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Description

METHOD FOR POLYMERIZING CYCLIC OLEFIN HAVING

POLAR FUNCTIONAL GROUP, OLEFIN POLYMER
PRODUCED THEREBY, OPTICAL ANTISOTROPIC FILM

COMPRISING THE SAME, AND CATALYST COMPOSITION

[1]

[2]

[3]

[4]

[5]

FOR POLYMERIZING THE CYCLIC OLEFIN
Technical Field

The present invention relates to a method of producing a cyclic olefin polymer and
a catalyst composition for producing the cyclic olefin polymer. More particularly, the
present invention pertains to a method of producing a cyclic olefin polymer having a
polar functional group using a catalyst composition which contains a metal compound
of Group 10, an organophosphorus ligand, and a salt compound, an olefin polymer
produced by using the method, an optical anisotropic film including the polymer, and a
catalyst composition for producing a cyclic olefin polymer having a polar functional
group.

This application claims priority from Korea Patent Application Nos.
10-2006-0054367 filed on June 16, 2006 and 10-2007-0003074 filed on January 10,
2007 in the KIPO, the disclosure of which is incorporated herein by reference in its
entirety.

Background Art

In the recent information and electronic industry, inorganic substances such as
silicon oxides or silicon nitrides have been frequently used. However, the demand for
novel materials having high performance is growing in accordance with the increased
requirement for small-sized devices having high efficiency. An interest in polymer that
has low dielectric constant and water absorption, excellent metal adhesion, mechanical
strength, thermal stability, and transparency, and high glass transition temperature (Tg
> 250°C) as a material capable of satisfying the high-performance properties is
growing.

The polymer may be used as electronic materials such as insulating films of semi-
conductors or TFT-LCDs, films for protecting polarizing plates, multichip modules,
integrated circuits, printed circuit boards, sealing materials for electronic devices, or
flat panel displays.

The cyclic olefin polymer is a polymer of cyclic monomers such as norbornene, and
has better transparency, heat resistance, and resistance to chemicals, and very low bire-

fringence and water absorption as compared to a known olefin polymer. Therefore, the
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[6]

[7]
[8]

[9]
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cyclic olefin polymer may be used as optical materials such as CD, DVD, and POFs
(Plastic Optical Fibers), information electronic materials such as capacitor films and
low dielectric materials, and medical materials such as syringes having the low
absorption property and blister packaging.

Examples of a polymerization method of the cyclic olefin may include ROMP
(Ring Opening Metathesis Polymerization), copolymerization in conjunction with
ethylene, and addition polymerization shown in the following Reaction scheme 1. In
the above-mentioned polymerization methods, transition metal catalysts such as
metallocene compounds and Ni or Pd-compounds are used. Characteristics of the poly-
merization reaction and polymers to be produced depend on the central metal, the
ligand, and the composition of the catalyst.

[Reaction scheme 1]

H,

ROMP Tﬂ\(i:f/in n
Copolymerization m
/ with ethylene

Addition n
Palymerization

n

In respects to the catalyst used in the ROMP, chlorides such as TiCl4 and VVCI6 or
carbonyl organic metal compounds are reacted with Lewis acid cocatalysts such as R3
Al and Et2A1C1 to form metal carbene or metallocyclobutane catalyst active species.
The active species are reacted with double bonds of olefins to be ring-opened via a ring
intermediate of metallocyclobutane, thereby forming a final product having a double
bond (Ivin, K. J.; O'Donnel, J. H.; Rooney, J. J.; Steward, C. D. Makromol. Chem.
1979, Vol. 180, 1975). Since the polymer that is produced by using the ROMP has one
double bond per a repeating unit of monomer, thermal stability and oxidation stability
are significantly reduced. Thus, the polymer is frequently used as a thermosetting
resin.

The first copolymer of ethylene and norbornene was produced by using a titanium-

based Ziegler-Natta catalyst manufactured by Leuna, Co., but is disadvantageous in
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that the produced copolymer is not transparent due to residual impurity and Tg is
limited within a range of 140°C or less (Koinzer, P. et al., German Pat. No. 109,224).

With respect to the addition polymerization method of the cyclic olefin monomers,
Gaylord, N.G. et al. suggested a method of polymerizing norbornene by using a [Pd(C6
HSCN)Clz]2 catalyst (Gaylord, N.G.; Deshpande, A.B.; Mandal, B.M.; Martan, M. J.
Macromol. Sci. -Chem. 1977, Vol. A11(5), 1053 - 1070). Polynorbornene that is
produced by using a zirconium-based metallocene catalyst has very high crystallinity,
is not dissolved in a typical organic solvent, has no glass transition temperature, and is
thermally decomposed (Kaminsky, W.; Bark, A.; Drake, 1. Stud. Surf. Catal. 1990,
Vol. 56, 425). On the other hand, polynorbornene that is produced by using a Pd-metal
catalyst is dissolved in an organic solvent such as tetrachloroethylene, chlorobenzene,
or dichlorobenzene, and has a molecular weight of 100,000 or more and Tg of 300°C
or higher.

However, in order to use polymers as information and electronic materials, a pre-
determined adhesion strength is required to a surface of metal such as silicon, silicon
oxides, silicon nitrides, alumina, copper, aluminum, gold, silver, platinum, titanium,
nickel, tantalum, and chromium. Accordingly, in the case of the norbornene polymer,
efforts have been made to provide a polar functional group to a norbornene monomer
in order to control metal adhesion and various electric, optical, chemical, and physical
properties.

U.S. Pat. No. 3,330,815 discloses a method of polymerizing norbornene monomers
having polar functional groups by using (PhCN)ZPdCI2 dimers and the like as a
catalyst. However, the method is problematic in that since the catalyst species are de-
activated due to the polar functional groups of the monomers to disturb a poly-
merization reaction, it is difficult to obtain a polymer having a molecular weight of
10,000 or more.

U.S. Pat. No. 5,705,503 discloses a method of polymerizing norbornene monomers
having polar functional groups by using ((Allyl)PdCl)z/AngF6 as a catalyst composite.
However, in the method, a ratio of the catalyst to the monomers is 1 : 100 to 1 : 250,
which means that the catalyst is used in an excessive amount. Accordingly, since the
large amount of catalyst residue remains in the final polymer, there are possibilities of
deterioration of the polymer resulting from thermal oxidation and reduction in light
transmission.

In the case of when ester norbornene monomers are polymerized by using a cation
type [Pd(CH3CN)4] [BF4]2 catalyst, the polymerization yield is low and exo isomers are
selectively polymerized (Sen, A.; Lai, T.-W. J. Am. Chem. Soc. 1981, Vol. 103,
4627-4629). In the case of when norbornene having an ester group or an acetyl group

is polymerized, since the catalyst needs to be used in an excessive amount so that a
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ratio of the catalyst to monomers is about 1/100 to 1/400, it is difficult to remove the
catalyst residue after the polymerization.

U.S. Pat. No. 6,455,650 discloses a method of polymerizing norbornene monomers
having functional groups by using [(R')ZM(L')X(L”)y]b[VVCA]d as a catalyst composite.
However, the method is problematic in that since the yield is 5% which is considered
to be very low in the case of when the norbornene monomers having the functional
groups are polymerized, it is difficult for the catalyst composite to be used to produce
the polymer having the polar functional groups.

The document which has been made by Lipian et al. (Sen, et al., Organometallics
2001, Vol. 20, 2802-2812) discloses that in a polymerization reaction of ester
norbornene by activating [(1,5-cyclooctadiene) (CH3)Pd(C1)] by means of an organic
phosphorus system such as PPh3 and a cocatalyst such as [Na]+[B(3,5—(CF3)2C6H3)4]',
an excessive amount of catalyst is used so that a ratio of the catalyst to monomers is
about 1/400 to produce a polymer having a molecular weight of about 6,500 at a poly-
merization yield of 40% or less.

Meanwhile, a catalyst system that is used in the above-mentioned polymerization
methods typically includes a main catalyst which is a metal complex and a cocatalyst
which is an ionic compound.

A homogeneous Ziegler-Natta catalyst system that is a catalyst having multi-active
sites used in a known polymerization process includes methyl aluminoxane (MAO) as
a cocatalyst to improve reactivity of the catalyst. However, the catalyst system is
problematic in that since it should be used in an excessive amount in respects to a
catalyst precursor, economic efficiency is poor and undesirable postprocess should be
performed.

After a metallocene catalyst having a single active site was developed, in order to
avoid the above-mentioned problems, perfluoroarylborate type of noncoordination
anions that are capable of providing a single cation active species to a catalyst
precursor, has electric charges that are as low as -1 or -2, and are used to desirably
perform delocalization of the electric charges have been used as a cocatalyst (Chem.
Rev. 1988, Vol. 88, 1405-1421; Chem. Rev. 1993, Vol. 93, 927-942).

The anions are used in a salt form along with trityl cations that are used to perform
a removal reaction of alkide or hydride or dialkylammonium cations that are used to
perform protonolysis. Representative examples of the borate cocatalyst compound may
include [Ph3C] [B (C6F5)4] and [PhNMezH] [B(C6F5)4].

During the polymerization reaction, the cation portions of the cocatalyst are reacted
with leaving groups of the metal precursor to provide cationic properties to the metal
precursor and to form ion pairs along with anion portions of the cocatalyst. In this

connection, the anions are slightly coordinated with the metal and easily exchanged
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with olefin monomers, causing a polymerization reaction.

However, since the ion pairs substantially act as the catalyst active species but are
thermally and chemically unstable, the ion pairs are sensitively reacted with solvents
and monomers to reduce reactivity of the catalyst. Particularly, in the case of the
cocatalyst compound containing nitrogen, a neutral amine compound is generated
during an activation reaction of the catalyst, and the amine compound is capable of
strongly interacting with a cation type organic metal catalyst, causing reduction in
activity of polymerization. In order to avoid this, the use of carbenium, oxonium, and
sulfonium cations instead of ammonium cations is known in the art (EP No. 0426,637).

Meanwhile, in the case of when cyclic olefin monomers are polymerized by using
MAO or organic aluminum as a cocatalyst, high polymerization activity is ensured
during polymerization of nonpolar norbornene such as norbornene, alkylnorbornene,
and silylnorbornene. However, the very low polymerization activity is ensured in
respects to polar norbornene such as ester or acetyl norbornene (U.S. Pat. Nos.
5,468,819, 5,569,730, 5,912,313, 6,031,058, and 6,455,650).

That is, in the case of the catalyst system for polymerizing cyclic olefins having the
polar functional group, the catalyst system is produced by using various types of co-
catalysts. However, since the catalyst is sensitively reacted with monomers to be de-
activated due to the polar functional group or to have reduced thermal stability, it is
difficult for the catalyst system to be used in high temperature polymerization. Ac-
cordingly, in the case of typical olefins having the polar functional group, it is
impossible to obtain the polymerization yield, the molecular weight of the polymer to
be produced, and the amount of the catalyst that satisfy all the requirements. In
addition, in the case of when the catalyst is used in an excessive amount, there are
problems in that the obtained polymer is colored and transparency is poor.

Accordingly, there is a need to provide an addition polymerization method of cyclic
olefins having a polar functional group and a catalyst composition for producing a
cyclic olefin polymer having a polar functional group. In the method, the above-
mentioned problems occurring in the related art are avoided, a cyclic olefin polymer
having a high molecular weight and the polar functional group is capable of being

produced at high yield, and the catalyst residue is not generated.
Disclosure of Invention

Technical Problem

The present invention has been made keeping in mind the above problems
occurring in the related art, and a first object of the present invention is to provide a
method of producing a cyclic olefin polymer having a polar functional group and a

high molecular weight at high yield while deactivation of a catalyst due to the polar
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functional group, water, and oxygen does not occur.

It is a second object of the present invention to provide a cyclic olefin polymer
having a polar functional group which has a high glass transition temperature, and
excellent thermal stability, oxidation stability, resistance to chemicals, and metal
adhesion.

It is a third object of the present invention to provide an optical anisotropic film that
includes the olefin polymer.

It is a fourth object of the present invention to provide a catalyst composition for
producing a cyclic olefin polymer which has a polar functional group and a high
molecular weight at high yield while deactivation of a catalyst which may be caused by
the polar functional group does not occur because of excellent thermal and chemical

stabilities.

Technical Solution

In order to achieve the first object, the present invention provides a method of
producing a cyclic olefin polymer having a polar functional group, including the step
of bringing a catalyst mixture into contact with a monomer solution containing cyclic
olefin monomers having a polar functional group. The catalyst mixture includes a
precatalyst containing metal of Group 10 represented by Formula 1, an
organophosphorus ligand represented by Formula 2, and a cocatalyst that is a salt
compound slightly coordinated with the metal of Group 10 represented by Formula 3
and providing an anion:

[Formula 1]

wherein Xs are each independently a hetero atom selected from S, O, and N,

Rls are each independently —CH:CHRZO, —ORZO, —SRZO, —N(Rzo)z, —N:NRZO, —P(RZO)Z, -
C(O)R™, -C(R™)=NR”, -C(O)OR™, -OC(0)OR™, -OC(O)R”, -C(R*)=CHC(O)R”, -R
2'C(0)R”, -R*'C(0)OR™, or -R*OC(O)R™; R™s are each independently hydrogen,
halogen, linear or branched alkyl having 1 to 5 carbon atoms, linear or branched
haloalkyl having 1 to 5 carbon atoms, cycloalkyl having 5 to 10 carbon atoms, linear or
branched alkenyl having 2 to 5 carbon atoms, linear or branched haloalkenyl having 2
to 5 carbon atoms, or substituted or unsubstituted aralkyl having 7 to 24 carbon atoms;

R” is hydrocarbylene having 1 to 20 carbon atoms,
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st are each independently linear or branched alkyl having 1 to 20 carbon atoms,
linear or branched alkenyl having 2 to 20 carbon atoms, linear or branched vinyl
having 2 to 20 carbon atoms, cycloalkyl having 5 to 12 carbon atoms unsubstituted or
substituted with hydrocarbon, aryl having 6 to 40 carbon atoms unsubstituted or
substituted with hydrocarbon, aralkyl having 7 to 15 carbon atoms unsubstituted or
substituted with hydrocarbon, or alkynyl having 3 to 20 carbon atoms,

M is metal of Group 10, and

pis O to 2,

[Formula 2]

[Z(R3)a]-P[Z'(Ra)b][Z" (Rs). ]

wherein a, b, and ¢ are each an integer in the range of 1 to 3,

Z,7', and Z" are each independently oxygen, sulfur, silicon, or nitrogen, with a
proviso that Z, Z', and Z" are not the same atom,

R3, R4, and RS are each independently hydrogen; linear or branched alkyl having 1
to 20 carbon atoms; linear or branched alkoxy having 1 to 20 carbon atoms; linear or
branched allyl having 3 to 20 carbon atoms; linear or branched alkenyl having 2 to 20
carbon atoms; linear or branched vinyl having 2 to 20 carbon atoms; cycloalkyl having
3 to 12 carbon atoms unsubstituted or substituted with hydrocarbon; aryl having 6 to
40 carbon atoms unsubstituted or substituted with alkoxy or hydrocarbon; aralkyl
having 7 to 15 carbon atoms unsubstituted or substituted with alkoxy or hydrocarbon;
aralkyl substituted with a substituent group containing a hetero ring; alkylaryl having 7
to 15 carbon atoms unsubstituted or substituted with alkoxy or hydrocarbon; alkylaryl
substituted with a substituent group containing a hetero ring; alkynyl having 3 to 20
carbon atoms; silyl each independently substituted with linear or branched alkyl having
1 to 10 carbon atoms; silyl each independently substituted with linear or branched
alkoxy having 1 to 10 carbon atoms; silyl each independently substituted with
substituted or unsubstituted cycloalkyl having 3 to 12 carbon atoms; silyl each inde-
pendently substituted with substituted or unsubstituted aryl having 6 to 40 carbon
atoms; silyl each independently substituted with substituted or unsubstituted aryloxy
having 6 to 40 carbon atoms; siloxy each independently substituted with linear or
branched alkyl having 1 to 10 carbon atoms; siloxy each independently substituted
with substituted or unsubstituted cycloalkyl having 3 to 12 carbon atoms; or siloxy
each independently substituted with substituted or unsubstituted aryl having 6 to 40
carbon atoms; each of the substituent groups is halogen or haloalkyl having 1 to 20
carbon atoms; R4 and RS may be bonded to each other to form a ring; and the hetero

ring includes an aromatic or an aliphatic ring in the substituent groups containing the
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hetero ring,

[Formula 3]

[Cat][Ani]

wherein [Cat] is a cation and any one selected from the group consisting of
hydrogen, cations of metal of Group 1, metal of Group 2, or transition metal, and an
organic unit containing the cations, and

[Ani] is an anion that is slightly coordinated with metal M of Formula 1 and any
one selected from the group consisting of borate, aluminate, [SbFG]—, [PFG]—, [AsFG]—,
perfluoroacetate ([CF3COZ]—), perfluoropropionate ([C2F5COZ]—), perfluorobutyrate
([CF3CF2CF2COZ]—), perchlorate ([ClO4]—), p-toluenesulfonate ([p—CH3C6H4803]—), [SO
3CF3]—, boratabenzene, and carborane unsubstituted or substituted with halogen.

