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(57) ABSTRACT

The present disclosure relates to a novel metallocene com-

pound. The metallocene compound according to the present
disclosure may be used for the preparation of an olefin-based
polymer, may have excellent ability, and may produce an
olefin-based polymer having a relatively high molecular
weight compared with the case of using a catalyst compo-
sition having a similar structure due to the structural and

electrical steric hindrance eflect.
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METALLOCENE COMPOUND

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage Application of Inter-

national Application No. PCT/KR2016/005924, filed Jun. 3,
2016, and claims the benefit of Korean Patent Application

No. 10-2016-0069064, filed Jun. 2, 2016, Korean Patent
Application No. 10-20135-0080018, filed Jun. 5, 2015, con-
tents of which are incorporated herein by reference 1n their
entirety for all purposes as if fully set forth below.—The
present disclosure relates to a novel metallocene compound.

BACKGROUND OF ART

In the early 1990s, [Me,S1(Me,C)NtBu]TiCl, (Con-
strained-Geometry Catalyst, heremaliter abbreviated as
CGC) was reported by Dow Co. (U.S. Pat. No. 5,064,802).
The CGC 1s superior to commonly known metallocene
catalysts 1n a copolymerization reaction of ethylene and
alpha-olefin as follows: (1) At a high polymerization tem-
perature, high activity 1s shown and a polymer having a high
molecular weight 1s produced, and (2) the copolymerization
ability of alpha-olefin having large steric hindrance such as
1-hexene and 1-octene 1s excellent. In addition, a variety of
characteristics of CGC upon polymerization are becoming
gradually known, and thus thorough research into synthesis
of derivatives thereof to serve as a polymerization catalyst 1s
ongoing in academic and industrial fields.

A Group 4 transition metal compound having one or two
cyclopentadienyl groups as a ligand may be used as a
catalyst for olefin polymerization by activating it with
methylaluminoxane or a boron compound. Such catalyst
shows unique characteristics that traditional Zeigler-Natta
catalyst does not have.

That 1s, a polymer obtained by using such catalyst has a
narrow molecular weight distribution and higher reactivity
for a second monomer such as alpha-olefin or cycloolefin,
and distribution of the second monomer in the polymer 1s
even. Furthermore, 1t 1s possible to control the stereoselec-
tivity of the polymer 1n the polymerization of alpha-olefin by
changing the substituent of the cyclopentadienyl ligand 1n
the metallocene catalyst, and 1t 1s easy to control the degree
of copolymerization, the molecular weight, and the distri-
bution of the second monomer upon copolymerization of
cthylene and other olefins.

Meanwhile, since the metallocene catalyst 1s more expen-
sive than Zeigler-Natta catalyst, 1t must have good activity
for 1ts economic value. If the metallocene catalyst has high
reactivity for the second monomer, there 1s an advantage that
a polymer including a large amount of the second monomer
may be obtained by using only a small amount of the second
mMOonomer.

Many researchers have studied various catalysts, and as a
result, have proved that a bridged catalyst generally has high
reactivity for the second monomer. The bridged catalyst
developed until now may be classified into three types
according to the type of the bridge. The first type of the
bridged catalyst 1s a catalyst of which two cyclopentadienyl
ligands are connected to an alkylene dibridge by the reaction
of an electrophile, such as an alkyl halide, indene or fluo-
rene. The second 1s a silicone-bridged catalyst of which the
ligands are connected to —S1R2-, and the third 1s a meth-
ylene-bridged catalyst which 1s obtained by the reaction of
fulvene, indene or fluorene.
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2

However, very few catalysts have been practically applied
in commercial factories from the catalysts mentioned above,
and thus, preparation of catalysts showing more improved
polymerization performance 1s still in demand.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Technical Problem

The present disclosure provides a metallocene compound
which has excellent activity and 1s capable of producing an
olefin-based polymer having a high molecular weight.

Particularly, the present disclosure provides a metallocene
compound which maintains a high activity even in the

presence of hydrogen because of 1ts low hydrogen reactivity,
and may polymerize an olefin-based polymer having a high
molecular weight.

Technical Solution

The present disclosure provides a metallocene compound
represented by the following Chemical Formula 1.

|Chemuical Formula 1|

wherein 1n Chemical Formula 1,
M 1s a Group 4 transition metal;
B, 1s carbon, silicon, or germanium;

Q, and Q), are the same as or different from each other, and
are each independently hydrogen, halogen, a C1 to C20
alkyl group, a C2 to C20 alkenyl group, a C6 to C20
aryl group, a C7 to C20 alkylaryl group, a C7 to C20
arylalkyl group, a C1 to C20 alkoxy group, a C2 to C20
alkoxyalkyl group, a C3 to C20 heterocycloalkyl
group, or a C5 to C20 heteroaryl group;

X, and X, are the same as or ditfferent from each other, and
are each independently halogen, a C1 to C20 alkyl
group, a C2 to C20 alkenyl group, a C6 to C20 aryl
group, a nitro group, an amido group, a Cl to C20
alkylsilyl group, a C1 to C20 alkoxy group, or a C1 to
C20 sulfonate group;

C, 1s represented by the following Chemical Formula 2a,
and C, 1s represented by the following Chemical For-
mula 2b, Chemical Formula 2¢, Chemical Formula 2d,
or Chemical Formula 2e;

|Chemuical Formula 2a]

A

R, R,
‘ B,—Si—R/,
™
R4/ R';
Rs
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-continued

|Chemical Formula 2b]

|Chemical Formula 2c]|

|Chemical Formula 2d|

R4
REG\ F
R>3
~ AN
R»7
R <
28
|Chemical Formula 2e]
R3g R3]
Rog R3»
* *

wherein, 1n Chemical Formulae 2a, 2b, 2c¢, 2d, and 2e,

B, 1s a single bond or a C1 to C3 alkylene group,

* 1s a site to which M or Bl of Chemical Formula 1 1s
connected,

R, to R are the same as or different from each other, and
are each independently hydrogen, halogen, a C1 to C20
alkyl group, a C2 to C20 alkenyl group, an C1 to C20
cther group, a C1 to C20 alkoxy group, a C6 to C20 aryl
group, a C7 to C20 alkylaryl group, or a C7 to C20
arylalkyl group,

R, to R, are the same as or different from each other, and
are each independently hydrogen, halogen, a C1 to C20
alkyl group, a C1 to C20 alkoxy group, a C6 to C20 aryl
group, a C7 to C20 alkylaryl group, or a C7 to C20
arylalkyl group,

R', to R', are the same as or different from each other, and
are each independently hydrogen, halogen, or a C1 to

C20 alkyl group.

Advantageous Effects

A metallocene compound according to the present disclo-
sure¢ may be used for the preparation of an olefin-based
polymer, may have excellent activity, and may produce an
olefin-based polymer having a relatively high molecular
weight compared with the case of using a catalyst compo-
sition having a similar structure due to the structural and
clectrical steric hindrance efiect.

Furthermore, the activity of the catalyst may be main-
tained for a long residence time 1n a reactor because of its
long life time.
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4
DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

In the present disclosure, the terms “the first”, “the
second”, and the like are used to describe a variety of
components, and these terms are merely employed to dii-
ferentiate a certain component from other components.

Further, the terms used in this description are just for
explaining exemplary embodiments and it 1s not intended to
restrict the present disclosure. The singular expression may
include the plural expression unless 1t 1s differently

expressed contextually. It must be understood that the term
“include”™, “equip”, or “have” 1n the present description 1s

only used for designating the existence of characteristics

taken eflect, numbers, steps, components, or combinations

thereof, and do not exclude the existence or the possibility

of addition of one or more different characteristics, numbers,

steps, components ol combinations thereol beforehand.

