DESCRIPTION TRANSITION METAL COMPLEX COMPOUNDS, OLEFIN OLIGOMERIZATION
CATALYSTS INCLUDING THE COMPOUNDS, AND PROCESSES FOR PRODUCING OLEFIN
OLIGOMERS USING THE CATALYSTS 5 FIELD QF THE INVENTION The present invention relates
to transition metal complex compounds, olefin oligomerization catalysts including the ~ compounds,
and processes of producing olefin oligomers with the 10catalysts. BACKGROUND OF THE
INVENTION Industrial olefin oligomerization is most often catalyzed by organoaluminum
compounds or transition metal compounds pEhe 25 wliaomerization of ethylene in particular gives a
mixture of a-olefins. Of the a-olefins, 1-hexene has a high demand as a material for polyolefins, and

high-selectivityrprocessesiferri-hexene are desired; ivesonly selective progass thathasdieen used in
the industry is trimerization of ethylene using chromium 20 compounds (Patent Document 1). This

process affords approximateh-g kg afil-hexepepend mmal chtemium atompoukunderapethylene
pressure of 100 bar. However, it is preferred that a higher activity is achieved under a lower pressure
so that the costs for pressufg:ane; catatystin: e progyetieneanararysrs
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FIELD OF THE INVENTION
The present invention relates to transition metal comples
compounds, olefin oligomerization catalysts including the

compounds, and processes of producing clefin cligomers with the

10 catalysts.

BACKGROUND OF THE INVENTION
Industrial olefin oligomerization is most often catalyzed

by organcaluminum compounds or transition metal compounds. The
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oligomerization of ethylene in particular gives a mixture of
a-olefins. Of the o-olefins, l-hexene has a high demand as a
material for poclyolefins, and high-selectivity processes for
i-hexene are desired. The only selective process that has been
used in the industry is trimerization of ethylene using chromium
z20 compounds (Patent Document 1). This process affords

approximately 8 kg of l-hexene per 1 mmol chromium atom-hour
under an ethylene pressure of 100 bar. However, it is preferred
that a higher activity is achieved under a lower pressure so

that the costs for pressure and catalyst in the production can



2 be reduced. Further, very few techniques have been reported for the production of 1-hexene by
trimerizing ethylene with transition metal compounds other than chromium compounds (Patent 5
Documents 2 and 3,Non-Patent Documents 1'and 2). Patent Document 1:United States Patent
N0.5856257 Patent Document 2:JP-A-2004-524958 Patent Document 3:NO 01/68572 Non-Patent
Document 1:Journal of American Chemical Society, 2001, Vol. 123, pp. 7423-7424 ONon-Patent
Document 2: Journal of Organometallic Chemistry, 2004, Vol. 689, pp. 3641-3668 SUMMARY OF

THE INVENTION

20

be reduced. Further, very few techniques have been reported for
the production of l-hexene by trimerizing ethylene with
transitionmetal compounds other than chromium compounds (Patent
Documents 2 and 3, Nen-Patent Documents 1 and 2).

Patent Document 1: United States Patent No. 5856257

Patent Document 2: JpP-A-2004-52435%

Patent Document 3: WO 01/68572

Non-Patent Document 1: Journal of American Chemical
Society, 2001, Vol. 123, pp. 7423-7424

Non~Patent Document 2: Journal of Organometallic

Chemistry, 2004, Vol. 689, pp. 3641-~3668

SUMMARY OF THE INVENTION

The present invention has been made in view of the
aforementioned problems in the art. It is therefore an object
of the invention to provide novel transition metal complex
compounds, olefin oligomerization catalysts of superior
activity centaining the compounds, and processes for producing
olefin oligomers in the presence of the olefin ocligomerization
catalysts.

The present inventors studied diligently to solve the
problems in the art. They have then found that olefin
oligeomerization catalysts containing a transitionmetal complex

cempound with a specific structure show excellent activity and



The present invention has been made in view of the 15 aforementioned problems in the art. It is
therefore an object of the invention to provide novel transition metal complex compounds, olefin
oligomerization catalysts of superior activity containing the compounds, and processes for producing
olefin oligomers in the presence of the olefin oligomerization 20catalysts. The present inventors
studied diligently to solve the problems in the art. They have then found that olefin oligomerization
catalysts containing a transition metal complex compound with a specific structure show excellent
activity and are suited for use in olefin oligomerization. In particular, the catalysts are capable of
catalyzingzhe oligometization of ethylene as astattingrmatarid to afford artripterof @thylene, i.e.,
1-hexene, with high selectivity. The present invention 5 has been completed based on the findings.
The presentnventioniretates da the dgllowingd I] te[17] v f] A transitiohimetsd conzpiex:compound [A]
represented by Formula (I) below: [Chem. 1] 10 wherein RI- to R6 are the same or different from
each othee ang are each a hydsegemgtom; a haldger atdmpadydrocanzon groep,eyhetesgeyclic
compound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing
group,ani.e., l~-hexene, with high selectivity. The present invention

5 has been completed based on the findings.
The present invention relates to the following [1] to [17].
[1] A transition metal complex compound [A] represented

by Formula {I) below:

[Chem. 1]

10

wherein R to R® are the same or different from each other and
are each a hydrogen atom, a halogen atom, a hydrocarbon group,
a heterocyclic compound residue, an oxygen-containing group,
a nitrogen-containing group, a boron-containing group, an

15 aluminum-containing group, a sulfur-containing group, &

phosphorus-containing group, a silicon-containing group, a



15 aluminum-containing group, a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a 4 germanium-containing group or a ti containing group, two or more of R1
to R6 may be linked to each other, and R1 may be linked to Z; M is a transition metal atom of
Group 3 to Group 10 of the 5 periodic table; n is 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 10 aluminum-containing group, a
phosphorus-containing group, a halogen-containing group, a heterocyclic compound residue, a
silicon-corf&ifig relps argernahiuim-Soatanifg grolp br adintecntainthggrop, thevatoms or groups
indicated by X may b§ the same or different from each other, and the groups indicated 15 by X may be
linked to each®thérkd fornk ariag; be 1Y.iskan dxygercatompa nitregeh Atons, a iphosiphbegs atom or a
sulfur atom; Z is a hydrocarbon group or a heterocyclic compound residue that may have a
substituent gréup, and the minimum number of 20 bonds linking Y with N is in the range of 4 to 6;
the bond between Y and Z may be a double bond or a triple bond, and the bond between Y and 121
may be a double bbrd or & triple bondnand the dotted lirfes:eaclp denote @ cagrditatidn Hiond.
5 periodic table;
i 1s 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
10 aluminum-containing group, a phesphorus-containing group, a
halogen-containing group, a heterocyveclic compound residue, a
silicon¥containing group, a germanium-containing group or a
tin-containing group, the atoms or g¢groups indicated by X may
be the same or different fromeach octher, and the groups indicated
15 by X may be linked to each other to form a ring:
Y is an oxygen atom, a nitrogen atom, a phosphorus atom
or a suliur atom;
Z 1s a hydrocarbon group or a heterocyclic compound residue
that may have a substituent group, and the minimum number of
20  bonds linking ¥ with N is in the range of 4 to 6;
the bond betwesen Y and Z may be a double bond or a triple
bond, and the bond between Y and R may be a double bond or a

triple bond; and

the dotted lines each denote a ceoordination bond.



5 [2] The transition metal complex compound [A] described in [1], wherein the minimum number
of bonds linking Y with N in the transition metal complex compound of Formula (I) is 5 or 6. [3]
The transition metal complex compound [A] described in [1], wherein Y, N and Z in the transition metal
complex compound of Formula (I) form a structure fepresented by Formula (ll) below: [Chem. 2] RI
10R7 wherein Y is an oxygen atom, a nitrogen atom, a phosphorus atom or a sulfur atom; and 27
to RI are the same or different from each other and are each a hydrogen atom, a halogen atom, a
hydrocarbon group, a 15 heterocyclic compound residue, an oxygen-containing group, a
nitrogen-containing Jrotip,ca bororscantaining gedup;ampakiningmpeaniaining greuw; & bed
sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a
germanium=coniainingrgreupor arin-eontaining growup: andwhem28 R4 to:R8§ aye hiydrocarbon
groups, R7 and R8 may be linked to each other to form a ring and R9 and RI-lamay be linked to each
other in the transition metal complex compound of Formula (I) is 5

or 6.

5 [3] The transition metal complex compound [A]l described
in [1], wherein ¥, N and Z in the transition metal complex
compeund of Formula (I) form a structure represented by Formula

{(I1) below:

[Chem. 2}

N A

7
10 R
wherein ¥ is an oxygen atom, a nitrogen atom, a phosphorus atom

or a sulfur atom; and
R’ to R' are the same or different from each other and are

each a hydrogen atom, a halogen atom, a hydrocarbon group, a
15 heterccyclic compound residue, an oxygen-containing group, a

nitrogen~containing group, a boron-containing group, an

aluminum-containing greup, a sulfur-containing group, a

phospheorus-containing group, a silicon-containing group, a

germanium~containing group or a tin-containing group, and when
20 R’ to R'™ are hydrocarbon groups, R’ and R® may be linked to each

other to form a ring and R® and R may be linked to each other



6 to form a ring. [4] The transition metal complex compound [A] described in any one of [1] to [3],
wherein M in the transition metal complex compound of Formula (1) is a transition metal atom of Group
4 5 of the periodic table, and n is 4. [5] A transition metal complex compound [A] represented by
Formula (I') below: [Chem. 3] R3 10 wherein R- t®R6 and R are the same or different from each
other and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a heterocyclic compound
residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group, an
aluminum-containing group, a sulfur-containing group, a 15 phosphorus-containing group, a
silicon-corfainisg groupt argermanium-containing group or a tin-containing group, two or more of 121

and RI to R6 may be linked to each other, and Rl may
[4] The transition metal complex compound [A] described

inanyoneof [1] to [3], whereinM in the transition metal complex
compound of Formula (I) is & transition metal atom of Group 4

5 of the periodic table, and n is 4.
[5] A transition metal complex compound [A] represented

by Formula (17) below:

[Chem. 3]

10  wherein R* to R® and R* are the same or different from each other
and are each a hydrogen atom, a halogen atom, a hydrocarbon group,
a heterccyclic compound residue, an oxygen-containing group,
a nitrogen-containing group, a boron-containing group, an
aluminum-containing group, a sulfur-containing group, a

15 phosphorus-containing group, a silicon~containing group, a
germanium-containing group or a tin-containing group, two or

more of R* and R' to R® may be linked to each other, and R® may



7 be linked to Z; M is a transition metal atom of Group 3 to Group 10 of the periodic table; nis a
valence of M; 5X 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 halogen-containing group, a
heterocyclic compound residue, a 10 silicon-containing group, a germanium-containing group or a
tin-containing group, the atoms or groups indicated by X may be the same or different from each other,
and the groups indicated by X may be linked to each other to form a ring; Y is a nitrogen atom or a
phosphorus:=atonm K5Z is@ Bydrocarbon group or a heterocyclic compound residue that may have a
substituent group, and the minimum number of bonds linking Y with N is in the range of 4 to 6; and the
dotted lines each Hehete a-ceordination bendi1 atom {6] Thevtransition thetalkcdmptex thmpound [A]
described 20 in [5], wherein the minimum number of bonds linking Y with N in the transition metal
complex compaund-oftFormeta (1) is 5
n is a valence of M;
5 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
halogen-containing group, a heterocyclic compound residue, a
10  silicon-containing group, a germanium-containing group or a
tin-containing group, the atoms or groups indicated by X may
be the same or different fromeach other, and the groups indicated
by X may be linked to each other to form a ring;
Y" is & nitrogen atom or a phosphorus atom;
15 Z is a hydrocarbon group or a heterccyclic compound residue
that may have a substituent group, and the minimum number of
bonds linking ¥’ with N is in the range of 4 to 6; and
the dotted lines each dencote a coordination bond.
[6] The transition metal complex compound [A] described
20 in [5], wherein the minimum number of bonds linking Y’ with N
in the transition metal complex compound of Formula {(I’) is b
or 6.

[7] The transition metal complex compound [A] described

in [5], wherein ¥, N and Z in the transitlion metal complex



or 6. [7] The transition metal complex compound [A] described 8 compound of Formula (')
form a structure represented by Formula (II') below: [Chem. 4] R1C1 5 wherein Y'is a nitrogen atom
or a phosphorus atom; and R7 to 121 are the same or different from each other and are each a
hydrogen atom, a halogen atom, a hydrocarbon graup, a heterocyclic compound residue, an
oxygen-containing group, a nitrogen-containing group, a boron-containing group, an 10
aluminum-containing group, a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group or a tin-containing group, and when R7 to R1

are hydroearhen @reups, Rrand R8 may be-linked to-eaehiethertofornra Bagand KR-and: R1 may be
linked to each other 15to form a ring. [8] The transition metal complex compound [A] described in

any one of 5} 1 [Hewhgrein M in the transition metal complex compound of Formula (I') is a transition
metal atom of Group 4 of the periodic table, and n is 4. 20[9] An olefin oligomerization catalyst

comprisingdbgrm. 4]

5 wherein Y’ is a nitrogen atom or a phosphorus atom; and

R’ to R' are the same or different from each other and are
each a hydrogen atom, a halogen atom, a hydrocarbon group, a
heterccyclic compound residue, an oxXygen~containing group, a
nitrogen~ceontaining group, a boron—-containing group, an

L0 aluminum-containing group, a sulfur-containing grcup, a
rhosphorus~containing group, a gilicon-containing grdup, a
germanium-containing group or a tin-containing group, and when
R" to RY are hydrocarbon groups, R’ and R® may be linked to each
other to form a ring and R® and R' may be linked to each other

15 to form a ring.

[8] The transition metal complex compound [A] described
in any cne of [5] to [7], whereinMin the transitionmetal complex
compound of Formula (I') is a transition metal atom of Group
4 of the periodic table, and n is 4.

20 [9] An olefin oligomerization catalyst comprising the



9 transition metal complex compound [A] described in any one of [1] to [8]. [10]
Theolefinoligomerizationcatalystdescribedin [9], wherein the catalyst comprises: 5[A] the transition
metal complex compound; and [B] at least one compound selected from the group consisting of (b=1)
an organometallic compound, (b-2) an organoalumium oxy-compound and (b-3) a compound which
reacts with the transition metal complex compound [A] to form an ion 10pair. [11] The olefin
oligomerization catalyst described in [9], wherein the catalyst comprises: [A] the transition metal
complex compound; [B] at least one compound selected from the group 15 consisting of (b-1) an

organometallic.earapeund(h:2) anerganoaluminumexyzcorapeund anrdi (h-3) angompeund which
reacts with the transition metal complex compound [A] to form an ion pair; and [0] a carrier to
support at leastane;gompound selected 20from [A] and [B]. [12] A process for producing an olefin
oligomer,
[10] The olefinoligomerization catalyst describedin [971,
wherein the catalyst comprises:
5 [A] the transgition metal complex compound; and
[B] at least one compound selected from the group
consisting of (b~1) an organometallic compound, (b-2) an
organocaluminum oxy-compound and (b-3) a compound which reacts
with the transition metal complex compound [A] To form an ion
10 pair.
[11] The clefin cligomerization catalyst described in [9],
wherein the catalyst comprises:
[(A] the transition metal complex compound;
[B]l at least one compcound selected from the group
15 consisting of (b-1) an organcmetallic compound, (b-2Z) an
organocaluminum oxy-compound and (b-3) a compound which reacts
with the transition metal complex compcound [A] to form an ion
palr; and
{C] a carrier to support at least one compound selected
20 from [A] and [B].
[12] A process for producing an clefin oligomer,
comprising cligomerizing an olefin in the presence of the clefin

cligomerization catalyst described in any cne of [9] to [11].

[13] A process for producing an olefin oligomer,



comprising oligomerizing an olefin in the presence of the olefin oligomerization catalyst described in
any one of [9] to [11]. [13] A process for producing an olefin oligomer, 10 comprising oligomerizing an
olefin in the presence of the olefin oligomerization catalyst described in any one of [9] to [11] and with

a C5-7 linear saturated hydrocarbon as a solvent. 10 [14] A process for producing an olefin
oligomer, 5 comprising oligomerizing an olefin in the presence of the olefin oligomerization catalyst
described in any one of [9] to [11] and hydrogen. [15] A process for producing an olefin

oligomer,  comprising oligomerizing an olefin in the presence of the olefin 10 oligomerization
catalyst desefibedsnany-one of{9] 1o {1l] and-dreantistaticagent.e sen{E6b Thenpracess described in
any one of [12] to [15], wherein the olefin is ethylene. [17] The process described in any one of
[12] to [15},1k5whetein the elefinds ethyleneiand the-elefin oligameris 1dexene. to [11]
and with a C5-7 linear saturated hydrocarbon as a solvent.
[14] A process for preducing an olefin oligomer,
5 comprising eoligomerizing an olefin in the presence of the olefin
oligomerization catalyst described in any one of [9] to [11]
and hydrogen.
[15] A process for producing an olefin coligomer,
comprising oligomerizing an olefin in the presence of the clefin
10 oligemerization catalyst described in any one of [9] to [11]
and an antistatic agent.
[16] The process described in any one of [12] to [15],
wherein the olefin is ethylene.
[17] The process described in any one of [12] to [157,

15 wherein the olefin is ethylene and the olefin oligomer is

l1-hexene.

ADVANTAGES OF THE INVENTION
The transition metal complex compounds according to the
20 present invention and the olefin oligomerization catalysts
including the compounds have high activity. The processes for
producing olefin oligomers according to the present invention
use the olefin oligomerization catalysts. The processes enable

the oligomerization of ethylene inte 1-hexene with high activity



ADVANTAGES OF THE INVENTION The transition metal complex compounds according to the 20
present invention and the olefin oligomerization catalysts including the compounds have high activity.
The processes for producing olefin oligomers according to the present invention use the olefin
oligomerization catalysts. The processes enable the oligomerization of ethylene into 1-hexene with
high activity 11 and high selectivity, providing very high industrial values. BRIEF
DESCRIPTION OF THE DRAWINGS NMR spectrgm of Compound 2. NMR spectrum of Compound 5,
NMR spectrum of Compound 7, NMR spectrum of Compound 22. NMR spectrum of Compound 30.
NMR spectrum of Compound 31. NMR spectrum of Compound 33. NMR spectrum of Compound 34.
NMR spectréifof Compdand36. BEST MODE FOR CARRYINGTOUTIFHEINYENTION  The
transition metal complex compounds, the olefin oligomerization catalysts and the processes of
producing oﬁéﬁﬁ%iﬁomers using the olefin oligomerization catalysts according to the present invention
will be described in detail hereinbelow. In the invention, the olefin oligomerization refers to the
production of dimers to decamers of olefins. An olefin oligomerization catalyst according to the

invention includes a transition me cgﬁ&%gggﬁgﬁugﬁi [,%gml% g%%r&béag later. The olefin
[ he transition

oligomerization catalyst usuall.?/ contains, In addifion to on'metal complex compound [A], at

least one compounEdiBBn] SFI%cSteg fmg{nl\mg gég%%ggg%isg@g@gn(gb’g@@ %rganometallic compound, (b-2)

an organoaluminum
Fig. 2 is a 'H NMR spectrum of Compound 5.

Fig. 3 is a 'H NMR spectrum of Compound 7.

Fig. 4 is a ‘H NMR spectrum of Compound 22.
Fig. 5 is a 'H NMR spectrum of Compound 30.
Fig. 6 is a 'H NMR spectrum of Compound 31.
Fig. 7 is a 'H NMR spectrum of Compound 33.
Fig. 8 is a 'H NMR spectrum of Compound 34.

Fig. 9 is a 'H NMR spectrum of Compound 36.

BEST MODE FOR CARRYING OUT THE INVENTION

The transition metal complex compounds, the olefin
oligomerization catalysts and the proccesses of producing
clefin oligomers using the olefin oligomerization catalysts
according to the present invention will be described in
detail hereinbelow.

In the invention, the clefin oligomerization refers to
the production of dimers to decamers cf olefins.

An o¢lefin oligomerization catalyst according to the

invention includes a transition metal complex compound [A]



oxy-compound and (b-3) a compound which reacts with the transition metal complex compound [A] to
form an ion pair. The compound (b-3) which reacts with the transition metal complex compound [A] to
form an ion pair is also referred to as the ionizing ionic compound in the invention. 10The olefin
oligomerization catalyst may contain a carrier [C] tq support at least one compound selected from [A]
and [B]. [Transition metal complex compounds [A]] The transition metal complex compounds [A] in the
invention have two embodiments. The transition metal complex 15 compounds in the first embodiment
are represented by Formula (I) below: 13 [Chem. 5] In Formula (I), Ri to R6 are the same or

different from,each.ather and,are each ayeregen atom..a halogenratom, &5 bydracarhan,group, a
heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a

boron-containing,g{aup, an aluminym-containing group, & sHlfufeontaining, 9E0LR &pound
phosphorus-containing group, a silicon-containing group, a germanium-containing group or a 10
tzi”'contai”f[ﬂ% group: Jwo.or more oL Rl fg Re may ke linked 10 ea6h.0iher, and,121 maype linked to
of (b-1} an organometallic compound, {(b-2) an organcaluminum
5 oxy-compound and (b-3) a compound which reacts with the
transition metal complex compound [A} te form an ion pair. The
compound {(b-3) which reacts with the transiticn metal complex
compound [A] to form an ion pair is also referred to as the
ionizing ionic compound in the invention.
10 The olefin cligomerization catalyst may contain a carrier
[C] to support at least one compound selected from [A] and [B].
[Transition metal complex compounds [A}]
The transition metal complex compounds [A] in the
invention have two embodiments. The transiticon metal complex

15 compounds in the first embodiment are represented by Formula

(I} below:



More specifically, R1 to R6 are each preferably a hydrogen atom, a halogen atom, a hydrocarbon
group, a heterocyclic compound residue, a hydrocarbon-substituted silyl group, a 15
hydrocarbon-substituted siloxy group, an alkoxy grpyp, an alkylthio group, an aryloxy group, an
arylthio group, an acyl 19 group, an ester group, a thioester group, an amide group, an imide group,
an amino group, an imino group, a sulfonate group, a sulfonamide group, a cyano group, a nitro group,
a carboxyl group, a sulfo group, a mercapto group, an aluminum-containing 5 group or a hydroxyl
group. | dgxamples of the halogen atoms include fluorine, chlorine, bromine and iodine.
Examples of the hydrocarbon groups include linear or branched alkyl groups of 1 to 30, preferably 1 to
20, and more 10 preferably 1 to 10 carbon atoms such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, nedpentyl and n-hexyl; linear or branched alkenyl groups of 2 to 30, and
preferably 2 to 20 carbon atoms$ such as vinyl, allyl and isopropenyl; linear or branched alkynyl groups
of 2 to 30, and 15 preferably 2 {¢ 20 carbon atoms such as ethynyl and propargyl; cyclic saturated
hydrocarbon groups of 3 t 30/ and preferably 3 to 20 carbon atoms such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl anfl adamantyl; cyclic unsaturated hydrocarbon groups of 5 to 30 carbon
atoms such asgyclopentagienyl, indenyl and 20 fluorenyl; aryl groups of 6 to 30, and preferably 6 to
as-phenyl, naphthyl, biphenyl, terphenyl, phenanthryl and anthracenyl;

d-butylphenyl; and alkylidene gro ik1to 30 d
Vipheny y QO,upM%‘( 1o 30, an

In Formula (I}, R* to R® are the same or different from

each other and are each a hydrcgen atom, a halogen atom, a

n

hydrocarbon group, a heterocyclic compound residue, an

oxygen—-containing group, a nitrogen~containing group, a

boron-containing group, an aluminum-containing group, &

sulfur-containing group, a phosphorus-containing group, a

silicon-containing group, a germanium-containing group or a

10 tin-containing group. Two or more of R' to R® may be linked to
each other, and R' may be linked to Z.

More specifically, R' to R® are each preferably a hydrogen
atom, a halogen atom, a hydrocarbon group, a heterocyclic
compound residue, a hydrocarbon-substituted silyl group, a

15  hydrocarbon-substituted siloxy group, an alkoxy group, an

alkylthio group, an aryloxy group, an arylthio group, an acyl



15 preferably 5 to 10 carbon atoms such as benzylidene, methylidene and ethylidene. The
hydrocarbon groups may have hydrogen atoms substituted with halogens. Examples of such
substituted groups include 5 halogenated hydrocarbpn groups of 1 to 30, and preferably 1 to 20
carbon atoms such as trifluoromethyl, pentafluorophenyl and chlorophenyl. The hydrocarbon
groups may have hydrogen atoms substituted with other hydrocarbon groups. Examples of such
groups include 10 aryl-substituted alkyl groups such as benzyl, cumyl, diphenylethyl and trityl. The

hydrocarbpn-groupsmayhave hetergcyclic eampound resjdues; oxygen-containing groups;such as
alkoxy groups, aryloxy groups, ester groups, ether groups, acyl groups, 15 carboxyl groups, carbonate

groups, hydroxyl groups, PEFOXy, greuRs-ang cathoxylicanhydride groups; 95&959@@-%%@}“9 groups

such as amino groups, imino groups, amide groups, imide groups, hydrazino groups, hydrazono

groups, Nifro;groups,; KIIESO GIOURS, CyapoLrauRs.dspcyano, grobips, cyanate grouns, 20.amidino

groups, diazo groups and amino groups in ammaonium salt form; boroh-containing groups'such as

boranediy} groups. baranetsiv aioips and diboranvl gioups, sulbGonsinig araups Sheh,as
ylth ﬁl%acyl

mercapto groups, thioester groups, dithioester groups, alkylthio groups, arylthio groups, t

grougs, %ﬁoup or a hydroxyl group.

Examples of the halogen atoms include fluorine, chlorine,
bromine and ilodine.
Examples of the hydrcocarbon groups include linear or
branched alkyl groups of 1 to 30, preferably 1 to 20, and more
10 preferably 1 to 10 carben atoms such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, iscbutyl, sec-butyl, tert-butyl, neopentyl
and n—hexyl; linear or branched alkenyl groups of 2 to 30, and
preferably 2 to Z0 carbon atoms such as vinyl, allyl and
iscopropenyl; linear or branched alkynyl groups of 2 to 30, and
15  preferably 2 to 20 carbon atoms such as ethynyl and propargyl;
cyclic saturated hydrocarbon groups of 3 to 30, and preferably
3 to 20 carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and adamantyl; cyclic unsaturated hydrocarboen groups
of 5 to 30 carbon atoms such as cyclopentadienyl, indenyl and
20 fluorenyl; aryl groups of 6 to 30, and preferably 6 to 20 carbon
atoms such as phenyl, naphthyl, biphenyl, terphenyl, phenanthryl
and anthracenyl; alkyl-substituted aryl groups such as tolyl,
isopropylphenyl, t-butylphenyl, dimethylphenyl and

di-t-butylphenyl; and alkylidene groups of 1 to 30, and



thioether groups, thiocyanate groups, isothiocyanate groups, sulfonate groups, sulfonamide groups,
thiocarboxyl groups, dithiocarboxyl groups, sulfo groups, sulfonyl groups, sulfinyl groups and sulfenyl
groups; phosphorus-containing groups such 5 as phosphide groups, phosphoryl groups,
thiophosphoryl groups and phosphate groups; silicon-containing groups; germanium-containing
groups; and tin-containing groups. Of these, particularly preferred groups are linear or branched
alkyl groups of 1 to 30, preferably 1 to 20, more 10preferably 1 to 10, and still more preferably 2 to 10

carbon atgmsrsuchas,methyl; ety ra-propylisoRrepyl srhutyl siscbulyl secrbutyl, t-hutylneopentyl,

n-hexyl and adamantyl; aryl groups of 6 to 30, and preferably 6 to 20 carbon atoms such as phenyl,
naphthyl, biphenyl,.terphenyl, phenanthryl and 15 anthracenyl; and substituted aryl groups wherein the
above aryl groups are substituted with 1 to 5 substituent groups such as halogen atoms, alkyl or

alkoxy groups of Q. %M@%ﬁ%é&gg%garpg@@tﬁg@raeg@% Aharyoxy groups.of 6 to 30,

and preferably 6 to 20 carbon atoms. 2Z0Examples of the heterocyclic compound residues include

residues gfi nifrogen:gontaining.campaunds such as,pwrele, pyriding, pyrimidine; guinoline and

triazine; residues of oxygen-containing compounds such as furan and pyran; residues of

sult-conigining.samaaungs sueh g inophengiand rouns 17 obianed by substiyg he above

heterocyclic compound residues with substit ent groups such as’al oups and a

30, and preferably J,ta,20 garhon. loms. . . « Fxamples pithe xygencontaining.groups, (e
nitrogen-containing groups, the sulfur-containing groups and the phosphorus-containing groups
include th&%rggggr%%n&pned above as substituent groups for the hydrocarbon groups.

The hydrocarbon groups may have hydrogen atoms substituted
with other hydrocarbon groups. Examples of such groups include

10 aryli-substituted alkyl groups such as benzyl, cumyl,
diphenylethyl and trityl.

The hydrocarbon groups may have heterocyclic compound
residues; oxygen-containing groups such as alkoxy groups,
aryloxy groups, ester groups, ether groups, acyl groups,

15 carboxyl groups, carbonate groups, hydroxyl groups, peroxy
groups and carboxylic anhydride groups; nitrogen-containing
groups such as amino groups, imino groups, amide groups, imide
groups, hydrazino groups, hydrazcno groups, nitro groups,
nitroso groups, Cyano groups, lsocyano groups, cyanate groups,

26 amidinc groups, diazo groups and amino groups in ammonium salt
form; boron-containing groups such as boranediyl groups,
boranetriyl groups and diboranyl groups: sulfur-containing
groups such as mercapto groups, thicester groups, dithicester

groups, alkylthio groups, arylthic groups, thiocacyl groups,



Examples of the boron-containing groups include the groups mentioned above as substituent groups
for the hydrocarbon groups, 10 and alkylboron groups, aiylboron groups, boron halide groups and
alkylboron halide groups. The alkylboron groups inchide (Et)28-,)28-, (iBu)28-, (Et)3B, (iPr)36 and
(iBu)38. The arylboron groups include (06H5) 2B-, (C5.95) B, (C6E5)3B and (3,5-(CF3)2C683)32. The
boron halide groups include BC12- and 15 8012. The alkylboron halide groups include (Et)BC1-,
(iBu)BO1- and (06H5)2B01. In the above groups, the trisubstituted boron is often coordination bonded.

Here, Et denptes aa ethyl group, iIRHaR isepropy greun:and iBY anHsehutyhgroupg Examples of the

aluminum-containing groups include 20 alkylaluminum groups, arylaluminum groups, aluminum halide

groups angd.alkylalunainym-halide grgy@%-nm@a@ylﬁm&g@m groups dnalude (EY2ALy, (Pr)2Al-,
(iBu)2A1-, (Et)3A1, (iPr)3Al and (iBu)3A1. The arylaluminum groups include (06115)2A1-. The

aluminumsnalide groups include Al12- and ALQL3, The 18 alkylaluminum;halide graups include

(Et)A1C1- and (iBu)A1C1-. In the above groups, the trisubstituted aluminum is often coordination

bonded. Here, Bt dengtes.an efy| 95quR, iRr. a%ﬂ%%%ﬂ@ég‘é%r?{‘éjﬂﬁ&?gn isobutyl group,

5Examples of the silicon-containing groups include silyl groups, siloxy groups, hydrocarbon-substituted

syl groups.apdl ygracaon- ULV SIK areuBs LSV docatonaphaled slllgroups
include methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, IO triethylsilyl, diphenylmethylsilyl,
tﬂphenyk@xh phosphate groups; siiicon-containing groups;
germanium-containing groups; and tin-containing groups.
Qf these, particularly preferred groups are linear or
branched alkyl groups of 1 to 30, preferably I to 20, more

10  preferably 1 to 10, and still more preferably 2 to 10 carbon
atems such as methyl, ethyl, n-propyl, isopropyvl, n-butyl,
isobutyl, sec-butyl, t-butyl, neopentyl, n-hexyl and adamantyl;
aryl groups of 6 to 30, and preferably ¢ to 20 carbon atoms such
as phenyl, naphthyl, biphenyl, terphenyl, phenanthryl and

15  anthracenyl; and substituted aryl groups wherein the above aryl
groups are substituted with 1 to 5 substituent groups such as
halogen atoms, alkyl or alkoxy groups of 1 to 30, and preferably
1 to 20 carbon atoms, and aryl or aryvloxy groups of € to 30,
and preferably 6 to Z0 carbon atoms.

