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1 DESCRIPTION TRANSITION METAL COMPLEX COMPOUNDS,
OLEFIN OLIGOMERIZATION CATALYSTS INCLUDING THE
COMPOUNDS, AND PROCESSES FOR PRODUCING OLEFIN
OLIGOMERS USING THE CATALYSTS 5 FIELD OF THE INVENTION
The present invention relates to transition metal complex compounds,
olefin oligomerization catalysts including the compounds, and processes
of producing olefin oligomersD%ﬁﬁFleig'I IS]atalysts. BACKGROUND OF
THE INVENTION Industrial olefin aligomerization is most often catalyzed
TRW&@%%aWiﬁ&m%’}ﬁ&&%é”soéﬂfﬁgéﬂﬁé?ﬁon 9?&51%%&%%%?%&%% O
oligomerization of ethylene in particular gives a mixture of cz-olefins, Of
CATH}E alolefls ¥ eXen %&8%@?&?88&%&% BRMdteridiTor polyoterts; 1He
and high-selectivity processes for 1-hexene are desired. The only
selective pr%@gsI a@ﬁéé;%@ﬁsu%Wh@%@%%ﬁ%@rizaﬂon of
ethylene using chromium 20 compounds (Patent Document 1) . This
process affords approximately 8 kg of 1-hexene per 1 mmol chromium
atom-hour under an ethylene pressure of 100 bar. However, it is
preferred that a high&f &étivifylis Acrieved tinderH lower pressure so that

the costs for pressure and catalyst in the production can
The present invention relates to transition metal complex

compounds, olefin oligomerization catalysts including the
compounds, and processes of producing olefin oligomers with the

catalysts.

BACKGROUND OF THE INVENTION
Industrial clefin oligomerization is most often catalyzed
by organcaluminum compounds or transitlion metal compounds. The

oligomerization of ethylene in particular gives a mixture of

~a-olefins. Of the a-olefins, l-hexene has a high demand as a

material for polyolefins, and high-selectivity processes for
l-hexene are desired. The only selective process that has been
used in the industry is trimerization of ethylene using chromium
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 isg achieved under a lower pressure sc

that the costs for pressure and catalyst in the production can
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2 be reduced. Further, very few techniques have been reported for the
production of 1-hexene by trimérizing ethylene with transition metal
compounds other than chromium compounds (Patent Documents 2 and
3, Non-Patent Documents 1 and 2). 5 Patent Document 1: United States
Patent No. 5856257 Patent Document 2: JP-A-2004-524959 Patent

he I%ﬁgugg{lt - WQ 01/68572 Ngn-Patent Documeﬁt 1: Journal of Am ri%?‘?or

emical Socie y,e fOOX,e{%I. f%,tpe)ﬁ@ﬁé?%z alvoel\Foen?Ba%ﬁtor ©
D t.2:J | of O tallic Chemistry, 2004, Vol. 689, pp.
“he JEA Hobd SOMMARY OF THE INVENTION Thédprasenfifnton nos

been. made in view of the 15 aforementioned problems in the art. It
EE AR fet6re MR Gbiect S HB IV BAtGH 16 Frbvide iovel Trafndlion e aispate“t
complex_compounds, olefin oligomerization catalysts of syperior activity
DocumsHidiRing thBComp s- And Prote¥sei i produdihg dtefin oligomers
in the presence of the olefin oligomerization 20 catalysts. The present
invERToRS StudRs G Ently to"Sbiv€ the® pioiemsih THe alt°They have 7

then found that olefin oligomerization catalysts containing a transition

metdt 8D CHRTETUNd: with a'speeitit stribtté show excellent activity

and
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 coligomerization catalysts of superior
activity containing the compounds, and processes for producing
olefin oligomers in the presence of the clefin oligomerization
catalysts.

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

compound with a specific structure show excellent activity and



3 are suited for use in olefin oligomerization. In particular, the catalysts
are capable of catalyzing the oligomerization of ethylene as a starting
material to afford a trimer of ethylené, i.e., 1-hexene, with high selectivity.
The present invention 5 has been completed based on the findings. The
present invention relates to thefollowing [1] to [17] [1] A transition metal
complex compound [A] represented by Formula (I) below; [Chem. 1] R_Z
are GRICRE MENIIT (3] Ra-RET 0B WAERTHT REF0-RB e the d3hie or v ar
different from each other and are each a hydrogen atom, a halogen atom,
the g%9aﬁde‘aﬁiﬁoﬁ@f?oaﬁpaab&é%e?écyaié%ﬁ?ﬁdﬁ%d%#é%i&&éweflZatlon of
oxygen-containing group, a nitrogen-containing group, a boron-containing
ethygrBlip, an £5 Bhdrhintind-dontainmg ‘groti? aisifhrecSritaiffiig groGpla Lere.
phosphorus-containing group, a silicon-containing group, a 4
1. e.gerhrdiisAtcontiininy Brcllp 6€d fifconididing grdBpP s BRt invention

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) helow:

[Chem. 1]

(1)

wherein R* to R® are the same or different from each other and
are sach 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

phosphorus-containing group, a silicon-containing group, a
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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 hyd'%ogen 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

9 IR 6H8R-CORtafing G, Retfodyclic Bompobfid tésidud rgup, two or

silicon;contaiping grou ermanium-containing group or a

p, a . .
O iR chtaifing g‘Péé(p?ﬁméré & orurdiips iRdicated By X Maj2bethel 1nked
same or different from each other, and the groups indicated 15 by X may
to Zhe linked to each other to form a ring; Y is an oxygen atom, a nitrogen
atom, a phosphorus atom or a sulfur atom; Z is a hydrocarbon group or a
hetérééydlic E6mpduna tesrite - thdtdfay haveca Bubsttueritgibupl and the
the minimum number of 20 bonds linking Y with N is in the range of 4 to
rerig@dhe bonlsetween Y and Z may be a double bond or a triple bond, and
the bond between Y and R1 may be a double bond or a triple bond; and
therdotteddiriesJeaehederiotéd a coordination bond. 5

X is & 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
silicon-containing greup, a germanium-contalning 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 pbe linked te each cother o form a ring;

Y is an oxygen atom, a nitrogen atcem, a phosphorus atom
or a suifur atom;

Z 1s a hydrocarbon 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;

the bond between Y and 7 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 coordination bond.
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[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’s or 6. 5 r3] 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
represented by Formula (Il) below: [Chem. 2] Rio Y N R9/(11) R 8 10
R7 \WRerkiit Y Enoxyben dtohf h MitfegeR Ao 8 pHoSphbrus siont ored
_ a sulfur atom; and R7 to R10 are the same or different from each other
10 [3dd atd @aehia fytiofjen Sior, & HalsterCdtor 3y drocdrbR grotip, & ¥
‘ 15 heterocyclic compound residue, an oxygen containing group, a .
1 tRifogEREdntalfiig HRGapR, &£ BBRM oA gouptancrmuia (1) 1s 35
aluminum-containing group, a sulfur-containing group, a
or fphosphorus-containing group, a silicon-containing group, a

germanium-containing group or a tin-containing group, and when
[3] The transition metal complex compound [A] described

in {17, wherein Y, N and Z in the transition metal complex
compound of Formula (I) form a structure represented by Formula
(II) below:

[Chem. 2]

wherein Y 1s 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
heterccyclic compound residue, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, an
aluminum-containing group, a sulfur-containing group, a
phosphorus~contalning group, a silicon-contfaining group, a
germanium-containing group or a tin—céntaining'group, and when
R" to R* are hydrocarbon groups, R?andkRBH@y be linked to sach

other to form a ring and R® and R may be linked to each other
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20 R7 to R10 are hydrocarbon groups, R7 and R8 may be linked to each
other to form a ring and R9 and R10 may be linked to each other 6 to
form a ring. [4] The transition metal éomplex compound [A] described in
any one of [I] to [3], wherein Min 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
to TEg@a i selow: [Chem. 3] R Y;: -R ZR6 N, R5 OMX(n-) (1) | R4 R2
R3 10 wherein R1 tg R6 and R" are the same or different from each other
and are €8¢ ahydioger atdin 4 hafcgeh &dnt ARydHdCarBon Gotip: a4
, heterocyclic compound residue, an oxygen-containing group, a
in anitrogeriontainiiiy \gtoug? 286oR-Lotftaimifig grdtp, an ©7 metal complex

aluminum-containing group, a sulfur-containing group, a
compound of Formula (I) 1s a transition metal atom of Group 4

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

by Formula (I’) below:

[Chem. 3]

(1)

wherein B! to R® and RY are the same or different from sach other
and are each a hydrogen atom, a halogen atom, a hvdrocarbon group,
a heterocyclic compound residue, an oxygen-containing group,
a nitrogen-containing group, a boron-containing group, an
aluminum-containing group, a sulfur-contalining group, a
phosphorus-containing group, a silicon-containing group, a
germanium-containing group or a tin-containing group, two or

more of RY and R? to R® may be linked to each other, and R' may
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15 phosphorus-containing group, a silicon-containing group, a
germanium-containing group or a tin-containing group, two or more of R"
and R1 to R6 may be linked to each7other, and R1 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; 5 X is a hydrogen atom, a halogen atom, a
hydrocarbon group, an oxygen-containing group, a sulfur-containing
be I4itpdatfitdgen-containing group, a boron-containing group, an

aluminum-containing group, a phosphorus-containing group, a

haldgER-Bontaining gotin™& FatefocyBIie oot d residae a0 0 oF the

silicon-containing group, a germanium-containing group or a
periilééntafiing 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't® eacheotRer® fofm'5 ring; Y' is a nitrogen atom or a phosphorus

atom; 15 Z is a hydrocarbon group or a heterocyclic compound residue

that na%éyahé\i@é SEBBtifeHt gr@ﬂb? aPdRRefrhRTmuM MBSO BBNd5C UL /

linking Y* with N is in the range of 4 to 6; and the dotted lines each denote
an GrEecminTationtond. J6]Sra ransitien Afetarcomplex cohthotmeal =

described 20 in [5], wherein the minimum number of bonds linking Y' with
nityygen-containing group, a boron-containing group, an
aluminum~containing greoup, a phosphorus-containing group, a
halcgen-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
be the same cr different fromeach cther, and the groups indicated
by X may ke linked to each cther to form a ring;

Y’ iz 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 number of
bonds linking Y’ with N is in the range of 4 to ©; and

the dotted lines each denote a coordination bond.

[6] The transition metal complex compound [A] described
in [57, wherein the minimum number of bonds linking Y’ with N
in the transition metal complex compound of Formula (I7) is 5
or 6.

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

in [5], wherein ¥Y’, N and Z in the transition metal complex
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in the transition metal complex compound of Formula (I') is 5 or 6. [7] The
transition metal complex compound éA] described in [5], wherein Y', N )
and Z in the transition metal compleX 8 compound of Formula (I') form a
structure represented by Formula (II') below: [Chem. 4] Rio R9 Y' N R8
R7 5 wherein Y' is a nitrogen atom or a phosphorus atom; and R7 to R10
are the same or different from each other and are each a hydrogen atom,

comBeHAbGen HEM dhydrocar BER gtotip” A° hBteFot el Compotht ¥esiful -
an oxygen-containing group, a nitrogen-containing group, a

(L1 'HorBﬁ-lc%‘ﬁiaining group, an 10 aluminum-containing group, a
sulfur-containing group, a phosphorus-containing group, a

[ Chegilicahlcontaining group, a germanium-containing group or a
tin-containing, group, and when R7 to R10 are hydrocarbon groups, R7

wherein ¥’ 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, & halogen atom, a hydrocarbon group, a
heterocyclic compound residue, an oxygen-containing group, a
nitrogen~-ceontaining group, a borcn-containing group, an
aluminum-containing group, & 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 other
to form a ring.

[8] The transition metal complex compound [A] described
inanyone of [5] to [7], whereinM in the transitionmetal complex
compound of Formula (I') 1s a transition metal atom of Group
4 of the periodic table, and n is 4.

[9] 2n olefin oligomerization catalyst comprising the
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15 to form a ring. [8] The transition metal complex compound [A]
described in anyone of [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. 20 [9] An olefin oligomerization catalyst
comprising the 9 transition metal complex compound [A] described in any

one of [1] to [8]. [10] The olefin oligomerization catalyst described in [9], .
Crang R byt B ESeE S 1] e dandiiat Ml Sorfplek? 2% ©f

compound; and [B] at least one compound selected from the group
[1 ststing of (b-1) an organometallic compound, (b-2) an
organoaluminum oxy-compound and (b-3) a compound which reacts with
the CAsioR ket dorm DT oG (1) KA OR S0 b iy
The olefin oligomerization catalyst described in [9], wherein the catalyst
whe rgshnfkides: JAthetfdnsiidPhets €omplex compound:; [B] at least one
compound selected from the group 15 consisting of (b-1) an
orgahonietsllié edhipouha (3:8)dn SigaReEINfiRtMGA cordpsund and
(b-3) a compound which reacts with the transition metal complex
Co@ﬁéuﬁipﬂq@qgﬁﬁgﬁi@@mpound 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.

[11] The olefinoligomerization catalyst described in [9],
wherein the catalyst comprises:

[A}] the transition metal complex compound;

[B] at least cone compound selected from the group
consisting of (b-1) an organometallic compound, {b-2Z) an
organocaluminum oxy-compound and (b-3) a compound which reacts
with the transition metal complex compound [A] to fcrm an ion
pair; and

[C] & carrier to support at least one compound selected
from [A}] and [B].

[12] A process for producing an olefin cligomer,
comprising oligomerizing an olefin in the presence of the olefin
oligomerization catalyst described in any one of [9] to [11].

[131 A process for producing an olefin oligomer,
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pair; and [C] a carrier to support at least one compound selected 20 from
[A] and [B]. [12] A process for producing an olefin oligomer, comprising
oligomerizing an olefin in the preseﬁ@e 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 oligomerizatipn catalyst descriped jn any one of [9] fo [11] and.,
COMRRity %ﬂ%ﬁ &3t Satdratéd Hy dfrocarton %s%%o@&é%??ﬁﬁ%/&lérg@eesg for- "
. producing an olefin oligomer, 5 comprising oligomerizing an_olefin in the
oligauednde bith Siefir loigbnierization Catalyst Yedcfibed fifarky’ond Bf [0
to [11] and hydrogen. [15] A process for producing an olefin oligomer,
and @higrising oliomeRzing aifolefift it the piéserce bfthe®dlefin >0 ven®-
oligomerization catalyst described in any one of [9] to [11] and an
antistdtic dgért°ABT ThEProBesdéscribedin any ore ot {1 2FH15),
wherein the olefin is ethylene. [17] The process described in any one of
CommI2Fto 5] 15 VWRereri tHe dlefin Blethylehe Rnd teS6lefif Sligomergsefin
1-hexene.
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
oligomerization catalyst described in any one of [9] to [11]
and an antistatic agent.

[16] The process described in any one of [12] to [153],
wherein the olefin is ethylene.

[17] The process described in any one of [12] to [15],
wherein the olefin is ethylene and the olefin oligomer is

l-hexenes.

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

the oligomerization of ethylene into 1-hexene with high activity
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and

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
he gligomerization of ethylene into 1-hexene with high activity 11 and
LRt Draing very High ha Siar it By 4 Bfdues.
DESCRIPTION OF THE DRAWINGS Fig. 1 is a 1H NMR spectrum of
Compound 2. 5 Fig. 2 is a '"H NMR spectrum of Compound 5. Fig. 3 is a

1H NMR SpeCtﬁuﬁ;—r}% Eof5 DCI:%_QS;E Lé&d'\% N Fg%, %Ef #gAW{@G%oectrum of

Compound 2 spectrum of Compound 30. Fig.6is a
1H NMR spectrum of Compound 31. 10 Fig. 7 is a 'H NMR spectrum of
Cofpdund 35° Fig. 8 ¥'E18RMR SHect mCSFkE’S?‘h?)’\éu d 34. Fig.9is a
'H NMR spectrum of Compound 36. Fig. 10 is a 'H NMR spectrum of
Cofpdund 37° Fig. 11N¥% R RIVIREpettruP8FEsmPodnd 38. 15
BEST MODE FOR CARRYING OUT THE INVENTION The transition
metal Gomplésecmpouridd, fiedlefinm of Compound 7.

Fig. 4 is a2 'H NMR spectrum of Compound 22.
Fig. % is a 'H NMR spectrum of Compound 30.
Fig. 6 is a 'Y NMR spectrum of Compound 31.
Fig. 7 is & "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.
Fig. 10 is a “H NMR spectrum of Compound 37.

Fig. 11 is a 'H NMR spectrum of Compound 38.

BEST MODE FCOR CARRYING OUT THE INVENTION

The transition metal complex compounds, the olefin

oligomerization catalysts and the processes of producing clefin

cligomers using the olefin oligomerization catalysts according

to the present inventionwill be described in detail hereinbelow.

In the invention, the olefinoligomerization refers to the

production ¢f dimers to decamers of olefins.

An olefin oligomerization catalyst according to the

invention includes a transition metal complex compcund [A]
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oligomerization catalysts and the processes of producing olefin oligomers
using the olefin oligomerization cat Ié(sts according 20 to the present
invention will be described in detail héreinbelow. In the invention, the
olefin oligomerization refers to the production of dimers to decamers of
olefins. An olefin oligomerization catalyst according to the invention
descigludes aansition,mete) cmplex compound [Al, 1, described fater, The
olefin oligomerization ca?alyst usua I])L/ contains; in addition to the
transition metal.complex compouynd [A]., at least one compound [B
cont g B Red o ot B or B ot 5y 5 SHgaRor e SormaEnc
(b-2).an organoaluminum 5 oxy-compound and (b-3) a compound which ,
(5 @A (B RO s OB Soesit U 5 o i P
The compound (b-3) which reacts with the transition metal complex |
of (Smipodiid P28%6MT Bition paff ERRG T erid o adthe® TSHZiAG IGME "
compound in the invention. 10 The olefin oligomerization catalyst may
ORY CSHRME Earfier [€T0 sufpSit P RRAREoHE oM pbRRE SBIetted frofFlA]
and [B] [Transition metal complex compounds [A]] The transition metal
trangmpleR cshnsourds S the™riveRfion havetwe embdtinidnteaFhe The
transition metal complex 15 compounds in the first embodiment are
Comﬂ%bﬂﬁxﬁﬁé@byWhﬁﬁ%ﬂé@?Fﬁéoﬁﬁth the transition metal complex

compound [A] to form an ion pailr is also referred to as the
ionizing ionic compound in the invention.

The olefin oligomerization catalyst may contain a carrier
[C] to suppori 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
compounds in the first embodiment are represented by Formula

(I) below:
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13 [Chem.5] R~ Z6 R5MX(_1) (1) IR4R2 R3 InFormula (I), R'to 6
are the same or different from each, ather and are each a hydrogen atom,
a halogen atom, a 5 hydrocarbon group, a heterocyclic compound
residue, an oxygen-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
%ulfug-containing group, a phosphorus-containing group, a
silicon-containing group, a germanium-containing group or a 10
tin-containing group. Two or more of R1 to R6 may be linked to each
other, and R1 may be linked to Z. More specifically, R1 to R6 are each
preferably a hydfogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic copound residue, a hydrocarbon-substituted silyl group, a
15 hydroca -gubstituted siloxy group, an alkoxy group, an alkylthio
group, an aryloxy‘group, an arylthio group, an acyl 14

[Che

In Formula (I},'R; tc R® are the same or different freom
each other and are each a hydrogen atom, a halcogen 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 phosphorus-containing group, a
silicon-containing group, a germanium~containing grcup or a
tin-containing group. Two or more of R' to R® may be linked to
sach other, and R' may be linked to Z.

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

alkylthio group, an aryloxy group, an arylthioc group, an acyl
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group, an ester group, a thioester group, an amide group, an imide group,
an amino group, an imino group, aélzi< fonate 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. Examples of
the halogen atoms include fluorine chlorine, bromine and iodine.
Exam les of the h drocarbon s.include linear or_branched alky!l
g rou&r’ouﬁ ot 1636 P rabetyi %%Ja More 10 preferdily t%ﬁfbm' an
carbon atoms such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
i Age Chu teaer%‘Rﬂ“r?e%@ﬁi?l' &ridl Wy AEAP or branehed alieriys o 1P -
roups of 2 to 30, and preferably 2 to 20 carbon atoms such as vinyl, aIIyI
= Suﬂﬁd)Wé&%%eﬂﬁpﬁﬁeaﬁo%’%%hga Aimyt groupsof 1580, dnd15PC* Y
preferabl 0 20 carbon atoms such as ethynyl and propargyl; cyclic
g Ko%ﬁtu?af%‘a{rﬁﬁir%&%ﬁ%n Grotips oIS fo $8°5Rd p?élfe?r‘éblﬁf}l@%lz@%?@&ﬁ‘mg
atoms such ascyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
Irovgdamantyl ¥y EREURsattiffed hydrocarbon groups of 5 to 30 carbon
atoms such as cyclopentadienyl, indenyl and 20 fluorenyl; aryl groups of 6
to 36:aaHul prefefably® 16 20 Tarbd R OBforhs SheR as pheryi 'fapkihypr ine,
biphenyl, terphenyl, phenanthryl and anthracenyl; alkyl-substituted aryl
bromgrofipsdsacha@idlyk isopropylphenyl, t-butylphenyl, dimethylphenyl and
di-t-butylphenyl; and alkylidene groups of 1 to 30, and
Examplez of the hydrocarbon grcups include linear or

branched alkyl groups of 1 to 30, preferably 1 to 20, and more
preferably 1 to 10 carbon atoms such as methyl, ethyl, n-propyl,
isopropyl, n=butyl, isobutyl, sec-butyl, tertmbutyl, necpentyl
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 20, and
preferably 2 to 20 carbon atoms such as ethynyl and propargyl;
cyclic saturated hydrocarbon groups of 3 to 30, and preferably
3to 20 carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and adamantyl; cyclic unsaturated hydrocarbon groups
of 5 to 30 carbon atoms such as cyclopentadienyl, indenyl and
flucrenyl; aryvl groups of 6 to 30, and preferably € tc 20 carbon
atoms such as phenvl, naphthyl, biphenvl, terphenyl, vhenanthryl
and anthracenyl; alkyl-substituted aryl grcups such as tolvl,
isopropyiphenvyl, t-butylphenyl, dimethylphenyl and

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

pref&iEituted Withoffer AjarcaBorrgfotfs: ERAMBles o Suchgroups 4ene

include 10 aryl-substituted alkyl groups such as benzyl, cumyl,
and gishdmytethiyFand trityl. The hydrocarbon groups may have heterocyclic
compound residues; oxygen-containing groups such as alkoxy groups,
arylokg Grstises a5kt G roups PEtRENGrGUs G §PGtpE fI5 Batboxyt - tuted
~_groups, carbonate groups, hydroxyl groups, peroxy groups and carboxylic
withanhbridegtoupBs AltBgER-coRtalfifg §roUPEStEhHs aHmerfroups, ude
imino groups, amide groups, imide groups, hydrazino groups, hydrazono
halagrenps asitreygronps r hittosorgrenpsoéyand greldps Asdcyaito-gioupsy 1 to
cyanate groups, 20 amidino groups, diazo groups and amino groups in
20 campronianrsalt sforh; boron-contximinggrbups sbeh as boramediviegroupsnd
boranetriyl groups and diboranyl groups; sulfur-containing groups such as
chlanetoapty groups, thioester groups, dithioester

The hydrocarbon groups may have hydrogen atoms substituted
with other hydrocarbon groups. Examples of such groups include
aryl-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,
arvloxy groups, ester groups, sther groups, acyl groups,
carboxyl groups, carbonate groups, hydroxyl groups, peroxy
groups and carboxylic anhydride grcups; nitrogen-containing
groups such as amino groups, imino groups, amide groups, imide
groups, hydrazino groups, hydrazono groups, nitro groups,
nitroso groupes, Ccyano groups, isocyano groups, cyanate groups,
amidino groups, diazo groups and amino groups in ammonium salt
form; boron-containing groups such as boranedivyl groups,
boranetriyvl groups and diboranyl groups; sulfur-containing

groups such as mercapto groups, thiocester groups, dithicester

groups, alkylthio groups, arylthic groups, thiocacyl groups,
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groups, alkylthio groups, arylthio groups, thioacyl groups, 16 thioether
groups, thiocyanate groups, isothio )éanate croups, 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

£n1HOHRS: thiophosphory] grotins, and phos hateigsrBPTRi?osé'iCé’Qé%%”tai%” s
T groups; E]érmgni’um-conta%’mng groﬁ%s; dtin*con a‘inlngygroups. of '

hese, particularly preferred groups are linear or, branch dalkl}/l roups of
SULEPUSSS prbfelably £t 20, ors Locgraretably 16 10, ard Sil mora o=

dit p,refera%léz ﬁ;} 10 carbon atqoms such as meth)Tq eth £ n-gro I, isop;ofuyl, 1
UL BT P ieobutdiT 888 Butyl bl Tebpentyi” ﬁwoéKSZi and-adamantyt;” =Y
aryl groups of 6 to 30, and preferably 6 to 20 carbon atoms such as N
STOHEM haphthyE BipHEny H RErp ey F PhRhERthA a1 5 BrtFacemT, SUc
and substituted aryl groups wherein the above aryl groups are substituted
25 DRt o B sabStiHbEnt GroupE Otk as haibigen dtomd ARSPEPaKOXE ~OUrS
groups of 1 to 30, and preferably 1 to 20 carbon atoms, and aryl or
and ZRY RFGEPSEPERE 805 Bh PreferabiyE 1o 20 c&bonioms. 20
Examples of the heterocyclic compound residues include residues of
JerMpRdGET-EBRtEIIRG EBNTIGUIRES SuBR AsTyrrote  BYrdine SpyriRidine;
quinoline and triazine; residues of
Of these, particularly preferred groups are linear or
branched alkyl groups of 1 to 30, preferably 1 to 20, more
preferably 1 te 10, and still more preferably 2 to 10 carbon
atoms such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, t-butyl, neopentyl, n-hexyi and adamantyi;
aryl groups of €6 to 30, and preferably % to 20 carbon atoms such
as phenyl, naphthyl, biphenyl, terphenyl, phenanthryl and
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
to 20 carbon atoms, and aryl or aryloxy groups of 6 to 30,
and preferably ¢ to 20 carbon atoms.
Examples of the heterocyclic compound residues include
residues of nitrogen-confaining compounds such as pyrrole,
pyridine, pyrimidine, guinoline and triazine; residues of

oxygen-containing compounds such as furan and pyran; residues

of sulfur-containing compounds such as thiocphene; and groups
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oxygen-containing compounds such as furan and pyran; residues of
sulfur-containing compounds such as thiophene; and groups 17 obtained
by substituting the above heterocyc}i% compound residues with
substituent groups such as alkyl groups and alkoxy groups of 1 to 30, and
preferably 1 to 20 carbon atoms. Examples of the oxygen-containing

roups, the 5 nitrogen-containing groups, Lrgg sulfur-containing groups and
ot g REhGHRECOATING gfolis TRAlide Hi GrOURE Tamtondi 2bbde
.as substituent groups for the hydrocarbon groups. Examples of thed Lk
re s 8- Eoaifing Yroaps THelBde the gibaps® Méntiohed ABBVE d87¢ &+ xoxY
substituent groups for the hydrocarbon groups, 10 and alkylboron groups,
groOugibofort gréups bofdif hafide §rotps and dikyIBSron TR Groaps The
alkylboron groups include (Et)2B-, (iPr)2B-, (iBu)2B-, (Et)3B, (iPr)3B and
(IBEYSEUTHeS aRfibéron Grotips chde-eEeHs)2BI {E815)3B! fC6F5)3B
~and (3,5-(CF3)2C6H3)3B. The boron halide groups include BC12- and 15
nit Qs THE hikyTboren haRd® Groudssinélbde {ENBEL, fiBuiBE19aRyPs and
(C6H5)2BC1. In the above groups, the trisubstituted boron is often
the gdordimation bondedaMHeid E1derioss anethyidgrellf, IPPER fsopbpylcned
group, and iBu an isobutyl group. Examples of the aluminum-containing
abovygrogps ichidel RocalkylaleRnEMEGroups Sary lahuiniprRP §roubs? aRfinum
halide groups and alkylaluminum halide groups. The alkylaluminum

Examples of the boron—-containing groups include the groups
mentioned above as substituent groups for the hydrocarbon groups,
and alkylboron groups, arviboron groups, boron halide groups
and alkylboron halide groups. The alkylboren groups include
(Bt)oB~, (iPr).B-, (iBu).B—, (Et):B, (iPri:B and {(iBu)s;B. The
arylboron groups include (CgHs):B-, (CgHs)sB, (CgFs)iB and
{3,5-(CF3):CgHz)3sB. The beron halide groups include BCl;- and
BClz. The alkylboron halide groups include (Et)BCl-, (iBu)BCLl~
and (CgHs):BCl. In the above groups, the trisubstituted boron
is often coordination bonded. Here, Et denotes an ethyl group,
iPr an isopropyl group, and iBu an iscbutyl group.

