
;e3e.k.hDjFT6T% W 1 *166166* 17 S E P 2002 OLEFIN POLYMERIZATION CATALYST
AND PROCESS FOR OLEFIN POLYMERIZATION 5 The present invention relates to an
olefin polymerization catalyst and a process for olefin polymerization
using the catalyst'. More particularly, the 10 invention relates to a novel
olefin polymerization catalyst which has a high polymerization activity,
and also relates to a process for olefin polymerization using the catalyst.
15 "Kaminsky catalysts" are well known as olefin polymerization catalysts.
The Kaminsky catalysts exhibit extremely high polymerization activity, and
by the use of them, polymers of narrow molecular weight distribution can be
obtained. Transition metal compounds known as employable for 20 the
Kaminsky catalysts are, for example, bis(cyclopentadienyl)zirconium
dichloride (see Japanese Patent Laid-Open Publication No. 19309/1983) and
ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride (see Japanese
Patent Laid-Open Publication No. 130314/1986). 25 It is also known that the
olefin polymerization activity and   2 ~ ~ s E P 2002 the properties of the
resulting polyolefins greatly vary whey different transition metal
compounds are used in the polymerization. Recently, transition metal
compounds having a ligand of diimine structure have been proposed as novel
5 olefin polymerization catalysts (see internatioaal Patent Publication No.
9623020). By the way, polyolefins generally have excellent mechanical
properties, so that they axe used in many fields such as fields of various
molded products. However, with the 10 diversification of requirements for
the properties of 



polyolefins, polyolefins of various properties have been desired in recent
years. Moreover, increase of productivity has been also desired. Under such
circumstances as mentioned above, there has 15 been desired development of
olefin polymerization catalysts exhibiting excellent olefin polymerization
activity and capable of producing polyolefias of excellent properties. 20
It is an object of the invention to provide as olefin polymerization
catalyst exhibiting an excellent olefin polymerization activity and a
process for olefin polymerization using the catalyst. 25 SUMMARY OF THE
INVENTION   3 1 ~ S E P 2002 The olefin plymerization catalyst according to
the present invention comprises: (A) a transition metal compound
represented by the following formula (I): 5 R~ // N .. . U , MXn Q~ ~A l m
CI) wherein M is a transition metal atom selected from Group 3 to Group 11
of the periodic table, U is a carbon atom having a substituent group R2, a
10 nitrogen atom or a phosphorus atom, A is a nitrogen atom or a phosphorus
atom, t Q is a carbon atom having a substituent group R3, a nitrogen atom
or a phosphorus atom, S is a carbon atom having a substituent group R4 a 15
nitrogen atom or a phosphorus atom, T is a carbon. atom having a
substituent group R5, a nitrogen atom or a phosphorus atom, 



m is an integer of 2 to 6, R1 to R5 may be the same or different, when M is
a 20 transition metal atom selected from Group 3 to Group 5 and   4 1 ? S E
P 2002 Group 7 to Group 11 of the periodic table, they are each a hydrogen
atom, a halogen atom, a hydrocarbon group, a heterocyclic compound residual
group, an oxygen-containing group, a nitrogen-containing group, a
boron-containing group, 5 a sulfur-containing group, a
phosphorus-containing group, a silicon-containing group, a
germanium-containing group or a tin-containing group, and when M is a
transition metal atom selected from Group 6 of the periodic table, R1 is a
hydrogen atom, a halogen atom, an aliphatic hydrocarbon group, an 10
alicyclic hydrocarbon group, a heterocyclic compound residual group, an
oxygen-containing group, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group or a tin-containing
group and 15 R2 to R5 are each a hydrogen atom, a halogen atom, a
hydrocarbon group, a heterocyclic compound residual group, an oxygen (
containing group, a nitrogen-containing group, a boron containing group, a
sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a 20 germanium-containing group or a
tin-containing group, two or more of Rl to R5 may be bonded to each other
to form a ring, and one group of Rl to R5 contained in one ligand and one
group of Rl to R5 contained in another ligand may form a bonding group or a
single bond, 25 n is a number satisfying a valence of M, and   s 1 7 S E P
2002 X is a hydrogen atom, a halogen atom, a hydrocarbon group, an
oxygen-containing group, a sulfur-containing group, a nitrogen-containing
group, a boron-containing group, as aluminum-containing group, a
phosphorus-containing group, a s halogen-containing group, a heterocyclic
compound residual group, a silicon-containing group, a germanium-containing
group or a tin-containing groups and when n is 2 or greater', plural groups
indicated by X may be the same or different to each other and plural groups
indicated by X may be bonded to 



10 each other to form a ring. The olefin polymerization catalyst according
to the present invention comprises: (A) Transition metal compound
represented by the above formula (I), and is (B) at least one compound
selected from: (B-1) an organometallic compound, (B-2) an organoaluminum
oxy-compound, and (B-3 ) a compound which reacts with the transition metal
compound (A) to form an ion pair. 20 The olefin polymerization catalyst
according to the present invention may further comprise a carrier (C) in
addition to the transition metal compound (A) and at least one compound (B)
selected from the organometallic compound (B-1), the organoaluminum
oxy-compound (B-2) and the compound   6 17 S E P 2002 (B-3 ) which reacts
with the transition metal compound (A) to form an ion pair. The process for
olefin polymerization according to the present invention comprises
polymerizing or copolymerizing 5 an olefin in the presence of the
above-mentioned olefin polymerization catalyst. Fig. 1 is an explanatory
view showing steps for preparing 10 the olefin polymerization catalyst
according to the present invention. The olefin polymerization catalyst of
the present 15 invention and the process for olef in polymerization using
this catalyst are described is detail hereinafter. The meaning of the term
"polymerization" used herein is not limited to "homopolymerization" but may
comprehend "copolymerization". Also, the meaning of the term "polymer" 20
used herein is not limited to "homopolymer" but may comprehend "copolymer".
The olefin polymerization catalyst according to the invention is formed
from: (A) a transition metal compound represented by the 



25 formula (I) described below, and   1 ? S E P 2002 (H) at least one
compound selected from: (H-1) an organometallic compound, (H-2) an
organoaluminum oxy-compound, and (H-3 ) a compound which reacts with the
transition 5 metal compound (A) to form an ion pair. First, the catalyst
components for forming the olefin polymerization catalyst of the invention
are described. The transition metal compound (A) for use in the 10
invention is represented by the following formula (Z). Rt i N . .. U .) MXn
Q~ ~A ~ m (I) In the above formula, M is a transition metal atom selected
from Group 3 (including lanthanoid) to Group 11 of 15 the periodic table,
preferably a transition metal atom selected from Group 3 (including
lanthanoid) to Group 9, more preferably a transition metal atom selected
from Group 3 to Group 5 and Group 9, particularly preferably a transition
metal atom selected from Group 4 and Group 5. Examples of   8 1 7 S E P
2002 such metal atoms include scandium, titanium, zirconium, hafnium,
vanadium, niobium, tantalum, cobalt, rhodium, yttrium, chromium,
molybdenum, tungsten, manganese, rhenium, iron and ruthenium. Of these,
preferable are scandium, 5 titanium, zirconium, hafnium, vanadium, niobium,
tantalum, cobalt, rhodium and the like. More preferable are titanium,
zirconium, hafnium, cobalt, rhodium, vanadium, niobium, tantalum and the
like. Particularly preferable are titanium, 



zirconium and hafnium. 10 N----M generally indicates a coordinate bond, but
in the invention, it sometimes indicates no coordinate bond. A is a
nitrogen atom or a phosphorus atom, preferably a nitrogen atom. A-M
generally indicates a bond between A and the metal 15 M, but in the
invention, it may indicate that a pyrrole group (in the case where A is
nitrogen) is '~-bonded to the metal M. U is a carbon atom having a
substituent group RZ (- (RZ)C=) , a nitrogen atom (-N=) or a phosphorus
atom (-P=) , preferably 20 a carbon atom having a substituent group R' or a
phosphorus atom, more preferably a carbon atom having a substituent group z
R . Q is a carbon atom having a substituent group R3 (- (R3) C=) , a
nitrogen atom ( -N= ) or a phosphorus atom ( -P= ) , preferably 3 25 a
carbon atom having a substituent group R .   ~ 7 S E P 2002 S is a carbon
atom having a substituent group R` ( - (R~ ) C=) , a nitrogen atom (-N=) or
a phosphorus atom (-F=) , preferably a carbon atom having a substituent
group R`. T is a carbon atom having a substitueat group R5 ( - (Rz ) C=) ,
5 a nitrogen atom (-N=) or a phosphorus atom (-P=) , preferably a carbon
atom having a substituent group R5. m is an integer of 2 to 6, preferably
as integer of 2 to 4, more preferably 2. R1 to RS may be the same or
different, when M is a 10 transition metal atom selected from Group 3 to
Group 5 and Group 7 to Group 11 of the periodic table, they are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a heterocyclic compound
residual group, an oxygen-containing group, a nitrogen-containing group. a
boron-containing group, 15 a sulfur-containing group, a
phosphorus-containing group, a silicon-containing group, a
germanium-containing group or a tin-containing group, and when M is a
transition metal atom selected from Group 6 of the periodic table, Rl is a
hydrogen atom, a halogen atom, an aliphatic hydrocarbon group, an 20
alicyclic hydrocarbon group, a heterocyclic compound residual group, an
oxygen-containing group, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a gernianium-containing group or a tin-containing
group and 25 RZ to RS are each a hydrogen atom, a halogen atom, a
hydrocarbon   10 ~ 7 S E P 200Z group, a heterocyclic compound residual
group, an oxygencontaining group, a nitrogen-containing group, a
boroncontaining group, a sulfur-containing group, a phosphorus-containing
group, a silicon-containing group,'a 



5 germanium-containing group or a tin-containing group. Examples of the
hydrocarbon groups include: aliphatic hydrocarbon groups, specifically,
straight-chain or branched alkyl groups of 1 to 30 carboy atoms, preferably
1 to 20 carbon atoms, such as methyl, ethyl, 10 n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert butyl, neopentyl and n-hexyl,
straight-chain or branched alkeayl groups of 2 to 30 carbon atoms,
preferably 2 to 20 carbon atoms, such as vinyl, allyl and isopropenyl, and
straight-chain or branched alkynyl groups of 2 to 30 carbon 15 atoms,
preferably 2 to 20 carbon atoms, such as ethynyl and propargyl; alicyclic
hydrocarbon groups, specifically, cyclic saturated hydrocarbon groups of 3
to 30 carbon atoms, preferably 3 to 20 carbon atoms, such as cyclopropyl,
20 cyclobutyl, cyclopentyl, cyclohexyl and adamantyl, and cyclic
unsaturated hydrocarbon groups of 5 to 30 carbon atoms, such as
cyclopentadienyl, indenyl and fluorenyl; and aromatic hydrocarbon groups,
specifically, aryl groups of 6 to 30 carbon atoms, preferably 6 to 20
carbon atoms, such 25 as phenyl, benzyl, naphthyl, biphenylyl, terphenyl,
11 ~ 7 S E P 2002 phenanthryl and anthryl, and alkyl-substituted aryl
groups, such as tolyl, isopropylphenyl, t-butylphenyl, dimethylphenyl and
di-t-butylphenyl. =n the above hydrocarbon groups, a halogen atom may be 5
substituted for the hydrogen atom. Examples of such hydrocarbon groups
include halogenated hydrocarbon groups of 1 to 30 carbon atoms, preferably
1 to 20 carbon atoms, such as trifluoromethyl, pentafluorophenyl and
chloropheayl. i The above hydrocarbon groups may be substituted with 10
other hydrocarbon groups. Examples of the thus substituted hydrocarbon
groups include aryl-substituted alkyl groups, 



such as benzyl and cuu~yl. Further, the above hydrocarbon groups may be
substituted with heterocyclic compound residual groups; oxygea 15
containing groups, such as an alkoxy group, an aryloxy group, an ester
group, an ether group, an acyl group, a carboxyl group, a carbonato group,
a hydroxyl group, a peroxy group and a carboxylic anhydride group;
nitrogen-containing groups, such as an amino group, an imino group, an
amido group, an imido 20 group, a hydrazino group, a hydrazono group, a
aitro group, a nitroso group, a cyaao group, an isocyano group, a cyanic
ester group, an amidino group, a diazo group and an ammonium salt derived
from an amino group; boron-containing groups, such as a boranediyl group, a
boranetriyl group and a diboranyl 25 group; sulfur-containing groups, such
as a mercapto group,   12 17 S E P 2002 a thioester group, a dithioester
group, an alkylthio group, an arylthio group, a thioacyl group, a thioether
group, a thiocyanie ester group, an isothiocyanic ester group, a sulfonic
ester group, a sulfonamido group, a thiocarboxyl 5 group, a dithiocarboxyl
group, a sulfo group, a sulfoayl group, a sulfinyl group, a sulfenyl group,
a sulfoaato group and a sulfiaato group; phosphorus-containing groups, such
as a phosphido group, a phosphoryl group, a thiophosphoryl group p p group;
silicon-containing groups; and a hos hato 10 germanium-containing groups;
or tin-containing groups. Thus, the hydrocarbon groups may be substituted
with an oxygen-containing group, nitrogen-containing group, a
boron-containing group, a sulfur-containing group, a phosphorus-containing
group, a silicon-containing group, a 15 germanium-containing group, a
tin-containing group or the like, and in this case, the substituent group
such as the oxygen-containing group is desirably a group whose
characteristic atomic group is not directly bonded to N or the carbon atom
of U, Q, S, T or A is the formula (I). 20 Of the above groups, preferable
are straight-chain or branched alkyl groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl. t-butyl, neopentyl and n-hexyl;
aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon 25 atoms,
such as phenyl, naphthyl, biphenylyl, terphenyl,   13 17 S E P 2002
phenanthryl and anthryl; and substituted aryl groups wherein the above aryl
groups are substituted with 1 to 5 substituent groups such as halogen
atoms, alkyl groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon
atoms, alkoxy groups of 1 5 to 30 carbon atoms, preferably 1 to 20 carbon
atoms, aryl groups of 6 to 30 carbon atom, preferably 6 to 20 carbon atoms,
and aryloxy groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon
atoms. Taro or mere of Rl to R5 can be bonded to each other to 10 form a
ring. Examples of such rings include condensed rings, such as a benzene
ring, a naphthalene ring, an acenaphthene ring and an indene ring; and
groups wherein alkyl groups such as methyl, ethyl, propyl and butyl are
substituted for the hydrogen atoms on these condensed rings. 15 The
heterocyclic compound residual group is a cyclic group containing 1 to 5
hetero atoms therein, and the hetero atom is O, N, S, P or B. The cyclic
ring is, for example, a monocyclic or polycyclic ring of 4 to 7 members,
preferably a monocyclic or polycyclic ring of 5 to 6 members . Examples 



20 of such groups include residual groups of nitrogen-containing compounds
such as pyrrole, pyridine, pyrimidine, quinoline and triazine; residual
groups of oxygen-containing compounds such as furan and pyran; residual
groups of sulfur-containing compounds such as thiophene s and groups
wherein these residual 25 groups are further substituted with substituent
groups such   14 1 7 S E P 2002 as alkyl groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms, and alkoxy groups of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms. The oxygen-containing group is a group
containing 1 to 5 5 oxygen atoms therein. In the oxygen-containing group,
the above-described heterocyclic compound residual group is not included,
and a group containing a nitrogen atom, a sulfur atom, a phosphorus atom, a
halogen atom or a silicon atom each t of which is directly bonded to the
oxygen atom is not included 10 either. Examples of the oxygen-containing
groups include an alkoxy group, an aryloxy group, an ester group, an ether
group, an acyl group, a carboxyl group, a carbonato group, a hydroxyl
group, a peroxy group and a carboxy7.ic anhydride group. Preferable are an
alkoxy group, an aryloxy group, an acetoxy 15 group, a carbonyl group, a
hydroxyl group and the like. When the oxygen-containing group contains
carbon atom, the number E of carbon atoms is desired to be in the range of
1 to 30, preferably 1 to 20. The nitrogen-containing group is a group
containing 1 20 to 5 nitrogen atoms therein, and the above-described
heterocyclic compound residual group is not included. Examples of the
nitrogen-containing groups include as amino group, an imino group, an amido
group, an imido group, a hydrazino group, a hydrazono group, a vitro group,
a nitroso 25 group, a cyano group, an isocyano group, a cyanic ester group,
15 1 ~ S E P 2002 an amidino group, a diazo group and an ammonium salt
group derived from an amino group. Of these, preferable are an amino group,
an imiao group, an amido group, an imido group, a vitro group and a cyano
group. When the nitrogen-containing group 5 contains carbon atom, the
number of carbon atoms is desired to be in the range of 1 to 30, preferably
1 to 20. The sulfur-containing group is a group containing 1 to 5 sulfur
atoms therein, and the above-described heterocyclic compound residual group
is not included. Examples of the 10 sulfur-containing groups include a
mercapto group, a thioester group, a dithioester group, an alkylthio group,
an arylthio group, a thioacyl group, a thioether group, a thiocyanic ester
group, an isothiocyanic aster group, a sulfox~ic ester group, a sulfonamido
group, a thiocarboxyl 15 group, a dithiocarboxyl group, a sulfo group, a
sulfonyl group, a sulfinyl group, a sulfenyl group, a sulfonato group and a
t ; sulfinato group. Of these, preferable are a sulfonato group, a
sulfinato group, an alkylthio group and an arylthio group. When the
sulfur-containing group contains carbon atom, the 20 number of carbon atoms
is desired to be in the range of 1 to 30, preferably 1 to 20. The
silicon-containing group is a group containing 1 to 5 silicon atoms
therein, and examples thereof include a silyl group, such as a
hydrocarbon-substituted silyl group, a siloxy 25 group, such as a
hydrocarbon-substituted siloxy group, or the 



16 17 S E P Z002 like. Examples of the hydrocarbon-substituted silyl groups
include methylsilyl, dimethylsilyl, trin~ethylsilyl, ethylsilyl,
diethylsilyl, triethylsilyl, diphenylmethylsilyl, tripheaylsilyl,
dimethylphex~ylsilyl, 5 dimethyl-t-butylsilyl and
diraethyl(pentafluoropheayl)silyl. Of these, preferable are methylsilyl,
di~c~ethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
dimethylphenylsilyl and triphenylsilyl. Particularly preferable are
trimethylsilyl, tr~ethylsilyl, 10 triphenylsilyl and dimethylphenylsilyl.
Examples of the hydrocarbon-substituted siloxy groups include
trimethylsiloxy. When the silicon-containing group contains carbon atom,
the number of carbon atoms is desired to be in the range of 1S 1 to 30,
preferably 1 to 20. The phosphorus-containing group is a group containing 1
to 5 phosphorus atoms therein, and the above-described t heterocyclic
compound residual group is not included. Examples of the
phosphorus-containing groups include a 20 phosphino group, a phosphoryl
group, a thiophosphoryl group and a phosphono group. The boron-containing
group is a group containing 1 to 5 boron atoms therein, and the
above-described heterocyclic compound residual group is not included.
Examples of the 2S boron-containing groups include a boranediyl group, a
1 ~ 1 7 S E P 2002 boranetriyl group and a diboranyl group. Preferable is a
boryl group substituted with 1 to 2 hydrocarbon groups of 1 to 30 carbon
atoms, preferably 1 to 20 carbon atoms, or a borate group substituted with
1 to 3 hydrocarbon Qroups of 1 to 30 5 carbon atoms, pxeferably 1 to 20
carbon atoms. When the boron-containing group is a Qroup substituted with
two or more hydrocarbon groups, the hydrocarbon groups may be the same or
different. 



