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Description

TECHNICAL FIELD

[0001] The present invention relates to a production method of copolymers of allyl monomer containing polar group
and to the copolymers obtained by the method.

BACKGROUND ART

[0002] Copolymers of olefin such as ethylene and propylene which is a nonpolar monomer and a vinyl monomer
containing polar group have been widely known. Specifically, ethylene-vinyl alcohol copolymers (EVOH) are random
copolymer comprising ethylene and vinyl alcohol and synthesized by saponifying ethylene-vinyl acetate copolymers
obtained by radical copolymerization of ethylene and vinyl acetate. EVOH is used in a wide range of fields for purposes
such as food packages by taking advantage of its excellent gas barrier property.
[0003] It is widely known that copolymers obtained by copolymerization of ethylene through radical polymerization
generate short-chain branches and long-chain branches by back biting reaction. For example, in the case of EVOH, it
has been reported that about 1 mol% of alkyl branches and about 0.1 to 0.2 mol% of acetoxyl branches are present in
EVOH containing about 30 mol% of ethylene (Nihon Kagaku Gakkaisi, 11, 1698 (1977)). It is known that generally,
presence of branches in the polymer  chain incurs decrease in the degree of crystallization and changes in the properties
of the polymer.
[0004] The polymerization of monomers containing allyl group is more difficult compared to that of vinyl monomers,
and the polymer of allyl group-containing monomers has been almost unheard. The main reason for this is that the
polymer propagation reaction proceeds very slowly due to the degenerative chain transfer reaction and hence only
oligomers having low degree of polymerization have been obtained.
[0005] JP-A-S58-49792 discloses a copolymer of ethylene and allyl acetate and a tripolymer of ethylene, allyl acetate
and vinyl acetate as a hydrocarbon oil composition. The synthesizing method thereof is radical polymerization, and a
low-molecular-weight substance having limiting viscosity of about 0.12 dl/g was obtained in Examples.
[0006] JP-A-2005-514083 discloses synthesis of ethylene-allyl alcohol copolymer aiming for higher hydrophobicity
compared to EVOH as a coating material for medical instruments. The synthesis method is different from that of the
present invention, which aims to directly obtain polymers by polymerization of allyl monomers, and the targeted polymer
is obtained in JP-A-2005-514083 by reduction reaction after the radical copolymerization of ethylene and acrylic acid.
However, the method had a problem that the reduction reaction of the polymer cost too much. Furthermore, since the
polymer is synthesized by radical polymerization, the polymer skeleton is presumed to have a branched structure.
[0007] Copolymerization of polar group-containing monomer by coordination polymerization using a Ziegler-Natta
catalyst and a metallocene catalyst is difficult to conduct under general conditions since the polar group becomes a
catalyst poison, which is different from radical polymerization. U.S. Patent No. 4,423,196 (Patent Document 1) discloses
copolymers of propylene and allyl alcohol which are obtained by polymerization using TiCl3-type Ziegler-Natta catalyst.
The polymerization reaction proceeds by using equimolar organic aluminum compound to allyl alcohol and by protecting
the alcohol moiety with organic aluminum. Though the publication does not have description regarding the molecular
weight distribution, the polymer contains 98% of isotactic fraction and is presumed to be a polymer having a wide-range
of molecular weight distribution and composition distribution.
[0008] Polymerization of nonpolar vinyl monomer such as ethylene and propylene and polar monomer has also been
attempted using single-site catalysts which have been developed recent years.
[0009] It has been conventionally known that the catalyst using metal complex of group 4 elements has high polym-
erization activity to monomers such as ethylene and propylene and there has also been a disclosure of copolymerization
of polar group-containing monomers. In the copolymerization of ethylene and polar group-containing monomer using a
metallocene catalyst of group 4 elements, it was necessary to use organic aluminum in at least an equimolar amount
to allyl alcohol, which aluminum functions as a protecting group for the polar group-containing  monomer against the
catalyst. As a result, the reaction of chain transfer to organic aluminum dominantly terminated the propagation reaction,
and only a saturated bond was observed in a terminal structure of the polymer while a terminal double bond by β-
hydrogen elimination was not. In this case, it leads to cost increases due to the use of organic aluminum in excess; the
fact that the copolymerization of the polar group-containing monomers cannot be high by the factor that the concentration
of polar group-containing monomers cannot be increased; and cost increases in recovering unreacted monomers after
the polymerization reaction, which become problems in achieving practical use of the method.
[0010] JP-A-2003-252930 (Patent Document 2) and J. Am Chem. Soc., 124, 1176 (2002) (Non-patent Document 1)
disclose an olefin polymer containing two polar groups at position of ω of the main chain of the olefin polymer using
metallocene complex of group 4 elements having a specific structure; an olefin polymer containing a polar group at
position of ω and at least one position of (ω-n) (n ≥ 1); and a production method thereof. By the analysis of the terminal
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structure of the polymer, it has been confirmed that only a saturated bond exists at the molecular chain terminal while
an unsaturated bond does not. The allyl alcohol content in the polyethylene main chain of the copolymer obtained by
copolymerization of ethylene and allyl alcohol using a zirconocene catalyst having a specific structure, which copolymer
described in Examples, is within the range of from 0.2 to 1.2 mol%. Also, organic aluminum is used in at least an equimolar
amount to allyl alcohol.
[0011] JP-A-2006-265541 (Patent Document 3) describes a method for producing a polar olefin copolymer using a
metal complex of groups 4 to 5 elements having a specific structure. Examples disclose copolymerization of ethylene
and allyl chloride, ethylene and allyl acetate, and ethylene and allyl alcohol. In the copolymerization of ethylene and allyl
chloride, the allyl content in the main chain of polyethylene is from 0.1 to 0.3 mol%; and organic aluminum is used in at
least an equimolar amount to an allyl compound.
[0012] JP-A-2003-231710 (Patent Document 4) discloses a method for producing a copolymer of olefin and a polar
vinyl monomer using a catalyst comprising a lamellar compound. Examples describe copolymerization of propylene and
allyl alcohol, wherein the allyl alcohol content in the polymer is as small as 0.3% or less and organic aluminum is used.
[0013] It is generally known that the polar group-containing monomer can be copolymerized without using organic
aluminum as a protective group in the catalyst system using late transition metal. Examples include copolymerization
of ethylene and acrylic acid ester, acrylonitrile, vinyl acetate and the like (J. Am. Chem. Soc., 118, 267 (1996) (Non-
patent Document 2); J. Am. Chem. Soc., 129, 8948 (2007) (Non-patent Document 3; JP-A-2007-046032 (Patent Doc-
ument 5)). However, conventionally, not only that activity is low but that polymerization activity reduces during the long
time period of polymerization in the catalyst system using late  transition metal, and therefore the cost of catalyst using
expensive late transition metal complex is quite high and the method has a problem to be industrially used. In Macro-
molecules 2008, 41, 2309-2310, linear copolymers of ethylene and N-isopropylacrylamide comprising ~ 1 bronch /1000
C and one insaturation per chain are prepared with a Palladium catalyst of formula (C3). Nevertheless, a high proportion
of those insaturations are internal.
[0014] On the other hand, in the case of allyl compound, the copolymerization reaction of an allyl compound and olefin,
which is an objective of the present invention, has been almost unheard because the reaction could proceed in a different
format other than the polymerization reaction at olefin moiety: i.e. an oxidative addition reaction of an allyl compound to
late transition metal.

[Prior Art]

[Patent Document]

[0015]

[Patent Document 1] U.S. Patent No. 4, 423, 196
[Patent Document 2] JP-A-2003-252930
[Patent Document 3] JP-A-2006-265541
[Patent Document 4] JP-A-2003-231710
[Patent Document 5] JP-A-2007-46032

[Non-patent Document]

[0016]

[Non-patent Document 1] J. Am. Chem. Soc., 124, 1176 (2002)
[Non-patent Document 2] J. Am. Chem. Soc., 118, 267 (1996)
[Non-patent Document 3] J. Am. Chem. Soc., 129, 8948 (2007)

SUMMARY OF THE INVENTION

[Problems to be Solved by the Invention]

[0017] An objective of the present invention is to provide a high molecular weight allyl copolymer containing  polar
group and having a novel structure, which copolymer is available for various applications and the synthesis thereof has
been considered to be difficult by a polymerization method such as radical polymerization other than that of the present
invention; and a production method thereof.
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[Means to Solve the Problem]

[0018] As a result of intensive studies to solve the above-mentioned problem, the present inventors have found that
a novel copolymer of the allyl monomer containing a polar group, which copolymer has a novel structure and is available
for various applications, can be provided by polymerizing polar group-containing allyl monomer using a metal complex
of group 10 elements as a catalyst component, which is different from the conventional radical polymerization method
and the method using an early transition metal catalyst. The present inventors accomplished the present invention based
on this finding.
[0019] That is, the present invention relates to the following [1] to [14]:

[1] A method for producing a copolymer of polar group-containing allyl monomers having monomer units represented
by formulae (3) and (4) 

(in the formulae, R1 represents a hydrogen atom or hydrocarbon group having 1 to 6 carbon atoms;
R2 represents -OH, -OCOR3 (R3 represents hydrocarbon group having 1 to 5 carbon atoms), -N(R4)2 (R4 represents
a hydrogen atom, hydrocarbon group having 1 to 5 carbon atoms, aromatic residue having 6 to 18 carbon atoms
or - COOR10 (R10 represents hydrocarbon group having 1 to 10 carbon atoms or aromatic residue having 6 to 10
carbon atoms) and two R4s may be the same or different from each other) or a halogen atom; and n and m are a
value representing the molar ratio of each of the monomer units),
comprising copolymerization of olefin represented by formula (1)

CH2=CHR1 (1)

(in the formula, R1 has the same meaning as described above) and an allyl compound represented by formula (2)

CH2=CHCH2R2 (2)

(in the formula, R2 has the same meaning as described above) using as a catalyst a metal complex represented by
formula (C1) 

(in the formula, M represents a metal atom of group 10 element in the periodic system; X represents a phosphorous
atom (P) or an arsenic atom (As); R5 represents a hydrogen atom or hydrocarbon group having 1 to 30 carbon
atoms which may be substituted by one or more groups selected  from a halogen atom, alkoxy group, aryloxy group
and acyloxy group; Y, R6 and R7 independently represent a hydrogen atom, alkoxy group, aryloxy group, silyl group,
amino group or hydrocarbon group having 1 to 30 carbon atoms which may be substituted by one or more groups
selected from a halogen atom, alkoxy group and aryloxy group; and R6 and R7 may bond to each other to form a
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ring structure. Q represents a bivalent group indicated in the brackets of Z[-S(=O)2-O-]M, Z[-C(=O)-O-]M, Z[-P(=O)
(-OH)-O-]M or
Z[-S-]M (Z and M at the beginning and at the end of the formulae are described to show the coupling direction of
the groups). Z represents a hydrogen atom or a hydrocarbon group having 1 to 40 carbon atoms which may be
substituted by one or more groups selected from a halogen atom, alkoxy group and aryloxy group. Y and Z may
bond to each other to form a ring structure. R6 and/or R7 may bond to Y to form a ring structure. L represents an
electron-donating ligand and q is 0, 1/2, 1 or 2).
[2] The method for producing a copolymer as described in [1] above, wherein the catalyst represented by formula
(C1) is represented by formula (C2) 

(in the formula, Y1 represents bivalent hydrocarbon group  having 1 to 70 carbon atoms which may be substituted
by one or more groups selected from a halogen atom, alkoxy group and aryloxy group; Q, M, X, R5, R6, R7, L and
q have the same meanings as in [1] above).
[3] The method for producing a copolymer as described in [2] above, wherein Q in formula (C2) is -SO2-O- (in which
S bonds to Y1 and O bonds to M).
[4] The method for producing a copolymer as described in [3] above, wherein the catalyst represented by formula
(C2) is represented by formula (C3) 

(in the formula, four R8s independently represent a hydrogen atom, alkyl group having 1 to 8 carbon atoms, alkoxy
group having 1 to 8 carbon atoms, aryloxy group having 6 to 18 carbon atoms or a halogen atom; and M, R5, R6,
R7, L and q have the same meanings as in [1] above).
[5] The method for producing a copolymer as described in [4] above, wherein both of R6 and R7 in formula (C3)
represent cyclohexyl group, cyclopentyl group, isoproryl group, o-methoxyphenyl group, 2’,6’-dimethoxy-2-biphenyl
group; and all of R8s are a hydrogen atom or one of R8s is ethyl group while the other three R8s are a hydrogen atom).
[6] The method for producing a copolymer as described in any one of [1] to [5] above, wherein M is Pd.
[7] The method for producing a copolymer as described in any one of [1] to [3] above, wherein X is P.
[8] A copolymer of polar group-containing allyl monomers, which is a copolymer containing only monomer units
represented by formulae (3-1) and (4) 
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(in the formulae, R1-1 represents a hydrogen atom or methyl group and R2, n and m have the same meaning as in
[1] above); (A) the main chain has one or less branch, which has two or more carbon atoms, per 1000 carbon atoms
which constitute the main chain; and (B) the main chain has a carbon-to-carbon double bond at least at one end of
the main chain.
[9] The copolymer of polar group-containing allyl monomers as described in [8] above which further has a structure
that:

(C) the number average molecular weight in terms of polystyrene (Mn) is 1,000 or more and 1,000,000 or less;
(D) the molecular weight distribution (Mw/Mn) is 1.0 or more and 3.0 or less; and
(E) n and m representing the molar ratio of the monomer  units represented by formulae (3-1) and (4) satisfy
the following formula: 

[10] The copolymer of polar group-containing allyl monomers as described in [8] or [9] above, which contains only
the monomer units represented by formulae (3-1) and (4).
[11] The copolymer of polar group-containing allyl monomers as described in [8] or [9] above, which contains
monomer units represented by formulae (3-1), (4-1) and (4-2) 

(in the formula, R1-1 has the same meaning as described above; and n, m1 and m2 represent the molar ratio of each
of the monomer units).
[12] The copolymer of polar group-containing allyl monomers as described in any one of [8] to [9] above, wherein
R1-1 in formula (3-1) is a hydrogen atom.
[13] The copolymer of polar group-containing allyl monomers as described in any one of [8] to [9] above, wherein
the monomer unit represented by formula (4) is derived from at least one allyl compound selected from allyl acetate,
allyl chloride, allyl bromide, allyl amine, N-allylaniline and N-t-butoxycarbonyl-N-allylamine.
[14] The copolymer of polar group-containing allyl monomers as described in any one of [8] to [9] above, wherein
R1-1 in formula (3-1) is a hydrogen atom and the  monomer unit represented by formula (4) is derived from at least
one allyl compound selected from allyl acetate, allyl chloride, allyl bromide, allyl amine, N-allylaniline and N-t-
butoxycarbonyl-N-allylamine.