The present disclosure may be variously modified and
have various forms, and specific examples of the present
disclosure are explained 1n this description. However, 1t 1s
not intended to limit the present disclosure to the specific
examples and 1t must be understood that the present disclo-
sure includes every modifications, equivalents, or replace-
ments mncluded i the spirit and technical scope of the
present disclosure.

Heremafiter, the present disclosure will be described 1n
more detail.

A metallocene compound according to the present disclo-
sure 1s characterized in that it 1s represented by the following
Chemical Formula 1.

|Chemuical Formula 1]

X]\ /Cl\ /Ql
oM BT
X \Cz/ Q>

wherein 1n Chemical Formula 1,
M 1s a Group 4 transition metal;
B, 1s carbon, silicon, or germanium;

Q, and Q), are the same as or different from each other, and
are each independently hydrogen, halogen, a C1 to C20
alkyl group, a C2 to C20 alkenyl group, a C6 to C20
aryl group, a C7 to C20 alkylaryl group, a C7 to C20
arylalkyl group, a C1 to C20 alkoxy group, a C2 to C20
alkoxvyalkyl group, a C3 to C20 heterocycloalkyl
group, or a C5 to C20 heteroaryl group;

X, and X, are the same as or different from each other, and
are each independently halogen, a C1 to C20 alkyl
group, a C2 to C20 alkenyl group, a C6 to C20 aryl
group, a nitro group, an amido group, a C1 to C20
alkylsilyl group, a C1 to C20 alkoxy group, or a C1 to
C20 sulfonate group:;

C, 1s represented by the following Chemical Formula 2a,
and C, 1s represented by the following Chemical For-
mula 2b, Chemical Formula 2¢, Chemical Formula 2d,
or Chemical Formula 2e;
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|Chemuical Formula 2a]
R> R,
R3 \ / R;l
B,—Si—R/,
A
R R's
. K
Rs
|Chemical Formula 2b]
Rj
Rz
X
/
Ri3
Riq

|Chemical Formula 2c]|

|Chemical Formula 2d|

Ro4
REG\ F
Ry3
e AN
Ry7
R ¢
28
|Chemical Formula 2e]
Rz R3j
Rog Rz,
b H

wherein, 1n Chemical Formulae 2a, 2b, 2c¢, 2d, and 2e,

B, 1s a single bond or a C1 to C3 alkylene group,

* 15 a site to which M or Bl of Chemical Formula 1 1s
connected,

R, to R are the same as or different from each other, and
are each independently hydrogen, halogen, a C1 to C20
alkyl group, a C2 to C20 alkenyl group, an C1 to C20
cther group, a C1 to C20 alkoxy group, a C6 to C20 aryl
group, a C7 to C20 alkylaryl group, or a C7 to C20
arylalkyl group,

R, to R, are the same as or different from each other, and
are each independently hydrogen, halogen, a C1 to C20
alkyl group, a C1 to C20 alkoxy group, a C6 to C20 aryl
group, a C7 to C20 alkylaryl group, or a C7 to C20
arylalkyl group,

R, to R'; are the same as or different from each other, and
are each independently hydrogen, halogen, or a Cl1 to
C20 alkyl group.

In the metallocene compound according to the present

disclosure, the substituents of Chemical Formula 1 are more

specifically explained as follows.
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The C1 to C20 alkyl group may include a linear or
branched alkyl group, and specifically, 1t may be a methyl
group, an ¢thyl group, a propyl group, an isopropyl group,
an n-butyl group, a tert-butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, or the like, but 1s not
limited thereto.

The C2 to C20 alkenyl group may include a linear or
branched alkenyl group, and specifically, 1t may be an allyl
group, an ethenyl group, a propenyl group, a butenyl group,
a pentenyl group, or the like, but i1s not limited thereto.

The C6 to C20 aryl group may include a single ring aryl
group or a condensed ring aryl group, and specifically, 1t
may be a phenyl group, a biphenyl group, a naphthyl group,
a phenanthrenyl group, a fluorenyl group, or the like, but 1s
not limited thereto.

The C5 to C20 heteroaryl group may include a single ring
heteroaryl group or a condensed ring heteroaryl group, and
specifically, it may be a carbazolyl group, a pynidyl group,
a quinoline group, an 1soquinoline group, a thiophenyl
group, a furanyl group, an imidazole group, an oxazolyl
group, a thiazolyl group, a triazine group, a tetrahydropy-
ranyl group, a tetrahydrofuranyl group, or the like, but 1s not
limited thereto.

The C1 to C20 alkoxy group may be a methoxy group, an
cthoxy group, a phenyloxy group, a cyclohexyloxy group, a
tert-butoxyhexyl group, or the like, but 1s not limited thereto.

The Group 4 transition metal may be titantum, zirconium,
hatnium, or the like, but 1s not limited thereto.

In the metallocene compound according to the present
disclosure, it 1s more preferable 1n Chemical Formulae 2a,
2b, 2¢, 2d, and 2¢ that R, to R. are each independently
hydrogen, halogen, a methyl group, an ethyl group, a propyl
group, an isopropyl group, an n-butyl group, a tert-butyl
group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, an ethylene group, a propylene group, a buty-
lene group, a phenyl group, a benzyl group, a naphthyl
group, a halogen group, an ether group, a dimethyl ether
group, a methoxy group, an ethoxy group, or a tert-butoxy-
hexyl group, and R, to R, are each independently hydrogen,
halogen, a methyl group, an ethyl group, a propyl group, an
1sopropyl group, an n-butyl group, a tert-butyl group, a
pentyl group, a hexyl group, a heptyl group, an octyl group,
an ethylene group, a propylene group, a butylene group, a
phenyl group, a benzyl group, a naphthyl group, a halogen
group, an ether group, a dimethyl ether group, a methoxy
group, an ethoxy group, or a tert-butoxyhexyl group, but is
not limited thereto.

In the metallocene compound according to the present
disclosure, 1t 1s preferable that Q, and Q, in Chemical
Formula 1 are each independently hydrogen, a methyl
group, an ethyl group, a propyl group, an isopropyl group,
an n-butyl group, a tert-butyl group, a methoxymethyl
group, a tert-butoxymethyl group, a 1-ethoxyethyl group, a
1 -methyl-1-methoxyethyl group, a tert-butoxyhexyl group, a
tetrahydropyranyl group, or a tetrahydrofuranyl group, but 1s
not limited thereto.

In the metallocene compound according to the present
disclosure, B, in Chemical Formula 1 1s preferably silicon,
but 1s not limited thereto.

Specifically, the metallocene compound of the Chemical
Formula 1 1s characterized 1n that the substituent of the
Chemical Formula 2a includes a silylalkyl group such as
trimethylsilyl methyl.

More specifically, as the indene derivative of the Chemi-
cal Formula 2a has a silylalkyl group at the 2-position
carbon of the indene, the vicinity of the active site 1s opened
only 1n one direction due to the steric effect by the substitu-
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ent, and thereby the polymer can be grown only 1n one
direction. In addition, chain elongation can occur relatively
strongly because access to monomers or reagents that cause
chain transier 1s diflicult and beta-elimination of the beta site
1s diflicult 1n the molecule itself. Therefore, the olefin
polymer having a relatively high molecular weight can be
polymerized with high activity as compared with the case of
using another metallocene compound having a similar struc-
ture.

In particular, since the compound has the indenyl group
represented by the above Chemical Formula 2a containing a
silylalkyl group at 2-position carbon only on one side, it has
smaller steric hindrance eflect than the compound having a
silylalkyl group on both sides. Therefore, when the ethylene-
alpha olefin copolymerization proceeds, the content of the
comonomer can be eflectively increased even when a rela-
tively large alpha-olefin such as 1-hexene, 1-heptene or
1-octene 1s used.