Examples of the aluminum-containing grcups include
alkylaluminum groups, arvlialuminum groups, aluminum halide
groups and alkylaluminum halide groups. The alkylaluminum
greups include {Et),Al-, (1Pr),Al~, (iBu).Al-, (ET)sA1l, {(iPr)s;Al
and (iBu)sAl. The arylaluminum groups include (CgHs),Al-. The

aluminum halide groups include AlCl;— and Al1Cli. The
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groups include (Et) 2A-"-, (iPr)2A1-, (iBu)2A1-, (Et) 3A1, (iPr) 3A1 and (4
1 Bu) 3A1. The arylaluminum groups include (C6H5)2A1-. The aluminum
halide groups include AICI2- and ATE13. The 18 alkylaluminum halide
groups include (Et)AICI- and (iBu)AICI-. In the above groups, the
trisubstituted aluminum is often coordination bonded. Here, Et denotes an
ethyl group, iPr an isopropyl group, and iBu an isobutyl group. 5
2 Lk VE Ramiies Bt the Stiikendcottaining Grotps in€ltidé iyl grdiips! siaky 1“4 -
roups, hydrocarbon- substitutedsilyl groups and hydrocarbon-substituted
in tg?l%x?@%’@pé% Thie Ry drotarbon-substitited iyl GrouPs intluds ot ten
methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, 10
coongethyisiyn dishelifmettyasif, tphefyisiiye s dithiethy nyiiiye, 1Fr an
dimethyl-t-butylsilyl and dimethyl(pentafluorophenyl)silyl. Of these,
isonnetylsilgk cditvetRylSilyl Bransethy S udthiysityl cdfisthylsilyl, triethylsilyl,
dimethylphenylsilyl and triphenylsilyl are 15 preferred, and trimethylsilyl,
trielnasiyl asphdnylsityl sand dirhethgiphehplsing aFe papticulany: prefefredy 1
The hydrocarbon-substituted siloxy groups include trimethylsiloxy group.
grouBxampleseftiss gemrsaniumcontaiing groes atid teel 200 inceohtaining and
groups include groups corresponding to the above
hvdrocarbon-substituted siloxy groups. The

hydrccarbon-substituted silyl groups include methylsilyl,
dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilvyl,
triethylsilyl, diphenylmethylsilvyl, triphenylsilvyl,
dimethylphenylsilyl, dimethyl-t-butylsilyl and

dimethyl (pentafluorophenyl)silyl. Of these, methylsilyl,
dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,
triethylsilyi, dimethylphenylsiiyl and triphenylsilyl are
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
tin-containing groups include groups corresponding to the above
silicon-containing groups except that the silicon is replaced
by germanium cr tin.

Of the nitrogen-containing groups, preferred amide groups

include acetamide, N-methylacetamide and N-methylbenzamide;
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silicon-containing groups except that the silicon is replaced by germanium
or tin. Of the nitrogen-containing groups, preferred amide groups include
acetamide, N-methylacetamide and" -methylbenzamide; 19 preferred
amino groups include dimethylamino, ethylmethylamino and
diphenylamino; preferred imide groups include acetimide and benzimide;
and preferred imino aroups include methylimino, ethylimino, propylimino,

Preffhyitindand sHethmint e s OrtE Effurcbitiining GioupsTpretertéd o
alkylthio groups include methylthio and ethylthio; preferred arylthio

and ﬁmﬁglﬁﬁé%émﬁﬁf%%ﬁﬁﬁ&ﬁ?ﬁS%ﬁa AEPHFIh RS Spreferisg and

thioester groups include acetylthio, benzoylthio, methylithiocarbonyl and
ben zZyREiRthictarb GNP TREfkRFe d-8Uifshate 26 JFoupiheRfleTREthyL imino,

sulfonate, ethyl sulfonate and phenyl sulfonate; and preferred
ethygiifonamid® §rstpsifiéiide pREMASHIToHanTSE, RitaHYISuifdRamide

and N-methyl-p-toluenesulfonamide. Two or more of R1 to R6 may be

linked tbgether Preferablyt a5 AbjaceRogiotps Bf RICHRE ae linkdd 1o

together to form an alicyclic ring, an aromatic ring, or a .
grouisteiohydrstarbert hird teamaining héteydatbams/suchsdserirogen rThdsel o

rings may have substituent groups. R1 may be linked to Z, in which case
groupe linkagedt Rbwwithlthio, methylphenylthic and naphthylthio;
preferred thioester groups include aceitvlthio, benzoylithio,
methylthiocarbonyl and phenylthiocarbonyl; preferred sulfonate
groups include methyl sulfonate, ethyl sulfonate and phenyl
sulicnate; and preferred sulfonamide groups include
phenylsulfonamide, N-methylsulfonamide and
N-methyl-p-toluenesulfonamide.

Two or more of R* to R®may be linked together. Preferably,
adjacent groups of R' to R® are linked together to form an
alicyclic ring, an aromatic ring, or & heterohydrocarbon ring
containing hetercatoms such as nitrocgen. These rings may have
substituent groups.

R' may be linked to 2z, in which case the linkage of R' with
Z may form an arcmatic ring, an alicyclic ring, or a
heterohydrocarbon ring containing heteroatoms such as nitrogen,
and these rings may have substituent groups.

R' is preferakly a methvyl group, an ethyl group or an

isopropyl group, and is particularly preferably a methyl group.
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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. R1 is preferabl)?g methyl group, an ethyl group or an

isopropyl group, and is particularly preferably a methyl group. 20 R2 is

preferably a phenyl group, an a-cumyl group, a tert-butyl group or a

1-adamantyl group, and is particularly preferably a 1-adamantyl group.

R4Hs préftaBile ety Yrols i ey doRes) gftp a5Tem- byl Grous

or a 1-adamantyl group, and is particularly preferably a methyl group. In

tertEgitilh (BZRHE LiFarsition ATetaratsm 6EEHUp 310 GroupXo-of the? 1Y
_periodic table, and n is a valence of M. Preferred examples of M include

pref@fiftim Yscandiiitf AaAtHantinY 20°8amarium, titanium, zirconium, hafnium,
vanadium, tantalum, chromium, cobalt, iron, nickel and copper. M is more
preferdly b f AR%IH6N netal'SlbRY 6f GFOUP4 of ey perittic Yable SteR, @
as titanium, zirconium or hafnium, and is particularly preferably titanium.

tertparicularlyreerably dhe1efefraiss 1b I Yitriua Scafidibmraagularly
lanthanum, is 2 for samarium, is 4 for Group 4 transition metal atoms

pre igtiohoas/titaniudt wircositricand hafnium, is 3 to 5 for vanadium and

tantalum, is 3 for chromium, and is 2 for cobalt, iron, nickel and copper.
In Formula (Iy, M is a transition metal atcm 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,
samarium, titanium, zirconium, hafnium, vanadium, 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 hafrium, and is particularly
preferably titanium. Particularly preferably, the letter n is
3 for yttrium, scandium and lanthanum, is 2 for samarium, is
4 for Group 4 transition metal atoms such as titanium, zirconium
and hafnium, 1is 3 to 5 for vanadium and tantalum, is 3 for chromium,
and is 2 for cobalt, iron, nickel and copper.

In Formula (I), X is a hydrogen atom, a halogen atom, a
hydrocarbon group, an oxygen-contalning 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 silicon-containing group, a
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in Formula (1), X is a hydrogen atom, a halogen atom, a 20 hydrocarbon
group, an oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, a boronzéontaining group, an
aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residue, a
silicon-containing group, a 21 germanium-containing group or a
ST EREMTAG YHoup: THE® A8 br frédds inaichfed By X Hay Be thet 1€
same or different from each other, and the groups indicated by X may be
2L OMfh ey %5 RUER ofHet 6 FStth RiNgBER e RAlGYent afofis- from
include fluorine, chlorine, bromine and iodine. Examples of the
eachhydioearbGigrédiss elutStHdsélineaichey forRY 1o RE i EG bR @R ch
Specific examples include, but are not limited to, alkyl 10 groups such as
othemettyl, Ty, propyhutyl, hexyl, octyl, nonyl, dodecyl and eicosyl;
cycloalkyl groups of 3 to 30 carbon atoms such as cyclopentyl,
cydlotrexyd atorbbraicand bemprantybnalkenyl grbugsisgchias vigjilorine,
propenyl and cyclohexenyl; arylalkyl groups such as benzyl, phenylethyl
brorantephenylpropyhiels and aryl groups such as phenyl, tolyl,
dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenyl,
naphtbylp Imethylnaphthyt anterybandoptrenanthng. | Exanipies efthe t ioned

for R* to R® in Formula (I).

Specific examples include, but are not limited to, alkyl
groups such asmethyl, ethyl, propyl, butyl, hexyl, octyl, nonyl,
dodecyl and eicosyl; cycloalkyl groups of 3 to 30 carbon atoms
such as cyclopentyl, cyclchexyl, norbornyl and adamantyl;
alkenyl grocups such as vinyl, propenyl and cyclohexenyl;
arvialkyl groups such as benzyl, phenylethyl and phenyipropyl;
and aryl groups such as phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthvl,
methylnaphthyl, anthryvl and phenanthryi. Examples of the
hyvdrocarbon groups further include halogenated hydrccarbon
groups, epecifically hydrocarbon groups of 1 to 30, and
preferably 1 to 20 carbon atoms wherein at least one hydrogen
is substituted with halogen.

Examples of the heterccyclic compound residues include
those mentioned for R* to R in Formula {(Iy.

Examples of the oxygen-containing groups include these
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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 one f drogen is substituted with halogen.
Examples of the heterocyclic compound residues include those
mentioned for R to R6 in Formula (I). Examples of the oxygen-containing
groups include those 22 mentioned for R1 to R6 in Formula (1) Specific
mentahonrsldLhdude, Sout areHdtitdited to, hyddxyl'dros: ridtpsde
such as methoxy, ethoxy, propoxy and butoxy; aryloxy groups such as
PUT GHEGET mMethylpRendLy, (Ebﬁgﬂ%ﬁﬁe%%d ﬁaﬁfﬁtﬁkﬁx?;@%%r”fal%ﬁ;b as
groups such as phenylmethoxy and phenylethoxy; acetoxy groups; and
methatonyl Grotps. EXETRPIEE ot fife SUfTcontdRMgGroups MERfdeStoieds
mentioned for R1 to R6 in Formula (1) . Specific examples include, but are
phengstiimiteditly SuieHane grogpsisichyas hfstkyl SuffBRateapbthoxy

trifluoromethane sulfonate, phenyl sulfonate, benzyl sulfonate, p-toluene
arylsulfonate, tHmelyserzena sufonate. MEiSobE IIFer: epstfoRaRo XY /

p-chlorobenzene sulfonate and pentafluorobenzene sulfonate; sulfinate
acelgrsipg sacky as methyksulfimatel phenybsulfinate, benzyl sulfinate,

p-toluene 15 sulfinate, trimethylbenzene sulfinate and pentafluorobenzene

sulfinstepakkylthio grogps;whtuarylthiotgroopsiy groups include those
mentioned for R' to R® in Formula (I). Specific examples include,
but are not limited to, sulfonate groups such asmethyl sulfonate,
trifluoromethane sulfonate, phenyl sulfonate, benzyl sulfonate,
p-tcluene sulfonate, trimethylbenzene sulfonate,
triiscbutvlbenzene sulfonate, p-chlcrobenzene sulfonate and
pentaflucrobenzene sulfonate; sulfinate groups such as methyl
stifinate, phenyl sulfinate, benzyl sulfinate, p-toluene
sulfinate, trimethylbenzene sulfinate and pentafiuorobenzens
sulfinate; alkyithio groups; and arylthio groups.

Examples of the nitrogen-contalining groups inciude those
mentioned for R' to R® in Formula (I). Specificexamples include,
but are not limited to, amino groups; alkylamino groups such
as methylamino, dimethylaminc, diethylaminc, dipropylamino,
dibutylamino and dicyclohexylamine; and arylamino groups and
alkylarylamino groups such as phenylamino, diphenylamino,

ditolylamince, dinaphthylamino and methylphenylamino.

Examples of the boron-containing groups include BRy other



10

15

20

Examples of the nitrogen-containing groups include those mentioned for
R'to R6 in Formula’(l) . Specific examples include, but are not limited to,
amino groups; alkylamino groups sdch 20 as methylamino,
dimethylamino, diethylamino, dipropylamino, dibutylamino and
dicyclohexylamino; and arylamino groups and alkylarylamino groups such
as phenylaming, diphenylamino, ditolylamino, dinaphthylamino and

AR G AminG. EXamplEE 5F the bororcortamig Brotpdinciied kYL
BR4 other 23 than tetraphenyl borate (where R is a hydrogen atom, an
gr 0%kﬁ%ﬁﬂb}%ﬂ%ﬁiﬁrﬁﬁ%§%§%% AFyIgfLP Br £hafogérn i) 2 tom -
Examples of the phosphorus-containing groups include, but are not _
limRSE 16 gl hBS PRt GlotRs STCREsS RimdtiffphospHing  1de, but
tributylphosphine and tricyclohexylphosphine; triarylphosphine groups
are dijeh dslriptishytshosphirfeldnd RIGIFRHRDBhHEC BRESpHiE grdtips
~ (phosphide groups) such as methyl phosphite, ethyl phosphite and phenyl
trimsHdsphite Opldsphonic-acia graups: @pelBhtsphTic 10 acid groups.
~ Examples of the silicon-containing groups include those mentioned for R1
triqyRe FERorRtia DL Specificréxarples walide shydFsearbossabsttbited
silyl groups such as phenylsilyl, diphenylsilyl, trimethylsilyl, triethylsilyl,
trighipropyisilyks asitricy clokexysilyh ghenydsiiyl msethyldiphenyisilyly roups
{phosphide groups) such as methyl phosphite, ethyl phosphite
and phenyl phosphite; phosphonic acid groups; and phosphinic
acid groups.

Examples of the silicon-containing groups include those
mentioned for R! to R® in Formula (I). Specific examples include
hydrocarbon-substituted silyl groups such as phenylsilyl,
diphenylsilyl, trimethylsilyl, triethylsilyl, tripropylsilvyl,
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
trimethylsilylphenyl.

Examples of the germanium~containing groups inciude 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.
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tritolylsilyl and trinaphthylsilyl; hydrocarbon-substituted silyl ether groups
'such as trimethylsilyl ether;" silicon-substituted alkyl groups such as
trimethylsilylmethyl; and silicon-suldstituted aryl groups such as 20
trimethylsilylphenyl. Examples of the germanium-containing groups
include those mentioned for R1 to R6 in Formula (I) Specific examples

include groups corresponding to the above silicon-containing I’O%%S
excepttiatife ¢ficoRs Feptaced by Yermanitn? 225 Exa of-theg=*<

tin-containing groups,include those mentioned for R1 to R6 in Formula

1)

mentdeafic BXAMpIES iRcltdel §EstbsicofrespoRdifg i6 Heabgvales P thae

silicon-containing groups except that the silicon is replaced by tin. 5
grovRRaniples of iee Halogehcontainmiggteups inciifde, Bt bfe hot Unitee s

fluorine-containing groups such as PF6 and BF4; chlorine-containing
excebupd sticii As CIO4 and SETIBEaRa dedinexontdining groups such as

104. Examples of the aluminum-containing groups include, but 10 are not

limitedhta; IR 4 fwhiepe R 1o g hydesgerpaiont: an aikyp gicupl ane , but are

optionally substituted aryl group, or a halogen atom). Of the above atoms
not andgroupsindidated by thehmadogem atgms e thecalkybgiilipsare BFa;

preferred, and chlorine, bromine and methyl are more preferred.
chleorine-containing groups such as Cl0; and SbClys; and
iodine-containing groups such as I04.

Examples of the aluminum-containing groups include, but
are not limited to, AlRs (where R is a hydrogen atom, an alkyl
group, an optiocnally substituted arvi group, or a halogen atom) .

0f 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.

In Formula (I}, Y is an oxygen 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 hydrocarbon group or a heterocyclic
compound residue that may have a substituent group, and the

minimum number of bonds linking Y with N i1s in the range of 4

to 6.
By limiting the minimum number of bonds linking ¥ with N

in the range of 4 to &, the clefin cligomerization catalyst
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15 In Formula (1), Y is an oxygen atom, a nitrogen atom, a phosphorus
atom or a sulfur atom, and constitutes an ether structure, a ketone
structure, an amine structure or an fmine structure. In Formula N, Zisa
hydrocarbon 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 limiting the minimum number of bonds Iinkin? Y
CONLGitR N h raﬁ(j‘élBFE%S%F?ﬁg%ﬂefﬁ%ﬁ)do?ﬁeﬁ?&%%uéﬁa%}Zfsata yzes
~containing the transition metal complex compound [A] catalyzes the .
the Gigoridizatién of ethyléns i arGracL-hexénd fith hgh sefédivity. = high
Preferably, the minimum number of bonds linking Y with Nis5or 6, in
selaghieH Eake thBsefectivfty for Hhex8he 158 TuriReP ficradse@fthel 1nking
minimum number of bonds between Y and N is 3 or less, the distance
Y wigdnbekrsY it Nbis rict SUHiGiEnEasd the Batafilst Workstd polymeérizeé»ene
ethylene, that is, the catalyst is an olefin polymerization catalyst similar to
is feonpsundsrdeseribed in WO 10 2001/44324, Organometallics, 2004, Vol.
23, pp. 1684-1688, and Organometallics, 2006, Vol. 25, pp. 3259-3266.
CoAdeghently oligoniersisecipastihegehe bre ot protdced as’ or less,
expected. If the minimum number of bonds between Y and N is 7 or more,
the distance between ¥ 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
2001/44324, Organcmetallics, 2004, Vol. 23, pp. 1684-1688, and
Organometallics, 2006, Vol. 25, pp. 3259-32¢66. Consequently,
oligomers such as l-hexene are not prcoduced as expected.

If the minimum number of bonds between ¥ and N is 7 or more,
Y cannot be coordinated to the metal atom M, and the catalyst
works to polymerize ethylene, that ig, the catalyst is an clefin
polymerization catalyst similar to compounds without Y as
described in Dalton Transaction, 2005, pp. 561-571.
Conseguently, cligomers such as l-hexene are not produced as
expected.

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.
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Y cannot be coordinated to the metal atom M, and the catalyst 15 works
to polymerize ethylene, that is, the catalyst is an olefin polymerization
catalyst similar to compounds withdtt Y as described in Dalton
Transaction, 2005, pp. 561-571. Consequently, oligomers such as
1-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

(Chefhe fihimum numbers are 4 and 5, respectively. 26 [Chem. 6] No 3 (r)Y
...(A) O (Y O (B) The letter Z denotes a group linking N and Y.

N _ Prefetably, ¥Y, N and Z form a structure represented by Formula (11):
o 3 10 R9 ((IQ) N/R$ R7

Wb/

. (B)

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

Y, N and Z form a structure represented by Formula {II):

[Chem. 7]
R1O
RQ
Yo
N. _~ =8
RT

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
heterocyclic compound residue, 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 silicon-containing group, a
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wherein Y is an oxygen atom, a nitrogen atom, a phosphorus atom or a
sulfur atom; and 10 R7 to Ric are the same or different from each other
and are each a hydrogen atom, a I%glogen 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

9e rmaRdspkorE-cntainlfg Grolp, 85ifcdr-Coftaining Qroth, & 3P and when

., . germanium-containing group or a tin-cantaining.group, and when R'to

R’ tRT0 afd RyBIGCAmGoH griuss RPand Remdy e ARl fo edeh®othet 2 ™
form a ring and R9 and R10 may be linked to each other to form aring. 5

othegpseific exanipIEs bF 7S R1G HEIte tHBge daserbed fort RIGRR6GN 1Er
Formula (I). Specific examples of the structures formed by Y, N and Z

to finglde thes€ represented by Formulae (C) to (H) below but are not
limited thereto. In the structures of Formulae (C) to (H), 10 hydrogen
atoPRSmagise SuBSILEY Withithé grbups fentidRed iitveas T ibed for
substituent groups for R to R6. In some of the structures of Formulae (C)

R* to fH),IR1 iolirketiato Z: In the structures illustrated below, the wavy lines
adjacent to a carbon-carbon double bond indicate a cis-isomer 15 or a
trafsfsohidre examples of the structures formed by Y, N and Z

incliude those represented by Formulae (C) to (H} below but are
not limited thereto. In the structures of Formulae (C) to (H),
hydrogen atoms may be substituted with the groups mentioned above
as substituent groups for R' to R®. In some of the structures
of Formulae (C) to (H), R' is linked to Z.

In the structures illustrated below, the wavy lines
adjacent to a carbon-carbon double bond indicate & cis-isomer

Or a trans-isomer.
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[Chem. 8]
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N\~Y (N~ Y (D) 30 [Chem. 10y~ y/Y N/N~I~I1y UNYy YN/N/
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[Chem. 10]
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33 [Chem.13]YY NAN\V(N Y~NCYY~N YN-YN\/yNY NN/1
Y-YNIY YYN//IA\N/Y N\(\(H). In Formula (I) the bond between Y
and Z may be a double 5 bond or a iple bond, and the bond between Y
and R1 may be a double bond or a triple bond. In Formula (1) the dotted
lines each denote a coordination bond. The transition metal complex

comgounds [A] in the second 34
em. 13]
"“}‘o
I O
N ‘ =
g 98
Y J
|/

&

=
=
=

[Ch

=

pa
Cf \?
<
b

-

=Y
Y.
N S
Y.
N RS
¢ g {j\

In Formula (I}, the bond between Y and Z may be a double
bond or a triple bond, and the bond between Y and R* may be a
double bond ¢r a triple bond. In Formula (I}, the dotied lines
each denote a coordination bond.

The transiticn metal complex compounds [A] in the second
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embodiment are represented by Formula (I') below: [Chem. 14]R1R1 Z
R6 R5jMX(n_1) (I) IRaR2 R3 In Formula (I', R1 to R6 and R" are the
same or different 5 from each other’dnd 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-containin group, a

emb ogHfiRRbNEiRing Yo 65,24 pROspRorusSToRtdining grolis 10
silicon-containing group, a germanium-containing group or a

[Ch&fih-corithining group. Two or more of R" and Ri to R6 may be linked to
each other, and R may be linked to Z. Examples of R1 to R6 and Rig in
Formula (I') incldgle those mentioned for R1 to R6 in Formula (1). 15 In
Formula (I'), M i gﬂt_r_qgsition 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
(I include (Twose r‘qentioned for

R® N. &

In Formula (I'), R'to R® and RY zre the same or different
from each cther and are each a hydrogen atom, a halogen atom,
a hydrocarbon group, a heterccyclic compound residue, an

oxygen-containing group, a nitrogen-containing group,

AH

boron-containing group, an aluminum-containing group, a
sulfur-containing greoup, & phespherus-~containing group, a
silicon-containing group, a germanium-ccntaining group or a
tinw-containing group. Twocn:morecﬂle'andEﬂWx)Rsmaykmalinked
to each other, and R may be linked to Z. Examples of R' to R°
and RY in Formula (I') include those mentioned for R' to R® in
Formula (I}.

In Formulia (I7), M is a transiticn 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 mentioned for
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35 M and nin Formula (I). in Formula (I'), X is a hydrogen atom, a

halogen atom, a hydrocarbon group, an oxygen-containing group, a

sulfur-containing group, a nitrogen-€entaining group, a 5 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
M ar@n-@oﬁ%irﬁﬁﬁ‘@‘ﬁg@p. 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 fink&@ ¥§'¢aeh (ther tef forin & ANGEEHPREGEX i FekRgRIatem, a

include those mentioned for X in Formula (I). In Formula (I, Y'is a
hydrgigegen atemOa plidspheyds ator it FBirdadF YL Zris@& hydrocarbon

group or a heterocyclic 15 compound residue that may have a substituent
sul fgrouppand e nnigiumi Punib et of Dores tinking 2 WithoN 4 mthe range

of 4 to 6. By limiting the minimum number of bonds linking Y* with N in
borotherange of #itg 67 tlhewlefinroligbmerization catahyist 120G cantaining the

transition metal complex compound [A] catalyzes the oligomerization of
phosgthylene-toafford hexenerwith high 'selectivity. Rreferablyn theyminipnuna

number of bonds linking Y' with N is 5 or 6, in which case. the selectivity
hetdopdshexenecompound residue, a silicon-containing group, a

germanium-containing group cor a tin-containing group. The
atoms or groups indicated by X may be the same or different from
each cther, and the groups indicated by ¥ may be linked to each
other to forma ring. Examples of X in Formula (I’) include those
mentioned for ¥ in Formula (I).

InFormula (I"), ¥’ is anitrcgen atom or a phosphorus atom.