EFFECTS OF THE INVENTION

[0020] A high molecular weight copolymer of allyl monomers containing a polar group can be obtained by the method
of the present invention, wherein the polar group-containing allyl monomer and olefin are copolymerized using a metal
complex of group 10 elements as a catalyst component, which copolymer was difficult to obtain by a conventional method.
Particularly, the polymer containing structures of (A) and (B) described below can be directly obtained using the allyl
polar group as one of the copolymerizable monomers.
[0021] That is, the polar group-containing allyl copolymer of the present invention contains:
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(A) not a structure containing branches obtained by the conventional radical polymerization but a structure wherein
the polymethylene structure in the main chain has a linear structure. This structure enables high crystallinity, thereby
attaining various properties such as excellent mechanical strength; and
(B) a double bond in the terminal structure of the polymer. The use of the terminal double bond enables necessary
modification of a functional group, block copolymerization and star polymers.

[0022] Furthermore, though the present invention uses expensive late transition metal complex as a main  component,
it enables greatly reducing the catalyst cost by improving activity and dramatically improving the catalyst lifetime.

BRIEF DESCRIPTION OF DRAWINGS

[0023]

[Fig. 1] The 13C-NMR spectrum of the ethylene/allyl acetate copolymer obtained in Example 1
[Fig. 2] An enlarged view of the portion at 12 to 40 ppm of Fig. 1
[Fig. 3] A figure showing a terminal structure, a chemical shift of the 13C-NMR spectrum, and the carbon identification
in the alphabet in the polymer analysis of Example 1
[Fig. 4] The IR spectrum of the ethylene/allyl acetate copolymer obtained in Example 1
[Fig. 5] The IR spectrum of the ethylene/allyl alcohol copolymer obtained in Example 36
[Fig. 6] The 13C-NMR spectrum of the ethylene/allyl chloride copolymer obtained in Example 41
[Fig. 7] An enlarged view of the portion at 10 to 55 ppm of Fig. 6
[Fig. 8] A figure showing a terminal structure, a chemical shift of the 13C-NMR spectrum, and the carbon identification
in the alphabet in the polymer analysis of Example 41
[Fig. 9] The 13C-NMR spectrum of the ethylene/allyl bromide copolymer obtained in Example 44
[Fig. 10] An enlarged view of the portion at 10 to 45 ppm of Fig. 9
[Fig. 11] A figure showing a terminal structure, a  chemical shift of the 13C-NMR spectrum, and the carbon identification
in the alphabet in the polymer analysis of Example 44
[Fig. 12] The 13C-NMR spectrum of the ethylene/N-allylaniline copolymer obtained in Example 46
[Fig. 13] An enlarged view of the portion at 10 to 55 ppm of Fig. 12
[Fig. 14] An enlarged view of the portion at 105 to 155 ppm of Fig. 12
[Fig. 15] A figure showing a terminal structure, a chemical shift of the 13C-NMR spectrum, and the carbon identification
in the alphabet in the polymer analysis of Example 46
[Fig. 16] A graph indicating the relationship between the polymerization time and the polymer productivity per catalyst
in Examples 32 to 35

EMBODIMENT TO CARRY OUT THE INVENTION

[Monomer]

[0024] Olefin, which is one of the monomers used in the method for producing the copolymer of the present invention,
is represented by formula (1).

CH2=CHR1 (1)

[0025] In formula (1), R1 represents a hydrogen atom or hydrocarbon group having 1 to 6 carbon atoms and is preferably
a hydrogen atom or alkyl group having 1 to 3 carbon atoms. Specifically, examples of olefin of formula (1) include
ethylene, propylene, 1-butene, 1-hexene, 4-methyl-1-pentene and 1-octene. Among these, ethylene and  propylene are
particularly preferable. One of these compounds may be used independently or two or more of them may be used in
combination.
[0026] A polar group-containing allyl compound, which is the other of the monomers used for polymerization in the
present invention, is represented by formula (2).

CH2=CHCH2R2 (2)

[0027] In formula (2), R2 represents -OH, -OCOR3 (R3 represents hydrocarbon group having 1 to 5 carbon atoms),
-N(R4)2 (R4 represents a hydrogen atom, hydrocarbon group having 1 to 5 carbon atoms or aromatic residue having 6
to 18 carbon atoms or -COOR10 (R10 represents hydrocarbon group having 1 to 10 carbon atoms or aromatic residue
having 6 to 10 carbon atoms), wherein two R4s may by the same or different) or a halogen atom. R3 is preferably alkyl
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group having 1 to 3 carbon atoms, particularly methyl group. R4 is preferably a hydrogen atom, alkyl group having 1 to
3 carbon atoms or phenyl group. R10 of -COOR10 is preferably linear or branched alkyl group having 1 to 4 carbon atoms,
phenyl group, benzyl group and the like. The halogen atom of R2 is preferably chlorine or bromine.
[0028] Specific examples of the polar group-containing allyl compound represented by formula (2) include allyl acetate,
allyl alcohol, allyl amine, N-allylaniline, N-t-butoxycarbonyl-N-allylamine, N-benzyloxycarbonyl-N-allylamine, N-benzyl-
N-allylamine, allyl chloride and allyl bromide. Among these, allyl acetate and allyl alcohol are particularly preferable.
One of these  compounds may be used independently or two or more of them may be used in combination.
[0029] In addition to the compounds (monomers) represented by formulae (1) and (2), the other monomer may be
incorporated to be copolymerized. The other monomers include acrylate ester, metacrylate ester, acrylonitrile, vinyl
acetate and styrene.
[0030] Examples of the combination of olefin represented by formula (1) and the allyl compound represented by formula
(2) include ethylene and allyl acetate; ethylene and ally alcohol; ethylene, allyl acetate and allyl alcohol; ethylene and
allyl chloride; ethylene and allyl bromide; ethylene and allylamine, ethylene and N-allylaniline; ethylene and N-t-butox-
ycarbonyl-N-allylamine; ethylene and N-benzyloxycarbonyl-N-allylamine; ethylene and N-benzyl-N-allylamine; propyl-
ene and allyl acetate; propylene and ally alcohol; propylene, allyl acetate and allyl alcohol; propylene and allyl chloride;
propylene and allyl bromide; propylene and allylamine; propylene and N-allylaniline; propylene and N-t-butoxycarbonyl-
N-allylamine; propylene and N-benzyloxycarbonyl-N-allylamine; and propylene and N-benzyl-N-allylamine. Among
these, preferred are ethylene and allyl acetate; ethylene and allyl alcohol; ethylene, allyl acetate and allyl alcohol; ethylene
and allyl chloride; and ethylene and allylamine from the viewpoint of the polymer performance and economic efficiency.

[Catalyst]

[0031] The (structure of the) catalyst comprising metal complex of group 10 elements of the periodic system  used in
the present invention is represented by formula (C1). 

[0032] In the formula, M represents a metal atom of group 10 elements in the periodic system. X represents a phos-
phorous (P) atom or an arsenic (As) atom. R5 represents a hydrogen atom or a hydrocarbon group having 1 to 30 carbon
atoms which may be substituted by one or more groups selected from a halogen atom, alkoxy group and aryloxy group.
Y, R6 and R7 independently represent a hydrogen atom, alkoxy group, aryloxy group, silyl group, amino group, or a
hydrocarbon group having 1 to 30 carbon atoms which may be substituted by one or more groups selected from a
halogen atom, alkoxy group and aryloxy group. R6 and R7 may bond to each other to form a ring structure. Q represents
a bivalent group indicated in the brackets of Z[-S(=O)2-O-]M, Z[-C(=O)-O-]M, Z[-P(=O)(-OH) - O-]M or
Z[-S-]M (Z and M at the beginning and at the end of the formulae are described to show the coupling direction of the
groups). Z represents a hydrogen atom or a hydrocarbon group having 1 to 40 carbon atoms which may be substituted
by one or more groups selected from a halogen atom, alkoxy group and aryloxy group. Y and Z may bond to each other
to form a ring structure. R6 and/or R7 may bond to Y to form a ring structure. L represents an electron-donating  ligand
and q is 0, 1/2, 1 or 2. In the present specification, a "hydrocarbon group" includes saturated/unsaturated aliphatic carbon
group and aromatic hydrocarbon group.
[0033] The structure of formula (C1) is described below.
[0034] M represents an element of group 10 in the periodic system. The elements of group 10 in the periodic system
include Ni, Pd and Pt. From the viewpoint of the catalytic activity and obtained molecular weight, Ni and Pd are preferable,
and Pd is particularly preferable.
[0035] X represents a phosphorous (P) atom or an arsenic (As) atom, wherein two electrons coordinate to M. A
phosphorous (P) ion is preferred as X for reasons of availability and the catalyst cost.
[0036] Y, R6 and R7 each independently represent a hydrogen atom, alkoxy group, aryloxy group, silyl group, amino
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group, or a hydrocarbon group having 1 to 30 carbon atoms which may be substituted by one or more groups selected
from a halogen atom, alkoxy group and aryloxy group. As the alkoxy group, preferred are those having 1 to 20 carbon
atoms including methoxy group, ethoxy group, propoxy group and isopropoxy group. As the aryloxy group, preferred
are those having 6 to 24 carbon atoms including phenoxy group. Examples of the silyl group include trimethyl silyl group,
and examples of the amino group include amino group, methyl amino group and dimethyl amino group. R6 and R7 may
be the same or different from each other. Also, R6 and R7 may bond to each other to form a ring structure. R6 and/or
R7 may bond to Y to form a ring  structure. Examples of the hydrocarbon group having 1 to 30 carbon atoms which may
be substituted by one or more groups selected from a halogen atom, alkoxy group and aryloxy group in Y, R6 and R7

include alkyl group, aryl group, cycloalkyl group and furyl group. Specific examples of the alkoxy group and aryloxy
group in the hydrocarbon group having 1 to 30 carbon atoms which may be substituted by one or more groups selected
from a halogen atom, alkoxy group and aryloxy group are the same as those mentioned above. The halogen atom is
preferably fluorine. From the viewpoint of the catalyst activity, alkyl group and aryl group are particularly preferable.
[0037] Specific examples of Y-X-R6/R7 moiety in which X is a phosphorous (P) atom, that is, 

include the structures in the following formulae. Here, the bond between P and M are not shown. 
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[0038] Specific examples of Y-X-R6/R7 moiety in which X is an arsenic (As) atom, that is, 

include the structures in the following formulae: 

[0039] R5 represents a hydrogen atom or a hydrocarbon group having 1 to 30 carbon atoms which may be substituted
by one or more groups selected from a halogen atom, alkoxy group, aryloxy group and acyloxy group. A preferred
hydrocarbon group having 1 to 30 carbon atoms which may be substituted by one or more groups selected from a
halogen atom, alkoxy group and aryloxy group is alkyl group having 1 to 6 carbon atoms. A preferred halogen atom is
chloride and bromide. Preferred alkoxy group is methoxy group and ethoxy group. Preferred aryloxy group is phenoxy
group. Preferred acyloxy group is acetoxy group and pivaloxy group. Particularly preferable examples of R5 include a
hydrogen atom, methyl group, ethyl group, n-propyl group, isopropyl group, methoxymethyl group, phenoxy methyl
group, 1-acetoxyphenyl group and 1-pivaloxypropyl group.
[0040] Q represents a bivalent group indicated by -S(=O)2-O-, -C(=O)-O-, -P(=O)(-OH)-O- or -S-, which is a moiety,
wherein one electron coordinates to M. The left side of each of the above-mentioned formulae bonds to Z while the right
side bonds to M. Among these, -S(=O)2-O-is particularly preferable from the viewpoint of the catalyst activity.
[0041] Z represents a hydrogen atom or a hydrocarbon group having 1 to 40 carbon atoms which may be substituted
by one or more groups selected from a halogen atom, alkoxy group and aryloxy group. Y and Z may bond to each other
to form a ring structure. Specific examples of the halogen atom, alkoxy group and aryloxy group in the "hydrocarbon
atom having 1 to 40 carbon atoms which may be substituted by one or more groups selected from a halogen atom,
alkoxy group and aryloxy group" include those mentioned as the examples in Y, R6 and R7. Examples of hydrocarbon
atom having 1 to 40 carbon atoms include methyl group, ethyl group, isopropyl group, t-butyl group, isobutyl group,
cyclohexyl group, cyclopentyl group, phenyl group, 2-i-propylphenyl group, and 2,6-di-i-propylphenyl group.
[0042] Z-Q moiety is an oxygen atom or a sulfur atom having high electronegativity and one electron of the oxygen
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or sulfur atom of Z-Q moiety coordinates to metal atom M. Since the bonding electron between Z-Q-M is transferred
from M to Z-Q, Z-Q and M may be indicated formally as an anion state and a cation state, respectively.
[0043] In formula (C1), Y moiety and Z moiety may bond to each other. In this case, formula (C1) can be represented
by formula (C2). In formula (C2), Y-Z moiety as a whole is indicated by Y1. Here, Y1 represents a cross-linked structure
between Q and X. 

[0044] In the formula, Y1 represents a bivalent hydrocarbon group having 1 to 70 carbon atoms which may be substituted
by one or more groups selected from a halogen atom, alkoxy group and aryloxy group. Q, M, X, R5, R6, R7, L and q
have the same meanings as in formula (C1).
[0045] Specific examples of a halogen atom, alkoxy group and aryloxy group as Y1 are the same as those as Y.
Examples of the hydrocarbon group having 1 to 70 carbon atoms include alkylene group and arylene group. Particularly
preferred is arylene group.
[0046] Examples of [(R6) (R7)P] moiety when X is P (a phosphorous atom) include the following structures. In the
following structure formulae, the bond between P and M or Y1 is not shown. 
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[0047] The cross-linked structure Y1 is the crosslinking moiety which binds X and Q moiety. Specific examples of the
cross-linked structure Y1 in which X is represented by a P atom are shown below. Here, multiple R9s may be the same
or different to each other and represent a hydrogen atom, halogen atom, hydrocarbon group having 1 to 20 carbon
atoms, or a hydrocarbon group having 1 to 20 carbon atoms substituted by a halogen atom. 
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[0048] Substituents R6 and R7 may bond to Y1 moiety to form a ring structure. Specific examples include the structures
as follows: 
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[0049] Among the catalysts represented by formula (C2), those represented by the following formula (C3) are partic-
ularly preferable. 

