, 151.3, 141.3,

135.1, 128.4-127.5 (overlapped with Cg¢D¢), 127.3, 126.2, 124.1,



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 10 and dried. The resultant was analyzed with
1H NMR (CDC13), and only 3% of the targeted titanium compound (in comparison with the analysis
data disclosed in Organometallics. ,2004(23), 54&)%as observed. EXAMPLE 1 15 <Polymerization of
Ethylene using (2-{Index.-I"-yl}-4,6-"Bu2-C6H40)TiC12> To a glass reactor having an internal volume

of 500 mL toroudhly pursed with itoges, 200.1pL of 2 telyene salulon, was chargedand a auid

phase and a gas phase were saturated 20 with ethylehe gas (= 100 liter/hr) at 25 C. Théreafter, 0.25

mmol of triispbutylalyminum and;1.0,iaL of adgluene salution EmmMOM).0f . 25 5 30 5
(2-(Inden-1"-yi)-4,6- Bu2-06H40)TiClZsynthesized "in Synthetic Example [ were addéd, subsequently,
triphenylcarheqjumtetrakis(pentafluorophenyl)borate was 152 added in an amount of 1.2 equivalent to
Ti, to initiate polymerization. After carrying out the reaction under ethylene = 100 liter/hr) atmosphere

ol merzations ARt SopIEIon o 14 SO ZAIoE (e rEaaton oG was Dakad sito a large
amoun%Ofmeﬂm“mﬁBafkﬂdenkutypezeacto:thoroughlydriedandpmrgedwith
nitrogen, a& rotator was placed,
(2-{5,6~Me0,-inden-1"'~yl}-4, 6~ Bu,~CeH 0) Ti (NMey), (0.67 g,
1.29% mmol) obtained in the previous reaction was charged, and
benzens (5 mlL) was added, and then the mixture was stirred.
10 MeaSiCl (0.99 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 scolution, the sclvent
and the by-product were distilled off under reducedlpressure
to obtain 0.64 g of the targeted (2-{5,6-(MeQ),
16 -inden-1'-yl}i-4,6-"Bu,~CeHsO)TiCl, {(quantitative, brown
solid).
The obtained product was analyzed with NMR and FD-MS, and
the following results were cbtained.
M NMR {(CDCls): d 7.41 (d, J =2.31 Hz, 1H, phenoxy}, 7.31
20 {(d, J =1.98 Bz, 1H, phenoxy); 7.05 (s, 1H, Ind), 6€.95 (4, J =
3.29 Hz, 1H, n°-CH-2), 6.92 (dd, J=3.29, 0.66 Hz, 1H, n°-CH-3},
6.61 (s, 1K, Ind), 4.01 (s), 3.84 (s, 3H, OMe); 1.39 (s), 1.35

(S, QH, CMeg) .

BCMH) NMR (CDCls): d172.9 (T4-0-C): 154.7, 154.0, 146.6,



precipitate all the polymers, 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 fo_r 10 hours
to obtain polyethylene. The Tm of the obtained product was 112.9 'C. EXAMPLE 2 <Polymerization of
Ethylene using (2-{Inden-l‘-yl}-4,6-tBU2-C5H40hT£12> 15 The polymerization and the
post-treatment were carried out in the same manrier-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-11y}4:6-tBy2-GEHAO) TIC 2synthesizedsinsSynthetie 20 Examplek were used;

triphenylcarbeniumtetrakis(pentafluorophenyl)borate was added in an amount of 1.2 equivalent to Ti

and the reagtien time; waschangeddo Iominutes. e Tm of he obtataed polymer was g113.3 0. 153
EXAMPLE 3 <Polymerization of Ethylene using (2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiC12> The

polymerization.and the post-treatmentmgrg 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 'H NMR (CeDg): & 7.57 (d, J =2.31 Hz, 1H, phenoxy), 7.32
5 (d, J =2.31 Hz, 1H, phenoxy;:; 6.54 (s, 1H, Ind}, 6.51 {(d, J =
3.30 Hz, 1H, n°=CH), 6.49 (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, SH,
CMes) .
FD-MS: 497 (M+).
10 [Synthetic Example 12]
<<{2-{Inden-1'~-yl}—4,6~-"Bu,~CsH,0) ZrCly>>
To a screw~cap type NMR tube thoroughly dried and purged
with nitrogen, (2-{Inden~1'-yl}-4, 6-"Buy,~CeHqO)2r (NMes),
(0.030 g, 0.054 mmol) obtained in accordance with the process
15 disclosed in Organometallics, 2004 (23) ,1576, was charged, and
benzene-d6 (0.8 mL) was added. Subseguently, SiCl; (0.612 ml,
0.11 mmol) was added using a micro syringe at room temperature,
and after the addition reacted while being shaken at room
temperature for Z minutes. From the resultant solution, the
20 solvent and the by-product were distilled off under reduced
pressure to cobtain 0.026 ¢ of the targeted
(2={Inden~1'-yl}-4,6-"Bu,-Ce¢HsQ0) ZrCl, {guantitative, yellow
solid).

The obtained product was analyzed with NMR and FD-MS, and



(2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiCl2synthesized in Synthetic Example 3 instead of
(2-{iInden-1'-yl}-4,6-tBu2-C6H40)TiC12were 10 used, and
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was added in an amount of 1.2 equivalent to Ti.
The Tm of the obtained polymer was 121.8 C. As gdesult of 13C-NMR (ODCB-d4/C6D6=4/ viv, 120
C) 15 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 propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and
36.9 ppm, asignatderved-isomdenninal etng vistytidane: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 quaternary carbon at 7.5 ppm. A
13C-NMR spectrum:ofithe potymer isshownd in &ig.Ji EXANMPLEZ4 <Polyptesization of Ethylene using
154 (2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiC12> The polymerization and the post-treatment were carried
out in the same maarer B8 IREXANMPLIES to Gbtain pdlyethyehe 3 except that thieaeastion
temperature was changed to 80 C. The 5 Tm of the obtained polymer was 123.3 C. As a result of
'3C-NMR (ODCB-04/CBPE=2H &//\i 8120 C) masrefientdf the=polyhieH thetelis obseried a signal
derived from ethyl branch at 10.9 ppm, 26.5 ppm and 39.5 ppm, a signal ]
5 6.91-6.84 (m, 2H, aromatics), 5.25 (4, J= 3.30 Hz, 1H, n°-CH);
1.41 (s), 1.33 (s, SH, CMe;).
FD-MS: 480 (M+).
[Comparative Reference Example 1]
<<{2~{Inden-1'-yl}-4, 6-"Bu,~CgHs0) TiCly>>
10 To a Schlenk-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed,
2-({Inden-3'-yl)-4, 6-di-tert~butylphenol (0.9%0 g, 2.81 mmol)
which can be obtained in accordance with a process discloesed
inDalton Trans., 2003, 4580 was charged, ether (20mL} was added,
15 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 mL, 5.62 mmol) was slowly added dropwise, and after the
cdropwise addition, the temperature 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 TiCi
s (L.0Mintoluene; 2.81lmL, 2.8l mmol) was slowly added dropwise
under stirring. After the dropwise addition, the temperature

was slowly changed back to room temperature, and reacted under

stirring at rocm temperature for 94 hours, to cobtain a brown



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 quaternary carbon at 7.5 ppm. A 13C-NMR spectrum of the
polymer is shown in Fig. 2. 15 EXAMPLE 5 <P0I¥Lr£1 rization of Ethylene using

- (2-{2-Me-Inden-I'-yl}-4,6-tBu2-C6H40)TiC12> Thé polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE | to obtain polyethylene, 20 except that

(2-{2-Me-Indarydeyi-4c6r. BuZ,@Q6HARQNT0L2 synthesizedin SwtheticExampie-4 avas used instead of
2-{Inden-I'-yl}-4,6-tBu2-C6H40)TiC12, and the reaction time was changed to 5 minutes. The Tm of the

obtained polynen was 424:ls G A32vEXAMRLE 6 gPalmerization of Biyleneusiaggeted
(2-{2-Me-Inden-I'-yl}-4,6-tBu2-C6H40)TiC12> The polymerization and the post-treatment were carried

5 out in the samermannebas KRS AMRLE Stonhtainpalyethylene, 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 [Comparative Reference Example 2]
5 << (2-{Inden=-1"=yl}=~4,6-"Bu,~CegHsO) TiCly>>
2= (Inden~3'~yl)-4,6-di-tert~-butylphenol (1.00 g, 3.1Z2
mmol}, TiCl, {1.0 M in toluene; 3.12 mi, 3.12 mmol}, and
n-putyllithiuvm {1.57 M in hexane; 3.87 mL, 6.24 mmol) were used
to carry out a reaction in accordance with the process disclosed
i0 in Crganometallics., 2004 (23) ,540, and a brown suspension was
obtained. The suspension was concentrated and dried. The
resultant was analyzed with ly NMR (CDCls), and only 1% of the
targeted titanium compound was observed.
[Comparative Reference Example 3]
15 << (2={Inden-1'-yl}-4,6-"Bus—CeHs0) Zrli,>>
To a Schlenk~-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed,
2~ {inden~3'-yl)-4,6-di-tert-butylphenol (0.50 g, 2.81 mmol)
which can be obtained in accordance with a process disclosed
20 inDaltonTrans., 2003, 4580 was charged, ether (20 nL) was added,
and the mixture was stirred. The reactor was cocled to -78 °C
in & dry ice-acetone path. n-Butyllithium (1.37 M in hexane;
2.58 miL, 5.62 mmol} was slowly added dropwise, and after the

dropwise addition, the temperature was slowly changed back to



10 (2-{2-Me-4-Ph-Inden-1'-yl}-4,6-tBu2-C6H40)TiC12> The polymerization and the post-treatment
were carried out in the same manner as in EXAMPLE 1 to obtain polyethylene, except that
(2-{2-Me-4-Ph-Inden-I'-yl}-4,6-tBu2-C6H40)TiC12 synthesized in Synthetic Example 5 was used
instead of 15 2-{Inden-1"-yl}-4,6-tBu2-C6H40)TiC|2,gand 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-I'-yl}-4,6-tBu2-C6H40)TiC12> The polymerization and the post-treatment were
carried outin thetsame mannes as it EXAMRIFuAtehiain polyethyteneorexeaptdbhat Q.05 mmol of
triisobutylaluminum and 0.2 miIL of a toluene solution (5 mmol/L) of 156
(2-(2-Me-4-Phinderbytl-4,61BUR-E6EKEO)EDNLR synthesined rin Synthetc Example 5 wede used,
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was added in an amount of 1.2 equivalent to Ti,
and the rea&tidhn. 5 tifie #Wasschanded tord minutes athie dneef thesahitaihedpotymeravas124.9 C. As
a result of 13C-NMR (ODCB-d4/C6D6=4/1 v/v, 120 C) measurement of the polymer, there is
observed a signab derivedmfrepthethyl. branchiat, 10 9=ppee 26G-ppasand @96 ppm;-asigaal 10 derived
from propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and
5 and 25 mi of toluene cooled to ~78 °C was added under intensive
stirring. After completion of the tcluene addition, the
temperature was slowly changed back to room tempsrature, and
reacted under siirzing at room temperature for 15 hours, to
obtain a brown suspension. The suspension was concentrated and
10 dried. The resultant was analyzed with *H NMR (CDCl;), and only
1% of the targeted zirconium compound was observed.
[Comparative Reference Example 4]
<< (2-{Inden-1'-yl}-4, 6-"Bus~CeHsO) ZrCls>>
2-{Inden-3'-yl)-4,6-di-tert~butylphencl (1.00 g, 3.12
15 mmol),
ZrCl, (0.73 g, 3.12mmecl), and n-butyilithium (1.57 M in hexane;
3.97 mL, ©.24 mmol) were used to carry out a reaction in
accordance with the process disclosed in Organometallics.,
2004 (23) ,540, and a brown suspension was obtained. The
20 suspensicn was concentrated and dried. The resultant was
analyzed with *H NMR (CDCl13), and the targeted titanium compound
was not observed.

[Comparative Reference Example 5]

<< (2={Me,Cp}=4~Me~CeHyO) TACL,>>



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 quaternary 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-Inden-l-yl}-4,6-tBu2-C6H4q% KC12> The polymerization and the post-treatment
were carried 20 out in the same manner as in EXAMPLE B 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-palymeriwak 125:9:C- As-a sestlt ©F I36NVRACRCE-d4/Coar¢hl wv, 120 C)
157 measurement of the polymer, there is observed a signal derived from ethyl branch at 10.9 ppm,

26.5 ppm andB3%2 M, A sighak derived fremapeapyl 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 derivedriemsa.amnethy geaupref-ethylikransgh which-hends:to,quaterary caran @t 7.5 ppm. A
3C-NMR spectrum of the polymer is shown in Fig. 4. EXAMPLE 10 10 To a reactor [a
parallel-pressurecatalylic eactiancapppeatus (2 rateNameadoadervorsmarniiastueddasArgonaut,
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 lce-acetone bath.
n~Butyllithium (1.57 M in hexane; 14.6mlL, 22.% 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. Thils suspension was
concentrated and dried, and then dissolved by adding 100 mL of
toluene. Again it was cooledto~78B°C. TiCls (1.0Min toluene;
11.5mi, 11.45 mmol) was slowly added dropwise under stirring,
16  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 liguid was mixed with the filtrate. The resultant
dark-brown solution thus obtained was concentrated up to 3 ml,
hexane (3mlL) was added to forma layver ona top of the soclution,

and left at room temperature, to precipitate a brown crystal.



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 liquid
phase and a gas phase were saturated with ethylene 8 kg/cmz G (Hereinafter, there may be a case
where the unit kg/cmz G is abbreviated as KG) at 60 C. Thereatfter, 0.25 mL of a toluene solution (0.8
mmol/L) of (2-{Inden-2'-y1)-4,6-‘Bu2-C6H4O)TiC1‘25Qynthesized in 20 Synthetic Example 3 was
added, and subsequently, a toluene solution (0.4 mmol/L) of

tiphenylcarbeaiysiietais(pentalluyiophenulborate was.added n an amauntal L2 equivalent o Ti
(o}

to initiate polymeriZation. The toluehe was fe give a final volume of 15 mL Tn total. An ethylene

gas was cogiuioueiy fed,tomaltialn I talal diassie:of 8443 Al cating A e eagtion at 60

C for 20 minutes, small amount of methanol was added to stop the ‘polymerization. After completion of

the > poymerizalions the, paskitealient Az Garfled gt I e same pannst asin EXAMELE 1, and

the resultant was dried under reduced pressure at 80 C for 10 hours to obtain polyethylene. As a

result of'H-NMRAODCB-AA), measyrement.qfthe, palymer, {here is ohseryed.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 1o 46 pRMga-signalChderyediram disubstitutedlatemal alefin als-410.5.2 ppm angla signal
supernatant was removed, the crystal was washed with hexane (1
mL), dried under reduced pressure, to further obtain 57 mg of
the targeted titanium compound as brown powder (total 123 mg,
yield 3%).
10 " The cbtained product was analyied with NMR and FD-MS, and
the following results were obtained. |
"HNMR (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), 2.01{s, €H, C:Me.).
15 FD-MS: 344 (M+).
[Comparative Reference Example 6]
<< (2~{Me,Cp}—-4, 6~ "Buy—CsHa0) TiCly>>
To a Schlenk-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed,
20 Z-(Tetramethylcyclopentadien-3'-yl)-4,6-di-tert~butylphencl
{0.70 g, 2.14 mmol) which can be cbhtained in accordance with
& process disclesed in Organometallics., 2004 (23), 540 was

charged, ether (20 mL}) was added, and the mixture was stirred.