In addition, the compound forms a structure in which the
indeno 1ndole derivative represented by the following
Chemical Formula 2b, the fluorenyl denivative represented
by the following Chemical Formula 2c¢, the indene deriva-
tive represented by the following Chemical Formula 2d, and
the cyclopentadiene derivative represented by the following
Chemical Formula 2e¢ are cross-linked by a bridge, and
exhibits a high polymerization activity by having a non-
covalent electron pair capable of acting as a Lewis base 1n
a ligand structure.

According to an embodiment of the present disclosure, a
specific example of the compound represented by Chemical
Formula 2a may be a compound represented by any one of
the following structural formulae, but 1s not limited thereto.

S1(CH3)3

\\-l<

S1{CHj3)3

: : _.—f\r-\ S1(CH;z)3

SI(CH3)3

/
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-continued

/\ / S1I(CH3z)s
P

\

4
o AL

)

¢ )
g

Ph

/

WUa
\



US 10,385,146 B2
9 10

-continued -continued

S1(CH3)3

‘\ / ;

J / \
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A

Ph

)\ % Si(CH;);.
~_
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I \
According to an embodiment of the present disclosure, a ‘s

specific example of the compound represented by Chemical >3
Formula 2b may be a compound represented by any one of *
the following structural formulae, but 1s not limited thereto.

\
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-continued

According to an embodiment of the present disclosure, a
specific example of the compound represented by Chemical
Formula 2¢ may be a compound represented by any one of
the following structural formulae, but 1s not limited thereto.
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-continued -continued
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According to an embodiment of the present disclosure, a

/ \ specific example of the compound represented by Chemical
\ / 20 Formula 2d may be a compound represented by any one of
the following structural formulae, but 1s not limited thereto.
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According to an embodiment of the present disclosure, a
specific example of the compound represented by Chemical
Formula 2e may be a compound represented by any one of
the following structural formulae, but 1s not limited thereto.

00X
- L

The metallocene compound according to the present

disclosure may have excellent activity and may polymerize
an olefin-based polymer having a high molecular weight.

Furthermore, the metallocene compound according to the
present disclosure may polymerize an olefin-based polymer
having a high molecular weight with still high activity
because of 1ts low hydrogen reactivity, even when the
polymerization reaction 1s carried out in the presence of
hydrogen 1n order to prepare an olefin-based polymer having,
a high molecular weight and a wide molecular weight
distribution at the same time. Therefore, the metallocene
compound may prepare an olefin-based polymer satistying
the high molecular characteristic without a decrease in
activity even when the metallocene compound 1s heteroge-
neously used together with a catalyst having different char-
acteristics, and thus the olefin-based polymer having a high
molecular weight and a wide molecular weight distribution
may be easily prepared.

According to an embodiment of the present disclosure,
the metallocene compound of Chemical Formula 1 may be
obtained by connecting the indene derivative and the cyclo-
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pentadiene derivative with a bridge compound to prepare a
ligand compound, and carrying out a metallation by adding
a metal precursor compound, but 1s not limited to thereto.

More specifically, for example, after preparing a lithium
salt by reacting the indene derivative with an organic lithium
compound such as n-Buli, a halogenated compound of a
bridge compound 1s mixed therewith and then this mixture
1s reacted to prepare the ligand compound. After mixing the
ligand compound or the lithium salt thereof and the metal
precursor compound, and reacting them for about 12 to 24
hours until the reaction 1s completed, the reaction mixture
may be filtered and dried under reduced pressure to obtain
the metallocene compound represented by Chemical For-
mula 1.

A preparation method of the metallocene compound of the
present disclosure 1s concretely explained in the following
examples.

In the mean time, the present disclosure also provides a
method of preparing an olefin copolymer using the metal-
locene compound.

The metallocene compound represented by the Chemical
Formula 1 may be used in the preparation of the polyolefin
polymer, alone or in combination with a cocatalyst as a
catalyst composition. For example, an olefin homopolymer
or an olefin copolymer may be provided by contacting the
catalyst composition including the metallocene compound
represented by the Chemical formula 1 with an olefin-based
monomer to carry out a polymerization process.

The catalyst composition may further include one or more
of cocatalyst compounds represented by the following
Chemical Formula 3, Chemical Formula 4, and Chemical
Formula 5, in addition to the metallocene compound:

—[Al(R55)—0],,— [Chemical Formula 3]

in Chemical Formula 3,

R., may be the same as or diflerent from each other, and
cach imdependently halogen; C1 to C20 hydrocarbon;
or C1 to C20 halogen-substituted hydrocarbon; and

m 1s an 1mteger ol 2 or more;

J(Rs5)3 [Chemical Formula 4]

in Chemical Formula 4,

R.;, may be the same as defined in Chemical Formula 3;
and

J 1s aluminum or boron;

[E-H]"[ZA4] or [E]'[ZA4] [Chemical Formula 5]

in Chemical Formula 3,

E 1s a neutral or cationic Lewis base:

H 1s a hydrogen atom:;

7. 1s a Group 13 element; and

A may be the same as or different from each other, and

cach independently a C6 to C20 aryl group or a C1 to
C20 alkyl group, of which one or more hydrogen atoms
are substituted or unsubstituted with halogen, C1 to
C20 hydrocarbon, alkoxy, or phenoxy.

Examples of the compound represented by Chemical
Formula 3 may include methylaluminoxane, ethylaluminox-
ane, 1Isobutylaluminoxane, butylaluminoxane or the like, and
a more preferred compound may be methylaluminoxane.

Examples of the compound represented by Chemical
Formula 4 may include trimethylaluminum, triethylalumi-
num, triisobutylaluminum, tripropylaluminum, tributylalu-
minum, dimethylchloroaluminum, triisopropylaluminum,
tri-s-butylaluminum, tricyclopentylaluminum, tripentylalu-
minum, trusopentylaluminum, trihexylaluminum, trioctyl-
aluminum, ethyldimethylaluminum, methyldiethylalumi-
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num, triphenylaluminum, tri-p-tolylaluminum,
dimethylaluminummethoxide, dimethylaluminumethoxide,
trimethylboron, triethylboron, trizssobutylboron, tripropylbo-
ron, tributylboron or the like, and a more preferred com-
pound may be selected from trimethylaluminum, triethyl-
aluminum, and triisobutylaluminum.

Examples of the compound represented by Chemical
Formula 5 may include triethylammonium tetraphenylbo-
ron, tributylammomum tetraphenylboron, trimethylammo-
nium tetraphenylboron, tripropylammonium tetraphenylbo-
ron, trimethylammonium tetra(p-tolyl)boron,
trimethylammonium tetra(o,p-dimethylphenyl)boron, tribu-
tylammonium tetra(p-trifluoromethylphenyl)boron, trimeth-
ylammomum tetra(p-trifluoromethylphenyl)boron, tributy-
lammonium tetrapentatluorophenylboron, N,N-
diethylanilinium tetraphenylboron, N,N-diethylanilinium
tetrapentafluorophenylboron, diethylammonium tetrapenta-
fluorophenylboron, triphenylphosphonium tetraphenylbo-
ron, trimethylphosphomium tetraphenylboron, triethylam-
monium tetraphenylaluminum, tributylammonium
tetraphenylaluminum, trimethylammonium tetraphenylalu-
minum, tripropylammonium tetraphenylaluminum, trimeth-
ylammonium tetra(p-tolyl)aluminum, tripropylammonium
tetra(p-tolyl)aluminum, triethylammonium tetra(o,p-dim-
cthylphenyl)aluminum, tributylammomum tetra(p-trifluo-
romethylphenyl)aluminum, trimethylammonium tetra(p-tri-
fluoromethylphenyl)aluminum, tributylammonium
tetrapentafluorophenylaluminum, N,N-diethylanilinium tet-
raphenylaluminum, N,N-diethylanilinium tetrapentatluoro-
phenylaluminum, diethylammonium tetrapentatetraphenyl-
aluminum, triphenylphosphomium tetraphenylaluminum,
trimethylphosphonium tetraphenylaluminum, tripropylam-
monium tetra(p-tolyl)boron, triethylammonium tetra(o,p-di-
methylphenyl)boron, tributylammonium tetra(p-trifluorom-
cthylphenyl)boron, triphenylcarbontumtetra(p-
tritfluoromethylphenyl )boron,
triphenylcarboniumtetrapentatluorophenylboron, etc.

