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FULVENE , METALLOCENE CATALYSTS AND PREPARATION
METHOD THEREOF, AND PREPARATION OF POLYOLEFINES
COPOLYMER USING THE SAME

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a novel fulvene compound and a
preparation method thereof, and more particularly to a fulvene compound
having substituted groups in the 2- and 5-positions prepared from an
unsaturated ketone having a substituted group in the B-position and a
halogen atom in the a-position, and a preparation method thereof. The
present invention also relates to a metallocene catalyst having a substituted
group in the a-position carbon of the bridge of the cyclopentadienyl group
made only by reaction of a fulvene compound and an anion group including
the cyclopentadienyl group, and a preparation method of a olefin copolymer
using the same.
(b) Description of the Related Art

The fulvene compound is a very important intermediate for
synthesizing natural product s or transition metal catalysts having
cyclopentadienyl groups. A variety of information is given in Chemical
Review, 1968, 68, 41 regarding the synthesis and reaction of fulvenes.

In general, fulvene is prepared by the reaction of a cyclopentadiene

anion and a ketone or an aldehyde. The cyclopentadiene anion may be
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reacted with an electrophilic carbonyl compound, or cyclopentadiene may
be reacted with an eiectrophile in the presence of a base such as sodium
ethoxide.
Also, the Wittig reaction can be used. However, the most recent
5 preparation method is to obtain a fulvene derivative by reacting a
cyclopentadiene derivative with an electrophile in the presence of
pyrrolidine (Journal of Organic Chemistry 1984, 49, 1849).
The fulvene compound can be purified by column chromatography
for a smaller scale, and by distillation or recrystallization for a larger scale.
10 Generally, a fulvene compound is prepared by the following
Schemes 1 and 2:
Scheme 1
g
R —= "Nz g

B
Scheme 2
0O
P )&
S L
o BR

15

In Schemes 1 and 2, the fulvene derivative may or may not have
substituents on the pentagonal ring. In the conventional method, it is
impossible to add substituted groups at the 2- and 5-positions of the

pentagonal ring simultaneously, because a cyclopentadienyl anion or
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cyclopentadiene having a substituent is reacted with a ketone or an
aldehyde. That is, in Scheme 1, the substituent is mainly added to the
B-position instead of a-position of the cyclopentadiene due to steric
hindrance. Also, in Scheme 2, when a cyclopentadienyl anion having two
substituents in the 1- and 3-positions is reacted with an electrophile, a
fulvene having substituents at the a- and B-positions is produced
exclusively, but one having substituents at both a-positions is not produced.

A group 4 transiton metal compound having one or two
cyclopentadienyl group(s) as a ligand may be activated with
methylaluminoxane or a boron compound to be used as an olefin
polymerization catalyst (US Patent No. 5,580,939). This catalyst shows
unique characteristics that cannot be offered by the conventional
Ziegler-Natta catalyst. That is, it has a narrow molecular weight
distribution, offers good reactivity to secondary monomers such as a-olefins
or cyclic olefins, and the prepared copolymers have a uniform secondary
monomer distribution. Moreover, stereoselectivity can be controlled by
changing the substituent of the cyclopentadienyl ligand during a-olefin
polymerization (Angew. Chem. Int. Ed. Engl. 1995, 34, 1143), and the
degree of copolymerization, molecular weight, secondary monomer
distribution, etc. can be controlled during copolymerization of ethylene and
other olefins (US Patent No. 5,470,811).

With the development of catalyst systems, efforts to find catalysts

suitable for copolymerization of ethylene and an a-olefin (LLDPE, VLDPE,
3
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EPM, and EPDM), for copolymerization of ethylene and a cyclic olefin, for
copolymerization of an a-olefin and a cyclic olefin [cyclic olefin copolymer
(COC)], and for copolymerization of ethylene, a-olefin, and styrene, are
continuously being made. Such copolymerization requires catalysts with
good activity, superior reactivity for the secondary monomer, and uniform
secondary monomer distribution. '

Other than the Ziegler-Natta catalyst, metallocene catalysts are
used for such copolymerization. Because the metallocene catalyst is
more expensive than the Ziegler-Natta catalyst, it should have good activity
to be economically viable. If the metallocene catalyst has good reactivity
for the secondary monomer, it is possible to obtain a polymer comprising a
lot of secondary monomers with a small amount of catalyst.

As a result of much research on copolymerization using a variety of
catalysts, it has been proved that ansa-type metallocene catalyst has good
reactivity for the secondary monomer in general. According to F.J. Karol's
research, when produc.ing an LLDPE with a density of 0.93 using hexene
as a secondary monomer in the presence of a bridged catalyst, an
ethylene/hexene ratio of 0.004 to 0.0Q5 is sufficient. However, for a
non-bridged catalyst, the ethylene/hexane ratio should be at least 0.02
(1997. 4. 18. US Palm Coast, FL, Polymer Reaction Engineering
Foundation Conference).

Therefore, the catalyst having bridged ligand structure has attracted

interest.  Also, the catalyst having bridged ligand structure can control the

4



WO 2004/020481 PCT/KR2003/001763

molecular structure of the propylene polymer depending on the molecular
symmetry.
The catalysts having bridged ligand structure developed thus far
can be classified into three types depending on the bridge type. The first
5 is a catalyst in which- two cyclopentadienyl ligands connected by the
reaction of indene or fluorene with an electrophile such as an alkyl halide;
the second is a silicon bridged catalyst connected by -SiR2-; and the third is
a methylene bridged catalyst obtained by the reaction of fulvene and indene
or fluorene. The following Schemes 3 to 5 are representative syntheses
10  for these catalysts.

Scheme 3

c
Ny S T J 7

Scheme 4

= e

I N .
oS-l + =7 /3'8 Sy,

15 Scheme 5

There are two major factors that affect the activity of the

metallocene catalyst and the stereostructure of the polymer. One is the

5
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steric hindrance of the catalyst, which determines how freely the monomer
can approach the catalyst, and the other is the electronic effect, which
determines how much the activated catalyst can be stabilized. If an
electron-donating substituent such as an alkyl group is substituted on the
cyclopentadienyl ring, it stabilizes the activated metallocene catalyst, and
therefore offers advantages to polymerization.

A variety of metallocene catalysts are prepared using common
fulvene compounds as an intermediate. Among such catalysts are the
metallocene derivatives having a cyclopentadienyl group and a fluorenyl
group, which are prepared by Scheme 5. Among them, the one with the
least steric hindrance is the one having no substituent on the
cyclopentadienyl group (US Patent No. 5,087,677). However, since the
metallocene catalyst prepared by this method has no alkyl substituent, it
has an insufficient electronic effect.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an intermediate of
fulvene whose 2- and 5- positions ‘can be substituted from an unsaturated
ketone having a substituted group at the B-position and a halogen atom at
the a-position.

It is an(;ther object of the present invention to provide a fulvene
derivative having substituted groups at the 2-} and 5- positions prepared
using the intermediate, and a preparation method thereof.

It is still another object of the present invention to provide a

6
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metallocene catalyst having little steric hindrance and superior
copolymerization ability and polymerization activity using the fulvene
compound, and a preparation method thereof.

It is still another object of the present invention to provide a
preparation method of polymer of an a-olefin and a cyclic olefin using the
metallocene catalyst.

To attain the objects, the present invention provides an intermediate
of a fulvene compound represented by the following Chemical Formula 9:
Chemical Formula 9
Q  ORs
Ry
s
R2
wherein
each of Ry, R3, and Ry is individually or simultaneously a hydrogen;
a Cq to Cy alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C4 to Cy alkyl or aryl
having an oxygen atom or a nitrogen atom; or a group 14 metalloid radical
substituted by a hydrocarbyl, wherein Rz and R4 may be connected to form
a ring; and

Rs is a C1 to Cyg alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C4 to Czo
alkyl or aryl having an oxygen atom or a nitrogen atom; or a group 14
metalloid radical substituted by a hydrocarbyl.

The present invention also provides a fulvene compound

represented by the following Chemical Formula 7:

7
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Chemical Formula 7

wherein each of R4, R2 Rs, and Ry is individually or simultaneously a
hydrogen; a Cq to Cy alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; or a group
14 metalloid radical substituted by a hydrocarbyl, and at least one of R4 and
R is not a hydrogen, and Rz and R4 may be connected by an alkylidine
radical including an alkyl or aryl radical to form a ring.

The present invention also provides a preparation method of a
fulvene compound represented by Chemical Formula 7, which comprises:

a) a step of lithiating a ketal (dioxolane group) derivative
represented by the following Chemical Formula 13, reacting it with an
electrophile represented by the following Chemical Formula 12, and then
hydrolyzing it to obtain the compound represented by the following
Chemical’FormuIa 11;

b) a step of reacting the compound represented by Chemical
Formula 11 with a compound represented by the following Chemical
Formula 10, or dihydropyran, or isobutene, to obtain the compound
represented by the following Chemical Formula 9 by protecting the alcohol
group; and

c) a step of reacting (nucleophilic reaction) the fulvene intermediate

represented by Chemical Formula 9 with an organometallic compound

8
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represented by the following Chemical Formula 8a or with an
organometallic compound represented by the following Chemical Formula
8b:.

Chemical Formula 7

Chemical Formula 8a
R¢-M
Chemical Formula 8b
R1—ng
10 Chemical Formula 9
o ORs5
R4
R3
R
Chemical Formula 10
Rs-Y

Chemical Formula 11

O oH

R4
R3

15 R2
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Chemical Formula 12

Chemical Formula 13

Omo

o
Ro
5 | wherein
each of Ry, Rz, R3, Ry, and Rs is the same as defined above;
X is a halogen atom;
Y is a leaving group of the nucleophilic substitution, which is
halogen, trifluoromethylsulfonate, or p-toluenesulfonate; and
10 M is an alkali metal.
The present invention also provides an intermediate for natural
product synthesis, a medicine intermediate, or an intermediate of a
metallocene catalyst for olefin polymerization prepared from the fulvene
compound represented by Chemical Formﬁla 7.
15 The present invention also provides a compound represented by
the following Chemical Formula 5:

Chemical Formula 5
R3 Ro

10
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wherein

each of R1, Ry, Rs, and Ry is the same as defined above; and

A is cyclopentadienyl or its derivative, fluorenyl or its derivative,
indenyl or its derivative, a substituted or unsubstituted amido, or a

5 substituted or unsubstituted phosphino.

In the compound represented by Chemical Formula 5, if both R4
and R, are methyl, and Rz and R4 are hydrogen simultaneously or
individually or both of them are phenyl, it is preferable that A is fluorenyl or
its derivative.

10 The present invention also provides a metaliocene catalyst
represented by the following Chemical Formula 1:
Chemical Formula 1
R4

R3 Ro
R4 Q1

A——M1
AN
Q2
wherein
15 each of Ry, Ry, Ra, R4, and A is the same as defined above;
My is a group 4 transition metal; and
each of Q4 and Qg is individually or simultaneously a halogen; a C4
to Cyo alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a Cq to Czo substituted or

unsubstituted alkylidene; a substituted or unsubstituted amido; or a C4 to

20 Cyo alkylalkoxy or arylalkoxy.

11
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The present invention also provides a preparation method of the
metallocene catalyst represented by Chemical Formula 1, which
comprises:

a) a step of reacting a fulvene compound represented by Chemical
Formula 7 with a cyclopentadiene derivative to obtain the compound
represented by Chemical Formula 5; and

b) a step of reacting the compound represented by Chemical
Formula 5 with a compound represented .by the following Chemical
Formula 6:

Chemical Formula 5

R4

R3 Ro
R
SIS

Chemical Formula 6

M1(Q1)(Qz2)

Chemical Formula 7

In Chemical Formula 5, Chemical Formula 6, and Chemical
Formula 7, each of Ry, Ry, Rs3, R4, My, A, Q4, and Q; is the same as defined
above.

