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(57) ABSTRACT 

The present invention provides a novel transition metal com 
plex where a monocyclopentadienyl ligand to which an 
amido group is introduced is coordinated, a method for Syn 
thesizing the complex, and olefin polymerization using the 
same. The method for preparing a transition metal complex 
according to the present invention comprises a step of block 
ing a by-reaction of a nitrogen atom using a compound con 
taining a protecting group, and thus it is possible to prepare a 
transition metal complex in a simpler manner in a high yield. 
Further, the transition metal complex according to the present 
invention has a pentagon ring structure having an amido 
group connected by a phenylene bridge in which a stable bond 
is formed in the vicinity of a metal site, and thus, Sterically 
monomers can easily approach the transition metal complex. 
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METHOD FOR PREPARING TRANSTION 

METAL COMPLEXES, TRANSITION METAL 
COMPLEXESPREPARED USING THE 

METOD, CATALYST COMPOSITION 
CONTAINING THE COMPLEXES 

TECHNICAL FIELD 

0001. The present invention relates to a method for pre 
paring a transition metal complex, transition metal complex 
prepared using the method, and a catalyst composition con 
taining the transition metal complex. 
0002 This application claims priority benefits from 
Korean Patent Application No. 10-2007-003071, filed on Jan. 
10, 2007, the entire contents of which are fully incorporated 
herein by reference. 

BACKGROUND ART 

0003. In the early 1990s, Dow Chemical Co. disclosed 
MeSi(MeCs)NtEuITiCl (Constrained-Geometry Catalyst, 
hereinafter simply referred to as CGC) (U.S. Pat. No. 5,064, 
802). CGC shows excellent properties in a copolymerization 
reaction of ethylene and C-olefin, as compared to conven 
tional metallocene catalysts. Its main two excellent properties 
can be summarized as follows: (1) CGC can be used to form 
high molecular weight polymers due to its high activity at 
high polymerization temperature, and (2) CGC can be used 
for copolymerization of C-olefin having large steric hin 
drance, Such as 1-hexene and 1-octene. As many useful prop 
erties of CGC are disclosed, in addition to these properties 
described above, research into synthesis of CGC derivatives 
as a polymerization catalyst is increasingly conducted in aca 
demic and industrial fields. 

0004 

a silicon bridge and containing a nitrogen Substituent, and 
polymerization using these metal compounds were per 
formed. Examples of Such metal compounds include Com 
pounds (1) through (4) (Chem. Rev. 2003, 103, 283). 

(1) 

M 
M 

t-Bl- \ u1 Y 
t-Bu 

(2) 
R 

C C 
M 

n( Y 
N 

As one example of Such approaches, synthesis of 
metal compounds comprising other various bridges instead of 
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-continued 
(3) 

(4) 

0005 Compounds (1) through (4) respectively contain a 
phosphorus bridge (1), an ethylene or propylene bridge (2), a 
methyllidene bridge (3), and a methylene bridge (4), instead 
of the silicon bridge of the CGC structure. However, these 
compounds could not show enhanced activity, copolymeriza 
tion performance, or the like when ethylene is polymerized or 
when ethylene and C-olefin are copolymerized, as compared 
to CGC.. 

0006. In another example of the approaches, a great num 
ber of compounds, in which an amino ligand in CGC is 
replaced with an oxido ligand, have been synthesized. There 
have been attempts to use such compounds for polymeriza 
tion. Examples of such compounds include those represented 
by Formulae below: 

(5) 
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-1 V CHPh 
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-continued 
(8) 

C a Men's T1 
Me1 y Y. 

0007. In Compound (5), which was developed by T. J. 
Marks, et al., a cyclopentadiene (Cp) derivative is bridged to 
an oxido ligand by an ortho-phenylene group (Organometal 
lics 1997, 16,5958). A compound having the same bridge and 
polymerization using the complex were reported by Mu et al. 
(Organometallics 2004, 23, 540). A compound in which an 
indenyl ligand is bridged to an oxido ligand by an ortho 
phenylene group was reported by Rothwell, et al. (Chem. 
Commun. 2003, 1034). In Compound (6), which was reported 
by Whitby, et al., a cyclopentadienyl ligand is bridged to an 
oxido ligand by three carbon atoms (Organometallics 1999, 
18, 348). As reported, Compound (6) shows activity in syn 
diotactic polystylene polymerization. Similar compounds 
were also reported by Hessen, et al. (Organometallics 1998, 
17, 1652). Compound (7), which was reported by Rau, et al., 
showed activity when it is used for ethylene polymerization 
and ethylene? 1-hexene copolymerization at a high tempera 
ture and a high pressure (210°C., 150 Mpa) (J. Organomet. 
Chem. 2000, 608, 71). Synthesis of Compound (8), which has 
a similar structure to the compound, and a high-temperature 
and high-pressure polymerization using the compound was 
filed in patent application by Sumitomo Co. (U.S. Pat. No. 
6,548,686). 
0008. However, only some of these catalysts as described 
above are used in commercial plants. Accordingly, there is a 
need to develop a catalyst exhibiting enhanced polymeriza 
tion performance, and a method for simply preparing the 
catalyst. 

DISCLOSURE OF INVENTION 

Technical Problem 

0009. It is a first object of the present invention to provide 
a method for preparing a novel transition metal complex. 
0010. It is a second object of the present invention to 
provide a transition metal complex prepared using the 
method. 
0011. It is a third object of the present invention to provide 
a catalyst composition comprising the transition metal com 
plex. 

Technical Solution 

0012. According to a first aspect of the present invention, 
there is provided a method for preparing a novel transition 
metal complex, comprising the steps of 
0013 (a) reacting an amine-based compound represented 
by Formula 1 below with an alkyl lithium, and then adding a 
compound containing a protecting group (—Ro) thereto to 
prepare a compound represented by Formula 2 below: 
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0014 (b) reacting the compound represented by Formula 
2 with an alkyl lithium, and adding a ketone-based compound 
represented by Formula 3 below to prepare an amine-based 
compound represented by Formula 4 below: 
00.15 (c) reacting the compound represented by Formula 4 
with n-butyl lithium to prepare a dilithium compound repre 
sented by Formula 5 below; and 
0016 (d) reacting the compound represented by Formula 
5 with MC1(M-Ti, Zr, or Hf) and an organic lithium com 
pound to prepare a transition metal complex represented by 
Formula 6 below: 

<Formula 1 > 
Rs 

R6 R10 

R t 
Rs Ro 

<Formula 2 
Rs 

R6 R10 

R0 
R7 N1 

R8 R9 

<Formula 3> 
O 

R4 

R 

R3 
R2 

<Formula 4 
R2 

R 
5 R3 

<Formula 5> 
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-continued 
<Formula 6 

R2 
R 

Rs R3 

R6 QC?: 
3-1 \, R 2 7 

R 
8 R9 

0017 wherein 
0018 R is a protecting group; 
0019 R. R. R. and Ra are each independently a hydro 
gen atom; a silyl radical; an alkyl radical having 1 to 20 
carbon atoms or an aryl radical having 5 to 20 carbon atoms; 
an alkenyl radical having 2 to 20 carbon atoms, an alkylaryl 
radical having 6 to 20 carbon atoms, or an arylalkyl radical 
having 6 to 20 carbon atoms; or a metalloid radical of a metal 
belonging to Group 14 Substituted with a hydrocarbyl having 
1 to 20 carbon atoms; at least two of R. R. R. and R may 
be connected to each other to form an aliphatic ring having 5 
to 20 carbon atoms or an aromatic ring having 5 to 20 carbon 
atoms; at least two of R. R. R. and R may be connected to 
each other by an alkylidine radical having 1 to 20 carbon 
atoms, containing an alkyl radical having 1 to 20 carbon 
atoms or an aryl radical having 5 to 20 carbon atoms to form 
a ring: 
0020 Rs. R, R-7, and Rs are each independently a hydro 
gen atom; a halogen radical; or an alkyl radical having 1 to 20 
carbon atoms or an aryl radical having 5 to 20 carbon atoms; 
and at least two of Rs. R. R-7, and Rs may be connected to 
each other to form an aliphatic ring having 5 to 20 carbon 
atoms or an aromatic ring having 5 to 20 carbon atoms; 
0021 R is a hydrogen atom; a branched, linear, or cyclic 
alkyl radical having 1 to 20 carbon atoms; or an aryl radical 
having 5 to 20 carbonatoms; and R and Rs may be connected 
to each other to form an N-containing, Substituted or unsub 
stituted, aliphatic ring having 5 to 20 carbon atoms or aro 
matic ring having 5 to 20 carbon atoms; 
0022 M is a transition metal belonging to Group 4; and 
0023 Q and Q are each independently a halogen radical; 
an alkylamido radical having 1 to 20 carbon atoms, or an 
arylamido radical having 5 to 20 carbon atoms; an alkyl 
radical having 1 to 20 carbonatoms, an alkenyl radical having 
2 to 20 carbon atoms, an aryl radical having 5 to 20 carbon 
atoms, an alkylaryl radical having 6 to 20 carbon atoms, oran 
arylalkyl radical having 6 to 20 carbon atoms; or an alky 
lidene radical having 1 to 20 carbon atoms. 
0024. According to one embodiment of the present inven 

tion, in the method for preparing a transition metal complex, 
as the compound containing a protecting group, trimethylsi 
lyl chloride, benzyl chloride, t-butoxycarbonyl chloride, ben 
Zyloxycarbonyl chloride, carbon dioxide, and the like are 
preferred. 
0025. According to another embodiment of the present 
invention, in the method for preparing a transition metal 
complex, if the compound containing a protecting group is 
carbon dioxide, the compound represented by Formula 2 is 
preferably a lithium carbamate compound represented by 
Formula 2a below: 
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<Formula 2a 