Alumoxane may be preferably used, and methylalumox-
ane (MAQO) which 1s an alkyl alumoxane may be more
preferably used.

The catalyst composition may be prepared by a first
method including the steps of 1) contacting the metallocene
compound represented by Chemical Formula 1 with the
compound represented by Chemical Formula 3 or Chemical
Formula 4 to obtain a mixture; and 2) adding the compound
represented by Chemical Formula 5 to the mixture.

Further, the catalyst composition may be prepared by a
second method of contacting the metallocene compound
represented by Chemical Formula 1 with the compound
represented by Chemical Formula 3.

As areaction solvent used upon preparation of the catalyst
composition, a hydrocarbon solvent such as pentane,
hexane, heptane, etc., or an aromatic solvent such as ben-
zene, toluene, etc., may be used.

An olefin-based polymer may be prepared by polymeriz-
ing olefin-based monomers 1n the presence of the catalyst
composition including the metallocene compound.

The polymenzation reaction may be carried out according,
to a solution polymernization process, a slurry process, or a
gas phase process by using a continuous slurry polymeriza-
tion reactor, a loop slurry reactor, a gas phase reactor, or a
solution reactor. Furthermore, the reaction may be a
homopolymerization of an olefin-based monomer or copo-
lymerization of two or more monomers.

The polymerization of the olefin-based monomer may be
carried out at a temperature of about 25 to about 500° C. and
at a pressure of about 1 to about 100 kgf/cm” for about 1 to
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about 24 hours. Specifically, the polymerization of the
olefin-based monomer may be carried out at a temperature
of about 25 to about 500° C., preferably about 25 to about

200° C., and more preferably, about 50 to about 100° C.

Furthermore, the reaction pressure may be about 1 to about
100 kgf/cm?, preferably about 1 to about 50 kegf/cm”, and
more preferably about 5 to about 40 kgf/cm”.

Specific example of the olefin-based monomer may
include ethylene, propylene, 1-butene, 1-pentene, 4-methyl-
1-pentene, 1-hexene, 1-heptene, 1-octene, 1-decene, 1-un-
decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-ei-
cosene or the like, and the olefin-based monomer may be a
copolymer prepared by copolymerizing two or more of the
MONoOmers.

The olefin-based polymer may be a polyethylene polymer,
but 1s not limited to thereto.

If the olefin-based polymer 1s a copolymer of ethylene/
alpha-olefin, the content of a comonomer, alpha-olefin 1s not
particularly limited, and it may be adequately selected
according to the use or purpose of the olefin-based polymer.
More specifically, the content may be more than 0 mole %
and 99 mole % or less.

The olefin-based polymer prepared by the method may
exhibit a high molecular weight compared with the case of
using an organometallic compound having a similar struc-
ture as a catalyst.

According to an embodiment of the present disclosure, a
weight average molecular weight (Mw) of the olefin-based
polymer may be about 100,000 to about 1,000,000 g/mol,
more preferably about 100,000 to about 600,000 g/mol.

Further, a molecular weight distribution (Mw/Mn, PDI) of
the olefin-based polymer may be about 1 to about 10, more
preferably about 3 to about 6.

Therefore, the olefin-based polymer according to the
present disclosure shows a high molecular weight, thereby
being applied to a variety of fields according to 1ts use.

Heremaftter, the preferred Examples are provided for
better understanding. However, these Examples are for
illustrative purposes only, and the imnvention 1s not intended
to be limited by these Examples.

EXAMPLES
Preparation Example of Metallocene Compound
Preparation Example 1: Synthesis of
(OH-inden-2-yl)methyl)trimethylsilane
7 ‘
Br + —Si——\ +
N MgCl
. THE \
Ni(dppe)Cl - ‘
PP 80° C. reflux, \Sl—
overnight ‘

((1H-1nden-2-yl)methy)trimethylsilane

3.7 ml (30 mmol) of 2-Bromo-1H-indene was added to a

flask, and Ar bubbling was performed for about 5 minutes

while stirring in the presence of 100 ml of THF to remove
dissolved gas. Under Ar bubbling, 0.8 g (1.5 mmol) of

Ni(dppe)Cl, was rapidly added and 30 ml (30 mmol) o1 1.0
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M ((Trimethylsilyl)methyl)magnesium chloride dissolved 1n
diethyl ether at room temperature was slowly added drop-
wise. And then, the reaction was continued overnight while
refluxing under Ar condition at 80° C. (dppe=1,2-Bis(diphe-
nylphosphino )ethane)

50 mL of water was added thereto, and the organic layer
was extracted three times with 50 mL of diethylether. An
appropriate amount of MgSO, was added to the collected
organic layer, stirred for a while, filtered, and the solvent
was dried under reduced pressure.

The resulting product was confirmed by 'H-NMR.

'H-NMR (500 MHz, CDCL,): 0.03 (9H, s), 3.25 (2H, s),
6.3 (1H, s), 7.02-7.32 (4H, m)

Example 1-1: Synthesis of Ligand Compound

S1——
‘ 1) nBuLi, MTBE, Hexane
11) S1ICH3Cl(CH» )4(t-BuO)

After dissolving 1.01 g (5 mmol) of ((1H-inden-3-yl)
methyl)trimethylsilane 1n 80 ml of Hexane and 2.4 ml of
MTBE, 2.4 mL (6 mmol) of a 2.50 M n-Bul.1 hexane
solution was added thereto dropwise 1 a dry ice/acetone
bath. The reaction mixture was slowly warmed up to room
temperature, and then stirred for 24 hours, followed by
addition of 50 ml of Hexane.

Another 250 mL Schlenk flask was placed in the glove
box and weighed 1.36 g (5 mmol) of SiCH,CL,(CH, ).(t-

BuO) 1n the glove box. Then, 1t was taken out of the glove
box, dissolved in 50 ml. of Hexane, and then the mixture
prepared above was added thereto dropwise 1 a dry 1ce/
acetone bath (Synthesized Compound 1-1).

Separately, after dissolving 1.01 g (5 mmol) of ((1H-
inden-2-ylmethyl)trimethylsilane of the Preparation
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Example 1 1n 50 ml of THF, 2.4 mL (6 mmol) of a 2.50 M
n-BulLi Hexane solution was added thereto dropwise 1n a dry
ice/acetone bath. The reaction mixture was slowly warmed
up to room temperature, and then stirred for 24 hours,
followed by addition of 50 ml of Hexane (Synthesized
Compound 1-2).

After the Synthesized Composition 1-2 was added to the
Synthesized Composition 1-1 dropwise 1n a dry 1ce/acetone

bath, the reaction mixture was slowly warmed up to room
temperature, and then stirred for 24 hours.

50 mL of water was added thereto, and the organic layer
was eXxtracted three times with 50 mL of ether. An appro-
priate amount of MgSO, was added to the collected organic
layer, stirred for a while, filtered, and the solvent was dried
under reduced pressure to obtain 3.02 g (5 mmol) of a ligand
compound in an o1l phase, which was confirmed by
"H-NMR.

The obtained ligand compound was used for the prepa-
ration of the metallocene compound.