[0050] In the formula, four R8s independently  represent a hydrogen atom, alkyl group having 1 to 8 carbon atoms,
alkoxy group having 1 to 8 carbon atoms, aryloxy group having 6 to 18 carbon atoms or halogen atom; and M, R5, R6,
R7, L and q have the same meanings as those in formula (C1).
[0051] In formula (C3), preferred R5 is an alkyl group having 1 to 6 carbon atoms, particularly methyl group. Both of
R6 and R7 are preferably a cyclohexyl group, cyclopentyl group or isopropyl group. M is preferably Pd.
[0052] The metal complex of the catalysts represented by formulae (C1) and (C2) can be synthesized according to
the known documents (for example, J. Am. Chem. Soc. 2007, 129, 8948). That is, a metal complex is synthesized by
reacting zerovalent or bivalent M source with a ligand in formula (C1) or (C2).
[0053] The compound represented by formula (C3) can be synthesized by making Y1 and Q in formula (C2) a specific
group corresponding to formula (C3).
[0054] Examples of zerovalent M source include tris(dibenzylidene acetone) dipalladium as a palladium source and
tetracarbonyl nickel (0) (Ni(CO)4) and bis (1,5-cyclooctadiene)nickel as a nickel source.
[0055] Examples of bivalent M source include (1,5-cyclooctadiene)(methyl)palladium chloride, palladium chloride,
palladium acetate, bis(acetonitrile)dichloropalladium (PdCl2(CH3CN)2), bis(benzonitrile)dichloropalladium (PdCl2(Ph-
CN)2), (N,N,N’,N’-tetramethylethylenediamine)dimethyl palladium(II) (PdCl2(TMEDA)), (N,N,N’,N’-tetramethylethylene-



EP 2 470 575 B9

17

5

10

15

20

25

30

35

40

45

50

55

diamine)dimethyl palladium (II) (PdMe2(TMEDA)), palladium(II) acetylacetonate (Pd(acac)2), palladium(II) trifluorometh-
anesulfonate (Pd(OCOCF3)2) as a palladium source and (allyl)nickel chloride, (allyl)nickel bromide, nickel chloride, nickel
acetate, nickel(II) acetylacetonate (Ni(acac)2), (1,2-dimethoxyethane)dichloronickel(II) (NiCl2(DME)) and nickel(II) trif-
luoromethanesulfonate (Ni(OSO2CF3)2) as a nickel source.
[0056] While an isolated metal complex represented by formula (C1) or (C2) can be used, the metal complex generated
by bringing a M-containing metal source and a ligand cursor in the reaction system can also be used for in-situ polym-
erization without isolating the metal complex. Particulary, when R5 in formulae (C1) and (C2) is a hydrogen atom, it is
preferable to use the metal complex generated in situ after reacting a metal source containing zerovalent M and a ligand
precursor for polymerization without isolating the metal complex.
[0057] In this case, a ligand precursor represented by formula (C1) can be represented by formulae (C1-1) and (C1-2).

X-Y(R6)(R7) (C1-1)

(Symbols in the formula have the same meanings as mentioned above.)

Z-Q-R5 (C1-2)

(Symbols in the formula have the same meanings as mentioned above.)
[0058] A ligand precursor represented by formula (C2) can be represented by the following formula (C2-1). 

(Symbols in the formula have the same meanings as mentioned above.)
[0059] In formula (C1), it is preferable to select the ratio between the M source (M) and a ligand precursor (C1-1) (X)
or a ligand precursor (C1-2) (Z) (i.e. X/M or Z/M) or the ratio between the M source (M) and a ligand precursor (C2-1)
(C2 ligand) (i.e. (C2 ligand)/M) within the range of from 0.5 to 2.0, more preferably from 1.0 to 1.5.
[0060] When isolating the metal complex of formula (C1) or (C2), the one stabilized by making an electron-donating
ligand (L) coordinate to the metal complex in advance may be used. In this case, q is 1/2, 1 or 2. q of 1/2 means that a
bivalent electron-donating ligand coordinates to two metal complexes. q is preferably 1/2 or 1 to stabilize a metal complex
catalyst. q of 0 means that there is no ligand in the precursor.
[0061] An electron-donating ligand (L) is a compound which contains an electron-donating group and is capable of
stabilizing a metal complex by coordinating to metal atom M.
[0062] As the electron-donating ligand (L), examples of those containing a sulfur atom include dimethyl sulfoxide
(DMSO). Examples of those containing a nitrogen atom include trialkyl amine having 1 to 10 carbon atoms in alkyl group,
dialkyl amine having 1 to 10 carbon atoms in alkyl group, pyridine, 2,6-dimetylpyridine (otherwise  known as "lutidine"),
aniline, 2,6-dimethylaniline, 2,6-diisopropylaniline, N,N,N’,N’-tetramethylethylenediamine (TMEDA), 4-(N,N-dimethyl-
amino)pyridine (DMAP), acetonitrile, benzonitrile and 2-methylquinoline. Examples of those containing an oxygen atom
include diethyl ether, tetrahydrofuran and 1,2-dimethoxyethane.
[0063] The metal complex represented by formula (C1) or (C2) may be supported on a support to be used for polym-
erization. In this case, there are no particular limitations on the support and examples include an inorganic support such
as silica gel and alumina and an organic support such as polystyrene, polyethylene and polypropylene. Examples of the
method for depositing a metal complex on a support include a physical adsorption method of impregnating the support
with a solution of the metal complex and drying it and a method of depositing the metal complex onto a support by
chemically bonding the metal complex to a support.

[Polymerization method]

[0064] When the metal complex of the present invention is used as a catalyst, there are no particular limitations on
the method of polymerizing monomers represented formulae (1) and (2) and the monomers can be polymerized by a
widely-used method. That is, a process such as a solution polymerization method, a suspension polymerization method
and a gas-phase polymerization method is available. Particularly preferred are a solution polymerization method and a
suspension polymerization method.
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[0065] A mixture of two or more of the metal complex  catalysts represented by formula (C1), (C2) or (C3) may be
used for the polymerization reaction. Using the catalysts in mixture enables controlling the molecular weight and molecular
weight distribution of the polymer and the content of the monomer unit represented by formula (4) to thereby obtain a
polymer suitable for the desired use. The molar ratio between the metal complex catalyst represented by formula (C1),
(C2) or (C3) and the total amount of monomers (monomers/metal complex) is within the range of from 1 to 10,000,000,
preferably the range of from 10 to 1,000,000, more preferably the range of from 100 to 100,000.
[0066] There are no particular limitations on the polymerization temperature. The polymerization is generally conducted
at a temperature in the range of from -30 to 200 °C, preferably in the range of from 0 to 180 °C, more preferably in the
range of from 20 to 150 °C.
[0067] The polymerization is conducted at a polymerization pressure, wherein the internal pressure consists mostly
of the pressure of olefin represented by formula (1), in the range from normal pressure to 20 MPa, preferably in the
range from normal pressure to 10 MPa.
[0068] The polymerization time can be appropriately adjusted depending on the processing mode and the polymeri-
zation activity of the catalyst, and can be as short as several minutes or as long as several thousand hours.
[0069] It is preferable to fill the atmosphere in the polymerization system with an inert gas such as nitrogen and argon
to prevent components other than monomers such  as air, oxygen and moisture being mixed into the atmosphere to
retain the catalyst activity. In the case of the solution polymerization, an inert solvent may be used in addition to monomers.
There are no particular limitations on the inert solvent, and examples include aliphatic hydrocarbon such as isobutane,
pentane, hexane, heptane and cyclohexane; aromatic hydrocarbon such as benzene, toluene and xylene; halogenated
aliphatic hydrocarbon such as chloroform, methylene chloride, carbon tetrachloride, dichloroethane and tetrachlo-
roethane; halogenated aromatic hydrocarbon such as chlorobenzene, dichlorobenzene and trichlorobenzene; aliphatic
ester such as methyl acetate and ethyl acetate; and aromatic ester such as methyl benzoate and ethyl benzoate.
[0070] In addition to the compounds represented by formulae (1) and (2), one or more types of third polymer units
may be introduced into the copolymer of the polar group-containing allyl monomers of the present invention to thereby
add functions to the polymer. Examples of the third monomer include an olefin compound having 9 or more carbon
atoms and polar group-containing monomer other than an allyl monomer. Examples of the olefin compound having 9
or more carbon atoms include 1-nonene and 1-decene. Examples of a polar group-containing monomer other than an
allyl monomer include acrylic acid, acrylic acid ester, metacrylic acid, metacrylic acid ester and acrylonitrile.
[0071] The polymer of the present invention can be converted into various polymers using the reactivity of the functional
group. For example, when R2 is hydroxyl group, a graft polymer can be produced in which two or  more polymers are
bonded to each other by substituting a primary hydroxyl group by halogen as a starting point of living radical polymerization
to polymerize various polar group-containing monomers by radical polymerization. Examples of radically polymerizable
monomers in this case include acrylic acid ester, metacrylic acid ester, acrylonitrile, vinyl acetate and styrene.
[0072] The blending ratio of the monomers represented by formulae (1) and (2) is to be appropriately adjusted de-
pending on the composition ratio of the targeted copolymer. This includes a case where a third monomer is used.
[0073] The monomer represented by formula (1) is in the form of gas at a polymerization reaction temperature, the
pressure of which is to be controlled. The monomer represented by formula (2) can be used as it is or may be diluted
with an inert solvent to adjust the monomer blending ratio.
[0074] After completion of the polymerization reaction, the copolymer as a reaction product is to be isolated by post-
treatment using a known operation and treating method (e.g. neutralization, extraction with solvents, washing with water,
liquid separation, distillation with solvents and reprecipitation).
[0075] The copolymer can be molded into the form of a pellet, film, sheet and the like under conditions for general
thermoplastic resin.
[0076] The copolymer of allyl acetate with olefin such as ethylene can be converted to an allyl alcohol copolymer by
saponification. When the copolymer is partially  saponified, it becomes a tripolymer of ethylene, allyl alcohol and allyl
acetate.
[0077] The obtained copolymer can be a product per se by molding such as injection molding, extrusion and film
processing. Or the copolymer may be added to polyolefin and the like to be used as a modifier of the surface features
such as adhesiveness and printing performance; a compatibility agent between nonpolar polyolefin and highly-polar
other resins; and a dispersing agent of pigments and the like. The copolymer may also be used for purposes such as
paint, ink, adhesive agent, binder, plasticizer, lubricant, lubricant oil and surface active agent.

[Copolymer of polar group-containing allyl monomers]

[0078] The copolymer of polar group-containing allyl monomers of the present invention is obtained by polymerizing
compounds represented by the above formulae (1) and (2) and a third monomer as needed in the presence of the above-
mentioned catalyst. The copolymer of polar group-containing allyl monomers of the present invention is a copolymer
containing monomer units represented by formulae (3-1) and (4) 
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(in formulae, R1-1 represents a hydrogen atom or methyl group and R2, n and m have the same meaning as mentioned
above) and having structures as described in (A) and (B) below:

(A) The main chain has one or less branch, which has two or more carbon atoms, per 1000 carbon atoms which
constitute the main chain.
(B) The main chain has a carbon-to-carbon double bond at least at one end of the main chain.
It is more preferable for the copolymer to satisfy the requirements as stated in (C), (D) and (E) below:
(C) The number average molecular weight in terms of polystyrene (Mn) is 1,000 or more and 1,000,000 or less
(D) The molecular weight distribution (Mw/Mn) is 1.0 or more and 3.0 or less
(E) The molar ratio of the monomer units represented by formulae (3-1) and (4) (n and m) satisfies the following
formula: 

In formula (3-1), R1-1 represents a hydrogen atom or methyl group, preferably a hydrogen atom. R2, m and n have the
same meanings as mentioned above.
[0079] In the present invention, a branch means the one having two or more carbon atoms and the side chain of the
monomer is not to be counted as a branch.
[0080] As a polymer chain structure, a linear structure and a branched structure are generally known. It is known that
a branched structure is obtained by back biting mechanism in ethylene-based polymers obtained by radical polymeri-
zation. In the branched structure, there exist short-chain branches having 5 or less carbon atoms and long-chain branches
starting from the radical generated in the main chain, which are obtained by back  biting. Meanwhile, the copolymer
obtained by the catalyst system of the present invention has a linear structure containing very few long-chain branches.
The copolymer of the present invention has a branch of one or less per 1000 carbon atoms which constitute the main
chain. Here, the number of branches per 1000 carbon atoms can be calculated by measuring the number of tertiary
carbon atoms in the main chain to which a branch having two or more carbon atoms are bonded by the 13C-NMR
spectrum. The side chains of the monomer are not counted in the branches in the present invention. For example, when
1-butene is copolymerized as a third monomer, ethyl group becomes a side chain and shall not be counted as a branch. 

[0081] The terminal structure of the polymer of the present invention is different from that of the main chain. One may
grasp the terminal structure divided between the initiation end which arises at the initiation of polymerization and the
terminal end which arises at the termination of polymerization. Since the initiation end is formed by inserting olefin in
the bond between metal and a hydrogen atom or between metal and alkyl group, the end has a saturated bond structure.
The terminal end structures are divided into a saturated bond and an unsaturated bond depending on the reaction
mechanism. When a chain transfer agent containing alkyl group such as organic aluminum is used in the reaction system,
the molecular chain transfers to aluminum atoms, which terminates the polymerization reaction and makes a terminal
structure have a saturated bond. When a titanium trichloride-based Ziegler-Natta catalyst and a metal complex of group
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4 elements are used as a catalyst, organic aluminum is used to copolymerize a polar-group containing allyl compound,
which makes a terminal structure have a saturated bond. On the other hand, since organic aluminum is not used in the
present invention, polymer chain growth terminates by β-hydrogen elimination, which makes at least one of the terminal
structures has an unsaturated double bond. 