According to an embodiment of the present invention, in the method of producing a
cyclic olefin polymer having a polar functional group, the bringing of the catalyst
mixture into contact with the monomer solution containing cyclic olefin monomers
having the polar functional group is preferably performed at 80 to 150°C.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the borate or
aluminate of Formula 3 contains anions represented by Formula 3a or 3b:

[Formula 3a]

[M’(Ré)4]
[Formula 3b]

[M’(ORg)4]

wherein M' is boron or aluminum, and

RGS are each independently halogen; linear or branched alkyl having 1 to 20 carbon
atoms unsubstituted or substituted with halogen; linear or branched alkenyl having 2 to
20 carbon atoms unsubstituted or substituted with halogen; cycloalkyl having 3 to 12
carbon atoms unsubstituted or substituted with halogen; aryl having 6 to 40 carbon
atoms unsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon atoms
substituted with linear or branched trialkylsiloxy having 3 to 20 carbon atoms or linear
or branched triarylsiloxy having 18 to 48 carbon atoms; or aralkyl having 7 to 15
carbon atoms unsubstituted or substituted with halogen.

According to another embodiment of the present invention, in the method of

producing a cyclic olefin polymer having a polar functional group, each of the cyclic
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olefin monomers is preferably a compound represented by Formula 4:
[Formula 4]

R

7
R',
R"

m Rl ll7

7

wherein m is an integer in the range of 0 to 4,

at least one of R7, R7', R7", and R7"' is the polar functional group and the remaining
groups are nonpolar functional groups,

R7, R7', R7", and R7"' are the same as or different from each other, and each inde-
pendently hydrogen; halogen; linear or branched alkyl that has 1 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkenyl that has 2 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkynyl that has 3 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; cycloalkyl that has 3 to 12 carbon atoms and is un-
substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; aryl that has 6 to 40 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy,
silyl, and siloxy; or a polar functional group that contains at least one of oxygen,
nitrogen, phosphorus, sulfur, silicon, and boron,

R7 and R7' or R7" and R7"' may be bonded to each other to form an alkylidene group
having 1 to 10 carbon atoms or R7 or R7' may be bonded to any one of R7" and R7"' to
form a saturated or unsaturated aliphatic ring having 4 to 12 carbon atoms or an

aromatic ring having 6 to 24 carbon atoms,
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the polar functional group is

-RsORg, ~ORs, ~OC(O)ORg, ~Rs0OC(O)0ORg, ~CLO)ORg, ~RsC(O)ORs, —~C(O)Ry,

-RsC(O)Rg, ~OC{O)Rg, ~ReOC(OIRg, —(RgO0)n—ORg, —(ORg)y—ORg, ~C(O)-0O-C(O)Rg,

-RgC(0)-0O-C(O)Rs,

—RSC(=S)R9_, —RSC(=S)SR9,

-SKg, —KgSRo,

—-55Ry,

-RgS5Rg,

_RBSOSRQ, _SOSRQ, —R8N=C=S,

—S(=O)R9,

-RgS(=0)Rg,

-N=C=5, -NCO,

~Rg-NCO, -CN, -RsCN, -NNC(=8)Rs, -RsNNC(=S)Rs, -NOs, -RgNOs,
SR e Ro Ao
—C(O)N\ —RSC(O)N\ —N —R;sN
Rig Rio Rig Rio
Ro Re I | I
e
—OC(O)N/ ——RZOC(O)N BRo T ReSRg O=Rq
N | I I
Rio Rio O O
0
H H n & 3
_RSOﬁR9 OﬁORg RSOﬁORg — ReB
o) o} o) Rio Rio
OR, OR,
—B —R3B Re 0 Re 0
" | |
ORyo ORyg —N— Rio, T RgN—C—Ryg
0
o ) VA
9 9 -~
l o [ Ok,
—N—C—O0Ry, —RgN—C—O0R;; Ro

[65]
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AV
Rg Rio ——C—N—C—0R;;, — R« C—N—C—O0Ry;
— : —R F>/R9 —P/OR9 —R P/OR9 —OP/OR9
N R _ N 8
Rio | Rio | ORyg ORyq, ORyq
O 0 0
OR OR OR OR
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[68]
[69]

I T A

—C—O—CH2——CH——CH2—~N—R8—Si\—R1O

Ry

(|)\ ORg Rg ORs
——C—0—CHy,—CH—CH,—N—Rz—Si—OR,

ORy4

0 OR, Rg Ro

—Fag—c—o—CH2—~CH——<3H2—~N—Fa8—8i\—R10

Ry

(‘3‘ ORg 'Tg ORg

—Rg—C—0—CHy—CH—CH,—N—Rz—Si—OR

ORy4
Ry R
al- Ro Cl- ° ORs
—R8_NH2+_R8_N—R§3_Si\_R‘IO —RS_NH2+_R8_N—R8_Si_OR1O
Ri OR1
Ry R Rg OR

cl- o cl °
_NH2+_R8_N_R8_Si\_R1O _NH2+_R8_N_R8_Si_OR1O

Rt or OR14

in the polar functional group,

Rgs are the same as or different from each other, and each independently linear or
branched alkylene that has 1 to 20 carbon atoms and is unsubstituted or substituted
with at least one selected from the group consisting of halogen, alkyl, alkenyl, alkynyl,
haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy,
haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy;
linear or branched alkenylene that has 2 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy,

silyl, and siloxy; linear or branched alkynylene that has 3 to 20 carbon atoms and is un-
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[70]

substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; cycloalkylene that has 3 to 12 carbon atoms and is un-
substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; arylene that has 6 to 40 carbon atoms and is un-
substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; alkoxylene that has 1 to 20 carbon atoms and is un-
substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; or carbonyloxylene that has 1 to 20 carbon atoms and is
unsubstituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy,

Rg, R1o’ and R11 are the same as or different from each other, and each inde-
pendently hydrogen; halogen; linear or branched alkyl that has 1 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkenyl that has 2 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkynyl that has 3 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; cycloalkyl that has 3 to 12 carbon atoms and is un-
substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,

haloaryloxy, silyl, and siloxy; aryl that has 6 to 40 carbon atoms and is unsubstituted or
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[71]
[72]

[73]
[74]

[75]

[76]

[77]
[78]
[79]

substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy,
silyl, and siloxy; alkoxy that has 1 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy,
silyl, and siloxy; or carbonyloxy that has 1 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy,
silyl, and siloxy, and

n's are each independently an integer in the range of 1 to 10.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the precatalyst
represented by Formula 1 and the organophosphorus ligand represented by Formula 2
are a precatalyst represented by Formula 5 and an organophosphorus ligand
represented by Formula 6, respectively:

[Formula 5]

X' R’,
xl
Rl ; < ( M R||2
Y|
_Y' Rlll2_ s

wherein X' and Y' are each independently a hetero atom that is selected from the
group consisting of S and O,

R1" Rz', Rz", and Rz"' are each independently linear or branched alkyl having 1 to 20
carbon atoms; linear or branched alkenyl having 2 to 20 carbon atoms; linear or
branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 5 to 12 carbon atoms u
nsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon atoms un-
substituted or substituted with hydrocarbon; aralkyl having 7 to 15 carbon atoms un-
substituted or substituted with hydrocarbon; or alkynyl having 3 to 20 carbon atoms,

M is metal of Group 10;

r and s are each independently O to 2, and r + s = 2,

[Formula 6]
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[80]

[81]
[82]

[83]
[84]

[90]

[91]

[(R3)2N]-P[O(R4) 1[O(Rs)]

wherein R3, R4, and R5 have the same definition as those of Formula 2.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the precatalyst
represented by Formula 1 and the organophosphorus ligand represented by Formula 2
are a precatalyst containing Pd metal represented by Formula 7 and an
organophosphorus ligand represented by Formula 8, respectively:

[Formula 7]

o) R,
0
Rl 1*<< Pd Rl l2
o r
o Rlll2 S

wherein R1" Rz', Rz", and R2"' have the same definition as those of Formula 5, and
r and s are each independently O to 2, and r + s = 2,

[Formula 8]

[(R23)2N 1-P[O(R24) 12

wherein R23 and R24 are each independently hydrogen; linear or branched alkyl
having 1 to 20 carbon atoms; linear or branched allyl having 3 to 20 carbon atoms;
linear or branched alkenyl having 2 to 20 carbon atoms; linear or branched vinyl
having 2 to 20 carbon atoms; cycloalkyl having 3 to 12 carbon atoms unsubstituted or
substituted with hydrocarbon; aryl having 6 to 40 carbon atoms unsubstituted or
substituted with alkoxy or hydrocarbon; aralkyl having 7 to 15 carbon atoms un-
substituted or substituted with hydrocarbon; alkylaryl unsubstituted or substituted with
alkoxy or hydrocarbon; alkylaryl substituted with a substituent group containing an
aliphatic hetero ring; or alkynyl having 3 to 20 carbon atoms; and two R24s may be
bonded to each other to form a ring.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the
organophosphorus ligand represented by Formula 2 is preferably an organophosphorus
ligand represented by Formula 9:

[Formula 9]
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[92]

[93]

[94]

[95]

[96]

[97]
[98]

[99]

AN
/

P—N(R,.),

wherein CY1 is a substituted or unsubstituted ring that contains two O atoms and
one P atom, and

R23s are each independently hydrogen; linear or branched alkyl having 1 to 20
carbon atoms; linear or branched allyl having 3 to 20 carbon atoms; linear or branched
alkenyl having 2 to 20 carbon atoms; linear or branched vinyl having 2 to 20 carbon
atoms; cycloalkyl having 3 to 12 carbon atoms unsubstituted or substituted with hy-
drocarbon; aryl having 6 to 40 carbon atoms unsubstituted or substituted with hy-
drocarbon; aralkyl having 7 to 15 carbon atoms unsubstituted or substituted with hy-
drocarbon; or alkynyl having 3 to 20 carbon atoms.

In Formula 9, examples of the substituent group that is capable of being substituted
with CY1 may include linear or branched alkyl having 1 to 20 carbon atoms, linear or
branched alkoxy having 1 to 20 carbon atoms; linear or branched allyl having 3 to 20
carbon atoms; linear or branched alkenyl having 2 to 20 carbon atoms; linear or
branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 3 to 12 carbon atoms
unsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon atoms un-
substituted or substituted with alkoxy or hydrocarbon; aralkyl having 7 to 15 carbon
atoms unsubstituted or substituted with alkoxy or hydrocarbon; aralkyl substituted with
a substituent group having a hetero ring; alkylaryl having 7 to 15 carbon atoms un-
substituted or substituted with alkoxy or hydrocarbon; alkylaryl substituted with a
substituent group having a hetero ring; or alkynyl having 3 to 20 carbon atoms.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the
organophosphorus ligand represented by Formula 2 is preferably any one selected from
the organophosphorus ligands represented by Formulae 10 to 14:

[Formula 10]

[Formula 11]
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[100]

H,C CH;
| P—N
HC © "wio CH,
[101] [Formula 12]

[102]

[103] [Formula 13]

[104]
o CH,
\ /
P—N
/ N
—0 CH,
[105] [Formula 14]
[106]
OMe
LT
P—N
YN
OMe
[107] According to another embodiment of the present invention, in the method of

producing a cyclic olefin polymer having a polar functional group, in the precatalyst
represented by Formula 1, the metal is Pd, p is 2, the ligand containing the hetero atom
directly coordinated with the metal is acetylacetonate or acetate, the organophosphorus

ligand represented by Formula 2 is (3,5-dioxa-4-phospha-cyclohepta[2,1-a;3,4-a'] di-
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[108]
[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

naphthalen-4-yl)dimethylamine represented by Formula 10, and [Cat] is

N,N-dimethylphenyl ammonium and [Ani] is preferably

tetrakis(pentafluorophenyl)borate in a cocatalyst represented by Formula 3:
[Formula 10]

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the content of the
organophosphorus ligand is preferably 0.5 to 10 mole based on 1 mole of the
precatalyst.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the content of the
cocatalyst is preferably 0.5 to 10 mole based on 1 mole of the precatalyst.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the catalyst mixture
is preferably carried in a particulate support.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the particulate
support is preferably at least one selected from the group consisting of silica, titania,
silica/chromia, silica/chromia/titania, silica/alumina, aluminum phosphate gel,
silanized silica, silica hydro gel, montmorillonite clay, and zeolite.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, an organic solvent
where the catalyst mixture is dissolved is preferably any one selected from the group
consisting of dichloromethane, dichloroethane, toluene, chlorobenzene, and a mixture
thereof.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, a total amount of an
organic solvent of a reaction system is preferably 50 to 800% based on a total weight
of the monomers in the monomer solution.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the catalyst mixture

preferably includes a metal catalyst complex that contains the precatalyst, the
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[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]
[125]

organophosphorus ligand, and the cocatalyst.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the catalyst mixture
is preferably added to the monomer solution in a solid phase.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the catalyst mixture
is added to a reaction system so that a molar ratio of the precatalyst to a total mole
number of the monomers in the monomer solution is preferably 1/400 to 1/200,000.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the monomer
solution preferably further contains a cyclic olefin compound having no polar
functional group.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the cyclic olefin
polymer having the polar functional group preferably includes a cyclic olefin ho-
mopolymer having a polar functional group, a copolymer of cyclic olefin monomers
having different polar functional groups, or a copolymer of the cyclic olefin monomers
having the polar functional groups and the cyclic olefin monomers having no polar
functional group.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, a weight average
molecular weight (Mw) of the cyclic olefin polymer having the polar functional group
is preferably 10,000 to 1,000,000.

According to another embodiment of the present invention, in the method of
producing a cyclic olefin polymer having a polar functional group, the monomer
solution preferably further comprises linear or branched olefin having 1 to 20 carbon
atoms.

In order to achieve the second object, the present invention provides a cyclic olefin
polymer having a polar functional group, which is produced by using the method
according to the above-mentioned method, wherein the polymer is an addition polymer
of cyclic olefin monomers each having a polar functional group represented by
Formula 4 and has a weight average molecular weight (Mw) of 10,000 to 1,000,000:

[Formula 4]
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[126]
[127]

[128]

[129]
[130]

[131]
[132]

[133]

[134]

[135]

[136]
[137]

R

7
R',
R"

m Rl ll7

7

wherein m, R7, R7', R7", and R7"' are as described above.

In order to achieve the third object, the present invention provides an optical
anisotropic film including the cyclic olefin polymer having the polar functional group.
According to an embodiment of the present invention, in the optical anisotropic
film, a thickness direction retardation value (Rm) of the film represented by Equation 1
is preferably 70 to 1,000 0. For reference, an in-plane retardation value (R) is defined

by the following Equation 2: )
[Equation 1]

[Equation 2]

Re = A(ng —ny) X d

wherein n is an in-plane refraction index of a slow axis measured at wavelength
550 nm, n isxan in-plane refraction index of a fast axis measured at a wavelength of
550 nm, ny is a thickness refraction index measured at the wavelength of 550 nm, and d
isa thicknzess of the film.

According to another embodiment of the present invention, the optical anisotropic
film is preferably a negative C-plate type optical compensation film for liquid crystal
displays satisfying a refraction index correlation wheren =n >n (n is an in-plane
refraction index of a slow axis, n is the refraction index f)f they: fastzax;s, and n is the
thickness refraction index). ’ ’

In order to achieve the fourth object, the present invention provides a catalyst
composition for producing a cyclic olefin polymer having a polar functional group.
The catalyst composition includes a precatalyst containing metal of Group 10, which is
represented by Formula 1 and includes a ligand containing a hetero atom directly co-
ordinated with the metal; an organophosphorus ligand represented by Formula 2; and a
cocatalyst that is a salt compound slightly coordinated with the metal of Group 10
represented by Formula 3 and providing an anion,

[Formula 1]
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X _
MTR,
1 ) 2-p
p
[138] wherein X, R1’ Rz, M, and p are as described above,
[139] [Formula 2]
[140]

[141]
[142]
[143]

[144]
[145]

[146]
[147]

[148]
[149]

[150]
[151]

[152]
[153]

[Z(R3)a21-PIZ (Ro)p1[Z7(Rs).]

wherein a, b, ¢, Z, Z', 7", Rs, R4, and RS are as described above,

[Formula 3]

[Cat][Ani]

wherein [Cat] and [Ani] are as described above.