"HNMR (500 MHz, CDC1,): -0.38 (3H, s), 0.02 (18H, s),
1.17 (SH, m), 1.16 (9H, s), 0.41-1.52 (10H, m), 1.96 (2H, s),
2.04 (2H, m), 2.4 (1H, m), 3.23 (2H, m), 3.5 (1H, m), 6.02
(1H, m), 6.30 (1H, m), 7.0-7.46 (8H, m)

Example 1-2: Synthesis of Metallocene Compound
Sl(CH3)3

i) nBuLi, MTRE,

Toluene
"‘\, -
CH; ii) ZrCla(THF),
(H3C)3Sl
S1{CH3)3
(C1)>Z / $i7
T
’ \ CHE-)—O
(H3C)3Sl \ /

After dissolving 3.02 g (4.7 mmol) of the ligand com-
pound synthesized 1n Example 1-1 in 80 mL of toluene and
2.6 mL of MTBE 1n a 250 mL Schlenk flask which 1s dried
in an oven, 4.4 mL (11 mmol) of a 2.5 M n-Bul.i Hexane
solution was added thereto dropwise 1 a dry ice/acetone
bath. The reaction mixture was slowly warmed up to room
temperature, and then stirred for 24 hours, followed by
lithiation.

1.88 g (5 mmol) of ZrCl,(THF), was taken 1n a glove box
and 1njected into another 250 mL Schlenk flask to prepare a
suspension having 80 mL of toluene. The above two flasks
were cooled down to -78° C. and the lithiated ligand
compound was slowly added to the toluene suspension of
/rCl,(THF),. After the completion of the injection, the
reaction mixture was slowly warmed up to room tempera-
ture, stirred for one day and subjected to reaction. Then,

toluene 1n the mixture was removed up to a volume of about
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I/5 through vacuum-reduced pressure. Hexane was added in
about 5 times volume of the remaining toluene thereto and
recrystallized. The mixture was filtered without contacting
with the outside air to give a metallocene compound. The
resulting filter cake in the upper portion of the filter was
washed using a little Hexane, and then weighed 1n the glove
box to 1dentily the synthesis and yield (yvield: 97%).

The resulting product was stored 1n a toluene solution.

"H NMR (500 MHz, CDC1,): -0.1 (18H, m), 1.17 (9H,
m), 1.49 (3H, s), 0.84-2.21 (10H, m), 1.84 (2H, s), 2.34 (2H,
s), 3.32 (2H, m), 5.62 (2H, d), 6.5-7.6 (8H, m)

Example 2-1: Synthesis of Ligand Compound

o

1) nBulLi, MTBE, Hexane
11) SICH3C1,(CH,)g(t-BuO)

Fwe-

I \@Hz, 0
Si_
oo MR-
o /:(CHQ-) 0O
QQ
Sii\:cm e <

/

(H3C)351

\ /

After dissolving 1 g (6 mmol) of fluorene in 60 ml of
Hexane and 2.4 ml of MTBE, 2.9 mL (7.2 mmol) of a 2.50
M n-Bul.i Hexane solution was added thereto dropwise 1n a
dry ice/acetone bath. The reaction mixture was slowly
warmed up to room temperature, and then stirred for 24
hours.

Another 250 mL Schlenk flask was placed in the glove
box and weighed 1.62 g (6 mmol) of SICH,Cl,(CH, )4(t-
BuO) 1n the glove box. And it was taken out of the glove
box, dissolved in 50 ml. of Hexane, and then the mixture
prepared above was added thereto dropwise 1 a dry 1ce/
acetone bath (Synthesized Compound 2-1).

Separately, after dissolving 1.21 g (6 mmol) of ((1H-
inden-2-yDmethyl)trimethylsilane of the Preparation
Example 1 1n 80 ml of THF, 2.9 mL (7.2 mmol) ofa 2.50 M
n-BulLi Hexane solution was added thereto dropwise 1n a dry
ice/acetone bath. The reaction mixture was slowly warmed
up to room temperature, and then stirred for 24 hours. And,
a portion was sampled, dried, and then sampled for NMR 1n
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a glove box to 1dentily the progress and completion of the
reaction (Synthesized Compound 2-2).

'H NMR (500 MHz, C,D,): -0.01 (3H, s), 1.12 (9H, m),
1.03-1.46 (10H, m), 3.17 (2H, t), 3.87 (1H, s), 7.15-7.78
(8H, m)

After the Synthesized Composition 2-2 was added to the
Synthesized Composition 2-1 dropwise 1n a dry ice/acetone
bath, the reaction mixture was slowly warmed up to room
temperature, and then stirred for 24 hours.

50 mL of water was added thereto, and the organic layer
was extracted three times with 50 mL of ether. An appro-
priate amount of MgSO,, was added to the collected organic
layer, stirred for a while, filtered, and the solvent was dried
under reduced pressure to obtain 3.36 g (5.9 mmol) of a
ligand compound 1n an o1l phase, which was confirmed by
"H-NMR.

The obtained ligand compound was used for the prepa-
ration of the metallocene compound.

"H NMR (500 MHz, CDCl,): -0.01 (3H, d), 1.16 (9H, m),
0.79-1.31 (10H, m), 1.57 (2H, s), 1.96 (1H, s), 3.25 (2H, m),
4.08 (1H, s), 6.34 (1H, d), 7.03-7.87 (12H, m)

Example 2-2: Synthesis of Metallocene Compound

l i) nBuLi, MTBE,
g i/ Toluene
O i) ZrCl,(THF),
(H3C )31
\~
(Cl)zz
\ \(‘CHE )—0 <

(H3C)351

After dissolving 3.36 g (5.9 mmol) of the ligand com-
pound synthesized 1n Example 2-1 in 80 mL of toluene and
2.6 mL of MTBE 1n a 250 mL Schlenk flask which 1s dried
in an oven, 5.2 mL (13 mmol) of a 2.5 M n-Bul.1 Hexane
solution was added thereto dropwise 1n a dry ice/acetone
bath. The reaction mixture was slowly warmed up to room
temperature, and then stirred for 24 hours, followed by
lithiation.

2.23 g (5.9 mmol) of ZrCl,(THF), was taken 1n a glove
box and imjected into another 250 ml Schlenk flask to
prepare a suspension having 80 mL of toluene. The above
two flasks were cooled down to -78° C. and the lithiated
ligand compound was slowly added to the toluene suspen-
sion of ZrCl,(THF),. After the completion of the mjection,
the reaction mixture was slowly warmed up to room tem-
perature, stirred for one day and subjected to reaction. Then,
toluene 1n the mixture was removed up to a volume of about
% through vacuum-reduced pressure. Hexane was added 1n
about 5 times volume of the remaining toluene thereto and
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recrystallized. The mixture was filtered without contacting
with the outside air to give a metallocene compound 1n a
brown powder phase. The resulting filter cake 1n the upper
portion of the filter was washed using a little Hexane, and
then weighed 1n the glove box to identify the synthesis and
yield (vield: 82%).

"H NMR (500 MHz, CDCl,): -0.15 (9H, s), 1.3 (9H, m),
1.8 (3H, m), 0.9-1.8 (10H, m), 2.3 (2H, d), 3.4 (2H, m), 3.6
(1H, s), 6.5-8.0 (12H, m)

Example 3-1: Synthesis of Ligand Compound

_‘,...--Sl

1) nBuli, MTBE, Hexane
 _at
= ‘ i) SiCH;Cl(CHa )g(t-BuO)
X
o
N / \ Si(CH)s

S'/
1\(.@}[236—04%
(HgC)gSi/ @

After dissolving 1.01 g (5 mmol) of ((1H-inden-2-yl)
methyDtrimethylsilane of the Preparation Example 1 1n 80
ml of THE, 2.4 mL (6 mmol) of a 2.50 M n-Bul.i Hexane
solution was added thereto dropwise 1n a dry ice/acetone
bath. The reaction mixture was slowly warmed up to room
temperature, and then stirred for 24 hours, followed by

addition of 50 ml of Hexane.
Another 250 mL Schlenk flask was placed 1n the glove

box and weighed 1.36 g (5 mmol) of S1CH;Cl,(CH, )(t-
BuO) 1n the glove box. And it was taken out of the glove
box, dissolved in 50 ml. of Hexane, and then the mixture
prepared above was added thereto dropwise 1 a dry 1ce/
acetone bath (Synthesized Compound 3-1).