In Formula {I'), Z is a hydrocarbon group or a heterocyclic
compeound residue that may have a substituent group, and the
minimum number of bonds linking Y’ with N 1s 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 olefin oligomerization catalyst
containing the transition metal complex compound [A] catalyzes
the oligomerization of ethylene to 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 l-hexene

is further increased.



is further increased. 36 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’df Formulae (D to (K), hydrogen
atoms may be substituted with the groups mentioned 5 above as
substituent groups for R1 to R6 in Formula (I) . In some of the structures
of Formulae (I) to (K), R1is linked to Z. In the structures illustrated below,

theSWay firés SaRERRED & Eafldoh-Earbon doimle boRdFitiCatea - I and
cis-isomer or a trans-isomer. 37 [Chem. 15]N/AV/YNN Y NYN/YNY
2 AN NLSER \INPYEe e Nbedyy Formulae (1) to.(K) below but

are not limited thereto. In the structures of Formulae (I) to
(K}, hydrogen atoms may be substituted with the groups mentioned
above as substituent groups for R! to R® in Formula (I). TIn 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-carpbon double bond indicate a cis-isomer

or a trans-—-isomer.
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[Chem. 15]
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YIY~) NN,N Y//YI Nb_N40 InFormula (I'), the dotted lines each

denote a coordination bond. The tr tgsition metal complex compounds [A]

of Formula (I) and Formula (I") ma;? e 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

‘ch Ilter%# e is a mixture but may be used directly as an olefin

&lgo rization catalyst without purification. Preferably, 10 the product is
used after purified by recrystallization or the like. In the invention, the
transition metal complex compoup ds of Formula () apdthe Yransition

N etal complex compouRds. @
%ﬁ@ion 15 metal com
transition metal complex compotnd

\/‘«/@ O Y
Y

N

\g /
YN N
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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 organometall%ocompound, 20 (b-2) an
organoaluminum 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
corpolifidEefetted from [A} andqBF $fereinbefow 2ré ofgadrmetallic
compounds (b-1), 41 organoaluminum oxy-compounds (b-2), and

CoorghMgdurds %Tf@)dwhich react with the transition metal complex compound
[A] to form an ion pair will be described. [Organometallic compounds

(b-1)15 Exampldsiontieesryaroietafie CoMpoUwRds (841) that apgmula (1)
optionally used in the invention include organometallic compounds

and dohtEining métals BE Bregp 1Y GG 27 Bfods &2 BhdGrédp 1376t thed
periodic table. Specific examples include compounds (b-la), (b-Ib) and

desqpifepdescribédalow. MitHertRinveaticn, the orgarbrétaliic compounds! -
(b-1) do not include the organoaluminum oxy-compounds (b-2). (b-1a)

678 ,Organoalimihéiin compounds represented by the following formula: a b R
mAl (OR ) aHpXq

The reaction product by the method described in the above
literature is a mixture but may be used directly as an olefin
oligomerization catalyst without purification. Preferably,
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
metal complex compounds [A].

In addition fo the transition metal complex compound [A],
the olefin coligomerization catalyst according to the present
invention usually contains at least one compound [B] selected
from the group consisting of (b-1) an organometallic compound,
{b-2) an ocrganoaluminum oxy-compound and (b-3) a compound which
reacts with the transition metal complex compound [A] to form
an ion palr. The catalyst may further contain a carrier [C] to

support at least one compound selected from [A] and [B].

Hereinbelow, The corganometallic compounds {(b-1},
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15 wherein Ra and Rb, which may be the same or different, are each a

hydrocarbon group of 1 to 15, and rleferably 1 to 4 carbon atoms; Xis a
halogen atom; 0<m<-3, 0<-n<3, 0Sp<3, 0<-g<3 and m+n+p+q = 3. (b-Ib)

Alkyl complex compounds containing a Group 1 metal 20 of the periodic
table and aluminum and represented by the following formula: 2a M AIR

4 2 a wherein M is Li, Na or K; and R is a hydrocarbon gro 1 1o 15,.
x4t BRSFABY 105 SRR S 25 (o b BIEPEpurde ) Hie

containing a Group 2 aor Group 12 metal of the periodic tabl ndJ
reacﬁép‘f’é%h%&%y‘iﬁ&%fb\}ﬁﬁ& fofiiita: B8 KR M B WREr Z}R% and® RbO™™

.which may be the same or different, are each a hydrocarbon group of 1 to
an 18 &% Breferably F 1'% XaFioiE S atoms; and M is Mg, Zn or Cd.

Examples of the organoaluminum compounds (b-la) include:

[O1 IgryaB aRiiA G CETRPOETS réprdsented by the following

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-lc) described bkelow. In the
invention, the organometallic compounds {(b-1) do not include
the organcaluminum oxy-compounds {(b-2).

(b-la) Crganocaluminum compounds represented by the
following formula:

R%AL(OR") H X,

wherein Raand.RF, which may be the same or different, are each
a hvdrocarbon group of 1 to 15, and preferably 1 to 4 carbon
atoms; X is a halogen atom; 0<ms$3, 0$n<3, 05p<3, 02g<3 and mtn+p+qg
= 3.

(b-1b) Alkyl complex compounds containing a Group 1 metal
0f the pericdic table and aluminum and represented by the
following formula:

MAIRY,
wherein M2 is Li, Na or K; and R* is a hydrocarbon group of 1

te 15, and preferably 1 to 4 carbon atoms.
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10 formula: a b RcAI(OR ) 3-m wherein Ra and R b, which may be the

same or different, are each a hydrocarbon group of 1 to 15, and

preferably 1 to 4 carbon atoms, andm is preferably 1.5<-m<<-3; 15

organoaluminum compounds represented by the following formula: a R

mMA1X3-m a 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 O<m<3; 20

org&moaluminuifT %8&1@%%%5%&&%8 by tHE BIIGKIY formulg S B 4

n,AlH3-m a wherein R is a hydrocarbon group of i to 15, and preferably 1
metay £Earbdh atbmsCand njF@é@f&%ﬂlf@%@é?&ﬁd@ﬁsbé’rg%ﬁ%aﬁ%ﬁﬁﬁl%“g

compounds represented by the following formula: a b
formula:

a_b 3
RRM

wherein,Ra and.Rb, which may be the same cr different, are each
a hydrocarbon group of 1 to 15, and preferably 1 to 4 carbon
atoms; and M3 is Mg, Zn or Cd.
Examples of the organcaluminum compounds (b-la) include:
organoaluminum compounds represented by the following

formula:

b
wherein ?aand 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 1s preferably 1.5Sms3;

organcaluminum compounds represented by the following
formula:

a

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

organcaluminum compcounds represented by the following
formula:

a

R _ALH,
wherein R is a hydrocarbon group ¢f 1 To 1%, and preferably 1

to 4 carbon atoms, and m is preferably 2Sm<3; and
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R mAl (OR ) nXg a b 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, 0<m:-3, 0<n<3, 0<q<3 and m+n+q =
3. Specific examples of the organoaluminum compounds (b-la) include:
tri(n-alkyl)aluminums such as trimethylaluminum, 10 triethylaluminum,
tri(n-butyl) aI]rL:minum, tripropylaluminum, trigentglaluminum,

trin@RFIATRNURT, HiScty RN T 2R G HFdE&taGhifdm: Branthed Shiiy

trialkylaluminums such as triisopropylaluminum, triisobutylaluminum, 15
Lo égte-butyl)aluminum, tri(tert-butyl)aluminum,
tri(2-methylbytyl)aluminum, tri(3-methylbutyl)aluminum,
tri(f—m%%iﬁ ht Jaluminum, tri(3-methylpentyl)aluminum,
tri(4-methylpentyl)aluminum, tri(2-methylhexyl)aluminum,
whe 1 (3L nietyitexyl) aldfiftiniand e 2-athyiirasgalufinbhe 201t , are each
tricycloalkylaluminums such as tricyclohexylaluminum and
a hnﬁéy&%&%nﬁﬁﬁ%;qﬁarlﬂat}@mﬂrgm%ﬁcr%@fﬁﬁﬁé@w&mmrﬁ afigroon

tritolylaluminum; dialkylaluminum hydrides such as diethylaluminum
atontiydriflel44a halogen atom, O<m<3, 05n<3, 05g<3 and mt+n+q = 3.

Specific examples of the crgancaluminum compounds (b-1la)
include:

tri({n-alkyl)aluminums such as trimethylaluminum,
triethylaluminum, tri{n-butyl)aluminum, tripropylaluminum,
tripentylaluminum, trihexylaluminum, triococtylaluminum and
tridecylaluminum;

branched-chain trialkylaluminums such as
triiscpropylaluminum, Triischutylaluminum,
tri{sec-butyl)aluminum, tri{tert-butyl)aluminum,
tri{Z-methylbutyl}aluminum, tri{(3-methylbutyl)aluminum,
tri{Z-methylpentyl)aluminum, tri{3-methylpentvyl)aluminum,
tri(d4-methylpentyl)yaluminum, tri(Z-methylhexyl)aluminum,
tri (3-methylhexyl)aluminum and tri(2-ethylhexyl)aluminum;

tricycleoalkylaluminums such as tricyclohexylaluminum and
tricyclooctylaluminum;

triarylaluminums such as triphenylaluminum and
tritolylaluminum;

dialkylaluminum hydrides such as diethylaluminum hydride
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and diisobutylaluminum hydride; alkenylaluminums such as those
represented by the formula -C4H9) xAly (C5HIo) z (wherein x, y and z are
each a positive number, z?2x, and %—%S,HQis an isobutyl group) with
examples including 5 isoprenylaluminum; alkylaluminum alkoxides such
as isobutylaluminum methoxide, isobutylaluminum ethoxide and
iIsghutylaluminum isopropoxide; dialkylaluminum alkoxides such as
204 G bnifar 18 HethB%ite die 7:~hylaluminum ethoxide and
dibutylaluminum butoxide; alkylaluminum sesquialkoxides such as
eth?éﬁﬁﬁ%hﬁ%ﬁi%%hﬁ%% &rid BiRyIEIG AT SBSGbtHoxide; formula
) artially alkoxylated alkylaluminums such as those having 15 an average
(l’(gé’rﬁ ﬂdﬁ%i@r’ezséﬁféﬁrb%%ﬁﬁ.%ﬁm)aé 8 ffrergim RE- And RBLTP S/
which may be the same or different, are each a hydrocarbon group of 1 to
22275 3 preferably®136 4-SBoH RlofER HalkyihlumFtATRNfoxides stk 9

~as diethylaluminum phenoxide,

1 sORgiethy el 6-di-t-butyl-4-methylphenoxide), 20
ethylaluminumbis(2,6-di-t-butyl-4-methylphenoxide), ‘
diispbtitylalbRidmE 6adi-Ebuhfs metsylpBehokide) Hidl 2 L uminum
isobutylaluminumbis(2,6-di-t-butyl-4-methylphenoxide); dialkylaluminum

me tiafites sueh asudimetiylalimirura Wfotidée disthlylakmiiBtimlehloiide) um
dibutylaluminum chloride,

isopropoxide;

dialkylaluminum alkoxides such as dimethylaluminum
methoxide, diethylaluminum ethoxide and dibutylaluminum
butoxide;

alkylaluminum sesguialkoxides such as ethylaluminum
sesguiethoxide and butylaluminum sesqguibutoxide;

partially alkoxylated alkylaluminums such as those having
an average composition r@presemt@dbyRaz.fﬂl(ORb)O_5 (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);

dizlkylaluminum aryloxides such as diethylaluminum
phencoxide, diethylaluminum (2, é6-di~t=-butyl~4-methylphenoxide)},
ethylaluminumbis (2, 6~di-t-butyl-4-methylphenoxide),
diiscbhutylalumium{2, 6—-di-t-butyl-4-methylphenoxide) and
iscbutylaluminumbis (2, 6-di~t-butyl~4-methylphenoxide);

dialkylaluminumhalides such as dimethylaluminum chloride,

diethylaluminum chloride, dibutyizluminum chloride,
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45 diethylaluminum bromide and diisobutylaluminum chloride;
alkylaluminum sesquihalides such as_ethylaluminum sesquichloride,
butylaluminum sesquichloride and e4tﬁylaluminum sesquibromide; 5
partially halogenated alkylaluminums such as alkylaluminum dihalides
including ethylaluminum dichloride, propylaluminum dichloride and
. butylaluminum dibromide; dialkylaluminum hydrides such as ,

dletigthytaidmitiin Ay aRde St dibttyta Grifium hiydfde o partafy ¢
hydrogenated alkylaluminums such as alkylaluminum dihydrides including
eth§aluminti dikyaride 3idt probyRiEmittnt: dity/dfitiey 2Ad pardaiy
alkoxylated and halogenated alkylaluminums such as ethylaluminum

ses Bhokychloritfe, butylakdmiHths BlteRichtoride- 45 4 Faldhihghimd numn
ethoxybromide. Compounds analogous to the organoaluminum

S €S RofFounee (b-la) are also employable. Examples of such compounds

include organoaluminum compounds wherein two or more aluminum

corRgetinds! bre Bohaed vt g Ritroger atbril SUER asY{E2M5 2A1N

(C2H5) Al (C2H5) 2 20 Examples of the compounds (b-Ib) include
allkyiAllGRHSBYA afid NEIN (€ PH1EY 4 UEXArEplestaf Hae sompeaunds (i ride,

include dimethylmagnesium, diethylmagnesium, dibuhylmagnesium and
propylaluminum dichloride and butylaluminum dibromide;

dialkylaluminum hydrides such as diethylaluminum hydride

and dibutylaluminum hydride;

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

partially alkoxylated and halogenated alkylaluminums such
as efthylaluminum ethoxychloride, butylaluminum butoexychloride
and ethylaluminum ethoxybromide.

Compounds analogous to the crgancaluminum compounds
(b-1a) are also employable. Examples of such compounds include
organoaluminum compounds wherein two or more aluminum compounds
are bonded via a nitrogen atom, such as (C,H.) ,AIN(CH.}AL (C,H,),.

Examples of the compounds (b-1lb) include LiAl{C,H.), and
LiAL{CiH,5) .

Examples of the compounds (b-~lc) include

dimethylmagnesium, diethylmagnesium, dibutylimagnesium and

butylethylmagnesium.
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butylethylmagnesium. 46 Examples of the organometallic compounds
(b-1) other than the compounds (b-1a) to (b-ic) include methyllithium,
ethyllithium, propyllithium, butyllithium, methylmagnesium bromide,
methylmagnesium chloride, ethylmagnesium bromide, 5 ethylmagnesium
chloride, propylmagnesium bromide, propylmagnesium chloride,

buty! ium bromide and_butyl ium chloride. Combinations of
conBalAAE EapAbTe 516G the above GrASEATirkim CorpoLras 17

the oligomerization system are also 10 employable, with examples
Ehe jRemEng s BormBination ot altiniruin hafde Sid ARyiiHitm-and'a:
combination of aluminum halide and alkylmagnesium. Of the '
& L3 AnometalliCESImPoUnds ihPT), the o¥ganoaldiiiuri Corpattisare ™
preferable. The organometallic compounds %1) 15 may be used singly,
bromgdRo SThERELRIAES Ry Be tiled it ComGindtont§organddlurmirit 42/
oxy-compounds (b-2)] The organoaluminum oxy-compounds (b-2) that are
ethyggtRmay LEEd fitHelindentich RRY- BEREaRRNEBN &F2F akfinoxanes or
benzene-insoluble organoaluminum oxy-compounds as described in
PropPAAdD2-TBE87 CHOPEREIApl ebivErtbRaF aldiRéRaRe haybe

prepared by
butylmagnesium chloride.

Combinations of compounds capable of forming the above
organocaluminum compounds in the oligcmerization system are alsc
employable, with examples including a combination of aluminum
halide and alkyllithium and a combination of aluminum halide
and alkylmagnesium.

Of the organometallic compeounds {b-1), the crgancaluminum
compounds aﬁe preferable. The organcmetallic compounds (b-1)
may be used singly, or two cor more kinds may be used in
combination.

[Organcaluminum oxy-compounds {b-2} ]

The organocaluminum oxy-compounds (b-2) that are
optionally used in the invention may be conventional
aluminoxanes or benzene-insoluble organcaluminum cxy-coempounds
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 hydroccarbon solvent.
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the following processes, and is generally obtained as a solution in a
hydrocarbon solvent. 47 (1) Anh organoaluminum compound such as
trialkylaluminum is added to a hydrél(?arbon medium suspension of a
compound containing water of adsorption or a salt containing water of
crystallization, e.g., magnesium chloride hydrate, copper 5 sulfate hydrate,
aluminum sulfate hydrate, nickel sulfate hydrate or cerous chloride

hydrate, A8 dibAPhE TR aainGiRTRC CoMpoUnt 1B Fehct Wit He waler™ ™
. of adsorption or the water of crystallization. (2) Water, ice or water vapor
is adMewed 18 diréeeiy aaE A0 o aA bifarfoaTaR T tomboting iR H
trialkylaluminum in a medium such as benzene, toluene, ethyl ether or
contipfahidrofirafir (3) Arfofrfnotin Gxide sdchPas BintéthyRihroxide g ter of
dibutyltin oxide is allowed to react with an organoaluminum compound
crysdychldsgialigialuminim ifadmedititsGeh-a5 de€ane,d15 benzeéRebR T
toluene. The aluminoxane may contain a small amount of an
sul fgrganomerdiiccompenentiFuthel ahe soiventorthen bifeakteg L fate
organoaluminum compound may be distilled off from the solution of
hydrgtminoxane cand dthe distitlaté irbsebe redissehedw 200 asph/ent bprinum
suspended in a poor solvent for the aluminoxane. Examples of the
commrganodluninamtcempouhds useddn thé adsorption or the water of
crystallization.

(2) Water, ilce or water vapor is allowed to directly act
on an organocaluminum compound such as trialkylaluminum in a
medium such as benzene, toluene, ethyl ether or tetrahydrofuran.

(3} An corganctin oxlde such as dimethyltin oxide or
dibutyltin oxide is allowed to react with an organcaluminum
compound such as trialkylaluminum in a medium such as decane,
benzene or toluene.

The aluminoxane may contain a small amount of an
organometallic component. Further, the solvent or the
unreacted crgancaluminum compound may be distilled off from the
solution of aluminoxane, and the distillate may be redissolved
in a solvent or suspended in a poor solvent for the aluminoxane.

Examplies of the organcaluminum compounds used in the
preparation of alumincxanes include the organocaluminum

compounds described above for the organocaluminum compounds

{(b-1a).
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preparation of aluminoxanes include the organoaluminum compounds
described above for the organoaluminum compounds (b-la). 48 Of the
organoaluminum compounds, the tfjiglkylaluminums and
tricycloalkylaluminums are preferable, and trimethylaluminum is
particularly preferable. The organoaluminum compounds may be used
or two 5 or more kinds may be used in combination. Examples of

singly,

the(gJ olVEHits UsRETH e PrapdPafioii 8 Ehiiinokdied intRide aronmatic™ WS

hydrocarbons suchﬁas benzene, toluene, xylene, cumene and cymene;
and &nHare WHyatdeal Bond o ipéntBné Hid@hthepaie, octane,

_ decane, dodecane, 10 hexadecane and octadecane; alicyclic

trimpidigearbohssdth 3 E’j?éiéﬁ@h‘t%tﬁé}é’yé?é}?e‘;%ﬁ@?é%ooctane and

methylcyclopentane; petroleum fractions such as gasoline, kerosine and

lightioi; CartR RaIfieEsUEH e S eRPFiHES nbdioRfdes 6FthesB Argmadtie, Two

aliphatic and alicyclic hydrocarbons. Ethers such as ethyl 15 ether and
or mefahyidigferancaieHisclefployablierdrithe isbifents, the aromatic

hydrocarbons and the aliphatic hydrocarbons are particularly preferable.

Thé-benpeére-insbliible ofgantaliminiin dxy eohipoundeprsferabiyy of

contains an Al component which is soluble in benzene 20 at 60C, in an
alurdmouatefandtmdretthan 109%, tpreféraBlyatot phores such as benzene,
toluene, xylene, cumene and cymene; aliphatic hydrocarbons such
as pentane, hexane, heptane, octane, decane, dodecane,
hexadecane and octadecane; alicyclic hydrocarbons such as
cyclopentane, cyclohexane, cyclooctane andmethylecyclopentane;
petroleum fractions such as gasoline, kerosine and light oil;
and halides such as chlorides and bromides of these aromatic,
aliphatic and alicyclic hydrocarbons. Ethers such as ethyl
ether and tetrahydrofuran are also employable. Of the solvents,
the aromatic hydrocarbons and the aliphatic hydrocarbons are
particularly preferable.

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

oxy-compound is preferably inscluble or hardly scluble in

benzene.
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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 solubfe’in benzene. 49 Examples of the
organoaluminum oxy-compounds for use in the invention further include
boron-containing organoaluminum oxy-compounds represented by
Formula (i): [Chem. 18; R12 R11 R12 A 1-0- -O-Al (I) R12 R12 iz Inthe
forrbfa R foa hydrotarBoA Grod 8P 10 0Carb o oMM S 8nd the Use 11
plurality of Ri z, which may be the same or different, are each a hydrogen
the apyywerd halgentatehror& hybfecatBoAYIGEE! 'oF 16T eahdncaoms: num
10 The boron-containing organoaluminum oxy-compounds represented
oxXyPPBfIAY) THAY BePréparetibyfaliciing aht alkylboronic acid
represented by Formula (ii): R -B(OH)2 (ii) wherein R is the same as
[Chegeschibéd above, 15 to react with an organoaluminum compound in an
inert solvent at a temperature of -80C to room temperature for 1 minute

.
//-u OB e Qe Al (0
R12 R12

In the formula, Ru'isaahydrocarbonmgroup<xfl to 10 carbon
atoms;andthepluralityofIﬁz,whichmaykxathesameorcﬁfferent,
are each a hydrogen atom, a halogen atom or a hydrocarbon group
of 1 to 10 carbon atoms.

The boron-containing organcaluminum cxy-compounds
represented by Formula (i) may be prepared by allowing an
alkyiboronic acid represented by Formula (ii):

R -B(CH), (ii)
wherein R11 is the same as described above,

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

Examples of the alkylboronic acids represented by Formula
(ii) include methyvlboronic acid, ethylboronic acid,
iscopropylboronic acid, n-propyiboronic acid, n-butylboroeonic
acid, isobutylboronic acid, n-hexylboronic acid,

cyclchexylboronic acid, phenylboronic acid,
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to 24 hours under an inert gas atmosphere. Examples of the alkylboronic
acids represented by Formula (i) include methylboronic acid, ethylboronic
acid, 20 isopropylboronic acid, n-propylboronic acid, n-butylboronic acid,
isobutylboronic acid, n-hexylboronic acid, cyclohexylboronic acid,
phenylboronic acid, 50 3,5-difluorophenylboronic acid, pent
_ afluorophenylboronic acid and 3,5-bis(trifluoromethyl phenylboronic, acid. .
31 5-Bf theser FetHyIdroic atid A% bityiBororic adiar REBERIbCIoR He 2 ¢ 14
3,5-difluorophenylboronic acid and pentafluorophenylboronic 5 acid are
and ﬁre?e‘rﬁbf‘é%é%ﬁ%%ﬁ%@ﬂ?ﬁ%@%siﬁ@%or twb driificier
kinds may be used in combination. Examples of the organoaluminum
me thaohpsaidsté betedetett Wit thedlikbordriie acidSimelidetranic acid,
organoaluminum compounds 10 described above for the
31 S-6rgansalptiRGRYCERFSUNDS BAaY ofthesethe tridRyRRIMEMCAR: 1 C
tricycloalkylaluminums are preferable, and trimethylaluminum,
aclcriethylaasisuraiahd- triisobutylaluminum are particularly preferable. The
organoaluminum compounds may be used singly, or two or more kinds
15 Hiselseadsedlinccombination dFHesor fenbalamimtm o Xy-compours more
(b-2) mentioned above may be used singly, or two or more kinds may be
kindgetkip be used in combination.

Examples of the organcaluminum compounds to be reacted
with the alkylboronic acids include the organcaluminum compounds.
described above for the organcaluminum compounds (b-la). Of
these, the trialkylaluminums and tricycloalkylaluminums are
preferable, and trimethylaluminum, triethylaluminum and
triiscbutylaluminum are particularly preferable. The
organocaluminum compounds may be used singly, or two or more kinds
may be used in combination.

The organcaluminum oxy-compounds (b-2) mentioned above
may be used singly, or two or more kinds may be used in
combination.

[Tonizing ionic compounds (b-3)]

The compounds {b-3) that are cptionally used in the
inventicn are compounds which react with the transition metal
compound (A} to form an ion palr. Any compounds capable of
reacting with the transition metal compound (A} tc form an icn

pair may be used in the invention.
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combination. [lonizing ionic compounds (b-3)] 20 The compounds (b-3)
~ that are optionally used in the invention are compounds which react with
the transition metal compound (A) totform an ion pair. Any compounds
capable of reacting with the transition metal compound (A) to form an ion
pair may be used in the invention. 51 Examples of such compounds
include Lewis acids, ionic compounds, borane compounds and carborane
compotindsas desertat FYIPOAMDT-5p1950 5P KeKot-502086, 1oniC
JP-A-H03-179005, JP-A-H03-179006, JP-A-H03-207703, ,
comppiadR 202 764C aRE XY BA5 PRI RERBOS 32%, T0BPABRTSpafycescribead
compounds and isopoly compounds may also be employed. The Lewis
in Fids iheheldohBounds représentéd by BRI R Ais i flucring’atém or a
phenyl group which may have a substituent group such as fluorine,
JP-FmEthytor #ifllbromEthyhHSpedific 10 exdipkestifcludé trifittorobsrény - S -
triphenylboron, tris(4-fluorophenyl)boron, tris(3,5-difluorophenyl)boron,
Pat arig(4fuorometRylphényl)beron  es(pEntaffuprophdnypborohsopoly
tris(p-tolyl)boron, tris(o-tolyl)boron and tris(3,5-dimethylphenyl)boron. 15
compFhalidnicreomposrds mchidelcampounds represented by Formula (l11)

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

exanmples include trifluoroboron, triphenylboren,

tris{4-fluorophenyl)beron, tris(3,5-difluorcphenyliboren,

~tris(4-flucromethylphenyl)boron,

tris{pentaflucrophenyl)becron, tris({p-telyllkoron,
tris{oc-tolyliboron and tris(3,5~dimethyiphenyl)boron.
The icnic compounds include compounds represented by

Formula {II11):

[Chem. 19}
R15

= R R ()
R‘E?

) 13+ 4 . .
In the above formula, R is H , carbonium cation, oxonium

cation, ammcnium cation, phosphonium cation,
cycloheptyltrienyl cation, or ferrocenium cation having a

transition metal.
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[Chem. 191 R15 R130+ R14io R16 R17 13+ + In the above formula, R is
H , carbonium cation, oxonium 20 cation, ammonium cation, )
phosphonium cation, cycloheptyltriéﬁyl cation, or ferrocenium cation
having a transition metal. 52 14' 7 R to R, which may be the same or
different, are each an organic group, and preferably an aryl group or a
substituted aryl group. Examples of the carbonium cations include
tri-Substitutéd 5 cHrbERIURT Eatichs-SigctEas giphenyichfisarim cation, Sach
triimethylphenyl)carbonium cation and tri(dimethylphenyl)carbonium
an oggtvhl Exdifiples @Fltﬁepgr%ﬁ%‘?ﬁ‘l}ﬂﬁBéeﬁfbr%rﬁéltﬂi%oﬁ‘i@”%ﬁaﬁ]rﬁéﬁﬁlﬁ?tuted
cations such as trimethylammonium cation; triethylammonium 10 cation,
ary trigprdpyl)ammonium cation and tri (n-butyl) amm onium cation;
N,N-dialkylanilinium cations such as N,N-dimethylanilinium cation,
N, N-gratRylahilfniuid eatiohteaid NING2 diepentametffahiliniurrieationuted
and dialkylammonium _
carbonium cations such as triphenylcarbonium cation,
tri(methylphenyl)carbonium cation and
tri{dimethylphenyl}carbonium cation.