The present invention also provides a preparation method of an

12
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ethylenic polyolefin polymer and copolymer comprising a step of
polymerizing one or more kinds of monomers selected from a group
consisting of ethylene, an « -olefin, a diene monomer, a triene monomer,
and a styrene monomer in the presence of the metallocene catalyst
represented by Chemical Formula 1.

The present invention also provides a preparation method of a
cyclic olefin copolymer (COC) comprising a step of polymerizing an a-olefin
and a cyclic olefin in the presence of the metallocene catalyst represented
by Chemical Formula 1.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an X-ray diffraction crystal structure of
benzylidene(fluorenyl) (1,3-dimethylcyclopentadienyl)zirconium dichloride
prepared in Example 5.

Fig. 2 shows an Xray diffraction crystal structure of
bis(dimethylamido)

[methylene(r]5-indenyl)(r]5-1 ,3-dimethylcyclopentadienyl)]zirconium
prepared in Example 22.

Fig. 3 shows an X-ray diffraction crystal structure of ethylidene
(cyclopentadienyl)(1,3-dimethylcyclopentadienyl)zirconium dichloride
prepared in Example 26.

Fig. 4 shows an X-ray diffraction crystal structure of ethylidene
(cyclopentadienyl)(1,3-dimethylcyclopentadienyl)titanium dichloride
prepared in Example 27. |

13
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Figg 5 shows an X-ray diffraction crystal structure of
([2-(t-butylamido)  phenylmethyl]-1,3-dimethylcyclopentadienyl)zirconium
dichloride prepared in Example 31.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the present invention is described in more detail.

The present invention relates to a novel fulveﬁe compound having
substituted groups at the 2- and 5-positions, and a preparation method
thereof. The present invention also relates to a metallocene catalyst using
the fulvene compound, a preparation method thereof, and a preparation
method of a polyolefin copolymer using the same.

Differing from the conventional preparation of fulvene by the
reaction of a cyclopentadienyl anion or cyclopentadiene with an electrophile,
the present invention is characterized by preparing a fulvene compound
from an unsaturated ketone having a substituted group at the B-position
and a halogen atom at the a-position. That is, a ketone is substituted by a
ketal protecting group and is converted into a lithium salt. It is then
reacted with an aldehyde or a ketone to obtain an a,B-unsaturated ketone
having a hydroxy group. Then, through a nucleophilic addition reaction, a
novel organic fulvene compound having substituted groups at the 2- and
5-positions, which is represented by Chemical Formula 7, is obtained.
The fulvene compound prepared by the present invention can be used for
an intermediate for natural product synthesis, a medicine intermediate, or

an olefin intermediate for olefin polymerization using a metallocene

14
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catalyst.

Preferably, in the fulvene compound represented by Chemical
Formula 7, R and Rz are not hydrogens, and at least one of R and R4 is an
aryl radical. Also preferably, R and Rz are methyl radicals, and both R3
and R, are phenyls, or one is a phenyl and the other is hydrogen.

The fulvene compound represented by Chemical Formula 7 is

prepared by the following Scheme 6:

Scheme 6
0 0

R i KB D
: 12 R3 R5Y R3 or RqM R3
2 Ry Ra 10 Ry 8 Ry

14 13 1 9

As shown in Scheme 6, a novel intermediate represented by
Chemical Formula 9 is prepared from an unsaturated ketone (Chemical
Formula 14) having a substituted group R; at the B-position and a halogen
atom at the a-position, in order to prepare a fulvene compound having
substituted groups at the 2- and 5-positions, which is represented by
Chemical Formula 7.

For this purpose, the carbonyl group of a commercially available
unsaturated ketone (Chemical Formula 14) is converted to prepare a ketal
(dioxolane group) derivative represented by Chemical Formula 13. In
Chemical Formula 14, X is a halogen atom including iodine, bromine, and

chlorine. Preferably, X is Br.

Then, the compound represented by Chemical Formula 13 is made

15
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into a lithium salt using butyllithium, etc. at a low temperature (preferably
-78 ) and under a dehydrated atmosphere. It is then reacted with an
electrophile represented by Chemical Formula 12 to obtain the compound
represented by Cherﬁical Formula 11. Rsand R4 are determined by the
structure of the electrophile. The ketal group (dioxolane group) protecting
the carbonyl is easily deprotected during the purification process, e.g.,
column chromatography. Or, it is easily hydrolyzed by an acid treatment
to give the compound represented by Chemical Formula 11.

Then, the alcohol group of the compound represented by Chemical
Formula 11 is protected to prepare the compound represented by Chemical
Formula 9. That is, the compound represented by Chemical Formula 11 is
reacted with a compound represented by Chemical Formula 10,
dihydropyran, or isobutene, which have a double bond, and are used for
alcohol group protection, to prepare the compound represented by
Chemical Formula 9. In Chemical Formula 10, the protecting group Rs
may be diverse. Preferably, dihydropyran which is known as the best
protecting group is used, or an anion of the compound represented by
Chemical Formula 11 is reacted with alkyl halide. Or, any protecting
groups having an ether linkage may be used.

The ketone compound represented by Chemical Formula 9 is
reactive to nucleophile and can be converted to a tertiary alcohol under
attack by organometallic compound represented by the following Chemical

Formula 8a or Chemical Formula 8b. Then, it is dehydrated by acid

16



WO 2004/020481 PCT/KR2003/001763

10

15

20

treatment to obtain a cyclopentadiene having an alcohol protecting group
Rs.

Chemical Formula 8a

R¢-M

Chemical Formula 8b

Rq-MgX

wherein

each of R4, X, and M is the same as defined above; and

M is preferably Li or Na.

The Ry group of the obtained fulvene compound can be controlled
by the organometallic compound used. Preferably, a C4 to Cy alkyllithium
or aryllithium represented by Chemical Formula 8a is used for the
organometallic compound. And more preferably, a Grignard reagent
represented by Chemical Formula 8b is used.

Then, the cyclopentadiene is dehydrogenated with a strong base
like sodium ethoxide to obtain a cyclopentadienyl anion, so that the
protecting group like the tetrahydropyranyl (THP) group is removed. Or,
an ether compound is prepared from an alkyl halide and an alcohol, so that
the alkoxide anion is removed.

From the fulvene compound having sqbstituted groups at the 2- and
5-positions, which is prepared by the present invention, an intermediate for
natural product syntheses, a medicine intermediate, or a metallocene

catalyst having a cyclopentadienyl group can be prepared. The

17
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metallocene catalyst can be used for olefin polymerization in combination
with an aluminum compound or a boron compound.

The present invention also provides a bridged metallocene catalyst
having only one carbon atom bridge of two cyclopentadienyl ligands and
substituent(s) only at the a-position to the bridgehead carbon, which is
prepared from the fulvene derivative having substitutuent(s) at the 2-
and/or 5-positions. The present invention also provides a preparation
method of an ethylene polymer and a copolymer or a cyclic olefin
copolymer using the metallocene catalyst.

The bridged metallocene catalyst having a substituent at the
o-position of the cyclopentadienyl group only has many advantages.

Particularly, with regard to preparation of a cyclic oléfin copolymer,
the part, where monomers are bound and the polymer grows is the
opposite side of the bridge, which is close to the B-position of the
cyclopentadienyl group. Since the metallocene catalyst of the present
invention has substituents only at the a-position, the steric hindrance
caused by the substituents is minimized but the catalyst’s electronic effect
is optimized, thereby the polymerization activity is increased. Therefore,
the metallocene catalyst of the present invention, which has no substituent
at the B-position, easily accepts a monomer with fairly large steric
hindrance, and the copolymerization becomes facile.

In the metallocene compound represented by Chemical Formula 1,

A is preferably cyclopentadienyl, indenyl, or fluorenyl, or a derivative

18
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thereof substituted by one or more Cs to Cy alkyl, alkenyl, alkylaryl,
arylalkyl, or aryl. Both R¢ and R; are preferably methyl. Also preferably, in
the metallocene catalyst represented by Chemical Formula 1, A is a
substituted or unsubstituted amido group, and all of Ry, Ry, Rz, and R4 are
Cq to Cy alkyls or aryls. In the metallocene compound represented by
Chemical Formula 1, it is further preferable that A is a substituted or
unsubstituted phosphino group, and all of Ry, Rz, Rs, and R, are C4 to Cq
alkyls or aryls.

The metallocene compound of the present invention is prepared by

the following Scheme 7:

Scheme 7
R Ri1
L Ry M1(Q1)(Q>2) R Ry
— >
R3 RR3 Ro 6 Ry A\_M,Q1
Ro 4 A \1Qz
7 5 1

As shown in Scheme 7, the fulvene compound having substituted
groups at the 2- and 5-positions (Chemical Formula 7) is reacted with an
anion of a cyclopentadiene derivative to obtain the compound represented
by Chemical Formula 5. For the cyclopentadiene derivative,
cyclopentadienyl or its derivative, indenyl or its derivative, fluorenyl or its
derivative, a substituted or unsubstituted amido group, or a substituted or
unsubstituted phosphino group may be used.

Then, the compound represented by Chemical Formula 5 is

19
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prepared into the metallocene compound represented by Chemical
Formula 1 by a variety of methods reported in the literature. Preferably,
the compound represented by Chemical Formula 5 may be reacted with the
compound represented by Chemical Formula 6.

To take a preferred example, the compound represented by
Chemical Formula 5 is treated with 2 equivalents of n-butyllithium to
dehydrogenate the cyclopentadiene and the fluorene group to form a
cyclopentadienyl anion and a fluorenyl anion, respectively. Then, throuéh
a reaction with a metal halide compound, etc., a bridged metallocene
compound comprising a cyclopentadienyl group which has only one carbon
at the bridge position and a substituent at the a-position only, can be
prepared.

The present invention also provides a preparation method of an
ethylenic olefin polymer and a copolymer, which comprises a step of
polymerizing one or more kinds of monomers selected from a group
consisting of ethylene, an a-olefin, a diene monomer, a triene monomer,
and a styrene monomer in the presence of the metallocene catalyst
represented by Chemical Formula 1.

The present invention also provides a cyclic olefin copolymer (COC)
prepared by the polymerization of an a-olefin and a cyclic olefin using the
metallocene compound represented by Chemical Formula 1 as a catalyst.

And, one or more compounds selected from a group consisting of a

linear, cyclic, or clustered compound represented by the following Chemical

20
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Formula 2; a compound represented by the following Chemical Formula 3;
and a compound represented by the following Chemical Formula 4a or
Chemical Formula 4b can be used as a cocatalyst in cyclic olefin
copolymerization:

Chemical Formula 2

-[Al(Re)-Ol-

wherein

Re is a halogen, a Cq to Cy hydrocarbyl radical, or a Cq to Cy
hydrocarbyl radical substituted by a halogen, individually or simultaneously;
and

a is an integer of 2 to 5000;

Chemical Formula 3

N(Rs)s

wherein

N is a group 13 element; and

each of three Rg’s is individually or simultaneously a halogen, a C4
to Cyp hydrocarbyl radical, or a C4 to Cyo hydrocarbyl radical substituted by
a halogen;

Chemical Formula 4a

[L-HI'[NEJT

Chemical Formula 4b

[LI'INEJT

wherein
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L is a neutral or cationic Lewis acid;
. N is a group 13 element; and

each of four E’s is individually or simultaneously a Cs to Cz aryl
radical substituted by one or more substituents selected from a group
consisting of a halogen, a C4 to Cy hydrocarbyl, a C1 to Cx alkoxy, and a
phenoxy radical.