In the formula, R means R1 or CH2R2 in formula (1) or (2) and "Polymer" means a polymer chain.
[0082] An unsaturated double bond can be confirmed by analyzing the NMR spectrum of the copolymer. The terminal
unsaturated bond is highly reactive and enables modification of functional groups, block copolymerization and production
of star polymers. Therefore, the copolymer of the present invention is very useful.
[0083] Copolymers of the polar group-containing allyl monomers having a number average molecular weight of 3,000
or more and 1,000,000 or less in terms of polystyrene can be obtained according to the method for producing  copolymers
of the polar group-containing allyl monomers of the present invention. Such copolymers can be used in various molding
methods.
[0084] Also, the method enables obtaining the copolymer with molecular distribution (Mw/Mn) as narrow as 1.0 or
more and 3.0 or less. The narrow molecular distribution contributes to cutting back a low-molecular-weight or high-
molecular-weight content, which generally has a positive effect on physical properties of the polymer and facilitates
controlling the molecular distribution to achieve property balance as well.
[0085] The content of the monomer unit represented by formula (4) (mol% = {m/(m+n)} x 100) is preferably 0.1% or
more and 50% or less. The content of the monomer unit represented by formula (4) is preferably 0.5 to 15.0 mol%, more
preferably 1.0 to 6.0 mol% from the viewpoint of having a similar melt viscosity and molding conditions to those of
polyethylene. When there are multiple monomer units represented by formula (4), m should be the total of each of the
monomer units. As mentioned above, a third monomer unit other than monomer units represented by formulae (3-1)
and (4) may be copolymerized.
[0086] In the copolymer of the present invention, a part or all of the monomer unit represented by formula (4) may be
saponified. When the monomer unit represented by formula (4) is derived from allyl acetate, the copolymer after sapon-
ification has a structure as follows. The monomer unit of formula (4-2) derived from allyl acetate is saponified and changes
to the monomer unit derived from allyl alcohol represented by formula (4-1). m1 + m2 = m. When all of the monomer unit
represented by are saponified, m1 becomes 0. The ratio between m1 and m2 can be adjusted by the degree of sapon-
ification. The saponification of the copolymer is conducted by a known method similar to that of saponifying poly(vinyl
acetate). The copolymer can be dissolved or dispersed in a solvent and treated with acid and alkali in the presence of
water and alcohol. 

(In the formula, R1-1 has the same meaning as mentioned above and n, m1 and m2 are the values to indicate the molar
ratio between each of the monomer units.)
[0087] The copolymer of N-t-butoxycarbonyl-N-allylamine and ethylene and the like can be converted to a copolymer
of allylamine or allyl ammonium salts by hydrolysis under an acidic condition. When the copolymer is partially saponified,
it becomes a tripolymer of ethylene, allylamine and N-t-butoxycarbonyl-N-allylamine.

EXAMPLES

[0088] Hereinafter, the present invention is described in greater detail by referring to Examples and Comparative
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Examples. The present invention is by no means limited thereto.

[Method for analyzing the polymer structure]

[0089] The structure of the copolymers obtained in Examples was determined by various analysis of the NMR  spectra
using JNM-ECS400 manufactured by JEOL Ltd. The content of the monomer unit derived from the allyl compound
represented by formula (2) and the terminal structure of the copolymer was determined by analyzing 13C-NMR spectrum
(90° pulse at 9.0 microseconds, spectrum width: 31 kHz, relaxation time: 10 seconds, acquisition time: 10 seconds,
times of accumulating FID signals: 5,000 to 10,000 times) through the inverse-gated decoupling method at 120°C using
1,2,4-trichlorobenzene (0.55 ml) as a solvent and Cr(acac)3 (10 mg) as relaxation agent.
[0090] A branched structure can be determined by analyzing 13C-NMR spectrum of the tertiary carbon atom. That is,
while the chemical shift value the carbon atom in the branch of allyl acetate (corresponding to carbon atom d in Fig. 3)
appears at 37.9 ppm, the chemical shift value of the tertiary carbon atom (carbon atom at the branch point) appears in
the vicinity of 38.2 to 39 ppm when there is a branch in the polymer main chain, thereby permitting the distinction between
the two (see Fig. 3)
(Reference document: Macromolecules 1999, 32, 1620-1625).
[0091] Similarly, a terminal structure can be analyzed by 13C-NMR or 1H-NMR spectrum. Particularly, when the co-
polymer contains a terminal double bond, peaks appears at 114 ppm and 139 ppm in 13C-NMR spectrum, which can
be differentiated from the peak attributed to a saturated terminal structure that appears in the range of 10 to 40 ppm
(Reference document: Chem. Commun. 2002, 744-745).
[0092] A number average molecular weight and a weight average molecular weight were calculated by size extrusion
chromatography in which polystyrene is employed as an  internal standard substance using a high-temperature GPC
apparatus, HLC-8121GPC/HT, manufactured by Tosoh Corporation, provided with TSKgel GMHHR-H(S) HT column
(two columns of 7.8 mm I.D. x 30 cm arranged in series) manufactured by Tosoh Corporation (solvent: 1,2-dichloroben-
zene, temperature: 145°C).
[0093] Metal complex catalyst 1 was synthesized according to the following reaction scheme: 

(a) Synthesis of compound 1a

[0094] n-butyllithium (manufactured by Kanto Chemical Co., Inc., 1.65 M hexane solution, 5.1 ml, 8.4 mmol) was
added to a tetrahydrofuran (THF) solution (20 ml) of benzenesulfonic acid (manufactured by Tokyo Chemical Industry
Co., Ltd., 662 mg, 4.2 mmol) at 0°C under argon atmosphere and the mixture was stirred for 2.5 hours at room temperature.
After cooling the reaction container to -78°C, chlorodicyclohexylphosphine (manufactured by Sigma-Aldrich, 885 mg,
3.8 mmol) was added thereto at -78°C and stirred for 24 hours at room temperature. After ceasing the reaction by
trifluoroacetic acid (manufactured by Tokyo Chemical Industry Co., Ltd., 0.5 M THF solution, 8.4 ml, 4.2 mmol), the
generated precipitate was recovered by filtration and dried under reduced pressure to obtain phosphonium sulfonate
(compound 1a). The yield was 656 mg (85%).
1H-NMR(400MHz, CDCl3) :δ 0.98-0.27 (m, 4H), 1.30-1 .58 (m, 6H), 1.62-1.78 (m, 4H), 1.88 (br s, 4H), 2.28 (br s, 2H),
3.33 (br s, 2H), 5.19 (br d, 1JPH = 370 Hz, 1H), 7.48-7 .58 (m, 2H), 7.80 (br s, 1H), 8.27 (br s, 1H);
13C-NMR (101MHz, CDCl3) :δ 25.0 (s), 25.6-26.2 (m), 28.8 (br), 30. 3 (br), 34.6 (br d, 1JPC = 40 Hz), 113.4 (br d, 1JPC
= 87 H z), 128.8 (d, JPC = 9 Hz), 130.1 (d, JPC = 9 Hz), 135.4 (br), 137.1 (br), 150.5 (br);
31P-NMR(162MHz, CDCl3) :δ 52.8 (d, 1JPH = 370 Hz) (90%), 20.8 (d, 1JPH = 530 Hz) (10%);
Anal. calcd for C18H27O3PS, C, 60.99; H, 7.68.
found: C, 60.90; H, 7.55.

(b) Synthesis of complex 1b

[0095] A methylene chloride solution (6 ml) of (COD)PdMeCl (synthesized according to "Chem., 1993, 32, 5769-5778;
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COD: 1,5-cyclooctadiene; 321 mg; 1.2 mmol) was added to a methylene chloride solution (16 ml) of 2-(dicyclohexyl-
phosphino)benzenesulfonic acid; compound 1a) (426 mg, 1.2 mmol) and diisopropylethyl amine (manufactured by Wako
Chemical Pure Chemical Industries Ltd.; 1.1 ml, 6.0 mmol) under argon atmosphere and the mixture was stirred for one
hour at room temperature. After condensing the solvent, the precipitation was removed by filtration and the solvent was
added to hexane. The generated precipitate was removed by filtration, washed with hexane and then dried under reduced
pressure to obtain complex 1b. The yield was 656 mg (85%).
1H-NMR (500MHz, CDCl3) :δ 0.71 (d, 3JPH = 1.4 Hz, 3H, PdCH3), 1.11-1.35 (m, 8H), 1.45 (d, J = 6.6 Hz, 6H, HNCH
(CH3)2), 1.57 (d, J = 6.6Hz, 6H, HNCH(CH3)2), 1.57 (t, J = 7.3 Hz, 3H, HNCH2CH3), 1.60-1.70 (m, 6H), 1.72-1.84 (m,
4H), 2.12-2.28 (m, 4H), 3.29 (dq, J = 7.3, 5.0 Hz, 2H, HNCH2CH3), 3.92-4.01 (m, 2H, HNCH(CH3)2), 7.45 (dd, J = 7.2,
7.2 Hz, 1H), 7.49 (dd, J = 7.6, 7.6 Hz, 1H), 7.59 (dd, J = 7.3, 7.3 Hz, 1H), 8.21 (ddd, J = 7.7, 3.6, 1.3 Hz, 1H), 8.87 (br, 1H, NH);
13C-NMR(101MHz, CDCl3) :δ -7.3 (s, PdCH3), 12.0 (s, HNCH2CH3), 17.9 (s, HNCH(CH3)2), 19.2 (s, HNCH(CH3)2), 26.0
(s), 26.9-27.4 (m), 28.7 (s), 29.4 (d, JPC = 4 Hz), 35.6 (d, 1JPC = 25 Hz), 42.4 (s, HNCH2CH3), 54.6 (s, HNCH(CH3)2),
125.5 (d, 1JPC = 33 Hz), 128. 3 (d, JPC = 7 Hz), 128. 9 (d, JPC = 6 Hz), 130.3 (s), 132.5 (s), 150.9 (d, 2JPC = 11 Hz);
31P-NMR (162MHz, CDCl3) :δ 31.7;
Anal. calcd for C27H49ClNO3PPdS, C, 50.62; H, 7.71; N, 2.19. found: C, 50.49; H, 8.00, N, 2.12

(c) Synthesis of metal complex catalyst 1

[0096] A methylene chloride solution (4 ml) of complex 1b (194 mg, 0.30 mmol) was added to a methylene chloride
suspension (2 ml) of potassium carbonate (420 mg, 3.03 mmol) and 2,6-lutidine (manufactured by Tokyo Chemical
Industry Co., Ltd., 333 mg, 3.11 mmol) under argon atmosphere and stirred for one hour at room temperature. Solid
remained after distilling away the solvent under reduced pressure was washed with diethyl ether and extracted with a
methylene chloride solution. The extract was filtered through by Celite (dry diatom earth) and slowly added to hexane
(40 ml). The generated precipitate was recovered by filtration, washed with hexane and then dried under reduced
pressure to obtain metal complex  catalyst 1. The yield was 123 mg (70%).
1H-NMR (400MHz, CDCl3) :δ 0.32 (d, 3JPH = 2.3 Hz, 3H, PdCH3), 1.12-1.47 (m, 8H), 1.60-1.94 (m, 10H), 2.22-2.33 (m,
4H), 3.18 (s, 6H, CH3 of lutidine), 7.12 (d, J = 7.7 Hz, 2H), 7.47 (dd, J = 7.6, 7.6 Hz, 1H), 7.52 (dddd, J = 7.6, 7.6, 1.4,
1.4 Hz, 1H), 7.58 (dd, J = 8.1, 8.1 Hz, 1H), 7.60 (dd, J = 7.5, 7.5 Hz, 1H), 8.29 (ddd, 7.8, 3.9, 1.5 Hz, 1H);
13C-NMR (101MHz, CDCl3) :δ -9.4 (d, 2JPC = 4.8 Hz, PdCH3), 26.3 (s, CH3 of lutidine), 26.9-27.5 (m), 28.6 (s), 29.6 (d,
JPC = 3 Hz), 35.5 (d, 1JPC = 26 Hz), 122.5 (s),122.5 (s), 124.6 (d, 1JPC = 35 Hz), 128.9 (d, JPC = 7 Hz), 129.0 (d, JPC =
6 Hz), 130.7 (s), 132.4 (s), 138.1 (s). 151.0 (d, 2JPC = 12 Hz), 159.0 (s);
31P-NMR(162MHz, CDCl3) :δ 27.5;
Anal. calcd for C26H38NO3PPdS, C, 53.65; H, 6.58; N, 2.51.
found: C, 53.51; H, 6.74; N, 2.40

Example 1: Copolymerization of allyl acetate and ethylene (preparation of copolymer 1)

[0097] Methylene chloride (3.75 ml), toluene (3.75 ml) and allyl acetate (7.5 ml, 7.0 g, 70 mmol) were added to a 50
ml-volume autoclave containing metal complex catalyst 1 (58.2 g, 0.10 mmol) under argon atmosphere. After filling the
autoclave with ethylene (3.0 MPa), the content of the autoclave was stirred at 80°C for three hours. After cooling the
autoclave to room temperature, methanol (about 20 ml) was added thereto. The generated copolymer was recovered
by filtration, washed with methanol and dried under reduced pressure to obtain copolymer 1. The  yield was 754 mg.
The number average molecular weight and weight average molecular weight of the copolymer were calculated 8,100
and 16,200, respectively, by size exclusion chromatography and Mw/.Mn was 2.0. The allyl acetate content in the
copolymer was determined 100:3.4 by molar ratio of ethylene to allyl acetate (molar fraction of allyl acetate = 3.3%) by
13C-NMR spectrum using the inverse-gated decoupling method. The 13C-NMR signal was not observed in the chemical
shift value of the tertiary carbon atoms (δc=38.2 ppm) derived from a branch having two or more carbon atoms. From
the detection limit in this case, the copolymer was found to be a linear polymer having one or less branch per 1000
carbon atoms. Also, 13C-NMR signal was observed at 114 ppm and 139 ppm, which was derived from a terminal double
bond, and the copolymer was confirmed to be a polymer containing a terminal double bond. In addition, in the IR spectrum
shown in Fig 4, a peak derived from a carbonyl group was observed at 1744 cm-1.
[0098] The polymerization conditions and results are shown in Tables 1 and 2.
[0099] Here, the productivity and the catalyst activity were calculated by the following formulae. 
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Example 2: Copolymerization of allyl acetate and ethylene (preparation of copolymer 2)

[0100] Toluene (7.5 ml) and allyl acetate (7.5 ml, 7.0 g, 70 mmol) were added to a 50 ml-volume autoclave containing
metal complex catalyst 1 (58.2 g, 0.10 mmol) under argon atmosphere. After filling the autoclave with ethylene (3.0
MPa), the content of the autoclave was stirred at 80°C for three hours. After cooling the autoclave to room temperature,
methanol (about 20 ml) was added thereto. The generated copolymer was recovered by filtration, washed with methanol
and dried under reduced pressure to obtain copolymer 2. The yield was 585 mg. The number average molecular weight
and weight average molecular weight of the copolymer were calculated 7,900 and 15,500, respectively, by size exclusion
chromatography and Mw/Mn was 2.0. The allyl acetate content in the copolymer was determined 100:4.4 by molar ratio
of ethylene to allyl acetate (molar fraction of allyl acetate = 4.2%) by 13C-NMR spectrum using the inverse-gated de-
coupling method. The 13C-NMR signal was not observed in the chemical shift value of the tertiary carbon atoms (δc=38.2
ppm) derived from a branch having two or more carbon atoms. Also, 13C-NMR signal was observed at 114 ppm and
139 ppm, which was derived from a terminal double bond, and the copolymer was confirmed to be a linear polymer
containing a terminal double bond. The polymerization conditions and results are shown in Tables 1 and 2.