The reactor was cooled to -78 °C in a dry ice-acetone bath.



(D) derived from tri-substituted internal olefin at 5.2 to 5.0 ppm 15 A 'H-NMR spectrum of the polymer
is shown in Fig. S. As a result of 13C-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 propyl
branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and 36.§%pm, 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. A '3C-NMR spectrum of the polymer is shown

in Fig. 6. EXAMPLE1ILL $59 ukheipdymerization and the. poshtteatmeatwere)cakied oyinthe same
manner as in EXAMPLE 10 to obtain polyethylene, except that the triisobutylaluminum quantity and

the polymesizatiehdemperaidreanere thangekta 003 nsaokandd 806, SrespesiivelyAsa result of
1H-NMR (ODCB-d4) measurement of the polymer, there is observed a signal (A) derived from

terminal vinykat 15610 5.G:ppruand a2 k047 npmm, asighal (B).derjved fora stetminalndrydidene at
4.7 to 4. 6 ppm, a signal (C) derived from 10 disubstituted internal olefin at 5.4 to 5.2 ppm, and a signal

(D) derived froirtricsighstttutecbintesnal otefin.atb 240 5.9 ppatA HaIMR spestune etthe-polymer is
shown in Fig. 7.

8 was cooled 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,
to obtain a brown suspension. The suspension was concentrated

10 and dried. The resultant was analyzed with *E 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"-yl}-4, 6~ Bu,~CsH,0) 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 a liquid 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 solution
(bmmol/L) of (2-{Inden=~1'-yl}-4,6-"Bu,-CsHs0)TiCl; synthesized
in Synthetic Example 1 were added, subseguently,

triphenylcarbeniumtetrakis (pentafluorophenyliborate was



As a result of 13C-NMR (TCE-d2) measurement of the polymer, 15 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 36.9 ppm, a signal derived from terminal ethyl vinylidene at 12.4 ppm,
26.1 ppm and 36.3 ppm and a signal derived froTSazmethyI group of methyl branch 20 which bonds to
guaternary carbon at 7.5 ppm. A 130-NMR spectrum of the polymer is shown in Fig. 8. EXAMPLE 12
<Copolymerization of Ethylene/Propylene using (2-{Inden-1'-yl}-4,6-'Bu2-C6H40)TiC12> 160 To a

glass reactariiaing andntespahyotume of 50048k theroughlyqurged with nitregen 250 mL of a
hexane solution was charged, and a liquid phase and a gas phase were saturated with

ethylene/propyleme gasd=:60{40 lter/br) at2s Gi SoTheteatter -0 Hb-narolofidisebutylaliminum and
0.2 mL of a toluene solution (5 mmcl/L) of (2-{Inden-1'-yl}-4,6-'Bu2-C6H40)TiCl2synthesized in

Synthetic Exarbple 1 ivare added; subseguenily ririphenyltashenigmtetrakis(nentaflugraphenyl)borate
was 10 added in an amount of 1.2 equivalent to Ti, to initiate polymerization. After carrying out the

reaction under zihylene Aatapyleaedsuixed gasi(00/4Q titer/ hisatmesphere of sosmat pressure for 15
minutes at 25 C, small amount of isobutanol was added to stop the polymerization. After

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 polymer
was well washed with methancl and dried under reduced pressure

10 at B0 °C for 10 hours to obtain polyethylene. The Tm of the
obtained product was 112.9 °C.

EXAMPLE 2
<Polymerization c¢f Ethylene using

(2-{Inden-1'-yl}-4,6-"Bu;-CeHsO) TiCl,>

15 The polymerization and the post-treatment were carried
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 sclution (5 mmol/L) of
(2-{Inden-1'-yl}~4, 6-"Bu,;~CeH,0) TiCl, synthesized in Synthetic

20 Example 1 were used,
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amount of 1.2 eguivalent to Ti and the reaction time
was changed to 15 minutes. The Tm of the obtained polymer was

113.3 °cC.



15 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 ethylene/propylene copolymer. EXAMPLE 13 20 <Copolymerization of Ethylene/Propylene
using (2-{Inden-2"-yl}-4,6-"Bu2-C6H40)TiCI2> The-polymerization and the post-treatment were
carried out in the same manner as in EXAMPLE 12 to obtain ethylene/propylene copolymer, except
that 161 (2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiCl2synthesized in Synthetic Example 3 was used instead
of 2-{Inden-I-yl}-4,GXBM2IFSHA0)TiCi2, and the reaction time was changed to 10 minutes. 5
EXAMPLE 14 <Copolymerization of Ethylene/Propylene using

(2-{2-Me-Inden-1'-y{}r4 BrtBu2i B HAO)TioI2 2 tTiyé polymesization and the post-treatment were carried
out in the same manner as in EXAMPLE 12 to obtain 10 ethylene/propylene copolymer, except that
0.05 mmol o2 trisobeatytdlumiriuim and-O 2w Cel ebtbliehie, solution (5 mmol/L) of
(2-{2-Me-Inden-1'-yl}-4,6-tBu2-C6H40)TiCl2 synthesized in Synthetic Example 4 instead of
(2-{Inden-1'-yl}-4,6iBa2:CeHAR)TICRMere ased:Ife post-treatment were carried
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was

b cut 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 solution (5 mmol/L) of
(2-{Inden=-2'-yl}=-4, 6= "Bu,~CeHs0) TiC1, synthesized in Synthetic
ExampleiBinstead.of(2—{Endenw1'-yl}—4,6~t8u2“C¢MO)TiC12were

10 used, and
Triphenylcarbeniumtetrakis (pentafliucrophenyl)borate was
added in an amount of 1.2 equivalent to Ti. The Tmof the obtained
polymer was 121.8 °C.

s a result of C-NMR (ODCB-da/CsDe=4/1 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 and 39.5 ppm, & signal
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

20 methyl group of ethyl branch which bonds to guaternary carbon
2t 7.5 ppm. A ''C-NMR spectrum of the polymer is shown in Fig.
1.

EXAMPLE 4

<Polymerization of Ethylene using



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
(2-{2-Me-4-Ph-Inden-1'-yl}-4,6-tBu2-C6H40)TiCl2> The polymerization and the post-treatment were
carried out in the same manner as in EXAMPLEJg to obtain ethylene/propylene copolymer, except
that (2-{2-Me-4-Ph-|nden-l'—yl}-4,6-tBu2-C6H4O)LI'|éI2 synthesized 162 in Synthetic Example 5 was
used instead of 2-{Inden-1'-yl}-4,6-4u2-C6H40)TiCl2, and the reaction time was changed to 10

minutes. EXAMPIrE26 62<Gonalymesizegion-of Elbylene/l-butene using
2-{Inden-2'-yl}-4,6-' Bu2-C6H40)TiCI2> The polymerization and the post-treatment were carried out in

the same manner ahia EXAMBPLE 13 to obtaindethyleneik-butene-copolymes except thatan
ethylene/1-butene 10 mixed gas (= 95/5 liter/hr) was used instead of the ethylene/propylene mixed

gas (= 60/48ditet/hry nEXAdRLEEhsCapolymeization of Ethylenetkbutere ysingylene,
(2-{2-Me-4-Ph-Inden-1'-yl}-4,6-' Bu2-C6H40)TiCI2> 15 The polymerization and the post-treatment
were carriedouirt the sameenarrerasn EXAMPRE dbdoebtailanged to 80 °C. The

5 Tm of the obtained polymer was 123.3 °C.

As a result of '’C-NMR (ODCB-d./CgDe=4/1 v/v, 120 °C)
measuremaent 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

16 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 guaternary carbon
at 7.5 ppm. A Y’C-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-"Bus~CgH0) TiC1l,>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to obtain polyethylene,

20 except that (2-{2-Me-Inden-1'-yl}-4,6-"Bu,—CsH,0)T1iC1,
synthesized in Synthetic Example 4 was used instead of
2-{Inden-1'-yl}~-4, 6~"Bu,~CsH,0) TiCl,, and the reaction time was
changed to 5 minutes. The Tm of the obtained polymer was 124.1

°C.



ethylene/i-butene copolymer, except that an ethylene/1-butene mixed gas (= 60/40 liter/hr) was used
instead of the ethylene/propylene mixed gas (= 60/40 liter/hr). 20 EXAMPLE 18 <Copolymerization of
Ethylene/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 ngner as in EXAMPLE 17 to obtain 163
ethylene/1-butene copolymer, except that an ethylene/1-butene mixed gas (= 80/20 liter/hr) was used
instead of the ethylene/1-butene mixed gas (= 60/40 liter/hr). EXAMPLE 19 5 <Copolymerization of
Etylene/1-butene usingM2r{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 copselymern: exeeptihab an etnyjere/d-huteng, 10 mixed gas (= 95/5 liter/hr) was
used instead of the ethylene/1-butene mixed gas (= 80/20 liter/hr). EXAMPLE 20 <Copolymerization

of Ethylene/igselutene usinge f2-{Indens2--y|}e4, BaiBu2:-CoH40)HC 12> 15 To a reactor [a
parallel-pressure catalytic reaction apparatus (Trade Name: Endeavor) manufactured by Argonaut,
equipped with 8-channelparathel reactor systefy havingaR t -t reatment 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-1'-~yl}=4, 6-"Bus~CeH,0) TiCl,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to Obtain polyethylene,
except that (2-{2-Me-4-Ph-Inden-1'-yl}-4,6-"Bus-CeHs0)TiCla
synthesized in Synthetic Example 5 was used instead of
15 2-{Inden-1'-yl}~4,6~"Bup,~CegHs0)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'-v1}-4, 6-"Bu,~CegH,0)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 mmol of triisobutylaluminum and 0.2 mll of a

toluene solution (5 mmol/L) of



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
isobutene 1 kg/cm2G at 30 C. Subsequently, pressure of ethylene was increased and the liquid
phase and the gas phase were saturated to give1 té)tal pressure of 2 KG. Thereafter, 0.25 mL of a
toluene solution (0.8 msnol/L) 164 of (2-Inden-2'-yl}-4,6-' Bu2-C6H40)TiCI2 synthesized in Synthetic
Example 3 was added, and subsequently, a toluene solution (0.4 mmol/L) of

triphenylcarbeniymtgtrakis{pentafidgrophenyl)barate-was, -Sradgedrinan ampunt 8 1 Z=equivalent to

Ti, to initiate polymerization. The toluene was fed to give a final volume of S mL in total. The ethylene

gas was confinugusty fed to madatpine the tptalorassie 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 polymetization; thereastiomselutienwasconcentatedandk giedrand ddedamder reduced
pressure at 80 C for 10 hours to obtain ethylene/isobutene copolymer. A 13C-NMR (TCE-d2)

spectrum ok the=polymesis shewndn &0.1135 % EXAMPLER L sCopplymerizationefact ion
Ethylene/lsobutene using (2-{Inden-2'-yl}-4,6 tBU2-C6H40)TiC12>
& time was changed to 10 minutes. The Tm of the obtained polymer
was 124.9 °C. |
As a result of PC-NMR (ODCB-d,/CsDe=4/1 w/v, 120 °C)
measurement of the polymer, there is observed a signal derived
from ethyvl 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, a signal derived from terminal ethyl vinylidene at
12.4 ppm, 268.1 ppm and 36.3 ppm, and & signal derived from a
methyl group of ethyl branch which bonds to gquaternary carbon,
at 7.5 ppm. A ’C-NMR spectrum of the polymer is shown in Fig.
15 3.
EXEMPLE &
<Polymerization of Ethylene using
(2-{2-Me-4~-Ph~Inden-1'-yl}-4, 6-"Buy~CeH, 0) TiCl,>
The polymerization and the post-treatment were carried
20 out in the same manner as in EXAMPLE 8 tec obtain polyethylene,
except that the reaction temperature and the reaction time were
chaﬁg@d te 80 °C and 30 minutes, respectively. The Tm cf the
obtained polymer was 125.9 °C.

Zs a2 result of MPC-NMR (ODCB-d:/CeDe=4/1 v/v, 120 °C)



The polymerization and the post-treatment were carried 20 out in the same manner as in EXAMPLE
20 to obtain ethylene/isobutene copolymer, except that the feed pressure of ethylene gas was
changed to give a total pressure of 9 KG instead of 2 KG. EXAMPLE 22 165 <Copolymerization of
Ethylene/lsobutene using (2-{Inden-2'-yl}-4,6-tBu%—§/6H40)TiCI2> 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-2md}-4.6-B1e2-CoHA0REGIZ 1was usedna feluene-selutior (O smpekl) gk rived

triphenylcarbeniumtetrakis(pentafluorophenyl)borate was changed to 1.0 equivalent to Ti and the

polymerizationk0demperaiide yras ehanged 440 Cs EXAMPLE 2333Capghymerizationaf.
Ethylene/lsobutene using (2-{Inden-2"-yl}-4,6-tBu2-C6H40)TiCI2> The polymerization and the

post-treatmeat-weeeicapiad by in the sameamannes asin EXAMPLERO tosobtainethylene/
isobutene copolymer, except that 0.25 mL of a toluene solution (0.4 mmol/L) of (2-{Inden-2'-yl}-4,

6-tBu2-C6H#D) TiGI2nyas usedn a toluenesotution .4 smmekk)iokthyl vinylidene at
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
8 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 *’C~NMR spectrum of the polymer 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
16 a liguld phase and a gas phase were saturated with ethylene 8
kg/cm® G (Hereinafter, theremay be a case where the unit kg/cn®-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,~-CeH:0)TiCl, synthesized in
20  Synthetic Example 3 was added, and subseguently, a toluene
sclution (G.4 mmol/L) of
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amount of 1.2 equivalent to Ti, to initiate

polymerization. The toluene was fed to give a final volume of



20 changed to 1.0 equivalent to Ti, the polymerization temperature was changed to 40 0 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/lsobutene using 166 (2-{Me4Cp}-4,6-tBu2-C6H40)TiCI2> The
polymerization and the post-treatment were carrie;d% ut 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)TiC12 synthesized in accordance with a process disclosed in

Organometalligs. ; ZQQAZ3), 540 was ysed cadabiena sohiion{Q«hamorblof o maintain

triphenylcarbeniumtetrakis(pentafluorophenyl)borate was changed to 1.0 equivalent to Ti and the

polymerization:1@ éraperatdresnas changeado 4G €« HXAMPLE 25 <Gopolyperization: of,
Ethylene/lsobutene using (2-{Me4Cp}-4,6-tBu2-C6H40)TiCI2> The polymerization and the

post-treatment were caried 46 putindhe same mannenasinEXAMBLEZ0 ip.abtainethylene/
isobutene copolymer, except that 0.25 mL of a toluene solution (0.4 mmol/L) of

(2-{Me4Cp}=4 61BuRLRANIIGIZ synthesizeg in «accosdancerwith ajzroegss disclosed in
‘Organometallics., 2004(23), 540 was used, a toluene solution (0.4 mmol/L) of 20
triphenglcarpenipmietrakistpeniatiuerephany)bordRWaS 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.
Bs a result of *H-NMR (CDCB-dy) measurement of the poclymer,
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, a2 signal (B) derived from
terminal vinylidene at 4.7 to 4.6 ppm, a2 signal (C) derived from
disubstituted internal clefin 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,) measurement of the polymer,
there is observed a signal derived from ethyl branch at 10.9
ppr, £6.5 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 guaternary carbon at 7.5 ppm. & **C-NMR spectrum
of the polymer is shown in Fig. 6.