For the compound represented by Chemical Formula 2, there are
methylaluminoxane, ethylaluminoxane, isobutylaluminoxane,
butylaluminoxane, and so forth.

For the alkyl metal compound represented by Chemical Formula 3,

there are trimethylaluminum, triethylaluminum, ftriisobutylaluminum,

tripropylaluminum, tributylaluminum, dimethylchloroaluminum,
triisopropylaluminum, tri-t-butylaluminum, tricyclopentylaluminum,
tripentylaluminum, triisopentylaluminum, trihexylaluminum,
ethyldimethylaluminum, methyldiethylaluminum, triphenylaluminum,

tri-p-tolylaluminum,  dimethylaluminum methoxide, dimethylaluminum
ethoxide, trimethylboron, triethylboron, triisobutylboron, tripropylboron,
tributylboron, tris(pentafluorophenyl)boron, and so forth.

For the compound represented by Chemical Formula 4a or 4b,
there are triethylammonium tetraphenylborate, tributylammonium
tetraphenylborate, trimethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate, trimethylammonium

tetra(p-tolyl)borate, trimethylammonium tetra(o,p-dimethylphenyl)borate,
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tributylammonium tetra(p-trifluoromethylphenyl)borate, trimethylammonium
tetra(p-trifluoromethylphenyl)borate, tributylammonium
tetra(pentafluorophenyl)borate, N,N-dimethylanilinium tetraphenylborate,
N,N-diethylanilinium tetraphenylborate, N,N-dimethylanilinium
tetra(pentafluorophenyl)borate, diethylammonium

tetra(pentafluorophenyl)borate, triphenylphosphonium tetraphenylborate,

trimethylphosphonium tetraphenylborate, triethylammonium
tetraphenylaluminate, tributylammonium tetraphenylaluminate,
trimethylammonium tetraphenylaluminate, tripropylammonium
tetraphenylaluminate, trimethylammonium tetra(p-tolyl)aluminate,
tripropylammonium tetra(p-tolyl)aluminate, triethylammonium
tetra(o,p-dimethylphenyl)aluminate, tributylammonium
tetra(p-trifluoromethylphenyl)aluminate, trimethylammonium
tetra(p-trifluoromethylphenyl)aluminate, tributylammonium
tetrapentafluorophenylaluminate, N,N-dimethylanilinium
tetraphenylaluminate, N,N-diethylanilinium tetraphenylaluminate,

N,N-diethylanilinium tetra(pentafluorophenyl)aluminate, diethylammonium

tetra(pentafluorophenyl)aluminate, triphenylphosphonium
tetraphenylaluminate, trimethylphosphonium tetraphenylaluminate,
triethylammonium tetraphenylaluminate, tributylammonium
tetraphenylaluminate, trimethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate, trimethylammonium
tetra(p-tolyl)borate, tripropylammonium tetra(p-tolyl)borate,
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triethylammonium tetra(o,p-dimethylphenyl)borate, trimethylammonium

tetra(o,p-dimethylphenyl)borate, tributylammonium
tetra(p-trifluoromethylphenyl)borate, trimethylammonium
tetra(p-trifluoromethylphenyl)borate, tributylammonium

tetra(pentafluorophenyl)borate, N,N-dimethylanilinium tetraphenylborate,
N,N-diethylanilinium tetraphenylborate, N,N-dimethylanilinium
tetra(pentafluorophenyl)borate, diethylammonium
tetra(pentafluorophenyl)borate, triphenylphosphonium tetraphenylborate,
triphenylcarbonium tetra(p-trifluoromethylphenyl)borate,
triphenylcarbonium tetra(pentafluorophenyl)borate, and so forth.

The metallocene catalyst represented by Chemical Formula 1 and
the cocatalyst represented by Chemical Formulas 2 to 4 may be used while
supported on silica or alumina.

For olefin monomers that are polymerizable using the catalyst and
the cocatalyst, there are ethylene, a-olefins, cyclic olefins, and so forth.
Also, a dienic olefin monomer or a trienic olefin monomer having more than
two double bonds can be used inl polymerization. For such monomers,
there are ethylene, propylene, 1-butene, 1-pentene, 4-methyl-1-pentene,
1-hexene, 1-heptene, 1-decene, 1-undecene, 1-dodecene, 1-tetradecene,
1-hexadecene, 1-icocene, norbornene, norbonadiene,
ethylidenenorbornene, phenyl norbornene, vinylnorbornene,
dicyclopentadiene, 1,4-butadiene, 1,5-pentadiene, 1,6-hexadiene, styrene,
a-methylstyrene, divinylbenzene, 3-chloromethylstyrene, and so forth.
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More than one kind of these monomers can be used to prepare a
copolymer.

The novel fulvene compound of the present invention which has
substituted groups at the 2- and 5-positions can be used as an intermediate
for natural product synthesis, a medicine intermediate, or a starting
material for preparation of a metallocene catalyst having a cyclopentadienyl
group.

Also, the bridged metallocene derivative prepared from the fulvene
derivative can be used for olefin polymerization, or in combination with an
aluminum compound or a boron compound. Since the metallocene
catalyst prepared by the present invention has less steric hindrance and
offers better electronic effects than the fulvene compound prepared by the
conventional method, it is useful for polymerization and copolymerization of
large-sized monomers, as for a cyclic olefin copolymer (COC).

Hereinafter, the present invention is described in more detail
through examples. However, the following examples are only for the
understanding of the present invention, and the present invention is not
limited by the following examples.

EXAMPLES

Organic reagents and solvents required for preparation of the
fulvene compound and the catalyst were purchased from Aldrich and Merck
and purified by the standard method. Contact with air and moisture was

prevented in all synthesis steps to increase experimental reproducibility.
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The structure of compounds was identified with 300 MHz Bruker NMR
study.

Example 1: Preparation of ketal-substituted

2-bromo-3-methyl-2-cyclopentene-1- one

From 2-bromo-3-methyl-2-cyclopenten-1-one purchased from
Aldrich, ketal-substituted 2-bromo-3-methyl-2-cyclopentene-1-one was
prepared according to the method reported in the literature (J. Am. Chem.
Soc. 1988, 110, 4741)).

Example 2: Preparation of

2-(hydroxy-phenyl-methyl)3-methyl-2-cyclopentene-1- one

0.550 g (2.54 mmol) of the ketal-substituted 2-bromo-3-methyl-2-
cyclopentene-1-one prepared in Example 1 was dissolved in 9.0 mL of
tetrahydrofuran. Then, 1.02 mL (2.54 mmol) of 2.5M n-butyllithium was
added dropwise to the solution at -78 C. The solution was reacted for 1
hour to obtain a lithium salt. 0.270 g (2.54 mmol) of benzaldehyde was
slowly added to the reaction mixture, and the solution was reacted for about
1 hour at the same temperature. The reaction mixture was poured into a
separatory funnel containing 10 mL of distilled water. Then, the solution
was extracted with 30 mL of ethyl acetate. After removing residual
moisture with anhydrous magnesium sulfate, the solvent was removed in
vacuo. The obtained product, which included impurities, was separated
by column chromatography eluted with a 3:1 (v/v) mixture solution of ethyl

acetate and n-hexane. The obtained ketal protecting group (dioxolane
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group) is easily converted to a ketone compound due to the silica gel during
the column chromatography. The yield of the obtained compound was
0.440 g (96%).

'"H NMR (CDCls): & 7.20-7.36 (m, 5 H), 5.59 (d, J = 9.1 Hz, 1 H,
OH), 4.58 (d, J = 9.1 Hz, 1H, CH-0), 2.60-2.50 (m, 2 H), 2.45-2.35(m, 2 H),
2.10 (s, 3 H, CHs). *C NMR(CDCl3): & 210.60 (carbonyl), 172.18, 142.85,
140.04, 128.48, 127.44, 125.73, 70.14 (C-OH), 34.58, 32.07, 17.49. IR
(neat): 3420 (br, OH), 1690, 1639 (C=C-C=0) cm".

Example 3: Preparation of

3-methyl-2-[phenyl-(2-tetrahydropyranyloxo)-methyl]-2- cyclopenten-1-one

0.440 g (2.17 mmol) of the 2-(hydroxy-phenyl-methyl)-3-methyl-2-
cyclopentene-1-one prepared in Example 2 was dissolved in 9.0 mL of
methylene chloride. After adding 0.456 g (5.43mmol) of dihydropyran at
20 C, 4.13 mg (0.0217mmol) of p-toluenesulfonic acid monohydrate was
added. Then, the solution was stirred for 2 hours. The obtained reaction
mixture was diluted by adding 30 mL of ethyl acetate, and then washed with
5 mL of saturated sodium bicarbonate solution twice. The solution was
separated using a separatory funnel. From the organic Iayer, remaining
moisture was removed with magnesium sulfate, and the solvent was
removed in vacuo. The obtained product, which included impurities, was
separated with column chromatography eluted with a 3:1 (v/v) mixture
solution of ethyl acetate and n-hexane. The yield of the obtained

compound was 0.530 g (85 %).
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Example 4: Preparation of 2,5-dimethyl-6-phenylfulvene

0.530 g (1.85 mmol) of the
3-methyl-2-[phenyl-(2-tetrahydropyranyloxo)- methyl]-2-cyclopenten-1-one
prepared in Example 3 was dissolved in 10.0 mL of diethyl ether in a
Schlenk flask. Then, 1.48 mL (2.22 mmol) of 1.5M methyllithium was
added dropwise at -78 ‘C. The temperature was then increased to room
temperature, and the reaction was carried out for 7 hours. 10mL of
distilled water was added to the obtained reaction mixture, and diethyl ether
was removed in vacuo. After adding 20 mL of ethyl acetate to the mixture
solution, the organic layer was taken using a separatory funnel. After
adding 20 mL of 2N hydrochloric acid, the separatory funnel was stirred
vigorously fpr 3 minutes. The aqueous layer was discarded and the
organic layer was taken. After adding 20 mL of sodium bicarbonate, the
aqueous layer was discarded and the organic layer was taken again. After
removing remaining moisture with magnesium sulfate, the solvent was
removed completely in vacuo. The obtained product, which included
impurities, was dissolved in 5 mL of tetrahydrofuran. Then, 46 mg (2.0
mmol) of NaH and 0.5 mL of methanol were added. After the solution
turned red, reaction was carried out at room temperature for 3 hours.
Then, the reaction mixture was added to a separatory funnel containing 40
mL each of water and n-hexane. After taking the organic layer, remaining
moisture was removed with magnesium sulfate, and the solvent was

removed using a vacuum distiller. The obtained product, which included
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impurities, was separated with column chromatography using a 10:1 (v/v)
mixture solution of ethyl acetate and n-hexane. The yield of the obtained
compound was 0.200 g (63 %).

"H NMR(CDCl3): & 7.37-7.33 (m, 5 H, ph-H), 7.29 (s, 1 H, ph-CH),
6.08 (dq, J = 3.3, 1.7 Hz, 1 H, CH3-C=CH), 6.01 (dg, = 3.3, 1.7 Hz, 1 H,
CHs-C=CH), 2.10 (s, 3 H, CH3), 1.71 (s, 3 H, CHs). ®*C NMR (CDCl;): ¢
146.33, 136.67, 134.55, 133.52, 132.05, 130.01, 129.32, 129.03, 127.86,
126.97, 16.55 (CHj3), 12.66 (CHa).

Differently from the conventional preparation method of fulvene
compound through a reaction of a cyclopentadienyl anion or
cyclopentadiene with an electrophile, the present invention provides new
preparation method of fulvene compound which comprises converting an
o-bromoketone having a substituted group at the B-position into a lithium
salt of a ketal derivative, followed by transformation into a fulvene by
reacting it with an aldehyde or a ketone.