20 Examples of the heterocyclic compound residues include
residues of nitrogen-containing compounds such as pyrrole,
pyridine, pyrimidine, quincline and ftriazine; residues of
oxygen-containing compounds such as furan and pyran; residues

of sulfur-ceontaining compounds such as thiophene; and groups



dimethylphenylsilyl, dimethyl-t-butylsilyl and dimethyl(pentafluorophenyl)silyl. Of these, methylsilyl,
dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl, dimethylphenylsilyl and triphenylsilyl are
15preferred, and trimethylsilyl, triethylsilyl, triphenyisilyl and dimethylphenylsilyl are particularly
preferred. The hydrocarbon-substituted siloxy groups include trimethylsiloxy group. Examples of the
germanium-containing groups and the 20 tin-containing groups include groups corresponding to the
above silicon-containing groups except that the silicon is replaced by germanium or tin. Of the

nitrogen-containing-orayps, pisterred-amide.groups include.acstamide, N-methylacetamide and

N-methylbenzamide; 19 preferred amino groups include dimethylamino, ethylmethylamino and

diphenylamino,; preferred-imidegroups include acetimide %{Mﬁ%%@é@@g preterred dmino groups

include methylimino, ethylimino, propylimino, butylimino and phenylimino, 50f the sulfur-containing

groups, pesfefted allyithiogroyps Melure.methyithip, and etfiylibio: pieiird apdiiie groups include

phenylthio, methylphenylthio and naphthylthio; preferred thioester groups include acetylthio,

e e e e o s e met
phe@¥5“@%%%@SSnNHB%@yf%EQEa@¥¥%%%q“%@S“QﬁftQ%E%EE%@¥E¥9€egroups and
the phospheorus—ceontaining groups include the groups mentioned
above as substituent groups for the hydrocarbon groups.
kxamples of the boron-containing groups include the groups
mentiocned above as substituent groups for the hydrocarbon groups,
10 and alkylboron groups, arylboron groups, borcon halide groups
and alkylboron halide groups. The alkylboron groups include
(Et)»B-, (iPr}.B-, (iBu);B-, (Et):B, (iPr):B and (iBu)sB. The
aryvlboron groups include (CgHs)oB—, (CgHs)3B, (CgF:1:B and
(3,5~ (CF3)2C¢H3)3B. The boron halide groups include BCI1,- and
15 BCls;. The alkylboron halide groups include (Et)BCI-, (iBu)BCl~
and (CgHs)»BCl. In the above groups, the trisubstituted boron
is often coordination bonded. Here, Et denotes an ethyl group,
1Pr an isopropyl group, and iBu an iscobutyl group.
Examples of the aluminum-containing groups include
20 alkylaluminum groups, arylaluminum groups, aluminum halide
groups and alkylaluminum halide groups. The alkylaluminum
groups include {EL);Al-, (iPr).Al-, (1iBu):Al-, (Et).Al, (iPr);Al
and (iBu);Al. The arylaluminum groups include (C¢Hs)Al-. The

aluminum halide groups include A1Cl.- and AlCls. The



Two or more of R' to R may be linked together. Preferably, 15 adjacent groups of Rl to R6 are linked
together to form an alicyclic ring, an aromatic ring, or a heterohydrocarbon ring containing heteroatoms
such as nitrogen. These rings may have substituentggroups. may be linked to Z, In hich case the
linkage of Rl with 20 Z may form an aromatic ring, an alicyclic ring, or a heterohydrocarbon ring
containing heteroatoms such as nitrogen, and these rings may have substituent groups. Rlis
preferably a methyl group, an ethyl group or an isopropyl group, and is particularly preferably a methyl

group. 2Q 1 ky R2ispreferablya phegyl Qreuwp an-awamyl groun ca teri-hutyt ggumor-a 1-adamantyl
group, and is particularly preferably a 1-adamantyl group. R4 is preferably a methyl group, a

cyclohexyl greup, a5 tert-butyl graup ena 1radamantyligrovpand is-particuiady preferably a methyl
group. In Formula (1), M is a transition metal atom of Group 3 to Group 10 of the periodic table,

and n is a.yalenge, gf M. Preferred examples of Ni inglyde yitrium, é‘&ﬁ%“@&!ﬁ%}ihaﬁw1 20 samarium,
e

titanium, zirconium, hafnium, vanadium, tantalum, chromium, cobalt, iron, nickel and copper. Ni is

more prefleé%@)fgﬁ@nsgm%gta&[r%orﬂéﬁ %rlqug gfog)f&%f)e&igg;%able such as titanium, zirconium or
[

hafnium, and Is particularly preferably titanium. Particularly preferably, the letter n is 15 3 for yttrium,

scangium and lanthagum., is 2,tor,samarjum ci8n4—f<9<5PJQEBfntéa’%%Qﬁ)%“eﬁ'cafEi@g;% as titanium,

zirconium and hafnium, is 3 to 5 for vanadium and tantalum, 1s"3 for chromium, an gr cobalt, iron,
nickel and eopper. ' FOLIE, (1), ds 30¥10080,21m. ahelaggn g, 3 29 hydrgarbon group, an

oxygen-c ing group,

hydrocarbon-substituted siloxy groups. The
hyvdreccarbon~substituted silyl groups include methylisilyl,
dimethylsiiyl, trimethylsilyl, ethylisilyl, diethylsilvl,

10 triethylsilyl, diphenylmethylsilyl, triphenylsilyl,
dimethylphenylsilyl, dimethyl-t-butylisilyl and
dimethyl (pentaflucrophenyl)silyl. Of these, methylsilyl,
dimethylsilyl, trimethylisilyl, ethylsilyl, diethylsilyl,
triethylsilyl, dimethylphenylsilyl and triphenylsilyl are

15  preferred, and trimethylsilyl, triethylsilyl, triphenylsilyl
and dimethylphenylsilyl are particularly preferred. The
hydrocarbon-substituted siloxy groups include trimethylsiloxy
group.

Examples of the germanium-containing groups and the

20  tin-containing groups include groups corresponding to the above
silicon-containing groups except that the siliceon is replaced
by germanium or tin.

Of the nitrogen-containing groups, preferred amide groups

include acetamide, N-methylacetamide and N-methvylbenzamide;



sulfur-containing group, a nitrogen-containing group, a boron-containing group, an
aluminum-containing group, a phosphorus-containing group, a halogen-containing group, a
heterocyclic compound residue, a silicon-containingsgroup, a 21 germanium-containing group or a
tin-containing group. The atoms or groups indicated by X may be the same or different from each
other, and the groups indicated by X may be linked to each other to form a r g. 5Examples of the
halogen atoms include fluorine, chlorine, bromine and iodine. Examples of the hydrocarbon

groups inglude thosesmentioned for RI- 10 RE indermulayl): Specific examples.include, but,are not
limited to, alkyl 10 groups such as methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and eicosyl;

cycloalkyl.groups of3.10130,¢arbon,atoms such ag Gyclopentd cyglohexyl, norharayland adamantyle:

alkenyl groups such as vinyl, propenyl and cyclohexenyl; arylalkyl groups such as benzyl, phenylethyl

and phenylpropyl;: 15.and aryl grouns such as,phenyl, tolyl, dimethylphenyl, trimethyviphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl, methyinaphthyl, anthryl and phenanthryl. Examples of

the hydrogasbon aieHps Tl Jncluds, ba agenatediygiocarion arauns: ghegifically nydrocarbon

S
groups of 1'to 30, and 20 preférably 1 to 20 carbon atoms wheérein at least one hydrogen is substituted
with halogen. - Exampleg of the heterocyslic compound residues include those mentioned for Rl to

R6 in Formula ().
groups include methylthioc and ethylthio; preferred arylthioc
groups include phenylthio, methylphenylthic and naphthylthio;
preferred thiocester groups include acetylthioc, benzoylthio,
methylthiccarbonyl and phenylithiocarbonyl; preferred sulfonate
10 groups include methyl sulfonate, ethyl sulfonate and phenyl
sulfonate; and preferred sulfonamide groups include
phenylsulfonamide, N-methylsulfonamide and
N-methyl-p—-toluenesulfonamide.
Two(nrmor@cﬁletc>R6maykme1inkedtogether. Preferably,
15 adiacent groups of R' to R® are linked together to form an
alicyclic ring, an aromatic ring, or a heterohydrocarbon ring
containing heteroatoms such as nitrogen. These rings may have
substituent groups.
Rlanfbe linked to Z, in which case the linkage of R with
20 Z may form an aromatic ring, an alicyclic ring, or a
heterchydreccarbon ring containing heteroatoms such as nitrogen,
and these rings may have substituent groups.
R' is preferably a methyl group, an ethyl group or an

isopropyl group, and is particularly preferably a methyl group.



Examples of the oxygen-containing groups include those 22 mentioned for R' to R6 in Formula (1).
Specific examples include, but are not limited to, hydroxyl group; alkoxy groups such as methoxy,
ethoxy, propoxy and butoxy; aryloxy groups such as)phenoxy, methylphenoxy, dimethylphenoxy and
naphthoxy; 5 arylalkoxy groups such as phenylmethoxy and phenylethoxy; acetoxy groups; and
carbonyl groups. Examples of the sulfur-containing groups include those mentioned for R' to F6 in
Formula (I). Specific examples include, but are not limited to, sulfonate groups such as methyl

sulfonate, 10triflugromethanesulfonate, phepylsuifopate, benzyl sylfonate; p?;glgg?g sulfonate,

trimethylbenzene sulfonate, triisobutylbenzene sulfonate, p-chlorobenzene sulfonate and

pentafluogobenzgne ﬂllf@@%{@pswﬁn%tejgrgaaﬁﬁ%ws methy sulfinate, phenyl sulfinate; benzyl
sulfinate, p-toluene 15sulfinate, trimethylbenzene sulfina e and pentafluorobenzene sulfinate; alkylthio

groups; and andthie groups; - - g Examples ot thenitrogen-containing groups include those mentioned
for F' to F6 in Formula (1). Specific examples include, but are not limited to, amino groups; alkylamino

groups such 20 agamethylaming, dimefhylamine,, diethylamino . diptopylaming; dibutylaming and
dicyclonexylamino; and arylamino groups and alkylarylamino groups such as phenylam no,
mph%nybPQPQLﬁﬁﬁvﬁn@y%dﬂ”%@“@wﬂﬂﬁ%%ﬁgﬂ@%ﬁthBEEWa%W§1is particularly
preferably a methyl group.
In Formula (I), M is a transition metal atom of Group 3
to Group 10 of the periodic table, and n is a valence of M.
Preferred examples of M include yttrium, scandium, lanthanum,
10 samarium, Titanium, zirconium, hafnium, wvanadium, tantalum,
chromium, cobalt, iron, nickel and copper. M ismore preferably
a transition metal atom of Group 4 of the periocdic table such
as titanium, zirconium or hafnium, and is particularly
preferably titanium. Particularly preferably, the letter n is
15 3 for yttrium, scandium and lanthanum, is 2 for samarium, 1is
4 for Group 4 transition metal atoms such as titanium, zirconium
and hafnium, 1s 3 toe 5 for vanadium and tantalum, is 3 for chromium,
and is 2 for cobalt, ircon, nickel and copper.
In Fermula (I}, X is a hydrogen atom, a halogen atom, a
20 hydrocarbon group, an oxygen-centaining group, a
sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phesphorus-ceontaining group, a halogen-containing group, a

heterocyclic compound residue, a silicon-containing group, a



Examples of the boron-containing groups include BR4 other 23 than tetraphenyl borate (where R is a
hydrogen atom, an alkyl group, an optionally substituted aryl group, or a halogen atom). Examples
of the phosphorus-containing groups include, but are not limited to, trialkylphosphine groups such as 5
trimethylphosphine, tributylphosphine and tricyclohexylphosphine; triarylphosphine groups such as
triphenylphosphine and tritolylphosphine; phosphite groups (phosphide groups) such as methyl
phosphite, ethyl phosphite and phenyl phosphite; phosphonic acid groups; and phosphinic 10 acid

groups. ge Examples et thesilicon-contaiping groups jncluds, those mentioned for F;10R6 in Formula
M. SpeC|f|c examples include hydrocarbon- substltuted silyl groups such as phenyisilyl, diphenylsilyl,

trimethylsiblfriethyisi, rawopyisivis L5 digyelehexylsiv phenylsityl. mettuidiahenylsy, titolysiy

and trinaphthylsily1; hydrocarbon- substltute yl ether groups such as trimethylsilyl ether;

silicon-subsfityted alkyl gwst%%%%@etmﬁ'%é%m yARallearsubsilted 81 Jraups such

as 20 trlmethylsnylphenyl Examples of the germanium- contalnlng groups include those mentioned

for 12' to B@H‘%EOE@U@O(}% Sé‘)eg!{u_;?examples include groups corresponding to the above
silicon-containing groups except that the silicon is replaced by germanium.

5 Examples of the halogen atoms include fluorine, chlorine,
bromine and iodine.
Examples of the hydrocarbon groups include those mentioned
for R' to R® in Formula (I).
Specific examples include, but are not limited to, alkyl
10 groups such asmethyl, ethyl, propyl, butyl, hexyl, octyl, nonvyl,
dodecyl and eicosyl;: cycloalkyl groups of 3 to 30 carbon atoms
such as cyclopentyl, cyclohexyl, norbornyl and adamantyl;
alkenyl groups such as wvinyl, propenyl and cyclohexenyl;
arylalkyl groups such as benzyl, phenylethyl and phenylpropyl;
15 and aryl groups such as phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthyl,
methylnaphthyl, anthryl and phenanthryl. Examples of the
hydrocarbon groups further include halogenated hydrocarbon
groups, specifically hydrocarbon groups of 1 to 30, and
20  preferably 1 to 20 carbon atoms wherein at least cone hydrogen
is substituted with halogen.
Examples of the heterocyclic compound residues include
those mentioned for R' to R® in Formula {(I).

Examples ¢f the oxygen-containing groups include those



24 Examples of the in-containing groups include those mentioned for F' to R6 in Formula (1).

- Specific examples include .groups corresponding to the above silicon-containing groups except that
the silicon is replaced by tin. 5SExamples of the halggen-containing groups include, but are not limited
to, fluorine-containing groups such as PF6 and BF4; chlorine-containing groups such as C104 and
SbC16; and iodine-containing groups such as 104. Examples of the aluminum-containing groups
include, but 10 are not limited to, A1R4 (where R is a hydrogen atom, an alkyl group, an optionally

substitutedlatyligrosp, 0f a halogert atom)rmu19f the abaye-atoms-apd greupssindicatedby X, the
halogen atoms and the alkyl groups are preferred, and chlorine, bromine and methyl are more

preferred sLbinFarmuda (1) Y15 a6 oxygen atomx@ Ditlegen-aton, ij-phosphosus; atopper asulfur

atom, and constitutes an ether structure, a ketone structure, an amine structure or an imine structure.

In Formuladhn2 is,a hydrecarhon,g a heteroayelic 20 compoundresidue thatmay have a
substituent group, and the minimum number of bonds linking Y with N is in the range of 4 to 6. By
”mnmgthﬁﬂgm5§§m'ﬂgﬂﬁ?T@H§HE§JmkgﬁﬁéMﬁ@ﬂﬁhenoxy and naphthoxy;
5 arylalkoxy groups such as phenylmethoxy and phenylethoxy:
acetoxy groups; and carbonyl groups.

Examples of the sulfur-containing groups include those
mentioned for R to R® in Formula (I). Specific examples include,
but are not limited to, sulfonate groups such asmethyl sulfonate,

10 trifluoromethane sulfonate, phenyl sulfonate, benzyl sulfonate,
p~toluene sulfonate, trimethylbenzene sulfonate,
triiscbutylbenzene sulfonate, p-chlorcbenzene sulfonate and
pentafluorobenzene sulfonate; sulfinate groups such as methyl
sulfinate, phenyl sulfinate, benzyl sulfinate, p-tcluene

15 sulfinate, trimethylbenzene sulfinate and pentafluorocbenzene
sulfinate; alkylthio groups; and arylthio groups.

Examples of the nitrogen-containing groups include those
mentioned for R' to R®in Formula (I). Specificexamples include,
but are not limited to, amino groups; alkylamino groups such

20 as methylamino, dimethylamino, diethylamino, dipropylaminc,
dibutylamino and dicyclohexylamino; and arylamino groups and
alkylarylamino groups such as phenylamino, diphenylamino,
ditolylamino, dinaphthylaminoe and methylphenylamino.

Examples of the boron-containing groups include BRy other



25 containing the transition metal complex compound [A] catalyzes the oligomerization of ethylene to
afford 1-hexene with high selectivity. Preferably, the minimum number of bonds linking Y with N is 5 or
6, in which case the selectivity for 1-hexene 5is further increased. If the minimum number of
bonds between Y and N is 3 or less, the distance between Y and N is not sufficient and the catalyst
works to polymerize ethylene, that is, the catalyst is an olefin polymerization catalyst similar to
compounds described in WO 10 2001/44324, Organometallics, 2004, Vol. 23, pp. 1684-1688, and

Ordanometallics; 2008 Vel 29, pp13259-3266.-Consequentlyy alidemers:such, as 4-hexepe are not
produced as expected. If the minimum number of bonds between Y and N is 7 or more, Y cannot

be coordinateddp the netakatom M, anssthecatalyst 15 werks:tg polymerize sthylene Lthat is, the

catalyst is an olefin polymerization catalyst similar to compounds without Y as described in Dalton

Transaction, 2005,:ppa$64:54 k. Gansequentlyeligomers such as 1-hexgne arejneipraduced as

expected. 20The minimum number of bonds linking Y with N is counted as shown in (A) and (B) below,

in which theminimum;numbers:are 4-and; 3 respeetively.n[Chem, 81N 5.(B) s The letter Z
denotes a group linking N and Y. Preferably, 5 Y, N and Z form a structure represented by Formula

(: 5  trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups such as
triphenylphosgsphine and tritolylphosphine; phosphite groups
{phosphide groups) such as methyl phosphite, ethyl phosphite
and phenyl phosphite; phosphonic acid groups: and phosphinic

10 acid groups.

Examples of the silicon-containing groups include those
mentiocned for R' to R® in Formula (I). Specific examples include
hydrocarbon~substituted silyl groups such as phenylsilyl,
diphenylsilyl, trimethylsilyl, triethylsilyl, tripropylsilyl,

15 tricyclohexylsilyl, triphenylsilyl, methyldiphenylsilyl,
tritolylsilyl and trinaphthylsilyl; hydrocarbon-substituted
silyl ether groups such as trimethylsilyl ether;
silicon-substituted alkyl groups such as trimethylsilylmethyl;
and silicon=substituted aryl groups such as

20 trimethylsilyiphenyl.

Examples of the germanium-containing groups include those
mentioned for R to R® in Formula (I). Specific examples include
groups corresponding to the above silicon-containing groups

except that the silicon is replaced by germanium.



[Chem. 7] R10 Fe wherein Y is an oxygen atom, a nitrogen atom, a phosphorus atom or a sulfur atom;
and 10R7 to RI are the same or different from each other and are each a hydrogen atom, a halogen
atom, a hydrocarbon group, a heterocyclic compouynd residue, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, an aluminum-containing group, a
sulfur-containing group, a 15 phosphorus-containing group, a silicon-containing group, a 27
germanium-containing group or a tin-containing group, and when R7 to R' are hydrocarbon groups, R7

and RB may be linked t9:each.ather, to form-a-ring and R9and R10.may be Jinkedto each other to
form a ring. 5Specific examples of R7 to R10 include those described for R1 to R6 in Formula (1).

mentioned for R' to R® in Formula (I). Specific examples include
groups corresponding to the above silicon-containing groups
except that the silicon is replaced by tin.

5 Examples of the halogen-containing groups include, but are
not iimited te, fluorine-containing groups such as PFg and BF.;
chilorine-containing groups such as C10, and 3SkClgs and
iodine-containing groups such as I04.

Examples of the aluminum-containing groups include, but

10 are not limited to, AlR; (where R is a hydrogen atom, an alkyl
group, an optionally substituted aryl group, or a halogen atom) .

Of the above atoms and groups indicated by X, the halogen
atoms and the alkyl groups are preferred, and chlorine, bromine
and methyl are more preferred.

15 In Formula (I}, Y is an cxygen atom, a nitrogen atom, a
phosphorus atom or a sulfur atom, and constitutes an ether
structure, a ketone structure, an amine structure or an imine
structure.

In Formula (I), Z is a hvdrocarbon group or a heterocyclic

20 compound residue that may have a substituent group, and the
minimum number of bonds linking Y with N is in the range of 4
to 6.

By limliting the minimum number of bonds linking Y with N

in the range of 4 to 6, the clefin oligomerization catalyst



Specific examples of the structures formed by Y, N and Z include those represented by Formulae (C)
to (H) below but are not limited thereto. In the structures of Formulae (C) to (H), 10 hydrogen atoms
may be substituted with the groups mentioned aboyve as substituent groups for Rl to R6. In some of
the structures of Formulae (C) to (H), Ri is linked to Z. In the structures illustrated below, the
wavy lines adjacent to a carbon-carbon double bond indicate a cis-isomer 15or a trans-isomer.
[Chem. 12]

containing the transition metal complex compound [A] catalyzes

the oligeomerization of ethylene to afford l-hexene with high

selectivity. Preferakly, the minimum number of bonds linking

Y with N is 5 or 6, in which case the selectivity for l-hexene
5 is further increased.

If the minimum number of bonds between ¥ and N is 3 or less,
the distance between Y and N is not sufficient and the catalyst
works to pelymerize ethylene, that is, the catalyst is an olefin
polymerization catalyst similar to compounds described in WO

i0 2001/44324, Organometallics, 2004, Vol. 23, pp. 1684~1688, and
Organometallics, 2006, Vol. 25, pp. 3259~3266. Conseqguently,
oligomers such as l-hexene are not produced as expected.

If the minimum number of bonds between ¥ and N is 7 ¢r more,
Y cannot be coordinated to the metal atom M, and the catalyst

15 works to polymerize ethylene, that 1s, the catalyst is an olefin
polymerization catalyst similar te compounds without Y as
described in Dalton Transaction, 2005, pp. 561-571.
Ceonsequently, oligomers such as l-hexene are not produced as
expected,.

20 The minimum number of bonds linking Y with N is counted
as shown in (A} and (B) below, in which the minimum numbers are

4 and 5, respectively.



[Chem. 13] In Formula (1), the bond between Y and Z may be a double 5 bond or a triple
bond, and the bond between-Y and RI may be a double hond or a triple bond. In Formula (1), the
dotted lines each denote a coordination bond. Thestgansition metal complex compounds [A] in the
second 34

. (B}

The letter Z denotes a group linking N and Y. Preferably,

5 Y, N and Z2 form a structure represented by Formula {(II):

[Chem. 7]
R?O
RQ
Yo
N _~# =8
RT

whereln Y is an oxXygen atom, a nitrogen atom, a phosphorus atom
or a sulfur atom; and

16 R’ to R are the same or different from each other and are
each a hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residue, an oxygen-containing group, a
nitrogen-containing group, & boron-containing group, an
aluminum-containing group, a sulfur-containing group, a

15 phosphorus-containing group, a silicon-containing group, a



embodiment are represented by Formula (I') below: [Chem. 14] (n-1) ) R3 In Formula (I'), Rl to R6 and
RI' are the same or different 5 from each other and are each a hydrogen atom, a halogen atom, a
hydrocarbon group, a heterocyclic compound residug, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, an aluminum-containing group, a
sulfur-containing group, a phosphorus-containing group, a 10 silicon-containing group, a
germanium-containing group or a tin-containing group. Two or more of R1' and RI- to R6 may be

linked to thenandRlkmay bedinked 10 Z.Examples.otR1 10 R6.andin Formula (Jj)dnclude those

mentioned for to R6 in Formula (I). 15In Formula (I'), M is a transition metal atom of Group 3 to Group

10 of the periodig table..and n i3 a yalence ot M Exapples pfv and nin Formula (), include those
mentioned for
other to form a ring and R® and R may be linked to each other
toe form a ring.
5 Specific examples of R’ to R' include those described for
R* to R® in Formula (I).
Specific examples of the structures formed by ¥, N and 7
include those represented by Formulae (C) to (H} below but are
not limited theretc. In the structures of Formulae (C) to (H),
10  hydrogen atoms may be substitutedwith the groups mentioned above
as substituent groups for R' to R®°. In some of the structures
of Formulas {(C) to {(H), R' is linked to 7.
In the structures illustrated below, the wavy lines

adjacent to a carbon-carbon double bond indicate a cis-isomer

15 or a trans-lisomer.



35 M and n in Formula (1). In Formula (I'), X is a hydrogen atom, a halogen atom, a hydrocarbon
group, an oxygen-containing group, a sulfur-containing group, a nitrogen-containing group, a 5
boron-containing group, an aluminum-containing gs@up, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residue, a silicon-containing group, a
germanium-containing group or a ti containing group. The atoms or groups indicated by X may be the
same or different from 10 each other, and the groups indicated by X may be linked to each other to
forma ring.dgxamples of X in Formula (7f) include those mentioned for X in Formula (1). In Formula (I')

, Y'is a nitrogen atom or a phosphorus atom. In Formula (1) , Z is a hydrocarbon group or a
heterocycllc 15 compound residue that may have a substitugnt group, and the minimum number of
bonds Ilnkﬂpg Y with,N is in the range ninimum number of bonds linking Y’
with N in the'rangé of 4 to 6, theféle containing the transition metal
complex compound [Al catalyzes the oI'omerization of ethylene to afford 1-hexene with high
selectivity. Preferably, the minimum number of bonds linking Y' with N is 5 or 6, in which case the
selectivity for 1-hexene is further increased. 36
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Specific examples of the structures formed by Y, N and Z include those represented by Formulae (1) to
(K) below but are not limited thereto. In the structures of Formulae (l) to (K), hydrogen atoms may be
substituted with the groups mentioned 5above as supstituent groups for 1:21 to F6 in Formula (1). In

some of the structures of Formulae (1) to (K), 121 is linked to Z. In the structures illustrated below,
the wavy lines adjacent to a carbon-carbon double bond indicate a cis-isomer or a trans -isomer.
40 In Formula (I'), the dotted lines each denote a coordination bond. The transition metal complex
compounds-{Al.of Formula (1)
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and Formula (I') may be synthesized according to a method 5 described in Journal of Organometallic
Chemistry, 2003, Vol. 678, pp. 134-141. The reaction product by the method described in the
above literature is a mixture but may be used direcily as an olefin oligomerization catalyst without
purification. Preferably, 10 the product is used after purified by recrystallization or the like. In the
invention, the transition metal complex compounds of Formula (I) and the transition metal complex
compounds of Formula (I') may be collectively referred to as the transition 15 metal complex
compounds:{Al, . 140 addition to the transition metal complex compound [A], the olefin
oligomerization catalyst according to the present invention usually contains at least one compound [B]
selected from the group consisting of (b-1) an organometallic compound, 20 (b-2) an organoaluminum
oxy-compound a (q 3) a compound which reacts with, the transition metal complex compound [A] to

form an ion pair atalyst may fugitter. contain a carﬁér/f@f\gfsh@ at least one compound
selected fRPm ] and [B]. HereineIe organometallic compou (b-1), 41 organoaluminum

0Xy-compo b-2), and compoymdsi(b-3) which react with the transition metal complex compound
[Al to form a pair will be descriked. [Organometallic compounds (b-1)]
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5Examples of the organometallic compounds (b-1) that are optionally used in the invention include
organometallic compounds containing metals of Group 1, Group 2, Group 12 and Group 13 of the
periodic table. Specific examples include compoungls (b-la), (b-Ib) and (b-Ic) described below. In the 10
invention, the organometallic compounds (b-1) do not include the organoaluminum oxy-compounds
(b-2). (b-la) Organoaluminum compounds represented by the following formula: a R(OR ) H X n p
g 15 wherein. Ra and R , which may be the same or different, are each a hydrocarbon group of 1 to
15, and prefgrably 1 19 4 carbon atoms; X is a halogen atom; 0<m3, 0-M-n<3, Op<3, 0.Mg<3 and
m-+n+p-kg - 3. (b-1b) Alkyl complex compounds containing a Group 1 metal 20 of the periodic

table and alr%minum and represented by thefollowing formula:2a wherein M isi
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, Na or K; and R s a hydrocarbon group of 1 to 15, and preferably 1 to 4 carbon atoms. 42 (b-Ic)
Dialkyl compounds containing a Group 2 or Group 12 metal of the periodic.table and represented by
the following formula: a b 3 RPM a 5 wherein R ang-Rb, which may be the same or different, are each
a hydrocarbon group of 1 to 15, and preferably 1 to 4 carbon 3, atoms; and M is Mg, Zn or Cob
Examples of the organoaluminum compounds (b-la) include: organoaluminum compounds
represented by the following 10formula: a R ThA.1 (OR ) 3_m a

[Chem. 12]
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b wherein R and R, which may be the same or different, are each a hydrocarbon group of 1 to 15, and
preferably 1 to 4 carbon atoms, and m is preferably 1.5m-C3; 150rganoaluminum-compounds
represented by the following formula: RamA 1X3_; wherein R is a hydrocarbon group of 1 to 15, and
preferably 1 to 4 carbon atoms, X is a halogen atom, and m. is preferably 0<m<3; 20organoaluminum
compounds represented by the following formula: AIH3-111 wherein Ra is a hydrocarbon group of 1 to
15, and preferably 1 to 4 carbon atoms, and m is preferably 2-411<3; and 43 organoaluminum

compoundsxepresented by the following formula:
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In Formula (I}, the hond between Y and 7 may be a double

5 Dbond or a triple bond, and the bond between Y and R* may be a

double bond or a triple bond. In Formula (I}, the dotted lines
each denote a coordination bond.

The transition metal complex compounds [A] in the second



a RmAI(OR a wherein R and R , which may be the same or different, are each 5 a hydrocarbon group
of 1 to 15, and preferably 1 to 4 carbon atoms, X is a halogen atom, O<m_<3, 0-<n<3, 0-.:.g<3 and
m+n-kg - 3. Specific examples of the organoakuminum compounds (b-la) include:
tri(n-alkyl)aluminums such as trimethylaluminum, 10 triethylaluminum, tri(n-butyl)aluminum,
tripropylaiuminum, tripentylaluminum, trihexylaluminum, trioctylaluminum and tridecylaluminum;
branched-chain trialkylaiuminums such as triisopropylaluminui, triisobutylaluminum,
15tri(sec-rtyhaluminums tri{tertputybalunainum,; tri(2 meathylbutyl)alyaingm,
tri(3-methylbutyl)aluminum, tri(2-methylpentyl)aluminum, tri(3-methylpentyl)aluminum,
tri(4-methytpentyl)aluminum, tri(2-methylhexyl)aluminum, tri(3-methylhexyl)aluminum and
tri(2-ethylhexyl)aluminum; 20tricycloalkylaluminums such as tricyclohexylaluminum and
tricyclooctylaluminum; R

.
y—R
/ .

(1)

In Formula (I'}, R' to R® and R'" are the same or different

5 from each other and are each a hydrcgen atom, a halogen atom,
a hydrocarbon group, a heterococyclic compound residue, an
oxygen-containing group, a nitrogen-containing group, &
boron-containing group, an aluminum-containing group, a
sulfur-containing group, a phosphorus-containing group, a

10 silicon-containing group, a germanium-containing group or a
tin-containing group. Two or more of RY and]%ltoiRﬁmaykmalinked
to each other, and R' may be linked to Z. Examples of R* to R®
and RY in Formula (I’) include those mentiocned for R! to R® in
Formula (I).