EXAMPLE 11



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 KG. EXAMPLE
26 167 <Copolymerization of Ethylene/1,3-butadiene using (2-{Inden-2-yl}-4,6-'Bu2-05H40)TiC12>
To a reactor [a parallel-pressure catalytic reactioqL paratus (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 gasphasemere saturatedwithth 3-putadienes  kederm 2+e ot 30CrSubsequently,
pressure of ethylene was 10 increased and the liquid phase and the gas phase were saturated to give

a total pressure a2 #¢G. Jheeeatien 254l rokateivene s0lution(8 Mmald) péthylene,
(2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiCl2synthesized in Synthetic Example 3 was added, and

subsequentlyy adplieng=solution (0:4 1 Eopuaolllalefminum gquantity and the
triphenylcarbeniumtetraxis(pentafluorophenyl)borate was added in an amount of 1.0 equivalent to Ti,

to initiate pplymetizatien: Lhe tolignerwas fedwe givendinakvolime. of3 bl todial 0 The, ethylene
gas was continuously fed to maintain 20 the total pressure of 2 KG. After carrying out the reaction at
30 C for 20 misutes:small amount of methanol was added to

25 a result of *H~NMR (ODCB-d,) measurement of the polymer,
there i1s observed a signal (A) derived from terminal vinyl at
5.7 to 5.6 ppm and 4.8 to 4.7 ppm, a signal (B) derived from
terminal vinylidene at 4.7 to 4.6 ppm, a signal (C) derived from
10 disubstituted internal olefin at 5.4 to 5.2 ppm, and a signal
(D) derived from tri~-substituted internal oclefin at 5.2 to 5.0
ppm.
L *H-NMR spectrum of the polymer is shown in Fig. 7.
Az a resﬁlt of 1’C~NMR (TCE~d,) measurement of the polymer,
15 there is observed a signal derived from ethyl branch at 10.8
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, & 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 guaternary carbon at 7.5 ppm. A **C-NMR spectrum
cf the polymer is shown in Fig. 8.
EXAMPLE 12
<Copolymerization of Ethylene/Propylene using

(2-{Inden-1'-yl}-4, 6-"Bus,—CgH40)T2Cls>



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 dried under reduced 168 pressure at 80
C for 10 hours to obtain ethylene 1, 3-butadiene copolymer. EXAMPLE 27 <Copolymerization of
Ethylene/Norbornene using 5 (2-{2-Me-4-Ph-Inden-I'-yl}-4,6-tBu2-C6H40)TiCl2> To a glass reactor
having an internal volume of 500 mL thoroughly &u@&ed with nitrogen, 250 mL of a toluene solution
and 1 g of norbornene were charged, and a liquid phase and a gas phase were saturated with

ethylene gas (= 50 ktgr/gr), 19 JJhergafter, 0.95 mny riis lalum d.3.2:mkL of.a toluene
solution (5 mmol/L) of (2-{%-Msé-4-Ph-lr%%n-?%??ﬁ%-%ufgg%%%ﬁ%%rym eg%e%@% gﬁnthetic

Example S wera-added. and suhsequently,, tiphenylcarbeniymtetrakis(pentafluorophenylporate was

15 added in an amount of 1.2 equivalent to Ti, to initiate polymerization. After carrying out the reaction

under ethylenes gas(=alliterfh) atmosphare of sarmakpressure Jor 10 mingtes at 25,¢, small

amount of methanol was added to stop the polymerization. After completion of the polymerization, the

20 post-treafiment was pagind oulipfhe same:mapneg gy i EXAMBLE 10, and thedesultant was
dried under reduced pressure at 80 C for 10 hours to obtain ethylene/ norbornene copolymer. The

-

5 Thereafter, 0.05 mmol of triisobutylaluminum and 0.2 mi
of a toluene sclution (5 mmecl/L) of
(2-{Inden-1'~yl}-4,6-"Bu;~CeHsO) TiCl, synthesized in Synthetic
Example 1 were added, subseguently,
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was

10 added in an amount of 1.2 eguivalen® 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
isobutancl was added to stop the polymerization. After

15  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 ethylene/propylene copolymer.

EXAMPLE 13
20 <Copolymerization of Ethylene/Propylene using
(2-{Inden-2'-yl}~4, 6~"Bu,~CeHs0) TiCl,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 12 to obtain

ethylene/propylene copolymer, except that



Tm of the obtained polymer was 81 C. EXAMPLE 28 169 <Copolymerization of
Ethylene/Oligoethylene containing a terminal vinyl group using (2-{Inden-2'-yl}-4,6-'Bu2-C6HaO)TiCI2
> To a glass reactor having an internal volume of 500 mL 5 thoroughly purged with nitrogen,
oligoethylene containing a terminal vinyl group [(I’%BQLOg; Mw/Mn (MWD) relative to polyethylene
standards = 1547/666 (2.3), Mw/Mn (MWD) relative™to polystyrene standards = 3790/1500 (2.5), Tm =
119.6 C) and 250 mL of a toluene solution were charged, and the mixture was 10 dissolved by

heating at 9@ C(undesstipring; Then, g-liid-phase, and a2 gagphase weate safutated.with sthylene gas
(= 100 liter/hr). Thereafter, 0.05 mmol of triisobutylaluminum and 0.2 mL of a toluene solution (5

mmol/L) of A24Rc{irden-2z\}-4 6= BuZ-C6EI) FIEI2synthesized in Synthetic Example 3 were added,
and subsequently, triphenylcarbeniumtetrakis(pentafluorophenyl)borate was added in an amount of

1.2 equivalgntitonbieto-initiaja. polyrerizationAftercarning.ou hesreaction:upder athylane 20 gas (=
100 liter/hr) atmosphere of normal pressure for 10 minutes at 90 C, small amount of isobutanol was
added to step4he spplymerization Aftes completion of the polymerization, the reaction product was

concentrated and dried, and dried under
5 EXAMPLE 14
<Copolymerization of Ethylene/Propvlene using
(2-{2~-Me-Inden-1'-yl}-4, 6-"Bu,~CeHs0) TiCly>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 12 to obtain

10  ethylene/propylene copolymer, except that 0.05 mmel of
triiscbutylaluminum and 0.2 mL of a toluene solution (5 mmol/L)
of (2-{2-Me-Inden-1'~yl}-4,6-"Bu,~CeHs0)TiCl, synthesized in
Synthetic Example 4 instead of
(2-{Inden-1'-yl}-4, 6-"Bu,~CsH,0) TiCl. were used,

15 triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
added in an amount of 1.2 eguivalent to Ti, and the reaction
time was changed to 5 minutes.

EXAMPLE 15
<Copolymerization of Ethylene/Propylene using
20 (2-{2-Me-4-Ph~Inden-1'-yl}-4, 6~ Bu,~CgH,0)TiC1l,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 12 to obtain
ethylene/propylene copolymer, except that

(2-{2~Me=-4~-Ph-Inden~-1'-yl}-4, 6~"Bu,~CeH40)TiCl, synthesized



reduced pressure at 80 C for 10 hours to obtain 170 ethylene/oligoethylene containing a terminal vinyl
group copolymer. The Tm of the obtained polymer was 116.5 C. As a result of IH-NMR =CB-d4)
measurement of the polymer, there is observed a signal (A) derived from terminal vinyl at 5 5.7 to 5.6
ppm and 4.9 to 4.7 ppm, a signal (B) derived frorT é%zrminal vinylidene at 4. 7 to 4. 6 ppm, a signal (C)
derived from disubstituted internal olefin at 5.4 t6 5.2 ppm, and a signal (D) derived from
tri-substituted internal olefin at 5.2 to 5.0 PPM 10 A 1H-NMR spectrum of the polymer is shown in Fig.
10. As a resultafd36NMR :GEnsi2) measikement of theqpolymek 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 branch at 23.3
ppm and 33.8{pprmea signal derveds fremy amykibrancheat, 15232i5:pRrm-and @ signal deriyed from
branches of C6 or more at 22.6 ppm, 31.9 ppm and 33.8 ppm. A :3C-NMR spectrum of the polymer is
shown in Figh ddgEXAMPLE 20isRelymerization of propylene using 20
2-{Inden-2'-yl)-4,6-tBu2-C6H40)TiC12> To a glass reactor having an internal volume of 500 mL
thoroughly purged withmutreggery 250 mL of a toluene solution was charged, and a liquid phase and a
gas phase were saturated with propylene gas (= 100 liter/hr) of normal pressure at 25

5 <Copolymerization of Ethylene/l-butene using

2-{Inden-2'~yl}=4,6-"Bu,—CgHs0) TiClo>
The polymerization and the post-~treatment were carried
out in the same manner as in EXAMPLE 13 to cbtzin

ethylene/l-butene copolymer, except that an ethylene/l-butene

10 mized gas (= 85/5 liter/hr) was used instead of the
ethylene/propylene mixed gas (= 60/40 liter/hr).
EXAMPLE 17

<Copolymerizaticn of Ethylene/l-butene using
(2-{2-Me-4-Ph-Inden-1"-yl}-4,6-"Bu;—CgHs0) TiCly>
15 The polymerization and the post~treatment were carried
out in the same manner as in EXAMPLE 15 to obtain

ethylene/l-butene copolymer, except that an ethylene/l-butene

mixed gas (= 60/40 liter/hr} was used instead of the
ethylene/propylene mixed gas (= 60/40 liter/hr).
20 EXAMPLE 18

<Copclymerization of Ethylene/l-butene using
(2-{2-Me~4-Ph~Inden-1"-yl}~4, 6-"Buy~CeH 0} TiCly>
The polymerization and the post-treatment were carried

out in the same manner as in EXAMPLE 17 to obtain



171 C. Thereafter, 0.05 mmol of triisobutylaluminum and 0.2 mL of a toluene solution (5 mmol/L) of
(2-(inden-2'-yl}-4,6-tBu2-C6H40)TiC12synthesized 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 cg%rt%(ing out the reaction under propylene gas (= 100
liter/hr) atmosphere of normal pressure for 10 mifutes at 25 C, small amount of isobutanol was added
10 to stop the polymerization. After completion of the polymerization, the reaction product was

extracted withrhexane, washedhwith dilytedydrachioricracid, coggentrated, andrigd 4nder reduced
pressure at 80 C for 10 hours, to obtain polypropylene. 15 As a result of 1H-NMR (ODCB-d4)

measurement of theypelymerg ghere is pbsenved,a gigpal; &) derivedfrom termpipal 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 froma-tiipsubstiuted interralplefinatz 2 t05.Gppay 20:A 4HNMR spectrum of the polymer is
shown in Fig. 12. The amount of regioirregular linkage in the polymer quantitated with 13C-NMR of

polymer was 31 mot%rArt3C-NMR spectrum of the polymer is shown in Fig. 13. EXAMPLE 30 172
5 <Copolymerization of Etylene/l-butene using
(2-{2-Me-4-Ph-Inden-1'-yl}i-4, 6-"Buy;~CsH0) 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
ethylene/l-butene mixed gas (= 80/20 liter/hr).
EXAMPLE 20

<Copelymerization of Ethylene/Isobutene using

(2-{Inden=-2"~yl}~4, 6-"Bu,—CeHO) TiCl.>

15 To a reactor [a parallel-pressure catalytic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut,
eguipped with 8-channel parallel reactor sysﬁem] having an
internal volume of 15 mL thoroughly purged with nitrogen,
toluene and 0.02 mmol of triiscobutylaluminum were charged, and

20 & liguid phase and a gas phase were saturated with isobutene
1 kg/cm®*-G at 30 °C. Subseguently, pressure of ethylene was
increased and the liquid phase and the gas phase were saturated
TOo give a total pressure of 2 KG.

Thereafter, 0.25 mL of & toluene soluticn (0.8 mmol/L)



<Polymerization of Propylene using, (2-{2-Me-Inden-1'-yi}-4,6-tBu2-C6H40)TiCI2> 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-|nden-l'-yl)-4,6-tBu2-C6H4O}L'I'é'gI2 synthesized in Synthetic Example 4 were
used. As a result of 1H-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 (C) derived from disubstituted internal

olefin at 5.44e 5;2 ppm aed-asigpaly(Dy derived frops, tri-substituteghinteraakelgfinat 5.2 to 5.0 ppm. A
1H-NMR spectrum of the polymer is shown in Fig. 14. 15 The amount of regioirregular linkage in the

polymer quantitates withek3GINMR0fpolymenwas 3d-molerA d36=NMR; spectisimiefithe polymer is
shown in Fig. 15. EXAMPLE 31 <Polymerization of propylene using 20

(2-{2-Me-4-Bhlpdenrt-ylp4 6-Bu2-CEIHA0¥TIC12> The polymerization was carried out in the same
manner as in EXAMPLE 29, and then the post-treatment was carried out also in the same manner as

in EXAMPLE 2% e oblain pedyprapylene - exeepidhat@ 2ok of adelenesealtiondsmmol/L) of 173
(2-{2-Me-4-Ph-Inden-I'-yl}-4,6-tBu2-C6H40)TiC12 synthesized
5 added in an amount of 1.2 egquivalent to Ti, to initiate
pelymerization. The toluene was fed to give a final volume of
S5mLintotal. 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 methancl was added to
10 stop the polymerization. After completion of the
polymerization, the reaction sclution was concentrated and
dried, and dried under reduced pressure at 80 °C for 10 hours

To obtain ethylene/iscbutene copolymer.

A PC-NMR (TCE=~d,) spectrumof the polymer is shown in Fig.

EXAMPLE 21

<Copclymerization of Ethylene/Isobutene using
(2-{Inden-2'-yl}~4,6-"Buy;~CeHsO) TiCl,>

The peclymerization and the post-treatment were carried

20 out in the same manner as in EXAMPLE 20 to obtain

ethylene/isobutene copcoclymer, except that the feed pressure of
ethylene gas was changed to give a total pressure of 9 KG instead
of 2 KG.