Example 5: Preparation of

benzylidene(fluorenvyl)(1,3-dimethylcyclopentadienyl)zirconium dichloride

1) 2-[a-Fluorenylbenzyl]-1,3-dimethylcyclopentadiene

0.097 g (0.600 mmol) of fluorene was dissolved in 3.0 mL of
tetrahydrofuran. After adding 0.24 mL (2.5M in hexane, 0.600 mmol) of
n-butyllithium dropwise at -30 C, the reaction was carried out for 1 hour.
0.110 g (0.600 mmol) of the fulvene compound prepared in Example 4 was

added at -30 C, and the solution was reacted at room temperature for
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about 2 hours. The reaction solution was poured into a separatory funnel
containing 4 mL of saturated ammonium chloride solution, and the organic
layer was taken with diethyl ether. The remaining moisture was removed
from the obtained organic layer with magnesium sulfate, and the solvent
was removed in vacuo. The obtained product was separated from
impurities with column chromatography eluted with a 10:1 (v/v) mixture
solution of n-hexane and toluene. The yield of the obtained compound
was 0.160 g (76 %).

"H NMR (CeDe): & 7.65(d, J = 7.4 Hz, 2 H), 7.4-7.0 (m, 9 H),
6.94-6.89 (m, 2 H), 5.81 (sextet, 1 H, J = 1.8 Hz, vinyl-H), 4.83(d, J = 11.2
Hz, 1 H, Ph-CH or Ph-CHCH), 3.91 (d, J = 11.2 Hz, 1 H, Ph-CH or
Ph-CHCH), 2.60 (quintet, J = 1.8 Hz, 2 H, CHy), 1.86 (q, J = 1.8 Hz, 3 H,
CHs), 1.63(s, 3 H). "C NMR (CeDe): & 147.22, 146.67, 144.49, 143.38,
142.41, 141.60, 138.97, 137.88, 129.98, 129.33, 127.47, 126.86, 126.73,
126.66, 126.62, 126.44, 125.76, 119.96, 119.83, 49.01, 40.79, 44.42, 16.73,
14.92.

2) Benzylidene(1,3-dimethylcyclopentadienyl)(fluorenyl)zirconium
dichloride

0.108 g (0.310 mmol) of the 2-[a-fluorenylbenzyl]-1,3-.
dimethylcyclopentadiene prepared in 1) was dissolved in 3.0 mL of
tetrahydrofuran. After adding 0.25 mL (2.5 M in hexane, 0.620 mmol) of
n-butyllithium dropwise at -30 C, the solution was stirred for 12 hours.

After removing the solvent from the obtained mixture solution in vacuo, it

30



WO 2004/020481 PCT/KR2003/001763

10

15

20

was washed with 4.0 mL of n-pentane and 4.0 mL of benzene. 0.072 mg
(0.31mmol) of zirconium tetrachloride was reacted with the red lithium salt
obtained above for 12 hours in 8.0 mL of n-pentane solvent. After the
reaction was completed, the solvent was removed from the obtained
mixture solution. Then, the solution was extracted with benzene to obtain
12 g (yield: 76%) of metallocene compound. Fig. 1 shows an X-ray
diffraction crystal structure of the obtained metallocene compound.

"H NMR (CD,Cly): & 8.1-6.9(m, 13H), 6.80 (s, 1 H), 6.28-6.19(dd,
2H), 2.21(s, 3H), 1.82(s, 3H). "™C-NMR(CD.Cl,): & 137.67, 128.43,
127.96, 127.75, 127.56, 127.10, 126.45, 126.28, 126.20, 124.94, 124.65,
124.41, 124.24, 124.19, 123.52, 123.41, 123.19, 122.81, 122.34, 121.22,
98.82, 73.59, 41.25, 18.80, 16.34.

Example 6: Polymerization of ethylene

200 mL of toluene solution was put in a high-pressure reactor.
Then, 1.8 mL of methylaluminoxane (toluene solution 6.9 wt% Al, density =
0.88 g/ml, Akzo) was added to the reactor. The reactor was put into a
70 T constant-temperature bath and let alone for 30 minutes, so that the
temperature of the reactor became identical to that of the bath. 2 mL of
the catalyst (concentration = 1 pM, toluene solution) prepared in Example 5
was added to the reactor. While applying ethylene at a pressure of 4 atm,
the reactor was stirred at 200 rpm. 20 minutes later, the obtained white
solid compound was filtered. The solvent was discarded and the filtrate

was stirred overnight at room temperature after adding acetone. The
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solution was filtered to obtain a white solid polymer. Then, it was dried
under reduced pressure to obtain 8.5 g of polyethylene polymer.

Example 7: Copolymerization of ethylene and norbornene

Norbornene was dissolved in toluene to make a 56 wt% solution.
200 mL of this solution was put in a high-pressure reactor. Then, 1.8mL of
methylaluminoxane (toluene solution 6.9 wi% Al, density = 0.88c/ml, Akzo)
was added to the reactorr The reactor was put in a 70 T
constant-temperature bath and let alone for 30 minutes, so that the
temperature of the reactor became identical to that of the bath. 2 mL of
the catalyst (concentration = 1 uM, toluene solution) prepared in Example 5
was added to the reactor. While applying ethylene at a pressure of 4 atm,
the reactor was stirred at 200 rpm. 20 minutes later, the solution was
diluted in 600 mL of toluene, and was again diluted with acetone to obtain
a white solid compound. The solvent was removed by filtration, and
acetone was again added. After stirring at room temperature for 30
minutes, the solution was filtered to give a white solid polymer. Then, it
was dried under reduced pressure to obtain 23.0 g of copolymer. The Ty
value determined by DSC was 170 C.
Example 8

The same procedure as in Example 7 was carried out, with the
pressure changed to 30 psi. 8.5 g of copolymer was obtained. The Tg

value determined by DSC was 182 TC.
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Example 9

The same procedure as in Example 7 was carried out, with the
pressure changed to 100 psi. 32.9 g of copolymer was obtained. The Ty
value determined by DSC was 149 C.
Example 10

The same procedure as in Example 7 was carried out, with the
catalyst amount changed to 4 mL. 41.2 g of copolymer was obtained.
The Tg value determined by DSC was 174 TC.
Example 11

The same procedure as in Example 7 was carried out, with the
reaction temperature changed to 30 C. 11.5 g of copolymer was
obtained. The T, value determined by DSC was 157 TC.
Example 12

The same procedure as in Example 7 was carried out, with the
norbornene concentration changed to 80 %. 34.5 g of copolymer was
obtained. The Tq4 value determined by DSC was 202 C. '
Example 13

The same procedure as in Example 7 was carried out, with the
norbornene solution changed to a 30 % solution. 16.5 g of copolymer was
obtained. The T4 value determined by DSC was 162 .

Comparative Example 1

The same procedure as in Example 7 was carried out, using
isopropylene (9-fluorenyl)-cyclopentadienylzirconium dichloride, which is
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commercially available from Boulder, as the polymerization catalyst. 12.8
g of copolymer was obtained. The Ty value determined by DSC was
170 C.

Comparative Example 2

The same procedure as in Comparative Example 1 was carried out,
with the reaction pressure changed to 30 psi. 6.9 g of copolymer was
obtained. The Tq4 value determined by DSC was 177 C.

Comparative Example 3

The same procedure as in Comparative Example 1 was carried out,
with the catalyst amount increased to 4 mL. 22.4 g of copolymer was
obtained. The T, value determined by DSC was 173 C.

Example 14: Preparation of

2-(hydroxymethyl)-3-methyl-2-cyclopenten-1-one

The ketal-substituted compound of
2-bromo-3-methyl-2-cyclopenten-1- one (10.3g, 47.5mmol) prepared in
Example 1 was put in a Schlenk flask containing a tetrahydrofuran solution
(120mL).  While keeping the temperature of the flask at -787,
n-butyllithium (13.17g, 47.5mmol) was added dropwise, and the reaction
mixture was stirred for 1 hour at the same temperature. Formaldehyde
obtained by heating a mixture of p-formaldehyde (4.28g) and
p-toluenesulfonic anhydride (2.23g) was added to the solution, while still
maintaining the temperature at -78C, using a Schlenk line under a

condition of 100 “C and reduced pressure. Reaction was carried out for 3
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hours. This solution was heated to room temperature and stirred for 10
minutes. Then, water (100mL) was added, and the tetrahydrofuran
solvent was removed. The water layer was put in a separatory funnel, and
the target compound was extracted using 100 mL of methylene chloride,
four times. From the methylene chloride solution, moisture was removed .
with magnesium sulfate, and the solvent was removed using a rotary
evaporator.  5.57g of 2-(hydroxymethyl)-3-methyl-2-cyclopenten-1-one
was obtained by column chromatography (hexane:ethyl acetate = 1:2)
using silica.

"H NMR (CDCl3): 6 4.18 (d, J =4.8 Hz, 2 H, OCH,), 3.44 (d, J = 4.8
Hz, OH), 2.50 — 2.42 (m, 2 H, CH), 2.32 — 2.25 (m, 2 H, CHz), 2.04 (s, 3 H).
BC{"H} NMR (CDCls): & 209.59 (carbonyl), 173.55 (C=CCO), 138.18
(C=CCO0), 54.10 (COH), 34.15 (CH.), 31.75 (CHy), 17.07 (CHa). IR (neat):
3400 (br, OH), 1689 and 1640 (C=C-C=0) cm™. HRMS-El m/z = M" Calcd.
(C7H1002): 126.0678. Found: 126.0681.

Example 15: Preparation of

2-(1-hydroxyethyl)-3-methyl-2-cyclopenten-1-one

The same procedure as in Example 14 was carried out using
acetaldehyde instead of formaldehyde. The target compound was
obtained by column chromatography (hexane:ethyl acetate = 1:1) (yield:
95%).

'H NMR (CDCls): & 4.65 (dq, J = 9.6, 6.8 Hz, 1H, OCHCH3), 3.79 (d,
J =9.6Hz, 1H, OH ), 2.54-2.52 (m, 2H, CH; ), 2.41-2.38 (m, 2H, CH> ), 2.08
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(s, 3H, C=C-CH3 ), 1.41 (d, J = 6.8 Hz, 3H, OCHCH; ). *C{'"H} NMR
(CDCl3): § 210.44 (C=0), 170.22, 141.15, 64.47, 34.71, 31.88, 23.47, 17.16.
IR (neat): 3420 (br, OH), 1690 and 1640 (C=C-C=0) cm™.

Example 16: Preparation of

3-methyl-2-[(tetrahydropyranyl-2-oxy)methyll-2- cyclopenten-1-one

2-(hydroxymethyl)-3-methyl-2-cyclopentene-1-one (2.417 g, 19.16
mmol), prepared in example 14, was dissolved in methylene chloride (60
mL). Then, dihydropyran (4.02 g 47.9 mmol) and p-toluenesulfonic acid
monohydrate (36 mg, 0.19 mmol) were‘ added at room temperature. This
solution was stirred for 2 hours, and then diluted with ethyl acetate (150 mL).
The solution was neutralized with a saturated sodium bicarbonate solution
(150 mL), and methylene chloride (200 mL) was added for extraction.
After taking the organic layer, moisture was removed with magnesium
sulfate, and the solvent was removed in vacuo. Pure
3-methyl-2-[(tetrahydropyranyloxy)methyl]-2-cyclopenten-1-one was
obtained by column chromatography (hexane:ethyl acetate = 1:1) (yield:
94 %).