15 In Formula {(I'), M is a transition metal atom of Group 3
to Group 10 of the periodic table, and n is a valence of M.

Examples of M and n in Formula (I7) include those mentiocned for



triarylaluminums such as triphenylaluminum and tritolylaluminum,; dialkylaluminum hydrides such as
diethylaluminum hydride 44 and diisobutylaluminum hydride; alkenylaluminums such as those
represented by the formula (i-C4H9).Aly(05H10)2.{wherein X, y and z are each a positive number,
z>-.2x, and i-04H9 is an isobutyl group) with examples including isoprenylaluminum;

alkylaluminum alkoxides such as isobutylaluminum methoxide, isobutylaluminum ethoxide and
isobutylaluminum isopropo de; dialkylaluminum alkoxides such as dimethylaluminum 10
methoxidg, digthylaluminumethoxiderand dibutylaluminum butoxide; alkylaluminum
sesquialkoxides such as ethylaluminum sesquiethoxide and butylaluminurn sesguibutoxide; partially

alkoxylated alkylafuminiims, sych as those having,15 apaverage compasitionrepresented by Ra
2.,A1(OR )0., (wherein Ra and Rb, which may be the same or different, are each a hydrocarbon group

of 1 to 15, and preferahly d.1g4-carhan atoms), dialkydalumyj %af)g%igeg such as diethylaluminum
phenoxide, diethylaluminum(2,6-di-t-buty1- -methylphenoxizj!(.-%rt1 0

Qhwamng@ﬂﬁg§cégﬁﬂéﬁWﬁﬂg4§@%ﬁﬁTh§nﬂ@g?bgen—contaiming group, a
diisobutylalumium(2,6-di-t-butyI-4-methylphenoxide) and
isomﬁwa@B@@HDE@ﬁ%éﬁﬂﬁﬂﬁﬂékéﬂﬁ?mxwh§ﬂBﬁ9§£m~containing group, &
phosphorus-containing group, a halogen-containing group, a
heterocyclic compound residue, a silicon-containing group, a
germanium~containing group or a tin-containing group. The
atoms cor groups indicated by X may be the same or different from
10 each other, and the groups indicated by X may be linked to each
other to forma ring. Examples of Xin Formula (I7) include thoss
mentioned for X in Formula (I).
InFormula (I7), ¥’ is anitrogen atom or a phosphorus atom,
In Formula (1), Z is @ hydrocarbon group or a heterocyclic
15 compound residue that may have a substituent group, and the
minimum number of bonds linking Y’ with N is in the range of
4 to 6.
By limiting the minimum number of bonds linking Y’ with
N in the range of 4 to 6, the clefin oligomerization catalyst
20  containing the transition metal complex compcund [A] catalyzes
the oligomerization of ethylene toc afford l-hexene with high
selectivity. Preferably, the minimum number of bonds linking
Y* with N is 5 or 6, in which case the selectivity for l1-hexene

1s further increased.



dialkylaluminum halides such as dimethylaluminum chloride, diethylaluminum chloride,
dibutylaluminum chloride, 45 diethylaluminum bromide and diisobutylaiuminum chloride;
alkylaluminum sesquihalides such as ethylaluminug sesquichloride, hutylaluminum sesguichioride and
ethylaluminum sesquibromide; 5partially halogenated alkylaluminums such as alkylaluminum dihalides
including ethylaiuminum dichloride, propylaluminum dichloride and butylaluminum dibromide;
dialkylaluminum hydrides such as diethylaluminum hydride and dibutylaluminum hydride; 10partially

hydrogenated alkylalumiaums.such-as.alkylalyminumdipydr, des.inelyding ethylahiminum dihydride and

propylaluminum dihydride; and partially alkoxylated and halogenated aikylaluminums such as

ethylaiuminum ethexychioride, butylalurdpum pytoxychigride, 15 and efhylalyminum ethexybromide.

Compounds analogous to the organoaluminum compounds (b-la) are also employable. Examples of

such comppungs inglyde prganqalyminim compounds whetein o oF mare aluminum compounds are
bonded via a nitrogen atom, such as (C2H5)2A1N(C2H5)AI(C2H5)2. 20Examples of the compounds

(b-Ib) inc“{'%? !‘iﬁ‘kﬁgg'élg%%aanéjolﬁ‘i’é%%wg)gubstituted with the groups mentioned

5 above as substituent groups for R' to R® in Formula (I). In some
of the structures of Formulae (I} to (K), R is linked to Z.
In the structures illustrated below, the wavy lines

adjacent to a carbon-carbon double bond indicate a cis-isomer

cr a trans-isomer.



Examples of the compounds (b-Ic) include dimethylmagnesium, diethylmagnesium, dibutylmagnesium
and butylethylmagnesium. 46 Examples of the organometallic compounds (b-1) other than the
compounds (b-la) to (b-Ic) include methyllithium, ethyllithium, propyllithium, butyllithium,
methylmagnesium bromide, methylmagnesium chloride, ethylmagnesium bromide, 5 ethylmagnesium
chloride, propylmagnesium bromide, propylmagnesium chloride, butylmagnesium bromide and
butylmagnesium chloride, Combinations of compounds capable of forming the above
organoaluminum, campounds in the oligomerization system are also 10 employable, with examples
including a combination of aluminum halide and alkyllithium and a combination of aluminum halide and
alkylmagr}&smm v Of the orga compounds (b-1), the organoaluminum compounds are
preferable. THe organometallic gompa (b-1) 15 mayibersed &ingly, or two or more kinds may be
used in combination. [Organoaluminum oxy compounds (b-2)] The organoaluminum
oxy-compounds (b-2) that are optlonally(used in the invention may be conventional 20 aluminoxanes
or benzene-insoluble organoaluminum oxy-compounds as described in JP-A-H02-78687. For
example, gonventional aluminoxane may e prepared by following processes, and is generally
obtained as a soludtiop in a hydro%@ent.
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47 (1) An organoaluminum compound such as trialkylaluminum is added to a hydrocarbon
medium suspension of a compound containing water of adsorption or a salt containing water of
crystallization, e.g., magnesium chloride hydrate, cggper 5 sulfate hydrate, aluminum sulfate hydrate,
nickel sulfate hydrate or cerous chloride hydrate, to allow the organoaluminum compound to react with
the water of adsorption or the water of crystallization. (2) Water, ice or water vapor is allowed to
directly act 10 on an organoaluminum compound such as trialkylaluminum in a medium such as
benzene, telyepe, ethyl ether or 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, 15 benzene or toluene. e aluminoxane may contain a small amount of
an organometadfic c%mponentNFuﬁherhefs%lvent ort é{ﬁl?ea/ftéd%;%anoaluminum compound may
be distilled! eff-ftem the solution of aluminoxane, and the distillate m#y-be redissolved 20 in a solvent or
suspended i por solvent for the aluminoxane. Examples of the organoaluminum compounds
used in the preparation of aluminoxanes include the organoalurp(inum compounds described above for
the organoaluminum compouH\ﬂs/<t5>lv;-1)./\fl.isjp Of the organoaluminum compounds, the tri
Ikylaluminums and tricycloalkylaluminums &re/preferabley and-trimethylaluminum is particularly
preferable. Y The organoaluminum compounds may be use gly, or two 5 or more kinds may
be used in cormbination. Examples of the solvents used in thespfeparation of aluminoxanes include

)11
aromatic Wdrons such %\Wgtojuene, xylene, cumene and cymene; aliphatic
hydrocarbons

@ as pentane, exa e,\héptane, octane, decan __odecane,
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10 hexadecane and octadecane; alicyclic hydrocarbons such as cyclopentane, cyclohexane,
cyclooctane and methylcyclopentane ; petroleum fractions such as gasoline, kerosine and light oil; and
halides such as chlorides and bromides of these asgmatic, aliphatic and alicyclic hydrocarbons. Ethers
such as ethyl 15 ether and tetrahydrofuran are also employable. Of the solvents, the aromatic
hydrocarbons and the aliphatic hydrocarbons are particularly preferable. The benzene-insoluble
organoaluminum oxy-compound preferably contains an Al component which is soluble in benzene 20
at 60C, infamamount of not more than 10%, preferably not more than 5%, and particularly preferably
not more than 2% in terms of Al atom. That is, the benzene-insoluble organoaluminum oxy-compound

is preferably insoluble or hardly soluble in benzeng. 49 Examples of the organoaluminum
oxy-compounds for use in the invention further ifclude boron-containing organoaluminum
oXy-comp ed by FormMa_ & .18] 11 I rmula, R is a hydrocarbon group
of 1 to 10 carbon i\ /
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atoms; and the plurality of R , which may be the same or different, are each a hydrogen atom, a
halogen atom or a hydrocarbon group of 1 to 10 carbon atoms. 10The boron-containing
organoaluminum oxy-compounds represented by ermula (') may be prepared by allowing an
alkylboronic acid represented by Formula (ii): R -B(OH)2 wherein Rn is the same as described above,
15to react with an organoaluminum compound in an inert solvent at a temperature of -80C to room
temperature for 1 minute to 24 hours under an inert gas atmosphere. Examples of the alkylboronic

acids represented; by Formula(ii) ipclude methylharanic acid, ethylberogic acid, 20 isopropylboronic

acid, n-propylboronic acid, n-butylboronic acid, isobutylboronic acid, n-hexylboronic acid,

cyclohexylboropic acid, phenylhoron c acid, 50 3,5-difluorophenylboronic acid,
pentafluorophenylboronic acid and 3,5-bis(trifluoromethyl)phenylboronic acid. Of these, methylboronic

acid, n-butylboroni¢, acid, isohutylpgronic aci ,o%mgzdéfll%%@ﬁgﬁ(%ggf% %Cf’dﬁa&?mgl

. . a (L).
pentafluorophenylboronic 5 acid are preferable. ese oronic acids maybe uséa}smgly, or
nNooranﬁgwgng§X§e§f%@'ﬂ§§ng%n@%%khesized according to a method

5 described in Journal of Organometallic Chemistry, 2003, Vol.
678, pp. 134-141.

The reactlon product by the method described in the above
literature is a mixture but may be used directly as an olefin
ollgomerization catalyst without purification. Preferably,

10  the product is used after purified by recrystallization or the
like.

In the invention, the transiticon metal complex compounds
of Formula (I) and the transition metal complex compounds of
Formula (I’) may be collectively refarred to ag the transition

15 metal complex compounds [Al.

In addition to the transition metal complex compound [A],
the olefin oligomerization catalyst according to the present
invention usually contains at least one compound [B] selected
from the group consisting of (b-1) an organometallic compound,

20 (b-2) an organcaluminum oxy-compound and (b-3}) a compound which
reacts with the transition metal complex compound [A] to form
an ion pair. The catalyst may further contain a carrier [C] to
support at least one compound selected from [A] and [B].

Hereinbelow, the organometallic compounds (b-1),



Examples of the organoaluminum compounds to be reacted with the alkylboronic acids include the
qQrganoaluminum compounds 10 described above for the organoaluminum compounds (b-1a).Of these,
the trialkylaluminums and tricycloalkylaluminums aye preferable, and trimethylaluminum,
triethylaluminum and triisobutylalurninum are particularly preferable. The organoaluminum compounds
may be used singly, or two or more kinds 15 may be used in combination. The organoaluminum
oxy-compounds (b-2) mentioned above may be used singly, or two or more kinds may be used in

combinatig, lgizingonic,campaunds (B:3)k 20The:compaunds (b:3) that arg optiopally.used in the

invention are compounds which react with the transition metal compound (A) to form an ion pair. Any

compounds capable.qf reacting with the; transition, metal.compound, (&) £ form.an jon pait fay be

used in the invention. 51 Examples of such compounds include Lewis acids, ionic compounds,

borane c%pg%@ldspgqq,C%@Q]ra%eec%gggg%%gg described in JP-A-H01-501950, JP-A-H01-502036,
JP-A-H03-179005, JP-A-H03-179006, JP-A-H03-207703, JP-A-H03-207704, and U.S. 5Patent No,

5,321,106[.6—}%@1[10&%\/[%3@?@rg:%?n%g%rils&go%gq_meounds may also be employed.

5 Examples of the organometallic compounds (b-1) that are
optionally used in the invention include organometallic
compounds containing metals of Group 1, Group 2, Group 12 and
Group 13 of the periodic table. Specific examples include
compounds (b-la), (b-1b) and (b-1lc¢) described belcw. In the

10 invention, the organometallic compounds (b-1) do not include
the organcaluminum oxy-compounds [(b-2).
(b-1a) Organcaluminum compounds represented by the
following formula:
R7,A1(0R") H X,
15  wherein Raaﬂd.R?, which may be the same or different, are each

a hydrocarbon group o¢f 1 to 15, and preferably 1 to 4 carbon
atoms; X is a halogen atom; O0<m=3, 0sn<3, 0<p«3, 0£g«<3 and m+n+p+q
= 3.

(b-1b) Alkyl complex compounds containing a Group 1 metal

20  of the periodic table and aluminum and represented by the

following formula:

M'ALR®,
wherein M is Li, Na or K; and R is a hydrocarbon group of 1

fto 15, and preferably 1 to 4 carbon atoms.



The Lewis acids include compounds represented by BR3 (R is a fluorine atom or a phenyl group which
may have a substituent group such as fluorine, methyl or trifluoromethyl). Specific 10 examples include
trifluoroboron, triphenylboron, tris(4-fluorophenyl)bgron, tris(3,5-difluorophenyl)boron,
tris(4-fluoromethylphenyl)boron, tris(pentafluorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)boron and
tris(3,5-dimethylphenyl)boron. 15The ionic compounds include compounds represented by Formula
(1): [Chem. 19] Ris R13 R14BR16 (I 11) R17 13+ In the above formula, R is H , carbon um
cation, oxonium 20, gafion. mmeuiure sation, posplpnim £atoD. ydepeptlrien atie. or

ferrocenium cation having a transition me

10

20

metal of the pericdic table and represented by the following

formula:

a b 3
RRM

s}
wherein R and R, which may be the same or different, are each
a hydrocarbon group of 1 to 15, and preferably 1 to 4 carbon
3

atoms; and M 1is Mg, Zn or Cd.

Examples of the organcaluminum compounds {(b-la) include:

organcaluminum compounds represented by the following
formula:

a o]

RAL(OR ),

b

wherein Ra and R, which may be the same or different, are each
a hydrocarbon group of 1 to 15, and preferably 1 to 4 carbon
atoms, and m is preferably 1.55ms3;

organcaluminum compounds represented by the following
formula:

a

R,ALX,
wherein R® is a hydrocarbon group of 1 to 13, and preferably 1
to 4 carbon atoms, X 15 a halogen atom, andm is preferably O<n<3;

organcaluminum compounds represented by the following
formula:

a

R, ALH,
wherein R is a hydrocarbon group of 1 to 15, and preferably 1

to 4 carbon atoms, and m is preferably 25m<3; and



52 )67 R to R, which may be the same or different, are each an organic group, and preferably an aryl
group or a substjtuted aryl group. Examples of the carbonium cations include tri-substituted 5
carbonium cations such as triphenylcarbonium catipg, tri(methylphenyl)carbonium cation and
tri(dimethylphenyl)carbonium cation. Examples of the ammonium cations include
trialkylammonium cations such as trimethylammondum cation, triethylammonium 10 cation,
tri(n-propyl)ammonium cation and tri(n-butyl)ammonium cation; N,N-dialkylanilinium cations such as

N,N-dimethylanilinjum,cation, Nib-diethylaniliniysa cation and No.2.4,6-pensamethylanilinjum cation;

and dialkylammonium cations such as di(isopropyl)ammonium cation and 15 dicyclohexylammonium
cation.  ; Examples of the phosphonium cations include triarylphosphonium cations such as
triphenylphosphonium cation, trilmethylphenyl)phosphonium cation and
tri(dimethylphenylg{phj%%%ﬁi)ugg cation. 14+ 20R i_s preferab_ly carboni_u_rr_l cation_or ammonium cation,
and particularly preférably triphehylcarbonium cation, N,N-dimethylanilinium cation or
N.N-diethylaniliium ation, Examples of the lopic compounds furtherpcude. | .re eacn
5 a hydrocarbon group of 1 to 15, and preferably 1 to 4 carbon
atoms, X is a halogen atom, 0<m<3, 05n<3, 02g<3 and min+g = 3.
Speclfic examples of the organcaluminum compounds (b-la)
include:
tri(n-alkyl)aluminums such as trimethylaluminum,

16 triethylaluminum, tri(n-butyl)aluminum, tripropylaluminum,
tripentylaluminum, trihexylaluminum, trioctylaluminum and
tridecylaluminum;

branched-chain trialkylaluminums such as
triisopropylaluminum, triisobutylaluminum,

15 tri{sec-butyl}aluminum, tri(tert-butyl)aluminum,
tri{2-methylbutyl)aluminum, tri(3-methylbutyl)aluminum,
tri(Z-methylpentyl)aluminum, tri(3-methylpentyl)aluminum,
tri(4-methylpentyl)aluminum, tri(2-~methylhexyl)aluminum,
tri(3-methylhexyl)aluminum and tri(2-ethylhexyl)aluminum;

20 tricycloalkylaluminums such as tricyclohexylaluminum and
tricyclooctylaluminum;

triarylaluminums such as triphenylaluminum and

tritolylaluminum;

dialkylaluminum hydrides such as diethylaluminum hydride



trialkyl-substituted ammonium salts, N,N-dialkylanilinium 53 salts, dialkylammonium salts and
triarylphosphonium salts. Examples of the trialkyl-substituted ammonium salts include
triethylammonium tetraphenylborate, tri(n-propyl)agymoniumtetrapnenylborate, tri(n-butyllammonium
Stetraphenylborate, trimethylammonium tetra(p-tolyl)borate, trimethylammonium tetra(o-tolyl)borate,
tri(n-butyl)ammonium tetra(pentafluorophenyl)borate, tri(n-propyl)ammonium
tetra(o,p-dimethylphenyl)borate, tri(n-butyl)ammonium tetra(m,m-dimethylphenyl)borate,

tri(n-butyllammenium, 10 tetra(strfluoiomethylphenyl)borate, tri(n-butyllammonium

tetra(3,5-ditrifluoromethylphenyl) borate and tri(n-butyllammonium tetra(o-tolyl)borate. Examples

of the N’N‘dia'ky'%ﬁili%ng‘léaJMEﬁl&‘&@ N .N-dimethylandiniumiettaphenylhgrate, NAN-digthylanilinium

15 tetraphenylborate and N,N,2,4,6-pentamethylanilinium tetraphenylborate. Examples of the

dialkylammpnium salts inglude di(n;propyjammoniymytetralpentafiuarophenyhbarate.and.

dicyclohexylammoni‘umytetr"aﬁﬁeznylborate. 20Examples of the ionic compounds further include

triphe_nyl(@%,iu%tﬁtrék@(ﬁemgﬂH?erPQSB}ﬁl%?ﬂra&%&'ty)'dm%ﬂylgggﬁws inciuding
tetrakis(pentaflliorophenyl)botate, ferrocenium tetra(pentafluorophenyl)borate,
5 isoprenylaluminum;
alkylaluminum alkoxides such as iscbutylaluminum
methoxide, iscbutylaluminum ethoxide and isobutylaluminum
iscpropoxide;
dialkylaluminum alkoxides such as dimethylaluminum
10 methoxide, diethylaluminum ethoxide and dibutylaluminum
butoxide;
alkylaluminum sesquialkoxides such as ethylaluminum
sesguiethoxide and butylaluminum sesguibutoxide;
partielly alkoxylated alkylaluminums such as those having

b =
15 an average composition represented by RQL5A1(OR_) (wherein R®

0.5
and R®, which may be the same or different, are each a hydrocarbon
group of 1 to 1b, and preferably 1 to 4 carbon atoms):

dialkylaluminum arvioxides such as diethyvlaluminum
phenoxide, diethylaluminum(Z,é6-di-t-butyl-4-methylphenoxide),

20 ethylaluminumbis {2, 6-di-t-butyl-4-methylphenoxide},
diisobutylalumium (2, 6-di-t-butyl-4é-methylphenoxide) and
isobutylaluminumbis (2, 6~di-t-butyl-4-methylphenoxide);

dialkylaluminumhalides such as dimethylaluminum chloride,

diethylaluminum chloride, dibutylaluminum chloride,



triphenylcarbenium pentaphenylcyclopentadienyl complex, 54
N,N-diethylaniliniumpentaphenylcyclopentadienyl complex, and boron compounds represented by
Formula (IV) or (V). [Chem. 20] 5In the formula, Etdenotes an ethyl group. [Chem. 21] CF3

diethylaluminum bromide and diisobutylaluminum chleride;

alkylaluminum sesquihalides such as ethylaluminum
sesquichloride, butylaluminum sesquichloride and ethyilaluminum
sesquibromide;

) partially halogenated alkylaluminums such as
alkylaluminum dihalides including ethylaluminum dichloride,
propylaluminum dichlcride and butylaluminum dibromide;

dialkylaluminum hydrides such as diethvlaluminum hydride
and dibutylaluminum hydride;

10 partially hydrogenated alkylaluminums such as
alkylaluminum dihydrides including ethylaluminum dihydride and
propylaluminum dihydride; and

partially alkoxylated and halogenated alkylaluminums such
as ethylaluminum ethoxychloride, butylaluminum butoxychloride

15 and ethylaluminum ethoxybromide.

Compounds analogous to the corgancaluminum compounds
(b-la) are also employable. Examples of such compounds include
ocrgancaluminum compounds wherein two or more aluminum compounds
are bonded via a nitrogen atom, such as {C,HL) ,AIN(C H AL (CoH.) 5.

20 Examples of the compounds (b-1b) include LiAl(C.H.), and
LiAL(C Hy),

Examples of the compcunds (b-1c¢) include
dimethylmagnesium, diethylmagnesium, dibutvlimagnesium and

butylethylmagnesium.



Examples of the borane compounds include: decaborane (14); 10salts of anions such as
bis[tri(n-butyl)Jammonium] nonaborate, bis[tri(n-butyl)ammonium] decaborate,
bis[tri(n-butyllammonium] undecaborate, bis[tri(n-bygyl)ammonium] dodecaborate,
bis[tri(n-butyl)Jammonium] decachlorodecaborate and 15 bis][tri(n-butyl)a on um]
dodecachlorododecaborate; and salts of metal cations and borane anions such as tri (n-butyl )
ammonium bis (dodecahydridododecaborate) cobaltate SS (I1l) and bis[tri(n-butyl)ammonium]

bis(dodecahydrid gggretﬁ)t@i%ks'@@%ﬂan@melesc%g%&ﬁ&#gora@-elwaeﬁg@déﬂ%udei salts

of anions such as 4-carbanonaborane (14), 51,3-dicarbanonaborane (13), 6,9-dicarbadecaborane

(14), dodecanydride-1-phenyl-1.3:-dicarbangnaborane, 1 ,ge methyilithium,

dodecahydrido-I-methy1-1,3-dicarbanonaborane,

undecahyglido-d,3-dmethy 1L, 3:isarbananahorane. £ 8-disarbaundecaborane (13

2,7-dicarbaundecaborane (13), undecanydrido-7,8-dimethy1-7,8-dic ecaborane,

B oo
15t @-bu@g)r%ni%gg%llj@éll-tﬂﬁm %@X@!{%—%:C%Q@%\%@r&o&%&g tium bromide,
propylmagnesium chloride, butylmagnesium bromide and
butylmagnesium chloride.
Combinations of compounds capable cof forming the above
organcaluminum compounds in the oligomerization system are alsc
10  employable, with examples including a combination of aluminum
halide and alkyllithium and a combination of aluminum halide
and alkvylmagnesium.
Of the organometallic compounds (b-1), the organoaluminum
compounds are preferable. The organometallic compounds (b-1)
15 may be used singly, or two or meore kinds may be used in
combination.
[Organocaluminum oxy-compounds (b-2)]
The organcaluminum coxy-compounds (b-2) that are
opticnally used in the invention may be conventional
20 aluminoxanes or benzene-insoluble organcaluminum oxy-compounds
as described in JP-A-H02-78687.
For example, conventional aluminoxane may be prepared by
the following processes, and is generally obtained as a solution

in a hydrocarbon solvent.



tri(n-butyl)ammoniumbromo-i-carbadodecaborate, tri(n-butyl)ammon um-6-carbadecaborate (14),
tri(n-butyl)ammonium-6-carbadecaborate (12), tri(n-butyl)ammonium-7-carbaundecaborate (13), 20
tri(n-butyl)ammonium-7,8-dicarbaundecaborate (12); tri(n-butyllammonium-2,9-dicarbaundecaborate
(12), tri(n-butyl)lammonium dodecahydrido-8-methy1-7,9-dicarbaundecaborate, tri(n-butyl)ammonium
56 undecahydrido-8-ethyl-7,9-dicarbaundecaborate, tri(n-butyl)ammonium
undecanydrido-8-buty1-7,9-dicarbaundecaborate, tri(n-butyl)ammonium 5

undecahydrido-8-ally1-{,9-dicatbaundecabarate it byty lammonuin updecahydrido;9:tr,

ethylsily1-7,8-dicarbaundecaborate and tri(n-butyl)ammonium

undecahydridge4;6-gibrgmo-7-carbaundesaborate; and;10salts of metglcatio Gyborane anions

such as tri(n-butyl)ammonium bis(nonahydrido-1,3-dicarbanonaborate) cobaltate (lll),

rin-bub DARmonKR isudacatydida-d S dicarbandecagarate)Jeiats dill tiidsutyjgmmonium
15 bis(undecahydrido-7,8-dicarbaundecaborate) cobaltate (ll), tri(n-butyl)ammonium
bis(undecahydridg-/ &-dicarhaundegaborate) nickelate (b, ri{nbutyhammenium, ...

5 sulfate hydrate, aluminum sulfate hydrate, nickel sulfate
hydrate or cerous chloride hydrate, to allow the crganoaluminum
compound to react with the water of adsorption or the water of
crystallization.

(2) Water, ice or water vapor is allowed to directly act

10 on an organcaluminum compound such as trialkylaluminum in a
medium such as benzene, toluene, ethyl ether or tetrahydrofuran.

(3) An organotin oxide such as dimethyltin oxide or
dibutyltin oxide i1s allowed to react with an organoaluminum
compound such as trialkylaiuminum in a medium such as decans,

15 benzene or toluene.

The aluminoxane may contain a small amcunt of an
organometallic component. Further, the solvent or the
unreacted organcaluminum compound may be distilled off from the
sclution of aluminoxane, and the distillate may be redissolved

20 in a solvent or suspended in a poor solvent for the aluminoxane.

Examples of the organocaluminum compounds used in the
preparation of aluminoxanes include the organocaluminum
compounds described above for the organcaluminum compounds

{b~lay}.



bis(undecahyd do-7,8-dicarbaundecaborate) cunrate (lI:), 20 tri(n-butyl)Jammonium
bis(undecahydrido-7,8-dicarbaundecaborate) aurate (lll), tri(n-butyl)ammonium
bis(nonahydrido-7,8-dimethy1-7,8-dicarbaundecahgsate) ferrate (ll), tri(n-butyl)Jammonium 57 bis
nonanydrido-7,8-dimethyl-7,8-dicarbaundecaborate) chromate (lll), tri(n-butyl)ammonium
bis(tribromooctahydrido-7,8-dicarbaundecaborate) cobaltate (lll), tris[tri(n-butyl)ammonium] 5
bis(undecahydrido-7-carbaundecaborate) chromate (lIl), b s[tri(n-butyl)ammonium]

bis(undecahydrid@ﬂ-e&@{@a@@wﬁ&%mﬁm@aﬁg&yh@jswi(@-b%ﬂ THRORHAR < nums

bis(undecahydrido-7-carbaundecaborate) cobaltate (111) and 10 bis|[tri(n-butyl)Jammonium]

bis(undecahydrida-Z;carbaundecaborate).pickelate (IV). ¢ » .Fhe-heteropoly compounds contain an

atom selected from silicon, phosphorus, titanium, germanium, arsenic and tin, and one or more atoms

selected from.yanadium. alobiun, molybdenyan 15,an yngsten, Examples of such compounds

include, although not limited thereto, phosphovanadic acid, germanovanadic acid, arsenovanadic acid,

Phosphoniobic acid, gespananiobic.acii,siianamaluadic A¢ig. Lnaspomalibdic agid. ignomolybdic
acid, germanomolybdic acid, arsenomolybdic acid, 20 stannomolybdic acid, phosphotungstic acid,
genﬂ@nmgpg%%%e kinds may be used in combination.

Examples of the solvents used in the preparation of
aluminoxanes Include arcomatic hydrocarbons such as benzene,
toluene, xylene, cumene and cymene; aliphatic hydrocarbons such
as pentans, hexane, heptane, ocfane, decane, dodecane,

10 hexadecane and octadecane; alicyclic hydrocarbons such as
cyclopentane, cyclohexane, cyclooctane andmethylcyclopentane;
petroleum fractions such as gasoline, kerosine and light oil;
and halides such as chlorides and bromides of these arcmatic,
aliphatic and alicyclic hydrocarbons. Ethers such as ethyl

15 ether and tetrahydrofuran are alsoc employable. Of the solvents,
the aromatic hydrocarbons and the aliphatic hydrocarbons are
particularly preferable.

The benzene-insoliuble organcaluminum oxy-compound
preferably contains an Al component which is soluble in benzene

20 at 60°C, in an amount of not more than 10%, preferably not more
than 5%, and particularly preferably not more than 2% in terms
of Al atom. That 1s, the benzene-insoluble organcaluminum

oxy-compound is preferably insoluble or hardly soluble in

benzene,



acid, stannotungstic acid, phosphomolybdovanadic acid, phosphotungstovanadic acid,
germanotungstovanadic acid, phosphomolybdotungstovanadic acid, germanomolybdotungstovanadic
acid, phosphomolybdotungstic 58 acid, phosphomglybdoniobic acid; salts of these acids such as salts
of these acids with metals of Group 1 or Group 2 of the periodic table such as lithium, sodium,
potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium and barium; 5 organic salts of
the above acids such as triphenylethyl salts; and isopoly compounds of the above salts. The

heteropoly compaungls and.isgpoly:coraponnds.mayhe used sinaly,.or tya pr more kjads may be used

in combination. The ionizing ionic compounds (b-3) maybe used singly, or 10 two or more

kinds may. pe useddn combination, . . ;Thg glefinoligamerization catalyst.according o the invention

catalyzes the oligomerization of olefins with high activity. In particular, ethyléene may be oligomerized
into 1'he’%%g”;‘?—"éé@ﬂnﬂ@@rﬁ?@?@ﬁ%e%%ﬂ’@e@eg'} oligom ﬁiéatipjp) catalyst containing the
organoaluminum oxy-compound (b-2) such as methylaluminoxane as a cocatalyst shows very high
trimerizatiP@hae(%gyit)i gvjth respect to ethylene. Consequently, 1-hexene is produced with high
selectivity. The high activity and good selectivity in the 20 oligomerization of ethylene into 1-hexene
may be alsq achieved by the use of the ionizing ionic compound (b-3) such as triphenylcarbonium
tetrakis(p&w\tzafluoropher‘?l) borate as d:%fcz)catalyst. The olefin oligomerization catalyst contains the

Al Qe B QA (i)
/

5 R‘Q R12
In the formula, R11 is a hydrocarbon group of 1 to 10 carbon
atoms;andthepluralityoffﬁz,whichamykxathesameorc&ffer@ﬂ;
are each a hydrogen atom, a halogen atom or a hydrocarbon group

of 1 to 10 carbon atoms.

10 The boron-containing corgancaluminum oxy-compounds
represented by Formula (i) may be prepared by allowing an
alkylboronic acid represented by Formula {ii):

R-B(OH), (i1}
wherein Rll is the same as described above,

15 to react with an organcaluminum compound in an inert
solvent at a temperature of -80°C to room temperature for 1 minute
to 24 hours under an inert gas atmosphere.