Separately, after dissolving 0.61 g (5 mmol) of 1,2,3,4-
tetramethylcyclopenta-1,3-diene in 80 ml of THEF, 2.4 mL (6
mmol) of a 2.50 M n-Bul.i Hexane solution was added
thereto dropwise 1 a dry ice/acetone bath. The reaction
mixture was slowly warmed up to room temperature, and
then stirred for 24 hours (Synthesized Compound 3-2).
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After the Synthesized Composition 3-2 was added to the
Synthesized Composition 3-1 dropwise 1n a dry ice/acetone
bath, the reaction mixture was slowly warmed up to room
temperature, and then stirred for 24 hours.

50 mL of water was added thereto, and the organic layer
was extracted three times with 50 mL of ether. An appro-
priate amount of MgSO,, was added to the collected organic
layer, stirred for a while, filtered, and the solvent was dried
under reduced pressure to obtain 2.07 g (3.96 mmol) of a
ligand compound in an o1l phase, which was confirmed by
"H-NMR.

The obtained ligand compound was used for the prepa-
ration of the metallocene compound.

"H NMR (500 MHz, CDCl,): -0.21 (3H, s), -0.01 (9H,
m), 0.04 (12H, m), 1.16 (9H, m), 0.9-1.54 (10H, m), 2.09
(2H, d), 3.30 (2H, m), 4.19 (1H, d), 4.52 (1H, d), 6.41 (1H,
m), 7.0-7.33 (4H, m)

Example 3-2: Synthesis of Metallocene Compound

1) nBuLi, MTBE,
Toluene

ii) ZrCly(THF),

-

N
3
_— /\Z \/
{ Sii(ZCHﬁﬁ—oAé

\ /[

.----l-""""""'.'.l

(H3C)351

After dissolving 2.07 g (3.96 mmol) of the ligand com-
pound synthesized 1n Example 3-1 in 80 mL of toluene and

2.6 mL of MTBE 1n a 250 mL Schlenk flask which 1s dried

in an oven, 3.5 mL (8.7 mmol) of a 2.5 M n-Bul.1 Hexane
solution was added thereto dropwise 1 a dry ice/acetone
bath. The reaction mixture was slowly warmed up to room

temperature, and then stirred for 24 hours, followed by
lithiation.

1.49 ¢ (3.96 mmol) of ZrCl,(THF), was taken 1n a glove
box and injected into another 250 mlL Schlenk flask to
prepare a suspension having 80 mL of toluene. The above

two flasks were cooled down to -78° C. and the lithiated
ligand compound was slowly added to the toluene suspen-
sion of ZrCl,(THF),. After the completion of the 1njection,
the reaction mixture was slowly warmed up to room tem-
perature, stirred for one day and subjected to reaction. Then,
toluene 1n the mixture was removed up to a volume of about
% through vacuum-reduced pressure. Hexane was added 1n
about 5 times volume of the remaining toluene thereto and
recrystallized. The mixture was filtered without contacting,
with the outside air to give a metallocene compound. The
resulting filter cake 1n the upper portion of the filter was
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washed using a little Hexane, and then weighed 1n the glove
box to 1dentily the synthesis and yield (yvield: 70%).
The resulting product was stored 1n a toluene solution.
"HNMR (500 MHz, CDCl,): -0.32 (3H, s), 0.01 (12H, s),
0.07 (9H, s), 1.16 (9H, s), 0.8-1.5 (10H, m), 1.38 (2ZH, s),
3.23(2H,s),4.19(1H,d), 4.5 (1H, d), 6.4 (2H, m), 6.96-7.33
(4H, m)

Example 4-1: Synthesis of Ligand Compound

g,

\

1) nBulLi, MTBE, Hexane
11} S1CH3Cl(CH,)g(t-BuO)

o

4

\ /\

sy

/ \fCHzi
N/ \
(H3C)3Si/ \\ / \

After dissolving 0.58 g (5 mmol) of Indene 1n 100 ml of

Hexane and 3.0 ml of MTBE, 2.4 mL (6 mmol) of a 2.50 M
n-BulLi Hexane solution was added thereto dropwise 1n a dry
ice/acetone bath. The reaction mixture was slowly warmed

up to room temperature, and then stirred for 24 hours.
Another 250 mL Schlenk flask was placed in the glove

box and weighed 1.36 g (5 mmol) of S1CH,Cl,(CH, )(t-

BuO) 1n the glove box. And it was taken out of the glove
box, dissolved 1n 100 mL of Hexane, and then the mixture
prepared above was added thereto dropwise 1 a dry 1ce/
acetone bath (Synthesized Compound 4-1).

Separately, after dissolving 1.01 g (5 mmol) of ((1H-
inden-2-ylmethyl)trimethylsilane of the Preparation
Example 1 1n 100 ml of THF, 2.4 mL (6 mmol) of a 2.50 M
n-BulL1 Hexane solution was added thereto dropwise 1n a dry
ice/acetone bath. The reaction mixture was slowly warmed
up to room temperature, and then stirred for 24 hours. And,
a portion was sampled, dried, and then sampled for NMR 1n
a glove box to identily the progress and completion of the
reaction (Synthesized Compound 4-2).

After the Synthesized Composition 4-2 was added to the
Synthesized Composition 4-1 dropwise 1n a dry ice/acetone
bath, the reaction mixture was slowly warmed up to room
temperature, and then stirred for 24 hours.
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50 mL of water was added thereto, and the organic layer
was extracted three times with 50 mL of ether. An appro-
priate amount of MgSO,, was added to the collected organic
layer, stirred for a while, filtered, and the solvent was dried
under reduced pressure to obtain 2.6 g (5 mmol) of a ligand
compound in an o1l phase, which was confirmed by
"H-NMR.

The obtained ligand compound was used for the prepa-
ration of the metallocene compound.

"H NMR (500 MHz, CDCl,): -0.04 (3H, d), 0.04 (9H, s),
1.1 (9H, s), 0.8-1.8 (20H, m), 2.02 (2H, s), 2.15 (1H, s), 3.05
(1H, s), 3.26 (1H, s), 3.57 (2H, m), 6.2-6.36 (3H, m),
7.03-7.46 (8H, m)

Example 4-2: Synthesis of Metallocene Compound

l Toluene

~(CH)-0 < i) ZrCly(THF),
(H3C)3 Sl
____..-l-""'

c1zzr

1) nBuLi, MTBE,

-

CHz-)—o—é

(H3C)351

After dissolving 2.6 g (5 mmol) of the ligand compound
synthesized in Example 4-1 1n 100 mL of toluene and 3 mL
of MTBE 1 a 250 mL Schlenk flask which 1s dried 1n an
oven, 4.8 mL (12 mmol) of a 2.5 M n-Bul.1 Hexane solution
was added thereto dropwise 1n a dry 1ce/acetone bath. The
reaction mixture was slowly warmed up to room tempera-
ture, and then stirred for 24 hours, followed by lithiation.

1.88 g (5 mmol) of ZrCl,(THF)., was taken 1n a glove box
and 1njected 1nto another 250 mL Schlenk flask to prepare a
suspension having 100 mL of toluene. The above two flasks
were cooled down to -78° C. and the lithiated ligand
compound was slowly added to the toluene suspension of
/rCl,(THF),. After the completion of the injection, the
reaction mixture was slowly warmed up to room tempera-
ture, stirred for one day and subjected to reaction. Then,
toluene 1n the mixture was removed up to a volume of about
I/5 through vacuum-reduced pressure. Hexane was added in
about 5 times volume of the remaining toluene thereto and
recrystallized. The mixture was filtered without contacting,
with the outside air to give a metallocene compound 1n a
dark red powder phase. The resulting filter cake in the upper
portion of the filter was washed using a little Hexane, and
then weighed 1n the glove box to i1dentily the synthesis.