"H NMR (CDCls): § 4.64 (t, J =3.4 Hz, 1 H, OCHO), 4.36 (d, J = 11.2
Hz, 1 H, CCH.0), 4.08 (d, J = 11.2 Hz, 1 H, CCH0), 3.88 (ddd, J = 11.2,
8.0, 3.2 Hz, 1 H, OCH2CH), 3.58 — 3.46 (m, 1 H, OCH2CHy), 2.60 — 2.50 (m,
2 H, CHy), 2.43 (2.35 (m, 2 H, CH2), 2.17 (s, 3 H, CH3), 1.84 (1.44 (m, 6 H)
ppm. 13C{1H} NMR (CDCls): (207.98 (carbonyl), 175.42 (C=CCO), 136.63
(C=CCO), 98.45 (OCHO), 62.09 (CH20), 57.71 (CH-0), 34.39 (CHy), 32.00
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(CH,), 30.45 (CHy), 25.42 (CHy), 19.44 (CHy), 17.63 (CHs) ppm. IR (neat):
1701 and 1650 (C=C-C=0) cm™.

Example 17: Preparation of 3-methyl-2-[(tetrahydropyranyloxy)ethyl]-2-

cyclopenten-1-one

The same procedure as in Example 16 was carried out using
2-(1-hydroxyethyl)- 3-methyl-2-cyclopenten-1-one (1.53 g, 12.6 mmol)
instead of 2-(hydroxymethyl)-3- methyl-2-cyclopenten-1-one to obtain
3-methyl-2-[(tetrahydropyranyloxy)ethyl}-2-  cyclopenten-1-one  (yield:
93 %).

'H NMR (CDCls): 6 4.80 (q, J = 6.8 Hz, 0.5H, OCHCH3), 4.72 (g, J =
6.8 Hz, 0.5H, OCHCH3), 4.69 (dd, J = 2.8, 4.4 Hz, 0.5H, OCHO), 4.41 (dd, J
=2.8,4.4 Hz, 0.5H, OCHO), 3.93-3.87 (m, 0.5H, OCHOCH,), 3.76-3.70 (m,
0.5H, OCHOCH,), 3.51-3.46 (m, 0.5H, OCHOCH,), 3.44-3.39 (m, 0.5H,
OCHOCH,), 2.54-2.50 (m, 2H, O=CCH,CH; or O=CCH2CHy), 2.39-2.36 (m,
2H, O=CCH.CH; or O=CCH.CH), 2.26 (s, 1.5H, C=CCHjs), 2.20 (s, 1.5H,
C=CCHg), 1.89-1.49 (m, 6H), 1.41 (d, J = 6.8 Hz, 1.5H, OCHCH3), 1.33 (d,

= 6.8 Hz, 1.5H, OCHCHj; . ®*C{"H} NMR (CDCls): 8 207.84 and 207.62
(C=0), 172.75 and 171.81 (O=C-C=C or O=C-C=C), 141.31 and 139.93
(O=C-C=C or O=C-C=C), 97.17, 96.16, 66.77, 65.65, 62.57, 62.40, 34.50,
34.47, 32.24, 32.13, 30.95, 30.78, 25.49, 25.41, 20.51, 19.89, 19.71, 19.28,
17.99, 17.63.

Example 18: Preparation of 1,3-dimethyl-2-[(tetrahydropyranyloxy)methvyl]

cyclopentadiene compound
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3-Methyl-2-[(tetrahydropyranyloxy)methyl]-2-cyclopenten-1-one
(4.05 g, 19.2 mmol), prepared in example 16, was dissolved in diethyl ether
(50 mL) contained in a Schlenk flask. Then, methyllithium (13.5 mL, 20.2
mmol) was added at-78 C. The reaction mixture was stirred for 3 hours,
while heating it to room temperature. After adding water (20 mL), diethyl
ether was removed using a rotary evaporator. After adding ethyl acetate
(150 mL), the organic layer was separated from the water layer using a
separatory funnel. 2N HCI (50 mL) was added to the organic layer. Then,
the separatory funnel was stirred for 3 minutes. The water layer was
discarded, and the organic layer was neutralized with a saturated sodium
bicarbonate solution (40 mL). After collecting the organic layer, moisture
was removed with magnesium sulfate, and the solvent was removed using
a rotary evaporator. |

A pure 1,3-dimethyl-2-[(tetrahydropyranyl-2-oxy)methyl]cyclo
-pentadiene compound was obtained by column chromatography
(hexane:ethyl acetate=10:1) using silica (yield: 76 %).

"H NMR (CDCls):  5.83 (s, 1 H, Cp-H) 4.64 (t, J = 3.6 Hz, 1 H,
OCHO), 4.46 (d, J = 11.2 Hz, 1 H, CCH;0), 4.20 (d, J = 11.2 Hz, 1 H,
CCH;0), 3.93 (ddd, J = 11.2, 8.0, 3.2 Hz, 1 H, OCH>CH), 3.60 — 3.50 (m, 1
H, OCH.CHy), 2.84 (s, 2 H, Cp-CHy), 2.04 (s, 3 H, CH3), 2.01 (quartet, J =
2.0 Hz, 3 H, CHa), 1.90 — 1.50 (m, 6 H). "*C{'H} NMR (CDCls): 5 143.06
(Cp-C), 142.91 (Cp-C), 136.16 (Cp-C), 123.68 (Cp-CH), 97.62 (OCHO),
62.14 (CH20), 60.63 (CH20), 44.37 (Cp-CHy), 30.71 (CHy), 25.61 (CHy),
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19.63 (CH,), 14.39 (CHs), 13.87 (CHs). HRMS-El m/z = M* Calcd.
(C13H2005): 208.1460. Found: 208.1463.

Example 19: Preparation of 1,3-dimethyl-2-[1-(tetrahydropyranyloxy)ethyl]

cyclopentadiene compound

The same procedure as in Example 18 was carried out using
3-methyl-2-[(tetrahydropyranyloxy)ethyl]-2-cyclopenten-1-one instead of
3-methyl-2- [(tetrahydropyranyloxy)methyl]-2-cyclopenten-1-one to obtain a
1,3-dimethyl-2-[1-(tetrahydropyranyl-2-oxy)ethyl]cyclopentadiene
compound (yield: 77 %).

"H NMR (CDCls): ( 5.80 (s, 1 H, Cp-H) 4.89 and 4.78 (q, J = 6.4 Hz,
1 H, OCHCHj3), 4.80 and 4.41 (dd, J = 4.4, 2.4 Hz, 1 H, OCHO), 3.93 and |
3.45 (dt, J =10.8, 5.6 Hz, 1 H, OCHy), 3.71 (ddd, J = 12.4, 9.6, 3.2 Hz, 0.5

H, OCH,), 3.44 — 3.36 (m, 0.5 H, OCHy), 2.81 and 2.78 (quintet, J = 2.0 Hz,

2 H, Cp-CHy), 2.08 and 2.03 (quartet, J = 2.0 Hz, 3 H, CHj3), 2.02 and 2.00

(s, 3 H, CHy), 1.90 ( 1.40 (m, 6 H), 1.43 and 1.34 (d, J = 6.4 Hz, 1 H,
OCHCH3). "*C{1H} NMR (CDCls): (143.03, 142.83, 141.20, 140.87, 139.36,
137.90, 124.82, 124.46, 95.96, 95.67, 67.76, 66.93, 62.74, 61.64, 44.20,
4415, 31.04, 30.96, 25.74, 25.67, 21.05, 20.17, 19.82, 19.38, 15.74, 15.56,
14.00, 13.78.

Example 20: Preparation of 2-(indenylmethyl)-1,3-dimethylcyclopentadiene

2-(hydroxymethyl)-3-methyl-2-cyclopenten-1-one  (2.98 g, 14.3
mmol) prepared in Example 15 was dissolved in 2 mL of tetrahydrofuran.

This solution was added to a solution prepared by stirring indenyllithium
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(4.36 g, 35.8 mmol) dissolved in 30 mL of tetrahydrofuran at -30 C. The
solution was stirred at room temperature for 12 hours. After adding 40 mL
of water, the solution was extracted twice with 40 mL of diethyl ether using a
separatory funnel. After taking the organic layer, moisture was removed
with magnesium sulfate, and the solvent was removed using a rotary
evaporator. A pure target compound (2.29 g, yield: 72%) was obtained by
column chromatography (hexane:toluene = 10:1) using silica.

'H NMR (CDCl3): 6 7.43 (d, J = 7.2 Hz, 1 H, Ind-H), 7.40 (d, J = 7.2
Hz, 1 H, Ind-H), 7.30 (td, J = 7.2, 0.8 Hz, 1 H, Ind-H), 7.19 (td, J = 7.2, 0.8
Hz, 1 H, Ind-H), 5.93 (quintet, J =2.0 Hz, 1 H, Ind-H), 5.86 (d, J = 1.6 Hz, 1
H, Cp-H), 3.45 (s, 2 H, bridge-CHy), 3.27 (quartet, J = 2.0 Hz, 2 H, Ind-CHy),
2.87 (s, 2 H, Cp-CHyp), 1.97 (s, 3 H, CH3), 1.84 (quartet, J = 2.0 Hz, 3 H,
CHs). C{'"H} NMR (CDCls): & 145.27 (Cp-C), 144.47 (Cp-C), 143.81
(Ind-C), 142.44 (Ind-C), 138.51 (Ind-C), 136.95 (Cp-C), 128.52, 125.89,
124.40, 123.57, 123.49, 118.70, 43.99 (Cp-CHy), 37.59 (Ind-CHyp), 24.25
(bridge-CHy), 14.35 (CHj3), 14.05 (CHa).

Example 21: Preparation of

2-(1-cyclopentadienyl)-1,3-dimethylcyclopentadiene

The same procedure as in Example 20 was carried out using
2-(1-hydroxyethyl)-3-methyl-2-cyclopenten-1-one instead of
2-(hydroxymethyl)-3-methyl-2-cyclopenten-1-one and adding
cyclopentadienyl sodium instead of indenyllithium to obtain
2-(1-cyclopentadienyl)-1,3-dimethylcyclopentadiene (yield: 64 %).
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'H NMR (C¢Ds): & 6.46 — 6.02 (m, 3 H, Cp-H), 6.80 (s, 1 H,
Me,Cp-H), 3.78 (quartet, J = 7.2 Hz, 0.5 H, bridge-CHz), 3.78 — 3.68 (m, 0.5
H, bridge-CHy), 3.00 (quintet, J = 1.6 Hz, 1 H, MexCp-CH,), 2.80 (s, 3 H,
Me,Cp-CHzand Cp-CHy), 1.96 (s, 3 H, CHa), 1.84 (quartet, J = 2.0 Hz, 1.5
H, CH3), 1.84 (quartet, J = 2.0 Hz, 1.5 H, CH3), 1.46 (d, J =7.2 Hz, 1.5 H,
CHCHg), 1.45 (d, J =7.2 Hz, 1.5 H, CHCHBa).

Example 22: Preparation of

bis(dimethvlamido)[methvlene(n5-indenvl)(n5-1 ,3-

dimethylcyclopentadienyl)]zirconium

The 2-(indenylmethyl)-1,3-dimethylcyclopentadiene  compound
(1.72 g, 7.76 mmol) prepared in Example 20 was dissolved in cold diethyl
ether (4.0 mL, -30 C). Then, n-butyllithium (5.29 g, 2.5M, 15.5 mmol)
was added to the solution dropwise. After 12 hours of reaction, the solvent
was removed under reduced pressure. The remainder was washed with
pentane and dried to obtain a dilithium salt compound of
2-(indenylmethyl)-1,3-dimethylcyclopentadiene (1.45 g, yield: 80 %).