Examples of the ammonium cations include trialkylammonium
cations such as trimethylammonium caticn, triethylammonium
cation, tri(n-propyl)ammonium cation and tri{n-butyl)ammonium
cation; N,N-dialkyianilinium cations such as
N, N-dimethylanilinium cation, N,N-diethylanilinium cation and
N,N, 2,4, é~pentanethylanilinium caticn; and dialkylammonium
caticons such as di{isopropyl}ammenium cation and
dicyclohexylammenium cation.

Examples of the phosphonium cations include
triarylphosphonium cations such as triphenylphosphonium cation,

tri (methylphenyl)phosphonium cation and

tri(dimethylphenyl)phosphonium cation.

13+ . \ ) .
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 icnic compounds further incliude

trialkyl-substituted ammonium salts, N,N-dialkylanilinium
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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(dimethylphenyl)phosphonium cation. 20 R13+ is preferably carbonium
cation or ammonium cation, and particularly preferably ,

saltiphehyicaeboriiia ehtion S N Ksdiffethylanifmdnreation gr L um salts.
N,N-diethylanilinium cation. Examples of the ionic compounds further
incRISRM Ry Stibslititdd afhfoniom-Lifs - NN RAaIRYRATIA G 53 sdts,
dialkylammonium salts and triarylphosphonium salts. Examples of the

incligfkyksdsstivtberarnmbaturh Shis Hhede Bethfammonium
tetraphenylborate, tri (n-propyl) ammonium tetraphenylborate, tri(n-butyl)

tri @mmerium ) Bretraphehyiborae NFEmethyl ambroniuhd (Era(pitslyl)borgea L un
trimethylammonium tetra(o-tolyl)borate, tri(n-butyl)ammonium

tet nefrhfpentaffucropherytoorstey rifhipropyilanisohiup-tolyl) borate,
tetra(o,p-dimethylphenyl)borate, tri(n-butyl)ammonium

t rintetrafmamciméthylghenydborate, tvifn-batdammdnidimi@ut yl) ammonium
tetra(p-trifluoromethylphenyl)borate, tri(n-butyl)ammonium

- tettettad;Slittifluaropiethylphenyl} berate andntrifmtppyl Jarmmoniuem

tetra(o-tolyl)borate.
tetra(o,p-dimethylphenyl)borate, tri{n-butyl)ammonium

tetra (m,m~dimethylphenyl)borate, tri(n-butyl)ammonium
tetra(p-triflucromethyliphenyl)borate, tri(n-butyl)ammonium
tetral(3,5-ditriflucromethylphenyl) borate and
tri(n-butyl}!ammonium tetra(co-tolyl)borate.

Examples of the N,N-dialkylanilinium salts include
N, N~dimethylanilinium tetraphenylborate, N,N-diethylanilinium
tetraphenylborate and N,N,2,4, 6-pentamethylanilinium
tetraphenylborate.

Examples of the dislkylammonium salts include
di {(n-prepyl)ammonium tetra(pentafluorophenyl)borate and
dicyclohexylammonium tetraphenylborate.

Examples of the ionic compounds further include
triphenylcarbenium tetrakis(pentailuorophenyl)borate,
N,N-dimethvlanilinium tetrakis(pentafluorcophenyl)borate,
ferrocenium tetra(pentafluorophenyl)borate,

triphenylcarbenium pentaphenylcyclopentadienyl complex,



Examples of the N,N-dialkylanilinium salts include N,N-dimethylanilinium
tetraphenylborate, N,N-diethylanilinium 15 tetraphenylborate and
N,N,2,4,6-pentamethylanilinium tet?éphenylborate. Examples of the
dialkylammonium salts include di(n-propyl)ammonium
tetra(pentafluorophenyl)borate and dicyclohexylammonium
tetraphenylborate. 20 Examples of the ionic compounds further include
NrN‘fﬁib%ﬁyléﬁft?e%’rﬁkﬁ%rﬁﬁ%?&é%ﬁﬁﬂ&ér%iéﬁér%ﬂ%?é@?ewl complex, and
N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate, ferrocenium
borofptra@FErtafgTopREMATESIARS fAPhERVIEArbaNiLhY) °r (V).
pentaphenylcyclopentadienyl complex, 54 N,N-diethylanilinium
[Chegentdphenylcyclopentadienyl complex, and boron compounds
represented by Formula (V) or (V). [Chem. 20] CF3 Q e H(Et20)H2B O
(IV) CF3 51n theCfFormuIa, Et denotes an ethyl group. [Chem. 21] CF3 O
3

Q
@ S
H{EtO)HB (V)
CF,
5 In the formula, Et denotes an ethyl group.
[Chem. 21]
CF;
® o
NaB (V)
CF;

Examples of the borane compounds include:
decaborane (14);

10 salts of anions such as pbis{tri{n-putyl)ammonium]
nonaborate, bisitri(n-butyl)ammoniuml decaborate,
bisl{tri(n-butyl}ammonium] undecaborate,
bis[tri(n~butyl)ammonium] dodecaborate,
bisftri(n-butyl)ammcnium] decachlorodecaborate and

15 bis[tri{n-butyl)ammonium] dodecachlorododecaborate; and

salts of metal cations and borane anions such as

tri{n-butyl)ammoniumbis{dodecahydridododecaborate) cobaltate
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NaB (V) CF3 Examples of the borane compounds include: decaborane
(14); 10 salts of anions such as bis gl(n-butyl)ammonium] nonaborate,
bis[tri(n-butyl)ammonium] decaborate, bis][tri(n-butyl)ammonium]
undecaborate, bis[tri(n-butyllammonium] dodecaborate, bis[tri(n-butyl)
ammonium] decachlorodecaborate and 15 bis][tri(n-butyl)ammonium]
dodecachlorododecaborate; and salts of metal cations and borane anions

(I11guchrgs G Butyl) amrbn ﬂuh@ﬁ%‘%@dd%@ahydrldododecaborate)
~ cobaltate 55 (lll) and bis]tri(n-butyl)ammonium]
bis @@@%@@BﬁW@@@@é@@rﬁ@%icl@lét%@(hﬁ)? Exéﬁn%@s- of the
carborane compounds include: salts of anions such as
A-chiFatiohabordne (1) & 13 divatb aiotaborae (131 ude:
6,9-dicarbadecaborane (14),
dodetahydrido4phenyl- EBdicarbafionaberanenaborane {14},
dodecahydrido-I-methyl-l,3-dicarbanonaborane,
1, 3-uhdecahydride8-dimethil-E B.di¢arbafionabidradecaborane (14},
7,8-dicarbaundecaborane (13), 2,7-dicarbaundecaborane (13), 10
dodasrdegdhydiidd-78:damethyl-7;8Hdicarbaunmderab omane,
dodecahydrido-11-methyl-2,7-dicarbaundecaborane,
dedecahydrido-l-methyl-1,3-dicarbanonaborane,
undecahydrido-1, 3~dimethyl~1l, 3-dicarbanonaborane,
7,8-dicarbaundecaborane (13}, 2,7-dicarbaundecaborane (13),
undecahydrido-7, 8-dimethyl-7,8-dicarbaundecabcrane,
dodecahydrido-1l-methyl-2,7-dicarbaundecaborane,
tri(n-butyl)ammonium~-l-carbadecaborate,
tri(n-butyl)ammonium-l-carbaundecaborate,
tri{n-~butyl)ammonium~l~carbadodecaborate,
tri{n-butyl)ammonium-i-trimethylsilyl-l-carbadecaborate,
tri(n~butyl)ammoniumbromo-l-carbadcocdecabeorate,
tri(n-butyl)ammoniumn~6~carbadecaborate (14),
tri{n-butyl)ammonium-6-carbadecaborate (12},
tri(n-butyl)ammonium-7-carbaundecaborate (13},
tri(n~butyl)ammonium=-7,8-dicarbaundecaborate (12),
tri{n-butyl)ammonium-2, $-dicarbaundecaborate (12},
tri{n-butyl)ammonium

dodecahydrido-8-methyl-7, 9-dicarbaundecaborate,

tri{n-butyl)ammonium
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tri(n-butyl)ammonium-I-carbadecaborate,
tri(n-butyl)ammonium-I-carbaundecaborate,
tri(n-butyl)ammonium-I-carbadodec%\Borate, 15
tri(n-butyl)ammoniume-I-trimethylsilyl-I-carbadecaborate,
tri(n-butyl)ammoniumbromo-I-carbadodecaborate,
tri(n-butyl)ammonium-6-carbadecaborate (14),

undegird patytiammoniuny.6-carBadecdiorate’ 12y P orate,

_ tri(n-butyl)ammonium-7-carbaundecaborate (13), 20

Eri @R bt RHRBRLR 7, 8-dicarbaundecaborate (12),

tri(n-butyl)ammonium-2,9-dicarbaundecaborate (12),

undefgi bt arTRoRTuRY dode CartrBIe 8 HetRieR9-aidafhaundecaborate,
tri(n-butyl)ammonium 56

tri (gndetahyd AaBL8Cathfl-7,9-dicarbaundecaborate, tri(n-butyl)ammonium
undecahydrido-8-butyl-7,9-dicarbaundecaborate, tri(n-buty'l)ammonium 5

undegrdecahydrde-82aliyi 7 9l ditathdimdetabeftel oA Buty)Jammonium
undecahydrido-9-trimethylsilyl-7,8-dicarbaundecaborate and

tri {righbutyl)aamonilnicundecahydrido-4,6-dibromo-7-carbaundecaborate;

and 10 salts of metal cations and carborane anions such as
undecahydrido=-9~trimethylsilyl-7,8-dicarbaundecaborate and

tri{n-butyl)ammonium
undecahydrido-4, 6-dibromo-7-carbaundecaborate; and

salts of metal cations and carboranse anicns such as
tri(n~butyl)ammonium bis{nonahydrido~1, 3-dicarbanonaborate)
cobaltate (III), tri{n-butyl)ammonium
bis{undecahydrido~7, 8~dicarbaundscaborate) ferrate (III),
tri(n-butyl}ammonium
bis (undecahydrido~7, 8-dicarbaundecaborate) cobaltate (III},
tri(n-butyl)ammonium
bis (undecahydride-7, 8-dicarbaundecaborate) nickelate (III),
tri(n-butyl)ammonium
bis (undecahydrido~7,8-dicarbaundecaborate) cuprate (III},
tri{n-butyl)ammonium
bis{undecahydride-7, 8~dicarbaundecaborate) aurate (III),
tri{n-butyl}ammonium
bis (nonahydrido-7,8-dimethyi-7, 8~dicarbaundecaborate)

ferrate (III), tri{n-butyl)ammonium
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tri(n-butyl)ammonium bis(nonahydrido-1,3-dicarbanonaborate) cobaltate
(111), tri(n-butyl)ammonium bis(undecahydrido-7,8-dicarbaundecaborate)
ferrate (I1), tri(n-butyl)ammonium 1%/
bis(undecahydrido-7,8-dicarbaundecaborate) cobaltate (llI),
tri(n-butyl)ammonium bis(undecahydrido-7,8-dicarbaundecaborate)
nickelate (Ill), tri(n-butyllammonium

bis Bisumdgeahyirido-? 8iditaibavindécdbelate) Copradgnpopate)
tri(n-butyllammonium bis(undecahydrido-7,8-dicarbaundecaborate) aurate

chramptari(ntbatyhafmdiiolputy L) ammonium
bis(nonahydrido-7,8-dimethyl-7,8-dicarbaundecaborate) ferrate (lll),

bis thin-butyhanmehiudrszio-7, 8-dicarbaundecaborate) ccbaltate

bis(nonahydrido-7,8-dimethyl-7,8-dicarbaundecaborate) chromate (lll),

( IIRtien-butyhammdmiumibis(trionomooctahydrido-7,8-dicarbaundecaborate)
cobaltate (ll1), tris[tri(n-butyllammonium] 5

bis pis(uadebahydritto-7-cahaundedabatatepdlromate (ipte (III),
bis[tri(n-butyl)ammonium] bis(undecahydrido-7-carbaundecaborate)

bis manganratet(i); dvisftri(h=outyl)ammonium]
bis(undecahydrido-7-carbaundecaborate) cobaltate (11l) and

bis (undecahydrido~-7~-carbaundecaborate} manganate (IV),

bis[tri(n-butyl)ammonium]

bis (undecahydrido-7T-carbaundecaborate) cchaltate (TIT) and

bisltri (n-butyl)ammonium]

bis {(undecahydrido~7-carbaundecaborate) nickelate (IV).

The hetercopoly compounds contain an atom selected from
gsilicen, phosphorus, titanium, germanium, arsenic and tin, and
one or more atoms selected from vanadium, niobium, molybdenum
and tungsten. Examples of such compounds inciude, although not
limited thereto, phoesphovanadic acid, germanovanadic acid,
arsenovanadic acid, phosphoniobic acid, germanoniobic acid,
siliconomelybdic acid, phosphomelybdic acid, titanomolybdic
acid, germanomolybdic acid, arsenomolybdic acid,
stannomolybdic acid, phosphotungstic acid, germanotungstic
acid, stannotungstic acid, phosphomolybdovanadic acid,
phosphotungstovanadic acid, germanctungstovanadic acid,

phosphomolybdotungstovanadic acid,

germanomolybdotungsﬁovanadic acid, phosphomolybdotungstic
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10 bis[tri(n-butyl)ammonium] bis(undecahydrido-7-carbaundecaborate)
nickelate (IV). The heteropoly compounds contain an atom selected from
silicon, phosphorus, titanium, germdnium, 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,

ac L dph SESHRIMGBIC hERE Ye ARG HCid 2 SHitoRbmoktiiic aEids Such 23
phosphomolybdic acid, titanomolybdic acid, germanomolybdic acid,
saltgrsenomoiyisdic aERE 20'stinAcihelybdiadid phbsprotungsticacid o+ £1e
‘germanotungstic acid, stannotungstic acid, phosphomolybdovanadic acid,
perigkiphbiingstévaiadicadid tgeimanctGAgstBvaaié agigm, rubidium,
‘phosphomolybdotungstovanadic acid, germanomolybdotungstovanadic
cesiasid, pHosphoMBlybdstdRgstic 88 aeid, phodphéibRbebAbbic aciBagaltsn 7
of these acids such as salts of these acids with metals of Group 1 or
orgaGicupF 2 bt the fpéhedicabile suchias fithibma Sollilimehsotassitimy L salts:
rubidium, cesium, beryllium, magnesium, calcium, strontium and barium;
and 5 erganiy saltsobthecabove ddids stictvas sriphiehylethyl salts; and
isopoly compounds of the above salts. The heteropoly compounds and
isofibly cernpoupds maybeusedssinglyl ovtwd granoreckinds may be: used
used in combination.
singly, or two or more kinds may be used in combination.

The ionizing ionic compcunds (b—3) may be used singly, or
twe or more kinds may be used in combination.

The clefin oligomerization catalyst according to the
invention catalyzes the oligomerization of ¢lefins with high
activity. In particular, ethylene may be cligomerized into
l1-hexene with high selectivity.

The olefin oligomerization catalyst containing the
organoaluminum oxy-compound (b-2} such as methylaluminoxane as
a cocatalyst shows very high trimerization activity with respect
to ethylene. Consequently, lI-hexene is produced with high
selectivity. The high activity and good selectivity in the
oligomerization of ethylene into l-hexene may be alsc achieved
by the use of the ionizing ionic compound (b-3) such as
triphenylcarbonium tetrakis (pentafiluorophenyl) bcorate as a

cocatalyst.

The clefin oligomerization catalyst contains the



10

15

20

The ionizing ionic compounds (b-3) may be used singly, or 10 two or
more kinds may be used in combination. The olefin oligomerization
catalyst according to the invention e&talyzes the oligomerization of olefins
with high activity. In particular, ethylene may be oligomerized into
1-hexene with high selectivity. 15 The olefin oligomerization catalyst
containing the organoaluminum oxy-compound (b-2) such as .
tranpethiyplluiifitckare i ‘& gocarant sRows VeRy RighPtrintstzation Helivi: 1 S
with respect to ethylene. Consequently, 1-hexene is produced with high
at lgsedtivity eTRORRIH-activity andegoodtsele&ivity it iife 20 dHigoefizatort
of ethylene into 1-hexene may be also achieved by the use of the ionizing
comgenicddnmpolnd (bo3) sdehasathiphemasapomgompounds (b-2) and the
tetrakis(pentafluorophenyl) borate as a cocatalyst. The olefin
ionigligoerization catatystrcdntaihs the 59F transiiomaatal dormplekefin
compound [A] and optionally contains at least one compound [B] selected
olidrom the arganongetallicy sémpaunds (-4 ),'the: organoatumiriin described
oxy-compounds (b-2) and the ionizing ionic compounds (b-3).
beldurthermene,ithealefin 5 oligomerization catalyst may contain a carrier [C]
described below as required. [Carriers [C]]
[Carriers [C]]

The carrier [C] optionally used in the invention is an
inorganic or organic compound in the form of granular or fine
particulate solid. In the inventiocn, the carrier [C] supports
the compound [A] and/or the compound [B]. Preferred inorganic
compounds include porous oxides, inorganic halides, clays, clay
minerals and lon-exchange lavered compounds.

Examples of the porous cxides include 510,, Al,0,, MgO, Zr0,
TiC,, B,0,, Cal, Zn0, Bal, ThO,, and complex compounds or mixtures
containing these oxides, such as natural or synthetic zeolite,
$10,-Mg0O, 8i0,-Al,0,, S$i0,-Ti0,, $i0,-V,0., $i10,-Cr,0; and
510,-Ti0,-Mg0. Of these, compounds containing 310, and/or A1,0,
as a main component are preferable,

The inorganic oxides may contain small amounts of
carbonate, sulfate, nitrate and oxide components such as Na,C0,,
K,CO,, CaC0,, MgCO,, Na,S0,, Al,(S0,);, BaSO0,, KNO,, Mg(NO,).,

AL (NO,),, Na,0, K,0 and Li,0.

The porous oxides have different properties depending on
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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 tf&compound [A] and/or the compound
[B] . Preferred inorganic compounds include porous oxides, inorganic
halides, clays, clay minerals and ion-exchange layered compounds.
Examples of the porous oxides include Si02, A1203, MgO, ZrO, 15 Ti021

LypPeppnd (E40 22R0 1 BAG I PREZ Sand E6fMpIaX E6MPOLiRtis of raurés’ention
containing these oxides, such as natural or synthetic zeolite, Si02-MgO,

prefSIOEAR081sSI02TH02¢ S0 2H/20 8, Si02ICRO3 and SID2HTIOR:ME0 rap 1y
these, compounds containing SiO 2 and/or A1203 as a main compopent

20 tarefréferablea26 dhelinormganic-dxides maecantaintsmall amountsof ¢,
carbonate, sulfate, nitrate and oxide components such as Na2CO3,

preK2E0OBy CACO3; M@O:@é/, Na2304 Aler(S04)3prBaS04 .. KNQ@3 3Mg @‘lﬁiﬁ;.
21 Al (NO03) 3, Na20, K20 and Li20. The porous oxides have different

If rproperiesdependintpon 66 rtypearivepreparationdrateds) Mheccariéf 0 ° C,
used in the invention preferably has a particle diameter of 0.5 to 300 m,

and prefefablylzl 2016 200cpmpa Specific surface area of 50 to 1,000 m /g,
preferably 100 to 700 m2/g, and a pore volume of 0.3 to 3.0 cm3/g. 5 If
necdessary, ¢se cdrrignegndy:be caltiredhatliQlkw 1000CHe MgCl,, MgBr,,

MnCl, and MnBr,. The inorganic halides may be used as they are,
or may be used after pulverized with, for example, a ball mill
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 lon-exchange
layered-compounds are compounds having a crystal structure
wherein planes formed by icnic bonding or the like are pilled
on one another in parallel with a weak bond strength, and wherein
the 1ons contained Lherein are exchangeable. Most claymninerals
are ion-exchange layered compounds. The clays, the clay
minerals and the lon-exchange layered compounds used in the
invention are not limited te natural compounds but include
synthetic products.

Examples of such clays, clay minerals and icon-exchange

layered compounds include clays, clay minerals and ion
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and preferably 150 to 700C prior to use. Examples of the inorganic halides
include MgClI2, MgBr2, MnClI2 and MnBr2. The inorganic halides may be
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 solvent such as alcohol and precipitated as fine particles with a
precipitating agent. The clays for use as the carriers in the invention are
SV Sinainky BEmposed of ey Rinerds L THE IGiPexchghge a5 tructures such
layered-compounds are compounds having a crystal structure wherein
as hGIEAES TeInHB\P ofic BERdihG Or Hhé ke afcpilet b afSthef i =&
parallel with a weak bond strength, and wherein the ions contained
CAClinetéinvare Ex@hangeablé. Mdst ¢y fferals are ion-exchange layered
compounds. The clays, the clay 20 minerals and the ion-exchange layered

compegrds. Gsetkpithes hvehtibh are he imied td-haturalcorpeiiiost s

but include synthetic products. Examples of such clays, clay minerals and
incijpfseketrdange, layared compounas shdlueadlaysadlagmainerals andlionsane,

crystalline compounds having layered crystal structures such as
hisimeyegohal closesppacKing stroctore, antimonyrstitctors; eCdGI20strycthtes ,

and CdI2 structure. Specific examples of the clays and the clay minerals
chlorite, palygerskite, kaclinite, nacrite, dickite and
halloysite. Specific examples of the ion-exchange layered
compounds include salts of polyvalent metals and crystalline
acids such as oa-Zr(HAsQ,),-H,0, «-Zr(KPC,),*3H,0, a~Ti(HPO,),,
o~Ti (HAsO,), H,0, a-Sn(HPO,), H,0, vy-2r (HPO,),, v-Ti(HPO,), and
y-Ti (NH,PO,),*H,0.

The clays, the clay minerals and the icn-exchange layered
compounds preferably have a pore volume, as measured on pores
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
.3 to 5 cc/g. The pore volume i1s measured on pores haviﬂg a

4 . .
radius of Z0 to 3x10 A by a mercury penetration method using
amercury porosimeter. Achievinghigh oligomerizationactivity
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,
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5 include kaolin, bentonite, kibushi clay, gairome clay, allophane,
hisingerite, pyrophyllite, mica, montmorillonite, vermiculite, chlorite,
palygorskite, kaolinite, nacrite, dickk€ and halloysite. Specific examples of
the ion-exchange layered compounds include salts of polyvalent metals
and crystalline 10 acids such as a-Zr(HAsO4)2H20, a-Zr(KP04)2.3H20,
a-Ti(HPO4)2, a-Ti(HAsO4)2H20, a-Sn(HP04)2H20, y-Zr(HPO4)2,
for wIHRPO)2 anduy-T5 (R HAPESAE H20: Theselayss théelayhirefalsanghe
the ion-exchange layered compounds preferably have a pore volume, as
sur fipeasured ol POrESNABhAGIN A Fadius 6 AGTYESS thart ROA By @ Arferelfy -
penetration method, of not less than 0.1 cc/g, and particularly preferably
are @BHOTY6E§eThelporawbiime Is medsurbd i potes havibga vadilispfude
20 to 3x104 A by a mercury penetration method using a mercury
acidporosinteten tAchieving highreligomerization activitye 20 tends tode difficuit. c
if the carrier has a pore volume of less than 0.1 cc/g as measured on
subgicres davinega radits of Hot lessi thar26 Anttis alsepreferablecthati thiee s
clays and the clay minerals are subjected to chemical treatments. Any
£ ronchamicaktréatnrents, b 22 Ierexamples atsufaeé treatmentttoaetmiovwes such
impurities on the surface and a treatment to modify the crystal structure of
as Atlaycase emplayahlesExamples of suchchemical ireatrments inchiderface

area. The alkali treatment destroys the crystal structure of
clay to bring about change in the structure of the clay. The
salt treatment and the organic substance treatment produce, for
example, ionic composites, molecular composites or organic
derivatives to change the surface area cor the interlaver
distagce.

The ilon-exchange lavered compound may be a lavered
compound in which the exchangeable ions between layers have been
exchanged with other large and bulky icns utilizing ion exchange
properties to enlarge the distance between the layers. The
bulky ions play a pillar-like roll to support the layered
structure and are generally called pillars. The introduction
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); and metal hydroxide
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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 stiéh 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 substange treatment produce, for .

ionseganple onit cofpdsites; moleddiar E8fpasitesitbrgafic’ Herivatives !
to change the surface area or the interlayer distance. The ion-exchange
layEFes BoRfpBRAE Sy Bia iy ciéd A 55daEpound in Whicipthgore kinds
exchangeable ions between layers have been exchanged with other large
may Hed baky iohs QMG fonéXchange properties to enlarge the distance
between the layers. The bulky ions play a pillar-like roll to support the
lay8red istfieture andiare gendrhfly eae piflar: Thedatroductich 20ofied
other substances between layers of a layered compound is called
out intercakatione Examples ofthecguesticomipoemds tobed imercalated f metal
include cationic inorganic compounds such as TiC14 and ZrCl4; metal
alkoalkoxidessuch asTi((@R), 4,72 (OR):A PO ORI and BS(OR)3{RIg gbon
hydrocarbon group or the like) ; and metal hydroxide 63 2+ ions such as
grodAldB8041OH) 24 [Zrdr(Qht) T4]candrfFe30(8CACH3)8cidal inorganic
compounds such as S10,. Examples of the pillars include oxides
produced by intercalation cof the above metal hydroxide ions
between layers followed by thermal dehydration.

The clays, the clay minerals and the ion-exchange layered
compounds may be used as they are, or may be used after subjected
toballmilling, sieving or the like. Moreover, they may be used
after subjected to water adsorption or thermal dehydration. The
clays, the clay minerals and the lon~exchange layered compounds
may be used singly, or two or more kinds may be used in
combination.

0Of the above-menticoned materials, the clays and the clay
minerals are preferable, and montmorillonite, vermiculite,
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 um. Such compounds include (co)dimers



10

15

20

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 différs obtained by hydrolysis of metal
alkoxides such as Si (OR) 4, Al (OR) 3 and Ge (OR) 4 (R is a hydrocarbon
group or the like) or in the presence of colloidal inorganic compounds
such as Si02. Examples of the pillars include oxides produced by
prodntesrcalation of e alove metdl Hyelroxidé igns 20between layerpylene,
followed by thermal dehydration. The clays, the clay minerals and the
1-bubarexchahde leyefatt tomioundsemay be Lsed WBthey ars orl fraydbeners
used after subjected to ball milling, sieving or the like. Moreover, they
prodmagbhelasad aftavsghjecteti s watep adsarptivreor thermal dehptizdionnt
The 15 clays, the clay minerals and the ion-exchange layered compounds
and may beigsedsinglycostwa ot inose kihdsamay be used in combination. Of
the above-mentioned materials, the clays and the clay minerals are
preférabiel, ahd-montngoriiienite avernmiculite 2 2O<Hectorité atensrite:and
synthetic mica are particularly preferable. Examples of the organic
t rarcompounds: insthedowerition inclucleagrari@ar enfinepaiticutdte sotidntains
compounds having a particle diameter of 10 to 300 m. Such compounds
at linelsdedoe)dimers6hd [B] selected from the organometallic

compeounds {(b-1), the organocaluminum oxy-compounds {(b-2) and the
ionizing ionic compounds (k-3), and the carrier [C]. Moresover,
the olefin oligomerization catalyst may contaln an organic
conmpound component [D] described below as reqguired.