EXAMPLE 22



in Synthetic Example 5 was used. As a result of 1H-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 1H-NMR specglérg of the polymer is shown in Fig. 16. The amount
of regioirregular linkage in the polymer 10 quantitated 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-iPr-4-(%-Ehepanthed)-24-Benzeinden:-ylix4.6-48u2; 15 £6HAO) TIC12> The

polymerization and the post-treatment were carried "out in the same manner as in EXAMPLE 29 to

obtain polyq@pymer@@epg,ghpl@;?gi_nyggl@mg@ppyg/ll%wminum and 1.0 mL of a toluene solution
(5 mmol/L) of 20 (2-{2-iPr-4-(9-Phenanthryl)-5,5-Benzoinden-1'-yl}-4,6-tBu2- C6H40)TiC12

synthesized in Syntheticlarmple 7, were,used.q Asia resylt-of IH-NMR (ODCR-d4) measyrement of

the polymer, there is observed a signal (B) derived from terminal vinylidene at 4.7 to 4.6 ppm, a signal

(C) deriveddiam disubstituseshd dainternakalefin atpbio &2pm.Angd.a signal (D) derived from
tri-substituted internal olefin at 5.2 to 5.0 ppm.

5 ethylene/isobutene copolymer, except that 0.25 ml of a toluene
solution (0.4 mmol/L} of (2=-{Inden-2"-y1}=4,6-"Bu,~CeHaO) TiCl,
was used, a toluene solution (0.4 mmol/L) of
triphenylcarbeniumtetrakis(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/Isobutene using
(2-{Inden-2'-yl}-4, 6~"Bus~CeHsO} TiCl,>

The polymerization and the post-treatment were carried

15 out in the same manner as in EXAMPLE 20 to obtain ethyvlene/
isobutene copolymer, except that 0.25ml of a toluens solution
(0.4dmmel/L) of (2~{Inden-2'-yli-4,6~"Bu,~C:H,0)TiCl, was used,
a toluene scolution (0.4 mmol/L) of
triphenylcarbeniumtetrakis (pentafliucrophenyl)borate was

20 changed to 1.0 eguivalent toTi, 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 KG.

EXAMPLE 24

<Copolymerization of Ethylene/Iscobutene using



A 'H-NMR spectrum of the polymer is shown in Fig. 18. The amount of regioirregular linkage in the
polymer 5 quantitated with 13C-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}-466-tBu2-C6H40)TiCIZ> 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 1-butene gas (= 90 liter/hr) of normal pressure at 25 C. Thereatfter,
0.05 mmol of trijstdttylakmieuis and E20mIr of a;°45 toluene solution (5 mmol/L) of
(2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiCl2synthesized in Synthetic Example 3 were added, and
subsequently, triphenylcashemamietrakis(pentafladrephemylYooratetwas tadedettimr-ar amrsunt of 1.2
equivalent to Ti, to initiate 20 polymerization. After carrying out the reaction under I-butene gas (= 90
liter/hr) atmosphemre afmormahpressune forak) minRESMR25 C Osrnall @intauint of isobikarso! was added
to stop the polymerization. After completion of the polymerization, the reaction product was extracted
with hexane,awésheenwgithaliloledn275 hAydmehldicacid, Edncéntratedtandudried amtter ieduced
pressure at 80 C for 10 hours, to obtain polybutene. EXAMPLE 34
5 (0.4 mmol/L) of (2-{Meslp}-4, 6~"Bu;-CsHs0)TiCl; synthesized in
accordance with a process disclesed in Organometallics.,
2004 (23), 540 was used, a toluene solution (0.4 mmol/L) of
triphenylcarbeniumtetrakis (pentafiuvorophenyliborate was
changed to 1.0 eguivalent to Ti and the polymerization
10 temperature was changed to 40 °C.
EXAMPLE 25
<Copelymerization of Ethylene/Isobutene using
(2-{Me,Cp}~4, 6="Bu;~CeHqO) TICIo>
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 ml of a toluene solution
(0.4 mmol/L) of (Z-{Me,Cp}~4,6~"Buy,~CsH;0)TiCl, synthesized in
accordance with a process disclosed in Organometallics.,
2004 (23), 540 was used, a tcluene solution {0.4 mmol/L) of
20 triphenylcarbeniumtetrakis(pentafluocrophenyl)borate was
changed to 1.0 eguivalent to Ti, the polymerization temperature
was changed to 40 °C and the feed pressure of ethylene gas was

changed to give & total pressure of 11 KG instead of 2 XKG.

EXAMPLE 26



<Polymerization of butene using 5 (2-{2-Me-4-Ph-Inden-1'-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-l‘-yl}-4,6-tBu2-C6H40)TiCl§ nthesized 10 in Synthetic Example 5 was used
instead of the toluene solution (5 mmol/L) of (2-{Inden-2'-4,W -4,6-tBu2-C6H40)TiC12. As a result of
13C-NMR measurement of the polymer, NMR chart showing a same signal pattern as the

regioirregular polybutesesliselesed in:Ralymer A992(33)<650 was.ahiained. apd faus confirmed that

15 it has a remarkable regioirregular structure. Further, there is observed a terminal group signal

derived froma-headitorhead. pondingat 46,2 ppmand;14.8-ppm, and a signal 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 <Polyrgetzatios-el-l-desene ssinge (2-{2-Mesd-Ph-indenlsyll-4,6-8u2-G6HA0) TIC12>
To a glass reactor having an internal volume of 1000 mL thoroughly purged with nitrogen, 500 mL of

dried 1-decepe westh7$ charged, stired undes fowof nﬁ&m&egﬂeai%?ngggﬁ\&%gu@ior 30
minutes. Thereafter, 0.1.25 mmol of triisobutylaluminum and 0.5 mL of a toluene solution (5 mmol/L)
of (2-{ZMe<;Rhgpdend-yl}4, 6-Bu2-GOHAQUNGI2 ¢ 1 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 1, 3-butadiene
1 kg/cm®-G at 30 °C. Subseguently, pressure of ethylene was
10 increased and the ligquid phase and the gas phase were saturated
to give a total pressure of 2 KG.
Thereafter, 0.25 mlL of a2 toluene sclution (8 mmol/L) of
(2-{Inden-2'-yl}~-4, 6~-"Bu,~CeH,0) TiCl, synthesized in Synthetic
Example 3 was added, and subseguently, a toluene sclution (0.4
15 mmol/L) of
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amount of 1.0 eguivalent tc Ti, to initiate
polymerization. The toluene was fed to give a final volume of
SmL in total. 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 methanol was 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 dried under reduced



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 amount 10 of isobutanglwas 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 dried under reduced pressure at 80 C for 10 hours, to obtain
polydecene: AbsAs adesulb 0f'H-NMR (ORGCB04) ropasurementafdhe palyrmerutiete éisebserved a

signal (B) derived from terminal vinylidene at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted
internal olefinad byAntars.2 ppm and a signal (D) 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. 22. EXAMPLE 36 <Polymerization of
butane using (2-{IrcieamPayi}-2,6- Bu2-C6H40)TiC12> To an autoclave having an internal volume of
2000 m 177 thoroughly purged with nitrogen, 250 mL of a toluene solution and 250 mL of 1-decene
were charged, and themheateshto 720 Cowith Stifrirgy Tdreseafterp 6 2mamel oftidgpbutylaluminum and
1.0 mL of a toluene solution. (2 mmol/L) of 5 (2-{Inden-1'-yl}-4,6-tBu2-C6H40)Tiol,synthesized in
Synthetic (2-{2-Me-4-Ph-Inden-1'-yl}-4, 6=-"Buy~CsH0) TiCls>
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 liguid phase and a
gas phase were saturated with ethylene gas (= 50 liter/hr}.
10 Thereafter, 0.05 mmol of triiscbhutylaluminum and 0.2 mL cf a
toluene solution (5 mmol/L) of
(2~{2-Me-4-Ph-Inden-1'-yl}-4, 6-"Bu,~CeH0) TiCl, synthesized
in Synthetic Example 5 were added, and subsequently,
triphenylcarbeniumtetrakis (pentafluocrcphenyl)borate was
15 added in an amount of 1.2 eguivalent to Ti, to initiate
polymerization. After carrvingout the reaction under ethylene
gas (=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 pelymerization, the
20 post-treatment was carried out in the same manner as in EXAMPLE
1C, and the resultant was dried under reduced pressure at 80
°C for 10 hours to cbtain ethylene/ norbornene copoclymer. The

Tm ¢f the obtained polymer was 81 °C,

EXAMPLE 28



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 react ion for
180 minutes 10 at 70 C, small amount of isobutanol was added to stop the polymerization. After
completion of the polymerization, the reaction pregdyct was extracted with hexane, washed with diluted
hydrochloric acid, concentrated and dried under reduced pressure at 80 C for 10 hours, to obtain
polybutene. 15 As a result of 1H-NMR (ODCB-d4) measurement of the polymer, there is observed a

signal (B) derived fratnterminalnimdidene @f 47 1e 46 ppm] asignat (T derived deom disybstituted
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 EHNMR: spectruim pi therpalpmes is:ghown in Fig. 23. EXAMPLE 37 <Polymerization of
1-decene using (2-{2-Me-4-Ph-Inden-1'-yi}-4,6-'Bu2-C6H40)TiC12> The polymerization and the
post-treatméatwenelearrizd-178; -odif th-fize samB mannenasyin EXAMPLE 36 to obtain polybutene,
except that | mL of a toluene solution (2 mmol/L) of (2-{2-Me-4-Ph-Inden-i-yl}-4,6- Bu2-C6H40)Ticl2
synthesized 11 i n ByntheticExamplkect washuasedchinstead of-k mlaof thetalteness s0lution (2 mmol/L)
of (2-{Inden-I'-yl}-4,6- Bu2-C6H40)Ticl2. As a result of IH-NMR ((DDCB-d4) measurement of the
polyme¥, 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 = 3790/1500 (2.5), Tm= 119.6 °C) and
250 mL of a toluene solution were charged, and the mixture was
10 dissolved by heating at 50 °C under stirring. Then, a ligquid
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 toluene solution (5 mmeol/L) of
15 (Z-{Inden-2'-yl}-4,6~"Bup,~CeHsO)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 carryingout the reactionunder ethylene
20 gas (=100 1liter/hr) atmosphere of nocrmal pressure for 10 minutes
at 90 °C, small amount of iscbutancl 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 toc obtain



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-substituted
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 12-{In(ﬁ%-Z‘-yl}A,G-tBUZ C6H40)T1C12> 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, tokiene angk(.2 mepek of friisabutylaluminum wege chargads and a-liquid phase and a 20 gas
phase were saturated with 1,3-butadiene gas 1 kg/cm2 G at 30 C. Thereafter, 0.25 mL of a toluene

solution (8 maei/L)0é {2-{Indenrylh#,61BUHEGH4Q IGI2syathesizad in Synthetis Example 3 was
added, and subsequently, a toluene solution (0.4 179 mmol/L) of

triphenylcarbeniumietrakisépentafiuotophenyl)borats- was raddad-ig.amaneunt, 0f0 wauivalent to Ti,
to initiate polymerization. The toluene was fed to give a final volume of 55 mL in total. 1,3-butadiene
gas was contirunuisly feth temadntain a pessurerof LKE. Adter casrying oyt theireastion =+
5 5.7 to 5.6 ppm and 4.% 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 clefin at 5.4 to 5.2 ppm, and a signal
(D) derived from tri-substituted internal clefin at 5.2 to 5.0
jSjoiul
10 A *H-NMR spectrum of the polymer is shown in Fig. 10.
As a result of “*C-NMR (TCE-d,) measurement of the polymer,
. there is cbserved & signal derived from ethyl branch at 10.¢
ppm, 26.5 ppm and 3%.5 ppm, a signal derived from butyl branch
at 23.3 ppm and 33.8 ppm, a signal derived from amyl branch at
18 32.5 ppm and a signal derived from branches of C6 or more at
22.6ppm, 31.%ppmand 33.8 ppm. A YC-NMR spectrumof the polymer
is shown in Fig. 11.
EXAMPLE 29
<Polymerization of propylene using
20 2-{Inden-2'-yl}~4,6~"Buy~CgH,0) TiCl.>
To & glass reactor having an internal volume of 500 mlL
thoroughly purged with nitrogen, 250 nl of a toluene soclution
was charged, and a liquid phase and a gas phase were saturated

with propylene gas (= 100 liter/hr) of normal pressure at 25



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 resultant was dried under reduced pressure at 80 00 for 10 hours to obtain. ?,
3-n~u e o -iadin~copolymer. 3 C-NMR (TCE-d z) of the polymer was measured and the constituent
unit was examined, and as a result, 1,4-trans/1,4-cis/1,2_ = 67/24/9 was obtained. 15 EXAMPLE 39
<Polymerization of 1,3-butadiene using (2-{2-Me-4-Ph-Inden-I'-yl}-4,6-'Buz-C6H40)TiCI2> The
polymerizatian arthsese0ost4teathent were Casied:aulis the:sahe nannehas ncEXAMBRILE 38 to
obtain polybutadiene, 20 except that a liquid phase and a gas phase were saturated with
1,3-butadiené gasiha kgiem2'€ at30@ and thereaftes, 25 mL of a toluene solution (Bmmol/L) of
(2-{2-Me-4-Ph-Inden-I'-yl}-4,6- Bu,-CFHLO)TIOl; synthesized in Synthetic Example 5 was added, and
subsequently,-a{ tohuene-$olutian (A46REll)RHIZ9a1C1, synthesized in Synthetic
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was added in an amount of 1.2 equivalent to Ti
instead thata #iquitlphhsee and agasiphaseiwe e satgrated With 1,3-butadiene gas 1.0

5 triphenylcarbeniumtetrakis (pentaflucrophenyl)borate was
added in an amount of 1.2 eguivalent to Ti, to initiate
polymerization. After carrying out the reaction under

propylene gas (= 100 liter/hr) atmosphere of normal pressure

h

for 10 minutes at 25 °C, small amount of iscbutancl was added

b

10 to stop the polymerization. After completion ¢f the
polymerization, the reaction product was extracted with hexane,
washed with diluted hydrochloric acid, concentrated, and dried
unger reduced pressure at 80 °C ﬁor 10 hours, to obtain
polypropylene;

15 As a result of 'H-NMR (ODCB-ds) 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 olefinat 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 of the polymer is shown in Fig. 12.