"H NMR (500 MHz, CDCl,): =0.1 (9H, m), 1.12 (9H, m),
1.23 (3H, s), 0.8-1.8 (19H, m), 1.93 (2H, s), 2.1 (1H, s), 3.3
(2H, m), 6.25-6.8 (3H, m), 6.9-7.6 (8H, m)
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Example 5-1: Synthesis of Ligand Compound

1) nBuli, MTBE, Hexane
11) SICH3Cl,(CH))g(t-BuO)

-

\

4

.--""""-'

N / \

i
o \(Cﬂz)ﬁ—o%

After dissolving 1.06 g (5 mmol) of 3-(cyclohexylm-
cthyl)-1H-1ndene 1n 50 ml of Hexane and 2.4 ml of MTBE,
2.4 mL (6 mmol) of a 2.50 M n-Bul.i Hexane solution was
added thereto dropwise 1 a dry ice/acetone bath. The
reaction mixture was slowly warmed up to room tempera-
ture, and then stirred for 24 hours.

Another 250 mL Schlenk flask was placed 1n the glove
box and weighed 1.36 g (5 mmol) of SiICH,CL,(CH, ).(t-

BuO) m the glove box. And it was taken out of the glove
box, dissolved in 100 mlL of Hexane, and then the mixture
prepared above was added thereto dropwise 1 a dry 1ce/
acetone bath (Synthesized Compound 5-1).

Separately, after dissolving 1.01 g (5 mmol) of ((1H-
inden-2-ylmethyl)trimethylsilane of the Preparation
Example 1 1n 80 ml of THF, 2.4 mL (6 mmol) of a 2.50 M
n-BulL1 Hexane solution was added thereto dropwise 1n a dry
ice/acetone bath. The reaction mixture was slowly warmed
up to room temperature, and then stirred for 24 hours
(Synthesized Compound 5-2).

After the Synthesized Composition 5-2 was added to the
Synthesized Composition 5-1 dropwise 1n a dry ice/acetone
bath, the reaction mixture was slowly warmed up to room
temperature, and then stirred for 24 hours.

50 mL of water was added thereto, and the organic layer
was extracted three times with 50 mL of ether. An appro-
priate amount of MgSO, was added to the collected organic
layer, stirred for a while, filtered, and the solvent was dried
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under reduced pressure to obtain 3.03 g (4.96 mmol) of a
ligand compound in an o1l phase, which was confirmed by

"H-NMR.

The obtained ligand compound was used for the prepa-
ration of the metallocene compound.

"H NMR (500 MHz, CDCl,): —-0.01 (3H, d), 0.04 (9H, s),
1.2 (9H, s), 0.8-1.8 (20H, m), 1.96 (2H, s), 3.26 (2H, s), 3.46
(1H, m), 3.57 (1H, m), 6.3 (1H, s), 6.43 (1H, s), 7.03-7.46
(8H, m)

Example 5-2: Synthesis of Metallocene Compound

% i) nBuli, MTRBE,
S./_, Toluene _
l\fCHg} O < i) ZrCl4(THF),
6
(H3C)3Si/ \ /
/<
Cl,Zr Si \
\ CHy 30 <
(H3C)3Sl \ /
After dissolving 3.03 g (4.94 mmol) of the ligand com-

pound synthesized 1n Example 3-1 in 80 mL of toluene and
2.6 mL of MTBE 1n a 250 mL Schlenk flask which 1s dried

in an oven, 4.4 mL (10.8 mmol) of a 2.5 M n-Bul.1 Hexane
solution was added thereto dropwise 1n a dry ice/acetone
bath. The reaction mixture was slowly warmed up to room

temperature, and then stirred for 24 hours, followed by
lithiation.

1.86 g (4.94 mmol) of ZrC1,(THF), was taken 1n a glove
box and injected into another 250 mlL Schlenk flask to
prepare a suspension having 100 mL of toluene. The above
two flasks were cooled down to -78° C. and the lithiated
ligand compound was slowly added to the toluene suspen-
sion of ZrCl,(THF),. After the completion of the injection,
the reaction mixture was slowly warmed up to room tem-
perature, stirred for one day and subjected to reaction. Then,
toluene 1n the mixture was removed up to a volume of about
% through vacuum-reduced pressure. Hexane was added 1n
about 5 times volume of the remaining toluene thereto and
recrystallized. The mixture was filtered without contacting
with the outside air to give a metallocene compound 1n a
brown solid phase. The resulting filter cake 1n the upper
portion of the filter was washed using a little Hexane, and

then weighed i the glove box to identify the synthesis
(vield: 66%).

"H NMR (500 MHz, CDCl,): -0.14 (9H, s), -0.03 (3H,
d), 1.15 (9H, s), 0.47-1.58 (20H, m), 1.48 (2H, s), 1.84 (2H,
s), 3.33 (2H, m), 3.57 (1H, m), 5.62 (2H, s), 6.8-7.6 (8H, m)
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Examples of Olefin Polymerization

Polymerization of Ethylene

A 100 mL. Andrew bottle was prepared and assembled
with an 1mpeller part, and then air 1n the bottle was replaced
by argon 1n a glove box. After adding 70 mL of toluene
containing a small amount of TMA to the Andrew bottle, 10
mL of an MAO (10 wt % 1n toluene) solution was added
thereto. 5 mL of a catalyst/toluene solution (5 umol of
catalyst), which was prepared by dissolving the metallocene
compound of the Examples in toluene, was injected into the
Andrew bottle. While the Andrew bottle was immersed 1n an
o1l bath heated to 90° C., the top of the bottle was fixed to
a mechanical stirrer, and then, the reaction solution was
stirred for 5 minutes until 1t reached to 90° C. The air 1n the
bottle was purged with ethylene gas 3 times, and pressure
was slowly raised up to 50 psig by opeming an ethylene
valve. The reaction was allowed to continue for 30 min
while operating the mechanical stirrer at 500 rpm while
maintaining the pressure by continuously providing ethylene
of as much as was consumed. When the reaction was
completed, the gas 1n the reactor was slowly vented after
locking the ethylene valve and stopping agitation. 400 mL of
the reactant was poured into a mixed solution of ethanol/HCI
aqueous solution, and the solution was stirred for about 1
hour, and then, filtered to obtain polymer, which was dried
in a vacuum oven of 60° C. for 20 hours. The obtained
polymer was weighed to calculate the activity of the catalyst,
and 10 mg of the sample was taken and used for GPC
analysis.

Copolymerization of FEthylene-1-Hexene

A 100 mLL Andrew bottle was prepared and assembled
with an 1mpeller part, and then air 1n the bottle was replaced
by argon 1n a glove box. After adding 70 mL of toluene
containing a small amount of TMA to the Andrew bottle, 10
mL of an MAO (10 wt % 1n toluene) solution was added
thereto. 5 mL of a catalyst/toluene solution (5 umol of
catalyst), which was prepared by dissolving the metallocene
compound of the Examples 1n toluene, was injected into the
Andrew bottle. While the Andrew bottle was immersed 1n an
o1l bath heated to 90° C., the top of the bottle was fixed to
a mechanical stirrer, and then, the reaction solution was
stirred for 5 minutes until 1t reached to 90° C. 5 mL of
comonomer 1-hexen was injected, the inside of the bottle
was purged three times with ethylene gas, and then, the
cthylene valve was opened to slowly pressurize. Ethylene
was continuously supplied as much as consumed ethylene so
as to maintain pressure, and the mechanical stirrer was
operated to react at 500 rpm for 30 minutes. After the
reaction was completed, temperature was lowered to room
temperature, and the ethylene valve was closed and stirring
was discontinued, and then, the pressure inside the reactor
was slowly vented. 400 mL of the reactant was poured into
a mixed solution of ethanol/HCI aqueous solution, and the
solution was stirred for about 1 hour, and then, filtered to
obtain polymer, which was dried 1n a vacuum oven of 60° C.
for 20 hours. The obtained polymer was weighed to calcu-
late the activity of the catalyst, and 10 mg of the sample was
taken and used for GPC analysis.