[Crganic compound components [D]]

In the present invention, the organic compound components
[DI may be optiocnally used to improve oligomerization
performance. Examples of the organic compcunds include, but are
not limited to, alcohols, phenclic compounds, carboxylic acids,
phosphorus compounds and sulfonates.

The alcchols and the phencelic compounds include compounds
representedkanm—OH (R18 is a hydrocarbon group of 1 to 50 carbon
atoms or a halogenated hydrocarbon group of 1 to 50 carbeon atoms) .
Preferred alcohols are those represented by the above formula
wherein R18 is a halogenated hydrocarbon group. Preferred
phenolic compounds are those wherein the a,a'~positions in the

hydroxyl group are substituted with hydrocarbon groups of 1 to
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produced using C2-14 a-olefins such as ethylene, propylene, 1-butene
~ and 4-methyl-l-pentene as main components, (co)dimers produced using
vinylcyclohexane or styrene as a méth component, and modified products
of these dimers. 5 The olefin oligomerization catalyst contains the
transition metal complex compound [A] and optionally contains at least
one compound [B] selected from the organometallic compounds (b-1), the
20 cgrghnsalahiifgm oxy-compounds (b-2) and the ionizing ionic compounds
(b-3) , and the carrier [C] . Moreover, 10 the olefin oligomerization catalyst
maycentairban piganiec com pountuctmponert fRdescribeddbélpik as COOH
. required. [Organic compound components [D]] In the present invention,
(R the ergadicccampoundreompondnts: [D] mmaydenoptionally wsed:tdannpnese: d
oligomerization 15 performance. Examples of the organic compounds
hydrnincladeobutsareupotiimited to, alcohots; phenbliceompodnds, Carboxydic L v
acids, phosphorus compounds and sulfonates. The alcohols and the
prefghenolig contpolndsirdede conmpooadsos lerepresented by RO {Roon
is a hydrocarbon group of 1 to 50 carbon 20 atoms or a halogenated
atontyydrocarbon group of 1 to 50 carbon atoms) . Preferred alcohols are
those represented by the above formula ie wherein R is a halogenated
hydreearbon@giovpcRreferred compounds include phosphoric acids

having a P-0-H bond, phosphates having & P-OR bond or a P=0 bond,
and phosphine c¢xide compounds.

The sulfonates may be represented by Formula (VI).

[Chem. 22]
i

X — M4 o—lsrRzo (VL)
O m

In the above formula, M* is an atom of Group 1 to Group 14
of the periodic tabie; Rﬂsi851hydrogen atom, a hydrocarbon group
of 1 to 20 carbon atoms or a halcgenated hydrocarbon group of
1 to 20 carbon atoms; ¥ 1s a hydrogen atom, & halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms or a halogenated
hydrocarbon group of 1 to 20 carbon atoms; m 1s an integer of
1 to 7; n is a valence of M; and 1&ns7.

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

Preferred olefins include vinyl compounds such as ethyvlene,
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phenolic compounds are those wherein the a,a' -positions in the hydroxyl
group are substituted with hydrocarbon groups of 1 to 65 20 carbon
atoms. 19 The carboxylic acids inclifle those represented by R -COOH
19 (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
Prophcsphords Bspotinds iRENEE Phosphbficaditls halingwP-O-FPBoRGTS
phosphates having a P-OR bond or a P=0 bond, and phosphine oxide '
v InYoom§ouiss 20SThé slieRatesimay belrepraseateddsseRsrmala{ Wyt ernal
[Chem. 22] Xn m-M4(n) 4-5_R2 (Vj 11 M In the above formula, M4 is an
olefHiom ofuGroupsl (o Bioep a4 20 of thieepéhodic table R isahydrageh
atom, a hydrocarbon group 15 of 1 to 20 carbon atoms or a halogenated
norhydrecerbon group bh 1020 barbon dtemsiXus atydrogef atomle. A
halogen atom, a
plurality of the olefins may be cooligomerized.

In the processes for producing olefin oligomers according
to the present invention, oclefins are cligomerized in the

presence of the olefin oligomerization catalysts as described

hereinbelow.

[Frocesses for producing olefin oligomers]

The olefinoligomerization processes of the inventionwill
be described below.

In the processes for producing olefin oligomers according
to the present invention, olefins are coligomerized, preferably
trimerized in the presence of the aforementioned olefin
oligomerization catalyst.

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

In the oligomerization, the transition metal complex
compeound [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.
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hydrocarbon group of 1 to 20 carbon atoms or a halogenated
hydrocarbon group of 1 to 20 carbon atoms; m is an integer of 1to 7; nis
a valence of M; and 1<-n<<7. 20 THe olefin oligomerization catalysts
according to the present invention may be used in the oligomerization of
olefins. Preferred olefins include vinyl compounds such as ethylene, 66
propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-lI-pentene,
vinyleycloRexeraiRiyiens, 1otteneCand 1sdetaretand interid Gléfins
such as 2-butene, cyclopentene, cyclohexene and norbornene, with
ethylehelBeing pakicutdrly preferablie. ALS pRiality Of the oIBfiAg PRdy BE |
cooligomerized. In the processes for producing olefin oligomers according
seleagihd pfasent vemivaaolefing atd oligsmerzethih the- presehe of the
olefin oligomerization catalysts as described hereinbelow. 10 [Processes
orgafop producingrolefin ofigomersicl hecolefin aligorneezation: procgssesiof-the
invention will be described below. In the processes for producing olefin
compgligoth eis-&0carting: o dlie presentinventier solefins arexsligpmerizga,nent
preferably 15 trimerized in the presence of the aforementioned olefin
[B] oligomexization catalystebra preférred embodiment, ethylene is
oligomerized. In
{3) A catalyst obtained by bringing the component [A] and

the component [B] into contact with each other i1s added to a
reactor.

(4) The component [A] and the component [B] are brought
into contact with sach other. The resultant catalyst component
and the component [B] are added to a reactor in any order. 1In
this c¢ase, the components [B] may be the same or different.

(5} A catalyst component in which the component [A] is
supported on the carrier [C] 1s 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
supported on the carrier [C] is added to a reacter.

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

(Bl may be the same or different.
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a particularly preferred embodiment, ethylene is trimerized into 1-hexene.
20 In the oligomerization, the transition metal complex compound [A]
(hereinafter, simply referred to as tf&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. 67
(1) The component [A] alone is added to a reactor. (2) The component [A]
and &t Idasfaiie edfiponefiP[Bl&electdd ForTthe Sigafometalfet (Bl 1s
compound (b-i), the organoaluminum oxy-compound (b-2) and the
supHekizig ohicb eoffgotia(bi3) (herdifafibe simplyrefsited fo as fife added
component [B]) are added to a reactor in any order. (3) A catalyst
to sobtaimetdy Bringing thieréemponent [A] and the component [B] into
contact with each other is added to a reactor. 10 (4) The component [A]
and tHe cémpeanenty[8} arebrought tinta: cehtachwitheavtrgthes The Bl is
resultant catalyst component and the component [B] are added to a
suppreattod imany bederzine this caéSeé, thercbmpenents:iBirmaay béAhe same-be
different. (5) A catalyst component in which the component [A] is 15
comgsuppotiedBondhe eatder[€)is addedtoa teastoy. ¢G)jA catalystthis case,
component in which the component [A] is
the components [B] may be the same or different.

{11) A catalyst component in which the component [A] is
supperted on the carrier [C], and a catalyst compenent in which
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 qomponent in which the
component [B] 1s 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.

(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.

(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 compconent and the

component [A] are added to a reactor in any order.
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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]48 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. 68 (9) A
catalyst coHnmpoheht twhichithe Tompehetit [BlisSupperfedGitihe darfiel s

[C], and the component [A] are added to a reactor in any order. (10) A
SUPLEHtAySt e6mpoReAtintAsich tRe comsoriert [BPBrEapportéd onrtheadded
carrier [C], and the component [A] and the component [B] are added to a
to aeaetoreanyordery Irethisesase, the components [B] may be the same or
different. (11) A catalyst component in which the component [A] is
supppotted orethe lcastier [Cinaneha catalyst componentipwhizht 40[the and
component [B] is supported on the carrier [C] are added to a reactor in
[D] amy osdenr¢l2)Al catalystcomponent It whienthe-cemponentfAjtis [A] are
supported on the carrier [C] , a catalyst component in which the
addecbnmporentdBLiscsupported wncthé<carrier [C] , and the component 15 [B]
are added to a reactor in any order. In this case, the

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

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

(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 to a reactor in any order. In this case, the
components [B] may be the same or different.

(21} A catalyst component in which the component [A] is
supported on the carrier [C], and the component [Bl! and the
component [[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
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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 tt°a reactor in any order. 20 (14) The
components [A], [B] and [D] are added to a reactor n 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
Lo ZrepBfRF 1Y Ny ordéry 69T () A catalyst component in which the
component [D] is supported on the carrier [C], and the component [A] are
added tofa resietorin anysraen$L7) Arcatlystcomponemranich el 1is
components [B] and 5 [D] are supported on the carrier [C], and the
suprgongshent [Alcares added to@l readior in any ordert (T8 e edimponedts ch
[A] and [B] are brought into contact with each other. The resultant catalyst
the componenttandlihe sompbhent 3] dare addetbiota veddtorincdnyotiger, are
10 (19) The components [A] and [B] are brought into contact with each
addegthér Theresaltant catalysticampenent, the component [B] and the
component [D] are added to a reactor in any order. In this case, the
conmpdnetsdBt maysie the samelortd¥feremponents [A] and [D] are
in contact with each other is added to a reactor.

{25) A catalyst obtained by bringing the components [A],
[Bl and [D] in any corder is added to a reactor.

{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.

(27y A catalyst in which the components [Al and [D] are
supported on the carrier [C] is added to a reactor.

{28) A catalyst in which the components [A], [B] and [D]
are supported on the carrier [C] is added to a reactor.

{29) Acatalyst component in which the components [A], [B]
and [D] are suppcrted on The carrier [C], and the component [B]
are added to a reactor inany crder. In this case, the components
[B] may be the same or different.

In the olefin cligomerization processes of the invention,

olefins are oligomerized into olefin oligomers in the presence
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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 contdct with each other are added to 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 component
of Ty frébkedto i@ FERIGrAR Bhy bragE 235 ATatalydEcormhpeBatihza tion
which the component [A] is supported on the carrier [C], and the
may dginperientdD] artadided 70 ot FeEet6r in%hy orEer. {23 ATatdlystition
component in which the component [A] is supported on the carrier [C],
readrida catalyst dompcant itafiichothe esmbonads {Blane [IIIJ]es'@r@*CnfqOn
contact with each other are 5 added to a reactor in any order. (24) A
catdlyst ihiwhich-thée zempohents|A] and[Dparendy contaet with eaeht
other is added to a reactor. (25) A catalyst obtained by bringing the
hydcomponents fAly B} and B} dmany ordel isladded.ta a rbactoncEX-{26)
The components [A], [B] and [D] are brought into contact with each other
solvrany ordernfhexfesultanticatalyst ccemponentand the companent{Bt ares,
added to a reactor in any order. In this case, the components [B] may be
isodhesamemtntane, isopentane, hexane, heptane, octane, decane,

dodecane and kerosine; alicyclic hydrocarbons such as

cyclopentane, cyclohexane and methylcyclopentane; aromatic

'hydrocarbonssud&ask@nzene,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.

In the production of 1-hexene by trimerizing ethylenexmith'
the olefin oligomerization catalyst, the component [A] is
generally used such that the amount therecf per liter of the
reactionvolumeisjjltherangeofloqgto]inmol,andpreferably
107 to 107¥ mol. In the invention, olefin oligomers may be
obtained with high oligomerizaticn activity even when the
component [A] is used in a relatively low concentration.

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

of the component (b-1) to the transition metal atom (M)} in the
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different. 15 (27) A catalyst in which the components [A] and [D] are
supported on the carrier [C] is added to a reactor.*(28) A catalyst in which
the components [A], [B] and [DI are’Supported on the carrier [C] is added
to a reactor. (29) 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 [B] may be

compRasame br differepian tHel glefin dligonienziontpfocessés ot 00, and
invention, olefins are oligomerized into olefin oligomers in the presence

prefarafine Blefih dligohictization catalysts. The oligomerization may be
carried out by liquid-phase reaction such as solution reaction or
suspeasiomeactioh, 0bby gasaphase veacticnidthé liguidtplsase lar ratio
oligomerization may involve inert 5 hydrocarbon solvents. Examples of

[ (b-tBé iniart hydrocarbonrsdiventsiinctuderaliphatic hygrotarbonsestich as the
propane, butane, isobutane, pentane, isopentane, hexane, heptane,

t raroctane;decane] daodecafie) anck kerasinemalieyelichydrocatbgrsisuel ag in
cyclopentane, cyclohexane and methylcyclopentane; aromatic 10

the hystrecarbang such as behzéne dolienes Xylene, tyinkthylbenzeris @nd
tetra lin;halogenated hydrocarbons such as ethylene chloride,

chlarebenzepepaddichloromeihane; ase mixtwrasfihesee molar ratio
[ {b=3)/M] of the compconent (b-3} Lo the transition metal atom
(M) in the component [A] is generally in the range of 1 to 10,
and preferably 1 to 5.

The component [C] may be used such that the ratic {(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 50C0.

The component [D] may be used in amounts such that: when
the component [B] is the component (o-1), the molar ratio
[[D]1/(b=-1)] is generally in the range of 0.01 to 10, and
preferably 0.1 to 5; when the component [Bl 1s the component
(b-2), the molar ratio {[[D]/(b-2)] of the compeonent [D] to the
aluminum atom in the component (b-2) 1s generally in the range
of 0.001 to 2, and preferably 0.005 to 1; and when the component
[B] is the component (b-3), the molar ratio [[D]/(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
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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, thé component [A] is generally used
such that the amount thereof per liter of the reaction volume is in the
range of 10-12 to 10-2 mol, and preferably 10-'0 to 10_3 mot. In the
. _invention, olefin oligomers may be 20 obtained with high oligomerization
withyefidity eGén Wher #e t [ﬁ?@&ge?jqﬁé F‘é?éﬁﬁ/%]r%d\ﬁ the range
concentration. When the component [B], for example the component (b-1)
of -idjsed the armtRelet iR such #atthe MolarTRc B@Ch M) FortRs ure
component (b-1) to the transition metal atom (M) in the 72 component [A]
is gpngamerally i tHed hRgE of 0101CtE 1606600,5a/@ pretérabl\P 0D #556660 LY
The component (b-2) may be used such that the molar ratio [(b-2)/M] of
atmopplaurhinimeaertn e Tmponeht (R)ite Hie 15 Fahdifon hetd steniay
(M) in the component [A] is generally in the range of 10 to 500000, and
be qareforably20-tccE0C000L The ctrnporiaht (B3} el e osed SUEH thatthe v -
molar ratio [(b-3)/M] of the component (b-3) to the transition metal atom
(Mpin the toatponent fAjds generallydn tyedhnge offtetocl1®£10 and
preferably 1 to 5. The component [C] may be used such that the ratio
oliggimelzation with the olefin cligomerization catalyst.

Preferred examples of the antistatic agents include
polypropylens glycel, polypropylene glycol distearate,
ethylenediamine-PEG-PPG block copolymer,
stearyldiethanolamine, lauryldiethanolamine, alkyl
diethanolamides and polyoxyalkylenes {such as polyethylene
glycol-polypropylene glycol-polyethylene glyccl block
copolymer (PEG-PPG-PEG)), with the polyoxyalkylenes
(PEG-PPG-PEG) being particularly preferable. The antistatic

agent may be used such that the ratic (g/mcl) 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.

Hydrogen may be used in the clefin oligomerization with
the olefin cligomerization catalyst. The pressure of hydrogen

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

EXAMPLES
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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 Th?a4component [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

moldt% a6 [5(B- 21} Gt e €8niione MIDI16 e 26 AldmhTT RS Fhe S
component (b-2) is generally in the range of 0.001 to 2, and preferably O.

be Logpsrip-{:card WhEA thé gompdnefe PB] i3 thé eBmponent (5:3), the molar
ratio [[D]/(b-3)] is generally in the range of 0.01 to 10, and preferably 0.1
to F1Ehe tedcdiohtémperaard rtheslefin @ligeRfeiZmice 7S Wity ey for
olefin oligomerization catalyst is usually in the range of -50 to 200 C, and

1-hepreferatiy 6 1 FOTLITHR poagtcnchressaieo isrgenerally fiomdzu GC-14R,
atmospheric pressure to 10 MPa, and preferably atmospheric pressure to

J&W 5N Thelgligomerizatibnreaction may 5 be carried out batchwise,
semi-continuously or continuously. An antistatic agent may be used in the

[ Cataléfyrt ialigemetization with the olefin oligomerization catalyst. Preferred
examples of the antistatic agents include polypropylene glycol,
polyprepykene glycalrdisteasate; 10 ethylenediamine: PEGIRRG block: time
copolymer,

was divided by the amount (mmol) of the transition metal atom

in the transition metal catalyst component used in the

oligomerization.

[Selectivity for l-hexene!

The selectivity for l-hexene was determined by the
following formula:
S (%) = Wp/Wr x 100
S (%): Selectivity for l-hexene (weight fraction)
Wr (weight): Total weight of reaction preducts having
4 or mcre carbon atoms
Wp (weilght): Welght of 1-hexene preduced by the reaction
Synthetic Examples for the transition metal complex
compounds [A], and Examples andﬂComparative Examples of ethylene
oligomerization will be described below.
[Example 1}
{Synthesis of Compound 1)

[Chem. 23]
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stearyldiethanolamine, lauryldiethanolamine, alkyl diethanolamides and

polyoxyalkylenes (such as polyethylene glycol-polypropylene

glycol-polyethylene glycol block coﬁ lymer (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 (Q)

of the antistatic agent to the mol of the transition metal atom (M) in the

t [A] is generally in the range of 100 to 10000, and preferably

00 to 1000. 20 Hydrogen may be used in the olefin oligomerization with
the olefin oligomerization catalyst. The pressure of hydrogen in the
O edbtion is 0.01 to 5 MPa, and preferably 0.01 to 1 MPa. EXAMPLES 74

present invention will be described based on examples below without

linfting the scope of the invention. The yield of the reaction product and
e.selectivity for 1-hexene were determined by gas chromatography

adzu GC-14A, 5 J&W Scientific DB-5 column). [Catalytic activity]

the amount (mmol) of the transition metal atom in the transition metal
catalyst componenitlusett irethé 10 oligemeriZation. flask (equipped with

a three-way cock and a magnetic stirrer), 0.62 ml (6.0 mmol)
of 3-methoxypropan-l-amine and 1.20 g (5.0 mmol) of
2-hydroxy-3-(2-phenylpropan-2-yl)benzaldehyde were dissolved
in 20 ml of ethancl. Reaction was carried out for 6 hours at
room temperature. The reaction liguid was distilled under
reduced pressure to remove the solvent, resulting in 1.63 g of
Compound 1 (100% yield, crange colored oil).
The product was analyzed, and the results were as follows.

Y ONMR (3, CbClz): 13.63 (s, 1H, OH), 8.29 (s, 1H, N=CH), 7.49
(d, § = 1.6 Hz, 1H, Ar-H), 7.46-7.12 (m, 6H, Ar-H), ©.88 (t,

= 7.9, 7.6 Hz, 1H, Ar-Hy, 3.56 {(t, J = 5.9 Hz, 2H, CHy), 3.38
(t, J=6.2, 5.9 Hz, 2H, CHy), 3.29 (s, 3H, CHs), 1.92-1.82 (m,
ZH, CHy), 1.74 {s, 6H, C(CHs) 2).

(Synthesis of Compound 2)
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[Selectivity for 1-hexene] The selectivity for 1-hexene was determined by
the following formula: S (%) = Wp/Wr x 100 15 S (0): Selectivity for
1-hexene (weight fraction) Wr (Weijrﬁ): 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 transition metal
complex 20 compounds [A], and Examples and Comparative Examples of
[Chegthylehe oligomerization will be described below. [Example 1] (Synthesis
of Compound 1) [Chem. 23] 75 iN OH Compound 1 In a thoroughly dried
Peggplant flask (equipped with a three-way cock and a magnetic
gjirrerj, 0.62 ml (6.0 mmol) of 3-methoxypropan-l-amine and 1.20 g (5.0
- mh)?fbcéf 5_2-hydroxy-3-(2-phenylprqpan-2-yl)ber_12aldehyde were
d @sgl%d in 20 ml of ethanol. Reaction was carried out for 6 hours at
oom temperature. The reaction liquid was distilled under

Compound 2

In a thoroughly dried 30 ml two-necked eggplant flask
{equipped with a three-way cock and a2 magnetic stirrer), 311
mg (1.0 mmol) of Compound 1 was dissolved in 10 ml of diethyl
ether. The mixture liguid 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 to the liguid. Reactionwas carriedout for 1hourwhile
gradually increasing the temperature tc room temperature. To
the reaction ligquid, 0.5ml {4.0mmol) of trimethylsilyl chloride
was added, and reaction was carried out for 15 hours at room
temperature. The reacticn liquid was filtered through a glass
filter, and the soclvent was evapcrated, resulting in a yellow
0il. The o1l was dissolved in 5 ml of dichlcromethane.
Separately, 1.0 ml (1.0 mmol) of 1.0 mol/L dichloromethane
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 oill was added dropwise tco the mixture

in the eggplant flask at -78°C. Reaction was carried out for
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reduced pressure to remove the solvent, resulting in 1.63 g of Compound
1 (100% vyield, orange colored oil). 10 The product was analyzed, and the
results were as follows. 1H NMR (3,/CDC13) : 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=7.9, 7.6 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, 15 2H, CH2),
4 hopya @6 CoEa ) L SYRthedR o ComBBund Dy 762 [Chem F241 1 on
-T,-Cl OCICI Compound 2 In a thoroughly dried 50 ml two-necked
tenpeggplanteiiask N8quipped With 4 #ifeéaval? ock'aid 8 ThaGREcaStiRrer,©
311 5 mg (1.0 mmo1l) of Compound 1 was dissolved in 10 ml of diethyl
app rethénatiel hiture hgaiddvas cheledtoRyBES BRI 0363 AHl{ED MmBRoP tO
1.6 mol/L hexane solution of n-butyllithium was added dropwise to the
prediqid.cReaction Wab. cafiee 6atifod Whcut while ifrddually ancieddg arhed
temperature to room temperature. To 10 the reaction liquid, 0.5 m1
with(4emnsolkof timethyisiyritéhieridé2was addéetandvedctionaras earriet:d
out for 15 hours at room
{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.
‘i NMR (8, CDCl1:): 8.06 (s, 1H, N=CH), 7.58 (d, J = 7.9 Hz, 1H,
Ar-H), 7.32-7.06 (m, 7H, Ar-H), 4.35% (t, J = 5.6, 5.3 Hz, 2H,
CHp), 4.13 (s, 3H, CH3), 3.91 (bs, 2H, CHs), 2.20 (bs, 2H, CHp),
1.79 (s, 6H, C(CHs3)2).
FD-MS: m/z = 463 (M', CpoHayClNO,TL)
[Example 2]

{Synthesis of Compound 3)

[Chem. 25]

I OMe
HoN ]l
Compound 3

In a thoroughly dried 200 ml two-necked eggplant flask
{equipped with a condenser, a three-way cock and a magnetic
stirrer), 3.44 ¢ (20 mmol) of Z-methoxyphenylborenic 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 triphenylphosphine and
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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. 15 Separa?t%ly, 1.0 ml (1.0 mmol) of 1.0 mol/L
dichloromethane 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) .

30 oRitibh OF tHE yelbRroiP WA Sddet tiBpRketc the tifdiité 50 Hrifhes -
eggplant flask at -78C. Reaction was carried out for 77 4 hours while

Reacgraginally Greasingdhe temperatir th786m mpbhatire. Theremdiohion

liquid was then concentrated to approximately 5 ml, and 20 ml of pentene
Liquidsaddedtieretsito L predipitatecd solieie ThHesofid Wantiretediddt apd uene.
was washed 5 with pentene. Consequently, 292 mg of Compound 2 was
The obtaiedc (63%sfetth vrange ol THEcHOdutt Wasanalyregrancbthed to
results were as follows. 1H NMR spectrum of the compound is shown in
giveFig: 3. AHPNMRABREDCEI 806 (STIH, N=GH), 71881t U wF0 M 1 H ed
10 Ar-H), 7.32-7.06 (m, 7H, Ar-H), 4.35 (t, J = 5.6, 5.3 Hz, 2H, CHZ2), 4.13
by H513HaC#HS), 391u(bs, 2H rCri2) o2 20Khs, 2H,.QH2)91 FOL(st-6Hn :
C(CH3)2) FD-MS: m/z = 463 (M+, C20H24C13NO2Ti) [Example 2]
hexane/ethyl acetate = 3/1) to afford 1.76 g of Compound 3 (44%

yield, vyellcow solid).

The product was analyzed, and the results were as follows.
'H NMR (3, CDClz): 7.38-6.98 (m, 6H, Ar-H), 6.85-6.75 (m, 2H,
Ar-H), 3.80 (s, 3H, CHs), 3.67 (br, 2H, NH2).
(Synthesis of Compound 4)

[Chem. 26]

J

In a thoroughly dried 100 ml eggplant flask (equipped with

Compound 4

a three-way cock and a magnetic stirrer), 598 mg (3.0 mmol) of
Compound 3 and 721 mg (3.0 mmel) of
2-hydroxy=~3~{2-phenylpropan-2-yl}benzaldehyde were dissolved

in 15 ml of ethancl. Reaction was carried out for 18 hours at
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15 (Synthesis of Compound 3) [Chem. 25] OMe H2N Compound 3 Ina
thoroughly dried 200 ml two-necked eggplant flask (equipped with a
condenser, a three-way cock and a7r?1agnetic 20 stirrer), 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
(4.0rrmol) of triphenylphosphine and 78 30 mmol of potassium carbonate
rootyyeREEIGEFENHER in 50 fl bF otiend Redttsh Was cahidd outfor 87T
hours at 100C. The reaction liquid was combined with 50 ml of water and
redugafadiéd MthiBIuENel SIHE Grgainfe FIRaSEWAs driedfover MgSoa End as
was concentrated to 5 give 6.3 g of a crude product. The crude product
recrnygs @&ﬂiﬁé@doyiéili@@ggéﬁé&&mnaéﬁ?oﬁwla@og%éﬁwééiuﬂfﬁg%séluﬁéﬁer
hexane/ethyl acetate = 3/1) to afford 1.76 g of Compound 3 (440 yield,
recryfloalddliey CThE predactsvas anafzedcandthe restltswere asRewWsS 4
10 'H NMR (6, CDC13) : 7.38-6.98 (m, 6H, Ar-H), 6.85-6.75 (m, 2H,
was ARHR13180 (4,131, CH3),B.67¢BA @M, NH2)A {Synthesis of Compound 4)
[Chem. 26]
The product was analyzed, and the results were as follows.

'Y NMR (&, CDCls): 13.21 (s, 1H, OH), 8.44 (s, 14, N=CH), 7.50-6.58
(m, 16H, Ar-H), 3.32 (s, 3H, CH3), 1.51 (s, 6H, C(CHs)z).