R8 R9 

0026 
above. 
0027. According to a still another embodiment of the 
present invention, in the method for preparing a transition 
metal complex, the transition metal complex represented by 
Formula 6 is preferably represented by Formula 7. Formula 8, 
or Formula 9, as shown below: 

wherein Rs. R. R-7, Rs. Ro, and Ro are as defined 

<Formula 7 

<Formula 8> 

<Formula 9 
R12 

R11 
R15 R13 

R16 QC y: 
R14 M 

R17 Q4 
N 

R18 
R21 

0028 wherein 
0029 R. R. R. and Ra are each independently a 
hydrogenatom; an alkyl radical having 1 to 20 carbon atoms 
or an aryl radical having 5 to 20 carbon atoms; an alkenyl 
radical having 2 to 20 carbon atoms, an alkylaryl radical 
having 6 to 20 carbon atoms, or an arylalkyl radical having 6 
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to 20 carbon atoms; or a metalloid radical of a metal belong 
ing to Group 14 substituted with hydrocarbyl having 1 to 20 
carbon atoms; and at least two of R. R. R. and R may 
be connected to each other to form an aliphatic ring having 5 
to 20 carbon atoms or an aromatic ring having 5 to 20 carbon 
atoms; 
0030 Rs. R. R. R. R. and Ro are each indepen 
dently a hydrogen atom; a halogen radical; an alkyl radical 
having 1 to 20 carbonatoms or an aryl radical having 5 to 20 
carbonatoms; and at least two of Rs. R. R7, Rs. Rio, and 
R may be connected to each other to form an aliphatic ring 
having 5 to 20 carbonatoms oranaromatic ring having 5 to 20 
carbon atoms; 
0031 R is a hydrogenatom; a branched, linear, or cyclic 
alkyl radical having 1 to 20 carbon atoms; or an aryl radical 
having 5 to 20 carbon atoms; 
0032 M is a transition metal belonging to Group 4; and 
0033 Q and Q are each independently a halogen radical; 
an alkylamido radical having 1 to 20 carbon atoms or an 
arylamido radical having 5 to 20 carbon atoms; or an alkyl 
radical having 1 to 20 carbon atoms. 
0034. According to a still another embodiment of the 
present invention, in the method for preparing a transition 
metal complex, the transition metal complex represented by 
Formula 6 is preferably represented by one of the structural 
formulae as shown below: 

Q CH3 
-1 T; 

N 
Y. 

Jul 

-continued 

Q CH3 
-1 T 

N 
Y. 
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-continued -continued 
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-continued 

0035. According to a second aspect of the present inven 
tion, there is provided a transition metal complex represented 
by Formula 6 below: 

<Formula 6 
R2 

R 
Rs R3 

R6 Mp 
R4 

1 V R7 Q2 
N 

R8 
R9 

0036 wherein 
0037 R. R. R. and Rare each independently a hydro 
gen atom; a silyl radical; an alkyl radical having 1 to 20 
carbon atoms or an aryl radical having 5 to 20 carbon atoms; 
an alkenyl radical having 2 to 20 carbon atoms, an alkylaryl 
radical having 6 to 20 carbon atoms, or an arylalkyl radical 
having 6 to 20 carbon atoms; or a metalloid radical of a metal 
belonging to Group 14 substituted with hydrocarbyl having 1 
to 20 carbon atoms; at least two of R. R. R. and R may be 
connected to each other to form an aliphatic ring having 5 to 
20 carbon atoms or an aromatic ring having 5 to 20 carbon 
atoms; and at least two of R. R. R. and R may be con 
nected to each other by an alkylidine radical having 1 to 20 
carbon atoms, containing an alkyl radical having 1 to 20 
carbonatoms oran aryl radical having 5 to 20 carbonatoms to 
form a ring; 
0038 Rs. R, R-7, and Rs are each independently a hydro 
gen atom; a halogen radical; an alkyl radical having 1 to 20 
carbon atoms or an aryl radical having 5 to 20 carbon atoms; 
and at least two of Rs. R. R-7, and Rs may be connected to 
each other to form an aliphatic ring having 5 to 20 carbon 
atoms or an aromatic ring having 5 to 20 carbon atoms; 
0039 R is a hydrogen atom; a branched, linear, or cyclic 
alkyl radical having 1 to 20 carbon atoms; or an aryl radical 
having 5 to 20 carbon atoms; R and Rs may be connected to 
each other to form an N-containing, Substituted or unsubsti 
tuted, aliphatic ring having 5 to 20 carbon atoms or aromatic 
ring having 5 to 20 carbon atoms; 
004.0 M is a transition metal belonging to Group 4; and 
0041 Q and Q are each independently a halogen radical; 
an alkylamido radical having 1 to 20 carbon atoms, or an 
arylamido radical having 5 to 20 carbon atoms; an alkyl 
radical having 1 to 20 carbonatoms, an alkenyl radical having 
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2 to 20 carbon atoms, an aryl radical having 5 to 20 carbon 
atoms, an alkylaryl radical having 6 to 20 carbon atoms, oran 
arylalkyl radical having 6 to 20 carbon atoms; or an alky 
lidene radical having 1 to 20 carbon atoms. 
0042. According to one embodiment of the present inven 
tion, the transition metal complex represented by Formula 6 is 
preferably represented by one of Formulae 7, 8, and 9 below: 

<Formula 7 

<Formula 8> 

<Formula 9 
R12 

R11 
R15 R13 

R16 QC p: 
R14 M 

R17 Q4 
N 

R18 
R21 

0043 wherein 
0044 R. R. R. and Ra are each independently a 
hydrogenatom; a silyl radical; an alkyl radical having 1 to 20 
carbon atoms or an aryl radical having 5 to 20 carbon atoms; 
an alkenyl radical having 2 to 20 carbon atoms, an alkylaryl 
radical having 6 to 20 carbon atoms, or an arylalkyl radical 
having 6 to 20 carbon atoms; or a metalloid radical of a metal 
belonging to Group 14 substituted with hydrocarbyl having 1 
to 20 carbon atoms; and at least two of R, R2, Ris, and Ria 
may be connected to each other to form an aliphatic ring 
having 5 to 20 carbonatoms oranaromatic ring having 5 to 20 
carbon atoms; 
I0045 Rs. R. R.17, Ris, Rio, and Rao are each indepen 
dently a hydrogen atom; a halogen radical; an alkyl radical 
having 1 to 20 carbonatoms or an aryl radical having 5 to 20 
carbon atoms; and at least two of Rs. R16, R17, Ris, Rio, and 
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Ro may be connected to each other to form an aliphatic ring 
having 5 to 20 carbonatoms oranaromatic ring having 5 to 20 
carbon atoms; 
0046 R2 is a hydrogenatom; a branched, linear, or cyclic 
alkyl radical having 1 to 20 carbon atoms; or an aryl radical 
having 5 to 20 carbon atoms; 
0047 Q and Q are each independently a halogen radical; 
an alkylamido radical having 1 to 20 carbon atoms or an 
arylamido radical having 5 to 20 carbon atoms; or an alkyl 
radical having 1 to 20 carbon atoms; and 
0048 M is a transition metal belonging to Group 4. 
0049 According to another embodiment of the present 
invention, the transition metal complex represented by For 
mula 6 is represented by one of the structural formulae as 
shown below: 

Y. 
Q CH3 
-1 T 

N 

-continued 
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-continued -continued 

Q SH: 
N >1 \, 

Cy SH: 
O - Y, 
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0050. Furthermore, according to the second aspect of the 
present invention, there is provided an amine-based com 
pound represented by Formula 4 below: 

<Formula 4 

0051 wherein R. R. R. R. R. R. R. Rs, and Rare as 
defined above. 
0052 According to a third aspect of the present invention, 
there is provided a catalyst composition comprising: 
0053 a transition metal complex represented by Formula 
6 below; and 
0054 at least one cocatalyst compound selected from the 
group consisting of the compounds represented by Formulae 
10, 11, and 12 below: 

<Formula 6 
R2 

R 
Rs 

R3 
R6 

Q 

ul-MC R7 Q2 

R8 R9 

0055 wherein R. R2, Rs. R4, Rs. R6. R7. Rs. R9. Q1, and 
Q are as defined above. 