According to an embodiment of the present invention, in the catalyst composition
for producing a cyclic olefin polymer having a polar functional group, the borate or
aluminate of Formula 3 preferably contains anions represented by Formula 3a or 3b:

[Formula 3a]

[M’(Re)4]
[Formula 3b]

[M’(ORg)4]

wherein M' and R6 are as described above.

According to another embodiment of the present invention, in the catalyst
composition for producing a cyclic olefin polymer having a polar functional group, the
precatalyst represented by Formula 1 and the organophosphorus ligand represented by
Formula 2 are preferably a precatalyst represented by Formula 5 and an
organophosphorus ligand represented by Formula 6, respectively:

[Formula 5]
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X' R’
xl
Y' r
Y' "
- R 2|8
[154] wherein X', Y', R1" Rz', Rz", Rz"', M, r, and s are as described above,
[155] [Formula 6]
[156]

[(R3)aN -P[O(R4) 1[O(Rs) ]

[157] wherein R3, R4, and R5 are as described above.

[158] According to another embodiment of the present invention, in the catalyst
composition for producing a cyclic olefin polymer having a polar functional group, the
precatalyst represented by Formula 1 and the organophosphorus ligand represented by
Formula 2 are a precatalyst containing Pd metal represented by Formula 7 and an

organophosphorus ligand represented by Formula 8, respectively:

[159] [Formula 7]
[160]
o R,
o
Rl ; < < Pd R"2
© r
O we
L R 218
[161] wherein R1" Rz', Rz", and R2"' are as described above,
[162] r and s are each independently O to 2, and r + s = 2,
[163] [Formula 8]
[164]
[(R23)2N1-P[O(R24) 12
[165] wherein R23 and R24 are as described above.
[166] According to another embodiment of the present invention, in the catalyst

composition for producing a cyclic olefin polymer having a polar functional group, the
organophosphorus ligand represented by Formula 2 is preferably an organophosphorus
ligand represented by Formula 9:

[167] [Formula 9]

[168]
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[169]

[170]

[171]

[172]

[173]
[174]

[175]
[176]

™~
/

P—N(R,.),

wherein CY1 is a substituted or unsubstituted ring that contains two O atoms and
one P atom, and

R23s are each independently hydrogen; linear or branched alkyl having 1 to 20
carbon atoms; linear or branched allyl having 3 to 20 carbon atoms; linear or branched
alkenyl having 2 to 20 carbon atoms; linear or branched vinyl having 2 to 20 carbon
atoms; cycloalkyl having 3 to 12 carbon atoms unsubstituted or substituted with hy-
drocarbon; aryl having 6 to 40 carbon atoms unsubstituted or substituted with hy-
drocarbon; aralkyl having 7 to 15 carbon atoms unsubstituted or substituted with hy-
drocarbon; or alkynyl having 3 to 20 carbon atoms.

In Formula 9, examples of the substituent group that is capable of being substituted
with CY1 may include linear or branched alkyl having 1 to 20 carbon atoms, linear or
branched alkoxy having 1 to 20 carbon atoms; linear or branched allyl having 3 to 20
carbon atoms; linear or branched alkenyl having 2 to 20 carbon atoms; linear or
branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 3 to 12 carbon atoms
unsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon atoms un-
substituted or substituted with alkoxy or hydrocarbon; aralkyl having 7 to 15 carbon
atoms unsubstituted or substituted with alkoxy or hydrocarbon; aralkyl substituted with
a substituent group having a hetero ring; alkylaryl having 7 to 15 carbon atoms un-
substituted or substituted with alkoxy or hydrocarbon; alkylaryl substituted with a
substituent group having a hetero ring; or alkynyl having 3 to 20 carbon atoms.

According to another embodiment of the present invention, in the catalyst
composition for producing a cyclic olefin polymer having a polar functional group, the
organophosphorus ligand represented by Formula 2 is preferably any one selected from
the compounds represented by Formulae 10 to 14:

[Formula 10]

[Formula 11]
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O o CH
H.C 3
K :P—N:
HC © ""oio CH,
[177] [Formula 12]
[178]
N
_\“0 ‘“|l:>/ \‘/
e
[179] [Formula 13]
[180]
o CH,
\ /
P—N
/ N
—0 CH,
[181] [Formula 14]
[182]
OMe
LT
P—N
YN
OMe
[183] According to another embodiment of the present invention, in the catalyst

composition for producing a cyclic olefin polymer having a polar functional group, in

the precatalyst represented by Formula 1, the metal is Pd, p is 2, the ligand containing

the hetero atom directly coordinated with the metal is acetylacetonate or acetate, the

organophosphorus ligand represented by Formula 2 is preferably

(3,5-dioxa-4-phospha-cyclohepta[2,1-a;3,4-a'|dinaphthalen-4-yl)dimethylamine
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represented by Formula 10, and [Cat] is N,N- dimethylphenyl ammonium and [Ani] is
preferably tetrakis(pentafluorophenyl)borate in a first cocatalyst represented by
Formula 3.

[184] [Formula 10]

[185]

Advantageous Effects

[186] According to an olefin polymerization method and a catalyst composition for poly-
merization of the present invention, since deactivation of the catalyst due to polar
functional groups of monomers is capable of being suppressed, it is possible to produce
polyolefins having a high molecular weight at high polymerization yield during
polyolefin polymerization. Furthermore, cyclic olefins having the polar functional
groups have excellent polymerization reactivity and activity of the catalyst
composition is maintained under a variable polymerization condition. Accordingly, the
present invention is very useful to a mass-production process.

Best Mode for Carrying Out the Invention

[187] A detailed description of the present invention will be given hereinafter.

[188] In a method of producing a cyclic olefin polymer having a polar functional group
according to the present invention, deactivation of a catalyst due to polar functional
groups of monomers, water, and oxygen is prevented, the activity of the catalyst is
excellent, and stability thereof is high. Therefore, it is possible to produce a polymer
having a high molecular weight at high yield and reduce the amount of catalyst to the
monomers. Thus, it is unnecessary to additionally perform a process of removing the
catalyst residue.

[189] In Formula 1, the arrow denotes coordination of a ligand with metal.

[190] The present invention provides a method of producing a cyclic olefin polymer
having a polar functional group. The method includes bringing a catalyst mixture into
contact with a monomer solution containing cyclic olefin monomers having a polar
functional group. The catalyst mixture includes a precatalyst containing metal of
Group 10 represented by Formula 1, an organophosphorus ligand represented by
Formula 2, and a cocatalyst that is a salt compound slightly coordinated with the metal
of Group 10 represented by Formula 3 and providing an anion:

[191] [Formula 1]
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[192]

[193]
[194]

[195]

wherein Xs are each independently a hetero atom selected from S, O, and N,

Rls are each independently —CH:CHRZO, —ORZO, —SRZO, —N(RZO)Z, —N:NRZO, —P(RZO)Z, -
C(O)R”, -C(R™)=NR”, -C(O)OR™, -OC(0)OR™, -OC(O)R™, -C(R*)=CHC(O)R™, -R
2'C(O)R™, -R*'C(O)OR™, or -R*OC(0)R™; R™s are each independently hydrogen,
halogen, linear or branched alkyl having 1 to 5 carbon atoms, linear or branched
haloalkyl having 1 to 5 carbon atoms, cycloalkyl having 5 to 10 carbon atoms, linear or
branched alkenyl having 2 to 5 carbon atoms, linear or branched haloalkenyl having 2
to 5 carbon atoms, or substituted or unsubstituted aralkyl having 7 to 24 carbon atoms;
R” is hydrocarbylene having 1 to 20 carbon atoms,

st are each independently linear or branched alkyl having 1 to 20 carbon atoms,
linear or branched alkenyl having 2 to 20 carbon atoms, linear or branched vinyl
having 2 to 20 carbon atoms, cycloalkyl having 5 to 12 carbon atoms unsubstituted or
substituted with hydrocarbon, aryl having 6 to 40 carbon atoms unsubstituted or
substituted with hydrocarbon, aralkyl having 7 to 15 carbon atoms unsubstituted or
substituted with hydrocarbon, or alkynyl having 3 to 20 carbon atoms,

M is metal of Group 10, and

pis O to 2,

[Formula 2]

[Z(R3)21-PIZ (R)p 1 [Z7(Rs).]

wherein a, b, and ¢ are each an integer in the range of 1 to 3,

Z,7', and Z" are each independently oxygen, sulfur, silicon, or nitrogen, with a
proviso that Z, Z', and Z" are not the same atom,

Rs, R4, and RS are each independently hydrogen; linear or branched alkyl having 1
to 20 carbon atoms; linear or branched alkoxy having 1 to 20 carbon atoms; linear or
branched allyl having 3 to 20 carbon atoms; linear or branched alkenyl having 2 to 20
carbon atoms; linear or branched vinyl having 2 to 20 carbon atoms; cycloalkyl having
3 to 12 carbon atoms unsubstituted or substituted with hydrocarbon; aryl having 6 to
40 carbon atoms unsubstituted or substituted with alkoxy or hydrocarbon; aralkyl
having 7 to 15 carbon atoms unsubstituted or substituted with alkoxy or hydrocarbon;

aralkyl substituted with a substituent group containing a hetero ring; alkylaryl having 7
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[205]

[206]

[207]

to 15 carbon atoms unsubstituted or substituted with alkoxy or hydrocarbon; alkylaryl
substituted with a substituent group containing a hetero ring; alkynyl having 3 to 20
carbon atoms; silyl each independently substituted with linear or branched alkyl having
1 to 10 carbon atoms; silyl each independently substituted with linear or branched
alkoxy having 1 to 10 carbon atoms; silyl each independently substituted with
substituted or unsubstituted cycloalkyl having 3 to 12 carbon atoms; silyl each inde-
pendently substituted with substituted or unsubstituted aryl having 6 to 40 carbon
atoms; silyl each independently substituted with substituted or unsubstituted aryloxy
having 6 to 40 carbon atoms; siloxy each independently substituted with linear or
branched alkyl having 1 to 10 carbon atoms; siloxy each independently substituted
with substituted or unsubstituted cycloalkyl having 3 to 12 carbon atoms; or siloxy
each independently substituted with substituted or unsubstituted aryl having 6 to 40
carbon atoms; each of the substituent groups is halogen or haloalkyl having 1 to 20
carbon atoms; R4 and RS may be bonded to each other to form a ring; and the hetero
ring includes an aromatic or an aliphatic ring in the substituent groups containing the
hetero ring,

[Formula 3]

[Cat][Ani]

wherein [Cat] is a cation and any one selected from the group consisting of
hydrogen, cations of metal of Group 1, metal of Group 2, or transition metal, and an
organic unit containing the cations.

To be more specific, preferably, examples of the cation of the metal of Group 1
include lithium, sodium, potassium, rubidium, or cesium ions. Particularly, it is more
preferable to use lithium, sodium, or potassium ions. Preferably, examples of the cation
of the metal of Group 2 include beryllium, magnesium, calcium, strontium, or barium
ions. Particularly, it is more preferable to use magnesium, calcium, strontium, or
barium ions. Preferably, examples of the cation of the transition metal include zinc,
silver, or thallium ions. Preferably, examples of the organic unit containing the cation
include ammonium, phosphonium, carbonium, or teryllium cations.

Preferable examples of the organic unit containing the cation include [NHR" 3]+,
[NR" T",[PHR" I, [PR” J',[CR" |, and [SiR" |". In connection with this, R"’s are
each independently a hydrocarbyl group, a silylhydrocarbyl group, or a perfluorocarbyl
group, and include 1 to 24 carbon atoms connected in a linear, branched, or cyclic
form, and more preferably 1 to 12 carbon atoms connected in a linear, branched, or
cyclic form. In the organic unit containing the cation, R"s may be the same as or

different from each other.
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[210]

[211]

[212]

[213]

[214]

The perfluorocarbyl group means a functional group in which all hydrogen atoms
bonded to carbon are substituted with fluorine atoms. The hydrocarbyl group has the
same meaning as the hydrocarbon. The silylhydrocarbyl group means a functional
group in which the silyl group is bonded to the hydrocarbon group.

Examples of the hydrocarbyl group or the hydrocarbon group include, but are not
limited to linear or branched alkyl having 1 to 20 carbon atoms; cycloalkyl having 3 to
20 carbon atoms; linear or branched alkenyl having 2 to 20 carbon atoms; cycloalkenyl
having 3 to 20 carbon atoms; aryl having 6 to 24 carbon atoms; or arylalkyl having 7 to
24 carbon atoms. Any substituent group that is capable of being used in the related art
may be used as the hydrocarbyl group or the hydrocarbon group.

[Ani] is an anion that is slightly coordinated with metal M of Formula 1 and any
one selected from the group consisting of borate, aluminate, [SbFG]—, [PFG]—, [AsFG]—,
perfluoroacetate ([CF3C02]—), perfluoropropionate ([CzFSCOZ]—), perfluorobutyrate
([CF3CF2CF2COZ]—), perchlorate ([ClO4]—), p-toluenesulfonate ([p—CH3C6H4803]—), [SO
3C133]—, boratabenzene, and carborane unsubstituted or substituted with halogen.

In the production method, the precatalyst has high stability to the monomers, water,
and oxygen having the predetermined polar reaction group, and the organophosphorus
ligand and the cocatalyst are reacted with the precatalyst of the metal of Group 10 so
that the precatalyst is activated to be converted into a cation type catalyst. The
organophosphorus ligand stabilizes the cation type catalyst to prevent deactivation of
the catalyst due to the polar group of the polar monomers, water, and oxygen.

According to an embodiment of the present invention, in the method of producing
the cyclic olefin polymer having the polar functional group, it is preferable that the
bringing of the catalyst mixture into contact with the monomer solution containing
cyclic olefin monomers having the polar functional group be performed at 80 to 150°C.

The setting of the reaction temperature will be described in detail below. In the case
of a typical organometallic polymerization catalyst, if a polymerization temperature is
increased, a polymerization yield is increased, but a molecular weight of a polymer is
reduced or a catalyst is thermally decomposed to remove polymerization activity
(Kaminsky et al. Angew. Chem. Int. Ed., 1985, vol 24, 507; Brookhart et al. Chem.
Rev. 2000, vol 100, 1169; Resconi et al. Chem. Rev. 2000, vol 100, 1253). The reason
why the molecular weight is reduced due to an increase in polymerization temperature
is that hydrogen moves from a [3-position of the polymer bonded to the catalyst to the
catalyst to separate polymer chains from the catalyst.

Meanwhile, a polar functional group of a norbornene monomer interacts with a
cation type catalyst at normal temperature to cover catalyst active sites to which double
bonds of norbornene are bonded, thus reducing a polymerization yield and a molecular

weight. However, if a polymerization temperature is increased, hydrogen that is
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[215]

[216]

[217]

provided at a 3-position of a norbornene polymer bonded to the catalyst is difficult to
form a stereostructure that is capable of interacting the catalyst due to characteristics of
the norbornene monomer. Furthermore, since it is difficult to move 3-hydrogen to the
catalyst, the molecular weight is increased (Kaminsky et al. Macromol. Symp. 1995,
vol 97, 225). Accordingly, the polymerization temperature needs to be increased.
However, if the polymerization temperature is increased to 80°C or more, most of
catalysts that are used to produce the known norbornene polymer having the polar
functional group are thermally decomposed, accordingly, activity thereof is reduced.
Hence, it is impossible to obtain a polymer having a high molecular weight. However,
the catalyst used in the present invention is thermally stable at 80°C or more, so that
the catalyst is not decomposed at that temperature. Therefore, interaction of the polar
functional group of the norbornene monomer and the cation type catalyst is prevented
at high temperatures, resulting in formation or recovery of the catalyst active sites.
Hence, it is possible to produce a cyclic olefin polymer which has a high molecular
weight and includes a polar functional group at high yield. Meanwhile, when the poly-
merization temperature is higher than 150°C, the catalyst component is thermally
decomposed to have low activity. Thus, it is difficult to produce the cyclic olefin
polymer which has the high molecular weight and includes the polar functional group.