Examples of the germanium-containing groups or the 10 tin-containing groups
include groups wherein silicon is replaced with germanium or tin in the
above-mentioned silicon-containing groups. The oxygen-containing
group,nitrogen-containing group, sulfur-containing group, boron-containing
group, 15 aluminum-containing group and phosphorus-containing group
mentioned above are each preferably a group whose characteristic atomic
group is directly bonded to N or the carbon atom of U, Q, S, T or A in the
formula (I). The above examples of the groups indicated by Rl to R5 20 are
more specifically described below. Of the oxygen-containir~g groups,
preferred examples of the alkoxy groups include methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, isobutoxy and tart-butoxy~ preferred examples of the
aryloxy groups include phenoxy, 2,6 25 dimethylphenoxy and
2,4,6-trimethylphenoxy; preferred   18 i 7 S E P 2002 examples of the acyl
groups include fora~yl, acetyl, benzoyl, p-chlorobenzoyl and
p-methoxybenzoyl; and preferred examples of the ester groups iaclude
acetyloxy, benzoyloxy, methoxycarbonyl, phenoxycarbonyl and p 5
chlorophenvxycarbonyl. Of the nitrogen-containing Qroups, preferred
examples of the amido groups include acetamido, N-methylacetamido and
N-methylbenzamido; preferred examples of the amino groups include
alkylamino groups, such as methylamino, dimethylamino, 10 diethylamino,
dipropylamino, dibutylamino and dicyclohexylamiao, and arylamino groups or
alkylarylamino groups, such as phenylamino, diphenylamino, ditolylamino,
dinaphthylamino and methylphenylamino; preferred examples of the imido
groups include acetimido and benzimido; and 15 preferred examples of the
imino groups include methylimino, ethylimino, propylimino, butylin~i.no and
phenylimino. Of the sulfur-containing groups, preferred examples of the
alkylthio groups include methylthio and ethylthio; preferred examples of
the arylthio groups include phenylthio, 20 methylphenylthio and
naphthylthio; preferred examples of the thioester groups include
acetylthio, benzoylthio, methylthiocarbonyl and phenylthiocarbonyls
preferred examples of sulfonic ester groups include methylsulfonate,
ethylsulfonate and pheaylsulfonate esters; and preferred   19 1 7 S E P
2002 examples of the sulfonamido groups include pheaylsulfonamido,
N-methylsulfonamido and N-methyl-p-toluenesulfonamido. Examples of the
sulfonato groups include methylsulfonato, trifluoromethanesulfonato,
phex~ylsulfonato, 5 benzylsulfonato, p-toluenesulfonato, 



trimethylbenzenesulfonato, triisobutylbenzenesulfonato,
p-chlorobenzenesulfonato and pentafluorobenzenesulfonato. Examples of the
sulfinato groups include methylsulfinato, pheaylsulfinato, benzylsulfinato,
p-toluenesulfinato, 10 trimethylbenzenesulfinato and
pentafluorobeazeaesulfinato. Of the phosphorus-containing groups, preferred
examples of the phosphino groups include dimethylphosphino group,
diphenylphosphino group or the like; preferred examples of the phosphoryl
groups include methylphosphoryl group, 15 isopropylphosphoryl group,
phenylphosphoryl group or the like; preferred examples of the
thiophosphoryl groups include methylthiophosphoryl group,
isopropylthiophosphoryl group, phenylthiophosphoryl group or the like;
preferred examples of the phosphono groups include phosphoric acid group,
20 phosphate ester group, such as dimethyl phosphate, diisopropyl
phosphate, diphenyl phosphate, or the like. When M is a transition metal
atom selected from Group 3 to Group 5 and Group 7 to Group 11 of the
periodic table, Rl to R5 are each preferably a hydrogen atom, a halogen
atom, 25 a hydrocarbon group, a heterocyclic compound residual group, an
oxygen-containing group, a nitrogen-containing group, a   17 s E P zoo2
boron-containing group, a sulfur-containing group, a silicon-containing
group, a germanium-containing group or a tin-containing group. then M is a
transition metal atom selected from Group 6 of the periodic table, R1 is
preferably 5 a hydrogen atom, a halogen atom, an aliphatic hydrocarbon
group, as alicyclic hydrocarbon group, a heterocyclic compound residual
group, as oxygen-containing group, a nitrogen-containing group, a
boron-containing group, a sulfur-containing group, a silicon-containing
group, a 10 germanium-containing group or a tin-containing group, and Rz to
R5 are each preferably a hydrogen atom, a halogen atom, a hydrocarbon
group, a heterocyclic compound residual group, an oxygen-containing group,
a nitrogen-containing group, a boron-containing group, a sulfur-containing
group, a 15 silicon-containing group, a germanium-containing group or a
tin-containing group. when M is a transition metal atom selected from Group



3 to Group 5 and Group 7 to Group 11 of the periodic table, Rl to R5 are
each especially a hydrogen atom, a halogen atom, 20 a hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing group, a
nitrogen-containing group, a sulfur-containing group or a
silicon-containing group. When M is a transition metal atom selected from
Group 6 of the periodic table, R1 is especially a hydrogen atom, a halogen
25 atom, an aliphatic hydrocarbon group, as alicyclic hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing group, a
nitrogen-containing group, a sulfur-containing group or a
silicon-containing group, and   21 1 7 S E P 2002 R1 to R5 are each
especially preferably a hydrogen atom, a halogen atom, a hydrocarbon group,
a heterocyclic compound residual group, an oxygen-containing group, a
nitrogen containing group, a sulfur-containing group or a silicon 5
containing group. In particular, as regards activity, R5 is preferably a
hydrogen atom, a halogen atom, a hydrocarbon group, a heterocyclic compound
residual group, a hydrocarbon substituted silyl group, a
hydrocarbon-substituted siloxy 10 group, an alkoxy group, an alkylthio
group, an aryloxy group, arylthio group, an acyl group, an ester group, a
thioester group, an amido group, an amino group, an imido group, an amino
group, a sulfonic ester group, a sulfonamido group, a cyano group, a nitro
group or a hydroxyl group, more preferably a 15 hydrogen atom, a halogen
atom, a hydrocarbon group or a hydrocarbon-substituted silyl group.
Preferred examples of the hydrocarbon groups indicated by RS include
straight-chain or branched alkyl groups of 1 to 30 carbon atoms, preferably
1 to 20 carbon atoms, such as 20 methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tart-butyl, neopentyl and a-hexyl; cyclic
saturated hydrocarbon groups of 3 to 30 carbon atoms, preferably 3 to 20
carbon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl; aryl 25 groups of 6 to 30 carbon atoms. preferably 6 to 20
carbon atoms,   22 17 S E P 2002 



such as phenyl, benzyl, naphthyl, biphenylyl aad triphenylyl; and groups
wherein the above groups are substituted with substitueat groups such as an
alkyl or alkoxy group of 1 to 30 carbon atoms, preferably 1 to 20 carbon
atoms, a halogeaated 5 alkyl group of 1 to 30 carboy atoms, preferably 1 to
20 carboy atoms, an aryl or aryloxy group of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atoms, halogea, a cyano group, a nitro group and
a hydroxyl group. Preferred examples of the hydrocarbon-substituted silyl
10 groups indicated by R5 include methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, tripheaylsilyl, dimethylpheaylsilyl,
dimethyl-t-butylsilyl and dimethyl(pentafluorophenyl)silyl. Particularly
preferable are trimethylsilyl, 15 triethylphenylsilyl, diphenylmethylsilyl,
isopheaylsilyl, dimethylphex~ylsilyl, dimethyl-t-butylsilyl and
dimethyl(pentafluorophenyl)silyl. Two or more groups of Rl to R5,
preferably neighboring groups, may be bonded to each other to form an
aliphatic rang, 20 an aromatic ring or a hydrocarbon ring containing a
hetero atom such as a nitrogen atom. These rings may further have a
substituent group. One group of R1 to R5 contained in one ligand and one
group of Rl to R5 contained in another ligand may form a bonding group   23
1 7 S E P 2002 or a single bond, and Rls. R2s, R3s, R4s, or R5s may be the
same or different. n is a cumber satisfying a valence of M, specifically,
an integer of 0 to 5, preferably an integer of 1 to 4, more 5 preferably an
integer of 1 to 3. X is a hydrogen atom, a halogen atom, a hydrocarbon
group, as oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a 10 halogen-containing group, a
heterocyclic compound residual group, a silicon-containing group, a
germanium-containing group or a tin-containing group. When n is 2 or
greater, 



plural groups indicated by X may be the same or different. The halogen atom
is fluorine, chlorine, bromine or 15 iodine . Examples of the hydrocarbon
group: include the same groups as previously described with respect to Rl
to R5. Specifically, there can be mentioned a?kyl groups, such as methyl,
ethyl, propyl, butyl, hexyl, cctyl, nonyl, dodecyl 20 and eicosyl;
cycloalkyl groups of 3 to 30 carbon atoms, such as cyclopentyl, cyclohexyl,
norbornyl and adamaatyl; alkeayl groups, such as vinyl, propenyl and
cyclohexeayl; arylalkyl groups, such as benzyl, phenylethyl and
phenylpropyl; and aryl groups, such as phenyl, tolyl, di.methylphenyl, 25
trimethylphenyl, ethylphenyl, propylphenyl, biphenylyl,   24 1 ~ S E P 2002
naphthyl, methylnaphthyl, anthryl and phenanthryl. These hydrocarbon groups
include halogenated hydrocarbon groups, specifically, groups wherein at
least one hydrogen is replaced with halogen in the hydrocarbon groups of 1
to 20 carbon atoms . 5 Of the above groups, preferable are hydrocarbon
groups of 1 to 20 carbon atoms. Examples of the oxygen-containing groups
include the same groups as previously described with respect to R~ to R5.
Specifically, there can be mentioned a hydroxyl group; alkoxy 10 groups,
such as methoxy, ethoxy, propoxy and butoxy; aryloxy groups, such as
phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy; arylalkoxy groups,
such as phenylmethoxy and phenylethoxy; an acetoxy group; and a carbonyl
group. Exan4ples of the sulfur-containing groups include the 15 same groups
as previously described with respect to R1 to R5. Specifically, there can
be mentioned sulfonato groups, such as methylsulfonato,
trifluoromethanesulfonato, phenylsulfonato, benzylsulfonato,
p-toluenesulfonato, trimethylbenzenesulfonato, triisobutylbenzenesulfonato,
20 p-chlorobenzenasulfonato and pentafluorobenzenesulfonato; sulfinato
groups, such as methylsulfinato, phenylsulfinato, benzylsulfinato,
p-toluenesulfinato, 



trimethylbenzenesulfinato and pentafluorobenzenesulfinato; alkylthio
groups; and arylthio groups.   2s 1 7 S E P 2002 Examples of the
nitrogen-containing Qroups include the same groups as previously described
with respect to R1 to R5. Specifically, there can be mentioned an amino
group; alkylamino groups, such as methylamino, dimethylamino, s
diethylamino, dipropylasnino, dibutylamiao and dicyclohexylamino; and
arylamino or alkylarylamino groups, such as phenylamino, diphenylamino,
ditolylamino, dinaphthylamino and methylphenylamino. Examples of the
boron-containing groups include 8R4 (R 10 is a hydrogen, an alkyl group, an
aryl group which may have a substituent group, a halogea atom or the like).
Examples of the aluminum-containing groups include AlR4 (R is a hydrogen,
an alkyl group, an aryl group which may have a substituent group, a halogen
atom or the like). is Examples of the phosphorus-containing groups include
trialkylphosphine groups, such as triruethylphosphine, tributylphosphine
and tricyclohexylphosphine; triarylphosphine groups, such as
triphenylphosphine and tritolylphosphine; phosphate groups (phosphido
groups), such 20 as mathylphosphite, ethylphosphite and phenylphosphite; a
phosphoric acid group; and a phosphinic acid group. Examples of the
halogen-containing groups include fluorine-containing groups, such as PF6
and HF4; chlorine containing groups, such as ClOa and SbCls; and iodine 2s
containing groups, such as =Od.   26 1 7 S E P 2002 Examples of the
heterocyclic compound residual groups include the same groups as previously
described with respect to Rl to R5. Examples of the silicon-containing
Qroups include the 5 same groups as previously described with respect to R1
to R5. Specifically, there can be mentioned hydrocarbon-substituted 



silyl groups, such as phenylsilyl, dipheaylsilyl, trimethylsilyl,
triethylsilyl, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl,
methyldiphenylsilyl, 10 tritolylsilyl and trinaphthylsilyl:
hydrocarbon-substituted silyl ether groups, such as trimethylsilyl ether;
silicoa-substituted alkyl groups, such as trimethylsilylmethyl; and
silicon-substituted aryl groups, such as trimethylsilylphenyl. 15 Examples
of the germanium-containing groups include the same groups as previously
described with respect to Rl to R5. Specifically, there can be mentioned
groups wherein silicon a.s replaced with germanium in the above-mentioned
silicon-containing groups. 20 Examples of the tin-containing groups include
the same groups as previously described With respect to R1 to R5.
Specifically, there can be mentioned groups wherein silicon is replaced
with tin in the above-mentioned silicon containing groups.   2' 1 7 S E P
2002 When n is 2 or greater, plural groups indicated by X may be th same or
different, and plural groups indicated by X may be bonded to each other to
form a ring. X is preferably a hydrogen atom, a halogen atom, a 5
hydrocarbon group, an oxygen-containing group or a nitrogen-containing
group, more preferably a hydrogen atom, a halogen atom or a hydrocarbon
group. Examples of the transition metal compounds represented by the
formula (I) are given below, but the transition metal 10 compounds are not
limited to those examples. In the following examples, M is a transition
metal atom, e.g., Sc(III), Ti(III), Ti(IV), Zr(III), Zr(IV), Fif(IY),
V(IV), Nb(V), Ta(V), Co(II), Co(III), Rh(II), Rh(III) or Rh(IY) . Of these,
Ti(IV), Zr(N) or Hf (IV) is particularly 15 preferable. 



X is halogen such as Cl or Br, or an alkyl group such as methyl. When
plural X are present, they may be the same or different. n is decided by a
valence of the metal M. For example, 20 when two monoanions are bonded to
the metal, there can be mentioned n = 0 in case of a divalent metal, n = 1
in case of a trivalent metal, n = 2 in case of a tetravalent metal, and n =
3 in case of a pentavalent metal. More specifically, there can be mentioned
n = 2 in case of Ti (IV) , n = 2 in case 25 of Zr ( Iv) , and n = 2 in case
of Hf ( Iv) .   28 1 ? S E P 2002 ._ ~ .. M~ " MXn ' MXn Z tgu h .. ~ ..
MXn ~ z SiMe3 ph QMe . , ' MXn " 'MXn N 2 N 2 SiMe3 `i-"' MXn N 'j. NMe2
MXri N z SiMe3 " MXn N ~3 N 2 SiM~ N M~ N 2 SiMe3        



29 ,,..,. , ''_... MXn N 2 SiMe3 2 SiEt3 ~~ 13 " MXn 2 tBu 1 7 S E P 2002
xn 2 SiPhMez OOH g,~ tBu i " iPr .. - MXn N Z N C '~ SiMe3 ~Ph i Pr iPr .
M~ ~... MXn N ? N _ tBu N 2 ~tBu ~SiPh3 " MXn Z tBu pr ~ iPr ~"' MXn " MXn
3 / 3 v `t8u t8u H Ph Xn N I 2 ~~ SiPhS ~~iMe3 ' MXn ~.... -MXn N 3 t8u tBu
I N " 'MXn 'tBu ~_... MXn N 2 ,N N ~~.j.... MXn Z t8u 



~"' MXn Z SiMe~ 30 1 ~' N... ~~ N"t8u ~.... ~ MXrt 2 ~'~.N.N M~ p 2 N-
't>3u P '~ ~7~~FP2002 ~~M7Cn /' 2 N ~.... .MXn ~N t ' i a ~~ Z P (, ~N....
M~ Z ~N- 't8u I N 2 P ~_,._ MXn R '' / N I tg~ , tBu      MaCri N 2 / ~ /
MXn N 2 N J2 N~~y__. -MXn /. N 2 NON... .M~Cn N 2 31 M~ N 2 \,~ MXn N ,2 ~N



N ~__. -M~ N .2 \ I 1 7 S E P 2002 N ~2 ~~... MXn 2 N    ~ CtaH3~ ~N) ' MXn
~ N CeH~s ~N, ' MXn w N 32 OMe ~N~ ' MXn ~ N 2 N02 ~N~ MXn ~ N 2 CF3 ~N, ~
N 2 CI ~ CI ., ~N,) MXn ~~N 2 1 7 S E P 2002 / IPr ~N, MXn ~ N 2   33 ~ 7 S
E P 2002 More specific examples of the transition metal compounds
represented by the formula (I) include followiaQ titanium compounds and
compounds wherein titanium is replaced with hafnium or zirconium in the
following titanium compounds.   



34 r -.. nay _ Taz r~ N z z Z teu rat ~.... ~-;a2 2 TCl2 ~ ~a2 TClz N
-TiCl2 N~'-.. -TiCiz ALE-.. r N z N ~ ~ S E P 2002 ,_ na2 N Z SiMea ~~_~
~'-" 7 iCl2 Z 'TiaZ Z N CFy F M Me F z'iClZ -TiCt2 TCt~ 1 ia2 Z 2 ~ N 2 N 2
w   ~N,, ` TiCl2 ~~N 2 CF3 i~ i ~N) TiCl2 N 2 CI ~ CI I ~N., ` TcCl2 w ~N 2
35 N. ~IC~g '~~N 2 i~ iPr N_ ` ' TiCl2 ~ N 2 ~ CteH~-r ~N`, `TiCl2 '~ N i
sHys ~N. 



` ' TiCl2 ~ N 1 ? S E P 2002 OMe 1~ ~N. ' TiCl2 ~ N a N02 I~ ~N., TiCl2 ~.
N 2 t   36 1 ~ S E P 202 Examples of the compounds represented by the above
formula (I) wherein M is a transition metal atom M~ of Group 6 of the
periodic table are yivea below, but the compounds are not limited to those
examples.   ' M 'Xn . M'Xn / 2 ~ N 2 iMe3 M~~ ~_.. -M'Xn 2 N / ~.... M'Xn
~--- M'Xn / 2 / 2 N ~M'Xn ~ ~M'Xn N N // /i N' N"' M~Xn N 2 ,N... N ~ M'~Cn
N 37 `~"' M'Xn ~2 ' M'Xn N/ 2 J M'Xn l2 ~N-.. ..M,~ NON... ~n N 12
~?sEP2oo2 M'Xn l2 



M'Xn 2 ~N'/M'Xn N N ~' jMSCn N    38 1 7 S E P 2002 Examples of the
transition metal compounds represented by the above formula (I) wherein M
is a transition metal atom of Group 6 of the periodic table are Qiven
below, but the transition metal compounds are not limited to those examples
.   1 7 ~S E P 2002 f rX CrX CrX ~ ~~"" rX ` 2 Z ~~2 Z _; SiMe~ -CrX ' CrX
,GN-"' CrX CrX Z N Z !2 N ~2 ,~ ~J N~ J E_ 'CrX ~~ ' CrX ' -CrX Z ~ 2 v ~ Z
N N~."" 'CrX ~-.. -CrX N.~`~--.. CrX ' rX 2 Z N 2 ~ Z i N \.   40 1 ? S E P
2002 In the above examples, Me denotes a methyl group, Et denotes an ethyl
group, iPr denotes an i-propyl group, tBu denotes a tert-butyl group, and
Ph denotes a phenyl group. The transition metal compound represented by the
formula 5 



( I ) wherein m is 2 and one group of Rl to R5 contained in one ligand and
one group of R1 to R5 contained in another ligand form a bonding group or a
single bond is, for example, a compound represented by the following
formula (I-a). R11 t N',, ,-' N ~U~ U ' ..  MXn I T, S, S-T 10 15 ( I-a)
have the same meanings as those of M, A, Q, S, T, U, R1 to In the formula
(I-a), M, A, Q, S, T, U, R1 to R5 and X R5 and X in the formula (I), and A'
has the same meaning as that of A. U' is a carbon atom having a substituent
group R12 ( (R12)C=), a nitrogen atom (-N=)or a phosphorus atom (-P=), m
preferably a carbon atom having a substituent group R or a phosphorus atom,
more preferably a carbon atom having a substituent is group R   1 ? S E P
2002 Q' is a carboy atom having a substituent group R13 ( (R13)C=), a
aitrogen atom (-N=) or a phosphorus atom (-P=), preferably a carbon atom
having a substituent group R13.. S' is a carbon atom having a substituent
group R14 ( 5 (R14) C=) , a nitrogen atom (-N=) or a phosphorus atom (-P=)
, preferably a carbon atom having a substitueat Qroup R1~. T' is a carbon
atom having a substituent group R15 ( (R15)C=), a nitrogen atom (-N=) or a
phosphorus atom (-P=), ' preferably a carbon atom haviag a substituent
group R15. 10 R11 to R15 may be the same or different, R11 has the same
meaning as that of Rl, and Rla to R15 have the same meanings as those of RZ
to R5. R1 to R5 and R11 to R15 may be the same or different, and two or
more groups of Rl to R5 and R11 to R15, preferably 15 neighboring groups,
may be bonded to each other to form an aliphatic ring, an aromatic ring or
a hydrocarbon ring containing a hetero atom such as a nitrogen atom. t 



Y is a bonding group or a single bond formed from at least one group
selected from Rl to R5 and at least one group selected 20 from R11 to R15.
The bonding group indicated by Y is specifically a group containing at
least one atom selected from oxygen, sulfur, carbon, nitrogen, phosphorus,
silicon, selenium, tin, boron and the like. Examples of such groups include
groups 25 containing chalcogen atoms such as -O-, -S- and -Se-~   1 7 S E P
2002 nitrogen- or phosphorus-containing groups, such as -NH-, -N(CH3)z-,
-PH- and -P(CH3)s-; hydrocarbon groups of 1 to 20 carbon atoms, such as
-CHZ-, -CHZ-CHz- and -C (CH3 ) s-= residual groups of cyclic unsaturated
hydrocarbons of 6 to 20 carboy 5 atoms, such as benzene, naphthalene and
anthraceae; residual groups of heterocyclic compounds having 3 to 20 carboy
atoms and containing hetero atoms, such as pyridine, quinoline, thiophene
and furan; silicon atom-containing groups, such as -SiHz- and -Si(CH3)Z-;
tin atom-containing groups, such as 10 -SnHs- and -Sn (CH3 ) 2-; and boron
atom-containing groups, such as -BH-, -B(CH3)- and -BF-. The transition
metal compound represented by the formula (I-a) wherein R~ and Ril form a
bonding group or a single bond is, for example, a compound represented by
the following 15 formula (I-b). /N. . N U / U. ~' MXn D~ A ~ A D ~'=S S=f
(T-b) 20 In the formula (I-b), M, A, Q, S, T, U, RZ to R5 and X have the
same meanings as those of M, A, Q, S, T, U, RZ to   43 1 7 S E P Z~~2 R5
and X in the formula (I), and A', Q', 8', T', U' and R1~ 



t0 R15 have the same meanings as those of A', Q', S', T', U' and Riz to R15
in the formula (I-a). Rs to R5 and Rls to R15 may be the same or different,
and 5 two or more groups of Rz to R5 and Rls to R15, preferably neighboring
groups, may be bonded to each other to form an aliphatic ring, an aromatic
ring or a hydrocarbon ring containing a hetero atom such as a nitrogen
atom. In the formula (I-b), at least one of R~ and R14, 10 particularly
both of them, are each preferably a halogen atom, a hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, a sulfur-containing
group, a phosphorus-containing group, a silicon-containing group, a 15
germanium-containing group or a tin-containing group. n is a number
satisfying a valence of M. X is particularly preferably a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms or a sulfonato group. When n is 2
or greater, the ring formed from two or more of 20 X bonded to each other
may be an aromatic ring or an aliphatic ring. Y' has the same meaning as
that of Y in the formula (I-a) , and when Y is a hydrocarbon group, the
hydrocarbon group has 3 or more carbon atoms . Such a bonding group Y' has
a structure 25 wherein the main chain is constituted of preferably 3 or
more   `~ 1 7 S E P 2002 atoms, more preferably 4 to 20 atoms, particularly
preferably 4 to 10 atoms. Such a bonding group may have a substituent
group. Examples of the divalent bonding groups (Y~) include 5 chalcogen
atoms, such as -O-, -S- and -Se-; nitrogen- or phosphorus-containing
groups, such as -NH-, -N(CH3)-, -PH and -P(CH3)-; silicon-containing
groups, such as -SiHz- and -Si(CH3)s-; tin-containing groups, such as
-SnHs- and  Sn (CH3 ) Z-; and boron-containing groups, such as -BH-, -B
(CH3 )  