—Al(R22)—O - 

0056 wherein Ra's are each independently a halogen 
radical; a hydrocarbyl radical having 1 to 20 carbon atoms; or 
a hydrocarbyl radical having 1 to 20 carbonatoms substituted 
with halogen; and a is an integer of no less than 2; 

0057 wherein D is aluminum or boron; and R's are each 
independently as defined above: 

<Formula 10> 

<Formula 11 > 

L-HZ(A) or LZ(A) 

0.058 wherein L is a neutral or cationic Lewis acid; H is a 
hydrogen atom; Z is an element belonging to Group 13; As 
are each independently an aryl radial having 6 to 20 carbon 
atoms or alkyl radical having 1 to 20 carbon atoms, Substi 
tuted with one or more hydrogenatoms; and the Substituent is 
a halogen, a hydrocarbyl radical having 1 to 20 carbon atoms, 
an alkoxy radical having 1 to 20 carbon atoms, or an aryloxy 
radical having 6 to 20 carbon atoms. 
0059. According to one embodiment of the present inven 

tion, in the catalyst composition, the transition metal complex 
represented by Formula 6 is preferably represented by For 
mula 7, Formula 8, or Formula 9, as shown below: 

<Formula 12 
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<Formula 7 

<Formula 8> 

<Formula 9 
R12 

R11 
R15 

R13 
R16 

R14 -8. 
R17 - Yo, 

R18 R21 

0060 wherein R. R. R. R. R. R. R7, Rs. Ro, 
Rao, R2, Qs, and Q are as defined above. 
0061 According to another embodiment of the present 
invention, in the catalyst composition, the transition metal 
complex represented by Formula 6 is preferably represented 
by one of the structural formulae as shown below: 
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-continued 

0062 According to another embodiment of the present 
invention, in the catalyst composition, the molar ratio of the 
transition metal complex represented by Formula 6 to the 
compound represented by Formula 10 or 11 is preferably 1:2 
to 15000, and the molar ratio of the transition metal complex 
represented by Formula 6 to the compound represented by 
Formula 12 is preferably 1:1 to 1:25. 
0063 As compared with a conventional method for pre 
paring a transition metal complex usingboronic acid, etc., the 
method for preparing a transition metal complex according to 
the present invention comprises a step of blocking a by 
reaction of a nitrogen atom using a compound containing a 
protecting group, and thus it is possible to prepare a transition 
metal complex in a simpler manner in a high yield. 

Advantageous Effects 

0064. The method for preparing a transition metal com 
plex according to the present invention comprises a step of 
blocking a by-reaction of a nitrogen atom using a compound 
containing a protecting group, and thus it is possible to pre 
pare a transition metal complex in a simpler manner in a high 
yield. 
0065. Furthermore, the transition metal complex accord 
ing to the present invention has a pentagon ring structure 
having an amido group connected by a phenylene bridge in 
which a stable bond is formed in the vicinity of a metal site, 
and thus, sterically monomers can easily approach the tran 
sition metal complex. 
0066. When a catalyst composition comprising the transi 
tion metal complex is applied in copolymerization of ethyl 
ene and monomers having largesteric hindrance, a very low 
density polyolefin copolymer having a density of less than 
0.910 g/cc, in addition to a polyolefin having a high molecular 
weight and a linear low density, can be prepared. Further 
more, the reactivity is also very high. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

0067 
in detail. 

0068 According to a first aspect of the present invention, 
the invention provides a method for preparing a transition 
metal complex, comprising the steps of 
0069 (a) reacting an amine-based compound represented 
by Formula 1 below with an alkyl lithium, and then adding a 
compound containing a protecting group (-Ro) thereto to 
prepare a compound represented by Formula 2 below: 
0070 (b) reacting the compound represented by Formula 
2 with an alkyl lithium, and adding a ketone-based compound 
represented by Formula 3 below to prepare an amine-based 
compound represented by Formula 4 below: 
0071 (c) reacting the compound represented by Formula 4 
with n-butyl lithium to prepare a dilithium compound repre 
sented by Formula 5 below; and 
0072 (d) reacting the compound represented by Formula 
5 with MC1(M-Ti, Zr, or Hf) and an organic lithium com 
pound to prepare a transition metal complex represented by 
Formula 6 below: 

Hereinafter, the present invention will be described 

<Formula 1 > 
Rs 

R6 R10 

R2 NH 

R 

<Formula 2 

R6 R10 

R0 
R1 

Rs 

<Formula 3> 
O 

R4 
R 

R3 R2 

R 

8 

Rs 

<Formula 4 

5 

Rs 

  



US 2011/0172451 A1 

-continued 
<Formula 5> 

<Formula 6 
R2 

R 
Rs 

R3 
R6 

R4 - 
R1 - Yo, 

Rs R9 

0073 wherein Ro. R. R2, Rs. R4, Rs. R6. R7. Rs. R9. M, Q 
and Q are as defined above. 
0074. In the method for preparing a transition metal com 
plex, a protecting group for a nitrogen atom is introduced to 
the amine compound represented by Formula 1, and then a 
cyclocyclopentadienyl group is introduced. Thereafter, the 
protecting group introduced to the nitrogenatom is removed, 
thereby preparing a transition metal complex. 
0075 AS the compound containing a protecting group, 
trimethylsilyl chloride, benzyl chloride, t-butoxycarbonyl 
chloride, benzyloxycarbonyl chloride, carbon dioxide, and 
the like are preferred. 
0076. Thus, as the protecting group, a trimethylsilyl 
group, a benzyl group, a t-butoxycarbonyl group, a benzy 
loxycarbonyl group, —C(=O)C), and the like are preferred. 
0077 Particularly, if the compound containing a protect 
ing group is carbon dioxide, the compound represented by 
Formula 2 is a lithium carbamate compound represented by 
Formula 2a below: 

<Formula 2a 

R8 

0078 
above. 

0079 Carbon dioxide can be easily removed from the 
lithium carbamate compound by controlling the temperature. 
Accordingly, in the preparation method in which carbon diox 
ide is introduced for the preparation of the transition metal 
complex represented by Formula 1, a transition metal com 
plex can be prepared in a simple and efficient mannerina high 
yield without any by-reaction of a nitrogen atom present in 
the reactants. 

wherein R. R. R. R. R. and Ro are as defined 
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0080. In the method for preparing a transition metal com 
plex, the transition metal complex represented by Formula 6 
is preferably represented by Formula 7. Formula 8, or For 
mula 9, as shown below: 

<Formula 7 

<Formula 8> 
R12 

R11 
R15 

R13 
R16 

R14 
Q3 

R17 N MC 
Q4 

R 
18 R19 

<Formula 9 
R12 

R11 
R15 

R13 
R16 

R14 -8. 
R17 - Yo, 

R18 R21 

0081 wherein R, R2, R. R. Rs. R. R7, Rs. Rio. 
R. R. M., Q, and Q are as defined above. 
I0082 Furthermore, in the method for preparing a transi 
tion metal complex, the transition metal complex represented 
by Formula 6 is more preferably represented by one of the 
structural formulae as shown below: 
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-continued -continued 
R16 Cp"Li 

TiCIDME + MeLi 
Hos 

NL 

pi R2O 

R16 Cp" 

Q I0084. In Reaction Scheme 1, R16 and R20 are each pref 
CH3 erably hydrogen, methyl, or the like, Cp' is preferably tetram 

4 NoH, ethylcyclopentanone, indenone, fluorenone, or the like, Cp" 
N is preferably tetramethylcyclopentadienyl, indenyl, fluore 

nyl, or the like, and n is 0 or 1. 

<Reaction Scheme 2 

1) n-BuLi 
Her 

2) CO 

1) t-BuLi 
He 

1. 2) Cp' + CeCl32LiCl 
N O 

0083. One embodiment of the specific method for prepar 
ing the compound as above can be shown in Reaction n-BuLi 
Schemes 1 and 2 below: 

<Reaction Scheme 1 > Cp"Li 

R16 TiCIDME + MeLi 
He 

1) n-BuLi NL 
-> V 

N 2) CO2 R9 
Cp" 
R CH3 
Ti 

pi R2O /'Nchi, 
R16 N 

OLi Yo 
1) t-BuLi 
-e- 

N O 2) Cp' + CeCl32LiCl 
I0085. In Reaction Scheme 2, R3 is preferably ethyl, iso 

R2O propyl, or the like, Cp' is tetramethylcyclopentanone, inde 
R16 Cp"H none, fluorenone, or the like, and Cp" is tetramethylcyclopen 

tadienyl, indenyl, fluorenyl, or the like. 
n-BuLi I0086) Details on Reaction Schemes as above are provided 
-e- NH in Examples. 

I0087. According to a second aspect of the present inven 
pi R2O tion, the invention provides a transition metal complex rep 

resented by Formula 6 below: 
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<Formula 6 

0088 wherein R. R2, Rs. R4, Rs. R6. R7. Rs. R9. M, Q1, 
and Q are as defined above. 
0089. A metal site of the transition metal complex repre 
sented by Formula 6 is connected by a cyclopentadienyl 
ligand which is connected to a phenylene bridge to which a 
ring shaped amido group is introduced. Thus, its structural 
inherence gives characteristics that the angle of Cp-M-N 
structure is narrow, and a wide angle is maintained in the 
Q-M-Q structure to which a monomer approaches. In addi 
tion, as compared to a CGC structure that includes a silicon 
bridge for connection, the transition metal complex repre 
sented by Formula 6 has a structure in which Cp, a phenylene 
bridge, nitrogen, and a metal site are connected in this order to 
form a stable and strong pentagon ring. Accordingly, when 
the complex compound which is activated by the reaction 
with a cocatalyst Such as methylaluminoxane and B(CFs). 
is then applied in olefin polymerization, a polyolefin which is 
characterized by a high activity, a high molecular weight, a 
high degree of copolymerization, and the like, can be 
obtained even at a high polymerization temperature. In par 
ticular, a very low density polyolefin copolymer having a 
density of less than 0.910 g/cc, in addition to a linear, low 
density polyethylene having a density of about 0.910 to 0.930 
g/cc, can also be prepared since the structure of the catalyst 
allows a great amount of C-olefin to be introduced. Various 
Substituents can be introduced into a cyclopentadienyl ring 
and a quinoline-based ring. As a consequence, the structures, 
properties, etc. of the resulting polyolefin can be controlled 
since electronic and steric environments in the vicinity of the 
metal can be easily regulated. The complex according to the 
present invention may be preferably used to prepare a catalyst 
for polymerization of olefin monomers. However, use of the 
complex is not limited thereto, and the complex can be 
applied in any other field where the transition metal complex 
can be used 
0090 Specifically, as the transition metal complex repre 
sented by Formula 6, preferred is a transition metal complex 
having a structure represented by Formula 7, 8, or 9 below, 
which can control electronic and steric environments in the 
vicinity of metal: 

<Formula 7 
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-continued 
<Formula 8> 

<Formula 9 
R12 

R11 
R15 

R13 
R16 

R14 - 
R17 - Yo, 

R18 R21 

0091 wherein R, R2, R. R. Rs. R. R7, Rs. Rio. 
R. R. M., Q, and Q are as defined above. 
0092. Furthermore, as the transition metal complex repre 
sented by Formula 6, further preferred is a complex repre 
sented by one of the structural formulae below: 
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-continued 

0093 Moreover, according to the second aspect of the 
present invention, the invention provides an amine-based 
compound represented by Formula 4 below: 

<Formula 4 

0094 wherein R. R. R. R. R. R. R. Rs, and Rare as 
defined above. 