"H NMR (pyridine-ds): ( 8.21 (d, J = 6.8 Hz, 1 H, Ind-H), 8.04 (d, J =
6.8 Hz, 1 H, Ind-H), 7.22 (d, J =3.2 Hz, 1 H, Ind-H), 7.04 (t, J=6.8 Hz, 1 H,
Ind-H), 7.00 (t, J = 6.8 Hz, 1 H, Ind-H), 6.71 (d, J = 3.2 Hz, 1 H, Ind-H), 6.09
(s, 2 H, Cp-H), 4.62 (s, 2 H, bridge-CH,), 2.45 (s, 6 H, CH3). *C{"H} NMR
(pyridine-ds): ( 130.04, 128.06, 118.73, 117.57, 117.23, 113.52, 111.10,
110.92, 110.29, 99.87, 92.08, 24.82 (bridge-CH,), 15.12 (CHg).

The prepared compound (0.5 g, 2.14 mmol) was dissolved in 15 mL
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of tetrahydrofuran and cooled to -30 C. A ZrCiy(NMe;)(DME) solution
obtained by dissolving 15 mL of tetrahydrofuran therein and cooling to
-30 C was quickly added to the lithium salt and stirred at room temperature
for 12 hours. After the solvent was removed, the residue was saturated
and recrystallized in pentane at -30 C to obtain a vyellow
bis(dimethylamido)[methylene(n’~indenyl)(n°>-1,3-
dimethylcyclopentadienyl)]zirconium compound crystal (0.44 g) (yield:
52 %). Fig. 2 shows an X-ray diffraction crystal structure of the
metallocene compound.

"H NMR (CgDs): ( 7.51 (d, J = 8 Hz, 1 H, Ind-H), 7.45 (d, J = 8 Hz, 1
H, Ind-H), 6.87 (td, J = 8, 0.8 Hz, 1 H, Ind-H), 6.72 (id, J = 8, 0.8 Hz, 1 H,
Ind-H), 6.58 (d, J = 3.2 Hz, 1 H, Ind-H), 5.87 (d, J = 3.2 Hz, 1 H, Cp-H), 5.85
(d, J=3.2Hz, 1 H, Cp-H), 5.73 (d, J = 3.2 Hz, 1 H, Ind-H), 3.81 (d, J= 14.2
Hz, 1 H, bridge-CHy), 3.70 (d, J= 14.2 Hz, 1 H, bridge-CH), 2.85 (s, 6 H,
N(CHj3)2), 2.56 (s, 6 H, N(CHz3)2), 2.13 (s, 3 H, CH3), 1.92 (s, 3 H, CHj3).
BC{'H} NMR (C¢Ds): ( 125.57, 127.32, 125.26, 123.07, 122.34, 121.68,
114.82, 110.56, 107.84, 102.38, 48.65 (N(CHg3)2), 47.51 (N(CHs),), 22.30
(bridge-CHy), 14.79 (CHj3), 13.75 (CHa).

Example 23: Preparation of Imethylene(n’-indenyl)(n°-1,3-

dimethylcyclopentadienyl)]lzirconium dichloride compound

The bis(dimethylamido)[methylene(n’-indenyl)(n°-1,3-
dimethylcyclopentadienyl)jzirconium compound (0.15 g, 0.375 mmol)
prepared in Example 22 was dissolved in 1.5 mL of benzene. Then,
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chlorotrimethylsilane (0.12 g, 1.13 mmol) was added to the solution. After
12 hours of reaction, a yellow
[methylene(n®~indenyl)(n°-1,3-dimethylcyclopentadienyl)]zirconium
dichloride compound was obtained (yield: 95 %).

"H NMR (CgDe): & 7.26 (dt, J = 8.8, 1.2 Hz, 1 H, Ind-H), 7.06 (ddd, J
= 8.8, 6.8, 1.2 Hz, 1 H, Ind-H), 7.02 (dt, J = 8.8, 0.8 Hz, 1 H, Ind-H), 6.74
(ddd, J = 8.8, 6.8, 1.2 Hz, 1 H, Ind-H), 6.65 (dd, J =3.2, 0.8 Hz, 1 H, Ind-H),
6.14 (d, J = 3.6 Hz, 1 H, Cp-H), 6.11 (d, J = 3.6 Hz, 1 H, Cp-H), 5.65 (d, J =
3.2 Hz, 1 H, Ind-H), 3.68 (s, 2 H, bridge-CH>), 1.82 (s, 3 H, CH3), 1.75 (s, 3
H, CHs). *C{'H} NMR (C¢De): & 126.61, 125.97, 125.62, 124.28, 122.65,
120.56, 113.09, 113.05, 22.13 (bridge-CHy), 14.92 (CH3), 15.70 (CHjs).
(Carbon with no hydrogen attached was ﬁot observed.)

Example 24: Preparation of

(bis(diethylamido)ethylidene(cyclopentadienyl)(1,3-

dimethylcyclopentadienyl) zirconium

The 2-(1-cyclopentadienyl)-1,3-dimethylcyclopentadiene compound
(2.17 g, 11.6 mmol) prepared in Example 21 was dissolved in cold diethyl
ether (50 mL, -30 C). After adding methyllithium (14.6 mL, 23.2 mmol),
the solution was stirred for 12 hours. The obtained compound was filtered
and washed with diethyl ether to obtain a dilithium salt of
2-(1-cyclopentadienyl)-1,3-dimethylcyclopentadiene (yield: 95 %).

'H NMR (pyridine-ds): & 6.29 (s, 4 H, Cp-H), 5.96 (s, 2 H, Cp-H),
4.63 (quartet, J = 7.2 Hz, 1 H, CHCHj), 2.40 (s, 6 H, CH3), 2.05 (d, J = 7.2
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Hz, CHCH3). ®*C{'H} NMR (pyridine-ds): & 131.80, 125.51, 110.33, 102.67,
102.54, 101.37, 33.55 (bridge-CHy), 23.43 (CHs3), 16.23 (CHj).

The obtained lithium salt (900 mg, 3.6 mmol) was dissolved in 9 mL
of pyridine. Then, ZrClo(NEt;)2(THF), (1.62 g, 3.60 mmol) was added at
room temperature. This solution was stirred for 12 hours. The solvent
was removed under reduced pressure and the residue was dissolved in
pentane and filtered through diatomite. The solution was saturated and let

alone at -30 C for 12 hours to obtain a yellow crystal (920 mg, yield:

49 %).

'H NMR (CgDs): & 6.27 — 6.22 (m, 1 H, Cp-H), 6.16 — 6.12 (m, 1 H,
Cp-H), 5.87 (d, J = 3.6 Hz, 1 H, Me,Cp-H), 5.84 (d, J = 3.6 Hz, 1 H,
Me,Cp-H), 5.54 (dd, J = 4.8, 2.4 Hz, 1 H, Cp-H), 5.33 (dd, J = 4.8, 2.4 Hz, 1
H, Cp-H), 3.93 (quartet, J = 7.2 Hz, 1 H, CHCH3), 3.41 — 3.29 (m, 4 H,
NCH,), 3.27 — 3.14 (m, 4 H, NCHy), 2.09 (s, 3 H, CH3), 1.92 (s, 3 H, CHa),
1.63 (d, J = 7.2 Hz, 1 H, CHCH3), 1.02 (t, J = 6.8 Hz, 3 H, CH3), 1.01 (t, J =
6.8 Hz, 3 H, CHs). *C{"™H} NMR (CgDs): 125.14 (Cp-C), 123.49 (Cp-C),
116.91 (Cp-C), 115.03 (Cp-C), 113.44 (Cp-CH), 113.04 (Cp-CH),, 111.49
(Cp-CH), 111.24 (Cp-CH), 103.50 (Cp-CH), 101.22 (Cp-CH), 47.19
(NCH,CHs), 47.03 (NCH2CHs), 33.02 (bridge-C), 17.30 (CHs), 16.83 (CHa),
14.72 (NCH,CHs), 14.49 (NCHoCH3), 14.15 (CHa).

Example 25: Preparation of

bis(diethylamido)ethylidene(cyclopentadienyl)(1,3-

dimethylcyclopentadienyl)titanium
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The same procedure as in Example 24 was carried out, using
Ti(NMe3).Cl; instead of Zr(NMe;).Cl,.

H NMR (pyridine-ds): & 6.44 (quartet, 2.0 Hz, 1 H, Cp-H), 6.37
(quartet, 2.0 Hz, 1 H, Cp-H), 6.18 (d, J = 3.2 Hz, 1 H, Me,Cp-H), 6.12 (d, J =
3.2 Hz, 1 H, MeCp-H), 5.48 (quartet, 2.0 Hz, 1 H, Cp-H), 5.17 (quartet, 2.0
Hz, 1 H, Cp-H), 3.86 (quartet, J = 7.2 Hz, 1 H, CHCHj3), 2.98 (s, 6 H, NCH3),
2.97 (s, 6 H, NCH3), 2.07 (s, 3 H, CH3), 1.95 (s, 3H, CH3), 1.61 (d, J=7.2 H,

3 H, CHCHs).

Example 26: Preparation of ethylidene(cyclopentadienyl)(1,3~

dimethylcyclopentadienyl)zirconium dichloride

The bis(diethylamido)ethylidene(cyclopentadienyl)(1 ,'3-
dimethylcyclopentadienyl)zirconium compound (920 mg, 22.2 mmol)
prepared in Example 24 was dissolved in 9 mL of benzene. Then,
Me3SiCl (0.846 mL, 66.6 mmol) was added. This solution was stirred for
12 hours to obtain a bright yellow precipitate. After removing the solvent
under reduced pressure, the precipitate was dissolved in benzene and
filtered through celite. Then, the solvent was removed under reduced
pressure to obtain a yellow crystal (730 mg) (yield: 95 %). Fig. 3 shows an
X-ray diffraction crystal structure of the nﬁetallocene compound.

'H and "°C NMR spectra (730 mg, 95 %). 'H NMR (CeDe): & 6.45 —
6.40 (m, 1 H, Cp-H), 6.35 — 6.33 (m, 1 H, Cp-H), 6.19 (d, J = 3.6 Hz, 1 H,
Me,Cp-H), 6.16 (d, J = 3.6 Hz, 1 H, Me,Cp-H), 5.33 (dd, J = 4.2, 2.8 Hz, 1 H,
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Cp-H), 5.12 (dd, J = 4.2, 2.8 Hz, 1 H, Cp-H), 3.70 (quartet, J = 7.2 Hz, 1 H,
CHCHs3), 1.83 (s, 3 H, CH3), 1.66 (s, 3 H, CHs), 1.27 (d, J = 7.2 Hz, 1 H,
CHCHs) ppm. ®C{’H} NMR (C¢Ds): 124.39 (Cp-CH), 123.31 (Cp-CH),
122.64 (Cp-CH), 121.70 (Cp-CH), 121.15 (Cp-CC), 119.43 (Cp-CC), 118.48
(Cp-CC), 109.17 (Cp-CC), 107.47 (Cp-CH), 105.19 (Cp-CH), 33.12
(bridge-C), 17.41 (CHs), 16.39 (CHs), 14.78 (CHa).

Example 27: Preparation of ethylidene(cyclopentadienyl)(1,3-

dimethylcyclopentadienytitanium dichloride

The procedure of Example 26 was carried out using
bis(diethylamido)
ethylidene(cyclopentadienyl)(1,3-dimethylcyclopentadienyl)titanium
prepared in Example 25 instead of
bis(diethylamido)ethylidene(cyclopentadienyl)(1,3-
dimethylcyclopentadienyl)zirconium. Fig. 4 shows an X-ray diffraction
crystal structure of the metallocene compound.