The amcunt of regioilrregular 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



kg/cm"G at 30C and thereafter, 0.25 mL of the toluene solution 5 (8mmol/L) of
(2-{Inden-2'-yl}-4,6-tBu,-CFH,O)TiCI2 synthesized in Synthetic Example 3 was added, and
subsequently, a toluene solution (0.4 mmol/L) of triphenylcarbeniumtetrakis(pentafluorophenyl)borate
was added in an amount of 1.0 equivalent to Ti. 1913 C-NMR (TCE-d2) of the polymer was
measured and the constituent unit was 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-Indeneloyhre6- Bu2-GAHAD) TiGI23 5 d0-a reacter [a parallel-pressure catalytic
reaction apparatus (Trade Name: Endeavor) manufactured by Argonaut, equipped with 8-channel

parallel reactpr systesyhrawrg an-iternal, volams of 15, mirthoroughly purged with nitrogen, toluene
was placed, and then 3.00 mmol of dry MAO was added. 10 A liquid phase and a gas phase were

saturated with 1, 3-butadiene(®:8 K&) ad 30:GdThakealtes0-2bdak abatoluene solutian(1l.2 mmol/L)
of (2-{2-Me-4-Ph-Inden-I'-yl}-4,6-tBu2-C6H40)TiCI2 synthesized in Synthetic Example 5 was added to

initiate 15 pelymesizaiion akerteltigae wasfedtorgive B finat vobrnae of. bdanl By tatal After carrying
out the reaction at 30 C for 60 minutes, small amount of methanol was added to stop the
5 except that 0.25 mmol of triiscbutylaluminum and 1.0 ml of a
toluene sclution (5 mmel/L) of
(2-{2-Me-Inden-1'-yli-4,6-"Bu,~CsHy0) TiCl, synthesized in
Synthetic Example 4 were used.
Asaxesultole~NMR{ODCB“dé)measurementofthepolymer,
10 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 ppr and a signal (D) derived from
tri-substituted internal olefin at 5.2 to 5.0 ppmn.
B 'H-NMR spectrum of the polymer is shown in Fig. 14.
15 The amount of regilolrregular linkage in the polymer
quantitated 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="Buy,~CgHs0)TiCly>
Tne polymerization was carried out 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 cobtain polypropylene,

except that 0.2 mL of a toluens solution (5 mmol/L} of



polymerization. After completion of the polymerization, the post-treatment was carried 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 obtain polybutadiene. EXAMPLE 41 <Polymerization of styrene using
(2-{2-Me-4-Ph-Inden-l‘-yl}-4,6-tBu2-C6H4O)TiCI21>7%81 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, 5 toluene
was placed| 3-00rnot of Bry- WA was added sard Perintaineh at 70:C forAQnainutes; 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)TiC12
synthesized rin Symtheticikxanptes was agdedyaad then 2 mL of styrene was 10 added, to initiate
polymerization. The toluene was fed to give a final volume of 5 mL in total. After carrying out the

reaction at 70 C for6Q:npiasitels; smati amauntoipethanakwas adeded 10 stopdhe-pelmerization.
After completion of the polymerization, the post-treatment was carried out in the same 15 manner as

in EXAMPLEh 2 rand shelresultant wasi dtied urslerdedueed: pressure at89=C for 1Qhows 4o obtain
polystyrene. The Tm of the obtained product was 261 C. [Comparative Example 1]

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) derivéd from
tri-substituted internal olefin at 5.2 te 5.0 ppm.

A *H-NMR spectrum of the polymer is shown in Fig. 16.
The amount of regicirregular linkage in the polymer
10 quantitated with C-NMR of polymer was 36 mol%. & “*C-NMR
spectrum of the polymer is shown in Fig. 17.
EXAMPLE 32
<Polymerization of Propylene using
(2-{2~iPr-4~(9-Phenanthryl) -5, 6~Benzoinden~-1'-yl}~4, 6-"Bu,~
168 CgHe Oy TiCls>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 29 to obtain polypropylene,
except that 0.22 mmol of triisobutylaluminum and 1.0 mL of a
toluene sclution (5 mmol/L) of
20 (2—{2—iPr-4m(9—Phenanthryl)w5,6~Benzoinden—l’-yl}—4,6*tBuy—
CeHaO) TiCl,; synthesized in Synthetic Example 7 were used.
Asaxesultole—NMR(ODCdeﬂ 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



<Polymerization of ethylene using 20 (2-{iInden-1'-yl}C6H40)TiC12> The polymerization and the
post-treatment were carried out in the same manner as in EXAMPLE 1 to obtain polyethylene, except
that (2-{Inden-1"-yl}C6H40)TiCI2 synthesized in Synthetic Example 6 was used instead of 182
2-{Inden-1'-yl}-4,6-tBu2-C6H40)TiC12, and the reactjon time was changed to 30 minutes.
[Comparative Example 2] <Polymerization 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 1 to

obtain polyethylene - exseptthat@. dndens1'yhbehHANEHIGIZ sypthesized i -Syrthetie Example 6
was used instead of 10 2-{Inden-1'-yl}-4,6-tBu2-C6H40)TiC12, and the reaction temperature and the

reaction timeayerewchenged te 80:G aneh3Q minstes; respestivelyo[Comparative Example 3]
<Polymerization of ethylene using 15 (2-{iInden-1'-yl}-4,6-tBu2-C6H40)Ti(NMe2),> The polymerization

and the post-treatment weateRagied Otliin §1e same prannesas:is EYAMPLE, 1 to gbtair polyethylene,
except that (2-{Inden-1'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2 obtained in accordance with a process
disclosed in Organcreetali@sunt of regioirregular linkage in the polymer
5 quantitated with *C-NMR of polymer was 43 mol%. A C-NMR
spectrum of the polymer 1s shown in Fig. 189.
EXAMPLE 33
<Polymerization of butene using
2-{Inden-2'-yl}i-4,6="Bu,;~CeHsO) TiCl,>
10 To a glass reactor having an internal velume of 500 mL
thoroughly purged with nitrogen, 250 mL of a tcluene 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 mmel of triiscobutylaluminum and 0.2 mlL of a
15  toluene soluticn {5 mmol/L) of
(2-{Inden-2'-yl}-4, 6~"Buy;~CgHsO) TiCl, synthesized in Synthetic
Example 3 were added, and subseguently,

triphenylcarbeniumtetrakis (pentafluorcphenyl)borate was

added in an amount of 1.2 equivalent te Ti, to initiate

20

o]

olymerization. After carrying out the reactilon 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 completion of the pclymerization, the

reaction product was extracted with hexane, washed with diluted



20 2004(23), 1576 was used instead of 2-{Inden-1'-yl}-4,6-tBu2-C6H40)TiCI2, and the reaction time
was changed to 30 minutes. [Comparative Example 4] <Polymerization of Ethylene using Cp2TiCl2>
183 The polymerization and the post-treatment were carried out in the same manner as in EXAMPLE
4 to obtain polyethylene, except that Cp2TiCI2 W%% used instead of 2-{Inden-2'-yl1

-4,6-tBu2-C6H40)TiCl2, 1.25 mmol of dry MAO W §°5 used instead of triisobutylaluminum and

triphenylcarbeniumtetrakis(pentafluorophenyl)borate, and the reaction temperature and the reaction

time were chgngectio £5:C andis misuleserespecliely,[Comparalive Example;).1Q <Polymerization
of Ethylene/Propylene using (2-{Inden-1'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2> The polymerization and

the post-treptreentwvereoarted ogt inthe;same manner as i, EXAMPLE 12 to_obtain
ethylene/propylene copolymer, except that 1.0 mL of a toluene 15 solution (5 mmol/L) of
(2-{Inden-1'-y1}-4,6#Bui:C6H4Q)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)TiCl2, 0.25

mmol of 20 triisobutyldurpiieim a8dion of butene using
5 (2-{2-Me-4-Ph-Inden-1'~yl}-4, 6~"Bu,~CeH,0) TiCl,>
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~-1'-yl}-4, 6-"Bu,~C¢H,0) TiCl, synthesized
10 in Synthetic Example 5 was used instead of the tcluene solutiﬁn
(5 mmol/L) of {2-{Inden-2'-yl}-4,6-"Bu,~CeH,0)TiCl,. As a
result of YC~-NMR measurement of the polyﬁer, NMR chart showing
asamesignalpatt@rnastheIegioirregularpolybutenedisclosed
in Polymer, 1982 (33), 650 was obtained, and thus confirmed that
15 it has a remarkable regloirregular structure. Further, there
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
internalolefin]221x>142ppm. 1~3C—NMRspectrumsoft‘nepolymer
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-"Buy~CeH,0) TiCl,>
70 a glass reactor having an internal volume of 1000 mL

thoroughly purged with nitrogen, 500 ml of dried l-decene was



triphenylcarbeniumtetrakis(pentafluorophenyl)borate in an amount of 1.2 equivalent to Ti were used,
and the reaction time was changed to 30 minutes. [Comparative Example 61 184 <Polymerization of
Ethylene/Propylene using Cp*TiCI3> The polymerization and the post-treatment were carried out in
the same manner as in EXAMPLE 14 to obtain ethyene/propylene copolymer, except that
Cp*TiCl3was used 5 instead of (2-{2-Me-inden-1"-yi}-4,6-tBu2-C6H40)TiCI2, ethylene/propylene
mixed gas (= 60/40 liter/hr) of normal pressure was changed to ethylene/propylene mixed gas (=
100/100 litetlaygand tbe reacivnitimewds cshanged 1o 30yvinutes.d[@amnpasatieiExangie 71 10
<Polymerization of Ethylene/Propylene using Cp2TiCI2> The polymerization and the post-treatment
were carriefCodtin thé sameimasneridssnd=XAMPLE15 it ohtairl ethylene/propylene copolymer,
except that Cp2TiCl2was used instead of (2-{2-Me-4-Ph-Inden-1'-yl}-4,6-tBu2-C6H40)TiC:12, 15 1.25
mmoi of dry: MIAQG avastysed insteadobtrisoObatylalamiautvangne solution (5 mmol/L)
triphenylcarbeniumtetrakis(pentafluorophenyl)borate, ethylene/propylene mixed gas (= 50/150 liter/hr)
was used insteat-dfzethylene Bpropyier-rixed gasd(~e60M40.teriy) pf itrmal pressure, and the
reaction time was changed to 30 minutes. 20 [Comparative Example 8] <Polymerization of
Ethylede/Propytenesiisiag in Synthetic Example 5 were added, and subseguently,
triphenylcarbeniumtetrakis{pentaflucrophenyl)borate was
added in an amount of 1.2 eqguivalent 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 amount
10  of isobutanol was added to stop the polymerization. After
completion of the polymerization, tThe 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 AsaxesultoflﬁwNMR(ODCB~d4)measurementofthepolymer,
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 to 5.2 ppm and a signal (D) derived from
tri-substituted internal olefin at 5.2 toc 5.0 ppm.
20 L *H-NMR spectrum of the polymer is shown in Fig. 22.
EXAMPLE 36
<Polymerization of butene using

(2-{Inden-1'-yl}~4, 6~"Buy~CgHs0O) TiCl,>

To an auvtoclave having an internal volume of 2000 mL



bis[N-(3-tert-butylsalicylidene)anilinato]TiC12> The polymerization and the post-treatment were
carried out in the same manner as in EXAMPLE 14 to obtain 185 ethylene/propylene copolymer,
except that bis[N-(3-tert-butylsalicylidene)anilinato] TiCl2 was used instead of
(2-{2-Me-Inden-I'-yl}-4,6-tBu2-C6H40)TiClI2, 1.251r§1 ol of dry MAO was used instead of
triisobutylaluminum and 5 triphenylcarbeniumtetrakis(pentafluorophenyl)borate, ethylene/propylene
mixed gas (= 50/150 liter/hr) was used instead of ethylene/propylene mixed gas (= 60/40 liter/hr) of

normal pressusecane. the feactien time was ehangad t 30 minutes. JComparative Bxample 9] 10
<Copolymerization of Ethylene/lsobutene using [Me2Si(Me4Cp)(NtBu)]TiC12> The polymerization

and the poststteatbientivere qarded out inythe-samerpannenasin EXAMBLE 20 to.obtain
ethylene/isobutene copolymer, except that 15 [Me2Si(Me4Cp)(NtBu)]TiC12 was used instead of

(2-{Inden-2iyi}-4 6:1Brz: GEHATIGIZa {ComparativenExammple- 10kscepolymearization ab g
Ethylene/lsobutene using [Me2Si(Me4Cp)(NtBu)]TiCI2> 20 The polymerization and the post-treatment

were carried . outiD the samgomasner asnEXAMRLE 2240 obtain rethylene/isobutene copolymer,
except that

5§ (2-{Inden-1"-yl}-4,6-"Bu,~CeH40)TiCl, synthesized in Synthetic
Example 1 were added, and subseguently,
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
added in an amount of 4 equivalent to Ti, to initiate
polymerization. After carryingout the reaction for 180minutes

10 &t 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 reduced
pressure at 80 °C for 10 hours, to obtain polybutene.

15 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 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 ¢of the polymer is shown in Fig. 23.

EXAMPLE 37
<Pclymerization of l-decene using
(2-{2-Me-4-Ph-Inden-1"-yl}-4, 6-"Bu,~CgH,0) TiCl,>

The polymerization and the post-~treatment were carried



[Me2Si(Me4Cp)(NtBu)]TiCI2 was used instead of (2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiCl2, and the
polymerization 186 temperature was changed to 60 C. [Comparative Example 11] <Polymerization of
Ethylene/lsobutene using Cp*TiCI3> 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*TiC13
was used instead of (2-{Inden-2'-y1}-4,6-tBu2-C5H40)TiCl2. [Comparative Example 121
<Polymerization of Ethylene/lsobutene using Cp2TiC12> 10 The polymerization and the

post-treatment wiste dasriedreutiaihe same mamenasrin BYAMPE204t9 oliain, gthydenelisobutene
copolymer, except that CpZTiClZ was used instead of (2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiC12.