Example 3: Copolymerization of allyl acetate and ethylene (preparation of copolymer 3)

[0101] Metal complex catalyst 2 was synthesized in the same way as in metal complex catalyst 1 using 2-(dicyclopentyl-
phosphino)benzenesulfonic acid as a starting material. 

[0102] Using the obtained metal complex catalyst 2, the copolymerization of allyl acetate and ethylene was conducted
in the same way as in Example 2. That is, toluene (7.5 ml) and allyl acetate (7.5 ml, 7.0 g, 70 mmol) were added to a
50 ml-volume autoclave containing metal complex catalyst 2 (0.10 mmol) under argon atmosphere. After filling the
autoclave with ethylene (3.0 MPa), the content of the autoclave was stirred at 80°C for three hours. After cooling the
autoclave to room temperature, methanol (about 20 ml) was added thereto. The generated copolymer was recovered
by filtration, washed with methanol and dried under reduced pressure to obtain copolymer 3. The yield was 226 mg. The
number average molecular weight and weight average molecular weight of the copolymer were calculated 3,400 and
5,400, respectively, by size exclusion chromatography and Mw/Mn was 1.6. The allyl acetate content in the copolymer
was determined 100:2.0 by molar ratio of ethylene to allyl  acetate (molar fraction of allyl acetate = 2.0%) by 13C-NMR
spectrum using the inverse-gated decoupling method. The 13C-NMR signal was not observed in the chemical shift value
of the tertiary carbon atoms (δc=38.2 ppm) derived from a branch having two or more carbon atoms. Also, 13C-NMR
signal was observed at 114 ppm and 139 ppm, which was derived from a terminal double bond, and the copolymer was
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confirmed to be a linear polymer containing a terminal double bond. The polymerization conditions and results are shown
in Tables 1 and 2.

Example 4: Copolymerization of allyl acetate and ethylene (preparation of copolymer 4)

[0103] Metal complex catalyst 3 was synthesized in the same way as in metal complex catalyst 1 using 2-(diisopro-
pylphosphino)benzenesulfonic acid as a starting material. 

[0104] Using the metal complex catalyst 3, copolymerization of allyl acetate and ethylene was conducted in the same
way as in Example 2. That is, toluene (7.5 ml) and allyl acetate (7.5 ml, 7.0 g, 70 mmol) were added to a 50 ml-volume
autoclave containing metal complex catalyst 3 (0.10 mmol) under argon atmosphere. After filling the autoclave with
ethylene (3.0 MPa), the content of the autoclave was stirred at  80°C for three hours. After cooling the autoclave to room
temperature, methanol (about 20 ml) was added thereto. The generated copolymer was recovered by filtration, washed
with methanol and dried under reduced pressure to obtain copolymer 4. The yield was 525 mg. The number average
molecular weight and weight average molecular weight of the copolymer were calculated 6,700 and 12,700, respectively,
by size exclusion chromatography and Mw/Mn was 1.9. The allyl acetate content in the copolymer was determined 100:
2.7 by molar ratio of ethylene to allyl acetate (molar fraction of allyl acetate = 2.0%) by 13C-NMR spectrum using the
inverse-gated decoupling method. The 13C-NMR signal was not observed in the chemical shift value of the tertiary
carbon atoms (δc=38.2 ppm) derived from a branch having two or more carbon atoms. Also, 13C-NMR signal was
observed at 114 ppm and 139 ppm, which was derived from a terminal double bond, and the copolymer was confirmed
to be a linear polymer containing a terminal double bond. The polymerization conditions and results are shown in Tables
1 and 2.

Comparative Example 1: Copolymerization of allyl acetate and ethylene by radical polymerization

[0105] Copolymerization of allyl acetate and ethylene was conducted using a radical generator AIBN (2,2-azobi-
sisobutylonitrile) in place of a metal complex catalyst. That is, AIBN (0.742 g, 4.52 mmol) and allyl acetate (80 ml, 74.6
g, 747 mmol) were placed into a 120 ml-volume autoclave. After filling the autoclave.with ethylene so that the pressure
becomes 1.0 MPa, the content  of the autoclave was stirred at 90°C for two hours. Regarding the ethylene pressure
during the reaction, after a decrease in pressure owing to the ethylene amount dissolved in a solvent (for about ten
minutes after starting applying the ethylene pressure), no more decrease in the ethylene pressure due to the reaction
was observed. After cooling the autoclave to room temperature, the obtained solution was distilled under reduced
pressure to distill away unreacted ally acetate to obtain 7.3 g of an oily substance. By the analysis of 1H-NMR and 13C-
NMR of the obtained oily substance, it was found to be an oligomer in which only allyl acetate was reacted (molar fraction
of allyl acetate = 100.0%) and no ethylene skeleton by ethylene copolymerization exists. The number average molecular
weight and weight average molecular weight of the copolymer were calculated 1,600 and 2,800, respectively, by size
exclusion chromatography and Mw/Mn was 1.9. The polymerization conditions and results are shown in Tables 1 and 2.

[Synthesis of metal complex catalyst 4]

[0106]
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[0107] A methylene chloride solution of 2-[bis(2-methoxyphenyl)phosphino]benzenesulfonic acid (0.46 g, 1.1 mmol)
and (TMEDA)PdMe2 (synthesized according o "Organometallics" 1989, 8, 2907-2917; TMEDA=N,N,N’N’-tetramethyl-
ethylenediamine, 0.29 g, 1.1 mmol) (7 ml) was stirred under nitrogen atmosphere at room temperature for 0.5 hour.
Subsequently, 2,6-lutidine (1.2 g, 11.4 mmol) was added to the reaction solution and further stirred for three hours. After
condensing the solution, the precipitate was removed by the filtration using a syringe filter, and the solution was added
dropwise to hexane. The generated precipitate was recovered by filtration, washed with t-butylmethyl ether and hexane,
and dried under reduced pressure to obtain metal complex catalyst 4. The yield was 0.46 g (64%).
1H-NMR (400MHz, CDCl3) :δ -0.06 (d, 3JPH = 1.2 Hz, 3H, PdCH3), 3.15 (s, 6H, CH3 of lutidine), 3.61 (s, 6H, OCH3),
6.90-6.93 (m, 2H), 7.03-7.11 (m, 4H)., 7.32-7.57 (m, 6H), 7.77 (br s, 2H), 8.16 (br s, 1H)

[Synthesis of metal complex catalyst 5]

[0108]

[0109] A methylene chloride solution of 2-(diisopropylphosphino)benzenesulfonic acid (0.96 g, 3.5 mmol) and (TMEDA)
PdMe2 (0.88 g, 1.1 mmol) (30 ml) was stirred under nitrogen atmosphere at room temperature for 1.5 hours. After
condensing the solution, the precipitate was removed by the filtration using a syringe filter, and the solution was added
dropwise to hexane. The generated precipitate was recovered by filtration, washed with t-butylmethyl  ether and hexane,
and dried under reduced pressure to obtain metal complex catalyst 5. The yield was 1.6 g (98%).
1H-NMR (400MHz, CDCl3):δ 0.39 (s, 6H, PdCH3), 1.23 (br, 24H, P[CH(CH3)2]2), 2.57 (br, 2H, PC[H(CH3)2]2), 2.64 (s,
12H, (CH3)2NCH2CH2N(CH3)2), 3.48 (s, 4H, (CH3)2NCH2CH2N(CH3)2), 7.48-7.55 (m, 6H), 8.29 (br, 2H)

[Synthesis of metal complex catalyst 6]

[0110]

[0111] A dimethyl sulfoxide (dmso) solution of metal complex catalyst 5 (0.48 g, 0.53 mmol) (10 ml) was stirred under
nitrogen atmosphere and reduced pressure at 40°C for ten hours. After adding methylene chloride (30 ml) and water
(30 ml) to the reaction solution, an organic layer and a water layer were separated using a separating funnel. After drying
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the organic layer with magnesium sulfate, the solvent was distilled away with an evaporator. Methylene chloride (10 ml)
was added to the residue to dissolve it, and the obtained solution was added dropwise to hexane (50 ml). The generated
precipitate was recovered by filtration, washed with t-butylmethyl ether and hexane, and dried under reduced pressure
to obtain metal complex catalyst 6. The yield was 0.26 (52%).
1H-NMR (400MHz, CDCl3):δ 0.68 (s, 3H, PdCH3), 1.21-1.32 (m, 12H, P[CH(CH3)2]2), 2.49-2.58 (m, 2H, P[CH(CH3)2]2),
2.88 (s, 6H, CH3(S=O)CH3), 7.47-7.58 (m, 3H), 8.31-8.33 (m, 1H)

[Synthesis of metal complex catalyst 7]

[0112]

[0113] A methylene chloride solution of 2-(diisopropylphosphino)benzenesulfonic acid (0.33 g, 1.2 mmol) and (TMEDA)
PdMe2 (0.30 g, 1.2 mmol) (10 ml) was stirred under nitrogen atmosphere at room temperature for 0.5 hour. Pyridine
(manufactured by Wako Pure Chemical Industries, Ltd., 0.48 g, 6.0 mmol) was added to the reaction solution and stirred
for another one hour. After condensing the solution, the precipitate was removed by the filtration using a syringe filter,
and the solution was added dropwise to hexane. The generated precipitate was recovered by filtration, washed with t-
butylmethyl ether and hexane, and dried under reduced pressure to obtain metal complex catalyst 7. The yield was 0.39
g (68%).
1H-NMR (400MHz, CDCl3):δ 0.57 (s, 3H, PdCH3), 1.19~1.35 (m, 12H, P[CH(CH3)2]2), 2.52-2.61 (m, 2H, P[CH(CH3)2]2),
7.47-7.59 (m, 5H), 7.82-7.87 (m, 1H), 8.35 (br, 1H), 8.87 (br, 2H)

[Synthesis of metal complex catalyst 8]

[0114]

[0115] A methylene chloride solution of (2-diisopropylphosphino)benzenesulfonic acid (0.22 g, 0.81 mmol) and (TME-
DA)PdMe2 (0.21 g, 0.81 mmol) (8 ml) was stirred under nitrogen atmosphere at room temperature for 0.5 hour. 2-
methylquinoline (manufactured by Tokyo Chemical Industry Co., Ltd., 1.2 g, 8.1 mmol) was added to the reaction solution
and stirred for another two hours. After condensing the solution, the precipitate was removed by the filtration using a
syringe filter, and the solution was added dropwise to hexane. The generated precipitate was recovered by filtration,
washed with t-butylmethyl ether and hexane, and dried under reduced pressure to obtain metal complex catalyst 8. The
yield was 0.41 g (95%).
1H-NMR (400MHz, CDCl3):δ 0.39 (s, 3H, PdCH3), 1.30-1.49 (m, 12H, P[CH(CH3)2]2), 2.62-2.69 (m, 2H, P[CH(CH3)2]2).
3.43 (s, 3H, 2-CH3-quinoline), 7.41-7.64 (m, 5H), 7.81-7.86 (m, 2H), 8.19 (d, 1H, J = 8.0 Hz), 8.30 (br, 1H), 9.58 (d, 1H,
J = 8.0 Hz)
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[Synthesis of metal complex catalyst 9]

[0116]

[0117] A methylene chloride solution of (2-diisopropylphosphino-4-ethylbenzenesulfonic acid) (0.37 g, 1.2 mmol) which
was synthesized in the same way as compound 1a using 4-ethylbenzenesulfonic acid (manufactured by Sigma-Aldrich)
as a starting material and (TMEDA)PdMe2 (0.31 g, 1.2 mmol) (8 ml) was stirred under nitrogen atmosphere at room
temperature for 0.5 hour. Subsequently, 2,6-lutidine (1.3 g, 12.3 mmol) was added to the reaction solution and further
stirred for two hours. After condensing the solution, the precipitate was removed by the filtration using a syringe filter,
and the solution was added dropwise to hexane. The generated precipitate was recovered by filtration, washed with t-
butylmethyl ether and hexane, and dried under reduced pressure to obtain metal complex catalyst 9. The yield was 0.51
g (77%).
1H-NMR (400MHz, CDCl3):δ 0.33 (s, 3H, PdCH3), 1.26-1.39 (m, 15H), 2.52-2.73 (m, 4H), 3.18 (s, 6H, CH3 of lutidine),
7.12 (d, 2H, J = 7.2 Hz), 7.33-7.37 (m, 2H), 7.57 (t, 1H, J = 7.2 Hz), 8.20 (br, 1H)

[Synthesis of metal complex catalyst 10]

[0118]

[0119] A THF solution of 2-bis(2’,6’-dimethoxy-2-biphenyl)phosphinobenzenesulfonic acid) (0.53 g, 0.87 mmol) which
was synthesized in the same way as compound 1a using benzenesulfonic acid (manufactured by Sigma-Aldrich) as a
starting material and (TMEDA)PdMe2 (0.22 g, 0.87 mmol) (12 ml) was stirred under nitrogen atmosphere at room
temperature for 0.5 hour. Subsequently, 2,6-lutidine (0.93 g, 8.7 mmol) was added to the reaction solution and further
stirred for four hours. After adding t-butylmethyl ether (10 ml) to the reaction solution, the generated precipitate was
recovered by filtration, washed with t-butylmethyl ether and hexane, and dried under reduced pressure to obtain metal
complex catalyst 10. The yield was 0.50 g (69%).
1H-NMR (400MHz, CDCl3):δ 0.16 (s, 3H, PdCH3), 3.14 (s, 6H, CH3 of lutidine), 3.48-3.74 (m, 12H), 6.12-8.27 (m, 21H)

Example 5: Copolymerization of allyl acetate and ethylene (preparation of copolymer 5)

[0120] Methylene chloride (3.75 ml), toluene (3.75 ml) and allyl acetate (7.5 ml, 7.0 g, 70 mmol) were added to a 50
ml-volume autoclave containing metal complex catalyst 4 (0.10 mmol) under argon atmosphere. After filling the  autoclave
with ethylene (3.0 MPa), the content of the autoclave was stirred at 80°C for three hours. After cooling the autoclave to
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room temperature, methanol (about 20 ml) was added thereto. The generated copolymer was recovered by filtration,
washed with methanol and dried under reduced pressure to obtain copolymer 5. The yield was 0.29 g. The number
average molecular weight and weight average molecular weight of the copolymer were calculated 4,000 and 7,000,
respectively, by size exclusion chromatography and Mw/Mn was 1.7. The allyl acetate content in the copolymer was
determined to be 3.7 % by molar ratio by 13C-NMR spectrum using the inverse-gated decoupling method. The 13C-NMR
signal was not observed in the chemical shift value of the tertiary carbon atoms (δc=38.2 ppm) derived from a branch
having two or more carbon atoms. Also, 13C-NMR signal was observed at 114 ppm and 139 ppm, which was derived
from a terminal double bond, and the copolymer was confirmed to be a linear polymer containing a terminal double bond.
The polymerization conditions and results are shown in Tables 1 and 2.