In addition, among the components constituting the catalyst used in the present
invention, the organophosphorus ligand has excellent stability even though the polar
functional group, water, oxygen, and the other impurities are present. Accordingly,
unlike known organophosphorus ligands (e.g.: trialkyl phosphine compound) each
having excellent activity only in an air-free atmosphere in situ, it is possible to store
the ligand in a solution over a long period of time, it is unnecessary to purify a solvent,
and the activity thereof is maintained even though the ligand is exposed to air.
Therefore, the production method of the present invention is capable of being ex-
tensively applied to various types of production environments. This is very important
to perform mass production.

That is, in the production method of the present invention, the catalyst mixture
which includes the precatalyst containing metal of Group 10 represented by Formula 1,
the organophosphorus ligand represented by Formula 2, and the cocatalyst that is the
salt compound represented by Formula 3 comes into contact with the monomer
solution containing cyclic olefin monomers having the polar functional group at 80 to
150°C. The catalyst mixture is not thermally decomposed, and has high stability and
activity even though the catalyst mixture is exposed to the polar functional group,
water, and oxygen.

In the production method according to the present invention, preferably, borate or

aluminate of Formula 3 contains anions represented by Formula 3a or 3b:
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[219]
[M’(Re)4]
[220] [Formula 3b]
[221]
[M’(OR6)4]

[222] wherein M' is boron or aluminum, and

[223] RGS are each independently halogen; linear or branched alkyl having 1 to 20 carbon
atoms unsubstituted or substituted with halogen; linear or branched alkenyl having 2 to
20 carbon atoms unsubstituted or substituted with halogen; cycloalkyl having 3 to 12
carbon atoms unsubstituted or substituted with halogen; aryl having 6 to 40 carbon
atoms unsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon atoms
substituted with linear or branched trialkylsiloxy having 3 to 20 carbon atoms or linear
or branched triarylsiloxy having 18 to 48 carbon atoms; or aralkyl having 7 to 15
carbon atoms unsubstituted or substituted with halogen.

[224] In the production method according to the present invention, preferably, the cyclic
olefin monomer is a compound represented by Formula 4:

[225] [Formula 4]

[226]

R,
R’
R™;
m R' "7

[227] wherein m is an integer in the range of 0 to 4,

[228] at least one of R7, R7', R7", and R7"' is the polar functional group and the remaining
groups are nonpolar functional groups,

[229] R7, R7', R7", and R7"' are the same as or different from each other, and each inde-

pendently hydrogen; halogen; linear or branched alkyl that has 1 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkenyl that has 2 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkynyl that has 3 to 20 carbon atoms
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[230]

[231]
[232]

and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; cycloalkyl that has 3 to 12 carbon atoms and is un-
substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; aryl that has 6 to 40 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy,
silyl, and siloxy; or a polar functional group that contains at least one of oxygen,
nitrogen, phosphorus, sulfur, silicon, and boron,

R7 and R7' or R7" and R7"' may be bonded to each other to form an alkylidene group
having 1 to 10 carbon atoms or R7 or R7' may be bonded to any one of R7" and R7"' to
form a saturated or unsaturated aliphatic ring having 4 to 12 carbon atoms or an
aromatic ring having 6 to 24 carbon atoms,

the polar functional group is
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—RgORg, ~ORg, —OC(O)ORg, ~R50C(O)ORg, —C(O)ORg, ~RgC(O)ORg, —~C(O)Rq,
-RsC(O)Rs, ~OC(O)Rs, ~RsOC(OJRs, —(ReO)n—0ORg, —(ORg)1~ORs, ~C(O)-0O-C(O)Rs,
-RsC(0)-O-C(O)Rg, -SRs, —RsSRg, -SSRy, -RsS5Rs, -S(=0)Rs, —RsS(=0)Rg,
-RgC(=S)Ro—. -RsC(=3)SRg, -RgSOzRe, -SOsRg, -RgN=C=35, -N=C=S5, -NCO,

-Rs-NCO, -CN, -RszCN, -NNC(=5)Rg, -RsNNC(=S)Rg, -NOz -RsNOs,

——C(ON R9 /Rg /Rg L /Rg
(O) N RBC(O)N\ N\ RSN\
Rio Rio Rio | Rio
T i I
Rg Rg
S - —SR, —R.SR, —OSR
——OC(O)N —R3OC(O)N 9 8 Rg 9
Rig ’ Rio , o | @]
o)
] H H R 3
—RZzOSR, OSOR, ROSOR;, __ o ReB
I I I N
o) o) Rio Rig
OR, OR, = o
Ry, O
B —RB ] )
\\3R10 o Rio N— Rio ____RSN___Q Rio
o)
. ] / \C/R“
9 el - v
| | [ g,
—N—C—OR,;, =~ —RN—C—O0R;; . R,

[233]
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[236]
[237]

I T A

—C—O—CH2——CH——CH2—~N—R8—Si\—R1O

Ry

(|)\ ORg Rg ORs
——C—0—CHy,—CH—CH,—N—Rz—Si—OR,

ORy4

0 OR, Rg Ro

—Fag—c—o—CH2—~CH——<3H2—~N—Fa8—8i\—R10

Ry

(‘3‘ ORg 'Tg ORg

—Rg—C—0—CHy—CH—CH,—N—Rz—Si—OR

ORy4
Ry R
al- Ro Cl- ° ORs
—R8_NH2+_R8_N—R§3_Si\_R‘IO —RS_NH2+_R8_N—R8_Si_OR1O
Ri OR1
Ry R Rg OR

cl- o cl °
_NH2+_R8_N_R8_Si\_R1O _NH2+_R8_N_R8_Si_OR1O

Rt or OR14

in the polar functional group,

Rgs are the same as or different from each other, and each independently linear or
branched alkylene that has 1 to 20 carbon atoms and is unsubstituted or substituted
with at least one selected from the group consisting of halogen, alkyl, alkenyl, alkynyl,
haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy,
haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy;
linear or branched alkenylene that has 2 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy,

silyl, and siloxy; linear or branched alkynylene that has 3 to 20 carbon atoms and is un-
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substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; cycloalkylene that has 3 to 12 carbon atoms and is un-
substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; arylene that has 6 to 40 carbon atoms and is un-
substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; alkoxylene that has 1 to 20 carbon atoms and is un-
substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; or carbonyloxylene that has 1 to 20 carbon atoms and is
unsubstituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy,

Rg, R1o’ and R11 are the same as or different from each other, and each inde-
pendently hydrogen; halogen; linear or branched alkyl that has 1 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkenyl that has 2 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkynyl that has 3 to 20 carbon atoms
and is unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; cycloalkyl that has 3 to 12 carbon atoms and is un-
substituted or substituted with at least one selected from the group consisting of
halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,

haloaryloxy, silyl, and siloxy; aryl that has 6 to 40 carbon atoms and is unsubstituted or
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substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy,
silyl, and siloxy; alkoxy that has 1 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy,
silyl, and siloxy; or carbonyloxy that has 1 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy,
silyl, and siloxy, and

n's are each independently an integer in the range of 1 to 10.

In the production method according to the present invention, preferably, the
precatalyst represented by Formula 1 and the organophosphorus ligand represented by
Formula 2 are a precatalyst represented by Formula 5 and an organophosphorus ligand
represented by Formula 6, respectively:

[Formula 5]

X' R’,
Xl
Rl ; < C M R||2
Y|
_Y' Rlll2_ s

wherein X' and Y' are each independently a hetero atom that is selected from the
group consisting of S and O,

R1" Rz', Rz", and Rz"' are each independently linear or branched alkyl having 1 to 20
carbon atoms; linear or branched alkenyl having 2 to 20 carbon atoms; linear or
branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 5 to 12 carbon atoms
unsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon atoms un-
substituted or substituted with hydrocarbon; aralkyl having 7 to 15 carbon atoms un-
substituted or substituted with hydrocarbon; or alkynyl having 3 to 20 carbon atoms,

M is metal of Group 10;

r and s are each independently O to 2, and r + s = 2,

[Formula 6]
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[257]

[258]

[259]
[260]

[(R3)aN -P[O(R4) 1[O(Rs) ]

wherein R3, R4, and R5 are the same as those of Formula 2.

Furthermore, in the production method according to the present invention,
preferably, the precatalyst represented by Formula 1 and the organophosphorus ligand
represented by Formula 2 are a precatalyst containing Pd metal represented by Formula
7 and an organophosphorus ligand represented by Formula 8, respectively:

[Formula 7]

o) R’,
0
Rl ; < C Pd R"2
o r
_o Rulz_ S

wherein R1" Rz', Rz", and R2"' are as described above,
r and s are each independently O to 2, and r + s = 2,

[Formula 8]

[(R23)2N 1=-P[O(R24) 12

wherein R23 and R24 are each independently hydrogen; linear or branched alkyl
having 1 to 20 carbon atoms; linear or branched allyl having 3 to 20 carbon atoms;
linear or branched alkenyl having 2 to 20 carbon atoms; linear or branched vinyl
having 2 to 20 carbon atoms; cycloalkyl having 3 to 12 carbon atoms unsubstituted or
substituted with hydrocarbon; aryl having 6 to 40 carbon atoms unsubstituted or
substituted with alkoxy or hydrocarbon; aralkyl having 7 to 15 carbon atoms un-
substituted or substituted with hydrocarbon; alkylaryl unsubstituted or substituted with
alkoxy or hydrocarbon; alkylaryl substituted with a substituent group containing an
aliphatic hetero ring; or alkynyl having 3 to 20 carbon atoms; and two R24s may be
bonded to each other to form a ring.

In the method of producing the cyclic olefin polymer having the polar functional
group, in the case of when the two R24s are be bonded to each other to form a ring, the
compound of Formula 8 may be represented by Formula 9:

[Formula 9]
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[262]

[263]

[264]

[265]
[266]

[267]
[268]

™~
/

P—N(R,.),

wherein CY1 is a substituted or unsubstituted ring that contains two O atoms and
one P atom, and

R23s are each independently hydrogen; linear or branched alkyl having 1 to 20
carbon atoms; linear or branched allyl having 3 to 20 carbon atoms; linear or branched
alkenyl having 2 to 20 carbon atoms; linear or branched vinyl having 2 to 20 carbon
atoms; cycloalkyl having 3 to 12 carbon atoms unsubstituted or substituted with hy-
drocarbon; aryl having 6 to 40 carbon atoms unsubstituted or substituted with hy-
drocarbon; aralkyl having 7 to 15 carbon atoms unsubstituted or substituted with hy-
drocarbon; or alkynyl having 3 to 20 carbon atoms.

In Formula 9, examples of the substituent group that is capable of being substituted
with CY1 may include linear or branched alkyl having 1 to 20 carbon atoms, linear or
branched alkoxy having 1 to 20 carbon atoms; linear or branched allyl having 3 to 20
carbon atoms; linear or branched alkenyl having 2 to 20 carbon atoms; linear or
branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 3 to 12 carbon atoms
unsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon atoms un-
substituted or substituted with alkoxy or hydrocarbon; aralkyl having 7 to 15 carbon
atoms unsubstituted or substituted with alkoxy or hydrocarbon; aralkyl substituted with
a substituent group having a hetero ring; alkylaryl having 7 to 15 carbon atoms un-
substituted or substituted with alkoxy or hydrocarbon; alkylaryl substituted with a
substituent group having a hetero ring; or alkynyl having 3 to 20 carbon atoms.

To be more specific, in the method of producing the cyclic olefin polymer having
the polar functional group, preferable examples of the organophosphorus ligand
represented by Formula 2 include, but are not limited to the compounds represented by
Formulae 10 to 14.

[Formula 10]

[Formula 11]
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[275] Additionally, in the production method according to the present invention, in the

precatalyst represented by Formula 1, preferably, the metal is Pd, p is 2, the ligand
containing the hetero atom directly coordinated with the metal is acetylacetonate or
acetate, the ligand represented by Formula 2 is
(3,5-dioxa-4-phospha-cyclohepta[2,1-a;3,4-a'|dinaphthalen-4-yl)dimethylamine
represented by Formula 10, and [Cat] is N,N-dimethylphenyl ammonium and [Ani] is
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tetrakis(pentafluorophenyl)borate in a first cocatalyst represented by Formula 3.
[Formula 10]

The organophosphorus ligand that is used during the production method according
to the present invention has electronic stability and functions to thermally and
chemically activate the transition metal compound. The content of the
organophosphorus ligand may be 0.5 to 10 mole based on 1 mole of the precatalyst that
contains the transition metal of Group 10 used in the method of producing the cyclic
olefin polymer having the polar functional group according to the present invention. In
the case of when the mole number of the organophosphorus ligand is less than 0.5
mole, the activity of the precatalyst is poor. In the case of when the mole number is
more than 10 mole, since the molecular weight is reduced, the case is undesirable.

In the production method according to the present invention, a salt compound that is
used as the cocatalyst has an ability which is capable of activiating the precatalyst so
that the precatalyst acts as a cation type catalyst. The content of the cocatalyst may be
0.5 to 10 mole based on 1 mole of the precatalyst that contains the transition metal of
Group 10 used in the method of producing the cyclic olefin polymer having the polar
functional group according to the present invention. In the case of when the mole
number of the cocatalyst is less than 0.5 mole, the activity of the precatalyst is poor. In
the case of when the mole number is more than 10 mole, since the polymer is
discolored, the case is undesirable.

The catalyst mixture that contains the precatalyst, the organophosphorus ligand, and
the cocatalyst according to the present invention may be used while being carried in a
particulate support, and the particulate support may be silica, titania, silica/chromia,
silica/chromia/titania, silica/alumina, aluminum phosphate gel, silanized silica, silica
hydro gel, montmorillonite clay, or zeolite. In the case of when the catalyst mixture is
used while being carried on the particulate support, there are advantages in that a
molecular weight distribution may be controlled according to the purpose and an
apparent density of the obtained polymer may be improved.

The catalyst mixture used in the present invention may be directly added to solids
without a solvent or added after they are mixed with each other in a solvent to produce

an activated catalyst solution. Alternatively, the precatalyst, the organophosphorus
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ligand, and the cocatalyst may be dissolved in respective solutions and then added
during polymerization. In the case of when the catalyst mixture is dissolved in a
solvent, examples of the available solvent may include dichloromethane,
dichloroethane, toluene, chlorobenzene, and a mixture thereof.

In the present invention, a total amount of an organic solvent of a reaction system
may be 50 to 800% and preferably 50 to 400% based on a total weight of the
monomers in the monomer solution. In the case of when the total amount is less than
50%, since viscosity of the solution is very high during the polymerization reaction, it
is difficult to perform agitation, and unreacted monomers remain, resulting in reduced
polymerization yield. Furthermore, since an excessive amount of solvent needs to be
added to dilute the solution due to the very high viscosity, it is difficult to com-
mercialize the catalyst mixture. In the case of when the total amount is more than 8
00%, since a polymerization reaction speed is low, both the polymerization yield and
the molecular weight are reduced.

The catalyst mixture that is used in the present invention may be a metal catalyst
complex that contains the precatalyst, the organophosphorus ligand, and the cocatalyst.
With respect to the amount of used catalyst mixture, a molar ratio of the precatalyst
component to a total mole number of the monomers in the monomer solution may be
17400 to 1/200,000. That is, it is possible to polymerize norbornene monomers having
the polar functional group at high yield even if a still smaller amount of catalyst is used
as compared to a known catalyst system. The amount is more preferably 1/500 to
1/20,000, and most preferably 1/5,000 to 1/15,000.

In the case of when a molar ratio of the precatalyst to the monomers is more than
1/400, it is difficult to remove the catalyst. In the case of when the molar ratio is less
than 1/200,000, the polymerization activity is undesirably low.

A norbornene addition polymer that has the polar functional group produced by
using the method of the present invention includes at least 0.1 to 99.9 mole% of
norbornene monomers having the polar functional group. In connection with this,
norbornene having the polar group includes a mixture of endo and exo isomers
regardless of a mixture compositional ratio. Additionally, in the method according to
the present invention, the monomer solution may further contain a cyclic olefin having
no polar functional group.

In this case, in order to produce the cyclic olefin addition polymer having the polar
functional group according to the present invention, the norbornene monomers having
one or more polar functional groups may be subjected to addition polymerization in the
above-mentioned catalyst system to produce a homopolymer, the norbornene
monomers having different polar functional groups may be subjected to addition poly-

merization to produce a secondary or tertiary copolymer of norbornene monomers
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having the polar functional groups, or the norbornene monomers having the polar
functional groups and the norbornene monomers having no polar functional group may
be subjected to addition polymerization and copolymerization to produce a secondary
or tertiary copolymer.