[Comparatiee Exampié: 431 1 5r2Capgolymesizatior o Ethytengfl, 3zbuadiene usidg Cp*TiC13> The
polymerization and the post-treatment were carried out in the same manner as in EXAMPLE 26 to

obtain ethyléne/butéeliehectomlyraer Exeept thaf 20 iMe28i (MeAtp) INtByh} RiGE2was used
instead of (2-{Inden-2'-yl}-4,6-tBu2-C6H40)TiC12. [Comparative Example 14] <Polymerization of

Propylene usin§ynthetic Example 5 was used instead of 1 mL of the toluene
5 solution (2 mmeol/L) of (2-{Inden-1'-yll=4,6-"Bu;—CgHsO) TiCls.
AsazesultofIH—NMR(ODCBmdﬂ measurement of the polymer,
there is observed a signal (B) derived from terminal vinylidens
at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted
internal clefin at 5.4 to 5.2 ppm and a 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 38
<Polymerization of 1,3~butadiene using
{2-{Inden-2"-yl}~4, 6~"Buy,~CgH,0) TiC1,>
15 To a reactor [a parallel-pressure catalytic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut,
B~channel parallel reactor system] having an internal volume
of 15 mL thoroughly purged with nitrogen, toluene and 0.2 mmol
of triiscbutylaluminum were charged, and a liquid phase and a
20 gas phase wers 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}=-4, 6-"Bu;~CeHs0) TiCl, synthesized in Synthetic

Example 3 was added, and subseguently, a tcluene solution (0.4



(2-{Inden-1'-yl}-4,6-tBu2-C6H40)Ti(NMe2)2> 187 The polymerization and the post-treatment were
carried out in the same manner as in EXAMPLE 29 to obtain polypropylene, except that 1.0 mL of a
toluene solution (5 mmol/L) of 2-{Inden i' yl}-4,6 tBu2-C5H,0)Ti(NMe2)2obtained in accordance 5 with
a process disclosed in Organometallics. , 2004(23), 1576 was used instead of

2-{Inden-2'-yi}-4,6- Bu2-C6H80)TiCl2, 0.25 mmol of trisabutylaluminum 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 usind%ﬁ;/lféhé{fndenyl)ZZrClb 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 (BB AFRGHIFTEtHyiene Uindenyl)2ZCRavas usedinstead of rare was
(2-{2-Me-4-Ph-Inden-I-yl}-4,6-*Bu2-C6H40)TiCI2, 1.25 mmol of dry MAO was used instead of
triisobutylalumin%crirﬁi?\ﬁd% tHphenglearbenfunitetrakis ipentatiuarojidhenyl) berate,;ang the reaction
time was changed to 30 minutes. [Comparative Example 16] <Polymerization of 1,3-butadiene using
Cp*TiCI3> The pSlyAiETizatién afd the pest-trdateent were tatied cive a finz) volume of

5 5 mL in total 3-but ' ;
) I total. 1,3-butadiene gas was continuously fed to

maintain a pressure of 1 K&,

After carrying out the reaction

at 30 °Cc f j
C feor 30 minutes, small amoun®: of methancl was added to

stop ti 1 Lzat ] i i
P the polymerization. After completion of the

clymerizati t] ' j
Doty zatlon, the post-treatment was carried out in

the zam=s
10 manner in & LE .
naner as in EXAMPLE 1, and the xesultantwasdziedunderreducmd
o . 6, £ - o
Bressure at 80 LIOL.M}hourstcsobtalml,B—butad*ﬁnﬂcopolyme“
Pe - L

I3
] [ e
C~NMR (TCE d;) ©f the polymer was measured and the

bk i i |
constituent unit was eXamined, and as

result,
1, 4—ir 1 | vt
lrd-trans/l,d-cis/1,2- = 67/24/9 was obtained.
15 EXAMPLE R0
<Polymerization of 1, 3~butadiene using

1D M f e Do o ' e
(2~{2-Me~4-Pn ;naenml‘wyl}wé,6—“Bu2—C&uO)TiClg>

out in th in BEX LE ' I
€ same manner as in EXAMPLE 38 o optain polybutadiene
I ene,

20

e a liqui i
xcept that a liguid rhase 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 solution (Bmmol /L) of (2~{2—Me—4—Ph—Indep—l’myl}wﬂ o-
1 i

“Bu,~CeH,0) TiCL, synthesized in Synthetic Example 5 was added, and
iy F

subsequently, a toluene solution (0.4 mmol /L) of



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-{Inden-2'-yl}-4:6;,Bu2-C6H40)TiC12. 23C-NMR (TCE-d2) of the
polymer was measured and the 5 constituent unit was examined, and as a result,
1,4-trans/1,4-cis/1,2- = 11/66/23 was obtained. The above-mentioned results are shown in the
following t&bES1 16 4 [Pablen] Bt RO s Jopriad Numd dibhen M Noo paCe B3 oagififldnias m N NfN O

fUNallOIll'~-mumlimprp an\vaV-VVI VIUUAv-~~1 0laiAl.Noa-nlVp a "~dv
m c i4 __aqtamount of 1.2 eguivalent to Ti instead that a liguid phase

and a gas phase were saturated with 1,3-butadiene gas 1.0

kg/cm® G at 30°C and thereafter, 0.25 mL of the toluene solution
5 (8mmol/L) of {(2-{inden-2'-yl}-4,6-"Bu,—CeH,0)TiCl, synthesized in

Synthetic Example 3 was added, and subseguently, a toluene

solution (0.4 mmol/L) of

triphenylcarbeniumtetrakis (pentaflucrophenyl)borate was added in

an amount of 1.0 equivalent to Ti.

10 “C-NMR (TCE-d,) of the polymer was measured and the

constituent unit was examined, and as a result,
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EXAMPLE 490

ic

15

20

<Polymerization of 1,3-butadiene using
(2-{2-Me-4~-Ph-Inden-1'-yl}-4, 6~-"Buy~CeH O} TiClo>

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 was placed, and then 3.00 mmel of dry MAO was added.
A liquid phase and a gas phase were saturated with 1, 3-butadiene
(0.8 KG) at 30 °C.

Thereafter, 0.25 mL of a toluene solution (1.2 mmol/L)
of (2-{2-Me-4~-Ph~Inden-1'-yl}-4, 6-"Bu,~CecHs0)TiCL,
synthesized in Synthetic Example 5 was added to initiate
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
polymerization. fter completion of the 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 polybutadiene.

<Polymerization of styrene using

(2-{2~Me~4-Ph-Inden-1"'-yl}-4, 6~"Bu,~CeH,0) TiCl,>
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To & 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,
toluenewasplaced, 3.00mmol of dry MAQ was added, andmaintained
at 70 °C for 10 minutes. Thereafter, 0.25 mlL of & “ocluene
solution (1.2 mmol/L) of
(2-{2-Me~4-Ph~Inden~1'-yl}-4, 6~ Bu,~CeH,0) TiCl, synthesized
in Synthetic Example 5 was added, and then 2 ml of styrene was
added, to initiate polymerization. The toluene was fed teo give
a final volume of Smkl in total. After carrying out the reaction
at 70 °C for 60 minutes, small amcunt of methanol was added to
stop the polymerization. After completion of the
poelymerization, thejpost~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 polystyrene. The Tm
of the obtained product was 261 °C.

[Comparative Example 1]

<Polymerization of ethylene using
(2-{Inden-1'=-y1}CsH 0} TiCls>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to obtain polyethylene,
except that (2-{Inden-1'-yl1}CeH,0)TiCl; synthesized in

Synthetic Example 6 was used instead of
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2-{Inden-1'-yl}~4, 6-"Bu,~CeHs0) TiCl,, and the reaction time was
changed to 30 minutes.

[Comparative Example 2]

<Polymerization of ethylene using
(2={Inden-1'"-y1}1CgHsOITiCl>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to obtain polyethylene,
except that (Z-{Inden-1'-yl}CgH40)TiCl, synthesized in
Synthetic Example 6 was used instead of
2-{Inden-1"~yl}-4,6-"Bu,~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
(2-{Inden~1"-yl}-4, 6~"Bus~CgHsO) Ti (NMey) o>

The polymerization and the post-treatment were carried
out in the same manner as in EXABMPLE 1 to obtain polyethylene,
except that (Z-{Inden-1'~yl}-4,6-"Bu,~CeH,0)Ti (NMes). obtained
in accordance with a process disclosed in Organometallics.,
2004 (23), 157¢ was used instead of
2-{Inden-1"~yl}=-4,6-"Bus~CsHs0) TiCl,, and the reaction time was
changed to 30 minutes.

[Comparative Example 4]

<Polymerization of Ethylene using Cp,TiCl,>
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N ~PO A Ip NN NN NN (e N3 thnl ¥R Bhk post-treatment were carried
out in the same manner as in EXAMPLE 4 to obtain polyethylene,
except that Cp,TiCl, was used instead of
2-{Inden-2"'-yl}-4,6-"Bu,-CeH,0) TiCls, 1.25 mmol of dry MAO was

5 used instead of triisobutylaluminum and
triphenylcarbeniumtetrakis{pentaflucrophenyl)becrate, and the
reaction temperature and the reaction time were changed to 75
°C and % minutes, respectively.

[Comparative Example 5]

10 <Polymerization c¢f Ethylene/Propylene using

(2—{Inden—l'wyl}-4,6~tBu2—C¢uO)Ti{NMeﬁ3>

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

16 solution (5 mmol/L) of
(2-{Inden-1'~yl}—-4, 6-"Buy;~CeHsO) Ti (NMe;), obtained in
accordance wit a process discleosed in Crganometallics.,
2004 (23, 1576 was used instead of
(Z-{Inden-1'-yl}-4,6-"Bu;~CgH0)TiCl,, 0.25 mmol of

20 triiscbutylaluminum and
triphenylcarbeniumtetrakis (pentafluorophenyl)borate in an
amount of 1.2 eguivalent to Ti were used, and the reaction time
was changed to 30 minutes.

[Comparative Example 6]
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<Polymerirzation of Ethylene/Propylene using Cp*TiCls>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 14 o obtain
ethylene/propylene copolymer, except that Cp*TiCl; was used

& instead of (2-{2-Me-Inden-1'-yl}-4,6~"Bu,~C¢H,0)TiCl,,
ethylene/propylene mixed gas (= 60/40 liter/hr) of normal
pressure was changed to ethylene/propylene mixed gas (= 100/100
liter/nhr), and the reaction time was changed to 30 minutes.

[{Comparative Example 7]

16 | <Polymerization of Ethylene/Propylene using Cp,Till,>

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~"Bu,-CeHs0) TiCl,,

165 1.25 mmol of dry MAC was used instead of triisobutylaluminum
and triphenylcarbeniumietrakis(pentafluorophenyi)borate,
ethylene/propyvlene 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)anilinatolTiCl,>

The polymerization and the post~treatment were carried

cut in the same manner as in EXAMPLE 14 to obtain
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ethylene/propylens copolymer, except that
bis[N~-{3~tert~butylsalicylidenejanilinato]TiCl, was used
instead of {2*{2uMew1nden~l’~yl}w4,6mtBu2mC§hO)TiClz, 1.25
mmel of dry MAO was used instead of triisobutylaluminum and
b5 triphenylcarbeniumtetrakis(pentafliuorophenyl)borate,
ethylene/propylene mixed gas (= 506/150 liter/hr) was used
instead of ethylene/propylene mixed gas (= €0/40 liter/hr} of
normal pressure, and the reaction time was changed to 30 minutes.
[Comparative Example 9]
10 <Copclymerization of Ethylene/Isobutene using
IMesSi (Me,Cp) (N*Bu) 1 TiCl,>
The pclymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 20 to cbtain
ethylene/isobutene copolymer, except that
15 [Me,Si{Me,Cp) (N*Bu) ]TiCl, was used instead of
(2-{Inden-2"~yl}=4, 6="Bu,~CeHs0) TiCl,.
[Comparative Example 107
<Copolymerization of Ethylene/Iscobutene using
[Me,S1 (Me,Cp) (N'Bu) ] TiCly>
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,31 (Me,Cp) (N*Bu) ]TiCl, was used instead of

(2-{Inden-2'-yl}~-4, 6= Bu,~CH,0)TiCl,, and the polymerization
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temperature was changed to 50 °C.

[Comparative Example 11]

<Polymerization of Ethvlene/Isocobutene using Cp*TiCls>

The polymerization and the pest-treatment were carried
out in the same manner as in EXAMPLE 20 to obtain
ethylene/iscbutene copolymer, except that Cp*TiCls was used
instead of (2-{Inden-2'-yl}-4,6-"Buy,~CgHs0) TiCl,.

[Comparative Example 12]

<Polymerization of Ethylene/Iscbutene using Cp,TiCl,>

The polymerization and the post-treatment were carried
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~"Bus~CeHsO)TiCl,.

[Comparative Example 13]

<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 tc obtain
ethylene/butadiene copolymer, except that
[Me;Si(Me,Cp) (N'Bu) ]TiCl, was used instead of
(2-{Inden=-2'-yl}-4,6-"Bu;—~CeH;0) TiCl,.

[Comparative Example 14]

<Polymerization of Propylene using

(2-{Inden-1"-ylj=4, 6~ "Bu,~CsH.0) Ti (NMes) >
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The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 29 to obtain polypropylene,
except that 1.0 mlL of a toluene sclution (5 mmol/L) of

2-{Inden-1'-yl}~4, 6="Bu,~CgHs0) Ti (NMe,),obtained in accordance

(14

with a process discleosed in Organometallics., 2004(23), 1576
was used instead of 2-{Inden-2'-yl}-4, 6-"Bu,~CeHe0) TiCl,, 0.25
mmel of triiscbutylaluminum and
triphenylcarbeniumtetrakis(pentafluorophenylyboratelin an
amount of 1.2 egquivalent to Ti were used, and the reaction tTime
10  was changed to 30 minutes.
[Comparative Example 15]
<Poclymerization of Propylene using
Ethyliene (Indenyl),Z2rCl,>
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},ZrCl, was used instead of
(2-{2-Me~-4-Ph~Inden-1'~-yl}~4, 6= Bus~CgHs0)TiCl,, 1.25 mmol of
dry MAQ was used instead of triisobutylaluminum and
20 triphenylcarbeniumtetrakis (pentafluorophenyl)borate, and the
reactlion time was changed to 30 minutes.
[Comparative Example 16]
<Pelymerization of 1, 3~butadiene using Cp*TiCls>

The polymerization and the post-treatment were carried
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out in the same manner zs in EXAMPLE 38 to cbtain 1, 3-butadiene
polymer, except that Cp*TiCl; was used instead of
(2-{Inden-2"'-y1l}=4, 6= Bu,~CeH,0) TiCl,.

BC-NMR (TCEwdg) of the polymer was measured and the

5 censtituent unit was examined, and as a result,

l,4-trans/1l,4-cis/1,2- = 11/66/23 was obtained.

The above-mentioned results are shown in the following
tables 1 to 4.

[{Table 1]
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(B) at least one compound selected from the group consisting of (B-i) organometallic compound, (B-2)
organoaluminum oxy compound and (B-3) compounds capable of reacting with the transition metal

compound (A) to formrarmionmpar; fChenT T R3I R4 M5 ON R68 ... (1) wherein, M is a
transition metal atomz selected rom (srou ps 4 to|5 of the part)dl(: table; X represents an atom or a
group selected frorrﬁa hygrog n aton, afnalo:gematom a hy ro¢arbon 19 group, a halogenated
hydrocarbon group, anoLEa@ OXY -cezntamlrg gt:oup Qis q -5-, -NR-, or -PRE- (wherein, R" and R
are each a hydrogeg atbfa or a hydrocaron §rdep); Y is a neutral Ilgand having an electron-donating
group; m is a numbes satlsfy|n|g the valence jof M, and whenim is 2 or more, a plurality of atoms or
groups represented!Dy X may be the|Same as of different from gach other, the plurality of groups
represented by X mag/ be bonded to each other, it may form a .
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conjugated 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 groups represented by X.may be bonded to each other to form a ring; n is 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

which may be th¢zsame a
hydrogen atom, a“‘h?lb%@
group-substituted., hy@mecxnbo
oxygen-containin
196 and RF and
group, a phenyl g
according to Clalmglﬂvghe
following general

193

[Table 4]

an aliphatic ring with—the-carbon.atoms to which the two are bonded, and groups of not forming a ring
as_or different from each other, are each an atom, or a group selected from a
gtam, a hydrocarbon group, a halogenated hydrocarbon group, a silyl
n group;,"a Wdrjt:a'boni group- ubstituted silyl group, an
q group cir(ﬁ a nitrogen-containing group; and R’'5 and R are each an hydrogen atom
R are each & teft-butyr group, an a armgartt yi roup; ajtrimethylsilyl group, a cumyl
roup, utrnyl group, ora triphenylsilyl group, 2. The catalystgor olefin polymerization
SEQinnH he‘*trcammennmﬁtfal: compodrrlds a Compaund represented by the
forn%L@;a 2): |[CHENE| 4] 3T RIFIE ROSMSELSVERZ|S Y| ©
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Re FRS8 ... (2) wherein, Ry and Ru, which may be the same as or different from each other, represent
each an atom or a group selected from a hydrogeratom, a halogen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a silyl group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl 196a group, an oxygen-catairing group and a nitrogen-containing group, and
the two of R' to R*4, 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. 3. The catalyst for
olefin polymerization according to Claim 2, wherein the transition metal compound represented by the

general formula (2§, WRAEPEHEmong thetdtos OF Gr5Upé 2eltBsERtEY b B R-, at least one of R9
and R'O is a hydrogen atom, a methyl group, an ethyl group, a n-propyl_group, an i-propyl group, or a
phenyl groué%ndchQQéﬁasﬁiﬁﬁafﬁ %eg t eggéﬂ %ugs%{ ogaﬁfeﬁéﬁ?%ﬁ éé’cht%t{e"f.O i.*%ﬁép%gatalyst for
olefin polymgrizatign aecprding to, Clajjp2, wherein the transition metal compound represented by the
general formula (2), wherein among the atoms or groups represented by R9 and R14, R~ is a
hydrogen atom, a phengagroup,ca napthyl group; & mesityFgraup; ilsephenanthpd grospiagan
anthracenyi group.