Examples of the alkylboronic acids represented by Formula
{1ii) include methylboronic acid, ethylboronic acid,

20 isopropylboronic acid, n-propylboronic acid, n-butylboronic

acid, isobutylboronic acid, n-hexylboronic acid,

cyclohexylboronic acid, phenylboronic acid,



59 transition metal complex compound [A] and optionally contains at least one compound [B] selected
from the organometallic compounds (b-1), the organoaluminumoxy-compounds (b-2) and the ionizing
ionic compounds (b-3). Furthermore, the olefin 5 ofjgomerization catalyst may contain a carrier [C]
described below as required. [Carriers [C]] The carrier [C] optionally used in the invention is an
inorganic or organic compound in the form of granular or fine 10 particulate solid. In the invention, the
carrier [C] supports the compound [A] and/or the compound [B]. Preferred inorganic compounds

include parotis oxides; ingrganic halides, clays, clay minetals and ighhexchangedayered-gompounds.
Examples of the porous oxides include Si02, Al20" MgO, ZrO, 15 T O., B203, CaO, Zn0O, Ba0, Th02,

and complex; campoynds or mixtures-contaiping these oxjdes,such,as paturgkor.synthetic zeolite,
02-Mg0, Si02-Al203, Si02-Ti02, Si02-V205, Si02-0r203 and Sa.02-Ti02-MgO0. Of these, compounds

containing 502 and/or M203 asa "9134%&9?;?85‘?8&%@ prefgrable,20Tha inorganic oxides may

contain small amounts of carbonate, sulfate, nitrate and oxide componeénts such as Na2CO03, K2C02,

CaCO3, Mg&03, NagsQ ARG PR3, BaSO-KNGO3, MONOR)Z -ALINQR)3. NaAT,, K20and Li20. The

porous oxides have different properties depending on

5 acid are preferable.
These alkylboronic acids may be used singly, or two or more
kinds may be used 1in combination.
Examples ©f the organocaluminum compounds to be reacted
with the alkylboronic acids include the organcaluminum compounds
10 degcribed above for the crgancaluminum compounds (b-la). Of
these, the trialkylaluminums and tricycloalkylaluminums are
preferable, and trimethylaluminum, triethylaluminum and
triischutyvlaluminum are particularly preferable. The
organcaluminum compounds may be used singly, or two or more kinds
15 may be used in combination.
The corgancaluminum oxy-compounds {(b-2} mentioned above
may be used singly, or two or more kinds may be usad in
combination.

tIonizing ionic compounds (b-3)]

20 The compecunds (b-3) that are optionally used in the
invention are compounds which react with the transition metal
compeund {A) to form an ion palir. Any compounds capable of
reacting with the transition metal compound (A) to form an ion

palr may be used in the invention.



60 type and preparation process. The carrier used in the invention preferably has a particle diameter of
0.5 to 300 pm, preferably 20 to 200 pm, a specific surface area of 50 to 1,000 m2/g, preferably 100 to
700 m2/g, and a pore volume of 0.3 to 3.0 cm3/g. 3} necessary, the carrier may be calcined at 100 to
1,000C, and preferably 150 to 700C prior to use. Examples of the inorganic halides include
MgC12, MgBr2, MnC12 and MnBr2. The inorganic halides maybe used as they are, or may be used
after pulverized with, for example, a ball mill 10 or an oscillating mill. The inorganic halides may be

dissolved in a solyentsueb asaloahnl and predlialed asfine.aricles with 8 reciniigling agent

The clays for use as the carriers in the invention are mainly composed of clay minera

on-exchang & yarec-seaipouds i campoynds, iating 2 corsipl sygiute phereip planes formed

by ionic bonding or the like are piled on one another in para a weak bond strength, and wherein

the ions coptainedhegein e exshangeable, Most el mineypls,arg Jan-prohgnge layered

compounds. The clays, the clay 20 minerals and the ion-exchange layered compbunds used in the

Clye, ooy ot N5 and e Ab g8 T Ered EotpBinCE LG SAye, A riREra B ron 61
5 Patent No. 5,321,106. Heteropoly compounds and isopoly
compounds may alsoc be employed.

The Lewis acids include compounds represented by BR, (R
is a flucrine atom or a phenyl group which may have a substituent
group such as fluorine, methyl or trifluoromethyl). Specific

10 examples inciude triflucroboroen, triphenylboron,
tris(4-fluorcphenyl)boron, tris(3,5-difluorophenyl)boron,
tris{4-flucromethylphenvyl)boron,
tris{pentaflucrophenyl)boron, tris(p-telyl)boron,
tris(o-teclyl)boron and tris{(3,5-dimethylphenyl)boron.

15 The ionic compounds include compounds represented by

Formula (III):

[Chem. 19]
R15

3 .14 .9 _16

R'> R'""—B—R'"™ (1)
R17

13+ + . , .
In the above formula, R is H , carbonium cation, oxonium

20 cation, ammonium cation, phosphonium cation,
cycleoheptyltrienyl cation, or ferrocenium cation having a

transition metal.



crystalline compounds having layered crystal structures such as hexagonal closest packing structure,
antimony structure, CdC12 structure and CdI2 structure. Specific examples of the clays and the clay
minerals 5 include kaolin, bentonite, kibushi clay, gairome clay, allophane, hisingerite, pyrophyllite,
mica, montmorillonite, vermiculite, chlorite, palygorskite, kaolinite, nacrite, dick te and halloysite.
Specific examples of the ion-exchange layered compounds include salts of polyvalent metals and
crystalline 10 acids such as a-Zr(HAs04)2.1120, a-Zr(KPO4)2.3H20, a-Ti(HPO4)2, a-Ti(HAs04)21120,

a-Sn(HPO4)2H20, 7-Zr(HROA)Z, y: TI(HRO)2, an ﬁé“é%épé’r“)éi'ﬁ%Jé‘ﬁt%'a%sréh%g'c%{ minerals
um

and the ion-exchange layered compounds preferably have a pore volume, as theasured on pores 15

having a tadius. of notle §%ﬁ1§% 20,43 by 2 mereyy, penetration methad, of not lgss than O 1cc/g, and

particularly preferably 0.3 t c/g. The pore volume is measured on pores having a 4 . radius of 20 to
3x10 A b)égﬂer gg/ue)qnetration method using a mercury porosimeter. Achieving high oligomerization
activity 20 tends to be difficult if the carrier has a pore volume of less than 0.1 cc/g as measured on

pores having a ragw;n%lné% l8§séggnc%%6‘0nium cations include tri-substituted

5 carbonium cationsg such as triphenylcarbonium caticn,
tri{methylphenyl)carbonium cation and
tri(dimethylphenyl)carbonium cation.

Examples of the ammonium cations include trialkylammonium
cations such as trimethylammonium cation, triethylammonium

10 cation, tri{n-propyl)ammonium cation and tri(n-butyl)ammonium
cation; N,N-dialkylanilinium cations such as
N, N~dimethylanilinium cation, N,N-diethylanilinium cation and
N,N,2,4,6-pentamethylanilinium cation; and dialkylammonium
cations such as di(isopropyl)ammonium cation and

15 dicyclohexylammonium cation.

Examples of the phosphonium cations incliude
triarylphosphonium cations such as triphenylphosphonium cation,
tri(methylphenyi)phosphonium caticen and
tri(dimethylphenvyl)phosphonium cation.

13+ | _ . , )
20 R is preferably carbonium cation or ammonium cation, and

particularly preferably triphenylcarbonium cation,
N,N-dimethylanilinium cation or N,N-diethylanilinium cation.
Examples of the ionic compounds further include

trialkyl-substituted ammonium salts, N,N-dialkylanilinium



It is also preferable that the clays and the clay minerals are subjected to chemical treatments. Any
chemical treatments, 62 for example, a surface treatment to remove impurities on the surface and a
treatment to modify the crystal structure of clay, aresemployable. Examples of such chemical
treatments include acid treatment, alkali treatment, salt treatment and organic 5 substance treatment.
The acid treatment removes impurities from the surface and also causes the elution of cations such as
Al, Fe and Mg in the crystal structure to increase the surface area. The alkali treatment destroys the

crystal stryieiure of glayite bring.about.ghange in the structure.of the, clay o Fhe A0 saltteeatment and
the organic substance treatment produce, for example, ionic composites, molecular composites or

organic derivativgstg.change the éHrefaﬁaer%q%%athgdﬁt@ﬁléx%ttgata%om%épns-%&%ange layered
compound may be a layered 15 compound in which the exchangeable ions between layers have been

exchanged.with other largeand:bulky iqns utilizing ion exehange properties to enlarge the distance

between the layers. The bulKy ions play a pillar-like roll to support the layered structure and are

generally,callod pilacs, The.intiadyction 20,of gt substances between ayers afayered compound

is called intercalation." Examples of the guest compounds to be intercalated include cationic inorganic

COMROUngE PHERASH, i%%é?é‘gezfo%%'ﬁhm%?éﬁgan 'o%?iﬁﬁf(‘jpae%?& gl%ozfﬁ%%r% (OR)3 and

B(OR)3 (R is a hydrocarbon group or the metal hydroxide 63 7+2% ions such as
[Al43&“€¥9%éﬂ%§%%%%%%ﬂ8ﬁd4%%%%9899g§¥3)borate, tri{n-butyl)ammonium

tetra{pentaflucrophenyl)borate, Lri{n-propyl)ammoeniumn
tetra (o, p-dimethylphenyl)borate, tri(n-butyl)ammonium
tetra(m,m~dimethylphenyl)borate, tri{n-butyl)ammonium

10  tetra(p-trifluoromethylphenyl)borate, tri(n-butyl)ammonium
tetra(3,b-ditrifluocrcmethylphenyl) borate and
tri(n-butvyl)ammonium tetra(o-Tolvl)borate.

Examples of the N,N-dialkylanilinium salts include
N, N-dimethylanilinium tetraphenylborate, N,N~diethylaniliinium

15 tetraphenvylborate and N,N,2,4, 6-pentamethylanilinium
tetraphenvlborate.

Exampleé of the dialkylammonium salts include
di{n-propyl)ammonium tetra{pentaflucrophenyl)borate and
dicvelohexylammonium tetraphenylborate.

20 Examples of the ionic compounds further include
triphenylcarbenium tetrakis {pentaflucrophenyvl)borate,
N,N-dimethylanilinium tetrakis (pentaflucrophenyl)berate,
ferrocenium tetra(pentafluorophenyl)borate,

triphenylcarbenium pentaphenylicycleopentadienyl complex,



These compounds may be used singly, or two or more kinds may be used in combination. The
intercalation of the above compounds may be carried 5 out in the presence of dimers obtained by
hydrolysis of metal alkoxides such as Si(OR)4, Al (QR) and Ge(OR)4 (R is a hydrocarbon group or the
like) or in the presence of colloidal inorganic compounds such as 5i02. Examples of the pillars include
oxides produced by intercalation of the above metal hydroxide ions 10 between layers followed by
thermal dehydration. The clays, the clay minerals and the ion-exchange layered compounds may

be used ag they are,Qrmay beysed aftersubiected 1o ball milling, sieving %5%%1&%%,“"9&%%% they

may be used after subjected to water adsorption or thermal dehydration.” The 15 clays, the clay
minerals and.the iggﬁ@ggggage Jayered gglggggugg,s p%pﬁgs%§ipgg/f or fyo or more kinds may be
used in combination. Of the above-mentioned materials, the clays and the clay minerals are
preferable[,carrgﬂmo%@oriIIonite, vermiculite, 20 hectorite, tenorite and synthetic mica are particularly
preferable. Examples of the organic compounds in the invention include granular or fine
particulate solid compounds having a particle diameter of 10 to 300 p.m. Such compounds include
(co)dimers 64 produced using 02¢14 a-olefins such as ethylene, propylene, 1-butene and
4-methyl-1-pentene as main components, (co)dimers produced using vinylcyclohexane or styrene as
amain component, and meeiffed products of these dimers. The olefin oligomerization catalyst
contains tk g Hgﬁon ietal coryplex CompOl(IFH [A] and optionally contains at least one compound [B]
selected from the organgmetallig compounds’(b-1), the organoaluminum oxy-compounds (b-2) and the
ionizing ionic compounds X, and the carrier [C]. Moreover, 10 the olefin oligomerization catalyst

gl component [0] described below as required. [Organic compound

3

may contain an organic compo
components [D]] ¢

5 In the formula, Et denctes an ethyl group.
[Chem. 21]
CF3
@ o
NaB (V)
CF3

Examples ¢f the borane compounds include:
decaborane (14);

10 salts of anions such as bis{tri{n-butyl)ammonium]
nonaborate, bisltri(n~butyl)ammonium] decaborate,
bis[tri(n-butyl)ammonium] undecaborate,
bis[tri{n~-butvyl)ammonium] dodecaborate,
bis[tri{n-butyl)ammonium] decachlorodecaborate and

15 Bis[tri(n-kutyl)ammonium] dodecachlorododecaborate; and

salts of metal cations and borane anions such as

tri{n-butyl)ammoniumbis (dodecahydridododecaborate) cobaltate



In the present invention, the organic compound components [0] may be optionally used to improve
oligomerization 15 performance. Examples of the organic compounds include; but are not limited to,
alcohols, phenolic compounds, carboxylic acids, phgsphorus compounds and sulfonates. The alcohols
and the phenolic compounds include compounds 1818 , represented by R -OH (R is a hydrocarbon
group of 1 to 50 carbon 20 atoms or a halogenated hydrocarbon group of 1 to SO carbon atoms) .
Preferred alcohols are those represented by the above formula wherein RA is a halogenated

hydrocarbomgroupy, Freferred phenolic, comparnds, arg.those wherein the a,a’-positions in the 65 20
carbon atoms. 19 The carboxylic acids include those represented by R -COOH 19 ,

bis(dodecahydridododecaborate) nickelate (III).
Examples of the carborane compounds include:
salts of anions such as 4-carbanonaborane {14),

H 1, 3-dicarbanonaborane (13), &,%-dicarbadecaborane (14},
dodecanydrido~l~phenyl~1, 3~dicarbanonaborane,
dodecahydrido=-1-methyl-1, 3~dicarbanonaborane,
undecahydrido-1, 3~dimethyl-1, 3-dicarbanonaborane,

7, 8-dicarbaundecaborane (13), 2,7~dicarbaundecaborane (13),

10 undecahydrido-7, 8-dimethyl-7,8-dicarbaundecaborane,
dodecahydrido~ll-methyl-2, 7-dicarbaundecaborane,
tri{n-butyl)ammonium-1-carbadecaborate,
tri{n-butyl)ammonium~l~carbaundecaborate,
tri({n~butyl)ammonium-1l-carbadodecaborate,

15 tri(n-butyl)ammonium-l-trimethylsilyl-1l-carbadecaborate,
tri{n-butyl)ammoniumbromo-Ii-carbadodecaborate,
tri{n-butyl)ammonium~6~carbadecaborate (14),
tri{n~butyl)ammonium-é-carbadecaborate (12),
tri{n-butyl)ammonium-7-carbaundecaborate (13),

20 tri(n-butyl)ammonium-7,8~dicarbaundecaborate {12},
tri(n-butyl)ammonium~2, 9-dicarbaundecaborate (12},
tri{n-butyl)ammonium
dodecahydrido-8-methyl-7, 9-dicarbaundecaborate,

tri(n-butyl)ammocnium



(R is a hydrocarbon group of 1 to 50 carbon atoms or a halogenated hydrocarbon group of 1 to 50
carbon atoms, and particularly 5 preferably a halogenated hydrocarbon group of 1 to 50 carbon
atoms). Preferred phosphorus compounds inolyde phosphoric acids having a P-O-H bond,
phosphates having a P-OR bond or a P=0 bond, and phosphine oxide compounds. 10The sulfonates
may be represented by Formula (VI). [Chem. 22] Xn_rn-M4(n) 0 S_R20 (VI ) Om In the above
formula, M4 is an atom of Group 1 to Group 14 of the periodic table; R20 is a hydrogen atom, a

hydrocarbemgrosn kb-etik 16 2Q €athoratoms; or-a-alagenatgdfyglracarbon 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

halogenated; hydrggarbon.graup of 1 to 20 carbon atoms; m is an integer of 1 to 7; n is a valence of M;
and 11-17. 20The olefin oligomerization catalysts according to the present invention may be used in

the oligomerization.of olefins; Preferred-plefinginglude. vinyl comppunds such as ethylene, 66
propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, vinylcyclohexene, styrene, 1-octene
and 1-deggne; And RteMalimen 1 um
5 undecahydrido-8~allyl-7, 9-dicarbaundecaborate,
tri{n-butyl)ammonium
undecahydrido-9~-trimethylsilyl-7, 8~dicarbaundecaborate and
tri{n-butyl)ammonium
undecahydrido-4, 6-dibromo-7-carbaundecaborate; and
10 salts of metal cations and carbcrane anions such as
tri(n-butyl)ammonium bis(nonahydrido-1, 3-dicarbanonaborate)
cobaltate (III), tri{n-butyl)ammonium
bis (undecahydrido-7, 8~dicarbaundecaborate) ferrate (III),
tri(n-butyl)ammonium
15 bis {(undecahydrido-7, 8-dicarbaundecaborate) cobaltate (III),
tri{n~butyl;ammonium
bis(undecahydrido-7, 8~dicarbaundecaborate) nickelate {III},
tri{n-butyl)ammonium
bis (undecahydrido~7, 8~dicarbaundecaborate) cuprate (III),
20 tri(n-butyl)ammonium
bis{undecahydrido-7, 8—-dicarbaundecaborate) aurate (III),
tri{n-butyl)ammonium
bis (nonahydrido~7,8~dimethyl-7, 8-dicarbaundecaborate)

ferrate (III}, tri(n-butyl)ammonium



olefins such as 2-butene, cyclopentene, cyclohexene and norbornene, with ethylene being particularly
preferable. A 5 plurality of the olefins may be cooligomerized. In the processes for producing olefin
oligomers according to the present invention, olefigs; are ol gomerized in the presence of the olefin
oligomerization catalysts as described hereinbelow. 10[Processes for producing olefin olidomers]

The olefin oligomeri zation processes of the invention will be described below. In the processes for
producing o efinoligomers according to the present invention, olefins are oligomerized, preferably 15

trimerized;indhe preseneeiof dhe afarementioned elefin.oligomerization catalyst.,  In a preferred

embodiment, ethylene is oligomerized. In a particufarly preferred embodiment, et?wylene is trimerized

into 1-hex&p§ogglpeth§aﬁigpgnegilzgt@glrl,ggg}@p&ﬂg&ﬂ@}gl complex compound [A] (hereinafter,

simply referred to as the component [A]) maybe added to a reactor by any methods, and the

Componegﬁsm@%(%% handlsd.and added by, ?@x&?&g%%mnwc%rygs&5@)@8%@@@9@5 are given

below. 67 1) The component [A] aloné is added to a reactor. he component [A] and at

least one Fgggp)one EEBEJ ﬁ@!:%%%%@%ﬁ?ﬁa%émmﬁa”ic compound (b-1), the organoaluminum

oxy-compound (b-2) and theionizing ionic

5 bisg (undecahydrido-7-carbaundecaborate) chromate (III},
bis[tri(n-butyl)ammonium]
bis(undecahydride~7~carbaundecaborate) manganate (IV),
bis{tri{n-butyl)ammonium]
bis{undecahyvdrido~7-carbaundecaborate) cobaltate (III} and

10 bhis[trii{n-butyl)ammonium]
bis{undecahydrido-7-carbaundecaborate) nickelate (IV).

The heteropoly compounds contain an atom selected from
silicon, phosphorus, titanium, germanium, arsenic and tin, and
one or more atoms selected from vanadium, niobium, molybdenum

15  and tungsten. Examples of such compounds include, although not
limited thereto, phosphovanadic acid, germanovanadic acid,
arsenovanadic acid, phosphoniobic acid, germanoniobic acid,
siliconomolybdic acid, phosphomolybdic acid, titanomolvbdic
aclid, germanomolybdic acid, arsenomolybdic acid,

20 stannomolybdic acid, phosphotungstic acid, germanctungstic
acid, stannctungstic acid, phosphomolybdovanadic acid,
phosphotungstovanadic acid, germanotungstovanadic acid,
phosphomolybdotungstovanadic acid,

germanomolybdotungstovanadic acid, phosphomolybdotungstic



5 compound (b-3) (hereinafter, simply referred to as the component [B]) are added to a reactor in any
order. (3) A catalyst obtained by bringing the component [A] and the component [B] into contact
with each other is added to a reactor. 10(4) The comgponent [A] and the component [B] are brought into
contact with each other. The resultant catalyst component and the component [B] are added to a
reactor in any order. In this case, the components [B] may be the same or different. B)A
catalyst component in which the component [A] is 15 supported on the carrier [C] is added to a reactor.

(6) A catalyst gpmponephinwhich dhe compongnt 4 is supported phdbe camier{Cl,and the
component [B] are added to a reactor in any order. (7) A catalyst in which the components [A]

and [B] arg-2Q supported-an t@%@@@i%{@his@@gﬁgocﬁfrmq[%] 1 oB)Acalyst gemponent in

which the components [A] and [B] are supported on the carrier and the component [B] are added

to a reactgrin;any; orderIndhis, case . the,components [Blimay bgjhe sameor different. .08~ (9 A

catalyst component in which the component [B] is supported on the carrier [C], and the component [A]

are added.to.a reactorip any;erder.. . oo 5 (10) A catalyst.component, i yhich the compgnent [B] is
5supported on the carrier [C], and the Component [A] and the component |B] are added to a reactor in
anygyde%ybgﬁigagﬁlts of the above acids such as triphenylethyl salts;

and isopoly compounds of the above salts.

The heteropoly compounds and isopoly compounds may be used
singly, or two or more kinds may be used in combination.

The ionizing ionic compounds (b-3) may be used singly, or

10 two or more kinds may be used in combination.

The colefin oligomerization catalyst according to the
invention catalyzes the oligomerization of olefins with high
activity. In particular, ethylene may be cligomerized into
l-hexene with high selectivity.

15 The olefin oligomerization catalyst containing the
organoaluminum cxy-compound {b-2) such as methylaluminoxane as
a cocatalyst shows very high trimerization activity with respect
to ethylene. Cocnseguently, l~hexene is produced with high
selectivity. The high activity and good selectivity in the

20 olligomerization of ethylene into l-hexene may be also achieved
by the use of the lonizing ilonic compound (b-3) such as
triphenylcarbonium tetrakis(pentafluorophenyl) borate as a
cocatalyst.

The olefin oligomerization catalyst contains the



the components [B] may be the same or different. (11) A catalyst component in which the
component [A]is  supported on the carrier [C], and a catalyst component in which 10the component
[B] is supported on the carrier [C] are added to a reactor in any order. (12) A catalyst component
in which the component [A] is supported on the carrier [C], a catalyst component in which the
component [B] is supported on the carrier [C], and the component 15[B] are added to a reactor in any
order. In this case, the components [B] may be the same or different. (13) The component [A] and

the organic.cerapeund,camponent (R (bgreinafier, simpl referred.to.as theycompenent IR are added

to a reactor in any order. 20(14) The components [A], [B] and [D] are added to'a reactor in any order.

(15) The gompanents &%ka%mﬁﬁ&r%ghtg‘@tye@@é%ctwﬁ}ne%%o%\%a%@@ghtﬁqtccata'yst
component and the component [A] are added to a reactor in any order. 69
compounds {b-1), the organcaluminum oxy~compounds (b-2) and the
ionizing ilonic cempounds {(b~3). Furthermore, the olefin
5 oligomerization catalyst may contain a carrier [C] describkbed
below as reqgquired,
[Carriers [C]]
The carrier [C] optionally used in the invention is an
inorganic or organic compound in the form of granular cor fine
10 particulate solid. In the invention, the carrier [C] supports
the compound [A] and/cr the compound [B]l. Preferred inorganic
compounds include porous oxides, inorganic halides, clays, clay
minerals and lon-exchange layered compounds.
Examples of the porous oxides include 310,, Al1,0,, MgC, ZrO,
15 TiC,, B,0,, Cal, Zn0, BalO, ThO,, and complex compounds or mixtures
containing these oxides, such as natural or synthetic zeoclite,
8i0,-Mg0, 810,-A1,0,, $1i0,-Ti0,, $i0,-V,0,, $i0,-Cr,0, and
810,-T10,-Mg0. Of these, compounds containing Si0C, and/or AL,O,
as a main component are preferable.
20 The inorganic oxides may contain small amounts of
carbonate, sulfate, nitrate and oxide compeonents such as Na,C0,,
K,CO,, CaC0O,, MgCO,, Na,S0,, Al,(S0,),;, BaS0,, KNC,, Mg(NO,),,

AL (NOj) 5, Na,0, K, 0 and Li,0.

The porous oxides have different properties depending on



( 6) A catalyst component in which the component [0] is supported on the carrier [C], and the
component [A] are added to a reactor in any order. (17) A catalyst component in which the
components [B] and 5[D] are supported on the cargigr [C], and the component [A] are added to a
reactor in any order. (18) The components [A] and [B] are brought into contact with each other.
The resultant catalyst component and the component [D] are added to a reactor in any order. 10(19)
The components [A] and [B] are brought into contact with each other. The resultant catalyst

component, the.component,[B} and E@E&%@@neﬂ{k{g] e 9@@%‘1&9&1@%@9{@1@:&)’&{9%1{” this case,
the components [B] may be the same or different. 15(20) A catalyst component in which the

componegtse[fgﬁggig] ALein contact with each other, apda catalysy.compon: BoL By VO%%H the

components [B] and [D] are in contact with each other are added to a reactor any order.’In this case,

the comeBe%ts [%m%y be the same ot glfferer%t g(ﬂ}eacao@lyg;%c%mpqn%dn V\zh/lch the

component [A] IS supp fed on fhe ca carrler [ ana the component | and the componeht [D] are

added toare ctorl der Acata yst com nt in which the component A] is
supporte(}f on ﬁe carrFé ¥[§ and t%e fzﬁfonen ] are a&fdpg%j 70 c?ag;egc or% a8ny oré

5 If necessary, the carrier may be calcined at 100 to 1,000°C,
and preferably 150 to 700°C pricr to use.
Examples of the inorganic halides include MgCl,, MgBr,,
MnCl, and MnBr,. The inorganic halides may be used as they are,
or may be used after pulverized with, for example, a pall mill
16 or an oscillating mill. The inorganic halides may be dissolved
in a solvent such as alcohol and precipitated as fine particles
with a precipitating agent.
The clays for use as the carriers in the invention are

mainly composed of clay minerals. The ilon-exchange

Pt
(1

layered-compounds are compounds having a crystal structure
wherein planes formed by ionic bonding cr the like are piled
on one another in parallel with a weak bond strength, and wherein
the ions contained therein are exchangeable. Most clayminerals
are ion-exchange layered compounds. The clays, the clay
20 minerals and the ion-exchange layered compounds used in the
invention are not limited to natural compounds but include
synthetic products.

Examples of such clays, clay minerals and ion-exchange

layered compounds include clays, clay minerals and ion



(23) A catalyst component in which the component [A] is supported on the carrier [C], and a catalyst
component in which the components [B] and [D] are in contact with each other are 5 added to a
reactor in any order. (24) A catalyst in which the components [A] and [D] are in contact with each
other is added to a reactor. (25) A catalyst obtained by bringing the components [A], [B] and [D] in
any order is added to a reactor. 10(26) The components [A], [B] and [D] are brought into contact with
each other in any order. The resultant catalyst component and the component [B] are added to a

reactor in @py.order in, this. case, the compongents; [Bl may be- the.same or different. 15(27)A catalyst

in which the components [A] and [D] are supported on the carriér [C] is added to a reactor. (28) A

catalyst in.which,the gomponegtsAl, [B] apd,[B] aresupported an.the carrer[Gliis added to a reactor.

(29) A catalyst component in which the components [A], [B] 20 and [D] are’ supported on the carrier
[C], and theyeompanent {B].are added to a eactordn any order. In this case, the components [B] may

be the same or different. In the olefin oligomerization processes of the invention, olefins are
ongomeﬂzedhﬂogﬁg@fyggng§ggk§g%mg§e@%%'anys and the clay minerals
5 include kaclin, bentonite, kibushi clay, gairome clay, allophane,
hisingerite, pyrophyllite, mica, montmorillonite, vermiculite,
chlorite, palygorskite, kaolinite, nacrite, dickite and
halleoysite. Specific examples of the ion~exchange layered
compounds include salts of polyvalent metals and crystalline
10 acids such as a-2r (HAsO,}, H,0, a-Zr (KPO,),*3H,0, o-Ti (HPO,) ,,
a~-T1i{HAsO0,),-H,0, a-8n(HPO,), H,O, y~Zr (HPQ,),, y-Ti(HPO,), and
y-T1(NH,FO,) -H,O.
The clays, the clay minerals and the ion-exchange lavered
compounds preferably have a pore volume, as measured on pores
15 having a radius of not less than 20 A by a mercury penetration
method, of not less than 0.1 cc/g, and particularly preferably
0.3 to 5 cc/g. The pore volume is measured on pores having a
radius of 20 to 3x104 A by a mercury penetration method using
amercury porosimeter. Achievinghigholigomerizationactivity
20 tends to be difficult if the carrier has a pore volume of less
than 0.1 cc/g as measured on pores having a radius of not less
than 20 A.

It is also preferable that the clays and the clay minerals

are subjected to chemical treatments. Any chemical treatments,



of the olefin oligomerization catalysts. The oligomerization may be carried out by liquid-phase reaction
such as solution reaction or suspension reaction, or by gas-phase reaction. The liquid-phase
oligomerization may involve inert 5 hydrocarbon sgjyents. Examples of the inert hydrocarbon solvents
include aliphatic hydrocarbons such as propane, butane, isobutane, pentane, isopentane, hexane,
heptane, octane, decane, dodecane and kerosine; alicyclic hydrocarbons such as cyclopentane,
cyclohexane and methylcyclopentane; aromatic 10 hydrocarbons such as benzene, toluene, xylene,

rimethylbgpzene.and tetralin halogenated-ydroearbons sueh as ethylgne chlofde, chigrapenzene

and dichloromethane; and mixtures of these solvents. Of these, pentane, n-hexane and n-heptane are

particularly preferiedLoln theproguetion ofdshiexene by Wngzlng alhyiane with the glefly
ed’sucht

oligomerization catalyst, the component [A] is generally us hat the amount here(}f’per liter of

the reactian yolne s o t1e range Sf12101020gl, and preferably 101 10.1g:3,mol In g invention

olefin oligomers may be 20 obtained oligomerization activity even when thie component [A] is

used in ag%lg ively Jow concentration. . . When the compagnent B]EE for example the component (b-1)
is used, the a%(%ﬁ? tv%er?g&&lé sﬁa%rlf?hla & FIOTAr ratid [ﬁbg-clt)i’ll\/r] of tha. gg)écnp%rﬁgnf) Cﬁgf)ntgcthe

transition metal atom (M) in_the 72 component [A] is generally in the range of 0.01 tg 100000, and
prefzérablysﬁ%?f‘t%%%%gg)?ea@ %%cbmn%%‘r?enat“(g-‘%)%rr%ﬁ g@%ééd STER Tvat thERYSIarratid [(b-2)/M] of

the aluminum at in the component (b-2) to th
a %%om.%%% Sur acgoang %ls% cagses the elution of caticns such

as Al, Fe and Mg in the crystal structure to increase the surface
area. The alkali treatment destroys the crystal structure of
clay to bring about change in the structure of the clay. The

10 salt treatment and the organic substance treatment produce, for
example, ionic composites, molecular composites or organic
derivatives to change the surface area or the interlayer
distance.