10 and -BF-. Examples of the hydrocarbon groups include saturated
hydrocarbon groups of 3 to 20 carbon atoms, such as - (CHz) 4-, - (CHZ) 5-
and - (CHz) 6-; cyclic saturated hydrocarbon groups, such as s
cyclohexylidene group and a cyclohe~lene group; groups wherein parts of
these saturated 15 hydrocarbon groups are substituted with 1 to 10
substituent groups such as hydrocarbon groups, halogens ( a . g . , f
luorine, chlorine, bromine) and hetero atoms (e. g., oxygen, sulfur, 1
nitrogen, phosphorus, silicon, selenium, tin, boron); residual groups of
cyclic unsaturated hydrocarbons of 6 to 20 20 carbon atoms, such as
benzene, naphthalene and anthracene; and residual groups of heterocyclic
compounds having 3 to 20 carbon atoms and containing hetero atoms, such as
pyridine, quinoline, thiophene and furan.   4s 1 7 S E P 2002 Examples of
the transition metal compounds represented by the formula (z-b) are given
below, but the compounds of the foz~nula (=-b) are aot limited to those
examples. 0   1 7 S E P 2002 Bu 6u E3u t 8u eu         



~ 7 s ~ P 2002 =n the above examples, Me denotes a methyl group, and Ph
denotes a phenyl group. In the present invention, transition metal
coiqpouads wherein the titanium metal is replaced With a metal other than 5
titanium, such as zirconium or hafnium, is the above-mentioned compounds
are also employable. The process for preparing the transition metal
compound (A) is not specifically limited. For example, a compound (ligand
precursor) which Will become a ligand in the 10 synthesized transition
metal compound (A) is allowed to react with a transition metal-containing
compound such as a compound represented by MXk (M and X have the same
meanings as those of M and X in the formula (I) and k is a number
satisfying a valence of M). 15 The process is now specifically described.
When the ligand for constituting the transition metal compound (A) is a a
pyrrole-aldoimine ligand, a compound (llgand precursor) which will become
the pyrrole-aldoimine ligand in the synthesized transition metal compound
(A) is obtained by 20 allowing an acylpyrrole compound to react with a
primary amine compound represented by the formula Rl-NHa (Rl has the same
meaning as that of R1 in the formula (I)) such as an aniline compound or an
alkylamine compound. More specifically, the acylpyrrole compound and the
primary amine compound are 25 dissolved in a solvent. Then, the resulting
solution is   48 1 7 S E P 2002 stirred under the conditions of a
temperature of room temperature to reflux temperature for about 1 to 48
hours, whereby the corresponding ligand precursor is obtained in a 



high yield. As the solvent, any solvent generally used for 5 such reaction
is employable. Above all, an alcohol solvent such as methanol or ethanol or
a hydrocarbon solvent such as toluene is preferable. When the ligand for
constituting the transition metal compound (A) is a phosphole aldoimine
ligand, the ligand 10 precursor can be obtained by, for example, allowing
an acylphosphole compound obtained by formylation of halogenated phosphole
(by a method described in Angew Chem 1994, 106 (11) , 1214) to react with
an aniline compound or Rl-NHa (Ri has the same meaning as that of R1 in the
formula (I)) in the same 15 manner as described above. Also, when the
ligand is a five-membered heterocyclic compound wherein in the formula (I)
U is a carbon atom, A is F ' a nitrogen atom or a phosphorus atom, and at
least one of Q, S and T is a nitrogen atom or a phosphorus atom, a . g. ,
pyrazole 20 aldoimine, the ligand precursor can be synthesized by
performing oc-formylation and introduction of an imino group in the same
manner as described above. In the synthesis of a ligand precursor wherein U
in the formula (I) is a nitrogen atom, the ligand precursor can be 25
obtained by allowing a five-membered heterocyclic compound   49 1 7 S E P
2002 having hydrogen at the a-position, such as pyrrole, indole, phosphole
or pyrazole, to react with a diazoaium compound synthesized from an aniline
or alkylamiae compound. More specifically, both of the starting compounds
are dissolved 5 is a solvent, and the resulting solution is stirred at a
temperature of 0 `C to reflux temperature for about 1 to 48 hours, whereby
the corresponding ligand is obtained. A water solvent is preferable as the
solvent. The diazonium compound is obtained by, for example, 10 allowing a
primary aniline or amine compound to react with sodium nitrite, alkyl
nitrite or the like and a strong acid such as hydrochloric acid in water.
Ia the synthesis of the ligand precursor, an acid 



catalyst such as formic acid, acetic acid or toluenesulfonic 15 acid may be
used as the catalyst. It is effective for the progress of the reaction to
use dehydrating agents such as molecular sieves, magnesium sulfate and
sodium sulfate or to ( . perform dehydration by the Dean and Stark method.
Then, the thus obtained ligand precursor is allowed to 20 react with a
transition metal-containing compound to synthesize the corresponding
transition metal compound. More specifically, the synthesized ligand
precursor is dissolved in a solvent and then allowed to directly react with
the transition metal-containing compound, to synthesize the 25
corresponding transition metal compound.   so 1 7 S E P 2002 =f necessary,
the ligand precursor may be contacted with a base to prepare a salt, and
the salt may be mixed With a metallic compound such as a metallic halide or
a metallic alkylate at a low temperature and stirred at a temperature 5 of
-78 C to room temperature or under reflex for about 1 to 48 hours. As the
solvent, any solvent generally used for such reaction is employable. Above
all, a polar solvent such as ethyl ether or tetrahydrofuran (THF) or a
hydrocarbon solvent 10 such as toluene is preferably employed. Examples of
the bases used for preparing a salt include metallic salts such as lithium
salts (e. g., a-butyllithium) and sodium salts (e.g., sodium hydride) and
organic bases such as triethylamine and pyridine, although the bases
employable 15 are not limited thereto. It is possible to exchange the metal
M in the synthesized transition metal compound with another transition
metal is a conventional way. When any of R1 to R5 is H, a substituent group
other than H can be introduced in any stage of the 20 synthesis process.
The transition metal compounds (A) mentioned above are 



used singly or in combination. The transition metal compound (A) can be
used in combination with other transition metal compounds, e.g., known
transition metal compounds constituted   51 1 7 S E P 2002 of ligands
'containing a hetero atom such as nitrogen, oxygen, sulfur, boroa or
phosphorus. In addition to the transition metal compound (A), a titanium
catalyst component coataininQ magnesium, titanium 5 and halogen as its
essential ingredients is employable. Examples of the transition metal
compounds other than the above transitionmetal compounds (A) include the
following transition metal compounds, without limiting to those 10
examples. (a-1) Transition metal imide compound represented by the
following formula (I-c): R31 R32 N / , ~;MXq R33 \N.., R34 15 (I-c) _ In
the above formula, M is a transition metal atom selected from Group 8 to
Group 10 of the periodic table, preferably nickel, palladium or platinum.
R31 to R34 may be the same or different and are each a 20 hydrocarbon group
of 1 to 50 carbon atoms, a halogenated   s2 1 ~ SEP 2002 hydrocarbon group
of 1 to 50 carbon atoms, a hydrocarbon substituted silyl group or a
hydrocarbon group substituted With a substitueat group containing at least
one atom selected from nitrogen, oxygen, phosphorus, sulfur and silicon. 5
Two or more of the groups indicated by R31 to R3~, preferably neighboring
groups, may be boned to each other to form a ring. 



q is an integer of 0 to 4. X is a hydrogen atom, a halogen atom, a
hydrocarbon group 10 of 1 to 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen-containing group, a
sulfur-containing group, a silicon-containing group or a
nitrogen-containing group. When q is 2 or greater, plural groups indicated
by X may be the same or different. 15 ( a-2 ) Transition metal amide
compound represented by the following formula (I-d): N ((Em)A) ~ jMXP N R"
(=-d) 20   s3 1 7 S E P 2002 In the above formula, M is a transition metal
atom selected from Group 3 to Group 6 of the periodic table, preferably
titanium, zirconium or hafnium. R~ and R" may be the same or different sad
are each a 5 hydrogen atom, a hydrocarbon Qroup of 1 to 50 carbon atoms, a
halogenated hydrocarbon group of 1 to 50 carbon atoms, a
hydrocarbon-substituted silyl group or a substituent group having at least
one atom selected from nitrogen, oxygen, phosphorus, sulfur and silicon. 10
m is an integer of 0 to 2. a is as integer of 1 to 5. A is an atom selected
from Group 13 to Group 16 of the periodic table, specifically boron,
carbon, nitrogen, oxygen, silicon, phosphorus, sulfur, germanium, selenium,
tin or the 15 like, preferably carbon or silicon. When n is 2 or greater,
plural atoms indicated by A may be the same or different. E is a
substitueat group having at least one atom selected from carbon, hydrogen,
oxygen, halogen, nitrogen, sulfur, phosphorus, boron and silicon. When m is
2, two of E may be 20 the same or different or may be bonded to each other
to form a ring. p is an integer of 0 to 4. X is a hydrogen atom, a halogen
atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 



25 1 to 20 carbon atoms, an oxygen-containing group, a   s4 1 7 S E P 2002
sulfur-containing group, a silicon-containing group or a
nitrogen-containing group. When p is 2 or greater, plural groups indicated
by X may be the same or different. X is preferably a halogen atom, a
hydrocarbon group of 1 to 20 5 carbon atoms or a sulfonato group. (a-3)
Transition metal diphenoxy compound represented by the following formula
(I-e): B/~A)i -\M \tA~)m 10 (I^e) In the above formula, M is a transition
metal atom selected from Group 3 to Group 11 of the periodic table. l and m
are each an integer of 0 or i. 15 A and A' are each a hydrocarbon group of
1 to 50 carbon atoms, a halogenated hydrocarbon group of 1 to 50 carbon
atoms, or a hydrocarbon group or a halogenated hydrocarbon group of 1 to 50
carbon atoms each having a substituent group containing oxygen, sulfur or
silicon. A and A' may be the same or 20 different. H is a hydrocarbon group
of 0 to 50 carbon atoms, a halogenated hydrocarbon group of 1 to 50 carbon
atoms, a group represented by RlRaZ, oxygen or sulfur. R1 and RZ are each
55 1 7 S E P 2002 a hydrocarbon group having 1 to 20 carboy atoms or a
hydrocarbon group having 1 to 20 carbon atoms and containing at least one
hetero atom, and Z is carbon, nitrogen, sulfur, phosphorus or silicon. 5 p
is a number satisfying a valence of M. X is a hydrogen atom, a halogen
atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 10 1 to 20 carbon atoms, an oxygen-containing group, a
sulfur-containing group, a silicon-containing group or a
nitrogen-containing group. Whey p is 2 or greater, plural groups indicated
by X may be the same or different or may be bonded to each other to form a
ring. (a-4) Transition metal compound containing a ligand having
cyclopentadieayl skeleton containing at least one 



15 hetero atom, said compound being represented by the follov~ring formula
(I-f): ~~)a ~R~ ~X X~X'~R~a MYc X ~R~a~ ~R~a b 20 (=-f)   s6 1 7 S EP 2002
In the above formula, M is a transition metal atom selected from Group 3 to
Group 11 of the periodic table. X is an atom selected from Group 13, Group
14 and Group 15 of the periodic table, and at least one X is an atom other
5 than carbon. a is 0 or 1. $ach R may be the same or different and is a
hydrogen atom, a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a hydrocarbon-substituted silyl group or 10 a
hydrocarbon group having a substituent group containing at least one atom
selected from nitrogen, oxygen, phosphorus, sulfur and silicon. Two or more
of R may be bonded to each other to form a ring. b is an integer of 1 to 4.
When b is 2 or greater, groups 15 indicated by ~((R)a)5-X5~ may be the same
or different, and Rs may be crosslinked to each other. c is a cumber
satisfying a valence of M. Y is a hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group
of 20 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing
group, a silicon-containing group or a nitrogen-containing group. When c is
2 or greater, plural groups indicated by Y may be the same or different,
and plural groups indicated by Y 25 may be bonded to each other to form a
ring.   



~ 7 s E P zoo2 (a-5) Transition metal compound represented by the following
formula: PB(Pz)3MXa In the above formula, M is a transition metal atom of 5
Group 3 to Group 11. of the periodic table . R is a hydrogen atom, a
hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon
group of 1 to 20 carbon atoms. l Pz is a pyrazoyl group or a substituted
pyrazoyl group . 10 n is a number satisfying a valence of M. X is a
hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon stoma,
a halogenated hydrocarbon group of 1 to 20 carbon atoms, an
oxygen-containing group, a sulfur-containing group, a silicon-containing
group or a 15 nitrogen-containing group. When n is 2 or greater, plural
groups indicated by X may be the same or different or may be bonded to each
other to form a ring. (a-6) Transition metal compound represented by the
following formula (I-g): 20 ~44 R41 1 Y R4s 46 R42 Y2 ~Y~ R R48 R47 (=-g)
1 ~ S E P 2002 In the above formula, Y~ and Y3 may be the same or different
and are each an atom selected from Group 15 of the periodic table, and YZ
is an atom selected from Group 16 of the periodic table. 5 R41 to R48 may
be the same or different, they are each a hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms. a halogenated hydrocarbon group
of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-contaiaiag 



' group or a silicon-containing group, and two or more of them 10 may be
bonded to each other to form a ring. (a-7) Compound comprising a compound
represented by the following formula (I-h) and a transition metal atom
selected from Group 8 to Group 10 of the periodic table: R51 N_Rs2 N ~~ R53
N-R54 15 (I-h) In the above formula, R51 to R54 may be the same or
different, they are each a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to 20 carbon atoms or a halogenated 20 hydrocarbon group of 1 to
20 carbon atoms, and two or more of them may be bonded to each other to
form a ring. (a-8) Transition metal compound reFresented by the following
formula (I-i):   59 ass F Y i An Rs~ R m Rss MXq Rss P 1 7 S E P 2002 (I-i)
In the above formula, M is a transition metal atom 5 selected from Group 3
to Group 11 of the periodic table. m is an integer of 0 to 3. n is an
integer of 0 or 1. p is an integer of 1 to 3. q is a number satisfying a
valence of M. 10 R6~ to R68 may be the same or different, they are each a
hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms,
a halogenated hydrocarbon group of 1 to 20 



carbon atoms, an oxygen-containing group, a sulfur-containing group, a
silicon-containing group or a nitrogen-containing 15 group, and two or
xeore of them may be bonded to each other to form a ring. X is a hydrogen
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing
group, a 20 sulfur-containing group, a silicon-containing group or a    60
1 7 S E P 2002 nitrogen-containing group. When q is 2 or greater, plural
groups indicated by X may be the same or different or may be bonded to each
other to form a ring. Y is a group to crossliak a boratabenzeae ring and is
5 carbon, silicon or germanium. A is an atom selected from Group 14, Group
15 and Group Z6 of the periodic table. (a-9) Transition metal compound
represented by the following formula (I-j): 10 `' MXt, R~s A m \ R~s R~s
(I-~) In the above formula, M is a transition metal atom selected from
Group 3 to Group 11 of the periodic table. 15 m is an integer of 1 to 3. A
is an oxygen atom, a sulfur atom, a selenium atom or a nitrogen atom having
a substituent group R~~. R~1 to R~~ may be the same or different, they are
each a hydrogen atom, a halogen atom, a hydrocarbon group, a 20
heterocyclic compound residual group, an oxygen-containing   



s 1 1 7 S E P 2002 group, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group or a tin-containing
group, two or more of them may be bonded to 5 each other to form a ring,
when m is 2 or greater, one group of R~1 to R~~ contained in one ligand and
one group of R~1 to R~~ contained in another ligand may be bonded to each
other, and R~ls, R~zs, R~3s, R~4s, R~5s,~ R~ss or R~~s- may be the same or
different. 10 n is an integer satisfying a valence of M. X is a hydrogen
atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-containing group, a 15
halogen-containing group, a heterocyclic coa4pound residual group, a
silicon-containing group, a germanium-containing group or a tin-containing
group, and when n is 2 or greater, plural groups indicated by X may be the
same or different and plural groups indicated by X may be bonded to each
other to 20 form a ring. (a-10) Transition metal compound containing a
ligand having cyclopentadienyl skeleton (a-11) Vanadium compound
represented by the following formula 25 VO ( OR ) aXg _a   t 62 1 7 S E P
2002 In the above formula, R is an aliphatic hydrocarbon residual group. X
is a halogen atom. a is a number satisfying the coalition of 0<n3. 5 1B-1)
Orqanometallic comyound Examples of the organometallic compounds (H-1) for
use in the invention include the below-described compounds which contain a
metal selected from Group 1, Group 2, Group 12 and Group 13 of the periodic
table. '' 10 (B-la) Organoaluminum compound represented by the 



following formula: R~m~ ( ORb ) aHp~ wherein Ra and Rb may be the same or
different and are each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 15 4 carbon atoms; X is a halogen atom; and m, a, p and q
are numbers satisfying the conditions of 0<m3, 0n<3, 0p<3, 0q<3 and m+a+p+q
= 3. ( ,; (8-lb) Alkyl complex compound comprising a metal of Group 1 of
the periodic table and aluminum, said compound being 20 represented by the
following formula: M~AlRa4 wherein Mz is Li, Na or K; and Ra is a
hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.
63 1 7 S E P 2002 (B-lc) Dialkyl compound containing a metal of Group 2 or
Group 12 of the periodic table, said compound being represented by the
following formula: RR~'M3 S wherein Ra and Rb may be the same or different
and are each a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 4
carbon atoms; and M3 is Mg, Zn or Cd. Examples of the organoaluminum
compounds (B-1a) include: an organoaluminum compound represented by the
following 10 formula: Ra~Al ( ORb ) 3-m wherein Ra and Rb may be the same
or different and are each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carboy atoms, and m is preferably a number satisfying the
15 condition of 1.5m3; an organoaluminum compound represented by the
following formula: RamAlX3 _m wherein Ra is a hydrocarbon group of 1 to 15
carbon atoms, 20 preferably 1 to 4 carbon atoms, X is a halogen atom, and m
is preferably a number satisfying the condition of 0<m<3; 



an organoaluminum compound represented by the following formula: RamAlH3_m
1 7 S E P 2002 wherein Ra is a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoals, a:~ m is preferably a number satisfying
the condition of Zm<3; and 5 an organoaluminum compound r~epzresented by
the following f onaula RamAl ( ORb ) aXq wherein Ra and Rb may be the same
ar different and are each a hydrocarbon group of 1 to 15 ca,~n atoms,
preferably 1 to 10 4 carbon atoms, X is a halogen atoa, and m, a and q are
numbers satisfying the conditions of Oaa3, 0n<3, 0q<3 and m+n+q = 3.
Particular examples of the arganoaluminum compounds (H-la) include: 15
tri-n-alkylaluminums, such zs trimethylaluminum, triethylalumiaum,
tri-n-butylal=-~Trum, tripropylaluminum, tripeatylaluminum, trihexylal~~am,
trioctylaluminum and tridecylaluminum; branched-chain trialkylahrn;~ums,
such as 20 triisopropy~laluminum, triisobutylaluminum, tri-sec
butylaluminum, tri-tart-butylal~~~um, tri-2methylbutylaluminum,
tri-3-met~,xy3~utylaluminum, tri-2methylpentylaluminum,
tri-3-met~~.peatylaluminum, tri-4methylpentylaluminum,
tri-2-met~~hexylaluminum, tri-3 25 methylhexylaluminum and
tri-~-et~lhe~qrlaluminum;   6s 17 S E P 2002 tricycloalkylaluminums, such
as tricyclohexylaluminum and tricyclooctylaluminum; triarylaluminums, such
as triphenylaluminum and tritolylaluminum; 5 dialkylalumiaum hydrides, such
as diisobutylaluntinum 



hydride; trialkenylaluminums represented by (i-CdHg),~Aly(CSHio)z (wherein
x, y and z are each a positive cumber, and z2x), such as
triisoprenylaluminum; 10 alkylaluminum alkoxides, such as isobutylaluminum
methoxide, isobutylaluminum ethoxide and isobutylaluminum isopropoxide;
dialkylaluminum alkoxides, such as dimethylaluminum methoxide,
diet~ylaluminum ethoxide and dibutylaluminum 15 butoxide; alkylaluminum
sesquialkoxides, such as ethylaluminum sesquiethoxide and butylaluminum
sesquibutoxide; partially alkoxylated alkylalum3.nums having an average
composition represented by RaZ,5A1 (ORb) 0.5% 20 dialkylaluminum
aryloxides, such as diethylaluminum phenoxide,
diethylaluminum(2,6-di-t-butyl-4methylphenoxide),
ethylaluminumbis(2,6-di-t-butyl-4methylphenoxide),
diisobutylalumium(2,6-di-t-butyl-4methylphenoxide) and
isobutylaluminumbis(2,6-di-t-butyl 25 4-methylphenoxide);   ss 1 7 S E P
2002 dialkylaluminum halides, such as dimethylaluminum chloride,
diethylalumi.num chloride, dibutylaluminum chloride, diethylaluminum
bromide and diisobutylaluminum chloride; 5 alkylaluminum sesquihalides,
such as ethylaluminum sesquichloride, butylaluminum sesquichloride and
ethylaluminum sesquibromide, partially halogenated alkylaluiainums, such as
ethylaluminum dichloride, propylalumiaum dichloride and 10 butylaluminum
dibromide; dialkylaluminum hydrides, such as diethylaluminum hydride and
dibutylaluminum hydride; partially hydrogenated other alkylaluminums,
specifically, alkylaluminum dihydrides, such as 15 ethylaluxninum dihydride
and propylaluminum dihydride; and partially alkoxylated and halogenated
alkylaluminums, 



such as ethylaluminum ethoxychloride, butylaluminum butoxychloride and
ethylaluminum ethoxybromide. Compounds analogous to the organoaluminum
compound 20 (B-1a) are also employable. For example, there can be mentioned
organoaluminum compounds wherein two or more aluminum compounds are
combined through a nitrogen atom, such as ( CzHS ) ZA1N ( CzH5 ) A1 ( CZHS
) 2 . Examples of the compounds (B-1b) include LiAl (C2H5) 4 and 25 LiAl (
C~xlS ) a   6' 1 ? S E P 2002 Other compounds, such as methyllithium,
ethyllithium, propyllithium, butyllithium, methylmagnesium bromide,
methylmagnesium chloride, ethylmagnesium bromide, ethylmagnesium chloride,
propylmagnesium bromide, 5 propylmagaesium chloride, butylmagnesium
bromide, butylmagaesium chloride, dimethylmagnesium, diethylmagnesium,
dibutylmagnesium and butylethylmagnesium, are also employable as the
organometallic compounds (B-1). Combinations of compounds capable of
producing the 10 above-mentioned organoaluminum compounds in the
polymerization system, e.g., a combination of halogeaated aluminum and
alkyllithium and a combination of halogenated aluminum and alkylmagaesium,
are also employable. Of the organometallic compounds (B-1), the 15
organoaluminum compounds are preferable. The organometallic compounds (B-1)
mentioned above are used singly or in combination of two or more kinds. I
The organoaluminum oxy-compound (B-2) for use in the 20 invention may be
conventional aluminoxane or such a benzene-insoluble organoaluminum
oxy-compound as exemplified in Japanese Patent Laid-Open Publication No.
78687/1990.   