'H NMR (CgDs : pyridine-ds (10 : 1)): & 6.76 (quartet, J = 3 Hz, 1 H,
Cp-H), 6.83 (quartet, J = 3 Hz, 1 H, Cp-H), 6.67 (d, J = 3.6 Hz, 1 H,
Me,Cp-H), 6.64 (d, J = 3.6 Hz, 1 H, Me,Cp-H), 5.45 (dd, J = 3.6, 2.8 Hz, 1 H,
Cp-H), 5.18 (dd, J = 3.6, 2.8 Hz, 1 H, Cp-H), 3.90 (quartet, J = 7.2 Hz, 1 H,
CHCHs), 1.83 (s, 3 H, CH3), 1.67 (s, 3 H, CH3), 1.40 (d, J =7.2 Hz, 1 H,
CHCHs).

Example 28 : Copolymerization of ethylene and norbornene

A 70 mL glass reactor containing 70 mL of 3.54M norbonene
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toluene solution was kept at 60 °C. An activated catalyst obtained by
mixing 0.5 pumol of
[methylene(n’>-indenyl)(n°-1,3-dimethylcyclopentadienyl)jzirconium
dichloride and 2 mmol of MAO and stirring them for 15 minutes was added
using a syringe. Just after adding the catalyst, polymerization was carried
out for 20 minutes while applying an ethylene gas at 100 psig. After the
polymerization was completed, the polymerization solution was diluted with
acetone. The obtained polymer was filtered and washed several times
with acetone. The remaining solvent was removed under reduced
pressure to obtain the polymer. The glass transition temperature and
molecular weight of the obtained polymer are shown in Table 1.

Example  29: Preparation  of  2-[(t-butylamido)phenylmethvl]-1,3-

dimethylcyclopentadiene compound

The 2,5-dimethyl-6-phenylfulvene compound 0.95 g (5.21 mmol)
prepared in Example 4 was dissolved in 40 mL of tetrahydrofuran. After
cooling to -30 C, 0.41 g (5.21 mmol) of lithium t-butylamide was added.
The reaction was carried out for 12 hours while heating to room
temperature. After adding 20 mL of water, 50 mL of hexane was added to
extract the organic layer. The obtained organic layer was drieq using a
rotary evaporator. The obtained compound, which included impurities,
was purified by column chromatography (hexane:ethyl acetate = 1:2) using
silica to obtain 1.06 g of pure coﬁqpound. |

'H NMR (CDCls): 6 7.46 (d, J = 8 Hz, 2 H, Ph-H), 7.25 (t, J =8 Hz, 2
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H, Ph-H), 7.14 (t, J = 8 Hz, 1 H, Ph-H), 5.78 (d, J = 2.0 Hz, 1 H, Cp-CH),
4.98 (s, 1 H, bridge-CH), 2.80 (quintet, J = 2.0 Hz, 2 H, CHy), 2.14 (s, 3 H,
CHa), 1.82 (quartet, J = 2.0 Hz, 3 H, CHa), 1.13 (s, 9 H, Bu-H). *C{'H}
NMR (CDCls): & 145.66 (ph-CP®), 143.11 (Cp-C(CHa)), 143.02 (Cp-C(CHa)),
137.05 (Cp-CPridee heady 197 63 (Ph-C), 127.07 (Ph-C), 125.69 (Ph-C),
125.09 (Cp-CH), 52.98 (NCH), 51.41 (NC(CHa)s), 44.12 (CHo), 30.12
(C(CHa)s), 15.92 (CH3), 14.65 (CH).

Example 30: Preparation of

bis(dimethylamido)[2-(t-butylamido)phenylmethyl]-1,3-

dimethvlcvclopentadienyl)zirconium compound

0.511 g (2.00 mmol) of the
2-[(t-butylamido)phenylmethyl]-1,3-dimethylcyclopentadiene compound
prepared in Example 29 and 0.540 g (2.00 mmol) of Zr(NMey); were
dissolved in 30 mL of toluene. The solution was stirred at 100 °C for 2
days while slowly flowing nitrogen gas therein. As dimethylamine and
toluene disappeared, a pure white solid bis(dimethylamido)[2-(-butylamido)
phenylmethyl]-1,3-dimethylcyclopentadienyl]zirconium compound suitable
for 'H and "*C NMR analyses was obtained.

"H NMR (CgDg): 6 7.61 (d, J = 7.6 Hz, 2 H, Ph-H), 7.25 (t, J = 7.6 Hz,
2 H, Ph-H), 7.13 (t, J = 7.6 Hz, 1 H, Ph-H), 5.88 (d, J = 2.8 Hz, 1 H, Cp-H),
5.85 (s, 1 H, bridge-CH), 5.48 (d, J = 2.8 Hz, 1 H, Cp-H), 3.09 (s, 6 H,
NCHj3), 2.89 (s, 6 H, NCH3), 2.19 (s, 3 H, CHj3), 1.54 (s, 3 H, CHz3), 1.24 (s, 9
H, 'Bu-H). "*C{'"H} NMR (CgDg): & 147.10 (Ph-CP°), 128.45 (Ph-C), 127.64
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(Ph-C), 126.45 (Ph-C), 125.43 (Cp-C(CHa)), 123.77 (Cp-C(CHa)), 112.60
(Cp-CH), 107.74 (Cp-CH), 105.76 (Cp-CPeMead) 59 33 (bridge-CH), 56.20
(NC(CHa)s), 47.37 (N(CHa)z), 43.58 (N(CHs)2), 32.24 (C(CHs)s), 14.79
(CH3), 13.52 (CHs). Anal. Calcd. for CooHasNsZr: C, 61.1; H, 8.15; N, 9.71.
Found: C, 59.7; H, 7.81; N, 9.53.

Example  31: Preparation of [2-(f-butylamido)phenylmethyl]-1,3-

dimethylcyclopentadienyl)zirconium dichloride compound

0.530 g (1.22 mmol) of the bis(dimethylamido)[2-(&-butylamido)
phenylmethyl]-1,3-dimethylcyclopentadienyl)zirconium dichloride
compound prepared in Example 30 was dissolved in 20 mL of toluene.
Then, 0.315 g (0.44 mmol) of dichlorodimethylsilane was added. After
more than 12 hours of reaction, the produced white solid was filtered off
and the solvent was removed under reduced pressure to obtain 0.222 g
(yield: 44 %) of
([2-(t-butylamido)phenylmethyl]-1,3-dimethylcyclopentadienyl)zirconium
dichloride compound. Fig. 5 shows an X-ray diffraction crystal structure of
the metallocene compound.

'H NMR (CgDg): & 7.10 — 7.22 (m, 2 H, Ph-H), 7.10 — 7.00 (m, 3 H,
Ph-H), 5.95(d, J = 3.2 Hz, 1 H, Cp-H), 5.91 (s, 1 H, bridge-CH), 5.77 (d, J
= 3.2 Hz, 1 H, Cp-H), 1.99 (s, 3 H, CH3), 1.60 (s, 3 H, CH3), 1.27 (s, 9 H,
Bu-H). "C{"H} NMR (CeDs): & 142.21 (Ph-CP®), 132.25 (Cp-C(CHa)),
132.17 (Cp-C(CHj3), 128.49 (Ph-C), 128.29 (Ph-C), 127.56 (Ph-C), 116.40
(Cp-CH), 116.17 (Cp-CH), 104.27 (Cp-CPiéeeheady 59 65 (bridge-CH), 57.84
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(NC(CH3)3), 30.70 (C(CHs)s), 16.58 (CH3), 14.00 (CH3) ppm. Anal. Calcd.
for C1gH23CLNZr: C, 52.0; H, 5.58; N, 3.37. Found: C, 51.7; H, 6.08; N,
3.34.

Examples 32 to 34 : Copolymerization of ethylene and norbérnene

Copolymerization was carried out using the same reactor,
norbonene solution, and ethylene pressure as in Example 28, changing the
catalyst and polymerization condition. The procedure of obtaining polymer
after polymerization was the same as in Example 28. The polymerization
catalyst used, polymerization condition, and polymerization results are
shown in Table 1.

Table 1. Ethylene/norbonene copolymerization results

Exam | Catal | Time Temperat Activity Tg Mw | My/M
ple | yst* | (min) ure (10° (C) .
(C) | g/molh)
28 A 20 60 5.0 123 | 59900 | 1.73
32 B 5 120 312 129 | 40800 | 1.67
33 B 5 90 360 174 | 54300 | 2.10
34 C 10 90 5.5 - 80500 | 2.04
* A [Methylene(n®indenyl)(n’-1,3-dimethylcyclopentadienyl)]zirconium
dichloride

B: Ethylidene(cyclopentadienyl)(1,3-dimethylcyclopentadienyl)zirconium

dichloride
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C: Ethylidene(cyclopentadienyl)(1,3-dimethylcyclopentadienyl)titanium
dichloride

Examples 35 to 38 : Copolymerization of ethylene and norbornene

Ethylene polymerization was carried out using the metallocene
compounds prepared in Examples 23, 26, and 27, by the method of
Exarﬁple 6. The polymerization catalyst used, polymerization condition,
and polymerization results are shown in Table 2.

Table 2. Ethylene polymerization result

Example | Catalyst| Time | Temperature | Activity My M,/Mp
(min) | (C)" °
35 A 10 60 43 140000 | 1.64
36 A 5 60 35 163000 | 1.70
37 B 8 60 15 235000 | 2.12
38 C 5 60 57.6 |246000| 2.01

* A:  [Methylene(n®indenyl)(n°-1,3-dimethylcyclopentadienyl)]zirconium
dichloride
B: Ethylidene(cyclopentadienyl)(1,3-dimethylcyclopentadienyl)zirconium
dichloride
C:  Ethylidene(cyclopentadienyl)(1,3-dimethylcyclopentadienyl)jtitanium
dichloride
As can be seen from the above results, a metallocene catalyst

having only one bridge carbon at the cyclopentadienyl ligand and a
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substituent at the a-position to the bridge carbon was prepared from a
fulvene derivative having substituents at the 2- and 5-positions. In
particular, the metallocene catalysts of Examples 7 to 13, which have a
substituent at the a-position of the cyclopentadienyl group only, showed
better copolymerization activity and copolymerization ability for cyclic
olefins having large steric hindrance like norbornene, than the isopropylene
9- fluorenylcyclopentadienylzirconium dichloride catalyst used in
Comparative Examples 2 o 4.

As described above, the novel fulvene compound of the present
invention, which has substituents at the 2- and 5-positions, can be used for
an intermediate for synthesis of natural prodgct s, for a medicine
intermediate, or for a starting material for syntheses of metallocene
catalysts having cyclopentadienyl groups.

Also, the bridged metallocene derivative obtained from the fulvene
derivative can be used for olefin polymerization, when mixed with an
aluminum compound or a boron compound. Since the metallocene
catalyst prepared by the present invention has less steric hindrance and
offers better electronic effects than the metallocene catalyst prepared by
the conventional method, it is useful for copolymerization of large
monomers, such as a cyclic olefin copolymer (COC).

While the present invention has been described in detail with
reference to the preferred embodiments, those skilled in the art will

appreciate that various modifications and substitutions can be made thereto
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without departing from the spirit and scope of the present invention as set

forth in the appended claims.
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WHAT IS CLAIMED IS:

1. An intermediate of a fulvene compound represented by the
following Chemical Formula 9:
Chemical Formula 9
9  ORs
R4
Qs
R2
wherein
each of Ry, R3, and R, is independently or simultaneously a
hydrogen; a Cq to Cy alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a Cq to Cog
alkyl or aryl having an oxygen atom or a nitrogen atom; or a group 14
10  metalloid radical substituted by a hydrocarbyl, wherein Rz and R4 may be
linked by an alkylidine radical including an alkyl or aryl radical to form a ring;
and
Rsis a Cq to Cyp alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C4 to Ca
alkyl or aryl having an oxygen atom or a nitrogen atom; or a group 14
15  metalloid radical substituted by a hydrocarbyl.