The polymenzation process conditions and analysis
results of the Polymerization Examples are given in the
following Table 1.
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TABLE 1
1- Activ- Branch
Hex ity? Mw* (1-Hx
Catalyst (mL) (x10°) (g/mol)  PDI° mol %)
Polymerization Example 4.6 260,000 4.3
Example 1 1-2 5 5.0 210,000 4.7 5.6
Polymerization Example 5.1 410,000 5.6
Example 2 2-2 5 5.4 420,000 5.1 5.9
Polymerization Example 4.8 170,000 3.0
Example 3 3-2 5 5.0 190,000 3.4 6.1
Polymerization Example 5.2 110,000 4.2
Example 4 4-2 5 5.6 150,000 3.8 6.4
Polymerization Example 8.3 210,000 3.4
Example 5 5-2 5 8.2 190,000 5.7 6.2

a Conditions: amount of catalyst(5 umol), Ethylene pressure (PE = 30 psig), Al/Zr = 3000,
Temperature: 90° C., reaction time 30 nun.
‘bg;’mﬂl + hr

“‘GPC

Referring to Table 1, in the case of the polymerization
examples using the metallocene compound of the present
disclosure as a catalyst, 1t 1s confirmed that an ethylene
polymer having a generally high weight average molecular
weight 1s obtained. In particular, as an indenyl group having
a trimethylsilyl group at the 2-position carbon exists only on
one side of the metallocene compound molecule, it can be
confirmed that the incorporation of 1-hexene 1s high.

The mnvention claimed 1s:
1. A metallocene compound having the following Chemi-
cal Formula 1:

|Chemuical Formula 1|

wherein 1n Chemical Formula 1,

M 1s a Group 4 transition metal;

B, 1s carbon, silicon, or germanium,;

Q, and Q), are the same as or different from each other, and
are each independently hydrogen, halogen, a C1 to C20
alkyl group, a C2 to C20 alkenyl group, a C6 to C20
aryl group, a C7 to C20 alkylaryl group, a C7 to C20
arylalkyl group, a C1 to C20 alkoxy group, a C2 to C20
alkoxyalkyl group, a C3 to C20 heterocycloalkyl
group, or a C5 to C20 heteroaryl group;

X, and X, are the same as or different from each other, and
are each independently halogen, a C1 to C20 alkyl
group, a C2 to C20 alkenyl group, a C6 to C20 aryl
group, a nitro group, an amido group, a Cl to C20
alkylsilyl group, a C1 to C20 alkoxy group, or a C1 to
C20 sulfonate group;

C, has the following Chemical Formula 2a, and C, has
any one of the following Chemical Formula 2b, Chemi-
cal Formula 2¢, Chemical Formula 2d, and Chemical
Formula 2e;

Chemical Formula 2a

TN

R, R,
‘ B,—Si—R/5
™
R4/ R';
Rs
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-continued

Chemical Formula 2b

Chemical Formula 2¢

Chemical Formula 2d

Roq
Rzﬁ\ F
R»3
e A
Ro7
R <
28
Chemical Formula 2e
Rz /R31
Ryg Rz,
*® *H

wherein, in Chemical Formulae 2a, 2b, 2¢, 2d, and 2e,

B, 1s a single bond or a C1 to C3 alkylene group,

* 1s a site to which M or Bl of Chemical Formula 1 1s
connected,

R, to R are the same as or different from each other, and
are each independently hydrogen, halogen, a C1 to C20
alkyl group, a C2 to C20 alkenyl group, an C1 to C20
ether group, a C1 to C20 alkoxy group, a C6 to C20 aryl
group, a C7 to C20 alkylaryl group, or a C7 to C20
arylalkyl group,

R, to R,, are the same as or different from each other, and
are each independently hydrogen, halogen, a C1 to C20
alkyl group, a C1 to C20 alkoxy group, a C6 to C20 aryl
group, a C7 to C20 alkylaryl group, or a C7 to C20
arylalkyl group,

R', to R'; are the same as or different from each other, and
are each independently hydrogen, halogen, or a C1 to
C20 alkyl group.

2. Amethod of preparing an ethylene copolymer using the

metallocene compound of claim 1.

3. The metallocene compound of claim 1, wherein R, to
R 1n the Chemical Formulae 2a, 2b, 2¢, 2d, and 2¢ are each
independently hydrogen, halogen, a methyl group, an ethyl
group, a propyl group, an 1sopropyl group, an n-butyl group,
a tert-butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, an ethylene group, a propvlene group.,
a butylene group, a phenyl group, a benzyl group, a naphthyl
group, a halogen group, an ether group, a dimethyl ether
group, a methoxy group, an ethoxy group, or a tert-butoxy-
hexyl group, and
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R, to R,, and R, to R, are each independently hydrogen,
halogen, a methyl group, an ethyl group, a propyl
group, an 1sopropyl group, an n-butyl group, a tert-
butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, an ethylene group, a propylene
group, a butylene group, a phenyl group, a benzyl
group, a naphthyl group, a halogen group, an ether
group, a trimethylsilyl group, a triethylsilyl group, a
tripropylsilyl group, a tributylsilyl group, a triisopro-
pylsilyl group, a trimethylsilylmethyl group, a dimethyl
cther group, tert-butyldimethylsilyl ether group, a
methoxy group, an ethoxy group, or a tert-butoxyhexyl
group.

4. A method of preparing an ethylene copolymer using the

metallocene compound of claim 3.

5. The metallocene compound of claim 1, wherein Q, and
Q, 1 the Chemical Formula 1 are each independently
hydrogen, a methyl group, an ethyl group, a propyl group, an
1sopropyl group, an n-butyl group, a tert-butyl group, a
methoxymethyl group, a tert-butoxymethyl group, a
1-ethoxyethyl group, a 1-methyl-1-methoxyethyl group, a
tert-butoxyhexyl group, a tetrahydropyranyl group, or a
tetrahydrofuranyl group.

6. A method of preparing an ethylene copolymer using the
metallocene compound of claim 5.

7. The metallocene compound of claim 1, wherein the
compound of Chemical Formula 2a 1s any one of the
following structural formulae:

S1(CHj3)3
Z ‘ N/
N
S1(CHj3)3
N/

]

N + !' S1(CH3)3

SI(CH3)3
=
51(CH3)3
N
.

S1(CH3);
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metallocene compound of claim 7.

9. The metallocene compound of claim 1, wherein t
compound of Chemical Formula 2b 1s any one of t

following structural formulae:

35

40

45

50

55

60

65

8. A method of preparing an ethylene copolymer using the
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10. A method of preparing an ethylene copolymer using
the metallocene compound of claim 9.

11. The metallocene compound of claim 1, wherein the
compound of Chemical Formula 2¢ 1s any one of the
following structural formulae:

T
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12. A method of preparing an ethylene copolymer using

the metallocene compound of claim 11.
13. The metallocene compound of claim 1, wherein t

1C

compound of Chemical Formula 2d 1s any one of t
tollowing structural formulae:

Z 7
A A

*k b

A g 2 g VAR
C‘/\l\é*\\‘ $\\/>

\
7

/

)

/
(

1C
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14. A method of preparing an ethylene copolymer using
the metallocene compound of claim 13.

15. The metallocene compound of claim 1, wherein t.
compound of Chemical Formula 2¢ 1s any one of t

following structural formulae:

1C

1C

16. A method of preparing an ethylene copolymer using
the metallocene compound of claim 15.

e
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