~ l S E P 2002 The conventional aluminoxane can be prepared by, for
example, the following processes, and is generally obtained as a
hydrocarbon solvent solution. (1) Aa organoaluminum compound such as 5
trialkylaluminum is added to a hydrocarbon medium suspension of a compound
containing adsorption water or a salt containing water of crystallization,
e.g., magnesium chloride hydrate, copper sulfate hydrate, aluminum sulfate
hydrate, nickel sulfate hydrate or cerous chloride hydrate, to allow the 10
organoaluminum compound to react with the adsorption water or the water of
crystallization. (2) Water, ice or water vapor is allowed to directly act
on an organoaluminum compound such as trialkylaluminum in a medium such as
benzene, toluene, ethyl ether or 15 tetrahydrofuran. (3) An organotin oxide
such as dimethyltin oxide or dibutyltin oxide is allowed to react with an
organoaluminum ( '; compound such as trialkylaluminum in a medium such as
decane, benzene or toluene. 20 The aluminoxane may contain a small amount
of an organometallic component. Further, it is possible that the solvent or
the unreacted organoaluminum compound is distilled off from the recovered
solution of aluminoxane and the remainder is redissolved in a solvent or
suspended in a poor 25 solvent for aluminoxane.   69 1 7 S E P 2002
Examples of the organoaluminum compounds used for preparing the aluminoxane
include the same organoaluminum compounds as previously described With
respect to the orgaaoaluminum compound (B-1a). Of these, preferable are 5
trialkylalumiaums and tricycloalkylaluminums. Particularly preferable is
trimethylaluminum. The organoaluminum compounds are used singly or in
combination of tvvo or more kinds . Examples of the solvents used for
preparing the 10 aluminoxane include aromatic hydrocarbons, such as
benzene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons, such
as pentane, hexane, heptane, octane, decane, dodecane, hexadecane and
octadecane; alicyclic hydrocarbons, such as cyclopentane, cyclohexane,
cyclooctane and 15 methylcyclopentane; petroleum fractions, such as
gasoline, kerosine and gas oils sad halogenated products of these aromatic,
aliphatic and alicyclic hydrocarbons, particularly chlorinated or
brominated products thereof . Ethers such as ethyl ether and
tetrahydrofuran are also employable. Of the 20 solvents, particularly
preferable are aromatic hydrocarbons and aliphatic hydrocarbons. 



The benzeae-insoluble organoaluminum oxy-compound for use in the invention
is preferably an organoaluminum oxy compound containing an Al component
that is soluble in benzene 25 at 60 C is an amouat of usually not more than
10 ~s, preferably   1 7 S E P 2002 not more than 5 %, particularly
preferably not more than 2 %, in terms of Al atom. That is, the
beazene-insoluble organoaluminum oxy-compound is preferably insoluble or
sparingly soluble in benzene. 5 The organoaluminum oxy-compound for use in
the invention is, for example, an organoaluminum oxy-compound coataining
boron and represented by the following formula (IV): 21 20 21 R R I- I AI
O-B O R 1 R21 10 (IV) wherein RZ is a hydrocarbon group of 1 to 10 carbon
atoms; and each Rsl may be the same or different and is a hydrogen atom, a
halogen atom or a hydrocarbon group of 1 to 10 carbon atoms. f 15 The
organoaluminum oxy-compound containing boron and represented by the formula
(IV) can be prepared by allowing an alkylboronic acid represented by the
following formula (V) to react with an organoaluminum compound in an inert
solvent at a temperature of -80 C to room temperature for a period 20 of 1
minute to 24 hours under an inert gas atmosphere, Rzo-g- (OH) z (v) wherein
RZ is the same group as described above.   ' I ~ 7 S E P 2002 Examples of
the alkylboronic acids represented by the formula (V) include methylboronic
acid, ethylboroaic acid, 



isopropylboronic acid, n-propylboronic acid, n-butylboronic acid,
isobutylboroaic acid, a-hexylboroaic acid, 5 cyclohexylboronic acid,
phenylboronic acid, 3,5 difluoroboronic acid, pentafluorophenylboroaic acid
and 3,5-bis(trifluorvmethyl)phenylboronic acid. Of these, preferable are
methylboronic acid, n-butylboronic acid, isobutylboronic acid,
3,5-difluorophenylboronic acid and IO peatafluoropheaylboronic acid. These
alkylboronic acids are used singly or in combination of two or more kinds.
Examples of the organoaluminum compounds to be reacted with the
alkylboronic acid include the same organoaluminum compounds as previously
described with respect to the 15 organoaluminum compound (B-la). Of these,
preferable are trialkylaluminums and tricycloalkylaluminums. Particularly
preferable are trimethylaluminum, triethylaluminum and triisobutylaluminum.
These organoaluminum compounds are used singly or is combination of two or
more kinds. 20 The organoaluminum oxy-compounds (B-2) mentioned above are
used singly or in combination of two or more kinds. Examples of the
compound (B-3) which reacts with the 25 transition metal compound (A) to
form an ion pair (referred   '2 1 7 S E P 2002 to as ^ioaizing ionic
compound hereinafter) include Lewis acid, an ionic compound, a borane
compound and a carborane compound described in Japanese Patent Laid-Open
Publications No. 50195Q/1989, No. 502036/1989, No. 179005/199l, No. 5
179006/l991, No. 207703/l991 and No. 207704/1991, and U.S. Patent No. S,
32i,106. A heteropoly compound and an isopoly compound are also available.
The Lewis acid is, for example, a compound represented by HR3 (R is
fluorine or a phenyl,group which may have a 10 substituent group such as
fluorine, methyl or trifluoromethyl). Examples of such compounds include
trifluoroboron, triphenylboroa, tris(4-fluorophenyl)boron,
tris(3,5-difluorophenyl)boron, tris(4 fluoromethylphenyl)boron,
tris(pentafluoropher~yl)boron, 15 tris(p-tolyl)boron, tris(o-tolyl)boron
and tris(3,5 



dimethylphenyl)boron. The ionic compound is, for example, a compound
represented by the following formula (VI). R2a O R2zRx3 ~ ~ R2s R26 20 (v=)
'3 1 7 S E P 2002 =n the above formula, RZ2 is H+, carbonium ration,
oxoaium ration, ammonium ration, phosphonium ration, cycloheptyltrienyl
ration, ferrocenium ration having a transition metal, or the like. 5 Rs3 to
Rss may be the same or different and are each an organic group, preferably
an aryl group or a substituted aryl group. Examples of the carboaium
rations include tri substituted carbonium catioas, such as
triphenylcarbonium 10 ration, tri(methylphenyl)carbonium ration and
tri(dimethylphenyl)carbonium ration. Examples of the anmvonium rations
iaclude trialkylammonium rations, such as trimethylammonium ration,
triethylammonium ration, tripropylaannonium ration, 15 tributylammonium
ratios and tri(n-butyl)ammonium ration; N,N-dialkylanilinium rations, such
as N,N-diiaethylanilinium ( ; ration, N,N-diethylanilinium ration and
N,N-2,4,6 pentamethylanilinium ration; and dialkylammonium rations, such as
di(isopropyl)ammonium ration and 20 dicyclohexylammonium ration. Examples
of the phosphonium rations include triarylphosphonium rations, such as
triphenylphosphonium ration, tri(methylphenyl)phosphonium ration and
tri(dimethylphenyl)phosphonium ration.   '4 ``i l S E P 2002 



Rs~ is preferably carbonium cation, ammoaium cation or the like,
particularly preferably triphenylcarbonium cation, N,N-dimethylanilinium
cation or N,N-diethylanilinium cation. 5 Also employable as the ionic
compound is a trialkyl substituted ammonium salt, a N,N-dialkylanilinium
salt, a dialkylammonium salt or a triarylphosphonium salt. Examples of the
trialkyl-substituted ammonium salts include
triethylammoniumtetra(phenyl)boron, 10 tripropylammoniumtetra(phenyl)boron,
tri(n butyl ) an~xnoniumtetra (phenyl ) boron,
trimethylammoniumtetra(p-tolyl)boron, trimethylammoniumtetra(o-tolyl)boron,
tri(nbutyl)ammoniumtetra(pentafluoropheayl)boron, 15
tripropylammoniumtetra(o,p-dimethylphenyl)boron, tri(n
butyl)ammoniumtetra(m,m-dimethylphenyl)boron, tri(n
butyl)ammoniumtetra(p-trifluoromethylphex~yl)boron, tri(n
butyl)ammoniumtetra(3,5-ditrifluoromethylphenyl)boron and
tri(n-butyl)ammoniumtetra(o-tolyl)boron. 20 Examples of the
N,N-dialkylanilinium salts include N,N-dimethylaniliniumtetra(phenyl)boron,
N,N diethylaniliniumtetra(phenyl)boron and N,N-2,4,6
pentamethylaniliniumtetra(phenyl)boron.   ~s 1 ~ SEP 2002 Examples of the
dialkylanunonium salts include di(1
propyl)am~coniumtetra(pentafluorophenyl)boron and
dicyclohexyla~oniumtetra(phenyl)boron. Further employable as the ionic
compound is 5 tripheaylcarbeniumtetrakis(pentafluorophenyl)borate, N,N
dimethylaniliniumtetrakis(pentafluoropheayl)borate,
ferroceniumtetra(peatafluorophenyl)borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complex,
N,N-diethylaniliaivmpeataphenylcyc~.opentadienyl complex or 10 a boron
compound represented by the following formula (VII) or (VIII). H(Et2 3 3 



4 (VII) 15 wherein Et is an ethyl group.    76 ~ 7 S E P 2002 a 3 4 (v==z)
Examples of the boraae compounds include: 5 decaborane(14); salts of
anions, such as bis(tri(n butyl)ammonium)aonaborate, bis(tri(n
butyl)ammonium)decaborate, bis(tri(n butyl)ammonium)undecaborate, bis(tri(n
10 butyl)ammonium)dodecaborate, bis(tri(n
butyl)ammonium)decachlorodecaborate and bis(tri(n
butyl)ammonium)dodecachlorododecaborate; and I salts of metallic borane
anions, such as tri(n
butyl)ammoniumbis(dodecahydridododecaborate)cobaltate(III 15 ) and
bis(tri(n-butyl)ammonium)bis (dodecahydridododecaborate)nickelate(III).
Examples of the carborane compounds include: salts of anions, such as
4-carbanonaborane(14), 1,3 dicarbanonaboraae(13),
6,9-dicarbadecaborane(14), 20 dodecahydrido-1-phenyl-1,3-dicarbanonaborane,
dodecahydrido-1-methyl-1,3-dicarbanonaborane,    " 1 ~ S E P 2002
undecahydrido-1,3-dimethyl-1,3-dicarbanonaborane, 7,8
dicarbaundecaborane(13), 2,7-dicarbaundecaborane(13),
undecahydrido-7,8-dimethyl-7,8-dicarbaundecaborane, 



dodecahydrido-11-methyl-2,7-dicarbaundecaborane, tri(n 5
butyl)ammonium-1-carbadecaborate, tri(n-butyl)ammonium-1 carbaundecaborate,
tri(n-butyl)ammonium-1 carbadodecaborate,
tri(n-butyl)auunonium-1-tri~zeethylsilyl 1-carbadecaborate,
tri(n-butyl)ammoniumbromo-1 carbadodecaborate, tri(n-butyl)aminonium-6 10
carbadecaborate(14), tri(n-butyl)ammoaium-6 carbadecaborate(12),
tri(n-butyl)ammonium-7carbaundecaborate(13),
tri(n-butyl)ammonium-7,8dicarbaundecaborate(12),
tri(n-butyl)ammonium-2,9dicarbaundecaborate(12), tri(n 15
butyl)ammoniumdodecahydrido-8-methyl-7,9 dicarbaundecaborate,
tri(n-butyl)ammoniumundecahydrido-8 ethyl-7,9-dicarbaundecaborate, tri(n
butyl)ammoniumundecahydrido-8-butyl-7,9 dicarbaundecaborate,
tri(n-butyl)ammoniumundecahydrido-8 20 allyl-7,9-dicarbaundecaborate, tri(n
butyl)ammoniumundecahydrido-9-trimethylsilyl-7,8 dicarbaundecaborate and
tri(n butyl)ammoniumundecahydrido-4,6-dibromo-7 carbaundecaborate; and   '8
1 7 S E P 2002 salts of metallic carborane anions, such as tri(n
butyl)ammoniumbis(nonahydrido-1,3 dicarbanonaborate)cobaltate(III), tri(n
butyl)ammoaiumbis(undecahydrido-7,8 5 dicarbaundecaborate)ferrate(III),
tri(n butyl)ammoaiumbis(undecal~ydrido-7,8
dicarbaundecaborate)cobaltate(III), tri(a
butyl)ammoniumbis(undecahydrido-7,8 dicarbaundecaborate)nickelate(IIY),
tri(a 10 butyl)ammoniumbis(undecahydrido-7,8
dicarbaundecaborate)cuprate(III), tri(n butyl) aaunoniumbis
(undecahydrido-7, 8 dicarbaundecaborate)aurate(III), tri(n
butyl)anunoniumbis(nonahydrido-7,8-dimethyl-7,8 15
dicarbaundecaborate)ferrate(III), tri(n 



butyl)amxnoniumbis(nonahydrido-7,8-dimethyl-7,8
dicarbaundecaborate)chromate(III), tri(n1
butyl)ammoniumbis(tribromooctahydrido-7,8
dicarbaundecaborate)cobaltate(III), tris(tri(n 20
butyl)ammonium)bis(undecahydrido-7 carbaundecaborate)chromate(III),
bis(tri(nbutyl)ammonium)bis(undecahydrido-7carbaundecaborate)manganate(IV),
bis(tri(nbutyl)ammonium)bis(undecahydrido-7 25
carbaundecaborate)cobaltate(III) and bis(tri(n   ~ 7 S E P 2002
butyl)ammoaium)bis(undecahydrido-7 carbaundecaborate)nickelate(IV). The
heteropoly compound comprises an atom selected from silicon, phosphorus,
titanium, germanium, arsenic and tin and 5 one or more atoms selected from
vanadium, aiobium, molybdenum and tungsten. Examples of such compounds
include phosphovanadic acid, germanovanadic acid, arsenovanadic acid,
phosphoniobic acid, germanoniobic acid, silicomolybdic acid,
phosphomolybdic acid, titanomolybdic acid, germanomolybdic 10 acid,
arsenomolybdic acid, stannomolybdic acid, phosphotungstic acid,
germanotungstic acid, stannotungstic acid, phosphomolybdovanadic acid,
phosphotungstovanadic acid, germanotungstovanadic acid,
phosphomolybdotungstovanadic acid, 15 germanomolybdotungstovanadic acid,
phosphomolybdotungstic acid, phosphomolybdoniobic acid and salts of these
acids, for example, the salt of these acids and metals of Group 1 or Group
2 of the periodic table (e. g., lithium, sodium, potassium, rubidium,
cesium, beryllium, magnesium, calcium, strontium, 20 barium), and organic
salts such as salts of these acids and triphenylethyl salt. The ionizing
ionic compounds (8-3) mentioned above are used singly or in combination of
two or more kinds. If the organoaluminum oxy-compound (B-2) such as 25
methylaluminoxane is used as a cocatalyst component, the   so 1 7 S E P
2002 transition metal compound catalyst according to the invention 



exhibits an extremely high copolymerization with an excellent activity
against olefin compounds. If the ionizing ionic compound (B-3) such as 5
triphenylcarboniumtetrakis(pentafluorophenyl)borate is used as a cocatalyst
component, an olefin polymer having an extremely high molecular weight can
be obtained with excellent activity. In the olefin polymerization 'catalyst
according to the 10 invention, the below-described carrier (C) can be used,
if necessary, in addition to the transition metal compound (A) and at least
one compound (B) selected from the organometallic compound (H-1), the
organoaluminum oxy-compound (H-2) and the ionizing ionic compound (B-3). 15
lr,J Carrier The carrier (C) for use in the invention is an inorganic or
organic compound is the form of granular or particulate solid. As the
inorganic compound, porous oxide, inorganic 20 halogenide, clay, clay
mineral or an ion-exchange layered compound is preferable. Examples of the
porous oxides include SiOZ, A1a03, MgO, ZrO, Ti02, Hz03, CaO, ZnO, HaO,
Th02, and complex compounds or mixtures containing these oxides, such as
natural or 25 synthetic zeolite, Si02-MgO, Si.O~-A120;, Si02-TiOz,
Si02-V205,   81 ~ ~ s F P zoo2 Si02-Crz03 and SiOz-Ti01-MgO. Of these,
preferable are compounds containing SiOz and/or A1203 as their major
component. The inorganic oxides may contain small amounts of 5 carbonate,
sulfate, nitrate and oxide components, such as NazC03, KzCO3, CaCO3, MgC03,
Na2S0~, Als (SOS) 3, HaSOd, KNO3, Mg (N03 ) 2, A1 (N03 ) 3, NalO, Ks0 and
LizO . Although the porous oxides differ in their properties depending upon
the type and the preparation process thereof, 



10 the carrier preferably used in the invention has a particle diameter of
10 to 300 dun, preferably 20 to 200 dun, a specific surface area of 50 to
1000 mz/g, preferably 100 to 700 mZ/g, and a pore volume of 0.3 to 3.0
cm3/g. If necessary, the carrier is calcined at 100 to 1000 C, preferably
150 to 700 C, 15 prior to use. Examples of the inorganic halogenides
employable in the invention include MgClz r MgBrz, MnCh and MaBrz . The
inorganic halogenide may be used as it is, or may be used after pulverized
by a ball mill or an oscillating mill. The 20 inorganic halogenide may be
used as fine particles of a precipitate obtained by dissolving the
inorganic halogenide in a solvent such as alcohol and then conducting
precipitation using a precipitant. The clay employable in the invention is
generally mainly 25 composed of clay mineral. The ion-exchange layered
compound   $2 1 7 S E P 2002 employable in the invention is a compound
having a crystal structure wherein plural layers are laminated in parallel
to one another With a weak bond strength by ionic bonding or the like, and
the ions contained in the compound are exchangeable . 5 Most of clay
minerals are ion-exchange layered compounds. The clay, the clay minerals
and the ion-exchange layered compounds employable in the invention are not
limited to natural ones but include synthetic ones. Examples of such clay,
clay minerals and ion-exchange 10 layered compounds include clay, clay
minerals and ion crystalline compounds having layered crystal structures
such as hexagonal closest packing type, antimony type, CdCl2 type and CdIs
type . Particular examples of the clay and the clay minerals 15 include
kaolin, bentonite, kibushi clay, gairome clay, allophane, hisingerite,
pyrophyllite, mica, montmorillonite, vermiculite, chlorite, palygorskite,
kaolinite, nacrite, dickite and halloysite. Particular examples of the ion 



exchange layered compounds include crystalline acid salts of 20 polyvalent
metals, such as OG-Zr (HAs04 ) 2  HZO, Oc-Zr (Hp04 ) a. OG-Zr (KP04) Z
3H20, 0~-Ti (HP04) Z, a-Ti (HAs04) z HzO, Oc Sn (HPOd ) 2  H20, 'y-Zr (HP04
) a, 'y-Ti (HPOa ) 2 and 'y-Ti (NH4PO4 ) z  H20 . The clay, the clay
minerals and the ion-exchange layered compounds are preferably those having
a pore volume, as 25 measured on pores having a radius of not less than 20
A by   g3 1 7 S E P 2002 a mercury penetration method, of not less than 0.1
cc/g, and are particularly preferably those having a pore volume of 0.3 to
5 cc /g . The pore volume i s measured on the pores having a radius of 20
to 3x10 ~, by a mercury penetration method using 5 a mercury porosimeter.
If a compound having a pore volume, as measured oa pores having a radius of
not less than 20 lea, of less than 0.1 cc/g is used as the carrier, it
tends to be difficult to obtain high polymerization activity. 10 =t is
preferable that the clay and the clay minerals for use in the invention are
subjected to chemical treatments. Any of surface treatments to remove
impurities attached to the surface and treatments having an influence on
the crystal structure of the clay are employable. Examples of such 15
chemical treatments include acid treatment, alkali treatment, salt
treatment and organic substance treatment. The acid treatment contributes
to not only removing impurities from the surface but also eluting cations
such as Al, Fe and Mg present in the crystal structure to increase the
surface area. 20 The alkali treatment destroys crystal structure of clay to
bring about change in the structure of the clay. The salt treatment and the
organic substance treatment can produce ionic complex, molecular complex,
organic derivative or the like to change the surface area or the distance
between layers.   s4 1 ~ S E P 2002 The ion-exchange layered compound for
use in the invention may be a layered compound in which the exchangeable
ions between layers have bees exchanged with other large and bulky ions
utilizing ion exchange properties to enlarge the 5 distance between the
layers. The bulky ion plays a pillar-like roll to support the layer
structure and is generally called a "pillar". Introduction of other
substances between layers of a layered compound is called ~'iatercalatioa.
Examples of the~guest compounds to be 10 intercalated include cationic
inorganic compounds, such as TiCld and ZrCl4; metallic alkoxides, such as
Ti (OR) d, Zr (OR) d, PO (OR) 3 and 8 (OR) 3 (R is a hydrocarbon group or
the like) ; and metallic hydroxide ions, such as (All30d (OH) 2d ) ~+, (
Zr4 (OH) ld ) a+ and (Fe30(OCOCH3)6)+. These compounds are used singly or
in 15 combination of two or more kinds. The intercalation of the compounds
may be carried out in the presence of polymers obtained by hydrolysis of
metallic alkoxides such as Si (OR) 4, A1 ( OR ) 3 and Ge ( OR ) 4 ( R i s a
hydrocarbon group or the 1 ike ) or in the presence of colloidal inorganic
compounds such as SiOa . 