0095. The amine-based compound represented by For 
mula 4 is an intermediate obtained during the preparation of 
the transition metal complex of the present invention, which 
can also be used in other fields. 

0096. According to a third aspect of the present invention, 
the invention provides a catalyst composition comprising: 
0097 a transition metal complex represented by Formula 
6 below; and 
0098 at least one cocatalyst compound selected from the 
group consisting of the compounds represented by Formulae 
10, 11, and 12 below: 

<Formula 6 
R 

R 
Rs R3 

R6 

Q1 R4 M1 
n 

R7 - Q2 
Rs Ro 

0099 wherein R. R2, Rs. R4, Rs. R6. R7. Rs. R9. Q1, and 
Q are as defined above. 

—Al(R)- O - 

0100 wherein Ra's are each independently a halogen 
radical; a hydrocarbyl radical having 1 to 20 carbon atoms; or 

<Formula 10> 

Jul. 14, 2011 

a hydrocarbyl radical having 1 to 20 carbonatoms substituted 
with halogen; and a is an integer of no less than 2; 

0101 wherein D is aluminum or boron; and R's are each 
independently as defined above: 

<Formula 11 > 

L-HZ(A)- or LZ(A), 

0102 wherein L is a neutral or cationic Lewis acid; H is a 
hydrogen atom; Z is an element belonging to Group 13; As 
are each independently an aryl radial having 6 to 20 carbon 
atoms or alkyl radical having 1 to 20 carbon atoms, Substi 
tuted with one or more hydrogenatoms; and the Substituent is 
a halogen, a hydrocarbyl radical having 1 to 20 carbonatoms, 
an alkoxy radical having 1 to 20 carbon atoms, or an aryloxy 
radical having 6 to 20 carbon atoms. 
0103) The catalyst composition of the present invention 
can be used in various olefin polymerizations. 
0104. In the catalyst composition, the transition metal 
complex represented by Formula 6 is preferably represented 
by Formula 7. Formula 8, or Formula 9, as shown below: 

<Formula 12 

<Formula 7 

<Formula 8> 

<Formula 9 
R12 

R11 
R15 

R13 
R16 

R14 - 
R17 - Yo, 

R18 R21 

0105 wherein R, R2, R. R. Rs. R. R7, Rs. Rio. 
Ro, R. Q, and Q are as defined above. 
0106 More specifically, in the catalyst composition, the 
transition metal complex represented by Formula 6 is prefer 
ably represented by one of the structural formulae as shown 
below: 
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-continued 

Q Q 
u-1'N CH3 N CH3 Ti 

u1 Nchi, 
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-continued 

0107 Moreover, the present invention provides a method 
for preparing the catalyst composition, comprising the steps 
of: 
0108 bringing the transition metal complex represented 
by Formula 6 into contact with a compound represented by 
Formula 10 or 11 to obtain a mixture; and adding a compound 
represented by Formula 12 to the mixture. 
0109 The present invention further provides a method for 
preparing the catalyst composition, comprising the steps of: 
0110 bringing the transition metal complex represented 
by Formula 6 into contact with a compound represented by 
Formula 12. 

0111. In the former method for preparing the catalyst com 
position, the molar ratio of the transition metal complex rep 
resented by Formula 6 to the compound represented by For 
mula 10 or 11 is preferably 1:2 to 15000, more preferably 
1:10 to 1:1,000, and most preferably 1:20 to 1500. 
0112 Meanwhile, the molar ratio of the transition metal 
complex represented by Formula 6 to the compound repre 
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sented by Formula 12 is preferably 1:1 to 1:25, more prefer 
ably 1:1 to 1:10, and most preferably 1:1 to 15. 
0113. When the molar ratio of the transition metal com 
plex represented by Formula 6 to the compound represented 
by Formula 10 or 11 is less than 1:2, the metal compound is 
insufficiently alkylated since the amount of an alkylating 
agent is too small. On the other hand, when the molar ratio of 
the transition metal complex represented by Formula 6 to the 
compound represented by Formula 10 or 11 is greater than 
1:5,000, the metal compound is alkylated, but the remaining 
excess alkylating agent can react with the activator of For 
mula 12 so that the alkylated metal compound is less acti 
vated. When the molar ratio of the transition metal complex to 
the compound represented by Formula 12 is less than 1:1, the 
amount of the activator is relatively small so that the metal 
compound is less activated. On the other hand, when the 
molar ratio of the transition metal complex to the compound 
represented by Formula 12 is greater than 1:25, the metal 
compound is completely activated but excess activator 
remains, thus leading to problems that the preparation process 
for the catalyst composition is expensive, and the purity of the 
resulting polymer is poor. 
0114. In the latter method for preparing the catalyst com 
position, the molar ratio of the transition metal complex rep 
resented by Formula 6 to the compound represented by For 
mula 12 is preferably 1:10 to 1:10,000, more preferably 1:100 
to 1:5,000, and most preferably 1:500 to 1:2,000. When the 
molar ratio of the transition metal complex represented by 
Formula 6 to the compound represented by Formula 12 is less 
than 1:10, the metal compound is insufficiently alkylated 
since the amount of an alkylating agent is relatively small, 
thus leading to problems that the activity of the catalyst com 
position is deteriorated. On the other hand, when the molar 
ratio of the transition metal complex represented by Formula 
6 to the compound represented by Formula 12 is greater than 
1:10,000, the metal compound is completely activated but 
excess activator remains, thus leading to problems that the 
preparation process for the catalyst composition is expensive, 
and the purity of the resulting polymer is poor. 
0115 A reaction solvent used in the preparation of the 
activated composition may be a hydrocarbon solvent such as 
pentane, hexane, and heptane, or an aromatic solvent such as 
benzene and toluene, but is not limited thereto, and any sol 
vent that is available in the art can be used. 

0116. In addition, the transition metal complex repre 
sented by Formula 6 and the cocatalyst may be used as loaded 
on silica or alumina. 