The ion-exchange layered compound may be a lavered

15 compound in which the exchangeable ions between layers have been
exchanged with other large and bulky ions utilizing ion exchange
properties to enlarge the distance between the layers. The
bulky dons play a pillar-like roll to support the lavyered
structure and are generally called pillars. The introduction

20 of other substances between layers of a layered compound is
called intercalation. Examples of the guest compounds to be
intercalated include cationic inorganic compounds such as TiCl,
and ZrCl,; metal alkoxides such as Ti {OR},, Zr (OR},, PO(OR), and

B(OR},; (R is a hydrocarbon group or the like); andmetal hydroxide



5 transition metal atom (M) in the component [A] is generally in the range of 10 to 500000, and
preferably 20 to 100000. The component (b-3) may be used such that the molar ratio [(b-3)/M] of
the component (b-3) to the transition metal atom (M}in the component [A] is generally in the range of 1
to 10, 10and preferably 1 to 5. The component [C] may be used such that the ratio (g/mol) of the
mass (g) of the component [C] to the mol of the transition metal atom (M) in the component [A] is
generally in the range of 100 to 10000, and preferably 1000 to 5000. 15The component [D] may be

used in a t t:'when-th mpaonen ] is the ¢ nt (h-1), lar ratio [ [ DI /
(P-1) ]is g?#egr:ﬁ%ﬁqf%%a%%lg? f)%)(fgto2 0, an %?éfeerablﬁf‘ 1 ??%?Wﬁ%ﬁl%hggc?gg%gn%nf[m is the

component (b-2), the g@'@@ﬁ%igd%g%%);%éh%ggwpgﬂ%(g&@] g he 20 aluminym atgm in the
component (b-2) is generally in the range of 0.001 to 2, and preferably 0.005 to 1; and when the

component [B].is.t n -3), olar ratio [[D]/(b-3)] is generally in the range of 0.01 to 10,
RLIBLIs.the.companent,(b-3),the mo

and preferably 0.1 to 5. The reaction temperature in the olefin oligomerization 73 with the olefin

oligomeri;ation cqiﬁg/siﬁ%srucaély%?t@gﬂra@]getgéS% OO%OO%b%n% %eéesrabila)%og% 1%)&.3’@5 reaction
pressure is generally from atmospheric pressure to 10 MPa, and pre eratI)Tfy tmospheéric pressure to 5
MPa5TheO%IJqulmer|%a€§|on reaction may be carrl%%gg% %%tgh%léﬁ?ﬁs ml-,contlnuo%sl% or g(intlnuously.

. t T et S OT .
An antistatic agennt may be Used in the olefin oligomerization with thé olefin dligomerization catalyst.

gigfee;rrggea}elxﬁgnﬂ%% of e ntistatic ggents includs palypropylens glygol palypropylene glycol
group or the llike) cr in the presence of colloidal inorganic
compounds such as $i0,. Examples of the pillars include oxides
produced by intercalaticn of the above metal hydroxide ions
10 between layers followed by thermal dehydration.

The clays, the clay minerals and the ion~exchange layered
compounds may be used as they are, cor may be used after subjected
toballmilling, sieving or the like. Moreover, they may be used
after subjected to water adscorption or thermal dehydration. The

15 clays, the clay minerals and the ion-exchange layered compounds
may be used singly, or two or more kinds may be used in
combination.

Of the above-mentioned materials, the clays and the clay
minerals are preferable, and montmorillonite, vermiculite,

20 hectorite, tenorite and synthetic mica are particularly
preferable.

Examples of the crganic compounds in the invention include

granular or fine particulate solid compounds having a particle

diameter of 10 to 300 pm. Such compounds include (co)dimers



10 ethylenediamine-PEG-PPG block copolymer, stearyldiethanolamine, lauryldiethanolamine, alkyl
diethanolamides and polyoxyalkylenes (such as polyethylene glycol-polypropylene glycol-polyethylene
glycol block copolymer (PEG-PPG-PEG)), with the;polyoxyalkylenes 15 (PEG-PPG-PEG) being
particularly preferable. The antistatic agent may be used such that the ratio (g/mol) of the mass (g) of
the antistatic agent to the mol of the transition metal atom (M) in the component [A] is generally in the
range of 100 to 10000, and preferably 100 to 1000. 20Hydrogen may be used in the olefin

oligomeri ith, the.ql gomeyjzatio taly e_pre of hydr the reaction is
0.01to5 %A%gé%%%%p%fe%gély%gog %10 %I\%Piélgk %%é %%;}2 8%5%%% %/érlﬂ%(()n (\%I%e%eg agglcérfbed based

on exampes, helowwithouy limiting the-scope of the Invention. . ..., The.yield of the; reaction product
and the selectivity for 1-hexene were detérmined by gas chromatography (Shlmadzu GC-14A, 5J&W

Scienifio RS eolumal.[Gatainic Al o The iass oL the seacton product gbiained per unit time

was divided by the amount( mm e transition metal atom in t e transition metal catalyst
component lgised in. tE 0|§98§1€I‘ zgtlgrj} [égéesc:élv@ﬁforrls-hexene] The selectivity for 1-hexene
was determlnean = o Io?/vmg ormula: '

5 The olefin oligomerization catalyst contains the
transition metal complex compound [A] and cptionally contains
at least one compound [B] selected from the organometallic
compounds (b-1), the organocaluminum oxy=~compounds (b-2) and the
icnizing lonic compounds {b~3), and the carrier [C]. Moreocver,

10 the clefin ocoligomerization catalyst may contalin an organic
compound component [D] described below as reguired.
[Organic compound components [D1]
In the present inventicn, the organic compound components
[D] may be optionally used to improve oligomerization
15  performance. Examples of the crganic compounds include, but are
not limited to, alcohols, phenolic compounds, carboxylic acids,
phosphorus compounds and sulfonates.
The alcohols and the phenclic compounds include compounds
representedbyiﬁﬁ—OH @f8is<ahydrocarbongroupcﬂf1to£ﬁ]carbom
20 atoms or a halogenated hydrocarbon group of 1 to 50 carbon atoms) .
Preferred alcchols are Lhose represented by the above formula
wherein R18 is a halocgenated hydrocarbon group. Preferred
phenclic compounds are those wherein the o,a’-positions in the

hydroxvl group are substituted with hydrocarbon groups of 1 to



S (%) = Wp/Wr x 100 15S (%): Selectivity for 1-hexene (weight fraction) Wr (weight): Total
weight of reaction products having 4 or more carbon atoms Wp (weight): Weight of 1-hexene produced
by the reaction Synthetic Examples for the transitiopy metal complex 20 compounds [A], and Examples
and Comparative Examples of ethylene oligomerization will be described below. [Example 1]
(Synthesis of Compound 1) [Chem. 23] Compound 1 75

10

20

20 carbon atoms.

Thecarboxylicacidsincludethoserepresentedkner—COOH
(Régiseahydrocarbongxoup<yf1tx>50carbonatomscnfahalogenated
hydrocarbon group of 1 to 50 carbon atoms, and particularly
preferably a halogenated hydrocarbon group of 1 to 30 carbon
atoms) .

Preferred phosphorus compounds include phosphoric acids
having a P~0-H bond, phosphates having a P-OR bond or a P=0 bond,
and phosphine oxide compounds.

The sulfonates may be represented by Formula (VI).

[Chem. 22]
i
Xn_m_M4(n) O__._..’S__._R20 (W)
O m

In the above formula, M' is an atom of Group 1 to Group 14
of the periodic table; chis a hydrogen atom, a hydrocarbon group
of 1 to 20 carbon atoms or a halegenated hydrocarbon group of
1 to 20 carbon atems; ¥ is a hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms or a halogenated
hydrocarbon group of 1 to 20 carbon atoms; m is an integer of
1 to 7; n is a valence of M; and 1<n<7.

The olefin oligomerization catalysts according to the
present invention may be used in the oligomerization of olefins.

Preferred clefins include vinyl compounds such as ethylene,



Ina thoroughly dried 100 ml eggplant flask (equipped with a three-way cock and a magnetic stirrer),
0.62 ml (6.0 mmol) of 3-methoxypropan-I-amine and 1.20 g (5.0 mmol) of 5
2-hydroxy-3-(2-phenylpropan-2-yl)benzaldehyde wete dissolved in 20 ml of ethanol. Reaction was
carried out for 6 hours at room temperature. The reaction liquid was distilled under reduced pressure
to remove the solvent, resulting in 1.63 g of Compound 1 (100% yield, orange colored oil). 10The
product was analyzed, and the results were as follows. H NMR (6, CDC13): 13.63 (s, 1H, OH), 8.29

(s, 1H, NxGb)h /.49 4d, 3 =hi6 Hzs 1H, AeH), 46- 7112 e Bl , Al-H)e 6:881 1) 5%.eh6 Hz, 1H,
Ar-H), 3.56 (t, J = 5.9 Hz, 2H, CH2), 3.38 (t, J - 6.2, 5.9 Hz, 2H, CH2), 3.29 (s, 3H, CH3), 1.92-1.82 (m,

1528, CHR),rk; 74 {8, 160 LUGH3) 2 Resis.of Gompound: 2) - 5. -dn & tharaughlydriech 50 ml

two-necked eggplant flask (equipped with a three-way cock and a magnetic stirrer), 311 5 mg (1.0

mmol) of Cogpaundsl,was dissplyed. i, 10 miotdisthyl ether. The mixtyee liguid was cooled to -78C,

and 0.63 ml (1.0 mmol) of 1.6 mol/L hexane solution of n-butyilithium was added dropwi se to the

liquid. Reggtion was carrieg out for 1 hour while gradually.increasing the temperatyre to room

temperature. To 10 thereactionliquid, 0.5 m1 (4.0 mmol) of trimethylsilyl chloride was added, and

reactjon \%@suggri@gyoucg %or%hggrgﬁeﬁtﬁgomatﬁn}pgr%tg{)el .The reaction liquid was filtered through a

glass filter, and the solvent was evaporated, resulting in a yellow oil. The oil was dissolved in 5 ml of

dichloromethane.,15 Separately, 1.9 mk(1.0 mmol) of 1.0 mall, dichloromethane solytion of titanium
T éi? {:5@ i [

tetrachloride and 10 m m‘a%?& oro?nethane \E/?/ere plcécg]g iﬁ%gtﬁ%?o%gf%go fied 50 %ﬁ?v%/ﬁln%%ked

eggplant g%sﬁge@ygplped With_a three-wg}{ cogli a?Q a ma%réetg) stirrergg.r‘lz.l“hzee%ollﬂi}ont%the yellow oil

CEEIN TON, ;
was added dropwise to the mixture %Dfn the eggep ant flask at -78C. Reaction was carried out for

presence of the colefin oligomerization catalysts as described
hereinbelow.
10 [Processes for producing clefin oligomers]

The olefin oligemerization processes of the inventionwill
be described below.

In the processes for producing olefin oligomers according
to the present invention, clefins are oligomerized, preferably

15  trimerized in the presence of the aforementioned olefin
oligomerization catalvyst.

In a preferred embodiment, ethylene is oligomerized. In
aparticularlypreferredembodiment, ethylene is trimerized into
i~-hexene.

20 In the cligomerization, the transition metal complex
compound [A] (hereinafter, simply referred to as the component
[A]) may be added to a reactor by any methods, and the components
may be handled and added by any methods in any order. Exemplary

methods are given below.



77 4 hours while gradually increasing the temperature to room temperature. The reaction liquid was
-then concentrated to approximately 5 ml, and 20 ml of pentene was added thereto to precipitate a
solid. The solid was filtered out and was washed with pentene. Consequently, 292 mg of Compound 2
was obtained (63% vyield, orange solid). The product was analyzed, and the results were as
follows. IH NMR spectrum of the compound is shown in Fig. 1. 'H NMR (5, CDC13): 8.06 (s, 1H,
N=CH), 7.58 (d, J = 7.9 Hz, 1H, 10 Ar-H), 7.32-7.06 (m, 7H, Ar-H), 4.35 (t, J = 5.6, 5.3 Hz, 2H, CH2),

4.13 (s, 3H, CH3), 39L1(hs, 261, CH2)2.20,(bs. 2k, CHR), L78:(5, 6H, C(CHIIR). FD-MS: mz - 463

(Mt, C20H24C13N02 ) [Example 2] 15(Synthesis of Compound 3) [Chem. 25] OMe Compound 3 In a
HKHOUQNVd”edzgpﬂn%Wg)Egﬂﬁgkg%QM%ﬂﬁﬂég&iat least one component [B]

selected from the organcmetallic compound {b-1), the
crgancaluminum oxy-compound (b-2) and the ionizing ionic

5 compound (b-3) (hereinafter, simply referred to as the component
[B]) are added to a reactor in any order.

(3} A catalyst obtained by bringing the compcenent [A] and
the component [B] into contact with each cther is added to a
reactor.

10 (4) The component [A] and the component [B] are brought
into contact with each other. The resultant catalyst component
and the component [B] are added to a reactor in any order. In
this case, the components [B] may be the same or different.

(5) A catalyst component in which the component [Al is

15 supported on the carrier [C] is added to a reactor.

(6) A catalyst component in which the component [A] is
supported on the carrier [C}, and the component [B] are added
to a reactor in any order.

(7) A catalyst in which the components [A] and [B] are

20 supported on the carrier [C] 1s added to a reactor.

{8) A catalyst component in which the components [A] and
[B] are supported on the carrier [C], and the component [B] are
added to a reactor in any order. In this case, the components

[B] may be the same or different.



(equipped with a condenser, a three-way cock and a magnetic 20stirrer), 3.44 g (20 mmol) of
2-methoxyphenylboronic acid, 3.19 g (21 mmol) of 2-bromobenzenamine, 0.355 g (2.0 mmol) of
palladium chloride, 1.05 g (4.0 mmol) of triphenylphasp ne and 78 30 mmol of potassium carbonate
were suspended in 50 ml of toluene. Reaction was carried out for 9.5 hours at 100C. The reaction
liquid was combined with 50 ml of water and extracted with toluene. The organic phase was dried over
MgSO4 and was concentrated to 5 give 6.3 g of a crude product. The crude product was purified by

silica gel column chyomatography, (eluting, sojution: q%%nﬁé%ﬁylﬂggt%gﬁp@&%Bocaff%f 1,46 g of

Compound 3 (44% yield, yellow solid). The product was analyzed, and the results were as

ollows. 10314 MMR (5 CDGI)-2.36:6,98 m 61, A1 ), 0 BT I0. 2 A3 20.5,8H. CHO),

3.67 (br, 2H, NH2)- (Synthesis of Compound 4) [Chem. 26] Compound

to a reactor in any order.
(10) A catalyst component in which the component [B] is
5 supported on the carrier [C], and the component [A] and the
component [B] are added to a reactor in any order. In this case,
the components [B] may be the same or different.

(11) A catalyst component in which the component [A] is
supported on the carrier [C], and a catalyst component in which

10 the component [B] is supported on the carrier [C] are added to
a reactor in any order.

(12) A catalyst component in which the component {A] is
supported on the carrier [C], a catalyst component in which the
component [Bl is supported on the carrier [C], and the component

15 [B] are added to & reactor in any order. In this case, the
components [B] may be the same or different.

(13} The component [A] and the organic compound component
[D] (hereinafter, simply referred to as the component [D]) are
added to a reactor in any order.

20 (14) The components [A]l, [B] and [D] are added to a reactor
in any order,

{15) The components [B} and [D] are brought into contact
with each other. The resultant catalyst component and the

component {A] are added to a reactor in any order.



15Ina thoroughly dried 100 ml eggplant flask (equipped with a three-way cock and a magnetic stirrer),
598 mg (3.0 mmol) of Compound 3 and 721 mg (3.0 mmol) of
2-hydroxy-3-(2-phenylpropan-2-yl)benzaldehyde wefe dissolved in 15 ml of ethanol. Reaction was
carried out for 18 hours at 79 room temperature. The reaction liquid was distilled under reduced
pressure to remove the solvent. The distillate was recrystallized in methanol, and the crystal was
further recrystallized in hexane. Consequently, 240 mg of Compound 4 5 was obtained (19% yield,

yellow solid).  The, produst was analyzedoand the resuits wereras follawsn8HNMR {5, DC13):
13.21 (s, 1H, OH), 8.44 (s, 1H, N=CH), 7.50-6.58 (m, 16H, Ar-H), 3.32 (s, 3H, CH3), 1.51 (s, 6H, C

(CHB)(Sgﬂgﬁ@g%%kpgﬂﬂ¥ﬁgdéﬁ§£@%@em€??3aQQWHK@ngéﬁponent A] are added
to a reactor in any order.

(17} A catalyst component in which the components [B] and

5 [D] are supported con the carrier [C], and the component [A] are
added to a reactor in any order.

{18) The components [A] and [B] are brought intc contact
with each other. The resultant catalyst component and the
compenent [D] are added to a reactor in any order.

10 (1%} The ccmponents [A] and [B] are brought into contact
with each cother. The resultant catalyst component, the
cemponent [B] and the component [D] are added to a reactor in
any crder. In this case, the components [B] may be the same or
different,

15 (20} A catalyst component in which the components [A] and
[B] are in contact with each other, and a catalyst component
in which the components [B] and [D] are in contact with each
other are added tc a reactor in any order. In this case, the
components [B] may be the same or different.

20 (21) A catalyst component in which the component [A] is
supported on the carrier [C], and the component [B] and the
compeonent [D] are added to a reactor in any order.

{22) A catalyst component in which the component [A] is

supported on the carrier [C], and the component [D] are added



In a thoroughly dried 50 ml two-necked eggplant flask (equipped with a three-way cock and a magnetic
stirrer), 240 mg (0.57 -.mmol) of Compound 4 was dissolved in 5 ml of diethyl 15 ether. The mixture
liquid was cooled to -78C, and 0.36 ml (0.57 mmok) gf 1.6 mol/L hexane solution of n-butyllithium was
added dropwise to the liquid. Reaction was carried out for 1 hour while gradually increasing the
temperature to room temperature. To the reaction liquid, 0.5ml (4. 0 mmol) of trimethylsilyl chloride 80
was added, and reaction was carried out for 2 hours at room temperature. The reaction liquid was

filtered through a-glass filter, and the solvent was evaporated, resulting in a yellow oil. The oil was
dissolved in 5 ml of dichloromethane. 5 Separately, 0.57 ml (0.57 mmol) of 1.0 mol/L dichloromethane

solution of titaniun@ztgtgraghlggigg_ and:S miof dichlaromethane were, placgd.in a.thoroughly dried 50 ml

two-necked eggplant flask (equipped with a three-way cock and a magnetic stirrer). The solution of the

yellow oil was added drapwise to the mixture;10 inthe. eggplant flask at - 78C. Reagtion was carried

out for 8 hours while gradually increasing the temperature to room temperature. The reaction liquid

was then cpceriiaied Lo approximately eyl and 26miof peprane was added dhgieto L precipitate

solid. The solid was filtered out and was washed 15 with pentane. Consequently, 58 mg of Compound

5 was obtained (18% yield, orange salid), Tﬁ roduct was analyzed, and the results were as
follows. ke i%écg}uﬁ?égfﬁﬁg%:o%po%%\é is's §vl€n in Fig. 2. IH NMR (6, CDC13): 7.95 (s, 1H,

N-CH), 7.67 (d, J - , 1H, 20Ar-H) 7.4W -6.98 15H, Ar-H), 4.10 (s, 3H, H? 1.87és, 3H,
C(CH3)2), 1.70 (s. %?j Igcﬁﬁ‘)% SED-ME: iz S 2%“2 +Cf’8ﬁ%%)éﬁ6°28 %o‘i@%\loglﬂi) Example 3]
in contact with each other is added to a reactor.
{25) A catalyst obtained by bringing the components [A],
[B] arnd [D] in any order is added to a reactor.

10 (26} The components [A], [B] and [D] are brought into
contact with each other in any order. The resultant catalyst
component and the component [B} are added to a reactor in any
order. In this case, The components [B] may be the same or
different.

15 (27) A catalyst in which the components [A] and [D] are
supported on the carrier [C] 1s added to a reactor.

(28) A catalyst in which the components [A}, [B] and [D]
are supported on the carrier [C] 1s added to a reactor.
(28) A catalyst component in which the components [A], [B]

20 and [D] are supported on the carrier [C], and the component [B]
are added to a reactor in any order. In this case, the components
IB] may be the same or different.

In the olefin cligomerization processes of the invention,

olefins are oligomerized into olefin oligomers in the presence



(Synthesis of Compound 6) 81 [Chem. 28] Compound 6 Ina thoroughly dried 100 ml eggplant
flask (equipped with a three-way cock and a magnetic stirrer), 877 mg (4.4 mmol) of 5 Compound 3
and 1.02 g (4.0 mmol) of 2-hydroxy-5-methy1-3-(2-phenylpropan-2-yl)benzaldehyde were dissolved in
20 ml of ethanol. Two droplets of acetic acid were added, and reaction was carried out for 18 hours at
room temperature. The reaction liquid was distilled under reduced 10 pressure to remove the solvent.
The distillate was recrystallized in methanol, and the crystal was further recrystallized in hexane.

Consequently; 129,9 Of Gompaung, 6 ﬂ%%%i@ee'a@éﬁgygi@gd: yelipw solid). - [he. product was
analyzed, and the results were as follows. 15 1H NMR (5, CDC13): 12.92 (s, 1H, OH), 8.38 (s, 1H,

f-CH), 7.38:7.07.(n. 12H, Ar-H), 6.98 (5, 1K, Ar-H). 6,89 (1.1 5 7.6, 7.2 Hz, 1H, A),.6,58 (d, J =8.2
Hz, 1H, Ar-l—ﬁ, 3.31 (s, 3H, OCH3), 2:32 (s, 3H, 3), 1.65 (s, 6H, C(CH3)2).
reaction or suspension reaction, or by gas-phase reaction.
The ligquid-phase oligomerization may involve inert
5  hydrocarbon solvents. Examples of the inert hydrocarbon
solvents include aliphatic hydrocarbons such as propane, butane,
isobutane, pentane, isopentane, hexane, heptane, octane, decane,
dodecane and kerosine; alicyclic hydrocarbons such as
cyclepentane, cyclohexane and methylcyclopentane; aromatic

10  hydrocarbons such as benzene, toluene, xylene, trimethylbenzene
and tetralin; halogenated hydrocarbons such as ethylene chloride,
chlorobenzene and dichloromethane; and mixtures of these
solvents. Of these, pentane, n-hexane and n-heptane are
particularly preferred.

15 In the production of 1-hexene by trimerizing ethylene with
the olefin oligomerization catalyst, the component [A] is
generally used such that the amount thereof per liter of the
reaction volume is in the range of 107 to 1072 mol, and preferably
107 to 107 mel. In the invention, olefin oligomers may be

20  obtained with high oligomerization activity even when the
component [A] is used in a relatively low concentration.

When the component [B], for example the component (b-1)
is used, the amount thereof 1s such that themolar ratio [ (b-1) /M]

of the component {(b-1) to the transition metal atom (M) in the



(Synthesis of Compound 7) [Chem, 29] Compound 7 In a thoroughly dried 50 ml two-necked
eggplant flask (equipped with a three-way cock and a magnetic stirrer), 436 5 mg (1.0 mmol) of
Compound 6 was dissolved in 10 ml of diethyl ether; The mixture liquid was cooled to -78C, and 0.63
ml (1.0 mmol) of 1.6 mol/L hexane solution of n-butyllithium was added dropwise to the liquid.
Reaction was carried out for 1.5 hours while gradually increasing the temperature to room
temperature. 10 To the reaction liquid, 0.5 ml (4.0 mmol) of trimethylsilyl chloride was added, and

reaction wag,carned out for 12 hours atropin tempgtature, Jhe reagtion liquid wag filtered, through a

glass filter, and the solvent was evaporated, resulting in a yellow oil. The oil was dissolved in 5 ml of
dichloromethane, 155eparaely, 1.0:mhl,0 mmol) of 1.0 mol/L dichloromethane solution of titanium
tetrachloride and 5 ml of dichloromethane were placed in a thoroughly dried 50 ml two-necked

eggplant flask (equipped with a.three-way cpck apd & magnetic,stien). The solution of the yellow o

was added dropwise to the mixture 83 in the eggplant flask at -78C. Reaction was carneél out for 8

hours Whi!:e( g[‘_aéiygwi asing 5}1% m%%atc%% 0 QoM t%mggggp;lﬁrg g@d OmrEI) oft%eé‘?}{]g was

added to precipitate a solid. The solid was filtered out and was w. with hexane. onsequently,
B o8 S ST P L e e ™ i
Fig. 3. the range of 10 to 500008, and preferably 20 to 100000,
The component (b-3) may be used such that the molar ratio
[ (b=-3}/M] cof the component (b-3) to the transition metal atom
(M) in the component [A] 1is generally in the range of 1 to 10,
10  and preferably 1 to 5.
The component [C] may be used such that the ratio {(g/mol)
of the mass (g} of the component [C] to the mol of the transition
metal atom (M) in the component [A] is generally in the range
of 100 to 10000, and preferably 1000 to 5000.
15 The component [D] may be used in amounts such that: when
the component [B] is the component (b~1), the molar ratio
[[D]/(b-1}] is generally in the range of 0.01 to 10, and
preferably 0.1 to 5; when the component [B] is the component
(b-2), the melar ratio [[D]/(b-2)] of the compconent [D] to the
20 aluminum atom in the component (b-2) is generally in the range
cf 0.001 to 2, and preferably 0.005 to 1; and when the component
[B] is the component (b-3}, the mclar ratio [[D]1/(b-3}] is
generally in the range of 0.01 to 10, and preferably 0.1 to 5.

The reaction temperature in the olefin oligomerization



111NMR (5, CDC13): (of the predominant isomer) 7.90 (s, 1H, N-CH), 107.47-6.99 (m, 15H, Ar-H),
4.09 (s, 3H, OCH3), 2.31 (s, 3H, CH,), 1.85 (s, 3H, C(CH3)2), 1.67 (s, 3H, C(CH3)2). FD-MS: m/z =
537 (le- CH3C1, C29H25C13NO2Ti) [Example 4] (Synthesis of Compound 8) 15[Chem. 30]
Compound 8 Ina thoroughly dried 100 ml eggplant flask (equipped with a three-way cock and a
magnetic stirrer), 2.23 g (11.3 mmol) of Compound 3 and 3.06 g (11.3 mmol) of 84
2-hydroxy-5-methyl-3- (1-adamantyl) benzaldehyde were dissolved in 50 ml of toluene. Further, 10 mg

of paratolyenesulfeniciacid was addefh.and-reagtionwas carriedsout forli hoyrs gt 110G, Jhe
reaction liquid was distilled under reduced pressure to
of 50 to 200°C, andpreferably 0 to 170°C. The reaction pressure
is generally from atmospheric pressure to 10 MPa, and preferably
atmospheric pressure to 5 MPa. Theoligomerization reacticenmay
5 be carried out batchwise, semi-continuously or continuously.
An antistatic agent may be used in the olefin
oligomerization with the olefin oligomerization catalyst.
Preferred examples of the antistatic agents include
polypropylene glycol, polypropylene glycol distearate,
1C  ethylenediamine-PEG-PPG block copolymer,
stearyldiethanolamine, lauryldiethanoclamine, alkyl
diethanolamides and polyoxyalkylenes (such as polyethylene
glycol-polypropylene glycol-polyethylene glycol block
copolymer (PEG-PPG-PEG)}, with the polyoxyalkylenes
15 (PEG~PPG~PEG) being particularly preferable. The antistatic
agent may be used such that the ratio (g/mol} of the mass {g}
of the antistatic agent to the mol of the transition metal atom
(M) in the component [A] 1s generally in the range of 100 to
16000, and preferably 100 to 1000.
20 Hydrogen may be used in the olefin oligomerization with
the olefin oligomerization catalyst. The pressure of hydrogen

in the reaction is 0.01 to 5 MPa, and preferably 0.01 to 1 MPa.

EXAMPLES



5remove the solvent. The distillate was recrystallized in ethanol to afford 2.87 g of Compound 8 (56%
yield, yellow solid) . The product was analyzed, and the results were as follpws. IHNMR (6,
CDC13): 13.02 (s, 1H, OH), 8.48 (s, 1H, N=CH) , %.45-6.85 (m, 8H, Ar-H), 3.75 (s, 3H, OCH3), 2.25 (s,
3H, CH3), 2.11 (s, 106H, CH2), 2.10 (s, 3H, CH), 1.78 (s, 6H, CH2) . (Synthesis of Compound 9)
[Chem. 31] Compound 9 A thoroughly dried and nitrogen-purged 100 ml two-necked 15 eggplant
flask (equipped with a three-way cock and a magnetic stirrer) was charged with 50 ml of toluene and

6.2 ml of 1.0 M tolyene,salution of fitaniym tetrachioride jEhe-resyltant salution.was cogled.fo -78C,

and 25 ml of a toluene solution
below without limiting the scope of the invention.

The yield of the reaction product and the selectivity for

l-hexene were determined by gas chromatography (Shimadzu GC~-14A,
5 J&W Scientific DB-5 column).
[Catalytic activity]

The mass of the reaction product obtained per unit time
was divided by the amount (mmol) of the transiticn metal atom
in the transition metal catalyst component used in the

10 oligomerization.
[Selectivity for l-hexene]

The selectivity for l-hexene was determined by the
following formula:

S (%) = Wp/Wr = 100

15 S (%): Selectivity for l1-hexene (weight fraction)
Wr (weilght): Total weilight of reaction products having
4 or more carbon atoms
Wp (weight): Weight of I1-hexene produced by the reaction
Synthetic Examples for the transition metal complex
20 compounds [A], and Examples and Comparative Examples of ethylene
oligomerization will be described below.
[Example 1]
(Synthesis of Compound 1)

[Chem. 23]



containing 2.80 g (6.20 mmol) of Compound 8 was added dropwise 85 to the solution over a period of
20minutes. Reaction was carried out for 12 hours while gradually increasing the temperature to room
temperature. The solid that precipitated after the reaction was filtered out, then washed with 5 ml of
diethyl ether 5 and dried under reduced pressure to give 3.08 g of Compound 9 (82% yield, red-brown
solid). The product as analyzed, and the results were as follows. 1H-NMR (5, CDC13): 8.11 (s,
3H), 7.58-7.04 (m, 10H), 4.44 (s, 3H), 2.34 (s, 3H), 2.22 (bs, 6H), 2.18 (bs, 3H), 1.81 (d, 3H, 1012 Hz),
1.93 (d, 3M, 12 Hz). BD-MS: m/z = 604 (M+, C32H32C13NO2Ti) [Example 5] (Synthesis of Compound
10) [Chem. 32] 15

P

N OH

|

=

Compound 1
In & thoroughly dried 100 ml eggplant flask {eguipped with

g three-way cock and a magnetic stirrer), 0.62 ml (6.0 mmol)
cof 3-methoxypreopan-l-amine and 1.20 g (5.0 mmol) of

5 Z-hydroxy-3- (Z2-phenylpropan-2-yl)benzaldehyde were dissolved
in 20 ml of ethancl. Reaction was carried cut for 6 hours at
room temperature. The reaction liquid was distilled under
reduced pressure to remove the solvent, resulting in 1.63 ¢ of
Compound 1 {100% vield, orange colored oil).

10 The product was analyzed, and the results were as follows.
'H NMR {&, CDCls): 13.63 (s, 1H, OH), 8.29 (s, 1H, N=CH}, 7.49
(d, J = 1.6 Hz, 1H, Ar-H}, 7.46-7.12 {(m, 6H, Ar-H), 6.88 (t,
J=7.%, 7.6 Hz, 1H, Ar-H;, 3.56 (t, J = 5.9 Hz, 2H, CHz), 3.38
(t, J=106.2, 5.9 Hz, 2H, CHy), 3.29 (s, 3H, CHs), 1.82-1.82 (m,

15 2H, CHyy, 1.74 (s, 6H, C{CHi)a).

{(Synthesis of Compound 2)



Compound 10 A thoroughly dried 50 ml eggplant flask (equipped with a three-way cock and a
magnetic stirrer) was charged with 0.623 g (2.5 mmol) of 2-(8-methoxy-naphthalen-1-yl)phenylamine,
0.736 g (2.75 mmol) of 86 2-hydroxy-5-methyl-3-(3zmethyl-1-phenyl-ethyl)benzaldehyde, 12.5 ml of
ethanol and one droplet of acetic acid. Reaction was carried out for 4 hours at 60C. Part of the solvent
was evaporated under reduced pressure. The supernatant liquid was 5 removed, and the precipitate
was washed with methanol to afford 0.50 g (1.03 mmol) of Compound 10 (41% yield). The product
was analyg@qeﬁqd ﬁ@q results were as follows. 2H-NMR (5, CDC13): 1.47 ppm (s, 3H), 1.49 ppm (s,
3H), 2.24 ppm (s, 3H), 3.29 ppm (s, 3H), 6.54-7.72 ppm (m, 17H), 8.30 ppm (s, 1015), 12.17 ppm (s,
1H). (Synthesis of Compound 11) [Chem. 33] Compound 11 A 50 ml eggplant flask A (equipped
with a three-wdly cock and a magnetic stirrer) was charged with 0.33 g (1.00 mmol) of TiC14(thf)2 in a
glove box. Thé'eg fglépt flask A was removed from the glove box, and 4 ml of dehydrated THE was
added thereto. The gggplant flask A was cooled to -78C in a dry ice/methanol bath. A separate 30 ml
eggplant i eﬁuipped with a

Compound 2
In a thoroughly dried 50 ml two-necked eggplant flask
(eguipped with a three-way cock and a magnetic stirrer), 311
5 mg (1.0 mmol) of Compound 1 was dissolved in 10 ml of diethyil
ether. The mixture liquid was cooled to -78°C, and 0.63 ml (1.0
mmol) of 1.6 mol/L hexane solution ¢f n-butyllithium was added
dropwise to the liguid. Reactionwas carriedout for 1 hour while
gradually increasing the temperature to room temperature. To

10 the reaction liguid, 0.5ml {(4.0mmol} of trimethylisilyl chloride
was added, and reaction was carried out for 15 hours at room
temperature. The reacticn liguid was filtered through a glass
filter, and the sclvent was evaporated, resulting in a vyellow
0il. The oil was dissclived in 5 ml of dichloromethane.