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,

[Chem. 1]

RS R?

QT
Wi
/

,/Xm
~y.

Q

.. (1)

wherein, M is a transition metal atom selected from Groups 4
to 5 of the pericdic table; X represents an atom ©or a group

selected frcom a hydrogen atom, 2 halogen atom, a hydrocarbon



197 5. The catalyst for olefin polymerization according to Claim 2, wherein transition metal compound
represented by the general formula (2), wherein R3:and R" combine to form an, expanded aromatic
ring. 6. The catalyst for olefin polymerization according to Claim 1, wherein the transition metal
compound is a compound represented by the following general formula (3): ;Chem. 5] 15 17 R19 R16
%on t' 20 RIEolzm r RKROGRBLRY (BywhexeionR srtaiRk20awhicinmayberthessamenas or different
from each other, represent each an atom or a group selected from a hydrogen atom, a halogen atom,
a hydrocarb6# ¢jtsep fa Ffalogenated hydriéarbors §rouf a silyhgrotigisulistitated Fydreearbon group,

a hydrocarbon g[roup gubstltuted s&lyl 197a grgup, an ox]g/gen contammg} groupﬁand‘ad_ 1
nitrogen-containing: “Yd4rogen atom or yarocarbdn group); Y a neutra

ligand having an electron-donating group; m 1s a number
satisfying the wvalence of M, and when m 1is 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 cther, it may form a
conjugated straight-chain diene residue, a conjugated
branched-chain diere residue, a non-conjugated straight-chain
diene residus or a non-conjugated branched-chain diene
‘residue, and the plurality of groups represented by X may be
bonded to each other to form & ring; n is an integer of 0 to
3; 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 groups of
not forminé 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 hydrocarbon group, a
halogénated hydrocarbon group, a silyl group-substituted
hydrocarbon group, a hydrocarbon group-substituted silyl
group, an oxygen-ccntaining group and a nitrogen-containing

group; and R’ and R’ are each an hydrogen atom



group, and the two RI5 to R20, which are adjacent to each other, may be combined to form an
aromatic ring, an aliphatic ring, or a hetero ring, witls 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 following general formula (4): Chem. 6 R25 25 24 23 R27 22 2i 2
Rn R Q. azn(4) whereid, RZ to=R28,amhich may bettheusame gsargdifferent fromaeacty bther,
represent each an atom or a group selected from a hydrogen atom, a halogen atom, a hydrocarbon
group, a halgeiated hydrdcarborsgrolip, & S gréus-substititeds19 7 hydrdearbongroup, a
hydrocarbon group-substituted s\j\%l grggg, an_oxygen-containing group and a nitrogen-containing

group, and thé tWo R 8P =8 which are dlijacentto &&H Bther, may be combined to form an
aromatic ring, an aliphatic ring, or a hetero ring, with the carbon atoms to which the two are

2. The «catalyst for o¢lefin polymerization according to
Claim 1, wherein in the transition metal compound is a

compound represented by the following general formula {2}:

[Chem. 4]

.. (2)

wherein, R” and R, which may be the zame as or different from
each other, represent each an atom or a group selacted from a
hydrogen atom, a halogen atom, a hydrocarbon group, a
halegenated hydrocarbon group, a silyl group-substituted

hvdrocarbon group, a hydrocarbon group-substituted silyl



bonded. 8. A process for producing an olefin polymer, the process comprising polymerizing one or
more kinds of olefins in the presence of the catalystdor olefin polymerization of any one of claims 1 to
7. 9. The process for producing an olefin polymer according to Claim 8, comprising copolymerizing
two or more kinds of olefins. 10. The process for producing an olefin polymer according to Claim 9,
wherein the two or more kinds of olefins are olefins selected from u-olefins having 2 to 20 carbon
atoms, and anyuplefursatisfigs:thesrelatianshipsatthe tollowing formglan {Eget)10.33<< Ci/Pi < 1.50
(Eg-1) 198 when assumed that a ratio (mol%) of a concentration of any one olefin (Mi) among the
olefins in the eopBlymMEfization Syster 1 the dun-ofEdncemesticiis) 6fak bléfin$&-Ei and an
abundance ratio(mol%) of structural units derived from an olefin (Mi) in the obtained copolymer to the

total structufal Uit &P, 13. AOProcEss for protticiy &n Slefm-virylidene Cofpoutit topolymer,
comprising steps of; copolymerizing.one Qrmore kinds of alefins selected Wfrci)Lmla;:fgllmefi@sohaving 2to
20 carbon atomé‘and a vihylﬁ:?ene compound in the presence of a cata(fyst or olefin poTVymerization of

any one of ¢laims.l.te.£; and

3. The catalyst for olefin pelymerization accerding to
Claim 2, wherein the transition metal compound represasnted by
the general formula (2), whereln among the atoms c¢r groups
represented by R to R*, at least one of R’ and R* is &
hvdrogen atom, a methyl group, an ethyl group, & n-propyi
group, an i-propyl group, or a phenvl group, and R® and RY may

be the same as or different from each other.

4. The catalyst for olefin polvmerization according to
Claim 2, wherein the transition metal compound represented by
the general formula (2), wherein among the atoms or groups
represented by R® and RY, R is a hydrogen atom, a phenyl
group, a napthyl group, & mesityl group, a phenanthryl group

or an anthracenyl group.



producing a copolymer having a content ratio (Uo/Uv) of the structural units (Uo) derived from the
olefin to the structural units (Uv) derived from the:. ¢¥inylidene compound of 50/50 to 99/1 (molar ratio).
199 12. An olefin copolymer obtained polymerizing structural units derived from one or more kinds of
olefin selected from aa®lefing 206- having 12 of :mord cathdn atams incthe-ptesence of4he olefin
polymerization catalyst according to any one of Claims 1 to 7, wherein the tri-substituted internal olefin
quantity is 021 of¢hoie geratGo0 tarbas atomswhen rieastied by H-NIVIR.E3 . 9Fe Biefin copolymer
according to Claim 12, which is a copolymer obtained by polymerizing two or more kinds of olefins
selected fronfafléfins havirig 216'20 CarliSit atom§ FFa-pélynter” dbtaifed™By politierizing a-olefin of
one or morealéigg(%){%elg%ed from a-olefins having 3 to 20 carbon atoms in the presence of the olefin
polymerization catalyst a*cc%‘rding to any one of Claims 1 to 7, wherein the constituent ratio of
regioirreguiar linkage (head-head bonding and tail-tail bonding) of the a-olefins having 3 to 20 carbon
atoms in the total a-olefin chains measured by SC-NMR is 10 mol% or more. 14. An olefin polymer
which can be obtained:by polymedzingthe olefiniselegted from asolefins having 2 tp,20.carbon atoms
in the presence of the olefin polymerization catalyst according to any one

Claim 1, wherein the transition metal compound is a compound

represented by the folliowing general formula (3):

[Chem., 5]

F{?E FE??

cee (3D

wherein, R to R, which may be the same as or different from
each other, represent each an atom c¢r a group seiected from a
hydrogen atom, & halogen atom, a hydrocarbon group, &
halogenated hydrocarbon group, a silyl group~substituted

hyvdrocarbhon group, & hydrocarbon group-substituted silyl



of Claims 1 to 7, having on its side chain two or more alkyl groups selected from an ethyl group (bl),
an alkyl group having 3 carbon atoms (b2), an alkyt 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 carbomatoms supphied-itea polymetizationiis t,:side chainsthayxing-t«2 carhon ratoms are not
included in the alkyl group selected from (bl) to (b4) ) , wherein the content of the total b'_ to b4 alkyl
groups is 1.0 rermorenger-b80G¢arbon atorns. .20 iT5. Amolefil virgidehe compoahticopolymer,
which is a copolymer obtained by polymerizing at least one olefin selected from a-olefins having 2 to
20 carbon af6iis ahd LUYIgENe Coffpduntfin 2HE Bresenté b thé dlefin polymeTizatibh catalyst
according to.any, er%%fmCIairjps 1 tow? \lgvhgglein ;Q%gggo égggnlgv)t%f thg 1o al %%%nt%nito ofasrtguctural units
derived from the olefir (Uo) 16 thé Content of strictaral unita derved from the vinylidene compound
(Uv) is from 50/5Q o 99/1 (molar ratio). 16. A transition metal compound represented by the following
general formula (1): (Chem.31 3 4IM n O

7. The catalyst for olefin polvmerization according to Claim
1, wherein the transition metal compound has a siructure

represented by the following general formula (4£):

e (4)

wherein, R fo R™, 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 hydrocarboen group, a

halogenated hydrocarbon group, a silyvl group-substituted



R6 R7 wherein, M is a transition metal atom selected from Groups 4 to 5 of the periodic table; X
represents an atom or a group 202 selected from @’hydrogen atom, a halogen atom, a hydrocarbon
group, a halogenated hydrocarbon group, and an oxygen- containing group; Q represents -0-, -5-,
-NR- or -PRb - (wherein, Rz and R are 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 2rord mares leopluralityrof atomysios gretps represenied y: Xunay beithe same as or different
from each other, the plurality of groups represented by X may be bonded to each other, they may
form a conjdgated) seaightstttdindieneé yesidues seeonjiigated brarchsd-civaihsdieheYesidue, a
non-conjugated straight-chain diene_residue, or a non-conjugated branched-chain diene residue, and
the plurality 8f Gr&upgPépiesentsd By X iay be Bohded 0 8adhi- it to Tormea Fingt His an integer of
0 to 3; the twq of R’ to_ R9, which arg adjacen h other may be cambined tq form an aromatic
ring or an alf{b%atl;ké”rir?é) %fhnﬁwge Egrb%)r? %thﬁ@ls;ié%v@%ﬁc the o éfé bon é? ,and fﬁ% groups not

forming a ring-which-may, he the same, as;ar different from.gach ofher: representeach.an atom or a
group selected from a hydrogen atom, a halogen atom, a hydrocarbon group, a halogenated
hydrocarborbgroig; a sily  group-substituted hydrocarbon group, a hydrocarbon group-

8. A process for producing an olefin polvmer, the process
comprising polvmerizing one or more kinds of olefins in the
presence of the catalyst for olefin polymerization of any one of

claims 1 to 7.

9. The process for producing an olefin polymer according to Claim
8, comprising copolymerizing two or more kinds of

clefins.

16. The process for proeducing an olefin polymer according to
Claim G, wherein the two or more kinds of olefins are olefins
selected from @-olefins having 2 to 20 carbon atoms, and any

clefin satlisfies the relationship of the following formula

$.33 £ Ci/Pi £ 1.50 (Eg-1)



substituted silyl group, an oxygen-containing group, and a nitrogen-containing group; and 203 R'to R’
are each an hydrogen atom and R and Re are eatchs tert-butyl group, an adamanthyi group, a
trimethylsi lyl group, a cumyl group, a phenyl group, tritvl group, or a triphenylsilyl group. 17. The
transition metal.compannd aceordiag ta Glaimmbtbawhereindtheotransitian metad compoundtis a
compound represented by the following general formula (2): [Chem. 4] R11 ~~ R'C7 R13 09 R14
~'xm ! Yn R@Re'RBYR) RT204 twhereinfR%toIR14hwhietrmiaybeithetsarmeas oeudifferent from
each other, represent each an atom or a group selected from a hydrogen atom, a halogen atom, a
hydrocarborfgrouf™a fraldgeiatedaiyarscarborfgroup & siyl groupsubstitutdd dfseafbon group, a
hydrocarbon g{gg%%ﬂ%ﬂtg}ed §ilxlcgroup, an. %ygen.-cogtagggg{g grou d a{wiﬁo%eﬂp-%gtaining

group andt & STI LUrai uni erive n olelll

obtained copolymer to the Total stractural units is Pi.

1i. A process for oproducing an olefin-vinylidene compound
copelymer, comprising steps of:
copolymerizing one or more kinds of clefins selected from o-
olefing having 2 to 20 carbon atoms and a vinylidene compound in
the presence of a catalyst for olefin polymerization of any
one of ciaims 1 to 7; and
- producing a copolymer having a content ratio (Uc/Uv) of the
structural units (Uo)} derived from the olefin to the structural
units (Uv) derived from the vinylidene compound of 20/50 te 98/1

{molar ratio).



two of R9 to Rt', 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. 18. The transition
metal compound according to Claim 17, wherein among the atoms or groups represented by R9 to
Ri9, at least one of R9 and R10.i's a hydrogen atom, a methyl group, an ethyl group, a n- propyl
group, an i-propyl group, or a phenyl group, and R9 and R10 may be the same as or different from
each other. 19. The transition metal compound according to Claim 17, wherein among the atoms or
groups represented by R9 to R, R" is a halogen atom, a hydrocarbon group having 1 to 20 carbon
atom(s), a 205 Hydrogeh stert diphetiys groap, sohaptivegroupl dmesityngrouy; wepheaanthryl group
or an anthracenyl group. 20. The transition metal compound according to Claim 17, wherein R"- and
Ri3 combines tgForm afféxpandetParciatiering 21X TRE transitién metdl¢siipouridraceording to
Clair 16, wherein the transition metal compound is a compound represented by the following general
formula (3): [CR&M.'Bf Rag R17 Ras_Rae R20 R15/m fYn Rol Q



R Re 7 wherein, R' to R20, which nay be the same as or di ffereri= from 206 each other, represent
each an atom or a group selected from a hydrogéf &tom, 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 the
two of R15 and R20, which are adjacent to each other, may be combined to form an aromatic ring, an
aliphatic ringégtahetere¥ingowithahetsarbert atoms to whiehithe semcare borded. &2 The transition
metal compound according to Claim 16, wherein the transition metal compound has a structure
represented 5y HE FolRTingrg&idia 16im RGP LI ReRt 6326 R28 %34 RZIX7IRZXIBR2 M™ F?
Q6101R SM}I;JIreniQ V\g%}eereicnfiRﬂ toLR28,+WQich may be the same as or C1 .1‘e,rerit0rr10rrg>r

~substituted internal olefin guantity is C.1

more per 1000 carbon atoms when measured by ‘H-~NMR.