(Synthesis of Compound b5)

[Chem. 27]

Compound 5

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
ether. Th@nﬂxtureliquhﬁwascooiedtx>—78°c,and0.36nd (0.57
mmol) of 1.6 mol/L hexane sclution of n-butyllithium was added
dropwise to the liquid. Reacticonwas carriedout for 1hourwhile
gradually increasing the temperature to room temperature. To

the reaction liguid, 0.5ml (4.0 mmol) of trimethylsilyl chloride
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O N OH Compound 4 15 In a 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 mgB@;%.O mmol) -of
2-hydroxy-3-(2-phenylpropan-2-yl)benzaldehyde were 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
was SSio&t: TREGistAtEwas reefystalfiZédh methahdl andthethystal was™
further recrystallized in hexane. Consequently, 240 mg of Compound 4 5
temnaé bbtned TRGvE fiefd: Yellow'sBhid§ The pfy&&&&&%% SRaN7E8 anglass
__ the results were as follows. 1H NMR (5, CDC13) 13.21 (s, 1H, OH) , 8.44
LLITRIIHANECHY, 7307658 (AS16MCRPFAES 32 (628K EHS £513sy6H 10w
C(CH3)2)- (Synthesis of Compound 5) 10 [Chem.. 27] cip CI 1 ,C\
oll.Comfpounds Iia thordtghRAdied 50 nittws-hedked egEprant lasie -

Separately, 0.57 ml {0.57 mmocl) of 1.0 mol/L dichloromethane
solution of titanium tetrachloride and 5> ml of dichloromethane
were placed in a thoroughly dried 50 ml twe-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
in the eggplant flask at -78°C. Reaction was carried out for
8 hours while gradually increasing the temperature to room
temperature. The reaction ligquid was then concentrated To
approzimately 2 ml, and 20 ml of pentane was added thereto to
precipitate a solid. The solid was filtered out and was washed
with pentane. Consequently, 58 mg of Compound 5> was obtained
(18% yield, orange solid).

The product was analyzedq and the results were as follows.
‘H NMR spectrum of the compound is shown in Fig. 2.
'H NMR (&, CDCls}: 7.95 (s, lH, N=CH), 7.67 (d, J = 7.6 Hz, 1H,
Ar-Hy, 7.42-6.98 {(m, 15H, Ar-H), 4.10 (s, 3H, CHs), 1.87 (s, 3H,
C(CHs)2), 1.70 (s, 3H, C{CHs):).
FD-MS: m/z = 523 (M' ~ CH3Cl, CogHpsCloNGC,T1)
[Example 3]

{Synthesis of Compound ©)
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(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, &d 0.36 ml (0.57 mmol) of 1.6 mol/T
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.S ml

LChe(Ei,:'Or%ﬁn]ol) of trimethylsilyl chloride 80 was added, and reaction was
carried out for 2 hours at room temperature. The reaction liquid was

tered thieugh a glass filter, and the solvent was evaporated, resulting in

0.57 ml (0.57 mmol) of 1.0 mol/L dichloromethane solution of
achloride and 5 ml of dichloromethane were placed in a
hly dried 50 ml two-necked eggplant flask (equipped with a

arried out for 8 hours while gradually increasing the temperature to
mperature. The reaction liquid was then concentrated to
matelg 2 ml, and 20 ml of pentane was added thereto to
precipitate a SBTE & s&lid was filtered out and was washed 15 with
pentane. Consequently, 58 mg of Compound 5 was obtained (18% yield,
orahgessolidjroughly dried 100 ml eggplant flask (equipped with
a three-way cock and a magnetic stirrer), 877 mg (4.4 mmol) of
Compound 3 and 1.02 g (4.0 mmol) of
2-hydroxy-5-methyl-3- (Z-phenylpropan~2~yl)ibenzaldehyde were
dissolved in 20 ml of ethanol. Two droplets of acetic acid were
added, and reaction was carried out for 18 hours at rcom
temperature. The reaction liguid was distilled under reduced
pressure to remove The golvent. The distillate was
recrystallized in methanol, and the crystal was further
recrystallized in hexane. Conseqguently, 1.2% g of Compound ©
was obtained (74% vyield, vellow solid).

The product was analiyzed, and the results were as follows.
'HNMR (8, CDCly): 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,
18, Ar-H), 6.58 {(d, J = 8.2 Hz, 1H, Ar-H), 3.31 (s, 3H, OCHj3),

2.32 (s, 3H, CHs), 1.65 (s, 6H, C{(CHz3)2).

{Synthesis of Compound 7)
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The product was analyzed, and the results were as follows. 1H NMR
spectrum of the compound is shown in Fig. 2. '"H NMR (5, CDC13): 7.95
(s, 1H, N=CH), 7.67 (d, J = 7.6 Hz, 3H, 20 Ar-H), 7.42-6.98 (m, 15H,
Ar-H), 4.10 (s, 3H, CH3), 1.87 (a, 3H, C(CH3)2), 1.70 (S, 3H, C(CH3)2).
FD-MS: m/z = 523 (M+- CH3C1, C28H23C12NO2Ti) [Example 3]
(Synthesis of Compound 6) 81 [Chem. 28] O OH Compound 6 In a
fChefﬁor&?dhly 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
mmol) of 2-hydroxy-5-methyl-3-(2-phenylpropan-2-yl)benzaldehyde
dj ed in 20 ml of ethanol. Two droplets of acetic acid were
J/feaction was carried out for 18 hours at room temperature.
The reagtion liquid was distilled under reduced 10 pressure to remove the
tiThe distillate was recrystallized in methanol, and the crystal was
r recrystallized in hexane. Consequently, 1.29 g of Compound 6
obtained (74% yield, yellow solid).

Compound 7

In a thoroughly dried 50 ml two-necked eggplant flask
(equipped with a three-way cock and a magnetic stirrer), 436
mg (1.0 mmol) of Compound 6 wasg dissclved in 10 ml of diethyl
ether. The mixture liguid was cooled to -78°C, and 0.63 ml (1.0
mreol) of 1.6 mol/L hexane solution of n-butylliithium was added
dropwise to the ligquid. Reaction was carried out for 1.5 hours
while gradually increasing the temperature to room temperature.
To the reaction liguid, 0.5 ml (4.0 mmel) of trimethylsilyl
chloride was added, and reaction was carried out for 1Z hours
at room temperature. The reaction liquid was filtered through
a glass filter, and the solvent was evaporated, resulting in
ayellow oil. The 0ll was dissolved in 5 ml of dichloromethane.
Separately, 1.0 ml (1.0 mmol) of 1.0 mcl/L dichloromethane
sclution of titanium tetrachloride and 5 ml of dichloromethane
were placed in a thoroughly dried 50 ml two-necked eggplant flask

(egquipped with a three-way cock and a magnetic stirrer). The

solution of the yellow oil was added dropwise to the mixture
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The product was analyzed, and the results were as follows. 15'H NMR
(6, CDC13) : 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 €%.6, 7.2 Hz, 1H, Ar-H), 6.58 (d, J =
8.2 Hz, 1H, Ar-H), 3.31 (s, 3H, OCH3), 2.32 (s, 3H, CH3), 1.65 (s, 6H,
C(CH3)2) (Synthesis of Compound 7) 82 [Chem. 29] N., 1 0 CIS

Compound 7 In a thoroughly dried 50 ml two-necked eggplant flask
in thgurspelwith althrssiwaly cotk dnd afRaghetRIstiffet), 236° 5afgdto for

mmol) of Compound 6 was dissolved in 10 ml of diethyl ether. The mixture
8 hdigurd WaslcoolBdr . 7BEY and D63 FAIN2.0- Pmb B eP ¢ B Hele Hexaheon
solution of n-butyllithium was added dropwise to the liquid. Reaction was
tenpcarasd vt fond. 8 houre While Fradiad\sindradingthedemperatare &L 1d.
room temperature. 10 To the reaction liquid, 0.5 ml (4.0 mmol) of
The timethylsing chicride wdsaddeddnd aeactionleas gafriedicutforci2
hours at room temperature. The reaction liquid was filtered through a
Congglgsefiltéry and 4hersolvent avas evaporated, resulting in @oyeliowndit Theras
oil was dissolved in 5 ml of dichloromethane. 15 Separately, 1.0 ml (1.0
obtanmel) ofi26 ydlAldichloremethanelid) .
The product was analyzed, and the resuits were as follows.
'H NMR spectirum of the compound is shown in Fig. 3.
TH NMR (&, CDCls): {(of the predominant iscmer) 7.90 (s, 1H, N=CH),
7.47-6.99 (m, 15H, Ar-H), 4.09 (s, 3H, OCHs), 2.31 (s, 3H, CHs),
1.85 (s, 3H, C{CHs)2), 1.7 (s, 3H, C{CH3),).
FD-MS: m/z = 537 (M -~ CHiCl, CieH2sClsNO,T1)
[Example 4]
{Synthesis of Compound 8}

{Chem. 30]

e

Compound 8

In a thoroughly dried 100 ml eggplant flask {eqguipped 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
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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 magne?t'ﬁ:l: stirrer) . The solution of the yellow
oil was added dropwise to the mixture 83 in the eggplant flask at -78C.
Reaction was carried out for 8 hours while gradually increasing the
temperature to room temperature, and 20 ml of hexane was added to
2-hyglegipitate Bblid - The Ssolid dvasfitered vib afd Wasivgshedsvithssolved
hexane. 5 Consequently, 245 mg of a mixture of isomeric Compounds 7
in SQvad eBtdinéd e viBRE bigrige s8Iiy. Theprpdtetwas analzea langcid
the results were as follows. -H NMR spectrum of the compound is shown
was ipdegal. HNNIR (5. CDC13Y : (efthé Stedbimidant isomerrzo0e(, 1H “C.
N=CH), 10 7.47-6.99 (m, 15H, Ar-H) , 4.09 (s, 3H, OCH3) , 2.31 (s, 3H,
The CHE3¥L 1085 {$,BH,AC (GR35t 1675, BRICH  CHI) e FIMSsmie=t0
537 (M" - CH3C1, C29H25C13NO2Ti) [Example 4] (Synthesis of
remc@empoeand @) vER [Chef: 80{O=iN OHte was recrystallized in

ethanol to afford 2.87 g of Compound 8 (56% vield, yvellow solid).
The product was analyzéd, and the results were as follows.

*HNMR {8, CDCls): 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), 2.11 (s,

6H, CHy)y, 2.10 (s, 3H, CH), 1.78 (s, €H, CHa).

(Synthesis of Compound 9)

[{Chem. 31]

NSy

Compound 9

A thoroughly dried and nitrogen-purged 100 ml two-necked
eggplant flask {(eguipped 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
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Compound 8 In a 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 paratoluenesulfonic acid was added, and
reaction was carried out for 17 hours at 110C. The reaction liquid was
Lo thisifeditindér ?é’&fcéti?ﬁr@s%ﬁr@?c?@ RRVethe soiFem: THB HREIRE = +ed
was recrystallized in ethanol to afford 2.87 g of Compound 8 (56% vyield,
out yéllow SoTiaY - T HE proviutt widisanaly 26 EPithe Festilts Wate asFolfcvws o
IH NMR (5, CDC13) : 13.02 (s, 1H, OH) , 8.48 (s, 1H, N=CH) , 7.45-6.85
roonni, PP eAIeHY 1375 (Bh8HS OB 25 @ BRIEH)E2d 15t e ke
CH2),2.10 (s, 3H, CH), 1.78 (s, 6H, CH2) . (Synthesis of Compound 9)
readChemy317i CHPr . IOIC] TLh e Comssurid DhAHorcugly et asd e
nitrogen-purged 100 ml two-necked 15 eggplant flask (equipped with a
and thrdesWaycoek amtladpsagetiessure 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 (8, CDCla): 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 (4, 3H,
12 Hz)y, 1.93 (d, 3H, 12 Hz).

FD-MS: m/z = 604 (M, CiH3pCL:NO,TL)
[Example 5]

(Synthesis of Ceompound 10)

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-l-yl)phenylamine,

0.736 g (2.75 mmol) of
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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
-78C, and 25 ml of a toluene solutidt? containing 2.80 g (6.20 mmol) of
Compound 8 was added dropwise 85 to the solution over a period of 20
minutes. Reaction was carried out for 12 hours while gradually increasing
the temperature to room temperature. The solid that precipitated after the

2-hyidaelidn waBHiYed out. 1RBIT Wakhad Withs'int of ety sthérs Rty <</
dried under reduced pressure to give 3.08 g of Compound 9 (82% vyield,

12 S df-rowhtsaliey L The prodact i 'dtalyzedcahd the fasults Wepshgon was
follows. H-NMR §6, CDC13):8.11 (s, 3H) , 7.58-7.04 (m, 10H), 4.44 (s,

carrgigyl 23u (s BH)4 212298, 8H), 218 (bsP3HY; 1981 thBH C1TA2HYE S
1.93 (d, 3H, 12 Hz). FD-MS: m/z = 604 (M+, C3 H32C13NO02Ti) [Example

evag| 8yAthesisiof CorApeAtl LOF JEREm: 32N BB CoRfFoumc10 pauic was
thoroughly dried 50 ml eggplant flask (equipped with a three-way cock

remcaritia raagnelic stieet)was tharged Wies0 8237 g2 Bamel®f to afford
2-(8-methoxy-naphthalen-1-yl)phenylamine,

0.50 g (1.03 mmol) cof Compound 10 (41% yield).

The product was analyzed, and the results were as follows.
'H-NMR (&, CDCl3): 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,
18y, 12.17 ppm (s, 1H).

{Synthesis of Compound 11)

{Chem. 33]

Compound 11

A 50 ml eggplant flask A (eguipped with a three-way cock
and a magnetic stirrer) was charged with 0.33 ¢ {1.00 mmol) cof
TiCly{thf}, in a glove bex. 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/methancl
bath. A separate 30 ml eggplant flask B (eguipped with a

three-way cock and a magnetic stirrer) was charged with 0.50
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0.736 g (2.75 mmol) of 86
2-hydroxy-5-methyl-3-(i-methyl-I-phenyl-ethyl)benzaldehyde, 12.5 ml of
ethanol and one droplet of acetic adid. 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
9 (449% JeRf)) TRE prodR WS drtalyzed, ‘hel the Fesuts wéle as follodRn -
1H-NMR (6, CDC13): 1.47 ppm (s, 3H), 1.49 ppm (s, 3H), 2.24 ppm (s,
Thers)f B0 ppmits, SH), B4 ppmi (e, 1729, 8BEppstd Bggplant
12.17 ppm (s, 1H). (Synthesis of Compound 11) [Chem. 33] N, O _I(?D
fLaskTiBy CanfpduptPiASOLM| eggplantiiask/Adequippeditith adkieeiway of
cock 15 and a magnetic stirrer) was charged with 0.33 g (1.00 mmol) of
Compricnd(thf) 2w a gloveBok Theveggplant flask A wasleniovebe fronfithesing
glove box, and 4 ml of dehydrated THE was added thereto. The eggplant
a cdtask lewas coofed to -78C #ra dngicedmethanobbati, Aseparate30 sl
eggplant flask B (equipped with a
addition, the dry ice/methanol bath was removed, and the reaction

liguid was slowly brought to room temperature. Reaction was
carried out feor 12 hours at room temperature, and part of the
solvent was evaporated under reduced pressure. The reaction
liguid was combined with 20 ml of dehydrated pentane and was
filtered under a nitrogen atmosphere. The solid obtained was
washed with dehydrated hexzne and was dried under reduced
pressure to affcrd 0.628 g of Compound 11.

The product was analyzed, and the results were as follows.
FD-MS: m/z = 637 (M', C34H3oNO;C1:Ti)
[Example 6]

(Synthesis of Compound 12)

Compound 12

A thoroughly dried 50 ml eggplant flask (equipped with a
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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 t6 the eggplant flask B, and Compound
10 was dissolved. The THE solution 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

ChreRmisied; anll thE feacliGr i was STaiy bribghttoTbaRttenpératurg? *
Reaction was carried out for 12 hours at room temperature, and part of

¢ (4he EBIVEnt Was Bvdporatdd briderietiited pressré FRfd reactioambne -
liquid was combined with 20 ml of dehydrated pentane and was filtered

0. 63Mder &nifroéfR atmesdphere. The solid obtained was washed with
dehydrated hexane and was dried under reduced pressure to afford

2-hy)ee8 gof-Gerhpaind 111 ThHe Praduct waseanalyAdd: ahdahie Fesuehery
as follows. 15 FD-MS: m/z = 637 (M', C34H30NO2C13Ti) [Example 6]

8 ml(Syhtltdsis b Contpbuitel 2) {Chérh. 34] RMetSOH: Compotisd $2 DA wWas
thoroughly dried 50 ml eggplant flask (equipped with a

carried out for 5 hours at 60°C and for 12 hours at room

temperature. The resultant yellow precipitate was filtered cut,
then washed with ethancl and dried under reduced pressure Lo
afford 1.10 g (2.33 mmol) of Compound 12 {93% yield).

The product was analyzed, and the results 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,
1H}, 11.4% ppm (s, 1H).

(Synthesis of Compound 13}

[Chem. 35]

Compound 13

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

of TiCly{(thf), in a glove box. The eggplant flask A was removed
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88 three-way cock and a magnetic stirrer) was charged with 0.623 g (2.5
mmol) of 8-(2-methoxy-phenyl)-naphthalen-l-ylamine, 0.636 g (2.5 mmol)
of 2-hydroxy-5-methyl-3-(1-methyl-ﬁ-Bhenyl-ethyl)benzaldehyde, 5 8 ml of
ethanol 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

from &difeéd Bressing o affotd™t. £ 35 Aith 1Sl of Eotfpdutit: B8 (3396 <=0 -
yield). 10 The product was analyzed, and the results were as follows.

The ¢ANMRTS, éb@%)%%lwpﬁﬁpé?%rﬁmﬁﬁp&nl@, 33 IFppmeancl
3H), 3.40 ppm (s, 3H), 6.20-7.85 ppm (m, 17H), 8.03 ppm (s, 1H), 11.49

bathypnfyss $FY L@BYathisisef EBATHoME 13)2 85 [EhelRI35 PR 2O-%bTHE32
Compound 13 A 50 ml eggplant flask A (equipped with a three-way cock

L r eyl 8 Yn SGITeti 2 Stireér) s EHdrg el With 6 584VREL Ph el GETICIs 822
(thf) 2 in a glove box. The eggplant flask A was removed 89 from the

g (lgldve Bogland5 ralcofidehydrdtéd aFHME wWas audedaferstsh nitrogen.

Thereafter, 2 ml of dehydrated THY 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 using
a cannula at -78°C. After the completion of the dropwise
addition, the dry ice/methancl 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
filtered under a nitrogen atmosphere. The scolid obtained was
washed with dehydrated hexane and was dried under resduced
pressure to afford 1.40 mmol of Compound 13 (80% yield).

The product was analyzed, and the results were as follows.
'H NMR (8, CDCls): 1.74 ppm (s, 3H), 2.00 ppm {s, 3H), 2.27 ppm
(s, 3H), 3.87 ppm (s, 3H), 5.28 ppm (d, 1H), 6.50-7.91 ppm (m,
17H) .
FD-MS: m/z = 637 (M, C3H3N0xC1l:T1)
[Examples 7 to 31]

Compounds 14 to 38 were synthesized in the same manner as
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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
magnetic stirrer) was charged with 8822 5 g (1.75 mmol) of Compound
12 and was purged with nitrogen. Thereafter, 2 ml of dehydrated THE
was added to the eggplant flask B, and Compound 12 was dissolved. The
THE solution of Compound 12 was added dropwise to the eggplant flask
in EX¥8hef @ carriuld at -78€. AféitheScorhpfction 10F e aishwisedp below.
addition, the dry ice/methanol bath was removed, and the reaction liquid
[Chejas §I@§le brought to room temperature. Reaction was carried out for 12
hours at room temperature, and part of the solvent was evaporated under
educed pressure. The reaction liquid was combined with 10 ml of
@ grated pentane and was 15 filtered under a nitrogen atmosphere.
Fhe sylid/obtained was washed with dehydrated hexane and was dried
tun reduced pressure to afford 1.40 mmol of Compound 13 (80%
d{mlct)ﬁ'he product was analyzed, and the results were as follows. 'H
R (5, CDC13) : 1.74 ppm (s, 3H) , 2.00 ppm (s, 3H) , 2.27 ppm 20 (s,
H), 3.87 ppm (s, 3H), 5.28 ppm (d, 1H), 6.50-7.91 ppm (m, 17H).
FO-MS: m/z = 637 (M', C34H30NO2C13Ti) [Examples 7 to 31;
Compound§‘?ﬁ@98‘%@%é1ﬂe synthesized in the same manner as 90

'H NMR (8, CDCls): 8.16 (s, 1H, N=CH), 7.64 (dd, J

7.91, 1.65
Hz, 1H, Ar-H), 7.52-7.14 {m, 9H, Axr-H), 7.07 (¢, 3 =7.91, 7.91
Hz, 1H, Ar-H ), 4.3% (s, 3H, OCH:), 1.54 {s, 9H, C(CHz)z)

FD-MS: m/z = 513 (M+), 461 (M+ - CH3C1) C24H24C13N02Ti

[Chem. 37]

Ph Compound 15

FD-MS: m/z = 651 {(M', Cis5H30C1iNO,TL)

[Chem. 38]

MeC

Compound 16



in Examples 1 to 6. The results of analysis are shown below. [Chem. 36]
N., CI Cl ~ Cl~ Compoiind 14 1H NMR (5, CDC13) : 8.16 (s, 1H, N=CH) ,
764(dd J=7.91, 1.65 5Hz, 1H, /&llH) 7.52-7.14 (m, 9H, Ar-H), 7.07 (t,
J=7.91,7.91 Hz, IH, Ar-H), 4.39 (a, 3H, OCH3), 1.54 (s, 9H, C(CH3)3)
FD-MS: m/z = 513 (M+), 461 (M+ - CH3C1) C24H24C13NOZTi [Chem.
37] N., CIO CI~CIPh Ph Compound 15 10 FD-MS: m/z = 651 (M+,

'H N%S%@@ﬁ@?ﬂ) gehemi 38 N, 10° &1 pet Mé&Fcompotind T 1447) .
NMR (5, COC13): 8.19 (1H), 7. 59 7.19 (9H) 6.81 (1H, 2Hz), 4.44 (3H),

44%8@&m%@é@%ﬂm@ﬁ@q%ﬂwv

[Chem. 39]

9
o

e
Iy

Compound 17
5 H NMR (85, CDCls): 8.18 (s, 1H, N=CH), 7.80-7.15 (m, 10H, Ar-H),

4.41 (s, 3H, OCH:), 1.53 (s, 9H, C{(CHs)s), 1.28 (s, 9H, C{(CHs)s)

[Chem. 40)]

Compound 18
'H NMR (5, CDCLs): 1.48 ppm (s, 9H), 2.40 ppm (s, 3H), 4.36 ppm
10 (g, 3H), 6.98-7.60 ppm (m, 10H), 8.09 ppm (s, 1H).

FD-MS: m/z = 525 (M', Cu5HoeNO,C14T1)



N'O Cl 0 Compound 17 5 IH NMR (5, CDC13): 8.18 (s, 1H, N=CH),
7.80-7.15 (m, IOH, Ar-H), 4.4 (s, 3H, OCH3), 1.53 (s, 9H, C(CH3)3),
1.28 (s, 9H, C(CH3)3) [Chem. 40] RZCI0 CI T ,CI\ Compound 18 IH NMR
(5, CDC13) : 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 (M+, C2;
H26NO2C13Ti) 92 [Chem. 41] N., CI0 CI 'CI\ Compound 19 1H NMR (5,

[ChegpCA)i 1.54 ppm (br, 9H), 2.43 ppm (br, 6H), 4.28 ppm (br, 3H),
6.96-7.61 ppm (m, 9H), 7.96 ppm (br, 1H). 5 FD-MS: m/z = 539 (M+,

26H28N0O2C13Ti) [Chem. 42] /CI\/ N..

NS

Compound 19

5 NMR (&, CDCls): 1.54 ppom (br, 89H}, 2.43 ppm (br, %H), 4.28
ppm {br, 3H), 6.96-7.061 ppm {(m, S9H), 7.96 ppm (br, 1H).
5  FD-MS: m/z = 539 (M, CsgHzsNO,C13Ti)

{Chem. 42]

Compound 20

‘H NMR (&, CDCIsy: 0.7 ppm (bxr, 3H), 1.4¢ ppm (br, 12H), 6.06
ppm (br, 1H), 6.%5-7.66 ppm (m, 11H), 8.05 ppm (br, 1H).
10 FD-MS: m/z = 461

[Chem. 43]

Compound 21



ClpY O/ Compound 20 'H NMR (5, CDC13): 0.76 ppm (br, 3H), 1.46
ppm (br, 12H), 6.06 ppm (br, 1H), 6.95-7.66 ppm (m, 11H), 8.05 ppm (br,
1H). 10 FD-MS: m/z = 461 [Chem.#3] N.. Cl CI~O"CI Ph 4 Compound
2193 1H NMR (6, CDC13) : 8.37 (bs, 1H, N=CH) , 7.53-6.91 (m, 13H,
Ar-H) , 3.65 (bs, 3H, OCH3), 2.36 (s, 3H, Ar-CH3), 1.78 (s, 6H, C(CH3)2),

. 126(s,9H,C CH3)?%, 1.25 (s, 9H, C(CH3)3% FD-MS: m/z = 699 (M+,

H NERdR44EX3N02 Ay B/ [CRém. 44 EF N Clch Eompound 22X FINNMIR™ ) #
spectrum recorded with CDC13 solvent at room temperature is shown in

3. 65Figed, FBLMSCHYz = 5284M S C25H2BNGZG13TH- 78 (s, 6H, CICH3)2),
1.26 (s, 9H, C{(CH3)3y), 1.25 (s, 9H, C{(CH3)s).
FD-MS: m/z = 699 (M', C3HuaCLl3NO,TL)

5 [Chem. 44]

NS
cl
o

Compound 22

'H NMR spectrum recorded with CDCls solvent at room
temperature is shown in Fig. 4.
FD-MS: m/z = 525 (M', CpsHzeNO2C1.T1)

10 [Chem. 45]

Compound 23

'H-NMR (8, CDCls): 1.49 ppm (s, 9H), 2.29 ppm (s, 3H), 2.30 ppm
(s, 3H), 4.39 ppm (g, 3H), €.87-7.60 ppm (m, 9H), 8.10 ppm (s,
1H}.

15  FD-MS: m/z = 539 (M", CoeHogNO»C1:T1)



10 [Chem. 45] N., CI CI' O Compound 23 1H-NMR (6, 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 (§,41H). 15 FD-MS: m/z = 539 (M+,
C26H28NO2C13Ti) 94 [Chem. 46] N CIO CI D CIS Ph Compound 24
1H NMR (b, CDC13): 8.04 (s, 1H, 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,

[Cheryr.cff3), 1.91 (s, 3H, C(CH3)2), 1.74 (s, 3H, C(CH3)2) FD-MS: m/z = 615
(M, C32H32C13NO2Ti) [Chem. 47] cip N.. O CIOCI Compound 25

Compound 24
M NMR (8, CDCls): 8.04 {s, 1H, N=CH), 7.43-6.86 (m, 13H, Ar-H),
4.16 (s, 3H, OCHs), 2.53 (s, 3H, Ar-CHs), 2.33 (s, 3H, Ar-CHj),
5 2.29 (s, 3H, Ar~CHj), 1.91 (s, 3H, C{CH3)z), 1.74 (s, 3H, C{CHz)2).
FD-MS: m/z = 615 (M", C3H3CliNO,Ti)

[Chem. 47]

-0

N.?&)

Compound 25

'H NMR (8, 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).