0117 The compound represented by Formula 10 is not 
particularly limited as long as it is an alkylaluminoxane, and 
it is more preferably methylaluminoxane, ethylaluminoxane, 
isobutylaluminoxane, butylaluminoxane, or the like, and 
most preferably methylaluminoxane. 
0118. The compound represented by Formula 1 1 is not 
particularly limited, but preferable examples thereof include 
trimethylaluminum, triethylaluminum, triisobutylaluminum, 
tripropylaluminum, tributylaluminum, dimethylchloroalu 
minum, triisopropylaluminum, tri-S-butylaluminum, tricy 
clopentylaluminum, tripentylaluminum, triisopentylalumi 
num, trihexylaluminum, trioctylaluminum, 
ethyldimethylaluminum, methyldiethylaluminum, tripheny 
laluminum, tri-p-tolylaluminum, dimethylaluminum 
methoxide, dimethylaluminumethoxide, trimethylboron, tri 
ethylboron, triisobutylboron, dripropylboron, and 
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tributylboron. More preferably, the compound is selected 
from trimethylaluminum, triethylaluminum, and triisobuty 
laluminum. 
0119 Examples of the compound represented by Formula 
12 may include triethylammoniumtetraphenylboron, tributy 
lammoniumtetraphenylboron, trimethylammoniumtetraphe 
nylboron, tripropylammoniumtetraphenylboron, trimethy 
lammoniumtetra(p-tolyl)boron, trimethylammoniumtetra(o, 
p-dimethylphenyl)boron, tributylammoniumtetra(p- 
trifluoromethylphenyl)boron, trimethylammoniumtetra(p- 
trifluoromethylphenyl)boron, 
tributylammoniumtetrapentafluorophenylboron, N,N-di 
ethylaniliniumtetraphenylboron, N,N-diethylaniliniumtet 
raphenylboron, N,N-diethylaniliniumtetrapen 
tafluorophenylboron, 
diethylammoniumtetrapentafluorophenylboron, triph 
enylphosphoniumtetraphenylboron, trimethylphosphoni 
umtetraphenylboron, triethylammoniumtetraphenyla 
luminum, tributylammoniumtetraphenylaluminum, 
trimethylammoniumtetraphenylaluminum, tripropylammo 
niumtetraphenylaluminum, trimethylammoniumtetra(p- 
tolyl)aluminum, tripropylammoniumtetra(p-tolyl)alumi 
num, triethylammoniumtetra(op-dimethylphenyl) 
aluminum, tributylammoniumtetra(p- 
trifluoromethylphenyl)aluminum, trimethylammoniumtetra 
(p-trifluoromethylphenyl)aluminum, 
tributylammoniumtetrapentafluorophenylaluminum, N.N- 
diethylaniliniumtetraphenylaluminum, N,N-diethylanilini 
umtetraphenylaluminum, N,N-diethylaniliniumtetrapen 
tafluorophenylaluminum, 
diethylammoniumtetrapentatetraphenylaluminum, triph 
enylphosphoniumtetraphenylaluminum, trimethylphospho 
niumtetraphenylaluminum, triethylammoniumtetraphenyla 
luminum, tributylammoniumtetraphenylaluminum, 
trimethylammoniumtetraphenylboron, tripropylammoni 
umtetraphenylboron, trimethylammoniumtetra(p-tolyl)bo 
ron, tripropylammoniumtetra(p-tolyl)boron, triethylammo 
niumtetra(op-dimethylphenyl)boron, 
trimethylammoniumtetra(op-dimethylphenyl)boron, tribu 
tylammoniumtetra(p-trifluoromethylphenyl)boron, trim 
ethylammoniumtetra(p-trifluoromethylphenyl)boron, tribu 
tylammoniumtetrapentafluorophenylboron, N,N- 
diethylaniliniumtetraphenylboron, N,N- 
diethylaniliniumtetraphenylboron, N,N- 
diethylaniliniumtetrapentafluorophenylboron, 
diethylammoniumtetrapentafluorophenylboron, triph 
enylphosphoniumtetraphenylboron, triphenylcarboni 
umtetra(p-trifluoromethylphenyl)boron, and triphenylcar 
boniumtetrapentafluorophenylboron. 
0120. It is possible that the catalyst composition compris 
ing the transition metal complex represented by Formula 6. 
and at least one compound selected from the group consisting 
of the compounds represented by Formulae 10 to 12 is 
brought into contact with at least one olefin monomer to 
prepare a polyolefin homopolymer or copolymer. 
0121. A most preferable preparation process using the 
activated catalyst composition is a solution process, but when 
the composition is used together with an inorganic Support 
Such as silica, it can also be applied in a slurry or gas phase 
process. 
0122. In the preparation process, the activated catalyst 
composition may be dissolved or diluted in a solvent suitable 
for olefin polymerization, before being incorporated. 
Examples of the solvent include a C- aliphatic hydrocar 
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bon Solvent Such as pentane, hexane, heptane, nonane, 
decane, and isomers thereof, an aromatic hydrocarbon Sol 
vent Such as toluene and benzene, and a hydrocarbon Solvent 
substituted with a chlorine atom such as dichloromethane and 
chlorobenzene. The solvent used may be treated with a small 
amount of alkylaluminum to eliminate a small amount of 
water, air, and the like which poison the catalyst composition, 
or a cocatalyst can further be used to perform the process. 
I0123 Examples of the olefin-based monomer which can 
be polymerized using the metal compounds and the cocata 
lysts include ethylene, an O-olefin, and a cyclic olefin. Adiene 
olefin-based monomer or a triene olefin-based monomer 
which have at least two double bonds can also be polymer 
ized. Examples of Such the monomers include ethylene, pro 
pylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 
1-heptene, 1-octene, 1-decene, 1-undecene, 1-dodecene, 
1-tetradecene, 1-hexadecene, 1-eicosene, norbornene, nor 
bornadiene, ethylidene norbornene, phenylnorbornene, vinyl 
norbornene, dicyclopentadiene, 1,4-butadiene, 1.5-pentadi 
ene, 1.6-hexadiene, styrene, C.-methylstyrene, divinylben 
Zene, and 3-chloromethyl styrene. At least two kinds of the 
monomers may be mixed, and copolymerized. 
0.124. In particular, in the preparation method according to 
the present invention, the catalyst composition is character 
ized in that it can be used to copolymerize monomers having 
largesteric hindrance Such as ethylene and 1-octene even at a 
high reaction temperature of 90° C. or higher, thereby obtain 
ing a copolymer having a high molecular weight and a very 
low density of less than 0.910 g/cc. 
0.125. In the present specification, the “N-containing, sub 
stituted or unsubstituted, aliphatic ring having 5 to 20 carbon 
atoms or aromatic ring having 5 to 20 carbon atoms” is 
preferably has a Substituent such as a hydrogen atom; a silyl 
radical; an alkyl radical having 1 to 20 carbon atoms, or an 
aryl radical having 5 to 20 carbon atoms. 
0.126 Further, in the present specification, the “silyl radi 
cal is preferably trimethylsilyl or triethylsilyl. 

MODE FOR THE INVENTION 

(O127 Hereinbelow, the present invention will be 
described in greater detail with reference to the following 
Examples. Examples are for illustrative purposes only, and 
are not intended to limit the scope of the present invention. 
I0128 Synthesis of Ligands and Transition Metal Com 
plexes 
I0129. Organic reagents and solvents were purchased from 
Aldrich Co., Inc. and Merck Co., Inc., purified using a stan 
dard method, and then used. Each step for synthesis was 
performed while isolated from air and moisture to improve 
reproducibility of experiments. In order to demonstrate the 
structure of compounds, a 400 MHZ nuclear magnetic reso 
nance (NMR) and an X-ray spectrometer were used to obtain 
spectra and diagrams, respectively. 

EXAMPLE 1. 

Preparation of 8-(2,3,4,5-tetramethyl-1,3-cyclopenta 
dienyl)-1,2,3,4-tetrahydroquinoline (Compound 3a) 

0.130 1,2,3,4-tetrahydroquinoline (13.08 g. 98.24 mmol) 
and diethylether (150 mL) were put into a Schlenk flask. The 
Schlenk flask was immersed in a dry ice/acetone cooling bath 
at -78°C., and shaken for 30 minutes. Then, n-Bulli (n-butyl 
lithium, 39.3 mL, 2.5M. 98.24 mmol) was introduced thereto 
using a syringe under nitrogen atmosphere to form a pale 
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yellow slurry. Thereafter, the flask was shaken for 2 hours, 
and then the flask was warmed to ambient temperature while 
removing the resulting butane gas. The flask was again 
immersing into the cooling bath at -78°C., and then a CO, 
gas was introduced thereto. As introducing carbon dioxide 
gas, the slurry gradually disappeared to form a clear Solution. 
The flask was connected into a bubbler to remove the carbon 
dioxide gas, while raising the temperature to ambient tem 
perature. Thereafter, excess CO gas and the solvent were 
removed under vacuum. The flask was transferred into a dry 
box, and then pentane was added thereto. The mixture was 
thoroughly stirred, and then filtered to obtain lithium carbam 
ate (Compound 2a) as white Solid compound, where diethyl 
ether was coordinated. Here, the yield was 100%. 
0131 'H NMR (C6D6, C5D5N): & 1.90 (t, J–7.2 Hz, 6H, 
ether), 1.50 (brs, 2H, quin-CH-), 2.34 (brs, 2H, quin-CH), 
3.25 (q, J–7.2 Hz, 4H, ether), 3.87 (br, s, 2H, quin-CH), 6.76 
(brd, J–5.6 Hz, 1H, quin-CH) ppm, ''C NMR (C6D6): 8 
24.24, 28.54, 45.37, 65.95, 121.17, 125.34, 125.57, 142.04, 
163.09(C=O) ppm. 
0132) The resulting lithium carbamate compound (Com 
pound 2a) (8.47 g. 42.60 mmol) was put into a Schlenk flask. 
Thereafter, tetrahydrofuran (4.6 g. 63.9 mmol) and diethyl 
ether (45 mL) were added thereto in this order. The Schlenk 
flask was immersed in an acetone/Small amount of dry ice 
cooling bath at -20°C., and shaken for 30 minutes, and then 
tert-BuLi (25.1 mL, 1.7M, 42.60 mmol) was added thereto. 
At that time, the reaction mixture turned red. While maintain 
ing the temperature at -20° C., the reaction mixture was 
stirred for 6 hours. A CeC1.2LiC1 solution of tetrahydrofuran 
(129 mL, 0.33 M, 42.60 mmol) and tetramethylcyclopen 
tanone (5.89 g, 42.60 mmol) were mixed in a syringe, and 
then introduced into the flask under nitrogen atmosphere. The 
flask was gradually warmed to ambient temperature, and one 
hour later, the incubator was removed, and the temperature 
was maintained at ambient temperature. Then, water (15 mL) 
was added into the flask, and ethyl acetate was added thereto 
to obtain a filtrate. The filtrate was transferred into a separa 
tory funnel, and hydrochloric acid (2 N, 80 mL) was added 
thereto, and the separatory funnel was shaken for 12 minutes. 
Thereafter, a saturated, aqueous sodium carbonate Solution 
(160 mL) was added thereto to neutralize the solution, and 
then an organic phase was extracted. To this organic phase, 
anhydrous magnesium Sulfate was added to remove moisture, 
the resultant was filtered and taken, and the solvent was 
removed. The resulting filtrate was purified by column chro 
matography using a hexane/ethyl acetate (V/V, 10:1) solvent 
to obtain a yellow oil. The yield was 40%. 
0.133 "H NMR (C6D6): 8 1.00 (brid,3H, Cp-CH,), 1.63 
1.73 (m. 2H, quin-CH), 1.80 (s.3H, Cp-CH), 1.81 (s.3H, 
Cp-CH), 1.85 (s.3H, Cp-CH-), 2.64 (t, J=6.0 Hz, 2H, quin 
CH), 2.84-2.90 (br, 2H, quin-CH), 3.06 (brs, 1H, Cp-H), 
3.76 (brs, 1H, N-H), 6.77 (t, J–7.2 Hz, 1H, quin-CH), 6.92 
(d. J=2.4 Hz, 1H, quin-CH), 6.94 (d. J=2.4 Hz, 1H, quin-CH) 
ppm. 