Example 6: Copolymerization of allyl acetate and ethylene (preparation of copolymer 6)

[0121] A toluene solution (37.5 ml) of metal complex catalyst 1 (0.10 mmol) was added to a 120 ml-volume autoclave
containing allyl acetate (37.5 ml, 34.9 g, 350 mmol) under nitrogen atmosphere. After filling the autoclave with ethylene
(3.0 MPa), the content of the autoclave was stirred at 80°C for five hours. After  cooling the autoclave to room temperature,
the reaction mixture was added to methanol (400 ml). The generated copolymer was recovered by filtration, washed
with methanol and dried under reduced pressure to obtain copolymer 6. The yield was 2.1 g. The number average
molecular weight and weight average molecular weight of the copolymer were calculated 14,000 and 29,000, respectively,
by size exclusion chromatography and Mw/Mn was 2.1. The allyl acetate content in the copolymer was determined to
be 3.8 % by molar fraction by 13C-NMR spectrum using the inverse-gated decoupling method. The 13C-NMR signal was
not observed in the chemical shift value of the tertiary carbon atoms (δc=38.2 ppm) derived from a branch having two
or more carbon atoms. Also, 13C-NMR signal was observed at 114 ppm and 139 ppm, which was derived from a terminal
double bond, and the copolymer was confirmed to be a linear polymer containing a terminal double bond. The polym-
erization conditions and results are shown in Tables 1 and 2.

Examples 7 to 30: Copolymerization of allyl acetate and ethylene (preparation of copolymers 7 to 30)

[0122] Copolymers 7 to 30 were produced in the same way as in Examples 5 and 6. The polymerization conditions
and results are shown in Tables 1 and 2.
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Comparative Example 2: Ethylene homopolymerization

[0123] Ethylene homopolymerization was conducted using metal complex catalyst 1. That is, a toluene solution (75
ml) of metal complex catalyst 1 (0.050 mmol) was added to a 120 ml-volume autoclave under nitrogen atmosphere.
After filling the autoclave with ethylene (3.0 MPa), the content of the autoclave was stirred at 80°C for one hour. After
cooling the autoclave to room temperature, the reaction mixture was added to methanol (400 ml). The generated copol-
ymer was recovered by filtration, washed with methanol and dried under reduced pressure. The yield was 8.3 g. The
number average molecular weight and weight average molecular weight of the copolymer were calculated 30,000 and
70,000, respectively, by size exclusion chromatography and Mw/Mn was 2.1.

Comparative Example 3: The case where organic aluminum was used

[0124] When polar group-containing monomers are (co)polymerized using an early transition metal complex, organic
aluminum is used in an amount that is equal to or more than the polar group-containing monomers. In this case, it has
been reported in a publication that the polymer chain transfers to aluminum atoms, which terminates the polymerization
reaction, and therefore a terminal double bond is not observed in the polymer (Macromolecules 2004, 37, 5145).

Example 31: Copolymerization of ally acetate and ethylene (in-situ preparation of copolymer 31)

[0125] Methylene chloride (3.75 ml), toluene (3.75 ml) and allyl acetate (7.5 ml, 7.0 g, 70 mmol) were added to a 50
ml-volume autoclave containing 2-(diisopropylphosphino)benzenesulfonic acid (0.12 mmol) and Pd2(DBA)3·CHCl3 (DBA:
dibenzylideneacetone, 0.10 mmol) under argon atmosphere. After filling the autoclave with ethylene (3.0 MPa), the
content of the autoclave was stirred at 80°C for 15 hours. After cooling the autoclave to room temperature, methanol
(about 20 ml) was added thereto. The generated precipitate was recovered by filtration, washed with methanol and dried
under reduced pressure to obtain copolymer 31. The yield was 1.7 g. The number average molecular weight and weight
average molecular weight of the copolymer were calculated 4,000 and 9,000, respectively, by size exclusion chroma-
tography and Mw/Mn was 2.7. The allyl acetate content in the  copolymer was determined to be 2.7 % by molar fraction
by 13C-NMR spectrum using the inverse-gated decoupling method. The 13C-NMR signal was not observed in the chemical
shift value of the tertiary carbon atoms (δc=38.2 ppm) derived from a branch having two or more carbon atoms. Also,
13C-NMR signal was observed at 114 ppm and 139 ppm, which was derived from a terminal double bond, and the
copolymer was confirmed to be a linear polymer containing a terminal double bond.

Example 32: Copolymerization of allyl acetate and ethylene (preparation of copolymer 32)

[0126] A toluene solution (37.5 ml) of metal complex catalyst 3 (0.010 mmol) was added to a 120 ml-volume autoclave
containing allyl acetate (37.5 ml, 34.9 g, 348 mmol) under nitrogen atmosphere. After filling the autoclave with ethylene
(3.0 MPa), the content of the autoclave was stirred at 80°C for five hours. After cooling the autoclave to room temperature,
the reaction mixture was added to methanol (about 400 ml). The generated precipitate was recovered by filtration,
washed with methanol and dried under reduced pressure to obtain copolymer 32. The yield was 0.89 g. The number
average molecular weight and weight average molecular weight of the copolymer were calculated 13,000 and 29,000,
respectively, by size exclusion chromatography and Mw/Mn was 2.2. The allyl acetate content in the copolymer was
determined to be 3.3 % by molar fraction by 13C-NMR spectrum using the inverse-gated decoupling method. The 13C-
NMR signal was not observed in the chemical shift value  of the tertiary carbon atoms (δc=38.2 ppm) derived from a
branch having two or more carbon atoms. Also, 13C-NMR signal was observed at 114 ppm and 139 ppm, which was
derived from a terminal double bond, and the copolymer was confirmed to be a linear polymer containing a terminal
double bond.

Examples 33 to 35: Copolymerization of allyl acetate and ethylene (preparation of copolymers 33 to 35)

[0127] Copolymers 33 to 35 were obtained in the same manner as in Example 32 except for setting the reaction time
to 25 hours, 50 hours and 100 hours, respectively. The polymerization conditions and results are shown in Tables 1 and 2.
[0128] The polymer productivity per catalyst with respect to the polymerization time in Examples 32 to 35 is shown
as.a graph in Fig. 16. It can be seen that the present polymerization catalyst system shows very little loss of catalyst
activity and the polymer yield increases with the polymerization time. This greatly differs from the phenomenon in
copolymerization of ethylene and vinyl acetate that the polymerization activity decreases with the polymerization time
and the polymer productivity hits a peak (e.g.: see "J. Am. Chem. Soc.", 2009, 131, 14606, Supporting Information S10)
and shows that the present invention is an effective technology for promoting industrialization.
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Example 36: Saponification reaction of the allyl acetate and ethylene copolymer (preparation of copolymer 36)

[0129] A toluene (115 ml) and ethanol (35 ml) suspension of the allyl acetate and ethylene copolymer obtained in
Example 6 (1.0 g) and potassium hydroxide (0.056 g, 1.1 mmol) was stirred under nitrogen atmosphere at 80°C for six
hours. After being cooled to room temperature, the reaction solution was added to methanol (500 ml): The generated
precipitate was recovered by filtration, washed with methanol and then dried under reduced pressure to obtain copolymer
36. The yield was 0.86 g. The analysis of the obtained powder by 13C-NMR and IR spectra showed that the ester groups
present in the allyl acetate and ethylene copolymer were completely converted to hydroxyl groups and the powder is a
copolymer of allyl alcohol and ethylene. The IR spectrum is shown in Fig. 5. The allyl alcohol content was determined
to be 3.2 % by molar fraction by 13C-NMR. The 13C-NMR signal was not observed in the chemical shift value of the
tertiary carbon atoms (δc=38.2 ppm) derived from a branch having two or more carbon atoms. Also, 13C-NMR signal
was observed at 114 ppm and 139 ppm, which was derived from a terminal double bond, and the copolymer was
confirmed to be a polymer containing a terminal double bond. In addition, the number average molecular weight and
weight average molecular weight of the copolymer were calculated 12,000 and 26,000, respectively, by size exclusion
chromatography and Mw/Mn was 2.2.

Example 37: Partial saponification reaction of the allyl acetate and ethylene copolymer (preparation of copolymer 37)

[0130] A toluene (75 ml) and ethanol (5 ml) suspension of the allyl acetate and ethylene copolymer obtained in Example
20 (3.0 g) and potassium hydroxide (0.0023 g, 0.042 mmol) was stirred at 80°C for 30 minutes under nitrogen atmosphere.
After being cooled to room temperature, the reaction solution was added to methanol (500 ml). The generated precipitate
was recovered by filtration, washed with methanol and then dried under reduced pressure to obtain copolymer 37. The
yield was 2.8 g. The analysis of 13C-NMR of the obtained powder showed that 2.0 % of allyl acetate units and 1.8 % of
allyl alcohol units by molar fraction were present in the powder. The 13C-NMR signal was not observed in the chemical
shift value of the tertiary carbon atoms (δc=38.2 ppm) derived from a branch having two or more carbon atoms. Also,
13C-NMR signal was observed at 114 ppm and 139 ppm, which was derived from a terminal double bond, and the
copolymer was confirmed to be a linear polymer containing a terminal double bond. In addition, the number average
molecular weight and weight average molecular weight of the copolymer were calculated 11,000 and 26,000, respectively,
by size exclusion chromatography and Mw/Mn was 2.4.

Example 38: Copolymerization of allyl alcohol and ethylene (preparation of copolymer 38)

[0131] A toluene solution (60 ml) of metal complex catalyst 1 (0.15 mmol) was added to a 120 ml-volume autoclave
containing allyl alcohol (15 ml, 12.8 g, 219.8 mmol) under nitrogen atmosphere. After filling the  autoclave with ethylene
(4.0 MPa), the content of autoclave was stirred at 80°C for seven hours. After being cooled to room temperature, the
reaction solution was added to methanol (400 ml). The generated copolymer was recovered by filtration, washed with
methanol and then dried under reduced pressure to obtain copolymer 38. The yield was 0.12 g. The number average
molecular weight and weight average molecular weight of the copolymer were calculated 2,000 and 3,400, respectively,
by size exclusion chromatography and Mw/Mn was 1.7. The allyl acetate content in the copolymer was determined to
be 2.7 % by molar fraction by 13C-NMR spectrum using the inverse-gated decoupling method.

Examples 39 to 40: Copolymerization of allyl alcohol and ethylene (preparation of copolymers 39 and 40)

[0132] Copolymers 39 and 40 were produced in the same manner as in Example 38 except for setting the conditions
shown in Table 3. The results are shown in Table 4.

Example 41: Copolymerization of allyl chloride and ethylene (preparation of copolymer 41)

[0133] Toluene (12 ml) and allyl chloride (3 ml, 2.8 g, 36.8 mmol) were added under argon atmosphere to a 50 ml-
volume autoclave containing metal complex catalyst 1 (0.10 mmol). After filling the autoclave with ethylene (3.0 MPa),
the content of autoclave was stirred at 80°C for 15 hours. After being cooled to room temperature, methanol (30 ml) was
added to the autoclave. The generated copolymer was recovered by filtration, washed  with methanol and then dried
under reduced pressure to obtain copolymer 41. The yield was 0.41 g. The number average molecular weight and weight
average molecular weight of the copolymer were calculated 10,000 and 19,000, respectively, by size exclusion chro-
matography and Mw/Mn was 1.9. The allyl chloride content in the copolymer was determined to be 1.0 % by molar
fraction by 13C-NMR spectrum using the inverse-gated decoupling method. The 13C-NMR signal was not observed in
the chemical shift value of the tertiary carbon atoms (δc=38.2 ppm) derived from a branch having two or more carbon
atoms. Also, 13C-NMR signal was observed at 114 ppm and 139 ppm, which was derived from a terminal double bond,
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and the copolymer was confirmed to be a linear polymer containing a terminal double bond.

Examples 42 to 43: Copolymerization of allyl chloride and ethylene (preparation of copolymers 42 and 43)

[0134] Copolymers 42 and 43 were produced in the same manner as in Example 41 except for setting the conditions
shown in Table 3. The results are shown in Table 4.

Example 44: Copolymerization of allyl bromide and ethylene (preparation of copolymer 44)

[0135] Toluene (12 ml) and allyl bromide (3 ml, 4.3 g, 35.5 mmol) were added under argon atmosphere to a 50 ml-
volume autoclave containing metal complex catalyst 1 (0.10 mmol). After filling the autoclave with ethylene (3.0 MPa),
the content of autoclave was stirred at 80°C for 15 hours. After being cooled to room temperature, methanol  (30 ml)
was added to the autoclave. The generated copolymer was recovered by filtration, washed with methanol and then dried
under reduced pressure to obtain copolymer 44. The yield was 0.34 g. The number average molecular weight and weight
average molecular weight of the copolymer were calculated 8,000 and 15,000, respectively, by size exclusion chroma-
tography and Mw/Mn was 1.9. The allyl chloride content in the copolymer was determined to be 0.71 % by molar fraction
by 13C-NMR spectrum using the inverse-gated decoupling method. The 13C-NMR signal was not observed in the chemical
shift value of the tertiary carbon atoms (δc=38.2 ppm) derived from a branch having two or more carbon atoms. Also,
13C-NMR signal was observed at 114 ppm and 139 ppm, which was derived from a terminal double bond, and the
copolymer was confirmed to be a linear polymer containing a terminal double bond.