Like a typical method of polymerizing norbornene polymers, in the addition poly-
merization according to the present invention, the norbornene monomers and the
catalyst are dissolved or mixed with each other in the solvent to perform poly-
merization. In the case of when the cyclic olefin addition polymer having the polar
functional group is produced by using the polymerization method according to the
present invention, the production may be performed with at least 40% yield. In
addition, the molecular weight (Mw) of the produced addition polymer may be at least
10,000 to 1,000,000, which means that the polymer has the high molecular weight.
Furthermore, in the case of when an optical film is produced by using the addition
polymers, it is preferable that the molecular weight be controlled in the range of
100,000 to 1,000,000. In order to control the molecular weight, linear, branched, or
cyclic olefins having 1 to 20 carbon atoms may be further contained. Specific
examples of the olefins include 1-hexene, 1-octene, cyclopentene, and ethylene. The
olefins are inserted into terminals of growing polymer chains and hydrogen at (3-
position of the inserted olefin is easily removed to form a polymer chain having a
desired molecular weight.

Therefore, in a related art, the cyclic olefin addition polymer having the polar
functional group is produced at very low yield while the molecular weight thereof is
low. However, in the production method according to the present invention, it is
possible to produce the cyclic olefin addition polymer having the high molecular
weight and the polar functional group at high yield.

The norbornene polymer having the polar functional group that is produced
according to the production method according to the present invention may be an
addition homopolymer of only the cyclic olefin monomers having the polar functional
group represented by Formula 4 or an addition copolymer of the cyclic olefin
monomers having two or more polar functional groups. The norbornene polymer may
further include the other olefin monomers.

The present invention provides the cyclic olefin polymer having the polar functional
group. Preferably, the norbornene polymer having the polar functional group that is
produced according to the production method of the present invention is an addition
polymer of the cyclic olefin monomers having the polar functional group represented
by Formula 4 and a cyclic olefin polymer that has a polar functional group and a
weight average molecular weight (Mw) of 10,000 to 1,000,000.

In the case of when the weight average molecular weight is less than 10,000, there



45

WO 2007/145478 PCT/KR2007/002896

[292]

[293]

[294]

[295]

[296]

[297]

is a problem in that a film is brittle during production of the film. In the case of when
the weight average molecular weight is more than 1,000,000, since it is difficult to be
dissolved in an organic solvent, there is a problem in that processability is poor.

The polymer is transparent and has excellent adhesion strength to metal or a
polymer having the other polar functional group and a low dielectric constant so that
the polymer is capable of being used as an insulating electronic material, and is a
cyclic olefin polymer having excellent thermal stability and strength. In addition, the
polymer may be attached to a substrate made of an electronic material without a
coupling agent and to a metal substrate such as copper, silver, or gold. The polymer
has excellent optical characteristics so that the polymer is capable of being used as a
protective film of a polarizing plate, and may be used as electronic materials such as
integrated circuits, printed circuit boards, or multichip modules.

According to the present invention, an optical anisotropic film may be produced by
using the polymer so that birefringence is capable of being controlled. This cannot be
produced in the related art.

Since a conformational unit of a typical cyclic olefin has one or two stable rotation
states, it is possible to form an extended structure like polyimide having a rigid phenyl
ring as a main chain. In the case of when the polar group is added to the norbornene
polymer having the extended structure, interaction between molecules is increased due
to addition of the polar group in comparison with a polymer having a simple structure.
Accordingly, since the directional order is obtained during packing of the molecules,
optical and electrical anisotropic properties are ensured.

The birefringence may be controlled according to the type and content of the polar
functional group which is provided to the cyclic olefin addition polymer. Particularly,
since a thickness refraction index is easily controlled, it is possible to produce an
optical compensation film for various modes of LCDs (Liquid crystal display).

In order to produce the optical anisotropic film, the cyclic olefin addition polymer
having the polar functional group according to the present invention may be dissolved
in a solvent to form a film or a sheet by using a solvent casting method and the film
may be produced from blends of one or more cyclic olefin polymers.

In the case of when the cyclic olefin addition polymer is dissolved in the solvent
and the film is produced by using the solvent casting method, preferably, the cyclic
olefin addition polymer is added to the solvent in the content of 5 to 95 wt%, and more
preferably 10 to 60 wt% based on the content of the polymer and then agitated at
normal temperature to produce the film. In connection with this, it is preferable that the
viscosity of the produced solution be 100 to 10,000 cps in order to perform the solvent
casting. More preferably, the viscosity is 300 to 8,000 cps. In addition, during the

production of the film, in order to improve mechanical strength, heat resistance, light
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resistance, and treatment property of the film, additives such as plasticizers, dete-
rioration-preventing agents, UV stabilizers, or antistatic agents may be added.

The produced film has characteristics of the optical anisotropic film where the
thickness retardation value (Rth) represented by Equation 1 is 70 to 1,000 0. For
reference, the definition of the in-plane retardation value (Re) is shown in Equation 2.

[Equation 1]

Ru = Alny - n,) X d
[Equation 2]

Re = A(ny —ny) X d

In Equations 1 and 2, n is an in-plane refraction index of a slow axis measured at
wavelength 550 nm, n is axn in-plane refraction index of a fast axis measured at a
wavelength of 550 nmy, n is a thickness refraction index measured at the wavelength of
550 nm, and dis a thicknzess of the film.

The film that has optical anisotropic characteristics may be a negative C-plate type
optical compensation film for various modes of liquid crystal displays satisfying a
refraction index correlation wheren =n > n (nX is an in-plane refraction index of a

X

slow axis, n is the refraction index of thg fast axis, and n is the thickness refraction
index). ’ ’

Furthermore, the present invention provides a catalyst composition for producing a
cyclic olefin polymer having a polar functional group. The catalyst composition
includes a precatalyst containing metal of Group 10, which is represented by Formula
I and includes a ligand containing a hetero atom directly coordinated with the metal,
an organophosphorus ligand represented by Formula 2, and a cocatalyst that is a salt
compound slightly coordinated with the metal of Group 10 represented by Formula 3
and providing an anion.

In the catalyst composition, it is preferable that borate or aluminate of Formula 3
contain anions represented by Formula 3a or 3b.

Meanwhile, preferably, in the catalyst composition for producing the cyclic olefin
polymer having the polar functional group, the precatalyst represented by Formula 1
and the organophosphorus ligand represented by Formula 2 are a precatalyst
represented by Formula 5 and an organophosphorus ligand represented by Formula 6,
respectively.

More preferably, in the catalyst composition for producing the cyclic olefin

polymer having the polar functional group, the precatalyst represented by Formula 1
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and the organophosphorus ligand represented by Formula 2 are a precatalyst
containing Pd metal represented by Formula 7 and an organophosphorus ligand
represented by Formula 8, respectively. In addition, it is preferable that the
organophosphorus ligand represented by Formula 2 be an organophosphorus ligand
represented by Formula 9.

Particularly, it is preferable that the organophosphorus ligand represented by
Formula 2 be an organophosphorus compound represented by Formulae 10 to 14.

To be more specific, preferably, in the case of the catalyst composition for
producing the cyclic olefin polymer having the polar functional group, in the
precatalyst represented by Formula 1, the metal is Pd, p is 2, the ligand containing the
hetero atom directly coordinated with the metal is acetylacetonate or acetate, the
organophosphorus ligand represented by Formula 2 is
(3,5-dioxa-4-phospha-cyclohepta[2,1-a;3,4-a'|dinaphthalen-4-yl)dimethylamine
represented by Formula 10, and [Cat] is N,N- dimethylphenyl ammonium and [Ani] is
tetrakis(pentafluorophenyl)borate in a first cocatalyst represented by Formula 3.
Mode for the Invention

A better understanding of the present invention may be obtained in light of the
following Examples which are set forth to illustrate, but are not to be construed to limit
the present invention.

In the following Preparation Example and Example, an operation in which
compounds sensitive air or water were treated was performed by using a standard
Schlenk technique or a dry box technique. The nuclear magnetic resonance spectrum
was obtained by using a Bruker 300 spectrometer, 'H NMR was measured at 300
MHz, and °C NMR was measured at 75 MHz. The molecular weight and the
molecular weight distribution of the polymer were measured by using GPC (gel
permeation chromatography). In this connection, a polystyrene sample was used as the
standard. Thermal analysis such as TGA and DSC was performed by using TA
Instrument (TGA 2050; heating rate 10 K/min). Toluene was distilled and purified by
using sodium/benzophenone, and dichloromethane was distilled and purified by using
CaHz.

<Production of monomer having polar functional group>
<PREPARATION EXAMPLE 1> Production of 5-norbornene-2-methyl
acetate

After DCPD (Aldrich, Co., 248 ml, and 1.852 mol), allylacetate (Aldrich, Co., 500
ml, and 4.63 mol), and hydroquinone (0.7 g and 0.006 mol) were put into a 2L high-
pressure reactor, the temperature was increased to 190°C. The resulting mixture was

agitated at 300 rpm and the reaction was performed for 5 hours. Once the reaction was
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finished, the reactants were cooled and moved to the distillation device. Distillation
was performed twice at reduced pressure of 1 torr by using the vacuum pump to obtain
a product at 56°C (Yield: 30%, exo/endo = 57/43).

IH-NMR (300 MHz, CDC13) :06.17 ~ 591 (m, 2H), 4.15 ~ 3.63 (m, 2H), 2.91 ~
2.88 (m, 2H), 2.38 (m, 1H), 2.05 (s, 3H), 1.83 (m, 1H), 1.60 ~ 1.25 (m, 2H), 0.57 (m,
IH).

<Production of addition polymer>

<EXAMPLE 1> Polymerization of 5-norbornene-2-methyl acetate
(phosphoramidite compound A)

33.3 mg of Pd(OA(:)2 (0.0494 mmol and 1 eq.) and 79.2 mg of [CGHSNMezH]+[B (C6
F5)4]' (2 eq. and 0.0988 mmol) were dissolved in 2 ml of dichloromethane and then
added to a 100 ml Schlenk flask in which 4 ml of 5-norbornene-2-methyl acetate
(NB—CHZ—O—C(O)—CH3) (24.7 mmol and AANB/Pd = 500/1) and 8 ml of toluene were
contained at 90°C. Next, 2 ml of dichloromethane in which 17.8 mg of
(3,5-Dioxa-4-phospha-cycloheptal2,1-a;3,4-a'ldinaphthalen-4-yl)dimethylamine)
(0.0494 mmol, 1 eq., and phosphoramidite compound A) was dissolved and which was
exposed to air was put into the Schlenk flask. Subsequently, the solution was
maintained at 90°C and agitated for 16 hours. The polymerization solution was then
added to an excessive amount of ethanol to produce 2.86 g of polymer (Yield 70%).
The weight average molecular weight (Mw) of the polymer was 129,500 and Mw/Mn
of the polymer was 1.39.

<EXAMPLE 2> Polymerization of 5-norbornene-2-methyl acetate
(phosphoramidite compound B)

4 ml of 5-norbornene-2-methyl acetate (NB—CHZ—O—C(O)—CH3) (24.7 mmol and
monomer/Pd = 500/1) and 12 ml of toluene were added to a 100 ml Schlenk flask. 2 ml
of dichloromethane solution in which 33.3 mg of Pd(OA(:)2 (0.0494 mmol and 1 eq.)
and 79.2 mg of [CGHSNMeZH]+[B(CGFS)4]' (2 eq. and 0.0988 mmol) were dissolved was
then added. Agitation was performed while the temperature of the Schlenk flask was
increased to 90°C. 0.16 ml of dibenzyl diisopropylphosphoramidite (phosphoramidite
compound B) that was exposed to air was dissolved in 10 ml of dichloromethane, and
1 ml of resulting solution was put into the flask (0.016 ml , 0.0494 mmol, and 1 eq.).
Subsequently, the solution was maintained at 90°C and agitated for 16 hours. After the
temperature was reduced to normal temperature, the polymerization solution was
added to an excessive amount of ethanol to produce 2.13 g of product (52%). The
weight average molecular weight (Mw) of the polymer was 139,800 and Mw/Mn of
the polymer was 1.91.

<EXAMPLE 3> Polymerization of 5-norbornene-2-methyl acetate
(phosphoramidite compound C)
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S-norbornene-2-methyl acetate (NB—CHZ—O—C(O)—CH3) (4 mL, 24.7 mmol, and NB
means norbornene) and toluene (12 mL) were put into a 100 mL schlenk flask. 2 mL of
dichloromethane was added to palladium acetate (Pd(OAc)z) (OAc = acetate, 33.3 mg,
and 49.4 umol) and N,N-dimethylphenyl ammonium
(tetrakis(pentafluorophenyl)borate) (CGHSNMezH] [B(C6F5)4]) (79.2 mg and 98.8 umol)
to perform dissolution, and the resulting solution was added to the monomer solution.
The reaction temperature was increased to 90°C and agitation was performed. 0.16 ml
of di-tert-butyl-N,N-diisopropylphosphoramidite (phosphoramidite compound C) that
was exposed to air was added to 10 ml of dichloromethane and then dissolved therein,
and 1 ml of resulting solution (di-tert-butyl N,N-diisopropylphosphoramidite 0.016 ml,
and 49.4 umol) was added to the monomer solution. Subsequently, the reaction
temperature was maintained at 90°C and agitation was performed for 16 hours. After
the reaction, the temperature was cooled to normal temperature, 100 mL of toluene
was added to dilute the polymer solution having high viscosity, and the resulting
solution was added to an excessive amount of ethanol to obtain a white copolymer
precipitate. The precipitate was filtered by using a glass funnel to collect the
copolymer, and the collected copolymer was dried in a vacuum oven at 80°C for 24
hours to obtain 3.28 g of 5-norbornene-2-methyl acetate polymer (80 wt% on the basis
of added monomers). The weight average molecular weight (Mw) of the polymer was
107,300 and Mw/Mn of the polymer was 1.72.

<EXAMPLE 4> Polymerization of 5-norbornene-2-methyl acetate
(phosphoramidite compound D)

The procedure of Example 1 was repeated, except that 21.5 mg of
(3,5-dioxa-4-phospha-cyclohepta[2,1-a;3,4-a'|dinaphthalen-4-yl) [ 1-phenylethyl]
amine) (phosphoramidite compound D) (0.0494 mmol and 1 eq.) was used instead of
17.8 mg of (3,5-dioxa-4-phospha-cyclohepta[2,1-a;3,4-a'] dinaphthalen-
4-yl)dimethylamine (phosphoramidite compound A) of Example 1. Thereby, 2.92 g of
5-norbornene-2-methyl acetate polymer (71 wt% on the basis of added monomers) was
obtained. The weight average molecular weight (Mw) of the polymer was 170,700 and
Mw/Mn of the polymer was 1.61.

<EXAMPLE 5> Polymerization of 5-norbornene-2-methyl acetate
(phosphoramidite compound E)

The procedure of Example 1 was repeated, except that 14.9 mg of
N,N-dimethyl-4,6-diphenyl-1,3,2-dioxaphophorinan-2-amine(phosphoramidite
compound E) of Formula 13 (0.0494 mmol and 1 eq.) was used instead of 17.8 mg of
phosphoramidite compound A of Example 1. Thereby, 2.84 g of
5-norbornene-2-methyl acetate polymer (69 wt% on the basis of added monomers) was

obtained. The weight average molecular weight (Mw) of the polymer was 143,000 and
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Mw/Mn of the polymer was 1.89.
<EXAMPLE 6> Polymerization of 2-butyl-5-norbornene (phosphoramidite
compound F)

4 ml of 2-butyl-5-norbornene (23.2 mmol and monomer/Pd = 1,000/1) and 12 ml of
toluene were put into a 100 ml Schlenk flask, and the temperature of the Schlenk flask
was then maintained at 70°C. Next, 2 ml of methylene chloride solution in which 15.6
mg of Pd(OA(:)2 (0.0232 mmol and 1 eq.) and 37.2 mg of [CGHSNMezH]+[B(C6F5)4]' (2
eq. and 0.0464 mmol) were dissolved was added. Subsequently, 12.5 mg of
(3,5-dioxa-4-phospha-cyclohepta[2,1-a;3,4-a'|dinaphthalen-4-yl)bis[ 1-phenylethyl]ami
ne (phosphoramidite compound F) (0.0232 mmol and 1 eq.) that was exposed to air
was dissolved in 1 ml of methylene chloride, and then put into the flask. The
temperature of the Schlenk flask was maintained at 70°C and agitation was performed
for 16 hours. After the temperature was reduced to normal temperature, the solution in
the flask was slowly added to an excessive amount of ethanol to produce 0.46 g of
polymer (13%). The weight average molecular weight (Mw) of the polymer was
36,000 and Mw/Mn of the polymer was 1.29.