20 Examples of the pillars include oxides produced by intercalation of the
above-mentioned metallic hydroxide ions between layers, followed by
dehydration under heating. The clay, clay minerals and ion-exchange layered
compounds mentioned above may be used as they are, or may be 25 used after
they are subjected to a treatment of ball milling,   85 17 S E P 2002
sieving or the like. Moreover, they may be used after they are subjected to
water adsorption or dehydration under heating. The clay, clay minerals and
ion-exchange layered compounds may be used singly or in combination of two
or more kinds. 5 Of the above-mentioned materials, preferable are clay and
clay minerals, and particularly preferable are montmorillonite,
vermiculite, pectolite, taeniolite and synthetic mica. i The organic
compound is, for example, a granular or , 10 particulate solid compound
having a particle diameter of 10 to 300 um. Examples of such compounds
include (co)polymers produced using an o~-olefin of 2 to 14 carbon atoms
such as ethylene, propylene, 1-butane or 4-methyl-1-pentane as a chief
ingredient, (co)polymers produced using 15 vinylcyclohexane or styrene as a
chief ingredient, and modified products thereof. The olefin polymerization
catalyst of the invention may further comprise the below-described specific
organic compound component (D), if necessary, in addition to the 20
transition metal compound (A), at least one compound (B) selected from the
organometallic compound (B-1), the organoaluminum oxy-compound (8-2) and
the ionizing ionic compound (B-3), and the optionally used carrier (C).   ~
7 S E P 2002 In the present invention, the organic compound component (D)
is optionally used for the purpose of improving polymerizability and
properties of the resulting polymer. Examples of the organic compounds
include alcohols, phenolic 



5 compounds, carboxylic acids, phosphorus compounds and sulfonates. As the
alcohols and the phenolic compounds, those represented by R31-OH (R31 is a
hydrocarbon group of 1 to 50 a ` carbon atoms or a halogenated hydrocarbon
group of 1 to 50 10 carbon atoms) are generally employed. The alcohols are
preferably those of the above formula wherein R31 is a halogenated
hydrocarbon group. The phenolic compounds are preferably those wherein the
oc, a' -positions of the hydroxyl group are substituted with hydrocarbon
groups 15 of 1 to 20 carbon atoms. As the carboxylic acids, those
represented by R3a-COON (R32 is a hydrocarbon group of 1 to 50 carbon atoms
or a halogenated hydrocarbon group of 1 to 50 carbon atoms, preferably a
halogenated hydrocarbon group of 1 to 50 carbon 20 atoms) are generally
employed. As the phosphorus compounds, phosphoric acids having P-O-H bond,
phosphates having P-OR bond or P=O bond and phosphine oxide compounds are
preferably employed. The sulfonates employable herein are those represented
25 by the following formula (IX):   87 R33 Xm-n m ' n ~ ? S E P 2002 (=x) S
wherein M is as atom selected from Group 1 to Group I4 of the periodic
table; R33 is hydrogen, a k~ydrocarbon group of 1 to 20 carbon atoms or a
halogenated hydrocarbon group of 1 to 20 carbon atoms; X is a hydrogen
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a
halogenatad 10 hydrocarbon group of 1 to 20 carbon atoms; m is an integer
of 1 to 7; and 1a7. In Fig. l, steps for preparing the olefin
polymerization 



catalyst of the invention are shown. In the polymerization, the components
can be used in any 15 way and in any order. Some examples of the processes
are given below. (1) The component (A) and the compound (H) are fed to the
polymerization reactor in an arbitrary order. (2) A catalyst component
wherein the component (A) is 20 supported on the carrier (C) , and the
component (H) are fed to the polymerization reactor in an arbitrary order.
88 1 7 S E P 2002 (3) A catalyst componeat wherein the component (B) is
supported on the carrier (C), and the component (A) are fed to the
polymerization reactor in an arbitrary order. (4) A catalyst component
wherein the component (A) is 5 supported on the carrier (C) , and a
catalyst component wherein the component (B) is supported on the carrier
(C) are fed to the polymerization reactor in an arbitrary order. ( 5 ) A
catalyst component wherein the component (A) and the component (B) are
supported on 'the carrier (C) is fed to 10 the polymerizat~.oa reactor. In
the above processes, two or more of the catalyst components may be
previously contacted. An olefin may be prepolymerized onto a solid catalyst
component wherein the component (A) and the component (B) are 15 supported
on the carrier (C). On the prepolymerized solid catalyst component, a
catalyst component may be further supported. In the process for olefin
polymerization according to the invention, an olefin is polymerized or
copolymerized in 20 the presence of the above-mentioned olefin
polymerization catalyst to obtain an olefin polymer. In the present
invention, the polymerization can be carried out as any of liquid phase
polymerization, such as solution polymerization or suspension
polymerization, and gas 



25 phase polymerization.   g9 1 7 S E P 2002 Examples of inert hydrocarbon
media for use in the liquid phase polymerization iaclude aliphatic
hydrocarbons, such as propane, butane, peatane, hexane, heptane, octane,
decane, dodecane and kerosine; alicyclic hydrocarbons, such as 5
cyclopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons,
such as benzene, toluene and xylene; halogenated hydrocarbons, such as
ethylene chloride, chlorobenzene and dichloromethane; and mixtures of these
a hydrocarbons . The olef in itself can be used as the solvent . 10 In the
polymerization of an olefin using the olefin polymerization catalyst, the
component (A) is used in an amount of usually 10-is to 10-s mol, preferably
10-1 to 10 3 mol. The component (B-1) is used in such an amount that the 15
molar ratio ((B-1)/(M)) of the component (B-1) to the traasition metal atom
(M) in the component (A) becomes usually 0.01 to 100000, preferably 0.05 to
50000. The component (B-2) is used in such an amount that the molar ratio
((B-2)/(M)) of the aluminum atom in the component (B-2) to the transition
20 metal atom (M) in the component (A) becomes usually 10 to 500000,
preferably 20 to 100000. The component (B-3) is used in such an amount that
the 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 5.
90 17 S E P 2002 When the component (B-1) is used as the component (B), the
component (D) is optionally used is such an amount that the (D)/(B-1) ratio
by mol becomes usually 0.01 to 10, preferably 0.1 to 5. When the component
(B-2) is used as the 5 component (B), the component (D) is optionally used
in such an amount that the (D) / (B-2 ) ratio by mol becomes usually 0 .
001 to 2, preferably 0.005 to 1. When the component (B-3) is used as the
component (B), the component (D) is optionally used 



in such an amount that the (D)/(H-3) ratio by mol becomes 10 usually 0.01
to 10, preferably 0.1 to 5. In the olefin polymerization using the olefin
polymerization catalyst, the polymerization temperature is in the range of
usually -50 to +200 C, preferably 0 to 170 C. The polymerization pressure
is in the range of usually 15 atmospheric pressure to 100 kg/cmZ,
preferably atmospheric pressure to 50 kg/cmZ. The polymerization reaction
can be carried out by any of batchwise, semi-continuous and continuous
processes. The polymerization can be conducted in two or more stages under
different reaction conditions. 20 The molecular weight of the resulting
olefin polymer can be controlled by allowing hydrogen to be present in the
polymerization system or by changing the polymerization temperature. The
molecular weight can be controlled also by changing the type of the
component (8).   91 1 7 S E P 2002 Examples of the olefins which can be
polymerized by the use of the olefin polymerization catalyst include:
straight-chain or branched oc-olefins of 2 to 30 carbon atoms, preferably 2
to 20 carbon atoms, such as ethylene, 5 propylene, 1-butane, 2-butane,
1-pentane, 3-methyl-1-butane, 1-hexane, 4-methyl-1-pentane,
3-methyl-1-pentane, 1-octane, 1-deceae, 1-dodecene, 1-tetradecene,
1-hexadecene, 1 i , octadeceae and 1-eicosene; and cycloolefins of 3 to 30
carbon atoms, preferably 3 to 10 20 carbon atoms, such as cyclopentene,
cyclaheptene, norbornene, 5-methyl-2-norbornene, tetracyclododecene and
2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a octahydronaphthalene. Polar
monomers are also employable. Examples of the 15 polar monomers include a,.
(3-unsaturated carboxylic acids, such as acrylic acid, methacrylic acid,
fumaric acid, malefic anhydride, itaconic acid, itaconic anhydride and
bicyclo(2,2,11-5-heptene-2,3-dicarboxylic anhydride; metallic salta of oc,
~3-unsaturated carboxylic acids, such as 



20 sodium salts, potassium salts, lithium salts. zinc salts, magnesium
salts and calcium salts of the above acids; oc, (3-unsaturated carboxylic
esters, such as methyl acrylate, ethyl acrylate, n-propyl acrylate,
isopropyl acrylate, n butyl acrylate, isobutyl acrylate, tart-butyl
acrylate, 25 2-ethylhexyl acrylate, methyl methacrylste, ethyl   92 ~ 7 S E
P 2002 methacrylate, a-propyl methacrylate, isopropyl methacrylate, n-butyl
methacrylate and isobutyl methacrylate; vinyl esters, such as vinyl
acetate, vinyl propionate, vix~yl caproate, vinyl caprate, vinyl laurate,
vinyl stearate and vinyl 5 trifluoroacetate; unsaturated glycidyl esters,
such as glycic'~yl acrylate, glycidyl methacrylate and monoglycidyl
itacoaate; and halogen-containing olefins, such as vinyl chloride and vinyl
fluoride. Vinylcyclohexane, dienes and''polyenes are also 10 employable.
The dienes and the polyenes employable herein are cyclic or chain compounds
having 4 to 30 carbon atoms, preferably 4 to 20 carbon atoms, and having
two or more double bonds. Examples of such compounds include butadiene,
isoprene, 4-methyl-1,3-pentadiene, 1,3-pentadiene, 1,4 15 pentadiene,
1,5-hexadieae, 1,4-hexadiene, 1,3-hexadiene, 1,3-octadiene, 1,4-octadiene,
1,5-octadiene, 1,6-octadiene, 1,7-octadiene, ethylideae norbornene, vinyl
norbornene, dicyclopentadiene, 7-methyl-1,6-octadieae, 4-ethylidene
8-methyl-1,7-nonadiene and 5,9-dimethyl-l,4,8-decatriene. 20 Aromatic vinyl
compounds are also employable. Examples of such compounds include mono- or
polyalkylstyrenes, such as styrene, o-methylstyrene, m-methylstyrene,
pmethylstyrene, o,p-dimethylstyrene, o-ethylstyrene, methylstyrene and
p-ethylstyrene; functional group 25 containing styrene derivatives, such as
methoxystyrene,   93 ~ 7 S E P 2002 ethoxystyrene, vinylbenzoic acid,
methyl vinylbenzoate, vinylbenzyl acetate, hydroxystyrene, o-chlorostyrene,
p chloroatyreae and divinylbenzene; and other compounds, such as
3-pheaylpropylene, 4-phenylpropylene and a S methylstyrene. The olefins
mentioned above can be used singly or in combination of two or more kinds.
10 The olefin polymerization catalyst according to the present invention
gthibits a high polymerization activity against olefins. 15 The present
invention is further described with reference to the following examples,
but it should by l construed that the invention is in no Way limited to
those examples. 



Some examples of syntheses of complexes are given below. 20 The structures
of the compounds obtained in the synthesis examples were determined by 270
MHz 1H-NMR (Japan Electron Optics Laboratory GSH-270Mode1), FD-mass
spectrometry (Japan Electron Optics Laboratory SX-102A Model) and metal
content analysis (analysis by ICP method after dry ashing and   94 1 7 S E
P 2002 dissolution in dilute nitric acid, device: SHIMADZU ICPS 8000
Model). 5 Into a 300 ml reactor thoroughly purged with aitrogen, 150 ml of
ethanol, 5.0 g (53 mmol) of aniline and 5.1 g (53 mmol) of
pyrrole-2-carboxyaldehyde ware introduced. To the ( reactor was further
added 1 ml of formic acid, followed by stirring at room temperature for~24
hours. The reaction 10 solution obtained was vacuum concentrated to remove
the solvent and then subjected to silica gel column purification to obtain
6.0 g (34.9 mmol, yield: 66 %) of a white solid. The analytical results of
the white solid are described below. 1H-Nl~t (CDC13 ) : 6.3 (d, 1H) , 6. 69
(dd, 1H) , 6. 89 (d, 1H) , 15 7.1-7.5 (m, 4H), 8.29 (s, iH), 9.85 (brs, 1H)
FD-mass spectrometry: 170 From the above results, the white solid proved to
be a compound (ligand precursor (1)) represented by the following formula.
/N ~~NH   9s 1 7 S E P 2002 ,~vnthesis of transition metal coa~ound (1-al
In a 100 ml reactor thoroughly dried and purged with argon, 16 ml of a
diethyl ether solution containing 1. 04 g ( 6 . 08 mmol ) of the ligand
precursor (1) was cooled to -78 C. To the 5 solution, 4.2 ml of a hexane
solution containing 6.08 mmol of n-BuLi was slowly dropwise added, and then
the temperature of the resulting solutionwas raised to room temperature.
The solution was then slowly dropwise added to a mixture consisting of 6.08
ml of a heptarie solution of titanium 10 tetrachloride (concentration of
titanium tetrachloride: 0.5 mmol/ml) and 16 ml of diethyl ether, said
mixture having been cooled to -78 C. After the dropwise addition was
completed, the temperature of the resulting solution was slowly raised to
room temperature with stirring. Then, the solution was 15 further stirred
at room temperature for 8 hours . The reaction solution was filtered
through a glass filter, and the filtrate was vacuum concentrated. The solid
precipitated was dissolved in 5 ml of methylene chloride, and to the
solution was slowly added 10 ml of hexane with stirring. The mixture 20 was
allowed to stand at room temperature to precipitate a dark brown solid. The
solid was filtered off on a glass filter, washed With pentane and vacuum
dried to obtain 1.10 g (2.40 mmol, yield: 79 %) of a dark brown solid. The
analytical results of the dark brown solid are described below. 25 1H-NNHt
(CDC13): 6.0-7.9 (m. 16H), 7.80 (s, 2H) 



96 1 7 S E P 2002 FD-mass spectrometry: 456(M+) Elemental analysis : Ti :
10 . 4 ~ (calculated value : 10 . 5 %) From the above results, the dark
brown solid proved to be a compound (transition metal compound (i-a))
represeated 5 by the following formula. TiCl2 10 Synthesis of transition
metal comt~onnd (1-b) Into a 300 ml reactor thoroughly dried and purged
with argon, 1.11 g (2.95 mmol) of a zirconium tetrachloride/2THF complex
and 40 ml of tetrahydrofuran were introduced, and they were cooled to -78
~C. To the reactor, 15 ml of a diethyl 15 ether solution containing l.02 g
(6.0 mmol) of the ligand precursor (1) was slowly dropwise added. After the
dropwise addition was completed, the temperature of the resulting solution
was slowly raised to room temperature with stirring. Then, the solution Was
further stirred at room temperature 20 for 8 hours. The reaction solution
was filtered through a    1 '~ S E P 2002 glass filter, and the filtrate
was vacuum concentrated. The solid precipitated was dissolved in 10 m1 of
methylene chloride, and to the solution was slowly added 70 ml of pentane
with stirring. The mixture was allowed to stand at room 5 temperature to
precipitate reddish brows crystals. The crystals were filtered off on a
glass filter, washed with pentane and vacuum dried to obtain 0.35 g (0.70
aaaol, yield: 24 -s) of a yellowish green solid. The analytical results of
the yellowish green solid are described below. 10 1H-NMIt (CDC13) : 6 .
55-7 . 85 (m, 16H) , 8 . 95 (s, 2H) FD-mass spectrometry: 500(M+) Elemental
analysis: Zr: 18.4 % (calculated value: 18.2 %) From the above results, the
yellowish green solid proved to be a compound ( transition metal compound (
1-b) ) represented 15 by the following formula. ZrCl2   



9g 1 ? S E P 2002 In an atmosphere of nitrogen, 24.8 g (0.26 mol) of
pyrrole-2-carboxyaldehyde was introduced iato 44.8 g (0.50 mol) of a 50 %
aqueous solution of dimethylamine to give a solution. After the solution
was stirred at room temperature 5 for 3 hours, water was added to the
solution. As a result, a light yellow slurry was obtained. The precipitate
was filtered, washed with dichloromethane and water, and then vacuum dried
to obtain 29. 6 g (yield: 92.0 s) of a purple solid (dimer compound (2a)
represeated liy the following formula) . 10 NMe2 Me2 In an atmosphere of
nitrogen, 5.0 g (20.5 mmol) of the dimer compound was dissolved in 100 ml
of THF. After the solution was cooled to -15 C, 31.9 ml of a hexane
solution ( ~ containing 49.0 nunol of n-BuLi was slowly dropwise added, and
15 the temperature of the resulting solution was raised to room
temperature. The solution Was then cooled to -78 C, and 3.1 ml (49.0 mmol)
of methyl iodide was slowly dropwise added. The temperature of the
resulting solution was raised to room temperature, and the solution was
stirred for 3 hours. The 20 reaction solution was quenched with a 0.4 mole
sodium acetate aqueous solution, and the~organic layer was extracted and
recrystallized from ethyl acetate to obtain 3. 27 g (12.0 mmol,    ~ 7 S E
P 2002 yield: 59 %) of a white solid (off-methyl substituted dimer compound
represented by the following formula). NMe2 Me2 5 The oc-methyl substituted
dimer compound was dissolved in 40 ml of THF, and the solution was mixed
with 60 ml of a 



0.4 mole sodium acetate aqueous solution. The reaction of the mixture was
conducted for 6 hours under reflux, whereby hydrolysis proceeded. After the
reaction was completed, the 10 organic layer was extracted with diethyl
ether, then the solvent was distilled off, and the remainder was vacuum
dried to obtain 2.53 g (23.2 mmol, yield: 96.7 %) of 5
methylpyrrole-2-carboxyaldehyde as a reddish purple solid. Thereafter, 2.52
g of the 5-methylpyrrole-2 15 carboxyaldehyde was allowed to react with
2.l2 g (22.8 mmol) of aniline in the same manner as in the synthesis of the
ligand precursor (1) , to obtain 2.39 g (yield: 57 %) of a brown solid. The
analytical results of the brown solid are described below. 1H-NM~t (CDClj)
: 2.56 ( s, 3H) , 6. 31 (d, iH) , 7 .2-7 .7 (m, 20 6H) , 8 .10 (s, 1H) , 13
. 88 (brs, iH) FD-mass spectrometry: 184(M0      loo 1 7 S E P 2002 From
the above results, the brown solid proved to be a compound (ligand
precursor (2)) represented by the following formula . /N ~~NH 5 synthesis
of transition metal compound (2-Al In a 100 ml reactor thoroughly dried and
purged with argon, 20 ml of a diethyl ether solution containing 0.76 g
(4.11 aunol) of the ligand precursor (2) was cooled to -78 C. To the
solution, 2.8 ml of a hexane solution containing 4.48 mmol 10 of n-BuLi was
slowly dropwise added, and the temperature of the resulting solution was
raised to room temperature. The i solution was then slowly dropwise added
to a mixture consisting of 3.9 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5 15 mmol/ml) and
20 ml of diethyl ether, said mixture having been 



cooled to -78 C. After the dropwise addition was completed, the temperature
of the resulting solution was slowly raised to room temperature with
stirring. Then, the solution was further stirred at room temperature for 8
hours. The reaction 20 solutionwas filtered through a glass filter, and the
filtrate   1o1 ~ 7 SEP 2002 was vacuum concentrated. The solid precipitated
was dissolved is 5 m1 of methylene chloride, and to the solution was slowly
added 10 ml of hexane with stirring. The mixture was allowed to stand at
room temperature to precipitate a dark 5 brown solid. The solid was
filtered off on a glass filter, washed with hexane and vacuum dried to
obtain 0.23 g (0.47 mmol, yield: 23 %) of a dark green solid. The
analytical results of the dark green solid are described below. iH-NI~t
(CDC13 ) : 2 . 52 (s, 6H) , 6 .1-8 . 0 (m, 16H) 10 FD-mass spectrometry:
484(M+) Elemental analysis: Ti: 9.7 % (calculated value: 9.9 %) From the
above results, the dark green solid proved to be a compound (transition
metal compound (2-A)) represented by the following formula. TiCl2 15 In an
atmosphere of nitrogen, 10.1 g (41.3 mmol) of the dimer compound (2a) which
was a synthetic intermediate of the .; ,~ 11~~;, ,...,v    102 ~ 7 s E P
zooz ligand precursor (2) Was dissolved in 200 ml of THF, and the solution
was cooled to -15 C. To the solution, 62 ml of a hexane solution containing
99.2 nmiol of n-HuLi was slowly dropwise added, and the temperature of the
resulting solution 5 was raised to room temperature. Then, the solution was
cooled to -78 C, and 12.5 m1 (99.2 mmol) of trimethylsilyl chloride was
dropwise added. Thereafter, the temperature of the resulting solution was
raised to room temperature, and the i solution was stirred for 3 hours. The
reaction solution was 10 quenched with a 0 .4 mole sodium acetate aqueous
solution, and 



the organic layer was extracted to obtain 16.6 g (41.3 mmol, yield: 100 %)
of an oc-trimethylsilyl substituted dimer compound as white needle
crystals. Then, l2.4 g (32.0 mmol) of the oG-trimethylsilyl 15 substituted
di.mer compound was dissolved in 150 ml of THF, and the solution was mixed
with 300 ml of a 0.75 mole sodium acetate aqueous solution. The reaction of
the mixture was conducted for 15 hours under reflux, whoreby hydrolysis
proceeded. After the reaction was completed, the organic 20 layer was
extracted with diethyl ether, than the solvent was distilled off, and the
remainder was vacuum dried to obtain 10.7 g (64.0 mmol, yield: quant.) of 5
trimethylsilylpyrrole-2-carboxyaldehyde. Thereafter, 5.0 g (28.7 mmol) of
the 5 25 trimethylsilylpyrrole-2-carboxyaldehyde was allowed to   1o3 1 ? S
E P 2002 react with 2.67 g (28.7 mmol) of aniline is the same manner as in
the synthesis of the ligand precursor (1), to obtain 4.18 g (yield: 54 %)
of a wine red oil (GC purity: 90 %). 1H-NMR (CDC13) : 0 . 30 (s, 9H) , 6.49
(d, 1H) , 6. 81 (d, iH) , 5 7.1-7.5 (m, 5H), 8.29 (s, 1H), 9.35 (brs, 1H)
FD-mass spectrometry: 242(M+) From the above results, the wine red oil
proved to be a compound ( ligaad precursor ( 3 ) ) represented by the
following formula. 10 /N ~ ~NH SiMe3 15 In a 100 ml reactor thoroughly
dried and purged with argon, 20 ml of a diethyl ether solution containing
0.848 g (3.50 mmol) of the ligand precursor (3) was cooled to -78 C. To the
solution, 2. 8 ml of a hexane solution containing 4.48 mmol of n-BuLi was
slowly dropwise added, and the temperature of   