EXAMPLE 2 

Preparation of (1,2,3,4-tetrahydroquinolin-8-yl) 
tetramethylcyclopentadienyl-etaš.kapa-Nititanium 

dimethyl (Compound 5a) 

0134. In a dry box, the compound 3a (8.07 g. 32.0 mmol) 
as prepared in Example 1 and diethylether (140 mL) were put 
into a round flask, and cooled to -30°C. n-BuLi (17.7 g 2.5 
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M, 64.0 mmol) was slowly added thereto under stirring. 
While raising the temperature to ambient temperature, reac 
tion was performed for 6 hours. Thereafter, the mixture was 
washed with diethylether several times, and filtered to obtain 
a solid. The remaining solvent was removed under vacuum to 
obtain a dilithium compound (Compound 4a) (9.83 g) as a 
yellow solid. The yield was 95%. 
0.135 H NMR (C6D6, C5D5N): & 2.38 (brs, 2H, quin 
CH), 2.53 (brs, 12H, Cp-CH), 3.48 (brs, 2H, quin-CH), 
4.19 (brs, 2H, quin-CH2), 6.77 (t, J=6.8 Hz, 2H, quin-CH), 
7.28 (brs, 1H, quin-CH), 7.75 (brs, 1H, quin-CH) ppm. 
I0136. In a dry box, TiClDME (4.41 g, 15.76 mmol) and 
diethylether (150 mL) were put into a round flask, and while 
stirring the mixture at -30°C., Melli (21.7 mL, 31.52 mmol. 
1.4 M) was slowly added thereto. After stirring the mixture 
for 15 minutes, the resulting (1,2,3,4-tetrahydroquinolin-8- 
yl)tetramethylcyclopentadienyl-etaS.kapa-Ndilithium com 
pound (Compound 4a) (5.30 g, 15.76 mmol) was put into the 
flask. While raising the temperature to ambient temperature, 
the mixture was stirred for 3 hours. After completion of the 
reaction, the solvent was removed under vacuum, dissolved in 
pentane, and then filtered to obtain a filtrate. The pentane was 
removed under vacuum to obtain a dart brown compound 
(3.70 g). The yield was 71.3%. 
0.137 H NMR (C6D6): 8 0.59 (s, 6H, Ti CH), 1.66 (s, 
6H, Cp-CH), 1.69 (brt, J=6.4 Hz, 2H, quin-CH-), 2.05 (s. 
6H, Cp-CH-), 2.47 (t, J-6.0 Hz, 2H, quin-CH), 4.53 (m. 2H, 
quin-CH), 6.84 (t, J–7.2 Hz, 1H, quin-CH), 6.93 (d. J–7.6 
Hz, quin-CH), 7.01 (d. J=6.8 Hz, quin-CH) ppm. C NMR 
(C6D6): 8 12.12, 23.08, 27.30, 48.84, 51.01, 119.70, 119.96, 
120.95, 126.99, 128.73, 131.67, 136.21 ppm. 

EXAMPLE 3 

Preparation of 5-indenyl-1,2,3,4-tetrahydroquinoline 
(Compound 3b) 

0.138. The procedure was carried out in the same manner 
as the preparation method of Example 1 except that inde 
none was used instead of tetramethylcyclopentanone, and the 
resultant was purified by column chromatography using a 
hexane:ethyl acetate (v/v. 20:1) solvent to obtain a yellow oil. 
The yield was 49%. 
0.139 H NMR (C6D6): 8 1.58-1.64 (m. 2H, quin-CH), 
2.63 (t, J=6.8 Hz, 2H, quin-CH-), 2.72-2.77 (m. 2H, quin 
CH), 3.17 (d. J=2.4 Hz, 2H, indenyl-CH), 3.85 (brs, 1H, 
N-H), 6.35 (t, J–2.0 Hz, 1H, indenyl-CH), 6.76 (t, J=7.6 Hz, 
1H, quin-CH), 6.98 (d. J–7.2 Hz, 1H, quin-CH), 7.17 (td, 
J=1.6, 7.2 Hz, 1H, quin-CH), 7.20 (td, J=1.6, 7.2 Hz, 2H, 
indenyl-CH), 7.34 (d. J=7.2 Hz, 1H, indenyl-CH), 7.45 (dd. 
J=1.2, 6.8 Hz, 1H, indenyl-CH) ppm. C NMR (C6D6): 8 
12.12, 23.08, 27.30, 48.84, 51.01, 119.70, 119.96, 120.95, 
126.99, 128.73, 131.67, 136.21 ppm. 

EXAMPLE 4 

Preparation of (1,2,3,4-tetrahydroquinolin-8-yl) 
indenyl-etaS.kapa-Nititanium dimethyl (Compound 

5b) 
0140. A dilithium compound (Compound 4b) was pre 
pared in the sane manner as the preparation method of Ex 
ample 2 except that 5-indenyl-1,2,3,4-tetrahydroquinoline 
was used instead of 8-(2,3,4,5-tetramethyl-1,3-cyclopentadi 
enyl)-1,2,3,4-tetrahydroquinoline. The yield was 95%. 
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0141 'H NMR (C6D6): 8 2.02 (t, J=4.8 Hz, 2H, quin 
CH), 3.15 (t, J=5.6 Hz, 2H, quin-CH), 3.94 (bris, 2H, 
quin-CH), 6.31 (t, J–7.2 HZ, 1H, indenyl-CH), 6.76-6.83 (m, 
2H, quin-CH), 6.99 (t, J–7.2, 2.0 Hz, 2H, quin-CH), 7.48 (d. 
J–7.2 Hz, 2H, indenyl-CH), 8.02 (t, J=8.0 Hz, 2H, indenyl 
CH) ppm. 
0142. A titanium compound (Compound 5b) was prepared 
in the sane manner as in Example 2 using the resulting 
lithium salt compound (Compound 4b). The yield was 47%. 
0143 H NMR (C6D6): 8 -0.01 (s.3H, Ti CH), 0.85 (s, 
3H, Ti-CH), 1.56-1.68 (m, 2H, quin-CH-), 2.43 (t, J–6.4 
Hz, 2H, quin-CH), 6.30 (d. J=3.6 Hz, 1H, indenyl-CH), 6.61 
(d. J=3.6 Hz, 1H, indenyl-CH), 6.70 (ddd, J=0.8, 68, 8.4 Hz, 
1H, indenyl-CH), 6.85 (t, J–7.6 Hz, 1H, quin-CH), 6.95 (tt, 
J=0.8, 6.8 Hz, 1H, quin-CH), 7.01 (tdd, J=0.8, 6.8, 8.4 Hz, 
2H, indenyl-CH), 7.13-7.17 (m, 1H, quin-CH), 7.48 (d. J–8.4 
HZ, 1H, indenyl-CH) ppm. CNMR (C6D6): 8 22.83, 27.16, 
49.35, 55.12, 58.75, 103.36, 119.63, 120.30, 123.18, 125.26, 
125.60, 127.18, 127.36, 127.83, 129.13, 129.56, 135.10, 161. 
74 ppm. 

EXAMPLE 5 

Preparation of 5-fluorenyl-1,2,3,4-tetrahydroquino 
line (Compound 3c) 

0144. The procedure was carried out in the same manner 
as the preparation method of Example 1 except that fluo 
renone was used instead of tetramethylcyclopentanone, and 
the resultant was purified by column chromatography using a 
hexane:ethyl acetate (v/v 20:1) solvent, and then recrystal 
lized from diethylether to obtain a yellow solid compound. 
The yield was 56%. 
(0145 H NMR (C6D6): 8 1.20 (t, J=7.6 Hz, 2H, quin 
CH), 1.71 (s, 1H, XX), 2.29 (s. 2H, quin-CH-), 2.38(t, J=6.0 
Hz, 2H, quin-CH-), 2.64 (s, 1H, quin-CH-), 2.72 (s. 2H, 
quin-CH-), 2.30 (s, 1H, N-H), 3.82 (s, 0.5H, N-H), 4.81 (s, 
1H, quin-CH), 6.42 (d. J–7.2 Hz, 2H, quin-CH), 6.81 (t, J–7.2 
HZ, 1H, quin-CH), 6.94 (dd, J=1.2, 7.2 Hz, 1H, quin-CH), 
7.10 (d. J–7.6 Hz, 2H, fluorenyl-CH), 7.23 (t, J–7.2 Hz, 2H, 
fluorenyl-CH), 7.32(d. J=7.6 Hz, 2H, fluorenyl-CH), 7.42 (d. 
J=6.8 Hz, 1H, quin-CH), 7.67 (d. J–7.2 Hz, 2H, fluorenyl 
CH) ppm. 