<EXAMPLE 7> Polymerization of 2-butyl-5-norbornene (phosphoramidite
compound G)

The procedure of Example 6 was repeated, except that 12.5 mg of
(2,2-dimethyl-4,4,8,8-tetraphenyl-tetrahydro-[ 1,3]dioxolo[4,5-e][ 1,3,2]dioxaphosphepi
n-6-yl)dimethylamine) (phosphoramidite compound G) (0.0232 mmol and 1 eq.) was
used instead of 12.5 mg of phosphoramidite compound F of Example 6. Thereby, 1.37
g of 2-butyl-5-norbornene polymer (39 wt% on the basis of added monomers) was
obtained. The weight average molecular weight (Mw) of the polymer was 37,000 and
Mw/Mn of the polymer was 1.37.

<EXAMPLE 8> Polymerization of 2-butyl-5-norbornene (phosphoramidite
compound H)

The procedure of Example 6 was repeated, except that 9.0 mg of
(2,6-dimethyl-3,5-dioxa-4-phospha-cycloheptal 2,1-a;3,4-a'|dinaphthalen-4-yl)dimethyl
amine (phosphoramidite compound H) (0.0232 mmol and 1 eq.) was used instead of
12.5 mg of phosphoramidite compound F of Example 6. Thereby, 2.88 g of
2-butyl-5-norbornene polymer (83 wt% on the basis of added monomers) was
obtained. The weight average molecular weight (Mw) of the polymer was 78,000 and
Mw/Mn of the polymer was 2.06.

<EXAMPLE 9> Polymerization of 2-butyl-5-norbornene (phosphoramidite
compound I)

The procedure of Example 6 was repeated, except that 8.5 mg of

(8,9,10,11,12,13,14,15-octahydro-3,5-dioxa-4-phospha-cycloheptal2,1-a;3,4-a"ldinapht
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halen-4-yl)dimethylamine (phosphoramidite compound I) (0.0232 mmol and 1 eq.)
was used instead of 12.5 mg of phosphoramidite compound F of Example 6. Thereby,
1.7 g of 2-butyl-5-norbornene polymer (49 wt% on the basis of added monomers) was
obtained. The weight average molecular weight (Mw) of the polymer was 226,000 and
Mw/Mn of the polymer was 2.10.

<EXAMPLE 10> Polymerization of 5-norbornene-2-carboxylic acid methyl
ester (phosphoramidite compound A)

33.3 mg of Pd(OA(:)2 (0.0494 mmol and 1 eq.) and 79.2 mg of [CGHSNMezH]+[B (C6
F5)4]' (2 eq. and 0.0988 mmol) were dissolved in 2 ml of dichloromethane, and then put
into a 100 ml Schlenk flask which contained 3.76 g of 5-norbornene-2-carboxylic acid
methyl ester (NB—CHZ—C(O)—O—CH3) (24.7 mmol and monomer/Pd = 500/1) and 8 ml
of toluene at 90°C. Next, 2 ml of dichloromethane in which 17.8 mg of
(3,5-dioxa-4-phospha-cyclohepta[2,1-a;3,4-a'|dinaphthalen-4-yl)dimethylamine
(phosphoramidite compound A) (0.0494 mmol and 1 eq.) that was exposed to air was
dissolved was put into the Schlenk flask. Subsequently, the temperature of the flask
was maintained at 90°C and agitation was performed for 16 hours. Next, the poly-
merization solution was added to an excessive amount of ethanol to produce 2.74 g of
polymer (Yield 73%). The weight average molecular weight (Mw) of the polymer was
89,700 and Mw/Mn of the polymer was 1.92.

<COMPARATIVE EXAMPLE 1> Polymerization of 5-norbornene-2-methyl
acetate (tricyclohexyl phosphine)

The procedure of Example 1 was repeated, except that 13.9 mg of tricyclohexyl
phosphine compound that was exposed to air was used instead of 17.8 mg of phos-
phoramidite compound A. Thereby, 0.73 g of 5-norbornene-2-methyl acetate polymer
(18 wt% on the basis of added monomers) was obtained. The weight average
molecular weight (Mw) of the polymer was 20,300 and Mw/Mn of the polymer was
1.68.

<COMPARATIVE EXAMPLE 2> Polymerization of 5-norbornene-2-methyl
acetate (triphenyl phosphite)

The procedure of Example 1 was repeated, except that 15.3 mg of triphenyl
phosphite (P(OC6H5)3, 7,7 and Z" are the same oxygen atom in Formula 2) compound
(0.0494 mmol) that was exposed to air was used instead of 17.8 mg of phos-
phoramidite compound A. Thereby, 0.52 g of 5-norbornene-2-methyl acetate polymer
(13 wt% on the basis of added monomers) was obtained. The weight average
molecular weight (Mw) of the polymer was 18,900 and Mw/Mn of the polymer was
1.59.

<Production of optical anisotropic film>

<EXPERIMENTAL EXAMPLES 1 AND 2>
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[344] The polymers that were obtained in the above-mentioned Examples 1 and 2 were
mixed so as to obtain the compositions described in the following Table 1, thus
producing coating solutions. Each of the coating solutions was cast on a glass substrate
by using a knife coater or barcoater, dried at normal temperature for 1 hour, and addi
tionally dried in a nitrogen atmosphere at 100°C for 18 hours. After the drying, the
dried substrate was stored at -10°C for 10 sec, and the film was separated from the
glass substrate by using a knife to obtain a transparent film having a uniform thickness
where a thickness deviation is less than 2%. The thickness and light transmission at
400 to 700 0 of the film are described in the following Table 1.

[345] Table 1

Composition of film solution Physical properties of film
Light
Polymer Solvent Thickness
transmission
(part by weight) | (part by weight) (¢m)
(%)
Polymer
Experimental
produced in THF 560 115 92
Example 1
Example 1
Polvmer
Experimental MC 360 and
produced in 119 92
Example 2 TOLUENE 200
Example 2
[346] In the above-mentioned Table 1, THF is tetrahydrofuran and MC is methylene
chloride.
[347] <Measurement of optical anisotropic properties>
[348] <EXPERIMENTAL EXAMPLES 3 AND 4>
[349] In respects to the transparent films of Experimental Examples 1 and 2, the

refraction index (n) was measured by using an ABBE refractometer, the in-plane re-
tardation value (R ) was measured by using an automatic birefringence analyzer
(KOBRA-21 ADIjI manufactured by Oji scientific instrument, Co., Ltd.), the re-
tardation value (Re) was measured in the case of when incident light meets the film
surface at the angle of 50°, and the retardation value (Rm) in respects to the direction
through the film thickness and the in-plane x-axis was obtained by using the following
Equation 3.

[350] [Equation 3]

[351]
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R g X cos &,

R,= -
th sin? &
[352] In Equation 3, O is a declined angle, and ef is a internal angle of film.
[353] In addition, the R and R values were divided by the thickness of the film to obtain

a difference in refractlon 1ndex (n -n ) and a difference in refraction index (n -n ) (n
y X
-n ) R R , and (n -n ) of the transparent film are described in the following Table 2.
[354] Table 2

n Rin
(ne —ny) x 10° (ny —n,) x 10°
(refraction index) (rm/zm)
Experimental
1.51 0.009 2.31 -
Example 3
Experimental
1.49 0.008 2.22 2.12
Example 4
[355] Furthermore, in the case of when the triacetate cellulose film where n >n was

y
provided to measure Re, the Re values of all the cyclic olefin films were increased. This
means that Rth of the cyclic olefin film is caused by the negative birefringence (n >n)
y z

in the thickness direction.
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Claims

A method of producing a cyclic olefin polymer having a polar functional group,
comprising the step of:

bringing a catalyst mixture into contact with a monomer solution containing
cyclic olefin monomers having a polar functional group,

wherein the catalyst mixture includes a precatalyst containing metal of Group 10
represented by Formula 1, an organophosphorus ligand represented by Formula
2, and a cocatalyst that is a salt compound slightly coordinated with the metal of
Group 10 represented by Formula 3 and providing an anion:

[Formula 1]

wherein Xs are each independently a hetero atom selected from S, O, and N,

Rls are each independently —CHzCHRzO, —ORZO, —SRZO, _N(R20)2’ —N:NRZO, —P(RZO)
» “C(OR”, -C(R™)=NR”, -C(O)OR™, -OC(0)OR™, -OC(O)R™, -C(R”
)=CHC(O)R™, -R”C(O)R”, -R*C(0)OR™, or -R*OC(0O)R™; R™s are each inde-
pendently hydrogen, halogen, linear or branched alkyl having 1 to 5 carbon
atoms, linear or branched haloalkyl having 1 to 5 carbon atoms, cycloalkyl
having 5 to 10 carbon atoms, linear or branched alkenyl having 2 to 5 carbon
atoms, linear or branched haloalkenyl having 2 to 5 carbon atoms, or substituted
or unsubstituted aralkyl having 7 to 24 carbon atoms; R” is hydrocarbylene
having 1 to 20 carbon atoms,

st are each independently linear or branched alkyl having 1 to 20 carbon atoms,
linear or branched alkenyl having 2 to 20 carbon atoms, linear or branched vinyl
having 2 to 20 carbon atoms, cycloalkyl having 5 to 12 carbon atoms un-
substituted or substituted with hydrocarbon, aryl having 6 to 40 carbon atoms un-
substituted or substituted with hydrocarbon, aralkyl having 7 to 15 carbon atoms
unsubstituted or substituted with hydrocarbon, or alkynyl having 3 to 20 carbon
atoms,

M is metal of Group 10, and

pis Oto 2,

[Formula 2]

[Z(R3)21-PIZ (R)p1[Z7 (Rs).]
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wherein a, b, and c¢ are each an integer in the range of 1 to 3,

Z,7', and Z" are each independently oxygen, sulfur, silicon, or nitrogen, with a
proviso that Z, 7', and Z" are not the same atom,

R3, R4, and R5 are each independently hydrogen; linear or branched alkyl having
1 to 20 carbon atoms; linear or branched alkoxy having 1 to 20 carbon atoms;
linear or branched allyl having 3 to 20 carbon atoms; linear or branched alkenyl
having 2 to 20 carbon atoms; linear or branched vinyl having 2 to 20 carbon
atoms; cycloalkyl having 3 to 12 carbon atoms unsubstituted or substituted with
hydrocarbon; aryl having 6 to 40 carbon atoms unsubstituted or substituted with
alkoxy or hydrocarbon; aralkyl having 7 to 15 carbon atoms unsubstituted or
substituted with alkoxy or hydrocarbon; aralkyl substituted with a substituent
group containing a hetero ring; alkylaryl having 7 to 15 carbon atoms un-
substituted or substituted with alkoxy or hydrocarbon; alkylaryl substituted with
a substituent group containing a hetero ring; alkynyl having 3 to 20 carbon
atoms; silyl each independently substituted with linear or branched alkyl having
1 to 10 carbon atoms; silyl each independently substituted with linear or
branched alkoxy having 1 to 10 carbon atoms; silyl each independently
substituted with substituted or unsubstituted cycloalkyl having 3 to 12 carbon
atoms; silyl each independently substituted with substituted or unsubstituted aryl
having 6 to 40 carbon atoms; silyl each independently substituted with
substituted or unsubstituted aryloxy having 6 to 40 carbon atoms; siloxy each in-
dependently substituted with linear or branched alkyl having 1 to 10 carbon
atoms; siloxy each independently substituted with substituted or unsubstituted
cycloalkyl having 3 to 12 carbon atoms; or siloxy each independently substituted
with substituted or unsubstituted aryl having 6 to 40 carbon atoms; each of the
substituent groups is halogen or haloalkyl having 1 to 20 carbon atoms; R4 and R
, may be bonded to each other to form a ring; and the hetero ring includes an
aromatic or an aliphatic ring in the substituent groups containing the hetero ring,

[Formula 3]

[Cat][Anil

wherein [Cat] is a cation and any one selected from the group consisting of
hydrogen, cations of metal of Group 1, metal of Group 2, or transition metal, and
an organic unit containing the cations, and

[Ani] is an anion that is slightly coordinated with metal M of Formula 1 and any
one selected from the group consisting of borate, aluminate, [SbFG]—, [PFG]—, [AsF
6]—, perfluoroacetate ([CF3C02]—), perfluoropropionate ([CzFSCOZ]—), perfluo-
robutyrate ([CF3CF2CF2COZ]—), perchlorate ([ClO4]—), p-toluenesulfonate ([p—CH3
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C6H4SOs]—), [SO3CF3]—, boratabenzene, and carborane unsubstituted or
substituted with halogen.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the bringing of the catalyst mixture into contact with the monomer
solution containing cyclic olefin monomers having the polar functional group is
performed at 80 to 150°C.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the borate or aluminate of Formula 3 contains anions represented by
Formula 3a or 3b:

[Formula 3a]

[M’(R6)4]
[Formula 3b]

[M’(ORg)4]

wherein M' is boron or aluminum, and

RGS are each independently halogen; linear or branched alkyl having 1 to 20
carbon atoms unsubstituted or substituted with halogen; linear or branched
alkenyl having 2 to 20 carbon atoms unsubstituted or substituted with halogen;
cycloalkyl having 3 to 12 carbon atoms unsubstituted or substituted with
halogen; aryl having 6 to 40 carbon atoms unsubstituted or substituted with hy-
drocarbon; aryl having 6 to 40 carbon atoms substituted with linear or branched
trialkylsiloxy having 3 to 20 carbon atoms or linear or branched triarylsiloxy
having 18 to 48 carbon atoms; or aralkyl having 7 to 15 carbon atoms un-
substituted or substituted with halogen.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the cyclic olefin monomers is a compound represented by Formula 4:
[Formula 4]

R

7
R',
Rll

m Rl u7

7

wherein m is an integer in the range of 0 to 4,
at least one of R7, R7', R7", and R7"' is the polar functional group and the

remaining groups are nonpolar functional groups,
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R7, R7', R7", and R7"' are the same as or different from each other, and each inde-
pendently hydrogen; halogen; linear or branched alkyl that has 1 to 20 carbon
atoms and is unsubstituted or substituted with at least one selected from the
group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkeny]l,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; linear or
branched alkenyl that has 2 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkynyl that has 3 to 20 carbon
atoms and is unsubstituted or substituted with at least one selected from the
group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkeny]l,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; cycloalkyl
that has 3 to 12 carbon atoms and is unsubstituted or substituted with at least one
selected from the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; aryl that
has 6 to 40 carbon atoms and is unsubstituted or substituted with at least one
selected from the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; or a polar
functional group that contains at least one of oxygen, nitrogen, phosphorus,
sulfur, silicon, and boron,

R7 and R7' or R7" and R7"' may be bonded to each other to form an alkylidene
group having 1 to 10 carbon atoms or R7 or R7' may be bonded to any one of R7"
and R7"' to form a saturated or unsaturated aliphatic ring having 4 to 12 carbon
atoms or an aromatic ring having 6 to 24 carbon atoms,

the polar functional group is
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-RgORs, —~ORg, ~OCIOIORg, ~RsOC(O)ORg, ~C(O)ORg, ~ReC(O)ORg, - C(O)Rq,
-RsC(O)Rg, ~OC(O)Rs, ~RgOC(O)Rg, —(Re0)—ORg, —(ORg)n—ORs, —C(O)-0O-C(O)Ry,
-RgC(O)-0O-C(O)Ry, —-SRg, —RsSRg, -SSRy, —RsSSRg, —S(=0)Rg, -RsS(=0)Rs,
-RsC(=5)Rg—, -RsC(=5)SRg, -RsS0sRg, —-503Rg, -RgN=C=S, -N=C=5, -NCO,

-Rg-NCO, -CN, -RgCN, -NNC(=S)Rg, -RsNNC(=S)Rg, -NOs;, -RsNOs,

/Rg /Rg /R9 /R9
—C(O)N\ —RSC(O)N\ —N\ —RsgN
Rio | Rio | Rio | Rio
0 0
Ro R I I I
——OC(O)N ——RyOC(O)N S‘RQ R8ﬁR9 OS‘ o
Rio Rio | @] @]
H H H R J
——R5zOSR, H Re ——R4OSOR, 4 ReB
O 9] Rio Rio
OR, ORg
e TR T o
OR,, Rig, = N=—7C—Ryg —RgN—C—Ry,
2 R
Ro T\) R, O —o/—\c/

ol |
—N—C—0OR;;, = —R;N—C—0Ry, . Rg
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/O\ /R11
el IR
Re R —C—N—C—OR;y ReC—N—C—0Ryq
Re Re OR, OR, O
—P —RgP —Pp —RgP —or(_
Rio Rio OR 4o ORyg ORyq
O @) O
OR OR OR OR
Pk | e | R | e
——RgOP —R R —OR_
ORig ORyo ORyg OR1g
0] Rg Rg ORg
H/OR9 / / /
—RSOP\ _S|\_R10 —R88~|\_R10 _S|_OR1O
ORyo | Ry Ry ORy4
OR /R9 ORg
——RgSi—OR, —O—Rg—Si\—Rm ——0—R;—Si—OR,
ORy4 R OR11
/Rg ORg
—RS—O—RS—Si\—Rm ——Rz—0—Rz;—Si—OR,
R ORy4
Rg ORQ