Example 45: Copolymerization of allyl bromide and ethylene (preparation of copolymer 45)

[0136] Copolymer 45 was produced in the same manner as in Example 44 except for setting the conditions shown in
Table 3. The results are shown in Table 4.

Example 46: Copolymerization of N-allylaniline and ethylene (preparation of copolymer 46)

[0137] Toluene (12 ml) and N-allylaniline (3 ml, 2.9 g, 22.1 mmol) were added under argon atmosphere to a 50 ml-
volume autoclave containing metal complex catalyst 1 (0.10 mmol). After filling the autoclave with ethylene  (5.0 MPa),
the content of autoclave was stirred at 120°C for 15 hours. After being cooled to room temperature, methanol (30 ml)
was added to the autoclave. The generated copolymer was recovered by filtration, washed with methanol and then dried
under reduced pressure to obtain copolymer 46. The yield was 0.13 g. The 13C-NMR signal was not observed in the
chemical shift value of the tertiary carbon atoms (δc=38.2 ppm) derived from a branch having two or more carbon atoms.
Also, 13C-NMR signal was observed at 114 ppm and 139 ppm, which was derived from a terminal double bond, and the
copolymer was confirmed to be a linear polymer containing a terminal double bond. The number average molecular
weight and weight average molecular weight of the copolymer were calculated 1,500 and 3,100, respectively, by size
exclusion chromatography and Mw/Mn was 2.1.

Example 47: Copolymerization of N-allylaniline and ethylene (preparation of copolymer 47)

[0138] Copolymer 47 was produced in the same manner as in Example 46 except that the conditions are set as shown
in Table 3. The results are shown in Table 4. The number average molecular weight and weight average molecular
weight of the copolymer were calculated 2,100 and 3,200, respectively, by size exclusion chromatography and Mw/Mn
was 1.5.

Example 48: Copolymerization of N-t-butoxycarbonyl-N-allylamine and ethylene (preparation of copolymer 48)

[0139] Toluene (15 ml) and N-t-butoxycarbonyl-N-allylamine  (2.4 g, 15.0 mmol) were added under argon atmosphere
to a 50 ml-volume autoclave containing metal complex catalyst 1 (0.10 mmol). After filling the autoclave with ethylene
(3.0 MPa), the content of autoclave was stirred at 80°C for three hours. After being cooled to room temperature, methanol
(30 ml) was added to the autoclave. The generated copolymer was recovered by filtration, washed with methanol and
then dried under reduced pressure to obtain copolymer 48. The yield was 1.9 g. The number average molecular weight
and weight average molecular weight of the copolymer were calculated 5,200 and 12,200, respectively, by size exclusion
chromatography and Mw/Mn was 2.4. The N-t-butoxycarbonyl-N-allylamine content in the copolymer was determined
to be 3.7 % by molar fraction by 13C-NMR spectrum using the inverse-gated decoupling method.
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Example 49: Hydrolysis reaction of N-t-butoxycarbonyl-N-allylamine and ethylene (preparation of copolymer 49)

[0140] Toluene (40 ml), ethyl alcohol (12 ml) and 35% hydrochloric acid (20 ml) were added under nitrogen atmosphere
to a 100 ml-volume eggplant flask containing the copolymer of N-t-butoxycarbonyl-N-allylamine and ethylene obtained
in Example 48 (0.302 g), and stirred at 78°C for three hours. After being cooled to room temperature, the solution was
neutralized by adding sodium carbonate. After being washed with water four times, the solution was dried under reduced
pressure to obtain copolymer 49. The yield was 0.237 g. The allylamine content in the copolymer was determined to be
2.0 % by  molar fraction by 13C-NMR spectrum using the inverse-gated decoupling method. The number average
molecular weight and weight average molecular weight of the copolymer were calculated 2,600 and 4,700, respectively,
by size exclusion chromatography and Mw/Mn was 1.8. The 13C-NMR signal was not observed in the chemical shift
value of the tertiary carbon atoms (δc=38.2 ppm) derived from a branch having two or more carbon atoms.

Table 3

Examples
Autoclave 
volume

Inert 
gas

Monomer 
of formula 
(1)

Monomer 
of formula 
(2)

Metal 
complex 
catalyst 
(mmol)

Solvent 
(ml)

Reaction 
temperature 
(C°)

Reaction 
time (hr)

Ethylene 
(MPa)

Type * 
(mmol)

Ex. 38 120 N2 4.0 AAL 
(219.8)

1 (0.15) toluene 
(60)

80 7

Ex. 39 50 Ar 4.0 AAL (44.0) 3 (0.15) toluene 
(12)

80 7

Ex. 40 50 Ar 4.0 AAL (44.0) 1 (0.10) toluene 
(12)

80 48

Ex. 41 50 Ar 3.0 AL-CL 
(36.8)

1 (0.10) toluene 
(12)

80 15

Ex. 42 50 Ar 3.0 AL-CL 
(36.8)

3 (0.15) toluene 
(12)

90 15

Ex. 43 50 Ar 3.0 AL-CL 
(36.8)

1 (0.10) toluene 
(12)

80 3

Ex. 44 50 Ar 3.0 AL-Br 
(35.5)

1 (0.10) toluene 
(12)

80 15

Ex. 45 50 Ar 3.0 AL-Br 
(35.5)

1 (0.10) toluene 
(12)

80 3

Ex. 46 50 Ar 5.0 AL-ANL 
(22.1)

1 (0.10) toluene 
(12)

120 15

Ex. 47 50 Ar 5.0 AL-ANL 
(22.1)

1 (0.10) toluene 
(12)

120 24

Ex. 48 50 Ar 3.0 AL-Boc 
(15.0)

1 (0.10) toluene 
(15)

80 3

* AAL: allyl alcohol
AL-CL: allyl chloride
AL-Br: allyl bromide
AL-ANL: N-allylaniline
AL-Boc: N-t-butoxycarbonyl-N-allylamine

Table 4

A*: Molar fraction of the allyl compound monomer units (mol %)
B*: Presence or absence of a branch having two or more carbon atoms (δc=38.2 ppm)
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Claims

1. A method for producing a copolymer of polar group-containing allyl monomers having monomer units represented
by formulae (3) and (4) 

(in the formulae, R1 represents a hydrogen atom or hydrocarbon group having 1 to 6 carbon atoms;
R2 represents -OH, -OCOR3 (R3 represents hydrocarbon group having 1 to 5 carbon atoms), -N(R4)2 (R4 represents
a hydrogen atom, hydrocarbon group having 1 to 5 carbon atoms, aromatic residue having 6 to 18 carbon atoms
or -COOR10 (R10 represents hydrocarbon group having 1 to 10 carbon atoms or aromatic residue having 6 to 10
carbon atoms) and two R4s may be the same or different from each other) or a halogen atom; and n and m are a

(continued)
C*: Presence or absence of a terminal double bond (δc=114 ppm, 139 ppm)

Copolymer 
No.

Polymer 
yield (g)

Productivity 
(g/mmol)

Catalyst 
Activity 

(g/
mmol·h)

Molecular weight

A* B* C*Mn 
(g/mol)

Mw 
(g/mol)

Mw/Mn

Ex.
38

38 0.12 0.80 0.070 2000 3400 1.7 2.7 Not 
exist

Exist

Ex.
39

39 0.017 0.11 0.020 -- -- -- 3.0 Not 
exist

Exist

Ex.
40

40 0.19 1.9 0.040 1100 2000 1.8 5.5 Not 
exist

Exist

Ex.
41

41 0.41 4.1 0.27 10000 19000 1.9 1.0 Not 
exist

Exist

Ex.
42

42 0.88 5.9 0.39 10000 18000 1.8 0.87 Not 
exist

Exist

Ex.
43

43 0.47 4.7 1.6 10900 20400 1.9 0.90 Not 
exist

Exist

Ex.
44

44 0.34 3.4 0.22 8000 15000 1.9 0.71 Not 
exist

Exist

Ex.
45

45 0.27 2.7 0.90 6500 11300 1.7 1.0 Not 
exist

Exist

Ex.
46

46 0.13 1.3 0.087 1600 3100 2.1 -- Not 
exist

Exist

Ex.
47

47 0.21 2.1 0.088 2100 3200 1.5 -- Not 
exist

Exist

Ex.
48

48 1.9 19 6.3 5200 12200 2.4 3.7 Not 
exist

Exist

Ex.
49

49 0.24 -- -- 2600 4700 1.8 2.0 Not 
exist

Exist
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value representing the molar ratio of each of the monomer units),
comprising copolymerization of olefin represented by formula (1)

CH2=CHR1 (1)

(in the formula, R1 has the same meaning as described above) and
an allyl compound represented by formula (2)

CH2=CHCH2R2 (2)

(in the formula, R2 has the same meaning as described above) using as a catalyst a metal complex represented by
formula (C1) 

(in the formula, M represents a metal atom of group 10 element in the periodic system; X represents a phosphorous
atom (P) or an arsenic atom (As); R5 represents a hydrogen atom or hydrocarbon group having 1 to 30 carbon
atoms which may be substituted by one or more groups selected from a halogen atom, alkoxy group, aryloxy group
and acyloxy group; Y, R6 and R7 independently represent a hydrogen atom, alkoxy group, aryloxy group, silyl group,
amino group or hydrocarbon group having 1 to 30 carbon atoms which may be substituted by one or more groups
selected from a halogen atom, alkoxy group and aryloxy group; and R6 and R7 may bond to each other to form a
ring structure. Q represents a bivalent group indicated in the brackets of Z[-S(=O)2-O-]M, Z[-C(=O)-O-]M, Z[-P(=O)
(-OH)-O-]M or Z[-S-]M (Z and M at the beginning and at the end of the formulae are described to show the coupling
direction of the groups). Z represents a hydrogen atom or a hydrocarbon group having 1 to 40 carbon atoms which
may be substituted by one or more groups selected from a halogen atom, alkoxy group and aryloxy group. Y and
Z may bond to each other to form a ring structure. R6 and/or R7 may bond to Y to form a ring structure. L represents
an electron-donating ligand and q is 0, 1/2, 1 or 2).

2. The method for producing a copolymer as claimed in claim 1, wherein the catalyst represented by formula (C1) is
represented by formula (C2) 

(in the formula, Y1 represents bivalent hydrocarbon group having 1 to 70 carbon atoms which may be substituted
by one or more groups selected from a halogen atom, alkoxy group and aryloxy group; Q, M, X, R5, R6, R7, L and
q have the same meanings as in claim 1).
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3. The method for producing a copolymer as claimed in claim 2, wherein Q in formula (C2) is -SO2-O- (in which S
bonds to Y1 and O bonds to M).

4. The method for producing a copolymer as claimed in claim 3, wherein the catalyst represented by formula (C2) is
represented by formula (C3) 

(in the formula, four R8s independently represent a hydrogen atom, alkyl group having 1 to 8 carbon atoms, alkoxy
group having 1 to 8 carbon atoms, aryloxy group having 6 to 18 carbon  atoms or a halogen atom; and M, R5, R6,
R7, L and q have the same meanings as in claim 1).

5. The method for producing a copolymer as claimed in claim 4, wherein both of R6 and R7 in formula (C3) represent
cyclohexyl group, cyclopentyl group, isoproryl group, o-methoxyphenyl group, 2’,6’-dimethoxy-2-biphenyl group;
and all of R8s are a hydrogen atom or one of R8s is ethyl group while the other three R8s are a hydrogen atom).

6. The method for producing a copolymer as claimed in claim 1, wherein M is Pd.

7. The method for producing a copolymer as claimed in claim 1, wherein X is P.

8. A copolymer of polar group-containing allyl monomers, which is a copolymer containing only the monomer units
represented by formulae (3-1) and (4) 

(in the formulae, R1-1 represents a hydrogen atom or methyl group and R2, n and m have the same meaning as in
claim 1); (A) the
main chain has one or less branch, which has two or more carbon atoms, per 1000 carbon atoms which constitute
the main chain; and (B) the main chain has a carbon-to-carbon double bond at least at one end of the main chain.

9. The copolymer of polar group-containing allyl monomers as claimed in claim 8 which further has a structure that:

(C) the number average molecular weight in terms of polystyrene (Mn) is 1,000 or more and 1,000,000 or less;
(D) the molecular weight distribution (Mw/Mn) is 1.0 or more and 3.0 or less;.and
(E) n and m representing the molar ratio of the monomer units represented by formulae (3-1) and (4) satisfy
the following formula: 
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10. The copolymer of polar group-containing allyl monomers as claimed in claim 8 or 9, which contains monomer units
represented by formulae (3-1), (4-1) and (4-2) 

(in the formula, R1-1 has the same meaning as described above; and n, m1 and m2 represent the molar ratio of each
of the monomer units).

11. The copolymer of polar group-containing allyl monomers as claimed in claim 8, wherein R1-1 in formula (3-1) is a
hydrogen atom.

12. The copolymer of polar group-containing allyl monomers as claimed in claim 8, wherein the monomer unit represented
by formula (4) is derived from at least one allyl compound selected from allyl acetate, allyl chloride, allyl bromide,
allyl amine, N-allylaniline and N-t-butoxycarbonyl-N-allylamine.

13. The copolymer of polar group-containing allyl monomers as claimed in claim 12, wherein R1-1 in formula (3-1) is a
hydrogen atom.