EXAMPLE 6 

Preparation of (1,2,3,4-Tetrahydroquinolin-8-yl) 
fluorenyl-etaS.kapa-Nititanium dimethyl (Compound 

5c) 
0146 A dilithium compound (Compound 4c) was pre 
pared in the same manner as the preparation method of Ex 
ample 2 except that 5-fluorenyl-1,2,3,4-tetrahydroquinoline 
was used instead of 8-(2,3,4,5-tetramethyl-1,3-cyclopentadi 
enyl)-1,2,3,4-tetrahydroquinoline. The yield was 94%. 
0147 'H NMR (C6D6): 8 2.17 (s. 2H, quin-CH), 3.29 
2.26 (m. 2H, quin-CH), 4.11(brs, 2H, quin-CH), 6.31 (t, 
J–7.2 Hz, 1H, quin-CH), 6.91 (t, J=7.6 Hz, 2H, fluorenyl 
CH), 6.99 (d. J–7.2 Hz, 1H, quin-CH), 7.12 (t, J=6.8 Hz, 2H, 
fluorenyl-CH), 7.58 (dd, J=1.2, 7.6 Hz, 1H, quin-CH), 8.15 
(d. J=8.0 Hz, 2H, fluorenyl-CH), 8.57(d. J=8.0 Hz, 2H, fluo 
renyl-CH) ppm. 
0148. A titanium compound was prepared in the sane 
manner as in Example 2 using the resulting lithium salt 
compound (Compound 4c). The yield was 47%. 
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0149 H NMR (C6D6): 8 0.14 (s, 6H, Ti CH), 1.56-1. 
68 (m, 2H, quin-CH-), 2.48 (t, J=6.4 Hz, 2H, quin-CH), 
4.18-4.30 (m,2H, quin-CH), 6.88-6.96 (m,3H, CH), 7.04 (d. 
J=7.6 Hz, 1H, quin-CH), 7.10 (ddd, J–1.2, 6.8, 8.4 Hz, 2H, 
fluorenyl-CH), 7.17 (dd, J=0.8, 8.4 Hz, 2H, fluorenyl-CH), 
7.28 (d. J–7.2 Hz, 1H, quin-CH), 7.94 (dd, J=0.8, 8.4 Hz, 2H, 
fluorenyl-CH) ppm. CNMR (C6D6): & 14.54, 22.76, 27.26, 
48.58, 59.65, 111.21, 118.69, 118.98 120.17, 123.34, 123.67, 
126.16, 126.42, 127.75, 129.29, 129.41 137.28, 160.63 ppm. 

EXAMPLE 7 

Preparation of 7-(2,3,4,5-Tetramethyl-1,3-cyclopen 
tadienyl)indoline (Compound 3d) 

0150. The procedure was carried out in the sane manner as 
the preparation method of Example 1 except that indoline 
was used instead of 1.2.3,4-tetrahydroquinoline, and the 
resultant was purified by column chromatography using a 
hexane:ethyl acetate (v/v. 20:1) solvent to obtain a yellow oil. 
The yield was 15%. 
0151. "H NMR (C6D6): 8 0.99 (d. J=7.6 Hz, 1H, Cp-CH), 
1.82 (s, 3H, Cp-CH), 1.87 (s, 6H, Cp-CH), 2.68-2.88 (m, 
2H, ind-CH-), 2.91-2.99 (m. 1H, Cp-CH), 3.07-3.16 (m, 3H, 
ind-CHN-H), 6.83 (t, J=7.4 Hz, 1H, ind-CH), 6.97 (d. 
J=7.6 Hz, 1H, ind-CH), 7.19 (d. J=6.8 Hz, 1H, ind-CH) ppm. 

EXAMPLE 8 

Preparation of (Indolin-7-yl)tetramethylcyclopenta 
dienyl-etaS.kapa-Nititanium dimethyl (Compound 

5d) 

0152. A titanium compound was prepared in the same 
manner as the preparation method of Example 2 except that 
7-(2,3,4,5-tetramethyl-1,3-cyclopentadienyl)indoline was 
used instead of 8-(2,3,4,5-tetramethyl-1,3-cyclopentadi 
enyl)-1,2,3,4-tetrahydroquinoline. The yield was 71%. 
0153 'H NMR (C6D6): 8 0.69 (s, 6H, Ti CH), 1.71 (s, 
6H, Cp-CH), 2.04 (s, 6H, Cp-CH), 2.73 (t, J=8.0 Hz, 2H, 
ind-CH), 4.67 (t, J=8.0 Hz, 2H, ind-CH), 6.82 (t, J–7.2 Hz, 
1H, ind-CH), 7.00 (t, J=7.2 Hz, 2H, ind-CH) ppm. C NMR 
(C6D6): 8 12.06, 12.15, 32.24, 54.98, 56.37, 120.57, 120.64, 
121.54, 124.02, 126.52, 126.81, 136.75 ppm. 

EXAMPLE 9 

Preparation of 2-methyl-8-(2,3,4,5-tetramethyl-1,3- 
cyclopentadienyl)-1,2,3,4-tetrahydroquinoline (Com 

pound 3e) 

0154 The procedure was carried out in the same manner 
as the preparation method of Example 1 except that 2-me 
thyl-1,2,3,4-tetrahydroquinoline (5.02 g, 34.1 mmol) was 
used instead of 1,2,3,4-tetrahydroquinoline. The yield was 
51%. 

(O155 'H NMR (CDC1): 8 6.89(d, J–7.2 Hz, 1H, CH), 8 
6.74(d, J=7.2 Hz, 1H, CH), & 6.57(t, J–74 Hz, 1H, CH), 80 
3.76(brs, 1H, NH), 83.45(brs, 1H, Cp-CH), & 3.32(m. 1H, 
quinoline-CH), 63.09-2.70(m, 2H, quinoline-CH), 8 1.91 (s. 
3H, Cp-CH), 81.87(s.3H, Cp-CH), 8 1.77(s.3H, Cp-CH), 
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CH), 3.05(brm, 1H, Cp-CH), 3.74(brm, 1H, N-H), 6.66(d. 
J=8.0 Hz, 1H, Ph-H), 6.84(t, J–7.2 Hz, 1H, Ph-H), 7.07(dd, 
J=1.2 7.2 Hz, 1H, Ph-H), 7.25(t, J=7.2 Hz, 1H, Ph-H) ppm. 

EXAMPLE 16 

Preparation of Phenylene(tetramethylcyclopentadi 
enyl)(ethylamido) titanium dimethyl (Compound 5h) 

0.174. A dilithium salt compound (Compound 4f) as a pale 
yellow solid, where 0.58 equivalent of diethyl ether was coor 
dinated, was prepared in the same manner as in Example 2 
except that N,N'-1-(2,3,4,5-tetramethyl-1,3-cyclopentadi 
enyl)phenylethylamine was used instead of 8-(2,3,4,5-tet 
ramethyl-1,3-cyclopentadienyl)-1,2,3,4-tetrahydroquino 
line. The yield was 82%. 
(0175 H NMR (C6D6, C5D5N): & 1.25 (brs, 3H, Et 
CH), 2.03 (brs, 6H, Cp-CH), 2.18 (brs, 6H, Cp-CH), 3.43 
(brs, 2H, Et-CH-), 6.40 (brs, 1H, Ph-H), 6.65 (brs, 1H, 
Ph-H), 7.27 (brs, 1H, Ph-H), 7.53 (brs, 1H, Ph-H) ppm. "C 
NMR (C6D6, C5D5N): 8 11.63, 12.16, 18.90, 45.15, 104.50, 
105.82, 106.41, 131.28, 163.39 ppm. 
0176 A titanium compound was prepared in the same 
manner as in Example 2 using the resulting dilithium salt 
compound (Compound 4h). The yield was 66%. 
(0177 "H NMR (C6D6): 8 0.56 (s, 6H, Ti CH,), 1.20 (t, 
J–7.2 Hz, 3H, Et-CH), 1.58 (s, 6H, Cp-CH), 2.03 (s, 6H, 
Cp-CH), 4.48 (q, J–7.2 Hz, 2H, Et-CH), 6.27 (d. J=8.0 Hz, 
1H, Ph-H), 6.88 (t, J=7.2 Hz, 1H, Ph-H), 7.12 (d. J–7.2 Hz, 
1H, Ph-H), 7.20 (t, J–7.2 Hz, 1H, Ph-H) ppm. "C NMR 
(C6D6): 8 12.03, 12.09, 14.14, 41.29, 50.89, 108.60, 119.82, 
121.12, 128.70, 129.27, 136.08, 163.40 ppm. 

EXAMPLE 17 

Preparation of N,N'-1-(2,3,4,5-tetramethyl-1,3-cy 
clopentadienyl)phenyl-iso-propylamine (Compound 

3i) 
0.178 The procedure was carried out in the same manner 
as in Example 1 except that 2-methylindoline (6.23g, 46.8 
mmol) was used instead of 1.2.3,4-tetrahydroquinoline. Col 
umn chromatography using a hexane:toluene (v/v 2:1) sol 
vent was performed to obtain a yellow oil. The yield was 16%. 
0179 H NMR (C6D6): 8 0.91 (d. J=6.0 Hz, 2H, Cp 
CH), 0.94-1.05 (m, 6H, iPr-CH), 1.76 (s, 3H, Cp-CH), 
1.80 (s.3H, Cp-CH), 1.82 (s.3H, Cp-CH), 3.02 (brm, 1H, 
Cp-CH), 3.37-3.50 (m, 1H, iPr CH), 3.74 (brs, 1H, N. H), 
6.66(d.J=8.0Hz, 1H, Ph-CH), 6.81 (t, J=7.2 Hz, 1H, Ph-CH), 
7.06 (dd, J=1.6 7.2 Hz, 1H, Ph-CH), 7.23 (t, J=7.2 Hz, 1H, 
Ph-CH) ppm. 