104 1 7 S E P 2002 the resulting solution was raised to room temperature.
The solution was than slowly dropwise added to a mixture consiatiag o 3.5
m1 of a heptane solution of titaaium tetrachloride (concentration of
titanium tetrachloride: 0.5 5 uunol/ml) sad 20 ml of diethyl ether, said
mixture having been cooled to -78 C. After the dropwise addition was
completed, the temperature of the resulting solution was slowly raised to
room temperature with stirring. Thea, the solution was further stirred at
room temperature for 8 hours. The reaction 10 solutionwas filtered through
a glass filter, and the filtrate was vacuum concentrated. The solid
precipitated was subjected to recrystallization from hexane and then vacuum
dried to obtain 0.52 g (0.86 aunol, yield: 49 %) of a black solid. The
analytical results of the black solid are 15 described below. 1H-NMIt
(CDC13) : 0 . 60 (s, 18H) , 6.2-6.4 (m, 4H) , 6. 9-7 . 2 (m, 10H), 7.82 (s,
2H) FD-mass spectrometry: 600(M+) Elemental analysis: Ti: 7.8 % (calculated
value: 8.0 %) 20 From the above results, the black solid proved to be a
compound (transition metal compound (3-A) ) represented by the following
formula.   105 1 7 S E P 2002 rici2 Into a 100 ml reactor thoroughly dried
and purged with 5 argoa, 0.45 g (1.19 mmol) of a zirconium
tetrachloride/2THF complex and 15 ml of THF were introduced, and they were
cooled to -78 C. To the resulting solution, 15 ml of a THF solution
containing 0.58 g (3.7 mmol) of the ligand precursor (3) was slowly
dropwise added. After the dropwise addition was 10 completed, the
temperature of the resulting solution was slowly raised to room temperature
with stirring. Thea, the solution was further stirred for 7 hours under
heating at 55C . After the reaction solution was filtered, the filtrate was
vacuum concentrated. The solid precipitated was washed with 15 hexane and
vacuum dried to obtain 0.70 g (1.09 mmol, yield: 91 %) of mud yellow solid.
The analytical results of the mud yellow solid axe described below. 1H-NMR
(CDC13 ) : 0 . 53 ( s, 18H) , 6 . 38 (d, 2H) , 6 . 43 (d, 2H) , 



6.8-7.2 (m, 10H), 7.87 (s, 2H)    106 FD-mass spectrometry: 644(M+) ~ 7 S E
P 2002 Elemental analysis: Zr: 14.4 % (calculated value: 14.2 %) From the
above results, the mud yellow solid proved to be a compound (transition
metal compound (3-B)) represented 5 by the following formula. ZrCl2 10 Into
a 300 ml reactor thoroughly purged with nitrogen, 150 ml of ethanol, 5.22 g
(52.6 mmol) of cyclohexylamine and 5.0 g (52.6 nunol) of
pyrrole-2-carboxyaldehyde were introduced to dissolve cyclohexylamine and
pyrrole-2 carboxyaldehyde in ethanol, and the solution was stirred at 15
room temperature for 24 hours. The reaction solution was vacuum
concentrated to remove the solvent and vacuum dried to obtain 8.88 g (50.4
mmol, yield: 96 o) of a dark brown oil. The analytical results of the dark
brown oil are described below.    lo' 1 7 S E P 2002 1H-NMIt (CDC13 ) : 1.
Z-1. 9 (m, 10H) , 3 . 0-3 . 2 (m, 1H) , 6 . 21 (d, 1H) , 6.48 (d, iH) , 6.
89 (dd, 1H) , 8 .13 (s, 1$) , 8.35 (brs, 1H) FD-mass spectrometry: 176 5
From the above results, the dark brows oil proved to be a compound ( ligand
precursor ( 4 ) ) represented by the following formula. /N ~~NH 10 In a 100
ml reactor thoroughly dried and purged with argon, 25 ml of a diethyl ether
solution containing 1.02 g (5.78 mmol) 



of the ligand precursor (4) was cooled to -78 C. To the solution, 3.8 ml of
a hexane solution containing 6.08 mmol of n-BuLi was slowly dropwise added,
and the temperature of 15 the resulting solution was raised to room
temperature . The solution was then slowly dropwise added to a mixture
consisting of 5.78 ml of a heptane solution of titanium tetrachloride
(concentration of titanium tetrachloride: 0.5 amnol/ml) and 25 ml of
diethyl ether, said mixture having been 20 cooled to -78 C. After the
dropwise addition was completed,   log 1 7 S E P 200 t the temperature of
the resulting solution was slowly raised to room temperature with stirring.
Then, the solutioa was further stirred at room temperature for 8 hours. The
reaction solution was filtered through a glass filter, and the filtrate 5
was vacuum concentrated. The solid precipitated was dissolved in 5 ml of
methylene chloride, and to the solution was slowly added 10 m1 of hexane
with stirring. The mixture was allowed to stand at room temperature to
precipitate a black solid. The solid Was filtered off on a glass filter,
washed 10 with hexane and vacuum dried to obtain 0.52 g (1.11 mmol, yield:
38 %) of a black solid. The analytical results of the black solid are
described below. 1H-NMFt (CDC13): 0.7-2.7 (m, 22H), 6.2-7.9 (m, 6H), 8.00
(s, 2H) 15 FD-mass spectrometry: 468(M+) Elemental analysis : Ti : 17 . 8 %
(calculated value : 17 . 8 %) From the above results, the black solid
proved to be a compound (transition metal compound (4-A)) represented by
the following formula.   109 ~ 7 S E P 2002 TiCi2 In a 100 ml reactox
thoroughly dried and purged With argon, 5 30 ml of a diethyl ether solution
containing 1.11 g (6.28 mmol) of the ligand precursor (4) was cooled to -78
C. To the solution, 3.8 ml of a hexane solution containing 6.08 mmol of
n-HuLi was slowly dropwise added, and the temperature of the resulting
solution was raised to room temperature. The 10 solution was then slowly
dropwise added to a mixture consisting of 1.Z4 g of a ZrCl~(THF)z complex
(3.0 mmol) and r 40 ml of THF, said mixture having been cooled to -78 C.
After the dropwise addition was completed, the temperature of the resulting
solution was slowly raised to room temperature with 15 stirring. Than, the
solution was further stirred at room 



temperature f or 8 hours . The reaction solution was filtered through a
glass filter, and the filtrate was vacuum concentrated. The solid
precipitated was filtered off on a glass filter, washed with hexane and
vacuum dried to obtain    11 o T 7 S E P 2002 0.78 g (1.52 mmol, yield: 48
%) of a yellow solid. The analytical results of the yellow solid are
described below. 1H-NMIt (CDC13): 0.6-2.0 (m, 20H), 2.6-3.2 (m, 28),
6.0-6.9 (m, 6H), 8.07 (s, 2H) 5 FD-mass spectrometry: 512(M+) Elemental
analysis: Zr: 18.1 % (calculated value: 17 . 8 %) From the above results,
the yellow solid proved to be a compound (transition metal compound (4-B))
represented by the following formula. 10 ZrCi2 . ,~3rnthesis Examx~le 9 In
a 10 0 ml reactor thoroughly dried and purged with argon, 15 25 ml of a THF
solution containing 1.02 g (5.78 mmol) of the ligand precursor (4) was
cooled to -78 C. To the solution, 3.8 ml of a hexane solution containing
6.08 a~nol of n-BuLi was slowly dropwise added, and the temperature of the
resulting solution was raised to room temperature. The 20 solution was than
slowly dropwise added to 25 ml of a THF    111 1 7 S E P 2002 solution
containing 1.08 g (2.89 mmol) of a chromium trichloride/3THF complex, said
THF solution having been cooled to -78 ~C. After the dropwise addition was
competed, the temperature of the resulting solution Was slowly raised 5 to
room temperature with stirring. To the solution was then added 2.7 ml (2.90
mmol) of a 1.0 mole trimethylaluminum toluene solution. The resulting
solution was further stirred at room temperature for 2 hours. The reaction
solution was filtered through a glass filter, a=id the filtrate was vacuum
10 concentrated. The solid precipitated was dissolved in 5 ml of methylene
chloride, and to the solution was slowly added 



10 ml of hexane with stirring. The mixture was allowed to stand at room
temperature to precipitate a black solid. The solid was filtered off on a
glass filter, washed with hexane 15 and vacuum dried to obtain 0.09 g (0.22
mmol, yield: 8 %) of a black solid. The analytical result of the black
solid is described below. 1 FD-mass spectrometry: 417(M+) From the above
result, the black solid proved to be a 20 compound (transition metal
coinpouad (4-C) ) represented by the following formula.   112 1 ? S E P
2002 rMe Into a 300 ml reactor thoroughly purged with nitrogen, 5 150 ml of
ethanol, 26.3 ml of a methanol solution containing 52.6 mmol of ethylamiae
and 5.0 g (52.6 mmol) of pyrrole 2-carboxyaldehyde were introduced to
dissolve ethylamine and pyrrole-2-carboxyaldehyde in ethanol, and the
solution was stirred at room temperature for 24 hours. The reaction 10
solution was vacuum concentrated to remove the solvent and then vacuum
dried to obtain 4.15 g (34.0 nuaol, yield: 65 of a reddish brows powder.
The analytical results of the reddish brows powder are described below.
1H-NMR (CDC13) : 1.26 (t, 3H) , 3 .56 (q, 2H) , 6.26 (d, 1H) , 15 6 . 43
(d, 1H) , 6 . 89 (dd, 1H) , 8 .13 ( s, 1H) , 9 .20 (brs, 1H) FD-mass
spectrometry: 122 From the above results, the reddish brown powder proved
to be a compound (ligand precursor (5)) represented by the following
formula.    113 1 7 S E P 2002 ~N ~~NH 



In a 10 0 ml reactor thoroughly dried and purged with argon, 24 ml of a
diethyl ether solution containing 0. 80 g (6.55 aunol) 5 of the ligand
precursor (5) was cooled to -78 ~C. To the solution, 4.3 ml of a hexane
solution containing 6.88 mmol of a-HuLi was slowly dropwise added, and the
temperature of the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture 10 consisting of 6.6
ml of a heptane solution of titanium tetrachloride (concentration of
titanium tetrachloride: 0.5 aunol/ml) and 25 ml of diethyl ether, said
mixture having been cooled to -78 ~C. After the dropwise addition was
completed, the temperature of the resulting solution was slowly raised 15
to room temperature with stirring. Then, the solution was further stirred
at room temperature for 8 hours. The reaction solution was filtered through
a glass filter, and the filtrate was vacuum concentrated. The solid
precipitated was dissolved in 5 ml of methylene chloride, and to the
solution 20 was slowly added 10 ml of hexane with stirring. The mixture was
allowed to stand at room temperature to precipitate a black   114 1 7 S E P
2002 solid. The solid Was filtered off on a glass filter, washed with
hexane and vacuum dried to obtain 0.68 g (1.88 mmol, yield: 58 %) of a
black solid. The analytical results of the black solid are dsscribed below.
5 1H-Nr~ (cDCl3): Z.05 (t, 6H), 3.09 (q, 4H), 6.2-7.9 (m, 6H), 8.00 (s, 2H)
FD-mass spectrometry: 360(M+) Elemental analysis : Ti : 13 . 3 ~ (
calculated value : 13 . 3 % ) From the above results, the black solid
proved to be a 10 compound (transition metal compound (5-A)) represented by
the following formula. r~c~2 15 Into a 300 ml reactor thoroughly purged
with nitrogen, 150 ml of ethanol, 4.73 g (50.8 mmol) of aniline and 4.9 g
(49.8 mmol) of imidazole-4-carboxyaldehyde were introduced to dissolve
aniline and imidazole-4-carboxyaldehyde in ethanol, and the solution was
stirred at room temperature for 20 20 hours. The reaction solution was
vacuum concentrated to    1 is 17 S E P 2002 remove the solvent and then
vacuum dried to obtain 8 .47 g (49 . 5 mtnol, yield: 99 %) of a white
powder. The analytical results of the White powder are described below.
1H-NI~t (CDC13) : 6.6-7.9 (m, 7H), 8.43 (s, 1H) 5 FD-mass spectrometry: 171
From the above results, the white powder proved to be 



a compound ( ligand precursor ( 6 ) ) represented by the following formula.
/N ~~NH N= ' 10 SynthASis of transition metal compound (6-A) In a 100 ml
reactor thoroughly dried and purged with argon, 30 ml of a diethyl ether
solution containing 1.03 g (6.02 mmol) of the ligand precursor (6) was
cooled to -78 C. To the solution, 3.76 ml of a hexane solution containing
6.02 mmol 15 of n-HuLi was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The solution was
then slowly dropwise added to a mixture consisting of 6.0 ml of a heptane
solution of titanium tetrachloride (concentration of titanium
tetrachloride: 0.5   116 1 7 S E P 2002 ~nol/ml) and 30 ml of diethyl
ether, said mixture having been cooled to -78 C. After the dropwise
addition was completed, the temperature of the resulting solution was
slowly raised to room temperature with stirring. Then, the solution was 5
further stirred at room temperature for 8 hours . The reaction solution was
filtered through a glass filter, and the filtrate was vacuum concentrated.
The solid precipitated was dissolved in 5 ml of methylene chloride, and to
the solution was slowly added 10 ml of hexane with stirring. The mixture 10
was allowed to stand at room temperature to precipitate a black solid. The
solid was filtered off on a glass filter, washed with hexane and vacuum
dried to obtain 0.11 g (0.24 mmol, yield: 8 ~) of a black solid. The
analytical results of the black solid are described below. 15 ~H-NMft
(CDC13) : 6.0-7.7 (m, 16H) FD-mass spectrometry: 458(M+) From the above
results, the black solid proved to be a 1 compound ( transition metal
compound ( 6-A) ) represented by the following formula. .. ~' TiCl2 2 20
Synthesis Examyle 12   11' 1 ? S E P 2002 Into a 300 ml reactor thoroughly
purged with nitrogen, 90 m1 of ethanol, 1.92 g (21 mmol) of aniline and 3.0
g (21 



mmol) of indole-2-aldehyde were introduced, then 0.2 m1 of 5 acetic acid
was added, and the mixture Was stirred at room temperature for 24 hours.
The reaction solution was vacuum concentrated to remove the solvent, and
the concentrate was purif ied by the use of hexane and dichloromethane to
obtain 4.17 g (20 mmol, yield: 93.2 %) of a deep red powder. The 10
analytical results of the deep red solid are described below. 1H-Nit
(CDC13) : 6.98 (s, 1H) , 7.1-7.8 (m, 9H) , 8.50 (s, 1H), 9.32 (brs, iH)
FD-mass spectrometry: 220 From the above results, the deep red solid proved
to be 1 S a compound ( ligand precursor (7 ) ) represented by the following
formula. N ~~NH   11 s 1 7 S E P 2002 In a 100 ml reactor thoroughly dried
and purged with argon, 20 ml of a diethyl ether solution containing 1.0 g
(4.54 mmol) of the ligand precursor (7) was cooled to -78 `C. To the
solution, 2.98 ml of a hexane solution containing 6.08 mmol S of a-BuLi was
slowly dropwise added, and the temperature of the resulting solution was
raised to room temperature. The solution was then slowly dropwise added to
a mixture consisting of 4.54 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5 10 mmol/ml) and
20 ml of diethyl ether, said mixture having been cooled to -78 `~ . After
the dropwise addition was completed, the temperature of the resulting
solution was slowly raised to room temperature with stirring. Then, the
solution was further stirred at room temperature for 8 hours. The reaction
15 solution was filtered through a glass filter, and the filtrate was
vacuum concentrated. The solid precipitated was washed with hexane, and the
resulting black powder was dissolved in 10 ml of ether and 50 ml of
methylene chloride. The solution was filtered through a glass filter, and
the filtrate was 20 concentrated to obtain a black powder. The black powder
was washed with hexane and vacuum dried to obtain 0.79 g (1.41 mmol, yield:
61 ~) of a dark brown solid. The analytical 



results of the dark brown solid are described below. 1H-NMR (CDC13):
6.0-8.5 (m, 20H), 8.92 (s, 2H) 25 ~D-mass spectrometry: 556(M+)   119 1 7 S
E P 2002 From the above results, the dark brown solid proved to be a
compound (transition metal compound (7-A)) represented by the following
formula. TiCl2 5 Into a 300 ml reactor thoroughly purged with nitrogen, 150
ml of ethanol, 12.05 g (52.58 mmol) of 3,5 10 bis(trifluoromethyl)aniline
and 5.0 g (52.58 mmol) of pyrrole-2-carboxyaldehyde were introduced, then
0.2 ml of acetic acid was added, and the mixture was stirred at room
temperature for 1 week. The reaction solution was vacuum concentrated to
remove the solvent, and the concentrate was 15 purified by the use of
hexane and dichloromethane to obtain 9.65 g (31.5 aunol, yield: 60.0 %) of
a dark brown solid. The analytical results of the dark brown solid are
described below.    12o 1 7 S E P 2002 1H-L~lL~t (CDC13 ) : 6. 39 (dd, 1H)
, 6. 80 (d, iH) , 7 . 08 (d, 1H) , 7.60 (s, 2H), 7.68 (s, iH), 8.30 (s,
iH), 9.40 (brs, 1H) FD-mass spectrometry: 306 From the above results, the
dark brows solid proved to 5 be a compound (ligand precursor (8))
represented by the following formula. F In a 100 ml reactor thoroughly
dried and purged with argon, 10 40 ml of a diethyl ether solution
containing 1.02 g (3 .32 mmol) of the ligand precursor (8) was cooled to
-78 `~. To the 



solution, 2.22 ml of a hexane solution containing 3.55 mmol of n-HuLi was
slowly dropwise added, and the temperature of the resulting solution was
raised to room temperature. The 15 solution was then slowly dropwise added
to a mixture consisting of 3.25 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5 mmol/ml) and 40
ml of diethyl ether, said mixture having been cooled to -78 ~ . After the
dropwise addition was completed, 20 the temperature of the resulting
solution was slowly raised    121 1 7 S E P 2002 to room temperature with
stirring. Then, the solution was further stirred at room temperature for 12
hours. The reaction solution was filtered through a glass filter, and the
filtrate was vacuum concentrated. The solid precipitated 5 was washed with
hexane, and the resulting black solid was vacuum dried to obtain 0.75 g
(1.02 mmol, yield: 62 %) of a dark brown solid. The analytical results of
the dark brown solid are described below. 1H-NMFt (CDC13 ) : 6 .18 (dd, 2H)
, 6 . 48 (d, 2H) , 6 . 62 (d, 2H) , 10 7.0-8.5 (m; 8H) FD-mass
spectrometry: 728(M+) From the above results, the dark brows solid proved
to be a compound (transition metal compound (8-A)) represented by the
following formula. F3 \ CFa /N.. ~' TiCl2 /w 2 15 Into a 200 ml reactor
thoroughly purged with nitrogen, 90 ml of ethanol, 2.0 g (20.25 mmol) of
cyclohexylaniline and 20 3.0 g (20.25 mmol) of indole-2-aldehyde were
introduced, and   122 1 7 S E P 2002 they were stirred at room temperature
for 12 hours. The 



reaction solution was vacuum concentrated to remove the solvent, and the
conceatrate was crystallized and purified by the use of hexane to obtain
3.46 g (15.3 mmol, yield: 75.5 %) 5 of a brown solid. The analytical
results of the brown solid are described below. 1H-NI~t (CDC13): 1.0-2.0
(m, 10H), 3.1-3.4 (m, 1H), 6.70 (s, 1H), 7.0-7.7 (m, 4H), 8.32 (s, iH),
9.30 (brs, 1H) t FD-mass spectrometry: 226 10 From the above results, the
brown solid proved to be a compound (ligand precursor (9)) represented by
the following formula. ,N ~~NH 15 In a 10 0 ml reactor thoroughly dried and
purged with argon, 30 ml of a diethyl ether solution containing 1.02 g
(4.51 nunol) of the ligand precursor (9) was cooled to -78 `~. To the
solution, 2.9 ml of a hexane solution containing 4.51 mmol of n-HuLi was
slowly dropwise added, and the temperature of   123 1 7 S E P 2002 the
resulting solution was raised to room temperature. The solution was than
slowly dropwise added to a mixture consisting of 4.5 m1 of a heptane
solution of titanium tetrachloride (concentration of titanium
tetrachloride: 0.5 5 mmol/m1) and 40 ml of diethyl ether, said mixture
having been cooled to -78 ~ . After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised to room
temperature with stirring. Then, the solution was further stirred at room
temperature for 12 hours. Tha 10 reaction solution was filtered through a
glass filter, and the resulting black solid was washed with diethyl ether.
The solid was extracted with dichloromethane and vacuum concentrated. The
solid precipitated was washed With hexane, and the resulting black solid
was vacuum dried to obtain 0.84 15 g (1.48 aunol, yield: 65 ~) of a black
solid. The analytical results of the black solid are described below. 