15 Separately, 1.0 mi (1.0 mmol) of 1.0 mol/L dichleoromethane
solution of titanium tetrachloride and 10 ml of dichloromethane
were placed in a thoroughly dried 50 ml two-necked eggplant flask
(equipped with a three-way cock and a magnetic stirrer). The
solution of the yellow oll was added dropwise to the mixture

20 in the eggplant flask at -78°C. Reaction was carried out for



20 three-way cock and a magnetic stirrer) was charged with 0.50 87 g (1.00 mmol) of Compound 10
and was purged with nitrogen. Thereafter, 2 ml of dehydrated THE was added to the eggplant flask B,
and Compound 10 was dissolved. The THE' solutigr of Compound 10 was added dropwise to the
eggplant flask A using 5 a cannula at -78C. After the completion of the dropwise addition, the dry
ice/methanol bath was removed, and the reaction liquid was slowly brought to room temperature.
Reaction was carried out for 12 hours at room temperature, and part of the solvent was evaporated

under redyced pressye. Ttne teaction 10 ligyid was combined with, 20, ml of dehydratsd pentane and

was filtered under a nitrogen atmosphere. The solid obtained was washed with dehydrated hexane

and was dri uce e ord, fC u . The_product was
analyzed,q;n %%%%gglgs' we%}ep%s%%%?véggligF%%ﬂ%ém%%:s 6%@%&+%%%%6H%Bﬁa&f 1§%) [Example 6]

(Swﬁheggﬁgg@%ﬁ@ﬂﬂ?ﬂ;kﬁ%ﬁﬂnﬁ%ﬁ 98“%?%99%%§¥%ne was added thereto to

precipitate a soclid. The solid was £filtered cut and was washed

(831

with pentene. Consequently, 292 mg of Compound 2 was obtained
(63% yield, orange solid).
The product was analyzed, and the results were as follows.
‘H NMR spectrum of the compound is shown in Fig. 1.
‘H NMR (&, CDCLs): B8.06 (s, 1H, N=CH), 7.58 {(d, J= 7.9 Hz, 1H,
10 Ar-H), 7.32-7.06 (m, 7H, Ar-H), 4.35 (t, J = 5.6, 5.3 Hz, 2H,
CHy}, 4.13 (s, 3H, CHs), 3.91 (bs, 2H, CHz), 2.20 {bs, 2H, CH:),
1.79 (s, 6H, C{(CH3)jz).
FD-MS: m/z = 463 (M', CyoH24CLlsNOyTI)
[Example 2]
15 (Synthesis of Compound 3]

[Chem. 25]

I ChMe
Hol ].

In & thorcughly dried 200 ml two-necked eggplant flask

Compound 3

(eguipped with a condenser, a three-way cock and a magnetic
20 stirrer), 3.44 g (20 mmol} of 2~methoxyphenylboronic acid, 3.19
g {21 mmcl) of Z-bromobenzenamine, 0.355 g (2.0 mmol) of

palladium chloride, 1.05 g (4.0 mmol) of triphenylphosphine and



three-way cock and a magnetic stirrer) was charged with 0.623 g (2.5 mmol) of
8-(2-methoxy-phenyl)-naphthalen-I-ylam e, 0.636 g (2.5 mmol) of 2-hydroxy-5-methy1-3-
(I-methyl-I-phenyl-ethyl) benzaldehyde, 8 ml of ethagol and one droplet of acetic acid. Reaction was
carried out for 5 hours at 60C and for 12 hours at room temperature. The resultant yellow precipitate
was filtered out, then washed with ethanol and dried under reduced pressure to afford 1.10 g (2.33
mmol) of Compound 12 (93% yield). 10 The product was analyzed, and the resultswereas follows.

1H-NMR &5, GRG13% L 6o-RRM (8, Sk b 4RPMc(Se s g<33RRM (553H)1 3.40:RPM d$,3H),
6.20-7.85 ppm (m, 17H), 8.03 ppm (s, 1H), 11.49 ppm (s, 1H). (Synthesis of Compound 13) 15[Chem.

35] Compaund 13, a4 5Q P eggplant flask A (equipped with a ghree-way cock and:a magnetic
stirrer) was charged with 0.584 g (1.75 mmol) of TiC14(thf)2 in a glove box. The eggplant flask A was

removed ;89,from fhe glove box, and 5miof dehydrated, THE was,added theretq, The eggplant flask A

was cooled to -78C in a dry ice/methanol bath. A separate 30 ml eggplant flask B (equipped with a
three-way.cock,and a,magpetc.stiren) was.charged Wit 8,822 4 was concentrated to
5 give 6.3 g of a crude product. The crude product was purified
by silica gel column chromatography (eluting solution:
hexane/ethyl acetate = 3/1) to afford 1.76 g of Compound 3 (44%
vield, vyellow sclid).
The product was analyzed, and the results were as fellows.
10 *H NMR (5, CDClz): 7.38-6.98 (m, 6H, Ar-H), 6.85-6.75 (m, 2H,
Ar-H), 3.80 (s, 3H, CHi3}, 3.67 (br, 2H, NH;).

(Synthesis of Compound 4)

[Chem. 26]
o~

[\

=N -

] Compound 4

15 In a thoroughly dried 100 ml eggplant flask {(eguipped with
a three-way cock and a magnetic stirrer), 598 mg (3.0 mmol) of
Compound 3 and 721 mg (3.0 mmol) of
2~hydroxy-3-(2-phenylpropan-2-yl)benzaldehyde were dissolved

in 15 ml of ethancol. Reaction was carried out for 18 hours at



5 g (1.75 mmol) of Compound 12 and was purged with nitrogen. Thereafter, 2 ml of dehydrated THF
was added to the eggplant flask B, and Compound 12 was dissolved. The THF solution of Compound
12 was added dropwise to the eggplant flask A usifig a cannula at -78C. After the completion of the
dropwise 10 addition, the dry ice/methanol bath was removed, and the reaction liquid was slowly
brought to room temperature. Reaction was carried out for 12 hours at room temperature, and part of
the solvent was evaporated under reduced pressure. The reaction liquid was combined with 10 ml of

dehydrated.pentane and was; 15filtered under anitrogen; atmosphere:;The salid obtained was washed

with dehydrated hexane and was dried under reduced pressure to afford 1.40 mmol of Compound 13

(80% yield), Fhedroductwas analyzed.and.the,fesulls werg as folaws; NMR,(6, CDGLY): 1.74 ppm
(s, 3H), 2.00 ppm (s, 3H), 2.27 ppm 20(s, 3H), 3.87 ppm (s, 3H), 5.28 ppm (d, 1H), 6.50-7.91 ppm (m,

17H). FDM3: iz 5 637 My, G34HI0NQZC 131D [Examples /10,311, Compoupds 14 to 38 were

synthesized in the same manner as 90

recrystallized in hexane. Consequently, 240 mg of Compound 4
5 was obtained (19% vyield, vellow sclid).
The product was analyzed, and the results were as follows.
"HNMR (5, CDC13): 13.21 (s, 1H, OH), 8.44 (s, 1H, N=CH), 7.50-6.58
(m, 16H, Ar~H), 3.32 (s, 3H, CHs), 1.51 (s, 6H, C(CH3):).
(Synthesis of Compound 5}

10 [Chem. 27]

Compound b5

In a thoroughly dried 50 ml two-necked eggplant flask

(eguipped with a three-way cock and a magnetic stirrer), 240

mg (0.57 mmel) of Compound 4 was dissclved in 5 ml of diethyl

15 ether. The mixture liquidwas cooled to -78°C, and 0.36ml (0.57
mmol) of 1.6 mol/L hexane solution of n-butyllithium was added
dropwise to the liquid. Reactionwas carriedout for 1 hour while
gradually increasing the temperature to room temperature. To

the reaction iiguid, 0.5ml (4.0mmol) of trimethylsilyl chloride



in Examples 1 to 6. The results of analysis are shown below. [Chem. 36] Compound 14 IH NMR (5,
CDC13): 8.16 (s, 1H, N -CH), 7.64 (dd, J - 7.91, 1.65 5Hz, IH, Ar-H), 7.52-7.14 (m, 9H, Ar-H), 7.07 (t, J
=7.91, 7.91 Hz, 1H, Ar-H), 4.39 (s, 3H, OCH3), 14 (s, 9H, C(CH3)3) FD-MS: m/z = 513 (M5), 461
(M5- CH3C1) C24H24C13NO2Ti [Chem. 37] PhCompound 15 10FD-MS: m/z = 651 (M5,
C35H30C13NO2T1) [Chem. 38] Me0O Compound 16 91

was added, and reaction was carried out for 2 hours at room
temperature. The reaction liguid was filtered through a glass
filter, and the solvent was evapcrated, resulting in a yellow
oil. The o0il was dissolved in 5 ml of dichloromethane.

5 Separately, 0.57 ml (0.57 mmol) of 1.0 mol/L dichlecromethane
sclution of titanium tetrachioride and 5 ml of dichloromethane
were placed in a thoroughly dried 50 ml two~necked eggplant flask
(equipped with a three-way cock and a magnetic stirrer). The
solution of the yellow 0il was added dropwise to the mixture

10 in the eggplant flask at -78°C. Reaction was carried out for
8 hcours while gradually increasing the temperature to room
temperature. The reaction liquid was then concentrated to
approximately 2 ml, and 20 ml of pentane was added thereto to
precipitate a solid. The solid was filtered out and was washed

15 with pentane. Consequently, 58 mg of Compound 5 was obtained
(18% vyield, orange solid).

The product was analyzed, and the results were as follows.
'H NMR spectrum of the compound is shown in Fig. Z.
'H NMR (8, CDCls): 7.95 (s, 1H, N=CH), 7.67 (d, J = 7.6 Hz, 1H,

20  Axr-H), 7.42~6.98 (m, 15H, Ar-H), 4.10 (s, 3H, CHs}, 1.87 (s, 3H,
C{(CH3)2), 1.70 (s, 3HE, C{CHs}z}.

FD-MS: m/z = 523 (M — CHiCl, CugHp3C1oNO,Ti)
[Example 3]

(Synthesis of Compound &)



1H NMR (5, 00013): 8.19 (1H), 7.59-7.19 (9H), 6.81 (1H, 2Hz), 4.44 (3H), 3.81 (3H), 1.56 (9H). [Chem.

39] Compound 17 5114 NMR (5, CDC13): 8.18 (s, 1H, N=CH), 7.80-7.15 (m, 10H, Ar-H), 4.41 (s, 3H,

00H3), 1.53 (s, 9H, C(OH3)3), 1.28 (s, 9H, C(CH3}3) [Chem. 40] Compound 18 1H NMR (5, 00013):

1.48 ppm (s, 9H), 2.40 ppm (s, 3H), 4.36 ppm 10(s, 3H), 6.98-7.60 ppm (m, 10H), 8.09 ppm (s, 1H).

FD-MS: m/z = 525 (Mm, C251-126N0O2C13T1) 92 [Chem. 41] Compound 19 IH NMR (6, CDC13):

1.54 ppm (br, 9H), 2.43 ppm (br, 6M), 4.28 ppm (br, 3H), 6.96-7.61 ppm (m, 9H), 7.96 ppm (br, 1H).
[Chem, 28]

Compound ©

In a thorcughly dried 100 ml eggplant flask {(equipped with
a three-way cock and a magnetic stirrer), 877 mg (4.4 mmol) of
5 Compound 3 and 1.02 ¢ (4.0 mmol} of
2-hydroxy~S~methyl~3~{Z2-phenylpropan-2-yl)benzaldehyde were
dissclved in 20 ml of ethancl. Two droplets of acetic acid were
added, and reaction was carried out for 18 hours at room
temperature. The reaction liguid was distilled under reduced
10  pressure tc remove the sclvent. The distillate was
recrystallized in methanol, and the crystal was further
recrystallized in hexane. Consequently, 1.29 g of Compound 6
was obtained (74% yield, vellow sclid).
The product was analyzed, aﬁdxthe results were as follows.
15 'HNMR (&, CDCl3): 12.92 (s, 1H, OH), 8.38 (s, 1H, N=CH), 7.38-7.07
(m, 12H, Ar-H), 6.98 (s, 1H, Ar-H), 6.89 (t, J = 7.6, 7.2 Hz,
1H, Ar-H}, 6.58 (d, J = 8.2 Hz, 1H, Ar-H), 3.31 (s, 3H, OCH:),
2.32 (s, 3H, CH;), 1.65 (s, ©H, C{(CHs)2).

{Synthesis of Compound 7)



5FD-MS: m/z = 539 (M9, C26H28NO2C13Ti) [Chem. 42] Compound 20 IH NMR (6, CDC13): 0.76
ppm (br, 3H), 1.46 ppm (br, 12H), 6.06 ppm (br, 1H), 6.95-7.66 PPm 10FD-MS: m/z = 461 [Chem.
43] (m, 11H), 8.05 ppm (br, 1H). g2

[Chem. 29]

Compound 7

In a thoroughly dried 50 ml two-necked eggplant flask
(equipped with a three-way cock and a magnetic stirrer), 436
5 mg (1.0 mmol) of Compound & was dissclved in 10 ml of diethyl
ether. The mixture liquid was cooled to -78°C, and 0.63 ml (1.0
mmeol) of 1.6 mol/L hexane solution of n-butyllithium was added
dropwise to the liguid. Reaction was carried cut for 1.5 hours
while gradually increasing the temperature to room temperature.

10 To the reaction liguid, 0.5 ml (4.0 mmol) of trimethylsilyl
chloride was added, and reaction was carried cut for 12 hours
at room temperature. The reaction liquid was filtered through
a glass filter, and the solvent was evaporated, resulting in
a vellow cil. The 0il was dissolved in 5 ml of dichloromethanse.

15 Separately, 1.0 ml (1.0 mmol} of 1.0 mol/L dichloromethane
solution of titanium tetrachloride and 5 ml of dichloromethane
were placed in a thoroughly dried 50 ml two-necked eggplant flask
(equipped with a three-way cock and a magnetic stirrer). The

solution of the yellow oil was added dropwise to the mixture



Compound 21 93 H NMR (5, CDC1 : 8.37 (bs, 1H, N =CH), 7.53-6.91 (m, 13H, Ar-H), 3.65 (be, 3H,
0CH3), 2.36 (s, 3H, Ar-CH,), 1.78 (s, 6H, C(CH3)2), 1.26 (s, 9H, C(CH3)3), 1.25 (s, 9H, C(CH3)3).
FD-MS: m/z = 699 (Mt, 038H44C13NO2Ti) 5[Chemz44] Compound 22 NMR spectrum recorded
with CDC13 solvent at room temperature is shown in Fig. 4. FD-MS: m/z = 525 (Mt,
C25H26N0O2C13Ti) 10[Chem. 45] Compound 23 1H-NMR (5, CDC13): 1.49 ppm (s, 9H), 2.29 ppm
(s, 3H), 2.30 ppm (s, 3H), 4.39 ppm (s, 3H), 6.87-7.60 ppm (m, 9H), 8.10 ppm (s, 1H).
in the eggplant flask at -78°C. Reaction was carried out for
8 hours while gradually increasing the temperature to room
temperature, and Z0 ml of hexane was added to precipitate a solid.
The solid was filtered out and was washed with hexane.
5 Consequently, 245 mg of a mixture of iscomeric Compounds 7 was
obtained {42% yield, orange solid).
The product was analyzed, and the results were as follows.
'H NMR spectrum of the compound 1s shown in Fig. 3.
'HNMR (8, CDCls) @ {of The predominant iscomer) 7.90 (s, 1H, N=CH),
10 7.47-6.99 (m, 15H, Ar-H}, 4.0%9 (s, 3H, CCHs), 2.31 (s, 3H, CHi),
1.85 (s, 3H, C (CHg)z) ; 1.67 (S, 3H, C(CH:;) 2) .
FD-MS: m/z = 537 (M" - CHiCl, CooHpsC1aNO,Ti)
[Example 4]

{Synthesis of Compound 8)

15 [Chem. 30]

Compound 8

In a thorcughly dried 100 ml eggplant flask {(equipped with
a three-way cock and a magnetic stirrer), 2.23 g (11.3 mmol)

of Compound 3 and 3.06 g (11.3 mmol)} of



15FD-MS: m/z = 539 (Mt, 026H28NO2C13Ti) 94 [Chem. 46] Compound 24 IH NMR (6, CDC13): 8.04
(s, IH, N=CH) , 7.43-6.86 (m, 13H, Ar-H), 4.16 (s, 3H, OCH3), 2.53 (s, 3H, Ar-CH3), 2.33 (s, 3H,
Ar-CH3), 52.29 (s, 3H, Ar-CH3), 1.91 (s, 3H, C(CH3)2), 1.74 (s, 3H, C(CH3)2). FD-MS: m/z - 615 (Mt,
032H32C13NO2Ti) [Chem, 47] Compound 25 1H NMR (5, CDC13): 8.20 (s, 1H), 7.65-7.04 (m,
10H), 4.43 (s, 103H) , 2.30-2.00 (m, 18H) , 2.00-1.53 (m, 12H) .

Z2-hydroxy-5-methyl-3-(l-adamantyl)benzaldehyde were dissolved

in 50 ml of toluene. Further, 10 mg of paratoluenesulfonic acid

was added, and reaction was carried out for 17 hours at 110°C.

The reaction liguid was distilled under reduced pressure to

5 remove the solvent. The distillate was recrystallized in
ethancl tec afford 2.87 g of Compound 8 (56% yield, yvellow solid).
The product was analyzed, and the results were as follows.
"HNMR (8, CDC1ls): 13.02 (s, 1H, OH), 8.48 (s, 1H, N=CH), 7.45-6.85
(m, 8H, Ar-H), 3.75 (s, 3H, OCHs), 2.25 (s, 3H, CHs), 2.1%1 (s,

10 6H, CHy), 2.10 (s, 3H, CH}, 1.78 (s, 6H, CHj).

(Synthesis of Compound 9)

[Chem. 31]

Compound 9

A thoroughly dried and nitrogen-purged 100 ml two-necked

15 eggpiant flask (equipped with a three-way cock and a magnetic
stirrer) was charged with 50 ml of toluene and 6.2 ml of 1.0

M toluene solution of titanium tetrachloride. The resultant
solution was cooled to -78°C, and 25 ml of a toluene solution

containing 2.80 g (6.20 mmol) of Compound 8 was added dropwise



[Chem. 48] Compound 26 8.17 (s,1H), 7.57-7.09 (s,10H), 4.43(s, 1H), 2.21-2.15 (m,9H),

10

15

85

to the solution over a period of 2Z0minutes. Reaction was carried
out for 12 hours while gradually increasing the temperature to
room temperature. The solid that precipitated after the
reaction was filtered out, then washed with 5 ml of diethyl ether
and dried under reduced pressure to give 3.08 g of Compound 9
(82% vyield, red-brown solid).

The product was analyzed, and the results were as follows.
'H-NMR (&, CDCls): 8.11 (s, 3H), 7.58~7.04 (m, 10H), 4.44 (s,
3H), 2.34 (s, 3H), 2.22 (bs, 6H), 2.18 (bs, 3H), 1.81 (d, 3H,
12 Hz), 1.83 (d, 3H, 12 Hz).

FD-MS: m/z = 604 (M', C3;H3;CLl3NO,TL)
[Example 5]

(Synthesis ¢f Compound 10)

[Chem. 3Z]

Compound 10

A thoroughly dried 50 ml eggplant flask (eguipped with a
three-way cock and a magnetic stirrer) was charged with 0.623
g {2.5 mmol) of Z2-(8-methoxy-naphthalen-1-vl)phenvlamine,

0.736 g (2.75 mmol) of



1.97-1.65 (m,10H),

(M, 9H, Ad-H), 1.95-1.91 (m, 3H, Ad-H), 1.81-1.77¢m, 3H, Ad-H), 1.28 (s, 9H, C(CH3)3).

10

20

Z-hydroxy-5-methyl-3-(l-methyl-l1-phenyl-ethyl)benzaldehyde,
12.5 ml of ethanol and cne droplet of acetic acid. Reaction was
carried out for 4 hours at €0°C. Part of the solvent was
evaporated under reduced pressure. The supernatant liguid was
removed, and the precipitate was washed with methanol to afford
0.50 ¢ {1.03 mmol) of Compound 10 {41% yield).

The product was analyzed, and the results were as follows.
'H-NMR (8, CDCls): 1.47 ppm (s, 3H), 1.49 ppm (s, 3H), Z2.24 ppm
(s, 3H1), 3.2%2 ppm (s, 3H), 6.54-7.72 ppm (m, 17H), 8.30 ppm (s,
1H), 12.17 ppm {s, 1H).

{Synthesis of Compound 11)

Chem. 331

Compound 11

A 50 ml eggplant flask A {eguipped with a three-way cock
and a magnetic stirrer) was charged with 0.33 g (1.00 mmol) of
TiCi,y{thf)., in a glove box. The eggplant flask A was removed
from the glove box, and 4 ml of dehydrated THF was added thereto.
The eggplant flask A was cooled to -78°C in a dry ice/methanol
bath. A separate 30 ml eggplant flask B (equipped with a

three-way cock and a magnetic stirrer) was charged with 0.50

[Chem. 49] Compound 27 1H NMR (6, CDC13): 8.18 (s, IH, N-CH), 7.62 (d, J -
2.3 Hz, 1H, Ar-H), 7.49-7.26 (m, 8H, Ar-H), 7.15-7.11 (m, 1H, Ar-H), 4.42 10(s, 3H, OCH3), 2.22-2.16



96 [Chem. 50] Compound 28 1H-NMR (6, CDC13): 1.46 ppm (s, 9H), 2.27 ppm (s, 3H), 4.29 ppm (s,
3H), 6.97-7.59 ppm (m, 10H), 8.08 ppm (s, 19). 5FD-MS: m/z = 525 (te, C25H26NO2C13T1) [Chem.
5]] Compound 29 1H NMR (5, COC13): 8.16 (s, 197N =CH), 7.72-7.03 (m, 219, Ar-H), 4.31 (s, 3H,
CH3), 1.32 (s, 9H, C(CH3)3). 10FD-MS: m/z - 585 (M7 - C7H8C1, C29H26C12NO2SiTi) [Chem. 52]
g (1.00 mmol) of Compound 10 and was purged with nitrogen.
Thereafter, 2 ml of dehydrated THF was added to the eggplant
flask B, and Compound 10 was dissolwved. The THF solution of
Compound 10 was added dropwise to the eggplant flask A using
5 a cannula at -78°C. After the completion of the dropwise
addition, the dry ice/methanocl bath was removed, and the reaction
liguid was slowly brought to room temperature. Reaction was
carried out for 12 hours at room temperature, and part of the
solvent was evaporated under reduced pressure. The reaction
10 liguid was combined with 20 ml of dehydrated pentane and was
filtered under a nitrogen atmosphere. The sclid obtained was
washed with dehydrated hexane and was dried under reduced
pressure to afford 0.628 g of Compound 11.
The product was analyzed, and the results were as follows.
15  FD-MS: m/z = 637 (M", Ca4HagNO,C13Ti)
[Example 6]
{(Synthesis of Compound 12}

[Chem. 34]

Compound 12

20 A thoroughly dried 50 ml eggplant flask (equipped with a



Compound 30 97 IH NMR spectrum recorded with CDC13 solvent at room temperature is
shown in Fig. 5. [Chem. 53] Compound 31 5IH NMR spectrum recorded with CDC13 solvent at room
temperature is shown in Fig. 6. [Chem. 54] a8

three~way cock and a magnetic stirrer) was charged with 0.623
g (2.5 mmel) of 8- (Z-methoxy-phenyl)-naphthalen-1-ylamine,
0.63¢ g (2.5 mmol) of
2-hydroxy-5-methyl-3-(1-methyl-l-phenyl-ethyl)benzaldehyde,

8 ml of ethanol and one droplet of acetic acid. Reaction was

(@]

carried out for 5 hours at 60°C and for 12 hours at room
temperature. The resultant vellow precipitate was filtered cut,
then washed with ethanol and dried under reduced pressure to
afford 1.10 g (2.33 mmol) of Compound 12 (83% yield).

10 The product was analyzed, and the resultis were as follows.
"H-NMR (&, CDCls): 1.65 ppm (s, 3H), 1.74 ppm (s, 3H), 2.33 ppm
(s, 3H), 3.40 ppm (s, 3H), 6.20~-7.85 ppm {(m, 17H}, 8.03 ppm (s,
1HY, 11.49 pepm (s, 1H).

(Synthesis of Compound 13)

[Chem. 35]

—
(@3]

Compound 13

A 50 ml eggplant flask A (eguipped with a three-way cock
and a magnetic stirrer) was charged with 0.584 ¢ (1.75% mmol)

of TiCls{thf), in a glove box. The eggplant flask A was removed



Compound 32
ppm (br, 1H). FD-MS: m/z - 481 98 [Chem. 55] Compound 33
recorded with CDC13 solvent at room temperaturegig shown in Fig. 7. 5[Chem. 56] Compound 34

10

15

20

from the glove box, and 5 ml of dehydrated THF was added thereto.
The eggplant flask A was coocled to -78°C in a dry ice/methanol
bath. A separate 30 ml eggplant flask B (equipped with a
three-way cock and a magnetic stirrer) was charged with 0.822
g (1.7% mmol) of Compound 12 and was purged with nitrogen.
Thereafter, 2 ml of dehydrated THF was added to the eggplant
flask B, and Compound 12 was dissolved. The THF sclution of
Compound 12 was added dropwise to the eggplant flask A using
a cannula at -78°C. After the completion of the dropwise
addition, thedry ice/methanol bath was removed, and the reaction
liguid was slowly brought to room temperature. Reaction was
carried cut for 12 hours at room temperature, and part of the
solvent was evaporated under reduced pressure. The reaction
ligquid was combined with 10 ml of dehydrated pentane and was
filtered under a nitrogen atmosphere. The solid cbtained was
washed with dehydrated hexane and was dried under reduced
pressure to afford 1.40 mmol of Compound 13 (80% yield).

The preduct was analyzed, and the results were as follows.
'H NMR (8, CDCls): 1.74 ppm (s, 3H), 2.00 ppm (s, 3H), 2.27 popm
(s, 3H), 3.87 ppm (s, 3H), 5.28 ppm (d, 1H), 6.50-7.91 ppm (m,
17Hy .
FD-MS: m/z = 637 (M7, C34H3oNOC15T1)
[Examples 7 to 31)

Compounds 14 to 38 were synthesized in the same manner as

11-1 NMR (5, CDC13): 4.34 ppm (br, 3H), 6.94-7.70 ppm (m, 16H), 108.17
11-1 NMR spectrum



11-1 NMR spectrum recorded with CDC13 solvent at room temperature is shown in Fig. 8. 99 [Chem.

57] Compound 35 1H NMR (5,,=13): 1.31 ppm (s, 9H), 1.46 ppm (s, 9H), 4.34 ppm (br, 3H), 6.97-7.58

ppm (m, 10H), 8.09 ppm (br, 1H). 5FD-MS: m/z = %67 (Mt, C28H32NO2C13Ti) [Chem. 58] Compound
36 1H NMR spectrum recorded with CDC13 solvent at room temperature is shown in Fig.

9.

in Examples 1 to 6. The results of analysis are shown below.

[Chem. 36]
C
M., T
mo\

CI/O];LCi

Compound 14

‘H NMR (&, CDCls): 8.16 (s, 1H, N=CH), 7.64 (dd, J = 7.91, 1.65
5 Hz, 1H, Ar-H), 7.52-7.14 (m, OH, Ar-H), 7.07 (t, J=7.91, 7.91
Hz, 1H, Ar~H ), 4.39 (s, 3H, OCHs}, 1.54 (s, 9H, CI(CH3)z)

FD~-MS: m/z = 513 (M'y, 461 (M' - CHsCl) CogHy,Cl3NO,Ti

[Chem. 37]

Compound 15

10 FD-MS: m/z = 651 (MY, C3sHaoCLlaNO,T1)

[Chem. 38]

(-

Ol
N
<1 °Ch
Ci4

MeO
Compound 16



100 [Example 32] (Synthesis of Compound 39) [Chem. 61] NH2 Compound 39 In a thoroughly
dried 100 ml three-necked eggplant flask (equipped with a three-way cock and a magnetic stirrer),
12.2 101 g (50 mmol) of 2,2'-dinitrobiphenyl and 0:61 g of 5 wt% Pd/C were suspended in 75 ml of
ethanol. Reaction was carried out for 44.5 hours at room temperature under a hydrogen atmosphere.
The reaction liquid was filtered with Celite, and the filtrate 5 was distilled under reduced pressure to
remove the solvent, giving a crude product. The crude product was purified by silica gel column
chromatograpiyr(elufing-selution: hexanelethyl acetate ~6/1ptoafford 6;9% g of Gompaynd 39 (75%
yield, white solid). 10The product was analyzed, and the results were as follows. HNMR (CDC13):
7.43-7.034my AH; ArH), $.82-6.A(M, 4H.Ay-H) 3,51 (br, 4H, NH2). (Synthesis of Compound 40)
[Chem. 62]

[Chem. 39]
N.. ?_E.o

= CTiCIN
<1 °Cl
CI”¢

Compound 17
5 'H NMR (5, CDCls): §.18 (s, 1H, N=CH), 7.80-7.15 (m, 10H, Ar-H),
4.41 (s, 3H, OCHs), 1.53 (s, 9H, C(CH3)3), 1.28 (s, 9H, C(CH3) %)

[Chem. 40]

Compound 18

'H NMR (&, CDCls): 1.48 ppm (s, 9H), 2.40 ppm (s, 3H), 4.36 ppm
10 (s, 3H), 6.98-7.60 ppm (m, 10H), 8.09 ppm (=, 1H).

FD-MS: m/z = 525 (M, Cs5HzNO,C1,T1)



15 >roCompound 40 A 200 ml eggplant flask (equipped with a three-way cock and a magnetic
stirrer) was charged with 2.22 g of sodium carponate, 30 ml of water, 40 ml of dioxane and 3.69 g (20
mmol) of Compound 39. The temperature was lowgred to OC in an ice 20bath, and 4.37 g (20 mmol) of
di-tert-butyl dicarbonate was added dropwise. Reaction was carried out for 6 hours while increasing
102 the temperature to room temperature. Additional 2.18 g (10 mmol) of di-tert-butyl dicarbonate was
added dropwise to the reaction liquid, and reaction was performed for 24 hours at room temperature.
The reactionigrid was combined with 100 ml of 5 purified water and was extracted once with 100 ml
of toluene and then twice with 50 ml of toluene. The organic phase was dried over MgS0O4 and was
distilled under reduced pressure to remove the solvent, giving a crude product. The crude product was
purified by siliea.gel column chromatography (eluting solution: 10hexane/ethyl acetate - 6/1) to afford
@ 40 §50% yield, white solid). The product was analyzed, and the results were

Compound 19

HONMR (&, CRClsz): 1.54 ppm (br, SH), 2.43 ppm (br, 6H), 4.28
ppm (br, 3H), 6.96-7.61 ppm (m, 9H), 7.%6 ppm (br, 1H).