2. A fulvene compound represented by the following Chemical

Formula 7:
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Chemical Formula 7

wherein each of R4, Rz, R3, and Ry is individually or simultaneously
a hydrogen; a C4 to Cy alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C1 to Cy
alkyl or aryl having an oxygen atom or a nitrogen atom; or a group 14
metalloid radical substituted by a hydrocarbyl, wherein at least one of R4
and Ry is not a hydrogen, and R; and R4 may be linked by an alkylidine
radical including an alkyl or aryl radical to form a rihg.

3. The compound according to Claim 2, wherein both R and R; are
methyl radicals.

4. A preparation method of a fulvene compound represented by the
following Chemical Formula 7, which comprises:

a) a step of reacting a ketal (dioxolane group) derivative
represented by the following Chemical Formula 13 with a metal salt, and
reacting it with an electrophile represented by the following Chemical
Formula 12, and hydrolyzing it to obtain a compound represented by the
following Chemical Formula 11;

b) a step of protecting the alcohol group of the compound
represented by Chemical Formula 11 using a compound represented by
the following Chemical Formula 10 or by reacting it with dihydropyran or

isobutene to obtain a compound represented by the following Chemical
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Formula 9; and

c) a step of nucleophilic reaction of the intermediate Co.mpound
represented by Chemical Formula 9 with an organometallic compound
represented by the following Chemical Formula 8a or Chemical Formula 8b
to prepare fulvene compound represented by the following Chemical
Formula 7 :

Chemical Formula 7

Chemical Formula 8a
R4-M
Chemical Formula 8b
R¢{-MgX
Chemical Formula 9
o ORs5
Ry
R3
Ro
Chemical Formula 10

Rs-Y
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Chemical Formula 11

Q  OH
R4
R3

Chemical Formula 13

O/_—“\O

0
Ro

wherein

each of Ry, Ry, R3, and Ry is indepentently or simultaneously a
hydrogen; a C, to Cq alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C1to Czo
alkyl or aryl having an oxygen atom or a nitrogen atom; or a group 14
metalloid radical substituted by a hydrocarbyl, wherein at least one of Ry
and Rz is not a hydrogen, and R; and R4 may be linked by an alkylidine
radical including an alkyl or aryl radical to form a ring;

Rs is a Cq to Co alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C4 to Cx
alkyl or aryl having an oxygen atom or a nitrogen atom; or a group 14
metalloid radical substituted by a hydrocarbyl;

X is a halogen atom;

Y is a leaving group of the nucleophilic substitution, which is a

halogen or a sulfonate group including trifluoromethylsulfonate or
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p-toluenesulfonate; and
M is an alkali metal.
5. The preparation method of a fulvene compound according to
Claim 4, wherein the ketal derivative represented by Chemical Formula 13
5 is prepared from an unsaturated ketone represented by the following
Chemical Formula 14:
Chemical Formula 14
é/x
Ra
wherein
10 R. is a hydrogen; a Cq to Cy alkyl, alkenyl, alkylaryl, arylalkyl or
aryl; a C4 to Cy alkyl or aryl having an oxygen atom or a nitrogen atom; or a
group 14 metalloid radical substituted by a hydrocarbyl; and
X is a halogen atom.

6. A compound represented by the following Chemical Formula 5:

15 Chemical Formula 5
R{
R3 Ro
R
SN
wherein

each of Ry, Rz, and Ry is indepentently or simultaneously a

hydrogen; a Cq to Cy alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C4 to Cq
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alkyl or aryl having an oxygen atom or a nitrogen atom; or a group 14
metalloid radical substituted by a hydrocarbyl, wherein at least one of R,
and R is not a hydrogen, and R; and R4 may be linked by an alkylidine
radical including an alkyl or aryl radical to form a ring; and

A is cyclopentadienyl or its derivative; fluorenyl or its derivative;
indenyl or its derivative; a substituted or unsubstituted amido; or a
substituted or unsubstituted phosphino.

7. The metallocene compound according to Claim 6, wherein both
Ry and Ry of the compound represented by Chemical Formula 5 are
methyls; and A is cyclopentadienyl, indenyl, fluorenyl, or derivatives thereof
substituted by one more substituents, such as a C4 to Cy alkyl, alkenyl,
alkylaryl, arylalkyl, or aryl.

8. A metallocene corﬁpound represented by the following Chemical
Formula 1:

Chemical Formula 1

R1
R3 Ro
R4 Q1
A— ]
\
Qo
wherein

each of Ry, Rs, and Ry is individually or simultaneously a hydrogen;
aCqto Czé alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C4 to Cy alkyl or aryl

having an oxygen atom or a nitrogen atom; or a group 14 metalloid radical
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substituted by a hydrocarbyl, wherein at least one of Ry and R is not a
hydrogen, and Rz and Rs may be linked by an alkylidine radical including an
alkyl or aryl radical to form a ring;

M, is a group 4transition metal;

A is cyclopentadienyl or its derivative; fluorenyl or its derivative;
indenyl or its derivative; a substituted or unsubstituted amido; or a
substituted or unsubstituted phosphino; and

each of Q; and Qs is individually or simultaneously a halogen; a C4
to Cyo alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C4 to Cg substituted or
unsubstituted alkylidene; a substituted or unsubstituted amido; or a C1 to
C2o alkylalkoxy or arylalkoxy, or Qqand Q2 may be linked by an alkylidine
radical including an alkyl or aryl radical to form a ring.

9. The metallocene compound according to Claim 8, wherein both
R1 and R, are methyls; and A is cyclopentadienyl, indenyl, fluorenyl, or a
kind of derivative thereof substituted by one more substituents, such as C4
to Coo alkyls, alkenyls, alkylaryls, arylalkyls, or aryis.

10. The metallocene compound according to Claim 8, wherein A is
a substituted or unsubstituted amido; and all of Ry, Ry, Rs, and Ry are
simultaneously C to Cy alkyls or aryls.

11. A preparation method of the metallocene compound according
to Claim 8, which is represented by Chemical Formula 1, which comprises
a step of reacting a fulvene compound represented by the following

Chemical Formula 7 with a cyclopentadiene derivative to obtain a
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compound represented by the following Chemical Formula 5:

Chemical Formula 5

wherein

each of Ry, Rz, Rs, and R4 is independently or simultaneously a
hydrogen; a C4 to Cy alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C1 to Cyg
alkyl or aryl having an oxygen atom or a nitrogen atom; or a group 14
metalloid radical substituted by a hydrocarbyl, wherein at least one of R,
and R is not a hydrogen, and R3 and R4 may be linked by an alkylidine
radical including an alkyl or aryl radical to form a ring; and

A is cyclopentadienyl or its derivative; fluorenyl or its derivative;
indenyl or its derivative; a substituted or unsubstituted amido; or a
substituted or unsubstituted phosphino.

12. The preparation méthod according to Claim 11, wherein both R4
and Ry are methyls; and A is cyclopentadienyl, indenyl, fluorenyl, or

derivatives thereof substituted by one or more substituents, such as a C4 to

61



WO 2004/020481 PCT/KR2003/001763

10

15

20

Coo alkyl, alkenyl, alkylaryl, arylalkyl, or aryl.

13. A preparation method of an ethylenic polyolefin polymer, which
comprises a step of polymerizing a monomer selected from a group
consisting of ethylene, an a-olefin, a dienic monomer, a trienic monomer,
and a styrene monomer in the presence of a metallocene catalyst
represented by the following Chemical Formula 1 and a cocatalyst selected
from a group consisting of a linear, cyclic, or clustered compound
represented by the following Chemical Formula 2, a compound represented
by the following Chemical Formula 3, and a compound represented by the
following Chemical Formula 4a or Chemical Formula 4b:

Chemical Formula 1

R1
R3 Ro
R4 L
\
Q2
wherein

each of R1, Rz, Ras, arind R4 is independently or simultaneously a
hydrogen; a Cq to Cy alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C4 to Cao
alkyl or aryl having an oxygen atom or a nitrogen atom; or a group 14
metalloid radical substituted by a hydrocarbyl, wherein at least one of R,
and Rz is not a hydrogen, and Rs and R4 may be linked by an alkylidine
radical including an alkyl or aryl radical to form a ring;

M, is a group 4transition metal;
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A is cyclopentadienyl or its derivative; fluorenyl or its derivative;
indenyl or its derivative; a substituted or unsubstituted amido; or a
substituted or unsubstituted phosphino; and

each of Q4 and Q is independently or simultaneously a halogen; a
C1 to Cy alkyl, alkenyl, alkylaryl, arylalkyl, or aryl; a C4 to Czo substituted or
unsubstituted alkylidene; a substituted or unsubstituted amido; or a C4 to
Cog alkylalkoxy or arylalkoxy;

Chemical Formula 2

-[Al(Re)-Ol-

wherein

Rs is a halogen, a C4 to Cy hydrocarbyl radical, or a C1 to Cy
hydrocarbyl radical substituted by a halogen; and

a is an integer of 2 to 5000;

Chemical Formula 3

N(Rg)3

wherein

N is a group Xlll element; and

each of three Rg’s is independently or simultaneously a halogen, a
C1 to Cyo hydrocarbyl radical, or a C to Czo hydrocarby! radical substituted
by a halogen;

Chemical Formula 4a

[L-HI"INE4]

Chemical Formula 4b
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[LI'INE4]
wherein
L is a neutral or cationic Lewis acid,
N is a group 13 element; and
5 each of four E’s is independently or simultaneously a Cs to Cy aryl
radical substituted by one or more substituents selected from a group
consisting of a halogen, a C4 to Cy hydrocarbyl, a C4 to Cz alkoxy, and a
phenoxy radical.
14. The preparation method of a cyclic olefin copolymer (COC)
10  according to Claim 13, which comprises a step of polymerizing an a-olefin

and a cyclic olefin represented by the following Chemical Formula 15, 18,

or17:
Chemical Formula 15
Ris R,
RM: Z Riz
15. wherein each of Ry, Riy2, Riz, and Ry is individually or

simultaneously a hydrogen; or a Cq to Cyo alkyl, alkenyl, alkylaryl, arylalkyl,
or aryl, wherein R1 and R4z may be linked by an alkylidine radical including

an alkyl or aryl radical to form a ring;
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Chemical Formula 16

Ris Ris
Rit

R12
R‘14 R15

wherein each of Ry1, Ri2, R13, R4, Rys, and Rye is individually or

| simultaneously a hydrogen; or a C to Cy alkyl, alkenyl, alkylaryl, arylalkyl,

5 oraryl, wherein Ry and R4z may be linked by an alkylidine radical including
an alkyl or aryl radical to form a ring; and |

Chemical Formula 17

(CH,)n
wherein n is an integer of 2 to 10.
10 15. The preparation method of a polyolefin polymer according to
Claim 14, which comprises a step of polymerizing a monomer selected from
a group consisting of ethylene, an a-olefin, a dienic monomer, a trienic
monomer, and a styrene monomer in the presence of a metallocene
catalyst represented by Chemical Formula 1, wherein both Ry and Rqare
15 methyls, and a cocatalyst.

16. The preparation method of a cyclic olefin copolymer (COC)
according to Claim 14, which comprises a step of polymeriiing an a-olefin
and a cyclic olefin represented by Chemical Formula 15, 16, or 17 in the
presence of a metallocene catalyst represented by Chemical Formula 1,

20 wherein both R; and R, are methyls, and a cocatalyst.
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17. The preparation method of an a-olefin polymer or a cyclic olefin
copolymer (COC) according to Claim 13, 14, 15, or 16, wherein the
metallocene compound and the cocatalyst are supported on silica or

alumina.
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