1H-NMFt (CDC13) : 0.3-2 . 8 (m, 22H) , 6.7-7 . 8 (m, 8H) , 8. 30 (s, 2H),
8.95 (d, 2H) FD-mass spectrometry: 568(M+) 20 From the above results, the
black solid proved to be a compound (transition metal compound (9-A))
represented by the following formula.   124 1 7 S E P 2002 rci2 Into a 2 0
0 ml reactor thoroughly purged with nitrogen, 5 100 ml of ethanol, 5.67 g
(21.0 gaol) of n-octadecylamine and 2.0 g (21.0 mmol) of
pyrrole-2-carboxyaldehyde were introduced, and they were stirred at room
temperature for 12 hours. The reaction solution was vacuum concentrated to
remove the solvent, and the concentrate was vacuum dried to 10 obtain 6.46
g (18.6 amnol, yield: 8S.5 %) of a white powder. The analytical results of
the white powder are described below. 1H-Nl~t (CDC13) : 0.90 (t, 3H) , l.28
(m, 30H) , 1.62 (m, 2H) , 3 . 52 (t, 2H) , 6 , 24 (dd, 1H) , 6. 48 (d, 1H)
, 6 . 88 (d, 1H) , 8 . 08 15 (s, 1H) , 9.20 (brs, iH) FD-mass spectrometry:
346 From the above results, the white powder proved to be a compound
(ligand precursor (10)) represented by the following formula.    1Z5 ? 7 S
E P 2002 ~~iaHa~ i `\ H In a 100 ml reactor thoroughly dried and purged
with argon, 40 ml of a diethyl ether solution containing 1.0 g (2.9Z :mnol)



5 of the ligand precursor (10) was cooled to -78 ~. To the solution, 1.95
ml of a hexane solution containing 2.91 mmol of a-BuLi was slowly dropwise
added, and the temperature of the resulting solution was raised to room
temperature. The solution was then slowly dropwise added to a mixture 10
consisting of 2.9 ml of a heptane solution of titanium tetrachloride
(concentration of titanium tetrachloride: 0.5 mmol/ml) and 30 ml of diethyl
ether, said mixture having been cooled to -78 ~ . After the dropwise
addition was completed, the temperature of the resulting solution was
slowly raised 15 to room temperature with stirring. Then, the solution was
further stirred at room temperature for 8 hours. The reaction solution was
filtered through a glass filter, and the filtrate was vacuum concentrated.
The solid precipitated was dissolved in 5 ml of methylene chloride, and to
the solution 20 was slowly added 10 ml of hexane with stirring. The mixture
was allowed to stand at room temperature to precipitate a black   12s 1 7 S
E P 2002 solid. The solid was filtered off by a glass filter, washed with
hexane and vacuum dried to obtain 0.44 g (0.54 mmol, yield: 37 %) of a
black solid. The analytical results of the black solid are described below.
5 1H-NMR (CDC13): 0.9-2,0 (m, 70H), 2.8-3.3 (m, 4H), 6.2-7.9 (m, 6H), $.88
(s. 2H) FD-mesa spectrometry: 809(M+) From the above results, the black
solid proved to be a compound (transition metal compound (IO-A))
represented by 10 the following formula. ~ ~ 18H37 N..\ 2 1 ,~vnthesis of
li,gand vrecursor Q111 15 rnto a 200 ml reactor thoroughly purged with
nitrogen, 100 ml of ethanol, 6.47 g (52.54 mmol) of p-anisidine and 5.0 g
(52.58 mmol) of pyrrole-2-carboxyaldehyde ware introduced, then 0.5 ml of
acetic acid was added, and the mixture was stirred at room temperature for
3 days . The reaction solution 20 was vacuum concentrated to remove the
solvent, and the concentrate was vacuum dried to obtain 10.24 g (51.1 mmol,



12' 1 7 S E P 200Z yield: 96.3 %) of an umber powder. The analytical
results of the umber powder are described below. 1H-NMR (CDC13 ) : 3 .82
(s, 3H) , 6.28 (dd, 1H) , 6. 68 (d, 1H) , 6.8-7.0 (m, 3H), 7.1-7.3 (m, 2H),
8.30 (s, iH), 10.10 (brs, 5 1H) FD-mass spectrometry: 200 From the above
results, the umber powder proved to be a compound (ligand precursor (11))
represented by the t following formula. OMe N ~~NH 10 In a 10 0 mI reactor
thoroughly dried and purged with argon, 40 ml of a diethyl ether solution
containing 1. 03 g (5.12 mmol) of the ligand precursor (11) was cooled to
-78 `~. To the 15 solution, 3.4 ml of a hexane solution containing 5.12
mmol of n-BuLi was slowly dropwise added, and the temperature of the
resulting solution was raised to room temperature. The solution was then
slowly dropwise added to a mixture consisting of 5.0 ml of a heptane
solution of titanium   12$ 1 7 S EP 2002 tetrachloride (concentration of
titanium tetrachloride: 0.5 mmol/ml) and 30 ml of diethyl ether, said
mixture having been cooled to -78 C . After the dropwise addition was
completed, the temperature of the resulting solution Was slowly raised 5 to
room temperature with stirring. Then, the solution was further stirred at
room temperature for 12 hours. The reaction solution was filtered through a
glass filter, and the filtrate was vacuum concentrated. The solid
precipitated t,` was dissolved in 5 ml of methylen'e chloride, and to the
10 solution was slowly added 10 ml of hexane with stirring. The mixture was
allowed to stand at room temperature to precipitate a black solid. The
solid was filtered off by a glass filter, washed with hexane and vacuum
dried to obtain 0.64 g (1.24 mmol, yield: 48 %) of a black solid. The 15
analytical results of the black solid are described below. 



1H-NMZt (CDC13 ) : 3 . 6-4. 0 (m, 6H) , 6 . 0-8 .2 (m, 16H) FD-mass
spectrometry: 516(M+) From the above results, the black solid proved to b~
a compound (transition metal compound (11-A)) represented by 20 the
following formula.   129 17 S E P 2002 Synthesis of lig~and precursor {12)
Into a 200 ml reactor thoroughly purged with nitrogen, 5 80 ml of ethanol,
8.64 g (53.63 nunol) of trifluoro-p-toluidine and 5.1 g (53.63 mmol) of
pyrrole-2-carboxyaldehyde were introduced, they 0.5 ml of acetic acid was
added, and the mixture was stirred at room temperature for 3 days. The
reaction solution was vacuum concentrated to remove the 10 solvent, and the
concentrate was vacuum dried to obtain 10 .16 g (42.7 mmol, yield: 79.5 %)
of a black solid. The analytical results of the black solid are described
below. 1H-NMR (CDC13 ) : 6. 30 (dd, 1H) , 6 .72 (d, 1H) , 6 . 98 (d, 1H) ,
7.26 (d, 2H), 7.60 (d, 2H), 8.28 (s, 1H), 9.70 (brs, 1H) 15 FD-mass
spectrometry: 238 From the above results, the black solid proved to be a
compound (ligand precursor (12)) represented by thefollowing formula.
130 CF3 /N ~ ~NH 1 7 S E P 2002 In a 10 0 ml reactor thoroughly dried and
purged with argon, i ., 40 ml of a diethyl ether solution containing 1.13 g
(4.73 mmol) 5 of the ligand precursor (i2) was cooled to -78 C. To the 



solution, 3.0 ml of a hexane solution containing 4.73 moral of n-BuLi was
slowly dropwise added, and the temperature of the resulting solution was
raised to room temperature. The solution was then slowly dropwise added to
a mixture 10 consisting of 4.7 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5 ' mmol/ml) and
30 ml of diethyl ether, said mixture having been cooled to -78 `~ . After
the dropwise addition Was completed, the temperature.of the resulting
solution was slowly raised 15 to room temperature with stirring. Then, the
solution was further stirred at room temperature for 12 hours. The reaction
solution was filtered through a glass filter, and the filtrate was vacuum
concentrated. The solid precipitated was dissolved in 5 ml of methylene
chloride, and to the 20 solution was slowly added 10 ml of hexane with
stirring. The   131 ~ 7 s E P 2002 mixture was allowed to stand at room
temperature to precipitate a black solid. The solid was filtered off by a
glass filter, washed with hexane and vacuum dried to obtain 0.81 g (1.37
mmol, yield: 58 %) of a black powder. The 5 analytical results of the black
powder are described below. 1H-NMR (CDC13) : 6.10 (dd, 2H) , 6 . 50 (d, 2H)
, 6.8-8 .5 (m, 12H) FD-mass spectrometry: 592(M+) From the above results,
the black powder proved to be 10 a compound (transition metal compound
(12-A) ) represented by the following formula. F3 /N-.. ~' TiCi2 l 2 15
Tnto a 200 ml reactor thoroughly purged with nitrogea, 80 ml of ethanol,
4.56 g (33.72 mmol) of o-isopropylaniline and 3.22 g (33.83 mmol) of
pyrrole-2-carboxyaldehyde were introduced, then 0.5 ml of acetic acid was
added, and the mixture was stirred at room temperature for 3 days. The
132 1 7 S E P 2002 reaction solutioa was vacuum concentrated to remove the
solvent, and the concentrate was vacuum dried to obtain 5.2 



g (24.5 aunol, yield: 72.6 %) of a white solid. The analytical results of
the white solid are described below. 5 1H-Nit (CDC13) : 1.20 (d, 6H) , 3 .
56 (m, 1H) , 6.28 (dd, 1H) , 6.5-7.0 (m, 2H), 7.1-7.4 (m, 4H), 8.20 (s,
1H), 9.78 (brs, 1H) FD-mass spectrometry: 212 From the above results, the
white solid proved to be a 10 compound ( ligand precursor ( 13 ) )
represented by the following formula. iPr NH 15 In a 100 ml reactor
thoroughly dried and purged with argon, 40 ml of a diethyl ether solution
containing 1.0 g (4.71 mmol) of the ligand precursor (13) was cooled to -78
`~. To the solution, 3.15 ml of a hexane solution containing 4.71 mmol of
n-BuLi was slowly dropwise added, and the temperature of 20 the resulting
solution was raised to room temperature . The   133 1 7 S E P 2002 solution
was then slowly dropwise added to a mixture consisting of 4.71 m1 of a
heptane solution of titanium tetrachloride (concentration of titanium
tetrachloride: 0.5 mmol/ml) and 20 ml of diethyl ether, said mixture having
been S cooled to -78 ~. After the dropwise addition was completed, the
temperature of the resulting solution was slowly raised to room temperature
With stirring. Then, the solution was further stirred at room temperature
for 12 hours. The reaction solution was filtered through a glass filter,
and 10 the filtrate was vacuum concentrated. The solid precipitated was
dissolved in 5 ml of methylene chloride, and to the solution was slowly
added 10 ml of hexane with stirring) The mixture was allowed to stand at
room temperature to precipitate a black solid. The solid was filtered off
by a 15 glass filter, washed with hexane and vacuum dried to obtain 0.22 g
(0.41 mmol, yield: 17 ~) of a black powder. The analytical results of the
black powder are described below. 1H-NMFt (CDC13): 1.0-1.4 (m, 12H),
3.4-3.6 (m, 2H), 6.3-6.0 (m, 16H) 20 FD-mass spectrometry: 540(M+) From the
above results, the black powder proved to be a compound (transition metal
compound (13-A)) represented by the following formula. 25  



134 1 7 S E P 2002 r~ci2 Into a 200 ml reactor thoroughly purged with
nitrogen, 5 100 ml of ethanol, 5.0 g (49.4 mmol) of n-hexylamine and 4.7 g
(49.4 mmol) of pyrrole-2-carboxyaldehyde were introduced, and they were
stirred at room tsmpsrature for 12 hours. The reaction solution was vacuum
concentrated to remove the solvent, and the concentrate was vacuum dried to
obtain 8.54 10 g (47 .9 mmol, yield: 96.4 ~) of a brown liquid. The
analytical results of the brown liquid are described below. 1H-NMR (CDC13)
: 0.90 (d, 3H) , 1. 30 (m, 6H) , 1. 65 (m, 2H) , ( ~ 3 .52 (t, 2H) , 6 . 24
(dd, 1H) , 6.45 (d, 1H) , 6. 88 (d, 1H) , 8 . 08 (s, iH) , 9 .48 (brs, 1H)
15 FD-mass spectrometry: 178 From the above results, the brown liquid
proved to be a compound (ligand precursor (14)) represented by the
following formula. 20    135 ~ 6H13 ~~NH 1 7 S E P 2002 In a 10 0 ml
reactor thoroughly dried and purged with argoa, 40 ml of a diethyl ether
solution containing 1.03 g (5.72 mmol) i, 5 of the ligand precursor (14)
was cooled to -78 `C. To the solution, 3.83 ml of a hexane solution
containing 5.72 mmol of n-BuLi was slowly dropwise added, and the
temperature of the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture 10 consisting of 5.72
ml of a heptane solution of titanium tetrachloride (concentration of
titanium tetrachloride: 0.5 mmol/ml) and 30 ml of diethyl ether, said
mixture having been 



cooled to -78 C. After the dropwise addition was completed, the temperature
of the resulting solution was slowly raised 15 to room temperature with
stirring. Then, the solution was further stirred at room temperature for 12
hours. The reaction solution was filtered through a glass filter, and
thefiltrate was vacuum concentrated. The solid precipitated was dissolved
in 5 ml of methylene chloride, and to the 20 solution was slowly added 40
ml of hexane with stirring. The mixture was allowed to stand at room
temperature to   136 ~ ? ~ F P 2002 precipitate a black solid. The solid
was filtered off by a glass filter, washed With hexane and vacuum dried to
obtain 0.50 g (1.05 mmol, yield: 37 %) of a blZCk solid. The analytical
results of the black solid are described below. 5 IH-NMZt (CDC13 ) : 0 .
8-1. 6 (m, 22H) , 2 .7-3 .3 (m, 4H) , 6 . 28 (dd, 2H), 7.68 (d, 2H),
7.7-8.0 (m, 4H) FD-mass spectromnetry: 472(M+) From the above results, the
black solid proved to be a compound (transition metal compound (14-A))
represented by 10 the following fornnula. TiCl2 ' Into a 500 ml glass
autoclave thoroughly purged With 15 nitrogen, 250 ml of toluene was
introduced, and the liquid phase and the gas phase were saturated with
ethylene at a f low rate of 100 1/hr. To the autoclave, 1.25 mmol (in terms
of aluminum atom) of methylaluminoxane was added, and then 0.005 mmol of
the transition metal compound shown in Table 1 was 20 successively added to
initiate polymerization. The reaction Was conducted at 25 ~ for the period
of time shown in Table 1 in an atmosphere of an ethylene gas at ordinary
pressure.    1 7 S E P 2002 Then, a small amount of isobutyl alcohol was
added to terminate the polymerization. After the polymerization was
completed, the reaction product was introduced into a large amount of
methanol to precipitate the total amount of a polymer. Then, 5 hydrochloric
acid was added, sad the mixture was filtered through a Qlass filter. The
resulting polymer was vacuum dried at 80 `~ for 10 hours to obtain
polyethylene (PE) . The results are set forth in Table 1.   13 g 1 ~ S E P
2002 Table 1 Transi-Polymer-Yield
ofPolymer-Intrin-tionizatioapolymerizatioasicmetaltime(g)activityviscos-cos
~pound(min)*1ity
(~)(d1/g)Ex.11-A50.942.2?2.03Ex.21-B300.520.2Z18.3Ex.32-A300.160.0613.0Ex.4
3-A300.090.049.56Ex.53-B300.160.0712.0Ex.64-A51.323.1713.9Ex.74-B300.340.13
4.64Ex.84-C300.020.015.10Ex.95-A300.290.1l18.6Ex.106-A300.080.04l5.0Ex.117-
A200.290.172.25Ex.128-A100.760.9130.3Ex.139-A100.330.362.01Ex.1410-A200.290
.1711.0Ex.1511-A50.912.195.57Ex.1612-A5l.383.322.78Ex.1713-A100.020.024.37E
x.1814-A200.420.2518.3 *1: kg/aunol (transition metal) 'hr S Ex~,m,~les 19
- 34 Into a 500 ml glass autoclave thoroughly purged with nitrogen, 250 ml
of toluene was introduced, and the liquid phase and the gas phase ware
saturated with ethylene at a flow rate of 100 1/hr. To the autoclave, 0.25
mmol (in terms of 10 aluminum atom) of tr3.isobutylaluminum was added, and
than 



139 1 7 S E P 2002 0.005 mmol of the transition metal compound shown in
Table 2 was successively added. Thereafter, 0.006 mmol of
triphenylcarbeniumtetrakis(peatafluoropheriyl)borate was added to initiate
polymerization. The reaction was conducted 5 at 25 `~ for the period of
time shown in Table 2 in an atmosphere of an ethylene gas at ordinary
pressure . Then, a small amount of isobutyl alcohol was added to terminate
the polymerization. After the polymerization was completed, the reaction
product was introduced into a large amount 'of methanol to precipitate 10
the total amount of a polymer. Then, hydrochloric acid was added, and the
mixture was filtered through a glass filter. The resulting polymer was
vacuum dried at 80 ~C for 10 hours to obtain polyethylene (PE). The results
are set forth in Table 2. 15   140 Table 2 1 7 S E P 2002
Transi-Polymer-Yield
ofPolymer-=ntrin-tionizatioapolymerizationsicmetaltime(Q)activityviscos-coa
~pound(min)*1ity(dl/g)Ex.191-A100.200.2429.8Ex.201-B300.110.0424.3Ex.212-A3
00.300.l230.4Ex.223-A300.100.0416.1Ex.233-B300.160.0712.0l
Ex.244-A51:102.6421.3Ex.254-8300.210.087.04Ex.265-A50.671.6224.9Ex.277-A200
.090.0611.1Ex.288-A300.240.1022.0Ex.299-A300.070.0310.5Ex.3010-A100.460.553
0.9Ex.3111-A300.200.08*2Ex.3212-A100.250.30*2Ex.3313-A100.060.0823.0Ex.3414
-A100.780.94*2*1:kgl~nol(transition metal)'hr ( *2: unmeasurable (The
polymer under test was insoluble is a 5 solvent for measuring intrinsic
viscosity.) Into a 500 ml glass autoclave thoroughly purged with nitrogen,
250 ml of toluene was introduced, and the liquid 10 phase and the gas phase
were saturated with a mixed gas of ethylene (flow rate: 50 1/hr) and
propylene (flow rate: 150 1/hr) . To the autoclave, 1.25 nunol (in teszns
of aluminum atom)   141 1?SEP2002 of methylaluminoxane was added, and then
0.005 mmol of the transition metal compound shown in Table 3 was
successively added to initiate polymerization. The reaction was conducted
at 25 C for the period of time shown in Table 3 in an atmosphere 5 of the
mixed gas at ordinary pressure . Then, a small amount of isobutyl alcohol
was added to terminate the polymerization. 