5 FD-MS: m/z = 539 (MY, CogHagNO,CI15T1)

[Chem. 42]

Compound 20

"H NMR (&, CDCl:): 0.76 ppm (br, 3H), 1.46 ppom (br, 12H), 6.06
ppm (br, 1H), 6.95-7.66 ppm {(m, 1iH), 8.05 ppm (br, 1H).
10 FD-MS: m/z = 461

[Chem. 43]

Compound 21



{Chem. 63] Compound 41 A 200 ml eggplant flask (equipped with a three-way cock and a
magnetic stirrer) was charged with 2.22 g of sodium 20 carbonate, 30 ml of water, 40 ml of dioxane
and 2.84 g (10 mmol) of Compound 40. The tempeyature was lowered to OC in an ice bath, and 2.78 g
(22 mmol) of dimethyl sulfate was added dropwise. 103 Reaction was carried out for 24 hours while
increasing the temperature to room temperature. Additional 1.26 g (10 mmol) of dimethyl sulfate was
added dropwise to the reaction liquid, and reaction was performed for 8.5 hours at room temperature.
5 The reagtiopdiquid wascombined:with, 100 mi ofpurified water apdyyas extragted opce with 100 ml
of toluene and then twice with 50 ml of toluene. The organic phase was dried over MgSO4 and was
distilled under=reduced-pre or e, the selvent. T istillate;was dissolved.in 100 ml of
dichlorom@eﬂ%ne%ﬁbd%%fiﬁﬁlf% t'rif%%?gaégicgé%fd \gv%sé;% e'd,ﬂfélt%wgg 'byérﬁéagi%dn%jc]}r d hours at

room temperafure, ;I'hggeagig&ilgq%i)d was §gmpg1ed9\gith %Qg}m o{ saturated NaHCO3 water and the
organic phase was extracted. Thé ofganic phase was washed with purified water, then dried over
MgSO4 apd distilled under %eéjém Iq@preés%e 45 tgyemave the solvent, giving a crude product. The
crude product was pt/hdr%ied by siliga del column Chro?nalt%graphy (eluting solution: hexane/ethyl acetate
=19/41) to&f{ﬁo&% 0.3@3481 g of Compound 41 (12% yield, white solid). The product was analyzed,
and t%e results were as follows. 20IH NMR (5, CDC13): 7.33-7.00 (m, 6H, Ar-H), 6.87-6.74 (m, 2H,

Ar-H), 4.17 (br, 2H, NH2), 2.62 (s, 6H, CH3). (Synthesis of Compound 42)

Compound 22

'H NMR spectrum recorded with CDCls solvent at room
temperature is shown in Fig. 4.
FD-MS: m/z = 525 (M', CusHyeNO-C1,T1)

10 [Chem. 45]

Compound 23

"H-NMR (8, CDCls): 1.49 ppm (s, SH), 2.29 ppm (s, 3H), 2.30 ppm
(s, 31y, 4.3%9 ppm (s, 3H), 6.87-7.60 ppm (m, 98}, 8.10 ppm (s,
1HY .

15  FD-MS: m/z = 539 (M", CogHagNO,C15T1)



[Chem. 64] Compound 42 In a thoroughly dried 100 ml eggplant flask (equipped with a three-way
cock and a magnetic stirrer), 0.223 g (5.25 mmol) Sof Compound 41 and 0.254 g (1.0 mmol) of
2-hydroxy-5-methyl-3-adamantyl benzaldehyde wegg dissolved in 5ml of ethanol. Further, one droplet
of acetic acid was added, and reaction was carried out for 16 hours at room temperature. The reaction
liquid was distilled under reduced pressure to 10 remove the solvent. The distillate was recrystallized
in ethanol to afford 0.380 g of Compound 42 (85% yield, yellow solid). The product was analyzed,
and the resgiits were @s follows. IlINMR (5, CDC13): 12.77 (s, 1H, OH), 8.24 (s, 1H, N=CH), 7.36-7.03
15(m, 12H, Ar-H), 6.90-6.85 (m, 2H, Ar-H), 6.94 (d, 1H, Ar-H), 2.30 (s, 3H, CH3), 2.20 (s, 6H, CH3),
1.64 (s, 6H, C(CH3)2) (Synthesis of Compound 43) 105 [Chem. 651

Compound 24
"H NMR (&, CDCls): 8.04 (s, 1H, N=CH), 7.43-6.86 {m, 13H, Ar-H),
4.1¢ (s, 3H, OCHs), 2.53 (s, 3H, Ar-CHi3), 2.33 (s, 3H, Ar-CHi),
5 2.29 (s, 3H, Br-CHs), 1.91 (s, 3H, C(CH3)), 1.74 (s, 3H, C(CH3)»).
FD-MS: m/z = 615 (M, C3H32CL3NO,TI)

[Chem., 47]

Compound 25

'H NMR (&, CDCls): 8.20 (s, 1H), 7.65-7.04 (m, 10H}, 4.43 (s,

10 3H), 2.30-2.00 (m, 18H), 2.00-1.53 (m, 12H).



Compound 43 A thoroughly dried 100 ml eggplant flask (equipped with a three-way cock and a
magnetic stirrer) was charged with 0.234 5 g (0.7 mmol) of TiC14(thf)2 and 5 ml of THF. The mixture
was cooled to -78C in a dry ice/methanol bath. Separately, 0.314 g (0.7 mmol) of Compound 42 was
dissolved in 2.5 ml of THF. The resultant solution was added dropwise to the mixture. Reaction was
carried out for 13 hours while increasing the temperature 10 to room temperature. The solid that
precipitated after the reaction was filtered out, then washed with 20 ml of pentane and dried to give
0.321 g offcqmpound A3 (76% yield, orange solid). The product was analyzed, and the results
were as follows. 15FD-MS: m/z = 602 (De, C311131C13N20Ti) [Example 33] (Synthesis of Compound
44) 106 [Chem. 66] Compound 44 In a thoroughly dried 50 ml two-necked eggplant flask
(equipped with a thréé=way gock and a magnetic stirrer), 311 5 mg (1.0 mmol) of Compound 1 was
dissolved in 10 ml of dieth 4@:‘ The mixture liquid was cooled to -78C, and 0.63 ml (1.0 mmol) of
1.6 mol/L hexane solutiam of n=butyllithium was added dropwise. Reaction was carried out for 1 hour

while gradually incree iﬁgéﬂile temperature to room temperature. To the reaction
Cl 4
O

Compound 26

'H ONMR (&, CDCls): 8.17 (s, 1H), 7.57-7.09 {s, 10H), £4.43 (s,
3H), 2.53-2.40 (m, 1H), 2.21-2.15 (m, 9H), 1.97-1.65 {(m, 10H),

5 1.48-~1.21 {(m, 5H).

[Chem. 49]

Compound 27

'H NMR (&, CDCls): 8.18 (s, 1H, N=CH), 7.62 (d, J = 2.3 Hz, 1H,
Ar-H), 7.49-7.26 {m, BH, Ar-H), 7.15-7.11 {(m, 1H, Ar-H}, 4.42
10 (s, 3H, OCH3), 2.22-2.16 (m, 9H, Ad-H), 1.95-1.%1 (m, 3H, Ad-H),

1.81-1.77 {(m, 3H, Ad-H), 1.28 (s, 9H, C(CH3)3).



10liquid, 1.0 ml (1.0 mmol) of 1.0 mol/L tetrahydrofuran solution of chromium trichloride was added
dropwise at -78C. Reaction was carried out for 4 hours while gradually increasing the temperature to
room temperature. The reaction liquid was then cogigentrated to approximately 5 ml, and 20 ml of
pentene was 15 added thereto to precipitate a solid. The solid was filtered out and was washed with
pentene. Consequently, 302 mg of Compound 44 was obtained (64% yield brown solid). [Example 34]
A thoroughly nitrogen-purged 100 ml autoclave was charged 20 with 28 ml of toluene and
subsequepdly with 1,8:mmol in terms 107 of aluminum atomofmethylalurninoxane (MAO, 1 M toluene
solution). Further, 0.001 mmol of Compound 2 (1 mM toluene solution) was added. The system was
pressurized with ethylene at 0.8 MPa-G, and thereby reaction was initiated. The reaction was carried 5

NOfg’h ﬁigh boiling fractions and polyethylene with use of a liquid nitrogen trap under
§Uré The products were analyzed by gas chromatography. The selectivity for 1-hexene
with respe l all the products was 35%. The products included trace amounts of 1-octene and
decenes. T eleetivity 15for polyethylene was 65%. The catalytic activity was calculated from the

total amount of the produ@g%@g@@%gg-products/(mmol-Ti[h). [Examples 35 to 641

'"H-NMR (&, CDCls): 1.46 ppm (s, 9H), 2.27 ppm (s, 3H), 4.29 ppnm
{s, 3H), 6.97-7.59 ppm {m, 10H), 8.08 ppm (s, 1H).
5  FD~MS: m/z = 525 (M", CasHagNOCL:T1)

[Chem. 51]

Ph Compound 29
‘H NMR (5, CDCl3): 8.16 (s, 1H, N=CH), 7.72-7.03 (m, 21H, Ar-H),
4.31 (s, 3H, CHs), 1.32 (s, 9H, C(CHi)s).
10 FD-MS: m/z = 585 (M' - CyHgCl, CogHpgCloNO,SiTi)

[Chem. 52]

Pr Compound 30



Reaction was carried out in the same manner as in Example 20 34, except that Compound 2 was
replaced by Compound 5, 7, 9, 11 or any one of 13 to 38. The results are shown in Table 1. 108 6'S
19 6 10 60 10 | 97

'H NMR spectrum recorded with CDCls solvent at room

temperature is shown in Fig. 5.

[Chem. 53]

Compound 31

5 'H NMR spectrum recorded with CDCl; solvent at room
temperature is shown in Fig. 6.

[Chem. 54]

Compound 32
'H NMR (&, CDCli): 4.34 ppm (br, 3H), 6.94-7.70 ppm (m, 16H),
10 8.17 ppm (br, 1H).

FD-MS: m/z = 481
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[Chem. 55}

Compound 33

'H NMR spectrum reccrded with CDCl; solvent at
temperature is shown in Fig. 7.

5 [Chem. 56]

Compound 34

'H NMR spectrum recorded with CDCl; solvent at

temperature is shown in Fig. 8.

room

room
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{Chem. 57]

Compound 35

'H NMR (85, CDCls): 1.31 ppm (s, 94},
(br, 3H), ©.97-7.58 ppm (m, 10H),
5 FD-MS: m/z = 567 (M', CapH3aNO,C1.Ti)

[Chem. 58]

Compound 36

8.0% ppm

1.46 ppm (s,

(br,

9H), 4.34 ppm

1H) .

'H NMR spectrum recorded with CDCls; solvent at room

temperature is shown in Fig. 9.
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[Example 32]
{Synthesis of Compound 39)

[Chem. ©1]

0N
N Compound 39

In a thoroughly dried 100 ml three-necked eggplant
flask {equipped with a three-way cock and a magnetic

stirrer), 12.2
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g (50 mmol) of 2,2’ ~-dinitrobiphenyl and 0.61 g of 5 wt% Pd/C
were suspended in 75 ml of ethanol. Reaction was carried out
for 44.5 hours at room temperature under a hydrogen atmosphere.
The reaction liquid was filtered with Celite, and the filtrate
was distilled under reduced pressure to remove the solvent,
glving a crude product. The crude product was purifiedby silica
gel column chromatography (eluting soluticn: hexane/ethyl
acetate = 6/1) to afford 6.95 g of Compound 39 (75% yvield, white
solid).

The product was analvyzed, and the results were as follows.
'H NMR (CDCls): 7.43-7.03 (m, 4H, Ar~H), 6.82-6.71 (m, 4H, Ar-H),
2.51 (br, 4H, NH).
(Synthesis of Compound 40)

[Chem. 62]

>r°
Compound 40

A 200 ml eggplant flask (eguipped with a thres-way cock
and a magnetic stirrer) was charged with 2.22 g of sodium
carbonate, 30 ml of water, 40 ml of dioxane and 3.6€% g (20 mmol)
of Compound 39. The temperature was lowered to 0°C in an ice
bath, and 4.37 g (Z0mmol} of di-tert-butyl dicarbonate was added

dropwise. Reactlion was carried out for 6 hours while increasing
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the temperature to room temperature. Additional 2.18 g (10
mmol) of di-tert-butyl dicarbonate was added dropwise to the
reaction ligquid, and reaction was performed for 24 hours at room
temperature. The reacticn liguid was combined with 100 ml of
purified water and was extracted once with 100 ml of toluene
and then twice with 50 ml of toluene. The organic phase was dried
over Mg30, and was distilled under reduced pressure to remove
the solvent, giving a crude product. The crude product was
purified by silica gel column chromatography (eluting soclution:
hexane/ethyl acetate = 6/1) to afford 3.07 g of Compound 40 (50%
yield, white solid).

The product was analyzed, and the results were as follows.
'H NMR (CDCisr: 7.99 (d, J=6.8 Hz, 1H), 7.27-6.81 {m, 7H, Axr-H},
6.54 (s, 1H, NH), 3.58 (br, 2H, NHz}, 1.37 (s, 9H, C(CH3)3).
(Synthesis of Compound 41)

[Chem. 63]

O
NHz Compound 41

A 200 ml eggplant flask (eguipped with a three-way cock
and a magnetic stirrer) was charged with 2.22 g of sodium
carbonate, 30 ml of water, 40 ml of dioxane and 2.84 g (10 mmol)
of Compound 40. The temperature was lowered to 0°C in an ice

bath, and2.78 g (22mmol) of dimethyl sulfate was added dropwise.
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Reaction was carried out for 24 hours while increasing the
temperature to room temperature. Additicnal 1.26 g {10 mmol)
of dimethyl sulfate was added dropwise to the reaction liguid,
and reaction was performed for 8.5 hours at room temperature.
The reaction liguid was combined with 100 ml of purified water
and was extracted once with 100 ml of toluene and then twice
with 50 ml of toluene. The organic phase was dried over MgSOy
and was distilled under reduced pressure to remove the solvent.
The distillate was dissolved in 100 ml of dichloromethane, and
10 m1 of triflucorocacetic acid was added, followed by reaction
for 20 hours at room temperature. The reaction liguid was
combined with 100 ml of saturated NaHCO; water and the organic
phase was extracted. The organic phase was washedwithpurified
water, thendried over MgS0, and distilled under reduced pressure
to remove the solvent, giving a crude product. The crude product
was purified by silica gel column chromatography {(eluting
solution: hexane/ethyl acetate = 1%/1) to afford 0.338 g of
Compound 41 {12% vyield, white sclid).

The product was analyzed, and the results were as follows.
"H ONMR (8, CDCls): 7.33-7.00 (m, 6H, Ar-H), 6.87-6.74 (m, 2H,
Ar-H), 4.17 (bxr, 2H, NH;), 2.62 (s, ©H, CHj).

(Synthesis of Compound 42)
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I Compound 42

In a theroughly dried 100 ml eggplant flask {egquipped with
a three-way cock and & magnetic stirrer), 0.223 g (5.25 mmol)
of Compound 41 and 0.25%4 g (1.0 mmol) of
Z-hydroxy-5-methyl-3-adamantyl benzaldehyde were dissclved in
5 ml of ethanol. Further, one droplet of acetic acid was added,
and reaction was carried out for 16 hours at room temperature.
The reaction liquid was distilled under reduced pressure to
remove the solvent. The distillate was recrystallized in
ethanocl to afford 0.380 g of Compound 42 (85% yield, yellow
solid).

The product was analyzed, and the results were as follows.
'HNMR (&, CDC1s): 12.77 (s, 1H, OH), 8.24 (s, 1H, N=CH), 7.36-7.03
{m, 1ZH, Ar-H), 6.920~6.85 (m, 2H, Ar-H), 6.%4 (d, 1H, Ar-H),
2.30 (s, 3H, CHs), 2.20C (s, ©H, CH3), 1.64 (s, 6H, C{CHs3)z).

(Synthesis of Compound 43)
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{Chem. 65%]

Compound 43

A thoroughly dried 100 ml eggplant flask (equipped with
a three-way cock and a magnetic stirrer) was charged with 0.234
g (0.7 mmol) of TiCl,{(thf); and 5 ml of THF. The mixture was
cooled to -78°C in a dry ice/methanol bath. Separately, 0.314
g (C.7 mmol} of Compound 42 was dissolved in 2.5 ml of THE. The
resultant solution was added dropwise to the mixture. Reaction
was carried out for 13 hours while increasing the temperature
to room temperature. The solid that precipitated after the
reaction was filtered out, then washed with 20 ml of pentane
and dried to give 0.321 g of Compound 43 (76% yield, orange
solid}.

The product was analyzed, and the results were as follows.
FD-MS: m/z = 602 (M', C31H31C13N,0Ti)
[Example 33]

(Synthesis of Compound 44]



Compound 5 Compound 7 Compound 9 Compound 11 Compound 13 Compound 14 Compound
15 Compound 16 Compound 17 Compound 18 Compound 19 Compound 20 Compound 21
Compound 22 106

Compound 44
In a thorcughly dried 50 ml two-necked eggplant flask
(equipped with a three-way cock and a magnetic stirrer), 311

mg (1.0 mmol) of Compound 1 was dissolved in 10 ml of diethyl

[83]

ether. The mixture ligquid was cooled to -78°C, and 0.63 ml (1.0
mmol) of 1.6 mol/L hexane solution of n-butyllithium was added
dropwise. Reaction was carried out for 1 hour while gradually
increasing the temperature to room temperature. To the reaction
10 Iiquid, 1.0ml (1.0 mmol) of 1.0 mol/L tetrahydrofuran solution
of chromium trichloride was added dropwise at -78°C. Reaction
was carrlied out for 4 hours while gradually increasing the
temperature to room temperature. The reaction liguid was then
concentrated to approximately 5 ml, and 20 ml of pentene was
15 added thereto to precipitate a solid. The solid was filtered
out and was washed with pentene. Conseqguently, 302 mg of
Compound 44 was obtained (64% yield, brown solid).
[Example 34]
A thoroughly nitrogen-purged 100 ml autoclave was charged

20 with 28 ml of toluene and subseguently with 1.0 mmol in terms



Compound 23 Compound 24 1 Compound 25 1 Compound 26 Compound 27 1 Compound 28 1
Compound 29 1 Compound 30 1
107

of aluminum atom of methylaluminoxane (MAO, 1 Mtoluene solution).
Further, 0.001 mmel of Compound 2 {1 mM toluene scluticn) was
added. The system was pressurized with ethylene at 0.8 MPa-G,
and thereby reaction was initiated. The reaction was carried
5 out for 30 minutes at 25 to 28°C while maintaining the pressure
by supplying ethylene. The reaction was then terminated by
adding a small amcunt cf iscopropancl. The reaction liguid was
washed with 0.1 N hydrochloric acid and purified water.
Low-boiling fractions (having 10 or less carbon atoms) were
10 separated from high-boiling fractions and polyethylene with use
of a liguid nitrecgen trap under reduced pressure. The products
were analyzed by gas chromatography. The selectivity for
l-hexene with respect to all the products was 35%. The products
included trace amounts of 1-octene and decenes. The selectivity
15  forpolyethylene was 65%. The catalyticactivity was calculated
from the total amocunt of the products to be 0.08
kg~products/ (mmol~Ti-h).
[Examples 35 to 64]
Reaction was carried cut in the same manner as in Example
20 34, except that Compound 2 was replaced by Compound 5, 7, 9,

11 or any one of 13 to 38. The results are shown in Table 1.
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[Example 65]

A thoroughly nitrogen-purged 100 ml autoclave was
charged with 28 ml of toluene and subsequently with 1.0 mmol
in terms of aluminum atom of methylaluminoxane (MAC, 1 Mtcluene

5 solution). Further, 0.001 mmcl of Compound 43 (1 mM toluene
solution} was added. The systemwas pressurizedwith ethylene
at 0.8 MPa~G, and thereby reactionwas initiated. The reaction
was carried out for 30 minutes at 25 to 28°C while maintaining
the pressure by supplying ethylene. The reaction was then

19  terminated by adding a small amount of isopropanol. The
reaction liguid was washed with 0.1 N hydrochloric acid and
purified water. Low-boiling fractions (having 10 or less
carbon atoms) were separated from high-boiling fracticons and
polyethylene (dry weight: 148 mg) with use of a Lliquid nitrogen

15  trap under reduced pressure. The products were analyzed by
gas chromatography. The low-boiling fractiocn consisted
solely of l-hexene (3.6 mg).
[Example 66]

A thoroughly nitrogen-purged 100 ml autoclave was

20 charged with 28 ml of toluene and subsequently with 1.0 mmol
in terms of aluminum atom of methylaluminoxans (MAO, 1 Mtoluene
solution). Further, 0.001 mmol of Compound 44 (1 mM toluene
solution) was added. The systemwas pressurizedwith ethylene

at 0.8 MPa-G, and thereby reactionwas initiated. The reaction
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was carried out for 30 minutes at 25 to 28°C while maintaining
the pressure by supplying ethylene. The reaction was then
terminated by adding a small amount of isopropancl. The
reaction ligquid was washed with 0.1 N hydrochloric acid and
5 purified water. Low-boiling fractions {(having 10 or less
carbon atoms) were sepérated from high-beiling fractions and
polyethylene (dry weight: 5.1 mg) with use of a liquid nitrogen
trap under reduced pressure. The products were analyzed by
gas chromatography. The low-boiling fraction consisted
10 solely of l-hexene (0.2 mg).
[Comparative Example 1]

A thoroughly nitrogen-purged 100 ml autoclave was
charged with 28 ml of toluene and subseguently with 1.0 mmol
in terms of aluminum atom of methylaluminoxane (MAO, 1M toluene

15 solution). Further, 0.001 mmol of Compound 45 (1 mM toluene
solution) illustrated below according to WO 01/44324 was added.
The system was pressurized with ethylene at 0.8 MPa-G, and
thereby reaction was initiated. The reaction was carried out
for 30 minutes at 25 to 40°C while maintaining the pressure

20 by supplying ethylene. The reaction was then terminated by
adding a small amount of isopropancl. The reacticn liquid was
washed with 0.1 N hydrochloric acid and purified water.
Low-beiling fractions (having 10 or less carbon atoms) were

separated from polyethylene with use of a liguid nitrogen trap



[Example 65] A thoroughly nitrogen-purged 100 ml autoclave was charged with 28 ml of toluene
and subsequently with 1.0 mmol in terms of aluminum atom of methy aluminoxane (MAO, 1 M toluene
5 solution). Further, 0.001 mmol of Compound 431 mM toluene solution) was added. The system
was pressurized with ethylene at 0.8 MPa-G, and thereby reaction was initiated. The reaction was
carried out for 30 minutes at 25 to 28C while maintaining the pressure by supplying ethylene. The
reaction was then 10 terminated by adding a small amount of isopropanol. The reaction liquid was
washed with 0.1 N hydrochloric acid and purified water. Low-boiling fractions (having 10 or less carbon
atoms) wererseparatedifram higk-doiling.fragtiosnsrandgotyethyle neh(doyweightab48 mg)awith use of a
liquid nitrogen 15 trap under reduced pressure. The products were analyzed by gas chromatography.
The low-boitigig fraction cehsistett solely of 1thkekendi(316 veg), [Exdneple66] Wethoraughly
nitrogen-purged 100 ml autoclave was 20 charged with 28 ml of toluene and subsequently with 1.0
mmol in terprstafai@minum atom of methylaluminoxane (MAO, 1M toluene solution). Further, 0.001
mmol of Compound 44 (1 mM toluene solution) was added. The system was pressurized with ethylene
at 0.8 MPa-G aid- thereby reaction was initiated. The reaction 110 was carried out for 30 minutes at
25 to 28C while maintaining the pressure by supplying ethylene. The reaction was then terminated by
adding a small amount gfisgpropanol. The reaction liquid was washed with 0.1 N hydrochloric acid
and 5 purified water. Law-bailing fractions (having 10 or less carbon atoms) were separated from
high-boiling fractionsjandhpolyethylene (dry weight: 5.1 mg) with use of a liquid nitrogen trap under
reduced pressure. The prodycts were analyzed by gas chromatography. The low-boiling fraction
consisted 10solely|of 1gz§§§pe (0.2 mg).

Compound 45

[Comparative Example Z]

A thoroughly nitrogen-purged 100 ml autoclave was
charged with 28 ml of toluene and subseguently with 1.0 mmol
in terms of aluminum atomof methylaluminoxane {(MAQ, 1 Mtcluene

10 solution). Further, 0.001 mmol of Compound 46 (1 mM toluene
solution) illustrated below according to Chemistry Letters,
1999, pp. 1065-1066 was added. The systemwas pressurizedwith
ethylene at 0.8 MPa-G, and thereby reactionwas initiated. The
reaction was carried out for 10 minutes at 25 to 40°C while

15 maintaining the pressure by supplying ethylene. The reaction
was then terminated by adding a small amount of isopropanol.
The reaction liquid was washed with 0.1 N hydrochloric acid
and purified water. Low-boiling fractions (having 10 or less
carbon atoms} were separated from polyethylene with use of a

20 liguid nitrogen trap under reduced pressure. According to gas



[Comparative Example 1] A thoroughly nitrogen-purged 100 ml autoclave was charged with 28 ml
. of toluene and subsequently with 1.0 mmol in terms of aluminum atom of methylaluminoxane (MAO, 1
M toluene 15 solution). Further, 0.001 mmol of Compound 45 (1 mM toluene solution) illustrated below
according to WO 01/44324 was added. The system was pressurized with ethylene at 0.8 MPa-G, and
thereby reaction was initiated. The reaction was carried out for 30 minutes at 25 to 40C while
maintaining the pressure 20 by supplying ethylene. The reaction was then terminated by adding a
small amount of isopropanol. The reaction liquid was washed with 0.1 N hydrochloric acid and purified
water. Low<boilirgsfractions{liavidg 10 ar leds carbpatdtorhs)were segdrated fronwpolyethylene with
use of a liquid nitrogen trap 111 under reduced pressure. According to gas chromatography, 298 mg
of polyethylenegasultedy #However db-hexérel was not detected. [Chem. 67] 5Compound 45
[Comparative Example 2] A thoroughly nitrogen-purged 100 ml autoclave was charged with 28 ml
of toluene dridhsibsegBéntly with 1.0 mmol in terms of aluminum atom of methylaluminoxane (MAO,
1Mtoluene 10 solution). Further, 0.001 mmol of Compound 46 (1 mM toluene solution) illustrated
below according te-&hemistry Letters, 1999, pp. 1065-1066 was added. The

systemwaspyessi

Compound 46

L

[Example 67]

A thoroughly nitrogen-purged 500 ml autoclave was
charged with 144 ml of cyclohexane and subseguently with 5.0
mmol in terms of aluminum atom of methylaluminoxane (MMAO~3A
manufactured by Tosoh Finechem Corporation, 1 M hexane
10 solution}. Further, 0.0005 mmol of Compound 9 (0.5 mM toluene

solution) was added. The systemwas pressurizedwith ethylene
at 3.2 MPa-G, and thereby reactionwag initiated. The reaction
was carried out for 60 minutes at 25 to 32°C while maintaining
the pressure by supplying ethylene. The reaction was then
15 terminated by adding a small amount of isopropanol. The
reaction liquid was washed with 0.1 N hydrochloric acid and
purified water. Low-boliling fractions (having 10 or less
carpbon atoms) were separated from high-boiling fractiocns and
polyethylene with use of a ligquid nitrogen trap under reduced

20  pressure. The products were analyzed by gas chromatography.