13. The olefin copolymer according to Claim 12, wnhich 1is a
copolymer obtained by polymerizing two or more kinds of olefins
selected from o~clefins having Z to 20 carbon atoms or a polymer

obtained by polymerizing c~olefin of one or meore kind(s) selesctsad

@]

from o-olefins having 3 to 20 carbon atoms in the presence of the
olefin polymerization catalyst according to any one of Claims 1
to 7, wherein the constituent ratio of regioirregular linkage
{(head-head bonding and tail-tail bonding} of the o-clefins
having 3 to 20 carbon atoms in +he <otal o-olefin chainsg

s 13 .
measured by “C-NMR 1s 10 mol% or more.

14. An olefin peolymer which can be obtained by polymerizing

rt
]
(D

olefin selected from w-clefins having 2 to 20 carbon atoms in the
presence of the olefin polvmerization catalyst according to any one
of Claims 1 to 7, having on its side chain 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 atcms (B3), and an
alkvl group having 5 carbon atoms (b4} {(provided that, when the
number of carbon atoms of o-olefin having 3 or more carbon atoms
supplied in a polymerization 1s t, side chains having t-2 carbon
atoms are not included in the alkyl grour selected from (Bl to (bd) )
» wherein the content of the total bl te b4 alkyl groups is 1.0

or more per 1000 carbon atoms.



207 each other, represent each an atom or a group selected from a hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbondgroup, a silyl group-substituted hydrocarbon group,
a hydrocarbon group-substituted silyl group, an oxygen-containing group and a nitrogen-containing
group, and the.twaeef R2146iR28 whichiate adjaeenttoceacivothermmaray beh combitied ta form an
aromatic ring, an aliphatic ring, or a hetero ring, with the carbon atoms to which the two are bonded.
23. A processdor producintramoveltransiten matal Yompatindeeniprsing Protesy’l Qisd Process 2:
Process 1: reacting. an amide complex represented by the following general formula (10) with an
anion ligand (CPhaving A%trEture e prés&fted byt foliWing genérarformad et orwith a neutral

organic compound in which the anion Jigand (L) is hydr gega&gqawgcconve;g@g it into a reaction

product contalﬁin%rgﬁegr%ﬁdg complex repregéﬁf’éng Jf)“zﬁ(wae ollowing genéarceﬁoTorm%Ia(flff1 / MWn(NZZ'

)11y'n ... (10){Chem. 71208 | R3B2R4 Rl AT R ELE Wa  LM(NEZIDd Y Nor (12)s apdrar
content of structural units derived from the olefin (Uo) to the
content of structural units derived from the vinylidens compound

(Uv) 1= from 30/50 to 99/1 (molar ratio).

1¢. & transition metal compound represented by the following
general formula (1):

[Chem. 3]

R3
R‘Q@ 1
| e
B

RE
AN R
4%
s 4"
R Q
or
R® R®
R?

wherein, M is a transition metal atom selected from Croups 4 to

K

.. (1)

5 of the periodic table; ¥ represents an atom or & group



Process 2: reacting the reaction product obtained from the Process 1 with a compound represented
by the following general formula (13), and prepadng the novel transition metal compound represented
by the following general formula (1): VX (13) [Chem. 8] R3R2 4fi cQR6FRgaeo 7209
wherein: in the general formulae (1), (10), and (12), M represents a transition metal atom selected
from Groups 4%6% '6Cthé Périotlic table IR the " §8neral fofmtd& 11 Pls the ‘afi6AdRE U represented
by the above general formu{a gll?); intoge greneral formulaeé%) and (ll%ﬁP' to R, which may be the

ﬁ 2 } I a

QL = 1 Q na 3 rocarnor [e)5} . TL L 2
same as or different from each Other. represé/r(ljt Sach an atort ord group selécted frdmT a hydrogen

atom, a halogen, atom; &, hygrgcarbon. group, 2 balogenated hydgacarhon group, gsilyl  group-sub

s~'~ituted hydrocarbon group, a hydrocarbon group- substituted silyl group, an oxygen-containing
group, and a mitrggenzeontaining.growp ranethe two f R-to R4 nwhich-are-adjaeenttq each other,

may be combined to form an aromatic ring, an aliphatic ring, or a hetero ring, with the carbon atoms
to which the twarare bonded;rand R5 ahthRhdepresent an electron-donating group; m

is a number satisfying the wvalence 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, 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-coniugated branched-chain diene residue, and
the 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 twoe of R to
R', which are adjacent to each other may be combined teo form an
aromatic ring cor an aliphatic ring with the carbon atoms to which
the two are bonded, and thes groups not forming a ring which may
be the same as or different from each other, represent each an
artem or a group selected from a hvdrogen atom, a halocgen atom,
a hydrccarbon group, a halogenated hydreocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon group-
substitutéd silyl group, an oxygen-containing group, and &

nitrogen~centaining group; and



each an hydrogen atom, and R6 and R6 are each a tert-butyl group, an adamanthyl group, a
trimethylsilyl group, a cumyl group, a phenyl gl%ﬂfp, trityl group, or a triphenylsilyl 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 thegtgnrgral fgrmula : ?Sr rgp[%§gmn%sdgr1 atom or a
group seldtted oM hydroget albift & HatgEn Atom, & hydrocarbor grotp, a halogenated
hydrocarbon_croup, and an Ox Ege%ql%ntaéniggﬁgégwigﬂ% geperal farmula {11), Q- represents -0-, or

-PR - (Whﬁ%?ﬁ"?Ra én%gﬁmrigpp Sent each a hydrogen atom or “a hydrocarbon group) ; in the general

formula (10)and (12)x, Z-and, 2" which may be-the:samesas,or giffepent from each other, represent
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 Z or Z', and in the
case where those are bonded, bridging groups of those may have a chiral structure; in the general
formula 113), V represents aimetakatoncsetectet] fromrGroypth of ther periodiestable tashydrogen
atom, a hydrocarbon group having | to 20 carbon atom(s), a halogenated hydrocarbon group having
1 to 20 carbomatohHs), BSiiéonTBHRIIAG ¢our: a AFFSEERCCOMBIMIEGFSGp dian —he
oxygen-containing group; and XI represents a halogen atom; in the general formulae (1) , (10) , and
(12), Y represenis-ahelitfa ianc having arf ' °

IChem. 4]
- R‘i‘i
R - Rio
R'@B
R-Q
' R'M : /Xm
| M\
i [ Y
| R Q Q | o
- Rs RB ' ot (2)



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), in 211 is a number satisfying the valence of N, 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 plaFaIfiof Groapshrepréstriteiahy Sentay? beBEndedT® SadhBiRRF, H&Pntaftorm a
conjugated straight-chain diene residue, a conjugated branched-chain diene residue, a

non-conjudatéa straib AR - di&hs fesifitie B A noRtcoRjudatedFbraiiciedThain diéneresidue, and

the plurality of, s represented b be ledtg e or ing; in the general
formulae (1 %(%% ,%pélnd%%l%?,' n %pré@% inf%%&eg'of Ogto gg E!l%E Eg{\rz[%BS%'IBRA él'cg[ﬁl‘}g'sk! éIll'o provide a

catalyst forglefin polymerizationhaving-an exeelient olefinpolymerizatiop-perfermaneeand capable
of producing a polyolefin with excellent properties. [Construction] A catalyst for olefin polymerization

comprisingtA)acttansitiory metal conpound:nepresented-yuthe ifollowingigeneralformula (1) ; and (B)
at least one compound selected from the group consisting of (B-1) organometallic compound, (B-2)
organoalummyFaToaPEerAPohHd ST BB)conpuli@s St apabie Bl reactig Wwith i€ trahsition metal
compound (A)to _ L , ~ ,
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.

18. The transition metal compound according to Claim 17, wherein
among the atoms or groups represented by RY to R, at least one of
r® and RY* is a hydrogen atom, a methyl group, an ethyl group, a n-
propyl group, an i-propyl group, or a phenyl group, and R® and RY

may be the same as or different from sach other.

19. The transition metal compound according to Claim 17, wherein
among the atoms or groups represented by R® to R, R is a halogen

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



form an ion pair: [Chem. 1] R3 R2 1 JYn 7 (N is a transition metal atom selected from Groups 4 to 6

of the periodic table; the two of R' to R4, whicH

Gre 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 R8, and

X are each an. atom,or & group.seleciad frog g ydrogen,gtom. a halogen atonksa hydrocarbon group,

a halogenat

hydrocarbon group, an oxygen-containing group, and a nitrogen-containing group; Q

is -0-, -S-, NBupor sPRIeA(RI:ard IR aseeach ahysregen atamloradydrocarbon group); Y is a
neutral ligand having an electron-donating group; m is a number satisfying the valence of M; and n is

an integer of 0 to 3.).

20, The transition mezal

. 12 ) 13 .
~wherelin R*™ and R combines

compound accerding to Claim 17,

ro form an expanded aromatic ring.

21 . The <ransition metal compound according to Claim 1¢&,

wherein the ‘transition metal compound is & compound

represented by the following gensral formula {3)
- [Chem. 5]

* o R, which may be the sams as

C - (3)

or different Ixom



206

each other, represant each an atom or a group selected from a
nydrzogen atom, & 'halogen atom, a Thydrocarpon group, 2
halogenated hydrocarbon group, & silyl group-substituted
hydrocarbon group, a hydrocarbon group-substituted silyl
group, an oxygen-centaining group, and a nitrogen-containing
group, and the two of Ri15 and R20, which are adjacent to each

other, may be combined to form an aromatic ring

-

an aliphatic

ring or a heteroc ring, with the carbon atoms te which the tTwo

4
i

22. The +ransition metal compound according to Claim 16,
wherein the transition metal compound has a structurs
represented by the following general

[Chem. €]

R

- : 1. " s R
wherein, R to R?®, which may be the same as or different from
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sach other, represent each an atom or a group selected from a
hydrogen atom, a halogen atom, a hydrocarbon sroup, a
halogenated hydrocarbon group, a silyl group-substituted
hydrocarbon group, a hvdrocarbon group-substituted silyl group,
an oxygen-containing group and a nitrogen-containing group, and
the twe of R** to R?®, which are adjacent %o each other, may be

combined 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:

Process 1: reacting an amide complex represented by the
following general fo;:mula "(10) with aﬁ_anion ligand (L) having
a s:tru_c‘t‘ure rep.re-sented by the following general fo'r.mula (11)
or with a neutral rorgan_ic compound in which tﬁe anion ligand
(L} is hydrogenated, and converting it into a reaction product
containing an amide complex represanted by the following general
formula (12):

MWP(NZZ')len - (10)

[{Chem. 7]
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<o (11

IM{NZZ' ) ¥y .. (12); and

Process 2: reacting the

.

reacticn 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 fcllowing general formula (1):
v¥E oL (13)

Q@ RB ¢ ""(};)



wherein: in the general formulase (1), (10), and (12), M
reprasents a transition metal atom selectsd from Groups 4 to €
of the periodic table; in the generazl ZIor @ia 1123, 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 sach an atom
Or & group selected Irom a hydrogen atom, & halogen atom, =a
nydrocarbon group, & halogesnated hydrocarbon group, a silyl
group~substituted hydrocarbon group, a hydrocarbon group-
substituted silyl group, an oxXygen=-c ntaininqv

group, and =2

'nitrogen~cbntaining group, and thé two of R to RY, which are
adiacent to each other, may be combined to form an aromatic
ring, an aliphatic ring, or a hesterc ring, with the carbon
atoms to which the two are bonded; and R® and R, repressent
gach an hydrogeﬁ atom, and R® and R® ars each a tert-butyl
group, an adamanthyl éroup, g trimethylsilvl group, a cumyl
group, 'a phenyl group, trityl group, or a triphenylsilyl
group; in the gensral formula (10), W represents & halogen

atom; p 1% an integer of 0 to Z; and p and ml are determined
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to satisfy the valence of M; in the general formulazs (1), X
represents an atom or a group selected from a hydrogen atom,

halogen atom, a hydrocarbon group, a halogenated hydrocarbon

[11)

=il

or ~PR® - (wherein, R*® and R® represent each a hydrogen atom oI
a hydrocarbon group); in the general formula (10) and (12},

-7 and 27 which may be the same zs or different Zrom each cother,

#

represent each a hydrocarbon group having 1 to 20 carbon atom(s

-

or & silicon~containing grour; and The two groups represent

124

~
i

3

by NZZ' which are adijacent to each other may be bonded via
or 2', and in the case where these are bonded, bridging groups
of those may have a chiral: structure; in the general formulsz
413), V represents a metzal atom selected from Group I of the
periodic table, a hydrogen atom, & hydrocarbon group having 1
to 20 carbon atom{s), a halogenated hvdrocarbon group having
1 to 20 carbon atomi{s), a silicon-containing group, &
nitrogen—contalining group ©r an oxygen—contalning group; and

X* repr esent s a halogen atom; inthe genersl formulae (1), (10),

=

and (12}, Y represents & neutral ligand having an

electron~donating group; in the general formuls (12), m is &
n er satisfyving the valence of M, and when m is Z or moreg,
& plurality of groups represented by NIZZ' may be the same &as

¥

or different from each other; in the general Zormula (L}, m
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is & number satisfying the valence of M, and whenm 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 ¥ may be bonded to each dther, they may form &
conjugated straight-chain diene residue, a conjugated
branchedwchain,dienelresidue, & non-conjugated straignht-chain
dianereéidueoraanonuconjugatedbrancheduchaindieneresidue,
“and the plurality of groups represented;by}iméyknabonded,to
each other to form a ring; in the general formulae (1), (10),

and (12), n represents an integer of 0 to 3.
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ABSTRACT
(Task] Tec provide a catalyst for clefin polvmerization
having an excellent olefin polymerization performance and
capable of producing a polyolefin with excellent properties.
[Construction] A catalyst for olefin polymerization
comprising (&) a transition metal compound represented by the
following general formula (1l); and (B) at least one compound

- selected from the group consisting of (B-1) organometallic

¥

compound, {B-2) crgancaluminumoxy compound and {BE~-3) compounds
capable of reacting with the transition metal compound (&) to

form an ion pair:

{Chem. 1)

RS RZ?

(M is & transition metal atom selected from Groups 4 to € of

the periodic table; the two of R* to RY, which are adjacent to
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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 ¥ are each an atom or a group selected from a hydrogen
atom, a halogen atom, a hydreccarbon group, a hzlogenated
hydrocarbon group, an oxygen-containing group, and a
nitrogen-containing group; Q is -0-, =S-, =NR®-, or -BR®- (R®
and R® are esach a hydrogen atom or a hydrocarbon group): Y is
"aneutral ligand having an electron~donating grogxfn; mis anumber

satisfyving the valence of M; and n

]_.»-

s an Integer of 0 to 3.).