Patentansprüche

1. Verfahren zum Herstellen eines Copolymers von polare Gruppen enthaltenden Allylmonomeren mit Monomerein-
heiten der Formeln (3) und (4) 

(in den Formeln stellt R1 ein Wasserstoffatom oder eine Kohlenwasserstoffgruppe mit 1 bis 6 Kohlenstoffatomen
dar; R2 stellt -OH, -OCOR3 (R3 stellt eine Kohlenwasserstoffgruppe mit 1 bis 5 Kohlenstoffatomen dar), -N(R4)2 (R4

stellt ein Wasserstoffatom, eine Kohlenwasserstoffgruppe mit 1 bis 5 Kohlenstoffatomen, einen aromatischen Rest
mit 6 bis 18 Kohlenstoffatomen oder -COOR10 dar (R10 stellt eine Kohlenwasserstoffgruppe mit 1 bis 10 Kohlen-
stoffatomen oder einen aromatischen Rest mit 6 bis 10 Kohlenstoffatomen dar), und zwei Gruppen R4 können gleich
oder verschieden voneinander sein) oder ein Halogenatom dar; und n und m sind ein Wert, der das Molverhältnis
jeder der Monomereinheiten darstellt),
welches die Copolymerisation von Olefin der Formel (1)

CH2=CHR1 (1)

(in der Formel hat R1 dieselbe Bedeutung wie vorstehend beschrieben) und einer Allylverbindung der Formel (2)

CH2=CHCH2R2 (2)
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(in der Formel hat R2 dieselbe Bedeutung wie vorstehend beschrieben) unter Verwendung eines Metallkomplexes
der Formel (C1) als Katalysator umfasst

(in der Formel stellt M ein Metallatom der Gruppe 10 des Periodensystems dar; X stellt ein Phosphoratom (P) oder
ein Arsenatom (As) dar; R5 stellt ein Wasserstoffatom oder eine Kohlenwasserstoffgruppe mit 1 bis 30 Kohlenstoffa-
tomen dar, die mit einer oder mehreren Gruppen substituiert sein kann, die unter einem Halogenatom, einer Alk-
oxygruppe, Aryloxygruppe und Acyloxygruppe ausgewählt ist; Y, R6 und R7 stellen unabhängig voneinander ein
Wasserstoffatom, eine Alkoxygruppe, eine Aryloxygruppe, eine Silylgruppe, eine Amingruppe oder eine Kohlen-
wasserstoffgruppe mit 1 bis 30 Kohlenstoffatomen dar, die mit einer oder mehreren Gruppen substituiert sein kann,
die unter einem Halogenatom, einer Alkoxygruppe und einer Aryloxygruppe ausgewählt ist; und R6 und R7 können
unter Bildung einer Ringstruktur aneinander gebunden sein. Q stellt eine in den Klammern von Z[-S(=O)2-O-]M, Z
[-C(=O)-O-]M, Z[-P(=O)(-OH)-O-]M oder Z[-S-]M angegebene zweiwertige Gruppe dar (Z und M am Anfang und
am Ende der Formeln geben die Kopplungsrichtung der Gruppen an). Z stellt ein Wasserstoffatom oder eine Koh-
lenwasserstoffgruppe mit 1 bis 40 Kohlenstoffatomen dar, die mit einer oder mehreren Gruppen substituiert sein
kann, die unter einem Halogenatom, einer Alkoxygruppe oder einer Aryloxygruppe ausgewählt sind. Y und Z können
unter Bildung einer Ringstruktur aneinander gebunden sein. R6 und/oder R7 können unter Bildung einer Ringstruktur
an Y gebunden sein. L stellt einen Elektronendonorliganden dar und q ist 0, 1/2, 1 oder 2).

2. Verfahren zum Herstellen eines Copolymers nach Anspruch 1, wobei der Katalysator der Formel (C1) durch die
Formel (C2) dargestellt ist

(in der Formel stellt Y1 eine zweiwertige Kohlenwasserstoffgruppe mit 1 bis 70 Kohlenstoffatomen dar, die mit einer
oder mehreren Gruppen substituiert sein kann, die unter einem Halogenatom, einer Alkoxygruppe und Aryloxygruppe
ausgewählt sind; Q, M, X, R5, R6, R7, L und q haben dieselbe Bedeutung wie in Anspruch 1).

3. Verfahren zum Herstellen eines Copolymers nach Anspruch 2, wobei Q in der Formel (C2) -SO2-O- (worin S an Y1

bindet und 0 an M bindet) ist.

4. Verfahren zum Herstellen eines Copolymers nach Anspruch 3, wobei der Katalysator der Formel (C2) durch die
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Formel (C3) dargestellt ist

(in der Formel stellen vier R8s unabhängig voneinander ein Wasserstoffatom, eine Alkylgruppe mit 1 bis 8 Kohlen-
stoffatomen, eine Alkoxygruppe mit 1 bis 8 Kohlenstoffatomen, eine Aryloxygruppe mit 6 bis 18 Kohlenstoffatomen
oder ein Halogenatom dar; und M, R5, R6, R7, L und q haben dieselben Bedeutungen wie in Anspruch 1).

5. Verfahren zum Herstellen eines Copolymers nach Anspruch 4, wobei sowohl R6 als auch R7 in der Formel (C3)
eine Cyclohexylgruppe, Cyclopentylgruppe, Isopropylgruppe, o-Methoxyphenylgruppe, 2’,6’-Dimethoxy-2-biphenyl-
gruppe darstellen; und alle Gruppen R8 ein Wasserstoffatom sind oder eine der Gruppen R8 eine Ethylgruppe
darstellt, während die anderen drei Gruppen R8 eine Wasserstoffgruppe sind).

6. Verfahren zum Herstellen eines Copolymers nach Anspruch 1, wobei M Pd ist.

7. Verfahren zum Herstellen eines Copolymers nach Anspruch 1, wobei X P ist.

8. Copolymer von polare Gruppen enthaltenden Allylmonomeren, das ein Copolymer ist, das nur die Monomereinheiten
der Formel (3-1) und (4) enthält

(in den Formeln stellt R1-1 ein Wasserstoffatom oder eine Methylgruppe dar und R2, n und m haben dieselben
Bedeutungen wie in Anspruch 1); (A) die Hauptkette hat eine oder weniger Verzweigungen mit zwei oder mehr
Kohlenstoffatomen pro 1000 Kohlenstoffatome, welche die Hauptkette ausbilden; und (B) die  Hauptkette hat eine
Kohlenstoff-Kohlenstoff-Doppelbindung an mindestens einem Ende der Hauptkette.

9. Copolymer aus polare Gruppen enthaltenden Allylmonomeren nach Anspruch 8, das außerdem eine Struktur mit
folgenden Merkmalen aufweist:

(C) das Zahlenmittel des Molekulargewichts, ausgedrückt als Polystyrol (Mn) ist 1,000 oder mehr und 1,000,000
oder weniger;
(D) die Molekulargewichtsverteilung (Mw/Mn) ist 1,0 oder mehr und 3,0 oder weniger; und
(E) n und m, welche das Molverhältnis der Monomereinheiten der Formeln (3-1) und (4) darstellen, erfüllen die
folgende Formel : 

10. Copolymer aus polare Gruppen enthaltenden Allylmonomeren nach Anspruch 8 oder 9, das Monomereinheiten der
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Formeln (3-1), (4-1) und (4-2) enthält

(in der Formel hat R1-1 dieselbe Bedeutung wie vorstehend beschrieben; und n, m1 und m2 stellen das Molverhältnis
jeder der Monomereinheiten dar).

11. Copolymer aus polare Gruppen enthaltenden Allylmonomeren nach Anspruch 8, wobei R1-1 in der Formel (3-1) ein
Wasserstoffatom ist.

12. Copolymer aus polare Gruppen enthaltenden Allylmonomeren nach Anspruch 8, wobei die Monomereinheit der
Formel  (4) von mindestens einer Allylverbindung abgeleitet ist, die unter Allylacetat, Allylchlorid, Allylbromid, Allyl-
amin, N-Allylanilin und N-t-Butoxycarbonyl-N-allylamin ausgewählt ist.

13. Copolymer aus polare Gruppen enthaltenden Allylmonomeren nach Anspruch 12, wobei R1-1 in der Formel (3-1)
ein Wasserstoffatom ist.

Revendications

1. Procédé pour produire un copolymère de monomères allyliques contenant un ou des groupes polaires ayant des
unités monomères représentées par les formules (3) et (4) 

(dans les formules, R1 représente un atome d’hydrogène ou un groupe hydrocarboné ayant 1 à 6 atomes de carbone ;
R2 représente -OH, -OCOR3 (R3 représente un groupe hydrocarboné ayant 1 à 5 atomes de carbone), -N(R4)2 (R4

représente un atome d’hydrogène, un groupe hydrocarboné ayant 1 à 5 atomes de carbone, un résidu aromatique
ayant 6 à 18 atomes de carbone ou -COOR10 (R10 représente un groupe hydrocarboné ayant 1 à 10 atomes de
carbone ou un résidu aromatique ayant 6 à 10 atomes de carbone) et deux R4 peuvent être identiques ou différents
l’un de l’autre) ou un atome d’halogène ; et n et m sont une valeur représentant le rapport molaire de chacune des
unités monomères),
comprenant la copolymérisation d’une oléfine représentée par la formule (1)

CH2=CHR1 (1)

(dans la formule, R1 a la même signification que celle décrite ci-dessus) et d’un composé allylique représenté par
la formule (2)

CH2=CHCH2R2 (2)

(dans la formule, R2 a la même signification que celle décrite ci-dessus) en utilisant comme catalyseur un complexe
métallique représenté par la formule (C1) 
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(dans la formule, M représente un atome métallique d’un élément du groupe 10 dans le système périodique ; X
représente un atome de phosphore (P) ou un atome d’arsenic (As) ; R5 représente un atome d’hydrogène ou un
groupe hydrocarboné ayant 1 à 30 atomes de carbone qui peut être substitué par un ou plusieurs groupes choisis
parmi un atome d’halogène, un groupe alcoxy, un groupe acyloxy et un groupe acyloxy ; Y, R6 et R7 représentent
indépendamment un atome d’hydrogène, un groupe alcoxy, un groupe aryloxy, un groupe silyle, un groupe amino
ou un groupe hydrocarboné ayant 1 à 30 atomes de carbone qui peut être substitué par un ou plusieurs groupes
choisis parmi un atome d’halogène, un groupe alcoxy et un groupe aryloxy ; et R6 et R7 peuvent se lier l’un à l’autre
pour former une structure cyclique ; Q représente un groupe divalent indiqué dans les crochets de Z[-S(=O)2-O-]
M, Z[-C(=O)-O-]M, Z[-P(=O) (-OH)-O-]M ou Z[-S-]M (Z et M au début et à la fin des formules sont décrits pour
représenter la direction de couplage des groupes) ; Z représente un atome d’hydrogène ou un groupe hydrocarboné
ayant 1 à 40 atomes de carbone qui peut être substitué par un ou plusieurs groupes choisis parmi un atome
d’halogène, un groupe alcoxy et un groupe aryloxy ; Y et Z peuvent se lier l’un à l’autre pour former une structure
cyclique; R6 et/ou R7 peuvent se lier à Y pour former une structure cyclique ; L représente un ligand donneur
d’électrons et q est 0, ©, 1 ou 2).

2. Procédé pour produire un copolymère selon la revendication 1, où le catalyseur représenté par la formule (C1) est
représenté par la formule (C2) 

(dans la formule, Y1 représente un groupe hydrocarboné divalent ayant 1 à 70 atomes de carbone qui peut être
substitué par un ou plusieurs groupes choisis parmi un atome d’halogène, un groupe alcoxy et un groupe aryloxy ;
Q, M, X, R5, R6, R7, L et q ont les mêmes significations que dans la revendication 1).

3. Procédé pour produire un copolymère selon la revendication 2, où Q dans la formule (C2) est -SO2-O- (où S se lie
à Y1 et O se lie à M).

4. Procédé pour produire un copolymère selon la revendication 3, où le catalyseur représenté par la formule (C2) est
représenté par la formule (C3) 
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(dans la formule, quatre R8 représentent indépendamment un atome d’hydrogène, un groupe alkyle ayant 1 à 8
atomes de carbone, un groupe alcoxy ayant 1 à 8 atomes de carbone, un groupe aryloxy ayant 6 à 18 atomes de
carbone ou un atome d’halogène ; et M, R5, R6, R7, L et q ont les mêmes significations que dans la revendication 1).

5. Procédé pour produire un copolymère selon la revendication 4, où R6 et R7 dans la formule (C3) représentent l’un
et l’autre un groupe cyclohexyle, un groupe cyclopentyle, un groupe isopropyle, un groupe o-méthoxyphényle, un
groupe 2’,6’-diméthoxy-2-biphényle ; et  tous les R8 sont un atome d’hydrogène ou bien l’un des R8 est un groupe
éthyle tandis que les trois autres R8 sont un atome d’hydrogène).

6. Procédé pour produire un copolymère selon la revendication 1, où M est Pd.

7. Procédé pour produire un copolymère selon la revendication 1, où X est P.

8. Copolymère de monomères allyliques contenant un ou des groupes polaires qui est un copolymère contenant
seulement les unités monomères représentées par les formules (3-1) et (4) 

(dans les formules, R1-1 représente un atome d’hydrogène ou un groupe méthyle et R2, n et m ont la même signi-
fication que dans la revendication 1) ; (A) la chaîne principale a une ramification ou moins, qui a deux ou plusieurs
atomes de carbone, pour 1 000 atomes de carbone qui constituent la chaîne principale ; et (B) la chaîne principale
a une double liaison carbone-à-carbone au moins à une extrémité de la chaîne principale.

9. Copolymère de monomères allyliques contenant un ou des groupes polaires selon la revendication 8 qui a en outre
une structure selon laquelle :

(C) la masse moléculaire moyenne en nombre en termes de polystyrène (Mn) est 1 000 ou plus et 1 000 000
ou moins ;
(D) la distribution de masse moléculaire (Mp/Mn) est 1,0 ou plus et 3,0 ou moins ; et
(E) n et m représentant le rapport molaire des unités monomères représentées par les formules (3-1) et (4)
satisfont la formule suivante : 

10. Copolymère de monomères allyliques contenant un ou des groupes polaires selon la revendication 8 ou 9 qui
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contient des unités monomères représentées par les formules (3-1), (4-1) et (4-2) 

(dans la formule, R1-1 a la même signification que celle décrite ci-dessus ; et n, m1 et m2 représentent le rapport
molaire de chacune des unités monomères).

11. Copolymère de monomères allyliques contenant un ou des groupes polaires selon la revendication 8, où R1-1 dans
la formule (3-1) est un atome d’hydrogène.

12. Copolymère de monomères allyliques contenant un ou des groupes polaires selon la revendication 8, où l’unité
monomère représentée par la formule (4) est dérivée d’au moins un composé allylique choisi parmi l’acétate d’allyle,
le chlorure d’allyle, le bromure d’allyle, l’allylamine, la N-allylaniline et la N-t-butoxycarbonyl-N-allylamine.

13. Copolymère de monomères allyliques contenant un ou des groupes polaires selon la revendication 12, où R1-1 dans
la formule (3-1) est un atome d’hydrogène.
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