After the polymerization was completed, the reaction product was introduced
into a large amount of methanol to precipitate the total amount of a
polymer. Then, hydrochloric acid was 10 added, and the mixture was filtered
through a glass filter. The resulting polymer was vacuum dried at 80 ~ for
10 hours to obtain an ethylene/propylene copolymer (EPR). The results are
set forth in Table 3. 15 Table 3
Transi-Poly-YieldPoly-Intrin-Contenttionmeriza-ofmeriza-sicofmetaltionpolym
erLionviscos-propyl-com-time(g)activ-ity
(r))enepound(min)ity(dl/g)(mol%)*1Ex.351-A600.300.024.943d.7Ex.364-A302.250
.908.5229.9Ex.378-A300.370.15l7.534.2Ex.3811-A300.900.366.4351.2Ex.3912-A30
0.770.314.4434.7*1:kg/mmol(transitionmetal)~hr   142 '~ ~ ~ F p 2002 rato a
500 ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene
was introduced, and the liquid phase and the gas phase were saturated with
a mixed gas of ethylene (flow rate: 50 1/hr) and propylene (flow rate: 150
5 1/hr) . To the autoclave, 0 .25 mmol (in terms of aluminum atom) of
triisobutylaluminum was added, and then 0 .005 nmtol of the transition
metal compound shown in Table 4 was successively added. Thereafter, 0.006
mmol of triphenylcarbeniumtetrakis(pentafluorophenyl)borate was 10 added to
initiate polymerization. The reaction was conducted at 50 `~ for the period
of time shown in Table 4 in an atmosphere of the mixed gas at ordinary
pressure. Then, a small amount of isobutyl alcohol was added to terminate
the polymerization. After the polymerization was completed, the reaction
product 15 was introduced into a large amount of methanol to precipitate
the total amount of a polymer. Then, hydrochloric acid was added, and the
mixture was filtered through a glass filter. The resulting polymer was
vacuum dried at 80 ~ for 10 hours to obtain an ethylene/propylene copolymer
(EPR). The results 20 are set forth in Table 4.   143 1 7 S E P 2002 



Table 4
Transi-Poly-YieldPoly-Iatria-Coateattionmeriza-ofmeriza-aicofmetaltioapolym
ertioaviscos-propyl-com-time(g)activ-ity
(~)eaepound(mia)ity(dl/Q)(mol%)*1Ex. 40 4-A300.200.084.088.4Ex. 41
5-A300.080.03Z7.912.0Ex. 42 14-A300.120.0527.89.2 *1: kg/mmol(transition
metal)'hr 5 Ex~,mgles 43 45 Into a 500 ml glass autoclave thoroughly~purged
with nitrogen, 250 ml of toluene was introduced, and the liquid phase and
the gas phase were saturated with ethylene at a flow rate of 100 1/hr.
Then, 1-hexane in the amount shown in Table 10 5 was further introduced. To
the autoclave, 1.25 mmol (in terms of aluminum atom) of methylaluminoxane
was added, and then 0 . 005 mmol of the transition metal compound shown is
Table 5 Was successively added to initiate polymerization. The reaction was
conducted at 25 ~C for the period of time shown 15 in Table 5 in an
atmosphere of an ethylene gas at ordinary pressure. Then, a small amount of
isobutyl alcohol was added to terminate the polymerization. After the
polymerization was completed, the reaction product was introduced into a
large amount of methanol to precipitate the total amount of 20 a polymer.
Then, hydrochloric acid was added, and the mixture   1 ? S E P 2002 was
filtered through a glass filter. The resulting polymer was vacuum dried at
80 `~ for 10 hours to obtain polyethylene (PE). The results are set forth
in Table 5. 5 Table 5 Trans- Amount Poly- Yield Poly- =n- Conition of 1-
merit- of merit- trio- tent metal hexane ation poly- ation sic of 1com-
(ml) time mar activ- vis- hexane pound (min) (g), ity cosity (mol%) *1 (r1)
(dl/g) Ex. 43 4-A 5 5 2.10 5.04 7.65 1.5 Ex. 44 ~4-A 10 5 l.24 2.97 6.73
2.0 Ex. 45 4-A 15 5 0.94 2.26 5.27 2.9 *1: kg/mmol(transition metal)'hr In
the measurement of an intrinsic viscosity of the 10 polymer obtained in
each example, the polymer was dissolved in decalin and the intrinsic
viscosity was measured at 135 `~ using a Ubbelohde viscometer. The content
of propylene or 1-hexane in the copolymer was measured by IR analysis
(Nippon Bunko FTIR-350).   145 CLAI MS 17 S E P 2002 1. An olefin
polymerization catalyst comprising (A) a transition metal compound
represented by the following formula (I): Ri r .. MXn ~A ~ m (z) 



wherein M is a transition metal atom selected from Group 3 to Group 5,
Group 7 to Group 9, and Group 11 of the periodic table, U is a carbon atom
having a substituent group R2, a nitrogen atom or a phosphorus atom, A is a
nitrogen atom or a phosphorus atom, Q is a carbon atom having a substituent
group R3, a nitrogen atom or a phosphorus atom, S is a carbon atom having a
substituent group R4, a nitrogen atom or a phosphorus atom, T is a carbon
atom having a substituent group R5, a nitrogen atom or a phosphorus atom, m
is an integer of 2 to 6, R' to R5 may be the same or different) when M is a
transition metal atom selected from Group 3 to Group 5, Group 7 to Group 9,
and Group 11 of the periodic table, they are each a hydrogen atom, a
halogen atom, a hydrocarbon group, a heterocyclic compound residual group,
an oxygen-containing group, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germaniumcontaining group or a tin-containing
group;   146 1 7 S E P 2002 two or more of R' to R5 may be bonded to each
other to form a ring, and one group of R' to R5 contained in one ligand and
one group of R' to RS contained in another ligand may form a bonding group
or a single bond, wherein when one group of R' in one ligand and one group
of R' contained in another ligand form a bonding group, the bonding group
is a hydrocarbon group having 3 or more carbon atoms; n is a number
satisfying a valence of M, and X is a hydrogen atom, a halogen atom, a
hydrocarbon group, an oxygen containing group, a sulfur-containing group, a
nitrogen-containing group, a boroncontaining group, an aluminum-containing
group, a phosphorus-containing group, a halogen-containing group, a
heterocyclic compound residual group, a silicon-containing group, a
germanium-containing group or a tin-containing group, and when n is 2 or
greater, plural groups indicated by X may be the same or different to each
other and plural groups indicated by X may be bonded to each other to form
a ring. 2. An olefin polymerization catalyst comprising: (A) a transition
metal compound represented by the formula (I), R1 N ... U  . MXn ~A / m (i)
wherein M is a transition metal atom selected from Group 3 to Group 5,
Group 7 to Group 9, and Group 11 of the periodic table, U is a carbon atom
having a substituent group R2, a nitrogen atom or a phosphorus atom, A is a
nitrogen atom or a phosphorus atom, Q is a carbon atom having a substituent
group R3, a nitrogen atom or a phosphorus atom, S is a carbon atom having a
substituent group R4, a nitrogen atom or a phosphorus atom, 



147 1 ~ S E P 2002 T is a carbon atom having a substituent group R5, a
nitrogen atom or a phosphorus atom, m is an integer of 2 to 6, R' to R5 may
be the same or different, when M is a transition metal atom selected from
Group 3 to Group 5, Group 7 to Group 9, and Group 11 of the periodic table,
they are each a hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residual group, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, a sulfur-containing
group, a phosphorus-containing group, a silicon-containing group, a
germanium containing group or a tin-containing group; two or more of R' to
R5 may be bonded to each other to form a ring, and one group of R' to R5
contained in one ligand and one group of R' to R5 contained in another
ligand may form a bonding group or a single bond, wherein when one group of
R' in one ligand and one group of R' contained in another ligand form a
bonding group, the bonding group is a hydrocarbon group having 3 or more
carbon atoms; n is a number satisfying a valence of M, and X is a hydrogen
atom, a halogen atom, a hydrocarbon group, an oxygen containing group, a
sulfur-containing group, a nitrogen-containing group, a boroncontaining
group, an aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residual group, a
silicon-containing group, a germanium-containing group or a tin-containing
group, and when n is 2 or greater) plural groups indicated by X may be the
same or different to each other and plural groups indicated by X may be
bonded to each other to form a ring, and (B) at least one compound selected
from: (B-1 ) an organometallic compound; (B-2) an organoaluminum
oxy-compound, and (B-3) a compound which reacts with the transition metal
compound (A) to form an ion pair. 3. An olefin polymerization catalyst
comprising a carrier (C) in addition to the transition metal compound (A)
represented by the above formula (I) of claim 1 and at least one compound
(B) of claim 2 selected from the organometallic compound (B-1 ), the
organoaluminum oxy-compound (B-2) and the compound   148 1 7 S E P 2002
(B-3) which reacts with the transition metal compound (A) represented by
the above formula (I) of claim 1 to form an ion pair. 4. A process for
olefin polymerization, comprising polymerizing or copolymerizing an olefin
in the presence of the olefin polymerization catalyst of any one of claims
1 to 3. 5. An olefin polymerization catalyst of claim 1 wherein X is not a
benzyl group. 6. An olefin polymerization catalyst of claim 1 wherein X is
a hydrogen atom, a halogen atom, and an alkyl group. 7. An olefin polymer
product when made by the process of claim 4. .Al.AY;SR.A3u.AY(.AYa2
.AFa@e.AFf.A R.A3ayy.Alf.Al.AFNS.AY.AYu,.AY,.AYS.A3uye.A uY .AF?.A3;
%.A3SR.AFE .A3Ne.A  .A3a.A N 
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#=#t####$N$u$$$$$+%V%c%g%k%o%z%%%%+&J&L&&&&&2'}wqlf`[VQUU]ca]ca]caU]caU]ca]
caU]caU]ca]ca]ca]c(a]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]c
a]caU]caU]caU]caU]ca2'c'''''(("(%(^(((()5)U))))*(*_*****+J+}+++}wrlf`ZTUU]c
U]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]c(a]ca]ca]ca]ca]ca]caU]caU]ca]caU]c
aU]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca++,,,,,.,,,,$-_-----&.X......!/M/O////0[
0|vqke_YSlf`ZTUU]U]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]c(a]caU]caU]caU]ca
U]ca]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca[000000000000000&1(1
81\11111.2[2]222223F3ytnhc]WQUUU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]caU]
ca]caU]caU]ca]caU]ca]ca]ca]c(a]c(a]ca]caD]ca]caU]ca]ca]ca]caU]caU]caF3{3333
4 4
44"4Y4444475b55555+6667@7f77777~ysnhb]XRhc]WQUUUU]ca]ca]caU]caU]ca]caU]ca]c
aU]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]c(a]caU]caD0>
]caU]caU]ca]caU]caU]ca7$8C8n8888889>9@9i9999 : :2:[:::::;:;c;e;
;;;{uoid^XShc]WQUUUU]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]c
aU]caU]caU]caU]ca]caU]caU]caU]caU]ca]c(a]caU]caU]ca]caU]ca;
;<<<<<<=F====>>>?Q?s????@Q@@@@AATAA{uojd^XRhc]WQUUUU]caU]caU]caU]ca]caU]caU
]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca]c&a]ca
U]ca]caU]caU]caAAAAA 



BHBBBBBCCCKCCCCC DFDDDDDD+EfEmEEE{unhb\VQhc]WQUU]caU]caU]caU]caU]ca
U]c^aU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU
]ca]c&a]caU]ca]caU]caEEE-FiFFFFF0GfGqGGGGH&H(H3H5HKHMHHHHH?I|IIIJ}xrlf`ZThc
]WQUU]cU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU
]ca]ca]caU]ca]c,a]caU]caU]caU]caU]caU]caU]caJ?JoJqJuJJJJ&KbKKKK.L1LCL~LLL7M
9M;
MuMMMNFNINNNN|vpje_YShc]WQUU]U]caU]caU]ca]caU]caU]caU]caU]caU]ca]ca]caU]caU
]caU]caU]ca]c(a]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]ca]caU]caU]caNOO?OBOy
OO'PdPgPPPPPPPPPPPPPPQ QQ
Q2Q4Q6Q8Q<Q~ysnhc]XRUU]U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]c
a]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]ca<Q>QwQQQQRRRRSvS
{SSSTURUU@V~VqWWWW/XkXmXXX
YDY|vpke_YSUU]UU]caU]caU]caU]ca]caU]caU]caU]caU]ca]c(a]ca]ca]caU]ca]caU]ca]
ca]caU]ca]caU]ca]caU]ca]caU]ca]c(a]caU]caU]caU]ca]caDY|YYYZZZZ;
Z=ZAZbZoZZZZZ[>[~[[[[[[[[[[[[\ytnic^XRUU]U]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]
ca\\>\{\\\
]#]a]d]u]f^h^^^___O_Q_T___`@`n````1ajaa~xrlf`[UPU]caU]ca]caU]caU]caU]caU]ca
U]caU]caU]caU]ca]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]c(a]caU]ca]caU]caU]caU
]caU]ca]ca]caaabIbLb[bbbc?cAcwccccc1dZdddeIeeeeeefIfkfffg|vqkfa\WRU]]ca]ca]
ca]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca]caU]ca
U]caU]caU]ca]c(a]caU]caU]ca]cagBgggjgyggggghFhhhhiGiliiiii$jVjjjjjjkkkLk}xr
mga\WQU]U]ca]c(a]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]c
aU]ca]caU]caU]caU]caU]ca]ca]ca]c(a]ca]ca]caU]caLkkkkkll5lrllllllmm;
mommmnHnnnnno:o`oooztnic]WQga\WQU]U]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]
caU]caU]caU]caU]ca]caU]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]caU]caU]cao
pp&p)p;
puppp$q&qaqqqrrrrArCrzrrrrr.sgssst]t}wqke_YSga\WQU]U]U]caU]caU]caU]caU]caU]
caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]c
(a]caU]ca]caU]ca]t`ttuuuu
vAv~vvvvvvvvvw?wzwwwxIxxxx8ymyy|vpjd^XRga\WQU]UU]caU]caU]caU]caU]caU]caU]ca
U]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca]c(a]ca
U]caU]ca]cayyyzzz{?{r{{{{#|_|||||&}`}}}}}}}~U~~~~{upjd^XRga\WQU]UU]caU]caU]
caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU
]caU]ca]c&a]caU]caU]ca]caU]ca~~~~7mqSVhTVORs\oq}wrlga\VQU]]c&aU]ca]caU]ca]c
aU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]ca]c(a]caU]caU]caU]caU]c
a]caU]caU]ca]caU]ca]ca,e8;
o$&ak')`{upjd_YSga\VQU]]U]caU]ca]caU]caU]ca]c(aU]ca]caU]caU]ca]caU]caU]caU]
ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca]ca]caU]caU]caU]caU]caLO>MQ]_np?HSe
|vqle_ZTga\VQU]]UU]ca]caU]ca
U]c^a]c(a]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca
U]caU]ca]caU]caU]ca]caU]ca
,0MOs+.@^qsytnid^XSU]]]caU]caU]ca]c&a]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]casvx{}/58fRU}|vpke
]WRid^XSU]]]caU]caDT ]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca
U]c^aU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca-kns
3jm}xrlga\VQU]]caU]ca]caU]ca]caU]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]ca]c(a"U
E}57:?Cz2r'{upjd^XRga\VQU]]U]caU]caU]caU]caU]ca]caU]caU]caU]ca]ca]caU]ca]ca
U]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]c(a]caD
]ca]caU]ca]caU]ca'be"1mUGy!aoq~xrlfa[VPga\VQUU]ca]caU]ca]caU]caU]caU]caU]ca
U]caU]caU]caU]caU]caU]caU]caU]caU]ca]ca]caU]caU]ca]c&a]caU]caD;
]caU]caU]caU]ca]caU]ca!(*8:=?Lijjklmnr :v~xrlgb]VPga\VQUU]ca
U]c^a]ca]ca]caU]caU]caU]ca]c(a]caD4]ca]caDD]ca]caU]caDs]caU]caU]ca]caU]ca]c
aU]ca]caU]caU]ca]caU]ca]caU]caU]cav+jO:JMs{vpke`ZUga\VQUU]ca]caU]ca]caU]ca]
caU]ca]caU]caU]caU]ca]caU]caU]caU]ca]caU]ca]c(a]caU]caU]caU]caU]ca]caU]ca]c
aU]caU]caU]caU]caU]ca9pEYZ^q$bdRTztoic]WRga\VQUU]]caU]caU]caU]caU]ca]caU]ca
U]caU]caU]ca]caU]caU]caU]caU]ca]c8a]caD]ca]caU]caU]ca]ca]caU]caU]caU]caU]ca
]caU]caU]cajR?gD*Hzuojd_YSga\VQUU]]U]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca
U]caU]ca]c&a]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caH~
V
#G8y~xrlf`ZTga\VQUU]]UU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]c(a]caU]c
aU]caU]caU]caU]ca]ca]ca]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca$Y\m}W~xsmgb]XSU
U]]]c(a]c(a]ca]caU]caU]ca]caU]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]c
a]caU]ca]caU]ca]caU]caU]ca]caU]caU]ca]ca:+gZ
!02?GK^__cg|vqkc]XSgb]XSUU]]]ca]caU]caD]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU
]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]cagAC]cE#8sz{{
|vnhc^XSgb]XSUU]]]caU]ca]c(a]caU]caD]caU]caU]caU]ca]caU]caU]caU]ca]caU]caU]
caU]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]c(aU]ca
:<tG~ysnhb]WQUUU]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]caU]caU]ca]
caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caG026^asuhj.or}xrmgb\WQU
UU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]c
a]c(a]caU]caU]caU]ca]caU]caU]caU]caU]caY\`ou,gSUJce34}wrlfa[Sgb\WQUUU]D]caU
]ca]caU]caU]ca]caU]caU]caU]caU]c
aU]caU]caU]caU]caU]caU]caU]ca]caU]ca]ca]c*a]ca]caU]caU]ca]caU]ca]caU]ca]ca4
48L1fhmUX Cz}|vpje_WQgb\WQUUU]caD=]caU]ca]caU]caU]caU]caU]caU]ca]caU]ca
U]c^a]ca]ca]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca]c(a]caU]ca+h[N
3IM\`zupkf`[Ugb\WQUUU]cU]ca]caU]ca]ca]c(a]ca]caU]ca]caU]ca]ca]caU]caU]caU]c
aU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]c(a]caM7p
:r{umgb\WRgb\WQUUU]c(a]caU]ca]caU]caD]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]
caU]ca]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca_aL6sY\oCEztoid^YSgb
\WQUUU]U]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]c(a]caU]caU]caU]caU]caU]caU]caU
]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]ca
@BD-8~xrmgb\VPUU]caU]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]c(a]caU]caD]ca
U]ca]caU]ca]caU]ca]ca]c(aU]ca]caU]ca]caU]ca]caU]ca]ca8:KMOSpy2kP}wrlga[Ugb\
VPUU]caU]caU]caU]ca]caU]ca]caU]ca]c(a]caU]ca]caU]caU]caU]ca]caU]caU]caU]caU
]ca U]c^aU]ca]ca]caU]caU]ca]caU]ca]caU]ca]ca@|&(049W
W{vqje`[Ugb\VPUU]caU]ca]ca]c(a]ca
U]c^a]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]caU]caU]
caU]caU]caU]caU]caU]caF:u!*4H8:vZ]ysmga\VPUU]caU]ca]caU]caU]caU]caU]caU]ca]
caU]caU]ca]caU]caU]caU]ca]c&a]caU]ca]ca]caU]caU]ca]ca]caU]ca]caU]caU]caU]ca
]caU]caO8HLr
DB||vpke_YSga\VPUU]U]caU]caU]caU]ca]caU]caU]caU]caU]ca]c&a]caU]caU]ca]caU]c
aU]caU]ca]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca]ca|,k9;
H!]`~xrmga\VPga\VPUU]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]caU]c
a]caU]ca]caU]ca]c&a]caU]caD
;]caU]caU]caU]caU]caU]caU]caU]ca$+RF|0l}wqlfa[VPga\VPUU]ca]caU]ca]caU]ca]ca
U]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]c(a]caU]caD$]caU]ca]caU]ca]caU]caU]
caU]caU]ca UV]caU]ca9pZ]
[(_a{ysmhb\WQUUU]ca]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]caU]ca]c(a]ca]caU
]ca]caU]caU]ca]ca]ca]caU]ca]caU]caU]caU]caU]caU]ca]ca{~C479;J-/m{
V}wqlf`ZThb\WQUUU]U]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]caU]ca]c&a]caU]ca
]caU]caU]caU]ca]caU]caU]caU]ca]ca]caU]caU]caU]caU]ca]caVYB
2HfiEG|vqlgb\WQUUU]ca]caU]ca]ca]c(a]ca]caU]caU]caU]ca]caU]caU]caU]ca]caU]ca
]caU]ca]caU]caU]caU]ca]caU]ca]caU]caU]caU]caU]caU]ca]ca.jm $(*,.9;
=?KM_alnpru}xrmgb\WQUUU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]caU]caU]caU]caux*++/3BQE+g{uoi
c^XRgb\WQUUUU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]caU]ca]c
a]c(a]ca]caU]caD]caU]caU]caU]caU]caU]ca]caU]ca]ca"\J M     U$["   



{vpjd^YSgb\WQUUUUU]ca]caU]caU]caU]caU]ca]ca
U]c^a]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]caU]caU]ca]c(a]caU]caU]ca]c
aU]caU]ca]caPF#').1n'
~xrmga\VQUU]caU]ca]caU]caU]ca]caU]caU]caU]ca]ca]caU]ca]caU]ca]caU]caU]caU]c
aU]ca]caU]caU]ca]caU]caU]caU]ca]c(a]caU]caU]ca]ca
[O:=z%BE[^}wqlfa[VPUU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]caU]caU]ca]caU
]ca]caU]ca]caU]caU]caU]caU]ca]caU]caU]ca]caU]caU]caU]ca]c(a*eh1jVps{upje_ZT
fa[VPUU]cU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca]c
aU]ca
U]c^a]c(a]ca]caU]ca]caU]caU]caU]caU]ca]caAD^=B6q\jo{uojd^YSfa[VPUU]U]ca]caU
]caU]ca]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]c"aU]ca]c(a]ca]ca]caU]
caD=]caU]caU]caU]caU]ca]caU]ca9<O13o~   7 9 H _ q s u x
|vqke`[VQUU]ca]ca]c,a]caU]caU]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]ca]ca
U]caU]ca]caU]caU]caU]caU]ca]c,a]caU]caU]caU]caU]cax
!!!!!!!"`""""""""""##,#c#f#o#q#######}wrlga\VPUU]caU]ca]caU]ca]caU]ca]caU]c
a]caU]caU]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]c&a]caU]ca
]caU]caU]ca####$e$i$$$!%#%'%*%,%.%=%$&&&4&8&c&&&'J'M''''3(n(q(zuoic]WRUU]]c
aU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca]c(a]caU]ca]caU]c
a]caU]ca]caU]ca]caU]ca]caU]ca]ca]caq(((((
)T)e)h))))****)*/*f*l*o********+U+++~xsmgb\VPUU]caU]caU]ca]caU]caU]ca]caU]c
a]caU]ca]caU]ca]caU]ca]c
a]c(a]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]ca+,,,5,7,=,A,E,
G,K,],_,,,,,,,,,-6-I-L-M-Q-U-\-a-p--~yqlga\WQUUU]ca]c&a]caU]ca]ca]caD]ca]ca
U]caU]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca
U]caU]ca----!.%.,.h.../O/////0B00d1g11111122222{vqke`ZUga\WQUUU]c]caU]ca]ca
U]caU]ca]c(a]ca]caU]caU]ca]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]c
aU]caU]ca]caU]ca]ca]caU]ca233D333304n4,535b5e5556666.66"7$7v7z77777778}xrmg
b\WRUUU]c(a]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]c(a]caU]caDP]caU]ca]caU]
ca]caU]ca]caU]ca]caU]ca]ca]caU]caU]ca]caU]ca8888:::::::;
;;;;v;;;;.<1<3<5<D<)=+=1=4=m====}wrlga[VPUU]ca]caU]caU]ca]caU]ca]caU]ca]c&a
]caU]ca]caU]ca]caU]caU]caU]caU]ca U]c^a]c^a
U]c^a]caU]ca]ca]c^a]ca]c^a]caU]ca]ca]ca==(>g>j>>>???X?a?g?i?k????
@#@.@2@@@AA'B)BeBgBBB~ysnic^XRUU]U]caU]ca]caU]ca]ca]ca]c^a]caU]ca]caU]ca]ca
U]ca]caU]ca]ca]c(a]caU]ca]caU]caU]caU]ca]caU]caU]caU]ca]caU]caU]caU]caBCCAC
}CCCCCCDGDDDDDDDDDDEDEEEE9FfFhFuFF}wqke`ZTic^XRUU]U]U]caU]ca]caU]caU]caU]ca
U]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]c(a]caU]ca]caU]caU
]caU]ca]caU]caFFFFFFGG0H3HHHHHHI>IzI|IIIII8JYJJJJJKOK~xrlfa[Uic^XRUU]U]UU]c
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