—C—0—Rz—S—Ry,
\
R1'I

——C—0—Rg—S—ORyg
ORy
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Ro Q ORyq
/ [ |
—Rg_C_O_RB_S\—R1O —RB_C_O—RS_S|_0R1O
R11 OR11
Rg ORQ
/
—O—RS—O—RB—Si\—Rm ——0—Rz;—0—R;—Si—OR,,
R ORy4
(\)\ Re O ORg
_O_RS_C_O_RS_Sl\_R»]O —O_RB_C_O_RB_S|_OR1O
Rit ORy4
I i i *
—Ra—O—Rs—C—O—Rs—Si\—Rm —Ry—0—Rz—C—O0—R;—S—OR
Ri OR;
R OR,
TR 0T RO R (R —RS—O—RS—O—RB—Si\—ORm
R4 ORy
Rg OR9
—RB_NH—RB_Si\—R10 —RB_NH—R8_8|_0R1O
Rij ORy;
Rg

—R;—C —NH—RB—Si\—Rm

Ri4

C‘D OR,
—Ry—C—NH—R;—Si—OR,,

OR 4
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ORy Ro Re

0
I |

—C—O—CHZ——CH——CHQ——N—RS—Si\—Rm

R11

ORg Ro ORe

0
I |

——C—0—CH,—CH—CH,—N—Rz—Si—ORyj

OR;y4

ORg Rg Ro

0
I |

—RB—C—O—CHZ——CH——CHZ——N—RS—Si\—Rm

R4

ORg Rg ORo

o
| |

—Rg—C—0—CH,—CH—CH,—N—Rz—Si—ORy

OR
Rg R Ry
cl- | /e al- ORs
—RB_NH2+_R8_N—R8_Si\_R‘]0 _RS_NH2+_R8_N_R8_Si_OR10
R'I'I OR11
Rg Rg

cl- Ro cl- ORe
_NH2+_R8_N_R8_Si\_R1O _NH2+_R8_N_R8_Si_OR1O

Ra , or OR11

in the polar functional group,

Rgs are the same as or different from each other, and each independently linear or
branched alkylene that has 1 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkenylene that has 2 to 20
carbon atoms and is unsubstituted or substituted with at least one selected from
the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; linear or
branched alkynylene that has 3 to 20 carbon atoms and is unsubstituted or

substituted with at least one selected from the group consisting of halogen, alkyl,
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alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; cycloalkylene that has 3 to 12 carbon atoms and is
unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl,
haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halo-
carbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; arylene that has 6 to 40
carbon atoms and is unsubstituted or substituted with at least one selected from
the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy;
alkoxylene that has 1 to 20 carbon atoms and is unsubstituted or substituted with
at least one selected from the group consisting of halogen, alkyl, alkenyl,
alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl,
alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl,
and siloxy; or carbonyloxylene that has 1 to 20 carbon atoms and is unsubstituted
or substituted with at least one selected from the group consisting of halogen,
alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy,

Rg, R1o’ and R11 are the same as or different from each other, and each inde-
pendently hydrogen; halogen; linear or branched alkyl that has 1 to 20 carbon
atoms and is unsubstituted or substituted with at least one selected from the
group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; linear or
branched alkenyl that has 2 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkynyl that has 3 to 20 carbon
atoms and is unsubstituted or substituted with at least one selected from the
group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; cycloalkyl
that has 3 to 12 carbon atoms and is unsubstituted or substituted with at least one
selected from the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
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carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; aryl that
has 6 to 40 carbon atoms and is unsubstituted or substituted with at least one
selected from the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; alkoxy
that has 1 to 20 carbon atoms and is unsubstituted or substituted with at least one
selected from the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; or
carbonyloxy that has 1 to 20 carbon atoms and is unsubstituted or substituted
with at least one selected from the group consisting of halogen, alkyl, alkenyl,
alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl,
alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl,
and siloxy, and

n's are each independently an integer in the range of 1 to 10.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the precatalyst represented by Formula 1 and the organophosphorus
ligand represented by Formula 2 are a precatalyst represented by Formula 5 and

an organophosphorus ligand represented by Formula 6, respectively:

[Formula 5]
X' R,
Xl
Rl 1‘<( M an
Y' r
_Y Rlll2_ S

wherein X' and Y' are each independently a hetero atom that is selected from the
group consisting of S and O,

R1" Rz', Rz", and R2"' are each independently linear or branched alkyl having 1 to
20 carbon atoms; linear or branched alkenyl having 2 to 20 carbon atoms; linear
or branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 5 to 12 carbon
atoms unsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon
atoms unsubstituted or substituted with hydrocarbon; aralkyl having 7 to 15
carbon atoms unsubstituted or substituted with hydrocarbon; or alkynyl having 3
to 20 carbon atoms,

M is metal of Group 10;
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rand s are each independently O to 2, and r + s = 2,
[Formula 6]

[(R3)2N]-P[O(R4) ] [O(Rs)]

wherein Rs, R4, and RS are each independently hydrogen; linear or branched alkyl
having 1 to 20 carbon atoms; linear or branched alkoxy having 1 to 20 carbon
atoms; linear or branched allyl having 3 to 20 carbon atoms; linear or branched
alkenyl having 2 to 20 carbon atoms; linear or branched vinyl having 2 to 20
carbon atoms; cycloalkyl having 3 to 12 carbon atoms unsubstituted or
substituted with hydrocarbon; aryl having 6 to 40 carbon atoms unsubstituted or
substituted with alkoxy or hydrocarbon; aralkyl having 7 to 15 carbon atoms un-
substituted or substituted with alkoxy or hydrocarbon; aralkyl substituted with a
substituent group containing a hetero ring; alkylaryl having 7 to 15 carbon atoms
unsubstituted or substituted with alkoxy or hydrocarbon; alkylaryl substituted
with a substituent group containing a hetero ring; alkynyl having 3 to 20 carbon
atoms; silyl each independently substituted with linear or branched alkyl having
1 to 10 carbon atoms; silyl each independently substituted with linear or
branched alkoxy having 1 to 10 carbon atoms; silyl each independently
substituted with substituted or unsubstituted cycloalkyl having 3 to 12 carbon
atoms; silyl each independently substituted with substituted or unsubstituted aryl
having 6 to 40 carbon atoms; silyl each independently substituted with
substituted or unsubstituted aryloxy having 6 to 40 carbon atoms; siloxy each in-
dependently substituted with linear or branched alkyl having 1 to 10 carbon
atoms; siloxy each independently substituted with substituted or unsubstituted
cycloalkyl having 3 to 12 carbon atoms; or siloxy each independently substituted
with substituted or unsubstituted aryl having 6 to 40 carbon atoms; each of the
substituent groups is halogen or haloalkyl having 1 to 20 carbon atoms; R4 and R
, may be bonded to each other to form a ring; and the hetero ring includes an
aromatic or an aliphatic ring in the substituent groups containing the hetero ring.
The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the precatalyst represented by Formula 1 and the organophosphorus
ligand represented by Formula 2 are a precatalyst containing Pd metal
represented by Formula 7 and an organophosphorus ligand represented by
Formula 8, respectively:

[Formula 7]



[7]

65

WO 2007/145478 PCT/KR2007/002896
o) R’,
0
Rl ; < C Pd Ru2
o r
o L11]
L R 2 1S

wherein R1" Rz', Rz", and Rz"' are each independently linear or branched alkyl
having 1 to 20 carbon atoms; linear or branched alkenyl having 2 to 20 carbon
atoms; linear or branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 5
to 12 carbon atoms unsubstituted or substituted with hydrocarbon; aryl having 6
to 40 carbon atoms unsubstituted or substituted with hydrocarbon; aralkyl having
7 to 15 carbon atoms unsubstituted or substituted with hydrocarbon; or alkynyl
having 3 to 20 carbon atoms, and

rand s are each independently O to 2, and r + s = 2,

[Formula 8]

[(R23)aN 1-P[O(R24) |2

wherein R23 and R24 are each independently hydrogen; linear or branched alkyl
having 1 to 20 carbon atoms; linear or branched allyl having 3 to 20 carbon
atoms; linear or branched alkenyl having 2 to 20 carbon atoms; linear or
branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 3 to 12 carbon
atoms unsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon
atoms unsubstituted or substituted with alkoxy or hydrocarbon; aralkyl having 7
to 15 carbon atoms unsubstituted or substituted with hydrocarbon; alkylaryl un-
substituted or substituted with alkoxy or hydrocarbon; alkylaryl substituted with
a substituent group containing an aliphatic hetero ring; or alkynyl having 3 to 20
carbon atoms; and two R24s may be bonded to each other to form a ring.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the organophosphorus ligand represented by Formula 2 is an
organophosphorus ligand represented by Formula 9:

[Formula 9]

P—N(R,,),

S

wherein CY1 is a substituted or unsubstituted ring that contains two O atoms and
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one P atom, and

R23s are each independently hydrogen; linear or branched alkyl having 1 to 20
carbon atoms; linear or branched allyl having 3 to 20 carbon atoms; linear or
branched alkenyl having 2 to 20 carbon atoms; linear or branched vinyl having 2
to 20 carbon atoms; cycloalkyl having 3 to 12 carbon atoms unsubstituted or
substituted with hydrocarbon; aryl having 6 to 40 carbon atoms unsubstituted or
substituted with hydrocarbon; aralkyl having 7 to 15 carbon atoms unsubstituted
or substituted with hydrocarbon; or alkynyl having 3 to 20 carbon atoms.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the organophosphorus ligand represented by Formula 2 is any one
selected from the organophosphorus ligands represented by Formulae 10 to 14:
[Formula 10]

[Formula 13]
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[9]

[10]

[11]

[12]

[Formula 14]
OMe

P—N

o\
o

OMe

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein in the precatalyst represented by Formula 1, the metal is Pd, p is 2, the
ligand containing the hetero atom directly coordinated with the metal is acety-
lacetonate or acetate, the organophosphorus ligand represented by Formula 2 is
(3,5-dioxa-4-phospha-cycloheptal2,1-a;3,4-a'|dinaphthalen-4-yl)dimethylamine
represented by Formula 10, and [Cat] is N,N-dimethylphenyl ammonium and
[Ani] is tetrakis(pentafluorophenyl)borate in a first cocatalyst represented by
Formula 3:

[Formula 10]

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein a content of the cocatalyst is 0.5 to 10 mole based on 1 mole of the
precatalyst.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the catalyst mixture is carried in a particulate support.

The method of producing a cyclic olefin polymer having a polar functional group
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[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

according to claim 11,

wherein the particulate support is at least one selected from the group consisting
of silica, titania, silica/chromia, silica/chromia/titania, silica/alumina, aluminum
phosphate gel, silanized silica, silica hydro gel, montmorillonite clay, and zeolite.
The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein an organic solvent where the catalyst mixture is dissolved is any one
selected from the group consisting of dichloromethane, dichloroethane, toluene,
chlorobenzene, and a mixture thereof.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein a total amount of the organic solvent of a reaction system is 50 to 800%
based on a total weight of the monomers in the monomer solution.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the catalyst mixture includes a metal catalyst complex that contains the
precatalyst, the organophosphorus ligand, and the cocatalyst.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the catalyst mixture is added to the monomer solution in a solid phase.
The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the catalyst mixture is added to a reaction system so that a molar ratio of
the precatalyst to a total mole number of the monomers in the monomer solution
is 1/400 to 1/200,000.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the monomer solution further contains a cyclic olefin compound having
no polar functional group.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the cyclic olefin polymer having the polar functional group includes a
cyclic olefin homopolymer having a polar functional group, a copolymer of
cyclic olefin monomers having different polar functional groups, or a copolymer
of the cyclic olefin monomers having the polar functional groups and the cyclic
olefin monomers having no polar functional group.

The method of producing a cyclic olefin polymer having a polar functional group

according to claim 1,
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[21]

[22]

wherein a weight average molecular weight (Mw) of the cyclic olefin polymer
having a polar functional group is 10,000 to 1,000,000.

The method of producing a cyclic olefin polymer having a polar functional group
according to claim 1,

wherein the monomer solution further comprises linear or branched olefin having
1 to 20 carbon atoms.

A cyclic olefin polymer having a polar functional group, which is produced by
using the method according to any one of claims 1 to 21,

wherein the polymer is an addition polymer of cyclic olefin monomers having a
polar functional group represented by Formula 4 and has a weight average
molecular weight (Mw) of 10,000 to 1,000,000

[Formula 4]

R',

Rn
m Rlu7

7

wherein m is an integer in the range of 0 to 4,

at least one of R7, R7', R7", and R7"' is the polar functional group and the
remaining groups are nonpolar functional groups,

R7, R7', R7", and R7"' are the same as or different from each other, and each inde-
pendently hydrogen; halogen; linear or branched alkyl that has 1 to 20 carbon
atoms and is unsubstituted or substituted with at least one selected from the
group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; linear or
branched alkenyl that has 2 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkynyl that has 3 to 20 carbon
atoms and is unsubstituted or substituted with at least one selected from the
group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; cycloalkyl
that has 3 to 12 carbon atoms and is unsubstituted or substituted with at least one
selected from the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
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carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; aryl that
has 6 to 40 carbon atoms and is unsubstituted or substituted with at least one
selected from the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; or a polar
functional group that contains at least one of oxygen, nitrogen, phosphorus,
sulfur, silicon, and boron,

R7 and R7' or R7" and R7"' may be bonded to each other to form an alkylidene
group having 1 to 10 carbon atoms or R7 or R7' may be bonded to any one of R7"
and R7"' to form a saturated or unsaturated aliphatic ring having 4 to 12 carbon
atoms or an aromatic ring having 6 to 24 carbon atoms,

the polar functional group is
-RsORs, —~ORg, ~OC(O)ORg, —RsOC(O)ORg, —C(O)ORg, ~RgC(O)ORg, —C(O)Ry,
-RsC(CJRy, —~OC(C)Rs, ~RsOC(O)Rs, —(RsC)a~ORg, —(ORs)a—ORg, —C(O)-0-C(O)Rs.
-RsC(O)-0O-C(O)Ry, -SRs, -ReSRs, -55R5, -ReSSRg, —3(=0)Rg, -RsS(=O)Rs,
-RsC(=3)Rg—, -RsC(=3)SRs, -Rs30sRs, —-3503Rg, -RgN=C=S3, -N=C=8, -NCO,

-Rg-NCO, -CN, -RsCN, -NNC(=3S)Rg, -RsNNC(=S)Rgs, -NOs, -RsNOs,

R9 /RQ /Rg /R9
—C(O)N\ —RBC(O)N\ —N\ — RsN
Rio Rio | Rio | Ri1o
——OC(O)N ——RzOC(O)N ﬁRg RsﬁRg _OS‘ 9
R1o Rig O
I I I Ro Ro
—R5OSR, OSOR; —RgOSOR, 5~ R
[ I I N i
0 0 Rio Rig
OR, ORs -
- I 9 Rg
B ReB | -
OR'IO OR1O _N_C_R10 RSN—C R10
o
Ry O Rg O C/ \C/RH
9 9 A
C ] R

—N—C—O0R;;, =~ —R;N—C—0Ry, . R
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Re R —C—N—C—OR;y ReC—N—C—0Ryq
Re Re OR, OR, O
—P —RgP —Pp —RgP —or(_
Rio Rio OR 4o ORyg ORyq
O @) O
OR OR OR OR
Pk | e | R | e
——RgOP —R R —OR_
ORig ORyo ORyg OR1g
0] Rg Rg ORg
H/OR9 / / /
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ORyo | Ry Ry ORy4
OR /R9 ORg
——RgSi—OR, —O—Rg—Si\—Rm ——0—R;—Si—OR,
ORy4 R OR11
/Rg ORg
—RS—O—RS—Si\—Rm ——Rz—0—Rz;—Si—OR,
R ORy4
Rg ORQ
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\
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/ [ |
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Rg ORQ
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ORy Ro Re