EXAMPLE 1.8 

Preparation of Phenylene(tetramethylcyclopentadi 
enyl)(iso-propylamido) titanium dimethyl (Com 

pound 5i) 

0180 A dilithium salt compound (Compound 4i) was pre 
pared in the same manner as in Example 2 except that 
N,N'-1-(2,3,4,5-tetramethyl-1,3-cyclopentadienyl)phenyl 
iso-propylamine) was used instead of 8-(2,3,4,5-tetramethyl 
1.3-cyclopentadienyl)-1,2,3,4-tetrahydroquinoline. The 
yield was 87%. 
0181 'H NMR (C6D6, C5D5N): & 121 (brs, 6H, iPr 
CH), 1.89 (brs, 6H, Cp-CH), 2.14 (brs, 6H, Cp-CH), 3.84 
(brs, 1H, iPr CH), 6.34 (brs, 1H, Ph-CH), 6.68 (brs, 1H, 
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Ph-CH), 7.21-7.57 (br m, 2H, Ph-CH) ppm. C NMR 
(C6D6, C5D5N): 8 11.49, 12.11, 26.06, 47.54, 103.81, 106. 
55, 108.42, 131.60, 162.49 ppm. 
0182. A titanium compound was prepared in the same 
manner as in Example 2 using the resulting dilithium salt 
compound (Compound 4i). The yield was 77%. 

COMPARATIVE EXAMPLE 1 

Preparation of dimethylsilyl(t-butylamido)(tetram 
ethylcyclopentadienyl)titanium dichloride (Com 

pound 33) 

0183. A dimethylsilyl(t-butylamido) (tetramethylcyclo 
pentadienyl)titanium dichloride transition metal complex 
was purchased from Boulder Scientific, Inc. (U.S.A.), and 
directly used for the ethylene copolymerization. 
0.184 Ethylene Copolymerization 

EXAMPLE19 

0185 
1-Butene 

0186. A hexane solvent (1.0 L) and an appropriate amount 
of 1-butene comonomers were charged into a 2 L autoclave 
reactor. The reactor was heated to 150° C. that was a poly 
merization temperature, and was filled with about 35 bar of 
ethylene. The titanium transition metal complex (1.0 umol. 
Al/Ti=25) (Compound 5a) treated with an appropriate 
amount of a triisobutylaluminum compound and a dimethy 
laniliniumtetrakis(pentafluorophenyl)borate cocatalyst solu 
tion (B/Ti=5) were added to a catalyst injecting cylinder, and 
then injected into the reactor. Polymerization was performed 
for 10 minutes by continuously injecting ethylene in order to 
maintain the pressure in the reactor between 34 bar to 35 bar. 
Heat generated from the reaction was removed through a 
cooling coil installed in the reactor, and the temperature was 
maintained as constant as possible. After the polymerization, 
the polymer Solution was discharged to the lower portion of 
the reactor, and cooled using excess ethanol. The obtained 
polymer was dried for over 12 hours or more in a vacuum 
oven. The experiment results are shown in Table 1. 

Copolymerization of High-Pressure Ethylene and 

EXAMPLE 20 TO EXAMPLE 28 

0187. 
1-Butene 
0188 Copolymerization was performed in the sane man 
ner as in Example 19 except that the transition metal com 
plexes (Compound 5b, 5c. 5d., 5e, 5f, 5g, 5h, and 5i) as 
prepared in the above Examples were used instead of the 
transition metal complex, Compound 5a, as prepared in EX 
ample 2. However, in Example 28, the polymerization tem 
perature was 120° C. The experiment results are shown in 
Table 1. 

Copolymerization of High-Pressure Ethylene and 

|COMPARATIVE EXAMPLE 2 TO 
|COMPARATIVE EXAMPLE 3 

(0189 
1-Butene 
0.190 Copolymerization was performed in the sane man 
ner as in Example 19 except that the transition metal com 
plex (Compound 33) as obtained in Comparative Example 1 
was used instead of Compound 5a as prepared in Example 

Copolymerization of High-Pressure Ethylene and 
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2. However, in Comparative Example 3, the polymerization 
temperature was 120°C. The experiment results are shown in 
Table 1. 
(0191) Evaluation on Properties (Weight, Activity, Melt 
Index, Melting Point, and Density) 
0.192 A melt index (MI) of a polymer was measured in 
accordance with ASTMD-1238 (Conditions: E, 190° C., 2.16 
Kg load). A melting point (Tm) of a polymer was measured 
using a Differential Scanning calorimeter (DSC) 2920 manu 
factured by TA Inc. That is, the temperature was increased to 
200°C., maintained at 200° C. for 5 minutes, and decreased 
to 30°C. Then, the temperature was increased again, and the 
summit of the DSC curve was measured as the melting point. 
Here, the temperature was increased and decreased by 10° 
C./min, and the melting point was obtained in a second tem 
perature increase period. 
0193 In order to measure the density of a polymer, a 
sample that had been treated with an antioxidant (1,000 ppm) 
was formed into a sheet having a thickness of 3 mm and a 
radius of 2 cm by a 180° C. press mold, and then the prepared 
sheet was cooled by 10°C/min. The cooled sheet was mea 
Sured using a mettler scale. 
0194 The various properties of the copolymers obtained 
in Examples 19 to 28, and Comparative Examples 2 and 3 
were measured, and the results are shown in Table 1. 

TABLE 1. 

Results of copolymerization of ethylene and 1-butene 
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Examples. Further, in the polymerization at 120° C., the 
transition metal complexes (Compounds 5a, 5e, and 5f) used 
in Examples 19, 23, and 24 showed higher catalyst activity, 
and the obtained copolymers had higher molecular weights 
and lower densities, as compared to the transition metal com 
plex (Compound 33) used in Comparative Examples. 

1-8. (canceled) 
9. An amine-based compound represented by Formula 4 

below: 

<Formula 4 

wherein R. R. R. and Rare eachindependently a hydro 
gen atom; a silyl radical; an alkyl radical having 1 to 20 

Melt Melt 
Transition metal 1-Butene Activity index index' Density 

Example complexes used (M) (kg/mmol-Ti) (g/10 min) (g 10 min) (g cc) 

Example 19 Compound 5a 1.6 43.7 3.5 28.8 O.859 
Example 20 Compound 5b 1.6 3.4 O O O.870 
Example 21 Compound 5c 1.6 16.6 O O O.860 
Example 22 Compound 5d 1.6 15.3 O O.66 O.873 
Example 23 Compound 5e 1.6 36.0 15.4 O862 
Example 24 Compound 5f 1.6 29.8 1.3 12.5 O.860 
Example 25 Compound 5g 1.6 22.1 O O.8 O.873 
Example 26 Compound 5h 1.6 22.O 1.4 15.8 O.866 
Example 27 Compound 5i 1.6 8.5 O O O.876 
Comparative Compound 33 1.6 3O.S 5.9 59 O.900 
Example 2 

Example 28 Compound 5a 1.2 57.5 O 1.3 O.881 
Comparative Compound 33 1.2 44.1 O 1.2 O.902 
Example 3 

I value, 
1216 value, 
Polymerization at 120° C. 

0195 As shown in Table 1, most of the transition metal 
complexes of Examples according to the present invention 
provided copolymers having relatively higher molecular 
weights and lower densities, as compared with those of Com 
parative Examples, when 1-butene and ethylene was copoly 
merized. 
0196. Accordingly, it is confirmed that the transition metal 
complexes according to the present invention have relatively 
excellent reactivity for olefin monomers having large Steric 
hindrance such as 1-butene. 
0197) Particularly, the transition metal complexes (Com 
pounds 5a, 5e, and 5f) used in Example 19, 23, and 24 showed 
equal or higher catalyst activity, as compared to the transition 
metal complex (Compound 33) used in Comparative 

carbon atoms or an aryl radical having 5 to 20 carbon 
atoms; an alkenyl radical having 2 to 20 carbon atoms, 
an alkylaryl radical having 6 to 20 carbon atoms, or an 
arylalkyl radical having 6 to 20 carbon atoms; or a met 
alloid radical of a metal belonging to Group 14 Substi 
tuted with a hydrocarbyl having 1 to 20 carbonatoms; at 
least two of R. R. R. and R may be connected to each 
other to form an aliphatic ring having 5 to 20 carbon 
atoms or an aromatic ring having 5 to 20 carbonatoms; 
at least two of R. R. R. and R may be connected to 
each other by an alkylidine radical having 1 to 20 carbon 
atoms, containing an alkyl radical having 1 to 20 carbon 
atoms or an aryl radical having 5 to 20 carbon atoms to 
form a ring; 
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Rs, R, R-7, and Rs are each independently a hydrogen Ro is a hydrogen atom; a branched or linear alkyl radical 
atom; a halogen radical; oran alkyl radical having 1 to 20 having 1 to 20 carbon atoms; or an aryl radical having 5 
carbon atoms or an aryl radical having 5 to 20 carbon to 20 carbon atoms. 
atoms; and at least two of Rs. R. R-7, and Rs may be 10.-13. (canceled) 
connected to each other to form an aliphatic ring having 
5 to 20 carbon atoms or an aromatic ring having 5 to 20 
carbon atoms; and 