15 maintaining the pressure by supplying ethylene. The reaction was then terminated by adding a
small amount of isopropanol. The reaction liquid was washed with 0.1 N hydrochloric acid and purified
water. Low-boiling fractions (having 10 or less carben atoms) were separated from polyethylene with
use of a 20 liquid nitrogen trap under reduced pressure. According to gas 112 chromatography, 2.54 g
of polyethylene resulted. However, 1-hexene was not detected. [Chem. 68] Compound 46 5[Example
67] A thoroughly nitrogen-purged 500 ml autoclave was charged with 144 ml of cyclohexane and
subsequently with 5.0 mmol in terms of aluminum atom of methylaluminoxane (MAO-3A manufactured
by Tosoh Fitechenh€ofyotatidrs 1 MtHexaned O-solafien)aBurther] 00005menab Hf Compound 9
(0.5mM toluene solution) was added. The system was pressurized with ethylene at 3.2 MPa-G, and
thereby reattién was initiated L The feactioh Waswarriedloutfor 6@ mimttes dtc25 to B2Eawkile
maintaining the pressure by supplying ethylene. The reaction was then 15 terminated by adding a
small amouit Bl isspTopanol: T el redction quld wes wash@dwith The N hyerochioritadidand purified
water. Low-boiling fractions (having 10 or less carbon atoms) were separated from high-boiling
fractions aritegiyethytene ith useef alighidisitrogen rap luntenreducedl $. The

5 catalytic activity was calculated from the total amount of the
products to be 114 kg-products/ (mmol-Ti-h).
[Example 68]
A thoroughly nitrogen-purged 500 ml autoclave was
charged with 144 ml of n-pentane and subsequently with 5.0 mmol
10 in terms of aluminum atom of methylaluminoxane (MMAO-3A
manufactured by Tosoh Finechem Corporation, 1 M hexane
solution). Further, 0.0005 mmol of Compound 9 (0.5 mM toluene
solution) was added. The systemwas pressurizedwith ethylene
at 3.2 MPa-G, and thereby reactionwas initiated. The reaction
15  was carried out for 60 minutes at 25 to 32°C while maintaining
the pressure by supplying ethylene. The reaction was then
terminated by adding a small amount of isopropanol. The
reaction liguid was washed with 0.1 N hydrochloric acid and
purified water. Low~boiling fractions (having 10 or less
20 carbon atoms) were separated from high-beoiling fractions and
polyethylene with use of a liquid nitrogen trap under reduced
pressure. The products were analyzed by gas chromatography.
Polyethylene that attached to the agitating blade of the

reactor was collected (0.09 g). The selectivity for l-hexene



20 pressure. The products were analyzed by gas chromatography. 113 Polyethylene that attached to
the agitating blade of the reactor was collected (0.48 g). The selectivity for 1-hexene with respect to all
the products was 93%. The selectivity for decenes ywas 6%, and that for polyethylene was 1%. The 5
catalytic activity was calculated from the total amount of the products to be 114
kg-products/(mmol-Ti.h). [Example 68] A thoroughly nitrogen-purged 500 ml autoclave was
charged with 144 ml of n-pentane and subsequently with 5.0 mmol 10 in terms of aluminum atom of
methylaluminoxane (MMAO-3A manufactured by Tosoh Finechem Corporation, 1 M hexane solution).
Further, 0.0005miaslasf<Corpaund 91O SraMitoliene solition) wis:adeledeThe system was
pressurized with ethylene at 3.2 MPa-G, and thereby reaction was initiated, The reaction 15 was
carried out $GrCBOAtinutes ab 25 t6 3ACHRAITe Araintainingthepressuréasy Supplyifgeethylene. The
reaction was then terminated by adding a small amount of isopropanol. The reaction liquid was
washed witha0: & N hydrachioriclaciovarl putified Weter L1ovwBdiling fragtions (haningfl0 e less 20
carbon atoms) were separated from high-boiling fractions and polyethylene with use of a liquid
nitrogen trapr et rediced>pressdrel The e HGES AVere analized by gas chromatography.
Polyethylene that attached to the agitating blade of the reactor was collected (0.09 g). The selectivity
for 1-hexengq3gple 69]

A thoroughly nitrogen—purged 500 ml autoclave was
charged with 144 ml of n-pentane and 0.3 mg of Adeka Pluronic
L. 72, and subseqguently with 5.0 mmel in terms of aluminum atonm
of methylaluminoxane {MMAO~3A manufactured by Tosoh Finechem
10 Corporation, 1 M hexane sclution). Further, 0.000% mmol of
Compound % (0.5 mM toluene solution) was added. The system
was pressurized with ethyiene at 3.2 MPa-G, and thereby
reaction was initiated. The reaction was carried out for &0
minutes at 25 to 32°C while maintaining the pressure by
15 supplying ethylene. The reaction was then terminated by
adding a small amount of isopropanol. The reaction ligquid was
washed with 0.1 N hydrochlcric acid and purified water.
Low-boiling fractions {(having 10 cr less carbon atoms) were
separated from high-boiling fracticns and polyethyiene with
20 use of a liguid nitrogen trap under reduced pressure. The
products were analyzed by gas chromatography. Polyethyvlene
did not attach tec the agitating blade cf the reactor. The
selectivity for l-hexene with respect to all the products was

93%. The selectivity for decenes was 6%, and that for



with respect to all the products was 94%. The selectivity for decenes was 5%, and that for
polyethylene was 1%: The catalytic activity was calculated from the total amount of the products to be
114 kg-products/(mmol-Ti-h). 5[Example 69] Ahoroughly nitrogen-purged 500 ml autoclave was
charged with 144 ml of n-pentane and 0.3 mg of Adeka Pluronic L72, and subsequently with 5.0 mmol
in terms of aluminum atom of methylaluminoxane (MAO-3A manufactured by Tosoh Finechem 10
Corporation, 1 M hexane solution). Further, 0.0005 mmol of Compound 9 (0.5 mM toluene solution)
was added. The system was pressurized with ethylene at 3.2 MPa-G, and thereby reaction was
initiated. THecreaetion Wasccardéd out forlBEnindtes vt 25 te 2Cwhile wsgntaiing: iecpréssure by
15 supplying ethylene. The reaction was then terminated by adding a small amount of isopropanol.
The reactiohfifoid-Was Weishedawitho.1 ¢ hydroehicticlacid ané purified Water. Low-boiling fractions
(having 10 or less carbon atoms) were separated from high-boiling fractions and polyethylene with 20
use of a liqlildiFegerstrap Ureer réduced pressure. The products were analyzed by gas
chromatography. Polyethylene did not attach to the agitating blade of the reactor. The selectivity for
1-hexene witlFre8péct to'all the products was 93%. The selectivity for decenes was 6%, and that for
115 polyethylene was 1%. The catalytic activity was calculated from the total amount of the products to

be 89 Rg-products/nmBRTERE [Examipler70] A thersisghly Aftrogendiirgeéd GO wilsautoclave was

charged with 144 ml of n-pentane and subsequently with 5.0 mmol
in terms of aluminum atom of methylaluminoxane {(MMAO-3A
manufactured by Tosoh Finechem Corporation, 1 M hexane
soluticn). Further, 0.0005 mmol of Compound 9 (0.5 mM toluene

10 solution) was added. The systemwas pressurizedwith ethylene
and hydrogen at 3.2 MPa-G and 0.1 MPa-G, respectively, and
thereby reaction was initiated. The reaction was carried cut
for 60 minutes at 25 to 32°C while maintaining the pressure
by supplying ethylene. The reaction was then terminated by

15 adding a small amount of isopropanol. The reaction liquid was
washed with 0.1 N hydrochleric acid and purified water.
Low-boiling fractions (having 10 or less carbon atoms) were
separated from high-bolling fracticns and polyethylene with
use of a liquid nitrogen trap under reduced pressure. The

20  products were analyzed by gas chromatography. Polyethylene
did not attach to the agitating blade of the reactor. The
selectivity for l-hexene with respect to all the products was
92%. The selectivity for decenes was 7%, and that for

polyethylene was 1%. The catalytic activity was calculated



charged with 144 ml of n-pentane and subsequently with 5.0 mmol in terms of aluminum, atom of
methylaiuminoxane (MMAO-3A manufactured by Tosoh Finechem Corporation, 1 M hexane solution).
Further, 0.0005 mmol of Compound 9 (0.5 mME telugne 10 solution) was added. The system was
pressurized with ethylene and hydrogen at 3.2 MPa-G and 0.1 MPa-G, respectively, and thereby
reaction was initiated. The reaction was carried out for 60 minutes at 25 to 32C while maintaining the
pressure by supplying ethylene. The reaction was then terminated by 15 adding a small amount of
isopropanol. The reaction liquid was washed with 0.1 N hydrochloric acid and purified water.
Low-boilingtfractionsghaving L 0sordess carbohlatomsy werd separated ffdm high-boiling fractions and
polyethylene with use of a liquid nitrogen trap under reduced pressure. The 20 products were analyzed
by gas chrofgateyraphyt Polyetinlerd did not attach to the agitating blade of the reactor. The
selectivity for 1-hexene with respect to all the products was 92%. The selectivity for decenes was 7%,
and that forlgely&thyrenélwas 1%. The catalytic activity was calculated 116 from the total amount of
the products to be 84 kg-products/(mmol-Ti.h). [Example 711 (Preparation of Carrier 1) 5A thoroughly
nitrogen-pufrgéd 860 #ilflask Was-elarged with 6.2 g (1.0 mol) of porous silica (H-31 manufactured by
ASAHI GLASS CO., LTD.) anc180m1 of toluene. While maintaining the liquid temperature at 15C, 120
ml of rAethylalumindxafe OVAD! 1Mtbluens SotutionY fas added dropaise. The liguid 10demperature
was then increased to 95C, and reaction was performed for 60 minutes with heating. After the
completion*of e feactidn! thdsolitiwas Eoltected byiltrdtich afd Sdffieremdy avasheddvity toluene,

and was added to toluene to give a toluene slurry of Carrier 1,
ASAHI GLASS CO., LTD.) and 80 ml of toluene. Whilemaintaining

the liquid temperature at 15°C, 120 ml of methylaluminoxane
(MAOC, 1 M toluene solution) was added dropwise. The liguid

10 temperature was then increased to 95°C, and reaction was
performed for 60 minutes with heating. After the completion
of the reaction, the solid was collected by filtration and
sufficiently washed with toluene, and was added to toluene to
give a toluene slurry of Carrier 1.

i5 Part of the Carrier 1 toluene slurry prepared as
described above was dried and analyzed for composition,
resulting in the finding that Carrier 1 contained 27.9 wt% of
aluminum.

(Oligomerization)

20 The Carrier 1 teoluene slurry in an amount that contained
0.15 mmol in terms of aluminum atom of Carrier 1 and 4 ml of
toluene, and 0.0005 mmol of Compound 9 were stirred for 1 hour
at room temperature, resulting in a catalyst slurry. A

thoroughly nitrogen-purged 500 ml autcclave was charged with



15Part of the Carrier 1 toluene slurry prepared as described above was dried and analyzed for
composition, resulting in the finding that Carrier 1 contained 27.9 wt% of aluminum. (Oligomerization)
20The Carrier 1 toluene slurry in an amount that ftpined 0.15 mmol in terms of aluminum atom of
Carrier 1 and 4 ml of toluene, and 0.0005 mmol of Compound 9 were stirred for 1 hour at room
temperature, resulting in a catalyst slurry. A thoroughly nitrogen-purged 500 ml autoclave was charged
with 117 145 ml of n-pentane and subsequently with 0.05 mmol in terms of aluminum atom of
trioctylaluminum (0.1 M decane solution), and the mixture was stirred. The catalyst slurry was added to
the autoclavé.cThe system wastpressanzedwiths ethydend § at 45 MPa-6G randtherehyseactionwas

initiated. The reaction was carried out for 60 minutes at 45 to 52C while maintaining the pressure by
supplying etlyleherthereattion was thendesmmatedibyaddinglarsmal amount lof isaptppanol. The
reaction liquid was washed with 0.1 N hydrochloric acid and 10 purified water. Low-boiling fractions
(having 10 anriéssicarbonxatomsweresseparated framehigh-boilingtfractions and:polyettiyléne with use
of a liquid nitrogen trap under reduced pressure. The products were analyzed by gas chromatography.
The selectitity ford -exene! Witk respéct to all theproducts 5 wasi8®4. The isetectivity:for decenes
was 11%, and that for polyethylene was 2%. The catalytic activity was calculated from the total amount
of the prodéétstto-béFE0Akgaproducts/tamoleich) | [Examplerv} 20(Rréparaticn of Qarrien?2)
was carried out for 60 minutes at 45 to 52°C while maintaining
the pressure by supplying ethylene. The reaction was then
terminated by adding a small amount of isopropanol. The
reaction liquid was washed with 0.1 N hydrochloric acid and
10 purified water. Low-boiling fractions (having 10 or less
carbon atoms) were separated from high~boiling fractions and
polyethylene with use of a liguid nitrogen trap under reduced
pressure. The products were analyzed by gas chromatography.
The selectivity for l-hexene with respect to all the products
15 was 87%. The selectivity for decenes was 11%, and that for
polyethylene was 2%. The catalytic activity was calculated
from the total amount of the products to be 104
kg-products/ (mmol-Ti-h).
fExample 72]
20 {(Preparation of Carrier 2)
95.2 g (1.0 mol) of anhydrous magnesium chloride, 442
ml of decane and 380.6 g (3.0 mol) of 2~ethylhexyl alccohel were

reacted at 130°C for 2 hours to give a uniform solution. 25

ml of the uniform soluticn (25 mmel in terms of magnesium atom)



95.2 g (1.0 mol) of anhydrous magnesium chloride, 442 ml of decane and 390.6 g (3.0 mol) of
2-ethylhexyl alcohol were reacted at 130C for 2 hours to give a uniform solution. 25 ml of the uniform
solution (25 mmol in terms of magnesium atom) %}&was placed into a thoroughly nitrogen-purged
200 ml flask, and 100 ml of purified decane was added for dilution. While maintaining the liquid
temperature at 15C, 26mraol of triethylaluminum was added dropwise. The liquid 5 temperature was
then increased to 80C, and additional 49 mmol of triethylaluminum was added dropwise. Reaction was
performed for 150 minutes with heating. After the completion of the reaction, the solid was collected by
filtration andasuffidéiefty’ wasted Withrtolietel andiwas added (o t5idenB 1070 Fhvesé tokiedie slurry of
Carrier 2. Part of the Carrier 2 toluene slurry prepared as described above was dried and analyzed for
composition Mfestiting in B findiag thisc@arier2 Tontdred 1710 Wbk of Afdgnesium and 2.9 wt% of
aluminum. 15(Oligomerization) The Carrier 2 toluene slurry in an amount that contained 0.15
mmol in terms of afifrifgniator of Chfrtek Reand 9 hFof ¢6luere, -ahde 020005 himal ©FEempound 9
were stirred for 1 hour at room temperature, resulting in a catalyst slurry. A 20 thoroughly
nitrogen-putged 500 Mg tociEye Wasthargetikih A4samlfn-pehtdneldnti sGbsequently with 0.05
mmol in terms of aluminum atom of trioctylaluminum (0.1M decane solution), and the mixture was

stirred® The ERARASRENHS WaS adued 6 thecautbeldve . Bfhd sy stem 5‘\‘/%1&@@@&2&? Wit éthylene
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of triethyilaluminum was added dropwise. Reaction was

performed for 150 minutes with heating. After the completion

of the réaction, the solid was collected by filtration and

sufficiently washed with toluene, and was added to toluene to
10  give a toluene slurry of Carrier 2.

Part of the Carrier 2 toluene slurry prepared as
described above was dried and analvzed for composition,
resulting in the finding that Carrier 2 contained 17.0 wt% of
magnesium and 2.9 wt% of aluminum.

15 (Oligomerization]

The Carrier 2 toluene slurry in an amount that contained
0.15 mmol in fterms of aluminum atom of Carrier 2 and 4 ml of
toluene, and 0.0005 mmol of Compound 9 were stirred for 1 hour
at room temperature, resulting in a catalyst slurry. A

20  thoroughly nitrogen-purged 500 ml autoclave was charged with
145 ml of n-pentane and subsequently with 0.05 mmol in terms
of aluminum atom of trioctylaluminum (0.1 M decane solution),
and the mixture was stirred. The catalyst slurry was added

to the autoclave. The system was pressurized with ethylene



at 4.5 MPa-G, and thereby reaction was initiated. The reaction was carried out for 60 minutes at 35 to
42C while maintaining the pressure by supplying ethylene. The reaction was then terminated by
adding a small amount of isopropanol. The 5 reactiog liquid was washed with 0.1 N hydrochloric acid
and purified water. Low-boiling fractions (having 10 or less carbon atoms) were separated from
high-boiling fractions and polyethylene (dry weight: 1.63 g) with use of a liquid nitrogen trap under
reduced pressure. The products were analyzed by 10 gas chromatography. The low-boiling fraction
consisted of 1-hexene (0.44 g) and decenes (0.09 g). [Example 73] The Carrier 1 toluene slurry in
an amount &5af eSritained 0.aBdihG!is terms of aluminira atolt oRCarlier T'and-4 avltofds toluene,
and 0.0005 mmol of Compound 9 were stirred for 1 hour at room temperature, resulting in a catalyst
slurry. A thefoughly hitfsgen puged 00 aiitoelake Was-eharyed with 1245l of Adveptane and
subsequently with 0.05 mmol in terms of aluminum atom of trioctylaluminum (0.1 M decane solution),
20 and the miRture Waststitredy ThE atalystsleriWwas elded tosths satoclave. The gyistem was
pressurized with ethylene and hydrogen at partial pressures of 4.5 MPa-G and 0.1 MPa-G,
respectively S thiekely reactien was initiatedl Thatedeorrwas Tardstbetor 60Thinutes at 45 to
52C while 120 maintaining the pressure by supplying ethylene. The reaction was then terminated by
adding’ a st akddint bt Eepfopaiol “HsE fehctibh tigtiid wils esshedl Wit 6 4. RdidracHoric acid
and purified water. Low-boiling fractions (having 10 or less 5 carbon atoms) were separated from
high-boiling fraétioriFant? p6lyethyteres With uisatof Brifitiid Aftdogeharai dndet redudéPpressure. The
products were analyzed by gas chromatography. The selectivity for 1-hexene with respect to all the
products wad B89b. ThéSslechififoiadstents wads P16 aid thatifoi 19 felysthyfens was 1%. The
catalytic activity was calculated from the total amount of the products to be 102
kg-productE/%Hﬁ?diW.%ﬁﬂEx%ﬁéN%ﬂht= 1.63 g) withuse of a Lliguid nitrogen

trap under reduced pressure. The products were analyzed by
10  gas chromatography. The low-boiling fraction consisted of
l-hexene (0.44 g) and decenes (0.09 g).
[Example 73]
The Carrier 1 tcluene slurry in an amount that contained
.15 mmol in terms of aluminum atom of Carrier 1 and 4 ml of
15  toluene, and 0.0005 mmol of Compound ¢ were stirred for 1 hour
at rcom temperature, resulting in a catalyst slurry. A
thoroughly nitrcegen-purged 500 ml autoclave was charged with
145 ml of n-heptane and subseguently with 0.05 mmol in terms
of aluminum atom of trioctylaluminum {0.1 M decane solution),
20 and the mixture was stirred. The catalyst slurry was added
to the autoclave. The system was pressurized with ethylene
and hydrogen at partial pressures of 4.5 MPa-G and 0.1 MPa-G,
respectively, and thereby reacticn was initiated. The

reaction was carried out for 60 minutes at 45 to 52°C while



The Carrier 1 toluene slurry in an amount that contained 15 0.15 mmol in terms of aluminum atom of
Carrier | and 4 ml of toluene, and 0.0005 mmol of Compound 9 were stirred for 1 hour at room
temperature, resulting in a catalyst slurry. A thoroyghly nitrogen-purged 500 ml autoclave was charged
with 98.1 g of 1-hexene and subsequently with 0.05 mmol in terms 20 of aluminum atom of
trioctylaluminum (0.1 M decane solution), and the mixture was stirred. The catalyst slurry was added to
the autoclave. The system was pressurized with ethylene at 4.5 MPa-G, and thereby reaction was
initiated. The reaction was carried out for 60 minutes at 45 to 52C while maintaining 121 the pressure
by supplyirtgethylehi L ThHeTeaction wasihdnvterninated by addivigersmalldmouatsttisepropanol.
The reaction liquid was washed with 0.1 N hydrochloric acid and purified water. Low-boiling fractions
(having 10 '6# fess'S Baflsonatenisy dvéré selsaratedbfroifrhighasoiliiyfradtidnsand pelyethylene with
use of a liquid nitrogen trap under reduced pressure. The products were analyzed by gas
chromatography: THE weight of 1 hekarrestiat WesTetovéred wWad! 143 91y thecreaetien atso produced
9.4 g of decenes and 1.3 g of 10 polyethylene. 122 CLAIMS 1.A transition metal complex compound
[A] represe‘?lféﬁfﬁvzi:jo? ‘(%%Fow: Low-boiling fractions (having 10 or less

5 carbon atoms) were separated from high~beciling fractions and
polyethylene with use of & liquid nitrogen trap under reduced
pressure. The products were analyzed by gas chromatography.
The selectivity for l-hexene with respect to all the products
was 88%. The selectivity for decenes was 11%, and that for

10  polyethylene was 1%. The catalytic activity was calculated
from the total amount of the products to be 102
kg-products/ (mmol-Ti-h).

[Example 74]
The Carrier 1 toluene slurry in an amount that contained

15 0.15 mmel in terms of aluminum atom of Carrier 1 and 4 ml of
toluene, and 0.0005 mmol of Compound 9 were stirred for 1 hour
at room temperature, resulting in a catalyst slurry. A
thoroughly nitrogen-purged 500 mi autoclave was charged with
98.1 g of l-hexene and subsegquently with 0.05 mmol in terms

20 of aluminum atom of tricctylaluminum (0.1 M decane sclutiocon),
and the mixture was stirred. The catalyst slurry was added
to the autcoclave. The system was pressurized with ethylene
at 4.5 MPa~G, and thereby reactionwas initiated. The reaction

was carried out for 60 minutes at 45 to 52°C while maintaining



5[Chem. wherein B1 to R6 are the same or different from each other and are each a hydrogen atom,
a halogen atom, a hydrocarbon group, a heterocyclic compound residue, an oxygen-containing group,
10 a nitrogen-containing group, a boron-containing.group, an aluminum-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 Rl to R6 may be linkedtoeach
other, and B' maybe linked 15to Z; 123 the periodic table; n is a valence of M; Xis a hydrogen
atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing group, a
5 nitrogen-tdritainirgs group, Axboropcoptairtng ghous;ram. aluilisumecontdiningwgrauphan
phosphorus-containing group, a halogen-containing group, a heterocyclic compound residue, a
silicon-contairirg geduy] ageraraniurg-containing groop ot adin-containingegroup, thgiatoms or groups
indicated by X may 10 be the same or different from each other, and the groups indicated by X may be
linked to eackecthérto formd fingas w¥ssan oxygenttoml amitogen atom,;a phosphords atom or a

sulfur atom;
purified water. Low-boiling fractions (having 10 or less

S carbon atoms) were separated from high-beiling fractions and
polyethylene with use of a ligquid nitrogen trap under reduced
pressure. The products were analyzed by gas chromatography.
The welght of l-hexene that was recovered was 143.9 g. The
reaction also produced 9.4 g of decenes and 1.3 g of

10 polyethylene.



Z is a hydrocarbon group or a heterocyclic compound 15 residue that may have a substituent group,
and the minimum number of bonds linking Y with N is in the range of 4 to 6; the bond between Y
and Z may be a double bond or a triple bond, and the bond between Y and 121 may be a double bond
or a triple bond; and 20the dotted lines each denct&a coordination bond. 2.The transition metal
complex compound [A] according to claim 1, wherein the minimum number of bonds linking Y with N in
the transition metal complex compound of Formula (I) is 5 or 6. 3.The transition metal complex
compound [Al according to claim 1, wherein Y, Nand Z in the transition metal 5 complex compound of
Formula (I) form a structure represented by FOHEIAI E) below: [Chem. 2] R10 wherein Y is an
oxygen atom, a nitrogen atom, a phosphorus atom 10 or a sulfur atom; and

1. A transition metal complex compound [A]

represented by Formula (I) below:

wherein R' to R® are the same or different from each other and
are each a hydregen atom, a halogen atom, a hydrocarbon group,
a heterocyclic compound residue, an oxXygen-containing group,
10  a nitrogen-containing group, a boron-containing group, an

aluminum-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 R®may be linked to each other, and R* may be linked

15 to Z;

M is a transition metal atom of Group 3 to Group 10 of



R7 to RI are the same or different from each other and are each a hydrogen atom, a halogen atom, a
hydrocarbon group, a heterocyclic compound residue, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, an 15 aluminum-containing-group, a
sulfur-containing group, a phosphorus-containing graup, a silicon-containing group, a
germanium-containing group or a tin-containing group, and when R7 to Ri are hydrocarbon groups, R7
and R8 may be linked to each other to form a ring and R9 and 10 maybe linked to each 20other to
form aring. 125 4. The transition metal complex compound [A] according to any one of claims 1
to 3, wherein M in the transition metal complex compound of Formula (1) is a 5 transition metal atom of
Group 4 of tHeep@igdie tabte, ‘@id-& is 4. 5. A transition metal complex compound [A] represented
by Formula (I') below: 10[Chem. 3] whereino R6 and Rv are the same or different from each other and
are each a hydrogeh aténe a'idl6§é€F atom M hydrocarbon group, a heterocyclic compound residue,

an 15 oxygen-containing group, a nitrogen-containing group, a boron-containing group, an
aluminum-containir‘?@ bm@%\jfogen atom, a halogen atom, a hydrccarbon group,

an oxygen-containing group, a sulfur-containing group, a
5 nitrogen-containing group, a beron~ceontaining group, an
aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residue, a
silicen-containing group, a germanium-containing group or a
tin-containing group, the atoms or groups indicated by X may
10 be the same or different from each other, and the groups
indicated by X may be linked to each other to form a ring;
Y is an oxygen atom, a nitrogen atom, a phosphorus atom
or a sulfur atom;
7 is a hydrocarbon group or a heterocyclic compound
15 residue that may have a substituent group, and the minimum
number of bonds linking Y with N is in the range of 4 to 6;
the bond between Y and 7 may be a double bond or a triple
bond, and the bond befween Y and R* may be a dcuble bond or

a Lriwple bond; and

20 the dotted lines each denote a coordination bond.

2. The transiticon metal complex compound [A]
according to claim 1, wherein the minimum number of bonds

linking Y with N in the transition metal complex compound of



126 sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a
germanium-containing group or a tin-containing group, two or more of R16 and RI to R6 may be linked
to each other, and RI- may be linked to Z; M is a transition metal atom of Group 3 to'Group 10 of
the periodic table; n is a valence of M; Xis a hydfogen atom, a halogen atom, a hydrocarbon
group, an oxygen-containing group, a sulfur-containing group, a 10nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residue, a silicon-containing group, a
germanium-containing group or a tin-cantaining group, the atoms or groups indicated by X may 15 be
the same orE%i’FfIg‘rleTn% fr%rr% é“asch?otﬁér,%;nd the groups indicated by X may be linked to each other to
form aring; Y is a nitrogen atom or a phosphorus atom; Z is a hydrocarbon group or a heterocyclic
compound residue that may have a substituent group, and the minimum 20 number of bonds linking Y’

with N is in the rang)gﬂ of 4 t%géa@(}j:é@]esg%t{%%Il?n%scgﬁc%ggggtgxa 8%%&'?@%' n ﬁg}nd. 127

accerding to claim 1, wherein ¥, Nand Z in the transitionmetal
5  complex compound of Formula {I) form a structure represented

by Formula (II) below:

{Chem. 2]
Rjo
RQ
Yo
N _~# =8
RT

wherein Y is an oxygen atom, a nitrogen atom, a phosphorus atom
10 or.a sulfur atom; and
R’ to RY™ are the same or different from each other and
are each a hydrogen atom, a halogen atem, a hydrocarbon group,
a heterocyclic compound residue, an oxygen-containing group,
a nitrogen-containing group, a boron-containing group, an
15 aluminum-containing group, a sulfur-containing group, a
phosphorus-containing group, a silicon-containing group, a
germanium~-containing group or a tin-containing group, and when
R’ to R are hydrocarbon groups, R’ and R® may be linked to

each other to form a ring and R® and R' may be linked to each

20 other te form a ring.



according to claim 5, wherein the minimum number of bonds linking Y' with N in the transition metal
complex compound of Formula (I') is 5 or 6. 57.The transitioh metal complex compound [A] according
to claim 5, wherein Y', N and Z in the transition metal complex compound of Formula (1') form a-
structure represented by Formula (1I') below: [Chem54] R10 10 wherein Y' is a nitrogen atom or a
phosphorus atom; and Rio are the same or different from each other and are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a heterocyclic compound residue, an
oxygen-containing group, 15 a nitrogen-containing group, a boron-containing group, an
aluminum-containing group, a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group or a tin-containing group, and when R7 to Ri

are hydrocarbon groups R7 and RB may be linked to 128
The transition metal complex compound [A]

according to any one of claims 1 te 3, wherein M in the
transition metal complex compound of Formula (I) is a

transition metal atom of Group 4 of the pericdic table, and

on

n ois 4.

5. A transition metal complex compound [A]
represented by Formula (I') below:

10 [Chem. 3]

wherein R' to R® and RY are the same or different from each
other and are each a hydrogen atom, a halocgen atom, a
hydrocarbon group, a heterocyclic compound residue, an

15 oxygen-containing group, a nitrogen-containing group, a

boron-containing group, an aluminum-containing group, a



each other to form a ring and R9 and RI may be linked to each other to form a ring. 8.The transition
metal complex compound [A] 5 according to any one of claims 5 to 7, wherein M in the transition metal
complex compound of Formula (I') is a transition metal atom of Group 4 of the periodic table, and n is
4. 109.An olefin oligomerization catalyst comprisingthe transition metal complex compound [A]
described in any one of claims 1 to 8. 10.The olefin oligomerization catalyst according to 15 claim 9,
wherein the catalyst comprises: [A] the transition metal complex compound; and [B] at least
one compound selected from the group consisting of (b-1) an organometallic compound, (b-2) an
organoaluminumoxy-compound and (b-3) a compound which reacts 20 with the transition metal
complex cofitpbtind JAP I formian ichsale 1 12T ke B AR Ohigonietization catalysi @¢Bording to claim 9,

wherein the catalyst comprises: _ o
silicon-containing group, a germanium-contalning group or a

tin-containing group, two or more of RY and R* tc R® may be
linked to each other, and R! may be linked to Z;
5 M is & transition metal atom of Group 3 to Greup 10 of
the periocdic table;
n is a valence of M;
X is a hydrogen atom, a halogen atom, a hydrocarbon group,
an oxygen-containing group, a sulfur-containing group, a
10 nitrogen-~containing group, a boron-containing group, an
aluminum~containing group, a phosphorus-containing group, a
halogen-containing group, & heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or a
tin-containing group, the atoms or groups indicated by X.may
15 be the same or different from each other, and the groups
indicated by X may be linked to each other to form a ring;
Y* is a nitrogen atom or a phosphorus atom;
7Z iz a hydrocarbon group or a heterocyclic compound
residue that may have a substituent group, and the minimum
20  number of bonds linking ¥’ with N is in the range of 4 to 6;

and

the dotted lines each denote a cocrdination bond.

6. The transition metal complex compound [A]



129 [A] the transition metal complex compound; [B] at least one compound selected from the
group consisting of (b-1) an organometallic compound, (b-2) an  organoaluminumoxy-compound and
(b-3) a compound which reacts 5 with the transition metal complex compound [A] to form an ion pair;
and [C] a carrier to support at least one compaund selected from [A] and [B]. 1012.A process for
producing an olefin oligomer, comprising oligomerizing an olefin in the presence of the olefin
oligomerization catalyst described in any one of claims 9 to 11. 1513.A process for producing an olefin
oligomer, comprising oligomerizing an olefin in the presence of the olefin oligomerization catalyst
described in any one of claims 9 to 11 and with g 05-7 linear saturated hydrocarbon as a solvent. 20
14.A proceSEfor rodiing ah ‘olefin &@o%@é%p?i@%%%b%iﬂﬁﬁ“ﬁﬁ%léﬁl iRthe Presence of

the olefin oligomerization catalyst described in any one of claims 9 to 11 and hydrogen.
Tinking ¥" witH N in the trandition metal complex clopotnd of

Formula (I') is 5 or ©.

5 7. The transition metal complex compound [A]
according to claim 5, wherein Y7, N and Z in the transition
metal ccomplex compound of Formula (I°) form a structure
represented by Formula {II') below:

[Chem. 4]

R1G

Y

RS

10 R’
wherein Y’ 1is a nitrogen atom or a phosphorus atom; and
R’ to R are the same or different from each cther and
are each a hydrogen atom, a halogen atem, a hydrocarbon group,
a heterccyclic compound residue, an oxygen-containing group,
15 a nitrogen-containing group, a boron-contalining group, an
aluminum-containing group, a sulfur-containing group, a
phosphorus-containing group, a silicon-containing group, a
germanium-containing group or a tin-containing group, and when

R" to R are hydrocarbon groups, R’ and R® may be linked to



130 15. A process for producing an olefin oligomer, comprising oligomerizing an olefin in the
presence of the olefin oligomerization catalyst described in any one of claims 9 to 11 and an antistatic
agent. 16. The process according to any one of claims 12 to 15, wherein the olefin is ethylene.
1017.The process according to any one of claims12g0 15, wherein the olefin is ethylene and the
olefin oligomer is 1-hexene. 131 ABSTRACT The invention provides transition metal complex
compounds, high-activity olefin oligomerization catalysts 5 containing the compounds, and olefin
oligomerization processes using the catalysts. A transition metal complex compound [A] according
to the invention is represented by Formula (1) or Formula (I') helow. An olefin oligomerization catalyst
includes th&f8AsEBRAAD irfetalcoiplekicompaing [A1 M an ofefin @%&ﬁ@%ﬁ%&?pﬁ%@s of the

invention, an olefin is oligomerized in the presence of the catalyst.
other tc form a ring.

8. The transition metal complex compound [A]
5 according to any one of claims 3 to 7, wherein M in the
transition metal complex compound of Formula (I') is a

transition metal atom of Group 4 of the periodic table, and

n is 4,

10 9. Anolefin oligomerization catalyst comprising the
transition metal complex compound [A] described in any one of

claims 1 to 8.

10. The clefin oligomerization catalyst according to
15 claim 9, wherein the catalyst comprises:
[A] the transition metal complex compound; and
[B] at least one compound selected from the group
consisting of (b-1) an organcmetallic compound, (b-2Z) an
organcaluminum oxy-compound and {b-3) a compound which reacts
20 with the transition metal complex compound [A] to form an ion

pair.

i1, The olefin oligomerization catalyst according to

claim 9, wherein the catalyst comprises:



10

15

20

129

[A] the transition metal complex compound;

[B] at least one compound selected from the group
consisting of (b-1) an organometallic compound, (b-2) an
organcaluminum oxy~compound and (b-3) a compound which reacts
with the transition metal complex compound [A] to form an ion
pair; and

[C] a carrier to support at least one compound selected

from [A}l and [B].

12. A process for producing an colefin oligomer,
comprising oligomerizing an olefin in the presence of the
olefin oligomerization catalyst described in any cone of claims

9 te 11.

13. A process for producing an olefin oligomer,
comprising oligomerizing an olefin in the presence of the
olefin oligomerization catalyst described in any one of claims

9 to 11 and with a C5-7 linear saturated hvdrocarbon as a

solvent.

14. A process for producing an clefin oligomer,
comprising oligomerizing an olefin in the presence cf the
clefin cligomerization catalyst described in any one of claims

9 to 11 and hydrogen.



10

15. A process for producing an olefin oligomer,
comprising oligomerizing an olefin in the presence of the
olefin cligomerization catalyst descrikbed in any cone of claims

9 to 11 and an antistatic agent.

i6. The process according to any one of claims 12 to

15, wherein the olefin is ethylene.

17. The process according to any one of claims 12 to
15, wherein the olefin is ethylene and the olefin oligomer is

i-hexene.
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ABSTRACT

The invention provides transition metal complex
compounds, high-activity olefin cligomerization catalysts
containing the compounds, and olefin oligomerization
processes using the catalysts.

A transition metal complex compound [A]l according to the
invention is represented by Formula (I) or Formula (I7) below.
An olefin oligomerization catalyst includes the transition
metal complex compound [A]l. In an olefin oligomerization
process of the invention, an olefin is oligomerized in the

presence c¢f the catalyst.
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