0
I |

—C—O—CHZ——CH——CHQ——N—RS—Si\—Rm

R11

ORg Ro ORe

0
I |

——C—0—CH,—CH—CH,—N—Rz—Si—ORyj

OR;y4

ORg Rg Ro

0
I |

—RB—C—O—CHZ——CH——CHZ——N—RS—Si\—Rm

R4

ORg Rg ORo

o
| |

—Rg—C—0—CH,—CH—CH,—N—Rz—Si—ORy

OR
Rg R Ry
cl- | /e al- ORs
—RB_NH2+_R8_N—R8_Si\_R‘]0 _RS_NH2+_R8_N_R8_Si_OR10
R'I'I OR11
Rg Rg

cl- Ro cl- ORe
_NH2+_R8_N_R8_Si\_R1O _NH2+_R8_N_R8_Si_OR1O

Ra , or OR11

in the polar functional group,

Rgs are the same as or different from each other, and each independently linear or
branched alkylene that has 1 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkenylene that has 2 to 20
carbon atoms and is unsubstituted or substituted with at least one selected from
the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; linear or
branched alkynylene that has 3 to 20 carbon atoms and is unsubstituted or

substituted with at least one selected from the group consisting of halogen, alkyl,
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alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; cycloalkylene that has 3 to 12 carbon atoms and is
unsubstituted or substituted with at least one selected from the group consisting
of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl,
haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halo-
carbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; arylene that has 6 to 40
carbon atoms and is unsubstituted or substituted with at least one selected from
the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy;
alkoxylene that has 1 to 20 carbon atoms and is unsubstituted or substituted with
at least one selected from the group consisting of halogen, alkyl, alkenyl,
alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl,
alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl,
and siloxy; or carbonyloxylene that has 1 to 20 carbon atoms and is unsubstituted
or substituted with at least one selected from the group consisting of halogen,
alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl,
aralkyl, haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy,

Rg, R1o’ and R11 are the same as or different from each other, and each inde-
pendently hydrogen; halogen; linear or branched alkyl that has 1 to 20 carbon
atoms and is unsubstituted or substituted with at least one selected from the
group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; linear or
branched alkenyl that has 2 to 20 carbon atoms and is unsubstituted or
substituted with at least one selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl,
haloaralkyl, alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy,
haloaryloxy, silyl, and siloxy; linear or branched alkynyl that has 3 to 20 carbon
atoms and is unsubstituted or substituted with at least one selected from the
group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; cycloalkyl
that has 3 to 12 carbon atoms and is unsubstituted or substituted with at least one
selected from the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
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[23]

[24]

[25]

[26]

carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; aryl that
has 6 to 40 carbon atoms and is unsubstituted or substituted with at least one
selected from the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; alkoxy
that has 1 to 20 carbon atoms and is unsubstituted or substituted with at least one
selected from the group consisting of halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl, alkoxy, haloalkoxy,
carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl, and siloxy; or
carbonyloxy that has 1 to 20 carbon atoms and is unsubstituted or substituted
with at least one selected from the group consisting of halogen, alkyl, alkenyl,
alkynyl, haloalkyl, haloalkenyl, haloalkynyl, aryl, haloaryl, aralkyl, haloaralkyl,
alkoxy, haloalkoxy, carbonyloxy, halocarbonyloxy, aryloxy, haloaryloxy, silyl,
and siloxy, and

n's are each independently an integer in the range of 1 to 10.

An optical anisotropic film comprising the cyclic olefin polymer having a polar
functional group according to claim 22.

The optical anisotropic film according to claim 23,

wherein a thickness direction retardation value (Rm) of the film represented by
Equation 1 is 70 to 1,000 O:

[Equation 1]

R = Alny - ng) X d
wherein n is an in-plane refraction index of a fast axis measured at a wavelength
of 550 nmy, n is a thickness refraction index measured at the wavelength of 550
nm, and d is Za thickness of the film.
The optical anisotropic film according to claim 24, which is a negative C-plate
type optical compensation film for liquid crystal displays satisfying a refraction

index correlation wheren =n >n (n is an in-plane refraction index of a slow
X zZ X

y
axis, n 1is the refraction index of the fast axis, and n is the thickness refraction
y

index). ’

A catalyst composition for producing a cyclic olefin polymer having a polar
functional group, comprising:

a precatalyst containing metal of Group 10, which is represented by Formula 1
and includes a ligand containing a hetero atom directly coordinated with the
metal;

an organophosphorus ligand represented by Formula 2; and

a cocatalyst that is a salt compound slightly coordinated with the metal of Group
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10 represented by Formula 3 and providing an anion,

[Formula 1]

wherein Xs are each independently a hetero atom selected from S, O, and N,

Rls are each independently —CHzCHRzO, —ORZO, —SRZO, _N(R20)2’ —N:NRZO, —P(RZO)
» “C(OR”, -C(R™)=NR”, -C(O)OR™, -OC(0)OR™, -OC(O)R™, -C(R”
)=CHC(O)R™, -R”C(O)R”, -R*C(0)OR™, or -R*OC(0O)R™; R™s are each inde-
pendently hydrogen, halogen, linear or branched alkyl having 1 to 5 carbon
atoms, linear or branched haloalkyl having 1 to 5 carbon atoms, cycloalkyl
having 5 to 10 carbon atoms, linear or branched alkenyl having 2 to 5 carbon
atoms, linear or branched haloalkenyl having 2 to 5 carbon atoms, or substituted
or unsubstituted aralkyl having 7 to 24 carbon atoms; R” is hydrocarbylene
having 1 to 20 carbon atoms,

st are each independently linear or branched alkyl having 1 to 20 carbon atoms,
linear or branched alkenyl having 2 to 20 carbon atoms, linear or branched vinyl
having 2 to 20 carbon atoms, cycloalkyl having 5 to 12 carbon atoms un-
substituted or substituted with hydrocarbon, aryl having 6 to 40 carbon atoms un-
substituted or substituted with hydrocarbon, aralkyl having 7 to 15 carbon atoms
unsubstituted or substituted with hydrocarbon, or alkynyl having 3 to 20 carbon
atoms,

M is metal of Group 10, and

pis Oto 2,

[Formula 2]

[Z(R3)21-PIZ (R)p 1 [Z7 (Rs)c]

wherein a, b, and c¢ are each an integer in the range of 1 to 3,

Z,7', and Z" are each independently oxygen, sulfur, silicon, or nitrogen, with a
proviso that Z, 7', and Z" are not the same atom,

Rs, R4, and RS are each independently hydrogen; linear or branched alkyl having
1 to 20 carbon atoms; linear or branched alkoxy having 1 to 20 carbon atoms;
linear or branched allyl having 3 to 20 carbon atoms; linear or branched alkenyl
having 2 to 20 carbon atoms; linear or branched vinyl having 2 to 20 carbon
atoms; cycloalkyl having 3 to 12 carbon atoms unsubstituted or substituted with

hydrocarbon; aryl having 6 to 40 carbon atoms unsubstituted or substituted with
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[27]

alkoxy or hydrocarbon; aralkyl having 7 to 15 carbon atoms unsubstituted or
substituted with alkoxy or hydrocarbon; aralkyl substituted with a substituent
group containing a hetero ring; alkylaryl having 7 to 15 carbon atoms un-
substituted or substituted with alkoxy or hydrocarbon; alkylaryl substituted with
a substituent group containing a hetero ring; alkynyl having 3 to 20 carbon
atoms; silyl each independently substituted with linear or branched alkyl having
1 to 10 carbon atoms; silyl each independently substituted with linear or
branched alkoxy having 1 to 10 carbon atoms; silyl each independently
substituted with substituted or unsubstituted cycloalkyl having 3 to 12 carbon
atoms; silyl each independently substituted with substituted or unsubstituted aryl
having 6 to 40 carbon atoms; silyl each independently substituted with
substituted or unsubstituted aryloxy having 6 to 40 carbon atoms; siloxy each in-
dependently substituted with linear or branched alkyl having 1 to 10 carbon
atoms; siloxy each independently substituted with substituted or unsubstituted
cycloalkyl having 3 to 12 carbon atoms; or siloxy each independently substituted
with substituted or unsubstituted aryl having 6 to 40 carbon atoms; each of the
substituent groups is halogen or haloalkyl having 1 to 20 carbon atoms; R4 and R
, may be bonded to each other to form a ring; and the hetero ring includes an
aromatic or an aliphatic ring in the substituent groups containing the hetero ring,

[Formula 3]

[Cat][Ani]

wherein [Cat] is a cation and any one selected from the group consisting of
hydrogen, cations of metal of Group 1, metal of Group 2, or transition metal, and
an organic unit containing the cations, and

[Ani] is an anion that is slightly coordinated with metal M of Formula 1 and any
one selected from the group consisting of borate, aluminate, [SbFG]—, [PFG]—, [AsF
6]—, perfluoroacetate ([CF3COZ]—), perfluoropropionate ([C2F5COZ]—), perfluo-
robutyrate ([CF3CF2CF2COZ]—), perchlorate ([ClO4]—), p-toluenesulfonate ([p—CH3
C6H4SOs]—), [803CF3]—, boratabenzene, and carborane unsubstituted or
substituted with halogen.

The catalyst composition for producing a cyclic olefin polymer having a polar
functional group according to claim 26,

wherein the borate or aluminate of Formula 3 contains anions represented by
Formula 3a or 3b:

[Formula 3a]

[M’(Rg)4 1
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[Formula 3b]
[M’(ORg)4]

wherein M' is boron or aluminum, and

RGS are each independently halogen; linear or branched alkyl having 1 to 20
carbon atoms unsubstituted or substituted with halogen; linear or branched
alkenyl having 2 to 20 carbon atoms unsubstituted or substituted with halogen;
cycloalkyl having 3 to 12 carbon atoms unsubstituted or substituted with
halogen; aryl having 6 to 40 carbon atoms unsubstituted or substituted with hy-
drocarbon; aryl having 6 to 40 carbon atoms substituted with linear or branched
trialkylsiloxy having 3 to 20 carbon atoms or linear or branched triarylsiloxy
having 18 to 48 carbon atoms; or aralkyl having 7 to 15 carbon atoms un-
substituted or substituted with halogen.

The catalyst composition for producing a cyclic olefin polymer having a polar
functional group according to claim 26,

wherein the precatalyst represented by Formula 1 and the organophosphorus
ligand represented by Formula 2 are a precatalyst represented by Formula 5 and

an organophosphorus ligand represented by Formula 6, respectively:

[Formula 5]
xR |
Xl
Rl 1‘<< M R||2
Y' r
_Y R"'2_S

wherein X' and Y' are each independently a hetero atom that is selected from the
group consisting of S and O,

R1" Rz', Rz", and Rz"' are each independently linear or branched alkyl having 1 to
20 carbon atoms; linear or branched alkenyl having 2 to 20 carbon atoms; linear
or branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 5 to 12 carbon
atoms unsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon
atoms unsubstituted or substituted with hydrocarbon; aralkyl having 7 to 15
carbon atoms unsubstituted or substituted with hydrocarbon; or alkynyl having 3
to 20 carbon atoms,

M is metal of Group 10;

rand s are each independently O to 2, and r + s = 2,

[Formula 6]
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[(R3)2N]-PlO(R4) 1 [O(Rs) ]

wherein R3, R4, and RS are each independently hydrogen; linear or branched alkyl
having 1 to 20 carbon atoms; linear or branched alkoxy having 1 to 20 carbon
atoms; linear or branched allyl having 3 to 20 carbon atoms; linear or branched
alkenyl having 2 to 20 carbon atoms; linear or branched vinyl having 2 to 20
carbon atoms; cycloalkyl having 3 to 12 carbon atoms unsubstituted or
substituted with hydrocarbon; aryl having 6 to 40 carbon atoms unsubstituted or
substituted with alkoxy or hydrocarbon; aralkyl having 7 to 15 carbon atoms un-
substituted or substituted with alkoxy or hydrocarbon; aralkyl substituted with a
substituent group containing a hetero ring; alkylaryl having 7 to 15 carbon atoms
unsubstituted or substituted with alkoxy or hydrocarbon; alkylaryl substituted
with a substituent group containing a hetero ring; alkynyl having 3 to 20 carbon
atoms; silyl each independently substituted with linear or branched alkyl having
1 to 10 carbon atoms; silyl each independently substituted with linear or
branched alkoxy having 1 to 10 carbon atoms; silyl each independently
substituted with substituted or unsubstituted cycloalkyl having 3 to 12 carbon
atoms; silyl each independently substituted with substituted or unsubstituted aryl
having 6 to 40 carbon atoms; silyl each independently substituted with
substituted or unsubstituted aryloxy having 6 to 40 carbon atoms; siloxy each in-
dependently substituted with linear or branched alkyl having 1 to 10 carbon
atoms; siloxy each independently substituted with substituted or unsubstituted
cycloalkyl having 3 to 12 carbon atoms; or siloxy each independently substituted
with substituted or unsubstituted aryl having 6 to 40 carbon atoms; each of the
substituent groups is halogen or haloalkyl having 1 to 20 carbon atoms; R4 and R
, may be bonded to each other to form a ring; and the hetero ring includes an
aromatic or an aliphatic ring in the substituent groups containing the hetero ring.
The catalyst composition for producing a cyclic olefin polymer having a polar
functional group according to claim 26,

wherein the precatalyst represented by Formula 1 and the organophosphorus
ligand represented by Formula 2 are a precatalyst containing Pd metal
represented by Formula 7 and an organophosphorus ligand represented by
Formula 8, respectively:

[Formula 7]
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0
Rl ; < C Pd Ru2
o r
o L11]
L R 2 1S

[30]

wherein R1" Rz', Rz", and Rz"' are each independently linear or branched alkyl
having 1 to 20 carbon atoms; linear or branched alkenyl having 2 to 20 carbon
atoms; linear or branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 5
to 12 carbon atoms unsubstituted or substituted with hydrocarbon; aryl having 6
to 40 carbon atoms unsubstituted or substituted with hydrocarbon; aralkyl having
7 to 15 carbon atoms unsubstituted or substituted with hydrocarbon; or alkynyl
having 3 to 20 carbon atoms, and

rands areeachOto2,andr+s=2,

[Formula 8]

[(R23)aN 1-P[O(R24) |2

wherein R23 and R24 are each independently hydrogen; linear or branched alkyl
having 1 to 20 carbon atoms; linear or branched allyl having 3 to 20 carbon
atoms; linear or branched alkenyl having 2 to 20 carbon atoms; linear or
branched vinyl having 2 to 20 carbon atoms; cycloalkyl having 3 to 12 carbon
atoms unsubstituted or substituted with hydrocarbon; aryl having 6 to 40 carbon
atoms unsubstituted or substituted with alkoxy or hydrocarbon; aralkyl having 7
to 15 carbon atoms unsubstituted or substituted with hydrocarbon; alkylaryl un-
substituted or substituted with alkoxy or hydrocarbon; alkylaryl substituted with
a substituent group containing an aliphatic hetero ring; or alkynyl having 3 to 20
carbon atoms; and two R24s may be bonded to each other to form a ring.

The catalyst composition for producing a cyclic olefin polymer having a polar
functional group according to claim 26,

wherein the organophosphorus ligand represented by Formula 2 is an
organophosphorus ligand represented by Formula 9:

[Formula 9]

P—N(R,,),

S

wherein CY1 is a substituted or unsubstituted ring that contains two O atoms and
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one P atom, and
R23s are each independently hydrogen; linear or branched alkyl, allyl, alkenyl, or
vinyl having 1 to 20 carbon atoms; cycloalkyl having 3 to 12 carbon atoms un-
substituted or substituted with hydrocarbon; aryl having 6 to 40 carbon atoms un-
substituted or substituted with hydrocarbon; aralkyl having 7 to 15 carbon atoms
unsubstituted or substituted with hydrocarbon; or alkynyl having 3 to 20 carbon
atoms.

[31] The catalyst composition for producing a cyclic olefin polymer having a polar
functional group according to claim 26,
wherein the organophosphorus ligand represented by Formula 2 is any one
selected from the compounds represented by Formulae 10 to 14:
[Formula 10]

[Formula 13]
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[Formula 14]
OMe

P—N

O\
i

OMe

[32] The catalyst composition for producing a cyclic olefin polymer having a polar
functional group according to claim 26,
wherein in the precatalyst represented by Formula 1, the metal is Pd, p is 2, the
ligand containing the hetero atom directly coordinated with the metal is acety-
lacetonate or acetate, the organophosphorus ligand represented by Formula 2 is
(3,5-dioxa-4-phospha-cycloheptal2,1-a;3,4-a'|dinaphthalen-4-yl)dimethylamine
represented by Formula 10, and [Cat] is N,N-dimethylphenyl ammonium and
[Ani] is tetrakis(pentafluorophenyl)borate in a first cocatalyst represented by

Formula 3:
[Formula 10]
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