10

1H NMR (5, CDC13) : 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). 95 [Chem. 48] N., CI O CI'CI
Compound 26 1H NMR (5, CDC13§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] N._O CI f'CI\ Compound 27 "H NMR (5,
CDClS?: 8.18 (s, 1H, N=CH), 7.62 (d, J = 2.3 Hz, 1H, Ar-H), 7.49-7.26

(Chefn, 81 )Ar-H), 7.15-7.11 (m, 1H, Ar-H), 4.42 10 (s, 3H, OCH3), 2.22-2.16
(m, 9H, Ad-H), 1.95-1.91 (m, 3H, Ad-H), 1.81-1.77 (m, 3H, Ad-H), 1.28 (s,

3)3). 96 [Chem. 50] M CI CI o CI\ Compound 28 'H-NMR (b,
. m (s, 9H) 2.27 ppm (s, 3H), 4.29 ppm

Compound 26
H NMR (&, CDCli): 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},

1.48-1.21 (m, LH}.

[Chem. 49]

Compound 27

4 NMR (&, CDCls): 8.18 (s, 1H, 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
(s, 3H, OCH:), 2.22-2.16 (m, 9H, Ad-H), 1.95~1.91 (m, 3H, Ad-H),

1.81-1.77 {m, 3H, Ad-H), 1.28 (s, S9H, C{CHz}z).



5

10

(s, 3H), 6.97-7.59 ppm (m, 10H), 8.08 ppm (s, 1H). 5 FD-MS: m/z = 525
(M+, C25H26NO2C13Ti) [Chem. 51]N., CIO CICN ¢ |'Ph-Ph
Compound 29 1H NMR (6, CDC13)%48.16 (s, 1H, N=CH) , 7.72-7.03 (m,
21H, Ar-H) , 4.31 (s, 3H, CH3), 1.32 (s, 9H, C(CH3)3). 10 FD-MS: m/z =
585 (M+ - C7H8C1, C29H26C12NO2SiTi) [Chem. 52] ,2-Q N, O-- ,TiCI3
O Si.iPr 1iPr ;Pr Compound 30 97 1H NMR spectrum recorded with
[CrhegpCa8lsolvent at room temperature is shown in Fig. 5. [Chem. 53] N CI

Compound 28

‘H~NMR (&, CDCli): 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, 1H).

FD-M3: m/z = 525 (M, CogHzgNO2CLsT1)

[Chem. 51]

Ci
N..E o
=TI

<1 °Cl
ciy

Ph Compound 29

'H NMR (&, CDCls): 8.16 (s, 1H, N=CH), 7.72-7.03 (m, 21H, Ar-H),
4.31 (s, 3H, CHs), 1.32 (s, 9H, C{CH3)s).

FD-MS: m/z = 585 (M - CyHaCl, CpeHpeC1oNO,SiTi)

[{Chem. 521

Pr Compound 30



IT, 0 Cl Compound 31 5 1H NMR spectrum recorded with CDC13 solvent
at room temperature is shown in Fig, 6. [Chem. 54] N..10 CIS''CI\
Compound 32 1H NMR (5, CDC13): 4.34 ppm (br, 3H), 6.94-7.70 ppm (m,
16H), 10 8.17 ppm (br, 1H). FD-MS: m/z = 481 98 [Chem. 55] N., CIO CI
I CI\ Compound 33 'H NMR spectrum recorded with CDC13 solvent at
rogm temperature is shown in Fig. 7. 5 [Chem. 56] N. CI CIS I\
Corfipdtiit 3595 NMR Spectrtfitfrecdrded Withepeds'Soertt at f66H

temperature is shown in Fig. 8.
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
n NMR (8, CDCls): 4.34 ppm (br, 3H), 6.94-7.70 ppm (m, 16H),
10 8.17 ppm (br, 1H).

FD-MS: m/z = 481



99 [Chem. 57] N.. CIO CIOCI Compound 35 3H NMR (b, CDC13) : 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). 5 FD-MS: m/z = 567 (M', C28H32NO2C13Ti)
[Chem. 58] N. CI O Ti-CI O Compound 36 'H NMR spectrum recorded
with CDC13 solvent at room temperature is shown in Fig. 9. 100 [Chem.
59] N., CIO CI ~CIPh Ph Compound 37 1H NMR spectrum recorded with

[Chegp %Esolvent at room temperature is shown in Fig. 10. 5 [Chem.. 60] N

Compound 33

'H NMR spectrum recorded with CDCl; solvent at room

temperature is shown in Fig. 7.

[Chem. 506]

Compound 34

'H NMR spectrum recorded with CDCls; solvent at room

temperature is shown in Fig. 8.



CI'T O Compound 38 1H NMR spectrum recorded with CDC13 solvent at
room temperature is shown in Fig. 11. [Example 32] 10 (Synthesis of
Compound 39) [Chem. 61] ' NHZ Ni{z 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
[CNSRas edrried out for 44.5 hours at room temperature under a hydrogen
atmosphere. The reaction liquid was filtered with Celite, and the filtrate 5
as distilled under reduced pressure to remove the solvent, giving a
rude product. The crude product was purified by silica gel column
chromatography (eluting solution: hexane/ethyl acetate = 6/1) to afford
@'  of Compound 39 (75% vyield, white solid). 10 The product was
n%y d/and the results were as follows. 1H NMR (CDC13) : 7.43-7.03
/n@m];i_d,dyl, Ar-H) , 6.82-6.71 (m, 4H, Ar-H) , 3.51 (br, 4H, NH2).

<i°Cl
Iy

Compound 35
4 NMR (8, CDCl3): 1.31 ppm (s, 9H), 1.46 ppm (s, 9H), 4.34 ppm
{br, 3H), 6.97-7.58 ppm (m, 10H), B8.09 ppm (br, 1H).

FD=MS: m/z = 567 (M", CogHioNOC1sT1)

Chem. 58]

Compound 36

'H ONMR spectrum recorded with CDCl; solvent at room

temperature is shown in Fig. 2.
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(Synthesis of Compound 40) [Chem. 62] NHZ OYNH O 15 Compound
40 A 200 ml eggplant flask (equipped with a three-way cock and a
magnetic stirrer) was charged with 222 g of sodium carbonate, 30 ml of
water, 40 ml of dioxane and 3.69 g (20 mmol) of Compound 39. The
temperature was lowered to OC in an ice 20 bath, and 4.37 g (20 mmol) of
di-tert-butyl dicarbonate was added dropwise. Reaction was carried out
“or 6Ehgohrs while increasing 102 the temperature to room temperature.
Additional 2.18 g (10 mmol) of di-tert-butyl dicarbonate was added

[Ch

perature. The reaction liquid was combined with 100 ml of 5
vatér and was extracted once with 100 ml of toluene and then
icewidh 50 ml of toluene. The organic phase was dried over MgSC4
mH/WG@ @fstilled under reduced pressure to remove the solvent, giving a
de product. The crude product was purified by silica gel column
tography (eluting solution: 10 hexane/ethyl acetate = 6/1) to afford

f Comgound 40 (50% yield, white solid).
ompound 37

M ONMR spectrum reccorded with CDCly solvent at room

temperature 1s shown in Fig. 10.

[Chem. ©60]

Compound 38

T ONMR spectrum recorded with CDCl; solvent at room
temperature is shecwn in Fig. 11.
[Example 32]
(Synthesis of Compound 39)

[Chem. 61]

8
NH, Compound 39

In a thoroughly dried 100 ml three~necked eggplant flask

(egquipped with a three-way cock and a magnetic stirrer), 12.2
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The product was analyzed, and the results were as follows. 'H NMR
(CDC13) : 7.99 (d, J = 6.8 Hz, 1H) , 7.27-6.81 (m, 7H, Ar-H) 6.54 (s, 1H,
NH), 3.58 (br, 2H, NH2), 1.37 (s, 9I1—|(,”C(CH3)3) 15 (Synthesis of
Compound 41) [Chem. 63] N NH2 / 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, 4Q ml of
5 (SHoRaRe b 84 616 ithoh U CmBduNCag, Treterfpdrac fe tids 24/
lowered to OC in an ice bath, and 2.78 g (22 mmal), of dimethyl sulfate
Weray 58 90884 HWopwise® 103 REaRHGHWAS carrie Sut fot 24 RoGrsakhifs out
increasing the temperature to room temperature. Additional 1.26 g (10
£or ffmanefdiméthyt StfatEHas HRideduropiide fo e FeLdR RGP aRES -
reaction was performed for 8.5 hours at room temperature. 5 The reaction
The Fafid weRrcdmBinkd With HoolmEsfpulificd wekdr afid \#as extracted orée©
with 100 ml of toluene and then twice with 50 ml of toluene. The organic
was ghaseidds driedover MBO£hrithwas distillé® urderieducet pressiret
to remove the solvent. The distillate was dissolved in 100 ml of
g1ividiehtororethaie) @net10 10mIor effuBicRens atie was ddded, follewed ca

by reaction for 20 hours at room temperature. The reaction liquid was
gel column chromatography (eluting solution: hexane/ethyl

acetate = 6/1) to afford 6.95 g of Compound 3¢ (75% yvield, white
solid).

The product was analyzed, and the results were as follows.
'HNMR (CDCly): 7.43-7.03 (m, 4H, Ar-H), 6.82-6.71 (m, 4H, Ar-H),
2.51 {(br, 4H, NHz}.

{(Synthesis of Compound 40)

[Chem. &2]

Compound 40
A 200 ml eggplant flask (equipped with a three-way cock
and a2 magnetic stirrer} was charged with 2.22 g cof sodium
carbonate, 30 ml of water, 40 ml of dioxane and 3.69 g (20 mmol)
of Compound 39. The temperature was lowered to 0°C in an ice
bath, and 4.37 g (20 mmol) of di-tert-butyl dicarbonate was added

dropwise. Reaction was carriedout for 6 hours while increasing
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combined with 100 ml of saturated NaHCO3 water and the organic phase
was extracted. The organic phase dﬁ/?a%s washed with purified water, then
dried over MgSO4and distilled un educed pressure 15 to remove the
solvent, giving a crude product. The crude product was purified by silica
gel column chromatography (eluting solution: hexane/ethyl acetate =

19/1) to afford 0.338 g of Compound 41 (12% vield, white solid). The
the S aterRas ARaly2el 8 tie Festifts We eaﬁ%%w“z%fkﬁmkﬁa &, (10
CDC13) ; 7.33-7.00 (m, 6H, Ar-H), 6.87-6.74 (m, 2H, Ar-H), 4.17 (br, 2H
mo 1o, A6 (B FEE), (S)htedi 6 CoMpouRd a9y 164 ClHerr. 64 N 1€

iN OH Compound 42 In a thoroughly dried 100 ml eggplant flask

reac(elitipgddivitt s athreE A4 CO8K STl B Tridgiialic Strren) 26,583 g {52557 oo
mmol) 5 of Compound 41 and 0.254 g (1.0 mmol) of

LempR Ao oG -5-methy kS afantanty HoerAAldéRy delere Giesoived in % nit-bf oL
ethanol. Further, one droplet of acetic acid was added, and reaction was

purldgrfied bt for 10 Holre At PESMABRFEratre Thé feadtiomliguid wasluene

distilled under reduced pressure to
and then twice with 50 ml of toluene. The organic phase was dried

over Mg30,; and was distilled under reduced pressure to remove
the sclvent, giving a crude product. The crude product was
purified by silica gel column chromategraphy (eluting soluticn:
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 (CDCl3): 7.99 (d, J=6.8 Hz, 1H), 7.27-6.81 (zﬁ, 7H, Br-H),
6.54 (s, 1H, NH), 3.58 (br, 2H, NH;), 1.37 {s, 8H, C(CHs)s3).
(Synthesis of Compound 41)

[Chem. 63]

o
NH, 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
carbonate, 30 mi 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, and 2.78 g (2Zmmol) of dimethyl sulfate was added dropwise.
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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 results were as oqr’gws. 1HNMR (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 pound 43) 105 [Chem. 65] W-
Reac%iﬁ% &' Eonipo %&isp}itth Po]agf% y dried fO(’f'?fr?n ]%%gé%% ‘ﬁ%&%l‘g the
(equipped with a three-way cock and a magnetic stir{er s charged Witli
Lo 58415 (67 M) of FCRtN2 Hnd S AT of FHE. The fixEurd wad ™o L
cooled to -78C in a dry ice/methanol bath, Separately, 0.314 g (0.7 mmol)
of d5PEbmpbuiid 42 Was GiSsGNEd th 25 T bt THE. THE resiiftantLolution <
was added dropwise to the mixture. Reaction was carried out for 13 hours
and RRRAS ncrBading thE TEMpERIture® 10 fo rodmtémperattire e o1 that £ © -
precipitated after the reaction was filtered out, then washed with 20 ml of
The geptaheClnd Hileddo Give 032§ Cormpotifd 434765 Reld forangea te -
and‘%gg)extracted once with 100 ml of tcluene and then twice

with 50 ml of toluene. The organic phase was dried over MgSQ0,
and was distilled under reduced pressure to remove the solvent.
The distillate was dissclved in 100 ml of dichloromethane, and
1¢ ml of trifluorcacetic acid was added, follcwed 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 washed withpurified
water, then dried over MgS0O,; and distilled under reduced pressure
to remove the solvent, giving a crude product. The crude product
was purified by silica gel column chromatography f{eluting
solution: hexane/ethyl acetate = 19/1) to afford 0.338 ¢ of
Compound 41 (12% vyield, white solid).

The product was analyzed, and the results were as follows.
'H NMR (&, CDCls): 7.33-7.00 {m, 6H, Rr-H), 6.87-6.74 {(m, 2H,
Ar-H), 4.17 (br, 2H, NH;), 2.62 (s, ©H, CHj).

(Synthesis of Compound 42)
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The product was analyzed, and the results were as follows. 15 FD-MS:
m/z = 602 (M+, C31H31C13N20Tij)4é$xample 33] (Synthesis of
Compound 44) 106 [Chem. 66] N,"CF-Cl -Cl Compound 44 In a
thoroughly dried 50 ml two-necked eggplant flask (equipped with a
three-way cock and a magnetic stirrer), 311 5 mg (1.0 mmol) of
[CheComgggmd 1 was dissolved in 10 ml of diethyl ether. The mixture liquid
was led to -78C, 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
e gragdally increasing the temperature to room temperature. To the

tor 4 hours while gradually increasing the temperature to room
tempgrature. The reaction liquid was then concentrated to approximately
and 20 ml of pentene was 15 added thereto to precipitate a solid.

id was filtered out and was washed with pentene. Consequently,

Compound 42

In a thoroughly dried 100 ml eggplant f£lask (eguipped with
a three-way cock and a magnetic stirrer), 0.223 g (5.25 mmol)
of Compcund 41 and ¢.254 g (1.0 mmeol) of
2-hydroxy-5b-methyl-3-adamantyl benzaldehyde were 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 ligquid was distilled under reduced pressure to
remove the solvent., The distillate was recrystallized in
ethanol to afford 0.380 g of Compound 42 (8b% yield, vellcw
solid).

The product was analyzed, and the results were as follows.
'HNMR (8, CDCls): 12.77 (s, 1H, OH), 8.24 (s, 1H,N#CH),7.36—7.03
(m, 12H, Ar-H), 6.90-6.85 {(m, 2H, BAr-H), 6.94 (d, 1H, Ar-H),
2,30 {8, 3H, CHs}, 2.20 (s, ©H, CHs}), 1.%64 (s, 6H, C(CHs),).

{(Synthesis of Compound 43)
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Compound 44 was obtained (64% vyield, brown solid). [Example 34] A
thoroughly nitrogen-purged 100 ml.gytoclave was charged 20 with 28 ml
of toluene and subsequently with 1.0 mmol in terms 107 of aluminum
atom of methylaluminoxane (MAO, 1M toluene solution) Further, 0.001
mmol of Compound 2 (1 mM toluene solution) was added. The system

E cpaNas gggjssurized with ethylene at 0.8 MPa-G, and thereby reaction was
initiated. The reaction was carried 5 out for 30 minutes at 25 to 28C while

maintaining the pressure by supplying ethylene. The reaction was then

high-boiling fractions and polyethylene with use of a liquid nitrogen trap
T
nder fg8uced pressure. The products were analyzed by gas
3 ﬁ’iatography. The selectivity for 1-hexene with respect to all the
@s cts was 35%. The products included trace amounts of 1-octene and
decénes. The selectivity 15 for polyethylene was 65%. The catalytic
actiyity was calculated from the total amount of the products to be 0.08
@ ucts/(mmoi-Tih). [Examples 35 to 64] Reaction was carried out in
dme manberasimE&xample

A thoroughly dried 100 ml eggplant flask (equipped with
a three-way cock and a magnetic stirrexr) 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/methancl bath. Separately, 0.314
g (0.7 mmel) 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
to room temperature. The solid that precipitated after the
reaction was filtered cut, then washed with 20 ml cf pentane
and dried to give (0.321 g of Compound 43 (76% yield, orange
solid).

The product wasg analyzed, and the results were as follows.
FD-MS: m/z = 602 (M', C31H3:C13N,0T1)
[Example 33]

{Synthesis of Compound 44)
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20 34, except that Compound 2 was replaced by Compound 5, 7,9, 11 or
any one of 13 to 38. The results arfo%mwn in Table 1. 108 ,~ 1161 N 61l
OLririN41IWmIONMOONWIOW~TIOa mU)61rINM6100.."'~
m;n ~omoo0~0~-.m c~nooc-gym v~ c~MM ~mNN.-~NOOo 01 C N NIN 9
(NN~_QUILINO)HIQ)c-'HN ,H@OId'IOI9rU) v IOWI9 C)O 04i ry 3
Ecmgnly'.%gjryNUrUNUUN,NNOUUU.,y~~~|6ro<rmroo)WmN
NroNa)~r~orWry~yN~~N~romm E-+UHHHHHHH 0)aN
CNXIrONWMGBLHOrrMNU)YWIOrNNNIOLC)NOIr0100)a'
Né‘*ﬁ’ 00aUOOWHWO00Jr61ry WWOJ6161161 WW W a) W

Compound 44

In a thoroughly dried 20 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
ether. The mixture liguid was cooled to -78°C, and 0.63 ml (1.0
mmol) of 1.6 mol/L hexane solution of n-butyllithium was added
dreopwise. Reaction was carried ocut for 1 hour while gradually
increasing the temperature to room temperature. 7To the reaction
liguid, 1.0 ml (1.0 mmol) of 1.0 mol/L tetrahydrofuran solution
of chromium trichloride was added dropwise at -78°C. Reaction
was carried out for 4 hours while gradually increasing the
temperature to room temperature. The reactidn liguid was then
concentrated to approximately 5 ml, and 20 ml of pentene was
added thereto to precipitate a solid. The so0lid was filtered
out and was washed with pentene. Consequently, 302 mg of
Compound 44 was obtained (64% vield, brown solid).
[Example 34]

A thoroughly nitrogen-purged 100 ml autoclave was charged

with 28 ml of toluene and subseguently with 1.0 mmol in terms
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and W]W W 16 CfE%(%%fﬂ%%&S‘] trhoroug 1y nltrc?gexne%urglednlf?’ 1]
autoclave was charged with 28 ml of toluene and subsequ Wlth 1.0
ot BitoP InTErms GP amf o O Rty RGRARE DG & Rf 25 2uTe

toluene 5 solution). Further, 0.001 mmol of Compound 43 (1 mM toluene
by s3giiitioh)Was alded e sySnt waS preSsutped Witethyiehe at =4 b
0.8MPa-G, and thereby reaction was initiated. The reaction was carried

addigiit for FOMNUBS AR 25%6 28 CRTRRSRRImainng thepresstirelpyivid was

d[f)plym% ethylene The reaction was then
washed wit N hydrochloric acid and purified water.

Low-bolling fractions (having 10 or less carbon atoms) were
separated from high-boiling fractions and polyethylene with use
of a 1liquid nitrogen trap under reduced pressure. The products
were analyzed by gas chromatography. The selectivity for
l1-hexene with respect to all the products was 35%. The products
included trace amounts of l-octene and decenes. The selectivity
for polyethylene was 65%. The catalytic activity was calculated
from the total amount of the products to be 0.08
kg-products/ (;mol-Ti h) .
[Examples 35 to 64]

Reaction was carried out in the same manner as in Example
34, except that Compound Z was replaced by Compcound 5, 7, 2,

11 or any one of 13 to 38. The results are shown in Takle 1.



Table 1

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) were separated
from high-boiling fractions and pojyathylene (dry weight: 148 mg) with use
of a liquid nitrogen 15 trap under reduced pressure. The products were

apalyzed by gas chromatography The low-bailing fraction.copsisted
solely|off 1:héxene (3.6 mg). [Example 66J oroughly njtrogen-purged
100 Al autoglave was 2D ¢harged with 28 f toluene and subsequently
with-<1.0mmaol jin|terms |oflaluminum atom ethylalumipoxane (MAQ, 1
M toltiene | solution). Furthen, .001 mmpol ompbund 44 (1mM itolugne
k .
solution) was added. [The system was pre zad with ethylene; at
O@I\/g:a-G and thereby|reagtion wasiinitiated. The reagtion|110 | was
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anfognt of isopropanal. The |reaction liqui s washed with 0.1 N
hydr@chloric acidjand|5 purified water. Low-boiling fractionsi(having 100t
less Egarbcn atoms) were separated from high:boiling fragtions and
polyethylene; (dryiweight: 5.1 mg) with use of g liquid jnitrogen | trap uhder
regduced pressure. The praoducts were analyzed by
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gas chromatography. The low-boiling fraction consisted 10 solely of
1-hexene (0.2 mg). [Comparative Example 1] A thoroughly
nitrogen-purged 100 ml autoclave wad 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
[E:NQ,91/44324 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 minytes at 25 1a.40Cwhile maintaiping,the pressure 20 by

supplying ethyleéne. The reacfion was then terminated by adding a small

chAmeunt.afisopronanal cThe reactionsliguid ywas. washed With 01 N o mmo1

hydrochloric acid and purified water. Low-boiling fractions (having 10 or

in lesscarben atoms).wereseparated from pelyetbylene withaise of adiduithe

nitrogen trap 111 under reduced pressure. According to gas

ao chrematography 228 mg of polygthylene resuitedidoweven, khexeneene
was not detected. [Chem. 67] i NN,,'

solution} was added. The systemwas pressurizedwith ethylene
atO.SMPa~G,andtherebyreactionwas:UHiiated. The reaction
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 liguid was washed with 0.1 N hydrochleric acid and
purified water. Low-boliling fractions (having 10 or less
carbon atoms) were separated from high-beiling fractions and
polyethylene (dry weight: 148 mg) with use of a iiguid nitrecgen
trap undér reduced pressure. The products were analyzed by
gas chromatography. The low-pkolling fraction consisted
solely of l-hexene (3.6 mg).

[Example 66]

A thoroughly nitregen-purged 100 ml autoclave was
charged with 28 ml of toluene and subsequently with 1.0 mmol
interms of aluminumatomof methylaluminoxane (MAO, 1 Mtcluene
solution). Further, 0.001 mmol of Compound 44 {1 mM Tcluene
solution) was added. The systemwas pressurizedwith ethylene

at 0.8 MPa-G, and thereby reactionwas initiated. The reaction
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-Ti _CI pC~ ClI 5 Compound 45 [Comparative Example 2] 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 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 system was

wadressurized with thylene at 0.8-MRa-G zand thereby reacionwas 2 i ning

initiated. The reaction was carried out for 10 minutes at 25 to 40C while

thel B Maintaining thepressure-by supplybgethylene. The reaction, was-then
terminated by adding a small amount of isopropanol. The reaction liquid

e A% Washed with Qs 1 N, hydrgehloric.acid randspurifiedwaiesnlow-bailing
fractions (having 10 or less carbon atoms) were separated from

reRolyeIRylengwith yse ofaARliguid nitragen trap Wndeereduced pressurgsnd
According to gas 112 chromatography, 2.54 g of polyethylene resulted.
puHewever, si-hexene wasnatidetecteda [Ghem.s68|nBviNrg—-te-obilless
carben atoms) were sepérated from high~boiling fractions and
polyethylene (dry weight: 5.1 mg) with use of a liguid nitrogen
trap under reduced pressure. The products were analyzed by
gas chromatography. The low-beiling fracticon consisted
solely of l~hexene (0.2 mg).
[Comparative Examplé 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, 1M toluene
sclution). Further, 0.001 mmol of Compound 45 (1 mM tecluene
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
by supplying ethylene. The reaction was then terminated by
adding a small amount of isopropancl. The reaction liquid was
washed with 0.1 N hydrochloric acid and purified water. .

Low-bolling fractions (having 10 or less carbon atoms) were

separated from polyethylene with use of a liquid nitrogen trap
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O CI 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 aluminuf-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 system was pressurized with ethylene at 3.2
und¥Pa-Gq andtherelysreactionwas, initialed. Jhereaction wassasried out og
for 60 minutes at 25 to 32C while maintaining the pressure by supplying
ng ethylene, Lhe jeagtionwas thernsls teuninated by adding.a-small amaunt
of isopropanol. The reaction liquid was washed with 0.1 N hydrochloric
detacid and purified water. Low-boiling fractions (having 10 or less carbon
atoms) were separated from high-boiling fractions and polyethylene with
r cruse . of@liquid nitrogen trap under reduced 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-hexenh respect to all the products was 93%. The selectivity for
Whg

6%, and that for polyethylene was 1%. The 5 catalytic

activity; was calculated from the total amount of the
= 1€l

/i\
OCHCI

Compound 45

[Comparative Example 2]

A thoroughly nitrogen-purged 100 ml autoclave was
charged with 28 ml of toluene and subseguently with 1.0 mmol
interms;ﬂfaiuminumfﬁxxnofn@thylaluminoxane(MAO,]_Mtoluene
solution). Further, 0.001 ﬁmol 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 reacticn was initiated. Thse
reaction was carried out for 10 minutes at 25 to 40°C while
maintaining the préssure by supplying ethylene. The reaction
was then terminated by adding a small amount of isopropancl.
The reaction ligulid was washed with C.1 N hydrochloric acid
and purified water. Low-boiling fracticns (having 10 or less
carbon atoms) were separated from polyethylene with use of a

liguid nitrogen trap under reduced pressure. According to gas
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products to be 114 kg-products/(mmol-Tih). [Example 68] A thoroughly
nitrogen-purged 500 ml autoclave was charged with 144 ml of n-pentane
and subsequently with S. 0 mmol 164n 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 system was pressurized with

chSvlens r%tp%ag,'\/”i’%cé’ and,therehy,raaction was,initiajed.  he reaction.

15 was carried out for 60 minutes at 25 to 32C while maintaining the
1 -1Rressure hy.supplying ethylene. The reaction was then terminated by
adding a small amount of isopropanol. The reaction liquid was washed
rcith 0.4gN hydrochloric acid and purified water. Low-boiling fractions
(having 10 or less 20 carbon atoms) were separated from high-boiling

Compound 46

[Example 67]

A thoroughly nitrogen-purged 500 ml autoclave was
charged with 144 ml of cyclohexéne and subsequently with 5.0
mmol in terms of aluminum atom of methylaluminoxane (MMAO-3A
manufactured by Tosoh Finechem Corporation, 1 M hexane
golution}. Further, 0.0005 mmol of Compound 9 (0.5 mM toluene
gsolution) was added. The systemwas pressurizedwith ethylene
at 3.2 MPa-G, and thereby reactionwas 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
terminated by adding a small amount of isopropanci. 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 fractions and
polyethylene with use of a liguid nitrogen trap under reduced

pressure. The products were analyzed by gas chromatography.
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5 [Example 69] A thoroughly nitrogen-purged 500 ml autoclave was
charged with 144 mil of n-pentane and 0.3 mg of Adeka Pluronic L 72,
and subsequently with 5.0 mnol in terfns of aluminum atom of
methylaluminoxane (MMAO-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

Poﬂ@\éﬁg}%ggé-%wta-&@ggﬁ@%re% igaction wag initiated. The reaction.

was carried out for 60 minutes at 25 to 32C while maintaining the

re PEESSULERY 15 1SUDAlING thvlene, Thegeaclion was; thep feFminated fy. 1,

adding a small amount of isopropanol. The reaction liquid was washed

wi Mth -1, N-hydrochiaric geid agd. purified.water, Lowshoiling fractions: ; o

(having 10 or less carbon atoms) were separated from high-boiling

de dtagtians, and polyethylene with:20- use of a.ligyid-nitrogen trap under,

reduced pressure. The products were analyzed by gas chromatography.

catplygthylene: did pot atfachtedhe agitating blade ofithe Jeactor FRes £ the

selectivity for 1-hexene with respect to all the products was 93%. The

o Selectivity fordecengs was6%.and thatfar31% polyethylene was 1%.

The catalytic activity was calculated from the total amount of the products
£4epeB9 kgjproducts/(mmol-Tih).

A thoroughly nitrogen-purged 500 ml autoclave was
charged with 144 ml ¢f 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
solution). Further, 0.C005 mmol of Compound 2 (0.5 mM toluens
solution) was added. The systemwas pressurized with ethylene
at 3.2 MPa-G, and thereby reactionwas initiated. The reaction
was carried out for 60 minutes at 25 to 32°C while maintaining
the pressure by supplylng ethylene. The reaction was then
terminated by adding a small amcunt of isopropancl. The
reaction ligquid was washed with 0.1 N hydrochloric acid and
purified water. Low-bolling fractions (having 10 or less
carbon atoms) were separated from high~beiling fracticons and
polivethylene 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
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[Example 70; 5 A thoroughly nitrogen-purged 500 ml autoclave was
‘charged with 144 ml of n-pentane and subsequently with 5. 0 mmol in
terms of aluminum atom of methylziiérdninoxane (MMAO-3A manufactured
by Tosoh Finechem Corporation, 1 M hexane solution). Further, 0.0005
mmol of Compound 9 (0.5 mM toluene 10 solution) was added. The
system was pressurized with ethylene and hydrogen at 3.2 MPa-G and

with1MERG respegtively.apd Jtherely reaction wasrnitialed L Fhe gaciion,

was carried out for 60 minutes at 25 to 32C while maintaining the

de PIGSSUTG Ry SupPlying eEHXl@n?o?“%é?%éi@ﬁﬂ%%g‘%a@rm%”?te@k’?é/ 15
e

adding a small amount of isopropanol. reaction liquid was washed

caith 0.1 N:hydrochloric.acid-and purified water. Lew-boiling-fractions, = +he

(having 10 or less carbon atoms) were separated from high-boiling

prdractiens é‘Bd}PéJ'&ieﬁaylﬁzaeﬂ\Q%Hé% 9f adiquid-pitrogen trap under
reduced pressure. The 20 products were analyzed by gas

| E£RkQmatogsaphy. Polyethylene did not attach to the agitating blade of the -
reactor. The selectivity for 1-hexene with respect to all the products was

92% 1 The selectivity, for decenes, was /e qand that for, pelyethylene,was

1%. The catalytic activity was calculated 116 from the total amount of the

chpreducts tobe 84 kg-predycisdmmakTiéNd 0.3 mg of Adeka Pluronic

L 72, and subsequently with 5.0 mmol in fterms of aluminum atom
of methylaluminoxane (MMAO-3A manufactured by Tesoh Finechem
Corporaticn, 1 M hexane solution). Further, 0.0005 mmel of
Compound ¢ (0.5 mM tcluene scoilution) was added. The system
wag pressurized with ethylene at 3.2 MPa-G, and thereby

reaction was 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 terminated by

adding a small amount of iscpropancl. The reaction liquid was
washed with 0.1 N hydrcochloric acid and purified water.

Low-boiling fractions {having 10 or less carbon atoms; were
separated from high-boiling fracticons and polyethylene with
use of a liguid nitrogen trap under reduced pressure. The
products were analvzed by gas chromatography. Peolyethylene
did not attach to the agitating blade of the reactor. The

selectivity for l-hexene with respect te all the products was

93%. The selectivity for decenes was 6%, and that for
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[Example 71] (Preparation of Carrier 1) 5 A thoroughly nitrogen-purged
300 ml flask was charged with 6.2°g (1.0 mol) of porous silica (H-31
manufactured by ASAHI GLASS GG~ LTD.) and 80 ml of toluene. While
maintaining the liquid temperature at 15C, 120 ml of methylaluminoxane
(MAO, 1 M toluene solution) was added dropwise. The liquid 10
temperature was then increased to 95C, and reaction was performed for

po BOJminues, with heating. Aﬁ% the £9 %_t@nagif:& jreaction, thesalid, . o

was collected by filtration and suftficiently washed with“toluene, and was

erfidefdo faluene 1o, give altplusne slyry,of Carmer 3, 15gkart of the

Carrier 1 toluene slurry prepared as described above was dried and

kg gglgggggr/qgmggs_igjgnhquulting in the finding that Carrier 1 contained
.9 wt% of aluminum. (Oligomerization) 20 The Carrier 1 toluene slurry

(241 AR AMoynt that contained 0.15 mmol in terms of aluminum atom of

Cartier 1 and 4 ml of toluene, and 0.0005 mmol of Compound 9 were

stirred for, 1 hows ratyoom: apreesulling in @ catalyst Slydy A
thoroughly nitrogen-purged 500 ml autoclave was charged with 117 145

chdnlf n-peptane and sybsequently with 0.05 MMELINAEIMS with 5.0 mmol

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
sclution) 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
adding a small amount of isopropanocl. The reaction liguid was
washed with C.1 N hydrochloric acid and purified water.
Low-boiling fractions t(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 analvzed 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
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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 ethyléﬁg 5 at 4.5MPa-G, and thereby
reaction was initiated. The reaction was carried out for 60 minutes at 45
to 52C while maintaining the pressure by supplying ethylene. The
reaction was then terminated by adding a small amount of isopropanol.

£rohfe feaction liquid was:washed,with 0.1, N-hydrechigic ggid and 10

purified water. Low-boiling fractions (having 10 or less carbon atoms)

kgyﬁq&g&p@g@t%{&mﬂgﬁ{pgiling fractions and polyethylene with use of a
liquid nitrogen trap under reduced pressure. The products were analyzed

(E:QWgas.chromatography. The selectivity for 1-hexene with respect to all
the products 15 was 87%. The selectivity for decenes was 11%, and that

( pARp Polyethylene was 2%, The catalytic activity was calculated from the
total amount of the products to be 104 kg-products/(mmol-Ti-h). [Example

72] 20 (Breparationpf.Garrigr2),95:2:9, €50 m0l) of arhydrousas charged

magnesium chloride, 442 ml of decane and 390.6 g (3.0 mot) of

witdethythexyl alcohghwere, regeted at 1300 for 2(hours tp givera tiform by

solution. 25 ml of the uniform solution (25 mmol in terms of magnesium
as@ton): ks co., LTD.) and 80 ml of toluene. While maintaining
the liguid temperature at 15°C, 120 ml of methylaluminoxane
(MAO, 1 M toluene solution) was added dropwise. The liguid
temperature was then increased to 95°C, and reaction was
performed for 60 minutes with heating. After the completion
of the reaction, the sclid was collected by filtration and
sufficiently washed with toluene, and was added to toluene to
give a toluene slurry of Carrier 1.

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)

The Carrier 1 toluene 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 autoclave was charged with
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was placed into a thoroughly nitrogen-purged 200 ml flask, and 100 ml of
purified decane was added for dilution. While mamntaining the liquid
temperature at !5C, 26 mmol of trigthylaluminum 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

14590 was,collected by filration,and. sufficiently washecwit taluene, %@gms

was added to toluene to 10 give a toluene slurry of Carrier 2. Part of the

ot GaEr 2 iplueng slurry prepared as, descrbed abgyewas dredand ;

analyzed for composition, resulting in the finding that Carrier 2 contained

and -8 Wi ot magnesiun.ang, 2.9 wive:of aluminum, 15(Qligomeyization), 4

The Carrier 2 toluene slurry in an amount that contained 0.15 mmol in

£ teras of Aluminym atem of Carrer.2 and 4,ml of (oliens, and 0-0003 1 ere

mmol of Compound 9 were stirred for 1 hour at room temperature,

at fesyipg i a catalystslurry. A.20.thorgughly nitregen-purged-BA0 M -+ ;5 oy

autoclave was charged with 145 ml of n-pentane and subsequently with
wa®-02.mmokin tarms, olaluminyreatorn offrioctylalumipym O M decane,

solution), and the mixture was stirred. The catalyst slurry was added to

théh%f‘é’%@@gf‘eﬁi{éﬁﬁ@w @%?9!@21@ withethylepe« i on was then
terminated by adding a small amount c¢f iscopropanol. The
reaction ligquid was washed with 0.1 N hydrochloric acid and
purified water. Low~bciling fractions (having 10 or less
carbon atoms) were separated from high-beoiling fracticons and
polyethylene with use of a ligquid nitrogen trap under reduced
pressure. The products were analyzed by gas chromatography.
The selectivity for l-~hexene with respect to all the products
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).
[Example 72]
(Preparation of Carrier 2)

95.2 g (1.0 mol) of anhydrous magnesium chloride, 442
ml ¢of decane and 390.6 ¢ (3.0 mol) of Z-ethylhexyl alcohol were
reacted at 130°C for 2 hours to give a uniform solution. 25

ml of the uniform sclution (25 mmol in terms of magnesium atom)
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119 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 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 high-boiling fractions and

wa Ppyethylens (dry weight: 163 9) with-use af 3 liguid nitrogem tra undesng

reduced pressure. The products were analyzed by 10 gas

10chiematography.i Ehe low-hailing fractign cansistedsaf d-hexgne (0.44 g)
and decenes (0.09 g). [Example 73] The Carrier 1 toluene slurry in an

amoynt thatcontained : 0.4 5 mumol instesms afaliminwm atomsot-Cardends 1
and 4 ml of 15 toluene, and 0.0005 mmol of Compound 9 were stirred for

of khouratroom:temperatine, resukingdns-catalyst sturey. A thorgughly
nitrogen-purged 500 ml autoclave was charged with 145 ml of n-heptane

t er@e-suhisesuenty with .05 remekin terms *of aluminianatonyehl 49 mmol
trioctylaluminum (0.1 M decane solution), 20 and the mixture was stirred.

of Theieatalyst slupryrwias added dadhe adtqslaves Thersystemaras as
pressurized with ethylene and hydrogen at partial pressures of 4.5

pe Lf\l_ﬁhBﬂr@ anh@. 1 MPa-Giukespectively,: eneithereby reastionwasdriiatedi on
e

of the reaction, the solid was collected by filtration and

sufficiently washed with tcluene, and was added to toluene to

give a toluene sliurry of Carrier 2.

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

(Oligomerization)

The Carrier 2 toluene slurry in an amcunt that contained
G.15 mmol in terms 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
thoroughly nitrogen-purged 500 ml autoclave was charged with
145 ml of n-pentane and subseguently with 0.05 mmol in terms
of aluminum atom of trioctylaluminum (0.1 M decane solutiocn),

and the mixture was stirred. The catalyst slurry was added

to the autoclave. The system was pressurized with ethylene
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reaction was carried out for 60 minutes at 45 to 52C while 120
maintaining the pressure by supplying ethylene. The reaction was then
terminated by adding a small amount ®f isopropanol. The reaction liquid
was washed with 0.1 N hydrochloric acid and purified water. Low-boiling
fractions (having 10 or less 5 carbon atoms) were separated from
high-boiling fractions and polyethylene with use of a liquid nitrogen trap

nder reduced pressure, The products were.analyzed by g :
o oAy T et ot T san oot Fbaot A et ion

«a P100NEE. Was 8%, Th seleciiviy ot degengs was 1 anddnation 1.,
po yetﬁylene was 1%. The cata ytic activity was calcu‘ffalteciL From the tota

th@};%%%rggj}%e B((Sds%%?r\{%&oétm 'Pé%de“.‘:ts%ﬂ‘é“%“@i{%’I%arﬂg'é? “en

e Carrier 1 toluene y ir an anmount that contained "15 0.15 mmol in

teéﬁ%}\%ﬁ'”%%”%@ﬁtﬁ of Gaytier 1and.d.ml of to e%% 04 9,0005,,,

mmol of Compound 9 were stirred for 1 hour at room erature,

re483Uling in g catalystsiymy, A Lhgrquahly ittegenspurged S00ml o5 o g

autoclave was charged with 98.1 g of 1-hexene and subsequently with

pu i3 mmelinderms2Q ofaluminym ajom.of foctylaluminym,©@.1,M 1 oo

decane solution), and the mixture was stirred. The catalyst slurry was

ca A4dgd: fo.the aytoclave. The.systerm.was pressurized with ethylane, n . anq

polyethylene {dry welght: 1.63 g) with use of a liguid nitrogen
trap under reduced pressure. The products were analivzed by
gas chromatography. The low-boiling fraction consisted of
I-hexene (0.44 g) and decenes (0.09 qg).
[Example 73]

The Carrier 1 toluene slurry in an amount that contained
0.15 mmol in terms of aluminum atom of Carrier I 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
145 ml of n-heptane and subsecguently with 0.05 mmol in terms
of aluminum atom of tricctylaluminum (0.1 M decane solution),
and the mixture was stirred. The catalyst slurry was added
fLo 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 reaction was initiated. The

reaction was carried out for 60 minutes at 45 to 52°C while
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at 4.5MPa-G, and thereby reaction was initiated. The reaction was carried
out for 60 minutes at 45 to 52C while maintaining 121 the pressure by *
supplying ethylene. The reaction wasthen 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 5 carbon atoms) were separated from high-boiling fractions and

ma RoRethylenewithusesof - iqyid pittagen trap under educedrPEeseWet i on

The products were analyzed by gas chromatography. The weight of

wa d-DaXene thatwas recqvered was.143.9.0: 1The: Feaction,alsoproduced s .
9.4 g of decenes and 1.3 g of 10 polyethylene. 122 CLAIMS 1. A

Thdransiion:metal compley camposnd A represented by kermaula dh) below: g
5[Chem.1]R ZR,R50MX(n1) (1) IR4R2

and purified water. Low-boiling fractions {having 10 or less
carbon atoms)} were separated from high-boiling fractions and
polyethylene with use of a liguid nitroegen trap under reduced
pressure. The products were analyzed by gas chromatography.
The selectivity for l-hexene with respect to all the products
was B88%. The szelectivity for decenes was 11%, and that for
polyethylene was 1%. The catalytic activity was calculated
from the total amount of the products to be 102
kg-products/ (mmol-Ti-hj}.
[(Example 74]

The Carrier 1 toluene 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
thorcughly nitrogen-purged 500 ml autoclave was charged with
98.1 g of 1l-hexene and subseguently with (.05 mmol in terms
of aluminum atom of tricctylaluminum (0.1 M decane solution),
and the mixture was stirred. The catalyst slurry was added
to the autoclave. The system was pressurized with ethyvlene

at 4.5 MPa~G, and thereby reaction was initiated. The reaction

was carried out for 60 minutes at 45 to 52°C while maintaining
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R3 wherein R1 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-6 gen-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

t h G MEHIM-CORLAIGNG Aroup O &UN;¢eRfaINING QEOUR, W0 Qf,MPXEe, O;f_ Rd:
to R6 may be linked to each other, and R1 may be linked 15to Z; M is a

e Aransifionmestal atom;of Growp:31to Greup,10 ek123 dpe pesiodic table;n
is a valence of M; X is a hydrogen atom, a halogen atom, a hydrocarbon

r e SFQURN AN OXYY-NEONTRINNLGIOlP: 8 Syllfr-QORLANIBA HIRUR, @ Bcid and
nitrogen-containing group, a boron-containing group, an

puRlUmEM-gentaining-grogp; a PhesERartsGORAININGEIaYP 1@ or less
halogen-containing group, a heterocyclic compound residue, a

ca SHICONEIMAINING GEOUR 2 GEHBANIEAMGORNIAMNE G OUR O Bractions and
tin-containing group, the atoms or groups indicated by X may 10 be the

po Badenon different-fronseach other.andithe greugs nindicaied Ry maxbesd
linked to each other to form a ring; Y is an oxygen atom, a nitrogen atom,

préephosphorusatefcducts were analyzed by gas chromatography.

The weight of l-hexene that was reccovered was 143.9 g. The
reacticn also produced 9.4 ¢ of decenes and 1.3 g of

polyethylene.
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or a sulfur atom; 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 rangg f 4 to 6; the bond between Y and Z
may be a double bond or a triple bond, and the bond between Y and R1
may be a double bond or a triple bond; and 20 the dotted lines each
denote a coordination bond. 2. The transition metal complex compound
[A] according to claim 1, whereigithe ynimum number of bonds linking Y
with N in the transition metal complex compound of 124 Formula (1) is 5
or 6. 3. The transition metal complex compound [A] according to claim 1,
wherein Y, N and Z in the transition metal 5 complex compound of

Formula (1) farm a=steucturerrepeesentedhiyyiermidatihbelowa [Chem. 2]
R10 ROY Il sR

represented by Formula (I) below:

[Chem. 1]

(1)

wherein R' to R® are the same or different from each other and
are each a hydrogen atom, a halegen atom, a hydrocarbon group,
a heterocyclic compound residue, an oxygen-containing group,
a nitregen-containing greoup, a boron-containing group, an
aluminum-containing group, a sulfur-containing group, a
rhosphorus-containing group, a silicon-centaining group, a
germanium~ccentaining group or a tin-containing group, twe or
more of R* to R® may be linked to each other, and R' may be linked
to Z4;

M is a transition metal atom of Group 3 to Group 10 of
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R7 wherein Y is an oxygen atom, a nitrogen atom, a phosphorus atom 10
or a sulfur atom; and R7 to R10 are the same or different from each other
and are each a hydrogen atom, a]r?a?ogen 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

t hePhasphords-centaining group, a silicon-containing group, a
germanium-containing group or a tin-containing group, and when R7 to

R10.are hydrogarken-groupsyR7 and R8 may be linked to each other to
form a ring and R9 and R10 may be linked to each 20 other to form a

ring.x125 4nlhe Yaasitionmetalcomplex eampound [Al-according torany,
one of claims 1 to 3, wherein M in the transition metal complex compound

an Of:Rarawila o) isa hitransition:metal atamsaf Group4otithepesiodigtable,
and nis 4. 5. A transition metal complex compound [A] represented by

nitherguta Orhelow: 10 [Ghemp 3] R1b¥tdR-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 ©r a
tin-containing grcup, the atoms or groups indicated by X may
be the same or different from each oﬁher, and the groups
indicated by X may be linked to each other to form & ring;

Y is an oxygen atom, a nitrogen atom, a phosphorus atom
or a sulfur atom;

7z is a hydrocarbon group or a heteroccyclic compound
residue that may have a substituent group, and the minimum
nunber 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 R' may be a double bond or

a triple bond; and

the dotted lines each denote a coordination bond.

2. The transition metal complex compound [A]
according to claim 1, wherein the minimum number of bonds

linking ¥ with N in the transition metal complex compound of
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z1 R6 N,] RSMX(n_1) (1 R4 R2 R3 wherein R1 to R6 and R" are the
same or different from each other and are each a hydrogen atom, a
halogen atom, a hydrocarbon gro&é}qa heterocyclic compound residue,
an 15 oxygen-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a 126
sulfur-containing group, a phosphorus-containing group, a
Fo rSHCON-gantaling; geokips a germanium-containing group or a
tin-containing group, two or more of R" and R1 to R6 may be linked to
each other, and R1 may be linked to Z; 5 M is a transition metal atom of
Group 3 to Group 10 of the periodic table; n is a valence of M; X is a
hydrggen atomea hadegen-atom e:hydroeamen«groupmahund [A]
oxygen-containing group, a sulfur-containing group, a 10
acdifegenrcontaining grough @-karen-cantaining group.eafransition metal
aluminum-containing group, a phosphorus-containing group, a
complex compound of Formula (I) form a structure represented

by Formula (II) below:

[Chem. 2]
RTO
RQ
Y
N = RS
R7

wherein Y is an oxygen atom, a nitrcgen atcem, 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 halcgen atom, a hydrocarbon group,
a heterccyclic compound residue, an oxygen=containing group,
a nitrogen-containing group, a boron-containing group, an
aluminum-centaining group, a sulfur-containing group, a
phesphorus-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

other to ferm a ring.
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halogen-containing group, a heterocyclic compound residue, a
silicon-containing group, a germanjym-containing group or a
tin-containing group, the atoms or 2}% ps 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; 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 range of 4 to 6; and the dotted sines each
dencfe a coanginationrhone <6, The:ransitien metalconmplex omppund
[A] 127 according to claim 5, wherein the minimum number of bonds

acdifking¥' with Mip thedransition-metal complex compewnch ol Formdea: (1)
is 5 or 6.5 7. The transition metal complex compound [A] according to

t rGlaim S owheesin Y' . Napdindbetransitiont nrtakecomplex compaund of
Formula (I') form a structure represented by Formula (II") below: [Chem.

tr4]RiOiBY Metal atom of Group 4 of the periodic table, and

n is 4.

5. A transition metal complex compound [A]

represented by Formula {(I') below:

[Chem. 3]

(1)

wherein R' to R® and RY are the same or different from each
other and are each a hydrocgen ateom, a halogen atom, a
hydrocarbon group, a heterccyclic compound residue, an
oxygen-containing group, a nitrogen-containing group, a

boron-containing group, an aluminum-centaining group, a
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R8 R 10 wherein Y' is a nitrogen atom or a phosphorus atom; and R7 to
R10 are the same or different from_each other and are each a hydrogen
atom, a halogen atom, a hydrocar%%roup, 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

suISHERNCONAINIGGIokPe ApJeMIHUR-CAHAIRINGGFOMPONIRy group, a
tin-containing group, and when R7 to R10 are hydrocarbon groups, R7

=1 18nebR8 Maay hedinked 4@ 448 , each etherte ferm-ading:anchR9anelB10r a

may be linked to each other to form a ring. 8. The transition metal

1 rconplex compounddAby acserding @ any onemf clains 2'to- 6, wherein Me
in the transition metal complex compound of Formula (1) is a transition

1irmetal atora ot Sreup 4rof the Perodictable; andn Rdsi4t30 ®; An olefin
oligomerization catalyst comprising the transition metal complex
compound fAl-describeddn anyone af: slaims Lion8p1Q. the olefinp 10 of

oligomerization catalyst according to

the pericdic table;

n is a valence of M;

X is a hydrcgen 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-contalning group, a heterocyclic compound residue, a
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 cther to form a ring;

Y’ is a nitrogen atom or a phosphorus atom;

Z 18 a hydrocarbon group or a heterocyclic 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 denote a coordination bond.

6. The transition metal complex compound [A]
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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 organ%?nr?etallic compound, (b-2) an
organoaluminum oxy-compound and (b-3) a compound which reacts 20
with the transition metal complex compound [A] to form an ion pair. 11.
The olefin oligomerization catalyst according to claim 9, wherein the

acdatalysicompusesid 29, [Altbe dransition metal somplexeampound; dBhat
least one compound selected from the group consisting of (b-1) an

1 1rargagometalicicampeunde (823 281 OrgaNeAHMINWIeXYcompaatk ARd: £
(b-3) a compound which reacts 5 with the transition metal complex

Fogempeound [A] {e fgrmyan gan pair; and [C] a carrier to support at least one
compound selected from [A] and [B]. 10 12. 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 9to 11. 15
13. ArprocessHer pragdueing am olefin0ligomes, eampsisingaeltyomerizing
an olefin in the presence of the

according to claim 5, wherein Y’, N and Z in the transition

metal complex compound of Formula (I7) form a structure

represented by Formula (II’) below:

[Chem. 4]

RjO
RQ
(iT)
N
=~ SR8
RT
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 heterocyclic compound residue, an oxygen-containing group,
a nitrogen-centaining groﬁp, & 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

R? to R are nydrocarbon groups, R’ and R® may be linked to
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olefin oligomerization catalyst described in any one of claims 9 to 11 and
with a C5-7 linear saturated hydrocarbon as a solvent. 20 14. A process
for producing an olefin oligomer, c]o%?prising oligomerizing an olefin in the
presence of the olefin oligomerization catalyst described in any one of
claims 9to 11 and hydrogen. 130 15. A process for producing an olefin
oligomer, comprising oligomerizing an olefin in the presence of the olefin

eacligomerizationcatalyst desgribed inany.ene f glaims <5 itoxkliand akch
antistatic agent. 16. The process according to any one of claims 12 to 15,

ot ieheren thewlefin is;ethylene. 10 17. The process according to any one of
claims 12 to 15, wherein the olefin is ethylene and the olefin oligomer is
1-hexene.

8. The transition metal complex compound [A]
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.

9. An olefin cligomerization catalyst comprising the
transition metal complex compound [A] described in any one of

claims 1 to 8.

10. The olefin cligomerization catalyst according to
claim 9, wherein the catalyst comprises:

[A] the transition metal complex compound; and

[B] at least cne compound selected from the group
consisting of (b-1) an crganometallic compound, (b-2) an
organcaluminum oxy-compound and (b-3) a compound which reacts
with the transition metal complex compound [A] te form an ion

pailzr.

11. The olefin cligomerization catalyst according to

claim 9, wherein the catalyst comprises:
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[A] the transition metal complex compound;

[B] at least one compound sselected from the group
consisting of (b~1l} an organometallic compound, (b-2) an
organcozluminum 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] and [B].

12. A process for producing an olefin oligomer,
comprising cligomerizing an ¢lefin in the presence of the
oclefin oligomerization catalyst described in any one of claims

9 to 11.

13. A process for producing an olefin oligomer,
comprising oligomerizing an olefin in the presence of the
clefin oligomerization catalyst described in any one of claims
9 to 11 and with a Ch-7 linear saturated hydrocarbon as a

solvent.

14. A process for producing an colefin oligomer,
comprising oligomerizing an olefin in the presence of the
clefin oligomerizatiocn catalyst described in any one of claims

9 te 11 and hydrogen.
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15. A process for producing an olefin oligomer,
comprising cligomerizing an olefin in the presence of the
olefinocligomerization 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.

7. The process acceording to any one of claims 12 to
15, wherein the olefin is ethylene and the olefin oligomer is

l~hexene.



